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’KTH Royal Institute of Technology, Sweden

Abstract. Approximate algorithms for constructing a minimum feasible
labeling for a tree are considered based on a greedy approach, combined with a
breadth-first search and depth-first search.

Let sets A and B be in a fragmentary relation A <; B, if A C
B and |B\A| = 1. Fragmentary structure is an ordered pair (X, @),
where X is a finite set and @ = {E,, E4,..., E;;} is a family of its
subsets E; € X, i =0, ..., m, for E; = @ and for every subset of @ to
be in a fragmentary relation to at least one other subset from @ [1]. A
feasible graph is an acyclic directed single-rooted graph on which
Hasse diagram of some fragmentary structure can be constructed [2].
Fragmentary structures are isomorphic if they are described by
feasible isomorphic graphs. Then feasible graph corresponds to the
class F of isomorphic fragmentary structures. Solving problems of
counting and enumeration of fragmentary structures leads in such a
numerical characteristic of the feasible graph and its corresponding
isomorphic fragmentary structures as the dimension of the
fragmentary structure. Dimension N of a fragmentary structure is

defined as N = mFin | UL, E;|, where E;, i = 1,m, are fragments of

fragmentary structure of the class F. Labelling of the connected
digraph is the bijection between the vertices of the graph and subsets
of the set (labels). At this bijection the source corresponds to an
empty set, and the vertices are joined by arcs if and only if their labels
are in fragmentary relation, and cardinality of the arc’s head label is
lower than the cardinality of the arc’s tail label. Feasible
labelling satisfies the condition that if the vertex labels are in
fragmentary relation, then such vertices are joined by an arc in the
direction of increasing the label’s cardinality. The [labeling
cardinality M is the count of natural numbers used for its
construction. Minimal labeling is the labeling with the minimal
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cardinality. The cardinality of the minimal feasible labeling is equal
to the feasible graph dimension, M = N.

Proposition 1. If a feasible graph G has only one sink, then its
feasible labeling is minimal and has a dimension equal to the highest
layer number.

Proof. Since there only one sink, all vertices of the graph G
belong to the root to sink path, meaning that the labels of all vertices
are subsets of the sink label. Therefore, U[~, E; = E,, where E;, i =

0, m are labels of all vertices of a graph that are fragments of some
fragmentary structure. The vertex set's cardinality is equal to the
length of the path from the root; in other words, the number of the
layers of that vertex. Hence, |E;| will be the same for all isomorphic
fragmentary structures of class F; corresponding to this graph G:
N = @én |Es| = |Es].

Consider methods for constructing a feasible labeling of a
feasible graph from the root in the increasing layer number direction.
The algorithm a (greedy) is defined as a sequence of actions; first the
root has the label "empty set". Second, the label of any other vertex
is constructed as follows: if the indegree of that vertex is more than
one, then the label is the union of label sets of already labeled
adjacent vertices. If not, the label is created by adding to the label an
already labeled adjacent vertex, of an integer, which is a smallest
number in the natural series and is feasible. Feasible number refers
to a natural number, which after adding to the vertex set gives a
feasible labeling.

Generally, the algorithm a, when applied to a permissible graph
using traversal methods breadth-first search (BFS) and depth-first
search (DFS), generates different feasible graph labelings. Trees are
always feasible graphs. From Proposition 1, it follows that
constructing a feasible labeling for a tree is more complex problem
than building a labeling for other feasible graphs. Further, for
simplification, we will use the trees.

Feasible labelings constructed for a feasible graph G using BFS
and DFS are shown in Fig. 1. The horizontal dotted lines indicate the
layers of the graph, numbered O to 3 and bottom to top. M;, N; are
labeling cardinality and dimension of the subgraph from Oth to ith
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layer inclusive. M, N is the labeling cardinality and dimension of
graph G. The estimates of dimension N; = 4 and N, = 4 [3] or, in
other words, N > 4 are obtained. In Fig. 1 it can be seen that, when
using the BFS for subgraphs of the first and second layers of the
feasible graph M; = N;, M, = N,, M = N + 1, were obtained. On
the third layer the algorithm o with BFS adds two elements, so M =
6. When DFS isused M\; = Ny, M, =N, + 1,and M = N = 5.

M=6,N=5
{13}

1,4} 2,3}

a)0)
Fig. 1. Feasible labelings of graph G obtained by algorithm a with:
(a) BFS; (b) DFS (minimal labeling obtained).

The labeling cardinality depends not only on the method of the graph
traversal, but also on the order of vertices™ traversal. Fig. 2 shows two
feasible labelings of the feasible graph G’ with the traversal on the
layer done from left to right (M =6) and from right to left (M = 7),
which was obtained using algorithm a with BFS.

Let's construct a modified algorithm «" with a rule: for
constructing labels of vertices of the same layer, whose initial
subgraphs have the largest dimension estimates, choose the next
smallest feasible number from the set of already used numbers, such
that the labels of these vertices would have the lowest number of
common elements. Using this rule with BES does not guarantee the
construction of a minimal feasible labeling (Fig. 1a).

When using DFS, if one of the paths containing a vertex,
satisfying the condition N; (the sum of the layer number and the
indegree is maximum), is chosen as the first pass then on the return
path after passing this vertex the number of used elements will be not
less than N (Fig. 3).
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(1.3.4%  {1,3.5} {2.4 1}

2)6)

Fig. 2. Feasible labelings of graph G' obtained by algorithm a with
BFS: (a) —from left to right, M =6, (b) — from right to left, M =7.

____________ 1.2.3.4y 235y {1234  {1.2.3.5}
2.4.5 2.4.6 {1.2.6} {5.4,2} {5 4.3}
2.4.7) X/“ 2.3}
2 w o )
 a)0)

Fig. 3. Feasible labelings of graph G" obtained with using DFS by:
(a) —algorithm a, M =7; (b) — algorithm a", M =6.

References

1. I. V. Kozin, N. K. Maksyshko, V. A. Perepelitsa
Fragmentary Structures in Discrete Optimization Problems,
Cybernetics and Systems Analysis, 2017, 53(6), pp 931-936.

2. Berge, C. (2001). The theory of graphs. Courier Corporation.

3. Kpusnyn O. B., Kozin 1.B. Po3miTku opieHToBaHHX rpadis
JUIsL TIPEJCTaBIIEHHs (parMeHTapHUX CTpykTyp. Martepiamn XXI
MixH. Hayk.-TipakT. ceMiHapy «KomOiHaTtopHi koH$irypauii ta ix
3acrocyBaHHs» (KponuBuuupkuii, 17-18 tpaBus 2019 poky). C. 87—
91.

18


https://link.springer.com/journal/10559
https://link.springer.com/journal/10559/53/6/page/1

GRAPHIC REPRESENTATION OF TOROIDAL
REFERENCE SYSTEMS FOR VECTOR CODES
Riznyk V.V.

Lviv Polytechnic National University

Abstract. Graphic representation of toroidal reference systems is concerned
to both optimum vector data coding design, and combinatorial configurations such
as Perfect Cyclic Difference Sets and Ideal Ring Bundles, namely the concept of
“GlorytoUkraineStars ”(GUS-configurations). The GUS-codes, shortly “Star”
codes, can be used for finding optimal solutions for wide classes of technical
problems in applications, which need to form finite vector virtual spaces using the
smallest possible number of basic vectors. These techniques make it possible to
configure “Star” codes under toroidal coordinate system, nodal points set of the
system one-to-one corresponds to the code size. Graphic representations both
“Star” monolithic and group vector codes, and non-redundant “Star” codes
presented. The first of them are self-correcting codes, which offer to be faster than
other noise immunity codes, while the second belong to non-redundant “Star”
codes. Applications profiting from GUS-configurations are for example signal
processing, code security and low-side lobe antenna design.

Surface topology is superior to geometry relating torus as
“perfect” shape that useful to describe objects as mathematical model
of systems. Proposed concept involves techniques based on cyclic
groups of Galois field in projective geometry [1] and ring vector
configurations [2]. We have the principal property of forming
toroidal reference grid mi x mz x...x m over an object that exists in
dimension #+1.

Definition 1. A set of n #-stage chain sequences of non-negative
integers Ki=(ki1, ki,..., kit), i=1,2,..., n, which form #-dimensional
toroidal reference grid mixmo X...xmy, taking the mod m, mod mo,...,
mod m: sums of these sequences is a r-dimensional GUS-
configuration.

Example: The set of three (n=3) 2-stage sequences Ki=(0,1),
K>=(0,2), K3=(1,0) forms a two-dimensional (#=2) toroidal reference
grid m1xmy=2x3 taking the mod 2, mod 3 sums from these 2-stage
sequences (Table 1).

19



Table 1.

2D toroidal reference grid formed by GUS {(0,1),(0,2),(1,0)}

n/n | References Summation mod 2, mod 3 of the 2-
sequences
(0,1) (0,2) (1,0)
1 (0,0) (0,1) (0,2)
2 0,1) (0,1)
3 (0,2) (0,2)
4 (1,0) (1,0)
5 (1,1) (0,1) (1,0)
6 (1,2) (0,2) (1,0)

From Table 1, we observe the GUS{(0,1),(0,2),(1,0)} forms 2D
toroidal reference grid 2x3.

Theorem 1. A t-dimensional GUS-configuration with ¢-
dimensional toroidal reference grid mixmo X...xm; forms t-
dimensional “Star” codes, which size equal to number of the
reference grid points.

Proof. Since for each nodal point of the reference grid
corresponds exactly to one of coding combinations of the ¢-
dimensional coding system the set of reference grid and set of coding
combinations correspond one-to-one.

Hence, t-dimensional GUS-configuration with 7-dimensional
toroidal reference grid mixmz x...xm forms f-dimensional vector
“Star” codes, which code size equal to number of reference grid
points.

For example, two-dimensional GUS-configuration with 2D
toroidal reference grid 2x3 forms binary 2D vector “Star” codes
(Table 2).

Since GUS {(0,1),(0,2),(1,0)} is multiplicative group of a finite
field [1] it is complete set of binary 2D vector “Star” coding systems
in  four variants:  {(1,0),(1,1),(1,2)},  {(0,1),(0,2),(1,0)},
{(0,1),(0,2),(1,2)}, {(0,1),(0,2),(1,1)}

Graphic representation of multidimensional toroidal reference
grid mixmz x...xm; formed by r-dimensional GUS-configuration
about concurrent axes mi , ma ,..., my with common point “+” given
in Fig.1.
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Table 2.
Binary 2D vector “Star” code formed by GUS {(0,1),(0,2),(1,0)}

n/n 2D code Digit weights of the “Star” code
combination (0,1) (0,2) (1,0)
1 (0,0) 1 1 0
2 0,1) 1 0 0
3 (0,2) 0 1 0
4 (1,0 0 0 1
5 (1,1) 1 0 1
6 (1,2) 0 1 1

Fig.1. Graphic representation of multidimensional toroidal
reference grid myxmz x... Xm; formed by t-dimensional GUS-
configuration about concurrent axes mj, mz, ..., m; with common
point “+”

Fig.1 illustrates planar projections of spatially disjointed axes
mi,my ..., m of t--dimensional toroidal reference grid mixm2 X...xm.

The “Star” codes may be separating as monolithic and group
vector codes, and non-redundant vector codes. First of them belong
to the self-correcting codes due to monolithic arranged both symbols
“1” and of course “0” for each allowed code word. This characteristic
property offers at once detect or correct code words by the monolithic
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manner. The second “Star” codes are non-redundant ones, which
provide processing and visualization of high-dimensional datasets.
There are a priory infinite set of “Star” codes under toroidal
coordinate systems. The rate of number growth these codes with
rising their size we can define tentatively by indexes of 2D and 3D
self-correcting “Star” codes for n=2...7 from Table 3.

Table 3.
Indexes of 2D and 3D self-correcting “Star” codes for n=2...7
Code Number of code Code size variants
length, n variants
2D codes | 3D codes 2D codes 3D codes

2 1 - 1x2 -

3 4 - 2x3 -

4 24 - 3x4 -

5 272 - 4x5, 3x7 -

6 256 128 5%6, 3x10 2x3x%5

7 360 180 6x7, 3x14 2%3%6

We can see fast growing varieties of “Star” codes under toroidal
reference systems with rising their length » and maximum code size
Nmax

t
Nimax =[[m; <2", (m1, ma ..., m)=1 (1)
1

The constraint (1) provides varies of “Star” codes under toroidal
reference systems over a wide range, and graphic picture of these
systems (Fig.1) offer a better understanding of the role of toroidal
shape in the behaviour of natural and man-made objects. Remarkable
combinatorial properties and structural perfection of GUS-
configurations provide many opportunities to apply them to
numerous branches of science and advance technology. Examples:
vector computing and big data information technologies, code
security communications, and low-side lobe antenna design [2]. The
underlying skills is useful at high schools and universities for in-
depth training of students, which study computer sciences and

22



information technologies, involving contemporary combinatorial and
algebraic theory for increasing interest to scientific researches.
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INTEGRATED COLLABORATIVE DECISION MAKING
MODELS IN AIR NAVIGATION SYSTEM
Shmelova T.!, Sikirda Yu.%, Kasatkin M.?

'National Aviation University
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Abstract. A new approach to increase the efficiency of Collaborative
Decision Making (CDM) by operators of the Air Navigation System, which includes
the process of integrating the deterministic, stochastic and non-stochastic
uncertainty models for building network planning models in emergencies, is
proposed.

Introduction. The effectiveness of aviation systems and the
provision of flight safety still depend primarily upon the reliability of
aviation specialists and human decision making (DM), individual and
group outcomes of decisions. In aviation, significant attention is paid
to Safety Management. To determine an acceptable level of risk and
balance between decision performance and safety requirements, it is
necessary to have quantitative characteristics of DM conditions in
emergencies [1]. ICAO constantly develops and improves proactive,
based on the evaluation of the risks. A modern approach, founded on
the characteristics (performance-based approach — PBA), based on
the next three principles monitoring [2]: the main accent on
desired/necessary  results; decision making, oriented on
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desired/necessary results; using facts and data while DM. Such a
level of accuracy of tasks determination may be achieved only using
the new methodology includes the process of integrating the
stochastic and non-stochastic uncertainty models for building
network planning models.

Main part. The Global Air Traffic Management Operational
Concept [1] assumes provision Collaborative Decision Making
(CDM) between all operational partners based on general
information on the flight process and features of the emergency [3].
It is very important to create highly intelligent CDM systems for the
Air Navigation System’s operators those decision problems in the
one team. In the process of analysis and synthesis of DM models in
emergencies makes sense to simplify complex models and solutions.
So, for example, stochastic and non-stochastic of uncertainty models,
the Markov and GERT-models, reflexion models integrate into
deterministic models. The ICAO documents recommend developing
intelligent Expert Systems in aviation to support of operators [1; 2].
To build an Expert System, it is necessary to determine the
significance of its subsystems (parameters, characteristics, values,
etc.) with the help of Expert Judgment Method (EIM) [4].

When analyzing an emergency in a team, each operator
determines his actions to solve this problem. After a structural-timing
table of operational procedures with time on the operating procedures
(using EJM for obtaining solution times) has been built, the network
graphs of operating procedures for all operators are building [5]
(Figure 1).

The parallel process of simultaneous execution of technological
operations in the situation can be represented as a consolidated multi-
channel network (Figure 2, situation S»).

For a consistent optimization of such a network in order to
achieve the crosscutting efficacy of CDM, it is advisable to use a
multi-criteria approach: achieving a minimum time with maximum
safety for consolidation of operators' actions in emergency [6].
Approach to optimize the network graph for performing procedures
by operators in the emergency is (1):

Aopt = min{Rm}, Rm = Fm(tm; {A' o, P, u}) = tm(Z}:{l:l Pruy + ak)r
(D
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where R,, and (<; >)R,,_1; t — is a time of CDM stage; A4 — is an
alternative of decision; a — is a shift in the risk of developing
emergency according to stages on decision tree; p — is a probability
of adverse effects; u — is a damage due to negative solution.

140

fef]
Fig. 1. The DM in certainty for Fig. 2. The DM in risk for
three H-Os situation Sz (three H-Os)

To simulate CDM under conditions of emergency, the next steps
are a deep analysis of the situation; intelligent data processing;
identification of situation; formalization of the situation using
integrated models; decomposition of the complex situation into
subclasses; synthesis of adapted deterministic models to determine
certain actions. In conditions of non-stochastic uncertainty in the
presence of several decisions (part of situation Si), when the
probability distribution corresponds to the factors which influence
the DM, either unknown or cannot be determined, the methodological
basis for CDM 1is a matrix of decisions [4]. The aggregated
deterministic model with integrated stochastic models is shown in
Figure 3 [5].

After correction network graphs using stochastic and non-
stochastic uncertainty models next step the determination of critical
time and the critical path of the optimal collective solution [5].
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Fig. 3. The aggregated deterministic model with integrated
stochastic model

Conclusions. The CDM an uninterrupted process of presenting
information and individual DM by various interacting participants, as
well as providing synchronization of decisions taken by participants
and the exchange of information between them. It is important to
ensure the possibility of making a joint, integrated solution with
partners at an acceptable level of efficiency. This is achieved by
completeness and accuracy of available information. Solutions
planning should provide using DM different models such as
deterministic models; stochastic and non-stochastic of uncertainty
models; the Markov and GERT-models; reflexion models. After
analysis of the situation, the synthesis (aggregation) of stochastic
models for the correction of the deterministic model is needed.
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MOJAEJIFOBAHHS OINIHKHW OCOBU BUHHOI'O JJIA
CHUCTEMM HEYITKOI MPOAYKIII B CYII
bakyposa A.B., ITaciunuk M.C., Tepemenko E.B., ®ineii }0.B.
Hayionanvnuii ynisepcumem «3anopizbka nonimexmikay

Abstract. In this work, propose the user clustering method for a social
network based on the multilayer feedforward neural network to identify bot
networks on a web-resource

BpaxyBanHs 0coOuM BHHHOIO € OOOB’S3KOBUM MJis Cyly B
KO>KHOMY BUIIQ/IKy IPU3HAYSHHS MMOKapaHHs, 1110 3a3HadeHo 1.3 4.1
c1.65 KpuminansHoro kogekcy Ykpainu (KK) [1]. Ane y HaykoBiii
JmiTeparypi 3 KpHUMIHAJIbHOTO IIpaBa Ta 3aKOHOJABCTBI HeMae
3araJl,HOBH3HAHOTO PO3YMIHHS TIOHATTS «0cO0a BHHHOTO» Ta
BU3HAYCHHS I[LOTO TEPMiHY.

ABTOpiB choiTKana s mnpobiema Npu po3podli Ha OCHOBI
OHTOJIOTIYHOTO migxoxy 3aranbHoi Mmozeni CIIIP y cymi, mo
JOKJIaJTHO OTKcaHa B podorax [2, 3]:

(Fine, Years, RF, Public Works, Condition) = F(Severity, Lawyer,

Personality, Plaintiff, Mitigation, Burden),(1)
ne F — BiAMOBiTHUI aNTOPUTM HEUYITKOTO BUBEICHHS.
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[Tlim wac MopemoBaHHS OynO BHUSBIECHO psIA TpodieM Ta
3alpONOHOBAaHO IIUISIXM  1X BHUPINICHHSA, M0 MOJSATalOTh B
HACTYITHOMY.

[Ipobnema 1. IcHyBaHHA pPO30DKHOCTI MIDK OHTOJIOTIEO
TEPMIHOJIOTIYHOKO Ta OHTOJIOTIEI0 MPHUPOJHOI MOBH. BupimeHHs
npoOiieMu nepenadadae moOymIOBY IUX OHTOJOTIH Ta BU3HAYCHHS
CXO0XOCTI Mi’K HUMHU.

[Ipobnema 2. Hewitkicts kimacudikaiii XapakTepUCTHK Ha
MO3UTHUBHI UM HETaTHBHI, IO € HACIIKOM Cy0’€KTHUBHOCTI O3HAK Ta
ix B3aemo3anexHocTi. Hampukinan, o3HakKa «OIpYXKEHUN» B
3aJIe)KHOCTI BiJl 3B’S3KYy 3 IHIIMMH OOCTaBUHAMH MOXKE MaTH, 5K
MO3UTUBHUHM, TaK 1 HETaTHBHWHA BIUTUB. TOOTO MJIsi BUPINICHHS
npoOjeMu HEOOXiAHO PO3TIAIATH HE OKpPEeMi O3HAKH, a IMaTepHU
XapaKTepucTuK [4].

[Tpo6nema 3. Benuka KiTbKICTh O3HAK, 110 BEAE /10 3MEHIICHHS
TOYHOCTI o0uncieHb. TpaauiiitHUM BHXOJOM 3 JTAaHOI MPOOJIeMH €
pPO3OUTTS MHOXMHU O3HAaK Ha MiIMHOXHHU 3 1X MOAAJBIIO0
peastizalii€ro B OKpeMHUX MpaBuiIax MPOAYKLIH.

Posrnsnemo Oinbin poknagHo IIpoGnemy 3. JIng moGymoBu
Mojieli 3MIHHO1 Personality y Burisini oprpady 0yno copMOBaHO
KOJIEKLIIF0 JTOKYMEHTIB 3 25 cynoBux BHpokiB 3a 4.3cT.185 KK
VYkpaiau [1]. Bupoku Oyno oTrpumano 3 €AMHOTO PEECTPY 3TiAHO
MPaBUJI KOPUCTYBAHHS UM €JIEKTPOHHUM pecypcom [5].

Ha ocHoBI aHamizy JOKYMEHTIB OyJ0 BHOKPEMJIEHO KaTeropii
TEpMiHIB, CIiB, IO BIJNOBIJAIOTh T€PMaM KOHIENTY OHTOJIOTIT
«ocoba BHHHOTO». BiAMmoBimHY MOJenh MPENCTABICHO Yy BUTIISAL
oprpady Ha Puc.1.

Toni MHOXKHHA O3HAK JJis1 KOHIIENTY Personality Mae BUTIISI:

Proniy = {NPAYEEIAUMYBAHHS, CIMEUHUL CMAH, NPOHCUBAHHS,
peecmpayis, Xapakmepucmuxda, nepeOysants Ha 00Ky, HASAGHICIb
36 ‘A3Ki6, KPUMIHAbHA 8I0N06I0aIbHICMb, CyOumicmy ], [P|=9 .

OO6nacTb Bu3Ha4UeHHs1 X 3MIHHOI € JEKapTOBUM JOOYTKOM O3HAK

X = B =P, x...x P, noryxuicts sxoi |X|=1728,
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MpayYeEnaTyYEaHHS

CiMelHni cTaH

PeecTpauin

]

Hi

Hemae

Mo3anTueHa

Heratuena

Hemae

XapaKTepucTHra

Ocofa eMHHOMD

Meuxiatp

Hapronor

Hemae

MNepedyEaHHA Ha
oaniky

AHTUrpoMaceki

Hemae

3e'R3KM

KpMMiHansHa
EianosigansHicTs
CyanMmicTs

Puc. 1. Mooenv xonyenmy onmonoeii Personality

BpaxyBanHs 0coOM BHUHHOTO TIOB’SI3aHE 13 BCTAaHOBJICHHSIM
TAaKUX JIaHUX, SKI CBig4aTh TMTpPO il HEBENHMKY CYCHiIbHY
HeOe3neuHicTh [4], ToOTO HAa OCHOBI Cy0’€KTHBHOI OIIIHKKA OCOOM
BUHHOTO HEOOX1JHO MPUIHATH PIIICHHS PO MPUHHSTTS 10 YBarH sK
MOM’ SIKIITYFOUO01 0OCTaBUHH MOTO MO3UTHBHOT XapaKTEPUCTUKH.

OTke OJHMM 3 MIAXOJMIB 1O BH3HAYEHHS OCOOM BUHHOTO €
ananoris 3a Qopmynoro (1) — momenp miacucremu CIIIIP nmns
BHU3HAYEHHS OIIHKU 0COOW BUHHOTO:

(Ilosumuena, Heeamuena) = F(npayesnawimysanus, cimernu
CMAH, NPONCUBAHHS, PecCmpayis, XapaKxmepucmuka, nepeoysanHs.
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Ha 007Ky, HAABHICMb 36 A3Ki6, KPUMIHANbHA BIONO0BIOANbHICMD,
cyoumicms),(2)

BucHoBku. Ha OCHOBI OHTOJIOTIYHOTO MiIXOAy MPHU MOOYIOBI
NPOIYKIIMHOT CUCTEMH JUTSl IATPUMKH MPUHHATTS CYIOBUX PillIEeHb
3aMpOMOHOBAHO MeTOJ ()OPMATI30BAHOTO BH3HAYCHHS 0COOHU
BUHHOTO. Ha MeTi momanbmux A0ciipkeHb — BUpimeHHs [Ipooiemu
1 Ta [Ipobnemu?2.
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EJEMEHTHU KOMBIHATOPUKHU Y 3BO
bounap O. I1.
JIvomna axademia Hayionaneroco asiayitinoco yHisepcumemy

Abstract. On the example of the methodology of studying elements of
combinatorics in a higher school, some ways of forming competencies among
future specialists are indicated that contribute to the relationship of theoretical
training of specialists with the practical needs of their professional activities.

B ymoBax cydacHoi cBiTOBOi iHTeHCH(]iKaIii eKOHOMIYHUX 1
COLlaJIbHUX IPOLECIB BUHUKAE MOTpeda B JIOAAX, 3JaTHUX [0
00’ €KTUBHOI OILIIHKH 1 BiITIOBITHOT IIBUAKOI peakiii Ha pi3HOMaHITHI
CUTyallii, 110 BUHUKAIOTH y cdepi ix mnpodeciiiHiil AiSTIBHOCTI.
ITlinroroBka Takux cCHOELIAIICTIB JO IMMIBHAKOI ajamnTamii B
npodeciiiniii chepi Mae BitOyBaTuca HacamMIepe] y 3aKiaiaXx BUIO1
ocgite (3BO). I OCKiTbKM KOMIIETEHTHOCTI, HEOOX1TH1 ISl YCIIITHOT
npodeciiiHol IATPHOCTI MOJOJOro crerianicta, (GopMyrOThCS B
mporeci oro HaB4yamHs y 3BO, TO BUTOK mpoOieM amamTaiii
cremiaiicrta 10 npodeciiHoi JISUIBbHOCTI CIiJl IIYKaTH HacaMIlepe.
Tam.

HepnocraTHili piBeHb HAyKOBOI MiATOTOBKM MalOyTHBOTO
crieniaiicra Ta ciabKui 3B'A30K (200 BIICYTHICTh) Or0 TEOPETUYHOT
nigrotoBkn y 3BO 3 mpaktuyHumH notpedamu  mpodeciitHoi
TiSUTBHOCTI € OJHIEI0 3 TAKUX MPOOIIEM.

VYenimHa 3 TOYKM 30py MPAKTUKH TEOPETHYHA MiArOTOBKA
MailOyTHBOrO criemiaaicta, Ha Hall MOMIA, OOOB’SI3KOBO Mae
BKJIIOUATH BIJIOBIIHY HAYKOBY CKJIQZOBY 1 OyTH HanpaBieHa Ha:

- HalOyTT HaBHYOK MIBHIKOT Qopmanizamii peanbHOi
BUPOOHUYOI CUTYyalii,

- BCTaHOBJICHHS BIAMOBIAHOCTI (opmalizoBaHOro 00pasy
CUTYyaIlii #oro TeOpeTUIHIN Mo,

- 3HAHHA 3aKOHIB (YHKIIOHYBaHHS MoOJeNi 1 yMIHHA iX
3aCTOCOBYBATH JI0 PO3B’sA3aHHS BUPOOHUYNX 3a]1ad,

- YMiHHS pPOOWUTHM BHUCHOBKHM Ta IHTEpPIIPETYBaTH OTPUMaHI
pe3yabTaTH 3 TOYKU 30pY BUPOOHUYOI CUTYaITI].

Ili manmpsiMu MiArOTOBKHM MOTPiOHO peamizoByBatn y 3BO 3
CaMoOro IO4YaTKy HaBudajbHOro mpouecy. IIpu 1npomy BaXXJIUBOIO
dbopMoro pearnizaiii € MOEAHAHHS HAaBYAJIbHOI 1 HAYKOBOI poOOTH
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CTYIEHTIB, $KE€ Ha TOYaTKy HaBYaHHA MOXE CIOUpaTUCS Ha
NOTJIMOJICHHS 1 PO3LUIMPEHHS TEMATUKU MIKUTBHOTO KYpCY.

Jlns mpukIiay po3risiHeMO 0COOIMBOCTI BUBYCHHS MaOyTHIMU
crieniajgicTaMi TaKMX HOHATh TEOpii WMOBIPHOCTEH, SK €JIeMEHTH
KoMOiHaTopuku. B yMoBax 0OMeXeHOro HaBUaIbHUM IJIAHOM 4acy
Ha 3aCBOEHHS LIUX MOHATH 3a3BUYall BUHUKAIOTh ME€BHI POOIEMH.

[To-nepmie, icHye mpoOiema po3mizHaBaHHA B TpodeciiiHii
cdepi cremianicra 3aga4 Ha KJIacHYHE O3HAYEHHS HMOBIPHOCTI, B
SKUX TOTPIOHO 3aCTOCOBYBATH €JIEMEHTH KOMOIHATOPUKH. [HITUMU
CJIOBaMH, CTYJICHT 1HOJII HE OaYUTh 3aCTOCYBaHb IIUX MOHSTH Y CBOIN
npodecii 1, BiiTak, He BUPI3HIE€ KOMOIHATOPHY 3a/1ady cepell IHIINX
npodeciifHuX 3a7a4 3a YMOBH BiJJCYTHOCTI MiAKa3KH, HAIPUKIIAI, Y
BUTJISAJIl TEMH 3aHATTSL.

Po3p’s3anHs  1i€i mpoOiemMu, Ha HaMl TOTJSA, TOBHHHO
IPYHTYBAaTHCS Ha yMiHHI 1 HaBMYKax pO3II3HABATH Taki 3ajadyi, B
nepiry 4epry, BUKIaJadeM a00 HAayKOBUM KEPIBHUKOM, SIKHA
MOBUHEH MiJABUILYBATH CBiil podeciiHuil piBEeHb TaKOX 1 B IbOMY
HaIpsIMKY. 3ayBa)KUMO, 110 BUKJIa a4 MaTEMaTUKH HE 3000B’s13aHU
pO3B’sA3yBaTH IpodeciiiHi 3aaaui, aje Mae BHUPI3HATH cepel HUX
3a7a4i IIEBHOI MaTEMAaTUYHOI TEMAaTUKH.

3aCBOEHHSI €JIEMEHTIB KOMOIHATOPUKHM MOKE TMOYMHATHCA 3
PO3IJIAAYy TaK 3BAHOI 33J]a4l-CXEMH, YMOBY KOi B3SITO 3 KJIIACHYHHUX
JoKepen iHopMaliii, 1 ska, siK MpaBUIIo, He OB’ s3aHa 0e31MocepeTHBO
3 MalOyTHBOIO CHEIIaNBHICTIO cTyAeHTa. [licis nporo 6axaHo, oo
BUKJaa4 c(hOpMYJIIOBAaB OJHY YM KUIbKa 3agad HpodeciifHoro
CIIpSIMYyBaHHS, IEMOHCTPYIOUM B HUX CTPYKTYpPY 3amadi-cxemu. lle
Oyae ciyryBaTd MIATPYHTSAM s (OPMYIIOBaHHS  KOXXHUM
CTYJEHTOM  BJIACHOI  OpWUTiHaJIBbHOI  3afadi  MHpodeciiiHoro
CHpsSIMYBaHHS Ha 3aJ]a4y-CXeMy. KonexktuBne 00OroBOpEHHS
KOXKHOT 13 3a7la4 3 KOPETYBaHHIM iX BIAMOBITHOCTI 3ajadi-cxemi
MOBUHHO JOMOMOITH PO3LIMPUTH YSBIEHHS CTYJEHTIB HPO KOJIO
npodeciiHuX 3agad, B SKUX BHUKOPUCTOBYIOTHCS €JIEMEHTH
KOMOIHATOPHKH.

[To-npyre, BU3HAYUBIIN KOMOIHATOPHY 3aJa4y, CTYACHTH 4acTO
CTHKAaIOThcs 3 TNpo0sieMoro BUOOPY HEOOXIAHOTO EJIEeMEHTY
KOMOIHAaTOPUKUA. A caMme, SKHWA 3 €JIEMEHTIB KOMOIHAaTOPUKH —
CTOJTYYEHHS, PO3MIILIICHHS Y1 MIEPECTaHOBKH Tpeba 3aCTOCYBaTH MPU
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pPO3B’s3aHHI KOHKPETHOI 3a7a4i, OpaTu iX 3 MOBTOPEHHSIMHU 4u 0e3
noBTropeHs? CKIAAHICTh BHOOPY MOJSATae B YMIHHI BHUIUIMTH B
3a1a4i (hopMatizoBaHy MOJIETb PEATbHOTO 00’ €KTY.

OpHuM 13 IDISXIB MOAOJAHHS i€l TPoOIieMy, Ha HaI MOTIIA/,
MOyKe OyTH HACTYITHUH aJlTOPUTM BHOODPY:

- OCKIJIbKM B KOMOIHAaTOpHIM 3ajadi 3a3BMYail MOBa e mpo
KUIBKICTh BapiaHTIB THUX 4YHM IHIIUX OO €KTIB YW MPOIECIB, TO
CIOYATKy MOTPiOHO 00paTh OJUH KOHKPETHUH BapiaHT (HAIPUKIAL,
BapiaHT KOMIT FOTEPHOTO KOJY);

- TOMIHSATH MICISIMA €JIeMEHTH O0OpaHOro BapiaHty 1
BHU3HAUUTH, UM BIJIPI3HATUMETHCS 3 TOUKH 30pY 3a/ayi el BapiaHT
BiJI TIOTIEPETHBOTO;

- BU3HAYUTH KUIBKICTh €JIEMEHTIB, 3 SIKUX MOXE CKJIaIaTHCS

BapiaHT;

- BU3HAYUTH, YM  MOXYTh €IEMEHTH Yy  BapiaHri
MTOBTOPIOBATHUCH;

- 3pOoOMTH BHCHOBOK, TOOTO 0OpaTh HEOOXITHUH €JIEeMEHT
KOMOIHAaTOPUKH.

bararopa3zoBe 3acTOCYBaHHS TAaKOIO AJTOPUTMY IPHCKOPIOE
npouec  (opmanmizamii, NpPaKTUYHO  ABTOMATHU3YIOYU  HOTO.
[TigpaxyHOK KiJBKOCTI OOpaHUX €JNEeMEHTIB KOMOIHATOPHKH 1,
BI/IMOB1IHO, OOYMCIICHHS! IMOBIPHOCTI 32 KJIACHYHUM 1i 03HAYEHHSIM
3a3BHYail He BUKJIMKAIOTh TPYIHOILIB.

[To-Tpete, icHye mpobiema BHOOPY airopuTtmy mnepedbopy. A
came, 3HAHHS TIJIBKU KUIBKOCTI €IeMEHTIB KOMOIHATOPUKHU € 1HOI
HEJIOCTATHIM JIJIsl 3aCTOCYBaHHS 1X Ha mpakTuil. Hampukian, mo0
BIJIKPUTHU 3aMOK 3 TPUIIU(DPOBUM KOJOM, B IKOMY KHOIIKH 3 U(paMu
HATUCKAIOTbCS OJHOYACHO, Majio 3HaTH, IO icHye 120 BapiaHTiB
koxy. ITorpiOHo BMmiTHM iX mepeOpatu, TOOTO IisITHM 3a TEBHUM
(HeCKJIaJHUM Y JAHOMY NPUKJIIa/1) aITOPUTMOM.

3HaHHS aIrOpUTMIB Nepedopy 1 yMiHHS miaiOpaTtu HeoOXiTHUMA
JUIS 3a/a4yl  aJrOpUTM MOXYTb HaOyBaTHCA CTYIEHTOM, KpiM
HaBYaJIbHUX 3aHATH, 1]l Yac MPOBEIECHHS HAyKOBUX JIOCII/IKEHb, B
po0OOTI HAYKOBO-MIPAaKTUYHUX CEMiHApiB, Ha KOH(EpEeHIisX, TOIIO.
Anroputmu repedopy 3aCTOCOBYIOTHCS, KPIM Teopii HMOBIpHOCTEH,
TaKOX 1 B 1HIIMX JUCIUIUIIHAX — MAaTEMAaTHYHOMY TPOrpaMyBaHHI,
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JIOCITIDKEHHI oTepartiid, Teopii rpadis, TOI0, TOMY BOHU € KOPUCHUM
IHCTPYMEHTOM PO3B’sI3aHHS IIUPOKOTO KOJIa MPAKTUYHUX 3a]1a4.

Hapemiri, icHye oOepHeHa mpoOiemMa — TEepexoay Bil
dopmamizoBaHoi MoOJEIl 10 pEATbHOr0 O00’€KTy, TOOTO JO
KOHKPETHOI 3ajaul npodeciiiHoro cnpsimyBanHs. Lle o3nauae, 1o
MaifOyTHIN crHemiamicT, po3B’s3aBIIM 3a1ady, HE 3aBXKId Mae
HAaBUYKH OCMHCJICHHS OTPHMMAHOI BIJIOBIiMl, TOOTO ii 3B’SI3KYy 3
yMOBOIO mpodeciitHoi 3amayi. s momponanHs mpoOaemMu, KpiM Bxke
PO3TJIISSHYTUX METOMIB, € CEHC 3aCTOCYBaHHS KOJEKTHUBHOTO
0OTOBOPCHHSI MOKJIMBUX TBOPYHX BHCHOBKIB, III0 TOPKATHMYTHCS B
NEeBHIN Mipi cepeloBuIIa, IKe OXOIUTIOE YMOBa 3aJaui.

[TizcymoByrOUM TpUKIAN METOIWKA OCBOEHHS MaWOyTHIMH
CHeriajicTaMyd  TMOHATTS  €JEMEHTIB KOMOIHATOPHKH, MOXHA
BU3HAYHTHU JICSIKI NUISIXW HAOYTTSI HUMH BHCOKOTO PIBHS HayKOBOI
HirOTOBKH Ta TICHOTO 3B'3KY 1X TeopeTu4Hoi miarotrosku y 3BO 3
NPaKTUYHUMH OTpedaMu poQeciiftHOT isITBHOCTI.

[umMu OUIIXaMHd € 3aCTOCYBAaHHSI  BIJMOBIAHMX METOJMK
MPOBE/ICHHS ayAUTOPHUX 1 CAMOCTIMHMX 3aHATb, Opraizamis i
IPOBEIEHHS MDKHAPOJHUX HAYKOBO-NPAKTMYHUX KOH(pEpeHLid 1
CEeMIHapIB CTYACHTIB, CTaXyBaHHs, Tollo. B mporeci npoBeaeHHs
TaKUX 3axO0/iB MaiOyTHI CHemialiCTH MaloTh MOXJIHBICTb
O3HAWOMHUTHCh 3  aKTyaJIbHUMH HayKOBUMH 1, 30Kpema,
npodeciiHUMU TeMaMH 1 MpobieMaMH, METOJaMHU iX PO3B’S3KY,
OI[IHUTH CXOXICTh 1 PI3HUIIO MIAXOIIB 10 BUPIIIECHHS MpoOiIeM
IpeJCTaBHUKAaMU 1HIIMX Mpogeciii, HaOyTu OCBiJ CHIJIKYBaHHS 3
HUMHU Yy CBOill mpodeciifHiil isIbHOCTI.

Binrak, BU3HAaYeHHS 1 BIPOBA/HKCHHsSI B MPOIEC HABYAHHS Y
3aKJ1a/ll BUIIOT OCBITH LUISIXIB HAOYTTsI MallOYTHIMU clieniagicTaMu
KOMITIETEHTHOCTEH, 110 CTIPHUSIOTH 3B'A3KY TEOPETUYHOT MiJITOTOBKH 3
MPAKTUYHUMU MTOTpedamu podeciiiHoi A1SUTbHOCTI, TOBUHHO CTaTH
CYTTEBUM JIJISl TT1ABUIIIEHHS KOHKYPEHTOCIIPOMOXHOCTI CHEIialiCTiB
Ha BITYM3HIHOMY Ta MD>KHAPOJIHOMY PUHKaX Iparil.
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OIIBIT UCITOJIB30OBAHUSA MAIIMHHOTI'O
INEPEBOJA ITPU ITPOU3BOACTBE
PE®EPATUBHOI'O ) KYPHAJIA «MATEMATHUKA»
Boo6siit B.A., Apxunosa H.A.

Mockea, BUHUTH PAH

Abstract. The authors analyze the work experience of editors and reviewers
of the abstract journal "Mathematics" of VINITI RAS with documents in English
using the Google translator built into the workstation "Corrector, Editor,
Reviewer" (COREF). It is noted that problems arise when there are special terms,
abbreviations and proper names in the source text. It is concluded that the use of
the Google translator, despite its shortcomings and the need for post-editing,
increases the productivity of users of COREF.

MamuHHBIA NIEpeBON — JTO IMEPEBOJ TEKCTOB C OJHOIO
€CTECTBEHHOI'O SI3bIKa Ha JPYrod € IMOMOILIBIO KOMIIBIOTEPHBIX
nporpaMM. CylIecTBYIOT pa3jM4HbIE TUIIBI MAIIMHHOIO IIEPEBOAA:
1) MalmMHHBIA  [epeBOJ, OCHOBAHHBII  Ha  NpaBUIIAX;
2) CTaTUCTUYECKUI MaIlTUHHBIN MepeBO/; 3) TMOPUTHBIN MAIIMHHBIN
MIEPEBO, COUETAIOIINN MPAaBWIIA, CTATUCTUKY U HEHPOHHBIE CETH. B
HacTosIllee BpeMsl MAIIMHHBIA MepeBoj]] B TOH WM UHOM (opme
MIPUMEHSIIOT B CBOEH pabote yxke 6osee 50% nepeBogueckux pupm.
HecmoTps Ha pa3BUTHE CUCTEM MAIIMHHOTO NIEPEBOJA, PE3YIbTAT UX
paboTHl TIOYTHU BCETZIa HYXKJIAETCs B JOPA0OTKE YEIOBEKOM. DTOT
IIPOLIECC HA3BIBAETCS OCTPENAKTUPOBAHUEM MAIMHHOIO NIEPEBOA.
[1,2]. CymecTtByeT ABa YpPOBHSI KadecTBa MOCTPEAAKTUPOBAHUS.
IlepBblli ~ ypOBEHb  KadecTBa,  «IPUEMJIIEMOE»  KauecTBO,
COOTBETCTBYET MEPEBOlY, TOUHO MEPEJAIOIIEMy CMbICII OpUTHHAA,
HO HE BCErjJa SBISIOMIMMCA TpaMMaTHYECKd M CTHIMCTHYECKH
MpaBUJIBHBIM. BTOpoll ypoBeHb KauecTBa — IEPEBOJ OTBEYAET
TpeOOBaHUAM K MYyOJMKAIUU U MPHOIMKEH K MPo(hecCHOHATBHOMY
YeJI0BEYECKOMY IEPEBOAY.

B BUHUTU PAH ¢yHKuHOHMpYET aBTOMAaTH3HUPOBAHHOE
pabouee mecto «Koppekrtop, Penakrop, Pedepent» (KOPED),
KOTOpoe o0ecreynBaeT BHECEHHWE M3MEHEHUIl B  ONUCAHUSA
JTOKYMEHTOB HEMOCPEACTBEHHO B EnuHO# TexHO-JIOrH4ecKoil 0ase
nanubix (ETB/]) npu BbIONHEHUM oONepaluii TeMaTU4eCKOu
pa3MeTKH, pedepupoBanus, Hay4HOTO PEeAAKTUPOBaHUS,
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MHJEKCUPOBaHUs, KOPPEKTYpPbl IIPU MPOU3BOACTBE pedepaTuBHOrO
xypHaia «Matematuka» [3]. KOPE® npenocraisieT BO3MOKHOCTH
JUISl  BBIMOJHEHUS pPa3jJU4HbIX JEUCTBUU MO COAEpKATEIbHOU
00paboTke TOKYMEHTOB, 3arpyxeHHbix B ETB/l. OTu uHCTpyMEHTHI
IpelHa3HaYeHbl JJI PEJaKTOPOB OTAEIOB HaydyHOUW MHGOpManuw,
KOpPpEKTOpoB, a Takke pedepertos. IlompzoBarensim KOPE®D
npeiaraeT pyHKIKUU coaepKaTeIbHON 00pabOTKH JOKYMEHTOB IS
TEMAaTUYECKUX BBITYCKOB pedepaTtuBHOro xypHana. Kpome Toro,
IPEAYCMOTPEHO  BBINOJHEHHWE  HEKOTOPBIX  JOMOJHUTEIbHBIX
ornepanuil HajJ TEKCTaMHU, KOTOpBIE IO3BOJISIOT: IMpeoOpa3oBaTh
MPOMUCHBIE OYKBBI B CTPOUHBIEC; CTPOUYHBIE OYKBBI B IPOMUCHBIE;
peoOpa3oBaTh PYCCKYI0 pacKiaJKy B JATHUHCKYIO; JIATHUHCKYIO
pacKiIaky B PYCCKy0; mpoBeputh opdorpaduto. s mposepku
opdorpadun HEOOXOIUMO, YTOOBI HA KOMIIBIOTEPE IMOJIB30BATEIIS
Obl1 ycraHoBieH maker Microsoft Office, crmoBapp KoTOporo
UCIIOJIB3YETCSI ISl OIIPEIEIEHUSI OIIMOOK.

[Ipu pabGoTe ¢ MOKyMEHTaMH Ha HMHOCTPAHHOM S3bIKE €CTb
BO3MOXKHOCTh C TOMOIIBIO BCTPOEGHHOTO TmepeBomunka Google
OCYLIECTBIISATh TEPEBOJI 3arojioBKa JOKYMEHTa M aHHOTAalMH.
Pe3ynbrathl nmepeBojia pa3MenIaroTcs B HOBBIX TMOJISIX 0a3bl JaHHBIX
KOPE®, B KOTOpBIX MpH HEOOXOJUMOCTH MOXKHO OCYIIECTBISTH
MOCTPEAAKTHPOBaHUE TeKcTa. ONBIT pabOThI C ITUM MEPEBOTUUKOM
B OoT/eJie pyHIaMEHTAIbHON U pukiagHoi MatemaTinku BUHUTU
PAH noka3zbiBaet, 4To B OOJIBITMHCTBE CIy4aeB KaueCTBO TEpeBOaa
aBnseTcs  «mpuemiembiM». llepeBogunk  Google mpaBUIBHO
OCYHIECTBIISIET TNEPEBOJI HEKOTOPBIX YCTOMYMBBIX BBIPAKECHUM.
OpHako OH JIOMyCKaeT OMIMOKU IpH MepeBojie Majexel, peueBbIX
000pOTOB, JIOTUKO-CMBICIIOBBIX AaKIIEHTOB B TPEUIOKEHUH U
MNOCTPOCHUH CaMMX MNPENTIOKEHUH. DTO OOBACHSACTCS Pa3InYHON
MHTEpIIpeTaluell najaexed Ha MpUMeEpe PYCCKOro U aHTJIMHCKOIO
A3BIKOB: B PYCCKOM — 4Y€pe3 OKOHYaHME, B aHIVIMHCKOM — 4epe3
npeiory. [lpy HaaMuny B HICXOTHOM TEKCTE HA MHOCTPAHHOM SI3bIKE
CHEUAJIBHBIX TEPMUHOB MX INEPEBOJ HE BCEIZla OCYLIECTBIISIETCS
npaBuiIbHO. B KadecTBe mnpruMepa MOKHO TNPHBECTH IEPEBOJ
TepMuHa «graphy, kotopslii mepeBogunk Google 00BIYHO EPEBOAUT
Kak «rpaduky», a He «rpad». K coxanenuro, nepeoaunk Google, B
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ommure ot nepeBogurika PROMPT, He nomyckaeT HaCTpOWKHA Ha
MIPEIMETHYIO 00JIaCTh.

Emie ogHoii nmpoOemoii siBiisieTcs BbINIAACHUE U3 TIEPEBO/Ia CIIOB,
HECYIIMX CMBICIOBYIO Harpy3ky. Eciau B HMCXOJIHOM TEKCTE €CTb
ab0peBHaTypbl, TO OHU B OOJIIIMHCTBE CIy4YaeB HE MEPEBOJAATCS, a
nepenarorcs kak Habop OykB. Opnnako ecnm  abOpeBmarypa
COBMAJIaeT C KaKUM-TO CJIOBOM, TO TIEPEBOIAUTCS ATO CIIOBO.
OTnenbHOM TpobIeMoil ABIsIeTCs TepeBO/] UMEH COOCTBEHHBIX. OHU
HE BCerjga NepeBOASTCS MPaBUIBLHO, HO HEOOXOIMMO OTMETHUTH
3aMETHOE COBEPIIIEHCTBOBAHUE [1EPEBOIUMKA 3a MOcieiHee Bpems. B
3aKJIIOYEHHE MOXKHO CJeNaTh BBIBOJA, 4YTO HCIOJIb30BaHUE
MalIMHHOrO nepeBoja, BcrpoeHHoro B KOPE®, mpu Bcex ero
HEJO0CTaTKaX M HEOOXOJUMOCTH IMOCTPEIAKTUPOBAHUS, MOBBIIIACT
IIPOU3BOJUTENBHOCTh paboTel coTpyaHukos BUHUTU PAH u
pedepeHTOB mpu  MPOU3BOJACTBE  pedepaTUBHOTO  KypHaja
«MareMatuka.
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OJIHA 3AJJAYA ITPO ITAPKET HA TOPI
I'myxos O./1.
Hayionanvnuu asiayitinuii yrisepcumem

Abstract. The article considers the problem of tessellation on the torus.

MaremaTuunuii mapkeT ado 3amorieHHs (tessellation, tiling) e
MOKPUTTS IJIOUIMHU 200 YaCTUHU IUIOMIMHU, TOPA, TOUIO, IUTUTKAMH
-MHOTOKYTHUKaMU 0e3 MpOOLTIB i EPEKPUTTIB, B IKOMY OYIb-sKi
JIBa MHOTOKYTHHKH MalOTh a00 CIIJIbHY CTOPOHY, a00 TiIbKH
CHUIbHY BEPILIMHY, a00 30BCIM HE MAIOTh CIUJIBHUX TOYOK.

Hexaii n,m,k -natypanbHi uncna, Mu OyaemMo no3Hauatu R(n,m)
1 T(n,m) npsIMOKYTHUK 31 CTOPOHAMH JAOBXHHU 7 1 m 1 CKIICEHUH 3
HBOT'O TOP BIAMOBIIHO.

B nmaniii po0GoTi po3risgaeThCs HACTYIHA 33/1a4a; UM MOYKIIMBO
3amonieHHs Topa T(n,m) nnutkamu R(1,k) ?

Bynemo BBakaTH, M0 KOXHA IUTUTKA € MPSIMOKYTHHKOM,
CTOPOHM SIKOT'O IapaiebHi O/1HI} 13 CTOPIH JaHOTO MPSIMOKYTHHUKA.
Take 3amomiennst Oyaemo Ha3zuBatu (/,k)- mapkeTom.

3ayBaXuMo, 110 Ha NMUTaHHA ICHYBaHHS ([, k)-mapkera Ha
NPSIMOKYTHUKY R(n,m) nae BiMOBIAb HACTYIIHA TEOPEMA.

Teopema 1. [ 1 ]. (/, k)-napker Ha R(n,m) iCHy€e TOJi 1 TUIBKH
TOJ1, KOJIU X0ua O OJTHE 3 YHCEI 1,Mm KpaTHE k.

Aune, six mokasas ['onom6 (S. Golomb) [2 ], st Topa aHasoriube
TBEP/’KEHHS YK€ He BIpHE - iICHye npukiajn (/,6)-mapkera Ha TOpi
1(10,15) ( Puc.1).

Onnak, Mae MicIle HacTyITHa TeopeMa.

Teopema 2. (I, 4)-napker Ha TOpi T(n,m) icHy€e TOMI 1 TINbKH
TOJ1, KOJIK X04ua O OJTHE 3 YHCEIN 1,m KpaTHE 4.

JoBenenns. JloctatHicTh oueBuaAHA. [IpumycTumo, 1o xKoaHe 3
4yucen n, m He KpaTHe 4. Bumagku, KOJIM OJHE 3 YMCEJ HEIMapHe
TPUBIiaJIbHI, OCKUIBKH B TAKOMY pa3i nxm He Oyae KpaTHe 4.

3aMIIAIIOCH PO3TIIIHYTH BHUITQ/IOK, KOJIA 71 1 m JAIOTh 3aTHIIIOK
2 no monymo 4: n =4s+2, m = 4t42.

OCKUIBKY ITUTOK BChOTO Oyne (nxXm)/4 = (2s+1)X(2t+1), To6TO
HeMapHe YMCII0, TO MO’KHA BBAXKATH, 1II0 BEPTHUKAIBHUX ITUTOK Oy/1e
HenapHe YHCIIO0.
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11|12 (1314|1616 | 17|18 |19 (10| 10| 10 | 10 | 10 | 10

Puc. 1. Ilpuknao (1,6)-napxema na mopi T(10,15)

Po3dapbyemo kBazpat, 3 SIKOTO CKICEHHI TOp, MOYEPrOBO Ha
qopHi Ta OuTi cToBOI. OYEeBHIHO, IO 3araJibHE YMCIO YOPHUX Ta
OlMMX KJIITHHOK OyJae OJHAKOBUM. JSICHO TakoX, IO KOKHA
BEepPTHKAIbHA IUTUTKA Oyje IIJTKOM YOPHOI abo IIKOM Oijioro, a
KO’KHa FOPU30HTAJIbHA IUIUTKA MICTUTHME MO 2 YOpHUX 1 2 OuIMX

KJIITUHKH.

Puc. 2. Pozgpapoysanns mopa T(10,10)
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Takum yrHOM, B KOXKHIH CTpOUIll KBajipaTa (KiJIblli Ha Topi) Oy/e
OJTHAKOBE YMCIIO YOPHUX 1 OLTMX KIITHHOK Y BEPTUKATBHUX TUTUTKAX.
A BigTak 3arajpHe YHCIO YOPHMX Ta OLIMX KIITHHOK B
BEePTUKAIBHUX IUIMTKAX TaKOXX Mae OyTH OJHAaKOBUM. Ale Iie
HEMOXJIMBO, 3 OISy Ha Te, L0 YMCIO BEPTUKAJIBHUX IJIUTOK
HeTIapHe.

Ha puc. 2 nmokazano po3dapOyBanus Topa 7(10,10).

HecknaaHo TakoXk JOBECTH HACTYIIHE Y3araJbHEHHS TEOPEMH 2.
Teopema 3. Sxuio p npocre, To (1, p°)-napker Ha Topi T(n,m)
icHye ToJIi i TIIBKY TOi, KoM Xoua 6 OJIHe 3 YKCe n,/m KpaTHe p°.

Jlireparypa
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®OPMAJIIBALIA MPOLECY IPUVHATTS PINIEHD
B YMOBAX HEBU3HAYEHOCTI
JJII KEPYBAHHSA TPOECOM ABTOHOMHOTI'O
EHEPI'OINIOCTAYAHHSA
[onuk O.I1., Iemain Myxammen, Pyoros B.C.
LlenmpanvroyKkpaincoKuu HAYIOHATLHUY MEXHIYHUL YHIGepCUmem

Abstract. The decision making to process control automation by energy
supply from autonomous energy sources is due to the presence uncertainties in the
parameters of the input variables of the control system. Energy supply system with
solar panels and wind turbine was considered in the article. The present report
identifies the practices that have been put in place to making optimal decisions.
For decision making to process control automation by energy supply from
autonomous energy sources have been proposed to used the methods of decision
tree.

[IpuiinarTs  pimieHb  TpU  KepyBaHHI ABTOHOMHUM
€HEepronocTayaHHAM (AEII) 3yMOBJIEHO HasBHICTIO
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HEBH3HAYEHOCTEH y aBTOMaTu30BaHii cucteMi kepyBaHHs (ACK)
AEII Ha 0cHOBI KOMOIHOBaHHX BITPO-COHSAYHHX YCTaHOBOK.

B maniit ACK AEII marots Miclie Taki HEBU3HAYEHOCTI:

- HEBU3HAYEHOCTI MNPUPOAHMX SBHIL, TAKUX SK TOTOIHI
YMOBH (COHSIYHA Ta BITPOBA €HEPTii ICTOTHO 3aJIe)KaTh BiJl TOTOIHUX
YMOB);

- HEBU3HAYEHOCTI, IIOB’s3aH1 3 HEJJOCTATHIMU 3HaHHSIMM PO
HA/IXO/DKEHHSI COHSYHOI Ta BITPOBOi eHepriii (HeBizoma TOdYHA
KUTBKICTh €HEepTii, 10 HAAXOAUTh BiJ HUX B TOH YW 1HIITMH MOMEHT
qacy);

- HEBU3HAYEHOCTI, MOB’s3aHI 3 HEAOCTAaTHHOIO KUIBKICTIO
JOCBily Ta 3HaHHS (DAKTOPIB, IO BIUIMBAIOTH Ha [1P.

3arajoM nepepaxoBaHi BHUILE HEBU3HAYEHOCTI MOKYTh HOCUTH
HACTYIHUH XapaKTep.

CroxacTUyHa HEBU3HAYEHICTh BHUHMKA€, KOJIU HEBIIOMI
(bakTOpM CTAaTUCTHUYHO CTIMKI 1 TOMY NPEACTaBISAIOTH COOOIO
3BHUYaiiHI 00’€KTH Teopii IMOBIPHOCTI — BHUITQIKOBI BelWYuHH [1, 2,
3].

HeBu3HaueHICTh HE CTOXAaCTMYHOIO BMIY, NpPU SKIH HISKUX
MPUIYIIEHb [P0 CTOXAaCTHYHY CTIHKICTH HE icHYe [1].

PimenHs mnpuiimMaloTh B yMOBaX HEBU3HAYEHOCTI, KOJH
HEMOXJIMBO OIIHUTU IMOBIPHICTh MOTEHUIMHUX pe3ynbTatiB [1, 4].
Ile mae micue Toai, KOJIU (PAKTOPH, 10 MOTPeOYyIOTh BpaxyBaHHS
HACTUIbKM HOB1 Ta CKJaJHI, 110 HEMOXJIHMBO OTPUMATH JIOCTATHIO
KUIBKICTh  1HOpMalii, $SKka MoOXe OO0 €KTUBHO BHM3HAYUTHU
IMOBIpHICTh, a00 HasiBHA CHUTyallis He MiAJArae BIJOMHUM
3aKOHOMIPHOCTSIM. TOMY IMOBIPHICTb I€IKHUX HACIIKIB HEMOXKIIMBO
nependadnT 3 JOCTaTHHOIO CTENEHIO JOCTOBIPHOCTI.

JlepeBa pimieHp 3a3BHuail BUKOpUCTOBYIOTH nipu [IP B ymoBax
pusuky. Moro GyayioTh 3a THIOM airOpUTMy POOGOTH CHCTEMH.
Bu3HauaioTbecs eTanmu  NPUMHATTSA  pillleHb, IMOBIPHOCTI TpHU
MPUMHATTI TaHOTO pIllIEHHS Ta IMOBIPHICHI HACHIAKU peasizamii
MIEBHOT'O PILIICHHS.

Ha puc. 1 HaBeneHO yacTUHY JiepeBa PIlIeHb 1010 KepyBaHHS
ACK AEII B yMOBax pu3HuKy.
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Puc.1. Cmpyxkmypne 300pasicenns npoyecy
eHepzo3abe3neuents 6 3a0a4i 8UOOPY ONMUMANTLHO20 KepPY8aHHs
ACK

3riiHO 1aHOi CTPYKTYPHU MAEMO TaKi pillIeHHS:

1 — npuAHATTS pilIeHHS 010 TUITY JDKepesa eHeprii

2 — NpUMHATTA pilieHHs moao crany BEY

3,4, 15, 16, 26, 27, 38, 39, 43, 44 — npuHATTS PIllIEHHS 1100
noTped CroXXKMBaya B €JIEKTPOEHeprii

S, 17, 28 — npuiHATTS pillIeHHS 100 KUIBKOCTI BUPOOIJIEHOT
eHeprii

6, 18, 29 — npuitHATTS pimeHHs o0 nepenadi eHeprii 1o AKb

7, 10 — npuiHATTA pIilIEHHS 00 BUKOPUCTAHHS 1HILIOTO
JOKEperia eHeprii — COHsTYHA SHepris

8, 9, 19, 20, 30, 31, 41, 45 — TPHWIAHATTA pIIICHHS WIOAO
Mepepo3NOILTy OTPUMAHOI eHeprii

11, 13, 22, 24, 33, 35, 37 — npuiiHATTS pillleHHS MIOJO0 CTaHy
AKbB

12, 14, 23, 25, 34, 36 — npuitHaTTs pitneHHs mo0 3apsany AKb

21, 32 — OpuiHATTS PIMICHHS W00 BUKOPUCTAHHS 1HIIIOTO
mxepena eneprii — AKb
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40 — TpUHHATTS PIMICHHS IIOAO PI3HUIN MDK TOTPIOHOIO
eHepriero Ta KinpkicTio eneprii B AKb

42 — IpUIHATTS PIIEHHS 1100 BUKOPHUCTAHHS 1HIIIOTO JHKEepesia
eneprii — /1B3

46 — npuItHATTS PIlICHHS 1010 CUTHam3allii mpo cran /[B3.

Ha nepeBi pimieHb Ma€MO HACTYIIHI albTEPHATUBHI BapiaHTH:

@] — BUKOPUCTAHHS BITPOBO1 €HEPTii

a; — enepris Bix BEY naaxonuts

a3 — enepris Big BEY He Hagxoauth

a4, a6, 23, A25 , Q42 , A44 5 A59 , A60 5 A63 , A65 5 A72 , @74 — IOTPEOH
B €Heprii Ha TaHUH MOMEHT ICHYIOTb

as, az, a4, 26, A43 , A45, A4 , A66 , A73 y A75 - HOTpe6I/I B eHepFi'l'
Ha JIaHUW MOMEHT HeMae

as — KinbKicTh BUpobOneHoi BEY eneprii Oinpira Hixk moTpiOHa
CIIOKUBaYy

a9 - KimpkicTh Bupobnenoi BEY eneprii mopiBHioe motpebdam
CIOKMBaya

a9 — KuUIbKicTh BUpoOneHoi BEY eneprii MmeHa Hik notpedu
CHOKHBava

air , aiz , a3 , A32 , a49 , As4 , Q69 , @76 — Nepeada eHeprii 10
CIOKMBava

a2, a7, asi, ass , Aso , ass — nepegaya exeprii 1o AKb

a4, ais, assz, as7 , asi , ass , as1 — AKDb 3apspkena

ais, aig, a4, ass, asz , as7 , a2 — AKb pospskena

aié, o , ass , A39 , as3 , asg — 3apsaxanag AKb

a1 , aqp — enepris Bix Cb HaAXOIUTH

az2 , a1 — enepris Bix Cb He HATXOAUTH

ax; , a46 — KUIbKicTb BuUpoOsneHoi Cb ewneprii Ounblie Hix
NOTPIOHO CHIOKUBAUY

azs , a47 — KUIbKicTh BUpoOsieHoi Cb eHeprii JopiBHIOE oTpedam
CHOYKMBava

az9 , a48 — KUIbKiCTh BUpoOsieHoi Chb eHeprii MeHIa HiX oTpeoun
CTHIOYKMBava

as7 - KinbKicTh eHeprii B AKD Ounbiie Hixk mOTpiOHO CITOKUBAYY

ass — eneprii B AKb He BucTawae 1isi 3aq0BOJICHHS MOTPEO
CIIOKUBaYiB

azp —y 6akax /IB3 manugo €
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a7 — nanuBa y 6akax JIB3 Hemae
a77 — M0Jlaya CUTHAJY CIIOKHBAYEB1 PO BiJICYTHICTH MAJIKBA
O— IMOBIpPHICHI HACJIIJIKH peai3allii IeBHOTO PIllICHHS.
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TPUKYTHI HOPMHU TA KOHOPMMU 3 1IOPOI'OM TA
IXHI BJJACTUBOCTI
Iynaanuekuii JI. @, Pacua L1
Inemumym kibepnemuxu imeni B. M. I'nywrxosa HAH Ykpainu

Abstract. New fuzzy logical operators — threshold triangular norms and
conorms, are proposed and their properties are investigated. To solve fuzzy
clusterization problems, the properties of threshold triangular conorms are used,
which is provided the transparency of interpretation of the results of investigations
of such problems.

TpuKyTHOO HOPMOIO Ha3MBaETHCA PyHKIis
T:[0,1]x[0,1] —>[0,1], fixa 3amOBONBHSE yMOBaM MOHOTOHHOCTI,

acoIllaTUBHOCTI Ta  KoMyTatuBHOCTI, a Takox  71(0,0)=0,
Td,v)=v,ve[0,1]. TpUKyTHOIO KOHOPMOIO Ha3MBAETHCS (QYHKIIis

S:[0,1]x[0,1] > [0,1], sixa 3am0BONBHSIE yMOBAM MOHOTOHHOCTI,

acoIlaTUBHOCTI Ta KOMYTaTHBHOCTI, a Takox S(1,1) =1, S(0,v) =v.
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Jlnst ABOICTHX TPUKYTHUX HOPM 1 KOHOPM Ma€ MicCIl€ PIBHICTb:

T(u,v)+S(1-ul-v)=1.

O3navennss 1. IloporoBor TpPHUKYTHOKO HOPMOIO abo
TPUKYTHOIO HOPMOIO 3 TIOPOTOM Ol , O, € (0,1] , Ha3BeMo (pyHKIIiI0

T(u,v), SIKIIIO T(u,v) >,

7(*) (u,v) = { 0

ne T(u,v) — TpUKyTHa HOpMa.

HKIHOT(M,V) <da,

. o
Teopema 1. ®ynkuis 7l )(-,-) 33J0BONIGHAE  YMOBaM
MOHOTOHHOCTi, aCOI[IaTUBHOCTI Ta KOMYTaTHUBHOCTi, MpPH LbOMY

() (0,0)=0 i, axmo v > ot , 10 inaxme 7(%) (1,v)=0.

AHAIIOTi4HO, SIKIIO 0, > 0L, , TO () (u,v)< (%) (u,v).
Osnavennss 2. I[loporoBor TPUKYTHOIO KOHOPMOIO abo
TPUKYTHOIO KOHOPMOIO 3 TIOPOTOM O, O € [O,l), Ha3BeMO (DYHKIIiFO

S(s)( ) S(u,v), SIKIIIO S(u,v)SS,
u,v)=

1, AKIIIO S(u,v)>8,
ne S(u,v) — TpuKyTHa KOHOpMa.

3a aHaNOTi€0 13 TOBEACHHAM TeOopeMHU 1 MOXHa MOKa3aTH, 110
¢yuxiis SO 3am0BoNBHSIE YMOBAM MOHOTOHHOCTI, aCOIIaTHBHOCTI
Ta KOMYTAaTUBHOCTI, NPHUYOMY S(S)(l,l) =1 1, skmo v<J, TO

5 .
st )(O,v) =, inakme §© (0,v)=1.
BoueBuns, 1mo S(u,v) < S(B)(u,v); 710 TOTO K, AKIIO &, > §,, TO
5 5
st ‘)(u,v) <s! 2)(u,v).

Teopema 2. Sxmio T(~, ) iS (-, ) — JIBOIiCTI TPUKYTHI HOpMa Ta
KOHOpMa BimmoBigHo, i 8 =1—0, TO MOPOroBi TPHKYTHI HOpMA i
KOHOpMa Takox agoicti: T (u,v)+ s® (I—u,1-v)=1.

3anporoHOBaHl MMOPOTOBI KOHOPMHM Ta iXHI BIIACTHUBOCTI
3aKJIaJIeH0 B OCHOBY METOJIY pO3B'SI3yBaHHS 3aJad HEYITKOTO
KJIACTEPHOTO aHalli3y, B SIKOMYy HE BHUKOPHCTOBYETHCS OMEpaIlis
TpaH3UTUBHOTO 3aMuKaHHs [1]. Lle 103BOMMIO CTBOPIOBATH MEHII
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TPYIOMICTKI aJITOPUTMH KJIacTepu3allii y MOPIBHSAHHI 3 BIJIOMHUMH
METOJaMH, IO  3aCHOBaHI HAa  HEYITKOMY  BiJHOIIEHHI
€KBIBAJICHTHOCTI.

[lepcneKTUBHUM  HAmpsSMOM  HOJAIBIIMX  JOCHIKEHb €
po3poOka MOMIOHUX aNTOPUTMIB JJIs PO3B'SI3yBaHHS I1HIIHMX 3ajad
KOMOIHATOPHOT ONTHMI3alii y HediTKii mocTaHoBI [2].
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MNAPAMETPUYECKUIN METO/I PEILIEHUA
3AJAY O MATEMATHUYECKOM CEU®E

HA TPA®AX
Honen I' A., I'ypun A.JL
Hncmumym xubepnemuxu HAH Yxpaunol

METHOD OF SUMMARIZED
REPRESENTATIONS TO SOLVE THE
MATHEMATICAL SAFE PROBLEM ON A GRAPH

Hekoropeie rpadpl  nmomyckaroT — pemieHHe — 3aJadd o
METEeMAaTUYECKOM ceii)e HEKOTOPHIM CBOECOOpPA3HBIM METOJIOM,
KOTOpbI Ha3zoBeM mnapamerpuyeckuii. CyTb €ro COCTOMT B
0603HaquHH NECPpCMCHHBIX, COOTBCTCTBYIOIINUX HCKOTOPBIM
BepIlIMHaM Tpada ONpeeIeHHbIMH MapaMeTpaMu, 4epe3 KOTOphIe
BBIPpAXKAOTCA BCC OCTAJIbHBIC HCU3BCCTHBLIC 3aJdavu. HYTCM
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CpaBHEHHUS BBIOPAaHHBIX CIICIMATBHBIM 00pa3soM HEM3BECTHBIX
OTIPEICNIAIOTCS YKa3aHHbIE TaPaMeTPhl, a 3aTEM U BCE HEU3BECTHBIE,
T.e. pelmeHWe 3anaud. B maHoil paborte naercs TeopeTHuecKoe
000CHOBaHHE 3TOTO METOAA.

CHauasia pacCMOTPUM TIpeIaraeMblii METOA JUIS MPOCTEHIITHX
rpagoB TaKMX Kak IIellb U Beep, U1 KOTOPBIX, OKa3bIBACTCS,
JOCTATOYHO MCIIOJIB30BATh OAMH ITapaMeTp.

Paccmotpum ceiid Ha rpade B Buae nenu (puc. 1).

GO @0

bl ﬂ bZ bi 1] b4 1] bn—l 1] bn

Puc. 1. Ceiigh na epacpe 6 suoe yenu
3anumem o6tryto cuctemy [1] s atoro rpada npu n = 7.

X +x . . . . . . ==b
Xp+xX3+x . . . . ==by |(modK). (D)
X3 + X4 + X5 . . . E—b4

X5 + Xg + X7 =—bg

Xg + X7 =—b;

O6o3naunm  x,=«. Torma x,=—b —a. IloxcraBiusas
HOJIy4aeMble 3HA4€HMs IOCIIEN0BATENbHO B YPABHEHUS CHCTEMBI,
HaxomuMm: x,=b,-b,, x,=b,—-b,+a, Xs=—b +b,—b,~a,
xg=b,—b, +b,—b;, x,=b,—b,+b;—b,+c . Ecnu nepeMeHHy0 x,
ONpeNeNUTh U3 MOCIETHEr0 YPaBHEHHUs, TO MOJIYyYHM, YTO
X, =—b,+ b, —b, +b;—b,. CpaBHuBas 00a 3HaUEHUs X,, MOIYUUM

3Ha4eHue napamerpa a=—b,+b,—b,+b, —b,, a 3aTeM — pelicHue

Bcell cucremsl: Xx,=—b +b,—~b,+b,—~b,, x,=—b,+b,—b,+b,,
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x;=b,—b,, x,=—b +b,—b,+b,—b,, Xs=—bs+b,,
Xy =b,—b,+b,~bs, x,=—b,+b,—b,+b;—Db,.

Paccmorpum mpumep mius b = (3,2,1,4,3,2,4), K=5. Torma
peuenue umeet Bua X = (2,0,1,3,2,2,4) (mod>S).

[IpoBepum 310 perieHue.

b = (3214324), x,=2—(0,4,1,4,3,2,4), x;=1

—(0,0,2,0,3,2,4), x,=3—(0,0,0,3,1,2,4), x5=2-—(0,0,0,0,3.4,4),
x,=2—(0,0,0,0,0,1,1), x,=4—(0,0,0,0,0,0,0,0) (mod 5).

Ot10 peuieHue mnoiydeHo s n=1(mod 3). AHaAJIOTMYHO IO
TaKoM e cxeMme pemaercs 3ana4da U ;isi n=0(mod 3).

Jns n=2(mod 3) npu cpaBHEHUHU X, MapaMeTp « Hcye3aeT u
MOJTy4aeM COTHOIIICHUE

AU
ZbSH—l _Zb3i+2 = 0 (modK).
i=0 i=0

2)

OTo sBHsSETCS HEOOXOAUMBIM M JOCTATOYHBIM YCJIOBHEM
pelieHus 3aJadd, a TMapamMeTp o« MOXKET TMPUHUMATh J1000e
3HauEHUE.

Paccmotpum  ceitdp Ha rpade  THma  JIECEHKH NS
b=(1,2,3,4,4,3,2,1).

(19) (1) (31) { 4@
(sq () 7 (" 81)
K\“//) \\”// \ Gccass \\“//

Puc. 2. Cetigh na epagpe muna necernxu

3anumiem o0mryro cuctemy [ 1] mmst aToro rpada mpu n = 8.
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X+ x, + . Xs ..o =—1

X+ x, + X3+ .. X . =2

Xy + X3+ X, + . .ox; =3
X3+ x4+ . xg =—4 ( modK). 3)

x+ . . . Xt xs . . =—4

X+ .. Xstxgt+ x; . =-3

X3+ . . Xgtx,txg=—2

X+ . 0 xtxg=-1

Kak wu3BecTHo, 3agaya O  MaTeMaTU4YecKoM  ceilde
dbopMyIpyeTcss ¢ MOMOIIBI0 TrpadoB M MATPHUIl, a €€ PEIICHHE
CBOJIUTCSL K PEIICHUIO CUCTEM JHHEHHBIX ypaBHEHUN B KOHEUHBIX
noysix [2] wim KoHeuHbIX KoJblax [3]. Bepmunel rpadoB Oynem
n300paxkaThb B BUJE KPY>KOUKOB, BHYTPU KOTOPBIX YKa3aH HOMEp
BepuIMHBL. JIJIsi KaXkI0ro maTeMaTH4ecKoro ceida cyiiecTByer
HayajJabHOE COCTOSHUE, KOTOPOE 3a/1aeTcs BeKTopoM b= (b,,b,,....b,),

rae 0<bh; <k, —1. k; Ha3bIBaeTCs YUCIOM COCTOSHHI [ —TO 3aMKa.

Paccmotrpum ciyuaif, korga Bce k; =K. Takoii celip Ha3bIBaeTCs
ceiipoM ¢ OTHOTUITHBIMU 3aMKaMHU. 3ajiaya COCTOUT B TOM, YTOOBHI,
HCXOJISl U3 HAYAJIbHOTO COCTOSIHUS ceiiha HAlTH TaKoW BEKTOp X=
(Xy,X5,..., X, ), UTOOBI MOCJIE OCYLIECTBIEHHSI X; IOBOPOTOB B
COOTBETCTBYIOLIMX 3aMKax ceil( mepemen B cOCTOSHUE  bfin=
(b, =0),. llpenmaraembiii MeTon OyaeM paccMaTpuBaTh Ha
HEOPUEHTUPOBAHHBIX  TIpadax, NPEACTaBISIOMUX cehHpbl C
OJTHOTOITHBIMHM 3aMKaMH. B obmem ciydae pemeHue 3amauu
CBOJIUTCS K PEILIEHUIO CUCTEMBbI
Ax +b =0(mod K), 4)
rae A — MaTpuIa HHIIMACHINN rpada.
CyTb M€TO/1a COCTOUT BO BBEIECHUHU CIELMAIBHOIO MapaMerpa,
KOTOpBI Ha3bIBAETCS CYMMOUW HEM3BECTHBIX S = ix,- . Hekortopeie
i=1
rpadbl TO3BOJIAIOT MPEACTABIATH IEPEMEHHBIE CUCTEMBI Yepe3 3TOT
napamerp. CyMMupysi 3aT€M 3TH IEPEMEHHBIE, I10JIy4aeM YpaBHEHHE
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OTHOCHUTEIILHO Hero. PemuB ero, mMOJy4uM 3HAUYEHHUE OTOTO
napameTpa, a BMECTE C TEM U 3HAUYECHHS BCEX MEPEMEHHBIX.
OcHoBHas Mpo6JieMa COCTOUT B HAXOXKJCHUHU ATOTO IMapaMeTpa.
s ero HaxoxaeHus B cucreme (1) yMHOXHUM i-€ ypaBHEHUE HA
TaKO# MHOXHUTENb d;, i=1,2,...,n, 4TOOBI CyMMa BCEX ypaBHEHUI

Jlana B JIEBOW 4acTH BeKTop (dx,,dx,,....dx,), rae d — Kakasg-ToO

n
KoHcTaHTa. OTCI0Ja HoJdy4aeM paBeHCTBO dS=-— >.d;b, , oTkyna
i=1

nerko HaxomuMm S . Ho ms aToro HeoOxoaumo HalTu d; u d.B

CHJIy TIOCJIEHEr0 MOCTPOCHHS OHH Y/AOBIICTBOPSIOT CHCTEME
ypaBHEHUH

AD=d (mod K) , (5)
rne D=(d,,d,,....d,), a d=(d.d,....d). Jins pasnuuasx rpaos
cucrema (5) pemraercs mo-pasHoMmy. lIpm 3TOM HCIOIB3YIOTCS
cnennduyeckre cBoicTBa rpadoB, TaKMe Kak CHMMETPHSI, CBI3HOCTb
U Ta. Yder cneuupukd CTPYKTypel TIpadoB obierdaer
HaXOXK/ICTTHHE ITUX MTapaMeTPOB.

Metoa cyMMapHBIX MpEICTaBIECHUH SBISETCS YHUBEPCATbHBIM
JUIS  pemIeHust 3amady O  MaTeMaTHYecKux  ceiidax  Ha
HEOPHEHTUPOBANHHBIX Tpadax. MckitoueHneM sBsieTcs Ciydai,
Korjga d kpatHoe K .B aToM ciyuae 1is CyIIeCTBOBAHUS PEIICHUS
HE00X0/IMMO TPOMU3BECTH KOPPEKTUPOBKY HAYAIBHOTO COCTOSHUS

n
celiha TakuM 00OpaszoM, 4ToObl — >.d,;b; Obula kpaTHOi K . Torma
i=1

3a/1aya perraeTcs mo o0muM npaBuiiaM MeTo Ia.
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BUBIP BEUBJIET-BA3UCY JJISI MOHITOPUHI'Y
MEPEXEBOI'O TPADIKY
Hy6posin B. L, Ilerpux b. B., Hemaca I'. B.
Hayionanonuii ynieepcumem “3anopizvxa [lonimexuixa”™

Abstract. network security data analysis is very important for detecting
network attacks and malicious anomalies. Many methods of data mining have been
found. Searching quickly and accurately for content-based queries is essential for
such multiple data streams to be useful and secure. This work investigates the
definition of wavelet basis and the application of wavelet analysis to network traffic
to detect anomalous events. The structure of wavelet data analysis for network
traffic and the definition of wavelet basis for signal analysis are proposed. The
technique of noise elimination using wavelet analysis and selection of algorithm
for obtaining anomalous Internet traffic events are considered.

Keywords: wavelet basis, wavelet analysis, de-noise suppression, network
traffic, Haar wavelet, Mallat algorithm.

Beryn. BusHauenns BeiiBieT-0a3ucy sl aHaMi3y CUTHAJIB €
BAXJIMBUM €TalloM B  3aCTOCYBaHHI  BeWBIeT-aHANI3y JUId
KOHKPETHOTO 3aBJIaHHs 1 JUJIsl BUPILIEHHS 1IOTO 3aBJaHHs B poOOTi
3alpOMOHOBAHO METO/] BU3HAUEHHS ONITUMAJILHOTO BeiBIIEeT-0a3uCy.
3anexHICTh BUXOAUTH Oarato B 4OMY BiJl TOTO, SIKH BeBIIeT-0a3UC
1 piBeHb BeWBIET-poO3KIagAaHHs Oyne oOpanuii. ToOTO Bia IILOTO
BUOOPY 3aJIe)KaTUME pe3yabTaT poOOTH anapaTy BeHBIIeT-aHATI3y.

Tob6to mnoTrpibeH BeilBier-6a3uc, KoxkHA QYHKIISA SIKOTO
XapakTepu3ye sK IEBHY IMPOCTOPOBY 4YacTOTy, Tak 1 Micue i
jokamzamii B (ismuHOMYy mnpocTtopi (B Haci) Uil MiJBUILICHHS
XapaKTePUCTHKH e(h)EeKTUBHOTO aHaJli3y MEpeKeBOro Tpadiky.

IIpe3enTanisa marepiany. MeTor0 eKCIEPUMEHTY € OTPUMAHHS
00'€eKTMBHHMX BIJIOMOCTEH NP0 €(EeKTUBHOCTI ICHYIOUMX METOIB
BEUBJIET—aHaI3y /I BUSBJICHHS MepekeBux atak|[1,2]. s 360py
TpaiKy BUKOPUCTOBYBABCS IMEPCOHATIBHHUNA KOMI'IOTEp  MiJ
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yOpaBmiHHAM onepaiiiinoi cucremu Windows 10 3 BcTaHOBIEHUM
HA HBOMY aHAII3aTOpPOM MPOTOKOMIB(CHI(Eep), CXema SIKOTo
300pakeHa Ha (puc. 1).

"I
CHigep
= ’ ﬁ‘“—?%l
MepexeBuii Poytep
KoMyTaTop
Puc.1. Jlociuna cxema opeanizayii excnepumenmy no 3HAMmIO

mpaghixy
Ha puc. 2 mnpencraBnenuir rtpadik peamizamii Tpadiky
300paxkeHoro B Matlab, skwii siBisie coO0r0 arperoBanuii 3a piBHEM

0,05 cex psia, BIANOBIAHUIM 3aranbsHOMY Tpadiky npoTtokory TCP.

%105 MepexeBun Tpadik

W.Bant
N w B,

25
T.x8 % 10*
Puc.2. Mepeocesuii mpaghix Weth04.dat

Ax ob'ekt TectyBaHHs Oyyno oOpaHO TeCTOBHI BeO—cepBep Ha
0a3i omepariiinoi cucremu FreeBSD. V cxemi(puc. 1) cuidep
MIKJIFOYCHUH 10 MEPEKI TaKMM YMHOM, 1100 (ikcyBaTH Tpadik, mo
IpOXOAUTh uepe3 Touky 1. Bci 3adikcoBaHi MakeTH 3anuCyBaUCs B
daiin popmary tcpdump.
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Bubip BeiiBiaer—¢yHnkuii. IcHye 6arato TUMIB BEUBJIETIB, SKI
CHEIiaJIbHO CTBOPEHI JIs TOTO, 100 MaTH OCOOJIMBI BIACTUBOCTI, SKi
pOOJIATH X KOPUCHUMU TSI OOPOOKH CUTHAIIB.

BeiiBner Xaapa Mae KOMIAKTHHH HOCIH 1 3abesmeuye
pexkoHcTpykIito curHany 1 ¢ynkmii [3]. Koxkna ¢yHkiis ctporo
JIOKaJi30BaHa B (hi3MYHOMY IIPOCTOPI (B Yaci), aje XapakTepu3yeTbCs
MOBUIBHO CHAJA€ CIIEKTPOM 4acToT. ToOTO MpocTopoBi (4acosi) i
YaCTOTHI XapaKTePUCTUKUA HE MOXKYTh OyTH OJIHOYACHO BHMIpsHI 3
OyIb-sIKOI0 BUCOKOIO TOUHICTIO.

TouHicTh BUMIpIOBaHHS NPOCTOPOBUX XapaKTEPUCTUK AX Ta
YaCTOTHUX  XapaKTepuCTHK A®  oOMexeHa  BiJIHOUICHHSM
[eitzenoepra(l).

oY)

AxAw =

N =

OunieHHs LIyMYy 3 OTPUMAHOr0 curaiy. Lllymo3HmkeHHs €
BOXJIUBUM TIPOLIECOM YCYHEHHsI IIyMiB 3 KOPHUCHOIO CHUTHAly 3
METOIO MiABUIIEHHS HOTO CYy0'€KTUBHOTO SKOCT1 200 /17151 3MEHIIIEHHS
piBHS NOMWJIOK Yy KaHamax mepeAayi 1 cuctemax 30epiraHHs
nuppoBUX JaHUX.

3 BUKOPUCTAHHSM BEUBJETIB € METOJ OOMEXKEHHS pIBH
JeTaN3yl0uuX KoeQiieHTiB. 3aJaBIIM NEBHUI OpIT A iX piBHA 1
«BIJICIKAIOYM» KOE(]IlI€EHTH HUXKUYE 1HOTO MOpOra, MO>KHa 3HAYHO
3HM3UTH pIBEHb ULIYMy 1 CTUCHYTH curHaji. lle piBHOCHIBHO
3aBJIaHHIM ONTUMAJILHOTO HUISAXY o JiepeBy
BEWBJIET — NEPETBOPEHHS.

[lpy BupimeHHI 3aBOaHHA [IYMO3ArjiyIIEHHS HEOOXiIHO:
OILIIHUTH CTIIEKTPAIIbHUI CKJIaJl ITyMOBOI KOMITIOHEHTH, BUOpATH THTI
noporoBoi  0OpoOKM  (TpELIONiHra) 1 KPHUTEpi po3paxyHKy
nopora[4].

Jani npencraBneHuid opuriHadbHUM curHain(puc.3-a) i curHan
OuuIIeHUH B mymy (puc.3-b) .
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%108 OpuriHansHWiA cUrHan

£ "
@ 3 |
= | ‘ !
=2 ' | i L ‘ a)
1 he s
| sl o bl
0.5 1 1.5 2 2.5
Txe x10*
«10° OuMiieHHH Big WwWymy curHan: 19.72 dB
4
£
53
£2 b)
1
1.5 2 25
T.xe <104
Puc.3. 306paswcenns opucinanvroeo cuenan (a) i ouuugenozo 6io
wymy cuenany (b)

IIBuakuii BelBJeT—aHaJdi3 HA OCHOBI ajaropuTmy Mada.
CytHicTb onepaniii anroputMy Masuia nosisrae B MoJgaHHI CUTHATY
y BUIVISIJII CYKYITHOCTI MOCTIIOBHUX HAOJIMKEHb alpoOKCHUMYIOUO] 1
JIETaN3yI04u0i CKJIaJ0BUX A0 SKUX NMPUMIHATHCS HAO0Op (UIBTPIB —
HU3bKOYAaCTOTHMM 1  BHCOKOYacTOTHMHM. CrHo4aTtky  CHUTHAlI
IPOIYCKAEThCS Yepe3 HU3bKOYACTOTHUM (IIbTp, B pe3yJabTaTl YOTo
BUXOJIATh KOE(DIIIEHTH ampoKcHUMallii, sKi XapaKkTepHU3ylTb
mI00aMBHUN TPEH] JOCIHIKYBAHOTO psiny. BuxXigHa mOCIiIOBHICTD
TaKO MPOITYCKAETHCS Yepe3 BUCOKOYACTOTHUH (DITIbTP, MPU LOMY
Ha BUXOJIl BUXOJATh KOSIIIEHTH AeTali3aIlii, 0 XapaKTepu3yrTh
JIOKaJIbHI 0COOMMBOCTI pAxy AaHuX. [y 30UIbIIEHHS 4aCTOTHOIO
JI03BOJIy MOYKJIMBE TPOBEIACHHS MOBTOPHOTO PO3KJIaJaHHS IS
KOe(]iIi€HTIB alpoKCUMAIlil TONEePeAHbOTO PiBHS.

HaxomxeHHsi aHoOMaJIii 3a J0MOMOI0I0 NMAKETHOr0 aHATI3y
BeiiBiery. Ilpu posrmsni makeTHoro asamizy BeliBieTy 3a
anroputMoM Maimma [5] Ha KOXHOMY KpOIll  BiIOyBa€eThCs
«PO3ILIETUICHHS» CUTHAIYy Ha BHUCOKOYACTOTHI 1 HU3bKOYACTOTHI
CKJIAJIOBI Ta «BIJACIKAHHS» BUCOKOYACTOTHOI CKJIAIOBOI.

[IprumHa Takoro MiAXOAy MONATaE B HESIBHOMY NPHUIYIICHHI,
[0 HU3BKOYACTOTHA 00JIacTh MICTUTH Oinmbiie 1H(opMmarii 1po
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BHXIJIHUH CUTHAJI. B pe3ysbpTaTi BUXOIUTH «OTHOOOKE» IepeBo (pucC.
4). T'inkam gepeBa BiamoBizaTuMe Habip MiIAIPOCTOPIB CHUTHAIY 3
0a3ucaMu, 3TiIHO KparHoMacmTabHoro aHam3y. DOyHkmii Ta
GinbTpH, SAKI MOPOKYIOTH LI 0a3WcH, Ha3MBAIOThCS BEHBIIET-
MakeTaMu 1 makeTHUMH ¢inbTpamu. IlakeTHi BeHBIETH HAIalOTh
MIMPIIY YacTUHY [iama3oHy 4YacTOT, HIK TUCKPETHE BEWBIET-
MIEPETBOPCHHSI.

H . G
CurHan ——
it

B G

e

)] ]

Puc.4. Jlociune yagnenns ancopummy Manna

3 Oe3mivi MOXKIMBUX Oa3uCIiB BeiiBieT-aHaNi3y Ha BCIX PIBHAX
JeTanizanii eKCepuMEHTaIbHO 3 YpaXxyBaHHSAM YaCOBUX OOMEKEHb
BUOMPAIOTHCS Ti, HAa SKUX aHOMAJIBHUH CTaH TpadiKy MPOSBISETHCS
HaUOIIBIIT YITKO.

Kpurepiii, 3a SKUM IPOBOIUTHCS BUSBJICHHS aHOMAJIi, SIBJISE
co0010 B1IHOIIEHHS AUCIIEPCIH 1 CepeIHbOT0 3HAUE€HHS KOE(ILIEHTIB
3 aJrOPUTMY ILBUJIKOTO BEWBIET—-aHalli3y. AanTailis BUOOpy piBHA
PO3KJIaJIaHHs TOJIATa€ B TEPEBUIICHHI MOPOry 1 BUHOCUTHCSA
pillleHHs TpO HasBHICTh aHOMaii. SIKIO K Ha [bOMY piBHI
BiTOYBa€THCS MEPEBUIICHHS HIDKHBOTO MOPOTa, 3HAYHThH, B IIBOMY
MICIII MOXIIMBO Ma€ Micie OyTH aHOMalis i TOAI MPOBOAMTHCS
BEHBJICT-IEKOMITO3HIlIST /10 HACTYIHOTO pIiBHSA, Ha SKOMY 3HOBY
MPOBOJUTHCS aHami3. Tak BiOYBa€Tbcs 10 TOTO MOMEHTY, MOKHU
3HAYeHHS BIAHOCUH a00 HE MEepeBUUIUTH MOPIr, U0 Oyae TOBOPUTH
PO aHOMaJii.

Ha (puc. 5) 306paxeni rpadiku BUX1THOTO peaibHOTO TpadikKy
weth04.dat (cpaBa Bropi), onTuManbsHe 1epeBO PO3KIaIaHHs (3TiBa
Bropi) 1 BiJIHOBJIEHA BUIIQJKOBa CKJIafoBa Tpadiky mo ogHomy(6.1)
BY3I1y (3J71iBa BHHU3Y).
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AHOMania

Inequency oroered coeicents

1 15 2 25 ‘Scale of colors from AN 1o MAX

Puc.5. Pe3yromamu 00Ho8UMIpHO20 NAKeMHO20 AHANIZY
setignemy no 6asucuum ynxyis Xaapa i 8i0H081€HHs NO
BUCOKOUACMOMHUM 8V3/1i8 Kpaujo2o oepesa poskiadants. (6,1)

ToO6To Ha BiIHOBJEHIM BUIMAAKOBINA CKIAIOBINH Tpadiky MIKU
3aroCTPEHHs 3HaueHb 30iratoThCs MO YacOBIM OCI 3 aHOMAJISIMH Ha
BUXITHOMY Tpadiky, TOOTO aHOoMaiii J00pe JOKami3yloThCs 3a
JIOTIOMOTOK0  3BOPOTHOT'O BEMBIJIET-NIAKETHOTO IIEPETBOPEHHS IPHU
BUKODUCTaHHI ~ BUOIPKOBHUX  BY3JiB  ONTHUMaJbHOTO  J€peBa
PO3KJIalaHHS.

Jlis TpoBeAeHHsSI EeKCIIEPUMEHTY OyJ0 BHUKOPHUCTAHO MEHIO
ToolBox Wavelet - wavemenu 3 O0OpaHOIO OMIE€I0 MEHIO —
OJIHOBUMIpDHMM MaKeTHUH aHalli3 BeWBNETy. AHOMallisi B JaHOMY
BUMNAJKY € pe3ynbTaT ataku SYN-Flood.

BucHoBku. Posrisinatoun ocoOnaMBOCTI i€l poOOTH MOXKHA
3pOOUTH HACTYITHI BUCHOBKH:

® 3aMpPONOHOBAHO BUKOPUCTAHHS IMOBHOTO OPTOHOPMOBAHOTO
BiiBeT-0a3MCy, 3acTOCOBYIOUM BeiBieT-QyHKIT Xaapa s
MIBUIICHHS XapaKTEPUCTUKH POOOTH aJITOPUTMY BEHBIIET-aHAII3Y
Ta MPaBUJIBHOTO BUSBICHHSA aHOMAIT Tpadiky;
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® 3 JIONIOMOTOI0 BEWBIET-aHATI3y MOXKIUBO 3MCHIIUTH
IIYMOBHH CHTHal 1 30€perTd KOpPWCHI CHUTHaIM TOTOKIB JaHUX
0e3neKu Mepexi st ehEeKTUBHOTO BUITYYCHHSI aHOMAIIBHUX TOJTiH;

e ajgropuT™ Maia Jgae MOMJIMBICTH aHANi3y YacTOTHO-
YacoBOIO  MOJAHHS  CHUTHATY 1O  HU3bKOYACTOTHUX 1
BHCOKOYAaCTOTHUX KOMITOHEHTIB, IO 3a0e3ledyye MOXKIIMBICTh
JIOKaJIi3alii aHoMaliil CUTHaTy pi3HUX BUIB;

® 3amnpONOHOBAaHAa METOJMKA BHUSBJICHUW  aHOMANid 1
MEpEeKEBUX aTaK Ha OCHOBI 1HTerpallii BEeWBJIET-TIAKETHOI MOEIi
MEpeXKeBOro Tpadiky B IHTEPAaKTUBHOMY CEpPEIOBHUII PO3POOKH
Matlab 3 makerom posmuperas Wavelet Toolbox.
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NBAKIbI HEJIMHEVHASI HECTAIIMOHAPHAS
TEIJVIOIMPOBOJHOCTH ITOJTYBECKOHEYHOI'O
HUJIUHIPA, HATPEBAEMOI'O 30HAJIBHO I10 TOPIY
3aiines E. 11.

Jlemnas axkademusi Hayuonanvnoeo asuayuonnozo ynusepcumema

TWICE NONLINEAR NON-STATIONARY SEMI-
INFINITE HEAT CONDUCTIVITY CYLINDER
HEATED ZONALLY AT THE END

Abstract. To study the twice nonlinear unsteady heat conduction problem,
approximate analytical methods are widely used to obtain a solution in the form of
a functional dependence that continuously describes the distribution of
temperature fields in a given body in space and time. Such problems are of
particular value for engineering practice, since closed solutions make it possible
to most fully identify the influence of all acting factors on the temperature field,
find the relationships between the most important parameters, conduct a detailed
analysis of the kinetics and dynamics of the process, etc. In addition, the analytical
form The final solution of the temperature problem is extremely necessary for the
subsequent calculation of the thermally stressed state of the body. Therefore, it is
important and relevant to create new methods for calculating temperature fields
that adequately take into account the properties of real materials and the
conditions of their heat exchange with the environment.

PaccmorpuMm mpumenenue metona [1] Ha pemieHuUM IBaXKIbI
HEIMHEWHON  HEeCTallMOHAapHOW  3aJaydl  TeIUIOMPOBOJHOCTH
10JlyOeCKOHEYHOT0 LMJIMHApA, HarpeBaeMoro Mo TOpIy 3a CYET
JTYyYUCTO-KOHBEKTUBHOTO TerI000MeHa. MaremaTtrueckas
MOCTAaHOBKA 33/1auu B Oe3pa3zmMepHo (hopme uMeeT BU/I:

© C(0), =X (00, +A(O)8,/p+(A(0)0,),: 6

oo =0
5 p:()
O(p, 1, Fo)|,, ,=0; 6,60 —0, 7>
{2°©)0 ,+Bio}|,_ =0;
21(0)0,|  =—(Bi,+SK)H (p,~p)+{Bi,0+Sko"}| e (1)

I7ie O M ® Hayajo, U KOHEIl IPYIIIBI COOTHOLICHUH; 7. =const;
0=T/T,;
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AT)=24,A'(0); C(T)=C,C:(6);
QZﬂO/C‘,O;pzr/R; P =R/R; n =z/R;
Bi,=a,R/J,; Bi,=a,R/A;; Fo=at/R*;Sk=¢0,RT’/2;
H(n)—pynkuus XeBucaiina.

BBons B cuctemy (1) crnenyromue npeoOpasoanus ['yamana u

Kupxroda [1] AO) = TC:,‘ (0)dd', B(O)= Tﬁ*(é")d@' , C ITOMOIIBIO

nudepeHIHATBHBIX COOTHOIIICHUI A, =C(0)0,,,
B@),=1(0)0,, B@O),=4(0)0,, mnpeodpazyem (1) x
SKBUBAJICHTHOMY BH]LY:

o A@),,=B®), +p"'B@O),+BO)
0,]
=—(Bi,+Sk)H (p, — p)+{Bi,0+ Skz94}‘ .o (2

7=0
Tak kak 3agaya pemraercs B UWIMHAPUYECKONM CHUCTEME
KoopauHaT, To G(yHKMH A(f), B(O) u 6" (m=1,4), Ha
HekoTopoM wuHTepBasie (0,6, ), pa3jlokXUM B BHJE CICAYHOLIUX
cxomsmmxcs psagoB Pypwe-beccens 1-ro poja HyJaeBOro nopsiakKa

0= ia,iwo(vke/e» = iew : 3)

ms Op.Fo)
=0; 9J7|,7:0 =0; {B(Q),P +Bi10}‘p:l =0

Fo=! ()
p=0

B(9)

1 |7]=0

(A©), B(), 0*)= Z(a o, ble’, of [a)e% .  (4)
rie 09 =" J,(v,0/6,), v, — xopau ypasuenus J,(v) =0,
(a., b,a?)=267]" (vk)zp 0(A0), BO), 6*) J,(v.0/6,)do .
®)

C yuerom (3), (4) u pa3noXeHUS SKCIOHEHTHl €° B pAl
Maxsopena npu x =1, cucremy (2) rmepenuineM B BUJIE:

o (Z(a [a)o"),, =(X(b,/a)0"),, +p (T (b, [a)0"), +
i:,(b JaMen) Zem

=0; (iﬁ(“)’p| =
k=1 P

Fo=0

(Z % ) ]7|
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=0; (X(b/a)0™),| =

k=1

{i(bk / a")ov) ,+Bi ze}

p=1

,® (6)

n=0

=—QH(p,—p)S e [(k—=1)!+(Bi,> 0% + Ski (@ a0

[Tpumensist k (6) 000OWIECHHBIN MPUHIUN cyneprno3uiun [3],
HOJYyYMM COBOKYITHOCTb CIEAYIOIIMX JIMHEApPU30BAaHHBIX 33734
HECTaIMOHAPHOM TEeIUIONPOBOHOCTH OTHOCUTENBHO A% (k=1,2,...)

0O =a (000 0}): 0 (pun.Fo), =05 0] =0;
@ + Bi,k9<k))|p:1 =0; (0% - Bi2k9<k))|”:0 =M, H(p —p), o(7)

rne o =b/a,, Q=Bi,+Sk M, =Qe¢'a"b[(k-1)!,
Bi,, =(Bi,-a" +Sk-a*)/b,; Bi, =Bia" Ib;, Fo,=a, Fo.
[Mpumensis k cucreme (7) BHavase npeodpaszoBanue Dypee, a
3aTeM npeodpa3zoBaHre XaHkes [3]

o® = J.Q“‘)(p,?], Fo,)(pcos pn + Bi,, sin pn)dn, o® =
0

= [P0 (p, p.Fo,) J,(u,p) p,
0

TONYYUM CJIEAYIOMIYIO CHCTEMY
o (0‘@) ()0 = pBi, F(i), 0% (u,,p.Fo)-0e (8)

r1e F(u)=[ pH(p,— p)Jy(.p)dp, 1 — KOPHH

XapaKTepUCTHUUECKOro ypaBHeHUst Bi, J,(u)— . J, (1) =0.
O6mee perenue (8) OyaeT CIeTyIONTUM:
é(k)(ﬂk’ p.Fo,)= pBlzsz(lzuk) (1_6—(1>z+#3)Fok ) ) 9)
12N
[lepeiinem or wuzoOpaxenus (9) K OpHUTHHANLY, HCIONb3YS
BHauasie oOpaTHoe npeodpazoBanue XaHKes

2
n=l1 p +‘A&n

—_ 0 1
0" (u,, p.Fo,) :Mkp{zAknF(ﬂkn)Jo(:ukp)—z_
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n=l1 kn

—(P + 4 ) Foy
_zAknF(lulsn)J (ﬂkP)T}s (10)

2/ukn
npeobpazoBanne Oypbe, MoaTydnm

0% (p, U’Fok)__J‘em(p’ p.Fo, )pCOSpn+Blz2k s1np77d
p~ +Bi,

2M t p(pcos pn+ Bi,, sin pn)
A F () (. p) : dp—
x {Zk ‘ ' I (p* +Bizy )(p* + p45,)

, a 3areM, npumenuM K (10) oGpaTtHOe

FI[C Akn =

(1)

p(pcos pn+ Bi,, sin pn) I
F )9 (1 o) VI g
Z‘ o I (P* +Bis (P + 14,

Cymmupys (11) mo k, cormacHo (3), OKOHYATEIHHO MOTYIHM
MPUOTMHKEHHOE aHATMTUYECKOE PeIIeHre TToCTaBlIeHHOM 3anaqn (1)

0= 20‘“ , B KOTOPOM @, OIpEIeNuM U3 YCIIOBHSI, YTO TeMIIepaTypa

umuHapa npu p=0,7=0 u Fo — 0 npuHUMaeT 3HaueHue 0, ,
T. €.

" ZAk"F(ﬂk")Jo(ﬂk)J (p® +Bi2p)(p2 i (12)

Opnno3nauHo ompenenss ¢, w3 ypaBHeHus (12), a mo Hemy
koxpuunents! pagos Pypee-beccens (5), M,, Bi

«» Bi,, 1 KOpHHU

L4, XapaKTEepUCTHUUYECKOI'O YPAaBHEHHUs, PEIIEHUE OyAET MOJHOCTBIO
OIIPEZEIIEHO C TOYHOCTHIO, 3aBUCHILEN OT 6, .

YacTHbI CiIydail IIOJIy4€HHOIO pEIICHUs, IpPH YCIOBUU
IIOCTOSAHCTBA T€HJ'IO(1)I/I3I/I'—ICCKI/IX XApaKTEPUCTUK MaTc€puaia U
OTCYTCTBHH JIyYUCTOM COCTaBIAIOIIEH B I'PaHMYHOM YCIIOBUM Ha
Topue nuuHApa (77 =0) cOBIALaeT ¢ TOYHBIM PEILICHUEM.

Jlureparypa
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30HaJIBHOTO BBICOKOTEMIIEPATYPHOTO TeroooMeHa Ha
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1.-C.33-40.
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BA3bl JAHHBIX U MATPOUJIbI
Hcauenko A.H.
benopycckuii eocyoapcmeennulii ynusepcumem

DATABASE SYSTEMS AND MATROIDS

Abstract. Matroids, as an object of study, appear in many branches of
mathematics: algebra, graph theory, cryptography, game theory. In the present
paper, we introduce matroids of relations of relational algebra, which has an
important application value, since it is the basis of the relational data model and
relational databases.

Marpoupl, kKak 00BEKT UCCIIE0BAHUS, MOSIBIISIOTCS BO MHOTHUX
paszenax MaTeMaTHKu: aiaredpe, Teopuu rpados, kpunrorpaduu,
TeopuM Urp. B HacTosimeM cooOuieHnn B pacCMOTPEHHE BBOSATCSA
MaTpOUbl OTHOIIEHUN pENIIMOHHOW anreOpbl, KOoTopas, Kak
U3BECTHO [1], MMeeT BakHOE NPUKIATHOE 3HAYEHHE, MOCKOJIBKY
ABJISIETCSI OCHOBOW PEJSIMMOHHON MOJIENN JAHHBIX U PENALIMOHHBIX
0a3 TaHHBIX.

CymecTByeT  HECKOJIbKO  JKBUBAJIEHTHBIX  ONpPENEIICHUN
MaTpouJa, KaxJoe W3 KOTOPBIX [JA€rcsi C MCIOJIb30BAaHUEM
ONpeAeNIEHHOrO0 TMOHTHS, BBITEKAIOIIET0 W3 Mpeablaymero [2].
[MonoOHast cutryauuss paccMaTpuBaeTcss Kak KpUOTOMOpPGHHU3M
onpexneneHuu [3].

[TpuBeném onpeneneHne MaTpouia B TEPMUHOJIOTUH €ro 0a3.
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Marpoun sto mapa (S, B(S)), rae S - HEKOTOpOE KOHEYHOE
MHOXECTBO JIEMEHTOB, a B(S) - HenmycToe ceMelcTBO MOAMHOKECTB
13 25, JU1s KOTOPOTO BHIIOJNHAETCS CIIEAYIOLIEe YCIOBHE:

b) ecnu B1,B2EB(S) u x€EB1\B>, T0O cymiecTByeT YEB>\B| Takoe,
yT0 (B1\x)Uy€EB(S).

[TonmHoOxecTBa U3 B(S) Ha3BaHbl 0a3aMU MAaTPOUJIA, & YCIOBUE
b) - akcuomoii 6a3. Uepes 6a3bl MaTpom1a MOXKHO JAaTh ONPEACIICHUE
€ro HE3aBHCHMBIX MHOXECTB, LMKJIOB, IIJIOCKOCTEM U JIPyrux
MOHSATUA M, B CBOI O4Yepellb, 4Yepe3 HHUX HKBUBAJICHTHBIC
onpeneneHuss marpouga. OTMeTHM, YTO JUIsl MOHATUM MaTpouia,
4yepe3 KOTOpPhIE OH MOXET ObITh ONpe/nesiéH, BBEICHO OTHOIICHUE
MOJIMHOMHAJIBHOM ~ CBOJAMMOCTH,  TO3BOJISIFOLIEE  YCTAHOBUTH
QITOPUTMHUYECKYIO SKBUBAJIEHTHOCTD ONpeesieHut [4].

IIycts R=(U) - cxema OTHOUICHHWI Ha MHOXECTBE aTpHUOyTOB
U={Ai, ..., A} c nomenamu D1, ... , D, u xmouamu Ki, ... , K).
[Tonoxxum, uyro R(S) oTHomeHHE cO cxemoi R, oOpa3oBaHHOE
MHOXKECTBOM  KopTexxed SCDix..xDn. HamnoMHuM, 4YTO B
OTHOILIEHWM HE MOTYT MPHUCYTCTBOBATh COBNAAAIOLIME KOPTEKH.
OtHowenune R(S) nmeeT CBOE MHOXKECTBO KJIHOYEH, HE 00A3aTeIbHO
COBIIAJIAIOIIEE C MHOXKECTBOM KiIroue cxeMbl R. Bo3pMméMm
MOJMHOXeCTBO aTpubyroB ACU. Ompenenum cemeiicTBo B(A)
MOAMHOXKECTB XCS Takux, uTo A SBIAETCS KIHOYOM X, HO MJIA
moboro x€S\X MOAMHOXKECTBO A He SBiIsIeTcs KiIo4oM XUx.
Hpyrumu cnoBamMu X SBJISIETCSI MaKCUMaJbHBIM IO BKJIIOUYEHUIO
OTHOCHUTEIIBHO KJTto4a A.

Teopema. CewmelictBo B(A) sBiserca cemeiictBoM 0a3
MaTpou/1a Ha MHOXKECTBE S.

JlokazarenbcTBo. TTomoxkum, uro Bi,B2EB(A). Tak kak A K04
st Br u By, To ana mo0oro kKoprexka zEB>NBi1 u r060ro
YE(BI\B2)U(B2\B1) monyuuM ma(z)#ma(y), TOE Ta - Omepanus
MPOEKIIMK HAa MHOXECTBO aTpuOyToB A. U3 onpenenenus cemeiicTBa
B(A) cnemyer, uto s Jr000r0 KopTeka xEB1\B2 MHOXECTBO
kopTexeit BoUx ¢ B(A) u moaToMy B B2\B1 HaWETCSl €MMHCTBEHHBIN
KOPTEX Y, JUIsl KOTOPOTO TA(X)=ma(y). OTCIOAa, TaKk Kak a(x)#mwa(Z)
Uil 1000r0 ZEB2, TO U TA(Y)#mA(z) mas mobdoro zEB>, To ecth
(Bi\x)UyeEB(A). Takum oOpazoMm, akcuoma 0a3 wmaTpoujaa
BBITIONIHSIETCS )i cemeiicTBa B(S). Teopema nokazana.
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Jlerko yctaHOBUTH clieAyroIIre cBoicTBa MaTpoua (S,B(A)).

1. IIpu A=S y marpouna (S,B(S)) mubo B(S)={ D}, ecnu S He
SABJISICTCS KIIt0oUoM oTHomeHus R(S), mu6o B(S)={S}, ecniu S xirou
R(S). Ananornunbie CBOMCTBA UMEIOT MECTO JJIsI KJITFOUeH cxeMbl R 1
KJIr04Yel oTHOmEHHS R(A).

2. Ecoun A=K, nyist nexotoporo i, 1<i<p, To y Mmarpouaa (S,B(K;))
m6o B(K;) ={ D}, ecnmu K; HE sBIseTCS KIIIOUOM OTHOIICHHS R(S),
6o B(K;) ={S}, eciu K; xmou R(S).

3. Ecmu ADK; nnst Hexkotoporo i, 1<i<p, To y matpouna (S,B(A))
cemelictBo B(A) ={ O }.

Hpyrumu cinoBamu, B yclioBusix cBoicTB 1,2, matpoun (S,B(A))
ABIISIETCS JINOO OTHOPOAHBIM MaTpouioM panra 0, 1160 cBOOOIHBIM
MaTpOUJOM, a B YCJIOBUSAX CBOICTBa 3 - OAHOPOJHBIM MAaTPOUJOM
panra 0.

4. (S,B(A)) TtpancBepcanbHblii Matpoua. JleMCTBUTEIBHO,
MOCTPOUM ABYNONBHBIA Tpad G=(E,ViUV>) ¢ BepmuHAMH MEPBOMA
noau Vi, COOTBETCTBYIOIIMMHU KOpTexaM oTHoweHus R(S), u
BEpUIMHAMU BTOPOW 101U V2, COOTBETCTBYIOIIMMH KOPTEKaM
npoekiuu  mwa(S). Mexay — MHOXKECTBAMH  COBEPIIEHHBIX
napocoueranuii rpagpa G u 6a3amu matpouna (S,B(A))cymecTByer
B3alMHO OJIHO3HA4HOE cOoOoTBeTCTBUE. C APYroil CTOPOHBI, KaXa0€
COBEPILIEHHOE MapOCOYETAHUE COOTBETCTBYET CUCTEME Pa3IMYHBIX
IIPEICTABUTENIEN HA MHOXKECTBE KOPTEXKel oTHomeHUs R(S).

5. Kaxnprii ik mMatponia oOpa3oBaH IByMs MapaielbHBIMU
3JIeMEHTaM (COBIMAJAIOIIMMHU 110 IPOEKLUHU T4 KOPTEKAMH).

[Tpuknangnoe 3HadeHue MatpouaoB (S,B(A)) 3akioyaercs B
BO3MOXXHOCTH OIIEHKH CIIO)KHOCTH MpPOLEAYp IMOMCKAa B JaHHOM
OTHOILLIEHUH  TOJMHOXXECTBA  KOPTEXKEH,  yIOBIETBOPSIOLIETO
onpeAenéHHbIM 3aJaHHBIM YCIOBUSAM. EciM CIOXHOCTH 3THX
YCIIOBUH HE TTO3BOJIAIOT C(HOPMYIUPOBATH 3aMPOC K 0a3e TaHHBIX, TO
HEOOXOUMO CO3/1aBaTh MPOLENYpPY, PEATH3YIONIYI0 aJTOPUTM
noncka TpeOyembIX KOpTeKed. ANTOPUTM TIOWCKAa MOXKET
KOHCTPYHPOBATHCSl HA OCHOBE MPEACTABICHUS MHOYKECTBA HCKOMBIX
KOpTeXkel B BUJE IpecedeHust MaTpouaoB (S,B(A)) nias npaBUIBHO
BBLIOPAHHBIX NOAMHOKECTB AE25. B 3aBUCHUMOCTH OT MUHHUMAJILHOTO
KOJIMYECTBA HEOOXOAMMBIX TOAMHOKECTB AE2S moayyaeM OLEHKY
CJI0KHOCTH aJITOPUTMa JIIsl IOCTPOEHUS MPOIeAyphl MOUCKA.
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OIEHKA TOYHOCTH “XKAJHOI'O” PEHHEHUA JJIS
CUCTEM HE3ABUCUMOCTH
Hcauenko A.H., Persaxun A.M.
benopycckuii cocyoapcmeennwiii ynusepcumem
Hayuonanvnoui uccnedosamenvcrui ynusepcumem « MHIT»

EVALUATING THE ACCURACY OF " GREEDY”
SOLUTIONS FOR INDEPENDENCE SYSTEMS

Abstract. We consider the representation of independence systems as the
intersection of matroids according to the scheme of B. Korte and D. Hausmann.
An estimate is given of the relationship of the “greedy” and exact solution for the
problem of maximal clique of a connected graph and the problem of maximal
independent set of a connected graph.

[Mapa (S,F) sBasercs CcUCTEMOW HE3aBHCHUMOCTH, €CIH
BBITIOJIHSIIOTCA CIAEAYIOIINE 1BA CBOMCTBA:

1) DeF,

2)ecnu AeF u BcA, to BeF .

VYenoust 1), 2) Ha3bIBalOTCS aKCMOMaMH HE3aBHCHUMOCTH,
MHOXecCTBa W3 F — HE3aBUCHMBIMH, MHOXecTBa n3 25\ F —
3aBUCHMbIMH. Ha3BaHue “‘cucTeMa HE3aBHCHUMOCTH BO3HHKIIO W3
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Toro (hakTa, YTO BO MHOTHUX pa3jeliax MaTeMaTHKH TEPMHUH
“He3aBUCUMOE” COOTBETCTBYET OOBEKTaM, YJIOBJIETBOPSIOLUIUM
ycioBHsM 1), 2), B CBSI3U C 4eM, CHCTEMbI HE3aBUCUMOCTH SIBJISTFOTCS
00001IeHIEM BCEX ITHX OOBEKTOB.

MakcumanbHOE€ TI0 BKIIFOYEHHIO MHOXXECTBO BeF sBusercs
0a30i, a MUHUMAJILHOE I10 BKJIIOYEHNIO MHOKECTBO C¢F — IIMKIOM
CHCTeMbI He3aBUCUMOCTH (S, F).

st cucteMbl He3aBUCUMOCTH (S,F) BBOIATCS MOHATHS h-paHTa
U [-paHra. A UMEHHO, h-paHr OINpeAeIeTCs] KaK HEeOTpUllaTeNbHas
nenouncieHnas (pyHKIMs, 3a0aHHas Ha 25 co 3HaueHUSAMU

pn(A)=max{ | X|: Xc A, XeF} ,
[-paHT — KaK HeOoTpHUIATeNIbHAS LIETTOYUCIICHHAs (PYHKINS, 3a1aHHas
Ha 2% co 3HaueHHsAMU
pr(A)=min{|X| : Xc A, XeF, XUxgF, VxeA\X}.

Ecnu B nononHenue K ycnoBusiM 1), 2) BBITIOIHAETCS yCIOBHE

3) ecnu A,BEF u |Bl=]A]+1 , TO cymecTtByeT xeB\A Takoe,
uyro AuxelF,

TO cucTeMa He3aBucumocTH (S, F) sBisercs matpouaoM [1].
B uwactHOCTH, crcTeMa HE3aBUCUMOCTH SIBJISIETCSI MaTPOUJIOM
TOTJ]a ¥ TOJIBKO TOTAa, Korna P (A)= pi(A)misa aodoro A €25,
N3BecTHO [2], uTo mo0as cucteMa He3aBUCUMOCTH (S, F) MoxeT

OBITh MMPEACTaBJICHA KaK IMEPECCYCHNEC KOHCYHOI'O YUCJIa MaTPpOUJ10B
k

(S,F"), 1<i<k, To ectb F = ﬂF k [Ipuuém k 3TO YMCIO LHMKIOB
i=1
Ci,...,Cx cucteMsl He3aBucuMocTH (S, F), a kaxnoe F' onpenensercs
ukIioM C; CIeyOIUM 00pa3oM F'={AcS : Ciz A}. 3ameTuMm, 4TO
TaKoe MPEJICTaBICHNE HE 0053aTENbHO SIBISETCS MUHIUMAIBHBIM IO
qucity k. BaXHOCTB peiCTaBICHUSI CHCTEMbI HE3aBUCHMOCTH B BUJIC
MepeceueHrs] MaTPOUIOB 3aKIHOYAETCS B BO3MOKHOCTH MOCTPOEHUS
OIIEHKM TOYHOCTH ‘“KAJHOr0”’ aJrOpUTMa ISl ONTHUMHU3AIMOHHON
3aJ1a4d Ha CUCTEME HE3aBUCUMOCTH. A MMEHHO, €CJIM Ha MHOKECTBE
S 3amaHa TOJNOXHUTEJbHAs BecoBas GyHKUsS w:S->RY, u s
cemelicTBa F Tpebyercs HailTu

max Z w(e),

AeF )
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TO JJIsI TOYHOTO PeIIeHUs Ao U “¥KaaHOTr0” pelieHus A, ClpaBeIJIuBO
HEPABEHCTBO

1 g 24 WA
ka2 p(A) w(A,)

PaccmoTpum, Hanpumep, 3aady ONpeieieHus B CBI3HOM Tpade
G=(E,V) ¢ |V|=n KIMKH C MaKCHMAIIbHBIM YHCIIOM BEpIIUH.
OueBuaHO, ceMmelcTBO KIMK rpada  obOpazyer  cucremy
HezaBucumoctu (S,F), tne S=V, a F — ceMeWcTBO MOJAMHOMKECTB
sepiuH u3 2V, 006pasylomux KMk, MUHEMYM BBIPaKEHUS

mm p,(A)

Ae2’ ph( A)
10 BCEM CBS3HBIM rpadaM ¢ n BepIIMHAMH paBeH 1/(n-2) wu
nocruraercs Ha rpade, y koroporo n-1 BepmmHA {Vi,...,Vn-1}
oOpa3yet nonHbld rpad K,-1, a BEpIIMHA v, CMEKHA POBHO C OJTHOM
n3 BepwnH Ky 1, HanpuMmep, Vvy-1. L{UKIaMu MOIy4eHHON CUCTEMBI
HezaBucuUMOCTH (S,F) Oyayt n-2 mapel BepmiuH {vi,v.}, 1<i<n-2.
[ToaTomy monyuum, 4to g ““KagHOro” M TOYHOI'O pEIICHUs Ha
MHOKECTBE BCEX CBSI3HBIX I'padoB C 7 BEPLUIMHAMU HUMEET MECTO
HEPaBEHCTBO

1 _wA)
n-2 w(A))
[TpruéM OHO TOCTHKUMO Ha MPUBEACHHOM BHIIIE Tpade.
PaBencTBO
A
w(A)

JOCTUTAeTCs, HalpUMep, Ha oJTHOM rpade K.

[To ananoruu, ¢ y4€TOM IBOWCTBEHHOCTH IOHSATHUH KIMKU W
HE3aBUCUMOI'0 MHOECTBA BEPIIMH, MOXHO MOJYYUTh TaKOW K€
pe3yabTaT AJis 3a/1a4d ONPEEICHUs] MAaKCUMAJIbHOT'O HE3aBUCUMOT0
MHOECTBa BEPIIINH B CBA3HOM rpade. 31eCh HIDKHSSI OlIEHKa

L w4
n-1" w(A,)
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JIOCTIKMMa Ha Tpade ¢ n BepmmHaMH, n-1 U3 KOTOPBIX {Vi,...,Va-1}
o0pa3yroT mycroii rpad O,-1, a BEepIIMHA V, CMEXKHA C KOKIOU U3
BEpILIUH Vi, 1<i<n-1.
PaBenctBo
w(A,) _1
w(A,)
JOCTUTAETCS, HAIPUMEp, Ha TycToM rpade O,.
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MEPEPAXYBAHHS HEI3OMOP®HUX
JABOKOJIbOPOBUX XOPJJOBHUX O-AIAT'PAM POAY ABA
3 OJHUM CIPUM (ABO HOPHUM) IUKJIOM
Kany6oBcrkuii O.A.

JIBH3 «/lonbacvkutl 0epacasHuti nedaco2ivHutl yHigepcumemy»

ENUMERATION OF 2-COLOR CHORD O-DIAGRAMS OF
THE GENUS TWO THAT HAVE ONE GREY (OR BLACK)
FACE UNDER ROTATION

Abstract. In this paper we consider 2-color chord O-diagrams (of order

n) with one grey and (n—4) black faces under the action of the rotation group
(cyclic of the order n).

We have established explicit formulas for counting the number of non-
isomorphic diagrams from the specified class.

In addition, for natural 5 <n <20 we have also listed the exact value of
the number of non-isomorphic such diagrams.
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Hobpe BimoMo, 10 XOpAOBI  miarpamMu  €(PEKTHUBHO
BUKOPHUCTOBYIOTh B 0araThbOX rajy3six HayKH, 30KpeMa MaTeMaTulli
(Tomosorii, Teopii By3miB), ¢izuii, 010710r1i, TEHETHII TOIIO (HATP.
(21, [5], [6-7]).

O3navennss 1. Konmo 3 2n Toukamu Ha HbhOMY (L0 €
BEpIIMHAMHU MPABUIBHOTO 21 —KYTHUKA), IyTH SIKOTO IOYEPrOoBO
po3dapboBani y aBa Koibopu (YOpHUH 1 cipuid) Ta (HIKCOBAHOIO
HYMEpAIli€l0 BEpIIMH 3a TOJAWHHUKOBOK CTPUIKOI, OyaeMo
Ha3UBaTH JBOKOJLOPOBUM 211 — abI0HOM — prc. 1 a).

1493 12 43 12
a) b)
Puc.1. a) o6oxonvoposuii 20-wabnon; b) N — diacpama
(3 10 xopoamu), sika mae 7 cipux ma 3 uwoprux yuxnie,; c) O —
diacpama (3 10 xopoamu), sika mae 6 cipux ma 3 4YOPHUX YUKIIIB.

O3HaveHHst 2. 2-KOJBOPOBOIO  XOPJOBOIO /1 —Aiarpamoro
OyaemMo Ha3uBaTtu N —jailarpaMmy, M0OyJAOBaHYy Ha  OCHOBI
JBOKOJILOPOBOTO 21 — mabJIoHy; 2-KOJILOPOBY Jiarpamy, ska He
MICTUTh (MICTUTB) XOp[, IO CHOJY4YalOTh BEPUIMHU 3 HOMEpaMHU
OHaKoBOI  mapHocTi, HasuBatumemo O — miarpamoro (N —
niarpamoro) — puc. 1 €) (1 b)).

O3navenns 3. «YopHuM» («CipUM») IUKIOM 2-KOJIbOPOBOT
O — niarpamu 3 N xopaamu OyaeMO Ha3WBaTH MOCIIIOBHICTH XOP/I
Ta YOpHUX (CipuX) Iyr, SIKIi YTBOPIOIOTH roMeoMopdHuii obpas
(opienroBanoro) xona — puc. 1 b), C).

O3nauvenns 4. Pomom 2-koipopoBoi O —giarpamMu 3 N
XopramMu OyaeMo Ha3MBaTH MLiJie YHUCIO ¢, SKE BH3HAYAETHCA

pieuictio 2g=n+1—(k+l), ne K/ - uncmo uopHux Ta

(BIAMOBITHO) CIPHX IIUKJIIB Aiarpamm.
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Muoxuny O —ngiarpam 3 N xopaam, IKi MAarOTh TOYHO | Cipux
(yopHuX) Ta K dYOpHUX (BIAMOBINHO CipHX) LHMKIIB OymeMo

c~n .8

NO3HAYaTH Yepes I/, 1e g — pid Aiarpamu.

O3navenHs 5. XopAoBi jAiarpaMH Ha3HMBaIOTh 130MOp(HUMH,
SKIIO OJHY MOXHA OZIEP)KaTH 3 1HIIOI B pe3yJIbTaTi IIOBOPOTY.

Y 1997 p. B poOoti [1] Bmepine BCTaHOBIEHO PEKypEHTHI
dopMynH, 3a JONOMOTOI0 SKHX € TIPUHLIUIIOBO MOXIIUBUM
MiApaxyHOK uMcna piarpam 3 kiacy J./. Kpim Toro, mms

noyarkoBux g =0;1;23 B [1] BcTanoBieHo sBHi Gopmynu, sKi
mi3HINe TakoX Oynu ojepkaHi Ta yroydeni ¥ B [4], a B [3] —
3aIPOIIOHOBAHO iHIIY PEKYPEHTHY (HOPMYITy.

B saranpHOMy BHMIAAKy 3afada IIPO IiAPaXyHOK 4HMCIIA

HEEKBiBaJICHTHUX JiarpaM 3 KIacy I € nepo36 a3anolo. 3a3HaueHa

. . ,0 s
3a7a4a OyJa IOBHICTIO PO3B’A3aHa JuIs KnaciB 3, Ta J))° mume y

2015 p. B pobotax aBTopa [6], [7]. SABHI popMynu BigoMi TaKOX Jis

~n,l ~nl ~n,l

knacis 3, I, Ta I, [8]. B pobori [9] nns OlibIn eMHOrO Kiacy

@rn 1

nBokonboposux xopaosux O —miarpam poxy 1 (6e3 dikcamii

KIJIBKOCTI YOPHUX / CIpUX LMKJIB) OFEp:KaHO sIBHI (OpMyNIH s
HiJPaxyHKY 4Kciia HE130MOP(PHUX TAKUX J1arpaM.
. 2y

Posp’s3anHIO 3amaui mna kmacy I, ¥ TIPUCBAYEHO JaHy
CTaTTIo.

3 ypaxyBaHHsAM pesynbTariB  pobit [1, 4], Mmaemo
CHpaBEIIUBICTD

Teepmkenns 1. [y 10BUIBHOTO HaTypajIbHOTO 1> 5

(3n -n=6)-Cy,-Cy,=d(n). (1)

BI/IKOpI/ICTOByIO‘lI/I nemy bepHcaiina BCTaHOBIIEHO TBEP)KEHHS

Teopema 1 (ocHoBHa). Yucno d (n) Hei30MOpHHHUX
(HeeKBiBa-JIGHTHUX BIIHOCHO [ii LUKIIYHOI TPYyNMU TMOPAIKY 1)

P‘l

2
Jlarpam 3 Kiacy <) MOKHa 004MCIMTH 3a (HOPMYIIO0
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d (n)——{d(n)+ > ¢(j)p(n,£j],
n Jin.je{2:3:4:5:6:8)

(2)
ne ¢(q) — Qyukuis Einepa; VjeN:4¢ N BenmuuuHH
p(n;%) =0, a VjeN: % € N — BH3HA4arThCI 3a JOIOMOIOIO
CITIBBI{HOIIEHE:

p(n;4)=5C;+4C.; p(n;2)=3C.; p(m4)=Cs;
2 2 3 4
(3)
3n n
p(mg)==: p(mg)=2:
p(n)= g . )

Teepxxenns 2. Ilpu n —> o Bemunan d’ (n) Ta
3n*-n-6)-C%,-C?
5(”) _ d(n) _ ( ) n+1 n-1

n 5ln
€ GKBiBaJ'IeHTHI/IMI/I HeCKineHHO BCIIMKMMU BCIIMYUHAMMU.

®)

Tabmuns 1.
Touarkosi sHauenns semmuns d(n), d (n) ra [5 (n)]

Nl d(n) |d(n)|[s(m]] |7 | d(n) | d(n) |[5(n)]
5 8 4 1| |13 183 183| 14091 14091
6 84 16 14| |14 355355 25405| 25382
7 469 67 67| |15 654 654 43650, 43643
8 1 869 237 233| (16 |1 154062 72166 72128
9 5985 667 665| (17 |1958502| 115206| 115206
10| 16401 1649 1640 |18 |3215142| 178 678| 178 619
11| 39963 3633 3633 |19 |5126010] 269 790, 269 790
12| 88803 7417 7400 |20 |7963242| 398 242| 398 162
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METO/ NPBITAIOIIUX JIATYHIEK JJ51 YITAKOBKHA
MHOI'OMEPHBIX OFBEKTOB
Kozun U. B., ITomrora C. 1.
3anopooicckull HAYUOHANLHIL YHUBEPCUMEN,
3anopoocckuti 061aCMHOU UHCMUMYM NOCAEOUNTOMHO20
neoazoeuieckozo 0bpazo8aHus

FROG LEAPING METHOD FOR PACKING
MULTIDIMENSIONAL OBJECTS

Abstract. The problem of multidimensional packing of objects is considered.
To find suboptimal solutions to this problem, a hybrid algorithm is proposed based
on a combination of the mixed jumping frogs method and the fragmented algorithm

PaccmaTpuBaercs 3afaua ymakoBKM B 1n-MEPHOE MHOXKECTBO-
ocHOBY P MHOecTBa V 13 M nonapHO HEN30METPUYHBIX OOBEKTOB,
COCTaBJICHHBIX U3 €IUHUYHBIX THIEPKYOOB, MyTeM CKJICHBAHHS UX
10 TUIeprpaHsaM pazmepHoctd n—1. IIpu 3TOM 00BEKTHI, KOTOpBIE
MoJyIeXkKaT YIaKoBKe, HE 005S3aTeNIbHO SBISIOTCS BBIMYKJIBIMH. JlJist
KaXX/IOTO TaKOTo 00BEKTa MPH YKIIAJIKe JOIMYCKAIOTCS BpaIleHUs Ha
psIMOH (MJTM KpaTHBIM IPSIMOMY) yroJl BOKPYT KOOPIUHATHBIX OCEH.
3ajada yJIoXKUTh KaK MOXKHO 0OJIbIlie OOBEKTOB M3 MHOXKecTBa V B
3aJJaHHOE MHOKECTBO-OCHOBY P. JIng mnpocToThl, B KayecTBe
MHOXKECTBAa-OCHOBBI ~ OyJIET  paccMaTpuBaTbCcsi  MHOTOMEPHBIN
napajienununesl. BHYTpeHHOCTH YIaKOBaHHBIX OOBEKTOB HeE
JIOJDKHBI TIEPECEKaThCA.

Bri6epem B kax0M 00bekTe 0a30ByI0 TOUKY X, ;. Pasmerienne

o0bekTa B mapayenenunene P Oynet onpenensTbesi KOOpAuHATAMU
00pasa TOYKM X,_; ¥ 5JIEMEHTOM I'PYIIIIbI BpanieHHi G OTHOCHTEIIBLHO

OCe KOOpAMHAT Ha YINIBI KpaTHble /2 W OTpaXXeHuu
OTHOCHUTEIIFHO KOOPJMHATHBIX THMEPIUIOCKOcTel. Takum oOpazoM,
Kaxaas ymakoBka —onpexaensercs wHabopom [ < {l,2,..,M}

BBIOpaHHBIX OOBEKTOB M HabopoM map {x;,g}.,, TAE X-
KOOpIUHATBI 00pa3a 6a30Boi Touky, a g, € G.

Jns momcka CyOONTHMANBHBIX pEUICHUH JTOH 3ajgauu
IIpeUIaraeTcsi UCIOIb30BaTh TMOPHUIHBIN aJIrOPUTM, OCHOBAaHHBIHM Ha
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KOMOWHAIIMM METO/a MepeMEeIaHHbIX MPBIralomux Jarymek|1,2] u
¢parmenTapuoro  anroputma[3]. @DparMeHTapHBIA  AITOPUTM
YIIAKOBKU 3aKjto4aercs B cienyromeM. Crayana ynopsaouuBarOTCs
LEJIOYMCIICHHBIE TOYKM MHOKECTBA OCHOBBI U 33J1a€TCS HEKOTOPBIN
HOpsIOK Tepebopa 3MEeMEHTOB MHOKecTBa (pparmeHToB V xG. B
IEPBYIO 110 NOPSAAKY CBOOOJHYKO TOYKY OCHOBBI IOMEUIAeTCs
0a3oBasi TOYKa OOBEKTa U BBINOJHIETCA COOTBETCTBYIOIIEE
Bpamienne. Ecnu BHYTpeHHOCTH 00pa3a OOBEKTa MOCIE TaKUX
npeoOpa3oBaHUil HE MepeceKaeTcss C  YyXKe IMOCTPOSHHBIM
(dparmenToM, TO OH 100aBIsIETCS K TOMY pparmMeHTy. B mpoTuBHOM
clly4ae IMPOUCXOIUT TMepexol K Jpyromy o0bekTy. Ecnu Bce
00BbeKThl mepedpaHbl U HE OJMH M3 HUX HE YAAJIOCh Pa3MECTHTh
YKa3aHHBIM BBIIIE CTOCOOOM, TO IPOUCXOAUT MEPEXO K CISTYIOIICH
TOYKE OCHOBBI U MPOIIEAYypa MOBTOPSETCSA. AJTOPUTM 3aKaHUYUBAET
paboTy, Tub0 Bce 00BEKTHI OyyT pa3MeIleHbl, JIU0O Bce CBOOOIHBIE
TOYKH OCHOBBI OyIyT ncuepnanbl. Eciin 00BEKT yanoch pa3MecTuTh
B MHO)XECTBE-OCHOBE, TO 3TOT OOBEKT M BCE €My HM30METPHUUHBIC
BBIYEPKUBAIOTCS U3 YIIOPSIOYEHHOTO CIIHCKA 00BEKTOB.

[TepeGop MOXHO YIPOCTHTH, €CIH CUUTATh JOMYCTUMBIMH
TOJIbKO TaKUE 3JIEMEHTHI TPYIIBI BPAIICHHH JIJIs 3aJaHHOTO 00BhEKTa
veV , nas KaxJI0i napbl KOTOPBIX pa3MeIIeHHs] 00bEKTa HE MOTYT
OBITH MEPEBEACHBI OIHO B IPYroe MyTeM MapajieNbHOro caBura. B
3TOM ClIy4ae KaXXIOMYy D3JEMEHTY YHNAKOBKM COOTBKECTBYET €ro
coOCTBEHHAas I0MyCTUMAs TPYIIa Mpeodpa3oBaHUM.

Takum oOpa3oMm, ¢QparMeHTapHBIi aJIrOpPUTM  3aJaeT
oToOpakeHue MHOXECTBa MEePECTaHOBOK 3JI€MEHTaPHBIX
¢parmMeHTOB  (9MEMHTOB MHOXecTBa V X(G) B  MHOXECTBO
JOTTYCTUMBIX yHakoBOK. Kpurepuem kaudectBa F(x) ymakoBKH X
SBIIIETCS. TUNEPOObEM HE 3aHATOTO YHNAKOBKOH CBOOOTHOTO
IIPOCTPAHCTBAa B MHOTOMEPHOM Mapaiiienenumnese P.

AJNTOPUTM METOJIa MEePEPEMEIIAHHBIX MPBITAIOIINX JIATYIIEK
MO3BOJISIET OTHICKATh CYOONTHMAJIbHBIC TIEPECTAHOBKUA B CIIOYKHBIX
3a/lauax ONTUMHU3ALMK Ha mnepecTHoBkax [lapamerpsl wmetona
cleayolue:

1. KomugectBo kimaccoB msirymek Q (Q>2).
2. KomnuecTBO ~ 371€MEHTOB r B KaXJIOM  KJacce
(mpeamnonaraeTcs, YTO pa3Mepbl KJIacCOB OJIMHAKOBBI U 7 > 2).
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3. MakcumanbHOe Yucio maroB K aaropurma.
4. KonuuectBo D nydmiux JArymeKk B Kiacce, NpPUYEM
O<D<r.
B cootBercTBUM C 3ajaHHBIMU IapameTpamu pasmep N
MOMYJISIUKM ~ JISATYIIeK  (MHOXKECTBAa  JOMYCTHUMBIX — PEIICHUH)
onpexensercs popmynoir N = Qr. Ha HavabHOM ImIare aaropurMa

CO3/IaCTCSl UCXOAHAs MOMYJIALMS JISATYIIEK pW MyTeM TeHEepaluu
CIIy4alHBIX IEPECTaHOBOK xJ :(ijl,ijz,..,ijn), j=12,....N.

Breibupaercss nydmas no (yHKIUU [EMH TepecTaHOBKa
BEPIIMH, KOTOpas 3aJaeT INEPEeCTaHOBKY X*=(ij,i,...,i,,) W
BBIYMCIISIETCSl 3HAUeHUE 1eiieBod (QyHkuuu F(x*) Ha dTOM
MepecTaHOBKeE:

[Mar k(1< k < K). Yops104uBaeTcsi MHOXKECTBO P*D o
3HA4YCHUIO LIEJIEBOM GyHKIUY, TO eCTh

F(xk) > F(xk_l), k=2,3,...,N—1. Pa36uBaercst momymismus p-D
Ha () KJIaCCOB OIMHAKOBOM MOIIHOCTH
ﬁy—b:4x@0|ﬂm):x{j:q+{p_DQJ:L2“”nq:L2wqqy

Omnpenensiercss Jydllee pelieHue x*=x no 3HaueHHIO

neneBoi GyHKIMM Ha Bce momynsiuu. B kaxkmom kiacce Pq(k_l)

(gr)

OIPCACIIIOTCA «JTYyHUIICC) )C(ql) H «Xyaaiee» x IO 3HAYCHHIO

(k1)
Pq

)1 (0 (9:70) (I)YHKL[I/II/I pCUICHUA. B kaxgoMm knacce MCHSAIOTCA

M0JIOXKEeHHUS (TI0CIe10BaTeIbHOCTH 00X0/1a BEPIINH rpada) Jaryiex
¢ HoMmepamu OT D+1 mo r. [ns kaxaoro 3HAYEHUS HHAEKCA
ie{D+1,2,...,r} ompenensercss HOBOE IOJOKEHUE [-H JATYIIKHA
(TmocnmeoBaTeNbHOCTh 00X0/1a BEPIIIUH) B KJIACCE C HOMEPOM ¢ TI0

CICAYIOMIEMY IIpaBUITy: BBIYHUCIACTCA CJ'Iy‘-IElﬁHEUI NnepeCTaHOBKA xc

(q1) (qr)
U3 OTpE3Ka MEKIY IEpECTaHOBKAMHU » X un X

Kennmanna.

B METpPUKE
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Ecmn F(x) < F(x'9), 1o momaraem x4 =x°. Ecmu
F(x)>F (x(qi)) , TO BBIOMpaeTcsi ciaydailHasi IepecTaHOBKa x“ B
OTpE3Ke MEXAY X* U 9" Eeom F (x)<F (x(qi)) , TO II0JaraeM

x\9) = x¢ . B nporusHOM ciyuae BeOMpaeM B KauectBe x99
CIIy4aiiHO CreHEpMPOBAHHYIO TIEPECTAHOBKY.

Q
TMonaraem P*) = U Pq(k_l) U MEePEeXoauM K OYepeaHOMY
q=1
nIary ajJropuTMa.

AJroput™ 3aKkaH4MBaeT paboTy, KOria MPOBEACHO 3aJaHHOE
yycino maroB. Tekyimias mnepecTaHOBKAa Xx*, ompejelieHHas Ha
MOCIICIHEM Iare Oepercs B KadeCTBE ONTHMAILHOTO PEIICHHS
3a/1auH.

3aMeTuM, YTO ONMMCAHHBINA BBIIIC AITOPUTM pElIacT 3aaady
OTBICKAaHUsl ONTHMAJIbHOW TIEPECTAHOBKM W3 7 JJIEMEHTOB Ha
MHOXECTBE BCEX IIEPECTaHOBOK C IieneBod (ynkimen F(x),

KOTOpasi 3aJlaHa Ha MHOXEeCTBE IepecTaHoBOK. Ilpu stom
KOHKPETHBIN BHJI 11eJeBOM (PYHKIIMM HE uMeeT 3HaueHus. [loaTomy
PacCMOTPEHHBIN BBIIIE AJITOPUTM MOXKET HCIOJIb30BATHCSA  JUIS
OTBICKaHHS CYOONTHMAJbHBIX pPELIEHUH 3a7ad ONTHUMHU3ALUU Ha
MHOKECTBE  MEPECTAaHOBOK €  IPOM3BOJIBHBIMU  IIE€JIEBBIMU
GyHKIUSAMHU.

Takum o0Opa3om, TUOpUIHBIA aNrOpUTM Ha OCHOBE
KOMOMHAIIMM METO/a TepeMElIaHHbIX MpPBITAIOUIMX JIATYIIEK U
(dbparMeHTapHOTO aNTOpUTMa MOXET OBITh 00O0OIIEH Ha MIUPOKUI
KJIACC IMCKPETHBIX ONTHUMU3ALMOHHBIX 3a/1a4, a UMEHHO Ha 3aJayH,

uMeroIre pparMeHTapHyI0 CTPYKTYPY.
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KPUIITOCUCTEMA HA OCHOBI CKIHYEHHHUX
KOMYTATUBHUX KIVIELb 3 OAUHULIEIO
Kpusuii C. JI.
Kuiscokuii nayionanvnuu ynieepcumem imeni Tapaca lllesuenka

A CRYPTOSYSTEM ON THE BASE OF FINITE
COMMUTATIVE RINGS WITH UNIT

Abstract. A simple encryption system is based on properties of finite abelian
group and associative and commutative rings with unit is proposed. The
algorithms for encryption and decryption have quadratic time complexity and
memory complexity. Tab. 4. Ref. 3 titles.

Beryn. B po6otri po3rismaeTbcs MpocTa KPUNTOCHCTEMA,
nmoOy/noBaHa Ha OCHOBI CKIHUEHHUX acOIllaTHBHO-KOMYTaTHBHHUX
kutenp 3 ommHunero [1,2]. Hexail 3agana gedxka CKiHYeHHa
MHOKHMHA IiMuX uucend, Hampuknan, Ns = {0,1,2,3,4}. Ockinbku
NoTpiOHO MOOYyAYyBAaTH aJUTHBHY abeleBy Tpymly, TO LSl Tpyma
noBuHHa Bkimouatu 0. g Toro, mobd Ns mepeTBOPUTH B TPYILY
GNs5, HEOOX1HO KOPEKTHO 3aJaTH  3HAYCHHS Ui omepartii
JOJIJaBaHHS 3 OJHHM 13 €JIeMEeHTIB rpymnu, ckaximo 3 1 [3]. [dificHo,
OCKUTBKU a + 0 = a ans 1oBiUNbHOTO a € GNs, TO MepIIMi PAIOK
TaOJMIl JOAAaBaHHS €JIEMEHTIB TPYNH BU3HAYCHUU (Tabmuis 1), a
Ha TIJCTaBl KOMYTaTUBHOCTI (OCKUIBKHU TpyIa abeneBa) 1 MepIiuii
CTOBMUUK I1i€1 Tabnwii. Hexaii, Hanpukaz, 3amano kimtou 0+1=1,
1+1=4, 1+4=2, 1+2=3, 143 = (. Take BHU3HAYECHHS KOPEKTHE,
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OCKUJTBKM Ma€ MiICIle OJHO3HAYHICTh pE3yJbTary (aje Ie He
JOCTAaTHS YMOBa KOPEKTHOCTi). Temep MOCIiTOBHO 3HAXOIUMO
pe3yJbTaTH JA0/IaBaHHA 3 ejeMeHTOM 4=1+1:
4+2=(1+1)+2=1+(1+2)=1+3=0, 4+3=(1+1)+3=1+(14+3)=1,
4+4=(1+1)+4=1+(1+4)=1+2=3.
Hani 3HaxoaumMo 3HaveHHs 4+1=2 i OOYMCIIIOEMO OTEpaIliio
JOJTAaBaHHS 3 €JIEMEHTOM 2:
242=(1+4)+2=1+(4+2)=1+0=1,
2+3=(1+4)+3=1+(4+3)=1+1=4, 2+4=(1+4)+4=1+(4+4)=1+3=0.
Jami 3Haxommmo 3HadeHHS 2+1=3 1 OOYHCIIOEMO OIepario
JIOJTAaBaHHS 3 €JIEMEHTOM 3:
342=(14+2)+2=1+2+2)=1+1=4, 3+3=(1+2)+3=1+(2+3)=1+4=2,
3+4=(142)+4=1+(2+4)=1+0=1.
3aHOCHMO 1i 3HAYEHHS B TAaONUIIO 2 1 HA IBOMY 3aKiHIYEMO
no0ynoBy rpynu GNs.

Ta6muug 1 TaGuung 2
+|0|1[2]3]|4 +|0|1[2]3]|4
0101 |2]3|4 0/0|1[|2]3]|4
11141302 11114(3]0]2
21213 21213111410
3130 313(0141(2]|1
41412 41412]0]1]3

[TocTaBuMO y BiANOBIAHICTH OMepallii J0JaBaHHS 3 €JIEMEHTOM
TPYIH a1, 32 TOTIOMOTOIO SIKOTO BU3HAYAETHCS TPyIa, MiJICTAHOBKY
0aa,...aq/

fo =

1
a,a,;a;, ... dy

s migcranoBka O3Hayae, mwo f (0)=0+a;=a;, ¥
a 1

(ar)=ai+ai=ai, f, (air)=aii+ai=ai,... f, (k-1)=aix1 +ai = ai.

Teopema 1. Bci ckinuenni nosHoyukaiuni abenesi epynu 00H020
i mo2o nopsoKy i30Mop¢hui Midic cobo10.

Anrebpa Ha3UBAETBCS ACOYIAMUBHO-KOMYMAMUBHUM Kilbyem 3
0OuHuyero, SKIIO BOHA abeneBa Tpyma BIIHOCHO omeparii
JoJlaBaHHA, abesieBa HamiBrpyma 3 OJUHMIECIO BiIHOCHO omepartii
MHOKEHHS 1 orepariii J0/1aBaHHS 1 MHOXKEHHS 3B’s13aHI 3aKOHOM
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nucTpuOyTuBHOCTI. HynbOBHIA €J1eMEHT aIUTUBHOT TPYITH KIJTBIIS —
HYJb KUTBLISL.

Kpunrorpadgiuna cucrema Ha OCHOBI rpyn i Kijgenb.
PosrnsiHemo sk MokHa TOOyayBaTH 3a rpynoto  GNg, sika 3a1aHa
Ta0IUIEeIo 3, acOIiaTUBHO-KOMYTAaTHBHE KUIbIlE 3 oguHuIeto KGs.
Ponp omuuuni Oyzae BimirpaBatu 1. 3a Tabmuiero gogaBaHHS 1
3aKOHOM JIUCTPUOYTHBHOCTI 3HAXOAMMO TAOJMIO JJIs oreparii
MHOKeHHs. JlificHo, ockunbku 1+1=3, 10 3-2 = (1+1) -2 = 242 = 4;
33 =(141) 3 ==343 =4; 34 =(1+1) 4 =4 + 4 =3;
3-5=(1+1)-5=5+5=0. Haui, ockinbku 1+3=5, To mictaemo:

5:2=(143)-2=2+3-2=2+4=5;5-3=(1+3)-3=3+3-3=3+4=0;
5:4=(143)-4=4+3-4=4+3=0; 5-5=(1+3)-5=5+0=5.

3a Tabmunero 3 maemo 5+1 =4 1 e 1ae 3Mory 3HalTH 3HAYCHHS
oreparlii MHOXKEHHS 3 eJIeMeHTOM 4, 3 eleMeHToM 4+1=2 i pemry
eaeMenTiB Tabaumi 4. Ockinpku 1+2=0, To 11e 03Hayae, IO BCSA
TaOJIUIT MHOXKEHHs ToOymoBaHa. JIerko mepeBipuTH, MO s
oriepallis 3aJI0BOJIbHSE TAKOXK 3aKOH acOI[laTUBHOCTI, ToOTO KGs—
acoIlaTUBHO-KOMYTATHBHE KUIBIIE 3 OJIMHUIICIO.

Tabmus 3 Tabmuus 4
+|0|1|2]|3|4]|5 *10[1]2(13]|41]5
0|01 ]|2]3|4]|5 0[0|]0]0|0O]O]|O
111(3(0[(5(2]|4 1012|345
2120|4153 210|214 1]3]|5
313(5]1(4]|0]2 310(3(4(4(3]0
414(12|5]0(3]1 410141313410
5(5(4)13(2]1]0 5/0|5]5]0]0]|5

Hexaii onepartist qoaBaHHS BU3HAUYEHA JJIs €IEMEHTa TPYIH d.
[To6ynoBa kinbist KGNi, BUKOHYETHCS 32 TAKUMHU aJITOPUTMaMHU:

ADD-TAB-KG(a,k)

0) 3anmectn B T+ mepmmii psSIoOK 1 CTOBMYUK pE3YyJIbTaTH
JI0/IaBaHHS 3 HYJIEM;

1) 3anectu B T+ psAOK 3 pe3yabTaTaMu JA0IaBaHHS 3 €IEMEHTOM
a (knrou 1),

2) Ilokmactu c=a;

3) B3saru B T eneMeHt ¢'=c+a;

4) JIns Bcix x 3aHecTd B T+ cymu ¢'+x=(c+a)+x=c+(a+x);
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5) loknactu c=c’, ¢'=c+a; Sxmo ¢'=0 to CTOII, inakmie Ha
KpOK 4).

MUL-TAB-KG(1,k)

0) 3anectu B T- psKY 1 CTOBIYMKH 3 pe3yabTaTaMH MHOKEHHS
HaOinal;

1) [Toknactu c=1;

2) B3saru B T enemenr c'=c+1;

3) nst Beix x 3anectu B T- moOyTku ¢’ *x=(c+1)x = c*x + x;

4) Iloknactu c=c'; ¢'=c+1; Sxmo ¢'=0, o CTOII, iHakmie Ha
KpOK 3).

Crnaownicmu 060x anroputmis O(k?), ne k — TOPANOK KilbII.

Ilpasunvricms aATOPUTMIB BUIUIMBAE 3 TOTO, 110 BCl €IEMEHTH
ci=a+a, c2=ci+a,..., Ck=Ck-1+a TPOOITaIOTh BCi EJIEMEHTH
abeneBoi rpyIH Ha MiICTaBl TOTO, 110 PIBHSAHHS a+X=>b B TPyl Mae
€IMHUI pO3B'SI30K. 3 1UX MOOYJOB BHIUIMBAE TaKWH  CIOCIO
mupyBaHHS 3 BUKOPUCTAHHSIM BJIACTUBOCTEH KUIbIIS:

RG-EN(k)

1) Bynyemo kinblie (a0 TUIBKU TPYIY) MOPSIKY k > 26;

2) 3amaroun Oiekifito f (kawoy 2) MK eleMEHTaMU KUIbI 1
CUMBOJIaMH andasity, muppyemo TekcT T 3 BAKOPUCTAHHAM OJHI€T
abo 000x TabIuIk.

RG-DE(T)

1) PosmmdpyBaHHS BHUKOHYETHCS B 3BOPOTHOMY HOPSIKY:
3HAXOJAMMO 3Ha4eHHs f | Ha eneMeHTax mupporpaMu i Kiioya; Ha
OCHOBI TaOJIUIE KIIBII

MOBHICTIO JIeMHU(PYEMO OTPUMAHUI TEKCT.

Cmitikicmb aneopummy: OCKUIBKH TIpH BU3Ha4YeHHI rpynu GNi
MOPO/IKYIOTHCS BC1 €IEMEHTH, TO MPOCTIP KIIIOUiB, SIK BUIIUBAE 3
teopemu 1, cxmamarume (k-2)! BapianTiB. JlificHO, KUIBKICTh
croco0iB, SKUMHU MOXXHA 3a/JaTH KIIOY, JOPIBHIOE KIUTBKOCTI
130MOpGi3MIB Tpym k-r0 TOPSAKY, a II€ KIUIbKICTh CIOCOOIB
yrnopsakyBaHHs (k-2)-ene-MeHTHOI MHOXUHHM (ermemeHTd 0 1 1
MaroTh (hikcoBaHi nmo3uuii). Hymepartiis cumBouniB angasiTy Moxe
BUKOHYBATHCS 1/ cCioco0amu, Jie n — KUTbKICTh CUMBOIIIB ali(paBiTy.
OTtxe, mpocTip kitouiB — (k-2)!n!

Takum 9MHOM, JICTaEMO MOHOAN(DABITHY KPUIITOCHCTEMY, SKa
noaiona no cuctemu Bixenepa [4]. Tekct mokHa 3ammdpyBaTti 3
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BUKOPHUCTAHHIM TaOJMIN JOJaBaHHS 1 MHOXeHHS. JIjis 1boro
noTpibHo, mo0 eneMeHTH A00YTKYy Oyiau AUTbHUKAMH OJMHHUII B
KGNi. MHOXWHA TUJILHUKIB OJIMHHMIII B KUTBIT — abeneBa rpyma [1].

Teopema 2. Ckinuenne acoyiamuHo-KOMymamuene Kiivye 3
00u-Huyero k-20 nopsaoKy, aoumuena epyna AK020 NOGHOYUKIIYHA,
mae @g(k) oinvruxie oounuyi, oe @ — ¢hyukyisn Otinepa.

Josedenns. Po3rnsiHeMO Z; — KUblLie JHIIKIB 32 MOIYJIEeM K.
AUTHBHA Tpynma IbOro KUIbLA MOBHOUMKIIYHA. J{IIbHUKH
OJIMHUIIl B Zi — 1I€ €IEMEHTH B3a€MHO IPOCTi 3 MOJYJIEM KUTbISA K,
a BCIX Takux enemeHTiB 0yne @ (k), ne ¢ — pyHkuia Oisiepa. Ha
migcraBi Teopemu 1 icHye i30MOpdi3M MiXK KiTbLEM JMIIKIB Zk 1
kinbeM KGNg, SKuii € T[pOJOBXKEHHSIM 130MOp(dizMy Mixk
QIUTUBHUMH TpyNaMu [HX Kurenb. OTxke, MyJbTUIUTIKATHBHA
rpyna KGN mae nopsnok ¢(k).

SIkuio BUOpaTH MOPSIOK KIJbIS Tak, 00 ¢(k) Oylio BEIUKHM,
TO B IIi¥ cHucTeMi MOKHA BUKOPUCTOBYBATU (DYHKIIIIO TUCKPETHOTO
nmorapudmy i oOMiHY KItouamMu. Bigomo, mo Halkpammm
MOPSAZIKOM Kinblist € k=p™, ne m > 1, p — HemapHe npocte yucio [4].
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IMOCTPOEHUE U CBOMCTBA MATPHUIIbI
PEBEPHBIX PA3ZPE30B I'PA®A
Kypanos C.B., Henacasa A.B., [launosckuii M.B., [Tomrora C.1.
3anopooicckull HAYUOHALHBIU YHUBEPCUMEM
Hayuonanvnulii ynusepcumem «3anoposscckas noiumexHukay
3anopoocckuii 001aCMHOU UHCMUMYM NOCIEOUNTOMHO2O0
neoazo2uueckoeo 00pa3o8aHusl

CONSTRUCTION AND PROPERTIES OF THE
GRAPH EDGE SECTIONS MATRIX

Abstract. An edge section is defined by an edge and central sections incident
to it. In contrast to the generation of iterated edge graphs, we consider an iterated
chain of quali-sections of the original graph. It generated by edge sections and
determined by the recurrence relation. The report considers the issues of
constructing the matrix of sections D of a graph G. The connection of the matrix D
with the matrices of incidents and adjacencies of the graph is shown, and methods
for the formation of other graph structures are described. The questions of
isomorphism of the main edge sections of the graph are considered.

B noknazme paccMaTtpuBarOTCS BOTPOCHI MMOCTPOEHUS TTOJHOTO
uHBapuaHTta rpada[l,2]. laHo ompeneneHue MOJHOTO MHBApHAHTA
rpaga. OnuchIBarOTCS CBOMCTBAa MaTpHIlsl pa3pe3oB D rpada G.
Marpuna paspe3oB rpada D sBnsercs Oojiee yHHBEpCaTbHOU
MaTpuleH, TaK KaK BKJIIOYAET B c€0s1 CBOMCTBO MaTpPUIl CMEKHOCTEN
U MHUUAEHUUH. JIOMOJHUTENbHBIMM CBOMCTBAMHM MaTpulsl D
SBIISIETCST BO3MOXXHOCTH ONKCAaHUSl IIEHTPAJbHBIX pPa3pe30B U
OCHOBHBIX peOepHbIX pa3pe3oB rpada. [lokazaHa He3aBUCHUMOCTb
MIOCTPOCHHSI CTPYKTYPHI OCHOBHBIX pPEOEpHBIX pa3pazoB rpada OT
NepeuMEeHOBaHMs BepIIMH. B nanbHeiileM JaHHOE CBOMCTBO
UCTIONB3YETCS JUTS IOCTPOCHHS TTOJTHOTO MHBapHaHTa rpada.

PaccmoTpenbl Bompockl M30MOp(H3Ma OCHOBHBIX PEOEPHBIX
pa3pe3oB rpada. IlpencraBieH anropuTM  paccro3HaBaHUS
uzomopdusma rpadoB Ha OCHOBE BBIOOpPA COOTBETCTBHS MEXKIY
OCHOBHBIMH pebepHbIMU pa3pe3amu rpadosB. Jlokazana Teopema 00
n3oMop(hu3Me OCHOBHBIX pEOEPHBIX pa3pe3oB ABYX IpadoB.

Breneno noustre ob6paTHOTO IPeoOpa3zoBaHus sl JIEMEHTOB
criekTpa pedepHBIX pa3pe3oB rpada. PaccMoTpensl cBoiicTBa rpada
JUI LIETIOYKH peOepHbIX pa3pe3oB pedpa Ha OCHOBE OOPAaTHOTO
npeoOpa3oBaHusi peOepHbIX pa3pe3oB. [lokazaHa OJHO3HAYHOCTH
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TAHHOTO TIpeoOpa3oBaHMs, Kak B TMPSAMOM, TaK MU OOpaTHOM
HampaBieHusx. JlokazaHa TeopemMa 00 u30MOpQHU3ME CHEKTpa
pebepHbIX pa3pe3oB rpadoB. Ha ocHOBaHMH TOKa3aHHOTO CTPOMTCS
TMIOJIHBIN UHBAapUAHT rpada.

[TonHpii wHBapuaHT Tpada BKIOYACT B ce0S HE TOJIBKO
CYMMapHBI KOPTEK BECOB, HO JTOJKCH BKJIIOYATh U KOPTEIKU BECOB
JUISL KQXKJIOTO YPOBHSI CHEKTpa peOepHBIX paspe3oB. OJHAKO, s
MOJIY4EHUsI KOPPEKTHOTO MPAKTUYECKOTO pe3yibTaTa JOCTATOYHO
MPUMEHSTH TOJIBKO CyMMapHBIA KOPTEX BecoB. J[isi mintrocTpanmu
OCHOBHBIX  TOJIO)KCHHH  METOJa IPUBEACHO  HEO00XOIUMOe
KOJIMYECTBO MMPHUMEPOB.
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MAIIWHHE HABYAHHS Y TPOLIECI IPUMHSTTS
PILLIEHb
Mansip M.M., Mansp-T'azna H.M., llapkani M.M.
JBH3 «Yiceopoocvruil HayioHanbHULl yHiGepcumemy

MACHINE LEARNING IN DECISION-MAKING
PROCESS

Abstract. Machine learning is a unit of a fairly broad field of science that
studies artificial intelligence. Related algorithms are used to solve problems that
often make it difficult or impossible to come up with an explicit algorithm for
solving them.
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OcTaHHIM 9acoM Bce OUIBINY yBary 3aciayroBYIOTh MpoOjeMu
NOB’s13aHI 3 NPUHAHATTAM pimeHb. [lpuiiMaroum pimeHHs, SK
MpaBUJIO, CTHKAIOThCA 3 TMpoOsjeMaMu IOIIyKy iHdopmariii.
Mamwunanae HapuanHsi (MH) — 11e mporiec 3acTOCyBaHHS aaTrOpPUTMIB
JUIT  aBTOMaTUYHOTO 3HAXO/DKCHHS 3aKOHOMIPHOCTEH Y JaHUX
1 BUKOPHUCTAHHS 1X JIJI MPUKMHSATTS BEJIUKOI KIJIBKOCTI OJHOTHITHHX
pimeHs. MeTo/1iB MalIMHHOTO HaBYaHHsI ICHYE ayske 6arato. Tomy,
Ha0araTo BaKIIUBIIIE PO3YMITH, KOJIM BUKOPUCTAHHS TUX YU 1HIIUX
METOJIB OyJae HaWOULIbII AOMUIBHHUM. 3 HAYKOBOI TOYKH 30Dy
MaIllMHHE HaBYaHHS — II€ IIPOILEC MOJCIIOBaHHS, HACTPOMKHU
mmapaMeTpiB, IMATOTOBKM JaHUX 1 ONTHUMI3alii KoMIoHEHT. L[iib
MAIIMHHOTO HABYaHHS , K JIOCIITHUIIBKOTO MPOIECy, IIe MONIYK
ONTUMAJIBHUX BIAMOBICH Ta MPOrHO3iB. MalluHHE HaBYaHHS €
IHIYKTHBHAM HaBYaHHSM a00 «HABYAHHS 3a IMPEICHICHTAMH» Ha
OCHOBI Map «00’€KT — BiAMOBIbY», OCKIIBKA B OCHOBHOMY BYHMO
MaIllMHy BYMTHCS Ha TPUKIAAAX, CIIOCTEPIraTH BEJHKY KUIBKICTh
OPUKIAIIB 13 pealbHOrO KHUTTS, OyayBaTH Ha HUX MOJE,
MIEPEBIPSATH Ta 3aCTOCOBYBATH iX HA MOJATBIIAX MPUKIIATAX.

3aBmanna MH Burisgae Tak: ysaBiMo coOi, 1[0 B HAC € TIEBHUI
Ha0ip 00’€eKTIB-MPUKIIAIIB 1 IEBHUN HaOlp MITOK, TOOTO, peaxii,
BignoBigei. 3agaua MH — 3HaliTH NMpuXoBaHy 3aJe€XKHICTh MIiX
MPUKIAIaMU(CIIOCTEPEKEHHAMHI) 1 BIANOBIAAMU(PEAKLISIMH) IS
MPOTHO3YBaHHS BIAMOBIiJIEH Ha OCHOBI HOBHX JaHUX. MaTeMaTH4He
dbopMyITIOBaHHS Ta MOJEIh TaKOl 3aJadi BHUIIAAE HACTYITHUM
YUHOM:

Hexaii X - geska MHOXHHA, €IEMEHTH SKOI HA3UBAIOTHCS
o0'ekTamu ab0 TIPUKITaaMH, CUTYaIlisIMH, BXo1aMu (samples); a ¥ -
MHOXXHHA, €JIEMEHTH SKOi Ha3WBaIOTHCSA  BIAMOBIAIMH 200
BIITYKaMu, MiTKaMu, Buxoaamu (responses). IcHye nesika
3QJICKHICTh (JeTepMiHOBaHA 1 IMOBIpPHICHA), IO JO3BOJIAE 3a
einementamu X € X mepembauntd  y€ Y. 30kpema,  SIKIIO

. . . . %
3AJICKHICTh JIeTepMiHOBaHa, TO icHye QyHkiisi@ : X — Y
3ajeXHICTh BiJOMa TIJIBKM Ha 00'€KTax HaBYaJIbHOI BHOIPKU
{(x7, y(i)): P eX, y(i) €Y (i=1,...,N)} N - ximbkicts

00’€KTIB y HaBYaJIbHIN BUOOpI. YmopsiakoBaHa mapa "o0'€kT —
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Bi,I[HOBi,I[I)"{(X(i), y(i)): xP e X x Y} HA3UBAETHCA

npeneaeHToM. [loTpiOHO BCTAHOBUTH 3aJICKHICTh MiXK BXOJIOM 1
BHUXOJIOM Ha OCHOBI JJaHMX HAaBYAJILHOT BUOIPKH.
Moienb 3a/1a4i MAIIMHHOTO HABYAHHS 32 MPEICICHTaMMU:
3aoano: MHOXHHA 00’exTiB X 1 MHOXMHA Bignosigeit Y .

Bioomo: naBuanpbHa BHOIpKa {x(i) e X, (i=1,...,.N)} i
BIJIIOBIAHO BIAIOBII

Ha I BI/I6ipHi{y(i) = y(x @ ): yeY (i=1,...,.N)} .

3naimu : anroputm a: X — Y, T06TO anroput™ moOyao0BH
supimanshoi ¢pynxuii @ € D, sxa nabmkye, HalGiTbII TOUHO,

ye Y He TiIbKM Ha HaBYAIBHIN BUOOPII, a i Ha BCiit MHOKHHI X

Jlost pi3HuX THITB 3a1a4 MHOXHHA 00’ exTiB X 1 Biamosigei Y
MOJK€ 3a/1aBaTUCh 110 pi3HOMY. Hanmpukuman, ans 3aaayi kinacudikaiii:
Y={—-1;+1} - xnacudixauis ma msa xmacu; Y ={1,...M} -
knacudixanis na M xnacy, sxi He nepetnnatotses; ¥ ={0;1}" —
knacudixanis ma M xmacu, ski  nmepermHarorhes. [ 3amadi
perpecii : ¥ = Ra6o Y=R"™; nna zanaui pamwxysanus Y —

CKiHUEHA BIIOPSAAKOBAaHA MHOXHHA. MHOKHHA 00’€kTiB X , sK
MIPaBUIIO, 33J]A€ThCS HE CAMUMH 00’ €KTaMH, a X onucamu. HaitGimpI
HOLIMPEHHUM € 03HaKoBHi onuc. O3Haka(feature) f 06’ekra x € X

— 1€ Pe3yJIbTAaT BUMIPIOBAHHS JICSIKOT XapaKTEPUCTHKH 00’ €KTa X .
IIpu Takomy mizxomi 00'ekTX € X TpeNCTaBIAETbCA K BEKTOP
X= ()Cl s Xy seues Xy ) , k —  KUIBKICTB ~ O3HaK, a
X, =fj (x),(j=12,....,k). dopMansEHO O3HaKa e
BimoOpaxeunss f : X —> D i ae D ;— MHOXKHHA JOIMyCTHMHX

3HAYeHb O3HAKHU.

MarmmHHe HaB4aHHS — 1€ MAPO3/I1JT TYYHOTO 1HTEIEKTY, SKUH
po3risiae  MoOYyAOBY QIrOPUTMIB, SKi MOXYTh HaBYaTHUCS Ha
HasBHUX naHuXx[l- 4]. HaBuanHs — e piy, 3HaliomMa Oynb SIKii
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JIIOJTMHI, OCKIJIBKH JIFOJM HABYAIOTHCS IMIOAHS 1 TTOKa3yIOTh Y IIbOMY
nporieci mpekpacHi pe3yiabrati. CrocTepiraloyn 3aKOHOMIPHOCTI B
3MiHI CEpe/IOBHUINA HABKOJIO, BOHM KOHCTPYIOIOTH IEBHY MOJICIb
3MIHM IBOTO CEPEJOBUINA 1 MPUUMAIOTh Ti YW 1HII pILICHHS.
CepeioBuIIe MEBHUM YHHOM pearye Ha MPUHHATI PILICHHS 1 JIFOIU
3HOBY KOPEryIOTb MOJENIb CBITy. MallliHHE HaBYaHHS J03BOJISE
3HAaXOAUTH 3aKOHOMIPHOCTI B ICHYIOYHX JIaHHUX, I00 IOTIM
nepeadavaT¥ noTpioHy iHPOpMAIlio I HOBUX 00'€KTIB.
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METO/ KJIACTEPU3AIIIl KOPUCTYBAUIB
COITAJIBHOI MEPEKI HA OCHOBI HEMPOHHHUX
MEPEXK

Menemko €.B., [Ipeesa I'.M., JIpees O.M.
Llenmpanvrnoykpaincokuil HAYiOHATLHUL MEXHIYHULL YHIgepcUumem

Abstract. In this work, propose the user clustering method for a social
network based on the multilayer feedforward neural network to identify bot
networks on a web-resource
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Knacrepuzamiss — me mporec 00’€IHaHHA y TPyNH Pi3HHX
00’ €KTIB, 110 MAIOTh CXO0XK1 BIIACTUBOCTI.

[cHYOTh  pi3HI TPUYMHM  3IIHCHIOBATH  KJIACTEPHU3AIII0
KOPHUCTYBa4iB COLIATLHUX MEPEX, HABEAEMO JIEKIJIbKa 3 HUX:

— B MAapKETUHTOBUX LIISAX — PO3AUIUTH Ha TPYMU AJIs MOKazy
KOXHII OKpeMili TpyIi BiAMOBIAHOT TapreTOBaHO1 pEeKIaMu;

— JJIA TIOIIYKY OOTIB — PO3AUICHHS] KOPUCTYBadiB Ha JIBi TPYIIU:
aBTEHTHYHI Ta 00TH, — JUIS MOJANBIIOI HEeHTpamizalii AisIIBHOCTI
0OTIB;

—3 METOI0 COUIaJIbHUX JOCIIDKEHb — UISl  AOCHIJKCHHS
CTPYKTYPH PI3HHUX COLIIaJIbHUX MEPEXK Ta MIAMEPEK.

Krnacrepusamisi gaHMX Ha OCHOBI  HEHPOHHUX  MEpex
BUKOPUCTOBYETHCS JIOCUTH JAaBHO, BIJOMI peainisallii 3aCTOCOBYIOTh
mepexi Koxonena, Xemminra, ART-mepexi, Mmepexi mOpsMoro
MOITMPEHHS 3 TIIMOOKMM HaBYaHHSM [1].

Y naHiii  poOOTI TPOMOHYETHCS METOA  KJIacTepw3arlil
KOPUCTYBauiB COLIaJbHOI Mepexki 3 METOI BHSBIEHHS OOTiB, IO
3I1MCHIOIOTh HAKPYYYyBaHHS PEUTHHIIB JeSKUM 00’€kTam cailty. Y
CHEIiali30BaHUX COIlIaIbHUX Mepexkax, /10 SKHX MOXKHAa BIJIHECTH
Mepexi I moOuTeniB (UIbMIB, KHUT, TOIIO, YacTO HAJA€ThCA
MOJKJIUBICTE OIL[IHIOBATH KOHTEHT B I’ ATHOAIBHIN YM 1HIIINA CUCTEMI.
BucrapneHi OILIHKM BIUIUBAlOTh HA PEUTHHI 00’€KTIB, L0 4acTO
BHUKOPHUCTOBYIOTh TPETI 0COOM JJIS MiABUILECHHS PEUTHUHTY IIIBOBUX
00’€KTIB 3a JOMOMOI0I0 MEpeX OOTIB 3 METOI0 IPOCYBAHHSI IEBHUX
ToBapis [2, 3].

Byno po3pobneno GararormapoBy HEMPOHHY MEPEKY MPSIMOTO
MOIIUPEHHSI, ISl KJacTepu3allii KOpUCTyBaviB 3 METOI0 BUSBICHHS
00T-MepeK.

SIk BXiAHI JaHi A7 MITy4YHOI HEWPOHHOI Mepexi Oynu oOpaHi
HACTYITHI TOKa3HUKU MPO(1IiB KOPUCTYBAUIB:

— MiHIMQJIbHUN 9acOBUH 1HTEPBA MiXkK BUCTABIICHHSM OLIIHOK;

— MAaKCHUMaJIbHUH YacoBHIl IHTEpPBAIM MIX BHCTABICHHSIM
OI[IHOK;

— CepeIHE 3HAYEHHS 4YacCOBUX IHTEPBAJIIB MK BUCTABJICHHSM
OI[IHOK;

— CEepeIHbOKBAIPATUYHE BIIXWUJICHHS TPHUBAJIOCTI IHTEPBAJiB
MIXX BUCTaBJIEHHIM OILIHOK;
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— MiHIMaJIbHA OIlIHKA y TIpodii;

— MaKCHUMaJlbHa OI[iHKa Y Tpodii;

— CepelHE 3HAYEHHS OI[IHOK y MpOodiJi;

— CepeAHbOKBAAPATUYHE BiIXUJICHHS 3HAYCHD OL[IHOK Y IPOQ1iIi.

Po3poGiiena HelipoHHa Mepeka MICTUTh HACTYIIHI IPOILAPKH:

— BXIJHHIA — 8§ HEHPOHIB, 110 OTHOMY Ha KOXKEH MMOKa3HUK.

— NPUXOBaHUU — 32 HEHPOHH.

— MPUXOBaHUH — 32 HEHPOHIB.

— MIpUXOBaHUH — 8§ HEHPOHIB.

— BUXITHUHA — 2 HEHpOHHW 3 (YHKIIEI aKTUBAIll «softmaxy.
[ToBeprae HMOBIPHICT HAJIEXKHOCTI KOpPHCTyBaua 10 AayTEHTUYHOI
rpymu abo 10 rpymu O0TiB.

s BHYTpIIHIX 11apiB Oy/I0 BUKOPUCTAHO (DYHKIIIFO aKTHBAIi]
curmoina. B sikocTi anroputMy HaBUaHHS MEpeXi 0OpaHO arOPUTM
Anam [5]. Anroput™m onrtuMmizamii AaM pO3IIUPIOE AITOPUTM
CTOXaCTHYHOTO TPaJiEHTHOTO CITyCKy Ta OTPHMMAaB B OCTaHHIH dac,
HIMPOKE PO3MOBCIOIKEHHS Y CHUCTeMax 3 MMOOKUM HaB4aHHAM. Bin
BIJIPI3HAETHCS BIJ KJITACHYHOTO CTOXACTUYHOTO TPAIEHTHOTO CITYCKY
HasIBHICTIO 1HAMBIyalbHUX aJalTUBHUX IIBUJIKOCTEH CIYCKYy st
pI3HMX TIapaMeTpiB 3 OI[IHOK MEpuIoro 1 JApPyroro MOMEHTIB
TpaJi€HTIB.

Jns peanizanii HeHpoOHHOI Mepexi BUKOpHCTaHa O10mioTeka
tensorflow [6] Ta MoBa mporpamyBaHHs python.

Poboty HeliponHOi Mepexi Oyino mpoTtectoBaHo Ha MovieLens
Mozenel iHdpopManiifHuX aTak po3nIAHYTUX Y [2].

Pesynbpratu eKciepuMEHTIB MOKa3aJid, 1[0 TOYHICTh BUSBICHHS
aTak Mepexi OOTIB CTAHOBUTH B cepeHboMy 98% it Mojieneit atax,
AKi TPAKTUYHO HE BUKOPHCTOBYIOTH CTATUCTUKY il CIPaBKHIX
KopucTyBauiB, Ta 75% s CKIQAHUX MOJCNEH arak, sKi
BUKOPUCTOBYIOTh CTaTUCTUKY il KOPUCTYBadiB, SKY MOXYThb
310patu TpeTi 0coOu Ha BeO-pecypci, M0 aTaKyeThCs.

BucHOBKH. 3anponoHOBaHO METO/T KJTacTepH3allii KOpUCTYBadiB
coIlialbHOT MEpeki Ha OCHOBI OararomrapoBoi HEHPOHHOI Mepexi
OpsIMOTO TOIMpeHHs. J[aHWii MeTON T03BOJISIE BHSIBUTH MEPExKi
0O0TiB, SIKI HAMArarOTHCS MIBUIIUTH PEUTHHT IIJTbOBUM 00’ €KTaM Ha
BeO-caiiTi. BuacHe BUSBIEGHHS Ta 3HEIIKOIKEHHS MeEpex OOTiB

88



JT03BOJISIE 3HAUHO MiABUITUTH 1H(OpMaIIiitHy Oe3mneKy BeO-pecypcey.
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METO/JU OINIHKHA AKOCTI POBOTH AJITOPUTMIB
MAIINHHOI'O HABUYUAHHA
Meneniko €.B., SIkumenko M.C., Pe3niuenko B.A.
Llenmpanvnoykpaincokuil HAYIOHATLHUL MEXHIYHUL YHIBEepCUmem

Abstract. In this work, the research of various metrics and methods for
assessing work quality of neural networks was conducted. Methods of forming test
samples for testing neural networks after the training were considered.

MeToan MamIMHHOTO HABYaHHS MOYNHAIOTH BUKOPHCTOBYBATUCS
JUISL BUPIIIEHHS BCE OUTBIIOT KUTBKOCTI HAyKOBO-ITPAKTUYHHX 3a7ad.
OnHuM 3 HalOUIBII MOMYJASPHUX METOJIB MAIIMHHOIO HaBYaHHS €
HepoHHI Mepexi. BaxmBoro 3amadero mpu moOynoBi HEHPOHHHUX
MEpeXK € OIiHKa AKOCTi iXx poOoru. B 3arampHOMYy BUMagky uis
JOCTIKEHHS SIKOCTI pOOOTH HEHPOHHOI MEpeXi BHKOPHUCTOBYIOTh
CepeTHbOKBAIPATHYHY ITOMUJIKY:

1
= Y G (1)

|T | (u,i)er

RMSE =

A€ X, — BUX1THUU BEKTOP HEMPOHHO1 MEPEK1, a X, ; — NEPEBIPOIHI

JIaHi, 1[0 MICTATH BipHY BiJMOBIIb.
Takok BHKOPUCTOBYETHCS CEPETHS a0COFOTHA MTOMHMJITKA!

Z fcui - xui| . (2)

MAE = —
|T| (u,i)er

Sxmo HeWpoHHa Mepeka 3IIHCHIOE KiacTepusaliiio ado
knacudikaiiro 00’€KTIB BaXKIMBO OIIHUTH TOYHICTH Ta MOBHOTY
pe3yNbTaTiB po30UTTS 00’ €KTIB HA TPYIIH.

VY BUmNaKy po3aiieHHs 00’ €KTiB Ha JAB1 TPYITU MOXYTh OyTH Taki
pe3ynbTatu podotu Mepexi (tabdm. 1):

— OO0’ €KT HaJICKUTBH JI0 TPyNHU A, KJIacH(iKOBaHO BipHO (1p).

— O0’€eKT HAJICKUTD 710 TPYyNHU A, Kiacu(dikoBaHO HEBIPHO (fp).

— OO0’ eKT HaJIGXKUTH /10 rpynu B, knacugikoBano BipHO (fi).

— O0’€exT HAJISKUTD 110 Tpynu B, kitacudikoBaHo HEBIPHO (1n).

Tabmumst 1. Knacudikamiss MOXIMBHX pe3ylbTariB poOOTH
HEHPOHHOI MepeXi PH KiacTepusallii 00’ €KTiB Ha JIBl TPYIH
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I'pyna A I'pyna b
Bipno True-Positive (1p) False-Negative (fin)
Hegipno | False-Positive (fp) True-Negative (tn)

B Takomy pasi MOXHA mifpaxyBaTh KUIBKICTh MOIIH, IO
BI/IMOB1TaI0Th KOXKHIM 3 KOMIPOK, Ta HA OCHOBI OZICP)KaHUX 3HaYEHb
OLIHUTH TOYHICTh POOOTH PEKOMEHIALIWHOI CHUCTEMH 32 TaKUMHU
[MOKa3HUKAMH:

)
Precision= _P , 3)
I+ fp
.. p
Recall(True Positive Rate)= ———, 4)
p+ fn
Accuracy= prin ) 5
tp+tn+ fp+ fn

ercision- recall
Fy =+ p2)—2 (©)

(,82 - percision) + recall .

Precision xapaKTepu3ye TOYHICTbH poOOTH HEHPOHHOI Mepexi,
Recall — moBHOTY (Y4yTIUBICTBb) pe3ynbTaTy. Accuracy — 4acTka
BIpHUX BIJIIIOBIe HEHPOHHOI Mepexi. F-Mipa 00’elHye precision U
recall B arperoBanuii moka3HUK SKOCTI, f/ BU3HAYa€ Bary TOYHOCTI Y
MeTpHlli, YacTo OepyTh HACTYIHE 3HAUEHHA ff = 1.

Takox B JESIKMX BUMAJIKaX KOPUCHUM MOKE OyTH BHU3HAUCHHS
HACTYITHOI METPHUKHU:

fp

fp+tn ’ ™

False Positive Rate =

IO TOKa3ye, Ky 4acTKy 3 00’eKTiB rpynu b anroputM BU3HAYUB
HEBIPHO.

Hns  xmacudikaropa, 10 OIIHIOE HMOBIPHICTH ﬁ(y|x)

MIPUHAJICKHOCTI 00’ €KTY X 10 OHOTO 3 MHOKHHH KJIaciB Y, /1€ KJ1aciB
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OlbIIIe, HIXK J1BA, MO’KHA BUKOPHCTATH HACTYITHY (POPMYITY:

N
Likelyhood(p) = Hp(yn|xn ) (8)
n=I
Ta OLiHKY bpiepa:
1 N C 5
BS =—3 Y (tlyy =c]- ply =, )", )
N n=lc=1

Jlnst TecTyBaHHs poOOTH HEHPOHHOT Mepexi J1y’Ke BaXIJIUBOIO €
3amava migbopy tectoBoi BuOipku. Ilorano migibpani TecToBi naHi
MOXYTh JaTU HEBIPHY OI[HKY $KOCTI pOOOTH alrOPUTMY
MAIIMHHOTO HAaBYaHHS, 30KpeMa, HE BHSIBHTU pPSJ  TTOMHIOK
kiacudikarii.

IcHye nexinbka miaxoniB 10 GOpMyBaHHS TECTOBUX BHOIPOK:

— Hmosipuicna modens Oanux — TecToBa BHOIpKa MOBHHHA
BioOpakaTd OCHOBHI BIIACTHBOCTI T€HEPAIBHOI CYKYITHOCTI.
BaxymBuM €  HMMOBIPHOCTI TOSBH PI3HUX OO’€KTIB y BHOIpII.
ﬁMOBipHiCTL OB OO’EKTIB IOBHMHHA HaOMKATUCSI IO
HMOBIPHOCTI iX TOSBM MiJ Yac poOOTH Mepexi 3 pealbHUMHU
3a/auaMu. Tak alirOpUT™M HaBYCHHI Ha OJIHIM BUOIPII MOXKE IMOTaHO
IpaloBaTH Ha APYriil BUOIpI 3 1HIIUM PO3MOALIIOM HMOBIpHOCTEH
MOSIBU 00’ €KTIB.

— Keiicosa modenv 0anux — yBech IPOCTIp MOKIMBHUX 00’ €KTIB
po30uBaeThcs Ha Aesiki kedcu. KoxHuil 00’€KT XapaKTepu3yeThes
(bYHKII€I0 TPUHATIKHOCTI /IO TIEBHOTO KEHCY, a Keic — BayKJIMBICTIO.
Bceepeauni onHOro keiicy Mo)kHa BHUKOPHUCTOBYBATH HMOBIPHICHY
Mojens naHux. [Ipy BUKOpUCTaHHI JaHOI MOJENi CTaloTh OULIBII
3pO3YMIJTUMU 3arajbHi BIACTUBOCTI CHCTEMH, [0 TECTYETHCS.

CrniocoOu reHepailii TeCTOBUX JaHHX:

— Bubipxa 3 6a3u 06'ekmis — 30ip Ta MapKyBaHHS 1CHYIOUHMX
00’exTiB. Bci 00'ekTH MOKHA pO30UTH Ha TPy, NIPUUIOMY 00'€KTH
BCEpEANHI TPYMH OyIyTh CHJIBHO CXOXI, a 00'€KTH 3 PI3HUX TPy —
BIZIpI3HATHUCS. SIBISETBCA JOCUTH Ipale3aTpaTHOIo 3anadeto. He y
BCIX BHITaJIKAX MOXHA MIBHJIKO 310paTtu MOTpiOHY JJI1 HaBYAKOUYOi
BUOIPKU KIJTBKICTh JaHUX.

— 3axkonomipua moougikayis 606azoe020 06'ekma. € HaOIp
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0a3oBux 00'ekTiB, TecToBa BUOIpKa (QOPMYETHCS MUIIXOM
OesmepepBHoi Monudikamii ix mnapamerpiB. Ilpm BUKOpHCTaHHI
JTAHOTO METOJy y TECTOBIA BHOIpIIl CTIHKO 30epiraerbcsi BeIUKa
KUTBKICTh (JOHOBHX 3aKOHOMIPHOCTEH.

— Ilpoepamua eenepayis. I'enepallisi CHHTETUYHUX HaBYaJIbHUX
JAHUX 32 IEBHUM AJITOPUTMOM. SIKIIIO peabHO MOXKITBA JIMIIE Majia
yacTHA 00'€KTIB 3 MPOCTOPY MapaMeTpiB reHeparii abo HanOIbII
THUIOBI 00'€KTH MalOTh CKJIQJAHY KOH(DIrypairo, METo]l BUSBISETbCS
Hee(DeKTHBHMM, TakK sIK 3reHepye O6arato 0e3riy3auX 1 Majio IIMCHO
BOXJIUBUX JIAHUX.

— Cemnnyeanns. [lokIMKaHe MMOI0IATH HEJIONIKH MOTIEPEAHBOTO
METOAY. 3MIMCHIOETHCS IESIKU anpiopHUN pPO3MOIT B MPOCTOPi
00'€KTIB, 1 aJTOPUTM HAMAraeThCsl 3T€HEPYBAaTU BUOIPKY 3 JAHOTO
po3moiTy. 3aCTOCOBYIOTBCS METOOW BHOIPKH 3 BIIXHICHHSM,
cemrutyBaHHs 1o [160cy, cxema Metpononic-I'acTunrca, naHIoru
MapkoBa, wmerox  Monte-Kapmo, Ttomo. JlaHi  meroam
3aCTOCOBYIOTHCS AJII TOTO, MIO0 MOCHIKYBaTH HE BECh MPOCTIp
00'eKTiB, a TIJILKU HOTO HAKO1IbII OCMHUCIIEH] YaCTHHH.
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MOPIBHAJIBHUI AHAJII3 MOJEJIEN XIMIYHUAX
CIIOJIYK JIJIA 3AJAY NOIIYKY ITEHTUYHOI
CTPYKTYPH
Ocranenko O.0., Yana JI.E.

Xapxiscokutl HAYIOHATbHUL YHIBEpCUMem PpadioeleKmpOHIKU

COMPARATIVE ANALYSIS OF CHEMICAL COMPOUND
MODELS FOR AGENDAS OF IDENTICAL STRUCTURE
SEARCHING

Abstract. The analysis of the existing models of chemical compounds was
performed, the structural formula, molecular graph, linear notations as well as
direct coding of the adjacency matrix were used in the survey. Analyzing it is
determined that the molecular graph is the most effective for performing the search
operations of the identical structure. The search problem is formalized in terms of
graph theory as finding the largest isomorphic subgraph. To estimate the
proximity, relative distance functions that depend on the size of the graphs and
their largest common subgraphs were used. The proposed approach to the
estimation of the degree of proximity of chemical compounds based on the step and
route characteristics with the determination of the degree of proximity allows
reducing the number of comparisons in the search.

[Iporuo3yBaHHs BIACTUBOCTEH XIMIUHUX CHOJYK 0a3yeTbcs Ha
BUSIBJICHH] 3aKOHOMIPHOCTEH B CXeMaX 3B’SI3Ky aTOMIB B MOJICKYJI.
Ile nmotpebye oOpoOKM BENUKHX OOCATIB XIMIYHHUX JaHUX, TOMY
aKTyaJbHOIO € mpobiieMa Qopmarizaiii MpeJACTaBICHHS CIOJIYK B
3aJIeKHOCTI BiJl X CTPYKTYpH.

MeTo0 JOCHIIKEHHS € TMOPIBHSUIbHUN aHalli3 1CHYIOUHX
MaTeMaTHYHUX MoOJeNell XIMIYHMX CIOJyK 3 TOYKH 30pYy
MOKJIMBOCTEH 1X KOMIT'IOTEpHOi OOpOOKM Ta BHU3HAYEHHS
epEeKTUBHUX MEXaHI3MIB TMOIIYKY I1AEHTHYHUX CTPYKTYPHHUX
(dbparMeHTiB B XIMIYHUX CTIOJTyKaX.

PosrnsiHemMo icHyrouM 3aco0M TPEACTaBICHHS CTPYKTYpH
XIMIYHUX crnoiyK. JIBomipHa CTpyKTypHa (opMyna — IOCTaTHBO
HATJISITHUN Ta TOCUTH MOIIMPEHUN 3aci0 MpeCTaBICHHS XIMIYHUX
CIIOJIYK, ajie HeMpUIATHUN It 30epiraHHs Ta oOpoOKH B XIMIYHHX
6a3ax manux. Yepe3 e mnpu KOMII IOTEpHIA 00poOmi XiMiyHOI
iHpopmarii TPUHHATO PO3PIZHATH BHYTPIIIHE Ta 30BHIIIHE
IPECTaBICHHS XIMIYHHUX CIIOJIYK.
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JUis  BHYTpIIIHBOTO  NPEACTABIECHHS  BHUKOPUCTOBYIOTBCS
MOJICKYJISIpHI Tpadu, SIKi MOKYTh OyTH MPU HEOOXITHOCTI JTONIOBHEHI
iHopmarlliero mpo TPUBUMIPHI KOOPJAMHATH aTOMIB, a TaKOX IIPO
IHaMIKY X 3MiHH B yaci [1]. ['padu cnpoiryroTs sikicHe po3yMiHHS
B3a€MO3B’SI3KIB Ta BIACTUBOCTEH MOJEKYJ, aje MpeACTaBICHHS
rpadiB y BUIJISIII MAaTPHIl CyMDKHOCTI MOTpeOye 3HAYHUX 3aTpar
mam’sTi. [HIIOI MpPoOJIEeMOI0 € BCTAaHOBIICHHS 130MOpdI3My JBOX
MOJICKYJSIpHUX TpadiB, TOOTO BiJICYTHICTb MOXKIUBOCTCH IS
OJIHO3HAYHOI iAeHTHdIKAIl CTPYKTypH Tpady, 110 MICTUTH MOHAT
15-20 BepiuH.

JUis  30BHIMIHBOrO MPEICTABICHHS XIMIYHUX CIHOJYK IpH
30epiranHi B iH(OpPMAIIfHUX CHCTEMaX BHKOPHCTOBYIOTHCS a00
TMiHIAHI HOTalii y BUIJISAL CTPOKM CHMBOIIB, abo Oe3mocepenHe
KOAYBaHHS MaTpPHUIli CYMIKHOCTI MOJEKYJsipHOro Tpada (HoTarmil
MOL, SDF, RDF). 3a pomnomMororw JHIHHUX HOTamiil (HaAHOLIBII
po3noBcrokeri 3 Hux — SMILES, SMARTS, InChi) ximiuni
CHOJYKH MPEJCTABISIOTHCS K OyKBEHO-II(PPOBa MOCIITOBHICTS [2].
JIiniiH1 HOTAIIT KOMITAKTHI, 1110 POOUTH 1X JOCUTH €()EeKTUBHUMHU JJIS
30epiranHg 1HQOpMaLii, ane MEHII HarIsHI, HDK MOJEKYJISpHi
rpadu. Jlo HeMOMIKIB JIHIHHUX HOTAIM CIII BIJHECTH CKIIATHICTh
(dbopMyBaHHS cI0BapiB i1 00poOKH (parMEeHTHUX 3aMKCIB, @ TAKOXK
npoOJieMu TTepeTBOPEHHS JIIHIMHOT HOTAIlli B CTPYKTYpHY GOpMyITy.

besnocepenne koayBaHHS MaTpHIll CYMIKHOCTI MOJIEKYJISIPHUX
rpadiB 103BOJSE MPEACTaBUTH 11 y BUINISAAL TEKCTOBOro (Qaily.
Po3pobnena Benuka KUIbKICTh BIANOBIAHUX (OPMATIB, ajie MIUPOKO
BUKOPHCTOBYIOTHCS JIMIIE JIEKiTbKA CTAaHAAPTIB, KOKEH 3 SKHX Mae
crieniaiizoBaHe 3actocyBaHHs (Hampukiaaa, MOL- ta SDF-gaitnu
TUTST «Manux» Mosiekyit, PDB-daiinu — nist 611KiB), ane s HUX TexX
BIJICYTHI e()eKTHBHI IEPETBOPEHHS A0 CTPYKTYPHOI (hOPMYJIH.

BusHaueHHs1 CTpyKTYpHUX (parMeHTIB — TUIOBUX (PparMEeHTIB
CTPYKTYpH, [0 BU3HAYAIOTh XIMIYHI Ta TOIOJIOTiYHI BIACTUBOCTI,
MpUTAMaHHI JAaHOMY KJjacy, J03BOJig€ 3a0e3MeUnuTH THYYKICTh
npeacTaBieHHs i1H@opmamii mpo XimiuHi cnoiayku. KoxkHomy
(dbparMeHTy CTPYKTYpH 3ICTaBISIETBCS miArpad MOJICKYISIPHOTO
rpady, a MoJiesIb BUOMpPAHHS XIMIYHUX CHOJYK MPEICTABISETHCS SIK
3BaXEHUW Tpad, BEPIIMHU SIKOTO BIAMOBIJAIOTH CITOJyKaMm, a
JIoBkrMHA (Bara) pebep BHU3HAYAETHCS BIACTAHHIO MK IX
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MOJIEKYJISIpHUMU Tpadamu. Take mpeacTaBIeHHs JO3BOJISE OI[IHUTH
Mipy mMom0o0M MOJIEKYNSIpHUX TpadiB CHOMYK, aje HEKOPEKTHE
BU3HAYCHHS (PYHKIIT BiZICTaHI MOXXE TPHBECTH O HEOJTHO3HAYHHX

pe3ynbrartis [3].

Tabmums 1

XapakTepUCTUKU MaTEMaTHUHUX MOJIeNIel XIMIYHUX CIIOJIYK

Brytpimae 30BHINIHE TTPEACTABICHHS
MpeICTaBIICHHS
XapaxTe- Crpyk- | Momneky- besnocepenne
pﬁ;ﬁf TypHa SApHUN Jlinifini | KOXyBaHHA
(opmyna rpad HOTAIII{ MaTpHIl
CYMIDKHOCTI
HaounicTh BHCOKa BHCOKA | HM3bKa | JIy)KE HU3bKa
VYHi(ikOBaHICTh TyKe CepelHsl | BHCOKa cepenHs
HU3bKA
KommakTtHicTh IyxKe HU3bKa | BHCOKA cepeHs
HHU3bKa
[IpunatHicTh 10 TIyKe cepemHs | cepemHs BHCOKa
KOMIT FOTepHOT HU3bKa
00poOKHU
UyTnuBicTh 10 HHU3bKa cepenHsl | cepenHs HHU3bKa
oreparii momyky:
— iIeHTHYHOT HU3bKA BHCOKa | CepeHs HU3bKA
CTPYKTYPH;
— 33 MOJICKYJIIPHOIO HU3bKa BUCOKAa | CepeHs HU3bKa
1no100010;
— HACTPYKTYPHOTO JIyKe cepelHs | CepemHs cepeHs
Ta HAACTPYKTYPHOTO; HU3bKa
— 3a hapmakohopom. HU3bKa cepenHsl | cepemHs HU3bKa
EdexTuBHICTH - BUCOKa/ | cepenHsy/ BHCOKa/
NEPETBOPCHHA 3/B cepeaHs HHU3bKa HU3bKa
CTPYKTYpPHY
hopmyity

Sk BUAHO 3 TaOIUIll, HE3BaKAIOYM HA HU3bKY KOMIIAKTHICTD,
MOJICKYJIApHUN Tpad € HaOuUThil e()EKTUBHUM IS TPOBEICHHS
PI3HOMaHITHHX Olepailii momyky. B TepMinax teopii rpadis 3amada
MONIYKY TMOAI0HOT XIMIYHOT CIIOJYKH 3BOAMTHCS 10 BU3HAYCHHS
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HalO1IRIIIOr0 130MopdHOro miarpady (ado ACKITBKOX HAHOUIBIIMX
i3oMopdHUX miarpadiB) Ta OIIHIOBAaHHS Ha I1X OCHOBI MipH
OJIM3bKOCTI JIBOX CHOJYK 3 JOJaBaHHSIM YMOBHU €KBIBaJIEHTHOCTI
MITOK. J[71s1 KUTBKICHOT BEJTMYMHU 3aJaf0ThCSl IHTEPBAIH ii 3HAYCHD,
BCEpEIMHI SKMX yCl 3HAUCHHSI BBAXKAIOTHCS PIBHUMH, a JIJIS SIKICHOT —
CIIUCKH €KBIBAJICHTHUX IMEH.

Jns  nmudepenmianii  BepmmH rpadiB  3aCTOCYEMO METOJ
nudepeHmianii Ha OCHOBI  YIIOPSIKOBAaHMX  CTYIEHEBOI Ta
MapuIpyTHOI ~ XapakTEepUCTUK (CTYNMEHEBUH Ta MapUIPyTHHM
iHBapianTu rpady). s BU3HAYEHHS MIipH CTPYKTYPHOI 1OI00H
MOJICKYJIIPHUX TpadiB BUKOPUCTOBYIOTHCSA (DYHKINT BiJHOCHHX
(HOPMOBAHHUX ) BiJICTAHEH, 1110 3aJIeXkKAaTh BiJl pO3MipiB IBOX TpadiB Ta
iX HaWOLIBIIMX CIUIBHUX MTiArpadiB.

TakuM dYHHOM, MOJNICKYISpHHIA Tpad 3aBISIKH  BEIUKIH
KOMOIHATOPHIN MOTYXKHOCTI Teopii rpadiB € ePeKTUBHOIO MOACILIIO
MIPEJICTABJICHHS XIMIYHOI CIIOJYKH, IO JO3BOJIsIE€ hopMati3yBaTH ii
CTPYKTYpYy AJi BUPIIMIEHHS IIMPOKOTO KOJIa XIMIYHUX 3a7ad Ta
oprasizamii pi3HMX BUJAIB TOUIYKY. 3acTOCyBaHHS METOMIB
nudepeHiiaiii BepiuH rpady Ha OCHOBI CTYIIEHEBOI Ta MapLIpyTHOL
XapaKTePUCTHK, 3a TIOMEPEJAHIMH OIIIHKAMH, 3HH3UTHh YHCIIO
ornepauii nopiBHsHHA y 1,25 pazu.
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KEPYBAHHS CUCTEMOIO MACOBOI'O
OBCJIYITOBYBAHHA
3 3SMIHHUMU IOTOKAMHA BUMOTI'
[Tacenuenko 1O. A.
Biucvrkosui incmumym menekomyHikayiu ma
inghopmamuszayii imeni I'epoie Kpym

MANAGEMENT OF THE MASS SERVICE SYSTEM WITH
VARIABLE FLOWS REQUIREMENTS

Abstract. The statement considered the task queueing system management
with variable intensivnostdmi input stream requirements and maintenance. The
following tasks are used in economy, IT-technology, and military affairs. When the
queueing system seen on final the time and intensity of the input stream variable in
time, then the limited resources of queueing system variable in time parameter
control becomes the intensity of service lines.

BuBuaerbcsi  3amada  KepyBaHHS — CHCTEMOIO  MacOBOTO
obcnyropyBanHs (CMO) 3  3MIHHUMH  IHTEHCHUBHOCTSIMH
00CITyrOBYBaHHsI BX1IHOTO MOTOKY BUMOT. Taki 3ajadi 3HaXOIsATh
3actocyBaHHd B ekoHomiui [1], IT-cdepi, BiiicbkoBil crpasi.
30kpemMa Tpu MOJIENIOBAaHHI 3aXMCHUX, a00 aKTHMBHUX 1A 3MIHHI
IHTEHCUBHOCTI JJO3BOJISIOTh PO3IJISHYTH Pi3HI 3aXMCHI, a00 aKTUBHI
ctparerii [4].

3Buuaiino [1, 2] CMO BHBYaIOTH MPH CTATUX IHTEHCHUBHOCTSAX
NoTOKiB BuMor. I[lpu npoMy 1 AOCHIIKEHHS 3acCTOCOBYIOTH
MapkiBcbkuil miaxin [1, 2] 1 aHami3yroTh IpaHU4YHHHA ( f —> 00 )
PEXUM, TSI SIKOTO 3HAXOJSATh EKCIUTyaTalliiHI XapaKTepUCTUKU
CMO.

[Ipy mnnanyBaHHI 3aXxMCHHUX, a0o aktuBHuUX nii CMO
PO3TIIAIAETCSA HA CKIHUEHOMY MPOMDKKY 4acy, 3MIHHMMHU B 4aci
napaMeTpamMu MOKYTb OyTHM 1HTEHCHBHOCTI BXIJTHOTO MOTOKY, abo
HOTOKY OOCIy)XeHHX BHMOT. TakoX HasBHUMH € BHMOTH Ha
BUKOPUCTaHI PECypCH, SKICTh 00CITyrOBYBaHHS, 1HIII ITapaMeTPH.

Hami  posrmsuemo CMO 3 BigMOoBaMH 1 71 JiHISIMH
obOcnyroByBanHs. Hexait A(f) — IHTEHCHBHICTBH BXiJHOTO MOTOKY
BUMOT, () — IHTEHCUBHICTbH OOCITyrOBYBaHHSI O/JTHI€T BAMOTH O/IHI€I0
miniero. Hexait EO0, E1, E2, ..., En cTaHu MapKiBChKOTO JIAHITIOTA,
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wo mozemoe podory CMO [1], p(r) =(p,(@®), p,©),...p, (1) --
BekTOp KmMoBipHOCTel cTaHiB B MOMeHT ¢ (0<.t<T). Toxi cucrema
mudepenmianbaux piBHAHE Yenmena — Kommoroposa [1] mae
BUTJISIL:

po =—A) py + p(t)p,
pr=—(A@) + u(®)p, + At) p, +2u(t) p,

p, =-nu®)p, +AO)p,.,
" p=1, 0<i<T, 0<p,()<],

ae p(0) =(p,(0), p,(0),.., p,(0)) — 3ananuii BeKTOp KMOBIpPHOCTEH
cTaHiB Big 0-ro 10 n-ro B MoMeHT 4acy f=0. Kpim Toro oomexena
MaauM ¢ >0 MMOBIPHICTb BiZIMOBU B 0OCIyroByBaHHi p, () , a
TaKOX 1HTEHCUBHOCTI A(¢) 1 u(1):
p,()<e , 0=u)<py , A#)20 .(2)

Merta onepariii nossirae B MiHiMi3alil CyKyITHUX BUTpaT 3a 4ac
T, ne  c¢(t) BpaxoBye BapTICTh BHKOPHUCTaHHS pecypcy Ha
00CIIyroBYBaHHS OJIHIET BUMOT'H B OJIMHUIIIO Yacy B MOMEHT t. Toxi
3a yac [0,T] Oyme BuKOpucTaHa Taka KUIBKICTb pecypcy, IIo
MiHIMI3y€ThCS:

T n
[eQ kp, (1, A0, p(t))de — min - (3)
0 k=1

Ha p(z) moxnuBi momatkoBi oomexkeHHs. 3amaya (1) — (3) €
3ajadyero kepyBaHHs [3]. YmpaBiiHHSAM € (QYHKIIS 1HTEHCUBHOCTI
oOcmyroByBaHHs [U(t) , pyHKIIs A(t) € 3amaHoro [4].

Po3B's3auns 3amaqi kepyBaHHs (1) — (3) 3A1ICHIOETCSI YUCEIBHO
[4]. s 1pOro mepexoAMMO 10 JUCKPETHOro yacy ¢ Ha CiTi
(0=t,,t,,...,t, =T) . Inrerpan (3) s3amiHOEMO 3a (opMynamu
YUCENBHOTO 1HTETpyBaHHS (METOIM TPSMOKYTHUKIB, Tpareliin,
Cimncona Ttomo). Cucremy nudepeHmianbiux piBHAHb (1)
3aMIHIOEMO PI3HHUIIEBOIO CHCTEMOIO, HANpPHKIaA, 3a METOJIOM
Eitnepa. O0mexenns (1), (2) nmepexoasaTh y CUCTEMY HEPiBHOCTEH-
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oOMexeHb. 3HaueHHS IHTEHCHBHOCTI A(r) 3amaemMo Ha ciTii
(0=t,,t,,..,t, =T) B aucKpeTHI MOMeHTU uacy. Hesigomumu €

3HAuYeHHs BeKTOp-QyHKUIH (p,(¢), p,(?),.., p,(t)) TaKepyBaHHS (1)
Ha citui (0=¢,,t,,..,t, =T). 3anaua (1) — (3) nepexoauTh B 3a1a4y
HENMHIMHOTO MAaTEeMAaTHMYHOTO TMPOTPaMyBaHHS, SKY MOKIJIHBO
po3B's3yBatu 3acobamu MS Excel [5]. [Ipu miboMy MOXIUBI Pi3Hi
crieHapii BIIHOCHO 30BHIIIHBOTO BIUIUBY — GYHKIIT A(f): A(2)
3pocrae/cnianae, A(r) miHiIHA/€KCTIOHEHIIHHA, A(f) TepioanyHa,
TOIO. B KOXXHOMY BUNAJKy 3HAXOJUTHCS KEPYBaHHS — BI/IMOBITHA
IHTEHCUBHICTh OOCIIYyTOBYBaHHS [L(1).
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7-MU BEPIIAHHI IIAT'PA®UA §-MH BEPHIMHHHUX
I'PA®IB-OBCTPYKIIU JJIAA IIOBEPXHI KJIEUHA

Ilempenioxk B.1., I[lempentok /. A.
[lenmpanvHoyKpaincbKull HAYiOHATLHU MEeXHIYHUL
VHigepcumem
Incmumym kibepnemuxu im.B.M.I'nywxoea HAH Yxpainu

Bcmanoeneni yci neizomopui 7-mu eeputunni nioepagu 8-mu eeputuHHUX
epagis-obcmpyryiti nosepxwi Kieiina ma nopieHsni 3 ananoiynumu nioepagamu
8-mu eepuunnux epaghis-o6cmpyryiti st mopa.

Beryn. Hexait G HeopienTOBaHMii ckiHUueHUH rpad O6e3 merens
1 KpaTHHX pebep eiepeBoro pomay y(G), a moBepxHsi S -
3aMKHYTUH 2-MHOTOBUJ POIY y(S ), ne y(G): y(S )+1 . Sxmo
MIOBEPXHS OPIEHTOBAHA, TO IMO3HAYATUMEMO ii uepe3 G, a AKILO 1ie
HEOpPI€HTOBaHA IMOBEPXHS, TO MMO3HauaTuMemMo ii N, poxy k, k=2.
OcHOBHI TIOHATTS Ta To3HayeH HA y34arti 13 [1]-[3], Bci rpadu
HeopieHTOBaHI 0e3 KpaTHux pebep Ta merenb. B [3] ommcana
CTPYKTYypa rpadiB-o0CTpyKIii 151 HEOPIEHTOBA HOI MOBEPXHI N, , a
B [4], [5] orpumano Bci HeizomopdHI rpagu-oocTpykuii s N, -
noBepxHi KieitHa Ha He OB HIXK 9-TH BepIIM HaX, 30KpeMa, y [6]
HaBeJIeHO Jiarpamu 1ux rpagis Ta 36-tu rpadiB-o0CcTpyKuiii Ha 9-
TH, OKPIM LIbOTO HaBeJIeHO 27 HOBUX I'padiB-00CTPYKIIiil yTBOPEHUX
IUISXOM  PO3MICIUICHHS BEpUIMH §-MHM BEpIIMHHHUX TIpadis-
00CTpYKILIIH /ISl HEOPIEHTOBAHOI MOBEPXHI N, .

Hexait 2-mHoroBua S 6e3 kpaiB HEOPiEHTOBAHOTO po;[yjj(S )
MO/IaHO sIK MOBepXHIO S' opiertoBanoro poay ¥(S'), ney(S') >0,
7_/(S )=2y(S")+ r, 10 fgKoi mpukieeHo r jeHT MeObiyca,
r>0; nHanpuxian, noBepxHA Se mnimkor KieiiHa komm
y(S')=01r=2,4u nosepxus S poay y(S ) =3 marume S' - TOp
13 O/IHI€I0 IPHUKJICEHOIO JIeHTor0 Mebiyca. [1is1 3a1aHOT0 BKJIAJCHHS
fy f:G—>S§, rpapa G B S Ta 3agaHOl MHOXHHH TOYOK X,

XcG UG  BusHaummo tG(X,S,f),t:tG(X,S,f), YHCIIO
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JOCSKHOCTI MHOXHHHM X BITHOCHO S, SIKIIO iICHYE MiAMHOXXHHA
$,(X), SG(X)zS\f(G), SG(X)={si}i, IO 33J0BOJIBHSE YMOBI:

(F(X)c Uds, " X) A (fF(X)z U 85,nX), j=12t.
i=1

i=Li#]

3aoaua. [1ns nosinwHOI BepmuHu v rpada G, skuil € rpad-
OOCTPYKIII€IO ISl TTIOBEPXHI HEOPIEHTOBAHOTO POAY 2. 3 UYHUCIOM
BepmuH MeHmie 10, gocmiguTH CTpYKTypy Tpady G IUISIXOM
po3kiany (po30HMTTS MHOXHHHM HOTro pebep Ha CyMy JBOX
i IMHOXKHUH, 110 HE MepeTHHaroThcs) Ha miarpad H, H=G\v, Ta
npocty 3ipky St;(v) rpada G 13 CHUIBHUMHM BEpLIMHAMH, LIO
YTBOPIOBATUMYTh MiAMHOXHHY M MHOXUHH TO4oK rpada G,
TO/IaHy K PE3yJIbTaT OTOTOKEHHS Tap TOYOK (d,;,d,;) B TOUKY d;

, ne M, ={aij}|j1‘i|1, i=12, j=12,,..|M|, ta sxy nasuBarumemo

MHOXHHOK TOYOK NpuenHanus miarpada H, M, < H®, no 3ipku
St(v), M, St,(v)’\v.

Busnauennss 1. Tpadp G  Ha3uBaeTbCsd TakuM, IO
HENPUBOIUTHCS HAll S, abo ¥ (G)—HerI/IBeI[eHI/IM (irreducible) nus
S, skmo ans Oyab-skoro BiacHoro miarpada H rpada G mae
MICLIE  HEpPIBHICTb: y(H )Sy(S)<y(G). MHOXuUHY  BCIX y(G)—
HenpuBeaeHux Haa S rpadis nmo3Hauumo uepes {(S).

Busnauenns 2. I'pad G miHiMansHui (MiHOP) HAO S, SKIIO AJs
Oynp-sxoro rpada G', orpumanoro 3 rpadha G BumameHHAM abo
CTHCKaHHSM JIOBiHOTO pebpa, Mac Micie Hepisaicts 1(G')<y(S)<y(G)
. MHOXuHY BcixX rpadiB MiHIMaIbHUX HaJ S TO3HauuMO 4epes [s.
MHoxHuHa Bcix TpadiB, 110 HENPHUBOIATbCA Hax S MIcTUTh ['s
XapaKTepu3ye MHOXKMHY BCIX rpadiB piJ IKUX HE MEHbBIIIE 7/(S )+1 .
Skmo S =0, eBkIinoBa miIommHa, To I's = {KS’K3,3}’ IToBHuM

cnucok 63-x 2-HempuBeneHUX rpadis i3 8-Ma Ta 9-ma BepIMHAMY;
51 13 Hux (48 MIHOPIB) MOKIIUBO T0OAYUTH B [6].

Ywuciio 1ocsHKHOCTI MAMHOKWHA M MHOXKHMHHU TO4YOK Tpada G
poay v, 7=Y(G), € HAltMEHIIIO KITBKICTIO KJIITOK 3 MiIMHOXHHUA A

maoxuan S\ f(G), ne S mnosepxus pony Y, a f, f:G—S,
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JIOBUIbHE MiHIMadbHE BKJIAACHHS mpu sikomy enementa f(M)

PO3TaIOBYIOTh CS1 HA TPAHUIIAX KIIITOK 13 MIAMHOXHHU A, TOTPiOHE
UL OLIHKK poay (-00pasy Aeskoro rpada Ta mpoctoi 3ipku; y
BHUIMAJKy 3aMiHM 3IpKM Ha KBa3i3ipKy JIONOBHHUMO HACTYIMHUMH
BU3HAYCH HAMH, SIKi BpaXOBYIOTh HasiBHICTh HA T'PAHUIIl HEJBOKJIITKA
KUTBKOX KOII¥ BEpIIUH rpada.

Busnauenns 3. Ilosnaunmo uepes krt, (M), kr=krt,(M), kr

- KpaTHICTh JOCTYITY IO €JIEMEHTIB MiAMHOXUHI M MHOKUHHU TOYOK
rpada G, gK HaHOUIBIIY KUTBKICTH BapiaHTiB BUOOpPY pi3HUX

nigmMuoxuan S (M, S,) muoxunu knitok S, \ f(G) Ha rpaHuusax

SKUX PO3MIIIYIOTHCS BCl TOYKU 3 MIAMHOXKUHH M, y3sTa Mo BCiX
MiHiManbHuX BKIafenHsax f, f:G — S, rpapa G B nosepxHio Sy.

[HmMMu coBamu, e HaWOLIBIIA KUIBKICTh 3IPOK SIKI MpPUETHAHI
KIHIICBUMH BEPIIMHAMH JI0 KOKHOTO €JIEMEHTa MiAMHOXUHU M Ta

BKJIaJIeHi 110 PisHUX kr KniTok i3 Muoxunu S, \ f(G).

Busnauenns 4. [Toznaunmo yepe3 mso(M,s, f),
k=ms,(M,s,f), k- CTOpOHHICTb JOCTyHmy 13 JOBUIBHOI
BHYTPIIIHBOI TOYKH 3aMKHYTO1 KIIITKH § J10 KOJKHOI TOYKHM 3a/1aHOi
HNiAMHOXKMHH M MHOXUHH Touok rpada G, ne |M | >2, 1mWo
TOJIATaTUME Y HasIBHOCTI Takoi KINTKK s, S € S, (M, S ,5), ne f
- 3a/1aHe MiHiMasbHe BKIaneHns f:G — S, rpada G B nosepxHio Sy

, sIKa Ha CBOIM TpaHUIll OS MICTHTh k KOMINA MIJAMHOXUHU M, a
HaNWOUIbITY KUTBKICTh KO MIAMHOXKUHN M Ha Os cepes] BCiX KIIITOK

s 3amaHoro MinimameHOro BKmazeHHs f, f:G— S, rpada G B

MOBEPXHIO Sy, MO3HAUYNMO 4depe3 ms; (M, f). InmmmMu cnoBamu, e

HalOUIbIIa KIIbKICTH 3ipok Tpada G npHeTHAHUX KIHIEBUMH
BEPLIMHAMH JI0 KOXKHOTO 13 MPUHAWMHI TPbOX €JIEMEHTIB MHOXHHU
M Ta BKiazeHux 0Oe3 mepeTuHy pedep y BHYTPIIIHIX TOYKax [0

onuiei kmitku s, s €S, \ f(G), i3 muKIOMaTHYHNM YHCTIOM p, (OS)

,ae p,(0s) >k , Ta3anaHUM MiHIMaIBHUM BKIageHHsIM f, f:G — SY
,Tpada G B S;.
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Busnauenns 5. bynemo Ha3uBaTu
(ms;(M, f,),ms;(M, f,),..ms;(M, f,)) BEKTOpOM [ -CTOPOHHBOTO

noctyny a0 MHOoxuHHM M Towok rpada G i3 JOBUIBHOL

BHYTPIIIIHBOI TOYKH 3aMKHYTOI KJIITKH S, § € SY \f.(G), [=I(s), o
N

M| > 2, {fk}k:1'

MHOXHHA BCIX HEi30MOpGHUX MIiHIMAJIBHUX BKIAACHb  f,,

KO’KHOI TOYKH 3amaHol migMHokuHu M, e [ >0,

f,:G—>S, rpapa G B S,. Haiibineme [,/ =1I(s) cepen uucen
ms;(M, f,) y3aTe mo BCiM s Ta BCIM f,, Ha3MBaTUMEMO
XapaKTEPUCTUKOIO [ - CTOPOHHBOTO JOCTYITY 0 MHOXKUHU M TOUOK
rpaga G .

Teepoowcenns 1. JInst HOBUIBHOTO MiHIMAJIBLHOTO BKJIQJICHHS
f mpoctoro rpadga G 10 HEOpiEHTOBAHOI MOBEPXHI N MAarOTh Miciie
HACTYIIHI CIiBBiJHOIICHHS:

1. Hemae pebep e,e',e =(a,b),e'=(b,a) Ha rpaHuii 10BiIbHOT
KITKA 5, S €SN, )}

2. Hemae moBTOpeHHs ABOX Map BEPIIMH YU JBOX Map YacCTHH
pebdep e,e=(a,b), €',e'=(c,d), sxi monmapHO PO3AUIAIOTH OHA
OJIHY Ta JIeKaTh HAa FPaHMIll JOBUIBHOI KINTKH s, s €S (N, f);

3. Hemae gBox 2-KIMTOK  s§,,5,, J€sS;,5, €S;(N,f), Ha
IPaHULSAX SKUX PO3TaIIOBaH1 MIOBTOPEHHS TPhOX BUAUIEHUX pedep 13
PI3HUM MOPSKOM CJIiTyBaHHS.

Hosenenns. JloBenemo cmiBBigHomeHHs 1. Ilpumyctumo,
METOJIOM BiJ] TPOTHJIEKHOTO, IO s JESIKOro MiHIMalbHOTO
BKJIageHHs f rpada G 70 HEOpi€HTOBAHOI MOBEpXHI N TpaHHUIl
KITKH s,5 €S,(N, f) € nBa pedbpa e,e',e=(a,b),e'=(b,a), sx
NPOTHICXKHO  HampaBlieHi komii  pebpa  @(e) = (d(a),d(b)),
pO3TalIoBaHi Ha rpaHuii Os, T. TO, HA MOBEpXHI N OJHA JIEHTA
Mebiyca MicTuTh ozHe pedpo ¢(e), 1e omeparlist ¢ - OTOTOKEHHS
TOYOK Ha TPAHUIIX KIITOK € 00EpHE HOIO JI0 omeparlii po3OUTTs Ha
KIITKA ToBepXHI N . OCKIIbKM KOXXKHE 3 IUX pedep HalekKHTh
IepEeTUHY OJHI€T 3 ABOX Map KITOK (s,s,),(s,s,) TO, BUIAIUBILU
pebpo e, MH, TUM caMUM, BUAAIIEMO U peOpo e', YyTBOPIOIOYU
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NPOCTUH UK Z , IKUH MICTUTH BCi Ti peOpa npoctoro rpada G\e
, 1110 HaJIeKaJId FPAHUIISIM KIIITOK s, S, S, , T CTAaHE TPaHHULIEI0 HOBOT

KITKH S, §, €S, (N, f). lobynyemo Bxnanenns ', f:G—->N, ne
o= low. f'(ec Q , TPUYOMYy BEpIIMHAMH HOBOTO pedpa
cTaHe KiHIIeBa BeplirHa pedpa (a,b) Ta modaTkoBa BepiirHa pedpa

(b,a). OtpumaeMO pO3OUTTS KIITKH S,HA JABI KIITKH, IPHYOMY

oHa 3 sKHX OyJae YTBOpPEHa NLISIXOM OTOTO/DKEHHS JIBOX TIap
JiaMeTpajbHO MPOTHIICKHHUX BEPIIUH , T.TO JIeHTol0 Mebiyca 6e3
pebpa, sSKy 3aMiHUMO 2-KJIITKOK 3MeHImuBIM pin ¥(N)Ha 1. Tum
caMHM OTPHMAa€EMO CYINEpeyHiCTb yMOBI Tpo pix rpadpa G,
MIPUIYIICHHS HeBipHE. JloBeieHHs CHiBBiIHOIIEHHS | 3aKiHYEHe.

a

I [ b a -

—

Puc. 1. Tpu kapTu UTIOCTPYIOTH CHIBBIIHOIIEHHS | TBepAKeHHs 1.

JoBenemo cmiBBigHOIIEHHS 2. [lpumyctumo, MeTomOM BiI
MPOTUIIEKHOTO, 10 JACIKAM MiHIMaabHUM BKiIaaeHHs [ rpada G
710 HEOPIEHTOBAHOI MOBEpXHI N 13 , IPUHANMHI, IBOMa 2-pydyKaMH
Ta OJIHI€I0 JIeHTO0 Mebiyca, po3TalioBaHi Ha TPaHUILIl JEsIKOT KITITKU
s,5€S,(N,f), noBTOpeHHs1 a00 JBOX Iap BepHIMH, a00 JBOX Map
yacTuH pebep e,e', ne e=(a,b),e'=(c,d), sxi po3mirieHi Ha
rpanuii  Ossk  komii pebep @(e),de'), nme ¢@(e)=(d(a), (b)),
d(e')=(d(c),d(d)), T. T0, HAa TOBEepxHI N IIBI PyUKH MIiCTSITh IO OJJHOMY
pebpy ¢@(e)un @(e'), me omepamisi ¢- OTOTOMKEHHS BEPIIHH Ta
pedep Ha TPaHMIX KIITOK € 00epHEHOI0 JI0 omeparlii po3OuTTs Ha
KJTITKA TOBEepXHI N MiHiManbHUM BkIageHHsM [ rpada G .

Posrnsinemo mpoctuil nuisx L, 110 JIEKUTh B CEPEIMHI KIITKH S 1
3’€/IHy€ cepellHi TOYKM KOIii pedpa euum WOro 4acTHHHM, Ta SKHHA
CTaHe HETOMOTOITHUM HYJTIO TPOCTUM KoM ((L) Ha moBepxHi N

micyst onepartii ¢ - OTOTOPKEHHS Kot peGep (J4acTuH) Ta BEpIINH
rpada G . Buganumo rukn @(L) i pebpo @(e) TuM camuM BiapizkeMo
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3BUJIbBHEHY pYy4YKy TIOBEPXHI Ta pO3MNISHEMO BKIaaeHHs [,

f'=flo., K 3ByxeHHs Bkiamenus f wua miarpad Gle m0
HeopieHToBaHOi moBepxHi N'poay y(N'), y(N')=y(N)-2,
npryomy pedpo @(e') = (¢(c),#(d)) Oyne Bknanene Ha pydii h', Tak,
III0 3 OJIHOTO OOKY SIKOrO PO3TAIIOBAHO KIITKY s'3 BEPIINHOK ¢(a)
Ha TpaHUIl Os', a 3 Jpyroro OOKy pO3TalIOBaHO KIITKY s"3
BepimnaOo0 P(b) Ha Os", ne P(e') < Os'Mas" . Tlpukieimo 10 1ux
KITOK §'\U s" nenty Mebiyca Ta BKIagemo pepo [ (¢(a), (b)) no
s'Us" He neperunatoun  f'(@(e')). Tum camum OTpHUMaEMO
BKiIaieHHs rpada G o moBepxHi N"poxy y(N"), y(N")=(y(N)-2)+1

, SIKE CyNEepeYuTh yYMOBI CHIBBIIHOMIEHHS 2, T. TO MPHUITYILCHHS
HeBipHe. /loBeieHHS CIiBBITHOIICHHST 2 3aKiHYCHE.

a b a b

- .-
l C
| c c
|

L L s g b s

| {3
4 d d | d¥l 4 d
a b a__' b

Puc. 2. Imoctpyemo criiBBITHOIIEHHS 2 TBEPHKEHHS 1.

Hosenemo TBepmkeHHs 3. [lpumyctumo, MeToaOM  BifJ
NPOTHJICKHOTO, 10 JEIKAM MiHIMaJIbHUM BKIaaeHHS [ rpada G

JI0 HEOPIEHTOBAHOI MOBEpXHI N 13 , MpHUHANMHI, 2-pydyKkor0 R Ta
aeHToro Mebiyca M , po3TamioBaHi Ha TPAaHULAX AESKUX 2-KIITOK

81,85, 0€5,,8, €SN, f), Tpu pedpa e,e',e", ne e=(a,b),e'=(c,d)
, €'=(g,h), axi po3mimmeni Ha rpanuIli Os, B mopsaky @(e),d(e'),
#(e"), a Ha rpanumi Os,B nopsaaky ¢(e),de").Ple'), ne
#e) =(da), (b)), P(e')=(P(c),p(d)), P(e")=(P(g),¢(h)), ne ¢
- omepallis OTOTO/KEHHSI BEPILIKH Ta pedep Ha TpaHUIlsX KIIITOK, Ka
€ Oo0epHEHOI 10 omeparlii po3OUTTS Ha KIITKH TOBEepXHI N
MiniMansHuM BKiIaneHusM f rpada G. Tomi pebpa ¢(e),d(e')3
G' N(0s, U0s,) MalOTh po3MilyBaTHCs Ha 2-pydki R, Ta Ha M neHTi
Mebiyca, Ha sIKili TepecTaBUMO MICISIMU KIHIIEB1 BEpPIIHHH (TIEpeBEp
HeMO pebpo) ¢(e). PosrmsHemo mnpocti naHumrorn L, L,, sKi
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3’€IHYIOTh CEpeUHM pedep e,e'Ha KIITKaxX s,,S,, BIAMOBIAHO, Ta
YTBOPIOIOTH MPOCTHH UK Z B pe3yJIbTaTi oneparii OTOTOKCHHS
BEpIIUH Ta pebep HA TPAHUIIIX KITITOK S, S, . Buaaaumo pedpa ¢@(e)
Ta ¢(e') Ta oTpuMaeMo BibHY Big pebep 2-pyuky R. Bupamumo
MPOCTUH MHKI Z, T. TO PO3pikKEMO 2-pydKy R, TpUUOMY HE
po3ainsgeMo moBepxHO N Ha 1Bi yacTHHH. OTPUMAEMO BKIIAJICHHS
' = [ loveey » TPaGa G\{e,e'} 1o neopientoBanoi nosepxni N',
yTBOpeHol 3 N nuisixom BuualieHHs pydku R, ae y(N')<y(N)-2.
OCKiIBbKH Take BKIIAJIEHHS 2-KIITKOBUM ,TO PO3MICTUMO Ha JieHTI M
pebpo f'(e") , sike, pa3oM 3 BepUIMHAMH BHIAJICHOTO pebpa e
HaJIeKaTUME  JBOM  TICEBJOKJIITKAM HA  TPAHMIBIX  SIKHX
PO3IUIATUMYTh OJHA OJHY Tapu KIHIEBUX BepUIMH pebep e,e'.
[MpomoBxkkMo BKIaZeHHS f'Ha pebpa e,e', sAKi mepexperieHi Ha
IUTOIIMHHOMY JIUCKY, YHUKAIOUH MEPETUHY HUIIXOM PO3TAlTyBaHHS
ix Ha JeHTi M, &ie Bxke BKJIa/eHO BepuInHHU pedpa e". Tum camum
OTPUMAEMO CYIEPEUHICTh YMOBI PO MIHIMAJbHICTh BKIAJICHHS f
rpada G 10 HEOpieHTOBaHOI MOBEpPXHI N, T. TO HPUIYIIEHHS
HeBipHe. JloBeneHHs CHiBBiAHOIIEHHS 3 3akiHueHe. J[oBeaeHHs
TBEpAKEHHs | 3aKiHYEHe.

Puc. 3. ImocTpyeMo criiBBiAHOIICHHS 3 TBEPKESHHS 1.

Hacnioox 1. He MaroTh Miclis CIiBBITHOIICHHS TBEPKEHHS |
JUTSL OPIEHTOBAHOI TTOBEPXH.
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Tomy, mo Hemae 6oxaii ogHOi JieHTH Mebiyca, HEOOXiTHOI B
KO>KHOMY 13 IIMX CITiBBiIHOIIICHbD.

Teepooicennsn 2. MaroTh Miclie HaCTYIHI CITiBB1HOIIICHHS:

1. I'pap,G=K,, Mac Ha N, 4YHCIO JOCSDKHOCTI MHOXXHUHH

BEPIIHH 7 (Kg ,Nz)z 2 Ta HE Ma€ BEPUIMHM 3 NOJABIHHUM JOCTYIIOM
Ta KO>KHE BUJJAJICHE peOpO 3MEHIIIYE YUCIIO f (KS,NZ);

2. I'pad G ,G=K;, mae Ha N,4YUCIO AOCSIKHOCTI MHOXKUHH
BEPILHUH 1 (GO,N2)= 1 Ta 1Bl BEPIIMHU 3 IBOCTOPOHHIM JOCTYIIOM,
rpap G,G=Ks\e, mae Ha N, TpU BEpUIMHU 3 JIBOCTOPOHHIM
JOCTYTIOM;

3.Tpab G,G=K,, mae pin y(G)=3;

4.Tpap G,G=K;\K,,, Mae pin 7(G)=3;

5. I'pap G.G=K,\2K,, mMae Ha N,4ucio JOCSKHOCTI
MHOJXWHH BEPIIMH [, (GO,N » )= 2 Ta Mae BEpUIMHY 3 TOJBIHHHM
nocrynom, a G =K, \3K, mae Ha N, 1, (GO,NQ): 2 Ta Mae€ TIIbKU
OJIHY BEpLINHY 0€3 MOABIHHOIO J0CTYIY;

6. MHOXWHa BEpIINH K§,3 rpada K,; Mae KpaTHMH JIOCTYII 1 €
JOCSIKHOIO BITHOCHO N, ;

JloBeZieHHs MPOIIIOCTPOBAHO Ha PUC 4, Ji€ Ha NEepHIUX JBOX
Kaprax 300pakeHO BKIaaeHHA Trpada K;B N,;, BIANOBIIHO,

noOy/0BaH1 SIK MPOJOBKEHHS BKJIaZeHHA f, rpaga K, B N, Ta
BKIaseHHs f; rpaga K; B N,, NpUYOMY CHHIM KOJIbOPOM
NO3HAYUMO KIITKy 3 MHOXHMHH N, \ fi(K;) Ha sKili MaeMo
MOJIBIMHMI OCTYT 1O BEpIUIMH 3 MAMHOXUH {4},{1}. Ha ueTBepriii
KapTi 300paxeHo MiHiMaibHe BKIanaeHHs rpadga Kg\K,, B N,. Ha

I’STiA KapTi 300pakeHo BKiafeHHs rpada K, B N, sike peainizye
YUCIIO . I (GO,N2)=2 Ta BHUJIHO 3MEHIICHHS IILOIO YHCIIa TPH

BHUJIaJIeHH1 pedpa (3,5).
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Puc. 4. Ha npyriii kapti Bepmunu 1,4 rpadga Ky marote Ha N,

JIBOCTOPOHHIN J0CTYyM, a Ha 3-1,5-1,6-11,8-11,9-11 kapTax pedpa
MO3HAYEHI JyraMu Ta BiJIpi3KaMH TOBCTHUX JiHIMH.
Teepoorcenns 3. BupaneHHs NoBUIbHOI BepimHU v rpada G,,
1 . 1 1

G =K \4K, , i=12, G,=K,\(K,\K,,), npuzBoauTh 10 OJHOTO 3
HACTYITHUX TBEPKECHD (B 3aexHoCTi Big degv ta miaMuoxuaun M

CKJIQJIeHA 3 BEPIIUH THIUACHTHUX V Ta MAa€ YUCIO JOCSKHOCTI 2.
1) Muoxuna sepmun rpada G, = K, \4K, Mae omuH Kiac

. . 1 1
€KBIBaJIEHTHOCTI, a MHOXHMHA BepumH Tpada G, =K \(K,\K,)

pO30MBaETbCSI HA YOTUPU KJIAaCH E€KBIBAJEHTHOCTI BIJIHOCHO
MEePECTaHOBKU BEPIIUH OJHOTO i TOTO CTENEHS;

. . : 0
2) Jlns 1oBUIBHOT V € GIO maemo , mo G \v=K,\3K, i M = K,
1 MHOxkuHa M BepmuH rpada G, \ v MaTume 4UCIO AOCSKHOCTI 2,

T. TO PO3MILIYETHCS HA TPAHULISIX IBOX KIITOK S, 5, ;
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3) das rpadpa G, =K, \(K,\K|,) MaeMo 40TMpH BUNAIKH:
a) sxmo degv=7,10 G,\v=K,\(K;\K},), M =K’;
6) sixmo degv =6, 710 G,\v=K,\K}, M =K/ ;

B) sxmo degv=4,10 G,\v=K,\e, M =K} ;

n) sxkmo degv=35,710 G,\v=K,\K},, M =K_;

1,2

JloBeieHHS TBEPKCHHS 3 BUILTMBATHME 13 HABEJICHUX Ha pUC.S
KapT BKiuajaeHb rpadis G, \v, ne i=12 , B N,, a BepuiMHa v €
NPEJCTaBHUKOM KJIACy €KBIBaJICHTHOCTI.

Puc. 5. Kaptu Bknagens rpagis G, \v,ae i=12 ,B N,-
wsaky Kneitna.

Teepooicenns 4. BunanenHs NoBUIbHOT BepuHU v rpadis G,,
G, G, =K, \2K:, G, =K \2K,\K}), ne i=3,4, npusBoguth 0
OJIHOTO 3 HACTYIHHX TBep/KeHb (B 3ajexHocTi Bin degv Ta
HiAMHOKUHU M , CKJaJIeHOl 3 BEPUIMH IHUUACHTHUX V, T4 YUCIOM
JOCSIKHOCTI 2 BITHOCHO N, ):

1). Muosxunu Bepmmn rpadis G, = K, \2K}, G, =K, \2(K,\K,)
MaroTh JIBa KJIACH €KBIBAJIEHTHOCTI BiIHOCHO MEPECTAHOBKU
BEPIINH OJHOIO i TOr0 CTENEHS;

2) s rpadpa G, = K, \ 2K} MaeMo JiBa BUTIaIKH:
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a) sxmo degv=7,710 G,\v=K,\2K;, M =K;

6) sxmo degv =6, 10 G,\v=K,\K;, M =K ;

3) dns rpadpa G, = K, \2(K| ;) MaeMo [1Ba BUNIaJKK:

a) sxmo degv=4,710 G,\v=K,\K/,, M =K};

6) saxmo degv=6,10 G,\v=K,\(K,UK},), M =Kj.;

JloBeieHHS TBEPXKCHHS 3 BUIUIMBATUME 13 HaBEICHUX Ha PHC.6
KapT BKIajeHb rpadiB G, \v B N,, a BEpIlIMHA V € IPEJCTaBHUKOM

KJlacy ekBiBanieHTHOCTI rpadiB G,, ne i = 3,4.

vﬂ,—l; H ! 1 k] 5 \v

Gy—4

Puc. 6. Kaptu Bxnaznens rpadis G, \v,ne i =3,4,B N, -
msamky Kneina.
Teepoowcennss 5. BupaneHHs NOBUIBHOI BepIIMHU Vv rpada

1 1
G, =K \(K,, UK;), mpU3BOAUTSH 10 OTHOTO 3 HACTYITHUX TBEP/KEHD
(B 3anexHocTi Bin degv ta migmuHOXHMHE M , CKIIaJeHOT 3 BEpIIUH
IHIIMJIEHTHUX V, Ta YUCIOM JOCSDKHOCTI 2 BITHOCHO NV, ):
1 1
1) Muoxuna Bepimn rpada G; = K\ (K, U K;), Mae Tpu Knacu

€KBIBaJICHTHOCTI BiIHOCHO TIEPECTAHOBKU BEPIIUH OJHOTO W TOTO
CTEICHS;

2) ins rpadpa G = K \(K,, UK;) MaeMo Tpu BUNajIKH:
a) sxmo degv =3, 710 G,\v=K,\K}, M =K};
6) sxuo degv=5,10 G;\v=K,\(K|,UK,), M =K. \K|,;
B) skmo  degv=6, 10 G;\v=K,\(K,UK;),
M =K} \(K/,UK};).
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JloBeieHHs TBEPIKECHHS 4 BUTUTMBATUME 13 HABEJACHUX Ha puc.”
kapt BkiazeHb rpadiB Gy \v B N,, a BepumHa Ve {851} €

NPEJCTaBHUKOM KJIaCy €KBIBaJIC€HTHOCTI

el o1
—a

W.Wﬁ
‘)f

oY

i

Puc. 4. Kaptu Bxiagens rpadis G, \v B N, - msimky Kielina.
Teopema 1. MaioTh Miciie HACTYIIHI TBEPPKEHHS:

1) MiniManeHi  7-Mu BepmmHHI migrpadu m’sThox 8-mu
BEpIIMHHUX TIpadiB-oOcTpykuii G, g mnoepxHi Kieiina
i3oMopdHI HacTymHHM rpadam i3 3aJJaHIMA MHOXXHHAM TOYOK
NpU€eHAHHS, TO3HaYeHUMH uyepe3 M, matumyth Bua:l) K, \3K,,
M =K, 2) K,\(K}\K!,), M=K]}; 3) K,\K;, M =K_; 4)
K\e, M =K!; 5 K,\K,, M=K{; 6)K,\2K;, M =K;
7 K, \K}, M =K]; 8)K, \K13, M=K]}; 9 K7\(K11’3UK11,2),
M=K}, 10) K,\K;, M =K;; 11) K,\(K!,UK}), M =K},
12) K,\(K},UK;}), M =K;.

2) (K;\K;, M =K{), (K,\e, M =K}), (K,\K,, M =K)),
(K, \K};, M =K});

3) MinimManbHi 7-MH BepLIMHHI Tpadu TPbOX 8-MH BEPIIMHHHUX
rpadiB-o0CTPYKIIIHA I TOpa € MIHIMAIBHUMH 7-MH BEPUTHHHUMH
miarpadgamMu m’ATHOX 8-MH BEpIIMHHUX TIpadiB-00CTPYKLINA JyIs
noBepxHi KieitHa, 3a BunsaTkom miarpadis 3), 5) ta 7).

JoBenenns. I3 HaBegeHUX TBEpIKeHb 2,3,4 Ta 5 BUIIUBATUME
HACTYMHUN CIHUCOK 7-MH BEpIIMHHUX TpadiB 8-MU BEpIIMHHHUX
rpagiB-o0cTpykuiii 1yt moBepxHi Kielina HeopieHTOBaHOTO pony 2
13 3aJJaHUMH MHOKMHAM TOYOK MPUEAHAHHS, TO3HAYEHUMHU uepe3 M,

112



70 KOXKHOI 3 SKMX MAalOTh NPUETHYBATUCS, IIUIIXOM OTOTOJKECHHS
nap BEpIUKH, 110 OHIM KiHleBil Bepiuuau 3ipku S, (v), m=|M
1) K,\3K,, M =K¢; 2) K,\(K}\K},), M =K]; 3) K,\K;,
M =K{; 4) K,\e, M =K_; 5) K,\K,,, M =K{; 6) K,\2K;,
M=K); 7) K,\Ky, M=K{; 8) K,\K,, M=K.; 9)
K,\(K,UK},), M =K]; 10) K,\Ky, M =Kj; 11)
K \(K|,UK)), M =K{; 12) K,\(K|,UK;), M =K.

I'pa¢ 3) e miarpadom rpada G, i3omopduum niarpady 7) rpacda
G, ta migrpady 10) rpada G,, Tomy 3amumumo rpad 3), a iHmri

9

rpacu 7), 10) Buganumo 3i cnucky. I'pad 1) € miarpadom rpada G,
Ta MictuTh miarpad 6) rpada G,, skuil B CBOIO 4Yepry MICTHTh
niarpag 4) rpada G,, romy 3amumumo rpag 4), a rpadu 6), 1)
BUjamuMo 31 cmucky. I'pad 8) e miarpadgom rpada G, Ta Mae
i3oMopdHuN miarpad y koxHoro 3 rpadis 2), 9), 11), 12), tomy
3anumumo rpad 8), a rpadu 2), 9), 11), 12) Buganumo 31 CIHUCKY.
Brnactusicts 1) noBeaena. BrnactuBicTs 2) BUTUIMBAE 3 TOTO, 110 CaMe

K \K;, K, \e, K7\K11,2, K7\K11,3 € miarpadgaMu 4d YacTUHAMHU

HaBeleHUX BuIe TpadiB. JloBenemMo BiIacTUBICTh 3) HUIIXOM
MOPIBHSIHHS CMMCKY MIHIMaJbHUX TOPOIJAIbHUX 7-MU BEPIIMHHUX
rpadiB, BUMHCAaHMX B [7], 13 HaBeAeHUM BuIle. i1 MOBHOTH
HaBEIEMO CIIHUCOK BCiX MIHIMQJIbHUX TOPOIJATBHUX 7-MH
BEPUIMHHUX TpadiB 130MOp(HHUX HACTYIHUM Tpadam i3 3aTaHUMHU
MHOKMHaM TOYOK MpHETHAHHS, MO3HauYeHUMH uepe3 M: 1. K, \e,

M =K)\{a,b}, e=(a,b); 3. Hi,
O(K; + K. ((a, + @), (b +b,))) —> (H,.(a,b)), M = H}' ;2. K;\ K,
M=K]; 4 W, H,=K,\K, M=K]; 6. K,\2K,,
M =K\ {v,u};5.

o(K, + K, ((a, + a,),(b, +b,).(c, + ¢,))) = (H,,(a,b,c)), M =K7,
{a,bcycMi1. K, \(K,+K)), M=K \v; 8 K,\3K,),
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M =KJ)\v, ne Hi e ¢-obpasom rpadis K,,K, i3 OTOTOMKEHOIO
napoto pedep (a,,b,),(a,,b,) (cxieenumu no pedpy), rpad Hz € -
obpazom rpadi K, K, mpu OTOTOMKEHHI Mapu MPOCTUX LUKIIB
noexuHu 3, a rpad Hs e ¢-obpasom nBox rpagis K, K, mnpu
oToTomXkeHHI napu 1ukiie C,,C, noxuHu 3, (uukn C, MaTume
b..,c,

BEPIIMHU d;;,b;;,C;;, SIKI TIONAPHO OTOTOXHIOKTHCS 1 YTBOPIOIOTH

IIMKJI 3 BepuiuHamu d,b,c, j=1,2,3,i =1,2), 3 inmoro 6oky rpad Hs

1 .
e K, \C,. loBenenns teopemu 1 3akiHYCHE.
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JOCHIIKEHHSA EOEKTUBHOCTI AJITOPUTMY OMK 31
SBIVIBLHHEHUM OKOJIOM MOXKJIMBUX IEPEXO/IIB
PuGanbuenko O.B.

Inemumym Kibepnemuxu HAH Ykpainu

ANALYSIS OF EFFECTIVENESS OF ACO ALGORITHM
WITH EXTENDED NEIGHBOURHOOD DEFINITION

Abstract. The formal statement and comparative study of the particular ACO-
based algorithm is covered. The algorithm under examination involves extended
neighbourhood definition to increase number of options considered on a single ant
step. The methaeuristic algorithm for solving the problem have been developed and
analyzed based on the results of computational experiment.

Beryn. Posrnsimaerscst anroputM onmTuMizanii MypamidiHUMHE
KOJOHIIMH 31 301IbIIEHUM OKOJOM MOKJIMBUX TIEpEeXO/iB Ha
KOXHOMY Kpomi. Jlaauét anmroput™ Oyj0  3ampONOHOBAHO
JL.®.I'ynssaunbkuM [2], moaiOHUN MiAXiJ 3aCTOCOBAHO TaKOX JUIS
3aaqi Mapupyrusamii 0e3ninotHux JitaneHux anaparie (UAVRP)
[3] (o € po3MmUpEeHHSAM 3ajadi MapuipyTu3auii TpaHCHOPTHUX
3aco0iB). Meroro mnyOmikamii € JOCHiKEeHHS e(QEeKTUBHOCTI
peamizanii Takoro miJIxoay Ul 3ajJadi KOMiBOsDKepa Ha MpUKIai
610m10Texu npukiaaaHux 3aaad TSPLIB.

3anaua komiBospkepa (aHria. Travelling Salesman Problem, TSP)
MOJIATAE Y 3HAXOP)KEHH1 HAMBUT1JHIIIOTO 32 BU3BHAYEHUM KpUTEpieEM
MapuipyTy, 110 MPOXOAUTh Yepe3 BKa3aHi MicTa Xxouda 0 1Mo OJHOMY
pa3y. 3a3Buuail noAaeTbcs OOMEXKEHHS, 10 MapHIpyT IMOBUHEH
MIPOXO/UTH Yepe3 KOXKHE MICTO TUIBKU OJIUH pa3, B TAKOMY BUIIAJIKY
PO3B'SI30K 3HAXOUTHCS CEPe/I TaMiTbTOHOBUX ITHKIIIB.

3araabHa cxema. 3aranpHa cxema ainroputmy OMK. Cepen
BIJIOMUX aJITOPUTMIB POMOBOTO I1HTENEKTY (swarm intelligence) B
KOMOIHATOpHIM  onTHUMi3allii 3HAYHOTO TMOIIMPEHHS HaOymu
anmroputMu OMK  (ant colony optimization — ACO) [1]. Bounu
YCIIIIHO 3aCTOCOBYIOThCS JJIsl pO3B’sI3yBaHHs 0ararboX THIIIB 33]a4
KOMOIHATOpHOI ONTHMI3aIlii, MOYMHAIOYM 3 KIACHYHOI 3a;adi
KOMIBOSDKEDA.

OCHOBHI KOMIIOHEHTH OOYHUCIIOBAIBHOI CXEMH MYpalluHUX
JITOPUTMIB TaKi:

- MOJEJb 3ajadi, 0 MOJAETHCS CIEIIaTbHUM rpadom;
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- (epomMoHHI 3HaUEHHS;

- eBpUCTHYHA iH(OopMaIlis;

- mam'saTh (JIOKaJbHa Ta TJI00aIbHA).

B anroputmax OMK ¢dopmyeTbest criemiaibHa MOZAETb 3a/1adi,
IO PO3B'SI3YyEThCS, TOMY BOHM HaJekaTh 10 KJIacy Mojele-
opieHTOBaHHMX MeTOMIB [1]. Mojenb 3a1a4di KOMIBOsSDKEpa MOAAE€THCS
y BUIIIAI 3BaXEHOro rpada G(V,E) , ae v,eV,i=l.,n+k —

BEpIIMHU, 10 BIAMOBIIAIOTh KOMIIOHEHTaM  pO3B'A3Ky, a
e; ek, e; =(vi,vj), ViV, eV — pebpa, sSKi BIAMOBIAAIOTE MOXKIMBUM

3'eqHAHHAM (TIepexo/1aM) MiXK BiIOBITHUMH BEpITHHAMHE (MICTaAMH).
Jlns koxHOro peOpa Bu3HaueHa (YHKIIS BapTOCTi 3'€IHAHHS, IO
BIJITIOBIIa€ BIJICTaHI 1O TOBEPXHI MiX BEPIIMHAMH, 3 €THAHHUMH
JIaHUM PEOpOM.
Ha xoxxHOMY Kpolli anroputMy i 0yIb-sK01 BepIIuHu i € V
Mo>ke OyTH T0OyJOBaHAa MHOXMHA CYCIIHIX BepIIMH N, .
EBpucruuna iHpopmanian,; — 1€ YMCIOBE 3HAYCHHS, LIO HE

3aJIe)KUTh B1Jl 3HANJEHWX Ha TMOMEpeIHIX KpOKax pO3B'SI3KIB 1
BiJloOpaXkae CTyMiHb OakaHOCTI BKJIIOYEHHS B MOOYyJOBaHUMN
(¢parMeHT po3B'sI3Ky TOrO YU 1HIIOTO HOBOro pedpa rpada mozeni
e; €E. EBpUCTHYHI 3HAa4YCHHs m; 0a3ylOTbCs Ha anpiopHii

iH(opMalii, 110 BijoOpakae yMOBU KOHKPETHOT 33/1aui Ta HaJJa€ThCs
JKEPETIOM, BIIMIHHUM Bijl Mypax.
Pigenb epomony (bepomounmii cmig) — 7, MO BIANOBIIAE

pedpy e, € E, — 1le I0IaTHE YHCIIO, SKE MOKA3y€, HACKLILKM 4acTo

MypaxaMH BUKOPHUCTOBYBAJIOCS 11€ peOpo Ha MONEPEHIX KPOKaxX UM
npu (GopMyBaHHI TOBHOTO PO3B'A3Ky. DEPOMOHHI CITi/I1 BUKOHYIOTb
OB JIOBrOTPUBANOI MaM'aATi JUIi Mypax MO0 BCHOTO IIPOIECY
nomyky [1].

3aranbpHy oOunciaoBaiIbHY cxeMy aiaroputMmiB OMK moxHa
NI0JIaTH TaK, SIK Ha pUCYHKY 1 [4].

JIBokpokoBuii mepexia. Y po3poOsIeHOMY aJITOPUTMI B SKOCTI
MHOXHHHA TpUITyCcTUMHX BepmH (1*) o0paHo MHOXHHY
HEBIJIBIJAaHUX BEPIIWH, A0 SKUX OJHA 3 Mypax 31 CBO€I MOTOYHOI
MO3UIIiT MOXKE JicTaTUCS He OlIbIe, HiX 3a 1Ba KPOKH [3].
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procedure ACO (x)
IHIYianisayis_aiopummy;
while kpuTepiii_3aBepuieHHsi He 3agoBosieHHH do
dopmysanua_nonynayii_mypax; {IToTOYHE TTOKOJIIHHS }
foreach mypaxa 3 momymsuii do  {>KkWTT€BUIl LUK Mypaxu }
IHIYianisayis_mypaxu;
M =onoenenna_nam’ami_mypaxu,
while moTounnii _crax # noBHUI_po3B's130k do
A=n0KanvHa_ mMampuysi_MypawmuHux_mMapupymis;
chopmysamu_MHOICUHY NPUNYCIMUMUX _BEPULUH; 1*
p =obuuciumu_timosgipHicme_nepexodie(A, M, 11);
HaCTYIHUH_CTaH = npasuio_nputinamms_piuwenusa(p, 11);
nepetimu_6_HacmynHui_cmax(HaCTYITHUN CTaH);
if ornaitHoBe MoOKpokoBe oHOBIEHHS (hepomoHy then
gioKnacmu_@epomMor_Ha_8i0sioaniti_0ysi;
NOHOBUMU_ MAMPUYIO_MYPAWUHUX_Mapuipymie_A;
endif
M =onoeumu_enympiwiniu_cman;
endwhile
if oHnaitHOBe BijcTpOYeHE OHOBIICHHS (epomony then
foreach BiaBimanoi nyru moOymoBaHOTO PO3B'A3Ky do
gioKnacmu_ghepomor_Ha_8i08ioaHiti_0ys3i;
OHOBUMU_MAMPUYIO_MYPAUWUHUX_Mapuipymie_A;
endforeach
endif
3a8epuumu OULIbHICIND;
endforeach
BUNAPOBYBANHA_(HEPOMOHY;
OHOBIeHHSL_peKoply (X);
0ii’ /lemona, {HEO0OOB'SI3KOBO } 2%)
endwhile
end

Puc. 1. O6uucnosanvna cxema ancopummy OMK

Y naHoMy JOCHI/DKEHHI HE BUKOPHUCTOBYIOTHCS METOIU
KOPUT'YBaHHS pO3B’sI3KYy, TAKOXK BiIOMI sIK Aii 1eMoHa. 3pobiieHo e
3 METOI SKOMOTa OUIBII HAOYHOTO CIIOCTEPEKECHHSI BIUIUBY
PO3LIUPEHHS OKOJIY ITPHU KOXKHOMY Tepexo/ii Ha poOOTy alrOpUTMY.
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CnouaTky I8 KOXKHOI Mypax® k 13 MOMyJSMii 31IHCHIOETHCS
(hopMyBaHHS MiIMHOKMHM HpUIycTHMEHX BepmmH N C N, i3
MHOXXHHM BEpIIMH, CYCITHIX I Tiel BepmmHu i€V, ska €
OCTaHHBOI0 B ITIOTOYHOMY (parmMenti MmapmpyTy. Otxe, N e
MHOXKHHOIO MOXKJIMBHUX HEPEXOJiB 3a OJUH KPOK JUIS Mypaxu k 3
BepnHH i. [ToTiM 101aTKOBO OYyIy€ThCS D,~k — MHOXXMHA TOYOK, 10

SIKMX MOKJIMBUH MepexiJl y IBa KPOKHU, TOOTO, BC1 HEBIBIaH1 TOUKH
3 MOKJIMBICTIO MPSAMOTO TIEPEX0,1y BiJl OAHIET 3 TOYOK MOMEPEAHBOI

k
MHOUHHU N,

k k
k= U N} (M)
seNik
[HmmMu  cnoBaMu, MHOXKHUHA Dl~k€ 00’€IHaHHAM MHOUH

JOMYCTUMHUX TEPEXOJIB JUIl KOXHOi 3 TOYOK § 3 MHOXHHHU
JOTTYCTUMHX NEPEXOIIB Uil 00paHOi BEPIIMHHU I Ta Mypaxu k.

Ilepexin k- Mypaxu 3 BepUIMHU i B j 4Yepe3 BEpLIMHY § Ha
MOTOYHIA iTepamii ¢ 3AIMCHIOETbCS 3  WMOBIPHICTIO, IO
PO3paxoBYETHCS 32 HACTYIHOIO (POPMYJIOIO:

ok = [2i5 (1) T4 (O] [ () - (OF
Y Oy oP - Y o Iy 0F

reNl-k reNSk

ne Ny ={l: 1eNf, jeN/F).

®opmyna (2) omucye HMOBIPHOCTI [UIsl TEPEXOMAIB Uepes3
IPOMIKHY BEpIIMHY, TOOTO, 1BOKpoKoBoro anroputmy OMK. Jlns
TIPAMEX TIEPEXOJiB 0 BEPIIMH 3 MHOXKHHH N, 3aCTOCOBYEThCS
HacTymHa ¢popMyna:
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N G {OR Q)
P CAORIAG)

reNik

4%i

3)

Bubip ToukH Ul HACTYITHOTO MEPeXOIy 3AiHCHIOETHCS Ccepel
eneMenTiB MHOXHHE Df UNF, T06TO, MOXE Gyr:m oGpaHo sK

npsMUAN, Tak 1 JBOKPOKOBUH mepexia. VMOBIpHICTH KOXHOTO
nepexony Uit Mypaxu K 3 BEpIIMHU 1 00UHCITIOETHCS SIK:

p,-bjk , se N, je D! nus IBOKpPOKOBUX MEPEXOIiB;
ko 5o Ak .
q; » J€N; A IPSIMUX TIEPEXOAIB.

O0uuciIoBaIBHUI eKCIIepUMEeHT. Jocmikenns
e(dEeKTUBHOCTI MOJAHOTO MiaXoAay Oylio MpoBeneHO UId 3aaadi
mapmpyru3samii BITJIA 1 moka3ano 3MeHIICHHS CepeIHBOT BITHOCHOT
noxubku 3 6.63% no 0.93% [2]. Tum He MeHI, 3 ypaxyBaHHSAM
CYTTEBUX OCOOJMBOCTEH 3amadvi, JOIMUIBHUM € TMPOBEACHHS
JOCHIJUKEHHsT BIUIMBY PpO3LIMPEHHS OKOJy Ha QJIrOpUTM JJis
KJIACUYHOT 3a/1a41 KOMIBOsDKEpa.

Hani Oyne mpoBeACHO TMOPIBHSJIBHUN —aHami3 peamizamii
anroputMy OMK 3 HacTynmHUMHU PO3IIMPEHHIMMU:

- Max-Min Ant System (MMAS), 1o nepenbadae oOMeXeHHS
HUKHBOI Ta BEPXHBOI CUIIM (PEPOMOHHOTO CIIIJTY;

- Elitist Ant System — TUIbKM Kpamuid Mypaxa 3 KOXHOI
iTepalii Mo>ke OHOBUTU (DEPOMOHHHUIM CITIA.

BukonaHHs mporpamu poBOIUTHCS Y 1B €TAIH:

- BU3HAYEHHS Hallkpaioro Habopy mapaMmeTpiB Ha OCHOBI cepii
TECTOBHUX 3aITyCKiB 31 3MEHIIIECHOIO KIIBKICTIO Mypax Ta iTepatii;

- 3amycK 3 o0OpaHMM Ha0OpOM MapameTpiB 3 OOMEKEHHSM Ha
KIUTBKICTh iTeparliii 6e3 MoKpalieHHs iICHYI0UOT0 pe3ybTary.

Jln1st 00UKCIIEHHS BiTHOCHOT TIOXMOKH & BUKOPMCTOBYEThCA f —
HalMEHIIIe BiJJOME 3HA4YEHHS IUIbOBOI (PYHKINT 111 JaHoi 3amadi (
f =253,097), a BigHOCHA TOXMOKA PO3B’A3KY OOUMCIIOETHCS 32

dopmymnoro € =100-(f - )/ f .
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VY tabnumi 1 HaBeneHO cepeaHi 3HAYCHHS BIAHOCHOI MOXUOKH
JUIA 3allycKy 000X alropuTMIiB Ha MPUKIAAHUAX 3a1adax att4s§,
berlin52, eil51, eil76, kroA100. Jle n — KiIbKICTh 3aIlyCKiB, & —
CepeIHs BITHOCHA TOXUOKA.

Tabmums 1.
PesynbraTty poOOTH airopuT™MiB
AJroput™m
3 2-KpOKOBHM 3 0OAHOKPOKOBHM
Ipobaema HepzxozmM ):[epe)IK)OIlOM

e, % n g % n
att48.tsp 2.2 16 0.6 16
berlin52.tsp 3.7 16 3.1 16
eil51.tsp 2.9 16 2.1 16
eil76.tsp 5.0 16 4.6 16
kroA100.tsp 7.3 16 6.1 16

Cepenne 4.22 33

BucnoBok. [lomana peamizariiss Moxke OyTH TOKpalieHa 3a
JIOTIOMOTO0  YBE/IEHHS JIETEPMIHOBAHOI'O JIOKAJILHOTO TIOUIYKY B
AKOCTI JE€MOHA, BHUKOPUCTaHHS (EPOMOHHOTO CIHiay OUIbIIOL
KIJIbKOCTI Mypax Tomro. [IpoTe, OCKiNbKH MepiIouyeproBol0 METOIO €
JOCITIJKEHHST BIUIMBY JBOKPOKOBOTO TIEPEXOJy Ha poboTy
QITOPUTMY, peajli3allii 3 HEBEIMKOI KUIBKICTIO PO3IIUPEHb
JI03BOJISIE  30CEPEAMTHCS Ha 3a3HAYEHUX OCOONMBOCTAX. byno
IOPOBEIEHO  OOYMCIIOBAJBHUM  €KCHEPUMEHT 3  OKPEeMUMH
npukiagHumMu 3amadamu 3 TSPLIB, cepemns BigHOcHa moxuOka
cranoBmia 4.2% 151 Bepcii 3 ABOKPOKOBUM nepexooM 1 3.3% s
BepCii 3 OTHOKPOKOBUM.

Ha Bimminy Big pocmimkenHs mis UAVRP [2], BBenmenus
JIBOKPOKOBOT'O NMEPEXOAY Yy PO3TISHYTIN peainizallii He IpU3BEIo J10
3MEHILIEHHS CEPeIHBOI BIIHOCHOI MTOXUOKHU.
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KITACU®IKALIS INBAPHUX MATEMATHUYHUX
MOJIEJIEA
Camapaii B.I1., Camapaii P.B.
HTYY “KIIl im.1.Cikopcvkoco”

Abstract. On the basis of production experience and scientific activity the
classification of mathematical and simulation models for foundry production which
allows to apply effectively all presented types of models for intensification,
reduction in price, optimization of foundry production is offered.

VY HayKOBOMY, TEXHOJIOTIYHOMY, €KOHOMIYHOMY MO/IEIIOBaHHI
JUBApPHUIITBA MOKHA BUAUTUTH 8 MONYJSAPHUX 1 12 pIAKICHUX BHUJIB
MoJieNiell A7 TPOTHO3YBAHHs,  JIarHOCTHUKH,  KepyBaHHS,
pEryJoBaHHs, aHali3y, KOHTPOJIO, CTPYKTYpHO-IapaMeTpUYHOL
ONTUMI3aI:

Lonynapui mamemamuyni Mooeni 1ueapHuymea:
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1.EKOHOMETPUYHI MOJIEJI ago PEIPECIWHI
MOJEJIIL.

2.EBPUCTUYHI _MOJEJII. 3amictb MaTeMaTHYHOTO
pO3paxyHKy KoedillieHTiB perpecii Ha 0a3i CTaTUCTUYHHUX
CIIOCTEPEKEHb BUKOPUCTOBYIOTH OIIHKH BigoMux ¢axiBuis-
EKCIepTiB

3.MOJIEJII CUCTEM MACOBOI'O
OBCJIYTOBYBAHHA:

e CMO 3 6yHkepoM (0OMEKEHHS pO3MIpY Yepru).

e CMO 3 BimMOBaMH (THMYACOBI BIJIMOBH Y TIOCTaYaHHI).

e CMO 3 00MeXeHUM YacOM OYiKyBaHHSI.

e CMO 3 HeoOMEKEHNM YacoM OYiKyBaHHSI.

B CMO 3aB:au icHy€e 1Ba BUAU MOJiii i BiANOBiAHO 1Ba BN
yepr:

® HaJXOJKEHHS 3aMOBJICHb.1 BUKOHAHHS 3aMOBJICHb.

4.MOJEJII TEOPII Irop (KOH®JIKTHUX
CUTYALUN).

Bonu 06asyrorbecss Ha Teopii HMOBIpHOCTEH 1 MaTeMaTU4HIN
CTaTUCTHIIL.

IcHyroTb Mopesni MaKpOeKOHOMIKH i MiKPOEKOHOMIKH: 6
MIKpOEeKOHOMIYi npeeantoe meopia KOHGAiKkmuux cumyauii(
meopia icop), momy wo 6i0OYBAEMbCA KOHKYPEHYis, d 8
MAKpOEeKOHOMIYI Ha pi6HI 0epiHcasu GUKOPUCTOBYEMbCS Meopia
perynoBaHHs AJIs BCIX BUPOOHUKIB /711 KOPUCTI IEP>KAaBH B LIJIOMY.

SIK mpukiIax TpUAHATTS pilleHHs B Teopii irop — “rpa 3
npupogoro”. Hampukman: a)3amadya Ha  BHUMNAJAKOBUH  Opak
BUPOOHHUIITBA — SIK “Tpa 3 MPUPOJI0I0”’; 0 )CIIBBITHOIIEHHS SIPOBHX Ta
03UMUX KYJBTYP Y CLIICBKOMY IOCIOJAPCTBI IPH I'pil 3 IPUPOJI0I0 ™.

Crpareris noBeainku (aii) — 1e € HANTOJOBHIIIE PIIICHHS
(BuOip onHi€i cTparerii abo MAEKUIBKOX CTparerii — 3wmimaHa
ctpaterisi). Teopis irop 000B’A3K0BO NMpHUIMae 10 yBaru HeraTUBHI
HACTIAKA TIPUUHATTA PilIeHHS, 00 BOHU 3aBXIU € A Oyab-sKOi
CTpaTerii MOBEIIHKH.

5. IMITAIIAHI MOJEJI - € ajJropuTMom,
KOMII’IOTEPHOI0 TPOrpaMor, y sAKIiil MOXKHAa peajdisyBaTu
MUHAMIYHICTD i CTOXaCTHYHICTH — rOJIOBHI 03HAKH i BJACTHBOCTI
CKJIAJJHUX MOJeJIei.
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6. ONTUMIBALIVMHI __ MOJEJI __ (JI.KaatopoBuu,
B.JleontheB — HOOeneBchbku naypearu CPCP it Jlanuir, Kynmanc,
Hopdman - CIIA):

Cknanatotecst 3 1BoX yactuH: Kputepii ontumizanii (1ijiboBa
yrxrisn)

1 cuctema 0OMEXEHb.

3AYBAXKEHHS 10 ONTUMIBAIIMHAX MOJIEJIEMN.

MoxmBe TpadiuHe pilleHHS ONTHUMI3alidHUX  3ajad.
3arajgpbHUAN BUIIIA] ONTUMI3AIiifHOT MOJIENI, 110 CKIaJaeThCs 3 IBOX
YaCTHUH:

inpoBa pyHKIIIA
F = cix1 + c2x2 + ... + eaxn->Max (Min, CONST) (1)
Cucrema oOMexeHb (2)
@11¥] + @gpx; + ..+ Qinxy = (=)by
@zixy + azpxz + .. + agpxy = (=)bs
Qp1X] — QX2 T . T Qi = [:jbu 2)

Hanpsimu 1 npukiaay BUAIB ONTUMIZALIMHUX MOJIENeH 1 3aa4:

6.1. JliniliHe mporpamyBaHHs (po3moain pecypciB  abo
TPaHCIIOPTHA 3a]1a4a).

6.2. HemniniiiHe mnporpamyBanHs (3) (Hampukianx, HemnpsiMa
JIHIMHA 3a7a4a MPU3HAUEHA Ha TTOCaIy).

Y =aygX] +a12X3 + .. +amxji <by 3)

6.3. LlinouncenbHe MporpaMyBaHHS (X — L1J11 3HAYEHHS).

6.4. CroxacTu4yHe mporpaMmyBaHHs (BIpOTiIHICTHI 3MiHHI).

6.5. bynese (nBiiikoBe) mporpamMyBaHHs, KOJW 3MiHHI MarOTh
Oyt B mexkax 0 - 1.

6.6. [lapameTpuune mporpamyBaHHs (KOJIU ICHY€E KOpEISIiTHHIMA
3B'SI30K MIXK (PaKTOpaMn).

6.7. JluramiuHe mporpaMmyBaHHs (MeTOau: Mojaenb bemnmmana i
Mozenb [loHTpsrina).

6.8. JlpoGoBo-miHiliHE mporpamyBaHHA (4) (3’SBISETHCA
3HAMEHHUK)

C1¥1 T C2X3 T .. T CpXp

F= z (d; + d3z) 4)
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6.9. bararokpurepianbHe NMporpaMmyBaHHS (B IIbOMY BHUIAIKY
JIeKiIbKa KpUTepii onTuMizaiii).

6.10. MepexeBe nporpaMyBaHH:

6.10.1.3amaya i MojIeNIb HA Max MOTIK Ta min epepis;

6.10.2.MepexeBa TpaHCIIOPTHA 33]1a4a 1 MOJIETIb;

6.10.3.3agaua i Mo/ieIh Ha HAMKOPOTIINH IUISX;

6.10.4.3amaya 1 MoesIbp HAa HAWIOBIINHA [UIAX;

6.10.5.3agaua i MoJIeNIb KOMIBOSIKEDA;

6.10.6.3amaua 1 MozIe)Ib 3BUYAHHOT TPAHCTIOPTHOI 3a/1a4i;

6.10.7. 3amavya i Momenp MPOCTOW TPAHCIIOPTHOI 3aj1adi Ha
MaKCHUMYM;

6.10.8. 3agaya i MosIeNb HA MOTIK MiHIMAJIBHOI BAPTOCTI.

MepexeBi Mojielli BHOKPEMITIOIOTBCS OKPEMO - MOJIEi Teopii
rpadis:

7.MOJIEJII TEOPIi TPA®IB

3pydHUM I MPAKTHYHOTO BUPOOHUIITBA, HANPHKIAT IS
JMBApHUIITBA € Te, 110 Ha BIAMIHY BiJ 1HIIMX MOAENi Teopii rpadis
SABJISIIOTh  COOOI0 TOJIOBHY ©0a3y Uil PpIMICHHS 3a7a4  camMe
CTPYKTYPHOI  ONTHMi3amii, MalOTb MaTEMaTUYHUN  BUIJIAA
3BUYAHUX ONTUMI3alIHHUX Mojened (MyHKT 6) 1 00OB’SI3KOBO
MPEJICTaBISIFOTHCS Y BUTIISAI rpadiB A MOKIMBOCTEH BUSHAYCHHS,
CTBOPEHHS 1 PO3B’A3aHHSI TOTOBUX MAaTeMaTHYHHX Mojeneu. Jleski
1HII ONTUMI3alliifHI MOJAEN TeX MOXYTh BHUPIIITYBATH 3a/ladyl came
CTPYKTypHOI omnrtumizamii. JlogaTkoBo nisi BUpINIEHHSA 3aaa4
CTPYKTYpPHOI onTuMizauii 10 Mojenel teopii rpadiB A0AaOTHCA i
iHon rpadiuni moneni — KoruituBHi Mogem, iHmi [loTokosi
(MepexeBi) Mogeni, Mepexi Ilerpi, Jlanmiorm Mapkosa,
Anroputmu Imitamiiaux Mopaeneit, Kmituaai ABromatu, CkiHUeHi
ABromarn, CemantuuHi Mepexi, rpadu cucteM MacoBOro
ob6cmyroByBanns (CMO), ®pakranbai Mogeni, Hetiporni Mepexi.
Crnin 3a3HauuTH 1O Ha3BaHI Mojeni Teopii rpadiB CIPOMOXKHI
BUpIIIYBaTH HE TUIbKU 3aBJaHHS CTPYKTYpHOI onTuMizamii, a u
Hapsly 3 BHILNE Ha3BaHUMH MOJIEISIMH CIPOMOJKHI BHPIIITYBATH 1
3a/1a4i mapamMeTpUIHO1 ONTUMI3aIlii.

8.MOJIEJII TEOPII ABTOMATUYHOI'O KEPYBAHHS

Mopeni TAY pa3zom 3 IMITalliHHUMH  MOJETSIMH €
HAUTIOTYKHIITUMHU 1 BOJIOIIFOTh JMHAMIYHUMH BIACTHBOCTSIMU, SIKUX
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MEePEBAXHO HE MAIOTh YKOJHI 1HII MOJEII, OKPIM JEIKUX MOJICIICH,
mo ©6a3ytoTbest Ha Teopil rpadiB (mepexi Ilerpi). Haiibinbim
MOTY)KHUM arapatom mozeneid TAY e nepenaBanbHi pynkii (I1D),
nepexifHi XapakTepucTUku (KpuBi posrony). Jns moOymoBu i
aHamizy mnepemaBanbHUX (QyHKIIH TAY nepegbavae 1IicTh
CTaHJAPTHUX TIEPBUHHMX CHTHAIIB: a)CTymiH4YacTta (yHKIIis
(“omuHnuHui curHa”® abo QyHKIis Xepicaiga); O)IMITYIbCHUN
curnan (¢yskiis [ipaka); B) CHHyCHUN CUTHAI; T) TIIHIWHUN CUTHAIT;
1) CUTHAJ “OUTHi mTyM”’; €) aCHMITTOTHYHO HAOIMKAFOIIINCS CUTHAI
(EKCIIOHEHTA).

Mopneni TAY no3BonsitoTh MOOyAyBaTu TPH OCHOBHI BUIU
3aMKHYTHUX CHUCTEM PETYJIOBAHHS: a)3 MOCIIJOBHUM PEryIsSTOPOM;
0)3 mapajelbHUM PETYISATOPOM; B)3 PEryIsTOPOM B JAHIIO3i
3BOPOTHBOTO 3B’ S3KY 3 JJAHKAMH OY/b-SKOTO MOPAAKY 1 3 GyHKIISIMA
I1-, A-, I-, II-, I1J-, IIA-, [I-perynaropis. MoxiauBa modyaoBa
MaTeMaTHYHUX MOJIENIeH NEKITbKOX BUJIIB: a)B MPOCTOPI CTaHIB; 0)y
BUIJISI/II TOJIHOMIB; B)y BHUIUIANI PO3KIAJaHHS HAa MHOXKHUKH
(reopemu besy 1 Biera, cxema I'opHepa); I)y BUIJISAl HYIIB 1
MIOJIIOCIB.

Piokicui mamemamuuni moodeni rueapnuymea:

9.Mogeui Teopii xaocy.

10.Mopaeai Teopii kaTacTpod.

11.Mopeni uyacoBux psaaiB: a) psgu Dyp’e; 0) narosi,
pEeKypeHTH1 MOJieNl, peKypcii; B) BeliBneTu (Xaapa, ['ab0apa, iH.) .

12.{unamiuni  mogeni: a)MAX [Ilontpsrina; O0)mozeni
bennmana; B)audepenuiaabHO-1HTErpalbHl MOJIEN; T)onepariiHuit
aHais.

13.Mopeni mMTYYHOro iHTEJEKTY: a)eKCIepTHI CHCTEMU;
0)HeuiTKa JIOTiKa; B) HEHpOHHI Mepexi; T)MOJeNli Ha TeHEeTUYHHX
IropuTMax; J)MOJENl Ha €BOJIOLINHUX alrOpuTMax; €)CUCTEMHU
po3Mi3HaBaHHs 00pa3iB.

14.CxemoTexHiune MoaeaoBaHua akagemika [1lumoBa.

15.MeTtoam i Moes1i MATEMaTHYHOI CTATUCTUKH.

16.SWOP-anamnis.

17.MoneJi na moBi GPSS

18.Irpogi moaeai IDEF, DFD, Case,CALS-texHoorii.

19.Peosioriuni mopei.

125



20.Moaeai SCADA — ERP cucrem.

Pe3rome: Ha OCHOBI BUPOOHUYOTO AOCBiAY 1 HAYKOBOI AisTIBHOCTI
3aMponoHOBaHa Kjacudikallis MaTreMaTHYHUX 1 IMITaliiHUX
MOJIeJIeH Isl TUBAPHOTO BHUPOOHUIITBA, SIKA JO3BOJSIE €(PEKTUBHO
3aCTOCYBaTH BCl MPEICTaBIICHI BUAM Mojeel uid iHTeHCUiKaIlii,
3/ICIIEBJICHHS, ONTUMi3allii JMBApHOTO BUPOOHHUIITBA.

MOJEJIbHUM AITAPAT OIITUMIBAIIIl INBAPHOI'O
BUPOBHUIITBA I TEOPISA T'PA®IB
Camapaii B.I1., Camapaii P.B.
HTYY “KIll im.1I.Cikopcokoeo™

Abstract. An overview and analysis of the principles of application and
properties of mathematical models in foundry production for integrated use at the
stages of production preparation, in production, during quality control and at the
stage of feedback on the regulation of technological parameters of foundry
production.

Marematnuni mozeni (MM) MoOXyTb 3HA4YHO MOKpAILUTH,
MOXKBaBUTH, MPUCKOPUTH, ONTHMI3yBaTH, 3JI€MIEBUTH BCl MPOLECH
JUBAPHOTO BUPOOHMIITBA.

MM € BaxJIMBUM BaxkeleM Mg NPaBHIBHOI MOOYI0BU
JMBApHUX IPOLIECIB 1 HAa PI3HUX €Tarax MiArOTOBKM BUPOOHUIITBA 1
caMoro BUpPOOHMIITBA, 1 HAa PI3HUX Mepeaiiax y pi3HUX IUIbHULAX 1
BIJIUIEHHSX JIMBAPHUITBA, 1 MOXKYTh OYTH 3aCTOCOBaH1 10 Pi13HUX
CHCTEM aBTOMATH3allil 1 KOMIT I0Tepu3allii cyyacHOro piBHi. BoHu
MOXYTb CIPUSITH 1 peaiizyBatu Oprasi3ariio
PO3paxyHKiB, aJIeKBaTHOTO IPOEKTYBaHHS, MO/ICJIFOBAHHS,
MPOTHO3YBaHHS, ONTUMI3allli, KOHTPOJIIO, A1aTHOCTUKH, KEPYBAaHHS,
perymoBanHs, aHanmizy. Cdepa 3acTocyBaHHS  TOPKAETHCA
OJIHOYACHO 1 BHPOOHMYMX NHUTaHb, 1 TMHUTaHb SIKOCTI TPOIYKIIIi.
IneasibHUM BapiaHTOM 3aJTy4CHHS 1 BOPOBAKEHHS MaTeMAaTUYHUX 1
IMITAIITHUX MOJENIel € OJTHOYACHE 3aCTOCYBAaHHSI BCIX MOJKIIMBHX
meroniB cucrtemHoro anamizy (CA), xibepHeTuku, Teopii
MOJICIIIOBAHHS 1 JUIsl TIATOTOBKM BUPOOHHUIITBA, 1 JJIs BJIACHO
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BHUPOOHUYOTO MPOIECY, 1 JUISI KOHTPOJIO SIKOCTI BUPOOHHIITBA 3
MO>KJIMBICTIO 3’SICYBaHHsI B3a€MOBIUIMBIB, BU3HAUECHHS 1 TOOYI0BU
BCIX MOYKJIMBUX aAHATITUYHUX, YaCOBHX, rpadiaanx
B3a€MO3AJICKHOCTEH 3 METOI0 SIKHAMIIBUAIIE pearyBaTH Ha BUXIiJ
MpOIIECIiB 32 MeEXKI PETyIIOBaHHS 1 VYIOPABIIHHSA, 33 MEXH
KOHTPOJIbOBAHUX TEXHOJOTIYHUX TapaMeTpiB, 3a TEXHOJOTIuHI
JIOTTYCKH 1 JIO3BOJICHI MEKH BC1X MOXJIMBHUX J1e(PEKTIB BUPOOIB.

3 MeTo10 e(heKTUBHOTO BHBEICHHS BHPOOHHIITBA HA Cy4acCHHM
PIBEHb 1 HOTO 3HAYHOTO TOKPAIIECHHS CJIiJ] YiTKO BU3HAYUTH KOPHCHI
TEOPETUYHI 1 MPaKTHYHI Cy4acHI HAmMpsSMHU 1 YiTKY KiIacuQiKaIito
3aCTOCOBAaHUX MOJIENel 1 METOiB MoientoBanHs. He ciin 3a0yBaTy,
10 MOJIENI 1 MeTOI! TUMIB “015101 CKpHHI” 1 “dOpHOT CKpHHI” 4yJOBO
JIOTIOBHIOIOTH OJIHE OJTHOT0, TAKMM YMHOM HaOyBalOTh BIaCTUBOCTEH
MoJIeTIel Ty “‘cipa CKpHHS 1 iX CMMO0i03 37aTCH BUSIBIISITH Pi3HI
pPIBHI eMEp/UKEHTHOCTEH PI3HMX CHCTEM Ha PIBHAX 1 eTamax
MiATOTOBKM BHPOOHHIITBA, BIACHO BUPOOHHIITBA, KOHTPOIIO SIKOCTI
MPOJYKIIi1, Ha eTari pearyBaHHs Ha PiBEHb BIAMOBIIHOCTI AKOCTI, HA
nedexkTu 1 Opak BUpOOHUIITBA (Uepe3 BIJCOTOK Opaky 3a KOXKHUM
nedeKkToM) uepe3 3BOpOTHiH 3B’ s130K. MatoTh OyTH 3a0e3neueHi Bei
MOXKJIUBOCTI  JUIsl OJHOYACHOTO IOCTIHHOTO MOHITOPUHTY 1
TEXHOJIOTIYHUX mapaMeTpiB (!), 1 CTATUCTUKM BCiX JeQeKTiB
BunuBKiB (!) 1 Opaky (!) BUpOOHHUIITBA 3 METOIO MOB’A3aTH IX MIX
co00K0 y BHIVIAAI PI3HOMAHITHUX MaTeMaTHMYHHUX, TIpadiuyHuX,
IMITAlIHHUX MOJelNel 1 3anexHocTel (y HalmpoCTIIOMY BHUIAJKY
HanpuUKIIa, sIK HapHi 1 MHOXKHHHI perpeciiiHi Mozeni JiHiiHOro abo
HENIHIMHOrO THUMy, AUHAMI4HI abo CTaTW4yHi, WMOBIpPHICHI a0o
JEeTepMiHOBAHI).

3a xapakTepoM 4acoBoi 3aJ1esKHOCTI — HalO1IbIIT 3aCTOCOBaHI1
MOJIENII CTATH4Hi, y SKHX YyCI 3aJEXKHOCTI CTOCYIOTbCS OJHOTO
MOMEHTY YU [P0y Hacy, pijlle 3aCTOCOBaH1 MOJIEeT1 AMHAMIYHI, y
SKUX BiOOpaKaeThCs Mpoliec 3MiHU 00'€KTa B Yaci 1 B SIKUX 3a/adi
PO3B'SI3yIOTH KUTbKOMA €TariaMu, IIPUIOMY Pe3yiIbTaT Ha KOXKHOMY 3
HUX 3QJIeXKHUTh Bi QYHKIIT Ta pO3B'sA3KiB, IPUMHATUX Ha TOMEPETHIX
eTarnax.

3a xapakTtepom Bifo0pa:KeHHs] NPHUYMHHO-HACTIAKOBHX
3B'SI3KiB MOJIE)TI TEXHOJIOTIYHUX 1 €KOHOMIYHUX TIPOIECIB MOYKHA
MOJUTUTH Ha JIeTepMiHOBaHi, y SKUX BHUXOAH OJHO3HAYHO
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BU3HAYAIOTHCS  3BUYAMHOI  MHOXHWHOIO  BXOIiB  ((akTopis,
napaMeTpiB), a camy MOJEIb MOXHa TMOJATH K ACSIKY (YHKIIIO
HEBHITAIKOBUX TapaMeTpiB 1 3MIHHUX, 1, HaBMaKu, WMOBipHicHi
MojeJi, SKi BiJI3HAYaIOTbCA TUM, IO YMOBU (YHKIIOHYBaHHS i
XapaKTepUCTUKU CTaHIB 3MOJIEIHLOBAHOIO 00'€KTa € BUIMAAKOBUMU
BEJIMYMHAMM 1 MTOB's3aH1 MK COO0I0 BUTIQIKOBUMHU 3aJI€KHOCTSIMH 32
paxyHOK BBE/ICHHS TaK 3BaHOr0 (DaKTOpPy HEBU3HAYEHOCTI.

3a CHIBBIIHONICHHSM BXIiAHHX (€K30T€HHUX) 1 BHUXIJIHUX
(eHIOTeHHUX ) TapaMETPiB PO3PI3HIIOTh MOJIEIl 3aKPHUTI i BIAKPHUTI;
3a XapaKTepoM B3aEMO3B'A3KIB MK MapaMeTpaMu - JiHilHi
HeJiHiliHi; 3a cTynmeHeM CTpPyKTypu3alii TEeXHOJIOTIYHHX
TOCIIOIAPCHKUX TPOIIECIB - OJHO- i 0AraTompoayKTOBi, OJHO-
O0ararorajiy3eBi, 3a XapakTepoM BHUMOT JO peE3yJIbTaTiB
pO3B'sI3yBaHHA 33]1a4 - 6aJaHCOBI i omTUMi3aliiiHi; 3a TTMOMHOIO
4acoBOro  oOpil0 -  JOBrOCTPOKOBOr0  NPOTrHO3YBAHHS,
NMepcrneKTUBHI W MOTOYHi; 32 CTyNmeHEM NOBHOTH OXOIUICHHS
€KOHOMIYHOTO 00'€KTa - MAKPO- Ta MiIKPOMO/I€JIi.

MaremaTuuHa MOJEIb MOXKE OXOIUTIOBATH BCl  MOYKIJIMBI
TEXHOJIOTIYHI a00 EKOHOMIYHI MpouecHd 1 BHUPOOHUIITBA, IXHIO
yacTUHY a0o0 JHIIe OJWH, JOCHUTh BIJIOKPEMJICHHUW TIPOIIeC
(BUpOOHMIITBO, MiJPO3/LI, MEPEAls, OKpeMe O0JIaJHaHHSA, OKpema
JJAHKA IPOLECY, OKPEMUN KOHTYp PEryJtOBaHHS, OKPEMHU KOHTYp
KEpPYBaHHs, OKPEMHUI KOHTYp KOHTPOJIIO, OKpPEeMHH KOJIEKTHB,
OKpPEME OCHAIIEHHS, OKpEMHUN TEXHOJOTIYHUN Mpolec, OKPEMH
SAKICHUIM KOHTPOJIB).

3a cnenudikor 3aCTOCOBYBAaHHMX METOIB aHANI3y 1 Mojenei
KiOEpHETHKH, CHUCTEMHOIO aHalli3y, Teopii MOJENIOBaHHS 1 33134
JOCJIIJDKEHHS OTepallii y JUBApHUIITBI 1X MOXKHA TOJIUTATH Ha:
0anmaHcoBi, KOpeNALilHI Ta perpeciiiHi, yMOBHOI omnTuMmi3arii
(JiHIAHI Ta HENMHINAHI, IeTepMIHOBaHI Ta CTOXaCTUYHI, CTATUYHI Ta
JMHAMIYHi), Teopii MacoBoro oOCIyroByBaHHs, 3amaciB, irop,
CTaTHUCTUYHUX pillleHb, 1H(pOpMaIi, 3aMiHU OO0JIaJHaHHS, Teopii
rpa¢is, iMiTaLiiHi 1 1HII.

Taka kimacudikaris 1 6aueHHsI 3arajabHOI CYKYITHOCTI MOJIETIeH 1
METO/MIB  MOJEJTIOBAaHHS  JIOTIOMara€  4YiTKO  PO3MEXYBaTH
PI3HOMAaHITHI TEXHOJIOTIYHI, EKOHOMIYHI MpoIecu 1 ix crenudiky,
METy MOJICTIOBAHHS, MOJIENi, SIKi BUKOPHUCTOBYIOTH, 1 METOIHU iX

o e e
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IOCIIHKEHHA 1 B TOH caMiii 4ac HaWOLIbII ITOBHO 1 KOMIUIEKCHO
BUKOPUCTATH BCi MepeBard KOXXHOI MOJENI 1 KOKHOTO HayKOBO-
TEXHOJIOTTYHOTO IMiIXO0Y.

MareMaTnuHuil anmapaT Teopii MOJENIOBaHHS, CHUCTEMHOTO
aHai3y, KIOEPHETHKH 1 CydyacHa 00YHCITIOBAJIbHA TEXHIKA CIIPUSIOThH
3HaYHOMY HiIBUIIEHHIO KOHKYPEHTO3JAaTHOCTI MPOAYKIIi i caMoro
BHUPOOHMIITBA, SKOCTI BHUPOOIB, HAYKOBOT'O PiBHS HAayKOBHX,
TEXHOJOTITYHUX a00 EKOHOMIYHUX MJOCHTI/PKEHbh HAa BUPOOHUIITBI,
BIPOTiTHOCTI OTPUMAHHS a/IeKBATHOCTI 1 IPABUJILHOCTI OTpI/IMaHI/IX
BHCHOBKIB, €()EKTHBHOCTI MNPUUHATHX pIillleHb 1 PO3B’SI3KiB
MOCTABIICHUX  BUPOOHMYUX,  TEXHOJOTIYHUX, EKOHOMIUHHX,
(biHaHCOBUX, OpraHi3alifHIX, KaAPOBHUX | HAYKOBHUX 3aBJIaHb 1 3a1a4.

TakuMm 4MHOM, B HAYyKOBOMY, TEXHOJOTIYHOMY 1 €KOHOMIYHOMY
MO/ICTTIOBAaHH1 JINBAPHUIITBA MOKHA BHJITUTH 8 OCHOBHUX HAMOIIBIII
3aCTOCOBAaHUX 1 12 10/1aTKOBUX MEHII 3aCTOCOBAHUX BHJIIB MOJIETEH
JUISE TIPOTHO3YBAaHHSI, JIaTHOCTUKW, KEPYBAaHHS, pETYIIOBaHHS,
aHalizy, KOHTPOJIO 1 Ui CTPYKTYPHO-TIapaMeTpUYHOI ONTUMI3alii
MIPOLIECIB JTUBAPHOTO BUPOOHUIITBA.

3pyd4HUM [ TPaKTUYHOTO BUPOOHUIITBA, HAMPHUKIAA s
JUBapHUIITBA € TE, III0 HA BIAMIHY BiJ] IHIIMX MOJEIl Teopii rpadis
SABIAIOTH CO00I0 TOJNOBHY 0a3y [uisi pillleHHS 3agad  came
CTPYKTYPHOI onTUMi3anii, YacTuHa 3 HUX (MTOTOKOB1 a00 MEPEKEB1
MOJIeTIi MaTeMaTUYHOro MPOrpaMyBaHHS) MalOTh MaTeMaTUYHHMA
BUTJISI]  3BUYAWHUX  ONTUMI3alIMHUX  Mojened  (mMonenei
MaTEeMaTHYHOTO MPOrpaMyBaHHs) 1 00OB’SI3KOBO MPEACTABISIOTHCS
y BUIJISAL TpadiB Ui MOKJIMBOCTEH BU3HAYEHHS, CTBOPEHHS 1
pO3B’si3aHHS TOTOBUX MaTeMaTHYHUX Mojened. Jledaki iHmn
ONTHUMI3AIIHI MOJEN TEX MOXYTh BHpINIyBAaTH 3adadl came
CTpyKTypHOi onTumizaiii. JlogaTkoBo nansi BUpIMICHHS 3a1a4
CTPYKTYPHOI OmnTuUMI3allii 70 Mozesel Teopii rpadiB J0MarOThCA 1
iamm rpadiuni momemi — KorwituBHi Mogeni, iHmi I[lotokosi
(MepexeBi) Mogeni, Mepexi Ilerpi, Jlanutoru Mapkosa,
Anroputmu Imitaniinux Monenei, Knitunai ABromatu, CKiHYEHI
Aptomaru, CemantnuHi Mepexi, Tpadu CHCTEM MacoOBOTO
obciyroByBanHus (CMO), @pakransui Mopaeni, Heiiporni Mepexi.
YactuHa 3 Mozenei, mo 0a3yroThcsi Ha Teopii rpadiB, HaOyBaIOTh
MOTY)XHUX JTUHAMIYHMX BIACTHBOCTEH, MO0 € BEIUYEC3HOIO
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nepeBaroro nepen iHmuMu Moaensmu. Coaijl 3a3Ha4YUTH 1110 Ha3BaHi
MoJieni Teopii rpadiB CIPOMO’KHI BHPINIYBAaTH HE TIJIbKU 3aBJaHHS
CTPYKTYpPHOI ONTHMIi3allii, a i HapsiLy 3 BUIIIC HA3BAaHUMHU MOJICIISIMHU
CIPOMO>KHI BUPILTYBATH 1 3a/1a4i apaMETPUIHOI ONTUMI3aLlii.

TakuM 4YMHOM JJIsl pIlICHHS 3a7ad caMe MOJICNIIOBAHHS B
MPOCTOPI 1 CTPYKTYpPHOI ONTHMI3aIlii HaWOUIbIIE TPHCTOCOBAHI
METOIH 1 Mojiel Teopii rpadiB, IEsKi 3 IKUX MOXYTh BIATBOPIOBATH
JUHAMIYHI TPOCTOpoBi mpouecu. Jlis pimeHHs 3agad  came
napaMeTpUYHOI ONTHUMi3alii OuIbIle TPHCTOCOBAaHI BCl IHIII
pi3HOMaHITHI BHIU Mozened. | Ti i iHII BUAM Monenel MarTh
3aCTOCOBYBATHUCS Ha BCIX JIAHKAX JINBAPHUIITBA.

Pestome:  IlpencraBmeno ormsa 1 aHami3  [PUHIUIIB
3aCTOCYBaHHS 1 BIACTMBOCTEH MaTEeMAaTHUYHHX MOJEIeH Yy
JMBapHOMY BHPOOHUIITBI 33711 KOMIUIEKCHOTO BUKOPHUCTaHHS Ha
eTamax MiArOTOBKM BHUPOOHUITBA, Yy BHUPOOHHUIITBI, MiJ 4Yac
KOHTPOJIIO SIKOCTi 1 Ha eTari 3BOPOTHBOTO 3B’SI3KY 3 PETyJIOBaHHS
TEXHOJIOTIYHUX MapaMeTPiB JIMBAPHOTO BUPOOHUIITBA.

MPOLEJTYPHAS TEHEPAIIUSA CTYUAMHBIX
INJIAHAPHBIX T'PA®OB
Cragos C.A.
Hayuonanouviu ynueepcumem "3anoposrcckasn norumexnuxka”

PROCEDURAL GENERATION OF RANDOM
PLANAR GRAPHS

Abstract. This paper presents a simple algorithm for generating a family of
random planar graphs based on a rectangular triangulated graph. The algorithm
is based on the principle of removing random edges.

[Tpu TecTrpoBaHUYM TPOTPAMM, KOTOPBIE PEATH3YIOT aJITOPUTMBI
Ha Tpadax [1],[2], wacto Bcraer mpobirema reHepanuu rpagos,
0o0Jaaromux OmpeleieHHBIMH CBOMCTBaMU. B 3ToM cwmbicie
OOJBIION WHTEpEC MPEACTABIAIOT TIpadbl, KOTOPbIE MOTYT OBITh
VIIOKEHbl Ha TUIOCKOCTH Oe3 mepecedeHusi pedep (TUTaHapHEBIE).
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[lenpto maHHOW pabOTBI  SABJISETCS AITOPUTM  MPOIEAYPHOU
TeHepaluy CIIy4ailHOro TuraHapHoro rpada 6e3 "Bucsaunx'" BepIIvH,
nerenb. J{as nmpoctoTsl He OyneM TpeOoBaTh, YTOOBI MOJIYUEHHBIH
rpad ObLI OTHOCBS3HBIM, TAKXKE MPEATIONOKUM, YTO 33aHO Harepe
yucio BepmuH N > 4 (N — cocTaBHOE).

ABTOpPOM IIpeJyIaraeTcs CAeAYOUINN alropuT™:

1. Co31anne HAYAJBLHOI0 TPHAHTYJIMPOBAHHOTO rpada.

[IpencraBum, yto BepmmHa rpada obOpazyer cetky K Ha M
(KM = N), tne Ku M — nipou3BOJbHBIC YHCIIA > 2, SBISIONIAECS
nemutensmMu N. CoelMHUM BEpIIMHBI peOpamMu, 4TOOBI MOIYUHIICS
TPUAHTYJIUPOBAHHBIN TPEYroJbHUK (IIPU 3TOM MOXKHO Ka) bl
KBaJpaT TPUAHTYJIUPOBATH CIIy4allHBIM 00pa3om) (puc. 1).

Puc.1. Ipumep ucxoonozo zpagha G°

[TomyuuBiryrocst purypy paccMOTpUM KakK YKIJIAJIKy ILTOCKOTO
rpada G°.O4eBuHO, YTO ecAM ecThb HEOOXOAMMOCTh MONYYHMTh
PUCYHOK, TO IMEET CMBICII 33/1aBaTh BEpIIIMHAM KOOPAWHATHI, TOTJa
3TO TIO3BOJIUT JIETKO TOJY4YaTh PHUCYHKH CIYYalHBIX TUIOCKHX
rpadoB. Ho ans nmawHOro anroputma reomerpusanuu rpada He
UMeeT 3HAYCHHs, TaK KaKk BCE OINEpaldd MOXXHO TIPOBOJIHTB,
HampuMmep, HaJl MaTpuleid cMexHOCTH Tpada. OCHOBHOH CMBICT
MOJTYYHBIIIETOCS IIIara — CO3/1aTh IUTAHAPHBINA Tpad Ha N-BepIInHax ¢
OO0JIBIIINM KOJIMYeCTBOM pedep L.

2. CoctaBuM criucok peoep E; 1<i<L.

3. BosbMmeM chywaitnoe wuenoe n~Lnac , tae Lmax —
MaKCUMAaJIbHOE KOJIMYECTBO yIAIIEMBIX pedep.

4. n pa3 MOBTOPHUM CJEIYIONIYIO IPOLENYPY:

Bo3bMeM ciydaitHoe pebOpo Ej. Ilo wmarpuie cmexHoCTH

MIPOBEPUM BAJICHTHOCTh MHIIMACHTHBIX BepIliuH ¢ Ej , u eciu
XOThb OJIHa U3 HUX HMMEET BaJCHTHOCTH 1, — GepeM Apyroe
ciIy4aifHoe pedpo;
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ecnu caenano L 6e3ycnentHbix MOnbITOK HAaTH Takoe pedpo, To
QITOPUTM OKOHYEH;

HaliieHHOe pedpo HCKIoYaeM u3 rpada.

[Tocne TOro kak Mbl yJTalIUM CIY4ailHOE KOJIMYECTBO CIIYYalHbIX
pebep u3 mianapHoro rpada G’ Mbl HoyunIu ciaydaiiuelii rpad G,
KOTOPBI sBNAsCH cyrpadom GU sBisercss Takke IJIAHAPHBIM. Ha
sTane 4 MOXHO TaKXe MPOBEPUTH HE MPUBOANT JiH yaaneHne peopa E;
K HaApYIICHUIO CBS3HOCTH WIM BBIIBUHYTH JAPYTrU€ YCIOBUSA K
BaJICHTHOCTH BEPIIHH (HAPUMEP OTPAHUYUTH BaJICHTHOCThH BEPUINH
KaKUM-JI100 criocobom).

Takum oOpa3oM, MOJIy4E€H alrOpuUTM, KOTOPBIH TE€HEPUPYET
cy4aiiHbIi rpad ¢ N BepmmHaMH. Eciu  COXpaHUTH JIaHHBIC
ucxoaoro rpapa G’ B mamaTH, TO MOXKHO reHepupopaTh 2C
CIIy4alHBIX cyrpada GY. Ecnun 3aKOJIUPOBATH
ylanasieMble/TIPUCYTCTBYIOIIME pedpa IBOMYHBIM METOAOM M3 L-
JIEMEHTOB, TO Kaxablii cyrpad G% OyneT XapaKkTepH3oBaThCs
eJIMHCTBEHHBIM JIBOMUHBIM UHCIOM OTHOCHTenbHO rpada GU.
ANTOPUTM HE JTUIIEH HEJOCTATKOB: MOJTy4aeMble CIIy4ailiHbIe Tpadbl
OyIyT 4acTO MIMETh MHOTO TpaHeii-TpeyronbHuKoB. [locne ynanenus
odepeaHoro pedpa, MOKET ObITh HEOOXOMMO MPOBEPSTH CBONCTBA
cyrpada, Hampumep, CBSI3HOCTb. [lpu chaumKoM  OOJBIIOM
KOJINYECTBE yIAIIEMBIX pedep, rpad MOKET PEBPATUTHCS B JIEPEBO.

Jlureparypa

1. Kypanos C.B., laBunosckuii M.B. Anroputmsl ocTpoeHUst
TOTIOJIOTHYECKOTO M TEOMETPUYECKOTO pucyHkoB rpada CIII //
Komnonents! u Texnonoruu. - Ne 6 - 2017. — C.128-132.

2. Kypanos C.B., J[laBuposckuii M.B., “IIpoBepka
IUTAHAPHOCTU M MOCTPOEHHUE TOIOJIOTMUECKOTO PUCYHKA IMJIOCKOIO
rpada (mouckoM B riyouny)”, I1{M, 2016, Ne 2(32), 100-114
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NPUMEHEHUWE METO/JA IIPBIT'AIOIUX JIAT'YIHEK
IS BAJAYN PASMEIIEHUS ITPOU3BOACTBA
Cemotun E.K.
3anoposwcckuii HAYUOHAILHYLL YHUBEPCUMEm

APPLICATION OF THE JUMPING FROG METHOD FOR
THE PROBLEM OF PRODUCTION PLACING

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 method of mixed jumping frogs.

3amauya pasMelleHHs IPOM3BOJCTBA SBIISETCS OJHOW U3
HanOoslee aKTyaJlbHBIX 3amau omnTtuMusanuu. OHa BcTpedaercss B
BUJIE 3a7a4d BbIOOpA ONTHUMAIBHOTO Psijla U3JEJIUN OJHOPA30BOIO
WCTIOJB30BAaHUS, CTAaHNAPTU3AMUN W YHU(PHUKAIMH, ONTHMH3AINUN
[apaMeTpoB OJHOPOAHON TEXHUYECKOM CHCTEMbl, pa3MeIIeHUs
¢wmanoB OaHKa WIM CKJIAagOB, 3amadd (OPMHPOBAHHUS CETEU
00CITy>)KUBaHHs U TaK Jlanee.

[Tycte muoxectBO I = {1, ...,1} 3amaeT HOMepa BO3MOXKHBIX
MYHKTOB pa3MeleHus MPEeIIpUATHI 0 IPOU3BOJCTBY HEKOTOPOTO
OJHOPOJHOTrO mpoaykra. Jlus Kaxkaoro u3 M3 NYHKTOB I €
I onpenenena BennuuHa ¢; = 0 3aTpaT Ha OTKPBITHE TPEITPUSITHSL.
OTKpbITOE MNPEANpUSATHE MOXKET MPOU3BOJAUTH MPOIYKIHIO IS
notpeduTeneil B He00X0AMMOM KOJINYECTBE.

[lepeuenp motpeduteneit 3amaercs MHoxecTtBoM | = {1, .../}
JUis  xaxaoW map ij  W3BeCTHa BenaWunmHa g;; = 0 3aTpar Ha
MIPOU3BOJICTBO M JIOCTaBKY MPOAYKIIMHU U3 ITYHKTA [ TOTPEOUTEIIO C
HOMEpOM j. 3ajada COCTOMT B TOM, YTOOBl HalTH Takoe
MIOJIMHOKECTBO HOMEPOB S € [, S # @ M ONpeNeNuTh CBI3U MEXKIY
OPEeINpUATHSIMH C OSTUMHM HOMEpPaMHU M MOTPEOUTENsIMH, MpU
KOTOPBIX 3aTPaThl HA CO3/IaHUE COOTBETCTBYIOIIMUX MPEINPUATHI U
oOciy)kuBaHue  norpedburteneit  Oyayr — MuUHMManbHbl.  C
WCTIOJb30BAHUEM BBEJCHHBIX O0O3HAYCHWH ONTHMH3AIMOHHAS
MIOCTAHOBKA 33J]a4i MOXET OBITh 3alrcaHa CIeIyIOIIM 00pa3oM:

()= ) e+ ) mingy = nin

i€S j€J
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CdopmynupoBaHHast 3a/1a4a sBJISIETCS 0000IIEHUEM U3BECTHON
3a/1a4d O MOKPBITUU MHOXKeCTBaMH [ 1] u, cie1oBaTeabHO, OTHOCUTCS
K 4uciny NP-TpyIHBIX 3a7a4 B CHJIBHOM cMbicie. Jlisi perieHus
npocTeded  3agauyd  pa3MeIIeHust  pa3paboTaHbl  TOYHBIE
QITOPUTMBI, HPUOJIMKEHHBIE AITOPUTMbI C TapaHTUPOBAHHBIMHU
OLIGHKaMH TOYHOCTH, Pa3HOrO poJa 3IBPUCTHUECKUE AJITOPUTMBIL.
HccnenoBanbl HOJTMHOMHAIBHO pa3pelIMMble Kilacchl 3aad. OiHako
B 001IIeM cilydae 3ajada 10 CHX MOp OCTAeTCsl MHTEPECHOM Kak s
TEOPETUYECKOI'0 HUCCIEAOBaHMs, TaK W JUIi MHOTOYHMCICHHBIX
NPaKTUYECKHUX TPUIIOKEHHUH.

3ajauya pa3MeIleHUs] C OrpaHUYeHMs MM Ha MOLIHOCTH
OpEANpUATHA  sIBIETCS  00OOIIEHHMEeM TpocTeimmeill  3agadu
pasmeleHus. B oTiinune ot nocneaHel B HeM npennoaaraeTcs, 4ro
KaXJI0€ MPEIIpPUATHE MOXKET MPOM3BOJUTH MPOAYKIMIO TOJBKO B
OTPaHUYEHHBIX KOJHMYECTBaX. Takoe €CTECTBEHHOE U BaXKHOE
IPEIOI0KEHUE CIeTKa MEHAET MaTEMAaTHIECKYIO MO/IEIb U CUIIBHO
YCIIOXKHSIET METObI pelIeHUs] ONTUMHU3ALIMOHHON 3a1auu.

[IpuBenemM mMaTeMaTHYECKYIO MOCTAHOBKY 3a/laddl B TEPMHHAX
LEJIOUUCIIEHHOTO  JIMHEWHOro  mporpammupoBanus.  Ilycts
MHOXecTBo [ = {1,...,]} 3amaer mepeueHb BO3MOXKHBIX ITYHKTOB
pasMeImeHusl MPEeANpHATHHA 1O  TPOHM3BOJCTBY  HEKOTOPOTO
OHOPOJHOTO ~ mpojykra. Benmuuna ¢; = 0 3a1aer  cCTOMMOCTD
OTKpBITUSL TOpeanpusTHs B MyHKTe [ € [, a BemuuumHa V; >0
orpenieNnsgeT MaKCUMallbHO BO3MOXKHBIH 00BEM NpPOHM3BOJCTBA B
JTAHHOM ITYHKTE.

[lepeuenp motpedutenel 3amaercs MHOkecTBoM | = {1,...]}.
JInst  Kaxnoi Tapsl ij u3BecTHAa BenuuyuHa g;; = 0 3aTpar Ha
NPOM3BOJICTBO W JIOCTaBKY MPOJYKIUH TOTPEOUTENIO, a TaKKe
BenmM4uHa p;; = 0—  00beM  NPOAYKIMH (-TO  NPEANPUATHSA,
HEOOXOMUMBIH 711 YIOBIETBOPEHUs  HOTpeOHOCTeH  j-ro
noTpeOuTeNs.

BBenem crenyronye nepeMeHHbIE:

_ (1, ecsu cOOTBETCTBYIOLIEE NPEATNIPUATHE OTKPBITO

Yi= { 0, B IPOTHBHOM CJIyyae

_ (1, ecnu nmpeAnpusiTHe | 06CIYKUBAET NOTPEGUTENS |
b 0, B IPOTUBHOM CJIy4ae
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C HUCIOJIL30BAaHUEM BBEJICHHEIX 0003HaUYeHU N
ONTUMU3AIMOHHAS MOCTAHOBKA 3aJa4M 3aIlUCHIBACTCS CIICAYIOIIUM

obOpazoM:
min{z iy + Z Z gijXij}

i€l i€l jeJ

inj =1,j €],

i€l
Zpijxij <Vyi,l €l
jej
xij,yij € {0,1},[ € I,] E]

IleneBast (QyHKUMS HMMEET CMBICA CYMMAapHBIX 3aTpaT Ha
OTKpBITUE NpPEeINpuATH U oOciayxuBanue norpeduteneil. Ilepsoe
orpaHuYeHue TpeOyeT YAOBJIETBOPEHHsS MOTPEOHOCTEH BCex
norpebuteneil. Bropoe orpanmuenue Hecer cpasy JBe (YHKIMH.
OHO 103BOJISIET 0OCITYXUBAaTh NOTPEOUTENEH TOJIBKO C OTKPBITHIX
NPEINpPUATHH, a TaKXKe OrpaHUYMBAET CBEPXY BO3MOXKHBIE 0OBEMBI
MTOCTAaBOK MPOJYKIUH C KaKJOTO MPEANPUITHS.

Jis  oThICKaHMs CYOONTHMAaJbHBIX peIIeHU 3TOoM 3amaum
MpeIJIoKeHa METadBPUCTHKA HA OCHOBE aJITOPUTMa MepeMeIIaHHbIX
nperratonux  Jsrymek  (AIIP). Kaxnomy — nomyctumomy
pa3MEUIeHUI0 COOTBETCTBYET JJIEMEHT 0a30BOr0 MHOKECTBA,
KOTOPBIN YCIIOBHO OyleM Ha3blBaTh «IATYHIKOW» Bes momynsmus
JATYIIEK JIEJTUTCSI Ha HECKOJIBKO TPYyNNl HWIM MEMIUIEKCOB,
COOTBETCTBYIOIIUX Pa3INYHbIX BapHaHTaM pa3MeneHus
npousBojicTBa. [locie moucka B KaXJI0M MEMIUIEKCE JIATYIIKH U3
BCEX MEMIUIEKCOB Iepepacnpenensiorcs, (opMupys HOBBIE
MEMIUIEKChI, YTO YMEHbIIAET IIaHChl MOMAaJaHUs B JIOKAJbHBIN
ontuMyM [3, 4]. Anroput™ npoct JyUisl NOHUMAaHUS U peanu3alui,
uMeeT HeOOJIbII0e KOJIMYECTBO MapaMeTPOB, YCIEIIHO MPUMEHSIICS
JUISL peLIeHus 3a71a4 KOMOMHATOPHON M HENPEPHIBHON ONTUMM3AIUN
[S].

CyTp anropuT™Ma NPBITAIOMUX JIATYIIEK Ui PEHICHUs 3a1a4u
pasMeleHUs IPOM3BOJICTBA  CBOAMTCS K cleayromen
II0CJIEJ0BATEIbHOCTH.

[Ilar 0. OnpenenuTh YWUCICHHBIM KPUTEPUA KayecTBa
KJaccuukanuu.
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[lar 1. Wauupanu3upoBaTh MOMYJSIIUIO JISATYIIEK, Kak
MHOKECTBO TOYEK HEKOTOPOIO JUCKPETHOIO IPOCTPAHCTBA C
3aJlaHHON METPUKOM.

Hlar 2. BeruucnuTh 3HaYeHHWE (YHKIMHM KAadyecTBa Ka)JIOTo
pelLIeHus.

Hlar 3. YHOpsiIouuTh pelieHus B MOpsIKe yObIBaHUS 3HAUCHUS
(GYHKIIMMA KayecTBa.

Hlar 4. Paznenurhs BHUPTyaJbHBIX JISATyIIEK (pelleHus) Ha
MEMIUIEKChl TakMM o0OOpa3oM, 4YTO IepBas B OTCOPTHPOBAHHOM
CIHUCKE BHpTyaJbHas JISTyIIKAa I[ONAJaeT B IEPBbIA MEMIUIEKC,
BTOpAasi 3aHOCUTCSI BO BTOPOIl MEMILIIEKC.

Hlar 5. Tak mpomoimkaeTcss MOKa BCe JATYIIKA HE OymyT
pacnpeziesieHbl B YKa3aHHOE KOJIMYECTBO MEMILIIEKCOB.

[Mar 6. B kaxaomM MeMIUIEKCE HAaWTHU JIydlllee W XYyJIiee
peleHue.

[Mar 7. llomslTaTbcs  YIy4IIUTh IIOJOKEHHE  XyAIIEH
BUPTYaJIbHON JIATYIIKM IIyT€M CIy4ailHOrO IEpPEMEILEHUs €€ B
HAIpPAaBJICHUU JIy4LIeH JIATYIIKH.

ar 8. Ecau npenpinyas onepamus He yIyqIlaeT peleHue, TO
HOMBITATHCS YIYUIINUTh MOJI0KEHNE XYALLIEH BUPTYaIbHOM JISTYIIKH
IyTeM [epeMeIleHUs] €€ B HaNpaBJIeHUU TJ00albHO JIydllen
JSATYIIKH.

ar 9. Ecim u mnocnenHsas onepauus HE NPUBOAMT K
YIAYUIIEHUIO TO3UIMM BHUPTYaJbHOM JSATYIIKH, TO B3aMEH €€
cilydaiiHbIM 00pa3oM co34aTh B 00JIACTH MTOMCKA HOBYIO JIATYLIKY.

ar 10. O6beIMHUTE BUPTYaJIbHBIX JISATYIIEK BCEX MEMITJIEKCOB
B OJIHY IpyHIy.

[ar 11. Ecnu ycnoBus 3aBepIieHNs allrOpUTMa HE BBIITOIHEHBI,
To — nepexon k ary 3.

[ar 12. [Tocnennsis TI00ABHO JTydIias BUPTyaJIbHAS JISITYIIIKA
COOTBETCTBYET CYOONTHMAJIBLHOMY PELICHHIO 3a/1a4H.
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CYIIEP ®DUBOHAYYUA I'PAIIMO3HAS PASMETKA
SMJIEPOBBIX TPA®OB
Cemenrora M.O.
Jlemnas axaoemus HAY

SUPER FIBONACCI GRACEFUL LABELING
OF EULERIAN GRAPHS
Abstract. We found the necessary and sufficient conditions for the existence
of a super Fibonacci graceful labeling of a cycle C,, and also solved the problem
of constructive enumeration for C, . We determined the structures of Euler super

Fibonacci graceful graphs.

[Ton onTtumanpHONW Hymepanueid (UIu pa3METKOW) KOHEYHOTO
HEOPHEHTUPOBAHHOTO Tpada MOHUMAIOT MPUCBOCHHUE HOMEPOB €ro
BEpIIMHAM TakKhM 00pa3oM, 4TOOBI CyMMa MOJyJIed pa3HOCTen
MEXJy HOMEpaMH CMEXKHBIX BEpIIMH Obljla MUHUMAaJIbHOW. 3ajaua
MOCTPOCHUSI ~ TaKOW  HyMepalluM  OTHOCHUTCA K  3aJadyaM
KOMOMHATOPHOM ONTUMHU3AIMM W JUIS TPOHM3BOJIBHOTO rpada
apisiercs NP-tpynHoi. MHTepec BBI3BIBAIOT pa3jiMuHbIE BApUAHTHI
onTuMaiabHOW HyMepauuu. Cpeau HUX TIpaluo3Has pa3MeTKa,
MpeJI0KeHHAS A. Poca. NubexkTuBHYIO GyHKIHIO
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f:v —>{O, 1, 2,...,q} CUMTAIOT 2payuosHol pasmemkou rpada
G:(V, E) pa3Mepa ¢, eclId OHa MHAYLHUPYET TaKylo peOepHYro
pa3MeTKy f*:E—>{1, 2, 3,...,q}, 4TO f* — Ouwekumst w
f*(uv):|f(u)—f(v] JUTSL JTFOOBIX CMEKHBIX BepmuH u,veV.
I'pad G — epayuosnulii, eciiv OH JOIYCKAET IPALIMO3HYIO Pa3METKY.
Bonpme wHpOpManuM Mo 3TOMY BONPOCY MOXXHO Haitu B [1].
EcTecTBeHHBIM NPOAOHKEHHEM HJEH Tpaluo3HocTH  rpada

G= (V, E) ABIIETCS  clyyad, Korga peOepHas pa3MeTka
npezcTaBisieT co00i OMEKINIO U3 MHOXKECTBA pedep Ha MepBbIe |E|
yucel IPOU3BOJBHOM  IOCIEI0BATEIbHOCTU {a,-}. WnTtepec

BBI3BIBAIOT CTPYKTYpHBIE CBOMCTBa TpadoB, s KOTOPBIX I3Ta
MI0CJIEIOBATEIBHOCTD COCTOUT M3 uncel psaga PudboHaqyn.
Onpenenenune 1. Oyuxmuo [ HazoBeM cynep Qubonauuu

epayuosnou pasmemrkot rpapa G pasmepa ¢, eclid [ — HHBEKIUSA
n3 V(G) B MHOKECTBO {F,F,F,F,...,Fq}, e F, =0, F, =1,
F=1 F=2 .. Fq =Fq_2 +Fq_1, a TOpOXKIEHHas €l

,Tme (u,v) e E(G),ecth

pebepHas pazmeTka f * (u, v) = |f(u) - f()

Ouexkus U3 E(G) Ha MHOECTBO {F ,E) L F ,...,Fq}. I'pad,

JOMYCKAMONIUI Takylo pa3MeTky f, Ha3oBeM cymep PuboHayun
rpauno3HsiM. B cioyuyae cynmep ®uboHayuM rpanyo3HOTO JepeBa
GyHkIMsa [ — OMEeKTUBHAsL

AHaOTUYHBII TEPMHH BIIEPBBIE MOSIBUICS B paboTe [2], rae psaa
O®uboHauun COCTOHUT u3 pa3IMYHbIX qucen
F=1F,=2,F=3F=5F=8,... B cooTBeTCTBUM C OTOH
tepmuHonorueit C. Baiines u B. Ilpampxanarn uccnenosanu oaHo-
TOYEUHOE COCTUHEHUE IBYX IUKIOB C3,, B C3,, @ TaKXKE k IUKIIOB Cp
[2], P. punesu u ap. — rpadst F®K* 1 m, Co®Pm, Ki fOK1 2, Fp®Pon,
Ci®K1,m, Fu'y Sma' [3].

Hexotopele, Tak Ha3blBaeéMble CHELMAIbHBIE Ipadbl, UMEIOT
Ha3BaHHUe M 00o3HayeHus. B nannoit pabore — sto mukn C, . L{uxn

C, (n>3) npexacrasisier coboil rpad mopsaka n, A KOTOPOTO
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MHOXECTBO pebep uMeeT BH/]I
E= {(ul, un)u(ui, um): i=12,..., n—l}, e U, Uy, ..U, —
BepinHbl C, .

Crnenyromue 1B TEOpPEMbl JAEMOHCTPHPYIOT CBs3b TIpadoB
LUKIMYECKOH CTPYKTYphl C PEKYPPEHTHBIM CIIOCOOOM 3a/laHus
yrcen PuboHavqH.

Teopema 1. Iuxn C, — cynep ®uboHauyum rpanro3Hblid rpad
TOTZA U TONBKO TOI/1a, KOra n = O(mod 3).

CaencrBue. /g nukna C, 4UCIIO HE3KBUBAJICHTHBIX CYIEP
@®uboHaYuu rpallio3HBIX Pa3METOK PABHO €AMHHUIIE.

Teopema 2. [lycth rpad G:(V,E) pa3sMepa ¢ HUMeEeT cynep
®uboHauyyu TIpanuo3Hyl0 pasmerky u uukia C,  sBisercs

nopoxaeHHeiM noarpapom G ¢ n<q. Ecmm C, He comepxur
BepIIMHY ¢ MeTkou 0, To n=3.

Hanee omnucanbl rpadbl, KOTOpPbIE HCIOJIB3YIOTCA IPU
OTIpeJIeTICHUU CTPYKTYPHI SUIEPOBBIX TpadoB, TOMYCKAIOUIUX CyIep
OuboHaYYH TPAIMO3HYIO PAa3METKY.

Ilycts Gy, G,, ..., G, e k 22 — cBasHble rpadsl. B kaxkaom
U3 HUX, IPOU3BOJIBHBIM 00pa3oM, BeiOMpaeM BepunHy u; € V(G;),
i=12,...,k. O0HO-moueyHvim coeOuHeHuem rpadoB
G,.G,, ..., G, HaspBaercs rpad, NOITyYEHHBIH OTOXKICCTBICHHEM
BepumH u; aisiBeex i=1,2,..., k.

(k > 2) u,

NPOM3BOJILHBIM 00pa3oM, BbIOpanbl aABe Bepmubl U, V; €V(C, ),

[Tycte 3amano k 1wmkinoB C, ,C 2,...,C

n? n ny

rae u;, #v;, i=1,2,...,k. I'pad, moIy4eHHBII OTOXIECTBICHHEM
BepimHbl v, uukina C, ¢ BepmHON u;,, umkna C, Ui Beex
i=12,...,k—1 Ha3zosem yenuvim coedunenuem mukiaos. Ecim Bce

[UKJIBl UMEIOT TIOPSAOK 3, TO IEMHOE COCTWHEHUE TAaKHX ITUKIIOB

Ha3bIBAIOT MpPey20abHOU 3Meeli U3 k 3BEHbBEB.
O. BebneH noxy4ust pe3yinbTaThl OTHOCUTEIILHO MTPEICTaBICHHUS
KOHEUYHOTO Tpada dYETHOH CTemeHW B BUIAE OOBEIUHEHUS
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Henepecekaromuxcs ukioB. Ho B cimyyae cBa3HOCTH Takoro rpada
OH Oyner sinepoBeiM. Kpome TOro, B TepMHUHAX MHUKIAYECKUX
crpykryp . Toiima npenmoxkun HeoOxomaumoe, a T. Makku —
JOCTaTOYHOE YCIIOBHS CYIIECTBOBAHUS 31IepoBbIX rpados. Bee atn
cBoiicTBa rpad)oB MOXKHO CPOPMYIUPOBATH TAK: HETPUBHAIBHBIN
CBsI3HBIN Tpad G ABISIETCS SUIEPOBBIM TOTAA U TOJIBKO TOTIa, KOTa
G pa3noXXuM B TMOMApHO MOpeOEepHO-HENepeceKaroecs UKIbL,
TaKue 4TO Kaxaoe pedpo G MPUHAIICKUT OJHOMY U3 STHUX LUKIIOB;
HETPUBHANIBHBIN CBS3HBINA rpad G »iliepoB TOrna M TOJIBKO TOTJA,
KOI'Zla KaKJ0e ero pedpo MpUHAIIEKUT HEYETHOMY YHCIY LIMKJIOB
[4]. OTH XapaKTepUCTUKH SIIEPOBBIX I'padoB MPUMEHSIOTCS IS
JI0Ka3aTeIbCTBAa TEOPEMBI 3.

Teopema 3. Ecmu osiimepoB rpadp G= (V, E) pasmepa n
nomyckaer cymnep ®PuOoHauyuuM rparuo3Hyr0 pa3MeTrky, torna G
nzomopheH oHOMY U3 TpadoB

— LUKy pa3Mmepa n, TAe n= O(m0d3);

— OJJHO-TOYEUYHOMY COETMHEHUUIO LIMKJIOB, OPSIOK KaXO0T0 U3
KOTOPBIX PAaBEH YHCIy, KpaTHOMY 3;

— TPEYTrOJbHOM 3Mee U3 3-X WIH 4-X 3BEHBEB;

— IEMHOMY COCIUHEHUIO 3-X IUKIIOB le, C wu C_ ., roe

my m3 5
my =m, =3, my=0(mod3) ¢ Bepumnoii v, odbweit ms C,, , C,,_,
A U — Ui Cm2 , Cm3;
— nennHomy coeqmuennio 3-x muknos C, , €, n C, , rme

my =my; =3, m, =0(mod3) ¢ BepIIMHON U , 00mEen I le , sz
nv—qm C C

myp m3 *
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MACCHUB KOIIUTA U MATHYECKAS PASMETKA
I'PA®A
Cementrora M.®., AiiBazsau O.1., Mukaensu I'.C.
Jlemnas axaoemus HAY
Epkeanckuii 2cocyoapcmeennvlii ynusepcumenm,
Apmanckuii 20cyo0apcmeeHHblil nedazo2utecKuti
yuugepcumem um. X. Abosana

KOTZIG ARRAY AND MAGIC LABELING OF
GRAPH

Abstract. We presented a method for constructing a distance magic graph
using the Kotsig arrays.

Maccus Konura u ero pa3HOBUJHOCTH YacTO IPUMEHSIOTCS IPU
pelIeHnr 3aJauyd IOCTPOCHHUS pPa3IMYHBIX THUIIOB Maruyeckux
pasmerok rpajoB. B  maHHON paboTe OCTAaHOBHMCS  Ha
JTUCTAHIIMOHHOW Marmdeckol pasMeTKH peryisipHbIX TpadoB. M.
Muuiep u ap. B pabote [ 1] BBenu noHATHE 1 -BEpIIMHHO-MarHuyeckon
BEPIIUHHOMN pa3MeTKU. ABTOPHI [2] AJIs 3TOM pa3METKH MPEATIOKIITHA
TEPMUH <«IUCTAaHIIMOHHAs Marumdeckas». B OonbIIMHCTBE craTel
UCIOJIb3YeTCsl TepMUHOJIOTUS U3 [2].

[Tycts G=(V, E) — KOHEeuHBIi HEOPUEHTHPOBAHHBIA Trpad Oe3
KpaTHBIX pedep U NeTenb. /JucmaHyuoHHOU MA2UYecKol pasmemKou
rpada G nopsiaka n Ha3siBaetcs ouekuus f : V(G)—{1,2, ..., n}, nus
KOTOPOU CYIIECTBYET TaKO€ HATYPAJTIbHOE YUCIO K, UTO ISl KaXKI0U

BEPILMHBI 1 BEPHO PABEHCTBO k= 2. f) , Tie N(u) — MHOXKECTBO
veN (u)
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BepmH rpada G cMexHBIX C u. IlocTosHHYIO k Ha3bIBaIOT
Mazuyeckol noCmosiHHoU pasmemxu f, a rpad, TOMyCKaOIMUN TaKyIo
Pa3METKY, — OUCTNAHYUOHHBIM MACUYECKUM.

[Ton maccusom Koyuea KA(a, b) MOHUMAIOT aXb Matpuly y
KOTOPOM Ka)K/1asi CTPOKa MPEACTABISET COO0M MepecTaHOBKY YUCEI
0,1, 2,...,b—1 u cymma 31IeMEHTOB KaI0T0 CTOJIOIA paBHA OHOMY

U TOMY K€ YHUCIY %a(b + 1).

OtoT TepMuH ObUT BBeaeH O. Mapp u Y. Yomnucom [3] Ha
ocHoBe ctatbu A. Korura [4].
Teopema [3]. Maccu Korura KA(a, b) CYIIECTBYET TOTJa U

TOJIBKO TOrAa, Korjga a >1 u a(b—1) — gerHoe.
Hoouameim maccusom Koyuea LKA(a, b, l) Ha3bIBAIOT axb
MaTpUILy C dJIEMEHTaAMH fij =e; + i-1)b+1,rne € — DIEMEHT i-oit

CTPOKM M j-r0 cToNOIa B COOTBETCTBYIOmeM MaccuBe Kormra
KA(a,b). Cymma xaxmoro crombua B LKA(a,b,l) pasna

ola, b, 1)= %a(ab+ 20+1).

Hna rtpadoB Gi=(Vi, E1) u Gx=(V2, E2) BBeneM TOHATHE
KOMIIO3UIMK, WIM JAPYTUMH CIOBaMH, JEKCUKOTpaduyecKoro
IPOM3BEACHUS, UCTIONB3Ys TepMuHooruto Xapapu. ['padp G=G1[G2]
Ha3bIBaeTcsl komno3unuen rpagos Gi1 u Gz, Npu yCIOBUH, YTO OH
uMeeT MHOXkecTBO BepiiuH V=VixV>, a mHo)kecTBO pebep E(G)
onpefenseTcss CIeAyIIUM o00pa3oM: BepIIUHBl  u;=(ui, Uj) u
uis=(u1, Us) CMeXHBI B G TOTJIa U TOJBLKO TOT/Aa, Koraa vin (u;, u))€En,
WK ui=u;, a (uj, us) k.

W3BecTHO, 4YTO r-peryispHbI AMCTAHIIMOHHBIA Marm4ecKuu
rpa¢ mopsaKa n CylecTBYeT, €ClIH 7 — YETHOE U n = O(mod 4) W
n= 2(rnod 4) Hr= O(mod 4), WIN 1 =g — HedeTHoe, I = 2" ¢q, T1e
s=21ut=>2°+1[5,6].

PaccmoTpuMm Ha mpumMepe croco0 MOCTPOCHHE 6-PEeryIsIpHOTO

TUCTaHIIMOHHOTO Marmueckoro rpada G=(V, E) mopsgka 21 c
npuBJeYeHreM MaccuBoB Komura.
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[Tycts G1 — 310 2-perynsapHbiit rpad nopsaka 7, T. €. ki C7 ¢
BEpIIMHAMU U1, U2, U3, U4, U5, Us, U7. BOCIOIB3yeMCs MacCHUBOM
KA(3,7):

V)]
W
[
N
N

4 5 6 7 1

[\
W

3agaauM MaccuB LKA(3, 7, O):

1 2 3 4 5 6 7
1411210 8 | 13 |11 | 9
18 | 19 | 20 | 21 | 15 | 16 | 17

3areM BBINOJIHUM OIEpalyi0 KOMIO3UIMK Haja rpapamu C7 U
Ks. Pesynprupyromuit rpap G =C, [K3] Oyzner 6-peryisipHbIM
rpadom nopsnaka 21. MoxHO cka3aTh, YTO OH MOJTYy4aeTcs 3aMEeHOU
Kaxk1oi BepinHbI ;€ V(C7) MHOXKecTBoM BepinH Ui={ui1, uin, u},
a xKaxjoro peopa (ui, uj)eE(C7) — peOpaMu MOJHOTO JIBYJOIBHOTO
rpada K33 ¢ nonamu U;, Uj, i, je{l, ..., 7}, rae i#j. Takum oO6pazom,
MHOECTBO BepIlluH rpada G coctouT U3 7 nogmHoxects U, ...,
Us. PasmetuM Kaxyro Bepunny us Uj snementamu f;, re 1<k<3,

j-ro cronbma momHATOro MaccuBa  Korura LKA(3, 7, 0).

[IpencraBnenHast pa3MeTKa SBISETCS JUCTAHIIMOHHONW Maru4eckoi.
OTy UACKD MOXXHO  HCIIOJIB30BaTh IS IOCTPOCHHS

HEPETYSPHBIX TUCTAHIIMOHHBIX MAarHYeCKUX rpados.
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O I'PYIIITIOBBIX MATHMYECKUX PABMETKAX
I'PA®OB
Cementora M.®., [imutpues O.H., lynerun B.A.
Jlemnas axademus HAY

ON GROUP LABELINGS OF GRAPHS

Abstract. In this paper, we continue the study to determine the groups for
which the Hamming graph admits a group distance magic labeling.

IIycte I' — koHeuHass abeneBa rpynna nopsaka n. s
rpynmnoBoi omepauu OyaeM HCHOJIb30BaTh aJJUTUBHYIO (QOpMY
3aIHCH.

I[lon I -oucmanyuonmnoii maeuueckou pazmemxou Tpada
G =(V, E) nopsinka n mOHUMAIOT OUEKTUBHOE OTOOpakeHue f u3
V nHa aleneBy rpynny [ mopsaka n, npu KOTOPOM Bec

wu)= D f(v) g KaxIod BepIIHHBI 1 €V paBeH OJHOMY U
veN (u)

TOMY %€ 3JIeMeHTY p €[, Ha3pIBaeMOMY Marm4ecKou MOCTOSITHHOU

[9]. Eciu rpadp G nomyckaer [ -AUCTaHIIMOHHYIO Marm4eckyro
pa3sMeTKy, TO TOBOpPST, 4TO OH sBisiercss [ -oucmanyuonnvim
maeuveckum. I'pad G Ha3BIBAIOT 2pYnnoGubiM OUCAHYUOHHBIM
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Ma2uyeckum, €clii CyIEecTBYyeT [ -IUCTaHIIMOHHAs Maruyeckas
pa3MeTka Juid Kakaoi abeneBoil rpymnmel [T mopsiaka |V(G)| .

B [1] paccmarpuBaercs 3ajauya CyIIECTBOBAaHHUS TI'PYIIIOBBIX
JIMCTAaHIMOHHBIX MarndecKuX pa3MeTOK JEKapTOBBIX IPOU3BEICHUI
rpadoB. Ilomyuensl pesynabratel s TrpadoB Komu, pekaproa
POU3BEICHUSAM LIUKIIOB.

I'padom Xommunra H(n, m) HaspiBaercs rpad ¢ MHOKECTBOM
sBepuun M" | rme |M|=m, m>72 W BEPIIUHBI (xl,xz,...,xn),
(Y1» ¥5»-.-» ¥,) CMEXKHBI, ECII OHH PA3TMUAOTCA TOUHO B OJHOI
koopaunate. Jlpyrumm cinoBamu rpad Xommuura H(n, m)
HOJIy4YaloT JI€KapTOBbIM HPOU3BEAECHUEM N IOIHBIX rpagoB K, .
Ecrm m=2, torma H(n,2)=(Q,, T.c. sABIAETCI THUIEPKYyOOM

pasmepuoctu n. Ormertum, uro H(n, m) npeacrasiser coooi rpad

Ko na rpynmne Z,, .

ABTOpaMH J1TaHHOW paboTHl oOmpeaeNieHbl rpymnnbl [, Ist
KoTopeix rpad XommuHra AomyckaeT [ -TUCTaHIIMOHHYIO
Maru4ecKyro pa3MeTKy.
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O CBOMCTBAX KYBOB ®UBOHAYYH
Cementora M.®., Henensko C.H., Henensko B.H.
Jlemnas akaoemus HAY

ON PROPERTIES FIBONACCI CUBES

Abstract. We systematized the results describing the basic structural
properties and characteristics of Fibonacci cubes.

Uto0bl MoMy4uTh rpadsl co CBOMCTBaMH TUIIEPKYOa, MOPAIOK
KOTOpBIX HE SBJISETCSl cTeneHblo ABoWkM B. Xcy BBOIUT KyObl
O®ubonauuu [1]. OH paccMarpuBall UX B KayecTBE TOIMOJOTHH B
MYyJbTUKOMIBIOTEPHBIX cHcTeMax. B [2] kyOber ®dubonayum
npescTaBieHbl B 0000meHHol (popme. TecHO CBA3aHHBIE C HUMH
CTPYKTYpHI M3y4dalnuch U panee B [3, 4, 5]. Llenp manHoit paboTsl
OMKCAaTh OCHOBHBIE CTPYKTYPHBIE CBOWCTBA U XapaKTEPHUCTUKH
KyO0oB ®uboHaYYH.

B kauectBe psga ®PubOoHayun ucnoiasdyeM uucna Fy =1,
F, =2, w® Xaxnoe CIeIyllee YUCIO  YAOBIETBOPSIET
peKyppeHTHOMY cooTHomenuto F, =F, ,+F, ;. Tlo Teopeme

3exennopda gr000€ HATypaIbHOE YUCIO MOXKHO €IUHCTBEHHBIM
o0Opa3om 3anucarh B BUAE cymMMmbl uncen Pubonauuu. Jnsg n>1
QuboHnayyu cmpoxu JJIMHBL 11 — 3TO OMHAPHBIE CTPOKHU BHUJIA!
In={b,b, ,...b,b,€B, |b,-b,, =0, 1<i<n-1},

rne  B,={bb, ,...byb |b €{0,1}, 1<i<n}. Muoxectso
COCTOMT U3 BCEX IBOMYHBIX CTPOK JUIMHBI 1, HE COJEPIKAIINX JBYX
MOCJICIOBATEIBHBIX €AWHUIl. TakuMm o0pa3oMm, s JH000TO
HATYpaJIbHOTO YKcia N CyIIeCTBYeT eIMHCTBEHHOE TPEICTaBICHNE
B Buje cTpoku PuboHauuu. Ero MOXXHO peann3oBaTh, UCIONb3YS
CIEAYIOIINNA AITOPUTM:

— HaxoAuM HaumOosbliee 3HaueHue F, < N u npucBauBaeM 1|

KOOpAMHATE COOTBETCTBYIOIIEN F ;
— BBIIOJIHAEM pEKypcuBHbIE neuctBus miusi N — F,, 1moka

OCTaTOK HE CTaHeT paBHbIM 0;
— HE Ha3HauYeHHbIE KOOPUHATHI paBHBI (.
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3anumem yncia ot 0 g0 10 ctpokamu duboHau4H, UX JJIMHA
paBHa 5. Bocnosib3yeMcsl IPUBEACHHBIM aJIrOPUTMOM:

0=(00000)F; 1=(00001)r; 2=(00010)r; 3=(00100)F;
4=(00101)F; 5=(01000)r; 6=(01001)r; 7=(01010)F;
8=(10000)F; 9=(10001)r; 10=(10010)F.

[Mon kybom @ubonayuu I, mopsaka n TMOHHMAIOT Tpad C
MHOKECTBOM BepIIUH V =%, U JIBe BEPIIUHBI CMEXKHBI, €CITH OHU
OTJIMYAIOTCS TOJIBKO B 0AHOM KoopauHare. Kyo ®@ubonauuu I, —310
noarpag rumnepkyda Q,. OH mnoiaydyeH u3 Q, yAaJeHHEM BceX

BEPLLIUH, COJEPXKALIUX XOTs OBl JBE MOCIIE10BATEIbHbIE €IUHUILIBI.
MHoxecTBO cTpok @ubGoHaUYM JUIMHBI 71 MOKHO PA3JIOKUTh Ha
JIBa MOJAMHOXECTBA: MOJMHOXECTBO CTPOK, HauMHaroImuxcs ¢ 0 u
MIOJIMHOXECTBO CTpOK, HauuHawomuxcs ¢ 10. B coorBercTBUM €
3TUM, 4ucio BepunH rpada I', paBHo unciny ®ubonauuu F, .
Omnwucanue CTpykTypbl Ky0a duboHau4M HaYHEM CO CBOICTBa
nokazaHoro B pabote [l]: rpad I, pasmaraercs Ha 1Ba He
MEPECEKAIOIINXCS U COSAMHEHHBIX TOUHO F,_, peOpammu moarpada

I, mw I,,. OTy peKypcHUBHYIO CTPyKTypa Ha3bIBalOT
Gynoamenmanvuvim  pasnodcenuem I,. b.Konr, C.YxsH u

C.llapma omnucamd KOHCTPYKIMIO, KOTOpas HMMMHMTHUPYET
(bynnamenranpHoe pasnoxenue [6]. Ilycras mocinenoBaTenbHOCTD
g8o=A u mnocnenosarenbHOCTh g,=0,1 mnpencraBidA0T coboi

rpadsr Iy u I', coorBercTBeHHO. It n > 2, mycTh

gn: Ognfl’ 10gn72 4

rjae § O3HAYaeT MOCIeAOBATEIbHOCT, OOpaTHYlO g U A g —
MOCJIeI0BATEILHOCTh, TIOJIYYeHHAs U3 g , J0OABJICHUEM CTPOKU O
nepel KaXIbIM JJlIeMeHTOM u3 g . Takum o0pa3oM, MepBbie
[IOCIEA0BATEIBHOCTH g; UMEIOT BUJI

go=4

g=0,1

g,=01,00,10
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g5=010, 000, 001, 101, 100
g4=0100, 0101, 0001, 0000, 0010, 1010, 1000, 1001

[TocnenoBarebHOCTL g, COAEPXKHUT BCce BepmHbL I, . bonee
TOTr0, 110 UHIYKIIUU [IOC/IeI0BaTebHbIe WieHbl B 0g, | Tak ke Kak u
B 10g, , oTmuuarorcsa B oxHOM nosunuu. Kpome Toro, nocnennuii

yineH 0g, , v nepsbiii uien 10g, , oTnuuaroTCsa B OAHOMH MO3ULIUM.

OTO0 NpUBEJO K JOKA3aTEIbCTBY TeopeM 1 u 2.
Teopema 1 [6]. I'pap ', mmeer ramMuiIbTOHOBY LENb JUIS

mro6oro n>0.
Teopema 2 [7]. I'pad I', Henb3sa npeacTaBUTh Kak AEKapTOBO

IIPOU3BE/ICHNE HETPUBUAIBHBIX IPaOB.

Cy1ecTBYIOT ajabTepHAaTUBHBIE ompeaeseHus kyoa dubonauumu.
OnHO 13 HUX CBA3aHO C JUCTPUOYTUBHBIMU peuieTkamu [8], BTopoe
¢ cumIiekcHbIME rpadamu [9]. ITockonbky rpadbl JUCTPHOYTUBHBIX
PELIETOK U CUMILJIEKCHBIE rpadbl OTHOCATCS K MEAMAHHBIM Ipadam,
CIpaseUIMBa Teopema 3.

Teopema 3 [10]. ®dubGonayun KyO sBISETCS MEIUAHHBIM

rpagoMm. B wactHoctu, I, — »53T0 wyactuuHblii KkyO, U OH

N30MCTPHUYCCKHU BJIOKUM B Qn .

K ¢yHnameHTanbHBIM CTPYKTYpHBIM CBOWCTBaM rpados
OTHOCHTCSI OLICHKa KOJIMYECTBA BEPIIMH JaHHOW cteneHu. s I,

OHa Ipe/icTaBJeHa B TeopeMe 4.
Teopema 4 [11]. ITycte n >k >0. Toraa uncino BepunH B I,

MMEIOIINX CTENEeHb k PaBHO
k(n—2i i+1
Z(:) k—i \n—k—-i+1
B teopeme 4 cymMMHpoBaHHE MOXHO OTPaHUYUTH WHTEPBAJIOM
n—k

MEXIY ( —‘ u min(k, n—k), TaK KaK OCTaJIbHBIC CJIaracMblc

PaBHBI HYIIIO.
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BaxxupimMu XapaKkTEepUCTUKAMHU rpada BBICTYNAIOT
JUCTAaHUMOHHBbIE MHBapuaHTel. [l I, moiydeHsl ciemyromue

I

pe3yabTaThI
— IWaMeTp paBeH 1 ;

— pamuyc paBeH [g—‘ ;

— YHCJIIO BEPUIMH C  OJKCUEHTPUCUTETOM Kk  PaBHO

k k-1
+ ,Tne n=>k >1;
(n—k} (n—k]

— unnekc Bunepa pasen Y F.F,,,F, ;. ,F

i+1* n—i+l1" n—i+2 »
i=0
— MNOBCACHHUC CpCAHCIO pacCCTOAHUA u(l“n) OIINCBIBACTCA

I
IIpEACIIEHBIM PaBEHCTBOM lim L) = 2 .
n—oo N 5

Cnexktp mnpumeHeHuid KyO6oB ®PuboHayuu pacmmpsiercs.
[TosToMy mpoOAOIKEHHE M3Yy4eHHMs €ro CBOMCTB  sBIseTCA
aKkTyanpHOM 3ajmaueid. IlpeacraBnser Takke HHTEpec Mpobiema
BJIOXKEHHUs ApYrux radoB B KyOosl duboHauym.

roe n=>0;
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PO METOJA JOBEJIEHHSA 3 HYJIBOBUM
MMI3BHAHHSAM
Cipsix A.B., Typunna B.A.
Jninpoecoruii nayionanenuti yHieepcumem imeni Onecs ' onuapa

Abstract. A notion of Zero-Knowledge Proofs is considered. Various possible
uses of the aforementioned proofs in information security are examined. Their
classification with regard to the required agents’ communication is given. Key
properties of all Zero-Knowledge Proof systems are considered. Known Zero-
Knowledge Proofs for demonstrative as well as practical problems are listed.
Possible areas for future research are discussed and promising applications in
those areas are proposed.

JloBeneHHs 3 HYIBOBUM Mi3HaHHAM (fani - J[3HIT) — e meton,
3a JIOTTOMOTOIO SIKOTO OJTHAa CTOPOHA MOYKE TOBECTH 1HIIIH, 1110 BOHA

3Ha€ 3Ha4eHHs X | He pO3KpUBaOuy Higkoi indopmanii npo X . Tyt
i Hajam CTOPOHY, IO JOBOAMTH, Oymemo HasuBath £ (3 aHri.
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prover - JIOKa3yloumi), a CTOPOHY, siKa mepesipse, - V' (3 aHri.
verifier — nepeBipsSrOYMii).
3a IHTEeHCUBHICTIO Y4acTi CTOpiH po3AusaoTh aa Tunu J3HII:

[1] i#TepakTuBHi [1];
[2] He iHTepakTHBHI [2].

B inTtepaktuBaux J3HIT (IJ3HII) V' mnosunHen craBuTn
nuTanns, a £ — Bignmosizaty Ha HMX, TAKMM YMHOM JOBEIECHHS
MOJKJTUBE JIMIIIE 32 HEeMIEPEPBHOI y4acTi ABOX cTOpiH. OOHY iTepalito
B3a€MO/IiT 3a3BHYai HA3UBAIOTh PAYHIOM.

B ne inrepakrusnux JI3HIT (H/I3HIT) P creoproe noBenenns i
nepenae iioro V', micas woro V' moxke Oyab-Koiu nepeBipuTH
CIIPaBEUTMBICTH [IBOTO A0BEAEHHs Oe3 yuacti P .

l'omoBuumu o3Hakamu J[3HII € moBHOTAa, KOpPEKTHICTH Ta
Hyp0Be Ti3HaHH [2]. CHOpMYITIOEMO 11i BIACTUBOCTI CIIOBECHO.

BrnactuBicTh MOBHOTH MOJATaE B TOMY, IO SIKIIO TBEPAXKEHHS
icrunne, Toit P | XT0 YecHO TOBOAMTE (TaKWiA, IO MOBHICTIO CIIiIye
IIPOTOKOJTY) 3aBK/IM TIEPEKOHAE YECHOTO TIepeBipsrodoro v .

BnacTuBiCTP KOPEKTHOCTI THOJATa€ B TOMY, MO SIKIIO
TBEPJUKCHHS HE ICTHHE, TO HMOBIPHICTb OOMaHy B OyAb-IKOMY
BUIAJKy Mae OyTH AyXe Hu3bKor. B3arami kaxyuu, B [/[3HII Bona
Moke OyTH sk 3aBroaHo manoto, a B H/I3HII Biporignicts oOmany
— JesKe JOCTaTHbO MaJje ISl IPAaKTUKU YHCIIO.

BrnactuBicTh HyTBOBOIO Mi3HAHHS IOJIATA€ B TOMY, IIO SKIIO
TBEPIKEHHSI ICTUHHE, JKOACH TMEpeBIPSIOYM, SKUU TIpae He 3a
MpaBUIAMHU, HE MOKE JII3HATUCh HIYOTO, OKPIM (paKTy iICTHUHHOCTI.

Hasenemo nexinbka npoctux npuksanis [J[3HIT:

1. 3agaya Tpo JOBEACHHS MOMJIMBOCTI PO3PI3HATH JBa
KOJIbOPH;

2. 3aia4a nipo neuepy Aii babu (iHTepakTuBHUi BapiaHT) [3];

3. 3a7a4ya Mpo JOBENEHHS 3HAHHS TUCKPETHOIO JIorapupmy
3aJJaHOTO YHUCIIa;

4. 3amada mpo OBEJCHHS 3HAHHS TaMUIBTOHOBA ITUKIIA y Tpadi.

Hagenemo nexinbka mpoctux npuknanis H/3HIT:

1. 3amada mpo KoJiip oOpaHOi HAaBMaHHS IPAJIbHOI KapTH,
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2. 3amaua npo nevyepy Ani babu (HeiHTepakTHBHMIM BapiaHT) [3].

JI3HIT Bke ycminiHo 3aCTOCOBYIOTh y TAKHUX I[ISIX:

1. KOHTPOJb SAEPHOrO PO330pPOEHHS, a came IepeBipka
BIJIMIOBITHOCTI ~ BHYTPIIIHBOi ~ OYAOBH  SIEPHOI  OOETONOBKH
MOCTaBJICHUM BUMOTaMm [4];

2. Haca/PKEHHS €THUYHOI MOBEIIHKM IIUISIXOM KOHTPOJIIO 3a
JOTPUMAHHSAM IPABUJI KOMYHIKAIlli MI>K areHTaMu;

3. ayTeHTHiKalis KOpPUCTYBadiB B IICHTPAJTi30BaHUX Ta
JICLIEHTPAII30BaHUX CUCTEMax 3aCHOBaHAa Ha BAXKOCTI 3amayi
JUCKPETHOTO JIorapu(pMyBaHHS;

4. KOHTPOJb  KOPEKTHOCTI  IepepaxyBaHHS  KOLUTIB B
JEICHTPATI30BaHUX OJIOKYCHH CHCTEMAX.

PosrnsHeMo aeski mepcreKTHBHI 00JacTi Ui 3aCTOCYBAaHHS
JIBHII. Onaum 3 HaWOUIBII NEPCHEKTHBHHUX HANpsMiB, Ha Hall
NOTJIsAN, € HampsAM NoB’s3aHuid 3 3actocyBaHHsMm J[3HII nns
pearizanii po3paxyHKiB, 10 MOXYTh OyTH mepeBipeHi. CkaxiMo,
KOMYCh HEOOXiTHO BHUKOHATH BEIIMKY KIUIBKICTh PO3pPaxyHKiB Ha
EOM, ane BIH He Ma€ y CBOEMY pO3MOPSIHKEHHI JOCTaTHHO
HOTYXXHOI MalIuHY. Tak, 11eif areHT Moke BUKOHATH OOYUCIICHHS Ha
cepBepl AKOiCh KOMITaHli, ane BiH He Oy/ie BIEBHEHUW B TOMY, IO
oOuMcieHHs Oyau BUKOHaHI BIJIMOBIHO 10 1HCTYKIHM 1 oTpuMaHa
BIJNOBIAb JIMCHO Oyna OTpHMaHa 3 BHUKOPHCTAHHSAM HAaJaHOTO
anroputMy. B Takomy BHIIaAKy el areHT MOK€ CKOpPUCTATUCS
MOCITyTaMU CEepBICY pO3paxyHKIB, III0 MOKYTh OyTH MEpPEBIpEHi.

Lleit cepBic 103BOJsIE BUKOHYBAaTH JIOBUIbHI OOYMCIIEHHS Ha
TEXHIIl ToCcTavadbHUKa MOCHYT 1 michs 1poro Hamae J[3HIT mpo
NpaBWIbHICTh BUKOHAHUX pO3paxyHKiB. Ha maHuii MOMEHT Bxke €
JesiKi po3poOKM y I[bOMY HANpsSMKy, aje g KOMEpPIiHHOro
3aCTOCYBaHHA IIMX TEXHOJIOTIH HEOOXiAHO MOCATHYTH TOrO, 1100
JI3HII Bumarano Ha mopsku MeHIle 00YUCTIOBAIBHUX PECYPCIB HIK
BUXI1JIHI pO3paxyHKH.

Tako OIHUM 3 TIEPCIIEKTHBHUX HANpSMKIB € HaJaHHS
TapreTUHIroBoi iH(opMarllii arperaropam 3 METOI0 BHOOpY HaO1LIbIII
MiIX0a01 pekiaamMHoi iHTerpaiii. CkaxxiMo, aeska JIoAuHA TyXKe
TIOOUTH MUTHU Yai 1 1€ O 5 YalloK 4yaro Ha JeHb. B miil iHpopmarii
Ty’Ke 3allikaBieHl BUPOOHHMKHU Yalo, SIKi MOTJIA O peKjaMyBaTH IIii
JIOAMHI Yaii. 3BHYaiiHo, 111 0co0a He X0ue, 1100 XTOCh 3HaB TOYHHUM
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yac KOJIM BOHA MuJja 4ai, abo AKWHM caMe 4Yail BOHA IMJIa, ajJie BOHA
3alliKaBJIeHa B TIEPeryIsil OUIbII pesieBaHTHOI 11 iIHTepecaM peKIIaMH.
B rtakomy Bumaaky Mo)KHa ~ pO3pOOMTH  cHCTeMy,  SIKa,
BukopucroByroun J[3HII, noBena © BupoOHuMKaM wyaro, MO L
JIOAMHA 3allIKaBJIeHA B IX MPOAYKLIi HE PO3KPUBAIOYU MOJIPOOUILL
MPUBATHOTO >KUTTS Ta 1HIIOT iH(POpPMAIIiT TPO KOPUCTYyBaUa CUCTEMH.
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TOMNOJIOI'Ti HA 7 -EJJEMEHTHIA MHOKHWHI, SIKI
THAYKYIOTb BJIN3bKI 1O JUCKPETHOI TOIOJIOT'Ti
HA (n-1)-EJJEMEHTHIH MHOKHWHI

Ckps6ina A. B., Crerannesa I1. I'.
3anopizbkuii HaYioHAILHUL YHIBEpCUMem

TOPOLOGIES ON 7 -ELEMENT SET THAT INDUCE THE
TOPOLOGIES WHICH ARE CLOSE TO THE DISCRETE

TOPOLOGY ON *~D _ELEMENT SET

Abstract. The T, 0 -topologies on N -element set that induce the topologies

which are close to the discrete topology on (n—1)-element set, have been
investigated. In the work T o -topologies are described using the vector of the
topologies. The form of the vector of Ty -topologies with k [5-2n_4, 2n_1]
open sets, which are described in the works of Stanley and Kolli, has been found.

Some topologies with k e (2"72, 5 2"74) open sets have been described.

Tomonorirto 7 Ha BHOOPSAKOBaHIM MHOXHHI M = {xl,...,xn}
OyIeMo TMpeACTaBIsATH HECTHAJHOK MOCIIJOBHICTIO HEBIA €MHUX
LUINX Yucen a;, a; = |M i| —1, ne M; —MiHIManbHUI OKiJ €JIEMEHTa
x; B TomoJjorii 7. Ilsg mocnigoBHicTh Oyia BBeaeHa B poOoTi [1] i
Ha3BaHa BEKTOpoM TomnoJorii. [Ipy oMy BeKTOp (al,az,...,an) €
BEKTOPOM JIesIKOi T'()-TOMOJIOTIi Ha 7 -€JIeMEHTHI MHOMHHI TOI 1

JIUIIIE TOJ1, KOJH 3aJ0BOJBHSAIOTHCS YMOBH:

l.a;<a;,, i=ln-1,
2. ;<i-1,i=1n.

3 poboru [1] BigoMO Takox, Mo Komu I)-TOMOJIOTIS 7 Ha

MHOXHMHI M Mae BEKTOp (al,az,...,an), To Ha muoxuHI M \{x, }
IHIyKOBaHA TOTIOJOTiA 7' Mae BEKTOP (al,az,...,an_l).
Otrxe, skmo T, -Tomoyorii Ha 7 -€JIEMEHTHI MHOKHUHI

OTHCYIOTHCSI BEKTOpaMU (O,...,O,an_l,an) abo (O,...,O,l,l,an) (st
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OCTaHHBOT'O BUKOHY€ETECS yMoBa M, _, (1M ,,_; =), To iHIyKOBaHI
na muoxkui M \{x, } T,-ronosnorii matots Bextop (0,....0,c,_;) i

(O,...,O,l,l) BiamoBiHO. Tomojorii 3 TakUMH BEKTOpaMU €
OJM3BKUMU 10 TUCKPETHOI [ 1].
KinbKiCTh BIZKPUTHX MHOKHH B TOIIOJIOTII 7 3pYyYHO HA3WBaTH

842010 Mono102ii 1 BAKOPHUCTOBYBATH IMO3HAYCHHS |T| .

Posrnsnemo  T\)-Tomosiorii 3 BEKTOpaMu (O,...,O,l, an),
2<a, <n—1 wua Bropsjkosaniii mMuokuHi M ={xi,...,x,}. Bara
KOKHOI TaKoi TOMOJOrii HalexuTh MHOXKHHI (2" _2, 2" _1] . Mac
MicIie

Teopema 1 (mpo 7 -TomoJorii 3 Baroxw |z'| € [5-2"_4,2"_1]).

1. Tomosorii Ha 7 -CIEMEHTHIH MHOXHHI 3 BEKTOpaMu
0....0La,), 2<a, <n—1 a6o (0....,0,2,2) npu n>5 matoTh Bary

n-3 . .y
|r|>3-2 , Tpu4oMy BCl Kiacm [;-TONMOJIOTIA 3  Baroro

| e (3-2"73 2", axi smaiineno B po6otax Stanley [2] i Kolli [3],

BU3HAYAIOTHCS TAKUMH BEKTOPAMHU.
2. Ilpu n>5 Tomosorii Ha #n-eJIEMEHTHI MHOXHHI 3
exropami (0,...,0,2,a, ), 3<a, <n—1 a6o (0,...,0,3,3) MatoTs Bary

5.0 < |z'| <3-2"73 Tononorii 3 sextopom (0.,...,0,3,4) pu n>5
MaroThb Bary |Z'| =5.2"7%, SKIIO M, ,cM, i
M, ﬂMn = {xi,xj,xk}, i,j. k= 1n——2 [Tpu upoMy Bci Kitacu Ty-
TOIIOJIOTIM 3 Barolo |2'| >5.2"% , posrusiHyTi B poGoti Kolli [4],
BU3HAYalOThCs  [|)-TOMOJIOTISIMH 3 BEKTOPAMHU (O,...,O,Z, an) , He
3<a,<n-1, (0,...,0,3,3) i (O,...,O,3,4) MpU BKa3aHUX OOMEKEHHSX.

3ayBa:keHHs1. [|Jis TONOMNOTi 3 BEKTOPOM (O,...,O,3,4) MOKJIUBI

mie TpPU BHUIAAKM JUIl MiHIManbHUX oOKkomB M, ; 1 M,:
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M, (M, =5, x5fs My M, ={x;}, M, 1M, =@ Ase s

. n—4
KOXHOMY 3 HUX TOIIOJIOT'L Ma€ Bary |T| <5-2 .

[IpencraBiaeHHsT TOMOJNOTIH BEKTOPAMHU JO3BOJISIE MPOJOBKUTH
ONHUCaHHS M TUX TOMOJOTIH, fKI HE PO3MIAJAIUCH y BKa3aHUX
nyounikanisx Stanley i Kolli. Hamu nosenena

Teopema 2. [Ipu n>5 Tonoorii Ha 7 -eIEMEHTHIN MHOXHHI 3
BEKTOPaMHU (O,...,O,an_l,an) , 3%a, 1<n-2 , 4<a,<n-1

n-2 -4 .

matotb Bary 2" <|r|<5-2""". Ipu mpomy i a,_; =3 i a, =4

PO3IIISIAI0TECS JIMIIE BUIAIKH, 3a3HAYCHI B 3ayBaXKEHHI.
PosrisiHemMo  Tomosorii 3 BEKTOPOM (0,...,0,1,1, an) HA N-

€JIEMEHTHIH MHOXMHI, $KI 1HIYKylOTb Ha (n—1)-eneMeHTHIN
MHO>KHHI OJTM3bKi 10 TUCKPETHOI TOTOJIOTIi 3 BEKTOPOM (O,...,O,l,l),
ne M,_»,\M,_; =. Mae micue

Teopema 3. Tonosorii Ha 7 -eJIeMEHTHI MHOXHHI 3 BEKTOpaMH
0,...0LLe,), ne M, ,\M, ;=3 i 1<a, <n—1, MaoTh Bary

_ -1
9.2"3 <|rf|<2"~". Tlpu upomy Tomonorii 3 TakuMmH BekTOpamm

NOTPAIUISIIOTh Y Ti K cami KJIacd, IO 1 TOMOJOTii 3 BEKTOpaMH
©....0,,_j.a,), 1<@, 1 <3, 2<a, <n-1.
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PEAJIIBAIIS IHOOPMAIIMHOI CTPYKTYPH
TEXHOJIOTTYHOI'O ITPOIIECY

EJIEKTPOAYI'OBOI'O HAITMWJIEHHSA
CwmipnoBa T.B., [Ipees O.M., CmipaoB O.A., Conosux €.K.
LlenmpanvHoyKpaincoKull HAYIOHANLHUL MEXHIYHULL YHIBepCUmem

IMPLEMENTATION OF THE INFORMATION
STRUCTURE OF THE TECHNOLOGICAL PROCESS OF
ELECTRIC ARRANGEMENT

Abstract. Due to the fact that nowadays any industry requires the use of
information technologies, this paper proposes the implementation of the
information structure of the electric arc sputtering process for an optimization
expert system.

AKTYaJIbHICTh TeMH I0CJHiKeHHsl. B 3B’43Ky 3 TuM, 110 B
naHui yac Oynp sKa rajay3b BUPOOHMIITBA NOTpeOYye 3aCTOCYBAaHHS
iH(poOpMaLlIMHUX TEXHOJIOTIH, Yy JaHid poOOTI 3alporoHOBaHA
peamizaniss iHGOpMaLiiHOI CTPYKTYpH TEXHOJOTIYHOTO IPOLECY
€JIEKTPOJIyTOBOTO HAMWICHHS [UJI1 ONTUMI3AIHOT eKCIEepTHOI
CHCTEMH.

AHani3 ocTtaHHiX AociaigxkeHb i myOJaikamiii mokaza, M0
MUTAHHS 3aCTOCYBaHHS 1H(QOPMALIWHUX TEXHOJOTIM y BHIUIAIL
BI/IMOBITHUX €KCIIEPTHUX CHUCTEM B TEXHOJIOTTYHMX MpOIEcax IyxKe
aktyanbHe [1-3]. Tomy mpobrema onrtumizamii JaHLiora
TEXHOJIOTIYHOTO Tpoluecy B iH(opmaliiiHoMy 3a0e3nedeHHi
eKCIEepTHUX CHCTeM 1H(GOPMAIIHHOI CTPYKTYPH TEXHOJIOTIYHOTO
MPOIIeCy EIEKTPOYTOBOTO HAMMMIICHHS, aKTyallbHA.

Metow poGoTH € peanizamis iHPOPMALIHHOI CTPYKTYpH
TEXHOJIOTIYHOTO TPOIECY ENEKTPOAYTOBOTO  HAMMICHHS  JUIS
OINTUMI3aIiIIHOT eKCIIEPTHOT CUCTEMH.

Buxkaan ocHoBHoro wmarepiaay. TexHonoriyamii mporec
€JIEKTPOAYTOBOTO HANMJIEHHS B IPOLECi CTBOPEHHS BHUPOOIB 13
MTOKPUTTSM, a TaKOXX IMPH BIJHOBJIEHHI a00 3MII[HEHHI MTOBEPXOHb
neTaned, CKIAJaeThCs 3 TMOETamHOi OOpOOKH: CTpyMEHEBO-
abpazuBHOi 00poOku (CAO); mpu moTpeOi HAHECEHHs MiIiapy;
OCHOBHHMH IIpOLICC HAHECEHHs IIOKPUTTS; JIOBEICHHSA YTBOPEHOI
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MOBEPXHI 3 TOKPHUTTSIM JI0 HEOOXITHUX PO3MIPIB 1 IKOCTI METOJaMHU
MexaHiuHo1 00poOku (MO), HaitvacTiliie YOpHOBUM 200 YHUCTOBUM
nutigyBaHHSIM Ta METOJAMU MOBEPXHEBO-IJIACTUYHOI 0OpOOKH
(ITII1[), a came  OOKAaTKOKW  KyJbKaMH 1  POJIMKAMH,
€JIEKTPOKOHTAKTHOIO 0OpOOKOIO Ta 1HIIIE.

Jns moOynoBM CHUCTEMH ONTHMi3alii MOTPiOHO BHU3HAYUTH
nepesik BUKOPUCTOBYBAHUX 3MIHHHX Ta 3aJIEKHOCTEH.

3 TOYKH 30py MaTepiallo3HABCTBA, METOJIOM OBHO(PAKTOPHOTO
IUTAHYBaHHS Ta MPOBEACHHS €KCIIEPUMEHTY, BU3HAUEHO MapaMeTpH,
SKi 3 JOCTaTHBOIO TOYHICTIO [AalOTh KEpPYBaHHS pe3yabTaTaMu
00poOku [3]. Takoxk, s BU3HAYCHHSI MIIIHOCTI 3YEIJICHHS YacTO
JOCTYIIHI J1aHi.

B pesynbrati, Ang mepuioi omepariii cTpyMeHeBO-abpa3uBHOI
00pOOKHM MaeMO OCHOBHI MapameTpu: f —4ac OOpOOKH; pi — THCK
MOBITPA B cUCcTeM1 00pOOKH; P| — €HEepProcoKMUBaHHS YCTaTKyBaHHS
JUISL  CTPYMEHEBO-a0pa3uBHOI 0OpOOKH; 711 —dYac aMmopTH3amil
YCTaTKyBaHHSA;, M| — BapTICTh  yCTAaTKyBaHHS;  mp| — BapTICTh
€HEpreTUYHUX PECYpCiB Ta MaTepiaiiB, SKi BUKOPHUCTOBYIOTHCS 3a
OJIMHMIII0 4Yacy B o0OpaHOMYy pexumi poOOTH; G — TBEPIICTb
Marepiany, sikuii 00pooinserbes. OqHak, HE BCl BKa3aHl BEIMYWUHU
BIUIMBAIOTh HA MILHICTh 34YerUIeHHs NOKpuTTs:Y1 = H ( <t1, p1, O,
{ximiunuu cxnao ocuoeu}, {6uo noxkpumms}, {mexnonocis
HaHeceHHsI NOKpUmms}>), Jie:

— t1 = T1 ( <p1, 6 >)—TyT 4ac oOpOOKM 3aJEKUTh BIJ THUCKY
HOBITPS B CUCTEMI, TOOTO BiJl CUJIM B3aEMOJI1 aOpa3uBy 3 MaTepiaioM
Ta BiJ TBEPAOCTI 0OPOOIIOBATLHOTO Matepiany. AOpa3uB B IIbOMY
npoleci BBaKAETbCSA HE3MIHHUM 1 BXOOUTh JIO BapToOCTi
YCTaTKyBaHHSI.

— M= M ( <t1, r1, P1, mi, mp1, p1>) — MaTepianbHi BUTPATU B
OCHOBHOMY 3ajie)kaTh BiJ 4acy poOOTHM yCTaTKyBaHHSA Ta MHOro
3HOococTiikocTi. Lli mapameTpm MoOXKHa BUPA3UTU 3 PEXKUMY
HaBaHTa)XEHHA Ta 4Yacy poOoTH. Takok 3aJeXHUTh B PEXKUMY
po0OTH 1 MOTYXHICTh eHeprocrnoxkuBanHs. L[i BemuynMHH MOXKHA
BU3HAYUTH 3 pOOOYOro TUCKY TMOBITPS B CHCTEMi Ta dacy poOOTH
CHCTEMH, KM NOTPiOHUI 10 JOCATHEHHS 0a)KaHOTO Pe3yibTaTy.

Y Bumagkax HEXTYBaHHS BapTICTIO MpOLECy Ha KOPHUCTb
3MEHIICHHSI 4acy BHUPOOHMIITBA, (PYHKLIEI BapTOCTI 3HEXTYBAaTH
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MTOBHICTIO HE MOXKHA, 00 yCTaTKyBaHHS IIPH MEPEHABAaHTAXKCHI MOXKE
BUITH 3 JIaJly, 110 3yIUHUTH BUPOOHU UM rTpotiec. ToMy po3paxyHOK
PO3IaIa€ThCs HA ONTHUMI3alliI0 MO0 MiHIMI3aIii Yacy 3 0OMEXEHHIM
Ha TapaHTOBAHICTh 3AIMIICHHS YCTaTKYBaHHS B CTaHI MOXIIMBOCTI
00poOuTH 3a1aHy KUIBKICTh JETAJICH.

HaBeneno Ha3BM BenMMYMH, SIKi BpPaxOBYIOThCS B IPOLEC]
ONTHMI3aIll TEXHOJOTIYHOI omeparlii CTpyMeHEeBO-aOpa3uBHOI
00pOoOKH TIOBEPXHI IS MiABUIICHHS aare3ii 10 3aaHOTO 3HAYCHHS
NPy MiHIMAJIBHUX BUTpaTax pecypciB. Jleski BEIMYMHH MAalOTh
B3aEMHY 3QJIC)KHICTh, IO CBITYHTH MPO TE€, IO CHCTEMa YTBOPIOE
CUCTEMY, MOXKITUBO HETIHIHUX, PIBHSHD 3 KIJTbKOMa HEBiTOMUMH. B
3araJiHOMY BUMAJIKY TaKy CUCTEMY PO3B’S3YyBaTH aHAJIITUYHO € HE
JOLUUTFHUM 3 TMPUYMHU BIACYTHOCTI CMOCOOIB  aHAJIITHYHOTO
PO3B’s3aHHS 200 3HAYHOI CKJIaTHOCTI IIMX METOJIIB PO3B’sI3aHHSI.

HatomicTh, st BUpa)KeHHs TPYIH IIYKaHUX MapaMeTpiB depes
BiJIOMI TTapaMeTpH 3 BUKOHAHHSAM HaKJIaICHUX Ha HUX OOMEXKCHb Ta
JOCATHEHHS ~MiHIMaJIbHOTO/MaKCUMAIbHOTO 3HA4Y€HHS BaroBoOi
¢GyHKILII, fKa BUpakae 0OCSIT BUTPAT, BUKOPUCTOBYIOTh YHMCEJIbHI
METOU Ta aHATITHYHI perpeciitHi HOJIIHOMU 1o
eKCTIEpUMEHTAIBHAM JITAaHUM, SIKi a00 JIO3BOJISIFOTH OTPHMATH
AHAIITUYHUH PO3B’SI30K a00 MPSIMO BUPAKAIOTH MapaMeTpy POIECY
gepe3 3a/1aHi pe3yJIbTaTH Ta OOMEKESHHS.

Hactynni eranmu o0OpoOKM TpOBOAATH Ha  OJHAKOBOMY
YCTaTKyBaHHI, JIMIIE€ TPOLECH BIAMIHHI B MaTepiajax, sKi
yTBOPIOIOTH MIAp Ta MiAIIAp, a TAKOXK BIAPI3HIIOTHCS TOBIIMHA [IApy
Ta MPOIIAPKY.

[Tpormapok BUKOPHUCTOBYETHCS B TEXHOJOTII €IEKTPOIYTOBOTO
HalWJICHHS, KOJM MaTepiajl MOBEPXHEBOIO IIapy Mae XIMIUHY
HECYMICHICTh 3 OCHOBHUM MatepiaioM, ab0 OCHOBHHIA IIap HE MOXKeE
YTBOPUTH JIOCTATHIO aAre31iHy MIIIHICTh 13 OCHOBHUM MaTeplajioM.
Tomy wmarepian A yTBOpPEHHs Mpoliapky Mae OyTh XIMI4HO
HEUTpaJIBbHUM JI0 MaTepially JeTaji Ta OCHOBHOTO Iapy 1 MaTu
JIOCTaTHIO aJre3iro 10 MaTepiaiaiB OCHOBHU Ta MOKPUTTs. B ocobamBo
BAKKUX BHUIAJKAaX € BUIPABJAHUM BUKOPHUCTAaHHS MpPOLIApKY 3
MoIiOaeHy abo HiXpoMy, KM Mae BHUCOKY aAre3ir0 3 OLIBIIICTIO
MarepianiB. BaxiauBuM € Te, 1o IS aAre3iitHOro mpoImapkKy
JOCTaTHbO HAHECEHHS MaTepialy IIapoM B JEKUIbKa JECATKIB
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MIKpPOH, TOMY BHUKOpPUCTaHHS MoiOaeHy abo HiXpomy He
NPU3BOJMTH J0 3HAYHOTO 3pPOCTaHHS BapTOCTI MPOIIECY.

Haxanp, w™momemtoBaHHS (DI3MKO-XIMIYHMX IIPOIECIB  MpH
€JIEKTPOAYTOBOMY HAHECCHHI MOKPUTTIB € CKJIaTHUM, B PE3yJIbTaTi
YOro BIJIOKPEMUTH HE3aJIeXKH1 apaMeTpu Maixke HeMOoxJInuBo. Tomy
Ui TOOYIOBH MaTEMAaTUYHHX 3AIEKHOCTEH JUIS €JIeKTPOIyrOBOrO
HalnuieHHd OyJ0 BHKOPHCTAHO METOJl PEerpeciiHoro aHaniidy Ha
OTPUMAaHUX EKCIEPUMEHTAIBHO JaHuX. Biamomizno mo obpaHoro
METOoAy peaizauii MaTeMaTHYHOI MOJeNl Ipolecy, KOpHCTyBau
iHpopMamiifHOI  cHUCTeMHu NOBUHEH  MaTu MOJKJIUBICTh
BUKODHCTOBYBaTH  aHANITU4HI  MOJENi, TaOlu4yHE 3aJaHHS
3aJISKHOCTI MIX BEJIMYMHAMH, a00 aHaNITH4YHI ab0 aNropuUTMIivHI
METOAM 4YMCIOBUX 3aco0iB  MOJENIOBAHHS  IpoLecy, SKUH
OTNITUMI3Y€ETHCSL.

BucHoBku. 3a3HaueHO  HEOOXITHICTh  MIATPUMKH B
iH(pOpMariifHiii CHCTeMI BU3HAYCHHS 3aJIC)KHOCTEH MIXK BEIMIMHAMU
aHAIITUYHUMHM ~ METOJaMM, TaOJIW4YHO, aJNrOpUTMIYHO Ta 3a
JIOTIOMOTO10  IMITalliiHMX Mojenei. Po3rnsnyTti  iHopmaiiizi
ONMHUIIl € (YHKIIOHANBHO PI3HUMHU, JEeSKi BEIUYUHU MaloTh
3/1aTHICTh 3MIHIOBAaTH (DYHKIIOHAIBHY 3JaTHICTh MEPEXOJOM Bif
IIYKaHUX BEJIMYMH 70 OOMEXEeHb Ha TEXHOJIOTIYHY OIepallio, 110
HaKjaJae Ha CHUCTEMy KepyBaHHS 3MIHHUMHU  JIOAATKOBI
(GYHKII0HATIbHI MOXIIMBOCTI Ta YHIBEpCAIbHICTh 10 TpaHchopMaii
MO/IEITFOBAHHS TEXHOJIOT1YHOTO TIPOIIECY.

Jlireparypa

1. JTumapenxko B. B. Indopmariiiina cucrema niATpUMKH pillICHb
JUIT  aBTOMAaTH3allii  CTBOPEHHS  TEXHOJOTIYHUX  MPOIECIB
MeXaHOOOpOOKH JieTasieil BUCOKOTOUYHOTO OO HAHHSA: AUCEPTaLlis
KaHJ. TeXH. HayK, HailloHaabHUIl TEXHIYHUI yHIBEPCUTET
«XapKiBChKUH MOMITEXHIYHUNA THCTUTYT». XapkiB, 2019.

2. XapmamoB 10.0., Pomanuenko O.B., Minuk A.B. MinHicTh
3YEIUIEHHsS JETOHALINHO-Ta30BUX MOKPHUTITIB HAa OCHOBI KapOiliB
BoJb(pamy Ta Xpomy. Bicnuk CXiOHOVKpaiHCbK020 HAYIOHATLHO2O
VyHigepcumemy imeni Bonooumupa /lansn. 2019, Ne 1 (249). C. 99-107.
3. Boponma T.B. [IlinBumeHHss 3HOCOCTIMKOCTI  CTaJ€BUX
ra3oTepMIYHUX TOKPHUTTIB EJIEKTPOKOHTAKTHOIO 00poOKoOI0 3

160



BHKOPHUCTAHHIM BYTJICIICBOBMICHUX HAMOBHIOBAYIB: JHCEpTAIlis
KaHJ. TeXH. HayK, HamionaneHa akanemis Hayk Ykpainu, [HcTuTyT
HanTBepAuX marepianiB iMm. B.M. bakyms. Kuis, 2016.

OINITUMAJIBHE YEPTYBAHHSI JIOT'TYHUX
ONEPAIIIM ITPU MIHIMIBAIIII BYJIEBUX ®YHKIINA
Conomko M. T., 3ampiii b.A.
Hayionanvnuii ynisepcumem 600no20 cocnooapcmea ma
nPUPOOOKOPUCIY BAHHSL

OPTIMAL SEQUENCE OF FIGURATIVE
TRANSFORMATIONS AT MINIMIZING BOOLEAN
FUNCTIONS

Abstract. The optimal alternation of image transformations for the process of
minimization of Boolean functions is considered in the work. The efficiency of the
chosen sequence of rin-force transformations is demonstrated by examples of
minimization of Boolean functions borrowed from the works of other authors in
order to compare

1. Beryn

Anrebpa noriku, fK 1 OyIb-IKMi amapar OOYHCIEHHS, €
CYKYTHICTB aKC10M, TOTOKHOCTEH, 3aKOH1B, MPABUJI, SIK1 JIO3BOJISTFOTh
3MIMCHIOBAaTH TIEPETBOPEHHS JIOTIYHUX BHpasiB. Ajie HemMa TyT
MIPUIHKCIB MPO T€, K HEOOX1JHO BUKOPUCTOBYBATH 1€l amapar Jis
CHUHTE3y ONTHUMAIIbHUX JIOTIYHUX cXeM. | TiTbku BUOYIOBYBaHHS Y
MEBHIA MOCTIAOBHOCTI LIUX MEPETBOPEHH (Ll — aIrOPUTMHU) MOXKE
3a0e3MeYnuTH ONTHMAalbHE pilleHHs. Bigomi MeETOIM TakKoro
BuOynoByBaHHs: Pora, Kgaitna — MaxkKmacku, Ilerpuka,
3akpeckoro /[.A., Pemmaps B.E. Ta iu. [1-5]. ¥ cBowo uepry
BU3HAUEHHS aJTOPUTMIB CIPOILIEHHS € TEePeayMOBOIO  JUIf
CTBOPEHHS aBTOMAaTHU30BAaHUX METOJIB MiHIMI3amii OynaeBuX

byHKITIH.
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2. Oco0,1MBOCTi 32CTOCYBAHHA KOMOIHATOPHUX CTPYKTYp 2-
(n, b)-design Ta 2-(n, x/b)-design nns wmiHimizamii OyJieBuX
bynkumii

AnreOpuuHi TMEpeTBOpEHHS, IO HEOoOXimHI UIs mpolecy
MiHIMI3amii  OyneBuUX (YHKIIA 3aMIHIOOTBCS PIBHOCHIBHUMU
MEPETBOPCHHSIMH 32 JIOMOMOTOI0 IMiIMAaTpHIlh (KOMOIHATOPHUMH
oOpazamu) TaOJMIl ICTUHHOCTI, sIKa € BJIaCHE KOMOIHATOPHOIO
cucremoro. OCKiIbKM KOMOIHaTopHi o00pa3u [aroTh Oijblie
iHdopmarrii CTOCOBHO OPTOTOHAJILHOCTI, CYMDKHOCTI,
OJTHO3HAYHOCTI OJIOKIB KOMOIHATOPHOI CHCTEMH, NOPIBHSIHO 3
IreOpUYHIMH TIEPETBOPEHHIMH, IO € BepOabHOIO MPOIEIYPOIO,
3aCTOCYBaHHA iX IIiJf 9ac TONIYKY OO’€KTIB JJIsl PiBHOCHIBHOTO
NEPEeTBOPEHHS, Yy TMpoleci MiHiMI3anii soriunoi ¢QyHKuii, €
epexkTuBHUM[6-9].

Jns  BUOOpPY  ONTHUMAIBHOIO  YEpPryBaHHS  IPOTOKOJIB
MiHiMi3alil 00pa3HHMH TEPETBOPEHHSMH HEOOXIJHO BHU3HAYUTH
MOYATKOBY ONEpaIilo aJreOpUYHOro MEPEeTBOPEHHSI  OyJIeBHX
¢yHKLi. Y 3B’SM3Ky 3 IMM HOTPIOHO BCTAaHOBUTH OCOOJIMBOCTI
nporecy MiHiMi3alii JOTIYHUX (YHKIIM 0OpH  BUKOPUCTaHHI
KOMOIHATOPHUX CTPYKTYp 2-(n, b)-design Ta 2-(n, x/b)-design.

[puknag 1. MinimisyBatun  ¢yukmito  F(x;,x,,x;,x,)
00pa3HMMH TEPETBOPEHHSMH, IO 3a/laHa HACTYITHOIO TaOIUIEIO
ICTUHHOCTI:

F=X(6,8,9,10, 11, 12, 13, 14)

Ilpumimka: 3Ha4Ye€HHS B X € MIHTEpMaMu Jis DPSJKIB, KOJIU
dyskuis F(x,,x,,X;,X,) noBeprae «1» Ha BUXOA.
Jns  mimimizamii  3agamoi  dymkuii  F(x,X,,X5,X,)

BUKOPUCTA€EMO KOMOIHATOpHY CTPYKTYpPY HENOBHOi OiHapHOI
CUCTEMH 3 MOBTOPEHHAM 2-(n, x/b)-design (puc. 1).
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13
141 0
Puc. 1. Kombinamopua cucmema (maoauys icmunnocmi) ¢yuxyii

F (xl,xz,x3,x4) 31 CMPYKMypoio Heno8Hoi OiHapHoi cucmemu 3

601 10
811 0 0 0
911 0 0 1
101 0 1 O
1|1 0 1 1
121 1 0 0

1 1 0 1

1 1

nosmopenuam 2-(3, 7/8)-design (suoinena uepgoHum Koibopom)

ITpoBenemo minimizario ¢yukuii F(X,,X,,X;,X,) 00pasHuMH
[IEPETBOPEHHSIMH, BUKOPUCTOBYIOUH 2-(3, 7/8)-design.

610110
81 000
9 (1 00 1[0 1 10 110
101 01 0| [1 0 10
lali o T o [Tl o
12(1 10 0f |1 ol |1 0
13|11 0 1
41 1 10
MinimizoBaHa GYHKIIS:
F=Xx,x,x, +x,x, + X, x; + X, X, (D)

[Tporoxon minimMizamii mist 2-(3, 7/8)-design:

00 0

0 0 1

01 0 |O 0 0
O1 1f=(1 0 = 0 |= O
1 00 (|1 1 0] |1 10 0
1 01

1 10
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IIpuknao 2. Minimizyemo snoriuny ¢pynkuito F(x,,x,,x;,x,) 3

npukiaay 1 oOpasHUMH TEPETBOPEHHSIMH, BHKOPHUCTOBYIOUH
KOMOIHATOPHY CTPYKTYPY OBHOI O1HAPHOT CHCTEMU 3 TIOBTOPECHHSIM
2-(n, b)-design (puc. 2).

6
8
9
10
11
12
13
14

e e e i =)
—_— = O O O O =
S = O = O = O O

—_ 0 O = = OO =

1
Puc. 2. Kombinamopua cucmema (mabauys icmunnocmi)
Gynryii F(x,,X,,X5,X%,) 31 cmpykmyporo noenoi 6inapnoi
cucmemu 3 nosmopennsam 2-(2, 4)-design (6uoinena yep8orum
KObOPOM)

IIpoBenemo Minimizauito pyrkuii F(x,;,X,,X;,X,) 00pasHHME
NIEPETBOPEHHSIMH, BUKOPUCTOBYIOUH 2-(2, 4)-design.

6
8

11
12
13

0
1
1
10 | 1
1
1
1
14 |1

— = = O O O O ==
_— o O = = O O =

0
0
1
0
1
0
1
0
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MinimizoBana QyHKIIis:
F=xxx, +xx, +x x, (2)

Omepartiss cynep-cKJICIOBaHHS 3MIHHUX Yy TMEpHIid MaTpuill
npoBefieHa it OnokiB 8—11, ski BUIUICHI YEPBOHUM KOJIBOPOM.
[Ipocte ckieroBaHHS 3MIHHUX TMPOBEACHO g OyokiB 12-13, sxki
BUJIUJICHI CHHIM KOJILOPOM Ta 6, 14 siki BUAUIECHI YOPHUM KOJILOPOM.
Crnormsgaroun MiHiManbHi GyHKIi (1) 1 (2) 6aunmo, 1m0 MiHiMaabHa
¢bynkuis (4) mpocTima Ha OIUH TEPM.

[TopiBHIOIOYM OCOOIMBOCTI TMpolecy MiHIMI3alii JOTTYHUX
GyHKIIA 3 BUKOPUCTAHHSAM KOMOIHATOPHUX CTPYKTYp TOBHOI
O0iHapHOI CHUCTEeMH 3 TOBTOpeHHAM 2-(n, b)-design Ta HemoBHOI
OiHapHOI CUCTEMH 3 TOBTOPEHHIM 2-(n, X/b)-design, MoxHa 3poOoHUTH
BHUCHOBOK, 1110 KOMOiHaTOpHA cuctema 2-(n, b)-design i mocnigoBHe
YepryBaHHS aJreOpUYHUX Omepalliil cymep-CKICIOBaHHS 3MIHHUX
(K10 TaKa omeparrisi MOXKJIMBA) Ta MMPOCTOTO CKJICIOBAHHS 3MIHHHX,
y TepIriii MaTpuill (TaOJHIll ICTUHHOCTI), 3a0e3neuye ONTUMAIbHY
e(EeKTHBHICTh MPOLECY Ta JOCTOBIPHICTh pe3yibTaTy MiHiMi3alil
OyneBux (QyHKIIiH.

3. Pe3ysbTaT BUOOPY YepryBaHHs 00pa3HUX NMepPeTBOPEHb
npu MiHimMi3anii Oy1eBUX (PyHKIIH

3acTocyBaHHS MPOTOKOJIY ONITUMAIIEHOTO YepTyBaHHS 00pa3HUX
NepeTBOPEHb NpH MiHiMi3alil OyneBuX (GYHKLIA Ja€ HACTYIHI
pe3yabTaTu:

— PO3LIMPIOE MOKIMBOCTI 3aCTOCYBaHHS BEKTOPHHUX 1HTEPBAJIiB
OyneBoro mpoctopy 3" mpu MiHIMIZaIT JOTTYHUX (PYHKITIH;

— BU3HAYAE  YACTKOBUH  QIrOPUTM  PO3IMi3HABAHHSI
KOMOIHaTOpHUX cucTeM 2-(n, b)-design Ta momyky ii Mex;

— 3a0e31evye aBTOMAaTU30BaHHM MOIIYK KOMOIHATOPHUX CUCTEM
2-(n, b)-design y cTpyKTypi TabIuLl ICTUHHOCTI 33JaHOI JIOTTYHOL
GbyHKITI.

4. llopiBHsiHHUIT aHaJi3 MiHiMizanii OyjgeBux QyHkuiii 3a
JAOTIOMOI0I0 MPOTOKOJIY ONTHMAJbHOIO YepPryBaHHs 00pa3HHMX
nepeTBOpPeHb 3 iHIIMMHU MeTOAaMH MiHiMi3amii

EdexTuBHICTD  3aCTOCYBaHHS  HPOTOKOJIY  ONTHMAJIbHOTO
YepryBaHHs OOpa3HUX IEPETBOPEHh MpPH MiHiMI3alii OyleBuX
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GYHKIIA  JEMOHCTPYETHCSA TPHUKIAJAAMH  MIHIMI3AII  JIOTIYHUX
(byHKILIH, 3a1103UYEHUX 3 POOIT IHIIUX aBTOPIB 3 METOIO MOPIBHAHHS.
4. 1. IlopiBHsinHs 3 kapTamu MaxoHi
Ipuxnao 3. 3naiitn minimaneHi JJH® 1 KH® noriunoi ¢pyHKmii,
BUKOPUCTOBYIOUH KapTy MaxoHi 31 3a/1aHOi TaOJIMIIl ICTHHHOCTI Ha
puc. 3 [10].

Fl1/0/1{0f1{1(1]|1}1|0]1|0]|0(1]O0]1
D|0[0[O[0O[O]O]|O|O|T 1|1 |11 |1]1]l1
C|O0]0[O0O]O]|T|1]|T|1]0[O0O]O]|OJT1|T|1]1
B|0|0O[1][1[0]O]|1]|1]0|O|1|1]0[|0]1]1
Al0Ol1{0f1]|0j1|0]1T|0O|1|0O|1]0]1]0]|1

Puc. 3. Tabruys icmunnocmi noziunoi ¢yuryii ons npuxiady 3

s [T
s 1] 5
duiwinimE
B |\ |\J|V|\Y|P

C C
Puc. 4. 4-bit kapma Maxoni ons npuxnady 3

Puc. 4 saBnse coboro mifcyMKOBY KapTy MaxoHi i3 Tabmuii
ICTUHHOCTI JIoT1yHO1 (QyHKIIT Ha puc. 3. 301p OAUHUIL IO3HAYAETHCS
CYLUIBHUMU eJliNcaMy, a 30ip HyJiB — MyHKTUPHUMH €JIIIICaMH.
Kaptu Maxoni y Oararbox BIJHOLIEHHSX €  HabaraTo
e(peKTUBHIIINMH, TOPIBHAHO 3 KapTamu KapHO, OCKUTbKM BOHHU
JIETKO PO3MIHUPIOIOTHCS 10 HEOOX1THOT KUTBKOCT1 BX1THUX JaHUX, 110
CYTTEBO PO3IIMPIOE 3aralbHUN KOHTEHT 3aCTOCYBaHHS KapT MaxoHi
[10].
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BuxopuctoBytoun 30ip oauHHIL Ha puc. 4, miHiManbHa JJHD
3anmanoi norigHoi pyHkuii (puc. 3) Oyae MaTh BUTIIA;

OUT =C-A+D-C+C-A (3)

Minimizanis ¢ynkmii  F'(x;,x,,X;,X,) (puc. 3) Meromom
00pa3HKX MEPETBOPEHD 3BOAUTHCS 10 HACTYITHOT HPOLEAYPH:

N |x, x, x, x
00 O O O
210 0 1 O
410 1 0 O
510 1 0 1 0 0 0 0
F=6 |0 1 1 0|=0 1 =0 1
710 1 1 1 11 1 1 1
81 0 O O
10(1 0 1 O
3|1 1 0 1
511 1 1 1

broku 4 — 7 (BunineHi 4epBOHUM KOIIbOpoM) Ta Onoku 0, 2, 8,
10 (BuaineH1 CHHIM KOJILOPOM) MIHIMI30BaHi 3a IPOTOKOJIOM CYTIEP-
CKJICIOBAHHS 3MIHHMX. [HIII GJIOKM MiHIMi30BaHi 32 MPOTOKOJIAMH
MPOCTOTO CKJICIOBAHHSI Ta HAIMIBCKJICIOBAHHS 3MIHHUX [6, 7].
MinimizoBana JIH® ynkuii:

F=xx; +x,x, + x,x,. 4)

Pesynprat minimizariii (4) 30iraeTbes 3 pe3ysIbTaToM MiHIMIi3alii
(3), mpomemeHoi 3a gomomoror kapTu Maxoni [10], omHak
orpuMmaHHs MiHiManbHOI JIH® noriyHoi ¢yHKIIT MeTon oOpa3sHUX
MIEPETBOPEHB € MPOCTILIOK MPOLETYPOIO.
BukopucroByroun 36ip HyniB Ha puc. 4, miniMmansHa KH® 3ananoi
noriuHoi ¢pyHKIii (puc. 3) Oyne MaTu BUTIIS;

OUT =C-A+D-C-A

167



3acTOCOBYIOUHM 3aKOH Jie MopraHna, OTpuMaemMo:
OUT =(C-A)+(D-C-A),
OUT =(C-A)(D-C-A),
1, HapemrTi, MiHiMaabHa KHO
OUT = (C+ A)XD+C + A). (5)
Minimizanis KH® bynxuii F(x,,x,,x;,x,) (puc. 3) MeTonom

o0pa3HuX MepeTBOPEeHb 3BOAUTHCA 10 TaKoi mpouenypu [9]:

MN|x, x. x, x
N T T )
110 0 0 1
1 100
310 0 1 1
0110 1 0
F=| 9|1 0 0 1|= =
01 0 0[] 1]00O0 1
111 0o 1 1
001 1
211 1 0 0
0001
401 1 1 0

broku 1, 3,9, 11 (BuaiiaeH1 4epBOHUM KOJIHOPOM) MIHIMI30BaH1
32 TPOTOKOJOM CYINEep-CKJICIOBaHHS 3MIHHMX. IHmn  Onoku
MIHIMI30BaHI 32 MPOTOKOJIAMH IPOCTOTO  CKJICIOBAaHHSA Ta
HAITiBCKJICIOBAaHHS 3MIHHUX [6, 7].
MinimizoBana KH® ¢ynkuii:

F :(;1+x3)(x1 +)73+x_4). (6)

PesynpTar miHimizalii (6) 30iraeThbest 3 pe3ynbTaToM MiHiMi3allii
(5), mpoBenmenoi 3a mgomomororo kaptu Maxoni [10], omHax
orpuManHs MiHiManbHOT KH® noriuHoi QyHKIiT MeTon oOpa3sHUX
NEPETBOPEHD € MPOCTIIIOK MPOLEAYPOIO.
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JABI 7-ITAPAMETPUYHI KPUBI U151 IIOBY10BU
NPOPLIIO CIIMHKU JIOITATKHA
ICremoxk I1.1., >Trauenxo O.B., 'Xom’ sk O.M.
! Inemumym xibepnemuxu imeni B.M. Inywikoea
211 "lsuenxo-IIpoepec”

TWO 7-PARAMETRIC CURVES FOR BLADE BACK
PROFILE DESIGN

Abstract. Systems of nonlinear equations for two curves for profiling the blade
back are constructed; the curves are defined by seven design parameters. For the
first curve its curvature varies linearly in natural parameterization, and the second
uses a cubic polynomial. A computational experiment for modeling the profile of
the blade back is described.

Jlyiss MoenmoBaHHs MPOQLII0 CIIMHKY JIONATKU B JaHiil poOOTi
chopMylbOBaHI CHCTEMHU HEIIHIMHUX pIBHSAHb NJS JBOX BHIB
KPHUBHX: KpPHBA B HATYypaJIbHIN TapaMeTpHu3allii 3 JiHIHHUM 3aKOHOM
PO3MOLTY KpUBUHM [ 1] Ta MOTIHOM TPEThOTO CTeHeHs [2].

MaremaTn4na MoaeJb. BitoMumu € 7 nmapamerpis: 7, Ta r, —
pajiycu 3a0KpyrjieHb BXiAHOT Ta BHXIJHOI KPOMOK, ! — KpOK
pemniTky, B — 1oBxkuHA XOpAM, B, — KyT yCTaHOBKHM npodimo, d,
— BEJIMYMHA ropja MDKJIONATKOBOIO KaHaly, O — KYyT BIATHHY

BuxifHOi KpoMmkH. Ilapamerpu Ta 06a30Bi TOYKM MHPOdiIO
B1JI00pa)KeH1 Ha PUCYHKY.
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1 . . . .
Tyr O,, O,, O, — UeHTPH KiJ BXiAHOI Ta BUXiTHUX KPOMOK,

touku C; (I xBagpanr y kom O), C, (Il -y kom O,), C; (IV -y

. ! .
kol O, ), ¢;, ¢, (3 — KyTU HaxXujly JOTHYHHUX JO KPHBOi B IIMX
TOYKaX.

[ToTpiOHO 3HANTH KPUBY, sIKa MPOXoaAuTh uepe3 Touku C;, C,

ta C;, IOTHYHI B IKUX CIIBNAJAI0Th 3 JOTUYHUMH 10 Kinn O;, O, Ta

!

0, .

IMepma kpuBa. bynyerscsi B HaTypasibHIM mapamerpu3amnii 3
rpadikoM KpuBuHU k(S)=as+b, ne S, s; — HeBiIOMI JOBXKHUHU
kpuBux Bix Touku C; 10 Toukn C, T1a Big Touku C, 1o Touku Cj,
@1, ¢, — Hepigomi Kyta B Toukax C; ta C,. Kyt @5 B Toumi Cj
BUPAXKAETBCSA Yepe3 KyT ¢,: @3 =@, —o . Hepinomi nmapamerpu a,
b, S, s, ¢, @, € PO3B’I3KOM CHCTEMH ILIECTH HENIHIHHMX
PIBHSHB:

N 2
B, +rsin@, =—r,sin@, +Icos((p2 +%+bs}ds , (D)
0

S 2
B, + 1 cos@; =1, cos ¢, +J‘sin {(p2 +%+bs}ds , (2
0
2

_(plz(pﬁ%ws, os@s%, 534023%, $>0, (3)

Sy 2
(r, +d,)sin(@, —8)=—r, sing, + Icos [(pz +%+bsjds , (@)
0

N 2
t—(r, +dy)cos(@, —8)=r, cosp, +Isin((p2 +%+bs]ds ,(5)
0

s

2
—6—7+bsl, O0<s <S8 {5@3 =(P2—5=(P2+%+b51]»(6)

Jie BeNM4YnHK B, Ta B, 00YHMCIIOIOTHCS 32 pOopMyIamMu:
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B, =(B—1—r,)sin B +(r, —1)cos B,

B, =(B—1—r,)cos B, +(r;—r,)sin 5.

IarerpanpHi piBHsAHHS (1) 1 (2) BUKOPUCTOBYIOTBCS ISl 3B’ SI3KY
koopauHat Touok C; ta C,, a piBHAHHS (3) — U1 3B 3Ky KYTIB @
Ta ¢, . PiBHAHHSA (4) Ta (5) 3B’A3yI0Th Mi’K COO0I0 KOOPJJMHATH TOYOK
C, 1a (3, a piBHAHHA (6) BUPaXKae KyT (3 YEPE3 KyT @, .

Jlpyra kpuBa. byayerbcs 3a JOMOMOrOIO IMOJIIHOMa TPETHOT
creneni y=ax’ +bx’ +cx+d Ta KyTiB @, 05, a KYyT @3 JOPIBHIOE
¢, — 0. Heinomi koedimientn a, b, ¢ 1d Ta HeBinoMi KyTu ¢; i @,
€ PO3B’SI3KOM TaKOi CUCTEMH IIECTH PiBHSIHb:

y, =ax; +bx; +cx, +d, tgp, =3ax; +2bx, +c, (7)

) T
e X, =1,—5Lsing,, y,=r,+1,c08Q,, 0 <@, <5,

v, =ax; +bx; +cx, +d, tg(p, — ) =3ax; +2bx, +c, (8)
Ie X, =r2+(t2+d2)sin((/)2—§), Vs =r2+t—(r2+d2)cos(¢2—§),

Y =ax; +bx +cx, +d, tg(—¢)=3ax] +2bx +c, 9
e x, =n+B +rsing, y, :r2+By+rlcosgol, O<o <%.

Tyt seniHiiiHl piBHAHHA (7)—(9) BU3HA4YalOTh NPOXOJKEHHS
kpuBoi uepe3 Touku C, (xz,yz), G (x3,y3), G (xl,yl),

3a0e3Medyroun B HUX BIJNOBIAHI 3HAUEHHS MOXITHUX 18Q,, 18(P3,

tg(~¢r).

OO0uucaoBaIbHUI  ekcnepuMeHT. ['padiku KpuBHX, IO
noOya0BaHi1 /i1l MOJICTFOBAHHS MPOQ1TI0 CITMHKY JIONATKH, HaBECH1
Ha PHUCYHKY HI)KYe: KpUBa B HATypalbHI mapamerpusaiii 3
JIHIAHUM 3aKOHOM PO3MOJLTY KPUBUHU (CYLUIbHA JIIHISA), TOJIHOM
TpeThoro cremens (mrpuxona JdiHis). Tyr ke HaBeneHi iX rpadiku
KPUBUH Ta 3HAUEHHs BCIX CEMH IapaMeTpiB, NpPH SKUX BOHHU
OTPHUMaHI.

3 rpadikiB KPpUBHH BHUIHO, IO y KPUBUX BIICYTHI TOYKH
neperuny. Lle Bukioyae "XBUIACTICTE" MPO(]ITIIB COMHKY JIOMATKH.
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KpuBa B HarypanpHiil mapameTpu3aliii Mae Kpalll ra3oJdHaMidHi
BJIACTUBOCTI B CWJIy JIHIMHOCTI pO3MOAiNy KpuBHMHH. HasBHICTH
TOYOK IEPEruHy 1 CTpUOKOIOiOHA 3MiHA KPUBUHHU HE JIOMYCTHMI,
OCKLUITBKY 1€ MOKE MPUBECTH JI0 BiAPUBY IMOTOKY Ta3y.

[Toxi6Hi cuctemu MOkHA CHOPMYJTIOBATH ISl IHITUX KPUBUX B
HaTypaJbHIM mapamerpusauii. Hanmami mnanyerscss moOynoBa
npodiaIr0 CIMMHKKA 3 BHKOPHUCTAHHSIM JBOX KPUBHUX 3 JIHIHHUM
3aKOHOM Ta OJHi€] KpUBOi 3 KBaJpaTHUYHUM 3aKOHOM DPO3IMOJLTY
KPUBUHH Ui BpaxyBaHHS JOJATKOBHUX IapaMeTpiB Mpodiiro.
BukopucranHs 1BOX KPHBHX 3 KBaJPaTHYHUM 3aKOHOM pPO3MOILTY
KPUBHUHH OIMKMCAHO B poboTi [3].

I xpuea

20 L II kpuea

15 1

10 T'padixm kpHBHH

-0.03 L
-0.04 |
-0.05 b + Lt
-0.06 F Tobog]

-0.07 | *
-0.08 |
-0.09 | ‘ ; , ;

0 3 10 15 20

+
i+
oy ++

Treprr+t
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KOMBIHATOPHI KOH®IT'YPAIIIL, SIKI
BUHUKAIOTDH B 3AJIAYAX PI3BHUX KJIACIB I3
OBYUCJ/IIOBAJIBHOI'O IHTEJIEKTY
Tumodiesa H. K.
Mixcnapoonuii HayKo80-HABUANbHUL YeHMD IHGOpMaYiuHUX
mexnonoeiu ma cucmem HAH ma MOH Ykpainu

Abstract. Some artificial intelligence problems that are reduced to
combinatorial optimization problems are considered. It is shown that
combinatorial configurations can be both an argument of the objective function
and the input data in artificial intelligence problems. The argument of the objective
function in them, as a rule, are sampling of different types and partition of the n -
element set into subsets. Natural signals are described by a combinatorial
configuration — placing with repetition, due to which inaccuracy of the input data
occurs in these problems.

Beryn. AnanizyroTbes 3a7adi 13 0OUMCITIOBAIBHOTO 1HTEJIEKTY.
[loka3ano, 1O BOHM MalTh KOMOIHATOPHY TIPUPOAY Ta
MOJIENIIOIOTECA B paMKax Teopii KOMOIHATOpPHOI ONTHMI3alii.
ApPrymMeHTOM L11b0BOI (PYHKIIIT B HUX € KOMOIHATOPHI KOHPIryparii
pi3HUX TuUIiB. BXiqHI aHi B AESIKUX 13 HUX MPEACTaBICHI PI3HUMHU
TUTIAMH BHOIPOK.

IlocranoBka 3agaui. 3amaya mojnsrae y  BUSBICHHI
KOMOIHAaTOPHUX BJIACTUBOCTEH 3a7ad INTYYHOTO IHTENIEKTY Ta iX
MOJICTIOBAaHHS SIK 3a2/1a4 KOMOIHATOPHOI ONTHUMI3aIlii.
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IMiaxin, mo nmpononyerbesi. Po3B’s13aHHs TOCTaBIeHOT 3amadi
MIPOBOAMTHCS IIJITXOM aHATI3y 3a7a4 00YHUCITIOBATILHOTO 1HTEIIEKTY,
BHSIBJICHHSI apryMEHTY IUThOBOI (YHKINI, SKMM € KOMOiHATOpHI
KOH(irypaii pi3HUX THIIB, Ta MOJICIIOBAHHS IIbOBOI (PYHKIIIT, sIKa
nepeaae KOMOIHATOPHY MPUPOAY 3aad, [0 PO3TIAAAIOTHCS.

3arajbHa NMOCTAaHOBKA 3a/a4i KOMOIHATOPHOI omTUMi3auii.
3aiadi 00YHUCITIOBAIBHOTO 1HTEJIEKTY CKJIAJIHI 32 CBOEIO TIPUPOIOIO Ta
HE 3aBXKIM MiAgaroThes popmarizalii. Aje 6arato NpUKIAIHUX 331a4
IIBOTO KJIacy 3BOJATHCA JIO 3a7ad KoMOiHaTOopHOI onTuMizarii. Lle
MOB’SI3aHO 3 THM, IO TEPEBaKHA IXHS YaCTHHA TPU 3HAXODKCHHI
ONTUMAJIBLHOTO  PO3B’A3KYy  MMOTpedye  mepebopy  BapiaHTIB.
[TepebipauM ke 3amadaMm BiacTHBa KoMOiHatopHa mnpupona. Lo
BJIACTUBICTh MOJKHA JIOCJIIIUTH, 3MO/ICTIOBABIIM OTOBOPEHI 3a1a4i B
pamKax Teopii KoOMOIHATOPHOT ONTHMI3aIlii.

Jlns MoJienroBaHHS MPUKIIAIHUX 3a7a9 K 3a7a4 KOMOIHATOPHOT
orntuMizarii HeoOXigHO [1]: a) 3a crmoco6oM OOYHMCIIEHHS IIITLOBOI
GyHKIIT BU3HAYMTH BUA 3a1avi (cratuyHa abo AWHaMiyHA); O)
BU3HAYUTH 0a30BI MHOXKMHHU, SKUMH 33/I1a€ThCsl TIEBHA 3a/1a4a; B) 3a
BXITHUMH JAHUMH BU3HAUUTHU ii THUM; T) BU3HAYUTH apPTryMEHT
L1Ib0BOI (YHKIII (KOMOIHATOpHY KOH(QIryparllito); 1) 3MOJAEIIOBATH
LTbOBY (DYHKILIFO.

3ajadi KOMOIHATOPHOI ONTUMI3alli, IK TIPABUIIO, 3aAI0THCS
Ha OJHIM a0o0 KIIbKOX MHOXUHAX, Hampukinanx A={a,..,a,} Ta

B={b,...,b.}, eneMeHTH sKHUX MawThb Oyab-sKy mpupopy [2].
HaszsemMo mi MHOXHHU Oazosumu. HasBHi nBa tunm 3agad. B
nepuiomy THUIl KOXKHY 3 LIUX MHOXKHH IOJAAMO y BUIIIAII rpada,
BEPIIMHAMU SIKOTO € ii eeMEeHTH, a KO)KHOMY peOpy MOCTaBJICHO Y
BiJITIOBITHICT YHCIIO ¢, € R, ske Ha3uBalOTh Barorw pebdpa (R —
MHOXkHMHA piticanx uncen); [ € {L,...n}, t€{l,..,n}, n —kineKicTs
€JIEMEHTIB MHOKUHU A, 7 — KIJIbKICTH €JIEMEHTIB MHOXHWHU B .
[Moknagemo, Mo 7 =1 . MiX eleMEHTaMH IIUX MHOXHH iCHYIOTH
3B'SI3KH, YACJIOBE 3HAUECHHS SKUX Ha3BeMO Baramu. Bennunnu ¢, € R
HA3BEMO GXIOHUMU JaHUMHU Ta 3alaMo ix martpuisMu. B opyeomy
THUITI 33]1a4 MK €JIEMEHTaMH 33JIaHO1 MHOYKHHU 3B'A3KIB HE ICHYE, a
BaraMu € uucia v, €R, je{l,.,n}, akum y BiamoBiaHicTh
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MOCTABJICHO M€Kl BJIACTUBOCTI IIUX CJICMEHTIB, YHCIIOBI 3HAUCHHS
SKMX 3a0al0ThbCsl CKIHYEHHHMH IIOCIIZOBHOCTSIMHM, IO TaKOX €
BXIJHUMH JaHUMHU. L{i BeIWYMHU BH3HAYAIOTh 3HAYEHHS IJIHOBOI
byHKIII.

Jns o0ox THHIB 3amay i3 €JIEMEHTIB OAHIET a00 KiIbKOX
0a30BUX MHOXHH, Hanpukian a, € A, [€{l,...,n}, yrBoproerscs

KOMOIHATOpHa MHOXMHa W — CYKYNHICTb KOMOIHAaTOpHHUX
KoH(pirypariii neBHOTO THNY (IEPECTAHOBKHU, BUOIPKU PI3HUX THIIIB,
po3outts Tomro). Ha enementax w koMOiHATOpHOI MHOXMHU W

. . . o *
BBOJUTHCS 1IboBa pyHKIis F(w). HeoOXifHO 3HATH eeMeHT W
MHOXHHA W , uist sikoro F'(w) HaOyBae eKCTpeMabHOTO 3HAYCHHS
IIPU BUKOHAHHI 3aJ]aHUX OOME)KCHbD.

[Tin komOiHaTOpHOIO KOH(}Irypamiero po3ymieMo OyIb-sSKy
CYKYIIHICTh €JIEMEHTIB, 5IKa YTBOPIOEThCS 3 YCiX abo 3 JesaKux
€JIEMEHTIB  3amaHoi  0a3oBoi MHOXuMHH A ={aq,,..a,} [2].

. k k k
[To3HaunMMo 1i BHOPSAKOBAHOK MHOXHHOWO W' = (W, sy Wy ), 1€

. . . k

nefl,...n} — kinbkicte enementis y w', W ={w'}! — mHOoXuHa

KOMOiHaTopHUX KOHpirypamiii. Bepxwuiit ingekc k (ke{l,....q}) y
k o 13 . . k

W' I03Havyae nopsAKoBuil Homep W y W, ¢ —KuIbkicTb w y W

Jlo 0OYHMCHIIOBANIBHOTO 1HTENEKTY BIAHOCATHCA 3adadi 3
pO3Mi3HaBaHHSI, 30KpeMa pO3Ii3HABaHHS MOBJICHHS, 3a/1a4a KIHIYHOT
JIarHOCTHKH, 33/1a4i 13 CEMaHTHUKU (MTOPiIBHSIHHS TEKCTiB Ha IUIariart,
ABTOMATUYHUH TMEpEeKIIa]] TeKCTIB 3 OJHIE€T MOBH Ha IHIIY TOIIO). B
TaKUX 3aJa4ax SK PO3Mi3HABAHHS MOBJICHHEBUX CHUTHAIB Ta 3a/layua
KJIIHIYHOI JIarHOCTUKU LIJIboBa (YHKIS 3al€XHUTh BiJ KIJIbKOX
3MIHHHX, SKUMH € Pi3HI THIH BUOIPOK, Ta PO3OUTTS 7 -€JI€MEHTHOI
MHOXHHM Ha MIJMHOXXMHHU. 3a apryMEHTOM IIbOBOi (YHKIIT sK
3a/1aya KJIHIYHOI JIarHOCTUKH, TaK 1 pO3IMi3HABaHHS MOBJIEHHS
PO3IUIIIOTbCA  Ha TPU Mig3adayi: CTpyKTypu3aulis 0i0iioTeku
€TaJIOHIB, MOMYK y Oi0mioremni erasoHHOI 1HGOpMAaIlii; TOPIBHSAHHS
€TAJIOHHOI Ta BX1IHO1 iHpOopMaITii.

Kom6inaropHi koH]iryparii MOXXyTb OYTH 1 BXITHUMHU TaHUMH
B 33/1a4ax 00YHMCIIOBAIBHOTO IHTENEKTY. B 3a1auax 3 po3ni3HaBaHHS
MIPOBOJIUTHCS PO3ITI3HABAHHS CUTHAIB Pi3HOT MpUpoau (MOBJICHHEBI
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CUTHAJIH, eJIEKTPOKAPIIOrpamMu, eIeKTPOCHIIepaorpamMu), Kl € s
HUX BXITHUMH JaHUMH. L]i CHTHAIN OMUCYIOTHCS KOMOITHATOPHUMHU
KOH(pIryparisiMi, 30KpeMa pO3MIIIEHHSAM 3 IMOBTOpPEHHSAMHU. JlJis
MOSICHEHHSI IIbOTO TBEPJPKCHHS PO3TJITHEMO MOBIIEHHEBUH MPOCTIP
SIK 3HAKOBHM KoMOiHaTopHui [3]. BiH ckiamaeTbes i3 3ropHYTOrO,
AKHA MICTUTh 0a30By MHOXHMHY (aKkTHBHI Ta IacUBHI OpraHu
TBOPEHHS MOBH), NPaBWJIA, 32 SKUMH TBOPSATHCS 3BYKH (4aCTKOBO
PO3TOpHYTHI MOBJICHHEBUI NPOCTip), Ta NpaBuUja, 3a SKUMH 13
3BYKiB (KOMOIHAIIIEI0 TOYOK YACTKOBO PO3TOPHYTOI'O MOBJIEHHEBOT'O
MPOCTOPY) TBOPUTHCS MOBIICHHS. MOBJIEHHEBUNM PO3TOPHYTUM
MPOCTIp, SK 1 3HAKOBHH KOMOIHATOPHMM ITiJ1 TI€F0 IEBHUX YHHHUKIB
YTBOPIOETHCSA ~ PI3HOMAHITHUMH  KOMOIHAIIIMM ~ aKTHBHUX  Ta
MMaCUBHHUX OpPTraHiB TBOPEHHS MOBH (€J1eMeHTaMHU 0a30BO1 MHOYKHHH ).

OTxe, TiJ 3TOPHYTHM MOBJICHHEBHM IIPOCTOPOM PO3yMi€EMO
inpopmamiiinuii 3Hak R=<A, T,P,=>, ne A — 6a30Ba MHOXXHHA,
€NEMEHTaM a; € A KOl BiINOBINAIOTH OPraHU MOBJIEHHEBOIO

TpakTy, P — cucrema IpaBui, 3a JIOIOMOIOI0 SIKHUX KOMOIHAIIEIO
a;, € A pO3ropTaceThCs NPUPOJHUA MOBIICHHEBUH mpocTip, T —

CMONYYeHHS 3 TIOBTOPEHHSMH, = — TIpaBWIa 3TOPTaHHSA
MOBJIEHHEBOT'O IIPOCTOPY 3aB/SIKM CIyXOBOMY arapary. AHaJIOT14yHO
YTBOPIOIOTHCSI 1HIII TPUPOJHI CHUTHAIM: EJEeKTpOKapaiorpamu,
eHuedansorpamu TOImoO. TOYKOIO IMX MPOCTOPIB € PO3MILLICHHS 3
MOBTOpeHHSAMHU. ToMy aJis  OJHOTO 1 TOrO K cjioBa (pEyYeHHs)
CUTHAJIU NepeslaloTh CyTh OJHOTO 1 TOTO CJIOBA, aJle BiAPI3HAIOTHCS
Mk coboto. [Tpu ixHpOMY po3Mi3HaBaHHI Ta HOPIBHSAHHI 3 €TAJIOHOM
BOHM MOJIOHI ane He 30iraioTbcsi. B 1boMy mossdrae HediTKICTh
BX1JIHOT 1H(OpMaITi B IUX 3a/1a4ax.

OTxe, 3 BHKJIAJCHOTO BHUIUIMBAE, IO KOMOIHATOPHUMHU
KOH(IrypamisiMu ONMCYIOTbCS MPUPOAHI CHUTHAIM, K1 B 3ajadl
PO3Mi3HABAHHS € BX1JIHUMH JTAaHUMH.

BucnoBok. Omxe, B 3agadyax OOYHCIIOBAJILHOTO I1HTEIIEKTY
KOMOiHaTOpHI KOH(irypamii MOXXyTb OyTH SIK apryMEHTOM I1JIbOBOI
(GyHKIIT Tak 1 BXITHAMU JaHUMHU. APTryMEHTOM ITiIb0BO1 (PYHKITIT B
HUX, SIK IPABUJIO BUCTYMNAIOTh BUOIPKHU PI3HUX THUIIIB Ta PO30OUTTS N
-eJIeMEHTHOI MHOXXHHHU Ha MiMHOXHHHU.
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[IpencraBneHHs  TPUPOAHHMX  CUTHATIB  SK  3HAKOBHX
KOMOIHATOPHUX MPOCTOPIB J03BOJIAE ONMUCATH BXiIHY iH(OpMaIiio
KOMOIHATOPHOI KOH(QITYpaIli€l0 — PO3MIIICHHSIM 3 MTOBTOPEHHSIMH,
3aBJAKM AKIH B [IUX 3aJa4ax Mac€ MiCIl€ HEYITKICTh BXIJHUX JAaHUX.
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PO MHOKHWHHU PO3PIBAIOYUX PEBEP TA
PO3PI3AIOYI BEPILIMHU I'PADIB
Typunna B.A., Jlomancska T.M.
JHinpoecvruii hayionanoruil yHisepcumem imeni Onecs
Tonuapa

Abstract. Regardless of mathematical preferences, everyone probably met
graphs. A flexible system of special terms and symbols allows you to easily describe
complex things in detail. This mathematical object can be applied in any scientific
and practical field.

The subject of this work is a cutting ribs (bridges) and cutting vertices. The
relevance of this research work lies in the applied value. To be more precise, the
proposed methods can solve some problems of network medicine, problems of cities
connected by roads, cellular networks or electricity, problems of air travel and
much more. We considered well-known theorems and search algorithms for cutting
edges and vertices. There are no known search algorithms for the set of cutting
edges, therefore, new theorems, definitions and search algorithms are also
proposed.

178



Onrumi3artiifHi 3a1a4i Ha rpadax KpiM TOTo, 110 MPEACTABISIIOTh
TEOPETUYHUN 1HTEpec, 3a3BUYail 3HAXOAATH INUPOKE MPAKTHUHE
3aCTOCYBaHHS, a00 HABMAaKU — 13 MPUKIAAHUX 3a/1a4 MU OTPUMY€EMO
onTuMizamiitHi 3amaui Ha rpadax. OpHier0 13 cydacHHX cdep
3aCTOCYBaHHSA ONTUMI3aLIMHUX 3a7ad Ha rpadax € MepekeBa
MEHIIIHA.

Hikomac Kpicrakuc Ta J[xeiimc daynep pocmiguwnu naHi
0araTopiyHUX MEIMYHHUX CIIOCTEPEkKEHb PI3HUX COLIAJIBHUX TPYIl B
oJHOMY 3 paioHiB mrtaty Maccauycetc (CIIIA). Byno BusiBiaeHo, mo
COIIANbHI 3B'I3KM CHPUYUHSIOTh BHHUKHCHHSI HAJJTUIIKOBOI Baru
OlbIIIe HABITh, HIK TCHETUYHI YNHHUKH. SIKIIO O1HA JIF0AMHA 100pe
3HaoMa 3 JIF0IMHOIO 3 HaIMIPHOIO Baroro, TO MMOBIPHICTH TOTO, IO
BOHA Habepe 3aiiBy Bary Ha 20% BuIIle, HIXK B COIIIAJIbBHUX MEpekKax
3 BUMAJIKOBUMH 3B'SI3KaMU MiXK JIFOAbMH. T0OOTO OXUPiHHS, ITOAI0HO
iH(]EeKIlisIM, TOIIMPIOETBCS IO COIIABHUX Mepexax. Tomai, 1mo0
MepepBaTH IIeH JIAHITIOT, HEOOX1THO PO3ipBaTH JesKi 3B’ s13kH [1].

Toni BUHMKAae MUTAHHS: a SK MOXKHA PO3IpBaTH TakKi 3B S3KU
ONTHMAJIbHUM YHMHOM, 1100 3BECTH /10 MIHIMyMy Iepenadyy TakKoi
comianbHOi 1H(EeKIi.

[ToniGH1 mpoOnemMu BUHUKAIOTH HPU aHali3l 1HPPACTPYKTYp
HACEJICHUX MYHKTIB Ta 3B’S3KM MK HUMH (OpOTaMH, MepeKaMH
COTOBOTO 3B’513KYy a00 JIHISIMH eJIeKTpoIiepeiay).

HaBegeni Bume 3amaui  MokHa  copmymroBaTH  SIK
oNTHUMI3aIiiHI 3a7a4l Ha Tpadax, MOB’s3aHi, B 3AJIEKHOCTI BIJ
MMOCTAaHOBKH, a00 3 TOLIYKOM MHOXXHHH po3pizarouux pedep, abo
pO3pi3ar0ymnXx BepIIUH B rpadi.

Hasenemo mestki Bimomi o3HaueHHs [2, ¢. 561].

Hexait 3amano 38’ s3uuit rpad G(V,E).

O3navenns 1. Muoxuna pedep C 3B’s3HO0rO0 rpaga G(V,E)
HA3MBA€ETHCS PO3PI13aI0YOI0 MHOKMHOIO, SIKIIO BUIAJICHHS BCIX pedep
3 mMHOXkUHN C mopyuiye 3B s3HICTH Tpada, a BUAAIECHHS BIACHOI
MiIMHOXUHU MHOKHHH C 3amutiae rpad 3B’ sI3HUAM.

[HmMMU coBamMu, po3pizaioua MHOKMHA — II€ MHOXKHMHA, IO
MICTHTh MIHIMaJIbHY KUTBKICTh peOep, MICs BUOAICHHS SIKUX Tpad
BTpayae 3B’ S3HICTb.

SAxmo muoxkuHa C CcKiTamaeTbes 3 oAHOTO pedpa, To 1me pedpo
HA3MBAETHCS PO3PI3AIOUUM PEOPOM.
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Po3pizaroue pedpo 11ie Ha3uBarOTh MOCTOM Tpada. /[ momryky
MOCTIB Tpada BiioMi alropuTMu, 30kpema anroputm Tap’siHa Ta
TIOIITYK MOCTIB 32 JIOOMOTOK PO3KJIaJJaHHS Ha JIAHIFOTH [3].

Slkmo B rpadi BiACyTHI po3zpizaroui pedpa, TO HEOOXiTHO
IIyKaTd MHOXKHMHY po3pizatouux pebep. B maniii  poboTi
IPOTIOHYETHCS AITOPUTM 3HAXOPKEHHS TaKOT MHOXKHUHHU.

ANropuTM = TIONIYKY ~ MHOXHHHM  po3pizaioumx  pedep
3aCHOBYETbCS Ha alNTOPUTMI TMOIIYKY YacTKOBUX JIEPEB B
HEOpPiEHTOBaHOMY rpadi.

Eran 1. 3naxoaumo niepernik 4acTKOBHUX JepeB B rpadi.

Etan 2. 3Haxomumo JIBa YacTKOBHX JIEpeBa, B SIKUX Oyie Bif
OJIHOTO TO TPHOX CHUTBHHUX pedep.

Eran 3. IlepeBipsiemo, un 30epiraeTbcs 3B’ sA3HICTh Tpada, Ipu
BUJAJICHHI BCIX CHUIBHHX pebep, sKi MW 3HAWOUIM JUIS TapH
YaCTKOBUX JIepeB. SIKIIO 3B’S3HICTh MOPYHIYETHCS, TO 3HANCHI
CHUTBHI pedpa CKIaIatoTh CO00I0 MHOKHHY po3pi3arodnx pedep.

Eran 4. [ToBroproemo erarmu 2 1 3 I BCiX MOXKIMBHX Tap
YaCTKOBUX JICPEB.

Posrnsinemo mpukian  poOoTH  anroputmy ans  rpady,
300paK€HOMY Ha PUCYHKY 1.

B F
Puc.1. IIpuxnao epaghy
OpHuMH 3 JIBOX YacTKOBHUX JiepeB rpada, Oyne mapa rpadis,
300paXeHUX Ha PUCYHKY 2, 1ie criibHUMH pedpamu € CD ta AE.

Tox omHi€0O 3 MHOXHH po3pizatounx pedep s rpada 3
pucysky 1 € {{A,E};{C,D}}.
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Pucynok 2. /[sa uacmkosi depesa epagha 3

He wMeHm BaXIMBMM THTAHHSAM € TUTaHHA TOUIYKY
po3pizaroumnx BepuiuH rpadis. [2, c. 561-562]

O3nauvennss 2. Bepmmna v€EV 3B’s3Horo rpada G(V.E)
HA3UBAETHCA PO3PI3aI0UOI0 BEPILMHON, SKIIO BHJAJIEHHS L€l
BEPIIMHM Ta IHIUJICHTHUX A0 Hel pedep MpU3BOAUTH A0 TMOPYIICHHS
3B’SI3HOCTI rpada.

Po3pizaroui BepmIMHM TaKOX HA3MBAIOTh MIapHipamMu abo
TOYKAaMU 34JICHYBaHHS.

s momyky pospizarouux BepHIMH TpadiB MoxkHa Oyno 6
BUKOPHUCTOBYBATH BiJJOMi HEOOXi/IHI 1 JOCTaTHI YMOBH X iCHYBaHHS.

[Tpore nikaBo Oyno O OTpUMAaTH YMOBH, 3 KOHCTPYKTHBHOTO
JIOBEZICHHS SIKMX, BHUIUIMBaB OW aJIrOPUTM 3HAXO/DKEHHS TaKUX
BEPIIHH.
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MUKOJIA I'VJIAK -3 IVIES U TBOPLIB
BATATOBUMIPHOI TEOMETPII
[lenneporckmii B.A., Jlickoerns C.M.

Inemumym ¢izuxu Hayionanvhoi akademii nayk Yxpainu

JlyyvKkuti HayioHANLHU MeXHIYHUL YHIsepcumem

Abstract. The brief description is given in these theses about the life and
scientific path of a little-known scientist, public and political figure - a man of
encyclopedic knowledge, philosopher, lawyer, mathematician, one of the
ideologues of the first Ukrainian political party of Mykola Hulak (1821 — 1899).
The consideration is focused on the scientist’s mathematical works which are
devoted to multidimensional geometry.

Muxona I'ynak (1821-1899) 3a owuiHKoO BUAATHOTO BUEHOTO,
bimocopa IlaBma DIOPEHCHKOTO «3HAETHCA MEHI OAWH 13
HaiOnmMcKydime o0xapoBaHUX JroAed apyroi momoBuHH XIX
CTOJITTS, 1 /U1 iCTOpIi KylIbTypH Oy70 O HEIPOCTUMO HE 3HATU HOTO
abo oOMeXyBaTH CBO€ 3HAHHS JIMIIE TOBIJOMJICHHSMH TPO HOTO
yuactb B Kupuno- MedoaiiBcbkomy 6patctsi» [1].

Hapoauscs Mukona I'ynak B uepBHi 1821 poky B muisixetHii
ponuni Ha IlonraBmumui. Pin ['ymakiB 3amodaTkoBYeTbCS Bij
I'enepanbHoro 0o603Horo Bilickka 3anopo3bKoro, 4aciB ypsiayBaHHS
rerpMaHa Ilerpa JlopoieHka.

I'ynak 3akiHuMB  ropuauuHuil  dakynaprer JlepnTchkoro
YHIBEPCHUTETY, i MapajiellbHO BiIBIAyBaB JIEKILIi 3 MPUPOTHUYUX
HAayK Ta MaTeMaTUKH. 3axucTuB aucepraniro «Crpoba omwucy
Yy)KOT0 TpaBa 3a (PaHIy3bKUM, aBCTPIMCBKMM 1 POCIHCHKUM
3aKOHOJIAaBCTBOM», 3a SIKy HWOMY OyJ0 TMPHCYIKEHO CTYIiHb
KaHJM1aTa mpasa.

[legaroriuny aisuibHicTh M.I'ynak posnouas B PimenbeBcbkoMy
minei Ha Kadeapi uucToi MareMaTHKH (3rofoM Jinel Oys
neperiMenoBanuil y HoBopociiicbkuii yHiBepcuteT B 1865 pori). 3a
yac mpani B Jinei ['ynak HanucaB AeB’STh HaBYAJIBHHUX MPOrpam 3
BUINOT ayreOpu, 3 aHAIITUYHOI TeoMeTpii, MU(EpPeHIIATBHOTO Ta
IHTETpaJIbHOrO YUCICHHS, Teopii HMOBIPHOCTI Ta apudmeTnku. Bin
IIMPOKO BHKOPHUCTOBYBaB mociOHuku Eiinepa, BbyHsKOBCBhKOTO,
Komri, HItypma, Octporpaacbkoro Ta OaraThbOX IHIIUX 3HAHUX
MaTeMaTHKiB. ['yJlak akTHBHO NpoINaryBaB BBEJCHHS 10 MPOrpaMu

182



MaTeMaTUYHUX TUCHUTLIIH TaKi KypCH, SIK BHINA TEOPis KPUBUX JITHIN
Ta MOBEPXOHB, TEOPisl IHTErpyBaHHs , BapialiliHe YnucieHHs [2].

Ha mnouatky 1859 poky Muxkona I'ymak Bumae B Opeci
MoHorpadiro «ETIou 3 TpaHCIEHICHTHUX PIBHIHBY ((hpaHIly3bKOIO
MOBOI0), sIKa OTpuMaia cxBaJbHUW BiAryk Ilapu3pkoi .akamemii
HayK. B poOOTi BBOISATHCS aHAJIOrM TPUTOHOMETPUYHHX (YHKIIN
CHUHYyCa, KOCHHYCa Ta BIJAMOBIIHUX TiNepOOIiYHNX (PYHKIIIHA, aBTOP
CTBOPHB CBOEPIJHY IICEBJO TPUTOHOMETPit0. AHaJi3 BIACTUBOCTEH
TPAHCIEHJICHTHUX (YHKIIIHA, BIIMOBIIHI TBEPHKCHHS, IOCTaTHBHO
BEJIMKY KUTBKICTh ()OpMyYJ BUeHH 00’ €THAB B OJIHY KHHUTY, Oarato
MaTepiaiiB sKoi Oyl0 BUKOPHUCTAHO JUIsl BCEOIYHOTO JTOCIIIKEHHS
ICTUHHOCTI HECBKJI1IOBOT TeOMETpii.

HaiiBuznaunimmvu HaykoBusmu M.['ynak BBakaB THX, XTO
BHUXOJIUTh 32 MEXI 3arajlkHOBU3HAHOTO, BiJOMOTO, YCTAHOBICHOTO
3aKOHOM. BueHuii cBOI MareMaTWyHi 3yCHJUIS CIPSMOBYBAaB Ha
mponaraiay Iie He BU3HAHHMX i€l HEeBKIIJOBOI reoMeTpii, cam
PO3pOOIIAB MUTAHHSA YOTUPUBUMIPHOTO npoctopy. Tak, B 1877 poui
I'ynax BunaB MoHorpadito «Hapuc reomerpii B 4OTUPbOX BUMIpax»
(pobota Mama mig3aroloBok «l'€eoOMeTpis CHUHTETHYHA»), 3T0JOM
MIATOTYBAaB PYKOIUC «AHANITUYHA F€OMETPIis 3 YHOTUPMA BUMIpaMH
it 31 chepuuHOIO TeTpaeApOMETpicioy», Mi3HilIe 3’ saBuiacs 00’ eMHa
ctaTTs 3 reonesii «[Ipo cydacHHil cTaH €BpOINEHCHKOTO IPayCHOTO
BUMIpIOBaHHD [3].

Bapto 3a3naumtu, mo kuura ['ymaka «Hapuc reomerpii B
YOTHPHOX BHMipax», BCTyIIHAa YAaCTHHA sIKOi Ha3uBaeThecsl «Po3MoBa
npo mpocTip», mae npuceity «llam’sti JlobaueBcbkoro» i Oyina
nepuioto B Pocii kHuroro 3 OaraToBuMipHOI reomerpii. ABTOp
BHCIIOBJIIOE€ TPUITYIICHHS, M0 «ICTHHHA TeoMeTpuyHa Qopma
HAIIOTO TPOCTOPY € HE IUIOCKOIUIOIMHHOK, a pPIMaHOBUM
TIPOCTOPOM.

YoTupUBUMIPHUI MPOCTIp BUSHUH PO3IIIAAaE K y3aralbHEHHS
TPUBUMIPHOIO €BKJIIIOBOTO MPOCTOPY, SIK MPOCTIP, B SIKOMY ICHYE
YOTHUpU TMOMApHO MHEepHeHAUKYIspHI mnpsmi. Ilpu  npomy
aKLEHTY€EThCS yBara, IO <KOJAEH PHUCYHOK, KOJHA MOJENb HE
MOXYTh JIaTH SICHOTO YSIBJIEHHS MpOo oOpuc ¢irypu 3 YoTHpMa
BUMIpaMu», MPH I[bOMY 3aJHUIIAETHCS JIHILE MUCICHHS Ta ysBa, 3a
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JONIOMOTOK0  SIKUX MOJKHA 3acBOITHM 3aKOHH, MO JIIOTh Y
YOTUPUBUMIPHOMY IPOCTOPI.

'ynak BUCIOBMB JYMKYy, IO TI€OMETPUYHI  BIAKPUTTS
Jlo6aueBchkoro i PiMana «31aTHi 3p0OUTH B HAIIUX HOHATTSIX TaKUN
e paJiuKaJIbHUN N1epeBOPOTY, SIK 1€ CTaJocs B po3yMiHHI Beecity
micis BigkpurTs KomepHuka. BueHuii BHCIIOBIIOBaB yMKY, IO
AKOM «He 3’sBUBCS criepiry JloO6aueBchbkuid 1 HE JOBIB (DAKTUIHO
MOYJIMBICTh MOOYyBaTH HOBY T€OMETPII0, HE3aJIEKHO BiJl aKCIOMHU
EBximina, uu 3mir 6u Piman qomymaTuck 10 CBO€ET IpeKpacHoi Teopii
npoctopy?» [4].

Bapro 3ayBaxkutu, mo M.I'ynak BUCIIOBIIIOBAaB IyMKY IIpO T€,
110 IPY MaTEeMAaTUYHIN MOOYI0B1 MEXaHIKH BaXJIUBY POJIb MATUMYTh
3aKOHM 30€pe’KeHHs, BUCHOBKM BYEHOTO IIPO YOTHUPUBUMIPHY
KPUBHU3HY ITPOCTOPY Ha 0araTo poKiB BUIIEPEIMIIN MOAI0OH]I pO3pOOKH
y CBITOBIi# Hay1li, a 1le¥ (akT 1ae migcTaBu CTBEPIKYBATH, 110 [ 'ynak
nepeadavaB BIIKPUTTS 3arajlbHOI TEOPil BITHOCHOCTI MPUOIU3HO 32
TPUALATE POKIB 10 A. EfiHmTeiiHa.

JocniaHuky TeomeTpli BBaxawThb, 10 pobora M.['ynaka
«Hapuc reomerpii B 4oTUpbOX BUMipax» OyJia KOPUCHUM HaJIOAHHAM
BITYM3HSIHOT MATEMATUYHOI JTITEPATypH, 11€ TAKOXK OJ[HA 3 TMEPIIUX Y
CBITOBIH JiTepaTypl KHHra, 110 MPOMOHYBala JOCUTh CHUCTEMHUHN
aHaJI13 TeOMEeTpii HOTUPHOX BUMIPIB.

Bce mo 3poOuB BueHuil B ramys3i mMareMaTuku (OKpiM HOTro
JNOopoOKy B IHIIMX cdepax HayKd Ta MOJITHYHOI JISUIBHOCTI), SIK
Hesaror, MomyJsipu3aTop Ta AOCIIIHUK, 1a€ HOMY IIPaBO Ha BISYHY
3raJIKy B JITOIMHKCI PO3BUTKY MaTEMaTHYHOT HAYKH.
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PAJIMO PASMETKA I'PA®OB
[epman 3. A.
Jloneykuil HAYUOHAILHBIL MEOUYUHCKUL YHUBEPCUMEm

RADIO LABELLING OF GRAPHS

Abstract. The study of these aspects is continued in order to determine the
necessary and sufficient conditions for the existence of the bound for the radio
number of a binary tree. The radio number for G is the smallest integer k so that
there exists a function f, where f is injection from V(G) into {0,1,2,3, ..., k},
meeting the condition that |f (W)-f()| = diam(G) —d(u,v) +1 for any
vertices u and v of G.

Panuno pasmerka — 3T0 0coOBbIif THII pa3MeTkH rpada, KOTOpPbIit
pa3BUICS KaK CIOCOO HCIOIb30BaHUS TEOPUH TpadoB K PEIICHUIO
npobnem B paanocetsix. [leppoHadanbHO OblUIa BBEACHA BEPIIMHHAS
packpacka [1], rme BepmmHBI TUIOCKOro Tpada Ha paccrosHuu 1
packpallieHbl TaK, 4TOObI 1[BETa OTJIMYAINCH HE MEHEee YeM Ha p, a Ha
paccTosiHUM 2 — HE MEHee 4eM Ha ¢. DTOT clocod pa3MeTKH
motuBupoBan B. Xeitna B 1980 roxy [2] paccMoTpeTs mpobiemy
pacnpezeneHus paguoyacToT AJIsl TEIEBU3MOHHBIX U Paiio CTaHIUI
KaK 3a7ady HaxoXAeHus pa3MeTku rpada. Ecnu mpenctaBuTh
CTaHIIMM KaK BEPIIMHBI HEKOTOPOTO rpada, a MpoLecc Ha3HAYeHUs
KaHaJIOB Kak (YHKIHIO, KOTOpas CTaBUT OTUM BEpIIMHAM
HEOTpULATENIbHbIE 1IeJIbIe YHUCIIa [0 ONpPEAEICHHOMY MpPaBUIY, TO
MO’KHO Ha3HAYUTh PAJAMOYaCTOTHI TaK, YTO OJM3JIEXKAlUe CTAaHIIUN
KaK MMUHHMYM Ha PaccTOSIHMM 2 OyAyT MPUHUMATh pa3Hble KaHAJbI
6e3 momex. [Ipu 3TOM perieHue 3a1aund CBOJUTCS K MOCTPOCHHIO
paauo pa3MeTKH, TJie Juarna3oH HCIOIb3yeMbIX YuceN (YaCTOTHBIX
KaHAJIOB) SIBIISIETCS MUHUMAIbHBIM.

Tepmun «paano pazMerka» BIiepBble BBeleH 1. HapTpanmowm,
. Opsunom, II. Wxanom u ®. Xapapu B 2001 roxy. B nmannoi
paboTe paccMaTpHUBAIOTCS HUKHHUE OLIEHKU PaJlo pa3MeTKU JUIs M-
apHBIX JIEPEBHEB.

[Tox rpadom Oyaem moHUMATh KOHEYHBI HEOPHUEHTUPOBAHHBIN
rpad Ge3 kpatHbix pebep u merens. Ilycte G=(V, E) — rpad c
MHOXecTBOM BepmmH V(G) u  MHOXecTBoM pebep  E(G).
PaccrossHreM Mexny AByMsS BepLIMHAMU X M y CBsi3HOrO rpaga G
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Ha3bIBAIOT UIMHY KpaTyaliied 1enu, COeAUHAIONUMNA 3TH BEPIIUHBI
1 0003Ha4aroT d(x,Y).

Onpenenenue 1 [3]. Paouo uucnom rn(G) rpada G Ha3pIBaeTCs
HaUMEHbIIIEe IIeJI0e YUCIIO k Takoe, 9TO CyliecTByeT QyHKIUS f, TIe
f — unbekius u3 V(G) B muoxectso {0,1,2,3, ..., k}, ¢ yciosuem,
gro |f(u)- f(v)| = diam(G) —d(u,v) +1 mis moObIX ABYX
BepmnH u u v rpada G. Ilpu stom dyHkuus f Ha3bIBAaeTCA paouo
pasmemxoi G.

Jnist 1r060it BepnHbl w nepesa T, sec oepesa T om kopHs
OTIPENIEIISIOT KaK
wr(w) = Yyey(ryLo(w). Torma eecom Oepesa T HaspIBaIOT
HAaUMEHBIIIEe KOJIMYECTBO BCEX BO3MOXKHBIX BECOB OT KOPHEH:
w(T) = minfwr(w):w € V(T)}.

Bepumny w* nepea T Ha3bIBAIOT yeHmMpOM msdxicecmu NepeBa
T, eciu wy(w*) = w(T).

Hadna Jlep-Pen Jlro B 2008 romy paccMoTpen HEOOXOAUMBIE U
JOCTAaTOYHBIC YCJIOBUS CYIICCTBOBAHMS HIDKHEH OIIEHKH PaIuo
YHCJIa m-BEPITUHHOTO JISPEBa.

Teopema 1 [3]. Ilycte mepeBo 7T sBIs€TCS Mm-BEPIIMHHBIM
nepeBom nuamertpa d. Torma

m(TM)=>2m—-1)[d+1)+1-2w(T)
BBITIOJTHSCTCSI TOTJIa M TOJBKO TOTNA, €CIU I JF0OOTO IEHTpa
TSOHKECTH W™ CYIIECTBYET PaJfo pa3MeTKa f C yCIOBUEM
flup) =0<f(uy) << f(up_1),tae 0 <i <m-—2,rxae:
1) BepmIuHBI U; U U;,q TPUHAIJIECKAT Pa3HBIM BETKAM

(taxke eciIM OJ[HA U3 HHUX COJCPKUT BEPIIUHY W™ );

2) {ug, U1 }={w", v}, rne v —Bepmuna ¢ L, (v) = 1;
3) fuigr) = fu) +d+1— Ly (up) — Loy (w41

Jls nokazaTenbcTBa Teopembl | OBLIO BBEAEHO OMpeielieHue
¢ynxyuu ypoeus nepeBa T W JOKa3aHO HECKOJIBKO €€ CBOWCTB,
MPEJICTaBICHHEIE B TeOpeMe 2.

Onpenenenue 2 [3]. {5 mo6oii BepiinHbl w nepesa 1" pynxyus
YpoeHus @ onpenenéHHas Ha MHOxecTBe BepiuH V (T) Ha3bIBaeTCs

¢, W, v) = max{L,(t),rae t 06K NpeJOK BEPUIMH U U V},
rae L, (u) = d(w,u) ans mo0bIx 1ByX BEPIIUH i U v fepeBa T.

Teopema 2 [3]. ITycth nepeBo T nmeeT KOPEHb B BEPIIMHE W,
TOT/Ia JIJIs IIOOBIX IBYX BEPIIUH U U V:
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1) ¢, v) =0 Toraa u TOIBKO TOT/a, KOT/Ia BEPIITHHEI
u ¥ v IPUHAJICKAT Pa3sHbIM BETKaM jepesa T,
2) dw,u) =L,(w)+Ly,w)—2¢,w,v).
[IpOoJO/KEHO HW3YydYEHHE JAHHOTO HAIpABICHHS C IEJIBIO
ONpeeJICHUsT ~ HEOOXOAMMBIX W JIOCTATOYHBIX  YCIOBHH
CYILECTBOBAHMS HW)KHEM OLEHKHM pagdo 4YMcia JUis OMHApHBIX
JIEPEBHEB.
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METOIA HOPMAJII3AIIIL TAHUX IS MOAEJIEH
MAIINMHHOT'O HABYAHHA
[Iunranos JI.B., Menemko €.B., bocbko B.B.
LlenmpanvroykpaincbKuil HAYIOHATLHUU MEXHIYHUU
VHigepcumem

Abstract. In this work, the research of data normalization methods for
machine learning models was conducted. Considered why normalization is
required for most machine learning algorithms.

Hopwmamizanis € MeTooM, 4acTo 3aCTOCOBYBAaHMM y paMKax
MiTOTOBKU JAaHUX JJIs MAalIMHHOTO HaBuYaHHs. Meta HopMmaizaril
MOJIsSITaE B TOMY, 100 3MIHUTH 3HAYCHHS YHUCIOBUX CTOBITYHKIB Y
HaOopi JaHUX Ha 3arajbHy LIKaJly, HE CTBOPIOIOYM BIAMIHHOCTI B
Jiana3oHax 3Ha4eHb. J[J1s1 MalTMHHOTO HAaBYaHHS KOXKEH Ha0lp JaHUX
He BUMarae HopMmauizauii. Lle moTpiOHO TiIbKM TOJI, KOMU 00'€KTH
MarOTh Pi3HI Jiana3oHHu.
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[IIo6 BuMKOHATH HOpPMAJI3AIliI0 JaHUX, MOTPIOHO TOYHO 3HATH
MEXl 3MIHM 3HAYCHb BIIMOBIAHUX 3MIHHUX (MiHIMaabHE 1
MaKCHUMaJIbHE TCOPETUYHO MOXIIHMBI 3HaueHHs). Toxi iM 1 OynyTh
BIJIMIOBIIaTH MEX1 IHTEpBaITY HOpMaizaiii. Koiu TouHO BCTaHOBUTH
MeX1 3MIHM 3MIHHHX HEMOXKJIMBO, BOHU 33/1al0ThCS 3 ypaxyBaHHSIM
MiHIMaJTbHUX 1 MAKCUMAJIPHUX 3HAYCHD B HAsIBHIN BHOIPII TaHUX.

€ nekiIbKa MiaXoiB I HopMajizalii JaHuX y BUOIpIIi:

- Cranpaptuzanisa (Z-score Normalization) — me crpareris
HOpMaJTi3alli 1aHuX, siKa J03BOJISIE YHUKHYTH IPOOIEMH BIIKUHYTHX

3HaueHb. Dopmyina st HopMaizamii Z-0aniB HaBeJCHA HUKYE:
value—pu
=, '
Jie |L - CepelHE 3HAUYCHHS O3HAKW, a G- CTAaHAAPTHE BiIXWUJICHHS
O3HaKH. SIKI0 3HAaYEHHS TOYHO JIOPIBHIOE CEpPEeHbOMY 3HAUCHHIO
BCiX 3Ha4YeHb 00'€KTa, TO BOHO Oye HopMan3oBaHo 110 0. SIkimio BiH
HIDKYE CepeHbOro, TO Lie Oyne BiA'€MHE YHUCIIO, a SKIIO BHILE
CEpeIHBOro, TO Iie Oy MO3UTUBHE YUCIIO. PO3Mip WX HETaTUBHUX
1 TMO3UTHBHUX YHCEJl BHM3HAYAETHCA CTAHJIAPTHUM BIIXUJICHHSAM
BUXITHOT O3HAKW. SIKIIO HEHOPMANW30BaHI JaHl Mald BEJIHKE
CTaHJApTHE BIAXWJEHHSA, TO HOPMaJi30BaHI 3HAYeHHS OyAyTbh
onmxue 1o 0.

- Hopmauaizanis na Biapisky (Min-Max Normalization) €
OJIHMM 3 HaWOUIBIII TOMIMPEHUX CIIOCO0IB HOpMaizallii nanux. Jls
KOXHOTO 00'ekTa  MIHIMaJIbHE 3HAYEHHA LHOro  00'ekTa
nepeTBoproeThest B 0, MakCcUMallbHE 3HAYEHHS IEPETBOPIOETHCA B 1,
a KOKHE 1HIIIE 3HAUEHHS MePETBOPIOETHCS B AECATKOBY Api0 Mix 0 i
1.
value — min

Xi = —
max —min

Hopwmamizanis Min-Max mae oUMH TOCUTh 3HAYHUWU HEIOJIK:
BOHa HE Jy)ke 100pe oOpoOise BiAkuHYTI 3HaueHHs. Hampukian,
akmo y Bac € 99 3nauenns mix 0 ta 40, a 01HE 3HaYEHHS JTIOPIBHIOE
100, To Bci 99 3HaueHbp OyayTh HEepeTBOpeHi y 3HaueHHs MK O Ta
0,4.

- Heainiiina nopmadgizanisi (Nonlinear Normalization) - oaux
13 METOMIB HENIHIHHOT HOpMaTi3allli 3 BUKOPUCTAHHSIM CITMO1THON
norictuyHoi ¢yHKUii abo rimepbomiuHoro tanreHca. Ilepexin Bin
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TPAIUIIIHHUX OJMHHUIE BUMIPY 10 HOpMaJIi30BaHH| 1 Ha3aJ[ B TaHOMY
BUITAIKY 3A1CHIOETHCSI HACTYITHUM YHHOM:

_ 1
Xik = e—alxy—xci) + 1’
= | ! 1
yjk_ycj_a n 3~’_jk_ )

1€ Xik, Yik - 1-€ BXiJHE Ta j-¢ BUXIJHE 3Ha4YeHHs k-ro mpuknamy
BHXI1JIHOT BUOIPKU B TPAAMIIIHHUX OJUHUIIAX BUMIPY, MIPUHHATHX B
po3B's3yBaHil 3a1a4i, Xjy, ik - BIJIMOBIHI M HOPMATi30BaH1 BXi/THE
1 BHXiHE 3HAYCHHS, Ta Xci ,Yei — ICHTPU IHTEPBAIIB, IO
HOPMAI3yIOThCS 7Sl BX1IHOT Ta BUX1JHOI BETUYMH BiJIMOBIAHO:

_ Xmini T Xmaxi .

xCi 2 )
yminj+ymaxj
Yej = 2 :

Jns  wHenmiHiiHOI HoOpMamizamii 3 BHKOPHUCTaHHAM (DYHKIIi1
rinepbosiiyHOro TaHreHca napamerpa a = 1,0. Cnij 3a3Ha4nTH, 110
301r HOPMaTi30BaHOTO 3HAYEHHS B 000X BHITaJIKaX M€ MICIIE JIUIIIE
B TOUIIl, 1110 BIATOBIIa€ IIEHTPY IHTEpBAy HOpMai3allii.

- Demical Scaling Normalization -  HOpmamizamis
BIIOYBAa€ThCS IIJISAXOM TMEPEMILIEHHS JECATKOBOI Kpallkyd 3HAa4YeHb
naHux. [{ns HopMaizaiii 1aHuX 3a 11€:0 METOAUKOIO TIJTUMO KOKHE
3HA4YeHHS JaHMX Ha MaKCHMallbHe aOCOJIIOTHE 3HAYEHHS JaHUX.
3HaueHHs JaHMX, Vi, HOpPMali3yeTbcs Ha  BiApI3Ky Vi,
BUKOPUCTOBYIOUH (hOPMYITY HIKYE:

_ Vi
v =—

10/
7€ j - HallMeHIIIe I1iJie Yrcio, Take mo max (| vi ') <I.

B Oararteox BHIagkax mpsiMe 3acTOCYBaHHS CTaHIAPTHUX
METO/IIB MAaIIMHHOTO HABYaHHS MPU3BOJUTH IO JOCUTH MOTaHUX
pe3ynbTaTiB. OgHaK CHTYyalliss MOXK€ OyTH JIETKO BHUIIpaBlieHA 3a
JIOTIOMOTOI0 CTIeLiaTbHUX METOJIB HOpMasi3alii BXiTHUX 3MiHHUX.
Bubip kopekTyBaHHS METOJy 3aJIKUTH Bil KO)KHOTO KOHKPETHOTO
BUIIAJIKY.
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OBPOEKA CUT'HAJIIB ITPH MIIITIOBEPXHEBIH
PAJIIOJIOKAIIT IITYYHUMU HEHPOHHUMU
MEPEXKAMU
HIupoxopaxn A.B, Aymin O.M., ITnaxtiit B.A., Kopniu I'.B.
Hayionanvnuii Ynieepcumem «3anopizvka nonimexmika»
Xapxiscokuu nayionanvuuu ynieepcumem imeni B. H. Kapasina

SIGNAL PROCESSING IN SUBSURFACE
RADIOLOCATION BY ARTIFICIAL NEURAL NETWORKS

Abstract. The signal processing problem for identification of underground
objects is considered. The source of signals is the ultra short impulse
electromagnetic waves reflected from air-ground interface and underground
objects and received by subsurface radar antenna system. The numerical
simulation of the electromagnetic problem to find the electrical field strength in
receiving points above the ground at some fixed height is carried out by Finite
Difference Time Domain method. The received signals are processed by artificial
neural networks for the object identification and classification of its position. The
electrically small metal cylinder is used as an example of an object for the
classification and recognition. The influence of the structure of an artificial neural
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network and its training peculiarities on the precision of the classification is
investigated.

[Ipobnema BusIBIEHHS MIH 3a JIOIIOMOIOI0  IIPUCTPOIB
BIJIAJICHOTO TIOUIYKY € aKTyaJIbHOIO Ta  3aTpeOyBaHOIo.
[IpoTunixoTHI MiHM HOBUX ITOKOJIIHB MICTSATh BCE MEHIIIE METAJIEBUX
neraneld, OuIbpIIe TOro, € MEepPeIyMOBH JUIsl TMOBHOI BiIIMOBH BiJ
BUKOpUCTaHHA MeTany. Ocb 4YOMy 3aCTOCYBaHHS TpaJMLIHHUX
cnoco0iB iX imeHTH(]ikamii Ha OCHOBI 3MIHM MAarHiTHOTO MOJIS
moOyiM3y MIHM CTa€ ycKiagaHeHuM. [l BupimieHHS mnpooieMu
BUKOPHUCTOBYIOTBCSL ~ CHEIialbHI pamapu, sKi BHIIPOMIHIOIOTh
€JIEKTPOMArHiTHI XBWII B 3eMiIto. JIjiss oTpumanHs iHGopMalii mpo
mig3eMHi O0'€KTH Ta CEpeJoBHINA MUITXOM aHami3y BiOHUTOTrO
€JIEKTPOMArHiTHOTO MOJIsl BUKOPUCTOBYETHCS ONIPOMIHEHHS XBUJIb 31
CTYIIHYACTOI0 HECYYOI0 dYacToToro abo 0e3 Hecy4oi 4YacTOTH.
CydacHi TeHJeHIIi1 PO3BUTKY CHCTEM PO3MiHYBaHHS CIPSIMOBaHI Ha
aBTOMATH3AIlI0 TPOILECY, BUKIIOYAIOUM JIONEH ais ix Oesmekw,
BUKOPHUCTOBYIOUH IUTYYHHH 1HTEIEKT, 30KpeMa, IITY4YHI HEHpPOHHI
Mmepexi (HIHM) [1], ansg nokpaiieHHs: XapaKTepUCTUK CUCTEM.

[TocranoBka 3ajmadi. Mojens IPyHTY, IO MICTUTh 1/1€aJIbHO
MIPOBIIHUN METaJIEBUN LUJIIHAP KIHIIEBOi BUCOTH, OIIPOMIHIOETHCS 3
BEPXHBOT'O HAMIBIPOCTOPY, IO CKIAAAETHCS 3 MOBITPS, MIOCKOIO
€JIEKTPOMArHITHOIO XBHJICIO 3 TayCCOBOKO 3aJIEXKHICTIO BIiJ dYacy.
TpuBanicts iMnynscy noss - 0,6 Hc. MoJienb IpyHTY A7 YUCETbHUX
MOJIETIIOBAaHHS SABJIsI€ COO0I0 OJTHOPI/IHY PEYOBHUHY 3 IPOHUKHICTIO €
= 9 ta nmposigHicTio 6 = 0,005 ¢/M. Binbura XxBuist npuitMaeTbes
4OoTHpMa AaHTEHAMW 3  TOJISIPU3AI[IMHOI0  OpIEHTAIll€l0  Ta
BIJIMOBIAHUMH ~ KOOpAWHATaMU. YacoBi 3aleKHOCTI OTpHUMaHi
YHCETbHUM MOJICTIOBAaHHSIM 32 JIOMTOMOTOI0 METOIy CKiHUYEHHHX
pisHulb y dacoBiii o6macti (FDTD) [2], mo mo3Bosse
0e3nocepelHbO PO3B’A3YBaTH 3ajjauy pO3CIIOBaHHS Yy 4YacoBid
obuacTi.

Po3B’s130k  eNeKTpOMarHiTHOI  3agadl B TONEPEIHBO
TMCKPETH30BAHMX YOTUPHOX TOUYKAX YTBOPIOE HAOIP BXIAHUX JTAHUX
s [IHHM. Metoro tpenyBanb I[IIHM € mnomanHs curHamy
OMHWYHOTO PIBHA Ha BUXOJi, N[0 BIIMOBIa€E HOMEPY
JTUCKPETH30BaHOI BificTaHi 10 00'ekta. Buxoau 3 unciaamu Bix 1 1o
41 mokasyroTh, IO MIUTIHAP po3TanioBaHo Ha BiacTadi Bia 0 g0 40 cm
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no meHTpy mnpwuitmatouoi anteHu. [IIHM Oynu BumpoOyBani 3a
JIOTIOMOTOI0 Ha0OpY BXIAHMX JaHHUX, PO3PAXOBAHUX IJISi BHIIAJKIB
nepeMilieHHs: 00'ekTa Ha 4 MM B3JI0BXK IO3/I0BKHBOI OC1 Ta OKPEMO
B MMOTNIEPEYHIH TUTONIHMHI 171 TOCTiIHHOT rnOnHu. Takox 42-i BuUXif
[ITHM Bka3ye Ha HasgBHICTh 00'€KTa Mepe] aHTEHHOI CHCTEMOIO Ha
Binctani Big O mo 40 cm. OnuHuYHWIA piBeHb BimoOpaxkae
MPUCYTHICTh IWJIIHAPA B IbOMY PaliOHI, TOAl SK HYJbOBUU PiBEHb
JEMOHCTPYE HOTO BiJICYTHICTD.

Mu mnobOyayBaiin Mepexi, sSKIi BHUKOHYIOTH Kiacu]ikaiiro
MOJIOKEHHS HMWTIHpPA 32 POpMaMu 4acy BXiTHOTO CUTHATY. DyHKIis
Softmax B ocTaHHIX HIapaXx BUKOPHUCTOBYETHCS Ui 30UIbLICHHS
KOHTPACTHOCTI BUXIJIHUX CHUTHAJIB 3a JOTIOMOTOI0 CIICIiadbHOL
HOpMaTi3yrouoi QyHKIil 30ymkenHs. s 3anoliranas peHomeHy
nepeHaBuaHHs O0yIo 3actocoBaHo MeTox dropout. DyHKITIT akTHBAITT
JiHIAHI.

[epmri npuximagun ITHM Oynu HaTpeHOBaHI Ha TaHUX IS THUX
BUIAJIKIB, KOJH IIJIIHIP PO3TAIIOBAaHO BCEPEAMHI BY3bKOI 00MacTi
nopxuHoro smme 0-40 cm. Pesynbratu mepeBipku s [IIHM 3
OJTHUM npuxoBaHuM mapom (2000-100-42) npexacrasieHi Ha puc. 1
JUISL BUTIQAKY TI03/10BXHBOTO Ta MOMEPEYHOr0 3CYyBY 00'€KTa Ha 4 MM.
MoskHa MoOaYuTH peanbHe MOJOXKEHHS IHIIHIpa Ha oci alcIiuc,
TOJ1 SIK PIBHI BUX1IHUX CUTHAJIIB 300paxxeH1 Ha oci opauHat. [To3urii
00’€KTa MPaBUJIbHO KJIacH(iKOBaHi 3 OJJHIEIO HEBEIMKOIO TOMHIIIKOIO
B HanOmmk4iid o6sacti (0-40 cm). Ase OBl BiJIAJICHE TTOJIOKEHHS
o0'exta, ske mnepeBunrye 40 cM, TOMWIKOBO BH3HA€ETHCS
HaWOMMOKUMM 1 HaWBIAOaleHilIMM  odgHodacHo abo  He
kiacuikyerbes B3araii (53 cM i Guble).

OuikyeTbcsl, 10 BUKOpPHUCTaHHA OinbIl  OaratomapoBoi
HEHpOHHOI  Mepeki  JO03BOJMUTH  MOKPAIIUTH  pe3yiabTaTH
po3mnizHaBaHHs. O4iKyBaHHS 4aCTKOBO MiATBEPAMUIIUCE, SIK BUJHO Ha
puc. 2 ms IHHM 2000-1000-200-100-42 3 TppomMa MpUXOBaHUMHU
IapamMu.
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Puc. 1. Buxioni cuenanu LIIHM 2000-100-42 ons piznux siocmateii
00 YuniHopa 0Jis a) N03008AHCHLO20 Ma 6) NONepeuHo2o 3cy8y 6 4
MM.
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12 18 24 30 36 42 48 54 60
Distance to object, cm

0)
Puc. 2. Buxiani curnanu HTHM 2000-1000-200-100-42 nyst pi3HHX
BiJICTAHEH 10 MUJIIHAPA JJIS @) TTO30BKHUX 1 0)IIONEpeYHUX 3CYBIiB
y 4 Mmm.
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3ACTOCYBAHHSI HEUPOHHUX MEPEXK B 3AJTAUAX
ABIAIIMHOI'O CIIPSIMYBAHHSI
Axynina L. JI.
Jlvomna axademisa Hayionanonoeo asiayitinoco ynieepcumemy

APPLICATION OF NEURAL NETWORKS IN PROBLEMS
OF THE AVIATION SEGMENT

Abstract. The article discusses the basic properties of neural networks and
provides the main types of neural networks that can be used to solve aviation
problems.

OnHi€I0 3 OCHOBHHMX BJIACTUBOCTEH HEWPOHHHX MEpexX € iX
3/IaTHICTH 0 HaBYaHHS, TOOTO HEHPOHHI MEPEXi 3/1aTHI 3MIHIOBATH
CBOIO BHYTPIITHIO MOJICITb B 3aJICKHOCTI BiJl CTaHY HaBKOJUIITHHOTO
cepenoBHIla. 3MiHA BHYTPIIIHBOT MOJIENI MOXe BiOyBaTHCS SIK 3a
y4acTi JIOAWHHU, TaK 1 CaMOCTIHHO Aisi 3a0e3MeveHHs] MpaBUIbHOL
peakiii JuIsi JOCATHEHHS IOCTaBieHOi MeTH. JlaHa BIIACTHMBICTH
103BOJIsIE OYAyBaTH MOJIEN TUHAMIYHOT TOBITPSTHOT OOCTaHOBKH, HE
Mar4y IMOBHOTO ONHUCY (hakTopiB, juile 0a3yrouuch Ha OCHOBI
EMITIpUYHUX 1 pO3PaXyHKOBHX JTAHHUX 3 HACTYITHUM YTOUYHEHHSIM ITX
MoJiesiell 3a pe3yiapTaTaMud OTPUMaHHA HOBOi iHQopmauii Bix
MOBITPSIHOTO CY/IHA.

HactynHoro BaXJIMBOIO BJIACTHUBICTIO HEMPOHHUX Mepex € iX
yMo3axuilneHicte. HaBueHa wmepexka Moxke OyTH CTiMKoro 10
JEesIKUX BIIXHWJIEHb BXIHUX JaHUX, IO JTO3BOJISIE 1M PO3IMi3HABATH
KOPUCHHMM CHTHAJI, II0 MICTUTh pI3HI IIyMH 1 croTBopeHHsS. lle
BJIACTUBICTH JI03BOJISIE TOAOJIATH BUMOTY CYBOPOi TOYHOCTI, sIKa
BJIACTHBA JTOPUTMIYHUM CHCTEMaM, 1 JO3BOJISE TUIAHYBAaTH il B
yMOBaxX HEMOBHOTH 1 HEBM3HAYEHOCTI iH(popMalii npo JUHAMIYHY
MOBITPSIHY OOCTaHOBKY.

Takox HelipoMepexi 37aTHI B KOPOTKI TEPMiHM BHpIIIyBaTH
3a/1a4i 0araTOKPUTEP1aIbHOT ONMTUMI3AIllT MPAKTHYHO HE 3aJIEKHO BiJT
po3mipHOCcTi mapamerpiB. Lle m03Bosise TPAKTUYHO B PEXUMI
peaNbHOTO Yacy PO3MOAUIATH PECYpCH 1 3acOo0M MO 3aBJaHHIM 1
o0'ekTam, 3 OINIALYy Ha OaraTOKpUTEpIaabHICTh 1 OOMEKEHHS
HE3aJIeXKHO BiJl pO3MIPHOCTI MaTpulli po3nonaity. JlaHa BIacTuBicTh
HEHPOHHUX MEpEX 103BOJINTh 3[1CHIOBAaTH IMHAMIYHE IUIaHYBAHHS
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MPaKTUYHO B pEATbHOMY PEKUMI Yacy 0€3 BTpaTh OOTpyHTOBAHOCTI,
a 1HO/I1 1 3 11 TiABUIICHHSIM.

3acTocyBaHHS IUTYYHUX HEHpoMepex H03BOJSE peaizyBaTH
pamioHabHe 0araTOKpOKOBE IUTAHYBAaHHS 3 BEIUKUM YHUCIOM
3MIHHUX 1 TUMYAacOBUX KpOKiB. SIKIIO pO3IJsgaTH 3aCTOCYBAHHS
JAHOTO MAaTEMAaTUYHOTO arapary Uil aBiallilHUX 3ajad, TO MOXKHA
3pOOUTH BUCHOBOK TPO MOKJIMBICTh 3IHCHIOBATH TUIAHYBAaHHS JIii
OTepaTopiB aepOHABITalliiHOT CHUCTEMH B OCOOTMBUX BHUIAJKAX
MOJILOTY HE TUIBKM Ha OCHOBI IOTOYHOI JMHAMIYHOI MOBITPSHOI
00CTaHOBKH, ajie 1 3 ypaxyBaHHSIM IPOTHO30BAHOTO ii PO3BUTKY i
BIUIMBY Ha Hel 30BHIIIHIX (aKTOPIB.

OTxe HEHpOHHI Mepexi MOUITBHO 3aCTOCOBYBATH JUIS 3a/ad
pO3Mi3HaBaHHs, NPOTHO3YBaHHS Ta yrhpaBmiHHiI. OJHAK ICHYe
npobaema BUOOPY parioHAIbHOT CTPYKTYPH HEMPOHHOT Mepexi Ta 1i
napameTpiB. Ha choroadimHiii JeHb ICHy€ BeNUKa KUIbKICTb
pi3HOMaHITHUX KOH(DIrypaniidi HeHPOHHUX MEPEXK 3 PI3HOMAHITHUMH
npUHIMIAMU (YHKIIOHYBaHHS. Po3risiHeMo MOKJIagHIIIe Ti 3 HUX,
AK1 HaliyacTillle 3aCTOCOBYIOTHCS 10 PO3B’sI3aHHS 3ajay aBlaliiHOro
CIPSIMYBaHHS.

Heiiponni mepexi npsmoro nomupenss (feed forward neural
networks, FF a6o FFNN) Ta mnepuentponu (perceptrons, P).
[Tepenatory iHdoOpMarito 13 Bxoay Ha Buxia. Hainpocrima
HEeMpOHHA Meperka Mae JiBa BXOJH 1 OJIMH BHUX1J 1 BUKOPUCTOBYETHCS
B SIKOCT1 MOJIeJIl JIOTIYHUX BeHTWJiB. HaBuaHHA HEHpOHHOI Mepexi
BiZIOYBa€ThCS 32 METOJIOM 3BOPOTHHOI MOMMHIIKH, TOOTO Mepexka
OTPUMYE MHOKMHH BXIJHUX 1 BUXITHUX JaHWUX. 3MICT 3BOPOTHHOI
MOMMJIKU TIOJISITA€ y PI3HUIN MiJ BXOJOM 1 BUXOJOM. SIKIIO Mepeka
Ma€ JIOCTaTHIO KUJIBKICTh MPUXOBAaHUX HEHPOHIB, TEOPETUUHO BOHA
3/1aTHA 3MOJICTIOBATH B3a€MOJII0 MK BXIJHHUMH 1 BHXIiTHUMH
naHumu. Ha mpakTumi Taki Mepexi B «4HCTOMY BUITISII» He
3aCTOCOBYIOTh, BOHU CIYTYIOTh JJIs1 KOMOIHAI] 3 IHIIMMU THUIIAMU
HEHPOHHUX MEPEeX TSI OTPUMAHHS HOBHX.

Heiiponna mepexxa Xondinga (Hopfield network, HN) — ne
MOBHO3B’S3Ha HEWpPOHHA MeEpeka 3 CHMETPUYHOI MAaTPHULICIO
3B’s13KiB. [1i1 yac oTpuMaHHs BXiAHUX JaHUX KOXKEH BY30J € BXOJIOM,
KWW B MPOIIEC] HaBYaHHS HEHPOHHOI MEpEeXi CTa€ MPUXOBAHUM, a
NOTIM CcTae BUXOAOM. [lyiss HaBYaHHS Mepexi 3HaYeHHs HEHpOHIB
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BCTAHOBIIOIOTHCI 3 OaKaHMM I1a0J0HOM, ITOTIM OOYMCIIOIOTHCS
BaroBi KoeQili€HTH, AKi B NOJAIBIIOMY HE 3a3HaIOTh 3MiH. [licis
HaBYaHHS Ha OJHOMY YW KUIbKOX Mma0JjoHaX, HEHPOHHA Mepeka
3aBKAM OyJe 3BOMMTHCH 10 OJAHOTO 3 HHUX, ajie HE 3aBXIU J0
ONITUMAIILHOTO. Mepeski TaKoro TUITY 1HOJI Ha3MBAKOTh MEPEKaMH 3
aCOLIIATUBHOIO  TIaM’ATTI0, OCKUIbKH, OTPUMABIIM  TaOJIHUIIIO,
HATOJIOBUHY 3alllyMJICHY, HEHPOHHA MepeXka 37aTHa BIATBOPHUTH ii
710 TOBHOI. /[aHa BIacTUBICTh MEpPEXi TAKOTO TUITY JO3BOJISIE POOUTH
MPOTHO3M B YMOBaxX HEMOBHOTH 1 HEBU3HAYEHOCTI iH(opmarii,
0c00JIMBO TIPY BUHUKHEHH] OCOOIMBHUX BHIAJKiB TOIBOTY.

28

Heuponna Heupouna mepesca  Mawuna borvymana
mepedica npamozo Xonghinoa
NOWUPEeHHS

Pospioscenuii Bapiayitinuii Llymonooasnsarouuti
agmokooep agmokooepu asmokooepu

Puc.1. Cmpyxkmypa Oesxux munie HetpoHHUX MepedtC
Mamuna bonbimana (Boltzmann machine, BM) nysxe cxoxa Ha
Mepexy Xordinaa, ane B Hill Jeski HEHPOHU € BX1THUMH, a JACSIKI —

npuxoBaHi. [licis HaBYaHHS BXiIHI HEHPOHU CTAIOTh BUXITHUMH.
Mammna bosbiiMaHa € CTOXacTHYHOK Mepexero. HapuaHHus
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BiI0OYBAa€THCS METOJOM 3BOPOTHHOTO PO3MOBCIOKEHHS MOMUJIKH
a00 3a AIrOPUTMOM TMOPIBHSUIBHOT PO301’KHOCTI.

Pospimxkenuii aBrokonep (sparse autoencoder, SAE). Mepexi
JAHOTO THUITY 3aCTOCOBYIOTHCSI Y BHITAJKaX BEIHKOI KUTBKOCTI
IpiOHUX BJIACTUBOCTEH HaOOpy maHux. [Ipu HaBYaHHI JaHOT MEpexi
OKpIM MAacuBYy BXIHUX JAaHUX MNOJAIOTh 1 CHeliaJbHUN (iIbTp
PO3PIIKEHHOCTI, KU MPOMYCKATUME TIJTLKH IMEBHI TTOMUJIKH.

Bapiamiiini  aBTokomepu (variational autoencoder, VAE)
HaBYaIOTh HAOIMKEHHIO KMOBIPHICHOTO PO3MOILTY BXiTHUX 3pa3KiB.
Mepesxa nanoro Tiry Oepe 0 yBaru BIUIMB HEHpPOHiIB, TOOTO, SKIIO
IBl mojii BiOYBalOThCS B JIBOX PI3HUX MICISIX, TO Il MOZIl He
000B’sI3K0BO TOB’s13aH1 Mi>K COOOIO0 1 I1€ BapTO BPaXxOBYBATH.

[ymonoaasinstoui aBTokoaepu (denoising autoencoder, DAE) —
IIe TaKi HCUPOHHI MEPEkKi — aBTOKOJICPH, SIKUM Ha BX1J MMOJAIOTHCS
JTaHl B 3allyMJICHOMY BUTISAAl. Buximxi gaHi MOpiBHIOIOTHCA 3
3alIyMJICHUMH, TOMY Mepeka HaBYa€ThCs 3BEPTATH yBary Ha OiIbII
IIUPOKI BJIACTHBOCTI.

OTxe mTy4Hl HEHWPOHHI MeEpekl € TMOTYKHUM 3aco00M
napaneiabHOi 00pOOKH JaHUX 1 MAIOTh BIACTHBOCTI, K1 I03BOJISIOTh
BUPIIIYBaTH 3aBAaHHS, K1 aITOPUTMIYHUMHM CUCTEMaMH BUPIIIUTH
BaXXKO a0o B3arajgi HEMOXIHWBO. BpaxoBylouum  BEIHKY
PI3HOMaHITHICTh MOJILOTHUX CUTYalliH 1 TU(IIUT yacy Ha IPUUHATTSA
pillleHb, 3aCTOCYBaHHS HEMpPOHHUX MepexX H03Boiste (hopMyBaTu
QITOPUTMHU HAWKpAIlOro BHUXOJY 3 CHUTyalli, sKIi B TOH Xe 4ac
BOJIOJIIFOTh BUCOKOIO IIBUAKO/IIEIO.
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APPLICATION OF FLOW GRAPHS METHOD FOR
ANALYSING LINEAR SYSTEMS OF EQUATIONS
Khaled Khattab
Syria, Aleppo University

Abstract. Our object is to develop an efficient algorithm based on basic theory
of flow graphs. This algorithm depends on flow graphs given by Coates.
Advantages of the proposed algorithm. SFG-Alg based on flow graph method are
discussed.

The studied algorithm shows how the Cramer’s rule is applied to directed flow
graph for analysis of linear systems.

The proposed algorithm SFG-Alg includes the following steps:

Step 1: Finding All paths.

Step 2: Finding All Loops.

Step 3: Application of the Cramer's rule to compute the solution
of the linear system B.x=b.

- Theorem (1)

Determinant of a graph

det G = (-1)"Xp (=D f(h), (D

h: 1-factor, Ls: number of directed cycles.
- Theorem (2)

_ Yum+nk CDERF(Hmek)
Th(-DIr (R

Xj, k=12,..,n )

Hy1yk: is 1_ factor from the node n+l1 tokin Gy,
A,,: the extended matrix

HijpenfGJ) h+0
f(h) = .

f(i,j) : weight of (i,))

3)

Ootherwise
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Algorithm SFG-Alg
1) Find det(A)
(i) Calculate all of the cycles graph in G4 as follows:
(a) Calculate the Incoming degree of node i; i=1,2,...,n
(b) Calculate all of the cycles graph that contain cycle i
(i1) Delete duplicate directed cycles as follows:
1. Assuming that numxloop is the number of cycles graph in Ga
2. Let F={1,2,.....,numxloop}
3. We calculate the length of all the cycles graph in F
4. Fori€eF
For k=i+1 to numxloop
If length i = length k
If i replacement k then we delete the cycle k

(i11) find the 1_factors

1. Let numloop is the number of directed cycles after the
repeated cycles are deleted.
2. We define F ={1,2, .....,numloop}
3.Forie F~
If i is 1_ factor then
We calculate the value i
Else
(a) S={i}
(b) For k=1 to numloop
If SN{k}=0 then
(1) S=SUfk}
(i1) if S is I_ factor then
(a) We calculate the value S
(b) S=S-{k}

In the (2) calculate the coefficient of the element (n+1, k) from
thematrix A,

A= (_1)n_12(_1)th(Hij)' L#]

Hij
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Then we apply Kramer’s rule to calculate (1) according to the
formula (2) as follows:
(i) We calculate the paths from the node n+1 to k
(ii) let F is the sum of paths from the node n+1 to k
(iii) We define F=F U F "
(iv) Numlenth=|F|
(v) For ieF do
If i is I_factor from the node n+1 to k then
(1) We calculate the value i
(i1) We calculate the value of x; from (2)
Else
1. S={i}
2. For k=1 to numlength
If SN{k}=0 then
(1) S=SU{k}
(11) If S'1s I_factor then
(a) We calculate the value S
(b) We calculate the value of x; from (2)
(c) S=S-{k)}.
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PE30JIIOIIA
XXII MizkHapoAHOr0 HAYKOBO-NPAKTHUYHOI'0 ceMiHapy
«KomoOinaTopHi koH@irypamii Ta ixHi 3acTocyBaHHsD»
15 TpaBus 2020 p.

Vyaacauku XXII MiKHApOJHOTO HAYKOBO-IIPAKTUYHOTO
ceminapy «KombOiHaTopHi KoOH(iryparii Ta iXHI 3aCTOCYBaHHsI»,
OpraHi3oBaHOTO 3a MIATPUMKH MiHicTepcTBa OCBITH 1 HAayKH
VYkpainn, HarionaapHUM YHIBEPCUTETOM «3aropi3bKa MOJITEXHIKAY
(kadeapor0 CHCTEMHOTO aHAJ3y Ta 00YUCIIFOBAIIBHOT MAaTEMATHKH )
ta JIboTHOIO akazneMiero HaiioHanbHOTO aBialiifHOrO yHIBEpPCUTETY
(M.KponuBHuipkuit).

B ceminapi Opanu y4yacTh MpeACTaBHUKHM BHIUX HABYAIBHUX
3aKJIaJiB Ta OpTaHi3allii:

o Incruryt kibepuetruxu imeni B. M. I'mymkoBa HAH Ykpainu
. HamionansHuii TEeXHIYHUHN YHIBEpCUTET VYkpainu
«KuiBcbkuii moniTexHiuHUHM IHCTUTYT iMeHi [ropst CikopchKoT0»

o KuiBcbkuii  HaiioHanbHUM  yHiBepcuTeT iMeHi Tapaca
[ITeBueHka

. XapKiBCbKHI HalllOHAIbHUN YHIBEPCUTET Pal0€IeKTPOHIKH
. HamionanpHuii aBialiiiHuil yHIBEpCUTET

. 3anopi3bKuil HalllOHAJIbHUN YHIBEPCUTET

. LenTpasibHOYKpaTHCHKHUIA HalllOHAJTLHUHN TeXHIYHUHN
YHIBEPCUTET

. XapkiBchkuil HarioHanbHU# yHiBepcuteT IloBiTpsiHux Cun
imeni [.LKoxeny0a

o XapKiBCbKUH  HAI[lOHAIbHUN  YHIBEPCHUTET  MICBKOTO

rocriogapcTsa imeHi O.beketoBa
. AIT "IBuenko-IIporpec"

. BiiicbkoBHIl 1HCTUTYT TeJIeKOMYyHIKalii Ta iHdopMaTu3amii
imeHi I'epoiB Kpyt

o MixXHapoAHUN HAyKOBO-HAaBYAJIBHUM LIEHTP 1H(OpMaIiifHUX
texHouorii Ta cucreM HAH ta MOH VYkpainu

. HamionansHuii yHiBepcuTeT «JIbBIBChKA MOJITEXHIKA

° JIBH3 «JloHOachpkmit Jep KaBHUHN eIaroriaHui
YHIBEPCUTET»
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. 3anopi3pkuii  OOJIACHMM ~ IHCTUTYT  MICJISIAUILUIOMHOT
MeAaroriyHoi OCBITH

J Y KropoJChbKuil HalllOHATBHUN YHIBEPCUTET

° JloHe1 KM HaIlIOHAJIbHUN METUYHUHN YHIBEPCUTET

. Iactutyt dizuku HAH Ykpainu

. JlyupKuii HalliOHAJTLHUN TEXHIYHUN YHIBEPCUTET

. JIHIpOBCHKMI HaIliOHATBHUN yHiBepcuTeT iMmeHi Onecs
['onuapa

o XapkiBChbKUI HamioHambHUHA yHiBepcuTeT imeHi B. H.
Kapazina

. HamionansHuii ACPOKOCMIYHUM YHIBEPCUTET
imeni M. €. Xykoscekoro "XAI"

J HamionanesHuii  yHIBEpCHUTET BOJHOTO TOCHOJApCTBa Ta
MIPUPOTOKOPUCTYBAHHS

) I'pomanceka opranizaiis «CUCTEMHI TOCIIHKCHHS

J [TonTaBchbkHii yHIBEPCUTET €KOHOMIKH 1 TOPTiBIIi

. [{eHnTpalbHOYKpATHCHKUIA Jep KaBHUI nearoriyHui
yHiBepcuteT iMeH1 B.BuHHnueHka

o Inctutyr mpobiiemM  mammMHOOyayBaHHS — iMeHi  A.M.
[Tinroproro HAH Ykpainu

) Warwick Business School, Great Britain

. binopycekuit nep>xaBHUI yHIBEpCUTET

o BipmeHchkuit fep>kaBHUHM MeNaroriyHuii yHIBEpCUTET IMEHI
X. AGoBsiHa

. €peBaHChKUI JepKaBHUI YHIBEPCUTET

. HanmnonansHeIi uccnenoBarenbckuil yausepcuter «MUITy»
o BUHUTU PAH

J Aleppo University, Syria

. KTH Royal Institute of Technology, Stockholm, Sweden

YyacHUKU CceMiHapy pO3TJSHYIM HaHOUIbII aKTyaiabHi
MUTaHHS, OB’ sA3aH1 13 KOMOIHATOPHUMHU KOH(DIrypamisiMu Ta iXHIMH
3aCTOCYBAHHSIMH JI0 BUPIIIECHHS CyYaCHHX MPOOJIEM MOJICITIOBAHHS
Ta MPUHHATTA PIIICHb B YIPABIIHHI CKJIQIHAMU CUCTEMaMH Pi3HOL
MIPUPOIN 32 TAKUMU HATIPSIMAMH :

1. KomOinaTopHi po3mimieHHs, rpadu 1 3aja4i onTumizaiii Ha
HUX, aBTOMAaTH, CKiHUYEHHI anredpu, MaTeMaTHUYHA JIOTiKa 1 Teopis
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MHOXHH, TEOpis 1Irop 1 Teopis MNPUUHATTS PIlIeHh Ta IXHI
3aCTOCYBAHHS B Pi3HUX Taly3sIX;

2. Peamizamis MaTeMaTHYHUX MoOJENed Ha JUCKPETHHX Ta
HENEPEPBHUX MHOXXHHAX (aBTOMATH30BaHI CHUCTEMU KEpPyBaHHS,
CHUCTEMU aBTOMATH30BAHOI'O MPOEKTYBAHHS, CUCTEMH MiATPUMKH
OPUHHATTS PIlLIEHB);

3. Ilporpamue 3a0e3ne4eHHs] CHHTE3Y Ta aHaIi3y KOMOIHATOPHHUX
KOH(irypariii;

4. Po3mizHaBaHHs 00pa3iB, HEHPOMEPEKI Ta METOAN MAITUHHOTO
HaBYAHHS;

5. ®dparmeHTapHi CTPYKTYPH, AITOPUTMU Ta METACBPUCTHKH,

6. Tomonoris Ta iCTOpist PO3BUTKY YKPaiHCHKOT HAYKH;

7. KonyBanns, iHpopmalriiina 6e3mneka Ta 3axXucT iHpopmariii.

[IpoGnemarnka koH(pepeHIii mpuBepHyNIa A0 cebe ypary
¢daxiBIiB 13 pI3HUX Tajdy3eil 3HaHb. Y HAYKOBOMY 3aXOAl B3SJIU
yuacth 101 ygacHUK, cepen SKux:

29 noxTopiB Hayk ((pi3zuko-MareMaTHYHUX — 14, TEXHIYHUX —
11, negaroriyaux — 3, EKOHOMIYHUX — 1);

47 xaHauAaTiB HayK (Pi3UKO-MaTeMaTUYHUX — 26, TEXHIYHUX

16, menmaroriyaux — 1; exoHomiunmx — 1; icropuuHux — 1;
MeIUYHMX — 1; ropuauuaux — 1);

8 BHKJIaJ|auiB Ta HAYKOBIIIB 0€3 HayKOBOI'O CTYTICHS;

14 acmipaHTiB; 3 CTYI€HTH Ta MariCTPaHTH.

Cepen  yuyacHMKIB  KOH(epeHLii  Oyaud  NPUCYTHI
BHUCOKOKBai(iKOBaHI HAYKOBIl, MOJOJI BYE€HI, AacHipaHTH Ta
MariCTpaHTH 3 BHUIIMX HABYAIBHUX 3aKjaJiB MICT YKpaiHu:
3anopixoks, Kponusnunpkuii, [uinpo, Kwui, JIeBiB, Xapkis,
[TontaBa, Yxropoa, PiBue, CrnoB'sHcek. Takox mpuiiManu y4acTb
iHO3eMH1 HaykoBIli 3 KkpaiH: IlIBemis, BemuxoOpwuranis, Pocis,
binopycs, Cupis, BipmeHnis.

VYyacHuku KOH(epeHlii oOroBopuiaM Taki MpoOIeMHI
MTUTaHHS:

® BUPIIIICHHS 3ajau OIITUMAJILHOT'O PO3MIIIICHHS
BUPOOHUIITBA;

® aHAJTI3 METO/IIB PO3MITKH TpadiBs;

® METOJM OIIIHKA €()EeKTUBHOCTI QJITOPUTMIB MAIIMHHOTO
HABYAHHS;
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e BUDINICHHS 3a7a4 PI3HUX KJIACiB OOYMCIIOBAIBHOTO
IHTETIeKTY;

e BUpIIIEHHS 3a/1a4i MOIITYKY 1IEHTHYHUX CTPYKTYp, 30KpemMa
XIMIYHHUX CTIOJIYK;

® 331241 IepepaxyBaHHs rpadiB MEBHOTO BUIY;

© 3CTOCYBaHHS HEMPOMEPEXK 10 OOPOOKU CHUTHATIB Pi3HOTO
poay;

e hopMaltizallisi MPOIECIB MPUUHATTS PIMICHhP B yMOBaX
HEBH3HAYEHOCTI;

® METO/IMKA BUKJIAJaHHA KOMOIHATOPHOTO aHaJli3y y BHUIIUX
HaBYAJIbHHX 3aKJIaaxX;

eicTOpisl PO3BUTKY YKpPAiHChKOi HAyKH Ta yKpaiHChKOL
HAayKOBOI MOBH.

YcBigommooun pOJIb i 3HAYCHHS PO3BHUTKY
GbyHIaMEeHTaIbHUX 1 IPUKIIAJHUX JOCIIIKEHb B Tally3siX HayKu, e
[IMPOKO BUKOPUCTOBYIOTHCS KOMOIHATOpHI KOH(DIryparii, y4acHUKH
KOH(epeHIIii BBaKalOTh 3a HEOOX1/IHE:

1. TlponoBXuTH HAYKOBI JOCHIDKEHHS 3a OOpaHUMH
HampsiMaMH. Big3HauWBIIM BUCOKY €(QEKTHBHICTh AMCTAHIIHHOL
¢opmu mposeneHHss XXII MiXHapoJHOro HayKOBO-NPAKTUYHOTO
cemiHapy «KombOiHaTtopHi KoH(irypamii Ta iXHI 3acTOCYBaHHI,
PEKOMEHyBaTH B MallOyTHbOMY IMOE€JHYBAaTH AUCTAHLINHY GopMy
poboTH cemiHapy pazoM 3 TPAJAMIIHHOIO OYHOK MPHUCYTHICTIO (3a
MOKJIUBICTIO).

2. IommproBaTH HAyKOBI 3B’S3KM 3 BITYM3HSIHUMH Ta
3aKOPIOHHUMHU TIPOBITHUMH BHUIMMH HAaBYAJILHUMH 3aKJIaTaMHy IS
opranizauii 1 peanizauii COUIBHUX HAYKOBUX Ta OCBITHIX MPOEKTIB.
PexomenayBatu Juisi IpOBEACHHS HACTYITHUX CEMIHApPIB MIATOTOBKY
MaTepialiiB Ha aHTJIIHCHKIN MOBI.

3. PexomenayBatu (opmMyBaHHA CEKIlii 3a OKPEMHUMH
HampsIMaMH 3 OTJISITY Ha PI3HOIUIAHOBICTH IILOTOPIYHHX JIOTIOB1JIEH,
HEOOXIIHICTh OUTBIT TIUOOKOTO iX OOTOBOPEHHSI Ta 3 METOIO
3aJy4eHHs] HOBUX YYaCHHKIB.

4. Pozmuputu reorpadiro IpoBeICHHS ceMiHapy B HACTYIHI
pPOKH, 3MiHIOIOUM Micue Horo mnpoBeneHHS (KponmuBHHUIBKHIA,
3anopiXKKs, 1HIIT TTPOITO3HUIIIT 38 PIICHHSIM OPTKOMITETY).

5. Posmictutu iHdopmariito mpo MpoBeAEeHUN ceMiHap Ha
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caiTi MiHicTepcTBa OCBITH 1 HayKHM YKpaiHH Ta OMyOJIiKyBaTH
pesonorito  KoHepeHmii 1 30ipHUK MaTepiamiB  Ha caiTtax
HarmionansHOTO yHIBEpCUTETY «3amopi3bka MmojiTexHika», JIboTHOT
akajaemii HamionansHoro aBiaIiifHoro YHIBEPCUTETY
(M.KponuBHuibkmii), lleHTpamIbHOYKPAiHCHKOTO  HAI[iOHAIBHOTO
TEXHIYHOTO YHIBEPCHUTETY.
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KOMBIHATOPHI KOH®IT YPAIIII
TA IXHI BACTOCYBAHHSI

Marepianu
XXII MikHapOAHOTO HAYKOBO-ITPAKTUYHOTO
ceMiHapy imeH1 A 4. [lerpeHtoka

15-16 mpasnsa 2020 poky

Penmakmiiina KoJeris He Hece BiIOBIJATBHOCTI 32 MaTepiai,
ory0IiKoBaHi B 30ipHUKY. Y i BOHU MO/IaHi B aBTOPCHKIM peaKilii Ta
BUPAXKAIOTh NIEPCOHANBHY MO3HIIII0 YYACHUKIB CEMiHApY

[Tinmucano o apyky12.06.2020 p.
®opmart 60x84/16. ITamip opcerHuii.
I"apuitypa Times New Roman. /Ipyk puzorpad.
VM. apyk. apk. 13,0
Haxnan 300 mpum. 3am. Ne0501

[TpuBarne mianpuemctBo «Exckimo3uB-Cuctem»
CaimonTBo nepx. peectpy JAKNe4470 Big 17.01.2013p.
25006, m. KponuBuunbkuid, Byi. llleBuenka, 25
ten. 050-92-20913
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	КЕРУВАННЯ СИСТЕМОЮ МАСОВОГО ОБСЛУГОВУВАННЯ З ЗМІННИМИ ПОТОКАМИ ВИМОГ
	Пасенченко Ю. А.

	Abstract. The statement considered the task queueing system management with variable ìntensivnostâmi input stream requirements and maintenance. The following tasks are used in economy, IT-technology, and military affairs. When the queueing system seen...
	Вивчається задача керування системою масового обслуговування (СМО) з змінними інтенсивностями обслуговування вхідного потоку вимог. Такі задачі знаходять застосування в економіці [1], ІТ-сфері, військовій справі. Зокрема при моделюванні захисних, або ...
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	(3)
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