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INFORMATION TECHNOLOGY OF AUTOMATIC DETECTION
AND IDENTIFICATION OF STATIONARY OBJECTS
WITH UNMANNED AERIAL VEHICLES

Abstract. The subject matter of the article is the process of developing information technology for the automated
detection and identification of stationary objects by unmanned aerial vehicles arises. The goal of the study is to
development of the main points for information technology of automated detection and identification of stationary
objects by unmanned aerial vehicles. The tasks to be solved are: the structural diagram of the preparatory stage of
information technology for automated detection and identification of stationary objects is constructed; the structural
diagram of the basic, additional and final stages of information technology automated detection and identification of
fixed objects is constructed. General scientific and special methods of scientific knowledge are used. One of the most
effective approaches to the recognition and identification of objects is an approach based on the use of deep learning
methods. A new model of UAV motion is proposed based on image recognition methods. The methods of pattern
recognition with application of neural networks are considered in detail in this work too. The following results are
obtained. The developed information technology is implemented in four stages: preparatory, basic, additional and
final. Each stage consists of separate procedures aimed at collecting, processing, storing and transmitting
information during the flight UAV. Conclusions. Information technology for the automated detection and
identification of stationary objects by unmanned aerial vehicles is based on the knowledge-oriented representation of
the stages of image processing of objects on digital aerial photographs on board the UAV. This allows to provide
intelligent real-time data processing, changing UAV flight routes depending on the objects detected to improve the
effectiveness of the search tasks. Further development of this information technology lies in the development of
automated methods of planning UAV routes, automatic change of route parameters in flight processes (performance
of a flight task), based on knowledge-oriented technologies. Information technology for the automated detection and
identification of stationary objects by unmanned aerial vehicles can become an element of intelligent decision
support systems for the use of UAVs (teams of UAVs) to search for both stationary and dynamic objects.

Keywords: unmanned aerial vehicle; information technology; recognition and identification; route planning; stationary

object; decision support system.

Introduction

Formulation of the problem and research tasks.
The modern development of unmanned aerial vehicles
suggests that unmanned aerial vehicles (UAVs) can be
used to perform extremely complex monitoring tasks,
both stationary and dynamic objects, which can allow:
changing the purpose of the UAV mission in flight,
making optimal decisions about the choice of flight
routes UAVs, adaptation of the flight task to various
factors of the UAV state and the environment,
implementation of these tasks with high promptness and
accuracy. That is, the transfer of part of the intellectual
functions of the human operator to the intellectual
information technology. The problem with monitoring
stationary and dynamic objects is that there is a conflict
between the size of the search area and the size of the
objects. The solution of this contradiction is possible
through the autonomous operation of the UAV, changing
the route of its flight (flight task) by the results of
automatic object recognition. Modern UAVs include an
autopilot and a powerful on-board complex that can
perform these tasks provided it is equipped with the
appropriate information technologies. Thus, the relevant
task of developing information technology for the

automated detection and identification of stationary
objects by unmanned aerial vehicles arises.

Analysis of recent research and publications on
the above issues shows the relevance of this one. The
analysis of domestic and foreign publications on the
topic of the article made it possible to conclude that
there is considerable interest in these research. A
number of works that were used in the writing of the
article should be highlighted. In [1], an adaptive image
background subtraction method was wused to
automatically detect dynamic objects. In [2], a new
model of UAV motion is proposed based on image
recognition methods. Articles [3, 7] addresse the
problem of development goal functions for autonomous
search and tracking UAV targets, but does not bind to
pattern recognition models. Models and methods of
pattern recognition with application of neural networks
are considered in detail in [4]. The basis of developed
information technology became the methods which
were considered in [5]. An important source for this
research is the monograph [6], which sufficiently
describes the development of information technology to
solve the problems of navigation and control.

The goal of this work is to development of the
main points for information technology of automated

© Berezhnyi A., Trystan A., Lavrov O., 2020

5



Advanced Information Systems. 2020. Vol. 4, No. 1

ISSN 2522-9052

detection and identification of stationary objects by
unmanned aerial vehicles. General scientific and special
methods of scientific knowledge are used. One of the
most effective approaches to the identification and
recognition of objects is an approach based on the use of
deep learning methods. A new model of UAV motion is
proposed based on image recognition methods. The
methods of pattern recognition with application of
neural networks are considered in detail in this work
too. An adaptive image background subtraction method
was used to automatically detect dynamic objects.

Main material

To form a training sample, a simulation of the
process of identifying the parameters shown in table 1 is
performed. The class alphabet includes all the object
classes that you want to identify and classify. Each class
excludes several subclasses (types). Fig. 1 shows the
simulation results of the detection process. Fig. 1, a and
1, b are elements of the tank class, and Fig. 1, cand 1, d

are elements of the APC class. Each image is annotated
with a text file that describes the coordinates of the
center of the object and its linear dimensions in pixels.

Table I — Training sample parameters

The mini- The maxi-
Parameter
mum value | mum value
Detail filming 0,07 m 0,22 m
Perspective filming 0° 30°
Rotate the object 0° 360°
Contrast object and
background 0.2 0.4
Rotate the shadows 0° 360°
The corner of incidence of
\ 0° 90°
the sun's rays
Textures of painting objects 30 -
Examples to class 10 000 -
: 512x512
Image size . -
pixels

a b

c d

Fig. 1. Examples of training sample images

The training sample allows you to obtain the
neural network weighting coefficients for the selected
topology. The Detect Net topology was used in this
article.

Information technology of automated detection
and identification of stationary objects by unmanned
aerial vehicles is realized through the use of [1-11]:

-UAV flight data inputs, characteristics of
optoelectronic equipment, flight parameters, digital
images of the earth's surface, a priori data about
stationary detection objects;

- output data (documented information about the
results of detection and classification of stationary
objects);

- a preparation module for operation (training),

which includes procedures that realize the method of
forming a training sample of images and training the
neural network to identify and classify stationary
objects [5];

-a data processing module that includes
procedures for pre-processing graphic information;
procedures implementing the method of automated
detection and classification of stationary objects on
board UAVs;

- a storage module that includes a procedure for
documenting data obtained during the search process
and the means for storing it;

- a data transfer module that includes a procedure
for transmitting intelligence reports to consumers and
means of transmitting them.
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In the development of a generalized structure of
information technology for the automated detection and
identification of stationary objects (Fig. 2, 3), the results
obtained in the article [5] are taken into account: - model
of detection and classification of stationary objects;

- defined assumptions and limitations of the
method of automated parallel detection and
classification of stationary objects;

- topology of the wraparound fuzzy network;

- method of automated parallel detection and
classification of stationary objects;

- method of forming a training sample of images

for training a wraparound fuzzy network on the
detection and classification of stationary objects.

The developed information technology is
implemented in four stages - preparatory, basic,
additional and final. Each stage consists of separate
procedures aimed at collecting, processing, storing and
transmitting information during the flight.

The first (preparatory) stage of the IT functioning
is performed before the flight begins. Outputs include
the topology and the weights of the wraparound fuzzy
network (WFN) which are transmitted to perform the
main stage of IT functioning.

Operator (')ptoel'e ctro- Aircraft Shoc')t'1 g
¢ equipmen conditions
P.5 P2 ¥ P3 Y P4 v
Defining Determination Determining Determination|
| back d £ detail the angle and of the angle
ackgroun ol detar rotation of the of incidence
1mages shooting of sunlight
| ]
P.1 P.7 PSYYYVYY
Definition of Construction Construction
= alphabet of 3D object > of 3D soenes
classes models
4
P.6 P9 ¥
Defining the Detection
colors and 0GOS
" |textures of the P lati
model simulation
v
T
Mee—
Training
sample
P10 ¥
Topology Training
WEFN WEFN
A4
T
Mee—
Weighting

Fig. 2. Structural diagram of the preparatory stage of information technology
for automated detection and identification

At the end of the preparatory stage, the files of the
topology and the weights of the wraparound fuzzy
network in the CAFFE format are copied from the
module for preparation to operation (training) to the
module of processing. The correct functioning of IT and
preparation for the use of UAV for its purpose are
carried out.

The basic, additional and final stages of IT
operation (Fig. 2) are performed during the UAV flight.
The input data for the relevant stages are the operator

commands of the beginning and ending operations,
digital images of the earth's surface obtained from
optoelectronic equipment of the UAVs, navigation and
inertia data, as well as the topology and weighting factors
of the WEN obtained during the preparatory stage.

The baseline data of the main stage of IT
functioning are intelligence reports, documented data of
optoelectronic equipment unmanned aerial vehicles,
inertial and navigation sensors, detection and
identification results.
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Fig. 3. Structural diagram of the basic, additional and final stages
of information technology automated detection and identification of stationary objects

The key procedure for the operation of
information technology is the automatic detection and
classification of objects from the classes alphabet in the
image.

A portion of an aerial photograph of 512x512
pixels is served at the entrance to the procedure, Fig. 4.

During the operation of the convolutional neural
network, features are highlighted by filtering the input
image with different convolution nucleis. The
coefficients of the convolution nucleis are obtained in
the learning process.

The result of filtering the input image into 64
convolution nucleis of 7x7 pixels is shown in Fig. 5.

The result of the operation of network is a vector for
each element of the class, if it presents in the image. For
the given image (Fig. 4), the vector takes the following
form (82, 66, 135, 124, 0.89863281), where 82, 66, 135,
124 are the coordinates of the corners of the rectangle in
which the object of the class "APC" is inscribed;
0.89863281 - mean Average Precision estimation of the
presence of object an "APC"in a rectangle.

Fig. 4. Example of a digital shot of a simple OED object

Thus, the developed information technology of
automated detection and identification of stationary

8
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objects with the use of WFN allows to receive, process,
store and transmit information on the results of
detection and identification of stationary objects on

Conclusions and prospects
for further research

1. Information technology for the automated
detection and identification of stationary objects by
unmanned aerial vehicles is based on the knowledge-
oriented representation of the stages of image
processing of objects on digital aerial photographs on
board the UAV. This allows to provide intelligent real-
time data processing, changing UAV flight routes
depending on the objects detected to improve the
effectiveness of the search tasks.

2. Further development of this information
technology lies in the development of automated
methods of planning UAV routes, automatic change of
route parameters in flight processes (performance of a
flight task), based on knowledge-oriented technologies.

3. Information technology for the automated
detection and identification of stationary objects by
unmanned aerial vehicles can become an element of
intelligent decision support systems for the use of
UAVs (teams of UAVs) to search for both stationary
and dynamic objects.

board the UAV.

Fig. 5. Example processing result
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IndopmaniiiHa TeXHO/IOTiAA ABTOMATH30BAHOI0 BUSIBJICHHS Ta ineHTHdiKawil
CTaliOHAPHHUX 00’ €KTIB 0e3MIOTHUMHY JIiTAILHAMH anapaTaMmu

A. O. bepexnuii, A. B. Tpucran, O. 1O. JlaBpos

Anotanisi. IIpegMeToM BUBUYCHHS B CTaTTi € mpouec po3poOku iH(popMaLiiHOI TeXHOJOril aBTOMaTH30BaHOTO
BHUSBJICHHS Ta ineHTHQiKauii cTamioHapHUX 00’ €KTiB OE3MUIOTHHMH JIITAIBHUMH anapaTtamu. MeToo DOCJTiIKeHHS €
po3poOKa OCHOBHHX IOJOXKEHb iH(OpMAIiifHOI TEeXHONOril aBTOMAaTH30BAHOIO BHSBIICHHS Ta ileHTH(IKalil cTallioHapHUX
00’€KTiB 0€3MiIOTHUMH JIITAIIBHUMH anaparamu. 3ajgadi: noOyqoBa CTPYKTYPHOI CXEMH MiATOTOBYOro erary iHdopmauiiiHoi
TEXHOJIOri{ aBTOMaTU30BAHOI'O BUSABJICHHS Ta 1€HTU(IKALi] cTanioHapHUX 00'€KTiB; OOY0BAa CTPYKTYPHOI CXEMH OCHOBHOTO,
JIOIATKOBOT'O Ta 3aKJIFOYHOTO €TamiB iHpOpManiiHOl TeXHOJIOT1i aBTOMaTH30BaHOTO BUSIBIICHHS Ta ieHTH(]iKalil cTarjioHapHIX
00'exTiB. METO0IOTriYHOI0 OCHOBOIO JIOCII/DKEHHSI CTallM 3araJIbHOHAYKOBI Ta CrelliabHi MeTOIM HayKoBOro Ii3HaHHA. OJHUM
3 HalOUTBII e(h)eKTHUBHUX IMiXOIIB Ha UISIXY /10 BUSBICHHS Ta ieHTH]IKaIii 00'€KTIB € miaxif, mo 6a3yeThesi Ha BUKOPUCTaHHI
METOJIIB IIIMOOKOro HaByaHHs. Ha OCHOBI MeTO/IiB po3IMi3HaBaHHs 300pakeHb 3alpOIIOHOBAHA HOBA MOJIENb PyXYy. 3aCTOCOBAHO
METOAM PO3Mi3HaBaHHA 00pa3iB i3 3aCTOCYBaHHAM HEHpOHHMX Mepex. OTpuMaHi Taki pe3yjabTaTn. Po3pobnena indopmariiina
TEXHOJIOTisl peani3yeTbCsl B YOTHPH €Tally: MiArOTOBYMH, OCHOBHMH, NOATKOBUI Ta 3aximtouHuil. KoxkHuii eran ckianaerscs 3
OKpEeMHUX IpoLenyp, HamlpaBJeHHUX Ha 30ip, oOpoOKy, 30epiraHHs Ta mepenady iHdopmauii B mpomeci mombory BILIA.
BucHoBku. [ndopmariiiHa TeXHONOrisl aBTOMaTH30BaHOIO BHUSBJICHHA Ta ieHTHGIKal] cTalioHapHUX 00’ €KTiB 0€3MiIOTHUMU
JITaJIbHUMY anapaTtaMy 0a3yeThCsl HA 3HAaHHAOPIEHTOBAHOMY IPEJICTABIIEHHI eTariB 00poOku 300pakeHb 00’ €KTiB Ha IIM(PPOBUX
aepo(oTO3HIMKaxX Ha OOpTy OE3MIIOTHOrO JiTalbHOrO anapary. Lle 1o3Boisie 3a0e3neYnTH iHTENeKTyalbHy 00pOOKY aHMX B
pexuMi Yacy, HaOIMKEHOTO JI0 PealIbHOro, 3MiHIOBaTH MapumpyTu nonbory BIIJIA B 3anexxHOCTI BijJ BUSBIEHHX 00 €KTIB UL
IIBUILEHHS e(EKTUBHOCTI pillleHHs 3ajad nouryky. [lomanbmiuii po3BuTOK JaHOi iHpopmauiiiHOl TexHosorii monsrae y
po3pod1ii aBTOMaTH30BaHUX METOJIB IUIaHyBaHHA MapumpyriB pyxy BIIJIA, aBromaTtuuHoi 3MiHM HapaMerpiB MapuipyTry B
IPOLIECIB MONBOTY (BUKOHAHHI MOJIBOTHOI'O 3aBJIaHHSA), 1110 3aCHOBYETHCS HA 3HAHHAOPIEHTOBAHMX TeXHOJOrisAx. [Hpopmariiina
TEXHOJIOTisl aBTOMAaTH30BaHOrO BUSIBJIEHHS Ta iJeHTH(IKalil cranioHapHUX 00’€KTiB 0€3MiJOTHUMM JITaJbHUMH anaparaMu
MOJKE CTaTH €JIEMEHTOM 1HTENIEKTYyaJIbHOI CHCTEMH IiATPUMKH IPUHHATTA pilieHs Ha 3acrocyBaHHs BIIJIA (xonexrusiB BITJIA)
JUISL TIOITYKY SIK CTAl[lOHAPHUX, TaK 1 AMHAMIYHUX 00’ €KTIB.

Karo4dosi caosa: Oe3ninoTHuil niTanpHuil amapar; iHpoOpMaliiiHa TEXHOJOTis; pO3Mi3HaBaHHS Ta ineHTH(IKaIis;
IUIAHYBAaHHS MapIIpYTY; CTAal[lOHApHUI 00’ €KT; cucTeMa I ITPUMKU NPUIAHATTS PiICHHS.

HNudopmannoHHas TEXHOJIOTHS ABTOMATH3MPOBAHHOI0 00HAPYKEHHsI M HICHTHQHKANHH
CTAllMOHAPHBIX 00bEKTOB 0eCIMIIOTHBIMH JIETATeJIbHBIMH aANNapaTaMu

A. A. Bepexnoii, A. B. Tpucran, O. }O. JIaspos

Annoranus. IlpeqMerom wu3ydeHHMsi B cCrarhe SBISIETCS Iponecc pa3paboTku HH(OPMAIIOHHOH TEXHOIOTHU
ABTOMATH3UPOBAHHOTO OOHAPY)XEHHS U HICHTH(UKALMH CTAlIMOHAPHBIX OOBEKTOB OCCIMIOTHBIMH JICTATEIBHBIMU allapaTaMu.
Lenasio uccaenoBanmsi sBISiETCS pa3pabOTKa OCHOBHBIX IOJNIOYKEHWH HH(OPMALMOHHOW TEXHOJIOIMH aBTOMATH3HPOBAHHOTO
OOHapy)XeHMsI ¥ WICHTU(UKALNN CTallIOHAPHBIX OOBEKTOB OCCIMJIOTHBIMH JIETaTeIbHBIMHU almapaTaMy. 3afadm: IOCTPOSHHE
CTPYKTYpPHOH CXEMBI IIOATOTOBUTENHHOTO OJTana HWH(POPMAIIMOHHON TEXHOJIOIMM ABTOMATH3WPOBAHHOIO OOHAPYKCHUSI U
HICHTH(HKAIMA CTAMOHAPHBIX 00BEKTOB; MOCTPOCHUE CTPYKTYPHOI CXeMBI OCHOBHOIO, JOIONHHUTEIHFHOIO M 3aKIIOYHUTEIBHOTO
9TanoB HMH(MOPMALMOHHON TEXHOJIOTHH aBTOMATH3UPOBAHHOTO OOHAPY)KCHHS M HMIACHTU(QUKAIMK CTALMOHAPHBIX OOBEKTOB.
MeTtoponornaeckoll OCHOBOH HCCJIEIOBAHUS CTalM OOIIEHay4YHbIE W CIICIMajJbHbIE METOAbI HaydHOro Mo3HaHus. OmHuM U3
Hanbosee 3(pPEKTUBHBIX MOAXO0B Ul OOHAPYKEHHSI U MACHTHU(HUKAIMU OOBEKTOB SIBIISIETCS TOIXOM, KOTOPBIA Oazupyercs Ha
HCIIONB30BAHIH METOZIOB IyOoKoro oOydeHws. Ha ocHOBe MeTOmOB pacrio3HaBaHHS M300paKCHUH INPEe/UIOKEHA HOBask MOJIENb
JBIDKEHMS. Vcronb30BaHbl METOBI PAaciO3HABaHMS 00Pa3oB C UCIIONB30BAHUEM HEHPOHHBIX ceTel. [lomydeHs! Takue pe3yJIbTaThl.
PaspaboranHasi HH)OPMAIMOHHAS TEXHOJIOTHS PEATU3YSTCsI B YETBIPH 3Talla: MMOArOTOBUTEIIBHBIN, OCHOBHOM, JOMOIHUTEIBHBIN 1
3aKITIOUNTENBHBIA. Ka)kaplil 5Tan coCTOMT M3 OTACNIBLHBIX HPOLENYyp, HAIPaBICHHBIX Ha cOop, 00pabOoTKy, XpaHEeHHE U Iepenady
napopmamyu B mpouecce nonera BIUIA. BeiBogsl. MHpopMmalmioHHass TEXHONOIHs aBTOMATU3MPOBAHHOTO OOHApYKEHHS M
UICHTU(DHKALUN CTAIIMOHAPHBIX OOBEKTOB OCCIIIOTHBIMH JICTATEILHBIMHU allliapaTaMy 0a3upyeTcsi Ha 3HAHHCOPHEHTHPOBAHHOM
MIPE/ICTABICHUN OTAlloB 00pabOTKM H300paXkeHWiI OOBEKTOB Ha IM(PPOBBIX adpoOTOCHHMKAaX Ha OOpTy OecnuIoTHOro
JIETAaTeNIBHOrO anmapara. JT0 NO3BOJISAET 00eCIeUNTh HHTEIUIEKTYaIbHYI0 00paOOTKY JaHHBIX B PEKUME BPEMEHH, IPUOIKEHHOTO
K pealbHOMY, U3MEHATh MapiipyThl nonera BIUIA B 3aBHCHMOCTH OT BBISBJICHHBIX OOBEKTOB JUISI MOBBIILICHHS 3)(HEKTUBHOCTH
pemreHns 3a1a4 noucka. JlanpHeiinee pa3Butie 3Toi HH)OPMALMOHHOW TEXHOIOTUH COCTOUT B pa3pa0oTKe aBTOMaTH3UPOBAHHBIX
METO/IOB IUIAaHUPOBAaHUsT MapupyTroB jBrokeHust BILUIA, aBromaTnueckoil CMEHBI IapaMeTpoB Maplipyra B Ipoliecce HoJieTa
(BBITIONIHEHHUH TIOJIETHOTO 33/IaHKs1), KOTOPOE OCHOBBIBACTCS HA 3HAHMCOPUCHTHPOBAHHBIX TEXHONMOTHsX. MH(popMalmoHHas
TEXHOJIOTHSI aBTOMATH3MPOBAHHOIO OOHAPY)KCHHS M MACHTU(PUKAIMK CTAl[MOHAPHBIX OOBEKTOB OCCHMIIOTHBIMH JICTATEIBHBIMU
arrnaparaMi MOXKET CTaTh JIEMEHTOM HMHTEJUICKTYAIbHOM CHCTEMbI MOIJICPXKKH MPHHATHS PelleHni uis ucrnonb3oBanus BITTA
(komtextrBoB BITJTA) jiist HoKCKa Kak CTallMOHAPHBIX, TAK U AWHAMHYECKHX OOBEKTOB.

KiouyeBble cJOBa: OECHWIOTHBINA J€TaTEJIbHBIN arirapar; I/IHq)OpMaI_II/IOHHaH TEXHOJIOI'Ms; paclioO3HaBaHUE U
I/IZ[eHTI/I(i)I/IKaLII/IH; ITUTaHUPOBAHUEC Mapuipyra; CTaLIHOHapHBIiI 06T)GKT; CUCTEMA INOAJCPIKKH IIPUHATUA pemeHHﬁ.
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FUZZY DIAGNOSTICS OF SOILS ACCORDING
TO THE WORLD REFERENCE BASE FOR SOIL RESOURCES

Abstract. Soil classification remains one of the most controversial topics in the world soil science because of differences
in the principles underlying it. As of today, many countries have developed and use their own national classifications. Since
scientific classification facilitates successful investigation and proper use of soils, the issue arises of representation of one
classification in another. In the paper the possibility of applying fuzzy technologies to soil diagnostics based on the World
Reference Base for Soil Resources is considered. A trapezoidal form of membership functions of the parameter set of
diagnostic horizons is proposed. The algorithm of fuzzy diagnostics is presented on the basis of the proposed functions.
Conclusion. The paper proposes a fuzzi fication mechanism for the set of indicators of diagnostic parameters and describes
the algorithm of the system of fuzzy inference about the identification of the values of the corresponding parameters in
accordance with the compositional inference rule. Thus, the effectiveness of the use of fuzzy technologies in soil
diagnostics by the World Reference Base for Soil Resources is demonstrated.

Keywords: information model; soil; fuzzy technologies; soil classification; diagnostic horizon; diagnostic parameters.

Introduction

Such classifications include, for instance, the soil
classification ~ of  Australia  (Australian  Soil
Classification, 2002) [1], Azerbaijan (M.P. Babayev’s
classification, 2006), Belarus (Belarusian soil
classification, 1997) [2], Brazil (Sistema Brasileiro de
Classificacaode Solos, 1999) [3, p.1-3], Germany
(Harmonization of Soil Survey Classification-Blending
East with West, 1990), Canada (Canadian System of

Soil  Classification, 1995) [4], Russia (V.V.
Dokuchaev's classification, 1977) [5], USA (Keys to
Soil Taxonomy, 2003) [6], France (Referentael

Pedologique, 2008) [7, p.166] etc. The foundation of the
work on the creation of an international soil
classification was laid back in the 1970s by Professor R.
Dudal [8]. Afterwards, a consolidated program was
developed, which was later named "World Reference
Base for Soil Resources" (WRB) [9]. The main
objective of WRB was the introduction of the latest
achievements in soil science related to the study of
global soil resources and their interrelationships.

Since scientific classification facilitates successful
investigation and proper use of soils, the issue arises of
representation of one classification in another. The
process of determining whether a soil belongs to a
particular class of soils in the classification in question
is called soil diagnostics. Each of these classifications
has its own diagnostic algorithm. There is a certain
number of soil parameters, by which a soil is placed in
one class or another. However, the measurement range
of these parameters is often approximate, fuzzy. In view
of the above, this paper is devoted to the study of the
possibility of applying fuzzy technologies to soil
diagnostics based on the World Reference Base for Soil
Resources.

On the priority of the defining
classification factor

It should be noted that, depending on the structural
principle, different classifications use different

parameters and use them in different sequences. In soil
classification, different soil science schools prioritize
different criteria based on the objective at hand. Here is
an example showing the importance of the sequence of
classification criteria applied.

We shall consider three notional tomato cultivars.
Let each cultivar be characterized by three parameters:
yield, disease resistance and water requirement. Assume
that the first cultivar has a high yield, but is not resistant
to diseases and requires abundant watering (Table 1).
The second cultivar is resistant to diseases and has a
high water requirement but an average yield. And the
third cultivar is not disease-resistant, has an average
yield but a low water requirement.

Table 1 — Values of the indicators for different tomato
cultivars in conventional units

Cultivar
Indicator
I 1I 111
Yield 1.0 0.8 0.6
Disease resistance 0.8 0.1 1.0
Water requirement 0.7 0.5 1.0

Assume that, for the purpose of cultivation, three
farmers need to classify these tomato cultivars into three
categories, "Preferred", "Allowed", "Undesirable". It is
known that the first farmer grows tomatoes in a
greenhouse, where all the conditions required for the
optimal development of plants can be created; the
second farmer works in an arid zone with limited
irrigation water, and the third one — in the ecological
area, where the use of chemicals is not allowed.

It is obvious that the first farmer prioritizes the
criterion of yield, the second farmer proceeds from
cultivation in the conditions of limited water resources,
and the third farmer prioritizes the resistance of the
cultivar to diseases. Consequently, the preferences of
these farmers will be as specified in Table 2. This
example demonstrates that changing the sequence of the
applied classification criteria can lead to completely
different results.

© Hasanova S. A., Pashayev A. B., Sabziev E. N., 2020
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Table 2 — Farmers’ preferences for cultivars

Table 4 — Some diagnostic parameters of soils

Farmer
Class
1 2 3
Preferred 1 11 11T
Allowed 11 1 1
Undesirable 11T 11T 1T

Fuzzy nature of diagnostic parameters

The defining factors in the soil diagnostics are
genetic horizons. There are 37 of them in the WRB
system. Each of these horizons is estimated on the basis
of the values of specific sets of parameters. Table 3
gives examples of genetic horizons [9].

Table 3 — Some genetic horizon according to the WRB

classification
Genetic
. Parameters
horizon
Protovertic | o Clay;
horizon o Wedge-shaped soil aggregates;
o Shrink-swell cracks;
o Coefficient of linear extensibility;
o Thickness.
Salic o pH water;
horizon o Soluble salts;
e Thickness;
o Consist of organic or mineral material.

Petrogypsic | ¢ Secondary gypsum (CaSO4-2H20);

horizon e Gypsum (by mass);
o Thickness.

Fragic o Consists of mineral material;

horizon  Soil organic carbon;
o Penetration resistance at field capacity;
o Effervescence.

At present, the WRB classification includes 32
reference soil groups. However, when assigning a soil to
a reference soil group, not all parameters are used.

Depending on the reference soil group, the
parameters under consideration also change. Let us
illustrate this with the following example. Take two
reference soil groups, Fluvisols and Histosols. When
assigning a soil to Histosols, the thickness of the
horizon of organic materials is considered first, and in
Fluvisols, it is the presence of alluvial material in the
soil profile that is primarily taken into account.

The total number of parameters that characterize a
soil is 28, and most of them have a fuzzy range of
measurement.

We give some of these parameters as an example
below in Table 4.

It should also be noted that the values of these
parameters are measured with a certain error; therefore,
their mean values are used in soil diagnostics.

Thus, sets of indicators can be determined as
corresponding elements of fuzzy sets [10].

In the following paragraphs, we shall perform the
fuzzification of a set of indicators of diagnostic
parameters, applying the fuzzy technology to the
description of the data, after which we shall use fuzzy
inference rules to carry out clustering of soils according
to the WRB system.

Parameter, unit Parameter L?w'e r U.p per
limit limit
of measurement value
value value
Clay 0 0.002
Qoze 0.002 0.05
Very fine 0.05 0.10
. grained sand
Granulometric Fine arained
composition, selg(eig ane 0.10 0.25
mm Mediumsand | 0.25 0.50
Coarse sand 0.50 1
Very coarse 1 >
sand
Sharp 0 2
Eeotl\l;l:;ry Clear 2 5
horizon, sm Gradual > 15
’ Diffuse 15
There is no 0
gypsum
Weak-gypsum 0 5
Gypsum Medium-gyp- 5 15
o sum bearing
content, %
Strongly 15 60
hygroscopic
Very strongly 60
hyposonic
Ultra acidic 0 3.5
Extremely 35 4.4
acidic ) )
Very strongly 45 5.0
acidic
Strongly 5 55
acidic ) )
Acid of water Moderately
in soil (pH), acidic 36 6.0
conventional unit | Slightly acidic 6.1 6.5
from 0 to 14 Neutral 6.6 7.3
Slightly
alkaline 74 78
Moderately 79 8.4
alkaline ) )
Strongly
alkaline 8.5 9:0
Very alkali 9.0 14

Description of the parameters
as fuzzy numbers

As a rule, when choosing the membership
function type, preference is given to the forms that are
easier to compute. To describe the membership function
of a set of diagnostic parameters of soil, we shall use a
trapezoidal function. This choice is based on the
following reasoning: the numerical values of the
parameters under consideration vary within certain
intervals; accuracy of measurement of point values has
errors; the boundaries of the intervals of values are
points.

Using the parameter of soil pH (acidity) as an
example (Table 4), we analytically build a trapezoidal
membership function.

To this end, we number the values of the soil pH
parameter i=1,...,11. Let g; be the sequence of the

upper limit values of these parameters, and a; =0 — the
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lower limit value "Ultra acidic". We call the interval
[a;,a;,,] the original carrier of the i-th value of the
parameter in question. For the value with the serial
numbers i=2,3,..,10, we shall propose the
membership function of the following form:

0 < al-_l +19al-
b 20 b
20x—(19a; +a;;)
diy] 4|
al-_l +19al- <x< 19al- +al-+1
20 7 20
19a; +a; a;: +19a;
x,i) =11, i l+]£x£ i z+1’ 1
u(x, i) 0 T (1)
20x-(19a;, 4 +a;)
it —4; ’
4 +19a;yy 194 +ay)
20 20 ’
0 19a;,1 +a;,» <y
’ 20

Formally assuming e.g. a_;=-1, aj, =15, we
can also extend formula (1) to the values i=1 and
i=11.

As an example, let us give the value "Very
strongly acidic" for the soil pH parameter:

0, x<4.355,
(20x—-89)/1.5, 4.355<x<4.43,
HpH (x,3)= 1, 443<x<4.97,
(20x-954.4)/1.2, 4.97<x<5.03,

0, 5.03< x.

For clarity, the graph of the function p o (X,3) is

given in Fig. 1.

o

Fig. 1. Graph of the membership function for the value
"Very strongly acidic" of the soil pH parameter

It should be noted that the functions p(x,7) are not
symmetric functions, i.e. their graphs are not isosceles
trapezoids. It is not too difficult to see that the function
pu(x,i) =1 is within 90% of the original carrier of the
values of the parameter in question and covers 5% of
the original carriers of adjacent values of the same
parameter (Fig. 2).

g

Fig. 2. Overlapping of the supports of the membership
function in adjacent intervals

The overlapping of the intervals of the supports of
the constructed functions p(x,7) provides an explanation

to the disputes related to soil clustering in various soil
science schools.

In the following paragraphs, we demonstrate that in
the case of coincidence of the values of the membership
function with the adjacent values, the soil classification
algorithm chooses a value with a smaller serial number,
thereby introducing a certain clarity in the process of
clustering.

Description
of the soil classification algorithm

During soil diagnostics, soil is studied first: the
soil is sectioned, the soil parameters are measured
(some parameters are determined in the field and some
in the laboratory).

To identify the diagnostic horizons, the soil
parameters are compared with the parameters of the
horizons, using the compositional inference rule. Thus,
it is established which horizons exist in the given soil.
This operation is additive and does not depend on the
sequence of application of the values of some or other
parameter.

Further, proceeding from the available diagnostic
horizons in the soil under investigation, it is possible to
identify to which of the 32 reference soil groups it
belongs. For this purpose, the main diagnostic indicators
of the soil are successively checked in accordance with
Table 5.

Table 5 — Sequence of genetic horizons for soil identify-
cation according to the WRB classification

# Gerzetlc Parameters
horizon
1 2 3
e Munsell colours;
| Anthraquic |e Platy structure;
horizon o Bulk density;
o Thickness of soil.
o Illuvial accumulation of clay;
o Predominant pedogenetic formation of
clay in the subsoil;
) Argic o Selective surface erosion of clay;
horizon o Biological activity;
o Coefficient of linear extensibility;
o Has a texture class of loamy sand or
finer;
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Further, comparing the diagnostic indicators of
soils with the obtained diagnostic horizons (in the strict
sequence of the given algorithm), the first reference soil
group on the list is found.

Example

Let us give an example by considering sierozem
soils. The monograph by M. P. Babayev [11] defines the
indicators of these soils as follows:

e soil with anthropogenically transformed horizon
thicker than 50 cm, root penetration depth 20-30 cm;

e no horizon over 40 cm, by two thirds
consisting of weakly decomposed organic residues;

1 2 3 ¢ no technogenic inclusions;
o Thickness; e no cryic horizon;
* Has clay content or clay in the fine o thin section in sierozem soil over 30 cm;
ear'th fracqon; e 42% clay in the 25-30 cm thick horizon in
e Soil organic carbon. sierozem soil.
» Calcium carbonate; The membership function for such indicators as
o The degree of effervescence "o . "o . . won .
« Secondary carbonates; soil thickness", organic .remdues ; root penetration
Calcic « Thickness of soil; depth", "technogenic inclusions", "thickness of the cryic
3 horizon o Porosity; horizon", "thickness of thin section", "thickness of the
e Munsell colours; argic horizon".
o pH water; The results of the fuzzy inference about the
o _Consist of gypsum; identification of the parameter values are given below in
o Texture class; Table 6.
e Munsell colours
4 |Cambic * Structure; Table 6 — Description of the sequence of operations
horizon * Clay content; in the soil identification on the basis of WRB
o Carbonates;
» Consist of gypsum. Sequence Of Diagnostic indicators of
reference soil soils Result
¢ pH water; groups
* Mottles or coatings with N Histosols » Thickness of the horizon; No
Thionic accumulations of iron or alqmmlum »_Organic residues :
35 horizon sqlfate or hydro?(ysulfate mm@ra]s; e Depth of penetr:«:ltlon of
. Dlrect' superposition on sulfidic Anthrosols the root mass in the No
material; anthropogenically
o Thickness of soil. transformed horizon
e Structure soil; o The presence of
. e Soil organic carbon; Technosols technogenic inclusions No
36 E;El;:)lg e Munsell colour; in the upper layer
o Teksture soil; Cryosols o There is a frozen horizon No
o Thickness of soil. Leptosols o Thickness of thin profile No
o Clay content; e Presence of clay in the
Vet . W'edge—s'hap.ed soil aggregates; Vertisols Vgrtic horizon with a Yes
37 | Vertic . SllgkeﬂSldes, thlgkness of clay
horizon o Shrink-swell cracks; horizon.
e Thickness of soil;
»_Coefficient of linear extensibility. Thus, the soil under investigation, according to

the granulometric composition data for sierozem soils
based on M. Babayev’s classification of Azerbaijan
soils, can be assigned to the soil group "Vertisols".

Conclusion

The paper proposes a fuzzi fication mechanism for
the set of indicators of diagnostic parameters and
describes the algorithm of the system of fuzzy inference
about the identification of the wvalues of the
corresponding parameters in accordance with the
compositional inference rule. Thus, the effectiveness of
the use of fuzzy technologies in soil diagnostics by the
World Reference Base for Soil Resources is
demonstrated.

REFERENCES

1. Isbell, R.F. (2002), “The Australian Soil Classification”, CSIRO Publishing, Revised Edition, Melbourne, pp.1-4.
2. Tsyrybka, V. and Ustsinava, H. (2018), Soil classification in Belarus: history and current problems, Physical Geography

Series, 14 p.

3. (1999), Sistema Brasileiro de Classificacaode Solos, DF: Embrapa, Brasilia, 20 p., available at:

https:/livimagens.sct.embrapa.br/amostras/00053080.pdf

4. McKeague, J.A. (1995), Soil suruey and genesis and classification research in Canada, 7 p., available at:

https://www.nrcresearchpress.com/doi/pdf/10.4141/¢jss95-002

5. (1997), Classification of soils of Russia, Ins.of Soil named V.V. Dokuchayev, Moscow, 235 p.
6. (2003), Keys to Soil Taxonomy, United States Department of Agriculture, Natural Resources Conservation Service, 9 Edition,
372 p., available at: https://www.nrcs.usda.gov/Internet/FSE_ DOCUMENTS/nres142p2 _051544.pdf

7. Samofalova, L A. (2012), Modern problems of classification of soils, Tutorial, Perm, 175 p.

14



ISSN 2522-9052 CyuacHi indopmaniiini cucremu. 2020. T. 4, Ne 1

8. (20006), World reference base for soil resources 2006: A framework for international classification, correlation and
communication, Food and agriculture organization of the united nations Rome, 145 p., available at:
http://www.fao.org/3/a-a0510e.pdf

9. (2015), IUSS Working Group WRB, "World Reference Base for Soil Resources 2014", update 2015, "International soil
classification system for naming soils and creating legends for soil maps". World Soil Resources Reports No. 106. Rome:
FAO, 198 p.

10. Zadeh, L.A. (1975), “The Concept of a Linguistic Variable and its Application to Approximate Reasoning-1”, Information
Sciences, vol. 8(4), pp. 301-357.

11. Babaev, M.P., Hasanov, V.Kh., Dzhafarova, Ch.M. and Huseynova, S.M. (2011), Morphogenetic diagnostics, nomenclature
and classification of Azerbaijan soils, Science, Baku, 201 p.

Received (Hamivma) 20.12.2019
Accepted for publication (ITpuitasiTa mo apyky) 29.01.2020

B1IOMOCTI ITPO ABTOPIB / ABOUT THE AUTHORS

XacanoBa Camupa Adpacusnd — HaykoBuii criBpoOiTHUK, [HCTUTYT cucrem ympasninHs HanionanpHoi akazmemii Hayk
Asep0aiipkany, baky, AzepOaiimxkan;
Samira Afrasiyab Hasanova — Scientific researcher, Control Systems Institute of Azerbaijan National Academy of
Sciences, Baku, Azerbaijan;
e-mail: samirahasanova75@gmail.com, ORCID ID: http://orcid.org/0000-0002-1595-6107.

IMamaes Apanar bBaxrisp — 3aBimyBau naGoparopieto, IHcturyr cucrem ynpasninHs HanioHanpHoi akajemii Hayk
Asep0aiipkany, baky, AzepOaiimxkan;
Adalat Bakhtiyar Pashayev — Head of laboratory, Control Systems Institute of Azerbaijan National Academy of Sciences;
Baku, Azerbaijan;
e-mail: adalat.pashayev@gmail.com, ORCID ID: http://orcid.org/0000-0001- 9208-8430.

Ca0sies Enbxan Hapiman— 3aBinyBau Binniny, komnasis Kiber Ltd, baky, Azep6aiikan;
Elhan Nariman Sabziev — Head of department, Kiber Ltd Company, Baku Azerbaijan;
e-mail: elkhan.sabziev@gmail.com, ORCID ID: http://orcid.org/0000-0001-8150-9439.

HeuiTka giarnocTuka rpyHTis
BianmoBigHo 10 CBiTOBOI pedepaTHBHOI 0231 IPYHTOBHX pecypciB

C. A. XacaHoBa, A. b. [Tamaes, E. H. Ca63ieB

Anotanis. Knacudikarist rpyHTiB 3anuIIaeTbesl OQHIEIO 3 HAHOUIBII CylIepewINBUX TE€M B CBITOBIH Haylli PO IPYHTI
4epe3 BiZIMIHHOCTI B OCHOBOIOJIOKHUX NpHHIMNAX. Ha choronuimHii qens 6arato kpain po3poOMIi i BUKOPUCTOBYIOTh CBOI
BacHI HauioHanbHi Kkiacudikamii. Ockinbku HaykoBa Kiacudikalis IOJErulye YCHIlIHE JOCHIJDKEHHS 1 IpaBHIbHE
BUKOPUCTAHHS IPYHTIB, BMHHMKAa€e IpoOiieMa NpeJCcTaBleHHs oxHiel knacudikauii B iHmMMHA. Y CTaTTi pO3MIIAAETHCS
MOXIIMBICTh 3aCTOCYBAaHHS HEWITKMX TEXHOJIOTiH JUIi JiarHOCTUKH IPYHTIB Ha ocHOBi BcecBiTHboi JloBinkoBoi bazm
IPYHTOBHX pecypciB. 3arpornoHoBaHO TpaneueiganbHux Gpopma GyHKIINH NpHHAIEKHOCTI HA0OpY IapaMeTpiB AiarHOCTHYHUX
TOPHU30HTIB. AJITOPUTM HEYITKOI JIarHOCTUKHM NPEJCTaBICHHH Ha OCHOBI 3alpOINOHOBaHMX (GYHKUiH. BucHOBOK. ¥V crarTi
3aIpOIIOHOBAHO MeXaHi3M ¢a3udikauii 1 HAOOpy IHAUKATOPIB AIarHOCTHYHMX IApaMeTPiB 1 ONUCAaHUH AJITOPUTM CHCTEMHU
HEYiTKOro BUBEICHHS IO iJCHTHU(]IKAILiI0 3HA4YEHb BIAMOBITHHMX IapaMeTpiB BiANOBIJHO 10 IpPaBWJIa KOMIIO3ULIHHOIO
BUBEICHHA. TakuM 4MHOM, JOBeleHa e(eKTHBHICTb BUKOPHCTaHHS HEYITKHX TEXHOJOriil B AiarHoctuui rpyHry CiToBHI
pedepatuBHOi 6a3010 IPYHTOBUX PECYpPCIB.

Karw4dosi caoBa: inbpopmaniiiHa Mozenb; TPyHT; HEUiTKI TEXHOJIOriT; Kiacudikawis IPyHTIB; AlarHOCTUYHUN FOPU30HT;
JIIarHOCTUYHI apaMeTpH.

Heuerkas 1narHocTMKa no4s
B COOTBETCTBMH ¢ MupoBoii pedepaTnBHOii 0230l MOYBEHHBIX PECYPCOB

C. A. Xacanosa, A. b. Ilamaes, D. H. Ca03ueB

AnHoTanus. Knaccudukanus nous ocraercs 0OJHON U3 caMbIX INPOTUBOPEUUBBIX TEM B MUPOBOW HAayKe O MOYBE U3-
3a pa3lIMuMii B OCHOBOIIOJNATAIOMIMX NpUHIMNaX. Ha cerogHsIIHui JeHb MHOTHE CTPaHbl pa3padoTald U MCIOIb3YIOT CBOU
coOCTBEHHBIE HalMOHaNbHble Kinaccudukamuu. ITockoneky HayuHas knaccuduKanus oberyaeT ycrneumHoe Hccae0BaHue U
NPaBWJIBHOE MCIOJIB30BAaHUE IOYB, BO3HHMKAeT IpoliieMa IpEACTaBIeHUS OJHOW Kiaccupukanuum B Jpyrod. B cratee
paccMaTpHBaeTCd BO3MOXHOCTh NPHUMEHEHHsS HEYETKHMX TEXHOJNOTMH A JWAarHOCTMKM ITOYB HAa OCHOBE BcemmpHOM
CnpaBounoii ba3bl mouseHHbIX pecypcoB. IIpemutoxeHa TpaneunenznanbHas ¢opma (yHKIMH NpHHAUIEAKHOCTH Habopa
MapaMeTPOB AMArHOCTUYECKHX TOPH30HTOB. AJITOPUTM HEYETKOW IHMAarHOCTHKU IIPEJCTaBIE€H HA OCHOBE IPEIOKEHHBIX
¢bynxuuii. BeiBoa. B cratbe npeuioxen MexaHusM ¢a3sudukanuy 11 Habopa MHAMKATOPOB JHArHOCTMYECKUX IapaMeTpoB
U OIHCaH AITOPUTM CHCTEMbl HEUYETKOrO BbIBOJA 00 MICHTH(QHKAIMHM 3HAYCHUH COOTBETCTBYIOLIMX IapaMeTpOB B
COOTBETCTBUHM C IIPAaBUJIOM KOMITO3UILIMOHHOr'O BbIBOJA. TakuM oOpa3oM, Joka3aHa 3G PEeKTUBHOCTh HCIOIb30BAaHUS HEUETKUX
TEXHOJIOTUl B IMarHOCTHKE 10YBbl MUpOBO# pedepaThBHOI 62301 IIOUBEHHBIX PECYPCOB.

KawueBblie cjoBa: I/IHq)OpMaLII/IOHHaH MOJZICJIb, ITOYBa; HCUCTKHUC TCXHOJIOI'MH, KJ'[aCCI/I(i)I/IKaI_II/IH I104B; Z[I/IaFHOCTI/I‘IeCKI/Iﬁ
TOPU30HT; TUArHOCTUYCCKUEC ITapaMETPhI.
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APPLICATION OF THE SLIDING WINDOW MECHANISM
IN SIMULATION OF COMPUTER NETWORK LOADING PARAMETERS

Abstract. The subject of the study in the article is the data transfer processes in computer networks from the point of
view of the network performance indicators, in particular, overload parameters. The purpose of the work is to create a
simulation model of the behavior of a computer network, taking into account the mechanism of the "sliding window" and to
demonstrate its work using a test example in combination with the previously proposed algorithms. The following tasks are
solved in the article: analysis of the network as a complex multilevel system and isolation of the problems related to the
transport layer of the OSI model; consideration of tasks that are solved by the transport layer of the data network; creation
of the mechanism of modeling of functions of "sliding window"; demonstration of model work. The following research
methods are used: basics of system analysis, models of network functioning, simulation modeling method. The following
results were obtained: Based on the results of previous studies, the article proposes a new model of computer network
behavior over a period of time. This model is based on the principles of simulation modeling, which became possible
because of the certain fractal properties of incoming traffic, that is one of the initial data for the simulation. In the process
of development, the seven-level OSI model was taken as the basic network model and its four lower levels were selected.
Ensuring reliable information transmission at all protocol levels is based on the mechanisms of acknowledgement and
"sliding window". The proposed model can reduce the amount of user data directly for each of the directions in a
proportion directly proportional to their utilization of the specified congested channel. It is proposed to use a correction
vector for each direction of information transmission in the model. Conclusions: The adequacy of the developed model is
confirmed on the basis of practical calculations of the test case. The practical value of this model is the ability to predict
bottlenecks when creating a computer network, or vice versa, to point out the redundancy of certain solutions in order to

save significant funds in the future for providers and operators of communication services.

Keywords: computer network; modeling; transport level; traffic; sliding window.

Introduction

The growth of computer network traffic shows a
tenfold growth trend over the last decade, with the
upward trend increasing year by year [I-3].
Communication quality assurance is also a problem that
needs to be addressed. Thus, mobile users lose TCP
connections when they move or change their IP
addresses, or some nodes along the routing path cannot
provide the connection. In addition, there may be
temporary losses. Such problems also occur in cable
networks. These situations have a particularly
detrimental effect on the continuous exchange of large
volumes of data or the transfer of funds from a bank
account. Thus, in the processes of ensuring the good
functioning of computer networks, an important role is
played by the data flow management subsystem [4],
which solves the problem of: congestion management,
queue management, transmission recovery after loss of
network connectivity, management of lost packets and
packets recovery, errors that have occurred.

Analysis of recent studies and publications.
Today, there are many studies related to the problems of
improving the quality of communication at the transport
level of network representation. Thus, Jungang Zhang
and Son Tao [5] propose to map logical and physical
endpoints in terms of virtual address. This virtual
address must consist of three tuples: a socket handle, an
IP address, and a TCP port number. To uniquely
identify a connection, such components as a random

number, socket status information, IP address, and TCP
port number are used [6-8]. In addition, it is suggested
to add a new layer (Mobile Socket Layer) to the
transport layer in order to hide disconnection from the
application [9-11].

Data flow management techniques (Tahoe, Vegas,
Reno, Newreno, Random Early Detection, etc.) are used
to improve TCP performance. However, existing
methods are oriented on static or quasi-static conditions
of MR operation and do not allow to determine the
causes of packet loss [12-14]. To date, the main focus of
TCR researchers is to ensure interoperability with
protocols in other layers of the OSI (network and
channel) model.

Most types of traffic are sensitive to network
overload, delays, and packet loss with the data
transmitted  therein and  therefore require
implementation of data flow management methods [15-
26]. Therefore, efficient data flow management is a
topical issue when creating networks of this class.

Highlighting previously unsolved parts
of a common problem. The goal of the work

One way to investigate the factors of poor
communication is to model its behavior over time. In
this case, the analysis of the network should be carried
out by different views on its functional properties. One
such feature is network load over a period of time.
According to a previous study, network traffic is a
predictable value over time, so it can be used as a
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constant value [27]. This opens up the possibility to
apply not only agent modeling to computer networks,
but also methods of constructing simulation models.

Article [28-30] identified the main characteristics
of a computer network that have an impact on data
transmission processes, and proposed a method for
formalizing metrics that are directly applicable in the
modeling  process. = The  following  network
characteristics were considered:

e bandwidth;

e delays in communication channels;

e quality of service;

o the extent of transmission errors.

The structure and volumes of traffic (transfer
requirements) that occur over time have been separately
indicated. As a result, the behavior of the computer
network was modeled at its lower three levels: physical
(network topology), channel (packet volume, and
transmission loss) and network (building packet data
routes).

However, during the simulation, the question of
traffic reallocation in case of congestion of transport
nodes or data transmission channels naturally arose. In a
real network, this problem is handled by the transport
layer using a so-called "floating window».

Therefore, the purpose of this article is to further
disclose behavior of the created model of computer
network.

The following tasks are solved:

e analysis of the network as a comprehensive
multilevel system and highlighting the issues related to
the transport layer of the OSI model;

e consideration of tasks that are solved by the
transport layer of the data network;

e creation of a mechanism for modeling of the
“sliding window” functions;

e demonstration of model work in combination
with the algorithms previously proposed in previous
works.

Materials and methods

The quality of transmission of different types of
traffic on networks also depends on the lower levels of
the OSI model (Fig. 1). When considering the transport
layer of the OSI model, it should be noted that the
transport layer provides data transportation services
[28]. In particular, the primary purpose of the transport
layer is to address issues such as ensuring reliable
transport of data through a unified network. The
transport layer is intended for the delivery of data
without errors, losses and duplication in the order in
which they were transmitted. It does not matter what
data is transmitted, from where and where, that is, it
determines the mechanism of transmission itself. It
divides the data blocks into fragments, the size of which
depends on the protocol.

Ensuring reliable transmission of information at all
protocol levels is based on acknowledgement and
"sliding window" mechanisms (methods for reducing
redundancy in the transmission of information — Nagle,
Clark, methods for detecting TCP Vegas overload,
methods for controlling the size of the window — Slow

Start, Binary Increase, and the retransmission timer —
Jacobson) [31]. Before considering the floating window
mechanism, it is worth describing the principle of
operation of the TCP Protocol, namely the need to
receive confirmation of the sent bytes of information.
This significantly reduces the speed of data transfer,
since several connection sessions will be spent on
transmitting a single packet of information. For
example, before sending, TCP must make sure that the
recipient exists, and then perform a three-way-
handshake to set up the session. Also, since the TCP
Protocol differs from UDP in the reliability of data
transmission, each segment during transmission is
marked with a sequence number that the recipient sends
back to the sender to confirm the sending and to indicate
the next segment to be sent.

Stack model Stack protocols
|TELNET| | FTP | | TFTP |
Application level | SMTP | | LDP | | NFS |
SNMP X others
Windows
Transport level | TCP | | UbDP |
P
Network level
| ICMP || BootP || ARP | | RARP |
The level of Ethernet FDDI FR others
network interface

Fig. 1. TCP/IP stack model protocols

TCP packets have the following fields: local
sender port and local recipient port (Fig. 2) carrying the
contents of program entry points, such as Telnet on one
side, and entry point (in this context encapsulation) to
the IP layer. In addition, in the TCP/IP stack, the TCP
layer is responsible for generating packets from the data
stream coming from the application.

Local sender port | Local recipient port

Segment position
The first expected byte
Data offset | Flag
Checksum

Window size

Note the urgency of the data
Filler

Options

Fig. 2. The structure of the TCP packet header

A TCP connection is identified by a pair of full
addresses of both interacting processes (endpoints). The
addresses of each endpoint include IP addresses
(network number and computer number) and port
number.

The connection is made in the following sequence:

— one of the parties initiates the connection. It
sends a request to TCP to open an active port;
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— after the TCP port is opened, the initiator
process sends a process request that requires a
connection;

— TCP from the receiver opens the port for
receiving data (passive open) and returns a receipt
confirming the receipt of the request;

— in order for the transmission to be possible in
both directions, the protocol from the receiver also
opens an active port and transmits the request to the
opposite party;

— the initiating party opens the receiving port and
returns the receipt.

The connection is considered established. Then
data is exchanged within this connection.

Within the connection, the correctness of the
transfer of each segment must be confirmed by the
receipt of the recipient. Acknowledgment is one of the
traditional methods of ensuring reliable communication.

The TCP protocol implements a kind of window-
based acknowledgement algorithm. The peculiarity of
this algorithm is that the window is defined on the set of
numbered bytes of unstructured data stream coming
from the top level and buffered by the TCP protocol.

The sliding window principle [32] allows using the
TCP protocol in networks of different power and
reliability. The sliding window mechanism allows
changing the number of bytes that can be sent without
acknowledgment. Thus, the higher the reliability of the
network, the larger the size of such a window and the
more information can be sent without confirmation.
This allows the user to increase the data rate. When
TCP sees that data is being lost, the size of the window
decreases, reducing transmission speed by increasing
reliability and the number of checks.

The expanded algorithm of the "sliding" window
will not be considered in this article, since its
implementation in the proposed model is significantly
different and preserves only its main stages, namely:

e control over the number of errors;

e window size determination;

e adjust the amount of traffic that will be

transmitted.

Suppose that the amount of data to be transmitted is
df,., and that the existing delay on the communication

channel is

1

e a @

where C, - channel ¢ bandwidth;
When d,. will exceed the maximum O link quality

factor, a sliding window model will be enabled, which
in the real network would increase the number of bytes
that need to send acknowledgments, and in its turn
would reduce the amount of user data that can be
transmitted in the specified amount of time. The
proposed models can reduce the amount of user data
directly.

In this way, let the link ¢ be overloaded with O..
This may mean that the amount of traffic to be
transmitted by this channel will be reduced to the next:

df; =(d.~0,) /.. @)

Considering that information of different
directions can be transmitted by one channel [16], the
next step of the model will be to determine all
transmission directions that trigger the specified
channel.

And also one of the key features of the OSI model
is that the levels do not interfere with each other's work,
but extend their functionality. This leads to the fact that
at the transport level there may not be information about
the route structure that was built at the previous network
level. Therefore, the correction effect should not extend
to the specified route, but to the entire direction of data
transmission.

Thereafter, the model can reduce the amount of
information for each of the directions in a size that is
directly proportional to their utilization of the specified
overloaded channel.

Let us denote the total set of possible transmission
directions R. Then the amount of data that should be
deferred on the direction € R:

df: =(dc _Oc)fr’ 3)

where d,. — the amount of delay at the channel c,

exceeding the maximum allowed coefficient,
O, — the amount by which the allowed number

of transmitted data is exceeded. It is calculated based on

d,. and the constant M, which must be specified before

starting the simulation,
f,- — the amount of data that must be passed on

a specific iteration of the model in the direction of 7.
After that, the iteration should be recalculated with
the changed indicators df, .

However, the calculations at the test bench showed
the inadequacy of such a model, which is caused by the
possibility of multiple congestion of the network during
one iteration. This results in multiple corrections of the
same transmission directions » from the subset R’ € R,
which in its turn leads to an unreasonably large
reduction in traffic df,. .

To solve this problem it is suggested to use a
correction vector for each direction » € R. Thus for each
direction » the maximum amount of overload is
calculated, which is equal:

v, = max(dfyy oo df ndlfy ) (4)
1

where df; — volume of all overloads, at all communi-

cation channels that are used in the direction r, i =1,n .

Therefore, in a situation where the
communication direction » repeatedly causes overloads,
the number of its adjustments will always be equal to
one, and the value of the adjustment is its maximum
network overload.

To determine the overload in the model, we
will use an additional calculation cycle using the
following formula:
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0. - df, —-MC, .
C df;
In the proposed model, an additional round should
be performed in case of network congestion, in

particular when channel delays are negative or greater
than one.

)

The results of the simulation
on a test sample

Here is an example of modeling the behavior of a
computer network, where the first step is to describe the
network topology, that is, the geographical location of
the nodes and communication channels. Consider a
simplified version of the network topology shown in
Fig. 3 [28].

Fig. 3. Test network topology

The next step is to select the input for modeling.
We choose the structure of the input data according to
the average load on computer networks in the world
[27]. The following is the distribution of orders for data
transmission by destination. The destinations for data
transfer will share this load and can be presented as a
table of distribution of applications for data
transmission (Table 1).

Two routes will be constructed at the beginning of
the simulation using the Dijkstra algorithm. The next
step is to saturate these edges with the data transfer
requirements of Table 1. The state of the network after
saturation is shown in Fig. 4.

Table 2 shows the distribution of data transfer
orders after the second iteration.

Table I — Distribution of data transfer orders

Directions Modeling time parameters
of data transfer | 4., | 2 pm | 4pm | 8 pm | 10 pm
1 5 7 3 7 5
2 1 3 3 1
ﬁ 0.07 o
0.16 0.32)
o o4 o
o2 e =
) 005 o

Fig. 4. A network full of data transfer requirements

Table 2 — Distribution of data transfer orders

after the second iteration

Directions Modeling time parameters

of data transfer | 4., | 2 pm | 4pm | 8pm | 10 pm
1 5 775 | 41625 | 7 5
2 1 3.15 | 34725 | 1

Add in the condition that the amount of data to be
transmitted at 4 pm will increase significantly. We

obtain the distribution shown in Table 3.

Table 3 — Distribution of data orders
with increased metrics

Modeling time parameters

Directions
of data transfer | 4., | 2 pm | 4pm | 8 pm | 10 pm
1 5 775 | 20 7 5
2 1 315 | 15 1

Using Dijkstra's algorithm, two more routes were
found for both transmission directions. The transmission
volume for routes of the first direction will be equal to
6.6, and for routes of the second 10 and 5, respectively,
their priority (Fig. 5).

After recalculating the delays, we get the

following structure of the transport network (Fig. 6). As
can be seen from the figure, the overload occurred
simultaneously on six communication channels and the
requirements need to be corrected.

Fig. 5. Data routes on the third iteration
after saturation with requirements

Fig. 6. Delays in communication channels during overload

The model now needs to reallocate some traffic
based on congestion.
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First of all, you need to detect the congestion of
each of the communication channels by the formula (5)
(in this example, the load factor M = 0.85):

11.6-0.85%10

0 =
0-1 11.6

In accordance
00_2 = 036, 00_4 = 049, 03_4 = 058,
03_5 = 010, 04_5 =(.68.

As follows, we define the correction vector for
both transmission directions. For this purpose, we will
distribute the congestion on the communication
channels according to the directions of data
transmission:

v, =max{0.27, 0.36, 0.49, 0.58, 0.1, 0.68} = 0.68 ;
v, = max {0.27, 0.49, 0.58} = 0.58 .

Now, the model is moving the rest of the data to
the next iteration in two stages, first 15% of the amount
of data will be transferred automatically due to
transmission losses, and secondly, the amount of data
that causes the overload will be transferred. Thus, we
obtain Table 4 of the distribution of orders.

Table 4 — Distribution of orders
after reduction of network load

Modeling time parameters

Directions
of data transfer 10 am |2 pm |4 pm 8 pm 10 pm
1 5 7751 6.4 | 7+3+13.6 5
2 1 3.15| 63 |1+2.25+8.7

The last step in this iteration is to recalculate the
modified load model. The recalculation of the delays
gives the result shown in Figure 7. It is obvious that the
congestion has been corrected, but the greatest value of
this model is that the bottleneck is visible after
correction - the bottlenecks of the system that need to be
changed to increase the utilization rate of the network

resources. These bottlenecks are circled at Fig. 7.
Channels 3-4 and 4-5 are dangerously close to the
maximum load factor M, which is equal to 0.85.

Fig. 7. Delays in communication channels
after load adjustment

Conclusions

Based on the results of previous studies, the article
proposes a new model of computer network behavior
over a period of time. This model is based on the
principles of simulation, which is made possible by
certain fractal properties of incoming traffic, which is
one of the initial data for the simulation.

In the course of development, the OSI seven-tier
model was taken as the basic network model and its four
lower levels were selected. Providing reliable
information transmission at all protocol levels is based
on acknowledgment and sliding window mechanisms.
The proposed models can reduce the amount of user
data directly for each of the directions directly in
proportion to their utilization of the specified congested
channel.

The model proposes to use a correction vector for
each direction of information transmission.

The adequacy of the developed model is confirmed
on the basis of practical calculations of the test case.
The practical value of this model is the ability to predict
bottlenecks when creating a computer network, or vice
versa to point out the redundancy of certain solutions in
order to save considerable money on providers and
service providers in the long run.
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3acTocyBaHHSI MeXaHi3My KOB3a10490T0 BiKHA
TIPH MOJCJIIOBAHHI MapaMeTPiB HaBAHTaKEeHHsI KOMII'OTEPHOI Mepe:Ki

10. K. aBunoscekuii, O. A. PeBa, O. B. Maneera, B. B. Kocenko

Anotanisi. IIpeameTrom NOCIIDKEHHS B CTaTTi € IPOLECH Nepeaadi JaHUX B KOMIT IOTEPHHUX MepeXkax 3 HOIIsALy Ha
MOKA3HUKU SKOCTI poOOTH Mepexi, 30KpeMa, MapaMeTpH IepeBaHTa)XeHHs. MeTa podoTH — CTBOpEHHA Mojeli imiramii
MOBEIIHKM KOMIT'FOT€PHOI Mepexi 3 ypaxyBaHHSAM MEXaHi3My «KOB3ar04oro BiKHa» Ta JAE€MOHCTpalis I poOoTH 3a JI0IOMOror
TECTOBOr'O INPUKIALy B KOMIUIEKCI 3 3alIPONOHOBAHMMH paHille aJIrOPUTMAaMH. B crarTi BUpIIIYIOTHCS HACTYIHI 3aBJAHHS:
aHaJli3 MepeXi K KOMIUIEKCHOI 0araropiBHEBOI CHCTEMM Ta BHAUICHHS NMPOOJIEMATUKH, sIKA CTOCYEThCS TPAHCIIOPTHOI'O PiBHS
mozeni OSI; posrmsax 3amad, sAki BUPILIYIOTBCS TPaHCIOPTHUM pIBHEM Mepexi Iepeiadi JaHUX; CTBOPEHHSA MEXaHi3My
MOJIEITIOBAaHHS (DYHKIIIH «KOB3a0YOro BiKHA»; IEMOHCTpaLisi poOOTH Mozeii. BUKOPHCTOBYIOTBCS Taki MeTOAHM JIOCIiKEHHS:
OCHOBHM CHCTEMHOIO aHallizy, Mojelli (yHKIIOHYBaHHS Mepexi, MeToJ iMmitamiiHoro MmopemoBaHHs. OTpHMaHO HACTYIHI
pe3yiabTaTH: 3 ypaxyBaHHSIM pe3y/IbTaTiB IONEPEIHIX JOCTIDKEHb B CTaTTi 3alpOIOHOBAHO HOBY MOJENb ITOBEIIHKH
KOMIT'FOTEPHOI Mepexi Ha IpoTs3i IEBHOro NPOMiKKY dacy. Bkaszana Monenb Oa3yerbCs Ha IPHUHIMIAX IMITAIiHHOrO
MOJICIIIOBaHHS, IO CTaJl0 MOMJIMBUM 3aBISKH IIE€BHUM (PaKTaJbHUM BIACTUBOCTAM BXifHOro Tpadiky, Skuil € omHHM i3
MOYaTKOBHX JIaHUX JUIS MOJieNtoBaHHs. B npoueci po3poOku B sikocTi 6a30B0i Mozeni Mepexi Oyia B3sTa ceMUpiBHEBA MOJENb
OSI Ta obpani yoTupyu HWkHI 11 piBHi. 3a0e3neueHHs HaiiHOI nepenadi iHpopMalii Ha BCIX PIBHAX MPOTOKONIB Oa3yeTbCcs HA
MEXaHi3Max KBUTYBaHHsA Ta ,,KOB3alOHOro BikHA” Y IPONOHOBaHIH MOJEN MOXKHA 3MEHIIyBaTH OOCAI JAaHUX KOpPHCTyBada
6e3nocepeIHBO 11 KOXKHOIO 3 HANpPAMKIB Y PO3Mipi, 1110 IPsIMO NPONOPLIHHUI iXHIH yTuii3alii BKa3aHOro HepeBaHTaKeHOro
KaHaly. B Mozeni 3amponoHOBaHO BHKOPHUCTOBYBATH BEKTOp KOPEKIIi JUIT KOXKHOrO HampsAMKy mepenadi iHpopmaryi.
BucHoBKH. AJICKBaTHICTH pPO3po0ieHOI Mozelsi miATBep/XeHa Ha 0a3l NPaKTHYHUX PO3PAXyHKIB TECTOBOrO MPHKIANY.
IIpakTH4YHOIO LIHHICTIO JaHOI MOJENI € MOXIIMBICTH CIIPOTHO3YBAaTH «BY3bKi Miciui» (bottlenecks) mix uwac crBopeHHS
KOMII’ FOTEpHOI Mepesxi, a00 HaBMNaKK - BKa3aTH HAa HAJMIPHICT NEBHUX PIllIeHb, 1100 y NEPCIEKTUB] 36KOHOMUTH 3HAUHI KOIITH
[IPOBai/IepiB Ta ONIEPaTOPiB MOCIYT 3B’ S3KY.

Kar4doBi ciaoBa: koM’ roTepHa Mepexa; MOJEIIOBaHHS; TPAHCIIOPTHUH piBeHb; Tpadik; KoB3aroye BiKHO.

Hcnonniopanne MeXaHu3Ma CKOJIb3SIIIET0 OKHA
TIPH MOJAEJHPOBAaHNUHU IAPAMETPOB HATPY3KH KOMIILIOTEPHOM CeTH

10. K. IaBeiioBckuid, A. A. Pea, O. B. Maneesa, B. B. Kocenko

Annoranusa. Ilpeamerom nccienoBaHus B CTaTbe ABIAIOTCS MPOLECCH IEPEayl JaHHBIX B KOMIIBIOTEPHBIX CETAX C
TOUKH 3PEHMs IOKa3aTeslel KauecTBa paboThl CETH, B YaCTHOCTH, NapaMeTpos neperpysku. Ileab paboTel - co3aHue Moienu
MMUTAIMY HOBEACHUS KOMITBIOTEPHOM CETH € Y4€TOM MEXaHU3Ma «CKONB3SIIEro OKHa» U IEMOHCTpALUs ee paboThl C MOMOLIBIO
TECTOBOr0 IPUMEPa B KOMILIEKCE € IPEIOKEHHBIMU paHee MeTodaMu. B craThe pemiarorcs claeaylomue 3aga4m: aHalu3 CeTH
KaK KOMIUICKCHOX MHOIOYPOBHEBOH CHCTEMbI U BBIJEJICHUE MPOOIEeMaTHKH, Kacarolleiicst TpaHcnopTHoro yposHs Mozenu OSI;
paccMOTpEHHE 3a/lad, KOTOPHIE pEIIAIOTCS TPAHCIHOPTHBIM YPOBHEM CETH IMEpelayd JaHHBIX; CO3JaHME MEXaHH3Ma
MOZICTUPOBAaHUS (DYHKIMI «CKOJB3SIUEr0 OKHa»; AEMOHCTpauus paboTsl Mozenu. VIcHonmb3yloTcs cieayrolye MeToabl
HCCIIEZIOBAHUSA: OCHOBBI CHCTEMHOIO aHalM3a, MoJenu (YHKIMOHHPOBAHMS CETH, METOA HMMMTALMOHHOIO MOJEIUPOBAHMS.
IMonyuensl cnenyromue pe3yabTarThl: C y4eTOM Pe3ynbTaTOB NPEIbLIYIIMX UCCIEN0BaHUMI B CTaThe NPEUIOKEHA HOBask MOZIEIIb
MOBEJICHUS KOMITBIOTEPHOH CETH B TEUECHHE OIPEJEICHHOr0 IMPOMEXKYTKAa BpeMEHH. YKa3aHHas Mojelb Oa3upyercs Ha
NPUHIUIAX UMHUTALHMOHHOIO MOJEIMPOBAHMSA, YTO CTAJIO0 BO3MOXKHBIM Onarozapsi onpelieleHHbIM (pakTalbHBIM CBOWCTBAM
BXOJIAILET0 TpaduKa, KOTOPBIH SIBIACTCA OJHUM U3 HCXOIHBIX JaHHBIX U1 MOJENIUpOBaHus. B mporecce pa3paboTky B KauecTse
6a30BOil Mozenu cetu B3ATa ceMuypoBHeBas mozenb OSI u BbIOpaHbl 4eTblpe ee HIDKHUX ypoBHs. OOecrieueHue HaleKHOH
nepenayn MHGOpPMALMK Ha BCEX YPOBHAX MPOTOKONOB Oa3upyeTcs HAa MEXaHW3MaX KBUTHPOBaHUs M "CKonib3sllero okHa'. B
npeJularaéMoil MOZIEJIM MOXKHO YMEHbIIATh 00BbEM JaHHBIX I10JIb30BATENIsI HEIIOCPEACTBEHHO Ul KaXKJIOro U3 HAIpaBJICHUH B
pasMepe, IPAMO HPONOPLUMOHAIBHOM HMX YTHUIM3alM¥ YKa3aHHOTO IIEPETrPY:KEHHOr0 KaHalna. B Mozmenu IpemioxeHo
HCIOJIb30BaTh BEKTOP KOPPEKLMH JUIsl KXKIOr0 HarpaBieHus nepegadn nHGopmanuy. BeiBoabl: AeKkBaTHOCTb pa3paboTaHHOK
MOJIeIIH TIOATBEPIK/ICHa B JalbHEHIIeM Ha 0a3e MPaKTHYECKUX PacueToB TECTOBOro IpuMepa. [IpakTuuecKkoi LIeHHOCTBIO JaHHOM
MOJIENIH SIBJISCTCSI BO3MOXKHOCTh CIIPOTHO3UpOBaTh «y3kue mecra» (bottlenecks) mpu co3naHum KOMIBIOTEDHOW ceTH, WM
Hao0OpOT - yKa3aTb Ha M30BITOYHOCTH OIPEJETICHHBIX PEIIEHMH, YTOObI B NEPCIEKTUBE COKOHOMHTb 3HAYMTEIbHbIE CPEACTBA
NPOBANIEPOB U ONEPATOPOB YCIYT CBS3H.

KawueBble cioBa: KOMITBIOTCpHAs CETh; MOACIMPOBAHUEC, TpaHCHOpTHBIﬁ YPOBCHB; Tpadmk; CKOJIB3A1IECEC OKHO.
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PRINCIPLES OF USING THE MATHEMATICAL MODELS OF COMBAT
ACTIVITIES AND MEANS OF DESTRUCTIONS DURING
OPERATIONAL PREPARATION OF THE TROOPS

Abstract. Development of information and computer technology requires a qualitatively new approach to the application
of mathematical modeling of combat activities and activities of guns damage in planning proccesses. The article describes
the history of mathematical models of combat activities and combat means of destructions, and their development paths of
the use of troops in process of preparation of the operational activities. The possibilities of using mathematical models of
operations (combat and fire destruction) in process of the preparation and conduct of operational preparations were
considered. The urgency of the issue in this case is determined by the increased intensity of researches and supply of armed
forces with information technology carried out in different countries.The analysis shows that it is necessary to use
mathematical programming to predict the operations by comander and command and control staff during operational

preparation.

Keywords: mathematical model; combat activities; destruction by combat means; activity of operational preparations;

modeling of management.

Introduction

One of the main mechanisms for the preparation
and implementation of decision-making process and
implementation of combat operations and destruction
activities, as well as assignments to troops (forces) is
applying of the computer information technologies,

including  geographical and video information
technologies, mathematical models, information,
information computing and computing complex

application of issues. These are the main principles of
automation of the troops (forces) and management of
guns damage processes. These are gives much more
opportunities to the commander of the troops and staffs
of the command and control center of troops to
continuously getting an information, analyzing it,
evaluating the situation and making decision.

Development of information and computer
technology requires a qualitatively new approach to the
application of mathematical modeling of combat
activities and activities of guns damage in planning
proccesses. The practice of applying mathematical
models and information as well as data computing
issues in the process of operational preparations
determines the needs to clarify specific software
requirements. The dynamic development of computing
techniques, programming and telecommunication
technologies makes a strong leap in he field of creating
operational modeling systems, and gives an opportunity
to simulating combat operations in the process of
operational preparation of troops and activities of
firearms damage by computerized mathematical model
[1]. So, the effectiveness of planning and management
of combat operations is enhanced by improvement and
implementation of mathematical modeling.

The urgency of the issue in this case is determined
by the increased intensity of researches and supply of
armed forces with information technology carried out in
different countries [2].The analysis shows that it is

necessary to use mathematical programming to predict
the operations by comander and command and control
staff during operational preparation.

Justification of the application
of the mathematical modeling of combat

According with the instructions the main functions
of the command and control posts are data collection,
assessment, forecasting real condition and planning of
operations. It is well known that the planning should be
fairly clear, and here, mainly to intend the solution of
computational issues. Miscelaneous mathematical
prediction methods for assessment of the combat
condition, prediction its changes, comparative methods
of rating planned activity of troops and its use are
required.

The development of the methods of mathematical
modeling of martial arts and firearms damage is the
nessessity of resolving the constant contradiction
between the two contradictory tendencies [3]. This is to
increasing the accuracy of the predicted results and to
reduce the modeling time.

This contradictions is due to the fact that the time
of modeling according to the necessity of increasing the
number of factors that are modeled for increasing the
accuracy of the prediction and the number of factors to
be taken into account. There are always research for the
way to improve the relevance and efficiency of the
problem during the modeling.

During operational preparations, for a more
detailed assessment of the impact of contradiction to the
nature of application models their division into the next
stages can be nated:

— preparation of operational activity;

— carrying out operational activity;

— analysis of the results
activitycarried out.

Depending on use purpose, it can be HQ and
research operational madels.As a rule, they are differ

of operational
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according to the used mathematical modeling apparatus,
the degree of detailing and the number of factors that
are taken into consideration.

Because of the form of description of the mutual
contingency process of the parties involved in the
conflict, mathematical models are divided into analytic
and research [1].

HQ models typically use analytical imitation
modeling, research model use random imitation
modeling.

It is imperative to achieve a reduction in the time
of modeling, while maintaining the integrity of the
results, in the course of operational precautionary
measures, when it is time-consuming for mentally
computing. For this reason, the use of headquarters
models is more important [4, 5].

HQ models include mathematical models of
operations designed to provide practical operation
activity of command and control posts. There are two
basic requirements:

— the ability to apply a real-time operation in
accordance with the operational algorithm in the
decision-making process;

— ensuring objectivity and justification of decisions
taken to command and control of troops (forces) on the
basis of comparison of the results of the alternative
variants.

From the latter requirement seems that the
headquarters model should have a comparative feature
of the different decision options. Necessary conditions
for this are the duplication of predictive results with the
starup data in the same database.

Random models can not provide this, except when
the middleware results of the some models are handled
by same way. This approach in the real is not practically
used by headquarters.

From the scientific research experience of
mathematical models in many countries, it can be seen
that more detailed research models may be used when
there is sufficient time to conduct and analyze
operational preparations.

The practical application of random models is not
used because the comparison of the result of the
decision its repeatability is very complicated.

It is therefore more appropriate to use analytical
headquarters models that use legitimate methods of
imitation modeling of combat and fire-damage activities
during operational preparations [4, 5].

In some cases, the following factors should be
clarified in terms of the correct understanding of the
matter:

— adoption of the mathematical modeling
termonology;

— classification of mathematical models and
prediction methods:

— use and realize technology of contemporary
mathematical models;

— basic methods and fields of application of
mathematical models.

It identifies the mathematical model and
computational issues of the automated control system of
troops, mathematical and software applications.

The mathematical model of the operation (combat
activity and firearms damage) — is a mathematical
mindset and mentality system that allows the compiler
to calculate the basic elements of the warfare models
modeled in time and to calculate the edict value of the
predictions and outcomes of the predicted combat
phenomena [6, 7].

The computational issue — 1is the result of
mathematical dependences, algorithms and data for
operational tactical (operational — strategic) or special
calculations, which require the assessment of the
conditions that might arise as a result of the intended
activities [7, 8].

For computational issues, as a rule, it is sufficient
to use the appropriate dependencies wthout taking
immediate time and spatial structure to the process
considered. Mathematical models are not created
without the imitation structure of the modeled action,
with no time and space indices. In this sense,
mathematical models are practically always imitated.
Thus, simplification may be due to the nature of

prediction methods wused in calculating issues,
headquaters and research models:
— computational issues use an analytical

framework that directly describes the impact of the
starting point on the outcome of the calculations;

— the headquarters models are generally based on
the specific methods of imitation models;

— research models typically use random methods
of imitation modeling.

In their function, models are divided into two
groups: those are directly (descriptive) and optimistic.
The first ones answer the questions “what will happen
in this case,” and the second one “for this case what
need to do”. The more illustrative models are applied in
the militiary issue.

The application of perspective models prevents the
complexity of the issues created to find the optimal
solution of a large number of factors. Also, it is
becoming hard to use the obtained results.

Here, the model should be understood as a support
link of one the steps of a mechanism for the assessment
of quality of taken decisions, but not as a direct order to
use of troops.

Models can be used:

— directly composition of the specific proggram
software of automated command and control systems of
troops (ACCST);

— composition of Fixed and mobile special
designed modeling centers (computerized combat
activities and filling firefighting computer centers).

Headquarters mathematical models that provide
functionality within ACCST specific software should
provide automated information exchange with other
systems and data bases of this system. The management
interface of modeling prosess should allow to
effectively use staff models for officers of comand and
control staff

Different and sophisticated models depending on
their functionality,can be used in a spesific computer
modeling center, not incluted in the ACCST specific
program content. This is due to the folowing factors:

24



ISSN 2522-9052

CyuacHi iHpopmariiiai cucremu. 2020. T. 4, Ne 1

— more skilled professionals are required to handle
complex models;

— complicated models, complexes and systems can
form more tecnical requirements than the opportunity of
resources of ACCST.

Computer centers of modeling of combat activity
and firearms damage proccess being stasionar and
mobile can be equipped with a variety of compact
computers. However, in this case, the terms of
information compatibility between the computer center
and ACCST must be observed.

Establishing headquarters
models of combat activities
and firearms damage

In recent years, great experince has been gained in

the way to creating research models of Army operations.

Gradually, this model has been upgraded and used in
integrated and modern information technology to create
a variety of militiary modeifications of combant
activities of troops and firearms damage operation.
Scientists from the leading countries are working on
updating the software, taking into account the
experience of the latest armed conflict.

These models are activale used in managment
during operational preparations. It has been discovered
that that they have been over-sized and have been
devoting much time to the initialization of the modeling.
In this case, it seems to be necessary to develop more
updated mathematical models that can be used directly
in the preparation of operational preparations, teamwork
and training exercises, as well as inthe course of combat
operations. Unlike research models, the development of
the new models involved the creation of a mathematical
apparatus of the model, the organization of data
preparation, its incorporation into the system and the
modification of the models.

The first deployed military operations headquartes
model had many advantages, allowing 15 days of the
militiary operation to be counted for 40 minutes by
computer technology.

The wide-range experience practice of this model
in operational preparations has allowed it to plan further
improvements and to inentify tasks for creating new
versions of the militiary operation model.

Further, improving the exchange of information
among users of the model enabled the officials to
directly control the process of modeling, adjust the
decision-making process, divide the forces and tools
during the operation ,and re-group the second echelons
and resources.

The model of the army operation is designed to
predict the outcome of combat operations, as well as the
options for effective use of forces and means of their
troops during the preparation and conduct of the
operation [1]. The Commander and his staff are able to
draw conclusions from the main elements of the
decision by analyzing and summarizing the modeling
outcomes, the intent of the operation, the content of the
tasks assigned to the troops, and the key questions of the
interaction.

The army Operation Model is widely used in
command and staff exercises and exercises, practically
used in the headquarters of all troops (military) as well
as in ilitary training and research institutions. Then the
gained experience is used to creaty new headquarters
model and issues.

Currently, information technology, reflective
means, geoinformation systems and information base
are developing at high tempo. All of them contribute to
the creation and development of the new ACCST [6]. In
such circumstances, the reserch team is instructed to
create a model of combat operations and firearms
damage activity models in the development of these
technologies. Developed mathematical models are used
in the ACCST special safeguard software for general
operations. It is tendency that defines the characteristics
of the application of combat operations and
mathematical models of fire-fighting in operational
preparations.

Fighting activities and fire-extinguishing
models application in operational
preparations

In the modern era, the basic methodological
principles of preparation and implementation of
operational preparations of many countries are
determined and information (computer) technologies are
applied in the headquarters' activities in a complex form.
As a rule, the use of the operation (combat operations
and fire-fighting) models and other computational
components in these activities is carried out by specially
designated officers in the headquarters. This is due to
the constant increase in the requirements for the
specialization of officials in the governing bodies and
the continuous improvement of the modifications of the
modules.

Prepare a pre-trainee training program with the use
of a generic operation model in operational preparations.
During this period, the IT officers have been trained to
work with the software makers in their respective
headquarters. Such training is repeated every time
before the training. In team headquarters games or
exercises, the mathematical modeling team is codified
in the governing points [6]. Also, the trained
administrators are assigned specifically assigned
specialists for methodological support for operational-
tactical calculations and mathematical modeling.

In the course of operational preparations, the use
of mathematical models and information-calculation
issues is based on the indicators of combat capability,
the strength and the means of fighting, the intent and the
modeling of the decision in the headquarters games or
events [8].

Calculation and modeling results of combat
activities are submitted to the headquarters for analysis
of the training.

Considering the development of information
technology and the provision of technical means, the
computing-modeling complex that functions in a single
database and navigation system can be in the next form.

The means of planning and decision-making are:
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— mathematical model of air operations;

— calculation and modeling complex to ensure
overall planning of firearms in the operation;

— mathematical model of the general operation;

— the calculation of the strengths and resources of
the parties, operational and tactical intensity;

— complex of information-calculation issues on
calculation of the time of preparation of the operation.

Reorganization planning tools:

— complex of information and computing issues to
ensure strategic and operational resettlement of troops
(forces);

— calculation of anchor (junction) anchor;

— a set of information computing issues to ensure
the planning of transportation of troops (vehicles) by
different means of transport.

Information support means:

— a specialized database and its means of
communication;

— system of mapping and handling of the electron
map of the area.

Just the practice of applying mathematical models
and information-computing issues will allow them to
form realistic requirements after training, make
necessary corrections, and use them in the next
operational preparations [9].

The development of mathematical models of
combat activities and fire-fired illnesses will allow the
use of the next technologies consistently through their
application in operational preparation requirements:

— modeling of combat activities and fire damage in
a rectangular coordinate system on a topographic map
background,;

— automatic mapping of the characteristics of the
area in map mappings with geoinformational systems;

— choosing a more efficient version of
simultaneous operation with several modeling options
and application of their own troops;

— Integration of model database with different
databases;

— information support within the computational-
modeling complex of various models;

— forming a modeling model for the start-up of the
data acquired from the previous stage for internal
control by the operator;

— application of the model of co-ordination of the
parties involved and the distribution of databases.

The mathematical models of operations have
become a mechanism that allows the selection of a
scientifically justified effective version of the
application, in accordance with the operating conditions
and the assigned task, forces and means in limited time.

The results of the modeling meet the criteria for
selective evaluation of combat activities and the
effectiveness of firearms. In this case, the considered
option is the basis of the intent of the upcoming
operation, and its separate elements can be considered
as the basis of the contents of the tasks for the troops.

With the development of the GIS, various software
tools have been deployed to workplace headquarters.
Collection of condition information, implementation of
video conferencing, etc. at the same time with questions,

constitutes the computational-analytical activity of the
key roles of the managers.

However, despite the successful implementation of
the model in the headquarters, stationary computers are
located in computing centers and are far from operative
management. Since direct users of the model are
officers of the computing center, their assignment from
the operating staff reduces the effectiveness of the
model in the headquarters operation.

The following are the main reasons for this:

— lack of experience in the design and use of
models of officials involved in computational and
analytical activities in the military administration;

— spend a lot of time in the execution of proposals
and suggestions from the governing bodies, because
large-scale and very labor-intensive work is being done.

Mathematical models can be adapted directly to
the user's needs, with a systematic approach to the
development of the models.

At present, the model of the application of the
other types of troops in the leading scientific research
institutions is developed and developed [10]. This is a
modular unit that combines the types of troops based on
the general operation model. New computing modules
are being developed that allow you to improve the
accuracy of modeling processes.

Along with the questions of the model of the
general operation model for the new programming, the
work is carried out in the following directions:

— development of the scenario interactive editor
(model management tools - the main module that
coordinates the sequence of the components of the
model) in accordance with operational tasks;

— development of appropriate modules for
harmonization of types of troops between time and
events;

— creation of database model and its integration
into database of other calculation and modeling tools.

The model of the other type of force (type of
force) is developed as a universal governance system
that enables modeling of non-contact combat activities
and fires, as well as modeling classic peer-to-peer
operations.

Conclusions

Mathematical modeling of combat operations and
firearms in the general operations, its development and
use remains relevant. It is expedient that it is necessary
to ensure the continuity and scientific accompaniment
of the establishment process:

1. Particular attention should be paid to the
development of mathematical modeling in the field of
Western science and training of military-scientific
personnel;

2. In addition to good programmers,
mathematicians and analysts, specializing practitioners
should be involved in the design and implementation of
models for combat activities and fire-fighting;

3. Ensure close interaction between the Western
science and experts in the field of science on continuing
work on the creation and development of armed
conflicts models.

26



ISSN 2522-9052 CyuacHi indopmaniiini cucremu. 2020. T. 4, Ne 1

REFERENCES

1. Mikayilov, T.N. and Bayramov, A.A. (2018), “Modelling of the assessment of fire destruction of objects”, Herbi bilik, Baku,
No. 5, pp. 3-12.

2. Vrakopulo, V.N. (2003), “The possibilities of application of the combat modelling during computer military games”, Proc. of
the Scientific Workshop “State of art and the development of military combat activities ”’, Minsk, pp. 62- 67.

3. Mikayilov, T.N. and Bayramov, A.A. (2019), “The possibility of creating an automated control system of various military
units”, Advanced Information Systems, Vol. 3, No. 3. pp. 25-29, DOI: https://doi.org/10.20998/2522-9052.2019.3.03

4. Sayfetdinov, X.I. (1998), “Reformation of combat training: computer-training forms”, Voennaya Misl, Moscow, No. 4,
pp. 12-16.

5. Sayfetdinov, X.I. (2004), “Computer forms of operational training: the problems of improving and ways of solution”,
Voennaya Misl, No. 7, pp. 2-11.

6. Mikayilov, T.N. and Bayramov, A.A. (2019), “The factors of enemy destruction fire in the single information space during
combat operations”, Journal of Defense Resources Management, Brasov — Romania, Vol. 10, issue 1(18), pp. 121-130.

7. Nekrashenko A.N.(2004), “Computer military game: the assessment of staft solution”, Voennaya Misl, No.4, pp. 27-30.

8. Glushenko, V.V. and Glushenko, L1 (1997), Development of management decision. Forecasting - planning. Theory of
experiments planning, Krilya, Moscow, 400 p.

. Ryabchuk, V.D. (1995), The elements of military systemology, Military Academy afte M. Frunze, Moscow, 228 p.

10. Grachev L.A. (2002), “Principles of the construction of espeial mathematical and software for ASC troops”, Voennaya Misl,

No. 2, pp. 12-19.

Received (namiiinua) 23.12.2019
Accepted for publication (npuiiHsita 10 apyky) 29.01.2020

ABOUT THE AUTHORS / BIJJIOMOCTI I[IPO ABTOPIB

MikainoB Texman Heman orsm — oueHTt, nonkosHHK, MiHicreperBo Odoporn AszepOaiimkancskol PeciryOmiky, baky, AzepOaiimkan;
Telman Neman oglu Mikayilov — assistant-professor, colonel, Ministry of Defense of the Azerbaijan Republic, Baku, Azerbaijan;
e-mail: telman.mikayilov@yahoo.com; ORCID ID: http://orcid.org/0000- 0003-2608-7813.

BaiipamoB A3ag Arajap oribl— J10KTop (i3UKO-MaTeMaTHYHUX HayK, Ipodecop, mpodecop-KOHCYIbTaHT, BilickkoBa Akanemist
36poitanx Cun Azepbaiipkancekoi PecrryOuniky, baky, Azepbaiimkan;
Azad Agalar oglu Bayramov — Doctor of Physics and Mathematics, Professor, National War College of Armed Forces of
the Azerbaijan Republic; Control Systems Institute of the Azerbaijan National Academy of Sciences Baku, Azerbaijan;
e-mail: azad.bayramov(@yahoo.com; ORCID ID: https://orcid.org/0000-0001-6672-2338.

IpuHuMIM 3aCTOCYBaHHSI MATEMATHYHHUX MoJeJlel 00MOBHUX il i BOTHEBOI0 ypasKeHHs
B ONlePaTHBHIl MiaAroroBui Bilicbk

T. H. Muxkainos, A. A. Baiipamos

AnoTanis. Po3poOka iHpopMaIiHHKUX 1 KOMITIOTEPHHUX TEXHOJIOTIH BUMArae sikiCHOro HOBOI'O ITiIXOAY JI0 3aCTOCYBaHHS
MaTeMaTHYHOTO MOJICJIIOBAaHHS OOHOBMX il 1 BOIHEBOrO Ypa)keHHs B Ipollecax IUIaHyBaHHS. Y CTaTTi NOKa3aHi icTOpist
CTBOPCHHS MaTEMaTWYHUX MOJENIcH OOMOBHX il 1 BOPHEBOIO YpakKCHHsI 1 IIISIXH 1X PO3BHUTKY B Pe3yJIbTaTi 3aCTOCYBaHHS B
3ax0/1aX OIMEPaTUBHOI IiAMOTOBKH BiMiCbK. PO3IIITHYTO MOIIMBOCTI 3aCTOCYBaHHS MaTeMaTHUYHUX MOJeNei omnepaliiii (00HoBHX
Jiif 1 BOTHEBOrO ypa)KEHHS) B XOJi IMiJArOTOBKH 1 MPOBEICHHS 3aXOJiB OIEPAaTHBHOI MiAroTroBku. HeoOXimHicTh JaHOi poOoTH
00yMOBJICHA 30UIBIICHOK IHTCHCHBHICTIO JOCIIKEHD 1 3aCTOCYBaHHS 1H(GOPMAaLiHHUX TEXHOJOT1 B 30pOMHUX CHIaX B Pi3HHX
KpaiH CBiTY. AHaJNi3 MOKa3ye, IO HEOOXiTHO BUKOPHUCTOBYBAaTH MaTeMaTH4HE IPOTrpaMyBaHHS I IepelOadyeHHs] pe3ylibTaTy
orepaniii KOMaHAUPOM, JJIsl YIPABIIiHHS i KOHTPOIIIO 0COOOBOTO CKJIAJy IiJT Yac MiIrOTOBKH OIeparii.

KawuyoBi ciooBa: MmatemarmuHa Mopenb; OOHOBI aii; BOrHEBE Ypa)KCHHs; 3aXOIM OIEPATHBHOI IiJrOTOBKHY;
MOJIEITIOBAHHS YIIPaBITiHHSL.

I[IpuHIMIBI NPUMEHEHUS] MATeMaTHYECKUX MoJieJiell 00eBbIX JeiiCTBHIl M OTHEBOI0 NOPAKEHUS
B OIEPATHBHOM NOATO0TOBKE BOWCK

T. H. Muxkaunos, A. A. Baiipamos

AHHoTanus. Pa3paboTka MHPOPMALMOHHBIX X KOMIBIOTEPHBIX TEXHOJIOTUH TPeOyeT KaueCTBEHHOI0 HOBOT'O MOX0AA K
MPUMEHEHUIO MaTEeMaTHYeCKOro MOJEIMPOBAHUA OOCBBIX IEHCTBHH M OTHEBOrO IOPAXKEHUs B IIpoleccax IUIaHMpOBaHWA. B
CTaTbhe MOKa3aHbl HCTOPHS CO3/IaHUs MaTEMAaTHYECKUX Moyieliel O0eBBIX JISHCTBUI M OPHEBOrO NOPaKeHUS U ITyTH UX Pa3BUTHS B
pe3ynbTaTe NPHMEHEHHS B MEPONPHUATHIX ONEPATUBHOM IOATOTOBKM BOWMCK. PaccMOTpeHBI BO3MOXKHOCTH TPUMEHEHHS
MaTeMaTHYeCKUX Mojeiell onepaiuii (00eBbIX NEHCTBHH M OTHEBOrO IMOPAXKEHMS) B XOJE IOATOTOBKM U IIPOBEICHUS
MEPOINPUSTHH ONepaTUBHOM mHoAroToBku. HeoOxoammocTs HaHHOW paboThl 0OYCIOBJICHA BO3POCIICH HHTEHCHBHOCTBIO
UCCIICIOBAHUN U NPUMEHEHHUsS MH(OPMALMOHHBIX TEXHOJOIMH B BOOPYKEHHBIX CHJIAaX B Pa3iIMYHBIX CTpaHaX MHUpa. AHanu3
IOKA3bIBAaET, YTO HEOOXOAMMO MCIIONIB30BATH MAaTEMaTHYECKOE INPOrpAMMUpPOBAHHE IS IPEJCKA3aHUs HCXOIa Oneparuii
KOMaHJHPOM, JUIs YIPABIEHHUS U KOHTPOJIS JINYHOTO COCTaBa BO BPEMsI IIOATOTOBKH ONEpPaNnii.

Kamo4yeBble cjgoBa: MareMarnmdeckas MOJCIIb, 0oeBbIE Z[eﬁCTBHH; OI'HCBOC IIOPAXKECHUE; MEPOIIPUATUA OHepaTHBHOﬁ
TNIOATOTOBKH; MOACIMPOBAHUE YIIPABJICHUA.
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MATHEMATICAL MODEL FOR FORECASTING THE STATE
OF A LOGISTICAL SYSTEM OF STATE DEFENSE

Annotation. The experience of the history of wars and war conflicts shows that in every successful military company,
operation, battle, as in every defeat, it is necessary, among other reasons, to look for the positive and negative sides in the
work of logistical bodies, their organizations, capabilities and ways of providing. The development of the logistics system
has always been carried out in parallel with the development of the armed forces and methods of warfare, operations and
combat. New types of weapons, military equipment, methods of warfare put forward their requirements for the logistics
system, forced to produce more modern forms of organization of the logistics system and methods of security. The system
of logistical support of the state defense forces is a complex, multi-level structure. In the course of the article, the author
developed a mathematical model for predicting the state of the logistical support system of the state defense forces. This
model allows to predict the effectiveness of the system of logistical support of the defense forces of the state, with both the
system as a whole and its individual elements. This model allows to predict the state of the logistics system, to establish
relationships between individual elements of the logistics system of the defense forces of the state, to determine the number
of logistics that need to be put in the near future. In the course of the research, the author used both general scientific and
special methods of research: semantic was used for the development of the essential part of the definitions of the
categorical apparatus of military logistics; methods of economic analysis were used to assess trends in the military
provision of the Armed Forces of Ukraine; systematic analysis methods were used to evaluate the prerequisites and
integrate the goals in the process of forming a military logistics system; methods of economic and mathematical modeling
were used to optimize the structure and internal processes of the military logistics system. According to the results of the
research, the author was tasked with developing a methodology for assessing the effectiveness of the system of logistical

support of the state defense forces.

Keywords: logistics system; state defense forces; efficiency; forms and methods.

Introduction

Considering the presence of an objective constraint
on reforming the Armed Forces of Ukraine, it is typical
in the context of the theory of change management
(conservatism, resistance to change), it is necessary to
acknowledge the lack of theoretical developments in
optimizing the ways of reforming the Armed Forces of
Ukraine, above all their logistics.

When the business concept of logistics is
increasingly perceived as one of the most effective tools
for increasing competitiveness at the expense of cost
advantages, in terms of elasticity and reliability, this is
not always the case in the military sphere.

Logistics is the planning and implementation of
the deployment and provision of troops (forces) that is
applicable to aspects of military operations, which are
related to the following activities: design, development
(modernization and modification), purchase, storage,
transportation, distribution, maintenance and repair,
evacuation and disposal of material resources;
transportation of personnel; purchase (construction),
maintenance, operation and sale of military
installations; purchase or provision of food, bath and
laundry services; health care, etc. The organization of
the logistics system of the Armed Forces of Ukraine
envisages the widespread use of the products of
production of enterprises of the state industry.

The aforementioned system is not autonomous and
self-sufficient, it is embedded in the general economic
processes of the state and it is prone to influence not
only crisis phenomena in the economy, but also
transformations occurring in the system of public
administration [1-5].

The system of logistical support of the state
defense forces is a complex, multi-level structure. It
requires taking into account different in origin, units of
measure of performance evaluation and forecasting of
its status for a certain amount of time ahead.

Given the above, an urgent scientific task is to take
into account the maximum number of indicators by
which the system of logistical support of the defense
forces of the state and the forecasting of its state is
evaluated [6-14].

The purpose of this article is to develop a
mathematical model for predicting the state of the
logistics system for the defense forces of the state.

Outline of the main research material

One of the main research areas for the Logistics
Support System of the State Defense Forces (LSSSDF)
is now considered to be the development and
application of models that allow to analyze and describe
the process of logistical support (LS) with sufficient
completeness and correlation and, on that basis, to offer
methods of enhancement of its effectiveness [11].

The research of the parameters of LSSSDF
functioning in the predicted conditions of their
application, which is revealed by a number of
contradictions in the theory and practice of LS at the
present stage [12]. Among the most significant, such
contradiction are mentioned: between the planned and
real-time costs of organizational and theoretical tasks in
the course of deciding on LS (planning of transportation
of material resources); between the need to predict the
need for material resources (MR) and the imperfection
of the accepted scientific and methodological apparatus
for forecasting.
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The essence of these contradictions should be
explained.

1. Logistical support of troops in the course of the
operation is organized on the basis of the analysis,
which was received from the bottom-up logistics
authorities of the reporting documents. The timing of
their development and submission to the senior
management bodies is strictly regulated, but at the same
time they imply a certain information delay (time for
processing and generalization of data at each of the
higher levels of management).

Considering the time for tasking the contractor
(military unit or logistical unit) and processing of this
task, such an information delay is usually at least 2
hours. In addition, depending on the distance of the
warehouses-suppliers, their equipment devices of
mechanization of loading and unloading works,
accessible loading front, the state of the road network,
the ability to transport the truck, the influence of the
enemy and other factors may delay the delivery [12-15].

As a result, until the actual delivery (¢) the

claimed amount of material at the time of application
(1), the

0(t)-0(1)+0O(r—t) and it is not completely satisfied

actual need is increasing:

(there is a shortage (AQ), which is equal to the amount

of costs and losses of material resources for the period
of delayed delivery).

2. The organization of logistical support of troops
during the operation necessarily requires the solution of
the task of forecasting the need for material resources
for its further management.

Known techniques are based on the estimation of
the mathematical expectation (ME) of the average daily
consumption of material resources, the intensity of
warfare over the operation periods, the location, the role
of a particular connection (part, unit) in the operational
construction (combat order), the length of time of
execution combat task in a given mode, etc. ME is
calculated on the basis of a certain set of coefficients.
These forecasting techniques (sets and values of
coefficients) were developed on the basis of large-scale
strategic operations and exercises of the XX century
without the necessary detail on the various forms and
methods of action of the troops.

In recent years, the forms and methods of combat
operations have changed: disappearing lines of
continuous collision of groups of troops (forces),
combat operations become focal and highly
maneuverable, with their intensity and dynamism
increasing substantially, with advanced technologies
emerging in the first place the conduct of hostilities and
the processes for their provision through the
introduction of fundamentally new combat and support
systems.

Considering the high dynamics of modern
operations (combat operations), the search for adaptive
forecasting methods is especially relevant.

The use of statistical forecasting methods can help
to overcome the contradictions, which are described
above in the operation of the ME [11-14].

One of the main statistical methods is the variable
mean method, which is described in detail in the works
[11-14].

The estimated value for the planned period is the
average value for N previous periods.

The projected need (cost and loss) of the ME of
the state defense forces in 7 period is determined by the
formula:

0P (T-1),

M=
M=

1
an (T) = K

~
Il

li

where O/7(T) is the need of the defense forces of the

state, which is predicted by the i-th type of material
devices in the period (time, day) of the operation, units
of account, t; K is the number of observation periods;
N is the nomenclature of the material devices;

o? (T-1) is the actual consumption of material

resources of the state defense forces in the previous
period, units of account, t.

However, the method of variable average is
characterized by significant shortcomings, the presence
of which makes use of it while planning the logistics of
troops during the operation, which is impractical.

Firstly, the use of the method requires a
sufficiently long history of observations from previous
periods (usually 5-6 times the duration of the forecast
period).

Secondly, the method does not take into account
the effect of preservation (aging) of information within
a time period or statistics when the situation changes.

As aresult, it is proposed to use adaptive statistical
forecasting methods based on exponential smoothing as
a basis for short-term forecasting of costs and losses of
material resources under the considered conditions.

The scheme of construction of the adaptive
forecasting model, which is presented in Fig. 1.

Mathematical modeling. Suppose that the time
series model looks like

Ve = aytey, (1)
where y; is the value of the time series at time ¢
a; =const; g 1is the random deviations with zero

mathematical expectation and variance o2,
Expotential smoothing of a series is carried out by
the formula:

S, =y, +BS,_;, )
where S; is the exponential mean value at time #; o is
the smoothing parameter,

a=const, 0<a<l; B-1-o.

Exponential average S, , can be represented by the

previous values of the time series, using the expression
consistently (2):

Sl = (X,yl + BSt—l = (X,yt + B(ayt—l + BSI—Z ) =
=y, +BS; +BS,o-

In the end we get
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n—l1
S, = OLZ Blyt—i + BnSOa (3)
t=0

where n is the length of the row; § is the exponential
mean value at the previous period of time.

Thus (3), the value
S; is the sum of all the

members of the series.
Moreover, the
weights of the
individual levels of the
series decrease as they
are removed in the past
according to the
exponential ~ function.
For example, when
o =0,3 (the weight of
\ | the current
Calculation of the observation), weight of
H forecast error the previous level
(»;1) will respond
apf-0,3-0,7=0,21;
for the level y;_, the
will be

och =0,147 etc.

While calculating

) ' the exponential value
Fig. lj An alg(')rl'thm for S, at time ¢ the
an adaptive prediction model

START

1 Obtaining the
output coefficients
of the model

Modification,

which is based on

the prediction
error

P

One step forward
forecasting

Does the
training
period complete?

weight

exponential mean at the
previous time is always needed S;_; (2) or at the first
step Sy (3). If there is a history of observations of the
actual value of this indicator before the beginning of the
alignment, then as the initial value of the exponential
mean, you can use the arithmetic mean of all available
values of the time series or any part of it. In the absence
of such data, the initial value S, should be anticipated
based on prior knowledge of the process.

The main task of optimizing the exponential
smoothing model is to find the optimal value of the
smoothing parameter o . Indeed, when o =0, the
model will be characterized by a complete lack of
adaptation: S; —S,_; and when a =1, the forecast for
any time period becomes equal to the current actual
value of the series. As a rule, it is recommended to take
the values within 0,1-0,3 [12], at the same time, the best
values of the forecast can be reached at any acceptable
values a [13].

Short-term forecasting using the exponential mean,
which is performed according to the formula [11-14]:

Spa =S, +a(y, =5;).

The new forecast S;,; is obtained as a result of
adjusting the previous forecast to account for its error
(»; —S;) . That is the adaptation of the model.

It is advisable to take the value of the o parameter
to a large extent, taking into account fresh information.

As the forecasting period increases, on the contrary, the
latest data reflecting the so-called fluctuations in the
situation should be slightly less weight, this value o
should be reduced.

The optimal parameter values o can be obtained
by the least-squares method.

The analysis of the considered time series (Table
1) reveals a fairly pronounced trend of linear growth.
While predicting the values of such a time series, the
exponential mean gives a systematic error (leads to
biased forecasts). Thus, the maximum prediction
accuracy according to formula (4) is achieved at
o =0,9 and does not exceed 9%. Such accuracy is not
practically acceptable, so model (1) in this case is
advisable to replace the model of linear growth
according to the recommendations [12, 16].

The forecast can then be obtained by expression

S =by by, 4)

where b, and b,, are the current estimates of the

model coefficients; 1 is the time ahead of the forecast.
Estimation of coefficient values b, and by, is

performed according to the following recurrent
formulas:

by =by1+by, 1 +oye;

byt = by sy + o028y,
where o; and o, are the exponential smoothing

parameters (adaptations), 0<oy; oy, >1, ¢ =y, =S5,
is the forecast error.
The initial values of the coefficients by, and by,

can be obtained by the least-squares method [8] as a
result of solving the system of equations:

n n
byn+bynYy t; = v
P

n n n
2,
bty ti+by Y 1i=Y 1y,
i-1 i-1 i-1
where 7 is the number of previous observation steps; i is
the sequence number of the observation stage; ¢ is the

stage of information receipt, (tl =0,t, =T,t3 = ZT) ;
¥; 1s the actual value of the parameter, which is

observed at the i-th stage of observation.
The most appropriate values of the adaptation
parameters o, and o, are selected by the method of

the least-squares.

Comparative estimates of the accuracy of forecasts
for the selected time series using the model (4) at
o =0,9 and models (5) at oy =0,7 and o, =0,1 on
relative indicators that are shown in Table 1.

Forecasting according to the accepted conditions
was made starting from the fifth day of operation.

Let us analyze the advantages and disadvantages
of this model. Exponential smoothing prediction does
not require a long observation history. In addition, the
model allows to take into account how the current trend
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is going to develop, rather than the trend that has
developed on average over the whole analyzed period
[12]. This is very important for predicting the dynamic
environment of modern combat (operations). The

resulting model is adaptive, that is, in the repeated
forecasting cycle, it responds to the prediction error that
occurred in the previous adaptation period, thus,
iteratively receives each new actual point of the series.

Table I — Estimation of accuracy of forecasts by the relative indicators

The A Simple exponential smoothing at o =0,9 Expotential smoothing on the lincar
days of Zziriage growth model at o =0,7 and 1(; :1 0,' 1
operatio | . irement | The yalue of | SISO | Relative forecast | Thevalue | ARSosonte | Frl

n the forecast At error ;% forecast error At error &;,%
1 7981 - - - - - -

2 7601 - - - - - -

3 7791 - - - - - -

4 7221 - - - - - -

5 7031 7264 -233 -3,3 7776 -745,0 -10,6
6 7221 7054 -167 2.3 6569 652,1 9,0
7 6081 7204 -1123 -18,5 7025 -944.3 -15,5
8 5701 6193 492 8.6 5719 -18 -0,3
9 5321 5750 -429 -8,1 5382 60,5 -1,1
10 4941 5364 423 8,6 4984 -42,7 -0,9
11 4560 4983 -423 93 4598 -38,1 -0,8
12 4180 4602 422 10,1 4210 -30,3 -0,7

The conclusions

1. In this article, the author developed a
mathematical model for predicting the state of the
logistical support system of the defense forces of the
state.

2. The essence of this mathematical model is that it
will allow to predict the state of the system of logistical
support of the state defense forces.

The application of this model in the logistics
management system will allow to organize a plan-
preventive (in addition to the existing application) by
nature of the MR trucking system, which will
significantly reduce the volume of possible MR supply
to consumers in the current conditions of operations
(hostilities).

In addition, the proposed forecasting model can be
used to determine the required volumes of military and
operational stocks of the MR in the operational

direction, depending on the expected duration of
hostilities.

3. Thus, the article proposes an approach to
forecast the need for MR in planning the logistics
support of troops during (operations) combat operations
using an adaptive model based on exponential
smoothing of time series. Experimental researches on
the example of forecasting the need for MR of the state
defense forces in the course of a defense operation have
shown a fairly high accuracy (within 5%) of the
proposed approach.

4. The above mathematical model is an integral
part of the methodology of assessing the effectiveness
of the system of logistical support of the state defense
forces.

The direction of further research should be
considered the development of a methodology for
assessing the effectiveness of the functioning of the
system of logistical support of the state defense forces.

REFERENCES

Instruction of the Chief of Staff Committee JP 4-0.
ADP 4-0 Sustainment.
FM4-01.30 (FM 55-10).

el S

Shkurko, Yu.M. (2003), “The methodological apparatus of the military-economic analysis of the construction of the armed
forces”, Military science and defense policy, No. 2. pp. 14-16.

5. Toporov, A.V. and Babenkov, V.I. (2016), “Justification of conceptual approaches to assessing the military-economic
efficiency of the system of material and technical support of a group of troops (forces)”, Questions of defense technology.
Series 16: Technical means of countering terrorism. No. 9-10 (99-100). pp. 110-114.

6. Toporov, A.V., Konovalov, V.B. and Babenkov, A.V. (2017), “Justification of the military-economic efficiency of the
process of delivering materiel to a grouping of troops (forces)” News of the Russian Academy of Rocket and Artillery

Sciences. No. 2 (97). pp. 48-51.

7. Babenkov, V.I. and Bashkirov, D.S. (2017), “Prospective studies of the military-economic efficiency of the material and
technical support of the troops”. Actual problems of the development of modern science and education: a collection of

international scientific-practical conference. pp. 112-113.

8. Shyshatskiy, A.V., Bashkirov, O.M. and Kostina, O.M. (2015), “Development of integrated systems and data for Armed
Forces”, Arms and military equipment, No 1(5), pp. 35-40. available at: http:/journals.uran.ua/index.php/2414-
0651/issue/view/1%285%29%202015 (last accessed December 25, 2019).

9. Babenkov, A.V. (2016), “Methodological approaches to the military-economic substantiation and estimation of parameters of
logistic processes in the system of material and technical support of troops”, News of the Russian Academy of Rocket and

Artillery Sciences. No. 1 (91). pp. 25-31.

31



Advanced Information Systems. 2020. Vol. 4, No. 1 ISSN 2522-9052

10. Nakonechnyi O. V. (2019), “Analysis of conditions and factors affecting the effectiveness of the functioning of the system of
logistics of the defense forces of the state”. Vol. 3(55), pp. 48- 57. DOI: 10.26906/SUNZ.2019.3.048.

11. Nakonechnyi O. V. (2019), “Integral indicator of estimation of efficiency of the system of logistic support of the state
defense forces”. Vol. 6(58), pp. 48- 57. DOI: 10.26906/SUNZ.2019.3.048.

12. Gorbach, S. A., Matsnev, D. V, Bogdanov, D. Yu (2011), “Scientific and methodological apparatus for assessing the
effectiveness of the system material support of the Armed Forces”, The military. Acad. Rep. Belarus. No. 3. pp. 44-49

13. Lukashin, Yu. P. (1979), “Adaptive methods of short-term forecasting”. Moscow. Statistics. 254 p.

14. Brillinger, D. (1980), “Time Series”. Moscow. World. 536 p.

15. Guryanov, AV. and Babenkov, V.I. (2017), “Military-industrial safety of supply chains of components of the military-
industrial complex”. Electronic scientific journal. No. 7 (22). pp. 72-75.

Haniitmna (received) 30.12.2019
IpuitasaTa no npyky (accepted for publication) 19.02.2020

B1IOMOCTI ITPO ABTOPIB / ABOUT THE AUTHORS

Haxoneunnii Onexcanap BacuiboBudy — ax’1oukT, Harionansauit yHiBepcuter o6oponn Ykpainn, Kuis, Ykpaina;
Oleksandr Nakonechnyi — adjunct, National Defence University of Ukraine, Kyiv, Ukraine, Ukraine;
e-mail: o.nakon@ukr.net; ORCID ID: http://orcid.org/0000-0001-8854-8983.

MaremMaTHYHa MOJE/]Ib IPOrHO3YBAHHS CTAHY CHCTEMH JIOTiCTHYHOIO 3a0e31e4eHHsi CHJI 000POHM NepiKaBH
O. B. Hakoneunwmit

AnoTanisi. JlocBix icTopil BifiH 1 BOEHHUX KOH(UIIKTIB IOKa3ye, 110 y KOXKHIM YCIIIIHO IPOBEEHiil BOEHHIH KOMNaHii,
omeparii, 6010, 5K 1 y KOXKHIH 1opasii, HeoOXiHO, MOPs 3 IHIIMMH IPUYUHAMH, IIIYKATH TO3UTHUBHI Ta HEraTHBHI CTOPOHU y POOOTI
OpraHiB MaTepiaJIbHO-TEXHIYHOro 3a0e3leyeHHs, IX oprasisauii, MOXJIMBOCTSX 1 crocoOax 3abesrnedeHHs. PO3BUTOK cucremu
JIOTiCTUYHOr0 3a0e3NeueHHs 3aBKIH 31 HCHIOBaBCS Mapale]bHO 3 PO3BUTKOM 30pOIHMX cuil 1 crioco0iB BeJIeHH: BiiiHH, onepanii i
6oro. HoBi Bumi 030poeHHs, GOHOBOI TEXHIKH, CIIOCOOW BejieHHs OOMHOBHX Jiif BHCYBaJIH CBOI BUMOTH JIO CHCTEMH JIOTiCTHIHOTO
3a0€e3IeUeHHs], 3MYIIyBAIM BHPOOJATH OUIBII cydacHi (OpMH OpraHi3amii CHCTEMH JIOIiCTHYHOro 3a0e3NedyeHHs 1 CIocoOH
3abe3nedenHs. CucremMa JIOricTHYHOro 3a0e3NedYeHHsT CHII 000POHHU JIEpKaBU € CKJIAJIHON, 0GaraTopiBHEBOIO CTPYKTYporo. B xomi
IIPOBE/ICHOr0 aBTOPOM CTaTTi JOCIHI/DKEHHS pO3POOJIEHO MaTeMaTHYHy MOJENb HPOrHO3YBAHHS CTaHy CHCTEMH JIOTiCTHYHOIO
3a0e3neueHHs CWJI OOOPOHM JepiKaBM. 3a3HaueHa MOJENb JIO3BOJSAE IPOTHO3YBATH €(eKTHBHICTb CHCTEMM JIOIiCTHYHOIO
3a0e3rnedeHHs Cui1 00OPOHH JIepXKaBH, NPH LbOMY SIK CHCTEMHM B LIIJIOMY TaK i OKpeMHX il eleMeHTiB. 3a3HaueHa MOJIEIb J03BOJISE
MIPOBECTH NPOrHO3YBAHHS CTaHY CHUCTEMH JIOTICTHYHOrO 3a0e3NeueHHs, BCTAHOBUTH B3a€MO3B’SI3KM MK OKPEMUMH €JIEMEHTaMU
CHCTEMH JIOTICTHYHOr0 3a0e311eueHHs C1I 00OPOHH JIeprKaBH, IPOBECTH BU3HAYEHHS KUJIBKOCTI MaTepiabHO-TEXHIYHUX 3aC00IB 1110
HEOoO0XiZIHO MOCTAaBUTH HAHOIKIMM YacoM. B mporeci mpoBeieHOro 10CiiVKeHHS aBTOPOM BUKOPUCTaHI SIK 3araJlbHOHAYKOBI, TaK i
crienianbHi METOAU JOCIIJUKEHHS: CeMaHTUYHUM — JUIS PO3BUTKY CYTHICHOI YyacTHHU Ae(iHiliil kareropiiiHOro amapary BiiCbKOBOI
JIOTICTUKH; METOJM €KOHOMIYHOr'0 aHajli3y — I OLIHIOBAaHHS TEHJICHLIH y BilicbkoBoMy 3abesneueHHi 30poitnux Cun Ykpainy,
METOJIM CHCTEMHOrO aHali3y — JUlsl OL[HIOBaHHS IepeyMOB Ta iHTerpauii el y npoueci popMyBaHHS BIHCHKOBOI JIOTICTUYHOL
CHCTEMH; METOJM €KOHOMIKO-MaTeMaTHYHOrO MOJIENIOBAHHS — I ONTHMI3alii CTPYKTYpU Ta BHYTDILIHIX NpPOLECIB BiHChKOBOI
JIOTICTUYHOI CHCTEMHU. 3a pe3yJIbTaTaMM HPOBEICHOr0 JIOCIIPKEHHs aBTOPOM OYJIO IIOCTaBIEHO 3aBIaHHSA Ha PO3POOKY METOIMUKI
OLIIHIOBaHHS e(heKTUBHOCTI CHCTEMH JIOTiCTUYHOr O 3a0e3MeYeHHs CHJI 000POHH JePIKaBH.

KawuoBi ciroBa: cucrema JIOricTHYHOro 3a0e31eYeHHsT; CUII 000pOHH JIepKaBH; e(eKTUBHICTH; POPMH Ta CIIOCOOH.

MaremaTH4ecKast MOJIeJIb MPOrHO3HPOBAHHUS COCTOSIHUSI CHCTEMbI JIOTHCTHYECKOT0 06ecneyeH st CHI 000POHBI IocyIapcTBa
A. B. HakoneuHs1i

AnHoTanus. OIBIT UCTOPHH BOMH ¥ BOSHHBIX KOH(IIMKTOB ITOKA3bIBACT, YTO B KAXKJON YCIIEIIHO IPOBEACHHOH BOCHHOM
KOMIIaHUY, ONeparyy, 005, KaK U B Ka)<I0i MOPasKeH!H, HEOOXOIMMO, HapsAy ¢ IPYTHMHU NPUYHHAMY, UCKATh IIOIOXKUTENIBHbIC H
OTpHIIATENIbHBIE CTOPOHBI B paboTe OpraHOB MaTepPUATBHO-TEXHHUYECKOrO OOECIeUYeHMS, UX OpraHM3aliM, BOSMOMKHOCTSX U
criocobax obecreueHys. Pa3BuTHe CHCTEMBI JIOTMCTHYECKOTO OOECIICUEHHMs! BCErAa OCYILIECTBILUICS IMapaluIeNbHO C Pa3BUTHEM
BOOPY)KCHHBIX CHJI M CIIOCOOOB BEJICHHS BOWHBI, onepauuu 1 60s. HoBble BHbl BOOpY:KeHHS, O0CBOI TEXHUKH, COCOOBI BEJCHUS
6OEeBbIX IEHCTBUII BBIIBUTANM CBOM TPEOOBAaHUS K CHCTEME JIOTHCTHYECKOro OOECIeUEeHHMs, 3aCTaBIIUIM NPOU3BOAUTH Oolee
COBpPEeMEHHbIE (HOPMBbI OPraHU3ALMK CUCTEMBI JIOTHCTHYECKOro odecriedeHust 1 croco0b! odecrieueHus. Cucrema JIOrHCTHYECKOro
obecrieyeHys c1i1 000pOHBI FOCYIAPCTBA ABJIACTCS CIIOKHOM, MHOTOYPOBHEBOH CTPYKTYpOH. B X0zie IpoBeIeHHOro aBTOPOM CTaThby
HCCIIEI0BaHMS pa3paboTaHa MaTeMaTH4YecKast MOJENb NPOrHO3UPOBAHUSA COCTOSHHUS CHCTEMbI JIOTMCTHYECKOr0 00ECIeYeHUs CHII
000pOHBI rocynapcTBa. YKa3aHHas MOJENb II03BOJISIET MPOrHO3MPOBaTh dQPEKTUBHOCT CUCTEMBI JIOTHCTHYECKOI0 00ECIIeUeHUs!
cuil 000pOHBI TOCYAPCTBa, IIPU 3TOM KaK CHUCTEMBI B LIEJIOM, TaK U OTJCNIBHBIX €€ IEMEHTOB. YKa3aHHas MOZEIb M03BOJISET
MIPOBECTH MPOTHO3HPOBAHMSA COCTOSHHUS CHCTEMbI JIOTMCTHYECKOTrO 00ECIEUEHHUs, YCTAHOBUTh B3aUMOCBSA3H MEXIY OTJIEIbHBIMU
JJIEMEHTAMM CHUCTEMBbl JIOTMCTHYECKOro olecrneyeHus Ccwl OOOpOHBI TOCYHapcTBa, IPOBECTH ONpPEJCICHHE KOJINYeCTBa
MaTepHalIbHO-TEXHUYECKUX CPEJICTB, KOTOpble HEOOXOAMMO IIOCTaBUTh B Omkaiiliiee BpeMs. B mporecce INpoBeAEHHOrO
HCCIICZIOBAHNS aBTOPOM HCIOJNIB30BAHbI KaK OOLEHAY4YHbIEC, TAK U CIECLMAIbHBIC METObl MCCIICOBAHHSA: CEMAaHTUUECKUH - Is
Pa3BUTHS CYLIHOCTHOH 4acTH JeMHMINK KaTeropHajJbHOroO almapara BOGHHOM JIOTMCTHKH; METO/bI 9KOHOMUUYECKOro aHalIu3a -
JUISL OLICHKH TEHIEHIMH B BOGHHOM oOecrieueHHH BoopyxeHHbIx Cuil YKpauHbI; METOABI CHCTEMHOrO aHalW3a - VIl OLEHKH
NPEINOCbUIOK M HHTErpalyy Ienedl B mpouecce (GOpMUPOBAaHMS BOEGHHOM JIOTMCTHYECKOH CHCTEMBI; METOIbI 3KOHOMHKO-
MaTeMaTUYecKOro MOAEIUPOBAHUS - ULl ONTHUMM3ALMK CTPYKTYPbl M BHYTPEHHHX IPOLIECCOB BOCHHOW JIOTMCTHUECKOH CHCTEMBI.
ITo pesynpTaraM HPOBEICHHOrO HCCIEAOBAHMSA aBTOPOM ObLIa IIOCTAaBJICHA 33jada Ha pPa3pabdOTKy METOAMKU OLEHKU
3((HEKTUBHOCTH CHCTEMBI JIOTHCTUYECKOTr0 00eCIIeUeHUs! Cril 000POHBI IOCYAapCTBa.

KaroudeBble caoBa: cucteMa JIOTUCTHYECKOrO 00ECIIEUeHUsT; CHUIIBI 00OPOHBI TocyapcTBa; 3G GeKTUBHOCTD; GOPMBI U
CIIOCOOBI.
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ENVIRONMENTAL MANAGEMENT AS A COMPONENT OF AN INTEGRATED
MANAGEMENT SYSTEM FOR GAS CONDENSATE
AND OIL PROCESSING ENTERPRISES

Abstract. The results of activity and stages of implementation of various measures of environmental policy of the
enterprise are considered on the example of Shebelinsky department of gas condensate and oil processing. The structural
scheme of the ecological management system model as an important component of the integrated management system of
the gas condensate and oil refining enterprise is proposed on the basis of scientific literature, regulatory and legal documents
using structural-logical method, systematization and generalization, and methods of meaningful and comparative analysis. This
work also describes the specifics of ecological standards implementation based on ISO 9000 and ISO 14000 series for
integrated management system development. It has been proved in practice that development and implementation of the
integrated management system in the natural gas liquids and oil processing enterprise provides certain advantages, specifically,
improves the overall products competitiveness, helps to adapt faster to the market environment, shapes environmental policy
and approaches for effective resource management. The integrated management system development process consists of 4
basic stages, namely, planning, implementation, verification, and adjustment. Complex process and system approach
represents an integral part of the integrated management system development. While being gradually implemented, the
application of the additive and simultaneous integration models made it possible to create a single management system based

on the requirements of different standards and significantly reduce the documentation volume.

Keywords: environmental management; integrated management system,; oil refineries; international standards.

Introduction

The operation of oil refineries leads to significant
pollution of the atmosphere, so addressing environmental
issues in the light of current international best practices is
an important task. At the current stage in the European
integration processes deployment, it becomes crucial to
upgrade the manufacturing processes and to find out the
optimal balance between the maintenance of the
environment and basic public needs satisfaction for
ensuring the profitability of the industrial systems, and
competitive production. The study of different countries
experiences in implementing environmental measures at
the processing enterprises, allows to determine a set of
such measures and to choose the higher-priority ones. First
of all, these are measures on environmental management
systems implementation that are based on the requirements
of DSTU ISO 14001:2015 [1]. The specifics of oil and gas
processing enterprises imply following the industry sector
code that is elaborated by the National Joint Stock
Company "Naftogaz of Ukraine".

This is the implementation of the Environmental
Management System for oil and gas facilities as
required by ISO 14000. The environmental policy of the
company should be based on the interaction between
productive activities and various measures to protect the
environment. The environmental activities of the
company must consider all aspects, both favorable and
unfavorable, standard and nonstandard regulations that
emerge during the products and services life cycle of an
oil and gas processing enterprise.

It is possible to trace the peculiarities of the issue of
implementation of environmental management systems at
the transport enterprise by V.O. Khrutba [1]. An overview

of the problem of creating integrated management
systems as a more promising and effective form that
provides cross-cutting consistent management of material
and information flows for the pharmaceutical sector can
be found in the publication V.V.Trokhymchuk and
S.G. Ubohov [2]. The most tendency of the
implementation of environmental management systems
was considered by K.A. Demyanenko [3], I.I. Dudnikova
[4], Y. Markov and others [5]. Experience of
environmental policy on oil and gas companies disclosed
publications S.O. Storchak and others [6] and O.R.
Stelmakh [7]. The authors consider the peculiarities of
implementation of the international environmental
standards of the ISO 14000 series for the creation of an
environmental management system in the National Joint
Stock Company "Naftogaz of Ukraine". Positive and
negative experience of implementation of environmental
management systems at various industrial enterprises was
conducted by M.D. Mikhailova and O.K. Kostenko [8]. An
analysis of the scientific literature on the problem identified
suggests that there is no separate study on the creation of a
multi-level management system for processing enterprises.

The purpose of the article is formation of
ecological management system model as an important
component of integrated control system of gas
condensate and oil processing company based on
attraction of scientific literature, normative legal
documents with application of structural-logical
method, systematization and generalization and methods
of meaningful and comparative analysis.

Presentation of the main material

An important component of an integrated
management system is the environmental management

© Tverytnykova E., Drozdova T., Demidova Yu., 2020
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system (EMS). Environmental management covers
almost all areas of activity of processing enterprises.
Environmental management is based on the
environmental policy of the enterprise and implements a
number of measures aimed at achieving the goal.
Consider the stages of implementation of various
measures of environmental policy of the enterprise on
the example of Shebelinsky branch of gas condensate
and oil processing (Andriivka village Balakliysky
district Kharkiv region).

A study of the previous activity of a gas and
condensate processing company producing gasoline 76,
92, 95, 98, diesel, propane, butane, fuel oil, bitumen,
and self-contained electricity was conducted. The
production volumes of environmentally friendly high-
octane gasoline are driven by market demand. In 2018,
the company's output was 8703,000,000 m* of gas,
which is 55% of the total output of the joint-stock
company «Ukrgazvydobuvannya», more than 141000
tons of gas condensate and oil, 8304000 tons of
liquefied gas.

Shebelynka gas processing plant was established
in 1956 as a point of collection and loading of gas
condensate, which is fed from Shebelinka gas field. In
1960, the first gas-fractionation plant was
commissioned. The cycle of water supply at the
enterprise is closed and has its own complex of
treatment facilities. The raw material for the production
of Shebelynka separation processing gas condensate and
oil condensate is stable. Stable condensate must be
cleaned of chloride salts and mechanical impurities
before processing, since the presence of these
substances will adversely affect its further processing
and environmental status [9].

As a result of the activity of Shebelinsky
Department of Gas Condensate and Oil Processing in
1984, the presence of petroleum products in individual
wells for drinking water of the residents of Andriivka
village, which is located 800 m from the plant, has been
detected. Considering these factors, a number of
environmental measures were carried out during the
reconstruction of the enterprise. In particular, for the
extraction of petroleum products from the groundwater
of the contamination zone: 24 filter wells have been
installed from where the petroleum product is pumped
out; a special filter is installed; wells drilled and
equipped to monitor the state of the Andreev
contamination zone. At the enterprise almost all sewer
system was replaced, all technological pipelines were
removed from the ground to the trestle. As a result of
the measures taken, the area of the contamination zone
has stabilized and is not further marked. Over 20 years
of operation of the filter wells, 17,550,546 tons of
petroleum products have been recovered from the
Andriyivsky contamination zone [10].

In 1997, the company was further modernized
using the technology of the American company UOP.
The state-of-the-art catalytic reformation facility in
Ukraine has enabled the production of high-octane
environmentally friendly A-95 and A-98 gasoline. Due
to the modernization of the plant «Shebelinka-
zvydobuvannya» and the transition to the production of

Euro-4 eco-grade gasoline, modernization and
environmental management systems are underway. In
order to increase the competitiveness of the enterprise,
in the development and implementation of measures for
environmental management focused not only on their
own standards, but also on national, international
standards. The company has launched the
implementation of the "7 golden rules of labor
protection", which are developed by the International
Labor Organization and effectively operate in many
enterprises of the European Union.

It is proposed for the enterprise to introduce a
developed environmental management system in
accordance with the requirements of the international
standard ISO 14001. To establish an effective
environmental management system at different levels, it
is necessary to carry out: administrative reform,
including reform of the legislative and regulatory
framework; transformation of investment activity taking
into account the environmental factor; improvement of
organizational and economic mechanism of ecological
management system creation. Having a certified
environmental management system can be an integral
part of strategic partners' requirements during
contracting, will raise the image of the concern for
consumers. The implementation of the environmental
management system will allow the organization to reach
the higher level of ecological problems regulation.

The analysis of environmental protection activities
of Shebelinsky Department of Gas Condensate and Oil
Processing allows to establish that the following
management systems are successfully applied to
preserve the life and health of working personnel,
ensure ecologically-stable level of production, minimize
the impact of economic activity on the environment:

—system safety Shebelynka department for
processing gas condensate and oil EMS 09.1-30019775-
121:2013 (third edition), agreed Derzhhirpromnahlyad
Ukraine and certified for compliance with ISO OHSAS
18001:2010 «Systems management safety and health.
Requirementsy;

— environmental management system of Shebelynka
SEU 11.2-30019775-171:2010 «Environmental Manage-
ment System. Guideline» and EU 11.2-30019775-
172:2010  «Environmental Management  System.
Identification of Legislative Requirementsy», which are
certified for compliance with the requirements of
DSTU ISO 14001:2006 «Environmental Management
System. Application requirements and guidelines».

As of January 1, 2016, the Euro-5 environmental
standard has been put into effect in Ukraine, with
increased requirements for sulfur content. And since the
beginning of 2018, the requirements of the "Technical
Regulation for Motor Gasoline and Diesel", which
prohibits the circulation of Euro-4 gasoline and diesel,
have become mandatory. That is, the mandatory
minimum is Euro-5 gasoline and fuel. Today, the list of
main products includes: solvent C5-50/170 oil
according to TU 20.3-30019775-046:2016; product of
highly flavored catalytic reforming plant according to
TU 24.1-30019775-021:2013; gasoline automobile A-
92-Euro4-ES5 according to DSTU 7686:2015; diesel fuel
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DP-C (L)-Euro5-B0 according to DSTU 7688:2015;
fuel oil 100 ash sulfur high paraffinic according to
DSTU 4058-2001 [12-14]. Joint-Stock Company
«Ukrgasvydobuvannya», which includes Shebelinsky
Department of Gas Condensate and Oil Processing has
received a certificate of conformity of its own
environmental management system  with  the
international standard DSTU ISO 14001: 2015.

In this regard, the introduction of the latest

environmental  management system and the
implementation of integrated measures aimed at
improving the level of environmental safety.

Compliance with the requirements of these internal
normative documents, as well as with the requirements
of the state normative legal and legislative acts on
safety, road safety, fire, environmental, radiation and
technogenic safety allows Shebelinka branch of gas
condensate and oil processing to carry out production
activities within the environmental permits safety with
an acceptable level of occupational injuries according to
the classification of the International Labor
Organization, and the facilities to operate within the
current legislation on labor protection. The company has
already developed and implemented SOU 09.1-
30019775-171:2018 in order to unify the requirements
for interaction with environmental contractors [15].

At the present stage of production development,
the most effective way of management is integrated
management system implementation. Of course, quality

management systems are a priority for the company, but
environmental, safety and production conditions are
equally important. Comparative analysis of the
integrated systems effectiveness shows the popularity of
these measures at European enterprises. In particular,
according to national standardization organizations, the
implementation of integrated systems is increasing. The
introduction of integrated management systems at oil
and gas processing enterprises has significant
advantages, above all ensuring greater consistency in
the internal environment of the enterprise and between
different management systems, improving the efficiency
and use of resources, optimizing internal and external
communications and workflow for all enterprise levels.
Also reduce the cost of developing and implementing a
number of management systems [16].

The integrated management system is based on
methodological approaches, such as development of an
additive model, which involves the gradual addition to
the basic structural model of the quality management
system of other systems and the model of simultaneous
integration, which involves the simultaneous integration
of different management systems into a single scheme.
Based on the cyclical model of quality management,
created by E. Deming, the structural and logical scheme
of the integrated control system model for the gas
condensate and oil processing company, which is a
component of the whole enterprise management system,
is proposed [17] (Fig. 1).
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Fig. 1. Structural-logical scheme of integrated management system model for the oil and gas processing enterprise

Undoubtedly, the development of an integrated
system should begin with the implementation of quality
management system based on DSTU ISO 9001:2015, as
well as ISO 9004 (management to achieve sustainable
success) and DSTU ISO/TR 10013:2003 «Guidance on
the development of quality management system
documentationy [18].

Besides, it is necessary to take into account the
specifics of implementation of quality management

systems at the enterprises of the oil, petrochemical and
gas industry of the region in accordance with the
requirements of DSTU ISO/TS 29001:2010 «Quality
Management Systems. Requirements for organizations
supplying products and services in the oil, petrochemical
and gas industries (ISO/TS 29001:2010, IDT)» [19].

The next step in the integrated system
development is the implementation of an environmental
management system based on DSTU ISO 14001:2015.
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In addition, occupational health and safety
management has been introduced in accordance with
DSTU OHSAS 18001:2010, as well as a new regulatory
document effective 12.03.2018-BS ISO 45001:2018
Occupational Safety Management Systems. Application
requirements and guidelines». This is a new generation
standard that has been developed to integrate with other
standards of ISO management systems, and most
importantly it has a high level of compatibility with the
latest versions of ISO 9001 and ISO 14001. The result
expected from the implementation of the new health and
safety management system, is first and foremost the
prevention of injuries and harm to the health of
employees, as well as the provision of safe workplaces
in terms of health and working conditions; minimizing
risks and taking effective preventative measures [20;
21].

ISO SA 8001:2008 «Social Accountability 8000 is
included in this system, which aims at assessing social
issues of integrated management. The purpose of this
document is to improve working conditions and the
standard of living of employees. It can be applied in
developing and industrialized countries, both for small
and large enterprises, as well as for NGOs. This
document is based on the provisions of the International

| Management review

I e preliminary environmental assessment
making decisions

assessment of management effectiveness

Labor Organization, the United Nations Convention on
the Rights of the Child and the Universal Declaration of
Human Rights. Also, the system of social responsibility
management should be strengthened by the standard
ISO 26000:2010, which helps to adjust the activity of
enterprises in a socially appropriate way to the needs of
society [22].

Important for the organization of the activity of an
oil and gas processing enterprise is the introduction of
ISO 50001 «Energy Management System. Application
requirements and guidelines». It is the core standard in
this series that can be applied to any organization and
sets requirements for the development, implementation,
support and improvement of a PDCA cycle based
energy management system. The set of these standards
is the organizational and methodological basis for the
creation of an integrated management system [23].

Within the framework of an integrated management
system, environmental protection is an important
consideration. Based on the analysis, a structural and
logical scheme of a model of the environmental
management system of a gas condensate and oil processing
enterprise is proposed. The basis for the environmental
management system again became the Deming model and
principles: plan-do-check-act [24] (Fig. 2).
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Fig. 2. Structural-logical scheme of ecological management system model of gas condensate and oil processing enterprise

The main document for the development and
implementation of the environmental management
system has become the regulatory document ISO
14001:2015. The standard has been implemented in
Ukraine since 01.07.2016 — DSTU ISO 14001:2015
«Environmental Management Systems. Application
requirements and guidelines (ISO 14001:2015, IDT)».
This updated version of the standard has significant
additions to ISO 14001:2007. A number of new terms
have been used, including life cycle, documented
information, mandatory requirements, risks and
opportunities. The new version was introduced by the
new requirements for the needs and expectations of the
stakeholders, defining the scope of the environmental
management system. The company should also extend
control to every hundred lifecycle actions: raw material

acquisition, design, production, transportation, use,
utilization [25].

Supplement this ISO Guide 64, which provides
general guidance on environmental issues and
guidelines for the implementation of ISO 14004
environmental management systems and ISO 14005 for
step-by-step development, implementation, maintenance
and improvement of environmental management
systems. Also included is:

— ISO 14006, which focuses on environmental
considerations when designing and developing
products;

— ISO 14040, which outlines guidelines for life-
cycle research principles and methods;

— ISO 14045 for assessing the environmental
performance of production systems;
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— ISO 14031 with environmental performance
assessment;

— ISO 14020 outlining approaches to the use of
environmental declarations and markings that indicate the
environmental performance and benefits of products;

— ISO 14034 defining principles, procedures and
requirements for verifying environmental technology [26].

improving overall product competitiveness and
adaptation to market conditions, environmental
policymaking, and resource efficiency approaches. The
system includes four adapted control systems that meet
the requirements of international standards. Complex
process and system approach represents an integral part
of the integrated management system development.

a

management system has some advantages, including

While being gradually implemented, the application of
the additive and simultaneous integration models made
it possible to create a unified management system based
on the requirements of different standards and to reduce
the volume of documentation.

Conclusions

Therefore, the development and implementation of
gas condensate and oil refinery integrated
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Exostorivaunii MeHe>KMEHT SIK CKJIA/I0BA iHTerpoBaHoi CHCTEMH yIPaBJIiHHSA
HA MiANPHEMCTBAX i3 NepepodKHU ra3oBoro KOHAeHcaTy Ta HapTn

O. €. TrepurHukosa, T. B. [Ipo3nosa, 10. €. [leminosa

AHoTanisi. Po3rsHyTO pe3ynbTaTH MisUIBHOCTI Ta €Taly BIPOBADKEHHS pI3HUX 3aXOIiB €KOJOTIYHOI ITOJITHKA
mianpueMcrtBa Ha mnpukiani [lleGenmuHCHKOrO BiJUIUIEHHS 3 NEpepoOKH Tra3oBOro KOHJEHcAaTy Ta Ha(TH. 3amnporoHOBaHO
CTPYKTYPHY CXEMYy MOJEINi CHCTEMU EKOJIOTiYHOIrO YIpaBIiHHS SK Ba)KJIMBOI CKJIaJ0BOI IHTETPOBAHOI CHUCTEMH YNPABIiHHS
MiNPUEMCTBA 3 TIEePEepOOICHHS Ta30BOr0 KOHJEHCATy Ta HaTH Ha OCHOBI 3aJIyd4€HHS HAYKOBOI JIITEpaTypu, HOPMATHBHO-
[PaBOBUX JOKYMEHTIB 3 3aCTOCYBaHHSM CTPYKTYPHO-JIOIiYHOIO METOIy, CHCTeMaTH3alii Ta y3arajlbHEHHS Ta METOIB
3MICTOBHOT'O Ta MOPIBHSUIBHOIO aHalli3y. Po3risHyTi 0COOJIMBOCTI BIIPOBAUKCHHS MIKHAPOIHUX SKOJOTIYHUX CTaHIAPTIB cepii
ISO 9000 ta ISO 14000 1010 CTBOpPEHHS IHTErpOBAaHO CHUCTEMH YypaBiliHHA. JloBeneHO, po3pOOJICHHS 1 BHPOBAIKEHHS Ha
MINPUEMCTBI 3 HepepoOIeHHs Ia30BOr0 KOH/IEHCATy Ta Ha(TH IHTErpoBaHOI CHUCTEMM YIPABIIiHHA Hajae JesKi IepeBary,
30KpeMa MiJBUIIEHHS 3arajlbHOi KOHKYPEHTOCIPOMOXKHOCTI HpOAYKIii Ta ajanTauii OO pPHUHKOBHX YMOB, (OpMyBaHHS
€KOJIOTIYHOI MOJITHKHM, Ta HiIXOAIB 10 eeKTHBHOIO BUKOPUCTaHHA pecypciB. PopMyBaHHs IHTEIPOBaHOI CUCTEMH YIPABIiHHS
BiZIOyBa€THCs BIPOJIOBXX YOTHPHOX OCHOBHHX €TalliB, L€ IUIaHYBaHHsI, BIPOBA/LKEHHsI, IIepeBipka Ta KopuryBanHs. HeBin eMHO0O
CKJIa[IOBOO TIpoLecy (hOpMyBaHHS IHTEIPOBaHOI CUCTEMH YNPABIiHHSA € BAKOPUCTAHHS y KOMIUIEKCI IIPOLIECHOIO Ta CUCTEMHOTI'0
mizxony. 3acTocyBaHHs alUTHBHOI MOZEJI Ta MOJIEIi OJHOYACHOI'O iHTETrPYBaHHS JIaJI0 3MOT'Y IIPH ITOCTYIOBOMY BIPOBAKEHHI
CTBOPUTH €IMHY CHCTEMY YIPABIiHHA HAa OCHOBI BUMOT Pi3HMX CTaHJAPTiB Ta 3HAYHO 3MEHILIHUTH 00CAT JOKyMEHTaLil.

Kaw4yoBi ciaoBa: exonoriyHuii MEHEIKMEHT; IHTETpOBaHa CHCTEMa KepyBaHHs; HadTonepepoOHI MiIIIpHEMCTBA;
MDKHaApOJHI CTaHAAPTH.

IKOJIOTHYECKHIl MEHEXKMEHT KAaK COCTABJISIIOIIAs HHTETPUPOBAHHON CHCTEMBbI YIIPaBJICHUS
HA NPeJNPUATHAX NepepadoTKH ra3oBoro KOHIeHcaTa u HepTh

E. E. Teeputnukosa, T. B. [Ipo3znosa, lO. E. Jlemunosa

AHHoTanus. PaccMOTpEeHBI pe3ynbTaThl AESATENBHOCTH M 3TAIlbl BHEIPEHUS PA3IMYHBIX MEPOHPHUATHII 3KOIOrMYECKOi
MOJIMTHKY Npeanpustis Ha npuMepe [lleGennuckoro ornenenus mo nepepaboTke razoBoro koxaencara u Hedru. Ipemnoxena
CTPYKTYpHasi CXeMa MOJENU CHCTEMBbI HKOJIOTMYECKOro YIPABJICHUS KaK BaXKHOH COCTABIAIONIECH MHTEIPUPOBAHHON CHUCTEMBI
YIIpaBICHUS NPEANPUATHS 0 NepepadoTKe ra30BOro KOHIAEHCAaTa M He()TH HAa OCHOBE IPUBIICUCHHS HAYYHOU JIMTEPATYpBI,
HOPMAaTHBHO-IIPAaBOBBIX JIOKYMEHTOB C HPHMEHEHHEM CTPYKTYPHO-JIOTMYECKOr0 METO/a, CHCTeMaTH3aluud U 000OLIeHHs U
METOJIOB COZIEPKATENIBLHOIO U CPABHUTENIBLHOIO aHaIn3a. PaccMOTpeHbl 0COOEHHOCTH BHEPEHHS MEXKIYHAPOHBIX HKOJIOMHUECKUX
cranaaproB cepu ISO 9000 u ISO 14000 1o co3naHWrO MHTEIPUPOBAHHOM CHCTEMBl ymnpasieHHs. JlokasaHo, pa3paboTka u
BHEIPEHHE Ha IPENIPUATUM II0 IepepadOoTKe Ta30BOro KOHAGHCaTa M He(TH HHTETPUPOBAHHOM CHUCTEMBI YIIPaBIICHUS
MPEJIOCTaBIsAET HEKOTOPbIE IIPEUMYIIECTBA, B YACTHOCTH ITIOBBILIEHHE 00IIeH KOHKYPEHTOCIOCOOHOCTH U aJIalTaliy K PIHOYHBIM
ycnoBusM, (hOPMUPOBAHKE FKOJIOTHYECKOH TONUTUKH, M NMOAXOJ0B K (P (dEKTHBHOMY HCIOJIB30BaHUIO pecypcoB. DPopmupoBaHHe
HHTErPUPOBAHHON CHCTEMBbI YIIPaBJICHHUs IPOUCXOIUT B TEUEHHE UETHIPEX OCHOBHBIX 3TAlloB, 3TO IUIAHUPOBAHWE, BHEAPECHHE,
IpOBepKa U KOoppekTupoBka. Heorbemnemoii cocraBisitomeil mpouecca GpopMUPOBaHUS MHTETPUPOBAHHON CHUCTEMBI YIIPaBIICHUS
SBIISIETCS MCIIOJIb30BAHME B KOMIUIEKCE IIPOLIECCHOrO M CHCTEMHOrO I10AXoja. IIpuMeHeHHe aiuTHUBHOW MOIENH U MOJACIH
OJIHOBPEMEHHOI'0 MHTEIPUPOBAHHUs MO3BOIMIIO IIPU IIOCTEHIEHHOM BHEAPEHHH CO37aTh €IAWHYIO CHCTEMY YIPaBICHUS Ha OCHOBE
TpeOOBaHUI Pa3IMYHbIX CTAHJAPTOB U 3HAUUTEIILHO YMEHBIIHUTH 00BEM JIOKYMEHTALIUH.

Kiamo4ueBble €J0BA: 3KOJIOTHMYSCKUN MCHEDKMECHT; MHTCTPUPOBAHHAA CUCTEMa YIIPABJICHUS He(bTenepepa6aTLIBa}o—
HUe NPEATIpUATU; MEKAYHAPOAHBIC CTaHAAPThI.
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PARAMETRIC SYNTHESIS OF THE DIGITAL INVARIANT STABILIZER
FOR A NON-STATIONARY OBJECT

Abstract. Two methods are considered for choosing the values of the variable parameters of the digital stabilizer for a
non-stationary object, which ensures the invariance of the closed stabilization system to the action of external disturbances.
The comparative analysis of the considered methods was carried out in order to identify their advantages and
disadvantages. As an example, it is considered the problem of parametric synthesis of the digital stabilizer of the C5M
cosmic stage of the Cyclone-3 carrier rocket as part of the program for the modernization of these objects created in the late
70s by the joint efforts of the Yuzhnoye Design Bureau and NPO Hartron, which contain an analog stabilization system and
operating to date. It is concluded about advisability to replace the CSM analog stage stabilizer with the digital stabilizer in
order to improve the quality of the stabilized process of the stage in the active part of the flight trajectory. It is shown that
both methods considered in the article lead to the creation of the digital stabilizer that provides a significant reduction in the
static error of the closed digital stabilization system of the cosmic stage of the carrier rocket and an increase in the quality
of stabilization process.

Keywords: digital stabilizer; non-stationary object of stabilization; invariance of the stabilization system; quality of the

stabilized process; the cosmic stage of the carrier rocket; parametric synthesis of the stabilizer.

Introduction

Problem statement. The perturbed motion of a
non-stationary stabilization object is described by a
vector-matrix differential equation

X(t)=®[X (1), ]+ B(t)-U(t)+C(t)-F(t), (1)
where X (¢) is the n-dimensional state vector of the
stabilization object; U(¢) is the m -dimensional control
vector; F(r) is the k -dimensional vector of random
external disturbances; B(¢) and C(¢) are rectangular

matrices of sizes nxm and nxk , respectively.

The digital stabilizer implements a linear
stabilization algorithm
U[nT]|=K[nT]-X[nT], )

where X [nT] is the lattice vector-function at the output
of the analog-to-code converter obtained by time
quantization of the state vector X (7)) with a
quantization period 7', and subsequent filtering of the

lattice function X [nT] wusing a matrix filter
Butterworth

Z{X[nT)} =Wy (2)Z{X [nT]}; 3)
where z is the complex variable of the Z-

transformation of the lattice function; Wp(z) -
diagonal matrix discrete transfer function of the
Butterworth matrix filter; K[nT] is a rectangular
matrix of variable parameters of stabilizer of size mxn,
the elements of which vary in time »#7 . The code-to-
analog converter converts the lattice vector-function

U[nT] into a piecewise constant vector-function
U(t) , moreover
U(t)=U[nT] when nT<t<(n+1)T. (4

The quality of the stabilizer (2) is usually
estimated by the value of the integral quadratic
functional

I(K[nT])= X (t))dt, )

O'—.r\

where 1 is the analysis time of the stabilized process;
QO is the diagonal Sylvester matrix.

The problem of parametric synthesis of stabilizer
(2) is to find the elements of the matrix K[nT] such

that, on the solutions of the closed stabilization system
(1)—(4), the integral quadratic functional (5) reaches a
minimum. If for the object (1) the condition is satisfied

M{F(t)}=0, (6)

where M is the symbol of the vector mathematical
expectation, then the formulated problem of the
parametric synthesis of the stabilizer (2) is reduced to
the problem of the analytical construction of the optimal
controller (ACOC) [1-3].

If condition (6) is not fulfilled, which is typical for
most non-stationary technical objects, then using the
ACOC theory leads to a significant static error of a
closed stabilization system [4]. The magnitude of this
error depends on the nature of the change in the
components of the vector of external disturbances

F(t), as well as on the structure and values of the
clements of the matrix K[nT] of the stabilization
algorithm (2).

© Aleksandrov Eu., Aleksandrova T., Kostianyk 1., 2020
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Main material

Solving the problem of optimizing parametric
synthesis using the method of "frozen" coefficients.
In accordance with the method of “frozen" coefficients
[5], the time interval for the analysis of the stabilized
process T is divided into N identical sections of

duration A¢, moreover Ar=1/N .
At time t; =i-A, (izl,_N), the values of the

parameters of the stabilization object (1) and stabilizer
(2) are fixed and assumed to be unchanged in the region
(#,t;+1) . Then equation (1) and relation (2) take the
following form
X(t)=d[X(t

)t ]+ B(1;)-U (1) + C(6)-F ()5 (7)

K(tl-)-)N([nT] . ®)

We add another differential equation to differential
equation (7)

U[nT]:

K41 (£) = (X (1).0- X (1)),

from which, as well as from relation (5),
I[K(tl-)]=xn+1 (1) (i=l,_N). (10)

Using the algorithmic method of parametric
synthesis of stabilization systems described in [6,7], we
find the matrix K (tl-) that delivers the minimum of
function (10) on the solutions of closed system (7)—(9),
(3), (4). Note that the mentioned method of parametric
synthesis in parallel includes determining the diagonal
elements of the matrix Q of functional (5). As a result,

the dependences of the matrix elements K*[nT] are
constructed in the form of a piecewise constant function
with a step Ar including an integer ¢ of quantization
periods T': At=qT .

To minimize the objective function (10), the
algorithmic method of parametric synthesis used uses the
Optimization Toolbox software package MATLAB or
Minimize software MATHCAD, which implements the
Nelder-Mead method for solving nonlinear programming
problems [8]. To use the above products in order to solve
the optimization problem, it is necessary to choose the
region of admissible values G; of matrix elements
matpusl K () € Gy . In [6, 7], it is proposed to choose
the stability region of a closed stabilization system in the
space of variable stabilizer parameters as a region Gy,
(2). To estimate the region Gj we neglect the own

dynamics of the Butterworth matrix filter and take
Wg(z)=E. (11)

Then, taking into account relations (3) and (11), we
write down the formulas

X[nT)=X{[nT];

K (1) X[nT],

(12)

U[nT]= (13)

as well as the equation of the first approximation of the
perturbed motion of the stabilization object

X()=A(t) X ()+B(4;)-U()+C () F (). (14)

Using the results of [9], we write the characteristic
equation of a closed discrete system of first
approximation (14), (13), (4):

det[ R(4;)+H(4)-K(4;)-Ez]=0, (15

where the matrices R(z;) and H(z;) are written in the

form
R(t)= 3247 ()7 16
j=0
Z‘[ 1) )T’”}B(tl-). (17)

The number of taken into account the terms of the
matrix series (16) and (17) depends on the magnitude of
the quantization period 7 . Usually, when using modern

glt 1 computers with a short quantization period, it is
assumed with sufficient accuracy

R(t;)=E+A(t;)T
H(t;)=B(4)T.

In the characteristic equation of the closed discrete
system (15), we make the change

z=(1+w)/(1-w).
As aresult, equation (15) takes the form
det[R(tl-)+H(tl-)-K(tl-)—Ei+—W}=0. ()
-w

Assuming w = jo in (18), we write the expression
for the characteristic vector of a closed discrete system
1+]m

P(jo.t) =de{R(tl-)+H(tl-)-K(tl-)— . } (19)
-Jjo
Using the relation for characteristic vector (19), we

construct the stability regions of a closed discrete
system in the planes of variable stabilizer parameters,

the union of which represents the region Gy (1) for

each of the fixed time instants ¢, (i = l,_N) .

Solving the problem of parametric synthesis of
a digital invariant stabilizer using time series. The
method of “frozen" coefficients used above to solve the
problem of parametric synthesis of the stabilizer of a
non-stationary object allows one to obtain time-varying
values of the variable parameters of the digital
stabilizer, which increases the degree of astatism of the
stabilization system, gives the system the invariance
property to the external disturbance F (t) and reduces

the static errors of the stabilized process [4]. However,
despite the widespread use of the method of "frozen"
coefficients in engineering practice, this method does
not have a rigorous theoretical justification and does not
always lead to the desired results.
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It was indicated above that the magnitude of the
static error of the stabilized process substantially depends
on the nature of the change in time of the external

disturbance F (7). The above algorithmic method of
parametric synthesis of the stabilizer, based on the

“freezing” of the coefficients of the mathematical model
of the stabilization object, takes into account the change

in the disturbance F(r) indirectly when integrating
matrix equation (14), which does not exclude a
significant static error when the stabilizer processes the
disturbance F (7).

A much more effective method for the parametric
synthesis of an invariant stabilizer of a non-stationary
object is the method described below, based on the

representation of an external disturbance in the form of a
time series

F(t)=Fy+ R+ R’ ..+ Fi (20)

where Fy, F, F5, .., F; are vectors of dimension &

with constant values component.
The higher the degree of polynomial (20), the more

complicated the vector function F(¢). The matrix of
variable parameters of the digital stabilizer (2) will be
found in the form of a time series

K[nT] =Ko+ KnT +K, (nT) +..+ K, (nTY , 1)

where K, Kj, Kj, ...
with constant values of elements of size mxn each.
Any of the elements k; [nT] of the matrix (21) is

, K; are rectangular matrices

also written in the form of a time series
2

From relation (22) it is clear that each of the
elements of matrix (21) contains (/+1) variable

parameters; therefore, matrix (21) contains such

parameters m-n-(I/+1).

The problem of parametric synthesis of an invariant
digital stabilizer (2) for a non-stationary object (1) is to

find m-n-(/+1) variable parameters of matrix (21) such

that the integral quadratic functional (5) reaches its
minimum on solutions of a closed system ( 1)~(4). If the
parametric synthesis procedure for the stabilizer based on
the use of the “frozen” coefficients method is a solution
to a sequence of optimization problems of N functionals
(10) with respect to m-n variable parameters of the

matrices K (tl- ),(i = l,_N), then a procedure based on the

use of time series is a solution to the problem of
optimizing one functional (5), calculated along the
trajectory of a non-stationary object during the time t of

a motion relative to m-n-(/+1) of the variable matrix

parameters (21).

The second approach to solving the problem of
parametric synthesis of the stabilizer is much more
complicated than the first, but it allows to obtain a
significantly higher quality of the stabilized process.

Example. As an example, we consider the problem
of parametric synthesis of the stabilizer of the C5SM
cosmic stage (CS) of the Cyclone-3 carrier rocket, the
mathematical model of the disturbed motion of which is
given in [11] and in the channel of angular stabilization
for the yaw angle has the following form:

G(1)=a'y, w(t)+a"ys Bi(1)+
+a"yp, Ba (1) +aysd (1) +my (1);

) . 5 . (23)
By (7) +2& 0By (£)+ 0By (1) = a"gy W5

By (1) +2850,B (1) + @3B, (1) = a "By Vs
where () is the angle of rotation of the longitudinal
axis of the stage relative to the plane of the orbit; B (¢),

B, (¢) are the angles of deviation of the free surface of
the fuel and oxidizer, respectively, from the unperturbed
position; m,, (¢) is the reduced disturbing moment; 3(7)
is the angle of deviation of the axis of the marching
engine from the longitudinal axis of the stage in the

channel of yaw; a',,,, a5 — time-varying coefficients

characterizing the movement of the stage; a Wy > 4 Py

are the coefficients of the influence of fluid oscillations in
the fuel and oxidizer tanks on the angular movement of
the stage; a"B]w, a"Bzw are the coefficients of the
influence of the angular movement of the stage on the
oscillations of the liquid in the fuel and oxidizer tanks;
&, & — damping coefficients of the vibrations of the
fuel and oxidizer in the tanks of the stage; ®;, ®, are
the natural frequencies of free vibrations of the fuel and
oxidizer in the tanks of the stage.

The continuous part of the closed stabilization
system, in addition to the stabilization object (23), also
contains an electro-hydraulic amplifier (EHA), which
rotates the combustion chamber of the marching engine
by an angle 5(r), the disturbed motion of which is

described by a system of differential equations [4]

Ly d:{(tt)”yi(’)zU(’)—k_SS(f);

kS
2
Iy dd[jZ(t) +Jk d[izgt) toP(r)=kpilt): (24
ds(r)
di _khksB(t)’

where i(¢) is the current in the control winding of the
EHA; B(¢) is the angle of rotation of the rocker arm of

the EHA electromagnet; U (¢) is the control signal at the

output of the code-to-analog converter of the digital stage
stabilizer; L, — inductance of the control winding of the

EHA; r, is the resistance of the control winding of the

EHA; I; - moment of inertia of the rocker arm of the
EHA; f; isthe coefficient of liquid friction in the axis of
the rocker arm; ¢, is the stiffness coefficient of the fixing
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spring of the EHA rocker arm; kg, £, kB , kj, are the

proportionality coefficients.

The continuous part of the closed stabilization
system should also include a set of command devices,
namely a gyrostabilized platform (GSP) with a
gyroscopic angular velocity sensor (GAVS) installed on
it. It was shown in [12] that the intrinsic dynamics of
GSP and GAVS in the process of parametric synthesis of
a digital stabilizer can be neglected and it can be assumed

that GSP and GAVS absolutely accurately measure /(7)

and ©, (t)=y(¢). On the one hand, this assumption is

associated with the high accuracy of modern gyroscopic
instruments and devices, and, on the other hand, with the
use of low-frequency Butterworth filters in the digital
stabilizer, which efficiently filter high-frequency noise
associated with the intrinsic dynamics of gyroscopic
instruments and vibration of the stage casing caused by
the operation of the marching engine.

Continuous time functions y(¢) and w,(7) are

supplied to the inputs of the analog-to-code converter
from command devices GSP and GAVS, where they are
transformed into lattice functions y[nT] and o, [nT],
noisy by the natural vibrations of the gyroscope frames
and vibrations of the stage casing . These functions go to
the inputs of Butterworth digital recursive filters [13, 14].
From the outputs of the filters, the lattice functions
[nT] and @, [nT] filtered from high-frequency noise
arrive at the processor, which forms the stabilization
algorithm in the form

Gy [nT] = ky W [nT ]+ kyd, [nT], (25)

where k\u and k\i/ are the variable constants of stabilizer.

If the digital stabilizer implements second-order
Butterworth filters with the transfer function

apn (1+2Z_l +Z_2)

Wgy (z) = , (26)

1+ dlzz_l + dzzZ_

where z is the complex variable of the z -transformation
of the lattice function, then, taking into account relations
(3) and (26), the difference equations that describe the

process of filtering of noisy lattice functions \u[nT] and

o, [nT] are written as
W[nT)=ap {y[nT]+2y[(n-1)T]+
+‘V[(”_2)T}}—dlz\TJ[(”—1)T}—d22@[(ﬂ—2)ﬂ; on
@, [nT] = ap {o, [nT]+ 20, [ (n-1)T]+
o, [(n-2)T])=dyod, [ (n-1)T |- dpé, [ (n-2)T .

In this case, the control lattice function U[nT] is

formed in accordance with the algorithm

8y [nT hen |5, [nT]<u";
Ut - o [17] when [8,, [nT]|<u o8

u' sign8,, [nT] when |8w[nT]|>u*,

where u" is the value of the saturation zone of the EHA.

The lattice function (28) is supplied to the input of
the code-analog converter, which converts the function
(28) into a piecewise constant function (4).

Thus, relations (25), (27), (28) and (4) are a
mathematical model of a digital stabilizer, and in
combination with differential equations (23) and (24),
they are a mathematical model of a digital system of
angular stabilization of C5M cosmic stage in the channel
of yaw. The values of the variable coefficients of the
mathematical model of the stabilization object were
obtained in [11]. The time dependence of the perturbed

moment e, (¢) is shown in Fig. 1 [11].

2

m (t), S

0.08 hd
P
0.06 //
0.04
0.02
0 t,s
0 20 40 60 80 100 120

Fig. 1. The time dependence of the perturbed moment m,, (1)

The type of curve shown in Fig. 1, we can
conclude that the curve m,, (¢) is well approximated by

a parabola

2
my, ()= My, + Myl +myot™, (29)

whose  coefficients  are  mo=3,75-1 072 ¢,

My =-24107 ¢ myy =4,26-107° .

Then the variable parameters of the digital stabilizer
of the space stage C5M should be presented in the form

2
k‘l-’ = kwo + k\ylnT +k‘|/2 (I’lT) ; (30)

k‘l-’ = \iJO +k‘|.-’lnT+k‘|./2 (I’lT)z .

Using the method of parametric synthesis of a
digital stabilizer described above, based on finding the
minimum of the integral quadratic functional

1(K) = [ odw? (1) +0? (1) e
where K is
K =[ kyo kyt ky2 kyo ki Ky |, calculated on  the

@31

the vector of variable parameters

solutions of a closed stabilization system, we obtain the
following values of the variable parameters of the
stabilizer:

*

* -1
ko =69,23; k\ul =-0,4427 ¢,

7
by =0,7864-107 ¢ kyo =0.01 ¢
by ==0,64-107%; kyp =1,136-107% .

In [4], transients were constructed in a closed digital
stabilization system with constant values of the variable
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parameters of the stabilizer

ky [nT] = kyo s

digital
ky [nT]= k:m .

equal to
These processes are

shown in Fig. 2.

Analysis of the processes shown in Fig. 2, shows,
firstly, the presence of a significant static error and,
secondly, the noticeable effect of fluid oscillations in the
fuel and oxidizer tanks from the 20th to 40th seconds of
flight in an active part with a duration of 114 s.

Comparison of the processes shown in Fig. 2 and
Fig. 3, leads to the conclusion that the use of the proposed
method for the parametric synthesis of the stabilizer CS
can improve the performance of a closed stabilization
system, significantly reduce the static error in lateral
displacement and significantly reduce the effect of fluid
oscillations in the fuel and oxidizer tanks on the stabilized
motion of the CS. So, the processes of calming the CS

after its separation from the carrier rocket decreased by
an average of 25% and their duration does not exceed
10s. The static error in the angular deviation of the

0wl ).

5 . cosmic stage does not exceed 0,0015rad compared to
S VNN = 0,005 rad, which occurs in the case of constant values of

4 (7 the variable parameters of the stabilizer.

’ Conclusions

? \i/(f) A comparative analysis of the two methods used in
! — the article for the parametric synthesis of a digital

0 ﬂuﬁw ol t,s stabilizer for a non-stationary object allows us to identify

1 the advantages and disadvantages of each of them.

) The first method, which uses the “freezing” of the
0 20 40 60 80 100 120 coefficients of the mathematical model of a stabilized

object at separate time intervals, followed by finding the
variable parameters of the stabilizer at each of the
intervals, is notable for its simplicity of implementation,
but not a rigorous mathematical justification and, as a
result, it not provides an effective reduction in the static
2] errors of the stabilization process.

\l/(’ ) The second method for the parametric synthesis of a

Fig. 2. Transients in a closed stabilization system with
constant values of the variable parameters of the stabilizer

0wl ).

/ . . g .
digital stabilizer, based on the presentation of external
perturbations and variable parameters of the stabilizer in
0 t,s the form of time power series, is much more effective in

\i/(f ) the sense of imparting a closed stabilization system the
property of invariance to the action of external perturba-
tions. The practical implementation of the second method
2 is associated with significant computational difficulties, but
0 20 40 €0 80 100 120 this drawback is compensated by the fact that the cons-
tructed digital stabilizer is highly accurate in processing

external perturbations acting on a stabilized object.

1 LYY

Fig. 3. Transients in a closed stabilization system with
variable values of the variable parameters of the stabilizer
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IMapamerpnunmii cuaTe3 NG POBOro iHBapiaHTHOro cTadijizaTopa 1151 HECTAIOHAPHOIO 00’ €KTA
€. €. Anekcanzpos, T. €. Anekcanznposa, I. B. Kocrsank

AHoTanisi. Posrmsanarorecs 1Ba Metonu BHOOpY 3HAaueHb BapiiiOBaHMX IapameTpiB IHM(POBOro crabdimizaTopa s
HECTallioHapHOro 00'ekTa, 110 3a0e3nedye IHBAPIAHTHICT 3aMKHEHOI cuCTeMM crabimi3aiii mo aii 30BHIIIHIX 30ypeHb.
ITpoBeneHO MOpPiBHSIBHUI aHANI3 POSIIITHYTHX METOJIB 3 METOIO BUSIBJICHHS X IepeBar Ta HeJOMIKiB. SIK MpUKIIa po3rITHyTO
3aJa4dy IapaMeTpUYHOro CHHTEe3y LudpoBoro crabimizaropa kocMmiuHoro crymeHs CSM pakeru-Hocis «{ukinoH-3» B pamkax
IpOrpaMM MOJIEpHi3alil 3a3HadeHHX OO'€KTiB, CTBOpeHMX HanpukiHui 70-x pokiB o0'enqHanumu 3ycwuiamu daxisuis Kb
«[liBgenne» i HBO «Xaprpon», 110 MICTATh aHAIOrOBY CHCTEMY CTaliii3alii i eKCIUIyaTyHOThCA 10 TEHEpillIHbOro yacy.
3po6i1eHO BUCHOBOK IIPO JOLIIBHICTD 3aMiHM aHaioroBoro crabimizaropa crymeHs C5SM mudpoBuM cTabinizaTopoM 3 METOI0
MIiBUIIEHHS SIKOCTI Mpolecy cradimizamii CTymeHs Ha akTHBHIN AUISIHIN Tpaekropii momsory. [lokazano, mo ob6uasa
PO3IIISHYTHX B CTAaTTi METOAM IPU3BOIATH 1O CTBOPEHHS LM(poBOro crabinizaTopa, mo 3abesnedye 3HAYHE 3MEHILICHHS
CTaTUYHOI TIOMWJIKM 3aMKHYTOI I(POBOI cHCTeMH cradumizalii KOCMIYHOrO CTYIEHS PaKeTH-HOCIS Ta IiJIBHIICHHS SIKOCTI
nporecy cradiizamnii.

KawuoBi caoBa: mudpposuii crabinizarop; HecranioHapHUi 00'ekT cTabinizarii; iHBapiaHTHICTh CHCTEMH CTa0iIi3arii;
SKICTb IpoLiecy crabisi3alii; KOCMIYHMIA CTYIIHb paKeTH-HOCIS; TapaMeTpUYHUN CHHTe3 cTabinizaropa.

IMapamerpnyecknii cuHTE3 NUQPOBOro MHBAPHAHTHOIO CTA0MIN3aTOPA /Il HECTAIIMOHAPHOI0 00beKTa
E. E. Anekcannpos, T. E. Anekcanznposa, . B. Koctsaux

AnHOoTanmusa. PaccmaTpuBaloTcst 1Ba MeTo/a BBIOOpa 3HAYCHUH BapbUPYEMbIX IapaMeTpoB HU(POBOro crabmim3aropa
JUTSL HECTAIJHOHAPHOTO 00BEKTa, 00ECIIeUNBAIOIIEro HHBAPUAHTHOCTD 3aMKHYTOH CHCTEMBI CTAOMIIM3aLiH K ISHCTBHIO BHEITHIX
BO3MyIleHUH. [IpoBesieH cpaBHUTENbHBIN aHATIN3 PACCMOTPEHHBIX METOJIOB C LIENbIO BBISBIICHHS UX JJOCTOMHCTB M HEJOCTATKOB.
B kauecTBe npuMepa paccMOTpeHa 3a/1aua apaMeTpUUecKoro cuHTe3a nudposoro crabminsaropa kocMuueckoi crynenn CSM
paxetsi-HOocuTeNs «LIMKIIOH-3» B paMKax NporpaMMbl MOJEPHU3ALUH YKa3aHHBIX OOBEKTOB, CO3JaHHBIX B KOHIE 70-x TOIOB
oobeuHeHHBIMU  yerwusamu  crieranuctoB Kb «lOxnoe» m HIIO  «XapTpoH», cozpepKalimx aHAJIOrOBYIO CHCTEMY
CTaOMIM3alMy U SKCIUTYyaTHUPYIOIIUXCA O HAacTosAmero BpeMeHH. ClienaH BBIBOZA O 11€JI€CO00PA3HOCTH 3aMEHbl aHAJIOrOBOI'O
crabunmuzaropa cryneHn CSM mudpoBbIM CTaOMIM3aTOPOM C LIENbIO IOBBINIEHHS KauyecTBa CTaOMIM3MPYEeMOro Hpolecca
CTYIIEHH Ha aKTHBHOM y4acTKe TpaeKkropuu noiera. [lokazano, 4to o6a pacCMOTPEHHBIX B CTAThe METOJIA IPUBOMST K CO3/IaHHIO
1 poBoro crabunu3aropa, 0OECIEUUBAIOIIEI0 3HAUMTEIBHOE YMEHBILICHHE CTAaTHYECKOH OMIMOKM 3aMKHYTOH L(ppOBOi
CHCTEMBI CTaOMITM3alMH KOCMIUYECKON CTYIEHH! PaKeThI-HOCUTEINS U MOBBIIICHNE KauecTBa Mpoliecca CTaOmIn3amui.

KawueBbie caoBa: 1mppoBoil crabmin3arop; HECTALMOHAPHBIN OOBEKT CTaOWIN3alUK; WHBApUAHTHOCTH CHUCTEMBI
CTa0mWIn3alyy; KayecTBO CTAOWIM3UPYeMOro Ipolecca; KOCMHYECKas CTYIIEHb PAaKeTHI-HOCHUTENS; MapaMeTpHYecKHid CHHTE3
crabmimzaropa.
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METOJMKA CTBOPEHHSI ATJIACIB ICTOPUYHHMX KAPTOTPA®TUYHUX
MOJIEJIEN 3A JAHUMHU AEPO®OTO3MOMKHU 3 BUKOPUCTAHHSIM
T'EOIH®OPMALINHUX TEXHOJIOI'TA

Anotanis. Ilpeaverom HocTiAzKeHHs] € METOAMKA CTBOPEHHS aTJ1aciB iCTOPUYHUX KapTorpadidHUX MOJEIeH 3a JaHUMU
aepodoroziioMky. O0’€KTOM TOCJIZKeHHS € IIPOLEC CTBOPIOBAHHS PI3HOMAHITHUX THIIIB TEMaTHYHUX KapTorpadidHUX MOJEICH,
110 MicTsTh criermdiudy iHpopMalio o0 apXiBHUX Ta CydacHHUX KapTorpadiyHux MarepiaiB, siki BUCBITIIOIOTb iCTOPUYHI MOALL.
Mertoro po0oTH € NiJBUIIEHHA iHPOPMATUBHOCTI Ta HAOUHOCTI iICTOPUYHHUX KaprorpaiuHuX Mojenei, 3a0e3MeueHHs LiliCHOro
YABIICHHS TIPO PO3TAllyBaHHS Ta 3MiHIOBaHHs IHPPACTPYKTYpHUX O0'€KTiB NEBHOI MiCLIEBOCTI Y pi3Hi icropuyHi nepioxyu. Bucnos-
ku. [IpoaHaiizoBaHo icHytoui 3apyOixkHi Ta BITUM3HSHI icTOpU4HI KaprorpadidHi Mozeli, sKi CTBOPEHi 3 BUKOPHCTaHHSM IeoiH(o-
pMamiitaux TexHomorii. [TokazaHo, 1o 3 cepeanan 90-x pokiB XX cT. y 3BI3Ky 3 HOSBOIO BUILHOrO IPOrpaMHOro 3a0e3Ne4eHHs Ta
BIIKpHTHX KapTorpadiuHuX CepBiCiB pO3IIOYaBCs aKTUBHMII PO3BUTOK 3aKOPIOHHHX iCTOPMYHMX HAlliOHAIBHHUX HMPOEKTIB 13 3aCTO-
CyBaHHsIM reoiH(popMaLliiiHuX TexHonoriid. Pasom 3 TuM, B YkpaiHi po3poOka i CTBOPEHHs iCTOPUYHUX KapTorpadiuHux Moenei y
TeNepillHiil yac 3HaXOxAThCsl Ha crafii craHosieHHs. [Ipore peanizauis BiTuM3HAHUX icropuunux BeO-I'IC-npoektiB npexncrasis-
€ThCS IIEPCHEKTUBHUM HAIPSMOM «IM(POBOi icTopii» Ta crpuse iHTeHCH]iKalil ryMaHITApHUX OHJIANH-TEXHONOTIH 1 PO3BUTKY
ICTOPHKO-OPi€HTOBAaHMX 1HTEpHET-pecypciB. ToMy CTBOpEHHS amiaciB iCTOPUYHHX KapTorpadivyHuX Mozenel MicueBocTell Ykpainu
€ BKpail akTyabHOMN 3ajadeto. [IpoananizoBaHo opraHizalito Himerpkoi aepodoroziiomku Jlrodradde y nepion Hpyroi cBiToBoi
BilfHM 1 Ha miJcTaBi Pe3y/bTATIB LHOT0 aHai3y cOPMYIbOBAHO MiAXiA JO OTPHMMAaHHS 3i CleLiaNni30BaHUX CaiTiB Mepexi Internet
aepogoromarepiallis, 110 JOKYMEHTYIOTb iCTOPHYHI 3MiHIOBaHHS 1HPPACTPYKTYpH TepUTOpii YKpainu. PozpobiieHo meToauky mud-
poBoOi 00pOOKH 300pakeHb NPU CKaHyBaHHI aepoOTO3HIMKIB. ExclieprMeHTasbHO BCTAaHOBJIEHO (DYHKIIOHAJBHI 3aJIEXKHOCTI
00’eMy (haiiiry BiZickKaHOBaHOr0 aepodoTo300pakeHHs BiJ| 3a1aHUX NapaMeTPiB CKaHYBaHHS (CXeMHU IPEACTaBICHHs KOIbOPY, PO3-
Pi3HIOBAJIBHOI 31aTHOCTI, pO3Mipy opuriHaiy Ta ¢popmary ¢aiiny onndpoBaHOro 300paxeHHs). 3anporoHOBaHa METOMKa 3a0e3re-
4ye 30epeKeHHsI TaHUX aepo(OTO3HOMOK y HU(PPOBOMY BUIIISIL, IO € 3HAYHO MPOCTIMION 3a/1a4elo, HiX 30epexeHHs aepodoro-
IUIBOK Ta BiZIOWTKIB, OCKUIBKY He IOTpedye 0COOIMBO CyBOPOrO JOTPUMAHHS TEMIIEPATypH, BOJIOIOCTI TOLIO, & TAKOX BHMarae
MEHIIMX IUIONI MPUMIIIEeHb UL 30epiranHs. Po3pobieHo MeToamKy CTBOPEHHS aTiiaciB iCTOPHYHUX KapTorpadiuHuX MozeneH 3a
JTAaHUMU aepo(OoTO3HOMKM 3 BUKOPUCTAHHM reoiH()OpMaLifHUX TeXHOJIOriH. 3alpoIIOHOBaHy METOIUKY arpoOOBaHO i3 BUKOpHC-
TaHHAM apXiBHHX JaHUX aepodoro3iiomMok Mmicra Xapkoa 4aciB JIpyroi cBiToBoOi BiliHW. 3alIpONOHOBaHA METOAMKA Iependadae
aHaJ1i3 Ta BiIOIp 3 aepodiIbMIB KaJIpiB, IO BIAIIOBIIAIOTH IIEBHUM CIIEHiaIbHAM KPUTEPIsIM 1 IPUIATHI ISl CTBOPEHHS aTJiaciB icTo-
pu4HMX KaprorpadidHux Mojeneil. Takok MeToauKa nependayac BU3HAYCHHs METalaHMX KOXKHOTO 3HIMKY. Bpemri, pesynsratom
3aCTOCYBAHHS 3alpOIIOHOBAHOI METOJMKH € OTPHMaHHS MO3alYHUX 1CTOPHYHHMX KapTorpaiuHUX MOJENEH, a TaKoX iCTOPHMYHHX
3D-moneneit Tepuropii. Kpim Toro, Meroauka 3a0e3nedye BUKOHAHHS NemM(pyBaHHsA aepodoTo300paKeHb iCTOPUUHUX 3MiH iH-
(pacTpyKkTypu neBHOI TepuTOpii. TakiuM YHHOM, 3aIpOIOHOBAaHA METOJMKA € reoiHpOopMaliifHUM MpOrpaMHO-TEXHIYHUM 3a0e31ie-
YEHHSIM PO3pOOJICHHS aTiaciB iCTOPHYHUX KapTorpadiyHuX Mojelsell 3a TaHUMH aepo(pOTO3HOMKH i JO3BONISIE OTPHUMYBATH JIOKY-
MEHTaJIbHY (hikcalito IMHAMIKH iCTOPUYHUX 3MiH IHPPACTPYKTYPH TEPUTOPII MiCLIEBOCTEH, 1110 LiKABIIATD.

Karw4dosi ciaoBa: reoindopmaniiini cucremu; aepodorosifomka; mupposi Mozmeni MicLeBOCTi; AemudpyBaHHs; icTo-
pu4Hi KapTorpadivHi MOJei.
reorpagiqHOrO MPOCTOPY, NPU LLOMY BiIOOpAXKYIOUH

Beryn AU . A S
Ha BI/I6paHII/I JUISHIIL KapTor‘pa(bqum MoACia1T Ti1

Icropuuni mozii MOXKYTh OyTH BiATBOpEHI Ha aBTe-
HTHYHI# TeorpadiuHiii KapTi 3 peKOHCTPYKIIE 0CO0IH-
BOCTEH MPOCTOPOBOI OpraHizallii Micip iX po3rairyBaH-
HA. IcTopuyHa 30BHINIHICTH MICBKOTO MPOCTOPY MOXKE
OyTH BiZTBOpPEHA 3a JOIIOMOTOK CY4aCHHX TeoiH(popMa-
uiitaux cucreM (I'IC), oo 103BONSIOTH 3aKpiMUTH 3a Te-
BHUMH O00'€KTaMHM Ha KapTi MOJAaTKOBY iH(OpMAIiio Y
BUIVIAJ TEKCTy a0 ay/lioBi3yaJbHHX JOKYMEHTiB. Po3-
MileHa B Mepexi [HrepHer kaprorpadiuna iHpopmaris
PO iCTOpHYHI MOfil HalyacTile € JuiIe ouppoBaHUM
300pa’kKeHHsIM aHAJIOroBOI KapTu abo amiacy kapt. Icro-
PHUYHI KapTH 3a3BUYA MaJIO3pO3yMiTi PSIOBOMY KOPHC-
TyBayeBi, [0 3HAYHO 3MEHILYE SIKICTh CIIPUHAHATTS 1H]O-
pMarii o0 NpocTOpoBUX 00'€KTIB MUHYIIOTO.

Possurok I'IC BimkpuBae IMPOKI MOXKIIUBOCTI B
00J1acTi ICTOPUYHKUX JOCHTIKEHb. 3 iX JOMOMOIOI0 CTa€e
MOXIIUBHM HE MPOCTO MEPEBOJUTH B €IEKTPOHHUH BU-
DL 1 myOJliKyBaTH yHIKaJIbHI ICTOPHYHI KapTH, ane i
OynyBatu icTopuuHi Kaprorpadiuni 3D-mozemi, 1m0
JIO3BOJISIE 32 JIOTIOMOTOI0 PETPO-T€OCKPONIHTY 3aHYpIO-
BaTHCS B INIMO MHUHYJIOTO, 3JIMIIAIOYUCH B OIHIN TOYII

00’€KTH, IO iICHYBaJIM B MOMNEPEH] iICTOPHYHI Mepioau.

[HTerpais apxXiBHUX MaTepianiB, OTPIMaHHUX 3a Jia-
HUMHU aepO3HOMKH MHUHYJINX YaciB, 13 Cy4acHUMH JIaHHU-
MU JUISl CTBOPEHHS ICTOPHMYHUX KapTorpadidHux Moje-
JIeH TepuTOopili i 00'€KTIB, 103BOJISAE e(heKTHBHO BUSABIIATH
1 BUBYATH T1aM’SITKH KYJIbTYPH HEPYHHIBHUMH METOJIAMHU
B yMOBaX aHTPOINOreHHHX 3MiH. ToMy po3pobka MeTou-
KU CTBOPEHHS aTJIACiB iCTOPUYHUX KapTorpadiyHux Mo-
Jierield 3a TaHUMHU aepo(OTO3HOMKH € BKpail aKTyaJIbHOIO
3aja4ero, BUPIILICHHS SIKOT Jla€ peajbHy MOXKIIMBICT pO3-
MOYaTH IITUPOKOMACIITAOHI TOIIYKH Ta BiJHOBIICHHS
00’€KTIB KyJIbTYpPHOI CHAIIMHHU YKPAaiHCHKOIO Hapony.
3a3HaueHy METOMKY PO3po0JIeHO Ha TPHKJIalli CTBOPEH-
HA amiacy kaprorpadiuHux Mopeneil micra XapKopa,
OTPUMaHMX 3a JAHUMH HIMEIBKOI aepoOTO3HOMKH Y
niepiox Jpyroi cBiToBOi BiiiHM.

AHani3 MokJIMBOCTel reoiH(opManiiHuX Tex-
HOJIOTIH IOA0 3aCTOCYBaHHA B ICTOPUYHINl KapTo-
rpagii. Po3risig He TUTBKM YacoBHX, a W IMPOCTOPOBUX
XapaKTePUCTUK ICTOPUYHUX IPOIECIB CTa€ HEBiJ'€M-
HOIO OCOOJIMBICTIO Cy4acHOI iCTOpPUYHOI HaykH. IcTo-
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puuHi moxii BiAOyBaroThCsl y BU3HAYEHOMY Micli, Ha
MEeBHOMY IpocTopi oOmacteld Tepuropii 3eMHOI Kyii.
Bes posmisay mpocTopoBOi KOMIIOHEHTH  ICTOPHYHI
SIBUIIA 1 IMPOLECH MPENCTABIATUMYTHCS IUIACKUMH i
onHoOokuMu. Ha Oynmp-skoMy piBHI iCTOPHYHOTO HO-
CIIJDKCHHS BaXKKO OOidTHCA 0€3 IMpOCTOPOBOrO Ipel-
CTaBJICHHSI MO 1 SBUILI, [0 BUBYAIOTHCS.

3acrocyBaHHs 3acO0IB IPOCTOPOBOrO aHali3y 3a-
Oesrnieuye 00'eMHiIIe OaYyeHHs TOCIIIKYBaHUX 1CTOPHUY-
HHUX MPOLECIB, a TAKOX IMOJETIIYE BUSIBICHHS 3aKOHO-
MIpHOCTEH Ta TCHICHIIIM, IO I[iKaBJIATh, i OTPUMAaHHS,
BpELITi, HOBOTO iCTOPUYHOIO 3HAHHSL.

IIpocTopoBi Mozeni A1t BUBUEHHS] MHUHYJIOTO Oa-
raTto B 4OMY 3000B's3aHi CBOIM PO3BUTKOM TE€XHOJIOI1Y-
HUM MOXKJIUBOCTSIM Bi3yaii3allii MmpocTopy, B SKOMY
BinOyBanucs neBHi icropuuHi moxii. Taki kaprorpadiy-
Hi MOzeNi JI03BOJISIFOTH BEJIBMU JI0Ka30BO BiJIIOBICTH Ha
MIUTaHHS TPO OCHOBHI YMHHHMKH 3aceJeHHs Ti€i 4 iH-
1Ioi TepUTopii, 3aKOHOMIPHOCTI BUHUKHEHHS HACEJIEHNUX
IIyHKTIB B Pi3HI iICTOPUYHI €MOXH, CIIBBIJAHOIICHHS Ta
B3a€MHI OOYMOBIIEHOCTI TeorpadiuHuX, €KOHOMIYHHX,
BIlICHKOBHX Ta 1HIIMX MPHYHH, 1[0 3yMOBWIH PyX Hace-
nenns. 1li xaprorpadiyni Momeni MOXyTb OyTH peaiti-
30BaHi K Ha Makpo- (KpaiHW, KOHTWHEHTH), TaK 1 Ha
MIKPOpIBHi, @)X /10 30BCIM HEBEJIHKUX perioHiB. OCHOB-
HUM CIOCOOOM TpE/CTABJICHHS TAaKUX MojeneH, 0e3y-
MOBHO, € KapTa. 3BiJICH HEMOXXJIMBICTh ICTOpUKA OYIIb-
SIKOT'O PiBHSI OOIMTHCS 0€3 KapTH.

[Tix kaproto B Hal3aranbHIIIOMY BHUIIISAI PO3yMi-
€TBCSl «MaTEMaTHYHO BH3HAYEHEe, 3MEHIIEHEe, IeHepalli-
30BaHe 300pakeHHS (MOJENb) MOBEPXHI 3eMii, 1o Mo-
Ka3ye pos3ramoBaHi ab0 CHpPOEKTOBaHI Ha IOBEPXHIO
00'€KTH B MIPUHHATIH CHCTEMI YMOBHHUX 3HAKIBY.

[MosiBa KOMITIOTEpHUX TEXHOJOIIH TpHBENIa 0
(opMyBaHHS 1CTOPHYHOI KOMITIOTEpHOI Kaprorpadii.
Boyxe mepmiuii, 1ocTaTHBO 3araibHUi, MOTJIAA Ha KapTo-
rpadyBaHHs ICTOPHYHHX SIBHII 1 NPOIECIB, (PaKTUIHO
BUSIBJIIE B HHOMY JBa HarpsMku. Ilepmmid, Ouibi mo-
BEPXHEBUi, TOB'SI3aHUN 3 DPIICHHAM TPaJAWIIHHUX 3a-
Jlad icTopuuHOI Kaprorpadii. ¥ KoMm'toTepHOMY IUIaHi
— 1e poboTa 3 PacTPOBUMH 300pa’KCHHSIMHU, OCHOBHA
CYTHICTb SIKOT MOJIATa€e y Bisyasizamii pe3yabTaTiB icTo-
pUYHOro AoCiipKeHHs. JIpyruii HanpsIMOK € OUTBII TIIH-
OLIMM i HANpaBJICHUM Ha PIILIEHHS 3a/1a4 IPOCTOPOBOI0
aHaytizy. OCKUIBKH BCi ICTOPHYHI TIPOIECH BiIOYBalOTh-
csl He TUIBKH Y 4Yaci, a i y IpocTopi, 3'sBISETHCSI HEOO-
X1IHICTh aHaNI3yBaTH MPOCTOPOBI ICTOPUYHI JaHi i BU-
SIBJISITU 3aKOHOMIPHOCTI, SIKi MOYKHA Ha3BaTH IPOCTOPO-
BHUMH 200 TEpUTOPIaIbHUMHU.

BukopucTaHHS MOXJIMBOCTEH HPOCTOPOBOrO aHa-
73y y BUIJISIAI Pi3HOTO poay Komm'totepHuX (1udpo-
BUX) ICTOPHYHUX KapT MOXKE CTaTU B HAroJi NPaKTUYHO
B Oy/Ib-SIKOMY iCTOPUYHOMY AOCIiKeHHI. Pa3zom 3 Tum,
MOXXKHa BHIUTUTH JESKi MPIOPUTETHI JJIsl BAKOPUCTAHHS
reorpagiuHux THQOPMAIIHHIX CHCTEM HAIpsIMU iCTO-
PUYHHX AOCHTiKeHb. Jo HUX MOXHa BiJIHECTH Ti, IIO
TIOB's13aH1 3 BUBYEHHSIM iCTOPHYHHUX 3aKOHOMIPHOCTEH B
MPOCTOPOBi# Qopmi: pyx HaceneHHs (3aBOIOBaHHS, Ie-
pecelneHHs1, Mirpaiii), icTopisi iHppPacTpyKTypH, IUHA-
MiYHI 3MiHH OyIb-SIKMX O3HAK JISUIEHOCTI JIIOJICTBA.

3MICTOM ICTOPHYHHX KapT € IPOCTOPOBE BifoOpa-
YKEHHsI ICTOPHYHHX SIBHII, TIPOLECIB 1 MO/IH, 1110 Xapak-

TEpU3yIOTh NIEBHUH IEpio]] iCTOpii, a TAKOX MOKa3 reo-
rpaigyHOl OOCTAHOBKH y BHIJIAAI CHUCTEMHU ITi3HAHHS
KOHKPETHOT'O TPOCTOPY ICTOPUYHUX SIBHII] Ta IPOIECIB
Hioro 3MiH y yaci. BukopucTtoByroun o0pa3oTBopUi Bia-
CTHBOCTI KOMI'IOTEPHUX KapT, MOXKHA NepepoOHTH Ta
Bi3yalli3yBaTH JIaHi, sIKi y BUIIIA/1 ONMKHCOBOI iH(popMariii
3alHsUTH OM JEKiJTbKa TEKCTOBUX TOMIB.

Skmo kapra 10 IMX Mip po3risimanacs JHIIe SK
croci0 1TFCTpaTHBHOIO HalaHHsS iH(pOpMaIii, To KOM-
m'foTepHe KaprorpadyBaHHs BiIAKPHIO Mepen A0CIiIHHU-
KaMU TPUHIMIIOBO HOBHH 1 Jy)K€ NEPCIIEKTHBHUI MUISIX
00poOKH iHOpMAIl] 3 TOYKH 30pY iCTOPHUKO-TPOCTO-
POBOTO aHaJi3y 3 MOMJIMBOCTSMHU AWHAMIYHOTO ITiAXO-
ny. Lli icropuuHi KapTH B IX KOMITIOTEpHIH peaizaii €
AHAJIITUYHUMU M JOCHIIHUNLKUMUA. TakuM 4YMHOM BiJ-
OyBaeThCA MEpEexXij BiJl KAPTH-ITFOCTPAIlii 0 KapTH, IO
€ aHANITHYHUM 1HCTPYMEHTOM. 3BEpHEHHS JI0 iCTOpHY-
HOT'0 KapTorpadiyHoro MaTepiany J03BOJISIE BUSIBIIATH i
BUKOPHCTOBYBaTH iH(pOpMAIlio, 110 HE MICTHThCS B
IHIIMX BHIAX JOKEPEN, a TAaKOXK CTUMYIIIOE IHTEpEC 10
PO3BUTKY METOJUK BUTOTOBJIEHHS KapT MHUHYIOrO 13
BUKOPHCTaHHIM KOMIT'TOTEPHUX TEXHOJIOTIH.

TakuM YMHOM, KOMI'IOTEpHE KapTorpadyBaHHs
3aCIIyrOBYE YBark He TUJIBKH SIK TEXHOJIOTISl KapTorpa-
(¢yBaHHS B LIJIOMY, MPHAATHA ISl BUPIIICHHS MPUKJIa-
JTHUX 3aBJiaHb, ayie i sk 0aza JJsi PO3BUTKY TEOPETHY-
HUX aCIeKTIiB icTopu4HOi reorpadii i kapTorpadii.

AHani3 icHy104HnX 3apy0i’kKHHUX Ta BITUM3HAHUX
icTopnyHux KapTorpadiynux MoaeJieii, 10 CTBOpeHi
3 BHKOPHCTAHHAM reoiH(popManiiiHUX TeXHOJIOrI.
Po3pobnennst icropuyHHUX KapTorpadidHUX MOJeINeH,
o modymoBani Ha ocHoBi ['IC — mommpeHa 3akop-
JIOHHA TIpakTuka. 3 moyatky 90-x pokiB XX cT. cTBO-
proBanuch MaciitaOHi HanioHanbHi ['IC-ipoexT B €B-
pomi, CIIA ta Kurai, mo noexHyBaiu peKOHCTPYKIIIO
aJIMiHICTPaTHBHO-TEPUTOPIAJIbHUX MEX Ta X 3MiH 3a
JneMorpadiYHUMHU 1 COIiaIbHO-CKOHOMIYHUMHU JTAHUMH.
KapnunanpHuii OBOPOT Yy OiK IIUIEHOIO BUKOPUCTAHHS
I'C-texHoMOri# NPOSBISIETHCS Y PO3MIMPEHHI «IIPUCY-
THOCTi» ICTOPUKIB B Mepexi IHTepHET, aKTHBHOMY
CTBOpPEHHI 1CTOPUKO-OPi€EHTOBaHMUX BeO-pECypCiB, IO
HA/AIOTh JOCTYH JI0 BUJIOBHX KOJEKIIH 1CTOPHYHMX
JDKEpeN, a TaKoK CTPIMKOMY pO3BUTKY OHJIAH-
TeXHOJOTIH st X aHamizy. ['eoindopMmariiiiHi cucremy,
IO 3HAHMIUIM 3aCTOCYBAaHHS B ICTOPHYHHX JOCII/KEH-
HSIX, MICTSITh CYTTE€BUI TEXHIYHHN KOMIIOHEHT i Haiua-
CTIllIE € PEe3yJbTaTOM MDKIHUCIMILIIHAPHOI B3a€MOZI1
(axiBLiB ryMaHiTApHUX, MPUPOJHUX Ta 1H(POPMAIIHIX
HayK. Po3poOKa i CTBOpEHHS iICTOpHYHUX KapTorpadiy-
HUX MOJENeH 3 BUKOPUCTAHHIM JaHUX JUCTAHIIHHOrO
3oHayBaHHsA 3emiai ([I33) € akTyanpHHM HamnpsiMoOM
«uUpOBUX TyMaHITaApHUX Hayk». Pa3zoM 3 TuM, B ykpa-
THCBKIH ICTOpUYHIM Haylli Taki MPOEKTH TiIbKH MOYH-
HAIOTh PO3BHMBATHUCS, a 3apyOiXHI KOJETH BXKe 3/laBHA
CHUCTEMATHYHO Yy3arajbHIOIOTh ICTOPUYHHNA JOCBIT 1
MPOMOHYIOTh TEPCICKTHBY Bi3yawi3allil 1CTOPUIHUX
MPOCTOPOBHX JIAHUX Ta iX aHai3y.

Ha ceoroaninmHiii neHp reoingopmauiiHi TeXHO-
Jorii mepecrany HajJexatd 0 cyryoo reorpadivyHux
IHCTPYMEHTIB JOCJTIJDKEHHS 1 aKTHBHO BHKOPHCTOBY-
I0ThCSL Y CaMHX PI3HMX OONAcTSIX HAayKOBOTO 3HAaHHS,
30KpeMa ryMaHiTapHuX. [IpH 1[bOMY CIICI[aiCTH 3aXija-
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HUX KpaiH B IIbOMY HaIpsMi minutd HabaraTo naii 3a
BITYM3HSIHUX (DaxiBIB, IO TOOpE IPOCTEKYETHCA HE
TIIBKU B 0€3M0OCepeIHhbOMY BHKOPHCTaHHI 1HCTPYMEH-
tapito I'IC B icropu4HUX IOCHTIKEHHSIX, alle i y mpar-
HEHHI 10 KOHCOJiIamil TaHuX, a TAKOXK IPECTaBICHHI
KapTorpagpiuHiX MOJENeH sl LIMPOKOi ayIuTOpii.

AxtuBHHI po3BuTOK ['IC-npoexT oTpuManu 3 ce-
penuau 90-X pokiB XX CT. y 3B'A3KY 3 MOSBOIO BUILHOIO
(OE3KOMITOBHOI0) MPOrpaMHOro 3a0e3MeUeHHsS Ta BiJ-
KpUTHX Kaprorpadiunux cepiciB. OIHHM 3 KIFOUOBHX
HAINpSMIB CTajJO CTBOPEHHS reoiH(opMaliiHUX CHCTEM
HalliOHaJIbHOTO piBHA 1 Macmraly. 30epeKeHHsIM
00’€KTIB iICTOPUYHOTO CEpeOBHIIA, 3a(hiKCOBAHUMHU ap-
XIBHUMH aepO3HIMKaMH, 3alMaucs BiIOMI 3aKOpIOHHI
BueHi, a came Arnoud de Boer, Bartonek D., Garouani A.
El, Alobeid A., Matejicek L., Matousek V., Remondino
F. Hanionanpni 'IC mizHIMarOTh OCHOBOIIOJNOXKHI TH-
TaHHS BCTAHOBJICHHSI MEX JIepKaB Ta iX aJMiHICTpaTUB-
HUX OJIMHHUIIb PI3HUX piBHIB. B OaraThox kpainax 1 mpo-
€KTH CTaJIH OMHUMH 3 MEPIIUX POOIT, IO peai3yroThCs 3
BUKOPHCTaHHSIM reoin(popMaliiHuX TexHoiorid. B oc-
HOBI BCiX HarioHanbHUX [ IC-TIpOeKTIB NexaTh NaHi me-
penuciB HaceNeHHs B paMKaX 3aJlaHHX TePUTOpialbHUX
OJIHUIIb, a/DKE BEJIMKA YACTHUHA OITyOJIKOBAHUX IaHHX
MepenuciB MICTUTh 1H(POPMAIIiI0 3 TPOCTOPOBHM KOMIIO-
HeHTOM. ['IC TYT € He3aMiHHUM IHCTPYMEHTOM JOCIHi-
JOKEHHSI, OCKUTBKH JIO3BOJISIE MTO3HAYUTH MEPEXKY KOpJIO-
HIB B Pi3HI IIEpioJH Yacy i BKe B paMKaX IIEBHOI Mepexi
aHaTi3yBaTH CTaTUCTHUYHY iH(OpMAIIIO0, IPHUBEPTAIOYN
MOJJIABOCTI IIPOCTOPOBOIO aHATI3Y.

Haii6iip paHHBOIO ICTOPUYHOIO BEIHKOMACIITA0-
Hoto [I'IC € mHamionaneHa TI'IC  BenukoOpwuranii
(GBHGIS), sixa mouana possusatucs y 1994 p. GBHGIS
BKJIFOYa€ Ounblne 48 THCSY BCTAHOBJICHHX 1 JIOKai30Ba-
HUX ONWHMIL PI3HUX PIBHIB: MICT, CUIbCHKHX 1 MiCBKHX
paiioHiB, OKpYTIB, IIEPKOBHUX NpHXo/iB. Peamizaris mpo-
eKTy ITepeadavaia BCTAHOBJIEHHS TOYHUX MEX JIOKAIlii
MIPOYKMBAHHS Ta BiATBOPEHHS JITOIICY JKUTTS HACEJICHHS
Ha OCHOBI JIaHHMX TIEPETHCIB 3a CTOPIuHY icTopito. Sapom
I'IC € 6a3a manux kaptorpadiyamx mkepen. s HGIS
BenukoOpuranii Oynu orpdpoBani i MpuB's3aHi 10 CITKA
OpUTAHCHKOTO HAI[IOHAJBHOTO CTAHAAPTHOIO BijoOpa-
xeHHs yci kopaonu 1840-1974 pp. Ilpu mpomy T'IC
GBHGIS BnamroaHa TakuM 4HMHOM, IIO IO 3aIUTy KO-
pucTyBaya BiJoOpaka€ KOPJOHM Ha KOHKPETHY [aty.
Cin 3ayBaxkuts, o GBHGIS po3mimiena y Biakputomy
JIOCTYMI 1 Mae J0CTaTHBbO 3py4yHuil iHTepdeiic, a came:
MICTHTh 1H(OpPMAIIiO 3arajibHOrO Xapakrepy, omuc I'1C,
a TaKoX JpKepesl, BUKOPUCTOBYBAHMX IPHU il CTBOPEHHI.
Po30utTs mo Temax o3BOJIAE BHOpATH MOTPiOHY 0asy
JIAHKX 1 TPOTJIANATH 1l OKpEMO.

Awmepukanceka ictopuuna I'IC (NHGIS) — mnpo-
eKT, mo (inaHcyeThes HarioHansHUM HayKoBUM (poH-
noM, oxoruttoe iepioa 1790-2011 pp. Lst icropuuna I'IC
BKJTFOYA€ MEXI INTATiB i OKPYTIB, a TAKOXK J[aHl y MeXax
TIEpENUCHUX JIISTHOK Ha BCIX TeorpapiuHuX piBHSX.

Hanionanena Himenpka I'IC (HGIS Germany)
BKIItoUae neprxaBu Himerpkoro corosy mepiony 1820 —
1914 pp. s I'IC TepuTopianbHO OXOILIIOE aaMiHicTpa-
TuBHI Mexi Himeyunnn 1815 — 1939 pp. i micture Bi-
JIOMOCTi TIPO HACEJEHHS, €KOHOMIKY Ta JWHACTUYHI
3B's13ku OU3bKO 50 mepkaB HiMelbkoro cor3y.

CTBOPIOIOTHCS ¥ TEMaTUYHI HAlliOHAJIBHI TPOEKTH,
Hanpukian Taki, sk «L{udposuii atnac €sponu 3 1500
p-» abo «ATiac €BpONEHCHKUX KOMYHIKaIi# 1 TpaHcHo-
pTHOI iHppacTpykTypu 1825-2000 pp.». B3arai, minuit
PSI TIPOEKTIB BimoOpakae Bifpasy JeKiJibKa HanpsMiB
ICTOPUYHOTO PO3BHUTKY MPEICTABICHOrO PErioHy: IOi-
TUYHUHN, EKOHOMIYHUH, peririiiaui, conianpauii. CTpy-
KTypa TPOEKTIB BiJIOBiHA i HaJ[ae KOPUCTYBA4YeBi MO-
KITUBICTH BUOOPY TEMH, TEPUTOPIATBEHHUX 1 XPOHOJIOT1Y-
HHUX paMoOK. BiImnoBinHO 10 3amuTy Ha ekpaHi 3'sBISETh-
¢ KapTa 3 BUOpaHOO iH(OpMAIIi€TO.

BypxauBuit pozButox omnaiH-I'IC-mipoekTiB OyB
3YMOBJICHHH MOSIBOIO MPOQUIBHUX PECypciB, Hampasiie-
HHUX Ha CTBOPEHHS HaYKOBOI B3aeMOJIii B TEBHii obiac-
1i. I'IC mocTymHi Ui IIMPOKOro Koja KOPHCTYBadiB i
HE BHMAararoTh JOJATKOBHX IPOIPaMHUX IHCTaJISIIH
Ul TIEpCOHAJIBHOTO KoMI'toTepa. Pa3om 3 TuM, MOXxHa
Bi3HAUUTH (HOPMYBAaHHS IEBHHX MEPEIyMOB IOSBH
icropuunux ['IC, mo naroTh MOXIHBICTH poOOTH 3 ic-
TOPUYHHUMHU KapTorpadivyHUMU MaTepiajiaMu.

[o-mepiie, B KOHTEKCTI PO3BUTKY «IU(POBOI ic-
TOpii» oco0inBa yBara MNPUAUISETHCS 30€pEKEHHIO 1
3a0€3IEUYCHHIO JIOCTYITY O ICTOPHUKO-KYJIBTYPHOI Clia-
JIIUHY, IO CTIPHSIO MOSBI ICTOPUKO-KYIBTYPHUX Kap-
TorpagiuHUX MPOEKTIB HA OCHOBI JAaHux J[33.

[o-nmpyre, B iHTEpHET-TIPOCTOpI 3'SIBISIOTHCS TEO-
TIOPTaJIK 1 pECYpCH, 110 MPE3EHTYIOTh He TUTbKU 1P PO-
Bi Komii KapTorpadidHuX JpKepen, SK, HanpuKiIai, Ha
noprasiax 0i0ioTeKk, aye i pacTpoBi Ta BEKTOPHI KapTH,
TOTOBI JIO0 iHTErpamii B Creliaai3oBaHe MPOrpamHe 3a-
oesneuennst ['IC. Kpim Toro, peami3yloTbcs NPOEKTH,
10 HAaJar0Th KOPHCTYBA4Y€BI MOXIIUBOCTI (hOPMYBaHHS
TEMaTUYHHUX KapT.

B YkpaiHni po3po0Oka i CTBOpEHHs iCTOPHYHHX Kap-
TorpadiuHUX MOAENeH y TeNepillHii Jyac 3HaXOAATHCS
Ha cTajii ctaHoBieHHs. [IpoTe peanizamis BiTYN3HSIHUAX
icropuuHux BeO-I' IC-poexTiB MmpeacTaBIsSETHCS Tepc-
MEKTUBHUM HanpsMoM «IH(ppoBoi icTopii» Ta crpuse
inTeHcu(iKanil TyMaHITAapHUX OHJIAWH-TEXHOJIOTIH 1
PO3BUTKY 1CTOPHKO-OPIEHTOBAaHHUX IHTEPHET-PECYPCIB.
[IIupoke BHpPOBaKEHHS METOIIB (hOTOrpaMMmerpii Ta
JIUCTAaHIITHOTO 30HAYBAaHHS JUISl OCIIPKEHHS 1CTOpH-
YHUX OO0’€KTIB paHille CTPUMYBAJIOCS HEOOXIJHICTIO
BHUKOPHCTOBYBATH CKJIQJHE Ta JIOpOre oOJaJHaHHS, SKe
3aCTOCOBYBaocs B kaptorpadii. Ha manwii yac curya-
Lisl KapIUHAIBHO 3MIHIOETHCS 3aBISKH LITUPOKOMY BH-
KOPHCTaHHIO IU(PPOBUX 3HOMOYHHX Kamep, IOSBOIO
uudpoBux HoTorpaMMETpUYHUX CTAHIIH, TOCTYIHICTIO
GPS Ta pO3BUTKOM BiJAIOBITHOTO MPOrPaMHOro 3a0e3-
NeyeHHsl. 3aCTOCYBaHHSAM (pOTOrpaMMETPpUYHUX Ta KO-
CMIYHHX METOMIB TUCTAHI[IHOTO 30HAYBaHHS 3EMHOL
TIOBEpXHi [UIsl 30epekeHHsT 00 €KTIB KYIbTYpHOI cHaj-
IIWHHU 3aiMaJIMCh BITUM3HAHI BueHi: JlopokuHchkuii O.,
Yersepiko b., bapaanin O., Jlamenko A.

3 moyarky 90-x pokiB XX cT. ()OpMyBaHHIO HaMpsi-
MKy BEJIHMKOMAcIITaOHOTO TEeMaTU4HOro Kaprtorpady-
BaHHs OO0’€KTIB ICTOPHKO-KYJIBTYPHOTO TPH3HAYEHHS
Ha/aroTh Bee Outbine yBaru. OTiKe, MOCTAE MUTAHHS TIPO
HeoOXifHicTh (opMmyBaHHs TeoiH(popMaliiHOi 0a3u na-
HUX ICTOPHYHUX 1 KYJIBTYPHUX 00’€KTIB Ha JEPKaBHOMY
piBHi. KaprorpadyBanHsi 00’€KTIB 1CTOPUKO-KYIBTYPHO-
r'o MpU3HAYCHHSA MAa€ CBOKO CIEIU(DIKY 3aJIeKHO Bif Te-
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PHUTOpPIANLHOTO PIBHS IX IpENCTaBIICHHS: TIIO0AIBHOTO,
JIEPXKaBHOrO (HAIIOHAJIBHOTO), PEriOHATIBHOTO Ta JIOKA-
JBHOTO. Ycl iCHYIOYi KapTW, IO MICTATH iH(pOpMaIlio
Ipo 00’€KTH iCTOPHKO-KYJIBTYpHOI CHAAIIMHHM, MOXKHA
MOAIJIUTH HA JIBI TPYNU: TYPUCTHYHI KapTH, IO Bino0pa-
KAIOTh O0’€KTH ICTOPUKO-KYJIBTYPHOI CHAAIIMHH, Ta
Creliaji3oBaHi KapTH iCTOPHKO-KYJIBTYPHOI CIaIIHHA
(iHBeHTapH3alliliHi, OIIHOYHI, pEeKOMEHamiiiHi, TPOrHo-
3Hi). TaKUM YMHOM, TEMATUKOIO CTBOPEHHS ICTOPHYHHX
uudpoBUX Mozeneil MicIeBOCTI 3aiiMaeThCsl BeNUKa Ki-
JBKICTh SIK 3aKOPJOHHUX, TAaK 1 BITYM3HSIHHUX JOCITIJHU-
KiB. Asie B OUIBIIOCTI JOCTI/DKEHb IU(PPOBUX MoJeen
micueBocti (LIMM) HaykoBIi OIEpyrOTh CydacHHMH Ja-
HUMH Ta KapTorpadiyHUMHU MaTepiajlaMu Ta PiJIKo 3acTo-
COBYIOTH apXiBHi JaHi mis BimoOpaxenus LIMM. Inrer-
patito apXiBHHX MarepiajiB, TAKHX 5K JIaHl aepo3HIMaH-
Hfl, 13 Cy4acCHUMU JaHUMH U1 ctBopeHHs LIMM ictopu-
YHUX 00'€KTIB Ha Ll yac BIPOBAHKEHO HEAOCTATHBO.

B VkpaiHi HuHI Jli€ IEBHA KUIBKICTh OpraHi3aii,
110 MAIOTh ICTOPUYHE CIPAMYBAaHHS H 3aliMalOThCs BiA-
HOBJIGHHSIM ICTOPUYHO BU3HAYAJIBLHHX 00 €KTIB Micie-
BocTi. JlesKi 3 HUX IPaLIOIOTh HaJl HUTAHHAMH KYJbTY-
PHOI CHAAIIMHU Pi3HUX HApOXiB, LIO IIPOXKUBAIM Ha
TepuTOpii HAWIOl AepKaBH mij yac pyroi cBiTOBOI Bili-
HH 1 HAMOIIBII TIOCTpaXKIaJld Bil PyK HAIIMCTCHKUX 3a-
rapOHuKiB. PerynspHo BinOyBaroThCsl OOTrOBOpEHHS
0710 30epeKEeHHs Ta BIATBOPEHHS ICTOPUYHUX IaM’d-
tok. Hanpuxnan, y Konsenuii KOHECKO mpo oxopony
BCECBITHBOI KYJIBTYPHOI Ta MPUPOJHOI CIIAIIIMHU 3a-
3HAYEHO, IO KYJIbTYpHIA CHajuuHi aenani Oinbplie 3a-
TPOXKye PYHHYBaHHS, IO IOSCHIOETHCS HE JIMINE Tpa-
JULIHHAMY IPUYUHAMY HOIIKOKEHHS, a i €BOJIOLIET0
COIlaJIbHOTO Ta €KOHOMIYHOTI'O JKUTTS, TOMY BHHHKA€E
notpeda B 30epeXeHHi Ta BiJHOBJIEHHI ICTOPHYHUX
00’€eKTIB Ta KynbTypHHX JaHnmadTiB. Takox y MixHa-
pomHiii xapTii 3 OXOpOHHM 1 pecraBpalii HEPYXOMHX
mam’siITOK Ta BU3HaYyHHX Miclb (BeHemiaHchka xapTis
1964 p.) 3a3HayeHo, IO y CIIpaBi BHBUEHHS Ta 30epe-
YKEHHSI ICTOPUYHOr0 HaJA0aHHS HApO/iB CBIiTY HEOOXiqHa
JIOTIOMOra  yCiX Tajy3eidl Cy4acHOI HayKH 1 TEXHIiKH.
3iioMKa MICIIEBOCTI CYTO TE€OAE3UYHUMH METOAaMH

a

TPYIOMICTKE 1 IIOB’si3aHe 3 TpoOiieMaMu Oesrocepen-
HBOTO AocTymy A0 o0’ekriB. CyuyacHi 1M(pPOBI TEXHO-
JIOTii IAI0Th 3MOT'Y BUKOHATU 3HIMaHHS 00’ €KTiB Ta 00-
pOOKy 3HIMKIB y HaWKOpOTII TepMiHH i Habarato 0Oe3-
TeyHime 1y BUKOHaBLIB. ['ooBHa mepeBara ¢ororpa-
MMETPUYHUX METOAIB IOJArae B TOMY, IO B KOHKPET-
HHUI MOMEHT 4acy MO)KHAa OTpHUMAaTH IPOCTOPOBI KOOp-
JUHATH TOYOK JOCHTIIPKYBAaHOI'O 00’€KTa, TOOTO yAB-
JIeHHsI Tipo Horo ¢opmy Ta po3mipu. OcoOnuBoi 1iHHO-
CTi 1i MeToI HaOyBaIOTh Y THX BHIQJIKaX, KOJIU IIOTPi-
OHO BU3HAYATH BEJIUKY KUIBKICTh IPOCTOPOBHUX TOYOK.
[Ipu upoMy ¢ororpaMMeTpuyHi MPOIECH MOBHICTIO
aBTOMATHU30BaHI 3a PaXyHOK BUKOPHUCTaHHS LHU(POBUX
TexHoorii. Icropuuna kaprorpadis A1 TYpUCTHIHHX
IiJIed OCTaHHIM 4acoM CTPIMKO PO3BHMBA€EThCS. 3arajioM,
CTBOPEHO BENUKY KIUJIBKICTH KapT Ta CX€M iCTOPUYHHX
noxii sik B YKpaiHi, Tak i 3a ii Mexamu. AJie BeluKa
YacTUHA IbOI'0 KapTorpadiyHoro MaTepiary Mae cxema-
THuHUA BUMIiA. Skmo Opatu 06’ext [dpyroi cBiToBOi
BiliHM, TO caMe Ha OCHOBI apXiBHHX Jemu(ppoBaHUX
aepo3HiMKiB (puc. 1) cTBopeHo icTropuuHi kaptu baou-
Horo flpy Ta CupenpbKoro KOHIEHTPAL[IHHOTO Tabopy.

IIle oqHMM SCKpaBUM NPUKIAAOM TOrO, IO iCTO-
pu4Ha kaprorpadis HabyBae PO3BHUTKY, € CTBOPEHHSA 3a
apxiBHUMH aepo3HIMKaMH CHTyaliiiHoro miany bpecrt-
cbKoi (opreni craHoM Ha 1944 p. (puc. 2).

Came 3a pe3ynbTaTaMu HaBEIEHMX BUXIIHHUX Ha-
HUX JUCTaHLIWHOrO 30HAYBaHHS OyJI0 MOOYIOBaHO
BiloMy KapTorpadiuHy Moxens bpectcbkoi ¢opremi
cranoM Ha 1944 p. (puc. 3).

Taxum xe YMHOM, TOOTO 3 BUKOPHCTaHHAM KOMOi-
Hawii jaHux aeposHiMaHHS 1944 poky Ta cydacHHX
KapTorpagiuHix MarepiaiiB, OyJ10 MoOYAZOBaHO KapTo-
rpagiuny Mozaenb MicueBocti paiiony "Lluramens" y
Micti JIbBOBI (puc. 4 — 5).

Taxum umHOM, 3 4aciB 3100yTTa YKpaiHOIO He3a-
JISKHOCTI Jiep)KaBHI W TPOMaJICHKI opraHizanii po3noda-
IM IIMPOKOMACIUTAOHI MOIIYKM Ta  BiJAHOBJICHHS
00’€KTIB KyJIbTYpHOI CHAIIMHU YKPaiHCBKOI'O HAapoay
3arajioM, a TaKOX HalliOHaJbHUX MEHIIMH, 110 HPOXKU-
BalOTh Ha TepUTOPil YKpaiHu.

Nnan
o Tabopy

EUbKOFO T

e oamm«y CTamom Ha 26 pepecns 1943 E""
b R Knip?

A

» VL

b -cMacmTaﬁ 1:3000;!

W /|8 1 canTumerpi 30 merpi
Sl e vamarsre

Puc. 1. ApxiBHi aepo3HimMku MicTa KueBa (a) Ta Cupenpkoro koHIeHTpauiiHoro tadopy (0), 26.09.1943 p.
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Puc. 2. BuxinHi 1aHi TUCTaHIIHHOTO 30HIYBaHHS: @ — apXiBHUH HIMEIbKUIT aepO3HIMOK
Bpecrcrpkoi dopreni (1944 p.); 6 — cydacHuid KOcMigHUIT 3HIMOK 3 cymyrHHKa GeoEye-1 (2012 p.)

i

Puc. 4. BuxinHi faHi tucraHmiiHoro 3ou1yBanHs paiiony Luranens" (M. JIbBiB):
a — apxiBHUMIA HiMeIbKUi1 aepo3HiMoK (1944 p.); 6 — cydacHuMiT KocMiuHMIA 3HIMOK 3 cymyTHHKa GeoEye-1 (2010 p.)
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Puc. 5. Icropnuna kaprorpagiuna 3D-monens paiiony Huragens" (M. JIbBiB, 1944 p.)

3acTocyBaHHS JaHUX, OTPUMAHUX Mij 4ac aenmd-
PYBaHHS aepo- Ta KOCMO3HIMKIB y ITO€THAHHI 3 BUKOPU-
CTaHHSIM IIPWIAJiB TI100AIFHOTO CYITyTHHUKOBOT'O TO3H-
uionyBanusi (GPS), mo3Bonsie epeKTUBHO BUSBIATH i
BUBYATH MaM’SITKUA KYJIBTYPU HEPYHHIBHUMHU METONAMHU
B YMOBaX aHTPOIIOT€HHUX 3MiH.

[pore, iHTerparis apxiBHUX MaTepiaiB, TAKHX SIK
(DOTOMOKYMEHTH aepO3WOMKH, i3 Cy4aCHUMHU JTaHUMH
JUIs CTBOPEHHS ICTOPHYHUX KaprorpadiuHuX Mojesnei
TEpUTOpil Ta 00'€KTIB Ha TENEPIlIHiil Yac peani3yeThes
HE0CTaTHhO. TOMY CTBOpEHHS aTjaciB ICTOPHYHHX
KaprorpagiuHux Mojeneid MicueBocTed YKpaiHH €
BKpail aKTyaJIbHOIO 32124 €l0.

ITocTanoBka 3agaui

[IpeaMeroM MOCHIHKEHHS! € METOJMKA CTBOPEHHS
aTyiaciB ICTOPUYHUX KapTorpadiuHUX Mojerned 3a ja-
HUMH aepopOTO3HOMKH.

OO0’€KTOM JIOCIIKEHHSI € TPOILEC CTBOPIOBAHHS
PI3HOMaHITHHX THUIIB TEMaTHYHUX KapTorpagiuHux
MoJIeJIed, M0 MICTATh crenudivHy iHpopMaIlio 010
apxiBHUX Ta Cy4acHUX KapTorpaidHUX MaTepiaiiB, siKi
BHCBITJIFOIOTH ICTOPUYHI ITOI1.

Mera pobOTH — mMigBUIIEHHS iH(OPMATHUBHOCTI
Ta HAOYHOCTI ICTOPUYHUX KapTorpadidHUX MOAeJeH,
3a0e3MeueHH s LITICHOrO YSBIICHHS PO PO3TAlIyBaHHS
Ta 3MIHIOBaHHA I1H(PACTPYKTYpHHX OO'€KTIB MEBHOL
MICIIEBOCTI Y Pi3Hi iCTOPUYHI IIEPIOH.

JIyis1 MOCcSTHEeHHsI IOCTaBJIEHOI MeTH OYJI0 BUpile-
HO TaKi YaCTKOBI 3a/1a4i:

1) mpoBeneHo aHaji3 iICHYIOUMX ICTOPHYHHX Kap-
TorpadiuHIX MOJIENEH, 10 CTBOPEHi 3 BUKOPHCTAHHSIM
reoiH(popMaIiHHUX TEXHOJIOT1H;

2) MpPOBEIEHO MOCHIHKEHHS MOXIHUBOCTEH CKaHY-
BaHHs MaTepiaiie J[33 Ta po3pobiieHo METOIUKY ITU(PO-
BOI 00p0oOKU aepohOTOBIOUTKIB TIiJT YaC CKAaHYBaHHST,

3) po3po0iIeHO METOUKY CTBOPEHHS aTiacy icTo-
puuHHX KapTorpadidHuxX Mojerned 3a JaHuMH aepodo-
TO3HOMKH 13 BHKopucTaHHsM [ IC-TexHomoriii (Ha mpu-
Kianai micra XapkoBa 3a JaHUMH HiMelbKoi aepodoTo-
3iOMKH y miepion JIpyroi cBiTOBOI BiiiHH).

CTpyKTypHY CXeMy BUKOHAHHUX JIOCHI/DKEHb HaBe-
JIEHO Ha pHuc. 6.

OTKe, TOYATKOBHUMHU BHXIJIHHUMHU JQHUMH U1
CTBOpPEHHS aTjaciB iCTOPUYHUX KapTorpaidHuX Moje-
Jel 3a TaHUMH aepo(POTO3HOMKH € Pe3yabTaTH BUBYCH-

HS opraizarlii acpo(oTo3:iOMOYHOI0 MPOIECY Y BiAMIO-
BiJTHOMY iCTOPUYHOMY II€PiOJIi.

CTBOpeHHA apxiBy aepodoToIHIMKIB

1
Meroanka urdpposol 06poliku :
306paKeHE NPH CKaHYBaHHI 1
aepohoTozHiMKIE 1
1

1

1

1

BuanaverHA of'emy aobpakeqHn
y aanexHacTi ein:

_il_________

= POIMIpy 300PANEHHS; .
E pibeeeuRAAR CHlE st Ananis
o - POIPRAHOCTINPEACTABNEHHA 3apyGixuux i
Opratizauia KONbOpY; C: BITYHIBAHHX
Himeubkof = chopmary dainy. 1 feTopuuHI
aepothoToOIMOMKH | Kaprorpaciunmux
Nedhreadrpe 11 Mofenei,
ynepion AKi CTBOP&Hi 3
[pyroi ceitoeol :> BusHausHas MeTanaHux Ta elnbip L——)  sukopucrannam
LLLLY 22pogoTosHIMKIE MicTa Xapkosa [N  reoitchopmauiitix
No pe3ynkTaTax HeMaLkkol TeXHONOrH
aepohoTaaNoMKH
ATNAC ICTOPHUHKX l ,L

Kaprarpachrix OcHoBHI eTann (hopMyBaHHA

Mofenelt MicTa Xapxoea
33 faHWMA  HiMeUbKot
aspodorosiiomsm
¥ neplog
[Opyroi ceitogoi
BIMHH

amnacy IETOPH4HIX leropuuni KapTorpadivmi
| raprorpachiusiux moneneliMicta LN " ononi yicra Xapicona
- XapkoBa 3a AaHMMH HIMEULKoT [/ y napiog [lpyroi caitomoi
BEDDQJOTOSMDMKN Yy nepiog BilHH

Opyroi ceitoBol BidHKU

Puc. 6. CtpykTypHa cxema JI0CIiKeHb

Opranizania HiMenbkoi aepo¢oTo3iioMKu
JwdrBadde y nepioa Jpyroi cBiToBoi BiiiHu

AepodoTo3HOMKOI0 HA3UBAIOTh KOMILIEKC POOIT,
10 BUKOHYIOTHCS JJIsl OTPUMaHHs TororpagiuHux Iuia-
HIiB 1 U(POBUX MOJIETEeH MICIEBOCTI 3 BUKOPHCTAHHIM
MaTtepiaiiB ¢oTorpadyBaHHS MicIEBOCTI 3 aTMochep-
HUX a00 KOCMIYHHX JIITaJbHUX anapaTiB.

AepodoTo3iioMKka Ma€ BUHATKOBE 3HAYCHHS y Biii-
CHKOBUH Yac Uil PEKOTHOCIMPOBKM 1 TOYHOTO BH3HA-
YeHHs TO3WLIA Ta YKpIIUIeHb CYNPOTHBHHKA. Y TeEpiof
Jpyroi cBiToBOi BiliHM aBiamjiiHe QororpadyBaHHs
OTpUMAJIO MacoBe 3acTOCyBaHHs. Bci kpaiHu, 110 Manu
BiHCHKOBO-TIOBITpSIHI CIJIM B €BpoIIi, 3aiiMaiucs B TOMY
YM HIOIOMY BUIIISAAL aBiaiiHuM (otorpadiyHuM KapTo-
rpadyBanssam. Ane Himedunna posmnoyaia BiliHy 3i 3Ha-
YHOIO TIEPEeBaror0 B ONTHUII 1 MOXIIUBOCTSIX aepoQOTOKa-
Mep. Himenpki BiiCHKOBI JIITaKH JOKYMEHTYBaJIU aepo-
(oTozo0paxenHst 3emenb [lonbmi Ta Ykpainu y mepi-
on orepariii «bap6apocca» B 1941-1943 pokax, a Takox
BJIACHHX OKYIIOBAaHHMX TEPUTOpPIH Ha THX K€ 3eMIIsX IIe-
pen BiacrynoMm y 1944 poui. Ha Toit uac sikict aepodo-
T0300pakeHsb JlrodTBadde crana myke BUCOKOIO.

OCHOBHUMH TOBITPSHUMHU PO3BiJHUKAMH HiMellb-
kux JloprBadde 6ynu mitaku Junkers Ju 88A (puc. 7)
Ta jitak ®okke-Bynasp W-189 “Pama” (puc. 8).
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Puc. 8. ®oxke-Byned W-189 (“Pama’™)

Y chemianbHUX ~BiJACIKaX  JIITaKiB-PO3BiTHHUKIB
JrodpTBadde BCTAaHOBIIOBAIHCH (POTOKAMEPH THITIB
Rb20/30, Rb50/30, Rb21/18 a6o Rb15/8 (puc. 9).

Puc. 9. Aepodoroanaparu Rb20/30, Rb50/30, Rb21/18,
Rb15/8

JlonaTKoBO JIbOTYHK-CIIOCTEPITady Mir BECTH 3HOM-
Ky PYYHHMH MEPCIEKTUBHUMH aepodoTokamepamu Hk
17,5 Ta Hk 19 (puc. 10).

Puc. 10. Aepodoroanaparn Hk 17,5 ra Hk 19

Pa3zom 3 TM, B pajsiHCBKIH aBialii MacoBe 3acTo-
cyBaHHsI aepo(OTO3HOMKM modajocs Tinbku 3 1943
poky. Y 1941 porii 6yio Bukonano 2800 aepo3HiMKiB, B
1943 pori Bxe maibke 40000, a B 1945 pori (3a 5 mics-
uiB BitiaK) — 100 000 aepo3HiMKiB.

Bci corozHi aepxaBu Oynau noiH(pOpMOBaHi Mpo Hi-
MeIIbKi JOCATHEHHsI Y Taimy3i aepooTO3HOMKH, a B KiHIIi

BiliHM OpUTaHCHKI, aMEPUKAHCBKI Ta PaJsSHCHKI PO3Biy-
BaJIbHI TiJPO3/IUIH BEIM aKTHBHHI MOLIYK apXiBiB HiMe-
UbKUX (hOoTO3HIMKIB. Uepe3 KiJIbKa THKHIB TICHS KaIliTy-
nsinii HiMeuunHy OpuTaHChKI Ta aMepUKaHChKI TipOo3/Ii-
JIM y AEKIIBKOX paiioHax HiMequnHM 3HAMIIM CXOBaHKH
pe3yibTaTiB aBiallitHUX (HOTO3HOMOK.

Aepo¢oToBINOUTKY ymakyBalu H JOCTaBWIN JI0
BenukoOpuranii B 4epBHi 1945 poky, ne crinbHi Opu-
TaHCHKO-aMEPHKAHCHKI 3aX0/IM 3 COPTYBaHHS JIOKYMEH-
Tallii 3a BEJHMKAM IIEPETIKOM MpPEeaMeTiB (IiJ Ha3BOKO
«Omepanis ik Tpetici») TpuBanu 10 1949 poky.

Bci aepodoTo3HIMKH 0Yyi10 BiTHECEHO 10 KaTeropii
“GX”. Bignosiguuii sipnuk (puc. 11) 30epiraersest pa-
30M 3 IyOJbOBaHMMH KOMISIMU 300pakeHb, IO HUHI
HA/IAIOThCSl 3amuTyBadaM HalioHanbHUM  yIIPaBIiHHSIM
apxiBiB Ta nokymenrainii NARA (CIIA), puc. 12, a
TakoX HalioHanbHOIO KoOJeKHiero aepodoTO3HIMKIB
NCAP (Benukobpwuranist), puc. 13, 14.

L ASE LW CEEYY
sopTIE Ne X A1BL. L
uarcm.:%élz LT SO HORHT o e aneio s i
Iy COMTACE  WUWBERS .| oy |
9l = i
| LEIE = -~ Jim -

! Loy sffiienl cortacks arm shown L3 erLBah gentinsity,

Puc. 11. Tlpukinaz sipnuka st 1yOIbOBaHUX KOMiH
aepogoromarepiaiiB B apxiBax NARA ta NCAP

- Collection of Foreign Records Seized

National Archives Collection of Foreign Records Seized (Record
Group242)

Puc. 12. Jlororun Ta caiit HartionanbsHOro yrpaBitiHHs apXi-
BiB Ta mokymeHTanii NARA (CIIA)

Bci aepodorozobpaskenns gaciB pyroi cBiTOBOI BiitHH
OyJIH po3CeKpedeHi, ajie OUIBIIICTh 3aIHIIAETHCS B apXiBax Ha
dororuriBkax abo B marnepoBoMy B ¢oroBindutkis. Lli
MaTepiajlnd AOCTYIIHI 3a 3aIllUTOM, aji€ IIOKU 1€ HEC B PEKUMI
online.

B NARA xomnexist 3 Outeinr Hixk 1,2 Minbiiona 300pa-
KeHb, ineHTu(dikoBaHa apXiBHUM HoMepoM 306065, no3Haue-
Ha sk Himenski aepooTo3HIMKM MOBiTpsHOI po3Binku 1939-
1945 pp. i € wactuHOIO Tpyny 3anuciB 373-ro Po3BinyBaiabpHO-
ro ynpasiiHHA MiHicTepcTBa 000pOHU.

NARA onwcye 10 KOJIEKI[II0 TAKUM YHHOM: Cepist
CKJIaZIA€ThCs 3 3aXOIJICHUX HIMEIBKHUX aepoOoTOBiIOu-
TKIB KOHTAKTHOTO JpYyKy 12x12 mioimiB, 1O OXOILIIO-
10Th Teputopii Aurmii, Hopserii, [Tonbmi, Pocii, bin3e-
koro Cxony Tta IliBHiuHOi Adpuku mix yac pyroi cBi-
TOBOI BiliHM. bararo 3 aBiariiiaux ¢otorpadiit 3pooire-
HO i yac OUTB. Y KOJIEKIIii € aepO3HIMKH BEPTHKAJIb-
HOI aepodoToTonorpadivyHoi 3OMKHU Ta PO3BiAyBaIBHOI
MIepCIIEKTUBHOI aepooTo3ioMKH. Macmradu ex3em-
TUIsIpiB KoJekii BapitoeTbes Bia 1:15000 go 1:40000.
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Puc. 13. Caiir Hanionansnoi xonekuii aepodorosniMkiB NCAP (BenukoGpuranis)

Puc. 14. Hanionansna xonexiist aepodoroznimkisa NCAP
(BenmuxoGpuraHist)

L{ignHicTh 1MX HIMENBKHUX aepOPOTO3HIMKIB JUIs
HaIIol BITYM3HM BEJIMKA, TOMY IO apXiBU aepodoTo-
3WOMKHU MicTa XapKoBa Ta HOro OKONHUIb, 10 TPOBOIH-
Jacs paAsHCHKOIO aBialli€lo y mepioJ] BiiHH, BECh yac
OyJIM 3aCEKPEUCHIi Ta HEMOCTYITHI TOMY, 110, MOYJIUBO i
Ternep, 3HaxoAAThcs B [loainechbkoMy apXiBi MiHicTepc-
TBa 0bopoHu Pocii.

Jons 3pobneHux mix yac BiliHM HIMEIBKUX aepo-
¢doTo3HIMKIB 1ikaBa cama 1o coOi. [licms Ximiko-
¢ororpadiuHoi 00poOku BoHM Oynu 3aTpeOyBaHi pi3-
HUMHU ITa0aMy HIMENBKUX 30pPOMHUX CHII IS ollepa-
TUBHOI pOOOTH, @ MOTIM BiJIpaBieHi 10 BiCHKOBOTO
apxiBy B KoOneHue, ne i moTpanmim 0 pyK COIO3HUKIB
B KiHIII BifiHH. Bci 3axormieHi aepodoToBinOUTKY il He-
raTuBY OyJY 3aBaHTa)KEHI Ha JIBI OapiKi, 10 MPSIMYyBaJIH
JI0 OTHOTO 3 MOPCHKHX IOPTiB, 3BIJIKM U IJIaHYBaJOCh
BUBe3TH (hoTOMarTepiany 3 okynoaHoi HiMmeuunHu.

Aute, 3 10 IUX Iip HE IIJIKOM 3pO3YMIJIMX TIPHYHH,
omHa 3 Oap)k He3abapoM IiIuIa Ha THO pa3oM 31 BciMa
HEraTHBaMH, IO NepeBo3wincs Ha Hii. Ile cramo Hac-
JigKoM abo HIMEIBKOro caboTaxy, ad0 BHIIAIKOBOIO
30iry obcraBuH. Bij Bcix MatepiasiB HIMELBKOI aepo-
(oTO31OMKHM YaciB BiliHM B pyKax aMepUKaHIiB 3allu-
IIWJIUCS TITBKM BJIACHE MarepoBi aepodOTOBIIOUTKU.
Ha noBri poxu Bci HiMelbKi 3HIMKA OYJIH 3aCeKpedeHi i
30epirajucs IijJ KOHTPOJeM BifichbKOBUX. L[iHHICTh UX
TpodeiiHUX aepo(OTO3HIMKIB, Ha SKUX Oyla IeTaIbHO
BiIOOpakeHa Majio He BCS €BpOIIciichka Tepuropis Pa-
JITHCBKOT'O COI03Yy, Ba)KKO TEPEOLIHUTH, ajpKe y pasi

BiliHu 3 CPCP CIA Moriin BUKOPHCTOBYBAaTH HiMEIIbKi
aepo(OTO3HIMKH 3 BEJIHMKOI KOPHCTIO I CBOIX
30poiinux cui. Otxe, 3axoruieHi B ['epmanii MaTepianu
aepoctorositomku Teputopii CPCP B [leHTaroHi moBruii
Yac pO3LIHIOBATIM B MEPIIY Yepry sIK JOKYMEHTH BiiCh-
KOBO-CTPATErivHOro, a He iCTOpUYHOro 3HadeHHs. [lo-
CTYN 710 HUX OyB NPaKTHUYHO 3aKpuTHH. Tak TpuBaso 1o
nouatky 60-x pokiB XX CT., KOIU 3 ITOSBOIO Maike
HIYMM HE OOMEKCHHMH MOMKIMBOCTSIMH CYIYTHHKIB-
LIMUTYHIB TpoderHi aepodoTo3HiMKH dwaciB Jlpyroi
CBITOBOI BiHM BTPaTHJIM Ul BIHCHKOBOTO BiIOMCTBa
CILA cBoe Munyse 3HaueHHs. Toxi i moyanacst podora
0 PO3CEKPEUCHHIO M KiTacudikalii aepohoTo3HOMOK U
0araThOX 3aXOIUIeHNX Y (pammcTiB ToKyMeHTiB. Icropu-
KH, HapeIIITi, TICTaJH 10 HUX JOCTYIL.

PoGora 3 HimMenpkumu aepoOTO3HIMKAMH BUMa-
rae BEJUKOI PETEIbHOCTI, OCKUIBKM 3HAaWTH MOTPiOHI
KaJIpu Jajieko He mpocTto. Tpeba 3HaTH reorpadiddi
KOOpJIMHATH MOTPIOHUX JIMCTIB 3 HOMEHKJIATYpH TOIO-
rpaiyHOl KapTH, MPaBUIBHO 3pOOMTH 3aMOBJICHHS Ha
moTpiOHe MOJBOTHE 3aBIAHHS, BUOpATH BiAMOBIIHUIA
MapuIpyT JiTaKka-po3BiHUKA 3 TPOIBOTOM HaJ MOTPio-
HUMHU paiiOHAaMHM MiCIEBOCTI W NPUHHATHUN MacuTad
aepodoroziiomku. TiTbKH MiCAS IBOrO MOKHA 3aMOB-
nsitu aepodoTorpadii.

Ha nmanomy erami poGOTH IyXKe BaKIMBO NOOpe
3HATH MICIIEBICTh B palioHi MPONBOTY JiiTaka-
PO3BiTHHKA, OCKUTBKH PO3i0paTHCs B JecATKaX (COTHSIX)
OTpPUMAaHUX 3 HBOTO 3HIMKIB Jajileko He MpocTo. 3Hau-
HOIO JIOIIOMOTOI0 ITPY [IbOMY MOXKE CTaTH cxema (haKkTH-
YHOI'0 MapUIPYTY JIiTaKa-po3BiAHUKA 3 HAHECEHHMH Ha
Hili HOMepaMu 3HIMKiB. Taka cxema, 3a3BWYai, Jona-
€ThCS JI0 TIONBOTHOTO 3aBJaHHs (pHc. 15).

Metoauka ungpoBoi 00podKku 300pakeHb
NpH CKaHYBaHHI aepooTO3HIMKIB

CTpYKTypHY CXeMYy METOIMKH IHU(POBOi 0OpOOKH
300pakens (I103) mpu ckaHyBaHHI aepodOTO3HIMKIB
HaBeJleHO Ha puc. 16.
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Puc. 15. TInan-cxemMa BUKOHaHHS PO3BiAyBaJIbHOIO NOJIBOTY
JUIS IPOBEJCHHS aepodoTO3HOMKH

1. OuiHKa ¢hisUYHOro craHy aepodoTonnisKu (BiabuTKy) |

4

2, YcyHeHHA (KoMneHcauin) pisHuxX pnechekTis Ha
aepodioTonnisui (BiRGUTKY)

| 3. MpaBunkHe po3MilleHHs aepodioTonniBKK (BiAGUTKY) |

10
| 4. AKTMBaUiA OpaWBepa cKaHepa |

5. Bubip peuMy cKaHyBaHHA:
— BUGip poapiaHeHHs;
= EuGip rmm6MHM NnpeAcTaENeHHA KONbOPY;
- EN3HAYEHHA XapaKTepy NepeTEOPeHHA TOHOEOro
po3apiaHeHHA EMXiAHOT 0 306paXKeHHA.

L

| 6. MonepegHe CKaHyBaHHA |

| 7. KappysanHa obnacti sobGpaxeHHs I

| 8. KoperyBauHsa Konbopy |

|8

I 9. YcraHoBKa KoechiuieHTy macwrabyBaHHA I
EiN
I 10. 3akntouHe cKaHyBaHHA |

4

| 11. BuGip chopmaty chainny |

I 12. 36epexeHHA 3o06paXKeHHsA |

Puc. 16. Meronuka I1O3 npu ckanyBaHHI aepo(h)OTO3HIMKIB

Eramu metonuku 1103 npu ckanyBaHHI MaTepiaiiB
aepoOTO3HOMKH MependayaroTh Taki Mdii.

1. Oyinka ¢hizuunozo cmany Hocis aepogpomozpa-
@iunozo 306pascenns. Ilpn yBaXHOMY BHBUYEHHI aepo-
¢dorortiBku (BiAOMTKA) MOTPIOHO BUSIBUTH HAa HBOMY
MW, BiIOWTKU TMAaJbI[iB, BOJOKHA, OpYH, IMOIPSIIHHHU,
3J1aMH TOIIO.

2. Vcynenus abo xomnencayis pizHux Oeghexmis
Ha aepogomonnisyi (8i06umky). HeoOXiqHO TPUHHATH
yCi MOXKJIMBI 3aXO0J JJIs1 YCYHEHHS e eKTiB, YaCTKOBOI
abo MmoBHOI X KOMIeHcalii (MPOMHUBaHHS y MPOTOYHIH
BOJI Ta MOBTOPHE BUCYIIYBaHHS, TIISHIIEBaHHS, PETy-
LIYBaHHS TOUIO).

3. Ilpasunvre posmiujenns aepoomoniisku (8io-
b6umxy). HaBiTb HeBeNWKWA Haxwia aepodOTOITiBKH
(BimOuTKy), Ha 1-2 TpamycH, BiIHOCHO HAIPaBJISFOUUX

CKaHepa MOXe IIPU3BECTH JO CIIOTBOPEHHS 300pa-
JKEHHs, 10 BBOAMTHCA. [IpoTe Takuii HEJONiK MOXHa
YCYHYTH TIPH BUKOPUCTaHHI IrpadiqHOro peaaxkropa.

4. Axmusayisn opavieepa ckanepa. Kpim npaiisepa,
B KOMIUIEKT MTOCTaBKH CKaHepa 3BUYANHO BKIIIOUAETHCS
mmporpamMa pemaryBaHHs 300pakeHb. J[ns akTuBarii
IpaliBepa CKaHepa 3aco0aMu TpadidHOro penakropa
HeoOXi1THO BUOpaTH BiNOBITHUH IpaiiBep cKaHepa.

5. Bubip peoxcumy crkanysanns. B mobomy npaii-
Bepi CKaHepa MOXIIMBO BHOpAaTH PEXUM CKaHYBaHHS,
SIKMH BH3HA4Ya€e PO3PSAHICTh TPENCTaBICHHS KOJIbOPY
npu oumdponi 300paxenHs. Ilpu BuOOpi pexumy
CKaHyBaHHS HEOOXi/IHO BpaxOByBaTH TaKe:

- TEMHI OpUTIHQJIIM XapaKTEPHU3YIOTHCS BY3BKUM
Jlialma3oHOM KOJIBOPIB B TEMHHX OOJNACTAX, TOMY NpH
CKaHyBaHHI Takux 300pakeHb OakaHO 301JBIIMTH TIIU-
OUMHY KOJbOpY, 0O 1€ MO3BOJIUTH IEPEHECTH AeTalli 3
TEMHHX 00J1acTel B OLIBII CBITII;

- CKaHyBaHHS 300pak€HHSI MEHII KOHTPAaCTHOTO
OpHTiHaTy, 10 Ma€ Majo JpiOHMX aeraield, Oyne Bu-
[JISIATH Kpalle Miclisl IepeTBOPEHHs HOoro B 300pakeH-
HS 13 MAKCHMAaJIBHO MOXKJIIMBOIO TJTHOMHOIO KOJIBOPY;

- B pexxumi CMYK, BactuBomy nuine mnpodecii-
HUM CKaHepaM, B TpOIECI CKaHYBaHHS BHKOHYETHCS
nepeTBOpeHHs 300pakenHs 3 Gopmary RGB B opmar
CMYK.

6. Ilonepeone cxanysanns. IlonepenHe ckaHyBaH-
HSl, [0 BUKOHYETHCS JJIs MEperisiny aepodoTorIiBKH
(BiIOWUTKY) 3 HM3BKMM PO3PI3HEHHSM, JIO3BOJISIE TOYHO
BUSIBUTH 00JIaCTh 300paKeHHS Ul 3aKJIIOYHOTO CKa-
HYBaHHS 1 IPOBECTH HACTPOUKY TOHY Ta Kombopy. [lic-
7Sl TIOTEPEAHBOT0 CKaHyBaHHS aepoQoOTOILTiBKU (Bin-
OuTKy) Tpeba BUOpATH TUIBKHM Ty YaCTUHY 300pakKeHHS,
sIKy Oa)kaHO OTpUMaTH B IM(POBOMY BHINIAMI. 3a pa-
XYHOK IIbOI'O CKOPOTHTBCSI Yac CKaHyBaHHS i Oyne 30e-
PEKEHO JUCKOBHH MPOCTIp.

7. Kaopysanns obnacmi 306pasicenns. KanpyBaHas
300pakeHHs, — Omepallisi BiJICIKaHHS HenoTpiOHOi yac-
THUHU 300payKeHHS, — IIPOBOIUTHCS IIUTSIXOM BBOAY KOOp-
JIUHAT CKaHyeMOI 00macTi 300paxenHs. KopucHuMm € Ta-
KOXXK PEeXHMM MaKEeTHOrO CKaHyBaHHS, IO 3alae psia 00-
JlacTell CKaHyBaHHS Ha OXHOMY 3HIMKY. Takuil pexum
CIIiJi BUKOPHCTOBYBATH IIPU HEOOXiAHOCTI OLM(pPOBKU
BEJIMKOTO 300pa’KE€HHSI 3 BUCOKHM PO3PI3HEHHSM, KOJIU
LIMPHHA B MiKCeJaX HUPPOBOro 3HIMKa OyIe MepeBHUIILy-
BaTU JIOIyCTHMI MexXi s rpadivyanx ¢opmaris, 1o BU-
KOPHUCTOBYIOTBCS 11 OLU(POBKH aepoh0oTO300paKEHb.

8. Kopeeysanusi monie 300paxcenns. Ilicns more-
PEeIHBOro CKaHyBaHHS aepodOTOIIIIBKM HEOOX1THO OIli-
HUTH OTPHMaHE TOHOBE PO3PI3HEHHS 1 MpH HeoOXin-
HOCTI IIPOBECTH KOPEryBaHHs TOHIB. 3a3BW4Yaii, B OlJIb-
LIOCTI JIpaiiBepiB MICTHTHCS TicTOrpama pO3MOMiIEeHHS
BIJTIHKIB KOJILOPIiB 300pakeHHs. KoperyBaHHs TOHIB
MOIIEPEIHHOr0 CKaHYBaHHS 300payKCHHS MOTPiOHO ITPo-
BOJIUTH Y TaKil TOCIIiTOBHOCTI:

- YCTaHOBKA 3HA4Y€Hb TOYOK YOPHOTO Ta O1J10T0;

- YCTaHOBKa mapamMerpa "ramma;

- HACTPOWKa TOHOBHX [Iialla30HiB.

9. Kopeeysanns xonvopy. Ha npoMy erami cka-
HYBaHHS IIPOBOJMTHLCS BHIIPABICHHS 3CYBY KOJbODY.
BusiBnenHst i BUIIpaBJIEHHS 3CYBY KOJIBOPY HEOOXiIHO
MIPOBOJIUTH MICISI TOTO, SIK TOHU 300pa’KeHHS BXKE CKO-
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peroBasi. SIKII0 BUKOPHCTOBYBaTH I omepaiii B 3BO-
POTHIH TOCHIJOBHOCTI, KOpEKIlisI TOHY MOX€E 3HOBY
IPU3BECTU IO CIIOTBOPEHHS KONbOpY. binbmicts mpor-
paM CKaHyBaHHS JI03BOJIA€ IPOBECTU KOpPET'YBaHHS Bij-
TIHKY Ta HAaCHYEHOCTI KOJbOpY 300pa)KeHHsl, IO CKa-
HYeTbCs, [0 3aKIIOYHOIO cKaHyBaHHA. KoperyBanHs
BIATIHKIB KOJIbOPY BUKOHY€ETHCS, 3BUYANHO, 3a JOIOMO-
TOI0 BKa3iBKM Ha KOJBOPOBIH Aiarpami BiTIHKY Ta Ha-
cH4yeHocTi. B nedkux npaiiBepax ckaHepiB BUKOHY-
I0TBCSl PETYNATOpU OallaHCy KOJBOPIB, IO IO3BOJIAE
HiABUIIUTH 200 3HU3UTH 1HTEHCUBHICTH OJHOI'O KOJbO-
Py 3a paXyHOK iHILOTO.

10. Yemanoska xoegiyiecnmy macumabysanns. B
MpOLIeCi CKaHYBaHHS 1 B MOJAJBIIOMY TpadiuHOMY pe-
JlaryBaHHI MOYKHA 3MIHUTH PO3Mip CKaHOBaHOTO 300pa-
XKeHHs. Y JpaiiBepi ckaHepa 3MiHa po3Mipy 300pakeH-
HS BUKOHY€TbCS ab0 ILIAXOM BBOAY LM(POBUX 3Ha-
4eHb, a00 3a JONOMOro0 ciaiaepiB. [l BUKIIOUEHHS
orepaniii MaTeMaTHYHOTO OCEPEAHEHHS 3HAUEHb KOJIbO-
py mpu 3MiHI po3Mipy 300pakKeHHs CIIiJi BUKOPHCTO-
BYBaTH KpaTHi koedimientn Macmradysanns (100, 200,
300%). Ilpm 3MmiHi po3mipy 300paxkeHHA B IIpoleci
CKaHyBaHHS HEOOXIJIHO 3BEpTaTH yBary Ha Te , II00
BXi/JIHE pO3pi3HEHHS 300pakKEHHsS HE NEPEBHIILYBAJIO
ONTHYHOTO PO3PI3HEHHS CKaHepa.

11. 3akaroune cxamyeanns. J{ns 3aKIOUHOTO CKa-
HyBaHHS 300pa)KeHHs MOTPIOHO HATUCHYTH BiANOBIAHY
KHOIIKY TIpHCTpOo, 3a3Buuai, "Scan" abo "Final".
Slxiio apaiiBep ckaHepa J03BOJIAE 3aBaHTAXYBATH 1 30e-
piraTu yCTaHOBKM NapaMeTpiB CKaHyBaHHS Ul OJHO-
TUITHUX OPUTIHAIIB, TO II€ M030aBUTh BiJ HEOOXiAHOCTI
KOXHHUM pa3 MOBTOPATU BCl KPOKM METONUKH CKaHY-
BaHHS.

12. 36epescennsi 300pasicenns. TlpakTnaHuid no-
CBiJl CKaHyBaHHSI 0araTthox aepodoTo3o0pa)keHb CBif-
YHUTH TPO Te, L0 HaWKpaluM BapiaHTOM BHOOpY (op-
MaTy rpu 30epexxeHHi (aiiny 6e3rnocepeIHbO Ha BUXO/I
31 ckanepa € popmat BMP.

[Nopanbme neperBopenns 3 hopmary BMP B inmni
¢dopmMaTi MPOBOAUTHCA 3 METOI 3MEHILICHHS PO3Mipy
Gainy, a omke W eKOHOMII IHCKOBOTO IIPOCTODY.
Hamnpukian, BigckaHoBaHMH Kaap 3i 3HIMKY pO3MipoM
0,025 na 0,025 M mpu pO3pI3HIOBANBHIN 3JaTHOCTI
ckanepy 7200 dpi 3aiimae 00’em mam’sti 136 Moaiit y
¢dopmati BMP.

Puc. 18. Kanp
3 aepO(OTOILTIBKH
qaciB [Ipyroi
CBITOBOI BilfHU

a

Ha puc. 17 HaBeneHo pe3ynpTaTH eKCIIEpUMEH-
TAJIBHO OTPUMAHMX 3TiJHO 3aMpPONOHOBAHIH METOAHUII
PO3paxyHKIB 3aJie)KHOCTeH 00’eMy (aiiy BijckaHOBa-
HOro aepo()oTo300pa)KeHHs BiJ 3aJaHUX IapaMeTpiB
CKaHyBaHHA (CXEMH NpPEACTaBIEHHSA KOJIbOpY, PO3pi3-
HIOBAJILHOI 371aTHOCTI, po3Mipy opHriHany Ta gopmary
¢aiiny onmppoBaHOro 300pasKeHHS).
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Puc. 17. Pe3ynpraT n0OCHiDKEHb 3 BU3HAYCHHS 00’ €My
(haitmy BizcKkaHOBaHOTO aepoOoTO300paXKEHHS
BiJ] MapaMeTpiB CKaHyBaHHS

JlociipkeHHs IPOBOJMINCH 13 BUKOPHCTAHHAM Y
SIKOCTI BHXIJTHOrO Martepiany Kajapy 3 aepo(OTOILTiBKH
yaciB [lpyroi cBiroBoi BiliHm (puc. 18). VY skocti
arnapaTHOro 3a0e3IeueHHs OCIiLKEeHHS 0ylI0 3acTOCOo-
BaHO CepiiHWH IUTaHmIeTHUH ckanep Mustec BearPaw
2448TA Plus. [Ipuknaau ckaHyBaHHS HaBEIECHOTO KaJ-
Py 3 aepodOTOILTIBKH Ta MOJAJIBIIOI 0OPOOKH OTpHMa-
HUX I(POBUX 300paxkeHb HaBeIeHO Ha puc. 19.

30epekeHHs1 qaHuX aepodoroziiomok y muudpo-
BOMY BHUIIZII € 3HAYHO MPOCTIIIOI0 33/1a4er0 HiK 30e-
PEeKeHHsI TUIIBKH, OCKIUIBKHA HE MOTpedye TaKoro CyBo-
pOro IOTPUMAHHSA TEeMIEpaTypH, BOJOTOCTI TOLIO, a
TaKO)K BUMarae MEHIIMX IUIOII IIPUMIIIeHb I 30epi-
ranus1. [Ipore mpu ouudposi ranoreHinocpiOHUX aepo-
(doTomarepianiB HEOOXiZHO MPABUILHO 3aJaBaTH ycCi
napaMeTpu CKaHyBaHHS, 1100 YHHKHYTH BTpaT BHXiJ-
HHX 3Ha4eHb CEHCUTOMETPUYHHX Ta CTPYKTYpOMETpHUY-
HUX IapamMeTpiB aepooTo300paxeHsb.

=R

Puc. 19. Pe3ynprat ckanyBaHHs i3 po3pizHeHHsM 1051*%1065 kanpy
3 aepodOTOILTIBKH (IUB. pHc. 18): a — HeraTuBHa Komist (00’ eM ¢aiiny —
1,07 MGaiit); 6 — mo3uTuBHa Kotist (00’ eM daiimy — 0,246 Moaiir)
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MeTtoauka CTBOPEHHS ATJACIB iCTOpHYHUX
KaprorpadiyHux Mojaesei 3a JaHUMHU
aepo(oTO3lOMKHM 3 BUKOPUCTAHHAM
reoinopManiliHUX TEXHOJIOTiH

OCHOBHI €Tany METOIUKH CTBOPEHHS aTiaciB iCTO-
pUYHUX KapTorpadiuHUX MOJCICH, IO MPOMOHYETHCS
(puc. 20), BianpaboBaHO Ha MPUKJIAI MicTa XapKoBa i3
BHUKOPHUCTAHHSAM apXiBHUX JaHUX HIMEIbKOi aepodoTo-

stiomku JlrodtBadde y mepion Jpyroi cBiTOBOI BifiHM.

1. Homyk apxiessx gaHeEx aepodoTosiiomor micra Xaproea,
pakonanax Jliodreadde mn gac Jpyroi ceiropoi piiing:
- Hanjosanere yopasnians apxieie ta goxymenrani NARA (CIIA);
- HamionaaeHa konexmin aepodorosmivkie NCAP (Benawxobparania).

AepofoTonaiekn
¥ nudposony dopmati

Anraoroei
aepofoTonIieKm

2. Iadpoee ckanyBaHHEA
raorenigocpibaus (AHATOroBHE)
aepodoTorTiBoK

= F

3. Amaniz Ta erbip kaapie aepodoTosiiorka micta Xapkosa
33 HACTYOHEME HOKAIHEKAME:
- wacoM 1 MicOoem op

e
T 3

4
pog
- AKIcTIO MaTepianis aepodoTosHOMEKH;

- HKICTIO PE3yILTATIE CKAHYEAaHEA NaHAX aepodoTozHoMKH.

Iy

4. BazaageEna MeTamaHHy aepodoTozHIMKIE

il

5. Tpancdopmyeanan apxienax aepodoTo3HIMKIE

U

6. Cteopenns nio3aike 3 aepod oTo3HIMKIE

|| | S !

Hemudpyeaaun Mozaigaa Mob6vaoea 3D-mogeni
aepodTosobpakenns || xaprorpaditaa TepHTODii Ha ocHORI
ICTOpHIHEY 3MIE MOJIETh TEPUTOPIL MO3aIKH aepOsHIMKIE
TepHTOpi l L
IcTtopaaaa
kaprorpadizaa

3D-mopeas TepHTOPIT

i

7. @opMyBaHHS aTaacy icTopHYHEX KapTorpadignax MogeneH
micTa XapKoga, Do0yA0BAHHX 33 JaHHMH HiMeNb KOl 2epo(oT0IHOMKE
y mepioa Jpyrol ceirosol sifina

Puc. 20. CtpykTypHa cxema METOIUKH CTBOPEHHS
aTIaciB iCTOPMYHUX KapTorpadiuHUX MOJENeH 3a JaHUMU
aepo(OoTO3HOMKH 3 BUKOPHCTAHHAM I'e0iHpOpMaiHHIX
TEXHOJIOriH (Ha mpUKIIagl MicTa XapKoBa)

Oco0MBOCTI MEPIIOTO i IPYTOro eTaniB METOIUKH
OKJIQJHO PO3MIAHyTO BuIle. Ha Tperromy erami 3 87
3HIMKIB, OTPUMaHUX 3a 3alUTOM 3 caiTy HarioHanb-
HOTO YNIpaBIiHHS apxiBiB Ta JokyMmeHranii NARA
(CIIA), yactuna ¢oromartepiaiiB Oyna BinmOpakoBaHa
3a TaKMMHU KpPUTEpPISIMHU: Micle 3HOMKH, 4Yac 3HOMKH,
SKICTh Ppe3yJbTaTiB aepoPOTO3HOMKH, SIKICTh CKaHY-
BaHHS TaJIOTeHINOoCcpiOHUX aepodoTo3HIMKIB. Bperri,
Oynu BimiOpaHi kajapu 3 aepodiIbMiB HIMELBKOI aepo-
¢dorositomku micta Xapkopa Bix 16.09.1941 — 8 kanpis

(3pa3ku HaBezneHO Ha puc. 21), a Takox 24.09.1941 —
10 kazapiB (3pa3ku HaBeneHO Ha puc. 22). OOpaHi 3HIM-
KU BUKOHYBAJIUCS Ha CEPEHIX BHCOTAX.

CTOCOBHO YETBEPTOro €Tamy 3alpOrOHOBAHOI Me-
TOJIMKH Y SIKOCTI MIPUKJIay HaBEIEMO METaJiaHi OJTHOrO
3 OTpUMaHMX HIMEIBKHX 3HIMKIB (pHc. 18):

1. 3aronook — TUGX1278SD-160941-014.

2. Astop — NATIONAL ARCHIVES. CIIA: Jlonr-
moHT, Kosopano.

3. IIpemmer — Aepodorositomka, @OTOMOHITOPUHT
3emmi, 1133.

4. Omuc — Himenpka aepodoTosiioMka Micta XapKoBa.

5. BumaBumuntso — NATIONAL ARCHIVES. CIIA:
Jlourmont, Konopano.

6. Yuyactauk — Sumitomo Corporation of America,

Heo-Hopx, CIIIA.

Jara — 16-09-1941.

Tun — BiackanoBane 300paceHHs acpo(hOTO3HIMKA.

dopmMmar — * jpeg.

0.006’em daiiny — 2,8 Mb.

1. Inentudikarop — 200906315290847240000116202

192000075139504THC.

12. JIxxepeno — HarioHanbHe ynpaBiliHHS apXiBiB Ta
nokymenranii (NARA) CILA.

13. MoBa — HiMellbKa.

14. 3B's130K — http://www.digitalglobe.com/products/data.

15. ®okyc — 75:80.

16. Homep kaapy — 168.

17. Homep dinemy — 4078.

18. Yac 3itomku 10 rox. 50 xsui.

19. Artopceke mpaBo — NATIONAL ARCHIVES.
CHIA: Jlonrmont, Kosopano.

Ha m’sitoMy erami METOIMKH 3a JIOTIOMOIOIO IIPO-
¢eciitnoi I'IC "Ilanopama" Bci rpadidHi MaTepiaiu
MIPUBOAATHCS 10 OJJHOTO MacIiTaly JUisl MOJaJIbIIOro iX
ompariroBanHs. JJis 1Oro MOTPiOHO MPUBECTH MaTepia-
JU IO OJJHAKOBOI CHCTEMH KOOpJWHAT, SIKa B JAHOMY
BHIIAAKY (Ha MpUKIaAi MicTa Xapkoma) Oyrna oOpaHa
YMOBHOIO JIJIsl OLIBII 3pY4HOI MPUB’SI3KH apXiBHUX Ma-
Tepiais.

TexHiYHO I1e BUKOHYeThCs TakuM 4uHOM. Y [IC
"ITanopama" BiIKpUBa€eThCs (parMeHT Cy4acHOI KapTh
Micta XapkoBa, B skomy ['IC-mporpama 3a 3amMoBYy-
BaHHAM B rnpoekuii “Tlnan-cxema” Hajgae BIacHI KOOp-
JIMHATH TIPUB’S3KH, BIANOBIZHI TENepilIHHOMY Yacy i3
BH3HAYEHOO IHCTPYMEHTAJIBHOIO TOXUOKOIO.

Jlaii uepe3 3HaXOMKEHHsI OIIOPHUX TOYOK 00’ €KTIB
MICIIEBOCTI, III0 ICTOPHYHO HE 3MIHWIIUCS, BUKOHYETHCS
NpUB’si3Ka aepoOTO3HIMKIB MicTa XapkoBa 4aciB Jlpy-
roi CBITOBOI BiitHH (pHC. 23).

Oco0MBiCTh BUKOHAHHS TIPHUB’SI3KU TIOJISITAE B
TOMy, IO yci aepodoTomarepiaiu 3 4YaciB BiHH He
MAalOTh €JIEMEHTIB 30BHIIIHBOIO OPIEHTYBAaHHS, IO PO-
OUTh HEMOXJIUBHM BUKOHaHHS OpPTO(OTOTpaHchopMy-
BaHH{ U1 yCyHeHHs aedopmariii 300pakenHs. Pazom 3
TUM, JUIS CTBOPEHHsI ICTOPHYHHX KapTorpagiuHux Mo-
JieNield He BUMaraeTbesl HaJBUCOKOI KOOPIWHATHOI TOY-
HOCTi, a/pKe IiCTOpH4YHMI KapTorpadiuHuii Martepian
BHUKOPHCTOBYETHCSI B OCHOBHOMY JIJIsl HAOYHOCTI. 3 ypa-
XYBaHHSIM 33a3HAYEHOr0, B JAHOMY BHIIQJIKYy HMPUHHATO
PILIEHHST OMYCTUTH €eTan OpTO(pOTOTpaHC(HOPMYBAHHS.
I pYHTOBHICTH TAKOTO PillIEHHS IiATBEPAUIACH TIO3UTH-

Do
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BHHM DE3YJIbTaTOM IIijl YaC MOJAJIBLIONO ONPAIlFOBAHHS
icTopuuHOro aepooromarepiainy.

Pe3ypTaTi MIOCTOTO €Taly 3ampoIoHOBAHOI Me-
TOJMKH — 1CTOpUYHI KapTtorpadiyni Mozeni Micra Xa-
pKOBa y BHUIJIS/II MO3aiku aepoOTO3HIMKIB, BUKOHAHHI
no Marepianax aepodororpadysanns JlrodrBadde

i1

Tu-@r1218

A e |

16.09.1941 p. ta 24.09.1941 p. (puc. 24). Bianosingni
icropuuHi Kaprorpadiyni 3D-mozeni HaBeieHO Ha
puc. 25. Kpim 3a3HaueHOro, 3amporoHOBaHa METOIUKA
nependavae ekcropt orpuManux 3D-mopeneii y Bineo-
¢dopmat *.avi, 110 HA/AE MOMENSM OLIbII BHIOBUIIHOI
pyxomoi Bizyarizauii (puc. 26).

7 1 s

Puc. 21. BiniOpani kazpu 3 ¢pinbMiB HiMebKoi aepodoTosiiomku Micra Xapkosa Bix 16.09.1941

g X6

o &

Puc. 22. BiniOpani kaipu 3 GpineMiB HiMelbKoi aepodoTosiiomku Micta Xapkosa Bix 24.09.1941
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Puc. 23. Pe3ynbraTtu KOOpAMHATHOI NPUB’A3KK aepoOTO3HIMKIB MicTa Xapkosa yaciB J{pyroi cBiToBoi BiiiHU
Ta HAKJIJaHH IX HAa CydacHy KapTy XapKoBa

Puc. 24. Icropuuna kaprorpadiuHa Mozens Micta XapKoBa y BUIIISI MO3aiku aepod)oTO3HIMKIB
o Marepianax aepodororpadysanns Jlropreadde 16.09.1941 p. (a) Ta 24.09.1941 p. (6)

[Ticnst KoopAMHATHOI MPUB’SI3KK Ta HAKJIAJAHHS ae-
podorozHiMKiB MicTa XapkoBa 4aciB J[pyroi cBiTOBOi Biii-
HM Ha CydacHy KapTy XapKoBa MO)KHA OTPUMATH JIOKyMe-
HTaJbHY (hiKcalilo JMHAMIKK 1CTOPHYHHMX 3MiH iH(pa-
CTpyKTYpH MicTa (puc. 27). Bpemri, cucremariaao 00’ ex-

HYIOYM OTpUMaHi icropuuHi Kaprorpadiuni momemi, siKi
OpraHiYHo IOB’s13aHl MIXK COOOIO Ta 3MICTOBHO JIOIIOBHIO-
I0Th OflHA OIHY, OTPUMYEMO aTiIac iCTOPHYHUX KapTorpa-
¢iuHMx Mopeneil Micta XapKkoBa 3a JTaHMMH HIMEIBKOL
aepo(hOoTO3HOMKH Y riepio] 2-0i CBITOBOI BiiiHH (pHcC. 28).
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a 0

Puc. 25. Icropnuna kaprorpadiuna 3D-mozxens mMicta XapkoBa, mo0yoBaHa o MaTepianax
aepo¢ororpadysanns JIrodreadde 16.09.1941 p. (a) ta 24.09.1941 p. (6)
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Puc. 27. Icropuuni 3MiHM iHPpacTpyKTYpHUX 00'eKTiB MicTa Xapkosa (1941 ta 2019 poxn)
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: ATnac icTOpUYHUX KapTorpadiyHUx Mmogenei

o MicTa XapkoBa 3a AaHMMMU HiMeuBKoT aepocdOTO3HOMKU
y nepiog Opyroi ceiToBol BilHN

MmicTa XapKkoBa 3a

1. OpraHisauis Hi I 7

aepodpoTositoMKn y nepioa Opyroi cBiToBoT BIlHK

lcTopuyHi KapTorpadpiyuHi 3D-Mogeni micta XapkoBa

AaHUMU HiMeLbKOi

Opyroi ceBiToBOI BiliHK

-
-
-
-
-

-
-
-
-
-
-
-
-
-
-

leTopuyHi 3MiHK iHd)pacTPyK; 3. AepodhoTosHIMKN MicTa XapKoBa 3 cepeaHix BMCOT NonkLoTY Big 24.09.1941

aepotioTO3HIMKIB

2. AepodoT i micTa XapkoBa 3 cepefHix BUCOT NonboTy Big 16.09.1941

4. AepochoTosHIMKN MicTa XapKoBa 3 MannX BUCOT NONbOTY

5. IcTopuyHi KapTorpachivHi Mogeni micta Xapkosa y BUIIIAAI MO3AiKK

6. IcTopuyHi KapTorpadiivni 3D-Mopeni micTa Xapkosa

ModgTeadide y nepiog

7. AepothoTofokymeHTaLis icTop

micTa Xapkosa (1941 Ta 2019 pokn)

3MiH iHpacTpyKTYpHUX 06 'eKTIB

Puc. 28. 3micT arnacy icTOpUYHHX KapT

BucHoBku

[IpoanainizoBaHo icHYyI04i 3apyOi’kKHI Ta BITYM3HSHI
icTopuuHi KaprorpadivyHi MOJeNi, SKi CTBOPEHI 3 BHKO-
pucTaHHAM reoiHpopMaliifHux TexHomuorii. [TokasaHo,
mo 3 cepeauHu 90-x pp. XX CT. y 3B'SI3Ky 3 INOSIBOIO
BIJTBHOTO IPOIPaMHOro 3a0e3NeueHHs Ta BIAKPUTHX
KapTorpagiuHiX CEepBiCiB PO3MOYaBCS AKTUBHUH PO3BU-
TOK 3aKOPJOHHUX ICTOPUYHHUX HAIllOHAIBHHUX IIPOEKTIB
i3 3acTocyBaHHsIM TeoiH(pOpMaIiifHuX TexHoiorii. Pa-
30M 3 TUM, B YKpaiHi po3poOka i CTBOpPEHHs icTOpHY-
HUX KapTorpadiuHux Mojejel y TelepillHii yac 3Ha-
XOIAThCS Ha cTajii craHOBieHHsA. [Ipore peaizaris
BiTUM3HSHUX icTopryHHuX BeO-I'IC-mipoekTiB mpencras-
JISIETHCS IEPCHEKTUBHUM HATPSIMOM «IU(POBOI icTOpii»
Ta chpuse iHTeHCcHU]ikamii TyMaHITapHUX OHJIAH-
TEXHOJIOTIH 1 PO3BHUTKY iCTOPHUKO-OPi€EHTOBAHUX iHTEp-
Her-pecypciB. ToMy CTBOpeHHSI aTJaciB 1CTOPHYHUX
KaprorpagiuHux Mojenei MicueBocTed YKpaiHH €
BKpali aKTyaJbHOIO 3aa4elo.

[IpoananizoBaHO oOpraHizaljilo HiMelbkoi aepodo-
tosiiomku JlrodrBadde y mepion Apyroi cBiTOBOI BifiHH i
Ha MiCTaBl Pe3yJbTaTiB IHOIO aHANi3y C(OPMYIILOBAHO
IIX1J] 10 OTPUMAaHHS 31 CIeliali30BaHUX CalTiB Mepexi
Internet aepodoromarepianis, MO JOKYMEHTYIOTh iCTO-
pHUYHI 3MiHIOBaHHS 1H(PACTPYKTYpU TEpUTOPii Y KpaiHH.
Po3pobieno metomuky 1mppoBoi 0OpoOKH 300paXkeHb
NpU CKaHyBaHHI aepo(oTo3HIMKIB. ExcniepumeHTansHO
BCTaHOBIICHO (DYHKIIIOHAJIBHI 3aJIEKHOCTI 00’ eMy (aiiny
BiZICKAHOBAHOTO aepodoTo300pakeHHsT BiJ  3aJaHUX
HapaMeTpiB CKaHyBaHHA (CXEMU HPEICTaBJICHHA KOJIbO-

orpadigyHuX Mozenel micra Xapkosa

PY, PO3DI3HIOBAIBHOI 3ATHOCTI, PO3MIpy OpHTiHAIY Ta
¢dopmary daiiny orrdpoBaHOT0 300paKEHH).

3anponoHoBaHa METOAMKa 3abe3neuye 30epekeHHs
JaHuX aepo(OTO3HOMOK y HU(PPOBOMY BHUIJIS, L0 €
3HAYHO MPOCTIIIOK 3a/Mauel0 HiK 30epeKeHHs aepo-
(OTOILTIBOK Ta BiZIOUTYIB, OCKUIBKH HE TIOTPEOYE TAKOTO
CYBOPOTO JOTPUMaHHS TEMIEPaTypH, BOJIOTOCTi TOLIO, a
TaKOX BUMarae MEHIIMX IUIOII PUMILIEHb 11t 30epiraH-
Hsl. Po3poOnieHo MeTonyKy CTBOpEHHs aTiaciB icTopud-
HUX KapTrorpadiqyHux Mojelei 3a JaHuMu aepodoro-
3HOMKH 3 BHUKOPUCTAHHSM I'eOiH(GOPMAI[IHHUX TEXHOJIO-
riif. 3anpoNoOHOBaHy METOIUKY alpOOOBaHO i3 BUKOpHC-
TaHHSIM apXiBHUX JaHHUX aepooTo3iioMok Micta Xapko-
Ba 4aciB [Ipyroi cBiTOBOI BiliHW. 3alpornoHOBaHa METO-
JMKa rependavae aHami3 Ta Bigoip 3 aepodinbMiB Kaapis,
IO BiANOBIZAIOTH IIEBHUM CIHEI[ialbHUM KPHUTEpisM 1
NPHUAATHI UL CTBOPEHHS aTJaciB iCTOPHMYHMX KapTorpa-
¢iunnx momeneid. Takok Meronuka nepenbadae BU3Ha-
YeHHs METAJaHUX KOXKHOTO 3HIMKy. Bperuri, pe3ynbra-
TOM 3aCTOCYiBaHHS 3aIPOIIOHOBAHOI METOAUKU € OTPH-
MaHHS MO3aiYHUX ICTOPUYHMX KaprorpadiuHux Moje-
nel, a Takok icropuanux 3D-mopeneii Teputopii. Kpim
TOr0, METO/IMKa 3a0e3reuye BUKOHAHHS JeIH(ppyBaHHI
aepo(hoTo300pakeHb ICTOPHYHUX 3MiH IHPPACTPYKTYpH
TIEBHOI TEPUTOPIi.

TakuM YMHOM, 3aIpOINOHOBAHA METOIMKA € T'EOiH-
(opMaIliiHUM  TIPOrpaMHO-TEXHIYHUM  3a0e3MeYCHHSIM
PO3po0IIeHHs aTiaciB iICTOPHYHUX KapTOrpagigyHux Moje-
JIeii 3a JaHUMH aepodOTO3HOMKH 1 T03BOJISIE OTPUMYBATH
JIOKYMEHTaJbHY (iKcallif0 JWHAMIKK ICTOPUYHUX 3MiH
iH(pacTpyKTypH TEPUTOPIi MiCLIEBOCTEH, IO LIKABIISTH.
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Meroanka co3gaHus ATJACOB HCTOPHYIECKHX KapTorpadgpmiecKnx Mozjesiei o JaHHBIM a3podoToChEMKH
¢ HCIO0JIL30BAHHEM re0MH( OpMaNMOHHBIX TEXHOJIOTHil

C. M. Auppees, B. A. Kuiun

AnHoTanus. IIpenveroM mcciieoBaHUA SBISIETCS METOIMKA CO3/IaHUS aTJIACOB UCTOPHYECKHMX KapTOrpaM4ecKux
Mozienielt 1o JaHHBIM a3podoTocbeMKH. OOBEKTOM HCC/IeIOBAHUS SBIISCTCS MPOLIECC CO3AAHMS PA3JIMYHBIX THIIOB TeMaTH4e-
CKMX KapTorpa(uueckux MOAENEH, coaepxalux cruenupuaeckyto HHPOpMaIuo 00 apXHBHBIX 1 COBPEMEHHBIX KapTorpaduue-
CKHMX MaTepHallax, OCBEILAOIUX ucTopuueckre coobitus. Ilesibio paGoThl SBIISETCS MOBBIIEHHE HHPOPMATUBHOCTU M HATJIA]-
HOCTH MCTOPUYECKUX KapTorpaduueckux mMozeseH, o0ecreueHus LeJ0CTHOrO IPEACTaBICHUs O PACIIONIOKEHUN M U3MEHEHHAX
UHQPACTPYKTYPHBIX OOBEKTOB ONpPEAEICHHOW MECTHOCTH B pa3Hble MCTOpHYEcKHe nepuozsl. BeiBoasl. IIpoaHann3upoBaHsl
CYILIECTBYIOLINE 3apYyOekKHbIE U OTEUECTBEHHbIE HCTOPUUECKUE KapTorpadhuuecKue MOJIENH, CO3/IaHHbIe C UCIIONb30BAHUEM I'e0-
nH(pOpMaLMOHHBIX TexHonorui. [Tokazano, uro ¢ cepeauns! 90-x rogoB XX B. B CBA3H C MOSBICHHEM CBOOOJHOIO POrpaMMHO-
ro 00ecreyeHus U OTKPBITHIX KapTorpaguueckux CepBHCOB HAYAIOCh aKTHBHOE Pa3BUTUE 3apYOEHHBIX MCTOPUUECKUX HALUO-
HAJIbHBIX NPOEKTOB C IPUMEHEHHEM I'eOMH(OPMaMOHHBIX TeXHONOrUil. [IpoaHanu3upoBaHa opraHu3arys HeMenKkoil a3popoTo-
ceeMku JltoprBadde B nepuox Bropoit MUpOBOIi BOIHBI M HA OCHOBAHUH PE3YJIbTaTOB 3TOr0 aHaIN3a CHOPMYIHPOBAH IOIX O K
MOJIyYCHUIO M3 CIICLUAIN3UPOBAHHBIX caiiToB cetd Internet aspodoromarepuanoB, KOTOpbIE JIOKYMEHTHPYIOT HUCTOPHUYECKHE
U3MEHEHHs! UHPPACTPYKTYpbl TeppuTOopur YKpauHsl. Paspaborana Meronuka nudpoBoii 00paboTky M300pakeHUH 1IpU CKaHH-
POBaHUHU a3pOGOTOCHUMKOB. DKCHEPUMEHTAIIBHO YCTAHOBJIEHb! (DYHKIIMOHAIBHBIE 3aBUCUMOCTH 00beMa (aiina oTckaHMpOBaH-
HOro aepooTo300pakeHHs OT 3a/IaHHBIX IIapaMETPOB CKAHMPOBAHMS (CXEMbI NPEJICTABJIEHHS 1IBETA, Paspellaromen ciocooHo-
CTH, pa3Mepa opHMruHana u ¢opmara Qaiina ouudposansoro nzobdpasxenus). IIpeanoxkenHas METoAUKa 00€CIIEYUBAET COXPaH-
HOCTb JJAHHBIX a3p0()OTOCHEMKH B IM(POBOM BHUJIE, UTO SABIIAETCA Oosee MPOCTOH 3aauei, 4eM XpaHeHHe aepodOTOIUIEHOK U OT-
TIeYaTKOB, IIOCKONIBKY HE TpeOyeT 0co00 CTPOroro coOIOAEHHS TEMIIEPATYPhI, BIAXKHOCTH M T. 1., @ TAKKe TPeOyeT MEHBIIHX I1I0-
majiei noMemennii Juist xpaHeHus. Paspaborana MeToMKa CO3/[aHus aT1acoB HCTOPHYECKUX KapTorpaguyeckux Mozenei 1o JaH-
HBIM a3pO()OTOCHEMKH C UCIIOIb30BaHNEM I'eOMH(OpPMaIMOHHBIX TexHoorui. IIpemioxennas MeToarKa arpoOrpoBaHa C HCIONb-
30BaHHEM apXMBHBIX JIAHHBIX a3pO(OTOCHEMKH ropoja XapbkoBa BpeMeH Bropoil MupoBoil BoiHbI. IIpemioxeHHas MeTonuka
IpelycMaTpUBaeT aHAJIM3 U 0TOOp U3 a’podmiIbMa KaJJpOB, OTBEYAIOLINX ONPEJIEJICHHBIM CIICLUAIBHBIM KPUTEPHAM U IIPUTOIHBIX
JUIsL CO3JIaHMS aTJIacoB MCTOPUYECKHMX Kaprorpaduueckux monenei. Takke MeTonuka mpejnonaraeT ONpese/ieHHe METaJaHHbIX
Ka)KJ10ro cHUMKa. HakoHel, pe3ynbraToM NpHUMEHEHHs IPEeUI0KEHHOH METOMKH SBJISETCS MOIyYEHHE MO3AUYHBIX HCTOPHUECKHUX
Kaprorpaduyeckux Mojenel, a Taxke ncropudeckux 3D-moneneit MmectHocTu. Kpome Toro, Meromka o0ecrieuHBaeT BhIOIHEHHE
JnemudpupoBaHus a’3podoToU300paKEHNH HCTOPUUYECKUX W3MEHEHMH MH(PACTPYKTYphl ONpeieNeHHON TeppuTopuu. Takum
00pa3oM, NpeIoKEeHHAs] METOAMKA SIBIACTCS IeOMH()OPMALMOHHBIM IPOrPaMMHO-TEXHUUECKMM OOecledyeHHeM pa3paboTKu
aTJIACOB MCTOPUYECKHX KapTOrpaMuecKux MozeNel MO JaHHBIM a3po(oTOCHEMKH M IMO3BOJLIET MONIY4aTh AOKYMEHTAJIBHYIO
(buKcalMI0 TMHAMUKY HCTOPHYECKUX M3MEHEHHH HHQPACTPYKTYpPbl TEPPUTOPUI HHTEPECYIOIIEH MECTHOCTH.

KawueBbie cioBa: reouH(pOpMaIMOHHBIE CUCTEMBI; a3pooTOChEMKA; IIM(PPOBBIE MOJEIIN MECTHOCTH; AeIdprpo-
BaHHE; HCTOPHYECKIE KapTorpapyecKue MOJIEITH.

Methodology of historical cartographic models atlases creation according to aerial photography data
with the use of geoinformation technologies

S. Andrieiev, V. Zhilin

Abstract. The subject of the study is the method of creating atlases of historical cartographic models according to ae-
rial photography. The object of the study is the process of creating various types of thematic mapping models that contain spe-
cific information on archival and contemporary mapping materials that cover historical events. The purpose of the work is to
increase the informativeness and clarity of historical mapping models, to provide a holistic view about the location and changes
of the particular area infrastructural objects in different historical periods. Conclusions. Existing foreign and domestic historical
mapping models, created using geoinformation technologies, are analyzed. It is shown that from the mid-90's of XX century due
to the fact of free software and open mapping services appearance, the active development of foreign historical national projects
with the use of geoinformation technologies began. At the same time, the development and creation of historical cartographic
models in Ukraine are currently in their infancy. However, the implementation of national historical WEB-GIS projects is a
promising area of "Digital history" and contributes to the intensification of humanitarian online technologies and the develop-
ment of historical-oriented Internet resources. Therefore, the creation of atlases of historical cartographic models of Ukraine's
terrain is an urgent task. The organization of German aerial photography of the Luftwaffe during the Second World War is ana-
lyzed, and on the basis of the results of this analysis, an approach to obtaining aerial photographs from the specialized Internet
sites documenting the historical changes in the infrastructure of the territory of Ukraine is formulated. The methodology of digital
image processing at aerial photography scanning is developed. Functional dependencies of the size of a scanned aerial image file
and the set of scan parameters (color scheme, resolution, size of the original and file format of the digitized image) were experi-
mentally established. The proposed method allows aerial photography to be digitally stored, which is a much simpler task than
storing analog aerial films and prints, since it does not require such strict adherence to temperature, humidity, etc., and also re-
quires less storage space. Methods for creating atlases of historical cartographic models based on aerial photography using geoin-
formation technologies have been developed. The proposed method was tested using archival data of aerial photographs of the city
of Kharkov during World War II. The proposed methodology involves the analysis and selection of aerial film frames that meet cer-
tain special criteria and are suitable for creating atlases of historical cartographic models. The technique also involves determining
the metadata of each snapshot. Ultimately, the result of the proposed method is to obtain mosaic historical mapping models as well
as historical 3D models of the territory. In addition, the methodology provides the decoding of aerial photographs of historical
changes in the infrastructure of a certain area. In this way, the methodology of geo-information software and technical procuring
of the atlases of historical cartographic models development on the basis of the aerial photography data proposed and makes it
possible to get documents and documental information about the historical changes of infrastructure of the study area.

Keywords: geoinformation systems; aero-photographic data; digital models; detailed interpretation; historical carto-
graphic models.
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HarionansHuii TEXHIYHHN YHIBEPCUTET «XapKIBCHKUH MONITEXHIYHUI IHCTUTYT», XapKiB

TH®OPMAIIMHA TEXHOJIOI'TSI ®OPMYBAHHSA BAPIAHTIB KOH®IT'YPAIIIL

JOTICTUYHOI'O KAHAJIY TUCTPUBYIIII

AnoTanis. [Ipeamerom nociimkeHHs € npouec GOpMyBaHHS JIOTICTUYHOIO KaHally Ha OCHOBI KOH(ITI'ypyBaHHS JIoric-
THYHOI CUCTEMH JUCTpUOYILIi TOBapiB MacoBOro BUKOPHUCTaHHI. MeTa poboTu nonsrae y po3po6ui iHpopmariitHoi Tex-
Houorii GopMmyBaHHS BapiaHTiB KOH(}irypauii JIOricTHYHOro KaHaiy. Po3risnaerscst MHOKMHA BUPOOHUKIB NPOIYKIIII,
LEHTPIiB KOHCOJNiganii MpoayKii, HeHTpiB KacToMizalii Ta MHOXXKHHA CIO)XHBadiB mpoaykuii. TpaHcropTHa 3amgada 3
JIBOMa IPOMIXKHUMH BY3JIaMH JIEKOMIIO3YEThCS Ha Bi. 3a/jaua po3CiloBaHHS BUPIIIYe NPOOIeMy NPUB’ A3KH KOHKPETHUX
CIOXKHMBayiB MPOIYKLIi 10 BIIMOBIHUX CKJIaAiB KacToMizawii. Jpyra TpaHcnopTHa 3ajada BUpilye npodieMy 10CTaB-
KU TOTOBOI NMPOAYKLIT 31 CKiIaJiB BUPOOHMKIB JI0 CKJIaJiB PEriOHAIBHOrO PiBHSA 1 Ma€ MPOMIXHI BY3JIM KOHCOMiAauii
npoxaykuii. Jlyist BUpilIeHHs 1uX 3a1a4 po3pobiieHa iHdopMauiliHa TeXHOIOris, AiarpaMma po3ropTaHHs sKOi CKJIaJa€eThCs
3 yotuphox By3miB: Client, Web server, Application server, Data base. Pe3ynbraTy mociikeHHs IpeCcTaBIIeH] K Bapi-
anTH KoH(}irypauii soricrudanoi cucremu auctpudyuii. IToganbine BUKOPHCTaHHS OTPUMAaHUX PE3yJbTATiB I1OB’SA3aHE 3
BU3HAYEHHSAM PIBHA CepBicy JUIS KOHKPETHHMX BapiaHTiB KOH(]Irypamii, a Takox ix cTIMKOCTI 10 pi3HOMaHITHUX Ha/l3BU-
YyaiiHuX curyauiid. OTprMaHi pe3yJabTaTH € OCHOBON Uil popMyBaHHS OpraHizallifHOI CTPYKTYpH YIPaBIIiHHA JOTiCTH-
YHOIO CUCTEMOIO AUCTPHUOYIIl.

Karo4dosi cioBa: JjorictiuHuii KaHall; TOBapH MacOBOrO BUKOPUCTAHHS; iH(OpMallilfiHa TeXHOIOTis; TPAHCIOPTHA 3a-

Jlaya; piBeHb CTPAXOBUX 3aIlaciB; OpraHi3aliiiHa CTPYKTypa YIpaBIliHHS.

Beryn

IMocranoBka mnpodaemu. JlorictmuHa cucrema
JIUCTpUOYLIi (DYHKIIOHAJIBHO PO3MOMUIIETHCS HA JIOTiC-
TUYHHUI Ta MApKETUHIOBUI KaHaU. JIOTiCTUUHMIA KaHa
yABJsIE cO00I0 (Di3MYHUIA PyX Ta PO3MILIEHHS T'OTOBOI
MPOAYKIli HAa OCHOBI HHM3KH JIOTICTHYHHX OIEpaIlil,
TaKUX SIK: TPaHCIOPTYBaHHs, 30epiraHHs MPOXYKIIii,
o0poOka 3aka3iB, BaHTaxorepepoOka i T.i.. Burpatu
JIOTICTMKH Ha TPAHCIOPTYBaHHS MpPOAYKLii Ta i 30epi-
TaHHs MPEBAIIOIOTH 0 BiJHOIIEHHIO /IO 1HIIMX BUJIB
orepaniii y joricThaHOoMy Kanani. ToMy nipu crpateri-
YHOMY IUIaHYBaHHI PO3IJLINAIOTHCS J1BA BUIU (THITH)
orepaniii: TpancropryBanHs roroBoi npoxaykuii (I'TD),
30epiranns ['T1.

MapkeTuHroBuii kaHaia (OpPMYETbCS HHU3KOIO
¢bipwM, siki OepyTh ydacTb y KymiBii Ta npogaxy ['Tl Bin
i1 BUpOOHHMKIB JI0 KIHIIEBUX CHOKUBAYiB.

YyacHUKaMH MapKETHHTOBOTO KaHaly €: ONTOBH-
KH{; po3/piOHI TOProBlli; areHTH abo OpoKepH; pureiine-
pHiT. i

dopmyBaHHSI KOHQIrypamii JIOriCTUYHOIO KaHally
JUCTPUOYIIT POBOANTHLCS HA OCHOBI HOI'0 KOHKpETH3a-
uii 1 xracudikanii [1]. 3BU4aifHO 32 OCHOBY OepyThCs
HACTYITHI TIOKa3HUKH: CEKTOp Oi3HEeCy, BUJ Ta Mapamer-
p¥ MarepiaJbHUX IOTOKIB, JIOTICTUYHA KOHIEMINs. 3
TOYKH 30py MEPIIUX JBOX IMO3ULIH y poOOTI po3risa-
I0ThCsI IPOMHMCIIOBI Ta MPOJIOBOJIBYI TOBApPH, SIKi € TOBa-
pamMH HIMPOKOTO BXHTKY 1 IIOAEHHOro monury. Jlis
TaKoro cekropa Oi3Hecy, BHIy Ta IapaMeTpiB marepia-
JIBHUX TIOTOKIB BUKOPHCTOBYIOTHCS JIBI OCHOBHI JIOTiC-
TUYHI KOHIIEMINI: cremiaizamis i acoptuMent. [lepmia
JIOTICTUYHA KOHIISHINsS y OUIBININA Mipi BiAMOBIZa€ MO-
Oy[10Bi MapKETHHIOBOT0 KaHaiy. KoHIenis mpoIyKkro-
BOTO aCOPTHMEHTY NPHITYCKAa€, 1[0 TOTOBA MPOAYKIIis
MOBUHHA Yy BH3HAYEHHMX MICIPIX JIOTICTUYHOTO KaHAIly
OyTH CKOHIIGHTPOBaHa, COPTOBaHA Ta PO3IMOJIEHA MO
HanpsMy ii pyxy BiJ BUpOOHHMKA JJO KiHIIEBOI'O CIIOXKH-
Baya npoaykuii. [Ipy 1iboMy BHIUISIOTECS TPU OCHOBHI

eTaIy, Taki sK: KOHCOMifamis (KOHIICHTpAIlis), KaCTOMi-
3allisi Ta PO3CIFOBaHHS.

KoHcomigarist mpuIryckae HasBHICTH BiIIOBIIHUX
CKJIaJiB, Ha SIKUX HAKONMYYIOTh OOMEXEHY KiIbKiCTbh
HaiiMenyBasb [Tl y Benukux oOcsrax. OcHOBHaA 3aqaua
KOHCOJITAIlT MIPOAYKINT MOJIArae Y 3MEHIIICHI KITBKOCTI
TpaH3aKLiil 3 METOI MiHiMi3amii JIOTICTHYHUX BUTpAT.
[Ticnst KOHIEHTpALi CTOITh 3aJ]a4a COPTYBaHHS Ta IPy-
ITyBaHHS TPOJYKIII B Jesiki komOiHanii. Takuii mporuec
Ha3UBAEThCSA KacToMizamiero. PesynpraT kacromizamii
BH3HAYA€ Taki TPYNH TOBApiB, SIKi 3aJ0OBOJNBHSIIOTH 3a-
MMUTaM CIIOKMBaYiB. TpeTiM eTarmoM KOHIIEHINT MpOayK-
TOBOTO ACOPTHMEHTY € PO3CIIOBAaHHS, SIKE IOJSTae y
BIAMpABIli KIiHIIEBOMY CIIOKHBAYEBi YHIKaJIBHOI acop-
TUMEHTHOI Py TOBAapiB y 33/laHe MicIie Ta 4ac.

AHaJi3 oCTaHHIX JocCHiIKeHb i myOsikamii.
Kongirypysanns sorictuunoi cucremu (KJIC) mucrpu-
Oyuii BiamoBinae (GpOpMYyBaHHIO JOTICTHYHOIO KaHAIy.
BianosimHo 10 [2] JOTiCTHYHUIN KaHAJT CHHTE3YEThCSA Ha
OCHOBI CTPYKTYPHOI'O Ta MapaMeTPUYHOI'O CHHTE3Y JIO-
rictmyHol cuctemu. [lpu mpoBeJeHHI CTPYKTYpPHOTrO
CHHTE3y B IEpIIy Yepry HEoOXiJHO PO3TJISTHYTHU JIOTiC-
TUYHHUN KaHajl 3 TOYKH 30pY JBOX CTPYKTYPHHX PO3Mi-
pHOCTEH (CKJIaIOBHX): TOPU3OHTAIBHOI Ta BEPTHKAJIb-
HOI. Y HalIOMy BUIIAJKy FOPH30HTANbHA CKJIaJ0Ba Ma€
YOTUPH PiBHI.

1. BupoOHuky npomykiii.

2. llenTpu KoHCOMiAALIT POAYKIIT, SIKi € JIOTiCTH-
YHUMHU PO3NOAUTEYMMU IIeHTpamMu (JIPLI).

3. IIpoMi>kHI po3MOiNBYI LIEHTPH, SIKI peai3yloTh
MpoLIeC KacToMi3allii.

4. JlokanbHi CKJIaayM Pi3HOTO POAY TOPTOBEIBHUX
TOYOK : CYIIEPMapPKETH, IIPOIOBOJIbYI Mara3uHH i T. iH.

BeprukanpHa ckiajoBa KO)KHOTO PiBHS JIOTICTHY-
HOTO KaHaIy AUCTPHOYLIi BH3HAYAETHCS KUIBKICTIO Ta
MICIIEM pO3TallyBaHHs BiAMOBITHUX CKiadiB [3—5].

HaiikpanmmMu MicIsMU po3TallyBaHHs JIOTICTHY-
HUX IIEHTPIB € BEJMKI MicTa, MOPCHKI Ta PIYKOBI OPTH,
KpYIHI 3aJi3HW4HI craHuii. Bonn npusHaveHi mist pos-
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MOJITYy TOBApiB 1 3HAXOMATHCA MK ITiIIPUEMCTBAMH,
MPOIYKIIIO SIKKX BOHU OTPUMYIOTh, i pUHKAaMHU, sIKi BO-
HU OOCIyroByloTh. TOMYy pO3MIILIEHHS JIOTiCTHYHHX
LIEHTPIB 3aJIeKUTh BiJl pO3MILIICHHS BUPOOHHKIB TOTOBOI
nponykmii Ta i crmoxuBadiB. Y poOOTi BBaXKarOThCS
3aJJaHIMH KOHKPETHI CHOXKMBadi MPOAYKINI, Micue iX
3HAXOJDKEHHS Ta MOMHUT Ha MPOJIYKIIIIO, @ TAKOXK BUPOO-
HUKH TIPOAYKLii, ii acOpTUMEHT Ta 00’€Mu, Micle po3-
TallyBaHHS KOKHOT'O BUPOOHWKA. TakuM 4YMHOM, Yy Ha-
LIOMY BUIAAKY CTPYKTYpHHH CHHTE3 BHU3HAUa€E: KiJlb-
KICTh CKJIAAIB KOHCOJIZaIil 1 KacToMiszamii; MOMKJIMBI
Micls X po3TalryBaHHs Ta HPOMYCKHY CIHPOMOXHICTb.
Pi3HI MeToAM BU3HAYEHHS ONTHMAIBHOTO TEPUTOPiallb-
HOT'O PO3MIIIEHHS JIOTICTUYHHUX LEHTPIB B 3aJIEKHOCTI
BiJl 00OpaHOro KpHUTEpil0 ONTUMI3alii po3risialoThes y
poborax [6-9].

VY poboti moxaii npobiema Budopy JIPL] 3BoauTh-
¢ 10 Bubopy nesikoi miaMuoxuau JIPL] i3 3a3manerins
3a1aHol MHOXKMHM Ha OCHOBI METOZIB OINTHMI3ali.
[Micns BusHaueHHs JIPII- mpeTeHIEHTIB 10 BKIFOUCHHS
y HU3KY JIAHIIOTIB TMOCTa4YaHHs BHPIIIYIOTHCS 3aaadi
MapaMeTPUYHOrO CHHTE3Y Ha OCHOBI JIBOX OCHOBHHX
KJIaciB 3ajad:

— pi3Hi Moaudikalii TPaHCIOPTHUX 3a/1a4, Y TOMY
YHCITI TPAHCHOPTHI 33a4i 3 MPOMIXXHUMH BY3JIaMH;

— 3aJ1a4l YIpaBTiHHSA 3allaCaMH.

Kpurepiem npu BupilleHHI IMX 3a1a4d € cyMapHi
JIOTiCTHYHI (DIHAHCOBI BUTPATH Ha TPAHCIIOPTYBAaHHS Ta
TpUMaHHS MPOMYKIIi Ha CKJIaAax pizHoro ratryHky. Or-
K€, HH3Ka JIOTICTHYHUX TOTY)XHOCTeH (CKiIagu Ta
TPAHCIIOPTHI 3aCO0M) € KapKacoM JUIsl peaji3allii joric-
TUYHUX omeparii [10-12].

Meta crarri. [loOygoBa JIOriCTUYHOrO KaHaLy
3BUYHO 0a3yeThCS HA JBOX JIOTICTUYHUX cTparterisx [1]:
MiHiMi3amis (IHAHCOBMX BHUTpPAT Ta MAaKCHMITi3aIlis
PIBHSI CIIO)KMBYOTO cepBicy. 3a3BHYail piBeHb CepBicy
3aJIeKUTh BiJl KIIBKOCTI CKJIQAIB Ta iX PO3TALIlyBaHHS,
TPUBAJIOCTI JIOTICTHYHOrO (DYHKIIOHAJIBHOI'O IIUKIY,
cTpaTerii ynpaBiIiHHS 3amacamMu. SIKIIO PO3TIIAAaeThCs
3a/laya CTPATErivyHOro IUIaHyBaHHS, HEOOXiJTHO 3a0e3-
MEYUTHU CTIMKICTh JIOTICTHYHOT'O KaHAJy IO BiTHOIICH-
HIO JI0 PI3HOMAHITHUX HaJI3BHYaWHUX CUTYyallii. A Me-
TOJ| (TEXHOJOTis1) 0araTOKPUTEPIAIbHOrO CHHTE3Y KOH-
¢irypyBaHHSl JIOTiCTUYHOI cHUCTeMH AUCTpHOyIii [13—
15] moBuHeH Ga3yBaTHCS HA TPHOX TPYMax KPUTEPIiB.

1. Kpwurepii, nmo’s13ani 3 GpiHAHCOBUMH BHTpaTaMU
Ha (QyHKIIOHYBaHHS JIOTICTUYHOTO KaHAIY.

2. Kpurepii, ski 3a0e3neuytoTh piBeHb BiJIOBIi-
HOT'O CEpBICY 10 CIIOKMUBAUiB MPOAYKIIi.

3. Kpurepii cTiiKOCTi JIOTICTHYHOTO KaHaJy /0 pi-
3HOMaHITHUX HaJ3BHYAHHUX CUTYaIlill.

Y poboTi po3risimaeTbes 3aaada GopMyBaHHS JI0-
TICTUYHOrO KaHaJTy Ha OCHOBI KPHUTEPIiB MEPIIOl TPYITH.
OTKe, MeTa CTaTTi noysrae y po3poOui iHpopMamiiHoi
TexHoorii popMyBaHHS BapiaHTiB KOH]Iryparuii joric-
TUYHOTO KaHaly. Y MOJajbIIOMy Ha OCHOBI KpPHUTEpIiB,
piBEHb cepBicy Ta CTIHKICTh 0 HaJI3BUYalHHUX CHTYa-
iil, BHOMpAETHCS Kpalyii BapiaHT 3 MHOXKHHHU €EeKTH-
BHUX. OTpHMaHi pe3ylbTaTH € OCHOBOI i (OopMy-
BaHHS MapKETHHIOBOTO KaHaly, KOHKPETHUX BHKOHAB-
1iB Oi3HEC-TIPOLIECIB Ta OpraHi3alifHOl CTPYKTYpH
yIIpaBJIiHHS.

@opMyBaHHS JOTICTHYHOT0 KAHAJTY
HA OCHOBI (PiHAHCOBUX BUTpAT

Ha ocHOBI KkoHKperH3auii JIOTiCTHYHOTO KaHAITY
PO3IIITHEMO JIOTICTHYHY CUCTEMY AHCTpHOyLii, sKa
CKJIaIA€ThCS 3 BOX BHUIIB Oi3HEC-TIPOIIECIB: TPaHCIIOP-
tyBanHsa [Tl, 36epiranns ['Tl. Bynemo BBakaTH, 110
PO3ITIANAIOTHC: MHOXKMHA M| BUPOOHMKIB IPOAYKILI;

M, — MHOXXHMHa LIEHTpiB KOHcomiaauii mpoxykuii (Ha-
I[iOHAJIbHI CKJIaau); M5 — MHOXHHA IIEHTPiB KacTOMi-
3amii npoxykuii (perioHanbHi ckiaagn); M, — MHOXKHHA
CIIOXKHMBAYiB poIyKiii (puc. 1).

@dakTUyHO HEOOXiJHO BHPIIIYBATH TPAHCIOPTHY
3a1ady 3 JBOMa PiBHSMH NPOMDKHHX By3miB. Lle MHo-
xuHU M, 1 M5 . Chopmyemo mepenik BuXifHOi iHpO-
pMartii Ta ynpaBisSiOYHuX 3MIiHHUX, SKi BIUIMBAIOTh Ha ii
PO3B’sI3aHHS.

@
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Puc. 1. Crpykrypa JIOTiCTUYHOrO KaHaITy

[lomepeqHbO PO3MISHEMO MOMHMT  CIIOKUBAYiB
(MHOXXMHa M 4 ) Ha TOTOBY Ipoaykuito. IIpu cTpareriu-
HOMY IUIaHYBaHHI 3BUYAHO pO3IIISAAETHCS 3ajadya
YIpaBIiHHA 3amacaMu 3 (DIKCOBAaHMM IIMKJIOM 3aKa3iB
I'TI. Tomy nipu 3a7aHiil TOBXHHI LUKy MOXKHA BH3HA-
yuTH 00’€M TPOAYKIIl KokHOro BULy. Ha ocHOBI mipo-
BEICHHUX JIOCHIPKEHb OyJeMO BBa)KaTH, IO IOMHUT Ha
KOXKHHH B NPOJYKIIT Ma€ HOPMaJIbHUI 3aKOH PO3IIOJ-
ny (H3P) 1 nomxuHa MKy OTHAKOBA IS BCi€i HOMEHK-
JIaTypy 1 CIOKMBAYiB MpoayKiii. ToMy MOXKHa 3amucaTi
BEKTOp NapaMeTpiB MHOXUHU M, HOpPMaJIbHUX 3aKOHIB

PO3TOALTY IONKTY criokuBadiB I'TI TaKuM YUHOM

az{(akp’dkp)’ keMy, peP},

A€ Gy, — MATEeMATHYHE CHOMIBAHHS Ta Gy, — CEPEHBO-

KBaJ[paTH4HE BIIXWIEHHS U k -TO CIIOXKHMBa4a Ta p -
T'0 BUAY NPOAYKILi. P — MHOXXHMHA BUIIB IIPOMYKIIII.

AmHani3 npocyBaHHsI TOTOBOI NPOAYKIii BiJl BUPO-
OHUKIB J10 EHTPIB KOHCOMIAAI] Ta KacroMizamii 1 Jaii
JI0 JIOKAJIbHUX CKJIa/IiB CIIO)KMBAYiB TOTOBOI MPOAYKIIiT
MoKa3aB, 10 HEOOXiJHO TPaHCHOPTHY 3aaady 3 ABOMa
MPOMDKHAMH BY3JIaMU PO3AUIUTH (JIEKOMIIO3yBaTH) Ha
nBi. e moB’s13aHO 3 HACTYMTHUMHU OOCTaBUHAMHU.

1. Benukuii po3mip 3amadi  (BeTHKa KUIBKICTB
3MIiHHHX).

2. Ha nokanbHOMY piBHI (IIpOCyBaHHSI HPOAYKIT
BiJl pPErioHAJILHUX CKJIAMiB IO CIOKMBAYIB MPOMYKIIiT)
HEe3HAYHI 00’€MHU TPOMYKIIi OKpEMHUX MOCTavaIbHUKIB
(BUpPOOHHKIB) HE NO3BOJSIOTH BHPILIYBAaTH TPAaHCIIOPT-
Hy 3aj7a4y 0e3 00’€IHaHH] 3 NOTOKAMH NPOIYKII iH-
IIUX BUPOOHHKIB.
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3. HeMOXJIHBiCTh 3HAYHOTO 301IBIIEHHS JJOBXKHHH
LUKITY TOCTaYaHHSA NPOMYKINI Ha JIOKAJbHOMY piBHI
3aBJISIKH OOMEXEHOMY 00’ €MY JIOKAIBHHUX CKJIaJliB.

Tomy y noganpioMy 0ynemMo po3riisiaaTh:

1) 3amaqy pO3CifOBaHHs, SKa BHPIIIye MPOOIEMY
TIPHB’I3KM KOHKPETHUX CIIOKUBAYiB MPOAYKILi 10 Bijrmo-
BIJIHMX CKJIaJiB perioHajbHOro piBHs. [Ipu mpoMy, SIKIIO
3a7aHi JIOIyCTUMI MiCIsl pPO3TalllyBaHHs PETiOHAJBHHX
CKJIaJiB Ta 1X KUIBKICTh, BUPILIYETHCS 33/1a4a BUOOPY KOH-
KPETHOI MHOKWHH CKJIJIIB 3 TIEPENTiKY IIPETeHICHTIB;

2) TpaHCHOpPTHA 3a/laya IOCTABKU MPOMYKMii 31
CKajiB i BUPOOHUKIB /IO CKIIA/iB PETIOHAIBHOIO PiBHSI.
Ie 3amava 3 IPOMIKHUMH By3JaMH KOHCOJiAamii mpo-
nykuii. ¥ sikocti BUXinHOI iH(opMaii s 11 BUpilIeH-
HSI BUKOPHCTOBYIOTHCSI HACTYIIHI pe3yJIbTaTH PO3B’sA3aH-
HS 3a7adi po3CitoBaHHA: (iIKCOBaHA KIJIBKICTh CKJIAJIiB
perioHanbHOro PiBHA 1 Miclsl iX po3TallyBaHHS; 3aKOHH
po3noniiay 00’e€MiB MPOAYKINii, SKa MOBHHHA IMOCTYIIATH
Ha perioHallbHi CKamy (MOMUT MPORYyKIii 3 OOKY perio-
HAJIBHUX CKJIAJIiB).

[epeiinemo o po3riisimy MOAEIN TPaHCHOPTHOI 3a-
Jladi pO3CiIOBaHHS TOTOBOI MPOIYKIL, sika (paKTHYHO BH-
POIDKYETBCS Y 3a/1ady CTPYKTYPHO-TOIOJNIONTYHOTO CHHTE-
3y. OJMHHMIIEI0 PO3MIPHOCTI TIOTOKY TEPEBE3EHb € IajeTa,
y sIKii Mo)ke OyTH pO3MillleHa pi3Ha KUJIBbKICTh OJIMHHIIb
KOHKpETHUX BUJIB BaHTaxy. bynemo BBaxkaty, 1o Hemae
00MEXEeHb Ha CyMiCHE TepeBe3eHHs PI3HOro BUY BaHTa-
xy. Tomy, 3Bakaroun Ha HE3aJISKHICTh BUTAIKOBUX BEJIH-
YYH MONUTY HA MPOAYKIIIO PI3HUX BUJIB, SIKi MAIOTh HO-
pMabHUN 3aKOH PO3MOIUTY, TP BUKOHAHHI LIEHTPAIIb-
HOI rpaHUYHOI Teopemu cymapHuii notik I'TI moxxe OyTu
OITMCAaHUH BHIAIKOBOIO BEIWYUHOIO 3 HOPMAJIHHM 3a-
KOHOM PO3IOALTY 1 HACTYITHUMH TTapaMeTpaMu

e =Zpepakp’ Ek = zpeP(ékp)zs k€M4a

le @, Ta @ — MaTeMaTWYHE CHOJiBAHHS i CepeTHbo-
KBaJIpATHYHE BiIXUJICHHS BETMIMHA CYMapHOTO MOTOKY
MPOAYKLIi Al k -TO CrIo)KUBayva.

Mopnenb 3agaui po3CilOBaHHS HaBEAEHO Y pOOOTI
[8]. Iepetinemo M0 po3TIIsILY TPAHCIOPTHOI 3aaadyi Ie-
peMIIleHHs TPOIYKINT 31 CKJIaiB BUPOOHHUKIB JIO perio-
HalbHHUX cKiafiB. lle 3ajava 3 MPOMIKHUMHU BY3JIaMH
KOHcommaii nponykiii. Jas 1i BupimieHHS OymemMo
BHUKOPHCTOBYBATH HACTYITHI PE3YJAbTATH PO3B’SI3aHHS
3aja4i pO3CiIOBaHHS: MHOXKMHA CKJIAJIB PETiOHAJILHOTO
piBHs M5 ; MOXHHA My C M7 Micib ix po3TamryBan-
HsI, 3aKOHM posmoainy monuty Ha I'TI, ska mMOBHHHA
MOCTYyNIAaTH HAa  PETiOHANBHI  CKIAmM; MHOXHHH
M 4, SMy, je M5 cKnajiiB JOKATBHOTO DiBHS, KO-

KEH 3 SKHX OTPUMYE TMPOAYKIIIO 3 BIANOBIIHOTO j-TO
PETiOHaIBbHOTO CKIIAMY.
bynemo BBaxkaTH, 110 MOMUT HA KOKHUK p - BUJ

NpOoAYKIii MHOKUHU M 4 j € HE3aJICKHOI0 BUIIAIKOBOIO

BEJIMYUHOK. TOMYy MOMHUT Ha p-W BHI TPOAYKINI j-TO
pETIOHaNBHOrO CKJIaly Ma€ HOPMAaJIbHHH 3aKOH pO3IIO-
TJTY 3 TAKMMH XapaKTePUCTHKAMHU

ﬂjp=2k€}\7[4j&]qja pepa jEM:‘)’ (l)

> - \2 ——
ﬂjpz Zkeﬁ4j(akp) ) peps ]€M3’ (2)

ne ﬂjp Ta ﬂjp — MaTeMaTH4HE CITOJ[IBAHHS Ta Cepel-

HBOKBAJIpaTUYHE BiIXWICHHS HOPMAaIBHOTO 3aKOHY pO3-
MOAITY BEJIMYMHH CyMapHOTO MOTOKY MPOAYKLii p-ro
BUAYy Y j-My perioHanbHOMY ckiafi. Lli mapamerpu Bin-
NoBiatoTh (hikcoBaHiil moBxuHI MKy moctaBku [T1 3
pETiOHAIEHUX CKJIAJIiB HA PIBCHb TIEPBUHHKX CIIOKHBAYiB
MpoAyKii. SIKII0 MOBKXUHA IUKITY 3MIHIOETHCS, TO BUKO-
HYETBCS KOPEKIisl BiNoBitHUX napameTpis (1) Ta (2).

Mopnenb TpancnopTHOi 3anadi npocyBanHs ['TI 3i
CKJIajiB i BUPOOHUKIB J0 pETiOHANILHUX CKJIAJiB 3 BH-
KOPHCTaHHSIM NPOMDKHUX HaIllOHaJbHUX CKJIAJiB KOH-
coJTiTarii mpomyKIlii HaBeJACHO Yy poboTi [8].

[epetinemo 10 po3riIsAAy APYroi CKIaaoBoi (piHaH-
COBUX BHTpAaT 3aladi KOH(]IrypyBaHHs JOTiICTHYHOTO
KaHaJIy TUCTPHOYIII, siki TOB’si3aHi 31 30epiranusm ['T1
Ha CKJIaJax perioHaJbHOrO 1 HAIllOHAJIBHOI'O PIiBHIB.
[Ipu crparteriuHoMy IUTaHYBaHHI I 3ajada po3riisijia-
eTbcsi 3 (DIKCOBAaHOIO NOBXKMHOW UKy 3akasziB [Tl
Bynemo BBaxkatu, 1110 JIOBXKMHA LUKITY 3aKa3iB MPOIYK-
1ii 31 CKJIAIB 11 BUPOOHUKIB Ha CKJIaJd HAIliOHAJIBHOTO
PiBHS JOPIBHIOE JTOBXHHI IUKITY 3aKa3y MPOAYKINI 31
CKJIaJ[iB HAI[IOHAJBHOTO PiBHS HA CKJIAJW PETiOHAIBHO-
ro piBusa. KpiM 1poro, Imi JOBXKHHH IOPIiBHIOIOTH N
JIOBXKMHAM LIUKITY 3aKa3iB 3a/1a4i po3ciroBaHHs, e N —
1IiJIe YUCII0 OLIbIIe OANHHUII.

Bynemo BBaxkatu, mo nonut Ha I'Tl y Hamomy Bu-
MaJIKy € CTalliOHapHUM TporiecoM. Tomy #HMOBipHa Be-
JIMYMHA TTOTPEeOH Yy p-My BHUII MPOAYKINI HA j-My perio-
HAJIBHOMY CKJIaJi MPH JOBKHHI ITUKITY 3aKa3iB , KU
JIOpiBHIOE N IMKJIaM JIOKQJIILHOTO PiBHSI, TAKOX € WMO-
BIpHOIO BEJIMYMHOIO 3 HOPMaJbHUM 3aKOHOM PO3ITO[Ii-
my. Tomy Hioro MareMaTUyHe CIIOJIBaHHS Ta CEpeIHBO-
KBaJ[paTHYHE BiIXMUICHHS BU3HAYAIOTHCS TAKUM YHHOM:

Bjp=Bj-N, peP, jeMs,

_ — ~
Bi»=A(Bjp) -N. peP, jeMs.

VY CBOIO Yepry Ha perioHajJbHHX CKiIagax yci P
BHJIB TPOIYKINi € HE3aIC)KHUMHU BHUITAJKOBUMHU BEIIU-
ypHaMu. KpiM 1100, BOHH MarOTh OJHAKOBHUH BHI 30e-
peXEHHS TPOMYKINI B majneraXx. ToMy IX iHTErpoBaHa
BEJIMYMHA TaKO)K Ma€ HOPMAJIbHUHA 3aKOH PO3IMOILTY 3
MAaTEeMAaTUYHUM CIIOAIBaHHAM Ta CEPEIHBbOKBAIPATHY-
HUM BigxwieHHsM. [[i mapameTpu HOPMATBHOTO 3aKOHY
BH3HAYAIOTHCS TAKUM YUHOM:

s _
Bi =2 pepBip» JEMs,

Ejzz ZpeP(Ejp)z’ JeMs.

JI71s1 BU3HAYCHHS BUTPAT Ha 30€piraHHs MPOIYKILii)
HEeOoOX1THO PO3TJISIHYTH MHUTaHHS 1X 3aJIe)KHOCTI Bij piB-
Hs 3a7I0BOJICHHSA moTpedu y 3amaci I'TI (piBHS cepBicy).
Bynemo BBakatu, 1o inTerpansHuii 3anac I'T1 Bu3Hava-
€ThCS BEUYMHOW [ , a moTpeda y HbOMY — IIUIBHICTIO

WMOBIPHOCTI 3 HOPMaJbHHM 3aKOHOM PO3MOALTY 1 ma-
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pamMmeTrpaMu EIZ, E,Z (puc. 2). Matematudne
50%

IMinssicTs AMoBipHOCTI

CIIOJTIBAaHHS ﬂjz — 1e cepenHs morpeda y
84 13%

3amaci. [IpaBopy4 Bii MaTEeMaTHYHOI'O CIIO-
MiBaHHSA BUIAAKOBOI BEJIHMYUHH [3 3HAXO-
IUTBbCA 00JacTh PHU3UKY ne(illuTy 3amacy,

SIKM BUHHUKA€E TIPU 3aJ0BOJICHHI MOTPEOH Y
I'TI, sxuil mepeBUIye CEpeAHIO0 BEIUYUHY

(MatemaTnyHe crojiBanHs). JliBopyu Bim 0

MaTeMaTUYHOI'O CHOI[iBaHHH BUIAJIKOBOI |

BEIWYMHHA 3 3HAXOJHUTHhCS OOJIACTH PUBUKY
HajuikiB 3anacy ['TI. ITioma, sika 3Haxo-
JUTHCS M1 KpUBOIO (PYHKIT MIIIBHOCTI PO3-
MOy MMOBIPHOCTI B yIpaBIIiHHI 3amacaMmu
€ aHaJloroM piBHs cepBicy. Ha puc. 2 y sikocTi npukia-
Iy PO3TIISAAIOThCS TPH BapiaHTH CTPaxOBOI'O 3aracy,
SIK1 BIJUIOBIAIOTh O , 20 , 30 .

SIkmo cTpaxoBuil 3amac JOPIBHIOE HYIIO,a MOX-
nuBicTh 30epiranns [Tl Ha j -My perioHaIbHOMY CKITai

. . =Y - - .
mopiBHioe BenuuuHi S, TO GasoBuil piBeHb CepBiCy

00CITyrOByBaHHSI CIIOKMBA4iB MPOMYKLii JOpiBHIOE 50
%. SIKIO CTpaxoBUi 3amac JOPIBHIOE ¢ , TO Oa30BHIA
piBeHb cepeicy Oyne 84,13 %. [ng cTpaxoBoro 3amacy
20 1e 97,72 %, a qna 30 — 99,87 %.

OTKe, ceperHbOKBaIPATUYHE BiIXHMICHHS Aﬂjz

BEJIMYMHOIO CTPaXOBOI'0 3aNacy [UIf j-T0 PerioHaIbHOTO
CKJIaZly, fIKa BU3HA4Ya€ PiBEHb CEpBiCY AJIA CIIOXKMBAUiB,
SKi 32 HMM 3aKpiIluleHi Ha OCHOBI BHUpILIEHHs 3aaadi

posciroBanns. Skmo BBaxarh, mo F i(B) dymxuis,

sIKa BH3Ha4Ya€ BUTPATH Ha OPEHIy NPUMIIEHb Ha j-MYy
cKyIani i 30epiranus 3-00’eMy IPOIYKIIil, TO CyMapHi
BUTpaTH Ha perioHanbHOMY piBHI Ha 30epiranns [TI
BU3HAYAIOTHCSl TAKUM YHHOM

P ({57 + 6B} |) = 3o, T (BF + 457

[epeiinemo 10 BU3HAUEHHS BUTpAT Ha 30epiraHHs
npoAyKuii Ha HamioHaidbHOMY piBHi. CdopmyBatu 3a-
KOH PpO3MOALTY MOMUTY JUIsi CKJIaAiB HalliOHAJBLHOTO
PIBHSI 10 aHAJIOTIi 3 PEriOHaJbHUMH CKJIQJIaMU HEMOX-
JIMBO, TOMY IIIO OJIMH 1 TOH € perioHaJbHUI CKIIaja 00-
CIIYTOBYEThCSI PI3HMMHU HalliOHAIILHUMU CKiamamu. To-
My 3alpoIOHOBAaHO BBAaXKATH, IO CyYMapHUH 00’€M
CTPaxoBOro 3amacy IJIs BCIX CKJIaJiB HalliOHAJIBHOTO
PIiBHSI IOPIBHIOE CyMapHOMY CTPaXxOBOMY 3aracy perio-
HAJILHOT'O PIBHS 1 JJIs1 KOKHOTO CKJIaAy HAI[lOHAJIBHOTO

PiBHS BiH € MPONOPUIHHUM BENUYMHI ﬂ,‘f\ , IKa BU3Ha-

yae cymapuuii o6’em I'TI depe3 k -ii HaIliOHAJIBHUIA
cknag. Omke, 00’eM CTpaxoBOro 3armacy Jjist k -ro Ha-
I[IOHATIBHOTO CKJIaly BU3HAYAETHCS TAKUM YHHOM

z B]é\, ke]\7[2.

keM,

aA
AB; =

X\ aA

Y (aB7)-Bi
]€M3

SIKIo BBaXKaTH, IO Fk (B) dynkuis, sixka BH3HA-

Yyae BUTPATH Ha OpPEH/Iy NPUMIILEHb HA k -MYy HallioHa-
JIBHOMY CKJIazi [uisi 30epirants [-00’emy NpoayKIii, To

9772% /
|
99 87/ | . \
- 2 i e Homur P
2 I i i
| B,.E| | : ' CepefHEOKEaNpaTHY HE
| ) |L ol | 2o J‘3(:; BiIXHIEHHA
0 /—\B_E

Puc. 2. lllinbHiCTH HOPMAJILHOTO 3aKOHY PO3IOALTY HOMUTY

CyMapHi BUTpaTH Ha HalliOHAILHOMY DiBHI Ha 30epiraH-
Ha I'T] BU3HA4aI0ThCS TAKUM YHHOM

RA RA = (@A RA
£y ({Bk + ARy }) = ZkeM2 Fy (Bk + APy ) :
VY pe3ynbTarti BUpINIEHHST TPAHCIOPTHHUX 3aj]ad Ha
OCHOBI Mopieneil, siki HaBesieHi y [8] BU3HAUaIOThCS Ha-

CTYIHI 3MiHHI: Xj; — Oyl€Ba 3MiHHA, sKa JOPIBHIOE

OJMHUII, SIKIO K - CIIOXHMBa4 MPOAYKIIT MOB’SI3aHUM
TPaHCIOPTHOIO apTepPI€lo 3 j-M PEriOHAJIbHUM CKJIAJIOM;

)_’zlk — KIJIBKICTh TPAHCHOPTHUX 3aco0iB /[ -ro THITY, SIKi
nepeBo3aTh Tl 3 i-ro B k-if MyHKT; f,{j— KIJIbKICTh

TPaHCIIOPTHUX 3aCO0iB /[ -ro THITY, siKi epeBo3siTh 11 3
k -ro B j-ii myHkT. Ha OCHOBI IMX 3MIHHHX BH3HAYa-
10ThCsl (piHAHCOBI BUTpAaTH Ha JIOKAILHOMY PiBHI, SIKi

JIOPiBHIOIOTh F]({f,;,ke]\?4l-,je]\7l3}) Ta BUTPATH

PpEerioHaIbHOTO 1 HAllIOHAJILHOTO PiBHIB
—[x =[x . 3 7 . 7
Fz({yik,ykl-,leMl, keMz,]eM3,leL}),

Omxe, iHTerpoBaHi (DiHAHCOBI BHTPAaTH BH3HAYa-
I0ThCSI TAKUM YHHOM

F=Fi (T ok e Moo e 03+ ({75 5
ie]\7[1,ke]\7[2,je]\7l3,le L})+F3 ({(_§*+AE§*)’
jeA7[3})+F4({(E]?* +AE]{}*), keﬂz}),

ne «*» BH3HA4Ya€ KOHKPETHI 3HAYEHHS BIiIIOBITHHUX
3MIHHHX, SIKI HaBEJCHO BUIIIE.

Moygeni, Ha OCHOBI SKHX BH3HA4YaeThCa F*, MaloTh
TaKi mapamerpu.

1. KibKicTh CKJaliB pPErioHaNbHOro 1 HalliOHAb-
HOT'O PIiBHIB, MICI1 PO3TANIYBaHHS SKHX BU3HAYAIOTHCS
Ha MHOXXMHax M, 1a Mj.

2. CtpaxoBi 3amacw: Aﬁjz,je]\%; Aﬁl‘f\,keﬂz,

BIJIMIOBITHO, PET10OHATIBHOI'O Ta HAIIOHAJIHLHOT'O PiBHIB.

3. opxuuu 1ukiaiB 3aka3iB I'TI Ha ckmamud Jo-
KaJIbHOT'O, PEriOHAJIBLHOIO Ta HAIIOHAJBLHOTO PIBHIB, BiJ
SIKHX 3aJIe)KaTh MapaMeTpH 3aKOHIB PO3MOALTY MOIMUTY
Ha ['TI KiHIEBUX CHOXMBadiB, a Takox nonuty Ha ['TI
JUTSL CKJIQ/IiB PEriOHANBHOTO PiBHSL.

Skuo 3amaHi pi3Hi BapiaHTH mapaMeTpiB, siKi Oynu
BU3HAYCHI BHINE, TO OTPUMAEMO pi3HI 3HaueHHs i-
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HAHCOBUX BHUTpaT F*, a Takox
pi3HUIl piBeHb IHTErpaJbLHOTO
CEepBICY JUISA KIHIIEBUX CIIO)KUBA-
4iB MpoayKii. BiH Biapi3HAETHCS
BiJI PIBHIB CepBiCy, sIKi HaJAIOTh
OKpeMi perioHajbHI Ta HallioHa-
JIBHI CKJIaZM B 3aJISKHOCTI Bif iX
CTpaxOBHX 3amaciB. [HTerpaib-

EkcnepT

o . . AHanituk
HU piBEHb CEPBICY MPOIOHYETH- A
cd BH3HAYaTH Ha OCHOBI iMiTa-
LIMHOI0 MOJIEIIOBAHH.

Indopmaniiina TexnoJoris
Ha pmiarpami BapiaHTiB BU- 7%

KOpPHCTaHHSI  300pakeHO
akropa (puc. 3):

1. Excnept — akrtop, SKHii
(dbopMye BUXITHY iH(QOpPMAIIIIO Ta Ma€ JBa MPELICACHTH:

— (QopmyBaHHs BUXiZHOI iH(opMmalii — mperne-
JIeHT, KU JTO3BOJISIE aKTOPY (OpPMyBaTH BUXITHY iH-
¢dopmariiro s Bupinienss 3aaadi KJIC, a came: odiky-
BaHUH ITOIUT HA JIOKAJILHOMY PiBHI, MOXJIMBI MapIipy-
TH TPaHCIIOPTYBAaHHS, BapTOCTi OIepallii TPaHCIOPTY-
BaHHS TOILIO;

— BBEIICHHS IapaMeTpiB KoH]irypamii — mperie-
JIEHT CyMICHHH 3 aHAJIITHKOM, JIO3BOJISIE aKTOPY BBOAM-
TH 1H(OPMAILIIIO 10 CUCTEMH.

2. AHamTHK — aKkTop, SKMH (OpMye BapiaHTH
KOH(QIrypalii JoricTHYHOI MepeXi Ta Mae HacTYIHI
TIPEIe/ICHT:

— BBEIICHHS NapaMeTpiB KoH]irypamii — mnperie-
JIEHT CYMICHHH 3 €KCIIEPTOM, JJO3BOJISIE AKTOPY BBOAUTH
iH(OpMaIlito IO CUCTEMI;

— pIIIeHHS 3aJadi PO3CiIOBaHHSA — MPEIEICHT,
SKHH JlTa€ MOXIIUBICTh BHPIIIUTH 3a/a4y HPUB’SI3KH
KOHKPETHHX CIIO)KMBAYiB MPOMYKINI JO BiAMOBIIHUX
CKJIaJliB pETiOHaJIbHOTO PiBHS;

— PpilIeHHsT TPAaHCIIOPTHOI 3a/adi 3 MPOMIKHUMH
MIYHKTAMH — MPEUEICHT, SKUH J]a€ MOXJIMBICTh BUPIILIUTH
3amauy (hOpMyBaHHS ONTUMAJIBHUX MOTOKIB MPOMYKIIT 31
cknaiB 1l BAPOOHMKIB JI0 CKJIAJ(iB PEriOHATBHOTO PiBHSL;

— pileHHs 3aa4i yIpaBIiHHS 3anacaMu — Ipere-
JIeHT, SIKUM J]a€ MOMJIMBICTH BHPIIIUTH 3aJlady BH3HA-
YeHHs 00’€MY CTPaxOBOr'O 3aracy MpOIyKIii Ui CKiia-
JIiB PETIOHAIEHOTO 1 HAIlIOHAJIBLHOTO PiBHIB;

— mo0ynoBa rpadyy Mepexi — IpEeIeICHT, SIKH A€

TpU  Anp

POopMyBaHHS BUXIAHOT
% iHdopmauir

KoHirypyBaHHs
NOriCTUMHOT Mepexi

- 7777777 el v Pilledna aanayi
ynpaerniHHsa 3anacamm
<<inciudes>

MpUIAHATTS pilLleHHs Wo A0
BapiaHTy KoHdirypauii

PilleHHn 3agavi 3
MPOMDKHUMM NMYHKTaMU

<<inclxde>

PiweHHs 3agavi
po3ciloBaHHs

<<

36epexeHHsa
Mepexi

Mo6ynosa rpacdy
Mepexi

Puc. 3. [liarpama BapiaHTiB BUKOPUCTaHHS

— CIIPOLIEHHS IPOILECY PO3TOPTaHHS KIIIEHTCHKOI
YaCTHHU IIPOrpaMHOI KOMIIOHEHTH Ha CTOPOHI KOpHC-
TyBaya;

— BIPOBAPKECHHS MAaclITabOBaHOCTI MPOrPaMHOTO
3a0e3meueHHs,;

— TIOKpAILleHHs 3aXUCTy 1H(QOpMaLiHHUX PecypciB;

— HE3aJIeXKHICTh BiJI IpOrpamMHoi mat(opmu;

— CIIPOILEHHSI MPOLECY OHOBIEHHS (hYHKIIIOHATY
MIPOrpaMHOT0 3a0e3MeueHHS;

— TIOKpAIICHHS HaIiHHOCTI Ta cymposin [13 3a mo-
TIOMOT'OF0 TECTYBaHHSL.

Ha puc. 4 300pakeHa miarpama po3ropTaHHS IS
nporpamuoi komnoHenTH [ 16—18]. Ha niarpami posrop-
TaHHs 300pa)XCHO TPHU BY3JIA.

1. Client — By3o0i, KM BiJIOBiNAE 3a MPEACTAB-
JIeHHs iH(opMallii Ta Ma€e 1Bi KOMIIOHCHTH:

— Vis.js — KOMIIOHEHTa A7l To0yn0BU Tpady ;

— Jquery — O6iOmioreka, sika MiCTUTh B (PyHKIi
cnpouieHHs poboru HTML;

2. Web server — By30JI, IKU# BiJIIIOBIIa€ 3a TUHA-
MiYHYy TOOYIOBY CTOPiHKH, Ma€ OHY KOMITOHEHTY:

— Servlet container — KOMITOHEHTA, IKa MiCTUTh B
co0i aHi st JUHAMIYHOT MOOY/I0BH BEO CTOPIHKH.

3. Application server — By30J1, IKAH MiCTUTB B c0OO1
OCHOBHY JioriKy I13, Ma€ I’Th KOMIIOHEHT:

— LpSolver — xoMIioHeHTa, sika MiCTHTh B €001 JIO-
TiKy BUpIIICHHS 3a1a4 JIiHIHHOT ONTHMI3allii;

— Spring MVC — KOMIIOHEHTa, 5IKa MICTHTh B CO01
(bpeliMBOpK, sKuil Biamosinae madiaony MVC;

MOXIIUBICT OyayBatu rpad, Ha SKOMY

Client

Web server

BUPILIYETHCS 3a7a4a 3 MPOMI>KHUMHU TPaHC-
MOPTHUMH ITYHKTAMH;
— 30epeKEHHS MEPEeKi — IMPEIIC/ICHT,

Vis.js

g
<<component>>

<<component>> g
Serviet container

A

SIKMHA JTa€ MOXKJIIMBICTE chopMyBaTH 0asy

JIAaHUX JUII MHOYKMHH BapiaHTiB BUPILICHHS
3agaqi KJIC.
3. OIIP (ocoba, sika mpuiiMae pimieH-

Jquery

g
<<component>>

Application server

Database

<<component>> *

<<component>> g
7 Spring MVC

LpSolver <<component>> °

s ¢

HSI) — aKTOp, SIKMU PUIMAE PillIeHHS 100
BUOOpY JESKOr0 NPUHHATHOrO (e(eKTHB-
HOTO) BapiaHTy KOH(Iryparii JIoricTH4HOI
Mepexi, Ma€ OUH MpEleeHT Ta BCi MOXK-
JIMBOCTI AHAIIITHKA.

[Tpu po3poOIi BUMOT 710 CUCTEMH Ta
KIiHIIEBOTO apXiTEKTypHOI'O PillIeHHs, OyIu
BUIIJIEH] TaKi He()yHKIIIOHAJIbHI BUMOTH:

PostgreSQL

<<component>> g
[— Spring Data

P

<<component>> g
""" JDBC Driver

[3]
<<component>>
Hibernate

Puc. 4. Jliarpama po3ropTaHHs
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— Spring Data — komIIOHeHTa, siKa 3B's3ye 0a3u Ja-
HHX 3 KOHIICTIISIMH 00'€KTHO-OPIEHTOBAHUX MOB IPOrpa-
MYBaHHS, CTBOPIOE «BIpTyaJlbHy 00'€KTHY 0a3y TaHUX»;

— Hibernate — xomnoHeHTa, sika € 3ac000M Bij0-
OpakeHHS MK 00'€KTaMH Ta PeNAMiHHUMH CTPYKTYypa-
Mu 1y wiatdopmu Java;

— JDBC Driver — KOMIIOHEHTa, SIKa BH3HAYA€ Me-
TOJIH, 3 JIOTIOMOTOI0 SIKMX TPOrpaMHe 3a0e3IedeHHs Ha
Java 3milicHrOe MOCTyN 10 023U TaHUX.

4. Database — By30J1, KM BimnoBigae 3a 30epe-
JKeHHs Mojeni nanux 13, Mae B co0i OTHY KOMITOHEHTY.

— PostgreSQL — xommoOHeHTa, sKa sBJIsiE COOOIO
CHCTEMY YIIPaBJIiHHS 023010 JaHUX.

AHaJi3 pe3yJbTaTiB J0CTiTzKeHHS

VY Tabn. 1 mpencraBieHi pe3yibTaTH BHPIIICHHS
3a/ladi CTPYKTYPHO-TOMOJIOTIYHOIO CUHTE3Y JUI Pi3HOL
KIUJIBKOCTI perioHanbHUX ckiaaiB. OkpeMi psiiku TaOIu-
i 1 MOKa3yroTh 3MiHY KIJTBKOCTI JIOKAJTBHUX CKIIAIIB,
MPUKPIIUIEHUX [0 BiAMOBIJHOTO PEriOHAIBHOTIO CKIany
B 3aJI©KHOCTI BiJl 3arajbHOi KUIBKOCTI periOHaJBbHUX
CKJIaJIiB, sike 0YyI10 0OMEXEHHM ITpU BUPIIIEHH] 3a1ay4i.
Sk BUAHO 13 Tabid. 1, KONM KiNBKICTh CKIIAJiB 3MEHIIY-
€Tbcsl MO0 7 31 CHUCKY PETIOHAJNBHUX CKIIAIB 3HUKAE
JIHinpo, a Horo JIOKaNbHI CKJIQJAW IEPEXOAsiTh 10 Xap-
KoBa Ta MuKONaeBa, KOJIHM KIUIBKICTh pEriOHAIBHUX
CKJIaJ[iB 3MEHIIYEThCS 10 6 — 31 CHHCKY perioHaJbHUX
cknajiB 3HuKae JIbBiB. 31e0LbIIOr0 HOro JIOKaibHI
CKIaJM TepexoasTh a0 Jlylnbka,KpiM OIHOTO, SIKHi
npuenHyerbes 10 JKutomupy. 3MEHIIYIOUH KiTBbKiCTh
perioHambHUX CKJIAAiB J0 5 31 CIUCKY perioHaJbHUX
cKJIaniB 3HUKae JIyIpk, a HOro JOKajdbHI CKJIaad B TOB-
HOMY 00cs131 NPUETHYIOTECS 0 JKutomupy.

Tabnuys 1 — Pe3yabTaTn 3agaqi
3 CTPYKTYPHO-TOMOJIOTiYHOT 0 CHHTE3Y

. . KinbkicTh ckiaaaiB
PerionanbHuii . .
PerioHaJbHOro PiBHSA
CKJIajg
5 6 7 8

XKuromup 34 8 7 7
XapkiB 39 39 39 24
JIynpk 0 26 9 9
Kuis 25 25 25 25
Juinpo 0 0 0 24
Oneca 11 11 11 11
JIbBiB 0 0 18 18
Mukonais 31 31 31 22

VY Tabn. 2 mpuBeneHi BUTPATH Ha JIOTICTUYHY Me-
PEeXKy Ha JIOKATBHOMY PIiBHI AJISl PI3HOI KLUIBKOCTI perio-
HaJbHUX ckiaaiB. CIi 3a3HaYMTH, IO BUTPATH Ha JIOTi-
CTHYHY CHCTEMY 3pOCTAIOTh HEJNHIMHO, SKIIO Pi3HHIS
MK KOH(QIrypatismu ¢ 8, 7 Ta 6 perioHaJbHUMH CKJ1aza-
Mmu sisie geck 3000 rpuBeHb, TO pi3HUI KOH)Irypaiii
JIOTICTUYHUX MEpPEeX 3 6 Ta 5 perioHAIbHUMH CKIIaJIaMU

Tabnuys 3 — Pe3yIbTaTH A0CTiTKEeHb

6000 rpuBens. 3 MeTo0 (hopMyBaHHSI HaOOpy edheKTHB-
HUX pillleHb KOH}irypamii JoricTHuHOI CUCTEMH B POOOTI
OyJu TpUBENCHI MPOPaXyHKH I JBOX BapiaHTIB 06a30-
BOTO PiBHS CEPBICY Ha perioHanbHUX ckiagax: 84,13%,
97,72%. J11s Ko>KHOTO 0a30BOTO PiBHS CEpBiCy PO3IIIs-
JIAJTMCSl TPUBAJIOCTI IIMKITIB 3aMOBJIEHb 3 BUPOOHUYOTO Ha
HAIlIOHABHUN 1 J]ajli Ha perioHajbHUi piBHI: 2, 3 1 4
THKHI. Y CBOIO Yepry, JUii KOKHOI TPUBAJIOCTI IUKIIB
MPOBEAICHI TMPOPaxyHKH TPH BapifoBaHHI KUIBKOCTI
CKJIaJliB PETiOHAJIBHOIO PiBHA Bix 5 10 8.

Takum uymHOM, chopmoBaHO 24 koHirypamii Jyo-
TiCTUYHOI Mepexi. Pe3yapTaTu AOCIIKEHh HaBEICHI B
Tabn. 3. SIk BupHO 3 TaON. 3, BUTpAaTH HA JIOTICTUYHY
MEpEKY 3pOCTAIOTh B 3aJICKHOCTI Bil 3MCHIIICHHS KiJIb-
KOCTI pETiOHAJIbHUX CKJIaJiB, 30UIBIICHHS TPUBAIOCTI
LUKy JTOCTABKU TOBapiB Ta 30LIBIICHHS 0a30BOT0O PiBHS
CTPaxoBOro 3aracy.

Tabnuysa 2 — BUTpaTH Ha JIOTICTHYHY CHCTEMY
HA JIOKAJILHOMY piBHIi

Perionans- | KibkicTb cKiIafiB perioHaJIbHOro piBHS

HUH CKJIaj 5 6 7 8
Kuromup 10419.6 374.38 223.32 223.32
XapkiB 6200.56 6200.56 6200.56 2203.98
JIynpk 0 3757.25 582.17 582.17
Kuis 3102.51 3102.51 3102.51 3102.51
Juinpo 0 0 0 4006.91
Opneca 1068.86 1068.86 1068.86 1068.86
JIbBiB 0 0 1474 1474
Mukonais 6840.64 6840.64 6840.64 3864

Bceroro 27632,17 213442 19492,06 | 16525,75

3MeHIIeHHsT KUTBKOCTI perioHalIbHUX CKJIajliB 301b-
LIye BapTICTh JIOTICTHYHOI MEPEXi TOMY 1110 TOBap Iepe-
BO3UTBHCS HAa OULIBINY BiJICTaHb, 30UIBIIEHHS TPHBAJIOCTI
LMKy TIEPeBE3CHHS BIUIMBAE HA BAPTICTh JIOTICTUYHOL
MepexXi THUM, 1[0 3pOCTac IuiaTa Ha 30epeKeHHs ToBapy Ha
MPOMDKHHX CKJIaJaxX, a 30UIbIICHHS CTPaxOBOIO 3amacy
BIUIMBA€E Ha 3arajibHy BapTiCTh JIOTICTHYHOI CUCTEMH THUM,
110 3a0e31euye Kpallliid piBeHb CEpBICY JOCTaBKU.

Awnanizyroun aasi Tabnuii 3 MoXKHa M00AYUTH, IO
JUISL BCIX PIBHIB CTPaxOBOI'O 3aracy HaiIeleBIInM Bapi-
aHTOM KoH(irypamii € JoricTu4Ha cucTema 3 5 perioHa-
JBHAMH CKJIaJaMH Ta TPHUBAJIICTIO LUKIY 2 TYKHI, ajue
Lel BapiaHT He OOOB’SI3KOBO MOXeE OYyTH pO3LIiHEHHH
eKCIIepTaMH, SK NPUAHATHUN, TOMYy IO BiH MOXE He
3aJI0BOJILHUTH TTOTPEOU cepBicy.

BucHoBku i nepcnekTuBa
NOJANBIINX JOCTIIKEeHb

VY pe3ynbTari IpOBEACHUX MOCHTIPKEHh BU3HAYCHA
aKTYaJIbHICTh MPOOJIeMHU TTO0YIOBH JIOTICTHYHOTO KaHAITY
JUCTpHOYIi 1 po3poOku iH(OpMAIIHHOI TEXHOJOTIT
(hopMyBaHHSI MHO>KUHH BapiaHTiB HOro KoHQirypariii.

ba3zoBuii piBeHb cTpaxoBoro 3anacy (%) 84,13 97,72

TpuBaiticts NUKITY (THXKHIB) 2 3 4 2 3 4
5 210810 222392 233973 214552 228004 241456

KiltbiicTs perionanbHix ciiajis 6 212334 223916 235497 216076 229528 242980
7 212620 224201 235782 216361 229813 243265
8 215377 226958 238539 219118 232570 246022
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[IpoBeneHo aHaTi3 MyONIKAIlA Ta JOCIIPKEHb, SKi €
023010 [T MOAAIBIIOTO IX BIOCKOHAJIEHHS Y IPEICTaBIe-
Hiii poborti. Ha ocHoBI kinacudikaryi i KOHKperu3arii Jori-
CTUYHOI CUCTEMH, a TAKOXK MOJICIISIX, PO3POOJICHUX paHiIle
y [2; 8] aBTOpamu 3anporoHoBaHa i anpodoBaHa iH(opma-
Lil{HA TEXHOJIOTIs, Ky BUKOPHCTaHO TSl KOH(IrypyBaHHs

JIOTICTUYHOTO KaHaly AUCTPHOYLIT Ha OCHOBI (piHAHCOBUX
kpurepiiB. [lopanbini JOCHiHKEHHS OB’ s13aH] 3 OLIHKOO
JIOTICTUYHOTO CEepBicy c(hOPMOBAHMX BapiaHTIB JIOTICTHY-
HOT'O KaHaJy AMCTPHOYILII Ha OCHOBI areHTHOr0 MOJIENIO-
BaHHS, a TAKO)K BU3HAUEHHSI KPAIIIOro 3 TOMISITY CTIHKOCTI
JI0 HaJI3BUYAHNX CHTYaIlH.
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Hndopmanmonnas Texnosnorusi GopMHUpPOBaHNs BADHAHTOB
KOH(pHrypauuu JIOriCTHYECKOro KaHajIa JUCTPUOLIOLINHI

W. M. T'ognesckuii, M. JI. Typesuu, B. B. Meznsenes

AnnoTanus. [IpeaMeToM HCCIEIOBAHMS SBILIETCS HpoLece (OPMUPOBAHUS JIOTHCTHYECKOrO KaHajla Ha OCHOBE KOH(H-
T'YPUPOBAHUS JIOTUCTUYECKOM CHCTEMBI TUCTPUOBIOLMU TOBAPOB MACCOBOIO NCHONMB30BaHMs. Llesb paboThl COCTOMT B pa3padoT-
Ke MH(OPMAIMOHHON TeXHOIOrn: (HOPMUPOBAHNUS BAPHAHTOB KOH(MHUIypalliy JIOTUCTUYECKOro KaHana. PaccMaTpuBaeTcss MHO-
’KECTBO IIPOM3BOIUTENCH NMPOLYKIMH, LIEHTPOB KOHCONUIALMH IIPOIYKIHH, LICHTPOB KACTOMHU3ALMH U MHOXKECTBO e¢ IOTpeOu-
Teneil. TpaHcropTHas 3a7ada ¢ ABYMs IPOMEXKYTOYHBIMH Y3JIaMU JACKOMIIO3UpYyeTcs Ha 1Be. [t ux penreHus copMHUpOBaHbI
¢byHKIOHaNBHBIE TpeboBanus. Ha nuarpaMMme BapHaHTOB HCIIONB30BAaHUS NPEICTABICHBI TPU akTopa. DKCmepT GopMUpyeT
UCXOIHYI0 HH(DOPMALHIO JUIS PeLIeHNUs 3a1a4l KOHQUIYPUPOBAHYS JIOTHCTHYECKOH CHCTEMBI JUCTPUOYIMH. AHAIUTHK (JIULIO,
(bopmMupyrolliee peleHre) o0ecneyrBaeT Ha OCHOBE MCXOOHOH MH(OpMAalUM pellieHHe PasinyHbIX 3a[ad, KOTOpble BXOIT B
TEXHOJIOTHIO KOH(GUTYPHUPOBAHNUS JIOTUCTHYECKON CHCTeMBI. JINIO, IPUHUMAIOLIIee PELICHIE — aKTOP, KOTOPBIN BEIOUPAaeT perie-
HHE M3 MHOXXeCTBa 3((deKTuBHbIX. Pa3paboTana HH(OPMaLMOHHAsI TEXHOIOT WS, AUarpaMMa pa3BOpaduBaHUs KOTOPOil COCTOMT
u3 yeteipex y3noB: Client, Web server, Application server, Data base. Pe3ynbraTsl npejcraBieHs! B Bujie BApPUAHTOB KOH(HUTY-
PALMK JIOTUCTHYECKOH CHCTeMBI TUCTpHOYIHH. JlanpHeliiee UX UCIOIb30BaHHE COCTOUT B ONPEIEICHUN YPOBHS CEPBHCA U
BapHaHTOB KOH(GUIypallly, UX YCTOHYMBOCTU OTHOCHUTENHHO PAa3INYHBIX YPE3BBIYAMHBIX CHTYalUUHd. Pe3ynbTarTsl sSBISIOTCS OC-
HOBOI1 U151 HOPMUPOBAHUS OPraHU3ALMOHHON CTPYKTYpPBI YIIPABICHHS JOTHCTHIECKOH CHCTEMOH JUCTPUOYLIHH.

Kamo4ueBble cJOBa: JIOTHCTUYSCKUN KaHalJl; TOBapbl MAcCCOBOI'0 HCIIOJIb30BAHUS I/IHq)OpMaLII/IOHHaH TCXHOJIOI' U,
TPaAHCIIOPTHAsA 3a/lavda; YpOBECHb CTPAXOBBIX 3aI1aCOB; OpraHu3aliioHHas CTPYKTYypa yIpaBJICHUS.

Information technology forming options
for logistics distribution channel configuration

I. Godlevskyi, M. Turevych, V. Medvediev

Abstract. The study topic focuses on the process of establishing a logistics channel based on the configuration of the
logistics system for the distribution of mass-produced goods. The aim of the research is to develop information technology for
logistics channel configuration options. The logistics system consists of two types of business processes: transportation of
finished products (FP), storage of FP. A number of producers, product consolidation centers, customization centers and numerous
consumers are considered. A transport problem with two intermediate units is decomposed into two ones. A scattering task solves
the problem of linking particular product consumers to the relevant customization warehouses. The second transportation
problem solves the problem of FP delivery from manufacturers' warehouses to regional ones, and has intermediate units for
product consolidation. Functional requirements are formed to solve these tasks. Three actors are represented in the use case dia-
gram. The expert forms the background information for the task of configuring the logistics distribution system. An analyst pro-
vides input-based solutions to various tasks that are part of technology of logistics system configuring. The decision maker is the
actor who chooses the solution from the many effective ones. An information technology has been developed, the deployment
diagram of which consists of four nodes: Client, Web server, Application server, Data base. The results of the study are presented
in the form of configurations of the logistics distribution system based on the following parameters: number of warehouse
facilities for consolidation and customization of the FP; level of insurance supply; order cycles length of FP. The further use of
the results obtained is to determine the level of service for the specific configuration options as well as their sustainability in rela-
tion to different emergency situations. The results obtained are the basis for the organizational structure for the management of
the logistics distribution system.

Keywords: logistics channel; mass-produced goods; information technology; transportation task; level of insurance
supply; organizational structure for management.
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IMPLEMENTATION OF THE ARITHMETIC ADDITION OPERATION
IN THE SYSTEM OF RESIDUAL CLASSES

Abstract. The subject of the article is the development of a method for implementing the arithmetic operation of
addition numbers that are represented in the system of residual classes (SRC). This method is based on the use of the
principle of circular shift (PCS). The purpose of the article is to reduce the time it takes to implement the arithmetic
operation of addition numbers that are represented in the SRC. Tasks: to analyze and identify the shortcomings of
existing number systems that are used in the construction of computer systems and components, to explore possible
ways to eliminate identified deficiencies, to evaluate the implementation time of the arithmetic addition operation based
on the use of the developed method. Research methods: methods of analysis and synthesis of computer systems,
number theory, coding theory in SRC. The following results are obtained. It is shown that the basic principle of the
implementation of arithmetic operations in positional number systems is the use of binary adders. Moreover, the use of
such number systems determines the presence of inter-bit connections, which in turn increases the time it takes to
implement arithmetic operations, and also cause errors to occur. It is established that the use of a non-positional number
system in residual classes allows us to eliminate these shortcomings, through the use of the basic properties of SRC. The
peculiarity of the developed method is the result of the operation of adding numbers can be found by successive cyclic
shifts of the bits of the contents of the data blocks by the corresponding SRC modules. The use of PCS allows
eliminating the influence of inter-bit bonds between the residues of the processed numbers, which allows to reduce the
implementation time of the operation of adding two numbers in the SRC. Conclusions. The results of the studies
showed that the use of SRC allows to eliminate the existing shortcomings of positional number systems, and also
improves the speed of implementation of arithmetic operations.

Keywords: number system; residue number system; circular shift register; speed of implementation of arithmetic

operations; reliability of calculations; computer system; computer component.

Introduction

In positional binary number system (PBNS), the
execution of the arithmetical addition operation
presumes the sequential processing of digit positions of
numbers by the rules determined by the content of this
operation [1-3]. The processing continues until the
values of all intermediate results (from low-order digit
positions of a number to its high-order digit positions)
are sequentially determined with allowance for all
logical connections between binary places of
summands. Thus, the PBNS in which data are
represented and processed in modem computer systems
and components (CSCs) possesses an essential
drawback, namely, the presence of interbit connections
between binary places of summands, which affects the
speed and reliability of CSC calculations. Therefore, it
is natural to search for the possibilities of creating and
applying the machine arithmetic to be used in CSCs in
which bitwise logical connections between binary
places of the summands being processed would be
weakened or would be absent at all. In this aspect, the
nonpositional number system in residual classes (SRC)
attracts attention [4-6].

Problem statement

The method of representing integer numbers in
SRC possesses the following three basic properties of
nonpositional code structures (NCSs): independence,
equal rights, and a small bit capacity of residues whose
totality determines NCSs in SRC. Using these properties
opens ample opportunities in constructing not only a
new machine arithmetic and methods for implementing

modular arithmetic operations but also fundamentally
new circuit implementation of CSCs in SRC [7-9].
The arithmetic operation of adding two numbers
A=(a,a5,....q;,...,a,)
and
B=(b,b,,....h,,....,b,)
in SRC is implemented by adding the corresponding
residues @; and b; modulo m; (i =1,_n) independently
of each of n bases. A small bit capacity of residues a;
and b;, in the representation of the numbers
and B=(b,b,,....b;,...b,)
being added allows to implement the modular addition
operation (a; +b;)modm; using modulo adders of

A=(a,a5,....0q;,...,4,)

small bit capacity. In this case, the execution time of the
operation of adding the numbers
A=(a,a,,....q;,...,a,) and B=(b,b,,...,b,...,b,) is
determined by the time necessary for obtaining the
result of the operation (a, +b,)modm, based on the

greatest base m, of ordered SRC (g; <a;,;, where

i=ln-1 ). Note the main drawbacks of the summation
variant of implementing the modular arithmetic
operation (a; +b;) modm; of addition in SRC.

1. The complexity of synthesizing binary £; -digit
adders (k; =[log, (m; —1)]+1) modulo m; .

2. Considerable time expenditures required when
adding (a, +b,)modm, for large formats of CSC

machine words determined in SRC by the value of m,,
the largest of the bases.

© Krasnobayev V., Koshman S., Kurchanov V., 2020
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3. A low reliability of  calculating
(a; +b;)modm;, in view of possible errors arising in
the process of determining values

S; =(a; ®b;)mod2v¢;_

of sums in 1-bit binary positional adders as a result of
possible errors arising in the process of formations of
values

Ciy1 = @i Ay V(a4 VB ) A g

of carries between 1-bit binary adders from a low-order
bit of a number to its high-order bit whose totality forms
a k; -bit binary adder modulo m;

(k; =[logy (m; ~1]+1)

and also as a result of possible distortions of values
C;;, of carries when implementing the process of
carrying intermediate values of the bit-by-bit summation
(a; +b;)modm; within a given residue modulo m; of
SRC [2, 9].

The purpose of the article is to reduce the time of
implementation of the arithmetic operation of addition
numbers that are represented in the SRC.

Method for implementing the arithmetic
addition operation in residue number system

In [10], the principle of technical implementation
of integer-valued arithmetic operations modulo m;,
namely, the principle of circular shift (PCS) is
formulated. A peculiarity of methods for implementing
arithmetic operations using PCS is that the result of, for
example, the modular operation of adding numbers can
be found by successive cyclic shifts of bits of the
information content of a data block.

As has been noted. PCS can be used when
implementing the arithmetic operation of adding
numbers

A=(ay,a,,....q;,....a,) and B=(b,b,,...,b;,...,b,)

in SRC. In this case, the result of the arithmetic addition
operation in SRC is determined by a collection of
residues (a; +b;)modm; modulo an arbitrary m; of

SRC; this collection consists of {m;} (i=1n) bases.
The result of the operation in the residue modulo m; of

SRC in the

determined only due to cyclic shifts of the information
content of the circular shift register (CSR). In this case,
there is no need (which is present in PBNS) for
determining the values of

S; =(a; ®b;)mod2v¢;

adding circuit (a; +b;)modm; s

and

Cia1 = a1 Ay V(a0 V) Ag.

This allows to increase the speed of the
implemented arithmetic operation of adding the
numbers

A=(ay,a,,....q;,....a,) and B=(b,b,,...,b;,...,b,)

e Uy

in SRC and also to increase the reliability of
implementing this operation.
Let G| =(Z,{+}) be the additive Abelian group of

integers, and let G, = (Zml, ,@®) be the additive Abelian
group of residues of integers modulo ;. We specify a
mapping F of the additive Abelian group of integers G
onto the additive Abelian group of residues of integers
G, modulo m;. For any integer A, its image F(4) is
equal to the residue a; = A(modmy;) of dividing the
number 4 by the modulus m; of SRC. It is easily
verified that, for any integers (summands) 4 and B, we
have the equality

F(A+B)=F(A)+F(B),

i.e., for integers, the residue (4 + B)modm;, of dividing
the sum of numbers 4+ B by die modulus m;, is equal
to die sum modulo m;, of residues a; = A(mod m;) and
b; = B(mod m;) of dividing each summand 4 and B by
the modulus m;. Hence, the mapping F of the additive
Abelian group of integers G; onto the additive Abelian
group of residues of integers modulo m; is a
homomorphism.

On this basis, it is possible to organize the process
of determining the result of the modular arithmetic
addition operation (g; +b;)modm; using PCS. In
particular, a number in SRC is represented by a
collection of n residues {q;} obtained as a result of
sequential division of the initial number A by n pairwise
} for (i=1n) [1,3] In

particular, among » given different natural numbers my,

prime numbers (moduli) {m;

my , ..., m, (SRC moduli), pairwise prime numbers are
those of them for which the greatest common divisor
(GCD) of any two different numbers is equal to 1, i.e.,
GCD (m;,m;)=1 when i # j.

We note some important data properties in a
Cayley table. It follows from the existence of the neutral
clement in the field GF(m;) that the Cayley table for
implementing the addition (a; +b;)modm; contains a
row in which elements of this field are in ascending
order. The fact that these elements are different in the
residue field GF(m;) (the order of the group is equal to
m;) implies that each row (column) contains all
elements of the field only once. According to the Cayley
table, the necessary row of the table of (a; +b;) modm;

of modular addition can be obtained by successive
cyclic shift of elements of the first row. Circular shift
registers that are often used in PBNS can be the systems
engineering basis for synthesizing means (devices) to
implement the method of arithmetic operation in SRC
based on PCS.

The above-mentioned properties of a Cayley table
allow to implement the operation of modular addition of
numbers
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A=(a],a2,... ,a ) and B = (b]abZa a i )

in SRC wusing PCS in the adding circuit
(a; +b;)modm; , for each of n residues a; of the
number 4=(a;,a,,....q;,....,a,) . For each residue q;
from a number n, m; digit positions are formed (from
the zeroth digit position to the (m;-1)th digit position)
of CSR. The number of bit positions in each CSR digit
position is equal to

[log, (m;=1)]+1.

The presented method for implementing the
arithmetic operation of adding numbers

,a ) and B = (b]abZa aba b )

A=(a;,a,,....q b,

in SRC based on PCS is as follows.
1. Based on the number n of residues of the
numbers

A=(a,,ay,...a;,...a,) and B=(b,b,,...b.,...b,)

2 n

in n adding circuits (a; +b;)modm; (i= I,_n) , the
initial state of each CSR bit is set. To this end the values
of the first row of Cayley table of modular addition
(a; +b;)modm; , are assigned in binary code to the
corresponding CSR bits (from the zeroth to the (m; -1)-
th binary places (positions)).

2. Based on the value of ¢;,
of the (a; +b;)modm; of the
A=(ay,ay,...,q;,...,a,), the number of the digit

position of the initial CSR information content is
determined, and it is precisely this number that will

i.e., the first summand

sum number

represent the result of the modular operation
(a; +b;)modm; in the i—th residue of SRC.
3. Based on the value of b;, ie., the second

summand of the sum (a; +b;)modm; of the number
B=(b,b,,....b;,...b,), by b; shifts of the initial
content of each CSR digit position in the positive
(counterclockwise) direction, the final CSR information
content is obtained.

4. The obtained information contents of bits (from
the zeroth to the (m; —1) -th binary places) of all # CSRs
determine the result of the operation of adding two
numbers

A=(a,,ay,...a;,...a,) and B=(b,b,,...b.,...b,)

2 %n
in SRC. The result of adding the two numbers

A=(ay,a,,....q;,....a,) and B=(b,b,,...,b;,...,b,)

is determined as the totality of n values of sums of
residues (@; +b;)modm; (i=1,n) that are obtained in
the corresponding CSR digit positions (see item 2).

In the general case, for an arbitrary base m; of

SRC, the initial digital, structure of CSR digit positions
is determined as the content of the first row of the table
of the modular addition (a; +5b;)modm; and can be

represented in the following form:

B = [Ry(ag) I| B(a) ...l B (ap ) | . 0

1By (@ )T,
where || is the concatenation operation; P,(a,) — is the
v-th (v=0,m;—1) CSR digit position; a, is the

information content of the v-th CSR digit position that is
represented by an k-bit binary code

(k =[log2 (m; —1)+1]) that corresponds to a possible

value of the a, -th residue (a, = =0,m; —1 m; —1) in the binary

code of the corresponding number modulo ;.

Thus, based on circular shift registers that arc
widely used in PBNS (in particular, in cryptography
[11-13]), it is easy to implement the arithmetic
operation of adding numbers in SRC. In this case, the
degree Z of cyclic permutations (shifts) is defined based
on structure (1) by the following expression:

(2)
| R @) I B @) 1ol Byt (@) | =
=[P.(a) | Py (az ) -l By (@Dl (2)
I Py )

When technically implementing the proposed
method, the first summand out of «; determines the
number of the CSR digit position whose content is the
result of the operation (a; +b;)modm;. The second
summand out of b; determines the number Z of CSR
digit positions by which initial CSR content (1) should
be shifted according to expression (2).

To comparatively analyze the time of executing
the integer-valued arithmetic addition operation in
PBNS and in SRC, we will calculate the execution time
of the operation of adding two numbers
A=(a,a,,...,q,,...,a,) and B=(b,b,,...,b,..,b,) in
SRC using PCS. For PCS, in the circuit of determining
the value of (q; +b;)modm; (i =1,_n), the time ¢ of
modular addition of two residues a; and b; is mainly
determined by the time ¢, of shifting the initial contents
of CSR digit positions (in what follows, we assume that
t=t,).

The time of shifting the digital contents of CSR
digit position is described by the expression

ty=Zk -1, 3)
where Z is the number of the CSR digits being shifted;
k; =[log, (m;—1)]+1 is the number of binary places in
one CSR digit place (digit place) of die circuit for
determining the residue of (g; +b;)modm; ; 1=3-1, is
the time of shifting one bit (the firing time of one
trigger); Tg is the firing time of one logical gate (an
clement AND, NOT, or OR).

Taking into account the aforesaid and also that
t =ty , the time ¢ of modular addition (a; +b;) modm;

of two residues a; and b; is found as follows:

t=3-bl--{[logz(ml-—l)]+1}~rg. 4)
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Since b; = 0,m; —1, the greatest possible value of ¢
for an arbitrary modulus m; of SRC (b; = m; —1=max)
is determined as follows:

t=3-(m; =1)-{[logy (m; = D] +1} -7, (5)
and the minimal value of ¢ equals zero (b; =0). It is
obvious that the time ¢ of modular addition

(a; +b;)modm; of two residues a; and b; in using
PCS depends on the value of ;.

()

It is obvious that the time 7 g, of adding two

numbers
A=(ay,a,,....q,,...,a,) and B=(b,b,,...,b;,...,b,)

in SRC based on the use of PCS is determined by the
time ¢ of executing the modular operation
(a; +b;)modm; for which the following condition is
satisfied:

b; -k; =max, (6)

out of all possible values of paired products b; -k;
(j=Lmi#j). Condition (6)
(+)

detennination of the time T ¢p-

underlies  the

of executing the
operation of adding two numbers

A=(ay,a,,...,q;,....a,) and B=(b,b,,...,b;,...,b,)
in SRC.

Examples of executing the operation
of addition of two numbers in SRC

We will consider examples of concrete execution
of the operation of adding two numbers

A=(ay,ay,....,4;,...,a,) and B =(b,b,,....b;,....,b,)

in SRC for a one-byte (/=1) adder. Let the value of
p =8/ be a quantity presented in binary places being
processed in a positional adder of /-byte machine
words (format of adder words). In PBNS, for /=1
(p=8-1=8-1=8 binary places), the SRC bases can be
as follows: my =3, my =4, m3 =5 and my =7.

Example 1. Let the second summand be as
follows: B=(10]/10(/100|/001). Then

— for m =3, we have b =2(10) and
ky =[log(my —=1)]+1=2; by -ky =2-2=4;

— for m, =4, we have b, =2(10) and
ky =[log(my =D]+1=2; by -ky =2-2=14;

— for my=5, we have by =4(100) and
ky =[log(my —D)]+1=3; b3 k3 =4-3=12;

— for my=7; we have by =1(001) and

ky =[log(my —D)]+1=3; by -ky=1-3=3.

As is obvious, the greatest number (i.e., 12) of the
bits being shifted is obtained in the adding circuit
(a3 +b;)mod my for adding modulo m; =5.

Thus, for Example 1, the time of addition of two
numbers 4 and B in SRC based on PCS is determined
by the value of

T(s;)c=b3'k3'3'1g =4-3-3-1, =36:1,.

Example 2. Let the second summand be as
follows: B =(10,11,001,001) . Then

— for m =3, we have b =2(10) and
ky =[log(my —)]+1=2; b -ky =2-2=4;

— for m,=4, we have b,=3(11) and
ky =[log(my —=1)|+1=2; b, -k, =3-2=6;

— for my=5, we have b;=1(001) and
ky =[log(my =1)]+1=3; by k3 =1-3=3;

— for m,=7, we have b,=1(001) and

ky =[log(my —1)|+1=3; by -ky, =1-3=3.

As is obvious, the greatest number (i.e., 6) of the
bits being shifted is obtained in the adding circuit
(a, +b,)modm, for adding modulo m, =4. The time

of addition of two numbers 4 and B in SRC based on
PCS is determined by the value of

Tg;?)czbz.kz.:;.fcg :3-2-3-‘Cg 218"Cg.

A peculiarity of using PCS in SRC is that the
execution time of the addition operation depends on the
value of the second summand b;, of the
(a; +b;)modm; and can be different. The time T(SJ;?)C of
adding two numbers

A=(ay,a,,....q;,....a,) and B=(b,b,,...,b;,...,b,)

in SRC can be characterized by both the maximal

TS ms time and a possible average addition time
T\uer - Hereafter, the time of addition of two
numbers

A=(ay,a,,....q;,....a,) and B=(b,b,,...,b;,...,b,)

e Uy

in SRC will be described by the expression T\ .
Proceeding from expression (5), the maximal time of
adding two numbers

A=(ay,a,,....q;,....a,) and B=(b,b,,...,b;,...,b,)

e Uy

in SRC is determined as
TSRema =3+ (m, ~1)-{[logy(m, D] +1}-t,. (7)

Note that there are algorithms that allowed to
synthesize a number of technical solutions (devices) for
implementing the integer modular arithmetic addition
operation based on of the use of PCS. In this case, the

maximal time 7§h.  of executing the addition
operation guaranteedly decreases at least twice [14]. In

this case, the time T(SJ,})C of adding two numbers

A=(ay,a,,....q;,...,a,) and B=(b,b,,...,b;,...,b,)

b,
in SRC is described by the expression

T?I—?)C = Tf;l—?)Cmax /2.
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Then the addition time of two numbers in SRC is
determined as follows:

TSae=3-(m, —1)-{[logy (m, ~D]+1} -1, /2. (8)

As is well-known [9], the time 74y of adding
numbers 4 and B in PBNS is described by the formula

Thns=Q-p=t, =(16-1-1)-3-7,, (9

where p=8-/ is the word format of the positional

adder being used; 7; =3-1, is the time of addition of

the values of a;,, +b;,, +¢; in the (i+1) th binary place
of the positional adder, i.e., the time of determining the
values of C;,; and S, .

Let us perform an evaluative calculation and a
comparative analysis of the execution time of the
arithmetic operation of adding two numbers in PBNS

and in SRC for one-byte (/=1) and two-byte (/=2)
machine words. For / =1 (p =8 binary places), SRC is
represented by the collection of the following bases:
m =3, my=4, my=5 and my =7 and, for /=2
( p=16 binary places), SRC is represented by the
following collection of bases: my =2, my =3, m3 =5,
my =7, ms =11, and mg =13. When calculating, we
will use formulas (7) - (9).

The performed comparative analysis of the results
of calculations has shown the efficiency of using PCS in

implementing the arithmetic operation of addition in
SRC.

Conclusions

The modularity of structure of the computational
process in SRC allows to use PCS to implement main

modular integer arithmetic operations. Based on this, a
method is developed in this article for implementing the
arithmetic operation of addition in system of residual
classes on the basis of using the principle of circular
shift. Using PCS in SRC allows to eliminate the main
drawback of existing CSCs operating in PBNS, namely,
to get rid of the influence of interbit connections
between binary places of numbers a; and b; in
executing the operation of addition (a; +b;)modm;,
i.e., to eliminate the effect of interbit connections
between [ -bit positional adders on the result of the
operation of addition A+ B of two numbers. This
article shows that the use of PCS allows to increase the
operation speed of executing the operation A+ B of
addition of two numbers.

Using PCS can increase the reliability of
calculations (i.e., the execution of the operation of
modular addition in SRC) owing to eliminating possible
errors from the process of executing the arithmetic
operation of addition (a; +b;)modm; ; such errors can

occur when determining the values of sums S; and the
The reliability of

calculations can also be increased due to eliminating the
possible effect of a distorted value of a carry signal C;

values C;

. of carry

signals.

in the process of carrying this signal from the ith [ -bit
positional binary adder to the (i+1) th /-bit positional

binary adder. However, the statement about a possible
increase in the reliability of executing the addition
operation in SRC due to using PCS requires additional
investigations. Note that the systems engineering basis
for synthesizing means (devices) that implement the
method of the arithmetic addition operation in SRC
based on PCS can be shift registers that are widely used
in PBNS.
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Peanizauisa apudmernyHoi onepaunii 101aBaHHs y CHCTEMI 3aJIMIIKOBUX KJIACIB
B. A. Kpacno6Gaes, C. O. Kommvan, B. M. Kypuanos

Adorauis. IIpeamerom crarti € po3poOka Merony peanisauii apudmerHdHOl onepaiwii NOJaBaHHS dYHCEl, SKI
npeJcTasieHi y cucremi 3anumkosux kinaciB (C3K). lanuii MeTo IpyHTYEThCS HA OCHOBI BUKOPUCTaHHSI IPUHLIUITY KUJIBLIEBOTO
3cyBy (ITK3). Metoro cTatTi € 3MEHIIEHH Yacy peajizaunii apudMeTHYHOi onepanil JogaBaHHs ducel, siki npeacrasieHi y C3K.
3agavi: npoBecTH aHai3 1 BUABMTM HENONIKM ICHYIOUMX CHCTE€M 4YMCIEHHS, $Ki BHUKOPHCTOBYIOTBCS IIPH II0OYIOBI
KOMIT'FOTEPHUX CHCTEM 1 KOMIIOHEHTIB, JOCTIJUTH MOMJIMBI IIUIIXM YCYHEHHs BHABIICHHX HEJOJIKIB, 3pOOUTH OLIHKY 4acy
peanizanii apudpMeTH4HOI orepallii 10/aBaHHA Ha OCHOBI BUKOPHCTAHHS po3poliieHoro Meroy. MeToau J0C/IiIKeHHs : METOU
aHaJli3y Ta CHHTe3y KOMII'IOTEPHHX CHCTeM, Teopis uucen, Teopis komyBanHs y C3K. OrpumaHo HacTynHI pe3y/bTaTH.
IMoxazaHo, 1110 OCHOBHUM IPHHIUIIOM peaii3alii apu)MeTHUHNX Onepauiil y MO3ULIHHUX CUCTeMaX YMCICHHS, € BUKOPUCTAHHS
JIBIHKOBHUX cymaTopiB. IIpy 1IbOMY BUKOPHUCTaHHS TAKUX CUCTEM YHCIICHHS OOYMOBIIIOE HAasBHICTh MDKPO3PSAAHUX 3B'I3KIB, 110 B
CBOIO uepry 30iibliye yac peaizauii apu)MeTHIHUX Olepallil, a TAKOXK 3yMOBIIIOE BUHUKHEHHS IOMWIOK. BeraHoBieHo, 1o
BUKOPHCTaHHs HEMO3ULIHHOI CHCTEMM YMCIICHHS y 3aJIMIIKOBUX KJacax JI03BOJISIE YCYHYTH 3a3HAuUCHI HEONiKH, 33 PaxyHOK
BUKOpHCTaHHs ocHOBHUX BiactuBocreil C3K. OcobmuBicTe po3poOsIeHOro METoay IONrae y TOMY, WO Pe3yiIbTaT onepanii
JIOIaBaHHS YHce] MOKe OyTW 3HaiIeHMI MOCIIIOBHHMH IMKIIYHHMH 3CyBaMH OiTiB BMICTy OJIOKIB JaHHX IO BiIIIOBITHUM
moxymsiMm C3K. Bukopucranns [IK3 no3Bonsic BHUKIIOUMTH BIUTUB MEXPO3PSIHMX 3B'I3KIB MDK 3aIMIIKAMH YHCEI, IO
00pOOITIOIOTECSI, 1€ T03BOJISIE 3MEHINMTH dYac peanizamii omepaumii nonmaBanHs 1Box uucen y C3K. BucHoBku. Pesympratn
MPOBEJECHUX JIOCITI/DKeHb MOKasany, mo BukopucTaHHi C3K 103Boise yCyHyTH iCHYIOUI HEIONIKM MO3ULIMHHMX cHCTeM
YHCIICHHS, @ TAKOX ITiJIBUIIYE MIBHIKOJIIO peatizamii apuMeTHIHUX onepamii.

Karo4doBi cioBa: cucremMa 4HCIEHHS; CHCTEMA 3AIMIIKOBUX KJIACIB; KiJbLEBOI PETiCTp 3CYBY; IIBUIKOIiS BUKOHAHHS
apudMeTHYHUX omepalliii; JOCTOBIPHICTb 00UKCIICHB; KOMIT'TOTEpHA CUCTEMa; KOMITFOTCPHUI KOMIIOHEHT.

Peanu3auusi apudmMeTu4ecKoii onepannm CJI0KeHHs B CHCTEME 0CTATOYHBIX KJIACCOB
B. A. Kpacnobaes, C. A. Komman, B. H. Kypuanos

Annoranus. Ilpexmerom craTbu sBIsieTCs pa3pabOTKa METONA peaH3allii apu(pMETHIECKOW OIepaliy CIOKEHHS
yyces, KOTOpble IPEACTaBICHbl B CUCTEME OCTATOYHBIX KJIAaccoB. J[aHHBIM METOX OCHOBBIBAETCS Ha OCHOBE HCIIONb30BaHUSA
npunimna xonsiesoro casura (IIKC). Lleasio crathy sSBISICTCS] yMEHBIICHHE BPEMEHN pean3alivi apuMeTH4ecKoil oneparym
CIIOKeHUs uuces1, koropele npezcrasieHsl B COK. 3agaum: npoBecTy aHaIu3 U BBIABUTH HEIOCTATKU CYLIECTBYIOLIMX CUCTEM
CUHCIICHHS], KOTOPbIE UCIIONIb3YIOTCS IIPU OCTPOCHUH KOMIIBIOTEPHBIX CUCTEM M KOMIIOHEHTOB, MCCIIEI0BATh BO3MOXKHBIE ITyTH
yCTpaHEHUs BBISIBICHHBIX HEIOCTATKOB, MPOW3BECTH OLIEHKY BPEMEHH pealln3aliyl apru(METHIECKOH OIepaly CIOKEHHs Ha
OCHOBE UCITOJIb30BaHMS pa3paboTaHHOro MeTosa. MeToabl HeeaeA0BaHMS: METObl aHAIN3a M CHHTE3a KOMITBIOTEPHBIX CHCTEM,
Teopust uucen, teopus koaupoBaHus B COK. Ilomyuens! cnenyrouye pesynbraThl. [Ioka3aHO, YTO OCHOBHBIM IPUHLIUIIOM
peanmzaiy  apuMETHUECKUX Olepaluii B ITO3UIMOHHBIX CHCTEMax CUHCIEHHMs, SBISIETCS HCIONB30BaHUE JIBOWYHBIX
cymMaTopoB. IIpy 9TOM HCITOIB30BaHUE TAaKMX CUCTEM CUHCIICHUs 00yClIaBIMBaeT HAIMYUE MEKpPa3psAHBIX CBsI3eH, YTO B CBOIO
odyepeqb YBEIMUYMBACT BpeMs pealn3alui apruMETHUECKUX OIllepaluii, a Takke o0yCIaBIMBAIOT BO3HHKHOBEHHE OIINOOK.
VYCTaHOBIEHO, YTO MCIONB30BAaHME HEIO3UIMOHHOW CHCTEMBbl CUUCICHHMS B OCTATOYHBIX KjlaccaxX IIO3BOJISET YCTPaHUTh
YKa3aHHbIE HEIOCTATKH, 3 CUET HCII0Ib30BaHMs 0CHOBHBIX cBOHCTB COK. OcobeHHOCTE pa3paboTaHHOrO METO/a 3aKITI0YaeTCsl B
TOM, YTO pe3yJbTaT ONEepalUK CIOKEHUS YHUCET MOXKET OBITh Hal/IeH IOCIIe0BaTeIbHBIMU UKIMIECKUMH CIBHT'AaMH OUTOB
COZIEPKUMOTro OJIOKOB JaHHBIX 1O coorBeTcTBYIONMM Monyisimu COK. Hcnonp3oBanue [IKC mo3BomsieT HCKITIOUUTD BIIMSIHUE
MEXPa3psIHBIX CBSI3eH MEXIy ocTaTKaMH 0OpadaThbIBaeMBIX YHCEN, YTO HO3BOJISIET YMEHBIINUTH BPEMS pealld3aliy Olepanim
cnoxkenus AByx uucen B COK. BopiBoabl. Pe3ynbTaThl NpoBenEHHBIX MCCIEAOBAHUI IOKa3anM, 4To ucnoib3zoBaHue COK
MO3BOJISIET YCTPAHHUTh CYIIECTBYIOIINE HEIOCTATKH ITO3UIMOHHBIX CHCTEM CUHCIICHHS, a Takke IOBBIMIAeT OBICTpONeHCTBHE
peanu3ayy apupMETHIECKHX Ollepanuii.

KawueBbie ca0Ba: cHCTeMa CUNCICHUS; CHCTEMa OCTaTOYHBIX KJIACCOB; KOJIBIIEBOI PETHCTP CABUTA; OBICTpOJIEHICTBHE
BBITIOJTHEHNS apU(METHIECKHX OIepalnii; JOCTOBEPHOCTh BBIYHUCICHUI; KOMITBIOTEPHAs CHCTEMa, KOMITBIOTEPHBIH KOMIIOHEHT.
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DEVELOPMENT OF THE APPLICATION OF INFORMATION SUPPORT
OF MEDICAL DIAGNOSTIC AND TREATMENT CENTERS

Abstract. The subject of the article's research is the model and technology of information support for the medical
diagnostic and treatment center (MDTC). The goal is to reduce costs and the time to organize the work a medical
diagnostic and treatment center by applying and developed models and an information system. The following problems
were solved in the paper: to conduct an analytical review of existing integrated medical information systems; to develop a
model for the functioning of the MDTC; to develop software for the subsystem of information support for the MDTC
functioning, including the local drug formulary. Methods of the theory of algorithms, automaton models and technologies
for software applications development were used to solve these problems. The following results were obtained. Existing
medical systems that allow automating the business processes of medical institutions are analyzed, their advantages and
disadvantages are designated. The functional subsystems of the MDTC that automate the functions of the departments of a
medical institution are designated. Automation models and expressions of the algebra of relationships have been obtained
for the main departments of the MDTC, that allow to present in a formalized form the process of a medical institution
functioning. The model of the functioning of the MDTC is formed on the basis of the theory of automate and an expression
of the algebra of relations is obtained that describes in a formalized form the work of the medical center. The structure of
the software system for information support of the MDTC is proposed. The navigation system of the web-resource of
MDTC was developed. A use-case diagram was developed showing the functionality of the main categories of users.
Conclusions: the information support of the MDTC will reduce the time for patient care due to the organized sequence of
actions of department staff and reduce the risk of errors in diagnosis due to mathematical and statistical processing of the
results of the diagnostics. A drug formulary was developed, which allows the patient to receive recommendations on the
use of drugs based on the entered search parameters.

Keywords: medical diagnostic and treatment center; automation models; algebra of algorithms; information support

system; use case diagram; web resource; drug formulary.

Introduction

Today, the intensive use of information technology
(IT) in medicine is becoming more widespread. It is
used to solve both the general problems characteristic of
health care in general and the tasks of a specific health
care facility (HCF), taking into account all the peculiari-
ties of its functioning [1]. The main goal of health in-
formatization is to create new IT at all levels and new
medical computer technologies that improve the quality
of health care and assist in the implementation of the
basic function of public health, that is, increase the du-
ration of active life. The introduction of medical infor-
mation systems improves diagnosis in selected medical
treatment centers and affects the overall health care sys-
tem in the country [2 — 7].

Analysis of recent studies and publications. To-
day, the delivery of quality medical services is impossi-
ble without information technologies that automate
many HCF functions. It should be noted that there are
different types of medical information systems (MIS)
depending on the levels of management (Table 1). Table
2 shows the comparative characteristics of medical in-
formation systems of Ukraine, which belong to the level

Table I — Classification of MIS

of hospitals, highlights their advantages and disadvan-
tages [8 — 10]. These medical information systems
(MISs) create a single HCF information space that en-
ables the collection of data on the performance of all
departments; manage the staff and financial resources of
the institution [11 - 13]. However, the implementation
of ITA has the following features:

- significant cost;

- compliance of the HCF organizational structure
with the MIS structure;

- inability to integrate with other software applica-
tions implemented in HCF;

- the need to configure MIS according to the HCF
specialization.

Most hospitals use the automated workplaces
(AWRs) of doctors, but the task of integrating AWRs
into a single system of a medical facility arises. There-
fore, the main functions of the following departments
should be automated in HCF:

- the attending physician;

- reception office;

- medical consultants;

- diagnostic department;

- information and reference.

Level of management Basic level

Level of hospitals Territorial level

Types of MIS reference;

consultative and diagnostic;

— MIS of consulting centers;
— screening systems;

- hardware and software com- |- MIS of HCF; services;
plexes; — MIS for research institutes. |- computer telecommunication
— the doctor's AWP. systems.

— MIS of strategic importance;
— MIS of specialized medical
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Table 2 — Comparative analysis of medical information systems of Ukraine

— doctor's office;

- editor of document templates;

- tracking statistics;

— presence of the module of the registry;

Name oy are .
of the system Possibilities Disadvantages
"Dr.Eleks" — electronic medical card of the patient; - the work requires staff

- availability of modules for personnel and reporting;
— possibility of integration with laboratory networks and diagnostic equipment.

training;

- system configuration
is required to automate
the operation of spe-
cific divisions.

"EMCIMED" |- maintenance of electronic medical history of a network of institutions; - the complexity of add-
- planning and optimization of the hospital process;

- information support and support of hospital diagnostic processes;
- informational support of work of the staff of the medical institution; -
— solving problems of an administrative, economic and financial nature.

ing solutions to spe-
cific problems;
no separate module
for the registry.

"Unimed"-7 — workplace of family doctor;
- registration of patients;

— system of processing, storage and prompt access to patient cards; — — staff training is re-
— possibility of adjustment for a specific medical institution;

- automated workplace for ultrasound diagnostics;

— integration of specialists' workplaces into a single hospital medical system.

— absence of AWP for
medical specialists;

quired for work.

— - accounting for laboratory research;

— —report generation;
— - monitoring of the institution's activities.

"K-MIS" - - maintaining an electronic medical history;

— - formation of a schedule of doctors ' appointments; -

— - the work requires
staff training;

- the complexity of
making changes.

Based on the analysis, it is possible to determine
the structure of an automated system of information
support of a medical institution, which consists of the
following subsystems, regardless of the type of its spe-
cialization:

- subsystem of the institution's registry;

- online consultation subsystem;

- laboratory research subsystem;

- patient electronic journal;

- statistics subsystem.

Materials and methods

The following departments are part of a typical
medical treatment and diagnostic center (MDTC) of any
specialization:

- registration;

- laboratory;

- center for statistical analysis;

- online consulting service;

- departments of specialist doctors.

The article proposes to describe the processes of
functioning of MDTC departments with the help of
automatic models that can be formally presented in this
way [14-23]:

A=(X,f,a,,F), (1)

where X — a set of output symbols of the automaton; f'—
transfer function; a, — a set of initial states of the
automaton, since {ay, aj, ..., a,} is the set of states of the
automaton; F'— a set of final states.

Let us present the process of work of these de-
partments using the algebra of relations, which allows
us to formally describe the MDTC processes on the ba-
sis of a set of states [24-30]. The process of the registry
is shown in the form of an automatic machine model

(Fig. 1).

Fig. 1. Automatic model
of the process of functioning of the registry

Fig. 1 shows states of the automation model that
are:

s; - referral of the patient to MDTC,

s, - entry to a specialist doctor;

s3 - appearance of a new electronic card of the pa-
tient;

s4 - formation of medical records.

The functions of automatic model transitions are:

y; - search for patient information in the journal;

v, - formation of the schedule of admission of a
specialist doctor;

y; - Filling in the MDTC New Patient Information;

4 - correction of patient information;

ys - the possibility of repetition.

Let's write the equation in the algebra of relations:

L=y ivnli=(vvy)f;
L=yt )

L=yt L=y

The function of the model is defined as a regular
expression of the algebra of relations:

L=V y)yyy) . 3)

We present in the form of an automatic model the
process of work of the MDTC laboratory (Fig. 2).
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° - e = e
Fig. 2. Automatic model of laboratory work

Fig. 2 shows that states of the automation model are:
s; - receipt of records of laboratory tests;

s, - preparation for admission;

s3 - formation of medical records.

The functions of automatic model transitions are:
y; - accounting for reagents;

y; - formation of a log of statistics;

y; - possibility of repetition.

Let us write the equation in the algebra of relations:

L=t Li=wfs =00 4)

The operation of the registry model describes the
regular expression of the algebra of relations:

fi=wy) . (5)

Let us present the process of work of the center of
statistical analysis in the form of an automatic model

(Fig. 3).

Fig. 3. Automatic model of functioning
of the center of statistical analysis

In Fig. 3, the states of the automaton model are:

s; —receipt of ultrasound results;

s, —receipt of expert opinions;

s3 — production of statistical reports.

Functions of automatic model transitions are:

y; — obtaining an analytical conclusion based on
ultrasound results using data collection and
analysis methods;

y; — obtaining probabilistic estimation of presence
of a certain disease by means of mathematical
apparatus;

y; — the possibility of repetition.

We write the equation in the algebra of relations:

L=ty Li=wfs =00 (6)

The operation of the statistical analysis center
model of operation describes the regular expression of
the algebra of relations:

fi=ry) . (7

Here is the process of MDTC operation in the form
of an automatic model (Fig. 4).

Fig. 4. MDTC automatic model

Fig. 4 shows states and functions of transitions:

s; — patient information;

s, — change of schedule of admission of a specialist
doctor;

s3 — change of schedule of reception of laboratory;

s; — changing the timetable for online consulta-
tions;

ss — change of information in the patient's elec-

tronic journal;

s¢ — accounting for reagents;

s; — record of the result of the doctor's appoint-
ment;

sg — preparation of reporting documents;

Y; —referral of the patient to MDTC;

Y, — storing patient information in the MDTC da-
tabase;

y— processing the record with a specialist;

v, — processing the recording to the laboratory;

3 — processing an appointment for an online con-
sultation;

y4 — reception by a specialist doctor (keeping the
patient's electronic journal);

ys — conducting laboratory tests;

e — production of statistical reports;

V7, Vs, y9 — formation of journals, statistical docu-
mentation.

The result is an expression of the algebra of rela-

tions that describes the formalized work of MDTC:

S=YD Y.y, VY0 VY)Y (8)

It should be mentioned that each disjunction de-
scribes the work of a particular department of the insti-
tution. The formalized representation of the MDTC
workflow in the form of an automated model allows to
take into account the changing processes (states) and
functions of departments of a medical institution (transi-
tion functions). Regular expressions of the algebra of
relations determine the sequence of processes performed
by the staff of the institution. Automation of these proc-
esses will reduce the time needed to serve patients and
reduce the risk of errors in the examination.

Results of the studies

For automation of these functions (Fig. 4) the
MDTC information support system is proposed, its
structure consists of the following modules (Fig. 5):

- software (SW) for statistical and mathematical
data processing;
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- registry software;

- MDTC Website;

- laboratory research software;

- a database that communicates with the database
administration server;

- information and reference system.

Software for
statistical and
mathematical

data processing

MDDC Registry
Software

| | MDDC Software | |
Complex

Laboratory study

MDDC website |« software

Database
administration
server

Information and
»
reference system

A

Database

Fig. 5. Structure of the MDTC information
support software system

Thus, MIS combines the types of systems of the
basic level and the level of the medical institution
(Table 1). Apache was selected as the server-trust for
administering the database, the main advantages of
which are:

- support for different operating systems;

- cross-platform;

- reliability and flexibility of configuration;

- possibility of connection of external modules for
data provision;

- possibility of modification of error messages;

- the ability to process configuration files (server,
virtual host, directory level);

- availability of module loading system.

MYSQL database management system (DBMS)
has been selected for storing and processing informa-
tion, the main advantages of which are:

- free support;

- multithreading, ie the ability to simultaneously
support multiple requests;

- optimize connections with multiple data connec-
tions

- support for up to 16 keys in the table, each of
which can have up to 15 fields;

- case insensitivity;

- easy to manage tables.

The Computer Health Information System has a
search engine and the ability to process information
from multiple medical fields. The electronic directory
has the following record structure:

- name of the disease;

- a concise description;

- additional classifications;

- etiology and risk factors;

- diagnostics (screening, complaints and anamne-
sis, laboratory tests, consultations of specialists, etc.);

- differential diagnosis;

- treatment and rehabilitation;

- prognosis and possible complications;

- prevention (recommendations, medical examina-
tion, etc.).

However, the focus is on developing a site for
MDTC information support. Fig. 6 shows the naviga-
tional structure of the MDTC Web Resource, which
consists of the main menu, the search system, the link
and the registration box.

Jlopmar MADILL

"Trasnee weme s
MeauunHcmii 14L.
nasHasn

Bpauam CaliT MeAVLIHCKOrD NeueBHO-AHAr HOCTVNECKOrD LieHTpa.
MNauueHTam

Antexka

CnpaBoyHnK

Knnewrckan basa

Hawwu Bpaun

p——

Dopym
Bupeo-koHbepeHUmMA
LWa6noHbl 3anocos/o6p.cB.

e

Noruw:

admin
MNapons:

Bowitn

Pemctpaumnsa

(—

Admin

0S: Windows
PHP: 5.1.6

Mysqgl: 4.1.16-max

MewckoBan cucrema:

Fig. 6. Navigation structure of the MDTC Web resource

It should be noted that the site also displays
information about the software settings and the type of
user currently online. The chosen scheme of
implementation allows to add new materials, create
sections, issue permissions to closed site resources,
change the appearance with the most automated
administrative section (Fig. 7).

The interface includes all the software tools that
provide quality management and support for the site.
Fig. 8 shows a module manager that allows to select
sections of the site.

With the module manager, it is possible to choose
the order of the post, its access and the position on the
site. The web application is implemented using HTML
(HyperText Markup Language) technologies [31], CSS
(Cascading Style Sheets) [32] and Java Script [33].

One of the main sections of the MDTC Web
resource is the work of an on-line diagnostic consulting
service, the functionality of which is presented by two
software modules - a forum and a component for
hosting an Internet conference. The forum is a virtual
space that offers a set of discussion sections. The work
of the forum is to create topics in sections and further
discussion within these topics, which are a thematic
guest book. The forum hierarchy is structured as
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follows: section — topics — posts. Working with the
videoconference reception log is an electronic calendar

that identifies MDTC workdays with unrestricted on-
line consultation time.

. B @ @ @
O L
NoGaEHTE Bice maTepuans FnaeHas Pasgens EaTeropuq
MATERKEN CTRaHMUS
@ [X] [
AabikK Mones0EaTENK OB Meaua MEHD
HacTpoRkK MEHEHED
Fig. 7. Interface of automatic administration system
BMEHEMEP MOD‘VHEﬁ [Cafﬁ] Rydnurauna CrpoiTe Ypanute ﬂ;ﬂﬁl{ﬂ HoBbiil
# [] Hwamogyna MyGnmKaLyn Dlenrats  Mopagox Locryn Noswuwa Crpatuyal
1 M Banepsl 1 Public banner Ha Beex
2l W Khonka - Tnastan - k] v Public: icon Ha Bcex
3 \[]/ _Kuonka - HoocTy - = a v Public icon Ha Beex
4 [ _ Knonka - Crathu - ] a v 3 Public icon Ha Boex
5 [ __Knonka - Cebinki - i a v 4 Public icon Ha Bcax
6 [] __Knonxa - Nowck- i< @ v 5 Public icon Ha Beex
7 [ __Kvonka - Korar - ] a v & Public icon Ha Beex
8 [ __Kuonke - Boittn - = a Vv 7 Public icon Ha Bcex
9 [ _ Knonxa - AndyR dopym - ] & v 3 Public icon Ha Boex
10 |:| __Crponnuur Gannepos ] a 9 Public: icon Ha Bcex
11 [ Mouex 4 v 1 Public eft Ha Beex
12 [] Tnasroe wetn ] a v 2 Public left Ha Bcex
13 [ Menw nonksosarena ® a v 3 left HaBcex
14 [ DOpyroe metmn ] & v 4 Public left Ha Boex
15 [] Asropusaums k] a v 5 Public left Ha uacTi
18 [] Syndicate X a v ] Public left Ha uacTu
17 [ Apxven X a v 7 Public eft Hurae

Fig. 8. The module manager

Fig. 9 shows a precedent diagram showing the ba-
sic functionality of a web application for four categories
of users: user, registered user, moderator and adminis-
trator. Admin features differ from the moderator's abil-
ity to access the site management system. The modera-
tor can view and edit the information provided on the
site using the appropriate module. This simplifies the
process of editing information (adding, deleting, and
adjusting) without the need for site-making skills. The
registered user can get a remote consultation of MDTC
specialist through the relevant software modules.

Consider in more detail the electronic form of hos-
pitals, which belongs to the information and reference
system. With its help, the user is able to search for
medicines by certain parameters (Fig. 10). The user in-
terface looks like the following tables:

- departments;

- groups;

- subgroups;

- special group;

- the main table — that is medicines.

)

User

)

Registered
user

View
information
Editing
information

Access to the'
site
management
system

)

Moderator

)

Administrator

Registration

Authorization
Remote
consultation

Fig. 9. Case diagram

The File menu has a search function. To search for
a drug, the user must enter the name of the medicinal
product in the appropriate field and go to the search
results. Editing of the results is also available.
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Fig. 10. The main form window

Conclusions

The article analyzes the existing medical systems,
on the basis of which the functions of the MDTC infor-
mation support system are highlighted. Formed auto-
matic models and expressions of algebra of relations
allow us to describe in a formalized form the processes
of functioning of branches of MDTC. The structure of
information support system of medical hospital-
diagnostic institution is proposed and web-resource is
developed. In addition, a medicines form has been de-

veloped to provide advice on the use of certain types of
drugs.

The scientific novelty of the article is a formalized
representation of MDTC processes in the form of alge-
bra of relations, which allows determining the sequence
of functions performed by employees of medical institu-
tions of different specialization.

The practical value is the ability to use the devel-
oped web-resource for MDTC information support,
which allows automating the basic functions of the insti-
tution, regardless of its specialization.
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Po3pobka migcucremu indopmaniinol miATpPUMKH MeIHYHAX JIKYBATbHO-NPOQIIAKTHYHHX HEHTPIB
M. B. Minanos, 0. O. Jlemenko, A. B. €nizesa, P. B. ApTrox

AnoTtanis. [IpexmMerom mocmipKeHHS CTATTi € MOIENi 1 TeXHOIIOT1T iHpOpMaLiiHO! i ITPUMKI MEAUTHOTO JTiKyBaJIbHO-
niarHoctugHoro nentpy (MJI/IL]). MeToro € 3HMKEHHSI BUTPAT 1 CKOPOUSHHS Yacy Ha OpraHi3allifo poOOTH MEJUYHOrO JIiKyBa-
JIBHO-1aTrHOCTUYHOr'O LIEHTPY, IUIAXOM 3aCTOCYBaHHS pO3po0ieHHX Mozenel Ta iHdopmauiiiHoi cuctemu. B pobGori Bupiry-
I0ThCSl HACTYIIHI 3aJa4i: MPOBEJCHHS aHATITUYHOTO OTJISY iICHYIOUMX 1HTErPOBaHMX MEIMYHUX iHpopMauiiiHUX cucTeM; po3po-
6xa mozeni ¢ynkiionysanus MJIJILL; po3poOka mporpaMHoOro 3ade3neyeHHs Ul MiACUCTeMH iHpOpMaLiiHOl HiATPUMKH BYHK-
uionyBanHa MJIJILL, Bxirouarouy JioKajdbHUN (OpMyIsp JiKapchbKuX mHpenapatiB. [ BUpILIEHHS 3a3HAY€HHMX 3aBIaHb Oynu
BUKOPHCTaHI METOAM TEOpii aJIrOPUTMIB, aBTOMATHUX MOJEJIEH, TeXHOIOril po3poOKku NporpaMHuX JonarkiB. OTpuMaHi HacTy-
IHI pe3yJbTaTH. [IpoaHanizoBaHO iCHYIOUI MEIMYHI CHCTEMH, AKi JO3BOJLIIOTH aBTOMATH3yBaTH Oi3HEC-NIPOLIECH JTiKyBaJIbHUX
yCTaHOB, BUJIUIEHI X mepeBaru ta Hepoiiku. Bunineno ¢ynkiionansHi nincucremu MJIJILL, mo aBToMaTH3yoTh QyHKIIT Bimi-
JIeHp Menu4gHoro 3aknany. st ocHoBHuEX Bimminens MJIJAL] orpumani aBTOMaTHI Mojeni i BEpa3u anreOpy aaropHTMIB, IIO
JIO3BOJLSIIOTH NIPEACTAaBUTH B (HhOpPMali3oBaHOMY BHIJIAIL mpouec (YHKIIOHYBaHHA MeIudHOro 3aknany. CdopmoBaHa MoIenb
¢ynkuionyBanus MJIJII] Ha ocHOBI Teopii aBTOMATIB 1 OTPUMAHO BUpa3 anreOpy BiHOCHH, ke onucye B GopMmaii3zoBaHoi BU-
sl poOOTY MEIMYHOrO LEHTPY. 3aIpOIIOHOBAHO CTPYKTYPY NMporpaMHoi cucremMu iHdopmaniitnoi nigrpumku MJIILL Pospo-
61eHo Hasiraniiina cucrema web-pecypcy MJIJILL. Po3po6ieHo fiarpamy npereaeHTiB, 1o Moka3ye (yHKIiOHaIbHI MOXIMBOCTI
OCHOBHHMX KaTeropiii kopucrysadis. BucHoBku: indopmaniiina miarpumka MJIJIL 103BONUTE CKOPOTUTH 4ac Ha 0OCIyroByBaH-
Hsl TALIEHTIB 332 PaXyHOK OPraHi30BaHOI MOCHIiOBHOCTI Aiii CIIBPOOITHUKIB BiJUIiiB YCTAHOBH 1 CKOPOTHTH PH3MK BUHUKHEHHS
TIOMIJIKH TIPH TIarHOCTHII 338 PaXyHOK MaTeMaTHKO-CTaTUCTHYHOI OOpPOOKH pe3yibTaTiB IIPOBEAEHHS 00CTEeXEHb. Takox po3po-
OneHuit hopMyIsIp JTIKapChKHX Mpenaparis, M0 JJO3BOJISIE OTPUMATH IAIIEHTOBI PEKOMEH a1 10 BUKOPUCTAHHIO JIIKiB Ha OCHO-
Bi BBEJICHUX MapaMeTpiB MOIIYKY.

Karo4doBi cioBa: Menu4Hui JIiKyBaJbHO-[IarHOCTUYHUN LIGHTP; aBTOMATHI MOZIeli; anredpa alnropuTMiB; cucTeMa iH-
(dbopmaniiHol miATPUMKY; Aiarpama IpeLeneHTiB; BeO-pecypc; GopMyIsp JiKapChbKUX Ipernaparis.

Paspaborka moxcucTeMbl HHGOPMANHOHHON MOAJEPKKH MeIUIHHCKHUX Je4eOH0-TPOGHIaKTHIECKHX IIEHTPOB
M. B. Munanos, 0. A. Jlemenko, A. B. Enuzesa, P. B. Aptrox

Annotanus. IIpexMeTroM mccieoBaHUSI B CTaThe SIBISIFOTCS MOJENIM W TEXHOJIOIMH HWH(OPMAIIOHHOH MOIIEPKKH
MEIUIUHCKOro JedeOHo-muarnocrideckoro nenrpa (MJIJILL). Henblo sBisercs cHIWXEHHME 3aTpaT M COKpallleHue BPEMEHH Ha
OpraHM3aIMI0 MEIMIMHCKOrO JIeueOHO-IMarHOCTUYECKOro IIeHTpa, IIyreM IIPUMEHEeHWs pa3paboTaHHBIX MoJeled |
nH(OPMAIOHHOH cHcTeMBl. B paboTe pemarorcs ciexyronme 3agadu: MpoBeAeHHe aHAIUTHIECKOro 0030pa CyIIeCTBYIOMINX
MHTETPUPOBAHHBIX MEIULMHCKUX HH(OPMAIMOHHBIX CHCTeM; pa3paborka mozxenu (ynxuuonuposanus MIIJLL; paszpabGorka
MIPOrPaMMHOT0  OOE€CIieueHHsT JUIsi IMOACUCTEMBI HMH(OpMarMoHHOW momuepxku ¢yHkuuonupoBanus MJIIJLL, Brurouas
JIOKQJIBHBIA (hOPMYIISIp JIEKApCTBEHHBIX NperaparoB. sl pelieHns] yKa3aHHBIX 3a]ad ObLIM WCIIOJI30BAaHBI METOABI TEOPHU
ITOPUTMOB, AaBTOMATHBIX MOJEJeH, TEXHOJIOIMH pa3padOTKM TPOrpaMMHBIX IpwiokeHHH. [lomydeHsl cienyromnie
pe3yabTaThbl. [IpoaHan3upoBaHbI CYIIECTBYIOIINE MEIUIMHCKHE CHUCTEMBI, KOTOpBIE IO3BOJISIIOT aBTOMAaTH3HPOBATH OHM3HEC-
TIPOLIECCH JIeUeOHBIX YIpPEeKACHHH, BBIJEIEHbl UX IPEUMYIIECTBA M HEJOCTaTKU. BhlmeneHbl (yHKIMOHAJIbHBIE MOICHCTEMBI
MJI/ILL, aBromatu3upytomue GyHKIMU OTACIEHHH MEJIUIMHCKOTro yuapexxaeHus. s ocHoBHBIX otaesneHni MIJI/IL moxydeHsr
aBTOMAaTHBIE MOJICNIM M BBIPaKEHMSI anreOpbl aJrOPUTMOB, MO3BOJISIOIINE MPEACTaBUTH B (hOPMAIM30BAHHOM BHUJIE IIPOILIECC
(hyHKIIMOHUPOBaHMS MEIUIMHCKOro yupeknenus. ChopmupoBana Monenb (GyHKnuoHupoanus MJIIJIL] Ha ocHOBe Teopuu
aBTOMATOB M TIOJNIY4CHO BBIPXKCHUE aJIreOphl OTHOIICHHM, OMHCHIBatoIIee B (HOPMATU30BAHHON BUIE PaOOTy MEIUIIMHCKOTO
neHtpa. [IpemoxkeHa CTpykTypa mporpaMMHON cucTeMbl HH(opMaronHoi momaep:xkkn MJI/IL, Pa3paborana HaBuranuoHHas
cucreMa web-pecypca MIJIJIII. Paspaborana puarpaMma IpELEIEHTOB, IOKa3bIBaromas (yHKIMOHAILHEIE BO3MOKHOCTH
OCHOBHBIX KaTEropuii monb3oBaresieid. BwiBombl: unHGbopManmonHas momaepkka MJIIJII] mo3BOMUT COKpaTHTh BpeMs Ha
00CITy)KBaHUE MAIMCHTOB 3 a CYET OPraHM30BAHHOW IMOCIEIOBATEIBLHOCTH JIEHCTBUI COTPYIHHKOB OTACIOB YUPEKICHUS H
COKPATHTh PUCK BO3HUKHOBCHHS OINUOKH TPH JIMATHOCTHKE 332 CYET MaTEeMaTHKO-CTATHCTHUECKON 0OpabOTKH pe3ysbTaToB
npoBeeHust obcnenoBanuit. Taroke pa3paboTraH GOpMyIsp JEKapCTBEHHBIX IMPENapaToB, MO3BOJISIONIMN MOXYYHTh MAlUCHTY
PEKOMEHIAIMHY 10 UCII0JIb30BAHUIO JIEKAPCTB Ha OCHOBE BBEJICHHBIX [TapaMETPOB ITOHUCKA.

Knaroudesble ciaoBa: MeIUIMHCKHN JIeueOHO-IUarHOCTUUECKUH LIGHTP; aBTOMATHbIE MOJENH; anrebpa alropUTMOB;
cucreMa MH(OPMALMOHHON MOIEPKKH; AMarpaMmMa MPeLeIeHTOB; BeO-pecypc; GopMyiisp JIeKapCTBEHHBIX IPENapaToB.
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METO/J 3ABJAHHS ITOCJIIIOBHOCTI HEPEBIPKHU PAIOEJEKTPOHHUX
KOMIIJIEKCIB 1P TEXHIYHOMY OBCJIYT'OBYBAHHI 3A CTAHOM

AHoTanisi. B crarri po3risHyTi 0COOIMBOCTI TEXHIYHOrO OOCIYrOBYBAaHHS PajiOENEKTPOHHHMX KOMIUICKCIB BEIHMKOI
PO3MIPHOCTI (IECATKY i COTHI THCAY €JIEMEHTIB), 110 CKIAJAI0ThCS 3 OKPEMHX MiJICHCTEM, IIEePEBIpKy MPale3AaTHOCTI SIKHUX,
TeXHIYHEe 00C/IyroByBaHHs Ta BiJHOBJICHHS [IPALIE3IaTHOCTI Ii/l 4ac MOTOYHOTO PEMOHTY MOXIIMBO BUKOHYBAaTH aBTOHOM-
HO. JIo Takux 00’ €KTIB BIIHOCSTBCS BY3/IHU 1 anlapaTHi 3B’ 43Ky, pajioJIOKalliiiHi cTaHMLil, KOMIUIEKCH YHPABIIiHHA IIOIbOTaMU
Ta iHmi. B craTTi BHepiie 3anporoHoBaHo IS ITiABUIIEHHS e()eKTUBHOCTI TEXHIYHOTO 00CIIyrOBYBaHHS 32 CTAHOM O0TpY-
HTOBAHO BCTAHOBJIIOBATH I10CIIJOBHICTb NEPEBIPKH MiJCUCTEM 3 KOMIUIEKCHUM BpPaxyBaHHIM HaJilHICHHUX, YaCOBUX, Bap-
TICHUX INOKa3HUKiB. KpiM TOro, 3anpornoHoBaHO BpaxoBYBaTH HE TUIBKM BapTicTh 3ac00iB BUMIPIOBAJIBHOI TEXHIKH, ane i X
METPOJIOriYHy Ha/[IHHICTh. 3aJI€KHO Bil yMOB BUKOPHCTAHHS 3a NPU3HAUCHHAM KOMILIEKCIB 03HAUSHHI IIOKa3HUKH MOXYTh
MaTH pi3HUI BIUIMB Ha €(DEeKTUBHICTb TEXHIUHOI eKCILTyaTallil, 110 3aIPOIIOHOBAHO BPAXOBYBATH BBEACHHIM KOe(illi€HTIB,
3HAYCHHS AKUX B KOXKHOMY OKPEMOMY BHIIAJKy OTPUMYIOTh B pe3ynbTaTi 00pOOKM MaTepialiB eKCIePTHOrO ONUTYBaHHS
NpoBifHKX (axiBLiB B Lii ramysi. Yci nepepaxoBani (pakTopu 00’ €AHYIOTHCS KOMIUIEKCHUM ITOKa3HUKOM, 3HAYEHHS KO0
PO3pPaxoBYIOTh Ul KOXKHOI IiZICHCTeMU KOMIUIeKey. JIIs HOpMYBaHHs 3HAUCHHS KOMIUIEKCHOTO IIOKa3HMKA BBOIUTBCS
IMOBIpHICTb EPEBAXKHOr0 BUOOPY MizfcucreM KoMIiuiekcy. I1oTiM B pe3ynbTaTi paHXXyBaHHS MIJACUCTEM 3a YOMBaHHSM 3Ha-
YeHHS 1[i€] IMOBIPHOCTI BU3HAUYAIOTh MOCIIJOBHICTh HEPEBIPKH OKPEMHUX IIiZICUCTEM KOMILIEKCY. B Takomy BUIajgxy Kpim
OC/IIZIOBHOCTI MEPEBIPKH MOXKIIMBO BU3HAYUTH MiHIMaJIbHY KUIBKICTb NEPEBIpAEMUX MiJCHCTEM Ul 3a0e3MeueHHs HeoO-
XiJJHOr0O 3HaUCHHs IMOBIPHOCTI OL[IHKM TE€XHIYHOIrO CTaHy BUpOOY B LIJIoMy. B craTTi npuBesieHO OOK-CXeMy alrOpUTMY
peanizanii MeTony, 1o n03Boise BukopucropyBaty EOM Juis aBromarusauii npouecy. [IpuBenenuii npukian BUKOpHUC-
TaHHS METOIy 1 KiJIbKiCHa OIliHKa e()eKTHBHOCTI HOro 3acTocyBaHHs. BUKOpHCTaHHS 3aIpOIIOHOBAHOTO METOAY IpUBEIE
JI0 BIOPSIIKYBAHHS IIPAKTUYHOI peatizallii TeXHIYHOro 00CIyroByBaHHS 32 CTaHOM i IiJIBUILEHHS HOro eeKTUBHOCTI B pe-
aJIBHUX YMOBAX €KCIUTyaTallii pafioeIeKTPOHHUX KOMIUIEKCIB BEJIMKOI PO3MipPHOCTI.

Karo4doBi cioBa: panioesieKTpOHHI KOMIUIEKCH; TEXHIUHE 0OCIYroByBaHHS 32 CTAHOM; HMOBIPHICTb NI€PEBAXKHOIO BU-

oopy.
Beryn

IMocTtanoBka 3amaui. [Ipu TexHiYHOMY O00CITyTO-
BYBaHHSI palioeJIeKTPOHHUX KOMILIEKCIB BEJIMKOI PO3Mi-
PHOCTI (JIECATKH 1 COTHI THCSIY €JIEMEHTIB), 1[0 CKJIa/ia-
I0ThCSL 3 OKPEMHUX ITiJICHCTEM, HEOOXiJIHO BHUKOHYBATH
nepeBipky ix mpanesgatHocti. [lig wac moro4Horo pe-
MOHTY 1€ MOXKJIMBO BHKOHYBaTH aBTOHOMHO, BUKOpPHC-
TOBYIOUHM CTpaTerito peaiizaiii (BUKOHaHHs TiNBKU He-
00X1IHOT0 TIepeIiKy po0iT). 3TiTHO 3 IKOK MPOQiTaKTU-
4Hi poOOTH Ha 00’ €KTI IPOBOASATHCS B CTPOK Ta B 00Cs31,
SIKMH BCTAHOBIIIOETHCS B PE3YNBTATI IPUHHATTS PillICHHS
3a JaHUMU IOTOYHOTO KOHTPOITIO.

B xoni peaizanii 1i€i crparerii BUHHKae mpoOiie-
Ma: B SKi{ IOCIIZOBHOCTI BUKOHYBAaTH TEPEBIPKH ITi[-
CHCTEM KOMIUIEKCY JUIS BU3HAYEHHS HOr0 peabHOro
CTaHy 3 MiHIMaJbHUMH TpalleBUTPaTaMH Ta IIpU oOMe-
KEHOMY 4aci, 10 Jy)Ke BaJKJIMBO B TIOJILOBUX YMOBaX Ta
IIpH BeICHHI OOMOBUX MiH, MO ¥ MiIKPECTIOE aKTyallb-
HICTB 11i€1 HAyKOBO-NIPAKTUYHOI 331a4i.

AHani3 gireparypu. OyHIaMeHTalIbHI TEOPETH-
YHI JOCHIPKEHHd NMUTaHb onTtuMisanii BukoHaHHS TO
HaBefieHi B [1], SKi B HOJAJIBIIOMY OTPUMAJIH PO3BUTOK
B po0OTax 3 MiJBUILEHHS eKCIUTyaTaliiiHOi HaJiHHOCTI
BUpoOiB [2-4]. B [3] po3risiHyTO 0COOIMBOCTI peatiza-
uii crpaterii TO 3a cTaHOM 3 KOHTPOJEM MapameTpiB
00’exTy abo piBHsI #oro HafiiiHOCTI. Takox o0rpyHTO-
BaHO Kputepii skocti TO. B [5] mpoBeaeno anaii3 oco-

6muBocti TO cucTeM 3 4acOBOIO HAJUTUIIKOBICTIO 1 3a-
MIPOITOHOBAHI 3aX0/IM MIONO IiABUIICHHS X HAAIHHOCTI.
B cyuacHux po0Oorax 3 TEXHIYHOi AiarHOCTHKH pPasio-
eNEKTPOHHUX CHUCTEM JUIs BU3HAYCHHS MOCIiTOBHOCTI
MepeBipoK, sika Belle JI0 CKOPOYCHHS Yacy JIOKawi3arlii
neeKTy, MOCHTh IIUPOKO BHKOPHUCTOBYIOTH HMOBIp-
HicTh mepeBaxkHoro BuGopy (MIIB) mapamerpis ene-

MeHTa [6, 7]:
L
u; = kz‘/(’i 2t /f_;) ;

Je A; — IHTEHCHBHICTb BiJMOB €JI€MEHTa; f; — Yac BU-
KOHaHHS TMepeBipku; L — KUIBKICTH  €IIEMEHTIB B
00’ €KTi.

B [8] 3ampomoHoBano aisi ckopodeHHs yacy TO
BHUKOHYBAaTH IEPEBipKY MapaMeTpiB BUPOOY B HOPSAIAKY
3MmeHuIeHHs ix UI1B:

u; =Tro - Cro Vi B /(6 -Ci-4;),
ne Trp,Cro — TpuBamicts Ta BapTicts TO 3rigHO iH-
CTPYKIi{; Vv; — 3HAUUMICTb BIUIUBY MHapaMeTpy i Ha
npanes3aTHicT BUpoOy; P — HMOBIpHICTBH TOTrO, IO
BUpIO Tpane3qaTHUW, SKIIO IMapaMerp [ B HOPMI;
t;,C; — TpUBANiCTh Ta BapTiCTh BUMiPIOBAHHS 3HAUEHHS
napamerTpa i; ¢; — HMOBIpHICTh OMUJIKHM BUKOHABIISA B

OIIIHII 3HAYCHHS Mapamerpa i.
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Kpim Toro, mocmijkeHa 3ajexHiCTh BIUIMBY MeT-
poJoriuHoi HaiitHOCTI 3ac00iB BUMIPIOBAILHOT TEXHIKH
(3BT) na vac BukoHaHHss TO 00’€KTiB pi3HOMaHITHOI'O
npusHaueHHs [9], sKy B momepeaHix po0doTax MIONO
ornTuMizanii yacy BukoHanusi TO He BpaxoBaHO.

3 mpoBeIEHOr0 aHaATI3y CIIiaye ,Io B AiHCHUIN Yac
HAKWOUIBII JONITBHO BHKOpUCTOBYBaTH TO CcKIagHMX
panioenexTponHux komiiekciB (PEK) 3a cranom, npu
LOMY HEOOX1THO KOMIUIEKCHO BPaxOBYBAaTW HaiiHic-
Hi, 4acoBi 1 BapTICHI ITOKAa3HUKH MEPEBIPKU OKPEMHUX
MmiJicKcTeEM, a TakoX MeTpoJyioriuHy Haniinicts 3BT.
Jls 1poro HeoOXiJHO 3ampoIOHYBAaTH KUTBKICHUE mO-
Ka3HuK ouinku MIIB mimcucreM BHPOOY 3 METOI iX
MOAAJBIIOr0 PAHKYBaHHS B IOPSIIKY 3MEHILIEHHS 1IbOTO
MOKa3HUKA.

Merta cTatTi: dopmanizaris nporecy BU3SHAYCHHS
TMOCITIZIOBHOCTI TTEPEBIPOK MiZICUCTEM KOMILIEKCY 3 Bpa-
XYBaHHSM iX HaJIHHOCTi, YaCOBUX Ta BapTICHHUX IOKa3-
HUKIB JJIs1 MiHIMi3amii 4acy i mpareBuTpaT Ha BCTAHOB-
JICHHS PEajbHOTO TEXHIYHOTO CTaHy 00’ €KTY.

OcHoBHU# MaTepian

Texuiune obcnyroByBanus (TO) BUpPOOIB - KOM-
IUIEKC Omepalii 4M omepaiis HiATPUMAaHHS CHPaBHOCTI
Y TPaIe3qaTHOCTI i 9ac IX TEXHIYHOI eKCIUTyaTarrii.
TO € ckasoBOIO YaCTMHOIO eKCITyartalii BHUpPOOiB Ta
nependavyae TOJOBHUM YMHOM IIEpEBIPKY Ha BiMOBif-
HICTh IapaMeTpiB TexHIYHUM ymoBaM. [lig yac excrrya-
Tallii BCTAHOBJIIOKOTHCS BUaU nepioauuHoro TO: kaineH-
JapHe, mepioandHe, KOMOIHOBaHE.

Kanennapue TO npoBoAWTBCS y BCTaHOBIICHHI Te-
PMIiHH 3 BpaXyBaHHSIM YMOB €KCILTyaTallii He3aJIeXKHO BiJ
HAIpaIfOBaHHsI, MPU [BOMY JIETKO IUIaHYBaTH POOOTH
ajyie Ma€e MicIie HeoOIPyHTOBAHHI PO3XiJ CHIT 1 3aCO0IB.

TO 3a HapoOITKOM NPOBOMUTHCS 3 YpaxyBaHHS
YMOB €KCIUTyaTallii miciis 3aJaHoro HapoOiTKy BHPOOY,
IpH I[bOMY Ma€ MicClle EKOHOMIsI CHJI 1 3ac00iB, ajic BU-
HHUKAIOTh TPYAHOIII NPH IJIaHyBaHHI.

Kombinopane TO MicTuTh y c00i KaJeHOapHE
(TTaHyBaHHS TEPMiHY BUKOHAHHS 3a3Jialeriip) i oocimy-
TOBYBaHHS 32 HAPOOITKOM (BUKOHAHHS TUIBKH HEOOXi[-
HOr'0 Tepeliky pooit). Ctpa-
Terisi Horo peanizamii Noka-
3aHa B JTepaTypi, HOPMaTH-
BHUX 1 KEPIBHHUX JOKYMEHTaX
TO 3a cranom [1-3].

Crpareris TO 3a cra-
HOM — II€ CTparterisi 3TiJHO 3
SIKOI0 TIEPEJIK Ta Iepiofaud-
HicTh onepaniii TO Bu3Haua-
€Tbcsl  (pakTHYHUM  TEXHiu-
HUM CTaHOM BHPOOYy B MO-
MEHT TMO4YaTKy OOCIIyroBy-

BuXigHi 1aHHi: BizoMocTi
PO HaJIHHICTH HiICHCTEM
i KoMIITeKcy B IiTOMY.
JaHHI TIpO
BapTicHI

IepeBipKH HiICHCTeMH

JacoBi i
HOKA3HHKH

BCTaHOBJIIOEThCS B Pe3yJIbTaTi MPUHHATTS DIlIEHHS 3a
JIAaHUMU TIOTOYHOTO KOHTPOJIO [3].

[pu opranizanii ekcruryaranii BUpoOiB 3a CTaHOM
BHHUKAIOTh TaKi 3aBaaHHs [4, 7]:

BUOIp MiHIMaJIEHO HEOOXiTHOI KiJIbKOCTI Iapamer-
PiB, 110 KOHTPOJIOIOTHCS, 3 AOCTATHHOK 1H(OpMali€ero
PO CTaH CUCTEMH B OYIIb-SIKUIl MOMEHT 4Yacy;

OOTpYHTYBaHHS JOIMYCTUMHX MEX 3MIiHH Tapamer-
PiB , IO KOHTPOJIIOIOTHCS;

po3po0Ka aaropuTMIB MaTEMAaTHYHOrO 3abe3re-
YEeHHSI IPOrpaM eKCIUTyaTallii BUPOOiB 3a CTaHOM;

CTBOpPEHHSI TEXHIYHUX 3aCO0IB KOHTPOIIIO, JiarHO-
CTYBaHHsI, peecTparlii i onepaTHBHOI 0OpoOKHU iH(Op-
MaIlii PO CTaH MapameTpiB BUPOOY.

Posrmsiaumo meron, 1o npusHaueHud st popmy-
BaHHS ITOCITIIOBHOCTI MEPEBIPKU IMPANE3JaTHOCTI IIiJI-
cucreM PEK Benmkoi po3mipHOCTI, sIKi CKIaIaroThCs 3
JIECSITKH 1 COTEHBb TUCSY €IEKTPOPaIi0eIeMEHTIB.

CyTHICT METO/ly TOJISITa€ B KOMIUIEKCHOMY Bpa-
XYBaHHI NOKa3HUKIB HaJIHHOCTI MiJCHCTEM, BapTOCTI i
yacy NepeBipKM IX Npare3JaTHOCTi, 4acy YCYHEHHs
HECTIPaBHOCTI (a00 pe3epBYBaHHS IMiJCHCTEM), & TAKOXK
Metportoriunoi HamifiHocti 3BT i BaroBux xoedilli€HTiB
OKpEeMHUX TMOKa3HHKIB, B IIbOMY TOJISATa€ HAyKOBa HOBU-
3Ha 1 BIZIMIHHICTh METOAY Bij BimoMux [1-5, 8].

BuxinHi gaHi st peaizallii METOIy OTPUMYIOTh B
pe3yabTati JociaHol ekciuiyaTamii PEK.

Cxema peaiizalii mpuBeeHa Ha puc. 1, Je Takox
MOKa3aHUI MaTeMaTUYHUH anapar, pe3yJabTaT BUKOPHUC-
TaHHs, 0OMEKEHHS 1 IPHITYIIICHHS.

PEK cknanaerbest i3 M B3a€MOIOB’ sI3aHUX TTiJICHC-
TeM (KIactepiB), IPU IIbOMY JIOMYCKAEThCS aBTOHOMHA
nepeBipka ix mpatue3gaTHocTi. s 1HCTpYMEHTAIBHOL
NepeBipKy 3Ha4YEHb MapaMeTpPiB BUKOPUCTOBYETHCS IIITA-
THU#M koMIuiekT 3BT, sKkuif B COBOKYITHOCTI JO3BOJISIE
OLIIHUTH TpaIe3/IaTHICTh BCIX MiJICHCTEM KOMILIEKCY.

[MocnigoBHICTh MEPEBIPKH MiJCUCTEM ITOBHHHA OYy-
TH TaKolo, IO B IEpIIy 4epry HeoOXiTHO IepeBipsTH
HaliMeHI HaAilHI MiJCUCTEMH, SIKI HOTPEeOYyIOTh MiHi-
MaJbHUX IPALEBUTPAT HA BUMIPIOBaHHS MapaMmeTpiB i
YCYHEHHsI HecnpaBHOCTEH (NpU HAsSBHOCTI 3allacHUX

MaTeMaTHIHEH amapar: Teopis
#iMoBipHOCTEH, Teopif HamiHHOCTI BeNTHKHX
CHCTEM.  MeTOZi  ONpAIIOBaHHA  JaHHX

EKCIIEPTHOT O OIMHTYBaHHA

-

MeToad NpHHAYCHHH 111 GopMyBaHHE
MOCTiAOBHOCTI MEpeBipKH IpanesgaTHOCTI
. CyTp MeToZy HOIATae B
KOMILTEKCHOMY 00TiKy TOKa3HHKIE HAT{HHOCTI,

Pe3yabTaT: MOCTiIOBHICTE
TIepeBipEH TiacHCTeM
mpH oOCIYTOBYBaHHI 2a
CTaHOM
panioeneKTPOHHHK
KOMILTEKCIE

BCTHKHX CHCIEM

BETHKHX

BapTOCTI 1 9acy NepeBipKH

BaHHs. BoHa IpyHTYyeThCS Ha
BUKOPHUCTaHI IOTOYHOI 1iH-
¢dopmanii npo nicHWE craH
00’€KTa, sIKa OTPUMYETHCS B
IpolLieci WOro eKcIuryararfi.
pu wmi#i crparerii TO Bci
BUAY MPOQUIAKTHIHUX POOIT

OO0MeKeHHA:
KOMILTEKCY

MOJKTHBICTh ABTOHOMHOI IIEpeBipKH
OpanesgaTHOCTI MiZCHCTEM; PeMOHT
arperaTHEM MeTonoM; BHOIp 3BT 2
CIIHCKY JIO3BOJIEHHX ; 00CIYTOBY BAHHT
ITaTHHM eKillaKeM

IIpunymenas: o6Iik MOXTHBOCTI

MOATHBICTE TOIITY
Ha BiZIMOBH 3BT (BpaxyBaHHI
MeTpoIorigHOL HagiHHOCTI);
xominiexT 3BT npH o6cayroByBaHHL
1 peMOHTI 3aTHIIAETHCA He3MIHHHM;
kpamidikamis eximaxy sinmoeimae
nocani

MACHCTEMH;

Ha O0O’€KTi IMPOBOAATHCS B
CTpOK Ta B 00cs3i, SKHH

Puc. 1. Cxema peani3zarii MeToJa paH)XyBaHHS ITiJICHCTEM KOMIUIEKCY JUIsl HEPEeBipKU
MpaLe3/1aTHOCTI 3 BpaXyBaHHAM HaJiHOCTI, YaCOBUX Ta BapTiCHUX (aKTOpiB
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arperatiB MOXJIMBa OpraHi3allisi pEeMOHTY arperaTHHM
METOJIOM) 3 MiHIMAJBHOIO BapTICTIO BUKOPUCTOBYEMHUX
3BT i MakCHMaJbHO MOKJIHUBUM 3HAYCHHSIM iX METpO-
JIOTiYHOI HaxiiHOoCTI. KpiM TOro, B 3a1€XKHOCTI BiZl YMOB
eKcIuTyaTanii 1 BuMor kopucryBadiB nociyr PEK BBo-
JATBCS KOe(IIIEHTH, SIKI BPaXOBYIOTh BaXKIIMBICTh CKJIa-
JIOBUX KOMIUIEKCHOTO TIOKa3HWKa KOXKHOI ITiJCHCTEMH.
Pe3ynbrati 00poOKM JaHMX EKCIIEPTHUX ONMUTYBaHb (ha-
XIBIIB B TaJly3i TEXHIYHOI €KCIUTyaTallii CKJIaJHUX CHC-
TEM TIOKa3aJld, [0 HAWOUIBITY Bary Mae CepeaHii Jac
ycyHeHHs HecnpaBHoctell (k=0,4), moTIM HaJiiHICTh
migcucremu (@=0,3), Bapticte 3BT (¢=0,2), Tpymoem-
HicTh niepeBipku (b= 0,1). 3HaueHHs1 BaroBux KoeQili€eH-
TiB po3paxoBaHi 3a BijoMuMu Meroaukamu [10-12]. Ha-
niitHicTh KoxHOI mifcuctemu PEK po3paxoByroTh sik

b= aZi/Z?ﬂ

— TapameTp IMOTOKY BiIMOB MiJICHCTEMH I;

Z; =az;-T,

i (] Zl' T-

HanpariroBands PEK Ha BimMoBy.
SIxmo nipcucremu PEK BUKOHAHHI HAa OHOTUIHIN
eJIEeMEHTHi 1 6a3i, TO MOXKJIMBO BUKOPUCTOBYBATH BUPa3

M
[= Zi:l L

Je L; — KiTbKICTh eNeKTpopagioeneMeHTiB MiCHCTeMU

pi=a-Li/L;

i, a L —1x 3arainbHa KineKicts B PEK.
B rakoMmy BumazKy p;/a - IMOBIpHiCTb BiaMOBH
migcuctemu i ipu Biamori PEK, Tomi

M
(Va)- 2, pi =1
BigHocHa TpynoeMHICT (4ac) TeEpeBipoOK CTaHy
i JICUCTEM JTOPiBHIOE
(1) 2

-—vt/z

BingnocHa Bapricte 3BT mist epeBipku mapamerpis
MiJICUCTEMH  JOPIBHIOE

S; =d'Ci/ZjM=1Cj; (1/‘1)'2?1151' =1

nge C; — sapricts 3BT U1 mepeBipku mpalie3gaTHOCTI
MiJCUCTeMH . BiTHOCHUH Yac BiJHOBJICHHS (3aMiHU a00
pe3epBYBaHHS) IiICUCTEMHU i

fi = k'fvi/zj}\iltw; Wk)ZZlf";

1€ t,; —4ac BiTHOBJIEHHS IiJICUCTEMH i.

Jlyis1 BU3HAYEHHS MTOCIIJOBHOCTI MEPEBipPKH ITiJICH-
cteM PEK mpu #foro TO 3a cTaHOM IPONOHYETHCS IS
KOXKHOI MiZICHCTEMH OLIHUTH 3HAYEHHS KOMIUIEKCHOTO
MOKa3HUKa, 10 BPAXOBYE BCl PO3IIISIHYTI CKIIaOB1

Paf(xi S £i): B =I5 P

e P,; — merponoriuHa HafilHicTe 3BT s nepesipku

migcucTemu i; m; — Kutbkicte 3BT s mepeBipku mmij-

1
cucremu i; Fy; — MeTponoriqHa HajiiiHicTh OKpeMuX

3BT mns nepeBipku migcuctemu i. 3HaueHHs u; — 0e3-

PO3MipHE 1 CHJIBHO BiJPI3HSAETHCS U PI3HOMaHITHHUX
migcucrem PEK. Tomy ans pamwKyBaHHS TiJICHCTEM
JIOLiTEHO BHKOpUcToBYBatH ix MUIIB nepeipku

M M
Ui —”i/(zj=1”j)’ i1 Ui
[Mincuctemu PEK mepeBipsA0Th B MOCITIIOBHOCTI
yOyBaHHs 3HaueHb U, . IIpu 3a1aHOMY 3Ha4eHHi iMOBi-
PHOCTI BU3HaueHHs TexHiuHoro crany PEK Pp migcuc-

TEMHU HepeBipﬂIOTI)CH 31"iZ[HO BCTAHOBJICHOI'O paHTy A0
BUKOHAaHHA YMOBH

n M

Jie n — KiibKicth nepeBipenux mifgcuctem PEK npu TO
3a cTaHOM. B TakoMy BUNanKy HEOOXiJHWI MiHIMab-
HUi yac i nepeBipku PEK

n
T, = Z i1l
a BUTpall y BIIHOCHOMY 4Yaci B MOPIBHSAHHI 3 IOBHOIO
niepeBipkoto mincucrem PEK ckiane

() oo

Cxema peanizallii 3alIpOIIOHOBAHOTO METOIY paH-
xyBanHs migcucreM PEK npu TO 3a cranom npuBeieHa

Ha puc. 2.
Hagiitmicrm,
BapTiCHI, 9acoEi Z. Tt C Py,
TIOKASHERH t:MaedkPs
Panxyeanad .

TTopanoK NepeEipKE
ICHCTEMH 34
panrom R

TICHCTEMH
34 CHagaHEAM

ZHAYCHHA U;

—

Hagiiizicts | p=az,T
MUICHCTEMHE
_ \
TpyaoemHicTE bt;
epPeEIpKH o= E
=1 1
_ |
i dac;
Bapricts 3BT | §, = T
i=1"~j
\
B
. mi Li Heobximumit
Metponoriaa e
o - p. = P T, = & MIHIMATBHHIA Jac
HATIHHICTE £ 3] 111 MeDeBIDKH
_ =1 r’
[
—_
) Hac Kty Bigxocue
E1JHOB.ICHHA fi= M = —; SHHACHHA 9acy
)y A 0 .
_ ‘J i=1 HEPEBIPKH
_ |
OMITTEKCHHH U =
TMOKAZHHK Tislfn

Puc. 2. Cxema peanizauii Merosa paHKyBaHHs I ICHCTEM
KOMIUIEKCY IIPY OOCIYrOBYBaHHI 33 CTAHOM

Po3risiHeMO TOPSIIOK BUKOPUCTaHHS METONYy Ha
TIPUKIIaJl KOMIUIEKCY, IPUBEAEHOro B Tabi. 1, e moka-
3aHi BUXIi/IHI JaHi 1 pe3yJbTaTH NPOMIXXHUX O0YHCIICHb.

PEK cknanmaerscs i3 M = 11 migcucrem,

7; — paHr

migcucreMu (TOpsiIKOBUH HoMep mepeBipku). HapoOi-
tok Ha BiaiMoBy PEK T=10000 rox., mapamerp moTOKY

BIJIMOB

z=1-10"*ron .

87



Advanced Information Systems. 2020. Vol. 4, No. 1 ISSN 2522-9052

Tabnuya 1 — IIpuKJIax paH:KyBaHHS MiCHCTEMH KOMILIEKCY /JIsl 00CIYTOBYBAHHS 32 CTAHOM

i Zz; i C; Iy Py ;i T Si fi ; r;

1 4-10%200 |15xB| 2500IpH | 10XE 0,85 0,012 0,00811 0,02463 0,0221 1229.153 9

2 4-10%200- | 15xB| 2000 TpH | 12 XB 0,88 0,012 0,00811 0,0197 0,02652 2492317 8
3 10-10%200 | 20xB | 1000 IpH | 15 XB 0,81 0,03 0,00108 0,00985 0,03315 | 68906,904 | 1
4 10-10-%200-' | 20xe | 1200 rpH | 20 XB 0,79 0,03 0,00108 0,01182 0,0442 419927783 2

5 6-10-%200-! | 10xB| 1800rpH | 11xB 0,91 0.018 0,0054 0,01773 0,0243 7038,938 6

[} 7-10f200- | 10xB | 2100 rpH 8 X8 0.88 0,021 0.0054 0.02069 0,0177 9336,25 4

7 6-10-%200-! | 10xB| 1200 rpH | 16 xB 0,93 0.018 0,0054 0,01182 0,0353 7410.793 5

8 25-106200 |30xB | 1500 TpH | 25 xB 0.95 0,075 0.,01621 0.01477 0,05525 5386,28 7

Q 4-10%200-! | 15xe| 3500 pH | 22 XB 0,89 0,012 0.00810 0.03448 0,04862 785,65 11

10 | 4-10%2007 |15xe| 3000IpH | 18 xB 0,87 0,012 0,00810 0,02955 0,03978 1095.11 10

11 | 20-10%200 |25xe| 500rpm |24xs | 0.88 | 006 | 001351 | 0,00492 | 0,05304 | 14954924 | 3
CyMapHuii 4ac nepeBipKH BCiX IiCUCTEM o o=~
e
11 “’“ a | o
Dyt =20300x8. ; o S |
= 07 //, u//<
. - - .
3arajbHa BapTICTh BUKopucTaHux 3BT / /
Z” ¢; =20300rpH; * 7
=" - Fp ’ o4 Id /
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Ha puc. 3 nokazaHa AMOBIpHICTh OIIIHKM TEXHiY- ‘\‘
Horo crany PEK npu nepesipui mijcucrem 3a mopsko- RN
BuMH Homepamu (1) i micnst ix pamxyBanss (2). Ilpu ol .
3ajaHiif iiMoBipHOCTI P = 0,9. OTpHMyeMo, 110 B Tep- \ iy
LIOMY BHITQ/IKy HEOOX1/IHO TIepeBipUTH 9 miJICHCTEM, a B s A
JIPYroMy BChOro 6, TOOTO BHUrpani ckiaamae 33%. N = N \
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HanidHi migcucremu PEK To 3po3ymino, mo #MoBip- w0 It
HICTh 0€3BiIMOBHOI poOoTH (puc. 4) 1 HampaIfOBaHHS ° e v . v e v 4 s e unm
Ha BiﬂMOBy (puc. 5)_ He_peBipeHHX nigcucrem Oyze me- Puc. 5. HanpaigroBaHHs Ha BiIMOBY 3a MiCsIb
HIUIE, HIK IIPY [IEPEBIPLI 32 iX HOMEpAMHU. MEePEBIPEHNUX i ICUCTEM
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Hanpukian, npu 3aiaHii IMOBipHOCTI 0€3BiMOB-
HOi poboTa 3a Micsip (=720 rox.)

P=exp(—t.Z:’=IZl-); 1<n<M

piBHOIO 0,95 OTpHMYyeMO, 11O IpU peanizamii 3ampomno-
HOBAHOT'O METONY JIOCTaTHBO MEPEBIPUTH 6 IiACUCTEM,
a pu TepeBipli 3a HoMepamMH HeoOXiJHa repeBipka 7
MiJCUCTEM, TOOTO BHUrpant — 14%.

SIK110 3a1aTH HATIPAIIOBAHHS MEPEBIPSHUX IIiICHU-
crem T=20000 roj, ToO BUKOPUCTOBYIOUH 3aIMIPOIIOHOBA-
HUIA METOJI JOCUTH MEPEBIPUTH 5 MiJICHCTEM, a 32 HOMe-
pamu 7. Burpanr 3a paxyHOK CKOpOYEHHS Yuciia Iepe-
BipeHux migcucreM — 28%.

BucHoBku

1. B crarri Bhoepiie 3amporoHOBaHO METOH, SIKii
3aCHOBaHHMI Ha KOMIUIEKCHOMY BHWKOPHCTaHHI HajiiiHiC-
HHX, YaCOBHX 1 BAPTICHUX TOKA3HUKIB TIPH OIHII HMOBI-
PHOCTI TIEPEBAKHOTO BHOOPY TS MIEPEBIPKH 32 CTAHOM.

2. Ha BiaMiHYy BiJ BiIOMHX METOJIB TaKOX Bpa-
XOBYETHCSl METPOJIOTiYHA HaJiiHICTh 3acO0iB BHMIpIO-
BaJIbHOI TEXHIKU 1 pe3yJbTaTH EKCIIEPTHOTO ONHTYBaH-
HA1 (axiBIiB MO BU3HAYCHHIO BAaroBMX KoOe(Iilli€HTIB
CKJIaJIOBMX KOMIUIEKCHOTO TIOKa3HHUKA IMPU paH)KyBaHHI
mijicucteM nepeBipsieMoro Bupo0Oy. Takox Bigpi3HAETh-
Cs BiJI BIIOMUX JOCTYIHICTIO BUX1IHUX JaHUX.

3. Peanizauis merony ¢opmanizoBaHa y BHIVISII
CXEMH SIKy MOXXJIMBO BHKOPHCTOBYBATH JUISi PO3POOKH
nporpamHoro 3abe3nedeHns EOM.

4. TlpuBeneHu NpUKIA] MPAKTUIHOTO BUKOPHUC-
TaHHS METOJTY 1 MOKa3aHo, 1o eeKT Big HOro BUKOpPHUC-
TaHHs ckiazaae Bix 14% 1o 33% B 3as1exHOCTI Bij ITOKa-
3HHKIB, K1 OI[IHIOIOTHC.

5. TMopmanpin AOCTIHKEHHS AOLIJIBHO HAIPAaBHTH
Ha PO3IIISA MOXIIMBOCTI BUKOPHCTAHHS 3alpONOHOBA-
HOi WMOBIPHOCTI IEPEBAXHOTO BUOOPY IS PO3POOKH
ONTHUMAaJBHUX aITOpUTMIB amiarHocTyBanHs PEK i3
CTPYKTYPHO I1OB’ SI3aHUMH ITiICUCTEMaMHU.
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Meton 3agaHusI MOCJIEA0BATEJIbHOCTH NPOBEPKH PAaJH03JIEKTPOHHBIX KOMILIEKCOB
TIPH TEXHAYECKOM 00CTyKHBAHUH 110 COCTOSIHHIO

B. b. Kononos, JI. M. Cakosuy, JI. A. KopoTueHko

AHHoTanusi. B craTbe paccMOTpeHbl OCOOCHHOCTH TEXHMYECKOTO OOCIYKHBAHHS PaJHOIIEKTPOHHBIX KOMILIEKCOB
6OIIBIION pa3sMEPHOCTH (IIECATKU M COTHH THICSY 3JIEMEHTOB), COCTOSIINE U3 OTJENBHBIX HOJCHCTEM, IIPOBEPKY paboToCoco0-
HOCTH KOTOPBIX, TEXHUUECKOE OOCITYKHMBAHHE U BOCCTAHOBIICHHE PabOTOCIOCOOHOCTH BO BPeMs TEKYILEr0 PEMOHTA BO3MOXKHO
BBIIIOJIHATH aBTOHOMHO. K TakuM 00bEKTaM OTHOCATCS y3JIbI M annapaTHbIe CBS3H, PaJUOIOKALMOHHbIE CTAHIMH, KOMIUICKCHI
yIIpaBJICHHS MOJIETAMU U Apyrue. B craTbe BepBble MPEIUIOKEHO IS MOBBIMEHUS 3PPEKTUBHOCTH TEXHUYECKOr0 00CITyXHBa-
HHS 110 COCTOSIHHIO YCTaHABIIMBAaTh I10CIIEI0BATEIBHOCTD IPOBEPKH MOICUCTEM C KOMIUIEKCHBIM Y4€TOM HAJIeKHOCTHBIX, Bpe-
MEHHBIX U CTOMMOCTHBIX IOKa3areneil. Kpome Toro, nmpeiyokeHo yduThIBaTh HE TOJIBKO CTOMMOCTb CPEJICTB M3MEPUTENbHON
TEXHHUKH, HO U UX METPOJOTHMYECKYI0 Ha/Ie)KHOCTh. B 3aBHCHMMOCTH OT yCIIOBMI MCIIOIb30BAaHUS MO HA3HAUYCHUIO KOMIUICKCOB
yKa3aHHbIE [I0Ka3aTelIM MOI'YT MMETh Pa3IM4yHOE BIHsHUE HAa 3()(DEKTUBHOCTb TEXHUYECKON 3KCILTyaTaIlH, YTO IPEUI0KEHO
YUHUTBIBATh BBEJCHHEM KO3()(GHIUEHTOB, 3HAUCHHUE KOTOPBHIX B KaXKIOM KOHKPETHOM Cilydyae HOJIY4arT B pe3yibrare o0pa-
6GO0TKM MaTepHalioB 3KCIEPTHOrO ONpOCca BeIYIIUX CIEHAINCTOB B 3Tol obiacti. Bee nepeunciennsie hakropbl 00beIUHs-
I0TCSl KOMIUICKCHBIM T10Ka3aTelleM, 3HaUeHHEe KOTOPOro PacCUMTBIBAIOT JUIS KaXKIOW MOACHCTEMbl KoMILIeKca. {1 HopMUpo-
BaHUS 3HAUYCHHME KOMIUIEKCHOI'O IOKa3aTelslsi BBOAUTCSA BEPOSTHOCTH IPEIIOYTUTEIBHOrO BbIOOpA IOACHCTEM KOMILIEKCA.
3aTeM B pe3yibTaTe PaH)KUPOBAHUS IOJICUCTEM O YMEHBIICHUIO 3HAYEHHS ITOH BEPOSTHOCTH OIPEEISIOT M0CIIeI0BaTENb-
HOCTb IIPOBEPKU OTJEJIBHBIX IOJCUCTEM KOMIUIEKca. B Takue ciydan Kkpeme 1ocie10BaTeNbHOCTH MPOBEPKU BO3MOXKHO OII-
pelennTh MUHUMAJIbHOE KOJIMYECTBO IPOBEPSEMbIX IOACHCTEM Ul 00ecredyeHHs HeoOXOAMMOro 3HAUCHUS BEPOSTHOCTH
OLICHKM TE€XHHYECKOTrO COCTOSIHHSI M3/IeNusl B 11eJIoM. B craTbe mpuBeneHa GJIOK-cXeMa aJlrOpUTMa peali3allid MeToza, Ho-
3BOJISIIOINAs Mconb30BaTh DBM miist apromarusanuu npouecca. IIpuBesieH npuMep HCIONB30BaHUS METOAA U KOJIMUECTBEH-
Has OleHKa 3(Q(QEKTUBHOCTH €ro NpuMeHeHus. Vcnonb3oBaHUE MPEUIOKEHHOr0 METO/A NPUBEJET 10 YIOPSJOUCHHUS MpaK-
THUYECKOW pean3aliii TEXHUYECKOro 00CIyKHBaHUS 110 COCTOSHUIO U MOBBIIICHUS ero 3 (EKTHBHOCTH B PEalIbHBIX YCIOBH-
X 3KCIUTyaTalMy PagHONICKTPOHHBIX KOMIUIEKCOB OOMIBIIOH pa3MEPHOCTH.

KiaodyeBble ca0Ba: PaadodIeKTPOHHBIE KOMIUIEKCHI; TEXHHYECKOE 00CITY)KHUBAHHE 110 COCTOSIHHIO; BEPOSTHOCTD MPeJi-
MIOYTHUTEIEHOTO BEIOOPA.

The method of specifying the sequence of radio-electronic complexes verification
during maintenance as of state

V. Kononov, L. Sakovych, L. Korotchenko

Abstract. The article considers the features of maintenance of large-scale radio-electronic complexes (tens and hun-
dreds of thousands of elements), consisting of separate subsystems, the verification of which can be performed autonomously
during maintenance and restoration during the current repair. These facilities include nodes and communications, radars,
flight management systems and more. For the first time, the article proposes to establish the sequence of subsystem verifica-
tion with a comprehensive consideration of reliable, time, and cost indicators to improve the efficiency of maintenance. In
addition, it is proposed to take into account not only the cost of measuring equipment, but also their metrological reliability.
Depending on the conditions of use for the purpose of the complexes, the determined indicators may have different effects on
the efficiency of technical operation, which is offered to take into account the introduction of coefficients, whose values are
obtained in each case as a result of processing expert examination materials of leading experts in this field. All these factors
are combined by a complex indicator, the values of which are calculated for each subsystem of the complex. To normalize the
value of a complex indicator, the probability of preference for subsystems of the complex is introduced. Then, as a result of
ranking subsystems by killing, the values of this probability determine the sequence of verification of individual subsystems
of the complex. In this case, in addition to the verification sequence, it is possible to determine the minimum number of sub-
systems to be tested to provide the necessary probability of estimating the technical condition of the product as a whole. The
block diagram of the algorithm of the method realization that allows to use the computer for process automation is presented
in the article. An example of using the method and quantifying the effectiveness of its application are given. The use of the
proposed method will streamline the practical implementation of maintenance on the condition and increase its efficiency in
real conditions of operation of large-scale radioelectronic complexes.

Keywords: radioelectronic complexes, state of the art maintenance; likelihood of preference.
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ANALYSIS OF POSSIBILITIES OF PROVIDING OF NECESSARY EXACTNESS

OF MEASURING OF SPATIAL COORDINATES OF AIR OBJECTS
IN THE RADIO-LOCATION STATION OF ACCOMPANIMENT
WITH PHASE AERIAL BY A GRATE

Abstract. Modern Phased-Array Antenna (PAA) radars are an effective mean of aerial reconnaissance and provide
radar information on aerial objects in a complex environment. The subject of the article is the influence of the
inhomogeneities of the troposphere and the earth’s surface on the decrease in the accuracy of measurement of angular
coordinates and altitude of air objects in radars with PAA. The purpose of the article is to numerically estimate the
possible values of the root mean square error of measuring the angular coordinates and the height of air objects due to the
influence of fluctuations of the phase edge of the radar wave. Task: analysis of possible mechanisms of origin and
statistical characteristics of correlated phase fluctuations of a radio signal for a model of a signal with random amplitude
and initial phase. Methods used: methods of probability theory and mathematical statistics. The following results were
obtained. The estimation technique is developed and possible values of the mean-square errors of measurement of
angular coordinates and altitude of air objects are obtained, which are caused by the influence of radar signal phase wave
front fluctuations for the three-coordinate PAA radar of centimeter range. The above calculation method allows to carry
out the numerical estimation of errors of measurement of angular coordinates and object height. Conclusions. This
technique can be practically used in assessing the effect of real conditions of propagation and reflection of radar signal on
the reduction of the capabilities of modern radars with PAA to perform tasks on purpose.

Keywords: phased array antenna; angular coordinates; height of air object; phase fluctuations; troposphere, earth

surface; radio-location supervision.

Introduction

Formulation of the Problem in General. The use
of high technology in radar technology stimulates the
search for ways to develop radar systems. One of the
promising directions of such development is the
creation of multifunctional and multimode radars of the
tracking type [1, 2].

A fundamental feature of the tracking radar type is
that this radar class is designed to support airborne
objects. This is complicated by the increasing speed and
altitude of airborne objects and the presence of a wide
range of interfering radiation. Such radar systems
provide for the possibility of adaptation to a specific air
environment, choice of the optimal mode of operation
(type of sounding signal, antenna beam scanning
method, signal processing method, etc.).

Multifunctional radars need to solve a number of
real-time tasks: space inspection, detection of aerial
objects, automated selection of aerial objects for
tracking, switching to coordinate tracking, formation
and maintenance of trajectories in difficult air and
interference conditions. Such radars should use
promising technical solutions: the use of PAA with
electronically controlled beam headlamps, coherent
signal processing using digital filtering, the use of
sophisticated sounding signals.

Tracking radars function both according to
external target data, such as from radar detection and
offline search mode.

The tracking radar has requirements such as
completeness of information about objects, speed of
viewing space, high accuracy, necessity of
accompaniment of several objects at the same time.

These requirements determine the use of phased array
antennas in these radars.

The use of PAA in the modern tracking radar
allows to obtain complete coordinate information on
many objects simultaneously with its automatic issuance
to the consumer.

In many PAA radars, angular measurements are
provided by the phase method, that is, phase shifts of
received signals in the PAA elements carry information
about the spatial position of the target.

The real conditions for the propagation of a radar
signal are the source of fluctuations in the phase edge of
a radar signal in the PAA elements. Fluctuation data
disrupts its spatial coherence and reduces the accuracy
of measuring of the angular coordinates and target
height. Thus, estimation of the possible decrease in the
accuracy of measuring the spatial coordinates in the
radar with PAA allows to determine the degree of
limitation of the quality of tracking of radar objects.

Analysis of Recent Research and Publications.
Statistical characteristics of phase fluctuations arising
from the influence of the Earth’s atmosphere are
analyzed in [2-6].

Mechanism of the occurrence of the angular noise
of the target due to the wandering of its radar center and
consequent phase fluctuations of the radar signal are
described in [2, 7, 8].

As a result of the impact on the radar of the
terrestrial or marine surface, an interference
phenomenon occurs, the features of which were
considered in [4, 7, 9, 10].

Issues of organization of spatial measurements in
the conditions of the influence of phase fluctuations in
the propagation of radio waves on the coastal direction
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are considered in [11]. Assumptions about statistical
characteristics of the reflected signals are confirmed by
the results of the experimental study, which are covered
in [12].

Regarding the measurement of the angular
coordinates of the target in the radar with PAA in the
conditions of fluctuations of the phase edge of the wave
of the received signal, [13] offers a method for
estimating the error of measuring the angle of arrival of
a signal for different laws of change of the correlation
coefficient of phase fluctuations. The relevant
evaluation results are given in [14].

Numerical analysis of the influence of radar wave
front fluctuations on the accuracy of measuring the
angular coordinates and the target height in a tracking
radar with PAA by means of the indicated technique
represents the practical benefit.

The purpose of the article is to numerically
estimate the possible values of the root mean square
error of measuring of the angular coordinates and the
height of air objects caused by the influence of
fluctuations of the phase edge of the radar wave.

Basic material

In radars with PAA, determination of the angular
coordinates of the targets is based on the measurement
of the angular position of the reflected edge of the
reflected electromagnetic wave relative to the receiving
aperture.

Most often, the phase-based method of measuring
the angular coordinates is used in the PAA radar.
Information on the angular coordinate is contained in
the phase difference of the oscillations of adjacent
receiving channels (elements) [1, 2]. That is, the phase
method of measuring the angular coordinates lies in the
determination of the direction of arrival of the
electromagnetic wave front relative to the initial
(reference) direction.

The angular coordinate of the target 6, in relation

to the equal-phase direction is determined according to
the expression:

0, = arcsin Vol , (1)

2nd

where y(, — phase onset between adjacent receiving

channels; A — radar wavelength; d — distance between
the adjacent elements of PAA.

In this case, the wave front reflected from the
aerial object in the distance 7>>d is considered as flat.

By installing the appropriate phase shifts in the
PAA reception channels for each expected value of the
signal arrival angle from a predetermined range, it is
possible to move (scan) the antenna pattern in space. In
this case, the maximum of the amplitude of the signal at
the output of the PAA is provided in case of arrival of
electromagnetic wave from the direction of the target.

Radar sounding signals propagate in the Earth’s
atmosphere. Turbulence of the atmosphere leads to
fluctuations in its refractive index. In the troposphere,
for frequencies not exceeding 20 GHz, the refractive
index is determined by the expression [5]

—4
he1y 176:10 (P+4810p} @)

where 7 — absolute temperature; P — atmosphere
pressure; p — absolute humidity.

According to (2), fluctuations of pressure,
temperature and humidity in the troposphere lead to
fluctuations in the refractive index and, as a result,
fluctuations in the phase of the radio signal propagating
through the ball and turbulent tropospheric
inhomogeneities. Fluctuations of the refractive index of
the troposphere are locally homogeneous, isotropic,
random field in the interval of spatial scales from
millimeters to hundreds of meters.

According to [3], the variance value of the
refractive index fluctuations is within:

5,2 =0,25-10712..0,25-1071°

Thus, when the signal is propagated in the
atmosphere, it can be modulated by a random law,
which can be interpreted as a modulating
(multiplicative) interference.

In case of a large number of statistically
independent inhomogeneities in the region essential for
the propagation of radio waves, then, by the central
limit theorem, phase and level fluctuations are
distributed according to the normal law.

With the assumption of geometric optics, the
Gaussian form of the correlation coefficient of the
refractive index of the medium, according to [2],

expression for the dispersion cs(zp of phase fluctuations

of the signal passing the troposphere has the following
form:

o3 =0,1-C2k%zLy’3 | 3)

— structural constant; cg -

where c§ =2 cg / L%/ 3
dispersion of fluctuations of the dielectric constant of

the troposphere; L, — external scale of the troposphere
turbulence; k =2m/L — wave number; z — path of the
wave in the troposphere.

If the whole line is in a randomly inhomogeneous
medium, then the expression for the radius of
correlation of phase fluctuations is determined as
follows:

Po =(11-c§ 2/22 )_3/5 : @)

For the troposphere with an outer scale L, close to
1 km, the square value of the structural constant varies
from 10" cm ?* in the lower layers to 10™® cm ?* in the
upper layers and practically does not depend on
frequency [2].

Numerical values of the dispersion of phase
fluctuations are determined by the external scale and
intensity of inhomogeneities L.

As shown in [2], for the non-excited troposphere at
the external scale of the inhomogeneity Ly =1 km, for

the route z ~100 km, and the wavelength A =1 cm, the
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standard deviation of the phase fluctuations of the signal

is Oy ~2m. Given the dependences on the wavelength

Oy E?fl, it follows that phase fluctuations in the

troposphere are significant for centimeter and shorter
waves. It is in the centimeter range of wavelengths that
the radar of the tracking type usually works.

Provided that the entire track is in a randomly
inhomogeneous medium, the radius of coherence in the
troposphere for the given data is p =40 m, while the

regularity is p = 295

For tracking radar the detection range of targets
with an effective dispersion area of 1 m’ can be
100...200 km with conditional probabilities of correct

detection D =0,9 and false alarm F =107% [1].

Magnitudes of the dispersion and correlation
radius of phase fluctuations calculated according to

expressions (3) and (4) for Cg = 10_13, A=5 cm,
Ly =1 km and different values of z=50, 100, 150 and
200 km are shown in Table 1.

Table 1 — Magnitudes of the dispersion and correlation
radius of phase fluctuations

z, km 50 100 150 200
oy, rad’ 17 34 51 68
Py, M 98,8 | 65,2 51,1 23,3

We consider a case when the law of distribution of
phase fluctuations is close to normal and the correlation
function is approximated by exponential dependence.

Decrease in the quality of angular measurements is
significantly affected by the Earth’s surface. The real
reflection surface is not perfectly flat. The degree of
“equality” is determined by the ratio between the

wavelength and the geometric parameters of
inequalities.
The  propagation of  the  propagating

electromagnetic wave and its reflection from the Earth’s
surface give rise to changes in the signal parameters, the
nature of which is difficult to predict.

Field at the point of reception is formed by the
interference of a large number of scattered waves
resulting in chaotic changes in the amplitude and phase
of the signal. Fluctuations of these parameters cause
additional components of the measurement of the
angular coordinates of the target. Errors of multipath
propagation are particularly significant at low target
heights.

In case of multipath propagation of the radar signal
[4, 7], dispersion of phase fluctuations can reach more
than a dozen rad® for centimeter waves, and the radius
of correlation of phase fluctuations can be at

Po =(140...160)x at z=45... 50 km.
In [4], errors of measurement of the angular

coordinates of the target obtained in radial scanning
radar and beamwidth of the antenna operating at a

frequency of 2797 MHz at an antenna height of about
45 m are presented. The maximum values of the error
of measurement of the angle of the place of the target

reach 2..2,5°.

Azimuth measurement errors can be tenths of a
degree and are partly caused by true azimuth
measurement errors at small angles of space, which
depend on surface irregularities, and partly by cross-
links in the radar, since it is impossible to completely
eliminate the relationship between the azimuth
detection schemes and seats.

In [13] it is stated that when receiving a coherent
signal with a randomly distributed initial phase and a
random Rayleigh amplitude against the background of
internal noise, dispersion of the angular coordinate
estimation error for PAA with uniform amplitude
distribution is described by the expression:

L_q2(4m2—1)(2ndj2
ol 12 )

)

where 0 — expected angle of arrival of a signal
calculated from the normal to the aperture of PAA;

q2 — signal to noise ratio in power;
m=n/2 — number of pairs of symmetric PAA

(counting is from the center of the PAA);
n —number of PAA elements.
It is assumed that phase fluctuations are distributed
according to the normal law with zero mean and

. 2
variance Gq) .

The coefficient of inter-channel correlation of
phase fluctuations of signals can be described by the
exponential dependence:

K(d)=e"P, (6)

where p — radius of correlation of phase fluctuations

for adjacent PAA elements.

As shown in [13], for the coefficient of
interchannel correlation of phase fluctuations (6), the
corresponding expression for the wvariance of the
fluctuation component of the error of measuring the
angle of arrival of the signal is:

96(')2%2

) 22 d*m? (4m? -1)? g
x[i(zj—l)z ~[1—exp{—i(2j—l)JJ+ (7)
= P

i - (2j-1)-(2j+2(-1)
+2 1; exp{—l%}. ,Z:; [1_exp{_%(2j_l)n

Expression (7) makes it possible to numerically
evaluate the effect of phase fluctuations of the signal
arising from atmospheric heterogeneities and the
Earth’s surface on the decrease in the accuracy of
measuring the angular coordinates of a target in a radar
with PAA [14].

2
Oon1
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Peculiarity of radar tracking is the presence in their
composition of automation systems in the distance,
speed, azimuth and angle of the place. Depending on the
radar mode (search, tracking, query, etc.), appearance or
parameters of the signal may change.

In a tracking radar, in addition to tracers, non-
tracking measuring devices can be used. This is
necessary to ensure targeting of tracking systems in
target or manual guidance modes.

Thus, the modern airborne tracking radar is a
multifunctional radar, which is a three-coordinate,
centimeter-centimeter-coil pulsed radar with PAA.

This type of antenna system is able to realize a
quick and high-precision change in both the spatial
position of the radiation pattern and the appearance of
this diagram.

The phased antenna array forms a radiation pattern

that has a beam width of 0,7... 0,9 [1].

Tracking radars can operate autonomously or
externally and provide automatic detection, capture and
tracking of multiple aecrodynamic objects.

In this case, to realize space inspection at the angle
of the place, the beam can be sequentially moved
electronically with the measurement of the angle of the
target by the phase method.

In this case, the principle of measuring the angle of
location is based on the determination of the vertical
inclination of the wave created by the signal reflected
from the target.

It is believed that an electromagnetic wave
reflected from the target at an angle of location ¢ is
incident on the vertical antenna array with the same
pitch of the elements. As the target is at a distance far
exceeding the size of the antenna system, the wave front
is considered flat.

Signals in different receiving channels of the PAA
will have phase shifts y; relative to the first channel,

the values of which allow to determine the angle of the
target location:

Wit 8)

g, = arcsin — .
2n(i—1)d

After determining the angle of the target, the
height of the target can be calculated.

The target height is calculated according to the
Earth’s curvature and normal tropospheric refraction
according to the expression:

2

D,
H, =D, sing, +——+h,, ©)
2R,

where D, — target distance; R,z — equivalent radius of
the Earth; 4, —height of antenna installation.

The root mean square error of the measurement of
the angle of the target o, can be converted to the mean
square error of the height measurement oy using
expression (9) [15].

Values of the mean square error measurement of
the height of the air object, depending on the variance of

random phase distortions of the signal aé at an antenna

height of 8 m obtained for ranges of 50 km, 100 km,
150 and 200 km are given in Table 2.

Table 2 — Values of the mean square error measurement
of the height of the air object

oo, rad’ 17 34 51 68
p,m 988 | 652 | S5L1 | 233

oM 89 | 98 10,6 | 115

op,m | 1697 | 5684 | 11673 |2617,1

Results are obtained for the following input data:
m=50; A=5 cm; g¢>= 100; d=2/2; h, =8 m;
aé =17, 34, 51, 68 rad’ the phase fluctuation

correlation radius  assumes values

p=98238, 652, 51,1, 23,3 m.

In the Table 2, the values of the mean square error
measuring the height of the target correspond to the

appropriate

following cases: — no influence of phase

OHO
fluctuations (due to the influence of the internal noise of

the receiving device only); oy — influence of phase

fluctuations with the exponential form of the inter-
channel correlation coefficient.

As can be seen, with the increase in the variance of
random phase distortions of the mean square error,
height measurement increases by tens to hundreds of
times compared to the effect of the internal noise of the
receiver only.

That is, at distances of 50... 200 km of the mean
square error, measuring the height of the target o can

reach values from hundreds of meters to units of
kilometers while changing the correlation of phase
fluctuations according to the exponential law.

The values of the mean square error of measuring
the angular coordinate of the radar object in a vertical or
horizontal plane calculated from normal to the aperture
of the PAA for the above conditions are given in
Table 3.

Table 3 — The values of the mean square error of
measuring the angular coordinate of the
radar object in a vertical or horizontal plane

oo, rad’ 17 34 51 68
p,m 98,8 | 652 | SL1 | 233
5y 018 | 032 | 044 | 075

con/ o9 3 5.3 7.3 12,5

This Table shows the values of the mean square
error measurement of the angular coordinate oy, due

to the influence of phase fluctuations of the signal in the
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clements of the PAA only, and the ratio oy, /09 of

this mean square error to the value of the mean square
error measurement of the angular coordinate

og ~0,06°, subject to the influence of the internal

noise of the receiving radar device only.

It follows from the obtained results that in tracking
radar the fluctuation error of measuring the angular
coordinates of the objects of radar surveillance can
several times exceed the corresponding potential
measurement error.

Thus, the lack of consideration of phase
fluctuations of the signal in its spatial processing is the
cause of significant errors in the measurement of the
angular coordinates and the height of the target in the
radar with the PAA. In this case, the spatial coordinate

estimates are not suitable for use as targets to provide
consistent tracking of airborne objects.

Conclusions and directions
of further research

The above calculation method allows to carry out
numerical estimation of errors of measurement of
angular coordinates and target height. This technique
can be practically used in assessing the impact of real
conditions of propagation and reflection of radar signal
on the reduction of the capabilities of modern radars
with PAA to perform tasks on purpose.

Areas of further research are: improvement of
modern PAA with signal processing in the direction of
optimization of the existing spatial measurement
algorithms [16-22].
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AHaJIi3 MoKIMBOCTEl 3a0e3MeYeHHs] Heo0XiHOI TOYHOCTI BUMIPIOBAHHSI IPOCTOPOBUX KOOPAHWHAT MOBITPSAHHUX 00’ €KTIiB
B pajiojiokauniiiHiil craHuii cynpoBo:KeHHs 3 (PAa30BAHOI0 AHTEHHOIO PELIiTKOI0

0. JI. Ky3renos, O. B. Konowmiiines, A. C. Kiiiko, A. O. Kosanbuyk, K. B. CanoBuit

Anortanisi. CydacHi paxionokaropu 3 (azoBaHol aHTeHHOIO pemriTkolo (PAP) e epexruBHEM 3aco00M TOBITPSIHOL
PO3BIIKH Ta 3a0€3MeUyI0Th OTPUMAHHS paJiioJoKaliifHol iHpopMalii Ipo NOBITPsiHI 00 €KTH y cKiIaaHiid obcraHoBLi. [Ipeaverom
BUBUCHHS B CTaTTi € BIUIMB HEOIHOPITHOCTEH Tporocepy Ta 3eMHOI ITOBEpXHI Ha 3HIKCHHS TOYHOCTI BHMipIOBaHHS KyTOBHX
KOOpJIMHAT Ta BUCOTH MOBITPSHUX 00’€kTiB B pamionokariianx craHmoisx (PJIC) 3 ®AP. Merolo € gucenbHe OLiHIOBAHHS
MOXKIMBHX 3HAa4YeHb CEpeIHbOKBAPATHYHMX MOXHOOK BHMIPIOBAHHS KyTOBHUX KOODIMHAT Ta BHCOTH IIOBITPSIHUX 00 €KTIB, SIKi
00yMoBIIeHi BIUTMBOM (uryKTyamiii (ha30BOro (ppoHTY XBUII paiioioKallifHOro curHary. 3aBJaHHs: aHAi3 MOXIIMBHX MEXaHi3MiB
BUHMKHEHHS Ta CTAaTUCTUYHMX XapaKTePHCTUKH KOpenboBaHWMX (pa3oBux ¢uiykTyauiii pamiocursainy Ui MOZENi CHTHALY 3
BUIAJIKOBOIO aMILIITY/IOI0 Ta IOYaTKoBOIO (ha3oro. Buxopucrani meromm: Teopii HMOBIPHOCTI Ta MaTreMaTH4HOi CTATHCTHUKH.
OTpuMaHi HacTynHi pe3yJbTaTH. Po3po0ieHO METOIUKy OL[HIOBAHHS Ta OTPUMAHO MOXKIMBI 3HAYEHHS CEpeIHBOKBAIPATHIHHX
NMOXMOOK BHUMIPIOBAHHS KYTOBMX KOOPIHMHAT Ta BHCOTH IOBITPSHHMX 00 €KTIiB, sIKi 0OyMOBIIeHI BIUIMBOM (rykTyamiit ¢azoBoro
(poHTY XBIIII pajiioOKaLifHOr0 CHTHATY J1sl TphoxkoopauHatHOi PJIC cantnmerpoBoro mianasony 3 ®AP. BucnoBkn. Hasenena
METOJMKa MOXe OyTH NPAaKTHYHO BUKOPUCTAHA IIPH OLiHIOBAaHHI BIUIMBY PEaJIbHUX YMOB HMOIIMPEHHS 1 BIIOUTTS paaionoKauiiiHoro
CUTHaTy Ha 3HWKEeHHS MoxuiuBocrel cydacHux PJIC 3 AP 11010 BUKOHaHHS 3aBJaHb 3a IPU3HAYCHHSM.

Karw4dosi cioBa: (da3oBaHa aHTEHHA pelliTKa; KyTOBI KOOPJUHATH; BUCOTA MOBITPSHOro 00’ €KTY; (ha3oBi (uryKTyarii;
Tporocdepa; 3eMHa ITOBEPXHSI; PaIioioKaliiiHe CIIOCTEPEKEHHSI.

AHaJIN3 BO3MOKHOCTel o0ecriedeHnsi He00X0AMMOIf TOYHOCTH M3MEPEHHUs NPOCTPAHCTBEHHBIX KOOPAWHAT
BO3AYIIHBIX 00bEKTOB B PaJMOIOKANMOHHON CTAHIIMH CONPOBOXKIEHMsI ¢ (Pa3HPOBAHHON AHTEHHON PelIeTKoM

A. JI. Ky3nenos, A. B. Konomuiines, A. C. Kuiiko, A. A. Koanpuyk, K. B. Cagosslit

AnHoTanus. CoBpeMeHHbIE paJuONOKaTOphl ¢ (hasupoBaHHOI aHTeHHOH pemterkoi (PAP) saBisrorcs 3¢deKTuBHbBIM
CpPEICTBOM BO3JYIIHOH pa3BEeAKHM M OOECIIEUMBAIOT MOJYUYCHHE PaJMOJIOKAIMOHHOM HH(pOpMamyu 00 BO3IYIIHBIX OOBEKTax B
ciioxkHOM oOcranoBke. [IpenMeToM M3ydeHHs B CTaThe SIBILSIETCS BIMSHAE HEOIHOPOIHOCTEH Tporochephbl 1 3eMHOM MTOBEPXHOCTH
Ha CHWDKEHHE TOYHOCTH M3MEPEHHS YIIIOBBIX KOOPIMHAT 1 BBICOTHI BO3/IYIIHBIX OOBEKTOB B paquonokaoHHbx craHmsx (PJIC) ¢
OAP. Lenbio sBISETCS YUCICHHOE OLCHMBAaHUE BO3MOXKHBIX 3HAYEHMH CPEeIHEKBAJPATHUECKUX OLIMOOK M3MEPEHMS YIJTIOBBIX
KOOpPIMHAT W BBICOTHI BO3JIYIIHBIX OOBEKTOB, KOTOpBIE OOYCIIOBJICHBI BIMSHHEM (UIyKTyari (a3oBoro (poHTa BOJHBI
PaZMOIOKAMOHHOIO CUTHAlA. 3ajaya: aHaIU3 BO3MOXKHBIX MEXaHM3MOB BO3HUKHOBEHMS U CTaTUCTUYECKUX XapaKTCPUCTHK
KOpPEIHUPOBaHHBIX (Pa30BBIX (IIyKTyaluil pajgnocurHaia Juis MOJENN CUTHAJIA CO CITyJaiHON aMINIMTYZOW M HadalbHOH (a30il.
Hcrnone3yeMble MeTOABI: TEOPUH BEPOSTHOCTH U MaTeMaTHYEeCKOH cTaTHCTUKU. [lomydens! cnenyronme pe3yabrarsl. Pazpaborana
METO/IMKA OIEHWBAHMS W ITONyYeHHI BO3MOXKHBIE 3HAUEHHUS CPEIHEKBAJIPATHUYECKUX OIMMOOK M3MEPEHMs YIIIOBBIX KOOPIWHAT M
BBICOTHI BO3/YIIHBIX OOBEKTOB, KOTOpHIE OOYCIIOBIICHBI BIMSHUEM (IIyKTyaluid ()a3oBOro (ppoHTa BOJIHBI PaHOIOKAIIMOHHOTO
curHana uist TpexkoopauHatHoi PJIC cantmmerpoBoro mmanazona ¢ ®AP. BeiBoabl. [puBeneHHass MeTOIMKa MOXKET OBITh
IIPAaKTMYECKU KCIOIb30BAHA NIPU OLEHUBAHUU BIIMSHUS peabHBIX YCIOBUH PACIpPOCTPAHEHUS U OTPAXKEHUs PaJUOIOKAIIMOHHOTO
CUTHajIa Ha CHIKEeHUE Bo3MOHOCTel coBpeMeHHbIX PJIC ¢ @ AP 1o BBIOIHEHUIO 33/1a4 110 HA3HAYCHUIO.

Kawuesbie ciaoBa: $a3supoBaHHas aHTCHHAs PEILETKA; YIJIOBbIE KOOPJAMHATHI; BBICOTA BO3YIIHOI0 00bEKTa; (pasoBble
GbaykTyauuu; Tpornocdepa; 3eMHasi HOBEPXHOCTD; PaIONIOKAMOHHOE HAaOJII0IeHHE.

96



ISSN 2522-9052

CyuacHi iHpopmariiiai cucremu. 2020. T. 4, Ne 1

YK 004.7

H. I. Kyuyk', B. FO. Mepnax®, B. B. Ckopozenos'

doi: 10.20998/2522-9052.2020.1.14

' HanionanbHuil TexHiuHMi yHiBepcHTeT «XapKiBChKUI MIONITEXHIuHMi iHCTHTYT», XapKiB, YKpaiHa
* HarionaneHuii aepokocMiunuii yHiBepeuter iMeni M. €. XKykoscbkoro «XAly, Xapkis, Ykpaina

METOJA SMEHIIEHHSA YACY JOCTYI1Y
0 CJIABKOCTPYKTYPOBAHUX JAHUX

AnoTtanisi. Ha croromi akTyanpHOIO € mpobieMa 30epiraHHs Ta oOpoOku ciabkocTpykTypoBaHoi iHpopmanii. Cyts
po0IeMH € B TOMY, 10 CIa0KOCTPYKTYPOBAHICTh 1 BEJIMKI 00CATH JaHUX IPU3BOAATH 10 HOpyIeHHs BUMor QoS, 30kpe-
Ma, 30UIBIIYETHCS Yac IOCTYILY JI0 JAHKX 1 BIAMOBIJHO 3pOCTae yac ouiKyBaHHS peakuii Ha 3anut. Kpim Toro, icroTHo 3po-
CTalOTh BUTpATH HA 30epiranHs nanux. IIpeaMeTom Moc/IiAzKeHHs € METOIH ONpAlIOBaHHA Ta 30epiraHHs ci1abKocTpyK-
TYpPOBaHUX Ta HECTPYKTYpPOBaHMX HaHMX. MeTa A0CTiXKeHHs — PO3pOoOICHHS METOLy 3MEHIICHHs 4acy AOCTYIy 10 He-
CTPYKTYPOBAaHMX JIaHHUX LUIIXOM (pOpMYBaHHS CUCTEMH i€papXiuHHX BiKETiB Ta IUIAHYBAHHS JIOCTYILY JI0 CHCTEMHHUX Pecyp-
CIB MHOXKMHHHX 3aIUTiB TPAHCAKIiil OKPEMHUX BIJDKETIB, III0 CTBOPIOIOTH YEPTH IPH JOCTYII JI0 HEPEISLIHIX CXOBUII JAaHUX.
Pesyanbrarn. [IpoaHanizoBaHi BapiaHTH CTPYKTYPH CXOBHII JaHUX JUIS OIPALFOBAHHS Ta 30epiraHHs clabKOCTPYKTYPOBaHHX
naHux. OOIPyHTOBAHO 3aCTOCYBAHHS CHCTEMH i€papXi4HMX BiIDKETIB IIPU poOOTI i3 MHOXHUHHUMH 3alTUTaMHU. 3arpOIIOHOBAHO
METO/I IIEPepO3IOUTy Yepr 10 CUCTEMHMX pecypciB. ['0JOBHMM KpHUTepieM HpH Iepepo3Nofiai oOpaHO BYACHE Ta sSKHaii-
IIBUJILIE 3aBEPIICHHS BCIX TpaH3aKLiil cHCTeMH iepapXiuHMX BijukeTiB. Po3pobieHuit MeTox neperiaHyBaHHs, KOTPHH 3a-
Gesredye 3MEHIICHHs 4acy 0OpOOKH 3aIMTIB TPaHCAKLil CHCTeMHU iepapXiyHuX BiJpkeTiB. BucHoBku. ITokaszana HeoOXin-
HICTh JMHAMIYHOIO MEpeIUIaHyBaHHs NPOLECY PO3IIOALTY PECypCiB, 1110 HEOOXiAHI IS MIATPUMKN CUCTEMH 1€papXiuyHUX
Bi/KeTiB. 3alpOIIOHOBAHO METOZ PO3MOAITY PECypCiB MiX TPaH3aKLIsMU CUCTEMH i€papXidHiX BiZKeTiB npu oOpoOLi
HECTPYKTYpOBaHOWO iH(popMmauii B HepesAliiHMX cxoBHINAX JaHuX. OnTuMisauis MpoBOIMIACS 3a KPUTEPiEM SKHaM-

IIBUJIILIOTO 3aBEPILICHH BCIX TPaH3aKIii 32 paXyHOK CKOPOUCHHS 4acy BUKOHAHHs HalTPUBAJIIIINX 3aIHTIB.

Kar4dosi cioBa: BipkeT; ctabKOCTpyKTypoBaHa iH(pOpMaLlisi; CXOBHILE JAHHUX; TPAHCAKILiS.

Beryn

Ha cporonui, 3aranpHuil 00csr aaHuX, 1o 30epi-
raloThCd y PI3HUX Mepekax Ta CHUCTEeMax IOCTIHHO
301IBIIYETHCS, JaHI TPOAOBXKYIOTh HAKOMUYYBATHCS 3
BEJIMYC3HOIO IIBUIKICTIO MPAaKTUYHO Yy BCIiX cdepax
JIIOICHKOI MisTbHOCTI. BBaxkaroun Ha Te, 110 J0 CKIamy
JAHKWX, 0 30epiraroThCs, MOKYTh BXOIMTH Pi3HOMa-
HIiTHI THIU TaHuX (¢$oTo, BiJeo, aymdio, TEKCT, NaHi reo-
MO31I[IOHYBAHHS TOIIO) 1 i JaHI YacTO OHOBIIOIOTHCH 1
JIOTIOBHIOIOTHCS, TO MOKHA BBa)KaTH, 110 AKTYaJbHOI0
€ mpobiieMa 30epiraHHs Ta 00pOoOKU CIIaOKOCTPYKTYpPO-
BaHoOi iH(opmarii. CyTs npoOiieMH € B TOMY, IO CJIa0-
KOCTPYKTYPOBAHICTh 1 BEJIHKI OOCSITH JaHUX MPU3BO-
IISITH 710 IOpyIIeHHsT BUMOr QoS, 30kpeMa, 301IIbIIyETh-
cs Yac JOCTyNy J0 JaHUX 1 BIANOBIAHO 3pocTae yac
ouiKyBaHHs peakuii Ha 3armut. KpiM TOro, icrorHo 3poc-
TAIOTh BUTPATU Ha 30€piraHHs JaHUX.

AHaJni3 npodieMu Ta HayKoBUX myOuikamiid. [1Tu-
TaHHs, KOTPl MOB's3aHi 3 MpoOIeMaMH, [0 BHHUKAIOTH
npu poOOTi 3 BETMKUMH JaHUMH, OCOOIMBO NpHU 30epi-
TaHHi Ta OOpoOIll HEeCTPYKTypoBaHOI iH(opMalii, po3-
oisHyTi B [1-5]. Pi3Hi migxoaum [0 BUpIIEHHS JaHUX
po0JieM B PI3HUX CIICIiali30BAHUX CHCTEMaXx, 3alporio-
HOBaHi B [6-9]. MeToau ONTHUMAIBHOTO PO3MOALTY pe-
CypCiB TpH 3pOCTaHHI OOCATIB JaHUX 3alpOIOHOBAaHI B
[10-21]. Omnak B 1mmxX poOOTaX HE PO3IIINAIOTHCS IH-
TaHHS 3HW)KEHHS 4Yacy peaklii Ha 3aluTH TpaH3aKmii 3
OIHOYACHUM 3HIDKEHHSIM BUTPAT Ha 30epiraHHs JaHHX.

IMocTanoBKa 3aBOaHHsA. METOIO CTaTTi € pO3p0o0-
JICHHSI METOIly 3MEHIIEHHS Yacy JOCTYITy JI0 HECTPYKTY-
POBaHUX JaHMX LUIIXOM (pOPMYyBaHHSI CHCTEMHU l€papxi-
YHUX BI/DKETIB Ta IUIAHYBaHHS JIOCTYITY JO CHCTEMHHX
pecypciB MHOKHMHHHX 3allUTIB TPaHCAKI[H OKpEMHUX
BiJDKETIB, 1110 CTBOPIOIOTH YEPTH MPH JOCTYIII 10 HEpes-
LIHUX CXOBHII IaHUX.

Buoip BapiaHTy CTPYKTYPH CXOBHII JAHHUX
JUIS OTIPAlIOBaHHS Ta 30epiranus
CJIA0KOCTPYKTYPOBAHUX TAHUX

s onparfoBaHHst Ta 30epiraHHs caOKOCTPYKTY-
POBaHHMX JaHHUX PO3IIITHEMO BapiaHTH BUKOPUCTAHHS
cxoBui nanux (CH), mo maroTe pensiuiiiny ( SOL ) abo
Hepemsuiiny ( NoSQL) crpykrypy. 3acrocyBaHHS
PeISLIHHOT CTPYKTYpH JUIsl 30epiraHHs HECTPYKTypOBa-
HUX JAHUX MPHU3BOAUTH A0 HAIMIPHOCTI IPH BUIIICHHI
30BHINIHBOI MaM’sTi A7 30epiranns indopmariii. Ocoo-
JUBO HETaTUBHO JaHUW HEJOJIK IO3HAYAETHCS TIPH
poboti 3 Big Data, cyrreBo 3017bIIYETHCS BapTiCTh
30epiraHHs JaHHX.

Jlis pobOTH 3 HECTPYKTYPOBaHHMHU TaHUMH Hepe-
JSLIAHI CXOBUINA JAaHHUX IPOIOHYIOTh THYYKI CXEMH
PO3pOOKH, KOTpi CIIPUSIOTH TOMY, IIIO 3aiiBa nam'siTb He
Pe3epBYETHCsI, a IS PUCKOPEHHS TOCTYIY 0 JaHUX B
OLIBIIOCTI BHMNAJKIB BHKOPUCTOBYIOTHCS i€papXiuHi
CTPYKTYpH.

Kpim Toro, motpiOHO 1ie BpaxoBYBaTH TOH (aKT,
110 [TPY BUKOPUCTAHHI PEJLSIIHHUX CTPYKTYP IOCTYII 10
00'€KTIB BHKOHYEThCS 32 KJIIOUEM, a B HEPEJSILiHHMX
CJI mocTym mo MOKyMEHTa MOXE BUKOHYBATHCS 3a IH-
JIEKCOM, 10 ICTOTHO 301IBLIYE Yac MOUIYKY MOTPiOHOTO
o0'exty. Ha puc. 1. 2 HaBezeHi y3araJbHEHi pe3yabTaTH
€KCIIEPUMEHTIB, IIPOBE/ICHUX 3 METOIO OI[IHKH XapaKTe-
PHCTHK, sIKi BIUTUBAIOTh Ha SIKICTh OOCIYrOBYBaHHS Ta
BapTICTh CHCTEMHU.

IMpu Qopmanizarii pe3yibpTaTiB BUKOPHCTOBYBa-
JIUCh TaKi MO3HAYECHHS:

Vol — oOcsr paHux, 10 NpU3HaYeHi s 30epi-
TaHHSA 3 MOJAJIBIIIMM OIPAIFOBaHHAM, Tepadait (T0);

Vol, — 3aranbHuil po3Mip 3alHATOI 30BHILIHBOI

mam’sITi 1 30epiranus naHux oocsrom Vol , TO;

© Kyuyk H. I, Mepnax B. IO., Cxopoaenos B. B., 2020

97



Advanced Information Systems. 2020. Vol. 4, No. 1

ISSN 2522-9052

Vol .. =Vol, —Vol
BUTpaTH 30BHIIIHBOI Tam’sti, TO:
Tsor-Tnospr — 3aranbHuil yac 0OpOOKH MeEBHOI

— YMOBHI HENpOAYKTHBHI

CYKYITHOCTI TpaH3aKI[iii KOMII'IOTEPHOI CHUCTEMH IIpPH
BUKOPHCTaHHI PEALINHAX Ta HEPENALiHHUX CTPYKTYD
30epiraHHs JaHWUX BiIIMOBITHO , TOJ.;

€= TSQL / TNaSQL — BIJIHOCHA 3aTpUMKAa 4acy BU-

KOHAHHS TpaH3aKIiH, 10 PO3IIIAAAETHCS SIK TMOKa3HUK
OLIIHKY SIKOCTI OOCITYrOBYBaHHS (3a YacoMm) IJIsl TOpiB-
HSIHHS PEJISIIIHHUX Ta HEPEJSILIHHUX CTPYKTYD;

Tak, anamisyroun rpadiky, HaBeaeHi Ha puc. 1,
poOMMO BHCHOBOK IIIOJIO CYTTEBOTO 3POCTaHHS HENpO-
JIYKTUBHUX BUTPAT 30BHIIIHBOI MaM’ATi MPH TEpEBHU-
LIEHHI 3arajgbHOr0 OOCATY JIaHWX, IO MPU3HAYEHI IS
30epiranHs, 3HaueHHs 40 TO.

Vol ..
70
60 NoSQL
50
a0
30
20 SOL
10 pe—
o
16 20 30 40 50 60 70 80 90 100 Vol

Puc. 1. Anani3 HEPOAYKTUBHUX BTpaT
30BHIIIHBOI ITaM’ATi

Ane inpexcHuil goctyn 10 NoSQL -cxoBuul ja-

HUX 3aiiMae OuTbIlle Yacy, HDXK JOCTYI 32 KIIOYEM [0
SOL -cxoBuil. lle HaouHO 6auMMO Ha pUC. 2, PUIOMY

YUM OLTBIITNM € BUTPAII 32 30BHILTHBOIO ITaM’ATTIO, THM
OUTBIIIMM € TIPOrpalll 3a YacoM JOCTYIy J0 TaHHX, TOO-
TO 30UIBIIYETHCA 3HAYCHHS ITOKa3HUKA OIIHKU SKOCTI
oOciyropyBaHHs 3a yacoM. Ile crae cyTreBoro mpobie-
MO0, OCOOJIMBO IIpU PIi3HHUX acrekTax o0poOku Big
Data.

G

8

7

& NoS QL

5

4

3

2 SOL
1

o

10 20 30 40 50 60 70 80 90 w0 Vol

Puc. 2. 3anexuicTs BIIHOCHOI 3aTPUMKH YaCy BUKOHAHHS
TpaH3aKIii Big obcary nanux (T6) V

OpuH 3 ICHYIOYHMX MIAXOMAIB IJIsl BUPILIEHHS JaHOT
npobiieMu mependadae BUKOPUCTAHHS CUTYalidHO-
opienToBanux cxoBunl ganux (COCJH). Ilpu npomy €
CyTTEBA PI3HUILI IPU 0O0POOIT MPOCTHX Ta MHOXKHHHUX
3amuTiB, C(HPOPMOBAHMX TPAHCAKIISIMH KOMII IOTEPHOT
CHCTEMH.

Sk 6aunmo Ha puc. 3, a, MBUIKICTH 00OPOOKH IIPO-
CTHX 3aluTiB TPaH3aKIiil MpU IBOMY 30LTBLIYETHCS
neck B 1,2-1,8 pa3iB Ta HaOMMKAETHCS 0 Yacy 3amuTy
B PEISALIHHNX CTPYKTYpax.

AJe 115 MHOKMHHHX 3aIlUTiB ITOKPAIEHHS CHUTY-
aIlii 3 BEJMKUM 4acoM OOpOOKH 3alMTIiB HE CIiocTepira-
eThbes (puc. 3, 0).

g

2,5

B / SOL

0,5

0

Vot

10 20 30 40 50 60 70 80 90

a — IPOCTI 3aIuTh

g
g
7
6 NoSQL7é
5
4 /
3 //
i __/ SOL
1
0
10 20 30 40 50 60 70 8 90 100 Vol

0 — MHOXXMHHI 3aIIMTH

Puc. 3. BinnocHa 3aTpuMKH 4acy BUKOHaHHS 3anuTiB NoSQOL
y HopiBHSHHI 13 3anutamu SOL

Jlisl 3MeHIIIeHHs CyMapHOr'o 4acy OTPHMAaHHs Ja-
HHUX 3 BHKOPHCTaHHSIM MHO)XKWHHUX 3aIUTIB IIPOIOHY-
€TBCSl pe3yNbTaTH 3alMTIB 30epiraT B KOHTEHHepi i
BiJJOOpakaTy pe3yNnbTat Micysl TOro, sIK BCi BOHH OYIyTh
BHKOHAaHi, TOOTO MOOY/AyBaTH i€papXidHy CHCTEMY Bif-
xetiB. Takuil miaxiJg CyTTEBO 3MEHIIYE Yac Ha OTPH-
MaHHS JaHUX 3 BHKOPUCTAHHAM 3amuTiB NoSQOL

(puc. 4).
C

1,5
SOL

. ———

0,5

10 20 30 40 50 60 70 80 g0 Vol

Puc. 4. Anani3 3acTOCYBaHHsI i€papXidHOI CHCTEMH BiJKETiB

AJle B IbOMY BHIAJKY IIBUKICTh IOYMHAE CIIa/Ia-
TH y BUINQJKY 301IbIIEHHS] PO3MIPHOCTI CUCTEMH iepap-
XIYHHX BiJpKeTiB (NN), 10 HAOYHO MpEACTAaBICHO Ha
puc. 5.

OCHOBHA ITPUYMHA IIHOT'0 — 3aTPUMKH B 4eprax Ji0
noTpiOHUX pecypciB. ToMy HE0OXiIHO NeperIaHyBaHHs
3alUTIB JI0 PECypCiB, KOTpE 3MEHIINTHh Yacu YEKaHHS

pecypcis.
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g
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0
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Puc. 5. 3anexHicTb BiTHOCHOI 3aTPUMKH 4acy BUKOHAHHS 3anuTiB NoSQOL
y nopiBHsHHI 13 3arutamu SQL Bixg pO3MIPHOCTI CHCTEMH 1€papXiuHUX BiKETIB

Metona po3noainy pecypciB Mixk TpaH3akiissMu
CHCTEeMM iepapXidYHHMX Bil:KeTiB

Jlyis BUpinIeHHsT TPOOJIEMU ONTHMAJIBHOTO PO3MO-
JITy pecypciB MiK TPaH3aKIisIMUA CHCTEMH 1€papXiuHUX
Bi/DKETIB pO3pOOMMO MaTeMaTUuHy MOJENb JaHOTro
mporiecy. 3poOUMO TaKi MPHUITYIICHHS

— IpOLIEC MOJICIIOEThCS Ha TPOTsA3i (DIKCOBAHOTO
4acoBOT'0 IPOMIXKKY N ;

— TIpOBelleHa JEKOMITO3HMINS 3alUTIB TPaH3aKIiH
Ha eJIeMEeHTapHI 3aITUTH;

— MpOBeJIeHa JIEKOMITO3UIlisSl PECypCiB Ha eleMeH-
TapHi pecypCcHi OJUHUII TaKUM YHHOM, IO OJHOYACHO
OJIH €JIEMEHTapHUI 3alUT MOXKE 3BEpPTATHCS 10 OJHO-
TO €JIEMEHTapHOI'0 PECypCy.

Hexaii Ha mpoTsA3i 4acoBOro MPOMIKKY N Heo0-
XiJIHO BUKOHATH N 3alMTIB CHCTEMH i€papXidyHHUX Bij-

XKETIB, # — HOMEp MOTOYHOTO 3aIHTy, el,N . Jlani
3aUTH TOTPEOYIOTh R PI3HOMAHITHAX CHUCTEMHHUX
pecypciB, ¥ — HOMEp MOTOYHOTO pecypcy, rel,R.
Takox QopmyeTbess OiHapHA NPSMOKYTHa MAaTPUI
MOTOYHOI TOTpeOM 3amuTiB y CHCTEMHHX pecypcax
0= (qn,) , cardQ = N xR, y sKili KOXEH elIeMEHT ¢,

€ HEHYJIEBHM, KOJIM Ha JaHWH MOMEHT 4acy # -U 3amuT
notpedye pecypcy 7. 3a3HayuMo, IO Ha MOYATKYy Ya-
COBOTO MPOMDKKY N y 7 -My psaKy marpuii Q oau-
HUYHUMHU € EJIEMEHTH Y CTOBIISX 3 HOMEpaMH, IO
BIJIMIOBIIAIOTh TIOTPIOHUM UIS 71 -TO 3aITUTY CUCTEMHHUM
pecypcaM. BiamoBigHo, 1Mo 3aBEpIISHHIO MPOMIKKY N
JaHuH paoK OyJe HYJIbOBHM Y BHIAJKy YCHIITHOTO
3aBEpIICHHS 7 -T'0 3aIUTYy.

BBaxkaroun Ha Te, 0 KOXKEH 3aIllUT Ma€e BHUKOpHC-
TOBYBATH JICKIIbKa €IEMEHTAPHHUX PECypCiB, SKI y 3a-
raJbHOMY BUIIaJIKy B3a€MOIIOB’si3aHi, HEoOXiqHO chop-
MyBaTH MHOXUHY rpadiB G = {Gn} , cardG=N, ne
G, — rpad, mo BigoOpaxae iepapXiuHy MOCIiIOBHICTh
BUKOPHCTaHHS CUCTEMHHX pecypciB. Ilpu npomy mep-
KA piBEeHb BIATIOBIZa€ UM pecypcaM, BUKOPUCTAHHS
SIKHX HE MOTpedye MonepeqHuKiB, a OCTaHHIA — pecyp-
cam, SIKi He € TIoTepeTHUKaMU.

KpiM TOro, BasKJIMBHM TPU PO3MOILTIL PECypCiB €
BEKTOp MPIOPUTETIB 3aMUTIB

P=(p,), cardP=N .

Takox koxHHUIT pecypc r Moxe OyTH oxapakTe-
pU30BaHMM 4YacoM, IO € TOTPIOHUM Ha OTPUMAaHHS
YMOBHOI OJIMHHMII pecypcy {,, aHi 3HAU€HHsS CKIaja-
1016 Bektop T =(1,). Bianosiaso ckiazemo MaTpuiio
S =(s,.), cardS =NxR, 1e s, — obcsr pecypey r y
YMOBHHUX OJMHUIIIX Ul MOTped 7 -ro 3anmuTy. BBaxa-
I0YHM Ha MMOBIpHY KOHKYPEHIIIO MiX 3aluTaMu 3a pe-
Cypc, BU3HAYMMO MATpPUIIO 3HAYEHb Yacy O4iKyBaHHS y
yepsi 3a pecype I=(1,.), cardI=NxR, 1e T, —
Yyac O4iKyBaHHS 71 -TO 3aIIUTy y Yep3i JIo pecypey 7 .

Jlst onvicy MeTony po3IoJily HEoOXiaHO 00paTu
KpHTepiil sSIKOCTi po3noainy. ['oOBHUM KpUTEpieM BH-
3HAYUMO BYACHE Ta SKHAUIIBHIIIEC 3aBEPIICHHS BCIX
TpaH3akKiii cucreMu iepapxiunux BimkeriB. lle 3Ha-
YHTh, IO OCTAHHIHM 3aMUT MOBHHEH OYTH 3aBEpIICHUM
SIKOMOTa paHilie. BigHOocHHMI dYac 3aBepIIeHHsS 7 -TO
3aIUTy MOXe OYTH pO3paxOBaHUH TAKUM YHHOM:

R
In_rel end =Z(snr'tr+rnr)' (1

r=l1

Toni BHUIIEeHaBeneHUI KpuTepiii MokHa (opMmai-
3yBaTH TaKUM YHHOM:

max(tn rel end) — min (2)
n T Tnr
abo
R
max | » (s, -t +T,,.) |~ min. (3)
o \r=l Tnr

3MCHIIIUTH Yac BUKOHAHHS 3aIMTy, [0 BUKOHY-
€ThCS HAMIOBIE, MOXJIMBO 3a PaXyHOK 3MCHIICHHS
YeKaHHSA pecypciB y uepraX. i Or0 MPOMOHYETHCS
Taka IMOCJIIJOBHICTh [ii.

Hexaii y MoMmeHT uyacy (BiIHOCHE 3HAYCHHS
tn_,e,) PO3TIBIIAETHCS Yepra KOHKYPYIOUUX 3aIHTIB JI0

pecypey 3 HoMepoM r, . Hepra ckiagaeTbes i3 JeKiJb-
KOX 3aIUTiB, IO CKJIAJaI0Th THMYACOBUM BEKTOP
Vnz(nél"“’”én)’ cardV; =&, . 4

Jl1st KOKHOIO elleMeHTa BeKTopa Vy, pospaxyemo

Horo Bary, KOTpa BH3HA4YHTh MICIle y 4ep3i, 30Kpema,
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Til 3amuT, 010 OyJae OTPUMYBATH pecypc mepmum. s
LIBOTO PO3pPaxyeMO Ul KOXKHOTO 3aluTy 4ac, 1o Oyre
MOTPIOHUM TiCIIs OTPUMAHHS PECYPCy iy

tii_rel = Z (qéi” Sgr by )’ & em. )

r#rn
[Ipu BU3HAYEHHI Baru BpaxyeMoO TaKOX IMpiopUTe-

TH 3aIUTiB, HABEEHI Yy BEKTOpi P = ( pn) :

Ve, rel = Pe; le, rel =

= Pg- Z (qiir'sﬁi”'t”)’ S GE'

V?fi’n

(6)

Toni mepmmM s OTpUMaHHS pecypcy 3 HOMEPOM
1, -Oyze 3arut n, , JUls IKOrO BUKOHAHA PIBHICTH

max

Eai GEJ] s "Eﬂ]

Pe3ynbTaTn excnepuMeHTiB

Ve _rel - (7

% =
ny _rel

Jlis mocmipkeHHsT MOKITMBOCTEH 3aITpOIIOHOBaHO-
ro MeToay OyJo NMPOBENEHO EKCHEPUMEHTH 3 PI3HUMH
cHCTeMaMU iepapXidHuX Bi/pkeTiB. Posrnspanmcs Bapi-
aHTH Pi3HOI PO3MIPHOCTI PO3B'I3yBaHOI ONTHMi3aIliitHOT
3aj1adi. Y3aralibHeHi pe3yibTaTh eKCIIEPUMEHTY IOKa-
3aHi Ha puc. 6.

Amnari3 rpadikiB puc. 6 CBIIYUTH TPO JOIIBHICTh
BHUKOPHCTAHHS 3aIlPONIOHOBAHOIO METola IMpU PoOoTi 3
BEJIMKUMH 00CSraMu CIa0KOCTPYKTYpPOBAHOI iH(OpPMAITT.

to (h) Using the proposed method
2,5
2
/7
1,5 7
/ -~
n=1 -
”
0,5
- -
0 == n*r10
0 20 40 60 80 100 120

e+ ¢ e ssthe expected run time == == standard distribution propased method

Puc. 6. BinqnocHuii 4ac 3aBepieHHS
CHCTEMH 1€papXiyHUX BiIKETiB

BucHoBok

Bynu mpoBezneHi nociimKeHHs, SKi OOIPYHTOBY-
I0Th BUKOPDHCTaHHS CHCTEMH I€papXiyHUX BiJKETIB
U1t 00pOOKM BeMMKUX AaHuX. [loka3aHa HEOOXiTHICTh
JUHAMIYHOTO TMepervlaHyBaHHs MpOIECYy PO3IOALTY
pecypciB, 110 HEOOXiAHI IS MATPUMKH CHCTEMH i€-
papXi4HHUX BiDKETIB. 3ampONOHOBAHO METOI PO3IOi-
JIy PECYPCIB MK TPaH3aKI[iIMUA CUCTEMH I€papXiuHix
BiJDKETIB Npu 00poO1Ii HECTPYKTYPOBaHOIO iH(popMmarlii
B HepensAliiHuX 0a3zax manux. ONTHMI3allis MpOBOIHU-
Jlacst 32 KPUTEPieM SIKHAWIIBHUAIIOTO 3aBEPIISHHS BCiX
TpaH3aKIii 32 PaxyHOK CKOPOYEHHs 4acy BUKOHAHHS
HAWTPHUBAIIINX 3aMUTIB.

Hanpsam nonanbmmx JocTiqxKeHb — peanizamis
3alpOINIOHOBAHOTO METOAY 31 3HATTAM OOMEKEHb.
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Mertoj cHH:KeHHSI BpeMEHH I0CTYNa K ¢1a00CTPYKTYPHPOBAHHBIM JaHHBIM
H. T Kyuyk, B. }O. Mepnak, B. B. Ckopozenos

AnHoTanus. Ha cerogns akryansHa rnpobiemMa XpaHeHus u 00paboTku ciabocTpyKTyprpoBaHHbIX HHGOpMauu. CyTh
poOIeMBl 3aKIII0YAETCS B TOM, YTO CIa0OCTPYKTYPUPOBAHHOCTD M OOMblIMe 00bEMbl IaHHBIX NMPUBOIAT K HapYLIEHUIO Tpebo-
BaHMI QOS, B YaCTHOCTH, YBEJIIMUUBAETCSA BPEMsI JOCTYIA K JaHHBIM U COOTBETCTBEHHO YBEIMYMBAETCS BPEMS OKUJIAHUS peaK-
UK Ha 3arpoc. Kpome Toro, cylecTBEHHO BO3pacTaloT pacxo/sl Ha XpaHeHHe AaHHbIX. [IpeameTom mccae0BaHus SBISFOTCS
MeTonbl 00pabOTKM M XpaHeHHs clabOCTPYKTYPHPOBAaHHBIX M HECTPYKTYPUPOBAaHHBIX HaHHbIX. Llean ucciieqoBanmus —
pa3paboTka METO/la YMEHBILICHHUs BPEMEHH JJOCTYIA K HECTPYKTYPHUPOBAHHBIM JIaHHBIM ITyTeM ()OPMHUPOBAHUSI CHCTEMbI Hepap-
XMYECKHX BHKETOB M IUIAHMPOBAHUS JOCTYNa K CHCTEMHBIM PECYpCaM MHOKECTBEHHBIX 3aIlpOCOB TPAH3AKLHUH OTAEIBHBIX
BHJIKETOB, KOTOPBIE CO3JAFOT OYEPEH MPH JOCTYIE K HEPEISAIMOHHBIM XpaHWINIIAM AaHHbIX. PesynbTatel. [Ipoanannsuposa-
HBl BapHaHTbl CTPYKTYPbl XPAHWIHMI JAaHHBIX UL 00paOOTKM M XpaHEeHHs clabOCTPYKTYpUPOBAHHBIX JaHHBIX. OOOCHOBaHO
IPUMEHEHUE CHCTEMbl HEPapXUUECKUX BHIPKETOB IpU paboTe ¢ MHOXKECTBEHHBIMH 3anpocamu. [IpessioxkeH MeTox repepacipe-
JIeJIeHHs1 ouepesiell K CUCTEMHBIM pecypcaM. [JIaBHBIM KpUTEpHeM IIpH IepepacipeieieHH BBIOPaHO CBOEBPEMEHHOE M CKO-
pelilliee 3aBepIICHHE BCEX TPAH3AKLMH CHUCTEMbl MEPApPXUUECKHX BHIDKETOB. Pa3paboTaH MeTo[ NeperulaHMpoOBKH, KOTOPBIH
obecrieunBaeT yMEHbIIEHHE BpeMeHH 00pabOTKHU 3aIIpOCOB TPAH3AKIMI CHCTEMbI HEPAPXUUECKUX BUKeTOB. BoiBoasl. [Tokaza-
Ha HEO0OXOIMMOCTb JMHAMHYECKON MEeperuIaHupOBKU IIPOLIECCca PAcIpe/ieNIeH sl PECYPCOB, HEOOXOMUMBIX JUIsl MONEPIKKH CUC-
TEMBI HEPapXUIECKUX BHUIKETOB. [IpeqyiokeH METo | pacipeieNieHusl pECYpCOB MEKAY TPaH3AKLUSAMHU CHCTEMBI HEPAPXHIECKHX
BUJDKETOB TIPU 00pabOTKe HECTPYKTYPUPOBAaHHOKW MH(OPMAIMU B HEPEJSLMOHHBIX XpaHWIMIax. ONTUMU3aIMs IPOBOANIACH
10 KPUTEPHUIO CKOPEHIIEro 3aBepUIEHHs BCEX TPAH3AKIIMIL 32 CUET COKPAILIEHUs] BPEMEHH BBITIOTHEHUS AJTUTEIBHBIX 3aIIPOCOB.

KawueBblie cioBa: BHJIKET, CJ'[a6OCprKTypHpOBaHHa$I I/IHq)OpMaLII/ISI; XPpaHUINIIE NaHHBIX] TPaH3aKIUsL.

A method of reducing access time to poorly structured data
N. Kuchuk, V. Merlac, V. Skorodelov

Abstract. Today, the problem of storage and processing of poorly structured information is relevant. The essence of the
problem is that poorly structured and large amounts of data lead to violation of QoS requirements. Also, the data access time
increases and, accordingly, the waiting time for a response to a request increases. In addition, data storage costs increase
significantly. The subject of the research is the processing and storage of poorly structured and unstructured data. The purpose
of the study is to develop a method for reducing access time to unstructured data by creating a hierarchical widget system and
planning access to system resources of multiple transaction requests of individual widgets, create queues when accessing non-
relational data stores. Results. Variants of the structure of data warehouses for processing and storage of poorly structured data
are analyzed. The use of a hierarchical widget system when working with multiple queries is justified. A method for
redistributing queues to system resources is proposed. The main criterion for redistribution is the timely and speedy completion
of all transactions of the hierarchical widget system. The developed redevelopment method, which provides a reduction in the
processing time of transaction requests of the hierarchical widget system. Conclusions. The need for dynamic redevelopment of
the resource allocation process necessary to support the hierarchical widget system is shown. A method for distributing resources
between transactions of a hierarchical widget system while processing unstructured information in non-relational databases is
proposed. Optimization was carried out according to the criterion of speedy completion of all transactions by reducing the
execution time of long requests.

Keywords: widget; poorly structured information; data store; transaction.
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INFORMATION ANALYSIS METHOD ABOUT CURRENT SITUATIONS
IN ACS OF SPECIAL OPERATIONS

Abstract. The relevance of improvement and difficulty of establishing ERP systems and methods of their development is
considered. The features of the development of special mathematical and software implements strategy ERP system shows
effective ways formalized description of the classes of recognizable situations in the form of membership functions
corresponding regions of the feature space. In the course of developing automated ERP systems, it is necessary to apply direct
methods for characterization of classes of recognizable situations. As shown by the analysis of typical SR tasks solved in ERP
systems, in practice a feature space can contain many hundreds and even thousands of attributes. In this case, the number of
examples of situations belonging to a particular class, as a rule, is limited to tens of units. Therefore, for classical learning
algorithms, the required length of a training sequence for SR tasks of practical importance, as a rule, many times exceeds the
disposable number of examples of environment. The source of information necessary for the construction of such a priori
descriptions can be experts who can solve SR tasks in a non-automated way in conditions of psychological comfort.

Keywords: ERP system; recognition methods of situations; information subsystems.

Introduction

At the current stage of science and especially
technology development more attention paid not to the
technical but to the software implementation of various
storage processes, transition process, information
processing and analysis in the operation of the control
system. It is the software part of the system is the main
component of the price of control systems for their
modification and development for today [1, 8-12].
Under such approaches, the intensive development of
economic and mathematical control methods, the
implementation of ECM into spheres of human
productive activities possessing high speed response,
logical flexibility, huge memory space, served as the
basis for the development of special operations
automated control systems (ACS of SO which
qualitatively changed the management formula and
significantly increased its effectiveness.

The category of ACS of SO is usually considered
the implementation of the ERP system methodology -
organizational strategy for the integration of production
and operations, human resources management, financial
management and asset management, focused on
continuous balancing and optimization of enterprise
resources through a specialized integrated application
software package that provides a common data model
and processes for all spheres of activity.

As is known, in any control systems, data
reduction processes include the solution of the
following groups of tasks:

1) capturing, accumulation and storing of status
information;

2) generalization and analysis of information of
orientation and the issuance of the processed
information to various acceptors;

3) making recommendations for decision making
or automatic formation of teams;

4) bringing terms to managed objects
monitoring their implementation.

The specific content of the tasks included in the
above groups depends on the purpose of the SO ACS

and

and many other factors. ACS of SO may vary
significantly by the specific weight occupied by
different groups of tasks, by the degree of automation of
their solution, the rate of information updating and the
duration of its storage. However, in any control systems
these groups of tasks are always present.

In most ACS of CO, it is possible to clearly
distinguish the complexes of technical and software
facilities which are responsible for solving the first two
of the above listed groups of tasks. Such complexes are
called information subsystems (IS).

IS can exist in two versions. Firstly, they can be an
integral part of the ACS of SO. Secondly, IS can be
organizationally and technically designed as a stand
alone automated systems.

Terms of reference. Despite the above-mentioned
variety of IS structures and the specific composition of
the tasks, under their development and improvement it
is necessary to solve very similar problems. Experience
of development such systems has shown that especially
significant difficulties is caused by the development and
maintenance of special mathematical and software that
performs the functions of generalization and analysis of
orientation.

Therefore, the developer is difficult to achieve that
the description of the formulation of the ERP system,
compiled according to the experts, contains information
sufficient to develop an algorithm for solving it, and to
obtain all the necessary information, it is necessary to
repeatedly contact the experts. These difficulties are
compounded by the lack of adequate methods of
formalized representation of expertise, clear non-
programmers, as well as the above-noted variation of
initial data for the development of algorithms.

These difficulties are typical in the development of
algorithms and programs designed to solve almost all
problems of assessing the situation in any ACS of SO.

The purpose is to find ways to improve the
development of special mathematics and software
technology that implements the ERP strategy.

To identify the nature of these difficulties and look
for effective ways to overcome them, it seems
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appropriate to abstract from the specific content of such
tasks and information systems in which they should be
solved.

Within the traditional technology development of
special mathematical support and software the limitation
is the necessity for interaction between capable
specialists of the subject area — end user and experts and
much weaker than it orients software designers,
implementing the knowledge of experts in material
object — programs. In the conditions when it is
impossible to make completed mathematical setting of
the problem, the different nature of the professional
training of these two groups of specialists becomes a
source of serious difficulties in the development of
special mathematical support and software. These
difficulties are exacerbated by departmental disunity
since end users and experts in the traditional distribution
of roles between them usually belong to different
organizations and departments.

The problem of developing a new information
technology focused on automating of the SR tasks
solutions as a combined with general theoretical
foundation set of methods and techniques, the
formalization of expert knowledge and methods of their
usage in the data analysis on the situation was not
considered in the literature.

Main part

Abstracting from the specific content of the tasks
of processing orientation solved in the IS, a generalized
class of so-called situation recognition tasks (SR-tasks)
(SRT) introduce into consideration.

This class includes information processing tasks
that are solved by ERP systems, consisting in forming
generalized conclusions about the current and (or)
predicted environment by analyzing private orientation
and, possibly, the results of solving other SR tasks.

According to this non-strict definition, the class of
SR tasks is very wide. In particular, it is includes all the
tasks of processing the ERP system, more specifically,
the detection of individual signs characterizing the state
and activity of objects, as well as forecasting their
actions through a comprehensive analysis and
comparison of the signs that have appeared.

It follows from the definition that SR tasks in the
general case form a hierarchy (Fig. 1).

Situation 1 Situation 2

| sRT; | | srr,|
y F

| srT; ||| sRTg| | srr, |

T

Primary information

1
1
I
1
1
1
I
'| SRT, |
1
1
1
1
1
1
1
1
I

Fig. 1. Example of SR tasks hierarchy

Indeed, the results of tasks solutions that occupy
the lower levels of the hierarchy can serve as input data
for tasks of higher levels. This is in complete agreement
with the generally accepted hierarchical principle of
creating an IS ACS of SO. Thus, the object of study is
rather impressive class of SR tasks, which occupies an
important place in the processes of information
processing that occur in the ACS of SO.

In order for better understanding the subject of this
study and more clearly limiting its scope, abstract
formulation of the problem of making a decision on
pattern recognition is turned, slightly generalizing the
classical formulation of the recognition problem given
in the literature [2].

Let set (dictionary) of signs

Z=(61,C0.-51) (1)

taking values from some feature sings Arbitrary
implementation of the feature vector denote as
Z = <Z],Zz,...Zk
be recognized is also specified, which can be assigned
to a tuple of sets in the attribute space.

>. The alphabet of classes of objects to

k
A=(4,4y,..4;) , where J4< Q. )

r=l1
To make a decision on whether a certain object is
described as a particular object, described by the feature
vector Z, k close functions are set and p,.(Z, 4,) take

values on a certain numerical interval[a,b]. The results of
calculating these values are handled by the decision rule.

¥ =DC(Z, 4,12 (Z, 4y) . 3)

Environment recognition tasks are fully included
in the above scheme. It is important to note that in the
development of recognition systems, in general, a
number of issues must be addressed, including the
following:

1) Selection of feature dictionary Z;

2) The choice of the alphabet of classes of objects A

3) Synthesis of membership functionsp,.(Z, 4,) ;

4) Choice of optimality criterion C and decision
rule synthesis D.

As a rule, the third of these questions is the most
difficult. Its essence is reduced to the compilation of
descriptions of areas of the attribute space
corresponding to the situations to be recognized. In the
particular case, in the stochastic interpretation of the
problem recognition of situations, the posterior
probabilities of belonging the vector Z to the classes of
situations 4, (r =1,2,...R) can play the role of functions

we(Z,4,)

At the same time, the choice of a way to solve the
third question is much less dependent on a specific
subject area than the others, which allows us to talk about
creating universal methods for a fairly wide class of SR
tasks. Therefore, from the point of view of improving the
technology of developing special mathematical and
software implements the ERP strategy, it is of particular
interest to create effective ways to formalize the

104



ISSN 2522-9052

CyuacHi iHopmariiiai cuctremu. 2020. T. 4, Ne 1

description of classes of recognizable situations in the
form of membership functions of the corresponding areas
of the feature space. Accordingly, speaking of
formalization and automatized solution of SR tasks,
assumed that the dictionary of attributes, the alphabet of
classes of recognizable situations, the optimality
criterion and the decision rule are already chosen. Only
the question of the synthesis of membership functions
u,(Z,A,) remains unsolved.

In the literature devoted to the theory of pattern
recognition [2-7], recognition systems are divided
according to the method of constructing descriptions of
recognizable classes into systems with training and
without learning.

The systems with training are based on the
procedures of structural and (or) parametric adaptation
of the membership functions and the decision rule (3) in
the process of processing the sequence of presented
realizations of the feature vector, followed by
instructions about their belonging to a particular class
(while studying with a teacher) without such
instructions (with self-study). When systems are
creating without training, the so-called direct methods
for constructing class descriptions are used. Such
descriptions are also called a priori, since in systems
with learning a priori descriptions of classes are usually
used as an initial approximation to training.

With other things being equal, the possibility of
creating a recognition system that has a satisfactory
quality of functioning depends on the accuracy of the a
priori description for systems without training, and on
the length of the training sample for systems with
training. Therefore, the decision whether to develop a
recognition system or to resort to training or not is
determined by the presence of an a priori description of
the classes of recognizable objects and its accuracy. It is
also necessary to take into account the presence of a
training sample, the volume of which, in the absence of
an a priori description or its insufficient accuracy should
ensure the required quality of recognition training.

As a rule in the case of applied problems of
recognizing situations, one should focus on the direct
methods of describing classes, and learning can only be
considered as an auxiliary method.

Obviously, the dimension of the feature vector in
the general case strongly influences the quality of
recognition, and the increase in the number of features

in the learning systems would seem to be accompanied
by an increase in quality. However, this statement is
true only under the assumption that there are no
restrictions on the duration of training.

The [6] study demonstrates that the time
complexity of the learning algorithm depending on the
dimension of the feature vector in the general case has
an exponential estimate. This means that with an
increase in the number of features, the required length
of the training sequence will be in terms of growth rate,
many times greater than the dimension of the feature
vector.

As shown by the analysis of typical SR tasks solved
in ERP systems, in practice a feature space can contain
many hundreds and even thousands of attributes. In this
case, the number of examples of situations belonging to a
particular class, as a rule, is limited to tens of units.
Therefore, for classical learning algorithms, the required
length of a training sequence for SR tasks of practical
importance, as a rule, many times exceeds the disposable
number of examples of environment.

Conclusions

In the course of developing automated ERP
systems, it is necessary to apply direct methods for
characterization of classes of recognizable situations.

The source of information necessary for the
construction of such a priori descriptions can be experts
who can solve SR tasks in a non-automated way in
conditions of psychological comfort.

The latter means that:

- the expert has positive motivations for solving
the SR tasks;

- the scope of problem is not more than the
psycho-physiological capabilities of a person in
perception and data processing;

- there are no strict limits on the time spent on the
data analysis;

- there are no adverse effects of erroneous
decisions.

Experts use informal knowledge about the
structure of the attribute space, which, under favorable
conditions, allows them to cope successfully with
solving SR tasks. Therefore, the problem of
constructing a priori descriptions of classes of
recognizable situations is limited to the problem of
formalization, or presentation of expert knowledge.
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Merton anaJisy ingopmauii npo curyaniro, mo ckiagaerbcsi B ACY crneniajJbHOro npusHayeHHs
C. I. Xmenescekuii, M. A. IlaBnenko, O. B. Ilerpos

AHoTanisi. Po3mIsHYTO aKTyalbHICTh BIOCKOHANIGHHs 1 TpyaHouwli crBopeHHs ERP cucrem i MeroaiB ix po3poOku.
Po3risiHyTo 0coGIMBOCTI PO3POOKH CIIELialIbHOIO MaTEMaTHYHOTO Ta NPOrPaMHOro 3a0e3edyeHHs ke peaiisye crparerito ERP
CHCTeMH, IOKa3aHWH e(peKTHBHMI crocid (opMani3oBaHOro ONUCY KJIAciB PO3II3HABAHUX CHUTYyallidl y BUMIAAL (YHKUIN
MPUHAJIKHOCTI BiANOBIAHUX oOsactell npocTopy o3Hak. IIpu po3pobui aBTOMarm3oBaHux ERP cucrem HeoOXimHO
3aCTOCOBYBaTH O€3IOCepeiHi METOIM CKJIaJlaHHs OIMUCIB KiIaciB Oyio po3mi3HaTH curyanid. Sk mokasaB aHami3 tumoBux PC-
3aB/laHb, 110 BUpimyroThes B ERP cucremax, Ha NpakTuIli IpocTopy 03HaK MOXKE MICTUTH 6araTo COTeHb 1 HaBiTh THCSYi O3HAK.
[Ipy upOMy KUIBKICTh MPHKIAIB CUTYALil, 0 BIHOCATHCS JO TOrO UM IHIIOTO KJacy, SIK IPaBHIIO, OOMEKEHa OXUHHILIMU-
necsitkaMd. ToMy IUIst KITacCMYHMX aJllOPUTMIB HaBYAHHS MOTPiOHA JOBXKMHA HaBUaJbHOI mociigoBHocTi Juit PC-3aBnans, 110
MalOTh IPAKTHYHE 3HAUYEHHS, AK IPAaBWIO, 0araropa3’oBO IEPEBHUILYE YKCIO, IO PO3TALIOBAHE /O IPUKIANIB CHTYALlH.
JlxepenoM Bizomoctei, HeOOXiTHUX A1 MOOY/IOBH TaKUX AlPIOPHUX OIMCIB MOXYTb OYTH €KCIEPTH, sIKi BMIIOTh BUpIIIYBaTH
PC-3aBaHHs HEABTOMAaTU30BAHUM CIIOCOOOM B YMOBAX IICUXOJIOTI4HOTO KOM(OPTY.

Kawuosi caoBa: ERP cucrema; 3amadi po3misHaBaHHS cHTyalii; iHpOpMaLiiiHi MiICHCTEMH.

Merton aHaau3a MHPOPMaLMM PO CUTYALHUIO, CJIOKUBIIYIOCS B ACY crienMaaibHOro Ha3HA4YeHU s
C. 1. Xmenesckuii, M. A. IlaBnenko, A. B. Ilerpos

AHHOTanmusa. PaccMOTpeHa akTyalnbHOCTH COBEPIIEHCTBOBAHMS M TpyAHOCTH co3faHus ERP cucrem m MeronoB mx
pa3zpaboTky. PaccMOTpeHbl OCOOEHHOCTH Ppa3pabOTKH CIELUAIBLHOIO MAaTeMaTHYECKOro M IPOrpaMMHOrO OOecreyeHHs!
peanusyromuii  crpareruto ERP  cucremsl, nokas3aHHbIil 3¢ QeKTuBHbIH crocod (OpMaIM30BAHHOIO ONMCAHHS KIACcCOB
pacro3HaBaeMbIX CUTyallMid B Buze (DyHKIMI IMPUHAIUISKHOCTH, COOTBETCTBYIOLIMX 0ONacTel IMpocTpaHcTBa Npu3HakoB. [Ipu
pa3paborke aBromMaTu3upoBaHHbIX ERP cucreM HeoO0X0QMMO NMPUMEHATHh HEHNOCPEICTBEHHBIE METO/BI COCTABIICHUS ONUCAHUH
KJIaCCOB paclo3HaBaeMbIX cuTyanuid. Kak mokasan anamus tumnoBbix PC-3zamau, pemaemeix B ERP cucremax, Ha mpakTHke
MIPU3HAKOBOE MPOCTPAHCTBO MOXKET COJAEPKATh MHOTHE COTHU M JIAKE TBHICSYM NMPHU3HAKOB. [IpH 3TOM KOJIMYECTBO MPUMEPOB
CUTYyalll, OTHOCSIIMXCS K TOMY MM HHOMY KJacCy, KaK NpaBHJIO, OTPaHMYEHO €IUHUIAaMH-AecaTkamu. IlosTomy s
KJIACCUYECKUX aJI'OPUTMOB O0OydeHus INOTpeOHas JnMHa oOydarowiel mnocnenopaTensHocTn Juis PC-3amad, MMeroIux
MIPAaKTHYECKOE 3HAYEHUE, KaK MPaBUIIO, MHOTOKPATHO IPEBBINIAET PACIONAraéMoe YUCIO MPHUMEPOB cCUTyalmi. VcTouHnkoM
CBEZICHMH, HEOOXOIMMBIX [UIS IIOCTPOCHUS TAKUX allPUOPHBIX ONUCAHUI MOTYT OBITH 3KCIIEpTHI, ymeromue pemars PC-3anaun
HEaBTOMATH3UPOBAHHBIM CIIOCOOOM B YCIIOBUSX MCHXOJIOTHYECKOro Kompopra.

KawueBsie caoBa: ERP cucrema; 3anaun pacnosHaBaHus CUTyalni; THPOPMALMOHHBIE ITOJCHCTEMBIL.
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METHOD OF ASSESSMENT OF THE EFFICIENCY
OF THE COMMUNICATION OF OPERATIONAL TROOP GROUPING SYSTEM

Abstract. The most distinctive features of military communications systems are the high degree of a priori uncertainty
about the operational situation and the small amount of source data for communications planning. In such circumstances, it
is important to make the right decision-making appraisal apparatus, which will allow the officials of the system
management bodies to be confident in the decisions made. Deciding to build a communications system at any level usually
involves defining the purpose of its operation, selecting metrics and justifying the evaluation criteria, synthesizing
alternative structures, and finding a rational option for deploying the communications system. The practice of the troops
has convincingly shown that in the theory and practice of communications, there is a need to improve the scientific and
methodological apparatus, which will meet the current conditions of operation of control systems and provide a more
adequate assessment of the effectiveness of deployable communications systems. In this article, the authors propose a
method for evaluating the effectiveness of the communication system of the operational troop grouping. The above method
is based on the first time use of the communication system accessibility indicator. In the course of this research, the authors
used the basic principles of communication theory, noise immunity theory and intelligence. The novelty of the proposed
method is that the communication system operational troops grouping are estimated by generalized indicator of availability
of channel resources and network communications system of the operational troops grouping. The practical value of the
proposed methodology is that the methodology allows for a more accurate assessment of the communications system, the
identification of deployment arrangements and measures to improve the effectiveness of the operational troops grouping.

Keywords: communication system evaluation; effectiveness, noise immunity; intelligence; operational troop grouping.

Introduction

The most distinctive features of military
communications systems are the high degree of a priori
uncertainty about the operational situation and the small
amount of source data for communications planning.

In such circumstances, it is important to make the
right decision-making appraisal apparatus, which will
allow the officials of the system management bodies to
be confident in the decisions made.

Deciding to build a communications system at any
level usually involves defining the purpose of its
operation, selecting metrics and justifying the
evaluation criteria, synthesizing alternative structures,
and finding a rational option for deploying the
communications system.

The practice of the troops has convincingly shown
that in the theory and practice of communications, there
is a need to improve the scientific and methodological
apparatus, which will meet the current conditions of
operation of control systems and provide a more
adequate assessment of the effectiveness of deployable
communications systems.

One of the main areas of their improvement and
development is the use of a new approach to determine
the performance indicators and criteria that meet the
current conditions and factors of combat (the purpose of
the operation), as well as the requirements imposed on
the communication system by the management system.

According to this approach, the effectiveness of the
communication system is one of the indicators of its
role and purpose. Despite the fact that the

communication system does not directly influence the
execution of the tasks and causing the enemy maximum
losses, its role in achieving the goal of the battle
(operation) is enormous. To define this role, the concept
of the effectiveness of the communication system is
introduced, which means the degree of realization of its
possibilities for information exchange in specific
conditions of the environment [1-5].

Therefore, the purpose of the article is to develop
a method of assessment of the efficiency of the
communication of operational troop grouping system.

Presentation of the main material

The calculation of performance indicators is
directly related to the determination of the results of the
evaluated solution. There are two options:

the first is related to the experimental validation of
the recommendations and therefore the determination of
the result is limited to evaluation;

the second arises in the priori evaluation of
efficiency when the result is not yet available, but it
should be predicted, as a result of which the results of the
decision are determined by forecasting methods [5, 6].

The first case is the most important for theory, and
the second for practice, since performance evaluation
must be the first to make a decision and determine its
value.

With regard to the operational troops grouping
(OTG) communication system, its effectiveness must be
evaluated on the basis of its characteristics.

Since the communication system has many
properties, the list of indicators that should be used to
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evaluate the quality of the communication system
should be limited.

In practice, this means that the quality assessment
should not be based on all but the most important
indicators that determine the basic aspects of the
performance of the communication system or its
individual elements. This approach allows you to focus
on the key metrics of the communication system that
enable it to best address its core challenge in predictable
operating conditions. Therefore, a comprehensive and
objective evaluation of the effectiveness of the
communication system can be carried out using a
system of indicators and criteria, including the main and
additional indicators on the basic and partial properties,
respectively [1, 5, 10].

As a basic feature, given its special importance for
the operational grouping of troops [10], it is proposed to
accept the accessibility of the communication system
and to obtain its dependence on other partial indicators.
Since accessibility characterizes the ability of a military
communications system to obtain the management
resources (operational composition) of the necessary
communications resources (its types, services, services),
it seems that the accessibility indicator, on the one hand,
should reflect the spatial aspect, on the other hand - take
into account the ultimate object stability of the elements
of the communication system in conditions of complex
influence of the enemy.

The spatial aspect refers to such an objective
(spatial and topological) position of the control system
users regarding the elements of the communication
system when they are always able to use the channel
resource created by it, having at its disposal regular and
added means of communication [3, 4].

These particularities of generating a generic
accessibility indicator, arising from the fact that they are
of fundamental importance to the OTG communication
system, must be reflected in the corresponding advanced
methodology for evaluating the effectiveness of the
OTG communication system.

However, it should be understood that the
accessibility of the communication system depends
primarily on the structure and location of its elements in
the operating space, the location of users, length of
access lines, physical and geographical conditions of the
terrain, availability of forces and devices of
communication [1]. That is why the improved
methodology for evaluating the availability of the
communication system used the probability of user
access to the communication system resource on the
first attempt, calculated on the functionality [1, 2]

P =a(D,Pl-“"). (1)

This figure depends on the number of elements of
the communication system that are potentially capable
of providing users with a channel resource and can be
used by them from the areas of their dislocation using
the available communication devices (ie, the numerical
value of the components of the accessibility vector D)

and their object stability P*V.
multiplicity of access i (the ability to provide the user

In this case, the

with one, two or more independent routes of
information transmission) suggests a higher probability
of access to the channel resource on the first attempt.
Since the OTG operational space requires a solid
coverage of the communication, the spatial accessibility
indicator should reflect the principle of “territorial”
orientation of the communication system. In this
approach, spatial accessibility is most appropriate to be

estimated by a vector D={d;} whose components
have some scalar value d;. The content of the scalar

value d; =0...1 is that from the d, -th part of the area of

the operating space, the network of OTG radio access,
consisting of L elements, is able to provide any user
with the potential to obtain the necessary part of the
channel resource of the communication system through
/ independent routes:

D={d,dy,d3,..d),...dp }, 1 =1,L, 2)

where L is the total number of elements of the
communication system that are deployed to provide
users with a channel resource.

When

m
L= an’ (3)
k=1

where m is the number of levels in the communication
system; n; is the number of elements in the & -th

echelon (levels).

Hereafter, below the echelons, we will understand
the range of antenna lifting heights of radio access
stations and relay transmitters.

To determine in (2) the component of vector D, it
is necessary to find the ratio of the area from which the
user (subscriber) is able to access the elements of the
communication system to the entire area of the OTG
defense band. Then

4=, @
Slol

where S; is the area of the radio access zone from /
elements of the communication system; S;,, is the total

area of OTG operating space.
Because spatial accessibility is characterized by

component values {dlmin } of the availability vector D,

their relationship can be represented as a spatial

accessibility factor K, 4, . Then

S .
Kspal.av =S_l if I=lgin- (5)

tot

By its nature, the radio access network is zonal.
Coverage areas are part of the territory (operating space
lanes) that are connected to one of the elements of the
radio access network, as well as their intersection zones.
The sizes of these zones depend on the tactical and
technical characteristics of the radio facilities, the
heights of raising their antennas, the operating
frequency, the interference situation and other factors
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affecting the quality of the radio
communication [6-10].
The original product of the proposed sequence of

calculations of the availability index of the OTG

provided

communication system is a matrix A(i ) that has a look

M x N (where M and N are the number of the d;-th
parts of the area along the front and into the depth of the
operating space, respectively), the elements of which
a,,, (i) represent a single area on an electronic map

scale. As a result of calculations for the i-th element of
the communication system, the elements of the matrix

take on values a,,, (/)=1 in case the user can access
from the a,,, -th plots of the area to the i-th system
element or a,,, (i)=0 otherwise [10].

The use of digital terrain information in calculating
the availability of a communication system resource
allows us to determine more accurately than before the
actual area of coverage of each eclement of the
communication system S; according to the expression

M N
S; = Z Z Lynn (i)’ (6)

m=1n=1
where M xN=S,, is the total (covered) area of
operating space.

Knowing that the structure of the communication
system consists of L of eclements in different
relationships, you can calculate the vector of availability
D for the whole system as a whole. You need to have
this L matrices A(i) for each i-th element separately
coating S;, which determine essentially the area for
each element of the communication system. Then the
area of the intersection is no less than that [ of its
elements S; is suggested to calculate by the formula

&) .
S,=U(ﬂﬂ...ﬂSl-j,(i=1, =1, ) (7)

=1\12 |/

where ¢! is the number of combinations from L to  of

potentially reflective quantities overlapping area [,
which may be created in the operating area of a future
operation [11].

Thus, by determining the values of the quantities
of the set {S;}, it is possible to find, in accordance with

expressions (2) and (4), the values of all components of
the accessibility vector D. For calculations, while
estimating the accessibility index and vector D, it is
proposed to use the following approach to its
calculation.

The output data for the calculations are the number
of L elements of the communication system of the
corresponding structure G; the maximum number of M
rows of matrices 4; the maximum number of N columns

of matrices 4; many matrices {4}, the elements of
which are calculated according to expression (6),
summarized in a three-dimensional array of data
A[l..M,1..N,1..L].

You must have a variable S to store intermediate
and output data, the multiplicity counter £ and the one-

dimensional array S[1..k] [5, 10].

After inputting the total area of the operating area
is determined and the array of input data is zeroed. The
same elements of all matrices are then checked for
access. In the case of a satisfactory answer, the value of
the multiplicity counter and the corresponding value of
the array S, are changed.

After the verification of all elements, calculations
are made of the ratio of the area to the frequency of
access to the total area and the output of the obtained
results. The initial data show which part of the area of
the operating area (covered or served relative to the
territory) is able to access [/ elements of the
communication network, ie, the creation of /[
independent routes [5-10].

Thus, the values of the components of the
accessibility vector allow us to conclude how the
analyzed (planned) variant of the construction of the
communication system will provide users access to its
channel resource. However, the values of the
accessibility vector components obtained alone are not
sufficient to uniquely determine the required number of
independent access routes. In the face of complex
adversary action, you need to have information about
the projected object stability of the communications
elements that provide access.

If their stability Pg,; was ideal (Psn' =1,i= 1,L) ,
then for each of the users, guaranteed reliable access to
one element of the communication system would be
sufficient for guaranteed access to the channel resource.
Otherwise, a well-founded question arises as to how
much of a planned communication system it is
necessary to create independent routes to ensure its
necessary stability.

This question can be solved in this way [6, 10, 11].
Let the user, while in a certain location of the operating
space, be able to expand the / communication lines
available to him in accordance with the / elements of the
communication system.

Also known are the values of the object stability of

its elements {P,;}. For ease of calculation, it is

N
assumed that all elements of the communication system

providing access to users are equal to {P,}=FP/".

the
user of which will gain access to the link resource of the
communication system, can be found from the
expression [11]:

Then the probability of an occurring event Py,

P =1-T](1-B") (®)

i=1

By determining the value P“" and demanding the

value of the indicator Py, you can find the minimum

required number / of elements of the

min
communication system to which the user must be
provided access:
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Determining the minimum level of number of
independent routes for the user in the specific conditions
of the enemy's influence, corresponding to the
requirements on the stability of the communication
system, the values of the components of the
accessibility vector (4) are estimated and the reasoned
conclusion about the sufficiency or insufficiency of the
values of this structural characteristic for a particular
variant of the implementation of the communication
system is made. In contrast to the known methods
[1-3, 5-7], the object stability of the access elements is
taken into account in the calculations of the spatial
accessibility of the communication system.

Based on the requirements of the management
system, each user, along with the possibility of spatial
access, should be provided with the necessary
(sufficient) resource capacity of the communication
system, which, as a rule, for the analog version of its
practical implementation is quantified in the
communication channels, and for digital is the bit rate
(bit/s). Thus,

Ay =min(By,e; Cragios Zsee ) (10)

where B,,. is the channel capacity of the anchor lines;

C,adio 18 the number of radio access channels; Z,,. is

the availability of secrecy equipment.

For the purpose of determining the availability of a
communication system, which characterizes its
capabilities in providing users with the required channel
resource, which reflects the content of the bandwidth,
the coefficient of availability on the bandwidth can be
used for analog transmission systems (ATS)

A

ATS ,

Koy band =mln{A : _al}a
n

es

(11)

where 4,,, is the required number of communication

channels. To determine the availability of a
communication system using a digital transmission
system (DTS), it is advisable to enter a bandwidth
availability factor in the form

4 plan 1}

Vnes

K aDVTS =min {
is the planned (implemented) transmission

(12)

where V4,

speed; V,,,, is the required transmission speed.

If the value is bigger than 1, then the reserve of
information resources of the network is calculated by
using the following expression:

(13)

Because the coefficients calculated using
expressions (5), (11), (12) reflect the physical content of
the spatial (in terms of coverage) and channel (in terms
of capacity) types of accessibility, the requirements
have to be met together, it makes sense to enter a
generic indicator of the communication system

Ores = Kay bana —1-

K

av band >

Kcs = min{K spat. av}'

In order to increase the validity of the adopted
decision on the choice of the structure of the
communication system in accordance with the
requirement for the information exchange, and therefore
access to it by the officials of the control bodies, the
criteria values of the generalized indicator (13) should
be set in accordance with the degree of satisfaction of
the needs of the bandwidth control system as the main
indicator of effectiveness, reflecting the most essential
feature of the military communication system.

The structure of the proposed method of
assessment of the efficiency of the communication of
operational troop grouping system is presented in Fig. 1.

— adjustment

Initial data input
(= {wi})

Providing access
probability

Calculation
of the need
for a multiple access

1 2

Spatial
accessibility
calculation

Calculation of the
reserve of information
capabilities

Parameter 6 BER< BER,,

V.2V

i = Viper

7

Package transfer

Fig. 1. Methodology for evaluating the effectiveness
of the communication system

The proposed approach to the evaluation of the
effectiveness of the communication system is
advantageous and obviously different from the known
ones [1-9].

Thus, the methods used to evaluate the
effectiveness of the communication system at this time
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reflect, as a rule, one or more of its partial properties,
such as security [1, 5], stability (in the aspect of
structural survivability) [6, 8] or throughput [2, 7],
which, from the point of view of the systematic
approach, is insufficient, since the individual properties,
even if significant, but considered separately, do not
reflect their mutual influence on each other.

For this reason, the evaluation of the effectiveness
of the communication system is formally versatile but
not complex. In an improved methodology, the
accessibility indicator binds to the basic throughput and
integral stability index, which includes partial indicators
of survivability, noise immunity and reliability, which
allows a comprehensive evaluation of the OTG
communication system, and therefore, to make a more
reasonable decision on its building.

Conclusions

1. The identified contradictions between the needs
of the management system and the capabilities of the
communication system, as well as the differences in the
estimates of its predicted and real efficiency in the main
indicators can be resolved:

Organizationally can be resolved on the basis of
the application of the principle of systematic,
justification and implementation of a new territorially
distributed structure, including the radio access
network;

technically can be resolved by digitizing the
communication system and translating it into a higher-
quality technological platform with the predominant use
of domestic communication means;

methodologically can be resolved by improving the
methodology for evaluating its effectiveness and
developing scientifically sound recommendations for
the practical implementation and formation of the
structure of a communications system that meets the
modern and promising requirements of commanding
troops.

2. Also, it is necessary to look not for an optimal
solution, but for a rational solution between the required
efficiency and the acceptable cost.

The direction of further research should be
considered the development of methodological bases for
the operational management of military radio
communication facilities.

REFERENCES

1. Shyshatskiy, A.V., Bashkirov, O.M. and Kostina, O.M (2015), “Development of integrated systems and data for Armed

Forces”, Arms and military equipment, No 1(5), pp. 35-40.

bl

Korneyko, O.V., Kuvshinov, O.V. and Lezhniuk, O.P. (2010), The basics of the theory of telecomunication, Kyiv, 786 p.
Varakin, L.E. (1970), Theory of complex signals, Radio, Mocsow, 304 p.

Sklyar, B. (2007), Digital communication. Theoretical foundations and practical application, Williams, Moscow, 1104 p.
Zhuk, O.G., Shyshatskiy, A.V., Zhuk, P.V. and Zhyvotovskyi, R.M. (2017), “Methodological substances of management of

the radio-resource managing systems of military radio communication”, Information Processing Systems, Vol. 5 (151),

pp. 16-25, DOI: https://doi.org/10.30748/50i.2017.151.02

6. Shyshatskyi, A.V., Olshanskyi, V.V. and Zhyvotovskyi, R.M. (2016), “Algorithm of the choosing working frequencies for
facilities of military radio communication in the conditions of intentional interference”, Systems of armament and military

equipment, No. 2, pp. 62-66.

7. Romanenko, 1.O., Shyshatskyi, A.V., Zhyvotovskyi, RM. and Petruk, S.M. (2017), “The concept of the organization of
interaction of elements of military radio communication systems”, Science and Technology of the Air Force of the Armed

Forces of Ukraine. No 1, pp. 97-100.

8. Sova O.Ya., Romanuk, V.A. Zuk, P.V. and Umanec, Ya.L. (2012), “Synthesis methodology of smart nodes management
systems of perspective mobile radio networks with dynamic topology”, Collection of scientific works of HUPS, No 3. pp. 51-60.

9. Sova, O.Ya., Minochkin, D.A., Romanyuk, V.A. and Zhuk, P.V. (2015), “Model of organization of information resources of
intelligent management systems of nodes of mobile radio networks of the class MANET”, Science and Technology of the Air

Force of the Armed Forces of Ukraine, No. 2(19). pp. 51-57.

10. Golubtsov, S.G. and Leonovich G.A. (2009), “Methodology for assessing the effectiveness of the functioning of the field
backbone communication network of an association by a comprehensive accessibility indicator”, Science and military

security, No. 3. pp. 23-29.

Hapniitmna (received) 08.11.2019
IpuitasaTa no npyky (accepted for publication) 15.01.2020

B1IOMOCTI ITPO ABTOPIB / ABOUT THE AUTHORS

Mnmanpkuii Anapiii BojgogumMmpoBM4 — KaHAWAAT TEXHIYHMX HayK, HAYaJIBHUK HayKOBO-JIOCHiHOI Jaboparopii,
LleHTpanbHuii HAYKOBO-OCIAHUI IHCTUTYT 030pO€HHS Ta BilicbkoBoi TexHiku 30poitux Cun Ykpainu, Kui, Ykpaina,
Andrii Shyshatskyi — Candidate of Technical Sciences, Associate Professor, Head of the science-research laboratories,
Central Research Institute of Weapons and Military Equipment of Armed Forces of Ukraine, Kyiv, Ukraine;
e-mail_ierikon12@gmail.com; ORCID ID: http://orcid.org/0000-0001-6731-6390.

Tropuikos Muxaiisio MuxonaiioBuy — crapimii odinep, BilicbkoBa yactuna A0106, Kuis, YkpaiHa;
Mykhailo Tiurnikov — competitor, Military unit A0106, Kyiv, Ukraine;
e-mail: nadgrup@ukr.net; ORCID ID: http://orcid.org/0000-0002-6291-9819.

Cyrak Cepriii Osexcanaposuy — crapuuii odinep, BilicbkoBa yactuna A0106, Kuis, YkpaiHa;
Serhii Suhak — competitor, Military unit A0106, Kyiv, Ukraine;

e-mail: sugak 01@ukr.net; ORCID ID: http://orcid.org/0000-0003-4687-323X.

111



Advanced Information Systems. 2020. Vol. 4, No. 1 ISSN 2522-9052

Bonpap Ouxexciii [lerpoBud — HauapHUK Bijyiiny, BilicbkoBa yactuna A0224, Mukonais, Ykpaina;
Oleksii Bondar — Head of Department, Military unit A0224, Mykolaiv, Ukraine;
e-mail: phoenix791981@ukr.net; ORCID ID: http://orcid.org/0000-0002-5658-1495.

Meabauk Aptyp OJlekcaHAPOBHY — HAYAIBHUK By31a, Byson 38”s3ky JlepkaBHoi ciry:x0u CrierianbHoro 3B’ 513Ky Ta 3aXUCTY
iHdopmanii Ykpainu, Oneca, YkpaiHa,
Artur Melnyk — Head of the node, State Service of Special Communication and Information Protection Service of Ukraine,
Odessa, Ukraine;
e-mail: Shooter3101@gmail.com; ORCID ID: http://orcid.org/0000-0001-9215-889X.

Boxno Tapac PomanoBHY — HadalbHHK peNaKIiHO-BUIABHUYOTO Bimairy, BiliCbKOBHII IHCTHUTYT TEIEKOMYyHIKaIlii Ta
indopmaruzaunii imeni ['epoiB Kpyr, KuiB, Ykpaina;
Taras Bokhno — Head of the editorial and publishing department, Military institute of telecommunications and informatization
named after Heroes of Kruty, Kyiv, Ukraine;
e-mail: Taras Bokhno@ukr.net; ORCID ID: https://orcid.org/0000-0002-7033-8723.

JIsmenko 'anna TapaciBHa — HayKoBHil cIIBPOOITHUK HAYKOBO-I0CIIJHOTO Bitiny, BificbKOBHUI IHCTUTYT TelIeKOMYHIKaIii
ta inpopmarusanii imeni I'epoiB Kpyr, KuiB, Ykpaina;
Anna Lyashenko — Research Associate, Military institute of telecommunications and informatization named after Heroes of
Kruty, Kyiv, Ukraine;
e-mail: Anutka-2-0-0-8@ukr.net; ORCID ID: https://orcid.org/0000-0002-5318-8663.

Meronnka oniHKy e) eKTHBHOCTI
CHCTEMH 3B’SI3KY OIIEPAaTHBHOIO YIPYNOBAHHS BiliCbK

A. B. Inmanekui, C. O. Cyrak, M. M. TiopHnikos, I'. T. JIsmenko, T. P. Boxno, O. I1. Bornap, A. O. MenbHUK

AnoTanisi. HaiiGinbin xapakrepHUMU 0COOIMBOCTSIMH 1OOYIOBH CUCTEM 3B’ 3Ky BiICHKOBOI'O IPU3HAYEHHS € BUCOKUI
CTYIIHb aInpiopHOi HEBU3HAYCHOCTI CTOCOBHO OINEPATHBHOI OOCTAHOBKM Ta MaJMi OOCAT BUXIJHMX JAHUX JUIs IUIAHYBAaHHS
3B’513Ky. Y TaKMX YyMOBaX BayKJIMBUH NpaBUIbHUI BUOIp amapaTy OLIHKM NPUHHATHX YHPABIiHCBKHX DIllIeHb, SIKUH J103BOJUTH
[0Ca/IOBUM 0c00aM OpraHiB YIpPaBIiHHS CHCTEMONO 3B’SI3Ky OYTH BIIEBHEHHMM Yy DIllEHHSX, LIO NpuiiMarorscs. IIpuitHaTTs
pillleHHs Ha 100yI0BY CHCTEMH 3B 513Ky Oyab-SKOro piBHS, SIK IIPaBUIIO, BKJIIOUA€ BU3HAYCHHA MeTH ii (QyHKIIOHYBaHHs, BUOIp
MOKA3HUKIB 1 OOIDYHTYBAaHHS KpHUTEpiiB OLIHKW, CHHTE3 aJbTEPHATHBHUX CTPYKTYp 1 IOIIYK paliOHAJIBHOIO BapiaHTy
po3ropraHHs cucTeMH 3B’A3Ky. IIpakTika BiiCbK IIepeKOHIIMBO [10Ka3aia, 110 B Teopii Ta MpaKTULi opraHizauii 38’ 513Ky BUHHKIIA
HEOOXI/IHICTb B yHOCKOHAJICHHI HayKOBO-METOJUYHOI'O amapary, o Oyze BiINOBifaTH CydacHUM yMOBaM (DyHKIIOHYBaHHS
CHCTEM YIpaBIiHHA Ta 3a0e3neuyBaTH OLIbII aJEKBATHY OLIHKY €(EKTHMBHOCTI CHUCTEM 3B’s3Ky, IO PO3ropTarThca. B
3a3Ha4yeHil CTaTTi aBTOPaMH 3alPONOHOBAHO METOIMKY OLIHKH €(QEKTHBHOCTI CHCTEMHM 3B’SI3KY OIEPaTUBHOIO YrpYyHOBAaHHS
BilicbK. 3a3HaueHa METO/MKa 3aCHOBAaHA HA BUKOPHCTAHHS IOKAa3HMKa JIOCTYITHOCTI CUCTEMH 3B’3Ky 3 Iepiuoro pasy. B xoxi
3a3HaYCHOr0 JOCII/DKEHHS aBTOpaMH BHKODHUCTaHI OCHOBHI IIOJOXKEHHS Teopii 3B’sA3Ky, Teopii 3aBajocTikocTi Ta
po3Bix3axuiieHocTi. HoBu3Ha 3amponoHoBaHOI METOAMKH IONATaE B TOMY, IO CHCTEMa 3B’SI3Ky ONEPAaTHBHOIO YrpyHOBaHHS
BIHCBK OLIHIOETBCSA II0 Y3araJlbHEHOMY IIOKa3HHMKY JOCTYHHOCTI KaHAJIbHMX Ta MEPEKEBHUX PECYpPCIB CHCTEMHU 3B’S3KY
OIEPaTHBHOIO YIPYIOBaHHs Bilichk. [IpakTHuHe 3HaUSHHS 3aIPOIOHOBAHOI METOJUKH HOJIAra€e B TOMY, 10 3a3HAUCHA METOMKa
JI03BOJIsIE OLIBILI TOYHIIIE OLIHUTU CHCTEMY 3B’A3KYy, BU3HAUUTH 3aXOJU IIOAO PO3FOPTAHHSA CHCTEMHU 3B S3KY Ta BHPOOUTH
3aXO0/IM CTOCOBHO IiJBUILECHHS €()eKTHBHOCTI CUCTEMH 3B’ 3Ky ONEPaTUBHOTO YTPYHOBaHHS BilChK.

Kaw4yoBi ciaoBa: OmiHIOBaHHS CHCTEMH 3B’sI3Ky; €(DEKTHUBHICTB; 3aBa03aXHIIEHICTh; PO3BiA3aXUILEHICTh; OIEpaTHBHE
YIpYIOBaHHS BiHCBK.

Meronnka oneHkH 3¢ eKTHBHOCTH
CHCTEMBI CBSI3H ONIEPATHBHOMH IPYNINIHPOBKH BOIHCK

A. B. HInmanxui, C. A. Cyrak, M. H. Tropuuxos, A. T. Jlswenko, T. P. Boxno, A. I1. bornaps, A. A. MenbHuk

AnHoTanus. Haubonee XxapakTepHbIMH OCOOEHHOCTSMM IOCTPOSHHUSI CUCTEM CBSI3M BOSGHHOI'O HA3HAYEHMs SBIISETCS
BBICOKAs! CTETICHb aIIPHOPHOI HEOINPEIeICHHOCTH OTHOCHTENBHO ONEPaTHBHOM 00CTAHOBKU M Mallblii 00bEM MCXOAHBIX JAaHHBIX
JUISl TUIAaHUPOBAHUSA CBA3U. B TakmX yclOBHMSAX Ba)KeH NPAaBWIIBHBIA BBIOOp ammapara OLEHKH NPUHUMAaEMbIX YIPaBICHYECKUX
pelIeHn, KOTOpbIi MO3BOJIMUT JOJDKHOCTHBIM JIMIIAM OPraHOB YIIPABIEHUS CUCTEMOH CBSI3M OBITH YBEPEHHBIM B PEILICHUSIX,
KOTOpbIC NPUHUMAIOTCA. [IpUHATHE pelIeHMst Ha IOCTPOSHUE CHCTEMBl CBSI3M JIFOOOrO YPOBHS, KakK IIPAaBHIIO, BKIIOYACT
omnpejeeHue Leinn ee (yHKIMOHNPOBaHUS, BBIOOP MOKa3aTelled 1 00OCHOBaHUE KPUTEPHEB OLCHKH, CUHTE3 aJIbTePHATUBHBIX
CTPYKTYpP M HOKCK PallMOHAJILHOI'O BapHaHTa Pa3BEepThIBAHMS CHUCTEMbI CBsA3H. IIpakTHKa BOICK yOeIMTENbHO MOKa3ala, 4To B
TEOPHHU U IPAKTHKE OPraHM3allM CBS3M BO3HHMKJIA HEOOXOIMMOCTH B COBEPIICHCTBOBAHMM HAYYHO-METOIMYECKOrO amrapara,
KOTOPBII OyZeT COOTBETCTBOBATh COBPEMEHHBIM YCIOBHSAM (DYHKIIMOHMPOBAHHUs CHUCTEM YNpaBJIEHHS U obecreunBaTh Oolee
aJICKBAaTHYIO OLIEHKY 3G (EKTUBHOCTH CHCTEM CBSI3M, Pa3BOpauMBalOTCA. B yKka3aHHOH craThe aBTOpaMH MPEUIOKEHA METOIHUKA
OLICHKH 3()()EeKTUBHOCTH CHCTEMBI CBSI3U OIEPATUBHOM I'PYNIMPOBKU BOMCK. YKa3aHHAsi METOMKA OCHOBAHA HA MCIIOJIb30BAHME
MOKa3aTeNns JOCTYIMHOCTH CHCTEMBI CBSI3M C IEPBOrO pasa. B Xozme yka3saHHOro HCCIEIOBaHUS aBTOPAMH HCIIOIb30BAHBI
OCHOBHBIE TIOJIOKEHHSI TEOPHUM CBSA3M, TEOPUHM IIOMEXOYCTOMYMBOCTH M pa3Be3allMIEHHOCTH. HoBHM3HA mpeutoKeHHON
METOAMKM 3aKII0¥aeTcss B TOM, UYTO CHCTEMa CBS3M ONEPaTUBHOW TPYNIIMPOBKU BOIMCK OLIEHUMBAETCS O OOOOIICHHOMY
MOKa3aTeNI0 JOCTYITHOCTH KaHAJBHBIX U CETEBBIX PECYPCOB CHCTEMBI CBSI3H ONEPATHBHOM IPYNIHMPOBKH BOMCK. IIpakTuueckoe
3HAYCHHE IPEJIOKCHHON METOAMKU 3aKII0YaeTCA B TOM, YTO YKa3aHHas METOAMKA I03BOJISAET 0OJiee TOYHO OLCHUTh CHCTEMY
CBSI3U, OIPEJEIUTh MEPbI 110 Pa3BEPThIBAHUIO CUCTEMBI CBSI3M M BbIPAOOTaTh MEPhI MO MOBBIMIEHUIO 3P()EKTUBHOCTH CUCTEMBbI
CBSI3H ONIEPATUBHON IPYNIUPOBKH BOKCK.

KawuyeBbpie ca0Ba: OLEHKA CHCTEMBI CBA3M; 3(P(EKTHBHOCTb; I[TOMEXO3AIIUIIEHHOCTD; pPa3Bel3alUIIEHHOCTS;
orepaTHBHAs IPYNIUPOBKA BOKCK.
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JOCJIIIKEHHS TPAHC®OPMAIIN ITPOCTOPY JIAHUX
TP HABYAHHI MEPEKXI KOXOHEHA Y METOJAX
CTPYKTYPHOI KJIACU®IKAIIII 306PAKEHD

Anortanis. [Ipexmerom nociijkeHb crarTi € Moaudikanis 3aco0iB HaB4aHHS Mepexi KoxoHeHa 3amist kimacudikarii
300paxeHb y CHCTEMax KOMII' IOTEPHOro 30py. MeTol € BU3HA4YEHHS HOBOIO IIPOCTOPY JaHMX JUIS HABYAaHHSI MEpexi Ta
CTBOPEHH: e(heKTHUBHOI0 METOy Ki1acudikallii Ha OCHOBI MHOXXHHH JIECKPHIITOPIB KIIIOYOBUX TOUOK. 3aBJIAHHIM: 3aCTOCY-
BaHHs HelpoHHOI Mepexxi KoxoHeHa juis HaBuaHHs cucreMu Kiacudikauil y BU3HaY€HOMY IPOCTOpi IaHUX, TpaHchopma-
LSl IPOCTOPY JIAaHUX HaBYaHHs MEPEexi, BUBYCHHS aJaNTaliliHMX MOXJIMBOCTEH 1 OLiHIOBaHHS eeKTUBHOCTI (YHKLIOHY-
BaHHs Mepexi 3aco0aMu MPOrpaMHOro MoJentoBaHHA. MeToaMu €: iHTEeJICKTyaJIbHUH aHalli3 JaHUX, anapaTt CTPYKTypHOL
kiacuikarii 300paxens, nerekrop ORB 1u1s BU3HaUSHHS JeCKPUITOPIB KIIFOUOBHX TOYOK, 3acO0M HaB4aHHS Mepexi Koxo-
HEHa, NporpaMue MozentoBanHsa. OTpUMaHi Taki pe3yJIbTaTH. 3alpoloHOBaHO Mozieni TpaHcdopMmarii JaHuX, SKi I IBULITY-
I0Tb Pe3yJIbTaTUBHICT HaB4aHHs1. [IpoBe/IeHO MOpiBHAIBHHI aHaJi3 pO3pOOJICHUX METO/IB HaBYaHHs Ta kiacudikaii. 3miiic-
HEHa IporpaMHa peatisallisi cucreMu Kiacugikanii, eKCrepuMeHTaIbHO TPOBEJEHO JOCIIPKEHHS il e()eKTUBHOCTI Ta OLiHIO-
BaHHA yacy 00poOiseHH:. BucHoBkn. HaykoBa HOBH3HA JOCIIDKEHHS MOJISrae B yAOCKOHAIEHHI METO/IIB CTPYKTYPHOI Kila-
cuixauii 3 BUKOPUCTaHHAM HaB4aHHsA Mepexi KoXxoHeHa IUIIXOM BIPOBAKCHHS HOBOIO NPOCTOPY JaHHX Ha 0a3i LEHTpIiB
OIIMCIB €TAJOHIB Ta 3rOPTAHHSA JAHUX, IO CHPHSE 3a0€3MCYEHHIO BUCOKOI Pe3yJIbTaTUBHOCTI Kiacu(ikalil Ipu JocTaTHIN
MIBUIKOMIT Ta JIa€ MOXUIMBICTh BUKOPUCTOBYBATH MOAM(IKOBaHI METOIHM y 3aCTOCYHKaxX peanbHoro 4acy. Ilpakrmumy
3HAYMMICTH POOOTH CKIIAIAlOTh OTPUMAHI MOJEII IPOrpaMHOr0 3a0e3NeueHHs ISl OL[IHIOBAHHS e(peKTUBHOCTI KiacHi-
KaTOpiB y CUCTEMaxX KOMII FOT€PHOr0 30pY, MiATBepKeHa e()eKTHUBHICTh PO3POOOK Ha IpuKiIagax 0a3 JaHuX 300paxeHsb.

Kaw4yoBi caoBa: KoMIm'roTepHUH 3ip; CTPYKTYpHE pO3ITi3HABAaHHS 300pakeHb; KIIFOYOBI TOUKU 300pasKeHHSI; IECKPHII-
top; nerekrop ORB; Mepesxa KoxoHeHa; HaBuaHHS Mepesxi; IPOCTIp JaHUX; POrpaMHe MOJEIIOBaHH; 6a3a 300paxeHs.

Beryn

VY KOMIT'IOTEpHHX CHUCTEMax pO3Ii3HaBaHHs Bizya-
JIBHAX 00'€KTIB BU3HAYHUMH ITOKA3HUKAMHU € Pe3yJbTa-
TUBHICTh Ta 4ac 0OpoOieHHs. Y 3B'S3Ky 3 IIUM Yy IpH-
KJIaJHUX 3a/adax HaOynu MOUIMPEHHS METOIU CTPYK-
TypHOi Knacuikaiii 300pakeHb, TOOYI0BaHI Ha BXKH-
BaHHI HEHPOHHHUX Mepex IJIs BUSBIICHHS 3aKOHOMipHO-
cTell Ha MHOXKHHI O3HaK CTPYKTYpPHHX OIHCIB 0a3u 3pa-
3kiB [1-3]. OcTaHHIM 4acOM BIIPOBAIKYIOTHCSI CTPYKTY-
pHI METOIH, 3aCHOBaHI Ha JETEKTYyBaHHI KJIFOYOBHX
touok (KT) 300paxens [3-6]. KT — ne uucnoBuii Bek-
TOp (IECKPHUNTOpP), IO KOOPIUHATHO 3a(piKCOBAHHM Y
ToYIi 300pakeHHs 1 BigoOpa)kae BIACTHBOCTI JESIKOTO
oxonry. OCHOBHI TlepeBaru Cy4acHUX JIETEKTOPIB, TAKUX
sk ORB, BRISK [5, 6], monsararoTts B 3a0e3IeueHHI BU-
COKOi IMIBUJAKOJIT NMPU MOPIBHSUIBHIA a00 Kpamiii To4-
Hocti, HiXK y ix ananoriB SIFT ta SURF, 3a paxyHok
ICTOTHOTO CHPOIIEHHS MPOoILecy 00pOOKH BIIPOBaKEH-
HSIM JIECKPUNTOPIB OIHAPHOTO THITY.

[ikaBuM /17151 HAyKW TIPO JIaHi € BUBUSHHS a/lamTa-
LIHUX BIIACTUBOCTEH 1 MapaMeTPUYHHUX XapaKTEPUCTUK
HEWPOHHUX MEPEeK CTOCOBHO HABYAHHS B 3a/ayax Kia-
cuikamii 300paxkeHp 32 MHOXXHUHOIO Jeckpunropis KT
[7-9], me cmocrepiraeTbcsi HEOOMEXKEHA PI3HOMAHIT-
HICTh aHAJI30BaHUX JaHHX, BOKIUBUM € TaKOX JOCIi-
JOKEHHST €()EeKTUBHOCTI CXEM HaBYaHHS MEPEX, sIKi Bpa-
XOBYIOTh CTYIIiHb OJIM3BKOCTI €JIEMEHTIB PI3HUX KIIACiB
y IPOCTOPi O3HAK.

ImmmemenTartist Mepesxx KoxoHeHa y mporiec Kiiacu-
¢ikauil Jae MOXKIMBICTh YHIBEPCAJBHO 1 3 YCITIXOM Ha-

JIAIITOBYBAaTHCS Ha JIOBUIBHI HAOOpH Bi3yalbHHX JaHUX
[2, 7]. SxicTe knacudikaiii HanpsMy 3aJIEXHUTH BiJ| pe-
3yJAbTATIB HaBUYAHHS MEpe)Ki HAa MHOXKHHI ONKCIB HaBYa-
npHOI BUOIpKU. [IpoBigHuM st knacugikamii € BUBUEH-
HS MOXJIMBOCTEH 1 BJIAaCTHBOCTEH Tpollecy HaBUaHHS
HEHPOHHOT Mepexi B IUIaHI HAWOUIBII €(hEeKTUBHOTO BH-
KOpHCTaHHS 4M TpaHchopMaliii IpocTopy JaHHX, a Ta-
KO JTOCIIJDKEHHSI ITOTTTHOJICHUX CXEM HaBUaHHSI.

MeTo10 po60TH € CTBOPEHHS BUCOKOE(PEKTUBHOTO
MeToay Kiacugikaiii B Mexkax 0a3u €TaIoHIB Ha OCHOBI
nerexTyBaHHs geckpuntopiB KT Ta Bu3HaueHHs HOBOTO
MPOCTOPY JAaHUX Ul HaBYAHHA MEpEeXi. 3aBJaHHAMU
pobotu € 3acrocyBaHHs HelWpoHHOI Mepexi KoxoneHa
JUIl HaBYaHHS CHUCTeMH Kiacu(ikalii y BH3HA4YECHOMY
MPOCTOpI AHWX, BUBYEHHS aJaNTalliiHUX MOXIIUBOC-
Tel 1 OIiHIOBaHHS €(EeKTUBHOCTI (PYHKIIIOHYBaHHS Me-
pexi 3acobamMu IPOrpaMHOTO MOJIETTFOBAHHSI.

Knacudikamnis Ha 0cHOBi HaBUaHHS
Mepexi Koxonena
Hexait W ={x|xeR"}, WcR"

cTpykTypHux o3Hak (meckpunrtopiB KT) 300paxeHs.
baza omuciB eranoHiB Z — ¥/ 3amaHa SIK MHOXHHA

Z:{Zj}jzl, S :carde, s=card Z, s:zjsj. Kox-

— TpocTip

J

Ha 03HaKa X] € Z/ acouiroeTses 3 IeKnM eTasioHom Z/

B IUTaHI HAJEXKHOCTI 10 Horo ckiaxmy, 60 06a3a 3pa3kiB
3amana. OCHOBHOIO 3a/]a4el0 HaBUYaHHS MEpEXi € Haa-
TO/DKEHHS KiacudikaTopa Ha epeKTUBHE BUKOPHUCTAHHSI
PO3MIIIEHOT B ONMcax eTajJoHHOI iH(popMaliii.

© Topoxosarcekuii B. O., ITynmuenko 1. B., Crarnux H. 1., 2020
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Po3risiHeMo HaBUaHHS SIK TIOCHIIOBHICTh €TaliB.

1. Bubepemo eneMeHTH HaBYAILHOI MHOXXUHH Y
BUTJISIIII CYKYITHOCTI Z = {Zj }jzl OITUCIB yCiX S eJeMe-
HTiB 0a3H eTaJOHIB.

2. Ininiroemo matpuio M = {m; }jzl Bar, psaka-

MH SIKOI € COPMOBAHI BEKTOPA HEHPOHIB m; — LICHTPIB

KIIaciB Tak, mo m; = x/, x/ eZ’, ne i— Homep 1OBi-

JILHOTO BEKTOpA i3 Kiacy 3paskis Z/ .
3. BubepemMo MOTOYHHMI €TEMEHT z € Z , IS KOXK-

Horo j€[l,2,...,J] obuuciauMo BiacTaHb q; = p(z, mj)

i BH3HAYMMO  KjIac d
d=arg min g; .
J
4. O04MCIUMO 3MIHU Bar JUIsd HEHPOHIB BUXITHOTO

apy Mepexi

HeMpoHa-IepeMOoXKLIs:

Am] :h(jadst)'n'(z_mj)a

e 1 — Koe]ilieHT MBHAKOCTI HaBYaHHS; A(j,d,t)—
3Ha4YeHHs1 (PYHKIIT OKOJIUII I HeHpoHa 3 HOMEPOM j B
MOMEHT qacy HaBYaHHS t 3a3BUYal
h(j,d,t)=exp[-p(j,d)/o(t)] BU3HAYAIOTH y BUIJISAIIL

raycoBoi ¢yHKII, a pagiyc o(t)=1/ exp(t_z) OKOJIHIII
3MEHIIYIOTh 31 30UIBIICHHSM Mapamerpa ¢, ¢t =1,...,s .

5. Kopexryemo matpumto Bar M =M + AM Ha
Kpolli £.

6. [Iponorxxyemo HaB4auHs (1. 3-5) 10 3aBepiIeH-
HS CITUCKY Z.

7. TlepeBipsieMO BHKOHAaHHS YMOBH IIPHITUHEHHS
HaBYaHHA. [Ipy HEBUKOHAHHI YMOBH IIPOJIOBXKYEMO Ha-
BYaHHS, BUOIp NaHMX i3 HAOOpy Z 3MIHCHIOEThCS y (iK-
COBaHOMY a00 BUIIAJKOBOMY TIOPSIKY.

3acTocyeMo IMOUIMPEHUI KpPUTEpid 3YNUHKH Ha-
BUaHHA Yy BUDJIAII (hiKCOBaHOI KITBKOCTI iTepamii [7].
Ie#t BuOip 3p0o0JICHO A OI[iHIOBAHHS Ta IMOPIBHAHHS
Yyacy HaBYaHHS y C()OPMOBAHUX MPOCTOPAX JAHHX.

Y pe3ynbraTi HaBYaHHS OTPHUMYEMO CHCTEMY,
aZlalITOBaHy Uil PO3IMI3HABAHHS JIOBUIBHUX CTPYKTYp-
HUX OIKCIB HA IiJICTaBl HABYaJIbHOI BUOIpKU Oasu era-
noHiB. BuOip MeTpukH y 1. 3 BU3HAYAETHCS ITPOCTOPOM
JIECKPHUIITOPIB 1 crtocodoM (opMyBaHHs LeHTpiB. s
3/IIICHEHHS] HABUAHHS Y €KCIIEPUMEHTaX BHKOPUCTAEMO
KBajJpaT €BKJIIJIOBOi METPHKHU, 3BAXAIOUM Ha Te, IS
OiHaApHUX O3HAK 3HAYECHHS METPUKH XEMiHTra Ta eBKJIi-
JI0BOI BiZICTaHI CIIBHAJAIOTh.

SxicTh kacudikarii 0e3mocepeHbO 3aICKHUTh B
pe3yNbTaTiB HABYaHHS CUCTEMH 1 BiJl 3MICTy CTPYKTYp-
HUX OITUCIB HABYAJIBHOI BHOIPKH.

Posrisinemo nmpukitaaHi BapianTH Moaugikarii s
BU3HAYEHHS IPOCTOPY HABYAIBHUX JaHUX:

a) MHO)KUHH JIECKPUNITOPIB TS KOXKHOTO 3pa3Ka;

0) MHOXXMHU JIECKPHUIITODPIB 3pa3KiB, AJIs SIKUX TO-
NepeqHbO  3aCTOCOBAHO — MPOLEAypH  (OpPMYyBaHHS
LEHTPIB KiaciB [2];

B) IIEHTPH I KOKHOTO 3paska Kjacy; Iled Bapi-
aHT BIiAPI3HAETBCA BiAg 0) TUM, IO LEHTPU KOXKHOTO
3pa3Kka BBaXKAIOTHCSI CAMOCTIHHOIO OIMHHIICIO Y MEPEXi,
Ha SIKiil IPOXOIUTH HABYAHHS 1 KJIacHU(iKallis;

I') BUKOPUCTaHHS NPOLENYPH 3TOPTKU JJISi MHO-
YKHHH JIECKPHUIITOPIB KOXKHOTO 3pa3Ka.

EdexruBnicth knacugikamii Oe3mocepenHpo 3a-
JIOKUTh BiJ Takux (hakTopiB: moyatkoBa 0Oa3za MaHUX,
MIPOCTIp JaHUX JUIsl HAaBYaHHS, 3aCTOCOBaHI METOJH I10-
nepeIHbOI 00pOOKH (MeTox GOpMYyBaHHS JECKPHUIITOPIB
YM IEHTPIB), METPUKA UIs TOPIBHSIHHS JIECKPHUIITOPIB,
KOpTEX aJlanToBaHUX HelpoHiB. Kpurepiem ams omiHio-
BaHHS SIKOCTI Kiacudikauii (3Ha4eHHs TIOMUIKH) BUOe-
peMO BelIMUMHY, 110 MiJpaxoBYe YacTKy €JIEMEHTIB Ha-
BUYQJIBHOI BHOIpKH Z, IO 33 Pe3yJabTaToOM Kiachpikarrii
TIOTPANMIN «HE B CBOD) KJIacH:

B=2 (s;=a;)/s, (1)

ae a; — KIJIBKICTh O3HAK 13 3arajibHOI IX KUIBKOCTI § ;B

onuci eranona Z/ , BigHecennx y Tpolieci kiaacudikarii
o Kiacy j. 3Ha4yeHHs [3 BigoOpakae piBeHb ITOMMUIIKO-
BHUX pillleHb 1pH Kiacudikaiii MHoxuHE Z. Unm Oiik-
4e 3 10 HyJIsl, THM BHIIE IOCSATHYTO SIKICTh KilacHu(ika-
1ii Ha HAaBYAJIBHIH BUOIpITI.

Cnocodu Tpancopmanuii npocropy
AJ151 HABYAJILHOTO MpoIlecy Mepexi

3 ormsiny Ha OiHapHe IOJAaHHS JIECKPHUIITOPIB
ORB, 1151 KOXHOTO €TaJOHHOTO OIHMCY Z BH3HAYMMO
BEKTOp LEHTPY KJjacy Ha OCHOBI JIOTIYHOIO IpaBuUIIa,
sIKe TIOPIBHIOE 3araJIbHy KUTBKICTh OJMHHULL JIJIsI KOKHO-
ro 3 256 OiTiB yci€l MHOXXMHH JECKPHIITODPIB OIHKCY 3
TIOJIOBMHOIO Bif X ymcna [2, 3]:

L S k) > s)/2;

m; (b) = S"(;‘ )
0, > %) <s()/2;

x;eZ', b=1,..,256,

ne x;(b) — 6iT 3 HoMepoM b AecKpunTopa 3 HoMepoM d

B OIUCI €TAJIOHY.
BignosimHo 10 (2) 3HAYCHHS KOXHOrO 3 OITIB
LEHTPY 7/1; BU3HAYA€THCA 3HAYEHHAMH OiTiB BCiX Je-

CKPHUITOPIB, 110 HAJIEXKATh €TAIIOHY 3 HOMepoM i. [{eHTp
(2) Bigpaskae BIACTUBOCTI eTaoHa (Kiacy).

BaxmiBor0 XapaKTEepUCTUKOIO VISl BapiaHTIB a) Ta
0) HaBuaHHs Mepexi KoxoHeHna e wyac HaBuyaHHs [8].
[Norenniiina HeoOXxinHicTh 30inbIIYBaTH KidbKicTh KT,
yepe3 Te o He Bci KT crpusitoTh pe3ynbraTuBHii Kia-
cudikarlii, BHOCUTh HEOOXIIHICTh PO3IIIAHYTH albTep-
HATHUBYU METOAY (2), 3 METOI0 CKOPOUEHHS Yacy HaBYaH-
Hs Ta Kiacudikamii. [HIIMM BapiaHTOM € BUKOPUCTaHHS
METOJIIB IolepeHboi 0OpOOKH Uil OTPUMAHHS OIMHCY
300pakeHHs. ['00BHUH (DYHKITIOHA HEHPOMEpPEK — IIe
y3arajilbHeHHs CHCTeMHU O3Hak. Hampukman y 3roptko-
BUX HeiipoMmepexax 00pOOJIEHHSM JOCSTa€ThCs CYTTEBE
CKOpOYEHHsI KUTBKOCTI MapaMeTpiB Mozesi s MiHiMi-
3anii mepeHaByanHs [8, 13].

[HTEepIIpeTYEMO KapTy XapakTEepUCTHK 300pakeH-
HSI, 10 ONHMCAHA JECKPHIITOPAMH €TaloHY Z', y BUIJIALI
BEKTOpY HMOBipHOCTEH

o= 20w )] 500, o)
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Y 3HAUEHHSAX BEKTOpY p’ iHTErpyeThCA MPOCTOPOBA iH-
dopmaris omucy Z' NMUIAXOM J0JABAHHS 3HAYCHb OITiB
JIECKPHUIITOPIB IJISl OTPUMAaHHS CKOPOYEHOi Mojeni Jja-
Hux [12]. BexTop p' y3araiabHIOE XapaKTepHCTHKH 30-
OpakeHHSI 4epe3 TOJaHHS YacTOTH MOSBU OJUHUIN B
KOXKHOMY 3 256 0itiB geckpunropy ORB.

ITogaemo HOpMoBaHi BekTopH (3) Ha BXiJ HEHpPOH-
HOI Mepexi 1 TPEHYeEMO MepexXy TUIbKH Ha HuX. Knacu-
¢ikalist 32 BapiaHTOM T) TaKOXX I'PYHTYETbCS Ha 3Ha-
yenHsx (3). Ha puc. 1 HaBeneHo npuxian ¢pparMeHty
3Ha4YeHb BEKTOPY (3) VI 300paskeHHS.

‘m ||IM|‘I ||I‘|

Puc. 1. [Ipuxnan ¢pparmMeHTy BeKTOpy pi

=]
(5]

[=1
(23]

=]
S

=]
P

50

L]

BekTopu p' MOXKHA BHKOPHCTOBYBATH JUIS JOBillb-
HHUX THUITB MEPEK, IO 3arajioM 3HAYHO 3HMKYE Yac Ha-
BYAHHS 332 PaxyHOK OOpOOKHM OMHOTO BEKTOPY TaM, Iie
TPaIUIiFIHO 0OPOOIIIIHCS COTHI BEKTOPIB.

Pe3yJ’IbTaTI/I CKCIIEPUMEHTAIbHUX }IOC.]'IiIDKeHL

st peamizanii Merony kinacudikaiii oOpaHo ce-
penopuiie VS Community 2019 i 3acobu 6i0mioTexu
OpenCV [18]. biomioreka OpenCV wmae 6inbiie 2500
ONTHUMI30BaHUX KIIACHYHHX Ta CYYaCHUX ajJrOPUTMIB
KOMIT'FOTEPHOTO 30pY 1 MAIIIMHHOTO HABYAHHSL.

Puc. 2. Tectosi 300pakeHHs

BuOpani st ekciepuMeHTy Kareropii posrizHa-
BaHMX 300pakeHb MMOKa3aHO Ha mpHKkiaai 6a3u Leeds
Butterfly [14-16] (puc. 2). Puc. 3 micTuTh npHuKiIajg Ko-
opaunat chopmoBanux KT.

Puc. 3. [Tpuknan eranony 3 koopaunaramu KT

[IporecroBaHi BapiaHTH 4YHCiia JECKPUNTOPIB Ha
kokHOMY etasoHi: 400 ta 100 3aa71s1 BUBUSHHS BIUTUBY
Ha MIBUAKOMII0. Takox MpoTecToBaHi JBa BapiaHTH IS
KizbpKocTi ernox Mmepexi Koxonena 100 ta 200 3amms
JIOCSITHEHHsI OaiaHCy MBUIKOIT 1 ToUHOCTI. AnipoOoBa-
He 30UThIIeHHs uyncna itepanid g0 300 a6o 400 He
CIpUSE 3POCTAHHIO PE3YJIbTATHBHOCTI KJIAacU(iKallii,
ajie yac HaBYaHHS CYTTEBO 3POCTAE.

BapianTu 3 mifcTpoloBaHHAM HEHpOHa IMepeMOXK-
1S, M TPHOX HEHPOHIB, HAHOIMKYMX 32 BiJCTAHHIO J10
HeWpoHa MEePEeMOXKIIs, TO3BOJISIOTH BUKOHYBATH PO3IIi-
3HABaHHS IIBUIIE a00 ToYHime [2].

JlocmimKkeHo BapiaHTH a) — T) METOJIB HaBYAHHS
Ta Kiacudikanii 3a 4 KIacaMu 3 BUKOPUCTAHHIM 4-x
Karteropiii etajoniB (puc. 2). Yac HaBYaHHSI Mepexi
3aJICKUTh B (PAKTOPIB: KIUIBKICTh €MOX, YHCIO Jie-
CKPHIITOPIB Ha KOXXHHUU €TaJIOH Ta YMCIO HEHPOHIB, sKi
3MIHIOIOTBCS Y TIpolieci HaBuaHHS Mepexi. KimbkicTh
JIECKPHIITOPIB JIJIsl KOXKHOTO €TAJIOHY KOJHMBajacs y Me-
xax 375...400.

PesynpTaT MOCTIIKEHHS BapiaHTy a) JUIA TECTO-
BOTO MPUKIIATY TTOKA3aJy, IO Ied MiaxXix He A€ MOXK-
JIMBOCTI PE3YJIbTATUBHO KiIacU]iKyBaTu BUOpaHi eraso-
Hu. 3HavenHs B = 0,65, yac podotu ckiaB 14,94 c. Ile
apryMeHTye 3acTocyBaHHS TpaHcdopmalii mpocropy
JIAHUX Y BUIJISAII MiIXO/IB IONEPEIHBOr0 00pOOIeHHS
200 1o0yJ0BU IIEHTPIB 3 METOIO MOKPAICHHS €EKTUB-
HOCTI.

[pouenypa HaBuaHHs Uil BapianTy 0) mpoBeeHa
Ha JIBOX PI3HUX 300paKCHHIX KOXKHOTO 13 4-X €TaJIOHIB,
yucino itepaniii — 200. Yac knacudikanii ckias 4.98 c.

3Hauenns 3= 0,31, 3a tabm. 1 cmocrepiraeTbes
BHCOKA CTYIIiHb PO3Pi3HEHHS: MaKCHMYMHU 3HA4€Hb
3HAXOIATHCS Ha MiarOHaJsIX, MEPeBHIIYIOTH IHIII elle-
MEHTH, yCl eTaJloHH KiacudikoBaHi BipHO. Bukopuc-
TaHHS MEpEeKi NPU PO3PaxyHKY LEHTPIB 3a (2) 3HAYHO
3HIKYE MOXUOKY Kiacudikarii: 3 0,65 mist Merony a)
1o 0,31 mis merony 0).

[IpoanHamnizyeMo pe3yJabTaTHBHICTh KiacHpikariii
Ha 15 TECTOBHX eTajioHax i3 3aCTOCYBaHHSM BapiaHTIB,
PI3HUX 3a YHMCIOM 3MiHIOBAaHMX HEHWPOHIB, KiJIBbKICTIO
JIECKPHUIITOPIB IJISI KOXKHOTO €TAJIOHY Ta 3HAYEHHSMHU
iTepatiii Mepexi.

s BapianTiB y 400 neckpHnTOpiB Ha €TasloH IO-
MUJIKa KiIacudikarii konuBagack y Mexax 0,33 — 0,28.
s BapianTiB 31 100 neckpunropamu MOMMIKA TPUPO-
nHo 30iIpmuiIacs 1 cranosuia 0,46 — 0,29.
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Tabnuys 1 — Pe3ynbTar Kaacudikanii 3a Mmeroxom 06)

Etanonn Kaacu
1 2 3
7! 279 33 27 61
7?2 58 288 25 29
73 36 91 228 23
74 88 9 3 300

OCHOBHOIO 3aJISKHICTIO € PEe3YJIbTaTHBHICTH BiJ
yucna itepauiidi Mepexi. Halikparmii pe3ynbTaTté OTpH-
MaHi st 400 gecKpUNTOpiB, e HABITH IPH HE3HAYHOMY
yucini y 100 iTeparniii Mepexi BIaocst TOCSTHYTH HEBU-
COKOro Iroka3Huka nmommiku 0,28.

3mina kingbkocti (1 yu 3) ajmanToBaHUX HEHWPOHIB
Maibke He BIUIMBA€ Ha TOKa3HUKU HaBUAHHS, ajie BILIH-
Ba€ Ha MOMWJIKY Kiacugikalii i Ha YHCIIO TOMHIKOBO
KiacuQikoBaHUX JaHUX. Moaudikariis oqHOro HelpoHy
MpaKTHYHA TUTBKU J1s itepaniit 200 Ta 3HAYHOMY YHCIT
JIECKPHUIITOPIB. AJle HaBiTh IPU IIMX yMOBaX MOMHUJIKA
knacudikauii Ha 10% OinbIie HiIX Y BIIIOBIIHUX Bapia-
HTax 3 Moauikaliero 3-X HEHPOHiB, a KIIBbKICTh TIOMHU-
1ok 3pocina Bix 0 mo 2. Halikpammuii pe3ynbrat oTpuMa-
HO Ha KinbKocTi itepauiii 200 3a 3-Ma HelipoHaMH, TPH
LIOMY KOPEKTHO KJIacH(iKOBaHO BCi KJIaCH E€TAJIOHIB 3
nommikoro 0,23.

Yac poboru mis BapiantiB 3 400 geckpunropamu
cknaB 13.7...16.21 c, nns BapianTiB 3i 100 neckpunro-
pamu 6.2...7.9 c. Meton 0) moka3aB HaHBHUIIUI PiBEHb
PO3pi3HEHHS y MOPIBHSHHI 3 1HIIMMH, OTHAK MOTpEdye
3HAYHHUX OOCATIB Yacy.

ExcriepumenTr nokasanu, mo 4ac oOpoOJeHHs y
METO/Ii B) BJAJOCS 3HAYHO 3HU3WUTH Y MOPIBHSHHI 3 iH-
IIUMH MeToaamu, BiH ckmaB 2.27...2.77 c. Ilomunka
konuBanach y mexax 0,20...0,34.

OCHOBHHMI1 BIUIMB Ha pPE3YJIbTATUBHICTH Ta 4ac
Kiacudikauii Mae KilnbKiCTh JIECKPHUIITOPIB y €TaJOHI Ta
yucno itepauiid. Halikpamii pe3ynbraté OoTpuUMaHi mpH
200 iTepawisix, MPUIOMY HaBiTh MpH BHKopUcTanHi 100
JIECKPUMNITOPIB TIoMIIKa cktaia 0,2. 3MIHEHHS KITBKOCTI
aZlarITOBaHNX HEHpPOHIB Maihke HE BIUIMBAE Hi HA ITOKa-
3HUKU 4acy poOOTH Mepexi, Hi Ha pe3yJbTaTUBHICTH
knacudikauii. HemomikoM 11boro MeTony € Te, 0 Taka
Mepexa Mpalioe 3 NPSMHM BiTHECEHHSIM 0 KIacy i
HEMa€e MOXXJIMBOCTI OI[IHIOBATH KiIBKICTh KJacHU(iKoBa-
HUX JIECKPHUIITOPIB €TAJIOHY SIK HMOBIPHICTh HAJISKHOCTI
KJacy.

VY BapiaHTi T) 3acTocyeMo Bu3Ha4YeHHs (3) i 004n-
CIIUMO JUIsl JIECKPUNTOPIB KOXKHOI'O ETAJIOHY BEKTOP
HWMOBIpPHOCTEH IMOSIBM OJUHUII B KOKHOMY Oiti. [Tomu-
JIKa ISl HAalTinmmx BapiaHTiB Mepexi (400 meckpumnro-
piB Ta 200 itepauiit) cyrreBo 3HM3MIacs — 1o 0,06, He-
BipHO Kilacu(iKoBaHUH TiIIbKH OJWH eTanoH. [Ipu 3HH-
JKEHHI YHUCcia JIECKpUNTOpiB moMmika 3pocrae no 0,34.
3HmKkeHHs1 yucna irepauiit 1o 100 npusBoaMTH A0 TO-
muaka 0,20.

OTpuMaHi pe3yJabTaTH MOKA3aIH YiTKY 3aJICKHICTh
MIXK KOPEKTHOIO KiacH(]iKaIli€ero Ta KUTbKICTIO JECKPHII-
TOpiB y eranonHi. Uucio iTepalliii Takok € BaKIIMBUM

rapameTpoM, IO MTOCHITIOE KiIacu(iKamiiHi MOXKIUBOC-
Ti MEpexi, a KUIbKICTh aJaNTOBaHUX HEHPOHIB Maibke
HE BIUTMBA€E Ha PE3YIIbTaT.

MeTon T) 3HaYHO CKOpOYye 4ac pobOTH HEHPOHHOI
Mepexi B TOpIBHSAHHI 3 APYTUMH METOIaMH 0e3 morip-
IICHHS sAKOCTI. SIKicTh Kiacuikarii 11 BapiaHTiB 0) Ta
r) Maibke criBnazae. Yac oOpoOIeHHs 3HU3UBCS Maibke
y 8 pa3 (3 16.21 no 2.82 ¢ ayis BapiaHTIB 3 aHAJIOTIYHOIO
SKICTIO), 10 JIO3BOJISIE TIOTEHIIIHO BUKOPHCTOBYBATH
MiAXi T) st 00’ eMHHUX 0a3 300pa)KeHb, Y 3aCTOCYHKAX
peasbHOro Yacy, npu 00poOIIeHH] BiJIEOCUTHAIIIB, TOLIO.
3a3HavyeHM Yac MOTCHINIHO J03BOJIIE OOPOOJIATH KO-
JKEH JECATHH KaJp BiJIe0o 3 YacTOTOI OHOBIIEHHA y 60
KaJIpiB B CEKyHIY.

BucHoBku

CraTTsl MICTUTB pe3y/IbTaTH OPIBHSUIBHOTO aHAi-
3y PO3pOOJICHUX METOMIB HaBYaHHA Ta Kiacupikarii
IUTS.  eKCIIEpUMEHTAIbHUX 300paxkeHbp 0Oa3u  Leeds
Butterfly npu pi3Hux mnapamerpax QyHKIIOHYBaHHS
knacudikariiaoi mepexi Koxonena. JlocmimkeHHs 1miI-
TBEPMIIO 3aTHICTh YHIBEpPCAIBHO aJanTyBaTh IapaMe-
TpU Mepexi IS IOBUIBHHUX Bi3yaJIbHUX aHHUX, OCOOIH-
BO PE3YJIbTaTHBHUMH € TpaHc(hopMalii 3 BUKOPHUCTaH-
HAM IIEHTPIB KJIaciB Ta 3rOpTaHHs] JAaHUX Ha eTari Io-
MIEPEAHBOTO 0OPOOIICHHS.

Haiikpanry pe3y/nbTaTUBHICTh MTOKa3ajdd METOAH 13
(hOpMyBaHHIM CHCTEMH IIEHTPIB JJIS KOXKHOTO 3pa3Ka
KJacy Ta BHKOPUCTAHHSM 3TOPTKH IS CHUCTEMH
LIEHTPiB, NPUYOMY 3aCTOCYBAHHSI 3TOPTKU CYTTEBO 30i-
JIBITYE IIBUIKOIIF0 OOpOOJIEHHs JaHUX y MOPIBHAHHI 3
IHIIUMH BapiaHTaMH.

HaykoBa HOBHM3HA JOCIIIKEHHS IOJSrae B YIO-
CKOHAJIEHHI METO/IIB CTPYKTYpHOI Kiacudikaii 3 BUKO-
pHUCTaHHSIM HaBYaHHs Mepexi KoxoHeHa nuisixom BIpo-
BaJ/DKEHHS HOBOTO TPOCTOPY JNaHHMX Ha 0a3i LEHTpiB
OITUCIB €TaJOHIB Ta 3rOPTaHHs AaHHX, IO CIpUsE 3a-
OC3MEUYCHHIO BHMCOKOI PE3YJIbTaTUBHOCTI KiacHpikarii
TIPY TOCTAaTHIM MIBUIKOMIT Ta A€ MOXIIUBICTh BUKOPHUC-
TOBYBaTH MOIU(IKOBaHI METOIM Y 3aCTOCYHKAaX peaib-
Horo yacy. [IpakTHuHy 3HaYMMiCTh POOOTH CKJIAJIAIOTh
OTpPHMaHI MOJICJIi MPOrPaMHOIr0 3a0e3MeUSHHS IS OIli-
HIOBaHHS e(EeKTHBHOCTI KIacHU(]IiKaToOpiB y CHCTEMax
KOMIT'FOTEPHOI'O0  30py, IMIATBEpPKCHA €()EeKTUBHICTD
PO3pO0OK y MpHKIIagax 0a3 TaHUX 300paKeHb.

[Nomanpmie mNoMMIIEHHS NPOAYKTHBHOCTI MOXKe
OyTH OCSATHYTO 32 PaxyHOK ITiAXOZIB HABYAHHS 3 Y4H-
TelleM, OCKUIBKM KJIacH JIECKPUNTOpiB 0a3u NaHWX Bi-
moMi. OjHaK, MOJEpHI3allisg MOTEHINHHO YCKIaIHIOE
00pOOJICHHS, 1110 BIUTUBAE HA IBUIKOIIFO.
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Hccaenopanue TpancopmManuii NpocTPaHCTBA JaHHBIX PpH 00yyeHuu cetu Koxonena
B METOJAX CTPYKTYPHOIi KJaccu(puKanum u3odpaskeHuii

B. A. I'opoxoBarckuii, 1. B. Ilymuenko, H. U. Crarnux

AnHoTanus. IIpeaverom uccienoBaHuii craTbu ecTb MoaubUKaLus cpeicTB o0yueHus cetu KoxoHena mis kinaccu-
¢bukanuyu n300pakeHU B cucTeMax KoMIbloTepHoro 3penus. Leas — onpezeneHre HOBOro NPOCTPaHCTBA JAAHHBIX Ul 00yde-
HUS CETU U co31aHust 3(h(EKTUBHOr0 MeTo/1a KIacCH(UKAIMU HA OCHOBE MHOXKECTBA JIECKPHIITOPOB KJIFOUEBBIX TOYCK. 3a/1aHHUA:
IpUMEHEHUE HeHpoHHOH cer KoxoHeHa Juii oOydeHMS CHCTEeMbl KIacCH(UKALUM B ONPENEIEHHOM HPOCTPAHCTBE JAHHBIX,
TpaHc(opMaIus IPOCTPAHCTBA JIAHHBIX Ul OOYYEHHs CETH, U3y4€HHE a/laNTallMOHHBIX BO3MOXKHOCTEH U oleHuBaHue ¢dex-
TUBHOCTH (DYHKIIMOHHUPOBAHUS CETH CPEACTBAMU HPOrPaMMHOIO MOJEIMpOBaHMs MeToabl: MHTEIIEKTYalIbHbII aHAIN3 JaH-
HBIX, aNapar CTpPYKTypHOH kinaccudukanyn uzobpaxenui, nerekrop ORB s onpezeneHus JeCKpUIITOPOB KIFOYEBBIX TOUCK,
cpeacrsa oOyuenus: cetd KoxoHeHa, mporpammHoe MozenupoBanue. IlomyueHsl Takue pesyabTaThl. IIpe/uioskeHbl Moaenu
TpaHc(OpMaluK AaHHBIX, KOTOPbIE MOBBIIIAIOT PE3YJIbTATUBHOCTh 00yueHus. [IpoBe/ieH cpaBHUTEINIBHBIN aHAIN3 pa3paboTaH-
HBIX METOZI0B 00y4eHust U kiaccudukanuu. OcyliecTBIeHa NIPOrpaMMHas peau3alus CUCTeMbl Kiaccudukaiuu, 3KcriepuMeH-
TaJILHO MPOBEJEHO HccienoBanue eé 3pdekTHBHOCTH M OlleHHBaHUE BpeMeHH 00paborku. BeiBoabl. Hayunas HoBu3HA nccie-
JIOBaHHS COCTOUT B YCOBEPILEHCTBOBAHUU METO/IOB CTPYKTYPHOH KiIacCH(MKAILIMHU C UCIIONb30BaHNeM 00ydeHus cetu Koxonena
IIyTe€M BHE/IPEHHUs] HOBOI'O IIPOCTPAHCTBA JJAHHBIX HA OCHOBE LIEHTPOB ONUCAHUH 3TaJIOHOB M CBEPTKHU JJAHHBIX, YTO 00ECIIEeUNBaET
BBICOKYIO PE3yJIbTaTUBHOCTb KJIACCU(UKALMHN IIPU JOCTATOYHOM OBICTPOJICHCTBHHU U JIa€T BO3MOXKHOCTb IIPUMEHUTb MOIU(DHULIH-
POBaHHBIE METO/IbI B IPWIOKEHUAX pearbHOro BpeMenu. IIpakTuyeckast 3HaYUMMOCTB pabOThl COCTOUT B NOJIYYCHUH MOJEIIeH
IPOrpaMMHOro obecrieueHust Uil oueHuBaHus 3()(EKTUBHOCTH KIacCH(UKATOPOB B CUCTEMaX KOMIIBIOTEPHOTO 3pPEHHMS, MOJ-
TBeprk/ieHa 3 heKTUBHOCTD pa3paboTOK Ha MpuMepax 6a3 JaHHBIX H300paXeHUH.

KiaodyeBbie cJ0Ba: KOMIBIOTEPHOE 3PCHHE; CTPYKTYPHOE PAaCIO3HABaHUE W300PaKEHHIl; KIIOYEBble TOUYKH H300pa-
xeHus;, geckpunTop; aerekrop ORB; ceth KoxoHeHa; 00y4eHHe CeTH; MPOCTPAHCTBO JAHHBIX; IPOrPAMMHOE MOJICIHPOBAHHUE;
6a3a n300pakeHHH.

Research of data space transformation in Kohonen network training
for methods of structural classification of images

V. Gorokhovatsky, D. Pupchenko, N. Stiahlyk

Abstract. The subject of the article's research is the modification of Kohonen neural network training for image classi-
fication. The purpose is to define a new data space for network learning and to create an effective classification method based on
a set of key point descriptors. Task: use of the Kohonen neural network to train the classification system in a certain data space,
transform the data space of the training network, study adaptive capabilities and evaluate the effectiveness of the network by
means of software modeling. The methods are: data mining, structural classification of images, ORB detector for determining
key point descriptors, Kohonen network learning tools, software modeling. The following results were obtained: data transfor-
mation models that enhance learning performance are proposed. The comparative analysis of the developed methods of training
and classification is made. A software implementation of the classification system has been carried out, its efficiency has been
experimentally investigated and the processing time has been evaluated. Conclusions. The scientific novelty of the study is refin-
ing structural classification methods using Kohonen network by introducing a new center based clustering approach and a
method for collapsing descriptor data, which contributes to high classification performance at sufficient speed and enables the
use of these modified methods in real-time applications. The practical importance of the work is created by the models of soft-
ware used to evaluate the performance of the classifiers in computer vision systems, and the proven effectiveness of the devel-
opment on the specified image databases.

Keywords: computer vision; structural image recognition; key image points; descriptor; ORB detector; Kohonen net-
work; network learning; data space; software modeling; image database.
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WEB APPLICATION PROTECTION TECHNOLOGIES

Abstract. The subject matter of the article is the vulnerabilities that there are in web applications. The goal is to ana-
lyze the problem of violation of information security of web applications. The tasks to be solved are: view statistics on
web attacks on web applications; identify the main prerequisites for cyber-attacks; considered the most common types
of vulnerabilities; suggest ways to create a secure application. The methods used are: analytical method, literature
analysis, description. The following results were obtained: For each given type of vulnerability, a scenario of a possible
attack by an attacker was considered. There were also suggested ways for developers to use these vulnerabilities and
develop a secure web application. Conclusions. Keep in mind that the best protection for web applications is writing
safe code. Developers who implement applications should be aware in advance of the existence of common types of at-
tacks and how they work in order to protect applications and prevent possible cyber-attacks. It is best to use security
methods comprehensively to protect your web application as much as possible.

Keywords: web application; vulnerability; attack; web applications protection; secure application.

Introduction

Today, information technology (IT) is becoming
more and more common in society. They are used in a
wide variety of industries: social networks, email, news
and government portals, electronic commerce, forums,
blogs and other websites. Along with the development
of IT, information security (IS) is becoming increas-
ingly important. If we consider the historical perspective
of the development of IS, it turns out that since 1996,
when the Constitution of our state was adopted, until the
moment of writing this work, the number of people who
feel protected in the information field constantly falling.
The point is not only in the avalanche-like growth in the
use of IT, and most likely in the violations that the state
makes in the information sphere. The growing require-
ments for providing IS are determined, first of all, by
the development of IT. Potential violators have new
opportunities for destructive actions in all areas of our
lives. The most effective of these actions occur in cy-
berspace. Based on the foregoing, we can conclude the
need to protect web applications.

Formulation of the problem. Depending on
where the web application is used, information of dif-
ferent access levels and values can be processed in it.
For example, applications can use information about
bank cards, personal data of users, passwords and other
identification data. No user is immune from the fact that
his data can be copied or subjected to a number of influ-
ences of an accidental and malicious nature in the process
of its processing, transmission and storage. Therefore, it
is important for developers to provide IS for users.

All these listed resources can be implemented us-
ing web applications, which are a “client-server” archi-
tecture. In this concept (see Fig. 1), the client is the us-
er's browser and the server is the web server. At the
heart of the “client-server” concept, information is ex-
changed over the network, the client starts interacting
and data is stored primarily on the server.

Basically, web applications have a distributed
structure. The main advantages of this structure:

DWOJ

I:' a Server

Fig. 1. The concept of “client-server”

— good scalability — the ability to increase func-
tionality without changing the structure;

— the availability of the ability to manage the load
of the application - redirecting user request flows to
less loaded servers [1].

The typical architecture of these applications can
be represented in three levels: the client part (web
browser), web server, data (DB) (Fig. 2).

Analysis of recent research. Every day, any web-
site may be exposed to cyber attacks. Typically, most
attacks are targeted. This means that the intruder is not
limited to a single attempt to obtain the necessary data
in an unauthorized way, since he does not know exactly
which vulnerabilities are in the code. All attempts to
hack a site add up to a series of events that occur over a
certain period of time.

According to statistics for 2018, the largest num-
ber of attacks on one web application falls to the web-
sites of financial organizations, transport companies and
service companies (see Table 1) [2].

The choice of attack method depends on the fea-
tures of the web application. Suppose, if the application
does not provide the ability to enter user data, then the
attacker will not conduct attacks aimed at changing the
logic of the application through user input. The most
popular attacks include: injecting SQL code, going out-
side the directory and cross-site scripting (Table 2).
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Fig. 2. Distributed web application architecture

Table 1 — Average number of targeted attacks
per day per web application

The scope of the site Number of attacks
Financial organizations 151
Transport companies 135
Services sector 114
IT companies 87
State institutions 86
Education and science 57

Table 2 — Most popular attacks

Type of attack Percentage ratio
SQL Injection 27 %
Path Traversal 17 %
Cross-Site Scripting 14 %
Local File Inclusion 11 %
Information Leakage 8 %
OS Commanding 7%
Brute Force 5%
Remote Code Execution 2 %
Denial of Service 2 %
Server-Side Template Injection 1 %
Other 6 %

The purpose of the article is to consider the most
common vulnerabilities in web applications and develop
possible ways to create secure web applications.

Research results

Most often, web applications are attacked because
vulnerabilities are present in the application code [3].
Consider the most popular types of vulnerabilities pre-
sent in web applications and find out what may be at-
tacks on such applications.

The first category includes code problems associ-
ated with an unverified conversion and redirect. In such
cases, an attacker tricks users into a dangerous site by
manipulating the URL of a real site. Redirection typi-
cally uses the query string parameter returnUrl [4].

Example of an attack: first, the attacker assures the user
to click on the link to the page of the source site for au-
thorization, while he adds the value of the query string
returnUrl to the URL.

Consider the web application on test.com with the
login page http://test.com/Log-in?returnUrl=/Home/. After
manipulating the value of the query string, the user
clicks on the second URL testl.com, not test.com.
Successfully logs in to your account. The site redirects
the user to http:/testl.com/Log-in (a malicious site that
looks like a real one). The user logs in again, providing
the malicious site with their credentials, and is
redirected again to the real site. With such actions, the
user might think that he was unable to log in the first
time, not suspecting that his credentials were
compromised. To protect the application from this at-
tack it is necessary: during development, assume that all
provided user data does not inspire confidence. If the
web application contains functions that redirect users
based on the contents of the URL, then redirection can
only be implemented locally in the application or
strictly behind a known URL, and not to any address in
the query string. The second type of attack is the inter-
working of the request. In this case, the attacker exploits
the flaws of the HTTP protocol. When a browser opens
a page, malicious code is executed. It forces the user to
send a specific request to the attacker's server. As a
result, some actions are performed that are necessary for
the attacker. An example of such an attack: suppose
there is a fictional bank “Some bank”. It has a page for
sending cash payments to a specific account number.
The request can look like this:

http://www.somebank.com/bank/transfer.aspx?creditAccount=
1001160141&transferAmount=1000.

If the attacker found this link, then he can send a
letter to the user, where he will first post the necessary
link to his site (Fig. 3) [S]. For example, the letter will
look like:

“Good afternoon, Some bank user!

Recently, we have implemented on our server sev-
eral security improvements that require confirmation of
your account. Use the following /ink.”

In this case, when the user clicks on the link, he
goes to the site and receives, for example, a message
stating that an amount of $1000 was transferred to ac-
count 1001160141.

When the user goes to this page, no action is re-
quired from he, since the form is automatically submit-
ted when the URL is loaded.

There is the following way to protect the applica-
tion using the referer header. Since most browsers tell
the server which page the request was sent from, it is
possible to reject the request on the server if the referer
does not match the host domain name (Fig. 4).

Another popular type of vulnerability is the lack of
access control. This means that high-level functionality
is hidden from low-level functionality instead of making
changes using access control [6]. Therefore, an attacker
who acts as a low-level user can gain access, for exam-
ple, to the web application administration interface. An
example of an attack would be this: an application uses
data in an SQL call that is not verified.
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<html>

</form>

</body>

<body onlLoad="document.getElementById('transferForm').submit()">
<form id="transferForm" action="http://www.somebank.com/bank/transfer.aspx" method="post">

<input type="hidden" name="creditAccount" value="1001160141">
<input type="hidden" name="transferAmount" value="10">

Fig. 3. Example code of an attacker page

If(request.getHeaders("referer") != null

&& request.getHeaders("referer") .index0f(
"http://www.somebank.com") != 0){
throw new Exception("Invalid referer");

3

Fig. 4. Example use of referer

Calling access to user account information:

pstmt.setString(1, request.getParameter("acct"));

ResultSet results = pstmt.executeQuery( );

The attacker changes the "acct" parameter to send
the desired account number:

http://example.com/accountinfo?acct=notmyacc

Without the necessary verification, an attacker
could gain access to an account.

To prevent such an attack, you must first deny ac-
cess by default, except for open resources. Access con-
trol features should be implemented and cross-domain
resource usage should be minimized. And also limit the
frequency of access to the API and controllers.

Unprotected direct object references are also a
common drawback of web applications. This allows an
attacker to obtain data from a server by manipulating
file names. An example of an attack: imagine that there
is an image that the hacker cannot access on the server,
but who wants to hack and which is published via a
URL similar to this https://example.net/photos/774.jpg.
A generic HTTP request has the form:

GET /photos/774.jpg HTTP / 1.1
Host: example.net

After logging into your account, the attacker can
edit his personal images with a special URL in combi-
nation with the session cookie, for example:

https://example.net/api/edit/?image=48.jpg

HTTP request generated:

GET /api/edit/?image=48.jpg

Host: example.net

Cookie: authtoken = HRCALAGJEOWRGTMW

In this example, authtoken is a session cookie that
tells the server that it is a user and that he is authenticat-
ed. But in the case that the server only checks the
authtoken and does not check the name of the image on
the account, then it is indeed allowed to edit this image.
Then the attacker can reproduce the necessary request
with the forbidden image of the file name in it, for ex-
ample:

https://example.net/api/edit/?image=774.jpg

HTTP request:

GET /api/edit/?image=774.jpg

Host: example.net
Cookie: authtoken = HRCALAGJEOWRGTMW

In this case, it is necessary to check access to the
use of direct object links from an unknown source, and
it is also necessary to use only one user or one session
for indirect references to objects [7].

One of the most popular types of vulnerabilities is
cross-site scripting. This application defect allows at-
tackers to insert JavaScript code on the pages of real
sites. By doing so, they can replace the entire contents
of the website in order to gain unauthorized access to
user credentials. Example of a possible scenario: the
developed application uses unverified data when gener-
ating HTML code without converting it. Let's say in this
line of code:

(String) page +="" + request.getParameter("CC") + "";
An attacker can change the ‘CC’ parameter to:
<script>
document.location = 'http://www.attacker.com/cgi-
bin/cookie.cgi?
foo="+document.cookie
</script>

As a result, the user session identifier is sent to the
attacker's site, allowing the attacker to intercept the vic-
tim’s current session [8].

To prevent such attacks, you need to separate un-
verified data from the active content of the browser.
First, you need to use frameworks with automatic data
conversion (such as ReactJS or Vue.js). Secondly, it is
necessary to apply context coding when changing a
document in the user's browser to prevent cross-site
scripting on the DOM.

A very common vulnerability in many web appli-
cations is authentication weaknesses. In this case, the
attackers have access to combinations of names and
passwords for attacks on accounts, lists of standard ad-
ministrator credentials and dictionary attacks. For ex-
ample, password authentication is not a reliable way to
protect personal data, as users tend to choose simple
passwords and the same passwords in different systems.
In this case, the developer should not allow users to
create simple passwords, do not allow passwords to be
transmitted over an insecure HTTP connection or in the
address bar, and should not allow session tokens to be
transmitted over an insecure HTTP connection or in the
URL bar. And also, allow users to change the password
and notify them about changing the password, use se-
cure hash functions to store passwords, and require re-
authentication after important actions, such as changing
the password, changing confidential information [9].
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Finally, the most popular type of attack is injec-
tion. Injections allow hackers to change the server
command request through unauthorized user input.
Such implementations can lead to data loss or data
corruption, and can also be used for the interests of
third parties. Such consequences occur if the data en-
tered by the user is not checked, not filtered or
cleared. If non-parameterized calls without
contextual screening are directly used in the
interpreter. Injection example: an application
uses untrusted data when creating the next
vulnerable SQL call. For instance:

String query = "SELECT * FROM accounts
WHERE custID="" + re-
quest.getParameter("id") + "".

In this case, the attacker changes the
value of the "id" parameter in his browser to
send 'or' 1 '=' 1. For instance:

http://example.com/app/accountView?id="or '1'="1

Modifying the query allows you to get all
the entries from the credential table. More
serious attacks allow you to modify or delete
data, as well as call stored procedures [10].

In order to detect vulnerabilities in the
code and understand how the system will
respond to the attack — the application needs to
be tested. The testing process is as similar as possible to
the hacking process that an attacker conducts. The
purpose of such actions is to determine how vulnerable
the web application is [12].

According to the source [13], the most popular
testing methodologies are:

— the Open Source Security Testing Methodol-
ogy Manual,;

— the National Institute of Standards and Tech-
nology (NIST) Special Publication 800-115;

— OWASP Testing Guide;

— Penetration Testing Execution Standard,

— Information Systems Security Assessment
Framework.

To test the security of web applications, it is more
appropriate to use the OWASP methodology. This

Configuration

Tools/software

methodology is based on the black box method — infor-
mation about the tested application is limited or absent
at all [14].

Software security covers a very wide area of sub-
jects. To have a secure software application you have to
consider many things. Here is a little diagram (Fig. 5)

Best practices
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e Linux
e Windows
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*The code you write

Standards

Fig. 5. Web security layered approach

what illustrate different areas of security, what they
cover, and what needs to be considered [15-17].

Conclusions

This article discusses some types of vulnerabilities
in web applications and possible attacks using them.
The proposed defense methods are based on creating
secure code. Developers who implement applications
should use their best efforts to study proven types of
attacks. In addition, as preventive measures to ensure
the IS of the developed applications, it is necessary to
predict likely attacks on the web application. In addi-
tion, it is necessary to use an integrated approach to the
creation of an information security system, which
should combine measures to ensure confidentiality, ac-
cessibility and integrity of information.
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AnoTtanis. [Ipexverom BHBUCHHS B CTaTTi € Ypa3IHMBOCTI, sIKi IPUCYTHI y BeO-3acTocyHKax. MeTol0 € NOoCIIiKEeHHS IIpo-
Onemu mopymeHHs iHopMamiiiHoi Oe3rmexn BeO-3aCTOCYHKIB. 3aBHaHHSI: O3HAMOMHTBCS 31 CTATUCTHKOIO BeO-aTak Ha BeO-
3aCTOCYHKH; BUSIBUTH OCHOBHI IEPElyMOBH JI0 KiOepaTak; pO3IJISIHyTH TUIIN YPa3JIUBOCTI, sIKi 3yCTPiYaroThCsl HAlyacTille; 3arpo-
MOHYBATH CIOCOOM CTBOPEHHS OE3MEYHOr0 3aCTOCYHKY. BUKOPHCTOBYBAHMMH METOAMM €: aHAJITHYHUI METOJ, aHall3 JiTepa-
TypH, onuc. OTpuMaHi HACTYNHI pe3yabTaTH. [0 KOXKHOrO HaBEACHOIO BUIY YPa3JIUBOCTI OyB POIIISHYTHIl CLieHapiid MOXIMBOL
aTaku 3 OOKy 3JI0BMHCHHUKA. Takoxk OyIu 3aIIpOIIOHOBaHI METO/M JUIsl PO3POOHHUKIB, SIKi JO3BOJIAIOTH YTHII3yBATH JIaHi ypa3InBOCTi
Ta po3pobutn Ge3neynnii BeO-3acTocyHoK. BucnoBku. HeoOxiiHO mam'sTaTy, o HalKpanyii 3aXUcT Be0-3aCTOCYHKIB — HaIlMCaH-
Hsl Oe3neyHoro kozy. Po3poOHuUKH, sKi peani3yloTh IporpamMu, HOBUHHI OyTH 3a3znaierias noiHGopMoBaHi Ipo iCHyBaHHS MOLIMpE-
HHX THIIIB aTaK Ta PO IPUHLKIK IX poOOTH, Ul TOro 100 pealti3yBaTH 3aXHUCT 3aCTOCYHKIB 1 3a1100irTH MOXIIMBUM KiOepaTakam.
Haiixpairie BUKOPUCTOBYBATH METOJH 3aXHCTY KOMIDIEKCHO, 11100 MAKCUMAJIbHO 3aXUCTUTH BeO-3aCTOCYHOK.

Kaw4doBi caoBa: BC6-33.CTOCYHOK; Bpa?,J'lI/IBiCTB; araka, 3axXucT Be6-3aCTOCYHKiB; Oe3MeyHMi 3aCTOCYHOK.

TexXHOJIOrHH 3aIMTHI BeO-NPHJIOKEHHI
B. 4. IleBues, O. H. ITonoBnuenko, 5. B. [{okora

AnHoTanus. IIpeqrMeToM M3yueHHS B CTaThe SBIAIOTCS YA3BUMOCTH, KOTOPBIE NPUCYTCTBYIOT B BEO-IIPUIIOKCHHSX.
Heabo sBisieTcs uccieloBaHUe MPoOIeMbl HapyIeHUs: HHYOPMALMOHHON 0€30IMacHOCTH BeO-NPUIIOKEHU. 3agaum: 03HAKO-
MHTBCS CO CTATUCTHKOMN Be0-aTak Ha BEO-IIPUIIOJKEHYS; BBISIBUTH OCHOBHBIE IIPEIIOCHUIKH K KHOepaTakaM; pacCMOTpPETh Hanbo-
JIee 4acTO BCTPEYACMbIC THUIIBI YSI3BUMOCTEH; MPEIUIOKHUTH CIIOCOOBI CO3aHUs O€30MacHOro NPHIOKeHHs. MIcronp3yeMbpIMU Me-
TOAAMH SBJISIOTCS: aHAIUTHYECKUI METOJl, aHaJIM3 JINTepaTypsl, onucanue. [lomydeHsl crenyromue pe3yabTarsl. K kaxnpomy
IPUBEICHHOMY BUJy YSI3BUMOCTHU OBbLI PacCMOTPEH CLIEHApHil BO3MOXHOH aTaku CO CTOPOHBI 3JI0yMbIIUICHHUKA. Takxke Oblian
HPEUIOKEHBI CIIOCO0BI 171 pa3pad0TUNKOB, KOTOPbIEC NIO3BOJIIOT YTHIN3HPOBATh JaHHBIE YSI3BUMOCTU M pa3paboraTh Oe3orac-
Hoe BeO-mnpuiioxeHue. BoiBoabl. HeoOX0onMMO OMHUTB, YTO HaWiIydllas 3allluTa BeO-NpHIOKEHUI — HanucaHue 0e30macHoro
koza. Pa3paborunku, peanusyronue IpHIoKeHH!s, JOKHbI ObITh 3apaHee OCBEIOMIICHBI 00 CYIIECTBOBAHUH PACIPOCTPaHEHHBIX
THUIIOB aTaK ¥ 00 NPUHIMNAX UX paboThl, Ul TOr0 YTOObI pealIN30BaTh 3aLIUTY NPHIOKEHUI U IIPEIOTBPATUTh BO3MOXKHbIC K-
Geparaku. Jlydie Bcero HCHONb30BaTh METO/bI 3aIUThl KOMIUIEKCHO, YTOOBI MAKCUMAJIBHO 3aIlUTHTD BEO-IIPUIIOKEHUE.

KawueBblie cioBa: Be6-l'IpI/IJ'lO)KeHI/I€; YA3BUMOCTB, aTaka, 3alura Be6-HpHJ’[O)KeHHﬁ; Oe3omacHoe TIPUITOXKEHUE.
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METHOD OF ARRANGEMENTS OF EXPLORATION OBJECTS
DURING THE EXPLORATION OF DATA

Abstract. The effectiveness of the forces and devices of intelligence operations is determined by the number of
intelligence objects discovered and the quality of intelligence obtained about them. In turn, these indicators depend on the
degree of conformity of the results of the decision of the task of planning the use of forces and means of exploration, in
accordance with the conditions of the operational situation. However, when the number of multiple reconnaissance objects
is large, the existing reconciliation approach does not allow for adaptive, rational planning for the use of reconnaissance
assets. The article proposes the solution of the actual scientific task of developing a scientific-methodical apparatus of the
ranking of objects of intelligence in the assessment of the operational situation, in the interests of intelligence planning. The
rank of an exploration object is calculated based on its qualitative and quantitative characteristics. The functional
dependence of the rank of the intelligence object on its intelligence value and its identification with the operational
environment is realized by a fuzzy artificial neural network. In the course of the research, the authors used methods of
artificial intelligence, theories of information processing, the method of analysis of hierarchies and general scientific
methods of analysis and synthesis. The result of the ranking procedure is the introduction of a plurality of scheduled
intelligence objects into the order. Arranging multiple intelligence objects allows you to formalize and solve the quasi-
optimal distribution of intelligence assets and forces. The practical significance of the study conducted by the authors is
that the proposed method is appropriate to use in the development of software for decision support systems that are
intended to solve the intelligence tasks of military forces of the national security and defense sector.

Keywords: ranking, intelligence; intelligence planning; fuzzy sets; artificial neural networks; use of intelligence.

Introduction

The effectiveness of the forces and devices of
intelligence is determined by the number of intelligence
objects (IO) that were discovered and the quality of
intelligence that they have obtained.

In turn, these indicators depend on the degree of
conformity of the results of the solution of the task of
planning the use of forces and devices of intelligence
(FDI), in accordance with the conditions of the
operational situation.

The key operation that is used to solve the
reconnaissance planning task is the operation of
detecting and identifying intelligence objects.

Objects that are identified by intelligence are
characterized by a variety of qualitative and quantitative
characteristics that have different intelligence values
and, accordingly, varying degrees of importance.

Thus, the detection and recognition of intelligence
objects requires the implementation of a credible,
scientifically sound mapping of the many characteristics
of intelligence objects H on the set of real numbers
that characterize the rank of the & -th intelligence object

wi 2f () > wg,
where hy ={hy,....h,} b € H.

The presentation of the image f(h;)—> wy

analytically in the context of the problem under
consideration does not exist today. The techniques

currently available implement mapping f (/) —> wy

using a mathematical apparatus that is based on expert
judgment, rationing or multiplicative (additive)
convolution methods.

The application of the specified group of methods
to the implementation of the procedure of ranking of
objects of intelligence is conditioned by the presence
of the following disadvantages in the existing
methodology of planning the use of forces and devices
of intelligence:

the lack of automation of the planning procedure
for the use of reconnaissance tools in the given
conditions of the operational environment;

the analysis of the results of the implementation of
the plan for the use of forces and devices of exploration
is not formalized and subjective;

accounting of the consequences of the results of
the use of intelligence during the next planning of the
use of forces and devices of intelligence is missing.

Thus, in situations where the number of multiple
reconnaissance objects is large, the existing approach of
reconciling reconnaissance objects does not allow for
adaptive, rational planning for the use of intelligence.

Setting the task of the research. The
decomposition of the task of planning the use of forces
and means of exploration into a number of partial tasks
and their relationship is presented in Fig. 1.

In a formalized form, the task of ranking IO in the
context of solving the problems of planning the use of
FDI can be represented in the following form:

,o= argmax(F(ﬂ[afr]))’

e

()
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Fig. 1. Structural and logical scheme of solving the problem of planning the application of FDI

where F(n[a,r]) is the objective function of an

indicator of the efficiency of functioning of FDI;
n[a,r] is the plan for the application of FDI

while using the appropriate scheduling algorithm a to
the 10 ranking list 7;

a is the planning algorithm for the use of FDI,

r is the ranked IO list consisting of n elements,
meaning of the i-th element 7;

characterizes the rank of the i-th 10 among n
objects;

G is the set of constraints that are imposed on the
scheduling procedure in a given operational
environment.

As the value of the objective function

F(nla.r])

of the expression (1), in this paper we consider the total
rank of the 10, during the implementation of the plan 7.
The effectiveness of the intelligence plan w of the
implementation process, it is suggested to evaluate
according to the following criterion.

(Z?:] (kl- a7 )/n) — min;

if i- th 10 don't take into account;

)

ki = 0,
k; =1, ifi- th OP take into account.

where k; is the binary coefficient characterizing the fact

of consideration of the i-th IO during the

implementation of the plan m; # is the rank of the i-th

10 that is calculated according to the proposed method;
n is the number of IOs that are taken into account while
planning.

Analysis of the recent works. In the works [1, 2],
the author proposes a method for determining the
rational number of intelligence features to determine
their membership in the objects of intelligence.

The authors of the works [3-5] proposed a
scientific and methodological apparatus for determining
the state of exploration objects. The proposed
approaches require considerable computing resources.

The analysis of the works [6-8] states that the task
of estimating the rank of IO is similar to the classical
problem of classification (recognition) of images. The
most common and tried and tested mathematical
apparatus used to solve similar problems today is the
mathematical apparatus of artificial neural networks.
However, the use of the classical neural network to
solve the problem of ranking a large number of 10 is
associated with the problem of training artificial neural
networks and involves the presence of a certain training
sample. Accordingly, to implement this procedure
requires a set R that includes as its elements a pair of
values and many characteristics. The process of
generating a set R of mandatory data consistency
conditions is a complex, time-consuming process, due
to the inability to characterize a complex multicriteria
object with a single numerical value.

A reliable solution to this problem can be ensured
by proposing to characterize the 10 as an object capable
of belonging to three classes — "important", "middle",
"unimportant" — with a specific function of belonging to
each class. The formalization of this procedure is
conveniently carried out using the mathematical
apparatus of the theory of fuzzy sets.

Thus, the purpose of the article is to develop a
method of ranking intelligence objects in the
processing of intelligence when  conducting
intelligence using a mathematical apparatus of fuzzy
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artificial neural networks, which will allow to take into
account the consequences of the use of intelligence
tools to observe the 10 in the planning of intelligence
with the application of the principles of ranking taking
into account dynamic changes in the operational
environment.

Presentation of the main material

The IO ranking method using a fuzzy artificial
neural network consists of sequentially performing the
following steps.

Step 1. The architecture of an artificial neural

network, in the form of a graph G=(X,V),, is

formed, where X is the set of vertices of an artificial
neural network, V is the set of connections between the
elements of the set X. The weights of connections w;;
between network neurons are activated by random
values in the range of possible values from -0.5 to 0.5.

The coefficient value is calculated w; :

* n 2
Wi =2 Wi 3)

where n is the number of vertices in the i-th layer of a
fuzzy neural network.

The connection weights between the neurons of
the adjacent layers are re-initialized:

wy = Bowy [ wi, )

where P is the scaling factor that is calculated
according to the expression

B=0,7-p"", (5)

where P is the number of neurons in the inner layers of
the artificial neural network, n is the number of layer
neurons. For each vertex of an artificial neural

network, the offset wy;,w; €[-B,B]. is randomly

determined.
Step 2. The sampled learning objects, the vector,
are fed to the input of the artificial neural network

x=(x1,x2,x3,x4,x5,x6),

as well as the corresponding standards of the results of
their processing by belonging to the classes of the set
C of the vector d.

Step 3. Perform the phasing procedure of the first
layer of an artificial neural network. This procedure
consists in determination of the membership function

p(x| cj) of the 10 characteristics xj,x;,X3,X4,X5,Xg

to classes that are defined on the set
C—u(x|cj),j el_,|C|.

The fuzzy set membership function is a
generalized indicator function of the classical set. The
implementation of this procedure involves two steps.
The first stage is the calculation of class centers V;; of
the elements of the set C for each IO intelligence
feature.

s = 3 (W) ) 3 (W e ©

xeX; xeX;

> (v (x|c_i))2 #0

xeX;

where S is the iteration number; X, is the set of

1
learning objects that characterize the value function of
the i-th characteristics of the IO to the elements of the
set C.

The second step consists in the calculation of the
values of the membership function of the i-th 10
characteristics on the S-th iterations:

MS(x|cj)_ 1/(x_Vl.'i)

4 ’

2
2 (V) )
SIKIIO ()C—V-l-)2 > 0; (7)
;,LS(x|cj)=l, SIKIIIO (x—Vy-)2=0.

Both steps are performed iteratively until the
difference of the obtained values of the class centers
meets the condition

where ¢ is the minimum possible difference between
the values of the centers of the classes that are
obtained in two successive iterations.

The expression (7) allows to determine the
function of belonging of the characteristics of the 10 to
the elements of the set C depending on its quantitative
value.

The result of passing the vector of characteristics
of the IO x through the first network layer is a
synthesis of the second network layer whose function
of vertices activation has the form

y2k=min(p(x|cj)),ier6,jeﬁ (8)

where p(x;) is the belonging function of the i-th

characteristics that are used in the learning process of
the object, the sample that trains up to the j-th element
of the plural C.

The argument of expression (8) is determined by
the values of the signals propagated by the vertex-
parent vertices of the k fuzzy set graph C.

Step 4. Each neuron of the third and subsequent
network layers receives a signal from all neurons of
the previous layer, converting the received signal in
accordance with the activation function and it is
broadcasted to each neuron of the next layer.

Neuron function activation argument z; is
calculated according to the expression

n
2j = W, + 2, Vi Wy ©)
i=1
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where n is the number of neurons in the previous
layer.

Based on the value of the argument z, we
calculate the value of the activation function of the
neuron

vi=1(z):

Step 5. The required continuation training of the
artificial neural network is checked according to the
defined criterion. If the stop criterion is fulfilled, the
algorithm control flow is passed to step 9. The
classifier error is calculated on the last layer of the
artificial neural network according to the expression:

€= Z?=1|di _yi|’

Step 6. The error is backpropagated. Each neuron
of the source layer receives a target value d; that

calculates the magnitude of the error o;:

"

o; =(di—y:) f (z),
where
fv(Zz‘)=fv(Zz‘)'(1_f(Zi))'

The correction value of the link axis Awj; is

calculated, as well as the magnitude of the offset
adjustment Aw; -

Awj; = - 6; -z Awy; = 0.+ O;.

The size of o; is sent to the neurons of the
previous layer.

Step 7. Each inner layer neuron sums the input
from the neurons in the next error layer o; and
calculates the magnitude of the error by multiplying
the value that is obtained by the derivative of the
activating function.

o =f () 2" o) Wy

Computing the changes in the weights of
connections between adjacent neurons according to the
expression:

ijl- =a-0o; -zj;AwOl- =a-0;.
Step 8. Each neuron changes the weight of its

relation to the offset elements and the neurons of the
previous layer:

Wi = Wi +Awj;.
Step 9. The final rank of the 10 by the expression

T

B

=N Y2 X‘Cl € .-

n

where ¢; is the coefficients that characterize the
quantitative ~ measure  of the  corresponding
characteristics of the set C.

An example of the implementation
of the methodology

The automation of the IO ranking process is
performed by using software that implements the
developed method. A data snippet that defines the
functions of the fuzzy network argument to the plural
element C, that is shown in Table 1.

In Table 1, each characteristic of the IO is
determined by four values p;,u,,Hs,Ly, Where .x. is

the magnitude of the characteristic, , is the function
of belonging to a value x to the i-th plural object C. A
training sample of an artificial neural network is
defined on a set of IOs that are characterized by a
species vector

o :(X],X2,X3,X4,X5,X6,C],C2,C3).

A fragment of the training sample artificial fuzzy
neural network is shown in Table 2.

Table 1 —Fragment of the value of the membership functions p for arguments x;,x,,x3,x4,x5,%g

X I} Mo M3 X2 I} Mo M3 X3 I} Mo M3
10 0,92 0,06 0,002 1,8 0 0,11 0,89 0 0 0,04 | 0,96
50 0,8 0,15 0,05 2,13 0,01 0,11 0,88 9 0,03 | 0,05 | 0,95
100 0,7 0,22 0,08 2,46 0,02 0,10 0,88 18 0,15 0,1 0,75
122,1 0,68 0,23 0,09 2,79 0,04 0,10 0,86 27 0,15 | 0,31 | 0,54
X4 I} Mo M3 X5 I} Mo M3 X6 I} Mo M3
700 0,01 0,1 0,89 0,9 0,01 0,09 0,9 7 0,01 0,1 0,89
600 0,02 0,13 0,85 0,8 0,1 0,25 0,65 7,4 0,02 | 0,13 | 0,85
500 0,03 0,17 0,80 0,7 0,15 0,33 0,52 7,8 0,03 | 0,17 0,8
450 0,04 0,22 0,74 0,6 0,21 0,54 0,25 8,2 0,04 | 0,22 | 0,74
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Table 2 — Fragment of a training sample of an artificial fuzzy neural network

X X2 X3 X4 Xs X6 H H H3
600 1,8 0 200 0,85 7,0 0,01 0,10 0,89
600 1,8 0 200 0,85 7,0 0,01 0,24 0,75
600 3,0 0 200 0,85 7,0 0,01 0,24 0,75
600 1,8 0 200 0,65 7,0 0,1 0,3 0,6
600 1,8 0 200 0,85 11,0 0,01 0,2 0,79
600 1,8 0 200 0,85 7,0 0,01 0,35 0,64
300 1,8 0 200 0,85 7,0 0,01 0,1 0,89

Based on the analysis of the above data, we can
conclude that the use of an artificial fuzzy neural
network allows to realize the mapping

S () = we

with a high degree of reliability of the obtained results.
The mean square error of training of the neural network
is 3.9 points of rank.

Thus, the results of the proposed method are
reliable and can be used in solving the problem of
scheduling the observation of the I10.

The conclusion from the article

Thus, the developed method takes into account the
ranking of the 1O that is performed in the framework of
planning the use of intelligence, factors that affect the
conditions of exposure of the IO and the operational

situation. The use of a mathematical apparatus of fuzzy
artificial neural networks allows to take into account the
consequences of the use of reconnaissance tools for
observing 10 in the course of intelligence planning, to
apply the principles of 10 ranking depending on the
dynamically changing operational environment.

The  proposed  method  implements a
comprehensive approach to solve the task of ranking the
IO and provides the desired degree of effectiveness of
the process of functioning of the intelligence system in
different conditions of the operational environment.

The direction of further research is the
development of practical recommendations for the
integration of the developed method in intelligence and
information support to increase the efficiency of
planning the collection and processing of intelligence
information on the 10.
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Merton paH:KyBaHHS 00’ €KTIiB pO3BiIKHu
mig yac 00po0KH pO3BiTyBaILHAX BioMoOCTeii

C. O. Boptauk, O. A. Boiiko, O. B. [Tmunumms, €. A. FOcyxno, O. M. Maxkcimerko, €. M. Koyrauii, 0. M. Cokin

AHoTanisi. PesynbratuBHicTh npouecy (yHKIIOHYBaHHS CHII 1 3aCO0IB PO3BIJKM BH3HAYAETHCS KUIBKICTIO BUKPHUTHX
00’€eKTiB po3BiAKH 1 siKicTIO 100yTOI MPO HUX PO3BiMYBaJIBHOI iH(oOpMalii. B cBOI0 4epry BKaszaHi NOKa3HUKM 3aJIeXaTh BiJ|
CTYIEHs BiANOBIIHOCTI pe3y/bTaTiB BUPIIICHHS 3aBIaHHS IUIAHYBaHHS 3aCTOCYBaHHS CHJI 1 3aCO0IB PO3BIJIKH, Y BiJIOBIAHOCTI
JI0 YMOB OICPATHUBHOI OOCTaHOBKM. Pa3oM 3 THUM, KOIM KUIbKICTb MHOXHHH PAH)XYEMHX OO0 €KTIB PO3BIIKM Ma€ BEIHKY
KIJIBKICTh, ICHYIOUMH MiJXiJ paHXyBaHHSA 00 €KTiB PO3BIIKM HE JIO3BOJISIE peali3yBaTH alalTHUBHE palliOHAJIbHE IUIAHYBAHHS
3aCTOCYBaHHs 3ac00iB pO3BifKH. B cTaTTi NpONOHYEThCA BUPIIICHHSA aKTYaJbHOIO HayKOBOTO 3aBJAaHHSA PO3POOKH HayKOBO-
METOAMYHOI0 anapary paHKyBaHHS 00’ €KTiB PO3BIJIKHU IPH OLIHIII ONEPaTUBHOI 0OCTAHOBKH, B IHTE€pecax IIaHyBaHHS PO3BIJIKH.
Panr 00’ ekTy po3BiJIKH pO3PaXOBYETHCS 3 ypaXyBaHHAM HOro SIKICHHUX 1 KUIbKICHUX XapaKkTepUCTHK. DyHKIIOHAJIBHI 3aJIeKHOCTI
paHry 00’e€kTa pO3BiAKK BiJ HOro po3BimyBalbHOI HIHHOCTI 1 OTOTOXKHEHHS HOTo 3 OINEpaTHBHOIO OOCTaHOBKOIO Peali3yeThCs
HEYITKOIO IITYYHOI HEHPOHHOK Mepexero. B Xozi NmpoBeNeHOro IOCIIJUKeHHS aBTOPaMHM BHUKOPHUCTaHI METOIH ILITYYHOTrO
iHTenekTy, Teopii 00pobku iHpopMarlii, MeTos aHali3y iepapXiil Ta 3araJbHOHAYKOBI METOIM aHalli3y Ta cuHTe3y. PesynbraTom
BUKOHAHHS IPOLEAYPH PAaHXKYBaHHS € BBEICHHA Ha MHOXMHI 00 €KTiB PO3BIAKH, IIO IUIAHYIOTHCS, BIJIHOIICHHS IOPSIKY.
BropsiixyBaHHS MHOXHMHM 00’ €KTIB PO3BIJIKH 103BOJISE (hOPMali3yBaTH i BUPILINTH 3aBAAHHS KBa3iONTHMAIBHOI'O PO3NOIITY
3aco0iB i cmil po3Biaky. IIpakTH4YHA 3HAYMMICTH IPOBEACHOrO aBTOPAMHU JIOCHIPKEHHS IIOJATaE B TOMY, 10 3aIPONOHOBaHUI
METOJ JIOLIJIbHO BUKOPHCTOBYBATH HPH PO3POOLI MPOrpaMHOro 3a0e3NeueHHs IJIsl CUCTeM MiATPHUMKH NPUIHATTA pillleHb, fKi
NpU3HAUYCH] JUIS BUPIIICHHA 3aBJaHb PO3BIAyBaJIbHOrO 3a0e3MeuceHHs Aill BiHCbKOBMX ()OPMYBaHb CEKTOpPY HAIllOHAJIBHOI
6e3neku Ta 000pOHH.

Karwo4doBi caoBa: paHxyBaHHS; 00’€KTH DPO3BIAKY; IUIAHYBAHHSA PO3BiIKH; HEYiTKI MHOXWHH; IUTYYHI HEHPOHHI
MepeKi; 3aCTOCYBaHHS CHJI i 3aCO0IB PO3BIIKH.

Meron paH:KMpOBaHUS 00bEKTOB Pa3BeIKH
BO BpeMs 00pa00TKH pa3BelbIBATEIbHBIX CBeJeHUI

C. A. bopthuk, A. A. boiiko, A. B. ITnnunumms, E. A. FOcyxno, A. H. Makcumenko, E. H. Koyrnsii, 0. M. Cokon

AHHOTanus. PesynpratuBHOCTH Tporiecca (hYHKIIMOHUPOBAHMS CHIJI U CPEIICTB PA3BEIKH ONPENEISETCS KOIHMYECTBOM
PacKphITBIX 00BEKTOB pa3BEIKU M KAaueCTBOM JOOBITOWM O HHMX pa3BelbIBaTeNIbHOW MH(poOpManyu. B cBoro ouepens yka3aHHbBIE
MOKa3aTely 3aBUCAT OT CTEIEHH COOTBETCTBUS PE3YJAbTATOB PEIICHMS 33/a4d IUIAHWPOBAaHMS INPUMEHEHHS CHJI U CPEJICTB
pa3BelKH, B COOTBETCTBHH C YCIOBHSMH OIlEpaTHBHOW 00CTaHOBKU. BMecTe ¢ TeM, Korza KOJIMYeCTBO MHOXKECTB PaH)KUPYEMBIX
00BEKTOB pa3BeJKHM MMeeT OOJbIIOE KOJMYECTBO, CYLIECTBYIOLIMI MOAXO] PaH)KUPOBAHHE OOBEKTOB Pa3BEIKH HE I03BOJISET
peann3oBaTh aJanTHBHOE pAaIMOHAJIbHOE IUIAHWPOBAaHHE INPHMEHEHHsl CPEJCTB pa3BelKkH. B crarbe mpeiyiaraercs pelieHue
aKTyaJbHOM HAaydHOH 3a1audl pa3padOTKH HaydHO-METOIMYECKOro ammapara paHKMpOBaHWE OOBEKTOB Pa3BEIKH IIPH OLICHKE
OIepaTHBHOM OOCTAHOBKH, B HMHTEpecax IUIAHUPOBAHUS pa3Belkd. PaHr OoOBEKTa pa3BelKU PACCUMUTHIBACTCS C y4ETOM €ro
Ka4eCTBEHHBIX M KOJIMUECTBEHHBIX XapakTepucTHK. (DyHKIMOHAIBHBIE 3aBUCUMOCTH paHra oObeKTa pa3BelKh OT ero
pa3BelpIBaTEILHON IIEHHOCTH W OTOXIECTBIICHHE €r0 C OIEePaTHBHON OOCTaHOBKOH peann3yeTcs HEeYeTKOH HCKYCCTBEHHOM
HEHpOHHOH ceThio. B Xome mpoBeneHHOro MCClIeNOBaHMSI aBTOPAMH HCIIOJIb30BAHBI METOABI MCKYCCTBEHHOI'O WHTEIUIEKTa,
Teopud 00paboTku MH(GOPMAIMH, METOJ| aHAJIM3a HepapxXuid W OOIIeHaydHble METOIbl aHadW3a W CuHTe3a. Pe3ympratom
BBINTOJTHEHHUS TIPOLIEAYPHl PAH)KUPOBAHUS SIBJISICTCSl BBEJICHHE HA MHOXKECTBE OOBEKTOB Pa3BENKH, IUIAHUPYEMBIX OTHOIICHUE
MopsiiKe. YTIOpsIOYeHHe MHOXKECTBA OOBEKTOB Pa3BEIKH ITO3BOJLIET (popMann3oBaTh M PEIIUTH 3a7ady KBa3HOINTHMAIBHOI'O
pacnpeznesieHus CpeiCcTB U cuil pa3Benxu. [Ipaxrudeckas 3HaUMMOCTb IPOBEJEHHOIO aBTOPaMM HMCCIIEIOBAHMS 3aKII04YaeTCsl B
TOM, YTO TPEAIOKEHHbIH METOJ LeJIecO0Opa3HO MCIONb30BaTh NP pa3paboTKe NPOrpaMMHOIO OOECIICUeHUs JUIS CHCTEM
TIOIEPKKH TPUHATHS PELIeHHH, KOTOpbIe MpeJHa3HaueHbl JUls PelIeHHs 3aJad pa3BeblBaTeNIbHOr0 obecrieueHus AeHCTBIN
BOEHHBIX (DOPMUPOBaHHI CEKTOPA HAIMOHAIBEHOH 0€30MacHOCTH U 00OPOHBI.

KawueBble ciaoBa: PaHXHUPOBAHUE, 00BEKTBI Pa3BCAKH; IUUIAaHUPOBAHUSA pPa3sBCAKHW; HCUYETKHE MHOXKECTBA,
HCKYCCTBCHHBIC HeﬁpOHHBIe CETH; IPUMEHEHUE CUJT U CPELICTB PAa3BCAKHU.
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ASSESSMENT OF THE DYNAMICS OF ENVIRONMENTAL CHANGES
IN EASTERN UKRAINE USING THE DATA OF THE EARTH SPACE MONITORING

Abstract. The main pollution factors that influence the change in the ecological state of the eastern territories of Ukraine
bordering with occupied are analyzed. The dynamics of changes in the level of concentration of pollutants due to flooding of
mines, river pollution and rupture of shells has been revealed. The use of the Monte Carlo method at the stage of mathematical
modeling is justified to determine the trend of changes in the ecological state of the monitoring object, based on which
cartographic pollution models are constructed. Preconditions are examined that demonstrate the need to develop a new method
for increasing the efficiency of decision-making in order to reduce the negative impact of changes in the ecosystems of border
regions as a result of the impact of hostilities. The possibility of solving the problem was investigated by the methods of
mathematical analysis, mathematical statistics, methods of cartography and GIS analysis. Visualization of research results is
presented in the form of cartographic models in accordance with different levels of concentration of pollutants.

Keywords: parameters, ecology; pollution; dynamics; data; methods.

Introduction

The military conflict in Eastern Ukraine has led to
an increase in the concentration of pollutants in the soil,
negative impact on the landscapes of surface and ground
waters, vegetation and wildlife. The risks of accidents
at industrial enterprises and infrastructure facilities that
impair the quality of life and health of people have
increased significantly. Conflicts that occur in
industrially developed territories with a large number of
environmentally hazardous enterprises, such as the
territories of Donetsk and Luhansk regions, are
especially dangerous for the environment.

As a priori information about the state of the
environment in Eastern Ukraine received from official
sources is limited, there arises need for additional
complex assessment of the caused damage based on
data provided by available information sources which
allowed to form a vision of potential environmental
impacts resulting from the conflict in the Donbas, and
data from space monitoring of the Earth.

Thus, it is important to build cartographic models
of pollution with visualization of results of the forecast
modeling of their further distribution in the analyzed
territory [1].

It should be noted that improving the efficiency of
decision-making in order to prevent negative changes in
the environmental condition of border areas due to
military operations is possible only through a joint
analysis of the factors that have the maximum impact on
the change in the state of monitoring objects and
determining the dynamics of changes in the level of
pollutants concentration as a result of mines flooding,
river pollution and shell explosions [2].

1. The research objective.
Justification for choosing a modeling method

There are many methods for analyzing monitoring
results to assess the risks of emergencies due to changes in
the environmental state of the observed territories. In the
conditions of uncertainty caused by insufficient a priori
information, there comes need to create a database of

indirect thematic features. To do this, in accordance with
each deciphering feature of the object must be supplied
with attribute information on the specifics of the terrain and
the results of hydro-geological studies, statistics, and other
results of contact measurements. The result is quantitative
assessment that determines the characteristics of each
parameter (radiation contamination, flooding, methane
emissions, soil contamination, water contamination,
chemical contamination, debris contamination and inverted
soil) in the form of graphs, diagrams and intermediate
cartographic models.

Well-known scientific methods for describing and
studying mass phenomena that allow (quantitative)
numerical expression are usually used to evaluate such
data sets. First of all, this applies to statistical modeling
methods based on random variables (RB). The main
difference between these methods is how to get data
arrays, i.e. initial generation conditions. The main focus
should be on analyzing the sensitivity of the initial data.

The initial data for modeling the degree of possible
contamination of the studied territory depending on the
change in the values of the initial data parameter vector
are the results of applying the historical analogy method
to obtain variable estimates of each of the indicators of
all statistically possible pollution. For the initial
processing of statistical material, as a rule, it is enough
to use mathematical models of pollution, which are
based on classical methods of probability theory and
mathematical statistics. For mathematical modeling,
different methods can be used that differ in the ways of
generating sequences of initial data and the degree of
their processing, as well as the subject area of
application. However, when choosing methods, one
needs to define clearly the specifics of the source data
and the level of processing. For example, when using
the  Wang-Landau algorithm, which is an
implementation of the entropic modeling method and is
intended for calculating the density of the state of
systems, it is necessary to take into consideration the
fact that the generated random variables are
interconnected by the law of entropy. Since we are
talking about open systems that are capable of self-
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healing, that is, subject to the laws of synergetics, the
concept of entropy takes on a slightly different meaning.
First of all, this applies to the initial estimation of the
values of the pollution parameter vector, when they are
not interrelated. In this case, using the Wang-Landau
algorithm for modeling environmental pollution at the
primary stage, when the range of possible changes in
each of the parameters is estimated, regardless of the
degree of combinatorial influence of other factors, is not
appropriate. It will be optimal to use it at another stage.
In particular, we are talking about identifying the
tendency of its further changes or determining the
forecast horizon. In this case, the results of primary
processing with the establishment of their relationship
when changing the degree of influence on each other
can be used as the initial data. It should be noted that
since all further operations involve working with
interval estimates obtained at the previous stage, it is
recommended to use fuzzy set methods [3].

Using another widely used algorithm, Sampling,
involves manipulating the initial sample of RV with a
known modeling goal. Given the lack of complete data on
the current state of environmental pollution, this method
can only be used if there is a complete set of a priori data
about the object of research. Having conducted similar
analysis of other classical approaches to determining the
level of pollution from environmental monitoring data, it
was concluded that the Monte Carlo method is most
appropriate. This method makes it possible to maximize
the value of the data used in the model at all stages of
processing, regardless of the degree of correlation
between them. At the same time, the construction of the
model begins with the definition of functional
dependencies in a real open system. The result of this
method is solutions determined on the basis of calculated
quantitative indicators using the methods of probability
theory and mathematical statistics in modeling.

Table 1- Deciphering features of belligerent landscapes

2. Assessment of the dynamics of changes
in the economic condition of territories
based on a comprehensive analysis
of contact, statistical and remote data

Assessment of changes in the environmental status
of the Eastern Ukrainian border areas over the past five
years requires a significant amount of initial contact
data, which is not available in the non-controlled
territory. Monitoring the contamination of territories
caused by the military conflict requires systematic
sampling of soil, air, and water from surface and
underground sources on both sides. Unfortunately,
systematic observations are only possible in the border
area in the controlled Ukrainian territory. The lack of a
priori information requires the use of Earth remote
sensing (ERS) data.

According to the ERS data, it is possible to
localize and identify potential sources of pollution and
assess the extent of their impact on the ecological state
of territories. Therefore, the combination of incomplete
contact data with aerospace survey will allow to identify
dangerous processes in ecosystems [4].

The presence of anthropogenic impact on
landscapes associated with military actions is a feature
of the analysis of aerospace imagery for these
territories. For independent Ukraine, the belligerent
(military) landscapes that have been formed in recent
years are new, and require a more in-depth study of the
extent of their impact on the environment. A belligerent
landscape should be understood as a technogenic
landscape formed as a result of military actions. These
include the crater from the shell explosions, trenches,
caponiers, etc.

Localization of belligerent landscapes in the East
of Ukraine was carried out by determining their
deciphering features (Table 1).

Belliterative land-

scape (example) Space image example

Direct decryption features

Indirect decryption
features

1

2

3

4

Funnels from
explosions of large-
caliber shells
(Saur-Mogila
district, Donetsk
region, 07/16/2014)

Crater funnels
(Saur-Mogila
district, Donetsk
region, 07/02/2014)

Rounded shape, clear contour, light
gray photon predominates, dark gray
in the center, total diameter 17-22 m,

no shadows are observed. (the dark
gray photon of the surrounding field

is associated with its burnout after
the explosion of shells)

As a rule, form significant
chaotic clusters; can be
located in any landscape.

Funnels from
explosions of small-
caliber shells
(Saur-Mogila
district, Donetsk
region 07/16/2014)

Rounded shape, clear contour,
concentric-zonal structure: dark gray
photon in the center, light gray at the

edges total diameter 10-13 m,

diameter of the central part 5-7 m.
There are no shadows

As a rule, form significant
chaotic clusters; can be
located in any landscape.
Similar to mounds, but differ
in photon (color), size and
texture.

Rounded shape, clear contour,
concentric-zonal structure: dark gray
photon in the center, light gray at the

edges
total diameter 6-11m, diameter of the
central part 4-6m. There are no
shadows

Often are more common than
funnels from larger calibers
(space image from
08/15/2014)
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1

3 4

Traces of the
movement of
military equipment
(Saur-Mogila
district, Donetsk
region 08/15/2014)

Linear, sinuous shapes with a clear
outline, photon light gray (usually
lighter than the surrounding
landscape), chaotic linear, chaotic

banded texture The width of the strip
There are no shadows depends on the type of
military equipment

Traces of the movement of
military equipment do not
coincide with the main
directions of the movement
of agricultural machinery.

System of trenches

and dugouts
(District of

Sanzharovka,
temporarily

uncontrolled territory

of Ukraine
05/06/2017)

The trench system has the shape of a
broken line with clear contours. The
parapet has a light gray photon, and
the trench bottom is dark gray.
Dugouts are located at the places
where trenches are interrupted, or at
their ends, may have small
embankments. Lined, mesh texture

A characteristic specific
pattern in the form of broken
lines with branches

3. Mathematical simulation by the
Monte Carlo method. Integration
of heterogeneous multi-hour monitoring data

When forming a sample of initial data obtained as
a result of the Earth space monitoring, an additional
analysis of space images obtained by various survey
systems was carried out. As a result, it was determined
that the data obtained from the Landsat-7.8 and
Sentinel-2 satellites provide sufficient decision-making
accuracy to solve the problem. It can be explained by
the fact that the satellite images obtained by this survey
equipment are sufficiently informative, shareware, and
contain the necessary amount of metadata [6].

In the Monte Carlo simulation of various levels of
possible contamination and, as a consequence, the
negative aftermaths caused by them, discrete random
values were obtained, calculated using the formula:

Xz(xl Xy oo Xy ), (1)
Pr P2 - Pn

where X — discrete value; x; —values of the i-th

1
variables; p; — probability.

In this case, the implementation of this random
variable is considered to be the degree of contamination
in the area that is being studied, which can happen with
an equal probability.

The mathematical expectation M[X], which is
known to be one of the main numerical characteristics
of each random variable, was determined by the
classical formula:

MX]=>" xip; - )

The variance D[X] was also found with the use of
the classical known formula for determining the
numerical spread of the obtained values:

Table 2 — Results of mathematical simulation

px]=m|x? |-(M[x])". 3)

In order to obtain an integrated assessment of the
degree of contamination in the observed areas and to
jointly analyze the space monitoring data and statistical
data, the level of contamination concentration due to
mine flooding was also calculated. For this purpose, the
main sources of pollution were selected to be main
indicators, which are radiation pollution, flooding,
methane emissions, and soil pollution. For each
pollution indicator for the Monte Carlo method, M and
D are calculated using the formulas (2) and (3)
respectively. The results are presented in Table 1. As it
can be seen from the Table 1, all pollution parameters
can be divided by the degree of pollution into three
main groups — high, low and medium. Radiation
pollution has the largest spread. Indicators of flooding,
methane emissions, and soil pollution belong to the
medium group of pollutants [7].

There were also calculations made for
contamination of the ground as a result of shell
explosions caused by military operations. As it took place
with pollution that contributes to the flooding of mines,
because the lack of a priori data, mathematical simulation
was performed using the Monte Carlo method and the
method of historical analysis. In this case, chemical
contamination, debris contamination, and inverted soil
were identified as main factors. For each pollution
indicator, M and D were calculated using the Monte
Carlo method by formulas (2) and (3), as in the previous
case. The results are presented in Table 1. According to
Table 1, the indicator of contamination of the turned-out
soil belongs to a high group of polluting factors, and
chemical pollution and debris pollution belong to
medium and low, respectively [8]. The results of
mathematical simulation are also presented in Table 2:

Radiation . Methane Soil conta- | Water conta- Chemical Debris Inverted
. . Flooding o .. RN .. .. .
contamination emissions mination mination contamination | contamination soil
M 0,47 0,49 0,48 0,44 0,62 0,36 0,43 0,58
D 0,1 0,04 0,09 0,05 0,07 0,06 0,02 0,1
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Analysis of the results presented in the table shows
that the most dangerous types of pollution are water
pollution due to mines flooding and inverted soil due to
shell explosions.

According to the quantitative estimates obtained
from the modeling, three main groups of pollution were
formed — low, medium and high, which are shown in
Fig. 1.
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Fig. 1. Comprehensive assessment of contamination levels based on simulation results

As Fig. 1 shows, the largest indicators are water
and soil contamination. From this we can conclude that
water contamination due to the flooding of mines and
turned-out soil due to the shells explosions are the most
dangerous contamination factors in the territory of
Eastern Ukraine. Based on the results of joint analysis

of simulation results, analysis of data obtained from
open sources of information and space monitoring data,
a forecast cartographic model for estimating the level of
pollution due to flooding of mines and a forecast
cartographic model of contamination caused by shell
explosion was constructed (Fig. 2, 3).
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Fig. 2. Forecast cartographic model
of contamination caused by mine flooding

As one can see in Fig. 2, water contamination has
the largest coverage area, which is caused by the larger
M(X) of this indicator, whereas radiation contamination
has the smallest distribution on the territory of Eastern
Ukraine. Fig. 3 shows the D (X) of pollution parameters
such as inverted soil, debris contamination, and
chemical contamination. According to the cartographic
model, one can conclude that chemical contamination,
resulted from debris contamination, has the highest
dispersion indicators for each point of shell explosions.

The analysis of the constructed models allows us
to come up with the conclusion that a large number of

Fig. 3. Forecast cartographic model
of contamination caused by shell explosions

polluting substances enter the rivers of the region due to
the conduct of combat operations, disruption of
enterprises working, and hydrological engineering
structures.

In this regard, there appears need for additional
environmental monitoring of the border areas of Eastern
Ukraine in order to clarify assessments of the current
state of the rivers in the frontline zone and determine
how pollutants tend to spread to neighboring territories
[9].

To analyze and build a cartographic model of
pollution trends in rivers in the frontline zone of Eastern
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Ukraine, tabular data on average annual concentrations
of pollutants are used [10].

In the article the sulphate contamination is
considered. To do this, we use data from the water
intake in the Volchya River, the channel of which
passes through Donetsk, where pollutants enter.

The value of the content of the relative maximum
permissible concentration (MPC) of sulphates at the
initial point of water intake is known. Its excess value is
0.32 in relation to the MPC. According to the map of
river flows, the volume of water for section V) is
12 m*/s. The Mokri Yali River flows into the Volchya
river, where V> = 6 m*/s, C, = 0,1. The calculation of the
water volume at the confluence with the river is
calculated by the formula:

Ve =V +V, =18m’/s (4)

Next, we calculate the volume of the mixed
substance in the resulting volume of water using the
formula:

C,=(N-C+Vy-Cy)[Vs =0,247. (5)

Calculations for the next river that flows into the
Kamenka River, where V;=5m’s, and C;=0,3 in
relation to the MPC.

The final water volume — 23 m?/s, the sulphate
content C,,= 0,19 in relation to the MPC.

To sum up, the pollution of the rivers of the
adjacent area to the border areas showed a decrease in
the number of pollutants depending on the territory of
hostilities.

Based on  the  calculated  quantitative
characteristics, a cartographic model of the trend of
river contamination development is constructed (Fig. 4).

Judging by Fig. 4 we can conclude that the degree
of contamination of the Volchya River has the highest
contamination index in the segment after the confluence
of the Mokri Yaly, which is caused by summing
contaminations of all rivers [11].

Conclusion

The analysis of the simulation results using the
proposed algorithm for assessing the current
environmental status of border areas showed that there
was a sharp increase in the concentration of pollutants
not only in soil, ground waters, but also in water surface
objects.

Cartographic model of river pollution trends

asove

wsove

Vn=V1+V2
Cu=(V1*Cl+V2*C2)/Vn

= River
0.19to BAC
0.3to BAC
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0.24to BAC
0.32to BAC

0 225 45 9 135 18

Fig. 4. Cartographic model of river pollution trends

These changes are directly connected with the
beginning of the armed conflict in Eastern Ukraine.

The results of studies of the dynamics of changes
in environmental pollution indicators over the entire
time series allow wus to conclude that water
contamination caused by mines flooding has the greatest
impact on the ecological state, as well as soil that was
inverted by shell explosions.

A comparative analysis of indicators that
characterize the pollution of the area adjacent to the
occupied territories showed a decrease in the number of
pollutants depending on the distance from the territory
of the joint forces operation.

However, this process can be regarded as
temporary. The forecast cartographic model, which is
based on the Monte Carlo method, shows that there is a
tendency of worsening of the environmental condition
of adjacent territories and, as a result, all types of
pollution will spread to "conditionally clean" areas of
the territory, with all the negative consequences that
follow.

To improve the accuracy of estimates of the
current environmental state of monitoring objects and
the construction of forecast models, a more complete set
of data is necessary.

In conditions of uncertainty caused by insufficient
quantity of objective information, the method presented
in the article should be adapted to each object that is
observed separately by using interval estimates while
building logical-algebraic models.
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Ouninka JMHAMIKH 3MiH €KO0JIOTIYHOr0 CTAHY CXiIHAX TEPUTOPiii YKpainu
3 BHKOPHCTAaHHAM JaHAX KOCMi9YHOr0 MOHITOPHHTY 3eMJIi

O. C. Byrenko, C. L. I'openik, A. Tormuui, T. Bpmkxauenko

Anotanisi. IIpoaHanizoBaHO OCHOBHI (akTopu 3a0pyAHEHHs, L0 BIUIMBAIOTh HAa 3MiHY EKOJOTIYHOTO CTaHy
NPUKOPJOHHHUX 3 OKYIOBaHMMM CXIJIHUX TepUTOpi YkpaiHu. BusiBieHo nuHamika 3MiH piBHS KOHILEHTpaLii 3a0pyIHIOIUUX
PEYOBHH uepe3 MiATOIUICHHS IIAxT, 3a0pyAHEHHS PidoK i po3puBy cHapsaaiB. OOIPyHTOBaHO BHKOPUCTaHHS MeTony MoHTe-
Kapiio Ha erani MareMaTHYHOrO MOJIEIIIOBAHHS JUIS BU3HAUCHHS TEH/CHIIT 3MiH €KOJIOTIYHOrO CTaHy 00'€KTa MOHITOPHHTY, 3a
pe3yabTaTaMu SIKoro modynoBaHi kaprorpadiunai Mopeni 3a0pyaHeHb. PO3IIISTHYTO HepeayMoBH, IO MOKa3ylTh HEOOXiTHICTh
PO3pOOKH HOBOrO METONY IiJBHILCHHS ONEPATHBHOCTI NPUHHATTS pIllleHb JUIS 3HIKCHHS HEraTHBHOI'O BIUIMBY 3MiH B
€KOCHCTeMaX MPUKOPAOHHHUX 00IacTell B CIIJCTBI BIUIMBY MPOBEACHUX 00MOBUX Mii. J{OC/IiIPKEHO MOXIIMBICTD JUIsl BUPIIICHHS
IIOCTABJICHOI'0 3aBJIaHHA METOJAMM MaTeMAaTHYHOrO aHalli3y, MaTeMaTHYHOI CTAaTHCTHKH, MeTonamu kaprorpadii ta I'IC -
aHai3y. Bizyani3alist pe3yabTartiB JOCIiIKeHb IPeCTaBlIeHa Y BUIIIAAL KapTorpadidHiX Mozesei BiAMOBIJHO 10 Pi3HOTO PiBHSA
KOHLICHTpaLil 3a0pyIHIOI0UUX PEYOBUH.

KawuoBi ciroBa: mapamerpu; eKooris; 3a0pyIHEHHs; AMHAMIKa; JaHi; METOIH.

Onenka TMHAMAKHA M3MEHEHHI YK0JIOTHYeCKOr0 COCTOSITHUSI BOCTOYHBIX TEPPHTOPHIA Y KPAHHBI
¢ MCII0JIb30BAHHEM JAHHBIX KOCMHY€CKOr0 MOHUTOPHHTA 3eMJIn

O. C. byrenko, C. U. I'openuk, A. Tomuuii, T. Bpsixauenko

AHHOTAUMSA. HpOB.HaJ'[I/ISI/IpOBaHBI OCHOBHBLIC q)aKTOpLI 3arpsi3HCHUs, BJIMAIOIINE HAa HM3MCHCHUC SKOJIOIMYECKOro
COCTOsIHUA TIPUTPAHUYHBIX C OKKYIIMPOBAHHBIMH BOCTOYHBIMH TEPPUTOPUIMU YKpaI/IHBI. Brissiena JUHaAMHKa M3MEHCHUI
KOHLCHTpAalMKU 3arpsA3HAOIINX BCUICCTB H3-3a IIOATOIUVICHHUSA IHAXT, 3arpsA3HEHUS PEK W pa3pbiBa CHapsA0B. OO60CHOBAaHO
HUCIIOJIb30BAHUE METOJa MOHTe-KapJ'[O Ha 3Tane MareéMaTH4YCCKOIro MOACIMPOBAHUS I ONPEACICHUS TCHACHINN M3MEHCHHI
9KOJIOTHYECKOI'0 COCTOSIHUSL 00BEKTa MOHHUTOpHHI'A, II0 pe3yiabTaTaM KOTOPOr'o ITOCTPOCHBI KapTOFpa(i)I/IquKI/Ie MOACIIN
3anﬂ3HeHHﬁ. PaCCMOTpeHHBIe TNPEANOCHIIKN  ITOKAa3bIBAXOT HeO6XOZ[I/IMOCTI> pa3pa60Tl<H HOBOIo MCETOJZA ITOBBIIICHUA
OIIEPAaTUBHOCTU IPUHATUA peHleHPII’I JJIs1 CHHOKCHHS HEIaTHUBHOI'O BJIMSHHS W3MEHEHU B 9KOCHCTEMaX IpUrpaHUYHbIX oOJjacrei
BCJICACTBUE BIIMAHUSA ITPOBEIACHHBIX 00€eBBIX I[eﬁCTBPIﬁ. I/ICCJ'ICZ[OBaHa BO3MOXHOCTb JUIsl PCIICHUA ITOCTABJICHHOMN 3aa4uun
METOAaMH MaTEMaTHYCCKOI'O aHajiu3a, MaTreMaTH4eCcKon CTaTUCTHUKHU, METOdaMU KapTorpa(bI/m u I'YC - ananmza. BHSyaJ'[I/ISaLII/IH
Pe3yiIbTaTOB HCCHeﬂOBaHHﬁ InpeacraBjicHa B BHUIC KapTOFpa(l)I/I‘-IeCKI/IX MOI[eHeﬁ B COOTBETCTBMM C PAa3HbIM YPOBHEM
KOHICHTpalUU 3arpA3HAIONINX BCIICCTB.

KawueBble cioBa: IapaMEeTpbl; SKOJIOr'vs; 3arpA3HCHUE; JUHAMUKaA; TaHHbIC; METO/BI.
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DEVELOPMENT OF FIELD SIGNAL CENTERS
BASED ON THE MODERN TELECOMMUNICATION TECHNOLOGIES

Abstract. Nowadays, one of the main directions of the military management system development is the improvment and
wide automation of field communication networks of the military authorities. Therefore, states continue to advance their
tactical networks to counter these emerging threats, enable new forms of maneuver and maintain integration with military
Information Technology services available stateside-all while taking advantage of rapid innovation from the commercial IT
industry. Moreover, when analyzing electromagnetic compatibility of radio-electronic means, it is important to know the
factors affecting on modules interaction in network. Radio-electronic means is the ability to work without any disturbance
under the influence of coincident electromagnetic interferences, without interfering with the radio-electronic means used by
the others radio-electronic sets. In this paper, the role of modern telecommunication technologies in development of field
signal centers has been shown, and a military field signal center have been proposed to set up in the form of modules.

Keywords: signal center; network; management system; data transmission; module.

Introduction

Development of the military management system
is one of the most important challenges facing each
state in ensuring the defense capacity. Nowadays, one
of the main directions of the military management
system development is the improvment and wide
automation of field communication networks of the
military authorities. Therefore, states continue to
advance their tactical networks to counter these
emerging threats, enable new forms of maneuver and
maintain integration with military IT services available
stateside-all while taking advantage of rapid
innovation from the commercial IT industry. Specific
to network modernization, communicating securely
with command-and-control and other units within the
increasingly =~ communications-reliant  battlefront
landscape is critical to ensure the success of the
mission and the safety of warfighters. However, as the
battlefield evolves and missions require units to be
mobile and support myriad tactical capabilities (Wi-Fi,
LTE [Long Term Evolution, a standard for high-speed
wireless communication for mobile devices and data
terminals], etc.), critical communications
infrastructures are becoming more difficult to establish
and maintain [1].

The progress of information technology requires
from communications centers certain work on timely,
accurate and confidential exchange of all types of
information, further enhancing the effectiveness of its
activities, as well as replacement of communication
centers elements by means of modern requirements or
re-processing  electromagnetic  compatibility and
reconstruction of communication centers during
modernization.

One of the most important problems in the
deployment and operation of military-purpose field
communication centers is the reconciliation of
electromagnetic compatibility of modern radio-
electronic means with existing old radio-electronic
means. Radio-electronic means is the ability to work
without any disturbance under the influence of

coincident electromagnetic interferences, without
interfering with the radio-electronic means used by the
others radio-electronic means. As can be seen from
this, the new radio electronic devices that have been
commissioned should be positioned at the
communication centers so that they do not create
excessive barriers to their work with other high-
frequency electromagnetic fields. Radio-electronic
units of military-purpose communication centers are
composed of three main elements: radio transmitters,
radio receivers and antenna-feeder devices. Radio
transmitters generate, modulate and enhance high
frequency currents. The radio receiver’s devices
determine the electrical signals, strengthen the
selection and strengthen it. Antenna-feeder devices, in
turn, select electromagnetic dance in radio range
assigned to it and transmit it to the spatial area by
converting it into appropriate electrical currents. Each
of these elements affects the electromagnetic
compatibility separately.

When analyzing electromagnetic compatibility of
radio-electronic means, it is important to know the
factors affecting their interaction. First of all, there is a
need for information on the characteristics of the radio
transmitting device, such as radio obstacle or a source
of useful signal. The radio frequency level of the radio
receiver output depends significantly on the
characteristics of the radio-transmitting device (such as
the type and strength of the transmitter transmitted in
the reception zone). The level of radio barriers on the
radio receiver's output is substantially dependent on
the directional properties of the antenna systems, the
source of radio obstacle and the receptor, their
compatibility in a specific area and the compression of
the amplitude [2, 3].

Thus, every radio electronic facility operated at
the military-generated field communication
intersections has many parameters and indicators that
affect its electromagnetic compatibility. It is also
important to ensure that normal operation of several
different radio electronic facilities in one station
remains a serious and crucial issue.
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Additionally, innovations in the cloud, "internet
of things," sensors, robotic and autonomous systems,
analytics, artificial intelligence and deep learning are
driving tactical network developers to consider
deploying warfighting systems that are highly reliant
on high-performance computing and storage. Yet, in
the face of potentially degraded communications, those
resources may only be available if deployed all the
way out to the individual warfighter or small teams
conducting operations in austere and hostile
environments, such as forward operating bases or
combat vehicles-locations known as the tactical
network's edge [4].

In this paper, the role of modern
telecommunication technologies in development of
field signal centers has been shown, and a military
field signal center have been proposed to set up in the
form of modules.

Modern telecommunication technologies
and field signal centers

Taking into account the achievements of modern
digital technologies, the implementation of the process
of integration of communication and automated
management systems into a single information and
telecommunication system is one of the important
issues. This single system contains information,
telecommunications and organizational measures.

When we talk about military information and
telecommunication systems, they must be understood
as the organizational and technical integrity of
communications, automation forces and tools that
provide information exchange with the use of
information and network technologies. In this case, the
information section can include database, information
itself, mathematical software, technical means and
linguistic maintenance.

The telecommunications part involves the the
communication system and network technologies that
determine the architecture, type, and operating rules of
communication networks. Organizational measures
can include legal, regulatory mechanisms that provide
effective functioning of  information and
telecommunication systems [5].

One of the main direction of development of
perspective  information and telecommunication
systems is the improvement of the field
communication and management system, which is an
integral part of the overall management system. There
are some shortcomings of the currently operating field
communication system which are make difficulties to
integrate them into the single system and it is
necessary to revise these issues. These are - a number
of old modification of communication facilities in
communications divisions and sections, the fact that
some of the communication equipments are analogue
and others are digital, modern technologies.

Additionally, it should be noted that, since the
modern communications facilities used in the field
communications networks themselves have different
indicators and different tactical requirements, issues of
electromagnetic compatibility remain unresolved.

The abovementioned problems in many cases,
creates difficulties in fulfillment of electromagnetic
compatibility issues for all radioelectronic means,
vitality of communication networks, intelligence
protection, convenient use of communication and
automated manegment sistem tools, broadband
maneuvers with communication channels, as well as
communication security, timely and precise data
transmission. The military communication system
should ensure that the authorities have the opportunity
to communicate by required channels and means at the
scheduled time. Signal centers are the basis of the
communications system, therefor it is required to
undertake a number of measures to address the
aforementioned issues [4].

It is also important to take into consideration the
requirements of the modern forms and methods of
predicting  operations, the organization and
implementation of combat operations, and the
requirements of modern era in the management of
troops and the weapons. In addition, operational and
technical requirements to the prospective field signal
centers, the capabilities of modern communication
facilities, the organizational and technical structure of
the signal centers and the technical supply of its
elements should be specified. Besides, this system
should also provide the transmission of various data
and the provision of integrated communication
channels for the full satisfaction of the information
needs of the troops [6]. It should be noted that it is
advisable to set perspective field signal senters in the
form of unified digital communication facilities,
complexes and newest telecommunication
technologies, as well as accessible automated systems
for everyone.

The apparatus - software tools, which is being
implemented on the basis of technologies of
integration of channels, communication, encryption
and management, will allow to create new structure-
based signal centers. These tools, in turn, will create
conditions for the groundbreaking review of the
structure of the signal centers, the rejection of their
centralized construction and the creation of modern
structured field signal centers, taking into account the
development tendencies of the control stations [7].

As the main option for their further development
and improvement it is possible to set up a military
field signal center in the form of modules, In this case,
the field signal center can be presented as a set of
coordinated components. This, in turn, can make it
easier for customers to use the types of
communications they provide, as well as improve
intelligence protection, survival and flexibility of
signal centers. It is also reasonable to implement the
principle of hybrid switching (switching of channels
and packages) in perspective digital signal centers [5].

These field communication nets can include radio
relay, cable (fiber-optic) communications, transmitters,
switch equipment and radio communication facilities
that allow authorities to access the network when they
are in motion. An important objective in the design of
field signal center is often to minimize equipment cost,
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complexity and power consumption whilst also
minimizing the bandwidth occupied by the signal
and/or transmission time. (Bandwidth is a measure of
how rapidly the information bearing part of a signal
can change and is therefore an important parameter for
field signal centers design [8].

It is important to pay special attention to the
automated management systems during the
construction of the proposed field signal centers.
Automated control systems in this case are designed to
provide the management of planning, organization and
quality control of communications channels, ensuring
security of communications and data protection,
ensuring a unified automated management system
interconnection with communication systems of
troops, and collection of information about the
situation [9].

The modern military field
communication networks

During the creation of modern military-purpose
field communication networks, the following must be
implemented:

- increasing network capabilities and overall
communication capabilities by applying integrated
switch devices and broadband digital channels;

- wide automation of communications
management and communication processes with the
use of high-efficiency computing techniques;

- integration of encryption, switching, signal
transformation functions into one device by switching
to the modular design of communication means;

- provision the establishment of communication
equipment on a new element base;

- the application of fiber optical means, which
allows to increase the level of agility and and the
reliability of signal centers;

- increase the level of utilization of
communication means, reduction of their service life;

- automation of repair and maintenance process to
achieve more reliable communication;

- provision of direct access by separate means by
the operator;

- application of communication means with
higher interference and intelligence protection.

The installation of signal centers on a modular
basis can provide not only communication
interconnection, but also the integrity of the
communication system's external interference, the
higher level of vital in the conditions of the barriers,
the agility, the unification of their organizational-
technical structure. The development and improvement
of the field signal centers implies the establishment of
a single telecommunications network, which are based
organization of digital networking technologies,
modern digital channels, automation of switching
process, distribution of channel resources and access to
broadband access to the network, supporting and
integrating all types of power supply with their own
resources.

Modern information and telecommunication
technologies, as well as hardware and software which

were developed on their basis, allow for all types of
information processing and communication issues to
be carried out directly at the workplaces. A new class
of modular, tactical data centers is becoming available
for tactical and expeditionary programs, capable of
hosting cloud and storage, artificial intelligence and
analytics applications. Using ultra-small form-factor

modules for computer, storage and networking
functions that reduce size, weight and power
requirements, these systems can be deployed

dismounted, at forward operating bases, in command
posts, and on ground vehicles and aircraft-supporting a
diverse array of use cases in disconnected, intermittent
and limited environments. The widespread expansion
of the nomenclature of telecommunication services to
users requires from field signal centers multicast
communication networks [1].

In front of mentioned multilevel communication
networks stnading a difficult task to reconcile the
transmission of different information across a single
network infrastructure. At that time, its features are
also subject to serious requirements.

First, the minimum network capability for each
type of traffic should be ensured. Because, the multi-
threaded networks need to be set up for each traffic
type, the transmission speed agreed upon with each
intermediate network device. Transmission of a traffic
type should not negatively affect others. Each
attachment (video, data base, etc.) running on the
network must be separately provided with a specific
agreed network of that network.

Second, minimal possible downtime for
multimedia traffic should be provided. The use of long
information packets for data transmission is more
efficient. Thus, the execution of these operations may
reduce the useless use of the network. However,
transmission of voice or video traffic may become a
problem.

Documents sharing networks can be created at
the expense of the properties (topologies) of the
respective local computing networks, which have
access to the field communication networks for the
exchange of information with the top headquarters,
interacting and controlling entities of the subordinate
units. This organization can provide an informational-
computing system with distributed functions, which
optimally assists in the solution of exchange tasks with
all types of information. The application of multi-
contour local computing networks in signal centers and
in their elements can be used to reduce the number of
communications devices, as well as to raise the
operational-tactical and technical characteristics of the
field communications networks.

Conclusion

Thus, in this paper, the role of modern
telecommunication technologies in development of field
signal centers has been shown, and a military field
signal center have been proposed to set up in the form
of modules. Modern perspective telecommunication
technologies and their integration capabilities create
high-speed digital networks in a vast space. These
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networks can, in turn, provide transmission of all types
of information and a range of additional communication
services which are specific to the military. The field
signal centers always must be ready to launch at the
right time and be ready to expand the communication

system. Therefore, it is necessary to take into
consideration the conditions provided for the solution of
the issues of the application of new technologies and
techniques in the development and improvement of the
field signal centers.
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P0o3BHTOK MOJTEOBHX BY3JIiB 3B'SI3Ky HAa OCHOBi CyJaCHHX TeJICKOMYHIKALIiHAX TeXHOJIOTii
P. P. ImanoB, A. A. Baiipamos

AHoTanisi. B nanuii yac oHUM 3 TOJIOBHMX HANpPSAMKIB PO3BUTKY BIHCHKOBOI CHCTEMH YNPaBIIiHHS € MOJIMIIEHHS 1
MOBCIOJIHA aBTOMATH3allisl YNpPaBJIiHHSA BIMCHKOBHX IIONBOBHX MEpEXk 3BI3Ky. TOMY INPOIOBXKEHHS PO3BUTKY iX TaKTUYHHX
Mepex 3anobirac BHHUKHEHHIO 3arpo3, CTBOPIOE HOBI (OpMHM MaHEBpPY 1 IHTerpauito 3 BiCBKOBUMM CEpBICHUMHU
iH}opManiifiHUMK TEXHOJIOTisAMY, SKI TTOB'I3aHI 3 MIBUJIKO PO3BUBAIOThCS 1HHOBaliAMU B KoMmepuiiHiil IT ingyctpii. binsm Toro,
IIPY aHAJI31 eJIEeKTPOMArHITHOI CyMICHOCTI Pa/lioeNIeKTPOHHUX 3ac00iB 3B'SI3KY Ba)KJIMBO BpaxoByBaTH (haKkTOpH, IO BIUIMBAIOTH
Ha B3a€EMOJIII0 MOIYNIB B Mepexi. PanioeneKTpoHHI npucTpoi MOXKYTh NparoBatd 6e3 Oy[b-sKOro MOPYIIEHHS IIiJ BIUIMBOM
€JIEKTPOMAarHiTHOI iHTep(depeHIii, He BIUIMBAIOYM Ha iHII 3acO0M B palioeleKTPOHHOI yCTaHOBLI. Y HaHii CTaTTi BiI3Ha4YeHa
POJIb Cy4acHHMX TEJIEKOMYHIKaLlifHUX TEXHOJIOrIH y PO3BUTKY IOJIBOBHX BY3JiB 3B'SI3KY, 3allpOIIOHOBAaHMI METOJ MOAYJIBHOIO
1100y10BY BiliCBKOBHX TIOJIOBHUX BY3JIiB 3B'I3KY.

KawuoBi ciroBa: By301 3BI3Ky; MEpexKy CHCTEMa YIIPaBIiHHS; Iepeada JaHuX; MOIYJIb.

Pa3BuTHe M0JIEBBIX Y3JI0B CBSI3M HA OCHOBE COBPEMEHHBIX TeJIeKOMMYHHKAIIMOHHBIX TEXHOJIOT Wil
P. P. ImanoB, A. A. baiipamos

AHHoTanus. B HacTos1ee BpeMsl OHUM U3 IVIaBHBIX HalpaBJICHUN Pa3BUTHUs BOCHHON CHCTEMbI YIPaBJICHUS SIBJIACTCS
yIy4llleHHE U [I0BCEMECTHAs aBTOMAaTH3allsl YIIPaBJICHHUs BOCHHBIX MOJNEBbIX ceTel cBsi3u. [loaToMy nponomkeHue pa3BUTUS UX
TaKTHYECKHX CeTeil IpenoTBpamiaeT BO3HHKHOBEHHE yIrpo3, CO3JaeT HOBbIE ()OPMBI MaHEBpa M HHTETPALMIO C BOSHHBIMHU
CEpBUCHBIMA HMH(OPMALMOHHBIMH TEXHOJOTHSMH, KOTOpBIE CBS3aHBI C OBICTPO pA3BUBAIOIIMMHUCS HMHHOBALMSAMH B
xomMmepueckoil UT-unnycrpuu. bonee Toro, nmpu aHanuse 31€KTPOMAarHUTHOH COBMECTHMMOCTH PaJHO3JIEKTPOHHBIX CPEICTB
CBSI3M Ba)KHO YYUTHIBATH (DaKTOPHI, BO3JEHCTBYIONINE HA B3aUMOICHCTBHE MOAYJEH B CETH. PaanolieKTpoHHBIE yCTpOWCTBa
MOryr paborare 0e3 BCSKOrO HApYIICHWs IIOJ BIMSHHUEM DJIEKTPOMAarHUTHOW MHTep(EepeHIH, He OKa3bIBas BO3JICHCTBHS Ha
JIpyrue CpelcTBa B paJiMOIEKTPOHHON YCTaHOBKe. B naHHOMN craThe OTMEUeHa posib COBPEMEHHBIX TEJIEKOMMYHUKALMOHHBIX
TEXHOJIOT'MH B pa3BUTHUU IOJIEBBIX Y3JIOB CBSI3H, IIPEIUIOKEH METOJ MOLYJIBHOIO IIOCTPOEHHS BOCHHBIX II0JIEBBIX Y3JI0B CBS3H.

KaoueBble ca0Ba: y3el CBI3M; CETh CHCTEMa YIIPABIICHUS,; liepeadya TaHHBIX; MOIYIIb.
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METHOD OF PROCESSING VIDEO INFORMATION RESOURCE
FOR AIRCRAFT NAVIGATION SYSTEMS AND MOTION CONTROL

Abstract. It has been considered the existing methods of processing of video information resource in modern aircraft
navigation systems and motion control. Also it is indicated that there is a contradiction between the need to reduce the
intensity of information resource for strongly saturated fragments and to maintain the correspondence of recovered
fragments to the original aerial photo. It has been described the components' characteristics of the transforming for the
image's areas with varying structure complexity. The rationalization of the dividing strategy is based on the complexity of
aerial photographs is substantiated. It is proposed to quantize the transformation's description of an aerial video information
segment in relation to the base element's value vector to a certain threshold value. The reduction of combinatorial
redundancy as a result of the application of top-level quantized levels array in a separable space is substantiated.

Keywords: image; aerial photo; transforms; redundancy; coding; quantization; orthogonal transformation; matrix; data;

high-frequency component.

Introduction

Problem statement. The rapid development of
information technologies led to the use of unidirectional
specific images transmission in surveillance systems.
According to that, in order to improve the quality of
management systems in public institutions, active
implementation of such systems is taking place [1]. As a
result, in the departmental organizations, especially in
the Ukrainian space program, aeronautical monitoring
systems with the using airless aircrafts are widely
distributed. As a result of the observation, the specific
image receiving with the help of aerial photography.
Due to the importance of the resulting image's content,
it is necessary to minimize the time for the processing
and bringing the given aerial photo in conditions of
maintaining the necessary level of the restored image's
correspondence to the original [2]. In the process of
aerial photography, in various specialized devices, the
mathematical description of the image is used as a two-
dimensional signal, which is characterized by some
volume of information [3].

Research publications. In order to justify the
problem solution, it is necessary to consider the existing
technologies for the processing of aerial photographs.
These technologies (JPEG, JPEG 2000) use processing,
which is based on static coding (variable length codes)
[4]. In the processing of aerial photographs in various
specialized devices, a mathematical description of the
image is used as a two-dimensional signal, which is
characterized by some volume of information [5]. When
encoding the image, the elimination of psycho-visual
redundancy with applying the previous transformation
and further rationing. The corresponding scheme of
basic technology is shown in Fig. 1

The research aims and objectives. When
performing basic technology, the initial information
intensity's value of the output data stream is formed
after the normalization step [6]. The effectiveness of the
base technology is expressed in the information
intensity reduction, which physically leads to a time

reduction for the delivery of aerial photographs. At the
same time, there is a problem with the restored image's
quality at high ratios [7].

Therefore, the purpose of the research is to create a
separation strategy of valuation, taking into account the
structural saturation and substantiation of the approach
to the formation of the transformation's quantized
description of the aerial photo's segment.

|  Outgoing description |
]
| RGB- representation |
]
| Y, Gy, C; - representation |
]
Decentralization
by segments
]
Getting
transformants
]
Unification of elements
transformant
]
Frequency processing
constituents
|
Creature of index
segment value
v
Creature of code image
representation

Fig. 1. The scheme of the basic
technology is effective coding using previous
transformation and subsequent normalization

Research bases

To create this strategy, it is necessary to consider
the process of valuation in more detail. When digital
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processing of the analog signal is a change in the
representation of a wide (and continuous) range of input
values in a limited set of discrete output values. The
term "normalization", in the case of image processing,
involves the rounding of real numbers to integers or the
transformation of integers into smaller targets [8].

The feature of human sight is the fact that as a
result of the low sensitivity to the change of high-
frequency components of the image it is possible to
apply a coarse quantization step to the coefficients
responsible for the high frequencies [9]. The
normalization occurs as a result of the division of the
matrix of coefficients k into the so-called estimated
matrix E i.e.

Kij =| ky /ey .

where kij — values of the transformant components;

ejj —values of the normalization matrix

components;
| k | — operation of determining the whole part k.

Usually, the normalization matrix is different for
the components of color and brightness [10]. In most
algorithms of image processing, the normalization is in
the usual elemental division of a certain working
matrix's values of the components into a valuation
matrix [11]. For each component of the color difference
model (Y, U and V), its own estimation matrix is given

e=[x.3].
formula:

Application is given by the following

k..
K {i‘,

¢j

At this stage, by varying the compression ratio, the
amplitudes of the transformant components' output
values are set, and, consequently, the level of losses is
determined [12]. With the use of a valuation matrix with
coefficients' large values, a greater number of zeros is
obtained and, consequently, a greater compression
degree.

From this it follows that when forming the
normalization matrixes, at the stage of the setting the
values of their elements, there is the possibility to
control the compression degree [13]. As a result, at a
higher value of the elements of the valuation matrix, the
range of values of elements of the normalized
transformant

k@ —[y.3],

will be less. It leads to the possibility of encoding with
less information. For example, in the JPEG standard,
normalization matrixes are obtained empirically [14].
Recommendations in the standard JPEG, the
normalization data for the component of brightness are
presented in the table 1.

Table I — Rendering data for component of brightness

i J 1 2 3 4 5 6 7 8
1 11 16 16 10 40 24 61 51
2 12 12 19 14 58 26 55 60
3 13 14 | 24 16 57 40 56 69
4 17 4 | 29 | 2 87 51 62 80
5 2 18 | 56 | 37 | 109 | 58 77 103
6 35 | 24 | 64 | 55 | 104 | 81 Cp) 113
7 64 | 49 | 87 | 78 | 121 | 103 101 120
8 2 | 72 | 98 | 95 | 100 | 112 99 103

The elements' values of these matrixes for the
standard JPEG are obtained in an experienced way as a
result of the visual perception estimating [15].

To change the value of the compression ratio, the
multiplication of the initial matrixes is made on a
certain number [16].

The JPEG 2000 standard implies the use of its own
table of valuation, but it is required to transmit the
decoder together with the compressed data. It leads to
an increase in the total size of the encoded data [17]. As
an alternative, it is possible to create own normalization
matrixes (stream processing) using one parameter P,
which is defined by the user.

As a result of applying the normalization for the
algorithm, some specific effects will be characteristic
for large values of the compression ratio [18]. Losses in
the field of low-frequency components lead to the
appearance of the resulting image of the squares. Loss
of high-frequency components cause the so-called

"Gibbs effect", when around the elements of aerial
photography with a sharp drop in structural saturation
appears some halo [19].

The JPEG and JPEG 2000 algorithms are used to
compress the image, followed by its visual perception,
and the resulting compressed image is not suitable for
further digital processing [20].

As a result, it is possible to make a conclusion:
valuation is used for: saving memory; change in the
characteristics of the sequences with respect to further
compression; adjusting the compression ratio and,
accordingly, the level of losses; preparation for further
processing; add effects [21].

Formation of a quantized description
of the aerial photograph's transformation
As a result of detecting the dependencies of

dynamic ranges' unevenness and their limitations for
aerial photographs with different parameters of
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structural complexity. It is given the opportunity to
reduce the amount of statistical redundancy by applying
structural-block coding in the method of processing
aerial photographs [22].

In order to do this, the processing parameters are
determined in the course of normalization on the basis
of structural complexity's parameters. This leads to the
formation of a spectral single-normalized space [23].

The components transformants' value K@ s

characterized by a dynamic range of components k,,,
in a two-dimensional space, taking into account the
ranges of rows A, and columns A, as magnitudes
+1) .

Ay Ay = min( ké,max +1; km,max

Here A,,, - is the range of the componentk,,, ;

Ay max - the value of the range (- th column

transformants & ; A - the value of the range of the

m, max

k- th line transformants & .

In order to reduce the volume of compressed aerial
photographs, it is proposed to use quantization, which is
formed when the components of the transformants with
a high dynamic range of values are detected (Fig. 2).

4

Ay < S(K") 1o

© Al
4

0

Fig. 2. Structural and functional quantization scheme
of the array of separate representation

At quantization, the initial array distribution of a
separate representation K'={k;,,} is divided into two

components k9 and £ .

Affiliation to these components is determined by
the value's ratio A,, of one level of the array’s
dynamic range of differential representation, that is

k S(k") , {k(o);k(]) }’

where k(o), k' - the constituents of the array of a
separate representation, which include, respectively, the
elements of the lower and upper quantized levels [24].

Quantization in  massifs of  differential
representation arises as a result of the combined
approach in the process of its formation [25-28]. As a
result, a dynamic range of an array of differential
representation is formed. Which structure has at least
two gradations. From this, it follows that quantization is
the elimination of structural redundancy.

In this case, the elimination of the disadvantage,
the cause of which is the high dynamic range of
individual elements of the array of differential
representation, is possible. This is achieved by the

following characteristics of the component kO of the
upper quantized level:

- in the array of the upper range level of the
quantized  representation, there are elements
corresponding to the differences at the boundary of the
contour and the main background of the fragment aerial
photography;

- for the elements that corresponds to the boundary
of the contour and the main background of the fragment
aerial photography, is characterized by a uniform
dynamic range.

These characteristics are used in the separate
description of the component of the upper quantized
level. In a separate arrays representation of the upper-
level, elements of the array are represented as two-
dimensional position numbers in difference space. In

this case, the array code k1 will be determined in
relation to the code number that corresponds to the

minimum level ¥® of the separate space.

In connection with this, it is proposed to take into
account the minimum values in each array's row of the
upper quantized level in the process of forming the
minimum level of separation space. In this case, a
vector of minimal values in the lines is formed,

V={v,....,vp}.
The value v; is calculated as the minimum value

in the i - u row of the array kD e,

v; = min {kl-(l-) s i=l,_a.
1<j<s -

Determining the minimum values for each line
allows taking into account the features of dynamic
ranges at the boundaries of aerial photography [29].

As a result, the displacement from the initial
dynamic range of the array kD to the reduced dynamic
range, which is given by the vector of restrictions Vent ,
i.e. Vent= {ventlj ,...,ventsj}.

Here vent;; - is the difference between the

maximum Al(lj) and minimum v; values in the i - th line
of the array k1 of the upper quantized level, that is
vent; ; = Al(lj) -V .
The lower level ¥® of the two-dimensional
separation space is calculated, which is based on the
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values of the vector's elements V={v,...,v,}. The

lower-level elements ¥?) are set by restrictions on the
dynamic range of the upper quantized level.
Therefore, the distance Dist between the current

array kO and the lower level V) of the two-
dimensional number is calculated according to the
following formula:

Vent =
ey 0 50 s 4O
=Z (ki 7 =vi) H vent;g o H H vent, ¢
i=1 j=1 &= j+l y=i+l £=1

Here (k') —v;) =k}
value of the current array's elements in the lower level
of a two-dimensional space, whose position index is
equal (i; ).

Let's substantiate the necessity of representing an

- is - the displacement's

array k" in a two-dimensional separation space. To do
this f () we will write the value of the code in the
initial space:

s O] O]

FD= Z > k(l) I1 A(l) H HA(1)~

i=1 j=1 E=j+ yl+lE_,l
Let's write the relationship and get it

s O]

O] s

—V) H (A(l)—V)H H(A(l)

E=j+1 y=i+l &=1

Then, since the inequalities are fulfilled:

1 1
(k) —v)) < k)

O]

IT @y -u) H H(A”’

E=j+1 y=i+l&=1
O] 5D
Q) 0]
_“ ) < H A H H Ayé s
E=j+1 y i+l &=1

then it has led to the expression:

Vent < f(l).

In this case, the code number Dist in a separate
space, determined as a relative distance, will be less
than the difference between the code number and the

code of the lower level f )

in 10 the original quantized

space, that
Vent < f(l) —f(l.) . (1)

min

The truth of expression (1) is proved by the fact
that the use of the representation of array’s elements of
the upper quantized level in a separable space leads to
the elimination of combinatorial redundancy, which is
achieved:

— a decrease in the values distribution of the upper
quantized level's elements due to the detection of

minimum values, that is, the implementation of
inequalities

) M

(K~ =vi) <k
and

(A0 <Al

— the number reduction of numbers for which the

condition of the differential space is not followed and
preceded by the current number [30].

The total number Numb® of position numbers
for which the condition in the differential non-
equilibrium space is fulfilled is calculated according to
the following expression

5D
Numb? —H H(A“’ : 2)

Formula (2) indicates a reduced combinatorial
redundancy as a result of applying the representation of
the array of the upper quantized level in a separable
space [31]. This leads to a reduction in the time
expended on bringing highly saturated image fragments.

Conclusions

1. It has been developed the strategy for managing
time expenditures for the realization of aerial photos by
applying adaptive normalization of the components of
the image segment.

2. It has been developed an approach to the
formation of a quantized description of the aerial image
segment's transformation, which is based on the two-
level representation of the transformant's dynamic range
of values, which reduces combinatorial redundancy.
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Meton 06po0xu Bigeoindopmaniiinux pecypcis
JJIs1 CHCTEeM HaBirauii Ta ynpasJliHHS pyxXoM

O. I. Tumouxko, B. B. Jlapin, C. B. OcieBcbkui, O. O. Timouko, Axmen Abxamia

AHoTanisi. Y cTarTi po3nIsfaoThes iICHYOU1 TeXHOoril 00poOKkH BHIOBUX 300pakeHb B Cy4acHHMX 3aco0ax Hasirauii ta
yIpaBiliHHS pyxoM. Bka3yeTbcs Ha HasBHICTb NPOTHPiUUsl MK HEOOXiIHICTIO 3MEHIIYBaTH iHpOpMaLiiiHy IHTEHCHBHICTD 11
CHJIBHOHACHUYEHHUX ()parMeHTiB Ta MiATPUMKM BiJIIOBIIHOCTI BIJHOBJICHUX ()parMeHTiB BHXiJHOMY aepo(OTO3HIMKY 00'eKTiB
iHTepecy. ONMCyrOThCS XapaKTePUCTUKH KOMIIOHEHT MATpPULI MiCJIsi OPTOrOHAIBHOI'O IIEPETBOPEHHS JUISl IUITHOK 300pa)KeHHS 3
PI3HOI0 CTPYKTYPHOI HacHueHicTio. OOIpyHTOBYETbCS 3aCTOCYBaHHS PO3ALIBHOIO IIPaBWIa HOPMYBaHHA 3 YPaxyBaHHIM
CTPYKTYPHOI CKJIamgHOCTI aepodoTo3HIMKIB 00'ekTiB iHTepecy. IIpomoHyerbcs mHpoBoauTH OOpOOKY 3HAuYECHb EJIEMEHTIB
TpaHC(OPMaHTH CErMEHTY aepo(OoTO3HIMKa 00'eKTIB IHTEpECY 110 BiJHOLICHHIO 3HAYECHHS €JIEMEHTY BEKTOPY OCHOBH /10 JAESIKOIO
33JlaHOr0 TIOPOroBoro 3HayeHHsA. OOIPYHTOBYETHCS CKOPOUYECHHS KOMOIHATOPHOI HAaJMIPHOCTI B pe3yNnbTaTi 3aCTOCYBaHHS
MOJIAHHA MacHUBY BEPXHBOIO KBAaHTOBAHOTO PIBHS B PO3AUIBHOMY IpocTopi. Po3poOieHo momiTuky KepyBaHHS 4acOBUMH
BUTPAaTaMU Ha JIOBEJICHHS JaHMX aepo(OTO3HIMKA IIUIIXOM 3aCTOCYBaHHS aJalNTHUBHOI HOpMallizallil KOMIIOHEHT EJIEMEHTIB
BineoinpopmarliiiHoro pecypcy. Pospobienuit kpurepiit 10 (GopMyBaHHS 4aCTOTHOTO ONHUCY MATPHIL HiCNI OPTOrOHAJIBHOIO
MEPETBOPEHHS CErMEHTy aepo)oTO3HIMKa HAa OCHOBI JIBOPIBHEBOIO NPEJCTABICHHS [UHAMIYHOrO Jliarna3oHy 3Ha4eHb
TpaHc(OPMaHTH, 1110 A03BOJISE CKOPOTUTH KOMOIHATOPHY HaIMipHICTb.

Kaw4yoBi caoBa: 300paxeHHs; aepopOTO3HOMKa; HaIMiPHICTh; KOIYBaHHS; KBAHTYBaHHS; OPTOrOHAJIbHE IEPETBOPEHHS;
MAaTpHIIsl; JaHi; BUCOKOYACTOTHUH KOMIIOHEHT.

Merton 00padoTKu BUACOMH(OPMALIIOHHBIX PECYpPCOB
IS CHCTEM HABHUTALMHU M YIPABJIEHUS ABHKEHHEM

A. W. Tumouxko, B. B. Jlapun, C. B. OcueBckuii, A. A. Tumouko, Axmen AbGnama

AHHoTanmusi. B crarbe paccMarpuBalOTCA CYLIECTBYIOLIME TEXHOJOIMM OOpaOOTKM BHUIOBBIX M300paKeHUH B
COBPEMEHHBIX CpEJCTBAX HABUIAllMM W YIPABIEHHS [BIJKCHHEM. YKa3blBacTCd Ha HAJIMYME IPOTUBOPEUMS MEXKIY
HEOOXOIMMOCTbIO YMEHBIIATh MH()OPMALMOHHYI0O WHTCHCUBHOCTH ISl CHJIBHOHACBHIILICHHBIX (DParMEHTOB M IOIJIEPHKAHUSA
COOTBETCTBHSI  BOCCTAHOBJICHHBIX (DParMEHTOB MCXOIHOMY a3’po()OTOCHHMKY OO0beKToB HHTepeca. ONUCHIBAIOTCSA
XapaKTEePUCTUKH KOMIIOHEHT MAaTpHIBI I10CJI€ OPTOrOHAJIBHOIO MHPeoOpa3oBaHMsl UL Y4acTKOB HM300paK€HHS C pa3HOU
CTPYKTYPHOH HAaChIIEHHOCTbI0. OOOCHOBBIBAETCS MIPUMEHEHUE Pa3/IeNIbHOTO INPaBHIa HOPMHUPOBAHUS C yU4€TOM CTPYKTYPHOM
CIIO’KHOCTH a3pO(OTOCHUMKOB 00beKTOB MHTepeca. [Ipemnaraercs NpoBoUTh 00pabOTKY 3HAUCHHUH JIEMEHTOB TPAaHC(HOPMAHTBI
CerMeHra a’po(oTOCHUMKAa OOBEKTOB HHTEpPECAa 110 OTHOIIEHHMIO 3HAYEHMs OJJIEMEHTA BEKTOPA OCHOBAaHHUS JI0 HEKOTOPOI'O
3aIaHHOI'0 MOPOroBoro 3HaueHus. OOOCHOBBIBACTCS COKpaleHHe KOMOMHATOPHOW M30BITOYHOCTH B PE3yNIbTaTe NPUMEHEHHS
IPEJICTABIICHNS] MACCUBA BEPXHEr0 KBAHTOBAHHOI'O YPOBHS B Pa3JielIbHOM HPOCTpaHCTBE. Pa3paboraHa MONUTHKA YIIpaBICHUS
BPEMEHHBIMHU 3aTpaTaMU Ha JIOBEJCHHE JaHHBIX a3pOo()OTOCHUMKA ITyTeM NPMMEHEHHs aJanTHBHOW HOPMAalIN3alUHd KOMIIOHEHT
3JIEMEHTOB BHACOMH(OPMALMOHHOrO pecypca. PazpaboraHHblil kpuTepuii K pOPMHUPOBAHHMIO YACTOTHOTO OMMCAHHS MATPULIbI
HOCJIE  OPTOrOHAJILHOIO NPeoOpa3’oBaHMs CEIMEHTa adpOQOTOCHMMKA Ha OCHOBE JIBYXYPOBHEBOIO IMPEICTaBJICHUs
JIMHAMHMYECKOr0 [IMara30Ha 3Ha4eHU TpaHC()OPMAHTBI, YTO MO3BOJIIET COKPATUTh KOMOMHATOPHYIO H30BITOYHOCTb.

KawuyeBbie ciaoBa: wu3o0paxenue; a’dpodorocheMka; W30OBITOYHOCTD; KOIMPOBAHUE, KBAHTOBAHKE, OPTOrOHAIBHOE
npeobpa3oBaHne; MaTPHIA; JTAHHBIC, BHICOKOYACTOTHBI KOMITOHEHT.
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