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HAII IOBLJIAP
Mo 70-piuusa unena-xopecnonoenma HAH Ykpainu
Tpogumuyxka Onexcanopa Mukonaitoeuua

01 eepecna 1955 poky Hapoouscs
BUOAMHULL YKPAIHCOKULL GYEeHUl, cheyianicm
8 eanysi IHGoOpMamMuxu, 2eoMexaiku ma
2e0eKoNo2ii, OOKMOp MEeXHIYHUX HAYK,
npogecop, 3aciayxcenuti Oiu  HAYKU I
mexHiku Ykpainu, aaypeam [lepocagnoi
npemii Ykpainu 6 2any3i HayKu i mexuiku,
aaypeam [epowcasnoi npemii Yrpainu 6
eanysi oceimu, Jaaypeam npemii HAH
Ykpainu im. B.C. Muxanesuua, kasanep
opoena «3a 3acnyeuy Il cmynens, uien-
xopecnonoenm HAH Yxkpainu Onexcanop
Muxonaiiosuy Tpogpumuyx.

Omnekcargp MukomnaitoBud B 1980 p.
3aKiHYHB acmipaHTypy IacTuTyTy
riApOMexaHiKu HAH  VYkpainu, ne
npamrosas 10 1998 p. V 1998-2003 pp. 6ys
3aCTYIIHUKOM JUpPEKTOpa 3  HayKOBOI F |
poboTH, B.0. AHMpEKTOpa YKpaiHCBKOTO
IHCTUTYTY JOCIIJDKCHb HAaBKOJIMIIHBOTO cepepoBuina i pecypcie npu PHBO
Vkpainu. 3 2004 p. — 3acTynHUK AUpEKTOpa 3 HaykoBoi pobotw, a 3 2016 p. —
TUpeKTop [HCTUTYTY TeneKoMyHIKallii i ro0ankHOro iHPOPMAIIIHOTO MPOCTOPY
HAH VYkpainn.

IIpenmerom  HaykoBux  pociimxenb Onekcanapa Tpodumuyka €
iHhopMaTHKa, TeoMeXaHika, eKoyioTiyHa Oe3mneka. BiH po3poOWB migxomu 10
pPO3B’SI3aHHS HAYKOBUX IPOOJIEM, II0 MAKOTh BEJIUKE TCOPETUYHE 1 MPAKTHUHE
3HaueHHs . CTBOpMB JAMHAMiuHI MoJesli Ta METOOM PO3B’sI3aHHSA  3a/ad
cefiCMOCTIMIKOCTI cropyA 3 ypaxyBaHHAM IXHBOI B3a€MOMii 31 CKJIaJHUMH
IPYHTOBHMH OCHOBaMH. PO3poOHMB MaTeMaTW4Hi MOJENi HACHYCHUX TOPUCTHX
Cepe/IoBHI] i Ha IX OCHOBI TEOPETUYHO Ta EKCIIEPUMEHTAIbHO BCTAHOBHB
3aKOHOMIPHOCTI TOIIMPEHHS XBWJIb Y LHUX CEPENOBUINAX, AOCIIAMB SBHILA
JUIIATaHCIT 1 pO3piKEHHS IPYHTIB.

Onexcanap MukonaiioBud 3akiaB 0a3uc HOBOTO HANPSMKY BHUKOPHCTAHHS
reorpadiunmnx inpopmarniitanx cucreM (I'IC) Ta qucraniiiHoro 30HAyBaHHS 3eMJTi
(133) B reoexosorii, mpu aHamizi NpUPOAHO-PECYPCHOTO MOTEHIIATY, ONTUMi3awii
3a0pylHEHHS TIOBEPXHEBHX BOJ, IPYHTIB Ta arMocepd, MPOrHO3yBaHHI
reoi3MUHUX TMOIii, 30KpeMa TI'eOJIOTIYHHUX Ta €KOJIOTIYHMX AaCIHEKTIB 3HIMKECHHS
3cyBOHeOe3eKH. 3anponoHyBaB METOIM NPOEKTYBaHHS iHGOPMALIHHUX CHCTEM
migrpuMkn  npuiiHATT  pimieds (CIIIP) — edexkTHBHOTO 1HCTPYMEHTY JUIs
MPOTHO3YBaHHS  (DiHAHCOBO-€KOHOMIYHHMX  IPOIECIB, EKOJIOTIYHOTO  CTaHy
TEPUTOPiH, 30KpeMa Ha OCHOBI CTPYKTYypHO-IIapaMeTpU4HOI ajanTaiii Moaesew.
Po3pobuB  iH(opMallifHO-aHAITUYHI ~ CHCTEMHU  OIIHIOBAaHHSI  EKOHOMIYHHX
CUTyalllli, B CHCTeMax aHaji3y JaHUX 3acTOCOByBaB Mepexi baiieca. Po3poOus
iHpOpMaLiiiHy TEXHOJOTiI0 MOZETIOBAaHHS Ta MPOEKTYBaHHA 0araTopoayKTOBUX
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KOMYHIKAITIHHUX MEPEeX 3 TUCKPETHUMH IIOTOKAMH, IO BKIIOYAE TTOHATIHHUN
0a3uc, KOHIICIIlii, NPUHIMIIA, MaTEeMaTHYHI MOJET, TCOPETHYHI METO/H,
QITOPUTMH, TEXHOJIOTii, METOJUKU, CXEMHU 1 CIleHapii, HalllJleHI Ha aJanTHUBHE
BUKOPHUCTAHHS PECYPCHOTO MOTEHITIAy MEpeX MPH 3aIlaHIX OOMEKCHHSX.

3 2015 poxy O.M. Tpodumuyk 3miiiCHIOE HAYKOBO-TEXHIUHI PO3POOKH B
cekTopi Oesmeku i oboponm Ykpainu. Ilix kepiBauuTBom O.M. Tpodumuyka
CTBOPEHO MPOTPAMHO-TEXHOJOTIYHUN KOMIUIEKC BUSIBIICHHS CYJICH — IMOPYITHHUKIB
BCTaHOBJICHOT'O PEXKUMY TIABAHHS B MOPCHKHX aKBAaTOPIsX YKpaiHH, SIKU aKTHBHO
BUKOPUCTOBYEThCA MiJl 4ac BUPIilICHHS OOHOBHX 3aBIaHb.

3HaynMi HAayKOBO-TIpakTW4Hi pe3ynpTath O.M. Tpodumuyka Oymu
peamizoBaHi B TpoIleci KepyBaHHSI HUM BEIWKUMH MIKHAPOIHUMH TIPOEKTAMHU
PO3BUTKY YIPaBIiHHS HABKOJHMIIHIM cepenoBuiieM B Ykpaini (Kanama, CILA,
Snonis, eBporneticeki mpoextt INTAS, TEMPUS).

Ilin xepyBamusm O.M. Tpodumuyka CcTBOpeHi 1 BIPOBaKEHI
aBTOMaTH30BaHa iH(popMaliiiiHa cucreMa « CTUHIIA Aep kaBHAN peecTp Qi3UIHUX Ta

IOPUIUYHUX  OCIO-TAIPHEMILIBY, cucremMa  iH(popManiiHO-aHATITUIHOTO
3a0e3rneyeHHs Ta parioHaIbHOTO MIPUPOTOKOPUCTYBAHHS
(B 12 oOmacHHX [epXaBHUX aJAMIHICTpamisx YKpaiHH), IHTeIeKTyaabHa
aBTOMAaTH30BaHa iHpOpMaIiiiHO-aHATI THYHA cucrema CYTIPOBOKEHHS

oropxetHoro npouecy (Komiter 3 mutans 0romxery BepxoBnoi Pagu Ykpainn).

Po3pobkn O.M. Tpodumuyka 3HAWNUIM BHPOBAKEHHS B OYAiBHHUIITBI,
30KpeMa, Tpu aHami3i auHamikd o0’ekta «Ykpurts» YopHoOumnbcbkoi AEC,
aTOMHHX eylekTpoctaniii Xyparya (Ky6a), benene (bonrapis), mpu npoexTyBaHHi
MOpPCHKHX TpaBiTallitHUX TUIaT)OpM, TIAPOTEXHIYHUX CHOPYH, CKIaJaHHI
MPUPOAOOXOPOHHMX KapT i amiaciB obnactedl YkpaiHW. 3 METOI HAallOBHEHHS 1
Bepudikaiii indpopmaririnux 6a3 ganux B ITI'IIT HAHY 3 2008 poky peryispHo
MPOBOASTHCS €KOJIOTTUHI SKCIEAUIIIi MPUPOTHO-3aMOBIAHUX TEPUTOPIH, BOIHHUX
00’€KTIB, CMITTE€3BAJMII TOIIO, KEPIBHUKOM 1 IMOCTIHHUM YYaCHHKOM SIKHX €
O.M. Tpopumuyk.

Hayxkoei pesynbratt O.M. Tpodumuyka BimoOpakeno y 610 mpamsx,
30kpeMa y 36 moHorpadisx. Bin Beme Benuky mnemaroriuyy poGoty. CTBOpHB
BU3HAHY BITYM3HSHOIO Ta CBITOBOIO HAYKOBOIO CIIJIFHOTOIO HAYKOBY ILIKOJY 3
iHpOpMaIIIHHUX TEXHOJIOTIM Ta MaTeMaTUYHOTO MOJISNIOBAHHS B T'€OEKOJIOrii,
miarotysaB 33 ¢paxisyie euuyoi keanigixauii: 14 ookmopis, 17 kanouoamis nayk
ma 2 Ookmopa ¢hinocoghii, HuHI Kepye pPOOOTOI IUJIOI HHU3KW AacHipaHTIB i
JOKTOpaHTiB. B minomMy, BpaxoBytoun yuHiB y niarorosienux O.M. Tpopumuykom
JIOKTOpIB Hayk, HaykoBa op0Oita O.M. Tpodumuyka ckiamae 53 pgokropa i
KaHAuaTa HayK.

3 2002 poky — mpodecop KuiBCbKOro HaIliOHAJIBLHOIO YHIBEPCUTETY
OyMiBHUIITBA i apXITEKTYPH 32 CYMICHHUIITBOM.

O.M. Tpodumuyk € 4sieHOM CeKuii palioHaJIbLHOTO HPUPOIOKOPHUCTYBAHHS
Kowmirery 3 JlepxaBaux npemiii Ykpainu B rany3i Hayku 1 TexHiku, HanionansHoro
KomiteTy YkpaiHu 3 TEOPETHYHOI 1 MPUKIIATHOT MEXaHIKH, € YJICHOM IIPABJIIHHS B
MixHapoI{HOMY KOHCOpPLiyMi 31 3CyBiB, 4ieHOM HayKoBO-KOHCYIBTaTUBHOI paju
MDKHapOJHOTO TOBapuCTBa 3 reoHayk Ta ii HaykoBoro komitery SWS Earth &
Planetary Sciences (EPS).

O.M. Tpodumuyk — ronoa Buenoi paau incTUTYTY, rojioBa CremiaiizoBaHoi
BUYeHOI paam iHcTHTYTYy Ne J[26.255.01 i3 3aXWCTy JOKTOPCHKHX AWCEpTamii 3a
cnerianbHoCTIMU «[HbOpMarliiiHi TeXHOJIOTI» Ta «MaTeMaTHYHe MOJACIIOBAHHS 1
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YUCETbHI METOM», TOJIOBHUN pemakTop 30ipHHKa HAyKOBUX Ipamb «Exoioridna
Oesmeka Ta MPUPOJOKOPHCTYBaHHS», WIEH PENKOJIerii MIKHAPOIHOTO >KypHaly
«[Ipobnemu kepyBaHHS Ta iHPOPMATUKW», TOJIOBHUH peAakTop 30ipHUKIB mpaib
MbKHapomHoi — koH(epeHmii  «International — Multidisciplinary  Scientific
GeoConference Surveying, Geology and Mining, Ecology and Management
(SGEM) (2021-2023)», sixi mpoinaekcoBani B Scopus.

B mroromy 2024 poky 3a CBiIOMY TpPOMaASHCHKY IIO3WIIII0 Ta HaTaHY
MIATPUMKY, SKi HAaONMIKAIOTh HAlly CHUTbHY MepeMory, otpumaB [lomsky
VYnpasninas po3Bigku [epkaBHoi NPUKOPAOHHOT Ciry>:k0m YKpainu, a B 2025 poni —
nosiky Big Cun miarpumku 36poiianx Cun Ykpainu i ['VP Ykpainu.

Brecox O.M. Tpodumdyka y 3MIiITHEHHS HayKOBO-TEXHIYHOTO TOTEHITiATy
JiepKaBU € BarOMHUM 1 CTPaTEeTiYHO BaXKITUBHUM, SIKUH 3aCBiAUy€e HE JIUIIE BHCOKUH
piBEHb HAayKOBLSL W opraHizaTtopa, ajge ¥ OCOOHMCTY BiIJaHICTh HaliOHATHHUM
iHTepecaM Ta MaiilOyTHhOMY YKpaiHH.

KonexTuB iHCTUTYTY, KOJETH Ta Y4HI BHCIIOBIIOIOTH IIUPY BASYHICTH 3a
IUTITHY TIpamio, CaMOBIIaHICTh 1 MyApe KepiBHUITBO i OaxaroTh Onexcanmapy
MukonaiioBUdy MIITHOTO 3/J0pOB’Sl, HEBHYEPITHOI €Heprii, HOBHX HAyKOBHX 1
TBOPYHUX JIOCSTHEHB, 4 TAKOK MOAAIBIINX YCIiXiB Y KePiBHIN TisSUIBHOCTI Ha 6Jaro
IncTuTyTY Ta YKpaiHCHKOI HAYKH.
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A TWO-STEP PROBLEM OF OPTIMIZING THE STRUCTURE
AND ROUTING OF FLOWS IN A HIERARCHICAL
MULTICOMMODITY NETWORK

Abstract. The paper discusses the methodology of mathematical modeling of the
two-stage problem of optimization of the backbone hierarchical communication
network with multicommodity discrete flows and parameters. The methodology is
based on the sequential solution of the problem of optimizing the network structure
and the problem of distribution and routing of discrete correspondence flows. As a
rule, such networks consist of a decentralized backbone network and fragmented
networks in the internal service areas of the backbone nodes. There are four types
of network nodes and three levels of its hierarchy. In a multicommodity network,
each node can exchange correspondence (products, goods, cargo, messages) with
other nodes. Correspondence is characterized by a source node, a drain node and
a value, which for transport networks is given by the number of packaged goods,
cargo in a package of a unified size, and for data transmission networks — by the
number of bytes, kilobytes, etc. In the transport backbone network, all
correspondence is first sorted by destination addresses, packed in transport blocks
(containers), and then transported in vehicles along the transport highways. In data
networks, correspondence is also sorted by destination addresses (multiplexed),
packaged in virtual transport blocks, and then transmitted over trunk
communication channels. The size (capacity, volume) of the transport blockt is set
by the parameter, and is determined by the number of units of correspondence that
fit into it. Mathematical models of problems of optimization of network structure,
distribution and routing of flows, and an example of numerical modeling of solving
problems on a transport network containing 120 nodes and 300 unoriented arcs are
presented. Experimental studies have shown high computational efficiency of the
proposed algorithms and programs, and they can be recommended for the practical
solution of problems of optimizing the processes of processing and transporting
flows in communication networks of large dimensions.

Keywords: multicommodity hierarchical networks, discrete flows, problems of
combinatorial optimization, mathematical models, computer modeling.
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Introduction

As a rule, existing and projected communication networks have a hierarchical
structure and consist of a decentralized backbone network and networks in the
internal service areas of the backbone nodes (internal networks). One of the most
important tasks included in the mathematical support of the information-analytical
system (IAS) for managing the processes of processing and distribution of discrete
flows in a multi-product hierarchical network is forecasting and optimizing the
phased development of its infrastructure. At the same time, it is necessary to take
into account all the possibilities of high-quality organizational and technical
improvement of the network in the presence of restrictions on capital investments
(investments) and the possibility of their development. In fact, the solution of these
tasks determines the plans for the commissioning of production facilities and fixed
assets of network elements (nodal enterprises and communication lines — nodes and
routes of vehicles in the transport network, nodes and communication channels in
the data transmission network) and labor resources by stages of development. As a
rule, long-term development plans are built for several years (from three to ten), and
one year acts as a planning stage (planning time discrete). The results of solving such
large-aggregated problems — the distribution of capital investments and other
material resources by stages of implementation — should be used in the construction
of more detailed models at each stage. So, for example, for transport networks, it is
necessary to divide the entire amount of capital investments of the stage into the
purchase, modernization and commissioning of sorting equipment (cargo sorting
lines), equipment for loading and unloading goods in junction enterprises, vehicles
for existing and new transportation routes. For data transmission networks, it is
necessary to divide the financial resources of the stage into modernization and re-
equipment between nodes (multiplexers, switches, routers, etc.) and communication
channels.

In each specific case, the choice of the duration of the stage of prospective
forecasting is an independent task and depends on the speed of introduction and
development of new equipment and information technologies in the network
infrastructures of various industries in the economic sphere. The stability of the
functioning of network structures during the planning stages in case of load
fluctuations in network nodes and communication lines, the occurrence of failures
and the action of random factors should be ensured by the tasks of operational
management. An extensive bibliographic overview of mathematical models,
methods, and algorithms for solving Multicommodity Network Flow Problems
(MCNF) can be found in [1-8]. One of the few papers [9] considers the problem of
routing groupage packaged cargo in a multi-product network, in which the processes
of their sorting and transportation are integrated and restrictions on the time of
delivery of goods are taken into account. At the same time, only such cargoes are
grouped into one transport block, in which the points of departure and destination
and time windows of delivery coincide, restrictions on the capacity of nodes and arcs
of the network are not taken into account. [10, 11] presents multi-product routing
models with constraints on the bandwidth of network arcs and with hard (the Hard
Transit Time-Constrained, HTC-MCNF) and soft (the Soft Ttransit Ttime-
Constrained, STC-MCNF) constraints on the delivery time of goods, but cargoes
with different destination addresses are not combined into common transport blocks.
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Unlike most existing approaches to modeling and analyzing the functioning of
multi-product networks, this paper considers discrete models of transport processes
with integer variables and parameters. Practical tasks should take into account the
processes of sorting goods in sorting centers, restrictions on the time of their delivery
to the consumer, fluctuations in flows and loads in individual nodes and
communication lines of the transport network, carrying capacity of vehicles,
nonlinearity of the given costs for processing and transportation of flows and many
other real factors and constraints. This leads to the need to develop new mathematical
models, methods, algorithms and information platform for managing the handling,
distribution and routing of groupage cargo flows and determines the importance of
the studied scientific and applied problem for the development of the transport
system of Ukraine. This work is a continuation of a series of studies of hierarchical
networks with discrete flows [12-23], which proposes a methodology for
mathematical modeling of the phased development of nodes and transport routes of
the backbone network, based on solving the problems of optimizing its structure and
distribution of flows.

1. Hierarchical Network Structure

Each node in a hierarchical network has a name, a unique index, and a sequence
number. Each node can be matched with a set of indices (numbers) of other nodes
corresponding to it in the backbone and internal network. In a multi-product network,
each node can exchange correspondence (messages, cargo) with all other nodes.
Correspondence is characterized by a source node, a drain node and a value, which
for data transmission networks is given by the number of bytes, kilobytes, etc., and
for transport networks — by the number of packaged goods in a package of a unified
size. In the backbone network, all correspondence is transmitted via communication
channels or transported in vehicles in transport blocks of a given size (capacity,
volume). The size of the transport unit is measured by the number of units of
correspondence that fit into it (for example, 64 KB, 40 packaged cargo). All trunk
nodes are sorting centers in which correspondence is first sorted by destination
addresses (nodes) and then packed into transport blocks. In data networks, data
transmission multiplexers play the role of sorting centers, and a virtual container acts
as a transport unit. Since the size of individual correspondence is much smaller than
the size of the transport block, they can be combined (packed) several times and in
different nodes with correspondence with different destination addresses during
sorting (multiplexing). With such a consolidation of correspondence in the network
nodes, the number of directions for their sorting and the number of transport blocks
required for their packaging are reduced, but in some nodes there are additional
volumes of sorting correspondence that have not reached the address of their
destination. In addition, the time of delivery to the recipient of correspondence,
which undergoes additional sorting at transit hubs, increases.

In the inner zone of each trunk node there are nodes for the delivery and collection
of correspondence (clients of the data transmission network or transport network),
which can exchange correspondence with each other and with other nodes of the
hierarchical network only through this trunk node. The transmission or
transportation of correspondence in the internal network is carried out by regional
providers or along the routes of internal vehicles.
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Fig. 1 shows fragments of a three-tier network, where i, j, k — trunk nodes

with their own backbone service zones (SZ), m — nodes of delivery and collection
of correspondence in the internal service area (SA) of each trunk node (internal
networks).

SZ of nodes/.p
of 2-type
: \ i }3/ « é\i SZ of

J/ n;)(:l;;of
-type
\

SZ of nodes
of 1-type

Internal
service area
of trunk node

Fig. 1. Fragments of a hierarchical network

Trunk nodes of different types differ in functionality, level of technical
equipment, number of service personnel, etc. Some of them can sort flows to all
trunk nodes, while others can only sort to trunk nodes in their service area. In some
trunk hubs, it may be prohibited to sort transit correspondence flows and process
transit flows of transport blocks.

In [12] discusses the generalized problem of packaging and distribution of
correspondence flows in a hierarchical network, the solution of which is carried out
in several stages. At the first stage, the problem of choosing the hierarchical structure
of the backbone network and the scheme of sorting correspondence in the network
nodes and packing them into transport blocks is solved [14-16, 19]. At the second
stage, there is a problem of distribution and routing of flows of transport blocks with
collective correspondence, which were formed when solving the first problem
[13, 17, 18, 20, 21, 22-25]. Groupage correspondence means messages combined
into one transport block or packaged cargoes with different addresses of destination,
which may not coincide with the address of destination of the transport block.
Groupage correspondence is formed to minimize the number of transport units
required for their packaging and transfer or transportation in the backbone network.

2. Problems of Correspondence Packaging and Network Structure Selection

For futher network development, according to the input data, it nessesary to solve
the problem of optimizing its structure, to obtain a scheme for sorting outgoing flows
and distributing the costs of sorting flows and the costs of loading and unloading
outgoing and incoming transport blocks by nodes. The general scheme of the
algorithm for solving the problem is based on the solution of the packaging problem
[14, 15]. The problem of packaging arises in trunk transport networks and backbone
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data transmission networks with discrete flows of correspondence from suppliers to
recipients, the essence of which is to concentrate the flows of cargo and information
between network nodes. Correspondences with different destination addresses
emanating from network nodes can be combined with each other and packed into
common transport blocks (containers or virtual containers). As a result of the
merging of flows, the number of transport blocks for the transportation of
correspondence is reduced, the number of directions for sorting correspondence in
the network nodes to other nodes is reduced, the load factor of transport blocks and
vehicles increases, and the high capacity of the main communication channels is used
more productively. At the same time, transit flows of correspondence arise in some
nodes of the network, which leads to an increase in the total cost of processing flows
in the network and an increase in the time of delivery of correspondence to the
recipient.

Let G(N,E) - hierarchical backbone network with set of nodes

N=N,UN,UN,, n=|N

and third type, respectively, and a set of undirected arcs E, e = |E | . It is assumed

,where N,, N,, N, —sets of nodes of the first, second

that the geographical coordinates of the location of the network nodes are known and
the integer matrix of correspondence flows between all network nodes is known

Az”%

, in which the rows correspond to the sending nodes and the columns

nxn

to the destination nodes, and there is some transformed matrix X = H x; , whose
nxn

elements are integer sought variables of the packaging problem. All correspondence
is homogeneous (of the same type), and during transportation it can be combined in
different nodes and packed in transport blocks only as a whole, that is, it is forbidden
to branch them (splitting into parts) and transport them along several routes. Flows

a., i=1,n,in the matrix 4 represent internal flows between nodes of the fourth

ii»
type in the service area i-th nodes that are not transported through the backbone
network. All correspondence in the backbone network must be transported in some

fixed-capacity transport blocks @ >>a,,, i, j = Ln,i#j, weZ" .

It is required to determine the quantitative and qualitative composition of the
nodes network and correspondence sorting scheme at each node, which minimizes
the reduced costs of network operation. Formally, it is necessary to solve the
packaging problem for all possible combinations of node types and find a minimum
of functions

F =3 Cluydy)+ D Cooi(x,56,) + D Clogy () (D
[jeS i=1 i=1
subject to
S S-S0 Sa =i g
j=1 J=lj#i J=1 J=Lj#i
inj— ZaijShi,i=l,_n, 3)
J=1 J=Lj#i
x;,u; 20 and integers,Vij € S, “4)
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when solving the problem, the constraints on the time of delivery of correspondence
flows to the recipient are also taken into account

t,<T;, Vijes, (5)
and the number of transit merges
Vi <V VI ES, (6)

*

where S —set of index pairs (7, j) corresponding nodes; x,, = a, + era if the

rs 2

correspondence a;; has not been combined with any other correspondence, where
* . . .

{a,} —aset of correspondence combined with correspondence a;,and x,; =0,if

the correspondence a; merged with any other correspondence or i=j;

C’ (u;,d;) — nonlinear transport cost function dependent on the number of

”

X;

transport blocks u,; = 1, (I_x—l — smallest integer, greater than or equal x ) and
w

length d ; — ways of their transportation between nodes ¢ and ;.

As a rule, in mathematical models describing the processes of processing and
transporting flows, costs are associated with the value of the flow along the arcs of
the network or the routes of flow transmission. For data networks, where arcs are
associated with communication channels, such arrangements are quite acceptable. In
the case of transport networks, it is much more difficult to adequately define cost

functions, such as C t’l (u o d l.j) , therefore, as a result of solving the problem, get a

reliable answer. In problem (1)-(4), only the approximate estimate of transport costs
and the lower limit of costs for processing transport blocks are calculated. Therefore,

asa C)(u;,d;) the function of the unit cost of transportation of the flow of the
value of the u; at a distance di/‘ on the carrying capacity of the vehicle or the
bandwidth of the communication channel, which is set as a parameter
w, € w,wy,eow, }, &= l,_a For example, it can be assumed that
Cl(u,,d,)=u, (ki +ksd,;)/w., VijeS, where ki, k; - specified
coefficients. At the same time, the structure of the network does not depend on the
choice of value w,, and transport costs are calculated only approximate (at a given
value of W, ) in the distribution of the formed flows of transport blocks along the
shortest paths according to the lexicographic criterion: minimum arcs in the path,
minimum path length; C.  (x;,q;,) — nonlinear cost function of total volume
X, =a,+ Zj’:l,_j# (aij +a le) + ZZ:] x; —Zj:u# a; and the number of sorting
directions ¢, = q;, + z';:l o, correspondence processed in the node i (5, =1, if
x; #0and 6, =0,if x, =0, and q! determines the specified number of sorting

i=1,n); C, ., (u,) — nonlinear cost

0

directions for processing correspondence a

i ?
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function of total number of transport blocks u, = Z’;:l (u; +u ), processed in the

node i; h;, i= 1,_n — maximum throughput of the 7 -th node for processing transit
correspondence. For nodes of the second and third types 4, =0.

When solving the problem, delivery time constraints are also taken into account
t; <T,; V ij €S and the number of transit merges v, <v, . Vij € §, correspondence

during their transportation from the nodes of departure to the nodes of destination,
where 7, and v, — the time of delivery of correspondence to the recipient and the

maximum allowable number of transit associations of correspondence are set
accordingly. When calculating the delivery time, parameters are used that are not
explicitly included in the model: the specified time for sorting correspondence and the
time for transit overloading of transport blocks in network nodes, the average speed of
vehicles or message transmission, etc. (the 4 part of this work).

The first component of function (1) determines the transport costs, the second —
the sorting costs, and the third — the costs of handling the transport blocks.
Expressions (2), (3), and (4) represent balance conditions, node bandwidth

constraints, and variable values x;, .

In [15] algorithms are proposed for solving the problem of packaging with
functions of costs for processing and transportation of correspondence, which are
based on a discrete analogue of the local descent method, when the vicinity of the
metric space of admissible solutions is selected for heuristic considerations, taking
into account the specifics of data structures and features of the problem.

It should be noted that when solving the problem, it is possible not to take into
account the constraints on the bandwidth of nodes (3). Additional constraints

t; <T; (5), v, <V,

1

(6), V ij € S they may also not be taken into account, but at

the request of the transport network designer or the administrator of the data network,
all constraints can be set as directives. If the problem of choosing a structure was
solved for the transport network, then it is necessary to additionally solve the
problem of delivering empty containers [26].

In the process of solving the problem for network development, not only the
structure of the network is determined, but also the optimal scheme for sorting the
outgoing flows of correspondence in the selected structure. If the present cost

functions are used C. . (x;,q,), C, . (u,), adequate to the processes of sorting and

processing, then for the network nodes it is possible to obtain a fairly realistic
estimate of their size, that is, to determine the necessary reduced costs for the
functioning of the nodes for the period of completion of planning (the second
component of the function (1) and partially the third — without taking into account
the costs of transit transshipment of transport blocks). For transport costs and
handling costs of transport blocks, only preliminary estimates are calculated. Real
estimates of these costs can be obtained only after solving the problem of distribution
and routing of the formed transport blocks on the transport network or data
transmission network (only incoming and outgoing flows are taken into account in
the costs of processing transport blocks in network nodes — transit flows are not taken
into account; for transport networks, the costs of transportation and handling of
empty containers are not taken into account).
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In addition to the structure of the network, the main results of solving the problem

and U = H u; correspondence and transport

nxn

are flow matrices X = H X

nxn

blocks; matrix of preliminary estimates of the time of delivery of correspondence to

; reference matrix of merging correspondence flows

nxn

recipients T= ny

C:H%

[27], the elements of which are defined as follows:

k, if flow a; merges with the flow @, ,
¢; =11, if flow a; is directly sent to the node ;,
0,ifi =7,
where k — the node through which the flow conversion is performed @ i - Matrix C
it is used to restore the sequence of network nodes Q; ={(i,k,),(k,,k,),...,(k,,, j)}

with intermediate nodes {k,,k,,....k, }, in which additional (transit) sorting of each
of the flows is performed a;, i,/ =1,_I’l, [# J, and their total number

Vv, :| {kykyy sk, } | , and calculation Z; — the time of their delivery to the final

recipients. These results are used as input data to solve the problem of distribution
and routing of transport block flows. The reference matrix of flow merging fully
defines the correspondence sorting scheme in all network nodes and addresses the
flows of transport blocks that will be distributed along the routes of vehicles or
communication channels. In the nodes of a real transport network or data
transmission network, the reference matrix is used for automated control of
equipment that carries out the processes of sorting address cargo, or as a table for
merging messages into virtual containers.

3. The Problem of Distribution and Routing of Transport Block Flows

Based on the results of solving the problem of optimizing the network structure for
its development, need to solve the problem of distribution and routing of flows.
The problem of distribution and routing of discrete multicommodity flows of
transport blocks with groupage (mixed, combined) correspondence arises in
transport networks with discrete cargo and in backbone data transmission networks
with the technology of virtual containers [13]. Groupage correspondence, as
before, means packaged cargoes with different addresses of destination combined
into one transport block (container) which addresses may not coincide with the
address of destination of the transport block. The substantive formulation of the
problem consists in the selection of such a scheme for the distribution and routing
of flows of transport blocks, in which the reduced costs for processing and
transportation of flows are minimized. The solution of the problem should be
carried out in an interactive mode and determine the main technical and economic
indicators of the backbone network functioning when changing the initial data,
parameters and constraints of the transport model. Since it is not always possible
to formalize all the factors influencing the choice of the best solution, the practical
experience of transport network dispatchers and administrators of data
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transmission networks, as well as the knowledge base in the information and
analytical decision support system [28], can be used for the final selection of the
distribution and routing scheme of flows.

Let G(N, P) — a hierarchical backbone network with a set of undirected arcs P,

p:|P| and a set of nodes N =N, UN, UN;, n:|N , where N|,N,,N, —

sets of nodes of the first, second and third types, respectively. The nodes of the
network correspond to the nodes of sorting, departure, destination and overload of
flows, and the arcs correspond to the sections of roads for transport networks or
communication channels for data networks connecting network nodes.

and transformed

nxn

The flows of network are defined by the initial 4 = H a,

, integer matrices of correspondence and integer

nxn

" '
4 _H“z‘i

=X=sz'f

nxn

. There is also a matrix of

nxn

matrix of transport blocks A4 = H a,

preliminary estimates of the time of delivery of correspondence to recipients

f:H i

and other information obtained after solving the problem of choosing

nxn

the network structure. Matrix elements 7 act as initial constraints on delivery time
when solving the problem of distribution and routing of flows of transport blocks.

Let {m,}, k=1, — a given set of projected vehicle routes or communication
channels, each of which consists of a sequence of network nodes and arcs G,
connecting the start and end nodes of a route or communication channel. It is
assumed that the set {m,} for each undirected arc of the network G contains

forward and reverse routes, and in the process of solving the problem in the set {m, }

new routes generated by certain rules may be included. Set {m,} can contain

multiple routes connecting any pair of nodes. Each route of the transport network is
associated with its characteristics: the function of the average annual present costs
for the operation and maintenance of the route; carrying capacity and frequency of
movement of vehicles; time of arrival and departure of the vehicle for each node in
the route, etc. For each route in the data transmission network, the function of the
average annual reduced costs for the operation and maintenance of the
communication channel, its length and bandwidth are specified.

We will build a route multi-network G,,(N,P,,) transitive closure of nodes of
all routes with {m, } , where N —a set of network nodes, P,, — the set of its oriented
route arcs. Between any nodes @ and f network G,, there is a route arc if they

are connected by at least one vehicle route or communication channel with {m, } .

aff

Let's introduce the variables: u;”, — unknown flow of transport blocks from I into

Q

J » passing in an arc p,; € P, , obtained from the route m, (uij’i determine arc

ng

flows in transport blocks on the route network G,,); u;; — unknown flow of

transport blocks from i into j, passing in an arc p,. € P on the route m, .
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Required to minimize function

/ n /
Scil| Tz [ Sen (SETwtn| o
k=1 p=1 a=

néeq, ijes 1 k=1 ijeS
subject to
D uk <wk forall néeq,, k=11; (8)
ijeS
n
Z&U at i=aq,
n o n / 5 n o n ! 5 =l
u = up, = 0Oatiza,j#a, )
p=1 i=l k=l p=1 i=l k=1 n - .
_251—; atj=a, fora=1Ln, j=1,n
i=1

n 1 n -
DD W +ul) = (G, +d ) <2by, B=1n; (10)
a=1 k=1 ijjeS Jj=l1
SN W vul)<bl, aev, k=11 (11)
p=1ijeS

in specific cases of solving the problem, restrictions on the prohibition of branching
flows can be added to the specified constraints

, if the flow passes in an arc aff e m, ,
ut = 1% P pem (12)
0 otherwise,
uy >0, ugi >0, and integers, (13)

constraints on the time of delivery of correspondence flows to the recipient are taken
into account

L <. ijes. (14)
It is assumed that there is an operator @ : 7= {u; 3, Py €bBys Dz EP,

ijes, k= 1,/, which displays the flow along the route arc of the route m, on the
network G,, to the corresponding subset of the route arcs 7, on the network G .
In formulas (7)-(14) the following notations are introduced: CZ; is a nonlinear
function that determines the dependence of transport costs on the number of transport
blocks transmitted along the route 7, and the length of the route d, . It is assumed

that the present cost functions Ct]; specified for each route with {m, } . Transport

networks are characterized by the dependence of such functions on the working fleet
and carrying capacity of vehicles on the route, and data transmission networks — on
the bandwidth and length of communication channels. It should be noted that the
functions of the unit cost of transportation and handling of a unit of flow (one

transport unit) cannot be applied here; g, — ordered set of arcs with P, that make
up the route m, ; C, lfa » — nonlinear cost function for processing transport blocks in

anode f; b 5 s = l,_n — maximum throughput £ -th node in transport blocks, the
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throughput is set for transit flows, since the outgoing and incoming flows for each
node must be handled unconditionally. For nodes of the third type bﬂ =0; W,]’; -

the carrying capacity of the vehicle or the capacity of the communication channel on
the route m, on the arc 7& € P in transport blocks, Wn]; € {w,W,,...,w,}, where

Wi, W, ,...,W, —integers ordered in ascending order of positive numbers; b — limit
on the maximum total number of transport blocks that can be processed at a transit
node & on the route m, ; U, — an ordered set of nodes with N on the route m, ;

t l~l.j, ij €S, — estimated and specified time for the delivery of correspondence

U‘ b
flows a; with i into ;.

The first component of the function determines the transport costs, the second —
the costs of processing the transport blocks. Conditions (9) ensure continuity of flow,
and conditions (10), (8), (9) are, respectively, constraints on the capacity of nodes;
route capacity; volumes of processing of transport blocks in the nodes of vehicles or
in the switched nodes of the data transmission network.

When solving a problem (7)-(14) should be obtained the final technical and
economic indicators of network functioning. The results of the solution contain for
each node of the network a scheme of sorting of outgoing flows with estimates of
the time of delivery of correspondence to recipients, the costs of sorting flows, the
costs of loading and unloading outgoing, incoming and transit transport blocks, as
well as the costs of transporting (transmitting) flows of transport blocks on optimized
routes and complete information about the routes of their transportation.

Due to the complexity of solving the nonlinear discrete problem (7)-(14), a
method for reducing it to a set of multidimensional knapsack problems with binding
constraints was proposed in [13]. The essence of the decomposition is the following.
It is intuitively clear that it is possible to achieve a decrease in the value of the

function (7) with a maximum increase in the values of u;fk on all arcs (sections)
né& e P routes {m,} when distributing all flows in the network G,, by the

criterion: minimum transit overloads, if the number of transit overloads is equal —
minimum path length. As a result, we construct some analogue of the dual problem
to the problem (7)-(13) with the exclusion of nonlinear cost functions from the

explicit consideration C and C/ , . First, let's assume that all flows a; distributed

in the network G,, according to the specified criterion. We using a reference matrix

of the distribution of flows along the shortest paths C = H ¢y H [29] with elements
nxn

u, if flow a, transmitted from node i to node
J with overload at node .,
¢, =<1, if flow a; transmitted from node i to node

J without overload,
0,if i=},

and a givenset {m, }, k = 1,_1 , for each route m, it's not hard to find subsets {u;i}

flows that could potentially be allocated to this route. Let's denote ‘ {us’i} ‘ =g,.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTYBaHHS, BHIL 3 (55), 2025



Because G, —multi-network, forany m, , m,_, k, # k, and fixed aff and ij can
be performed {u;, } N {u } #D.

in

nxn

Renumbering, starting with 1, non-zero flows @, in the matrix A= H a,

4

rows from left to right and in columns from top to bottom. Let's build a matrix

H=|h| . inwhich
number 4 of flow G, if a; #0,
a 0 otherwise, h =1 hmax,
where /1, — number of non-zero elements in the matrix A, h. <n’'-n.

Let & = H EF Hm s 1, :| v, |, k =1,] —vectors containing host numbers (G or

G,, ) on the routes m, when passing them from left to right. This means that direct
and return routes may or may not coincide. Let's write down the display operator of
any flow “y . € {uy k} along the route arc &f8 upon m, on the set of arcs of this

gﬂf;ﬁl
ij,k

§g+l§/l+2

route in the network G in the form of @ :u” ik

u §y+cfléu+v } ,

= {u; T

i, k
where £, =a, u —node sequence number ¢ in vector L uelln,); S =P,
1+ ¢ —node sequence number f3 in vector &, u+ce(1,7,].

Let's build vectors f k= H fjk

A :H i

y

. k .
and matrices A H H ,
l] (e —D)xe;

, k=,_l )

/2

ey o
Ep

y

A" =| d

y

Tk %€k Tk &k

fjk h, if the flow &, ,, with a number / can be distributed to a route 7, . Indexes
i' and j' meanindices i and j variables uU . € {uU k} where 1, j —1 n , therefore

;» define the elements a matrix A . For convenience, plural flows {u .} canbe

ordered according to increasing flows numbers 4, ;» in the matrix H,

&l.j, fori=pu,pu+c-1,

Oforiglu,u+c-1],i=Ln, —1;
o ifG=pvii=pro),

a; = o
" |0 otherwise, i =1,7, ;

ik = Gy, (@ = pni'zo)v(i=@pt+cynj'# p),
" |0 otherwise, i =1,7, ;

gk Qo if (= puni'=a)v(i=(u+c)nj'=p),
=

0 otherwise, i = E 5

for j=E, k=l,_l,where v A —logical "or" and "and" signs.
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Here is the algorithm for generating data.
Algorithm 1. Formation fk, A%, 45, 4%, A"
.For { k ‘ k=1, } do step 2-14.

—

2. 4«0, 4«0, 4 <0, 4 0.

3.For {j ‘jzl,_gk,jsuﬁf,’k} do step 4-13.

4 [,

5.For { u ‘,u 177k -1 }Whllef # o go to step 5.
6. c'z'#j .

7.0f i'# a , then Gy, <, ..

8

.y BN ~
Afi'=a,then d,; < a, ;.

Nel

.For {i ‘ i=pu,n, } while & = B do c'zl.]j‘. < a,;,gotostep9.
ok ~

10. a; < a,

11.If j'# B, then 'd;.f <« a,;

12.1f j'= [, then aUk 0.

13. Go to step 3. ! End of cycle by j

14. Go to step 1. ! End of cycle by &
15. End of algorithm.

Let W* :H Wl.k H , B :H bl.k , k :1,_[ — respectively, the
71

b

vectors of restrictions on the carrying capacity of the vehicle or the capacity of the
channel on the arcs of the route m, ; the total number of transport blocks that can be
processed at the transit hub i on the route m, ; capacity of network nodes for
processing transit transport blocks.

Let's introduce variables xf , j=Le , k= l,_l , where

one of the meanings 1/a,.,.,2/a,.,....a, ./ a,, if flow a,,

x;‘ =4 with a number j is selected for a route m,,
0 otherwise.

Taking into account the above limitation of formulas (8), (11) we write in the
form

Zd;‘.xj; <wh, i=Ln -Lk=11, (15)
j=1 '
ngxf-; <b, i=ln, k=1L (16)
j=1 '
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Let's denote Zay xjf.k =W§k, i=lLn, ., k=11,
J i

Za L =4 i=Lny, , k=11.

Then the constraints (9) and (10) are written as follows:

n

! —_—
Zzﬁ = Z(ay +a,), i=1,n, (17)

—Zy/l <b, i=1ln. (18)

The constraint on the prohlbltlon of thread branching (12) can be written as
. | L ifaflowa, . with a number; is selected for a route m,,
X, = (19)
7| 0 otherwise.

Let's build the objective function of the problem: it is required to minimize the
number of / the "cheapest" busiest routes from the set {m, } at the maximum load

of arcs (sections) of these routes. "Cheap" routes are those routes that have the lowest
average annual present costs for transportation and processing of flows. It is assumed

that the present cost functions C% specified for each route with {2, } . Transport

networks are characterized by the dependence of such functions on the operating
fleet and carrying capacity of vehicles on the route, and data transmission networks —
on the bandwidth and length of communication channels. Therefore, for real
networks, the reduced costs will be the same both for the most loaded route and for
a poorly loaded or not loaded route at all. It should be noted that the functions of the
unit cost of transportation and handling of a unit of flow (one transport block) cannot
be used here, since it is less for routes with higher capacity, which will inevitably
lead to the loading of "more expensive" routes.

In addition, it should be borne in mind that the upper limit on the number of routes

[ plural {m,} when solving the problem, it is not fixed — after solving the problem,
it may turn out to be larger than the specified one, if in the process of solving it is

allowed to generate and introduce new routes if it is impossible to distribute all flows.
Let's write down the objective function

‘ ‘ {{mk} Zaw Xj, = max, i =11, - lk—ll} (20)
mA}Cr

Thus, as a result of the transformatlon of the problem (7)-(14), its solution was
reduced to a certain sequence of simultaneous solution /- multidimensional

knapsack problems (20) with block constraints (15), (16) dimension (77, —1)x &,

and 77, X &, , binding constraints (17), (18) and constraints (19), and (14). The need
for repeated (iterative) solution of the problem is due to the fact that in one iteration

all the flows specified by the matrix A , may not be distributed along the shortest
paths due to violation of any restrictions. In this case, new paths different from the

original ones are chosen for undistributed flows, and new subsets are defined {u;‘i}
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and again, the knapsack problem is solved, taking into account the remaining reserve
of restrictions. The iterative process continues until all flows are distributed across
the network. If it is not possible to distribute all flows due to violation of individual
constraints, then, at the request of the designer, relaxations can be introduced
interactively for all or some constraints.

The obtained combinatorial problem is also NP-hard [30-32], therefore, for its
solution in different variants and modes, a number of algorithms have been proposed,
which significantly use the specifics of the problem structure, abstract data types and
techniques characteristic of heuristic algorithms for solving a multidimensional
backpack problem. Algorithms make it possible to obtain rational, from the point of
view of the network designer, solution to the problem in a reasonable time.

4. Programs Optimization of Network Structure and of Flows Routing.
Numerical Experiment Results

In fact, modeling the hierarchical structure and flows routing in a communication
network is a computer technology consisting of scenarios of actions of the designer
and the software system when choosing input data, parameters of programs and the
network to be designed. In the information and analytical decision support system
(IA DSS) [28, 33], scenarios are implemented in the form of a multi-window and
multi-layer graphical interface, which allows viewing the network structure and its
individual fragments in a cartographic form; outgoing and incoming flows in
network nodes; the values of all specified constraints and optimization parameters;
optimization results for different options for solving the problem, etc. The designer
in the dialog mode can change the values of the initial data and parameters of the
problem, get a set of solutions and choose the most favorable of them. At the same
time, he can always compare solutions for assessing the technical and economic
indicators of the network, depending on the selected parameters and preference
criteria. For an experimental study of solving the problems as well as for training
dispatchers to work with the programs, their demo version was developed [16, 17,
34, 35]. Such a programs are included in the IA DSS and can work offline, when all
the necessary input data is generated by a pseudorandom number sensor. IA DSS is
being developed at the Institute of Telecommunications and Global Information
Space of the National Academy of Sciences of Ukraine and in the future will function
on a real-time scale and allow to effectively manage nonlinear and non-stationary
processes of processing and distribution of flows at all levels of the hierarchical
network.

In fig. 2 shows the main forms of the programs into which the input data is
entered. In them, you can select different options for the programs and specify
whether you need to optimize the network structure in an automated mode or enter
the types of nodes and their service areas manually, use cost functions in the
algorithms for solving the problem or not. To change the initial value of flows in the
process of solving the problems, the flow prediction coefficient can be used (Kj,),
the initial value of which is set to one by default. At the bottom of the main forms
there is a window for displaying current programs messages, and buttons for
activating actions. All output data is output to data sets, and displayed on a computer
screen using the system program WordPad. In the output form displays the selected
network structure and the main preliminary technical and economic indicators of its
functioning, and for each node of the network, an edited scheme for sorting
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correspondence flows and forming flows of transport blocks. If the problem of
choosing a structure solve for a transport network, then at the beginning of the form,
the results of solving the problem of balancing the matrix of container flows [26],
which arises due to a violation of the balance conditions — the equality of the sum of
outgoing and incoming containers in individual network nodes. After solving the
problem of distribution and routing of flows of transport blocks, in an additional
output form are displayed sorting schemes flow with final estimates of the time of
their delivery to recipients, and the results of solving the routing problem, which
contain final technical and economic indicators of network functioning and complete
information about the transport of flows along optimized routes.

Numerical example of designing a network. Let's consider the results of
mathematical modeling of solving problems of current planning on the road transport
network. To conduct the experiment, a container transport network with a number of
nodes was generated by a pseudorandom number sensor 7 =120 and the degree of

nodes val =5. Arc lengths d,,, kI € P were generated in the range from 80 to 300

km, and the value of the outgoing flows of cargo (goods) from the nodes of the first
type was set in the range from 1 to 9 units, from the nodes of the second and third

types — in the range from 1 to 5 units. It was assumed that the routes {m, } , k = l,_l

vehicles coincide with the arcs of the network and traffic on the routes is allowed in
both directions, so the / = 120x5/2 = 300 projected routes.

¥ To oulpu the protocol of work of the program? ¢ The reduction of routes is necessany?
¥ To design a new routes?

Enier basic data and parameters

The ber of new outes entered at the
soluti

4040 Scale of change of a loading capacity of vehicles or capacity of a communication

’mi The lower bound of restictions on an exchange of iansport blocks:
in nodes of outes

500,500 Seale of change of restrictions on & capacity of nodes

I =] Mode of a conclusion of messages and dala of program [1.2.3)

I =] Mode of weakening of restictions of a task (1.2.3)

To star the program Exil Help

Fig. 2. Main forms of the programs

The following parameter values were taken (see Fig. 2): container size @ = 40
units of discrete cargo; time for processing (sorting) discrete cargoes in network

nodes 7, =24h; carrying capacity of motor vehicles WUZ on all arcs 77¢ € g, of all

routes {m, }, k= 1,_1 was accepted as the same, equal W, and varied within W €
{40, 20, 10} containers; time for transit transshipment of containers in network nodes
1, =12h; time of parking of vehicles at the end nodes of routes 7, , =22h; periodicity

of vehicle traffic 7, , =24h; average speed of vehicles V, = 80 km/h; daily

move
throughput capacities of transit processing nodes 4, and b,, i =1,n 5000 units of
discrete cargo and 500 containers, respectively, were accepted; time of delivery of
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cargo to the recipient #; was calculated in a day, so the maximum delivery time was
set in a day and accepted 7;]. =15 days for everyone #j € S; maximum number of

discrete cargo bundles Vv,

X
prohibited.

Cost functions can be either piecewise convex (gully) or convex or concave for
different communication networks. To calculate the average annual present costs for
transportation and processing of flows, specific functions in conventional units of
cost, typical for transport enterprises, were used:

C ()=cx exp[—ﬂ], i=1,n,
1+g¢,

was not restricted; branching of container flows is

where C"

sort

(), x;, g, —respectively, the costs of sorting cargo flows, the total flow,

the number of directions for sorting flows to other network nodes in the node 1 ;

i _ 2 -1
Couu®= 1/c3ui +cu;, i=1n,

where u; — the sum of outbound, inbound, and transit containers handled at the node

i, (in the problem of optimizing the network structure, only incoming and outgoing
flows are taken into account in the cost of handling containers in network nodes, but
transit flows are not taken into account);
" u. | (T, +2d, 1V )
C;’(-):—”{ S end L te+ed, | VijeS;
' w T Y

move

k k
C,()=DW(cs+c,d,)+c,,D,,, k=11,
where ¢, —¢,, —3a1aHi KoeilieHTH.

Here: D! =(2T, , +2d,/V,)/T,, . —working fleet of vehicles on the route m, ;

D, = szii ’Vt; /T mm—’ — working fleet of containers in the transportation
i=1 j=1
network;
t; =2t,+ d;; I(V,0)+w,t, —total time of loading and unloading of containers

&[i in the initial i and end j points of destination and the time of their transportation
k

from i to j on a path of length dy. ,

where y; — number of transit overloads 511.].

on the way from i to j, @ — time rationing coefficient (for transport networks & =
24 hours, for data networks @ = 1).

To calculate the time of delivery of goods to the final recipient, the following
formulas were used:

2, +d, | (V,0) +y,t,, if ¢, =i,
b=V, + 2+ D (dy | (V,0) vy ty), if ¢ #i,

&neQyy;

where ¥, ¥/, — the number of transit transshipments of the container in which the

cargo is located a; on the segment i, J) or
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(&:m) e, =1{(i,k),(k,k,),....(k,, )}, d;, d., —the distance of the segment,
¢; — clements of the reference matrix of merging correspondence flows
C=|e;| 127

When solving the problems, we calculated costs in conventional units of cost

(c.u.) after optimization: costs for sorting cargo C_ ., costs of loading and unloading

sort 2

containers into vehicles C, ,, transportation costs C,., the total network costs

Cal[ = C + Cload + C

sort

anéizn:xi/ /( (xi—‘ w ), 0, = ié‘ij ; average number of cargo sorting
' w =

1
niet 0; j=1

average container load factor

tr?2

KL‘()I’I =

T 1<
directions in the network node N, =— Z 0, .
nig

Initially, 28 nodes of the second type and 92 nodes of the first type were generated
for the network. The task of optimizing the network structure was solved for W €
{40, 20, 10} with constant values of discrete cargo flows and other specified
parameters. For all values W the same network structure was obtained, containing
79 nodes of the first type and 41 nodes of the second type. Therefore, to solve the
problems of distribution and routing of flows of empty and loaded containers for
W e {40, 20, 10} as input data, the results of solving the problem of optimizing the
network structure, obtained at the W = 40.

Results of solving problems on the initial and optimized network for the carrying
capacity of vehicles W = 40, 20, 10 are given in Table 1, 2 and in Fig. 3, 4. The

following notations are adopted in the tables: C,, C,., C_ ., C, ., — the total

tr > sort >

network costs (C,, = C,+C_, +C, ), costs of transport, sorting, loading and

sort
unloading containers in mIn. conventional units; /, [*, [ ® _ the number of specified,
entered and loaded vehicle routes; D, — working fleet of vehicles; K, — average

vehicle load factor; D, — working fleet of containers; K, — average container

load factor; N,

sort

— the average number of backbone directions for sorting discrete

t t — minimum, maximum and average

max > “mean

cargoes in the network node; 7, ,
time of delivery of discrete cargo to the consignee per day; V;, V,, V; — options for
solving the problem.

In the variants ¥} and V, the distribution of container flows was carried out along
specified routes coinciding with the arcs of the network, and if it was impossible to

distribute all flows, the introduction of new routes was allowed. In the variant V,

constraints on the time of delivery of cargo to the recipient 7 = H t:j H were taken

nxn

into account, and in the variant V, were weakened. In the variant V; for each pair

of nodes (i, j) i=1,n—1,j=i+1,n the route of the vehicle was generated in the
network according to the criterion: minimum transit nodes, if the number of transit
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nodes is equal — minimum length. Total generated / =n(n—1)/2 = 120x119/2 =
7140 routes, the movement of vehicles on the routes was allowed in both directions.
In the variant V any flow of containers can be delivered to the recipient without

transit overload. From the tables, you can see that for the V|, and V, at W =40 and
W =20 full costs with the relaxation of constraints on #; decrease slightly, and 7,

noticeably growing (Fig. 4a).

Table 1
Solution Initial Network N, =92, N, =28
Results
W =40 W =20 w=10
vl n | i n

Call 25,396 25,186 152,78| 19,464| 19,337| 79,397| 16,975| 19,048| 42,706
Ctr 20,002| 19,770| 148,17| 14,069| 13,488| 74,791| 11,581| 13,030| 38,100
C.. | 3216] 3216] 3216 3216] 3216| 3216] 3216 3216 3216
C... | 2178] 22000 1389 2,178| 2632| 1380 2,178 2,802 1,390
I 300  300] 7140] 300] 300] 7140] 300] 300 7140
I 5 0 0 126 97 0 388 461 0
/° 305 300 900 426 397 900 688 761 900
Dtr 610 600 1819 852 794 1819 1376 1522 1819
Ktr 0,400| 0,412 0,055 0,587 0,806| 0,109 0,775| 0,905 0,221
Dc(m 14573 14638| 13041| 14573 16093| 13041| 14573 16715| 13041
K, | 0637| 0637 0637 0637 0637] 0637] 0637| 0,637 0,637
N, 21 21 21 21 21 21 21 21 21
Lo 2,042 2,042 2,042 2,042 2,042| 2,042| 2,042 2,042 2,042
L oax 6,738 9,359 4,775| 6,738| 16,999 4,775| 6,738| 18,302 4,775
t 4,205 4,266 3,393 4,205| 5,317 3,393| 4,205| 5,570| 3,393

At W = 10, when the maximum load of vehicles is reached, in the ¥, total costs
are not reduced, but increased due to the distribution of flows along longer path and
an increase in the working fleet of containers. Therefore, when reducing the load
capacity, a better solution can be obtained given constraints on ;.

Average delivery time ¢ remains fairly stable for all variants (Fig. 40). In the

mean

variant V; with a decrease in the load capacity of vehicles, there is a significant

reduction in total costs at the lowest values ¢ and ¢ This means that the best

max mean *
solution to the problem can be obtained in the V; with a further reduction in load

capacity and deviation of flows from the shortest paths to increase the load of vehicles.
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Table 2

Solution Optimized Network N, =79, N, =41
Results
W =40 W =20 W=10
Vl Vz V3 V] Vz V3 Vl V2 V3

C.i | 25116 25,030| 116,64] 18,430| 18,415| 61,336 15,993| 17,679| 33,687
C, 19,798| 19,699| 111,98| 13,111 12,691| 56,680| 10,674| 11,820| 29,031
C.. | 3.293| 3,293 | 3,293 | 3,293 | 3293 | 3293 | 3293 | 3,293 | 3,293

Coua 2,026 | 2,038 | 1,363 | 2,026 | 2,431 | 1,363 | 2,026 | 2,566 | 1,363

) 300 300 | 7140 300 300 | 7140 300 300 | 7140
I* 2 0 0 93 71 0 334 390 0
/° 302 300 722 393 371 722 633 690 722
Dtr 604 600 1455 786 742 1455 1266 1380 1455
K,,, 0,364 | 0,370 | 0,064 | 0,575 | 0,783 | 0,128 | 0,758 | 0,902 | 0,259
Dwn 13945 | 13983 | 12783 | 13945 | 15329 | 12783 | 13945 | 15762 | 12783
Kwn 0,643 | 0,643 | 0,643 | 0,643 | 0,643 | 0,643 | 0,643 | 0,643 | 0,643
N, 19 19 19 19 19 19 19 19 19
¢ 2,042 | 2,042 | 2,042 | 2,042 | 2,042 | 2,042 | 2,042 | 2,042 | 2,042
loax 7,251 | 11,012 6,554| 7,251 25,573| 6,554 7,251 34,835| 6,554
Lovan | 4275 | 4311 | 3,488 | 4275 | 5367 | 3,488 | 4,275 | 5,594 | 3,488
30 1400 0,8

1200 0.7
» 1000 0.6
20 0,5

800 0.4
15 600 0,3
10 400 0:2
5 200 0,1
0 0 ¥ 0=

w=40 w=20 w=10 W=40 w=20 w=10 W=40 w=20 w=10
a) b) )

Fig. 3. Dependence of the total average annual reduced costs (@), the working fleet of vehicles
(b), the load factor of vehicles (c) on the carrying capacity of vehicles for the variant V)
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Otmax init  Btmax opt Otmean init  @tmean opt
40 6
30 4
20
2
10
0 0

W=40 W=20 W=10 W=40 W=20 W=I0

a) b)

Fig. 4. Maximum (@) and average (b) time of delivery of cargo to the consignee (recipient)
per day when changing the carrying capacity of vehicles for the variant V,

Conclusion

1. The developed methodology of solving the problems of processing and
distribution of discrete flows in a hierarchical multicommodity network allows
selecting the hierarchical structure of the network and determining the main technical
and economic indicators of its functioning when changing the initial data and
parameters. The methodology can be used for current (medium-term) planning of
the processes of processing and transportation of discrete correspondence flows and
is aimed mainly at optimizing the use of available network resources. The
methodology is based on the sequential solution of current planning problems, which
are represented by a complex of mathematical models, algorithms and computer
programs.

2. The developed computer technologies for solving the problems of choosing the
hierarchical structure of the network, the scheme of sorting, distribution and routing
of flows allow:

* in an interactive mode to simulate various variants of the network, changing the
topology, hierarchical structure, routes of vehicles or information transmission,
flows, parameters and constraints of the model, and from the family of results to
choose the best option taking into account the selected goal function and accepted
constraints;

* to increase the efficiency of the network at the level of current planning by
optimizing the use of its available resources and reducing operating costs, which
makes it possible to reduce tariffs for the transportation of goods or the transfer of
information, attract additional customers and ensure a constant increase in profits;

* calculate preliminary technical and economic indicators of the network
functioning at the specified and forecast values of flows, estimate the cost of
additional resources and plan the amount of necessary investments for the
modernization and development of its structural elements, which ultimately makes
it possible to increase the efficiency of the network by reducing the scarce material,
raw materials, energy, financial and labor resources;

* promptly redistribute flows in case of equipment failures in nodes and transport
routes, unforeseen situations, natural disasters, etc.
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3. The developed instrumental software tools are designed for mathematical
(computer) modeling of the functioning of communication networks with discrete
flows in the infrastructure complexes of large cities, regions and the country as a
whole. They can be used to solve the problems of current planning and
management in transport networks, backbone data transmission networks, cellular
and postal communications, etc., as well as to solve the problems of operational
management and long-term development and allow to increase the estimated
efficiency of the functioning of the designed communication networks. The
developed tools can also be used to model and optimize the functioning of
traditional logistic production and transport and storage systems, including nodes
of suppliers of raw materials, production of goods, warehouses and end users. In
addition, the results of the work can be useful in the educational process in the
training of specialists in the field of modeling and design of complex distributed
multicommodity networks.

4. Experimental studies have shown high computational efficiency of the
proposed algorithms and programs, and they can be recommended for the practical
solution of problems of optimizing the processes of processing and transporting
flows in high-dimensional communication networks (the counting time of all
problems on a transport network containing 120 nodes and 300 unoriented arcs did
not exceed 30 s on a PC with an Intel Core 2 Duo processor with a clock frequency
of 2.66 GHz and 2 GB of RAM).
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O.M. Tpodpumuyk, B.O. Bacsinin
JBOETAITHA 3AJTAYA ONTUMIBAIIT CTPYKTYPH TA MAPIHPYTH3AIIL
IOTOKIB B IEPAPXIYHIN BATATOIPOYKTOBIIH MEPEXI

AHoTamisg. Y poOOTi pPO3TJSAAETHCA METOJOJIOTII MAaTEMaTHYHOTO MOJISITIOBAHHSI
JIBOCTAITHOI 3ajJadi ONTHMi3alii MaricTpaibHOI i€papXidyHOi KOMYHIKamiHHOI Mepexi 3
6araTonpo/IyKTOBUMH JAUCKPETHUMH IIOTOKaMH 1 TapaMeTpaMu. MeTo01oris 3acCHOBaHa Ha
MIOCHTIZIOBHOMY PO3B’sI3aHHI 3aj1a4i ONTHMI3allil CTPYKTypH Mepexi 1 3agadi posmominy i
MapHIpyTH3alii IOTOKIB JWUCKPETHUX KOPECIOHAEHIIH. Sk NpaBMio, Taki Mepexi
CKJIQJalOThCs 3 JICLIEHTPasli30BaHOI MaricTpajibHOI Mepexi Ta (parMeHTapHHX MEpex y
BHYTPIIIHIX 30HaX OOCIyroBYBaHHS MaricTpajJbHUX By3iiB. BH3HayaeTbcs YOTHUPU TUIH
BY3JIiB MepeXi 1 Tpu piBHI ii iepapxii. ¥ 0araronpoaykToBili MepeKi KOXKEH By30J MOXKE
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oOMiHIOBaTHCS KOPECTIOHICHILIISIMU (npoxyxTamuy, TOBapamH, BaHTAXaMH,
MOBIZIOMJICHHSIMHM) 3 IHIIMMHU By31aMH. KopecnoH/IEHILis XapaKTepU3YEThCS BY3JIOM-
IDKEPEJIOM, BY3JIOM-CTOKOM Ta BEIMYHMHOIO, SKa JUIA TPAHCIIOPTHHX MEPEX 3aJa€ThCs
KUTBKICTIO TapHO-IITYYHHX BAaHTAXIB B YNAKOBII YHi(iKOBAaHOTO po3Mipy, a A MEpex
mepenadi JaHUX — KUTBKICTIO OalT, KiTOOaWT i T.I. Y TpaHCHOPTHIH MaricTpaibHIH Mepexi
BCl KOPECIIOHAEHMLII CIIOYaTKy COPTYIOThCA 3a aipecaMd IPH3HAYCHHS, IMaKyIOTbCI Y
TPAHCIOPTHI OJIOKH (KOHTEHHEPH), a MOTIM TPAHCIIOPTYIOTHCS y TPAHCIIOPTHHUX 3ac00ax Mo
TPAHCIOPTHAX MaricTpasiX. Y Mepekax Iepeiadi JTaHWX KOPECTOHMACHINI TaKOX
COPTYIOTBCS 32 aJIpecaMM NpHU3HAUYEHHS (MYJBTUILIEKCYIOTHCS), MAKYIOThCS Y BipTyasbHi
TPaHCIIOPTHI OJIOKHW, a IIOTIM NEpeJaloThCsl MO MaricTpajbHUX KaHajax 3B’s3Ky. Po3mip
(eMHICTB, 00CST) TPAHCIIOPTHOTO OJIOKY 33Ja€THCS MAPAMETPOM 1 BU3HAYAETHCS KIIBKICTIO
OJIMHUIIb KOPECTIOHICHIIIH, 1110 y HHOTO BMILYIOThCsl. HaBeieHo MaTemMaTHYHI MO 3a/1a4
ONITHMI3alil CTPYKTYPH MEPEXKi, pO3IMOIiTY i MapIIpyTH3aLil IOTOKIB Ta MPHUKJIA]] YUCIOBOTO
MOJICITIOBAHHS PO3B’A3aHHS 3a/1a4 Ha TPAHCIIOPTHIN Mepexi, mo Mictuts 120 By3miB i 300
HEeopieHTOBaHHX Iyr. EKCIiepMMEeHTAIbHI JOCTIIKSHHS MOKa3all BHCOKY OOYHCIIOBAIbEHY
e(EKTHBHICTH 3aIPOITOHOBAHUX AITOPUTMIB 1 Iporpam. BoHH MOXyTh OyTH peKOMEHIOBaHi
JUIL TPaKTUIHOTO BHPIMICHHSA 3aJad ONTHMi3amii mporeciB oOpoOKH i TpaHCHOPTYBaHHS
MTOTOKIB Y KOMYHIKaIlIfHUX Mepexax BETUKOI PO3MipHOCTI.

KurouoBi ciioBa: 6aratompoAyKToBi i€papXiuHi Mepexi, TUCKPETHI MOTOKH, 3ajadi
KoMOiHaTOpHOT onTHMIi3alii, MaTeMaTHYHI MOJIENI, KOMIT IOTEpHE MOJICIIOBAHHSL.
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MATHEMATICAL MODELING, INTELLIGENT DATA ANALYSIS AND
ARTIFICIAL INTELLIGENCE TO SUPPORT DECISION-MAKING
IN POST-WAR RECONSTRUCTION

Abstract. The article is devoted to the actual scientific and applied problem —
development of information technologies of support of making management
decisions in conditions of systemic uncertainty, in particular, characteristic for
periods of martial law and post-war recovery. Its peculiarity is complexity of
formalization and structuring, necessity of solution of tasks of decision-making in
conditions of systemic uncertainty and risk caused by military aggression.
Therefore, the actual problem is development of scientifically based flexible and
universal methodology of application of mathematical models, methods of
intellectual data analysis, artificial intelligence, information technologies for
formation of management decisions, within the framework of the corresponding
decision support system (DSS). In the work, the architecture of the corresponding
DSS is proposed, the key link of which is subsystem of preliminary processing of
large volumes of input data formed from statistical indicators, results of
observations and surveys, information from Internet sources, etc., for construction
of models of the studied processes, development of scenarios, strategic and
operational planning and forecasting. The system implements all elements of the
technological chain of collecting and processing structured and unstructured
data, mathematical modeling, methods of intelligent data analysis, scenario
analysis, cognitive modeling, artificial intelligence, etc. A feature of the developed
methodology is the ability to adequately assess the current situation, its
retrospective and predict its development and consequences under several
scenarios, which is relevant for decision-making tasks in martial law and post-
war recovery.

The proposed information technologies are intended for use in state and public
administration systems. Their structure is flexible and adaptive: the components
can be used separately or as part of existing decision-making support systems,
implementation will increase the quality and efficiency of management decisions
by optimizing analytical processes and data processing speed.

Keywords: decision-making support system, management decisions, information
technology, data processing, post-war recovery.
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THcTUTYT TenexoMyHikamiii i moGansHOro iH(opmarniiinoro mpoctopy HAH VYkpainwm,
M. KuiB, Ykpaina

2[HCTHTYT NPUKIATHOTO CHCTEMHOIO aHalizy HaIioHaJbHOrO TEXHIYHOrO YHiBEpCHTETY
VYxpaian «KuiBcekuit nomiTexHigyHmiA iHCTUTYT iMeHi Iropst Cikopebkoro», M. Kuis, Yipaina

MATEMATHYHE MOJEJIIOBAHHSI, THTEJIEKTY AJIHUAI AHAJII3
JAHUX TA IITYYHUU IHTEJIEKT JJIS INIATPUMKHU NPUUHATTA
PIIIEHDB 3 IIOBOE€HHOI'O BITHOBJIEHHSA

Beryn

Anomauin. Cmamms npucesuena akmyaibHiti HQyKo80-NPUKIAOHIU npodiemi —
PO3POONEHHIO  IHOPMAYIUHUX ~— MEXHON02I — NIOMPUMKU — NPULHAMMS
VIPAGBNIHCbKUX pilleHb 6 YMO6ax CUCMEMHOI HeGU3HAYeHOCMI, 30KpeMd,
xapaxmepHoi 015 nepiodie 6iticbko6020 cmamy ma no6oeHHo20 ionosnenns. I
ocobnugicmio € ckiaonicms opmanizayii ma cmpyKmypy8ants, HeoOXiOHicmb
PO36 A3aHHA 3a0a4 NPUTTHAMMA PILUEHb 8 YMOBAX CUCIEMHOT HeBU3HAYEHOCMI Ma
PU3BUKY, 3VMOGLEHUX Gilicbko6oio acpeciclo. Tomy, akmyanvholo € npobnema
PO3DOONEHHA HAYKOBO OOIPYHMOBAHOI 2HYYKOI ma YHIeepcanbHOi Memoouxu
3aCMOCY8ants. MAMeMamudHux mooeneti, Memooig iHMeNeKmyaibHo20 aAHANI3Y
OaHUX, WMY4YHO20 [HMeneKmy, iHopmMayiunux mexHono2il 01i popmyeanHs
YIPABNIHCOKUX DIULeHb, 8 PAMKAX 8I0N0GIOHOI cucmemu niOMpUMKU NPULHAMMSL
piwensv (CIIIIP). B pobomi 3anpononosana apximexmypa ionogionoi CIIIIP,
KII0406010 TAHKOI0 KO € niocucmema nonepeonboi oOpobKu eenuxux o06ca2ie
BXIOHUX OaHUX, CHOPMOSAHUX 3i CMAMUCIMUYHUX NOKASHUKIE, pe3yIbmamis
cnocmepesicev ma Onumysams, ingopmayii 3 Inmepuem-oxcepen mowjo, Ol
nobyodosu  mooenei  OOCHONCYSAHUX — NPOYecis,  pPo3pOOKU  CYeHapiis,
CmpameziyHo20 ma OnepamueHO20 NJAAHY8AHHS | NPOSHO3VEAHHA. Y cucmemi
peanizoéani 6ci eneMeHmu MexHON02IUHO20 Aanyrea 360py ma o00pobneHHs
CMPYKMYPOBAHUX | HECIMPYKIMYPOBAHUX OAHUX, MANEMAMUYHO20 MOOENI0BANHS,
Memoou IHMeNeKMyaibHo20 aHANI3y OAHUX, CYEHAPHUL aHALI3, KOSHIMuseHe
MoOemosanHs, wmyunul inmenekm mouo. Ocobaugicms po3pooieHol Memoouxy —
MOJICIUBICMb A0eK8AMHOI OYIHKU cumyayii, wo CKIAIAch HA OaHuu MOMeHm, iT
pempocnekmugéa ma nepeodayenHs ii po36UmMKy ma HACAIOKIE 3a O0eKibKoMA
CYeHapisamu, wo akmyaibHo O 3a0ay NPULHAMMSA PilUeHb 6 YMOBAX GOEHHO20
cmamy ma noBOEHHO20 GiOHOBIEHH.

Ipononosani ingopmayitini mexnono2ii npusHaweni 00 SUKOPUCTIAHHS Y
cucmemax depoicasnozo ma nybiuno2o ynpaeninus. Ix cmpyxmypa € enyuxoio
ma a0anmueHom. CKIA008i MOJCYMb OYymu 6UKOPUCIAHI OKpemMo abo Yy cKaaoi
icHylOHUX cucmem niIOMPUMKYU NPUUHAMMS PIULEHDb, 61POBAONCEHHS NIOBUWUND
AKICMb ma onepamueHicms YNPAGIIHCOKUX PIlUeHb 3a PAXYHOK ONmumizayii
AHATIMUYHUX BPOYecis ma WeuoKocmi 00poOIeH s OAHUX.

Knwowuoei cnosa: cucmema niompumxy RpUuHAmMms piuieHv, YAPAGIIHCHKI
piutenHs, IHpopmayitina mexHo02isA, 00POONeHHS OAHUX, NOBOEHHE GIOHOGIEHHSL.
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[MpuiiasaTTs eheKTUBHUX YNPaBIiHCHKHUX PIllleHb B MepioJ] BiHU BiJOyBa€ThCs B
YMOBaX MiHJIMBOTO 30BHILIHBOTO CEPEAOBUILA, 0OMEKEHOCTI PeCypciB, BIICYTHOCTI
noBHOI iH(opMalii Npo CHUTYyalilo, B SKii BOHO NPHUHMAETHCSA, HEOOXiTHOCTI
MIBUIKOTO YXBAJICHHS TaKOTO BapiaHTa, SKUH Bpaxye W pHU3UKH, ¥ MOMKIIHUBI
HACJIKA, B TOMY YHCJi TOBrocTpoKoBi. CHCTEMHA HEBU3HAUCHICTh — XapakTepHa
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O3Haka HE JMIINe CUTyarii BICRKOBOTO cTaHy. He MeHII akTyajgpHa BOHA IS
nepiofy TMOBOEHHOTO BiIHOBIECHHS. AJDKE U COLIANbHO-EKOHOMIYHOI CHCTEMH
KpaiHM TpUBaJia BiMCBKOBa arpecis crana JKepeloM CHUCTEMHHX JOBIOTPUBAINX
BUKJIMKIB, IIOJJOJIAHHS AKUX BUMAarae 3ajJlyudeHHs BChOI'O ITOTEHI1ady HalliOHAJIbHOI
CTIHKOCTI, B TOMY YHCIII i €eKTUBHOT CHCTEMH IPUHHATTS YIIPABIIHCHKUX PIllICHb.
Tobro, moTpiOHa aieBa OaraTopiBHEBa CHUCTEMa MIATPUMKH MPUHAHSATTS PillleHb,
aJianToBaHa J0 MOTPed ep>KaBHOTO Ta IMyOJIIYHOTO YIPaBIiHHS, SKa HA BCIX PIBHAX
«IepKaBa-perioH-rpoMaia» O3BOJSE TPUHAMATH OOIPYHTOBaHI CTpaTeTivHi,
TAaKTUYHI Ta OINEPaTHBHI PIMIEHHS IIOJO COLIANbHO-€KOHOMIYHOTO PO3BHUTKY
JepkaBd Ta 3a0e3MedeHHs] CIPOMOXHOCTI PETiOHIB Ta TpoMai, (HopMyBaHHS
e(heKTUBHOI OHOBJICHOI HAIIOHATHHOI EKOHOMIKM Ta 3a0e3NedeHHS CTaloro
pO3BHUTKY. 3BHYAiHO, po30ynoBa Takoi CHCTEMH HE MOXJHMBAa 0€3 Cy4acHUX
KOMIT'IOTEPHUX CHUCTEM MiATPUMKH TPUNHITTS pillleHb, 10 BUPI3HAIOTHCS
THYYKICTIO, MAaCIITa0OBAHICTIO, SIKI MOJKHA JIETKO alalTyBaTH 110 MoTped ocio, mo
npuitMaroTh pimeHHs. OCHOBY TaKMX CHCTEM CTAHOBJISAThL MAaTeMaTH4YHI MOJCITI,
THCTPYMEHTH iHTEJIEKTYaJIbHOTO aHaJi3y JaHHUX, IITYYHUH 1HTEJIEKT, 110 CTBOPIOIOTH
YMOBH Il 3a0€3TeUeHHs aHalli3y CHTyallii B yMOBaX HEBU3HAYEHOCTI, MMOOYA0BH
MIPOTHO3IB BHUCOKOI SKOCTI I TPHAHATTI e()EeKTUBHUX (30KpeMa, IIBHIKHX)
YOPaBIiHCHKUX  pillleHb i OesnepepBHOCTI  (YHKIIOHYBaHHS  CHCTEMH
JICP)KAaBHOTO YIPABJIIHHA Ta 3a0€3ICUCHHS JKUTTEIISUIBHOCTI  HAIlllOHAIBHOT
€KOHOMIKH, O€3MeKN HaCEJICHHS B YMOBaX MOCTIHHOTO repeOyBaHHSI ITi]T 3aTPO30¥0,
B CUTYallii pU3MKy Ta HEBU3HAYEHOCTI TOIIO.

Jlana poboTa npucBsiueHa po3po0JICHHIO CyYacHUX 1H(QOPMAIIHHUX TEXHOJIOTIH,
0 TOETHYIOTH CydacHi 3acobu 300py Ta oOpoOieHHs iH(opMarlii, aHaTI THIHUI
IHCTpyMEHTapii Ta MpHU3HAYEHI [0 BHUKOPUCTAHHSI Yy CHCTEMax MiATPUMKH
OPUAHATTS pilIeHb Jep)KaBHOTO Ta MyOJiyHoro ympaeniHHs. [IpomoHoBani
iHpOpMaIlifiHI TEXHOJOTii BUPI3HSIOTHCS aJaNTUBHICTIO, MAacIITa0OBaHICTIO,
HaJal0Th ~ MOXJIMBICTH  ONpPALbOBYBaTH  HEBU3HAYEHOCTI  PIi3HUX  THIIIB,
JIOCTIIDKYBaTH €KOHOMIUHI, €KOJIOTIYHI Ta COIiaJibHI YAHHUKH, SIK B YMOBaX BiliHH,
TakK 1 y mepioj] MOBOEHHOTO BiIHOBJICHHS.

3Bakaroud Ha Te, 110 NPAKTHUYHO BiJCYTHIH IOCBiJ BHKOPHUCTAaHHS CHCTEM
MiATPUMKH TPURHATTS PillleHb B YIPaBIIiHHI COMiaTbHO-€KOHOMIYHIMH CHCTEMaMH
y CHTyallii BIHCHKOBOTO KOH(QUIIKTY Ta IMOBOEHHOI BiNOYJOBH, TeMa pPOOOTH €
aKTYyaJbHOIO, Ma€ IPAKTHUYHY LIHHICTh Ta HAYKOBY HOBU3HY.

ITocTaHoBKa 3agaui

Metoro po0OoTH € PO3POOJICHHS METOJIOJNIOTIi CTBOPEHHS CHCTEMH MiATPUMKHU
MPUAHATTS pillleHb, PU3HAYEHOT JUIS BUPIIICHHS 3ajad YIPaBIiHHSI MMOBOCHHUM
BiJTHOBJICHHSIM SIK HA PIiBHI JIepXKaBHW, TaK 1 PErioHy Ta Tanxy3i HalliOHAIbHOI
eKoHOMiKH. OCHOBY 1€l CHCTEMHM CTAaHOBJISATH HOBi iH(pOpMauilHI TEXHOIOTii
300py, OOpOOKHM, HAaKONMYEHHA BEJIUKUX OOCITiB  CTPYKTypOBaHOi Ta
HECTPYKTYypOBaHOi iH(pOpMaIlii, MaTeMaTH9HI MOJIENi, METOJN IHTEIEeKTyaIbHOTO
aHaJi3y JaHUX Ta IITyYHUH iHTEJIEKT.
3amaui JOCIIIKEHHS:
- BHUKOHATH OTJISI MIIXOMIB, IO 3aCTOCOBYIOTHCS B CYYaCHHX CHCTEMax
MiATPUMKH TPUHHSTTS pillicHb;
- 3ampoIlOHYBaTH METOAMKY (opMyBaHHS iHQOpPMALiiiHOI OCHOBH IS
(hopMyBaHHS TIPOEKTA PIIICHHS;
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- pO3pOOUTH METOAWKY IHTEJIEKTYaJdhbHOTO aHaJi3y MaHWX Ta INTYIHOTO
IHTETIEKTY, SIKi JO3BOJISATH BUSBUTH 3aKOHOMIPHOCTI Ta 3B’SI3KM B JaHUX,
BU3HAYATH YMHHUKH, IO HAO11b1Ie BIUIMBAIOTSH (€ HAWO1IBII KPUTUIHUMH)
Ha PO3BUTOK COIaIbHO-€KOHOMIYHOI Ta CyCIIJIBHO-TIONMITHYHOI CHUTYaIliH,
MO TMOTPeOYIOTh NPUHHATTS BYACHUX Ta AaJEKBATHUX YIPABIIHCHKUX
pileHsb;

- 3ampoOINOHYBAaTH METOJWKY BHKOPHCTaHHS CIIEHApHOTO aHamizy Ta
KOTHITUBHOTO MOJIETIOBAHHS B IMOEIHAHHI 3 MAaTeMaTHYHUMH MOIEISIMH,
IITYYHUM 1HTENEKTOM Ta IHTEJCKTyaJbHUM aHali3oM JaHUX IS
(hopMyBaHHsI CIleHapiiB CyCIUTLHO-MIOJNITUYHUX, EKOHOMIYHHX Ta BOEHHO-
MOMITHYHAX CHUTyarlii, SKi TOTCHIIMHO MOXYTh BHUMaraThd 3axOJliB
C€KOHOMIYHOTO  BIUIMBY, BTpPYYaHHsS OpraHiB Jep:kaBHOI Oe3mekw,
3aCcTOCYBaHHS Ta/abo 3amydeHHS cuJd OOOpPOHM Ha KOPOTKO- Ta
CEepeIHbOCTPOKOBY ITEPCIEKTUBY;

- pO3poOUTH METOAWKY BU3HAYEHHS TPy THIIOBUX CHTYAIlii, pO3TOPTaHHS
SKMX MOXE CIIPHYMHATH 3arpo3y HalliOHaNbHINA Oe3meri, X HaciiiKiB, a
TaK0>X YAHHHKIB, SKi MOKYTh IPUCKOPUTH UM MPU3YITUHUTH iX pO3TOPTaHHS;

- 3ampoINOHYBaTH MUISXM NOKPALIEHHS Ta MNPAKTHYHOTO 3aCTOCYBaHHS
BKa3aHOI METOIUKH.

AHaIi3 JocaimKeHsb i myomikamii

OmHuMH 3 KJIIOYOBHX HANpsMKIB BIOPOBA/DKEHHS HAYKOBHX JOCIIKEHb, SIKi
CHOPUATUMYTH TIJABHUIIEHHIO SIKOCTI YINPaBIIHCHKUX pillleHb, € po3po0ka Ta
BIIPOBA/KEHHS ~ CydYacHOTO  CHeIlialli3oBaHOro  iH(opMaliiHO-aHATI THYHOTO
anapaTty, OCHOBY SIKOTO CTAaHOBJIATh MaTEeMaTH4HI MOJCJi Ta aJalnTHBHI METOIU
MPOTHO3YBaHHS, IHTENEKTyaJbHUH aHali3 JaHuX, IITYYHAH 1HTENEKT, SIK
yHi(iKOBaHI MiAXOIU 10 TeHepallii YIPaBIiHCHKUX PIIIEHp y TUMOBUX CHUTYAIlisX,
TaK 1 IHOUBIAyalbHI CIEHAPIl, METOJM ONTHUMI3allli BUKOPUCTAHHS PECYPCIB IS
JOCSTHEHHSI 1UJIEH MPUHHATTS MBUAKUX Ta €PEKTHUBHUX YIPaBIIHCHKUX PIlICHB,
0c00JIMBO B KPHU30BHX CHUTYaIlisiX, 10 MPOTIKaIOTh B YMOBaX HEBU3HAUYEHOCTI, SIK Y
BOEHHHUM Iepiof, Tak 1 MiJ 4ac MOBOEHHOTO BiJHOBJICHHS, B paMKaxX HOBHX Ta
icaytounx IT-TexHonoriid. Po3po6ieHHI0 cucTeM MiATPUMKH MPUHAHSTTS pillleHb B
YIIPaBIIiHHI COMiaIbHO-€KOHOMIYHIMH cHcTeMaMu ipucBsueri poootu I1. 1. bigroka
[1-9], O. I1. Toxoro [8], C. O. Jlosroro [10], B. I. Isanenxka [11], I. KopOyma [6, 12],
O. I'. Hakoneunoro [13], O. B. Hecrepenka [14], O. M. Tpodumuyka [1-9],
3aCTOCYBaHHIO MeTojolorii cucremHoro asamizy — H. [I. TlankparoBoi Ta
M. 3. 3rypoBcekoro [15], indopmariitux TexHozorii — poootu B. O. Bacsuina
[16], €. B. Mamnaxosa [17], C. B. Lomopu [18], mTy4HOr0 iHTENEKTY
1O. T1. 3aiiuenka [19, 20], B. I. JlutBunenka [21], iHTeNEeKTYyaILHOTO aHATI3Y JaHUX —
M. M. KopabmeoBa [22], [. B. Jlanme [23], 3a0e3nedeHHIO0 HAIiHOCTI Ta
e(eKTHBHOCTI (PYHKIIOHYBaHHs KOMII I0TEpHUX cucTeM — pobotu B. A. Ilenensiea
[24], O. M. Xiwmiua [25].

HeszBaxkatoun Ha 3HauHUI 10poOOK y cdepi po3poOIeHHS CUCTEM MiATPUMKH
OPUAHATTS pillleHb, SIK B YKpaiHi, TaKk i 32 KOPIOHOM, MUTAHHSIM PO3POOJICHHS
iHpOpMAIIHHUX TEXHOJIOTIH, aJanTOBaHWX 10 BUKOPUCTAHHS Ha PI3HUX PIBHIX
NPUAHATTS pIMIEHh Ta YNPaBIiHHS, MPU3HAYEHUX JUIS PO3B’s3aHHS 3a/1ad
3amo0iraHHsl BUHUKHEHHIO HETaTUBHHUX SBHII, CIPHYMHEHUX BilICHBKOBUM
KOH(ITIKTOM a00 COMaIbEHO-CKOHOMIYHOIO CHTYAIlI€l0, MPHUAUICHO Majlo yBarw.
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HeBupimenuM 3anummaeTsCs TMUTAHHS 3a0€3MeYeHHs CHCTEMHOTO IMiIXOMy M0
iH(opMaTH3alli]l aHATITUYHOT CKIIaJOBOI y IPOLEC] MIATPUMKU NPUHHATTS PillicHb
IiJT 9ac OOTPYHTYBAHHS MOJIe]i €eKOHOMIYHOTO Ta COLIAJIBHOTO PO3BUTKY IPOMa/T
Ta pErioHiB Ha TOTOYHHA MOMEHT Ta Ha NEepPCIeKTHBY, 30KpeMa, IIiJl Yac
PO3pOOIICHHS CTpaTeTid, Iporpam, IJIaHiB PEriOHATBPHOTO PO3BUTKY, BUSHAYCHHS
ONTHMAJILHOTO CKJaay OO0 ’€IHAHMX TEPUTOPIAIbHUX TpPOMaJ Ta Tally3eBol
CTPYKTYpPH €KOHOMIKM KpaiHM Ta PETioHy B IEpioJ MOBOEHHOTO BiAHOBIIEHHS,
OoOTpyHTYBaHHS BHOOpPY MOJEII YIPaBIiHHSI 3a ypaxXyBaHHS CEKOJOTIYHHX Ta
CYCHUIBHO-TIONITUYHUX YMHHUKIB, MOKIIMBOCTI MacIITaOyBaHHS Ta MOJACpHi3allii
icHyrouoi iHdopmaniiHoi cuctemu. [IpakTH4YHO BiACYTHI HaNpalIOBaHHS
CTOCOBHO METOIUKH (DOPMYBaHHSI IIJIICHOI CHCTEMH 1H()OPMAIiHO -aHATITHIHOTO
3a0€3MCUYCHHS COIIAIbHO-CKOHOMIYHOTO PO3BHTKY Ta CYCHUIBHO-TTOJIITHYHOL
cTabiTBHOCTI.

TeopeTHYHi OCHOBH J0CTiTIKEHHS

J1s TporHO3yBaHHSI COIialTbHO-€KOHOMIYHHX TPOIIECiB po3po0IeHo Oarato pisHUX
METOJIUK 3aCTOCYBaHHS IHTENEKTYyaJbHOTO aHANIi3y IaHUX, MaTeMaTHYHOTO
MOJICJIIOBaHHSI y CHUCTEMax MiATPUMKH MOpUHAHATTS pimedb. i migxoau
npeacTaBieHi B podoTax 0araTboX BITYM3HIHMX Ta 3aKOPIOHHUX BUeHHX [1-25], ne:

- perpeciiiHi MOJIENi PiI3HUX THUIIB;

- Mojeni i3 BKJIIOYEHHSM TPEHIOBOI CKJIAIOBOI Ta ypaxyBaHHSIM 3aJIMIIKiB
(pi3HUIIS MIXK peanbHUM Ta MPOTHO3HUM 3HAYCHHSIM), [0 BKIFOYAIOTHCS JI0
MOJIeTIi y BUTIISAAI KOB3HOTO CEPEeTHBOTO, 32 YMOBH, II0 MK 3aJIUIIKAMH Ta
L1JTLOBOIO 3MIHHOIO € KOPEJISAIIis;

- MoJeNi KJIacy eKCIIOHEHIIHHOTO 3MIa/pKyBaHHs — X0jbTa, bpayna, Binrepca
(3 amuTMBHOIO a00 MYJIBTHILIIKATUBHOI  CE30HHOK  CKJIAZ0BOIO),
3 ypaxyBaHHSM JIaMIia TPEHAy Ta iHII Moaudikarii;

- HEWpOHHI MEpexi;

- y3arajJbHEeHi JiHIiHI MOJENi;

- WMOBIpHICHI MOJIEIIi;

- HEYiTKI METOJIH.

OnHak, He3BaKAIOUH HAa Take PI3HOMAaHITTS MOJIENel Ta METO/IiB, YHIBEpPCAIbHOI
METOJIMKH iX 3aCTOCYBaHHS JJIsl POTHO3YBAHHS COIIaIbHO-€KOHOMIYHHX IIPOIIECiB
Ha JIaHui yac Hemae. Y Oarathox myomikarisx [1-8, 12-14, 16] mono npakTuaHOol
peanizaiii KOPOTKOCTPOKOBOI'O MPOTHO3HOTO MOJCIIOBAHHS BiJ3HAYAETHCS, IO
XOpOIlli pe3yabTaTH MOXHA OJIEP’KaTH 32 BUKOPUCTAHHS y3arajlbHEHUX JIHIHHNX
MoJieJIeH, eKCIIOHEHIIHHUX IUCTIEPCHUX Ta HMOBIPHICHO-CTaTUCTHYHUX MOAETCH Yy
npoctopi craHiB. CTpyKTypa MOJEJi OIIHIOETHCA HAOJMKEHO Ha IMiJACTaBi
JOCIIJDKEHHSI 3aKOHOMIPHOCTEH MPOTIKaHHA NPOIECYy, aHalizy KOpesIiiHuX
¢$yHKUiH, Bi3yalbHOTO aHaNi3y JaHuX. lIpu npoMy BuOMpaeThes Kinbka HalOUIbII
HMOBIpHUX CTPYKTyp (kKaHzuaatiB). [loTiM OOYMCIIOIOTHCS OLIHKM HapameTrpiB
MOJIeIC-KaHIUAaTIB, OOMPAEThCS Kpalla 3 HUX, BHUKOPHUCTOBYIOYHM BiJIIOBIIHI
CTaTUCTUYHI XapaKTEPUCTHKH SIKOCTI MOJEIEH.

JliniiiHa MOZIENb y IPOCTOPi CTaHIB JI HETIEPEPBHOT'O Yacy:

x(£) = A(0)x(t) + B(Ou(t) + w(?),
z(t)=H@)x(t) +V (2),
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ne x(t) — BeKTOp 3MIHHHMX CTaHy po3MipHOCTi n, x( Z) — meplla IOXiJjHa BEKTOpY
CTaHy CTOCOBHO 4acy (IIBHAKICTh 3MiHH 3HaYeHb BEKTOPY CTaHy); A(t) — MaTpuIlt
TUHAMIKA 00’€kTa (Cy0’€KTa) YW TPOLEeCY BHMIPHOCTI [nxn], sika B 3arajJbHOMY
BUMAJIKY 3aJISKUTH BiJ yacy; B(t) — maTtpuns koedilieHTiB KepyBaHHS BUMipHOCTI
[nxm], sKa TaKoXX MOXe 3aJIeKaTH BiJl 4acy; u(t) — BEKTOp CHTHAJIB KEpyBaHHS
BuMipHICTIO [mx1]; w(t) — BekTOp 30ypeHp cTany BuMipHOCTI [nx1]; z(t) — BekTOp
BHMIpiB (€KCIIEpIMEHTAIBHHAX JaHUX BUMIpHOCTI [rxn]; H(t) — MaTpums koedirieHTiB
BUMIpIB po3MipHOCTi [rxn], v(t) — BEKTOp MOXUOOK (IITyMiB) BUMipHOCTI T.
Mopens y IpocTopi cTaHiB AJsl TUCKpeTHOro vacy [1, 3]:

x(k +1) = Fx(k)+ w(k),
2(k) = AL u(le)+ H x(k) + v(k),

ne F, AT, HT — marpuui napametpiB po3mipHOCTi [nxn], [rxp] i [rxn], BiANIOBiAHO;
u(k) — BexTOp perpecopiB (€K30reHHHUX 3MiHHHMX) po3MmipHocTi [px1], w(k), v(k) —
BeKTOpH 30ypeHb CTaHy Ta IIyMiB BHUMIpiB BiAMOBIHO 3 TAKUMHU CTaTUCTHIYHUMHU
xapakrepuctukamu [ 1, 3]:

R k=1

0,k=1’

O,k=1

i Efpton” (1))=

Efww” ()=

ne Q[nxn], R[rxr] — xoBapiarniiini MmaTpurii 30ypeHb Ta IIyMiB BUMIpPiB BiAIOBITHO.
ocnigosrocTi {w(k)}, {v(k)} HexopenroBaHi my1st OyAb-IKHX MOMEHTIB dacy [1, 3]:

Elw(ky" ()] =0,Vk, 1.

BpaxoByroun 0cOOMMBOCTI JOCIIDKYBaHUX ITIPOLECIB, U MPOTHO3YBaHHS IX
PO3BHTKY JIOIIFHO BUKOPHCTOBYBATH y3araibHEHi JIiHiIHI Mojeni, 30kpeMa, Log-
TiHiHI Mojenmi, mpobiT/iorit Moxeni, perpecito [lyaccoHa Ta iHII, SKi SBISIOTH
CO0OK0 CYKYIHICTh METOJiB MOOYIOBU perpeciiHiuX Mojeneld Ta CTaTUCTHYHOL
00poOkn nmanux. Bci eramm peamizamii 1mi€i METOAWKH CYNPOBOIKYHOTHCS
BUKOPUCTAHHSAM BIJIMOBIJIHUX MHOXHH CTaTHCTUYHUX KPHUTEPIIB, IO JI03BOJISE
OJIep>KaTH MPOTHO3H XOPOIIOi AKOCTI Ha Pi3HUX BUOIpKax aHUX.

JInst  OWiHIOBAaHHS HEBIJIOMHX [apaMeTpPiB MOJENEH OINpalbOBaHUMH €
OaifeciBebki miaxomu [2, 5, 7], sAKi JOIINIBHO BUKOPHCTOBYBATH 1 HAa KOPOTKUX
BHUOIpKax, 10 Iy>K€ aKTyaJIbHO JIs COL[iaJibHO-€KOHOMIYHHMX IPOLECIB, OCKIIBKH
4acTO BOHM ONMCYIOTHCSl CTATUCTUYHUMHM MOKa3zHUKaMu 3a 5-10 pokiB. OnHiero 3
mpoOJIeM i1 Yac BU3HAUCHHS CTPYKTYPH MOJIENI € BCTAHOBJICHHS (PaKTy HAsSIBHOCTI
HEJNIHIHHOCTEH Yy JIOCHi/DKYBaHOMY TIpolleci Ta TUNy HeniHidHOocTed. Jlis
pO3B’si3aHHS 1€l MpoOJIEeMH BUKOPHCTOBYETHCS Bi3yaJbHMH aHaji3 AaHUX Ta
¢dopmanbHi TecTH Ha HasBHICTH HemniHiMHOCTeill. BaxumBorwo mnpobiemoro mpu
CTpaTerivyHoMy YIPaBIiHHI COIialbHO-eKOHOMIYHUMH TIpOIIECAaMH 1 0COOJIHBO
arpapHUM BUPOOHHIITBOM € HEOOXiIHICTh ONIepaTHBHO BUSBUTH HASABHICTH BiAPi3KiB
i3 JiHIAHEUM a0o0 HEeNiHIHHUM TPEHJOM, HASBHICTb T'ETEPOCKEAACTHYHOCTI Ta
3HAYHUX IMIYJIbCHUX BHKH[IB (€KCTpEMallbHUX 3HAYEHB), SIKI MOXYTh CYTTEBO
BIUTMBATH Ha SKiCTh Mojeni. J1s 1bOTo, SK MPaBHIIO, BUKOPHCTOBYIOTh TECTH Ha
HasBHICTH HEHIHHOCTI. TecT BUKOPUCTOBY€ETHCS y BUNIAKY, KOJIM MOXHA HAOpaTH
KUTbKa TPy (peaizaliiif) CriocTepekeHb IS OJTHOTO M TOTO XK MPOIIECY.
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V pobotax [1, 4] onmcyeThCS 3aCTOCYBAaHHS METOAMKH yCEPEIHEHHS IPOTHO31B
3a JeKUTbKOMa MOACTIsIMU. Pe3ynbTaTn NpUIHHATHOI SKOCTI T03BOJISIE 3a0€3MeUnTH
BUKOPUCTAHHA aJalTUBHOTO MOJIetoBaHHs [ 1, 4].

3HaYHOIO MipoI0 TMpobiieMa BHOOPY ONTHMAIBFHOTO METOLY MPOTHO3HOTO
MOJICJIFOBaHHS ~ IIOB’Si3aHa 3  HAfABHICTIO Ta  CKJIQAHICTIO  ONPALOBAHHS
HEBU3HAYCHOCTEH PI3HUX THUMIB: CHUTYaliliHOI, CTaTUCTHYHOI, CTPYKTYPHOI,
WMOBIpHICHO] TOIT[0. X04a OUTBIIICTh ICHYI0YHX 1H()OPMAI[IHHIX CHCTEM MIATPUMKH
IPUNAHATTS pillieHb MarOTh 3aCO0HU, IIPU3HAYEH] Ul BUSABJICHHS Ta IIPOrHO3YBaHHS
PH3HKiB, BUKIMKaHUX caMe TAKUMH HEBU3HAUEHOCTSIMH, YBara 30CepeIKyeTbCsl Ha
OLIIHIOBaHHI HEBH3HAYCHOCTEH JMIe OKpeMHX THMiB. [lepcriekTuBamMu BUpiIEHHS
1i€l TPoOJIEeMH € BIPOBAKCHHS 1HTEJICKTYaTbHUX TEXHOJOTIH Ta 3ac00iB 00pOOKH
BEJIMKHX MAacCHBIB CTPYKTYPOBAaHHX Ta HECTPYKTYPOBaHHMX [aHHX Y CHCTEMax
MiATPUMKH TPUHAHSTTS PillleHb.

AmKke OHMM 13 OCHOBHUX CTPUMYKOYHX (PaKTOpiB IWIOAO aKTHBHOTO
3aCTOCYBaHHSl amapaTy MaTeMaTHYHOTO MOZEIOBAHHSA Ta IHTENEKTyaJbHUX
TEXHOJIOTIH y cHUcTeMax MiATPUMKH MPUNHSTTS PillleHb B YIPaBIiHHI COIialbHO-
€KOHOMIYHMMH TIpoIlecaMyl € TpobiemMa OTpUMaHHS BXimHOI iH(opwmarii, sKicHO
chopMoBaHOi Ta B 00csATax, MOCTATHIX /I MOOYIOBH MaTeMaTHYHUX MOJENEH Ta
IHTETIeKTYalIbHOTO aHaNlizy JaHuxX. AJDKe cQopMyBaTH [OBTHI 4YacOBHH Pl
MaKpPOCKOHOMIYHHX, EKOHOMIYHMX Ta ()iHAHCOBMX IOKAa3HMKIB YacTO HEMae
MOXJuBoOcTi. Tomy, oco0i, IO TpuiiMae pIilIeHHS, JOBOAUTHCS CTHUKATHCS 3
MPOOJICMOI0 HEMOBHOTH Ta HESKICHOCTI BXigHOi iH(opmariii. Oco0imBo e
CTOCYETBCSI TEPIOJiB, KOMH BiIOYBaNHCS CYCHUIBHO-TIONITHYHI Ta CTPYKTYpHi
MIEPETBOPEHHS, EKOHOMIYHI Ta (DIHAHCOBI KPH3H TOIIO, X04a HAOip MOKa3HUKIB, IO
OTIPAIbOBYIOTKCS, MOXE OYTH IOCHTh 3HAYHIM. X04a Ha MiKpOPIBHI JlaHa IpobiiemMa
MOB’s13aHa TIepIII 32 BCE 3 BIJICYTHICTIO MPAKTHKH HAKOITMYCHHS JJAHUX JIJISl IOTped
aHaJi3y Ta MPOTHO3YBaHHS FOCHOAAPCHKOI Ta (PIHAHCOBOT JiSUTBHOCTI MiAIPUEMCTB
3a mepiol, OUTBIIMKA HDK TPHU-II'SITh POKiB. 3a TakuxX OOCTaBUH c(HOpMyBaTH
HaBYaJIbHY Ta BaJliIalliiiHy BUOIpKH B3arajii HeMae MOXKIIBOCTI.

B pobotax [4, 26] 3anponoHOBaHO BUKOPUCTOBYBATH METO/I TIO{IOHOCTI IIPOIICCIB
Ta Horo monudikamii. 3a maHOrOo METOAY HOCHIKEHHS 30CEPEIKYeThCS Ha
BUSIBIIEHHI KOPOTKOCTPOKOBOi Ta JOBIOCTPOKOBOI JMHAMIKHM Y JOCHIKYyBaHHX
naanx. OCHOBHOIO iJIE€10 IOTO METOJIY € BUSBIICHHS 3HAYMMHUX TATEPHIB B JAaHUX
[26].

YacTo omnpamioBaHHA KOPOTKMX BHOIPOK AaHUX 3BOJAUTHCS [0 BUPILICHHS
PO0JIEMHU 3MEHIIICHHS PO3MIPHOCTI MOJIEJICH 13 BUKOPUCTAHHSAM TaKUX METOJIIB, SIK
METO/I TOJIOBHUX KOMIIOHEHT Ta Horo Moudikarii, pakropHuii anaiis, baraTomipHe
LIKAJIOBAHHS TOIIO, 13 MOJANbIIMM BHUKOPHUCTAHHSIM Pi3HUX BHIIB perpeciiHux
MOJIeNiel, HEUPOHHUX MEPEXK TOIIIO.

st 06po0ieHHS TeKCTOBOT iH(OpMAIlii, sik 0yJ10 3a1IPOIIOHOBAHO B poboTax [23],
JOLTBHO 3aCTOCOBYBATH 3aCO0M iHTEIEKTYaJbHOIO aHAJIi3y TEKCTIiB Ta TaKi METOIH
LITY4HOTO iHTeNeKTy, Ak Natural Language Processing (NLP) (11 aBTOMaTHYHOTO
BUJIy4YeHHs iH(popMaIlii 3 TeKCTIB, HOBHH, comiaibHuXx Mepex), Knowledge Graphs
(1t MOOyIOBH CEMaHTUYHUX MEPEeX BIUTUBIB Ta moaiit), Data Fusion ta Feature
Engineering — 11 00’ €1HaHHS TeTEPOreHHUX JUKepeN 1 GOpMyBaHHA €JUHOI Oa3u
O3HaK. 3aCTOCYBaHHs IITYYHOTO IHTENEKTy CTae€ B HAroii y 3ajadax BUSBICHHS
3aKOHOMIPHOCTEH, YMHHUKIB, 110 CIPHYMHSAIOTH HAMOUIPIINK BIUIMB Ha mepedir
couianpHO-eKoHOMIYHMX mporieciB — Linear/Elastic Net, Random Forest Regressor,
XGBoost; mms po3mizHaBaHHS TOMIA Ta pU3MKiB — Metomu Logistic Regression,
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SVM, Decision Trees, CatBoost; st o0rpyHTYBaHHS BHOOPY CTpaTerii pearyBaHHs
Ha moxii — Reinforcement Learning (RL); ans nporaosyBaHHS coLiajbHO-
exoHoMiuHux nofiit — LSTM, GRU, TimesFM, Prophet.

3HayHa yBara npuiiiieHa TakoX BUKOPUCTAHHIO HMOBipHICHHX Mozeneii [1, 4, 7],
SIKi, SIK TIOKA3aJH IOCTipKEeHHS [1-9], MOINBHO BHKOPHUCTOBYBAaTH MPH PO3POOIT
crieHapii. JloOpe 3apekoMeHyBanu cebe i METOAUKH CIICHAPHOTO aHANI3Y, Y SKHX
BHKOPHCTOBYIOThCS KOTHITHBHI, Mepexi baileca Ta ekcrmepTHE OIiHIOBaHHS.
¥ pobotax [1, 4, 12] mponoHy€eTbCsS BUKOPUCTAHHS KOTHITHBHOTO MO/ICITIOBAHHS Ta
EKCIEPTHOTO OLHIOBaHHS Ui BHOOpY HaOIbmI 3HaYMMUX (aKTOpiB, IO
SKHaWKpalle OIMUCYIOTh CTPYKTYpy Ta TOBENIHKY MAOCIHiIKYBaHOI CHCTEMHU 3
HAaCTYITHUM IX BHKOPHCTAaHHSM Y TIPOIEC NPUHHATTA pillleHb, PO3pOOIICHH]
CIICHApIiB Ta MPOTHO3IB 3a [IUMU CIICHAPIIMHU.

B 3ajmauax mpuHHATTA pillleHb, METOJUKH PO3B’S3KY SKHX IPYHTYIOTHCS Ha
AHAIII THYHHX TIpoIeaypax [9], JoriuHuX MpaBuiIax Ta parioHATBEHOMY €KCIIEPTHOMY
OIIIHIOBaHHI, y 0araTb0X BUMAJAKaX HE OTPUMYIOTh O2KAaHOTO PE3yIbTaTy CTOCOBHO
SIKOCT1 OIIIHOK NpOrHO3iB. ToMy BWHHKae mpoOieMa CHCTEMHOTO BUKOPHUCTaHHS
aNbTePHATUBHUX METOJIB MMPOTHO3YBaHHS LIS MiABUINEHHS SAKOCTI iX OIiHOK. J{ist
BHPINICHHS i€l MPo0IeMH MPH PO3B’A3aHHI 33124 IPUWHATTS PillIeHb YIPaBIiHHSI
PO3BUTKOM COIIAJIbHO-CKOHOMIYHMX CHCTEM Ha OCHOBI METOOJIOTil CHCTEMHOI'O
aHayizy, sKa Tmependavae iepapXiyHWid aHai3 TPOIECIB MOJCITIOBAHHI Ta
MPOTHO3YBaHHS, YpaxyBaHHs HEBU3HAYCHOCTEH CTPYKTYPHOTO ITapaMeTPUIHOTO Ta
CTaTUCTUYHOTO XapaKTepy, aAanTyBaHHs CTPYKTYPH i apaMeTpiB MOJieNieit 10 3MiH
y Tpolecax Ta 3aCTOCYBaHHS abTEPHATHBHUX METOJIB OIIHIOBaHHS MapameTpiB
MoJieJIel 3 METOI0 MOIIYKYy KpalluX OIIHOK MPOTHO3IB 3a JOIIOMOTOI0 MHOXKHHH
YHUCIIOBUX KPHUTEpiiB iXHBOI SKOCTi, JOLUIBHO 3aCTOCOBYBATH METOJMKY,
MpeAcTaBieHy y [2, 4-6].

Kputepii oriHroBaHHS aJeKBaTHOCTI MOJIeNIeH ITiOMPAOThCS B 3aJISKHOCTI Bij
XapakTepy JOCTIPKyBaHOTO Tpolecy Ta OOpaHOI METOIUKH MPOTHO3HOTO
MOJICJIIOBaHHs. B 3alie)kHOCTI Bii IbOrO BHKOPHUCTOBYIOTH SIK OKpeMi KpHTepii
SIKOCTI, TaK 1 IHTerpaJbHUN KpUTEPIiii, a TAKOK NOPiIBHIILHI KpuTepii. BpaxoByroun
Te, 1110 IPY BUPILICHHI 33124 MPOTHO3HOTO MOJICTIOBAHHS COIIaIbHO-EKOHOMIYHUX
MPOLIECIB BUKOPUCTOBYIOTHCS METOJIW IPOTHO3YBaHHSA Ha OCHOBI KOMOiHAIlii
MoJIeJIed pi3HUX THIIIB, JUTS OLIHIOBAHHS SIKOCTI TAKMX MPOTHO31B BUKOPHUCTOBYIOTh
Pi3HI BapiaHTH ycepeIHeHHs MPOTHO31B Ta METOIM ONTHMI3aIlifHOTO THITY.

Pe3yabTaTi 10CaigKeHHS

ApXiTeKTypa IPONOHOBAHOI CUCTEMH NIPU3HAYCHA JUIs1 BUPILIEHHS 3aa4 NPUHHATTS
pillleHh B YMOBax HEBH3HAYCHOCTI, TOMY 00OB’SI3KOBUM KOMIIOHEHTOM € Kepyroda
YaCcTHHA 13 3BOPOTHHUM 3B’SI3KOM (pHcC. 1).

Sx MoxHa TOOaYUTH 13 HAaBEAECHOI CXEMH, ICHYE MOXKJIMBICTH MOKPALICHHS
SIKOCT1 TIPOTHO3iB 33 PaxyHOK 3aCTOCYBAaHHS aJlallTUBHOI CXEMH MOJCIIOBAaHHS Ta
po3mupeHHs QyHKIIOHATY OJOKY MONEPeHbOT MiJITOTOBKH JAHHX.

[IponioHOBaHMit MeTOA OYyB anpoOOBaHUK Ha ACKUTBKOX MPAKTHYHUX 3a1a4dax.

3o0kpema, Uil JOCHKEHHS TEPCHEKTUB IIOBOEHHOTO BiJHOBICHHS Oyia
BHUKOPHCTaHA MPOIIOHOBAaHA METOJIUKA, pealli3oBaHa y JIeKiibka KpokiB. Ha neprromy
KpOIll OKPECIICHO TMPOCTOPOBI (TepUTOpist YKpaiHu: Makpo-, Me30-, MIKpOpiBHI),
¢$yHKIIOHAMBHI (rady3i HaliOHANBFHOI €KOHOMIKHM Ta (hiHAHCOBHH CEKTOp 3TiAHO 3
kinacudikaiiero BHIIB €KOHOMIYHOI MisuTbHOCTI) Ta wacoBi Mexi (2015-2024 pp.)
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JOCTIKyBaHOI crcTeMu. [laHi, BUKOPHUCTaHI I aHATI3y, PO3MIMIEH] Y BITKPUTHX
Jokepenax — e gasi 3 [lopramy Biakputux nanux [27], mani Jlep:xaBHOI Ciry:x0u
cratuctukn Ykpainu [28], HauionanpHoro Oanky Ykpainu [29], MinicTepcTBa
¢inanciB Ykpainu [30], IlenciitHoro ¢ouny Yipaiam [31], a TakoX MOKa3HHUKH,
mpencTaBieHi Ha caiitax CpitroBoro 6anky [32], Opranizamnii O6’eqnannx Harriit
[33], €Bpomneiickkoro 0aHKy PEKOHCTPYKLii Ta Po3BUTKY [34], €Bpormeiicbkoro
napiameHTy [35] Tormo.

~
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A J
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) <«—>| baza mannx
Bnok 00pobnenns
<&
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\4 \4

[ IHTepdeiic kopucTyBaua (MOBHA ITiACHCTEMA) ]

Pucynok 1. ApXiTekTypa CHCTEMH MiATPUMKH MPUAHATTS PillIeHb

Ha npyromy kpori Bukonano SWOT, PEST, SPACE, kopensuiiinuii anais,
JIOTIOBHEHI MAaTPHIICI0 BIUIMBY, SIKa J03BOJIMJIA MOEJHATH KUIbKICHI MOKAa3HUKH,
30KpeMa MaKpOSKOHOMIYHI MOKa3HHWKHU, KOPENSIiiHI 3aIeXHOCTI Ta pe3yibTaTH
eKCIIEpTHUX OlliHIOBaHb. Ha 6a3i mMaTpwili BIUIMBY MOOYI0BaHO MepexeBuil rpad,
y SKOMY BY3JId — Ii¢ Tajy3l HalllOHAJIbHOI EKOHOMIKM W MaKpOIIOKa3HHKH,
a pebpa — BIUIMBH, 3HAUYEHHS SIKUX BiJIOBIJa€ 3HAYCHHIO a0COIIOTHOT CHIIU TTOHA[T
1,0. Jani BUsSBASIOTHCS cepu, 0 BIUIMBAIOTH HA 3arajbHy CTIHKICTh CUCTEMH —
ne ¢iHaHCH Ta TPAHCIOPT, 1 SKi MOTPeOyIOTh MOHITOPHHTY Ta KepyBaHH:S. Ha
TPETHOMY KpoOIli MOOYyZAOBaHO 0a30BUi, ONTHMICTHYHHUN Ta MECHUMICTHYHHMA
cuenapii. Hampuknan, 6a3oBuii cueHapiéi (tadm. 1) mepeabauae, 1m0 aKTHUBHI
OoioBi il TpUNHMHEHI, NPH TOBITLHOMY BIJIHOBJICHHI iH(PACTPYKTypHu Ta
nmomipHoMy Temii pedopM. 3a 30epeKeHHs HHUHIIIHBOTO PIBHSI MIXHApPOIHOI
JOTIOMOTH ¥ cTabiIbHOI CBITOBOI KOH IOHKTYpPHU OUIKYETHCS LIOPIYHE 3pOCTAHHS
BBII na 3 %, indnsamis 8—10 %, moctynose 3HmKeHHs 0e3po0iTTs 10 12 % i Kypc
rpuBHi B giana3zoni 40—45 rpu/$.
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Ta6mumst 1. bazoBwii crieHapiit

akTuBHI OoloBI mii mpunuHeHi, iH(pacTPyKTypa
BIJHOBIIIOETHCS, X04a i MOBIILHO;
pedopMy TpUBAIOTh y HUHIMIHBOMY TEMIi, ane €
MIPUTATEMOBYBAHHS 3-3a Oropoxparm3artii
BIIPOBAXKCHHS 3MiH;
Tpumymenms Mi)KHaPOJIHa ZIONOMOTra Ha BHCOKOMY piBHI (}ula piBHi
TpaHILiB, OTPUMYBAHUX Yy NIEPio] BIHCHKOBUX i), MOTIK
MIPSMUX 1HO3EMHHUX 1HBECTHIIIH ITOMIpHUH;
Ha CBITOBOMY PHHKY CHPHSTIHBA I[IHOBa KOH IOHKTYpa
HAa TOJIOBHI €KCTIOPTHI TOBapH — 3epHO Ta MeTa (ILiHH Ha
3epHO W MeTal  3alMLIAOTBCS  OMU3BKO IO
cepeanbopiunnx 2022-2023 pp. piBHIB).
temn npupocty BBII - 3 %;
Makpockoromisi 1HIEKC CTIOXKHMBYHX LiH He HegeBHmyeolF)—IS %:;
HOKASHAKI 6639061TT51 3HIKYEThCS 3 15 % 10 12 %;
(1mopiHo) neinuT anmeTy “15—20 % BBI—E §
KypC HaIlOHAJIBHOI BaIIOTH CTIMKHA — KOJHMBAETHCS B
niana3zoni 40—45 rpu/moi.
MTPOMUCIIOBICTh: BIJIHOBJIIOETHCS, BUPOOHUIITBO 3POCTAE
Ha 60 % a6o Ha 20 % BiJ TOBOEHHOTO PiBHS, 3POCTAHHS
He MeHIe 2 % mopivHo;
CekropaspHi YPOKalHICTh CLIbCHKOTOCIOJAPCHKUX KYJIBTYp CTalIo
edexTH BUCOKa, ekcriopT +1,5-2 % mopivHo;
IT-cexrop 3pocrae Ha 5-8 % Ha pik;
cdepa OyAiBHULITBA Ta PEKOHCTPYKLIT — BinOynoBa 30 %
3pyiHOBaHUX 00’ €KTiB 10 2027 p.

[MoOynoBaHi cueHapii Aal0Th MOXJIMBICTh y3arajlbHUTH (PaKTOpH, paHKyBaTH
KIIOYOBI KOMIIOHEHTHM Ta iXx 3B’si3ku. Ha ueTBepTOMy KpoOLi BHKOHYETHCS
MO/JICJIIOBaHHSI HEMIHIHHKUX 3B’ SI3KiB, MK (PaKTOpaMu NPOLECY, IO JOCHTIKY€EThCS.
Jiis moOymoBu Tomosorii mepexi batieca BukopuctoByeTrhes MeTos Greedy Thick
Thining, mis oOYMCICHHS 3Ha4Ye€Hb WMOBIPHOCTEH MmO Mepexi — merox K2.
[onepenuro, naHi Oyu MiATOTOBJIEHI, @ cCaMe BiJ] IHTEpBaJIbHUX 3HAUCHD MEPEHUIIITH
10 OIHApHUX, M0 MOJEIIOIOTH JIBA CTAHU — PicT a00 MaJiHHS 3HAYCHHS 3MiHHOI y
MOMEHT Yacy t, M0 BiJJHOIICHHIO JI0 3HAYEHHS y TomepenHiii MOMeHT dacy t-1.
®parment mepexi baiieca npeacrasienuii Ha puc. 2.

Otpumana mepexa baiieca mae moxubky knacudikamii y 15 %, o610 B 85 %
BHIIAJKIB MEPEKa BIpPHO MOJIEJIIOE IHBECTUIIIHUI ClLIEHapii, a came, 3MiHY BaJIOBOI'O
HArpoOMaJXKeHHS! KalliTaly, 3aJIe)KHO BiJl 3HAaYEeHb CTaHIB iHIIMX BEPUIMH MEPexi —
MaKpPOEKOHOMIYHHX MTOKa3HHKIB.
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Pucynok 2. ®parmeHT Tomojorii Mepexi baiieca, mo Mopmemoe 0a30BHH cIieHapii
MTOBOEHHOTO BiTHOBJICHHS

3aramom, MOJIENIOBAaHHS CIIEHApiiB Ha OCHOBI Mepex baiieca mokaszano, 1o
CyTTeBe 30UIbLICHHS 3HaueHHs 1iTbOBOI 3MiHHOT GCP (BanoBe HarpoMamkeHHs
KaIiTally) JOCATAETHCS B IIEPITY YEPTy 32 PaXyHOK 3pOCTaHHS 3HAUeHb MTapaMeTpiB
Mmozeni, Takux gk GDP (Banosuit BHyTpimHi# nponykt), RT (obopoT po3apidHOi
toprismi), [P (oOcsr peanizoBaHOiI IPOMKCIOBOT IPOIYKILii, TOBApiB Ta MOCIYT) Ta
AP (mpoaykitisi CiTbCHKOTO TOCIIOAAPCTBRA).

Ha 1m’stomy «kpomi 3a moOyJOBaHUMH CIEHApisMU  3iHCHIOETHCS
MPOTHO3YBaHHs PI3HUX IIBOBUX 3MIHHMX Ha PI3HUX 4YacOBHUX Iepepizax.
Hampuknaa, s «IHBECTHUI[IHHOrO»  CIIEHApil0 IS JIOBFOCTPOKOBOIO
NPOrHO3YBaHHS  BaJOBOTO HAarpoMajpKEHHS OCHOBHOTO  Kamitamy  Oyno
3aCTOCOBAHO METOJIM INTYYHOTO IHTENEKTy — HeWpoHHI Mmepexi. [loOymoBana
MOJIeJIb Ma€ CTATUCTUYHI XapaKTEPUCTUKH: CTaTUCTHKA R-kBanpaT nopisHioe 0,93,
a cepefHsl aOCOJIIOTHA TPOIEHTHA MOXHOKA MPOTHO3Y Ha TPEHIHTOBOMY HaOOpi
nanux MAPE nopisaroe 7,39 %.

Ha puc. 3 mnpexacraBieHi pe3ynbTaTd JOBFOCTPOKOBOTO MPOTHO3YBAaHHS
BaJIOBOTO BHYTPINIHHOTO MPOJYKTY Ta BaJlOBOTO HArPOMAJKEHHS OCHOBHOT'O
KamiTany 3a pi3HUMU cleHapisiMu Ha niepiog 1o 2040 poky. s mobynosu mozeni
HEHPOHHOT Mepexi OyJio BUKOpUCTaHO Iporpamue 3abe3meuenHst SAS Enterprise
Miner, 3 HajamTyBaHHSMHU aHAJITHYHUX KOMIIOHEHTIB MeEpexi: BXITHHHA mIap
MICTUTB yCi 3MiHHI, 1110 BUKOPUCTAaHI AJ1s1 0Oy T0BH CIIEHAPiiB, BKIIOYAIOUH JaroBi
3MiHHI IEPIIOTO MOPSAAKY; OJUH NPUXOBAHUH MIAp, IO MICTUTH 11’ ATh IPUXOBAHUX
BepmivH (OOpaHO aHaJXITHYHUM [UISXOM); BHKOPHCTOBYETHCS  (DYHKIIis
MEPETBOPEHHSI BXIAHUX 3MIiHHHX softmax; KUIbKICTb iTepauiii HaBYaHHA —
IBAALATE.

SAx BumHO 3 puC. 3, BIJHOBJICHHS CGKOHOMIKM Ta IO3UTHBHA EKOHOMiYHA
IMHaMika Ha rmepcrekTuBy 1o 2040 poky MOXyTh OyTH JOCSTHYTI 32 YMOBH
CTaJIOT0 3POCTaHHS 3aIy4YeHHS 1HBECTMLIH Ta 30€peXEeHHS CIiBBiAHOIIECHHS
MIPOMHCIIOBICTh-CUIBCHKE TOCIIOAAPCTBO HA JIOBOEHHOMY PiBHI.
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Pucynox 3. Pe3ynbTaTi JOBroCTpOKOBOrO MPOTHO3YBaHHS MaKpOESKOHOMIYHOT IMHAMIKH 32
PI3HUMU CIIEHaApisMH iHBeCTHLIHHOTO 3a0e3neueHHs 10 2040 poky

SIKicTh oJepKaHUX pe3yNbTaTiB MPOTHO3HOI'O MOJECTIOBAHHS CBITYHUTH IIPO
MEPCHEKTHBHICTH 3aCTOCYBaHHSI 3aIIPOTIOHOBAHOT METOJUKH ISl Pi3HUX COIliajbHO-
€KOHOMIYHHX TmporeciB. TakoX 3ampomoHOBaHWK MiAXiJ Mae MepeBard o0
aBTOMAaTH3allii OCHOBHUX MPOIIECIB MOMEPeIHBOI 00POOKH JaHWX Ta MPOTHO3HOTO
MOJIETTIOBAHHS.

BucnoBku

Po3pobiiena indopMarlifina TEXHOJIOTIS 3aCHOBaHA HA CUCTEMHOMY BHKOPHCTaHHI
IHCTpyMEHTaIbHUX 3aC00iB 1 METOJiB, sKi BUPINIYIOTh 3aBJaHHA aHAJi3y,
MOJICJIIOBaHHS, TPOTHO3YBaHHS, MIATPUMKH NPUHHATTS pillleHb B YIpaBIiHHI
COLIIAJIbHO-eKOHOMIYHHMH ~CHCTEMaMH Yy TIepioJl TIOBOEHHOTO BiJHOBJICHHS,
3a0e3nedye OOTPYHTYBaHHA Ta aHami3 e()EeKTHBHOCTI MPOTOHOBAHHWX BapiaHTIB
pillleHb Ta cHeHapiiB pO3BUTKY TOMiA. MaremMaTHdHi Mojemi, 3aco0u
IHTEJIeKTYalIbHOTO aHali3y JaHuX, IITYYHHH 1HTENEKT, MPOIOHOBaHI B POOOTI,
CTaHOBJISITH OCHOBY i1H(OpMaliliHO-aHANITUYHOI TEXHONOTii A5 3a0e3nedeHHs
NPUIHATTA pilieHb y cepi HaliOHATbHOT Oe3MeKkn i 060pPOHH. IX BHKOpPHUCTaHHS
NOCWINTh  iHQOpMaIiiHO-aHATITHYHY Ta TPOTHOCTHYHY (YHKIIT  Ciryk0
MIHICTEpCTB Ta  BIJJOMCTB, yCTaHOB, OpraHisaiiii, OpraHiB  MiCIIEBOIO
CaMOBpALYBaHHs, 30KpeMa IiJIBUIINTH SIKiCTh 30MpaHHs NEepBUMHHOI iH(opMaii,
chopMye reperyMOBHU I CTBOPEHHS CUCTEMU MOHITOPHUHIY 3arpo3 HalllOHAJIbHIH
Oesmerii YkpaiHu, o OXONWTH Pi3HI PiBHI JIEPKABHOTO YIPaBIIiHHSI;, 3a0€3MCUUTh
KOMIUJICKCHE  OI[IHIOBaHHS ~CTaHy HAI[lOHAJIbHOI EKOHOMiKH, MOKpAIlUTh
iH(pOopMaLiiiHO-aHANITUYHE 3a0€3MeYEeHHS CTPATEriuHOrO IJIaHyBaHHS; J03BOJIUTD
chopmyBatn e€nuHHMNA  iHQOpMAIHUI  TPOCTIp  JEp>KABHOTO  YNPABIIiHHS
HaI[lOHAJILHOIO 0€3MeKor0 Ta 00OpOHO. 3almporNOHOBaHI MaTeMaTH4Hi MOJET,
IHCTPYMEHTH 1HTEJIEKTYalbHOTO aHaji3y NaHUX, IITyYHUH IHTENEKT, CLeHapii,
KOTHITHBHI MOJIEJIi Ta METOIW MPOTHO3YBAaHHS Ta MIATPUMKH MPUHHATTS PillleHb
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MOXYTh BUKOPHCTOBYBAaTHCS 3aJIC)KHO Bil THIly H MeEXaHi3My BHOOpY Ta
(dopMyTIOBaHHS KOHKPETHOI 3afadyi, SIK OKpeMO — JUIsi pO3B’S3YBaHHS OKPEMHUX
miA3azad, Tak i CHCTEMHO — JUIS BHpIIIEHHS 3arajibpHOi mpoOsiemu. Pesynbrati
BUKOHAHHS POOOTH JIO3BOJATH YAOCKOHAIHUTH CHCTEMY MIATPUMKH TPUAHSTTS
pimeHs B cdepi HamioHaIRHOI Oe3MeKn Ta 0OOPOHM SK CKIIAMOBOI HAIliOHATHHOL
CHUCTEMHM CTiMKoCcTi Ta iH(opMamiifiHo-aHamiTHYHE 3a0e3ledeHHs MpoLecy
MIPUHHATTS PIIlIeHb, aHAJ3y Mepediry Mol Ta pe3yabTaTiB MPUHHATOTO PilIeHHS
BIJIMOBIIHUMH CTPYKTYpaMH OpTraHiB JEp)KaBHOTO YIIPABIIHHA Ta MiCIIEBOTO
CaMOBpAIYBaHHs, 30KpeMa, MpoaHaji3yBaTH MOTOYHY CHUTYallilo, MOTEHLiiHI Ta
peaibHi 3arpo3y Ta KpH30Bi CUTYyalill (30KpeMa, BU3SHAYUTH 1X IPOSIBH), PO3POOUTH
THUTIOBI pillIeHHs, CIIeHapii pearyBaHHs Ha 3arpO3H, KPUTUYHI CUTYaIllli, KaTacTpohu
TOIII0, POTHO3YBATH CIIPOMOXKHOCTI, HEOOXITHI IS X TIOI0JIaHHS.

B nopanpmomMy cuctemMa Moxke OyTH PO3IIMPEHA 32 PaXyHOK TOJaBaHHS HOBHX
MaTeMaTHYHUX MOJeNell Ta iX aHcamOIiB, 3ac00iB OOpOOKH TeOompOCTOPOBOL
iH(opMaIlii Ta IITYYHOTO IHTEIEKTY, 30KpeMa, TexHojorii Human-in-loop.
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APPLYING MODERN CONSTRUCTION 4.0 TECHNOLOGY
TO DAMAGED BUILDINGS

Abstract. The work purpose was to conduct a comparative analysis investigating
the damage caused to a high-rise building (HRB) under dynamic impacts of two
types: periodic industrial explosions at the iron ore quarry of «UGOK» mining
and processing plant in Kryvyi Rih and a rocket strike on HRB in Kyiv on
February 26, 2022. fib bulletin 59 was used as the basis. The study demonstrates
how the life cycle curve of HRB transforms under periodic dynamic impacts and
a one-time combat action influence compared to the standard fib bulletin 59 curve.
The applied methods included visual and instrumental inspection of buildings
using non-destructive testing methods, geodetic and vibration instruments with
10T for refining initial-boundary conditions during the creation of the HRB
Construction 4.0 (Digital Twins). Therefore, its experimental verification was
conducted. The calculation package LIRA-CAD was used for calculations. It can
be noticed while comparing vibration displacement projections at identical points
of buildings 6-A and 6-B. Under current conditions, the operational lifespan
of 6-A decreases by approximately AT = 30 years. To restore the building to a safe
technical state, allow residents to return, and extend its operational lifespan
beyond the current estimate (= 70 years), comprehensive restoration work is
required. A methodology for using a Construction 4.0 (Digital Twins) as an
element of the straightening control system has been developed. It allows for the
adjustment of tilt-eliminating works based on the current monitoring and
calculation of the digital spatial model of the multi-story building and the stress-
strain state of the "reshaped soil base — tilted strip foundation" system. The
successful implementation of the methodology is also demonstrated. A multi-story
building in Zaporizhzhia, Ukraine, was straightened without relocating the
residents or shutting down essential utilities (elevators, water supply, etc.). Three
stages of Digital Twin (Construction 4.0) formation for the specified objects are
considered: formation of a Digital Model; formation of Digital Twins, when
methods and means of non-destructive testing are involved, and the last stage —
Digital Twin, when the results and recommendations of the results of the first two
stages are taken into account when reconstructing or restoring the original
physical object for the Digital Twin.
Keywords: Construction 4.0, Digital Twin, high-rise building, stress-deformed
state, forecasting, Internet of Things.
https://doi.org/10.32347/2411-4049.2025.3.50-60
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Introduction

The aging of building structures over time is an unavoidable phenomenon faced by
humanity throughout history. The general evolution of a building's life cycle — from
commissioning to demolition — is depicted in Figure 1 from fib Bulletin 59 [1].
However, deviations in the rate of progression along this curve frequently occur,
either accelerating or decelerating. Examples of decelerated degradation include
ancient monuments, such as the Pantheon [2] and the Colosseum in Rome, which
have not only survived but continue to serve as heavily utilized sites, welcoming
numerous visitors daily.

Stage 1:  Stage 2:

Design Construction Stage 3: Operational service life
—> L —
Technical service life
»
>
Prolonged service life gz
-
Realtsed service We
A A
L PP S v i P
= Maintenance 2 | Maintenance | 2 | Maintenance
© p < c
3 c -~ e e
- on- - g 5
8 |dition [ = _\ > (L —
~
g ~ o /‘/
© L
T
@
'!’ /
©
@ 0
; ;
T
[} & (6]
€|z 2
€| ¢
© |£ & !
-4 § B Lowest condition allowed
~ | 2 §
c g ] - - - -
o |s s € € € E& gs
2183 g g g £3 €3
=188 48 é s 88 80
b 358 2 2 3+ 3*
% loces g8 (& 8 47
c 2y [ ¢ ] [
@ pe i8r |8 o §ed §
585 |8 3 [34E R
Time

Fig. 1. The entire service life of a building from "birth" to "death"

The latter scenarios often fall within the domain of forensic engineering. Many
scientists, engineers, and builders worldwide have addressed these challenges to
varying extents. Notable contributions are documented in works [3], which were
considered in this study for a comparative analysis of the life cycle degradation of
buildings due to periodic industrial explosions at the “PivdGZK” quarry in Kryvyi Rih
and a rocket strike on a high-rise building in Kyiv on February 26, 2022.

Impact of Industrial Explosions at the Open-Pit Iron Ore Quarry of the
Southern Mining and Processing Plant on Surrounding Buildings

The open-pit iron ore quarry of “PivdGZK” in Kryvyi Rih was established in 1952
and has reached a depth of approximately 250 m. At the surface level, mining
operations are conducted within an area delineated by an oval with major and minor
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axes measuring 4 km and 3 km, respectively. The explosion safety zone is defined
as 700 m. The boundary of the residential areas in the Inhulets District of Kryvyi
Rih, located east and southeast of the quarry, lies 800—900 m from the eastern edge
of the pit. Consequently, when blasting occurs on the upper levels of the quarry, the
explosion safety zone comes extremely close to the residential areas. The dynamic
impacts on buildings within the explosion safety zone are periodic. Until recently,
blasting operations at “PivdGZK” were conducted every two weeks, with the
maximum amount of explosives used per blast ranging from 490 to 652 tons during
the observation period from 2008 to 2012. Buildings selected for monitoring during
the blasting activities included: The Church of the Nativity of the Virgin Mary
(hereafter referred to as the “Church”) located at 14 Obrucheva Street (Figures 2),
Middle School No. 40 on Sestroritska Street (Figure 3), The Youth Creativity Center
(hereafter referred to as the “Center”). These structures are sites of mass gatherings
and must meet heightened safety requirements, making their comprehensive analysis
critically important [4-7].

Fig. 2. Church's reaction to the explo- Fig. 3. Visual inspection of School No. 40
sion in the quarry. Top — cracks in the revealed cracks up to 0.05 m wide in external
brick vault of the Church. Bottom —the load-bearing walls. Crack gauges and
priest pointing out vertical cracks on vibration monitoring are required to assess
his house located within the Church's seismic and explosion-related impacts
premises

The Center in Kryvyi Rih was selected for detailed experimental and theoretical
investigations, as well as for assessing its residual lifespan, partly due to the availability
of design documentation. The building was designed in 1960 and constructed during
the 1970s, a period of intensive iron ore extraction at the quarry. Consequently, the
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structure was subjected to seismic impacts from explosions during its construction
phase (Figure 7) [4, 5]. The comprehensive methodology for determining the residual
lifespan of buildings in zones affected by dynamic impacts includes the following
steps: 1) visual inspection of the building to document damage; 2) determination of the
physical and mechanical properties of the building's structural elements and dynamic
measurements to assess its response and identify natural frequencies (required for
verification of the analytical model); 3) development of a graphical model of the
building incorporating findings from Step 1 (Figure 5) [5, 6]; 4) identification of the
analytical model; 5) dynamic stress-strain state calculations for the building;
6) assessment of the structural risk; 7) construction of the building's life cycle curve
and quantitative evaluation of its residual lifespan. The detailed description of Steps
1-7 can be found in the dissertation by V. Dunin under the scientific supervision of
Prof. Tu. Kaliukh [4]. The results of the Center’s resource depletion due to regular
industrial explosions are shown in Figure 4 [4].
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Fig. 4. Curves of bearing capacity changes: 1 — for a specific structural element under
dynamic impacts; 2 — for the building as a whole without seismic impacts; 3 — for the
building as a whole under dynamic impacts without damage; 4 — for the building as
a whole under dynamic impacts with damage; a — building in normal condition; b —
building in satisfactory condition; ¢ — building unfit for normal operation; d — building
in an emergency condition; P1 — technical condition of the Center building at the time of
investigation

The reduction in the building’s lifespan is determined by the loss of load-
bearing capacity. The calculated age of the building differs from the actual age by
approximately 30 years. Observed defects during visual inspections, combined
with analytical and experimental data, indicate that the overall technical condition
of the Center can be classified as unfit for normal use in the fore-seeable future.
As internal defects in the building accumulate, the risk of failure in its reinforced
concrete load-bearing structures will increase, accelerating aging and further
reducing its lifespan.
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Impact of a Missile Strike on a High-Rise Building and the Reduction of Its
Residual Lifespan

During the war, Russia has destroyed or damaged over 210,000 buildings in Ukraine,
according to an analysis conducted by The New York Times in collaboration with
remote sensing experts Corey Sher from the Graduate Center of the City University
of New York and Jamon Van Den Hoek from Oregon State University (Figure 5) [8].

i ¥

Chernihiv
14} '

s Kyiv

UKRAINE

Mariupol

Fig. 5. Visualization on the map of Ukraine of the analysis results for destroyed or
damaged buildings conducted by The New York Times in collaboration with remote
sensing experts Corey Scher from the Graduate Center of the City University of New
York and Jamey Van Den Hoek from Oregon State University [8]

Their study used radar satellite data capable of detecting even minor structural
changes. Approximately 900 of the damaged or destroyed buildings are protected
under the Geneva Conventions, including 106 hospitals, 109 churches, and 708
schools. Many cities and villages are literally wiped off the face of the Earth or at
least severely damaged, and an actual destruction may be far more large-scale. In
May 2024, Ukraine’s Prime Minister Denys Shmyhal stated that Russia had
destroyed or damaged 250,000 only residential buildings, about 4,000 schools, more
than 1,000 hospitals, and numerous other civilian buildings. The total damage from
the invasion was estimated at $486 billion [9].

The investigation was conducted on the high-rise building at 6-A Lobanovskyi
Avenue in Kyiv, which suffered significant damage from a missile strike on February
26, 2022 (Figure 6, Figure 7).

The study evaluated the technical condition of the building and its suitability for
further use. The following activities were performed: a general inspection of the
building and a detailed inspection of the damaged section (axes 1-5/G-K) to identify
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structural damage; engineering and geodetic measurements of vertical and horizontal
displacements of the building; instrumental testing of the actual concrete strength of
the building’s pylons; calculation of a spatial model of the building under static and
dynamic loads; determining forces in the remaining elements considering the
destruction of some load-bearing components; verification of the actual state of the
pylons and their elements; calculation of the actual stress-strain state of the building
(Table 1 from the dissertation by S. Kurash, conducted under the scientific supervision
of Prof. Tu. Kaliukh [6]). The findings were compiled into a technical report on the
building’s condition.

These pylons must either be reinforced or replaced. Therefore, additional urgent
anti-collapse measures were recommended, along with technical solutions for
strengthening and partially re-placing damaged building structures. The reduction in
the building’s lifespan is depicted in Figure 8. Before the missile strike (Point A,
identical to Point B), the building at 6-A had no damage, and its structural
performance curve matched the load-bearing capacity curve of a similar building at
6-B Lobanovskyi Avenue (Figure 8).
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Fig. 6. General view of the building at 6A  Fig. 7. Digital Shadow of the building at
Lobanovsky Avenue after the rocket impact 6A Lobanovsky Avenue in Kyiv with
on April 26, 2022 damaged elements on floors 18-21

After sustaining damage, the dynamic characteristics of the building 6-A at
Lobanovskyi Avenue, Kyiv, changed (frequencies, amplitudes, etc.), as shown at
Point A'. The building becomes unsuitable for normal use (Zone ¢), demonstrates
increased susceptibility to displacements. It can be noticed while comparing
vibration displacement projections at identical points of buildings 6-A and 6-B.
Under current conditions, the operational lifespan of 6-A decreases by approximately
AT = 30 years. To restore the building to a safe technical state, allow residents to
return, and extend its operational lifespan beyond the current estimate (= 70 years),
comprehensive restoration work is required.
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Fig. 8. The bearing capacity change as functions of time for building 6-A at Lobanovskyi
Avenue, Kyiv

Eliminating the excessive tilt of a 9-story large-panel building using Digital
Twins

The structural scheme of the building is frameless, with plan dimensions of 24x12
meters. The spatial rigidity is ensured by load-bearing longitudinal and transverse
walls made of expanded clay concrete with a thickness of 0.35...0.45 meters, as well
as reinforced concrete floors. During operation, the building was subjected to
subsidence deformations. The longitudinal and transverse tilts reached excessive
values. As a result of calculating the Model of the building for the impacts and loads
that occurred during operation, its 3D SSS was obtained from the combined effect
of external loads and subsidence deformations, along with node displacements of the
Model for each of the calculation options [10, 11]. The principal stresses in the
building elements were calculated and analyzed, providing an assessment of the
strength of the materials in its structural elements. Since the building did not meet
the conditions for normal operation due to excessive tilts caused by subsidence
deformations, it was decided to eliminate these tilts. The building's tilt was corrected
by drilling the calculated amount of soil from under the foundation's footing. For
this, a trench was dug along the building facade to a depth of one meter below the
foundation. The weakening of the base layer (compacted loess loam) was achieved
by drilling two rows of horizontal cylindrical boreholes up to 15 meters long with
variable diameters of 0.16...0.22 m. Moistening the borehole walls accelerated the
process of technological settlements to the required value. The work to form the
building's counter-tilt lasted 14 days. Uneven settlements of the building in the
longitudinal direction were achieved at 0.041...0.055 m, and in the transverse
direction — at 0.092...0.178 m (see Fig. 9).

To determine the building's SSS based on residual deformations and compare
them with the values obtained from monitoring data, the Model calculations were
continuously performed, simulating the straightening process. The deformation
impacts were numerically modeled in stages according to feedback from
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experimental observations of the building's behavior. During the tilt correction
process, the deformation and force characteristics gradually stabilized, and the
stresses in the system reached safe values. Fig. 6 and Fig. 7 shows the changes in
node displacements and the distribution of principal stresses in the building's
structures during the straightening process. The conducted studies on the changes in
the building's SSS allow us to conclude that during the straightening of the building
by local reshaping of the soil base through drilling horizontal cylindrical boreholes,
the stresses that arise in the load-bearing structural elements do not always decrease
and, in some cases, may exceed the allowable values for the construction materials.
This can be explained by: (1) the complex response of the spatial structural system
of a multi-story building to external impacts; (2) the uneven distribution of stiffness
in its elements; (3) the presence of defects; and (4) zones of critical stress. The
developed methodology for adjusting the Model based on feedback from
experimental MIMS data in real-time allows for control of the building's SSS
parameters.

Fig. 9. General view of the deformation seam between block sections No. 3 and No. 1
before straightening (a); and after straightening (b) at 23, 25, Engineer
Preobrazhenskyi St., Zaporizhzhya, Ukraine [10]
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Conclusion

1. A comparative analysis was conducted to investigate the damage to buildings
under two types of dynamic impacts: periodic industrial explosions at the
"PivdGZK" iron ore quarry in Kryvyi Rih and a one-time missile strike on a high-
rise building in Kyiv on April 26, 2022, based on fib Bulletin 59. The study has
demonstrated how the life cycle curve of buildings is transformed under periodic
dynamic impacts and one-time impacts from hostilities compared to the standard
building lifecycle curve [4, 5].

2. The information-measurement system "Monitoring," which allows for real-
time tracking of the stress-strain state parameters of the multi-story building, has
been incorporated into the straightening control system. It enables the adjustment of
tilt-elimination works based on current monitoring and calculations of the digital
spatial model of the multi-story building and the stress-strain state of the "reshaped
soil base — tilted strip foundation" system. Therefore, a methodology for using
Digital Twin as an element of the system controlling the tilt elimination process has
been developed.

3. The methodology was implemented during the straightening of an actual multi-
story building in the city of Zaporizhzhia, Ukraine. Mechanical drilling of horizontal
cylindrical boreholes was selected as the most rational method for reshaping the base
soil and eliminating the building's tilt. The weakening of the base soil was achieved
by drilling two rows of horizontal cylindrical boreholes up to 15 meters long with
variable diameters of 0.16...0.22 m. Moistening the borehole walls accelerated the
process of technological settlements to the required value. The work to form the
building's counter-tilt lasted 14 days. Uneven settlements of the building in the
longitudinal direction were achieved at 0.041...0.055 m, and in the transverse
direction —at 0.092...0.178 m [10, 11].
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IO.I. Kamiox, A.B. Illokapes, C.}O. Kypam
3ACTOCYBAHHS CYYACHOI TEXHOJIOITI CONSTRUCTION 4.0 A
MNOHIBEYEHUX BYAIBEJIb

AHoTanisg. Meroro poboTu Oyi0 NMPOBEICHHS MOPIBHAIBHOTO AHATI3Y ITOIIKOKEHb,
3aBaHUX BHUCOTHIN OyxmiBmi (BB) muHamivHMME BIUTMBAMH ABOX THITIB: TEPiOTUIHUMHE
MIPOMUCIIOBIMH BHOYXaMH Ha 3alli30pyIHOMY Kap'epi TipHHY0-30araqyBabHOTO KOMOIHATY
«YI'3K» y KpuBomy Po3i ta paketanm ymapom mo Bb y Kuesi 26 mortoro 2022 poky. 3a
OoCHOBY Oymo BukopuctaHo OronereHb fib 59. JlochmimkeHHS OEMOHCTPYE, 5K
TpaHC(OPMYETBCS KpUBA JKUTTEBOTO HUKITy BB min BImBOM mepiogudHMX AWHAMIYHUX
BIUIMBIB Ta OJHOPA30BOTO BIUIMBY OOHOBHX Mdiii TOPIBHSHO 31 CTAaHAAPTHOI KPHUBOIO
oronerens fib 59. 3acrocoBaHi METOAM BKIIIOYAH Bi3yaJIbHUH Ta IHCTPYMEHTAIbHUIN OTJIsI
OyniBesb 3 BHKOPHCTaHHSIM METOJIB HEPYWHIBHOTO KOHTPOJIO, TEOJE3MYHHMX Ta
BiOpauiiHuX npuia/iB 3 [HTepHETOM peueii Ui yTOYHEeHHs [I0YaTKOBO-TPAHUYHHUX YMOB ITiJ1
yac ctBopennsi BB Construction 4.0 (IludpoBux asiitaukis). Tomy Oyiio npoBeaeHo HOro
eKCTIEpUMEHTaJIbHY IepeBipKy. [y po3paxyHKiB Oyi10 BUKOPHCTaHO PO3PAaXyHKOBHH TaKeT
LIRA-CAD.

Po3pobneno meromomnorito BukopuctanHs Construction 4.0 (LudpoBux nBIHHUKIB) K
eJIEMEHTa CHUCTEMH KepyBaHHA BHIIpAMIICHHAM. lle no3Bossie KOpHryBaTH poOOTH 3
YCYHEHHS HaxwiiB Ha OCHOBI IIOTOYHOTO MOHITOPHMHTY Ta pO3paxyHKy IHM(poBoi
MIPOCTOPOBOi MOZENi OaraTomoBepXoBOi OyMiBII Ta HANPYXEHO-IS(POPMOBAHOTO CTaHY
cucremu "mepehopMOBaHa IPYHTOBA OCHOBA — MOXHINH cTpiukoBui (yHmameHnt". Takox
MPOJIEMOHCTPOBAHO YCIHIIIHE BIPOBA/DKEHHS MeToJoJorii. baratonoBepxoBy OyniBiio B
3anopixoki (Ykpaina) Oyno BUTIpSMIIEHO 0€3 TMepeceleHHs] MENIKaHIiB ab0 BiIKIIOUEHHS
BAOXUIMBUX KOMyHiKamii (nmiTe, BomomocTayaHHA TOIIO). PO3IISMHYTO TpH eTamu
¢opmyBanHs Lludposoro neiftHuka (ByniBaunrBo 4.0) i 3a3HaueHHX O00'€KTiB:
¢dopmysanns Lupposoi Moneni; popmysanns Lludpoux ABIHHUKIB, KO 3a1iIHI METOAN
Ta 3acO0M HEpYHHIBHOTO KOHTPOJIO, Ta ocTaHHii eran — Lludposumii nBiiiHNMK, KOIH
pe3ysbTaTd Ta PeKOMEHJALIl pe3yJIbTaTiB IEepIIMX ABOX ETaIliB BPaXOBYIOThbCS IIijl 4ac
peKoHCTpyKWii abo BifHOBJIEHHs oOpuriHambHOro ¢iznunHoro ob'ekra s Lludposoro
NBIMHUKA.

Kaiouosi caoBa: byniBaunrso 4.0, Llndposuii qBIHHNK, BUCOTHA OyAiBIIsL, HAPYKEHO-
nedopMoBaHuii cTaH, MPOrHO3yBaHHs, [HTEpHET peuei.

Cmamms Haditwna 0o pedaxyii 15.05.2025 i nputinama 00 OpyKy Riclisl peyeH3y8aHHs
27.08.2025
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PARALLEL MODELING OF SEDIMENT AND RADIONUCLIDE
TRANSPORT IN RIVERS ON MULTIPROCESSOR SYSTEMS
AND GRAPHICS PROCESSORS

Abstract. The study aims to develop and implement parallel algorithms for
modeling sediment and pollutant transport in rivers within the COASTOX-UN
modeling system, utilizing multiprocessor systems and graphics processing units
(GPUs). The modeling system includes a hydrodynamic module (COASTOX-HD),
a sediment transport module (COASTOX-SED), and a radionuclide transport
module (COASTOX-RN), which can also be adapted for other pollutants. The
methodology is based on numerical solutions of two-dimensional shallow water
equations and advection-diffusion transport equations using the finite volume
method on unstructured grids. Parallel computing is implemented through MPI
(for distributed-memory systems) and OpenACC (for GPUs). The system was
tested for simulating radionuclide transport in the Kyiv Reservoir during the 1999
spring flood and assessing organic pollutant concentrations in the Dnipro River
near Kyiv following transboundary contamination of the Desna River in autumn
2024. Results demonstrate high computational efficiency of the developed
algorithms. The combination of MPI and OpenACC technologies in the
parallelized COASTOX-UN model enables simulations of sediment and pollutant
transport on detailed grids for large water bodies, running efficiently on
workstations, servers, and even gaming PCs/laptops with powerful GPUs. GPU-
based computations outperform professional workstations in efficiency. The study
highlights COASTOX-UN's potential for operational pollution forecasting during
emergencies. The key innovation lies in adapting parallel computing algorithms
for both CPUs and GPUs, significantly reducing computational costs without
compromising accuracy. Future research will expand COASTOX-UN's
functionality for additional pollutant types and further assess risks of
anthropogenic impacts on aquatic ecosystems.

Keywords: river contamination modeling, shallow water equations, finite volume
method, parallel computing, GPU computing, MPI, OpenACC.
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TrcTuryT nmpo6ieM MateMaTnaHux MamuH i cuicteM HAH Ykpainu, M. Kuis, Ykpaina
2[HCTHTYT pamioaKTHBHOCTI HABKOJMIIHEOTO CEPENOBHINg, YHiBepcuTeT DyKycima, SImoHis

MHAPAJIEJBHE IBOBUMIPHE MOJEJIIOBAHHS TPAHCIIOPTY
HAHOCIB I 3BABPYJHIOIOYHNX PEYOBHUH B PIYKAX HA
BATATOINPOLHECOPHUX CUCTEMAX I TPA®IYHUX ITPOLECOPAX

Anomauin. Memoro 0ocniodxceHHs € pO3pOOKA Ma BNPOBAOINCEHHSA 8 IHPOPMAYILiHO-
mooenioroyy cucmemy COASTOX-UN napanenvhux ancopummis 01 MoOen08aHHs
MPAHCROPMY HAHOCIE I 3A0PYOHIOIOYUX DEdOBUH Yy DIUKAX 3 GUKOPUCTNAHMAM
bacamonpoyecopuux cucmem [ epagivnux npoyecopis (GPU). Cucmema
MooOeniosanus  exnouac  eiopoounamiynui  mooyis (COASTOX-HD), moodyne
mpancnopmy nanocie (COASTOX-SED) ma mooynv nepernocy padioHyknioié
(COASTOX-RN), wo mooice adanmysamucsi ONisl PO3PAXYHKIE MAKOMC THUUX
3a6pyoHIOUUX peyosun. Memoodonoeia 0ocniodicenHs 6a3yeMvCs HA YUCETbHOMY
D038 ’A3aHHI 0B0BUMIDHUX PIGHAHb MIIKOI 800U | A0BEKMUBHO-OUQDY3IUHUX DIBHAHb
nepeHocy MemoooM CKIiHUeHHUX 00’€mié Ha HecmpyKmypoganux cimkax. [{ns
napanenizayii obuucieHv suxopucmogyromscsi mexronozii. MPI (Ona cucmem 3
posnodinenoro nam’ammiwo) ma OpenACC (0na GPU). Ilpeocmasneno npuxnaou
mecmy6anHs cucmemu 01 PO3PAXYHKIE DO3NOBCIOONCEHHS DPAOIOHYKLIOI8 Y
Kuiscoxomy godocxosuwi nio yac eecuanozo eoooninna 1999 poxy, a maxoaic 01
OYIHKU KOHYEHMpayiti opeaniuno2o 3abpyonenns Ha p. [quinpo 6ins m. Kuesa nio
yac MmpanHckopoorHo2o 3abpyouenis p. [ecna eocenu 2024 poxy. Pesynomamu
00CNiONCEHHsL  OEMOHCMPYIOMb  GUCOKY — OOYUCTIOBANLHY — epeKmuUsHicmb
pospobaenux aneopummie. Illokasano, wo noeonanns mexuonoeii MPI ma
OpenACC y napanenvniii ¢epcii mooeni COASTOX-UN 0o3gonse mooentosamu
MPAHCNOPM HAHOCI8 MA 3a0pPYOHIOIUUX PEeYO8UH HA 0emani308anux Cimkax Ois
BENIUKUX B0OHUX 00’€Kmi6 [ HA pobOYUX CMAHYIAX, cepeepax I HA «Iiepoeux»
IIK/noymoyxax 3 nomyascnumu GPU. Obuucnrosanvha egpekmusHicmes mexHonoeii
Ha epaghiuHux npoyecopax nepesuiyye NOKAHUKY NpoeciiiHux poooyux cmanyiil.
Ipoodemoncmposano moocaugicme  suxopucmannsa mooeni COASTOX-UN ons
ONnepamusHo20 NPOSHO3Y8AHHS 3A0PYOHEeHHS  BOOOUM, 30KpeMma nid uac
Hao3suyainux cumyayit. Opueinanbuicmes 00CHIONCEHHT 8 NOCOHAHHI MEeXHON02Tl
aoanmayii aneopummie napanervuux obyuciens ora CPU i GPU, wo Haodae
KOPUCTNYBAYAM MONCTUBICIb SHUMCEHHS 8UMPA 4acy HA 00UUCTIOBANbHI pecypcu
b6e3 empamu mounocmi. Ilodanvuti Oocniodcenns OyOymov CHpAMOBAHI HA
poswupennss @yurxyionany COASTOX-UN ons inmwux munie 3a6pyoniosauis i
noOanbi OYIHKY PUSUKIE AHMPONO2EHHUX GNJIUBIE HA 8OOHI eKOCUCEMU.
Knrouosi cnoea: mooentoganHs piuKosUX CUCMEM, DIBHSHHS MIIKOI 600U, Memoo
CKIHYeHHUX 00 'emig, napanenvbri obuucienns, oouucnenns ha GPU, MPI, OpenACC.

https://doi.org/10.32347/2411-4049.2025.3.61-75

Beryn

Hama nyGnikanisi € nponoBkeHHAM cTatrTi [1], B AKil mpeacTaBieHi mapajieibHi
IropuT™MH rigpoauHamiuHoro moxyns cucremu moxened COASTOX-UN, mo
0a3yeTbesl HA YMCENILHOMY PO3B’sI3aHHI JBOBUMIPHHUX PiBHAHB MiKoi Boau (PMB)
MeTOoZIoM cKiHdeHHHX 00’emiB. Mojgens COASTOX modana po3poOusTucs micst
aBapii Ha YopHoOuinbebkiii AEC ams nmporHo3yBaHHSI TPaHCIIOPTY PaliOHYKIIIIB Y
PO3UMHI Ha 3aBUCIIMX HAHOCAX y BoJloMMax Oaceitny p. Juinpo [2]. Ha ocHOBI 11b0TO
JOCBiMy HACTymHI Bepcii momem Oyau BkimoueHi B Moaynb I'imposoridanoi
Hucnepcii  pamioHyKJIiIiB  CHCTEMH  MIATPUMKHA  NPUAHATTS  pillieHb
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RODOS/JRODOS, sika po3po0iiseThes 3 1o4aTky 90-x pOKiB B MPOEKTAX PAMKOBHX
HaykoBo-gochigaux mporpam €C [3]. Mogens COASTOX Takox YCHIIIHO
BUKOPUCTOBYBaJach AJsl PO3PaxyHKY PO3MOBCIOJUKEHHS Le3it0-137 B SMOHCHKHX
BOJIOCXOBHIIAX, 3a0pynHeHux micis aBapii Ha AEC ®dykycima [lafiivi [4], a Takox
JUTS OIIIHKY BIUTMBIB BIHCHKOBHX il HA CTaH IHITPOBCHKHUX BOJOCXOBHII [5].

HoBum eranom po3Butky crano BrnpoBamkeHHs B COASTOX mnapanenbHHX
QNTOPUTMIB, SKi JO3BONMJIM 3HAYHO MPHUCKOPUTH PO3PAXyHKH Ha BITHOCHO
HEZOPOTHX KOMII'I0Tepax, ajie 3 MOTY>KHuUMH rpadigaumu npouecopamu (GPU).
Ormsin cywyacHuX iH(OpMamifHUX TEXHONOTIH MapajeNbHUX OOYHCICHb CTaHy
Boguux cucreM Ha GPU mnpencraBneHo, Hampukiaa, B [1, 6]. Anropurmu
po3mapanenioBaHHsl YHCENPHUX CXEM PO3B 3Ky PIBHSIHb TiIPOJAWHAMIYHOTO
moayiii COASTOX-HD cuctemu COASTOX-UN BUKOPHUCTOBYIOTH IPOTPaMHE
cepenoBumie MPI+OpenACC pnst  OararomponecopHHUX poOoYMX CTaHIiH i
cepBepiB, a Takox GPU [1]. [ng 3amad TpaHCIOpTYy HAHOCIB 1 pagiOHYKIINIB, UM
inmmx 3a0pynHeHs B COASTOX BHKOPHCTOBYETHCS YHCEIbHE pO3B’SI3aHHSI
JBOBUMIPDHUX PpIBHSIHb aJBEKTUBHO-AM(Y3iHHOTO TEepeHocy 3 JOJAaTKOBUMH
YICHAMHU THUIY «IKEPENo-CTiK» A omucy MixkdazHux oOMiHiB. Pagionykmimn y
BOJIi ICHYIOTB Y pO3UHHEHii Gpopmi Ta amcopboBaHUME Ha HaHOCaX. OTIIs CydacHUX
METOAIB IapaMeTpu3alliii OOMiHIB MiXK PaJiOHYKIIiJaMH B PO3UMHI, Ha HAHOCAX 1 B
JTHI TIipeicTaBIcHMI B [4].

B nmaniif cTaTTi BUKIAAAIOThCS METOAM PO3MAPAaJIeIFOBAHHS MOEIi TPAaHCIIOPTY
HaHociB i mepedopmyBanHs Oeperie — COASTOX-SED i momeni mepeHocy
panmionykmiaiB i panmioaktuBHoro 3a0pynaneHHss nHa — COASTOX-RN, sxa 3
BIJIMOBITHIMH TIapaMeTpaMl MO>KE€ BHKOPHCTOBYBATHCS 1 JUIS IHIINX XIMIYHHX
3a0pynHeHb. Mogenb  TecTyeTbcd Ha  NpUKIami  3afgadl  po3paxyHKY
pOo3mn0oBCIOKeHHS CTPOHII-90 B KHUiBCHKOMY BOJIOCXOBHILI, IiJ] Yac BECHSIHOI
noBeHi 1999 poky. HaBezieHi pe3ynbTaT MOJETIOBAHHS OLIHKK BIUIMBY CKHJIB 3
KuiBcpkoi 'EC Ha MOXIMBiICTH po30aBieHHs OpraHiuHOro 3a0pyAHEHHS, SKe
nocrynaiio 3 p. [lecua B p. JIninpo 6ins M. Kuepa.

OcHoBHi piBHAHHS MojeJeil

Heniniiini 1BoBUMIpHI piBHSHHS Minkoi Boau (PMB) i Bukopuctani 8 COASTOX-HD
QITOPUTMH X YHCEIBHOTO MapalelbHOro PO3B’s3aHHA IpenctaBieHo B [1]. Tewii
MPU3BOAATE O PO3MHBY AOHHMX BiIKJIAZiB, IEPEHECCHHS HAHOCIB IIOTOKOM 1
nepeBifKiageHs 3 mnepedopMyBaHHSM JoHHOTO penbedy. Lli mpouecu B
COASTOX-UN omnucyroThCs Ha OCHOBI 30epe)KeHHS Macu JIOHHHX BiJIKJIQIIB 3a
JIOTIOMOTOI0  IBOBUMIPHOTO ~ aJBEKTHBHO-IU(Y3iHHOrO pPIBHSIHHSA TEPEHOCY
YaCTUHOK IIOTOKOM PiINHU:
ahs) = @ F as
0 4 2 (@5) = 5 (hDy 3 + (@ - Q). (1)

pa3oM 3 piBHSHHSIM epo3ii/ocakenHs (aHanor piBHsIHHS ExcHepa):

(1= $)pp 50 = —(Qe — Qa). @

ne S — ocepepHeHa MO TIMOWHI KOHLEHTpalis HaHociB y Bomi (kr/m®); Dy —
KOMIIOHEHTH Koe(ilieHTa TOpH30HTaIbHOT Judy3ii; p, — TyCTHHA JIOHHHX
BiJIKJIaJICHb; (b — MOPHUCTICTH BEPXHHOTO JOHHOTO Wapy; Q, 1 @y — WBUAKOCTI epo3ii
1 oca/pkeHHs (Maca HaHOCIB 3 OJIMHUIII TUTOMII B OJMHHUIIIO Yacy); h — TIIMOWHA BOIIH,
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sIKa BH3HAYAETHCS BIAMITKAMHM JHA 7) 1 BUIbHOI MOBEpXHI Boau ¢ BIAHOCHO
He30ypeHoro piBHA Boau (h =& —7); u, v O3Ha4UMMO X Ta Y KOMIIOHEHTH
OCEPEIHEHO] 110 IMTMOMHI MIBUIKOCTI IOTOKY; Gy = UM, g, = Vh.

Q.1 Q4 B dopmynax (1), (2) MalOTh CEHC MOBHHX IIBHIKOCTEH eposii i
OCa/DKEHHS, IO BHPAXAIOThCSA 4Yepe3 pPIBHOBOXKHY OCEpeAHEHY [0 TJIMOHHI
KOHIICHTPAIIF0 HAHOCIB S™ 1 pakTH4HYy KOHIIEHTpaIliio S [2]:

_ *
Qe = Qa = Bwo(S™ = 5), 3)
Jie Wo — HIBHIKICTh OCAPKEHHSI YACTHHOK (TiJpaBiiuyHa KPyIHICTh); § — KoedilieHT
pPO3MUBY, SIKMI € KanmiOpyBaJbHUM MapaMeTpOM, TaK SIK BKJIIOYAE 1 BiTHOIICHHS

MIPUAOHHOI KOHIIGHTpAIlil HAaHOCIB JO OCEPEIHEHOI IO TINOMHI KOHIIEHTparmil 1
eKpaHyI04l BIaCTUBOCTI PO3MHUBY ITOBEPXHI JTHA PIYKOBUX MOTOKIB.

B COASTOX-UN piBHOBa)XHa KOHICHTpAIlisi BHPAKAETHCS UYEpe3 IOBHY
TPAHCIIOPTYBAIEHY €MHICTh MIOTOKY HAHOCIB (3aBHCIHMX Ta JOHHUX Pa3oM) i MOXKe
pO3paxoOBYyBaTHCh 3a JeKimbkoMa BimomMuMmu ¢opmynamu: Van Rijn, Soulsby,
Camenen & Larsen [7].

Ha nepenoc pamioHyKIiIiB y BOAHOMY CEPEOBHIII BILUTUBAE Oarato (hakTopis,
TaKAX SK aABeKIisf-au(dy3is pO3UMHEHUX PaNiOHYKIIHiB, aIBeKMis-Tudys3is
PamiOHYKIIIIIB, IO aJcOpOOBaHi 3aBUCIMMHU YaCTHHKAMM, OCAJDKEHHS Ta IMiIHOM 3
JHa 3a0pyJHEHUX YaCTUHOK, AUQY3is MikK MOPOBOI0 BOJOK BEPXHBOI'O JIOHHOTO
mapy Ta BOJHOKO TOBIIEIO, COpOIis-necopOrist pamioHyKIiAiB MK BOJOI Ta
3aBUCIMMH YacTKaMHM Ta MK BOJOIO Ta JOHHUMH BiJKJIQJaMH, ITOTIIMHAHHSI
PanioOHYKIiIiB )KHBUMH OpraHizmamu [4].

B mogmeni COASTOX-UN TpaHCHOpT pamgioHYKJIiAiB Yy pPO3YMHHIN ¢opmi
PO3paxoBYETHCS IBOBUMIPHUM aJIBEKTUBHO-TUPY31HHIM PiBHSIHHSIM:

a(he) | @ _ 9 (,pn 9\ _
09 + 2 @iC) = o (hDy 25 )

—AhC — ashS(kipptC — C5) — (1 — ¢)Z.ay(k5C — Cp),

ne C — 06’eMHa ocepeiHeHa N0 TIHMOWHI KOHIIGHTpAIis paliOHyKITiIiB Y PO3UUHHIN
dopmi (Br/M®); Cg — KOHIEHTpallis pagioHyKIiNiB Ha 3aBUCIMX HaHocax (Bk/kr);
Cp — 06’eMHa KOHIIEHTpALlis PaJiOHYKIi/IiB y BEPXHBOMY JoHHOMY Iuapi (Bk/m?);
Z, — TOBIIMHA BEPXHBOTO aKTHBHOTO JOHHOT'O MIapy; A — KOHCTAHTa PaJli0akKTUBHOTO
HamiBposnany; k5 i k3 — 6e3posmipHi koedinieHTn po3noziny B cuctemi «Boaa —
3aBUCIII YaCTUHKW» 1 «BOJA — BEPXHIN MOHHWN mIap»;, Qg i 4 — BIAMOBIIHO
MIBUAKOCTI OOMIHY JUIS ITUX CHCTEM.

Benukwuii 00csT eKCriepuMEHTaIbHUX JIAaHMX, HAKOMMYEHHX 33 OCTaHHI POKH
micisa aBapii Ha YopHoOunbebkii AEC, cBimunTh Hpo Te, IO XapaKTepHi YacH
JecopOrii ToBIIi 3a XapakTepHi yacu ajacopOuii. [1lo6 BpaxyBatu 10 PI3HMINO B
XapakTepHHUX YacaX, IBUIKOCTI 0OMiHY y piBHsIHHI (4) Ta naii GOpMYIOIOTECS Yy
Bursi [8]:

_ fa1z, kgpptC > G o = a3, kgC > C
ST\ @ukspyic<cy T %svkbe < ¢y

)

I€ Aqp, Q13 — KOe(DILIEHTH IIBHIKOCTI aJcOpOIii BIAMNOBIIHO ISl CUCTEM «BOJA —
3aBHCIII YaCTHHKW» Ta «BOJA — BEPXHIU AOHHMU WIapy; A,q, Azq — KOeQilieHTH
IIBUIKOCTI A€COPOIIIT VISl THX CAMUX CUCTEM.
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o anBekTHBHO-AM(Y31HHOTO PIBHIHHS TPAHCIIOPTY PATIOHYKIIIIIB HA 3aBUCITHX
YaCTHHKAX J0JA€THCS YWICH TUITY JUKEPENIO-CTIK, M0 OMUCYE MPOLIECH OOMIHY 3 JHOM
3a paXyHOK PO3MHMBY JIHA i OCa/PKEHHS 3a0pyTHEHUX YaCTUHOK:

a(hSCs)

d0SCs
+ o (@SC) = (th, e - ©
—AhSCg + ashs(kdpglc - CS) + Qepp *Cp — Q4C.

3a0pyaHeHHS BEPXHBOTO IOHHOTO MIAPY OMUCYETHCS PIBHIHHIM:

1- ¢) L (Z2.Cp) = =21 = $)Z.Cp + @)
+(1 - ¢)abZ*(de — Cp) — (Qepp *Cp — QuCs).

Po3po0Jieni yncenbHi aJropuTMu po3B’A3aHHSA PIBHAHb MoJeJIi

J71s1 aucenbHOTO pO3B’ si3aHHS PiBHSAHB B yacTKOBUX HoxigHux Mozaeni COASTOX-UN
BUKOPHCTOBYETHCS METOJI CKiHUEHHMX 00’€eMiB. i TiApOJWHAMIYHOTO MOIYJIS
YHCeNnpHy cxeMy Horo peamizamii it PMB — TVD-cxemy ['omyHOBCBKOTO THTTY 17151
HECTPYKTYpPOBaHHUX CITOK — MpeJICTaBleHo B [1].

Mogneni cuctemu COASTOX-UN BHKOPUCTOBYIOTH €JMHY PO3PaXyHKOBY CITKY
— HECTPYKTYPOBaHy CITKY 3 TPHUKYTHUMH KoMipkam¥ [1]. I'igpoanHaMivni 3MiHHI,
KOHIIEHTpAIlil HAHOCIB 1 PaJiOHYKIIi/IiB BU3HAYAIOTECA Y LIEHTPax KOMIPOK, piBEHb
JTHA 3aJJA€THCS Y BY3JIaX CITKH, TOTOKH Yepe3 TPaHUI Mi>K KOMipKaMH — y CepeIMHaX
CTOPIH TPUKYTHHUKIB.

B naniit poGoti umcenbHy cxemy st PMB amanroBaHo i po3B’SIBKY
TpaHCHOPTHUX piBHSHG (1), (4), (6). [Ticns inTerpyBanHs piBHSHB epenocy (1), (4),
(6) MO TpPUKYTHHMX KOMIpKax pO3PaxyHKOBOI CITKH YTBOPIOETBCS CHCTEMa
anreOpaidyHUX pIBHAHb, y SKUX HAONMKEHI 3HAYEHHS YacCOBHX MOXITHHUX BiJ
KOHIICHTpAIIl BUPaXKalOTHCsI Yepe3 CyMH MOTOKIB Yepe3 CTOPOHU Ta OCEPETHEHE T10
KOMIpIIi 3HAYEHHsI BEKTOPa BUILHUX YJICHIB:

AATE = = Y3 X - midly + 53y F - mydly + AAR, (8)
ne At —4acoBHii KpoK, 4A — iona KOHTPOIBHOTO 00’ €MY, N, — OJJMHUYHA HOPMAJIb
no croporn k (n = (nx, ny)), Al, — nosxunHa croponu k. Tyt X — omgHa 3
KoHueHTpauiii: S, C, SCg; R — BinbHUI uieH, 1o Bianosinae piBHsHHIM (1), (4), (6).

Hist obuucnenns nudy3iiHUX TOTOKIB Yepe3 IpaHHii KOHTPOJIBHOro 00’eMy B
(8) BHKOPHCTOBYETHCS IIEHTpaJibHA pi3HUIEBA ampokcuMarlris. Jlis amBekiii
3actocopano BapianT cxemu SEA (Simple Efficient Algorithm) s
HECTPYKTYPOBAHHX CiTOK, sIka BAKOPMCTOBYeThes B [1] st PMB. Ti anantosano 10
TPAaHCHOPTHUX PIBHSHb. 3riZHO 3 1IH€I0 CXEMOK, Ha eTami NpeauKTopa
BUKOPUCTOBYEThCS Upwind-anmpokcuMaliisi aJBEeKTUBHOTO IIOTOKY, a Ha erami
kopekTopa — downwind-anpokcumartisi. KomOiHallist TOTOKIB HU3BKOT'O Ta BUCOKOTO
MOPSIIIKIB 3MIIHCHIOEThCS 3 BUKopucTaHHsAM TVD-o0mexyBaua: minmod, superbee,
van Leer, MC.

OtpumaHa B pe3yNbTaTi YMCeNlbHA CXeMa IS aBeKIii-mudy3ii y piBHIHHSIX
MEPEeHOCY € MOHOTOHHOIO, L0 MiATPUMYE IOYATKOBHI PO3MONALNT KOHLEHTpaLii
JIOMIIIIKY TIPY PO3MOBCIOKEHHI 1 y BOJI 3@ BIACYTHOCTI nudhys3ii.
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BpaxyBaHHS 4WICHIB THIY JDKEPENO-CTIK y PIBHAHHSAX TPAHCIOPTY HAHOCIB
BiOyBa€THCS OJHOYACHO 3 PO3B’sI3aHHIM PIiBHSHHS AWHAMIKHU JIHA, a B PIBHSIHHSIX
MEepeHOCy PaaiOHYKIIiAIB — OJJHOYACHO 3 PiBHAHHIM 3a0pyAHEHHS BEPXHBOTO IIapy
nTHa. PIBHSHHS 3MiH BiIMITOK fHA (2) 1 piBHSHHS 3a0pyIHEHHS BEPXHBOTO Iapy THA
(7) He MICTATH MPOCTOPOBHUX MOXIAHHUX, YACOBI MOXiTHI B HUX alPOKCUMYIOThHCS 13
MEepUIMM TOPSIKOM TOYHOCTI, PaBi YACTUHH LUX PIBHSAHB 1 YWICHHU JKEPENO-CTiK y
PIBHAHHSAX MEPEHOCY TPAKTYIOTHCS HESIBHO.

PiBasiHHA 3a0pyqHEHHS BEPXHBOTO MIAPY JHA Pa30M i3 PIBHAHHSAM IEPEHOCY
PO3YMHEHUX PAAiOHYKJIiIiB Ta PIBHSHHSIM IEPEHOCY PaliOHYKIiJiB Ha 3aBHCIHX
YaCTUHKAaX YTBOPIOIOTH 3B’s3aHY CHUCTEMY TpbOX piBHSAHB. s i1 po3B’s3aHHS
BUKOPDHCTOBYETBCS  MeTon Kpamepa, He3alneHO Ui KOXKHOI  KOMIPKH
PO3paxyHKOBOI CITKH.

UmcenbHi cxeMH piBHSHb JUHAMIKHA HAHOCIB 1 palioHyKIiAiB chopMyIbOBaHi Ha
MoBi mporpamyBaHHs FORTRAN, Tak camo, sk 1 pemra KOIy CHCTEMH
COASTOX-UN.

BnpoBan:keni TexHoJIorii mapaJjieJibHUX 004YHNCIEeHb

Jis napanensHoro po3s’sa3ky piBHsHb Mojeneii COASTOX-SED i COASTOX-RN
BUKOPHUCTOBYEThCA MiAXia, po3podnenuii y [1] ans PMB. Pisusuus moneneit -SED
i -RN mnpencraBnsatore coO0r0 pIiBHAHHA THITY aiBeKIii-audys3ii 1 KiHeTH4Hi
PIBHSHHS, SIKi € 3BHYAWHUMH JIU(GEPEHIIMHUMH PIBHSHHSMH BiJIHOCHO dHacy.
UmncenbHi cxeMH PO3B’SI3Ky LUX DIiBHSHB pealli3oBaHO B MPOTPaMHOMY KOMi Y
BUIIAMI NHKIIB TIO eJIeMEeHTax po3paxyHKoBoi citku. llpencrtaBmenuit y [1]
QITOPUTM BHKOPUCTOBYE HE3AIEKHICTh iTEpAIii IUX IIUKIIB 110 eeMEHTaX CITKH
npu OOYHUCICHHI TiAPOJUHAMIYHHUX 3MIHHHMX 1 IOTOKIB, @ TaKOX JIOKaJIbHICTbH
Ia0JIOHIB YHCENbHUX cxeM. BiH € TiOpuanum i moeanye texnomnorii MPI Tta
OpenACC, 110 103BOJISE 3aCTOCOBYBATH HOTO SIK HA KOMIT FOTE€PAX 3 PO3IOIIIECHOIO
nam’ATTi0 (HapHUKIIad, KiIacTepax), Tak 1 Ha KOMIT FOTepax i3 3arajibHO0 Mam’ ITTIO
— OaraTosiZiepHIX pOOOYHX CTaHIIAX Ta rpadivyHHUX Mpollecopax.

Hnst cucteM 13 PO3MOIUIEHOI0 NaM SITTIO po3NapayieleHHs: OyayeTbcs Ha
pO3AiJIeHHI pO3paxyHKOBOi 00jacTi Ha mimo0iacTi 3a JOMOMOTOr Oi0MiOTeKH
po3ourts rpadie METIS. Koxxen mnpouecop abo0 OOYHCIIOBAILHUN BYy30.1
napaJeNbHOT CUCTEeMH BUKOHYE OOYHMCIEHHS y MeXax CBO€i mimobnacti, a oOMiH
JaHUMH MK HIMHJ peaji3oBaHo Ha OCHOBi Oibmiorekn MPI.

[a6monn ymcenbHUXx cxeMm Juist Moxeiei -SED 1 -RN He cTBOPrOIOTH HOBHX
iHpOpMAaIIHHUX 3aJIeKHOCTEN MOPIBHSHO 31 cxemamu st PMB. Tomy ctpykTypn
halo-enemenTis, Tunu nanux MPI ta ¢yHkuii oOminy, po3poOneni ans PMB [1],
BUKOPUCTOBYIOTHCSL 1 JUIsI HOBHX Mojeiel. TakuM 4YWHOM, po3MapalielltoBaHHS
moxeneit -SED 1 -RN 3Boautbcs 10 momaBaHHs (yHKIIH OOMIHY HaHUMH Yy
BianoBigHUX halo-eJeMeHTax Iicis OHOBICHHS 3HAuY€Hb 3MIHHUX Y BYy3Jax,
KOMipKkax ab0o Ha CTOpPOHAX KOMIpOK.

Tak, Hampukiaa, TpWd PO3B’sI3aHHI TPHOX PIBHSAHB IepeHocy (HAHOCIB,
PO3YMHEHUX PaliOHYKIIi B, paliOHYKIiJiB HA YACTHHKAX ) 32 aJallTOBAHOI0 CXEMOIO0
SEA 0OMiHM JaHUMU JTOAAIOTHCS Y TAKOMY MTOPSIKY:

= ETtan npegukropa:

- Po03paxoByIOThCS TpaHMYHI MOTOKM HAHOCIB/Pa iOHYKIIiIiB.
- PoszpaxoByroTbest andy3iitHi HOTOKH.
- Po3paxoByroThCs aBEKTHBHI MMOTOKH (upwind).
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- BukonyeTbcs KOpPEKIIisl IIOTOKIB, MO0 He OyII0 MEPeBUTPATH MACH.
- PozpaxoByeTbcs 3MiHa KOHIEHTpALl 32 paXyHOK aaBeKil i audys3ii.
- OnoBawowThcs KoHIeHTpanii B halo-komipkax.

=  Eran kopekTopa:

- Po3paxoByIOThCS TpaHUYHI MOTOKH HAHOCIB/PaJiOHYKIIi iB.

- PoszpaxoBytoTbest anBekTuBHI MoTokH (downwind).

- OnoBaiol0ThCS aABeKTHBHI NoTOKHU y halo-pedpax.

- Bukonyerscs TVD kopekuis MOTOKIB.

- BUKOHY€eThCS KOpPEKIIis MOTOKIB, 11100 He OYyJIO MePeBUTPATH MAaCH.
- PozpaxoByeTbcs 3MiHa KOHIEHTpALii 32 paXyHOK aJIBEKIIii.

- OHoBIIOIOTHCS KOHIeHTpalii B halo-komipkax.

[Mapanenizauis anroputmis COASTOX-UN s GaraTosiepHUX KOMIT FOTEPIB 1
GPU TakoX BUKOPHUCTOBYE HE3AICKHICTH ITepallii MOEJEMEHTHUX IUKIIB. J{is
uporo B [1] Oymo 3ampoBamkeHo OararonmoTokoBwid minxix Ha ocHoBI OpenACC.
Hupextru OpenACC BKa3ylOTh KOMIUIATOPY, IO MiATPUMYE IF0 TEXHOIOTIO, SIKi
IOUITHKK KoAy (30Kpema iTepamii IMKIIB) CiJi PO3NOAUISATH MiXK MOTOKaMH, IO
OOYHCIIOIOTHCS TAPaJIeTbHO SAPAMH MIPOLIECcopa.

[IpuHNIHN po3napanentoBaHHs PiBHIHD NEPEHOCY 1 KIHETUKH 3aTHINAETHCS THM
camuMm, sk i s PMB. [loeneMeHTHI IUKIM YHUCEIBHUX CXEM IUX PIBHSIHBb
oopmmorotecst nupektuBamMu OpenACC BiAMOBIAHO 1O CTHIISL, OMTMCAaHOTO B [1]:

ISACC DATA PRESENT(iMeHa rinobaibHIX MACHBIB)

I$ACC KERNELS

ISACC LOOP INDEPENDENT PRIVATE(iMeHa TOKaIbHUX 3MIHHHX)

Tino muxmy

I$ACC END KERNELS

I$SACC END DATA

Ilepen craprom iTeparniiiHOro mpolecy 3a 4YacoM MAacHBH 3MiHHHUX, IO
BUKOPHCTOBYIOThCS Y LMX PIBHSIHHAX, JOJATKOBO Komiroroteesi Ha GPU 3a
nonomororo aupekTus !$ACC DATA COPY(...) abo COPYIN(...). Tlepen BuBo0M
3MIHHUX Yy 30BHIIIHI (ainyu i MacuBH 3MIHHUX, Pa3oM 3 TiIPOJUHAMIYHUMHU
3MiHHUMH, KomitotoThess 3 GPU 1o meHTpaibpHOrO mporecopa 3a JOMOMOTO0
nupektuB !$ ACC UPDATE HOST(...).

PesyabTaTH TecTyBaHHA O0YHC/IIOBAJBLHOI e(eKTHBHOCTI mapaJesizamii
MOYJs TPAHCHOPTY PAAIOHYKIiAIB Ta iHIIUX 3a0pPYyAHIOBATBHUX PEYOBHH

TectyBaHHS TPOBOAMIIOCH HA HACTYITHOMY O0JIa/{HaHHI:

e JlBoxmponecopHa pobouda craHuis Dell Precision Workstation 7920
3 20-saepaumu mporiecopamu Intel Xeon Gold 6230, i3 TakToBoro yactoToro 2.1 [Ty
i omepatuBHOO Tam’sarTi0 96 I'B (mina 6xm3eko $15 000 momapis). Omeparriiina
cucrema craniii — Windows 10 Pro for Workstations. Jlns komminsmii ta 30ipku
BukonyBaHoro ¢aitmny COASTOX-HD BukopucroByBascst komrisatop Intel Fortran
Compiler 19.0.4.245 pa3owm i3 6ibmioTekoto Intel MPI Library 4.0.

o ['padiuna kapra NVIDIA GeForce RTX 3080, apxitekTypu Ampere, i3 8704
sapamu  vacrororo 1.71 GHz Tta 10 GB oneparuBHoi mam’srti. IlikoBa
npoayktuBHicth — 29.77 TFLOPS Ha onunapniii Tounocti i 465.1 GFLOPS nHa
MOJIBIMHIM TOYHOCTI, TpoOMmyckHa 3aarHicTh mam’sti — 760.3 GB/s. Kapra
BcranoBineHa Ha [IK i3 omepauiitHoro cucremoro Linux Ubuntu 20.04 LTS. s
30ipku BuKoHYBaHoro (aimy mast GPU mig Linux BUKOPHCTOBYBaBCSI KOMITUIATOP,
o marpumye Texaosorito OpenACC — NVIDIA Fortran 22.1-0.
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Banigauia moaesi Ha npukjaai po3noBcroeHHsA cTpoHLi0-90 y KuiBcbkomy
BOAOCXOBMII Ii/{ Yac BeCHAHOro Boaomisias 1999 p.

Jliis TectyBaHHS TapaieabHOro Moayiis nepeHocy pamgionykiaigie COASTOX-UN
OyJiv BUKOPUCTaHi JaHi BuMipiB qunamiku *°Sry p. [lpun’ste 6ins M. YopHOOUIIb,
Bp. duinpo Oims Bmamiaas B KwuiBcekke BomocxoBume Ta y KuiBcbkoMmy
Bogpocxosumli 6is rpe6mi Kuiserkoi TEC [9-11]. Kapra 3a6pyanenns aua *°Sr qs
MOJIENIIOBAHHS [IEPEPAXOBYBAIACH 3 KapTH 3abpyaHenus ana *’Cs, po3pobieHoi
VYkpaincekum  rigpomereoponorivauM  iHctutytom  JICHC 1 HAHY Ta
omry6iikoBaHoi Ha puc. 4.32 y [9]. MoxentoBanHs 91 nHS AMHAMIKH pagioHYKIIIIIB,
nounHaroun 3 01.03.1999 p., npoBoaMIOCk TIpU 3alaHOMy HAOOpi MapaMeTpiB s
%Sr, pexomenioBanux y 3Biti mpoekty RODOS [8].

2000 3500 4 : F104.5
Dnipro = Q Dnipro
E Prypiat | _ 30007 —— Q Prypiat [ 104.0 =
£ 1500+ % 5500 — WLKHPP | 100 m
2 E E
@ & 2000 F103.0 5
5 1000 s H
s & 1500 F102.5 94
2 £ -
;,E, 500 2 1000 1 F102.0 g
H 500 k1015
0 : : ! . , ] 0 ; 101.0
0 10 20 30 40 50 60 70 80 90 6 0 10 20 30 40 50 60 70 80 90
(a) Days since 1999-03-01 ( ) Days since 1999-03-01

Puc. 1. Konuenrpauis *°Sr y p. Ipun’ste Ta p. Huinpo 6ins eraminus B KuiBcbke
BOJIOCXOBHIIIE (@), a TAKOXK BUTPATH BOJM B piukax i piBeHb Boau Ha KuiBcwkiit [EC (0) 3
01.03.1999 p., sixi BUKOpUCTOBYBAIHCH SIK rpaHudHi yMoBu Mozesi COASTOX-UN
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Puc. 2. Kapra BiamiTok 1Ha B KHiBChbKOMY BOZOCXOBHIILI Ha PO3paxyHKOBIit ciTii Mosei (a)
i posnoin o6uncnennx konuentpauii *°Sr na 27.5, 30 1 32.5 nens Bix 1.03.1999 p. (6).
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Puc. 3. (a) PospaxoBana 9acosa quHaMiKa KOHIEHTpamii *°Sr B3M0BXK CTaporo (apsaTepy
Huinpa (Puc. 2 a). (6) Junamika xoruenTparii 0inst rpedni I'EC B mopiBHAHHI 3 JaHUMHI
BHMIpiB, peacTaBieHuMH B [ 10]

[TopiBHSHHS Pe3yJbTaTiB MOJIENIOBAHHS PO3MOBCIOKEHH *°Str B KuiBcbkOMy
BOJIOCXOBHIII 3 naHuMu BuMipiB (Puc. 3) memoHcTpye, 1m0 po3paxoBaHa AMHAMIKA
4acoBUX 3MiH KOHLEHTpamiii “°Sr i MakcMManbHi 3HaYeHHs KOHIEHTpaLii €
6HI/I3I)KI/IMI/I A0 CKCIICPUMCHTAJIbHUX OJaHUX.

Y Tabn. 1 HaBemeHO wac MonenroBaHHSA 1 mHS st obpaHoro 91-meHHOTO
crieHapito Ha rpadiuniii kapTi NVIDIA RTX 3080 Ta 2-nporecopsiii 40-saepHiit
po6ouiii cranmii Dell 7920 y HemapanensHoMy Ta napanensHomy (MPI) pexxnmax.
Jus MPl-peanizarniii Bka3aHO MiHIMaJdbHHHA Yac, MOCSITHYTHHA TPU ONTHMAIBHIN
KIJIBKOCTI MPOTIECiB.

Tabmuus 1. [apamerpu edeKkTHBHOCTI MoJeNi MapalelbHUX OOYHCICHb IS
creHapito «KuiBcbke BotocxoBuille, Bogomiuist 1999 p.»

Yac po3paxyHKy, XB IIpuckopenHst BiAHOCHO
Yucao PO3pAXYHIKY, p P MPI
KOMipok Dell 7920 RTX 3080 Dell RTX 3080 RTX 3080

Serial | MPI DP SP MPI DP SP DP | SP
7594 34 0.66 1.36 1.29 5.19 2.50 2.63 1048 | 0.51
30376 | 274 2.88 3.07 2.69 9.51 895 | 10.20 ] 0.94 | 1.07
486 016 | 2447 | 131.7 40.3 249 | 18.58 | 60.78 | 98.45 | 3.27 | 5.30
1944064 | 21245 | 1268 | 237.1 | 136.3 | 16.76 | 89.60 |155.85 | 5.35 | 9.30

7776256 162172 9786 | 1657 | 1216 | 16.57 | 97.85 |133.38 | 5.90 | 8.05

Pospaxynku Ha GPU BukonyBanucs sik y nosiiHii (DP), Tak i B onuHapHiii (SP)
TOYHOCTI, 10 TIOB’513aHO 3 BUILIOIO 3asIBJICHOIO POILYKTHUBHICTIO Bileokapt st SP.
Jnst aHamizy 3aJIe)KHOCTI €(DEeKTUBHOCTI MapalellbHUX OOYMCIICHb Bl PO3MIpy
PO3PaxyHKOBOI CITKH OyJI0 BHKOPUCTaHO 0a30BY CiTKy 3 7 594 KoMipkamMu Ta
YOTHPH JIOJATKOBI CITKM, OTPHUMAaHi MUIIXOM IOCTiZIOBHOTO TOAUTY KOXKHOI
TPUKYTHOI KOMIPKH Ha YOTUPH (3011bIeHHS AeTanizanil). BaxknnBo 3ayBaxuTy, 1o
3pOCTaHHS Yacy MOJICNOBaHHS NpPH 301JbIIEHHI PO3MIPIB CITKH OOYMOBICHO HE
nie 301TBIIEHHSIM KUTBKOCTI KOMIPOK, 8 H HEOOXIIHICTIO 3MEHIIICHHS! 4aCOBOT'O
KpOKY BiAmoBigHO 10 ymMoBH KypanTa.

MPI-peanizamniss 7eMOHCTpY€e eQeKT HACHUYEHHsS: JJs ciTok 3 moHan 100 twc.
KOMIpPOK MPHUCKOpeHHs Jocsirae 17—18 pa3iB MopiBHSIHO 3 HENMapaJIeNbHOK BEPCIETO.
OpHak Ans CiTOK 13 KinbKOMa MiNbHOHaMH KOMipok Bukopuctanus MPI crae
Hee(eKTUBHUM 4epe3 HaAMIpHUH Yac oO4YMCIieHb (NEpEeBUILIECHHS PEalbHOTO Yacy
MOJICITIOBAHHS ).
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GPU-Bepcis Takox Mae edekt HacuueHHs. Jns mamux citok (mo 100 Tuc.
KOMIpoK) BoHa moctymaeTbcss MPI, ame ansg OinmblimMx ciTOK mepeBaxkae 3a
MpOJyKTHBHICTIO. Hampukian, ans ciTky 3 moHaja 1 MIIH KOMIpOK: Y MOJBiHHIH
tounocti GPU y 5 paziB mBuammii 3a MPI, B ogunHapHiit TogrocTi — y 8-9 pasis.
HaBite mns citkm posmipom ~2 muH Komipok GPU 3a0esmedye MomenroBaHHS
LIBUJIIIE 34 PEeaJIbHUM Yac.

3rigao 3 HammM gocBimoM BukopuctaHHa Moneiai COASTOX-UN mnsa 3amad
TiApaBIIKM Ta TEpeHEeCceHHs 3a0pydHEeHb, BiAMIHHOCTI MDX pe3ylbTaTaMH B
MOJIBIMHINM Ta OJUHAPHIN TOYHOCTSAX € MCHITUMH 32 MOXUOKU €KCIICPUMECHTATBHUX
BumMmipiB. lle 103Boisle peKOMEHIyBaTW OAMHAPHY TOYHICTh AJS MOMIOHUX
pO3paxyHKiB 0e3 BTpaTh JOCTOBIPHOCTI pe3yIbTaTiB.

3acrocyBaHHs MoJeJi VI ONIHKH CHeHAPIIB PO3NMOBCIOKEHHSI OPraHiYHOro
3a0pyaHenHs p. Auinpo y BepecHi-koBTHi 2024 poky

B cepenuni cepmas 2024 poky Ha NpUKOpAOHHUX mingakax p. Ceim Oymu
BUSIBJICHI BUCOKI PiBHI 3a0pyTHEHHS OpTraHIYHIMH PEYOBHHAMH, 0 HAIXOMIIIA 3
TPAHCKOPJAOHHMM BOJHUM TMOTOKOM i3 Teputopii P®. Bunwmkna 3arposa
nepeHeceHHs 3a0pynHeHHs JlecHo 10 Bomo3abopy M. KuiB Ta morparuissHas y
p. Auinpo B mexxax m. Kuesa. [{s nporno3y 3a0pyanenns o Juinpa 6ins Kuesa
JBOBUMIipHY ripaBiivyHy MOJIENb COASTOX-HD, 110 panime
BUKOPHCTOBYBAJIAaCh IJid MNPOTHO3YBaHHSA 30H 3aTOIIJICHb HiIl qac BHCOKHX
moBeHedd [1], Oymo JOMOBHEHO MOIyJIeM MPOTHO3Y [WHAMIKH 3a0pyIqHEHBb
COASTOX-RN.
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Puc. 4. Po3noin koHIeHTpallii 3a0pyaHioBada s pizaux BenuauH ckuniB KuiB['EC. Paiion
Huinpa Bin rpe6ni TEC no rupna p. JIuGiab. 6-i 1eHb Big MOYaTKy MOJIEITIOBAHHS
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Puc. 5. Yacoa 3MmiHa KoHIEHTpaIiil 3a0pyaHioBada i pisHuX BenmdauH ckuaiB KuiB['EC
B KOHTPOJBbHUX TouKaX «JlecHa», «O0010HbY, «MicT MeTpoy, «JIubiap»

Bxignumu nepepizamu a1 o01acti MoaentoBaHHs Oy rpedis Kuisebkoi ['EC
ta Tupino p. Hecna (Puc. 4), B mepepi3i SKOro 3amaBanucs CIieHapHI KOHIIEHTpAIIil
3a0pynHEHHS. 3a MPOTHOCTUYHUMH «OLIHKaMH 3BepXy» mik koHueHTpauii XCK y
BOJ, 1m0 jgocsrna rupna Jlecuu, ckias 70 mrO/am’, a TpUBaicTh NMepeBUIIEHHS
(hOHOBOT KOHIIEHTpAIlii CTAHOBUJIA TPUOIM3HO 5 JHIB.

Jua rigpornoriyHOi cuTyarii, akTyalbHOI Ha BepeceHb, piBeHb KaHiBChKOTO
Bomocxosuma cranosus 91.21 m BC, Butpara Jlecan — 120 m3/c, a cepenniii ckun
Bou 3 Kuisepkoi TEC — 550 M%/c. JIomaTkoBO poO3IIIsiaancs CleHapii I IBUIIEHUX
nomyckiB 13 KuiBcekoi I'EC (1000 m3/c Ta 1500 M?/c) sk MOXIUBHUI 3axim aiis
3HIDKEHHS KOHIIGHTpalii 3a0pyJaHIOBaNbHUX pedoBuH y JHinpi. ®onosa
koHueHTpanis XCK y ninpi Oyna 3agana cranoro — 25 mrO/ome.

[opiBusiaus po3noainiB konueHTpanii XCK y Jninpi ass 6a30Boro creHapio i
s cueHapiro 3i ckugoM Kuisebkoi 'EC 1500 m*/c mokazano Ha Puc. 4 pazom 3
pO3TallyBaHHIM KOHTPOJIBHUX TOYOK Mojeii. YacoBy muHamiky mokasnuka XCK
JUIsE OOpaHUX KOHTPOJBHUX TOUOK IMOKa3aHO Ha Puc. 5, 3 sik0o1 BUIHO MepeHECEHHs
3a0pyJHEHHS Ta 3HIKEHHS TTIKOBOI KOHIICHTpaIlii 3a Teviero [[Hinpa.

Yacu noOiry 3a0pyaHeHHs 0 KOHTPOJIBHUX TOYOK Yy pycii JHinpa omiHeHi 3a
PI3HUIICI0 MK YacaMy IiKiB KOHIIEHTpAIlii B TOYKaX 1 y BXIJIHOMY CTBOPi MOJEIT.
Bonu HaBeneni B Tabn. 2. B Tta0mumii TakoX MOKa3aHi 3HAYEHHS IIKOBUX
koHueHTpauit XCK. MonentoBanHs miaATBEPAXKYE, IO MiIBUILEHUN TOMYCK BOIH 3
Kuiscbkoi 'EC mMoxxe OyTu 3aco00M 3HIDKEHHS KOHIEHTpaIlil 3a0pyaHIOBaIBHOT
pe4oBUHH, 1110 moTparise B Juinpo 3 JlecHu, 3aBaskyd po30aBiICeHHIO OlIbIIMMU
00’eMamMu BOJIH.
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Tabmui 2. Makcumanbhi koHreHTparii XCK Ta yacu 100iry mismMu 3a0pyaHEeHHS
BiJl BXiJTHOT'O CTBOPY JI0 KOHTPOJBHUX TOYOK MO JUIsS CIICHAPIIB Pi3HUX CKUIIB
Boau 3 Kuiscekoi I'EC

KonTpoabHa Touka Yac nodiry, roa. XCK, mrO/nm?

KI'EC Q, m%/c 550 1000 1500 550 1000 1500
JHecHa 0 0.0 0.0 69.7 69.7 69.7
T'upno Jlecun 14 13.0 15.0 66.7 65.3 61.5
0060710Hb 28 26.0 24.0 53.8 44.2 38.4
ITiBHIYHUI MicT 33 27.0 23.0 48.0 40.1 35.8
ITimoxigHui MicT 39 33.0 31.0 441 37.1 33.5
Mict Metpo 41 35.0 30.0 41.0 349 31.9
ITiBgennuii mict 55 41.0 41.0 38.2 335 31.2
JIu6inp 59 46.0 42.0 38.2 33.5 31.2

B posrnsinyromy cuenapii 6ins IliBHIYHOTO MOCTY MIKOBY KOHIIGHTpAIUIO 32
pe3yabTaTaMM pO3paxyHKiB MOXHa Oyno 3HM3UTH Ha 34% 3a paxyHOK 3aJaHOro
nomycky Boau 3 TEC. Tlpu spocranni Burpar Boau uepe3 I'EC 3 550 o 1500 m*/cex
TaKOX € MOXJIMBICTh MiJBUIIUTH NIBUAKICTh NMPOXOKEHHS TUISIMH 3a0pyIHEHHS
Huinpom 3a Mexi KueBa — Oins IliBreHHOTO MOCTy 4ac mo0iry 3a0pyIaHEHH:
CKOpOTHUBCSI TaKoX Ha 34%.

3a maHuMu MOHITOpUHTY JlepeKoiHcnekii YKpainu cyTTeBoro 3umxkeHHs PK
B Jlninpi B Mexax Kuema Bocenu 2024 poky He croctepiraiocs. 3a paxyHOK
po3magy opraHiuHoro 3a0pynHeHHs Ha wuiixy Bix rupna Ceiimy B [ecHi
makcumanbHi KoHnenTpanii XCK B rupni Jlecun e mepesunimma 50 mrO/om?
3 BIAMOBIAHUM po030aBiieHHSM Bojamu JlHinpa Hiwk4e 3a Teuiero. Po3pobieHa
MOJIeTTb MOXKe OyTH BUKOPUCTaHA B IOJAIBIIOMY JUIS TIPOTHO3YBaHHS 3a0pYAHSHHS
p. Juinpo opraHiYHMMH pEYOBHMHAMH, a IIICJIS BiAMOBIAHOTO JOTOBHEHHS — W
THIIUMH BUJaMU 3a0pyAHIOBATEHUX PEYOBHH.

Tabmuuss 3. T[lapamerpu edekTHBHOCTI Mozeni mapajelbHUX OOYHCIICHD
3a0pynHeHHs JJHinpa
Yac IIpuckopenus
Oobsaagnanus PO3PAXYHKY, XB IIpuckopenust pianocto MPI
Serial (1 siapo) 1921.56 1
Dell 7920 b1 (32 pa) 112.14 17.14 1
RTX 3080 DP 63.46 30.28 1.77
SP 36.38 52.82 3.08

Y Tabun. 3 HaBeACHO TPUBAIOCTI MOJIEIOBaHHS 0a30BOr0 20-/IEHHOTO CIICHAPII0
Ha rpadiuniit kapti NVIDIA RTX 3080 Ta Ha 2-niporuecopsiii 40-siepHiit pobouiit
CTaHIil B HemapajienbHOMy Ta mapaiensHomy (MPI) pexumax npu po3mipi
po3paxyHkoBoi ciTku B 152 112 komipok Ha 135 KM IOBXHMHH PO3PaxyHKOBOT
obnacti. Ilapanensna MPI-Bepcis npuckoproe po3paxyHoK mpuOiu3Ho y 17 paszis
(32 BUKOpHCTaHHS 32 sijiep — ONTUMAIILHOI KiJIbKOCTI), 3a0€31Meuy0vn NpUHHITHUHA
qac o0uuncneHnsa — 01mu3bko 112 xB. O0uncienHs Ha rpadivHiil KapTi BUSBUIOCS 1€
LIBUIIINAM — puOIN3HO 64 XxB y noasiitHii Tounocti (DP) ta 37 xB B onuHapHii
touHocTi (SP) (mpuckopenns npubauzao y 30 ta 53 pa3u BiAIOBIIHO).
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Bucnosku

[Noeananus texnomnoriit MPI ta OpenACC y mapanensHiil pearizanii Moaemo0yoi
cucreMd COASTOX-UN [103BONMIIO JOCIITA BHUCOKOI  OOYHCITIOBAILHOL
e(eKTUBHOCTI TIPM MOJETIOBaHHI TPAHCIIOPTY HAHOCIB 1 PO3MOBCIOIKEHHS
3a0pyIHIOIOYNX PEYOBHH Ha JETANTI30BAHMX CITKax. TecTyBaHHS IOKa3aso, IO
HaBiTh MOOYTOBI KoMmm'ioTepun 3 mnoTykuumu GPU mepeBepriyrots 3a
MPOAYKTHBHICTIO TIpodeciitHi poboui cranmii. Bamimamis monmeni mpoBemeHa 3a
JaHUMH MOHITOPUHTY *°Sr minx gac BecHsHOI moBeHi 1999 poky. Cucremy Takox
3aCTOCOBAHO ISl KUMBKICHOI OIIIHKHM 3MEHIIEHHs KOHIIGHTpALiil 3a0pyIHIOBadiB y
Bozmax p. Juinpo Oinsg KueBa mpu TpaHCKOpPAOHHOMY HAAXO/KEHHI PEYOBHH i3
rupia p. JecHa. Orpumani pe3yiabTaTi MiaTBEPHKYIOTh MOKIIUBICTh BUKOPHCTAHHS
COASTOX-UN nJ1s1 oniepaTUBHOTO ITPOTHO3YBaHHsI 3a0pyAHEHHS BOJIOKM, 30KpeMa
B YMOBaX HaJ3BHuYaiiHuX cuTyanid. [lomanpimi IOCHIKEHHS IMependadarTh
po3mmpeHas (QYHKIIOHATY MOJENI JUIsl IHIMUX THUIB 3a0pyIHIOBaYiB, 30KpeMa
Ba)KKAX METAIIiB, pO3POOKY PEKOMEHAAIIIH 11010 ONTHMI3allii yIpaBiIiHAS BOAHUMHU
pecypcaMu B yMOBax HaJ3BUYaHUX €KOJIOTTYHUX CUTYaIlii, aJalTaIliF0 MO JJIs
moTped iHIMKX perioHiB YKpaiHH, 30KpemMa MpHUIyHAHChKUX TEPUTOPIH Ta OaceiHy
Huictpa. Peamizaris mux HanmpsMiB T03BOJUTH CTBOPUTH €(DEKTUBHUN 1HCTPYMEHT
Ul TMATPUMKH OPURHATTS pillieHb y cdepi OXOpOHHM BOJHUX pecypciB Ta
3aro0iraHHs eKOJIOTIYHUM KaTtacTpodam.
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DEVELOPMENT OF SOFTWARE FOR AUTOMATED GENERATION OF
GEOSPATIAL GEOTIFF DATA OF HYDROACOUSTIC ECHOGRAMS

FOR THE MODULE OF THE OCEANOGRAPHIC DATA BANK
OF THE NATIONAL ACADEMY OF SCIENCES OF UKRAINE

Abstract. This article presents the development of software designed for the
automated generation of geospatial data from hydroacoustic echograms obtained
via side-scan sonar (SSS). SSS is a key tool for mapping the underwater
environment, allowing for high-resolution echograms of the bottom and coastal
zone. The combination of SSS data with satellite navigation (GPS) creates
conditions for an accurate geospatial representation of underwater features,
which is critical for oceanographic research, engineering work and
environmental monitoring. Software processing of "raw" (initial) SSS data
requires several stages: separation of port and starboard channels, reading GPS
tags, smoothing the ship's track and converting echogram pixels into a
georeferenced raster. The primary objective is to create a tool that facilitates
efficient processing and visualization of SSS data, enabling the georeferencing of
results in the GeoTIFF format. The developed software implements algorithms for
preliminary signal processing, noise filtering, coordinate transformation, and the
automatic creation of echogram mosaics. The practical application of this tool is
demonstrated through a case study of surveying a section of the Dnipro River
channel, resulting in high-quality geospatial images of the riverbed. The outcomes
indicate the effectiveness of the proposed approach for integrating hydroacoustic
data into geographic information systems (GIS), thereby opening new
opportunities for monitoring aquatic ecosystems and supporting scientific
research in the field of oceanography.

Keywords: hydroacoustics, side-scan sonar, echogram, GeoTIFF, geospatial
data, automated processing, geographic information systems, aquatic ecosystem
monitoring, oceanographic data, software.

© O.L ynpens, C.I'. denoceenkos, C.I1. Heeposa, H.A. Cniepancbka, 2025

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BHIL 3 (55), 2025



O.I. lynpens, C.I'. ®enoceenkos, C.I. Hesepora, H.A. Cniepancbka

HepxaBHa HaykoBa ycraHoBa “LleHTp mpoOmeM MOpPCBKOi TeoJorii, TeoeKoyoTii Ta
ocamoBoro pynoyrsoperHs HAH Ykpainu”, m. Kuis, Ykpaina

PO3POBKA ITPOT'PAMHOI'O 3ABE3INEYEHHSA JAJ151
ABTOMATHU30BAHOI'O ®OPMYBAHHS I'EOITPOCTOPOBHUX
GEOTIFF-JAHUX T'TAPOAKYCTUYHUX EXOI'PAM JJAA MOAYJIA
BAHKY OKEAHOT'PA®IYHUX JAHUX HAH YKPATHA

Anomauia. Y cmammi npedcmasieno po3spooKy npocpamHozo 3abesneyenus 0
aA8MOMamu308aH020 OPMYBaAHHA 2eONPOCMOPOBUX OAHUX 3 2I0POAKYCMUYUHUX
exozpam, OMPUMAHUX 3a OONOMO20I0 2ioponokamopa bokogozo o2nady (I'HO).
T'BO € knrouogum incmpymenmom 01 kKapmoepa@ii nio8o0H020 cepedosunyd, wo
00360J15€ OMPUMYBAMU BUCOKOPO3OLIbHI exozpamu OHA ma 0Oepec08oi 30HuL.
Hoeonanns oanux I'BO i3 cynymuukoegoro nagicayiero (GPS) cmeopioe ymosu 0
MOYHO20 2€0NPOCIOPOBO20 NPEOCMABIeHHs NI0BOOHUX 0COOIUBOCHEl, WO €
KPUMUYHO 8ANCTUBUMU OISl OKEAHOSPAPIYHUX 0OCHIONHCEeHb, IHHCEHEpHUX POOIm
ma exono2iuno2o monimopuney. Ilpoepamna o6podxa «cupuxy (8uxionux) oanux
I'BO sumaeac xinbkox emanie: 6uUOiNeHHS KAHANIG 1i6020 mMa Npagoco 6opmy,
syumyeanus GPS-mezis, 32na02cysanns cyOH08020 MpeKy ma NepemeOpeHHs.
nikcenig exoepamu y pacmp i3 eeonpug’azkoio. Memow docniddcenns €
CMBOPEHHA IHCMPYMeHmY, wo 3a0e3neuye epekmusny oopooKy ma 6izyanizayiio
Odanux I'BO 3 nodanvuwioro eeonpug'’azkor pesyrvmamis y popmami GeoTlFF.
Pospobrene npoepamne 3abesneuenns peanizye aneopummu  HOnepeoHvoi
00pobku  cuenanie, ¢irempayii wymie, mpancgopmayii Koopouwam ma
agmomamuunoz2o gopmyeanna mo3saik exocpam. Ilpaxmuune 3acmocysanus
iHCmMpYyMeHmy NpoOeMOHCMPOBAHO HA RPUKIAOl obcmedicenHs OLISAHKU pycla
piuku /[Hinpo, 0e OmpumMaHo GUCOKOAKICHI 2e0NnpoCmoposi 300pajicenHs OHA.
Pesynomamu ceiouamv npo egexmusHicms 3anponoHo8arHo2o nioxody s
inmezpayii 2i0poaKycmudHuUx OAHUX V 2e0iHGOPMAayiini cucmemu, Wo GIOKPUBAE
HOBI MOJICIUGOCTI OJisl MOHIMOPUH2Y 600HUX eKOCUCIEM Ma NIOMPUMKU HAYKOGUX
0ocniddiceHb y 2anysi okeanoepapii.

Knrouosi cnosa: ziopoakycmuka, 2ioponokamop 060K08020 02110y, exozpama,
GeoTIFF, ceonpocmopogi oami, agmomamu3zosana obpobka, ceoingopmayiiini
cucmemu, MOHIMOPUHE 800HUX eKOCUcmeM, OKeanozpaghiuui Oaui, npoepamue
3abe3neqenHs.

https:// doi.org/10.32347/2411-4049.2025.3.76-86
Beryn

INupoakycruuni cucremun 6okoBoro orsny (I'BO) € KIIFOYOBUM IHCTPYMEHTOM JUIS
kaprorpadii MmiIBOJHOTO CEPEIOBUIIA, 110 J03BOJISIE OTPUMYBATH BUCOKOPO3ALIbHI
exorpamMu jaHa Ta OeperoBoi 3oHU. lloemHanns manux I'BO i3 cymyTHHKOBOIO
HaBirauiero (GPS) cTBOPIOE YMOBH I TOYHOT'O T€ONPOCTOPOBOIO MPEACTABICHHS
MIBOJHUX OCOOJIMBOCTEH, IO € KPUTUYHO BaXKJIIMBUMHU I OKeaHOrpadidyHux
JOCIIPKEHb, IH)KEHEPHUX POOIT Ta €KOJIOTTYHOTO MOHITOPHUHTY [1-5].

[Iporpamua o0poOka «cupux» (Buxinuux) nanux I'bO BuMarae KijgbKoX eTamiB:
BUJIJICHHS KaHANIB JIBOrO Ta TpaBoro Oopry, 3uurTyBaHHia GPS-Teris,
3MIJKyBaHHS! CYJIHOBOTO TPEKY Ta MEPETBOPEHHS IIKCENIB €XOrpaMu y pactp i3
reonpuB’si3kot0. TpaguuiiiHi MiAXOAW dYacTo MepeadadaroTh PYyYHi KpPOKH Ta
PO3PI3HEHI CKPHUIITH, 1110 3HIKYE e(DEKTHBHICTh Ta YHI(PIKAIIIO JaHUX.
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Y 3B’SI3Ky 3 ITUM TIOCTa€ 3aBIaHHSA PO3POOUTH €NWHHUNA 3aCTOCYHOK, SIKHH
JI03BOJIUTH aBTOMATHU3yBAaTH KOHBEPTALil0 TiIpoakycTHYHHX Ta GPS-manux y
CTaHJapTU30BaHUl reornpocTopoBuii dopmatr GeoTlFF [6-8]. lle cnpustume
OTIepaTHBHOMY OHOBIIEHHIO baHky oxeanorpadiuamx mannx HAH VYkpainum Ta
TIOJIETTIINTH 1HTETPAIii0 Pe3yNbTaTiB BUMipIoBaHb Y GIS-kimienTtH, Taki sk QGIS 1n
ArcGIS [9-11]. Texniuni gerani po3poONEHOro pillIeHHsS Ta KIIOYOBI aJTOPUTMH
OTHCaHi y HACTYITHUX PO3/iIax poOOTH.

OcHOBHOIO MeTOI0 Li€l podoTH € po3podka MATLAB-3actocynky mapGBO s
aBTOMAaTU30BaHOI'0 (hopMyBaHHS re0IpOCTOPOBUX GeoTIFF-nanux
TiIPOaKyCTHYHHUX €XOrpaM i3 ypaxXyBaHHSIM TaKuX 3aBIaHb:

e  Po3pobuty anropuT™M CHHXPOHI3AMIi Ta KOPEKTHOTO 3UYUTYBAHHS «CHPHX»
(BuxigHux) nanux OokoBoro orisay ['BO ta GPS nns 3a0e3nedeHHS TOYHOCTI
MIPOCTOPOBOTO PO3TAIIyBaHHS CHUTHATY.

e  PeamizyBaTu MeTOIY 3TrIaKyBaHHs TPAEKTOPIi CyHA (PyXOMe CEepeTHE) Ta
¢binpTparii BiOpamiitHuX IIyMiB AJIs MiIBUAIICHHAS SKOCTI T€OTPHUB’ SI3KU.

e  CrBopuTH npouenypy modynosu KoopauHatHoi citku (LatGrid, LonGrid)
Ta TIPUCBOEHHS MIKCEISIM €X0TpaMH BiAMMOBIAHUX TeorpadigHuX KOOPIMHAT.

e  3a0e3MevnTH eKCIOPT 0OPOOIICHNX JaHNX Y CTAaHJAPTU30BAHUMI PAaCTPOBHMA
dopmar GeoTIFF 13 BOyAOBaHOIO NAaJiTPOIO KOJBOPIB JJIsi CYMICHOCTI
3 GIS-cucremamu (QGIS, ArcGIS).

e  Po3pobuty iHTYITHBHO 3po3yMmimnil iHTEepdeiic BHOOPY BXimHUX QailniB
(*.dat) Ta HanamTyBaHb pOOOTH MOJTYJIS.

JocsiTHEHHS [MX 3aBJaHb CHOPUSTHME MiJBUIICHHIO OMNEPaTHBHOCTI Ta
cTaHmapTu3amii oOpOOKH TiAPOaKyCTHYHUX [aHUX y paMKax iH(opMamiiHOTOo
monyisi banky okeanorpadiunanx nannx HAH Ykpainu.

Pe3yabTaTi 10CHiTKEeHHS

3acanvha apximexkmypa npozpamHozo 3abe3neueHns

[Iporpamue 3abesneyenns mapGBO, peanizoBane y cepenopuiyi MATLAB,
no0y/I0BaHO SIK MOHOJIITHUH, ajie JIOT1YHO TOAUIEHUH CKPHIIT, [II0 BUKOHYE TIOBHUH
OUKT  O00poOKM TigpoakycTHdHHX Ta GPS-maHux. ApXiTekTypa pilleHHS
OpIEHTOBaHA Ha TOETAanHy OOpOoOKy iH(opMarii 3 MOCTITOBHUM MPOXOKESHHIM
yepe3 OCHOBHI (DYHKIIIOHAJIBHI ONOKH, 10 3a0e3MedyroTh 34YUTYyBaHHS, aHANI3,
MIPOCTOPOBY OOPOOKY Ta Bizyalli3aiiro JaHUX.

PoGoty nporpamu ounHae GJIOK iHimiaIi3allii, B IKOMY KOPUCTYBAaY 33/1a€ PEXKUM
poboTH depe3 Halip crelialbHUX MParopiiiB. 3okpema, 3minHa flag MC6 no3Bosisie
BpaxoByBaT cneuudiky QopmariB AaHUX, IO 3ajekaTb BiJ THILY MOJIYJIS
cnonyuertst (MC6 abo MC7), Toxi sik flag LB i flag RB akTUBYIOTH 0OpOOKY JIBOrO
a0o npaBoro OOpTy TiapoJiokaropa BiAmoBiaHo. Kpim Toro, nependaueHa MOKIMBICTh
3rnaKyBaHHs Tpaektopii (flag filtr) Ta inBepcii Oopry (flag fliplr) y pasi notpedu.
Ha umpomy erami Takok mporpama 3aBaHTaXye HNATITPY KOJBOPIB I MOAAIBLIOT
Bi3yaJtizallii exorpam 3a J0IOMOIoro creliaibHoi GyHkiii LoadPalette().

Hacrtymaum kpokoM € inTepdeiic 3aBaHTaXeHHS BXiJHUX JaHUX, JI€ 32 JIOTIOMOT0I0
IHTEpaKTHBHOTO BiKHa uigetfile kopucTyBau BUOMpae oJiH abo Kinbka *.dat-aiinis.
[Micnsa 1poro mporpec-6ap waithar iHpopMye KOpHCTyBada mpo mepedir 0OpoOKH.
Broponosxk  mocmioBHoro 3umryBaHHs (aiimy mporpama BHKOHYE  IIOIIYK
crenianbHOro Mapkepa "Event', 1m0 BiAMIYa€ MOYAaTOK CTPYKTypOBAaHOI YaCTHHH
naHuX. /1o IbOro MOMEHTY MpoTrpamMa IMPOITYCKae CIIyKOOBY YaCTHHY 3ar0JIOBKa.
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Jani mporpaMHe 3a0e3ledeHHsT BUKOHYE 3YMTYBaHHSI METaAaHUX: PO3MIpy
BHUOIPKH, KITBKOCTI BiAJIKiB, Jiana30Hy CKaHyBaHHS 1 Ha OCHOBI IUX MapaMeTpiB
(dbopMye CTPYKTypy OUIKyBaHUX daHuX. [liciis IIbOr0 CKpUNT 0OpOOIIsSE cam
CUTHAJ, 3MIHCHIOIOYH IHAEKCAIliI0 OKPEMUX OJIOKIB — KaHAaJIB JIBOTO 1 MPaBOro
6opry (indLeftBort, indRightBort) ta xoopmuaat GPS (indGPS). Ianexcaris
JI03BOJISIE OPTaHI3yBaTH CUHXPOHI3AIIIO JaHUX MK €XOTrPaMoOI0 Ta HaBIiraI[iiHOO
iHpopMarli€to, MO € KPUTUYHO BAXKIWBOI JISI TOYHOI TEOMPOCTOPOBOL
TIPUB’ SI3KH.

GPS-nani mepeTBOPIOIOTH 3 BHYTPIIIHBOTO (opMaTy y KOODAMHATH B
rpagycax, WIiCIs 4YOro IporpamMa BUKOHYE 3TIaKyBaHHS MapLIpyTy Ta
IHTEpHOJIALIIO TPEKY MiX KoopAauHaTaMu. Ha ocHOBI 1IbOT0 CKpHUNT Oyay€E CITKY 3
PiIBHOMIpHUM KPOKOM IO HIMPOTI Ta IOBIOTI, B SIKY BCTABJIsI€ 3HAUCHHSI €XOTPaMHU.
[licns oTpuMaHHS KOXHHUM IIKCEJIEM CBOIX KOOpJAWUHAT mporpama (GopMye
MiJICYMKOBY KapTy, Ky excroprye y dopmat GeoTlFF [2, 7] 3 BiANOBiZHOO
KOJIEOPOBOIO A TPOIO.

TaxkuM 4YMHOM, apXiTEKTypa MPOrpamMH peajilye MOBHUIA JaHIIOT 0OPOOKH — Bif
BIJIKPHUTTS «CHPOTo» (aiay 10 OTPUMAaHHS TOTOBOTO T€OMPOCTOPOBOTO PACTPOBOTO
300paxenHs. Bci eramm moOymoBaHI y BHIIIAI JIOTIYHO ITOCHIJOBHHUX OJIOKIB i
peainizoBaHi y BUrsai €quHoro MATLAB-ckpunTa, 1o J03BOJISIE JISTKO aIalTyBaTh
a00 po3mMpUTH QYHKIIOHANBHICTD PILICHHS Y Maii0yTHHOMY.

Anzopumm 3uumyeants ma nepeUHHOI 00poOOKU 0AHUX

OOpoOKy TigpOaKyCTHYHHMX JIAHUX PO3MOYMHAE  MPOIEC 3YUTYBAHHS
CTPpYKTypoBaHHX OiHapHuX ¢aiiniB dopmaty *.dat, ki MICTATH 3allUCH CUTHAJIB
OokoBoro ornsgy Ta cymyTHiXx GPS-koopauHar. ®aitl MICTHTH HOCHIJOBHICTb
PI3HUX THITIB OJIOKIB TaHHUX: CIYKOOBHX, HABITaI[i{HNX, & TAKOXK CUTHAJIIB 3 JIIBOTO
Ta npaBoro O6opty. s KOpekTHOI 0OpOOKM HEOOXiAHO MPAaBHJILHO BHSIBUTH Ta
IHTepIIpeTyBaTH IIi OJIOKH, JOTPUMYIOUHCH TIOCIIIOBHOCTI Omeparlliii, 3akiaieHol y
¢dhopmar.

[epmmM eranmoMm € BU3HAUEHHS TOYKH BXOJY 10 KOPUCHUX JaHUX HUISIXOM
nouryky y ¢aitni curnarypu '‘Event’, sika € MapKepoM 1o4yaTky OJIOKY 3 OCHOBHHMH
CTPYKTYpOBaHUMH 3amucamMu. Yci OaiiTu 1o miel mo3uuii mporpaMa irHopye Sk
ciry:)k00oBy iHpopmarito. Ilicnsi BHABICHHS CHUTHATYpH CKPUNT 34YUTyE HaOip
3aroJIOBKiB, SIKi MICTSTh KIIFOUOBI ITapaMeTpH Tk pO3yMiHHS popMaTy BUOIPKH.

OnHuM 3 nepirx napameTpiB € po3Mip OJHOTO BUMIPIOBAHHS CUTHANY y OiTax —
Horo mporpaMa 34MTy€e SIK I[iJIe YMCIO Ta TPUBOJWTH JO 3HAUCHHA y Oaifrax
IIJIEHHAM Ha 8:

ne DS — KiIbKicTh OITiB JUIss OJHOTO (pparMeHTa CUrHaIy.

Jani BU3HAUAIOTH KUIBKICTH BIIJIIKIB Yy KOXHIN peamizanii curHamy. Lleit
rapaMeTp MOXKe BiJ[pi3HATHUCH 3aJISKHO BiJl TUITY BUKOPUCTAHOTO MOJYJIS 3aIlHCy,
Hampukiazn, s MoxayniB MC6 xapakTepHe I0JaTKOBE CIY)KOOBE IIOJe, SKe
HEOOXI1THO KOMITEHCYBATH:

NVyborok — 64, axwo sukopucmogyemuvcs mooynb MC6

" | NVyborok, ons MC7 abo inwux mooynie
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Hactymaum eTtamom € 34unTyBaHHS TJIMOMHHM OXOIUIGHHS CHUTHalmy abo HOro

ZiamaszoHy, Ky BU3HAYalOTh Y METpax i3 BpaXyBaHHSAM MacIiTabHOro KoedilieHTa:

Diap-1.5
2

D= [n],

ne Diap — 3Ha4eHHs, OTpUMaHE 3 3arojoBKa OJIOKY JaHUX.

[Ticnsa orpumanHs 6a30BUX MapaMeTpiB BUOIPKHU MporpamMa BUKOHYE TTOBTOPHUN
00xif Qafimy 3 MeTOIO iHIAeKcalii HOYaTKOBUX MO3HUILINH AaHUX AJsI KOKHOTO THITY
curHaiy. /s Ko’kHOTO OJIOKY MaEMO TepeBipKy HOro THITy — i SIKIIO BiH BiJIMOBiTae
6moky 3 miBoro abo mpasoro 6opty I'BO, abo Gmoxy 3 GPS-koopauHaTamMu —
BIJIMOBITHUN OAaWTOBUI 1HIEKC AOAA€ IO CHUCKY: indLeftBort, indRightBort abo
indGPS. i iHIeKCH MiIsAraoTh 30€peXEeHHI0 y TMaM STi Ul [TOJajbIIoi
CUHXPOHI3a1ii CUTHATY 3 KOOPAWHATAMH.

Hapemri, nani GPS nepeTBOpIOIOTH 3 LIOYKCENBHOrO (opMary y AecsTKOBI
rpagycu. st koxkHoro 6510ky GPS 34uTyloTh 3HaueHHs IUpoTH (Shir) Ta JOBrOTH
(Dovg), 1m0 HpeaCcTaBlIeHi y COTHX 4acTKaX KyTOBOI XBHMIIMHH. IX TIepeTBOPEHHS y
JIECATKOBY CHCTEMY KOOPAWHAT BUKOHYIOTH 3a (hOPMYJIIOIO:

Shir, P Dovg,

Y = 600000 T 60000

Lle mo3Boisie oTpuMaTH KOOPAMHATH, CYMICHI 31 CTaHIAPTHUMH CHCTEMaMHU
reorpadiuHoro mosuiioHyBaHHs (WGS-84), Ta BHKOpPHCTOBYBaTH IX A
T'COIPUB’SI3KW CUTHAJIIB,

TakuM 4MHOM, Ha BHXOJI 3 I[BOTO €Tally MM MaeMO: KOOPAHMHATU TPEKY PyXy
CyllHa, TapaMeTpH CTPYKTYPH CHUTHAIy Ta TMO3UIlii y ¢aim, o BiAMOBIAAOTH
KOXKHOMY OJIOKY 3 JanuMHU. LIi BiTOMOCTiI BUKOPUCTOBYIOTh Ha HACTYITHOMY €Tarli —
T'e0NpPOCTOPOBOMY IIPOEKTYBAHHI €XOrpaMm.

TI'eonpueé’aska exozpam

[Ticnst 34MTYBaHHS CUTHAMIIB T1IPOIOKAaTOpa OOKOBOTO OTJISIY Ta CYITyTHUKOBHX
koopauHat i3 GPS, mporpama BHKOHYE KIIOYOBY OIEpaLil0 — IPOCTOPOBE
MPOEKTYBAHHS €XOrpaMy Ha moBepxHI0 3emiii. Lleit mporiiec 7103BOJISE KOXKHOMY
MIKCENI0 eXorpaMH MPUIHCATH TOYHY reorpadivyHy KOOpAWHATY, IO 3abe3rnedye
MOJKITUBICTH ITOAAJBIIOTO aHATI3y Ta iHTerparii B TeoiHGopMaIliiiHi CUCTeMH.

Ilepen mouaTkoM reonpuB’a3KM KoopauHaTH GPS npoxoadars MoNepenHe
3MIIaJKYBaHHS JUIsl YCYHEHHS BUITaJIKOBHUX BIOpaIliil Ta KOJMBAHb TPAEKTOPIT Cy/IHA.
3rnapKyBaHHS BUKOHAHO 3a JOMOMOTOI0 METOJY KOB3HOIO CEpPEeAHBOro 3
¢ikcoBaHnM BiKHOM 1mupuHH 2k+1, ne k = 7. B pe3ynpTari nporpama oO0YUCIIOE
ycepenHeH1 3Ha4eHHS! KOOP/IMHAT y TOYKaxX MapuipyTy:

i+k 1 i+k

= 2k+12¢,, " mjzﬂf’

J=i—k j=i—k
1€ ¢; ,A; — IIAPOTA 1 IOBrOTa B i-i TOYIII TPEKY.

3acrocyBaHHS LBOro (QibTpa 3HAYHO NOKpAIy€ IUIABHICTh TPAEKTOPIi
JI03BOJISIE YHUKHYTH CIIOTBOPEHB MPH NOOYI0BI IHTEPIOILOBAHOI CITKH KOOPAHHAT.
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Mix KokHOIO TTapoto GPS-TOYOK BHKOHAHO JHIHHY 1HTEPIIOIAIII0 KOOPIUHAT
Uil moOyOBM MPOMDKHUX MO3MLIN mikceniB exorpamu. lle peamizoBano uepes
¢byHKUito track2, sika TeHepye 3alaHy KiJdbKiCTh PIBHOMIPHO PO3MOAITICHUX TOYOK
Ha cepuyuHid MOBEPXHI MK ITOYATKOBOIO 1 KIHIICBOIO TO3UITIEI0. TaKMM IHMHOM,
MaeMo c(hHOpMOBaHy TOBHY TPA€EKTOPilO, IO IMOKPUBAE YCIO JIOBKHUHY Tajcy,
13 IPOCTOPOBO Y3rOKEHUMH TOUKAMH.

[Ticas moOymoBH TpaekTopii mporpama GopMye peryisipHy KOOpIUHATHY CiTKY,
B Meax sKoi Oyze 30epiratucs exorpama. CiTKy CTBOPEHO Ha OCHOBI MiHIMaIbHOTO
Ta MaKCUMaJlbHOTO 3HA4YEHHS LIMPOTH 1 HOBrOTH 3 BIANOBIAHUMH KpPOKaMHU
quckpern3anii Ag i A, ski 3a3BUYail BiIIOBIAIOTH MPOCTOPOBOMY PO3ALICHHIO
nmannx (aampuknan, 0.0002 rpagycn):

LatGrid = min(@): A : max (@),
LonGrid = min(/i) WAV max(/{).
KoxHOMYy MiKCeIo exorpamu, 1o Mae KoopauHaTa (¢, A), mporpama 3Hax0JIuTh

BIJIMOBIHI 1HAGKCHM Yy KOOPAWHATHIM CITII 3a TPHUHIUIOM MiHIMaIBHOTO
BIAXWJICHHS:

2

i = argmin |LatGrid — ¢
j=arg min|L0nGrid — /1|.

AMIUTITYTHE 3HAYCHHS CUTHAITY, TIOB’s13aHE 3 IIUM MiKCeIeM, Iporpama 3anucye
y BiAMOBiIHY KOMipky Martpuii MAP, ska BimoOpakae MOBHE TEOMPOCTOPOBE
MpeJCTaBIeHHs TiAPOaKyCTHYHHUX JAaHUX y BUIIISAIL JBOBHMIPHOTO PacTPOBOTO
300paxKeHHS:

MAP(i,j)=Z,

Jie Z — IHTEeHCUBHICTh CUTHAJTy B JIaHIH TOYIII.

B pesynbrati miei npomeaypu orpuMaemo cdopmoBaHy reopedepoBaHy
MaTpHIII0 €XOTpaMH, sika TOTOBa A0 Bizyauizauii Ta ekciopty y popmati GeoTIFF
[2, 7]. BizyanpHe posranryBaHHS exorpaMm y reorpadiyHOMy IPOCTOPi TO3BOJISIE
MPOBOJUTH TOYHUI aHami3 penbedy JAHA, iACHTH]IKAIiI0 MiIBOJAHUX O00'€KTIB Ta
1HTerpawio 3 IHIIMMH JDKEpeIaMHi IPOCTOPOBUX JAHUX.

@Dopmam GeoTIFF ma zeopeghepenc

[Micnsa GopmyBaHHS MaTpHIli 3HAYEHb €XOTpaMH 3 TeorpadivyHoI MPUB’SI3KO0
HACTYIIHUM €TallioM € eKCHopT wiei indopmaunii y crangapTuzoBaHuil (opmar
30epiranus — GeoTlFF. lleit dopmar € pisHoBugoMm T/FF-(aiiiB, 110 MiCTATh
MeTaJiaHi po reorpadivyHe MOJOKESHHS KOXKHOTO TIKCENs, BKIIOYAI0UX MPOEKILiFo,
MeX1 KOOpAMHAT Ta IMPOCTOPOBY PO3AUIBHY 31aTHiCTb. GeoTlFF — € omHuM i3
0a3oBux ¢opmariB an pOOOTH y CydacHHX TreoiHpOpPMAaLiiHUX CHCTeMax
(T'IC, GI1S), takux sik ArcGIS, QGIS, Global Mapper ta iu. [10].

CrBopeny marpuiio MAP, sika BigoOpaskae aMIUIITYQy CHUTHAIY Ul KOXKHOL
KOOpAWHATH, CKPHUIT 30epirae pa3oM i3 reonpocTopoBOrO iH(OPMALIEID HUITXOM
CTBOpEHHS reopedepeHCHOT CTPYKTYpH 3a JomoMoror QyHKIil georasterref. Leit
00'eKT BHU3HAYa€ MPHB’SA3KY MIKCENiB PacTpPOBOIO 300pakeHHS N0 reorpadivyHoi
LIMPOTH Ta JOBIOTH, a TAKOXK MEXI MOKPUTTA 300pakeHHs. TakuM YHHOM, KOKEH
ITKCENTh 300paykeHHS YiTKO BUHO HA MiCIICBOCTI.
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st 30epeskeHHs 300pakeHHs 3aCTOCOBaHO (PYHKITIO geotiffwrite, sika mpuiiMae
MAaTpHIIIO 3HAYCHB, TeopedepeHc Ta NaliTpy KOJIbOPiB.

OyHKLISA MEepeTBOPIOE YHCIOBI 3HAa4YeHHs y 8-0iTHe 300paxeHHs (uints),
HaKJIaJa€ BIAMOBIIHY KOJHOPOBY IIKaTy (SKy 3a 3aMOBUYYBAHHIM 3aBaHTAKEHO
3 Qaitny nanitpu *.npal) 1 ctBoproe Ha Buxoi Qaitn 3 posmmpeHHsm *.¢if. Taxuit
¢daiin € MoOBHICTIO cyMicHMM 3 OinbmicTio mporpamuHux mnaketiB ['IC i moxke
BHKOPHCTOBYBATHCH IJIS MONAIBIIOTO aHaiizy, MOOymoBU Tpo(disiB TINOWHM,
TpUBHUMIpHOI Bi3yamizamii a6o 00’egHaHHS 3 IHIIMMH MIApAaMUA TIPOCTOPOBUX
JaHUX.

GeoTIFF-paiinn mijyiaraloTb aBTOMAaTHYHOMY 30epiraHHIO y MiKaTanosi
GeoTiff, sxuii CTBOPIOE TpoOTrpaMa B TUPEKTOPii, e po3mimeHo Bxigani *.dat daiinm,
10 T03BOJISLE 30epiraTu pe3yabTaTd 0OpOOKH B OpPraHi3oBaHOMY BHUIJIAI i CIIPOIIYE
X mopanplie BUKOPUCTaHHs B iHPOPMALIITHUX cUCTEMaX.

TakuM 4rHOM, 3aBepIIAIFHIM €TaroM OOpOOKH € TeHepallis TeonpHrB’ I3aHOTO
300paxenHs exorpamu y gopmari GeoTlFF, mo poOUTh pe3ynbTaT CyMiCHAM i3
Cy4acHOI ITU(PPOBOIO KapTorpadiero Ta BiIKPHUBAE MOMIMBOCTI JUIsl IHTErparlii
Y BEJHKI IPOCTOPOBIi 0a3u qaHuX, 30kpeMa — y bank okeanorpadiannx qaamx HAH
Yxkpainn. @opmatr GeollFF [2, 7] 3abe3nedye 30epeXeHHS aMILTITYIHAX
XapaKTePUCTUK CUTHAITY, 8 TAKOXK MIOBHY IIPOCTOPOBY 1HTETPaIlit0 OTPUMAHUX JaHUX
i3 reorpadiyHUMHU KOOPAMHATAMH, IO JO3BOJIAE OE3MOCEPEIHBO aHalli3yBaTH
PE3yNBTATH TiIPOaKyCTUYHOTO 30HIyBaHHs B cepenoBuimax GIS Ta iHTerpyBatH ix
3 IHIIMMU TUTIAMHU TEOIIPOCTOPOBOI iHPoOpMAITii.

Ilpuknad npakmuunozo 3acmocy8anns

EdexrusHicTs po3podnenoro MATLAB-3acTocyHKy Oyiia oBe/ieHa Ha peaTbHIX
MOJILOBUX JaHUX, 310paHMX IiJ] Yac I[MAaHOPAMHOI TiJIPOJIOKAIIHHOI 3MOMKH JIHA
nistHky  JlHIpa B MeKax pYCIIOBOIO 3HIDKEHHS MOONM3y ocTpoBa binwi,
MiBJIEHHIIIe 0. X OPTHIIS.

Bukopucrano «cupi» (BHXiJHI) 3alcH TiApOIoKaTopa OOKOBOTO OTJISLY, SIKUH
MpalioBaB y JBOKAHAILHOMY peXuMi (JiBHH Ta mpaBuii OOpTH) i3 CYMYTHIM
3anmucoM GPS-tpeka. Buxigna exorpama € pxepesioM iHdopmauii mpo miIBOIHE
CEpeNIOBHINE W MICTUTHh yCi XapaKTepHi TiIPOAaKyCTHYHI XapaKTEPUCTHKHU: 30HY
aKyCTUYHOI TiHi, TTMOWHY BOJHM, TEOMETPII0 TPAEKTOPIii, AETali30BaHi CTPYKTYpH
penbedy THA, aKYCTUYHY BIIOMBHY 3/IaTHICTH MMOBEPXHI.

Ha puc. 1 mpeacraBneHo exorpamy, 30ynoBaHy OO NPOCTOPOBOi 00poOKwH,
3 BUKOPUCTaHHSIM OpPOH30BOT NANIITPH BIATIHKIB, IO J03BOJISIE YiTKO Bi3yati3yBaTH
3MiHU IHTEHCHBHOCTI 3BOPOTHOTO aKyCTHYHOTO CUTHAITY. Tako Ha eX0orpami 4iTKO
CIIOCTEpIraloThcs 3MiHM penbedy THA, a 3aBISKM BHCOKIM PO3IiUIBHIN 31aTHOCTI
BUSIBJISIFOTHCS] OKpEeMi aHOMaITbH1 00’ €KTH (TIPUPOTHOTO Ta MITYYHOTO TOXO/PKEHHS),
HAIPUKIIAJ] HiC 3aTOHYJIOT OapiKi.

3a nmomomoror ctBOopeHOro MATLAB-3acTOCyHKY TpOBeaeHO 00pOoOKy
riIpOaKyCTUYHUX JAaHUX BUXIAHOI exorpamu 3 puc. 1.

Ha mnepmomy ertam 3a jgomomoror iHCTpyMeHTY mapGB(O BHKOHaHO
aBTOMAaTHYHE 3YUTYBaHHSA CTPYKTYpH (ailily, BU3HAUCHHS NapaMeTpiB CUTHAIY,
inenTugikairo OJIOKIB eXorpaM Ta MPHUB’ 3Ky 10 KOOPIMHAT.

[Micns 3acTocyBanHs GiNbTpaIii TpaekTOpii i 3rNIHKYBaHHs OyJ0 MO0YyI0BaHO
PIBHOMIpHY KOOPJIMHATHY CITKY Ta C)OPMOBAHO MOBHY €XOorpamy, 3i0paHy 3 ycix
(parMeHTiB rancy.
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Puc. 1. BuxinHa exorpama 3 IeTaabHOIO CTPYKTYPOIO pelbe]y aHA piuku JHIIPO

Ha puc. 2 mpezacraBieHo pe3yibTaT eKCIopTy exorpamu y gopmati GeoTIFF
3 HAKJT4JICHHSM Ha CYMyTHUKOBY KapTy, Ha SKOMY BHJHO YiTKE pPO3TallyBaHHS
CTPYKTYpH JIHa, a TaKOX OCOONMBOCTI OeperoBoi JiHii, IO O3BOJSE JIETKO
31CTaBUTH €XOrpamy 3 pealbHUMHU reorpadivHIMU 00’ €KTaMHU.

Puc. 2. Mo3aika 300paxeHHs THa, 3T€HEPOBaHa 3 JaHUX T1ApoJioKkaTopa OOKOBOTO OTIISIAY,
HaKJIaJeHa Ha CyIyTHUKOBY MiaKiaaky (GeoTIFF)
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Taka reompuB’s3ka Mae KIIOYOBE 3HAYCHHS [UISI CKOJIOTIYHOTO aHawi3y,
BUSIBJIGHHS 3MiH y Mopdomorii aHa Ta m1OOyIOBHM TEMAaTHYHUX MIapiB
y GIS-cepenoBwuiii.

Le#t mpukman IEMOHCTPYE HE JIHIIE TEXHIYHY e(QeKTHBHICTH 3aCTOCYHKY, a i
HOTO TPaKTUYHY NPUAATHICTH JUIS BHUPIMICHHS IIUPOKOTO CHEKTPY MPHKIIATHHUX
3ajad — BiJ Kaprorpagii JHa 10 OOCTeXEHHS MiIBOIHUX IHXEHEPHUX CIIOPYI,
30KpeMa Y BaXKKOJOCTYITHAX pailoHaX BHYTPIIITHIX BOIOWM.

Otpumani pesynstatn 'y (opmari GeoTIFF Oymu ycHimmHO IMIIOPTOBaHI y
cepepoBumie (GIS 0e3 MOOATKOBOro pelaryBaHHs, IO MiATBEPIKYE MOBHY
CyMicHICTh (opMaTy BUXIZHHX QaiIiB 13 cydacHUMH reoiH(opMamiiHUMU
mIaThOpMaMH.

BucHOBKH Ta MNEPCINEKTUBU MOJAJIbIINX }IOCJ'IiH)ReHb

VY mexax i€l podoTu Oyno peayizoBaHO IHCTPYMEHT aBTOMATH30BaHOI 0OpOOKH
JaHUX TiApojiokaTopa OOKOBOI'O OIJISAY, IO JO3BOJISIE 3HAYHO MPHUINBHIIIATH Ta
CIPOCTHTH TOOYJOBY TEOMPOCTOPOBUX NPOAYKTIB ISl TOHAIBIIOrO aHami3y.
OcobmuBy yBary TpHUOUICHO TONepenHiii  QimpTpamii, kmacudikamii Ta
TpaHchopMalii JaHux y 3pydHi Ui Bisyamizauii ¢gopmarh, 30kpema GeoTlFF.
3amporioHoBaHe  pimieHHs ~— 3a0e3medye  CyMICHICTH 13 MOMyJSPHUMH
reoindopmMaritaumu cucremamu [12, 13], mo BiAKprWBae MIMPOKI MOMKIIHBOCTI
iHTerpallil pe3ynabTaTiB y pi3Hi TUIH JOCTIKEHb — BiJl €KOJIOTIYHOTO MOHITOPUHTY
710 TIOIIYKOBO-PATYBAILHUX OIEpallii.

[IpakTiuHe 3acTOCyBaHHA  IHCTPYMEHTApil0  MIPOAEMOHCTPYBaIO  HOTO
e()eKTUBHICTh y peaTbHUX YMOBaX Ha MPHUKIIAJi 00CTeXKEeHHS TUISTHKY pycina JlHimpa.
Bucoka sikicTh pe3ynbTaTiB Ta iX Te0npoCcTOpOBa TOYHICTh CBiIYaTh PO MOTEHIIIAN
BIIPOB/XKEHHSI 3aIPOIIOHOBAHOTO IMIAXOQY Yy UIMPOKY MPAKTUKY IiJBOJHOTO
MOHITOPHUHTY, 30KpeMa B YMOBaX OOMEKEHHX PecypciB Ta MOTPeOU y MIBUAKOMY
MPUAHSTTI PillICHB.

Y  mepcriekTHBI  MOJANBIIMX — JOCHIPKEHb — 3alUIAHOBAHO  PO3IMIMPEHHS
(hyHKIIIOHATY TIporpamMu 3 ypaxyBaHHSIM JIOJAaTKOBUX (POpPMATiB BXiTHUX IaHHX,
AaBTOMAaTH30BaHOTO BHSBJICHHS aHOMAJbHUX 00 €KTIB Ta iHTErpamii 3 XMapHUMH
I'C-mnardopmamu.
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GEOINFORMATION TECHNOLOGY FOR LAND USE
DYNAMICS MONITORING BASED ON THE ANALYSIS
OF SATELLITE IMAGES

Abstract. Changes in land cover have a significant impact on the global climate
balance. Rational and balanced use of land resources is one of the key factors in
reducing the negative impact of economic activity on climate change. Modern
methods of remote sensing of the Earth allow for a comprehensive analysis of land
use processes. Today, there are a number of products that provide land use
classification based on open high-precision satellite images, in particular the
Dynamic World (DW) dataset with a spatial resolution of 10 m. The purpose of
this study is to assess the dynamics of land use in Ukraine, namely changes in the
areas of vegetation classes and those used for growing crops, which may
contribute to an increase in CO: emissions into the atmosphere. This study
analyzed Dynamic World land use classifications for the territory of Ukraine for
2017 and 2024. Despite the accuracy declared by the company at 73%, a separate
reliability assessment was performed specifically for the territory of Ukraine.
Based on a stratified sample, it was determined that the overall accuracy of the
classification for 2024 is 51.15%, and the Kappa coefficient is 0.44, which is
significantly lower than the officially published indicators. Taking into account
the specifics of the territory, the nature of land use and the limited sample for
2017, an analysis of the dynamics of land use areas was conducted. Two groups
of classes were considered: on the one hand, lands with different types of
vegetation cover (trees, grasses, wetlands, shrubs), on the other hand, territories
of active agricultural use with open soils (crops). An error-adjusted area
estimation was carried out in the interaction of the crops class and classes with
vegetation cover, and the results were corrected using a confidence interval and
bootstrap analysis. This allowed us to take into account the impact of the reduced
accuracy of DW classifications and the limitations of the stratified verification
sample. The results showed a potential trend of the transition of classes with
vegetation cover to the category of open soils, which may be associated with an
increase in the intensity of agricultural land use. This, in turn, creates risks for
the balance of emissions and assimilation of greenhouse gases.

Keywords: geographic information technology, land use, satellite image, error-
adjusted data estimation, bootstrap analysis.
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[HCTHTYT TenmexkomyHiKalii i riobampHOTO iH(GOpManiiHoro mpoctopy HAH Vkpainm,
M. KuiB, Ykpaina

TEOIH®OPMAIIMHA TEXHOJIOT'ISI MOHITOPUHT'Y TUHAMIKH
CTPYKTYPU 3BEMJIEKOPUCTYBAHHS HA OCHOBI AHAJII3Y
CYIIYTHUKOBUX 30bPAKEHD

Beryn

AHnomauina. 3miHu 8 3eMHOMY NOKPUBI MAOMb ICMOMHUL 6NIUE HA 2100ANbHUL
Kkaimamuunuil 6ananc. Payionanene ma 306anancosane 8UKOPUCMAHHI 3eMETbHUX
pecypcie € 00HUM i3 KIOYOGUX YUHHUKIG 3HUIICEHHS MHe2amUBHO20 GNIUGY
20Cn00apcokoi disibHocmi Ha kKiimamudni sminu. CyuacHi Memoou OUCmMaHyiiHo2o
30H0y8anusa 3emai Oaromv 3M02y 30IUCHIO8AMU KOMMIEKCHUN AHANI3 Npoyecié
semnexkopucmysanns. Cb0200Hi ICHYE HU3KA NPOOYKMI8, w0 3ab6e3neuyoms
Kaacuikayito  3eMIeKOPUCMYBAHHA HA  OCHOBI  BIOKpUMUX — BUCOKOMOYHUX
CYNYMHUKOBUX 3HIMKI8, 30Kkpema wHabip Oauwux Dynamic World (DW) i3
npocmopoeoio po3dinbHow 30amuicmio 10 m. ¥ danomy docnioscenni nposedeno
auaniz knacugixayii 3emnexopucmysanus Dynamic World ona mepumopii' YVrpainu
3a 2017 ma 2024 poxu. Hezeasicaiouu Ha 3as671eH)y KOMNAHIEIO MOYHICMb HA PIGHI
73%, 6y10 0OKpeMo UKOHAHO OYIHKY 00CMOGIPHOCMI came OJisi mepumopii Yxpainu.
Ha ocnosi cmpamugixosanoi eubipku 6usHaueHo, WO 3a2aibHA MOYHICMb
kaacugixayii 3a 2024 pix cmanosums 51,15%, a koegiyiecum Kanna — 0,44, wo ¢
Cymmeso Hudxcuum 3a oQiyiuHo onyoaikoeani nokasHuxu. bepyuu 0o yeacu
cneyughiky mepumopii, xapakmep 20CHO0APCbKO20 BUKOPUCMAHHA 3eMelb ma
obmediceny 6ubipky oas 2017 poky, 6yno npogedeHo ananiz OUHAMIKU IO
semnekopucmysants. Posensioanucsa 0si epynu knacig: 3 00Ho20 60Ky — 3emii 3
POCTUHHUM NOKPUBOM DIZHO20 muny (Oepesa, mpasu, 3a00104eHd POCIUHHICTD,
YaeapHuKu), 3 IHWO20 — MEpumMopii AKMUBHO20 CilbCLKO2OCNOOAPCHKO2O
BUKOpUCMAHHA 3 BIOKpumumu Ipyumamu (crops). Ilposedeno Heynepeddicerny
OYIHKY 3MIHU NIOW Y 83A€MOOII KNacCy crops ma Kiacié 3 pOCIUHHUM HOKPUBOM mda
KOpexyilo pe3yivmamis 3a 00noMO02010 008ipu020 IHmMepeany ma Oymcmpen-
ananizy. Ile dozeonuno epaxysamu eniue 3uudxicenoi mournocmi kiacugikayit DW
ma obmedxcenocmi cmpamugpikoeanoi eepugixayiinoi eubipxu. Pezynemamu
3aceiouuny nomeHyiuny meHOeHYilo nepexooy Kidacig i3 POCIUHHUM NOKPUBOM
y Kame2opii GIOKpUMUX IPYHMIG, WO Modce Oymu noe’s3anHo 3i 3POCMAHHIM
inmencuenocmi azpaphoco 3emnekopucmysauts. Lle, ceoecto uepzor, cmeopioe
PpU3UKY 0151 6ANAHCY eMicii ma acuMinayii napHUKo8Ux 2asis.

Knrouosi cnosa: ceoingpopmayiiini mexHonozii, 3eMieKOPUCIMYBAHHS, CYNYMHUKOBE
300pAdICeH s, HeynepeolCceHa OYIHKA 3MIHU NIOW, OYMCMpen-anais.

https:// doi.org/10.32347/2411-4049.2025.3.87-96

Jiist 3a0e3meveHHs paiioHaTbHOTO 3eMJICKOPHCTYBaHHSI HAIIOT KpaTHH BAXKITUBHM €
PO3YMiHHS TEHEHIIiH HOro PO3BUTKY. SIK BUAHO 13 MIOPIYHOTO HALIIOHAIBHOTO 3BIiTY
npo iHBeHTapu3anito napaukoBux rasis (I1I') Big npupoau no PamkoBoi koHBeHIIiT
OOH mnpo 3miny kimiMaty ta [lapusskoi yroau Bim 2024 poky, 3aralioM CEKTOp
3eMJIEKOPUCTYBaHHA cTaB noriuHadeM CO:, xoua 1 BTpaTuB B I[bOMY HMOKa3HUKY
nopiBHAHO 3 1990 pokom -32,1 Mt COz-eks. [1]. [Ipote pisuist 3a 1el sxe nepion Big
noriauHaya (20,2 Mt CO:z-ekB.) crtana mxepenom Bukuaie (19,3 Mt CO:-eks.).
OCHOBHOIO TPUYHUHOIO BBAXKAIOTh 3MIHY CHCTEMH YIPABIiHHS ClICHKUM
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TOCTIOaPCTBOM, ILIONII, BPOXKAWHICTh, CTPYKTYPH IOCIBIB 1 oOcsar mobpus [2].
JlomaTKOBUM YWHHUKOM € HU3bKUH pIBeHb OOI3HAHOCTI TpOMaAsSH MO0
MexaHi3MiB peamizamii iXHIX HpaB y cdepi 3eMIEKOPUCTYBaHHS, €(pEKTUBHOTO
PO3MOPSIKEHHST 3€MENBHO-PECYPCHUM TIOTEHITIAIOM B YMOBaX (YHKIIIOHYyBaHHS
puHKY 3eMii [3]. BpaxoByroun BTpaTy cTaTycy MOTJIMHAYA YTIIASIMHA B YKpaiHi Ta
BEJIMKOTO 3a1acy BYIJICIIO B IpyHTax [4], pO3MUpEeHHs TEPUTOPii OPHHUX 3eMETb €
MOTEeHIIHAM KepenioM 30inbpireHHs emicii [11°. Ha croromHi B cTpyKTypi BUKHAIB
TaKWM TEPUTOPISIM BiABOIATE Om3bK0 1%. [IpoTe icHy10Th nociimkenns [5, 6], ki
JIOBOJISITh, IO IICH MOKa3HUK MOXe OyTH BUINMK y 8 1 HaBiTh OunblIe pasiB. Tak
caMO BHKHMIOM TpU KOHBepCii KJIaciB 3 POCIMHHICTIO B PULII0 MOXYTh MaTH
MTOKAa3HUKH “TIIOKOBHUX BUKHUAIB OUTBINI B IECATKH pa3iB 3a CTAaHAAPTHI OITIHKH
BUKHJIB CTa0inbHOTO cTaHy (yHKUIiOHyBaHHS OpHHMX yrime [7]. JocmimkeHHS
MOJKJIUBOCTI TIEPEBEICHHS YTilb 3 OJHOTO THITY B IHIIUH TE€XK IOBOJIUTH BUCOKHIA
MOTeHMian 30iblIeHHsT eMicii Tpu mepexoai iHmuX TumiB B punto [8]. Takum
YMHOM, BHHHUKA€ HEOOXIiIHICTh PO3POOKH CHUCTEM MOHITOPHHTY 3a JAHMHAMIKOIO
3eMJICKOPHCTYBaHHS, BUSIBICHHS TCHICHIIN iX BUKOPUCTAaHHS Ta iHpopMamiiHol
MIATPUMKH TPUAHATTA pimeHb. OcoOMMBY yBary TyT BapTO NPUAUIUTH PO
reonpoCcTOpOBUX NaHuX i reoindopmamniitanx cuctem (I'IC), ki 7af0Th MOKIHBICTH
CBO€YACHOT'O aHaJi3y Ta peakiii Ha MOTEHIIiKHI 3arpo3W B paMKaxX €KOJIOTiYHO1
oe3neku [9]. Pazom 3 tum, 3actocyBanns ['IC-nmanux JUCTaHIIHHOTO 30H/yBaHHS
3eMJIi Ta B’)K€ TOTOBHX MOJIENIel, CTBOPEHHUX Ha iX OCHOBI, MOKpaIIye epeKTUBHICTh
MOHITOPUHTY Ta aHajizy. MeTOW HIaHOro MJOCITIJDKEHHS € OIiHKa JHHAMIKU
3eMJICKOPHCTYBaHHS Ha TepuTopii YkpaiHW, a camMe 3MiHHM IUIONI KJIACiB 3
POCIIMHHICTIO Ta THX, IO BHKOPHUCTOBYIOTHCS IJISi BHUPOLIYBaHHS KYyJIBTYp, IO
Moke cripusTu 30ibienHto emicii CO2 B atmocdepy.

ITiaroroBKa JaHux

Ha cporomuimHiii JleHb iCHYye HHM3Ka TOTOBHUX pillleHb W00 KiacuQikaIii
3€MEJILHOIO MOKPHUBY, HaJlaHUX KOMIIAHISIMM, sIKi 3aiiMarOThCsi 0OPOOKOIO JAaHUX
JUCTAHIIIMHOTO 30HAYBaHHS 3€MJIi Ta reoiH(pOpPMaIiifHOI0 aHATITHKO, 30KpeMa i B
cepi 3eMIEKOPUCTYBaHHS Ta 36MEJIbHOTO MOKpUBY. BasknuBum kputepiem Bubopy
JoKepera JaHux Oynio BUKOPHCTaHHA 1aHuX kiacudikarii 3emuaoi nmosepxHi (LULC)
3a MakcHMaJIbHO mHpokuit nepion. Cepen mkepen notpiono Buaimuta ESRI 2020
Land Cover (ELC) Bin kommanii ESRI [10] Ta Dynamic World (DW), knacudikarris
3€MHOT IOBEPXHI Yy AKUX MOOYJ0BaHA HA 3HIMKAX JOCTATHHO BUCOKOI PO3IIILHOCTI
3IaTHOCTI, a caMme Sentinel-2 3 po3aiabHOO 3xatHicTIO 10 M 3a nepiox 3 2015 1o
2025 poky. Macus naaux ELC oxommoe niepiox 3 2017 mo 2024 poky, BiAIOBiTHO,
sk B DW nani HasBHi 3 2015 no 2025 pik BrimrouHo. [Iporte, sik 3a3Ha4€HO B 3BiTax
wiardpopmu Google Earth Engine (GEE), nokpurts 3HiMkamu Sentinel-2 noBepxHi
3emii 3a 2015-2016 poku Mano HEOCTATHIHN piBEHb TEPUTOPIAILHOIO OXOIIJICHHS,
TOMY AOLUILHUM € BUKOPHCTaHHS Kiacugikarii, cTBOpeHoi Ha naHux came 3 2017
poky. Takox Bapto BigmiTutu, mo DW aani LULC e iHTerpoBaHi 3a Bech ik 10
KOXXHOMY 3 ITUX POKiB, TOOTO BPaXxOBYIOYH BCi Ce30HH. ToMy HaiOiIbIII TOIIEHO
BUKOPMCTOBYBAaTH TaKi JaHi 3a OCTaHHIH piK, SIKMi BXKE 3aBEPLIMBCS MOBHICTIO,
T00TO 3a 2024. SIKI10 BMKOPHUCTOBYBAaTH JaHi Kiacu(ikailii, HagaHi KOMIIaHIEO
ELC, BoHu MaioTh BUOIpKYy 3HIMKIB 3a TIEBHI 4Hciia ab0 MICSII 1 JJIsi CTBOPEHHS
iHTerpanbHoi Kiacudikamii moTpedyoTh 10JaTKOBOTO MOJETIOBAHHS.
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3a momnepenHiMU JOCTIIHKSHHIMH, JKepela MaloTh PO301KHOCTI B TOYHOCTI B
3aJIS)KHOCTI BiJ] peTioHY, MPOTE B 3araJIbHOMY MO3UIIOHYIOTHCS SIK I[IIKOM IPUIATHI
JUIS JOCipKeHb. TouHicTh 3HaxXomMThes B Mexax 70% [11, 12]. Ille omuum
BXIMBUM acIleKTOM Yy BHOOpi mkepena kimacudikamii 3eMEeTsHOrO IMOKPHBY €
Bi3yaJbHe OPIBHSAHHS KiIacu(iKallii 3 pealbHOI0 CUTYaIlI€I0 B TUX MICTaX, SKi OyIu
JOCTYIIHI K MOJIbOBI AaHi. BpaxoByloun BuIle3azHaueHe, OyJI0 MPUHHATO PillIeHHS
PO BUKOPHUCTAHHA caMe JaHux kimacudikartii DW na miatdopmi GEE.

Dynamic World po3pob6nenuii B pesynbrati maptHepctBa Google, Inctutyty
ceitoBux pecypciB (WRI) ta National Geographic Society Ha tutatdopmi Google
Earth Engine (GEE) ta margopmu Google Cloud Al, na 06a3i moaudikoBaHux
mannx Copernicus Sentinel (3 2015 poky). Lle HOBHiT aBTOMaTH30BaHWH TiAXIA IS
ro6anbHO y3romkenoi knacudikamii LULC 3 BHCOKOI pO3AITBHOIO 31aTHICTIO
Maibke B pexxuMi peansHoro yacy (NRT), 3 BUKOpUCTaHHSIM TIHOOKOTO HAaBYAHHS
Ha 10-merpoBux 3HiMkax Sentinel-2 [13]. Kmacudikamiss DW 06a3yeTscst Ha
rbokiit HeviponHid mepexi (CNN), 3oxpema U-Net, agantoBasiii 1151 00poOKH
CYIyTHUKOBHX 300pakeHb Sentinel-2. Mojens Oyna HaBueHa HA MOHAA 65 THCIY
BpPYYHY PO3MIYE€HUX MOJITOHIB, 0 MPEACTABISAIOTh 9 KI1aciB 3eMEIBHOTO TIOKPUBY
[14]. Takox 3a TOTIOMOTOFO JOJATKOBOI BUOIPKH Ta EKCIIEPTHOTO YyTOYHEHHS KIIaciB
OyJ10 MMPOBEJICHO OIIHKY TOYHOCTI Kiacuikariii. 3a OCHOBY OIIHKA TOYHOCTI OYJI0
oOpaHo Mmarpuio NoMuwiIok DW Ta ekcriepTHOro KoHCeHcycy Kiacuikaiii, sSKuit
nependadae BUKOPUCTAHHS BUOIpKH, Ae Oyno ado MOBHE y3TOKEHHS KiaciB, abo
CHIBMaiHHA X04a 0 y IBOX €KCIIEPTiB. 3a IIMMHU PO3paxyHKaMH 3arajbHUHN BiICOTOK
TouHOCTI ckiaB 73.80% (puc. 1).

B Dynamic World ~ BEE Expert Consensus

TouHIETS (%)

o s = " 5 o 2
e e o e 5o . Lo o %5
B

o
i\o"“‘zﬂ B

Knacu LULC

Puc. 1. Marpuus nommnok wiacudikamii DW Ta ekcnepTHOro y3ro/pKeHHs KiaciB
(3aranbpHui BigcoTok TouHOCTI 73.80%)

IIporpamue 3a0e3me4eHHst Ta MPOCTOPOBI JaHi

OcHoBHI gaHi 0yJi0o orpumano uepe3 miatrgopmy GEE, a came 1Ba iHTEerpoBaHUX 3a
KOXeH pik pacTpoBux Habopu kinacudikamii LULC 3 po3ainbHOIO 31aTHICTIO 8 M 32
2017 Ta 2024 pix BigmoBinHOo. BignoBigHi pacTpoBi 300paykeHHSA 3reHepoBaHi Ha
OCHOBI 3HIMKIB Sentinel-2 posainbHO0 3xatHicTio 10 M. st mpoBeneHHs
cTpatudikoBaHoi BUOIpKM OYyJ0 OTPHMMAaHO PacTPOBE 300pakeHHs Kiacuikarrii
posninbHO0 3xaTHicTIO 50 M. s po3paxyBaHHS 30HHM 3aBaHTAKEHHS PACTPOBHX
300pakeHb OyJI0 BUKOPUCTAHO BEKTOPHUI 1Iap TepuTopii YKpaiHu, a Takox LIapH
paiioHiB Ta Tpomaja. Bci Habopu iHCTpyMeHTIB, sKi OyJM BHKOPHUCTaHI B
JOCHIDKEHHI, BKIIO4ae B cebe mporpamHe 3a0e3medeHHs 11  0OpoOKH
reonpoctopoBux ganux QGIS Bepcii 3.40.8.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTYBaHHS, BHIL 3 (55), 2025



s npoBeneHHs Bepudikaiii ONOPHUX AaHMX BUKOPHUCTOBYBAIMCH KOCMIYHI
3HIMKHA BHCOKOI po3aiibHOI 3aaTtHOCTi Google, Bing, Here, nagani cepicamu
QuickMapServices, Google Earth Pro, 300paxennss Google Maps Street View.
Takoxx ma mmatdopmi Esri | Sentinel-2 Land Cover Explorer mpoBomumoch
YTOYHEHHS KJIAciB 0 3HIMKax Sentinel-2 3a BigmoBigawmii pik [15].

VYci po3paxyHKH Ta Bisyalizalisi Marpulb OyiM BHKOHAaHI B IMPOTPaMHOMY
cepenoBumi Python. Jlnst ananizy Ttounocti knacudikamii Ta moOyZoBH MaTpHIlb
MTOMIJIOK 1 TIepexo1iB 0yJI0 BUKOPHCTAHO CTaHIapTHY 0i0mioTeKy scikit-learn [16].

Metoauka 00po0xku

[epmmii eran 0OpoOKK BKIIOYAE OTPUMAHHS Ta MiATOTOBKY paCTPOBUX 300paskeHb
LULC mns ananmizy. Ha apyromy erami TpOBOAATHCS TEPEBIPKU TOYHOCTI
knacudikaiii 3emnekopuctyBanass DW mis Teputopii Ykpainu. Tpertiit eram — 1ie
MmocTKiIacuQikaiiHa CTATUCTUYHA KOPEKIIisl TIonT (rmo0ya0Ba MaTPHIll TOMUJIOK).
3aKIIIOYHMH eTal — Ie aHali3 3MiH B 3eMJICKOPUCTYBaHHI Ta KOPEKLisl pe3yIbTaTiB
3a JOTIOMOT010 IOBipYoro iHTepBany [17] Ta Meromy Oytctper [18].

Ha mepmomy erami Oyno BigiOpano HaBuanbHi pactpu knacudikanii LULC Binx
DW 3a 2017 Ta 2024 poku BignosinHo. /xepenno DW Hajae roToBi iHTerpaibHi
300pakeHHS 3 PO3IiNbHOI 3AaTHICTIO 10 MeTpiB, 3 HAaHMOMIMPEHIIMM KIacoM
MmKcenss 3a pik, a TakoXK 3 TOCTOOPOOKOI0, KOPEKI[EI XMapHOCTiI TOIIO.
B pesynbTaTi OTpUMaHO IIiCTh PACTPOBUX 300pakeHb i, OCKIIBKU HACTYITHI €TaIu
nepeadadaroTh poOOTY 3 3aralbHUM LIAPOM Ha BCIO TEPUTOPII0 YKpaiHu, TO OKpeMmi
JacTHHU Oynu 00'€JHaHI y BUTIISAL BipTyanbHoro mapy Build Virtual Raster (VRT).
TakuM YHMHOM CHPOIIYIOTBCS NPOLECH BUKOPHCTAHHA 00 €MHOIO pPacTpPOBOTO
300paKeHHSI.

Ha nactynHoMy eTarmi i IPOBEACHHS TEPEBIPKU TOUHOCTI Kiacudikariii [19]
OyJ10 O0YJOBaHO MAaTPHIIO MOMHJIOK HA OCHOBI TOYOK CTpaTh(hikKoBaHOI BUOIPKH
[20]. Bubipka Oyna cTBOpeHa 3a JOINOMOrol0 iHCTpyMeHTiB random points in
polygons ta random selection within subsets i3 BUIaIKOBIX TOYOK 3 (HiKCOBaHOIO
KUIBKICTIO BCEepeNWHI TOJNITOHIB 3agaHoro Imapy. MiHiMalnpHa BijCTaHb
JIOpiBHIOBaJla BEIWYWHI OMHOTO TONiroHa/mikcens. Jins moxmimy Tteputopii Ha
IitstHKY (CTpath) A7 BUOIpKU OYII0 BUKOPUCTAHO MEXIi a/IMIHICTPATUBHUX PAOHIB
VYkpainu, 3 SKUX BiIOMpanncCh BUIAJIKOBI TOYKH JJs Bepudikarii. Takum drmHOM
Oyio crBopeHo 4161 Touky, siki Oy AUCKPETHO MOPiBHY PO3MOJUICHI O KiIacax
knacudikarii 3a 2024 pik B Meax KOKHOTO aJMiHICTPATHBHOTO paiioHy YKpaiHH.
[Tixg wac kKoHTpONBOBaHOI BepHiKallii OMOPHUX TOYOK BUOIPKU OYyJIO 3alHIIECHO
2168 HalO1IbII peIeBaHTHUX TOYOK, SIKI OTPUMAJIH CBill YTOUHEHHI Kiac.

KinpkicTh TOWOK y KOXHOMY Kiaci Oyja BCTaHOBIEHAa 3 ypaxXyBaHHSIM
HEOOXITHOCTI 3a0e3MeUYeHHsT JAOCTAaTHBOI CTATUCTHYHOI MOTY)KHOCTI JUISl OL[IHKH
TOuHOCTI. PiBHOMipHMIA po3monin TOUOK 3a Bepu(ikoBaHMMHU Kiacamu (252-
309 To4oK/Kac) JO3BOJIMB YHUKHYTH JOMiHYBaHHS KJIaciB 3 BEJIMKOIO IUIOLICIO Ta
3a0e3MeYrB JOCTATHIO KUJIbKICTh TOUOK IS aHAJII3y MEHILNX, aJic BaYKIIMBUX KJIACIB.
3a pesynbraTamMu Bepudikauii 0yno moOymoBaHO MaTpUIl MOMMIOK JAJISl OLIHKH
touHocTi kiacudikanii DW. 3okpema, 11 noyatky Oyno noOyZ0BaHO MaTPHIIO 32
2024 pik. Ha Bizyauizanii knacudikaiiist MiCTUTB 3Ha4H1 TOXHUOKH, 1110 BUPAKAIOTHCS
Yy BEIUKUX 3HAYEHHSX 11032 TOJIOBHOIO JiaroHasumo. Po3paxoBaHi MOKa3HUKH
TOYHOCTI HIiATBEPIKYIOTh HU3BKY SIKICTh Kiacudikamii ans Teputopii Ykpainu.
3aranpHa TouHICTh M1t 2024 poky ckiana 51.15%, a koedinient Kamma — 0.44.
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Koedimient Kanma [14] po3paxoByerbest 3a popmynoro (1):

Po — Pe
k 1-Pe M

Xoya TOKa3HWKA MOXYTh OYTH JA€UI0 BUIIMMH, BOHH BCE IlI¢ BKa3ylOTh Ha
CYTTEBI MIOMUIIKH. 3BaYKAI0UX Ha HU3bKY TOYHICTH Kiacu]ikariii, mpsiMe mopiBHIHHS
rony kiaaciB 2017 3 2024 pokoM MOXe MPU3BECTH JI0 3HAYHUX MOXUOOK B OI[IHII
peaTbHUX 3MiH 3¢éMHOTO MOKpUBY. TOMY I OTpUMaHHS JOCTOBIPHUX Pe3yJIbTATIB,
MIPOTIOHYETHCS BHUKOPUCTOBYBATH OiNBII HAIMHWNA METOJl — KOPEKII0 TUION[ Ha
OCHOBI MAaTpHIli TEpeXoiiB, s5IKa BpaxoBye TOMWIKH Kiacudikaropa mpu
ineHTugikamii came 3MiH, a He JIUIIC CTATHYHUX KJIaciB.

[pumycTtamo, mo 1 st 2017 poxy TogHICTh Kiacudikarii Oyne TeX HU3BKOIO,
TOMY IO 3 KOXKHUM pPOKOM Habip maTepiamy Iuisi MOAeNoBaHHS Kiacuikarii
301IBLIYETHCS Ta MOKPAILy€eThCsl. TOMY BpaxOBYIOUH METY JTOCIIKEHHS SIK OL[IHKY
3MiH IJIOMI caMe y BiIHOIIEHHI 3eJIEHOTO IOKPHUBY Ta CLIbCHKOTOCIIOAPCHKUX YTi/b
(crops), mis omruMizamii mporecy Bepudikamiro onopHux maHux it 2017 poxy
OyJ0 TPOBEACHO YacTKOBO. Take pillleHHS 3yMOBJICHE CHElHM(]IKOW 3MiH B
3eMJICKOPUCTYBaHHI B YkpaiHi, ne PEKYJIbTUBAILLIS, 3aJTICHEHHS
CLTBCHKOTOCITONIAPCHKUX YTifAb TMPOBOAMTHECS HEYAaCTO 1 € 30BCIM HE3HAYHUM
y TIOPIiBHSHHI 13 3BOPOTHUM TIEPEX0JIOM 3€JIC€HHX 30H B pO30paHi AiNSHKA. Toukw,
saki Oynmu BepudikoBaHi sk crops 3a 2024 pik, yrouneHi Takox 3a 2017 pik.
[Ipumyckatoun, mo built area, bare ground, water He 3a3HanN CyTTEBUX 3MiH, SKi O
BIUTMHYJIM Ha cnenu(iKy JaHOTO MOCIHiKEeHHS (He CIocTepiraBcs MEepexia mux
KJaciB B crops mpH Bepudikarii), 1isi HUX Kiacu Bepudikanii Oyiau nepeHeceHi
3 manux 2024 poky, sK 1 Jis KIaciB, sSKi MOXHa BIJHECTH 10 30H, BKPUTHX
pocnuHHICTIO (trees, grass, flooded vegetation, shrub & scrub) [13]. brok ocTannix
MDK COOOIO Ta i3 Crops Ma€ HaWOimbIIe MOMIIIOK B Kiacudikarii. Tomy mis
moOyIOBA MaTpUII Mepexoay OIOK BKPUTHUX POCIUHHICTIO TEPUTOPIH green zones
(GZ) 6yno Bu3HaYeHO SIK OKpeMy oxuHMLIO Kiacuikauii. [loOyzoBano marpui
niepexoiB knacudikamii DW ta BepuikoBaHUX JaHUX. AHAJI3 MaTPUIIh TIEPEXOIiB
JIO3BOJIUB OLIHUTH CIPaBXHI 3MIHH 3E€MHOTO TOKPHUBY Ta TIOPIBHATH iX i3
pe3ynbraTtamu kiacudikaiii Dynamic World.

Marpuus nepexoniB Bepu(iKOBaHUX JaHUX BBAXKAETHCS €TAJIOHOM, OCKIJIBKH
BiJoOpaXkae iCTHHHI TIepexo/, MiATBEP/KEeHI pyYHOIO Bepudikariero. bimpiicTs
TEpUTOPIii B 3B’A3KY 3 0OMEKEHHSIM BUOIPKH MPOTIOHYETHCSI BBAKATH CTAOUIBHOIO.
Sxmo DW "Gaumts" mepexia, skoro He icHye abo Horo poib He3HayHa, Taka
Bepu(ikalis JO3BOJIAE 1€ BIAKMHYTH. MaTpuus NepexoliB IMOKa3ye HyJl A
OUTBIIOCTI TIEPEXOiB, IO JO03BOJISE YHHKHYTH IIOMHJIKOBHX OILIHOK DW i
BCTaHOBJIIOBATH iX IJIOUTY SIK HYJIbOBY. KilrouoBa Juis misiei TOCiiIKeHHs 3MiHa —
nepexin i3 GZ B crops — 3adikcoBana aist 42 Touok. BigcyTHicTe mepexonis
Y 3BOPOTHOMY HampsMKy (3 crops y GZ) Ta 3 iHIIKX KJaciB (Hanpukiam, water uu
built area) € 0OMeKeHHAM J1aHOi BUOIPKH, aje y3rOKYEThCs 3 HAMM (OKYCOM Ha
BUSIBIEHHI caMe IbOro TuIy 3MiH. Taki oOMeKeHHs MOXyThb OyTH BpaxoBaHi
B MaiiOyTHIX JOCTIJDKEHHSIX 13 TOBHOW BepHdikamiero nanmx 3a 2017 pik Ta
MOKpaleHHsIM TouyHOCTI DW uH IHIIMX HAassBHUX KiacH(piKalliii Ha TaHy TEPUTOPIIO.
Martpuniss nepexoniB Dynamic World nemoHcTpye, 110, TONpH MONEPEIHBO
BUSIBJIGHY HU3bKY TOYHICTh Kiacu(ikaTtopa, HaWOUIbII 3HAYEHHS IEPEXOAiB
3adikcoBaHi caMe Mik Kitacamu crops ta GZ. Lle miaTBepaKye Hallle MPUITYIICHHS,
0 caMe Il KJIaCH € HaHOUIbIl JUHAMIYHUMHM Ha MOCHIDKYBaHIA TepUTOpii.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTYBaHHS, BHIL 3 (55), 2025



BinHocHa cTabinbHICTH KitaciB built area, bare ground ta water y knacugikamii DW
TaKOX Y3TOKYETHCS 3 HAIIOK TIMOTE3010, 0 OCHOBHI 3MiHU CTOCYIOTHCS CaMe
POCIUHHOTO TIOKPHUBY.

3a TOMOMOTOI0 METOy OIIIHKHM TUIOMI 3 ypaxyBaHHSM MOMHJIOK Kiacuikarii
(error-adjusted area estimation) [21] mpoBeneHO HeyTIepeKeHe 00UMCIESHHS TIIOLI.
BapTo 3a3HaunTH 4acTKOBE BUKOPUCTAHHS METOIY 4Yepe3 CBIJOMO OOpaHUM MUIIX
JOCTIKEHHS BiTHOMIEHHS JIMIIE TIEBHUX KIIACiB MK coboro. Crieprny ISl OIiHKH
miomii 0yno ob4uncieHo Koe(illieHT KOPeKIii A KOXKHOTO MepexoAy Ha OCHOBI
MaTpHIlb MEPEXOJIIB, IO CITIBBITHOIICHHS MK KUTBKICTIO TiepexoiiB GZ - crops, siKi
Oynmu BepuikoBaHi, Ta 3arajbHOI0 KIJBKICTIO TakuX TMEPeXoiiB, sKi Oyiu
inerTrdikoBaHi sk Taki kiaacudikatopom DW. OCKIIBKY 1HIII 3HAYESHHS 3 MaTPUIIL
MEPEXO/IiB BEPU(PIKOBAHUX JAHHUX € HYJIHOBHMH, HAC IIKABHUTH JIMIIC KOCDillieHT
GZ - crops.

®opmyna (2) koedirieHTa KOpEKIIii:

Cij=1i/j, 2)

ne Cij — koedimieHT KOopekIlii, 1 — KUTBKICTh TOUOK niepexony GZ - crops Ha OCHOBI
BepH(iKOBaHNX JAHUX, | — KUIBKICTh TOUOK niepexoay GZ - crops Ha OCHOBI JaHHUX
knacugikamii DW.

Koegiuient mopisHtoe 0,52. JIns BUBHAYCHHS €KBIBAJICHTY MIEPEXOIiB B IUIOIIAX
Oyi0 MmoOyZOBaHO MATPUINIO TEPEXO[iB, Je MU OepeMO 3HAYeHHS B ITKCEITX
(puc. 2).

JlJis  KUIBKICHOT OIIIHKM HEBM3HAYCHOCTI pe3yJIbTaTiB OyJI0 3aCTOCOBAaHO
knacuyHnil goipumid iHTepBan (CI) Ta Oyrcrpen-meroxa. JloBipumii iHTEpBam
BioOparkae MOXKJIMBUH Jialla30H 3HAYeHb 13 3a/laHUM PiBHEM JIOBipH, TOMl SIK
OyTcTpern 03BOJISIE OTpUMATH OLTBIN THYYKY OIIHKY O3 >KOPCTKHX TMPHITYIEHb
II0JI0 PO3IOLTY JaHUX.

MaTpuus nnow nepexogis (Dynamic World)
le9

'gr Gz 9.49e+07 6.69e+07 1.75e+08 1.10e+08 15
:‘ bare ground - 1.34e+06 7.16e+06 6.68e+05 9.54e+04 4.77e+05
= 5 1.0
8 built area - 5.67e+07 4.45e+06 2.26e+08 2.11e+07 2.23e+06
3 crops 1.48e+09 2.79e+08 2.27e+08 1.29e+09 6.98e+07 -0.5
©
§ water - 3.54e+07 6.87e+06 5.29e+05 1.59e+06 1.15e+08

| ! ! | |

GZ bare ground built area crops water
Knacy 2024 poui

Puc. 2. Ominka myomn nepexoxiB Ha ocHOBI kKiacudikanii DW (B mikcemnsx)

JJ1g OIiHKY MTOXUOKHM YaCTKU TIEPEX0iB BUKOPUCTOBYEThCS hopmya (3):
SE(p) =((p(1-p))m), Cl=p=z-SE(p), 3)
Je: p — 4acTka nepexoxiB y BuOipui (p = 42/2168 = 0,0194 = 2%), n — po3mip

BuOipku (2168 To4ok), SE(p) — cranmapTHa NOXuOKa, Z — KBaHTHIIL HOPMAILHOTO
posnoainy (s 95% intepBany z = 1.96).
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3a Bubipkoro 3 2168 touok (p = 0,0194) oTpumMaHO OIIHKY ILIOINI MEPEXOIiB
9074 xm? i3 Mexxamu iHTepBany (6357; 11792 xm?).

VY Bumazkax, KOJH CIIOCTEPEXyBaHI MEpeXOonu MICTITh 0araTto HyJIbOBHX
3HaYCHb, KJIACWYHHUU MOBIPYMA I1HTEpBAI MOXKE HEIOOIIHIOBATH pPIiBEHb
HEBU3HA4YCHOCTI. ToMy JOIITBHUM € 3aCTOCYBaHHS OyTCTpEN-METOAY, SKHA MEHII
3aJIe)KHUH BiJ NPHUIYIIEHHS HOPMAaJbHOCTI PO3IMOJIUTY, OCKIIbKH 0a3yeTbcs Ha
OaraTopa3zoBoMy BiITBOpeHHI BUOIpOK i3 HasBHUX naHuX. Lle 3abe3neuye mmpmuii,
aye OUTBII peayiCTHYHUHA iHTepBal i JI03BOJISIE BPaXyBaTH HABITh Ti MEPEXOIH, SKi
y BepHu(iKOBaHHX JTaHUX BioOpaxkasucs sSK HyJIbOBI.

OTpuMaHe CcepellHE 3HAYCHHS 3a OyTCTPEN-OIiHKOK CTaHOBUTH 9074 kM2, i3
noBipunM iHTepBanoM (6481; 11882), mo MoXHaA pO3TIIAIATH SK OLTBII
KOHCEPBAaTUBHY Ta HalilHY OLIHKY (puc. 3).

MopieHaHHA ouiHoK: Cl vs Bootstrap

12000

10000

8000

6000

4000

2000

MNnowa nepexony GZ —+ Crops (KM?)

Cl Bootstrap

Puc. 3. TlopiBusanus kopexuii ionr 3a CI Ta Clboot

Jis ouiHkM TepexomiB BiJ 30H i3 TpHUpOAHOK pociuHHICTIO (GZ) 1o
CIJIBCBKOT'OCIIOJIAPCHKHUX YTib (Crops) 3aCTOCOBAHO TPH MiAX0/H. 3a KoediieHToM
KOPEKIIii, OTPUMaHUM Ha OCHOBI MOPiBHSHHS Bepru(iKOBAHUX JaHUX i Kinacudikaii
Dynamic World, mnoma mepexoniB cranoButh 0mm3bko 9100 xm? (910 tuc. ra).
Bukopucranns kiacudaHoro Metoay jgoBipyoro iHtepeaiy (95% Cl) nano ouiHky
9074 xm? 3 mexxamu [6357; 11792 km?], O CBiTYUTH PO 3HAYHY HEBU3HAYEHICTH
yepe3 oOMexeHicTh BHOIpKH. 3acTocyBaHHS OyTCTpen-MeTONy Aano NoIiOHUit
pe3ynbTar i3 cepenHiM 3HavueHHsM 9181 km? Ta miamazonom [6481; 11882 wm?].
OtpumaHi MIUPOKI iHTEpBAIH (TTIOHA]] 5 THC. KM? Pi3HUII MiX HIXKHBOIO Ta BEPXHBOIO
MEXeI0) BiI0oOpakaloTh peajibHy CTATHCTHUYHY HEBH3HAYEHICTh, 3yMOBIICHY THUM,
110 OUTBIIICTH MOKIIMBHX HIEPEXO/IiB y BUOIpIIi Mali HYJIbOBi 3HAYECHHS1, 8 OCHOBHHM
BHECOK TMpHUIMaB juimre Ha oxuH Ttun 3Mmiau (GZ — crops). I[Ipote oOrpyHTOBaHO
MOJKHA TPHUITYCTUTH, TIO 1HIN TIEpexXoqu Maiu O JIMIIe He3HAYHW BHECOK 1 iX
BpaxyBaHHS He 301IbIIMII0 O, a 3BY3HJI0 O Aiana3oH OLiHOK.

TakuM dYWHOM, JJsl TIOAANBIIOTO aHali3y BHKOPHCTOBYBAJOCS CEpEIHE
3HadueHHA (~9100 kM?) sx HaWOIpI HaOMMKEHE [0 pealbHOTro, BOJHOYAC
3a3Havalo4yd iHTepBaj HeBU3HadeHOCTi. Lle 103BoJIsse mMOE€NHATH HAYKOBY
nocroBipHicTs (uepe3 BpaxyBaHHi CI Tta Bootstrap) i3 npakTH4HOIO
IHTepIpeTalicro  pe3yabraTiB. Y MaOyTHOMY  IOKpAlIeHHS  TOYHOCTI
kinacudikanii Ta ¢GopmyBaHHS OUIBII MOBHOI BHOIPKH [103BOJIUTH OTPUMATH
TOYHILI OL[iHKH.
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BucHoBku

HasBuicte kmacudikamii 3emmnekopuctyBanHs mno Tumy Dynamic World nae
MOXJIUBICTh OIHKH JWHAMIKH 3€MIIEKOpHCTYyBaHHA. lle € BaximBuM s
MOHITOPHHTY 3MiH, $IKi MOXYTh HETaTUBHO BIUIMHYTH SK Ha JIOKAIbHHUHA
MIKpOKJIIMAT, TaK i BHOCUTH BaroMHii BHECOK B MapHUKOBUHN OanaHC. AJe HaBIiTH
MIOTIPH  3asIBJIEHY 3arajbHy TOYHICTH Kiacudikamii 73%, BHKOPHCTaHHS TaKHX
knacudikalliif Ha perioHaTbHOMY piBHI MOTpeOye JOJaTKOBOI OMIHKH TOYHOCTI Ta
kopekuii. Tounicts Oyna ominena B 51% mist 2024 poky.

30UTBIICHHS IUIONI  CLIBCHKOTOCIIONAPCHKUX — YTiJlb  MOXE  HETaTUBHO
ITO3HAYaTUCS HAa MIKPOKITIIMATi, 3aracax BOJIM B OPTaHiIli TOIIO. 3a 7 POKiB MPHPICT
1o po3opanocti 2017 poky (33,5 miH ra) cranoButh 1,9%. SIkino BpaxyBaT BeCh
JOBIpYMiA Jiama3oH, oTpuMaemo Big 1,9% mo 3,6%. Y BimcoTkax o miony YKpaiHu
MaeMmo 56,57%—57,46%. BpaxoByrouu, 110 Ha CHOrOZHI JaHi MpO IUIOUI PiUIi B
VYkpaini konuBaroTecs Bif 54% no 57%, MOKHa CTBEpAXKYBATH, 110, CIHUPAIOYUCH
HAa 3araJbHONPHUUHSATI MOKa3HUKH BUKUIIB B 2-5 T/ra/pik, yepe3 3011bIIeHHS TUIOMI
cimbpecpKorocmonapcbkux yrigp Ha 6,400-11,700 kM2, TOTeHIiHE 30iTbIICHHS
BUKHU/IIB MAPHUKOBUX ra3iB Moxe cTaHOBUTH Bix 5.1 10 9.4 maH T CO2 Ha pIK.
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INFORMATION TECHNOLOGY FOR PASSIVE LOCATION
OF DYNAMIC EVENTS IN THE BORDER ZONE

Abstract. This article presents the results of a research project focused on
developing an information technology for passive localization of dynamic events
in the border areas of Chernihiv region, Ukraine — a territory continuously
affected by artillery shelling and military activity due to ongoing armed
aggression. The proposed system integrates multiple components: sensor-based
measurement modules (seismic and acoustic detectors), digital catalogs of
amplitude-frequency spectral patterns, geoinformation services, signal
processing techniques, and predictive analytics. The research utilizes data from
various sources — sensor networks, high-resolution satellite imagery, and open-
source web platforms — all integrated into a multilayered system architecture
powered by modern data processing tools.

During the scientific research, the following results were obtained: the hardware
and software complex of passive location was improved; digital catalogs of
spectra of civil and military equipment were formed; GIS risk models were created
for the border strip of Chernihiv region;, modern forecasting methods were
applied; a decision support system was developed, the possibilities of integrating
the technology into the national early warning system were substantiated.

The outcome includes dynamic risk maps, thermal maps of forest burnouts and
agricultural degradation, polygonal models of affected territories, and spatio-
temporal diagrams of threat activity. Forecasting modules were implemented
using statistical models such as ARIMA and Prophet, as well as deep learning
models based on LSTM networks, allowing accurate prediction of repeated
shelling or vehicle movement patterns. The practical relevance of this work lies
in the possibility of integrating the developed technology into Ukraine’s national
early warning system. The system can be effectively used by local authorities, the
State Emergency Service, and military units to monitor the security environment,
ensure timely response, and minimize casualties and infrastructure damage in
vulnerable border communities.

Keywords: passive localization, geographic information systems, Chernihiv
region, time series analysis, forecasting, monitoring.
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IHO®OPMALIMHA TEXHOJIOT IS HACI/IBHuof JJOKALIL
JTUHAMIYHHUX IMOAINA Y IPUKOPIOHHIN CMY3I

Anomauin. Y cmammi npedcmagieno pe3yiomamu HayKo8o-00CHiOHoT pobomu,
CnpAMO8anoi Ha po3poOKy IHGopmayiunoi mexHono2li nacueHoi aoxkayil
OUHAMIYHUX ROOIU Yy NPUKOPOOHHUX pationax Yepniciecokoi obracmi, wo
3a3HaAlOMb NOCMIUHUX OOCMPINI6 MaA MEeXHOLeHHO20 HABAHMAICEHHS BHACTIOOK
60€HHOI acpecii. 3anponoHoana cucmema IHMeESPYE KilbKA KOMNOHEHMIE:
CEHCOPHI BUMIPIOBANbHI MOOYII (CelcMiuHi ma aKycmuuni oamyuxu), yugposi
Kamanoau amniimyoHo-4acmomHux Xapakmepucmux nooii, 2eoingopmayiini
cepgicu, anreopummu 06pOOKU CUSHANIE | NPOSHO3HY anarimuky. ¥ 0ocniddcenHi
BUKOPUCMOBYIOMbCA  0aHi 3 O0eKiNbKOX —0dcepenl — CEeHCOPHUX —Mepeic,
CYNYMHUKOBUX 3HIMKI@ BUCOKOI po30inbHOI 30amHOcmi ma GiOKpumux eeo-
pecypcis, AKi iHmespyromscsi 8 6azamopigHedy apXimeKmypy 3 6UKOPUCTAHHAM
cyuacHux 3acobie 0opoOKu OAHUX.
Pezynomamom cmano cmeopenns OunHamivHux Kapm pusuky, menioeux Kapm
sucopanHs nicie ma Odeepadayii CilbCbKO2OCNOOAPCbKUX Y2i0b, NONICOHATLHUX
MoOenel  NOWKOOJICeHUX Mmepumopiti. ma npocmopoeo-4dcosux 2epagikie
akxmueHocmi  3az2po3. Takodic — peanizo6ano  MOOYNi — NPOSHO3Y6AHHA 3
suxopucmanuam cmamucmuynux mooeneti ARIMA ma Prophet, a maxoc
2nubunHo20 Hasuyanus Ha 6asi pexypeumuux LSTM-mepeoc, wo 3abe3neyyromo
moyHe nepeddauenHs NOGMOPHUX 0OCmMpinie abo nepemiujeHb MeXHIKIL.
Ipakmuuna 3uauywicme pobomu nongeae 6 MONICIUBOCMI IHmMezpayil
PO3p0obNeHOl mexHON02Il Y HAYIOHATbHY CUCHEMY PAHHbLO2O ONOBIWeH s YKpaitu.
Bona mooice Oymu euxopucmana opeanamu Micyegozo camo8psaOy8aHHS,
niopozoinamu JJCHC ma sgilicbkosumu cmpykmypamu Oas MOHIMOPUHEY
06CMAHOBKU, CE0EUACHO20 Peazy6anta ma MIiniMizayii empam cepeo HacCeNeHHs
NPUKOPOOHHUX MePUMOpill.
Kniouoei cnosa: nacusna noxayis, ceoingopmayiini cucmemu, Yepuiciecoka
obnacmy, ananiz 4acosux paodie, NPOSHO3yE6AHHI, MOHIMOPUHS.

https:// doi.org/10.32347/2411-4049.2025.3.97-107

Beryn

3 mouaTky IIMpOKOMaciuTaOHOI 30poiiHoi arpecii mpotn YkpaiHH TepuTOpis
UepHiriBcbkoi 00J1acTi cTajla apeHO0 aKTUBHUX 00MOBUX Mii. Y mepii Micsii BINHU
Ha TPUKOPAOHHHUX HAIpPSIMKax BiJOYJIOCS 3HaUHE 30CEpe/PKEHHS apTHUIIEePIHChKUX
cucTeM, OpOHETEXHIKM Ta iHIOi BilichkOBOi TexHiku. Hacmimkom cramm macosi
00CTpiIM HaceNeHUX MYyHKTIB, pyHHYBaHHS 00 €KTIB KPUTHYHOI 1HPPACTPYKTYypH,
MOIITKO/DKEHHSI TPAaHCIIOPTHOI MEpEXi, JKUTIOBUX KBapTaNiB Ta COIIabHHUX
ycraHoB. Lle cTBOpmiio mepenyMOBH AJIsi TOCTPOi HOTpeOU y CTBOPEHHI HAYyKOBO
OOIPYHTOBaHMX TEXHOJIOTi MOHITOPHHIY Ta CHCTEM paHHBOI'O OIOBIIICHHS,
3ATHUAX BUSBJIATH TUHAMIYHI TIOJI1 Y PUKOPJIOHHIHN cMy3i.

[Ipobnemaruka nacuBHOI JoKawii 0COOIMBO aKTyallbHa Y BOEHHUX YMOBAX, KOJIU
BUKOPUCTAHHS aKTHMBHUX CHUCTEM CIIOCTEPEKEHHS MOXE CTAaHOBUTH JOJATKOBHUIM
py3uK. [TacuBHI METOIM IPYHTYIOTHCS Ha PEECTPaAIlii aKyCTHIHUX, CEHCMITHIX a00
€JICKTPOMAarHiTHUX KOJIUBaHb, III0 BUHUKAIOTh YHACIIIOK PyXY BIHCHKOBOI TEXHIKH,
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BHOYXiB a00 apTHiIepiiichKUX mocTpimiB. Lle mo3Bosie 3aificHiOBaTH ineHTH(IKAIIIFO
3arpo3 0e3 BUIIPOMIHIOBaHHS CUTHATIB 1, BIiINOBiIHO, 0€3 BHUKPUTTS IO3UILIH
CHCTEMH MOHITOPHHTY.

AKTYaJIbHICTB TOCIIKEHHS 00yMOBIIEHA 3DOCTaHHAM 3arpo3 JJIsl IUBLIBHOTO
HaceJeHHS Ta I1HPPACTPYKTYpH NPHUKOPAOHHHUX PETiOHIB YKpaiHH BHACIIIOK
30poiiHoi arpecii. YepHiriBcbka o0smacth i3 2022 poKy CHUCTEMaTHYHO 3a3HA€
aAPTUICPINCHKUX 1 MIHOMETHHX OOCTpINiB, IO CHPHYWHSIE HE JHIIC JIOIACHKI
BTpAaTH, a ® €KOJOTIYHI HACIHiOKH, 30KpeMa TIOKeXKi, Jerpamaliro
CLIBCHKOTOCTIONAPCHKUX YTiAb 1 pyHHYyBaHHs JicoBux MacuBiB [1-3]. Tpagumiiini
METOJY MOHITOPHUHTY € HEIOCTaTHIMH AJisi ONEPaTHBHOTO aHali3y, a HasBHI
CHUCTEMH pPaHHBOTO OIOBIMIEHHS MOTPeOYIOTh pO3MMPEHHS (QYHKIIOHATY.
Mixunaponauuit noceia (Copernicus EMS, UN-SPIDER, NATO, FEMA) nokazye
eexkTuBHICTh iHTerpanii ['IC, qucTaHIiitHOr0 30HAYBaHHS Ta CCHCOPHUX CUCTEM
y Kpu30BOMY ympaBimiaHi [§—11].

AHaJji3 ocTtaHHiX gocaimkensb i myOmaikauniil. OctaHHI HAyKOBI pO3pOOKH y
cdepi MOHITOPUHTY HaJ3BUYAWHUX CHUTYAIlii IEMOHCTPYIOTh BUCOKHUU MOTCHIIIANT
MACUBHUX CEHCOPHUX MEpEeX I BUSBICHHS OOCTPLNIB, pyXy TEXHIKH Ta 1HIIAX
aHOMaJILHUX TOJiH. 30KkpeMa, y [4—7] po3riaaacTbcss BUKOPUCTAHHS PO3IMOIITICHIX
aKyCTUYHUX CEHCOPIB JUII MOHITOPHHTY BHOYXiB 1 mepecyBaHHS OpOHETEXHIKH.
VY nmocnimxennsx [8—11] mokazaHo eeKTHUBHICT IHTETpallii CyyTHUKOBHUX JaHHX,
I'lC-anamiTuku Ta anropuT™MiB 0OpOOKH BENMKHUX OOCATIB MaHUX IS (HopMyBaHHS
CHCTEM CHUTYyamiliHOi 00i3HaHOCTI B peXuMi peaibHOro 4acy. [Ipote OinbmIicTh
pilieHb 30cepemkeHi Ha moctdakTyMm aHamizi ab0 MalTh BHCOKY BapTiCTh
pO3ropTaHHs B yMOBaX OOHOBHX JIii.

Metor0 pob6oTH € po3poOiieHHs 3aCO0iB Ta IHCTPYMEHTIB CUCTEMH PaHHBOTO
OTOBINIEHHS TPO AaKTUBHICTh BOpOra B NPUTPAaHWYHIA CMy3i Ta MiATPHMKa
MPUAHATTS PillleHb 11010 BU3HAYEHHS JIOKAI[il OTEHIIIHOT 3arpo3u SIK eJIeMeHTa
ceificMivHOT pO3BiAKH.

O0'ekTOM JOCHIIZKEHHSI € TIACMBHMU MOHITOPHHI JUHAMIYHHMX TOMIH Y
MPUKOPJOHHI CMy3i Ha OCHOBI aKyCTHYHHX Ta CEHCMIUYHMX CHTHAJIB,
CIPUYMHEHUX O0MOBUMU JisIMU.

Buxkiaa ocHOBHOro MaTepiajty 10C/IiIKeHHs

HaykoBi nocmimpkeHHsI cpsiMOBaHI Ha BJIOCKOHAJICHHS alapaTHO-IPOrPaMHOrO
KOMIUIEKCY MacuBHOI Jiokailii. Ha 3HiMKkax Tepuropii UepHiriBchbkoi 00JacTi 4iTKO
MIPOCTEXKYIOThCS HACIIIKY apTHIIEPIHCHKIX 1 pAKETHHX YJIapiB: 3pyHHOBaHI )KUTIIOBI
KBapTaJIH, NOMIKOIKEHI TPOMHCIIOBI 00’ €KTH, BUTOPAaHHS JIICOBUX MAcHBIB 1 MOJIB.
[IpocTopoBuii aHai3 CymyTHHKOBUX 300pa)KeHb Ja€ 3MOTY BU3HAYaTH MacIITaOu
py#HHYBaHb, BIZICTEKYBAaTH JUHAMIKY 3MIH y 4aci Ta JIOKaJIi3yBaTy HaliHeOe3meuHilii
JIUISTHKH.

BaxumBuM € moenHaHHA OUX 3HIMKIB 13 JaHUMH CEHCMOAaKyCTHYHOTO
MoHIiTOpuHTY. Hampuxman, koxeH BHOyX a00 TiepecyBaHHS KOJOHM TEXHIKH
3anumae crnenugiuHuil cieKTpaibHIH BIIOUTOK, SIKM MOXe OyTH 3apeecTpOBaHUMI
CHeLiani30BaHUMU JaTYMKaMu. Y TIO€IHAHHI 3 CYNYTHHUKOBUMM KapTaMmH I JaHi
JI03BOJISIIOTH He Jiuiie 3adikcyBaT caM GakT MoJIil, a i BU3HAYMUTH 11 XapakTep: pyX
[UBLUIEHOTO TPAHCIIOPTY, POOOTY CIITLCHKOTOCIIONAPCHKOT TEXHIKH YH MePeCyBaHHS
00l0BMX MaIlIKH.
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Takuii migxig ¢hopMye MAIPYHTS IS HOOYI0BH KOMILICKCHOI 1H(pOpMaIiiHOT
TEXHOJIOT11 MAaCUBHOI JIOKAIIi1, 31aTHOT IHTErpyBaTH OaraToKaHAIbHI IaHi B €IUHOMY
AHATITHYHOMY CEepEIOBHILII.

Cucrema BKJIIOYAa€e CeHCMIYHI Ta aKyCTHYHI CEHCOpH, OJOK 300py AaHHX,
MIPOMHUCIIOBUH KOMIT FOTEp, MOJYJI TOMepenHboi 0OpoOKu U mepenadi y xmapHe
CepeloBHINe, IHTErpamito y reoindopmaniiiny cuctemy [4—7]. lle no3Bomwmio
MiBUIIATH JOCTOBIPHICTP 1 MIBUAKICTH (Ppikcarii TMHAMIYHHAX MOAii. 3HaUHY yBary
MIPHUIIJIEHO CTBOPEHHIO MU(PPOBHX KATAJIOTIB aMILTITYJHO-9aCTOTHUX CIEKTpiB. [
LUBITBHOI TEXHIKU (TPaKTOpH, KOMOAiHW, TPaHCIOPTHI 3aco0u) CPOPMOBAHO
OoKpeMmy 0a3y AaHUX, sKa JO3BOJISIE BIIPI3HATH TOCHOAAPCHKY AaKTUBHICTH BiX
BificbKOBHX 3arpo3. s BilicbkoBoi TexHikH (TaHkH, CAY, MiHOMETH) CTBOPEHO
0a3y XapakTepHHUX CIEKTpiB, M0 3a0e3leuye aBTOMATU30BaHy iJCHTU(IKALII0 Ta
3MEHIIICHHSI KUTbKOCTI XMOHUX CUTHANIB. BaxknuBum pesynbratom € modyaosa I'IC-
MOJIeTIi MPUKOPAOHHOI cMyTH YepHiriBcbKoi o0macti. Y Moieni moeaHaHO CEHCOPHi
BHMIpIOBaHHS, CyITyTHUKOBI 3HIMKH Ta BIAKpHUTI iHTepHET-HaHi. [loGymoBano kapTu
PH3HKY, 10 BioOpaxaroTh 30HU BUCOKOT, CEPEIHBOI Ta HU3bKOI HeOe3MeKn. AHai3
BIJIKPHUTHUX JDKEPEN iHPOPMAITiT € BAYKIMBAM 1HCTPYMEHTOM Y JIOCIIIKEHHSIX BOEHHOI
00CTaHOBKH, OCOOJIMBO UISI PUKOPJAOHHUX PETiOHIB, SIKi CHCTEMATHYHO 3a3HAIOTh
BOTHEBOTO BIUTUBY NpoTHBHUKA. 1151 UepHiriBchkoi 001acTi, 110 MEXYE 3 pOCIHCHKOO
(denepaiiiero Ta pecrmyOiKO OUIOPYCh, Taki Jpkepena (OPMYIOTh OCHOBY JIJIS
CTBOpeHHS NH(POBOi TEONMpOCTOPOBOI 0a3u NaHMX OOCTPUTIB 1 TPOTHO3yBaHHS
MaiOyTHIX 3arpo3. BOHH OXOILIIOIOTH IMUPOKHIA CIIEKTP iH(OPMAILIHHUX PEeCypCiB:
BiJl CYNyTHUKOBHX 3HIMKIB MDKHAPOJHUX KOMIAHI 1O IHTEPAKTHBHUX KapT
TPOMAJICHKHX iHIIIATHB 1 MTOBiIOMIIEHh OQIMIHHUX AeP>KaBHUX OPTaHiB.

Oco6nmBe 3HaU€HHSI MalOTh CYIyTHUKOBI 3HIMKH BUCOKO1 pO3J1JbHOI 3aTHOCTI,
IO JIO3BOJIAIOTH (DIKCyBaTH HE JIMIIEe MacliTaOHi pyHHYBaHHS, ane W JIOKaJbHi
HACIiZIKK aTaKk — MOUIKOJPKEHHS OKpPEMHUX Oy/iBelib, BUPBU BijJ apTHIIEPIHCHKUX
CHapsAmiB  abo  3ropim  CUTBCHKOTOCIOAApPChKI  Tonsd.  BukopucraHHS
MYJIBTHCIIEKTPAILHUX CEHCOPIB POOUTH MOKITMBIM BHSIBJIICHHS TETIOBUX aHOMAJTIH,
XapaKTePHHUX JUIS MOXKEXK, 10 CYIPOBOKYIOTH OOCTPiaH, a00 s HOBUX MICIh
po3mimieHHs: TexHiku. [IpukianoM e peryisgpHa Qikcariss MacIITAOHUX IMOXKEXK Y
micoBux MacuBax YepsiriBcekoro Tta Hosropon-CiBepcbkoro paiionis, —sKi
BUHHUKAJIU BHACIII0K PAKETHO-apTHIIEPIMCHKUX yIapiB.

[epion i3 motoro 2022 poxy mo 2025 pik crtaB ans YepHiriBcbkoi obmacti
HaJ[3BUYAIHO CKJIQ[HUM 3 TOYKHU 30py O€3MeKH, aJukKe perioH MOCTiiHO nepedyBae
il 3arpo30I0 apTUIEePIChKUX 1 MIHOMETHHX OOCTpiNiB, aBialliiHHX ynmapiB Ta
JUBEPCIMHUX MiH NPOTHMBHHMKA. AHai3 JMHAMIKM aTaKk Ha IMPUKOPIOHHI JT03BOJISE
MPOCTEKHUTH EBOJIOLII0 BOEHHOI AKTUBHOCTI Ta cdopMmyBatu 06azy ajs
MpOTHO3YBaHHS MaiOyTHiX 3arpo3. Kapra obnacti mokasye, 1mo Haibinbiia
IHTEHCUBHICTh aTaK CIIOCTepiraiach y MPUKOPJOHHUX Tpomasiax — CeMeHIBChKiH,
l'oponusiHebkiit Ta HoBropoa-CiBepchkiil, a TakoX y paiioHi 00JaCHOTO LICHTDY.
Haii0inbm inTencuBHa haza oOCTpiiiB NpUNaia Ha MepLIi Micsili TOBHOMACIITaOHOT
arpecii, konu micto UepHiriB onuHMWIOCS B yMOBax (aktudHoi Onmokagu. Y e
Mepiol MacoBaHi ylapu HAHOCWINCS SIK 10 LUUBUIBHIM iHQpacTpyKTypi, Tak i 1mo
00’exktax oboponHoro 3HaueHHA. [Iporarom 6epesns 2022 poky Oyno 3adikcoBaHO
COTHI BUIa/IKIB apTHIICPIHCHKHX 1 aBiallifHUX aTaK, YHACIIIOK SIKUX MICTO 3a3HaJO
cepiio3HMX pyHHyBaHb. [licis BigXoxy NPOTHBHHKA BiJ OOJIACHOTO IIEHTPY
AKTHBHICTH OOCTPLTiB 3MEHIIUIIACS, OJHAK BOHU 30CEPEAMIINCA Ha MPUKOPIOHHUX
paifoHax.
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VYnpomoexk 2023 poky BiAOyBCs TMepexili BiJ XaoTHYHUX VYAapiB JI0
CUCTEeMAaTUYHHUX OOCTPUTIB CUT 1 MICTEYOK, PO3TalllOBaHUX OE3MOCEPEeIHBO Oiys
nep:kaBHOTO KopaoHy. Haiibinbme ctpaxnanu rpomagu CemeniBcbka, HoBropoa-
CiBepcrka Ta ['opogHsHCHKA. 3a TaHUMH BIIKPUTHX JHKEPETI, JIHIIE TPOTSATOM BECHU
2023 poky y mpukopmoHHi Oymo 3adikcoBaHo monan 700 BumaakiB oOCTpLITIB
pizHoro tumy. Lle cBiAYUTh Mpo WiNecnpsMOBaHy TAKTUKY BUCHA)KEHHS HACEICHHS
MPUKOPIOHHHUX TEPUTOPIH Ta CTBOPEHHS IEPMAHEHTHOI 30HH HEOE3IeKH.

VY 2024 pori KiBKiCTh aTak 3aJMINANACA CTAOIIFHO BHUCOKOIO, ajie 3’ SIBUIIHCS
HOBi TeHJeHUii. [IpOTUBHUK MOYaB aKTUBHO 3aCTOCOBYBAaTH 3MiIIaHy TaKTHUKY:
MOEAHAHHS apTUICPIMCHKUX yIapiB i3 BUKOPHCTAHHAM OE3MIIOTHHUX JITaIbHUX
amapaTiB JUII KOPUTYBaHHs BOTHIO. Lle mpr3Beno 10 301IbIIeHHSI TOYHOCT1 00CTPLITIB
1 10 3pOCTaHHs KUTBKOCTI )KEPTB cepell HUBiIbHOTO HaceneHHs. Kpim toro, y 2024
poui Oyno 3adikcoBaHO 30UTBIIEHHS IHTEHCUBHOCTI OOCTPUIIB TpaHCIOPTHOT
iH(hpaCcTPYKTYypH: 3aJI3HUYHUX CTAHIIIH, MOCTIB, TUISTHOK aBTONDIAXiB. Ha mouaTky
2025 poky nuHaMika aTak JEMOHCTpPYe 30epekeHHs BHCOKOTO DPIBHS 3arpo3u.
CucremMaTnuHi OOCTpiM NPUKOPJAOHHHX TpoMajJ CTalnd OYACHHICTIO: JIHIIe
IPOTSTOM OJHOTO THHA JoToro 2025 poky y perioni 0yio 3adikcoBaHO Maibxke
200 arak pizHoro macmrady. Taka 4acToTa CBIIUUTH PO NPAarHEHHS INPOTUBHHUKA
MiATPUMYBATH MOCTIHHY HaNpyry, 0OMEXyBaTH MOKIJIMBOCTI PO3BUTKY PETiOHY Ta
JIeMOpaTi3yBaTH MiclieBe HaCEJICHHS.

3acTocyBaHHS METOZIB MPOCTOPOBO-YACOBOTO AHANI3Y [O3BOJISE BHU3HAYUTH
MEeBHI 3aKOHOMIPHOCTI y JuHaMini arak. [lo-mepine, BOHM MarOTh BUPaXECHY
XBWJIBOBY CTPYKTYpY: HEpioJy BUCOKOI IHTEHCHUBHOCTI 3MiHIOIOTHCS BiJIHOCHUM
3aTHIIIISAM, alle 3arajbHa TeHICHIIIS 3aHIIaEThCst CTabiTbHO BUCOKOO (pHC. 1).
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Puc. 1. Kapra YepniriBcekoi 00651acTi 3 MpUKOPAOHHOIO CMYTOIO Ta OCHOBHUMH TOYKaMH aTaK
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[To-mpyre, TPOCTEXKYETHCA 3alCKHICTH MiXK 3pPOCTAaHHAM aTaK 1 IIEBHUMH
MOJIITHYHUMHY YU BIICHKOBUMH TIOJISIMU — MPOBEJCHHSM IEPErOBOPIB, MOYATKOM
porarii BIICbKOBHX YaCTWH, aKTHBI3alli€r0 00iB Ha iHIMMX HampsMmkax. [lo-tpere,
XapaKTep aTak 3MIHIOETHCS Y 3aJIE)KHOCTI Bl TOPH POKY: B3UMKY 3pPOCTA€ KiJTBKICTh
apTUIepIACHPKUX OOCTPLNIB, TOAI AK Y JITHIH CE30H aKTHBHIIIE 3aCTOCOBYIOTHCS
OE3MUJIOTHUKHY Ta TaKTHKa ITIAIAIIB JIICIiB 1 HOJIB.

TerutoBi KapTH BUTOpaHHS Ta TMOJITOHAIBHI MOJAETI ypaKeHHUX TEepUTOPiil
3a0e3Mmed i MOKIIMBICTh KUTBKICHOTO aHAI3y IO TOMIKO/KeHb [ 12—14]. AHami3
ingekciB  pociuHHOCTI (NDVI) 1 koedinientiB Buropanns (NBR) no3Boise
kapTorpadyBaTH TIOMIKO/PKCHI JIJISTHKU JICIB 1 TOMNIB, IO XapakTepHO IS
MPUKOPAOHHOI cMyTH YepHiriBmuHu (puc. 2).

Puc. 2. TenyioBa kapTa BUTOpaHHS JIICOBUX 1 MOJIBOBUX TEPUTOPIN

Po3pobka iHhopMaIiiiHOi TEXHOJIOTIT MAacUBHOI JIOKalii JUHAMIYHUX TMOMIH y
MPUKOPJIOHHIA CMYy3i TPYHTYETbCS Ha 1HTETPOBAHOMY IMiAXO[i, SKUH IOETHYE
MeToAu 300py JaHUX, ITOPUTMH iX 0OpoOku Ta 3acobu reoindopmamiiHOI
Bisyamizamii. Ha BigMiHy BiJi aKTHBHMX CHCTEM paJioJIOKalii Y ONTHKO-
CJICKTPOHHOTO CIOCTEPEKECHHS, MACUBHI TEXHOJIOTIi HE BHIIPOMIHIOIOTH BJIACHOTO
cUrHaiy, mo 3abesmnedye MpuxoBaHicTh poOOTH Ta Oe3MeKy y BOEHHMX yMoBax. Ha
OCHOBiI yacoBUX pAxiB o0ctpiniB y CemeniBebkiit, CHoOBcpkii Ta Hosropoa-
CiBepchKiii TrpoMazax po3po0JIeHO NPOTHOCTHYHI MOJEIl 3 BHUKOPHCTAHHSIM
ARIMA, Prophet i LSTM-mepex [13, 18]. Lle mo3Bonmio nependadaTy TEHACHII
oOcTpiniB Ha ropu3oHTi 7-14 nuiB. Bepudikawis pes3ynbTaTiB mokaszajia BHCOKY
BIJIMOBIAHICTH MK TPOTHO3HUMU Ta (DAKTHYHUMH JaHUMHU.
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Puc. 3 (pamapma miarpama) y3araJlbHIOE JaHi y BHIJBIAI OaraTroBHUMipHOT
Bizyauizauii. Takuii popMaT 3pydHUH Ui IHTETPOBAHOTO aHAII3Y, aKe JTO3BOJISIE
nobaunTu OanaHCc CHIBHHUX 1 CIAOKMX CTOPIH KOXKHOTO MiIXOAY B KOMILIEKCI.
[TomironanpHI 30HH MAalOTh OUTBII «BpPiBHOBaXKEHUI» MPOdib, TOAI SK TEIUIOBI
KapTH JEMOHCTPYIOTh IIKOBI 3HA4YEHHS JHIIE 3a KPUTEPIsIMH IIBHIKOCTI Ta
HAOYHOCTI.

— TENNOBA KAPTA

swe [lONIFOMANBHI J0OHN

TouMicTL NnoK

KinoxicHnifasanis Th NOGyAOBK

MNporwo \yh\«m\—-ww JOCTOCYBANMA

Puc. 3. Pagapna niarpama nopiBHSHHS METO/IIB Bi3yaizaiii (TEIUIOBI KapTH Ta MOJIIroHaJbHI
30HH)

Takum unHOM, OOHMBa METOIU MAlOTh CBOO crielU(iuHy Hinry. TermoBi kapTH
3a0e3MeUyl0Th MIBHJKE BUSBICHHS «Taps4dX TOYOK» 1 3arajbHy Bizyali3allifo
TEHJICHIIIH, aJie OCTYMAIOThCS IOJIITOHAIEHIM 30HaM y TOYHOCTI Ta MOKJIMBOCTSIX
KiTpKicHOTO aHamizy. [loniroHanbHi KapTh, HaBOAKH, JO3BOJSIOTH OTPUMATH
JeTallbHI JlaHi, 0 MalOTh MPHUKIIAIHE 3HAYCHHS YIS MPAKTUYHUX PIllICHb, OJHAK
BHMAararoTh OLTBIIIOTO Yacy /sl Aeu(ppyBaHHS 3HIMKIB.

CyTTEBOIO CKIIQJIOBOIO € CTBOPEHHS CHCTEMH MIiATPUMKH HPUHHATTS PIllICHB,
opieHToBaHoi Ha opranu micuesoi Biaau, JICHC Ta BilickkoBi cTpykTypH. CHucTemMa
BUKOPUCTOBY€E MaTpHI pillieHb, CIIEHAPHUHA aHali3 1 KapTorpadivuHy Bizyali3alliro
JUIsl OIIEpaTUBHOIO pearyBaHHs. TeruioBi KapTH 103BOJISIOTH HAOUHO MPEJCTaBUTH
MIPOCTOPOBHIA PO3MOILI BOTHEBOIO BIUIMBY Ta HOT0O IHTEHCHUBHICTD. J{J1s1 puKiiaay,
TEIJIOBe MoOjeIoBaHHs jJaHux Yy CeMEHIBChbKIM TrpoMaji IoKa3ajio YiTKy
KOHIIEHTPALIIO «TapsSuuX TOYOK» B3JIOBK MIBHIYHOI IPUKOPJOHHOI CMYTH. Y Tepioa
i3 TpaBHS 1O >k0BTeHb 2023 pOKy y Wil 30HI TEMJIOBI KapTH 3adikcyBain 3HAYHO
BUIIY IIUJIBHICTh TIOXKEX Y MOPIBHIHHI 3 IEHTPATLHUMH PailiOHaMHU TPOMAJIH, IO
MiATBEPIMIIO JAaHI CYNyTHUKOBHX 3HIMKIB Sentinel-2. YV CHOBCcbKil rpomai
AHAJIOTIYHUM MiAXiX AaB 3MOTY BHSIBUTH TNEPIOAMYHI CHAlaXd BUTOPaHHS OIS
3aJi3HUYHUX BY3JiB, IO BKa3zye Ha MPHUIUIBHI OOCTPUTM TPaHCHOPTHOI
iHppacTpykTypu. Tabmunsg 1 103BONISE KOPOTKO TOPIBHATH OINEPATHUBHICTh i
TOYHICTb METOAIB, IMOKa3yIO4M, IO TEIUIOBI KapTW € OiNbll NPUIATHUMH JUISA
IIBHUJIKOTO pearyBaHHsl, a TOJIrOHAIbHI — JIJIsI IETAILHOTO aHAJI3y ¥ yIIpaBIiHCHKUX
PpIIIEHB.
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looBHOIO TEepeBaroro TEIIOBUX KapT € ONEepPaTHBHICTh aHANi3y: JOCTAaTHHO
0a30BOro HaOOpy MaHUX (KOOPAMHATU W 4Yac MOii), 00 OTPUMATH Bi3yajbHE
VSBJICHHS NP0 Macimrabu mnpoOiiemMu. TeruioBa kKapTa € TakoX e(EeKTUBHUM
IHCTpyMEHTOM [UIsl iH(OpPMyBaHHS OpraHiB Aep>KaBHOI BIIAaaW, MIDKHAPOIHUX
MapTHEPIB UM MICIIEBOTO HACEICHHS, OCKIIBKMA BOHA IHTYITHBHO 3p0O3yMila HaBiTh
0e3 cremianbHOi MiAroToBku. BogHo4yac ciaOKuM MiCIleM TETUIOBOTO MiJXOdy €
HOT0 YMOBHICTH: MEXi 30H HE MafOTh YiTKOI IMPOCTOPOBOi (piKcarlii, o yCKIaIHIOE
3aCTOCYBaHHS JTAaHUX JUTS PO3PAXYHKIB TUIOMN] 200 TNIaHYBaHHS KOHKPETHHUX 3aXOJIiB
i3 mikBimanii HachigkiB. s y3aranbHEHHsI pe3yJbTaTiB MPOBEACHO MOPIBHSIHHS
TEIJIOBUX KapT 1 MOMIrOHAILHUX 30H.

Tabmuug 1. [TopiBHSHHSA XapaKTEPUCTHK TEIUIOBUX KapT 1 MOJIrOHANBHUX 30H IS
Bizyautizallii BUropanss repuropiit (2022-2024 pp.)

Kpurepiii Temnosa xkapra IToaironananHi 30HU
IIBuakicTs Hyxe BACOKa, JOCTaTHBO [Motpebye momaTkoBOi
- MiHIMaJILHOTO Ha0Opy JaHUX Jemudparii CymyTHIKOBHX

y (KoopauHATH + Yac). 3HIMKIB Ta BepHdiKaIiii Mex.
Bizyanbna [HTYiTHBHO 3p0O3yMiJia, YiTKO MeHu edekTHa IS OrIIsAy, aue
HAOYHICTh BHJIUJISIE «TapsTdi TOUKHY. HaJa€ TOYHI IPOCTOPOBI MEXi.
TounicTb . . .

. Hwusbka: Mexi 30H yMOBHI, Bucoxka: 30HM MaroTh 4iTKi
NPOCTOPOBOI . ) . .
e OpIEHTOBHI. MOJIrOHAJIbHI KOHTYPH.
JoKaJjizamii
MoxauBicTb OOMexeHa: CKIagHO Bi3HayaTH [loBHA: MOYKHA OOYHCITIOBATH
KiJLKiCHOTO IUTOII[I YU TIPOBOIUTH IUTOII, BiZICOTKH MOKPHUTTS,
aHaJi3y Tre0CTaTUCTHYHI OOYHCIICHHS. interpyBatu B ['IC-anasis.

[MixxoxnTs s 3aranpHOi oniHky [TiAXoaANTH AT ClIeHApHOTO
TEH/ICHITIH i BU3HAUCHHS MIPOTHO3YBaHHS 1 MOOYI0BH
KOHIICHTpAIIiH. MOJIeJIel pUBHKY.

HpupathicTy aas
NMPOTHO3YBAHHS

BuxopucToByeThCs A1 MIBUAKUX 3aCTOCOBYETHCS JIJIS
3acrocyBaHHs y P Y A A Y A

MpAKTHI 3BITIiB, IPE3CHTAIIIH, CTpAaTETiYHOTO IIaHyBaHHS,
P CUTYAIlIifHOTO aHaIi3y. PEKyIBTHBAILII1, OI[IHKH 30UTKIB.
. . . YV Hosropoa-CiBepchKiit
Ipuxknany Y CeMeHIBCBKiN TPOMaji TEIIOBa OPoa- P
. . . rpOMa/ii TOJIITOHHU JI03BOJIMIIN
YepuiriBebkiii KapTa Mokasajia TpH «rapsidi .
. ominnTu moHax 250 ra
obJacri 30HM» y 2023 p.

BUI'OpPaHHS.

ApxitekTypHa Mozenb reoingopmauiiiHoi cucremu (I'IC) mis MoHiTOpHHTY
MPUKOPJOHHUX TepuTopii YepHiriBcbkoi oOsacTi 0a3yeTbesi Ha  MPHHITHIT
OaraTopiBHEBOI oprasizamii JaHHX Ta MOJIYJIbHOI MOOYIOBH MPOrPaMHOTO
komriekcy. Takuii miaxix 3ade3nedye MaciiTabOBaHICTh, HAIHHICTD 1 MOXKJIMBICTb
CHY4YKOi ajganTaiii 10 JMHAMIYHMX YMOB BOEHHOIO 4Yacy. ApPXITEKTypa BKIIHOYAE
KiJIbKa B3a€EMOIIOB’I3aHUX PIBHIB:

1. PiBens 300py nanux. Ha nipomy piBHI BizOyBa€eThcs IEPBUHHA PEECTPALIis
MOJIiH 3a JONOMOTOI0 ceHCOopiB, cymyTHUKIB i OSINT-pecypcis.

2. PiBens nonepeanboi 00poOku. JlaHi 3 pi3HUX JHKEPE CUHXPOHI3YIOThCS Y
Yaci Ta MPUBOAATHLCS IO €AMHOTO hopmary.

3. PiBenn 30epiranns nanux. LleHTpansHuM siapoM € 0aza reonpocTOPOBUX
nmauux (PostgreSQL + PostGIS). Tyt xoxHa mois Mae aTpuOyTHBHHH OITHC.
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4. AmamitnaHuii piBeHb. Lleit piBeHb peaizye MpoCTOPOBO-4aCOBUN aHAI3,
KJIaCTepHU3alLlil0 Ta IPOTrHO3yBaHHSI.

5. Piens Bizyamizanii. Pe3ynbraTi aHanmizy BijoOpakatoTbes Y BUIIIAI KapT
i rpadikis.

6. PiBeHp omoBimeHHSA. 3aKIIOYHAM €IIEMEHTOM € CHCTeMa pPaHHBOTO
nonepepkeHHs. BoHa ¢opMye aBTOMaTH4YHI TOBIZOMIJICHHSI AJsl OpraHiB
BIIQJIM Ta IIMBLIBHOTO HACENIEHHS y pa3l BHCOKOI WMOBIPHOCTI TIOBTOPHOTO
o0cTpimy.

Po3pobka reoindopmaniiiHoi cuCTeMH UISI  MPUKOPAOHHHX TEPHUTOPIiH
UepHiriBcbkoi 00JIACTI Ma€ HE JIUIIC HAyKOBE, ajie i Oe3mocepeHe MPUKIaIHE
3HaueHHs. Ha BigMiHy BiI KIaCHYHHX KapTorpaiqHAX YH CTATHCTUIHHUX
iHcTpyMeHTiB, ['IC y naHomy BHNaAKy pO3IIIAJAETHCS SK IHTEIpOBaHA aHATITHYHA
mwiardpopma, 37aTHA MIATPUMYBAaTH TMPOLEC MPUHHATTSA PIIIEHb y PEXUMI,
HaGTMKEHOMY 10 PealbHOro Yacy. Ii NMpuKjIajHa ponb TONATac y TOMY, 100
3a0e3MeunTH ONlepaTHBHUI MOHITOPHHT, ()OPMYyBaHHS KapT PU3HKY, TPOrHO3YBaHHS
MOBTOPHUX aTaK, a TAKOXK 1HTErpalliio B CHCTEMY PaHHBOTO OTIOBIIICHHS HaCEICHHS
Ta OpTaHiB BIAJIH.

BucHoBkn

Y Xxomi BUKOHaHHSA HAYKOBOTO JIOCIHi/PKEHHS OTPUMAaHO Taki pe3yNbTaTH:
BJJOCKOHAJICHO alapaTHO-MPOTrpaMHUI KOMITIEKC MAacWBHOI JioKarii; copMOBaHO
IUQpPOBI KaTalorH CHEKTPIB LUBLIbHOI Ta BilicbkoBoi TexHiku; ctBopeHo [IC-
MOJIeTIi PU3WKIB ISl PUKOPAOHHOI cMyTH YUEpHITiBIIMHM; 3aCTOCOBAaHO CydYacHi
METOAM IPOTHO3YBAHHS;, PO3POOJIEHO CUCTEMY MIATPUMKHM TNPHAHATTA pPilllCHb;
OOIpYHTOBaHO MOXJIMBOCTI IHTErpaiii TEXHOJNOTii y HaIlliOHANBHY CHCTEMY
PaHHBOTO OMOBIilIeHHS. POO0Ta Ma€e MPaKTUYHY 3HAYUMICTBD JUIS 3aXUCTY HaCEICHHS
Ta iHPPACTPYKTYPH MPUKOPIAOHHHUX TPOMaJ i MOKe OyTH MacmTaboBaHa JTsl iHIITHX
perioHiB YKpaiHu Ta iHTErpoBaHa y MiXKHAPOJIHI CHCTEMU MOHITOPUHTY.
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UX RESEARCH METHODS AND STRATEGIES
IN THE DEVELOPMENT OF INTERACTIVE INTERFACES

Abstract. This article reviews current methodologies and algorithms used in UX
research for user interface design, leveraging technological advances.

UX research is essential in digital product design, although its approach varies
depending on whether the product is new or established. For new products,
research primarily involves beta testing to identify critical issues before launch.
In contrast, research on existing products focuses on implementing and evaluating
improvements to improve the user experience.

This article explores a number of UX research methods and algorithmic
approaches used in the design of interactive interfaces, with a particular emphasis
on understanding user goals, preferences, behaviors, and needs. An information
system designed to store and process data served as a case study for practical
evaluation.

The study involved real users performing specific tasks, such as completing
purchase transactions and registration forms. These actions illustrated how well-
executed UX research can lead to significant long-term savings in time and
resources. According to Forrester Research, improving user experience can
increase conversion rates by up to 400%, effectively doubling initial performance
metrics. Early detection of design flaws during the development phase also helps
minimize future project costs.

Overall, the study offers a comprehensive overview of methodologies and
algorithms that improve the quality and effectiveness of UX research in the design
of interactive systems. It highlights the critical role of user-centered design in
creating intuitive graphical user interfaces (GUIs) and other software
applications that meet user expectations and facilitate seamless interactions.
Keywords: interactive interfaces, UX research, GUI, database user interfaces.
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A.JO. Koctiok!, C.B. 3aiines!, B.M. Bacuienxo?, JL.I. 3aiineBa?

"HauionansHuii yHiBepcurer «UepHirischka noitexnika», M. UepHiris, Ykpaina
2[HCTUTYT TeJeKOMyHiKaliii 1 TmoGanbHOro iH(popMariiiHoro mnpocropy HamionambsHOi
akanemii Hayk Ykpainu, M. Kuis, Ykpaina

METO/JHU TA CTPATEI'T UX-TOCJAIIKEHHA B PO3POBIII
IHTEPAKTUBHUX IHTEP®EWCIB

Anomauia. Y cmammi po3enadaomscs Cy4achi Memooono2ii ma aneopummu, ujo
sacmocogyiombcst 6 UX-Oocniodcenni 01 po3poOKu — KOPUCIYBAYLKO2O
inmepgeticy, 3 BUKOPUCHAHHAM MEXHONOLTUHUX OOCACHEHD.

UX-0ocnioocenns € easxcnueum y Ou3auni yu@posux npooykmis, xoua tio2o nioxio
3a1eACUMb 8I0 MO20, YU € NPOOYKN HOBUM, Yl 8ice 8i00MuUll. /][5l HOBUX NPOOYKMIE
00CniOJNCeHHsL 6 Nepuly uepey 6Kuodac Oema-mecmyeanusi O  GUABTEHHS
KpumuyHux npobiem neped 3anyckom. Ha npomusazy yvomy, 0OocriodicenHs
ICHYIOUUX NPOOYKMIB 30CepeddiceHi Ha 8NpOoBAONCeHHI ma OyiHyi NoKpaujeHs O
NOMINUEHHS KOPUCMYBAYBKO20 00CEIOY.

Y yiti cmammi 0ocnioocyemoca pao memooie UX-0ocniodcenHs ma aneopummivHux
nioxo0is, WO GUKOPUCMOBYIOMbCA 6 po3pobyi inmepaxkmuenux inmepdelicis,
3 0COONUBUM AKYEHMOM HA pO3YMIHHI yineu, ynooobanv, noGediHKU ma nompeod
rkopucmysauis. Ingpopmayiuna cucmema, po3pobnena 0is 30epicants ma 0opobKu
O0anux, Cny2y8ana memamuyHum OOCIIONCEHHAM O NPAKMUYHOL OYIHKU.

Y Oocniooicenni b6panu yuacmev peanvui kopucmyeaui, sAKi GUKOHYBANU NEGHI
3a60anHs, MAKI K 3d6ePUIEHHSL MPAH3AKYIll NOKYNOK Mma peccmpayiunux gopm. L]i
0ii npoimocmpysanu, sik 0oope suxonane UX-0ocniocennss mosice npuzsecmu 00
Cymmegoi 00820CmMpoK080oi ekoHomii wacy ma pecypcie. 3a Ooanumu Forrester
Research, nokpawenns xopucmysaybkozo 00c8idy modice 30invuumu Koeghiyienmu
kongepcii 00 400%, ghakmuuno no0oigui NOYAMKOGI NOKA3HUKU epeKmUBHOCHIL.
Panne eusignenns mnedonikie Ouzauimy Ha emani pO3POOKU MAKONC CHPUSE
MIHIMIZaYTl MaOYmMHIX umpam Ha NPOEKM.

3acanom, docniodicents npononye guuepnHUil 02140 MemoooI02il ma aneopummis,
AKI noKpawytoms AKicms ma egekmusnicms docnioxcenv UX y npoexmyeanmi
inmepakmuenux cucmem. BoHno niokpecnioc Kpumuuny poib OpIEHMOBAHO20 HA
Kopucmysawa OusauHy Yy CMEOPEeHHI [HMYIMUGHO 3pPO3YMINUX  epagiunux
inmepgpeticie xopucmysaua (GUI) ma inwux npocpamuux 3acmoCyHKie, uwo
8ION0GIOAIOMb  OUIKYBAHHAM  KOPUCMYBAUie ma cnpusiioms  be3nepebiiHiil
83a€MO0ii.

Knrouosi cnoea: inmepaxmuseni inmepgeticu, UX-Oocnioscenns, epagiunuil
inmep¢eiic kopucmysaua, KOpucmyseayvbki inmepgeiicu 00 6a3 OaHuXx.

https:// doi.org/10.32347/2411-4049.2025.3.108-115

Beryn

VY cydacHOMy CBiTi AM3aliH BiAirpa€e >KUTTEBO BaXIUBY Ta HEBIIAUIBHY POJIb Y
MOBCSAKJIEHHOMY KUTTI JoguHW. [l[o6 mo-cripaBkHROMY 3pO3YMITH CYTh
kopuctyBaibkoro gocsiay (UX), crodyarky HEOOXiIHO PO3MIMPUTH TIIyMadeHHS
TOTO, 1110 OXOILTIOE «IH3aHH.

Y CcyyaCcHOMY KOHKYPEHTHOMY CEpEIOBHII BHCOKOSKICHUM JU3aliH €
00OB'S3KOBUM — 1€ KPUTHYHO BAXKJIMBHH KOMIIOHEHT Yy BCTAHOBJICHHI PHHKOBOI
nepesary. binplie Toro, Horo BIUIMB HA MOBCAKICHHE XHUTTS JIIOJEH HEMOXIIUBO
nepeouinuTH. CbOTOIHI JU3aiH — 1€ BXKE HE MPOCTO 3aCi0 eCTETUYHOTO BUPAKEHHS
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MaTepialbHUX Ta KYJIbTYPHUX IIHHOCTEH; BiH CTaB HEBIJEMHOIO YaCTHHOIO
COLiaJILHOTO YMpaBJliHHSA Ta BIUTUBY. BiH ¢dopmye cnpuitHATTS cBiTy, 30epirae
TpaJulii, cripusie IHHOBALsM, MiABUILYE KOM(OPT Ta 30aradye JIOJICHKUI TOCBIL,
POOJISTYH KUTTS O1IBIT MEPHUM Ta SICKPaBUM.

®ipMoBHil cTHIIH Ma€e 0araTorpaHHy CTPYKTypy Ta MIUPOKY chepy BILIHBY. Sk
MpaBUIIo, JOOpe po3podieHuid (ipMOBHIA CTHIb BUKOHYE B OCHOBHI (PyHKIIII.

3HAYMMICTB MBOTO JOCIIHKCHHS MOJIATaeE B 0o 30CepeKEHOCTI Ha BUBUCHHI
METOJIIB Ta aJNTOPUTMIB, IO BHKOPUCTOBYIOThCS B UX-TOCHIIKCHHAX IS
CTBOPEHHS iHTepaKTHBHUX KOPUCTYBalbKuX iHTEp(deiiciB. [IpoBeneHHs peTenbHOTO
Tta edexkruBHOro UX-AOCHIPKEHHS € BaXJIUBUM JUI PO3POOKH LUPPOBHX
CEpelOBHIN, 5KI € OJHOYACHO IHTYITHBHO 3pO3yMUIMMH Ta 3PYYHAMH IS
KOpuCTyBauya. Xoua OUIbIIICTE CydacHMX iHTepQeiciB 3HA4YHOI MipOIo
MOKJIaJIAIOTHCS Ha TpadidyHi €JIEMEHTH 3 OOMEKECHUMH MOMIJIMBOCTSIMH B3a€MOJIIl,
iHTepaKkTUBHI iHTep(heHCH BHUXOMATH 3a PaMKH IbOTO, BKIIOYAIOYH JOJATKOBI
peXMMH KOMYHIKaIlii, TaKi sSIK TOJIOCOBE BBEICHHS, Bi3yallbHi ITiIKA3KK Ta TAKTHIBHI
peakuii — ¢pyHKii, 0 BiZoOpakaloTh NPUPOTHE JIIOACHKE CITUIKyBaHHA. J{n3aliHepu
TTOBUHHI PETENbHO BUOUpaTH Halie()eKTUBHIII KaHAIW JUIS TIOCTaBKH PI3HUX THITIB
iH(opMaItii, 3aJIe’HO BiJf KOHTEKCTY Ta MOTped KOPUCTyBada.

['onoBHOIO METOIO IIBOTO JOCIIPKEHHS € aHalli3 Ta OLiHKa PI3HUX METOJIOJIOTiH
ta anroputMiB UX-mocnmipkeHHs IJis MOKpaIlleHHsS MpOLecy MPOEKTYBaHHS Ta
(hyHKITIOHATTFHOCTI IHTEPAKTUBHUX iHTEpP(EHCIB.

AHaJIi3 ocTaHHIiX gocaimkens i myomikanii. Nielsen Norman Group okpecitoe
CTPYKTYpOBaHy CHUCTEMY aHalli3y MPOAYKTY, SIKa CKIANAEThCS 3 CEMU OCHOBHHUX
etamiB. /[lo HUX HajeXaTh BCTAHOBJIICHHS YITKUX IJIE BHUMIPIOBaHHS, BHOIp
BIJIMOBITHUX METOJMIB OIIHKH, 30ip 0a30BUX [aHUX, YJOCKOHAJICHHS IH3aiHY
MPOIYKTY, MPOBEICHHS BUMipIOBaHb MiCIIsl KOPUTYBAHHS, aHai3 pe3yJIbTaTiB Ta, 3a
HEOOXI1THOCTI, OlliHKa peHTadenbHocT inBecTHii (ROI) [1].

BaxinBo 3a3HaumTH, 110 3aKJIIOYHUIN €Tall MOBUHEH IUIABHO NEPEXOIUTH Ha3akd
JI0 4YETBEPTOro eramy, mo0 3abe3neuuTH Oe3MepepBHY OI[IHKY BCTAHOBICHUX
Mmoka3HuKiB. [TMOOKE PO3yMIHHS I[LOIO MPOIECY BUMArae MoriuOICHOTO aHai3y
KOXKHOTO €TaIry OKPEMO.

Bupimaneaum  acnektom  UX-nmocmijkeHHsT € MeTa CTBOPEHHA J00pe
CTPYKTYpPOBaHOTO  KOPUCTYBAaIlbKOTO  JIOCBily, OCKUIBKM  BiH  Bijirpae
(yHIaMEHTaJIbHY POJIb B YCIIIIHOMY BIIPOBA/KEHHI IPOTPaMHOI0 MIPOAYKTY.

Merta po6oTn. MeTor cTaTTi € po3poOKa Ta BIPOBADKEHHS iH(oOpMariiHol
cucteMH sl 30epiraHHs Ta OOpOOKM JaHUX 3 OJHOYACHHM 1HTETpYBaHHIM
UX-nocipkeHb JUIsi TIOKpaleHHsT e(eKTUBHOCTI MPOEKTYBAHHS 1HTEPAKTHBHUX
iHTEepdeiiciB.

O0'ektom  nmocaimxenHs € npomec  UX-mocmiDKeHHS — po3poOieHol
iHpOpMaIliiiHOT crcTeMu Jiist 30epiranHs Ta 0OpOoOKH JTaHUX.

BukJiiax ocHOBHOT0 MaTepiaay J0CTiZKeHHS

Cyuacni meronu UX-gociipkeHs mo0y10BaHi Ha IIKaJli 3pyYHOCTI BUKOPUCTAHHS
cucremu (SUS). lle mHUpoKo 3acTOCOBYBAaHMH METOJ OLIHKM 3pPYYHOCTI
BUKOPUCTAHHS TPOJYKTY 3a JONOMOIOK CTaHJaPTU30BAHOTO ONMTYBAHHS, JIe
KOpHCTYyBadi BiAmoBijaoth Ha 10 TBep/pkeHb 3a S5-0anbHOIO miKanor Jlikepra
(1 — moBHa He3roaa, 5 — moBHA 3roja). i po3paxyHKy 3arajibHOro 0axy 3py4HOCTi
BUKOPHCTaHHS BiJIIIOBiII 0OpOOISIOTHCS 3a 3a31alIeTilb BU3HAYCHOK (HOPMYJIIOH0:
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JUTSL TBEPIDKECHD 3 HEMApHUMH HOMepaMu | BiTHIMAETHCS BiJ OLIHKU KOPUCTyBaua,
TOJI SIK JUTS TBEP/HKCHD 3 TAPHUMHU HOMEpPaMU OIliHKA BiJHIMA€eThCA Bij 5. 3aranbpHa
cyMa TOTIM MHOXHWTbcs Ha 2,5, oTpumytoun Oan Big 0 mo 100 i3 cepemnim
opieaTHpoM 68. OctaTouHuMil AT PO3paxOBYETHCS 32 TAKOIO POPMYIIOIO:

SUS = (Q1+Q3+Q5+Q7+Q9-Q2-Q4-Q6-Q8-Q10+20)*2.5, (1)

ne QN — me pe3ybTat Bignosifai Ha N-Te 3amuTaHHs 3a 1’ ATHOATBFHOIO MITKAJIOKO.

Ominka 3agoBosieHocTi KiieHTiB (CSAT) — 1ie MOKa3HUK, KWW BigoOpaxae
3aJIOBOJICHICTh KJIIEHTIB Ha OCHOBI ixHBOI emomiiiHoi peakiii. lleli moka3HHMK
3a3BHYAi PO3PAXOBYETHCS 32 JIOTIOMOTOIO IITIKAITY OLIHIOBAHHS, 1€ KIHIIEBE 3HAUCHHS
BHUPaXa€ThCH Y BificoTkax. DopMyria Juis po3paxyHKy Taka

NPS = C/Q*100%, )

ne C — KiIbKICTh KITIEHTIB, 33JJ0BOJICHUX MPOILYKTOM (SIKi TOCTAaBUIIM HOMY OIIIHKY 4
a60 5), Q — 3aranpHAa KUTBKICTh IPOBEICHUX OTITYBaHb.

Ti, xTo Mae omiHKK Bif 7 m0 8, € «HEUTpaTbHUMI». AJle «KPUTHKI Jaf0Th
ouinky He Bume 6. s po3paxyHKy 3HAUYEHHS NPHUHSATO BHUKOPHCTOBYBATH
dhopmyiy:

CSAT=((Qp-Qc)/Qr)*100%, 3)

ne Qp — 3arajibHa KiJIbKiCTb «IIPOMOYTEpiB», QC — 3araibHa KUIbKICTh «KPUTHKIBY,
Qr — 3aranpHa KUTBKICTh yCiX YYaCHHKIB OMMUTYBaHHS.

[lincymkoBuii O6am moxke kommBatucs Bing -100% mo 100%. lleit mokasHmMK
3a3BHYail BHKOPUCTOBYETHCS SIK albTEPHATUBA IIKAITi 3pY4HOCTI.

Mertoponorisi BKIo4ae 4 MUTaHHS MPO TPOCTOTY MPOJYKTY Ta OCOOIMBOCTI
¢yskuionany. ko merononorist UMUX / UMUX-Lite (Usability Metrics for User
Experience) BukopuctoBye 7-0anbHy IIKamy, KiHIEBE 3HAYCHHS MOXKHA
po3paxyBatu 3a GOpMyIIOL0:

UMUX = (Q1+Q3-Q2-Q4-+12)/24*100%, (4)

ne QN — e pe3yibTar Bianosiai Ha N-Te MUTaHHS 32 CEMUOATBEHOIO MITKAJIOKO.

€IMHUI TOKa3HUK 3pYYHOCTI BUKOPHCTAHHS — 1I€ CKIAJCHUN MOKA3HUK, SIKUH
BKITIOYA€E MIICTh Pi3HUX 3HAYCHb 3PYYHOCTI BUKOPUCTAHHSA. 3aCTOCOBYIOYH TEBHY
dbopmyity, oTpuMyeThbesi KinmeBuid Oan Bim 1 mo 10. OpHak med miaxig He €
3araJbHONPUAHIATAM uepe3 pi3Hi iHTepnpeTanii cepex aHamiThkiB. Hanpukian,
Microsoft nmpoBoauia JOCHIPKEHHS IPOTIroM 2,5 pokiB [6], ajie 0CTaTOYHOI Ta
YHIBepcallbHO 3aCTOCOBHOT METPHKH HE BJIAJIOCS BCTAHOBUTH Yepe3 po30i’KHOCTI B
MEPCHEKTHBAX OLIHIOBAHHS.

Ha mpaxtuni Buiiesragani moka3HUKH 3pYyYHOCTI BUKOPHCTAHHS 3aJIMIIAI0THCS
OCHOBHUMH IHCTpyMeHTamu st gociimkeHHs UX. YI0CKOHaJeHHS MPOAYKTY
MPOBOJSTHCS HAa OCHOBI BHUCHOBKIB, OTPUMAaHMX 3 LMX IOKa3HHKIB, aje TOYHI
PO3paxyHKH MOXHA BUKOHATH JIMLIE TicIs 300py BUYEPIHUX JaHUX.

[Ticns nporo eranmy HACTYIHUI KPOK BKITFOYAE OIIHKY PE3yJILTATIB IOCIIJKSHHS,
SKI MICTATh TOPIBHSIHHS MPOAYKTIB, OIIHKY (QYHKIIH, pEHTHHTH METPUK Ta
aHamiTHYHi Metomojorii. Tperiii eram 3ocepemkeHuid Ha 300pi OCHOBHHX
MTOKa3HUKIB 3pYYHOCTI BUKOPHUCTAHHS, BU3HAYCHUX Ha MOIICPEAHHOMY €Tarli.
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st nemoHncTpartii MoxkimBocTedt UX-10CTiHKeHb y po3po0Ili KOPUCTYBAIILKHX
iHTepdeiiciB Oyno oOpaHo iHpOpMaLiiiHy cucTeMy Ajs 30epiraHHs Ta oOpoOKH
nannx. CrcremMa Ipalfoe Ha piBHI KallCyJIM KJaciB, € 3aCTOCOBYEThCS TWHAMIYHA
MapIuIpyTu3alis s imenTudikaiii Ta kracudikamii 03HaK.

[Ipoext po3pobieno Ha Java, mo 3a0esnedye 30epiraHHs Ta 0OpoOKy HaHUX
IUIIXOM CHHXPOHi3allii 3 6a3oto nanux SQLite. B pe3ynbrari cucrema 3abe3neuye
Taki pyHKIII:

1) ABTOpH3aIlis KOpUCTyBa4ya B CHUCTEMI.

2) Peanizanis inTepdeiiciB KIi€HTIB A1 B3a€MOJII.

3) [lepenaya nanux, 1mo 30epiraroTbes y popmari JSON.

4) OtpumanHs maHux, mo 30epiratotbcs B 0a3i manmx, y SQLite ma 3amut
KITiEHTA.

OxpiM CTaHAAPTHUX OMEpalliil, TAKUX K BBEJCHHS JaHUX, MOIU(IKaIisl, aHai3
Ta Meperis, CHCTEMa TaKOX MiITPUMYE:

- Kampkynarop 1miHu NpOAyKTY A7 OIIHKA BapTOCTI.

- BingoOpakeHHS MOB'I3aHUX TMPOJYKTIB B OJHOMY (haiii.

Graphical User Interface (GUI) API peamizoBano 3a gomomororo Java Abstract
Window Toolkit (AWT), posmmpenoro posmmupenasmu TV. [laker java.awt Hamae
miatdopmo-Heszanexuuii APl xopuctyBanpkoro intepdeiicy, mo no3Boise Java-
3aCTOCYHKaM TeHepyBaTH rpadiyHuid BHBig Ta OOpOOIATH B3aEMOIII0 3
kopuctyBauamu. ODperimBopk AWT 3abesmedye CyMiCHICTH MK PI3HUMH
mwiatdpopmamu. Ha pucynky 1 imocTpyeTsesl i€papxisi ycnaaKyBaHHS BiIKETiB
AWT.

[ Button
FileDialog
Checkbox Dialog
| Obiject Frame
CheckboxGroup rame
Choice Window
| Component
Contamer
Panel
Label ScrollPane
—| List |
Serollbar

Object CheckBoxMenultem

Menultem
Menu

MenuComponent

MenuBar

Pucynok 1. 3B's130k ycnaakyBaHHsI BipkeTiB AWT
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J1J1s1 CTBOPEHHSI Cy4acHOT0 iIHTepaKTUBHOTO iHTep(eiicy mporpamu 0yj10 00paHo
nieBHi komnoHeHTH AWT (Abstract Window Toolkit) sk npukianyu pe3uaeHTHOTO
Ha0opYy BiKeTIB rpadivnoro inTepdercy as TenenpuctaBok. Cepell MOTeHIIIHHNX
KaHauAatiB s peamizamii € Button, Checkbox, CheckboxGroup, Dialog, Label,
Panel, TextArea, TextComponent Ta TextField.

OcHOoBHa TiepeBara BUKOPHCTAaHHS pE3UACHTHHX BiDKETIB iHTepdeicy
KOpHCTyBaya MOJIATae B iXHIM 3MaTHOCTI ONMTHUMI3yBaTH IPOAYKTUBHICT ¥ MEpPEKax
3 0OMEXEHOI0 TPOIMYCKHOI 3aaTHicTIo. Takuil miaxinm Qo3BOJsSE Mporpamam
eeKTHBHO MaciTa0yBaTUcs 03 HEOOXiHOCTI 3HAUHUX 3yCHJIb 3 EPEPOOKH.

Kommonentn AWT knacuikyloTbcsl SIK BaKKi KOMIOHEHTH, TOOTO BOHH
MOKJTA/IAIOTHCSl HAa HATHWBHI eleMeHTH TpadivHoro iHTepdeiicy ans peHIepuHTy.
Taxuit au3aiiH 3a0e3nevyye HATUBHUM iHTepdeiic, ane BUMarae JOAaTKOBHUX KJIaciB
Java ta mmarpopmo-crenudiyHUX KiaciB, MO poOUTH IX OUIBII pECypCOEMHHMHU.
llle omHMM OOMEXEHHAM € IXHS HEIPO30pPiCTh, SKa OOMEXye IXHIO 3HaTHICTh
CTBOPIOBATH MP030pi a00 HEMPSIMOKYTHI KOMITOHEHTH.

o6 momonmatu 1i obMexeHHs, Java Swing OyB MpeICTaBICHUH SK OiNbII
MIPOCYHYTHH 1HCTpyMeHTapiii Tpadiunoro intepdeiicy. Ha Bimminy Bigm AWT,
KOMITOHEHTH SWwing € JIETKUMH, TOOTO BOHH HE 3aJIeXKaTh BiJl HATHBHUX aHAJIOTIB i
MOKYTh BH3HA4aTH CBill BIacHWil 30BHIMIHINA BUIA. Lle 3abe3neuye y3romkeHuit
BUTJIS/I Ta MOBEIIHKY Ha pizHUX maTdopmax. OnHaK BenMKa KojoBa 6aza Swing
POOHUTH HOTO MEHII NPUAATHUM ISl CEPEAOBHIL 3 OOMEKEHHUMHU PECYPCaMu, TAKUX
SIK TEJETPUCTABKH.

[IpoBimHi TexHoJsoriyHI KoMImaHii, Taki sk Microsoft, Apple Ta Google,
pO3poOHITH BIIACHI CTaHIAPTH AU3aiHY iHTepdeiicy kopuctyBada (PucyHok 2), mob
MiTPUMYBATH MiHIMAJIBHUA PiBEHb SIKOCTI Ta 3armo0iraTé KPUTHYHUM TTOMUJIKAM
mu3aiiny inTepdericy. 1li cranmapT HagalOTh PO3POOHUKAM pPEKOMEHAAIl, SKi
JIOTIOMAraroTh CTBOPIOBATH IHTYITHBHO 3pO3yMiJl, 3pYy4Hi Ui KOpUCTyBada Ta
BiJIMTOBITat0Th HAMKpaNuM rary3eBuM npaktukam [10].

J Undo ®z
Redo %z
m Cut ®X ®

Undo *Z Copy ®C
Redo 0%z

Paste ' | Edit |

cut X = - Undo *Z
o bl Paste and Match Style 0%V fade oz

Paste #V Delete Cut X
Paste and Match Style X0V Copy ®C
Delete Delete Page. Paste %y
Delete Page... Duplicate %0 Paste and Match Style X OXV
Delete

Duplicate Select All HA Delete Page..

Duplicate
Select All A
Deselect All ORA p
Deselect All 0RA Select All A
Find » Deselect All OBA
A 4 Find 4

Spelling > Spelling > Spelling >
Special Characters. %7 Special Characters. T Special Characters. T

Appropriate grouping Too many groups Not enough groups
Pucynox 2. Ilpukinan oxHOpigHOCTI iHTepdeiicy 3 yroan Apple

VY cknamHUX 3acTOCYHKax 3a0e3neveHHs (yHKIIOHaTbHOI TOBHOTH 1HOJI MOXKe
CylepeunTd  OOMEXKEeHHSM, [0 HAKIAaJAlOThCS  CTaHAApTaMH  JIM3aiHY
IHTEepaKTUBHOTO iHTEepdeiicy KopucTyBauya. [IpoTsAroM BUKOHAHHA NpPOTpaMHU
CTBOPIOETHCS CTPYKTypa JaHHUX — CIIOBHHK KOMIIOHEHTIB, 1€ KOXXEH KIII0Y
MIPEACTABISIE HA3By KOMITIOHEHTA, a BIMMOBIAHE 3HAYCHHS 30epirac MOCHIAHHS Ha
Lel KOMIIOHEHT.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTYBaHHS, BHIL 3 (55), 2025



~ 114 ~

TakuM 49MHOM, PE3yNbTaTH HiATBEP/UKYIOTh HAYKOBY Ta INMPUKIAAHY I[IHHICTH
3allPONOHOBAHOIO MiIX0AY, 8 TAKOXK BiJKPHUBAIOThH MEPCIEKTUBH HOTO MOJAJbIION
iHTerpanii y npakTu4Hi iHpopMaLiiiHi CHCTeMH.

BucHoBku

Y nmaHiii po6oTi 3anpoITOHOBaHO Ta peaiizoBaHo UX-1ociiHKeHHS B iHGOpMAIIiiHHIi
cuctemi 30epekeHHs Ta 00poOKH iHpOopMaIlii, e MIHAICTh MPOAYKTY BH3HAYAETHCS
He Juile 0e3MOMUIKOBUM BUPILICHHSAM MPoOJeM, aje i IpOCTOTOI Ta 3pYUHICTIO
BUKOpPUCTaHHS mporpamMu. HaBiTe (yHKIiOHambHMN Ta 3pYyYHHH JOJATOK MOXKE
3aJMIUMTUCS HEBUKOPUCTAHUM, SKIIO BiH BUKJIMKA€ HEraTHBHI eMouil Yy
KOPHCTYBa4iB, OCKUIbKM 1€ 3HWXKYyE e(eKTUBHICTH Ta 30i1blIye HMOBIPHICTH
noMwiok. JloOpe po3poOieHuii, IHTYITHBHO 3pO3yMinHil iHTepdelic 3HaYHO
MiBUIIYE 3pyYHICTh BUKOPUCTAHHS, 320€31MeUy0un MaKCHMalbHy KOM(pOPTHICTb.
JochimKkeHHsT TPONEMOHCTPYBAIO, IO KOMEPIIHMHWN ycImix Oe3mocepeHpo
MOB'SI3aHUI 3 MPOCTOTOI0 BUKOPHUCTAHHS, YOTO MOXKHA JIOCSTTH 3aBJISIKUA PETEIBHO
pOo3pobIeHOMY Ta IHTYITUBHO 3p0O3yMIJIOMY KOPUCTYBAIbKOMY iHTEpdeEnCy.

I[Mpouec mocmiKeHHS TPOBOIUBCS 32 CTPYKTYPOBAHUM IiIXOIOM:

1. [TouaTKkOBUI1 aHATI3 — OIlIHKA IOTOYHOT'O CTaHy IHTEp(ECcy KOpUCTyBayYa.

2. Orasip niTepaTypy — BUBYCHHS ICHYIOUHUX JIOCIIPKEHB 3 PO3pO0KH iHTepdeicy
KOpHCTyBaya.

3. Metoau nociimpkenns UX — aHalli3 aropuTMiB Ta MAXOMIB A0 AOCHTIKCHHS
UX.

4. IlpoexTHA TOKYMEHTAIIiSI — 3aIHiC TPOIIECY MPOEKTYBAHHS B TOSCHIOBAIBHIN
3aIUCLI.

[Nopanemn IOCTIKEHHS! MOXYTh PO3UIMPHTH 110 POOOTY, MpOaHai3yBaBIIU
anpTepHaTHBHI Metoau JociuipkeHHs UX Ta po3poOWBIIM HOBI cTparerii uis
iHTeTpamii JoCTiKeHb Y Pi3Hi cpepH MPOeKTiB.

CIIUCOK JITEPATYPHU / REFERENCES

1. Williams, R. (2018). Design for Non-Designers (V. Ovchinnikov, Trans.). Symbol-Plus.
2. Williams, R. (2018). Design Studio (V. Ovchinnikov, V. Timokhin, Trans.). Symbol-Plus.
3. Simons, J. (2018). The Designer's Handbook. Illustration processing (A.V. Bankrashkov,
Trans). AST; Astrel.

4. Twemlow, E. (2018). Graphic design. Corporate identity, latest technologies and cative
ideas. AST.

5. Vneeler, A. (2017). Design Brand Identities: An Essential Guide for the World Branding
Team. Wiley.

6. Cooper, A. (2009). Psychiatric hospital in the hands of patients.

7. Napoles, V. (2019). Corporate Identity Design. Wiley.

8. Lupton, E. (2018). Graphic Design: The New Basics. Princeton Architectural Press.

9. Belch, G. E. (2018). Advertising and Promotion: An Integrated Marketing
Communications Perspective (10th ed.). McGraw-Hill.

10. Gothelf, J. (2018). Lean UX: Designing Great Products with Agile Teams. O'Reilly
Media.

Cmamms naditiwna 0o pedakyii 16.07.2025 i npuiinama 00 OpyKy nicia peyeH3V6aHHs.
03.09.2025

The article was received 16.07.2025 and was accepted after revision 03.09.2025

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTYBaHHS, BHIL 3 (55), 2025



~ 115 ~

KocTtiok AnTon IOpiiioBny

actmipaHT YHiBepcHUTeTy «UepHiriBCchbKa IO TEXHIKa

Anpeca podoua: Ykpaina, M. UepHiris, Byn. llleBuenka, 95

ORCID ID: https://orcid.org/0009-0001-3107-9976 e-mail: 1999kostyukanton@gmail.com

3aiines Cepriii BacmiboBuy

JIOKTOP TEXHIYHHUX HayK, mpodecop kadeapu iHPOpMAIiHHUX Ta KOMIT IOTEPHUX CHCTEM
VYHiBepcutety «UepHiriBchbka MoJliTeXHiKa»

Anpeca po6oua: Ykpaina, M. UepHiris, By:1. llleByenka, 95

ORCID ID: https://orcid.org/0000-0001-6643-917X e-mail: serzal979@gmail.com

Bacnienko Biaagnciaas Muxaijiopuu

KaHIWIAT TEXHIYHUX HAYK, T.B.0. 3aBiAyBaya BiIIUTYy iHQOpMAIIfHAX Ta KOMYHIKAI[ITHIX
TEXHOJIOTiH [HCTUTYTY TeIeKOMYHIKaIlil 1 TTI00aTbHOTO iHPOPMAIIHFHOTO TPOCTOPY
akazeMii HayK YKpaiHu

Anpeca podoua: Ykpaina, M. Kuis, HokomiBcbkuii OyibBap, 13

ORCID ID: https://orcid.org/0000-0001-8156-1894 e-mail: vladvasilenko9@gmail.com

3aiinena Jlinis IropiBna

acmipaHT [HCTHTYTy TEJICKOMYyHIKaI[iii 1 mI00aTbHOTr0 I1H(POPMALIHHOIO MPOCTOPY
HanionansHol akanemii Hayk Ykpainu

Anpeca po6oua: Ykpaina, M. Kuis, YokosmiBckkuii OynbBap, 13

ORCID ID: https://orcid.org/0000-0002-0668-711X e-mail: 1ili5990n@ukr.net

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTyBaHHS, BHIL 3 (55), 2025


mailto:1999kostyukanton@gmail.com
mailto:serza1979@gmail.com
mailto:vladvasilenko9@gmail.com%20
mailto:vladvasilenko9@gmail.com%20

~ 116 ~

VK 621.396:004.89

Volodymyr Dziuba, postgraduate
ORCID ID: https://orcid.org/0009-0004-9576-814X  e-mail: navvon@ukr.net

Institute of Telecommunications and Global Information Space of NASU, Kyiv, Ukraine

APPLICATION OF CONVOLUTIONAL NEURAL NETWORKS FOR
IMPROVING THE ACCURACY OF MULTISTATIC LOCALIZATION
OF RADIO EMISSION SOURCES

Abstract. The study addresses the scientific and practical problem of improving the
accuracy of localization of radio emission sources (RES) in the high-frequency (HF)
band by combining classical direction-finding and amplitude analysis methods with
modern intelligent technologies. The relevance of the problem is determined by the
fact that traditional methods for determining the coordinates of signals largely
depend on ionospheric disturbances, geomagnetic activity, and intentional
electronic countermeasures, which significantly reduce their effectiveness.

The aim of the study is to develop a multistatic architecture of software-defined
receivers with embedded convolutional neural network (CNN) modules capable of
analyzing spectral-spatial signal characteristics and identifying hidden patterns in
input data. The paper describes the principles of constructing algorithms for joint
processing of amplitude and angular information, taking into account the
electrophysical parameters of the ionosphere and factors of electromagnetic
inaccessibility. Simulation results confirmed that the application of a hybrid
approach makes it possible to reduce the uncertainty area of localization to §—30%
of its initial size.

Special attention is given to the analysis of localization errors, their physical causes,
and minimization methods, which ensure stability and reliability of the system even
under conditions of electromagnetic countermeasures. The proposed approach
enhances the efficiency of radiomonitoring and electronic intelligence systems.
Keywords: information technologies, ecosystem, marine waters, geographic
information systems, control system, military influence, spectral channels, remote
methods.

B.A. /I3100a
[HCTHTYT TEeNekoMyHiKaiH i TiobanpHOTO iH(bopMariiiHoro mpoctopy HAHY, M. KuiB, Ykpaina

3ACTOCYBAHHS 3TOPTKOBUX HEMPOHHUX MEPEXK JUISI
MIABUIIEHHS TOYHOCTI BATATONO3ULIITHOI TOKATI3ALIL
JUKEPEJI PAJIIOBUITIPOMIHIOBAHHS

Anomauin. Pobomy npucesiueno po3e’si3anHHI0 HAYKOBO-NPAKMUYHO20 3A60AHHS,
Wo nonseac y nioSUWeHHi MOYHOCMI JOKANI3ayii ddcepen padio8uUnpOMIHIO8AHHS
(/IPB) y kopomxkoxeunvogomy (KX) Oianazoni winsixom ROEOHAHHS KAACUYHUX
Memooie nejieneayii ma amniimyoH020 aHANi3y I3 CYYACHUMU THMENeKMYalbHUMU
mexHono2iamMU. AKMmyaibHicms npobiemu 3yMOG1IeHa MUM, Wo MpaouyiiHi memoou
BUBHAYEHHS KOOPOUHAM CUSHANIE 3HAYHOIO MIPOIO  3a1excamsv 6i0  BNIUBY
ionocpepnux  30ypenv,  2eomacHimMOi  aKmu@HOcmi  ma  HABMUCHUX
PpaoioeneKmpoHHUX NePeuKoo, wo CYmmeBo 3HUINCYE iXHIO eheKmueHicmuy.

© B.A. [3100a, 2025
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Memoro Oocniddxcenns € po3pobka 6a2amono3uyitiHol apximekmypu npocpamHoO-
Keposanux npuumaiie iz 66y008aHUMU MOOYIAMU 320PMKOBUX HEUPOHHUX MEPediC
(CNN), saxi 30amui aHanizyeamu CneKmpaibHO-NPOCMOPO8i  XapaKmepucmuKy
CUCHANI6 Ma BUABTAMU NPUXOBAHI 3AKOHOMIDHOCMI Y 6XIOHUX Oanux. Y pobomi
ONUCAHO NpUHYUNU NOOYO08U aANCOPUMMIE CYMICHOI 00pOOKU amnuimyoHoi ma
Kymogoi inghopmayii, wjo epaxoeyroms eiekmpodizuuni napamempu ioHocgepu ma
Gakmopu  enexkmpomacHimnoi  HedocmynHocmi.  IIpogedeHo  MoOento8aHHs,
pe3yremamu K020 NiOmeepounU, Wo 3acmocy8anHs 2ipuoHo20 nioxody 00360A€
3Menwumy 0oacme HegusHaweHocmi micyesnaxooxcens 00 8—30% 6id nouamxosoi.
Ocobnugy yeazy npudiieHO aHaizy NOXUOOK JOKANi3ayil, IXHIM i3uuHUM
npuyuHam [ memooam MIHImMIzayil, wo 3abe3neyye cmIUKicmos | HAOIUHICMb
cucmemu Hagimo 8 yMoeax eneKmpoMazHimmo20 npomubopcmea. 3anpononoeanuii
nioxio cnpusic NiOGUUEHHIO eeKmueHOCmi cucmem padioMOHIMOPUH2Y ma
paodioenekmpoHHOI po38iOKiL.
Knrouosi cnosa: ingopmayiuini mexuonoeii, exocucmemda, MOpcbKi axeamopii,
2eoiHghopmayitini cucmemu, cucmema KepyeauHs, GiliCbKOBUL 6NIUE, CNEKMPATbHI
Kanauu, OUCMAaHYIuHi Memoou.

https:// doi.org/10.32347/2411-4049.2025.3.116-122

Beryn

Y cy4acHHX yMOBax CTPIMKOTO PO3BHTKY 3acO0iB 3B’sI3Ky Ta iH(OpMAIiifHOTO
BIUIUBY, 3aBIAaHHS TOYHOIO W  ONEPaTHMBHOIO  BHUSBJICHHSI  JDKEpeIN
panioBumnipominioBanHs (/JIPB) HaOyBae 0coOMMBOi aKTyaabHOCTI B KOHTEKCTI
3a0e3reYeHds  HaIllOHAJIbHOI  O€3MeKH, MOHITOPUHTY  €JIEKTPOMAarHiTHOTO
CepeOBHINA Ta MPOTHIIT PagioeNeKTPOHHNM 3arpo3aM. OCcOOIHUBO CKIAAHUMHU €
YMOBH JIOKaJli3allii TakuX JpKepel Yy KopoTkoxBwiboBoMy (KX) miamazowni, e
CUTHAIIM 3a3HAI0Th 3HAYHUX CIIOTBOPEHD IIiJ] BIUIMBOM 10HOC(EpH, HEOTHOPITHOTO
cepeIoBHILA TOIIMPEHHS Ta PaIiOeIeKTPOHHOTO MPOTHOOPCTBA.

Tpamuniiiai MeToau MeNeHrallii Ta TpiaHTyJIALii, He3BaXKal0YH Ha CBOIO IIPOCTOTY
i IIUpOKEe 3acTOCYBaHHS, ICMOHCTPYIOTh OOMEKeHy e(eKTHBHICTH B yMOBax
HECTaOUIPHOCTI  €JIeKTPOMArHiTHOIO  CepeloBHIIA.  30KpeMa,  3aJIeKHICTbh
XapaKTEePUCTUK MOIIUPEHHS CUTHAITY BiJ 1000BHX, CE30HHHUX Ta F€OMAarHiTHUX 3MiH
y i0HOC(epi YHEMOXKIIMBIIIOE TApAaHTYBAaHHS CTANOI TOYHOCTI JIOKai3arlii.

VY 3B’43KY 3 IIUM BHHUKAE 00’ €KTUBHA MOTpeda y CTBOPEHHI a/IallTHBHUX CHCTEM
HOBOTO TOKOJIiHHSI, 31aTHUX 3a0€3MEUYNTH TOYHE BU3HAYEHHS KOOPIMHAT JDKEpe
HaBiTh 32 yMoOBH (parmMeHTapHOrO0 ab0 crHoTBOpeHoro curHamy. OgHUM i3
MEPCHEKTHBHUX HAIPSMIB Y IIbOMY KOHTEKCTI € 3aCTOCYBaHHS METOJIB ITYYHOTO
IHTETIeKTy, 30KpeMa 3ropTkoBux HeipoHHux Mepex (CNN), saxi 3xparHi
OTIPallbOBYBaTH MPOCTOPOBO-CIEKTPaANIbHY 1H(OpMalLilo Ta BHUSBISATH HPUXOBaHI
3aKOHOMIPHOCTI Y BXiJTHUX JJAaHHX.

Y nmaHiii cTaTTi 3ampONOHOBaHO KOMIUIEKCHWUH miAXin a0 nokamizamii /IPB
y KX-miamazoni, mo O0a3yeTbcsi Ha OaraToMO3MUIHHIN apXiTEeKTypi CHCTEMH
CIIOCTEPEXKEHHS 3 aJalTHBHUMHU OOYMCIIOBAIbHUMH MOAYIIMH. OO0’e€nIHaHHS
aMILTITYIHOTO Ta KyTOBOTO aHalli3y 3 METOJaMU TNIMOWHHOTO HABYAaHHS JIO3BOJISIE
CYTTE€BO 3MEHIIWTH 30HY HEBH3HAUYEHOCTI PO3TAIIyBaHHS JKEpesl Ta MiJBUIINTH
HQIIMHICTh POOOTH CHUCTEMH B YMOBax IEpenikojl. TakuM YUHOM, JaHa poOoTa

CIpsIMOBaHa Ha BUPIMICHHS BaKJIMBOI NPUKIAAHOI MPOOJEMH — IMiABHIIECHHS
TOYHOCTI MICIIEBU3HAYCHHS JDKEpeNl pAaJiOCHTHAIB B yMOBaX CKIAJIHOTO
CJICKTPOMATHITHOTO CEpPE/OBUIA — TUISXOM CHHEPrii KJIACHYHHX METOIB

pazioIoKallii Ta CyJacHUX 1HTEICKTYaIbHUX aJTOPUTMIB 00pOOKH TaHUX.
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AHami3 ocTaHHIX MocaiIKeHb i myOaikaniii. Y HaykoBHX JOCIIIKEHHIX
OCTaHHIX pOKiB (Hanpukiam, [ 1]-[6]) 3HauHa yBara npuIiasS€ThCs PO3BUTKY METO/IIB
TeJICHTali] Ta MiCLIEeBU3HAUCHHS Y CKIIaJHUX YMOBaX MOMIMPEHHS paliOCUTHANTIB.

Knacuani meronm, 30KpeMa TpIaHTYISMIMHI CXEMH Ta aMIUIITYJHI OIHKH,
PO3TIAAAIOTHCS SIK 0a30Bi IHCTPYMEHTH y MOOYIOBI CHUCTEM paiOMOHITOPHHTY,
OJTHAK 1X C(EKTUBHICTh CYTTEBO 3HWKYETHhCS MpH 30ypeHHsSX y ioHOchepi abo
BIUTHBI MEPEIITKOI.

Oco0HBOi aKTyaTbHOCTI HaOyBa€ 3aCTOCYBAHHS METOIB MITYYHOTO 1HTEIEKTY
Ui OOpOOKM CHUTHAQIIB Y PpafiOeNeKTPOHHUX CHCTeMax. 30Kpema, 3rOpTKOBi
Heiiponni Mepexi (CNN) ycHiliHO BUKOPHUCTOBYIOTHCS AJIsl aHaNi3y MpOCTOPOBO-
CHEKTPaJIBHIX XapaKTePUCTHK CUTHAIIB [9], IO T03BOJISLE afanTyBaTUCS 0 YMOB
HETMOBHOI €JICKTPOMArHiTHOI JOCTymHOCTI. Y nociimkeHHsx [7], [8] po3risHyTO
mozeni ionocdepu (NeQuick, IRI), siki BpaxoBYIOThCS TPH MTPOTHO3YBaHHI 3aTyXaHb
Ta BIAXWJICHDb y KaHaJI mepenadi.

Oxpemi mparii TPHUCBIYEHO MUTAHHIO CTBOPEHHS TIOPUIHMX TIIXOMIB, SKi
MOEHYIOTh TICJICHTAIlil0 Ta aMIUNTYAHHHA aHali3 13 €JeMEHTaMHU TJIMOMHHOTO
HaB4YaHHA. [Ipore OinpmIicTF 13 HUX HE BpPaXOByE JAHHAMIYHY IPHPOIY
pamiocepeoBHIIa Ta HE PO3TIIAIAE CIIeHapil 00MOBOr0 3aCTOCYBAHHS, JI€ BYKIIHBOIO
€ 3IaTHICTh CUCTEMH JI0 PoOOTH 3 PparMeHTapHUMH a00 3aITyMICHUMH CUTHAJIAMH
B peajbHOMY Yaci.

TakuM umHOM, y CydYacHili HAyKOBIH IJliTepaTypi iCHy€e NEBHHUH PO3PHUB Mixk
KJIACHYHUMHU METOJIaMU 0OPOOKHM PajiioOCUTHANIB Ta IHTSIEKTyaIbHUMH IX0IaMHU
10 Jokajizamii jpxepen. Llel po3puB 1 MOKIMKaHAa 3allOBHUTH 3alpOINIOHOBAHA y
CTaTTi KOHIIEMIisl TIOPUIHOI aJalTHBHOI CUCTEMHU.

MeTta po6oTn. MeToro CTaTTi € IMiJABUIIEHHS TOYHOCTI BU3HAYCHHS KOOPAWHAT
JDKeped  paJioBUIPOMIHIOBAaHHS Y KOPOTKOXBHJIBOBOMY JIiala3oHi HUISXOM
MOETHAHHS METOIB aMIUNTYJHOTO Ta KyTOBOI'O aHalidy 13 3aCTOCYBaHHSIM
3rOPTKOBHX HEHPOHHUX MEPEXK.

O0'ekTOM JOCHITIKEHHSI € Tporec 0araTomo3uIliiHOI JIoKalli3amii JpKepen
pamiocHrHaiiB i3 BHUKOPUCTAHHSIM THPOTPaMHO-KEPOBaHWX NpUHMadiB  Ta
HelpoMepeKeBUX MOYJIB y CKIQJHUX YMOBaX €JIeKTPOMAarHiTHOTO CepeIO0BHIIIA.

Buxkiaa ocHOBHOro MaTepiajty 10C/IiIKeHHs

CyuyacHi MeToAM TMeNneHramii Ta aMIUNTyJHOTO  aHali3y CUTHANIB Y
KOPOTKOXBHJILOBOMY Jlialla30HI MalOTh CYTTEBI OOMEKEHHS, HI0 3YMOBJICHO
CKJIQJIHICTIO TIONIMPEHHS eJICKTPOMArHITHUX XBUJIb Y CEPEIIOBHIII 3 10HOCHEPHUMHU
30ypeHHSMH Ta €0 30BHILIHIX Nepemkon. ToMy BHHHKAae HEOOXiTHICTH Yy
BUKOPHUCTAHHI OLIBII THYYKHX 1 aJANTUBHUX IIJXO/IB, SKi JO3BOJISIOThH IHTETPYBaTH
Pi3HOPIIHI naHi Ta  MiJABHMILYBaTH  TOYHICTb JoKajizamii - JpKepen
PanioBUIIPOMiHIOBAHHSI.

VY naHiit po6oTi OyIJI0 IPOBEACHO AOCIIKCHHS €(DEeKTHBHOCTI 0araToMo3UIIHHIX
KOH(QIryparriif CHCTEM pajiioMOHITOPHUHTY, O 0a3YIOThCS Ha IPOTPaMHO-KEPOBAHUX
npuiiMadax i3 BOyZOBaHMMHM  aJanNTUBHUMH  MoAysiMH. Jnga  aHamizy
3aCTOCOBYBAJINCS] METOAN CUCTEMHOTO Ta CIIEKTPAIbHOTO MOJIEIIOBAHHS, K1 AajH
3MOTY OI[IHUTH BIUIUB 10HOC(epHHUX (HaKTOPIB HA MapaMeTpH KOPOTKOXBHIILOBUX
CHUTHAIIIB.

KntouoBuM eneMeHTOM JOCHIIKEHHS CTal0 BUKOPHCTAHHA 3TOPTKOBHUX
HetiporHNX Mepex (CNN), 3maTHrX 00po0IIATH 0araTOBEKTOPHI TaHi aMIUTI Ty JHOTO
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Ta KyTOBOTO aHajlizy. HaBuaHHS HEeWpoMepeki 3MIHCHIOBATIOCS Ha CHHTCTUIHOMY
naraceti, mo mictuB moHax 10 000 Bapiamiii KoopAWHAT JKeped Ta HapameTpiB
curHaiiB. Jlns onTmmizamii mpomecy Oyli0 BHKOPUCTaHO (DYHKINKO BTpaT
cepenHbokBaapaTidHoi ToxuOkm (MSE) Ta amroputm Adam i3 mOYaTKOBHAM
koedirmiearom HaBuauHusa 0.001.

Oxpim HelpoMmepexeBoi OOpOOKH, 3aCTOCOBYBaJHMCS I KIACHYHI METOIU
amanTuBHOI (pimpTpallii Ta 3riIaHKyBaHHs, SKi 3a0e31euyBalii 3MEHIIIEHHS BILUTUBY
IIyMiB 1 mepemkoy. s OIiHKA TOYHOCTI MOJENi BHKOPHUCTOBYBAIIMCS METPHUKH
CepeTHPOKBAIPATUYHOI TOXUOKHM Ta IHTErpaibHOI 001acTi HEBU3HAYCHOCTI, IO
JIO3BOJIWJIO OTPUMATH KIJIBKICHI TOKa3HWKU €(EeKTUBHOCTI 3alpOINOHOBAHOTO
MiIXOAY.

ExcnepumenTtansHi  BUOPOOYBaHHS  MPOBOJWIUCS Y  3MOJIEIbOBAHOMY
CepEe/IOBUII[, SIKE BpPaxXOBYBAJIO  pealbHI  (AaKTOpU  EIEKTPOMArHiTHOTO
MPOTHOOPCTBA, 30KpEeMa 3HMKSHHS CITiBBITHOIIICHHS CUTHAJ/IIyM 110 3 1b, a Takox
o0  HaBMHCHHX Tmepemkoa. Otpumani pe3ynbTaTH  MIATBEPAWIH, IO
3allpONOHOBAaHUM MeTOA 3a0e3ledyye BHCOKY CTIMKICTh Ta NPUAATHICTH JI0
MPAKTUYHOTO 3aCTOCYBaHHA B CHCTEMax PaiOMOHITOPHHTY Ta PaJiOeieKTPOHHOI
PO3BIIKH, ICTOTHO IEPEBUIIYIOYH TOYHICTh KIIACHIHHX ITiIXOIB.

VY mporneci MoaeIroBaHHs 0araTomo3uIiHHOT CHCTEMH MiCIICBH3HAYCHHS [DKEpe
PaliOBHIIPOMIHIOBaHHS peali30BaHO IHTErpalilo aMIUTITYJHOTO aHamizy Ta
MeJeHTaliiaol iHdopMartii, sika y KIaCHYHOMY BapiaHTI BUKOPUCTOBYETHCS IS
pO3B’si3aHHs 3a/1a4 TpiaHryssinii. OCHOBHA iiesl JOCHIPKEHHSI IOJIATaE Y TOMY, IO
BUKOPHUCTAHHS JIMIIE OJHI€T XapaKTePUCTHKH CUTHAIY (aMILTITyId abo HampsMy
MIPUXO.TY ) IPU3BOIUTH A0 3HAYHUX TOXUOOK, OCOOIMBO Y BHITAIKaX HECTAOITBHOCTI
ioHOCepH Ta Ail MTyYHHUX mepenrkoa. Tomy Oyno oOpaHO KOMOIHOBaHMA MiAXis,
SIKUH JTO3BOJISIE Y3rOPKEHO aHaJi3yBaTH JaHi BiJ KUIBKOX MPHUIMaviB Ta OopMyBaTH
O1JIBII TOYHI KOOPJAMHATHI OIIHKH.

MarematnyHa MOJETh KOMOIHOBAHOTO MiIXOJy, HeXal y OaraToIro3WIliiHiHi
cHCTeMi € m MpuiiMadiB, IO PO3TAIIOBAaHI y BIIOMUX KOOpIUHATax S; = (X;, ¥;)1).
Kosxxen npuiiMau hopMye mapy crocTepekeHs:

— aMIUTITYOQy curHaiy 4;,
— KyT npuxonuy 6;.

Toni 3a1a4a OLiHKK KOOpAUHAT Jukepena 7 = (x,y) QOpMyIIOeTbCs K 3a1a4a

MiHiMi3alii y3arajbHeHOI (QYHKIIT TOXHOKH:

7 = arg mFin] @), (D
e
N 2 N 2
J@) = aXy (A - A ) +BE (6 — 8 s)) 2)
ne A(7,s;) Ta 0(#,5;) — Mozie/IbHI 3HAYEHHS aMIUTITY/IM Ta HANPSMKY JUIsl TOUKH T,
a xoe(imieHTH a Ta f§ 3a4al0Th Bary KOXKHOTO THUITY CIIOCTEpPEXEHb. Takuid miaxif
JIO3BOJISIE aJalTUBHO HAJAIITOBYBATH OalaHC MDK aMIUIITYJHOI 1 KyTOBOIO
CKJIaJIOBUMH 3aJIEKHO BiJI PiBHS IIIyMY Ta YMOB MOIIMPEHHS CUTHAIIIB.
3amaya Oyma Momu(dikoBaHa NUISXOM BHKOPUCTAHHS 3TOPTKOBOI HEMPOHHOI
Mepexi (CNN), sika anpokcumye HelliHiIiHE BlI0OpakeHHS:

f:(A1,01, 0, Ay, B) = (3, 7) - )
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Jlis HaBUaHHS HEHpoMeEpeKi BUKOPUCTAHO CHHTSTHYHWHN maraceT i3 moHaz 104
KOMOIHaIIii KOOPJMHAT JPKEPEeIT Ta BiAMOBITHUX MapaMeTpiB CUTHaTIB. Bxiani naHi
Oynu HOpMalli3oBaHi Ta MOJAAHI y BUIJISAI MaTpULb CHEKTPAIBLHO-IPOCTOPOBUX
o3Hak. OYHKIIiS BTpaT BU3HAYANIACS K CEPEIHBOKBAIPATUYHA TOXUOKA:

L= 3G — 2)2 + (o — )2, “)

N
ne N — KinpKicTh mpuKIamiB y BuGipui, 7, = (x;,y;) — CHOpaBkHi KOOPAUHATH
IDKepena, 731 = (X,, ¥,) — IpOrHO30BaHi KOOPIUHATH.

HaBuanns 3xiticHroBanocst npotsiroM 100 ernox 3 BAKOPUCTaHHSAM ONTHMi3aTopa
Adam (Ir = 0.001) Ta po3mipy Oaruay 128. V pesympraTi Oymo oTpuMaHO cTaie
3HIDKCHHS] TIOXWOKM JIOKami3allii, Mo CBITYUTh PO e(PEeKTUBHICTH TIHOOKOTO
HaBYaHHS y 3a/1adyax 0araTOMO3MINIHOT JIOKai3aIlii.

[IpoBeneHmii eKCHEpUMEHT IIOKa3aB, IO CEpemHs TOYHICTh JIOKai3amii 3a
KJIACHYHUM aMILTITyTHUIM METOJIOM CTaHOBHJA ONMM3bKO 28.5 kMx28.5 kM, TOml SIK
MICJICHTaTOPHUN MeTOoJ] 3MEHIMB TOoXuOKy 10 21.3 km*x21.3 kM. KombOinoBanuit
miaxin Oe3 BHKOPUCTaHHS HEHpOMEpe)K JI03BOJIMB  JIOCSTTH TOYHOCTI Y
12.8 kmMx12.8 kM, a 3actocyBanHs CNN mamo cepemHiro TOXHOKY 6.5 KMX6.5 kM.
TakuM YMHOM, BiJHOCHE TIOKpAILCHHS Y TOPIBHAHHI 3 0a30BHMH METOAaMU
CTaHOBUTH Bif 55% mo 70%.

Hwxdae y tabm. 1 HaBemeHO pe3yibTaTH MOPIBHIIBHOTO aHANI3y TOYHOCTI
JIOKai3amii JpKepe pajliOBUIPOMIHIOBaHHSI PI3HUMHU METOIaMHU.
JoKaizamii

Tabmums 1. llopiBHsuibHME —~— aHaNli3  TOYHOCTI

PamioOBUIIPOMIHIOBAHHS Pi3HUMH METOJaMHU

JOKepen

Meron CepenHs moxubOKa, KM 3MmeHmIeHHs 06acti, %
AMIUTITY THU#H 28.5 —

Ilenenraropuuit 21.3 -

Kom6inoBanwmii (6e3 CNN) | 12.8 55

Komb6inosanuii 3 CNN 6.5 82

3MeHIIeHHsT 00JacTi HEBH3HAYEHOCTI MOXKHA q)OpMaJ'IBHO OrnucaTu 4epes3
iHTeraﬂLHHﬁ IIOKAa3HUK!

AQ = Sea=len 4500, (5)

Qgas

ne (g,, — Ioma obiacTi KMOBIPHOTO pO3TAlIyBaHHS JKepesa 3a KIaCHYHUMH
MeToaaMu, (N — IDIONIA MiCTsl 3aCTOCYBaHHS HEHPOMEPEkKEeBOT MOIEII.

Hna wHamoro Bumagky Al = 82%, mo miATBEpAKye 3HAUYHE 3POCTaHHS
TOYHOCTI.

OtpumaHi pe3yibTaTH CBi4YaTh, MIO MOEAHAHHS aMIUIITyJIHOIO Ta KyTOBOTO
aHaJIi3y 3 HEHpPOMEPEIKEeBOK 0OPOOKOIO JaHMX € OUIBII CTIHKUM JI0 BIUIMBY LIYMIB
Ta 10HOC(QEpPHHUX CIOTBOPEHb. B yMOBaX HM3BKOIO CHiBBiZHOLICHHS! CHUTHAJ/IIYM
(o 3 nb) cucrema 36epirasna 3AaTHICT BU3HAYATH KOOPAWHATH 3 OXUOKOIO MEHIIIE
10% Bixg KOHTPOJILOBAHOI 00J1ACTI, 110 POOMTH 1 MPUIATHOIO JJISi BUKOPUCTAHHS B
YMOBax CIEKTpOHHOI OOpoThOM Ta  MOOUTEHOTO  PO3TOPTAHHS  CHCTEM
PaniOMOHITOPUHTY.
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TakuM 49MHOM, PE3yNbTaTH HiATBEP/UKYIOTh HAYKOBY Ta INMPUKIAAHY I[IHHICTH
3allPONOHOBAHOIO MiIX0AY, 8 TAKOXK BiJKPHUBAIOThH MEPCIEKTUBH HOTO MOJAJbIION
iHTerpalii y NpakTU4YHI CUCTEMH 3B 513Ky Ta Oe3IeKH.

BucHoBku

Y  nmamiii  poOOTI  3ampONOHOBAHO Ta pPEai30BaHO HOBY  KOHIICTIIIIFO
0araTomo3uIIITHOTO  MICIIEBU3HAUEHHS  JDKEpel  PaliOBHIPOMIHIOBAHHSI Yy
KOPOTKOXBHJILOBOMY Jiama3oHi, sika 0a3yeTbcsi Ha iHTerpamii aMIUTITyJHHX Ta
HaNpSIMKOBUX METOJIB i3 aJlrOpuTMaMy IUTYYHOTO IHTENEKTy. BukopucTtanHs
3ropTkoBux HelpoHHUX Mepex (CNN) mamo 3Mory CyTTe€BO MiIBHITUTH TOYHICTH
BU3HAYEHHsI KOOPAWHAT, 3MEHIIMBLIM CEPENHIO0 MOXMOKY JIoKaizamii Ok HiX
yIBi4i MOPiBHSIHO 3 KIACUYHUMH METOJaMH.

OtpumMmani pe3yibTaTé TOKas3amu, mo 3actocyBaHHi CNN m03Boisie 3HaAYHO
3MEHIITUTH 00JIaCTh HMOBIPHOTO PO3TaIIyBaHHS JKepesia CUTHATY, HaBiTh 32 YMOB
HU3BKOTO CIIBBIJHOIICHHS CUTHAJ/IIYM Ta HECTaOLIBHOTO 10HOC(EpPHOro KaHay.
Le miaTBepaKy€e MOMIMBHICTD MTOETHAHHS TPAAHUIIMHAX METO/IIB 0OPOOKH CUTHAJIB
i3 Cy4acHHUMH HEHpOMEpeKeBHUMH IIIXOAaMH JUIA  BHPIIICHHA  3a1ad
PaniOMOHITOPUHTY Ta Pa/lioeIeKTPOHHOT PO3BIIKH.

Oco0HBICTIO 3aIIPOTIOHOBAHOT METOTUKH € 11 aIaNTUBHICTB, 1110 J1a€ MOYKJIMBICTh
edexTuBHO (PYHKIIIOHYBaTH NMpH (PparMeHTapHUX a0 3allyMJICHHX NaHuX. Takuid
MiAXiJg € TepCleKTUBHUM JJisl BUKOPHUCTaHHS B YMOBaxX €JIEKTPOMArHiTHOTO
MpOTHOOPCTBA, MOOLTBHUX PAAIOCHCTEM i PO3MOIIIEHHX CEHCOPHUX MEPEXK.

Haii6mmxdi HanpssMu TOJANBIIAX TOCIIKEHb TIepea0avyaroTh:

— BIPOBAKCHHSI METOJIIB T€OMPOCTOPOBOI MPHUB’A3KH OTPHUMAHUX KOOPIMHAT
no cynytHukoBux mardopm i cucrem I'IC, mo 3abe3meunts MaciuTaOHHUMA
OTIEPAaTUBHHUI MOHITOPUHT Y PEXKHUMI PEATBHOTO Yacy;

— aHayi3 Ta 3aCTOCYBaHHS IHINIMX HEHPOMEPEKEBHX apXiTEKTyp, 30Kpema
LSTM Ta ResNet, mist BpaxyBaHHS 4aCOBHX 3aJIS)KHOCTEH Ta i IBUIIIEHHS CTIHKOCTI
CHCTEMH JI0 IWHAMIYHHX 3MiH CepeIOBHILA MOLINPEHHS CUTHAIIB;

— CTBOPEHHS JOCHIJHOIO 3pa3ka CUCTEMH [yl anpodauii y peaJbHUX yMOBax,
BKITIOYHO 3 OOMOBUM 3aCTOCYBaHHSIM, 3 METOIO OIIIHKH ii €(pEeKTUBHOCTI y CUTYyaIlisX
13 HABMHCHHMH PaJi0eNIeKTPOHHUMH TIEPEIIKOIaMHU;

— aJanTamnilo MOJAeNl J0 CepeHhOXBUIILOBOTO Ta YIbTPAKOPOTKOXBHIHLOBOTO
(YKX) piana3oHiB, IO [JO3BOJHMTH PO3MHUPHUTH cdepy BUKOPUCTAHHS Ta
3a0€3MeYNTH YHIBEpCAIBHICTh CHCTEMH.

Takum uuHOM, poOOTa pOOUTH BAarOMHUIl BHECOK Y PO3BUTOK METOJIB
IHTEJIeKTYaJIbHOTO ~ MICLIEBM3HAUEHHS paJiOCHTHANIB 1 BIAKpUBA€ MIMPOKI
MOKJIMBOCTI JJIsl TOAANBLIMX JIOCHIIKEHb, CIPSAMOBAHUX Ha IHTErpaito
PalioOTEeXHIYHHUX Ta ITYYHO-IHTEICKTYTBHHUX ITiIXOIIB.
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REDUCING THE TOXICITY LEVEL OF WOOD BURNING PRODUCTS
DURING EVACUATION OF PEOPLE

Abstract. The problem of using wood for interior decoration is to ensure resistance
to high-temperature flames, so the purpose of the research was to establish the effect
of fire protection of wood on reducing flammability, smoke generation and toxicity
of combustion products. The establishment of fire hazard factors of wood
combustion was carried out by establishing its interaction with high-temperature
flames. Based on the results of field tests to determine the process of wood
flammability, it was established that wood is a combustible material, impregnated
wood withstood the temperature effect and is a difficult-to-burn material. The
average value of the smoke generation coefficient for wood in the smoldering mode
is 756.11 m’/kg and refers such wood to materials with high smoke generation
capacity. Fire-retardant treatment reduces the smoke generation of wood by almost
three times. As a result of tests of toxicity of combustion products, the following was
established: the level of carboxyhemoglobin in the blood of laboratory animals
indicates that the lethal effect is mainly due to the action of carbon monoxide. The
minimum value of the HCL50 indicator, determined at a temperature of 400 °C, is
for wood treated with "FIREWALL-ATTIC" — 62.5 g/m’® and for "FIREWALL-
WOOD" — 73.3 g/m’, respectively, used to establish the value of the toxicity
indicator of combustion products and it was established that the studied materials
belong to moderately hazardous materials. This material is classified as a material
with moderate smoke-forming ability, and in terms of toxicity of combustion
products it is moderately hazardous. The practical significance is that the results
obtained were taken into account when developing measures for evacuating people.
Thus, there are grounds to assert the value of the above study, which is aimed at
regulating the combustion processes of wood products. Prospects for further
research will be aimed at identifying the point in time at which the fire-retardant
properties of wood begin to decline under the influence of high temperature, which
will allow us to investigate structural transformations in the material that lead to
an increase in the toxicity of combustion products.

Keywords: smoke formation, toxicity, fire protection of wood, intumescent coatings,
flammability group.
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KuiBchkuii HaiOHATHHUN YHIBEpCUTET OyAIBHHULITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

SHUKEHHSI PIBHA TOKCUYHOCTI NPOAYKTIB I'OPIHHA
JAEPEBHUHM IIIJI YAC EBAKYAIIL JIIOAEN

Anomayin. I[lpobrema 3acmocysanus OepeduHu Onsd OOIAUIMYBAHHA NPUMIUEHb
nonseae y 3abesneueHHi cmiukocmi 0o Oii BUCOKOMEMNEPAmypHO20 NOJIYM s, MOMY
Memoto  00CniONceHb OYI0  8CMAHOBNICHHA 6NIUBY B0CHE3AXUCT)Y OepesuHl Hd
SHUMCEHHS 20pIoYOCmi, OUMOYMBOPEHHS mMd MOKCUYHOCTI NPOOYKMIE 2OPIHHA.
Busnauenna nooicesrconebesneunux ghakmopis copinta 0epesunu NPpoBoOUU ULIAXOM
6CAHOBNICHHSL  63AEMOOIT 1T 3  6ucokomemnepamypHum noaym’sm. Ha ocHosi
00EPIACAHUX Pe3YTbIAMI6 HAMYPHUX UNPODYEAHDL 3 GUSHAYEHHS! NPOYEC) 20PIOYOCI
O0epesuny 6CMAHOBNEHO, WO Oepesura SIiOHOCUMbCA 00 20pIoYUX Mamepianis,
npocoueHa OepesuHa GUMPUMANA MeMnepamypHuii 6naus i GIOHOCUMbCA 00
saoickozoprouux mamepianie. Cepeone 3Hauenns KoeQiyieHma OuMoymeopenis Ons
Oepesunu 6 pexcumi mainms ckiaoac 756,11 m’/kz ma éionocums maxy oepesumny 00
Mamepianie 3 BUCOKOI OUMOYMBOPIOBANbHOK 30amHicmio. Boenesaxuche 00pobsiHHs
SHUNCYE OUMOYMBOPEHHs OepeuHU Matidce empuyi. YV pesyibmami eunpobysars
MOKCU4YHOCMI NPOOYKMi6  20pPIiHHA 8CMAHOBIEHO Hacmynme.  piGeHb
KApOOKCU2eMo2no0iny v Kpogi 1abopamopHux meapux ceiouums npo me, o
cmepmenvHull eghekm 0OYMOoBNIeHUl, 20I06HUM YUHOM, OIEH0 MOHOOKCUOY 8Y2llelio.
Minimanene suauenns noxasuuxa Hcrso, eusnauene npu memnepamypi 400 °C,
cknaodae ons depesunu, 0opobnenoi «PACPBOJI-ATTIKy — 62,5 2/, a ona oepesunu,
obpobnenoi «PAECPBOJI-BY]» — 73,3 o/m’ 6ionosiono. Lle suauenns uxopucmane
0N BU3HAYEHHA GeIUYUHU NOKASHUKA MOKCUYHOCMI NPOOYKMi6 2opinHA mda
6CMAHOBNEHO, WO OOCTIOJNCEH] Mamepianu GiOHOCAMbC 00 NOMIPHOHEOEe3NeYHUX
mamepianie. Januii mamepian Kuacupikyemvcs sK - mamepian 3 NOMIPHOIO
OUMOYMBOPIOBATILHOIO 30AMHICIIO, d 3a MOKCUYHICIMIO NPOOYKMIE 20PIHHSL — NOMIPHO
Hebesneunull. I[Ipakmuyne 3HAYeHHs NOJIA2AE 8 MOMY, WO OMPUMAHI pe3yibmamu 610
8PAX06AHO Ni0 yac po3pobienHs 3ax00ie npu esakyayii mooeil. Takum uyunom, €
niocmasu cmeepoICysamu npo YIHHICMb HABEOEH020 OOCTIONCEHHS, sIKe CNPAMOBAHE
HA pe2ynio8aHHs Npoyecie 20pinHa 6upobie 3 Oepesunu. llepcnekmugu nooanbuiux
dociodceHb OyOymb HANPABIIeHI HA BUAGIEHHS MOMEHNY YACY, 3 AKO20 NOYUHAEMbCS
NAOiHHA ~ BOCHE3AXUCHUX  GIACMUBOCHEl  Oepesunu  Ni0  6NAUBOM  BUCOKOL
memnepamypu, wo 003601umb 00CTIOUMU CIMPYKMYPHI NePemEOPeHHs Y MamepiaJi,
AKI NPU3B00SIMb 00 NIOBUUEHHSL PIGHS MOKCUYHOCTNE NPOOYKINIG 2OPIHHSL.
Knwouosi cnosa: oumoymeopenms, moKCUUHICMb, 802HE3AXUCH 0ePesUHU, CHYYYIOY]
NOKpUMMSA, 2pYyna 20proyocmi.
https://doi.org/10.32347/2411-4049.2025.3.123-138

Beryn

HepeBrHa HaOyJa IIMPOKOTO 3aCTOCYBaHHsI y OyJIIBHUIITBI W apXiTEKTypi 3aBISKH
CBOIM MEXaHIYHMM Ta eKCIUIyaTal[iiHMM BJIACTUBOCTSM, ajie y 3B’S3Ky 3
ITiIBUIIIEHOI0 TOPIOYICTIO € MOKEKOHeOe3neuHnM MatepianoM. [linBummTy piBeHb
MOKEKHOI Oe3nekn 00’€KTiB, 1€ BUKOPUCTOBYIOTHCS OyZiBeNbHI KOHCTPYKLII 3
JIEPEBUHU, MOXKIIMBO 3a JTOTIOMOTOIO ii BOTHE3aXHCHOTO OOpPOOJISHHS, CYTh SIKOTO
MOJISITa€ y HaJaHHI BUPOOaM 37aTHOCTI MPOTHCTOATH Iii MOMyM’sl Ta MOIIUPEHHIO
HOro mMOBepXHE, B 3amo0iraHHi BUIBHOMY JOCTYIy KHCHIO, SKHH CHpUSE
JIECTPYKIII MaTepialy 1 IPUCKOPEHHIO Ipoliecy ropinas. EdexkTuBHUM criocoOom
3HIKEHHSI TOPIOYOCTI JICPEBUHHU € BOTHE3aXHCHE 00POOIITHHSL.
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Bigomi Meroam 3abe3medeHHS HEOOXIMHOI MEXi BOTHECTIHKOCTI IepeB’sSTHUX
OyAiBeTbHUX KOHCTPYKIIH, SKi MOJSTalOTh Y HAHECEHH] MOJIETHICHUX MaTepialiB i
JIETKUX 3allOBHIOBAYiB — CIYYEHOTO MEpIiTy W BEPMHKYIITY, MiHEpaJbHOTO
BoJIokHa. 11i MaTepiasn BOJIOMIIOTh BUCOKUMH TEILIOI30IAIIHHIMHA BIIACTHBOCTAMH
a00 OCHOBaHI Ha BUKOPHUCTAHHI INTMTHHX 1 JJUCTOBHUX TEIIO130JIAMIMHIX MaTepiaiB.
e npu3BOANTS A0 MiABUIIEHHS MaTepialOEMHOCTI KOHCTPYKLIi. 11 BOTHE3aXUCTY
OyZIiBeNbHUX KOHCTPYKITIH 3 IEPEBUHHN 3HAMIILIH IIMPOKE 3aCTOCYBAaHHS CIIeIialbHi
MIOKPHUTTS HAa OpPTraHiyHill OCHOBI, a came, JOOaBKH /0 B SDKy4uX 3 ToJionediHy,
30KpeMa, Xyoprapadiny, ski 100pe MOeTHYIOThCS 3 IOTIMEPOM, JOCUTh e(hEeKTHUBHI,
OJTHaK, MOXXYTh yYTBOPIOBAaTH BHCOJIH; T€KCaXJIOPLIKJIONEHTadieH, HOro AuMepH i
aAIyKTH 3 OyTami€HOM, AIBIHUIOEH30JIOM, IIKIOOKTai€HOM, JWBHHII-O0EH30JI0M
abo MayieTHOBUM aHTiApWAOM; OpoMopraHiuHi nukiIoamipaTHYHI 3'€THAHHI —
reKCaOpOMIIIKIIONOICKAaH, TEeTPaOpPOMIIIKIOOKTAH Ta 1H., SIKI NMPU il BUCOKOI
TEMIIEPATypH XapaKTEPU3YIOTHCS MiABUIICHUM JUMOYTBOPEHHSAM Ta BHIICHHIM
TOKCHUYHUX MTPOJYKTiB TOPIHHSL.

HaiinpocTtimi BorHe3axucHi 3aco0M Ha OCHOBI HEOPTaHIYHHUX B’ SHKYUIHX
MaTepiajiB MiCTATh 3B’ sI3aHy BOAY, sIKa ITiJT Yac HAarpiBaHHS BUTIAPOBYETHCS 1 OJIOKYE
MEPEeHOC TerJa 10 IEPEeBUHH, @ TAKOXK BUKOPHUCTOBYIOTh y CBOEMY CKJIAJi HATpi€Be
piaKe CKJI0, HOPTIaHALEMEHT, MIIMHO3EMUCTHIA LIEMEHT 1 aTFOMOCHJIIKATHI B’ SDKYUI.
OpHak, Taki TIOKPHUTTS € HEJAOBrOBIYHMMH Ta HEe(EKTHBHUMH, a TaKOX HE
3a0e3MedyoTh JOCTaTHBhOI aAre3iifHOl MIIHOCTI, MO0 MPHU3BOIWUTH JO BTPATH
aAre3iiHUX BJIACTUBOCTEH 1 OCHIIAHHS TiJ Ji€0 KOJHMBAaHb TEMIIEpaTypH Ta
BosiorocTi. [lepcieKTHBHUM HANPSMKOM € ITiJBUIICHHS BOTHECTIHKOCTI JCPEBUHU
3a JIOTIOMOTOI0 ETOKCHAHUX KOMITO3UIliH, sKi MOIU(IKOBAHO MiHEPAIEHUMHI
JIUCIIEPCHUMM ~ HANOBHIOBauaMM 1 aHTumipeHamu. OJHAK, Taki MOKPUTTA
BIIHOCATBCS 70 MarepiajiiB 3 BHCOKOK JUMOYTBOPIOBAJIBHOK 3IaTHICTIO 1
TOKCHYHICTIO TIPOJIYKTiB TOPiHHS.

TakuM 4MHOM, TTOCTa€ HEOOXITHICTh Y MPOBEAICHH] POOIT y HAMIPSIMKY PO3POOKH
e(EeKTHBHUX BOTHE3aXHCHUX MOKPHUTTIB, SKi XapaKTepU3YIOThCS HHU3BKOIO
JUMOYTBOPIOBAJIBHOIO 3/IaTHICTIO Ta TOKCUYHICTIO MTPOAYKTIB FOPIHHSL.

VY po0ori [1] ckazano, mo npodecist moKeRHOro nependadae BIUNIMB O0araTbox
XIMIYHHAX PEYOBUH, Y TOMY YHCIi 0aratboX BiJOMUX 1 HMOBipHUX KaHIeporeHiB. L1i
BIUTMBU YacTO BiJOYBAarOTHCS MPH IHTCHCUBHHUX PIBHAX BIUIMBY, HE3BKAIOUH Ha
HasBHICTh ABTOHOMHHX JuxajibHuX amapariB (SCBA), saxi He MoOXHa
BUKOPUCTOBYBAaTH HECKIHUE€HHO JI0Bro. llornmHaHHS MIKIpOIO € Ba)KIMBUM JUIS
Oaratbox XiMiuHHX HeOesnek. /xeperaomM HalOUIbI TOKCUYHUX XIMIYHUX BIUIMBIB,
SIKI PEryJIIpHO 3yCTPIYAIOTHCS IMiJ] 9ac IMOXKEXKOTACIHHS, €, SIK MPAaBUJIO, TOPIHHS,
BKJIFOYAIOUH FOPiHHS JIICHOLEMIOJIO03HUX MaTepiaiB (JepeBa Ta mamnepy), a FoJI0BHE —
CHUHTETHYHHX TIOJIMEpiB, SKi POOJSATh JOCTYHHHM XJIOp JUIsS TallOTeHYBaHHS
0araTb0X MPOAYKTIB TOPIHHS, YTBOPIOIOYM cepeJ IHIIUX TOKCHYHHX XIMIYHHX
MPOAYKTIB A1OKCHHU Ta QypaHu. [HIII MPOLYyKTH TOPiHHS BKIFOYAIOTH: MO LUK YHI
apoOMaTU4Hi BYIJIEBOIHI, JEsSKi 3 SKUX € BIIOMMMH KaHIEPOr€HaMHM; JIETIOHi
OpraHiuHi CIOJYKH, BKIIIOYa0UM OEH30JI, MOTYKHUI KaHIEPOTeH, 1 TaJoreHoBaHi
BYTIJICBOAHEBI CIONYKH, OLNbII 3BHYHI SK PO3YMHHHKH, JAESAKI 3 SIKUX TaKOX €
BiZoMuMH abo0 ¥MOBipHUMH KaHLeporeHamu; 1,3-OyTajieH, KaHLEPOTeH;
(dhopMaJiblIeril, TaKoXK KaHIEPOTeH; 1 HITpoapeHH, JesKi 3 IKUX € KaHIIEPOreHaMH,
MEPEBaXHO 3 JM3ENbHUX BUKHUIIB. J[piOHI TBepJli YaCTHHKH YTBOPIOIOTHCS SIK Bij
MOKEX1, TaK 1 Bl NU3EIBHUX BUXJIOMIB. ['OCTpa TOKCHYHICTh YaTHOrO Trazy Ta
mia"imy mobpe Bimoma. B okpeMuX CHTyamisX MOKHA 3yCTPITH iHII HeOe3meuHi
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MaTepiaa, Taki sk a3z0ecT 1 mojixjopopani OidpeninbHi croayku (IIXB). Ane He
3rafly€ThCsl TPO TaJOTCHOBMICHI aHTHUMIPEHU, SKi € HOBHUM KJIacoM XiMiuHOI
HebOe3neKu.

[IpencraBnena B [2] craTTd OXOIUTIOE MOCHIMHKEHHS NPOAYKTIB 3TOPSHHS
00paHuX IPHUPOIHUX | CHHTETUIHHX ITOJIMEPIB Ta IX OCHOBHI BIACTUBOCTI 3 TOYKH
30py TOKCHYHOI Aii Ha JKWUBi OpPraHi3M# i BUAMMICTb y 30HI YpaKCHHS MOMXKEKEIO.
Hocaimkeno 3pa3zku O6epes3n 3BudaitHoi (Betula verrucosa Ehrh.), 1y6a 3Bn4aitaoro
(Quercus robur L.), amuau 3BuuaiiHoi (Picea abies (L.) Karst.), momietuneny Tta
noJinpomnineny. JlocnimkyBaHi MaTepiaiy HOPiBHIOBAIN 32 TOKCHYHICTIO MTPOIYKTIB
3TOPSIHHS 32 BHXOJOM OKCHJIy BYTJICIIO Ta 32 BHUAMMICTIO B ypasKeHii 30HI 3a
KoedimieHTOM raciHHA. Buxim OKcuay ByTJIEII0 Ta KOE(IIiEHT eKCTHHKIIII
BU3HAYQJIM B KOHYCHOMY KaJOPDMMETpi NpH TemioBoMy mortomi 30 kBr-m2
OtpumaHi JaHi MOKa3ylOTh, L0 AEPEBHI MaTepianu (MmiJ 4Yac BHUIPOOYBaHHS
KOHYCHUM KaJIOPUMETPOM) TEMOHCTPYIOTh MAaKCHMAIIBHUI BHXIiJl OKCHTY BYTJICIIO
npotsiroM Oinbir Hixk 1000 ¢ micns inimiroBaHHs (6e3monym’stHa opma TOpiHHS —
TIiHHSA). 3pa3Ky MOJIiETHIICHY MOKa3ald MaKCUMaIIbHUN BHXiJ OKCHIY BYTJICIIO Y
(ha3i BuHUKHEHHS momyM's. llomimpominieH MpoaeMOHCTPYBaB YITKO BUPAKEHHIA
JOKAIFHUH MAaKCHMYM BUXOJly MOHOOKCH/TY BYTJICIIO Oe3rocepeIHbo nepen (ha3oro
IHIIIFOBaHHS MOJIyM’sI, @ TIOTIM J[Ba YiTKHUX JIOKATBHUX MaKCUMYMHU 0€3M0CEPETHBO
nepes MOBHUM CHAIOBaHHSM 3pa3ka. 3pa3ku JIEpEeBHUX MaTepiaiiB MOKa3aid JBa
JIOKATEHUX MaKCUMyMH Koe(imieHTiB ekcTuHKIii. [lepmmii TokanbHAN MakKCUMyM
BignoBifgaB (azi 3aropsHHs monyM's. [pyruil JokanbHUI MaKCUMyM BiJIOBiJaB
Yacy nepexoay 1o 6e3moiayM'sHoro ropints. KoedilieHT racinis moiieTuieny, K i
TIOJIIIIPOITIIEHY, 3pOCTaB BiJi MOMEHTY 3aropsiHHS A0 MOMEHTY MHMOBIIHHOTO
3racaHHs MOJyM'sl (0CATaB MaKCUMAILHOTO 3HAUCHHS).

MeTa JOCHIDKCHHS, HaBEJACHOro B [3], mosisrajia B TOMY, IIO0 TOPIBHATH
KOHIIeHTpaIii TBepaux uacTok (PM) 1 mnor’szanmx 3 PM mominukimigHux
apomatuuHux ByrieBoAHiB (ITAY) mim uwac 3ropsiHHS pi3HUX THIIIB MaTepiaiB
(HampukIa, nepeBruHu a1yba, Oyka Ta COCHH, MOJIMNPOIJICHY, OJIiypeTaHy, namepy,
0aBoBHH Ta opieHTOBaHO-CTpYX)KoBHX IUIUT (OSB)), a Takox mMOpIBHATH
KaHIIEPOTeHHUI, MyTareHHUI 1 TOKCHYHUH MTOTEHIIIaJI BUKUIIB ITiJ] Yac CIIATFOBaHHS
nux marepianiB. [lepcoHampHI TOPTaTHBHI MPOOOBINOIPHUKH BUKOPUCTOBYBAIUCS
JUIs BigOOpy mpoO Ta BU3HAYEHHS KOHIeHTpaiii PM4, 3aranbHOl KiNBKOCTI
3BakeHnX dacTuHOK (3YY), ITAY, mor’s3anux i3 PM. 3pa3ku Binbupanu mij gac
KOHTPOJIbOBAaHUX NOXEX Yy J1adopaTopHHX ymoBax. HaiiBuma konuenrtpamis TU
Oyna 3adikcoBaHa I wac cnamoBaHHs mosiyperany (PM4-1818 wmr/m3,
TCII1-2800 mr/m*), Toxi sk HaliBuIa KoHIEHTpais cymint [TAY — npu cniamoansi
OSB (628,5 mkr/m® PM4-38’sa3anuii; 791,2 mxr/m® TSP-38’s3anuit TIAY). Tak,
HaiiBumii kanneporensi (85,5 wmxr/m®), myraremni (68,2 Mkr/m®) Ta TOKCHYHi
exBiBanentn (26,4 mr/m®) cymimi ITAY Bigsnaueni mpu cnamosanni OSB.
Kanneporennnit mnorenumian (KII) rpynu IIAY Bu3HadaBcs B OCHOBHOMY
koHueHTpauisimu ¢enantpeny (KII B cepemnbomy 21,6%) i mipeny (13,3%).
Pesynbpratd  JOCHIKEHHS BKA3ylOTh Ha MOXIIMBI HECHPHUATIMBI  HACIIIKH
OB’ s13aHUX 13 TBepAUMH YacTHHKaMu [TAY, 1110 BUAUIAIOTECS i 9ac TOPiHHS, A1
MOKEKHUKIB Ta 1HIIUX JIIOACH, sIKi mepe0yBaroTh M00NH3Y ocepesika MOKexKi.

VY pobori [4] cka3aHo, 1m0 amoHito nomidocdar (APP) BBaxkaeTbest epeKTUBHUM
BOIHE3aXHMCHUM 3ac000M JijIsi JICPEB’SIHMX MarepiaiiB, ajie IijJ Yac 3ropsHHS
JIEpeB’THUX KOMITO3UTIB, 00po0ieHnx APP, BUIIISIOTHCS UM i TOKCHYHI Ta3H, 110
CTBOPIOE CEPHO3HY 3arpo3y ISl KUTTS JIOAMHHI Ha MPAKTHIIL. Y ITLOMY JTOCITIHKESHHI
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iepapxiuao mopuctuii MomudikoBanuit meomt 4A APP (H4A-APP) Oys
CUHTE30BaHMH IUIAXOM TONepeaHboi 00poOku 1eonity H4A  docdopHoro
kucinotoro (PA) 3 momampior0 KOHJICHCAIi€l0 Ha MicHi 3 ce4oBHHOIO. Byio
BHTOTOBJICHO J€PEBHUMA KOMITO3UT, 00pobaeruit H4A-APP, nis sskoro mociimKeHo
3aMHUCTICTh 1 BOTHETOKCHYHICTD. TepMmorpaBiMerpuunnii anainiz (TGA) mokasas,
IO MBUAKICTH po3kinaganns H4A-APP npuckoproeTsest mpu HU3bKiN TeMmeparypi,
a TepMiyHa CTaOIMBHICTD 3aUIIKy 3HAYHO TIJBHINYETHCS TPH BHUCOKIH
temrieparypi. [lopiBHAHO 3 JepeBHUM KOMMO3UTOM, oOpoomeHum APP, nepesHi
KoMIo3uTH, 00podieHi H4A-APP, nokazanmu Ha 17,2% HMxK4YUN 1HIEKC 3pOCTaHHS
noxkexi Ha panHidt ctanii (FGI1). [likoBa mBuakicte yrBopenHs aumy (SPRP) i
mBuAKicTs yTBopeHHs CO 3a 250 ¢ (COPR250s) 3pa3zkiB, 00pooiennx H4A-APP,
smeHmwimcs Ha 35,2% 1 38,4% BigmoBigHo. bynmu mposenmeHi momanbiini
JOCHIDKEHHSI MIKPOCTPYKTYpH Ta XIMIYHOTO CKJIaiy 3aJMIIKIB BYTiJUIS, SKi
MTOKa3ajy, M0 OKPIM KaTaIiTHIHOTO edekTy meonity H4A, KorepeHTHa MOBEPXHS
Ta OPUCTA CTPYKTYPa 3aJIMIIKIB BYT1JUIA 31 3MIMBAIOYMMH CTPYKTYPAMH, TAKUMH SIK
Si-O-P/C-Si, BigirpatoTh BaXJIUBY POJb Y 3HWKEHHI MOKEKHOI TOKCUYHOCTI.

Pobora, sxa HaBeneHa y [5], Maja Ha MeTi 3aKPUTH MTPOTAITMHY B 3HAHHSAX 010
BUKHIB MJ Yac IMpOJi3y, TIIHHS Ta 3TOPSHHS KOMEPUIHHUX 130JSAMiHAX
MaTepiajiB 3 JEPEBUHH, IICIIOIO3H, JIyTOBOI TpaBU, KOHOIENb, JKYTY, IPOOKH Ta
MOPCBHKHX BOJOPOCTEH, a TaKOX MOJICTUPONY IUIsl IOPiBHAHHSA. Bynu mposeneni
1abOpaTOpHI EKCIIEPUMEHTH Ta BUMIipPIOBAHHS MPOAYKTIB TEPMIYHOTO PO3KIIaIaHHS
3a JIOTIOMOIOK0 Ta30BOi Xpomarorpadii B MOETHAHHI 3 Mac-CIEKTPOMETPIEI0
(IF'’X/MC). byno 3po3ymiyio, mo Maibke BCl MPOLYKTH MOXKHa BIIHECTH [0
HACTYITHUX BOCBMH KJIAaciB PEYOBHH: BYTJEBOIH, AallbJETiTH/KETOHU, BYTLIBHI
kucnotu/cknaani edipu, 3amimieHi ¢enomnu, dypanu, amidaTHUHI BYTIEBOJHI,
3amileHi OEH30IM Ta MOJIIUKIIIYHI apOMaTHYHI BYTJIEBOIHI. ByJi0 CTBOPEHO CIIEKTpH
PEUOBMH, SKI TIOKa3ajid TI€BHI BIIMOBIIHOCTI, OCOOJMBO MK 130JISILIHHUMHE
MarepiajiamMH, BUTOTOBICHHUMH 3 JISPEBHHHM, LETFOJIO3M Ta JYTOBUX TPaB, a TaKOXK
KOHOIUTI Ta JpKyTy. [lopiBHSHHS cymu ol mikiB Ha [’ X/MC-xpomarorpamax aaio
BKa3iBKH BIJJHOCHOTO CTYNEHS BHUKHIIB TMPOAYKTIB TEPMIYHOTO PO3KIIAJIAHHSI.
Pospaxynku BinmoBigHO A0 (D IMIKOBI IUIONI BiTHOBIFOBAHOTO Matepiany)/(Q miKoBi
IUTOIII TOJCTHUPOITY) TIoKazanu Koedimientu Bin 0,18 (mepeBo, mpodka) go 0,028
(;myroBi TpaBu). Y TEIUIOBMX BHUKHIAX YacTO BHMIPIOBAJIM BU3HAuUeHI HeOe3neuHi
peJoBHHU a00 TPyNy pedoBHH. BoHM Oynu BKITIOYEHI /IO OI[iHFOBaHHS TOKCHYHOCTI,
3a JIONOMOTOI0 SKOi, cepel IHIIOro, MOKHa OyJo MPOJEMOHCTPYBATH IepeBaru
HATypaJIbHAX TPOAYKTIB HOPIiBHSIHO 3 MOTiCTHPOJIOM.

Y poGoti [6] Oysno po3po0JCHO pI3HOMAHITHI MPOTOKOIM Ta METOIU
BUNPOOYBaHb AJISl MEPEBIPKM TOKCHMYHOCTI MPOAYKTIB 3rOpsHHs OYyIiBENBHUX Ta
MebneBux marepiani. [1lo0 cripusiTi TOPIBHAHHIO pe3yJIbTATIB TAKHX TECTIB, OYB
pPO3pOOJICHUI CTaHAAPTHUI METOJ KIUIBKICHOIO BH3HAYEHHS 1HTEHCHBHOCTI
OTIPOMiHEHHS SIK OUiHKH 103u. KoHuenTpauito gumy (C) po3paxoByBajid Ha OCHOBI
JaHUX TPO BTPaTy Baru 3paska Ta IHTErpyBaJld 3a 4acOM BIUIMBY Ha TBapuHY (t)
TaKUM YHHOM, M0 Tpoayktn Ct OTpUMYBalH B OJHMHHUILIX «MI/J XBUIJIMHY.
3acrocyBaHHS METOY OyJI0 MPOAEMOHCTPOBAHO IIJISIXOM PO3pPaxyHKY NpoayKTiB Ct
Ha OCHOBI JaHUX, HaBEAEGHUX Y JiTeparypi, Uil COpOKa II'ATM MaTepiaiis,
JOCIIPKEHUX MeToioM Tecty YHiBepcutety [litcOypra (UPT). Konnenrparis aumy
B OKpeMHX Marepiayax, BUlpooyBanux merogoM UPT, He Oyiia mocTiiHO0, 1 ACsIKi
MaTepiaqy BHPOOJSUIM UM JIMIIE MPOTSIroM TpeTHHH 30-XBHJIMHHOTO IEpiony
BIUIMBY. JIeski TIOKAa3HMKM BIUIMBY IHMY, pO3paxoBaHi 3a JOMOMOTIOIO
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3apOIIOHOBAHOTO METO Ty, CTAHOBUIN JIUIIIE BiJT OJTHIET UBEPTI 10 OAHIET IIOCTOT Bix
TOro, 110 BUIUIMBAE 3 MoBigomiieHux 3HadeHb LCS50 (g). BupaxkeHHs TOKCHYHOI
aktuBHOCTI B oamHUIIX Ct [L(Ct)50's] 3MIHMIO BiJHOCHE PaHKyBaHHS JESKUX
MarepianiB. 3arajgoM moxiOHI MaTepianu mokazanm momioni L(Ct)50. Jliama3on
3aaueHs L(Ct)50, ocobnmBo Asst BUpoOiB 3 AEPEBUHH, BUSIBUBCS By3bKHM ITOPiBHSIHO
3 Jliarma30HOM JIJIsl YMCTHUX Ta3iB 1 mapis.

IcHytoTh mOKa3M, AKi HaBeaeHO B [7] 1 MIATBEPMIKEHO CTATUCTUYHUMH JTaHUMHU
Ipo 3aru0eh JIF0ICH Ha MTOJKekKax, 1Mo 6araTo CMEepPTEIbHIX BHUITAIKIB Ha TIOXKEKaX
BiOyBarOTbCS y pe3yibTaTi BTPaTH MPale3AaTHOCTI JKePTB MiJ Ti€I0 TOKCUYHUX
OPOAYKTIB, IO BUAULIOTECA HA pPaHHIX CTafisiX TMOXEeXi, TakKuM YHHOM
MEPEIIKOAKAI0UN BUXOAY 3 IOXKEXi, a HE BHACIIIOK IPSMOrO BIUIMBY TEIUIA YH
iHmux QakropiB. BaknMBOIO YacTMHOIO pPO3YMIHHS 1[UX Mpobiem Oyio
JOCIIDKEHHSI MEXaHi3MiB BTpPAaTH Mpale3laTHOCTI BHACTIJOK BIUTUBY MPOAYKTIB
TEPMIYHOTO PO3KJIaJaHH MOTIMEPHUX MaTepianiB Ha atMocdepy. bymo mpoBeneHo
BHUMIPIOBaHHS JBOX BHIIB (Di310JOTIYHMX IMapaMeTpiB: KATTEBO BAXKIWBI O3HAKH
(mmxaHHs, enekTpokapaiorpadis Ta pecHipaTOpHi ra3u KpoBi) Ta mapameTpH, IIo
BKa3ylOTh Ha BIUIMB HAa HEPBOBY CHCTeMy (enekrpoeHiedanorpadis, CIyxoBi
BHKIIMKaHI MOTEHIIIAIH, MIBUIKICTh HEPBOBOI MpoBigHOCTI). CTBOpeHi atMochepun
Oynu po3poOieHi A BUBUEHHS BIUIMBY TIMOKCIi, TiMepKamHii, OKUCY BYTJEIIO,
mia”Hily BOAHIO Ta MPOAYKTIB  TEPMIYHOTO  pO3KIAJaHHS JACPEBHHH,
MOJIIaKPIIIOHITPHITY, MIHOTOMYpeTaHy, MOJMINPOMiIeHy, TOJICTHPOTY Ta HEHIOHY,
BUPOOJICHUX B YMOBax MipoJi3y ado OKHCICHHS B Jiana3oHi remneparyp. OCHOBHI
BHUCHOBKH TOJISITAIM B TOMY, IO CKJIaJ 1, OT’KE, TOKCHYHICTh MPOIYKTIB 3 OKPEMHUX
MaTepiaiB MOXKYTh 3HAYHO BiJ[Pi3HATHCS 3aJISKHO BiJl PI3HHX YMOB TeMIEepaTypu
Ta CTYIIeHs] OKCUTeHalli1, 32 IKUX BOHH po3kiaganucs. OHaK, He3BaXKal0uH Ha BEIUKY
CKJIaJIHICTh XIMIYHOTO CKJIAJy IOCIIKYBaHMX aTMochep, OCHOBHHMU TOKCUYHHUMH
BIUIMB Ha TBapuH OYB BIJIHOCHO IPOCTHM, 1 JUIi KOXXKHOI OKpeMoi arMocgepH
TOKCHYHICTh 3aBX/I BH3HAYANIACS OJJHUM 13 ITUX (PAKTOPIB: OKUC BYTJIEIIIO, iaHICTHI
BOJICHb a00 MmoJipa3HuKH. [IpoTe HEBiIOMO, Y 0OTOBOPIOETHCS POJH KOXKHOTO 3 IIHX
(axTopiB Y BUHUKHEHHI BTPATH Mpae3aTHOCTI MPH peaTbHAX TOXKEKaX.

JpidHOMacmTabHI BUITPOOYBaHHS HAa TOKCUYHICTH JUMY, SIK 3a3Ha4eHo y [8],
NPOBOOMIM Ha eNeKTpu4yHuX HemertaneBux TpyOkax (IIBX/JIOP) Ha ocHOBI
MOJIBIHUTXIIOPH/Y 3 BUKOPUCTAHHSIM MPOTOKOTy HarioHansHOTO 010pO CTaHIapTiB
(NBS) s merapsigoro ropinas. bymo Buznageno LC50 28,5 mr/n (£ 9,25), mo
BimHecno aum [IBX/JIOP mo kareropii TOKCHMYHOCTI, MOPIBHSHHY 3 JUMOM BiJ
JepeBUHU. Bylio TpoBeJIcHO YOTHPH BETMKOMACIITaOHI BUIPOOYBaHHS B KiMHATI
00’emomM 21 734 51 (8x12x8 ¢yrie). I[1ix yac BunpoOyBaHb i3 3aCTOCYBaHHSM Bif 18
10 30 niniiinux in’exuiii [IBX/JIOP 3 mxepenamu Temna ta 6e3 HUX OyIo 3°sICOBaHO,
mo: a) 30 mroiimie [IBX/JIOP crTBOproBaiM KOHIEHTpamito auMmy 3,3 Mr/m i
HegocTaTHIO KoHIeHTpamiro HCI, mo6 cnpruuuHuTH cMepTh a00 3HAYHI CUMITOMH
y MiIOCTiAHUX TBapuH (UIypiB), i ©) 3a HAIBHOCTI BiAHOCHO HEBEIMKOI'O BOTHIO
TEIUI0O Ta 4YaJHUA ra3 CTauu OOMEXYIUYMMH s KuUTTS panime, Hix HCL
VY 10AaTKOBUX BUIIPOOYBaHHSAX 13 3ai1ydeHHsIM npudimzno 60 mroiimie [IBX/JIOP,
JIETPAJI0BAHOTO TIiJl TEMIOBUM MOTOKOM 2,5 BT/cM?, GyJ10 JOCATHYTO KOHIEHTpAIlii
auMy 7,6 Mr/n. 3arubenb TBapHH y LUX BUIIPOOYBaHHAX MMOKa3alia, 0 CMEPTeNbHI
BUTIAJIKK TBapWH BHKIMKAHI TEIUIOBUM CTPECOM, & HE BIUXaHHIM JIMY.
BumiproBani Bizcotku Teopetnanoro Buxory HCl 'y HeBeMKHIX TeCcTax KOJIUBATUCS
B 64 10 96 BiACOTKIB, a y BEIMKOMACIITAOHUX TecTaX — Bif 23 mo 50 BiACOTKIB.
OOTOBOPIOIOTHCS MPUIMHY IIUX BiIMIHHOCTEH.
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Y poboti [9] ckazaHO, IO BOTHE3aXWCHI MaTepianu 3amoliraroTh 1
CMOBUIBHIOIOTh ~ MOIIMPEHHS BOTHIO, TMEPEIIKO/KAIYM TOPIHHIO  JaHOTo
MaTepiaiy, a B A€IKUX BUMAJIKaX aHTUIIPEHU CTBOPIOIOTH 3aXHCHE MOKPUTTS Ha
MMOBEPXHI Majardoro Marepiany. BoraesaxucHuii 3acid MOKHa BUKOPUCTOBYBATH
3 OCHOBHUM MaTepiajoM K I0JaTKOBHH 3aXUCHAN 3acib a00 XiMIYHO MPUIIETUTH
0 Marepiany sIK pEeaKTHMBHHI BOTHE3aXHMCHMI 3aci0. BinbplicTe aHTHMIpEHIB
BUIUISIIOT BHCOKOTOKCHYHI KOMIIOHEHTH, SIKI IIKIAJMBI IJIs HAaBKOJIHMIIHBOIO
cepenoBuia. B maHuii dac iHTpuryrouya o01acTh JOCHIIHUIBKOT poOOTH
30cepe/PkeHa Ha CHHTE31 Ta XapaKTePUCTUKaX €KOJOTIYHO YHCTHUX aHTUIIPEHiB,
SKi € HOBUMH, e(DeKTMBHUMH, MalOTh MEHIIY TOKCHYHICTH i € MaTepialaMu Ha
OiomoriuHiii ocHOBi. HarypampHi pOCITWHHI BOJIOKHa BHKOPHUCTOBYBAIHCS ¥
KIIBKOX KOMIO3HLIHHUX cepax, 30KpeMa, B aBTOMO011e0y 1yBaHH1, OyAiBHULITBI
Ta CLIBCBKOMY TOCMOJAPCTBi. Y MOTOYHIN poOOTI MpeacTaBlieHi KOMIIO3UTH,
apMOBaHi JEpEeBHUM BOJOKHOM, AJII BHKOPHCTAHHS B SKOCTI BOTHE3aXHUCHHX
BUpOOiB. byne mpoimtocTpoBaHO MeXaHi3M peakuii Ail aHTUIIPEHIB, a TaKOX
00rOoBOpEeHO XiMiuHi, TEpMiyHi, MeXaHi4Hi Ta MOPQOJIOTiUHI BIACTHBOCTI
BOTHE3aXUCHHUX KOMIIO3UTIB.

Metow podOTH € eKCHEepHUMEHTaJbHE IOCHIIKEHHS CTIMKOCTI IO BIUIMBY
TEPMIYHOI Jii, AMMOYTBOPIOBAIBHOI 3AaTHOCTI Ta TOKCHYHOCTI MPOAYKTIB TOPiHHS
BOTHE3aXHUIICHOI ICPEBUHU B yMOBaX HaTypHHUX BHIIPOOYBaHb.

Metonuka pociaigkeHHs. s mociimkeHHS eQEeKTHBHOCTI BOTHE3aXUCTY
JIEpEBUHA  BUKOPUCTOBYBAJIM 3pa3KW JICPEBHUHU COCHHU, SIKi  00pOOISIIH
BOTHE3aXHCHUMH 3aC00aMu:

— IIPOCOYYBAJILHUM PO3UMHOM (BorHeOi03axucHu 3acido « DPACPBOJI-ATTIK»);

— BOTHE3aXMCHUM cITyuytounM HOKpUTTIM «DAECPBOJI-BY [1».

[ToBepxHIO 3pa3KiB AePeBUHH 0OPOOJISIIM BOrHEO103aXUCHUM TTPOCOYYBAJILHUM
pozunnom «®AEPBOJI-ATTIK» 3 BuTpaToro y KibkocTi 270 r/M? Ta MOKPHUTTIM
«DACPBOJI-BYl» y kinbkocti 241 r/m* (puc. 1). Ilicns cymku 3paskiB 10
MOCTIHHOT MacH TIPOBOIMIIA HEOOXI1IHI JTOCIIKCHHSL.

abe

Puc. 1. MogespHi 3pa3ku BOrHE3aXHIICHOT IEPEBHHU: @ — HEOOPOOIeHUH; 6 — 00pobICHUI
BoruebiozaxucHuM 3acobom «DAECPBOJI-ATTIK»; ¢ — 00poOieHHI BOTHE3aXMCHUM
ciyuytounM nokputtam «PAEPBOJI-BY »
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Jlst miposti3y BOTHE3aXUIIEHOTO MaTepiary BHKOPUCTOBYBAIIN 3pa3Ky IEPEBUHU
3 cepenriMu  posmipamu 40x40 MM 1 Bucotoro 10 MM, ski 00poOIieHi
BOTHE3aXMCHUMH NOKPUTTSAMH, HABEJICHIMH BHUIIIE.

HocnijpkeHHsT 3 BH3HAYEHHS TPYNU TOPIOYOCTI JepeBUHH, 00pobieHol
MPOCOYYBAUIFHAMHI PO3YMHAMH 1 MOKPHUTTSM, JAUMOYTBOPIOBAIBHOI 37aTHOCTI Ta
TOKCHYHOCTI TOPiHHS MPOBOIMIIH 3rigHO 3 [10].

Cytp MeTomy BUNPOOYBaHb EKCIIEPUMEHTANBHOTO BH3HAYEHHS TPyNH
Ba)KKOTOPIOYUOi JICPEBUHM TOJISAITa€ y BIUIMBI Ha 3pa3oK, IO PO3TAlIOBaHUH B
YCTaHOBIII, TOIYM sl TaJbHUKA a00 paiallifHOl aHel i3 3aJaHIMH MTapaMeTPaMHU.

[lix yac mpoBeneHHS EKCIEPUMEHTAIBHUX NOCHIKEHb 3 BU3HAUYEHHS TPYIH
TOprOYOCTi (PIKCYETbCS MAaKCHUMAaNbHUI TMPHUPICT TeMIepaTypd Tra3omnoxiOHnuX
MPOAYKTIB ropiHHs (At) Ta BTpaTa Macu 3paska (Am).

3a pe3ysibTaTaMy BUIIPOOYBaHb MaTepialu KIACUPIKYIOThCS SIK:

— Baxkkoroproui — At < 60 °C Ta Am < 60%;

— roproyi — At > 60 °C yu Am > 60%.

[lpu Bu3HaueHHI KoedilieHTa TUMOYTBOPEHHS BH3HAYAIOTh ONTHYHY
MIPOBITHICTh YTBOPEHUX JTUMOBUX Ta3iB.

V 3anekHOCTI Bl oJiepkaHoro KoedilieHTa TMMOyTBOPEHHS PO3PI3HSIOTH!

— 3 MaJIOKO JIMMOYTBOPIOBAIILHOIO 3[aTHICTIO — Ginbiie 50 M/KT;

— 3 IOMiPHOKO JIUMOYTBOPOBAIBHOKO 31aTHICTIO — Oinbiie 50 M%/kr 10 500 M%/Kr
BKITIOYHO;

— 3 BUCOKOI JMMOYTBOPIOBAIEHOIO 3ATHICTIO — KOE(]IlliEHT TUMOYTBOPEHHS
Ginbie 500 M%/Kr.

Koegiuient numoytBopenns (Dm) B M*/KI BU3HAYaeThCs 32 (GOPMYJIOH0:

V T
D, =——In—2", 1
" L.m T (1

min

ne V — 00’em kamepu BumiproBanns, V = (0,66410,004) m>;

L — msx mpoxo pKkeHHs poMeHs cBitia y numy, L = (0,800£0,002) m;

m — Maca 3pasKa, Kr;

To, Tmin — BIIMOBITHO 3HAYCHHS TIOYATKOBOT'O Ta KIHIIEBOT'O CBITJIONPOITYyCKaHHS, %o.
3a cnoco0OM BHM3HAYEHHS METOAM BHUIPOOYBaHb Ha TOKCHYHICTH NMPOIYKTIB

TOpiHHS TOJUISFOThCSI HA CTaTUYHI Ta TWHAMIYHI METO/U. B cTaTHYHMX MeTomax

BUTNIPOOYBaHb BU3HAUEHHS MPOBOJSATHCS B OCHOBHOMY 32 JIBOCTQIIHHOI0 CXEMOIO:

CTBOPEHHS TPOAYKTIB TOpPIHHS MaTepialiB, a Jaji NPOBEAECHHS OTPYIOBAHHS

MiAIOCTITHUX TBAPUH NPOIYKTaMHU FOPiHHA B €KCIIO3UIIIMHMX KaMepax Ta OILliHKa

TOKCHYHOI Jiil. B JQuHaMiYHMX MeTojax BHIIPOOYBaHb IIi MPOLECH TMPOBOJISATH

0JIHOYACHO, TOOTO YMOBH BUITPOOYBaHb € OUIbII HAOIMKEHI 10 pealbHHUX, a TAKOXK

OLTBII THYYKI 00 3MiHU PEKUMIB TOPiHHSI.

B VYkpaini HaiOinbme pPO3NOBCIOKEHHS OTPUMaB METOJI BH3HAYEHHS
TOKCHYHOCTI MPOAYKTIB TOpPiHHS MaTepiamiB, periamentoBanuii 3rigao 3 JCTY
2899 [10].

Meton 0a3yeThcsi Ha TPUHIMINI CTATHYHOI Jii TPOMYKTIB TOpIHHS Ha
MiJIOCHITHUX TBapuH B eKcmo3uuiiiHii kamepi. Kamepa ropinas 00’emom
0,003 M 3abe3meuyeTbcsa €NEKTPOHATPIiBANBHOK IIAHEII0, KA BUIPOMIHIOC
TEIUIOBUH MOTIK Ha 3pa3ok Mmatepiany. [IpoaykTu ropiHHS 3 KaMepu TOpPiHHS
HAAXOIATh A0 €KCHMO3ULIHHOT KaMepu depe3 15 XBUIIMH Bifl MOYATKy TEIIOBOI il
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Ha 3pa3ok, ad0 3 MOMEHTY NOCATHCHHS MaKCHMAaJlbHOI KOHIIEHTpaIlii B Kamepi
ropiast CO ta CO;, ne mpotsirom 30 XBWIMH 3OiHCHIOETBCS OTPYIOBaHHS
migaocHigHux Oinmx Mumed. B KOHCTpyKLii yCTaHOBKH 00’€M eKCIIO3WLiiHOT
KaMepH MOJXK€ 3MIHIOBATHCS, IO [IO3BOJIIE TIPOBOIHWTH TOKCHKOJIOTIYHI
TOCITIDKEHHS 3a CTaJOI0 Macolo 3pasKiB 1 3MIHHHMM 00’€MOM €KCIO3WIIIHHOL
KaMepH, Ta HaBMaKH — 32 OJHAKOBUM 00’€MOM EKCIMO3HLIHHOT KaMepH 1 pi3HOI0
Macoro 3paskiB. BumpoOyBaHHS TPOBOAATHECS B OJAHOMY 3 JIBOX PEXHMIB —
TEPMOOKHCHIOBAJIFHOTO PO3KIANy Ta MosyMeHeBoro ropinfs. Ilicas exkcmoswmmii
YCTaHOBKY BEHTHIIIOIOTH MPOTATOM 10 XBUIIMH i peeCTpYIOTh KiNbKICTh 3aTrHONIHNX
TBapUH 1 TBapWH, fAKi BIKWIK. Hamanml OpomOBXKYIOTh CIOCTEPEKEHHS 3a
OCTaHHIMH POTSATOM 14 mi0.

Kputepiem BuOOpy peknuMy OCHOBHUX BUIPOOYBaHb Ma€ CIYKHTH HanOibIIa
KUTBKICTh 3aTM0JIUX Yy MOPIBHIOBAIBHUX IPyTax MiIAOCITIAHUX TBAPUH. 3aJISKHO BijI
CKJIaJly MaTepiaiy Iia gyac mpoBeneHHs BUIpoOyBaHb Bu3Ha4aroTh BuXig CO, CO»,
HCN, NOx, anpaeriniB Ta iHmux pedoBuH. Jns ominku Bkaaxy CO B TOKCHYHUI
edpext BumiptoroTs BMict COHb — kapOokcureMornobiny B KpoBi HiIAOCITIAHUX
TBapuH. OTpUMaHUN PN 3HAYEHb 3AJICKHOCTI JICTATBHOCTI BiJ BIAHOCHOI Macu
Marepiaay 3aCTOCOBYIOTH JUIA PO3PaxyHKY IIOKa3HUKAa TOKCHYHOCTI Hcrso, I/M°.
Po3paxyHOK cepeiHix JeTalbHHX J03 1 KOHICHTpAIlX MPOBOJATEH 32 JOIOMOTOHO
mpobiT-anamnizy [10].

VY mepuniii yacTuHI BUNPOOYBaHb 3aCTOCYBaHHS MiJJOCTIIHUX TBapuH He
MPOBOAMUTHCA. 3aMIiCTh IOTO, pamiallifHOMy HarpiBaHHIO 1 CITaJIOBAaHHIO
MiJIA€ThCS JIHMIIE 3pa30K Marepially 3pydHOrO po3Mipy, Macoro 0 5 Tpamis.
B po6ori [11] onmcyeTbes 6110k Bindopy mpoO aiist anmapaTy peakiii TOpiHHSL.

XiMi4HUH cKJaJ MPOAYKTIB TOPIHHS B €KCHO3HIIINHHIN KaMepi CIIoCTepiracThCst
3a JIONOMOT'OI0 MOCTIHHOTO aHAmiTHYHOrO MoHiTOpuHTYy: CO, CO, O, Ta iHmHMX
TOKCHUYHUX Ta3iB, IPUCYTHICTD KX MPOTHO3YETHCS 3AIEKHO Bifl XIMIYHOTO CKIIAy
MaTepiany 3pa3ka (To0To, OpraHiYHUX CIIONYK, TAJOT€HUIIB BOJIHIO, [iaHioy BOTHIO
tomio). Jlns Bu3HaueHHs cymapHoi KoHieHrtpamii CO B eKclo3uIliiiHiil kamepi
3aCTOCOBYIOTHCS METOJM 1H(PPAYEPBOHOI CIIEKTPOCKOIIIi, JJISl TaJIOreHIB BOJIHIO,
HCN rta O, — napamartiTHi aHani3aTopH.

3aranpHUIA IEPioj CIIOCTEPEKEHb Y BUIIPOOYBAHHAX CTAHOBUTH 30 XBUIIHH, 1110
BIJINOBIIa€ TEPMIHY EKCIO3WINI OTPYIOBaHHS MIJJIOCHITHUX TBapuH. [licis
3aKIHYEHHS NepUIMNX 15 XBUINH JIAaMIIM HarpiBy BUMHUKAIOTh, & TUMOXi, 1110 3’ €JHY€E
IiY 1 eKCIIO3UIIHHY KaMepy, 3aKPUBAOTh KPUIIKOKO.

Bimomo, mo JnepeBHHY 3a IMOKAa3HWKOM TOKCHYHOCTI TPOJYKTIB TOPiIHHS
BIIHOCATH 10 KIJIaCy BHCOKOHEOE3MeYHWX MartepiaiiB, ToOTo 3HaueHHS Hcrso
cranoBuTh 31,6 1/M° i 3HaX0UTHCS y Mexax BkazaHoro kiuacy 13-40 r/m’. ko
3a MOPIBHAIBHOIO OI[IHKOK BCTAaHOBJICHWH TOKCHYHHUN €(EKT BiIIOBIiIaE TAaKOMY
X, K 1 JUIS JISpEBUHH, 32 YMOB OJIHAKOBUX 3HA4YEeHb Mac 3pa3KiB, MOTEHIIiHA
TOKCHUYHICTh TaKMX MaTepialliB BU3HAYAETHCS SK ,,IpuiHATHA . TOKCHYHICTBH
MPOAYKTIB TOpIHHS TOJIMEpiB 3rigHO 3 IX BHMOTaMH He Mae OyTH OuIbII
TOKCHYHOIO, HIX MPOJIYKTH TOPiHHS HeoOpoOneHoi mepeBuHM 3rigHO 3 [12].
Bouesuip, 1110 JepeBUHI, SIK €TANIOHY, IPUTAMAaHHA OJHOPITHICTh CTPYKTYPH Ta
BIIACTHBOCTEH, a TaKOXX BOHA HE € MaTrepiaioM 3 JOMyCTUMOK TOKCHYHICTIO
MPOAYKTiB FOPiHHSL.
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OCHOBHI BUMOTH /[0 ETaJOHHUX MaTepianiB (mopoumky 1enronosun) [10]
MOJIATAIOTh Y TOMY, 1o BuauieHHs CO Mg 9ac TOpiHHS 3pa3KiB Ma€ BiMOBiIaTH
TaKUM KPUTEPIsIM: MaJloHeOe3newHi — He OimbIe 40 Mr/T; moMipHOHEOE3IIeTHI — Bif
40 go 120 mr/t; Bucokonebesmeuni — 120-360 mr/r; Haa3BMYAKHO HEOE3MEUHI —
6inpine 360 mr/T.

Y Ttabmumi 1 HaBeaeHO 3HAYCHHS OPIEHTOBHUX IApaMeTpPiB TOKCHYIHOCTI 3a
knacudikaiiero Marepiainis 3rigHo 3 [13] i3 3acTocyBanHsaM mkanu Hebesneku CO.

Tabmuus 1. Knacudikaris MaTepianiB 3a mIKano HeOe3MeKH OKCUIY BYTJICIIO

Knac Mexi 3Ha4YeHHS MacOBOTO TOKCUKO- OuiKyBaHHi
MarepianiB KOHIIEH- METPUYHOTO MOKa3HUKa Hcrso TOKCHYHHUH e()eKT Ta
tpanii CO, | 3a TepMiHOM eKCIO3MIii, I/M> smict HbCO y xpoBi
mr/m> 30 xB 60 xB
Maro- 1o 400 >120 >90 HbCO =10-20%,
HeOe3meuHi 3HIKCHHS
TIpare31aTHOCTI,
TOJIOBHUH 0iJ1b
HbCO =20-40%,
IomipHO 400-1200 40-120 30-90 CUMITOMHU BUPa3HOTO
HeOe3meuHi TpYiHHS, ane
3JIaTHICTH J10
CaMOCTIHHOTO
nepecyBaHHs He
BTpaueHa
Bucoxko- 1200-3600 13-40 10-30 HbCO =40-90%,
HeOe3rnevHi HEPYXOMICTb,
3arudenb
Hassuuaitno 3arn6ens 3a OUIBIT
HeOe3meuHi >3600 o 13 1o 10 KOPOTKHH TepMiH Jii

Bumenareneni piBai Bugiienns CO ,,eTaJOHHUMHU™ MaTepiajaMH 3aCTOCOBAHO
JUTSI OOYHUCIICHHS OYIKYBaHUX PE3YJIbTaTiB 3HaUeHb Hcrso K 32 60-XBUIMHHOIO, TaK
i 32 30-XBWJIMHHOIO EKCIIO3WITIEI0, BPAXOBYIOYH, IO 30HU TOCTPOi Mii mij yac
TOpiHHS €TAJIOHHUX MaTepiasliB MPaKTHYHO OJHAKOBI JJsl JroguHHM 3a 60- Ta
30-XBHIIMHHOI eKcro3utii Herso [14].

VY TuX BUNaAKax, KOJU BeNWYMHA Hcrso 3 ypaXyBaHHSIM CTaHIAPTHOI MOXHUOKHU
BIJIMOBiTae KpaliHIM 3HAYECHHSM ITOKa3HWKA JBOX CYMDKHHMX KJaciB, 0 yBaru
MPUAMAIOTh 10IATKOBI BiZIOMOCTI 111010 IX TOKCHYHOCTI: PEXXHM BUIIPOOYBaHb, 1aHi
po XiMIYHUH CKJIa] MPOAYKTiB TopiHHs Tomo [15].

OcHOBHA YacTHHA

Jnst  BCTAaHOBJEHHS ~ BOTHE3aXHUCHOI  €()EeKTUBHOCTI  HpWM  JOCHIHKEHHI
MPOCOYYBAILHOTO PO3YMHY 1 TMOKPUTTIB OYyJHM TPOBEJECHI JOCHIPKEHHS II0JI0
BU3HAYEHHS TPYyNH TOPIOYOCTI JIGPEBHHU TIPH OOpOOJICHHI 3a3HAYCHUMHU
KOMIO3ULisIMA. Pe3ynbpraTé IOCHiIKEHb 3 BH3HAUYEHHS BTpPaTW MacH 3pa3KiB
(Am, %) Ta TpUpPOCTy MaKCHUMAaIbHOI TeMIlepaTypu Tra30mnoMiOHUX NPOLYKTIiB
ropiaas (At, °C) 3pa3kiB BOrHE3aXHIIECHOI JEPEBUHHM, MPOBEACHUX Y Jab0opaTOpHUX
YMOBax, HaBEJIEHO Ha puc. 2, 3.
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Puc. 2. Jlunamika HapoCTaHHs TeMIEpaTypH JIUMOBHX TIa3iB TpPH BHUIPOOYBaHHIX
BOTHE3aXHMIIICHOT nepeBuHu: 1 — HeoOpobOneHa; 2 — obpobiena 3acobom «DAEPBOJI-
ATTIK»; 3 — 06pobiena cnyuyrouum nokputtsam «OAECPBOJI-BY I»
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Puc. 3. Pezynbraru BrpaT MacH 3paskiB Am, % BOTHE3aXHUILEHOI epeBHHU: | — HeoOpoOieHa;
2 — obpobnena 3acobom «DPAEPBOJI-ATTIK»; 3 — oOpobiieHa cIiydylounM HOKPHUTTSIM
«DAEPBOJI-BY I»

HocnimpkenHs mokazanu (puc. 2, 3), Mo JepeBHHA BiIHOCHTHCS O TOPIOYHMX
MaTepialiB, MpocoveHa JIepeBUHA BUTPUMAa TeMIIEpaTyPHUH BIUIHMB 1 BIIHOCHTHCS
JI0 BOXKOTOPIOYHMX MaTepialiB 3a TMOKa3HWKOM BTpaTH Macu. [Ipu movartkoBiit
TemIneparypi ra3onogioHux npoaykTiB ropinas y 200 °C, mpu aii noiaym’s majabHUAKA
Ha 3axHUIICHUHA 3pa30K HEOPTraHIYHUM NOKPUTTAM (KpuBa 2), TemIepaTypa
ra3onoAiOHUX MPOJYKTIB ropiHHs craHoBmia meHme 210 °C, a BTpara MacH He
nepesuinna 8% (puc. 2). e Oinpury epeKTHBHICTh MOKA3IN 3pa3KH, AKi OyJH
00poOJIeHI CIyuyloulMM IOKPHUTTSIM 3 BTpParor macu 3,6% Ta Temmeparyporo
razonoaioHuX npoaykTiB ropiaasa meHire 180 °C (3pasok 3) (puc. 2).
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Y T1abn. 2 HaBeACHO pe3yabTaTH I KOKHOTO 3 PEXKHUMIB BUIPOOYBaHBb
kKoeQillieHTa TUMOYTBOPEHHS, 30KpeMa, Juis HeoOpoOJieHoi JepeBHHU Ta
BOTHE3aXUIICHOT IEPEBUHU: TIPOCOYYBATLHUM 3aC000M, CITyIyIOUYHM MTOKPUTTSIM.

Tabmums 2. Pesynsrat BUNIpoOyBaHs KoedilieHTa TMMOYTBOPEHHS IEPEBUHU

Pexum Howmep Maca CBITJIONPOMYCKaHHS, Koediuient
BUIIPOOYBaHb 3paska Jist 3paska % JIUMOYTBOPEHHS
TaTYCTHHa | BUNPOOYBaHb (m), (To) (Trmin) JUIsL KOYKHOTO
TEIJI0BOI0 krx107 | mouaTkoBe | KiHIEBE 3paska (D),
MOTOKY m%/kr
Iomymenere | HeobpoOieHa 0,75 100 51 674,45
TOPiHHA O6pobneHa 0,79 100 80 224,20
(35 kBr/m?) | «DAEPBOJI-
ATTIK»
O06pobiena 0,83 100 87 140,26
«DAEPBOIJI-
BY]I»3
TrinHs Heob6po0Oiena 0,76 100 47 756,11
(35 kB1/Mm?) O6pobnena 0,80 100 76 275,47
«DAEPBOJI-
ATTIK»
O06pobieHa 0,82 100 85 238,65
«DAEPBOJI-
BYI»3

Cepenne 3Ha4eHHs Koe(illieHTa AUMOYTBOPEHHSI ISl IEPEBUHH B PEXXUMI TIIHHS
ckiaamae 756,11 M?/Kr Ta BiIHOCHTL TaKy JEpEBUHY 10 MarepialliB 3 BHCOKOK
JMMOYTBOPIOBAILHOIO ~ 3/1aTHICTIO.  BorHezaxucHe — OOpOONSHHS — 3HHKYE
JMMOYTBOPIOBAIIbHY 3/IaTHICTh JepeBHMHM Maibke BTpuui. JlaHuii marepian
KIIACU(IKYETHCA K 3 IOMIPHOIO TUMOYTBOPIOBATILHOIO 3/IaTHICTIO.

Ha mepmomy ertami BU3HAueHHS TOKCHYHOCTI TPOJYKTIB  TOpIHHS
BOTHE3aXHUIICHOI JIepeBUHH OyJI0 MPOBEJCHO CaHITApPHO-XIMIYHI BHIPOOYBAaHHS B
pexxumi TepMookucmoBaibHOI fectpykuii (400 °C) Ta momyM’sITHOro rOpiHHS IpU
temmepatypi 750 °C. Sk 3pa3ok 115 OPIBHSIHHS BUKOPUCTOBYBAIN IEPEBUHY COCHH
3 CyXOI MMUTOMOKO TyCTUHOK 0,443 r/cM?. 3pasky KOHAMIIIOBAIN y 1a60paTOPHUX
yMmMoBax He MeHule 48 roaumH. Pesymbratm caHiTapHO-XIMIYHMX BUIPOOYBaHb
JIepEeBUHHM, BOTHE3aXHUIIEHOI MpocouyBaibHUM 3acoboM «DACPBOJI-ATTIK» Ta
cnyuyrounM NoKpUTTsM «DACPBOJI-BY [y, HaBeneno y tadm. 3.

Sk BuHO 3 TabHMIl 3, TPU FOPiHHI MaTepiaiy y MOBITPI 3aMaOBaIbHOT KaMepu
Oynu BU3HAUYEHI MOHOOKCHJ Ta JIOKCH] BYTJIELO, Y KOHIEHTPALisX, 10 MOXKYTh
BUKJIMKATH TOCTPE OTPYEHHS EKCIIEPUMEHTAIbHUX TBapHH, A TAKOX IHIIUX Y
TOKCHKOJIOTIYHO O€3MeYHNX KOHIEHTPAMisAX (3 TIO3UIIH TOCTPOi TOKCUYHOCTI).

Ha nactynnomy etami Oynu npoBeaeHI TOKCUKOJIOTIYHI BUIPOOYBaHHS, METOIO
SKHX € BU3HAueHHs nokasHuka TokcnyHocti (HCL50), sikuii xapakTepusyeTbes sK
BIJIHOIIEHHS KUIBKOCTI MaTepiany [0 OJIUHHII 00’€My 3aMKHYTOTO IPOCTOPY,
MPOJAYKTH 3TOPSIHHS SKOIO BHMKIHMKAIOTh 3arubenb 50% miamociiHuX TBapHH.
Excnozunis cranosuna 30+0,5 XB., KOHLIEHTpawLis KHUCHIO y KaMepi NepeBHIyBaia
18%. [Ipu BunpoOyBaHHIX BUKOPUCTOBYBaIM Oinnx Muieit Baroro 20,0+2,0 r.
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Tabmums 3. Mirparitis KOMIIOHEHTIB TIPH MOJICTIOBAHHI YMOB TOPIiHHSI IEPEBUHU

Komrmonent BusHadeHi KiIBKOCTI MPOAYKTIB TOPiHHS, MT/T
Hepesuna o6podieHa Jepesuna 00pobneHa
«DAEPBOJI-ATTIK» «DAEPBOJI-BY JI»
400°C 750°C 400°C 750°C
MoHOOKCHT 122,6 116,9 104,3 96,7
BYTJICIIIO
Jliokcu ByTeio 351,3 422.6 289.,4 327
Oxkcuau a3oty 0,9 1,8 H.B. 1,3
Bojaens mianictuit 0,06 H.B. 0,03 H.B.
deHon 0,88 0,17 0,86 0,21
OuroBa KUCJI0Ta 6,4 3,6 5,8 1,8
dopmanbaeria 0,07 0,008 0,09 0,13
ByraeBoHi ¢i-Cio 32 2.3 2,2 0,9
Benzon H.B. 3,6 3,7 2,14
ByTanon 0,5 H.B. 0,2 H.B.
MeTtaHon H.B. H.B. H.B. H.B.
AnetoH H.B. H.B. H.B. H.B.
AXpUIIOHITpHII H.B. H.B. H.B. H.B.
Bonaenn 0,72 3,1 0,64 0,97
XJOPUCTUH
AKkpouiein 0,04 0,2 0,22 0,29
AMiak 1,48 0,3
Brpara macu 63,4% 72,8% 62,4% 69,9%

VY KOXHOMY TEMIEpPaTypHOMY DPEXHMi 3HAXOAWIH Psiji 3HAUYEHb 3aJICKHOCTI
3aru0esi TBapyH BiJl BiJHOIICHHS Macy 3pa3Ky A0 00’eMy eKCHO3UIIIHOT KamepH,
KA BUKOPHUCTOBYBAJIM JUIS PO3paxyHKYy ITOKa3HHMKa TOKCHYHOCTI Hcrso 3a
JIOTIOMOT 010 TIpo0iT-aHami3y [12]. PesynbraTu npencrasieHi B Tab. 4.

Tabnuus 4. Pesynbratu po3paxyHKiB Hcrso 7151 BOTHE3aXHIIEHOT JIepEeBUHN

HaBaxka, | CwmepTHICTB, Micre [pobitu Barosuit
r % KOHLICHTpALH KoeQiIieHT

Hepesunn, 00pobieHoi mpocouyBagbHuM 3ac000M «DACPBOJI-ATTIK»
50,0 0 1,0 3,04 1,0
55,0 20 2,0 4,16 3,7
60,0 50 3,0 5,00 5,0
65,0 80 4,0 5,84 3,9
70,0 100 5,0 6,96 1,0
JepeBunu, 006pobaeHoi cnyuyrounM nokputtsim «PACPBOJI-BY [I»
65,0 0 1,0 3,04 1,0
70,0 30 2,0 4,48 4,7
75,0 50 3,0 5,00 5,0
80,0 80 4,0 5,84 3,9
85,0 100 5,0 6,96 1,0

MacoBa Jonst  KapOOKcUreMoriioOiHy B KpOBiI JIaOOpPaTOPHHX TBapuH
BU3HAYaJIaCh CHEKTPO(POTOMETPUYHHM METONOM. Pe3ynbTaTd TOKCHKOJIOTIYHHX
BUNPOOYBaHb HABEACHO Y TalII. 5.
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Tabmumst 5. PesynbTaTH TOKCHKOJOTIYHUX BHUIPOOYBaHb BOTHE3aXHUIICHOI
JICPECBUHU

400 °C 750°C
«DAEPBOJI- «DAEPBOJI- «DAEPBOJI- «DAEPBOJI-
ATTIK» BYl» ATTIK» BYl»
Hcrso, | HBCO, | Hcwso, | HBCO, | Hcerso, | HBCO, Hcyso, HBCO,
/v’ % /v’ % r/im? % /v’ %
62,5 65,2 73,3 62,8 68,4 62,7 84,2 57,8

Takum 4uHOM, B pe3ynbTaTi BUIPOOYyBaHb TOKCMYHOCTI MPOAYKTIB TOPiHHS
BCTAHOBJICHO HACTYIMHE: PIBeHb KapOOKCHUTeMOIJIOOiHy y KpoBi JabopaTOopHHX
TBapWH CBIAYWATH TPO Te, MO0 CMEPTENbHHUH epeKT OO0yMOBIEHWH, TOJOBHUM
YUHOM, Ji€F0 MOHOOKCHIY ByTIelro. MiHiMalbHe 3HAa4eHHS NOKa3zHuUKa Hcrso,
Bu3Hayene npu temmeparypi 400 'C, ckmagae s JepeBHHH, 0OpOOIEHOI
«DACPBOJI-ATTIK» — 62,5 /M i «®PAEPBOJI-BY I» — 73,3 r/M> BianoBigHO.
Lle 3Ha4YeHHS BUKOPUCTAHE JUIsl BCTAHOBJICHHS BEJIMYWHU IMOKa3HUKA TOKCUYHOCTI
MPOJYKTIB TOpiHHSA 3rimHo 3 kiacudikamiero 3a JACTY 8829 [10]. 3a mum
MMOKAa3HUKOM JIOCHTI/DKEGHI Martepiadd BIiTHOCITHCS JIO IOMIpHOHEOE3MEUHUX
Marepiaiis.

BucHoBkn

1. HocmimKeHHs TTOKa3aiy, IO IEePeBHHA BiMHOCHTHCSA IO TOPIOYHX MaTepiaiiB,
MpOCOYeHa JIePeBHHA BUTpUMalia TEMIIEPaTYpHHH BIUIMB 1 BIIHOCHUTHCS JIO
BO)XKOTOPIOYMX MaTepialiB 3a ITOKa3HUKOM BTpath Macu. [Ipm modvaTKOBiif
Temreparypi razonofiOHux npoaykTis ropinas y 210 °C, npu aii momym’s najibHUKa
Ha 3aXWIICHUH 3pa30K HEOPraHIYHWM MOKPUTTSM, TeMIlepaTypa Ta3omoai0HHuX
MPOAYKTIB TOpiHHs cTaHoBMIa MeHIe 260 °C, a BTpara Macu He nepeBuinmia §%.
Ille OimpIny epEeKTUBHICTH IMOKa3alHM 3pa3KH, SKi Oyiau OOpOOJeHI CIydyrunM
MOKPUTTSAM, 3 BTpaTo0 Macu 3,6% Ta TeMIlepaTyporo Ta3onofiOHUX MpPOIYKTiB
ropiaas menure 180 °C.

2. CepenHe 3Ha4eHHsS Koe(illieHTa TUMOYTBOPEHHS JUIS JCPEBUHU B PEXHMI
TIiHHS cKIagae 756,11 M%/Kr Ta BiIHOCUTB TaKy JIEPEBUHY 110 MATEPIaliB 3 BUCOKOK
JMMOYTBOPIOBAIILHOIO ~ 3/1aTHICTIO.  BorHezaxucHe — OOpOONSHHS — 3HHKYE
JMMOYTBOPEHHS JIEPEBHHM Maike BTpUYi, IAaHWK MaTepiai KiIacu@ikyeThes siK 3
MOMIPHOIO TMMOYTBOPIOBAIBHOIO 3/IaTHICTIO.

3.V pe3yabTari BUNPOOYyBaHb TOKCHYHOCTI MPOAYKTIB TOPIHHS BCTAHOBJICHO
HACTYIHE: piBeHb KAPOOKCHTeMOTIIO0IHY y KPOBI JIA0OPATOPHHUX TBAPUH CBIYUTH
Opo Te, IO CMepTeIbHUH eQeKT OOyMOBJIECHHH, TOJOBHUM YHHOM, [Ii€I0
MOHOOKCHAY ByTjeuo. MiHiManbHe 3HaueHHsI NMOKa3HUKa Hcrso, BUSHAYCHE MPH
temneparypi 400 °C, cknanae st gepeBunu, oopoodiieHoi « ©ACPBOJI-ATTIK» —
62,5 /™M 1 g «DAEPBOJI-BY/l» — 73,3 r/m® BignosigHo. lle 3HayeHHA
BUKOPUCTAaHE Uil BHU3HAYECHHS BEIWYMHU I[IOKa3HUKA TOKCHUYHOCTI MPOIYKTIB
FOpPiHHS Ta BCTAHOBJICHO, IO JIOCHI/DKEHI MaTepiaad BIJHOCATHCS  JIO
MOMIPHOHEOE3MEYHIX MaTePiaiB.
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INVESTIGATION OF THE CORRELATION BETWEEN
HYDROCHEMICAL PARAMETERS OF SAMARA RIVER
AND POPULATION HEALTH

Abstract. The anthropogenic load on the components of the natural environment
in most regions has reached a level that threatens the population's health. The
high pollution level of water sources is associated with excessive discharge of
untreated and/or insufficiently treated wastewater from various sectors of the
national economy. It directly or indirectly leads to a deterioration in sanitary and
hygienic conditions and the spread of multiple diseases among the population.
The purpose of the study is to establish the cause-and-effect relationship between
the qualitative and quantitative state of the surface waters of the Samara River
and certain classes of diseases of the population living in the territory of the
Western Donbas region.

Materials and methods of the study. The relationship between the qualitative and
quantitative state of the surface waters of the Samara River and certain classes of
diseases of the population was established using the method of statistical analysis
based on the calculation of Pearson correlation coefficients with the
determination of the confidence probability by comparing the calculated
reliability criteria of the obtained correlation coefficients with the critical value
of the Student t-criterion at different levels of significance. The study used
statistical data from the State Statistics Service of Ukraine and the Ministry of
Environmental Protection and Natural Resources of Ukraine for 2011-2022.
Research results. With a high degree of probability, a direct relationship was
proven between the increase in certain diseases of residents of the considered
territory and the presence of pollutants in the studied reservoir. The following
classes of diseases were most closely related to the qualitative and quantitative
state of water: diseases of the blood and hematopoietic organs; diseases of the
endocrine system; diseases of the circulatory system; diseases of the digestive
system, diseases of the skin and subcutaneous tissue. Based on the results
obtained, it will be possible to develop an operational system of environmental
protection measures and measures to preserve the health of the population living
in the surrounding areas.

Keywords: water quality, pollution, population morbidity, correlation
dependence.
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0.C. Kospos, JI.B. KyikoBa

HamionansHuii TexHiYHAN yHiBepcuTeT «/IHINMpOBChKa moiTexHiKa», M. J{Hinpo, Ykpaina

JOCJI/UKEHHSA 3B°A3KY MIXK I'lIPOXIMIYHUMU ITIOKAZHUKAMMAX
PIYKH CAMAPA TA CTAHOM 310POB’s1 HACEJIEHHSA

Anomayia. Texnocenne HABAHMAICEHHA HA KOMHOHEHMU HABKOIUUHBOSO
nPUPOOH020 cepedosuya 8 Oinbulocmi pe2ionax nianemu O00CA2N0 PIGHA, WO €
3a2p0o3010 0J1 300p08 51 HacenenHs. Bucoxuil pieenv 3a0pyOHenHs 600HUX Odicepert
no8 A3aHUL 3 HAOMIPHUM CKUOOM HeOYUWeHux ma/abo HedoCmammubo OYUUjeHUX
cmiuHux 800 PIi3HUX eanyseli HapoOHoz2o 2ochodapcmea. Lle npamo uu
0NnoCepeoKo8aHo Npu3go0Ums 00 NOCIPUICHHSI CAHIMAPHO-2ICIEHIYHUX YMO8 ma
PO3NOBCIOONCEHHS PISHUX 8UOIE 3AXEOPIOBAHD CePe) HACENCHHS.

Mema  Oocniddicenns  noaseac 'y  BCMAHOBGNEHHI  NPUYUHHO-HACTIOKOBO20
83A€M038 "A3KY AKICHO-KIIbKICHO20 cmaHy nogepxnesux 600 piuku Camapa i negHux
KAACi6 30X80PIOBAHb HACENEHHA, W0 MeWKAE Ha mepumopii 3axiono-/[onbacbkozo
DeCiony.

Mamepianu ma memoou docniodxcenns. Bzaemoss'azok axicno-kinvkicnoeo cmany
nogepxuesux 600 piuku Camapa i neeHuX KIACI8 3AXE0PI06AHL HACENCHHS
BCMAHOBNIOBABCA 34 OONOMO20I0 MEMOoOy CMAMUCIUYHO20 AHANIZY HA OCHOSI
POo3paxyuky  koe@iyienmis ropenayii Ilipcona 3  eusnauenHam  008ipuol
UMOGIDHOCMI  WIAXOM NOPIGHAHHS PO3PAXOBAHUX KPUMEPIi8 00CMOoGipHOCMI
OMPUMAHUX Koeiyichmie Kopenayii 3 KpUmuyHUM 3HAYEHHSM [-Kpumepiio
Cmbrodenma  npu  piswux  pigHax  3uwauywjocmi.  Ilpu  OocnioxcenHi
BUKOPUCMOBYBAIUC CIAMUCTNUYHI  0aHi [J]epicagHoi  ciyacou cmamucmuKu
Yxpainu i Minicmepcmea 3axucmy 006Kinis ma npupoOHux pecypcie Vkpainu 3a
nepioo 2011-2022 poxku.

Peszynomamu oocnioxcenns. 3 ucokorn yacmkoio 8ipociOHOCmi 008e0eHO NPAMULL
36’A30K MIJIC 30iIbUWEHHAM NEGHUX KIACI8 3aXBOPIOBAHL MEWKAHYI8 OaHOI
mepumopii. ma HAA6HICMIO 3A0PYOHIOIOUUX PEYOBUH ) OOCHIONCYBAHIU 8000UML.
Haiibinbw no6’sisanumu 3 SKiCHO-KIIbKICHUM CIMAHOM 800U GUSLBUNIUCS MAKI K1ACU
3axX60pI06AHb. X80POOU KPOBI i KPOBOMEOPHUX OpP2aHi8; X80poOU eHOOKPUHHOI
cucmemu; Xgopoou cucmemu Kpogoobicy; Xeopobu opeamie mpasneHHs; Xeopoou
wKipu ma niowKipHoi kaimkogunu. Ha niocmasi ompumanux pe3yiomamis )
maubymuvomy — O6yoe  Mmooxciuda  pospooxa onepamugHoi  cucmemu
NpUPOOOOXOPOHHUX 3aX00i8 MA 3aX0018 W00 30epedceHHs: 300pP08's HACeNeHHs,
/0 MeWKAE HA NPUNE2IUX MePUMOPIsX.

Knwowuoei cnosa: saxicmv 600u, 3a0pyOHeHHS, 3AX60PIOBAHICHb HACENEHH,
KOpenayitina 3a1ediCHICMb.

https://doi.org/10.32347/2411-4049.2025.3.139-152
Beryn

lNrantcpki MacmTadbu iHIyCTpiamizanii KpaiHu, BUI0OYTOK MiHEPaIbHOT CHPOBUHH
Ta CEHEPreTHYHHX PEecypciB MPHU3BOAATH OO0  HOAAJBILIOTO  MOCHUICHHS
AQHTPOIIOTEHHOTO HABAaHTAXCHHS HAa HABKOJNMIIHE NPUPOJHE CEPEIOBHILE,
3a0pyHEHHS KOMIIOHCHTIB JIOBKIJUII TMPOMHCIOBUMH BHKHJAMH, CKUJaMH i
Bigxomamu. Bcee 1ie mpsMo 4M onocepe/IKkoBaHO BIUIMBAE HA YMOBH XKHTTS JIFOJICH,
CYTTEBO 3MIHIOE ITPUPOJIHI, B TOMY YUCII i KJIIMaTH4Hi, IPOIIECH Ta SIKICTh JOBKIIIIS
1 37I0pOB’S HACEJIEHHS.
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[IpoGiieMa 4YKCTOI BOAM HAWOLIBII T'OCTPO CTOITh y INUJIBHO HACEICHUX Ta
PO3BHHEHHX Yy TOCIOJApPCHKOMY BiJHOIIEHHI palioHaxX KpaiHW, e TOoAajblle
3pOCTaHHSl HACEJIEHHS, MPOMHUCIOBOTO Ta CLIBCHKOTOCHOAAPCHKOI0 BHPOOHHLITBA
3aJIe)KUTH BiJl BOJHUX PECYPCIB.

[HTeHCHMBHE BWKOPUCTaHHS BOJHUX PECYpCIB CIPHUUYMHSE PI3Ki 3MIHH IXHIX
SAKICHAX TlapaMeTpiB, BHACHIJOK CKUAY Yy BOJOWMH Halpi3HOMaHITHIIINX
3a0pyIHIOBAYiB aHTPOIIOTEHHOTO TTOXOPKEHHSI.

[ligBumieHHs BMicTy y BOZi HeOe3MEeYHMX €JIeMEHTIB (BaKKi METald Ta iXHi
CTHONYKH) BiIOYBA€ThCS BHACHIIOK O€3MOCEpeHbOr0 CKUAY CTiYHHX BOJ Y
MOBEPXHEBI BOAOWMH, 3MUBAHHS 3 TEPUTOPiH NMPOMHCIOBUX Ta ypOaHi30BaHUX
IOUISTHOK, BWITAQiHHS 13 3a0pyAHEHoi aTtMochepH, BWIYTOBYBaHHS KHCIOTHUMH
OITaJilaM¥ 3 BiJIBAJIiB Ha BOJI0300pi. B KOMITIEKCI 11e TPU3BOIUTH 110 30araueHHs BOJ
BEJIMKUM CIIEKTPOM MIKPOEJIEMEHTIB, 0araTo 3 SKMX € TOKCUYHUMHU IS JIFOJUHH.,

Bonni 00'ekTn € KiHIIEBUMH aKyMyJsITOpaMd BCiX BUAIB 3a0pyqHeHHS. BoHH
TI€I0 YH 1HIIOI MipOK BH3HAYAIOTH CyMapHY J03Y 3a0pYAHIOIOYUX PEYOBHH, IO
HaJXOAATh Y HABKOJIMIITHE CepeIoBUIIE. B M0CiIKyBaHOMY PETiOHI 3 PO3BHHEHOIO
TipHIY0J00YBHOIO IIPOMHUCIIOBICTIO POBITHAM (PAKTOPOM JTOBKIJIISA, IO HETATHBHO
BIUTMBAE€ Ha 3JIOPOB'S HACENEHHs, € 3a0pyaHEHHS BOMHUX OO'€KTIB — Kepen
MUTHOTO NIOCTaYaHHs HACENICHHA. 3 MMTHOIO BOJIOIO 320y THIOIOYI PEYOBHHH 3/1aTHI
MPOHMKATH B OpPraHi3M, HAKOMHYYyBaTHCS Ta OOYMOBIIOBATH 3aXBOPIOBAHHS
HACEJICHHSI.

Ha rtemnepimHiii Yac NpOMOHYIOTBCS Pi3HI METOJIU Ta CIOCOOW BHUPIIICHHS
nmpoOsieMrd  3a0pyJIHEHHS  BOJHUX  OO’€KTIB, pO3TAIIOBAaHMX B  paioHI
ByTNeBUAOOYTKY [1-4], BIOCKOHAIIOKOTHCS KOHCTPYKIIi OYHCHHUX CHOPYH 1
TEXHOJIOTI9HI CXeMHU BOJIOBiIBeZIeHHS [ 5-14], ane He BiIoMO, sIKi came 3a0pyIHIo0Yi
PEUOBHHU OLIBIIIOK MIPOIO BIUTMBAIOTH Ha 3J0POB’ S JIIOIUHH.

CucreMa O4HIIIeHHS BOJIM, IO BUKOPUCTOBYETHCS HA CTAHIIISIX BOJIOMIATOTOBKH,
Hee()eKTUBHA TIO0 BiJHOIICHHIO JI0 METAIiB. Ixmiit BMicT y BOJI TpU ToJadi
HACEJICHHIO MaJo BIiJIPI3HSAETBCSA BiJ BMICTY B MPUPOAHUX BOJAaX MOOIU3Y
B0103a00pYy, a B JISIKUX BUIAAKaX HABITh CTA€ OUThIIMM. J{OCIIPKEHHS TUTHUX BOJT
Ta 3MiHU BMICTy METaJIiB Ha PiI3HUX CTAIisIX BOJOIIATOTOBKH [TOKA3aJIH, 1110 BOAa HE
TIIPKM HE OYHINYETHCS BiJl METaliB, aje BiAOyBa€TbCS HAPOCTaHHS IXHBOI
KOHIIeHTpalii (30kpema, Fe Ta Mn), BHacIi 10K BUJIYyrOBYBaHHSI 13 TpyOOIPOBO/IIB y
Tpolieci moadi Boau HaceneHH:o [15, 16].

BuxopucranHs Takoi BOAM HACENEHHSM I TOCHOJAPCHKO-TIUTHUX YU
KYJIbTYPHO-IIOOYTOBHX IJICH MOXXE TMPU3BECTH 10 HETaTUBHUX HACIIAKIB IS
3mopoB's moei [17].

JaHi MeANYHUX TOCTIIKEHb CBiAYATh PO Te, 1m0 Maibke 80% ycix 3aXBOpIOBaHb
HACEJICHHs Halllol TUIAaHETH TOB’s13aHi 3 MOPYIICHHSM CaHITAPHO-TITiEHIYHIUX HOPM
BOJIONIOCTAYaHHS Ta HE3aI0BIILHOIO SKICTIO MUTHOT BoH [18].

Ha renepimmHiii uyac aHTpPOIIOTEHHE HABaHTAKEHHA Ha Pi3HI KOMIIOHEHTH
HABKOJIMIIHBOTO CEpeIOBHILA B 0araTboX perioHax HaIIoOl IUIAHETH BXKE JOCATIIO
piBHS, IO 3arpoXye 3JI0OPOB'I0 HACEJeHHs. BIMB HECTPUSATIMBUX YWHHUKIB
JNOBKUUIA TPU3BOIUTH A0 3MiH (YHKLUIOHAJIBHOTO CTaHy OpraHiB JIIOIWHH,
ITiIBUIIICHHS PiBHSI 3aXBOPIOBAHOCTI, 301IBIIIEHHSI KUTLKOCTI JIFOZCH 3 1HBaJIIIHICTIO,
MepeI4acHOro CTapiHHs HAIlil Ta CKOPOUYCHHS TPUBAJIOCTI KUTTSL.

HeGe3neuni XiMi4HI PEYOBUHH MOXYThH TMOTPAIUISATH JIO OPTaHi3My IIFOJUHU
pasoM 3 Txkero, Bojoto Ta/abo moBiTpsM. Came TOMy HyKe€ CKJIaJHO BCTaHOBUTH
3B'I30K MiXK SIKICHUIM CTaHOM IIOBEPXHEBUX BOJOHM Ta 37IOPOB'SIM HAcEJICHHS, 110
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MeEIITKa€e Ha MPIICTIIMX TEPUTOPIsX. baraTto ociimKeHb IPOBEIECHO 3 METOO OITIHKU
CTaHy KOMIIOHEHTIB HAaBKOJHUIIHBOTO CEpeAOBHINA, SKi MmepeOyBaloTh Iij
HaJIMIPHAM BIUIMBOM aHTPOIIOI€HHOTO HABaHTA)XEHHS TOTO YM IHIIOTO PETiOHY
[19, 20], anme mo cux mip HEe Oyia BCTAaHOBIEHA KOPEJAMiHA 3aJeKHICTh MIXK
MOKa3HUKaMHU 3a0pyJHEHHS TOBEPXHEBUX BOJOWM Ta KJIacaMH 3aXBOPIOBaHHS
HACEJICHHS, IJ0 MEIIKAaE Ha JOCHTIHKYBaHid TepUTOPii.

MeTo10 po60TH € BCTAHOBICHHS MPUIMHHO-HACTIIKOBOTO B3a€MO3B’ 3Ky MiX
SIKICHO-KITbKICHUM CTaHOM HOBEPXHEBHUX BOJI piuky Camapa Ta IEBHHUMH KJlacaMu
3aXBOPIOBaHb HACENIEHHS, IO MemKae Ha TepuTopii 3aximHo-Jlonbackkoro
pEeTioHy, 3a JOMOMOTOI0 METOJy CTaTUCTHMYHOTO aHalli3y Ha OCHOBI pO3paxyHKY
KoedimieHTiB Kopensnii [lipcoHa 3 BU3HAYCHHSAM TOBIpYOi HMOBIPHOCTI IIJITXOM
MOPIBHAHHST PO3PaxOBaHUX KPHUTEPIiB IOCTOBIPHOCTI OTpUMaHHX Koe(ili€HTIB
KOpeJsii 3 KpUTHYHUM 3HaueHHSIM f-Kputepito CThIOJIEHTa MPU Pi3HUX PIBHIX
3HAYYIIOCTI.

MeToauka qOCTiKeHHA

Cratuctuka po3pobuina 0e3nid MeTO/iB BUBUEHHS 3B'S3KiB, BUOIP SKHUX 3AJICKUTH
BiJ] IIIJIEH JOCHIHKEHHS Ta TIOCTaBJIeHHUX 3aBiaHb. O3HAKH 32 3HAUYCHHSIM BUBUCHHS
B3a€MO3B'S3KY MOAUISIOTHCS Ha JiBa Kiacu. O3HAKH, 1110 3yMOBJIIOIOTh 3MiHY 1HIIUX,
MOB'SI3aHUX 13 HUMH O3HaK, HA3WBAIOThCA (aKTOpHUMH (X-He3zanexxHud (axTop).
O3Haky, MO0 3MIHIOIOTBCA M Ji€l0  (QaKTOPHUX O3HAK, HA3MBAKOTHCA
pe3yabTaTUBHUMHU (Y-3anexxHuil pakTop).

Miporo B3a€MO3B'SI3KY JBOX BHIIAJKOBHX BEIHUYHUH € KPUTEPid, KU OTPUMaB
Ha3By KoedimienTta kopesmii. KoedimieHT kopernsiii € 6e3p0o3MipHOI0 BEINYHHOIO,
1 OTO 3HAYEHHS HE 3aJIC)KHUTh BiJl OJMHUIL BUMIPY BHUITaJKOBUX BeJWYMH X 1 V.
OmiHOIOUN CHIIM 3BSI3KYy KOE(]III€HTIB KOpEslii, BUKOPUCTOBYEThCS INKaja
UYenmoka, momana B Tadu. 1 [21].

Tabmums 1. [lkana omiHKY cviw 3B’ SI3Ky KOe(illi€HTIB KOPEIsIii

Bennunna xoedirienTa Kopessii XapaKTepUCTHKA CUIH 3B SI3KY
0<] ryl <0,100 MaiiXe BiICyTHIi 3B’5130K
0,101<] 7yl <0,300 cl1a0Kuii 3B’ 30K

0,301<] 7yl <0,500 MTOMIPHHH 3B’5130K

0,501<] ryl <0,700 3B’SI30K CepeIHhOI CHUJIH
0,701<| 1 <0,900 CHJIBHUH 3B’ 30K

0,901<| ryl <1,000 JTy’)Ke CUJIbHHHN 3B’ SI30K

Jnsi OUiHKK CTyNEHsS B3a€MO3B'SI3KY MK JBOMa BHOIpKaMu HaiOibIIOro
MOIIUPEHHs HaOyB koedimieHT miHiiHOI Kopemsmii ([lipcona), mo mnepemdadae
HOpMaJIbHUI 3aKOH PO3MOJiTY CIIOCTEpeKeHb. BiH 3aCHOBaHMIA Ha IPUITYIIIEHHI, 1110
3a TIOBHOI HE3aJIe)KHOCTI O3HAK X 1 Y BiAXWJIEHHs 3HAUeHb (PAKTOPHOI O3HAKU Bij
cepenHboi (X, —X) MaiOTh BHIAJKOBUH XapakTep i MOBHHHI BHIIAIKOBO

HOEAHYBATHCA 3 PI3HUMH BIAXHICHHAMH (Y, — Y). 3a HasgBHOCTI 3HA4YHOI NepeBaru

30iriB 200 po301KHOCTEN TAaKUX BiAXMICHb POOUTHCS MPHUITYILEHHS PO HASBHICTD
3B'I3KY Mk X1 Y.
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IIlo6 posmouaTu po3paxyHkm KoedirieaTa kopemsii IlipcoHa HeoOXimHO
BUKOHAHHS HACTYITHUX YMOB:

1. HocmimxyBani mapameTpu X Ta ¥ MatoTh OyTH pO3MOAIJICHI HOPMAIBHO.

2. HocmimxyBaHi mapameTpu X Ta Y moBWHHI OyTH BHMIpSHI B IHTEpBaJbHIN
miKasi ado MmKaji BiIHOCHH.

3. KinbkicTs 3HaUeHb JOCHIIKYBaHUX NapameTpiB X 1 ¥ Mae OyTH 0JTHAKOBOIO.

Anroputm obuncieHHs KoedimnierTa kopemsmii [lipcona Hactymawmiz [21]:

1. TloOGynyBath CTaTUCTHYHI pSAM 1S KOXKHOI 13 3iCTaBIIOBAaHUX O3HAK,
MO3HAYMBIIY MEPUINN 1 IPyTUil psiL Ynceln BiAMOBIIHO X; Ta Y.

2. BusHauuTH I KOXXHOTO CTaTHCTHYHOTO psAy cepedHi apudMeTHyHi

3Ha4YeHH 3a (popMymaMu:
i=1

24

X="—, e

~I
I

2

N — KUTBKICTh CTATUCTHYHUX CHOCTEPEk EeHb (00'€KTIB y BUOIpIIi).
3. 3HalTH BiIXWIEHHS KOXHOTO 13 YHCEN CTATHCTUYHOTO PSAY BiJ 3HAYCHHS
CBOE€1 cepeHboi apuMEeTHIHOT 32 POPMYIIaMH:

D, =(x,-X), (3)

D, =(v,-Y). )

4. OtpumMmadi BigxwieHHs niepeMHOXuTH (DyDy) Ta mincymoByBat iX (3 (DxDy)).

5. KoxHe BigxwiieHHS 3BeCTH B KBagpaT 1 MiACYMOBYBaTH IO KOKHOMY
cratuctuunomy pany (Y(D.)’ ta Y(D,)?).

6. IlincraBuTH OoTpHMaHi 3Ha4YeHHs y (QOPMYIy Ul pO3paxyHKy KoedilieHTa
kopestii [Tipcona:

Z(D D) )
SRS CR)

7. IaTepriperytoun 3HA4YEHHS JIHIMHOTO Koe(illieHTa KOpesii, ¢l MaTu Ha
yBa3si, 110 BiH pO3paxOBaHUi 3a3BHUYail Jii OOMEKEHOTO YHUCIIa CIIOCTEPEKEHD 1
CXWJIBHUI 10 BHUIIQJAKOBUX KOJHMBaHb, K i caMi 3Ha4eHHs mapaMmeTpiB X 1 Y, Ha
OCHOBI SIKMX BiH OyB BCTaHOBJICHUH. [HIIMMU ciioBaMu, sIK Oyb-sIKM BHOIpKOBHIA
MMOKA3HUK, BIH MICTHTh BHITaJIKOBY TIOMHUJIKY 1 HE 3aBXIH OJHO3HAYHO BimoOpakae
NifiCHUI pealbHUH 3B'SI30K MK NapamMeTpaMu, [I0 BHBYAIOTHCS. 3BIJICH HEPIJIKO
BUHHUKAa€ MHUTAaHHS HAaIIHHOCTI OTpUMaHOro pe3yibraty. [yis Toro, mol OmiHUTH
CYTTEBICTh (3HAYMMICTB) CAMOTI0 JIIHIKHOTO Koe(illieHTa KOPEJALii Ta BiIOBIIHO
pealbHICTh BHMIPIOBAHOTO 3B'3Ky MiK mapamerpamu X Ta Y, HEOOXiJHO
pO3paxyBaTh CEepeHIO KBaJpaTHYHy MOMHJIKY Koediuienta xopemsuii [Tipcona 3a
(hopmyiioro:
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8. I]o0 mepeBipuTH, Y 3HAUYIIlI TApaMETPH, TOOTO UM BOHU BiAPI3ZHIIOTHCS Bill
HyJSl, Ui TEeHEpajdbHOI CYKYNMHOCTI BHKOPHCTOBYIOTH CTaTHCTHYHI METOIH
TIePEBIPKH TiIOTE3.

[lepeBipka cTaTUCTHYHUX TiNOTE3 — Ie Tporiec (GopMyBaHHS pIMIEHHS PO
MOKJIMBICTh MPUHAHATH YX CIPOCTYBAaTH TBEPKEHHs (TilOTE3y), MO IPYHTYETHCA
Ha iHdopMarii, oTpuMaHiii 3 aHami3y BUOIpKH.

B sixocTi ocHOBHOT (Hy/1H0BOT) TIITOTE3HW BUCYBalOTh TBEP/KEHHS PO HE3HAUHY
BiIMIHHICTb Bifl HYJIA TapaMeTpa ad0 CTaTUCTHYHOI XapaKTePUCTUKHU B TeHEpabHIH
CYKYITHOCTi, TOOTO BCi MOMIl CTAIMCS BUIAIKOBO, MPUPOJHUM 4uHOM. [lopsinm 3
OCHOBHOIO  TilOTE3010, MO TEPEBIPIETHCSA, BHCYBAIOTh  AIBTEPHATHBHY
(KOHKYpyIOUy) TIpO  HEpIBHICTP HyMIO TMapaMerpa ab0  CTaTUCTHYHOL
XapaKTePUCTUKH, TOOTO MOJIii BUMIAIKOBUM YHHOM BiIOYTHCS HE MOTJIU 1 MaB BILTUB
NeBHUI YMHHHUK. SIKIII0 OCHOBHA TiIOTe3a BUSIBUTHCS HEMPABHIBHOIO, IIPHAMAETHCS
albTepPHATHBHA.

3a3BuYaii, HyJIbOBA TiMOTE3a (POPMYIIOETHCS TAKUM YMHOM, 100 Ha MiJCTaBi
CKCIIEPUMEHTY a00 CIIOCTePEeXKEHb ii MOXKHA OYJI0 BIIKMHYTH 13 3a3]aJIeTilb
3aJIaHOK0 WMOBIPHICTIO TOMWIKH p. L5 3a3manerine 3a1ana IMOBIPHICTD TTOMUJIKH
HA3WBAETHCS PIBHEM 3HAYYIIOCTI.

PiBeHp 3HauymocTi — MakcMMajbHE 3HAYCHHS WMOBIPHOCTI TMOSBH MOJii, pU
SIKOMY TIOZisl BBOKAETHCS MPAKTHYHO HEMOXIIHMBOIO. B craTtucTwii Ha#OUTBIIOTO
MOIMpeHHs HaOyB piBeHb 3Hauymocti, mo gopiBHoEe p=0,05. Tomy, sxmo
WMOBIPHICTb, 3 SKOK IOJis, IO IIKABUTb, MOXE CTaTHCS BUIAJIKOBHUM YHHOM
2<0,05, To NpUHAHATO BBAXKATH IO MOJIIF0 MAJIOMMOBIPHOIO, 1 SKII[O BOHA BCE K TaKU
BiOymacs, To 1ie He OyJI0 BHIAQAKOBUM. Y HaWOLIBII BiJMOBINATBHUX BUIAJIKAX,
KOJIM MOTpiOHAa 0COOJIMBA BIEBHEHICTh Y JOCTOBIPHOCTI OTPUMAaHUX Pe3yJIbTaTiB,
Ha/IIHHOCTI BUCHOBKIB, PiBeHb 3HAUYIIOCTI MpUHMaroTh piBHUM p=0,01 abo HaBITH
p=0,001.

Benmuuuny P, mo gopiBHioe (1-p), Ha3MBarOTh TOBIpYOI0 HMOBIPHICTIO (piBHEM
HaJIMHOCTI), TOOTO HMOBIPHICTIO, BU3HAHOIO JIOCTATHBOIO JIJISl TOT'O, 100 BIICBHEHO
CYyIUTH TIPO TPUHHATE CTATUCTHYHE pINICHHS. BiAmoBigHO, B SKOCTI AOBipUHMX
“MOBipHOCTEl BuOHparoTs 3HadeHHs 0,95, 0,99 a6o 0,999.

InTepBan, B SKkOoMy i3 3aJaHOIO JOBIPUOK WMOBIpHiCTIO P=(1-p) 3HAXOIUTHCS
rnapamerp, IO OI[IHIOEThCS, HA3UBAETHCS JOBIPYMM IHTEpBaJOM. BiamoBimHO 10
JOBIpYMX MMOBIpHOCTEH Ha MPaKTHII BUKOPUCTOBYIOTHCA 95-, 99-, 99,9-BincoTKoBi
JIOBipUi IHTEPBAJIH.

Jisi mepeBipkd TinmoTe3 BHUKOPHCTOBYIOTh TaK 3BaHI CTATUCTHYHI KpuTepii
BIAMIHHOCTI, SIKI TMOAUISIIOTECS Ha MapaMEeTpU4YHI Ta  HemapaMeTpHYHi.
[Mapametpuuni kpuTepii ciyatb IJisl IEPEBIPKU TiMOTE3 MPO MapaMeTpu MEBHUX
PO3MOMITMIB TeHEepaNbHOI CYKyMHOCTi (HaW4acTilie HOPMAallbHOTO PO3MOJILTY).
3 mapaMeTpUYHUX KpPUTEPiiB HAMOIBLIO MOMYJISPHICTIO IMiJ 4Yac MepeBipKH
rinoTe3 Npo piBHICTb TeHEpPaJbHUX CEpelHiX (MaTeMaTHYHHX OYiKyBaHb)
KopucTyeTbesi  t-kpurepid  CrblojieHTa (f-KpuTepiit  BiaminHocTi). Kpurepiit
JIO3BOJISIE 3HANTH WMOBIPHICThH TOTO, 10 O0OMBA CEPEIHI BIIHOCITHCS O OJHIET i
Ti€l & CyKymHOCTi. SIKIIo 1 WMOBipHICTH P Hmbkue piBHA 3HauuMocTi (p<0,05),
MPUAHATO BBaYKaTH, 110 BUOIPKHU BITHOCATHCA A0 IBOX Pi3HUX CYKYMHOCTEH.
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Kpurepiii mocToBipHOCTI po3paxoBaHoro koedimieara xkopemmii Ilipcona
BHU3HAYAIOTh 32 OPMYJIOIO;

;= (7)

OTpuMmaHuii KpHUTEpild ¢ OIIIHIOETHCS 3a TAONWICI0 KPUTHYHUX 3HAYCHB
t-xputepito CThIOICHTA TIPH PI3HUX PIBHIX 3HAYYIIOCTI (p) 3 ypaxyBaHHSIM YHCIA
CTYIIeHIB cBOOOAM v=n-2. TakuM 4YWUHOM, TaOJUYHE 3HAYCHHS [-KPUTEPIIO
CTplofeHTa 3aeXKHTh 1 BiJ AOBIpUOi MMOBIPHOCTI, 1 BiJl KiTbKOCTI (aKkTOpiB, i Bix
JOBXUHH BHX1THOTO CTATUCTUYHOTO PSIY. SIKIIO po3paxoBaHa BETHYHHA KPUTEPIIO
JOCTOBIPHOCTI ¢, IEpEBHILY€e TaOIUUHE 3HAYCHHs a00 MpHUHANMHI TOpPiBHIOE HOMY
(t>t5), TO OCHOBHY (HYJIbOBY) TIIIOTE3Y BiIKU/IAIOTh I BBAXKAIOTh, 10 3 HMOBIPHICTIO
(1-p) mapamerp abo cCTaTUCTHYHA XapPAKTEPUCTHKA B TEHEPATBHIH CYKYIMHOCTI
3HAYHO BiAPI3HAETHCS BiJl HYINIA, TOOTO B3a€EMO3B'SI30K MK O3HAKAMH CTATHCTUYHO
3HauyIUi. Ko GpakTHYHe 3HAUYCHHS 7 MEHIIIE TA0JIUIHOTO (#,<ty;), HEMA€ MiICTaB
BIIKHIATH OCHOBHY (HYJBOBY) TiloTe3y, TOOTO mapameTp abo cTaTUCTHYHA
XapaKTEepPUCTHKA B TEHEPATbHIN CYKYyITHOCTI HE3HAYHO BiPi3HAETHCA Bi HYJS IPH
PiBHI 3HAYYMIOCTi p, TOOTO B3a€MO3B'I30K MiXK O3HAKaMH BiACYTHiH. UMM MeHIIHNi
piBEeHb 3HAYYIIIOCTI, TUM OLIbINA JOCTOBIpHICTH, ToOTO 0,001<0,01<0,05.

KoediuienT kopemsiLii BU3HAETHCS HAJIHHUM 13 JOBIp4O0 HMOBIpHICTIO TOHAX 95%.

Pesynbrarom KopensuidHOro aHamizy € moOyqoBa MaTpHili, B sIKii 3amucaHo
koedinienT kopensiii [TipcoHa, 1o XxapakTepu3yTh B3aEMO3B'13KH OJIHIET 03HAKU
3 1HIIOKO. 3PYYHIIIe TaKy MaTPHUITIO MIOAATH Y BUTJISIII TAOJIHIIL, 3aT0JIOBKAMH PSIKIB
1 CTOBIIIB fAKOI € 3MiHHI, [0 OOPOOJISAIOTHCS, a HAa MEPETHHI PSIKIB 1 CTOBIIIIB
BUBOZSTHCS KOE(DIilliEHTH KOPEJALii /IS BiJIMOBIAHOI Mapu O3HAaK. AHAJIOTTYHUM
YUHOM OYAYEThCSI MATPHIld y BHIVIAMAI TaOnwii, B SKIA 3allUCaHO KpHUTEpii
JIOCTOBIPHOCTI OTpUMaHKX 3HA4YEHb KoedimienTiB kopensii [lipcona.

Pe3yabTaTi 10CaigKeHHS

Piuka Camapa BigHOCUTBCS 10 cepeAHix pigok Hampmuinpstaumau (puc. 1). Binbma
yactuHa Camapu mnpotikae Teputopiero JIHinponerpoBchkoi obsacti (187 km).
Camapa € nputokoro | mopsanky piuku [Hinpo, sika Bmagae B JIHinpoBcbke
BOJIOCXOBHIIIE B paifoHi micta J[Himpo.

CyuacHuii cran OaceiiHy piuku Camapa o0OyMOBIIGHMH TpHBAaJINM Ta
IHTGHCUBHMM BIUIMBOM aHTPOINOTEHHHX (akTopiB. MacmrtaOHUN BIUTMB Ha
EKOJIOT1YHUI cTaH BOXHOrO 00'ektra TpuBae Bxke moHax 80 pokis. Ilepuri 3minm
SKICHUX Ta KIJbKICHAX XapaKTEPUCTHK PIYKOBOI CHUCTEMH BIOYIUCS TiCHs
cnopymkennss  JlainpoEC  ta  [HinmpoBchkoro  BojpocxoBumia.  Hapnami
AQHTPOIIOTEHHUI BIUIMB Ha KOMIIOHEHTH Bci€i ekocucremu piuku Camapa
3YMOBJICHUH  1HTEHCHMBHMM  PO3BHUTKOM  IPOMHCIOBOCTI Ta  CIJIBCHKOTO
rocrogapctBa. HactymHuM (akTopom, SIKH CYTTEBO BIUIMHYB Ha IOJANbIIeE
iCHyBaHHS BCIX CKJIQJIOBUX EKOCHUCTEMH PIdKH, OyB MpOIEC BYIJIEBUAOOYTKY
(BHIOOYTOK BYT1JUISl CYHPOBOXKYETHCA CKHIOM MiHEpasli30BaHUX LIAXTHUX BOJ Y
3amiaBy piuku Camapa). OcoOJUBO IHTEHCHBHO II€H TPOIIEC MOYAB HPOSBISITUCS 3
nepioi mosoBuHu 1970-x pokie XX cromitrs. Jlo Toro x 3 cepenunu 50-x pokiB
XX cromitTs piuka Camapa modana npuiMaTH 4epe3 CBOi NpUTOKH (piuka Bosua)
maxTtHi Boau LlenTpansHoro Jlonbacy.
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Puc. 1. baceiin piuku Camapa (Ixeperno: https://images.app.goo.gl/YnaCEUdhTXD7RabV6)

[lpu jmOCHIKEHHI NPUYMHHO-HACHIIKOBOTO B3a€EMO3B’SI3Ky MIDK CTaHOM
3a0pyIHEHHA TOBepXHEBUX BoxA piukn Camapa Ta KiIacaMH 3aXBOPIOBAHOCTI
HaceleHHs, MO MemKkae Ha Tepuropii 3aximHo-JloHOACBKOTO  peErioHy,
BUKOPUCTOBYBAJIMCSI CTATHCTHYHI JaHi Jep>aBHOT CiTy:)KOHM CTaTUCTUKK YKpaiHu i
MinicrepcTBa 3aXUCTy OBKULISI Ta IPUPOJHUX pecypciB Ykpainu 3a nepiox 2011-
2022 poxu.

B sxocti X-HezanexHHX (QakTOpiB 0OpaHO MOKA3HUKH, IO XapaKTEePHU3YIOTh
SIKICHO-KIJIbKICHUH CTaH IOBEpXHEBUX Boj piuku Camapa, a came:

. Ckuy1 3a0pyIHEHUX 3BOPOTHUX BOJ Y IIOBEPXHEBHI BOIHUI 00’ €KT, MIIH M°.
. BumicT cynbdariB y moBepxHeBHX Bojax piuku Camapa, THC. TOHH.

. BumicT xmopuiB y noBepxHeBux Bojax piuku Camapa, THC. TOHH.

. BmicT cyxoro 3anuiiky B moBepXHEBUX BOJaX PidKH, THC. TOHH.

. BMicT 3aBHCIMX peyoBHH y MOBEpXHEBUX Bojax piuku Camapa, THUC. TOHH.
. BumicT 3amiza B moBepxHeBHX Bojax piuku Camapa, TOHHH.

. BmicT Mizni B moBepxHeBux Bojax piuku Camapa, TOHHH.

. BmicT unHKY B moBepxHeBux Bojax piuku Camapa, TOHHH.

. Bmict Hikesto B moBepxHeBUX Boaax piuku Camapa, TOHHH.

10. BumicT xpomy B MOBepXHEBHX BOjax piuku Camapa, TOHHH.

11. BMicT MapraHiio B MOBEpXHEBUX Bojax piuku Camapa, TOHHH.

12. BMICT CBHHITIO B TOBEpXHEBUX Bojaax piuku Camapa, TOHHH.

O 031N LN Wi~
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13. INoka3auk BCK (6i0I0T19HOTO CIIO’KWBAHHS KUCHIO) B IIOBEPXHEBUX BOJAX
piuku Camapa, TUC. TOHH.

14. BmicT Ha)TONIPOLYKTIB y MOBEPXHEBUX BoAax piuku Camapa, TOHHH.

B sxocTi Y-3ane)xHHX (akTOpiB, MO 3MIHIOIOTRCSA TiA Mi€l0 X-He3aleKHUX,
o0paHO HACTYIIHI KIJIaCH 3axXBOPIOBAHb HACeJIeHHA (KUIBKICTh BHIAJIKIB
3aXBOpIOBaHb B po3paxyHky Ha 100000 HaceneHHs), IO MEIIKAE HA TEPUTOPIl
3axigHo-/{oHOackKOro periony:

A. HoBOyTBOpEHHSI.

B. XBopoOu KpoBi, KPOBOTBOPHUX OPTaHiB Ta OKpPeMi MOPYLICHHS i3 3aJIyYeHHSIM
IMYHHOT'O MEXaHi3My.

C. XBopoOu eHAOKPHUHHOI CHCTEMH, PO3NIAJAN XapayBaHH:I, OPYIIEHHS 0OMiHYy
PEUYOBHH.

D. XBopoOu cucteMu KpoBooOiry.

E. XBopoOu opraniB TpaBiIeHHSI.

F. XBopoOu mikipy Ta migqmKipHOi KIIITKOBUHH.

G. XBopoOU KiCTKOBO-M’SI30BOi CHCTEMH Ta CHOJTYYHOI TKAHHHU.

1. XBopoOu cedocTaTeBoi cHCTEMH.

J. Bpomxkeni anomMatii (Baii po3BUTKY), JeopMaliii Ta XxpOMOCOMHI ITOPYIIICHHSI.

K. Okpemi cranu, 1110 BHHUKAIOTH Y MIEPHHATATILHOMY Tepiofii (3aXBOPIOBAHICTD
JITEH BIKOM JI0 OJTHOTO POKY).

Koedimient xopemsmii Ilipcora pospaxoByBaBcs 3a dopmymamu  (1)-(5).
PesysnbpTatv BCTaHOBJICHHS NPUYMHHO-HACTIIKOBOTO B3a€EMO3B’SI3KY MK SKICTIO
MOBEpXHEBHUX BOJ piuku Camapa Ta CTaHOM 3[0POB’Sl HACENICHHS, 110 MEIIKAE Ha
Tepurtopii 3axigHo-J{oH0ackKOTO periony, HaBeIeHO B Ta0I. 2.

Tabmurs 2. Pesynbratu po3paxyHKy Koe(illi€HTIB KOPEIALi SKOCTI TOBEPXHEBUX
Boj1 piuku Camapa Ta CTaHy 370pOB’sl HACCJICHHS, 1110 MEIIIKA€ Ha TEPUTOPIi 3axXiTHO-
JoHbackKoro periony

Knacu xBopo0, BIAMOBIAHO 10 IPUHHATOT JIiTEpH
IToka3Hukm*
A B C D E F G 1 J K
1 0,51 | 0,85 | 0,78 | 0,74 | 0,80 | 0,82 | -0,01 | 0,549 | -0,39 | 0,69
2 0,72 | 0,68 | 0,69 | 0,83 | 0,73 | 0,37 | 0,44 | 0,109 | -0,01 | 0,81
3 0,52 | 0,36 | 0,70 | 0,66 | 0,36 | 0,47 | 0,13 | -0,02 | 0,081 | 0,42
4 0,71 | 0,66 | 0,70 | 0,86 | 0,71 | 0,40 | 0,41 0,085 | 0,048 | 0,77
5 0,64 | 0,71 | 0,71 | 0,89 | 0,73 | 0,48 | 0,33 | 0,128 | 0,005 | 0,74
6 0,64 | 0,71 | 0,73 | 0,92 | 0,75 | 0,46 | 0,28 | 0,189 | -0,03 | 0,74
7 0,34 | 0,82 | 0,78 | 0,78 | 0,73 | 0,86 | -0,12 | 0,498 | -0,37 | 0,55
8 0,86 | 0,55 | 0,48 | 0,61 | 0,67 | 0,36 | 0,39 | 0,213 | 0,006 | 0,79
9 0,53 10,70 | 0,72 | 0,88 | 0,68 | 0,65 | -0,01 | 0,317 | -0,12 | 0,58
10 0,24 | 0,83 | 0,65 | 0,32 | 0,64 | 0,79 | -0,25 | 0,678 | 0,783 | 0,54
11 0,83 10,62 ]0,63|0,81 10,79 (020 ] 0,55 ]0,156 | 0,030 | 0,91
12 0,26 | 0,82 | 0,22 | 0,69 | 0,74 | 0,80 | -0,28 | 0,642 | -0,26 | 0,41
13 0,61 | 0,851 0,76 | 0,86 | 0,86 | 0,67 | 0,18 | 0,422 | 0,241 | 0,80
14 0,41 | 0,76 | 0,73 | 0,81 | 0,66 | 0,77 | 0,042 | 0,268 | -0,17 | 0,56

[Tpumitkn: *Tloka3HUKH, MO0 XapaKTEPHU3YIOTh SIKICHO-KiIBKICHUH CTaH TIOBEPXHEBHX BOJT
piuku Camapa, BiJIIOBITHO JI0 TIOPSIIKOBOTO HOMEPY
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[IpuiiaaTo ocHOBHY (HYJBOBY) TiImOTe3y — B3a€EMO3B’S30K MK SKICTIO
MOBEepXHEBUX BOJ piuku Camapa Ta CTaHOM 3[0POB’Sl HACENICHHS, 110 MEIIKAE Ha
teputopii 3aximHo-JloHOacbKOro perioHy, BiICYTHIH, TOOTO mOCTimXKyBaHi
MapaMeTpy HEe3HAYHO BiPI3HSIOTHCS Bi HyNs NMpH piBHI 3Hauymocti p. Ilixg
ANbTEPHATUBHOIO (KOHKYPYIOUOI0) TIMTOTE3010 MAETHCS HA yBasi, IO JOCTIHKYBaHI
napamMeTpH 3HaYHO BiAPI3HSAIOTHCA BiJ HYJS, TOOTO B3a€MO3B'SI30K MiXK O3HAKAMH €
CTaTHCTHYHO 3HAYYIIHM.

Jua miaTBepKeHHS abo CIPOCTYBaHHS HYIBOBOI TIiMOTE3W PO3PaXxOBAaHO
KpUTepii AOCTOBIpHOCTI BH3HaueHHX KoediumieHTiB Kopemsuii Ilipcona 3a
¢dopmynamu (6)-(7). Pesynbrat po3paxyHKy KpUTEpiiB JOCTOBIPHOCTI OTPUMaHUX
3Ha4YeHb KOe(iIiEHTIB KOpENIii SKOCTI TOBepXHEBUX BoJ piuku Camapa Ta CTaHy
3I0POB’Sl HAaceJIeHHs, IO MelKae Ha TepuTopii 3axigHo-J{oHOacbkoro periony,
HaBeJIEHO B TalI. 3.

Tabmums 3. PesynpraTti po3paxyHKy KpUTEPIiiB TOCTOBIPHOCTI OTPHUMAaHUX 3HAYEHB
KoeilieHTiB KOpeJsiiii IKOCTi MoBepXHEeBHX BOA piuku Camapa Ta cTaHy 37J0pOB’s
HACEJICHHS, 1110 MEIIKae Ha TepuTopil 3axinHo-/loH0achKOro perioHy

Krnacu xBopo0, BIIIOBIAHO 10 MIPUHHATOI JIiTEpH
[Toxazauku*
A B C D E F G 1 J K
1 1,43 | 3,95 | 3,00 | 2,69 | 3,27 | 3,54 | 0,02 | 1,53 | 1,05 | 2,36
2 2,53 | 2,28 | 2,32 | 3,62 | 2,62 | 0,97 | 1,18 | 0,27 0 34
3 1,50 | 0,95 | 2,43 | 2,16 | 0,93 | 1,32 | 0,32 | 0,04 | 0,20 | 1,15
4 2,47 | 2,12 | 2,41 | 420 | 2,46 | 1,07 | 1,10 | 0,21 | 0,12 | 2,98
5 2,04 | 245 | 2,47 | 4,78 | 2,58 | 1,32 | 0,87 | 0,32 | 0,01 | 2,69
6 2,02 | 2,49 | 2,62 | 5,88 | 2,74 | 1,27 | 0,71 | 0,47 | 0,08 | 2,68
7 0,87 | 3,55 | 3,03 | 3,00 | 2,63 | 420 | 0,30 | 1,41 | 0,98 | 1,63
8 4,07 | 1,60 | 1,35 | 1,89 | 2,20 | 0,95 | 1,05 | 0,53 | 0,02 | 3,17
9 1,54 | 2,38 | 2,51 | 4,59 | 2,25 | 2,11 0 0,82 |1 0,29 | 1,76
10 0,60 | 3,62 | 2,09 | 0,82 | 2,01 | 3,20 | 0,64 | 2,26 | 3,08 | 1,58
11 3,66 | 1,96 | 1,98 | 3,41 | 3,17 | 0,50 | 1,63 | 0,39 | 0,07 | 5,15
12 0,66 | 3,52 | 0,56 | 2,34 | 2,70 | 3,21 | 0,72 | 2,05 | 0,66 | 1,11
13 1,91 | 390 | 2,86 | 4,13 | 4,18 | 2,18 | 0,46 | 1,14 | 0,61 | 3,21
14 1,09 | 2,86 | 2,61 | 3,32 | 2,17 | 2,93 | 0,10 | 0,68 | 0,41 | 1,65

[pumitku: *Tloka3HUKH, MO XapaKTEPH3YIOTh SKICHO-KUIBKICHHUH CTaH IMMOBEPXHEBHUX BOJ
piukn Camapa, BiZIIIOBITHO /10 HOPSKOBOTO HOMEPY

OtpuMaHi KpuTepii JOCTOBIPHOCTI OIHIOKTHCS 3a TaOIHIICI0 KPUTHYHUX
3HaveHb f-Kputepito CTeIoAeHTa NpH piBHAX 3Hadymocti (p) 0,05, 0,01 Ta 0,001
3 ypaxyBaHHSM YHCiIa CTYIIEHIB CBOOOH, 1110 OpiBHIOE v=n-2=10-2=8. 3HaueHHs
t-xpurtepito Crorogenta it 5%-, 1%- ta 0,1%-ro piBHS 3HAYYIIOCTI JUIS 4HCIIa
CTYIEHIB CBOOOJM =8 HaBeIEHO B TalII. 4.

Tabnuus 4. Kputnani 3Hauenns -kputepito Cterogenta s 5%-, 1%- ta 0,1%-ro
PIBHS 3HAYYIIOCTI JJIsl YUCIIa CTYTEeHIB cBobou v=8 [21]

Mexi 3HaYEHD
p=0,05 p=0,01 p=0,001
t>2,31 t:+>3,36 15,04
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Haii6insIm moB’s;3aHUMH 3 SKICTIO BOAM (CKUA 3a0pYAHCHHX 3BOPOTHUX BOX Y
MOBEPXHEBHIA BOTHUI 00’ €KT) BUSBUIIKCS HACTYITHI KJIACH 3aXBOPIOBAHb:

- XBOpOOH KPOBi, KPOBOTBOPHHX OPTaHiB Ta OKpeMi MOPYILIEHHS i3 3aIy4YeHHIM
IMyHHOTO MEXaHi3My;

- XBOpoOW €HIOKPHHHOI CHCTEMH, PO3JIaN Xap4yyBaHHS, MOPYIIEHHS OOMiHYy
PEUOBHH;

- XBOpoOU CHCTEMHU KPOBOOOITY;

- XBOpPOOH OpraHiB TPaBJICHHS,

- XBOpPOOHM WWIKipH Ta MiJIIKIPHOT KJIITKOBHHHU.

Came MK UMMM JOCTIIXYBaHHMHU MapaMeTpaMu CHOCTEPITaETbCsl «CHIBHUN
no3uTuBHAN 3B'130K (0,701<| 74,1<0,900). TobT0 unM OinbIle B TOBEPXHEBI BOIN
piuku Camapa CKHIAeThCs 3a0pyAHEHHX a00 HETOCTATHRO OYHUILIEHUX CTIYHUX BO[L,
TUM Oijbllle BHWNAAKIB 3aXBOPIOBAHHS Ha BHINE 3a3HAueHi KJIAcH XBOPOO
peectpyeThes Jikapsmu. [Ipu oMy KpuTepii TOCTOBIPHOCTI OTPUMAHHUX BEITHYNH
Koe(ili€HTIB KOPEIALlii TepeBUIIYIOTh TAOINYHE 3HAUCHHS {-KpuTepito CThIOIeHTa
JUISL YMCiia CTyNeHiB cBoOoau v=S8. Lle cBimuuTh mpo Te, 10 NpUKHATA HYJIHOBA
rimore3a CIPOCTOBYETHCS 1 TPUHAMAETBCSA albTEPHATHBHA, TOOTO 3B'SI30K MK
SIKICHUM CKJIAJIOM TTOBepXHEBHUX BOJ piuku Camapa Ta piBHEM 3aXBOPIOBAHOCTI Ha
XBOpPOOM EHJOKPHHHOI CHCTEMH, PO3JIagd XapuyBaHHS, IMOPYIIEHHS OOMiHY
PEYOBHH, CHCTEMH KPOBOOOITY Ta OpTaHiB TpaBJICHH:I 3 IOBIpUYOI0 HMOBIpHiCTIO 95%
BBQ)KAETHCS CTATUCTUYHO 3HAYYIIMM. MiXK SIKICHUM CKJIaI0M ITOBEPXHEBUX BOJ
piukn Camapa Ta XBopoOamMH INKipH Ta TMIAMIKIPHOI KIIITKOBHHHU, KpPOBI,
KPOBOTBOPHHUX OpraHiB Ta OKPEMUMH IMOPYIICHHSMH i3 3aJy4YCHHSM IMYHHOTO
MeXaHi3My NoBipya HMOBIpHICTH ckiagae 99%. Kpim Toro, 3B's130k MiX SKiCHUM
CKJIAJIOM TTOBEPXHEBUX BOA piuku Camapa Ta OKpEMUMH CTaHAMHU, 1110 BHHUKAIOTh Y
MepUHATATBHOMY TEPioJli, OMIHIOETHCS SIK «cepeqHbol cum» (0,501<| 7y,1<0,700),
ajle KpUTEpid JOCTOBIPHOCTI OTPHUMAaHOIO KoedilieHTa KOpesiii IMepeBUIIye
tTabauuHe 3Ha4YeHHs f-kpuTepito CteromeHTa st p=0,05 piBHS 3HAYYLIOCTI, IO
JIO3BOJISIE  CTBEPIPKYBATH, IO 3B'I30K MK JOCTI[PKYBAaHHMHU MapamMeTpamu 3
JIOBIPYOI0 HMOBIPHICTIO 95% BBaXKa€THCS CTATUCTHUYHO 3HAYYIITHM.

Hacminmkamu migBUIIEHHS BMICTy CyJib(aTiB y TOBEPXHEBHUX BOJAX PIUKH
Camapa € 301bIIEHHS PiBHS 3aXBOPIOBAHOCTI HA HOBOYTBOPEHHS, XBOPOOU CUCTEMH
KpOBOOOIr'y Ta OpraHiB TpaBJCHHS, OKpEeMi CTaHW, 10 BUHHKAIOTh Y
MIEpUHATATHPHOMY TIEPiO/i.

[ligBuieHHs: BMIiCTy XJIOPHIIB Y NOBEPXHEBUX Bojax piuku Camapa 30iiblrye
KUTBKICTh 3aXBOPIOBAaHb CHIOKPUHHOI CHCTEMH, PO3JIa[Id XapuyBaHHs, OPYIICHHS
0OMiHY pEYOBHH.

[ligBuiennss piBHS MiHepatizamii (CyXoro 3ajMIIKy) B HMOBEPXHEBHX BOAAX
piukn Camapa 30UIbIIye KiJBbKICTh 3aXBOPIOBaHb Ha HOBOYTBOPCHHS; XBOPOOH
CHJIOKPUHHOT CHCTEMH, PO3NIQJM XapuyBaHHs, IMOPYIIEHHS OOMIHY pEYOBHH;
XBOpOOM CHCTEMH KPOBOOOIry; OpraHiB TpaBJICHHS; OKPEMi CTaHH, 10 BUHUKAIOTh
y NepUHATAJIbHOMY MEPiOi.

Hacnigkamu TiIBUIIEHHST BMICTY 3aBUCIHX PEYOBHH Yy TMOBEPXHEBHX BOJAX
piukn Camapa € 30ijbLICHHS PIiBHS 3aXBOPIOBAHOCTI Ha XBOpPOOM KpOBI,
KPOBOTBOPHHUX OPraHiB Ta OKpeMi HOPYIIEHHS i3 3aJIy4eHHSIM IMyHHOT'O MEXaHi3MY;
CHJIOKPUHHOT CHCTEMH, PO3NIQJM XapuyBaHHs, IOPYIIEHHS OOMIHY pEYOBHH;
CHCTEMH KpOBOOOIr'Y; OpraHiB TpaBICHHS; OKPEMi CTaHW, M0 BHHUKAIOTH Y
NepUHATAIBHOMY TEPiOi.
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[limBuimmeHHS BMICTY 3ajli3a B IOBEPXHEBUX Bojax piuku Camapa 301IbIIye
KUTBKICTh 3aXBOPIOBaHb Ha XBOpOOM KpPOBi, KPOBOTBOPHHUX OpPraHiB Ta OKpeMi
MOPYLICHHS 13 3aJy4YeHHSIM IMyHHOTO MEXaHi3My; CHIOKPHHHOI CUCTEMH, PO3NaIH
Xap4dyBaHHS, TIOPYIIEHHA OOMIHY pEYOBHH; CHCTEMH KpOBOOOIry; OprafiB
TPaBJICHHS; OKPEMi CTaHH, 110 BHHUKAIOTH ¥ TIEPUHATATILHOMY TI€PiOJIi.

Hacminmkamu migBUIEHHS BMICTY MiJli B MOBEpPXHEBUX Bojax piuku Camapa €
30UTBIIIEHHS PIBHS 3aXBOPIOBAHOCTI Ha XBOPOOH KPOBI, KPOBOTBOPHUX OpPTraHiB Ta
OKpeMi MOPYIICHHS i3 3ay4eHHSM IMyHHOTO MEXaHi3MY; €HJOKPUHHOI CHCTEMH,
po3naan XapuyBaHHS, IOPYLICHHS! OOMiIHY PEYOBHH; CUCTEMH KPOBOOOITY; OpraHiB
TPaBJICHHS; WIKIPH Ta MiJIIKIPHOT KJIiTKOBHHHU.

[ligBumieHHs BMICTY IMHKY B TIOBEPXHEBUX Bojax piuku Camapa MpuU3BOAUTSH 110
301IbLICHHST PIBHS 3aXBOPIOBAHOCTI HAa HOBOYTBOPEHHSI Ta OKpeMi CTaHH, IO
BUHHUKAIOTH y NIEPUHATATBHOMY TIEPiOIi.

Hacinmkamu migBuineHHS BMICTY HIKeITFO B TIOBEPXHEBUX BoAax piuku Camapa €
30iNbIIEHHST PIBHA 3aXBOPIOBAHOCTI HA XBOpPOOW CHCTEMH KpOBOOOITY Ta
CHIIOKPUHHOI CHCTEMH, PO3JIay XapuyBaHHs, IOPYIICHHS OOMIHY PEUYOBHH.

[ligBuiieHHs BMICTY XpOMY B ITOBEPXHEBHX Bozax piuku Camapa nIpu3BOIUTH 10
30iTBIIEHHS PiBHS 3aXBOPIOBAHOCTI HAa XBOPOOW KpPOBi, KPOBOTBOPHHUX OPTaHiB Ta
OKpeMi MOpYIIEeHHS i3 3aly4eHHsIM IMyHHOTO MEXaHi3My; HIKIpH Ta MiAMKIpHO
KIIITKOBUHM; BPOKEHI aHOMamii (Baau pO3BHUTKY), Aedopmaliii Ta XpOMOCOMHI
MOPYLICHHS.

[TigBuieHHsT BMICTY MapraHIjio B MOBEPXHEBHUX BoJax piuku Camapa 301imblrye
KUTBKICTh 3aXBOPIOBaHb Ha HOBOYTBOPEHHS, CHCTEMH KpPOBOOOIry Ta Oprasis
TpaBIIEHHS, OKPEMi CTaHH, 1[0 BUHUKAIOTh Y TIEPUHATAIEHOMY TIepioIi.

Hacnigkamu migBHUILEHHS! BMICTY CBHHIIIO B TIOBEpXHEBUX BoAax piuku Camapa
€ 301IbIICHHS PiBHS 3aXBOPIOBAHOCTI HA XBOPOOW KPOBi, KPOBOTBOPHUX OpraHiB Ta
OKpeMi TOpYIIEHHS i3 3ay4eHHSM IMyHHOTO MEXaHi3My; OpraHiB TpaBIICHHS;
MIKIpH Ta MiAMIKIPHOI KIITKOBHHHU.

[MigBumenns nokaznuka BCK B moBepxHeBux Bojax piuku Camapa Npu3BOIUTD
710 30UThIIEHHS PiBHS 3aXBOPIOBAHOCTI HA XBOPOOH KPOBi, KPOBOTBOPHUX OPTraHiB
Ta OKpEeMi MOPYLICHHS i3 3aJIy4YeHHAM IMyHHOT'O MEXaHi3My; €HJIOKPUHHOI CUCTEMH,
po3iaau XapayBaHHsI, MOPYIIEHHST 00MiHY PEYOBHH; CUCTEMH KPOBOOOITY; OpraHiB
TPaBIICHHS; OKPEMi CTaHH, [0 BUHUKAIOTh Y TIEpUHATAIILHOMY TIEpio/Ii.

Hacminkamu migBuiieHHsT BMicTy HaQTONPOAYKTIB y IOBEPXHEBUX BOJAX PIUKH
Camapa € 301nbIIEHHS PiBHSA 3aXBOPIOBAHOCTI Ha XBOPOOM KPOBi, KPOBOTBOPHHUX
OpraHiB Ta OKpeMi MOPYIUICHHS i3 3aJy4YeHHSM IMyHHOTO MEXaHi3My; CHCTEMHU
KpPOBOOOITY; €HJIOKPUHHOI CHCTEMH, PO3IQAM XapuyBaHHS, MOPYIICHHS OOMiHY
PEYOBHH; IIKIpH Ta MiAMKIPHOT KIIITKOBUHHU.

TakuM YMHOM, 3 BEJIMKOIO YaCTKOIO BIPOTIAHOCTI MOXKHA CTBEPIKYBAaTH, IO
HE3a/I0BUIbHA SKICTh TOBEPXHEBUX BOJ piuku CaMapa NMpu3BOJMTH JI0 3aXBOPIOBAHb
HACEJIeHHs, NOCIa0JNeHHA IMYHITETY 1, MOJJIMBO, MiJABHIIEHHS CMEPTHOCTI
MeENIKaHINB 3axinHo-/]0H0achKOro pPerioHy.

BucHOBKH Ta MepCNeKTHBH MOAAJIBLIINX AO0CTITKEeHb

AHTpPOTIOTEHHHH BIUTMB HA BOJHI eKOcHcTeMH Oaceiiny piuku Camapa MpHu3BOINTH
HE JIUIIE JI0 IXHBOTO KiTbKICHOTO BUCHAXKEHHSI, aJie i JI0 Jierpajialii sKiCHOTo CKIIary
npupoaHux Bo. Lle mos's13aHo 3 HaAMIpHUMH 00CATaMU CKUAAY CTIYHUX BOA, PI3HUM

CTYIICHEM iXHBLOTO OYMIIICHHS Ta SIKICTIO.
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B mamumii yac mus DOCHTIIKYBaHOTO PETIOHY XapaKTEPHUM € BHCOKHH CTYITiHB
MiHepastizallii Ta MoTipIIeHHs SKOCTI MOBEPXHEBUX BOJI, a 1€, B CBOKO YEPTy, MOXKE
3aBJaTH UIKOJX Ha3eMHHM arpO€KOCHCTEMAaM, OCKIJIBKH 111 BOAN BUKOPUCTOBYIOTHCS
IS TIOJIMBY, Ta 30POB'I0 HACETICHHSL.

AHai3 JaHUX CTAaTHCTHUKHU IMIOAO SKICHO-KIJIBKICHOTO CTaHy ITOBEPXHEBUX BOJ
piuku Camapa Ta 3aXBOPIOBAHOCTI HACEJIEHHSI, 1110 MEIIKAE Ha TEPUTOPii 3axiTHO-
JloHOachKOTO perioHy, J03BOJIIE 3 BUCOKOI) YACTKOKO BIPOTiTHOCTI MPHITYCTHTH
TIPSAMUI 3B’ 130K MiJK 30UTBIIEHHSIM ITEBHUX KJIACiB 3aXBOPIOBAHb MEIIKAHITIB JaHOI
TEpUTOPii Ta HASIBHICTIO 3a0pyIHIOIOUMX PEYOBUH Y TOCTIKYBaHIi BOIOWMI.

[Ipobnema BIuMBY pi3HUX (PaKTOPIB HABKOJIHUIIHHOTO MPUPOTHOTO CEPEIOBHILA
SIK aHTPOTIOT€HHOT0, TaK 1 IPUPOIHOTO IMOXOMKEHHS Ha €KOJOTIYHY CUTYAILio, 110
ckianacs Ha TepuTopii 3axigHo-J{oHOackkoro perioHy, TpPYyIOBI pecypcH Ta
3JIOPOB'sl JIIOJUHKM € ChOTOJHI OIHIEI0 3 HAWaKTyalbHINIUX, [0 MAa€ BEIMYE3HE
COLIiaJIbHO-€KOHOMIYHE 3HAUCHHS.

Menuko-exosoriuai mpobieMu B YKpaiHi € JyKe TOCTPUMH 1 TMOTPEeOYIOTh
MOCTIHHOTO CIIOCTEPEKEHHSI 33 BILIMBOM JIOBKLJIJIS HA CTaH 37I0POB'sl HACETICHHSI KpaiHH
3 BU3HAYCHHSM TPIOPUTETHUX (DaKTOPIB, IO (POPMYIOTH 3/IOPOB'S, 1 Ha I[iif OCHOBI —
PO3pOOKH HAYKOBO-OOTPYHTOBaHMX O3OPOBUMX 3aXOfiB, Yy TOMYy YHCII W
MPUPOJOOXOPOHHKX. Y 3B'SI3KY 3 IIMM II€ TOCTpillle TocTae mpodiemMa po3poOKH Ta
BIPOBaKEHHSI METUKO-EKOJIOTTYHOTO MOHITOPUHTY, METOIO SIKOTO Oy/ie CTBOPEHHSI Ha
TepuTopii 3axigHo-l0HOACKKOTO PETiOHY MOHITOPHHIOBOT MEpPEXi CIIOCTEPEKEHHS 3a
SIKICTIO JIOBKLJIJIS T2 BCTAHOBJICHHS IPUYMHHO-HACIII IKOBOTO B3aEMO3B'SI3KY MIXK HUMH.
Ha mincraBi oTpuMaHux gaHuX y MaiOyTHHOMY Oy/ie MOXKITBA PO3pOOKa OTIepaTHBHOT
CHCTEMH TIPUPOIOOXOPOHHHX 3aXO0/IiB Ta 3aXO0/IiB IIOA0 30epekeHH 3I0POB'S.

JlaHi BHCHOBKHM BKa3yIOTh Ha HEOOXIIHICTh MPOBENEHHS B ITOAABIIOMY OB
TITMOOKUX JIOCII/IKEHD JIJIsl KOPEKTYBaHHSI HOPMATUBIB SIKOCTI MIOBEPXHEBUX BOJI 3
ypaxyBaHHSIM perioHajbHOI crmenudikd ymMoB 1 (akTopiB 3a0pyIaHEHHS
HaBKOJIMIIHBOTO  CEPeIOBHINA, PO3pOOKM  OUIBII  JOCKOHAIMX  CHCTEM
BOJIOMIATOTOBKH JIJISl 3HW)KCHHS PIBHS 3aXBOPIOBAHOCTI HACEJICHHS, 1[0 MEIIKAE Ha
MPUIETIINX TEPUTOPISIX.
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ACOUSTIC EFFICIENCY OF GREEN FACADES: EVALUATION
OF THE IMPACT OF PARTHENOCSISSUS QUINQUEFOLIA
ON NOISE POLLUTION REDUCTION

Abstract. The article presents the results of a study of the acoustic efficiency of a
green facade formed with Parthenocissus quinquefolia as a natural noise-absorbing
barrier in an urban environment. The relevance of the work is due to the growing
level of noise pollution, which is one of the leading environmental risk factors in
cities. The potential of vertical gardening as an element of sustainable architectural
design that combines aesthetic appeal with environmental and functional benefits is
investigated. The aim of the study was to quantify the ability of a green facade
formed by Parthenocissus quinquefolia to reduce sound pressure levels in the
external and internal environment of a residential building. The experimental part
was carried out by means of full-scale modelling of a facade fragment in two
seasonal states - with and without the existing leaf cover. Acoustic measurements
were performed in accordance with the requirements of DSTU B V.2.6-86:2009
under controlled conditions. Additionally, numerical modelling of wave
propagation was applied, taking into account changes in the effective density and
elastic properties of the medium. The results of the study show that the leaves of
Parthenocissus quinquefolia reduce the sound pressure level by up to 20 dB in the
mid-frequency range. Even in the absence of leaf cover, a pronounced noise-
protective effect is maintained, which confirms the feasibility of using this plant for
vertical gardening in the context of reducing noise load. The obtained results deepen
the understanding of the acoustic properties of green facades and emphasise the
feasibility of their use in the environmentally oriented design of urban spaces.
Keywords: green facades; Parthenocissus quinquefolia; noise protection, acoustic
efficiency; vertical greening;, urban environment; sustainable development;
ecological architecture.

K.B. Illym6ap, T.M. TkaueHko

KuiBcbkuii HalioHaIbHMI yHIBEpCUTET OYIIBHUITBA 1 apxiTekTypH, M. KuiB, Ykpaina

AKYCTHYHA E®EKTUBHICTD 3EJIEHUX ®PACAJIB: OLIIHKA
BIIJIMBY PARTHENOCSISSUS QUINQUEFOLIA HA 3SMEHUIIEHHSA
HIYMOBOI'O 3ABPYJJHEHHS

Anomauin. Y cmammi npeocmagneno pe3yibmamu 00CAI0NCEeHHs AKYCMUYHOT
eghexmugnocmi 3enenozo pacady, cgopmosanozo 3a yyacmio Parthenocissus
quinquefolia, sAx nPUPOOHO2O  WYMONOSIUHATLHO20 bap’epa 8  yMo8ax
ypbanizoeanozo cepedosuma. AxmyanrbHicms pobomu 3yMOGIEHA 3POCHAHHIM

© K.B. lllym6ap, T.M. Txauenko, 2025
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PDIBHS UYMOB020 3aOPYOHEHHS, WO HALEHCUMb 00 NPOGIOHUX eKOJIO2IYHUX (DaKMOpI8
pusuxy 'y wmicmax. [ocniodceno nomenyian 6epmuKanibHO20 O3€/leHeHHs K
e/leMenmy Cmano2o apximekmypHo20 NpPOEKMYBAHHS, AKUL NOEOHYE eCHemuyHy
npueadIusicms i3 eKoN0IYHUMU Ma (QYHKYIOHATbHUMU nepesazamu. Memoro
dociodcenHs 0Y0 KiIbKiCHe OYiHI08AHHSA 30aMHOCTI 3e/1eH020 hacady, ymeopeHo2o
Parthenocissus quinquefolia, 3nuscysamu pieeHb 36YK08020 MUCKY ) 308HIUHbOMY
ma GHympiuHbOMYy cepedosuyi sHcumaogoi oyoieni. Excnepumenmanvna wacmuna
PeanizosaHa WIAXOM HAMYPHO20 MOOeTI08aHHS (ppazmenma ghacady y 080X Ce30HHUX
CMAaHax — i3 HAAGHUM TUCHKOBUM NOKPUBOM MA 6e3 Hb020. AKyCMuuHi 6UMIpIo8anHs
BUKOHAHO 6i0Nn0sioHo 00 eumoe JJCTY b B.2.6-86:2009 y konmpob08aHux yMO8ax.
Looamxoeo 3acmocosano uucenvhe MOOENIO6AHHA XEUTLOBO20 NOUUPEHHS 3
VpaxyeanHaAm  3MiH  eekmugenoi 2ycmuHu ma HPYICHUX ~ GIACMUSOCHIEl
cepedosuwa. Pezynemamu Odocnioocenns ceiouams, wo aucms Parthenocissus
quinquefolia 3abe3neuye 3MmeHuwieHHs pigHA 38yKogoco mucky oo 20 0B y
cepeonvouacmomuomy odianasoni. Hasims 3a 6iocymuocmi aucmkogo2o nokpugy
30epieaemsbCs BUPACEHUN WYMO3AXUCHUL eheKm, ujo nIOMEepoH#Cye OOYLIbHICHb
BUKOPUCMAHHA Yi€] POCIUHU ONA BEPMUKANBLHO20 03€NEHEHHA 6 KOHMEKCMI
SHUICEHHS WYMO6020 Hasanmavicents.. Ompumani pe3ynvmamu noauboms
VAGIEHHA NpO aKYCMUYHI 61ACMUBOCMI 3eleHux acadie i nioKpecironms
O0OYINbHICY iX 3ACMOCYBANHS 8 eKONO2IUHO OPIEHMOBAHOMY NPOEKMYBAHHI MICLKUX

npocmopis.
Knwwuosi cnoea: seneni pacaou; Parthenocissus quinquefolia; wymoszaxucm,
aKycmuuHa — eexmueHicmb,  GepmuKaibHe  O3€jeHeHHs,  ypOauicmuune

cepedosuuge; cmanuil po36UMOK,; eKOI02IYHA apXimexmypa.
https://doi.org/10.32347/2411-4049.2025.3.153-162

Beryn

InreHcuBHa ypOaHizalis, IO CYIPOBOKYETHCS 3POCTAHHSIM TPAHCIIOPTHOTO
MOTOKY Ta pO3IIMPEHHSM IHXXEHEpHOI 1H(QpacCTPyKTypH, B3yMOBIIOE HH3KY
EKOJIOTIYHUX MpoOJeM, cepel SKHX OJHI€I0 13 HaHaKTyalbHIIIMX € [IyMOBE
3a0pynHeHHs [1]. OCHOBHMMH [pKepeldaMy LIyMy B MICBKOMY CEpeIOBHIII
BUCTYNAIOTh aBTOMOOITBHWH, 3aJI3HUYHUI 1 TIOBITPSIHUH TPAHCIIOPT, a TaKOX
MpOMHCIIOBI 00’ exTH. HagmipHMii piBeHb IIyMy YHHUTH HETATUBHUI BIUTUB HA CTaH
JOBKUUIL Ta 3/0pOB’S HACEJCHHS, 30KpeMa CHPUYMHSIE CTPEC, PO3Jaau CHY,
3HW)KEHHS! KOTHITMBHOI Npale3laTHOCTI Ta 3arajJbHOro camomnouyyrtts [2]. 3a
kiacudikamiero BcecBiTHROT opraHizaiii 0XOpOHHU 30pPOB’S, IIyM € JPYTUM 3a
3HAYYIICTIO €KOJIOTIYHUM (PaKTOPOM PHU3HKY Micis 3a0pyaHeHHsT aTMOC(hEpHOTro
noBiTps [3].

TpaguiiiHi METOAM ITYMO3aXUCTy, 30KpeMa 3BYKOI30JISIMiHHI MaTepiaiy,
IIYMO3aX¥CHI €KpaH! Ta ONTUMI3allist MiICBKOT iHQPACTPYKTYPH, XapaKTePH3YIOThCS
BHCOKOIO BapTIiCTIO Ta CKJIAJHICTIO BNPOBAIKEHHA. E(EKTUBHOIO albTepHATHBOIO
3HMYKEHHS IITYMOBOTO 3a0pYAHEHHSI € 3eJIeH1 KOHCTPYKIIii, 30KpeMa 3eJIeHi CTIHH Ta
Jaxu, sIKi TOEJHYIOTh €KOJOTiuHy e(eKTUBHICTh 13 IIyMONOTJIHHATBHUMU
BJIACTUBOCTSIMH POCIIMHHOTO HMOKPHBY, CIPHUIIOYH HPUPOIHOMY 3HMKEHHIO PIBHS
mymy [4]. 3eneHi KOHCTpyKUii B ypOaHi30BaHOMY CepelOBHIII 3a0e3NeuyroTh
IIMPOKUH CIIEKTP €KOCUCTEMHHX MOCIYT, BKIIIOYAIOYH MiTPUMKY Oi0pI3HOMAHITT,
peryiioBaHHS BOJHOTO CTOKY, IiJIBHIICHHS €HEproeeKTHBHOCTI OyliBelb,
3HM)KEHHS! IHTEHCHUBHOCTI MICBKOTO TEIJIOBOTO OCTPOBA, YJIOBJIIOBAHHS 3BAXKEHHX
YaCTOK, IIOKPAIIEHHS SKOCTI IMOBITPSI Ta 3MEHIIICHHS PiBHS ITyMOBOTO 320y /THEHHSI.
Ili mepeBarn € BaKIMBAMH IS auarnTailii g0 3MIHA KJIiMaTy Ta ITOM’ SKIICHHS

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTYBaHHS, BHIL 3 (55), 2025



~ 155 ~

HachmiakiB ypOamizamii B wMictax [5]. OxpiM IMX EKOJIOTIYHHX AaCIEKTiB,
JOCHI/DKEHHS MiAKPECIIOIOTh MOTEHIial 3eleHUX KOHCTPYKLIH y TMOKpalleHHi
aKyCTUYHUX YMOB SIK Ha BYJIMIIX, TaK 1 B IPUMILICHHSX.

Y KOHTEKCTI 3pOCTAlYMX EKOJOTIYHHUX BHUKJIHKIB, IO CYNPOBOIKYIOTh
ypOaHnizailito, 3pocTae motpebda y BIPOBaIKEHHI epeKTUBHHUX pimeHb. OmHIE0 3
KITIOYOBUX TEHICHLIN CYy4acHOT'O apXiTeKTypHOTO MPOEKTYBAaHHS € Opi€HTallis Ha
MIPUHIIMITN CTAIOTO Oy IiBHUIITBA, CIIPSIMOBaHI Ha MiHIMI3aIlil0 HETATUBHOTO BILIUBY
Ha JOBKULIS Ta MiABUIIEHHS PiBHI KOMPOPTY Ui MouHA. /{1151 00'€KTHBHOI OI[IHKH
€KOJIOTIYHOCTI Oy/iBeNh po3po0JIeHO HU3KY MIKHAPOIHHUX PEHTHHTOBHX CHCTEM,
3okpema LEED (CLIA), BREEAM (Benuka bputanist), DGNB (Himeuunna) Toro.
i cucremMn TpyHTYIOTBCS Ha CYKYITHOCTI KiJIBKICHUX 1 SIKICHUX TMOKAa3HUKIB, IIO
OXOIUTIOIOTH XapaKTePUCTUKH CHEProePeKTUBHOCTI, €KOJIOTIYHOI Oe3IeKu, STKOCTI
BHYTPIIIHBOTO MIKpPOKJIIMAaTy Ta €KCIUTyaTamiiHoi e(eKTHBHOCTI. 3acTOCyBaHHS
TaKMX CTaHJAPTIB HE JIMIIE CIPHSE PaliOHATLHOMY BUKOPHUCTAaHHIO PECypCiB, a i
3a0e3nedye eKOHOMIYHY TOMUTEHICTD MPOTATOM YKHTTEBOTO IIUKITY OYIiBIi.

Y 1pOMy KOHTEKCTI OCOONMBY yBary 3aciyrOBY€ 3aCTOCYBaHHS 3€JICHHX
dacamiB — CcHUCTEM BEPTHUKAJIbHOTO O3CICHEHHS, SKi TMOETHYIOTh €CTETHYHY
npuBaOIMBICTh 13 (PYHKIIOHATFHUMH BIACTHBOCTSIMH, 30KpeMa 3IaTHICTIO
3HIDKYBaTH piBeHb MIyMoOBOro 3abpynHeHHs. lIpencraBiene mocimimkeHHS
CIpsSIMOBaHE Ha OLIHKY aKyCTH4YHOI e(eKTHBHOCTI o3eneHeHHA (acamy 3a
noromMorow Parthenocissus quinquefolia (nukuii BUHOTPAJ ITSTHIUCTHIA) SK
MIPUPOTHOTO NTYMO3aXHCHOTO €JIEMEHTa B YMOBaX MICHKOTO cepeioBuIa [6].

BukopucTaHHSI cHCTEM BEPTHKAIBLHOTO O3€JeHEHHS (acajiB pO3TISIIAEThCS K
e(eKTHBHUI IHCTPYMEHT CTajoro OYIIBHHITBA, IO CHpPUSE MOKPAIICHHIO
MIKPOKJTIMATHYHUX YMOB HaBKOJIO OyJliBEJh Ta BOJHOYAC 3HWKYE PIBEHD IIyMY SIK
30BHI, Tak 1 BcepenuHi npumimens [7]. 3eneni dacanm, peanizoBani y ¢opmi
(acagHux abo KMBUX CTiH, 3/IaTHI €(PEKTHBHO IMOTJIMHATH Ta PO3CIFOBATH 3BYKOBI
XBWJIi, 3MEHIIYIOUM aKyCTHYHE HABAaHTQ)XEHHS HA HABKOJIMIIHE CEPEIOBUIIE.
JlociDkeHHS TOKa3yloTh, IO 3aJ€XKHO BiJl THIy BEPTHKAJIbHOTO O3EICHEHHS,
TYCTOTH POCIMHHOTO TIOKPHBY Ta CE30HHOTO CTaHy JIMCTS, 3HWKEHHS IIIyMy MOJXKe
nocsrati 10-20 nb, 0co0MBO B cepeIHLOYACTOTHOMY Jiana3oHi [8].

3aBIsSIKM POCIMHHOMY ITOKPHMBY Ha 3elIeHHX (acaaax BijOyBaeTbcs epeKTHBHE
PO3CitOBaHHS Ta BiIOWTTS 3BYKOBHX XBHIIb, IO CIIPHUSIE CTBOPCHHIO KOM(OPTHOTO
aKyCTHYHOro cepenoBuiia. OHe 3 JOCIiIPKEHb [TOKA3aJlo0, 1110 3eJIeH] CTIHU 37aTHI
3HWKYBaTH PiBEHb IIYMy B HaBKOJHIIHBOMY ceperoBumi o 10 nenmbern, mio
3HAYHO TIEPEBHIy€e e(PEeKTUBHICTh TPAAUIIHHUX MaTepialiB, TaKHX SK OCTOH YU
ckio [9]. AkyctuuHa e(eKTHBHICTh 3€JICHUX CTiH 3aJIEKUTh BiJ psly (akTopiB,
BKJIIOYAlOYM BUAOBHUI CKJaJ POCIMH, LIUIBHICTD POCIMHHOCTI Ta XapaKTEPUCTUKH
cyoctpary. [loganbii qociiHKeHH TiATBEPAXKYIOTh €PeKTHBHICTD 3€JIEHUX CTiH 5K
3BYKOIIOTJIMHANGHUX ~ EIIEMEHTIB, 3a3Ha4yaloud, 10 ONTUMAIbHI MapaMeTpu
cyOcTpaTy Ta POCIAMHHHUX KOHQIrypamiii MOXYyTh 3a0e3neduTd KoeDilieHTH
3BYKOMNOIIMHAHHS, 110 nepeBulrytoTs 0,60 [10].

VY BHYTpILIHIX HPUMIIIEHHAX BEPTHKAJIbHE O3EJCHEHHS TaKOX Halae 3HayHi
aKyCTH4HI mepeBard. J{OCHi/DKeHHS IMOKa3ajiM, IO 3€JIeHI CTIHU B 3aKPHUTHX
MpoOCTOpax MOXYTh 3HIKYBaTH dYac peBepOepauii B cepelHbOYACTOTHOMY
ZiamasoHi, o 3HaYHO NokKparye po3oipnusicts MoBH [11]. Kpim Toro, BepTukanbhi
caad B MPUMIIIEHHAX 31aTHI norinuHatd 10 70% 3BYKOBOI €HEprii Ha IMEBHUX
4acToTax, e(PeKTUBHO 3MEHIIYOYH IITyM, I1[0 BUHUKAE Bix 0(iCHOrO 00JIaqHAHHS Ta
MOBCAKIEHHOT AisuibHOCTI [12]. OcobauBy yBary mpuBEpTarOTh JOCHTIKEHHS, K
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30CepEeKYIOThCSI HAa BHU3HAYCHHI KOEMIIIEHTIB 3BYKOMOTIMHAHHS 3€ICHUX CTiH.
Binbimicte  Takux JIOCHIPKEHb TPOBOJUTHCS B JAOOPATOPHUX yMOBax 3
BUKOPHUCTAHHSAM IMIIEaHCHUX TPyO abo peBepOepalliiiHuX Kamep, 10 J03BOJISE
JIETAbHO aHaJi3yBaTH BHECOK OKPEMHX KOMIIOHEHTIB CHCTEMH, TaKHX K JIHCTS,
ctebna Ta cyoctpar. BogHodac criocTepira€Tbcsi 3pOCTaHHS IHTEPECY M0 OIIHKH
aKycTH4HOI e()eKTUBHOCTI 3eJIeHHX (pacaiiB y pealbHUX MiChKUX yMOBax [6, 13, 14].

JochimkeHHs] TOKa3yloTh, MO0 MiCbKa POCITUHHICTD IMMO3WTHBHO BILTMBAE Ha
3IOpOB’ sl IIOMHM, 30KpeMa Yepe3 3MEHIIICHHS PiBHS IITyMOBOTO 3a0pyaHeHHs [15].
Beprukanbne o3eneHeHHS €EKTHBHO 3HIDKYE PIBEHb HIYMY B ypOaHi30BaHOMY
CEPEIOBHIIl 3aBIISIKHM 3JaTHOCTI MOTJIMHATHA Ta PO3CIIOBATH 3BYKOBI XBwIi. Orisia
moHan 40 HayKOBHX POOIT MOKa3ye, MO Ii CHCTEMH OCOOJIMBO pPEe3yIbTaTHUBHI B
CepeIHhOMY Ta BHUCOKOYACTOTHOMY Jiama3oHi, KOJU KOHCTPYKIiS HE MiCTUTh
MOBITPSIHUX MOPOXKHUH 200 Pe30HAHCHUX eyeMeHTiB. OCcOoO0IUBY yBary MpHIijICHO
3aCTOCYBaHHIO 3elleHuX (acamgiB y TycTo3a0yMOBaHMX MICBKAX paloHax Ta
KUTIIOBUX KBapTallax, e PiBEHb ITyMy € BUCOKUM [16].

MeTo10 eKCIIepUMEHTATILHOTO JOCHIIKSHHS € KIJIbKICHE OI[IHIOBaHHS 3aTHOCTI
3eneHoro (acamy 3 Parthenocissus quinquefolia 3HWKyBaTH PiBEHb 3BYKOBOTO
TUCKY Y 30BHIITHBOMY Ta BHYTPIITHFOMY CEPEIOBHIII XKUTIOBOI OYyIIiBII, a TAKOXK
aHaJi3 BIUIMBY pi3HUX (aKTOPiB Ha aKyCTHYHY e(peKTHBHICTb. OCOOIUBY yBary
MOPUIIIEHO BIUIMBY JIMCTSHOTO TOKPHUBY HA 3MEHIIEHHS 3BYKOBOTO THCKY Y
BHYTPIITHROMY TPOCTOPi 3 METOK TIABHINEHHS aKyCTUYHOTO KOMQOpPTY
MENIKAHIIIB.

OcnoBHa vyactuHa. J[Isg OWIHKKM [IyMOIOTJIMHANBHUX  BJIACTUBOCTEH
POCIUHHOTO TOKPHUBY OYyJIO MPOBENEHO MOCIHIKEHHS aKyCTHYHOI e(eKTHBHOCTI
3eneHux ¢acaiiB i3 BUKOPUCTAHHAM Parthenocissus quinquefolia, 3 ypaxyBaHHSIM
CE30HHHX 3MiH, [0 € BAXJIMBUM BHECKOM y ()OPMYBaHHS €KOJIOTIYHO OPI€EHTOBAHUX
apXITEKTypHUX  pillleHb, fAKI  TOEJAHYIOTh  €CTETHUKY, CKOJIOTIYHICTh 1
¢dbyHKIioHaNBHICTE [16, 17].

lNmote3a pocmipkeHHs IPYHTYEThCS HA TPUIYIIEHH], o JuCTs Parthenocissus
quinquefolia [16, 17] yTBOpIOE NMPUPOIHUN TOpUCTUH Oap'ep, SKUM 3AaTHUN JI0
PO3CitOBaHHS Ta YaCTKOBOTO IOTJIMHAHHS 3BYKOBHX XBHIIb. BiIOBiIHO, HAsIBHICTh
BEPTUKAIBHOTO O3€lIeHEHHS Ha (acaji Mae CHpUATH 3HWKEHHIO PIBHA MIyMYy Yy
MPUMIIIEHH] TOPIBHSIHO 3 BIIKPUTUM BIKHOM 0€3 03eJICHEHHS.

Y wMexax JOCIHi/PKEHHS TMPOBENEHO KUIbKICHE TIOPIBHSHHS aKyCTUYHUX
XapaKTEepUCTUK (acaay 3a TPhOX CE30HHHX YMOB: 3 TIOBHOI[IHHUM JIHCTSHUM
MOKPUBOM, TTiJ] Yac YaCTKOBOTO OTaJaHHs JIKCTS Ta 32 HOro MOBHOI BijicyTHOCTI. Lle
JIO3BOJIJIO BUSIBUTU CE30HHY 3MIHHICTh aKyCTHYHHMX BJIACTUBOCTEH 3€JICHOrO
(dacamy. Jlns AOCATHEHHS METH 3aCTOCOBAHO IMOPIBHSIIBHUM TMiAXiJg Ha OCHOBI
KUTBKICHOTO aHaji3y aKyCTUYHHX MapaMeTpiB y pi3HUX yMOBaxX (pyHKIIOHYBaHHS
dacany. Meron mnependayae HaTypHe MOJCIOBaHHsA ¢parMenTa (acany 3
BapiaTUBHOIO 3MIHOIO HOT'O CTPYKTYPH — BiJI IOBHOTO 03€JIEHEHHS JI0 YaCTKOBOi a00
MOBHOI BiJICYTHOCTI JIUCTSIHOTO ITOKPHUBY.

AKYCTHYHI BUMIPIOBAHHS B MEXaxX IOCIIPKEHHS MPOBOIUINCS BiINOBIIHO JI0
BUMOT HamioHansHOTO ctaHAapty JCTY b B.2.6-86:2009 [18], mo periameHTye
METOAM BH3HAYEHHS 3BYKOI3OJSLIMHUX XapaKTEPHUCTUK OTOPOIKYBaJbHUX
KOHCTPYKIii. JlOTpUMaHHS BHMOT HOPMATHBHOTO JIOKYMEHTa 3a0e3Meduuniio
HAJIC)KHUN piBEeHb O0'€KTHMBHOCTI PE3YJbTAaTiB Ta iX MOPIBHIOBAHICTh, IO €
HEOOXiHOI0 YMOBOIO Ul HAYKOBO OOIPYHTOBaHOI OIIHKH aKyCTHYHOL
e(eKTUBHOCTI 3€JICHOr0 (hacamy siK 3aco0y IIyMO3aXHUCTY.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTYBaHHS, BHIL 3 (55), 2025



~ 157 ~

3 Meroro0 MiHiMI3amii BIUIMBY HEKOHTPOJHOBAHHMX 30BHINIHIX YHHHUKIB Ta
MiABUIICHHS  JOCTOBIPHOCTI ~ €KCIIEPUMEHTANbHUX  JAHUX  BUMIPIOBAaHHS
MPOBOJMIIUCS B YMOBaX KOHTPOJIBOBAHOTO CEPEOBHIIA — 3aKPUTOMY MPHUMILICHHI.
Takuit miaxix A03BOJNMB YCYHYTH BIUTUB CTOPOHHIX JDKEpEN IIyMy Ta CTBOPUTH
cTabinbHI TapaMeTpy aKyCTHYHOTO CEPEIOBHINA, IO CIPHUSIIO OTPUMAHHIO TOYHHAX
1 penpe3eHTaTUBHUX Pe3yJIbTaTiB.

Juia peamizariii ekcriepuMEHTAIFHOTO JOCHIHKEHHS aKyCTHYHO! e(heKTHBHOCTI
3eneHoro (acany 3 BUKOpUCTaHHIM Parthenocissus quinquefolia 6yB BUTOTOBIEHU
HaTypHUM MakeT (acaay OyIiBII 3 JKOPCTKOTO Marepialy — MiHOCTEPOIBHOT
KOpOOKH, II0 iMiTyBana ()parMeHT OropOIXKYBalbHOI KOHCTpYyKUii. Takuii Maker
JIO3BOJIMB TOYHO BIATBOPHUTH YMOBH, XapaKTEPHi I pealbHUX MICHKUX Oy/iBels,
[0 CHpUSE KPaloMy PO3YMIHHIO €(EKTHUBHOCTI 3elieHuX (acaliB y KOHTEKCTI
3MEHIIIEHHsI PiBHI IIyMy B ypOaHi3oBaHuX cepepoBumax (puc. 1). Sk mxepeno
IyMy BUKOPHCTOBYBAJACh ayJiOCHCTEMa, SKa BIJTBOPIOBaja TMOIEPEIHBO
3anucaHuil ypOaHicCTHYHHIA mIyM 3 QikcoBaHUM piBHeM rydHocTi. e 3abe3meunno
CTaOUIBHICTh Ta TOBTOPIOBAHICTh EKCIIEPUMEHTAIBHUX YMOB, JO3BOJISIOUYH
YHUKHYTH BIUIMBY 3MIiHHHX (DaKTOpiB, TaKUX SK HETepen0adyBaHi 3MiHH B PiBHI
IIyMY, 1[0 MOTJTH O CIIOTBOPUTH PE3YJIbTATH JOCIIIKCHHS.

Po3pis 3aranbHun BUrnag
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Puc. 1. MakeT ekcriepuMeHTaIbHOTO MOLYJIS IS JOCHIKEHHS aKyCTHYHOI e(eKTHBHOCTI
3eseHoro (acanry 3 BUKOpUCTaHHAM Parthenocissus quinquefolia

g yac eKCTICpUMEHTIB IryMOMIp PO3MIlTyBaBCst BCEpeIHHI
eKCTIEpUMEHTAIILHOrO MOJyJIsl Ha Bijcrani 0,2 MeTpa BiJl BHYTPIIIHBOI IMOBEPXHi
(hacamHOI CTiHM, IO JO03BOJUIO TOYHO (iKCyBaTH PiBEHb IIyMy Oe3mocepeHbo
nobau3y dacagy. Jxepesno Iymy po3TallioByBajocs Ha BijacTaHi 1,2 MeTpa Big
(dacaay, HAIPOTH HBOT'O, IO IMITYBaJl0 3BYKOBE HABaHTAKEHHS, XapaKTepHE JUIs
MICBKHX YMOB, JI¢ JpKepena IIyMy, Taki SK TpaHcmopT abo OyniBenbHI poOOTH,
MOYTh OyTH pO3TalIOBaHi HA 3HAYHMX BiJICTaHAX Bif OyIiBelb.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTYBaHHS, BHIL 3 (55), 2025



~ 158 ~

3aBasIKH Takii KOHGIrypalii, Z0Ci IKSHHS 3MOIJIO TOYHIIIE MOICITIOBATH YMOBH
pealbHUX MICBKMX CEpeAOBHIL 1 OLIHUTH eQEeKTHBHICTH 3eleHuX (acaniB 3
pocnuHow Parthenocissus quinquefolia y 3HWKEHHI piBHS IIyMy Ta MOKpalIeHHI
akyctmgHoro Komdopty. CramicTe eKCHeprMEHTATbHUX YMOB 3a0e3nedniia
OTPUMAaHHS PENPEe3eHTATHBHUX JaHWX, M0 MOXYTh OYTH 3aCTOCOBaHI /0 Pi3HHX
ypOaHi30BaHUX TEPUTOPIM.

ExcriepumenTanbHa 9acTHHA JOCIIKEHHS BKIIIOYAIIA 1Ba OCHOBHI €Ty, KOXKEH
3 SIKHX MaB Ha MeTi BUBYEHHS CE30HHOI 3MIHHOCTI aKyCTHYHHX XapaKTEPUCTHK
BEPTUKAIBHOTO 03CJICHCHHS Ha MPUKIaJi pociunu Parthenocissus quinquefolia.

Eman 1. 3umosa rougicypayis. dacan MOKpHBAaBCS TUIKaMU Ta CTeOJIaMU
Parthenocissus quinquefolia 6e3 nucTs, MO BIAMOBIAAIO YMOBaM 3MMOBOTO 200
MiXXCE30HHOTO niepioy. Takuii cTaH J03BOJISIB OL[IHUTH Oa30BUi piBeHb aKyCTUYHOL
e(EeKTHBHOCTI 03€JICHEHHsI 3a BiZICyTHOCTI JINCTKOBOI MacH.

Eman 2. Becemayitina xougicypayis. Ha dacan HaHOCHBCS TTOBHUH JTHCTKOBUN
MOKPHB IIi€i K POCIHMHH, XapaKTepHUH Ui Tepiofy akTuBHOI Bereramii. Lle
JIO3BOJIVJIO BU3HAYUTH BIUIMB IIUTBHOTO JIMCTSIHOTO IIApy Ha 3JaTHICTh CUCTEMH
3HIKYBaTH PiBEHb 3ByKOBOT'O THCKY.

Jus xoxxHOTO 3 BapiaHTiB OyJNO BHKOHAHO CEpil0 3 BOCBMH aKyCTHYHHX
BUMIipIOBaHb. JlaHi ompalboBYBalMCs 3 BHU3HAYEHHSIM CEPEIHIX 3HAUCHb PiBHA
3BYKOBOTO THCKY (Y AB), micist 4oro 31iHCHIOBAJIOCH IOPIBHAHHS PE3yJIbTATIB JBOX
koH(irypamiit. Takwif miaXix AO3BONHMB KiTBKICHO OIIHATH 3MiHY ITyMO3aXHCHOT
e(eKTHBHOCTI (acamy 3aJIe)KHO BiJl CE30HHOTO CTaHy POCIMHHOTO MOKPUTTSL.

OTpumaHi pe3ynbTaTH CTAHOBJIATH BAKIMBY OCHOBY s (pOpMyIIOBaHHS
BHCHOBKIB IIIOJI0 aKyCTHYHUX TepeBar BUKOpUCTaHHA Parthenocissus quinquefolia
B CHCTEMax BEPTHKAJIBHOTO 03€JICHEHHS JUIsl CTBOPEHHS KOM(pOPTHOTO CepeIOBHUIIA
B )KHTJIOBUX OYIiBJISIX TIPOTSTOM POKY.

AmHamiz pe3ysbTaTiB JOCHIPKEHHS IPYHTYBaBCS Ha 3acTOCYBaHHI METOJIB
MaTeMaTUYHOTO MOJEIIOBAHHS IPOILECIB XBHJIBOBOTO MOIIMPEHHS, BIIOUTTS Ta
PO3CIiIOBaHHS 3BYKY B CEPEIOBHIII 3 HEOIHOPIJIHOK CTPYKTYpPOIO, COPMOBAHOIO
eJIeMEHTaMHU 3eJjieHoro (acaay. 30KkpeMa, po3risaanacs B3aEMOJIis 3ByKOBUX XBUJIb
3 MOPUCTHM POCIMHHHUM IapOM, BKITFOYAIOUYH CTe0IIa, JIUCTS Ta MOBITPSIHI ITPOMIMKKH
MK HUMH. [le M03BONMIIO OMMHWTH BIUIMB T'€OMETPHYHUX Ta (PI3WIHHUX
XapaKTepUCTUK POCIMHHOTO TIOKPUBY Ha 3MiHYy aKyCTHYHOTO THCKY B
KOHTPOJIbOBAaHUX YMOBaX.

I[Tpouec 3aracanHs MIyMy BKIIIOYA€E KiJIbKa OCHOBHUX MEXaHi3MiB: T€OMETPHYHE
3aTyXaHHs, MOTJIMHAHHSA 3BYKY CTeOJlaMH POCIMH Ta aTMOoc(epHe 3aTyXaHHS.
KoedimienT mnommpeHHss 3BYKOBOI XBWII 4Yepe3 MOKPUTTA Parthenocissus
quinquefolia Gyno Bu3Ha4YeHO 3a Gopmyiioro (1), sika onucye 3MiHYy BIACTHBOCTEH
3BYKOBOI XBHIII MpPU IMPOXOJKEHHI Yepe3 CepeoBHINE, MO MICTHTh POCIWHHI
€JIEMEHTH 1ILOTO BUTy, TAKOX BPaXOBYe€ HOro e(heKTHBHY I'yCTUHY P T 31aTHICTh
Martepialy nepenaBaTtH KoNMBaHHsA Copp, IO BIUIMBAE HA TOIIMPEHHS XBHJIb B
CEPEeIOBHIIL:

I _ j Pefr | Cesf (1)
ko Po Co ’

ne: ' — xapakrepucTHKa XBUIIBOBOTO IMpoliecy (kKoedilieHT 3aracaHus), ko —

XBUJIbOBUH BEKTOD; j — YSBHA OJIMHMIS; Perf TA Py — €(PEKTUBHA Ta MOYATKOBA

IyCTUHA, BIANMOBIAHO; Cofr Ta Cy — €(EKTUBHA Ta OYATKOBA MPYKHICTH (00 1HIIMIH

MOJIyJIb, III0 XapaKTepU3y€e MaTepian).
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EdextuBHa TycTHHA CepeloBHINa PO3PaxOByBajlach 3 ypaxyBaHHSAM BHECKY
POCIMHHHUX €JIEMEHTIB, TaKuX sK cTeOna Parthenocissus quinquefolia, y 3miny
aKyCTUYHHUX BIACTHBOCTEH 3a PIBHSIHHAM (2):

pel _ . 8u
po 1 T & Dn @

TI€ Pesf — €HEKTUBHA IYCTUHA CEPEIOBUIIA, 11O MICTUTh €NEMEHTH Parthenocissus
quinquefolia; py — MoYaTKOBa T'yCTHHA CepeIOBHUINA (TIOBITPS); j — ysIBHA OJMHUIIS;
| — TapaMmeTp, IO XapakTepu3ye B’s3KicTh abo iHmN (i3WdgHi BIACTHBOCTI
cepeloBHILA; Ky — XBHIILOBUI BEKTOP; & — PO3MIp BKIIOUEHD (HAIPUKIAJ, CEpeIHIH
pajiyc pOCIMHHUX EJIEMEHTIB), ), \/D_n — cyma uneHiB Dy, sKki MOXyTh OyTH
KoedillieHTaMA  pO3CiloBaHHS a00 XapaKTepUCTHKAMH B3a€MOMIl XBHIb 13
CEepEIOBHILEM.
EdexTuBHY Npy>XHICTH cepeioBHILa OyI0 BU3HAUCHO 3a PIBHSIHHAM (3):

Ceff _ . 8u
C_o_ 1+]7‘L’(k—0a)2(0'5D0+Zw,Dn)' (3)

3aryxaHHs NIyMy Ha OJUHAYHY JOBXHHY XBHUIII pO3Pax0BYBaIOCh 3a (4):

(=AL)A, = 8,686 - i—:Re{F}, (4)

ne AL — 3miHa piBHS BTpaT 3BYKOBOI XBUIIi; KOS(II[iEHT 3aTyXaHHs, Ag — JOBXKHWHA
XBWJII Y BHUXIJHOMY CEpPEJOBHII; 4HUCIO 8,686 MOB’s3aHEe 3 IEPEXOJIOM BiJ

HaTypaJbHOrO Jorapudma g0 necsTkoBoro Jyorapudma (ockimbku [g(e)~ 8,686);
21

Ao
KOMILUIEKCHOTO KoedillieHTa 3aTyxaHHs [, ska BH3Ha4ae BUTpATH €HEPrii npu
nomupenHi xpuii [19].

Pesynpratn eKCrepUMEHTAJIBHOTO JOCHI/KEHHS II0Ka3ald, LI0 POCIHHHE
noKpuTTs Parthenocissus quinquefolia BIUIMBae Ha TIOMIMPEHHS 3BYyKY Yepe3 3MiHY
e(eKTHBHOI TYCTHHH Ta MPYKHOCTI CepeJOBUIIA. 3aTyXaHHs IIYMY BiJIOyBa€eThCs 3a
PaxyHOK TIEOMETPHYHOrO PO3CiIOBaHHSA, IOIJMHAHHA €Heprii POCIMHHUMH
eJIEMEHTaMH Ta aTMOC(EPHOTO0 3aTyxaHHs. B pe3ynbTari cepe1oBUIIE 3 pOCIMHHUM
MOKPUTTSAM 3HWXKYE PIiBeHb IIyMy, 3MIHIOIOYH MIBHIKICTh Ta I1HTEHCHBHICTb
3BYKOBHX XBHIIb.

Iokpurrss  Parthenocissus quinquefolia HaBiTH y 3UMOBUH mepiox
3a0e3meuyBaio MeBHUH pIBEHBb IMTYMO3aXHUCTY, MO0 BKA3y€ HA BAKIMBICTH IHOTO
BUJy POCJIHH JJIsl 3HWKCHHS aKyCTHYHOTO HABAaHTKEHHS B MICBKHUX yMOBaxX Ha
pi3HHX eTamax poky. Ha pucyHky 2 mpencTtaBieHi pe3ynbTaTH JOCTIIKEHHS, SKi
UTFOCTPYIOTh 3aTyXaHHs IIyMy B 3aJIe)KHOCTI B YacToTu Juist Parthenocissus
quinquefolia 3 nuctsam Ta 0e3 HHOro. AHaJ3 JaHUX JIO3BOJISE 3POOMTH TakKi
BHCHOBKHU:

-y niTHIA mepiof (KOMM pOCIMHA Ma€ MOBHHMK JMCTKOBUH NMOKPHUB) PiBEHb
IIYMOIIOTJIMHAHHS € 3HAYHO BHIIMM, OCOOJIHMBO B Jiala3oHi BUCOKUX YacTOT, IO
MOSICHIOETBCSL LTUTLHUM TIOKPHTTSIM JIUCTSI, sIKE €(EKTHBHO TOTJIMHAE Ta PO3CIIOE
3BYKOBI XBHIIi;

— XBWIbOBE YHCJIO y BHXigHOMY cepenosuiii; Re{l'} — nilicHa yacTuHa
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- B3UMKY, TIPH BIJCYTHOCTI JHCTS, ITyMO3aXHCHI BIJIACTHUBOCTI ITOKPHUTTS
3HWKYIOTBCS, alle BCE XK 3aIMIIAIOTHCS 3HAYHUMU. Lle cBiMYHuTE Mpo Te, 0 HaBIThH
0e3 IMCTOBOI MacH pocinHa 30epirae cBor eeKTUBHICTD K Oap'ep It 3ByKOBUX
XBWJIb 3aBISKH CBOIH CTPYKTypi, BKIIOYArO4Hd cCTEOJIa Ta TiNKH, SIKI YaCTKOBO
MTOTIIMHAIOTH 1 PO3CIIOIOTH 3BYK;

- TYCTOTa MOKPHTTS € KIIOUOBUM (PaKTOpOM y 3MEHIIEHHI piBHs mymy. Uum
UIUTBHINE PO3TAIIOBaHI eleMeHTH pociauHu (cTebia, IUCTS), THM OibIIry
e(QEeKTUBHICTh TIOKa3y€ IOKPUTTS IIOJIO IIOTJIMHAHHA 3BYKOBHUX XBHJIb. TaKuM
YMHOM, ONTHMIi3allisi TYCTOTH POCIMHHOTO MOKPUTTS MOXKE 3HAYHO MiIBUIINTH
aKyCTHYHY €(eKTHBHICTH 3eJeHUX (acais.

25

[\
(=]

[a—
()]

(9]

3acrocyBanHs 3ByKy (n1B)
o =

0 500 1000 1500 2000 2500
Yacrora 3ByKy (')

Parthenocissus quinquefolia 3 rucmumu (2ycmuna 0.3)
Parthenocissus quinquefolia 6e3 nucms (2ycmuna 0.1)

Puc. 2. [lopiBHsAHHS 3aTyXaHHA yMy Wit Parthenocissus quinquefolia 3 macTsiM Ta 6€3 HHOTO

3a pesyibTaTaMy €KCHEPUMEHTY Oysio 3a(iKCOBAHO 3HAUHE 3HIDKEHHS PIiBHS
myMy B YyMOBax, KOIM MakeT OyB MOKPUTHH pPOCIMHOW Parthenocissus
quinquefolia. HaiiGinpm eQeKTUBHIM BHSBHUBCS BapiaHT 3 IMOBHICTIO OOJHCTSHUM
MOKPUTTSAM, A€ CEPEHE 3HIKECHHS PIBHA LIYMY IOPIBHSIHO 3 BIAKPUTOIO TIOBEPXHEIO
cranoBuiio ipuban3Ho 20 ab.

VY koH@irypariii 3 BUHOrpagoM 0Oe3 JIMCTSA TaKOX CIOCTEPIrayiocsl 3HUKCHHS
piBHS IIyMy, Xoua BOHO Oylo MeHII BHpakeHe. Lle miaTBepIKye BaXIMBY poOJb
JIUCTOBOT MacH B aKyCTUYHOMY TIOTJIMHAHHI Ta PO3CiFOBaHHI 3BYKOBUX XBWIJIb, 1110, B
CBOIO uepry, HIATPUMYE TilOTe3y Ipo Te, IO 3eiieHi dacaad MOXKYTbh OyTH
e(eKTUBHUMH NPUPOJIHUMHU IIYMOIIOTIMHAIOYMMH 0ap’€paMu, 0COOIMBO B MEPiO
aKTHBHOI BereTallii, KOJIM pOCIMHU MalOTh MaKCUMAaJIbHY Oiomacy.

OTtpumaHi pe3yibTaTH Y3rOKYIOTHCS 3 IHIIUMH HAYKOBUMU JIOCIIKEHHSIMH,
SKi BKa3ylOThb Ha 3JaTHICTb INIIBHOI POCIMHHOCTI Ha (Qacagax Ta MOKPIBIX
OyxiBenb 3MEHIIYBAaTH AKyCTUYHE HABAaHTAKEHHS Ha MEIIKAHIIB 1 MOKpallyBaTH
3araibHAN 3BYKOBUI KOM(OPT y MICEKHX YMOBaXx.

TakuM 4YHHOM, BUKOPHUCTaHHS pociuHU Parthenocissus quinquefolia sk
CJIEMEHTY BEPTHKAJIbHOTO O3CJICHEHHS MOXE CTaTH €(EKTHBHUM PILICHHSIM JUIA
MMaCHBHOTO IITyMO3aXHCTy B YMOBax CydacHoi ypOaHizarii.
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BucHoBku

JlocnipkeHHsT TOKa3ano, IO POCIWHHE TOKpUTTS Parthenocissus quinquefolia
CYTTEBO 3HIDKYE piBEHb IIyMY, 3MIHIOIOUH €(EeKTUBHY TyCTHHY Ta TPYXKHICTH
CepeloBHIA, [0 CHPHSIE 3aTYXaHHIO 3BYKOBUX XBHJIb YEpe3 T'€OMETPHYHE
pO3CitOBaHHS, MOTJIMHAHHS €HEprii pocimHaMu Ta aTtMocgepHe 3aryxaHHs. Lle
MOKPUTTS 3a0e3nedye eeKTHBHUI MIyMO3aXHCT HAaBiTh Y 3MMOBHUH MEpioA, Xxoda
HOTo eeKTHUBHICTh 3HIKYETHCA 3a BIACYTHOCTI JUCTS. BiTKy, 3 TUCTSIM, piBEHBb
LIYMOIIOTJIMHAHHS € BHIMM, OCOOIMBO Ha BUCOKHX YacToTaxX. ['ycToTa MOKPHUTTS €
KITIOYOBUM (DaKTOPOM, L0 BU3HAYAE CTYMiHb 3HIKEHHS PiBHA LIyMY.

3Ba)karouu Ha Te, M0 aKyCTUYHI XapaKTePUCTHUKHU 3€JI€HUX KOHCTPYKITIH IIIe HE €
MOBHICTIO JOCHI/PKEHUMH, TOAAJbINI JOCTI[HKEHHS TOBHHHI BpaXxOBYBaTH TakKi
aCIeKTH, SK BIUIMB PiBHIB HacCHUEHHsI CyOCTpaTy, WOTo YIIUIBHEHHS Ta CKIany,
pI3HHX THIB TigpopUIBPHUX ImapiB 1 OMOPHUX CHCTEM Ha KoedillieHT
3BYKOMOTJIMHAHHA. JlOCHi[UKeHHS TaKoX TIOBHHHI OyTH CHpSMOBaHi Ha
ONTUMI3alil0  XapaKTePUCTHUK  POCIMHHOTO  TOKPHUTTS Ui JOCSTHEHHS
MaKCHMaIbHOI €()eKTUBHOCTI B PI3HUX KIIMAaTHYHUX 30HAX. Mop(oIoris poCinH €
BOIMBUM (PAKTOpPOM, IO BHU3HAYa€ e(EKTUBHICTh 3€JCHHX KOHCTPYKIH Yy
3MeHIIeHH 1myMmy. Kpaime po3yMmiHHS MexaHi3MIB B3aemoaii mux (aktopiB i3
cnenu(iuHUMHU XapaKTEPUCTUKAMHU POCIIUH JO3BOIUTH ONTUMI3YBaTH I1i TEXHOJIOTI1
JUTST KOHTPOJTIO IIIyMY SIK Y 30BHIIIHBOMY CEpEIOBHINI, TakK i B mpuMimeHHs X. Lle
3pO0UTh BaKJIMBUN BHECOK Y TMOJIMIIEHHS MICbKOI aKyCTH4HOI eKoJorii Ta
€KOJIOTIYHOro Ju3akiHy. KpiM TOro, JOLIIBHO MPOBECTH MACIITA0HI IOJBOBI
JOCTIDKEHHS 3 peaJbHUMH OYMIiBISIMU, & TaKOX IOCTIIWATH IHII BUIM POCIHH i
TUTIN CyOCTpaTiB, SKi MOXKYTh BILTUBATH HA aKyCTUYHI XapaKTePUCTHKH (acais.

3acTOCyBaHHS TaKHMX PIillleHb Y MICBKOMY CEPEIOBMII MOXE CTaTH YaCTHHOIO
KOHIIETII[il CTaloro pO3BHUTKY, 30KpeMa OIlOKIIMAaTHYHOI apXiTeKTypH, sKa
nependavyae iHTETPaliio MPUPOITHUX E€JIEMEHTIB y ITYYHO CTBOPEHE CEPEOBHIIE
JUISL TIOKPAIEHHS MIKPOKJIIMATY, 3HI)KEHHS €HEPrOCIOKUBAHHS Ta 3a0e3IeUeHHs
[IYMO3aXHCTYy.
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SUSTAINABLE APPROACH TO DESIGNING WINDOW PROFILES
TO REDUCE ENVIRONMENTAL IMPACT

Abstract. The article reveals the importance of sustainable product design as an
important criterion in the formation of environmentally friendly and resource-
efficient PVC-based building products. The study aims to determine the role of
environmentally oriented design in increasing the efficiency of recycling plastic
window and door profiles. Sustainable design is seen as a strategy that takes into
account all stages of the product's life cycle, from raw material selection to disposal,
with a focus on reducing negative environmental impact, energy efficiency,
maintainability, and reusability. The article analyzes the basic principles of
sustainable design, including the use of safe and renewable materials, waste
minimization, energy-saving production, ease of disassembly, and recyclability. The
importance of incorporating recycled PVC into profile designs and the compatibility
of new materials with existing recycling systems is emphasized. It is emphasized that
proper design can reduce resource consumption at the processing stages and reduce
the toxic load on the environment.

The authors paid special attention to the review of innovative solutions in materials
science: PVC profiles made of fully recycled plasticc WPC composites
(a combination of wood and PVC), and the promising technology of Bio-PVC based
on vegetable oils. Bio-PVC, as noted in the article, is an important alternative that
reduces dependence on petrochemical raw materials, reduces toxicity, and
promotes integration into the circular economy.

European cases of successful implementation of recycling initiatives are analyzed:
in particular, the German Rewindo project, programs in France and Poland. These
examples demonstrate how legislative and infrastructural changes can create
effective mechanisms for collecting and recycling PVC windows and doors. The
article also emphasizes that the introduction of sustainable design is the key to
meeting modern environmental standards (REACH, BREEAM, LEED) and
increasing the investment attractiveness of production.

In conclusion, it is emphasized that sustainable design is not only an engineering
approach, but also a strategic model for transforming the industry in line with the
challenges of climate policy. It is a key factor in reducing the carbon footprint,
improving environmental safety, optimizing resources and creating new
opportunities in the construction industry.

Keywords: sustainable design, PVC, windows, doors, PVC profiles, recycling,
recycling, sustainable development.
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KuiBchkuii HaiOHATHHUN YHIBEpCUTET OyAIBHHULITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

CTAJIMHA MIIXIJT 10 MPOEKTYBAHHSI BIKOHHUX ITPO®DLIIB
JJIs1 SMEHIIEHHS BIIVIMBY HA TOBKLJLJIA

Anomauyin. Y cmammi po3Kpu8aemucs 3HA4eHHA CMAN020 OU3AUHY NPOOYKMY K
8aDICIUB020 KpUMepIlo y popmysanti ekono2iuno besneunoi ma pecypcoepexmuenoi
oyoisenvroi npodykyii Ha ocuosi TIBX. [ocnioxcenns cnpamosane Ha 6U3HAYEHHS
POJIi  eKONO2IYHO OPIEHMOBAHO20 NPOEKMYBAHHA Yy NIOBUUEHHI epexmusHoCcmi
PecauKIinzy NAACMUKO8UX BIKOHHUX [ OeepHux npoginie. Cmanuii Ou3saiu
PO32I10AEMbCA AK Cmpamezis, AKa nepe0dayvac 6paxy8antsi 6Cix emanis Hummeso2o
YUKy 8UpoOy — 6i0 6UbOpY CupoBuHY 00 YMuUi3ayii, 3 aKyeHmom Ha 3MeHULeHHS
He2amueHO20 BNIUEY HA OOBKLLISL, eHEPeOePEeKMUBHICIb, PEMOHMONPUOAMHICTG |
MOJNCTUBICG NOBMOPHO20 BUKOPUCTIAHHS.

Y meoicax cmammi npoananizoéano ocHoGHI npUHYUNU CMAN020 OU3AUHY, CepeO AKUX:
3acmocysanns 0Oe3neyHux i BGIOHOGNIOBAHUX Mamepianie, MIHIMI3ayis 6i0X00is,
eHepeooWaoHe BUPOOHUYMBO, JIeSKICb OeMOHMANCY, NPUOAMHICTL 00 PECAUKIIHZY.
Brasano na eaxciusicme sxnrouenna emopunnozo [IBX y koncmpykyii npoghinie ma
CyMICHICMb HOBUX Mamepianie 3 iCHyrouumMu cucmemamu nepepooxu. Iliokpecnerno,
Wo nNpasuibHe NPOEKMYBAHHA 00380JAE CKOPOMUMU Pecypco3ampamHticms Ha
emanax nepepooOKu ma 3MEHWUmy MOKCUYHE HABAHMANICEHHA HA HABKOIUUWIHE
cepedosuuye.

Ocobnusy — yeazy — aemopu  npuoiuiu 02110y  IHHOBAYIUHUX — pilleHb
y mamepianosnaecmei: IIBX npoghini 3 nosuicmio nepepobnenozo niacmuxy,
WPC-xomnozumu (noeonamnns oepesunu 3 IIBX), a maxoxc nepcnekmuena
mexnonoein bio-IIBX na ocnogi pocaunnux oniti. bio-IIBX, six 3a3naveno ¢ cmammi,
€ BAJICIUBOIO ANIbIMEPHAMUBOIO, WO O00360JAE 3MEHWUMU 3ANENHCHICMb  GiO0
HApMOXIMIYHOT CUPOBUHU, 3HUNCYE MOKCUYHICMb, A MAKONC CRPUsE iHmMezpayii 6
YUPKYAAPHY eKOHOMIKY.

Ilpoananizosano egponelicubKi Kelicu yCniuHoi peanizayii pecaikniineosux iHiyiamus:
30Kpema, Himeyvkuu npoekm Rewindo, npoepamu y @panyii ma I[lonewi. L]i
NPUKIAOU OEMOHCMPYIOMb, AK 3AKOHO0A8Y] Ma IHOPACMPYKIMYPHI 3MIHU MOICYMb
cmeopumu epekmueHi Mexaizmu 306upanns ma nosmoproi nepepooku I1BX 6ikon i
ogepeti. Cmamms makoodic NiOKPecmoe, Wo 6NPOBAVINCEHHS CMAN020 OUu3ainy €
Ka0Yem 00 8ionogionocmi cyyachum exonociunum cmanoapmam (REACH, BREEAM,
LEED) i nioguwennus ingecmuyitinoi npueabausocmi 6upoOHuymaea.

Y niocymky nazonowyemocs, wo cmanuii ousarin — ye e auuie iHjiceHepHull nioxio,
a cmpameziuna moodenv 01 mpancgopmayii 2any3i 6i0N0GIOHO 00 BUKIUKIG
KaimMamuynoi noaimuxku. Bin € Kmouo8uM YUHHUKOM OJisl 3HUNCEHHS 8V2leye8oco
Cidy, NOKpaweHHsl eKoN02iyHOl be3nexku, onmumizayii pecypcis i oopmysarts HOGUX
Modciusocmetl y eanysi OyOieHUYmMedA.

Knrwwuosi cnosa: cmanuu ousaiin, 11BX, sixua, osepi, IIBX npodhini, pecaiixiine,
nepepoobxa, cmanuil po36Umox.

https://doi.org/10.32347/2411-4049.2025.3.163-176

Beryn

AKTyaJbHICTh NP00JIeMH AOCTIT:KEeHHsl. Y CYYacHHX YMOBax 3pOCTAr0doro
o0csry BigxoniB 3 mnomiBiHumxmopuny ([IBX) ocobnmBoi BaximBocTi HaOyBae
nomyK e(eKTUBHUX EKOJIOTIYHUX pilleHb y cdepi OyaiBENbHOI MPOMHCIOBOCTI.
MBX mpodii, sKi MHUPOKO BUKOPUCTOBYIOTHCS Y BIKOHHUX Ta JIBEPHUX CHCTEMaXx,
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MalOTh TPUBAJIUM >KUTTEBUM LUKJ, aje IMicisd BUUEPIAHHSA PECypCy CTBOPIOIOTH
CYTTE€BE EKOJIOTiYHE HaBaHTAXXEHHs. Xoua TexHonorii pecaikiinry [IBX Bxke
BIIPOBAIXKYIOThCS, e)EKTHUBHICTh IX 3aCTOCYBAaHHS 3HAYHOIO MIPOIO 3aJIeXKHTh Bif
MTOYATKOBOTO ITiXOAY 10 MPOEKTYBaHHS BUpOOy [1].

Konnenmist cramoro nmu3aiiHy nepenbadae po3poOKy MPOAYKTIB i3 ypaxyBaHHIM
MOJANIBIIOT0 PO30MpaHHsA, MEepPepoOKH Ta MiHiMi3alil MKiAJMBOrO BIUIMBY Ha
noBKULIA. OmHAK y peanbHId MPaKTHI I IPUHIUIN YacTO ITHOPYIOTHCS depe3
TEXHOJIOTi4HI abo exkoHomiuHi Oap’epu. Came TOMY IOCITIIKEHHS PO CTajIoro
Iu3aiiHy y ¢opMyBaHHI yMOB Aiisi edekTuBHOro pecaiikiinry [IBX mpodinis €
BKpaii akTyansHUM. Lle 103Bosisie He nHIe 3HU3UTH KUTBKICTh BiIAXOIB, a i 3po0uTH
nepepoOKy OLTBIT EKOHOMIYHO JAOIIHHOIO Ta €KOJIOTIUHO Oe3MmeqHoro [§].

B ymoBax mepexony 0 UUPKYJISIPHOI €KOHOMIKH Ta MOCUJIEHHS €KOJOTiYHOTO
3akoHOJaBcTBa B YkpaiHi Ta €C, ¢opMmyBaHHS HOBUX MiJIXOMIB IO IH3aiHY
MPOAYKIi 3 ypaxyBaHHAM Ii MONANBINIOl YTWNI3aIlil € CTPaTeriyHO BAKIUBUM
3aBJaHHSM.

Mera pociimkeHHsi. METOW IOCTIPKEHHS € OOIPYHTYBAHHS POJIi CTaJIOro
IU3aiiHy TPOAYKTY SK KIIOYOBOTO (akTopa MiABUIIEHHS e(QEeKTHBHOCTI
pecaiikmiary [IBX mpodiniB Ta 3MeHIIEHHS IXHHOTO HETaTUBHOTO BIUIMBY Ha
HABKOJIMIITHE cepeloBHIle. JJocTiKeHHs ClIpIMOBaHEe Ha aHaNi3 KOHCTPYKTHBHUX
pillieHb, 110 CIIPHUAIOTH JIETININH YTHIi3alii, OIIHKY €KOJIOTIYHMX Ta TEXHOJIOTIYHHX
IepeBar CTaJIoro AW3aiiHy, a Takox (GOpMyBaHHS PEKOMEHIALIH ISl BIPOBAPKEHHS
OPUHIMITB LUPKYJISPHOT €KOHOMIKM Yy BUPOOHUITBO Ta mpoekTyBaHHs [IBX
MPOAYKIIL.

006’exkT mociaimxenns. [Iponecu mpoextyBanHA Ta xkurTeBoro mukiay I[IBX
po(iJliB y KOHTEKCTI 1X MOAAIBIIOT IepepOOKY Ta BIUTMBY Ha JTOBKIIIIS.

[penmer pociimxennsi. KoHnentyanbHi Ta TpPakTH4YHI MIAXOOH  JIO
BIIPOB/KEHHSI CTalloro Ju3aiiHy B mnpoektyBaHHs [IBX mpodinie 3 meroro
MiJBUIICHHS €(QEeKTUBHOCTI IX pecallKIiHry Ta 3HIDKEHHS EKOJIOTiYHOTO
HABaHTa)KCHHS Ha HABKOJIMIIIHE CePeIOBUIIIE.

Buxkian ocHOBHOro Mmarepiasy

Hnst Oinbml rIMOOKOTO PO3YMIHHS KOHIICMIT CTaloro AW3aiiHy NPOAYKTY SIK
(hakTopy, SIKUil HaNpsMy BIDTMBAE Ha (JOPMYBaHHS €KOJIOTIYHHUX MPUHIIHUIIB, CIIiJ
CHOYaTKy PO3IJISIHYTH KOHLEIMIII0 CTaJOro PO3BUTKY B LIJOMY Ta ii OCHOBHI
MPUHIMIY Ta TSHCHIII.

Cranuii pO3BUTOK — II¢ KOHIICMIIS TapMOHIHHOIO MOEJIHAHHSA €KOHOMIYHOIO
3pOCTaHHs, COLIAIBHOIO J0OpOOYyTY Ta OXOPOHM JOBKIJUIA 3 ypaxyBaHHSIM NOTpeO
SIK HUHIIIHBOTO, TaK 1 MalOyTHIX MOKOMiHb. BoHa Oysa oditiitHo chopmMyiboBaHa
y 1987 porii B nonosiai bprontianga "Hamie crinbHe MaitOyTHE". Y riio0anbHOMY
KOHTEKCTI OCHOBOIO cTanoro po3BUTKy € Llini cramoro possutky OOH (SDGs),
yxBaneHi y 2015 porti [8]. Bonn oxommoroTh 17 KIIFOYOBHX HANPSAMIB, CEpe]] TKUX:
MOJIOJIaHHS O1THOCTI, YKMCTa €HEPris, BIANOBIJANbHE CIOXXHBaHHS, OOpoThOa 3i
3MIHOIO  KJimMaty Ta 30epexxeHHs  OiopizHOMaHITTA. Y €BpomnencbKoMy
Coro3i cranuii ~ pO3BUTOK €  (yHZAaMEHTOM  MOJITHKH.  BrimoeTtbes
yepe3 €pponeiicbkuii 3enernii kype (European Green Deal) [11], sixuit mepen6adae
nepexiy J0 KIIMaTUYHO HEHUTpaibHOi ekoHoMiku 70 2050 poky, pO3BHUTOK
LIUPKYJISPHOI CKOHOMIKM, €KOJIOTIYHE CUIBCBKE TOCHOJApCTBO, LHU(POBY
TpaHc(OpMaIIifo Ta CIpaBeNIMBUI colliabHui nepexin. TakuM uuHOM, y €Bporri Ta
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CBITI CTaIWi PO3BUTOK CTAB HE JIMIIEC CTUYHOIO HOPMOIO, a W CTPaTEeTidHUM
HanpsIMOM TOJITHKH, 1O (QopMye MalOyTHE JIOACTBA Ta IUlaHeTH. I3 Ga3oBUX
MNPUHIMITIB CBiTOBOI KOHIEMI CTAJIOr0 PO3BUTKY HAc LIKABUTh HAMpPSIMOK, IO
CTOCY€TBCSA CaMe€ IMPKYJSIPHOI E€KOHOMIKH, BiAIMOBITAFHOTO CIOXXHBAHHI Ta
eKoJIorigHoi 6e3meku [15].

[lepeiinemo Tenep 6e3mocepeIHBO 1O MUTAHHS, SIK CaMe IW3aiH IPOJYKTIB MOXKE
BIUTMHYTH Ha 3arajibHe €KOJIOTiYHE HaBaHTAXXEHHs, Ha AKi (pakTopH BiH BIUIMBAE i
SIK1 HACITIIKA MOXe CITpHIUHUTH? Po30epeMo MOHTTS cTajJoro Iu3aiiHy MPOAYKTIB.

Cranmii qu3aitH npoaykry (Sustainable Product Design) — 1ie meromosnoris
MPOEKTYBaHHS, 110 HE 3aBAa€ IIKOAW HAaBKOJIMIIHBOMY cepemoBumly. [ligxin mo
pO3poOKM BHPOOIB, SIKMH BpaxOBY€ €KOJIOTiIYHI, COMiadbHI Ta EKOHOMIYHI
aCIeKTH Ha BCIX eTanax XHTTEBOTO LUKy MPOAYKTY — BiJ BUOOpY MaTepialiB 110
yrunizamii. [Ipy 1poMy BpaxoBY€TbCs BIUIMB Ha TPUPOAY Ta 3I0POB'S JTHOAWHH
MPOTATOM YCHOTO KUTTEBOTO IHUKITY BHPOOY. TakuM 9MHOM, peai3allisi CTOCY€EThCs
pecypcos0epirarounx BUpOOHUYHX IPOIIECiB, TPUBAIOTO TEPMiHY CIIyk0u abo gacy
3aCTOCYBaHHSI, a TAKOJXK, IO AJISl HAC Ty’Ke BaXKJIMBO, HAIii{HOT KOHLIETIIT ITepepoOKH
[23]. PosrmsHemMo me 3 TpUKIAAy IUIACTUKOBUX BIKOH, IO BUTOTOBISIOTHCS
nepeBakHo 3 [IBX mpodinis (Puc. 1).

Multi-disciplinary Describe Assess Compare with Select candidates
design of product lifecycle impacts SSBD criteria to produce
Avoid chemicals
of concern | ~ \ ~ \ >
\ ] \ \ /
\\\ < N S \ A
Select Overview Assess
candidates of lifecycle impacts candidates

foFon uct‘ Yoty # 3 Production  Resources Safety

| IS . waste B climate | Ecosystem
WG| [cnemient yeuse -

Example: prototyping a waterproof material

@ O @ © O

Design/select Describe impacts Calculate impacts Compare impacts Select and
a few prototypes of prototypes of prototypes of prototypes manufacture candidate|
to 'keep dry’ against criteria P

Puc. 1. Cxema pecypcosbepiratounx BUpOOHHUUMX TpoleciB [23]

OCHOBHI ITPUHIIMITK CTAJIOTO AU3ANHY:
®  BUKOPHUCTAHHS €KOJIOTIYHO OEe3MEeYHMX 1 BITHOBIIOBAHUX MaTepiaiis;
®  [POEKTYBaHH:I IS TPUBAJIOTO BHUKOPHUCTaHHS (JOBIOBIYHICTb,
PEMOHTOTIPUIATHICTE );
e  MiHIMI3allisg BIAXOMIB MPU BUPOOHHUIITBI Ta CIIOKUBAHHI;
MOJKJIMBICTh TIOBTOPHOTO BUKOPHUCTaHHS, pecaikiiHry abo Oe3neqyHoro
PO3KJIaaHHS;
e cHeproeeKTHUBHICTh IPH BUTOTOBJICHHI Ta €KCITyaTalii IPOaYyKTY;
e 3MCHUICHHS BYIJICIIEBOT'O CIiy Ha BCIX e€Tamax XHUTTEBOTO LIUKIY.
Sxmio cranuii AM3aliH pO3rIsIaTH Y KOHTEKCTI BuKopucTanHs [IBX mpodinis
JUIS X TIOMANBINOi YCHINIHOI yTHIII3aIii, TO CIIJ BIAMITHTH HACTYITHI BaXKJIHBI
YHUHHUKH.
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[IpaBunsHO cripoekToBaHi [IBX mpodim B KOHIENIIT cTaIoro AU3aifHy MaroTh:

e  JIeTKO po30upaTHcs AJsl COPTYBaHHs MaTepiais;

e wmictutn nepepobnenuii [IBX 6e3 BTpatu siKocTi;

e  MICTHTH MEHII TOKCUYHI J0OAaBKH a00 3aMIHHHMKH Ba)KKHUX METAJIIB;

e OyTH CyMICHHMH 3 ICHYIOUMMH CHUCT€MaMH{ PECAWKIIIHTY Pi3HUX THIIB Ta

METO/IB.

Takuit miaxig wMae MTATPUMATH MUPKYJSIPHY EKOHOMIKY Ta JIOMOMOTTH
OyZiBeNnbHIN Tady3i 3MEHIINTH CBil BIUIMB Ha MOBKiUIA. Peamizallis Ta mpaBuiIbHE
MPOEKTYBaHHS 3 YypaxyBaHHSIM BTOPHUHHOI MEpPEepOOKH BIUIMBAaE Ha PO3POOKY
MaTepiagiB Ta MPOAYKTIB, TOMY IO caMe€ TyT 3aKJIaJa€TbCsi OCHOBA JUIS
pecypcos0epirarounx BUPOOIB Ta IMPOIECiB. 3BayKalOYW HAa BECh KUTTEBUI ITHKIT
MPOJYKTY, CIeHapii MailOyTHBOI mepepoOKM HEeoOXiHO BpPaxOBYBaTH Ha eTarli
npoekTyBanHs. 3a cinoBamu EPPA [1], anms miacTHKOBUX BIKOH 1€ BEJIHKa
npobiieMa. BikHa, 110 BUKOPHUCTOBYIOTHCS CHOTO/IHI, IOBEPHYTHCS 10 ITUKITY JIUIIE
gepe3 30-40 poxkiB. OCKiIBKY TIEpioAr TOBEPHEHHS HAJITO TPUBAIi, TOMY HIXTO HE
3HAE, YN MOXKYTh 1 IK 3MIHUTHUCh BUMOTH 32 IIeH uac.

[[{o6 yHWKHYTH TOTipIICHHS SKOCTi, IPOTUOAHHA Ta Aedopmallii, a TaKox
MTOKPAIIUTH CTiMKiCTh, BikOHHI mpodinbHi cuctemu 3 [IBX apmyroTs crameBum
npodinem, 1006 BOHM MOTJM BHTPUMYBATH TEMIIEpaTypHi 3MiHH, TaK camo SK i
BEJIMKY Bary CKJIOIAKeTa B 3aJIGKHOCTI BiJl PO3Mipy Ta KOHCTpyKIii. Bimomo, 1o
BiKOHHI mpodiyli 06e3 cTaleBoro apMyBaHHS MOXYTh MaTH II€ Kpaml TETUIOBi
BIacTUBOCTI. J{J151 3HW)KEHHSI TETJIOBTPAT YCIIIIHO PO3po0IIeHi TiOpuaHI MaTepiamy,
[0 HE BUMAraroTh CTaji. Aje Y MOXHa ix nmepepobisatu? [9].

BupobHrkn cucrteM crnpoOyBanyd 3HAWTH BIANOBINP Ha 1€ THTaHHA Yy
JIOCITi THUIIEKOMY TPO€EKTI. Pe3ynmbTaTti maHoro mpoekTy OyAyTh MpOaHai30BaHI Ta
MOKa3aHi B IHIIOMY aHAJITHIHOMY MaTepiaji, aje sSKII0 3p0OUTH BUCHOBOK KOPOTKO,
TO BHUIIPOOYBaHHS SICHO TOKa3YIOTh, 0 MOXKHA 3a0€3MEeUNTH MPHIATHICTh BiKHA JI0
BTOPHHHOI NIepepoOKH, 311HCHHUBIIH BiIIOBIIHI KPOKW Ha €TaIli MPOEKTYBaHHSL.

OcHoOBHI BHUKJIMKH A8 pecaikiainry BikonHux IIBX cucrem. MoxHa
BIIEBHEHO CTBEP/KYBAaTH, IO IepepodKa €, MadyTh, HAWBAXKIHUBIIIUM KPHTEPIEM
MIPOEKTYBaHHS HOBOTO HPOAyKTy. s nporo Mae OyTu mependadeHo MOKIMBICTD
inenTudikamii Matepianmy abo #oro kommoHeHTiB. lle mpocte 3aBmaHHS 13
IJJACTUKOBUMH BIKHaMHM, SIKIi B OCHOBHOMY BHTOTOBJISIIOTHCA i3 TBepaoro I1BX.
Opnak Oarato iHIIMX BHUIIB BiAXOAIB PIIKO IMOBEPTAIOTHCS Yy PO3COPTOBAHOMY
BUTJIS/L, TOMY COPTYBaHHs Ta OUMILEHHS € BaXJIMBOIO IEPEIyMOBOIO ISl SKiCHOT
nepepoOku (Puc. 2).

Puc. 2. ITnactuxosi Bigxoau Bix neMonToBanux [1BX BikoH
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KpiMm Toro, Bupi®O MmoBUHEH OyTH PO30OIpHHMM, HE3aJE€KHO BiJ TOro, YM BiH
MmijyIsrae MexXaHiyHii a0o xiMiyHii nepepoOi. 1100 y maitOyTHEOMY mocTadaTu
OlnbIIe MPOAYKTIB PecailkIiHTy, HEOOXiTHO KOOPAMHYBATH SIKICTh MEpepoOIeHOTO
Marepially Ta caMOro MpoAyKTy. Bce me BaKJIMBO BpaxoByBaTW Ha eTami
MIPOEKTYBAHHS JU3ANHY IPOAYKTY [2].

Hns miaTpuMku O6e3mepepBHOCTI HUPKYISILIHHUX TPOLECiB MOTpiOHA pyIIiliHa
cwira. OYONIOE CIUCOK IHIIIaTHB CXBAJCHHS IUTAHYBAJIBHUKIB OYIIBHHUIITBA Ta
iHBECTOpiB, SKi OOWparoTh OyIiBENbHI MPOMYKTH, IO MICTITH MepepodieHi
MaTepiaiau. SIKIo 3aK0HO/1aBIi, MiCIIEBI OpraHU BJIa Iy Ta KOMITaHii 10 TOBOXKEHHIO
3 BixoJmamu 3a0e3neuath, o0 CTapi BiKHA MEPepOOIISITUCS JIUIIE BiAMOBIAHO JI0
iepapxii BiIXOiB, KOMMaHii, IO CIEMiaNi3yIOTbCI HA PECAWKIIHTY, 3MOXYTh
pO3paxoByBaTH Ha JOCTaTHIO KIUIBKICTh BHXIZHOTO MaTepially Ta BHBOAUTH
nepepobiIeHi MaTepiaan Ha pHHOK [16].

Ha pucynky 3 BimoOpakeHa nmiarpama auHaMmiku mepepoOku [IBX y €pori B
Mexax inimiatuBu VinylPlus 3 2001 mo 2023 pik. ¥ 2023 pomi 6yio nepepobieHo
737 645 Toun [1BX. [IBX Bizxoau cerMEeHTOBAHO 32 KATEropisiMu: BiKOHHI Mpogii,
TpyOm, M’ sikuii [IBX, mimnora, kademni Ta inmi xopctki [IBX. HaiiOinpmury gactky
CKJIaaloTh BIKOHHI mTpodim Ta CymyTHI TOBapHW, 3pOCTaHHS OOCHTIB
cnocrepiraerbes 10 2020 poky, MiCis Y0ro MOKa3HUKHU CTa0lIi3yIoThCs [2].

MBX, NEPEPOBNEHWIA B PAMKAX VINYLPLUS

800,000

5°°“G°° 737,645 I I I I | I I

400,000 TOH y 2023 I
300,000 I I I
|
200,000 I
100,000 | l n I I I | |
-
) - .asn 1l I
2001 2002 2003 2004 2005 2006 2007 2008 2008 2000 20N 2012 2013 2004 2015 2016 2017 2008 2019 2020 2021 2022 2023
AN
@linnora @ M'AkniA MNBX* @ Bikouni npodini @ IHwi >opeTki MBX
(am»qualouu noxpisensHi Ta Ta CynyTHI ToBapw (BKnioYaouM
rinpolaonAuiiHl MemBpaHi, wopeTki NBX-

TKAHWVHU Ta MIBKY 3 nniskm)
NOKPWTTAM)

* BkAodalodm nignoroee nokpmTTA Ao 2020 poky

Puc. 3. Iunamika nepepobku [1BX y €Bpomi (mxepeno: VinylPlus)

[puknanu, TigHi HacHixyBaHHS, a00 SIKi iHIIATHBU MOTPIOHO 3aIPOBAIKYBATH
B YKkpaiHi, onupatounck Ha MikHapoaHi pedepercu. Acomiamis EPPA (European
PVC Window Profile and Related Building Products Association) 3a cripusiHHSIM
VinylPlus migTpumye TexHiuHI IPOEKTH 31 301IbLICHHS 300py Ta epepoOKH MOCT-
cnoxkuBynx BikoH y Himewuwmni, ®panuii ta [lomsmi mo 2025 poky. Metoro
MIPOEKTIB € CTBOPEHHS 1HQPACTPYKTYPH Ta CHPUSATIMBOTO KIIMATY JUIsl pECAUKIIIHTY
I[IBX BiKOH 3a JOMOMOIOI0 CHIBIIPalll 3 HAIIOHAJILHUMH aCOIIallisIMU, B3aEMOJIT 3
MOJIITUKAMH Ta 30BHILIHIMU 3al[iKaBJIEHUMH CTOPOHAMH. Y CIiX MPOEKTIB B OKPEMUX
KpaiHax BHIHO BXK€ CHOTOJIHI.
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Himeuuuna. [Ipoext Rewindo [13] y Himewunni 6yo 3amymeHo moxazg 20 pokiB
ToMy 3 iHimiaTuBM HiMenbkux BHpoOHHKIB [IBX mnpodimi. Oxommoe Bech
BUPOOHNYO0-30yTOBHI JTAHIIO)KOK BIKOHHOI MMPOMHCIIOBOCTI B CETMEHTI IUIACTHKY,
cupusie 300py Ta mepepodii BikoH i3 I[IBX wepes opranizoBani myHKTH 300py Ta
my0mikye iH(opmarito mpo mepepoOKy BiKOH IS 30BHIMIHIX 3aIliKaBIEHUX CTOPIH.
[IpoekT Bxke qyx)e moOpe peanizyeThes 3aBASKH PO3BUHEHIN MEpEKi Ta YUCICHHUM
MMyHKTaM 300py, a TaKoXX 3a0XO4YeHHIO BTOpWHHOrO BuKopucTanHis [IBX,
BUTATHYTOTO 3 BIKOHHOTO CEKTOpa, SK YaCTWHH HOBHUX NpoAykTiB. Rewindo
IHTErpye€ IHIIMX MapTHEPIB Y JaHIIOKOK CTBOPEHHs BapTocTi (koHuenuis Rewindo
«[Ipemiym-napTHep»), migmaw4u pecadkiminry He Tinbku [IBX, a # ckio,
(bypHITYpY, CTajeBe apMyBaHHS 1 HAaBITh JJAMiHAIIHY IDTIBKY 3 BIKOHHUX MPO(ITiB.

Opannisa. EPPA cmiBnpantoe 3 UFME (®panmys3ska acomianisi BUpOOHHKIB
BikoH) Ta SnEP (HamionansHuii cuHAMKAT 3 eKcTpy3il miactMac) [6]. [Ipoext OyB
iHiI[iHOBaHUN JTOOPOBLIBHUM 3aTyYCHHSAM BUPOOHHYO-30yTOBOTO IIAHITIOXKKA JI0
30inmpimeHHst 30MpanHsa BikoH 3 IIBX i3 TepmiHoMm ekcruryaramii. Beck mpoexT
Clearinghouse TMOB'sI3ye JIaHIIOKOK CTBOPSHHS BapTOCTI Ta MOBIAOMIISIE TIPO
3000B's3aHHS Ta BapianTu yTwmizamii [5]. OOwmaBi opranizamii MpoCyBarOTh
MPUHLUIN EPEeAOBOi MPAKTUKU T4 BUKOPUCTAHHS CUCTEM 300py Ta MepepoOKH 1o
Bciit Dpanmii. CTBOPEeHO iHTEPaKTHBHY KapTy LEHTPIB 300py MOCT-CIIOKUBYHX
BIKOH 110 Bcili kpaiHi. baratopiuna nmporpama Valobat [14] o BikHax i 1Bepsx Oyia
peamizoBaHa IS BiAMOBITHOCTI HAIIOHATHHUM HOPMATHBHHM BHMOTaM IIIO/IO
(iHaHCOBOT MiATPUMKH 300py Ta NMepepoOKU BIKOH 31 CTPOKOM eKCILTyaTallii.

[onbma. [Tpoekt crapryBaB y kBiTHi 2021 poky. IHiniaTnBa Ha mepmoMy eramni
MaJja CTaTH MUIOTHUM IPOEKTOM, CIIPSMOBAHUM Ha MOMIUPEHHs iH(QopMaIllii, 3HaHb
Ta CTBOPEHHS ITyHKTIB IpUHAMaHHSI, 3BIIKU cTapi BikHA MOXKHA Oy/ie BiIIpaBUTH Ha
nepepoOky. Acomiariss PoiD Ta 11 wieHN migTpUMaiy MPOEKT, J00pe PO3yMirouH
HEOOXiHICTh MOMMPEHHs iH(opMallii Tpo MpodIeMH IEMOHTOBAHHUX CTAPHUX BiKOH.

Opranizauist myHKTiB 300py y criBipani 3 POiD Ta koMnasisiMu, 1110 3aiiMaroThCs
BHBO30M CMITTs (IIJISIXOM CTBOPEHHSI iHQPACTPYKTYpH Ui 300py CTapuX BiKOH Y
KOHTEHHEpH, Ha MIIJOHHU), iJeabHO BIUcanach y nporpamu Czyste Powietrze
(Yucte nositps) Ta Budujesz Dla Pokolen (bymyemo s mokoxins). [HimiaTiuBa
MTPOBOMTHCS i1 maTpoHaToM MiHicTepcTBa KiimMary Ta AoBkiis [lomemt [7].

I[IpakTnyHi 3acTocyBaHHsl aJbTePHATHBHUX MaTepialiB pecaiikiaiHry y
BiKOHHUX NpodiNbHUX cucTeMaX. Y CydyaCHHX YMOBaX €KOJIOTIYHUX BHUKIIHMKIB Ta
3pOCTAI0YMX BUMOT JO CTAJIOro Oy IIBHUIITBA BUPOOHUKHU BIKOHHUX CHCTEM aKTHBHO
BIIPOB/KYIOTh 1HHOBAIiffHI MaTepiasid Ta TexHOJOoTii. OAHUM i3 KIFOYOBHX
HampsIMKIB € BHUKOPHCTaHHS aJbTCPHATHBHUX  pECAKIIiHT-MaTepialmiB Yy
BupoOHunTBi [IBX npodinis. Lle 103B0IsIE 3SMEHIINTH 3aJICKHICTh BiJl HEPBUHHUX
pecypciB, 3menmutr Bukuaun CO: Ta BiANOBIIATH €BPONEHCHKUM €KOJIOTTUHUM
craHgapram [9].

Iepepobnenuii IIBX (pecaiixninz)— ocnosa kpy206020 suxopucmantsa. OQHUM 3
HAMNOMMpPEHINX MaTepialiB e BTopuHHMI (peumkiboBanmil) IIBX. Horo
OTPHMYIOTh IIJISIXOM MEXaHIYHOI NepepoOKU CTapHux BiKOH, JiBepel, TpyO Ta IHIINX
Bupo6iB i3 [IBX.

VY 6inpmocti Bunazakis [I1BX pecallkiiiHT BUKOPHCTOBYETHCS y BHYTPILIHBOMY
mapi BikoHHOro mpodinto (Puc. 4), Tomi sk 30BHINIHIA MIap BUTOTOBISETHCS 3
MEPBUHHOTO MaTepiany. Taka TeXHOJIOTis KOSKCTpY3il 3a0e3mneuye JOBrOBIYHICTh Ta
CTIMKICTB 10 MOTOJHUX YMOB, 3aJIMILAI0YUCH TIPH IBOMY €KOJIOTTYHOIO.
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OCHOBHI TIEpeBary:
- 3MEHIIIEHHS 00CSTIB BiAXO/IiB;
- 3HIDKEHHS BUTPAT Ha CUPOBUHY;
- BiamoBigHicTh KpUTEpism cranoro OyaiBaunTea (BREEAM, LEED) [6, 7];
- 30epekeHHs SIKOCTi TTpH OaraTopa3zoBoMy mepepoOIeHHI.

Puc. 4. Bixonna [IBX cucrema 3 Bukopucranasm [1BX pecaiikiiHry y BHyTPilIHBOMY IIapi

1IBX npoghini nognicmio 3 pecatikuiney: Hoguil cmanoapm exoromii pecypcis. Ha
PHHKY 3’SIBISIIOTHCS PilICHHs, /ie BeCh MPOQiJib BUTOTOBICHHI 13 MepepoOIeHOro
I[IBX [5], 6e3 mrapiB i3 mepBuHHOi cupoBuHH (Pmc. 5). Taki BupoOM bacto
BUKOPUCTOBYIOTBCSI B YMOBax, Ji¢ HEMae NOTpPeOM B MiABHUIIEHOMY 3aXHCTi Bix
30BHIIIHBOTO CEPEIOBUINA — HANPHKIAJ, Y MiACOOHUX MPUMILICHHSX, TEXHIYHAX
30Hax ab0 BHYTPILTHIX KOHCTPYKIIisIX.

Puc. 5. T[IBX mpodins, Burotosnenuit Ha 100% i3 [IBX perukisaty [5]

[Mompu nemio HIKYY aTMOCQEPOCTIHKICTh, MOBHICTIO PEIUKIBOBaHI Mpodii
JEMOHCTPYIOTh XOPOIIly MEXaHIYHY MIIHICTh 1 3HAYHO 3MEHIIYIOTh BYIJICHECBUI
citig npoaykuii. I, 3BicHO, Taki mpodini He MOXKYTh OyTH 01JI0T0/CBITIOrO KONBOPY,
00 TepeBaXHO caM PEUUKIAT Mae Cipui BiATiHOK, Tak sk [IBX mepepobisieTbes
pa3oM 3 YOPHUM Ta CipHM YIIUTHHIOBAYEM, SIKi TAIOTH BiITOBITHUHN BIATIHOK.
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WPC — noeonanns oepesunu ma IIBX y nosomy popmami. WPC (Wood Plastic
Composite) — e KOMITO3ULIHHMIA MaTepial, MO0 MOETHYE epepodsieHy ASPEBHHY
(Tupcy abo mepeBHe OOpoIIHO) Ta mMmoyiMepHY Matpuiro (Haduacrime [1BX i3
3aCTOCYBaHHSAM KileeBUX cyMimeil). lle 103Boyise CTBOPIOBATH €CTETUYHO
puBaOIMBi, MIIHI Ta JOBrOBidHI BHPOOH, SIKI IMITYIOTh TEKCTYPY HATYypaIbHOTO
JepeBa, 1 y BUIAAKY 30BHIIIHBOTO BHUKOPHCTAHHS 3aJIMIIAIOTHCS CTIHKUMHU JI0
BOJIOTH, TPHOKIB 1 mKimHUKIB (Puc. 6) [22].

Puc. 6. Bikonna npoginsHa cucteMa 3 BAKOPUCTAHHSIM PELUKIATY 13 IEpEeBHHU Ta KIICEBUX
cymimeit [22]

WPC akTuBHO BUKOPHCTOBYETHCS Y:
- BIKOHHUX NMPO(]UTFHUX cUcTeMax (BHYTPIMIHIN 11ap);
- HaKJIaJIKaxX Ha pamH;
- MABIKOHHSX;
- (hacagHuX eneMeHTax;
- IBEPHUX KOHCTPYKIIifIX.
IlepeBarn WPC:
- €KOJIOTIYHICTh 1 TOBTOPHE BUKOPUCTAHHS MaTepialiBs;
- 3MeHIIeHH edopMartii;
- MEHIIIl BUTPATH HA JIOTIIS 1 00CITyrOByBaHHS.
biononimepu ma innosayitini mamepiaiu maibymuvoeo. Y TIONIyKax IIIe
EKOJIOT1YHIINX PillleHb BUPOOHUKHU €KCIIEPUMEHTYIOTh 3 0i0TI0iMEpaMu, TaKUMH
sk: PLA (moniyakTuiHa KHCI0Ta) — IMOJIIMEP Ha OCHOBI KYKYPYI3SHOTO KPOXMAJTIO
a0o 1ykposux OypsikiB; PHA (nojirigpokcuankaHoaTH) — 010po3KiIaIHi MaTepiaiiy,
OTpHMaHi 3 BHKOPUCTAaHHSAM OakTepiif. Xoua OiomoyiMepu TIOKU MO0 He
3acTocOBYIOThCc MacoBo B [IBX mpodinsx yepe3 BHCOKY BapTicTh i 0OMEKeHY
JIOBI'OBIYHICTh, BOHH MAlOTh NOTEHIIaN y HE3BUYAaHHUX apXiTEKTYPHUX PIILICHHSIX
Ta eKo-OyMIBHUITBI. AJle BCe K Takd OJHa 3 O10TEXHOJIOT1H MPKHUIIACh HA PUHKY i
oyasia MaCOBO BUKOPHCTOBYBATHUCH.
bio-IIBX (Bio-PVC) 3 pociunnux oniii. eKoI02iYHA ANbIMEepHaAmuea 01 Canio2o
OyOignuymea. 3pOCTaHHS EKOJIOTIYHOT CBiJJOMOCTI Ta )KOPCTKI €BPOIEHCHKI BUMOTH
JI0 TOKCHYHOCTI Oy/iBEIbHUX MaTepialiiB CTUMYJIOIOTH IMOIIYK OE3MEeYHINNX Ta
CTaluX anbTepHaTHB Tpaauuiitnomy [I1BX. OgHuM i3 Takux iHHOBaLliHHUX PILICHB €
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bio-IIBX Ha 0OCHOBi pOCIMHHMX OJII — MaTepiaJl HOBOTO MTOKOIIHHS, III0 TTOETHYE
3BuyHi mepeBarn [IBX i3 OionoriuHolo OE3MEYHICTIO Ta HHU3BKUM BYTJICLEBUM
ciimom (Puc. 7) [4].

Puc. 7. TIBX npodinbha cuctema 3 Bukopucranusam BIO PVC (ue menmie 15%) y komOGinarii
3 pecaiikaiarom (e meriie 40%) Ta amoMmiHieM [4]

o Take bio-IIBX 3 omiii? bio-[IBX — 1e moniBiHIIXIOpHI, ¥ IKOMY YacTHHA
Ha(TOXIMIYHMX KOMIIOHEHTIB 3aMiHCHAa Ha BiJHOBIIOBaHI POCIIMHHI JDKepesa.
30KkpeMa, BUKOPUCTOBYIOThCS €MOKCHIOBaHI OMii — 3 COi, pilaky, COHSIIHUKa abo
KacTOPOBOI POCIUHM — K TIACTU(DIKATOPH, 10 HAJAIOTh MaTepiady THYUYKICTh Ta
eJIaCTHYHICTh 0€3 BUKOpUCTAaHHS (TanaTiB. Tako akTHBHO BUKOPHCTOBYIOTHCS SIK
CHUPOBWHA Pi3HI THIM BiJXOJiB COHSIIHUKOBHUX, OJMBKOBUX, PAlCOBUX Ta 1HIIAX
TUTIB ONiK (BiAXOMW 3 3aKIadiB XapuyyBaHHA Ta iH.). [HOAI y MEBHHX BUIAIKax
3aCTOCOBYIOTH 0i0eTaHOJ 3 GioMacH (HampuKiIaJ, IyKpOBOi TPOCTHHU) AJISl 3aMiHH
STHJICHY — KOMITOHEHTa, HeOOX1THOTO 1715 cuHTe3y [1BX.

Texnonoriuni ocobnmBocTti bio-[1BX:

— Ilnactudikamiss Ha OCHOBI NPHUPOMHUX OJNiM 3a0e3redye JOBrOBIUHICTH,
TEPMOCTIHKICTh Ta €JaCTUYHICTh MaTepiady 0e3 TOKCHYHUX JOMIIIOK.

— XimiyHa crabineHicTh bio-1IBX 3anumaerbes Ha piBHI Tpagumiiaoro [1BX,
10 J03BOJISIE€ 3aCTOCOBYBATH HOTO Y 30BHIMIHIX Ta BHYTPIIIHIX KOHCTPYKITISX.

— CywmicHicTs 3 perukiiinroM. bio-T1BX serko 3minryeThbest 3 TpafulliiiHAM MpU
nepepoOili, MO CIPOILYE UK TOBTOPHOTO BUKOPHCTAHHSI.

[lepesaru bio-I1BX:

— HerokcuuHicTh: BiICYTHICTh (TamaTiB, BaXKMX METANIB Ta JIETKHX
opraniunux cronyk (VOC).

— 3HIKEHHS BYIJICLEBOTO CIiAy: 3aMiHa Ha(TH HA POCIMHHY CHPOBHHY
3MEHILIY€ €KOJIOTTYHUI BIUIMB BUPOOHHIITBA.

— CyMicHICTh 3 HHPKYJSIPHOIO ekoHoMikor: bio-IIBX mnpupmatauit no
MTOBTOPHOI IIEPEePOOKH.

— BignoBimHICTF Cy4YacHMM CTaHIApTaM: MaTepial BiJIOBiJae BUMOTaM
REACH, RoHS, BREEAM i LEED [10, 20, 8, 9].

Takox € meBHI HemoJiku JaHoi TexHojorii. [To-nepie, Takuil Bua mMarepiary
JOCUTH JIOPOTHH 1 MOKHM IO CHUPOBMHHA 0a3a 3amana Uil BHUKOPHCTaHHS HOTO
y BeJIMKUX 00csArax. AJjle AWMHaMiKa 1 pPO3BUTOK Ifi€l TEXHOJOril JOCHUTh CTpIMKa
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Y PO3BUTKY, 1 3 KOXXHHM POKOM CHpPOBMHHA 0a3a 301IBIIYETHCSA, a BUPOOHUKH
npo¢IbHUX BIKOHHMX CHUCTEM BCE YacTillle BUKOPHCTOBYIOTH JaHUM Marepian y
CBOEMY BUPOOHUITBI. |HINMM HEMONIKOM € AOCHTH TPUBAIUH 1 CKIaIHUI Mponec
ceptudikamii BUpoOHUIITBA, IITO MAa€ BIAMOBITATH MaHI TexHOJOTii. BiH TpuBammit
M0 Yacy i Ma€ 3HA4YHy KUTBKICTh BHMOT, IO MAalOTh BHKOHATH BHPOOHUKHU
PO UIEHUX CHCTEM.

bio-IIBX 3 BHKOpHUCTaHHSAM POCIMHHHX OJiH — 1€ MEePCIEKTHBHUN HAIPSIMOK
s exonorizamii [IBX mpommcnoBocTi, B ToMy 4mcii BiKOHHOI iHAYyCTpii. Bin
JI03BOJISIE 3MEHIIUTH TOKCUYHICTh, 3HU3UTH 3AJISKHICTh BiJl HAQTH Ta iHTErpyBaTH
BUPOOHHUITBO y CUCTEMY LUPKYJIAPHOI EKOHOMIKH. B yMOBaxX cy4acHOro pyHKY 1€
HE JIUIIEe TEXHOJOTIYHe, a W pemyTaliifHe pilleHHs UIT KOMIIaHil, 10 MparfHyTh
OyTH «3eICHHUMM» Ta BiJNOBIAaJLHUMU TEpe]] CIIOKUBAYaMH Ta MIPUPOAOIO.

Otke, iHTerpallisl aTbTEPHATUBHUX MaTepianiB y BAPOOHHULTBO BikoHHHX [IBX
mpodiniB ta immmx [IBX MarepianiB € He JuIIe TpeHIOM, a ¥ HEOOXiIHICTIO.
[lepepobnennit 1IBX, WPC, bio-IIBX Ta iHHOBamiiiHi KOMIO3WTH — yce IIe
JeMOHCTPY€E TOTOBHICTh Tajly3i BiJIIOBiAaTH BHMOTaM 4acy Ta aJanTyBaTHCS [0
rI00aNbHUX KIIMATHYHUX BUKIWKIB. 3aBASKH TEXHOJOTIYHOMY TWIpOTpecy Ta
MiATPUMIT 3 00Ky €BPOIEHCHKUX €KOJIOTIYHUX IIPOTPaM, BIKOHHA Taly3b PyXa€eThCs
JI0 TIOBHOT IIUPKYJISIPHOCTI, JIe BIZIXOJU CTAIOTh PECYPCOM, a KOKEH BUPIO Ma€ IIaHC
Ha JIpyTe KUTTAL.

Mo BpemTi-pemur Ham gae [IBX pecaiikmiar B paMkKax pO3BHUTKY Ta HOTO
CTHOKMBaHHS Y CTaJOMY JM3aiiHi BiIOBIAHUX MPOAYKTIB, 30kpema [IBX BikoHHHX
npodinis?

PozpaxyHOk, HaBeneHUII HA PUCYHKY 8, MOPIBHIOE KYMYJISTHBHE CIIOKWBAaHHS
eHeprii (y KUIOBaT-roJuHax) MpH BHPOOHUNTBI | TOHHHM BIKOHHOTO TpOdLIIO 3
nepepodaenoro [1BX (pecaiikninr) Ta nepeunaHoro (Hooro) [IBX. B pesynbrari
4Oro eHeprocroXHBaHHs Ui BUpoOHUITBA niepepobienoro [IBX (pecaiikiinr) —
3814 kBrron, mepeurHoro IIBX — 18 453 xBrroa. YV miarBepmkeHHS
e(EeKTHBHOCTI PO3PaxyHKIB OTpHUMYyeMO 3aommaikeHHs — 14 639 xBr-rox, mo
migkpecitoe eQeKkTUBHICTh BTOpUHHOI mepepoOkn [IBX y KkoHTekcTi cramoro
PO3BUTKY Ta €HEProOIIaIHAX TEXHOJIOTH [24].

20.000
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lwh
PeuuknaT MepBUHHKA-PVC

Puc. 8. KinbkicTb eHeprii, 3a011akeHol 3aBAsSKN BUKOPHCTaHHIO ITepepo0JIeHUX MaTepialiB
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Po3paxyHok, HaBeleHUI Ha PHUCYHKY 9, UTIOCTpyE TOTEHINAI TiI00aIhLHOTO
norertinas (IIT'TI) y tonnax CO:-exBiBanieHty (CO:e), SIKMH BHHHMKA€E Mig 4ac
BUPOOHUITBA | TOHHM BIKOHHOTO MpOdiio 3 pecaiikiinry (mepepodineHoro [1BX)
ta nepuHHOro [IBX (BHrOTOBIEHOTO 3 HOBOi CHpOBWHH). B pesymprari Oyim
OTpHMaHi HACTYIIHI AaHi: s BUpoOHUITBA pecaiikmiary Bukuan CO: CTaHOBIATH —
0,7 T COze, nns BupoOHurTBa nepsunHoro [1BX - 2,69 T COze. BignosimHo 10
pizHHUII 3adiKCOBAaHUX MOKA3HHUKIB Ha BUPOOHUIITBI PECANKITIHTY 3a0IIaIKy€EThCS
10 1,99 T COqe [24].

PeumknaT MNepBrHHMt-PYC

Puc. 9. CkopoueHHs BUKHIB TAPHUKOBUX Ia3iB 3aBsKH BUKOPHCTAHHIO PELUKIIATY

BucHoeku

1. Crayuii nu3aiin e kimodeM J0 edektuBHoro pecaiikininry [1BX. [IpaBuibHO
CIIPOEKTOBaHI BIKOHHI Mpodimi, SKi BpaxoBYIOTh BHMOTH JIO PO30ipHOCTI,
MiHIMaTbHOI TOKCHYHOCTI Ta CYMICHOCTI 3 CHUCTEeMaMH BTOPHHHOI TepepoOKH,
ICTOTHO MOJIETHIYIOTh PECAMKIIiHI 1 3MEHIIYIOTH €KOJIOTiYHEe HaBaHTaKEHHS
MPOTSITOM YChOT'O )KUTTEBOTO ITUKITY MPOAYKTY.

2. InHOBaIifiHI MaTepiali — NUISIX O HUPKYJSPHOI eKoHOMikd. HeoOximHo
SIKOMOTa IIUpIIe BUKOPHUCTOBYBAaTH Marepiajd 3 BUKOPUCTAHHSIM HOBITHIX €KO-
TexHoorii, Takux sik WPC-komnosuru (nepesuna + [1BX), bio-IIBX 3 pocinaanx
omiit, 100% mpodini 3 pecallKIiHry SK aIbTEPHATHBHI MaTepiaiH, 10 3HWKYIOTbH
TOKCHYHICTh, BYIJICIICBHHM CIIJ Ta MiABUIIYIOTh €KOJOTIYHY BiJMOBIIHICTh
OyaiBeNIbHOT MPOIYKLII.

3. B YkpaiHi HeoOXiJJHO aKTHBHO BIIPOBA)KYBATH €HEProe()eKTHBHI TIPOrpaMH 3
nepepoOku [IBX abo iMIIieMeHTOBYBaTH MPOTPaMU Ta BUKOPHCTOBYBATH JIOCBIJ
CYCIZIHIX €BPOINEHCHKUX KpaiH. €BpONeHChKHUA JOCBiA JEMOHCTPYE MPAKTHUYHY Ta
epexTHBHY peanizanito crajoro minxoay. IIpoextn B Himewunni (Rewindo),
®pantiii (Valobat, SnEP) Ta [Tossii (POiD) cTBOpror0Th yemimHi Moaesi st 300py
Ta nepepoOku crapux [1BX BikoH. BoHn 10BOIsATS, 1110 3a MIATPUMKH AEp>KaBHOT
MOJIITUKH, 1HBECTOPIB 1 BUPOOHMKIB MOXIUBO AOCITTH cTanoro odopoty IIBX sk

pecypcey.
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4. 3acrocyBaHHS TEpepoOJCHMX  MaTepiaiB  J1ae  3MOTY 3MCHIIUTH
SHEePTOCIIOKMBaHHS Maiie B 5 pasiB, 10 CYTTEBO CKOPOUYYE peCypcHI BUTpATH Ta
MOKPAIIy€e SKOJIOTIYHI TOKA3HUKY BUPOOHHMIITBA.

5. Buxopucramas mnepepobieHoro IIBX go03Boiisse 3MEHIIMTH BHKUIN
MMApHUKOBHUX Ta3iB Maibke B 4 pasd MOPIBHIHO 3 BHPOOHHITBOM TpOo(diIto 3
nepeurHOro [IBX. Ile cyTTeBO 3HMXKYE BIUIMB Ha 3MiHY KIIIMaTy Ta CHpUSE
TOCSATHEHHIO eKoJioTigyHuX Iineit €C Ta YKpaiHu B KOHTEKCTI AeKapOoHizaIlii Ta
PO3BUTKY IUPKYJISPHOT EKOHOMIKH.

6. KinpKicTh €Heprii, 3a0IIaKCHOI 3aBISIKH BHKOPHCTAHHIO TEPEpOOJICHOrO
MaTepiady TOpPIBHIHO 3 BUKOpUCTaHHSIM nepBuHHOro [1BX mpu BupoOHUIITBI
1 TonHu BikoHHOTO TIpodito, BianoBimae 14 639 kBt rox, a oTxe, piuHiit moTpedi
B enekTpoeHeprii mis 4,5 momorocnonapcetB. [lepepoOka BTOPHHHOI CHpPOBUHH
HaIPUKIHI TEPMiHY EKCIUTyaTallii JO3BOJIsE JOAATKOBO 3aomaautu 954 kBrt-rog
MOPIBHAHO 31 CHAJIOBaHHAM, WO BigmoBigae mpubam3Ho 30% piunHoi morpebu
JOMOTOCTIOZIAPCTBA B €JIEKTPOCHeprii. BUKOpHUCTaHHS pPEUUKIATY 3aMiCTh
nepsunaHOro IIBX exonomuts 1,99 tonum, a6o 6iausbko 2 Toun COz. IToBropHa
nepepoOka mpodiniB Imicns 3aKiHYEHHS TEPMiHY CIIy)KOW MO3BOJSE JOAATKOBO
3aomaautd 61u3bKko 2 ToHH CO2 MOPIBHSHO 31 CIATIOBAHHSM.

Cranmii pO3BUTOK HIKOJNM HE 3aCTapi€, OCKUIBKH IONITUYHI, €KOHOMIYHI Ta
€KOJIOTi1YHI cTpaTerii y MUBLII30BAHOMY CBiTi MAIOTh PO3POOIIATHCS 3 ypaxXyBaHHIM
nmoTped MalOyTHIX MOKOMiHb. lle o03Hauae, MO HACcTaB 4Yac MEPEOCMUCIICHHS
MMOTOYHHUX IMIIXOIB. AJIE IIe TAKOXK JIa€ MOKIIMBICTh PO3BUBATH HOBI 1€l Ta Oi3HeC-
Moxeni. CrorofHi 6arato KOMMaHiil JOBOISATH, IO 1HBECTHUIIIT Y CTAINH PO3BUTOK
3pEIITOI0 OKYMAalThcs 1 BIH MOXE JyXKE€ CKOpPO IEepPETBOPUTHCS 3 MOJENi
MaiiOyTHBOTO Ha CTPATETiI0 YCIiXy ChOTO/ICHHS.
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ASSESSMENT OF THE IMPACT OF CHEMICAL POLLUTION

OF THE ATMOSPHERE ON THE FORMATION OF CARCINOGENIC
AND NON-CARCINOGENIC RISKS FOR THE HEALTH OF THE CITY
POPULATION OF CHERKASK REGION

Abstract. The article discusses current issues related to the ecological safety of
atmospheric pollution and the role of anthropogenic emissions in the formation of
carcinogenic and non-carcinogenic risks to the health of the population in industrial
cities of the Cherkasy region. The publication materials emphasize that the
accumulation of pollutants in the atmospheric air, particularly concentrations of
SO, NO,, CO, phenol, formaldehyde, and hydrocarbons, causes a wide range of
health problems affecting the visual organs, respiratory system, and increases
mortality from respiratory diseases, oncology, and other conditions. The authors
analyzed the data from air pollution monitoring conducted by mobile stations of the
State Institution Cherkasy Regional Center for Disease Control and Prevention of
the Ministry of Health of Ukraine, as well as retrospective data from other
laboratories in the region. These findings indicated the presence of the
aforementioned toxicants in all collected samples. Attention is drawn to the effects of
toxic substances' accumulation, the formation of carcinogenic and non-carcinogenic
risks to human health in residential areas, based on the calculation of air pollution
hazard indices. The authors highlight the persistence of chemical ingredients in the
environment, their ability to quickly enter biological chains, and their complex
impact on the human body in combination with drinking water, atmospheric air, and
food products. However, atmospheric air remains the primary chain of influence. The
identified compounds pose a potential threat in creating carcinogenic hazard
conditions and reducing human lifespan. A clear dynamic of the growth of primary
diseases is noted. The authors emphasize that the existing system for studying
atmospheric pollution needs improvement, the implementation of planned measures
and rules, and a clear organization of the monitoring system for their adherence and
preventive actions. The article stresses the need to intensify scientific research
regarding the impact of non-carcinogenic and carcinogenic factors in populated
areas. It outlines the directions for the application of research results.

Keywords: ecological safety, chemical air pollution, carcinogenic and non-
carcinogenic risks, primary diseases, monitoring.
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JLL Kuubka', O.B. €roposa', O.M. Xomenxko', 0.I'. Bongapenko’

"Yeprachkuii JepKaBHHIN TEXHOJIOTTYHMIA yHiBEpCHTET, M. Yepkach, Ykpaina
2JlepxaBHa ycTaHOBa «UepKaChKHH OONACHUH HEHTP KOHTPOIIO Ta MPO(IIAKTHKH XBOPOO
MinictepcTBa OXOpPOHH 310pOB’sl YKpainm», M. Uepkacu, Ykpaina

OLIHKA BIIIMBY XIMIYHOI'O 3ABPYJIHEHHSI ATMOC®EPU
HA ®OPMYBAHHS KAHIIEPOT'EHHUX I HEKAHIIEPOT'EHHUX
PU3UKIB JJI51 31J0POB’SI HACEJIEHHSI MICT

YEPKACBKOI OBJIACTI

Anomauia. B cmammi po3enadaomecsa akmyanvHi RUMAHHA WOO0O0 eKON02IYHOT
besnexu ammocgepHux 3a0pyOHeHb U PONi  AHMPONOLEHHUX BUKUOIE Y
@opmysanni kanyepo2eHHUX i HeKAHYEPOSEHHUX PUSUKIB OJis 300P08 "5 HACENIeHH S
npomucnogux micm Yepkacvkoi obracmi. B mamepianax nybnixayii, 30xkpema,
HA20JIOWYEMBCA, WO HAKONUYEHHS 8 AMMOCPePHOMY NOGIimpi 3a0pyOHIO8AIbHUX
pewosun, ocobuso xonyenmpayiu SO, NO, CO, ¢enony, gpopmanvoecioy ma
8Y2/1€600HI8, CAPUYUHAE WUPOKULL CNeKmp npodaem 3i 300p08 siM 0p2anis 30py,
pecnipamopHoi cucmemu, 30L1bULYE CMEPMHOCME 80 X80POO Op2aHié OUXAHHSL,
OHKOJI021i ma iHwe.

Aemopu  npoananizyearu  ompumawi  NOKA3HUKU  61ACHO20  KOHMPOIIO
ammocgepnux  3abpyonens nepecysuumu nocmamu Jlepocasnoi ycmanosu
Yepkacvkozo 001ACHO20 YeHmpy KOHMPONIO ma NpoQiiaKkmuku XxXeopood
Minicmepcmea oxoponu 300po8’s Ykpainu ma pempocnekmuseHi OaHi nOCmie
cnocmepediceHHs  THWUX Jaabopamopii micm obaacmi CMOCOBHO 8micmy
3a6pYOHI0ANILHUX PEHOBUH Y NOBIMPI, AKI NOKA3AU HAABHICMb 8UWje 3A3HAYEHUX
MOKCUKAHMIG 8 YCIX 3pa3Kax 8i0ibpanux npoo.

3sepmaecmuca ysaca ma eghexmu cymayii MOKCUYHUX pevOBUH, DOpMYsanHs
KAHYepOo2eHHUX [ HeKAHYepO2eHHUX pU3UKIE@ Ol OpeaHismMy JIOOUHU HA
Mepumopisax ceiimeOHUX 30H HACENeHUX NYHKMIB, 34 PO3PAXYHKAMU GIONOGIOHUX
inoexcie mnebesneku ammocghepro2o nogimps. Biomiuaemvcs, wo y micmax
obracmi 0ns KoHmyewmpayii 3a3HayeHuUx 3a6pYOHIOBANbHUX PeYyO8UH HAABHI
ooHoOmunui Odicepena 3a0OpYOHEHHsT — BUKUOU NPOMUCIOBUX NIONPUEMCING,
00’exmie mennoenepeemuxu, asmompancnopmy ma A3C. Bxazyemvca Ha
00CmMamHuio CMItUKIicmb XIMIYHUX [HEPeOIEHMI8 VY HABKOIUUHbOMY Cepedosulyi,
30amHicmb WEUOKO BKIYAMUCL Y 0i0N02IYHI nanyro2u i Oiamu HA OpeaHizm
JIOOUHU KOMNAEKCHO, CYMICHO i3 NUMHOIO 800010, NOGIMpaM 3 ammocpepu i
NPOOYKMaMu Xapyy8anHs, aie npu Yybomy — ammocgepre nogimps 3a1Uuacmycs
NEePBUHHUM JAHYIOZOM BNAUBY. Busieneni cnoayku € nomeHyiuHow 3azpo3010 6
CMBOpEeHH] KAHYEPO2eHHO Hebe3NeYHUx YMO8 NPONCUBAHHA MA CKOPOYEHMS
mpuganocmi ocumms jgooel. Buceimaioemves uimka Ounamixa 3poCmanHs
NEePBUHHO20 3AX60PIOBANHS.

Aemopu  nybaikayii Hacorowyroms, wo ICHylOYa cucmema  O00CAIONCeHH S
ammocghepnux 3a6pyoHenb nompedyc 800CKOHANEHHSA, GUKOHAHHS 3ANAAHOBAHUX
3ax00i8 ma npasu, Yimkoi opeanizayii cucmemu KOHMpOIo 3a iX 0OMpUMAHHAM
ma npesenmugnux Oiti. Cmasumvcsi axKyeHm HA HeoOXIOHOCmI axkmueizayii
HAYKOBUX O0CIIONHCEHb U000 Oii HeKAHYEPOSEHHUX MA KAHYEPOLeHHUX (hakmopie Ha
mepumopii Hacenenux nymkmis. Buceimiwoiomvca  Hanpamku  3acmocysaHis
Pe3VIbmamis 00CAIOHCEHHS.

Knwuoei cnosa: exonociuna 6esnexka, Ximiune 3a0pyoHenHs ammocghepu,
KAHYePO2eHHI Ma HeKAHYePO2eHHI PUBUKU, NEPEUHHI 3aX8OPI0GANHS, MOHIMOPUHE.
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Beryn

3a0pyaHEHHS TIOBITPA € OJHI€I0 3 HalCepHO3HIIIMX EKOJOTIYHUX 3arpo3
CY4YacCHOCTI, III0 CTAHOBHUTD 3HAYHY HEOE3MeKy /I 3I0POB’ sl IFOJUHH, 30KpeMa IS
miTeil Ta ocib crapmoro Biky. Lle sBHIlle € BaXXITUBOIO JIETEPMiHAHTOIO 370POB’S,
OCKIJIbKHM JTOBFOCTPOKOBE TIepeOyBaHHS B yMOBaX 3a0pyJHEHOTO MOBITPS MiABUIIYE
PU3WK DPO3BHUTKY PSAY XPOHIYHHX 3aXBOPIOBaHb, BKIIIOYAIOYM PECIHipaTOpHi,
CEepIIeBO-CYAMHHI Ta OHKOJIOTidHI 3axBoproBaHHA. Cepen HalOIIbII HEOE3METHUX
KOMIIOHEHTiB aTMOc(epHOTro 3a0pyTHEHHS — KaHIIEPOTeHH1 Ta TOKCUYHI pEYOBHHH,
IO MOTPAIJISIIOTH Y TOBITPS B pe3yJIbTaTi MisSUIbHOCTI MPOMHCIOBUX IMiIPUEMCTB,
TPAHCIIOPTY Ta 1HIINX JHKEPEIL.

3milicCHEHHsT IIJIel cTpaterii CTAJOr0 PO3BHTKY YKpaiHU CTaBUTh Iepen
CYCHUIBCTBOM peai3allito 3aBJaHb Oe3MEeKH YMOB IIPOKUBAHHSI HACEIICHHSI, 10 AKHX,
0e3nepevyHo, BIMHOCITH SKICTh aTMOC(EPHOTO CEpeqOBHINA, 30epeKeHHS WOTOo
9UCTOTH Ta (yHKIiOHATpbHUX MOxiuBocTed [1, 2]. B 3akoni Ykpainm momo
OCHOBHHX 3acajf] (CTpaTerii) eKOJIOTIYHOI MOMITHKH JepxaBu Ha mepionx ao 2030
POKY 3a3HA4€HO, IO HPOTArOM TPHUBAJIOrO Yacy CYCHUIBHHM Ta MPOMHCIOBO-
TEXHOJIOTIYHUI PO3BUTOK CYIPOBO/KYBABCS HE30aIaHCOBAHICTIO TPUHITUIIB
eKCIUTyaTalii MpUPOIHUX PECypCiB, a 3axUCT JOBKULISA Bi3HAYaBCS HHU3BKOIO
npiopuTeTHICTIO. OCKUIBKHA POMHUCIIOBICTD, EHEPTeTHKA i TPAHCTIOPT € OCHOBHUMH
JDKepelaMy BUKHIIB, SKi 3a0pyIHIOIOTE aTMocdepy, a 3a0bpyIHeHe TOBITPS MPSIMO
Ta OMOCEPEIKOBAHO BIUTMBAE HA YCi CKIIAIOB1 SIKOCTI JOBKIJUIS, 8 TAKOXK Ha 3JJOPOB’SI
HACEJICHHs, L0 MPOXXHMBAE y MICISIX HAKOMMYCHHS 3a0pyJHIOBANBHUX PEUYOBHH,
MacoBi 3HAYEHHS SKHX MOCTIMHO 30UTbIIyIOThCS [3-5], — 1€ YHEMOMIIUBIIOE
JOCSITHEHHSI METH CTAJIOT0 PO3BUTKY. B IIMX yMOBaxX KOHTPOJIb CTaHy aTMOC(EpPHOTo
MOBITPSI € TIEPIIOYEPrOBUM 3aBJIaHHSM HAYKOBIIIB Ta JIepKaBH. 30KpeMa, TPUBAIIUIi
BIUTMB TOKCUYHUX PEYOBWH, HAKONMYEHUX Y TOBITPI, IMiJIBUIIYE PU3UKU CMEPTEH,
CIPUYMHEHUX IMIEMiYHOI0 XBOpoOor cepus Ha 24%, paky JjereHb Ha 28%,
XPOHIYHHX OOCTPYKTHBHHUX XBOpPOO 1 JereHeBux iHQekuiii Ha 43%, iHCYJIBTIB
Ha 25% Ta iHmMMX. Y TOMY 4YHCIH, 3pOCTa€ MOKa3HHK XBOpOO AuiblreiiMepa Ta
JeMeHIi [6].

AHaJji3 ocTaHHIX HocaimkeHb i myOmikaniii. [locnimkeHHSIM BIUTUBY SKOCTI
aTMOoCc(EpHOTrO MOBITPs Ha HEOE3IEKY I HACCICHHS IPUCBAYCHO OaraTo pooiT, sKi
CBiYaTh PO NOMITHUN HeOaKaHUH SIK KOPOTKOCTPOKOBHH, TaK 1 JOBITOCTPOKOBHM
BIUIMB MOTEHIIMHO TOKCHYHMUX KOMIIOHEHTIB BUKHIHHUX Ta3iB aBTOMOOLIIB Ha
3JI0POB’ S JIFOJTUHHU.

AHai3 BITYM3HAHUX My OJTiKaIli i BUCBITIIFOE LA PSIJT ACTIEKTIB, SIKi CTOCYIOThCS
BIUIMBY IIKI[UIMBUX (pakTopiB aTMOCEepHOro cepeloBHIIa Ha IUHAMIKY
3aXBOPIOBAHOCTI, TPUBAIOCTI KUTTS Y CMEPTHOCTI HACEJICHHS, CIIPUYMHEHI [IUMH
oOcraBuHamMHu. BOHW mMiATBEPIKYIOTh, [0 HAKONMYEHHS B IIOBITPI BUCOKHX
KOHIIEHTpAL IOKCHAY CIpKH, OKCHIIB a30Ty, OKCHIIB BYIJIELIO, (EHOIy,
(dbopmanberiay Ta ByrJIEBOJHIB CTBOPIOE IIUPOKHH CHIEKTP Pi3HOTO poay MpodieM
31 3710pOB’sIM, a Or0 BiJHOBJICHHS Ta MIATPUMAHHS HA HAJICKHOMY PiBHI MOTpedye
3HAYHUX KOIITIB Ta Yacy [7-9].

B poOortax Oarathox aBTopiB [9-11] moBimommseTbes, O 3a0pynHIOBAYEM
MOBITPS 3 HAMIIUPIIMM TEPENiKOM BIUIMBY Ha 3110poB’s (01m3bpko 30 miarHo3iB i
MPUYMH CMEPTi) € TBEP/Ii YACTUHKH 13 CEpPEIHIM aepOIMHAMIYHUM J[IaMeTPOM MEHIIIE
2,5 mikpometpiB (PM2,5), a Takox wacTHHKH JiameTpom MeHmie 10 mikpomertpis
(PM10). Ili MIKpOCKOMIYHI YAaCTHHKH, SKi € 3araJbHUM IPOKCIi-IHIAKATOPOM
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3a0pyMHEHHSI TIOBITPS, MOXXYTh IPOHHWKATH TIUOOKO B JIET€HI, 301IBIIYIOUN
KUTBKICTh pecripaTOpHUX 3aXBOPIOBaHb, 8 TAKOXK CTAHOBIISITH CEPHO3HY 3arpo3y st
IMYHHOI CHCTEMH Ta 3HAYHOIO MIPOIO CTIPHUSIOTH PU3HKY 3aXBOPIOBAHb Ha PakK.

Kitinigai mocmipKeHHs TOKa3yoTh, [0 ICTOTHY POJIb Y BUHUKHEHH] YHCICHHUX
XBOpOO BiIrpar0Th OKCUIH HiTporeHy. KopoTKOCTpOKOBWHiA i JOBTOTPUBAIINIA BILITUB
NO; noB’s3yl0Th 13 MiABUIIEHUM PH3UKOM CMEPTHOCTI BiJl pPECHipaTOpPHUX Ta
CepIeBO-CyIMHHMX 3aXBOpIOBaHb [9, 11], Bix paxy [12], 3axBoproBanb Ha ayTu3Mm [13]
i miaber 2 Tumy [13-15].

dopmManpaerin € HAHBaKIMBIIIMM KaHIEPOTEHOM 1 OCHOBHHUM TOKCHYHHM
3a0pynHIOBauYeM arMocepHoro noBiTps. JlociimpkeHHs My 0arathox aBTopis [16, 17]
Oyia moBeneHa HOTO pojib y 3aXBOPIOBAaHHI Ha pak. Pe3ynbpraT MOHITOPHHTOBHX
JIOCTTIDKEHb TOKa3au, M0 B OyJAMHKAaX, PO3TalloBaHUX Ha BijcraHi q0 10 M Big
BEJIMKHUX TPAaHCIOPTHHX aBTOMAricTpalieii, MEIIKaHIli XBOPIIOTh Ha OHKOJOTiYHI
3aXBOPIOBaHHA B 3—4 pasW YacTimie, HiK y OyJauHKaX, BiJUIaJeHuX Biff TOpOTH Ha
Bizctanb 50 M [18-20]. Tomy nuTaHHs, OB’ s13aHi 3 OI[IHKOIO PU3HKY LTS 3A0POB’ S
HaceJieHHs1 ypOaHi30BaHUX TEPUTOPIH Bia 3a0pyAHEHHS aTMOC(EPHOTO MOBITPS
aBTOTPAHCIIOPTOM, TOTPEOYIOTh MOAATBILIONO PO3BUTKY Ta AOCIIIKEHHS.

Mera gocainxensb. JlaHe TOCITIHKEHHS CIPSIMOBaHE Ha OIIHKY KaHIIEPOTCHHUX
1 HEKaHIEpOTCHHUX PHU3UKIB JUIS 37I0POB’Sl HAcEleHHS BHACIIZOK XiMi4HOTO
3a0pyaHEHHS aTMOC(EPHOTO MOBITPS HACEICHHUX MYyHKTIB Yepkachkoi 00JacTi.

Marepiajau Ta MeTOIH A0CTIIzKeHHS. SIK 00’ €KT OIIHKY BIUIMBY 3a0pyXHEHHS
aTMOc(epHOTo MOBITPS Ha PiBEHb HEOE3MEKH IS 310pOB’ sl HACEeNIeHHs 010 00paHo
obmacHi neHTpu Yepkacbkoi 00JacTi 3 PO3BUHEHOIO MPOMUCIOBICTIO 1 3HAYHUM
TPAHCIIOPTHUM  HaBaHTaXeHHsIM. J[ms  po3paxyHKy eMicii  ITONIOTaHTIB
BUKOPUCTOBYBAJIM Pe3yJbTaTH HATypHHUX cHocTepeskeHb. [ mocmimkeHHs OyIo
o0paHo 25 JUISHOK, IO MPOXOAATh K Yepe3 JKUTIOBI, TaK 1 IPOMUCIIOBI paiioHu,
3 pi3HAM pIBHEM TPAHCIIOPTHOTO HABAHTAXXCHHS, PI3HOIO IIUIBHICTIO 3a0yA0BH,
BiJICTAaHHIO BiJl OPOBKHU JIOPOTH 10 HAHOIIKYMX OyAiBENb TOMIO.

Jinst BU3HaueHHs eMicii 3a0pyAHIOIYHX PEedYOBHH (OKCHUAY KapOOHY, OKCHJIB
HiTporeny NOy (y mepepaxyHKy Ha JIOKCHJ HiTporeHy), ByrieBonHiB CHy, caxi,
niokeuny cyabdypy SO2, ¢opmansaeriny CH.O 1 OGensomipeny CaoHi2)
BUKOPUCTOBYBaJIM MeToauKy [21]. OuiHKy pu3uky Ais 300pOB’sl HAaCeIeHHS
MIPOBOJIMIIH 32 METOIUKOIO [22].

PesyabTaTi gocaigxeHHs

UepkacbKy 001aCTh BIIHOCSATH JI0 TyCTOHACENICHHUX perioHiB. [ToctanoBoro BepxoBHOT
Pagn VYxkpainm Big 17.07.2020 Ne 807-IX 3arBepmKeHWil aaMiHICTpaTHBHO-
TEepUTOpiaJIbHUN yCTpiii 0a30BOr0 Ta paiOHHOrO PiBHIB Yepkachbkol 00acTi, SKUM
nepeadaueHo ytBopeHHs: 4 paiioniB Ta 66 OTI. Cepeans IiIbHICTH HACEICHHS
obacti craHoBUTH 55 0ci6 Ha 1 kKM% J[o HaHGLIBII HACEJIEHUX ITYHKTIB, B MEKaX
o0OacTi, Hanexxath M. Uepkacu, M. YManb, M. Cumina, M. Batytine Ta M. Kanis.

J10 CKJIQIOBUX MPOMHUCIIOBOTO KOMITJIEKCY 00JIACTI BiIHOCSITH TaKi MOTYXHi rairy3i,
SK XapyoBa, XiMiuHa, (hapMalleBTUYHA, MalIMHOOYAiBHA Ta eHeprernuHa. Ha Hux
npunagae Oimbmr sk 84,0% mpomucioBoro BUpoOHHMUTBa. He octaHHe wMicne
3aliMar0Th BUPOOHHIITBA OCHOBHUX (hapMalleBTUYIHHX MPOAYKTIB Ta (apMaleBTUUHHX
mpernapariB, TyMOBUX 1 IUIACTMACOBHUX BHPOOIB, 1HIIIOT HEMETaleBOI MiHEepalbHOI
MPOIYKLii, TEKCTHIbHE, METATypriiHe Ta BUPOOHHUIITBO TOTOBUX METAJICBUX BUPOOIB,
T00yBHA ITPOMHUCIIOBICTE 1 pO3pOOJICHHS Kap’ €piB, i 1HIII.
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[IpiopureTHuM HampsMkoM B poboTi Yepkacbkoi oOmacHOi mepkaBHOT
aJMiHicTpalii y cdepi OXOpOHH JOBKULIS Ta EKOJIOTIYHOI OE3MeKU € peaizaiis
MPOEKTY IIOAO YJOCKOHAJICHHS! CHCTEMH MOHITOPHHTY aTMOC(EpPHOTo MOBITPs Ta
CTBOPEHHS TIOCTiB CITOCTEPEIKEHHS y MiCIISIX HAHOUTBIIOT KOHIIEHTpaIlii 3a0py IHEHb,
puCyHOK 1.

Ha croroani cramionapHi moctu crocTepekeHHsl, 3a BiACYTHOCTI (iHaHCYBaHHS,
IifoTh TUTbkH y M. Yepkacu. [lo iHIIMX HaceneHnX MyHKTax JaHi MI0A0 3a0pyIHEHb
OTPUMYIOTHCSA BiJf poOOTH NEpeCcyBHHUX MOCTIB BiOOpY MPoO MOBITPSI.

V|

@ - OCHOBHI CTAUIOHAPHI JpKepena Bukuiis \ =3 14

~ y
Bre3 /
obnacHoi gepkasHoi agMiHicTpauii e { B 8

3

@ - NNAHYEMI NYHKTU CNOCTEPEXEHHA YepKACbKOi

~M - mexi panoHis
- MEXi TepUTOpIanbHnX rpoman

@ - vexi arnomepauii «Mepkacu»

Puc. 1. 3amnaHoBaHi IyHKTH CIIOCTEPEXKEHHS 3a BUKHIaMH B atMocdepy B Mexax
UYepkacbkoi obmacTi

3a indopmauiero ["onoBHOro craTucTHUHOrO ynpasiiHHA B 2023 pomi BUKHIN
3a0pyIHIOBAIBHUX PEYOBUH B aTMocdepy Bii CTalliOHAPHUX JKepell 3pocid Ha
14,8 Tuc. T, nopiBusiHO 3 2022 pokom, i cTaHOBIATH 61,8 THC. T.

3HayHy 4YacTHHY 3a0pyJHEHb JOJAal0Th 1 BHUKHIM NEPECYBHUX JDKEpe
aBTOTPAHCIIOPTY, aje iXx 00’emu He ¢ikcyroTbes. I3 (iKCOBaHMX TOKCHYHHUX
IHIPEIEHTIB, SIKI MOTPAIUIAIOTh y aTMOchepy, OKCHANU a30Ty CTaHOBIATH 13,2%,
PEYOBHHH y BHUIIISAJI TBEPAHMX CYCHEHJOBaHUX PEUOBHMH Henu(pepeHIiHoBaHUX 3a
cknanom — 14,9%, amiak — 9,7%, miokcun cipku — 30,0%, oxcun Byriero — 4,0%,
HEMETaHOBI JIETKI opraHiuHi cnoiyku — 1,0%, 3aranmsHuM o0csirom Onmsbko 73%
BAJIOBUX BHUKHIIB. IIOKa3HHMKH BajgoBHX 00 €MIB BUKHIIB B HAHOIIBIIMX MicTax
Uepkalay HaBEACHO HAa PUCYHKY 2.

Pesynpratu ananizy 00’eMiB 3a0pyaHeHb B atMocdepi pailoHIB JOCHiHKyBaHOT
TepuUTOpii Mokasany 301IbIICHHS BUKHIB Y 3BEHHTOPOJICHKOMY paiioHi Ha 1,2 Tuc. T,
Ymancekomy Ha 0,1 tuc. T Ta Yepkacbkomy Ha 15,0 THC. T. 30710TOHICEKHIA paiioH
HaBIAaKH XapaKTEPU3YEThCS 3MEHIIEHHAM BUKHIIB Ha 0,3 THC. T.
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Puc. 2. O0’emu BaJIOBHX BHUKHUIIB 3a0pyIHEHP BiJ CTAIliOHAPHUX JDKEPEN B HAMOLTBIINX
Mictax Yepkacpkoi obmacti

AHami3 CTaTUCTUYHUX AAaHUX TI0Ka3aB, MO0 Yy 3arajJbHOMYy OO0 €Mi BHKHJIB
UYepkacbKOro perioHy 3a BAJOBUM IIOKa3HUKOM MEpPeBAXAIOTh HACTYIHI
3a0pyaHIOBANBHI peuoBUHH [23], HaBeIeHI HA PUCYHKY 3.
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15
9.197
10 A 8137
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JliokeHn asoTy Teepai Aniak Jliokcrn cipkn OxcHi HIIOC
CyCIenoBas: BYTIIEIEO
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Puc. 3. O6’emu BaJOBMX BUKHIIB OCHOBHUX 3a0pYAHIOBAIILHUX PEUOBHH BiJ] CTalliOHAPHUX
JoKepen 3a0pyaHeHHs B Mexax Uepkacbkoi obmacTi

[IpoBeneHHsI MOHITOPUHTY HAa MEXI CaHITApPHO-3aXHCHUX 30H B MEXKax BIUIMBY
00’€KTiB TMPOMUCIOBOr0, CUIbCHKOIOCIIOAAPCHKOTO, a TaKOX KOMYHAIBHOTO
3HAYCHHS Ta B MeEXaX CeJITeOHHMX 30H MOOJM3y BYJIMYHHX Marictpajiei, Iino
3IIHCHIOBATIOCH JleprkaBHOIO ycTaHOBOIO «Uepkachkuii 00JaCHUM LIEHTP KOHTPOJIIO
Ta npodinakTuku XxBopod MiHicTepcTBa 0XOPOHU 310poB’st YKpainm» y 2024 po,
mokaszano, mo y BigiOpanux i1 mpoananmizoBaHux 7083 mpobax armocdepHOro
MOBITPsl OyNM MPHCYTHI HACTYIHI 3a0pyJHIOBAJIbHI PEUYOBHHU — JIOKCHJ a30Ty,
CIPUMCTHIA aHT1ApU A, GOpMasbaeriji, BYIJISIi0 OKCH I, amiak, OeH31H, PEeHOoII Ta HOro
noxigHi. Y 2,13% (151 npoGa) BUSBIEHO NEPEBHILICHHS TPAHUYHO AOMYCTHMHUX
MaKCUMabHO pa3oBuX KoHIeHTpamik (mam — I'JIK), 30xkpema, popmanbmeriay —
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0,041 mr/m® (nepesumenns I'IK B 1,17 pasza), okcuay Bymiemwo — 8 wmr/m’
(mepesumenns IJIK B 1,6 pasza) ta Gemsuny — 7 mr/m°> (mepesuiuenns [JIK B
1,4 paza). Oco0nHBO 11 IPOSABIAETHCS B 30HI BIUIMBY aBTOAOpIr B M. Uepkacu [23].
3HaueHHs cepeaHhOA000BUX KOHIIEHTPAIIA OKCHAAHTIB y atMocdepi IHIINX MICT
o0JacTi BCTAaHOBJIIEHO Ha PiBHI TPAaHUYHO JOMTyCTUMUX KOHIIEHTpPAIIiil.

Cepennpono00BI KOHIEHTpaLii 3a3HAYEHMX TOKCHUYHHUX PEUYOBHH Y MicTax
00JacTi HaBeIEHO Ha PUCYHKY 4.
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Puc. 4. 3HaueHHs cepeJHbOI000BUX KOHIIEHTPALi TOKCHYHUX PEUOBHH y MOBITPI OKPEMHX
MicT Yepkacbkoi o0macTi

HaBeneni naHi HasBHOCTI XIMIYHHX CHOJYK Yy arMocepHOMy MOBITpi
3aCBIMYYIOTH TIEPMAHEHTHICTH IXHBOTO BIUIMBY Ha OTOYYIOYE CEpEJOBHUILNE Ta
HaceseHHs. Takox C1iJ] 3ayBaKUTH, 110 32 ITOKa3HUKOM HEKaHIIEPOT€HHUX PU3HKIB
OKpeMa CIOJyKa MOXE XapakTepu3yBaTHCh sIK HeOesleuHa sl JIF0JCHKOro
OpraHi3aMy HaBiTh 3a yMOBU He mnepeBuineHHs 1i ['JIK y moBiTpi ¥ BHU3HaYeHI
MOKa3HUKH 3a0pyAHEHHS Oy1yTh MEHIIVMH 32 OJUHUIIIO.

Po3paxyHOK (pakTHYHOTO piBHSI BIUIMBY CIIONYK 3 Oe3neyHuMU (pedepeHTHIMN)
KOHIIEHTPAI[ISIMU HaJlaHO B Ta0muii 1.

Tabmuns 1. [lopiBHAHHSA (QaKTUYHOTO PIBHSA BIUIUBY CIHOJIYK 3 O€3NEYHUMH
(pedbepeHTHUMU ) KOHIICHTPALISIMH

HQ - pusuk po3Butky
Haceneruii HEKaHIIEPOTCHHUX e(eKTiB
. Oxcun Oxcun Momnookcux | HI PiBenb pusnky
MYHKT .
cymshypy HITPOTEHY KapOoHy
(SOy) (NO») (CO)
Yepkacu 1,0 2.8 2,0 5,8 Bucokuii:

- OpraHu IUXaHHS,
Baryrine 0,8 1,8 2,0 4,7 iMyHHa cHcTeMa
Kanis 0,5 1,5 1,0 3,0 | Hacmopooscyrouuii:
3os0ToHOMmA 0,5 1,5 1,0 3,0 | OPraHH/wxani,

KpOB, iIMyHHa
Ymanb 0,5 1,8 1,0 3,3 cucreMa
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O1iHKa PU3MKY PO3BUTKY HEKAHIIEPOICHHHUX €(PEKTIiB 32 KOMOIHOBAHOT'O BILIUBY
XIMIYHMX PEYOBMH IIOKAa3aB, IO iCHY€ BHCOKAa WMOBIPHICTb BIUIMBY XIMIiYHHX
3a0py/THCHb HA HACETICHHS.

[igpaxynox imgexcy HeOesmekwm (HI) s pisHMX MICT 3acBimdye piBeHb
MOTEHIIHHOTO PU3WKY UL 3MI0pOB’sl HAceJeHHS duepe3 3a0pyIHEHHS TOBITPs
WIKiATMBUMU pedoBHHaMH. Bucokuii piBeHb pu3uky B UYepkacax BKazye Ha
CepHo3Hy 3arpo3y Ui 3I0pOB’s, OCOOJIMBO JJISi OpPTraHiB JUXaHHSA Ta IMYHHOL
cucremu. [lomipHuii piBeHs pH3UKy y BaryTiHOMy AeMOHCTpye, IO 3arpo3a st
3I0POB'S iCHY€, ajleé HE € TaKol KpUTHYHOI. HacTtopoxyrouwii piBeHb pU3UKY
y Kanegi, 3omoronomi ta YMmani BKazye Ha MOMIMBI MPOOJIEMH 31 310pOB’SIM,
30KpeMa ISl OpraHiB AUXaHHA, KPOBi Ta IMyHHOI CHCTEMHL.

3arasiom, pe3yJbTaTH BKa3yloTh Ha Te, 110 3a0pyAHEHHS MOBITPSI Ma€ CyTTEBUI
BILTMB Ha 3JI0POB’s, OCOOJIMBO B MICTaX 3 BUCOKHM piBHEM iHJeKCYy HeOesmeku. Lle
CBITYATH PO HEOOXIAHICTH BYKHUTTS 3aX0/IiB JJIS IOKPAMIECHHS €KOJIOTIYHOI CHTYaIii
B WX perioHax. Pa3oM 3 M po3paxyHOK KaHIIEPOTEHHHUX PU3HKIB 38 OTPUMaHIMHU
3HAYEeHHSIMHM KOHIEHTpPALill TOKa3aB cepeAHid piBeHb BIUIMBY (aKTOpiB Ha
HaceJeHHs (TabmuI 2).

Tabmus 2. Po3paxyHOK pO3BUTKY KaHIIEPOTEHHOTO e(PEeKTY ISl HaceIeHHS

PiBenn
PHU3UKY

LAAD CR PCR

Konuenrparris
H,0, mr/v?
Hacenenns,
ocib

Uepkacu 0,032 | 0,00876712 | 0,00041 | 107,83 | 267361 | Cepenniii
Baryrine 0,030 | 0,00821917 | 0,00038 5,96 15763 | Cepenniit
Kanis 0,025 | 0,00684931 | 0,00032 7,30 23172 | Cepenniii
3010TOHOIIA 0,020 | 0,00547945 | 0,000252 6,86 27206 | Cepenmiii
YMaHb 0,025 | 0,00684931 | 0,00032 25,69 81525 | Cepenniit

AHaimi3 3arajgpbHOI CTPYKTYPH BHIIB XBOpPOO HaceneHHs Yepkachkoi obOmacti
BUSIBHB, [0 CEpeJ JOPOCIIOr0 HaceJeHHsS BIiKOM Bij 18 pokiB i crapiie BiJCOTOK
HaMOLIBIINX 3aXBOPIOBaHb CKJIAJAI0Th XBOPOOHM OpPraHiB JUXaHHS Ta CUCTEMH
KpOBOOOIry, 110 HaBe[eHO Ha pUCYHKY 5. Cepell HUX HaWOlIbILE MPOSBISIOTHCS
TOCTpl XPOHIYHI (PapUHTITH 1 TOH3WIIITH, AJIEPTiUYHI PUHITH 1 XPOHIYHI OPOHXITH,
MHEBMOHIT 1 1iHImI JiereHeBi XBopoOuW. IIporpecyroTh TiNepTOHIUHI XBOpPOOH,
ilIeMiuHi XBOPOOH ceplis, B TOMY YHCII 3 TIIEPTOHIYHOIO XBOPOOOIO; CTEHOKAPIis
Ta XBOpOOH MaNiaTUBHUX CTajiid CTaHOBIATH 2,1%.

3a ocTaHHI pOKH B 00JIACTI MPOCITIIKOBYETHCS 3pOCTaHHSI KOHTHHTEHTY XBOPHUX
3 COLIaJIbHO 3HAUYYIIMX 3aXBOPIOBaHb, SIKi, 30KpeMa, BKIIOUAIOTh B cede «['pum»,
«Koponasipycy, a Takox «TyOepkynbo3y». Amxe XiMiuHi 3a0pyJHEHHS BIUTUBAIOTD
Ha IMYHITET, TOMY OCJ1a0JIeHHUI JIFOCHKHIA OpraHi3M MIBUIIE MiIA€ThCS BIUIUBY.

BHacnijlok TpUCYTHOCTI XIMIYHMX PEUOBHH Y TIOBITPI HACEJNEHHX ITYHKTIB
KUTBKICTh MEPBUHHHUX 3BEPHEHb MIONO aJEPridHMX 3aXBOPIOBAHb, 3aXBOPIOBAHb
JTMXABHUX MUIIXIB 30UIbIIyeThCS (pUcyHOK 6). CTpakaae eHIOKPHHHA i HEpBOBa
CHUCTEMa JIFOJCHKOTO OpraHi3My, i3-3a HEMOMKJIMBOCTI IMBHIKOI afamnTarii 0
HasBHOT'O BIUIMBY ¥ MOTPAIUIAHHS KOHICHTPALiil TOKCHHIB Y JIET€Hi Ta KPOB.
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Indexmifn Ta
mapasHTapHi  XB. Byxa, HOBOYTBOPSHHA. [ymi 7,1% i 550
XB., 6.2% 4.6% 2.1% / KINTKOBHHE,S,370 XB. cedocTaTeBol
CHCTeMH, 7.3%

TpaBmH,7,8%

XB. KiCTKOBO-
M's30B01
cHcTeMH, 7.2%

Xz.
CHCTEMH
KPOBOOGIry,
9% XB. opraHis
TpaBIeHHA, 3%

Xs8. oxa, 6,3% XeopoGH opraHis
auxasss, 33.2%

Puc. 5. 3aranpHa cTpyKTypa IMepBHHHOI 3aXBOPIOBAHOCTI HaceleHHS YepkachKoi o0macTi

120 ¢
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Anepriumi Xpouiumi GporxiTH | BpomxiamsHa acT™Ma EmnoxpruHa HepBoBoi cHCTEMH
3AXBOPIOBAHHS CHCTeMa

Puc. 6. [Toka3HuKH 3pocTaHHs IEPBUHHKUX 3aXBOPIOBaHb HaceeHHs YepkachKkoi obJacti 3a
octanHi poku (Ha 10 THC. HACCICHHS)

JuHamika CTPYKTYpH MEPBHHHUX 3aXBOPIOBaHb HACENIEHHS 00JIaCTi OCTaHHIMU
pokamu € HeBTilIHOK. CKOHIIGHTPOBaHI B aTMOC()EPHOMY TOBITpI 3a0pyaHEHHS
MOXYTh BIUIMBAaTH Ha PO3BHTOK CEPLEBO-CYJMHHUX 3aXBOPIOBaHb, HacaMIiepe]
TaKkMX SK ilIeMi4Ha XBOpoOa ceplisd Ta IHCYJBT, 1HIIFOBATH TaKOX PECIipaTopHi
3aXBOPIOBaHHA — IH(EKIT HWKHIX AMXAIbHUX IHUIAXIB, XPOHIYHY OOCTPYKTHBHY
XBOpoOy JlereHb, pak Tpaxei, OpoHXiB i jereHb. Tomy B oOyiacTi 301LIBIIYETHCS
KUTBKICTh IEPBUHHUX 3BEPHEHBb OHKOXBOPHX 0Ci0 (pucyHOoK 7). OKpiM TOro, rpyiy
PHU3UKY CTaHOBJIATH JIFOJIW 3 IIYKPOBHM [[ia0€TOM APYroro THIy, IMyHHa CHCTEMa
SKHX CTpa)</1a€ HaiOibIIe.

B ymoBax BiliCBKOBOro cTaHy, YacTHX PaKeTHHUX OOCTpiliB Ta OOHOBHX i
CTBOPIOIOTHCS HOBI yHIKaJdbHI BHKJIMKH JJIsl ICHYHOYOi CHCTEMH OXOPOHH
HABKOJIMITHBOTO CEpE/IOBUINIA Ta T'POMAJICBKOTO 3JI0pOB’S perioHy. Bce e
noTpedye BUBAKEHHMX MiAXOMIB IIOJO CTBOPEHHS MII€BOi CHCTEMH KOHTPOJIO
3a0pyAHEHb Ta MPOQITaKTHKU 3aXBOPIOBAHOCTI, BIIOCKOHAIICHHSI METO/IIB B1I0OPY
mpo0 MOBITPS y MiCIIAX CKYITYCHHS 3a0pyIHEHB Ta iX CHCTEMHOTO aHalli3y.
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Puc. 7. Jlunamika CTpyKTypH IEpBHHHHX 3aXBOPIOBaHb HaceleHHs Uepkachkoi o0nacTi 3a
octanHi poku (Ha 10 THC. HACCICHHS)

HaBeneni Bumie aaHi MOKa3yloTh, IO JUIS OI[IHKA BIUIMBY MOBITPSHOTO
CepelIoBHIIA B HaceJIeHUX MyHKTax Uepkachbkoi 00acTi Ha JIIOJUHY KOS(Illi€eHTH
Ta iHAEKCH HeOe3MeKH PO3BUTKY HEKAHIEPOTeHHUX Ta KAaHI[EPOTeHHUX €(EeKTIiB €
Oimpm  1HGOPMATHBHUMH, HDK TIOKa3HWKH 3a0pynHeHHA. llpudomy sKmio
MMOKa3HUKHU 3a0pynHeHHs 3a kputepieM ['JIK 103BOJNAIOTH OLIHUTHU JIHUIIE SKICTh
MOBITPSIHOTO CEPEIOBHILA, TO 32 BEIMUNHOIO 1HIEKCY HeOE3MeKH MOXKHA BU3HAYHUTH
PH3HKH BIUIMBY IIUX CIOJYK BXKe 0€3M0CepeIHbO Ha 310POB’ S JIIOIHHHU.

BucHosku

JlnHaMi4Ha cCTEMa aTMOC(EPH IMOCTIIHO 3MIHIOETHCS 32 paXyHOK HAKOITMYSHHS Ta
pO3CiIOBaHHA BENMKOi KiNBKOCTI XiMiuHMX 3a0pyaHHKiB. IX BmIMB Ha
JKUTTEIISUTBHICTD HACEJICHHS 00J1aCTi 3pOCTae, M0 MOTPEOYE MOCTIHHOIO KOHTPOJIIO
TOKCUYHHUX PEYOBHH JUIS ONEPaTHBHOI iH(pOpMalii MEIIKaHIIB Ta 3MEHIICHHS
ICHYFOUHX PU3HUKIB.

3arBepmxenuit [lopsaok 3ailiCHEHHS JEpKaBHOIO MOHITOPHHTY B Taly3i
OXOPOHM aTMOC(EPHOTO TOBITPsA mepemdadae pPo3poOKy 3axXOJiB  IIOJIO
BJOCKOHAJICHHS HAsIBHUX MEPEX CIIOCTEPEKEHHSI 3a SIKICTIO aTMOC(EpHOT0 MOBITPS,
CTBOpPEHHS a00 BJIOCKOHAJICHHsI J1aboparopiii CIOCTEpEeKEHHS 3a CTaHOM
aTMOC(EepHOTro TOBITPS, MICHIS 3aTBEPIIKCHHS BIIIOBIAHAX MPOTPaM PO3BUTKY
perioniB. TomMy opraHizaiis NOCTiB CIIOCTEPEXKEHHS B IHIINX MicTax 001acTi abo x
CTBOPEHHS TOJATKOBUX MPOrPaM MOHITOPUHTY MEPECYBHUMH MOCTAMH KOHTPOJIO
3a0pylHEeHb Ta MiAaKelbHUX KOHIEHTpAIliil XIMIYHHX PEYOBHH, SIKi OyayTh
o0najHaHi CyYyaCHHMH 3aco0aMHM KOHTPOJIIO, € JOUUIBHUM KPOKOM B YMOBax
MiABUILEHUX PU3HKIB 3a0pyIHEHHS aTMOC(EPHOTO CepeaOBHUILA.

[IpoBeneHi gocmikeHHs MacmTabiB aHTPOIOr€HHOrO0 HABAHTAXKCHHS Ha
aTMoc(epHE MOBITPs, HABKOJIMIIIHE MPUPOIHE CEPEIOBHILIC Ta 370POB’ S HaCEICHHS
Yepkacbkoi 0071acTi BUSBUIH, IO IPUIUHOIO € 3pOCTaHHs BUKUIB 13 CTalliOHAPHUX
1 IepecyBHUX JpKepen 3a0pyIHEHHS, HAKOITMYEHHs TOKCHHIB Y Pe3yJIbTaTi BUOYXiB
1 4aCTHUX MOXKEX.

ISSN: 2411-4049. Exonoriuna 6e3nexa Ta IpHPOJOKOPUCTYBaHHS, BHIL 3 (55), 2025



~ 187 ~

[IpoTsaroM OCTaHHIX POKIB CKJIAJ JOMIIIIOK TOBITPSI PETiOHY 3MIHUBCS Ta € HE JI0
KIHIIS BUBYCHUM. TaKiM YMHOM, JTOCHIJHKEHHS CTaHy Ta SIKOCTI IMMOBITPSIHOTO OaceiHy
obyacTi B Cy4acHHX TEXHOTCHHHX YMOBAaX, BUCBITJIICHHS IWHAaMIiKH 3MiH y 4aci i
MPOCTOPOBOMY 3pi3i, Ha HAIY TYMKY, € BOXJIMBHM 3aBJaHHSIM JIJIsl CY9acHOI HAYKH.
BripoBapkeHHST IPEBEHTUBHUX 3aXOJIB 3HM3HUTh PU3UKH PO3BUTKY Ta 3arOCTPCHHSI
3aXBOPIOBAHHS JIIOJICH. BUpIIIeHHS MUTaHb, MAHATUX Yy IiH MyOTiKallii, JOmoMoxe
30epeKECHHIO CEPEOBHINA, CIPUSTIIMBOTO JIJIS JKATTENISTIEHOCTI JTFOTAHH.

[TepcrieKTHBHIM HaAIPSIMOM € TOCIHIKEHHS HOBTOTPUBAINX €(PEKTIB XiMITHHX
3a0pyaHIOBaviB aTMoc(hepy Ha 3I0pOB’ sl HACEIICHHS, 30KpeMa OIliHKAa PU3UKIB JIJIs
pi3HUX BIKOBHX Ta colialbHHX TpyI. Lle BKiItoYae NOCHIIKEHHS TOTO, SK piBEHb
3a0pyqHEHHS BIUTMBAE Ha JiTeH, JIONEH MOXWIOTO BiKy, a TakKOX JIOAEH 3
XPOHIYHUMU 3aXBOPIOBAHHIMY 200 3HIKEHUM IMYyHITETOM.
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cranmapty odopmieHHs HaykoBux mnyOmikamiii APA  (American Psychological
Association) style 3arajbHIM CIIUCKOM Yy KiHII CTAaTTI 332 4YeProko MIOCHIaHb y TEKCTi.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBiAKA MPO aBTOPIB, [I¢ BKA3yHOTHCS Mpi3-
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OO00B'I3KOBO CITiJT HAATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpexncTaBiaeHi B peNakiilo PYKONHCH TPOXOJATH peTelbHE OaraTolaHKOBE
pelCH3YBaHHS BiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELIEH3EHTIB MEHIIIa 32 BCTAHOBJICHUH MOPIT, PYKOINCH BiAXHUIISIOTHCS.

3MicT craTTi Ta SAKICTh HamucaHHS abo mepekiany (YKpaiHChKO abo aHTIIHCHEKOIO
MOBaMH) HEperJIsIAl0oThCsl KOpeKTopaMy 30ipHHKA, IPOTE BiJIOBIIANBHICTE 32 3MICT Ta
AKICTP CTAaTTI HECyTh aBTOpH Marepiamy. Jlo craTri MOXyTh OyTH BHECEHI 3MiHH
penaxiiiHoro xapakrepy 6e3 3rojiu aBTopa.

Posmin 36ipHuka, mo0 skoro Oyae BiJHECEHAa CTaTTsI, BHU3HAYAETHCS PEAAKINETO,
Y3rOJIKY€EThCS. — TOJIOBHUM pPEAaKkTOpoM abo Horo 3acTynHukoM. OCTaToOYHHII BUCHOBOK
10710 My OJTiKaIlii MaTepiaiB CXBAIIOE pelakiliiiHa Koeris 30ipHuKa.
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B IHTEepHeTI Ha caliti http://www.es-journal.in.ua, sIKMif CHCTEMaTHYHO OHOBIIFOETHCH.
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