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ASSESSING THE ECONOMIC AND ENVIRONMENTAL BENEFITS
OF BLUE-GREEN INFRASTRUCTURE TO INCREASE URBAN
RESILIENCE TO CLIMATE CHANGE

Abstract. Climate change and intensive urbanisation pose large-scale challenges to
engineering infrastructure and the livelihoods of the population in cities, in
particular in the form of floods, soil degradation, droughts and increased pollution.
The study focuses on the use of blue-green infrastructure (BGI) elements to improve
climate resilience and ensure multifunctional development of urban areas. The
article analyses the international experience of implementing the sponge city
concept with a focus on the role of green structures. Particular attention is paid to
assessing the costs and benefits of implementing BGI projects, in particular, the
relationship between investment costs and positive effects, such as energy savings,
carbon sequestration, improved air quality, and reduced urban heat island intensity.
A comprehensive method for assessing the economic and environmental
performance of BGI's facilities has been developed, including quantifying energy
savings, determining the amount of CO: sequestration, oxygen production by green
structures, and economic evaluation of the benefits of oxygen release. The method
also includes an analysis of environmental benefits throughout the life cycle of BGI's
facilities, calculation of life cycle costs and estimation of construction costs
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ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025


mailto:tkachenko.tm@knuba.edu.ua
mailto:voloshkina.os@knuba.edu.ua
mailto:vasylenko.lo@knuba.edu.ua
mailto:0009-0005-2793-1520
mailto:tall.arh@gmail.com

~8~

for individual infrastructure elements. For the applied assessment of economic and
environmental benefits, a calculation based on green pavement was made, taking
into account its impact on climate change mitigation. Design solutions aimed at
reducing the heat load in the urban environment are proposed, in particular, the
potential of facade and roof structures to improve cooling and moisture retention
efficiency is revealed. The possibilities of using BGI elements for cooling the urban
microclimate are determined. The study was carried out as part of the international
Erasmus+ and ClimEd projects aimed at developing climate-oriented education and
sustainable urban planning.

Keywords: blue-green infrastructure, green coatings, green facades, green walls,
rain garden, climate change mitigation, climate change adaptation, cost analysis.

M.B. KpaBuenko, T.M. Tkauenko, O.C. Bosiomkina, JI.O. Bacuaenko, [.O. Cesitoropos
KuiBchkuii HaiOHATBHUN YHIBEpPCUTET OYAIBHHULITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

OHNIHKA EKOHOMIYHHUX I EKOJIOI'TYHHUX ITEPEBAI
BJJAKMTHO-3EJIEHOI ITHOPACTPYKTYPHU IS NIJABALEHHSI
CTIMKOCTI MICT A0 3MIH KIIIMATY

Anomauin. Knimamuuwi 3minu ma iHmeHcueha ypbawHizayis CHAPUYMUHSIOMb
MACUMAOHT BUKIUKU OJIsl THIICEHEePHOT IHQPACMPYKmMypu ma HcummeoisibHOCMI
Hacenentsa 8 Micmax, 30Kpema y euensaoi nagookis, oezpadayii ipyHmo8o20 NOKpuUay,
nocyx i 3pocmammsi pigHs  3a0pyouenus. J{ocniodcenns 30cepeodceHo  Ha
3acmocysanti  enemenmis  Oaakumuo-zenenoi  ingppacmpykmypu (BGl) ona
nIOBUWeHH sl KIIMamMUYHOi cmikocmi ma 3a0e3neyenns 6a2amo@dyHKYIOHATbHO20
po3gumky ypbauizoganux mepumopiu. IIpoananizoeano MidiCHAPOOHUl 00C8i0
BNPOBAOINCEHHS KOHYenYii Micma-2yOKu 3 aKYeHmom Ha POib 3e/1eHUX KOHCIMPYKYIUL.
Oxpemy ysaecy npudineno oyinyi eumpam i 6uco0 6i0 peanizayii npoexkmig BGI,
30KpemMa 6CMAHOBNEHO B3AEMO38'I30K MIdNC [HEeCMUYIIHUMY SUMPAMamMu ma
NO3UMUBHUMU eheKmamu, MaKuMu K eHep2o30epedceHts, cekgecmpayis gyeneyio,
NOKpAweHHA AKOCMI NOBIMPs Ma 3MEHULEHHA IHMEHCUEHOCI MICbKO20 MENN06020
ocmpoga. Po3pobiieno KOMIIEKCHUL Memoo0 OYiHKU eKOHOMIUHOI ma eKON02IYHOT
epexmusnocmi 06'exmie BGI, sxutl exmouae KinbkicHy oyinky enepeosbepesicenns,
susnayennsi  oocseie  cexeecmpayii  COs  6upobieHHs  KUCHIO — 3eieHUMU
KOHCIPYKYIAMU MA eKOHOMIYHE OYIHIOBAHHS 8U200 610 8UBLIbHEHH KucHio. Memoo
MAKOJC OXONIIOE AHANI3 eKONOZIYHUX Nepegaz NPOMmseoM YCb020 HCUMMEBO2O
yukay 06'exkmie BGI, pospaxynox eapmocmi sccummegozo yuxiay ma oyiHky eumpam
Ha 6YO0iBHUYMBO OKpeMux eiemenmie iH@pacmpykmypu. s npukiaoroi oyiHKu
EKOHOMIYHUX MA eKONO2IYHUX U200 30ilICHEHO PO3DPAXYHOK HA OCHOBI 3e/1eH020
NOKpUmMmSi, 8paxo8yioull U020 GNIUE HA NOM'SIKUIEHHS HACTIOKIG 3MIHU KIIMAMY.
3anpononosano KOHCMpPYKMuGHi piuients, CNpAMOSAHI HA 3HUNCEHHS MENi08020
HABAHMAICEHHA 8 MICLKOMY Cepedosulyi, 30Kpema po3Kpumo nomenyian gpacaonux
i 0axogux KOHCMPYKYIll w000 RIOSUWEHHA epeKmUsHOCmi 0XO0N00JCeHHA ma
ympumanHa gonou. Buznaueno moociusocmi euxopucmanus enemenmie BGI ona
O0XONI00JNCEHHS MICbKO20 MIKpoKaimamy. JloCcniodcentss GUKOHAHO 8 Medicax
Midcnapoonux npoeckmie Erasmus+ ma ClimEd, wo cnpsamosani na po3eumox
KAIMAmMOoOPIEHMOBAHOT OCBIMU MA CMANI020 MICbKO20 NIAAHYE8AHHA.

Knrwowuoei cnosa: onaxumno-3enena ingpacmpykmypa, 3eieHi NOKpUMms, 3eneHi
Gacaou, seneni cminu, OOWOBUU €A0, NOM AKUWEHHSI HACTIOKIE 3MIHU KiMamy,
adanmayisi 00 3MiH KAIMAmy, aHAi3 UMPAM.

https://doi.org/10.32347/2411-4049.2025.2.7-22
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Beryn

3MiHa KJIiMaTy € OJHUM i3 HaHaKTyaJIbHIIINX BUKJIWKIB CY4acHOCTI, IO TOCizae
MPOBiTHE MiCIe y TI00aTbHOMY MOPSAAKY AeHHOMy. Ha MibkHapomHoMy piBHI
eKOCHCTEMHA aJanTallisl Aefai Ollblie BUSHAETHCA Ta BIPOBALKYETHCS MiCBKUMU
rpomMajiaMu sIK €(QEeKTHUBHA CTpaTeris s MiHIMI3alii HEraTMBHHMX HACHIIKIB
ypOaHizallii, MiABUINEHHS KIIMaTHYHOI CTIHKOCTI Ta CHPHUSHHS EKOJOTIYHO
30a1aHCOBAaHOMY PO3BUTKY. Jl0 KIIFOYOBMX IHCTPYMEHTIB €KOCHCTEMHOI aJamTariii
Hanexarh npupopoopientoBani pimrenHs (Nature-based solutions, NBS) [1] Ta
koHuemniis Micta-ryoku (Sponge City) [2]. CyuacHi miaxou 10 TPOEKTYBaHHS MiCT-
ry0OK akIeHTYIOTh yBary Ha KOMIUIEKCHOMY IHTErpyBaHHI 3elleHOi Ta cipoi
iH(pacTpyKTypH, 110 YTBOPIOE OIaKuTHO-3e1eHy iHppacTpykTypy (BGI) [3]. Oxpim
PEryIIOBaHHs KUIBKOCTI Ta SKOCTI BOJIHHMX PeCypcCiB, 3eJieHa iH(pacTpyKTypa
3a0e3nedye HU3KY €KOJOTIYHHX IIepeBar. 30KpeMa, POCIHHA BiAIrparTh KIOYOBY
poNp y TOM’ SIKIIIEHHI HACHIAKIB 3MiHM KiiMaTy, mormmHatoun COz y mporeci
(doTocuHTe3y Ta 3MeHIyoUn edekT Micbkoro termtoBoro octposa (UHI) mumsixom
TpaHCIiparii.

VY Gararpox mictax cBity BrpoBamxkeHH BGl B Mexax xoHIerIii MicTa-TyOKu
PO3TIISAAETHCS K KIFOUOBA CTPATErisl afanTallii 10 3MiH kiiMary. Kutaii € cBiTOBUM
JigepoM y peaizamii 1€l KOHIEMINI, IO 3YMOBJEHO KibKOMa (hakTopamu.
[To-mieprre, KpaiHa CTHUKAETHCA 3 TOCTPUMH €KOJOTTYHUMH BUKJIMKaMHM, 30KpeMa
3a0pyIHEHHSM BOJHW Ta MOBITPs, IO CTBOPIOE HATalIbHY MOTPeOy y BIPOBaIKEHHI
e(eKTUBHUX pilllcHb. BiAmosiyio Ha 11i BUKIMKH cTajia [1inoTHa nporpama «MicTo-
ry0ka», sKa JEMOHCTPYE CHCTEMHHH IMiIXiJ JO ajamnTarii MiChKHX TEpUTOpIH.
[To-npyre, Kuraii akTHBHO iHBECTYye B HAyKy Ta TEXHOJIOTii, IO BKIIIOYAE
MiXKHapOIHE CMIBPOOITHUIITBO B Tally3i CTaJIOr0 BOJHOTO YIPABIiHHSL.

VY Cnonyuennx Llrarax ypsn micta @opr-Jlogepaeiin (Pnopuma) B mMexax
cBoro ['eHepanbHOro mIany OKpEeCIiB ClielianbHi 30HH /i, Bpa3JIuBi 10 3aTOIICHb,
3 aKIEHTOM HA 3eJeHe YNPABIiHHA LUMH Teputopismu. Kpim Toro, Heio-Mopk
OCTaHHIMH pOKaMH AaKTUBHO pO3BUBAE€ TIONITHKY IHTETPYBaHHA 3€JIEHOi
iHhpacTpyKTypH, BKIIOYAIOYM 11 Yy MiChKe TIUTaHYBaHHS Ta aKTyalli3allito
HOPMATHBHHX aKTiB 3a]1s1 MMiABUIIECHHS KJIIMATHYHOI CTifiKOCTi [4].

HimeuunHa crana nepmoro KpaiHoro B €Bpori, sika modana Bruposapkysatu BGI
B pamkax KoHuenuii mictra-ryOku ta Crpaterii 6iopi3HOMaHITTS €BpOIEHCHKOro
Coto3y [5]. Yactuna cyOcuaiii 3 €BponeicbKkoro GOHIY perioHaIbHOrO PO3BUTKY
CIPSIMOBY€ETHLCS Ha THBECTHIIIT Y CTBOPEHHS «3eJIeH0i €Bporny, BitbHOI Bij COo», 1110
BKJIOUAE aJlalTalliio 10 3MIHH KJIiMaTy, 30epe:keHHs] 010pi3HOMAHITTS Ta PO3BUTOK
BGI. Ha Biaminy Bin Oararsox iHmmMX KpaiH, HiMeuunHa Mae TpuBady TpaaMLiio
HAYKOBUX JIOCTI/DKCHb Ta BHKIQJaHHS B YHIBEpCHTETaxX TeM, MOB’S3aHUX 3
€KOJIOTi3al1li€0 Oy 1iBeIh Ta MICHKOI'O CEPEOBHIIA. 3aBISIKH IIbOMY, & TAKOXK Yepe3
cneun¢iyHi MyHIOMNAIbHI MOMJIMBOCTI, PIBEHb BIPOBAIKEHHS 3€JCHUX
KOHCTPYKUiHM y HiMeuunHi € BUIIMM, HIX y 0araTboX iHIIMX KpaiHax.

Micro JlicaboH, IO CTHKAETbCS 3 CEPHO3HUMH PHU3MKAMM 3aTOIUICHHS Ta
edpextom UHI, inTerpyBaio exonoriunmii kapkac micra y cBiid ['enepanbhuii mnas,
3pOOMBILIY HOTO OCHOBHUM €JIEMEHTOM IIPOCTOPOBOro IuiaHyBaHHs. Y 2016 poui B
npuMichkKiit 3001 Komenrarena, B paiioni Ectepbpo, 0yiio peanizoBaHO YHIKIbHHMA
npoekt Klima Kvarter (k1iMaTHYHO CTIHKHUH PaiioOH), IKUH TOTO K POKY OTpHUMaB
MixkHaponaHy npemito ['yaHwkoy 3a MichKi iHHOBaIIii [6].
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VY Tlompmmi axkTHBHO BIPOBAKYIOTh KOHIEMII0 MICT-TYOOK SIK YacTUHY
CTpaterii CTajoro po3BUTKY, AEMOHCTPYIOUH ii €(eKTHUBHICTh AJISI €KOJOTIYHUX i
COLIIATbHO-CKOHOMIYHHX MijIei. OHUM 13 KIIFOUOBUX JIOKYMEHTIB, 110 OOTOBOPIOE
BGI B Iombmii, € CrpaTeriunuii miaH aganTamii 10 3MiHKd KiiMarty [7], y pamkax
sikoro 44 HanOinpmi micta [lompini moBuHHI OyTH TIepeTBOpEH] Ha cTaii 3 TOYKH
30py NPHUPOJIH, CYCHIJIbCTBA Ta €KOHOMIKH, 3 OCOOJIMBUM aKIEHTOM Ha PO3BUTOK
BGI.

Ha monbpchko-HIMEIIBKOMY KOpPZOHI BXKE 0araTo pOKIB peaizyroThCs
TPaHCKOPAOHHI TPOEKTH 3 ajanTalii g0 3MiHM KiiMaTy. B pamkax NpoOeKTiB
Transgea («TpaHCKOpAOHHE CHIBPOOITHHMIITBO 3 MICIICBOI ajamnTallii Jo 3MiHU
kaimaty») ta Wikt (ITinTpuMka KTiMaTHYHUX i Y TPAHCKOPIOHHOMY DErioHi)
CTBOPEHO BeNMKY 0a3y NaHMX MiKpOaJanTUBHHUX 3aXOJiB 1 KaTaJor MepeoBOTO
nocsiay B ranysi BGI [8]. AmanTartiiini 3axo/1u, peaizoBaHi B paMKax IMX IMPOEKTIB,
€ TIPUKJIAJIOM TPAKTUYHHUX PIlIEHh HA JIOKATBHOMY PIiBHI 1 JUISI MaIOOIOKETHUX
ajanTarii, mo MoXKyTb OyTH KOPUCHUMH /ISl BIPOBA/DKEHHS MOAI0HUX iHII[IaTHB B
VYxkpaiHi.

Xoua KoHIemig iHTerpamii cipoi Ta 3eneHoi i1H(PPACTPYKTYpH MIHPOKO
BIIPOBAKYETHCS B YCHOMY CBITI, ii peatizaiis BUMarae 3Ha4HUX iHBeCTHIIi. ToMy
JUTSL BCEOIYHOT OILIIHKY JIOIUTLHOCTI OYIIBHUIITBA HEOOXITHO ACTAIHHO aHAIi3yBaTH
OaraToBUMipHI BUTO/IH, sIKi BOHA 3abe3neuye [9]. JlociiukeHHsT BUTPAT 1 BUTOJT Bifl
BrpoBakeHHs BGl meMoHCTpyrOTh pi3Hi miaxoau a0 ix ominku. Tak, JIi ta in. [10]
3aMpoINOHYBAIN MO BUIOJl Ha €KOHOMIUHI, COLiaJbHI Ta €KOJOTIYHi, TOMI SK
aBropi [11] 3acTocyBany KOMIUIEKCHHIA MTi/IXi[1, [0 BPaXOBY€E BapTICTh Oy1iBHUIITBA
Ta TiPOJIOTiIUHI i1 HETOYKOBI €KOJIOTIYHI BUTOAH. BiNbIIicTh HAYKOBUX JTOCIIIKEHb
HE BpaXxOBYIOTh yCi aCIIEKTH BUTPAT 1 BUTO Bif iHTerpanii BGI, 3o0kpema OyaiBenbHi
BUTpATH, & TaKOXK il PONb y MOM’SKIICHHI HACTIJKIB 3MiHM KJIIMaTy, 3HWKEHHI
edpexty UHI, cexBectpamii CO: Ta nokpaiieHHi MiKpOKIiMaTy.

Merto10 po6oTH € po3poOKa KOMIUIEKCHOTO TiAXOMYy A0 OI[IHKK BUTPAT 1 BUTOJ
Bin BrpoBajkeHHs BGl B MICBKOMY CepellOBHINI, SKHH BKJIIOYA€E aHaNi3
KalliTATPHUX Ta eKCIUTyaTallifHuX BUTpaT, JOBTOCTPOKOBHX EKOHOMIYHHUX 1
€KOJIOT1YHUX BHUIOZ, 30KpeMa eHeprozoepesxeHHs, cekpectpanii COz, mokparieHHs
SIKOCTI TOBITPS, 3MEHIIIEHHsI €(peKTy MICHKOTO TETIJIOBOTO OCTPOBA Ta aJlanTaIlii 10
3MiHU KIiMaTy. J{0JaTKoBO JOCHIKY€EThCS MOTEHIal apXiTeKTYpPHUX pIllleHb —
mu3aiiHy (acamiB 1 KOHCTPYKIIH naxiB — s MiABHINEHHS e(QeKTHBHOCTI
OXOJIOZKEHHS MICHKOTO CEpeA0BHILA Ta YTPUMAHHS BOJIOTH, @ TAKOXK BU3HAYAETHCS
ponb okpemux enemeHTiB BGl y 3HmKeHHI Temmepatypu B MicTax 1 MOJNIIMIICHHI
MIKpOKJIiMaTy.

OcHOBHA YacTHHA

Ouinka BUTpar i BuUrox Bix BnpoBamkeHH BGI € BaxiuBoOw0 1151 OPIBHAHHS 3
TpaguIiHHUMH miaxogamu. KomrmuiekcHWil aHaimi3 BpaxoBye SK BUTpaTH, TaK i
JIOBI'OCTPOKOBI €KOJIOTIYHI i eKOHOMIYHI TIEpeBary, Mo UTIOCTPYE PUCYHOK 1.

3eneHi MOKPUTTS PO3IINPIOIOTH TUIOUTY MiCHKUX HACa/DKEHb, 3SMEHIIYIOTh €()eKT
UHI Ta cropustioTh OXOJNOMKEHHIO OyAiBelb, IO 3HIKYE TMOTpedy B
KOHIWIIIOHYBaHHI # eneprocroxkuBanus BITKY [12]. Edexr eneprozbepexeHss
MOJKHa po3paxyBatu 3a (opmysioro (1):

Vurr = Neiec * Sec * Petecs (1)
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ne Vi — eKOHOMIYHA BUTO/A Bi eHepro30epeskeHHs (TpornoBa OquHUIIA); Nejer —
3MEHIICHHSI CIOKMBAaHHsS EJEKTPOCHEPril 3aBISKH 3€JICHUM KOHCTPYKLISM
(xBt'rog/m?); Sgc — 3arajibHa IUIOIIA 3€NEHOT KOHCTPYKUil (M?); Pgjor — WiHA
€JIeKTPOCHEPTii (IpoIoBa OAMHUI/KBT TOI).

MNoyaTkosi
BUTpaTH
ManbyTHi
BUTpaTU

TMepeBarn
- riaponoriyHoro
perynioBaHHa

Butpartu Ha 6ygiBHULTBO

BuTpaTk Ha eKkcnnyarta-
Liito Ta o6CcnyroByBaHHH

KoHTponk cToky I

KoHTpone noBeHei
Ta nigTonneHs

Kontpone XCK
CucTtema oUiHKuM BUTpaT
i BUrog anA 6nakuTHo- |
3eneHoi inhpacTpyKTypmn pevoBuH

|_| MokpaweHHs sakocTi |_|
Boamn OHTpONb 3arankHoro
asoTty (TN)
OHTPONb 3aranbHoro
tpocdpopy (TP)

PauioHanbHe BUKOPUCTaHHA
aTmoctepHuUx onagis

1

—| EHeprosbepexeHHs I

MokpaluenHs cTaHy | | 36epexeHHA BOOHUX pecypciB
AoBKinna Ta rPYHTOBOro NOKpUBY

‘{ MornuHaHHA Byrneuto Ta BUBINEHEHHA KUCHIO I

—[ MokpaleHHs GiopisHomaHiTTA

Puc. 1. Cucrema OLIHKM BHUTpaT Ta BHUIOJA BiJ BIPOBAIKECHHS OJAKUTHO-3EICHOI
iHppaCTPyKTypH

KpiM Toro, rexrap 3eeHnX HacaPKeHb MOXKe MOTTauHyTH 10 8,1 % 10* x/[x Teria
BIIITKY, IIO BIATIOBITAa€ OXOJOMKYHOUOMY edekTy pobotu 189 xoHmuiioHepiB
MPOTSTOM TOBHOTO JHS. 3arajibHa KUTBKICTh MOTJIMHEHOTO TeIlla BU3HAYAEThHC,
BUXOJASYH 3 IUIOILI OYZIBHULITBA 3€JIEHOTO TOKPUTTS, & CIIOXKUBAaHHS EJIEKTPOCHEPril
XOJIOJWIIBHUM OOJIaJJHAHHSAM, HEOOXifHe i JOCSATHEHHS TOAiOHOrOo edekTy
OXOJIO/PKEHHS, BUMIPIOETHCS K Ny

3eneni KOHCTPYKIIii, K KIto4oBUi einemeHT BGI, BimirpaioTh BaxIHMBY poib
y MOTJIMHAHHI BYTJICIIO Ta BUBUIBHEHHI KHCHIO, CHPHUSIIOYN 3MEHIICHHIO BUKU/IB
MApHUKOBHX T'a3iB y MicTax i, BIATIOBIIHO, IOM IKIICHHIO HACIIIJKIB 3MiHHU KIIIMaTy.
3 ommsimy Ha 1€, KUIBKICHA OIIHKA IepeBar 3ejieHOi 1H(PPacTpyKTypH IIOA0
CEeKBECTpallii BYIJICIIO Ta TeHepallil KUCHIO TIPOBOIUTHCS 32 3ajeHOCTIMH (2)—(4):

Ver = Veo, + Vo, )
Vco2 = Aco2 ’ Pcozy (3)
Aco2 = Sgp ' Icoz, (4)

ne Vip — 3araibHi BUTOIM BiJl CEKBECTpALii BYIJIECIIO Ta BUBUILHEHHS KHCHIO,
[rpowoBa omunus]; Veo,1a Vp, — €KOHOMIYHI [IEPEBATH BiJl MOTTTMHAHHS BYJIELIO
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3eJICHIMH Haca/DKCHHSMH Ta BUBUILHEHHSI KHCHIO, BIZIITOBIAHO [TPOIIIOBA OTMHMIIS;
Acp, — 00car dikcarlii BYTJIEKUCIOro ra3y 3eJeHUMH HAaca/pKeHHsIMY, [T]; Pro, —
BapTICTh CEKBECTpAlii ByIJIElIO, [IpoIoBa OIMHULS/T]; Sgp — IUIOMA HOBHX
3ENICHUX HACaJUKEHb, [M?]; I¢p, — inTeHcuBHiCTh normuHanus CO: poCIMHHICTIO,
[Kr/(M? piK)].

Orminka o0csary (ikcarii ByTJIeKHCIOro ra3y 3ajJIeXUTh BiJl KITIIMATUIHUX YMOB,
a TaKOX BIJ] XapaKTEPHUCTHUK TIPYHTY, penbedy MICIEBOCTI ¥ THIYy POCIHMHHOCTI.
IToka3unk Icoz BH3HAYAETHCS Ha OCHOBI IMOJILOBHUX JOCHIIKEHL a00 BIAMOBIIHHUX
HAYKOBUX JaHHX JAJIS PErioHIB i3 MOAIOHMMH KIIMAaTHYHUMH YMOBaMu. BapTicTb
NOrMHAHHS Byrieno (Pep,) BU3HAYAETBHCS 3 YPaXyBaHHAM MICHEBHX CTaBOK
MTOAATKIB HA BUKHUIW IMMAPHUKOBHX Ta3iB a00 NIITXOM MOPIBHIHHS 3 aHAJOTIYHUMHA
JAaHMMU B 1HIIMX KpaiHax, sIKIIO BYTJICHEBHH MOAATOK Y JIOCIIIKYBAaHOMY perioHi
BiJICYTHIl 200 H10T0 pUHKOBUIT MEXaHI3M € HEJOCTATHHO PO3BUHEHHM.

Orminka eKOHOMIYHMX BHWIOJ[ BiJl BUBUIPHEHHS KHCHIO POCIMHHUM IIIApOM
3eJICHUX KOHCTPYKIiil 3niCHIOETCS 3a hopmynamu (5) Ta (6):

Vo2 = Ao2 ’ Poza (5)
Ao, = Sgp o, (6)

ne A 0, KUTBKICTh KHCHIO, IO BUBLIBHAETHCS 3¢JICHUMHI HACAHKEHHSIMH, [T]; P02 —
BaPTICTh MPOMHUCIOBOTO BUPOOHMITBA KHUCHIO, [rpoimioBa omuHuus/T]; Io,
CepeJIHIf MOKa3HUK BHUIIJIEHHS KUCHIO POCIMHHICTIO, [KI/(M? piK)].

Sk 1y Bunanky 3 CO:, Benmunna lp, 3a1€KUTH BiJl KOHKPETHUX KIIIMATUYHUX i
€KOJIOTIYHMX YMOB PETiOHY, M0 MOTPeOyE TOJATKOBHX E€MITIPUYHUX IOCITIKEHb
a00 BUKOpHCTaHHS JaHWUX 3 aHAJOTiYHHX TepUTOpid. OliHKa eKOJOTTYHUX BUTOJ
BGI € BaxiuBoro A BU3Ha4eHHS ii €)EeKTHBHOCTI, 30KpeMa 00 3MEHIICHHS
BukuiB CO: ta renepartii Oz. 3aranbHi BUTOU IPOTATOM KHTTEBOTO ITUKITY 00'€KTa
MOXYTbh OyTH po3paxoBaHi 3a Gpopmyitoro (7):

N0
B — % ’ VB,av (7)
ne: Vg — moTodHa BapTiCTh 3arajibHOI BUTOIM 00'€KTa MPOTSTOM KUTTEBOTO ITUKITY,
[rpomoBa ogunuLs]; Vg , — cepeanbopiuHa 3arajabHa BUrozia Biji 00'exTa, [rpomiosa
OJIUHHUIL/PIK]; N — PO3paxyHKOBHH TepMiH ciyxkOu o00'ekta, [poku]; i — cTaBKa
JMCKOHTYBaHHS.

O1iHKa BUTOJT BiJI CEKBECTpallil ByIJICIFO Ta BUPOOJICHHS KMCHIO 3IHCHIOETHCS
BiANOBiAHO 10 (opmya (2)—(6), 1m0 BpPaxOBYIOTHh IUIONLY 3€JICHUX HAacallKEHb,
iHTeHcuBHICTh noriauHanHsg CO: ta BuaiieHHsa Oz, a TaK0K €KOHOMIYHI ITOKa3HUKHU
BYTJICIIEBOTO OIOJIATKYBaHHS H BAPTOCTI BUPOOHUITBA KUCHIO.

3arajibHa BapTICTh IMPOEKTY BKIIIOYAE SIK TOYATKOBI BUTPATH Ha Oy iBHHUIITBO, TAK
1 BUTpaTH Ha €KCILTyaTallit0 Ta 00CIIyTOBYBaHHS, IO JI03BOJISIE TOBHOLIIHHO OIIHUTH
E€KOHOMIYHY JOLLTBbHICTh BuKopucTaHHs BGIl. Po3paxyHOK BapTOCTi >KUTTEBOTO
nukiy 00’exta BGI 3aificHioeThCs 3a hopmyiioro (8):

+)"-1
Ve =Vic +San Vea (8)
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ne: Vo — TemepilmHs BapTiCTh IHPKEHEPHUX BHTpAT 00'€KTa MPOTITOM JKHTTEBOTO
UKy, [rpomoBa omuumus]; V;c — BapTicTe OyniBHHITBa 00'ekTa, [rpoloBa
opunus]; Ve, — piuHi BUTPAaTH Ha €KCIUTyaTalilo Ta 0OCIyroByBaHHs, [FpOIIOBa
OJTMHHUTIS/PIK].

Butpatn Ha OyAiBHHUTBO PIi3HHX €JIEMEHTIB iHPPACTPYKTypH MOXYTh OyTH
Bu3HaueHi 3a 3anexkHocTamu (9)—(11):

VIC,GI = Cer * Sen» (9)
VIC,R = Cg * Vge, (10)
VIC,DP = Cpp * Lpp, (11)

ne: Vicer Vicr: Vicpp — BUTpaTu Ha OyAIBHULTBO 3€l€HOI iH(pacTpyKTypH,
BOJIOCXOBHII i APEHAKHOT CUCTEMH BiMTOBIAHO, [TpomroBa onuHuUIls |; C;; — BApTICTh
OymiBHUITBA 3€JICHOT iIHPPaCTPYKTYpH Ha OJAWHUIIIO IUIOLI], [TPOIIOBa OAMHULIS/ M];
Sg; — muoma 3eneHoi iHpacTpykTypH, [M?]; Cr — BapTicTh OyIiBHHLTBA
BOJOCXOBHUIIl Ha OJUHHUIIO 00'eMy, [rpomoBa omwHHLIA/M®]; Vi, — o00’em
BoAOCXOBUII, [M*]; Cpp — BapTICTh OYIIBHUIITBA PEHAXKHOI MEPEXi HA OIUHHUIO
JIOBXHHU, [TPOLIOBA OAUHULS/M]; Lpp — MOBKHHA APCHAKHOT MEPEXKi, [M].

3rifHo 3 ICHYHOYMMH JOCHDKCHHSAMH, BHUTpaTH Ha CKCIUIyaTaiilo Ta
o0CITyroByBaHHsS 3a3BHYall CTAHOBJSATh y CEPEIHBOMY TIEBHHMA BiJCOTOK BiA
MOYaTKOBOI BapTOCTI OyIiBHUIITBA. Y OUIBIIOCTI BHUMAIKIB IIH TMOKa3HHUK
BH3HAYAETHCS Ha piBHI 3% Bij BapToCTi OyaiBHUITBA 00'ekTa [13].

JJ1st OLIIHKM €KOHOMIYHHX Ta €KOJIOTIYHHMX BUTOJ BiJ BIPOBAKEHHS 3€JICHOTO
MOKPUTTS NPOBEICHO PO3PaxXyHOK 3 YpaxyBaHHSIM HOTro BIUIUBY Ha IOM’ SIKIICHHS
HACJIIJIKIB 3MiHU KiiMaTy. [IpumycTimo, 1110 3arajibHa IIoIa 3eJIeH0T KOHCTPYKIIiT
cranoBuTh 500 M?, a 3MEHIICHHA CIOXHBAHHS EJIEKTPOCHeprii 3aBIsKW il
BUKOPUCTAaHHIO  JOpiBHIOE 5 kBT'rog/m®.  3a  BaprocTi  enekTpoeHeprii
4,32 rpr/kBT'TO €KOHOMIUHA BHTrOJia BiJl €HEPro30epeKeHHs, po3paxoBaHa 3a
¢dopmyoro (1), cranoButs 10 800 rpH Ha piK.

JoaaTkoBO OLIHEHO €KOJOTiYHI BHIOAM, 30KpEeMa CEKBECTpAaLilo BYIJIEIO Ta
BUPOOJICHHS KHUCHIO. 3a YMOBHM, IIO IUIOLIA 3€JICHMX HAaca/pkeHb Ha ITOKPUTTI
cranoButh 500 ™2, a iHTeHCHBHICTh moryMHAHHS CO:2 POCIMHHICTIO —
0,5 kr/(M?pix), 3aranbHUN 0OCST Qikcallii ByrJIeKHUCIOro ra3y, po3paxoBaHHH 3a
¢dopmynoro (4), cranoButh 0,25 T/pik. 3a cepennpoi BaptocTi cexBectpauii CO-
y 1000 rpu/T ekoHoMiuHU# ekBiBaneHT nornuHanHs CO: craHoBuTh 250 TpH/pIK.
AHaNOrIYHO, TPU CEepeHhOMY TMOKa3HHKY BuIUIeHHS O: pPOCIMHHICTIO
0,35 kr/(m?-pik) 3aranbHa KUIBKICTH BHpOOJIeHOTO KHCHIO ckiamae 0,175 T/pik.
BpaxoByroun BapTicTh MpPOMHCIOBOTO BUpOOHUNTBAa KucHIO 1500 TpH/T,
C€KOHOMIYHAa BHUTOJa Bix BHPOOJICHHS KHCHIO, pO3paxoBaHa 3a ¢opmyiown (5),
CTaHOBHTH 262,5 TpH/piK.

CymapHi IOpiYHI €KOHOMIYHI BHUTOIW BiJl 3HIDKEHHS CIOXHWBaHHS €HEprii,
cekBectpamii CO: Ta BupoOmenns O: cranoBmare 113125 rpr. Busnaueno
TENEPIlIHIO BapTICTh 3arajibHOi BUTOAU MPOTIroM 20-piyHOTO >KUTTEBOTO LUKIY
o0’ekTa 3a (opmynor (7), MpUIMarOUn CTaBKY AMCKOHTYBaHHs 5%. Pesymbrar
pO3paxyHKy IOKa3ye, M0 3arajibHa BUT0/1a CTAHOBUTE 141 665 TpH.

OTrpumaHi pe3yNbTaTH MMATBEPIKYIOTh MOIUIBHICTh 1HTETPYBAaHHS 3EIICHUX
TEXHOJIOTIM y MIChKE CepEJOBHUIIE K OJHOTO 3 CPEKTUBHUX 3aXOJIB ajanTarlii 10
3MiH KJIiMaTy. BomHoYac, OKpiM €KOJIOTIYHUX Ta €KOHOMIYHHUX BHUTOJ, BaXKIIMBO
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BpaxoBYBaTH BHUTpPATH Ha OYIIBHUIITBO Ta EKCIUTyaTallif0 3€J€HOTO ITOKPHTTSI.
3a cepennboi BaprocTi OyaiBaunTBa 2500 rpH/M? 3aralibHi IHBECTHUIIIIHI BUTPATH
qutst ot 500 M2 ctaroBiaTh 1 250 000 rpH, a oneparliifHi BUTPaTH, 0 BKJIFOYAIOTh
JOTJISA 33 POCIMHHICTIO Ta TeXHIYHE 00CIyroBYBaHHs, CKIaaoTh 3% Bix BapTOCTI
OyxniBauITBa, TOOTO 37 500 rpH/piK. [lopiBHIHHAS 3 PIYHOIO €KOHOMIYHOIO BUTOJIO0
y 11312,5 rpH CcBiguuTh MPO YACTKOBE MOKPUTTS EKCIUTyaTallifHUX BUTpAT.
VY HOBrocTpokoBiii mepcrekTrBi CykymHa Buroga y 141 665 TpH maTBepIKye
e(eKTUBHICTh BIPOBAKEHHS 3€JeHOi iH(PACTPYKTypH SK HI€EBOTO 3aXOAy s
ajganrarii o0 3MiH KiiMaty, 3MeHineHHs BukuniB CO: Ta TiJABHINCHHS
eHeproe()eKTUBHOCTI Oy liBEb.

[Ipore BuTpatn Ha OYyIIBHUITBO Ta OOCIYrOBYBaHHS MOXYTh CYTTEBO
BIZIPI3HATUCS 3aJIE)KHO BiJl TUITy 3eJeHOi iHppacTpykTypu. Y nocrmimkenHi [14]
MpoaHaIi30BaHO E€MEpriifHi 3Ha4eHHS 3arajbHOI BapTOCTI PI3HUX EKOCHCTEMHHX
pitmenb. Pe3ynbraT mokasanu, M0 iHTEHCHBHI 3eJIeHI TOKPUTTSI MarOTh HAWBUIIE
3HaueHHs (2,57-10° [Ix/m?-pik) MOPiBHIHO 3 HIIMMU BapiaHTAMH, 10 TIOSCHIOETHCS
HEOOXIZHICTIO 3aCTOCYBaHHSI CKJIaJHOTO OONaJHAHHS, CIELiaIbHUX CyOCTpaTiB i
3HAYHUMH BUTpAaTaMH{ Ha OILIaTy Mpar.

ITouaTkoBi BUTpaTH Ha BCTAHOBJICHHS MOKHA 3MEHIIUTH 3aB/SIKH 3aCTOCYBAHHIO
TEXHOJIOTIH, aJanTOBaHMX i3 PO3BUHEHUX pUHKIB. Hanpukmam, 3rigHo 3
nocmimpkenasM [15], BapTicTh 3ermeHOro MOKPUTTA MOxe 3Hu3uTHCS Ha 33-50%
micias  Woro  macmraOHOro — BIpoBapkeHHsA.  [lomiOHI  3aKOHOMIpHOCTI
CIIOCTEpIraloThes 1 A IHIIMX eJNEMEHTIB 3eJeHOl iHpacTpyKTypH. 30Kpema,
CepeHs BapTICTh BCTAHOBJICHHS 3€JICHOI CTiHU CTaHOBUTH 848 nosapis CLIIA/M?,
II0 CYTTEBO IMEPEBUIYE BUTpATH Ha ByIH4Hi aepesa [16]. Otpumani pesynbratu
CBi4aTh, IO po3poOKa e)eKTUBHUX CTpaTerii BupoBamkeHHs BGI mae 6a3yBarucs
HE JIMIIe Ha EKOJIOTIYHMX Ta EKOHOMIYHHMX IlepeBarax, a W Ha BpaxyBaHHI
MOTEHIIIHHUX 00MEXEHb Ta BUTpPAT.

Y KOHTEKCTI ajmamTaimii 7O 3MiHA KJIIMaTy OJHHAM i3 BaKIIMBUX HANpsMIB €
BIIPOB/XKEHHSI KOHCTPYKTHBHUX PillleHb, CIPSIMOBAHUX Ha 3HMXKEHHS TETLIOBOTO
HaBaHTaXEHHS B MicbkuX cepenosuiiax. OCKiIbKM OyaiBii 3aiiMaloTh 3HAYHY
YaCTHHY MICBKOI TUIOMNI, iX (acagu MarTh CyTTEBUH MOTEHIAN IS TiABUIIEHHS
KJIIMaTu4HOi CTIHKOCTI, SKUH YacTO 3alUIIA€THCS HEBHKOPUCTaHUM. PO3BHTOK
BEPTUKAJIBHOTO O3CJICHCHHSI, BKJIFOYHO 13 CHUCTEMaMHM 3aTiHCHHS Ta IiJBUIICHHSIM
a1p0e0 TOBEPXOHb, MOXE ICTOTHO 3MEHIIWTH MEperpiB MicTa Ta CHPUSITH
MOKPAIIEHHIO MiCLEBOI0 TigposioriyHoro OanaHcy (puc. 2). Taki 3ax01u MOXYTb
peaizoByBaTHCS K Y (OPMi IHTCHCUBHHX, TaK 1 €EKCTCHCUBHUX CUCTEM, BiAMOBIIHO
JI0 HasiBHUX MTPOCTOPOBHUX MOKIIHBOCTEH.

3eneHi acany sBASIOTH CO000 0a30By HOpMY BEPTHUKAIBFHOIO O3€JICHEHHS, SKa
MOJISITaE 'y TPUPOJAHOMY ab0 CIPSIMOBAHOMY PO3BHTKY POCIMHHOTO IIapy Ha
BEPTUKAIBHUX TOBEPXHAX. POCIMHM MOXYTh CaMOCTIHHO MPHUKPITUTIOBATUCS JIO
CTiH abo pOCTH 3a JOIOMOIOK CIHEHiAIBHUX ONOPHUX KOHCTpyKUid [17].
CepenoBuliie Ui YKOPiHGHHS pPO3TalllOBYEThCS 330BHI CTiHM 1 3a3Buuait
MpeJICTaBJICHO MIapOM IPYHTY ab0 KOHTeHHepaMHu Ha pi3HHX piBHIX dacany. Takuit
miaxig 7go3Bosisie  €(peKTUBHO BHKOPHCTOBYBAaTH BEPTUKANbHI IUIOLIMHU IS
(hopMyBaHHsI 3€JIEHUX EKpaHiB, 10 3a0€3MeUyOTh TEIUIOI30MAII0, (LIBTPaIito
TIOBITPSL Ta 3HIKCHHS TEMIIEpaTypH TOBKULIHA, SK I pealli3oBaHO Ha MPHUKJIAI
(dacamy B Jlicaboni (puc. 3).
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Puc. 3. Beprukanbhe o3enenents Ha (acani Oyisii B JlicaboHi sik npuknaz enemenrta BGI
IUTS TTOM SIKIIICHHS MiChKOTO MiKpOKJTiMaTy (aBTOpPChbKa CBITIMHA)
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JKuBi cTinn (a00 aKTHBHI CHCTEMH BEPTUKAIBLHOTO O3CJICHEHHS) € CKIIATHIIIO0
(hopMoI0 1HTErpyBaHHs POCIMHHOCTI Y acagu. Y TaKHX CUCTeMaX POCIMHHUI mIap
MOBHICTIO iHTETPOBAHUN Yy CTPYKTYpy OYHiBII Ta YTPUMYETBCS CHEUiaTbHUMH
KOHCTPYKITISIMH 3 TIAKIAAKOI0, SIKa OXOIUTIOE BClo Twiomy (hacamy. Twumomorii
3elIeHnX (acadiB i )KUBHUX CTiH TAKOXK BiIPI3HAIOTHCS 32 BUAOBHM CKIIAIOM POCIIHH:
IUIs1 3eNieHuX (hacaiB BUKOPUCTOBYIOTHCS MEPEBAKHO BUTKI POCIMHHU, TOJI K IS
KUBUX CTiH MOXXYTh OYTH 3aCTOCOBaHI IMIMPOKHIA CHEKTP BUAIB, K BIYHO3EICHHUX,
TaK 1 JINCTSHUX, 32 YMOBHU PETENLHOTO MiAO0PY POCIHH 3 MTOAIOHUMHU €KOJIOT1YHUMHU
BUMOT'aMHU.

Pocnunnnii map Ha ¢acagax BUKOHYE BaXKIIMBY KIIIMATOPETyO04y (PyHKIIIO:
edeKT 3aTiHeHHS 1 eBaNOTPAHCITIpaIlisi ICTOTHO 3HIDKYIOTh TEMIEpaTypy MOBEpPXHi
CTIH y JNITHIH mepiof, 10 MigBHUILYe eHeproedeKTUBHICTH OymiBenb i KOMGOpT
MPOXXMBaHHS. Xo0dYa BIPOBAKCHHS CHUCTEM BEPTHKAJIBHOTO O3CJICHEHHS MOXKE
moTpeOyBaTH 3HAYHUX TOYATKOBHX 1HBECTHIIIH, Y JOBTOCTPOKOBiH NIEPCIIEKTUBI T1e
JIO3BOJISIE CKOPOTHUTH CIIOYKUBAHHS €HEPTii Ta eKcIuTyarariitHi Butpatu. Kpim Toro,
eBaloOTpaHCHipaTUBHUN e(eKT CHpHUs€ 3HIKCHHIO TEeMIIepaTypy TIOBITPS Y
MIKpOOTOUYEHHI O03eJeHEeHnX (DacafiB, M0 € BAXIMBHUM IS TIOM'SKIICHHS SIBHINA
MICBKOTO TerIoBoro ocrposa [18].

Oxpemuii BaXKJIMBUN €JIEMEHT — JIaXH, K1 TAKOXX MArOTh BEJIMKUI MOTEHITIAN JJIs
ontuMizamii. Cepexn 3a0yloBaHMX IIOBEPXOHb JIaXM MalOTh IOPIBHSHHY
TOPHU30HTAJbHY IUIOILY IMOKPUTTS, MPOTE XapaKTEPU3YIOThCS BHUIIKMM CTYIEHEM
BUOOPY Yy BIPOBAJKEHHI CTpaTeriid MMOM’SKIIEHHS MICBKUX TCIUIOBHX e(EKTiB Ta
HIKYMMHU EKCIUTyaTalliiHUMH BUTpaTaMH IOPIBHSHO 3 €JEMEHTaMU BYJIUYHOTO
KaHbOHY (CTiHaMHu, goporamu, rpyHToBuM mokpurtsim) [19]. Lle pobuth ix
MEPCIIEKTUBHUM PIlIEHHSM JUIS TABHINEHHS CTIHKOCTI MiCBKOTO CEpellOBHINA,
30KpeMa IUIIXOM 3MEHIIICHHS €HEProCIIOKUBaHHs Oy iBelib (puc. 4).

HadinommupeHimuMu TEXHOJOTIYHUMH MiJX0JaMHU € BUKOPHCTaHHS OITMX Ta
3eJIEHUX IMOKPUTTIB i3 POCIMHHICTIO. bimi maxu, BiloMi TaKOX SK «XOJOIHI» XU,
3HWKYIOTh TEMIIEpaTypy MOKPHUTTS, 3MEHIIYIOUHM TOTJIMHAHHS COHSYHOI pajiarii,
IO CHOpHsi€ 3HIDKCHHIO TEeMIIEpaTypH TMOKPIBENBHUX MaTepiaiiB, CTelb Y
NPUMIIIEHHSIX Ta HAaBKOJMIIHBOTO MOBITPs, a OTXE, CKOPOYCHHIO INOTpeOu B
koHuionyBanti Ha 5-50% [20]. BoxHouac eeKTHBHICTH OLTHX axiB y JITHI#
mepiofl  MOXE  CYNpPOBOMKYBATHUCSI ~HETaTUBHMMH  HACHiJIKaMH, 30Kpema
301IBLICHHSIM €HEPrOCIIOXKMBAaHHA Ha ONAJICHHA B XOJOAHY IOPY POKY dYepes
3MEHILIEHHs akyMyJruii Tera. Kpim Toro, TexHonorist 6inux naxiB 6a3yeTbes Ha
3MiHI ab0e 0 TOKPIBENHHOT MOBEPXHI Ta CHPSIMOBAHA HA 3HIKEHHS TEIIOBOTO
HaBaHTa)XEHHS B MIChKUX palioHax, 30kpeMa jutst oM’ sikienns edexty UHI. T[Ipore
nenam ouesuaHime, mo UHI € He i30i1p0BaHuM gBHUILEM, a B3a€MOIIOB’ I3aHUM 13
HU3KOI0  aHTPOTNOT€HHO  3yMOBJIICHHUX  €KOJOTIYHMX  mnpobieM, 30Kpema
KOHIIGHTPAII€}0 BHUKHJIIB MApPHUKOBHX Ta3iB 1 TOTIPIIEHHSIM SKOCTI TIOBITpS B
MicbkuX paiioHax [21]. Xoua mimBumieHe anbOEnO AaxiB CHPUSIE 3HIKCHHIO
TEeMIIepaTypu MiCbKOTO CEpeIOBHIIA, HOTO BIUIMB Ha SIKICTh HOBITPS Ta CKOPOUEHHS
BuknaiB CO: € He3HAUHUM a00 HABITH MOKE MATU HETaTUBHI HACIIIAKH.

VY 3B’sa3ky 3 nuM octanHiM yacoM NBS, 30kpema 3eneHi MOKPUTTSA Ta CTiHH,
MICBKi Fa30HH 1 3€JIEH1 HACAIXKEHHS, PO3TIISAAI0TEHCS SIK O1IbII CTilKa aJbTepHATHBA
JUIs 3MEHIICHHS TEIUIOBOI'O HABAaHTAXXEHHS Ta IMIJBUILEHHA €HEProe(eKTUBHOCTI
OynmiBenmb. 30Kpema, 3€JieHI TMOKPUTTSA, Ha BigMIHY Bim OimuX, 3a0e3MeuyroTh
OXOJIOMKEHHS 3aBJSIKU MPOLiecaM BUIIAPOBYBAHHS ¥ TpaHCHipalii B TEITHHA Mepion
POKY, a B XOJIOZHUI CE30H 3MEHIIYIOTh BTPATH TEIUIA 3aBISKH 10JaTKOBOMY ILapy
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TPYHTY, III0 BUKOHY€ (YHKIIIFO Tern1oizosimii. JlocmimKkeHHs TOKa3yoTh, IO 3eNeHi
MOKPUTTA 3/4aTHI 3HWKYBAaTH TeMIIepaTypy MoBepxHi naxy Ha 4-12°C Ta
CKOpOYYBaTH pidHE €HEProcnoKuBaHHs Oy/iBenb Ha 2,2—-16,7% [22].

brnakutHO-3e7I€HI TMOKPUTTS, po3pobieHi B mepmry depry sk TexHonoris LID
(Low Impact Development) asst ynpasiiHHs 31MBOBUMHE Bogamu [23], moenHyOTh
BOJOYTpUMYBAIbHUH (OMaKUTHUI) 1Iap i3 3eJIEHUMH TMOKPHUTTSAMHM, IO J03BOJISIE
MOAO0NaTH OOMEKEHHsI TPAaIWIIMHMX pIMIeHb. 3aBOJIKH HAKONMWYCHHIO Ta
MOCTYIIOBOMY ITOCTa4aHHIO JOIIOBOI BOAM 1O IPYHTY ¥ POCIMH BOHH CIIPHSIOTH
MiABUIICHHIO e(EeKTUBHOCTI BHUIIAPOBYBAHHS, PETYIIOBAHHIO MIKpPOKIIIMATy Ta
IOM’SIKIIIEHHIO MIChKUX TEIUIOBUX €(PEKTIB, 10 € BXKIMBUM Y KOHTEKCTI aJlanTariii
o0 3MiHM KiiMaTy. Bomoricte rpyHTy, MATpEMYyBaHa 3a pPaXxyHOK aKyMyJISIii
3TMBOBUX BOJ, CIIPUsE 3HIKEHHIO TEIUIOBOTO HABAaHTAXXCHHS Ta ITiIBUILEHHIO
TepMIiuHOI cTabinbHOCTI OyaiBens [24].
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Puc. 4. TloTtenmian KOHCTPyKmii Aaxy JUid MiJBUIIEHHS €(QEeKTHBHOCTI OXOJIO/PKEHHS
MICBKOTO Cepe/IoBHINA Ta 30epeKEeHHs BOJIOTH

JocnmipkeHHsT  TEIUIOBUX — XapaKTEPUCTHK  OJIAKMTHO-3EMIEHHX  MOKPUTTIB
MiATBEPIDKYIOTH IXHIO €()EKTUBHICTD Y 3MEHILICHH] TEMIIEPaTypH IOBEPXHI, 1110 CHPHSIE
3HIKCHHIO €HEProCIOKMBAaHH Ta BUKWAIB MAPHUKOBUX Ta3iB. Hanpukian, aBTopH B
pamMKax JOCHi/DKeHHS [24] eKcnepUMeHTanbHO BCTAaHOBWIM, IIO TEMIIEpaTypa
MOBEpXHi OJIAKUTHO-3€JIEHNX TOKPUTTIB Ha 5—9 °C HIKYa, HDK Y TPAAULIHHIX JaxiB.

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



OctanHiM 9acoM y cdepi apxiTekTypu HaOyBae MOMYJSPHOCTI TMOETHAHHS
(OTOECTIEKTPUYHUX CHCTEM 13 POCIMHHICTIO Ui CTBOPEHHS (POTOEIEKTPUIHO-
senenoro (PV-Green) maxy [25]. Ile#t miaxin crpusie OAHOYACHOMY BHPOOHHIITBY
BiIHOBJTIOBAHOI €HEpTii Ta 301IBIICHHIO 3¢JICHUX HAaCAKEHb, IO CIIPHSIE 3HIKEHHIO
BHKH/IiB TAPHUKOBUX Ia3iB, MOJIMIIEHHIO MIKPOKIIMATy Ta aJarnTaliii MiCT 10 3MiHU
KiTimMary. 3aBIsIKM bOMY 3a0e3MedyeThes OaraToQyHKI[ioOHANbHA MOJICpHI3allis, 1110
Ja€ 3MOTY peani3yBaTd KiJbKa E€KOJOTIYHO BaXKJIMBHUX (YHKIIII B OHOBICHOMY
MIPOCTOPI.

Enementn BGl MoxyTe OyTH ajmanToBaHi OO pi3HHUX MHPOCTOPOBHX YMOB
MicbKOTrO cepenoBuiia (puc. 5). 3okpema, O3eeHEHI BOJHI MOBEPXHi, BUITAPHI
3eNieHi 30HM Ta JOMIOBI Ccagd IOUIIHHO PO3MINIYBaTH Yy MapKaxX, Ha BEIUKHAX
BIJKPUTHUX MPOCTOpax ado y MPUBATHUX 3eJCHUX TepuTopisx. [InaBatoui pocnuHHi
OCTPOBH €)EKTHBHO 3aCTOCOBYIOTHCS y CTOSIUMX Ta MPOTOYHUX BOJOHMAX, TAKHX 5K
03epa, CTaBKH, PiYKU Ta KaHaJW. bIakWTHO-3eNeHi (acaan Ta MOKPUTTI MOXYTh
OyTu iHTErpoBaHi y CTpPyKTypy OymiBeNlb 1 MEpeKpPHUTTIB ITiI3€MHUX ITapKiHTiB,
CTIPUSIIOYN PETyIISil MIKpOKITiMaTy.
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Puc. 5. TloreHuian 0Xo0DKEHHS MICBKOTO CEpeIOBUILA 3a JOIIOMOTor0 esiemeHTis BGI
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Bogni o0'extr Ta (oHTaHM TIEpEBaXHO BIIPOBAPKYIOTHCS HA MiICHKHX TUIOMIAX
JUIsl TIOCHJICHHSI epeKTy OXOJOoIKeHHS. J[0JaTKOBO, KOHCTPYKIii JOIMIOBHX CaiiB
MOKYTh BUKOPHCTOBYBATHCS Y MapKax, HAa TPOMAJChKUX IUIOMAX Ta y KUTIOBUX
paiioHax IS TIOKpAIIeHHSI MIKPOKITIMATHYHUX YMOB 1 3MEHIIICHHS 1HTEHCUBHOCTI
e(eKTy MiCBKOTO TETJIOBOTO OCTPOBA.

InrerpyBanns BGl y Michkuil mpocTip € CKIaAHUM MPOIECOM, IO MOTpedye
BCEOIYHOTO BpaxyBaHHS €KOJIOTIYHIX, COI[IAIbHAX T4 eKOHOMIYHUX YNHHUKIB. J[71s1
e(heKTUBHOTO BIPOBAPKCHHS ITMX TEXHOJOTIH TOPSA 13 TPamuIlifHOIO CipOro
iHGPACTPYKTYpOIO HEOOXiHE 3aCTOCYBAaHHS PO3BUHEHHUX 1HCTPYMEHTIB MiATPUMKH
MPUAHATTS pillieHb, 31aTHUX OMPalbOBYBAaTH OaraTOBUMIpHI JaHi Ta 3a0e31euyBaTH
KOMIUTEKCHHUNA aHaTi3 s 3a0€3[eYeHHS CTAIOT0 MiCBKOTO po3BUTKY. Ha mpakTtutii
mpolec NpUHHATTS pillieHb YacTo 0a3yeThCsl Ha EKCIEPTHHUX OL[IHKaxX MiclieBUX abo
HaIllOHAJILHUX OpPTaHiB BIaIu i 0OMEXKYEThCSl po3risigoM okpemux TumiB BGI, 6e3
ypaxyBaHHS BCbOT'O CIIEKTPa MOXIIMBHX IHTETPYBAJIbHUX PillIeHb.

OcHoBHUMHU TIpoOnemamu Tipu BrpoBamkeHHi BGl B Mickke cepemoBuiie €
oOMeXeHHII piBeHb HAayKOBHX 3HaHb cepel (axiBIiB CyMDKHHX Tany3ei,
HEJOCTaTHs IIrOTOBKAa TPOMAJCHKOCTI Ta CTYACHTIB, Ae(IilIUT MOCTiIKEHB 1
po3poboK y miit chepi [26]. Takoxk cepiiO3HUMHU TEPEIIKOAAMH 3ATHINAIOTHCS OpaK
iHpopMalii mpo 0coOIMBOCTI BIPOBaKEHHA Ta eekTuBHICTh BGI, oOMexxeHHs
¢isnyHOrO TpocTOpy B MicTaX, cnabke Ta (parMeHTOBaHE YIPaBIiHHS
BIIMOBITHUMU TIpO€eKTaMu [27].

Kpim Toro, icHye HecTaua MexaHi3MiB Ta IHIUKATOPIB, sIKi O COPHUSUIIA CBOEYACH T
po3podiii Ta BHpoBa/KeHHIO TonmiTHK miaTpuMku BGI [26]. Hesaxaroun Ha
nomupenHs eneMenTiB BGl y Oaratbox xpaiHax, B TOMy 4ucii i B YKpaiHi, TeMIH
TXHBOTO BIIPOBA/DKEHHS 3aJIMIIAI0THCS HEAOCTAaTHRO BUCOKUMH. 3HAYHUM Oap’epom
€ IHCTUTYMIHHI TPYIHOII: JOCII/XKSHHS, IPOBEICHE B MEXaX MPOEKTY MPOrpamMH
«Topmzont 2020» 'y ceMH  €BpPONEHCHKUX  MiCTax, IIOKa3aio, IO
BHYTPINTHHOOPTaHi3aIliifHi MPOIeCH Ta HeCTauya TEXHIYHUX KOMIIETSHIIIH Cepiio3HO
BIUIMBAJIM Ha ycmimHicTh peanizarii BGI [28].

JIJis moj1oyiaHHs 1IMX BUKJIMKIB HEOOX1HO BXXUTU HHM3KY 3axojiB. Hacammepen
MOTpiOHA aKTHBHA Jep)KaBHA IMMiATpUMKa BrpoBamkeHHs BGI, Brmouno 3
(biHaHCYBaHHSM, CTBOPEHHSM CIPUSTIMBOTO HOPMAaTHUBHOTO CEpEIOBHINA Ta
PO3BHTKOM OCBITHIX TpOrpaM B HaBUAIBHUX 3aKiajaX. BaXIIMBUM € TaKox
BJIOCKOHAJICHHS  BHYTPIIIHbOOPTaHI3aliHHUX  TPOIECIB B  YIPaBIIHCHKUAX
CTPYKTypax, MiJIBUIIEHHsS TexHi4HOi kBamidikamii (axiBuiB, a TaKoX 3aTydeHH
IrPOMaJICHKOCTI 4epe3 MOLIUPEHHS 3HaHb 1 MiJBUIICHHS 00i13HAHOCTI. Po3B's13aHHs
UX Tpo0JIeM MOXIIMBE Yepe3 CHCTEMATHYHE 3a0XOYEHHS HAayKOBUX JIOCHIKEHb,
PO3BHUTOK CHiBIpali Mi>k HAyKOBUMH yCTaHOBAaMH Ta OpraHaMH BJIaJld, CTBOPEHHS
wiatpopM sl OOMiHY 3HAHHAMH, a TAaKOX IJITPUMKY IIHPOKOTO 3alydeHHS
IPOMaJICBKOCTI JI0 TIpoliecy BrpoBapkeHHs BGI.

BucnoBku

Y Mexax [bOTO JOCHIDKCHHS 3/iiCHEHO IHTErPOBaHY OI[IHKY CGKOHOMIYHHX i
eKOJIOTIYHUX acnekTiB (yHkuioHyBaHHs BGIl uepes anami3 cHiBBiIHOIICHHS
KaIiTAIOBKIIA/IEHb 1 OTPUMAaHUX €KOJIOTIYHUX Ta EHEPreTUYHUX IepeBar, 30KpeMa
3MEHIIICHHSI CIIOKUBAHHS €HEprii, HAKOIIMYCHHS BYTJICIIO, OYMIICHHS MOBITPS Ta
ocIabJICHHS MPOSBIB MICHKOTO TEIUIOBOTO OCTPOBA. 3aIPONIOHOBAHO METOJIOJIOTIO
KIUJIBKICHOT OLIIHKM €HEPreTHYHUX 3a0IakeHb, akyMyssimii CO2 ta BUpOOHHUIITBA
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KHCHIO POCITUHHAMH CHCTEMaMHU 3 TTOJIATBIIIM PO3PaxXyHKOM €KOHOMIYHOTO e(heKTy
BiJI WX TIpoIieciB. JlOCiKEHHS TaKOXK OXOILTIOE aHAI3 EKOJIOTIYHOT €)eKTUBHOCTI
Ha BCIX CTaJifX )KUTTEBOTO UKy eneMmeHTiB BGI, a Takoxk BU3HAYCHHS BUTpPAT Ha
CHOPY/DKEHHS X OKPEMHX CKJIaJIOBHX, OPIEHTYIOUHCh Ha IXHIO POJIb y TPOTHIl
HACHIIKaM TI00AIBHUX KIIIMATUYHUX 3MiH.

[IpoBeneHa omiHKa €KOHOMIYHMX Ta E€KOJOTIYHHMX BWTOJ BiJ BIPOBaHKCHHS
3eJIEHOTO TIOKPHUTTS MIATBEPIKYE WOTO 3HAYHWN TOTEHINAT JUIA TIOM SKIIESHHS
HACIIJIKIB 3MIHW KJIIMaTy 3aBISKH 3HIKEHHIO CIIOXMBAHHS €HEPTii, cekBecTparlii
BYTJICLIO Ta BUPOOJICHHIO KHCHIO. PO3paxyHKH MOKa3ajid, M0 3a IUIOLIl 3eJIE€HOT0
nokputts 500 M? mIopiyHa €KOHOMIYHa BHUroJa BiJ eHepro30epeKeHHs,
cekpectpanii CO: Ta BupoOuunTBa O2 cranoButh 11 312,5 rpH, a cykymnHa BUTO/Ia
3a 20-piyHHUN KUTTEBUH LUKI 00’ €KTa 3 ypaxyBaHHSM CTaBKU AUCKOHTYBaHHS 5%
ckinagae 141 665 rpH. [HBecTHLINHI BUTpaTH Ha OYAIBHUITBO 3€JICHOTO MOKPUTTS
ctaroBiATh 1 250 000 TpH, a mopivHi excruryaraniiHi ButpaTta — 37 500 rpH, 1m0
BKa3y€ Ha YaCTKOBE MOKPUTTS OMEPAIliHHUX BUTPAT 32 PAXYHOK OTPHMAHHUX BUTO/I,
MPOTe EKOHOMiuHAa e()EeKTUBHICTH TIOBHOIO MipOIO BHSIBIISIETHCS Y AOBIOCTPOKOBIH
nepcriektuBi. OIiHEHI pe3ynbTaTd CBiMYaTh NP0 JOUUIBHICTH IHTETpyBaHHS
€JIEMEHTIB 3elIeHO1 iIHPPaCTPYKTypH B MIChKE CEPEIIOBHIIE K OTHOTO 3 €(hEeKTHBHUX
3ac00iB ajanTaiii J0 3MiH KJIIMaTy, MiJBUIICHHSA CHEProe)EeKTUBHOCTI OymiBelb i
3MEHIIICHHSI BUKHU/IIB TAPHUKOBUX T'a3iB.

Bognowac inTerpyBanHs BGl y wMickkuii mpoOCTip CTHUKA€ThCS 3  PIIOM
CKOJIOTIYHHUX, COLIaJIbHUX, CKOHOMIUYHUX Ta IHCTUTYIIMHUX BHKJIMKIB, IO
YIHOBUIBHIOIOTh TEMITH ii BIpoBapkeHHs. [[ist momonanus mux Oap'epiB HeoOXiqHI
KOMIUICKCHI 3aXOJM, 30KpeMa aKTHUBHA JIep)KaBHA MiATPUMKA, BIOCKOHAJICHHS
HOpMaTHBHOI 0a3w, MiJBUIIEHHS mpodeciitHoi kBawidikamii ¢axiBiiB, pO3BUTOK
HayKOBUX JIOCJI/DKEHb 1 3allydeHHsS TpoMajchkocTi. Jluime cucreMHME miaxif i
CHiBmpams MDK yciMa 3alliKaBJIeHHMH CTOpDOHaMH 3a0e3rnedyarh e(eKTUBHE
BripoBakeHHS BGI gk iHCTpYMEHTY CTaJIOro MiCBKOTO PO3BUTKY.

JocnipkeHHs: BAKOHAHO B MeXax MiKHapoaHuX npoekTiB Erasmus+ ta ClimEd,
1[0 CHPSIMOBaHI Ha PO3BUTOK KJIIMATOOPIEHTOBAHOI OCBITH Ta CTAJIOrO0 MICHKOTO
MTaHYBaHHS.
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OPTIMISATION OF THE COLLECTION SYSTEM FOR WASTE
BATTERIES

Abstract. Currently, developing countries like China or Ukraine lack effective waste
batteries collection. The purpose of this study is to analyse the waste battery
collection systems in developed countries and suggest the improvements for the
waste battery collection systems in developing countries. Relevant literature on
waste batteries management through academic databases, government reports, and
industry research channels was analysed. Several developed countries were
selected as case studies for in-depth comparative analysis, focusing on the current
situation of waste battery collection, including management policies, market size,
technological level, etc.

The differences in waste battery collection models between developing and
developed countries have been compared. By analysing successful cases, some best
practices were summarized and used for improving the collection of waste batteries
in developing countries.

The advices for waste batteries collection system in China have been suggested
(including collection points, logistics, etc.) in order to provide reference for the
standardization and revision of waste batteries collection in China. The
recommendations on separate collection of different types of waste batteries were
also developed. This has great practical significance since can help developing
countries to achieve waste management goals.

The scientific novelty of this study is that waste batteries collection system has
been optimised based on the suggestions for developing countries, while providing
efficient waste management. Through a sound pricing strategy and a reasonable
logistics system, the collection system for waste batteries has been standardized,
facilitating macro level management at the national level, avoiding environmental
pollution, and increasing user enthusiasm.

As a next step, the development of relevant recommendations for local
authorities and business can be suggested.

Key words: waste batteries; collection; environmental protection; waste
management; optimisation.

https://doi.org/10.32347/2411-4049.2025.2.23-33

Introduction

With the development of technology, our lives are increasingly inseparable from
batteries. However, the disposal of waste batteries has always troubled us. Batteries
contain harmful substances such as heavy metals and acids, which can cause serious
environmental pollution if discarded. Therefore, the recycling and treatment of waste
batteries has become particularly important.

© Sun Xiaodong, V. Ishchenko, 2025
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At present, the current situation of waste batteries management is not ideal. Many
people do not know how to dispose of waste batteries, or choose to dispose of them
randomly due to various reasons (such as inconvenience and high costs). Besides,
the imperfect recycling channels and the lack of effective recycling mechanisms are
also important reasons [1].

Batteries have different uses, different specifications and models, different
components, which contain heavy metals such as lead, zinc, cadmium, nickel and
many other substances harmful to the environment and human body. Waste batteries,
if discarded in large quantities in the environment, cause serious harm. Heavy metals
cannot be degraded naturally and gradually accumulate through the food chain after
being absorbed by organisms. And finally, endangering our own health [2].

European countries are the earliest countries and regions in the world to recycle
and manage used batteries. The EU's management of used batteries began in the
1990s, with the first directive on the management of used batteries issued in 1991.
This regulation focuses on batteries and accessories containing harmful substances
and stipulates that waste batteries should be separated from household waste and
collected separately. In some countries, the collection rate of used batteries is as high
as 60% (such as Austria, Denmark, and Switzerland). Although there were minor
adjustments to the regulations in 2008, 2010, and 2013, the basic provisions are still
based on the 2006 regulations [3]. The 2013 survey report [3] by the European
Portable Battery Association showed that almost all countries in the European
Economic Area had established laws related to battery recycling in accordance with
the 2006 regulations. The management of waste batteries in Europe is based on the
extended producer responsibility system, and the recycling of waste batteries also
extends to all types of batteries. The regulations issued in 2006 greatly promoted the
management of waste batteries in Europe, but some problems still exist, such as a
large number of waste lead-acid batteries mixed with portable batteries, which means
that the recycling rate of portable batteries is very low.

For efficient waste batteries management, a proper collection system must exist.
In fact, developing countries like China or Ukraine lack effective waste batteries
collection. Therefore, this paper is aimed to suggest some mechanisms and
recommendations to improve waste batteries collection based on the experience of
developed countries.

Methodology of research

When studying waste batteries collection, a systematic literature review and
comparative analysis method were used. The specific steps were as follows:

1. Literature review. First, relevant literature data on waste batteries management
were collected throughout academic databases, government reports, and industry
research channels. Special attention was paid to the current situation in developing
countries, including waste batteries management policies, market size, technological
level, and challenges they face. Then, the collected data have been classified with a
focus on analysing the policies, practices, and effectiveness of countries at different
stages of waste batteries collection, as well as the gaps in technology and
infrastructure compared to developed countries.

2. Comparative analysis. Several developed countries (EU, Japan, New Zealand,
Australia) were selected as cases studies for in-depth analysis. We compared the
differences in the models of waste batteries collection between developing and
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developed countries. For example, developed countries typically adopt a
combination of voluntary and mandatory policies, while developing countries may
rely more on informal collection mechanisms. By analysing successful cases in
developed countries, some best practices and lessons learned can be summarized,
such as technological innovation, public awareness enhancement, and business
participation, which can provide reference for improving waste batteries collection
in developing countries.

Through the above steps, it was possible to comprehensively understand and
analyse the differences in waste battery collection schemes in different countries, as
well as how to learn from the experience of developed countries to promote the
progress of waste batteries collection in developing countries.

Research results

Waste batteries collection in developed countries

Waste batteries in the United States are divided into two categories: hazardous
waste and non-hazardous waste. The former includes manganese batteries and
lithium-ion batteries, while the latter includes button batteries, silver oxide batteries,
closed lead-acid batteries, and lead-acid batteries for motor vehicles. According to
the regulations of the US Environmental Protection Agency, hazardous waste
batteries must be collected according to standardized collection procedures, while
non-hazardous waste batteries can be disposed of as household waste. In fact, lead-
acid batteries for motor vehicles are collected by motor vehicle dealers or local waste
management agencies, while other harmful waste batteries are collected by
hazardous substance recycling points near residents [4]. The example is RBRC
Corporation, which has established over 25000 battery collection points in the
United States and Canada, including every postal district. The company has designed
and produced battery collection bins, plastic bags with zippers and specialized
battery recycling logos, which are distributed to battery retailers and community
waste collection stations in various regions.

In Australia, batteries are divided into two categories: portable batteries and large
lead-acid batteries (weight over 5 kg). Large lead-acid batteries are treated as
hazardous waste and collected by car repair shops, transfer stations, and waste
management agencies, while there is no regulation on the recycling and reuse of
portable batteries. The collection and utilization of portable batteries are generally
provided by non-profit organizations such as the Australian Battery Recycling
Campaign. The generation of discarded portable batteries in 2012 was 14700 tons,
with a collection of 403 tons (approximately 2.7% of those generated) [4].

In New Zealand, lead-acid batteries are collected at gas stations, car repair shops,
and municipal recycling points. Secondary batteries can be collected and recycled
through municipal waste facilities. In fact, all batteries in New Zealand are recycled,
but that requires consumers to pay. After battery collection, lead-acid batteries are
recycled domestically, while other batteries are either landfilled or transported to
other countries for recycling. The focus of battery recycling is still lead-acid
batteries, and portable batteries are mostly recycled through voluntary activities, but
most of them are landfilled along with household waste [5].

Japan does not have mandatory recycling of secondary batteries, and policies
formulated by different local governments vary. However, most secondary batteries
are recycled, and the collected batteries are either recycled by companies or stored
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as non-combustible waste. Lead-acid batteries are collected and recycled by
producers. Since 2001, the collection and recycling of embedded batteries have
adopted an extended producer responsibility system [5]. As a member of the
Organization for Economic Cooperation and Development and a contracting party
to the Basel Convention, Japan complies with the Basel Convention and does not
allow the export of waste (including waste batteries) to countries that are unable to
process waste, especially developing countries.

In South Korea, the recycling and disposal of waste batteries is based on the
extended producer responsibility system, where the government requires battery
manufacturers to set recycling targets and impose fines on companies that do not
meet the standards. The management of secondary batteries in South Korea is based
on the extended producer responsibility system, while the collection of disposable
batteries has not been well organized and practiced [5].

Optimization of waste batteries collection system

After studying the waste batteries management system, it has been concluded that
it is based on the actual situation of each country and needs to have certain
characteristics, such as reasonable pricing, targeting densely populated cities, and
closely integrating with logistics management, in order to form a circular and long-
term effective recycling system. Combining these factors, optimize the waste
batteries management system. Below are some recommendations for optimization of
waste batteries collection system.

1. Paid collection of waste batteries.

The paid collection system for waste batteries in Europe, America, and Japan is
mainly aimed at the battery production industry. The cost of collection and treating
waste batteries is directly deducted from the income of companies, otherwise the
cost waste batteries collection is added to the retail sale prices. By gradually phasing
out waste batteries through market regulation, the collection rate is increased.

While this strategy can be used in Ukraine (relevant regulations are submitted to
Ukrainian Parliament), it is not suitable for China due to the national conditions, and
there have been many studies on the paid collection system for waste batteries, which
has not been implemented [6]. Unlike developed countries, the Chinese waste trading
industry has been preserved for a long time in Chinese consumer awareness. The paid
collection system that directly converts waste batteries in users' hands into currency
through the sale of waste products is more suitable for China's national conditions.

Direct paid collection of waste batteries is not in line with the actual situation in
China, and the specific reasons are as follows:

e direct offsetting the price of waste batteries requires a large amount of
investment from companies, which can be described as a risk investment,
but the return rate is unknow;

e converting waste batteries into currency will accumulate a large amount
of waste batteries in a short period of time, suddenly increasing the
difficulty of disposing of waste batteries;

e converting waste batteries into currency will make it difficult for a small
number of users to pass them off as real, making collection work more
difficult and causing economic losses for companies;

e sudden emergence of a large number of waste batteries that cannot be
processed can cause environmental pollution and harm;

e setting up collection stations requires a large amount of human resources.
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2. Exchange of waste batteries for other items.

Battery manufacturers implement the practice of exchanging old batteries for new
ones for customers who purchase batteries. Each old battery can be offset by a certain
amount, mainly in supermarkets or large stores. This has achieved certain results,
but still cannot comprehensively solve the problem [7].

The strategy of old batteries exchanging for new ones has achieved some success
because companies do not require prior investment and reduce risks. Employees at
battery sales points can take on the role of sorting and collection. In addition, the
policy of replacing old batteries with new ones ensures a balance between used and
new batteries, without causing short-term compression or vacancies. However, due
to the widespread generation of waste batteries, exchanging them for new ones still
cannot increase the level of waste batteries collection. The collection of waste
batteries requires a balanced system that can continuously provide a certain amount
of waste batteries, while reducing investment risks for enterprises and facilitating
national policy adjustments. Reasonably offsetting waste batteries is suitable for the
current situation in China.

If waste batteries are converted into a convenient way of life, it will be much
better. For example, if 4 waste batteries have a collection value of 1 USD, it means
that 4 batteries can be converted into 1 USD for convenience. For students, it can be
converted to washing clothes and taking the school bus, for city citizens — taking a
bus once, subscribing to some magazines, purchasing drinks from vending machines.
Unmanned vending machines do not require big investments and management
efforts, but the collection of waste batteries is not directly converted into profits.
Therefore, the waste batteries collection industry can provide more convenience and
public welfare, decreasing citizens' awareness. Converting waste into a convenient
way of life is not yet common, including both China and Ukraine, but users have
expressed recognition and support for this method.

Optimization of waste battery logistics system

The logistics of waste battery collection cannot rely on traditional waste
management logistics. Providing such a logistics system requires a many efforts and
financial resources, and needs the use of other logistics systems. In traditional
logistics systems, waste batteries are sent through distributors to manufacturers and
finally arrive at plants. Many developed countries also adopt this method to form a
certain standardized process, but it is not suitable for the current situation in
developing countries like China or Ukraine due to the lack of extended producer
responsibility. There is no standardization and that may cause environmental
pollution in local areas. After waste battery collection bins are installed in the
community, that can provide initial results. However, such waste battery collection
channels take too much time and may encounter resistance from unknown factors at
any time, such as community administrators and a few residential users. These
logistics methods have their own advantages and disadvantages [8].

There is no unified standard transportation vehicle or standard storage conditions
for waste batteries in China and Ukraine. There is an example of Sichuan province
in China, where amount of waste batteries generated is about 4000 tons per year.
Due to the lack of a disposal site, the city of Chengdu alone currently accounts for
nearly 400 tons of waste batteries, which have been stored for 9 years and still cannot
be disposed of. This is a typical situation for developing countries, where no
standardized collection system is established and no logistic chain is built up.
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In Ukraine, there is also some amount of waste batteries collected by non-
governmental organisations, which still are not recycled due to the lack of financing
and appropriate facilities. Establishing a waste battery disposal factory can solve the
issue. This means that there will be a logistics endpoint for waste batteries, and the
selection of logistics key points (hubs) will affect the entire logistics cost. The waste
batteries collected in various areas will be transported to logistics hubs for
accumulation. After reaching a certain quantity, they will be transferred to the
logistics endpoint, which is the waste battery recycling factory, which forms a
logistics network for waste battery recycling. Waste batteries collection bins can be
installed in schools, communities, and streets, encouraging citizens to collect and
transfer waste batteries through publicity. Through this method, a certain amount of
waste batteries can be accumulated in a short period of time.

The flow chart of battery collection logistics system optimization is shown in Fig. 1.
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the frequency of collection (once a month, once a week, etc.) is defined for
each point based on the actual situation

Y

=
=S
1Y

/// /
& A

Figure 1. The flow chart of battery collection logistics system optimization
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Overall, the main issue in the current waste battery management industry is the
lack of smooth circulation and the inability to form an effective resource loop. In the
case of China, that includes the following.

1. The destination of the waste batteries collected is unknown, and the market is
irregular. Currently, other business models such as battery banks and battery
swapping in China are still at the stage of small-scale application. In the on-board
sales model, the ultimate right to use and ownership of the battery belongs to the
consumer. Consumers can sell waste batteries to companies through trade in or
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directly dispose of them. But the reality is that a large number of used batteries flow
into illegal channels, even causing a phenomenon of "inverted" prices for new and
old batteries. It is understood that according to current policies, sellers have the main
responsibility for collection, and battery manufacturing and recycling companies
have corresponding responsibilities. However, due to the high prices of upstream
raw materials in recent years, the high profit margins have driven informal market
entities to purchase scrapped batteries in a form similar to "auctions”. At the same
time, Chinese regulations have not clearly defined the responsibility of consumers
for collection, and consumers have no responsibility or obligation to dispose of waste
batteries, lacking effective binding force. According to market estimates, only about
30% of waste batteries enter formal recycling channels.

2. Poor domestic transportation and circulation. The transportation requirements and
packaging costs of waste batteries are high, and the phenomenon of non-standard
transportation often occurs. In terms of regulatory standards of China, the "List of
Dangerous Goods" classifies waste batteries as Class 9 dangerous goods and requires
Class Il packaging, which has high requirements for packaging strength and cost.
According to the "Regulations on Road Transport of the People's Republic of China"
and the "Regulations on the Administration of Road Transport of Dangerous Goods",
transport units and vehicles are required to have corresponding licenses, the condition
of the vehicles must meet the first level standards, and vehicle drivers, loading and
unloading management personnel, and escort personnel must obtain corresponding
professional qualification certificates. The "Management Regulations for Battery
Recycling and Utilization Part 1: Packaging and Transportation” also requires that if
there are dangerous situations such as leakage, deformation, fire, and water immersion
in batteries (Class B batteries), special protective measures should be taken for their
packaging and transportation. At present, professional battery transportation vehicles
are not only rare, but also quite expensive. In the absence of strict supervision,
companies lack the willingness to seek compliant transportation. Besides, the
procedures for waste batteries transportation across provinces are cumbersome and
costly. According to the "Management Measures for the Transfer of Hazardous Waste",
the cross-provincial transfer of hazardous waste requires joint approval from
environmental authorities of the two provinces where the hazardous waste is transferred
and received, and can only be transferred after approval. The procedures are complicate
and the cost is high. At the same time, based on the current industrial situation, some
provinces and regions in China have not yet established strong recycling bases, making
it difficult to effectively dispose of waste batteries in their own provinces. This has led
to a large number of waste batteries having to be processed into powder before
transportation, further reducing production efficiency and increasing costs.

3. Overseas waste batteries cannot be recycled. Currently, there are certain policy
barriers to the transportation of waste batteries from abroad, and China's import policies
are becoming increasingly strict. In November 2017, the European Commission passed
the proposal for a new regulation on the transportation of waste in Europe, which, in
conjunction with the requirements of the New Battery Law, clarifies that waste batteries
can be transported out of the EU if permitted by the receiving country and provided that
they can be proven to be non-toxic after import and meet relevant safety requirements.
Currently, the vast majority of countries comply with the Basel Convention, allowing
the export of waste batteries to countries with processing capabilities. In contrast, in
recent years, China has become increasingly strict in its import policies for waste
batteries, gradually tightening the import of all solid waste.
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Waste batteries collection is crucial for environmental protection and resource
recovery. Here are some additional suggestions for effective battery collection:

1. Public awareness campaigns

Educational programs: inform the public about the importance of waste batteries
collection and the environmental hazards of improper disposal.

Social media outreach: use social media platforms to share information, tips, and
updates about waste batteries collection initiatives.

2. Convenient collection points

Retail locations: partnership with electronics and automotive retailers to set up
collection bins for used batteries.

Community centres: place collection bins in easily accessible public places like
community centres, libraries, and schools.

3. Mobile collection points

Scheduled events: organize periodic collection events in neighbourhoods or at
community festivals to encourage residents to bring in their used batteries.

Mobile collection units: use vehicles equipped to collect waste batteries from
various locations.

Recommendations on separate collection of different types of waste batteries

Waste batteries should be separated from other waste in the collection process. If
it is put together with other household waste, there will be numerous issues. The
fermentation will be affected by the metal and mercury contained in the waste
composting treatment [9]. If waste is incinerated, the high mercury content in the
flue gas will affect the quality of the air treatment and pollute the air. If waste is
landfilled, heavy metals in the battery will penetrate into the underground and pollute
the soil and groundwater.

Waste batteries must be collected separately, so that the battery can be recycled
and prevented the spread of harmful substances.

For common dry batteries, one should put them directly into the official garbage
bin and does not collect them in a centralized manner (along with alkaline batteries,
lithium batteries, and nickel hydrogen batteries).

For batteries with high levels of harmful substances, including most button
batteries, nickel cadmium batteries (old-fashioned rechargeable batteries), etc., if
there is a waste battery recycling agency nearby, one should deliver it there (such as
some neighbourhood committees, environmental protection associations, etc.); if
there are no recycling agencies for waste batteries nearby (like in most cities and
rural areas), one should contact the local environmental protection department or
send waste batteries to recycling agencies in other cities.

Specifically, if a large number of waste batteries have been collected, one should
classify them first and then dispose of separately according to the aforementioned
suggestions. All types of waste batteries should not be managed together [10]. In the
absence of effective recycling technology and economic conditions, the government
does not encourage centralized collection of waste batteries that have not met the
national low mercury or mercury free requirements. But, in many cases, if the
primary technology for waste batteries treatment is shredding followed by
pyrometallurgy or hydrometallurgy, no classification is needed since all the batteries
will be processed together.
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Recommendations for the efficient management of waste batteries:

1. Strengthen the classification, collection and management of waste batteries.

In the engineering analysis of environmental impact assessment for newly built,
renovated, and expanded battery manufacturers, not only should the raw materials,
processes, and finished products containing heavy metals and harmful substances
meet the emission standards, but also the after-sales recycling and utilization of
products should be evaluated and analysed. Manufacturers should achieve clean
production to facilitate the recycling and utilization of their products. Environmental
protection and relevant departments should increase their supervision and
management efforts, regularly or irregularly monitor the recycling and utilization
situation. In the environmental impact assessment, based on the production scale, it
is recommended to establish a production line for the treatment of old battery
renewable resources, effectively promoting the recycling and utilization of
renewable resources.

2. Encourage the production of environmentally friendly batteries.

Batteries containing heavy metals and mercury should have relevant labels for
easy recycling and classification. The government should relax policies in tax or
other areas to encourage the production of green and environmentally friendly
batteries. Adopting computer network control and utilizing system functional
module data transmission technology to sort waste batteries [11]. Extracting and
recycling metal substances such as zinc, manganese, silver, mercury, cadmium, and
iron, and using furnace slag to make building materials, environmentally friendly
treatment of unusable substances can be carried out. This overcomes the
shortcomings of the previous complex processes, long process flows, and high
treatment costs, and achieves a comprehensive utilization of harmless, resourceful,
and stable waste battery treatment.

3. Improve the awareness of all people on the separation and collection of waste
batteries.

Environmental awareness of the entire society must be enhanced through
education on environmental protection from kindergarten onwards, and making the
collection of waste batteries habitual and standardized. Besides, research efforts on
the harmless treatment process of waste batteries must be increased, and authorities
should provide policy or financial support for treatment processes and achievements
that are pollution-free, low-cost, less energy consuming, and have quick results, so that
discarded waste batteries can enter a virtuous cycle of production — consumption —
regeneration.

Conclusions

This paper proposes an optimization plan for the waste battery collection system.
Through improved pricing strategies and reasonable logistics systems, the waste
batteries collection system is standardized, which is easy to be managed by the
national macro level, forms an industrial scale, avoids environmental pollution, and
can increase user enthusiasm. In order to improve the current situation of waste
batteries recycling, the following aspects can be taken into consideration:

1. Enhance public awareness: through various means such as publicity, lectures,
community activities, etc., raise public awareness of the importance of waste
batteries collection. Let everyone understand that protecting the environment is
protecting ourselves.
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2. Establish collection channels: the government can establish specialized
collection points or cooperate with relevant companies to establish effective waste
batteries management mechanisms. At the same time, encourage communities,
schools, companies and institutions to establish their own collection systems and
form a collection network that covers the entire society.

3. Promote reusable batteries: encourage companies to develop and produce
reusable batteries to reduce environmental pollution. At the same time, rewards will
be given to users who use reusable batteries to increase their enthusiasm for
recycling.

4. Technological innovation: increase research and development efforts on waste
batteries treatment technology, and find more environmentally friendly and efficient
recycling methods. For example, developing an intelligent collection system to
achieve automatic battery classification and recycling through IoT technology.

5. Strengthen the laws and regulations: develop and improve relevant laws and
regulations to regulate the collection and disposal of waste batteries. Violations of
regulations should be punished in accordance with the law to form an effective
deterrent force.

It is necessary to enhance the environmental awareness of the entire society,
improve people's comprehensive quality, constantly change people's attitudes, and
let environmental protection concepts gradually enter people's daily lives, becoming
a habitual behaviour of the people, thus making the collection of waste batteries a
part of people's daily lives.
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Cyn CsionyH, B.A. Ilmienko
ONITUMIBALLISI CACTEMHM 350PY BIINNPAIIbOBAHUX BATAPEN

AHoTauis. 3apa3 y kpaiHax, 0 pO3BUBAIOTHCA, — TaKUX K Kutaif un Ykpaina, — Hemae
epeKTHBHOTO 300py BigmpabOBaHUX Oarapeiok. MeTo [HOTO JOCTIIKEHHI €
MpoaHai3yBaTH CHUCTEMH 300pYy BimNpanbOBaHUX OaTapeioKk y pPO3BMHEHHX KpaiHaxX i
3aIpONOHYBATH BIOCKOHAJIEHHS CHCTEM 300Dy BimmpariboBaHUX OaTapeiiok Ay KpaiH, 1o
po3BUBaIOTECS. byno NpoBeneHO miTepaTypHHH OIJIAI YHPaBIiHHS BiNpanbOBaHUMH
OarapesMH NIIXOM aHANi3y HAyKOBMX 0a3 IaHWX, YpAJOBHX 3BITIB Ta IPOMHUCIOBHX
JOCHITHUIBKAX MaTepiaiiB. Kimbka po3BuHEHHMX KpaiH Oyno oOpaHO, SIK NMPUKIAZ, Ui
MOMTHOJICHOTO TOPIBHSUIBHOTO aHali3zy, i3 ()OKyCOM Ha IMOTOYHY CHTYalilo 31 300poM
BiZINpalbOBaHUX OaTapeil, BKIIOYAtOUH HONITHKY YIIPAaBIiHHS, 00CAT PUHKY, TEXHOJIOTTYHHH
PiBEHB TOLIO.

VY poOoTi mopiBHSHI BiAMIHHOCTI B MOJIeNsX 300py BianpanboBaHUX Oarapedl Mix
PO3BHHEHNUMH KpalHaMHM Ta THMH, [0 PO3BUBAIOTHCS. AHATI3YHOUH YCHILIHI IPUKIaIN, IesKi
Kpallli MPaKTHKH OyJIN y3arajdbHEH] Ta BUKOPUCTAHI IS ONTUMI3aIlii 300py BiAMpalbOBaHUX
OaTapeil y kpaiHax, 110 PO3BHBAIOTHCS.

Byno 3anpornoHoBaHo Hopany IOAO cCUCTeMHU 300py BimmpanbsoBaHUX OaTtapeit y Kurai
(BKiIIOYArOUM IMyHKTH 300py, JOTICTHKY TOIIO), MO0 3a0€3MeYnTH CTaHIAPTH3AIII0 Ta
mepernsan 300py BimmpampoBaHuWX Oatapeil. Takox po3poOieHi peKoMeHIAIii oo
PO3ALIBHOTO 300py Pi3HUX BHIIB BiJmparboBaHuX Oarapeid. lle Mae Bemuke MpakTUIHE
3HAUEHHS, OCKUIBKM MOXE JOIOMOITH KpaiHaM, IO PO3BHUBAIOTHCS, IOCSTTH IIJICH
YIPaBJIiHHS BiJIXOJaMH.

HaykoBa HOBU3HAa IIbOTO JIOCHI/DKEHHS IIOJISITA€E B TOMY, IO CHCTeMy 300py
BiZNpalbOBaHUX Oarapeil ONTHMI30BAHO HAa OCHOBI TPOIO3MIIM i KpaiH, IO
PO3BHBAIOTHCS, ISl 3a0e3nedeHHss e(QEeKTUBHOrO YIpPaBIiHHS BiAXOAaMH. 3aBASKH
0OTpyHTOBaHIH cTpaTerii MIHOYTBOPEHHS Ta PO3YMHIM CHCTEMi JIOTICTHKU CHCTEMY 300py
BiANpanboBaHuX Oarapeld Oyno CTAaHZApPTH30BAHO, IO IIOJIETIIYE YIPaBIiHHA Ha
HAIIOHAJILHOMY PiBHI, 3a1100irae 3a0pyJHEHHIO HABKOJIUIITHEOTO CEPEIOBHIIA Ta ITiABHIIYE
3aJIy4eHiCTh HaCeIeHHS.

B sKOCTI HACTYITHOTO KPOKY MPOIOHYETHCS PO3POOKA BiAMOBIMHUX PEKOMEHIAIH IS
MICIIeBOI Biaqu Ta Oi3HECY.

KarouoBi cnoBa: BianpaupoBaHi Oartapeiiku; 30ip; 3aXUCT JOBKULISA; YIPaBIiHHS
Bixomamu; onTUMI3allis.
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ESTIMATION OF DEBRIS WASTE GENERATION

Abstract. As of the beginning of 2022, Ukraine had approximately 8 million
residential buildings with a total residential area of 892.1 million square meters.
The number of apartments in residential buildings and non-residential structures in
Ukraine totaled 15.5 million units. Due to hostilities and regular shelling, the
number of damaged and destroyed residential buildings is increasing daily. As of
January 2024, over 250,000 buildings have been damaged or destroyed, including
222,000 private homes, over 27,000 multi-apartment buildings, and
526 dormitories. The direct damage from the destruction of these objects is
estimated at 58.9 billion USD. The regions with the most destroyed residential
buildings include Donetsk, Kyiv, Luhansk, Kharkiv, Chernihiv, and Kherson.

The generation of a large amount of debris waste requires planning for the
demolition of destroyed buildings, dismantling of rubble, transportation to
temporary waste storage sites, and the planning and selection of equipment for
processing debris waste. Currently, Ukraine lacks an official methodology for
estimating the volume of debris waste. To provide scientifically grounded
methodological recommendations for estimating the amount of debris waste, the
experience of various countries that have experienced technological disasters or
natural disasters was studied, including Japan, Canada, and countries in the Middle
East. The experience of managing debris waste in the communities of Chernihiv,
Kyiv, and Mykolaiv regions was also examined.

As a result of reviewing international experience, it was determined that the most
appropriate approach is to use specific waste generation indicators per unit area —
the waste generation rate. It is accepted that the area used to determine the volume
of debris waste should be within the boundaries of the destruction or demolition
(section, floor, or part of the building). A calculation of the waste generation rate
was conducted based on the consumption of primary materials for typical series of
multi-apartment  residential  buildings, monolithic-frame  multi-apartment
residential buildings, and residential buildings in cottage developments, including
buildings of preschool and general secondary education institutions and hospitals.
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The resulting waste generation rates can be used to estimate the calculated amount
of waste generated due to the damage or destruction of residential buildings,
buildings of general secondary and preschool education institutions, and healthcare
facilities as a result of hostilities, terrorist acts, sabotage, or work to eliminate their
consequences. The waste generation rates do not apply to engineering structures,
transportation infrastructure, or non-residential buildings.

Key words: debris waste, residential buildings, structures, preschool institutions,
general secondary education institutions, hospitals, waste generation volumes.
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OLIIHKA OBCSITIB YTBOPEHHS BIJIXO/IIB B/l PYHHYBAHb

Anomauin. B Ykpaini cmanom na nouamox 2022 poxy Hanivyeaiocy npubiuzHo
8 man  orcumnosux OYOuUHKIE i3 3a2ANbHOI0  NAOWEI0 JCUMOBUX NPUMIULEHD
892,1 man k6. m. Kinbkicmv Keapmup y HCumiogux OYOUHKAX MA HENCUMJIOBUX
oyodienax 6 Yxpaini cmanosums 15,5 man oounuye. Bracniook Ooiiogux Oiti ma
pecyIspHux  0bCmpinié WoOHA 30IbUYEMbCS  KIMbKICIb  NOUWKOONCEHUX Md
SPYIUHOBAHUX HCUMLOBUX OVOUHKI8: cmanom Ha civeHb 2024 poky maxux noHao
250 mucau oyoieens, 3 Hux — 222 mucsayi npusamuux 0YOUHKi6, NoHao 27 mucsay —
bacamoksapmupuux ma 526 eypmoxcumkie. IIpsami 30umku 6i0 pyuHY8aHb YUX
00 ’exkmis oyintoromovca y 58,9 mapo oon. CLIA. Cepeo pezionis, de 3agixcosano
Haubibwe 3pYUHOBANUX dcumaosux oyodigenv — Jloneyvka, Kuiscoxa, Jlyeancoka,
Xapxiecvka, Yepniciecoka ma Xepconcvka obnracmi.

Ymeopenns eenuxoi xinbkocmi 6i0x00ie 6i0 pyiiHy8aHb nompedyc NIAHYEAHHS
pooim 3 0eMOHMANCY 3PYUHOBAHUX OYOUHKIS, PO3OUPAHHS 3A6ANI6, NIAHYEAHHS.
nepegezents 00 MiCb MUMHACO8020 30epieanis 6i0X00i6, NIAHYE6AHHI Ma NiOOIp
001a0HaNHs 01 8IOHOBIEHHS 8i0X00i8 610 pyunysanns. Hapa3si ¢ Ykpaiui ne icnye
oiyiiinol memooonozii oyinku 06cs2ie ymeopenHs 8i0x00i8 8i0 pyuHyeanus. [
HAOAHHs HAYKOBO OOIPYHMOBAHUX MEMOOUUHUX PEKOMEHOAYill 3 OYIHKU KIIbKOCMI
YMBOpeHHs 8I0X00I8 8I0 PYUHYBAHHS BUBUEHO 00CBIO PI3HUX 0epiHCcas, SIKI 3a3HANU
mexHo2eHHUX Kamacmpog abo cmuxiunux aux: Anonis, Kaunaoa, kpainu bnuzekozo
Cx00y. Busueno 00c6i0 ynpagninus 6ioxo0amu 6i0 pYUHYBAHHA 6 2POoMAdax
Yepniciecovroi, Kuiscokoi ma Muxonaigcokoi obonacmetl.

YV pesynomami oensdy misxcnapoonoz2o 00c8ioy usnauero, wo HaubiIb OOYiIbHUM
€ BUKOPUCMAHH NUMOMUX NOKA3HUKIE YMEOpeHHs I0X00i6 6i0 pYUHY8AHb HA
0OUHUYIO NAOWE — HOpMA YMEOpeHHs 6i0x00i8. I[lpuiinamo, wo niowa, sKa
3aCcmoco8yEmMbCsl OISl BUSHAYEHHS 00CA2I8 YMBOPEHHS 8i0X00I8 610 pYUHY8AHb, MAE
Oymu GU3HAYEHA 8 Medcax PYUHY8aAHb b0 0eMOHmMAaNiCy (CeKyis, nogepx, 4acmuna
6younxy). Ilposedeno po3paxyHoKk HOpMU YMEOPeHHs 8I0X00I8 8I0 PYUHYEAHb 34
BUMPAMAMU OCHOBHUX MAMEPIANi6 OIS JHCUMLOBUX DA2AMOKEaAPMUPHUX OYOUHKIE
Mmunogux cepil, Ol JHCUMIOBUX OA2AMOKEAPMUPHUX MOHOIIMHO-KAPKACHUX
6yOuHKi6 ma O/ HCUMAOBUX OYOUHKI6 caOubHOI 3a0y008uU, GKAOUAIOUU OYOUHKU
3aK1a0i6 OOWIKIILHOT Ma 3a2abHOI cepedHbOi 0Cc8imu, TIKaApHi.

Ompumani HOpMU ymeopenst 8i0xX00i6 8i0 PYUHYBAHb MONCYNb 3ACMOCO8Y8AMUCH
0J1A BU3HAYEHHSI PO3PAXYHKOBO0I KilbKOCMi 8i0X00i8, WO VMBOPUTUCL V 38 A3KY 3
NOWKOONCEHHAM (PYUHYBAHHAM) HCUMAOBUX O)0iennb, Oy0igenb 3aK1adi6 3a2anibHol
cepeonboi, OOWKITbHOL 0C8IMuU Ma 3aK1a0i8 0XOPOHU 300pP08 51 BHACAIOOK OOUOBUX
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Oltl, MepopUCMUYHUX aKmig, oueepcitl abo npoeedenHsM pobim 3 nikeidayii ix
Hacniokie. Hopmu ymeopenHs 6i0X00i8 6i0 pYUHYSAHb HE GUHAYAIOMbCA |
8ION0BIOHO He NOUUPIOIOMbCSA HA TH)CEHePHT Cnopyou ma 00 'ekmu mpaHcnopmHol
inpacmpykmypu, HesHcumaosi 6yOuHKu.

Knrouosi cnosa: 6ioxoou 6i0 pyiinyeanus, jHcumioei OyOunKu, cnopyou, 3akiaou
QOWKITLHOI 0Cc8imMuU, 3aKNA0U 3a2aAbHOI cepednboi ocsimu, niKaphi, obcsaeu
YMBOPeHHs 8i0X00i8.

https://doi.org/10.32347/2411-4049.2025.2.34-50
Beryn

B Vkpaini cranom Ha mouatok 2022 poKy HajidyBajOCh MNPHOIM3HO 8 MIH
JKUTIIOBUX OYJIMHKIB 13 3araJIbHOIO IIOICHO )KUTIOBUX NPUMIIICHb 892,1 MITH KB. M.

[Nounnaroun 3 24 mrotoro 2022 poky, yepe3 00MOBI il 3a3HAOTH PyHHYBaHb Ta
MOIIKO/DKEHb 1O BCi TepuTopii YKpaiHW JKWTIOBI Ta TPOMAJChKi OyAWHKH,
criopyau Ta iHmn OyniBenbHi 00’ekTH. HaitOinpmux pyiHyBaHb Ta MOIIKOIKCHb
3a3HaIIM KUTIOBI Ta TpoMajCchKi OynuHkn y JloHernskii, XapkiBchkii, JIyrancekiit
ta KwuiBcpkii obOmacTsax, a mpotarom 2022 poKy 3HAYHI IOIIKOKEHHS Ta
pyHiHyBaHHs oTpuMaiy Oy TuHKM Y MuKkonaiBebKiii o6nacti. 3a orinkamMu CBIiTOBOTO
6anky (3BiTr RDNA3), cranoM Ha rpyneHs 2023 poky 3a3Hada€eThCs, MO Cepell BCiX
MOIIKOPKEHUX KUTIOBUX OIMHHIL MOHAJ OfHY 4BepTh (547,01 THC. KHUTIOBHX
OJIMHHMIIL) MOBHICTIO 3pYHHOBAHO, iHMII Bl YBEPTI € YACTKOBO IMOIIKOJKCHUMH,
cepen skux: 882,528 THC. )KMTIOBUX OJWHUIIL MAIOTh HE3HAYHI TOLIKOJKCHHS
(mo 10%), 1 679,382 THC. KUTIOBHX OIMHHIL MAlOTh CEPEIHI YIIKOIKEHHS
(ymxomxkenns 10-40%). Takox mnomkomkeHo 230,315 Tuc. iHIUBIITyaTbHUX
KUTIIOBUX OYAMHKIB Ta 67,206 TUC. KIMHAT y TYPTOKHUTKAX.

3a ouinkamu CBiTOBOTO 0aHKy, 3arajgbHa LIKOJA XKUTIOBOMY (OHIY CKIalae
55,9 mapa nonapis CIIA. Haii6inemoi mkoau Oyno 3aBraHo OaraTOKBapTUPHUM
Oynunkam. Kaptupu B 0araTokBapTHpHHX OyJIWHKax MPOJOBXKYIOTh CTAaHOBUTH
HaAMOLIBIIY YacTKy SIK TOMIKO/KEHUX OJUHHMIb, TAK 1 BUTPAT Ha IOIIKOJKECHHS,
obunsa — 86%.

B Vkpaini 3 mMeToro opraHizamii Ta BUKOHAHHS KOMIUIEKCY pOOIT 3 JiKBijamii
HACJIJIKIB pyHHYBaHb I1iJ] YaC BOEHHOTO CTaHy Ta y BiIOY0BHUII Mepio] yIpaBTiHHS
BiJIXOJIaMH, 110 YTBOPIIIUCH Y 3B’S3KY 3 MOIIKO/KEHHSM (pyiHYBaHHSIM) Oy iBENb Ta
cropya, 00’€KTiB He3aBepIIeHOro OyMiBHHUIITBA, 00’€KTIB OIAroycTporo BHACTIIOK
00HOBHUX 1TiH, TEPOPUCTHYHHUX AKTIiB, AUBEPCIH a00 MPOBEACHHIM POOIT 3 JTIKBIAALIT iX
HACIIAKIB 3iiCcHIOETBCs 3rimHo 3 «[lopsnkoM TOBOMKEHHS 3 BiAXOJaMH, IO
YTBOPWINCH y 3B’SI3KY 3 MOIIKO/KCHHSIM (pyiHHyBaHHAM) OyliBeNnb Ta CIOPYA
BHACJIJIOK OOMOBUX JIiif, TEPOPUCTUYHUX AKTIB, JUBEPCii 200 MPOBEICHHSIM POOIT 3
Big 27 Bepecus 2022 p. Ne 1073 (gani — Iopsmox Ne 1073).

[Ipore, [opsnox Ne 1073 He MICTUTBH aNrOpuUTMy BH3HAYEHHS IOIMEPEIHHOTO
o0csTy BiXOXIB BiJl pyWHYBaHb, IO YCKJIAJHIOE TUIAHYBaJbHI PIMICHHS MIOJIO
MOBO/KEHHS 3 IMM BHJOM BigXOiB, a TAaKOX 3HAYHO HABAHTAXYE OPraHH
MICIIEBOT'O CAMOBPSIIyBaHHS y pa3i HACTaHHS PyHHYBaHb.

OriHka 00CATIB YTBOPEHUX BiJIXOJIB BijI pyHHYBaHb 3/IHCHIOETHCS TIEPEBAKHO
Bi3yasibHO 200 3a 00’eMaMM Ky30BY BaHTXKHHUX aBTOMOO11iB. TakuMm unHOM, icHYy€
nmotpeda y po3poOJICHHI METOMUYHHX DPEKOMEHAAINd IS MONePEAHBOI OIIHKH
00csTiB yTBOPEHHS BIAXOMIB Bil pyHHYBaHh 3 BHUKOPHUCTAHHSM HAKOITMYEHOTO
BITYHM3HSIHOTO Ta CBITOBOTO JOCBiTY.
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IMocTtanoBka 3aBaanHsi. B Ykpaini mii momo poOiT 3 JiKBigaIlii HacTiIKiB
pyHHYBaHHs Ta MOLIKO/PKEHHsS OyZAiBeNb Ta CIOpPYJ MiJ 4ac BOEHHOTO CTaHy Ta
y BinOymoBHHH niepiof peryirooTbes [lopsakom Ne 1073.

[Tynkrom 7 Ilopsaxy Ne 1073 Bu3HaueHo, mo OOJIK BIAXOIIB BiA pyHHYBaHb
3MIIACHIOETRCS] HAa MiCIli iX YTBOpPEHHS a00 Ha MICISIX TUMYacoBOTO 30epiraHHs 49U
IHIIMX 00’€KTaxX MOBOJPKEHHS 3 BIJIXOJaMH 3a BCTAHOBJICHOIO (hOPMOIO, KPIiM TOTO,
nepeadavdacThCss CTBOPEHHS MiCITh THMYACOBOTO 30epiraHHs BiIXOIB BiJ pyHHYBaHb.

Po3po6ka MeTo0OTiYHUX MPUHITUIIIB OIMIHKK OOCSTIB YTBOPEHHS BIIXOMIB Bif
pyHHYBaHHS J[O3BOJHMTH ULIBHIKO IUIaHyBaTH oOcsru poOiT 31 30upanHs,
nepeBe3eHHss Ta OOpoOmeHHs BigxoxiB. OpraHu MiCLEBOIO CaMOBDPSAIYBaHHS
3MOXYTh KOHTPOIIOBATH BUTPATH Ha MPOBEACHHS POOIT 3 YIPaBIiHHS BIAXOJaMHU
BiJ pyHHYBaHHs. 37aro/pkeHa OpraHizamisi poOiT 3 ympaBiiHHS BiIXOJaMH Bif
pyHHYBaHb O3BOJHTH MiJBUIIUTH O€3MEKy MOCTPAKAATUX TPOMajl, 3MEHIIUTH
BHUTpATH HAa 30ip Ta mepeBe3eHHs BiIXOIIB Ta MiiOpaTH TEXHOJIOTIYHE 00IaTHAHHS
Ut 0OPOOIIEHHS CKJIaIOBUX BiJXO/IB BiJl pyHHYBaHb.

MeTomuuHI pEeKOMEHIAIll MO0 OIIHKA BH3HAYEHHS OOCATIB YTBOPCHHS
BIJIXOIiB, IO YTBOPHIIUCH BHACIIJOK TOIIKO/DKCHHS Ta PyWHYBaHHS OyaiBEeNb Ta
cnopyn (mami — MeTonu4Hi peKOMEHMaIii) po3po0IIeHO B paMKax IPOEKTY
UA114 «ReThink: Pekomenpariii momo ymnpaBiiHHS BiJXOJaMu pyHHYBaHb Ha
npupPOHTOBUX TEPUTOPIAX» 3a MIATPUMKH mpoekTy ArentctBa CIIA 3
MikHapoaHOro po3BUTKY USAID «3mimaenHs rpomanckkoi mosipu (UCBI)».

ABTOpH BHCJIOBIIOIOTH MOAsAKY nani Hatanii Ko3noscekilt, 3actymauni Minictpa
PO3BUTKY TpOMaJi Ta TEPUTOpIA YKpaiHu, 3a CIIBIOPAI0 y MiArOTOBILI IHX
MeTtoan4yHuX PeKOMEHIalil Ta IOMOMOIY y OpraHizamii MpoBeeHHs ONMUTYBaHHS
rpomas.

ABTOPH IUPO MASKYIOTh KepiBHHKaM 1 @axiBisiM rpoman KwuiBcbkoi,
UYepniricpkoi, XapkiBcbkoi, MukomnaiBcbkoi ob6nacterr, [TPOOH Vkpaina,
MpeIcTaBHUKAM Oy/iBEIbHOT ray3i, MPOEKTHUX KOMITaHIH Ta apXiTeKTypHUX OOpO,
SKi HaJaBajll aBTOpaM PEKOMEHMAIid TEeXHIYHYy Ta CTaTHCTHYHY iH(opMaIlilo,
HEOOXIIHY I pO3POOKU METOJUYHHUX MMiJXOJIB 1100 OI[IHKK OOCSTIB YTBOPEHHS
BIJIXOIiB BiJ pyHHYBaHb.

AHaJji3 ocTtaHHix xociimkens i myOmikamii. /s aHamizy MiXHapOIHOTO
JIOCBIJly 100 MOMNEPEAHBOI OIIHKKA OOCSTiB YTBOPEHHS BiJIXOJIB BiJl pyHHYBaHb
OyJI0 TPOBEACHO JITEPaTypHUH OINIA] 3a HAlpsSMKaMH YIPaBIiHHS BiAXoJamu
OyIiBHUIITBA Ta 3HECEHHSI, IK HAHOIMKIOTO BUIY BiJIXOAIB, @ TAKOXK BIIXOJIIB, SKi
YTBOPIOKOTHCS BHACIIIOK CTHXIHHUX JTUX (3eMIIETPYyCH), a00 pyHHYBaHb BiJI BHOYXIB
4yr 30pOHNX KOH(]ITIKTIB.

Meton pospaxyHky koediuienta renepauii (GRC - «generation rate
calculation») € MOMIMPEHUM IMiIXOA0M, SKUA BHKOPHUCTOBYETHCS ISl OILIHKH
KUJIBKOCTI BiIX0/1iB OymiBHMIITBA Ta 3HeceHHs (nami — BB3) [2—4]. Lleit meTox Moxe
OyTH peanizoBaHMi miJ yac OyAiBHUITBA, PEKOHCTPYKIIi, a TAKOXK AEMOHTAXY 5K
Ha pErioHaIbHOMY piBHI, Tak 1 Ha piBHI npoekty. llpuHnmn miei meromomnorii
[0JIATa€ B OTPUMAaHHI PiBHSA YTBOPEHHS BIIXOMIB JJIS MIEBHOI OJUHUII IisJIbHOCTI
(Hampukan, Kr/kB. M i KyO. M/KB. M). Y LIbOMY NPHHLUII OyJIO BBEIEHO KilbKa
METOAIB 3 BHUKOPHUCTAaHHSIM aJbTEPHATHBHUX TMapaMeTpiB Yy MOMNEpeaHiX
JOCITIKEHHSX, TAKUX STK MHOKHUK Ha TyTITy HACEICHHSI, eKCTPAOJIAIIS (hiHAHCOBOT
BapTOCTI Ta pO3paxyHOK HA OCHOBI ILTOIII.
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KimpkicTe yTBOpeHHX BIOXOMIB pO3PAaxOBYIOTh 3a JOMOMOTOI0 IHIEKCY
YTBOPEHHsI BiXOJiB, TAKOTO SIK KOe(il[ieHT YyTBOPEHHS BigXOHiB, OTPUMAaHUI 3a
JIOTIOMOT'OI0 CTaTUCTUYHOTO aHalli3y Ha OCHOBI 3araynpHOI Ttom miamoru (GFA —
gross floor area) [2-4].

Hocnigauku 3pidcHUIM CcnpoOy BIOCKOHAJIEHHS ICHYIOYHMX IHCTPYMEHTIB
KimpKicHoro Bu3HaueHHs BB3 mpu OyniBHULITBI HOBHX JKHTIOBUX OYIMHKIB B
Icmanii [5]. Jns ominku mpubnm3HOTO yTBOpeHHS BB3 aBTOpaMy mpomoHyeThCs
3araipHa (hopMysa:

VBp3 = ix X Ss,

ne: Vepz — OuikyBaHME 00’€M YTBOPEHHsI BIIXOJIB OyAiBHHMIITBA Ta 3HECCHHS,
Ky0. M/KB. M;

ix— IHIMKaTOpHE 3HAYCHHS (M5 x0xis/M51);

S, — 3arajibHa 3a0y10BaHa 1wIoma (m2,).

3 o0’emy yrtBopenHsi BB3, skuii oTpuMaHo mij 4ac aHanmizy OyAiBeIbHHX
MPOEKTIB Ta IXHBOI 3arajabHOI «3a0yIOBAaHOI» ILIOMNI, MOYXKHA OTPUMATH CEpemHiit
MOoKa3HUK (ix) I HOBHX OyIiBEIbHHX KOHCTPYKIIIH 3 XapaKTepPHCTUKaMHU,
MOAIOHUMH JI0 TUX, 1110 BUBYAIKCS B IIbOMY JOCIIHKCHHI.

TakuM 4MHOM, MOXKHa 3aBYaCHO OIIHUTH KiJbKiCTh yTBOpeHHS BbB3 mim uac
OyZIiBenbHUX pOOIT MIISTXOM BBEACHHS y PIBHSHHS BiAMOBITHOTO 3HAYEHHS TPHOX
JOCIIPKYBaHUX MOKA3HUKIB (1HIMKATOPHHUX).

ABTOpH JOCTiKEHHS [5] MOBENH, 0 iCHYE MPSMUI 3B’S130K MiXK YyTBOPEHHUMHU
BB3 Tta 3a0ynoBaHOI0 MOBEPXHEIO dYepe3 3allpONOHOBAHY 3araibHy (OpMyIly.
Beogsun 1o (opMysd BIANOBIAHE 3HAYCHHS MOKa3HUKA (ix), MOXHA — IS
HOBOOY/IOBH 3 XapaKTEPUCTUKAMU, MO IIOHUMH JIO PO3TIISHYTUX — 3aBYACHO OLIIHUTH
00’eM: 3aransHui BB3, yTBOpenuii mix yac ycix OyniBensHux po0it; Buais Bb3, mo
YTBOPIOIOTHCS Mij yac ycix OyAiBeIbHUX poOiT; 3arasibHy KiibKicTh BB3, yrBopeHnx
Ha pi3HUX eTanax OyIiBHUIITBA.

Mana I Reixach Ta in. (2000) po3poOwimm MeToH, BUKOpUcTaHUi [HCTUTYTOM
oynisauna Karanonii (Icnanist), mist ominku o6csris BB3, yrBopennx Ha muromry
MOBEpXHi — 0e3 ypaxyBaHHs IPYHTY — JUIsSi HOBUX OYZiBETbHHUX MPOEKTIB 1 MPOEKTIB
3HECEHHSI, Ta MoKaszanu yreopeHns B3 — 0,125 m3/m? mowi 3a6ynosu [6].

Cochran Ta iH. (2007) BUKOpHCTaIK 00CSITH YTBOPEHUX Ta Bigomuii ckiaa BE3 y
perioni ®nopuan, mod OTpUMAaTH METOA OUiHKK yTBOpeHHS BB3 sk y ®uUTI0BUX,
Tak 1 B HEXUTIOBHX OyxiBisx. [IporoHOBaHWE cKial BiIXOAiB (32 MAacoro):
56% Oetony, 13% nepeBa, 11% rincokaprony, 8% pi3HOro THIly BiAXOIB,
7% acdanbToBUX MOKpiBeNbHUX MaTepianiB, 3% werany, 1% xaproHy Ta
1% mnactuky [7].

Solis-Guzman Tta in. (2010) npeacTaBUIM MaTeMaTHYHY MOJEIb KUIBKICHOTO
BU3HAueHHs Ta ympasniHHd BB3 B Icnanii Ha OCHOBI CTaTUCTHYHUX JaHHUX
MpoBeieHNX Oy IiBeNbHUX poOiT. Moenb BU3HAUAE 3araibHy KUTbKICTh BIIXOJIIB 32
KaTeropisiMH Ta 3a MPOEKTOM, OI[IHIOIOYM OOCAT Y TPHhOX PI3HUX KATEropisx:
3HECEeHHs1, BTpaTH MaTepiaiy i yac OyliBHUITBA Ta nakyBaHHs. Buxix BB3 — HoBe
OyaiBauuTBO — 0,3076 M3/M%; 3Hecenns: 1,2676 m%/m? [8].

VY nocrimkenni Kofowoeola Ta Gheewala (2009), npoenenomy B Tainanmi,
o0csru BB3 Oynu ouineHi Ha OCHOBI iH(OpMaLii, OTPUMAHOI 3 BUJAHHUX J03BOJIIB
Ha OyJiBHULTBO, i MOKa3alu yTBOpeHHs Biaxonis 21,38 Ta 18,99 xr/m? mix wac
OyIIBHUIITBA JIJIS )KUTIIOBOTO Ta HEKUTIOBOTO CEKTOPIB BiMIOBiAHO [9].
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Hocnimxenns, mo mposeaene Llatas (2011), anmamizye ob6csru BB3, mo
YTBOPIOIOTHCS B KITBKOX JKUTIOBHX OyOWHKax, 3a TpboMa (PaKLisMHU BiAXOMiB:
IPYHT, BiIXO[IY YIIAaKOBKH Ta 3QJIMIIKH Oy IiBEIbHUX MaTepiaiiB, a piBEHb yTBOPEHHS
BB3 (6e3 rpyHTy) 3a pesynbpTaTamMu gociimkenns ctanosus 0,1388 m%/m? [10].

VY «lIpaBunax OyAiBHUITBA Ta JEMOHTaXXy MOBOPKEHHS 3 Bimxomamu — 2016y,
PO3pO0IIEHUX AJIS BCiX 3alliKaBIEHUX CTOPiH, 3aTy4eHHX A0 YTBOPEHHS, 30MpaHHs,
30epiraHHs, TPAaHCTIOPTYBaHHS Ta TIOBOKEHHS 3 OyAiBETbHUMH Ta JeMOHTAKHUMHI
Bimxomamu B lHAil, mis momepenHboi omiHkd BB3 BHKOpHCTOBYeTHCS MiaXim 3
ypaxyBaHHSIM HOPMH YTBOPEHH: BiIXO/iB Ha riomty Oyxisimi [11].

Bracnigok BuOyxy y mopty M. belipyt, sikuii craBcs 4 cepnus 2020 p., Oyno
3pyWHOBAHO BEJIMKY KUTbKICTh KUTIOBUX Ta KOMEPIIHHNX OYIMHKIB MicTa B pajiyci
JI0 I’ SITH KUTOMETPiB BifJ eniueHTpy BuOYXY [12]. Oninky kinbkocti B3 npoBoaumu
excrieptu  [IPOOH, ski 3acrocyBanmu MeToj, 00’€MHOTO BHU3HAYCHHS OOCHTIB
ytBopeHHs BB3. Tak, obcsarm BB3 ams 3pyiHOBaHMX KHUTIOBUX OYIMHKIB
ouinroBanuck excrnepramu [IPOOH y cepenubomy sik 25-35% Bim 00’emy
Oyxismi [12].

Y Kanami po3poOieHO HamiOHATBHY CTaHIAPTHY METOJOJOTII0 IS
MOJIETIIOBAHHS TOTEHIIIMHNX (i3MYHNX, EKOHOMIYHHX 1 COIIATbHUX HACIIAKIB Bif
3eMJIETpPYCiB, yparaHis i noBeHneii Hazus Canada. Hazus po3po6iieno HamionansHum
incrutyroMm OyaiBenbHux Hayk CIIA (NIBS) y maptHepctBi 3 demepanbHuM
areHTCTBOM 3 yTpaBiiHHs Haa3Buuaitaumu cutyamisimu (FEMA) [13]. Metomomoris
PO3paxyHKy oOCsTiB YTBOPEHHS B1IXO/IB BiJl pyHHYBaHb BHACIIOK 3€MJIETPYCY, SIK
3a3HAYalOTh ABTOPH JOCITIKCHb, BUKOPUCTOBYE eMITIPUYHUHN MiIXi JUIs OI[IHKU
JIBOX Pi3HHX THITIB BiIXOIB BiJi pyHHYBaHb: ylIaMKH OYHiBEIbHUX KOHCTPYKITiH
(BoHM TIOTPeOYIOTH CIielialbHOT 00poOKH, 100 Po30UTH iX HA APiOHIII YacTHHM,
nepu HiX X TpaHCMOPTYBAaTH), Ta APYTHH THII — YIAMKH, 10 TEPEMIlYIOThCS
OyJibI03epaMHu Ta IHIIMMH MEXaHi3MaMHU: 1IeTJIa, IePEeBO, CKIIO, OyIiBEIbHUI BMICT
Ta iHII MaTepianu. 3a Ii€0 METOJOJIOTIEI0 BU3HAYAETHCS OYiKyBaHa dYacTKa
MEBHOTO THUIY BigXOMy 3 BiAMOBiAHOI Twiomi Oyaiimi. Meronuka mnepeabadae
3a3/1aJIeTi/Ib BU3HAYCHY OJMHUIIO BUMIpPY — «Bara BimxoxiB Ha 1000 kBagpaTHUX
¢yTiB». Bara BimxomiB BH3HAYAETHCS JJISI PI3HUX THITB OYJIMHKIB Ta BPaxOBYE
KOHCTPYKTHBHI T2 HEKOHCTPYKTHBHI €JIEMEHTH.

B SnoHii, sika moteprae Bij peryispHUX CTUXIHHUX JHX, TAKOXK 3aCTOCOBYETHCS
METOJINKA OIIHKH OOCSTIB YTBOPEHHS BiJXO/IB BiJl CTUXIMHHUX JUX (MOBa WIe Mpo
BIIXOIW BiA pyHHYBaHHs IIiJi 4Yac CTUXidHMX Jux). Dopmyrna mHonepenrHbOro
po3paxyHKy 00’ €MiB BIIXO/IB BiJI JIUX HacTymHa [ 14]:

VTBOpeHuii 06'eM = CymapHa IJI011a NOIKOAXKeHUX npuMimieHb (M2)(A) *
Oaununs Buxony (B),

ne (A) — KIJTBbKICTh TOIIKODKEHUX Oy/liBelb, MOMHOXKEHA Ha CEPEIHIO TUIOILY
MPUMIIIEHB Y TAHOMY PErioHi;
(B) — onuHwMIIS BUXOIY BiIXOMIB JUIsl PI3HUX TUIIB OYIiBEIb.

MeTomuka BpaxoBYE THI OYIWHKY, OCHOBHI KOHCTPYKTHBHI €JIEMEHTH,
HasBHICTh MOXKEXI1 i Yac pyHHYBaHHS Ta Aa€ 3MOTY OLIHUTH OOCSTH YTBOPEHHS
BIIXOMIB BiJ] CTUXIHHHUX JIMX B IIJIOMY Ta IO OCHOBHHX KOMIIOHEHTax — OETOH,
IIerJIa, MIACTHK, CKJIO0, TITICOKapTOH Ta 1HIIIE.

TakuMm 4YMHOM, METOJIUKH, SIK1 3aCTOCOBYIOTBCS Y CBITi JJIs1 BU3HAUCHHS OOCHTIB
OyIiBeLHUX BIAXOJIB MICIS AEMOHTaXy OymiBii abo ii pyiHarii, sk mpaBuio,
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BHKOPHCTOBYIOTH ITUTOMI MTOKa3HUKH YTBOPEHHS OKpPEMHUX MaTepiaiiB abo BiIXOiB
Ha OJIMHMUIIO ILIONT 3pyHHOBaHOT Oy/IiBii. Y OLIBIIOCTI BUMAAKIB JPKEPEIOM JaHUX
it GOpMyBaHHA MUTOMHX TOKa3HHUKIB € CTaTHCTH4YHA iH(opMalis mpo o0caru
nepeBe3eHHs BiaxomniB. Dikcyroun IIIonly OymiBenb, SKi 3a3HaNN PyHHYBaHb Ta
BIAMIOBIMHO 10 SKHUX 3MIMCHEHO NEMOHTaKHI poOOTH, MOKHA OTPUMATH ITHTOMI
MMOKA3HUKH YTBOPCHHS BiJTXOJIB.

BomHowac cimit 3a3Ha4nATH, IO TUTOMI IIOKa3HHUKH, SKi OTPHIMaHi B iHITAX KpaiHax
CBITY, HE MOXKYTb OyTH 3aCTOCOBaHI B YKpaiHi 3 pAxy MPHYUH: 3HAXOHKEHHS B PI3HUX
KITIMaTHYHUX 30HAX, 110 BIUIMBAE HA MapaMEeTPHU OTOPOIKYBAIRHHX Ta HECYUHX
KOHCTPYKLiH; pi3Hi MeToAn OyIiBHUITBA Ta Pi3Hi OyIiBENbHI MaTepialu.

MeToaoJoris JoCIiKeHHs

MerToponorist TOCiIKEHHS BKJIIOYasa I'Th €TaliB:
1. Bu3HaueHHs] OCHOBHUX THUIIB OyZiBeNb B YKpaiHi.
2. Onuc TeXHIKO-eKOHOMIYHUX MapaMeTpiB MPOaHaIi30BaHUX MPOEKTIB.
3. Bu3HaueHHs OCHOBHUX BHJIIB MaTepiaiiB Oy/IiBelb.
4. Po3paxyHOK BiIXOIiB, IO YTBOPIOIOTHCS B JOCHIDKYBAaHUX OYIiBEIbHHUX
MPOEKTAX.
5. Po3po0Oka mMozeni st MPOrHO3YBaHHS KIIbKOCTI BIXOMIB JUIsl PI3HUX BH/IIB
BIIXOJIIB.

Ouinka o0cAriB YTBOpeHHS BiAX01iB Bil pyliHyBaHb

B Vkpaini o0mik BigxomiB Bif pyHHYBaHb Hapa3i 3AIHCHIOETHCS 3a (PAKTUYHO
BHBE3EHUMH 00CATaMH 1 OTPUMATH SIKICHY CTATUCTHYHY 1HQOpPMAIIiIO PO KUTBKICTh
YTBOPEHMX BIJXOJIIB HE 3aBXKIH MOKJIHBO.

Sk npaBuio, o0csATH (HaKTUIHO BUBE3CHUX BiIXOMIB BiJl pyHHYBaHHS MEHIII 3a
peanbHi moka3zHWKH. Jlo 3MeHIIeHHs OOCSTiB BiAXOMIB BiJ pyHHYBaHb, SKi
OOJIKOBYIOTh TEPUTOPiaibHI TPpOMagu B YKpaiHi, IPUBOJATh HACTYITHI YHHHUKH:
a) TPUBAIIMH TIepioj] MK PyHHYBaHHSIM Ta MPOBEIECHHSIM JEMOHTAXHHUX POOIT (Bix
KIIBKOX MICAIIIB J0 POKiB), MiJl Yac SKOTO JesKi MaTepianw Oynu BHITydeHi
MICLIEBUMHU JKUTEISIMU a00 BIHCHKOBUMH JUIsl BJIACHMX NOTpeO; O0) dwacTuHa
3pylHHOBaHMX OyaiBedb 3a3HaBala MOXKEX, a B ACIKUX BUIAAKAaX BIIXOAU Bix
pyliHyBaHb oOmikoByBamuch y ¢opmu 1-TIIB gk OyniBenbHi  Bigxonw;
B) IEMOHT&XHI pOOOTH TPOBOJMIUCH JI0O YACTHHH OYyHMiBIl (JOCHUTH YacTo
JIEMOHTaXXHI POOOTH B caJIMOHIN 3a0yI0BI HE 3aCTOCOBYBIUCH JUIsl (PYHIIAMEHTIB).
[Ipo ne cBimuate iHTEPB’I0 3 KEpiBHUKAMH TepuUTOpialbHUX Trpoman KuiBckkoi,
YepHiriscbkoi, XapkiBcbkoi, MukonaiBcbkoi obmacteit [16]. Cmix 3a3Hauntn
TaKOX, [0 HE BCi 3pyHHOBaHi OyJIiBJI JIEMOHTOBaHI 4epe3 HU3KY IOpUAMYHHX 200
OpraHi3aliifHuX MUTaHb.

TakuMm yMHOM, Ui PO3PaXyHKY MUTOMHX ITOKa3HHKIB B YKpaiHi JOLLTBHO
BUKOPUCTOBYBATH JIaHi MpPOEKTIB OyniBHUITBA. [Ipy 1bOMY JaHi, SKi OTpUMaHi
LUISIXOM (DAaKTUYHOTO BUBE3CHHS BiAXOIB BiJl pyHHYBaHb, MO>KHA 3aCTOCYBATH IS
MOPiBHSIHHS.

BuKOpHCTOBYIOYHM AOCBIJ PI3HUX KpaiH I OLIHKKA OOCSTIB YTBOPCHHS BiXO/IIB
BiJl pyiHHYyBaHb, HCOOXIJHO BM3HAYUTH ITUTOMI IMOKA3HUKUA HA OJMHMIIO IUIOII —
HOpPMY YTBOpEHHS BimxomiB. [Ipy 11bOMy, OCHOBHUMH MOKa3HWKaMH BH3HAYCHHS
PO3paxyHKOBOI KIJILKOCTI BIIXOIB BiJ pyHHYBaHb € 00’ eM (Ky0. M) Ta/abo Maca (T).
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Hopmy yTBOpeHHs BU3HAYaeMO TSI )KUTJIOBUX OyIUHKIB caanOHOT 3a0y10BHY Ta
0araToKBapTUPHUX OYIWHKIB, OyHiBeldbh 3aKJIaJiB 3arajibHOi CEPEIHBOI OCBITH,
JIOIIKITLHOT OCBITH Ta 3aKJIaJ[iB OXOPOHHU 3]I0POB 1.

Ilopsimox TNOBOIXEHHSA 3 BIIXOZAaMH, L0 YTBOPWIHCH Yy 3B’S3Ky 3
MOIIKOKEHHAM (pyWHYBaHHSIM) OyZIiBeNb Ta CHOPYJ BHACIIIOK OOMOBHX i,
3aTBepkeHuit moctaHoBoro Kabinety MinicTpiB Ykpainu Ne 1073 Bix 27 BepecHs
2022 p., BU3HAYAE, 0 BiAXOIN BiJ pyHHYBaHb CKIAIAIOTHCS 3 IBOX KOMIIOHEHTIB —
OCHOBHHUX Ta CYyMyTHiX KOMIOHEHTIB [15]. JIo OCHOBHHX KOMITOHEHTIB BiIHOCATECS
gactuHu (yiaMkd, Ooii) OyniBeNbHHUX KOHCTPYKILIH, 3alOBHEHb [BEPHUX Ta
BIKOHHHUX OJIOKiB, IHPKEHEPHUX MEpEeX, CaHITapHO-TEXHIYHUX MPHIaniB Tomo. o
CYIyTHIX KOMIIOHEHTIB BiIHOCATHCS MaTepiajiy, IpeIMeTH, AKi Oyl Bcepeauni ado
nopsiz 3 OyAiBIIel0 Y MOMEHT MOLIKOKEHHsI (pyiHYBaHHs) a00 i 4ac BUKOHAHHS
po0iT 3 fioro TeMOHTaxy, 30KpeMa yCTaTKyBaHH:, OCOOMCTI pedi, TpeIMETH BKUTKY
(Mmebmi, moOyToBa TexHiKa), OpraHiYHI PEYOBHHHU TOIIIO.

TakuMm YMHOM, HOpPMa VYTBOPEHHsS BIIXOMAIB BiJl pPYyHHYBaHb TaKOX
PO3paxoBYETHCS 32 OCHOBHUMH Ta CYITyTHIMH KOMIIOHEHTaMH.

BpaxoBytoun ocobnuBocTi OyaiBHUIITBA B YKpaiHi y pi3HI mepionu, OyIUHKH
MOJKHA Kllacu(iKyBaTH 32 HACTYITHUMHU THIIAMH:

1) >kuTioBi OyIOWHKM caauOHOI 3a0ymoBH (OJHO-, JIBO-, TPHUIIOBEPXOBI,
3 MaHCap/I010, B TOMY YHCITi OJIOKOBaHi);

2) GaraToKBapTHpHI Oy JMHKH: KPYIMHONAHEIbHI, KpyIHOOIOUHI Ta NEeTJIsHi;

3) GaraTokBapTHUpHi OyIWHKH: MOHOJITHO-KapKacHi OyJIWHKH, B TOMY YHCII
MOHOJITHI, MOHOJIITHO-301pHI.

JloaTKOBO BpaXOBYIOThCS IIPOEKTHI MIOKa3HUKH OYIMHKIB, 3aKJIa/1iB IOIIKIIEHOT
Ta 3arajbHOI CEPEHBOI OCBITH, JiKAPEHb.

Butpat OCHOBHMX MatrepiajliB Jyis 3BEJCHHS OYJiBEib 3a3HAYAIOTHCS Y
TEXHIYHO-€KOHOMIYHHX MMOKA3HUKAX, BITOMOCTSIX OCHOBHHX POOIT Ta KOIITOPHCAX
MPOEKTIB. BUTpaTH OCHOBHUX MaTepiamiB s 3BEJACHHS OYIUHKIB CaauOHOT
3a0y/JI0BU 3a3HAYAIOTHCSI B THIIOBHUX TPO€EKTax mepioxy 1959—-1989 pokis. Burpatu
OCHOBHUX MatepialliB JiJIs 3Be/IeHHS 0araTOKBapTUPHUX OYIAMHKIB 3a3HAYAIOTHCS B
CH-445 «Hopmu Butpatu marepiaiis i Bupo6iB» (B nepion aii 3 1978 mo 1991 pik)
Ta TUMOBHX NpoekTax nepiony 1958-1991 pokis. Butpatin ocHOBHMX Mmartepiaiib
JUIsl 3BEJICHHS )KUTJIIOBMX MOHOJITHO-KapKacHUX OYJMHKIB HAaBEAECHO 3 MPOEKTHO-
KOIITOPHCHOI JJOKYMEHTALI]i.

OOcsrn  OCHOBHHMX MartepialliB il 3BEJCHHS OYIWHKIB Ticis pyHHYBaHb
JIOPIBHIOIOTH OOCSTY BIJXOJIB BiJi PyHHYBaHb 32 OCHOBHUMH KOMIIOHCHTaMU —
yacTUHH (ynamku, Oif) OyaiBeIbHHX KOHCTPYKIH, 3allOBHEHHS IBEPHUX Ta
BIKOHHUX OJIOKIB, IH)KEHEPHHUX MEPEK, CAaHITAPHO-TEXHIYHUX MPUIIAIIB TOIIO.

[IpuBeneHi Ha OJMHUIIIO IO (MTUTOMI TOKA3HUKH) 0OCSTH OCHOBHUX MaTtepialliB
JUIS 3BeJIeHHs1 Oy/IMHKIB OyIyTh JIOPIBHIOBATH 3arajbHiid HOpMi YTBOPEHHS BiXOIB
BiJl py#HyBaHb 200 HOPMi YTBOPEHHS 382 OCHOBHIMH KOMIIOHEHTAMH.

Jiist po3paxyHKiB NHUTOMHX ITOKa3HUKIB BUKOPUCTOBYEMO HACTYITHI TUIOMI
OyaiBenb: mioma 3a0y10Bu OyAMHKY Ta 3arajibHa IUIoma Oy InHKY.

[Inoma 3a0y10BM BUKOPHCTOBYETHCS U PO3PAXYHKY HUTOMHX IOKAa3HHKIB
canuOHOi 3a0ynoBM, a TakOXX [UI1 BM3HAUEHHS IMTOMUX IIOKA3HUKIB
a30eCTOBMICHUX IIOKPIBETFHUX MarepiamiB y OaraTOKBapTHPHUX Ta IHIIHAX
OyauHkax. 3araibHa rioma OyAMHKY BUKOPUCTOBYETHCS ISl PO3PAaXyHKY ITUTOMHUX
MTOKa3HUKIB 0araTOKBAPTHUPHUX OYIMHKIB.
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BusnagaeTpes Takok 1 3aranbHa IUIOMa pyHHYBaHHS — I€ YacTHHA 3arajbHOI
rtoii abo 3araibHa TIoma OyJUHKY, SKa MiAJsIrae JeMOHTaXY.

BinmoBifgHo, TUIOIIA JOPIBHIOE BIiJIMOBIJHIA HOPMI YTBOPEHHS BIIXOMIB BiJ
py#HYBaHb. 3aCTOCYBaHHS IUIOMI B pO3paxyHKaX Mae OyTH B MeXax PyHHYBaHHS.
ToOTo, sAKmO 3pyiiHOBaHAa YacTWHA OYIiBJIi, CEKIis ado MOBEpX, TO BiJIIMOBIIHO
HOpMa YTBOPEHHS BiXOAIB BiA pyHHaLii po3paxOBYeThCS B MeXax IUIOLII, fKa
3a3Haja pyiHyBaHb.

[Inommy 3a0ym0BH Ta 3arajpHy IUIONLY OyIMHKY PEKOMEHTYE€ThCS OTPUMYBATH 13
MPOEKTHOI JOKYMEHTAaIli (32 HAsBHOCTI), IOKYMEHTAIlil TEXHIYHOI iIHBEHTapu3allii,
a TakoX 3a JOMOMOTOI0 3aco0iB IuCTaHIiHOro (oTorpadiuHoro 3HIMaHHSA B
macmmradi 1:2000, 1:5000 (st caguOHOT 320y10BH).

VY Bumaakax, KOJIW Ji3HATUCH 3arajibHy IJIONLY OyJMHKY HEMOYJIMBO, MOXKHA
MPUITYCTUTH, 10 3arajbHa IUiomia OyJAMHKY Oyjle JOpIBHIOBATU PE3YJIbTaTy
MHO>KEHHSI IIJIOII 3a0y/T0OBH Ha KUTHKICTh MOBEPXiB (BKIIFOYAIOYH TTiIBAJT, TOPHIIE Ta
TEXHIYHUH MTOBEPX).

Hopmu yTBOpeHHSI BiAXOIiB BiJi pyiHYBaHb MOXYTh OyTH pO3paxoBaHi Ta
3aCTOCOBaHI /ISl BU3HAYEHHS PO3PaxXyHKOBOI KUIBKOCTI BiIXO/IiB, III0 YTBOPHUIIUCH Y
3B’SI3KY 3 TIOIIKO/DKEHHIM (PYHHYBAHHSM) )KUTIOBHX Oy/IiBelb, OyiBeNb 3aKiIaiB
3arajbHOI CepPeIHbOI, JONIKIIBHOT OCBITH Ta 3aKJIaJ/IiB OXOPOHH 3JI0POB’sI BHACIIIIOK
OOMOBHX JIiii, TEPOPUCTHYHHUX AKTIB, IUBEPCiit a00 MPOBEACHHAM POOIT 3 JIKBiAALil
ix wmacmigkiB. HopMu yTBOpeHHs BiIXOAIB Bifi pyWHYBaHb HE BH3HAYAIOTHCA 1
BiJIMIOBIZTHO HE MOIIMPIOIOTHCS Ha 1HXKEHEPHI CHOpYAU Ta 00’€KTH TPAHCIOPTHOI
1HPPACTPYKTYpH, HEKUTIOBI OYAMHKHU Yepe3 CKIaAHICTh OYJ0BU TaKuX 00’ €KTIiB Ta
HETHUTIOBICTb.

TakuM YHMHOM, PO3paXyHOK 3arajbHOI Macu YTBOPEHHS BiJIXO/IB BiJl pyHHYBaHb
32 OCHOBHMMH KOMIIOHEHTaMH (CyMa BCiX Mac 3a OKPEMHMH KOMIIOHEHTAaMH )
B KHUTJIOBUX OYyJMHKAX CaJMOHOT 320y J0BH ITPOBOJUTHCS 3a (POPMYJIOHO:

Mi=F* ai, (1)

ne: Mi — s3aranbHa Maca YTBOPEHHS BIAXOJIB BiJi PyWHYBaHb 32 OCHOBHUMH
KOMITOHEHTaMH Ha i-My 00’ €KTi cauOHO1 3a0y/10BH, T;
Fi — tutoia 3a0y/10Bu Ha i-My 00’ €KTi, KB. M;
ai — 3arajbHa HOpPMa YTBOPCHHS BIJIXOJMIB BiJi pyHHYBaHb 33 OCHOBHUMHU
KOMIIOHEHTaMH Ha i-My 00’ €KTi, T/KB. M.

BinmnoBigHo, Macy yTBOPEHHS OCHOBHUX KOMITOHEHTIB BIJXOJIB BiJ pyHHYBaHb
B KHUTJIOBUX OyJMHKaX CaJMOHOI 3a0y/J0OBH BU3HAYAIOTh 32 JOPMYIIOHO:

mi=F%* bi, (2)

Jie: mj — Maca yTBOPEHHsI OCHOBHOT'O KOMITIOHEHTA BiJIXO/iB BiJl pyHHYBaHb Ha i-My
00’€ekTi caaquOHOT 3a0y10BH, T;

Fi — mioma 3a0y10BH Ha i-My 00’€KTi, KB. M;

bi — HOpMa yTBOpEHHs 3a OCHOBHMMM KOMIIOHEHTaMHM BiJXOMIB BiJ| pylWHYBaHb
Ha i-My 00’€KTi, T/KB. M.

Bu3HaueHHs KUTBKOCTI BIIXOJIB BiJl pyHHYBaHb 32 OCHOBHUMHU KOMIIOHEHTaMH
(cyma BCiX Mac 3a OKpEMHUMH KOMIIOHEHTaMH) B 0araTOKBapTHPHUX OyAWHKaXx,
OyIIBIIAX 3aKJIadiB 3arajibHOI CePEeIHBOI, MOMIKITFHOI OCBITH Ta 3aKJIaliB OXOPOHHU
3II0POB’ S MPOBOJISATH 32 (HOPMYJIOIO:
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M = Si *ai, (3)

ne: M; — 3arampHa Maca YTBOPEHHSI BiIXOMIB Bil pyHHYBaHb 32 OCHOBHHUMH
KOMIIOHEHTaMH Ha i-My 00’€KTi y 6araToKBapTHPHHUX OYJAMHKAX, OyAiBIIsX 3aKIaiB
3arajgbHOI CepeaHbO1, MOMKIIBHOI OCBITH Ta 3aKJIadiB OXOPOHH 370POB’S, T;
Si — 3arajipHa IJIoIIa pyiHHyBaHHS 1-r0 00’ €KTa, KB. M;
ai — 3araJbHa HOpMa YTBOPEHHS BIIXOMAIB BiJ pyHHYBaHb 3a OCHOBHUMH
KOMIIOHEHTaMH Ha i-My 00 €KTi, T/KB. M.

Macy yTBOpeHHS OCHOBHHX KOMIIOHEHTIB BiIXOZiB BiJ pyHHYBaHb B
0araToKBapTUPHUX OYAMHKAX, OYAIBIISAX 3aKJIAIB 3aralIbHOI CEPEIHBO1, JIOIIKIIEHOT
OCBITH Ta 3aKJ1aJliB OXOPOHHU 3/I0OPOB’ S BU3HAYAIOTh 3a (POPMYJIOH:

mi = Sj *bi, (4)

JIe: Mj — Maca YTBOPEHHSI OCHOBHOTO KOMITOHEHTA BiJIXO/IB BiJ pyiHYBaHb Ha i-My
00’exTi y OaraTokBapTUpHUX OyAWHKAx, OyMIBISX 3aKJaJliB 3araibHOI CepeaHbol,
JIOUIKIJILHOT OCBITH Ta 3aKJIAiB OXOPOHH 3/I0POB’S, T;

Sj — 3arayibHa TUTOINA PyHHYBaHHS 1-TO 00’ €KTa, KB. M;

bi — HOpMa yTBOpEHHsI 3a OCHOBHMMH KOMIIOHEHTaMH BiJXOMIB BiJ pyWHYBaHb
Ha i-My 00’€KTi, T/KB. M.

PospaxyHok 3aranpHOro 00’€My YTBOpDEHHS BiIXOHIB Bill pyHHYBaHb 3a
OCHOBHUMH KOMIIOHEHTaMH B 0araTOKBapTUPHHUX OyIWHKAX, OyIIBIISX 3aKIaiB
3arajibHOl CepeAHbOT, IOMIKITBHOT OCBITH Ta 3aKJIaiB OXOPOHH 3/I0POB’ S IIPOBOJISTH
3a hopmyIIoHO:

Vi = Mi / P, (5)

ne: M — 3aranmpHa Maca YTBOPEHHS BIIXOMIB Bii pyHHYBaHb 3a OCHOBHUMH
KOMITOHEHTaMH i-TO 00’€KTa y 0araTOKBapTHUPHUX OyIMHKaX, OymiBIISX 3aKJIajiB
IIKIJIBHOT, JIOIIKIJIBHOT OCBITH Ta 3aKJIa/iB OXOPOHH 3710POB’s, T;

p — cepemHs MUTBHICTh BiAXOJIB BiJ] pyWHYBaHb 32 OCHOBHUMH KOMITOHEHTaMH,
T/Ky0. M; 3a BIICYTHOCTI (PaKTHUYHUX JIaHWX PEKOMEHJOBAHO B PO3PaxyHKax
MPUAHSATH CepeNIHIO MIUTBHICTD PiBHOIO 1,5 T/Ky0. M.

Po3paxyHok 3araipHOro 00’€My YTBOpPEHHSI BiJIXOJiB BiJl pyHHYyBaHb 3a
OCHOBHHUMH KOMITOHEHTaMH B JKUTJIOBHX OyIMHKaX cagnOHOi 3a0y10BH MTPOBOISTH
aHAJIOTIYHO 3a (OPMYJIOH0 5.

Cyma mMac yTBOpEHHSI OCHOBHMX KOMIIOHEHTIB BiJXOJiB 3a Gopmynamu 2 Ta 4
Ma€ JOPIBHIOBATH 3arajbHUM MacaM YTBOPEHHS BIJIXOAIB BiJ pyHHYyBaHb,
BU3HAYEHUM 3a ¢popMynamu | Ta 3 BiamoBinHo.

OcCKiJIbKM TIepeBaXkHa OUIBIIICTh caauOHOI 3a0y/OBHM Ma€ MOKPIBIKO Jaxy 3
a30eCcTOBMICHMX MaTepiajliB, TO HOpMa TaAKOTO OCHOBHOT'O KOMIIOHEHTY BH3HAuCHA
OKpEMO.

Macy yTBOpeHHsI a30eCTOBMICHHMX BiJIXONIB Bifi PyHHYBaHb Y JKHUTIOBHX
OynuHkax caaubOHOi 3a0y/0BH, OaraTOKBapTUPHUX OYJMHKAx, OyHiBISIX 3aKIaJliB
3arajibHOl CepeAHbOi, JOLIKIIBHOI OCBITH Ta 3aKiaJiB OXOPOHH 370POB’s
BHU3HAYAIOTh 3a POPMYJIOHO:

mag = F| * b|, (6)
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JIe: M,; — Maca YTBOPEHHS a30€CTOBMICHHX BIIXO/IIB BiJl pyHHYBaHb Ha i-My 00’ €KTi
cajnOHOI 3a0y/I0BH, T;

Fi — moma 3a0yioBu Ha i-My 00 €KTI, KB. M;

bi — HOpMa yTBOpEHHS a30€CTOBMICHUX BiZIXO/IiB Bil pyiHYBaHb Ha i-My 00’ €KTi, T/KB. M.

Hactymaum etanom € BU3Ha4eHHS 00CSTIB YTBOPEHHS BiIXOMIB BiJ pyHHYBaHb
3a CyMyTHIMH KOMIIOHEHTaMH — 1€ MaTepianu, MpeAMETH, ki Oynu BcepeanHi abo
rmopsa 3 00’€KTOM y MOMEHT TIOIIKO/DKeHHS (pyHHYBaHHs) a00 BUKOHAHHS POOIT
3 HOTO JIEMOHTaXY, 30KpeMa YCTaTKyBaHHSA, OCOOWCTI pedi, MPEeaMETH BXKUTKY
(me0ui, moOyTOBI TeXHiKa), OpraHiuHi pEYOBUHH, ITOOYTOBI BIIXOAU TOIIO.

KinbkicTh Ta Ckiaj BIAXOMIB 32 CYNYTHIMH KOMIIOHEHTaMU BU3HAYAETHCS JIJIS
OKPEMUX KUTIOBUX OyAiBess ab0 I IEKITHKOX JKATIOBUX OY/IiBETHh OJTHOTO THUITY
(mampukian, cagubHa abo OaraTokBapTHpHa 3a0ynoBa). J[ist iboro po3paxoByemMo
HOpPMY YTBOPEHHS BiIXO/IB BiJl pyHHYBaHb JUIS CYITyTHIX KOMITOHEHTIB.

BigmosigHo mo tabmumi 6.2 JIBH B.1.2-2:2006 «HaBaHTa)keHHSI 1 BILJIUBH.
Hopmu npoekTyBaHHS» YHOPMOBYIOTECS KBa3iIOCTIiHI 3HAUYCHHS HABAHTA)KEHb Ha
IUTUTU TIEPEKPUTTIB, CXI/II 1 TiAJIOTH HA TpyHTaX. /[0 KBa3iMOCTIMHUX HaBaHTaXKECHb
B YKUTIOBUX OYJIMHKAaX BiTHOCATH Bary MeOIiB, YCTAaTKyBaHHSA, OCOOMCTHX pedeid,
MpeIMeTIB BXKUTKY (MeOJi, ToOyTOBI TE€XHiKa), OpraHIYHUX PEYOBHH, MOOYTOBHX
BIIXO/IB, Ta IiHIIE, [0 HE € YacTHHOK OyaiBeIbHUX KOHCTPYKIiii. ToOTo,
KBa3IIIOCTIMHE HABAHTAXKEHHSA HA OJMHHUINO IUION BIAIIOBIJAaE Maci BIAXOIB 3a
CYIyTHIMH KOMITOHeHTaMu. KBa3imocTiiiHe HaBaHTa)XeHHS B | KT'C/KB. M JOPIBHIOE
npubIM3HO Maci B 1 KI/KB. M.

J11s1 OpiEHTOBHOTO BCTAHOBJICHHS PO3MO/IITY CYITyTHIX KOMIIOHEHTIB 3aCTOCYEMO
MPOEKTHE MOJICITIOBAHHS JUISl CEPEAHBOCTATHCTHYHOT KBapPTUPH.

Kinpkicte BigxomiB Bim pyHHYBaHb 3a CYNMyTHIMH KOMIIOHEHTaMH TaKOX
PO3PaxOBYEMO Ha OJMHUINO TUTOMI. J[JIs )KUTIIOBMX OyAMHKIB caguOHOI 3a0y10BH
Ta XHUTIOBUX 0araTOKBapTUPHUX OYJMHKIB CIIii 32CTOCOBYBATH 3arajibHy ILIOULY
OyIuHKY (KB. M).

3aranpHy Macy YTBOpPEHHS BIJIXOAIB BiJ pyHHYBaHHS 3a CYIyTHIMH
KOMIIOHEHTaMH B )KHTJIOBHX OyJIWHKax caguOHOi 3a0ys0BH Ta O0araTOKBapTHPHUX
OyIuHKax, Oy MiBIISX 3aKIIA/iB 3araIbHOT CePEeIHBO1, TOMKIIEHOI OCBITH Ta 3aKJIa/IiB
OXOPOHHU 3JI0POB’sI BU3HAYAIOTh 32 (POPMYII0F0:

M; = S; * ¢, @)

ne: M — 3arajibHa Maca yTBOPEHHS BiJIXOJIiB Bi/I pyiHYyBaHb Ha i-My 00’ €KTi, T;

Si — 3aranpHa JI0IIa PyHHyBaHHS 1-T0 00’ €KTa, KB. M;

Ci — 3araJibHa HOpMa yTBOPEHHS BiXOJIiB Bi/l pyiiHyBaHb Ha i-My 00’ €KTi, T/KB. M.
Macy yTBOpEHHSI 3a OKPEMHUMH CYIyTHIMH KOMIIOHEHTAMH BiJIXO/iB BiJ

pyHHYBaHb B JKUTJIOBHX OyAMHKax caguOHOi 3a0ynoBu Ta OaraTOKBapTHPHHUX

OyauHKax, OyIiBISX 3aKJIAIiB 3araIbHOT CePEIHBOI, IOMIKUILHOI OCBITH Ta 3aKJIA/IiB

OXOPOHU 3/TOPOB’ST BU3HAYAIOTH 32 (hOPMYJIOH0:

mi = S; * di, (8)

Jie: mj — Maca YTBOPEHHSI 3a CYITyTHIMH KOMIIOHEHTaMH BiJIXOJIiB BiJl pyiHYBaHb Ha
i-My 00’€KTi, T;

Si — 3aranpHa MJoIIa pyHHyBaHHS 1-T0 00’ €KTa, KB. M;

di — HOpMa yTBOpEHHS 3a CYIIyTHIMH KOMIIOHEHTaMH BiIXOMiB BiI pyiiHyBaHb
Ha i-My 00’€KTi, T/KB. M.

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



Pospaxynok 00’emy yTBOpeHHS BIAXOHIB Big pyHHYyBaHb 3a CYIyTHIMH
KOMIIOHEHTaMH JJIs1 )KHUTIOBUX OyIUHKIB caanOHOT 3a0y0BU Ta OaraTOKBapTUPHUX
OyIMHKIB, OyTiBEIb 3aKJIa/IiB 3aralbHOI CEPEIHBOI, TOMKUTLHOT OCBITH Ta 3aKJIa/IiB
OXOPOHH 3/TOPOB’ S BU3HAYAIOTH 32 POPMYJIOIO:

Vi=M/p, 9)

ne: M; — 3aranbHa Maca YTBOPEHHS BiJXOMIB BiJi pyHHyBaHb 3a CYIyTHIMH
KOMIIOHEHTaMH i-T0 00’ €KTa KUTIOBUX OYAHHKIB, T;

p — cepemHs MIUIBHICTD BiIXOIB Bifl pyHHYBaHb 3a CYNMyTHIMH KOMITOHEHTaMH,
T/Ky0. M; 3a BIICYTHOCTI (aKTHYHUX [AHUX PEKOMEHIOBAaHO B PO3paxyHKax
npuiinsatu 0,3 T/Ky0. M.

[Ipu HasgBHOCTI HACTIAKIB MOXKEXi HA TUIONI, IS SIKOI BU3HAYAIOTH OOCATH
YTBOpPEHHS BiJXO/iB Bl pyiHYyBaHb, HE BPaXOBYIOTh MacH TOPIOYUX KOMITOHEHTIB.
Hdnst cynmyTHIX KOMIIOHEHTIB IIe — JIepeBHHA, CIEKTPUYHE Ta EJICKTPOHHE
obnasiHaHHSL.

[lopiBHSIEMO HOpPMH YTBOPEHHS BiIXOIB BiJl pyWHYBaHb, SIKi OTPHUMaHi B
HAIIOMY JOCII/DKCHHI 32 MPOEKTHUMH ITOKa3HUKaMH, 3 MIUTOMHMH MOKa3HHUKAMHU
YTBOPCHHS OYIIBENbHHMX BIIXOMIB a00 BiIXOAIB JiMXa, SIKi OTpPUMaHi I1HIIUMH
MeTo/IlaMu a00 po3paxyHKamu. Pe3yipTaty mopiBHSHHS 3BE/IeH y Taou. 1.

Tabmuus 1. [opiBHSHHS HOpPM YTBOPEHHS BIIXOMIB BiJi pPyHHYBaHb MXHTJIOBHX
OyAMHKIB 3 TUTOMUMH MMOKa3HUKAMHU, OTPUMAaHUMH IHIIUMHU METOJaMU

3aranbHa HOpMa
TBOPEHHS BiJXOIiB .
Tur OynuHKY YTBOPCHH BIAXOA [pumitku
BiJ pyHHyBaHb,
T/KB. M
1 2 3
JaHi, siki OTpUMaHi 32 IPOEKTHUMH TOKa3HUKAMH

Bynunku cann6HOi 3a0y10BH 2126 3a MPOEKTHUMHU TTOKA3HUKAMU
13 e ’

BynuHku  KpynHOIIaHENbHI 7196 3a MPOEKTHUMH MOKa3HUKAMH
9-moBepxoBi ’

Byanakn KpynHOOI09HI 5 543 3a MPOEKTHUMU MTOKa3HUKAMHU
9-noBepxoBi ’

Bynunku niernsHi 3a MPOEKTHUMHU TTOKa3HUKAMU

. 2,499

5-NOBEPXOBI

Bynunox MOHOJIITHO- 1,524 3a IPOEKTHUMU NMOKa3HUKAMHU
KapKacHUH 9-noBepxoBUH ’

MaxkcumanbHe 3HAuUEHHS 3.444 3a IPOEKTHUMU NMOKa3HUKAMHU
HOpMU ’

MinimanbHe 3HAuUEHHS 1,524 3a IPOEKTHUMU NOKa3HUKAMHU
HOpMU ’

CepenHe 3HaUE€HHSI HOPMHU 2,415 3a NPOEKTHUMU OKa3HUKAMU
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[TponoBsxenns Tadmumi 1
1 2 3

JaHi, sKi OTpUMaHi iHITUMHA METOJIAMH

Bynunku cagubHOT 3a0y10BU 1,628 Januii  nUTOMHN ~ MOKa3HUK
3a  (aKTUUYHUMHU JTAaHUMH HalOLIBII JOCTOBIpHUN 4Yepes
ITPOOH pmns  KuiBcbkoi METOJIOJIOTII0 OONIKY JaHHUX TPO
obnacri o0csiru BigxoniB (nuB. Tabm. 2).

Are TOKa3HHUK MoOxe OyTH
3aHWKEHUI gepes BinOip
MarepialiB 0 JOEMOHTaXy Ta

TIOXKEX1
3a metogom ominku [IPOOH 1,575 3a omiakoro IIPOOH, 35%
y BeiipyTi, JliBan OyniBeTHHOTO 00’eMy
(baraTtokBapTupHI OyIHHKH) CTaHOBIIATH OyHiBENBHI BigXOAH

(Bimxomu Bix pyiHHYBaHb)

Maca KOHCTPYKIIiN i 2,614 IIpoexTanit JOCTOBIPHUIA
MarepiagiB  3a  THIIOBHUMU TOKa3HUK

MPOEKTaMH OaraToKBapTUPHUX
OyIMHKIB, NpHUBEICHUX Ha
3arajibHy IUIOLLY

Tabmuns 2. @axkTudHi OOCSATH BIIXOIIB BiJ pyHHYBaHb >KHTIOBHX OyJIHHKIB
canOHOi 3a0yJOBH, SIKi YTBOPWIIMCH Yy HAaceleHHWX MyHKTax KuiBchkoi oOmacti
(mani [TIPOOH)

ITnoma O06caru
3a0ynoBH, BUBE3CHUX
Ne Hacenenuii myHKT Tun GynuHKy II10 33a3HaJIa BIZIXOIB B1I{
py¥iHyBaHHS pyiiHyBaHb

(xB. M) (ky0. M) (1)

10 528,48 11424 |17 136

MouuyH, Tocromens, | CaguOHuii
I'openka OyAMHOK

BBaxxatumemo, M0 MHUTOMI IMOKA3HUKH, [0 BU3HAYEHI I1HIIMMHU METOJIaMH,
MaloTh 3HAXOJUTHUCH B IHTEPBAII MK MiHIMAJILHUM Ta MAaKCHUMAaIbHUM 3HAYCHHSM
HOPMHU YTBOPEHHS BIIXOJIB BiJ pyHHYBaHb 3a IPOEKTHUMH ITOKA3HUKAMHU.
VY naHoMy BUNAIKy L€l iHTepBas CTaHOBUTH Bix 1,524 1o 3,444 1/xB. M. Cepente
apuMeTnyHe 3HAYCHHS HOPMHU YTBOPEHHSI BIJIXO/IIB BiJl pyHHYBaHb 32 IPOEKTHUMHU
MOKa3HUKaMH ckianae 2,415 1/kB. M.

Tak, cepeaHs Maca KOHCTPYKIIM 1 MarepialiB 3a THUIOBHUMH IPOEKTAMHU
0araToKBapTUPHUX OYJMHKIB, MPUBEJCHUX Ha 3araibHy Ionty, 2,614 T/kB. M
OnM3bKa 70 cepeaHbOoi apuMETHIHOI HOPMHU YTBOPEHHS BiIXO/1B Bil pylHHYBaHb 3a
MPOEKTHUMH TOKa3HUKaMH. DakTW4HI MOKa3HUKH OO0MiKy 3a ganumu [TPOOH
VYkpaina aus1 KuiBcbkoi 00J1acTi TaKOXK 3HAXOAATHCSA B MEKax iHTepBany Bin 1,524
1m0 3,444 T/kB.M, 10 3a3HAYa€ CTATHUCTUYHY PEJICBAHTHICTH OTPUMAHHX HOPM
YTBOPECHHS BiIXOiB BiJl pyHHYBaHb 32 MPOEKTHUMU TOKa3HUKAMH.
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Bonnouac, cepente aprdmeTnaHe 3HAYSHHSI HOPMH YTBOPEHHSI BiTXOIIB BiJl pyHHY-
BaHb 32 MPOEKTHUMU MOKA3HUKAMH JOLLTEHO BUKOPUCTOBYBATH y BHIIaIKaX, KOJIHM THIT
Ta Marepian OyIiB/II HEBIIOMUI a00 3MilllaHWI, HANPUKIIA] 3aCTOCYBAHHS IICTIIH Ta
KpYIHUX OJIOKIB B OyZiBETbHUX KOHCTPYKIIAX, 3MiHA (DYHKITIOHATEHOTO ITPU3HAYCHHS
OyniBmi. Y TakuxX BUITAKaX IOIUTFHO BUKOPHCTOBYBATH HOPMY YTBOPEHHS BiJIXOIIB
BiJI pyiHyBaHb 3a IPOEKTHUMH ITOKa3HHKaMH Ha piBHi 2,415 T/KB. M.

BucHOBKH i mepcneKTHBU MOAAJBIIHX A0CTiTKEeHb

1. V pesynbrati AOCTIDKEHHS NPUIHATO, MIO IUIONIA, KA 3aCTOCOBYETHCS IS
BU3HAYEHHS 0OCATIB YTBOPEHHS BiIXO/IB BiJl pyiHYyBaHb, Ma€ OyTH BU3HAUEHA
B MeXax pyiHyBaHb a00 JEMOHTaXy — CEKIIis, IOBEPX, YACTHHA OyTUHKY.

2. OCHOBHUMHM MOKa3HMKaMH BU3HAUCHHS PO3PaxXyHKOBOI KiJILKOCTI BiIXOMIB
BiJl pylHYBaHb € 00’eM (Ky0. M) Ta/abo maca (T). MeTogomorist po3paxyHKy
nependadae BU3HAYCHHS OOCSTIB YTBOPEHHS BIAXOMIB Bif pyiiHyBaHB 3a
OCHOBHUMH Ta CyyTHIMH KOMIIOHEHTaMH.

3. IlpoBemeHO po3paXxyHKH HOPM VYTBOPEHHS BIIXOMIB Bifl pyHHYBaHb 3a
BUTpaTaM{ OCHOBHHX MaTepiaiiB ISl )KUTIIOBUX 0araTOKBapTUPHUX Oy TMHKIB
TUIOBHUX CEpid, IS JKUTJIOBUX OaraTOKBAPTUPHUX MOHOIITHO-KAPKACHHUX
OyJMHKIB Ta JJIs KUTJIOBUX OYIUHKIB CaauOHOI 3a0yJ0BH, BKIHOYAIOYH
OyAMHKY 3aKJTaJIiB JOUIKLTBHOI Ta 3arajibHOI CepeIHbO1 OCBITH, JIIKApHI.

4. OtpuMaHi HOPMH YTBOPEHHS BIAXOIIB BiJ pyHHYBaHb MOXYTb
3aCTOCOBYBATHCH JJIs BU3HAUYEHHSI PO3PaXyHKOBOI KiIBKOCTI BiIXOiB, IO
YTBOPWIINCH y 3B’S3Ky 3 IIOIIKO/DKEHHSM (pYyHHYBaHHAM) >KUTIOBHX
OyxiBenb, OymiBenb 3aKJIaJliB 3arajibHOI CEpPEelHBOI, TOMIKLUIBHOI OCBITH Ta
3aKJIa/IiB OXOPOHH 3/I0POB’Sl BHACHIIOK OOHOBUX i, TEPOPUCTHYHHX AKTIB,
YTBOpPEHHS BiAXOIIB BiJl pyiiHyBaHb HE BH3HAYAIOTHCSA 1 BIINOBITHO HE
MOIIMPIOIOTECSI HA IHXKEHEPHI CIOpyId Ta O0’€KTH TPaHCIOPTHOI
iH(PACTPYKTYPH, HEKUTIIOBI OYAMHKH,

5. TlopiBHsSHHS HOpPM YTBOpPEHHS BIIXOIIB BiJ pyHHYBaHb, SKi OTPUMaHi B
HAIIOMY JIOCHI/DKEHHI 3a MPOEKTHUMH TOKa3HHUKAMH, 3 IHTOMHMH
MMOKa3HUKAMU YTBOPEHHsS OY/IBEJIbHMX BIIXOJIB 200 BIIXOMIB JiMXa, SKi
OTPUMaHI IHIIUMH MeTOoAaMH ab0 po3paxyHKaMH, MOKA3aJl0 CTATHCTHYHY
PEJIEBaHTHICTh OTPUMAaHUX pe3yibraTiB. CepenHe apudmMeTHuHe 3HAUCHHS
HOPMH YTBOPCHHS BiJXOJIiB BiJi pyHHYBaHb 32 MPOEKTHUMHU MTOKA3HUKAMHU
ckimamae 2,415 1/kB. M.
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INNOVATIVE APPROACHES TO AUTOMATION OF SHIP'S BALLAST
WATER TREATMENT AND DISINFECTION PROCESSES

Abstract. This research introduces innovative technology for ship's ballast water
treatment and disinfection that meets the International Maritime Organization's
D-2 water quality standard requirements. The innovative approach to ballast
water processing has been developed and validated by the research team at the
Danube Institute of the National University "Odesa Maritime Academy™ as part
of the state-funded research project No. 0124U004399, supported by the Ministry
of Education and Science of Ukraine. Environmental monitoring of the Black Sea,
conducted by the international scientific community in 2019, revealed a critical
deterioration in the state of the marine ecosystem. Over the five-year observation
period, a threefold increase in the level of pollution of the marine environment
was recorded. The study emphasizes the critical role of ballast water in modern
maritime navigation, particularly its significance for vessel stability and
operational safety. However, the presence of numerous marine organisms in
ballast water poses significant multidimensional challenges, ranging from threats
to ecological balance to economic losses and sanitary-epidemiological risks. The
transfer of ballast water between different geographical locations facilitates the
invasion of non-indigenous microorganisms into new ecosystems, potentially
leading to the destruction of local biota and causing substantial economic losses
in coastal regions. The developed experimental facility implements a
comprehensive approach to ballast water treatment through the sequential
application of chemical, ionization, and mechanical processing methods. A key
objective is the creation of an automated control system for the experimental
ballast water treatment equipment, designed to ensure precise monitoring of
technological parameters and optimize laboratory testing efficiency.

The developed multifunctional ballast water management system is designed for
large-tonnage vessels and fully complies with D-2 standard requirements.
Experimental studies have confirmed the high efficiency of the proposed
technology in eliminating pathogenic microorganisms and purifying ballast
water, as documented by laboratory test results. Currently, the system is
undergoing type approval and certification procedures in accordance with
international standards.

Keywords: ballast water, marine vessels, treatment, disinfection, invasive species,
control system.
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Hynaiicekuii iHcTHTYT HamioHampHOTO YyHiBepcuTery «Opmechka MOpPCBKA aKameMisy,
M. I3main, Ykpaina

IHHOBALIVHI NIIXOAU 10 ABTOMATHU3ALII MPOLIECIB
3HE3APAKEHHSI I OUMILIEHHSI BOJHOI'O BAJIACTY CYJIEH

Anomauin. Poboma pozenidae npedcmagieHHs HHOBAYIUHOI MexHON02ii
3He3apAdCeHHs | OUUWEeHHs B00HO20 OANACMY CYOeH 32I0HO 31 CMAHOAPMOM AKOCMI
D-2, samseepoocenum Misxcnapoonoio mopcvkoio opeamnizayiero. B meogicax
BUKOHAHHSL 0epIHcasHo20 Haykosoeo npoekmy Ne(124U004399, wo ginancyemuvcs
Minicmepcmeom oceimu i nayku YKpainu, HAyKosUM KOJLEKmMueom yHaincbkozo
incmumymy Hayionanvnoco yuieepcumemy "Olecvka mopcvka arxademisn'”
PO3pobIeHO ma  anpoOOo8aHO IHHOBAYIUHY MEXHON02il0 00pPOOGKU  CYOHOBUX
banacmuux 800. YV eanysi cyuacHo2o Mopeniagcmea 6aiacmua 600a SUCTNYRAE
KAIOYOBUM DAKMOpom NiIOMpuUMKY cmabineHocmi ma be3nexku eKcniyamayii cyoeH.
Ilpome mnaseuicmv y Hili YUCTEHHUX MOPCObKUX OP2AHI3MI8 CHPUYUHAE CEPUO3HI
BUKIUKU, WO MAwoms 0a2amosumipHull xapakmep — 6i0 3a2po3 eKOJIO02iuHill
Pi6H0BA3I 00 eKOHOMIYHUX 30UMKI8 Ma PU3UKIE CAHIMAPHO-enioemionociuHoco
xapaxkmepy. Ilepemiwjenna Oanracmuux 600 MidC pISHUMU 2eo2padiuHuMu
JOKAYIAMU ~ 3YMOGNIOE  IHBA3II0  HEXapakmepHux MIKpOOpeaHisMié y  HOGI
exocucmemu. Lle sguue Hece nomenyiuny 3a2po3y decmpykyii 10KanbHoi biomu ma
Modice CNPOBOKYBAMU CYMMEBT eKOHOMIUHI 6Mpamu 011 NPUMOPCbKUX DeiOHI8.
Cmeopena excnepumeHmanbia YCmaHo8Ka peanizye KOMIJIEKCHUUl nioxid 00
OuUUeHHA OanaAcmHUX 600 WIAXOM HOCHIO08HO20 3ACMOCY8AHHA XIMIUHUX,
ioHI3ayiuHuUX ma MexaHiyHux memodie 00pobku. Kuouosum 3a0amnim ¢
CMBOPEHHST  a8MOMAMU308AHOI  CUCMEMU  KEPYBAHHS  eKCHePUMEHMATbHUM
VCMAmMKYBaHHAM 07151 06POOKU O6ANACHUX 800 MOPCbK020 nox0o0cents. Cucmema
Mae 3abe3neuysamu Npeyu3iiHUL MOHIMOPUHS MEXHOLOLIYHUX napamempie ma
ONnMUMI3y8amu  NpOBeOeHHs NAOOPAMOPHUX —UNPOOYBAHb, RIOBUWYIOUU  iX
pe3ynbmamusHicms. Pospobnena 6azamogynkyionanvha cucmema ynpasuiHHs
B00HUM 6ANACMOM NPUSHAYEHA O BENUKOMOHHANCHUX MOPCbKUX CYOeH ma
nogricmio 8ionogioac gumozam cmanoapmy D-2. Excnepumenmanvii 00CAiodNcens
nIOmMeepoOuny GUCOKY eheKxmueHicms 3anpoOnoHOBAHOI MEXHONOZI] V 3HUWEeHHT
NAMO2eHHUX MIKPOOP2AHI3MI8 MA OYUWEeHH] OANACMHUX 800, WO OOKYMEHMANbHO
niomeepoxiceno pesyibmamamu aabopamopHux eunpoodysanv. Hapaszi cucmema
npoxooums npoyedypy Mmuno8oeo CXeanienHs ma cepmugikayii 8ionogioHo 00
MIJHCHAPOOHUX CIAHOAPMIS.

Knrouosi cnosa: Oanacmua 600a, MOPCbKI CYOHA, 3HE3APAJNCEHHS, OYUCMKA,
IHBABIUHI 8UOU, CUCMEMA KEPYBAHHSL.

https://doi.org/10.32347/2411-4049.2025.2.51-61

Beryn

CyuacHe CyTHOIUIABCTBO HEMOXKJIMBE O€3 BUKOPUCTAHHsS OanacTHOI BOIM, fKa
3a0e3rneuye CTadlIBHICTh Ta eKCIUTyaTaliiiHy Oe3neKy MOPCBHKHX CyjAeH. BTim, 11
BOJa MICTUTh YHCJIEHHI MOPCBKI OpraHi3MHu, LIO CTBOPIOE HHM3KY BHKIIHKIB
€KOJIOTIYHOTO, CKOHOMIYHOTO Ta CaHITapHO-EMiJIEMIOJIOTIYHOTO  XapakTepy.
Y GanacTHii BOJII MPUCYTHI PI3HOMAaHITHI MiKpOOPTaHi3MH, BKIIOUAIOYH TTATOTCHHI
OakTepii, a TAKOXK SUIIS, IIUCTH Ta TUIMHKOBI PopMu MOpChKHX opraHi3mis [1]. [Ipu
MOTPAIUISIHHI Y HOBE CEpeAOBHILE LI BUAW 3/[aTHI MPUCTOCOBYBATHUCS, (OPMYBaTH
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CTiliKi momymAMii Ta HA0yBaTH 1HBA3UBHOTO XapakTepy, BUTICHIIOYN MICIIEBI BUAH
Ta MOPYLIYIOYH NPUPOTHHUNA OanaHCc exocucTeM. TpaHCTIOpTYBaHHs BOIH 3 OJHOTO
reorpadiyHOro perioHy B IHIOMA TPU3BOOUTH [0 Mirpamii  9y>KOpiaHUX
MIKpPOOPTaHi3MiB, 110 MOYKE CIIPHYHNHHUTH JIETPAIaIlifo MicIIeBOI 010TH Ta HETaTUBHO
BIUTMHYTH Ha €KOHOMIKY TPHUOEPEKHUX TEPUTOPIMH.

AKTyalIbHiCTB. 3 METOI0 MiHiMi3alil 3arpo3, MOB'A3aHUX 3 MOMIMPEHHSIM
1HBa3WBHHUX BHJIIB Yepe3 OamacTHi BOAM, CBITOBA CIUIbHOTA yXBamuia MiXHApOIHY
KOHBEHIIIIO I0/I0 KOHTPOITI0 Ta MEHEKMEHTY CyIHOBHX OajJacTHUX BOJ 1 OCaiB.
HokymenTt, mpuiinstuii 'y 2004 poni, HaOyB umHHOCTI 8 BepecHs 2017 poky.
I'pannyHO HOMYyCTHMI KOHIEHTpALil XUTTE3AATHUX OPTaHi3MiB y OanacTHIH BoAi
permamentyiotecs llpaBmmom D-2, 3atBepmkeHrnM MIiXKHaApOIHOIO MOPCHKOIO
oprasizamieto (IMO) [2, 3].

Exonoriunuii MoHITOpHHT YOpHOTO MOPS, MPOBEICHNH Mi>KHAPOJHOIO HAYKOBOIO
cuimpHOTOIO 'y 2019 pori, BUSBUB KPUTHYHE IIOTIPIIEHHS CTaHy MOPCHKOL
ekocuctemu. llporsrom m'sATHpiYHOTO TeEpiOLy CIIOCTEpEXEeHb 3aiKCOBaHO
TpUKpaTHe 301IbLICHHS! PiBHS 3a0pYyAHEHHSI MOPCHKOTO cepenoBuina [4].

[opiBasmpHMI aHami3z 3abpymHeHocTi Yoproro ta Cepem3eMHOTO MODIB
JIEeMOHCTPY€E TPUBOXKHY TEHACHLI0. 3a KOMIUIEKCHUM IOKa3HUKOM, [0 BPaxoBY€
KOHIICHTPAI[II0 IUJIACTHKOBUX BIJIXOJIB, XIMIYHUX JOMIIIOK Ta BaYKKUX METAJIB,
CHIBBiIHOILIICHHS PiBHIB 3a0pyHEHHS CTAaHOBUTH 95:52 Ha KopucTs YopHOTO MOpSL.
Ile ocobmuBO MOKa30BO, BPaxOBYyIOUHW, L0 icropuuHo came CepenzeMHe Mope
BBa)KaJlocsl HAWOUTBII 3a0pYJHEHUM BOJHUM OaceiiHOM peTioHy.

Jlerpanaliiss MOPCHKOIO CEpEIOBHINA MPHU3BEIa N0 KAaTaCTPO(IUHUX HACIIIKIB
Ut G10piI3HOMAHITTS:

— TIOBHE 3HUKHEHHS OKpEMHX BWAIB puO (YOpPHOMOpCHKA capjauHena,
YOPHOMOPCHKa CKyMOpis);

— TPUALSATHKPATHE CKOPOYEHHS TOIMYIIALii OceTpoBuX moOpiBHAHO 3 1980
POKOM;

— JIeCATUKpaTHE 3MEHIIICHHS YHCEIbHOCTI MPEICTABHUKIB POJIMHY Ke(haneBuX.

IcToTHOT mIKOAM 3a3HAIM NMPUPOAHI MOCENEHHS YOPHOMOPCHKHX Mimill depes
NPOHMKHEHHS 3 KopabenbHMM ©0ajacToM XWKOro Mojiocka Rapana venosa.
JloCaiTHAM IIIJISIXOM MiATBEPHKEHO, 110 OJHA MIJisl CEPeIHBOr0 PO3MIpy 000U
¢inpTpye Onmmu3pko 40 JTITPIB MOPCHKOT BOJHM, BUIAISIOUH 3 HEl CIIONYKH Ba)KKUX
METAaJTiB Ta iHII XiMiYHi €JIEeMEHTH, [0 CTAHOBIISATH HEOE3MEKy /Il MOPChKOI (payHu
Ta JIOAWHHU. 3HAa4yHy 3arpo3y Uil MpUOEpPEKHHX EKOCHCTEM CTAaHOBUTH IIOSIBA
MaTOreHHUX BIPYCiB, TONIMPEHHS SKUX MOXE CIPOBOKYBaTH MAacIITaOHi
€Mi/1eMiO0JIOT1YHI HACTiAKY AJIs1 HaCeJIEHHsI MPUOEPEKHUX KpPaiH.

Taxi apamMaTHuHi 3MIHH €KOCHCTEMH MiAKPECIIOIOTh KPUTHYHY HEOOXiIHICTDH
pPO3pOOKH Ta BIPOBAKEHHS €(PEKTUBHUX TEXHOJIOTIH OYUINEHHS MOPCHKOTO
CepeIOBHUINA, BKIIOYAIOUN CHUCTeMH 00poOKku OanacTHMX Boi. OTOX, aKTyaabHUM
3aJMIIAETHCS 3aBAAaHHS PO3POOKHM 1HHOBALIAHOI TEXHOJOril 3He3apakeHHs 1
OYHIIICHHS BOJIHOTO 0ajlacTy CYACH 3TiIHO 31 CTaHAaPTOM SIKOCTI D-2 MibKHAPOIHHUX
Bumor IMO KonseHiii.

Meta pociigKeHHsI — IPEACTAaBUTH TEXHOJIOTIIO 3HE3apaKeHHS 1 OYMILEeHHS
BOIHOro OayiacTy CylIeH Ta pO3pOOMTH aBTOMAaTH30BaHY CHCTEMY YIpPaBIliHHSI
eKCIIEpUMEHTAIBHOI YCTAaHOBKH 3HE3apaKCHHS 1 OYMINEHHS MOPCHKOI OasacTHOT
BOJM JUTS 320€3MEUYECHHS TOYHOT'O KOHTPOIIIO TEXHOJIOTIYHMX IapaMeTpiB mpouecy i
MiIBUIICHHS €()SKTUBHOCTI JIAOOPATOPHUX JTOCIiPKEHb.

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



Bukiax ocHOBHOT0 MaTepiay 10CTizKeHHS

Peamnizanis nonoxxens KoHBeHmii 3MiHCHIOETHCS B MOCTATHOMY PEXUMIi, IPHUOMY
OCHOBHA YaCTHHA CYyJCH, M0 BUKOHYIOTb MDKHApOIHI PEHCH, Mae 3aBEpLINTH
nepexigauid nepion Bxe y 2024 poni. Ilependavaerbes mepexin OUTBIIOCTI CyeH
MIXKHApOJHOTO CIIONyYeHHS BiI NpakTHKH oOMiHy OanmactHux Box (BWE) mo
BIIPOBA/DKCHHSI KOMIUIEKCHUX CHCTEM yMpaBiiHHS OamacTHumu Bogamu (BWMS)
BimmoBimHO 10 cranmaptie [lpaBmuma D-2. Kousenmis 3000B'i3ye Bci cymHa
MiXKHApOAHOTO (IIOTY 3IIHCHIOBATH KOHTPOJb 0ajacTHUX BOA Ta OCaiiB 3TiAHO 3i
BCTAaHOBJICHUMH HOpPMaMH Ta IHOWBIAyaJbHHMH IJJaHAMH MEHEHKMEHTY.
OO0OB'SI3KOBIMH TOKYMEHTaMH TaKOX € CyIHOBI JXypHanmu oOJiKy OajmacTHHX
oreparliii Ta MbkHapoHi cepTudikaTH BiIIOBIIHOCTI.

Cucrema ympaBiiHHS OanacTHUMH BOJAMH Tiependadae KOMIUIEKC 3aXOAiB 3
KOHTPOJI0, 0OpOOKHM Ta 3aMiHM OalacTHOI BOAW JUIA 3a0e3MedYeHHsI eKOJOTIYHOT
6e3nexu [4]. OcobnuBa yBara npuAISEThCA 3aMI00ITAHHIO TTONTUPEHHIO MTOTEHITIHHO
HeOe3MeYHNX OpPraHi3MiB, 3JaTHUX TOPYIIUTH eKoJIoTiuHy piBHOBary [8-11]. Cepen
OCHOBHUX PHU3WKIB BHIUIAIOTH: 3arpo3y OIOpi3HOMAHITTIO dYepe3 BHUTICHEHHS
MICIIEBUX BHUJIB; MMOTCHIIWHI PU3UKHU [UIS 30POB'S HACEICHHS, eKOHOMIYHI BTPaTH
y Taly3sX, IOB'SI3aHUX 3 BHUKOPHCTAaHHAM BOJHHMX PpECYpPCiB; MOPYIICHHS
CTaOLILHOCTI PEriOHANBHUX Ta JIOKAJIbHUX eKocucTeM [13, 14].

Tabnuis 1. HopMaTrBHI NOKa3HMKHM KOHIICHTpAIIii BiIOBIIHO 0 BUMOT CTaHIAPTy
SKOCTi BozsiHoro 6amacty D-2 [5]

Opranisum i po3mip

KomnienTpartis

Bynp-skuii opranizm: = 50 MKM
(300TIIAaHKTOH)

mennr Hix 10 oguaump Ha 1 M3

Bynp-sikwuit opranizm: 2= 10...< 50 Mkm
(diTomnaHKTOH)

meHm HiK 10 onuaune Ha 1 Mo
(10 000 000 na M°)

Mikpobu:
Xomnepa (Vibrio cholerae)

KYO - kosoHieyTBOpIOBaIbHA OJAUHUIIS
ment Hixk 1 KYO Ha 100 ma

abo wmenme 1 KYO Ha
300IJIAHKTOHY

mennie 250 KYO na 100 M
mennre 100 KYO na 100 mn

I r 3pasky

Kumnikosa nanuuka (E. Coli)
Kumkosi €HTEPOKOKHU
enterococci)

(Intestinal

B Tabsuii 1 npencraBieHi HOPMAaTHBHI TOKa3HUKW KOHIIEHTPAIT BiATOBIAHO 110
Bumor cranmapry D-2 Kousenuii /MO miono skocti 0anacTHOi BOIM.
Cy/HOBTaCHUKH, IO EKCIUIyaTYIOTh CHCTEMH MEHEIDKMEHTY OallaCTHUX BOJI,
3000B's13aH] JOTPUMYBATUCS BCTAHOBJICHUX JIMITIB IIOJ0 BUKHIY XHUTTE3IATHUX
opraniamiB. HopmaThBHI OOMEXEHHS pErJaMeHTYIOTh HACTYITHI ITOKa3HUKH:
KOHIIEHTPALisl )KUTTE€3JaTHUX OPraHi3MiB po3MipoM Bia 50 MiKpoMeTpiB HE TOBUHHA
nepepumryBatn 10 oguHWI Ha KyOOMETp BOIM, a JUIS OpraHi3MiB MEHIIE
50 mikpometpiB — He Ounbine 10 oguHUIL HA MUTLTTP. [[01IaTKOBO BCTaHOBJICHI
TpaHWYHI 3HAYEHHS JIJIS THANKATOPHUX MiKPOOPTaHi3MiB, JIETaIbHI ITApaMeTPH SKHUX
HaBeleHi B Tab. 1.

CydacHU# pHHOK TIPOIIOHYE IMIUPOKUH CIIEKTP CHCTEM YIIPaBIiHHSA OaTacTHUMHU
Bogamu (BWMS), 1 TexHONOrYHUN PO3BUTOK Y IMiii chepi mpoaoBxkyeThes. OmnHak
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MIPOIIeC BIPOBAKEHHS YCKIIATHIOETHCS TEXHITHUMHI OCOOTMBOCTSAMH Pi3HUX THUIIIB
CyIeH Ta OOMEXKEHHMH MOXKIUBOCTSAMH CyJHOOYAIBHUX MiJIPUEMCTB IOJO
edekTuBHOI iHTerpanii nux cucrem [15].

OunrieHHs 6aTacTHUX BOJ 3IIMCHIOETHCS 13 3aCTOCYBAHHIM KOMILIEKCY (hi3HUKO-
MEXaHIYHUX Ta XIMIYHHX METO/iB 0OPOOKH, III0 CXEMAaTHIHO BigoOpaXkeHo Ha puc. 1.
CeprudikoBani cuctemMu ynpabiiHHsA OamactHumu Bojgamu (BWMS) nepeBaxHo
0a3yloThCSI Ha IHTETPOBAaHOMY TIAXOAl, TOEMHYIOUHM JEKIJIbKAa TEXHOJOTIYHHX
mporieciB. [lepBuHHa 00poOKa 3a3BMYail BKIIOYA€ MEXAHIYHY CEMapaliio KPYITHHX
YaCTHHOK 32 JONIOMOTOI0 (PilIbTpallifHUX YCTaHOBOK 200 T'iAPOLUKIOHHUX IPUCTPOIB.
HpibHi oprani3MM MOXYTb TNPOXOIUTH Kpi3b aBTOMATH30BaHi CaMOOYHCHI
(bITBTpYyBaIbHI CHCTEMH 3 PO3MIPOM TI0p OIH3BKO0 40 MKM.

Cepen iHIMX (i3UYHUX METOJIB 00POOKH BHIUISIOTH [12]:

— 3aCTOCYBaHHS YJbTPa3BYKOBOI KaBiTamii Ui MEXaHIYHOTO pPYyHHYBaHHS
YaCTHHOK Ta MIKpPOOPTaHi3MiB;

— TepMiuHy 00pOOKY 3 BUKOPHCTAHHSIM BUCOKOCHEPTETHIHUX METOIB HATPiBY;

— 3He3apa)KCHHs YJIbTPa(ioIeTOBUM BUIIPOMIHIOBAHHSIM.

OuncTka 6aIacTHUX BOJI

(hi3HKO-MeXaHIYHi XIMIYHI METOIH
METOH

- Gioua xmopy;

- DiOIMIHMI pO3YHH
Peraclean;

- TIyTapanbaerif;

- XeIar 3amiza;

- 030HYBaHHS;

IlepBHHHA 0MHCTKA

- thineTpartis

- TIAPOIMKIIOH
MexaniyHa ouHeTKa

- YOBTPA3BYK

- KaBiTaris
MomkoxKennsa Ha
MOJIEKYISIPHOMY piBHI
- HarpiBaHHA

- ¥® BunpoMiHKOBaHHs
- Enextpuunnii po3pan

Pucynok 1. Kommureke ¢i3nko-MexaHiyHUX Ta XIMIYHHX METOJiB 00poOKH [6]

HaykoBuit konextuB [lynaiicekoro iHcTuTyTy HarioHamsHOTO yHIBEpPCHUTETY
«Opnecbka  Mopceka akagemisn» (I HY «OMA») B Mexax BHUKOHaHHS
NepkOIODKeTHOI  HayKoBo-mocuigHoi  pobotn  Ne0124U004399  "PospobOka
IHHOBAI[IMHOT TEXHOJIOTIT 3He3apakeHHs 1 OUUIIICHHS BOJIHOTO 0aIacTy CyIeH 3TiTHO
crapmapty skocti D-2 wmiknapogaumx BuMor IMO KosseHmii" cTBOpHB
eKCIIEPUMEHTANIBHY JIA00PATOPHY YCTaHOBKY JUISl OYMILEHHS OanacTHUX BoJ (puc. 3).
JocimkeHHs MpoBOAWIOCH 3a piHaHcyBaHHS MiHicTepcTBa OCBITH 1 HAYKH YKpaiHU.

Haykopumu cmiBpoOitHukamMu JI HY «OMA» po3pobiieHO iHTerpoBaHe
TeXHIYHE pilieHHs — 0araTo)yHKIIOHAJILHY CUCTEMY YIIPaBIIiHHSA BOAHUM 0anacToM
(CYBB) ans BeNMKOTOHHaXHHX MOPCHKUX CyleH. CrcTeMa TOBHICTIO BiIOBia€e
MDKHApOIHUM HopMmaTuBaM craHmapty D-2 Komsenmii IMO momo sxocti
OanacTHUX BOJ. [HHOBaLIHHICTB 3aIIPONIOHOBAHOTO PIILICHHS MOJIATAE Y TIOETATHOMY
3aCTOCYBaHHI TPhOX THITIB 00POOKH: XIMIYHOI, 10HI3aIIITHOT Ta MEXaHIYHOT.
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[Iporec ounctkn Ta Ae3iHdexIlii OaTacTHUX BOX peami3yeThCs 3a HACTYITHOIO
TEXHOJIOTIYHOI0 cXeMoto, AuB. puc. 2. [loyaTkoBuUM eTamoMm € mopada XiMiYHHX
KOMIIOHEHTIB 3 J03yBaJIbHOTO MPUCTPOIO 10 OanactHoro tanka (1). Jo3yBanbHuii
MeXaHi3M 3a0e3redye HAAXOMKEHHS y BOXy ab0 XelaTHHUX CIIONyK 3ai3a
(xonmentpamis 8-9 r/mm®), aGo TIMOXJIOPUTY HATpil0 Mapku A (KOHLEHTpAaLis
0,2-0,4 r/nm3).

[Ticns mpoBeneHHs XiMiTHOT 00pOOKH BOIHE CepeoBHIIE 3 TaHKA (1) IPOXOIUTH
yepe3 cucreMy ¢inbTparii rpyomx dwactuHOK (3), 3BIAKM 3a JIOTIOMOTOIO
CHELiani30BaHOr0 HaCOCHOTO 00NanHaHHA (4) CIPSMOBYETBHCS JO CHCTEMH TOHKOI
¢inprpauii (8) Ta moganemoi yasTpadioneToBoi ae3iHdekmii y cnenianbHii kamepi
(9). V xamepi YP-00pobku (9) 3miHCHIOETHCS 3aBEPITAILHANA €TaIl 3HE3apaKCHHS
LUISIXOM OTIPOMiHEHHSI.

FABHTOXEHHA XU
7 pegzenml 7 5

7
z
Srmanobka 3 oquerHns ma sHeapaxeqss sonacmobux Bod pospodnena 8 furaucekomy momomym HY OMA™
1 Emicime doaacmobor Body (V=A04 1] 4. Hacac 1@ max 60 1/m/ 7 Fexepamap o3oHy
2 Kpa sanaud OV 15 1727 5 Marowemp (0-6 xkzc/cm?) 8 Pinwimp monkozo oauens (7 Migpon)
3 Quwmp 2pudozo oaenss (50 mipos) 6. Komnpecap robimpanu 9 Kamepa (meakmap! yrsmpagioremobiozs Gunpommelanms

10 Frsicms ovuenor Bodu (V=004 13

Pucynok 2. TexHomnoriuna cxema Ipoliecy 3He3apakeHHs 1 OUNIIEHHsI BOAHOTO 0aacTy CyieH

[Micns motpiitHoi 00poOkm (XiMiuHOI, (GinbTpaliiiHOl Ta yIbTpadioneToBoi)
ounnieHa OamacTHa BOJAa AaKyMYJIOETBECA Y cCIelianbHOMy pesepByapi (10).
BiamnosigHo 10 po3po0iieHOi METOAMKH, 00poOKa BOIU Mependadac BUKOPUCTAHHS
rinoxnopury Harpiro (0,2-0,4 r/nm®) abo xenaty 3amiza (8-9 r/nm°) 3 momaNBIIOK
030HaIli€0 (IPOMYKTUBHICTh — 5 rpaMiB IOTOAWHM). 3aBEPIIATEHAMU €TallaMU €
MoCHiI0BHA (INbTpaLis 4epe3 CUCTEMY IpyOOro OUYMIIECHHS, aBTOMAaTHUYHUHA (HiabTp
TOHKOT'O OYHIIIEHHS Ta QiHaIbHa 00poOKa yIbTpadioleTOBUM BUIIPOMIHIOBAHHSIM.

Po3pobiena cucrema BUKOPUCTOBYE KOMIUIEKCHUH MiAX1A 10 3HE3apakeHHS, 1110
BKJIIOYA€ TPH OCHOBHI NIPOLIECH:

1. Ximiuna 00poOka 3AIHCHIOETBCS KOMOIHAIIEID TIMOXJOPUTY HATPiIO Ta
XeJaTy 3ajisa.

2. lonizauiiiHuil eTan peaizyeTscsl Yepe3 iHHOBALIHY KOHCTPYKLIIO CHCTEMHU
yinpTpadioneToBoro omnpoMiHeHHs Ta ioHizamii. KiodoBoro mepeBaroro €
OTITHMIi30BaHa TEOMETPIs po3TantyBaHHsS Y D-maMir — iX mapaneinbHe pO3MIIMCHHS
BiTHOCHO HAIIPAMKY PYXY BOJHOTO MOTOKY.

3. MexaHiuHe OuHIIeHHS 32a0e3MeYy€eThCs TBOCTYIIEHEBOO (PUTBTpAIIi€l0: Yyepes
BYIJICIICBI BCTABKH Ta MEXaHIYHUH QUIBTP.
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Pucynok 3. IlpocTopoBa Bisyamizaiis Ja0OpaTOPHOTO MPOTOTHIY CHCTEMH OYHIICHHS
6anactaux Box JIHYOMA

Bararoerannicts 3ampononoBanoi CYBB Bumarae perenbHOro KOHTPOJIO Ta
ONTUMI3aIlil YUCICHHUX TTapaMETPIB MPOIIECY, BKIFOYAIOYH:

— (i3uuHI XapaKkTepUCTUKH (MIBUAKICTH TIOTOKY, TEMIIEPATYPHUHN PEKIM);

— TPUBAJIICTh IOBHOTO LUKy OUUIICHHS;

— KUIbKICHI TIOKQ3HUKH Ta PO3MIPHUM pO3MOALT iHBa3MBHHUX OpPTaHI3MIiB Yy
OanacTHiit Boi.

PesysbTaTu fpocaixedb. AHalli3 BUXITHOTO CKJaxy 0ajnacTHOI BOOM MOKa3aB
HasBHICTB:

* OKUTTE3JATHUX MiKpoopraHizmiB po3mipom 10-50 MkM 3a MiHIMaTbHEM
BUMIpOM y KoHueHTpauii 40 ocooun Ha 1 cm?;

* IHIUKaTOPHUX MIKPOOPTaHi3MiB, 110 € pepepeHTHUMU AJIsl OLIHKU CaHITapHO-
S IeMIONIOr uHOT Oe3IEKH, Y TAKUX KUJIbKICHUX [TOKa3HUKAX:

1. Vibrio cholerae (rokcurenni mramu ceporpyn Oi1 Ta Oizg) —
4 KYO/100 cm® a6o 4 KYO Ha rpam BOJIOTOi MacH 300IUTAHKTOHHUX MPO0.
2. Escherichia coli — Busteieno 400 KYO/100 cm®.

3. Enterococcus spp. — 3adikcosano 400 KYO/100 cm®.

AmHani3 0anacTHOI BOAM MicIs NPOBEIEHHS OYHCTKUA 3a MPONOHOBAHOIO
TEXHOJIOTIEI0 Ta 3 BUKOPHCTAHHSIM PO3POOJIEHOI YCTAaHOBKH IPOJCMOHCTPYBAB
HACTYITHI KIJIbKICHI TIOKa3HUKH:

* KOHIICHTpAIlisi KUTTE3NATHUX OpraHiamiB pgianmazony 10-50 wmxMm 3a
MiHiMaIbHAM BUMipOM cTaHoBUIa 10 oco6uH Ha cMm>;

* piBEHb IHAWNKATOPHUX MIKPOOpTaHi3MiB, IO CIyTYIOTh MapKepaMu
CaHITapHO-CIIEMi0IOTIYHO1 O€3IeKH, XapaKTepHU3yBaBCsI TAKUMHU 3HAUCHHSIMU:
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- rtokcureHHi mramu Vibrio cholerae (ceporpymu O ta Oi3g) — 3ahikcoBaHO
menme 1 KYO/100 cm®, ananoriuno menme 1 KYO Ha rpam Bomoroi macu
300IUTaHKTOHHUX 3Pa3KiB;

- mokasnuku Escherichia coli me nepesumrysam 250 KYO/100 cm?;

- BMicT npeacTaBHuKiB Enterococcus spp. cranosus Merme 100 KYO/100 cm®
(o BimoOpaskae 3HIKEHHS 3arajibHOI KiTBKOCTI KHIIIKOBUX €HTEPOKOKiB Ha 30%).

JokymeHTanpHy (ikcallito eKCIepuMEHTATFHUX TaHUX 3iHCHEHO y MPOTOKOJMI
IoCHiKeHb. EKcepuMeHTanbHI  BUNPOOYBaHHS CHCTEMH  OYHINEHHS Ta
ne3iHdexuii MpoBOAMINCH 3 BUKOPHUCTAHHSIM BOJHHUX 3pa3KiB, BimiOpaHux 3
akBaTopiii MapmypoBoro Ta Cepenzemnoro mopis. [IpoBeneHuii kommapaTuBHUHA
aHai3 MIKpOOiOJOTIYHMX TOKa3HMKIB J0 Ta MICHS 3aCTOCYBaHHS PO3POOIIEHOTO
1a00paTOpHOTO KOMIUIEKCY MiATBEPAUB HOTO BHCOKY €(EeKTHBHICTh Yy MpOLEcax
3HE3apaKCHHS Ta OUYMILECHHS 0aTacTHUX BOJI.

Takox B Mexax po3poOKH 1a00paTOPHOTO MPOTOTHUITY YCTAHOBKHU 3HE3aPaKCHHS
Ta OUHIIEeHHSI MOpPCHKO1 6anacTHOi Boau B JII HY "OMA" nponoHyeThCsl CTBOpEHHS
IHTErpOBaHOI CUCTEMH aBTOMaTH3allii. OCHOBHUM €JIEMEHTOM CHCTEMH YIIPABIiHHS
BHCTYTIATUME CTICIIATi30BaHUN IUT aBTOMATHKH, IO 3a0e3nedyBaTHMe KOHTPOIh
Ta KEpYBaHHS BCIMA TEXHOJOTIYHUMHU MIPOLIECAMH YCTAaHOBKU.

Cucrema aBTOMAaTH3aIi] nepeadayae yIpaBIliHHS HACTYITHUMHU
CIIEKTPOTEXHIYHUMH  KOMIIOHGHTaMHU:  IUPKYJISAIiHHWMN  Hacoc,  cucTeMa
yIbpTpadioneTOBOTO 3HE3APAKEHHS, CUCTEMA aepallii Ta 030HyBaHHSI.

Hlur aBrOMaTMKU 3a0e3MEUYUTh Y3TOMKEHY pOOOTY BCiX KOMITOHEHTIB
YCTaHOBKH, KOHTPOJb iX TEXHIYHOTO CTaHy Ta 3aXWCT Bifl aBapidiHUX PEKUMIB
eKCIUTyaTarlii, T1B. puc. 4.

MNanent S
onepartopa
MNoTeHulomeTp sMiHKM Kontponep k Temnepatypa
NOTOKY BOOM > W []
L Butparta
h i
YacToTHWit
nepeTBoproBaY
v v v
Hacoc OzowHatop + Y® namna EnexkTpomarHitHmi
Komnpecop KnanaH

Pucynok 4. CTpykTypHa cXemMa CHUCTEMH aBTOMAaTH3allii eKCIIEpUMEHTAIBHOI yCTAHOBKH
OUHIICHHS 0aaCTHUX BOJ
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Cucrema aBromaTm3arlii 3a0e3nedye peamizalifo HACTYMHUX (PYHKIIOHATEHUX
MOXJIMBOCTEH:
1. PeryntoBaHHS BUTpaTH BOJIU:
- IJIaBHE PEryJIOBaHHS MOTOKY 4yepe3 Y D-kamepy B nianazoni 0-100%);
- 3aCTOCYBaHHS YaCTOTHOTO IEPETBOPIOBAYA JUIS YIPABIIiHHSI HACOCOM;
- MOHITOPUMHT THCKYy BOJIM 3a JONOMOIOI0 JAaT4MKa 3 aHAJIOTOBUM
BuxonoM 4-20 MA;
- JWCTaHIiifHEe KepyBaHHS Yepe3 BUHOCHUN TIOTEHITIOMETP.
2. KoHTpOob 030HYBaHHS:
- mporpaMoBaHe HaJallTyBaHHS TpHBalocTi 00poOku (Big 1 xB 10 1 ron);
- CHUHXpPOHI30BaHe YIPaBIiHHSI 030HATOPOM Ta KOMITPECOPOM;
- THYYKE MpOrpamyBaHHs PEKHUMiB 00pOOKH.
3. Yrpasninas Y ®-3He3apaKeHHSM:
- pexxuM nmpoMuBaHHA cucteMu (0e3 akrusarii Y d-mammn);
- peXuM 3He3apaKeHHs (3 aKTUBOBaHOIO Y D-aMIoro);
- IporpamMoBaHMii BUOIp peKUMY poOOTH.
4. Cuctema MOHITOPYHTY Ta Bi3yami3arii:
- iHgwKarnis crany Y @-mammnm;
- KOHTPOIIb MPOLECY 030HYBAHHS;
- BimoOpa)KeHHsI THCKY B CUCTEMI;
- MOHITOPHUHT BUTPATH BOAN;
- KOHTPOIIb TEMIEPATYPHOT'O PEXKUMY;
- (ikcaris yacy Ta gatu 00poOKH;
- igeHTtndikamist TOYKH BiOOpPY MpoO.
5. IlporpaMyBaHHS PEXKHUMIB OUHIIICHHS:
- HaJaIITyBaHHS TPUBAJIOCTI 030HYBAHHS;
- BCTaHOBJICHHS IIUTHOBUX MOKA3HUKIB BUTPATH BOJIH;
- 30epexeHHs porpaM 00pOoOKH.
6. ABromMaru3ailist piIbTpaIii:
- KepyBaHHS EJNEKTPOMATHITHUM KJAlaHOM CaMOpPO3BaHTAKYBAILHOTO
¢binbTpa;
- IporpamyBaHHS LUKJIIB IIPOMHBKH.
Cucrema mependadae MOXKIHUBICTD PO3MIMPEHHS (YHKIIOHATY Ta iHTerparii
J0/TaTKOBUX KOHTPOJIEHO-BUMIPIOBAJIbHUX TPUIIAJIIB.
Hns ycmimHOi peamizanii HIpoekTy (opMyeTbcss MiKHapoOAHA eKCIepTHa
KOMaH/a, JI0 SIKO1 3aJlydeHi MPOBIHI TypenbKi HAyKOBIIi, eKcriepTd MiKHAPOIHOT
Mopchkoi opranizaii (/MO), dhaxiBii cydacHoi 1abopaTopHoi 6a3u.

BucuoBok

[lizcymoByroun pe3ynbTaTd AOCHIIKEHHSA, BapTO 3a3HAYUTH HacTymHe. Jlis
BIIPOBA/IXKEHHSI CHCTEM YNPABIiHHS 0ajJacTHUMU BOJAMHM HEOOXiHE OTPHUMAaHHS
ceprudikarlii BiJi yIIOBHOBR)KEHUX HalllOHAJTHHUX OPTaHIB 3TiJJHO 3 MPOLEAYyPaAMH,
BcranoBiieHUMH |IMO. Bepuoikamiss ouynMcHUX cucTeM mependadae KOMIUIEKCHI
BUNPOOYBaHHS SIK B O€pEeroBUX yMOBaX, TaK i B PealbHUX CYJHOBHUX yMOBAax IS
MiITBEPKCHHS 1X BiIITOBITHOCTI HOPMATHBHUM TOKa3HUKaM €()EKTHUBHOCTI.
CydacHi TeXHOJIOTIUHI pimIeHHS 0a3ylOThCS Ha PI3HUX METojgax oOpoOKw,
BKJTIOYal04YH (iIbTpauito, yapTpadioneToBe ONPOMIHEHHS Ta €JIEKTPOXJIOPYBaHHS.
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[Iporte icHyIOYi cucTeMHU MalOTh MIEBHI OOMEKEHHS, Cepell IKHUX:

— 3Ha4YHE CHEeProCrOXHBAHHS;

— 3HWKEHHS e()EeKTUBHOCTI MPH MiABUIIEHI MyTHOCTI BOAM;

— moripmeHas Y®-TIPOHUKHOCTI 3a HAsSBHOCTI BHCOKHMX KOHIICHTpAIlii
PO3YMHEHNX OPTaHIYHUX CIIOTYK.

AHaniTHYHe TOPiBHAHHS PiBHIB MiKp0OioJIOTTYHOTO 3a0pyAHEHHS Y BUX1THUX Ta
o0pobiennx mpobax 3acBigUMiIo e(peKTHBHICTh (YHKIIOHYBaHHS CTBOPEHOI
71a00paTOPHOI YCTAHOBKY OYHUILCHHS Ta 3HE3apKEHHS 0alaCTHHUX BOI.

CrtBopeHa HayKoBISIMH [lyHAlCBKOTO 1HCTUTYTY TEXHOJOTiS OYHWILEHHS
OanmacTHUX BOJA Hapa3si mepeOyBae Ha eTalli MPOXOKEHHS MPOLEIyp THUIIOBOTO
CXBaJIEeHHS Ta cepTU]iKaiitHnX BUTIPOOYyBaHb 3TiAHO 3 YHHHIAMH HOPMaTHBHUMH
BUMOT'aMHU.

Hoasiku. HJIP Ne0124U004399 BukonyBanach 3a paxyHok (inancyBanus MOH
B paMKaXx  MDKHApOIHOTO HayKOBO-TEXHOJIOTIYHOTO OinaTepaibHOTO
cuiBpoOiTHHIITBA BiamoBimHO g0 IIporokomy 7-ro 3acimaHHS yKpaiHCHKO-
Typenpkoro CrinsHoro KomiTeTy 3 HayKOBO-TEXHOJIOTIYHOTO CITiBPOOITHHUIITBA.
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IMPROVEMENT OF EXPLOSION HAZARD MONITORING SYSTEMS
FOR TECHNOGENIC FACILITIES

Abstract. The purpose of this work is to find solutions aimed at improving the
explosion hazard monitoring systems of man-made facilities in the presence of a
multicomponent fuel-air mixture by means of an integrated explosion hazard
assessment and improving the accuracy of control equipment.

Materials and methods. Analytical methods for studying the process of oxidation of
combustible gases and vapors on catalysts based on the classical provisions of
electrical engineering, thermodynamics and catalysis, experimental studies of serial
single-chamber thermocatalytic sensors of pellet type with a platinum-palladium
catalyst when they operate in a multicomponent fuel-air mixture, evaluation and
generalization of the results of theoretical and experimental studies were used in this
work.

Results. The peculiarities of the oxidation process of combustible gases and vapors in
thermocatalytic sensors with a non-selective platinum-palladium catalyst under
changing the temperature regime of the working thermocouple were established. It
has been shown that thermocatalytic sensors with a non-selective platinum-palladium
catalyst under a certain temperature regime of operation allow for an unambiguous
assessment of the explosiveness of such components as methane, butane, and heptane,
which allows for an integrated assessment of the explosiveness of a multicomponent
fuel-air mixture. For the studied sensors, this is ensured by selecting a preheating
temperature of 350°C for the working thermocouple in the air.

Scientific novelty. The conditions under which thermocatalytic sensors with a non-
selective platinum-palladium catalyst allow for an integrated unambiguous
assessment of the explosive hazard of the environment, including in the presence of a
multicomponent fuel-air mixture, have been established.

Practical significance. It consists in establishing the conditions under which it is
possible to unambiguously assess the explosive properties of fuel-air mixtures,
including multicomponent ones, using a single thermocatalytic sensor, which reduces
the cost of explosion monitoring systems and increases the reliability of explosion
control under conditions where various explosive gases and vapors of volatile
combustibles can simultaneously accumulate in the air.

Keywords: hazard, combustible gases, fuel, monitoring systems, sensors, integrated
explosion hazard assessment.

https://doi.org/10.32347/2411-4049.2025.1.62-73

© V. Holinko, O. Kuznetsov, O. Holinko, 2025
ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025


mailto:golinkongu@gmail.com
mailto:oleg.kuznetsov95@gmail.com
mailto:HolinkoAV@gmail.com

Introduction

Technogenic objects that use or store explosive gases and volatile combustibles pose
a danger to humans and the environment. In addition, explosions of gas-air and fuel-
air mixtures lead to significant material losses, destruction of buildings, structures,
machinery, process equipment, equipment, etc. [1]. Reducing the risk caused by
explosions of such mixtures is achieved both by preventing the possibility of such
hazardous events and by developing measures aimed at reducing the severity of their
consequences.

One of the main measures aimed at reducing the likelihood of explosions is
automatic continuous monitoring of the content of explosive gases or vapors in
places of their possible release into the air, which allows timely decisions to be made
to prevent the formation of explosive mixtures and to eliminate possible sources of
ignition of such mixtures [2].

With the development of information technology, systems for monitoring the safety
of man-made facilities are becoming increasingly common. In this case, explosion
hazard monitoring is a continuous observation of the content of explosive gases or
vapors in places of their possible release into the air in order to assess the hazard, predict
risks and take measures to minimize or eliminate them. Today, almost all modern
monitoring systems are based on computers and information systems. In this case,
monitoring systems are transformed into computer-based monitoring systems [3].

The issue of explosive hazards at man-made facilities is becoming increasingly
acute nowadays, when artillery and rocket attacks on enterprises and settlements, the
use of aircraft, and the fall of debris from downed air targets pose a high threat of
damage to the integrity of tanks and transportation routes containing explosive gases
and volatile flammable liquids. Therefore, given the significant increase in the risk
of explosions and fires at man-made facilities, research aimed at preventing them is
of particular importance.

Analysis of recent research and publications

The development of methods and means for monitoring the content of explosive gases
and vapors of volatile combustibles is the subject of research by many scientists
[4], [5]. Among the control means currently used for these purposes, the most common
are those based on thermocatalytic, semiconductor and optical methods.

Coal mine explosion hazard monitoring systems mainly use thermocatalytic
sensors [4]. They are characterized by a simple design, low cost, and are able to
ensure stable operation of the control equipment in difficult underground operating
conditions characterized by high humidity, significant air dust, the presence of
uncontrolled gas components, and the possibility of significant methane overloads
in case of emergency gas gassing of mine workings [5].

Semiconductor (metal oxide) sensors are also simple in design and relatively
inexpensive. Their advantage is high sensitivity and long service life. However, these
sensors are quite sensitive to overloads [6] and are not stable enough in time,
especially when monitoring high concentrations of vapors or gases, which imposes
certain restrictions on their use in monitoring systems for the explosive hazard of
objects [6]. They are widely used in ventilation and air purification systems and in
portable gas analyzers [7]. Semiconductor methane sensors and propane sensors are
used in explosion monitoring systems.
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Sensors based on the optical absorption method are the fastest, but are quite
vulnerable to changes in temperature, pressure, humidity, and various gas impurities.
A significant factor limiting the use of these sensors is air dustiness, smoke, and
smog in the place of their installation. Known solutions aimed at reducing the impact
of these factors on the operation of optical sensors [8], [9] significantly complicate
both the sensors and the control means, and increase their cost. Therefore, the use of
such sensors in explosion hazard monitoring systems is justified only when it is
impossible to meet the necessary requirements for the response time of protective
equipment when using thermocatalytic or semiconductor sensors.

Other well-known methods for monitoring explosive gases and vapors of volatile
combustibles include flame ionization, photo-ionization, and chromatographic
methods [10], [11]. Control devices based on these methods are quite sensitive and
allow monitoring the content of maximum permissible concentrations of gases and
vapors. However, such devices are quite complex and expensive, which actually
excludes the possibility of their use in explosion hazard monitoring systems. Their
application in monitoring systems is most often limited to environmental monitoring.

The analysis and practice of using sensors for monitoring the content of explosive
gases and vapors of volatile combustibles [12] indicate that thermocatalytic and
semiconductor sensors should be preferred in the development and implementation
of explosion hazard monitoring systems for man-made facilities.

Currently, in Ukraine, VARTA 1 gas detectors of various modifications are
used for automatic continuous monitoring of pre-explosive concentrations of
combustible gases and volatile combustible vapors (except in coal mines) [12],
which consist of a control unit and separate measuring devices in the amount of up
to 24 (VARTA 1-03.24). Measuring devices consist of two parts: a housing with a
processor board and a head with a thermocatalytic or semiconductor sensor. The
method of supplying the air mixture to the sensor is diffusion. The required number
of measuring devices and their combination by type is determined by the customer
depending on the required number of control points and the number of explosive
components. Separate measuring devices are used in the gas alarm to control the
explosion hazard for monitoring the methane content DM-24, propane content
DP-24 and combustible gas content DGG-24. The latter is adjusted using
calibration mixtures for a specific type of combustible gases or vapors of volatile
combustibles, and when monitoring the content of gasoline vapors — by hexane.
The DM-24 and DP-24 measuring devices use semiconductor sensors, while the
DGG-24 uses thermocatalytic sensors.

When different combustible gases and vapors of volatile combustibles, such as
methane, butane, propane, gasoline vapors, diesel fuel, can enter the air at the same
time, the use of this gas detector requires the installation of several measuring
devices configured or responding to certain types of explosive substances. This
significantly complicates the control system and increases both its initial cost and
maintenance costs. In addition, the overall error of measuring the concentration of a
particular component, or the alarm for this component, is significantly affected by
the presence of other combustible vapors or gases, which causes its significant value.
For example, at the value of the first alarm threshold in the presence of methane of
0.5% by volume, the permissible basic absolute error of the alarm for the main
component is +0.25% by volume, for other combustible components +0.45% by
volume, and due to the influence of temperature and humidity limits +£0.35% by
volume. Obviously, with such values of methane measurement error, the alarm can

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



be triggered both in the absence of methane in the air and only after exceeding the
second alarm threshold. The same situation is possible for the other measured
components.

In view of the above, research on monitoring the explosive hazard of man-made
facilities, especially in terms of improving methods and means of controlling the
content of explosive gases and vapors of volatile combustibles, is a very urgent task.

The aim of the work is to find solutions that allow improving the system of
monitoring the explosiveness of man-made objects by integrating the explosiveness
of a multicomponent fuel-air mixture and increasing the reliability of its control
equipment.

Research methods

Analytical methods of studying the oxidation of combustible gases and vapors on
catalysts based on the classical provisions of electrical engineering, thermodynamics
and catalysis, experimental studies of serial single-chamber thermocatalytic sensors
of pellet type with a platinum-palladium catalyst when they operate in a
multicomponent fuel-air mixture, evaluation and generalization of the results of
theoretical and experimental studies were used in this work.

Presentation of the main material

The explosive properties of a fuel-air mixture, provided that various combustible
gases and vapors of volatile combustibles may be present in the air at the same time,
do not depend on the content of one single component, but are determined by their
combination and the properties of each component. Provided that each component
of the mixture does not affect the oxidation reaction of other components, the
condition under which the mixture becomes explosive can be represented by the
following expression

G N C, Chp
CLer CLEL CLELn

>1, (1)

where C{,C,,C,, — is the concentration of components in the mixture, in kg/m? or

% volume; Ci g1, CLEL 2+ CLELR —is the lower ignition limit (LEL) of the mixture

for each individual component, respectively, in kg/m® or % volume.
In this case, when setting the first alarm threshold at 10% of the LEL of a
multicomponent fuel-air mixture, the alarm condition can be represented as follows

C1 n C2 Cn
CLenr Crew CLELn

>01. @)

In the presence of measuring devices that monitor the content of each individual
combustible component, provided that different combustible gases and vapors of
volatile combustibles (e.g. methane, butane and gasoline vapors) can simultaneously
enter the air, the fact of reaching the first alarm threshold can be determined by
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calculating the total current value of the ratio of the concentration of components in
the mixture to their LEL. If the VARTA 1-03.24 gas detector is used in the
monitoring system to control the explosive properties of a multicomponent fuel-air
mixture, additional processing of information on the content of individual
components or appropriate modification of the software of this gas detector is
required in the monitoring system.

It should be noted that determining the alarm threshold by calculation based on
the current value of the content of individual components is far from an optimal
solution. The reason for this is the presence of significant errors in measuring the
concentration of each individual component, primarily those caused by the presence
of other combustible vapors or gases and characterized by unidirectional action. As
arule, when a measuring device is adjusted to a specific combustible component, the
presence of other combustible components leads to an overestimation of the readings
of the measuring devices (error with a + sign). Obviously, this increases the
likelihood of false alarm activation. In addition, with this approach to determining
the threshold, it is necessary to have separate measuring devices to determine the
concentration of each component, which greatly complicates and increases both the
initial cost of the system and the cost of its maintenance.

Another solution is to use sensors that directly provide an integrated assessment
of the explosiveness of a multicomponent mixture. Among all the control methods
considered, the only method that can be used to create such sensors is
thermocatalytic, since regardless of the type of combustible component, it is oxidized
on a catalytically active thermocouple, which is accompanied by heat generation, an
increase in its temperature and resistance.

Today, the most widely used thermocatalytic sensors consist of two sensitive
thermoelements — a working (active) and a comparative one. The thermoelements
have the same geometric dimensions and electrical parameters. They are placed in a
reaction chamber made of porous ceramics or metal-ceramic an internal diameter of
5-6 mm [4]. The analyzed mixture enters the reaction chamber mainly due to its
diffusion caused by the presence of a gas concentration gradient. The sensing
elements of modern sensors look like a miniature ball made of aluminum j-oxide,
inside which there is a platinum wire spiral that simultaneously serves as a heating
element and a resistance thermometer. The surface of the catalytically active element
is coated with a platinum-palladium catalyst. The working and compensation
elements are most often included in one arm of a bridge measuring circuit [4]. Heat
from the elements is mainly removed by thermal conduction, convective heat
transfer and radiation.

At low concentrations of combustible gases or vapours and an excess of oxygen
in the controlled gas mixture, it can be assumed that each combustible component
diffuses independently to the surface of the fuel element at a rate determined by its
diffusion coefficient. The thermal effect of each fuel component is also independent,
and the total heat release on the fuel element from the oxidation reaction of

combustible components Ps is equal to the sum of the thermal effects of all
components

n
P =Y QiCryivei ©)

i=1
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where Qi — is the lower calorific value of the i-th fuel component, J/kg; Cj — is

the concentration of the i-th component in the reaction chamber, kg/m?; y4j— is an

effective diffusion conductivity of the fuel element relative to the i-th component, m/s.

In general, the effective diffusion conductivity of the element is determined by
its geometric parameters, the oxidation efficiency of the fuel component on the
element surface, and the parameters of mass transfer to its surface [4].

Te = 1072 keBeFe. (4)

where kg— is an oxidation efficiency of the fuel component; B, — is the mass

transfer coefficient, m/s; Fe — is the element surface area, m?.

The oxidation reaction of combustible gases and vapors on a platinum-palladium
catalyst can occur in the kinetic and diffusion domains [4].

The rate of the oxidation reaction in the kinetic region depends on the type and
temperature of the catalyst, as well as the concentration of the reacting components.
When controlling pre-explosive gas or vapor concentrations in the range up to
0.2 LEL, when the oxygen concentration in the mixture is significantly higher than
the concentration of combustible components, it can be assumed that the oxidation
reaction rate in the kinetic region is determined by the content of combustible
components. In the case of methane oxidation over a platinum-palladium catalyst,
this region is characteristic at a temperature of the thermocouple up to 360 °C.
Oxidation is accompanied by simultaneous adsorption of oxygen and combustible
components by the catalyst surface. At higher catalyst temperatures, the chemical
reaction rate increases to the point where a zero methane concentration and some
oxygen deficiency are formed on the active surface of the thermocouple. The
reaction rate and, consequently, the amount of heat generated in this case is
determined by the rate of methane diffusion to the surface of the thermoelement. For
a platinum-palladium catalyst, the diffusion region occurs at temperatures above
360 °C during methane oxidation [4]. For other hydrocarbons (propane, butane,
hexane, etc.) and volatile fuel components, due to their lower self-ignition
temperatures, the diffusion region occurs at much lower temperatures.

The mass transfer coefficient depends on the diffusion properties of the fuel
component and can be generally represented as [4].

Bi =Dj/dp, (5)

where Dj — is the molecular diffusion coefficient of the i-th fuel component in air,
m?/s; Sp— is the thickness of the diffusion boundary layer, m.

The analysis of the above expressions shows that at a constant gas and element
temperature, the power released on the working element due to the oxidation of the
i-th fuel component is determined by the properties of the catalyst, the design of the
element and is proportional to the product of its concentration in the chamber, the
lower heating value of the component and its diffusion coefficient. In the ideal case,
when the oxidation reaction of all components occurs in the diffusion region, the
oxidation efficiency of fuel components included in expression (4) is ke =1 and

expression (1) can be represented as
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n
Py = Ks > QiCriiDi, (6)
i1

where Ks — is the coefficient that takes into account the design features of the sensor
and the properties of the catalyst, m.

In fact, when using serial thermocatalytic sensors with a platinum-palladium
catalyst, it is impossible and impractical to realize the temperature regime of
thermoelements at which the oxidation reaction of all components occurs in the
diffusion region. The reason for this is that at temperatures above 360 °C, as a
prerequisite for the methane oxidation reaction to occur in the diffusion region,
higher methane homologues and many other fuel components characterized by a
significantly lower self-ignition temperature are oxidized not only on the
catalytically active element but also on the comparison element. In addition, when a
thermocatalytic sensor operates in a mode that ensures the oxidation of all
components of the mixture in the diffusion region, it is impossible to ensure the
unambiguousness of the alarm, for example, at a content of 0.1 LEL of each
individual component. This is due to the fact that the sensitivity of the sensor to the
components of the mixture is not proportional to their NMW. Table 1 shows
information about the properties of combustible gases and gasoline components, as
well as the relative sensitivity (for hexane) of the thermocatalytic sensor when it
operates in the diffusion region and the value of the first alarm threshold for different
components when the sensor is tuned for hexane.

Table 1. Characteristics of combustible gases and components of gasoline vapors
and the relative sensitivity of the thermocatalytic sensor to them (for hexane)

- - LEL Relative 1st threshold, Ke

o = c) - -, . - 0

o = ks s < | 2 _ sensitivity Yovol.

>0 :|LE> 2 =223 %vol. | kg/m® | per by | calcu- | neces-
o - -

- 8 T El 2| 3 unit of | %vol. | lation | sary

o E Sg | 08| 85 mass

= 8 S—| %8 =

< = 0| 82| 8

c @ [%2] L Q —_

o &2 £ HE| S

=% = IS

(= [a) e

Methane | 19,6 | 55,7 16 50 |0,036] 33 | 059 ] 020 | 050 | 04
Ethane 116 | 52,1 30 3,2 /0043 19 | 063 | 019 | 0,32 | 0,58
Propane 94 | 46,0 44 2,2 |0,045| 13 | 065 | 0,17 | 0,22 | 0,71
Butane 8,2 | 457 58 1,8 10,046| 1,15 | 081 | 0,15 | 0,18 | 0,83
Pentane 7,29 | 454 72 14 10,047| 1,02 | 0,86 | 0,14 | 0,14 1

Hexane 7,21 | 451 86 1,2 10,048| 1,00 | 1,0 0,12 | 0,12 1

Heptane | 6,65 | 44,9 100 1,0 10,049| 0,92 | 107 | 0,11 | 0,10 | 1,02
Octane 6,10 | 448 114 | 0,96 |0,051] 0,84 | 1,23 | 0,097 | 0,096 | 1,05
Decane 5,60 | 44,6 142 | 0,78 |0,052] 0,77 | 1,27 | 0,095 | 0,078 | 1,20
Benzene | 8,95 | 40,6 78 1,4 10,050| 1,12 | 0,99 | 0,22 | 0,24 | 0,85
Ethanol 11,9 | 29,0 46 3,1 |0,064| 1,06 | 054 | 022 | 0,31 | 0,71
Hydrogen | 66 287 2 4 10,004| 58,2 | 13 0,92 04 |227
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These data show that in this mode of operation, when the sensor is set to 0.1
NMW for a particular component, for example, hexane, in the presence of methane,
the first threshold alarm will be triggered not when it reaches 0.5% vol. but when it
reaches 0.2% vol. which is 0.04 NMW. Accordingly, for propane — 0.06 LEL,
butane — 0.08 LEL. Thus, when all combustible components are oxidized in the
diffusion region, it is impossible to ensure the unambiguousness of the alarm when
using a single sensor, both for individual components and for a multi-component
fuel-air mixture.

Consider the possibility of unambiguously assessing the explosive properties of
a multicomponent mixture for the case when methane, butane and hexane can
simultaneously accumulate in the air, according to which it is customary to set up an
alarm in the presence of gasoline vapor, by changing the temperature regime of the
thermocatalytic sensor. When selecting the temperature of preheating of the
thermoelements at which there will be no oxidation of combustible components on
the comparison element, the oxidation reaction of some components characterized
by a high auto-ignition temperature will occur in the Kinetic region. For these
components, the oxidation efficiency coefficient can be significantly less than unity.
In this case, expression (6) must be supplemented with the oxidation efficiency
coefficient and it takes the following form

n
Py = K D keiQiCrii Di, )
i1

From the obtained expression (7), it can be seen that in this case, the heat
generation at the working thermocouple depends on its content, the efficiency of its
oxidation, and the product of the lower heating value of the component and its
diffusion coefficient.

Based on expression (7) and the data of Table 1, the theoretical value k. was

calculated at which the same value of the 1st threshold of alarm operation for
combustible components is ensured at the level of 0.1 LEL (Table 1). Based on the
above data for a three-component mixture (methane, butane, and hexane), the
sensitivity of the detector to methane and butane should be reduced (relative to the
sensitivity when the reaction occurs in the diffusion region), respectively, by 2.5 and
1.2 times.

To evaluate the possibility of performing an integrated assessment of the
explosive properties of a multicomponent mixture by changing the temperature
regime of the thermocatalytic sensor for the case when methane, butane, and hexane
can simultaneously accumulate in the air, we observed the change in the output
signal of serial thermocatalytic sensors used in the AT-3-1 and AT-3-3 mine methane
analyzers when their temperature regime changes. For the study, 10 sensors with a
non-selective platinum-palladium catalyst were used. The sensors were connected to
the measuring bridge and installed in a small-sized chamber, which was first filled
with clean air (to set the bridge zero), and then with certified gas mixtures with pre-
explosive concentrations of components. The measuring bridge was powered by a
stable current source, the value of which consistently varied from 170 to 230 mA,
with a gradation of 5 mA. After each increase in current, with a time delay of 10 s
(sufficient for the end of transients), the output voltage of the measuring bridge was
read. For all sensors (with a slight variation in absolute values), the dependence of
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the output voltage of the sensors on the current through the thermoelements for
different combustible components was identical. A characteristic view of the
dependence of the output voltage of the sensors on the value of the current through
the thermoelements when pre-explosive concentrations of combustibles are supplied
to the chamber is shown in Fig. 1.

U/Umax.
1,1

" T~

0,9 - A —

08 / ~2
I/ 3 \

0,7

0:6 /
0,5 j!
0.4 / I, mA

170 180 190 200 210 220 230

Fig. 1. Dependence of the relative value of the output voltage of the sensors on the current
through the thermoelements when pre-explosive concentrations of combustibles are supplied
to the chamber: 1 — methane; 2 — butane; 3 — hexane

The relative value of the output voltage of the sensors at different values of the
current through the thermoelements U/U™, in this case is actually the coefficient of
oxidation efficiency of the fuel component. The analysis of the obtained
dependencies shows that at a current through the thermoelements of 175 mA, the
value of the oxidation efficiency coefficient of fuel components is: for methane —
0.42, butane — 0.92, and hexane — 1.0. These values are close to the calculated values
of the coefficient given in Table 1, which ensure the unambiguity of the 1st threshold
of alarm operation for combustible components at the level of 0.1 LEL.

The relationship between the temperature of a platinum resistor and its resistance
R, is determined by the known expression

Re = ROe(1+ﬂte)’ (8)

where: Ry, — is the resistance of the thermoelement at 0 °C, Ohm; g — is the

temperature coefficient of resistance of platinum, 1/°C; t. — is the temperature of the
element, °C.

At a current through the thermocouple of 175 mA, the temperature of the working
thermocouple in the air, calculated on the basis of expression (8), was about 350 °C.
Thus, under this temperature regime of operation of the studied thermocatalytic
sensors with a platinum-palladium catalyst, an unambiguous alarm is practically
ensured when the established explosive hazard indicators, for example, 0.1 LEL, are
reached, both in the presence of a single component and when they are
simultaneously released into the air. It is characteristic that the maximum relative
value of the output voltage of the sensors from the current through the
thermoelements when pre-explosive concentrations of combustibles are supplied to
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the chamber is uniquely related to their self-ignition temperature. The lower this
temperature is, and therefore the lower the activation energy of the oxidation reaction
of the combustible component on the catalyst, the lower the value of the heating of
the thermocouple, the higher the maximum is. Taking this into account, by selecting
the temperature regime of the sensor, almost all combustible components listed in
Table 1 provide unambiguous alarm operation when using a single thermocatalytic
sensor. The only exception is hydrogen, due to its ability to create explosive mixtures
at a content (by weight) an order of magnitude lower than that of other components.

It should be noted that the temperature operating conditions of the sensor, which
ensure unambiguous protection operation, are defined for a specific type of
thermocatalytic sensor. For other types of sensors, it may be slightly different. This
is due to the fact that the flow of gas or fuel vapors to the working thermocouple of
the sensor depends not only on its effective diffusion conductivity in relation to the
combustible component, but also on the diffusion conductivity of the filter element.
In the studied sensors, at a preheating temperature of the sensor element of about
400°C, the effective diffusion conductivity of the sensor element for methane is
approximately equal to the diffusion conductivity of the filter element. With other
conductivity ratios, the dependence of the relative value of the output voltage of the
sensors on the current through the thermoelements may shift slightly. Therefore,
when developing gas analyzers for an integrated assessment of the explosiveness of
a multicomponent fuel-air mixture, additional research is needed. In practice, when
using modern microcontrollers, the selection of the sensor's operating mode can be
carried out automatically when it is set up for two test mixtures, such as methane-air
and hexane-air.

In addition, it should be noted that if the specified temperature operating mode
of the sensor is selected, the oxidation of such components as methane and ethane
will occur in the kinetic region, and propane and butane in the transition region. In
this case, a change in the temperature mode of operation of the thermoelements,
which may be due to instability of the power supply parameters or changes in the
temperature and composition of the air, can lead to significant measurement errors.
Therefore, to realize such a mode of operation of the sensor, it is necessary to
maintain either a constant temperature of the environment where the sensor is
installed or to change the power supply parameters of the sensor depending on the
temperature of the environment. All this requires further research in this area.

Conclusion

The research has shown that thermocatalytic sensors with a non-selective platinum-
palladium catalyst under a certain temperature regime allow for an integrated
assessment of the explosive hazard of a multicomponent fuel-air mixture. For the
studied sensors, this is ensured by choosing a preheating temperature of the working
thermocouple in air of 350 °C. Under such conditions, the reaction of catalytic
oxidation of such combustible components of the mixture as methane and ethane,
propane and butane occurs in the kinetic and transient region, so a change in the
temperature regime of the thermocouple can lead to significant measurement errors.
Therefore, further research in this area is to substantiate solutions to minimize the
errors in determining the NMR under the condition of an integrated assessment of
the explosiveness of a multicomponent fuel-air mixture by a thermocatalytic sensor.
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B.I. loainbko, O.K. Ky3neuos, O.B. Tojinbko
BAOCKOHAJIEHHSI CUCTEM MOHITOPUHI'Y BUBYXOHEBE3IEYHOCTI
TEXHOI'EHHUX OB’€EKTIB

AHoTanis. MeTo10 po60TH € MOUIYK pillleHb, CIPSIMOBaHUX Ha BIOCKOHAJICHHS CHCTEM
MOHITOPHHTY BHOYXOHEOE3MEUHOCTI TEXHOTCHHUX 00’€eKTIiB 3a HasIBHOCTI
0araTOKOMIIOHEHTHOI ~ MaJMBOMOBITPSHOI ~ CyMilll  HIISIXOM  IHTErpajbHOI  OLIHKHK
BHOYXOHEOE3MEeYHOCTI Ta MiIBUILEHHS! TOYHOCTI 3aC00IB KOHTPOITIO.
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MeTtonu nociaimkeHHsi. B poOoTi 3acTOCOBaHI aHATITHYHI METOU JOCIIHKEHb MPOIECY
OKHCHEHHSI TOPIOYMX Tra3iB Ta IapiB Ha Karajizaropax, 0 0a3yloTbCs Ha KIACHYHHUX
MOJIOKEHHSX ~ CJNIEKTPOTEXHIKH, TEPMOAMHAMIKM Ta  Karamidy, eKCIepUMEHTaJbHi
JOCTIKSHHS CepiHHIX OJHOKAMEPHUX TEPMOKATANITHIHUX NAaTYHKIB MEIICTEPHOTO THITY 3
IUTAaTHHO-TIATAIEBIM  KaTali3aTopoM TpH I1X poboTi B  0araTOKOMIIOHEHTHiit
MTATMBOTIOBITPSAHIA CyMilli, OIIIHKa Ta Yy3aralbHEHHS pe3ylbTaTiB TEOPETHYHHX Ta
EKCIICPUMEHTAIIBHNX JOCIIIKCHb.

PesyabraTu. BcTaHOBIIEHI 0COOIMBOCTI MPOTIKAHHS IIPOLIECY OKMCHEHHS TOPIOYNX Ta3iB
Ta TapiB B TEPMOKATaTiTUYHHX JATYMKaX 3 HECEJNEKTUBHHM IUIATUHO-TIaj]aieBUM
Karaji3aTopoM NpH 3MiHI TEeMIIEpaTypHOTO pPeXHuMy poOOTH POOOYOTO TEpMOEIEMEHTY.
[TokazaHo, mI0 TepMOKATANITHYHI JAaTYUKH 3 HECEJIEKTHBHUM ILIATHHO-TIANATi€BUM
KaTaji3aTopoM 3a IIEBHOTO TEMIIEPAaTYPHOTO PEXHUMY pPOOOTH NO3BOJSIOTH 3A1HCHIOBATH
OJJHO3HAUHY OI[IHKYy BHOyXOHEeOE3MEeYHOCTI 32 TAKUMH KOMIIOHEHTaMH, SIK MeTaH, OyTaH Ta
renTaH, IO [O3BOJSLE€ 3IOIMCHIOBAaTH IHTETpANbHY OIHKY BHOYXOHEOE3IEeYHOCTI
0araTOKOMITIOHEHTHOI ~TMANMBOIOBITPSHOT cyMmimii. J[Is DOCHIIKCHWX [aT4YWKIB IIe
3a0e3neuyeThes MPU BUOOP1 TeMIepaTyp MOMEPEAHBOTO PO3ITPIBY TEMIIEpaTypH poOOIoro
TepMmoeneMeHTa B moBiTpi 350 °C.

HaykoBa HoBu3HA. BcTaHOBIEHI yMOBH, 3a SKHX TEPMOKATaNITHYHI MATYUKH 3
HECEIICKTUBHUM  IUIATUHO-TIANANI€BUM  KaTali3aTOpOM  JIO3BOJSIFOTH  3AIHCHIOBATH
IHTErpajibHy OJHO3HAYHY OLIHKY BHOYXOHEOE3NEUHOCTI CEepe/lIOBHINA, Y TOMY 4YHUCII 3a
HAsBHOCTI 0araTOKOMIIOHCHTHO MAJIMBOMOBITPSHOL CYMIIIIi.

IpakTnuna 3HaunmicTh. [lonsirae y BCTaHOBICHHI YMOB, 32 SIKUX MOXIIMBE 3/1iHCHEHHS
OJIHO3HAYHOI OLIHKM BHOYXOBHMX BJIACTUBOCTEH MAJMBONOBITPSHUX CyMIlI€H, Y TOMY YHCIIi
0araTOKOMIIOHEHTHUX, IIPY BUKOPUCTAHHI OIHOTO TEPMOKATATITHYHOTO JATYHKA, L0 JT03BOJISIE
3MEHIIUTH BUTPAaTH Ha CUCTEMH MOHITOPHHIY BHOYXOHEOE3NeYHOCTI Ta MiJBHIIUTH
HaJIIAHICTh KOHTPOJIIO BHOYXOHEOE3MEYHOCTI 32 YMOB, KOJH B TIOBITPI MOXYTH OJHOYACHO
HaKOIIMIYBATHCH Pi3HI BUOYXOHEOE3MeUHi T3 Ta IapH JICTKUX TOPIOYNX PEIOBHUH.

KoaiouoBi ciioBa: HeOesneka, roprodi ra3u, NajJnuBO, CUCTEMH MOHITOPHHTY, AAaTUUKH,
IHTeTrpaybHa OIliHKa BHOYXOHEOE3IIeYHOCTI.

Cmammsa uaodiiiwna 0o pedaxyii 15.11.2024 i npuiinama 0o OpyKy Ricisi peyeH3V8aHHs
11.02.2025

Toninbko Bacuas IBanoBHY

JIOKTOp TEXHIYHUX HayK, npodecop, 3aBimyBau kadeapu OXOpOHHM Mpali Ta HUBIIBHOT
Oesnexy, HarjionanpHuii TeXHIYHUN yHIBepcUTeT «J{HIPOBCHKA MOMITEXHIKa

Anpeca po6oua: 49005 m. {rinpo, nip. [Imutpa ABopHuIEKOTO, 19, 49005

ORCID ID: https://orcid.org/0000-0001-6069-0515 e-mail: golinkongu@gmail.com

Kysunenos Ouier KoctaHTHHOBHY

acmipaHT KadeIpu OXOpOHH IIpali Ta HMBUIbHOI Oe3nexw, HarioHanbHWIT TexHIYHMI
yHIBEpCHUTET «/IHIMPOBCHKa MOJIITEXHIKa»

Anpeca podoua: 49005 m. [{uinpo, np. JImutpa ABopuunpkoro, 19, 49005

ORCID ID: https://orcid.org/0009-0002-4038-8102 e-mail: oleg.kuznetsov9S@gmail.com

Toninbko Ouiexcanap BacuiaboBuny

acmipaHT Kadeapu MPOrpaMHOTO 3a0e3MeYeHHs KOMIT'IOTEPHHX cUCTeM, HartioHambHui
TEeXHIYHUH YHIBEpCUTET «/[HIMPOBCHKA MOMITEXHIKa

Anpeca po6oua: 49005 m. [ninpo, np. murpa SIBopHuipKoro, 19, 49005

ORCID ID: https://orcid.org/0000-0003-1980-3017 e-mail: HolinkoAV @gmail.com

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025


mailto:golinkongu@gmail.com
mailto:oleg.kuznetsov95@gmail.com
mailto:HolinkoAV@gmail.com

UDK (616-092.11+616-036.12):69

Yurii Tsiuriupa, Senior Lecturer, PhD student of the Department of Environmental
Protection Technologies and Labour Safety
ORCID ID: https://orcid.org/0009-0001-2654-0270 e-mail: jurij.zurupa@gmail.com

Viktoriia Sakhnovska, PhD student of the Department of Labor Protection and
Environment
ORCID ID: https://orcid.org/0000-0002-2489-7276 e-mail: vsahnovskaya@gmail.com

Kyiv National University of Construction and Architecture, Kyiv, Ukraine

SICK BUILDING SYNDROME: UNCERTAINTY OF CAUSES
AND CHALLENGES OF CLASSIFICATION

Abstract. The article addresses the problem of developing a universal
classification of negative factors associated with Sick Building Syndrome (SBS),
taking into account current technological, climatic, and epidemiological
challenges. A critical analysis of existing approaches is provided, including
classifications proposed by the WHO, CPSC, and various researchers who
identify physical, chemical, biological, psychophysiological, and other groups of
pollutants. It is shown that none of the existing systems fully cover the entire
spectrum of external and internal factors — particularly neglecting climate
influences, epidemiological threats, socio-psychological conditions, and new
“video-ecological” parameters related to visual homogeneity and aggressiveness
of the built environment.

Based on an interdisciplinary approach, an extended classification is proposed,
dividing SBS factors into two broad groups: external (climatic, ecological,
radiological, video-ecological) and internal (microclimate parameters, physical,
technical, radiological, psychological, and biochemical factors). Special attention
is given to video ecology — a field that examines the impact of homogeneous and
aggressive visual environments on the oculomotor system and the psycho-
emotional state of individuals.

The role of natural biotechnical filters — indoor plants — is also considered. These
plants regulate humidity, absorb VOCs and CQO., emit phytoncides, suppress
pathogens, reduce noise, and enhance psycho-emotional well-being.
Recommendations are provided for integrating plants into biophilic design as a
cost-effective means of improving indoor environmental quality and preventing
SBS.

The proposed classification aims to improve risk assessment, the development of
preventive measures, and building operation standards to safeguard the health of
residents and workers in the context of urbanization, energy efficiency, and global
climate change.

Keywords: Sick Building Syndrome (SBS); video ecology; classification of SBS
risk factors; natural biotechnical filters.

© 10.B. Iiopromna, B.M. Caxnoscbka, 2025
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KuiBchkuii HaiOHATHHUN YHIBEpCUTET OYIIBHHUIITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

CUHJIPOM XBOPOI BYIBJII: HEBUSHAYEHICTh YAHHHUKIB
I BUKJIMKH KITACUDIKAILI

Anomayin. Y cmammi posenamymo npobiemy popmyeanns yHieepcanbHoi
Knacugixayii HecamusHux Gakmopie cunopomy xeopoi 6yoieni (CXB) 3
VPAXYBAHHAM CYHUACHUX TMEXHONO2IYHUX, KIIMAMUYHUX MA enioeMioNo2iuHUux
suxnukie. Ilposedeno KpumuuyHul awaniz ICHYIOYUX niOX00i8, 30Kpemda
knacugixayiu, sanpononosanux BOO3, CPSC ma Hu3kow O00CIiOHUKIS, SKI
euoiIsioms  Pi3uyni, Ximiuni, Oionociuni, ncuxo@izionoiuni ma IHWI 2pynu
3abpyonreauis. Ilokaszano, wo H#cOOHA 3 I0OMUX CUCHEM He OXONIIE 6eChb
CneKmp 308HIWHIX | BHYMPIWHIX YUHHUKIB, ceped AKUX OKPeMO He 8UOKDEeMIeHI
KALMAmMUuyHi 6NAUBU, eNni0emMioN02iUHI 3a2p0o3u, COYIaNbHO-NCUXOL02TYHI YMO8U ma
HO8I «8i0€0eKON02IUHIY napamempu, nNo8 A3aHi 3 8i3YANbHOK 20MO2EHHICIO Md
azpecusHicmio Wmy4Ho2o cepedosuLyd.

Ha ocnosi  mixcoucyunninapnoeo  nioxody  3anponOHOBAHO — POZULUDEHY
Kknacugirxayivo, wo noodinse gaxkmopu CXB na 080 6enuxi epynu: 308HIULHI
(knimamuuni,  exonociuni, paoiayiuui, 6i0e0eKoN02iuni) ma  GHYMPIWHI
(napamempu  mikpokiimamy, izuuni, mexHiuni, paodiayiini, NCUXOJOSIYHI,
6ioximiuni). Ocobaugy yeazy npuoileno 8i0eoeKoNo2ii — Hanpsamy, Wo aHaiizye
BNIUE 2OMOEHHUX A AZPECUSHUX BI3VANbHUX NOJI68 HA OKOPYX08ull anapam i
NCUX0eMOYIUHUL CMAaH TH0OUHU.

Taxooxc posenanymo poab NpupoOHUX OIOMexHiYHUX @inbmpie — KIMHAMHUX
POCIUH, AKI OOHOYACHO pecynioiomb 60J102iCMb, NOSIUHAIOMY JeMmKi OpP2aHIuHI
cnonyku (JIOC) ma CO:, eudinaioms @Qimonyuou, npucHiuyioms nAMo2eHU,
SHUICYIOMb  WYM Ma ROKpawyioms ncuxoemoyitinuti komgopm. Hasedeno
pexomeHOayii wooo inmezpayii pocaun y 6ioinbHull OU3aH K eKOHOMIYHO
docmynnozo 3acoby nioGuwenHs AKOCMI 6HYMPIUHLO20 cepedosuuia ma
npogpinakmuku CXP.

3anpononosana knacugixayis cnpsmosana Ha NiOGUWEHHS eherxmusHoCmi
OYIHKU PU3UKIB, PO3POOKU NPEBEHMUBHUX 3AX00i8 i cmanoapmis excniyamayii
0yoisenv 01 3abe3neuenHss 300P08’ss MeWKAHYié [ NpayieHuxie y Cy4acHux
yMo8ax ypoauizayii, enepeemuyunoi eghekmugHOCmi ma 2100anIbHUX KIIMAMUYHUX
3MIH.

Knrouoegi cnosa: «cunopom xeopoi 6yoiseniy (CXB); sioeoexonoeis, kiacugikayis
Hebesneunux ¢axmopie CXB; ciciena npayi; 300pog’s niodel; Npupooui
biomexniuni Qitompu.

https://doi.org/10.32347/2411-4049.2025.2.74-83
Beryn

VY cyyacHMX yMOBax 3HauHa YaCTHHA XHUTTEBOTO ITUKITY JIFOJUHHU, [II0 CTAHOBUTH B
cepeanboMy 80-90%, MPOXOIUTH Y 3aKPUTHUX IPOCTOPax Pi3HOTrO (HyHKIIOHATIHHOTO
MPU3HAYEHHS, BKIIIOYAI0UX OCBITHI 3aKJIa/Id, )HUTIOBI pUMilieHHs, odicHi OyaiBi,
CTIIOPTUBHI KOMIUIEKCH Ta 00'€KTH TOProBO-pO3BaXkaIbHOI iHPpacTpykTypu. Takum
YUHOM, TIOTCHIIIWHI PHU3WKH I 3J0POB'S, acoIiiioBaHi 3 SKICTIO TOBITPS Y
BHYTPIIIHROMY CEPEIOBHUINI, MOXYTh TIEPEBUIIYBaTH 3arpo3d, 3yMOBIEHI
3abpynHeHHIM aTMocdepHoro mositps [1-6].
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[Nounnaroun 3 1970-x pokiB, cepea MEIIKaHIliB HOBOOYIOB, 0(iCHIX MPUMIIIEHb
Ta JOWIKIIBHUX 3aKJaJliB 3pociia yacToTa Hecnenn(iYHuX KIHIYHUX MPOSIBIB, SKi B
MeiffHOMy [MCKypCi OTpUMAaid Ha3By «CIyKOOBOi XBOpPOOW». Ii BMHHKHEHHs
MOB’SI3yBaJId 3 TMEPEXOJOM Bix OyniBens 13 MPHPOTHOI BEHTHIIAIIEID IO
eHeproe(eKTUBHUX CIOPY/ i3 MiABUIIEHOI0 TepMeTHdHICTIO [7]. Y 1986 pori BOO3
3alpoBainiia TEPMiH «CHHAPOM XBopoi Oyaisni» (Sick Building Syndrome, SBS),
3a3HauymBIY, o 10-30 % HOBO3OyzoBaHMX odicHMX OyniBens Ha 3axX0Al MarOTh
poOIEMH 3 AKICTIO TIOBITPS B IPUMIIIICHHSX [8].

Hes3Bakatoun Ha akTyaJbHICTBH MPOOJIEMH, 10CI HE iCHY€ 4iTKOi Kiacudikarii
HeratuBHUX YMHHUKIB CXb: kiiMaTH4Hi Ta 30BHILIHI 3a0pyJHIOBaIBHI (haKTOPH HE
BH[IJIEHI OKPEMO, a AesKi BHYTPIIIHI, SIK-OT aHTPOTIOTOKCHHH Ta TIOTIOHOBHH TNM,
3raiyl0ThCsl Y PI3HUX TpyMax, 0 YCKIAAHIOE iX CHCTeMaTH3AaLilo.

Merta po6otu. Po3pobnenns knacudikarii ¢paxTopiB, 110 BU3HAYAIOTH TOSBY Ta
nepedir cuHApoMy XBOpoi OyIiBii, 3 ypaxyBaHHSIM 3OBHINIHIX Ta BHYTPIIIHIX
YIHHWKIB.

3aBaaHHs poOOTH:

1. TlpoanamizyBaTH Cy4aCHHI CTaH BUBUYCHHS CHHApOMY XBopoi Oyniemi (CXb)

Yy HayKOBif Ta HOpMaTHUBHIH JliTepaTypi.

2. Pozpobutn knacudikamito (akTopiB, 10 BIUIMBAIOTh Ha BHHUKHEHHS Ta

nepedir CXb.

3. PosrmsnyTH MoximBoCTI modimmieHHs 1nii ¢aktopiB CXb mpupomHuMu

010TeXHIYHUMHU (PLIBTPAMHU-POCIUHAMHU.

TeopeTH4Hi 0CHOBHU J0CJIiIzKEHHS

Knacudikariss mkigimBux (GaxkTopiB, IO ACOLIIOIOTHCS 3 PO3BUTKOM CHHAPOMY
xBopoi Oyxiemi (CXB), 3a3Hana CyTTeBUX 3MiH y MpOIECI €BONIONIT HAyKOBHX
ysaBieHb. Y 1970-x pokax, komu jumie QopmyBaiacsa TepMiHoJoriuHa 0a3a,
JNOCHITHUKHA  30Cepe/KyBalld yBary Ha [IMPOKOMY CIHEKTpi HapameTpiB
BHYTPIIIHBOTO  CEPENIOBUINA,  BKJIIOYAIOYM  MIKPOKITIMAaTHYHI  MOKa3HUKH
(Temriepatypa TOBITPsI i MOBEPXOHB, BOJIOTiCTh, BEHTWIIALIS), (Di3MYHI YMHHHUKH
(piBeHp mIymy, BiOparllii, OCBITJIICHHS, €JIEKTPOMArHITHI TOJsI), KOHCTPYKTHBHO-
IJIaHYBaJIbHI aclieKTH (eproHoMika, Mu3aiiH, MeOJieBe 3a0e3MeueHHs), a TaKoxXK
XiMiuHI Ta 010J0Ti4HI 3a0pyAHIOBadi (TIOTIOHOBHA TuM, (pramatu, opMaibIeri,
JIETKI OpraHi4Hi CIOJIyKH, MiKpoopraHizmu, Oiounau, Mikpo6Hi JIOC, nun Tomo).
OxpeMy yBary NpWAULUIA TaKOX TICHXOCOIIAIbHUM YHHHUKAM — TEHIEepY,
COLIIAJILHOMY CTaTyCy Ta IHJAMBIIyaIbHUM OCOOIMBOCTSM JIFOIUHH.

[TyGmnikauii Toro nepioay, 31e0i1b110r0 aBTOpPCTBA (haxXiBLiB y rainy3i MEIUIMHHY,
aKIEHTYBalld Ha BHUSBICHHI KOHKPETHHX CHMNTOMIB pO3JaaiB  370pOB’s,
3YMOBJICHUX HECTPHUATINBAUMH YMOBaMH BHYTPIIIHBOTO cepeaoBuina. Hamami
criocTepiranacs TEHACHIi 0 Kiacu(ikamii IIKiITUBUX YUHHHUKIB 332 THUMAMHU —
¢i3uuHi, XiMiuHi, OIOJIOTiIYHI, TICHXOJOTIYHI Ta OCOOWCTICHI, IO JO3BOJISIIO
(dbopmarizyBaTy mijxija 1o X aHami3y.

3ronom npobnema CXb HaOyna MiXIUCIMIUTIHAPHOTO XapakTepy, 10 CHPHUSIIO
3aJy4eHHIO (axiBLiB 3 €KOJIOTii, apXiTeKTypH, COLIOJOrii, MCUXOJOrii Ta 1HIIKX
ranyseii. Byno ycsimomieno, mo CXb € comianbHuM (EHOMEHOM, SIKUH BUMarae
JOCIIIDKEHHST BEMKUX BHOIPOK 1 BpaxyBaHHS MHOXHHHHX 1HIAWBIAyadbHUX
3MIiHHUX. 30KpeMa, BHSBICHO, INO MiABMINEHMHA pm3uK po3BuTky CXb
CIIOCTEPIra€ThCs Cepell JKIHOK, OCI0 13 CEepLEBO-CYIMHHHUMH 3aXBOPIOBAHHAMHU,
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aJeprisMH, a TaKOXK CEPel COIMIaIbHO BPa3JIMBUX KaTETOPid HACeICHHS — JIFOICH
MOXWJIOTO BiKy, OCi0 3 IHBaIiAHICTIO, IiTEH Ta TPEJACTABHUKIB HU3BKOTO
COLIAJILHOTO CTaTyCy, sIKi 3MyLICHI TpHBajIMid dac mepeOyBaTH y 3aKpHUTHX
MIPUMITIICHHSX.

3 PO3BHUTKOM XiMii Ta BOPOBAIKEHHSIM HOBITHIX OyHiBeTFHUX 1 03/100TFOBATBHAX
MaTepiajiB, a TaKOoX IHIIMX IHHOBALIMHWUX TEXHOJIOTiH, 3HAYHO 3pocia poiib
XIMIYHOTO YHMHHUKA Yy (popMyBaHHI cuHApoMy XBOpoi OymiBii. Bukopumcranus
CHHTETUYHNX KOMIIOHEHTIB, KJ€iB, Gap0, IIIACTHKIB Ta TEPMETHKIB IPHU3BEIO 10
MiABUIIEHOTO BMICTY JIETKMX OpPTraHIiYHHMX CHONYK, (popMasbAerifiB Ta iHIINX
TOKCHYHHX PEUYOBHH Yy MOBITPi BHYTPILIHIX MPUMILICHb.

3 mosBor0 THoOanbHOI mpoOnemu 3MiHM KiaimMaTy y pociimkeHHsx CXb
OKpecIUBCsI HOBUH Miaxin 10 knacudikanii HeraTHBHUX YWHHHKIB. 30KpeMa, KpaiHu
3 BUCOKHUM piBHEM €KOHOMIYHOTO pO3BHTKY BH3Hamd, mo CXbB He € BUHATKOBO
MpoOJIeMOr0  KpaiH 13 HU3BKHM COIiaIbHO-€KOHOMIYHHM CTaTycoM abo JIHIe
Bpa3JMBHUX TPYIl HAaceleHHA. bynb-ska OymiBIIA — HE3aJIeXKHO Bif reorpadidyHOro
po3TallyBaHHsS 4YM PIiBHA KOMQOPTY — MOXE 3a3HaBaTH BIUIMBY 30BHIIIHIX
KIIIMATHYHUX 1 eKOJOTIYHWX YHHHUKIB, $Ki TOCWIIOIOTH [if0 BHYTPIIIHIX
3a0pynHioBaviB. Taki YMHHUKH, SK TI€PErpiB, IEPEOXONOKEHHS, HaaMipHa
BOJIOTICTh 400 CyXiCTh, BIUIMBAalOTh Ha KOHCTPYKTHBHI €JIE€MEHTH OYyiBIi,
3MIHIOIOYM MIKpPOKIIMAT 1 CTBOPIOIOYM TEpPeayMoOBH JUisi  (OpMyBaHHS
HECIIPUATIMBOTO CEPEIOBHIIIA.

VY 3B’3Ky 3 IUM IOCTa€ HEOOXiJHICTh Meperjisay ICHYrouoi Kiacudikamii
ynHHKKIB CXb 3 ypaxyBaHHsM 30BHIIIHIX KITIMAaTUYHUX, EKOJIOTTYHUX 1 TII00ATBHHX
3MiH, [0 BIUTMBAIOTh Ha (PYHKIIIOHYBaHHS OyIiBeIb i 3J0POB’S IXHIX MEIIKaHIIIB.

Jlesiki aBTOpH BBaKAIOTh BAXXKIIMBUMH JIMIIIE 4 KpUTEpii 3a0pyTHEHHS, a came:

— TBEPJIMMH YaCTUHKAMU;

— OioJyioTiyHEe 3a0pyAHEHHsS (SK-OT: MUJIOK, TPUOKH, ILIICHSIBA, MHJIOBI KIIII
TOIIIO);

— (i3nuHe 3a0pyTHEHHS, BUKIIUKAHE TAKMMHU areHTaMH, sSIK TeMIlepaTypa, CBITIO0
1 eNIEKTPOMATHITHI TOJIS;

— 1 xiMiuHe 3a0pyAHEHHS, sIKe BKJIFOYAE JIETKI OPraHivHi CIIOTYKHU Ha JIOAATOK JI0
panony [9].

Camanex bangexaini ta iH. [10] mominsoTe BHYTpIllIHI 3a0pyIHIOBadYi MOBITPS
MIPUMIIIEHB Ha JIBi BEJIHKI TPYIIH:.

1. Heopraniuni 3a0pyaHioBadi: OKCHOW a30Ty, MIKPOGJIEMEHTH, PTYTb,
030H, TBEP/Il YaCTHUHKH, 1110 BAMXAIOTHCS, a30€CT.

2. Opraniubi 3a0pynHIOBadYi: JIETKI OpraHiYHi CIIONYKH, TOJNYON 1
eTII0eH30M, (hopMaibleriyl, BYTJIEKACIWA Ta3 1 JIOKCHI BYTJIEIO,
areTanb/eriy, aKpoJieiH, HadTamiH, TPUXIIOPETUIICH, TETPaXJIOPETUIICH.

Ha nam noruisiz, st kiacudikariist He € TOBHOO, OCKUILKY BOHA HE BPaxOBYE 1HIIN
3a0pyIHIOBai MOBITPAL.

Knacudikaniss nerkux opraniunux crnonyk (JIOC) BceecBiTHpoi opranizamii
oxoponu 310poB's (BOO3), anantoBana 3 [11], HaBenena y Tabm. 1.

Bapro 3a3HauutH, mo HaBelneHa Kiach(ikallis YMHHHUKIB CHHIPOMY XBOPOI
OyaiBini, monpu ii PO3MIMPEHHS 32 PaxyHOK XiMIYHHX Ta KJIIMaTHYHHUX BIUJIMBIB,
OXOILTIOE TIEPEBAKHO JIUIE OAHY KaTEropito 3a0pyAaHIOBadiB — i, BIAIOBIIHO, HE
MOX€ BBOKATUCS BUYCPITHOIO.

[Manmemiss COVID-19 BuBena mpobnemy 3a0pyIHEHHS BHYTpPILIHBOTO
CepeIOBHUIIA IPUMIIICHD Ha TI00aTEHUN MIXKHAPOIHUH PiBCHb.
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Ta6muus 1. Knacudikaris netkux opraniunux crnoiayk BOO3 [11]

. . Jiama3oH TemmepaTyp

Kareropis AOlpesiaTypa F—
Hyxe metki (ra3omoniOHi) opraHivHi VVOCs <0 510 50
CIIONYKH
JleTki opraHiuHi CIIOIYKH VOCs 50-240
HamniBierki opraHiuHi CIoJIyKu SVOCs 240-380
OpraHiuHi crnoiyku, TIIOB’si3aHi 3
TBEpAMMH  4YacTKaMH:  OpTraHiyHi POCs > 380
CIIONYKH, TTOB’sI3aHi 3 YaCTKaMH

Hespakatoun Ha 11, Ha CHOTO/JHI HE ICHYE €IWHOI, IIHCHO BHYEPITHOL
knacudikanii HeratuBHUX (aktopiB CXb. 3okpema, y «KepiBHHITBI 3 SKOCTi
noBiTps B mpuMinierH» Komicii CIIA 3 6e3nekn crioxxuBunx ToBapiB (CPSC) [12]
BHJIIJICHO TaKi OCHOBHI KaTeropii 3a0pyHIOBaviB TOBITPS B MPUMIIIEHHSIX: PajoOH,
TIOTIOHOBUH J¥M, OiompenapaTH, yrapHWUH Ta3, MIOKCHZ a30Ty, OpraHiyHi Tasu,
YaCTHHH, 110 BIUXAIOThCA, (popmaibaeria Ta Me0J1i, BATOTOBJIEHI 3 [IMX BUPOOIB i3
MPECOBaHOi JIEPEBHHHU, CEYOBHHOGOpPMANBETiIHA THHA 130JIAIis, MEeCTHUIIHIH,
azoect, plumbum (Pb).

OTke, CTaHOM Ha CHOTOJIHI BiJICYTHSI yHiBepcajbHa Ta YiTKO chopMysboBaHa
knacudikaiis HeraTuBHIX YnHHUKIB CXb. KinimMaTrdHi BIITMBY HE BUOKPEMIIEH] K
OKpeMa KaTeropis, a 30BHIIIHI 3a0pyAHIOBadil, X04a i BU3HAIOTHCS CYTTEBUMH, HE
oTpUMaNy cUcTeMHoro omucy. OKpiM TOro, HU3Ka BHYTPILIHIX 3a0pyHIOBAYiB —
30KpeMa aHTPOIIOTOKCHHH Ta TIOTIOHOBUH MM — HE IHTETPOBaHi B €IMHY IPYILy, a
PO3MOMIISAIOTECS MK KUIPKOMAa KaTeropisiMH, IO YCKJIAIHIOE iX OJHO3ZHAYHY
i1eHTU]IKAIIiI0 Ta 00K y 3araibHill cXeMi.

B wHasBuiii nepkaBHid kinacudikamii «[irieHiydHa kiacudikaiis mnparmi 3a
MMOKa3HWKAMH IITKiJTHBOCTI Ta HEOE3MEeYHOCTi PaKkTOPiB BHPOOHUIOTO CePEeIOBUIIA,
BaKKOCTI Ta HAMPYKEHOCTI TpymoBoro mporecy» [13] kmimMaTu4Hi ¢akTopu
(Temneparypa, BiJJHOCHA BOJIOTICTh TIOBITpS, OCBITJIEHICTh, HIBHJIKICTH pPYyXY
TIOBITPS) BiTHOCATHCA 10 (pi3muHuX (akTopiB. Takok HEIPO3YMIIUM 3aIIUIIAETHCS
MMUTaHHS [IOJ0 Kiacudikamii Aeskux 3a0pyIHIOBadiB, HAMPHUKIAJ TIOTIOHOBOTO
UMY Ta aHTPOIIOTOKCHUHIB, SKi € BUIUICHHSAMU BiJI JIFOMHU.

TakuM 4MHOM, MOYKHA 3a3HAYMTH, IO CydYacHa TirieHiuyHa kKiacudikailis Ta
knacudikalis AiIOYMX MIKIIMBUX (pakTopiB, sika HaBeAeHa B Hii, HOTpedye
PO3MIUPEHHS T YIOCKOHAICHHS.

PesyabTaTn gocaigxeHHs

Buxonsum 3 BUIIEHABEJICHOTO, MH IPOIOHYEMO CTBOPEHHS Kiacudikarii
HeOesneunux ¢akropiB CXb (puc.1). B 3anpononoBaniii kmacudikariii
MPOMNOHYETHCS NOAUIATH (HaKTOPH BIUIMBY Ha 30BHIIIHI Ta BHyTpitHi. o dakTopis
30BHIIIHBOTO BIUIMBY TPOTNIOHYETHCS BBEJCHHS KIIMaTHYHUX (TeMIeparypa,
BiJTHOCHA BOJIOTiCTh IOBITPSI, IIBUJKICTh BITPY, COHSYHA pajiallisi), €KOJOTIYHNUX
(ximiuHe 3a0pyIHEHHs MOBITPS, Oilonoriune 3a0pyAHEHHS), pagiauiiHuX (pagiamis
BiJI IPUPOTHMX JDKEPEII, paiallisl BiJ TEXHOTCHHUX JPKEpPEN) Ta BiICOSKOIOTITHIX
(dakrtopiB (arpecuBHa 3a0y[0Ba, ACTPECHBHI JaHaIIadTH, HEcTaya O3CIICHEHHS,
CBITJIOBE 3a0py/THEHHS).
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30BHILWAI ©®AKTOPU

KAIMA THYHI EKO/OIYH!
«  Temnepamypa fa., °C « XiMiyHe 3a0pydHeHHs;
+  Bidnocna Bonoeicmb Gons, % . E:om)awue 300pyOHEHHS:
« WBudkicms Bimpy ‘s, M/C Sakmepii;
« (oHa4xa padiauia: < epudkuy,;
iHmeHcuBHicms, Bm/M; naichaba;
«  NoA0XeHHSA coHus Ha Hedo3Bodi « Cnopu;

3amiHwBansri 00 exkmu;

BHYTPILIRI
PAKTOPH

PA.H.-"AUMHI
Padiayia 8id _
npupodHux PALIALIIAHI
dxepen; « Padon
«  Padiayia 8id « [Fu y-gon
mexHO2eHHUX
dxepen [ICHX0A00 15H DI3UYHI
{mp.f;( 8ia: - llym
Hedockowanoeo - Bidpauia
du3aury - IHgpazByx
(denpecuBrud, - Enexkmpo-
ackpabuy, MacHimHi
KOHmparmHuu} xBuani
- Bideo- E}BQ?OEJLJHUJF EnekmpudHi
¢pakmopib (3a noAasa
Bfﬂggfg?fggg—ffﬂ BikHamu); . MaewHimHi
P - duckompopmy; noAas
3a0ydoBa - wymy;
: fgﬂg;gﬁ;ﬂ . Biopauid; BIOXIMIYHI
. Hecmaua »  iHppa3byky = TokcuHu
036NBHOHHS = XiM. enemeHmy
. (Pb, Cu mowo)
« (BimnoBe | = TEXHHH:‘ . 0P
3ad8pydHenHs Cucmemu - bakmepii
poprybantia = nAaicusBa
MiKpOK AiMamy . Cnopu
- Texnika, - Bipycu
odanadHaHHsA « Jum Bid Kypinns
TAPAME TP BHYTRILIHL OO
CEPEAOBHUIA
Temnepamypa tigs, °C

BidnocHa Bonoeicme Qua, %
WBudkicme Bimpy s, M/C

OcBimaeHHsa:
*  npupodHe;
« wmy4He;

+  3MIHA cuHbOgionemoBoi ckAa-
doBoi cnekmpy npomseoM OHS
(Bnaub Ha yupkadui pummu)

Puc. 1. Knacuodikauis nHebesneunux daxropis CXb

Bineoekomnorisi — HOBHH HAayKOBHH HampsIMOK, IO PpO3BHBA€E AacCIEKTH
Bi3yaJIbHOTO CITPUHHSTTS HABKOJUIITHBOTO cepeIoBUINA. JlaHMIi HATPSIMOK 3’ IBUBCS
3aBISKM JOKTOPY OIlONOTIYHMX HayK, aBTOpy Teopii aBTOMmartii cakkan (1987 p.)
Bacumo @iminy. [lpomecn ypOanizarii, pamioHamizamii Ta iHmycTpiamizarii
OpU3BENM 1O TOSBH INTYYHOTO AarpeCHBHOTO  Bi3yaJbHOTO  CEepeIOBHUINA
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3 TOMOT€HHUMHU TIOJISIMH: TEMHO-CIpHIA KOJIp, MpsMi JIiHIT Ta KyTH, MiCbKi OyTiBIi
B OCHOBHOMY CTaTH4YHI Ta MalOTh BEJHMKY KiJBbKICTh IUIOLIMH, IO HETaTHBHO
BIUTMBA€ Ha 30POBi MPOLIECH Ta IPU3BOAUTEH JI0 ICUXOEMOLIHHOT0 PO3JIa Ty JIIOAHHH.
B ocHOBI Bimeoekonorii JeXHTh Teopis cakkam. Cakkamoro (B mepeki. 3 ¢paHil.
«CHUJIBHUH TIOMITOBX, PUBOK») HA3UBAETHCA MBUIAKUN PyX OKa, SIKUN 3MIACHIOETHCS
MHUMOBIIBHO, TOOTO B aBTOMAaTHYHOMY pexkuMi. OCOONMBY HENPUEMHICTH JUIS
JMIONWHA CTBOPIOIOTH TOMOTEHHI Ta «arpecuBHi» moisa. Ilpu coormsmanHi
TOMOI'€HHUX AarpecMBHMX IIOJIB BHMHHUKAIOTh CAKKaaAW OULIBLIOI aMILTITYIH, IO
CIpUYMHEHE TIONIYKOBHMH pyXaMH OYeH, BHACIIJOK YOrO0 OKOPYXOBHH amapar
3MyIIEHUH MpAaIoBaTH B HEEKOHOMHOMY PEXHUMi, 10 MOTpeOye 3alBUX BUTpAT
EHeprii, To/l K BCi (hi310JI0TIYHI IPOIIECH HAMAraloThCs MPAIIOBATH CaMe B PEXKUMI
MaKCHUMaJbHOI eKOHOMII [ 14].

ChorofHi BiICOCKONOTIYHAN MiAXiA BiAIrpac KIIOYOBY poOib y 30€peKeHHi
3M0poB’st MroAWHU. [loM’SIKIIMTH HETaTWBHI HACIHITKK Bi3yallbHOI TOMOTEHHOCTI
MOXKHa MUIIXOM IHTETparii B apXiTeKTypHO-OyAiBENbHI pIlIEHHS MO3UTHBHHUX
TeTEPOreHHUX EJIEMECHTIB — BapiaTHBHUX (OpPM, KOIBOPOBUX aKIICHTIB Ta
TEKCTYpPHUX KOHTPACTIiB, a TAKOXK 32 PaxXyHOK O3€JCHEHHS: BUKOPHCTAHHS JKUBHX
POCTIHUH 1 «3eeHNX» KOHCTPYKIIiH SK B iHTEp €pax, TaK i B eKCTep epax Oy/iBeb.

Tomy mell ¢akTop HABKOJIHMIIHBOTO CEpeAOBHINA OOOB’SI3KOBO IMOTPiOHO
BpaxoByBaTH y kiacudikanii 30BHimHIX pakTopiB CXb.

dakTopy BHYTPIIIHBOTO CEPEIOBUIIIA MU ITPOTIOHY€EMO MTOUTUTH Ha TApaMETPH:

— BHYTPIIIHBOTO CEpeoBUIla (TeMIepaTypa, BiIHOCHA BOJIOTICTh, IIBUAKICTH
BITpY, OCBiTIEeHHs), pizuuHi (mrym™m, BiOparis, iHQpa3ByK, eleKTpOMarHiTHI XBHII,
€JIEKTPUYHI TIOJIsl, MaTHITHI MOJIA);

— TexHiyHi (cuctemu (OpMyBaHHS MIKPOKIIMaTy, TEXHiKa, OOJagHaHHS),

paniamiiiHi (paaoH, B i ¥-¢oHn);

— TICHXOJIOTi4HI (CTpec BiJ HEAOCKOHAJIOTO IU3aliHy Ta BiJIEOEKOJOTIYHUX
dakropis, AuckomMdopTy, myMy, BiOparlii, iHppazByKy);

— OioximiuHi (TOoKcHMHH, XiMiuHi ernemeHTH, JIOP, Oakrepii, rricHsBa, criopw,
BipyCH, AWM BiJl KypiHHS).

[NoninmieHHss mapaMeTpiB BHYTPIIIHBOTO CEPEOBHINA 3JIHCHIOETHCA 3a
JIOTIOMOTOI0 KOMILJIEKCY TEXHIUHUX 3aC00iB, CIIPSIMOBAaHUX Ha HEUTpasizaiiro adbo
3MEHUICHHA BIUIMBY IIKIAJMBUX YWHHHUKIB. 30Kpema, MaJsl peryJioBaHHS
TEMIIEPATypHOTO  PEKUMY  3aCTOCOBYIOTHCS ~ CHCTEMH  ONAJleHHS |
KOH/IMIIIOHYBaHHSI TIOBITPS; PIBEHb BOJIOTOCTI KOPUTYETHCS 3 BUKOPUCTAHHSIM
3BOJIOXKYBayiB a00 OCylIyBauiB; OCBITJICHICTH ONTHMI3YETHCS 3a JOMNOMOTOIO
CBITJIO3aXMCHUX pillleHb Ta €HEeproeeKTUBHOIO OCBiTIEHHS. s 3HIKEHHS
KOHIEHTpaliif O0ioXiMiuHUX 3a0pyJHIOBAYiB BHUKOPHCTOBYIOTHCS IMOOYTOBI
¢inbpTpauiiini cucTemMH.

Boanouac 10 edexkTMBHMX NPUPOTHMX 3acO0iB OYMILNEHHS CepeIoBHILA
HaJIe)KaTh KIMHATHI POCIIMHMU, SIKi BUKOHYIOTh (DYHKIIIT O10TeXHIYHHX QibTPIB.

Bionoriyna fiisi KIMHATHUX DPOCIUH OXOIUTIOE IMHUPOKHH CIEKTp MapamerpiB
BHYTPIIIHBOT'O CEPEAOBUILA, BIUIMBAIOYM HE HA OKpEMi IMOKAa3HWKH, a Ha IXHii
B3a€MO3B’s13aHUM KoMIUlekc (puc. 2). PociauHM cOpUSIOTH  MiJBUIIEHHIO
MICUXO0EMOLIIHHOr0 KOM(OPTY, cTabiIi3a1lil BOJIOTOCTI MOBITPS, MOTTHHAHHIO JIETKUX
OpTaHIYHUX CHOJYK i BYTJIEKUCIIOTO a3y, NPUTHIYEHHIO MAaTOreHHOI Mikpodaopu
3aBISKM BUJAUICHHIO (ITOHIUAIB, a TaKOX BiISKYBaHHIO IIKIJHUKIB Yepe3
HAasBHICTh JICTIOMATHYHUX CIIOIYK 1 CIEIMU(ITHOTO XIMITHOTO CKJIay COKY.
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Puc. 2. BnactuBoCTi NPUPOAHUX OIOTEXHIYHUX PUILTPIB y NPUMILICHH]

Kpim Toro, 3enena Oiomaca crpusi€ 3HW)KEHHIO IIYMOBOTO HABaHTA)KCHHS B
MPUMIIEHHSX. 3aBASKH IOMY POCIHHU €(EKTHBHO THTErpYyIOThCS Y 010 LIbHUIMA
IU3aiiH Ta apXiTEeKTypHE 30HYBaHHS. 3 OMIAAY Ha IXHIO 3JaTHICTh KOMIUIEKCHO
BIUIMBAaTH Ha HECHPHUSTIMBI UYMHHUKMA BHYTPIIIHBOTO CEPENOBHIIA, POCIUHH
PO3TISAAIOTECS  SIK  TEPCIIEKTUBHHUK, EKOHOMIYHO JIOCTYIHHH 1HCTPYMEHT
NpopUIAKTUKH CHHIPOMY XBOpOi OymiBI, MiJBHIIEHHS SKOCTI JKHTTEBOTO
MIPOCTOPY, TITiEHU TIparli Ta 3MII{HEHHSI 3I0POB’ sl HACEICHHSI.

OpnHak, MexaHi3M BIUMBY (ITOHIMIHUX BIACTUBOCTEH POCIHMH Ha MATOTCHHY
Mikpo(Iopy TOBITpPSI TPUMIIIEHh II€ HEJOCTATHHO BHBUCHHM, BiJICYTHIH
ACOPTUMEHT TEPCTIEKTUBHUX (PITOHLMAHUX POCIUH ISl PI3HUX THIIIB IPUMIILIEHb.

BucHOBKH Ta mepcneKTHBY MOAAJIBIINX A0CTITKEHD
1. €Bpormeiicpki Ta HamioHadbHI Knacudikamii HeOesnmeunux Qakropie CXb

MAalOTh HU3KY HEIOJIKIB 1 IOTPEOYIOTh BIOCKOHAICHHS Ta JTOMOBHEHHA. Y 3B'I3KY 3
LIUM TPOTIOHYETHCS po3poOIIeHHs HOBOI Kiacudikarii Heoesneunux ¢axtopis CXb.
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VY pamkax miei knacudikaii mepeadadaeThes oAU (hakTOpiB BIDIMBY HA 30BHIIIHI Ta
BHyTpiliHi. /{0 30BHIMHIX (aKTOpiB MPOMOHYETHCS BBEACHHS KIIMAaTHYHHX
(TemmepaTypa, BiIHOCHA BOJIOTiCTh HOBITpPsI, IIBHIKICTH BITPY, COHSIYHA pasiallis),
€KOJIOTIYHUX (XIMIYHE 3a0pyTHEHHS OBITpPA, Oi0I0TiuHE 3a0pyAHEHHS), paiallitHIX
(pamiamiss Bim TPUPOTHUX DKEPEN, pajiamis BiJ TEXHOTEHHHX DKEpen) Ta
BiZieoekooriyHuX (akTopiB (arpecuBHa 3a0yJ0Ba, NeNpecuBHI JaHamadTH, HecTaya
O3€JICHEHHs, CBiTIIOBe 3a0pymHeHHs). @akTopu BHYTPIIIHROTO CEpEIOBHIIA
MIPONIOHYETHCS TOIUINTH HA TIApaMETPH BHYTPINTHHOTO CEpPelOBHINA (TeMIIepaTypa,
BiJHOCHA BOJIOTICTh, IIBWUAKICTH BITPY, OCBITIEHHs), ¢i3uuHi (urym, BiOparis,
iH(pa3ByK, €NEKTPOMATHITHI XBWJI, €NEKTPUYHI TOJIsI, MarHiTHi MOJ), TEXHIYHI
(cuctemn (hopMyBaHHS MIKpOKIIMaTy, TexHiKa, oONaIHAHHA), paiariiai (pajgoH,

B 1 ¥-(oH), ncuxonoriuni (CTpec Bil HENOCKOHATIONO JIU3aliHY Ta BiJICOCKOIOITYHIX
(hakropiB, auckomdopry, mIymy, BiOpatiii, iH(ppa3ByKy) Ta 0ioXiMidHi (TOKCHHH,
ximiuHi exementn, JIOP, 6akrepii, tticHsIBa, CIIOpH, BIPYCH, IUM BiJl KypiHHS).

2. Jlo edexTHBHHX 3aco0iB MpHUpoAHOI OioTexHi4HOi (inbTpalii Hajexarb
POCIUHH, BILUTUB SKHX OXOILTIOE€ HE OKpPEeMi TTOKa3HUKH, a BECh KOMIUIEKC (PaKTOpiB
BHYTPIITHHOTO CEPEOBHIIIA.

3. PociuHu  crpusiioTh  TIOKPAIICHHIO — NICHXOEMOILIHHOTO  KOMQOPTY,
301IBIIIEHHIO BOJIOTOCTI MOBITPS, MOTIIMHAHHIO IITKIUTMBAX PEYOBHH Ta CEKBECTPAIIil
CO,. BoHM TakoX 3HUIIYIOTh NAaTOT€HHY MIKpOQIOpY 3aBISKH BHIIJICHHIO
GITOHIUIIB, BIASKYIOTh MIKIIHUKIB Yepe3 aJleoNaTHYHI PeYOBUHH Ta XiMiuyHHN
CKJIaJ] POCIIMHHOTO COKY 1 COPHUSIOTH 3MEHILIEHHIO IIIyMYy. 3 OTJISITy Ha KOMIUIEKCHHUH
MO3UTHBHHUI BIUIMB POCIIMH Ha 3HWKCHHS HETaTUBHUX (DAKTOPIB BHYTPIIIHHOTO
Cepe/IOBHINA, BOHU €(QEKTUBHO 3aCTOCOBYIOThCS B OioQiIbHOMY Ju3aiiHi Ta
30HYBaHHI MpUMillleHb. TakuM YWHOM, POCIHMHU € TEPCIEKTUBHUM, €KOHOMIYHO
JocTymHUM 3acoboM 11t 6opotedu 3 CXb, cTBOpeHHS 0€3MeYHOTr0 BHYTPILIHBOTO
CepeoBHIIA, TIOKPAILICHHS TTri€HN Mpalli Ta 310pOB’s JIF0/IeH.

4. MexaHi3M BIUIMBY (DITOHIIMAHUX BIACTHBOCTEH POCIMH Ha MaTOTEHHY
MIKpOQIIOpYy TOBITPS TPHUMIMIEHb II¢ HEIO0CTaTHhO BUBYEHWH, BIJCYTHIH
ACOPTUMEHT MEPCIEKTUBHUX (DITOHIMIHUX POCIWH ISl PI3HUX THITIB TPUMIIIEHb.
OTxe, BUBYCHHIO [IUX [TUTaHb MOTPIOHO MPUCBATUTH MTOAAJIBIII JOCITIKCHHS.
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POSSIBLE MODELS OF REGIONAL ENVIRONMENTAL AND
ECONOMIC ASSESSMENT OF ENGINEERING AND GEOLOGICAL
HAZARDS IMPACT ON THE STABILITY OF BUILDINGS

AND STRUCTURES

Abstract. The article presents the results of justification of analytical tools for
calculating the regional ecological and economic assessment of engineering and
geological hazards impact on the stability of buildings and structures. Methodological
approaches to performing an economic assessment of the negative impact of an
engineering and geological factor on the stability of buildings based on determining
the amount of caused or potential damage are considered. It is established that such
an assessment is advisable to carry out within the framework of "cost™ approach to
the real estate objects assessment (based on the book or replacement value of the
building), supplemented by "scenario™ and "geoecological™ approaches to identifying
existing engineering and geological threats. The definition of geoecological scenarios
reflecting the options for negative impact of seismicity and dangerous exogenous
geological processes (hazards) and their territorial combinations allows, in the first
approximation, to circumvent the unresolved issues of probability of these threats
realization and predicting the degree of damage or destruction of structures as a result.
The regional geoecological scenarios we have developed and the assessment models
created on this basis reflect almost all mutually exclusive options for the territorial
combination of engineering and geological hazards in Ukraine. However, due to the
lack of data on the actual damage at the regional level, it was necessary to limit
ourselves to a simplified indirect assessment of the hypothetical possibility of damage
to structures based on available cartographic materials. It was emphasized that only
the accumulation of databases on engineering characteristics, engineering and
geological conditions, damage by causes, balance sheet and market value, etc. for all
existing structures and buildings can radically improve the state of affairs with the
assessment at the regional level.

Key words: ecological and economic assessment, regional impact scenarios,
engineering and geological hazards, dangerous exogenous geological processes,
buildings and structures.
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[HCTHTYT TenekoMyHikamiii Ta TiobaimpHOTO iH(pOpMamiiHoro mpocropy HAH Vkpaixwm,
M. KuiB, Vkpaina

MOJKJIUBI MOJIEJII PETTOHAJIBHOI EKOJIOIO-EKOHOMIYHOI
OLIHKH BILIMBY TH’)KEHEPHO-I'EOJIOITYHUX 3AI'PO3
HA CTIMKICTbBb BYIIBEJIb I CIIOPY/

Anomayin. Y cmammi nodano pesynomamu  0OIPYHMYSAHHS —AHATITMUYHOO
IHCMPYMEHmMAapito pOo3PAxXyHKY PeIOHANbHOI eKON020-eKOHOMIYHOI OYIHKU BHIUBY
[HOICEHEPHO-2e0NI02IUHUX 3a2p03 Ha cmilikicmb 6ydisenv i cnopyo. Poszensinymo
MEMOOONO2IUHI NIOX00U 00 SUKOHAHHS EKOHOMIYHOI OYIHKU He2amuHo20 GHIUSY
IHOICeHEePHO-2e0N102I1YH020 (haKmopy HaA CmIuKicms 0y0ienb HA OCHOBI BUHAYEHHS
8eUYUHU 3A80aHOI abo nomenyitiHoi wxoou. Bcmawnoeneno, wo maky oyiHky
O00YINbHO 30IUCHIO8AMU 8 PAMKAX «BUMPAMHO20» NIOX00Y 00 OYIHIOB8AHHA 00 €KMIi8
Hepyxomocmi (Ha 0cHO8I banancogoi abo 8i0H06HOI 6apmocmi 6y0igi), 00NO8HEH020
«CYEeHapHUuM» I «2e0eKOoNo2iuHuMy nioxodamu Ons i0enmuixayii HAA8HUX
IHOICEHEPHO-2e0N02IYHUX ~ 3a2p03. Bu3snauenns 2eoexonoziunux cyewapiis, uo
8I006padicaiomy 6apianmu He2amueHO20 6NAUGY CEUCMIKU | HeDe3NeUHUX eK302eHHUX
2eonoziunux npoyecie (3a2po3) ma ix mepumopianbHuxX NOEOHAHL, OAE 3M02Y Y
neputomy HabudiceHHi 00iUmu He GUPIWeHi 8 3d2ANbHOMY GUNAOKY NUMAHHS
iMogipHoCcmi peanizayii yux 3azpo3 ma nepeobaueHHss CMyneHsi NOWKOONCEHHs a00
PYUHYBAHHA  KOHCMPYKYIUl  8HACNIOOK Ybo2o. Pospobneni wuamu pecioHanvui
2€0eK0N102I4HI cyeHapii i cmeopeHi Ha Yill OCHOBI MOOeIi OYIHIOBAHHS 8I00OPAdICAIOMb
matice 6Ci 83AEMOBUKNIOUHI 8APIAHMU MEPUMOPIAIbHOZ0 NOEOHANHS THICEHEPHO-
eeonociunux 3a2po3 8 Ykpaini. OOHaK uepe3 6pak OaHux ujoo0o pedanbHO 3a80aHOI
WKOOU HA PeciOHANbHOMY DI6HI 008€10CS BUMYUIEHO OOMENCUMUCS CHPOULEHOIO
O0NOCePeOK0BAHOI0 OYIHKOKW 2INOMEMUYHOI MONCIUBOCHE NOWKOONCEHHS. CNOPYO 34
HaseHumu — Kapmoepagiunumu mamepiaramu. Haeonoweno, wo 0oxopinHO
nonMWUMU CMam CRPas 3 OYIHKOI0 Ha Pe2ioHAIbHOMY PIEHI MOJICe TuuLe HAKONUYEHHS
06az OaHux npo IHIICEHEPHI XAPAKMEPUCMUKU, IHIHCEHEPHO-2e0N02IUHI YMOBU,
NOWIKOOJCEHH 3a NPUYUHAMU, OANAHCOBY I PUHKOBY 6apmicmb MOwio Oaf 8Cix
HaseHux cnopyo i 6yodigens.
Kniouoei cnoea: exonozo-ekonomiuna OYiHKA, peSiOHANbHI CcyeHapii 6nausy,
[HOICEHEePHO-2e0NI02IYHI 3A2P03U, HeDe3NeU I eK302eHH I 2e0N102IUHI npoyecu, 6y0isenbHi
06 ’exkmu i cnopyou.

https://doi.org/10.32347/2411-4049.2025.2.84-100

Beryn

BpaxyBaHHs BHECKY 1HKEHEPHO-T€OTEXHIYHOTO (3arajioM re0CUCTEMHOI0) (HaKTopy
Yy €KOHOMIYHIH OIIHII 3aBAaHOT IIKOU € HEAOCTATHBO JOCIKSHUM TEOPETHUHUM
MUTaHHSAM, OCOOJIMBO B KOHTEKCTI OIIHIOBaHHS €KOCHCTEMHHX mociyr. Ham He
BAAJIOCS 3HAWTM HAyKOBHX MyOnikamiii Ha 1m0 TeMmy. BoaHowac y mnpakruimi
OLIIHIOBAaHHS BAapTOCTI O0’€KTIB HEPYXOMOCTI HAsBHI EMITIpUYHO HampalboBaHi
METOJIUYHI T IXO/IH, SIKI YMOXKIIMBITIOIOTH SIBHE BpaXyBaHHS 3a3HAUYEHOTO (DaKTOpy B
PO3paxyHKOBUX MOJENSX ILUIIXOM BBEIEHHA Napamerpa iMOBIpHOCTI peanizarii
IH)KEHEpHO-TEONIOTIYHNX  3arp03 TIOMIKOMKEeHHs a0o pyHHyBaHHA CHOpyd 1
KOMYHIKarliii.
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Crrernikoro OIIHKA MOIIKOPKEHUX BHACTIIOK OOMOBMX OOCTpiNiB OymiBelns i
CTHIOPYA € aKLEHTYBaHHS Ha BU3HAYCHHI BEJIMUMHH X 3HOULY8AHHA SIK 3AIAIIKOBOTO
pecypcy, 10 BU3HAYAE 3AIUULIKOBY 8apmicib OYJIIBIIL.

Amnami3 miteparypHux mkepen [1-5] mokazaB, mo dYepe3 HEIOCTaTHIO
PO3BUHEHICTh PHHKY HEPYXOMOCTI (32 BHUKIIOYEHHSM PHUHKY JKHTIA) Y TPAKTHUII
OIIHIOBaHHS Oy/iBeJb 1 CIOPYI B YKpaiHi 371¢0LIBIIOr0 3aCTOCOBYIOTh METONIU TaK
3BaHUX «BUTPATHOTO» Ta «IIOPIBHAJILHOTO» METOMOJOTIYHUX ITiaxomiB. BoHm
nependavyaoTh BU3HAYCHHS Y SBHOMY BUIIIAJI CTYTICHS 3HEIIHEHHS OyiBelb, IS
4Oro BUKOPHCTOBYIOTH MapaMeTpH iX PiBHS 3HOIICHOCTI Ta TEPMiHYy XHUTTI. Tomy
came i MEeTOIu MOXKYTh OyTH BHKOPHCTaHi AJISl TPOIIOBOI OLIIHKK BTPATH BapTOCTI
OyziBeIb i ciopy/ BHACIIAOK OOMOBUX YITKOIKEHb.

30kpeMa, pPO3paxyHKOBa BEJIMYWHA 3AJMIIKOBOTO Ppecypcy eKcIuTyaramii
MOIIKO/KEHOI CHOPYAH, BU3HAYCHA 3a CICHialbHUMH alrOpUTMaMH Ha OCHOBI
HaTypHHAX CIIOCTEpEXXEeHb 1 OOCTeXeHb (SIK YacTKa Bil MPOEKTHOTO pecypcy
eKcIutyarariii), 6e3 mpoOieM iHTerpyeThcsl y GOPMYIH OMIHKH TOTOYHOI BapTOCTI
00’€KTa HEPYXOMOCTI «BHUTPAaTHUMHU» METOJAaMH Ha OCHOBI KOLITOPHCY BHUTpAT Ha
OyIIBHUIITBO Ta 3a BAapTICTIO y3arajdbHEHHWX TOKAa3HHKIB OyIiBEILHOTO aHaora, a
came y popmynu (1) [4], (2) [2, c.64], (3) [1, c. 176]:

V=[Va- (100 + 1) - (100 - WT)] / 10000 + VI, (1)

ne: V — puHKOBa BapTiCTh OYAMHKY;

Va — cyma BuTpar Ha Oy/liBHUIITBO HOBOTO aHAJIOra OLlIHIOBAHOTO OYIMHKY;

1 — BenmnumHa po3yMHOTO NpUOYTKY iHBecTOpa y %o;

WT — BenmnumHa 3HONIICHOCTI OI[IHIOBAHOTO 00’€KTa (3BOPOTHA 10 BEITUYHHHU
3aJIMIIKOBOTO pecypcy cropymnu) yv %; (100 - WT) €, ¢dakTUUHO, BEIUYHHOIO
3AMUUK06020 pecypcy eKCIulyaraiii OymiBmi y % Bij HOro mnpoekTHoro (abo
JI0aBapiitHOTO) 3HAYCHHS, SIKUil MOxe OyTH pO3paxOBaHWU aHAJNITUYHO HAa OCHOBI
00’€KTUBHHMX JaHUX OOCTEXKEHb CTaHy OyJliBEJbHUX KOHCTPYKIH 32 JAOCTaTHbO
HQ/IIHHUMH AITOPUTMAaMHU;

VI — BapTicTh 3eMeNbHOT NIISTHKH K He3a0yI0BaHOI.

Bo = Bzemni + Bgz — 3, 2)

ne: Bo — puHKOBa BapTicTh 00'€KTa HEPYXOMOCTI;

Bzemni — puHKOBa BapTiCTh 3€MENbHOI MUISHKM SIK BUIBHOI Ta JIOCTYITHOI VIS
HaiO11b1I e()eKTUBHOTO BUKOPHCTAHHS;

Bes3s — BapricTh BinTBopeHHs (Bg) abo 3amimieHHs (B3) 00’ekTa;

3 — BapTicTh 3araJibHOTO 3HEIIHEHHS (3HOIIEHOCTI) 00’ €KTa OI[IHKH.

Vigg=Hp-S - (1 - K3), 3)

ne: V3pp— 3aJIMIIKOBA BiIHOBHA BapTiCTh 00'€KTa HEPYXOMOCTI;
Hp — HopMarKBHA BapTicTh 1 M? 260 1 M* aHaIOri4HOro 06’ €KTa Ha JATy OLIHKY;
S — 3araipHa 1Ioma ado 00CITH OLIHIOBAHOTO 00'€KTa;
K3 — piBeHb 3HOIIEHOCTI 00'ekTa HepyxoMmocTi (koedimienT); npuuomy (1 - K3) €
KOe(iIlieHTOM MPHIATHOCTI 00'€KTa HEPYXOMOCTi (HOTO 3aIMIITKOBOTO PECYPCY).
Toni posmip cyxynnoi snowenocmi (3) OymiBiii 4 CIIOPYIH, SIK TPOIIOBA OIIHKA
BTPauEHOro HEK eKCIUTyaTaIliiHoro pecypcy, cranoBurume 3 = Vg - K3, 1e Vep —
BiJTHOBHA BapTiCTh 00'€KTa.
BiamoBigHO, TPOIIOBY OIIHKY 3aBHAaHOI ITKOAM JIETKO OTPHMATH SIK Pi3HHITIO
BapTOCTi OYMiBII 7O 1 MCIISA pyHHIBHOT aTaky.
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SIBHe BpaxyBaHHS IHXXEHEPHO-TEOJOTIYHOTO PH3WKYy B paMKaxX CydacHOL
METOONOTIl TependavacTbCss JUIIe 3 METOK PUHKOBOI OIIHKM BapTOCTI
KOMEPUiHHOI (110 MPUHOCHTH JI0Xi) HEPYXOMOCTI B paMKax JOXiAHOTO MiIXOZY
(m7s OLIHKH CTYTIEHS 33[I0OBOJICHHS IHTEpECy MOKYMISI-IHBECTOPa) Y CKIIai METOAY
«IIMCKOHTYBaHHSI TPOIIOBUX IIOTOKIB» MJISi BH3HAYEHHS CTaBKH IMCKOHTYBaHHS
METOZIOM  TOOymOBM  (SK  CKJIQJOBOI  €KOJNIOTIYHOTO  pu3uKy).  OmHak
MpOoOJIeMaTHYHICTh OTPUMAHHS TaHUX B YMOBAX HEIOCTaTHRO1 pO3BUHEHOCTI pUHKIB
Ta CKJIAIHICTh PO3PAXYHKIB MEPEITKOKAIOTH BUKOHAHHIO TAKHUX OIIHOK B YKpaiHi.

MeTo10 HaIIOTO AOCIiIKEHHS € pO3pOOJICHHS PEIEBaHTHOTO B YMOBaX BOIOIOYOT
VYkpaiHu aHaNITUYHOTO I1HCTPYMEHTApIl0 eKOHOMIYHOI OYIHKU  IHOICeHepHO-
2e07102i4HOoI 3a2po3u 1 Ha 00’ €KTOBOMY, 1 Ha PETIOHATHLHOMY PIBHSX.

Bukiiax ocHoBHOTo MaTepiany

Ha namy nymMKy, MOKJIMBHAM CIIOCOOOM BpaxyBaHHS iHKEHEPHO-TEOJIOTTYHHUX 3arpo3
JUIL LUTICHOCTI HECYYHMX KOHCTPYKLIH crnopyx (mepemyciM ix ¢yHIaMEHTIB) y
€KOHOMIYHUX OIliHKax € BBEACHHS BIIOBIMHOTO KoedilieHTa a0o MO BETMYWHHU
sHomieHocTi (WT), abo 1o BenUYMHU BiJHOBHOI BapTocTi 00’€kTa (Va), Hanpukia,
y dhopmyii (1). ¥V 3arajipbHOMY BUIAJKy TaKUi KOS(ILIEHT 1HXCHEPHO-TEOJOTIYHOT
3arpo3u (kg;) Mae BimoOOpa3WTH IMOBIPHICTE peamizamii (pgn) CEWCMIYHHUX
CTpylryBaHb (iHTEHCHBHICTIO 6 OamiB 1 Oinmblne) Ta HeOE3MEYHHX EK30TCHHUX
TeoJIOTIYHUX TpoleciB (IpocagoK, 3CYBiB, KAPCTOBUX Ta TEXHOTEHHUX IPOBAIb,
AKTUBI30BaHUX MiATOIUIEHH:IM). HaiimomineHime BBecTH Takui Koe(ilmieHT Mpu
BEJIMYMHI OIIHOYHOI BAPTOCTI K JIOJATKOBHH (PaKTOp, IO OE3MOCEPENHBO BILIUBAE
Ha 3HWKEHHS IiHH, TOOTO: Va - kgy=Va - (1 - pan).

Ha miii ocHOBI MU 3IiHCHUIN CIIPOOY HAONMHM3UTHCS 10 BUPIMIECHHS TPOOIEeMHU
BpaxyBaHHS pU3WKy pearnizaiii (pakTHaHOTO MposiBY) HEOE3NMEUHUX EK30TCHHUX
TEOJIOTIYHMX IIPOLECIB B EKOHOMIYHHMX OI[HKax 13 3acTOCYBaHHSM JIOTIiK
«EKCTIO3MIIHHOTO» Ta «clieHapHOTO» mimxoniB. llepmmii momsrae y 3amini
MOKa3HWKa IMOBIPHOCTI peaiizalii 3arpo3d MOKa3HUKOM CTYIEHS YpPaK€HOCTI
(excrio3uiii) HEr MEBHOI TEpUTOpii, a Jpyrudl (B HAIOMY KOHTEKCT) — Y
BUKOPDHCTAaHHI PI3HUX IIOKa3HWKIB 1 allTOPUTMIB PO3pPaxXyHKIB sl Pi3HUAX
(HaWBIpOTIHIIINX) CIEHAPIIB PO3BUTKY MO, 110 BU3HAYAIOTh HASBHICTH Ta/abo
peadizaliiro pi3HUX 3arpo3 JJIs CTiHKOCTi OyIiBEILHUX CIIOPY/I.

Mooeni 06’°ckmo6020 pieHs eKk01020-eKOHOMIUHOT OUIHKU.

VY 3arasibHOMY BHINAAKy TPOILOBY OLIHKY BIUIMBY iHXEHEPHO-T€OJIOTiYHOTO
(dakTopy Ha 00’ €KTOBOMY PiBHI MPUITYCTUMO IHTEPIPETYBATH SK PI3HUINIO PUHKOBOT
Baprocti OyniBmi 6e3 (V) i 3 BpaxyBaHHaM (Vg) iMoBipHOCTI peaiizamii Taxoi
3arpo3u, TOOTO SIK BEJIMUMHY BTPaTH BapToCTi OyamiBii Bix mporo (LVg) 3a iHmmx
piBHUX yMOB: LVg =1V - Vg.

PunkoBy BapTicTs OypiBii (V) mpuiycTHMO po3paxoByBaTy BUTPATHUM METOJIOM
3a ¢opmynoto (1), a ypaxyBaHHA BIUIMBY iHXXEHEPHO-T€OJIOTTUHOIO (aKTopy
3MIACHUTH BIAMOBITHUM KoedillieHTOM g0 Hei. Y 3arajdbHOMYy BUNAIKy Iei
koedimienT (kgx) Mae BioOpaXkaTy IMOBIPHICTB peaizallii iHKeHepHO-TeOIOT YHUX
3arpo3. Toxi:

Vg=[Va- (100 +1)- (100 - WT) - (1 - pgr)] / 10000 + VI - (1 - pgr),  (4)
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ne: Va — cyma BuTpar Ha OymiBHHIITBO HOBOTO aHAJIOTa OIIHIOBAHOI CIOPYIU
(BapTicTh BiTHOBJICHHS);

I — BenmmunHA po3yMHOTO NPUOYTKY iHBEecTOpa y %0;

WT — BenuuuHa 3HOMICHOCTI OIIHIOBAHOTO O0’€KTa (3BOPOTHA OO0 BEIWIHMHHU
3aJIMILIKOBOTO pecypey cuopyan) y %;

VI — BapTiCTh 3eMEJIbHOI AUISHKY K He3a0yJ0BaHOT,

Pgh— CyMapHa IMOBIPHICTB peai3alii iHKeHepHO-T€0JIOTIYHIX 3arpo3.

[ToTpebyroTh BpaxyBaHHS Ti 3arpo3H, SIKi MOXKYTh CHPUYMHUATH TOIIKOKEHHS
Ta/abo pyliHyBaHHs OyIiBeNbHUX KOHCTPYKLIiH, a caMe: MPUPOAHI Ta aHTPOIOTreHHI
ceicMivHi CTpymIyBaHHA (iHTGHCHBHICTIO 6 OamiB 1 Oinblie) Ta KOXHHUH 3
HeOe3MeyHNX EeK30T€HHUX TEOJIOTIYHHMX IporeciB (IPOCaaKu, 3CYBH, KapCTOBI,
cyho3iliHi Ta TEXHOI'CHHI NPOBAJUIS, aKTUBI30BaHI MiJTOIUICHHAM). BinmogimHo,
PO3IISAAETECS CyMapHa IMOBIPHICTh BCiX IMX (akToOpiB 3a HANMPOCTIIION
MOJICIUTIO: Pgh = Ps + ppt pi + Ppr, A€: ps — IMOBIPHICTD CEHCMIYHHUX CTPYIIYBaHb, p) —
IMOBIpHICTH TIPOCaOK, p; — IMOBIPHICTH 3CYBIB, ppr — IMOBIPHICTH IPOBah
(kapcToBHX, Cy(O3IMHUX Ta TEXHOTCHHUX ).

SKmo K 3aMicTh BapTOCTi BiTHOBICHHS BHKOPHUCTAaTH BiAOOpaxeHy B
JOKYMEHTaX TeXHIYHOI iHBeHTapu3aii OamaHcoBy Bapricte (BV) cnopymu i
3eMenbHOl AinsHkU (BVI) 3 ypaxyBaHHsIM iHQUIALIT 10 4yacy 3MiHCHEHHS OI[IHKH
(iHmekcy CHoXHMBYMX I[iH a00 MoHeTapHOi iH(uIMIl { 3a mei mepionm y %), To
(hopmyma (4) 6e3 BpaxyBaHHS iHTepeCy iHBecTopa HaOy/e BUIIISAY:

Vg=[BV-i-(100- WT)- (1 - pg)] / 10000 + [BVI-i - (1 - pg) / 100].  (5)

AJie IMOBIpHICTB pealtizallii mofii Ha TEPUTOpii OIiHIOBAHOTO 00’ €KTa MOXe OyTH
CTPOTO pO3paxoBaHa JHINE Ui HPUPOJHOI CEUCMIKH 3a BiJOMOIO METOJHKOIO,
HaBeJIeHOI0 Y [6, 7].

[IpormoryemMo HAOMM3HUTHCS O BUPIMIEHHS Ii€l MPOOIEeMH Ha OCHOBI JIOTiKH
«EKCTIO3UI[IHHOTO» Ta «ClieHapHOTO» miaxomiB. Ilepmwmii mojsirae y 3amiHi
MOKa3HWKA IMOBIPHOCTI peai3alii 3arpo3W IOKa3HUKOM CTYIEHS YpaKeHOCTI
(excmo3uilii) HEW TMEBHOI TepUTOpii, Apyruii (B HAIIOMY KOHTEKCTi) —
Y BUKOPHCTaHHI Pi3HUX MOKA3HUKIB 1 aITOPUTMIB pO3paxyHKIB JUIS Pi3HUX CIIEHAPIiB
PO3BUTKY M0j1i#i (HassBHICTh Ta/ab0 peaizallist pisHUX 3arpo3 AJIsl CTIHKOCTI CIIOpY).

B paMkax «eKCHO3UIIHHOrO» migXomy AJs 3arpo3 MPOCaaoK, 3CYBiB Ta IPOBaJb
3aMiHHAKOM IIOKa3HWKa IMOBIPHOCTI IX peam3amii Moxke OyTH TOKa3HHUK
(koedilieHT) eKCIO3uIlii (CTYNEeHs YpaKeHOCTi) HUMH TEepUTOpii B Mekax
nepumerpa criopynu (uk;) Ta ii 3emMenbHOT ninstHKH (/) 3a pe3yapraraMu iHKeHepHO-
T€OJIOTTYHUX JIOCHI/PKEHb. BIAMOBITHO, JUTS CIOPYIH Pgh = Ukghk = ps + kit uk; + thyr,
a JUIA 3€MENTbHOI AUISHKA — Poh = Ukgnr = ps + ulyt ul; + uly. 3 ypaxyBaHHSIM IBOTO
dhopmyna (5) HabyBae BUDIISIY:

Vg=[BV-i-(100- WT) - (1 - ukg)] / 10000 + [BVI - i - (1 - ukgns) /100]. (6)

3po3ymisio, MmO PO3MIPHICTE IMX Koe(imieHTiB Mae OyTH YyTOYHEHa 3a
pe3ylbTaTaMyd MPaKTUYHUX OIIHOK pealbHUX O0’€KTIB, OCKUIBKH iX cymMa MOXe
nepesuiuTy 1. [ToniepeqHiM BUpIIIEHHSIM i€ KOMi3i1 MOXKe OyTH BpaxXyBaHHS JIUIIE
MaKCHMAaJIbHOTO 3HAYECHHS €KCIO3HUIIiT, TOOTO: Ukgix = Ps + Ukimax Ta Ukghr = Ps + Ulnax.

HaiiGinpIm HEraTMBHUM cyerapiem PO3BUTKY TIOMIA IIOMO IOPYIICHHS
IHKEHEPHO-TEOJIOTYHOT OC3MEeKU CHOPYIU € @hakmuunuil npose 3azpo3 Ha i
Teputopii  (celicMiuHOi momii Ta/abo HEOE3MEYHMX IHKCHEPHO-T€OJIOTIYHIX
MIPOIIECIB).
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B pa3i peanizamii (hakTHYHOTO TMPOSBY) IHUX 3arpo3 MOXKE OyTH EKCIIEPTHO
BU3HAUYEHUN MOKa3HUK (koe(ilieHT IN;) cmynens nowikoOdcenHs OYiHIO8AHOI
cnopyou, CIIPUYMHEHOTO KOXKHHMM 3 I[UX HEOC3MEeYHUX SIBHII, 33 HaIliBKIJIbKiCHOIO
(paHroBOI0) IIKAJIOK MOMIKOMKEHB!, Hampuknan: ciabki (IOOIMHOKI TPilIMHH,
MIEPEeKOCH, PO3puBH MpoBoaky Tomo — 0,1), cepenHi (TpiMHU y CTiHAX, TEPEKOCH
BIKOHHUX Ta JIBEPHUX KOPOOOK, po3puBU KabemniB i TpyOompoBoaiB Tomo — 0,3),
cwibHI (nedopmariii ¢pyHAaMEHTIB, CTiH, IHIIUX HECYYMX KOHCTPYKIIIH, MacOBHMA
BHBAJ BIKOH 1 iBepeii Tomo — 0,5), pyitHiBHI (MacoBi pO3pHBH 1 YaCTKOBE OOPYIIIEHHS
Hecyynx KOHCTpykuii — 0,75), HumiBHI (1OBHE pyHHYBaHHA i3 MAacOBUM
OOpyILICHHSAM HeCcyuyuXx KOHCTpyKuiii — 1,0). B Takomy pa3i gouineHO BpaxyBaTH
BILTMB JIMIIE Ti€l 3arpo3u, siIKa CIPUYWHUTH HAWOLUIBII IMOMIKOKEHHS CIIOPYIH Y
¢dopmi (1 — IN ). Tomi hopmyna (6) HaOyBae BUIIISAY:

Vg=[BV-i-(100- WT)- (1 — INna)] / 10000 + [BVI - i - (1 - ukgnr) / 100]. (7)

3po3yMmisio, 110 HUMIIBHI MOMIKOPKEHHS OOHYIISIOTH OalaHCOBY BapTiCTh OymiBi
Ta 3HAYHO 3MEHINYIOTH IIiIHY 3€MENbHOI JUISHKM (HACKUIbKM — MOTpelye
CTIEITIaTEHOTO TOCITiIKEHH).

Kpim Toro, B pa3i BiiCyTHOCTI MOUIKOPKEHHSI CIIOPYIH BHACIIIOK HEOE3MEUHUX
T€OJIOTIYHUX MPOIIECiB JOLITBHO PO3IISTHYTH MOXIINBI B YMOBax YKpaiHH cleHapii
PI3HHX MOETHAHB 1H)KEHEPHO-TEOJIOTIYHUX 3arpo3, M0 C(hOpMyBaIHCS i1 BILTHBOM
MIATOIJICHHS. ) PI3HUX €KONO2IYHUX MA CEeUCMIYHUX YMO6aX, TOOTO NOIIOBHUTH
«CILICHAPHUI MIJIXI]T 2€0E€KON0TUHUM.

[IprgoMy Ha 00’€KTOBOMY piBHI MPAKTUYHO IIKABHUTH JIUIIE 3arajibHa TPOIIOBA
OLIIHKA 83AEMON08 SI3AH020 KOMNLEKCY THIHCEHEPHO-2e0N02IYHUX 332P03, HASIBHUX Y
npoMy wMicmi (iX iHTerpajgpbHOTO BIUTMBY). ToOTO 3a3BUYali He BiJOyBa€ThCS
creliaibHe BHOKPEMIICHHSI BIUTMBY KOXKHOI 3arpO3H, OCKUIBKH 33/1a4a BH3HAYCHHS
PHHKOBOI LIHU CHIOPYAH HE MOTpedye 1boro. AKLEHT TYT pOOUTHCS Ha MOMKIMBHX
a00 BXKe peali30oBaHMX PYHHIBHUX HACHIJKaX Ta Ha IIiHI 1X KOMIICHcalii (4u
MOZI0JIaHHS) Y TIOPIBHSIHHI 3 TPOIIOBOIO OLIIHKOIO 0€3 BpaxyBaHHS TaKHX 3arpo3 abo
X peanizoBaHMX HACIIJIKIB.

Mooeni pezionanvnozo pieHsa eKo1020-eKOHOMIYHOT OYIHKU.

Ha perioHampHOMY piBHI OIliHKa KOMIUIEKCIB 1HKEHEPHO-TEOJIOTIYHUX 3arpo3
3aKOHOMIPHO CTae OUIbIN y3arajbHEHOIO (Yepe3 HeNOCTaTHICTh JaHWX) i HaOyBae
YiTKOI TepUTOpiaIbHOI NMPHUB’A3KH. Y 3arajbHOMY BUIAIKY pecioHANbHA OYIHKA
EeKOHOMIYHOI wKoOu 6I0 peanizayili iHdceHepHO-ceonoziunux 3aepo3 (LVgr)
MoTpeOyBaTUME BU3HAUEHHS BAPTOCTI BCIX MOIIKOKEHHUX CIIOPY/ i Ha TepUTOPil 6e3
(Vgr) 1 3 BpaxyBaHHsIM mOmKomkeHb (V'Gr), To0TO:

LVgr=Vgr—VGr, (8)
" BV (in)(100 —WT. BVI . (i
ne: Vgr = ((In)(200 ) + ,(in) ;
i 10000 100
n (i —WT.)A—=1IN.) BV (in)(L—uk
Vor =3[ BY.(MA00-WT )a—IN) | BV (n)t-tk,) |
Y 10000 100
BV; — 0anaHcoBa BapTiCTh [-TOI MOIIKO[KEHOT BiJ peaiizamil iHKeHepHO-

TEOJIOTIYHUX 3arp03 CIOPYIH;

! llkana momkomkeHs MoTpedye YTOYHEHHS, A HOTO JOLIBHO 3MiHCHUTH CIeLlianbHe
OCITIIKEHHS.
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WT; — BenwurHA 3HOIIEHOCTI IMOIIKOMKEHOTO 00’€KTa (3BOPOTHA 10 BEIIMYUHHU

3aJIMILIKOBOTO pecypey cuopyan) y %;

BVI; — 6anancoBa BapTiCTh 3eMeNbHOI AUISIHKH i-TOT MOIIKOIKEHOI CIIOPYAH;

IN; — xoe(ilieHT CTyTeHs MOUTKOKEHHSI i-TOi CIIOPY/IH;

ukgn, — KOE(]IIEHT CTyHeHS YypaXeHOCTI 3eMeNbHOi JUISHKH 1HXXeHEepHO-

T€OJIOTIYHUMH 3arpo3aMu (IIPOCaJKaMH, 3CyBaMH, IPOBAJUISIMHU TOILIO);

1 — KITBKICTh TIOIIKO/KEHNX CIIOPY B PETiOHI;

in — iHIeKc 1HQIALIT 32 Iepiof 3 4acy BU3HAYECHHS 0alaHCOBOI BapTOCTi, %o.
3po3yMisio, M0 TaKWil TPOCTHH MiJXiJ JO PEriOHANBHOI OIHKK Ha OCHOBI

y3arajibHeHHS 00 €KTOBOi iH(opMalii HapakaeTbCs Ha MPAKTHYHO HE3IOJIAaHHI

TPYIHOIII B YaCTWHI OTPUMaHHS BXIIHUX JaHWX, OCKIIBKH CTaTHCTHKA

MOLIKO/KEHHSI CHOpYA HeOe3NMeuyHNMMU TeOJIOTIYHUMH TpolecaMd B YKpaiHi

LEHTPaIi30BaHO HE BEJIETHCS, & HAKOIMYESHHS 0a3u JaHUX TPO 1€ B PO3Pi3i OKPEMHUX

00’€KTiB HE BiJOyBa€THCS.

ToMy [OOBOOWTBCA BUKOPHUCTOBYBaTM OIOCEPENKOBAaHMN  MiAXiX, KOJIU
3MIACHIOETHCSI TPOIIIOBA OLIIHKA nOMeHYIlHO! wKoOu BiJl IIe HE peali30BaHUX 3arpo3
Ha OCHOBI aHalli3y MOCTYMHOI KaprorpadidHoi iHpopMarllii mpo iX MOMHUPEHiCTh,
IHTEHCHBHICTB Ta IMOBIpHICTb.

[le onHi€l0 CKIAJHICTIO € HEAOCTYIHICTh apXiBHUX JaHUX MYHIIUMAIbHUX
Bropo TexniuHoi iH(opMmanii mpo OyIWHKM 1 CHOpYyAM B HACENEHHX ITyHKTaX
VYkpainu, yepe3 10 HEMOKJIMBO OTPUMATH PEaJbHY BEIMYMHY HABITh 3arajbHOi
KUTBKOCTI OYJMHKIB 1 CHOpPYZA Pi3HUX THUIIB HA TEPHUTOPISX, IO JOCIHiIKYIOTHCS.
JloBOIMTECS BUKOPHUCTOBYBaTM PO3PAXYHKOBHM MiXil Ha OCHOBi OpPiI€HTOBHHX
MOPUIYLICHb IOAO0 PO3MOAULY HaceleHHA N0 caguOHMX 1 OararoKBapTHPHUX
OynIMHKaxX B CUIBCBKMX 1 MICBKHMX HaceJeHHX MmyHkrax. 11lomo HaceneHHs Takox
Ma€eMO HOTo PO3IIOJIT IO HACEICHUX MMyHKTaX JIIe 3a qaHumu nepenucy 2001 p.

JIOBOIUTBCS TaKOK BBOIUTH JIOJATKOBI TMPUIYIICHHS MO0 IMOBIPHOCTI
peanizallii iHK€HEPHO-TEOJIOTIYHUX 3arpo3 Ta MOXKIIMBUX TMOMIKOKEHb OymiBeIb i
CIOPYJT BHACITIZIOK IIBOTO.

UYepes 11e perioHaabHa €KOHOMIYHA OIIiHKA 3arpo3 MPAKTHIHO MOXKIIMBA JIUIIE B
paMKax eKOJIOTO-CLIEHAPHOIo MiJXOAY, Ha OCHOBI KapTOMETPHUYHOIO BU3HAYCHHS
MOLIMPEHNUX B YKpaiHi TEPUTOPialIbHUX MOEJHAH (KOMILIEKCIB) 3arpo3 sIK OCHOBH
JUTSL OI[IHKH MOTEHIIMHOT KoY B apeajiax IX MOIUPEHHS.

Apeany NOLIMPEHHS PeriOHaJbHUX CLEHApIiB [MO€AHAHOTO BIUIMBY 1HKEHEPHO-
TeOJIOTIYHUX 3arpo3 Ui CTIHKOCTI OydiBenb 1 cropyd MOXYTh OyTH BH3HAueHi
incrpymenramu ['IC-anamnizy B cepenoumnii ArcGIS 10.3 3a ymoBam#u, HaBeJICHUMH
B Tabn. 1 Ha ocHOBI HassBHOI KapTorpadiuHoi iHpopMaIlii, TOOTO 3 BUKOPUCTAHHIM
LIapiB TAKUX EIEKTPOHHMUX KapT:

1. KapTa niposiBy Ta po3BUTKY MiATOIDICHHS 332 IPUYMHAMY Ha TEPUTOPIi YKpaiHU

Ha 2015 p., oHOBIICHA HaMU [8].

2. Illap 3cyBonebe3neunux apeaniB (2005 p., “Teoindopm™ epxreonciryxOu

Vkpainn).

3. lllap xapcronebe3neunux apeaiis (2005 p., “I'eoindopm”™ JIepKreonciryxou

Vkpainn).

4. Kapra mommpeHHs JIeCOBUX IPYHTIB 3a MPOCIIaHHAM Ha TepUTOpii YKpaiHu

(1995 p., “Teoindopm” Minreo Ykpaiuw).

5. Kapra-cxema BIMSIHUSI MHKEHEPHO-TEOJIOTUYECKUX YCIOBUM Ha TEXHOT€HHOE

npupaitenue ceiicmuynoctu tepputopun Y CCP (“I'eoindopm™ Minreo Ykpainu,

1990 p.).

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



Tabmums 1. PerioHanbHi crieHapii MO€THAHOTO BIUIMBY 1HXKEHEPHO-TE€OJIOTIYHHIX
3arpo3 i cTiiikocTi OymiBens i cropyn B YKpaini

3acobu imeHTHdIKALII

KapCTOYTBOPEHHS B apeai
CyMapHOi CeHCMITHOCTI 3
iHTeHCUBHICTIO [ < 6 OariB.

i Hasga crienapito 3arposu . .
J P p inctpymentamu ['1C-ananmizy
[epe3BonoskeHi JiecoBi mopoau [lepetun kaprorpagiumix mapis
B ADeAT] CYMADHOI CeiicMika, | pU3UKY IiATOIJICHHS, HOIIUPEHHS
ipealil cymapH . MIPOCaJKH, | JIECOBHX MOPiJ, PU3UKY CyMapHOL
11 | celicMIYHOCTI 3 IHTEHCHUBHICTIO N .
. npoBaJuIs, | ceiicmiuHocTi /> 6 Ta
1> 6 6aniB y apeanax 3arposu
SCVBOVTBODCHHS 3CyBH 3CYBOYTBOPEHHSI 32 BUKIIIOUCHHSIM
YBOYTBOP ) apeaJtiB pU3UKY KapCTOYTBOPEHHSL.
. . N [Neperun kaprorpadivyHuUX MAapiB
IIepesBonoxeHi ecoBl Celicmika, H;)HK HinT%n;é)Hl?ﬂ S epHHﬂ
MIOPOIH B apeajti cyMapHO1 TIPOCAIKH, p Y . > OTHP
o . JIECOBHX IIOPiJl, CyMapHOI
12 | celicMI4HOCTI 3 MPOBAII, | @ oeri ] > 6 1a
IHTeHCUBHICTIO / > 6 OamiB Ha | KapcT/ -
HiICTHTAIOMHX BATHAKAX cydosis KapCTOyTBOPEHHS 3a BUK/IIOYCHHAM
apeaJiiB pU3HMKY 3CyBOYTBOPEHHSI.
[TepesBooxeHi ecoBi [Nepernn kaprorpadivHUX mapiB
MIOPOJH B apeajii cyMapHO1 Ceiiemixa PH3HKY IiATOIUICHHS, TOIIHPEHHS
13 ceificMiuHOCTI 3 I OC&JIKI/I’ JICCOBHUX MOPi, CyMapHOi
IHTEHCHBHICTIO / > 6 OaiB He Hp OBaJIJIH’ celicMiYHOCTI / > 6 32 BUKITIOUEHHSIM
Ha BallHsKax 1 [03a apeajamu P apeasiB pU3UKY 3CyBOYTBOPEHHS Ta
3arpo3H 3CYBOYTBOPEHHSI. KapCTOYyTBOPEHHSL.
. . N [Tepetnn kaprorpadiyHux mapis
I[Tepe3Bonoxeni necosi mopoau | Celicmika, P japrorp u P
54 . N PH3HKY MIITOIUICHHS, TOIINPEHHS
peajil CyMapHol MPOCAAKIL, = o oBUx TopiJl, pU3UKY CyMapHOT
14 CeliCMIYHOCTI 3 IHTEHCHBHICTIO | IPOBAJLIA, celeMITHOCTS I’> 6 Tay y
1> 6 6amniB y apeanax 3arpo3u | 3CyBH, -
3CYBOYTBODCHHS He Ha xapet/ 3CYBOYTBOPEHHSI 32 BUKIIIOUCHHIM
MiICTUIIAIOYNX BaITHIKAX cydo3is ApeaJlB PUSHKY 3CYBOYTBOPCHHA Ta
PH3HKY KapCTOyTBOPECHHSI.
Tepessostoskeri siecosi [epernn xaprorpadidanx mapis
HOpOIH B apeaiax 3arposi PH3HKY ITiATOIUICHHS, TOIIUPEHHS
. 3cyBn, JIECOBHUX MOPiJ, pU3UKY
2 | 3CyBOyTBOPEHHS Ta apeaii
CyMaprof CeficMiTHOCTi 3 NPOCAZKK  |3CYBOYTBOPEHHS 32 BUKIIOUEHHSIM
iHTeHCUBHICTIO [ < 6 OasiB apeajiis pusHKy CyMapHol
' ceifcmiuHOCTI / > 6.
TTepesBoroxeni ecoBi [eperun kaprorpadidHux mapis
. W3UKY iTOTJICHHSI, TOIIUPEHHS
MOPOJIH Ha MIACTHIAI0UNX Ipocankwy, ﬁeCOBzx H}Z i 1/131/1; p
3 | obBoaHEHNX BaNHAKax B Kapet/ KapcTo TBOpCH’HI:I 3a Bﬁm}oquHaM
apeaJti cyMapHOi ceicMigHOCTI | cydo3is a Eaniz I/ISFI)/IK CYMADHO
3 iHTeHCHBHICTIO / < 6 OaiB. DEaIlIB PHSHIY CyMap
ceifcmiuHOCTi [ > 6.
[epernn kaprorpadidanx mapis
OOBoaHEHI ITiACTHIAI0U] Kapcr/ PH3HKY IMiATOIUICHHS Ta
4 | BamHAKM IiJ] YOXJIOM ITICKIiB c £O3iﬂ KapCTOyTBOPEHHS 38 BUKJIIOUEHHSIM
a0 mmH, TOOTO HE Ha Jiecax Y TepUTOPii MOLMIMPEHHS JIECOBUX
Topif
Tepessonoxeni secosi Iepernn kaprorpadidHux mapis
HOpOIH 1032 apeanamu PH3HKY MIATOIUICHHS Ta
3AIDOH 3CYBO- T4 MOIMINPEHHS JIECOBUX TOPif 32
JKH | BUKJIIOYCHHAM B PU3HK
5 p Y IIpoca, 104e apeaii 3

cyMapHOi ceficMigHoCTi [ > 6,
PU3UKY KapCTOYTBOPCHHS Ta
PHU3UKY 3CYBOYTBOPCHHS.
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TepuropianbHe 3icTaBlIeHHS (IIEpeTHH) KapTorpadidHUX MIapiB MOMMHPEHHS
KOXKHOTO 31 CIICHapiiB TIO€AHAHHS 1HXKCHEPHO-TCOJIOTIYHUX 3arpo3 j 3
KapTorpadivyHuM IIapoM KOHTYpiB HACElIEeHUX MYHKTIB (YacTHHA eIeKTPOHHOI
tormokapt M 200000) mae MOXKIMBICTH BU3HAYUTH JJIS KOKHOTO 3 IOCENIEHb b
CTYMIHBb excnosuyii fioro mepumopii 3aepozamu (hy= Sy / Sp), 3a3HaUEHUMH Yy
CIICHAPIAX j (K YacTKy 3arpoxeHoi Teputopii y %). ATpuOyTruBHa iHQOpMALIis 115
KOYKHOTO HACEJIEHOTO IYHKTY, KpiM Horo turomti (Sp), MICTHTB JaHi IPO YUCENBHICTh
cimbebKoro (7urp) 1 Micbkoro (urb,) Hacemenus (cranom Ha 2001 p.). Lle mae 3mory
OpIEHTOBHO BH3HAYWTH JUIA j-TOTO CIIEHAPil0 KUIBKICTh €KCIIOHOBAHUX 3arp03aMH
caquOHuX (CinbCbKMX) OymMMHKIB b 3a yMOBHMM HOPMATHBOM 2 @,,=3 0COOM Ha
Z rurp;
b

! ), Ta KiIbKiCTh 0OaraToKBapTUPHUX OyaMHKIB bb' 3a

Zurbbj

YMOBHHM HOPMATHBOM > =100 oci® Ha 1 GymuHOK (ppi=L ). IIpuuomy

Aurb
BpaxyBaHHS CEPEIHBOT BiTHOBHOT BAPTOCTI calnOHOTO (c;) Ta OaraToKBapTHPHOTO (C2)
OymUHKIB (HampuKiIa, 3a Janamu 1adm. 2: ¢;= $19,1-23,2 tuc. i c2= $909-1364 tuc.)
J1a€ MOXJIMBICTb OTPUMATU MAKCUMANLHY OYIHKY 8apmocmi dcumiuosux cnopyo (ii
MOKHA IHTEPIPETYBATU SK MIiHIMANbHY OYIHKY 6éapmocmi ycix cnopyo, Vgr),
€KCTIOHOBAHHX j-TUM CIICHAPiEM MO€AHAHHS 1H)KEHEPHO-TEOJIOT9HNX 3arpo3. TooTo
y 3araJibHOMY BUTIAJIKY:

1 6ymuaok (py' =
arur

d v
Drur - urby,

vgr =¢, 2+, ©)

Arur Aurb

ne: d — KUTBbKICTh CLIBCHKUX HACENEHUX ITyHKTIB, eKCIIOHOBAHUX CIIEHAPIEM J;
V — KUTBKICTh MICBKUX HACEIEHUX ITyHKTIB, €KCITOHOBAHUX CIICHAPIEM j.

Toxi MiHIManbHA OIIHKA BapTOCTI CHOPYA 3 BpaxyBaHHSM TOTCHIIHHUX
TIOIIKO/UKEHD 32 j-THM CLIEHAPI1EM MOETHAHHS 1HKEHEPHO-TeoNoriaHux 3arpo3 (VGr)
y 3araJbHOMY BHIIQ/IKy CTAHOBUTHME:

VGr=Vgr - i - (1 - pa) /100, (10)

ne: Vgrl — MiHiManbHa OliHKa BAPTOCTI yCiX CIIOPYJL B apeajti, EKCIIOHOBAHOMY j-THM
CIICHAPIEM TOEJHAHHS 1HKCHEPHO-TEOJIOTTYHUX 3arpo3;

i — ingexc iHALii 3 yacy BU3HAYEHHS HOPMATHUBIB ¢; Ta ¢ (cepeaHbOi BapTOCTI
caanOHUX Ta 0araTOKBapTUPHUX OyAMHKIB);

Dei’ — IMOBIpHICTB peaizaiii CyMM NPHCYTHIX 3a j-TMM CIIEHApieEM iH)XKEHEPHO-
rEOJIOTTYHMX 3arP03, KOeDIIEHT; poid = py + ul+ ul) + ul,,;

ps — IMOBIpHICTB CEMCMIYHMX CTPYIIYBaHb y apeasi MOIIMPEHHS j-TOTO CIIEHAPIIO,
srigno 3 3CP-2004 (pyd =107);

ul,) — KoeimieHT CTyneHs ekcro3miii (ypaxxeHOCTi) TEPUTOPii apeasa MOIMpPEHHs
J-TOTO0 CLIEHapil0 peabHUMH MPOSIBAMU IPOCATKOBOCTI;

2 Hanexue oOIpYHTYyBaHHS 3HaueHb HOPMATUBIB drr Ta Aub TNOTPEOYE 3ailCHEHHS
CHELiaJIbHOTO CTATUCTUYHOTO JIOCIIKEHHS Ha OCHOBI IaHUX IIEPENUCy HaceJleHHs Ta/abo
nokymenranii bropo texniunoi indopmanii (bTI).
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ul} — KoedilmieHT CTyneHs eKCIo3uLii (YpaXKeHOCTi) TEPUTOPIii apeaa IOMUPEHHs
J-TOTO CIICHApiI0 peaTbHUMHU MPOSBAMH 3CYBIB;

ul,) — KoeILIEHT CTyNeHs eKCro3uIlii (YpaKeHOCTi) TepUTOpii apeaa MOMHUpPEHHs
J-TOTO CIIEHApII0 PealbHUMH MPOSIBAMU TPOBAJTb.

Tabmusa 2. PeanpHi iHK Ta po3paxyHKOBA BapTiCTh KOMEPIIHHOTO OyIiBHUIITBA
B YKpaiHi

Pix OOMIHHHI
. Tuc. rpH. $ Tuc.
OLIIHKH Kypc
BapricTs OymiBHUITBA CaquOHUX OYIHHKIB
1 | 100 M? mix KiTrod, 3 ilKEHEpHAMHI
KOMYHIKallisSIM{ Ta MOMPABKOIO Ha 2021 | 3000-3500
iHdusiLio
2 | 100 M?6e3 iHKeHEPHMX KOMYHiKaIliii
Ta MONPABKOIO Ha 1HQIIALIO

109,95-

12805 | 272846

2021 1783,148 65,354 | 27,2846

2 | Hesenukuii, 55 M%; 6.01.2025 p. 2025 805,000 19,126 | 42,0889

3 | Exonom; 6.01.2025 p. 2025 975,000 23,165 | 42,0889

4 | Cranpapt; 6.01.2025 p. 2025 2920,000 69,377 | 42,0889

5 | Hpemiym; 6.01.2025 p. 2025 11685,000 | 277,627 | 42,0889

Cepenins BapTicTh OymisHuITBa 1 M? y KOMEpUIHHUX HOBOOYI0BAX

1 | 01.10.2020, Ykpaina 2020 13,231 0,4670 28,3105

2 | 03.2024, Kuiscbka obnacth 2024 31,4 0,8194 38,325
(6e3 M. KnuiB)

3 | 03.2024, BoauHcbka 001aCTh 2024 31,4 0,8194 38,325

4 | 03.2024, IninpomneTpoBChKa 2024 40,9 1,0672 38,325
obnacth

5 |6.01.2025, neenukuit caanOHuMiA 2025 14,636 0,3477 42,0889
OyIMHOK

Po3paxyHkoBa BapTiCTh OY/IiBHUIITBA YMOBHOTO 0araTOKBapTUPHOTO OYIUHKY
1 | Ananor 70-kBapTuUpHO{
5-TIOBEPXOBOT «XPYIIOBKI» 2025 - 909,24 42,0889
(2615 m? x $0,3477 Tuc.)
2 | Ananor 105-kBapTUpHOT
5-TIOBEPXOBOT «XPYIIOBKI» 2025 - 1363,85 42,0889
(3922,5 M x $0,3477 tuc.)

Locepena: [9], [10], [11], [12], [13].

V KoKXHOMY 13 crieHapiis mapametp (1 — pgi’) KOHKpETH3y€EThCS 3riHO 3 HAGOPOM
HasIBHUX Y HbOMY 1H)KEHEPHO-T€0JIOTIYHUX 3arpo3 (IuB. Tadu. 1). B pasi BixcyTHOCTI
JaHuX OOCTEeKEeHb IOIMIMPEHOCTI pealbHUX MPOSBIB LUX 3arpo3, YMOBHO
MIPUIMAETHCS, 10 BiJIOBITHUH Koe]imieHT iMOBIpHOCTI (eKcro3utlii) craHoBuTh 0,1
Y KO)KHOMY BHITAJIKY, KPIM CEHCMIYHOCTI.

[IponoBxytoun BBOIMTH NPHUITYIIECHHS, MOXJIMBO BpaxyBaTH OPIEHTOBHY
BEJIMYMHY TOMIKOPKEHb CIIOPYX U KOXHOI 1HXKEHEpHO-TEOJIOTiYHOI 3arpo3u
KOE(II[IEHTOM in, OLIIHEHUM 33 PAHTOBOIO IIIKAJIO0, SIKY BUKOPUCTOBYE Gopmyia (7).
[MpuiimaeMo, MO TPOCATKU BUKIHUKAIOTh, SK MaKCUMYyM, CEPEIHI IMOIIKOIKEHHS
(in, = 0,3), 3cyBu — HULIiBHI nomKomkeHHs (in; = 1,0), KapcTOBi, TEXHOTEHH] YH
CEHCMOTeHHI TIPOBaIIs — PyHHIBHI HOMmKomkeHHs (in,-= 0,75), a ceiicmiuni momii
IHTEHCHBHICTIO 6 OaJTiB 1 O1IBIIIEC Ha IEPE3BOIOKEHHX JIECaX — CHIIHHI ITOTITKOIKEHHS
(ins=0,5) psimoBoi 3a0yI0BH.
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Onucanuii BUINE MiAXiA MOXKHA pealizyBaTh 1 ULl peciOHANbHOI OYiHKU
npUOYOUHKOBUX mepumopiil, ane s IbOTO MOTPIOHO 3HATH CEePEeIHI0 Mo YKpaiHi
IIONTY MPUOYIUHKOBUX AUISHOK JUIS CaiuOHMX i OaraToKBapTUPHHUX OYJIMHKIB Ta
iXHIO CEepelHI0 BapTiCTh. [IpUIyIIEHHS, MO CEpeAHs IUIOoNa MNPUOYIHHKOBOT
TUISTHKY JUTSE CaariOHOTO OyIMHKY % CTaHOBHUTH MPUOIHM3HO 5 COTOK (S1 = 500 M?),
a Juis 6ararornoBepPXoBOro ° — 10 25 cOTOK (sus» = 2500 M?) iHTYiTMBHO BHIIISIAE
noBom BiporimauM. lle mae MOXIMBICT po3paxyBaTd 3arajibHy IUIOILY
MpUOYINHKOBUX 3€MENbHHUX MUISHOK JUIA CaauOHOI 1 6araTtornoBepxoBoi 3a0ymoBU
sbud = bid - sy sHH = Y - 5,4, BinmosigHo. Cepennro BapTicTs 1 M2 nprcaguOHOi
3eMJIi yMOBHO npuiimMaeMo c; = $50, a 1 M? npubyamHKoBoi 3eMiti y MicTax — ¢y = $275
(3a maHuMu TaodI. 3).

Ta6mus 3. Cepenns BapTicts 1 M? 3emui iz 3a0yn0oBy B Vkpaini y 2024 p.

1 cotka, $ 1M $
1 | MiniMansHa 1 1000 10
2 | MiniManpHa 2 5000 50
3 | Cepenns 27500 275
4 | MakcumallbHa 50000 500

Iicepena: [14], [15].

Tomi opieHTOBHA OIiHKa 3eMENbHOI AUISHKHA B apealli MOUIMPEHHS j-TOTO
crieHapito 6e3 BpaxyBaHHS iHXXEHEpHO-TeoJoridHux 3arpo3 (Vgrl) y 3arampHOMY
BUIAJIKY BUIVIAATHME TAaKHM YHHOM:

d v
Zrurbj Zurbbj

i bj=1 bj=1 . 11
Vgrl _C3 Srur+C4 Surb’ ( )
Arur Aurb
d
ae: Z ruryj — KUIBKICTh CUIBCBKOI'O HACCJICHHA B apealil IMOIIMPEHHS j-TOTO

bj=1
CIIeHapiIo;

\

Z urb,; — KiIbKiCTb MiCbKOTO HaCEJICHHs B apeali HOINPEHHs j-TOro CLEHAPIo;

bj=1

Qrur — CEPEIHS KUTBKICTh MEIIKAHIIIB Y CAIMOHOMY OYIHMHKY (= 3);

Qurb — CEPEITHS KUIBKICTh MEIIIKAHIIIB Y OararokBapTUpHOMY OYIHHKY (duws= 100).
BignoBinHo, oyinka npubyounkosoi 3emenvHoi OAHKU 3  6PAXYBAHMAM

[HJICEHEPHO-2€0NI02IYHUX 3a2p03 Y 3aralIbHOMY BHUIIAJIKY 332 TUX CAMHX MPUITYIICHb

IIOJI0 IMOBIPHOCTI 1 Ypa)KEHOCTI HUIMH TEPUTOPIT, MO ¥ Ut cnopy/ (AuB. GopMyiH

(25-31), cranoBuTHME:

VGri=Vgrl -i- (1 —pgi) /100. (12)

Toni minimanvua pecionanvua oyiHKa NOMEHYIUHOI eKOHOMIMHOI WKOOU s
CHopyq i mpuOyIMHKOBUX NIJITHOK BiJl peami3allii iHKeHEepHO-TEOIOTiYHUX 3arpo3 B
apeai MOUIMPEHHS j-TOTO CIIEHAPiI0 MOEIHAHOTO BIUIMBY LHX 3arpo3 (Lvgr)
JIOPIBHIOE:

3 Hanexne OOIPYHTYBaHHS 3HAYEHb HOPMATHBIB Sryr Ta Surpb IMOTpeOye 3ailCHEHHS
CIIeIialbHOTO CTATUCTUYHOTO JOCII/DKEHHS HAa OCHOBI JTaHUX PEECTPIB HEPYXOMOCTI
Min’tocty Ykpainu.
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LvgPyin = Vgri+ Vgrl — VGr — VGrb. (13)

[licng BciXx MOXIMBHX YTOYHEHb HA OCHOBI 3AIHCHEHHS NPaKTHYHHX
PO3paxyHKIB MOIEI YMOBHOI OYIHKU 3a1UWKO80I eapmocmi cnopyd, HasBHI B
apeanax TIOMIMPEHHS CIIEHAPiiB MOETHAHOTO BIUIMBY 1HXEHEPHO-TEOJIOTITHNX
3arpo3, HaOymu Bunsiny (14-21):

D) VGr''=Vgr't - i (1 —ins - ps'' —iny - ul)" —ing, - uly,' —ing - ul)'y /100 = (14)
=Vgr''-i-(1-0,001-0,5-0,1-03-0,1-0,75-0,1-1,0)/100;

2) VGrit=Vgr'? - i - (1 —iny - ps'* —iny - ul,'? — iny, - ul,'? — iny, - ul,'?) /100 = (15)
=Vgr'?-i-(1-0,001-0,5-0,1-0,3-0,1-0,75-0,1-0,75)/100;

NVGrB=Vgr'® i (1 —ins- ps" —iny - ul,”® —iny, - ul,') /100 = (16)
— Var'3.i-(1-0,001-0,5—0,1-03—0,1-0,75) /100

4) VGri*=Vgr'* - i- (1 —ins - p*—iny - ul," —ing, - uly™* — ing - ul — ingy - ul,) 1 100= (17)
=Vgr*.i-(1-0,001-0,5-0,1-0,3-0,1-0,75-0,1-1,0-0,1-0,75)/100;

5) VG2 =Ver* i - (1 —iny - ul,? — iny - ulf) /100 = Vgr® - - (1 — 0,1 - 0,3 — 0,1 -1,0)/

100; (18)

6) VGrr=Vgrd - i - (1 —iny - ul,® — inye - ul,®) /100 = (19)
=Vgr*-i-(1-0,1-03-0,1-0,75)/100;

7Y VGr=Vart i - (1 — inp - uly*) /100 = Vgr* - i - (1 - 0,1 - 0,75) /100; (20)

8) VGri=Vars i+ (1 —iny - ul,’) /100 = Vgrs - i - (10,1 - 0,3) /100; 1)

YTOYHEHI MOIEN YMOSHOI OYIHKU NPUOYOUHKOBOI 3eMenbHOl  OLIAHKU 3
BPAXYBAHHAM THIICEHEPHO-2e0N02TYHUX 3a2p03 B apealiaxX TOIIUPEHHS 3a3HAYCHUX
crieHapiiB HaOyu Bursiay (22-29):

D) VGriM = Verl" -i- (1 —p' —ul," —ul,," — uli'") /100 = (22)
= Vgri" -i-(1-0,001-0,1-0,1-0,1)/100;

2) VGri't=Vgrl? - i - (1 — ps'* — uly"* — uly,'* — ul,,'?) /100 = (23)
= Vgrl . i-(1-0,001 0,1 —0,1—0,1)/100:

3) VGri¥=Vgrl® i - (1 —ps" —ul,® — ul,,'*) /100 = (24)
= Vgrl® i - (1-0,001—0,1 —0,1)/100;

4) VGri¥= Vgri* - i - (1 — p"* — uly"* — ulp,,'* — ul' — ul,,'*) /100 = (25)

= Vgri**-i-(1-0,001-0,1-0,1-0,1-0,1)/100;
S) VGri2=VarP - i - (1 —ul,? — ul?) 1100 = Var - i - (1—0,1—0,1)/100;  (26)
6) VGri*=Vgrl - i - (1 —ul,® — ul,*) /100 = Vgrl® - i - (1 - 0,1 —0,1) /100; 27
7Y VG = Vgrt - i - (1 — ul,*) 1100 = Vart* - i - (1—0,1) /100 (28)
8) VGriS= Varls - i - (1 —ul,%) /100 = Varl - i - (1 - 0,1) /100; (29)

Tepuropianeuuii anani3 3acobamu ArcGIS 10.3 mokazas, mo 3arajibHa IUIONIA,
Ha SIKili TOIMPEHi YTOUHEeH]I perioHalbHi ciieHapii, cTaHoBUThH oHaa 18% tepurtopii
Vkpaiau (tabn. 4). [lokazoBo, mo aOcomoTHa OLTBIIICTE 3 HHUX IOB’S3aHAa 3
MiATOIUICHUMHU JIECOBUMU IpyHTamu (cueHapii 11, 12, 13, 14, 2, 3, 5), BoHu
nomupeni Ha maibke 13% TtepuTopii Ykpainu. 3a 1uromero NOmUpeHHs y nepiry
TpiiKy BXOIATh ciieHapi 13 (45,6% Bix momi ycix ciieHapiiB), cuieHapii 4 (28,4%)
Ta cueHapii 12 (19,6%).
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Tabmusg 4. I'lC-omiHKa IOl MOMIUPEHHS! YTOYHEHUX PEriOHaIbHHUX CIICHAPIiB
MOETHAHHSI IHKECHEPHO-TEOJIOTIYHIX 3arpo3 B YKpaiHi

[Tnoma, | % Bix mrony moummpeHHs | % BiJ MUTOMI

KM? BCiX CIEHapiiB BCiei Ykpainn
1 | Cuenapiii 11 3307,5 3,1 0,55
2 | Cyenapin 12 21050,8 19,6 3,52
3 | Cyenapiu 13 48894,8 45,6 8,18
4 | Cuenapiii 14 739,9 0,69 0,12
5 | Cuenapiii 2 86,98 0,08 0,01
6 | Cuenapitii 3 1476,0 1,4 0,25
7 | Cyenapiu 4 30447,7 28,4 5,10
8 | Cuenapiii 5 19494 1,8 0,33
Bci cuenapii 107953,2 100,0 18,07
Bcest TepuTopis Ykpainu 597542,2 - 100,00

oicepeno: aBTOPCHbKI pO3paxyHKH.

HaiiGinpm  3arpoXeHHMH perioHaMu 32  CIICHApIsMHU, TIOB’SI3aHUMH 3
MiATOIJICHUMH JICCOBUMH IpyHTaMH, BUSBHIUCS XepcoHchka (48,3% Bim yciei
mwionyi periony), Mukonaieceka (37,5%) ta IlonraBchka (28,6%) obuacri.
BpaxyBanus Bcix cmeHapiiB (ToOTO [HOmaBaHHA O <JIECOBHX» CIICHApiiB
CIieHapito 4, OB’ S3aHOTO 3 MiITOIUICHUMH BallHSIKaMH1) 3MiHIO€ TPiHKy mifepis. Ha
nepiie Micle 3a IUIONICI0 MOIIMPEHHS BCiX 3arpo3 BUXOJUTh BommHCbKa 001acTh
(66,7% Bix yciel iowti periony), aani iayts XepcoHcbka (54,1%) ta PiBHeHCBKa
(44,8%) obmnacri (Tab. 5).

Tabmuusa 5. I'lC-omiHka perioHaNbHUX BiAMIHHOCTEW 3a IUIOMIEIO TMONIMPEHHS
YTOUHCHUX PETiOHATBHHUX CIICHAPIiB BIUTUBY 1H)XKEHEPHO-TEONOTIYHUX 3arpo3 B
VYkpaiHi

Cuenapii, moB’s;3aHi
> MATOTLICHIMH Bei cuenapii (11-14, 2-5)
JICCOBUMHU IPYHTAMU
Perionu (11-14,2,3,5)
% Biz ycieil % Bix yciei |% Bix o
Km? TUIOIL KM? IUIOI | OIIMPEHHS
periony periony | cueHapiiB
YkpaiHa BCboro 77505,49 12,97 | 107953,21 18,07 100,00
1 | AP Kpum 3926,37 15,30 4515,79 17,60 4,18
2 | Binauipka 1331,88 5,04 1375,14 5,20 1,27
3 | BonuHcbka 62,30 0,31 | 13430,50 66,74 12,44
4 | duinpometpoBchbka | 5363,13 16,83 5520,33 17,32 5,11
5 | JloHenpka 2081,75 7,87 3002,75 11,35 2,78
6 | XKutomupcrka 1033,23 3,46 1033,23 3,46 0,96
7 | 3akapnarceka 1007,81 7,91 1007,81 7,91 0,93
8 | 3amopi3pka 5574,18 20,63 5864,65 21,70 5,43
9 | Isano-®paHkiBCchKa 0,10 0,00 1,25 0,01 0,00
10 | KuiBchbka 2386,26 8,26 2386,26 8,26 2,21
11 | KipoBorpajackka 884,44 3,61 893,16 3,64 0,83
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IIpomosxeHus Tabdauil 5

12 | JlyraHceka 1017,76 3,82 1963,62 7,37 1,82
13 | JIsBiBCBKA 55,35 0,25 593,12 2,72 0,55
14 | MukoiaiBcbKa 8925,98 37,48 9581,09 40,23 8,88
15 | Onmeceka 8998.,26 27,03 9100,74 27,34 8,43
16 | ITonraBchbka 8202,00 28,61 8202,00 28,61 7,60
17 | PiBHeHCBKaA 28,12 0,14 8972.,80 44,81 8,31
18 | Cymchbka 2599,69 10,92 3786,84 15,90 3,51
19 | TepHomiabCchKa 8,06 0,06 10,61 0,08 0,01
20 | XapkiBchKa 7000,02 22,31 7568,13 24,12 7,01
21 | XepcoHChKa 12272,81 48,34 | 13738,19 54,11 12,73
22 | XMenpHULBKA 43,00 0,21 43,00 0,21 0,04
23 | Yepkacbka 1200,45 5,74 1200,45 5,74 1,11
24 | YepHiBelbKa 490,82 6,08 622,87 7,71 0,58
25 | YepHirischka 3011,73 9,44 3538,89 11,09 3,28

Hoicepeno: aBTOPCHKI PO3PaAXyHKH.

Pesynbrati mpakTUYHOTO PO3PAaxyHKY BEJIWYHMHHU TOTEHIIHHOI E€KOHOMIYHOT
IIKOAW MJIsi CTHOpYH 1 NpUOYIWHKOBUX IUISTHOK 3a YTOYHEHHMH CIICHAPisIMHU
MOEAHAHOTO BIUIMBY iH)KEHEPHO-TEONOTIYHUX 3arpo3 HaBeleHi y Tabm. 6. 3rigHo 3
HUMHU, JIJCpOM 3a TIOTCHIIIHOIO EKOHOMIYHOK IIKOJIOK € cleHapid 12
(mepe3BonokeHi Jecw B apeam cymapHoi ceiicmiuHocTi [>6 OamiB Ha
MiCTAJIAIOUMX BalHAKaX ), moHax 43% Bif yciel cymu.

Tabmums 6. OmiHKa TOTEHIIHOI E€KOHOMIYHOI IIKOAM 33 YTOYHEHHUMHU
perioHaJbHUMU CIIEHAPISIMU TIOETHAHOTO BILIMBY 1HKEHEPHO-TEONIOTIYHHUX 3arpo3 B
VYkpaiHi

Bapricte 3aranpHa, $ mapa | Bapricte noteniiiitoi mikoau, $ mupa

OyAMHKIB | 3eMJIi Beporo | OyamHKaMm 3eMITl Bceroro

1 | Cyenapiu 11 0,841 7,408 8,249 0,173 2,230 2,403
% Bijg BCiX 1,2 1,4 1,3 2,0 2,0 2,0

2 | Cyenapin 12| 23,177 | 158,602 | 181,779 4,183 47,739 51,923
% Bij BCiX 32,5 29,3 29,7 47,6 43,0 43,3

3 | Cyenapin 13| 30,262 | 230,026 | 260,288 3,193 46,235 49,428
% Bij BCiX 42.5 42,5 42,5 36,3 41,6 41,2

4 | Cyenapin 14 0,136 1,469 1,605 0,038 0,589 0,627
% BiJ BCiX 0,19 0,27 0,26 0,43 0,53 0,52

5 | Cyenapiu 2 10,000023 10,000266 [0,000289 | 2,9304E-06 |5,32771E-05 |5,6208E-05
% Bin Beix _ [0,000032 [0,000049 [0,000047 | 0,000033 0,000048 | 0,000047

6 | Cyenapiu 3 0,573 4,343 4916 0,060 0,873 0,933
% Bij BCiX 0,8 0,8 0,8 0,7 0,8 0,8

7 | Cyenapiu 4 15,204 | 132,022 | 147,226 1,140 13,202 14,343
% Bij BCiX 21,3 24 .4 24.0 13,0 11,9 12,0

8 | Cyenapiu 5 1,154 8,293 9,447 0,035 0,829 0,864
% Bijg BCiX 1,6 1,5 1,5 0.4 0,7 0,7
Bci cuenapii 71,211 | 540,694 | 611,906 8,784 111,109 | 119,893

rcepeno: aBTOPCHKI PO3paxyHKH.

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



Ha npyriit mo3umii — crenapiit 13 (mepe3BonoXeHi JiecH B apeani cyMapHOL
ceiicMiyHOCTI [>6 OamiB mo3a apeajamMM 3arpo3 3CYBOYTBOPEHHsI Ta
KapcTOyTBOpeHHs), moHaa 36%. Ha Tperiit mo3uunii — cuenapiii 4 (miaroruieHi He
JIECOBI MOPOAM Ha KapcToHeOe3nmeuyHnx TepuTopisx), moHax 11% Big ycix. Li Tpu
crieHapii 00yMoBIIOI0TH MoHa 90% moTteHtiHOT mkoan. [lokazoBo, mo crenapii,
MOB’si3aHl 3 mixTorieHuMMu Jjecamu (cuenapii 11, 12, 13, 14, 2, 3, 5, To0TO
repeBakHa OLTBIIICTE 3 BPaXOBaHUX ), GOpMyIOTh moHaR 87% MOTEHITIIHOT KO,

3arajpHa OIIHOYHA BAapTICTh MOTEHIIIHOI €KOHOMIYHOI HIKOIM 33 YTOYHEHUMHU
perioHaJbHUMU CLUEHAPISIMUA TIOEIHAHOTO BIUIMBY 1H)KEHEPHO-TEOIOTIYHHUX 3arpo3 B
VYkpaiHi 14 )KUTI0BUX OyIWHKIB (CaANOHMX Ta 0araTOKBapTUPHUX) CTAHOBUTH IO
8,8 $ Mapa. 3 ypaxyBaHHSIM IIKOAW JJIsi IPUOYJANHKOBHX 3E€MENbHHUX JUISHOK IIst
cyma 3poctae 10 120 $ mipn. 3a3HaueHi BEIMYMHH IPUITYCTHUMO IHTEPIIPETYBATH SIK
MiHIMaJIbHY 1 MaKCHMaJbHY OIIHKM TIOTCHIIMHOI CKOHOMIYHOI IIIKOIU BiJ
IH)KEHEepPHO-TEOJIOTIYHAX 3arpo3 B YKpaiHi, 0 BiIpi3HSAIOTHCS OAHA Bix OMHOL
OinpIne, HiXK HA TIOPSIOK.

BucnoBknu

1. I'porioBy OIiHKY 3aBIAHOT HIKOJH JIETKO OTPUMATH SIK Pi3HHIIO BApTOCTi OymiBii
JI0 1 i) py#HIBHOI aTaku. J[Jisi OI[IHKY BapTOCTI CHOPY/IH, IO 3a3Haja OOHOBOTO
YpaKeHHsI, HAKpallle BUKOPUCTOBYBATU MOKAa3HUK YACTKUA BTPAUYEHOTO pecypcy ii
eKCIuTyarailii (3B0pOTHOT JI0 YaCTKH 3aJIMIIKOBOTO PECYPCY CIIOPYIH), PO3paxoBaHU
3a JaHUMHU CIIeliajJbHUX 00CTeXeHb. lle CyTTEBO 3MEHIIUTH CYO’€KTUBHICTh
BU3HAYEHHS BEJIMYMHH I'POLIOBOI OLIHKK HAaKOIMHMYEHOI 3HOIIEHOCT] MOIIKOKEHHX
CIIOpY/I.

2. Ha 00’exTOBOMY piBHi OIIIHKY BIUIMBY 1H)K€HEPHO-TEOJIOTIYHOTO (pakTopy Ha
CTIMKICTh Oy/iBEJIb 1 CHIOPY/ 13 BU3HAUCHHSIM BEJIMYUHH 3aBJaHOT a00 MOTCHIIIMHOT
IIKOAW JIOIJIBHO 3/1IHCHIOBATH B PaMKaX «BUTPATHOTO» IIXOMYy 1O OILiHIOBAHHS
00’€eKTiB HepyxoMocTi (Ha OCHOBI OanaHcoBOi ab0 BiHOBHOI BapTOCTi OymiBii),
JIOTIOBHEHOTO «CIICHAPHUMY» 1 «T€OCKOJIOTTUHUMY MiJAXOAaMHU IS 1IeHTH(IKaIiT
HasBHUX 1HXXEHEPHO-TEOJIOTIYHUX 3arpo3. Taka OIiHKa iCTOTHO TOJMIIIITY€ETHCS
IUITXOM BUKOHAHHS CIEI[iaIbHUX HaTypHUX OOCTEKEHb OyHiBENIbHUX KOHCTPYKITiH
Ta JIOCII/KEHb MIATPYHTSI KOHKPETHHUX Oy/IiBelb.

3. BU3Ha4YeHHS TEOEKOJIOTIYHUX CIEHApiiB Ui EKOHOMIYHOi OIliHKH, IO
Bi0OpakarOTh BapiaHTH HETaTUBHOTO BILIMBY CEHCMIKM 1 HEOE3MEUHNX EK30IeHHUX
TeOJIOTIYHUX TpOIeciB (3arpo3) Ta iX TEpUTOPialbHUX IMOEJAHAHB, JIAE 3MOTY
y mepuoMy HaONVKeHHI OOIMTH He BHpINIEHI B 3arajlbHOMY BUMAJIKy HHUTaHHS
iMOBipHOCTI ~ peamizamii  1mMX  3arpo3 Ta  nependadeHHS  CTyIEHs
TMOIITKOKEHHSI/pyHHYBaHHSI KOHCTPYKIIIA BHACIIJIOK IILOTO.

4. BifcyTHICTh BXiJHMX JaHUX CTOCOBHO PEaJbHO 3aBIaHOI MIKOAM CHOPYIaM
(1 mpuOyAMHKOBUM JiNITHKaM) BiJl peasnizamii iH)KEHEpHO-TEONOTIYHUX 3arpo3 Ha
perioHajJbHOMY  DiBHI ~ 3MyIIye  BUKOPHCTOBYBAaTH  ICTOTHO  CHPOILIECHY
OIIOCEPENIKOBAHY OIIIHKY TilIOTETHYHOI MOXJIMBOCTI MOIIKOJDKEHHS CIIOpYJ Ha
OCHOBI TO€IHAHHA JIOTIK «BHTPAaTHOTO», «HOPMATHBHOTO», «EKCIIO3ULIHHOTO)
1, 0cOONUBO, «ClIeHApHOTO» Minx0AiB. Po3po0iieHi HaMu perioHanbHi Te0eKONIOTiYHI
CleHapii BigoOpaXkalOTh Maikike BCi B3a€MOBUKIIIOYHI BapiaHTH TEPUTOPIATIbHOIO
MO€THAHHS 1HXKCHEPHO-TEOJIOTTYHNX 3arpo3. [IpnyoMy MaeMo 3MOry BH3HAYHUTH
OPIEHTOBHY KiJIBKICTH TITBKH KUTIOBUX CIOPYH 1 TUTBKH ABOX iX y3arajbHEHUX
THITIB (camuOHUX 1 0araToroBEpXOBUX) Ha OCHOBI NIEPEMMMCHOIT KITHKOCTI HACEICHHS
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B HAceJCHUWX INYHKTaX 3a EKCIIEPTHO BBEJACHUMH YMOBHUMH HOPMAaTHBAMU
(manpuknan, 3acodbamu ['IC-anamizy) y apeaiax MOMIUPEHHS KOXKHOTO 13 CLICHAPIiB
MOEAHAHOTO BIUIMBY BPaXOBaHMX 3arpos3.

5. 3ampomoHOBaHI PO3pPaxyHKOBI MOJEN MOXYTh OyTH YTOYHEHI IIISTXOM
BIATIPAITIOBAHHS HAa PETbHHUX JaHWX METOAMYHUX MPHUKIaniB. IIpoTe, mOKOpiHHO
MOJIIIIMNTA CTaH CHOpaB 3 OI[IHKOIO Ha PETiOHAJBbHOMY pIBHI MOXE JIMIIE
HAKONMUYCHHS 1 BIOKPUTTSA JUIT JOCTDKEHHS 0a3 IaHUX Tpo I1HKEHEpHI
XapaKTEePUCTUKH, 1HKEHEPHO-TEOJIOTIYHI YMOBH, IIOIIKOUKCHHS 32 TPUYMHAMH,
0anaHCcOBY i PUHKOBY BapTiCTh TOLIO JUIA BCiX HASBHHUX CHOPYA 1 OydiBens (3rigHo
3 peectpamu BTI, MiHrocTy TOmmO) B yCiX HaceleHHWX MYHKTaX TEPUTOpIii, IO
BUBYAETHCS.
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MANAGEMENT OF INNOVATIVE PROJECTS AND PRODUCTS
IN THE CONDITIONS OF DIGITALIZATION AND
TURBULENT ENVIRONMENT

Abstract. Managing innovative projects and products in a turbulent environment
characterized by the BANI (Brittle, Anxious, Nonlinear, Incomprehensible)
framework is extremely relevant for Ukraine. Full-scale war, economic instability,
infrastructure disruptions with a probability of power outages of 0.6-0.7 and the
migration of 6 million displaced persons create a complex environment where
traditional project management models lose their effectiveness due to their
inflexibility. At the same time, innovation is the key to Ukraine’s recovery,
competitiveness and integration into the global innovation space. A value-based
approach that takes into account social, economic, environmental, technological and
ethical aspects becomes necessary for proactive risk management and maximizing
opportunities in such conditions. The relevance of the research is enhanced by the
need for adaptive tools that allow turning uncertainty into competitive advantage,
especially in the context of the rapid development of technologies such as artificial
intelligence (Al) and Building Information Modelling (BIM). The product of the
research is a model of risk and opportunity management of innovative projects and
products in a turbulent environment, based on a value system and a value approach.
The model integrates Al for risk and demand forecasting, BIM for modelling, and loT
for real-time monitoring. Multi-criteria analysis of values in the areas of social,
economic, environmental, technological, and ethical, with weighting factors for
determining priorities. Scenario planning and Agile approaches for adapting to
uncertainty. The research process included studying the turbulent environment of
Ukraine (war, economic crisis) and its impact on innovative projects, defining a value
approach as a basis for management, with an emphasis on social, economic and
environmental values. Integration of Al based on forecasting, BIM for modelling and
scenario planning into a single system focused on maximising value. It has been
proven that the value approach, combined with Al and BIM, increases the adaptability
of projects in the BANI environment, thereby reducing risks and opening up new
opportunities. The study confirms that the risk and opportunity management model
based on the value approach is an effective tool for innovative projects in a turbulent
environment. It allows not only to minimize the negative impact of uncertainty but also
to create additional value, contributing to economic, environmental and social
development. Examples from Kyiv demonstrate how the synergy of technology,
ecology and social needs transforms challenges into opportunities.

Keywords: management, innovative projects, products, artificial intelligence, BANI
environment.
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H.C. BymyeBa, €.A. Jlo6ok, I'.A. MypoBaHCbKHii

KuiBchkuii HaioHaTHHUN YHIBEpCHUTET OyIiBHULTBA 1 apxiTekTypu, KuiB, Ykpaina

YIIPABJIIHHA IHHOBAHIﬁI—IYIMH INPOEKTAMMU TA TIPOAYKTAMUAU
B YMOBAX JUI'ITAJIIBAINI TA TYPBYJIEHTHOI'O OTOYEHHS

Anomauia. Ynpaeninua iHHOGAYIUHUMU NPOEKMAMU MA NPOOYKMAMU 8 YMOBAX
mMypOYIeHMHO20 OMOYEeHHs, Wo Xapakmepusyemocsi @peiumeopkom BANI (Brittle,
Anxious, Nonlinear, Incomprehensible), € nadzsuuaiino akmyaneHum 015 Ykpainu.
THosnomacwumabna sitina, ekOHOMIUHA HecmabiibHiCMb, IHPACMPYKMYPHI nepebol
3 uMmogipHicmio gioxkmouens enepeii 0,6—0,7 ma micpayicio 6 MmaH nepeceneHyis
Ccmeopioms CKlaoHe cepedosuuje, 0e mpaouyiiiHi Mooeli YRPAasiiHHsA NPOEKMAMU
smpauaoms epekmusHicms uepes c8oio HecHyuKicmo. Boonouac innosayii € kirouem
00 BIOHOGIEHH S, KOHKYPEHMOCNPOMONCHOCIME ma iHmezpayii Ykpainu y enobanvrui
iHHosayitnul npocmip. LlinnicHuti nioxio, wjo 6paxo8ye coyianbHi, eKOHOMIuHI,
€KOI02IUHI, MeXHON02TUHI Ma emuydHi acneKmu, Cae HeoOXiOHUM 0151 RPOAKMUBHO20
VNPAGNIHHA  pUBUKAMU MA  MAKCUMI3AYIl MOMCIUGOCMEN Y MAKUX YMOBAX.
Axmyanvricmo  0ocniOdCcenHs — NIOCUTIOEMbCA — NOMpebor 8  a0anMmMueHUX
iHcmpymenmax, AKi 003680110Mb NEPEeMEOPUMU HEBUSHAUEHICMb HA KOHKYDEHINHY
nepegazy, 0coOaUB0 8 KOHMEKCMi WBUOKO20 PO36UMKY MEXHONO2IU, MaKux siK
wimyynuti inmenexm (L) ma Building Information Modeling (BIM). IIpodyxmom
00CiOMNHCeH ST € MOOeNb YNPAGHIHHA PUSUKAMU MA MONCTUBOCHAMY THHOBAYIHUX
npoekmie i nNpooykmis y mypOyIeHMHOMY OMOYEHHI, 3ACHO8AHA HA CUCMEMI
yinHocmeli 1 yinHicHoMy nioxo0i. Mooenw inmeepye: LI 0ns npoeHo3yeants pusuKie
i nonumy, BIM ona mooenmwosanus, loT Ona monimopuney 8 peanbHOMY HYAci.
bazamoxpumepianvnuii ananiz yinnocmeri 8 HANPAMKAX. COYIATbHUL, eKOHOMIYHUL,
eKON0IUHULL, MEeXHONIOSTUHUL, eMUYHULL 3 8208UMU KoeiyieHmamu OJis USHAYEHHs
npiopumemis. Cyenapre nnaHyeawHs ma Agile-nioxoou ona adanmayii 0o
HesusHayenocmi. [Ipoyec O00CHIONCEHHs BKNIOYAS BUBUEHHS  MYPOYIeHMHO20
omouennsi Yxpainu (8itina, ekoHoMiuHa Kpusa) ma U020 GNAUSy Ha IHHOBAYIUHI
NPOEKMU, BUSHAYEHHS YIHHICHO20 NIOX00Y K OCHOBU OJis YNPAGIIHHA, 3 AKYEHMOM HA
coyianbHi, eKOHOMIYHI ma exono2iuni yinnocmi. Inmeepayiss Il una ocHosi
npoenosyeants, BIM Ona mooento8anns i cyeHapHo20 NiaHY8aHHs 8 EOUHY CUCTIEM),
opienmoeany Ha makcumizayito yinnocmi. Jlogedeno, w0 yinHicHull nioxio y
noeonanui 3 LI ma BIM nidsuwye adanmuguicmo npockmie y BANI-omouenui,
SHUIICYIOYU PUSUKU MA BIOKPUBAIOUU MONCIUBOCII. J[0CTIONCEHHS NIOMBEPOANCYE, U0
MOOenb YAPAGIIHHS PUSUKAMU MA MONCIUBOCMAMU HA OCHOBI YIHHICHO20 NIOX0JY €
eekmusHUM THCMPYMeHmom O IHHOBAYIUHUX NPOEKMIE y MypOyIeHmHOMY
omouenni. Bona Oozeonic He uwie  MiHIMIZyamu — He2AMUGHUL  GNIUG
HesusHayeHocmi, aie U CMeopeamu  000amKo8y  YIHHICMb,  CHPUSAOYU
EKOHOMIYHOMY, €eKOA02iUHOMY ma coyianvHomy pozsumky. Ilpuxnaou Kuesa
O0eMOHCIMPYIOMb, 5K CUHEP2is MEXHOAO02I, eKONIo2ii ma coyianbhux nompeod
MPAHCHOPMYE BUKTUKU 8 MOHCTUBOCTII.

Knwouoei cnosa: ynpasninus, inHo8ayitini npockmu, npooOyKmu, WmyyHuil iHmeiexm,
BANI-omouenns.

https://doi.org/10.32347/2411-4049.2025.2.101-109
Beryn
CyuacHHH CBIT XapakTepU3yeThCS BHCOKHUM pIBHEM HECTaOIIBHOCTI Ta
Henepen0avyyBaHOCTI, 0 OCOOJIMBO BiJUyTHO B yMOBax TypOyJI€HTHOT'O OTOYECHHS,

sKke omucyetbcsi  (peirimBopkom  BANI  (Brittle, Anxious, Nonlinear,
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Incomprehensible). B Ykpaini 1i BHUKIHKH ITOCHIIOIOTHCS ITOBHOMACIITaOHOIO
BIfHOI0, E€KOHOMIYHOIO HECTaOlNBHICTIO, Mirpamiero Ta mepebosMu B
iHppacTpyKTypi. Y TakuX yMOBax YIpaBIiHHS IHHOBAIL[IHHAUMH TPOEKTAMH Ta
MPOJYKTaMH BHMarae He JIMIIe TEXHOJIOTIYHOI aIlallTUBHOCTI, aje ¥ CTpaTeriyHoro
migxoay 1o OamaHCyBaHHS PHU3HMKIB 1 MOXIWBOCTeH. [HHOBaIii, SIK KIIOYOBHit
JBUTYH nporpecy, CTaloTh OCHOBOIO ISt BiJTHOBJICHHS Ta
KOHKYPEHTOCIIPOMOKHOCTI, IIPOTE IXHA peaizallis yCKiIaJHeHa HeBU3HAUEHICTIO Ta
00MeXEeHHMH pPecypcaMu.

Tpaauuiiini Mozxeni ynpaBliHHS NPOEKTAMH YacTO BUSIBISIOTHCS HEJOCTATHBO
THYYKHMH A7 poOOTH B TypOYJCHTHOMY OTOYEHHi, A€ LIBHIKI 3MiHH Ta
XaOTHUYHICTh TEPEeBAKAIOTh HAJ CTAOLIBHICTIO. Y IHOMY KOHTEKCTI IIHHICHHH
miaxix HaOyBae 0cOONIMBOro 3HAYCHHS, OCKUIBKM BiH JTO3BOJISIE 30CEPEAUTHCS Ha
CTBOPEHHI IIIHHOCTI JJISl BCIiX 3alliKaBIEHUX CTOPiH — BiJl iIHBECTOPIB i PO3POOHHUKIB
0 KIHIIEBHX KOPHUCTyBadiB 1 cycminbcTBa 3arasioM. CrcreMa IIIHHOCTEH, MIO
BKJIFOYAE COLiaJIbHI, EKOHOMIYHI, €KOJIOT1YHI, TEXHOJIOTYHI Ta €THYHI aCIIEKTH, CTa€
OCHOBOIO JUIsI OI[IHKM PHU3MKIB 1 MOXKIUBOCTEH, a TaKOX I HPUHHATTS
0oOTpyHTOBaHUX PIllIEHb Y MpOIleci peanizaiii iIHHOBAIHUX ITPOEKTIB.

LIt cTaTTs MPOMOHY€E HOBY MOJETb YNPABIIHHSA PH3UKAMU Ta MOMKIMBOCTSIMU
IHHOBAIlIfHMX TPOEKTIB 1 TPOAYKTIB, SKa 3aCTOCOBYE I[HHICHMM MmiAXix y
TypOyJIeHTHOMY OTOuYeHHI. Moziesb iHTerpye nepenoBi TEXHOJOTI, Taki SIK IITyYHHI
iarenext (LI) mms mporrosysanHs (80-85% TounicTs), Building Information
Modeling (BIM) anst monenroBanus (95% TodHICTB) Ta ClieHapHE TUIAHYBaHHS JJIsI
ajanTainii J0 HeBU3HaueHOCTi. BoHa cropsMoBaHa Ha MaKCHMI3allil0 IIHHOCTI
MPOEKTIB Yepe3 NPOAaKTHBHE YNPAaBIiHHS, BpaxoBylouu cneuudixy YKpaiHu — Bif
HEOOXiTHOCTI MIBUAKOTO BiJHOBIICHHS JIO iHTErparii y rioOanbHUN iHHOBAIiHHUI
npocrtip. Ha npuxnagax nesenonepcbkux NpoekTiB y Kuesi, Takux sik KK «Daiina
Tayn» 1 TpanciopTHuit xab Ha JliBomy Oepesi, Oyze MpoJeMOHCTPOBAHO, SIK MOJICTb
CHpUsie CHHEPrii MK TEXHOJOTISIMH, €KOJIOTIEI0 Ta COMLIATBHUMH MOTpedaMHu,
3a0e3MeuyI0UH CTIHKICTh 1 €PEKTUBHICTh B YMOBAaX KPH3H.

MeTo10 10CHiIKEHHsT € CTBOPCHHS YHIBEpCAILHOI Ta aJallTUBHOT MOJIENI, sKa
HE JIMIIIE 3HIKYE PUBUKY (HAPUKIIA, 3aTPUMKH Ha 2—3 MICSIIl UM TIEPEBUTPATH HA
25-30%), ame ¥ BimkpuBae MOXIHBOCTI misi exkoHoMmii (15-20%), migBumeHHS
SIKOCT1 JKUTTS Ta 3aTydeHHs inBecTHii (motenttian $5—10 muH Big gmoHopis). Ctarts
I IKPECITIOE, 10 MIHHICHUHA MiAXiA Y MO€IHAHH] 3 IHHOBAI[IWHUMH iHCTPYMEHTaMHU
€ KIIoueM g0 TpaHcopmanii TypOyJleHTHOCTI B KOHKYPEHTHY IiepeBary,
MPOITOHYIOYH MPAKTHUHI PEKOMEHALIIT )11 MEHEKEePIiB, IHBECTOPIB 1 ITOJIITHKIB.

1. Anaui3 ocTtanHix gociigKeHb i myosikamiit

Po3BUTOK 3aralbHOrO WITYYHOTO IHTENEKTY TpaHCPOpMYy€e  YIpaBIIiHHS
MPOEKTaMH, 110 BUMarae eBoJjoilii kommereHiii. Ockinbku I crae Bce OiibII
IHTErPOBAHUM B YIPaBIIiHHS IPOEKTAMH, KOMIIETEHLIi1, HEOOXiTHI AJ1s1 €PEeKTHBHOTO
yIpaBIliHHS, 3MIILYIOTBCS BiJ TPaAULIHHMX HABHYOK A0 THX, AKi HiAKPECIIOIOTH
QJIalITHUBHICTh, THYYKICTh 1 CTPATEriuHy iHTErpallifo TeXHOJIOTIH.

Po3rnsiHeMo KiI1040Bi KOMIETEHI, 110 PO3BUBAIOTHCSL.

CrputHicTs 1 aganTuBHICTh. KepiBHUKH MTPOEKTIB MOBUHHI CHPUIMATH THYYKICTh
SIK Mipy €(peKTHBHOCTI, 30CEPEIKYIOUNCh Ha IBUIKUX 3MiHAX IUIAaHYBaHHS MPOEKTY
Ta aKTUBHOMY 3aJTy4eHHI KITI€HTIB, III00 BITOPATHUCS 3 TMHAMIYHUMH IIPOOIeMaMH, K1
ctBoproe 111 [2, 7]. Lle Bkiro4ae B ceOe ajanTariiro 10 HOBUX METO/IIB yIPABIIiHHS Ta
TEXHOJIOTIH IS T ABUINEHHS IPOAYKTUBHOCTI IPoeKTy [7, 9].

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



~ 104 ~

JlimepcTBO Ta cTpaTeriuHMii MEHEIKMEHT. JIimepchKi 3MI0HOCTI 3aTUIIIAIOTHCS
BUpIIIATEHUMH, OCOOJIMBO B YIpPaBIIiHHI CKIaIHICTIO MpoekTy Ta inTerpanii LI B
po0boui npouiecu npoekTy. EQexTrBHE KepiBHUIITBO MOXKE IIOM’ IKIIUTH HETaTUBHUHN
BIUIMB CKJIAJHOCTI TIPOEKTY Ta MiJBHIINTH e(QEKTUBHICTE 3a JIOIOMOTOIO
THYYKHX MIPAKTHK [3, 4].

Texnonoriuyna maticteprictb. Ockinbku TexHomnorii Il craioTe Bce OinbII
TIOIMPEHUMH, MEHEIKEpPaM MIPOEKTIB HEOOXITHO PO3BUBATH KOMIICTEHINI B HOBHX
TeXHOJOTisX 1 nuppoBux crparerisx. Lle Bkiogae po3yMiHHS Ta BIIPOBAHKEHHS
uudpoBux TpaHchopMaliil i aBTOMATHU3ALII0 MPOLECIB I 1HTENEKTyaJbHOTO
NPUAHATTSA pitieHs [9].

Hapuuku cmiBmparti ta inrerpamii. Ilepexig g0 cImiibHOT BiAITOBITAIBHOCTI B
yOpaBlliHHI TPOEKTAMH MIJKPECTIOE BAXKIMBICTh KOJIEKTUBHHX KOMIICTCHLIIH.
MeHeKepy TIOBHHHI 30CEPEIUTHUCS HA 1HTErpallii iHAMBIIyaIbHUX, KOJICKTUBHUX
Ta OpraHizaliiHUX KOMIETEHIiH sl e()EeKTHBHOTO YIpPAaBIiHHS TMPOEKTaMU B
cepenosuii, keposanomy 11 [1, 5].

CrilikicTh Ta eTHYHI MipKyBaHHA. 3 omsiay Ha noreHmidHwi BrutmB LI Ha
CTalliCTh, MEHEPKEPH MPOEKTIB IMOBHHHI PO3BMBATH KOMIIETEHIN{ B yIpaBIiHHI
CTAIUMH TIPOEKTaMH, TapaHTYIOUM, II0 MPOEKTH BIANOBIAAIOTh ETHIYHUM
CTaHJapTaM 1 IUIIM CTaJIOTO PO3BUTKY [6, 8].

Excnonennianshe 3poctansst LU 3MiHIOE KOMIIETEHIIIT 3 yITpaBIiHHS IPOEKTAMH,
HAaroJIONIYIOYH Ha THYYKOCTI, JIJEPCTBi, TEXHOJOTIYHOMY IOCBili Ta CTIHKOCTI.
KepiBHUKH MPOEKTIB MOBUHHI aJalTyBaTUCS 10 IIUX 3MiH, pPO3BUBAIOYM HABHYKH,
aki iHTerpyrots LI B mpomecu mpoekTy, 3abe3nedyroud YCMHillHI pe3yibTaTH
MPOEKTY B TEXHOJIOTIYHOMY CEPEIOBHIII, IO IIBUIKO PO3BHUBAETHCS.

2. MaTemMaTH4YHA MOJeJb IUIsl YNPABJIiHHS PU3HKAMH Ta MOKJIMBOCTIMHU
iHHOBaNIiTHUX MPOEKTIB

MaremaTnyHa MOJENb Ui YHOPABIiHHA PU3MKAMH Ta MOKJIHMBOCTSMH
IHHOBAIITHUX TPOEKTIB 1 MPOAYKTIB y TypOyJEHTHOMY OTOYEHHI 3aCTOCOBYE
CUCTEMYy IIIHHOCTEH Ta IiHHICHUH migximx. Mojenb 0a3yeThCsi Ha  OIHII
WMOBIPHOCTEH, BIUIMBY PH3HKIB 1 MOMXJIMBOCTEH, a TakoXX iXHBOI iHTerparii B
3aranpHy QyHKIiO onTuMizamii. BoHa BpaxoBye HecTaOIbHICT, XapaKTepHY IS
TaKOI0 CepeI0OBHUIIIA, 1 IPOMOHYE KITbKICHUHN MiJIX1/1 10 IPUHAHATTS PIllICHb.

Po3risiHeMo OCHOBHI NPUITYIIEHHS MOJIEIII.

TypOyneHTHE OTOYEHHS XapaKTEePU3YETHCS BUCOKOK HEBH3HAYCHICTIO, IO
BIUTMBA€ Ha IMOBIPHICTh HACTAaHHS PHU3UKIB Pr Ta MoxuBocTei Po.

Pusuku R ta moxauBocti O MarOTh SIK MO3UTHBHHUH, TaK 1 HETATUBHUI BIUIKB |
Ha MPOEKT, BUMIPIOBaHUH y (JiHAHCOBHX UM SIKICHUX OJUHHLISIX.

YrpapiiHHSA CIIPSIMOBaHE HA MAKCHMI3AIIiIO 3arajibHOT IIIHHOCTI POEKTY V uepe3
OanaHCyBaHHS PU3UKIB 1 MOKJIMBOCTEH.

BusHaunMmo eneMeHTH MOAei.

Pusuku R.

Ri — i-#t pusuk (i=1,2,...,n).

Pri — iMOBipHIiCTb HacTaHHS pU3UKYy O<Pyi<].

I/ — BruTHB pu3uKy (HeraTuBHHH, |i<0).

Mosxmmsocri O.

Oj— j-st moxmBicTb (j=1,2,...,m).

Poj — IMOBIpHICTB pearnizamii MOKIUBOCTI 0<Py</.

loj — BITHB MOXITHBOCTI (TTO3UTUBHUIA, 16j>0).
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Pecypcu C.

Cx — moctynHi pecypeu misa ynpasiinas (k=1,2,...,1, Hanpuknan, 6ropKeT, vac,
MepCoHAaN).

Cri — pecypcu, HEOOXiIHi ATt MiHIMI3aIlii I-T0 PU3HKY.

Coj — pecypcu, HeoOXiaHI Tst pearizartii j-1 MOXKITHBOCTI.

3aranpHa LiHHICTH TPOEKTY V.

BmsHaunmo minpoBy (YHKINIO, IO BPaxOBy€ CYKYIHHH BIUTUB PH3HKIB 1
MO’KIIUBOCTEN.

1. Oyinka pusuxie i mooicnugocmeti. OUiKyBaHUH BIUTUB KOXXKHOTO PH3HKY Ta
MO>KJIMBOCTI PO3PaX0OBYETHCS SIK JOOYTOK IMOBIPHOCTI HA BETUUNHY BILTUBY:

OuikyBanwuii BriiuB pusuky — E(R;)=Pri-lyi.

OuikyBanuii BIHB MOKIHUBOCTI — E(Oj)=Py;-loj.

3aranpHUN 0UiKyBaHUH BB E mpoekty:

7 7 7 n 1
E=3" ER)+ X", EQ) + X Py XIu+ 30 Pyx L) &

2. Linvosa ¢ynkyis. 3aranbHa HIHHICT TPOEKTY (V) 3aJIeKUTH Bil OanaHCy Mix
PHU3UKaMH Ta MOKJIMBOCTSIMH 3 YpaXyBaHHSIM BHTpAT Ha 1X yIpaBIiHHS:

V= Z;LPoj XIoj X x;+ Z?:lpri X |l X (1=y;) - Ej’ilcoj XXj—
Z?:l Cri X yi) (2)

ne: Xj — 6inapHa 3minHa (1, sxmo MoxkiuBicTh O peanizyerses, 0 — Ko Hi).
Yi — 6inapHa 3miHHa (1, AK10 pusnk Ri MiHIMI3yeThes, 0 — SKIIO Hi).
[lvil — aGconroTHE 3HaYCHHS BIUTUBY PH3HUKY, OCKLUTBKH |1<0.
Merta — makcumizysartu V.
3. Obmesicenns. PecypcHi oOMeXeHHS:
n m

21 G Xyi+ X, Coj X X < Ciotar | ©)
1€ Ciotal — 3aTabHUM JOCTYITHUN OFOMIKET.
MmogipHocTi B TypOynentHoMy oToueHHi. MMoBipuocTi Pri Ta Poj MOXyTh

BapifOBaTUCS B MEXax iHTepBally Yepe3 HeBU3HAUCHICTB!

PriE[Primi_n’Primax]y (4)
Poj E[Po™",Poi"*]. (5)

binapwi 3minHi X;,Yi €{0,1}.
4. Ynpaeninus nesusmnauenicmio. Jlns BpaxyBaHHA TypOYJIIEHTHOCTI BBOAMMO
Koe(illieHT HeBU3HAYEHOCTI (0\sigmac), sIkhii KOPUTy€e HMOBIPHOCTI:

Pri ,:Pri+0"APri, (6)

Poj’=Poj—0APoj, ne AP — MakcuMaiibHe BiIXWiIeHHsS #iMoBipHocTi, a o€[0,1]
3aJIeKUTh BiJl piBHsI TypOyleHTHOCTI (Hanpukiaj, 6=0.8 y KpU30BUX yMOBAX).

PosrnsiHeMo nmpukian 3acToCyBaHHS MOAETI.

[Mpumnyctumo, iHHOBaIITHUN MPOEKT Ma€ 2 PUIUKH Ta 2 MOXKITUBOCTI.

R 3aTtpumka mocraBok Pr1=0.6, I,1=—10,000 USD, C;;=2,000 USD.

R2 Texmiunwmii 361t Pr,=0.4, l,,=—15,000 USD, C,,=3,000 USD.

O1 3amyuenns imBectopa Py1=0.7, 1,,=20,000 USD, C;=1,500 USD.

O, HoBwuit punHOK P2=0.5, 15,=25,000 USD, C.,=2,500 USD).
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Ctota=7,000 USD, 6=0.5, 4P=0.2.

CkopHuryemMo MMOBIPHOCTI.

Pr1'=0.6+0.5-0.2=0.7,

Pr2'=0.4+0.5-0.2=0.5,

Po1=0.7-0.5-0.2=0.6,

Po2'=0.5-0.5-0.2=0.4.

Bukonaemo onrruMizaniiro iHHOCTEN V.,

Maxkcumizyemo V 3a yMOB 0OMEXEHOTO OFOKETY, OOHPAIOdH X; 1 Vi.

[Mpumnyctumo, odupaemo y1=1 (ycyBaemo R1), y.=0, X:=1 (peamizyemo O1), X2=0.

V=(0.6-20,000-1)—(0.7-10,000-0)—(0.5-15,000-1)—(1,500-1)—(2,000-1)—(0)=

=12,000-7,500—1,500-2,000=1,000 USD.

Mopnenp [03BONSIE KUTBKICHO OINIHUTH BIUTUB PHU3UKIB 1 MOMIIMBOCTEH,
ONTUMI3yBaTH pecypcu Ta BpaxyBaTh TypOyJEHTHICTh uYepe3 KOpPUTYBaHHS
riMoBipHOCTEel. BOHa € IHCTpYMEHTOM Uil TPUHHATTS pillieHb, SIKUH JOmoMarae
MaKCHMi3yBaTH IIHHICTh MPOEKTY B yYMOBaxX HecTabimpHOCTI. [l mpakTudaHOTO
3aCTOCYBaHHS MOXHa iHTerpyBatu mojenb i3 LI mms mpornosysanus P Ta I.
Mogens 3abe3neuye cuHeprito, y npoekTi «Patina Tayn» — ekoHOMiss $5—7 MIIH,
eneproedextuBHicts — 30%, xutino ans 5,000 cimeif; y TpaHcopTHOMY Xabi —
3HWKEHHS BUKHIIB Ha 20%, crionmy4eHHst 1uist 1 MITH 0ci0, ekoHoMist — $3 MuTH.

3. 3acTocyBaHHA MOJeJi /I aHANI3y PU3HMKIB Ta MOKJIMBOCTEl MPOEKTY
KK «Daiina Tayn»

[IpoekT moxBapTanbHOI 3a0yn0BH 57 OyAHHKIB, Ha TepuTopii 40 Ta, 3 BapTICTIO
$100 muaH, KU MTaHy€ETHCS 10 3aBepiieHns y 2026 pori.

[IpoBenemo anaii3 pu3uKiB NpoeKTy. Pe3ynpraT aHanizy HaBefieHo y Tabmui 1.

Tabmums 1. Tabmums pusukiB peanizarii gesenornepcbkoro mpoekty XK «Daiina
Tayn»

Pusuk WwmogipHicts| Brmns Omnuc [TpoakTHBHI 3aX0/H
[Mepeboi 0,6 Bucoxkwuit | 3aTtpumku loT-mMoniTOpUHT +
€HepronocTavyaHHs (8/10) OymipanuTBa Ha |lllI-amanraris rpadikis
2-3 wmicsi uepe3 [(85%  edexTHBHICTS),
BIJIKJIFOYCHHS pEe3epBHi reHepaTopu
T} ta | 0,8 Cepennitt | 3pocranns Butpat |lLI-mporHozyBaHHS
3pOCTaHHS LiH (6/10) Ha $10 muH vepes |(80% TOYHICTB),
L[IHM Ha MaTepiajii |3aKymiBiIsg MaTepianiB
(+25-30%) 3a3/1aJIeTi /b
(-10% BuTpar)
3MiHa TOTUTY 0,7 Cepenniit | Iepexin i3 6i3nec- | CueHapHe IIaHyBaHHS,
(5/10) knacy (30%) wma |III-aHami3 HOIHTY
€KOHOM-KJIac (50%  exoHOM-KIaC),
(50%) KOPUTYBaHHS IUIAHIB
Bpaxk 0,5 Cepenniii | Jlumre 10-20% |Hapuauus ($50,000),
KBaJTi(hiKOBaHUX (6/10) CHEMIATICTIB 13 |3aIy4eHHS BiJJaJCHHUX
KaJIpiB BIM-xocBigom EKCIIEpPTiB
PerynsaropHi 0,4 Husbkuii | Bropokparis y |IIpoakTrBHa criBmparns
3aTPUMKH (4/10) nozBonmax  (1-2 |3 Bimamoro, 1mdposa
MICSIIi 3aTPUMKH) | JOKYMEHTAIlis

AHaJIi3 MOXJIMBOCTEH MTPOEKTY HABEIECHO Y TaOHII 2.
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Tabmumns 2. Tabmuus MoXIHMBOCTEH peanizamii geBenonepchbkoro mpoekty KK
«®Daiina Tayn»

MOXJIHUBICT Wmosipricts | Brms Omc HpoakTheHi
3ax0au
Exonomis 30% Ha BIM_MOHeH}OB.aHHﬂ
. X (95%  TouHicTh),
Enepro- Bucoxkuii OIaJICHH1 3aBIAKU .
. 0,9 loT-munapHUKH,
e()eKTUBHICTD (9/10) PO3yMHUM
yTeIUICHHS
chucTeMam .
OyIWHKIB
Smart-symmi, IaTerpamis
Po3ymHi 08 Bucoxknit loT-ocBiTnenns ToT+1I,
MIPOIYKTH ’ (8/10) (+25%  BaproCTi | MapKeTHHT
MTPOEKTY) PO3YMHHX DillleHb
Pozummpenns
. .. | Kurmno s 15,000 inppactpyxTypn
CouianbHa Cepenniii . (mpomeHnan 3 kw,
A 0,9 ocib, komdopTHE .
LIHHICTb (7/10) Oaceiinm),
cepeoBuILe
3aJy4eHHs
rpoMajiu
1I-anami3
3pocTaHHs Cepeii [MTonut Ha 3aKpUTI | TPEHIIB, aKLEHT Ha
TIOTIUTY Ha | 0,6 KBapTaJH 3 | Oe3meky
(6/10) . .
KoMQpOpT-KIac iHppacTPyKTypoto | (BimeoHArIM),
Omaroyctpiii (12 ra)
Onrumizarris
3HWKEHHST BUTpPAT .
. . norictuku 1T
ExonoMmis Ha Cepenmiii Ha 15-20%
. 0,7 (-12%), BIM nns
TEXHOJIOTIAX (5/10) ($5-7 muH) uepes
1111 1a BIM MPOEKTYBAHHS
(-15% mommioK)

i Tabnuii AeMOHCTPYIOTh, SIK NPOAKTUBHE YIPABIiHHS OallaHCY€e PU3HUKH Ta
MOJKJIMBOCTI B TypOysieHTHOMY oToueHHI KueBa, minBuuryroun eQekTuBHICTH 10
85-90%.

BucnoBku

HeoOxignicTe amanTuBHOrO miaxoay B TypOyJeHTHOMY oToudeHHi. TypOyneHTHe
cepenoBHIlle YKpaiHW, TO3HA4YCHE BIHHOI, EKOHOMIYHOI HECTaOiIbHICTIO Ta
nepe0osMu B iHQPaCTPyKTYpi, BUMArae Biji yIpaBiIliHHS iHHOBAI[IHHUMU MPOEKTAMH
THYYKOCTI ¥ TpoakTuBHOCTI. TpamumiiiHi Mojeni BUSBHIUCSI HEIOCTATHHO
e(eKTUBHUMH 4Yepe3 iXHIO Opi€HTalil0 Ha CTadUIBHICTh, TOAI AK 3aIPOIOHOBAHA
MOJIe/b, 3aCHOBaHA Ha IIIHHICHOMY IIiJXOJi, JO03BOJISIE agalTyBaTHCS JI0 YMOB
BANI, niepeTBOpIOr0OYM HEBU3HAYEHICTh HA MOKITHBOCTI.

EdextuBHicT, HiHHICHOTO mMigXomy. 3acTOCYBaHHS CHCTEMH IL[IHHOCTEH
(comianbHUX, €KOHOMIYHUX, €KOJIOTIYHHUX, TEXHOJIOTIYHUX, €TUYHHUX) SK OCHOBH
yIpaBiiHHA 3a0e31euye KOMIUIEKCHY OIIHKY PU3MKIB 1 MOXIUBOCTEH. liHHICHMI
miaxig GOKyCyeThCs Ha CTBOPCHHI IMIHHOCTI JUISI BCIX 3aIliKaBICHWX CTOPIH, IO
cripusie He JuIe ekoHoMivHii Buroai 3 ROI o 20%, ane it comiansHOMy (KHTIIO U1
15000 oci6 y «®aiina Tayn») Ta ekojoriuHomy (3HmWKEHHs BHKUAIB Ha 20%
y TpaHCIIOPTHOMY Xabi) mporpecy, (OPMyIOUH CTiliKe pillleHHS B YMOBaX KPH3H.
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Ponp TexHomoriit y cuueprii. [HTerpamis mTy4YHOTO IHTENEKTY 3 TOYHICTIO
nporno3yBanus 80-85%, Building Information Modeling (BIM) 3 TtounicTO
MojentoBaHHs 95% ta IarepHery peueit (IoT) s MOHITOPHHTY B pealbHOMY Yaci
CTBOPIOE CHHEPTIIO, IO MepeBHIIye e(peKT BiJl OKpeMux iHCTpyMeHTiB. Y «®DaitHa
Tayn» me mposBuiiocs B exoHomii $5—7 MutH 1 ckopoueHHi TepmiHiB (3 18 10
15 micsmiB), a B TpaHCIOpTHOMY Xabi — y 3HIKEHH] 3aTopiB Ha 12% i BUKUIIB HA
20%, NIEeMOHCTPYIOUH, SIK TEXHOJIOTI] MiJCUIIIOIOTh OJIHA OJHY.

[IpakTiana pe3ynbTaTHBHICTG Mojieni. Ha mpukiami geBenonepchbKuX MPOEKTIB
y KueBi Mmozmenp noBena CBOIO 3[aTHICTh 3HIKYBAaTH PHU3HKU (3aTPUMKH
Ha 2-3 micsui, nepeBuTpaTti Ha 25-30%) Ta MAKCHMi3yBaTy MOKJIMBOCTI (€KOHOMIS
15-20%, szamyuenns $5-10 muH Big goHOpPiB). EQEKTHBHICTH TPOEKTIB csArae
85-90%, mo miaTBepaKye ii 3aCTOCOBHICTH y peajbHuX yMoBax. CHHepris Mix
TEXHOJIOTIsIMH, eKoJIoTielo (eHeproedektuBHicTh 30%) Ta coliabHUMU TOTpedaMu
(cmomydenHs st 1 MITH 0ci0) CTBOPIOE TOATKOBY I[IHHICTD, MIEPEBUILYIOYH CYMY
OKPEMHX JIOCATHEHb.

VYHiBepcanbHICTh 1 aAanTHBHICTh. Mozenb € yHIBepCaJbHHM I1HCTPYMEHTOM,
SIKUH MO)KHa MacmTaOyBaTH Ha iHIIN CEKTOpW (€HepreTrka, JIOTICTHKA) Ta MicTa
Vkpainn (XapkiB, Opeca). Ii amanTuBHicTH 3abe3medyeThcsl TPOAKTHBHEMH
METOAaMH, TaKUMH SK CLeHapHe IUlaHyBaHHS Ta Agile, mo BpaxoBYIOTbH
HeBU3HaueHicTh (mepeboi mnorictuku 0,7) 1 JO3BOJISIOTH IIBHIKO pearyBaTH Ha
3MiHH, 30epiraroun (OoKyc Ha I[IHHOCTI.

ComiajbHO-€KOHOMIUHHUM BILTUB. Y CITIIIHA peai3allisi MOAETi CIpusie He JIMIIe
C€KOHOMIYHOMY BIJTHOBJICHHIO (3pOCTaHHS KOHKYPEHTOCIIPOMOXHOCTI), ajie W
MiJBUIICHHIO SKOCTI JKUTTSA (KUTIO, TPAHCIOPT) Ta EKOJOTIYHIA CTIHKOCTI
(mepepobka 70% Binxoni). Lle pobuts i cTpaTeriyHo BaXKJIMBOIO AJIS iHTErpamii
VYkpainu y rinobanbpHUi iHHOBAIIHHNN MPOCTIp, 3ay4Yatoud MI>KHAPO/IHI 1HBECTHUIIIT
Ta 3MIIHIOIOYHN PEITyTallito.

[lepcnexTnBr BOOCKOHAJIEHHS. I MO#anbLIIoro po3BUTKY MoJeli HEeoOXiaHO
iHBecTyBaTh B MiAroToBKy kaapiB (10-20% i3 mocsimom III/BIM), posmmuproBatu
6a3u nanux (2TB+ mis aHamizy) Ta po3poOisiTh €THYHI paMKH JUTS BAKOPUCTaHHS
texHonoriid. lle 3a0e3meunTth i AOBrOCTPOKOBY €(EKTHBHICTH 1 BiJIOBIIHICTH
rJ100aJIbHUM CTaHAAPTAM.

3amporoHoBaHA ~ MOJIENIb  YIPAaBIIHHS  PH3UKAMH T4  MOMKJIHMBOCTSIMHU
IHHOBAIIfHUX TIPOEKTIB 1 MPOIYKTIB HA OCHOBI IIHHICHOTO MiAXOIy € Ii€BHM
IHCTpYMEHTOM i poOOTH B TypOyJeHTHOMY OTOueHHi. BoHa 1o03BOJISIE
MIHIMI3yBaTH HETaTHMBHHMM BIUIMB HECTaOLIbHOCTI, OJHOYACHO CTBOPIOIOYHU
€KOHOMIYHY, €KOJIOTIYHY Ta COIIaNbHY IIHHICTb.
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DECODERATION OF SATELLITE IMAGES OF WATER PROTECTION
ZONES USING ARTIFICIAL INTELLIGENCE SYSTEM

Abstract. The work is devoted to the application of an artificial intelligence system
to assess violations of the norms of environmental water protection strips along
the Dnieper and several middle rivers in the Dnipropetrovsk region. The use of
artificial intelligence allows you to form vector layers of agricultural fields
located in the zone of water protection strips, as well as the field of the building
line along the banks of rivers, elements of which violate the norms of the distance
to water bodies.

Diagnostics and forecasting of situations using aerospace technologies involves
the use of a set of models of ecosystem objects in the intelligent system of
environmental protection and territories with varying degrees of environmental
threats to objects. This approach allows you to perform spatially distributed
assessment of environmental risk and diagnostics of the ecological situation in
ecosystems.

The methodology for applying aerospace technologies to solve environmental
problems using an artificial intelligence system allows for the integration of
environmental monitoring data from various observation sources: stationary
observation points, ground-based mobile complexes, remotely piloted aircraft,
and space-based remote sensing systems.

The use of aerospace technologies in environmental safety management using
artificial intelligence systems involves the following stages: identification of risk
factors, risk assessment, risk management in the ecosystem. Formalization of tasks
in the field of environmental monitoring using artificial intelligent systems with
the use of aerospace technologies takes into account: geology and subsoil
resources (including groundwater), hydrology and surface water resources, forest
resources and plant cover, impacts on the environment, wildlife, atmospheric air,
precipitation and snow cover, communication facilities, agriculture, use and
development of territories.

Keywords: geographic information systems, remote sensing methods,
environmental safety, regulatory distances, landfills of agricultural lands and
buildings located within nature conservation water protection zones, nature
conservation water protection zones, environmental protection technology,
ecosystem.
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0.A. Mamkog?, B.I. TIpucsoxamiiZ

TepxaBHa exoNoriyHa aKajaeMis Mic/IsIUIIOMHOT OCBITH Ta ynpasiiHHs, M. Kuis, Ykpaina
’HanuionanpHuii LEHTp yIpaBIiHHsA Ta BUIPOOYBaHb KOCMIYHHUX 3ac00iB, M. Kuis, Ykpaina

JEHIN®PYBAHHS CYITYTHUKOBHUX 3HIMKIB BOJO3AXUCHUX
INPUPOJOOXOPOHHHUX 30H 3 BUKOPUCTAHHAM CUCTEMU
TYYHOI'O IHTEJIEKTY

Anomayia. Poboma npucesuena 3acmocy8anuio cucmemuy WmyyHo20 iHMeneKmy
0151 OYIHKU NOPYULeHb HOPMAMUEY NPUPOOOOXOPOHHUX BOO03AXUCHUX CMY2 Y3008IHC
Jninpa i Oexinbkox cepednix piuox Ha mepumopii /[Hinponemposcvkoi obracmi.
3acmocysanns wmyuHo2o inmenekmy 0036018€ CHOPMYSamuU GeKMOPHI wapu
CIbCLKO20CNOOAPCLKUX MO, PO3MAUWOBAHUX 6 30HI BOO03AXUCHUX CMY2,
a maxodxc no JaiHii 3a0y008uU 630082 bepezié piuokK, enemMeHmu AKoi nopyuyiomes
HOpMamusu 8i0cmari 00 600HUX 00'ekmis.
Hiaenocmuka ma npocHo3y8anHs cumyayii 3 GUKOPUCMAHHAM AePOKOCMIYHUX
MexHONoz2ill  nepedbauae 3aCmoOCY8aAHHA 3 MHOMCUHU MoOenell 00 ckmig
exocucmeMmu 6 iHMeNeKmyanbHiti Cucmemi 3aXUcmy HaBKOIUUHLO20 cepedosuya i
mepumopii 3 pisHUM CmyneHem eKoNo2iuHux 3acpo3. Taxuii nioxio 00360.s€
BUKOHYBAMU  NPOCMOPOBO-PO3NOOINEHY  OYIHKY  eKON02IMHO20 — pU3UKYy ma
0Ia2HOCMUKY eKO02IYHOI cumyayii 6 ekocucmemax.
3acmocysanns aepokocmiuHUX MeXHONI02iU NPU YNPAGLIHHI eKOJIO2IUHOI HEe3NeKoio
3a 0ONOMO20I0 CUCmeM WMYYHO20 [HmeneKmy nepeodbauac HACMynHi emanu:
i0denmugbixayis ¢paxmopie puzuKy, OYIHKA pU3UKY, YAPAGNIHHA DPUSUKOM 8
exocucmemi. @opmanizayisi 3a60anb y cghepi eKON02IYHO20 MOHIMOPUH2Y 34
00NOMO20I0  WMYUHUX — [HMENeKMYAIbHUX — cucmem i3 3aCMOCYBAHHAM
AEPOKOCMIYHUX MEXHOJ02Il 8PAX0BYE. 2e0A02I0 | pecypcu HAOp (8 m.4. NiO3eMHUX
600), 2i0ponoeito | nosepxHesi B0OHI pecypcu, ic08i pecypcu i pOCIUHHUL NOKPUS,
8NIUBU HA O0BKILIA, MBAPUHHULL C8iM, ammocghepre nosimps, ammocgepni onaou
i cHieosulli noxpus, KOMYHIKayiumi 00'ckmu, CilbCbke  20CNO0APCMB0,
BUKOPUCMAHHA | PO3BUMOK MEPUMOPIIL.
Knrouosi cnosa: ceoingpopmayitini cucmemu, OUCMAHYIUHI MemoOu, eKOA02IUHA
be3nexa, HOPMAMUGHI BIOCMAMI, HOAICOHU CilbCbKO2OCNOO0APCLKUX V2idb ma
byoigenb, w0 pO3MAUIOBAN] 6 MedHCaAX NPUPOOOOXOPOHHUX G0003AXUCHUX CMY2,
NPUPOOOOXOPOHHI  B0003AXUCHI CMyeU, MEXHONO02Is 3aXUCMY HABKOIUUHBLOSO
cepedosuwa, exocucmema.

https://doi.org/10.32347/2411-4049.2025.2.110-120

Beryn

AXTyasnbHICTh MOOYJIOBH Ta 3aCTOCYBaHHS IHTENEKTYIbHOI CHUCTEMH 3aXHCTY
HABKOJMIITHBOTO CEPEOBUINA 3 TPAKTHYHOT TOYKHU 30py TOJIATAE B OOTPYHTYBaHHI
MO>KJIMBOCTI MiJBUIIUTH PIBEHb EKOJIOTiYHOI O€3MEeKH pEerioHy, 3 HAyKOBOI —
B HEOOXiTHOCTI BWUKOPHCTaHHS IIiJl 4Yac MPOBEJCHHSA JIOCHTI[PKEHb CY4YacHOTO
MaTeMaTHYHOTO arapary, 3aCHOBAHOT0, 30KpeMa, Ha Teopii IITyYHOTO 1HTENEKTY.
CucrtemMHe 3a0e3leyeHHs €KOJIOTiYHOI Oe3meku JepkaBu mepeadayae
BU3HAYEHHS METU YIPaBIiHHS €KOJIOTTYHOI0 O€3MEK010, CTBOPEHHS HAJIEKHHUX YMOB
JUISL  SKUTTS  CYCIIIIBCTBA, (YHKIIOHYBaHHS TeXHOCHEpH, CaMOBIATBOPEHHS
pUPOTHOTO cepenoBumia. CHCTEMHI YMpaBIiHCHKI pIlIEHHS CIPSMOBAaHO Ha
BUKOHAHHS HACTYIHUX 3aBJIaHb. OIlIHKA PiBHIB PU3UKY HACTaHHS THUX YH 1HIIMX
HaJ3BUYAMHUX CUTYallili HA KOHKPETHUX TEPUTOPIAX UM OKpEMHUX 00’ €KTax (Mae Ha
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MeTi TMOAaNbIIy po3poOKy 3aXOiB i3 3HIKEHHS PU3UKY IO MPHUIHITHOTO PiBHS,
pPO3pOOKyY ClieHapiiB pearyBaHHsS Ha HaJ3BUYAlHI CUTYyaIllii B pa3i X HACTaHHS);
knacudikailis 00’ €KTIB MiIBUIIICHOT HEOE3IIEKH BiIIOBITHO JI0 PIBHIB IX PU3UKY.

Tpamumiitauii  cmoci® oTpuMmanHs iH(MOpMAIii TPO CTaH HABKOJIHUITHBEOTO
MIPUPOTHOTO CEPEIOBHUINA 1 TEXHOTCHHHUX 00'€KTIB, IKUH 3MIHCHIOETHCS HA3eMHUMH
ciry:)k0aMu, He 3aBKIu 3a0e3neuye HeoOXiIHY ONepaTWBHICTh OHOBJICHHS JaHHX.
3acTocyBaHHS a€pOKOCMIYHHAX TEXHOJIOTIN (3HIMKIB BUCOKOI PO3ALIbHOI 3MaTHOCTI
Ta Cy9acHUX MPOTPaMHUX 3aC00iB 00pOOKHM), BAKOPUCTAHHS MOOUTEHUX KOMITIEKCIB
€KOJIOT1YHOTO MOHITOPHHTY J03BOJIIIOTH OTPUMATH iH(OpMAILit0 PO HABKOJIHUIIHE
CepeIOBHILE, IPOTHO3YBATH PO3BUTOK €KOJIOTTYHHUX MPOIIECIB Ta CTBOPUTH CUCTEMY
MIATPUMKHA TPUHHATTA YIPaBIIHCHKUX EKOJIOTIYHUX pimenb. lle mo3BomuTh
MiJBUIIATA  PIBEHb  CKOJIOTIYHOI OC3MeKM HABKOJMIIHLOTO  CEPEIOBUIIA,
BOJI03aXUCHHX MTPUPOAOOXOPOHHUX 30H.

CtBOpeHHST Ta  3aCTOCYBaHHSA  IHTEIEKTyallbHOI  CHUCTEMH  3aXHCTY
HaBKOIIMIITHROTO CEPEeNOBUINA 3a MeToAoM 3abe3medeHHs (yHKIiIOHATHHOI
CTIHKOCTI €KOCHUCTEM 3 BUKOPHCTAaHHIM aepOKOCMIYHHMX TEXHOJIOTiH B yMOBax
HaJ3BUYAHAX EKOJIOTIYHUX CHUTyalliii B pealbHOMY daci, II0 3aCHOBaHa Ha
JUHAMIYHIN OIIHII €KOJIIOTIYHOTO PHU3UKY, € aKTyallbHOI HAYKOBO-TIPHKIIATHOIO
Mpo0JIEMOI0, BHPINICHHIO $KOI TNPUCBSIYEHO JaHe HoCipKeHHs. OCKIIbKU
METOJO0JIOTis MOOYJOBH IHTEJIEKTYaJIbHOI CHCTEMH 3aXUCTy HAaBKOJHUIIHBOTO
CepeoBHIIa 3a MeTofoM 3abe3nedeHHs (QYHKIIOHATBHOI CTIHKOCTI €KOCHUCTEM 3
BHKODUCTAaHHSAM aCpPOKOCMIYHHMX TEXHOJIOTIH B yMOBaX HaJA3BUYAlHUX
CKOJIOTIYHMX CHTYyallili Ha CHOTOJHINIHIN JeHb PO3pOO0JICHA HEIOCTaTHBO, a
BH3HAYEHA Mpo0iIeMa 3aHa/ITO ajeka BiJf CBOTO BUUYEPITHOTO PIllIeHHS, B 3B'A3KY 3
BHITaJIKAMH HAI3BUYANHUX CUTYaIlill, 110 MOYacTillaiy, BOHA Ha0yBae 0coOINBOT
aKTyaJbHOCTI.

Piuka — HaWBaXJIMBIIUH €JIEMEHT HABKOJIMIIHBOIO CEPEIOBHINE, JDKEPEIIO
MMUTHOI 1 TIPOMUCIIOBOI BOAM, MPUPOJHUN BOJHHUU HUISAX, TIOCTIHO ITOHOBIIOBaHE
JDKepesio  TifpoeHeprii, wicuenepeOyBanHs pud Ta IHIIMX TPICHOBOJHUX
OpraHi3MiB, a TakOX BOJHOI POCIMHHOCTi, IO POOHUTH HEOOXiAHMM J0ATH TPO
YUCTOTY 1 30epekeHHs 3/I0pOB'sl BCIX BOAOWM Ha 3emuti. BiamoBigHO 10 3aKOHY,
3eMITi IPHOEPEKHNX 3aXUCHHUX CMYT NepeOyBarOTh y AepiKaBHIM Ta KOMyHaIbHIH
BJIACHOCTI i MOXKYTh HaJJaBaTUCS B KOPHCTYBaHHS JIMIIIE JJIsI I[iJIei, BCTAHOBJICHUX
BOJIHUM KojiekcoM [8, 9].

AHaNi3 ocTaHHiX Aochai:keHb i myOJikauiil. 3HauHMI BHECOK y PO3BUTOK
Teopii 1 MNPaKTHYHUX TIMTaHb CTBOPEHHsSI CHCTEM YIPAaBIIHHS EKOJIOTIYHOO
0e3MeKo0 HABKOJUIIHLOTO IMPHPOJHOTO CEpPEeNOBHINA 3pOOMIM TaKi BYEHi, SIK
Aepun ['.B., bemsscekuit I.O., boumap O.I.,, Byrop A.H., bycurun Bb.C.,
Bamenko B.M., €menrs M.A., €pmakos B.M., IBamenko T.I'., Jlsmeko B.IL.,
Mamkos O.A.,, Mokia B.b., Ilerpyk B.I'., TIlonoB M.O., Pymsko T.IL,
CoxkonoB FO.M., Tapapuxo O.I'., Tpodumuyk O.M., TpuchHiok B.M.,
Vmunekuit O.A.,, @enoposecbkuit  O.J[., Dpono B.D., UYymauenko C.M.,
amap A.I'., Imangii B.M., IlIlmarko I['.I'. Ta inmi. OgHaK 3aIMIIAlOTHCS
HEJIOCTaTHHO BHUCBITICHHMH NUTAHHA YJAOCKOHAJIECHHS MiAXOMIB 1 METOAIB, IO
MOETHYIOTh TEOPII0 Ta MPAKTUKYy CTBOPEHHS IHTETPOBAHOI aBTOMAaTH30BaHOI
CHUCTeMH JJIsi BHKOHAaHHS 3aBJaHb CTPATETIYHOTO EKOJOTIYHOTO OIIHIOBAaHHS,
OIIHKMA BIUIUBY Ha JOBKIJUIA, @ TAKOXX aHaNi3y EKOJOTIYHHUX 3arpo3 i PU3HKIB.
V tenepimHiii yac TOCTPO MOCTANU MUTaHHSA 00’ €IHaHHS 1HQOPMAIIHHO-TOTTYHUX
CTPYKTYp PETIOHATHHUX CHCTEM CKOJIOTIYHOTO MOHITOPHHTY, pPO3pOOICHHS

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



~ 113~

Croco0iB Ta aTOPUTMIB OIPAIIOBAaHHS MOHITOPWHTOBOI iH(pOpMAIIii Ta CTPYKTYpH
0a3 maHWX, BU3HAUCHHS KPUTEPiiB KOMIUICKCHOI OLIHKH CTaHy HaBKOJIWIIHBOTO
OPUPOAHOTO cepepoBuina. B YkpaiHi ogHMMHU 3 TPOBITHMX HAYKOBLIB y ramysi
KOCMIYHHX TOCIIHKEeHB €: JIsmbko B.1. — ciekTpalibHi XapaKTepHUCTUKH POCTHHHOTO
nokpuBy; [lomoB M.O. — mporHO3yBaHHS BPOXKAHHOCTI 3€pHOBHX KYNBTYp 3a
0araTocrekTpalbHUMH  JaHUMHU JUCTaHIIHHOTO 30HyBaHHS 3emuti;
Tpodumuyk O.M., Kpacoscwkuii I'.4., I'pexos JI. /., Tpucuarok B.M. — xocmiunuit
MoHiTOpuHT 3a0pymHeHHs 3emii; Llymeiiko B.O., Cmeranin K.B., [lanac P.M. —
KOCMIYHUI MOHITOPHHT JAerpajauii rpyHTiB [1-7].

Merta poGorn. MeTol0 IOCTIIKEHHS € CTBOPEHHS METONOJIOTIYHHUX OCHOB
moOyOBH Ta 3aCTOCYBaHHS IHTENEKTyallbHOI CHCTEMH 3aXHCTy HaBKOJWIIHBOTO
Cepe/IoBHIA 3 BUKOPUCTAHHAM acpPOKOCMIUYHMX TEXHOJOTIH.

O0'ekTOM JOCTIIIKEHHSI € TIpollec 3a0e3MeUeHHS EeKOJIOTIYHOI Oe3neKu
HaBKOJIMIITHBOTO CEPEIOBHIIA 3 BUKOPHUCTAHHAM a€POKOCMIYHUX TEXHOJIOT1MH.

Buxian ocHOBHOro MaTepiajty 10C/IiIsKeHHs

BepxoBHa Panma VYxkpainm npuiiHsuia 3aKOH, IIO BCTAaHOBIIOE PO3MIpH 1 Mexi
MpUOEPEIKHUX 3aXUCHUX CMYT BOAONM 1 OOMEXYE TOCHNOJApChKY MisUIbHICTH B
MeXax IMX 3aXHCHUX CMYT. 3aKOHOM BCTAHOBIIIOETHCS, IO 3 METOK OXOPOHH
MTOBEPXHEBUX BOJHUX 00'€KTIB BiJ| 3a0pyJHEHHS 1 3aCMIYCHHS, a TAKOK 30epeKEeHHS
BOJHOCTI B3JIOBXK PiYOK, MOPIB, HABKOJIO 03€p, BOJOCXOBHIIl Ta iHIIUX BOJOWM, B
MeXaX BOJIOOXOPOHHHX 30H BUIUISIOTBCS 3€MEJIbHI JUISHKH IiJl NPUOSpekHi
3aXMCHI CMYyTH. 3aKOH BH3HA4ae, 10 TaKi 3aXMUCHI CMYTH HaBKOJIO Pi4OK 1 BOAOIM
JUISL MAJIMX PIYOK, CTPYMKIB, @ TAKOXK CTAaBKiB IUIOIIEIO MEHIIIE 3 ra BCTAHOBIFOIOTHCS
LUIMPUHOIO 25 M.

Jlyis cepeniHix pivoK, BOJAOCXOBHIIl HA HUX 1 CTaBKIB OiIbIle 3 ra 3aXMCHA CMyTa
BCTAHOBIIIOETHCS MUPUHOIO 50 M, IS BEIMKUX PIYOK, BOJOCXOBHII Ta 03€p —
mmpuHoto 100 meTpiB. [IpubepekHi 3aXMCHI CMYTH BCTAHOBITIOIOTHCS HA 3eMEIbHHX
JUITHKAX BCIX KaTeropii 3eMelb, KpiM 3eMellb MOPCHKOT'0 TpaHcopTy. BignosiaHo
70 3aKOHY, 3eMJI NMPHOEPEKHUX 3aXUCHHUX CMYT IepeOyBaroTh y Jep)KaBHIH Ta
KOMYHAJIbHIH BIIACHOCTI 1 MOKYTh HAJIaBaTUCS B KOPHCTYBAHHS JIMIIE VIS IIUJICH,
BCTaHOBJICHUX BOJHHM KOJICKCOM.

Pama BU3Haumima TakoX, MO0 PEXHM OOMEXKEHOI TOCHONApCHKOI JisUIBHOCTI,
nepenoadeHui Ayl MpUOepeKHUX 3aXHCHUX CMYT, BCTAHOBIIOETHCS 1 HA OCTPOBAX.
3aKoH CTIPSIMOBaHHH Ha YIOPSIKYBaHHS YMOB Ta PEKHMY BEJICHHS TOCIIOIAPCHKOT Ta
THIIMX BUJIB JMISUTLHOCTI B Me&XaX MpUOEpekHOi CMyTH criocobamu, SIKi JI03BOJISTH
3ano0irTi abo MiHIMI3yBaTH HEraTHBHUI BIUIMB Ha BOJHI pecypeu [9-11].

J1o BENMKHX PIYOK BiTHOCSTH PIYKH, SIKI MPOTIKAIOTh Yepe3 KiJibKa reorpadiqamx
30H i MarOTh IWIOHIy Boa0360py Ginbme 50 Tuc. km?. B Ykpaini mo wiei kareropii
BEJIMKUX PIYOK BiTHOCATH ciM pidok: HdyHait, Jninpo, Tuca, CiBepcekuii JJoHeus,
Hecna, Huicrep, IliBnennmii Byr. CepenHi piuku NpoTiKalOTh B MeXax OIHIET
reorpa)igHOI 30HM; L€ Pi9KH 3 IUIOMIEI0 BOA0300py B Mexkax Bif 2 10 50 tuc. km?. Ha
Tepuropii JHinponeTpoBcbkoi obnacTi A0 HHUX HajeXaTh Taki piukd, sk Opens,
Camapa, Boaua, I"aituyp, Mokpa Cypa, [arynens, basanxyk ta inmi [9, 10].

Mai piuky — 1€ Ti piukH, 10 He TIePeCUXaroTh MPOTITOM POKY ab0 IMepecuxaroTh
Ha KOPOTKH Yac, IPOTIKAIOTh B PIBHUHHIA MICIIEBOCTI Ta MAIOTh ILIOIIY BOJ0300py

MeHIIIe 2 THC. KM?.

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



~ 114 ~

Haiibinpmoro piukoro Ykpainm € piuka Jminpo. B Oaceiini JlHimpa
CKOHLICHTPOBAaHMH OCHOBHHUH OOCST BHUPOOHHMIITBA 3 TEpPEBa)KaHHSAM "OpynHUX"
ragy3ed TpPOMHUCIOBOCTI (MeTalypriiiHa, XiMiyHa, BYTUIbHA), HaKOLIBLI
eHepreTnyHi 00'€eKTM Ta MacWMBH 3pONIYBaHHX 3eMenb. HalOimpmmmu
3a0pyQHIOBa4aMy BOJHUX 00'€KTiB OaceifHy [[Hinpa € KoMyHaJIbHE TOCIIOAapCTBO,
YOpHa Ta KOJbOPOBAa METAYprisi, KOKCOXiMisl, BaXKKe, EHepreTUuHe, TPaHCIIOPTHE
MalImHOOYAyBaHHS Ta CUTEChKE TOCTIOAAPCTBO. [IHITIPO HA 3HAYHUX AINISTHKAaX CBOTO
pyclia mepeTBOpeHHi B KaCKa i BOJOCXOBHIIL, IO TAKOX BILTMBAE HA HABKOJMIIIHE
Cepe/IOBHIIIE.

Cutyaniss B Oacedini JlHinmpa yCKIamHSETHCS 3HAYHUM DIBHEM PO3BUTKY
€pO3ifHMX TIpOIeciB 1 pyiiHyBaHHS OeperiB. PosopanicTe TepuTOpii Bomo300py
nocsria 65%, a B XepCoHChKii 00acTi i 6aceiiHax neskux Maimx piuok — 80— 85%,
TOHI SIK ONTHMaNbHUH piBeHb ctaHoBUTH 40%. JlicucTicTh TepuTopii OaceiiHy B
cepenHboMy nocsirae 14%, Tozi sik onTUManbHUM piBeHb nopiBHIOE 30%. 3pocTae
IIoia epoAoBaHUX 3eMenb. [IpoaykTn eposii, MOTparuIIround y BOJHI 00'€KTH,
OPU3BOAATH IO iX 3a0pyJHEHHS OpraHiYHUMH CHOJIyKaMH, MiHEepaJbHUMH
I00pHBaMH, 30KpeMa TOKUBHIMH PEYOBHHAME — a30TOM 1 pochopom, a TaKOXK 0
3aMyJICHHS.

Mani piukn Oaceiiny JlHimpa, siki craHoBisATh ToHan 90% piukoBoi Mepeki
OaceiiHy, HeCyTh Ha/[3BUYAiHE aHTPOIIOTCHHE HABaHTaKeHHsS. BHCOKa po3opaHicTh
3eMelb, HaaMipHa HACHUYEHICTh iX MPOCAITHUMHY KYJIbTypaMH, HEJOCTATHS JTiICUCTICTh
BO/I0300piB (B OaceifHax pidOK CTEMoOBOI Ta JicocTenoBoi 30H Oaceiiny JlHimpa
JICHUCTICTh B 2—3 pa3u MEHIIE ONTUMAIBHOTO DIBHS) IMiJCHUITIOETHCS €pO31MHIMH
mporiecamu, 3a0pyIJHEHHSM 1 3aMyJIeHHSAM pidoK 1 BomowM. Ilnomma 3emens 3i
30epe’KeHUM TIPUPOIHUM JIaHAMA(TOM CKpi3b MEHIIE ONTUMaibHOI. CuTyaris
YCKIIQJHSAETHCS THM, 110 Oepera 1 3aIlaBd PiuoK B OCTaHHI POKH BiJIBEICHI ITiJ] TJauHE
OyIiBHHUIITBO, CaJiBHUIITBO 1 FOPOAHUIITBO [11].

Buxopucrani nani cymytHuka Landsat 8 3a 2016 pik, chopmoBana mo3zaika
teputopii JIHIMpoOmeTpoBCbKOi 007acTi, BUKOHaHA Kiacudikalis JaHuX 3
BUJIIJICHHSAM KJIacy BOJHHMX OO'€KTIB 1 Kjacy 3eMelb CUIbChKOTOCIHOAapChKOTO
npu3HaueHHs. BunineHi 00'eKTH Kilacy CiTbChKOTOCIIONAPCHKUX 3€Melb, BiIICTaHb
BiJI IKMX JIO KJIACy BOJHUX 00'€KTIB MEHIIIE 32 HOpMaTUBHY (y cepenouii Definiens
Developer 7). 3 BuaineHux o0'ekTiB copMoBaHHl BEKTOpHUHN (aiin. BekropHuii
LIap Hagajl BiIKOPUTOBaHMH Ha JaHUX KaprorpadidHoro inTepHeT-cepBicy Google
LISIXOM iHTEpaKTHUBHOTO aHaJli3y Ta CTBOPEHHS HOJNITOHIB CUTBCHKOTOCTIOAAPCHKUX
MOJIB, 10 BKIIIOYAIOTH Horo 00'ekTH. Takum 4YWMHOM, c(hOpPMOBaHUI BEKTOPHUIA
¢aiin momiB, SKi po30paHi B MeXaxX BOJO3aXHUCHHUX TMPUPOJIOOXOPOHHUX CMYT.
CdopmoBani BinnosigHi shp-gaiinm.

Ha Teputopii J{ninponeTpoBchkoi 00acti BussieHo 1094 nopyiieHb BeICHHS
TOCTIOZIAPCHKOI ISUNTEHOCTI Yy Oeperosiii mpupo100X0poHHiH 30HI. BHIH Ta KITBKICTh
MOpyIIIeHb HaBelleH] B Ta0nuili 1 i geTanpHime B Ta0mmii 2.

[IpoTspkHICTE MOpYyIIEHb 320YH0BH Y O€peroBiii NPUPOAOOXOPOHHI 30H1 CKIagae
Oomu3pko 181,763 kM. B Tabmuii 3 HaBeleHi JaHi IIOAO0 MPOTSHKHOCTI MOPYIICHb
y3n0Bx JlHinpa i cepeHix pivok Ha TepuTopii JHinmponeTpoBchKoi 06acTi.
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Tabmums 1
Bun nopyuieHss Kinbkicts Kinbkicth
MOPYILIEHB, HOPYILICHb,
oISt ropoau
30Ha < 25 M 0111 MaJIUX PIiYOK, CTPYMKIB 1 279 291
MOTOKIB, & TAKOXK CTaBKiB IUIOLICIO MEHIIIE 3 ra
3onHa < 50 M O cepeHiX pivoK, BOZOCXOBHII 312 195
Ha HUX 1 CTaBKiB IuIonieto Oinpnie 3 ra
3ona < 100 M 61151 BETUKUX PidOK, BOJOCXOBHUII 13 4
Ha HuX ([Hinpo, JxinpomsepxuHchke i KaxoBcbke
BOJIOCXOBHIIA Ha JIHITIpi)
Tabmumns 2
Bun BomoitmMn <25M|<25M | <50M | <50M [<100M|<100M |Ycworo
HOJISL |TOPOJM | TONS | TOPONM | TOJA | TOPOIH
Benuka pivka JHinpo 20 23 5 5 13 4 70
cepens piuka Bopua 15 10 77 33 - - 135
cepenns piuka bazaBmyk | 22 30 37 32 - - 121
cepeiHs piuka Mokpa 26 33 30 17 - - 106
Cypa
cepenns piuka Cakcarans| 11 28 30 23 - - 92
cepeHs piuka IHrysens 3 23 26 23 - - 75
cepenns piuka Camapa 9 7 13 19 - - 48
cepenus piuka Openn 7 4 7 8 - - 26
cepenus piuka aitayp 2 3 15 6 - - 26
iHIIe 164 130 72 29 - - 395
Veboro: 279 291 312 195 13 4 1094
Ta0murs 3
Bug Bomoimu [poTsKHICTh MOPYIICHD 3a0YI0BH, KM
BeJmKa piuka JHimpo 102,764
cepenHs piuka Bopua 11,343
cepenHs piuka bazaBiyk 3,788
cepenns piuka Mokpa Cypa 11,747
cepenns piuka Cakcaranb 4,803
cepenHs piuka [Hrynens 10,177
cepenns piuka Camapa 32,952
cepenns piuka Opeinb 3,713
cepenns piuka ["aituyp 0,476
VYcworo 181,763
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! IHTeJeKTya/IbHA CHCTEMA NIATPHMKH
|

HPUIHATTS pillieHb

Mopeb paiioHy eK0J10TiYHOT0 MOHITOPHHTY

B pesynbrari BupimeHHS 3aBIaHb MOHITOPHUHTY B iHTENEKTyalbHIN cucTeMi
3aXMCTy HaBKOJHIIHBOTO CEpelOBHIA MAlOTh OYTH
CYKYIHICTh SIKUX € MOJIEIUTI0 €KOCHCTeMH (pailoHy €KOJIOTiYHOTO MOHITOPUHTY)
(puc. 1) K MUTICHOTO TEPUTOPIAFHOTO YTBOPEHHS, MO (DOPMYETHCS B TICHOMY
B32€MO3B'A3KY JIFO/IEH, TPUPOTHUX 1 IITYIHUX 00'€EKTIB, IKi MOKYTh TIepeOyBaTH i
BIUTMBOM IIPOIIECIB PYIHIBHOTO XapaKTepy.

Mogenb
HABKOJHIIHEOTO
CepeIoBHIIa

i

i

I Mogzens

| bl

i Mozens | | 00 exTa -

i TepI/ITOpi'l' CKOJIOI'TYHOT'O HPX
i MOHITOPHHTY

i

Orminka

!
i
i
i
i
i
i
i
i
i
i
i
i
; PH3UKY

JliarHocTrka
cuTyarii (omiHka

Monenb
ICIIIIP

cXeMma

IHTETeKTYaIbHOI
eKOJIOTIYHUX PIllIeHb CHCTEMH Ma€ BHTJISI, HABEJICHUH Ha pHC. 2.

Puc. 1. Ctpykrypa (MoJIe]b) paifoHy €KOJOTIYHOTO MOHITOPHHTY

CHUCTCMH

IHTeneKkTyanbH1il AATYMK }_

IHTeneKTyanbHUii AaTYMK }_

IHTeNeKTYanbHMIA AaTUMK }_

CrauioHapHuMiA
cepeep

IHTeneKTyanbHa cucTeMa NiATPUMKM
NPUAHATTA pilleHb

BA3A 3HAHb

IHTeneKkTyanbHa cucTema
MOAENIoBaHHA Ta
Bisyanizauji reHepoBaHux
piweHs

MobinbHa
naboparopina
(iHTenekTyanbHi
AATUMKK)

Mob6inbHa
naBopaTtopia
(iHTenekTyanbHi
AATHUKM)

3aCTOCOBAHI

MIATPUMKH — TIPAAHSTTS

Puc. 2. CTpykTypHa cxema iHTEJICKTyallbHOI CHCTEMH MiATPUMKHU MPUAHATTS CKOJOTIYHUX

pillIeHb CHCTEMH

ImrocTparmiitai MaTepiaan HaBeACHI Ha pUCYHKaX 3-5.
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wes | yn | Morowones | Koy | Doyn | 0w ([0
VINEpuT PACCTORSAE NEXAY 4D TOWGIS! K3 Jerene
Bwwa ro xapre: 19,62 Mepw v
a2 10 NoBEROOCTH e ot 575
Forpamnese: 7,77 paayos

¥/ Depexna cnowauso rus Comasms || Quctums.

Puc. 3. I'opoau posramoBani MeHnre Hix 3a 20 M Bix [Hinpa (HOpMaTHB BiACTaHi AJs
BeJIMKOI piku fopiBHIOE 100 M)

Puc. 4. Crapi Konaku — menmre Hixk 30 M Big JlHinpa
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Puc. 5. XKutnoswuii macus [IpuaninpoBckkuit — MmeHme Hix 30 M Bin [Juinpa
BucHoBkn

3 3acTOCyBaHHSM CHCTEMH IITYYHOTO IHTEIEKTY BHKOHaHa poOOTa MO OIHII
MOpyIIIeHh HOPMATHUBY MPUPOJTOOXOPOHHUX BOJO3aXMCHHUX CMYT y3m0BX [[Himpa i
JEKIJIBKOX CEPeHIX piYOK Ha TepuTOopii JJHITPOneTpOBChKOT 001acTi. 3acTOCYBaHHS
HITYYHOTO IHTEIIEKTY JTO3BOJISIE chopmyBatu BEKTOPHI mapu
CLITBCBKOTOCITOJIAPCHKUX TIOMIB, PO3TAIIIOBAHUX B 30HI BOJIO3aXUCHUX CMYT, @ TAKOXK
1o JiHii 3a0y/T0BH B37I0BXK OEpETiB piduoK, €IEMEHTH K01 MOPYIIYIOTh HOPMATUBH
BiJICTaHl O BOOHHUX OO'E€KTIB.

JliarHOCTHKa Ta TPOTHO3YBAaHHS CHUTYaIliii 3 BHKOPUCTAHHSAM aepOKOCMIYHHX
TEXHOJIOTiH nepedayae 3aCTOCYBaHHS 3 MHOXKHHHU MOJIENieii 00’ €KTiB €eKOCUCTEMH B
IHTEJIEKTyaJIbHIA CHUCTEMI 3aXHMCTy HABKOJHMIIHBOI'O CEPEIOBMINA 1 TEPUTOPIi 3
PI3HHM CTyIEHEM eKOJOTIYHUX 3arpo3. Takuil miaxij A03BOJSIE BUKOHYBaTH
MIPOCTOPOBO-PO3MOJIIEHY ~ OIIHKY  €KOJIOTIYHOTO PHU3UKYy Ta JiarHOCTUKY
€KOJIOT1YHOI CUTYaIlil B €eKOCHCTEMAX.

Mojens 1HTENEeKTyallbHOI CHCTEMH 3aXHCTy HAaBKOJIMIIHROTO CEPeOBHUINA
BpaxoBye (opMalti3oBaHi METAINPOIEAYPH Ta J03BOJSIE B OyIb-IKHiA MOMEHT 4Yacy
MIPOrHO3YBATH €KOJIOTIYHUN CTAH €KOCHCTEMH Ta OL[IHIOBATH €KOJIOTIYHI PU3MKH JIJIS
KOHKPETHHX €KOJIOTIYHUX 00'€KTiB MpY BUHHKHEHHI HAJ3BUYAWHUX EKOJOTIYHHX
CUTyalill B yMOBax JIMITy 4acy.

Metomuka 3acTOCyBaHHS aepOKOCMIYHHMX TEXHOJOTIH N BUPIMICHHS
€KOJIOT1YHUX 3aBJIaHb CHCTEMOIO IITYYHOTO 1HTEJEKTY J03BOJISIE KOMILIEKCYBATH
JIaH1 €KOJIOTIYHOTO MOHITOPHHTY BiJI PI3HUX KEPEIT CIIOCTEPEIKEHHS: CTaIllOHAPHUX
MyHKTIB CIIOCTEPE)KCHHS, HA3eMHUX MOOUILHUX KOMIUIEKCIB, JHCTAHIIHHO
MMUJTOTOBAHMX JTITAILHUX amapariB, KocMidHUX cucteM J[J13.
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3acTocyBaHHA aePOKOCMIYHMX TEXHOJIOTIH TP YTMPaBIiHHI EKOJOTI9HOIO
0e3meKkoro 3a JIOTMOMOTOI0 CHCTEM IITYYHOIO IHTENEKTy mependadae HaACTYIHI
eTanu: ineHTudikamis (akTopiB pU3NKY, OL[IHKA PU3UKY, YIPABIiHHS PHU3UKOM B
exocucreMi. Dopmamizamisi 3aBmaHb y cdepi eKOJOTiYHOrO MOHITOPHHTY 3a
JOTIOMOTOI0 INTYYHHUX IHTEIEKTYyalbHUX CHCTEM 3 3aCTOCYBAHHSIM acpOKOCMIYHHX
TEXHOJIOTiH BpaXxoBY€: T€OJIOTIIO 1 pecypcH Haap (B T.4. MiA36MHUX BOJ), TIAPOJIOTiI0
1 TTOBepXHEBI BOMHI PECypcH, JIICOBI pecypcH i POCIMHHUN TMOKPWB, BILIMBH Ha
TOBKUDIS, TBAPUHHUN CBIT, atMoc(hepHe MOBITps, aTMoc]epHi omanu i CHIroBUH
MOKPUB, KOMYHiKaliliHi 00'€KTH, CLIIBChKE TOCTIOAAPCTBO, BUKOPUCTAHHS 1 PO3BUTOK
TEpUTOPiil.
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METHODOLOGY FOR FORECASTING THE NUMBER OF DISABLED
PEOPLE FROM SANITARY LOSSES

Abstract. The article considers the problems of building mathematical models for
predicting the contingent of pension recipients under conditions of uncertainty
caused by the impact of hostilities. Based on the study of statistical information
on the structure and dynamics of sanitary losses, an approach to revealing
systemic uncertainty in the problem of predicting the contingent of pension
recipients is proposed. This work is part of the study of the application of methods
of intelligent data analysis and mathematical modeling in information technology
intended for use in the pension system.

The problem of predicting human losses as a result of hostilities is an urgent
problem even in the conditions of the use of high-tech weapons. Sanitary and
irretrievable losses are not only the effectiveness of the combat use of the unit, but
also the costs of treatment, rehabilitation, pension provision, insurance payments.
A high-intensity war with the use of the most modern weapons and military
equipment has no analogues in retrospect. Therefore, approaches to predicting
combat medical and non-recoverable losses, which are based solely on the
calculation of average values or on analogies, cannot provide high-quality
results. The study is devoted to the development of a methodology for predictive
modeling of medical losses, the basis of which is probabilistic-statistical models
in the form of Bayesian networks, the method of time series similarity and cluster
analysis. If necessary, the proposed methodology can be used to perform
calculations under different scenarios.

During the study, a number of numerical experiments were conducted, in which
the correctness of the application of the proposed methodology was investigated.
Acceptable forecasting results were obtained.

The proposals presented in the work will allow to increase the sustainability of
the pension system of Ukraine, including by more accurately determining the
dynamics of the contingent of pension recipients, and, accordingly, the costs of
paying pensions.

Key words: sanitary losses, rehabilitation, pension provision, modeling, Bayesian
data analysis, classification.

© O.M. Tpopumuyk, P.I'. KoBans, O.b. 3apynuuii, 2025

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025


https://orcid.org/0000-0003-3358-6274
mailto:trofymchuk@nas.gov.ua
https://orcid.org/0009-0003-3821-3378
https://orcid.org/0009-0008-7462-3899
mailto:oleksii.zarudnyi@gmail.com

~ 122 ~

O.M. Tpodpumuyk, P.I'. Koaasb, O.b. 3apynnuii

[HCTHTYT TenmexoMyHikamii i rirobanpHOTO iH(OpPMAaIiitHoro npocropy HAHY, M. Kuis,

VYkpaina

METOIUKA IMTPOT'HO3YBAHHA KIVIBKOCTI IHBAJIIAIB
3 YUCJIA CAHITAPHUX BTPAT

Beryn

Anomauia. B cmammi pozenanymi npobiemu nooyo0osu mamemamuidHux mooeieu
071 NPOZHO3YBAHMNS KOHMUH2EHTNY 00ePICYBAYIG NEHCIll 8 YMOBAX HEGUIHAYEHOCII,
cnpuyuHerol enaugom 6otosux Oiu. Ha o0CHO8I 00CHIONCEHHS CMAMuCmMuyHol
ingopmayii npo cmpykmypy ma OUHAMIKY CAHIMAPHUX 6mpam, 3anponoHo8ano
nioxio 00 pO3KPUMmMs CUCMEMHOI HEeGU3HAYeHOCMI Y 3a0aui NpocHO3Y6aAHHS
KOHMUHeeHmy Ompumyeauié neuciu. /lana poboma € uacmuHor 00CHIONCeHHs
3aCMoOCy8ants Memooié iHMeneKmyarbho2o aHanizy OaHuUx ma Mamemamuyno2o
MOOeNo8anHA Y THOOPMAYINHIL MeXHON02ll, NPU3HAdeHill 00 GUKOPUCMAHHA Y
NeHCItHIN cucmemi.

Ipobnema npocno3y8anHs 1I0OCLKUX 6MPaAmM BHACAIOOK 6008UX Oill € AKMYATbHOIO
npooaeMOI0 HABIMb 8 YMOBAX 3ACMOCYB8ANHA 6UCOKOMEXHON0IUHO20 030POEHHS.
Canimapni ma 6e3no8opomui empamu — ye He MiNbKU epekmugnicms 6011068020
3acmocysantsa niopo3diny, a U eumpamu Ha NiKY8AHH:A, peabirimayito, neuciiue
3abesneuenns, cmpaxosi euniamu. Biina  eenuxoi  inmencusHocmi i3
3aCMOCY6AHHAM HAUCYYACHIWO20 030POEHHA mMaA GiliCbKOBOI MEeXHiKu He Mae
ananoeis y pempocnexmugi. Tomy, nioxoou 0o npozno3yganns 60N08UX CAHiMmapHux
ma 6e3nogopomuux empam, AKi 6A3VIOMbCA SUKTIOUHO HA PO3PAXYHKY CepeoHix
3HaYeHb abo HA AHANO2IAX, He MOJICYMb 3a0e3neyumu OMPUMAHHA AKICHUX
pesynomamie. Jocniodcentna npucesyene po3poOneHHI0 MemOOUKY NpPOSHO3HO20
MOOENOBAHHS  CAHIMAPHUX GMpPAm, OCHO8Y SKOI CMAHOGIAMb UMOBIPHICHO-
cmamucmuyni mooeni y popmi mepeosic Baiieca, memoo nodibnocmi yacoeux psaois
ma KiacmepHuti aumanis. 3a nompeodu, 3anponoHO6aAHA MemoOuKa modce Oymu
BUKOPUCMAHA 07151 BUKOHAHHS PO3PAXYHKIG 3d PISHUX CYEeHapiis.

B x00i oocnioocennn 06yno npogedeno paod uUCENbHUX eKCNepUMEHmMI8, 8 AKUX
00Ci0JHCEHO KOPEKMHICMb 3aCMOCYEAHHS 3anpOnoH08aH0i memoouxy. Ompumano
NPULIHAMHI PE3YIbMaAmu RPOSHO3Y6AHH.

Iponosuyii, npeocmasneni 6 pobomi, 0036051Mb NIOSUWUMU CIIUKICMb NEHCIUHOT
cucmemuy Ykpainu, 6 momy wucii, 3a paxyHoK Oilbd MOYHO20 6U3HAYEHHS OUHAMIKU
KOHMUH2EHMY 00epIICcy8aie nencill i, 6i0n0ioHo, BUMPAM HA BUNANMY NEHCIl.
Kniouogi cnoea: caumimapmni empamu, peabinimayis, newnciine 3abe3nedenus,
MOOeNo8anHs, 6AUECIBCOKU AHAI3 OAHUX, KIACUDIKAYIs.

https://doi.org/10.32347/2411-4049.2025.2.121-135

JlochimkeHHs caHITapHUX BTPAT — MUTAHHS, BAXIIUBE HE JIUIIE [T 3a0e3MeUeHHS
IMOTOYHOI 00€31aTHOCTI BIMCHKOBHX (POPMyBaHb, a € CKJIQIHOI MPOOJIEMOIO, 110
OXOIUTIOE HAI[IOHAILHY E€KOHOMIKY, OOOpOHHY Ta Oe3mekoBy cdepu, QiHaHCH,
COLIATbHUMA 3aXHCT Ta coIliayibHe 3a0e3nedeHHs. HalOumbln po3moBCIOIKEHUMHI
ITiIXO/IaMH 1II0/I0 BU3HAYCHHS CAHITAPHHUX BTPAT 3IUIIAIOTHCS METOIM, OCHOBaHI
Ha BUKOPUCTaHHI HOPMATHBHUX 3HAYCHB, KOCPIIIEHTIB, IHIUKATHBHUX MTOKA3HHKIB,
eKCIepTHUX OIiHOK. OMHAaK, Taki METOAWKH HE TMPUHHSITHI JJI1 BUTAJKIB, KOJH,
HaIPUKIIa]], 3aCTOCOBYETLCS HOBE 030pO€HHS 200 MeTo M BeZieHHs 00t0. Kpim Toro,
BOKJIUBUM € IHTAHHS COIIaJLHOTO 3aXUCTy Ta COIIaJbLHOTO 3a0e3MEeUeHHS BCIX
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MOCTPAXKJANHUX BiMOBIIHO A0 iX MOTped Ta MPOTATOM BCHOTO MEPIOAY, MOKH HE
3HMKHE TOTpeba, MO0 3HAa4YHO 30iMbLIyE BHUAATKHA JEepKaBHOIO OMOKETy Ta
[enciitnoro gonay. Tomy 3amada MpOTHO3YBaHHS KiNBKOCTI CaHITapHUX BTpaT Ta
KUTBKOCTI 0cCi0, IO CTaHyTh IHBaJNiJaMH Ha CEPEIHbO- Ta JTOBTOCTPOKOBY
MEPCIEKTHBY € aKTYaJILHOIO, MOTPeOy€ JTOCTIKEHHS Ta ONPAIIOBAHHSL.

AHaJi3 icHyro4Yux mixxoais

[Iporno3yBaHHsI caHiTapHUX BTpaT nependadae BUKOPUCTAHHS Pi3HUX MiAXOIIB,
3 ypaxyBaHHSM 3aKOHOMIPDHOCTE Ta OCOOJUBOCTEH BeICHHsS OOHOBUX i,
XapakTepy ypa’KeHb, IOTCHLITHOIO KOHTUHI€HTY HOCTPasKIAINX TOLLO.

115t mporHo3yBaHHA BTPAT 3aCTOCOBYIOThH EMITIPHYHI MOZETI, 3 METOIO TOOYA0BU
SKMX BHKOPHCTOBYIOTh CTaTHCTHYHI JaHI MPO KiJIBKICTh MOCTPAXKIAUINX Yy
momnepenHix KoH(pIiKkTaX. B Takumx MOAensx BHUKOPHCTOBYIOTH KOeilli€eHTH,
Hanpukiay koedimieHT BTpar Ha 1000 oci® anms Hactymy um oboponm. Cepen
MaTeMaTHYHUX MOJICJICH CIIiJ BiA3HAYUTH MOjeNb JlaHdecTepa Ta CTOXACTHYHI
mozxeni [1-11]. YacTo 3acTOCOBYIOTH TAKOXK iMITaIliiiHi (CUMYIISIiiHI) MO, SKi
JO3BOJISIIOTE HAOYHO BiOOpa3sWTH CHUTyaIlif0 MEeBHOro OO0WOBOTO CIEHApIIO.
HatinommupeHimuM crmoco0oM OIIHIOBaHHS MOXKJIUBUX BTPAT 3aJIUIIAETHCA METO
EKCIEpTHUX OLIHOK, X04Ya SIKICTh MPOTHO3yBaHHS, B JAHOMY BUMAJIKY, TOBHICTIO
3aJIeKHTH BiJ] MOJCHKOTO (pakTopy — mpodeciiHIX 3HaHb Ta HABUYOK EKCIIePTIB, iX
00’€KTUBHOCTI Ta HEYMEPEIKEHOCTI.

JlochaiauBimg BITYM3HSAHI Ta 1HO3EMHI CHELiaTi30BaHi JpKepena, iHpopmMalliio 3
Mepexi [Hreprer [1-11] momo KITBKOCTI Ta CTPYKTYPH 3aralibHUX BTPAT Yy Pi3HUX
BiifHaX cepel BiHCHKOBOCIY>KOOBIIIB, CIiJl 3a3HAYUTH, 110 MPOTHO3YBAaTH BTPATH
JIUIIIE HA OCHOBI PETPOCIEKTUBHUX JaHUX HE JOIUIbHO, OCKIIBKH TEXHOJOTTUHUH
PO3BHTOK, HAsBHICTh Cy4acHHX O030pO€Hb, SKI MarTh 3HA4YHI Bpaxkawoui
MOJKIIUBOCTI, aKTHBHE BHKOPHUCTAHHS 1H(QOPMAIIMHAX TEXHOJOTIH Ta IITYYHOTO
THTETIEKTY 3yMOBIIOIOTh CKJIaHWH, 3HUIIYBAJIBHUN XapakTep OOHOBUX IiH, KM
HaBiTh y nonepenni 10-15 pokiB He Mae ananoris [4-6]. Cy4acHa 30posi cTae TakoxX
nenani gockoHamimor. HaBite 3BHYaiiHi BuAM O030pOEHHS CTAlOTh  OULIBII
MOTY>KHUMH, & YPaKEHHS] HUMH OLIbII MAaCOBHUMHM, KpPIiM TOTO, 3 SBJISIFOTHCS HOBI
BUAM 30poi, Taki SK Jla3epHa, paaioJioriyHa, reodiznyHa, TaliIUHOTCHHA TOIIO
[4-6, 9, 10]. Bce e 3yMOBITIOE 301IbIIEHHS O€3[TOBOPOTHHUX Ta CAHITAPHUX BTpAT,
3pOCTaHHS TSKKOCTI MOpPaHEHb, 301IbIIEHHS YaCTKH MOPAaHEHUX 3 MHOXHHHUMH
MOpPaHEeHHSIMH Pi3HUX YaCTUH TiJia, SIKi 3rOJIOM OTPUMAIOTh iHBaNiIHICTh. T0O0TO,
MIHSIETBCSL HE JIUINE KiIbKICTh, @ i CTPYKTypa caHiTapHHX BTpaT. TOMY Ba)KJIMBO
JOCHITUTH y KOPOTKOCTPOKOBIH MEPCHEKTHBI MOTEHUIWHY KUIBKICTh CaHITapHUX
BTpaT, iX TSDKKICTh, a Yy JIOBTOCTPOKOBIM TEpCIEKTUBI — WMOBIPHY KIUIBKICTb
THBaJIIIIB 3 YKcIa ca”itapHUX BTpaT. ¥ podoti M.O. Kynpunskoro, H.B. I1atep Ta
B.O. Kocrtpuui [3] 3amponoHOBaHO JITOPUTM BU3HAUYeHHS OOHOBHX BTpaT
0c000BOTO CKJIaly Ha OCHOBI pO3paxyHKy KoeilieHTiB 30epekeHHs e(eKTUBHOCTI
00HOBOr0 3aCTOCYBaHHS YacTUHH Ta METOJY EKCIIEPTHUX OILiHOK. [lepeBipka
Y3TOIKEHOCTI 1 IOCTOBIPHOCT1 €KCIIEPTHUX OL[IHOK 3/11HCHIOETHCSI 3 BUKOPUCTAHHIM
koedinienTa konkopaanii Keanamna.

[lTepcrieKTHBHUM  HAmpsMOM  JOCTIPKCHb  BIWCHKOBHX  KOH(IKTIB, SK
3a3Ha4aroTh (axisili, poboru sxux mpezncrasieni y Military Operations Research
[12], € BukopucTaHHS WMOBIPHICHO-CTaTHCTHYHUX Mojeield y ¢GopMi Mepex
baiieca. Mepexa baiteca Hamae [13] MOKIIUBICTh BCTAHOBUTH PHIHHHO-HACI TKOBI
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3B’SI3KM MIXK TTOMISIMH Ta OLIHUTH HMOBIPHOCTI HACTAHHSI Ti€l UM 1HIIOT CUTYAIIil IpH
OTpUMaHHI HOBOi iHQoOpMawii mog0 3MiHM CcTaHy OyAb-sIKOTO By3la (3MiHHOI)
Mepexi. CTymiHb YCHIIIHOCTI 3aCTOCYBaHHS AHOTO METOAY MOJENIOBAHHS Ta
(hopMyBaHHS CTAaTHCTHYHOTO BHCHOBKY 3aJIe)KHTh BIJl BMIHHA KOPEKTHO
chopMyTIOBaTH MOCTAHOBKY 3a/adi, BUOpATH 3MiHHI MPOIECY, SKi B JOCTaTHIN
Mipi XapakTepu3yloTh HOro AMHAMIKy a0 CTaTHKy, 310paTH CTATHCTHYHI AaHi Ta
BUKOPHUCTATH X 11 HABYaHHS MEPEXKi, a TAKOXK KOPEKTHO c(HOPMYBaTH pe3ysIbTaT —
BHCHOBOK 3a JIONTOMOT0I0 MO0ymoBaHOi Mepexi. OCHOBHOIO TIEPEBAarol0 Mepex
Baileca € MOXIUBICTP OJHOYACHOTO BpaxyBaHHS KIUIBKICHHX Ta SKICHHX
MOKa3HUKIB, TMHAMIYHE HAJIXOMKEHHs HOBOI iH(popMallii, a TAKOK BUKOPHCTAHHS
SIBHOT 3aJIE)KHOCTI M)XK ICHYIOUNMH (PaKTOPaMH, a TAKOK HAOYHICTh MOICITIOBAHHS.
[Ile ogniero mepeBaroio 3acTOCyBaHHA Mepexk balieca € MOKIMBICTD BpaxyBaHHS Y
MOJieNl AMCKPETHHX 1 HEeMepepBHUX 3MiHHUX, BpaXyBaHHs HEBH3HAUYCHOCTEH Ta
MPaKTUYHO BiJICYTHE OOMEXKEHHS Ha KiNbKiCTh 3MiHHHX. Mepexi balieca merko
MiIJAI0TECA OINKCY, MAalTh TapHI XapaKTepUCTHKH SK 1HCTPYMEHT s
KIacudikaiii, He MalOTh OOMEXEHb Ha 3aKOHHU PO3IOALTY 3MIHHUX, HA BIIMiHY BiJ|
IHITUX MoJieleil Ha OCHOBI perpeciiiHuX piBHSHB, T4 HE BHMAralOTh TOBHOTH
iHhopmarii.

ToMy y naHOMy JTOCIi/PKEHHI BUKOPUCTaHI caMe Mepexki balieca, OCKIIbKY BOHH
HA/Ial0Th MOXITUBICTD BpaxyBaTH HEBH3HAYCHOCTI CTATUCTHYHOTO, CTPYKTYPHOTO 1
MapaMeTpUYHOTO XapakTepy, MOOyIayBaTH MOJENi 3a HAsSBHOCTI MPHUXOBAHUX
BEpIIMH 1 MPH HEMOBHUX CIIOCTEPEKCHHSX, a TAaKOXK peaizyBaTh (HOpMyBaHH:
HMOBIpHICHOTO BUCHOBKY 32 JIOTIOMOTOIO Pi3HUX METO/IIB — HAOJMIKEHHUX 1 TOYHHUX.

CucremMa NpOrHo3yBaHHSl HACTAHHS iHBAJIIHOCTI cepel CaHITApHMX BTpAT
BilicbKk

3pocTaHHA KIIBKOCTI MOCTPa)KAAIMX, 30KpeMa, 3 4Hcia BiCBKOBOCIY>KOOBLIIB,
BHACIIIZIOK aKTHBHOI (a3u BIHCHKOBOTO KOH(MIIKTY MOTpeOye 3HAYHUX
MaTepiaibHUX Ta TPOLIOBUX BUTpaT. TOMYy aKTyaJbHOI TPOOJIEMOIO €
BIIPOBA/IXKEHHS CyYaCHHX METOJIB aHaji3y JaHHUX Ta CUTYyaliid, IPOrHO3yBaHHS Ta
MiATPUMKH TPUAHATTS PillleHb K y cdepi HAIliOHATBHOI Oe31eKu Ta 000pPOHH, TakK i
MOB’sI3aHUX 3 HEW cdepax HAIIOHATBLHOIO TOCHOJAAPCTBA, SAKI O MOKpAIIMIN
IUIaHYBaHHS BUTPAT, 3amodiranu 0 HEONTHUMAaJbHOMY BHTpAdaHHIO (hiHAHCOBHX
pecypciB  mepkaBu. BrpoBamxenHs 1udpoBizaiii, BHUKOPUCTaHHSA IUTYYHOTO
THTEJIEKTY, TEXHOJIOTi i 00poOKH BeTMKIX MacKBiB jaHux (Big Data), Tomo gae HOBI
MEPCIEKTHBH ISl PO3POOJICHHS BIAMOBIIHMX CHCTEM MIATPUMKHA MPUAHATTS
pillleHb, OCHOBY SIKMX CKJIaJar0Th cydacHi iH(popMmaliliHi TeXHOJOrii, MaTeMaTHYH1
MOJIEJIi, METOJIN 1HTEJICKTYaJIbHOIO aHAIII3Y JaHHUX.

3anponoHoBaHa IHTENIEKTyalbHa CHCTEMa MJATPUMKHA TIPUHHATTS pillleHb
[13-15], cTpykTypa sikoi mpezacraBieHa Ha puc. 1. Sk BUIHO 3 puc. 1, BOHa sBiIsE
c00010 MOIYIBHUI IPOrPaMHUI KOMILJIEKC, TPU3HAYCHUH AJ151 ONPALIOBAHHS JaHUX
PO CaHiTapHi BTPATH, Ta BpaxoBye creiudiky mpeameTnoi odmacti [15-19].

OcCoOMMBOCTSIMH TIPONIOHOBAHOI CHUCTEMHU € HAasBHICTH cepii MiACHCTEM IS
nornepeaHbpol 0OpoOKH Ta 300py BXIOHMX JAHHMX, OCKUIBKM AaHi PO CaHITapHi Ta
0E3IMOBOPOTHI BTpaTH MOYKYTh HAKOITMIYBATHUCS UIST OOPOOKH 3 Pi3HUX CUCTEM, OYTH
MIPEACTABICHUMHA B pPi3HUX (opmaTax, MICTHUTH NPONMYCKHA MTaHWUX, aHOMAaJbHI
3HavyeHHs. OCHOBY CHCTEMH CTAHOBUTH aHAJIITHYHA MiICUCTEMA, SIKa MAE MOIYJIbHY
CTPYKTYpY Ta Iiependadac MOKIMBOCTI ii HApOITyBaHHS.
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KopucryBau cucremu

v

Cucrema 3aBaHTKEHHS Ta 30epiraHHsl JaHUX 3 0a3 NaHUX, JHKEPeT

B IHTEpPHET Ta JIOKATHHUX (DaHIIiB

v

Cucrema 06poOKku JaHuX: (iNmbTparis, MOUTyK aHOMAIii, aHaJi3 SKOCTi

JTaHuX

v

ETL mMoaysp miaroTOBKH NaHUX JAJIs aHAJI3Y

v

AHajiTHYHA MiJICUCTeMA 15 TOOYI0OBH MaTeMaTHYHUX MO/ICIICH

Perpeciiinuii ananis, aHani3|  Mepexi Baiteca
OIi0HOCTI YaCOBUX PSIIiB .
(SAS Enterprise Guide) (Netica Norsys)

v

Monysb moOyJ0BY aHaTiTHYHOT 3BITHOCTI, IpadiKiB Ta aHaJi3y pe3yibTaTiB

¥

BapianTu pimrenus

Knacrepnwuit anani3
(SAS Enterprise Miner)

Puc. 1. Cxema cucTeMH MiATPUMKH PHUHHATTS PillleHh

B naniii poOoTi mpeacTaBiieHI MO, SKI PEalli30BYHOTh TEXHOJIOTIYHHIMA
JIAHLIIOT, TPU3HAYCHUH JUIs BUPILLICHHS 3a/1a4i IPOrHO3yBaHHs O0OHOBUX CaHITAPHUX
Ta OE3MOBOPOTHHX BTpaT. JlaHa cuctemMa Moxke OyTH BUKOPUCTaHA SIK JIOTIOBHEHHS
JI0 ICHYIOUHX CHCTEM. Y po3po0Ill BUKOPUCTAHO MporpaMHe 3abe3rneueHHs SAS
Enterprise Miner 14.1 ta SAS Enterprise Guide [20, 21], 1m0 3Ha4HO PO3MIUPIOE
Habip IHCTPYMEHTIB aHAJITHKA 32 PaXyHOK JIOTIOBHEHHS HAsBHOTO MPOrPaMHOrO
3a0e3rneueHHs HOBUMHU MojienisiMu. Kpim Toro, BUKOpHCTaHHS 3ac00iB KoMmaHii SAS
JIO3BOJISIE  TIOKPAIUTH Bi3yalli3allil0 Pe3yNbTaTiB, MPEJCTABISATH Pe3yJIbTaTH
PO3paxyHKIB y 3py4HOMY JJIsl aHATITHKH TpadiyHOMY uM TaOIMYHOMY BHIJISAL, 32
notpedu, HeoOXimHI TabnHIli MOXYTh OyTH BHBAaHTaKEHI y 30BHIIIHI JIOJATKH,
3o0kpema MS Excel.

Buxonsan 3 HasiBHOT iH(OpMAaIii 010 KUTbKOCTI BTpat y nepion 2014-2019 pp.
[3-6] y 30Hi ATO (puc. 2), 6yno 3po0IeHO MPUITYIIEHHS CTOCOBHO CITiBBiTHOILICHHS
pisHux BUIIB OoiioBux BTpar [3-6, 10].
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Puc. 2. CuiBBigHomeHHs1 00HOBUX caHITapHMX BTpar (Ha niarpami — CBITIMH Kouip) i

0010BHX OE3MIOBOPOTHUX BTPAT (HA Jiarpami — TEMHHH KOJIIp)

Sx BUIHO 3 puUC. 2, cCaHITapHI BTPATH CTAHOBIISITH MEPEBAKHY OLIBIIICTH BTpAT,
TaKO’K CJI1J 3a3HAYUTH, 1110 1X KUIBKICTh KOJIMBAETHCS 3aJI€XKHO BiJl IHTEHCHBHOCTI Ta
xapaktepy OOMOBHX iif, 3aXHCTy OCOOOBOTO CKJIaJy — HaWOUIbII Oe3MOBOPOTHI
BTpatu Oynu came Ha nmovyatky ATO, konu 1ie He OyJo HampanboBaHO OOHOBOTO

JIOCBiTy.

dakTopu, BIUIMB SKUX HA KUIbKICTh CaHITAPHUX BTPAT, 33 JAHUMHU EKCIEPTIB, €
HaHCYTTERIIIAM, MpeACTaBlieHi B Ta0uuisx 1-8. Bkasani dakropu i Oyiu
PO3IIISHYTI TiJ] Yac MOJICIIIOBAHHS CaHITapHHUX BTpPAT.

Tabmuns 1. Pos3moxmin 3HadeHs “IHTeHcHBHICTH Oor0” (Battle intensity), mist

BepIIMHU Mepexi baiteca

Ha3ssa crany

[lo3naueHHs CTaHy B MO,I[GJ'Ii

3HaveHHs iiMoBipHOCTI, %

Mana Low 50
Cepenns Medium 30
Bucoka High 20

Tabmuns 2. Posnoain 3nauens “Tum 30poi” (Weapon), 1uis Bepiinan Mepexi baiteca

[To3nauenns Ty 36poi

Tumn 36poi . 3HaueHHs iMoBipHOCTI, %
B MOJI€JI1
BorHenanbHa Firearms 25
Boemnpunacu 06'eMHOr0O Volatile Explosive 25
BHOYXY Ammunition
Bucokorouna 30post Precision Weapons 25
3ananpHi cymini Incendiary Mixtures 25
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Tabmuus 3. Posnoxain 3Hayens “Crymiab Tspkkocti mopanenss” (Injury), mms
BepIIMHU Mepexki baiieca

CTymiHb TSDKKOCTI [To3Ha4eHHs CTYIEHS TSKKOCTI 3HaueHHs
MIOpaHEHHs MOpaHEeHHs B MOJEI1 n“moBipHOCTI, %
Jlerka Easy 28,75
Cepenns Medium 33,75
Baxka Heavy 18,75
Bkpaii Baxka Extremely difficult 18,75

Tabmuns 4. Po3mozin 3HaveHs “3axuct ocoboBoro ckiany” (Personnel protection),
11t Bepnau Mb

Ilo3naueHHs 3aXUCTY

3Ha4YCHHS
3axuct 0coO0BOTO CKIATY 0c000BOTO CKIIAIy N . -
. “mMoBipHOCTI, %
B MOJ€ENl
[NoBHuit (OpOHEKUIIET, KacKa, 3aXUCT Full 40
KiHIIIBOK)
YacTKOBHH (TIIEKH OPOHEKHUIIET YN .
( p Partial 45

Kacka)
BigcyrHiii (Hemae 3ac00iB

ey ( None 15

iH/IMBIIyaJIbHOTO 3aXUCTY)

Tabmuist 5. Po3moisn 3HaveHsb “Yac eBakyarrii” (Evacuation time), st Bepuman Mb

[Mo3HaueHHs yacy eBaKyarii 3HaveHHs
UYac eBakyarii . . . o
B MOJIei iMoBipHOCTI, %
Croeuacua (< = 1 roauna) On time 30
IMomipna (1-3 roaunn) Moderate 45
3amizHo (> 3 roauH) Late 25

Bepmmna «Yac eBakyamii»  BijoOpaxkae, SK IIBHJIKO ITOpaHEHUI
BIMICHKOBOCITY)KOOBEIIb  JIOCTABIIAETHCS 70 Miclsd KBami(ikoBaHOT MeIUUHOT
nornoMoru. BoHa BIuiMBae Ha pe3ynbTaTH (BKIIOYAIOUYH TSKKICTh CaHITAPHUX BTPAT)
1 Moxe mpuiiMaTd WMOBIPHOCTI, IO IPYHTYIOTBCSI Ha pealbHUX abo
nepeadadyBaHUX JOTICTHYHIX YMOBaX.

Tabmuus 6. Po3mozin 3Hauyens “ Meazabesneuenns Ta joricruka ” (Medicine and
logistic), s Bepuan Mb

Tlo3nauenHs
MenzabesneueHns ta 3HaYeHHA
. Me13a0e3neucHHs Ta " . - o
JIOTiCTHKA . . n“MoBipHOCTI, %
JIOTICTUKH B MOJEN]
SkicHe Good 35
Cepenne Average 45
Tlorane Poor 20
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«Menzabe3nedeHHs Ta JOTICTHKa» MPEACTABISE PIBEHh JOCTYITHOCTI Ta SIKOCTI
MEAUYHOT JONOMOTH, BKIIOYAIOUX HASBHICTH MOJBOBUX INMUTAJIB, MEIUKAMEHTIB,
KBaJTi(hiKOBaHOTO IIEpCOHAITY, CaHITApHOI eBaKyalii Ta mocTayaHHsI.

Tabmuns 7. Posmoxin 3madens “Xapakrep ymkomkenb (Type Damage), mis

BepmuHu Mb

XapakTep YIIKOKEHb gﬁiz‘;{?&:}zﬁ?ﬂiﬁ:ﬁy 3HauenHs iMoBipHOCTI, %

T'omosa Head 32

us Neck 1,24
Ipymu Chest 8,94
XKusit Abdomen 5,27
Tas Pelvis 4,14
Xpeber Spine 1,14
BepxHi KiHI[iBKH Upper limbs 18,97
HuxHi KiHLIBKA Lower limbs 28,3

Tabnuus 8. Posmoxin 3nauennr “Jlokamizamis ymkomxkens” (Localization), mis

BepuiuHu Mb

Jlokaunizanist ko pKeHb

TTo3HaueHHs JIoKami3aii
YIIKOJIKEHb B MOJIEIi

3HaueHHs HMOBIpHOCTI, %

I30nb0Bani Isolated 28,76
MHOXUHHI Multiple 24,88
TToennHani Combined 46,36

Tabmuus 9. Posmomin 3mauens “Canmitapui BTpatr” (Sanitary losses), mis

BepmmuHU Mb

. . [To3HaueHHs caHITapHUX . . .
CanitapHi BTpaTi . 3HaueHHs MoBipHOCTI, %
YIIKO/KSHb B MOJE]
Huseki (< 1,5 %) Low 31,7
Cepenni (1,5 — 3 %) Medium 32,5
Bucoxki (3 -5 %) High 23,7
Kpuruuni (> 5%) Critical 12,1

Ha puc. 3 maBenena rTormosoris mo0ymoBaHoi Mepexi baiieca.
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E File Edit Layout Modify Table Metwork Cases Report Style Window Help

1= & oOe N i o] il®
Weapon Intensity Personnel_protection
Firearms 25.0 mm Low 50.0 Full 40.0
Wolatile Explosive Ammunition 25.0 m Medium  30.0 Partial ~ 45.0
Precision Weapons 25.0 m= High 20.0 Mone 15.0m ¢
Incendiary Mixtures 25.0 m= L /
Evacuation_time \ . Medicine_and_logistic
Ontime 300 LIy ool i
Moderate  45.0 jum Easy 287 Average -
Late 26.0 Medium 333 Poor 20.0
- Heavy 18.8
Extremely difficult  18.8
Type_Damage
Head 320
MNeck 124
— Sanitary_losses Chest 8.94
Localization . = 7 Abdomen 507
Isolated 28.5 - - e l—""| Penis 414
Multipl_e 249 ] High 23:? Spine 114
SEVIEET_sGal Critical 12,1 Upper limbs  19.0
Lowerlimbs 28.3 .

Puc. 3 T'padiune mnpencraBmeHHss Mepexi baiieca 1y TporHO3yBaHHS HMOBIPHOCTI

CaHITapHHUX BTPaT

BuxopuctoByroun HMOBIpHICHO-CTaTUCTHYHI MOJIEN, TaKi K MPECTaBIEHO Ha
pHc. 3, MOKHa PO3TIISTHYTH JCKUIbKa CIIEHAPIiB 3MiHH KUIBKOCTI CaHITApPHHUX BTpaT

(tabmn. 10).

Tabmums 10. Ilpuknax cueHapiiB MOJENIOBaHHA 13 BUKOPHUCTaHHSAM HaBeICHOI

Mepexi baiieca

. . o
SIKicTE CaniTapHi BTpaTH, %
InrencuBHicTh | TpUBamicTh | MEIUYHOTO ' ' _ '
6010 eBakyamii | 3a0e3ncueHHS Huspxi | Cepenni | Bucoki | Kpuruuni
ta norictuxu | (€1,5) | (1,5-3) | 3-5) | (>5%)
Maia CaoeuacHa SIkicue 75 20 5 0
Cepenns ITomipHa Cepenne 30 45 20 5
Bucoka 3armizHo IToraune 5 20 40 35
Cepenns 3amizHo Ilorane 10 30 40 20
Bucoka CBoeuacHa SIkicue 20 45 25 10
Mauia ITomipHa Cepenne 50 35 12 3

BukopucTOBYIOUH pe3ysbTaTu CLIEHAPHOTO aHali3y, HaBeneHi y Tadi. 10, MmoxxHa
no0aunTH, IO 3a MO3UTHBHOTO CLEHApilo, KOJIM Maja IHTEHCUBHICTH 0010,
eBaKyallisi 3iHCHIOETHCS BYACHO, XOPOIIA SKICTh MEJAWYHOTO 3a0e3TCUCHHS Ta
JIoTicTHKa, caHiTapHi BTpaTtu OynyTh HalMEHIIMMH. 3a HAHHEraTUBHIIIOTO 3 yCiX
MpeICTaBICHUX CleHapiiB, HAHBHILA HMOBIPHICTB 3pOCTaHHA KiJIBKOCTI CaHITAPHUX
BTpAaT JI0 BUCOKHX 1, HABITh, KPUTHYHUX 3HAYCHB (pHC. 4).
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SxicHe ‘ Cepenne ‘ INorane ‘ ITorane ‘ SIkicHe ‘ Cepenne
CBoeuacHa ‘ IMomipHa 3amizHo ‘ 3amizHo ‘ CBoedacHa ‘ [TomipHa
Mana ‘ Cepenns ‘ Bucoxka ‘ Cepenns ‘ Bucoxka ‘ Maia

Kputnasi (> 5%)

< Bucoki (3 —

5%) = Cepenni (1,5—-3%) " Husbki (< 1,5 %)

Puc. 4. Po3nozin yMOBHUX HIMOBIPHOCTEH CaHITapHUX BTPAT 32 PI3HUX YMOB KOH(IIIKTY

3MOJeMoBaTH CHUTYAIil0 MOJXKHA,

JIONIABIIM  BEPIIMHY, fKa BigoOpaxae

HMOBIpHICTh HACTaHHS 1HBaJIiIHOCTI.
Ha puc. 5 naBenmena Tomosioris moOymoBaHoi Mepexi babieca, sika MOJENIOE
CUTYAIIiI0, 3 K01 MOXKITUBA 1HBAIIITHICTH BiliCHKOBOTO.

@ File Edit Layout Modify Table MNetwork Cases Report Style Window Help

Az | - oO® N il T il%®
Weapon Intensity Personnel_protection
Firearms 250 Low 50.0 |—_— Full 40.0
Volatile Explosive Ammunition 25.0 Medium  30.0 Partial ~ 45.0
Precision Weapons 25.0 High 200 mi None 150m:
Incendiary Mixtures 25.0 \ l
.Evacuﬂtion_tirr'!e \ Injury
Ontime 300 Sanitary_losses Easy 287
poderate 5.0 1= o 377 ] Medium 3238
— = Medium 325 Heavy ) 188
High 237 Extremely difficult 18.8
% Critical 121 ¢
Localization \\
Izolated 285 _— —
Multiple 200 Medlcme_and_loglstlc
Combined  46.4 Good 35.0
Average  45.0
Paor 20.0
Type_Damage \
Head 320
= =
Abdomen  5.27 - o e
Peliis 414 EiEEE 20T
Spine 114 hfiof 208
Upper limbs  19.0
Lower limbs  28.3

Puc. 5. Mepexa baiieca st mporHo3yBaHHS WIMOBIpHOCTI HACTaHHS 1HBAITITHOCTI

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



~ 131~

Ta6muws 11. Posmoxin 3Hagens “VMoBipHicTs oTpuMary inBamiaaicts” (Disability),
75 Bepinan Mb

Ilo3nauenus

HmoBipHiCTb OTpUMaTH . .
HMOBIPHOCTI OTpUMaHHS

3Ha4yeHHs iIMOBipHOCTI, %

AT ARiCTE IHBaJIIIHOCTI B MOZEN]
Hwusbka HMOBIpHICTH Low 75
IomipHa WMOBIpHiCTH Moderate 20
Bucoka fiMoBipHiCTE High 5

Onuc craniB Bepunay “VIMOBipHiCTh OTPUMATH iHBATITHICTE:

1) Huzpka WMOBIpHICTh — SIK TIPABWIIO, 1€ BUIAJKH, KOJIW TOpPAaHEHHS HE €
KPUTHUYHUMH 200 0co0a Mae JOCTaTHBO BUCOKUH piBEHb MEAUYHOTO 3a0€3TCUCHHS,
e(eKTHBHUI 3aXKCT Ta MIBUIKY €BaKyallilo.

2) ITomipHa HMOBIPHICTE — 3a3BUYall [1€ CEPHO3HI TOPAHEHHS, aJie He KPUTHYHI.
Moxe OyTH 3aTpUMKa B €BaKyallii a00 HEIOCTATHS MEIUYHA JIOTIOMOTa, aje IIaHC
Ha IIOBHEC Bi,I[HOBHCHHﬂ 3aJIMIIA€EThCA.

3) Bucoka #MOBIpHICTh — KOJIM TTOPAaHEHHS HAJA3BUYAHHO TSKKi, 1 HMOBIPHICTD
IHBANITHOCTI Jy)X€ BHCOKa Yepe3 Cepilo3Hi YIIKOKEHHS BHYTPINIHIX OpraHiB,
aMITyTallil0, TSDKKI YeperHO-MO3KOBi TpaBMHU Tommo. OKpiM LBOTO, AYyXKE CYTTEBO
BIUTMBAIOTH MPOOJIEMH 3 €BaKyalli€ro abo 3 MeJMYHIM 3a0€31eUEeHHSIM.

Tabmuns 12. Pe3ynmbTatht MOJENIOBaHHA 13 BUKOPUCTAHHAM IPOTIOHOBAHOT
HMOBIpHICHO-CTaTUCTUYHOT MoJieNi — Mepeski baiieca

.. Mennune NmoBipHicTh
Jlokam3anist Tun Xapakrep P
3abe3nedeHHs oTpUMaTu
YIIKO/PKEHb - YIIKO/PKEHHS YILIKO/DKEHb . S
Ta JIOTiCTHKA IHBaJIiIHICTh
[30omp0BaHI SxicHe Jlerka BepxHi KiHIIBKH Huspka
MHoXWHHI Cepenne Cepemus Kugit [MomipHa
TToennani ITorane Bxkpait Baxxka T'omoBa Bucoka
[30np0BaHI Sxicue Jlerka BepxHi KiHIIBKH Huspka
MHOXUHHI Cepenne Cepenns Kusir IMTomipha
TToennani ITorane Baskka T'omoBa Bucoka
MHOXWHHI Cepenne Baxka HrxHi KiHIIBKH ITomipHa
[Noennani Cepenne Bxkpaii Baxxka Xpeber Bucoka

B pesynbrari MojientoBaHHSI OTPUMAaHO Taki ciieHapii. [lepimii crienapiii — jerki
YIIKOJKEHHS (HAPUKIIa[, MOMIKOKEHHS BEPXHiX a00 HIDKHIX KiHLIBOK), IIBUKE
MeIU9IHEe 3a0e3MedYcHHS, 130JbOBAHUN 1 JICTKUA THN YIIKOKCHHS. Y TaKOMY
BHITaIKy WMOBIPHICTh 1HBAITHOCTI Oyne HU3bKOM0. Jpyruii crieHapiit mepenbadae,
mo ocoba MOKe OTPHMAaTH CepelHi YIIKOHKEHHS, 130Jp0BaHi ab0 MHOXHHHI
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1 BUCOKa WMOBIPHICTh 3aTPUMKH MEAMYHOI JOTTOMOTH. 32 TAKUX YMOB, HMOBIpHICTb
IHBaJIITHOCTI 3POCTA€ JIO MOMIPHOTO PiBHA. 32 TPETHOT'O CLIEHAPIil0, 0C00a OTPUMYE
BKpail TSDKKI YIIKO/DKEHHs (TIOIIKO/KEHHST TOJIOBM abo XpeOTa), CUTYyallis
YCKIIATHIOETBCS BIICYTHICTIO MIBUAKOTO HAJaHHSI MEIMYHOI qonomoru. B Takomy
BHIIAJKy PHU3WK IHBAIIAHOCTI Iyxe BHCOKHUA. OTxe, AK IMOKa3adl IMPOBEIeHI
YHCENbHI eKCIIEPUMEHTH, 3alIPONOHOBAHUM MiAXiM MOXKe OyTH BUKOPHCTAHHUN IS
MIPOTHO3YBaHHS CaHITApHUX BTPAT, i HA OCHOBI OTPUMAHOTO MPOTHO3Y — KIIBKOCTI
MMOpaHEeHMX, SIKi 3 BUCOKOIO HMOBIPHICTIO OYAyTh 1HBAJIi JaMHL.

OTke, 3amponoHOBaHa METOAMKA Iepeadadac BUKOPUCTAHHS MaTEeMaTHYHOTO
MOJICJIIOBaHHsI Ta IHTEJCKTyaJlbHOTO aHali3y JaHWX Ha OCHOBI 0ai€ciBCHKOTO
migxoay it GOpMyBaHHS CIIEHAPIiB CUTYyaIliH, SKi TOTEHIIITHO MOXKYTh BUMaratu
3aXO0JliB JIOJaTKOBOTO CKOHOMIYHOTO Ta (DIHAHCOBOTO BILTUBY, PO3POOJICHHS
IMOBIpHHX cCIIeHapiiB pPO3BUTKY CHTyalii Ha CepeJHbO- Ta JOBIOCTPOKOBY
MIEPCTICKTHBY.

Sk moka3zye 3apyOiKHHN MOCBiA, (hOpMyBaHHS BHCOKOTO PIiBHS HAliOHAIBHOI
Oe3meku i 06opoHn YKpaiHu HeMOHBe 0e3 (QYHKIIOHYIOUOi HaJiifHOI crcTeMu
MIATPUMKH TPUHAHATTS YIPABIIHCHKUX PIlIeHb, sKa Ma€ OyTH OaraTopiBHEBOIO 3
BIIKpUTOIO apXiTEKTypOI0, THYYKOI Ta MAacIITa0OBaHOK, MIO 3a0e3meduuTh il
3MaTHICTh BYAaCHO iAGHTH(]IKYBaTH HOBI 3arpo3d 1 BHUKJIHMKH, OINEPATHBHO
OIpaIbOByBaTH iH(OPMAIlF0 Ta HagaBaTH il 3aI[lKaBJICHUM CIIOKMBadaM JUIs
MIPUHHATTS OOTPYHTOBAHUX Ta BUBAKEHUX PIIICHb.

BucHosknu

1. YV nocmimkeHHI pO3TISAHYTO Pi3HI MIXOAWM 1O TPOTHO3YBaHHS KUTBKOCTI
MOCTpaXXIAIMX BHACIIIOK BIfHU Ta caHiTapHUX BTpart. [IpoaHanizoBaHO mepeBary i
HEJIOJIIKY X 3aCTOCYBaHHS y Cy4aCHUX YMOBax. J{Jisi BUKOpUCTaHHS Y TPOIIOHOBaHIH
IHTENIeKTyallbHI CHCTEMI MIATPUMKHA TPUHHSATTS PIllleHh B SKOCTI OCHOBHOTO
THCTPYMEHTY TPOTHO3YBaHHS CaHITApPHUX BTPAT 00paHO WMOBIpHICHO-CTATHCTHYHI
Moeni y popmi mepex balieca, mepeBaroro sikux € Te, 1110 BOHU HE MatOTh OOMEKEHb
Ha 3aKOHU PO3MOLITY 3MIHHHX Ta HE BUMAraroTh TOBHOTH iH(OpMaAIlii.

2. OcobnuBicTIO 1aHOT pO3POOKH € T€, L0 MONEPEIHBO, 3 MHOXKUHHU (DaKTOPiB,
IO BIUIMBAIOTH Ha KUTBKICTh CAaHITAPHUX BTPAT, 0YJI0 BiliOpaHo HAHOIIbII 3HAYHNMI,
BUKOPHCTOBYIOUM SK CTATHCTUYHI JIaHI TOTOYHOI BIfHHW, TaK 1 JaHi TMOIMEpeIHiX
KOH(QJIIKTIB, BU3HAYMBIIHN 3aKOHOMIPHOCTI IOCIi/IKYBaHHUX MPOLECIB.

3. Cy4acHi 030pO€HHSI Ta METOIMKA BEJICHHS OOHOBHX Ji¥ 3HAYHO BIAPI3HIIOTHCS
BiJl momnepeiHiX KOHQUIKTIB. O30pO€HHs cTac Bce OUIBII TEXHOJOTIYHHM, TOMY
KUTBKICTh TSDKKMX IOpaHEHb 3 YCKIAQIHEHHSIMM 3HA4YHO 3pocTae. BinmosimgHo,
WMOBIPHICTh HACTaHHS IHBaMigHOCTI 30UIbIIyeThcs. [llo B momanbmiomy
CIpUYMHITAME 3pPOCTaHHS BHTPAT Ha COIaNbHUH 3axHCT Ta COIlialibHe
3a0e3mneyeHHs 0ci0 3 IHBAIIAHICTIO.

4. B noganpiomy po3poOka Oy/ie JOOBHEHA MOTyJIEM TPOTHO3YBaHHS BUIATKIB
Ha COMIAJIBHUI 3aXHWCT Ta CoOliaNbHE 3a0e3leUeHHs IHBANINIB 3 4YHCTa
BiCBKOBOCITY>K00BLIB. Lle 1acTh MOXKJIMBICTh MJIAHYBaTH BUAATKU Ta PALliOHATBHO
BUKOPUCTOBYBAaTH KOIITH JiepkaBHOrO Orokery 1 [lenciiiHoro ¢ponay Ykpainu Ha
COITIJIBHAIA 3aXWCT Ta COIialibHe 3a0€3MeUeHHS, CIPIMOBYIOUH iX Ha BHPIIICHHS
HaraJpHHX 33/1a4.
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DIGITALIZATION OF PERSONNEL MANAGEMENT PROCESSES
FOR THE POST-WAR RECOVERY OF UKRAINE

Abstract. The effective recovery of Ukraine must be based on harmoniously
combined modern technologies, human resources and strategic planning, which
will allow not only to restore the destroyed infrastructure, but also to lay the
foundation for the sustainable development of the country in the future.

The work is devoted to solving the scientific and practical problem of personnel
management, which takes into account modern processes of digitalization and
the capabilities of network technologies in the selection, assessment and training
of personnel for the post-war reconstruction of Ukraine. The issues of
developing models and tools for personnel management taking into account
modern processes of digitalization and the capabilities of network technologies
in the selection, assessment and training of personnel are considered. The main
goal of the research is to create an automated decision support system for
optimizing the processes of personnel selection and training. For this purpose,
a generalization and systematization of existing models, methods and
approaches in the field of personnel management was carried out, which allows
forming a scientific and methodological basis for increasing the efficiency of
personnel management. The proposed conceptual model ensures a high-quality
level of candidate training, their adaptation and the efficiency of performing the
assigned tasks. A generalized scheme for implementing a personnel selection
system implemented in a web environment has been developed. In the above
scheme, identification is understood as monitoring the user's compliance with
the entered data and visual image.

During identification, data on user behavior (answers, previous training) that
were obtained earlier are pulled up. A correspondence scheme is built that
allows the system to compare information obtained earlier with information that
will be obtained when using the system.

Keywords: information technology, digitalization, conceptual model, automated
system, modeling accuracy, civilian professions, personnel management, post-
war recovery, communication channels.
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[HCTHTYT TenmexkomyHiKalii i riobampHOTO iH(GOpManiiHoro mpoctopy HAH Vkpainm,
M. KuiB, Ykpaina

HU®POBIBALIA ITPOIECIB POBOTH 3 IEPCOHAJIOM
JJIS1 TIOBOEHHOTI'O BIIHOBJIEHHSA YKPAITHU

Anomauin. Y npoyeci sionosnenns Ykpainu 6dice 3apa3 uHUKarOmMs 08a K008I
surauxu. Ilepwuii — 3a06e3neuenHs 8UCOKOKBANIQIKOBAHUMU KAOpaAMU, 30AMHUMU
npaylosamu 3 CYYACHUMU — MEXHONO02IAMU Ol OonepamugHoi  8i00yoosu
npomucnosocmi. Jpyeuti — nepexganigikayis 6ilicbkogux y yusiibHi npoghecii 3
VDaxy6anHAM iXHb020 00C6I0Y, HABUHOK MA BMiHb.
Pobomy npucesueno po3é’sa3annio Hayko6o-npakmuiuHo20 3a60aHH, WO NOJAAE 6
VNPAGNIHHI NEPCOHANIOM, 3 VPAXY8AHHAM CYYACHUX npoyecié yugposizayii ma
MOdHCIUBOCIIEl MepedCcesux MeXHONo2ill y 8i0bopi, oyinyi ma cgepi HAGUAHHA
Kaopig 01 NOBOEHHO20 BiOHOGNeHHA Ykpainu. OcHosHa mema OO0CHIONHCeHHs —
CMBOPEHHsT ABMOMAMU308AHOI cuUceMU NIOMPUMKY piuensb 011 onmumizayii
npoyecis niobopy ma nio2omoexu nepconany. /s ybo2co npogeodeHo y3a2anbHeHHs
ma cucmemamusayiro iCHyroYux mooeiel, Memodig i nioxodis y cgepi kaoposoeo
MeHeOHCcMeHmy, Wo 00360J4€ CQOpMy8amu HAYKOBO-MemMoOuyHy 6azy 0.
nioguwents  egpeKmusHoCmi  YNpageniHHA — NePCOHANOM.  3anpononoeamd
KOHYenmyanbHa mooens 3abe3neuyc AKICHUL pigeHb nid2omoeKu Kanouoamis, ix
adanmayio ma eexmusHicms UKOHAHHA NOCABNIEHUX 3A80AHb.
Pospobneno y3acanvneny cxemy peanizayii cucmemu niobopy nepconany,
peanizogany y eeb-cepedoguwyi. Ha nasedeniti cxemi nio idenmupixayiero
PO3YMIEMbCL  KOHMPOTL  8IONOGIOHOCI  KOPUCIYB8AYA BBEOEHUM OAHUM MdA
sizyanvbHomy 300pascennro. Ilpu idenmugbikayii niomseyiomecs OaHi w000
NOBEOIHKU KOPUCMY8aya (8i0n06ioi, nonepeone NPoX0ONCeHHs: HABUAHHS), AKI O)au
ompumani paniute. Byoyemwvca cxema 6ionogionocmi, saxa 00380J8€ cucmemi
cnigcmasumu  iHgopmayiro, ompumany pauiute, 3 IiHopmayicio, Axa 6yoe
OMPUMAHA Nio 4ac UKOPUCMAHHA CUCTIEMU.
Knouosi cnosa: ingopmayiini mexnonocii, yugposisayis, KomyenmyaivHa
MOOeNb, A8MOMAMU308ana CUcmema, MOYHICIb MOOETIO8AHHA, YUBitbHi npogeci,
VIPABNIHHSA NEePCOHANIOM, NOBOEHHE GIOHOBNICHH S, KAHANU 36 SI3KY.
https://doi.org/10.32347/2411-4049.2025.2.136-142

Beryn

VY mpotieci BiAHOBJICHHS YKpaiHM BK€ 3apa3 BHHUKAIOTH JBa KIIOYOBI BUKJIHKH.
[eprmii — 3abe3nevueHHs BUCOKOKBaITi(hiKOBAHUMH KaipaMu, 30aTHUMH MIPALIOBATH
3 Cy4aCHHMH TEXHOJIOTISIMH JUIS OTIEPATHBHOI BiZIOYJIOBH MPOMHUCIIOBOCTI. Jpyruii —
nepekBaniikamis BICHKOBHX y IUBUIBHI mpodecii 3 ypaxyBaHHAM iXHBOTO
JOCBily, HABUYOK Ta BMiHb, @ TaKOXX BiJTHOBJEHHS NpodeciiHOi KOMIIETEHTHOCTI
CHELIaNiCTiB, SKi BTpaTWIM POOOTy abo TpHUBaIMH Yac HE Mald MOXKJIHMBOCTI
MiABHINUTH KBawidikaiiro vepe3 BiliHy. EdekTnBHa iHTerpamis 1mux HaBUYOK B
EeKOHOMIKY MOTpeOye KOMIUIEKCHOrO MiAXOAy, SKHH BKJIIOYA€ CTBOPEHHS
Jep)KaBHUX Ta NPUBATHUX INPOrpaM MEpPeHiiAroTOBKH, PO3BUTOK iHHOBALIMHUX
TEXHOJIOTIYHUX KJIACTEpiB Ta CIBOPAIIO MDK OCBITHIMH  yCTaHOBAaMH,
TIPOMHCIIOBICTIO Ta MD>KHAPOTHUMH TTaPTHEPAMHU.
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Oco0muBy yBary Cciifi TPUAUIATH CTHMYJIIOBAHHIO MiIIMPHEMHHUITBA CEpel
BeTepaHiB Ta AeMOOiNI30BaHUX BiMCHKOBHX, OCKUIBKM IXHIH JTOCBiJ yHpaBiHHS,
CTpaTeriuHoro IJIaHyBaHHS Ta poOOTH B YMOBax BHCOKOTO CTpecy Moxe OyTH
KOPHCHHM Y IIUBLIEHOMY CEKTOPi. BapTo po3pobnsTu rpaHTOBI TpOrpamMu, CIIPHUATH
PO3BUTKY MaHX 1 CEpeHIX MiAMPHEMCTB, 3alydaTH KOJHIIHIX BIHCHKOBHX /O
peanizaiii iHpPaCTPYKTYpHUX MPOEKTIB, J€ IX OpraHizaiiiiHi Ta TeXHIYHI HABUYKU
OynyTh 3aTpeOyBaHi.

KpiMm Toro, cmig axTHBI3yBaTH MIDKHapoAHE TMAapTHEPCTBO y  cdepi
TEXHOJIOTIYHOTO OOMiHY Ta 3aly4yeHHS IHBECTHLIN A PO3BUTKY KIIOUOBHX
CeKTOpiB E€KOHOMiKM — MamuHOOyayBanusa, [T, eHepretuku, 0OOOpOHHO-
MPOMHCIIOBOTO KOMILIIEKCY.

Otxe, edexTUBHE BiTHOBICHHS YKpaiHM Mae Oa3yBaTHCS Ha TapMOHIHHO
MOEAHAHUX CYYaCHUX TEXHOJIOTiSIX, KaJpOBOMY IOTEHIIialli Ta CTpaTeridHOMY
IJIaHYyBaHHI, [0 JO3BOJISIE HE JIAIIE BiMHOBUTH 3pYWHOBaHY iHQPACTPYKTYpy, a i
3aKJIaCTH (YHIAMEHT ISl CTAIOTO PO3BUTKY KpaiHH B MailOyTHHOMY.

AHaji3 ocraHHiX gochimkeHb i myoaikaumiii. Po3poOka wmojenedi Ta
IHCTpyMEHTaIbHUX 3aco0iB JJII aBTOMATHU30BaHOTO  BiIOOpPY  MEpcOoHATY
TPYHTYETHCSI Ha MIMPOKiil TeopeTndHid 6a3i. JlociiKeHHs] TakWX HayKOBIB, SK
R. Duchessi, D. O'Keefe, V. Kolbjornsrud, M. El Khatib, O'Leary, H. McGrath,
J. Ndiaye, B.M. Mohsen, O. bpinuesa ta A. MaTBili4yK, NMPUCBIYECHI Cy4acCHUM
MmiaxoaaM, MeTronaM i MojemsaM anroputmizamii. Cepen yKpailHCBKHX HayKOBIIIB
3HAYHHUM BHECOK Y IO cepy 3po0HuB JOKTOp TexHiuHuX HaykK A.l. IlleBuenko, yui
JOCII/DKEHHSI TIPUCBSAYCHI BUKOPUCTAHHIO EJIEMEHTIB MITyYHOTO iHTEJEKTY s
VIOpaBIiHHS NEpPCOHAJIOM. 3arajbHa TeHACHLis mudposizauii YKpaiHH BHUMAarae
BIIPOBAJ[)KEHHS PillieHb, K1 HE T03BOJIAIOTH MIATOTOBKY JESKAX KapiB 03 BiAPUBY
Bil poboyoro mporecy. lle BKJIOYae MOMKIMBICTH CaMOCTIHHOTO BH3HAUCHHS
MNpOTaIMH y 3HAHHSX, ONAHyBaHHSA HOBUX HAaBHUYOK, a TaKOX MPOXOJKEHHS
tectyBaHHs. [lofiOHI 3aBIaHHS BXKe peai3yroThCs Ha TTI00ATBHOMY PiBHI, 30KpemMa
koMmmaHiero (Google, ska 1e KiIbKa POKIB TOMY 3alpoBajujia CHCTEMY
iHTepakTHBHUX KypciB. Llg cucrema 3abe3neuye oOTpuMaHHS [HGPOBUX
cepTu(hiKaTiB-«IUIANIOK» (3HAKIB BiAOBITHOCTI) JJIS IMiITBEPIKEHHS YCHIIIHOTO
MTPOXOJKEHHS HABYaHHS, IO J03BOJIsIE (haxXiBIsIM chOpMyBaTH BIaCHY MPOQeciitHy
AHKETY Ta IMiITBEPAUTH KOMIIETEHIIIfO.

Mertow 1iei pobotr € po3poOka Mozeneil Ta 3aco0iB AN yHpaBIiHHSI
MEPCOHANIOM, sIKi BPaxOBYIOTH CydacHi mpouecH Hu(poBizalii Ta MOXKIUBOCTI
MEpEeXKEeBUX TEXHOJIOTiH y BifOoOpi, OmiHII Ta cdepi HABYAHHS KajpiB, 1HIIWHA
THCTPYMEHT JUTs TIOBTOPEHH:I. J{1Ist TocATHEeHHS 11i€1 MeTH HEOOX1HO BUPIIIUTH TaKe
3aBJaHHS:

— y3arajbHUTH Ta CUCTEMAaTH3yBaTH ICHYOYl MOJEI, METOIU ¥ MIAXOAU 0
peanmizamii cucTreMu BigOOpy IHEpCOHATy, Ha OCHOBI 40ro (popMyBaTH HayKOBO-
METOANYHY 0a3y ISl BUPIIIEHHs TOCTaBICHUX 3aB/IaHb;

— PO3pOOHUTH KOHLENTYaJIbHY MOJEJIb aBTOMATH30BAaHOI CHCTEMH HiATPUMKHU
pilieHb JuIs BiIOOPY Ta HaBYAHHS MEPCOHANY, sika 3a0e3rnedye piBeHb IMiATOTOBKH
KaHJIUAATIB, IXHIO 3JaTHICTh 10 ajanrtanii Ta e(QeKTHBHICTh y BHKOHAHHI
MOCTaBJICHUX 3aB/aHb.

O06'exTOM AOCIINKEHHS € ITPOoliec 1HOOPMALIHHUX TEXHOJIOTIH sl yIpaBIiHHS
MIEPCOHAJIOM, sIKi BpaXOBYIOTh Cy4acHi Iporiecy UG poBizaiii.
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Bukiax ocHOBHOT0 MaTepiay 10CTizKeHHS

[Tig gac po3poOku Mofenell Ta iIHCTPYMEHTAIbHUX 3aC00iB ISl IPUUHATTA pillieHb
3 BimOOpy IMepcoHay, sIKi BAKOPUCTOBYIOTh CYYacHI IMiTXOAH, 30KpeMa €IeMEHTH
MTYYHOTO 1HTENEKTy, 3IIACHIOEThCS 30BHINIHINA BIUIMB Ha OO'€KT KepyBaHHS.
VY nanomy Bunaaky 00’ €KTOM KepyBaHHS BUCTYIIA€ caMe TEXHIYHUN IPUCTPIH, KU
peaizye anropuTM Yu TO BiOOPY HEOOXigHOTO (axiBId, YA TO BH3HAYEHHS HOTO
PIBHS MiATOTOBKH 3 HACTYIHUM 3aITyCKOM 3a/1a4i 3 HaBuaHHs. Lli BIumBH Hagal0Th
MOIITOBX CHCTEMi, SK TO3UTUBHHMA, Tak 1 HEraTMBHUH, 00 MOXYTh MaTH
JECTPYKTHUBHUHN XapaKTep, B Pe3yNbTaTi YOTO aNropuTMH (QyHKIIOHYBaHHS MOXKYTh
TTOYaTH MPAITIOBATH HEBIPHO.

[TapameTpu Ha BXxoai 00'eKTa KepyBaHHs 3aBaHTXYIOTh HOTO MOYaTKOBHUI CTaH
i B mporeci (QyHKIIOHyBaHHS MOBHHHI LiJECIPAMOBAHO 3MiHIOBaTHCS a0o
3ajMIaTycs cranuMu. Lle kepoBaHi BEIMYMHY, IO 3aJI€KaTh BiJl BXiJHUX BIUIUBIB.
Hampuxitan, Ha BXOAi 00’€KTa YNpaBIiHHA MOXYTh OyTH BiAeo, TekcT 1 mii
KOPHCTYBaya, a BXiJJHIMH BIUTUBAMU € TaKi (aKTOPH, sIK IBUAKICTH MOTOKY BiJI€O,
napaMeTpu OOMiHY NTaHUMH B MEPEXi Ta MiATPUMKA CHUTHAITY BBEACHOTO TEKCTY 3
knaBiaTypu. KepylodunmM BIUTHBOM B aHAJi30BaHill CHCTEMi € IIBHIKICTH OOMiHY
JaHUMH B Mepexi. TakuM YMHOM, OOMEKECHHSM JIJISl CUCTEM Ii100py Ta HaBUaHHS
KaJpiB € CYKYyIHICTh MapaMeTpiB, IO BKIIOYAIOTh TEXHIUHI XapaKTEPHUCTHKH
KOMYHIKAIliiTHOT TEXHIKH, cepBepa Ta Mepexi. be3 Toro, 3HauymmMu oOMeKeHHIMHI
MOXYTh OYTH €proHOMiYHI (aKTOpH, SIKi CIPHSIOTH MIBHIKOMY CITUIKYBaHHIO
KOPHUCTYBaua.

Buxonsun i3 HaBeAeHWX BUIE HEBUPIIIEHWX IHTaHb, BpPaxyBaTH MOJIOHI
Kepyrodi BIUIMBU, OOMEXEHHS Ta BXiJHI IMapaMeTpyd MOKHa IMPH peaiizamii Takoi
cucreMu y BeO-cepemoBuimli — Ha I[HTepHer-Tuiatdopmi. OmHUM i3 BapiaHTIB
peadizanii Mmoxke Buctymnatu 3D pestome.

3D pestome € HOBHUM MOHATTSM B IPOLEAYpax Migdopy, CEerMeHTalii Ta HaBYaHHi
KajpiB. Xoua JesKi opraHizaiii BKe BUKOPHUCTOBYIOThH 1€l 1HCTPYMEHT, MpOTe
yiTkoro Bu3HaueHHS 3D pestoMe moku He icHye. [IpoTe, BUXOASYM 3 O3HAK
TPUMIPHOTO IPOCTOPY, SK IPEICTABICHHS [IEIKOro 00’€KTa B TPUBUMIpHIH
HexaproBiii cucremi koopawHat [1, 2] Ta TMOHATTS pe3oMe, K JOKyMEHTa IpO
npodeciiiHi TocsarHeHHS 0coOu [3], MoxkHa BuzHaunTH 3D pe3tome sk eNeKTpOHHUH
nokymeHT (Hampukian, HTML nmoxymeHT), skuii mpenctaBise mpodeciiini
JOCSITHEHHST 0COOM B TPHOX BHMipax (IHTEpaKTUBHE IMPEICTABICHHS — TEKCTOBI
JIOKYMEHTH, CITiBOECiIa 3 BiZIC03alMCOM Ta TECTYBaHHS B PE)KUMI OHJIAMH).

Jiis B3aeMoii JIFOJMHY 1 MAIlIMHK 1] Yac MPOXopKkeHHs 3D pe3roMe MmoBUHEH
OyTu po3poONeHM crerianbHuil iHTepdeiic, KUl He JIUIIEe JO3BOJSE BUKOHATH
3aBJIaHHS, a i CTa€ TICBHUM 3aBJJAaHHSIM «HYJILOBOTOY PIBHSI, sSIKE BU3HAYAE 3JIATHICTh
JIIOIMHU 30PI€EHTYBATHCS Ta CIUIAHYBATH €TaIH IIPOXO/KCHHS pe3loMe.

3a OCHOBY pPO3poOKM Takoro iHrepdency KopHcTyBada MO>KHA BHUKOPUCTATH
WIMP (Windows, Icons, Menus, Pointing Device) sik 3aci0 B3aemoii uepe3 BikHa,
MeHio Ta rpadiuni enementd iHtepdeticy 3D pestome. WIMP Hapasi € nemro
3acTapinolo TexHouoriero [4, 5], mpore Aeski eleMeHTH BUNPOOYBaHI 4acoM Ta
HaJiHO 3apeKOMEHIyBalu ce0e y Mpoueaypax HaBYaHHS A 3MEHIIEHHS
KOTHITUBHOTO HAaBaHT@)KEHHs Ha KOpPUCTyBauya B IIepioJ] aKTUBHOIO OTPUMAHHS
3HaHb [6-8].
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[Ipu 3amoBHenHi 3D pe3tomMe KOpHUCTyBad Hece JMEAKE IHTENeKTyalbHe
HaBantaxeHHs (IH) (R x) nipu peanizauii 3anadi R, B cucremi 3D pesiome:

IH(Rx) = Zs(x) Zg(x) Ms(x),9(x) T s(x),9(x), 1)

e: Mg(x) g(x) — KUIBKICTH BUKOHaHMX omepaiiéi g(x), B mpomemypi S(X)
3amaui R,

Ts(x),g(x) — BUTPATH mpaii onepanii g (x) mpouemypu s(X) 3anadi R, B ipoueci i
BUDILICHHS JIIOAWHOK (OJMHMII BHMIPY OOMpAlOTBCS MpU  OpraHizamii
JOCITIIKCHB ).

BusHaunti TE, SKMM YMHOM CHCTEMA, IO PO3POOISAETHCS, MOXKE 3HU3UTH
IHTETIeKTyallbHe HaBaHTaKCHHS BiJ poOOTH, J03BOJISIOUN MOBHICTIO 3aKIIEHTYBATH
yBary Ha BHUpIIIeHHI 3agadi, MoxHa uepe3 mnokasHuk CAIQ, skuii HaOmmxye
PO3yMiHHSI pOOOTH CHCTEMH came 10 MexaHi3MiB poootu 1111 [9]:

_ IH(Ro)—IH(Ry) )
CAlQ = H(Ro)

ne: Ry — nesixa 6asosa peanizaiiis a6o aHaoriuHa CHUCTEMa, 3 SKOK Bi0yBA€ThCs
MTOPiBHSHHSL.
Sk MOXKHa 3a3HAYUTH 3 (2), pe3yIbTaTH MOXKYTh OyTH HACTYITHUMU:

a) IH(R,) = 0, CAIQ=1;
6) IH(R,) = IH(R,), CAIQ =0;
) IH(R,) > TH(R,), CAIQ <0.

[Ipy oTpuMaHHI OCTaHHBOTO PE3YNBTATy CIIifl 3BEpPHYTH yBary, IO peaji3aris

R, e ripmoto 3a 6azosy.

BpaxoByroun THUNOBY cxeMy MpOBEIEHHS NOUIYKYy Yy BeO-cepeqoBHUIi,
BKJTFOYAFOYH JIOTIKO-CEMaHTUYHHM amapaT Iporo mporecy [10], a Takox pobotu
10 opranizaii iHTepdericy kopuctypada [9, 10], MOKHa HaBECTH y3arajibHEHY
CcXeMy peaizallii cUCTeMH Imijg0opy MEepPCOHaIy, peani3oBaHy y BeO-cepe1oBuIlli
(puc. 1).

Ha naBezeniii cxemi iz ileHTH)IKAIIEI0 pO3yMi€ThCSI KOHTPOIIb BiIIOBIIHOCTI
KOpHCTyBaua BBEJICHUM JIAHUM Ta BizyallbHOMY 300paxkeHHI0. [Ipu inenTrdikarii
MiITATYIOTHCS JIaHi MO0 TOBEIIHKM KOpPUCTyBada (BiJIIOBiIi, MOIMEPEIHE
MPOXOKEHHS! HaBuYaHHs), $Ki Oyiau oOTpuMaHi panime. byayeTrbcs cxema
BIJIMOBITHOCTI, sIKa JI03BOJIIE CUCTEMI 31CTABUTH iH(GOpPMAILIiI0, OTPUMaHy paHiliie,
3 iH(opMalii€to, sika Oyj1e OTpUMaHa IiJ] YaC BUKOPUCTAHHS CHCTEMHU.

InenTudikamis Moxe MPOXOANTH SIK 13 BAKOPUCTAHHSM ITiJKa3KH, Tak 1 06e3 Hel.
VY nmepuioMy BHITJKy BiJIOBiIb KOPHUCTYBa4 Ma€ MOXKIHWBICTH BHOpaTH i3
3aIIPOIIOHOBAHOTO CITMCKY a00 BBECTH MOT0 CaMOCTIHHO. Y Jpyromy BapiaHTi
BI/IMIOBIJTHICTh BIATOBIMII TMEPEBIPAETHCA NUIIXOM TOPIBHSAHHS 3 ETaJOHHUM
CJIOBOM 200 XapakTepHUMH KOMOIHAILIsIMH CUMBOJIIB.
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Puc. 1. VY3arajgpHeHa cxema peaiizamii CHCTEMH Mig0Opy MEPCOHANLY, peani3oBaHa
y BeO-cepemoBHIII

SIKI0 BBEZEHE CIIOBO Ma€ BiAMOBITHHN €TaJIOHHUN aHAJIOT, TMPOIIEC Bi3yallbHOT
ineHTudiKamii 3a UM KpPUTEpiEM BU3HAYAETHCS 3aBEpIICHUM. B iHIIOMY BUMAIKy
BIIMOBIJIb HE 3apaXOBYETHCS, IO MOXKE MPH3BECTH O HEBIAJIOrO MPOXOKCHHS
TECTYBaHHsI, a00 KOPUCTYBa4eBi MPOIIOHYIOTH HOBE 3aBJIaHHS JUIS OL[IHKH.

BucHoBku

V3aranpHIOIOYM BHKJIAJCHE, BapTO 3a3HAYMTH, IO CTBOPIOIOYU CUCTEMY Mif0opy,
CerMeHTallii Ta HaBYaHHS Ka/IpiB 3 BAKOPUCTAHHSIM €JIEMEHTIB IITYYHOTO iHTEJIEKTY,
MeTa BXKe 3aKiajieHa y camiil cyTi — 3a JOTIOMOTOr iH(QOPMAIiiHHOI TeXHOJIOTIl
3HAWTH JIIOJMHY, IIO BIJIOBIA€ BCTAHOBJICHUM MpaBHJIaM 31 CIIPOILCHHSM, SKE
CTOCYETbCS BHOOpY MiIMHOXKHHU iHGoOpMalii, IO XapaKTepU3ye IEBHY
CHEHIANBHICTh T4 BUMOTH JIO CIIEIialicTa Ha O3HA4YeHYy IOcajy. 3alHIIaeThCs
OKpECIUTH MHOKHUHY (aKkTiB, IpaBuiia BifOOpPY Ha OCHOBI IMpaBWJI KOMOIHATOPUKH
Ta pealidyBaTH BUAMOBINHUI iHTepdeiic AN BTIJICHHS MEXaHIi3My BBOJY
iHpOpMaIlii, SKUH JO3BOIUTH OTPUMATH HEOOXIHY iHOpMAILito, 10 KO 1 OyIyTh
3aCTOCOBaHi 0OpaHi MmpaBuiIa AJIsl IEPEBIPKH BiAMOBITHOCTI BCiX (haKTiB.
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AUTOMATION OF STANDARDIZED CYBER INSURANCE
PROCESSES

Abstract. The study aims to develop a cyber insurance model that includes the
main requirements of international regulatory documents and provides for the
automation of individual processes of cyber insurance.

The objectives of the study are to analyze existing standards, business processes
of insurance of operational risks in cyberspace, means of automating insurance
processes, forming a profile of cyber risks in the national cybersecurity system,
critical information infrastructure, studying cyber insurance algorithms for their
further automation, and substantiating the use of individual automation tools in
practical activities.

The work contains a review of existing standards and processes of insurance of
operational risks in cyberspace (cyber insurance) and an analysis of cyber
insurance processes using information technologies. The state of the regulatory
framework of cyber insurance in Ukraine is briefly analyzed. The cyber insurance
processes provided for by the International Standard ISO / IEC 27102 Information
Security Management — Guidelines for Cyber Insurance are studied in detail.
Separate means of automating cyber insurance processes are also considered, and
approaches to optimizing their use within the framework of a risk-based approach
to the profile of risks in cyberspace (cyber risks) are proposed.

Analysis of cyber insurance and other preventive methods of reducing risks and
the negative impact of threats in cyberspace indicates an unsatisfactory state of
using such instruments in critical information infrastructure.

The work substantiates and proposes a systemized set of cyber insurance
processes for effective automation of these processes and further practical
application in the design tasks of relevant automated (information and
communication) systems.

The results obtained can be used in cyber insurance scenarios and algorithms.
Keywords: cyber insurance; information security; automation; cyber risks.
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M.M. XyauHnues, O.A. XoMeHKO

[HCTHTYT TenekoMmyHikamiii i TiobampHOTO iH(OpMamiitHoro mpocropy HamionaneHOI
akazeMii Hayk Ykpainu, M. Kuis, Ykpaina

ABTOMATU3ALIA CTAHIAPTU30BAHUX ITPOIECIB
KIBEPCTPAXYBAHHA

Anomauin. OcHo6HOI0 MemOK OOCTIONCEHHSL € PO3POOKA MOOETL KiDepCcmpaxyeanHs,
KA BpPAXOBYE OCHOBHI GUMOZU MIJCHAPOOHUX HOPMAMUGHUX OOKYMEHMIE ma
nepeobavae agmomMamu3ayiro OKpemux npoyecie KibepcmpaxyeauHsi.

3ag0anna OocniddcenHs nonAeaOmv 8 AHAMI3I ICHYIOYUX CMAaHOApmie, npoyecie
CMpaxyeaHHs ONepayiiHux pusuxkie y Kibepnpocmopi, 3acodie asmomamuzayii
npoyecie cmpaxyeauts, opmyeanti npoino KibeppusuKie y HaYiOHAIbHIN cucmemi
Kibepbesneku, Kpumuunitl iHhopmayitiHil ingppacmpykmypi, 00CHiOHCeHHI Aneopummis
KibepcmpaxyeauwHs 3 Memow iX nooanewiol agmomamusayii, O0OIPYHMYEAHHI
3aCmMOCY8AHHSL OKPEeMUX 3aC00ie asmomamu3ayii 8 RpaKmuyHii OBUIbHOCHII.

Poboma micmume 027180 icHylouux cmamoapmie ma Npoyeciq¢ CmpaxyeamHs
onepayiiHux pusuKie y Kibepnpocmopi (Kibepcmpaxy8anHs), a MaKodic anHaliz Rpoyecie
KIOepcmpaxyeauwHs i3 3aCMOCY8aHHsM  IHpopmayiinux — mexnonoeiu. Cmucio
NPOAHANi306aH0 CMAH HOPMAMUBHO-NPABOBOI 6a3u KibepcmpaxyséanHs 6 YKpaini.
Jlemanvro Oocnioxceni npoyecu kibepcmpaxyeanis, nepeddaueni MidcHapoOHUM
cmanoapmom ISO / IEC 27102 Vnpaeninus ingopmayiiinoro 6e3nexoro — Braszigku
wooo kibepcmpaxyeanus. Taxoxc O0ocniodceHi okpemi 3acobu asmomamuzayii
npoyecie  KibepCcmpaxyeauHsi, — 3anponoHo8aHi  nioxoou 0o  onmumizayii  ix
BUKOPUCMAHHS 8 PAMKAX PU3UK-OPIEHMOBAHO20 NIOX00y O npoimo pusuxie y
Kibepnpocmopi (Kibeppusukis).

Ananiz 3acmocy8anHs KiOepcmpaxyeauHts, d MAaKo#C IHUWUX NPEBEHMUBHUX MemoOie
3MeHWeHHs PUUKI6 Ma He2amueHo20 MUY 3azpo3 ) Kibepnpocmopi ceioyums npo
He3a008LIbHULL CMAH SUKOPUCTIAHHS TMAKUX MemoOI6 Y KPUMuyHil iH@popmMayiiHil
inghpacmpyxkmypi.

Y pobomi obipynmosano ma  3anponoHosaHo  cucmemamuzayilo  npoyecie
Kibepcmpaxyeants Onst eqhekmueHoi asmomamu3ayii yux npoyecie ma noodIbuo20
NPAKMUYHO20  3ACMOCY8AHHA 6  3a0a4ax  NPOEKMYBAHHA  GIONOGIOHUX
asmomamu308anux (iHhopMayitiHo-KOMYHIKaYilHUx) cucmem.

Ompumani pe3yromamu MOJ*CHA BUKOPUCHIOBY BAMU 8 ATI2OPUMMAX KIOEPCMPAXY 8AHHSL.
Kniouosi cnosa: «xibepcmpaxysauns, ingopmayitina Oesnexa;, aemomamu3ayis;
Kibeppusuxu.

https://doi.org/10.32347/2411-4049.2025.2.143-153
Beryn

[MuTanHs cTpaxyBaHHS OllepalliiHUX PU3KKIB y KibepripocTopi (KibepcTpaxyBaHHs:)
aKTHUBHO OOTOBOPIOIOTHCS Y HAayKOBiH CHUIBHOTI (OMB., HanpuKiaz, [1-5]). Ase Ha
BiMiHY BiJ HOpMaTHBHUX, TEPMiHOJIOT1YHUX Ta (HiHAHCOBO-€KOHOMIYHHX aCIIEKTiB,
npobiemMa aBTOMaTH3aIlil TPOIIECIB KibepcTpaxyBaHHsI (SIK 1 CTpaXyBaHHS) TiJIbKH
noynHae BUpimwyBatucs. [IuTaHHS  ynpaBlmiHHS  CTPaxOBHMH  PU3MKAMH
nocaimkysanocs K. Binmessmcom, C. BonmocoBuyem, X. ['prorgunrom, JI. KnankiBom
Ta 1H., KiOeppH3MKaMH y CTpaxyBaHHI — TakuMu pocmigHukamu: O. I'ynse,
H. Haraiiuyk, JI. CemiBepcroBa, A.Marotta, R.Bo6hme, A.G. Schwartz,
S. Romanovsky, R.R. Wagner, P. Ilikyc, M. /lyOuna Ta iH., aje, sIK MpaBUiIo, JIUIIE
3 €eKOHOMIYHOT TOYKH 30DY.
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l'octpa motpeba y CTBOpPEHHI HOPMATHUBHOTO MIAIPYHTA JUIS CTPaxXyBaHHS
KiOeppH3HKIiB Tpu3BeNa 10 MOSBH HHU3KH CIELialli30BaHUX CTAaHAAPTIB y Taiysi
CTpaxyBaHHs Ta iHQopmMariitHoi Oesneku [8-17], OCHOBHMM cepel SKHUX €
International Standard ISO/IEC 27102:2019(E) [8]. OcHoBHy yBary ii JOKyMEHTH
MPHUIUISIOT, BU3HAYEHHIO, TIPiOpWTE3allii Ta KaIbKYJMmii KiOeppH3uKiB Ta
IiIBUIICHHIO e()eKTUBHOCTI CTPaxyBaHHSI.

Jlo OCHOBHHMX HOpPMAaTHBHHX JOKYMEHTIB, SIKi HIIIOTh y cdepi cTpaxyBaHHS Ta
KibepcTpaxyBaHHA B YKpaiHi, Hajexxarh LuBinbHUI Komeke Ykpainu (31 3MiHaMu),
3akoHU Ykpainu «[Ipo crpaxysanuss» (2021), «IIpo ¢inancosi mociayru Ta (hiHaHCOBI
kommadii» (2021), ITocranoBu Hanionansaoro 6anky Ykpainu «lIpo 3aTBepmKeHHS
[lomoxeHHs Mpo BCTAHOBIIEHHS KPUTEPIiB, 32 SKUMHU BU3HAYAETHCS MPOQUTH PH3UKY
HajmaBaviB (HiHAHCOBHX TMOCITYT, iX CYyCHUIbHA BaKIUBICTh, Ha IMIACTaBI SKHX
BU3HAYAIOThCs HarsmoBi nii HarioHansHoro ©Oanky Ykpainum» (2023), «[Ipo
3aTBeppKeHH [100XeHHS PO TOPSIOK OOJIIKY CTPaXOBHKOM JOTOBOPIB, ITOB'I3aHIX
31 3miACHEHHSM JisUTBHOCTI 13 CTpaxyBaHHS, Ta BHUMOTH OO 3aXUCTy iH(opmarrii
crpaxoBukay (2023), «[Ipo 3arBepmxenHs [loJokeHHS NPO XapaKTEPUCTHKU Ta
knacugikarliifHi 03HaKH KJIACiB CTPaxyBaHHSA, OCOOIHMBOCTI 3[IMCHEHHS isSUHHOCTI 31
CTpaxyBaHHs Ta YKJIQJaHHsS JIOTOBOPIB 3a KiacamMu cTpaxyBaHHD» (2023). AnHami3
PHHKY CTpaxOBHX IOCTYT B YKpaiHi, CTpaxOBUX PHU3MKiB, iHHOPMAIIfHUX MOTOKIB,
0i3Hec MpOIIeCiB CTpaxyBaHHs Ta KibepcTpaxyBaHHs HaBeneHo B [18-21].

AKTyanbHI TUTaHHS MOHITOPHUHTY Ta YIIPABIIIHHSA KiOeppU3NKaMH, CTpaxXyBaHHSI
Ta KibepcTpaxyBaHHS aKTUBHO OOTOBOPIOIOTBHCS Y CBITOBiH HayKoBid Ta Oi3Hec
CHIIBHOTAX, KUIBKICTh BIAMOBIAHMX MyOJIiKaIiii 3pocTae HaA3BUYAWHO BUCOKHUMH
TemmaMu (IuB. orisau [22-24]).

Bognowac cucremarmzaiis, anropuTMi3allisi Ta aBTOMAaTH3aIlis TMPOIIECIB
CTpaxyBaHHSi ~Ta  KibepcTpaxyBaHHsS  BHACHiIOK  iX  CKIQJHOCTI  Ta
0aratoQakTopHOCTI, IO MiATBEPKY€EThCS YUCICHHUMH aHATITHYHUMH 3BITAMH Y
cepi cTpaxyBaHHsI, 3AIHIIAETHCSA CKIAIHOIO 1 OTHOYACHO 3aTpeOyBaHOI0 HAyKOBO-
MIPAKTUYHOIO 337a4€I0, sIKa TOTPeOye PO3B’ I3aHHS.

ABTOMaTH3allisl OKPEMHX CEpBICIB CTpaxyBaHHsS Ta KiOepcTpaxyBaHHS
peamizoBaHa y iHpopMaIiitHuX cucTemax (TuiaTdopmax) yHpaBIiHHS PU3HKAMH,
CTPaXxOBHMHU IHOAISIMH Ta JOKYMEHTaMH, MAapKETHHIOBUMH Ta CTATHCTUYHUMH
JAHUMH BEJIMKOT KIJIbKOCTI CTPaxOBUX KOMITaHi# (1110 Oy1e MpoaHaii30BaHO HIKYE).

Cranaaptu B cdepi kidepcTpaxyBaHHA

Haiinommpenimi Bu3HaueHHs a00 TpakTyBaHHS KibepcTpaxyBaHHS:

- KiGepcrpaxyBanHs — 11e MexaHi3M 3axUcTy Oi3Hecy Bif (piHAHCOBHX BTpaT,
MOB’sI3aHMX 3 KibepaTakamu Ta BHTOKOM jaaHux (DemepasibHa Toprosa
komicis CIIA / FTC) [25]. Tlomicn MOXyTh IOKPHBAaTH BUTpPaTH Ha
IOPUIMYHUI 3aX¥CT, BIJIHOBJICHHS JJaHUX, KOMIICHCAIIF0 30MTKIB KJTIEHTAM
Ta mTpadu BiJ peryasTOpiB.

- KibepcrpaxyBanus — 1ie piHAHCOBUIT IHCTPYMEHT JIJIsi SMECHIIICHHST pU3UKIB,
OB’ 13aHUX 3 TIOPYILIEHHAMH O€3MeKH JaHUX Ta KibepaTakamH, IKUi crpusie
MiJBUIICHHIO O0I3HAHOCTI KOMIAHIi MpO PU3UKH Ta iX MiHIMi3aIlio
(E€Bpomneiichke areHTCTBO 3 Kibepoesmneku / ENISA) [26].

- KibepcrpaxyBaHHS € KIIOYOBHM €IEMEHTOM CTpaTeTii Kibepoe3neku, ssKuit
JoToMarae KOMIIGHCYBaTH 30WUTKM BiJ aTak Ta MOKPAILUTH 3aralbHUil
piBeHb crikikocTi Kommadii (HarmiomampHUH 1HCTUTYT CTaHOapTiB i
texuomoriit CIITA / NIST) [27].
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Ho cranmapriB (y 1.94. peiimMBopkiB) B cdepi kibepcrpaxyBaHHs, 30Kpema,
HaJICKATh:

ISO/IEC 27102:2019 — Information Security, Cybersecurity, and Privacy
Protection — Guidelines for Cyber Insurance — crammapr ISO, sxuii
MPOTIOHYE BKAa3iBKM MO0 CTPYKTYPYBaHHS TIONICIB KiOepcTpaxyBaHHS,
BKJTIOYAIOYH OLIHKY PU3HUKIB 1 MipKyBaHHsI LIOAO MOKPUTTS MOJIICiB;

EU Cybersecurity Certification Framework (Regulation (EU) 2019/881) —
BCTaHOBITIOE MEXaHI3MH cepTHUdikarii kibepOe3nekn Iy IPOAYKTIB, TOCTYT
i mponeciB IKT, cipsiMoBannx Ha 3a0e3MeUeHHs] CTAHAAPTH30BAHUX PiBHIB
3abe3neyeHHs1 kibepOesneku B €C, akuil Mae BUpilIaTbHE 3HAUCHHS IS
OIIIHKM KiOeppH3HKiB Ta pU3UKIB KibepcTpaxyBaHHS,

ENISA Cyber Insurance: Recent Advances, Good Practices, and Challenges
(November 2016) — omucaHi KJIOYOBI acleKTH KibepcTpaxyBaHHs, Y T.U.
o0i3HaHicTh TIpo Kibeppusukw, perymsaropuuii BiomwB (GDPR, lupexTuBa
NIS, 3 noganemioro iMmuiemenTariero 1o NIS2), Halikpanii MpakTHKH;

NIST Cybersecurity Framework (CSF2) — pexomenpariii 3 KepyBaHHS
pu3MKaMu KibepOe3neKu Ta iX 3MEHIICHHS JJIs BUKOPHCTaHHS B IOJicax
(moroBopax) kibepcTpaxyBaHHS IS OLIHKH CTaHy O€3MeKH opraHi3arii;
Issues Paper on Insurance Sector Operational Resilience (May 2023) —
nokymeHT LlinboBoi rpynu [AIS 3 onepamniiinoi criiikocti (ORTF) mictuth
HATJSIOB] TPAKTHKH MO0 KiOEpBiMMOBOCTIHKOCTI (KiOeppe3MITLEHTHOCTI ),
aytcopcunry mporeciB IT Ta xibepOe3neku, ynpaBiiHHS Oe3mepepBHICTIO
Oi3Hecy (0Oe3mocepeHhO HE CTOCYETHCS KibepcTpaxyBaHHS, aje (aKTUIHO
ONHCY€E KITIOYOBI €JIEMEHTH aH/ICPalTHHTY);

Cyber Essentials Certification Ta Cyber Liability Insurance [28] — cuctema
ceprudikamii  ocHOB  KiOepOe3mekn Ta  KibepcTpaxyBaHHS — Bif
HamionansHoro nentpy kibepOesnexu Benmkoi Bpuranii NCSC Ta #ioro
odimiitHoro maptHepa MixHapomHOoi acorialii Oe3MeYHOro yIpaBIiHHS
nianpuemcteamu IASME.

Amnani3 cranaapTiB Ta ppeMBOpKiB KibepcTpaxyBaHHs CBIUUTH MPO:

BuxopucranHs miAXomiB Ta MoJened OIIHKH PU3WKIB Ta YIpaBIiHHS
TaKUMH PU3HKAMU;

3acrocyBaHHsl KiOEppU3HWKIB, OIEpallifHUX pPHU3UKIB Yy KibepmpocTopi,
(hiHAaHCOBHX PH3HKIB, TOB’S3aHUX 3 WMOBIPHICTIO BTpPaTH TPOIIOBHX
KOILTiB, HEOTPUMAHHAM (HEAOOTPUMAHHSIM) A0XO0iB (IPUOYTKY), 1HIIUMH
30UTKaMHu Ta/ab0 BUTPAaTaMH, BKIFOUAIOYN MOXKITHBI 30UTKH (BUTpATH);
3acrocyBaHHSI OMHCY Ta ICHYIOUMX Kiacu(ikaiiii KiOeppu3uKiB Ta
KiOepiHIMIEHTIB;

BaxumBicTe KIIBKICHOI OLIHKM O€3leKH Ta CTIMKOCTI JIAHIIOTIB
MOCTauaHHS, 3aJy4YCHHS MOCTAYILHUKIB JI0 pearyBaHHS Ha HaJA3BHYAiTHI
nofii (y T.4. y kibepmpocTopi);

3acrocyBaHHS NPUUHATUX MiAXOAIB Ta Mojenedl 1o QopMyiroBaHb
BUKJIIOUYEHb 3 TOJICIB KibepcTpaxyBaHHs, OOMEXKEHHS CyM IOKPHUTTS,
OLIIHKU PU3HUKIB aHJepPauTHHTY;

HeoOxignicte cranmaptusanii mnpoueciB 30opy iHQopmanii, ormiHka
KiOEppU3UKIB  CTpaxyBaJlbHUKA, MIATPUMKH KiOepcTpaxyBaHHS  3a
JIOTIOMOI'OI0  CHCTEM YIpaBIiHHS iH(GOpMaIliiiHO Oe3reKkow, OoO0MiHy
iHpOpMaLliel0 TPO PH3UKH Ta 3acO0M KOHTPOJIO B EKOCHUCTEMi
KibepcTpaxyBaHHS.

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



~ 147 ~

Indopmaniiino-komyHnikaniiini 3acodu kidepcTpaxyBanHs

[IpoBiaHi cTpaxoBi KOMMaHii aKTHBHO BHKOPHCTOBYIOTh CydacHi iH(popMariiiHo-

KOMYHIKaIliitai

TEXHOJIOT1T

Ta I1HCTPYMEHTH I aBTOMaTH3aIlil

MIPOTIECiB

CTpaxyBaHHs Ta KibepcTpaxyBaHHs. ONUC OKPEMUX pillleHb HaBeJeHO Y Tabauyi 1.

Tabmums

[adopmaniiino-koMyHiKamiiHi

KibepcTpaxyBaHHS

3aco0u

CTpaxyBaHHA Ta

Company
(resource)
title

Link

IC instruments

CIM*

Coalition

https://www.coal
itioninc.com/

Active Insurance:

- Cyber Insurance

- Tech Errors & Omissions (EO)

- Executive Risks

- Miscellaneous Professional Liability
Coalition Security:

- Coalition Control

- Managed Detection & Response (MDR)

- Coalition Incident Response (CIR)

- Coalition Security Awareness Training

+++

At-Bay

https://iwww.at-
bay.com/

- Cyber risk calculator

- Primary & Excess Appetite eForm Guide

- Miscellaneous  Professional  Liability
(MPL) Coverage Highlights eForm Guide

- Managed Detection and Response (MDR)
Service Desk

- Broker Platform

Cowbell
Cyber

https://cowbell.
insure/

Adaptive Cyber Insurance (Cowbell Prime
100, 100 PRO, 250, PLUS, ONE)

Adaptive Technology Errors & Omissions
(Cowbell Prime Tech)

Incident Response Plan (IPR) Template

Corvus
Insurance

https://www.corv
usinsurance.com/

Smart Cyber Insurance, Smart Tech EO
(Appetite  Guide, Application, Request
Coverage Form)

Expert incident response
management (eForm)

and claims

++

Beazley

https://iwww.bea
zley.com/

Cyber Customer Centre
- Risk Management Webinars
- Incident Preparation Room
- Port scanning and monitoring
- Free Phishing Test
- IRP Review
Broker Centre
- API Trading
- Cyber Risk Management Tools
- Cyber  Defences with  Managed
eXtended Detection and Response
(MXDR)

+++
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Chubb Individuals & Families Portal
Businesses Portal
) Agents & Brokers Portal
httpsb.é/v(\:/(\;vn\:\;.chu Payment Cepter ++
' Chubb Mobile App
Chubb Cyber Incident Response Team
Report a Claim eForm
AlIG - Cyber Highlight Sheet
https:/imwww.aig. | - AlIG's Cyber Coverages +
com/ - AIG's Cyber Underwriting Application
- Sample Client Cyber Maturity Report
AXA XL - XL GlobalClaim Customer Portal
https://axaxl.com/ | - Design Professional login portal Learning +
Management System (XLDP LMS)
CFC - Cyber insurance private enterprise
Under- https://www.cfcun| application form -
writing derwriting.com/ | - Ransomware calculator
- CFC mobile app for cyber
Liberty . .
Mutual https:/www. libe Liberty Mutual app -
Insurance rtymutual.com/
Berkshire
Hathgway https://bhspecialty. eAppicitionForms 3
Specialty com/
Insurance
Hiscox - Hiscox General Liability
https://www.hisc | - Hiscox Professional Liability +
ox.com/ - Hiscox Cyber Security
- Hiscox Business Owner's Policies
Lloyd's of Member Modeller Software
London Lloyd’s Investment Platform
London Market Introductory Test (LLMIT)
Delegated Authority services (DAS)
- Delegated Contract and Oversight
Manager (DCOM)
- Delegated Audit Manager (AiMS)
- Coverholder Applications (Atlas)
- Lineage
Regulatory reporting
- Market data collections
https://iwww.lloy - Core Market Returns (CMR) it

ds.com/

- Lloyd’s Direct Reporting (LDR)

- SecureShare

- Overseas Reporting Service (ORS)

- Assisting  issuance/print  insurance

documentation MOCHA/DOPRINT

Placing business

- Online business insurance Tool (Crystal)

- Delegated Data Manager (DA SATS)

- Quality Assurance Tool (QA Tool)

- Risk Locator Tool (RL Tool)

- Italian Web Tender Service

- Faster Claims Payment
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Munich
Re

https://www.mu
nichre.com/

eAppicitionForms

Swiss Re

https://www.sw
issre.com/

Swiss Re Surety Client Portal
Property Exposure Management
Sustainability Compass

Supply Chain Resilience

Zurich

https://www.zur
ich.com/

Cyber Resilience and Insurance Services
- Cyber and Data Protection Training
- Audit and Compliance
- Penetration Testing (Ethical Hacking)
- Cyber Toolbox
- Crisis and Incident Management
- Cyber Quantification
My Zurich
- Insurance Management Tools
- Program Status Tracker
- Program Structure Matrix
- Policy & Claims
- Certificates
- Zurich Global
(GPS) Tool
- Risk Management Tools
- Risk Engineering
- Zurich Risk Advisor
- Risk Insights
- Zurich Risk Room
- Zurich Connector API Solution

Program Support

++++

The
Hartford

https://www.the
hartford.com/

Hartford Platform for Producers, Brokers,
Partners & Providers
Hartford Electronic Business Center (EBC)
- EBC Agent Portal
- Commercial Lines Customer
(CLCP)

Portal

++

NAS
Insurance

https://www.na
sinsurance.com/

N/D

N/D

Safe

https://safe.secu
rity/

SAFE One Platform
- Al - Driven UX
- SAFE X
- SAFE Mobile App
- SAFE Dashboard)
- Cyber Singularity Platform
- Cyber Risk Quantification
- Control Prioritization & Rol
- Cyber Insurance Planning
- Materiality Risk Reporting
- Emerging Risks
- Third Party Cyber Risk Management
- Open Analytics Engine
- MITRE ATT&CS
- FAIR
- FAIR CAM
- FAIR MAM
- FAIR TAM

++++
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- Cyber Risk Cloud
- First-Party Business Context
- Third-Party Business Context
- Threat Intel
- Enterprise Security Data
- Compliance and Questionnaire Data

International Cyber Statistic Indicators
Cybersecurity - Suspicious Cyber Event Indicators
University - Network Cybersecurity Indices

- Cybersecurity Indicators

- Key Cyber Risk and Performance Indicators

https:/icu-ng.org - ETSI Information Security Indicators

- 1SO27 Information Security Indicators

- NIST Cybersecurity Indicators

- Cybersecurity  Integration  Maturity
Model Indicators

- Public Cyber Statistics Indicators

* Cyber Insurance Maturity
ABTOMAaTH3aLif NpoueciB KibepcTpaxyBaHHs

AHami3 BOPOBaPKEHUX Yy CBITOBIM TpakThili iH(OpMAIifHO-KOMYHIKAIIHHAX
3aco0iB cTpaxyBaHHSA Ta KiOepcTpaxyBaHHS Ta HOPMAaTMBHHX IIiJICTaB
KibepcTpaxyBaHHsT ~ JO3BOJISIE BHU3HAYWTH OCHOBHI  crenu@iyHi  mpolecH
KibepcTpaxyBaHHs (JOJATKOBO J0 MPOLECIB CTPAXyBaHHs):

- OIliHKa Kibeppu3uKiB (OIliHKa BHYTPIITHEOTO KiOEpPHU3HUKY, OIiHKA 3aCO0iB
KOHTpPOJIIO 1H(GOpMAIliiiHOiI Oe3reku, OIiHKa TMOIMEPEeIHIX Ta MOTOYHUX
KiOep30uTKiB);

- yOpaBliHHS KiOeppu3UKaMu;

- Tumizanis (kaTeropusaiisi) KiOepiHIIUICHTIB;

- yOpaBliHHSA HaciiJkamMu KiOepiHIUIeHTiB (MiHIMI3allis IIKiJJIMBOTO
BIUTMBY, 3a0e3MedeHHs MeXaHi3MiB (iHAHCYBaHHA I BiJHOBJICHHS
30UTKIB, CIPHSIHHA TIOBEPHEHHIO 1O HOPMAaIbHOTO (HYHKI[IOHYBaHHS,
ITiIBUIIEHHS CTIKOCTI CTPaXOBUKA);

- ympaBiuiHHS iHQopManiliHOIO O€3MeKor Mmij 4ac oOMiHY JaHUMH 3
CTPaxOBUKOM;

- yOpaBJiHHSA OJiCOM KibepcTpaxyBaHHS, MATBEPKEHHSIMHU, BUTPaTaMH Ha
pearyBaHHs Ha KiOEpiHIMAECHTH Ta KiOEpCTPaXOBUM HOKPHUTTSIM;

- aHJeppaNTHHT KiOepcTpaxyBaHHS;

- 30ip iHdopmanii 3 inpopmaLiiHUX akTHBIB (pecypciB, 6a3 AJaHUX, CHCTEM,
CHCTEM yHpaBiiHHS iHQOpManiiHO OE3MeK0I0);

- BUKOHAaHHSI 3000B’s3aHb, IIOB’sA3aHUX 3 I1H(OPMALIHHOKW Oe3MeKor0
(obnacte 3acrocyBanns 3 CYIb, nonituku indopmaniiiHoi Oe3neKu, oiHKa
pu3HKiB iH(popMmaiiiHoi 6e3neKky, AeKaaparis Mpo 3aCTOCYBaHH: Ta OLiHKa
edpextuBHOCTI KC3I 260 CYIB, 06po06ka pu3ukiB iHhopMarliliHoi 6e3rekHy,
il iHpopmariiHoi Oe3rekH, J0Ka3h KOMIIETEHTHOCTI IepPCOHAIY,
pe3ynbTaTH OLIHKM Ta OOpOOKM pu3ukiB iH(popMauiiHOI Oe3mexH,
MITBEPIKCHHS]  PE3YNIbTATiB MOHITOPHHTY Ta BHMIPIOBaHb, JOKa3d
IporpaM  ayAWTOPCHKHUX TEPEBIPOK, 1X pPE3yJIbTaTiB, pe3yJbTaTiB
YIPaBIiHCHKOTO aHalli3y, HEBiJMOBIMHOCTEH, MONANBIINX BXHUTUX Iii,
pe3yIbTaTiB KOPUTYBATBHUX TiiA).
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Jis omiHKM piBHS aBTOMAaTH3allii 3a3HAYEHWX TMIPOIECIB IMPOIMOHYETHCS
BUKOPUCTOBYBAaTH TOKa3HUKH 3pisiocTi KibepOesneku (IoMeH KibepcTpaxyBaHHS)
Ta BBECTH y PO3TJISL] iHAMKATOP aBTOMAaTH3allli TpolieciB kibepcrpaxyBaHHs. Lleit
IHAMKATOP 3aJIMINAECTHCA Ha MIOYaTKOBOMY PiBHI HaBITH JJISl TPOBITHUX CTPAXOBHX
koMmmaHiit (auB. Tabauyro 1), B YKpaiHi KibepcTpaxyBaHHS MPAKTUIHE BiCYTHE 1
MOKa3HUKH KibepcTpaxyBaHHA HE BpaxoBYIOThCS Yy (QopMmyBaHHI mpodiniB
KiOeppH3HKiB.

BucHoBku

[IpoanamizoBaHo icHyrodi CTaHAapTH KibepcTpaxyBaHHS, XapakTepHi OizHec-
MpOLIeCH  KiOepcTpaxyBaHHs, 3aco0M aBTOMATH3allii MPOIECIB CTpaxyBaHHS,
dhopmyBaHHs TpodimiB KiOeppu3WKIB A KiOepcTpaxyBaHHS Y KpPUTHUYHIN
iHpOpMaliiiHii iHPpaCTPYKTYpi.

HderanpHO  AochmijpkeHI — mpomecH — KibepcTpaxyBaHHS, — IependadeHi
MixHaponuum crapaaptrom ISO / IEC 27102 VYupasiinas iHdopMaIiiiHO0
Oesnexoro — BkaziBkm momo kibepcrpaxyBaHHs. Takoxk HOCTIKEHI OKpeMi
iHpOpMallifHO-KOMYHIKalliiiHi 3aco0M CTpaxyBaHHS Ta KiOepcTpaxyBaHHS,
3allpONOHOBaHI MiAXOMU 10 ONTHMi3amii X BUKOPUCTAHHS B paMKaxX PH3HK-
OpIEHTOBAaHOTO MiAXOAY IS MPodiTI0 pU3HKIB Y KibeprpocTopi (Kibeppu3uKiB).

3anpornoHOBaHa MOJENh KiOepCTpaxyBaHHS, SIKa BPaxOBYE OCHOBHI BHMOTH
Mi>KHApOJHUX HOPMATUBHUX JOKYMEHTIB Ta Mepeadadac aBTOMaTH3aIlil0 OKPEMHUX
MIPOIIECiB KibepCcTpaxyBaHHS.

AHami3 3aCTOCYBaHHS IPEBEHTUBHUX METOJIB 3MEHIIEHHS KiOEpPH3HKIB Y
KpUTHYHIK 1H(pOpMaliiHii iHQPAaCTPYKTypi CBIMYHTH MPO HE3aJO0BUIBHWUN CTaH
BUKOPHCTAHHS TAKHX METO/IIB.

3anponoHOBaHO CUCTEMATH3aLl 0 IPOLECiB KibepcTpaxyBaHHS y BiIOBIAHOCTI
10 MDKHApOJAHUX Taly3eBHX CTaHAApPTiB 3 MOXJIMBICTIO INPAaKTHYHOTO
3aCTOCYBaHHS B 3aJayaX IPOEKTYBaHHS BIiAMOBIJIHUX aBTOMAaTH30BaHUX
(iHpopMaIliiTHO-KOMYHIKAI[ITHIX ) CHCTEM.

OtpumaHi pe3ybTaTi MOXKHA BUKOPHCTOBYBATH B aJITOPUTMAaX CTPAaXyBaHHS Ta
KibepcTpaxyBaHHS.
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MATHEMATICAL MODEL FOR AERIAL IMAGE DECODING AND
AUTOMATED ANALYSIS OF URBAN INFRASTRUCTURE

Abstract. This study addresses a scientific and practical challenge focused on
improving the monitoring of urbanized areas by utilizing remotely piloted aerial
systems (RPAS) to enhance the efficiency of detecting urban infrastructure objects
(UIOs). The key factors influencing the accuracy and timeliness of UIO
identification based on aerial imagery have been analyzed. The study formulates
the main requirements for the image interpretation process, emphasizing the need
to ensure high levels of detection speed and reliability.

Particular attention is paid to the prospects of automating the recognition of UIOs
using computer vision technologies and deep learning methods based on artificial
neural networks. Within the framework of the research, a conceptual
mathematical model for automated image interpretation is proposed, which
provides for the detection of urban infrastructure objects through computer vision
algorithms implemented via artificial intelligence technologies.

Integration of the developed model into the image processing system makes it
possible to significantly improve the operational efficiency of UIO recognition
while maintaining an acceptable level of interpretation accuracy. The application
of such solutions is particularly relevant for real-time monitoring of changes in
urban development, the condition of transportation infrastructure, engineering
networks, and technogenic facilities. The use of machine learning algorithms not
only facilitates object detection but also enables their functional classification
with a high degree of accuracy.

Implementation of the proposed approach creates prerequisites for the automated
processing of large volumes of visual data, ensuring timely responses to changes
in the urban environment.

Prospects for further work include: accumulation and structuring of a specialized
database of aerial photographs with marked objects of urban infrastructure,
creation of a comprehensive method for automating the decoding of aerial
photographs with its subsequent software implementation, implementation of
comprehensive experimental studies aimed at verifying the effectiveness of the
proposed mathematical model according to the criteria of efficiency and
reliability.

Keywords: information technologies, image interpretation, aerial photography,
geographic information systems, object recognition, aerial data processing,
machine learning.
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[HCTHTYT TenmexkomyHikalmiii i riobampHOTO iH(pOpMamiiHoro Tmpoctopy HAH VYkpainm,
M. KuiB, Ykpaina

MATEMATHYHA MOJEJIb JEHIN®PYBAHHA AEPO®OTO3HIMKIB
TA ABTOMATU3ALISA AHAJII3Y MICBKOI IHOPACTPYKTYPU

Anomayia. Y pobomi po3znanymo Hayko8o-npukiaone 3a60anHsa, Wo NOaAA€ Y
B00CKOHANEHHI npoyecy MOHIMOPUHSY YPOAHI308AHUX MEPUMOPIU  ULIAXOM
BUKOPUCTNAHHA OUCMAHYIUHO Kepoganux aimanvHux anapamie (BIIJIA) 3 memoro
niosuwenHs epexmusnocmi GuasieHHsA 00 €kmie MicbKoi IHpacmpykmypu
(OMI). Ilpoananizoeano ocHo8Hi axkmopu, sAKi 6nIUBAOMb HA AKICMb I
ceoeuacnicms  idenmuikayii  OMI  3a  Oanumu  aepo@omo3suoMKu.
Copmynvosano eumozu 0o npoyecy oOewudpysanus aepoQomo3HimKie 3
ypaxyeauuam HeobXionocmi 3abe3neuenHs GUCOKOI onepamugHocmi ma
0ocmogipHocmi pesyibmamie i0eHmugixayii.
Ocobnugy ysazy npudineno nepcnekmugam asmomamusayii posnisnasanna OMI
3 GUKOPUCMAHHAM MEXHOL02Il KOMN I0MEPHO20 30py ma 2IUbOK020 HAGYAHHS HA
OCHOBI WMYYHUX HEeUpOHHUX mepedc. Y medcax O0CNiONCeHHs 3anponoHO8AHO
KOHYEeNnmyaibHy MamemMamuiny Mooenb agmomMamu3o8ano20 0eumudpyeants, aKa
nepedbauac GusasieHHs 00 '€kmie MiCbKoi IH@pacmpykmypu HA  OCHO8I
aneopummie KOMN'I0MepHO20 30py, WO Ppeanizyiomuci 3acodoamu Wmy4Ho2o
iHmenexmy.
Iumeepayis pospobnenoi mooeni 6 cucmemy 00pobKu 306padiceHb 0A€ 3M0O2y
nioguwumu  pieeHb ~ ONepamu8HOCMi  PO3NIZHABAHHA 00 °ckmis  MicbKol
inppacmpykmypu, 00HOUACHO 30epicaiouu 0ONYCMUMUL Pi6eHb OOCMOBIPHOCE
Ooewuppysans.
3acmocysanns makux piuwenb 0cobIUEO aKmyanvHe O OREPAMUBHO2O
MOHImopuH2y 3MiH  3a06y006u, CmMaHy mMPAHCNOPMHOL iHppacmpykmypu,
iHoICeHepHUX — KOMYHIKayiti ma  mexHoceHHux 00 ’ekmis. Buxopucmanms
aAneopummie MAWUHHO2O0 HABUAHHA 0AE 3MO2Y He Juule 8UABAAMU 00 ckmu, a i
Kaacugpixyeamu ix 3a QYHKYIOHANIbHUM NPUSHAYEHHAM 13 GUCOKUM DIGHEM
moyHocmi. 3a804aKu BNPOBAONCEHHIO 3ANPONOHOBAHO20 NIOX0OY CHBOPIOIOMbCS
nepedymosu 01 a8momMamu3z08aHoi 00poOKU eelukux o06ca2ie 6i3yanbHOl
ingopmayii, wo 3abesneuye onepamugHe pedacy8aHHs HA 3MIHU 6 MICbKOMY
cepedoguuyl.
Kniouoei cnosa: ingpopmayitini mexnonozii, oewmudpyeanus, aepopomosHimxu,
2eoingopmayitini cucmemu, po3nisHasanus 0b ekmis, 00podKa aepohomooanux,
MAuuHHe HAGYAHHS.

https://doi.org/10.32347/2411-4049.2025.2.154-163

Beryn

VY cydacHuX yMoBax OYpXJIMBOTO PO3BHUTKY iH(PPACTPYKTypHU MicTa 3pOCIIO
3HAYeHHsI BifieoiH(popMaIiii, 1o HaaxoauTh i3 60pTiB BITJIA, sk 0THOTO 3 KITIOYOBUX
THCTpYMEHTIB iH(opMariiiiHoro 3a0e3nedeHHs] CTPYKTYpH VYIPAaBIIHHSI MiCHKUM
TOCTIOZIAPCTBOM Ta TIaHyBaHHSM. Lle 3yMOBJIEHO MIBUJIKMUMH 3MiHAMH B MICBKOMY
Cepe/IOBHILI, 10, y CBOIO Yepry, MiABHIIYE BHMOTH JAO aKTyaJlbHOCTI Ta
CBO€YACHOCTI AaHUX, OTpUMaHUX i3 BukopuctanHsM BITJIA. OcobamuBo BaxkIUBO 11e
Ha piBHI OIIEPAaTUBHOTO yIpaBIiHHA, J¢ naHi 3 bITJIA mocimaioTh ogHE 3 MPOBITHUX
MICIIb y cuCTeMi iHPOpMaIiiHOT MiATPUMKH.
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Ha cporomguimHi#i n1eHh THIIOBUMH 3aco0aMu aepo(OoTO3HOMKH € KOMepITiitHi
6esminotHuku cepii DJI Mavic, siki oTpuMany mupoKe pO3NOBCIOIKEHHS 3aBASKA
MOEIHAHHIO XOPOIIMX TEXHIYHMX XapaKTEPUCTHK (30KpeMa OOPTOBHX BificoKamep)
i3 moctymHOIO BaprticTio. 3actocyBaHHS Takux BIIJIA mae 3Mory orpmumyBaTu
iHhopMarito (BimeonoTik, hoTodikcaiiro) 3 BUCOKOIO JIETANTI3aIi€l0, M0 CYTTEBO
Crpusie BHSIBICHHIO 00 €KTIB MIiChKOi iH(pacTpyKTypH, 3paskiB 3a0ynoBu abo
CKym4eHb 00'ekTiB. BomHOUac icHye HA3Ka MTPOOIIeM, 0 0OMEKYIOTh €()eKTUBHICTD
TAKOr'0 3aCTOCYBaHHS, 30KpeMa:

- ToTpeba B IJIAHIIETHUX IPUCTPOSIX i3 BUCOKOIO MPOAYKTHBHICTIO AJIS aHATI3Y
BiJIc0300paXKeHb Y pEaTbHOMY 4aci;

- CKIIaJHICTH imeHTH(}iKalii TakuxX 00'€KTIB OIepaTopoM, 3yMOBJIEHA BILTHBOM
JMIOACKKOT0 YWHHMKa (KBamidikamisi omepatopa, OCOOJMBOCTI Bi3yaJbHOTO
CIPUHHATTS);

- YacoBi 3aTPUMKH MK MOMEHTOM OTpPWUMaHHS JaHuUX Ta ix 0OpOOKOrO,
TIOB’sI3aHi 3 apXITEKTYPOIO CHCTEMH 30€pEeKECHHS JaHUX.

OcrtanHst mpoOiiemMa 3yMOBJIEHa THM, IO iHpOpMaIis, OTpUMaHa Mia dYac
AepOMOHITOPUHTY, 30epiracThcsi He Ha TUTAHIIETI KepyBaHHS, a Oe3mocepeJHhO Ha
OOpTOBOMY  HaKOMUYyBadi  OE3MUIOTHWKA. SIK  HACHiIOK, TOBHOI[IHHE
nemudpyBaHHs aepoOTO3HIMKIB MOKIIMBE JIMIIIE TiCisl 3aBEPIICHHS MOJIbOTY.

VY 3B’513Ky 3 IMM OCOOJIMBOI aKTyalnbHOCTI HA0YBa€ 3aBIaHHS MOIITYKY CYYaCHHX
pillieHb, SKi TO3BONMIN O MiABUIINTH €(PEeKTHBHICTD AemUPYyBaHHS OTPUMaHUX
MaTepiajiB IIIIXOM CKOPOUYCHHS Yacy Ha iX 0OpoOKy.

OTke, BaXKIWBOK HAYKOBO-TIPHKJIAJHOK MPOOJIEMOI €  IIiJIBUIICHHS
OTIePaTHBHOCTI AemnpyBaHHs JaHUX aepOOTO3HIMKIB IMPHU 30€pe’KeHHI BUCOKOTO
PiBHS JOCTOBIPHOCTI BUSBJICHHS 00’ €KTIB MICHKOI iHPPaCTPyKTypH.

AHaJji3 ocraHHiX aochimkeHb i myOsaikamiii. Orjsin OCTaHHIX HAYKOBUX
nyOJTiKalid JIeMOHCTPYE AaKTHBHMUA PO3BHTOK TEXHOJOIIH, CHPSIMOBAaHUX Ha
iABUILEHHS ONEPATHUBHOCTI IOCTAaBKU pe3yibTaTiB, oTpuManux 3 BITJIA. 3okpema,
AKTHUBHO BIIPOB/KYIOTBCSI METOAUM KOMIPECIHHOTO KOJyBaHHS, aITOPUTMH
KJIACTEPHOTO aHajIi3y 300pakeHb Ta IHII MIAXOAM 1O ONTHMI3allil MOJaHHS
KOJOBaHMX JaHMX.

[TapanenbHo, 3 MeTOIO 3a0€3ME€UEHHS] BUCOKOI OCTOBIPHOCTI aepoOTOaHHX,
3aCTOCOBYIOTbCS ~ TEXHOJOTIl  3aBaJIOCTIHKOrO  KOAYBaHHA, a  TaKOX
YAOCKOHAITIOIOTHCS iICHYFOUi METOIM CTUCHEHHS iH(opMaIii.

VY Bumagky po3mi3HaBaHHS OO0 €KTiB MICBbKOI iHQPACTPYKTypH, 3HAYHY
e(EeKTHBHICTh JEMOHCTPYIOTh aJITOPUTMHU KOMII'IOTEPHOTO 30py Ta METOAU
HITYYHOT'O 1HTENEKTy, TMOOyZ0BaHI Ha OCHOBI IITYYHHX HEWpOHHHX Mepex. Lli
TEXHOJIOTI] BXK€ JOCAIIM 3HAYHUX YCHIXiB y LMBIUIBHOMY CEKTOpi, 30Kpema y
BUSIBJICHHI JIFOJICH, TPEIMETIB, TPAHCIIOPTY.

Y 3B’M3ky 3 UM JIOUUIBHUM € BIPOBDKEHHS CYYacHUX METOJIB
KOMIT IOTEPHOT0 30pY, 110 0a3yI0THCsI HA HEHPOHHUX MEpPexkax, y IPOLEC BUSBICHHS
00’€eKTiB MiCbKOi iHQpacTpykTypu Ha aepodoro3HimMkax. [loniOHI TexHOJIOTIT BXKe
AKTHBHO BUKOPHCTOBYIOTHCS B PI3HUX Tally3sX IIMBUILHOTO CEKTOPY (HAIPHKIA,
y MiCTOOYAyBaHHi, MOHITOPHHTY HAaBKOJMIIHBOTO CEpPENOBHINA, CUIBCHKOMY
rOCIOIapPCTBi), MO MIiJKPECIIOE IXHIO YHIBEPCAIBHICTH Ta TMOTEHINAN s
3aCTOCYBaHHS B MiCBKOMY MOHITOPHHTY.

Pazom 3 THM, BHUKOpPHCTaHHS KOMEPIIIHHHMX PIIICHh HA OCHOBI IITYYHOTO
1HTEJIEKTY 4acTo NoTpedye 3HAUHNX (PIHAHCOBUX BKJIJACHBb T4 BUCOKOIPOIYKTUBHOI
obuncIIoBabHOI  1HPPACTPYKTYpU. Y  3B’SA3Ky 3 I[HM  IPOIOHYETHCS
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BHKOPHCTOBYBATH BiIKpUTI (HEKOMEPIIiifHI) TEXHOJOT1i MAITMHHOTO HaBYaHHS, SKi
MOYTh OyTH alaliTOBaHi Ta BAOCKOHAJICHI AJISl MOTPed aBTOMATU30BAHOTO aHAII3y
OTpUMaHHX JaHuX. Lle J03BONUTH CTBOPUTH OCHOBY I peajizaiii cuctem
ABTOMAaTUYHOTO PO3Mi3HABAHHA 00’ €KTIB MICBHKOi 1H(PPACTPYKTYPH 3 MOXKIUBICTIO
MOIAJIBINOT 1HTErpallii B icHyI04i 3aco0u 06poOkH aepoOTO3HIMKIB.

Merta po6oTu. MeToro JIOCTIDKCHHS € BU3HAYCHHsI €()eKTUBHUX TMIIXOIIB [0
aBTOMAaTH3allli Mporecy pO3Mi3HaBaHHSA 00 €KTIB MIChKOI 1H(GPACTPYKTYypH It
T IBUIICHHS MIBUIKOCTI Memur(pyBaHHS aepopOTO3HIMKIB.

O0'ekTOM JOCJAIIKEHHs1 € TpOoIleC BHUSBICHHS Ta Aemu(pyBaHHA 00 €KTiB
MiceKoi iH(QpacTpyKTypH Ha aepo(OTO3HIMKaX, OTpUMaHuX 3a fornomororo BITJIA,
mo BKIOYae 30ip, 0OpoOKy, aHami3 Ta ifAeHTH(IKAMif0 Bi3yaJlbHUX MaHUX, €
0COOJIMBICTIO € BUKOPHCTaHHS KOMII IOTEPHOTO 30py 1 TEXHOJOTIH IITYYHOTO
IHTEJICKTY.

Buxian ocHOBHOro MaTepiajty 10C/IiIsKeHHs

Jus  3a0esmedyeHHs  pe3yJbTaTUBHOI poOOTH  MOnAETl  aBTOMAaTH30BAHOTO
po3mizHaBaHHS 00’ €KTIB MIChKOI iHPPACTPYKTypH Ha aepoOTO3HIMKAX HEOOXiTHO
JOTPUMYBaTHCh HACTYITHUX OCHOBHUX KPUTEPIiB:

1. IligBumeHna  IIBHAKOMISI  TPOIECY  BUSBICHHA OO0 €KTIB  MiCBKOI
iHppacTpykrypu. OnHIEI0 3 KIFOYOBHX BUMOT J0 MOJEN € MiHIMi3amis dYacy
00poOKH BXiAHOTO 300pakeHHS Ais BUsiBIEeHHS 00'ekTiB. Lle (dopmamizyerscs
HACTYIHOIO YMOBOIO, IO BiJloOpakae KOe(illieHT ONepaTHBHOCTI Aemu(ppyBaHHs
(Kom):

K TeTanoH
o= ToakT '

ne: TeTaoH — eTajJoOHHWH (MiHIMaJIbHO AOMyCTUMUI) yac Ha BusBineHHS OMI Ha
aepohOTO3HIMKY;

ThakT — hakTHUHMIA Yyac, BUTPAUYCHUHN 3aIIPOIIOHOBAHOI0 MAaTEMATHUYHOK MO/ICILIIO
Ha BHUABJIEHHS 00'€KTIB.

s 3abe3neveHHsT HEOOXiMHOI HIBHIKO[II, MOBHMHHA BHKOHYBATHCS yMOBa
e(EeKTHBHOCTI, KOE(]IIi€HT ONEpaTHBHOCTI JeMM(pPyBaHHS IOBHHEH OYTH He
MEHIIHM 33 OAUHUIII0, To0TO: Komr > 1.

2. Bucokuii piBeHb TOYHOCTI (IOCTOBIpHOCTi) imeHTH]iKamii 00'eKTiB.
[Toka3HUK JOCTOBIPHOCTI BiZOOpa)ka€ BIJCOTKOBE CITIBBIJIHOIICHHS TMPaBUIBHO
po3mi3HAaHUX OO0'€KTIB 10 3arajbHOi KUIBKOCTI 00'€KTiB, MOJAHHMX IS
nemuQpyBaHHs.

Po3paxyHok BemeThcs 3a (OPMYJIOH, IO BH3HAYAE I1HAEKC JOCTOBIPHOCTI
posmiznaBanus (11op):

NBusBJ_nipaB

Inop=———7-—,
AoPp N3ar 06’ekTiB

ne: NBHSBI mpaB — KUIBKICTH O00'€KTIB MIChbKOI 1H(GPACTPYKTYPH, KOPEKTHO
iIeHTH()IKOBAaHUX MaTEMaTHYHOI MOJICIUTIO HA TECTOBUX aepOOTO3HIMKAX;

N3ar o0'ekTiB — 3arajbHa KUIBKICTh 00'€KTiB MICBKOI  1H(PAaCTPYKTYpH,
MpeJCTaBICHUX Ha TECTOBHUX aepo(OTO3HIMKAX.
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Il 3abe3medeHHS BHCOKOTO PIBHS — JOCTOBIPHOCTI, TaKOXX IIOBHHHA
BUKOHYBAaTHCS YMOBa €(DEKTUBHOCTI, JIe 1HACKC JOCTOBIPHOCTI PO3Mi3HABAHHS Ma€
nepeBuIlyBaTd a0o0 JOPIBHIOBAaTH BCTaHOBJICHOMY MiHIMalbHO JOIYCTUMOMY
nopory (lmop(miH)), 10 BU3HAYAETHCS CHeNH(]iKOIO 3aBAaHh MOHITOPHHTY, TOOTO:
Imop > Imop(Mmin).

3 ornsay Ha Te, o Ha cboronHi npouec BusiBieHHs OMI Ha aepodoTo3HIMKAX,
OTPHMAaHHMX 32 JIOTIOMOTOI0 OOPTOBHX CHUCTEM acpOMOHITOPHHTY, BCTAHOBIICHUX Ha
BIUIA, 3aiiicHIOETBCS TIEPEBAYKHO BPYYHY — TOOTO OIEPAaTOPOM i3 BUKOPHCTAHHIM
BJIaCHOT 30POBOi CUCTEMH, TO MOYKHA CTBEP/KYBATH, 1[0 IIBUAKICTh AN (PPYBaHHS
3HAYHOI MipOIO 3JICKHUTH BiJ] TAKMX YNHHUKIB, 5K:

- piBeHb mpodeciitHol MAroTOBKH omneparopa (MpakTHIHI HAaBUIKH);

- (hiziosorivuHi 0COOIUBOCTI 30py OIEpaTopa,

- TIOTOJTHI YMOBH ITiJT 4ac 3HOMKH;

- mapametpu nonsoty BIUIA (BucoTa, MIBUAKICTH);

- TEXHIYHI XapaKTEPUCTUKU ONTHKO-CIICKTPOHHUX CHCTEM CIOCTEPEIKEHHSI.

Koxen 13 nepeniueHux (pakTopiB YMHUTH ICTOTHUH BIUIMB Ha SKICTh i TOUHICTb
BUSBIIEHHS 00’ €KTiB MIChKOI iH(PACTPyKTypH Ha 300pa)K€HHSX, IO BIUIMBAE Ha
3aranbHy e(eKTWBHICTh aHaNi3y MaHuX JemupyBaHHSA. Y 3B’S3Ky 3 UM
JOLTBHUM € CTBOPCHHS MaTEeMaTUYHOI MOJET, sSiKa TO3BOJHTh aBTOMAaTH3yBaTH
nporiec aemudpyBanHs aepodhoTo3HIMKIB. Takuil miaxia cupusTUMe 3a0€3CUCHHIO
BiJIMTOBITHOCTI MIPOIIECY PO3Ii3HABAHHSA HACTYITHUM KIIFOUOBHM BAMOTaM:

1. IligBuimeHHss WBHAKOAIT igeHTU(IKALIT 00’€KTiB MIChKOI 1HPPACTPYKTypH,
11O OLIHIOEThCS KoedillieHToM nprckopenHs nemmudpysanns (Kop):

TicHyrouuil MeTOx,

Knp = (1)

TaBTOMAaTU30BaHUI MeTOJ,

ne: TiCHyrouHuit MeToT — cepeiHii Yac, HeoOXiqHui s nemmdpyBaHHs 00'€KTIB 3a
JIOTIOMOTOI0 TPAAMIIHHKUX (ICHYIOUYHX, HAPUKIIAI, PyYHHX ) METO/IB;
TaBTOMaTH30BaHMI METOA — 4Yac, BHTPAuYCHHMH Ha NeMHM(PYBaHHS THX CaMHX
00'e€KTIB 13 BUKOPHCTAHHSM 3aIIPOIIOHOBAHOTO aBTOMATH30BaHOTO METOY.

3a3HauMMO, 10 AKTYaJbHICTH I1i€i BUMOTU 3yMOBJICHA CYTTEBUMH YaCOBHUMHU
BUTpaTaMyd Ha aHATITHYHY OOpOOKYy 300pakeHb NpPU BUKOPUCTAaHHI KIIACUYHUX
METOJIB, IO Y PSAAl BUNAJKIB MPHU3BOAUTH 10 BTPATH ONEPATHBHOCTI OTPUMAHHX
JIaHUX.

2. JlocsTHEHHsI 3aJIaHOTO PIiBHS JIOCTOBIPHOCTI BHUSIBJIICHHS 00 €KTIB MiChKOT
1HQPACTPYKTYpH, IO XapaKTepU3y€eThCs KOe]ilieHTOM MiABUIICHHS TOCTOBIPHOCTI
(Kmocr):

DuB

Knoctr = —mMm8 2
A DuinboBoi @

ne: DHB — nocsirHyTHil piBeHb IOCTOBIPHOCTI pO3Mi3HaBaHHS 00 €KTIB MiCHKOI
1H(PACTPYKTYPH 3aIIPOITOHOBAHOIO MaTeMaTHYHOK MoaesuTo (Y BiacoTKax Bif 1);
DuinboBoi — MiHIMaNbHO JONMYCTHMHUH a0o OakaHWil piBEHb JOCTOBIPHOCTI,
BCTaHOBJICHUH AJ15 3aBJaHb MOHITOPHUHTY.

Bapto 3a3HaunTH, 1110 BUKOHAHHS LUX BUMOT € BKpail BayKIIMBUM, OCKIJIBKH Ha
CHOTOAHIIIHIN AeHh Tmporec aemudpyBaHHS aepo(OTO3HIMKIB 3aTHIIAETHCS
TPYAOMICTKHM Ta noTpedye 3HauHOro yacy. Lle cnpuunHsie 3aTpUMKH B OTPUMaHHI
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iH(hopMarii Ta 3HMKYE i1 OmepaTHBHY IMIHHICTh, [0 KPUTHYHO BAXKIIMBO B YMOBAX
HECTaHJAPTHUX CHUTYyallll JMHAMIYHOTO MICBKOTO CEpelOBHUINA. 3a0e3reueHHs
BUKOHAHHS  HAaBEJCHUX BHMOI  IPOIOHYETHCS  peajli3oByBaTH  HUISIXOM
BIIPOBA/DKEHHS CyYaCHHX aJTOPUTMIB KOMIT'FOTEPHOTO 30py B  IIPOILEC
nemmppyBaHHs aepodoTo3HIMKIiB. Takwifi mMigXix TMOSICHIOETBCA THM, IO
3aCTOCYBaHHS QJITOPUTMIB, IMOOYJOBaHUX HAa OCHOBI TEXHOJIOTIH IITYYHOTO
IHTEIIEKTy, CTBOPIOE TIEPEYMOBH JIJIsl 3HAYHOTO MPUCKOPEHHs poaiizHaBanHT OMI
Ha 300pakeHHAX. BogHOoUac epeKTHBHICTD TaKHUX PIIlICHh 0€3IMOCEPETHBO 3aICKHUTh
BiJl 00CATY ¥ SIKOCTI HaBYAJILHUX JIAaHUX: YAM OUIBIIOW € 0a3a 3pa3KiB HiTbOBUX
00’€KTIB, TUM TOYHIIIIE MPAIIOBATUME CUCTEMa Po3Mi3HaBaHHs. JlJis peanizarii el
imei 3a3BWYaii BUKOPHCTOBYIOTBHCS 3TOPTKOBI HEWPOHHI Mepeki B KoMOiHamii 3
QITOPUTMAMH MAIIMHHOTO HABYaHHSI.

Cepen HalillepCHEKTHBHIMIMX I1HCTPYMEHTIB y Wi cdepi ocTaHHIM dYacom
BUAULIIOTRCST  Momenmi  cimeiictBa YOLO (You Only Look Once), sxi
3apeKOMEH TyBaIy ceOe SIK IIBHU/IK1, TOYHI Ta MOPIBHIHO HEBUOATIINBI [T allapaTHOTO
3a0e3neueHHs. 30KpeMa, MOJIeNi 11’ sITol Bepcii Ta ixHi Moaudikamii JeMOHCTPYIOTh
TepeBary y BUTIISII:

- BHMCOKOI IIBHIKOIIT;

- TPOCTOTH BUKOPHCTAHHS;

- HU3BKHMX O0YMCIIIOBAIBHHUX BHUMOT ITiJ] 4aC 00OpOOKH 300paKeHb.

CydacHumu T1utatopMaMu Ui pealizamii TaKuxX alrOpUTMIB BHCTYIIAIOTH
PyTorch ta TensorFlow. 3okpema, PyTorch BinzHa4aeTbest 3pyuHiCTIO, EKOHOMHUM
BUKOPUCTAHHSIM TaM’sTi Ta THYYKICTIO, ToAi sk TensorFlow 3abe3mnedye mupoki
MO>KITUBOCTI MacIITa0yBaHHs, TIATPUMKY TapaIeIbHHX i PO3IMOAIIEHUX OOUHCIICHb.
AHai3 iCHYFOUMX MiIXO/IB Ja€ IMiJICTAaBH CTBEPKYBAaTH, [0 aJTOPUTMH 3 POJIUHU
YOLO € pnieBUM iHCTpyMEHTOM [uis onepatuBHoro BusiBieHHs OMI Ha
300paXKCHHSX, II0 POOUTH iX MEPCHEKTUBHUMHM JUIsl TOJAJBIIOI iHTerpamii B
ABTOMAaTH30BaHUM Tiporiec AemudpyBaHHs aepodoTo3HiMKiB. CTpyKTypHO-
(dyHKIIOHAJbHA CXeMa 3alpOIOHOBAHOT MAaTEeMaTHYHOT MOJIENI aBTOMAaTH30BaHOTO
BUSIBJIIGHHSI 00’€KTiB MICBhKOI 1H(PPACTPYKTypH, 110 BKJIFOYAE TPU OCHOBHI €TaIly,
MpecTaBieHa Ha puc. 1.

Etanu peanizanii moneJi

1-i#1 eTam: miAroToBKa A0 HaBYAaHHS WTY4YHOI HeliponHoi Mepexi (ILIHM).

Ha upomy eram 3xilicHIO€ThCS (QOpPMYyBaHHS HaBYIbHOI BHOIpKH Ta
knacudikaropa 00’eKTiB MichbKoi iH(ppacTpykTypu. ETam BkIrodae Taki KIFOUOBI
CKJIAJIOBI:

- (¢opmyBaHHs 0a3u HAaBYAIBHUX JIAHUX — CTBOPEHHS MaCUBY aepO(OTO3HIMKIB
31 3pa3zkamu 00’ €KTiB MIChKOI IHPPaCTPYKTYpH, SKI MiJISITAI0Th PO3ITi3HABAHHIO;

- (dopmyBanHs KiacudikaTopa MNUTFOBHX O0’€KTIB — BH3HAUEHHS THIIIB
00’€eKTiB (KJIaciB), 1110 PO3Mi3HABATUMYTHCS] HEHPOHHOIO MEPEXKEIO.

VY 3araibHOMY BUTJISIII MACHUB TPEHYBAIBHUX JaHUX 33/Ia€ThCSI BUPA30OM:

Atrain={Al, A2,...,AN},

ne: Atrain — Habip aepoOTO3HIMKIB JJ11 HABYAHHS MaTEMaTHIHOT MOJIET;
N — 3araibHa KUTBKICTh 3HIMKIB y HaBYaIbHOMY Habopi;
Ai — okpemuii aepo(OoTO3HIMOK 3 HabOPY.
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1. ETAII:
NiAroTOBKAa /10 HABYAHHS ITYYHOI HeliponHoi mepexi (LLTHM)

(opmyBanns 6a3u 1aHux (MacuB aepo(OTO3HIMKIB 31 3pazkaMu, 110
TOCTIKYIOTBCS ) AJTsl TIofanbinoro Hasyanus HITHM
Atrain={Al, A2,..., AN}

it

(¢opmyBanna kiaacudikaTopa 00’€KTiB 10CTiTKEHHS
(3pasku OMI)
Ctargets={C1,C2,...,CK}

BukopucTanus wiatrhopmu Roboflow mist minroroeku i ayrmenrarii
JIAHUX

2. ETAII;
HaBuanHua HHTHM pas nocAirHeHHS HeOOXiAHMX MOKA3HUKIB
OIEePATHBHOCTI Ta JOCTOBiIPHOCTI

(hopMyBaHHS BUMOT 710 TTOKa3HUKIB onepaTuBHOCTI (Kom) Ta
noctoBipHOCTi (170p) BUSIBICHHS

1

‘ 00po0OKa Ta ajanTailis TpeHyBajIbHOr0 MacuBy Atrain o hopmary

L

HaBYaHHS MOJIETI /10 BCTAHOBJICHUX IIOPOTOBHUX 3HAYEHb
OTIEPaTHBHOCTI Ta JOCTOBIPHOCTI

KOpUTYBaHHS TapaMeTpiB (KUIBKICTh MO3UIIiH, po3Mip PpeiimiB)

- =

3. ETAIl
OlliHKA e()eKTUBHOCTI MoJeJIi (TeCTYBaHHS)

(opMyBaHHS TECTOBOTO HAOOPY:
Btest={B1, B2, ..., BM}

Il

- OIIHIOIOThCS ~ KUTBKICHI ~ TMOKa3HWUKH  omnepaTtuBHOcTi  Krmp
1 IOPiBHIOIOTHCS 3 TPAAULIHHIMU METOIaMH JeIIU(PpyBaHHS

- OLIHIOETHCSl TOCTOBIPHICTH po3mizHaBaHHS KrocT 1 MOpiBHIOETHCS
3 TPaAUIIIHHUME METO/IaMU e pyBaHHS

Puc. 1. CrpykTypHO-hyHKIIOHAJIbHA CXEMa 3alpOIOHOBAHOI MOJENi aBTOMAaTH30BAHOTO

BusiBnenHs OMI
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OpHUM 3 KITFOYOBHX MIAXOMiB A0 30imbiIeHHs eheKTUBHOCTI (JOPMYBaHHS 0azn
€ ayrMeHTallis JaHWX — METOJWKAa PO3IMUPEHHS BHOIPKM MUITXOM BHECEHHS
TpaHcdopmalliii y 300paxkeHHs (MaciitaOyBaHHs, oOepraHHs). Kiacu 00’e€kTiB
BU3HAYAIOTHCS Y BUTIISI MHOXKHHU:

Ctargets={C1,C2,...,CK},

ne: Ctargets — muokuHa kimaciB (tumie) OMI, 110 miaasraloTh po3mni3HaBaHHIO;
K — KibKicTh YHIKaJIBHUX KJIACIB 00'€KTIB;
Cj — oxpemwii ki1ac 00'eKTiB.

Jua peamizarii mporo eramry JOUIIBHO BUKOopucTaT Tuiatdgopmy Roboflow —
Cy4acHe CepefOBHILE Ul CTBOPEHHS Ta 00pOoOKH HaOOPiB JaHUX KOMIT IOTEPHOTO
30py 3 BIIKPUTHM KOJOM. i 3acTOCYBaHHs J03BOJISI€ 3HAYHO CKOPOTMTH 4ac Ha
MiATOTOBKY sIKicHOT BHOipKH 115t HapuaHHs [IITHM.

2-11 eTan: HaBYaHHS HEHPOHHOI MEpPexi.

MeToto IbOTO eTally € HalalTYBaHHS MaTeMaTHYHOT MOJIENi HEMPOHHOT Mepexi
JUTSL TOCSTHEHHSI HEOOXI1THOTO PiBHS OIEPATHBHOCTI Ta JOCTOBIPHOCTI BHUABIICHHS
nuIb0BHX 00’€kTiB. ETam BKIiIrouac:

- (dopmamizaiito BUMOT JI0 XapaKTEPUCTHK POOOTH MATEeMAaTHYHOI MOJEII:
30KpeMa, 10 Moka3HuKiB onepatuBHocTi (Kor) ta moctoBiprOCTi (IM0p) BUsIBIEHHS;

- 00poOKky Ta ajamTallifo TpeHyBadbHOro MacuBy Atrain mo ¢opmary,
CYMICHOTO 3 BUOpaHOI0 TexHoJoriuHoo miatdopmoro (PyTorch ado TensorFlow);

- Tpolec HaBYaHHS MaTeMaTHYHOI MOJeNi, SKUH TPUBA€E I0TH, JOKU HE Oyxe
JOCSITHYTO BCTaHOBJICHUX IOPOTOBHX 3HAYECHb OINEPATHBHOCTI Ta JOCTOBIPHOCTI.
[Tix yac TpeHyBaHHS KOPUTYIOTHCS TillepriapaMeTpy MOJIENi: KUTBKICTh €M0X, PO3MIp
nakera, crparerii 00pooku 300pakenp Al, A2, ..., AN Ta iHII XapaKTePUCTHUKH
HaBYAJIBHOIO MpOILECY. 3aBeplICHHS eTamy mepeadadae OTPUMAHHS 3BaXKCHHX
napaMeTpiB HEHPOHHOI Mepexi, Mo 3a0e3MeuyrTh BIANOBIIHICTh ILILOBUM
MeTpHuKaM, Bu3HaueHUM dopmynamu Juts Kp ta Knocr.

3-#i etar: oriHKa e(peKTHBHOCTI MOZEIi (TeCTyBaHHS).

Ha 3akimouHOMy erari BUKOHYETHCS Baslifiailis SKOCTI pOOOTH MaTeMaTHUHOI
MOJIeTIi Ha He3aleXHil BUOIPI TECTOBUX JAHUX:

- ¢opmyeTbes TecTOBUI HAOIp:

Btest={B1, B2, ..., BM},

ne: Btest — HaOip TecToBUX aepoOTO3HIMKIB;
M — 3arajbHa KIBKICTh 3HIMKIB Y TECTOBOMY Ha00Di;
Bk — oxpemuit TecToBMit aepoOTO3HIMOK.

- OUIHIOIOTHCA KiNIbKICHI IOKA3HUKH ONEPATUBHOCTI (KOS(illiEHT MPUCKOPEHHS
nemmdpyBanHs, Kmp) BUSBICHHS O00’€KTIB Ha TECTOBHX 300paXCHHAX 1
MOPIBHIOIOTHCS 3 TPAIUIITHUMHI METOZIaMu eI PyBaHHS,

- OUIHIOETBCS JIOCTOBIPHICTH po3mi3HaBaHHSA (KOoe(iLiEHT MiJBUILEHHS
JOCTOBipHOCTI, KIOCT) 32 aHAOT{YHUM IPUHIUIIOM.

3anpormoHoBaHa ~ MaTeMaTH4Ha  MOJETh  aBTOMATH3alii  JAemmQpyBaHHA
aepodoTO3HIMKIB 0a3yeThCsl Ha IHTErpaIlii CydacHHX aJTOPUTMIB KOMIT IOTEPHOTO
30py Ta TEXHOJIOTIH IITYYHOTO IHTEIIEKTY. Ii peastizaiiis T03BOJISIE€ 3HAYHO TTiIBUIIATH
e(eKTHBHICTb PO3ITi3HABAHHS 00'€KTIB MiChKOT iHQPACTPYKTYPH, 30KpeMa 3a PaXyHOK:
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1. CkopoueHHs yacy oOpoOKHu aepo(OTO3HIMKIB;
2. 3HWKEHHS BIUIMBY JIIOACHKOTO (hakTopa;
3. IlizBuIIeHHS  AOCTOBIPHOCTI Ta  TOBTOPIOBAHOCTI  PE3yNbTaTiB
nemurpyBaHHS.
Y BOpoBapKeHHI ITi€] MaTeMaTHYHOI MOJeNi TMOJATae TMOTEHIal CyTTEBOTO
BJOCKOHAJICHHSI Tpolecy aemmdpyBaHHA iH(popManii B yMOBax MOHITOPUHTY
MIiCHKOTO CEpEIOBHIIA.

BucHoBku

VY nmocnmimkeHHI po3po0JIeHO IHHOBAIIHY KOHIENTYalbHY MAaTeMaTHYHY MOJAEIHh
aBTOMarM3alii  Jemu@pyBaHHS ~ 00'€KTiB  MicbKOi  1HQpacTpyKTypu  Ha
acpodoTo3HIMKax. 3amporOHOBaHA MaTeMaTH4YHA MOJEIb, IO 0a3yeThCs Ha
iHTeTparii mepeOBUX aaropruTMiB KOMITIOTepHOTO 30py Ta LI 3 BigkpuTiM KomOM,
3a0e3redye 3HAYHE MiJABHUINEHHS OMEPaTHBHOCTI PO3IMi3HABAHHA 0€3 JAOAATKOBUX
(iHaHCOBHX BHUTpAT.

OCHOBHOIO HAYKOBOIO HOBH3HOIO € MOOYZI0Ba MOJIENI, sIKa BPaXOBYE CHEIUPiKy
ypOaHi30BaHOTO CepeloBUIla Ta JO3BOJNSIE B aBTOMAaTH30BAHOMY PEXKHMI
po3mi3HaBaTH O0’€KTH pi3HOrO (YHKIIOHATBHOTO TNpHU3HAYCHHS (KUTIIOBY,
TPaHCHOPTHY, iH)KEHEPHY Ta KOMYHaJbHY iHPPACTPYKTYpy) — 3 BUCOKUM DPiBHEM
nocroBipHOCTi. CdhopMynboBaHo 0a30Bi BUMOTH IO CHCTEM nemmdpyBaHHI B
YMOBax BHCOKOI MIHJHMBOCTI MiIChKOTO JlaHAmMAa(pTy, a TaKoX pPo3po0JICHO
CTPYKTYpHO-(QYHKIIIOHATIBHY CXEMYy peaji3allii Mpolecy HaBYaHHS Ta TECTyBaHHSI
MITYYHOI HEHPOHHOT MEpEXKi.

BukopucraHHs aaHOi MOJENi CTBOPIOE TEPEIyMOBH JUIS BIPOBAKEHHS
ABTOMATHU30BaHUX CHCTEM MOHITOPHHTY MICHKOT'O CEPE0BUINA, 3JATHUX CBOEYACHO
BUSIBJIATH 3MiHM 3a0y/IOBH, BUSBIATH MOTEHIIHHI TOPYIIEHHS B iHPPacTPyKTypi,
a TaKOX MiATPUMYBATH NPUHHATTS PillIeHb y cepi MICHKOTO YITpaBIliHHS, O€3MeKH
Ta pearyBaHHs Ha HaJ[3BUYaiHI CUTYyaIl].

[lepcniekTrBH MoanbIIOl pOGOTH BKITFOYAIOTh:

1. HakonmueHHS Ta CTPYKTYpH3alil0 CIeliali3oBaHoi 0a3um  JaHUX
aepodOTO3HIMKIB 3 MapKOBAaHUMH O0'€KTaMH MIChKOI 1H(QPACTPYKTYpH, IO
BpPaxoBYyBaTUME TUHAMIKY Ta OCOOJIMBOCTI Cy4acHOTO MiCBKOTO PO3BUTKY;

2. CTBOpeHHS  KOMIUIEKCHOTO METOay aBTOMaTH3alii  JemudpyBaHHS
aepoOTO3HIMKIB 3 IMOAAJBIIO HOro MPOTPaMHOI0 peai3alli€ro;

3. 3nilicHeHHs BCeOIUHMX EKCIIEPUMEHTAIILHHUX JIOCIIKEeHb, CIIPSIMOBAaHHUX Ha
BepHdikallito e)eKTUBHOCTI 3aIIPOIIOHOBAHOT MATEMATHYHOT MOJIEII 32 KPUTEPIAMHU
OTIEPAaTUBHOCTI Ta JOCTOBIPHOCTI.
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INFORMATION TECHNOLOGIES
FOR DECISION SUPPORT SYSTEMS
IN REGIONAL DEVELOPMENT MANAGEMENT

Abstract. The paper is devoted to the current scientific and applied problem —
development of information technologies to support decision-making in regional
development management. The proposed information technologies are intended
for use in state and public administration systems. They can be used separately,
but to increase the efficiency of their use, it is proposed to combine them in a
single information system for regional development management. The proposed
information technologies combine methods of extracting, storing, collecting and
processing structured and unstructured data, mathematical modeling, methods
of intelligent data analysis, scenario analysis, cognitive modeling, artificial
intelligence, geoinformation technologies, information protection tools, etc.
The implementation of such a system will improve the quality of governance at
the level of regions and communities, will allow optimizing analytical processes
on the ground, reduce costs for the digitalization of regions, will contribute to
the establishment of feedback between regions and the state and between society
and the state.

To build and deploy the system, it is proposed to use the Oracle hardware and
software platform, which will allow implementing the network-centric concept
of the system, solving problems of interoperability and processing large data
sets.

To implement the analytical component of the system, in addition to Oracle Bl,
SAS Institute software was used. Thanks to this, a powerful adaptive data
processing subsystem was created, a wide range of models can be built. SAS
Institute software integrates well with various development environments,
including those available in the public domain, which allows you to expand the
system by developing your own modules, in particular, using the Python
programming language.

It is envisaged that the system will be scalable. Taking into account the specifics
of the system's purpose, a comprehensive information protection system with
confirmed compliance is envisaged.

In the future, the system can be expanded by adding new mathematical models
and their ensembles, geospatial information processing tools, and artificial
intelligence.

Keywords: decision support system, regional development, information
technology, data processing, network-centric approach.
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T.I. IIpocsinkina-Kaposa

[HCTHTYT TenmexkomyHikariit i riobampHOTO iH(pOpManiiHoro mpoctopy HAH Vkpainwm,
M. KuiB, Ykpaina

IHOOPMALIIHI TEXHOJOI JJIsl CACTEM NIATPUMKH
MPUHSATTS PILIEHD B YIIPABJIIHHI
PETTOHAJIbHUM PO3BUTKOM

Anomauin. Cmamms npucesueHa axKmyaibHill HAYKOB0-NPUKIAOHIN npodiemi —
PO3pOOIEHHIO  THOPMAYITIHUX MEeXHONI02I NIOMPUMKY NPULIHAMMSA  pilleHb 8
YNpaeninKi pelioHanvHum pozsumkom. IIpononosani ingopmayilini mexnonozii
npusHayeHi 00 GUKOPUCHAHHA Y CUCIEMAX O0epicagHozo ma nyoniuHozo
ynpaeninua. Bouu mooxcyme Oymu euxopucmawni oxpemo, ane Ons NioSuujenHs
epexmusHOCmi  IX 3ACMOCY8AHH 3ANPONOHOBAHO NOEOHAMU IX Y €OUHIll
iHGhopmayitinill cucmemi YnpasninHs pe2ioHatbHuM possumkom. I[Ipononoeani
iHGhopMmayitini mexHoN02ii NOEOHYIOMb Memoou 6Ud00y8aHHs, 36epieants, 300py
ma obpobieHHs CMPYKMYPOSAHUX | HeCMpPYKMYpOGAHUX OAHUX, Mamemamuyme
MOOENIOBAHHSA, MemOoOU IHMEIeKMYaIbHO20 AHANIZY OAHUX, CYEHAPHUL AHALI3,
KOZHIMUGHe MOOeN08AHHS, WMYYHUL [HMeNeKm, 2eOiHpopmMayilini mexHonozii,
3acobu 3axucmy ingopmayii mowo.

Bnposaoocenns maxoi cucmemu nioguyums saxicmo ypsaoyeanHs Ha PieHi pecionie
ma epomad, 00380aUMb ONMUMIZY8AMU AHATIMUYHI RPOYECU HA MICYSX, SHUSUMU
sumpamu Ha Yupposizayilo pezionis, cnpusmume HAIA200NCEHHIO 360POMHO20
38 SI3KY MIJIC peioHaAMU Ma 0epIIcagor0 ma Midc CyChilbCMEoM ma 0epicasoio.
Jna nobyoosu ma pozeopmanHs cucmemu NPONOHYEMbCA BUKOPUCTNOBYBAMU
anapamno-npozpamuy — niamgpopmy  xkomnanii  Oracle, sxka  0o3601umo
peanizysamu mMepexceyeHmpuyty KOHYenyilo cucmemu, Supiuumu npoodremu
inmeponepabenbHocmi ma 00poOAEHHS 8ETUKUX MACUBIE OAHUX.

Jna peanizayii ananimuunoi cknadogoi cucmemu, kpim Oracle Bl, suxopucmaro
npoepamue 3abesneyenns xomnauii SAS Institute. 3aedsxu uomy cmeopero
HOMYJICHY a0anmuery niocucmemy oopobients 0anux, noby0osano wupoke Kouo
mooeneil. [lpoepamne 3abe3neuenns SAS Institute 0obpe inmeepyemucs 3 pisHUMU
cepedosunuiamu po3pooienHs, 8 MOMY YUCHL, HAAGHUMU Y BIIbHOMY OOCHIYAI, WO
00360/1€ PO3WUPIOBAMU  CUCIEMY, PO3POOIAIOYU  GIACHI MOOYIL, 30Kpemd,
BUKOPUCMOBYIOUU MOBY npocpamysanns Python.

Iepedbaueno, wo cucmema macumabyeamumemscs. Bpaxogyiouu ocobaugocmi
NPUSHAYEHHA CUCMeMU, NepeddayeHo HAABHICINb KOMNIEKCHOT CUCeMU 3aXUCy
ingpopmayii 3 niomeepoicenoio 8i0N0GIOHICMIO.

Kniouosi cnosea. cucmema niOmpumxu nputimamms pilleHb, pecioHalbHUlL

PO3BUMOK, HOpMAYTUHA MEXHON02ISA, 00POONEeHH OAHUX, MePeICeyeHMPUYHULL
nioxio.

https://doi.org/10.32347/2411-4049.2025.2.164-184
Beryn

Perionanpuuii pO3BUTOK, $K 3a3HavaeTbcs B 3akoHi Ykpainm «IIpo 3acamu
JIepKaBHOI perioHaIbHOT MOMTHKK» [1], e — MpOoIeC COIlaIbHUX, eKOHOMIUHUX,
€KOJIOT1YHUX, TYMaHITAPHUX Ta 1HINUX TO3WTHBHUX 3MiH y perioHax. «Pedopma
MICIICBOTO CaMOBpSAyBaHHS Ta TEPUTOPIAIbHOI OpraHizamii Biagu Ha 3acanax
JeTeHTpaltizarii, ska YCIINTHO peami3yeThes, mounHatoun 3 2015 poky, cTBopmia
HOBI MOKJIUBOCTI JUTsI PO3BUTKY TePUTOpiaTbHUX TpoMaa. HoBuit aqMiHiCTpaTHBHO-
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TEPUTOPIATEHUN yCTpili Ta OIOKETHA MEIECHTpali3allisl 3HAaYHO ITiIBHIIUIH
CTIPOMOJKHICTB MiCIIEBOTO CAMOBPSIAYBaHH», SIK 3a3HaueHO B KoHuemnmii aep:xaBHOi
perionansHoi momituku [2]. Pedopma menentpamizamii cnpusiia He Juine
MTOCHJIEHHIO (hIHAHCOBOI CITPOMOKHOCTI MICIIEBOTO CaMOBpSIAyBaHHS, a W 3MiHI
aIMIHICTPATHBHOTO YCTPOIO, MiAXOMIB IO YIPABIIHHSI PETiOHAMH Ta TPOMAalaMHU.
JlocuTh BUCOKHMMHU € TEMITH MyHIIUNAIBEHOI KOHCOMIAALl, [0 Ja€ TEPUTOPiaIbHUM
rpoMazaM MOXKJIMBICTB 10JaTu 0araTo BUKJIMKIB, JOCBIAY ONPALFOBAHHS SIKMX BOHH
e JoHenaBHa He Maind. HacTymHuME Kpokamu pedopM, SK Ie mependadeHo y
JlepxaBHiit ctpaTerii perioHaibHOrO po3BUTKY Ha 2021-2027 pp. [3], € po30ynoBa
CHUCTEMH CTPaTeridYHOro IUIaHYBaHHS, 1HBECTHLIHHOrO 3a0e3levyeHHs Ta
(hiHaHCYBaHHS PETiOHATHLHOTO PO3BUTKY. P03B’s3aHHS BKa3aHUX 3amad MOTpedye
uudpoBoi TpaHchopmamii Ta UUPPOBOrO PO3BUTKY, SKI TaKoX BU3HAUCHI
NPIOPUTETHUMHU HANPSIMaMH JICP)KaBHOT PErioHaIbHOI MOMiTHKY [4].

Y Oimpmocti obnacteld Bxke po3poOiieHi W BIPOBaIPKYIOTHCS 3aXOIH,
repeadadeHi y mporpami iHdopmaTHu3allii, mpaioe cuctemMa e-ypsayBaHHS. Ha
noyatky 2024 poxky Npe3eHTOBaHO TECTOBY Bepcito €amHoi reoindopmariiHoi
CUCTeMH 3MIiiCHEHHS MOHITOPHHTY Ta OI[IHIOBaHHS pPO3BUTKY pETIOHIB i
TepUTOpiaTLHUX TpoMar [5].

Hudposa Tpancopmaliisi Ha MiCHEBOMY Ta PETiOHAILHOMY DPIiBHIX TPHBAE.
Binbmiicts o0acTei Bxke npe3eHTyBalIM porpaMu inopmaru3saiii. OcHOBHA yBara
TIpUAiIeHa 3OIHCHEHHIO MOHITOPHHTY Ta OIIIHIOBAHHIO PO3BHUTKY PETIOHIB 1
TEPUTOPIATILHUX TPOMAJTY, €-ypsITyBaHHIO, 0OCITyTOBYBaHHIO HACEJICHHSI.

Mano yBarm mNPUAUICHO THTAaHHSIM aBTOMATH3allii MPOIECIB IIATPUMKH
MPUAHATTS ~ pillleHb, oOpraHizamii iHGOpMaIiiiHOi  B3aeMOJii  MICIIEBOTO,
PETiOHANBEHOTO Ta JIEP’KaBHOTO PIBHIB, Y3TO/DKEHHIO iH(OpMaIiiHO-aHATi THIHOI
po0OTH, PO3POOJICHHIO €IMHOT KOHIIETIIIT 300py Ta HaKOMMYESHHs 1H(QOpMAIIii 111010
COLIIAJIbHO-CKOHOMIYHOT'O PO3BUTKY TpoMajl Jijisi 3a0e3MeuYeHHsT KOMIUIEKCHOTO,
CHCTEMHOTO MiJIXOMy 10 IUIaHYBaHHS, NMPOTHO3YBAaHHS, HPUHHATTS pILICHb Ta
aHammizy iX e(eKTHBHOCTI AJisi 3a0e3MEeUeHHs CTaJloro PErioHALHOTO PO3BUTKY.
Oo6mnacHi nporpamu iHGopMaTu3ailii po3po0JIIOTECS, BUXOIIYH 3 TEPIIOYSPrOBUX
mpoOyieM perioHiB, 3 YypaxyBaHHSIM HasBHUX (DIHAHCOBHX Ta TEXHIYHUX
MOXITMBOCTEH 100 X peamizamii. OqHaK, 32 TAKOro X0y, PEriOHH MaTHMYTh
TEXHOJIOTIYHO Pi3Hi mIaTdhopMu, pi3HHH HaOip BUKOPHUCTOBYBAHOTO MPOIPAMHOTO
3a0e3redyeHHs, opraHizaiito 30epiraHHs JaHuX Ta 3HaHb TOmO. Bce 1ie 3HA4YHO
3HWKYE 1HTepoIepadenbHiCTh iHQOpMaiHUX TEXHOJIOTIH, 10 BIPOBAIKYIOTHCS,
3HWKYE MMOTEHIIHHI MOKIIMBOCT] MaciiTabyBaHHS TAKUX CUCTEM.

Tomy, y naHiif poOOTi 3apOIIOHOBAHO METOIUKY PO3POOIICHHS iHPOpMAIiTHIX
TEXHOJIOT1H, NPU3HAUCHUX 10 BHUKOPHCTaHHSA Y CHCTEMax MiATPHUMKHA IPUHHATTS
pillleHb sIK Ha PiBHI PETrioHY, TaK 1 HA PiBHI TepUTOpianbHOI rpoMaan. [IponoHoBaHa
METOJIMKA BUPI3HAETbCS  QIANTHBHICTIO, MAacCIITa0OBaHICTIO, ypaxyBaHHIM
HEBU3HAYCHOCTEH PI3HUX THIB Ta MOXJIHMBICTIO OCTIDKEHHS EKOHOMIYHHX,
€KOJIOT1YHUX, COLiaJIbHUX YHMHHHKIB, 110 BIUIMBAIOTh HAa PO3BUTOK TPOMaa Ta
PETIOHIB, Ta OCOOIMBOCTEH YIPABIIHCHKUAX Ta 1HPOPMAIIHUX 3B’S3KIB HAa Pi3HHUX
PIBHSX YIIPaBIiHHS CHCTEMH «JI€pXKaBa-pPerioH-rpoMazay, K B yMOBax BiifHH, Tak 1
y TepioJ MOBOEHHOrO BigHOBIECHHS. OCHOBY MpPONOHOBaHOI iH(opMamiiHOl
TEXHOJIOT1] CTaHOBJIATH Cy4acHi 3aco0m 300py Ta OOpOOJICHHS HaHWX, METOIH
IHTEJICKTyJIbHOTO aHaNi3y MaHWX, MaTeMaTHYHI MOJIENi, INTYYHHHA IHTEJEKT,
METOAM MiATPUMKHU NPUHHATTA PillICHb.
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3Bakarouu Ha Te, 1o iHPOpMAaTH3AIIis PETiOHIB Ta TPOMaJl TPUBAE, TOTPiOHI HOBI,
HAYKOBO OOTPYHTOBaHi MiAXOJH A0 PO3POOJICHHS CHCTEM MiATPUMKHA MPUHHATTS
pimens. Tema poOOTH € aKTyabHOI0, Ma€ MPAKTUUHY LIHHICTh Ta HAYKOBY HOBU3HY.

ITocTanoBKa 3aaa4i

Mertoro poOOTH € PO3pOOICHHS METOAOJIOTIi CTBOPEHHS 1H(MOPMAITIITHOT TEXHOJIOT1 1
AQHATITUYHOI CKJIAJOBOi CHCTEMH IMATPUMKH TIPHUUHATTS PIIICHb YIIPaBIiHHI
perioHoM ans 3a0e3nedyeHHs] PerioHaJbHOro po3BUTKY. OCHOBY wi€l TeXHOMOTIT
CTaHOBJISITH HOBI iH(hOpMaiiiHi TeXHOJOT1I 300py, 00pOOKH, HAKOMTUYEHHSI BETMKUX
00CATIB CTPYKTYpOBaHOI Ta HECTPYKTYpOoBaHOi iH(popMaIllii, MaTeMaTHdHI MOZEITI,
METOAM  IHTENEKTyaJbHOrO  aHali3dy JaHuX Ta IOTYYHOTO  IHTEJCKTY,
BUKOPUCTOBYBaHI y CKJIJl €IWHOI aJalTHUBHOI iHTepornepadeinbHOl aHaTiTHYHOL
miatdopmu, ToOYI0BaHOT HA OCHOBI MEPEKETICHTPHUYHOTO MiIXO0/IY.

3amadi OCIiAKEHHS:

- BHUKOHATH OIISA[ CyYacHHMX MiJXOJiB, IO 3aCTOCOBYIOTBCS B paMKax
urpoBoi TpaHCPOpMaIlii pETiOHIB Ta TpoOMa;

- TpoaHali3yBaTH OCOOIMBOCTI OpraHizallii B3aeMOMii CKIAZOBUX CHCTEMH
YIIPaBITiHHS PETiOHAILHUM PO3BUTKOM, 3alPOIIOHYBAaTH MOJEIb YIIPaBIiHHSL,
110 I03BOJIUTH MiABUIINTH e()EKTUBHICTh iH(pOpMaTH3aLlii perioHiB Ta rpoOMa;

- pO3pOOHUTH METOIUKY ITOOYAOBH iH(MOPMAIIHHOI TEXHOIOTIT TS M ATPUMKH
MPUAHATTS PillIeHb B YIPaBIiHHI pETiOHaIbHAM PO3BHTKOM;

- 3poOWTH BHCHOBKH IIOJI0O MOXJIMBOCTI 1i BUKOpPHCTaHHS y poOOTi opraHiB
MICIIEBOI'O CaMOBPSAYBaHHSA Ta JEP>KaBHOI'O YIPABIiHHSA PEriOHAIBHOTO
piBHS;

- 3ampoOIOHYBATH MUIAXH IOKPANICHHS Ta MPAaKTUYHOTO 3aCTOCYBaHHS
BKa3aHOI METOIUKH.

AHaJi3 OCTaHHIX JOCTiIKeHb | myOuikanii

Cucrema myOJIIYHOTO YIIPaBIiHHS aKTUBHO PeOpMy€eThCS, aanTyouich JI0 3MiH,
mo BigOynmHCh BHACHIIOK pedopMu JeleHTpamizamii. 3M00yTKH CHCTEMHU
nyOMiYHOrO YHpaBiiHHSA B YKpaiHi BiJ3HaueHI y aHaIiTHYHOMY 3BiTi Sigma
monitoring reports [6]. 3okpema, 1e mudpora TpaHchopMmallis MMyOIIYHOrO
YIpaBIIiHHS, pO30y/I0Ba CHCTEMH €JIEKTPOHHOTO ypsiayBaHHs. CTaHOM Ha MOYaTOK
2024 poky, 3a jaHUMH Sigma monitoring reports, YKpaiHa BIEBHEHO PyXa€eThCsl y
HanpsMKy 1mposizaiii. BnpoBakeHO KIIOYOBI MEXaHI3MH EJEKTPOHHOTO
YpSAOyBaHH, IO CIPHSJIO MOKpPAalIeHHIO MO3MIiNA Ykpainu B [Hmekci po3BHTKY
€JIEKTPOHHOTO ypsiayBaHHA 3 82-ro micus y 2018 poui 1o 46-ro micug y 2022 pori.
[lo3uTuBHOIO € IUHAMiKa BUKOPHCTAaHHA HAlliOHAJBHOI CHCTEMHU €NEKTPOHHOI
B3aEMOJIT MDK JiepKaBHUMH 1HQOPMAIIfHUMH pecypcaMu, eleKTPOHHUMHU
peectpamu, iHQopManiiHuMu cucteMamu «TpemOGiTa» [6] — KiIbKICTh HUPPOBUX
TpaH3akuid 3pocna 3 62,7 mineioHa y tperbomy kBapTaimi 2021 poky gm0
541,3 minbiioHa y nepmoMy kBaptani 2023 poky. KinbKicTh KOpUCTYBaUiB MOpTAITY
«isp» mocsiria 6mm3bko 1,5 Minbitona Ha neHb. B Ykpaini aie nonan 1100 Llentpis
HaJlaHHS aJMiIHICTPaTUBHUX IMOCIYT, SIKI MPOMOHYIOTh CTaHAApPTU30BaHMUN HaOIp
nociyr rpomaasHam Ta OisHecy [7]. YV 30ipHUKY IHHOBAaLifHUX NpPaKTHK Yy
Jep KaBHOMY YTPaBIIiHHI Ta aaMIiHICTPYBaHHI JJIS CTAJIOTO0 PO3BUTKY, BHIAHOMY
OOH [8], Tako BiI3HAUEHO JOCSTHEHHS SIICKTPOHHOTO YPSIyBaHHS B YKpaiHi.
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Hamaromxenns pobotu LleHTpiB HamaHHS agMIHICTPAaTUBHUX  TOCIYT
B TEPUTOpIalbHUX TPOMaAax 3HAYHO IOKPALIMIO OOCIyrOBYBaHHS HAacEIeHHS,
a TakoXX CIPHUSJIO ONEpaTUBHIM akTyamizauii iHdopmanii, mo 30epiraeTscs
y JepkaBHHX peecTpax. BrnpoBamkyerscs HamionambHa elIeKTpoHHaA cHCTeMa
ynpasiiaas  BimOymoBoro DREAM [9], mpeacTaBieHO TeCTOBY — BEpCiio
['eoindopMaliiHOT CUCTEMH perioHaIbHOTO pO3BUTKY [5]. Ha perionanbHOMYy piBHI
TpUBa€ PO3POOJICHHS Ta NPUUHATTA pPETiOHAIBLHUX IporpaM iHdopMaTH3amii,
3anmpoBa/KeHo €nuHy iHQopMamiifHy cuctemy 06miKy HarioHanpHOT mporpamu
inpopmaruzauii [10], po3pobieHo TuMOBHI MPOEKT PeErioHaIbHOI MPOrPaMH,
MPOEKTy, poOiT 3 iHpopmarmu3amii [11] Ta TUMOBKE MPOEKT MpPOTpPaMHu, MPOCKTY,
po0it 3 iHpopmarnzamii oprany MicreBoro camoBpsimyBanas [12]. e, 3Buuaiino,
MOTY>KHI KpPOKM B Hamps MKy YAOCKOHaJeHHA iH(opMaliifHoro 3abe3nedeHHs
pETiOHaNBHOTO PO3BUTKY, OJHAK, MUTaHHSA poO3poOJieHHS iH(pOpMaLiiHIX
TEXHOJIOT1H, MPU3HAYCHUX /10 BUKOPUCTAHHSA Y CHUCTEMaxX HINATPUMKH TPHAHSATTS
pIIlIeHb B OpraHax JepKaBHOTO YIIPaBIiHHS Ta MiCIIEBOTO CAMOBPSIyBaHHS Ha PiBHI
PETioHY Ta TEPUTOPIATILHUX TPOMAJI, TIOKU 3aIMINAETHCS HE BUPIIIICHHUM.

SAx mokazaB anami3 iH(GOPMAIiHHUX [DKEpPENl, OCHOBHI akmeHTH B cdepi
JepkaBHOI TIOMITHKH 1H(pOpMAaTH3aIii pPerioHaIbHOrO0 PO3BHTKY 3po0jcHI Ha
HajaHHi iHQopMauiiHuX, 1HPOPMAIIIHHO-KOHCYIFTATUBHUX TOCIYT, MOHITOPUHTY
Ta OL[IHIOBaHHI PO3BUTKY PETiOHIB Ta TEPUTOPIATBHUX TPOMAJ.

Po3pobiieHHIo crcTeM MATPUMKH TPHAHATTS pillleHh B YIPABIIiHHI COMiaTbHO-
C€KOHOMIYHMMH cucteMamu npucesueHi podoru C. O. Jlosroro, O. M. Tpopumuyka
ta I1. I. Bimoka [13], O. I1. 'oxoro, JI. O. Kopmesnioka [15], Sugumaran V. [14],
Hollsapple C.W., Winston A.B. [15], O. B. Hecrepenko, O. I. CaseHnkosa,
0. O. ®anoscekoro [16], Borra, S., Dey, N., Tta in. [17], M. Sanchez-Marr¢ [18],
I.B. Py6ana, B.B. TrwoTtionuka, O.O. Tiotronuka [19], M. A. IlaBnenka,
C. B. OcieBcbkoro, O. A. 3omnoryxina [20]. [TutaHHs CTBOPEHHS CIIEIiali30BAaHUX
CHUCTEM TIiITPUMKH TPUHHSITTSA pillleHb, 30KpeMa, Ui CUTYalliiHUX IEHTPIB,
posrisiHyTi B podotax B. @. Ilpockypu [21], H. E. Kynanus, I1. I1. ®enopka,
B.I1.Kyra [22]. TIlpo BaximBicTh 3a0e3nedyeHHS  IHTEpONepadenbHOCTI
iHpOpPMAaIIIHHUX CHCTEM Ta iX KOMITOHEHTIB, 30KpeMa Ui e-YpsSIyBaHHS, CBiTYATh
3HaYHA KUTBKICTh CTaHIAPTIB T HOPMAaTUBHUX TOKYMEHTIB, IPUHHATUX 32 KOPIOHOM
[23, 24], y poborax BITUYM3HAHUX HayKoBIiB, 30kpemMa O. B. Hectepenka Ta
I. €. Herecina [25]. 3a0e3neueHHs amanTUBHOCTI iH(GOPMAMIWHHUX TEXHOJOTIMH,
3aCTOCOBYBaHMX Yy CHCTeMaxX MiATPUMKUA TNPUHAHATTS pIlIEHP B  yYMOBax
HEBU3HAYCHOCTI, TMEPEBard BHUKOPUCTAHHS €IMHOrO 1H(GOPMALIHHOIO MPOCTOPY
npejacTasieHi y pooorax B. 3atepkosHoro, [1. CaBkosa Ta iH. [26], A. Jlekkepa [27],
0.0. Tonosina [28], I.M. Iloramosa, JI.A. ®imicreeBa Ta iH. [29],
M. T'omo6oponpka, FO. Kornparenka [30].

HesBakatoun Ha 3HAaYyHy KUIBKICTh Mpaib, MPUCBIYEHUX MUTAHHIM
iH(popMaTHu3alii perioHaIbHOr0 PO3BHUTKY, K B YKpaiHi, Tak i 3a koproHom [31-41],
MUTAHHSIM BUKOPUCTAHHS Cy4acHUX iHOpPMaLiiHUX TEXHOJIOT1i 300py Ta 00poOKH
JIAHWX, 1HTEJIEKTYalbHOTO aHali3y JaHWX Ta MAaTeMaTUYHOTO MOJIEITIOBAHHS Y
cUCTeMi YIpaBJIiHHS PEriOHaJBHUM PO3BUTKOM, 30KpeMa, JUId PO3B’sA3aHHs 3a/1ad
(opMyBaHHS ONTHUMAJbHOI Tally3eBOi CTPYKTYPHU PETIOHY, TEpUTOPiaNbHOI
rpoMaay, B TOMY 4YHCIi, IIpH 00’€qHaHHI rpomaj, €)EKTHBHOTO BHKOPHCTAHHS
HassBHOTO PECYPCHOTO Ta BHUPOOHHYOTO IMOTEHINIANY TEPUTOPIH MPUAUICHO Majo
yBard. He BHpilleHNM 3aUIIAETHCS MUTaHHS 3a0€3MeUeHHs] CUCTEMHOTO MiIXO0Ly
0 iHpopMaTH3amii aHATITHYHOI CKJIAJ0BOI y MPOIECi MATPUMKH PHHHSITTS
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pileHs M 9ac OOTPYHTYBAHHS MOJEII €KOHOMIYHOTO Ta COIIiaTbHOTO PO3BHUTKY
rpoMaj Ta PEeTioHiB Ha TMOTOYHWH MOMEHT Ta Ha MEpCHEKTHBY, 30KpeMa, MiJ 4Jac
PO3pOOIIEHHSI CTpaTeriid, mporpam, IMjaHiB PerioHajJbHOTO PO3BUTKY, BU3HAUYCHHS
ONITUMANBHOTO CKJIaay 00 €IHaHWX TEPHUTOpiaJbHUX TPOMaJ] Ta Taly3eBOi
CTPYKTYpH €KOHOMIKH pETiOHYy, OOTpYHTYBaHHS BHOOpY MOAEII YIIpaBIiHHSI
pETiOHaTbHUM PO3BHTKOM, ypaxyBaHHS E€KOJOTIYHHMX Ta CYCIUIBHO-TIONITUYHUX
YIMHHMKIB, MOXKIIMBOCTI MacIITabyBaHHS Ta MOZAEpHi3alii icHyto4doi iHpopmamiiHoi
cucteMu. [IpakTHIHO BIICYTHI HAIpaIfOBaHHS CTOCOBHO METOAWKH (POpMyBaHHS
mimicHoi cucTeMH iHQOpMAaLiifHO-aHAITHYHOTO 3a0e3MeueHHs PerioHaJbHOTO
PO3BHTKY, 110 0a3yeThCsl HA BUKOPUCTAHHI CydacHHX iH(QOpMamiiHUX TEXHOJIOTiH
300py Ta O0OpOOJICHHS CTPYKTYpOBAaHHX Ta HECTPYKTYPOBAaHHX JaHUX,
MaTeMaTHYHUX MOJIENeH, METOAIB IHTENEKTYaIbHOIO aHai3y JaHUX, KOTHITUBHOTO
MOJICJTIOBaHHSI, ITYYHOTO 1HTEJIEKTY, Te0iH(GOopMamiiHIX TEXHOJIOTIH.

TeopeTHYHi OCHOBH J0CTiTIKEHHS

HepxaBHa momitnka YKpaiHn y cdepi AemeHTpamizamii, Mepmui eram sSKoi
3aBEPIIHBCS, BXKE Jajia TIO3UTHBHI Pe3yIbTaTH K MOA0 peopMyBaHHSI MiCIIEBOTO
CaMOBpSyBaHHs, TaK 1 TEpUTOpiaNbHOI opraHisaiii Biagu. [lepxaBHa crparteris
perioHanibHOr0 po3BUTKYy Ha 2021-2027 pp. [3] mepembauae, 110 cTparerivuHe
TUIAaHYBaHHS Ma€ BPAaxOBYBAaTH KIIOYOBI BHUKIHMKH, SKi BIUIMBAIOTh HA JIIOIUHY,
iHppacTpyKTypy, Oe3neKoBe cepeoBHUIle, EKOHOMIKY Ta HABKOJHIIHE MPHPOIHE
Cepe/IOBHINE, a TAaKOX BKIIOYAaTH TMOOYAOBY KyJIbTYypH MapTHEPCTBa Ta
CHiBpOOITHHUIITBA, OPIEHTOBaHY Ha B3aEMOJIII0 OPTaHIB JepXKaBHOI BIaJH, OPTaHiB
MICIIEBOTO CaMOBpPSIyBaHHS Ta TPOMajsdH. 3aXOau Jep)KaBHOI perioHaJbHOI
MOJNITHKH, SK 3a3Hadaetbess B Crpaterii [3], maroTh QopMmyBaTucsi Ha OCHOBI
HaOyTOTrO JIOCBidy, 3i0paHMX JaHWUX, BUCHOBKIB, PEKOMEHAIlil, pe3yibTaTiB
aHaNi3iB Ta OIIHKK s 3a0e3leYeHHS Ta IMITPUMKHA BHCOKHX CTaHJIAPTIB
yIOpaBIiHHS Ta peamizaiii JepKaBHOI PEriOHAIBHOI MOJITHKH, IO MOTpedye
(yHKI[IOHYBaHHS BIAMOBIIHHUX CHEIIali30BaHUX aHAIITHYHHUX 3aco0iB, 0a3 JTaHUX
Ut GOpMyBaHHS Ta OLIHKHA PE3YJIbTATUBHOCTI Ii€1 IO THKH.

Takox 3a3HA4Ya€THCS, IO JAEp)KaBHA peEriOHaJbHA MOJITHKA Ha Mepiox a0
2027 poxy [3] 3mifiCHIOBAaTUMETHCS Ha OCHOBI KOMILJICKCHOI'O TEPHUTOPiabHO-
OpIEHTOBAHOTO MiIXOAY, KUK Tependayae, Mo 00’ €KTOM y paMKax perioHaIbHOI
NOJITUKH € PEriOHM Ta TEpPUTOpiasibHI TpoMaa, SKi XapaKTepU3YIOThCS
cnerudiuHuM HaOOPOM COIllaIbHHUX, TPOCTOPOBUX, OC3MEKOBHX, €KOJOTIYHUX Ta
CKOHOMIYHHMX OCOOJMBOCTEH. 3 TOYKH 30py Teopii cucteMHoro awamzy [42],
PETiOHM € CKJIaJIHUMH COLialbHO-EKOJIOTO-CKOHOMIYHUMH cHcTeMaMu. Taki
CHCTEMH XapaKTepPH3YIOThCS aJalTUBHICTIO, CXWIBHICTIO JIO camooprasizaiii, a
MPOLIECH, 0 BiIOYBAIOTHCS B HUX — CKJIAQJHICTIO, HAsBHICTIO HEBH3HAUYECHOCTEH
Pi3HUX TUIIIB, 3HAYHUMH 00CSATaMU Pi3HOPIAHOI iHPOPMALii, 10 CTOCYETHCS PI3HUX
MpeaMeTHUX 00sacTel, CTIMKMMHU TOPU30HTAIBHUMU Ta BEPTUKAIBHUMU 3B’ SI3KaMH
MiX OKPEMHUMH €JIEMEHTAMU CHCTEMH.

UinpHe Micle Yy CHCTeMi perioHaJbHOTO PO3BUTKY IOCIAalOTh TEPUTOPiaNbHI
rpomanu. B xozi pedopmu seneHTpanizanii, fepkapa JeyieryBajia 3HaYHy YaCTHHY
MOBHOB&)KEHb TEPUTOPIAJILHUM TpoMajaM. 30KpeMa, I THTAaHHS YTBOPEHHST
00’eqHAHMX TPOMaJl, BU3HAYCHHS HAMPSMIB COIIAIbHO-CKOHOMIYHOTO PO3BHUTKY,
MPIOPUTETHOCTI 1HBECTULIMHMX MPOEKTIB TOwm0. Maioun Taki MOBHOBa)KEHHS,
rpoMajiy, B CBOIO Uepry, € 00’€KTaMH YIPaBIiHHSA, SKi MAIOTh CIIIBHO BUPIIITYBaTH
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3a1adi  perioOHaJbHOTO PO3BHUTKY. Taka Mozenb YIpaBIiHHSA BiATOBimae
MepEeKEeLEHTPUUYHOMY MiAX0AY, KU J03BOJIsiE 3a0€e3MeUyBaTH THYUKICTh IPOLIECIB
yOpaBNiHHS CKJIAAHAMH CHCTEMaMH, SKUMH, 30KpeMa, € perioHd. 3a
MEpEeKEIEHTPUYHOTO TMiIXOMy, KOXHA TEpPUTOpiallbHa TpoMaJa € OKpPEeMHUM
eNIEMEHTOM PpETIOHAIBHOI CHCTeMH, SKHH MOXKe TeHepyBaTH Ta OTPHMYBATH
iHpopMalito, MpUiAMAaTH pillIeHHs] Ha OCHOBI OTPUMaHOI iH(opMarii Ta cuTyarii, o
CKJIQJIa€THCS, CAMOOPTaHI30BYBAaTHChH, BAKOHYBATH 33/1a4i PEriOHATBHOTO PO3BUTKY
B MeXax BIIACHUX ITOBHOBaXX€Hb, BIATIOBIIHO IO TpOTpaM, IUIaHIB, CTpaTerii
pPO3BUTKY Tpoman Ta perioHiB. To0To, (akTHUHO, perioOHaIbHHN PO3BUTOK
BiOYBa€ThCS Y PO3MOMIUICHOMY iH(QOPMALifHOMY CEepelOBHILI, KOXHHH B30I
SIKOTO — TpoMaja, Ma€ CUTyalliiHy OOI3HaHICTh, 3MAaTHUH JO caMOOpTaHi3aIlii Ta
OPUAHATTS PpillleHb MO0 BUKOPHCTAaHHA HAsBHUX pecypciB Ta 3a0e3reueHHS
CTAJIOrO (PYHKIIOHYBaHHSI.

Hudpora miatdopma Mae BiATBOPIOBATH MEPEKEIIEHTPUIHY MOJIENb KEPYBaHHS
CKJIQJIHOIO CHCTEMOIO — perioHOM. J[OMeHH, IO YTBOPIOIOTH MEPEKEHEHTPUIHE
cepenouie — (i3uMuHUM, iHGOPMAIIHHUI Ta JOMEH 3HaHb — B3aEMOJIIOTH MIX
c000¥0, CTBOPIOIOYN CHHEPTETUIHUHN €(PEeKT.

CKJIamHICTh CTBOPEHHS AHATITHYHOTO IHCTPYMEHTApilo, CHUCTEM IIiATPUMKH
OPUAHATTS pillleHb Il PETiOHANBHOTO piBHS IOB’s3aHAa 3 HEOOXIIHICTIO
ypaxyBaHHSI 3HA4YHOI KUTBKOCTI crienu(iyHUX (aKTopiB, 30KpeMa OCOOIHNBOCTEH
JKUTTEBOTO ITMKIY perioHy (TpoMann) SK KOHKPETHOI COIliaTbHO-€KOJIOTo-
C€KOHOMIYHOI CHUCTEMH, Ii CTPYKTypH, MOZEJi YIpaBIiHHA, TEPUTOPiaIbHOTO
pO3TalIyBaHHs, BHYTPIlIHIX 3B'SI3KiB Ta 3B’A3KiB 3 iHIINMU CUCTEMaMH, CYCIIUIHLHO-
MOJIITHYHUX YWHHHKIB, 30BHINIHIX Ta BHYTPIIIHIX BIUTUBIB Pi3HOTO XapakrTepy,
a TAaKOXX MOJXKITUBICTIO TiependadeHHs MpoOJIeMHUX CHUTYaIlill, CIieHapiiB mepediry
MOJTii, HACIIIIKIB Ta MOTEHIIIHHUX PU3UKIB.

Kpim Toro, moOynoBa iHpopManiiHO-aHATITUYHUX CUCTEM JMJIsi OpraHiB
Jep’)KaBHOTO YNPaBIiHHS Ta MICIEBOTO CaMOBpSIyBaHHS BpEryJbOBaHa Ha
3aKOHOJIaBUOMY piBHI, BCTAHOBJICHO HaOip TIOKa3HMKIB, SKi IiJISATAlOTh
MOHITOPHHTY Ta aHamizy. KoxHuii perioH, $K 3a3HadaeTbess y [Iporpami
indopmaruzarii [4, 10-11], Mae npeacTaBUTH BIIACHY mporpamy iHbOpMaTH3aIlii,
sgka O OXOIUTIOBaJla HANpPSMKH, NMPIOPUTETHI caMme Uil HbOro. Aje, 3a Takoro
MiAXOMy, BTPAYaEThCS CHUCTEMHICTh. PerioHadbHUU  piBeHb  yIpaBIiHHS
PO3IIISIAETHCS BIIOKPEMIICHO, 3 TIEPEHECEHHSIM aKIICHTIB Ha BUPIMICHHS TOYKOBUX,
BHYTpILIHIX mpobieM rpomaj perioHy. Po3poOieHHs cucTeMH B LbOMY BUIAIKY
3MIIACHIOETBCSI, OPIEHTYIOUMCh Ha IOTOYHY CHUTYallll0 Ta HasBHUU pPECypCHUM
MOTEHIIiaJ], 2 He HA BU3HAYEHHS [UIAX1B EKOHOMIYHOTO 3pOCTaHHS, OPiEHTOBAHHX Ha
nepcrektuBy. [loTpeba B iHBECTHIIISX TUIAHYETHCS, BUXOJISYH 3 HEOOXITHOCTI
BUKOHAHHS OKPEMHX IpOrpaM YW TNPOEKTIB, YacTO, HAaBiTh NpPUBAOIMBHX Ha
MOTOYHWH MOMEHT, aje TaKHuX, 10 He 3a0e3MeuyBaTUMYyTh Hi CIPOMOXKHICTb
TEPUTOPIaILHUX TPOMaJ] HA MIEPCIIEKTHBY, Hi HOAAIBIINHA PEeriOHaILHIHI PO3BUTOK.

3HaYHMMHU € PU3UKH TOTO, IO peajti3allis nporpaM iHhopMaTHu3aLii Ui perioHis
Ta rpomaji Oyjie Pi3HOI0 33 KOHIICTIIIE0, SKICTIO peai3allii, HabopoM peastizoBaHuX
¢yHKII#, HE MacmITaOOBaHOIO Ta HE BIAMOBIAATHME B MOBHOMY OOCS3i BUMOTraMm
iHTEeponepabenbHOCTI.

Takox, moTpedye BupimeHHs npodiema yHidikarlii iHpopMamiifHIX TEXHOIOT 1
300py, 0OpoOieHHs Ta 30epiraHHd 3HAYHUX OOCATIB  PI3HOPIAHOI Ta
HECTPYKTypoBaHOi iH(opMalii, 3a0e3nmeueHHs ii 3aXUCTy Ta HaIiHHOTO
repegaBaHHs MiXK By3JIaMH CHCTEMH, BiJIITOBITHO IO YHHHUX BUMOT [43].
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Tomy, y poOOTI IPOTIOHYETHCS CHCTEMHE BUKOPHUCTAHHS YHI()IKOBAaHOTO Ha0OpYy
iHpOpMaLiHHUX TEXHONOrid, 00 €AHAHMX Yy €auHId iHpOpMaUildHIi cHucTeMi
PETiOHaNBHOTO PO3BUTKY, MOOYIOBaHIN 32 MEpPEKEUCHTPUYHUM IMPHHIHUIIOM Ha
OCHOBI IHTEpONEepabeNbHOCTI, 3aCTOCYBaHHS KOMIUIEKCHOI CHCTEMH 3aXHCTy
iHopmartii 3 miaTBEPHKEHOIO BiIITOBI THICTIO.

MeToauKa J0CTiAKeHHSA

JocnipkeHHs BUKOHAHO HAa Marepiajax CcalTiB  00JIaCHUX  BIMCBKOBUX
aJMiHiCTpaliid, TepuUTOpiaJbHUX Tpomai, MiHicTepcTBa PO3BUTKY TpoMaja Ta
TepuTopii Ykpainu [12], MinictepcTBa mudpoBoi Tpanchopmariii Ykpaiam [44],
HepxaBHoi ciyx0u cratuctuku Ykpainu [45], caiitry EU4DIGITAL [46],
HepxaBHoro BeO-miopTany Oromxery st rpomasH [47] Ta moprany «Bigkputu
nmaHi» [48]. BukopuctaHo naHi, MO 3HAXOAATHCA Y BITKPUTOMY IOCTYII Ta
CTOCYIOTBCS COIIaTbHO-€KOHOMIYHOTO PO3BHTKY PETiOHIB Ta TPOMAa.

3amaya po3poOiieHHs iH(GOPMAIIHHOT TEXHOJOTIi YIpPAaBIiHHSA PErioHALHUM
PO3BUTKOM PO3TIISIIAETECA SIK 3 TOYKH 30py 3a0e3ledeHHs peamisalii sKkicHOl
aQHATITUYHOI MIJICHCTEMH, TaK 1 MiHiMi3allii BUTpaT Ha 3a0e3MeueHHs peajizamii Ta
BIIPOBAKCHHS, MOXIIMBOCTI 3a0e3Me4YeHHs pOOOTH 3 1 CKJIAJOBHUMHU IS
[MOCAIOBIIIB, SKI HEe MAIOTh HABUYOK aHATITHYHOI JisUTBHOCTI.

CrnenupiyHIMH  acIeKTaMH  IIPOIIOHOBAHOI CHUCTEMH €  HEOOXIiTHICTh
3a0e3MeUeHHs Y3roKEHOT B3aEMO/Ii OpraHiB IEPKABHOTO YIIPABIiHHS, MiCIIEBOTO
CaMOBpAIYBaHHSI, MiANMPHUEMCTB, YCTaHOB, OpraHi3alliif, pO3TalllOBaHUX Ha IMEBHIH
TepuTOpii, 3a0e3leyeHHss MOHITOPUHTY BCIX €TamiB LUKy  YIPaBIiHHS
perioHaIbHUM PO3BHTKOM BiJ (OpMyBaHHS IUIaHIB Ta CTpaTeriii Jo0 aHaiizy
Pe3yIABTATUBHOCTI CUCTEMH YNPABIiHHS PETiIOHOM Ta MIATPUMKH PUHHATTS PillIEHb
y KpU30BHX CUTYAIIisIX.

Cucrema Mae (yHKIIOHYBaTH, BHMKOPHCTOBYIOUM HAasiBHI oOpradizamiiigi
CTPYKTYpH PETiOHAIBHOTO piBHS Ta piBHA TEPUTOPIAILHUX TPOMaJa, MaTH
yHipiKOBaHy peani3alifo Ha MICIX, €IWHE METOJUYHE, IPaBOBE, anapaTHo-
TEXHIYHE Ta mporpamHe 3a0e3neuyeHHs. CucremMa Mae BUKOPHUCTOBYBAaTH €IMHUIM
iH(opMaIitHII IPOCTIip, KOPUCTYBAUi IKOTO MArOTh JIOCTYII /10 0a3 JaHUX Ta 3HAHb,
BUKOPHCTOBYIOUH €IMHY KOMIT IOTepHY Mepexy. Komm’roTepHa mMepexa MOBHHHA
3a0e3redyBaTy CHIbHE BUKOPHCTAaHHS PECypCiB Ta XMapHHX CEpPBICIB, a TaKOXK
3aXMCT JaHuX, sKi He mnepeOyBaloTh Yy BinbHOMYy pfoctymi. Cucrema Mae
(YHKIIIOHYBaTH SIK T'e€ONpPOCTOPOBA pPO3MojiyieHa iH(popMaliiHa cucTema, OyTH
CYMICHOIO 3 iH(OpMaIiiHO-aHATITUYHUMH CHUCTEMaMH MIHICTEPCTB Ta OpIaHiB
JIep>KaBHOTO YIIPaBJIiHHA BiAOBIAHOTO PiBHS.

ToMy, TIPOTIOHYEThCS  BUKOPHCTOBYBAaTH  MEPEKCICHTPUYHHHA  IMiJIXiJ
CTBOpEHHs IH(OPMAIIHMX CHUCTEM, SKHH IT0Ka3aB CBOIW €(EKTHBHICTh Yy
iHpopMaliiiHux  cucTeMax  BIMICBKOBOrO  MNpPHU3HAYEHHS Ta  CHUCTEMax
KOPIIOpPAaTUBHOTO ymnpaBiiHHA. J{OCBiA BHKOPHCTAHHS MEpPEXKECHEHTPUUYHHUX
YIPaBIiHCHKUX CHCTEM, aKTUBHE PO3POOJICHHS MIXKHAPOIHHUX CTAHAAPTIB IO IO iX
(yHKIIOHYBaHHS CBIJYUTH PO MEPCIEKTUBHICTE AaHoro migxony. [Ipu moOymosi
Takoi CHCTEMH BHpIlIyeTbCs mpoOsieMa iHTeporepadenbHOCTI  B3aeMOIii
CKJIaJIOBUX CHCTEMH — Q)K€ CKJIaI0BI (yHKIIIOHYIOTh Ha OCHOBI € THHOT METOTUKH,
BUKOPHCTOBYIOUH €JJUHI CTAaHAAPTH.
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Pucynok 1. Cxema MepeKeeHTPUIHOTO YIPABIiHHS PErioHy

Mepe)eneHTpUYHUE MiIXiJ 32 CBOEK CYTTIO BIAIOBIAAa€ MOJENI yIpaBIiHHS
perioHaIbHUM DPiBHEM COIiaTbHO-eKOHOMIYHOI crucTeMu Kpainu. LlinecrpsmoBaHa
B3aEMOJIA CKJIATHUX CHCTEM HIKYOTO pIBHI — TEPUTOpiaIbHUX TpoMam —
3MIACHIOETHCSI HA OCHOBI TIPUHIIMIIIB CaMOOpTaHi3allii Ta CTBOPIOE CUHEPTeTUYHUIHA
edext Big B3aemonii. CkiaioBi CHCTEMU aBTOHOMHI — TPOMaIH, PaliOHH, PErioHH,
(YHKIIIOHYIOTH B €IuHOMY iH(OpMAIlifHOMY TPOCTOPi, MAarTh CBOI IIiii,
MPIOPUTETH, MOXKYTh ICHYBATH 32 PaXyHOK BIIACHUX PECYpCIB, BCTAHOBIIIOBATH SIK
BEPTUKaJIBHI, TaK 1 TOPU30HTANIBHI 3B’ s13kH. KpiM TOTO, MepexeneHTpuIHa MOIEb
BIITBOPIOE (PPAKTATBHICTh PETIOHATBHUX COIIATPHO-€KOHOMIYHUAX CHUCTEM, IO
CTBOPIOE TIEPEIYMOBH ISl pO3pOOIIEHHS TUIIOBUX MPOTrPaMHO-allapaTHUX PillleHb,
1o 00’€JHaHI OpraHi3alliiHO Ta TEXHIYHO HA OCHOBI €JIMHOrO iH(pOpPMaIiiHOro
cepenoBua. OCHOBOIO AJIs1 po3po0sIeHHs iIHPOpPMaLiTHUX TEXHOJIOTIH € epKaBHi
CTaHIapTH  YKpaiHW, TeXHIYHI BUMOTM Ta  MeTOAM  3a0e3medyeHHs
iHTepornepabenbHOCTI 1 CyMiCHOCTI HaOOpiB TEONPOCTOPOBHX JaHMX Ta
reoinpopmaniitaux ceppiciB [5], mokymentu koncopuiymy NCOIC mmono
MPOEKTYBAaHHS MEPEKEIEHTPHYHNX 1H()OPMAIIITHO-YIPaBIIIOYNX CUCTEM, 30KpeMa
MOJIe]b OIiHKK iHTeporepabenbHocTi cuctemu SCOPE-momenb, KepiBHULITBO 3
3a0e3TeueHHs] MiHIMAILHOTO piBHS iHTeporepadbenbHocTi MLI Ta kepiBHUIITBO 11O
3abesneueHH0  iHTeponepabensHocTi  NIF  [24]. BaxkimuBor  CcKIIag0BOIO
po3pobioBaHoi  iHGOPMAIIIIHOT TEXHOJOTII € KOMIUIEKCHa CHCTEMa 3axXUCTy
iHpOpMaIlii, sKa BKIIOYAE MPOrpaMHO-aNapaTHI Ta MPOrpaMHi 3aCO0U TEXHIYHOTO
Ta KpunrorpagiuHoro 3axucty iHdopmanii, HeoOximHi ans 3abe3nedeHHs
HAJIC)KHOTO PIiBHS 3aXHILEHOCTI iHGOpPMaLiiHUX pecypciB CHUCTEMH, MoOyJdoBaHa
3T1IHO 13 3aKOHOJAaBYO BCTAHOBJIEHUMHU BUMOIaMU Ta MA€ aTECTAT BiJAIIOBIIHOCTI.

Mopens CUCTEMHU yIpaBIIiHHS perioHa bHUM PO3BHTKOM 3a
MEpPEXKELEHTPUYHOIO TiIX0Ay MOoKe OyTH NpeAcTaBieHa y BHUINIAAI MOAEN
iepapXxivyHOi CHCTEMH YNPABIIHHS HACTYITHUM YHHOM (puC. 2).

Haiipummii piBens (G) — BU3HAYAE IMiIHOBY HACTAHOBY CHCTEMHM — 3a0€3IIeYEHHS
BHU3HAUYEHUX 3HAY€Hb IMOKAa3HHUKIB pPErioHaJbHOTO po3BHTKY. Ha HacTymHOMYy —
HIKYOMY PiBHI iepapXii po3riisigaeThcst pailoHHHN piBeHb ynpasniHHs (R, paiionu,
KiJBKiCTB N), TicHCTEMA, KO0 KepyroTh. i ninboa HacTanoa (E) — 3a6e3neueHHs
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CTAJIOr0 PO3BUTKY BIAMOBIAHO 10 Hakkpaiiux mokasHukiB. [lizcucremu G Ta R
OOMIHIOIOTBCSL 1H(OpPMAIi€l0 CTOCOBHO CTpaTerii KepyBaHHS, CHCTEMa BHILOTO
piBHs (G) oTpumye iHpOpMAIIiIO PO CTaH Ta PYHKUIOHYBaHHS CUCTEMH HIKYOTO
piBEA (R), Kopurye KOMaHAWM YTpaBNiHHSA A OO0 €KTIB, IO 3HAXOMATHCS Ha
HIK9IoMy piBHI (R), 1, BIIMOBIAHO A0 3MiHH CHUTYyaIlii, KOPUTYE BIACHI HACTAHOBH.
Haitanxuuii piBeHs — piBeHb TepuTopianbHOi rpomanu (D, IX KilbKiCTb pi3HA IS
KOXHOro paifoni Bix 1 0 z). Moro minme — 3a6e3neueHns 100poOyTy KHTEIiB
rpoMasny. Y mpoieci pyHKIIIOHYBaHHS, CHCTEMH, IO 3HAXOATHCS Ha OJTHOMY PiBHI
yIpaBiliHHS, OOMiHIOIOTBCS — iHQoOpMalieo, oTpuMmytoTh HactaHoBH  (In),
NoBiIOMJISIIOTE  pe3ynbratd  (ly), KOpPUTyIOTH CBOIO  MOJNITHKY: CHCTEMa
CaMOOPTaHI3yEThCS, aNaNTyIOYNCh A0 YMOB IOTOYHOI CHTYaIlii, (OpMyIOUn IMpH
LOMY €TMHUH iH(opMaItiiHui pocTip. [lepeBaroro Takoi Moieni € caMOCTIHHICTh
il TaHOK, OTIepaTUBHICTD MPUUHATTS pillIeHb B YMOBaX HEBU3HAYEHOCTI Ta MIBUIKOI
3MIHH CHTyaii, [0 OCOONHMBO aKTyaJlbHO B YMOBaX BiifHHA. 3a Takoi MoOymIOBU
inpopmariifinoi  cumcreMn, — aKTyalbHOIO €  TIpoOiemMa  3a0e3MmeUcHHS
IHTepONepadeIbHOCTI, OCKIIBKM MEPEKOIEHTPUYHA apXiTeKTypa Nependadae, 1o
BCi €NIEMEHTH CHCTEMH MOXYTHh OOMIHIOBATHCH 1H(QOPMAIIIE€I0 «HATIPSIMY» OIWH 3
OJTHUM.

(99170502071
EG —Mmax GKepiBHm{TBo iH(bOpMaIliI‘/’IHI/IIZ
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ilr iln
v i
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D D: |..| Da Da D1 D1 |...|] Do Db D1 D1 |..] D2 D:
A
R gl I wln r VI” eyl le VI”

Perionanbauil pO3BUTOK

PucyHOK 2. ApXiTeKTypa MEpexeIeHTPUIHOT CHCTEMH PET10HAIEHOTO PO3BHTKY
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[ToGymoBa iHGOpMaIITHIX TEXHOJIOT1H YIIpaBIiHHS pEriOHATEHAM PO3BUTKOM 32
MepEeKEeUEHTPUYHIM MPUHIIUIIOM 3a0€3MEeUHTh!

- Y3TOMXKEHICTh CTpaTeriil Ta MporpaM Po3BUTKY PETiOHIB Ta TpoMas;

- CYMICHICTh TEXHOIIOT1YHOTO, iH()OPMAIIHHOTO, IPOrPAMHOTO 3a0€3IIeYeHHST;

- CHCTEMHICTh MOHITOPHHTY COIiaJIbHO-EKOHOMITHOTO PO3BUTKY PETiOHY;

- 00’eKTHUBHICTb iH(pOpMALIii, II0 BAKOPHCTOBYETHCS Y CUCTEMI;

- ONEepaTWBHICT, Ta OOTPYHTOBAHICTH pIlIEHh OPraHiB MiCIIEBOTO
CaMOBPSITyBaHHS Ta IEP)KABHOTO YIIPABIiHHS,

- JocTtymHicTe iH(opMamii Ans BHYTPIIIHIX KOPUCTYBayiB CHCTEMHU Ta
HACeJICHHS, a TaKOXK 1HIIMX 3aI[iKaBIEHUX CTOPIH 13 PO3MEXYyBaHHSIM
JOCTYIly 110 Hei 3aJIeKHO BiJl THITy KOPHCTYBadiB Ta iX IMOBHOBaXCHb
Y CHCTEMI.

[ndopmarniiina TexHONOTiA MIATPUMKH NPUHAHATTSA PIMICHh YHpPaBIiHHS
pETiOHaJIbBHUM PO3BUTKOM IIPOTIOHYETHCS 10 BHUKOPUCTAHHSA Yy CKJIadi €IWHOI
iHopMarifiHo-aHaTITHIHOI TIATGOPMHU YIIPABIIHHS PETiOHATLHAM PO3BHTKOM, 10
CKiangy sKoi MaioTh yBiiiTH HalioHanbHa eNEKTPOHHA CHUCTEMa YIPaBIiHHS
BimOymoBoto DREAM, reoindopmMariiiiHa cucteMa perioHaIbHOTO PO3BHTKY,
TOKyMEHTOOO0Ir Mae 3a0e3nmedyBaTH CHCTEMa CIICKTPOHHOI B3aeMOIli OpraHiB
BUKOHABYOI BJagy, 3a0e3MeuyyBaTH €JIEKTPOHHY B3a€EMOMII0 MiX JIepKaBHUMH
iHpOpMaLliiHUMU pecypcaMi, eJIeKTPOHHHMH peecTpamu, iH(OopMamiiHUMU
cucteMaMnu Mae cucrema «TpemOitay. DopMyBaHHS €IWHOTO iH(OPMAIIHHOTO
MPOCTOPY CTaBUTh BUMOTH JIO0 IHTEPONEpadeabHOCTI CKIAJAOBUX CHUCTEMH Ta
3a0e3rneueHHs1 00poOIeHHS 3HAYHUX 00CSTIB 1aHUX, 3a0e3MeYeHHs iX 30epiranHs Ta
CHUTBPHOTO BHKOPHCTaHHS Ha PI3HHUX PIBHAX OPraHiB JIEP)KaBHOTO YIPABIIHHS Ta
MICIIEBOTO CaMOBpsAyBaHHSA. Tomy, Juid peanizamii MOCTaBIEHHX 3ajad,
MPOIMOHYEThCS BUKOPUCTOBYBATH arnapaTHo-niporpamuy riatdopmy Oracle [49].
Jane nporpamHe 3a0e3neueHHs 100pe iHTErpy€eThes i3 MPOrPAMHUMH MPOYKTAMH
IHIINX BEHJIOPIB, CEPEJOBUINAMH PO3POOKH MPOrpaMHOr0 3a0e3ledyeHHs, 1 3a
CBOIMH XapaKTEPHCTUKAMH € ONTUMAIILHUM JUIS pPO3B’sI3aHHS OUTBIIOCTI 3aBJaHb
y CUCTEMI MiITPUMKH MPUUHSATTS PIllICHb B YIPABIiHHI pETiOHaIbHUM PO3BHTKOM.

OCKinbKY 3HaUHA yBara MpuaiIsSeTbess poOOTI 3 TaHUMHU, TO JIJISl PO3B’ sI3aHHS ITi€l
3a/la4i MPOTMIOHYETHCS 3aCTOCYBATH KOHBEPI'eHTHWH IIJXiJ 0 opraHizamii 300py,
00poOneHHst Ta 30epiraHHs JaHux. To0TO, Mae OyTH cdopMoBaHa cucTeMa,
HEHTPAIBFHOIO YaCTHHOIO SIKOT € IIEHTP 0OPOOJICHHS TaHNX, a CKJIaIOBUMH — CHCTEMa
OoOMiHy JaHMMHM MDK KOMIIOHEHTaMH, XMapHi cepBicu. Jlani g  aHamizy
BUKOPUCTOBYBATUMYThCS HE JIMIIEC 3 aHAJITUYHOTO CXOBHINA (TIPOIIOHYETHCS
inrerpaitisi Hadoop ta ETL/ELT, xmapHi cxoBuiia), a i B pe3y/ibTaTi BAKOHAHHS
API-3amuTiB, B TOMY YHMCIIi, KOJIM TOTPiOHO 31iHCHIOBATH OOPOOKY TaHHUX Y PEKUMI
pealbHOro yacy.

Jiisi  KOTHITHBHOTO, €KOHOMETPHYHOTO, MAaTeMaTHYHOTO MOJICITIOBAaHHS,
IHTEJIEKTYaJIbHOTO aHaNi3y JaHUX, BUKOPUCTAaHHS LITYYHOrO 1HTEIEKTY TOLIO Ta
MpeICTaBIeHHS] Pe3ysbTariB y (opMi JTOKYMEHTIB Ta AamOOpAiB MPOIOHYETHCS
BUKOPHCTAHHS  CIEIiai30BaHOrO mporpamHoro 3abesmeuenns Oracle B,
aHamiTHuHOI rtatdopmu komnanii SAS Institute [50] Tormo.

KopucTtyBaui cucremu MaioTh OyTH pO3MOALICHI 32 TPYyNaMH, SIKi MarOTh Pi3Hi
3a/1adi, TOBHOBaXCHHS Ta TmpaBa jgoctymy. Jlins 3abe3medeHHs HamiitHOCTI
BI/ITaJICHOTO OCTYITY, B3a€EMOJIil MK KOPHCTYBadyaMy Pi3HHUX PiBHIB, HaJlaHHA iM
JOCTYIy BIINOBIZHO IO MOBHOBAaXKEHb Ta MpaB, KpiM CHCTEMH KibepOesmekw,
CHCTEMa TTOBMHHA MATH ITiICHCTEMH Ta aIMiHICTPyBaHHSI.
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Pe3yabTaTH 10CTigKEeHHS

B  pesyapraTi maHOrO  JOCHIIKEHHS  3alpPONOHOBAHO  BHUKOPHUCTOBYBATH
iH(hOpMaIliiiHi TEXHOJIOTII AJIs CHCTEM TIATPUMKH MPUHHSATTA PIlIeHb B yIPaBIiHHI
perioHaTbHUM PO3BUTKOM B paMKax €IWHOTO 1H(QOpPMAIifHOTO CepemoBHINa,
CTBOPEHOTO Ha €AWHIM mOporpaMHo-anapatHii miardopmi, MoOyaOBaHiH
MEpEKEIEHTPUIHOI0  apXiTekTyporo. Bkazami  iHdopmarmiiiHi  TexHOIOTI]
OXOIUTIOIOTH BCi €Tamy MiATPUMKH TMPUHHATTS PillleHb: Bix 300py Ta 0OpoOiIeHHS
JaHUX 10 TPOEKTYy NPUUHATTS pillleHHS SK Ha PiBHI TPOMajaW, TaK 1 peTioHy.
3arampHa cXeMma 3acTOCYBaHHSA I1H(QOPMAIIHUX TEXHOJOTIH i MiATPUMKH
MIPUAHATTS pillleHh B YIPaBIiHHI pPETIOHAILHUM PO3BUTKOM IIpEICTaBiIcHA Ha
puc. 3.

o HiHC'HCTeM?‘ N Biok mobyoBu
30BHINIHI aHaJTITUYHOI ) Mosenei
oKepena N 00po0OKH Ta

JAHUX nd MiArOTOBKH ﬂ ir
OaHUX S

Biiok moOymoBu
creHapiiB

!

bnok MNpeACTaBJICHHSA

pe3yIbTaTiB
[Tincucrema 360py, momepeaHbOL
00poOKw Ta 30epiraHHs iHpopMaii l L
A\; Biok moOymoBu
- MIPOTHO3iB
baza XmapHe JL
JaHUX CXOBHIIIE
biok npencraBneHHs
pe3yIbTaTiB

Pucynox 3. 3aranpHa cxema 3acTocyBaHHS iH(OpMamifHMX TEXHOJOTiH HPOTHO3YBaHHS
PpEerioHaIbHOTO PO3BUTKY

OcoOnMBICTIO 3aIIPONOHOBAHOI METOAMKH € T€, 0 y MiJCHCTEMi aHATITUYHOI
00pOoOKH Ta MIArOTOBKM JaHUX nependaueHo Bukonanus SWOT ta PEST-anainisy,
a moOy/ioBa Mojieell MOXKe BHKOHYBATHCh SIK B paMKaxX KOHKPETHOTO CIIEHAapilo
(cuenapiiB), Tak i 10 CIIEHAPiF0 MOXKHA JOJTYYUTH HEOOXiTHI MOJIEINI, B TOMY YHCII
€KOHOMETPHUYHI, MaTeMaTH4Hi, T'€ONpPOCTOPOBi, KOTHITHBHI Ta WMOBIpHICHO-
CTaTHCTUYHI TOIIO. ba3a 3HaHB CHUCTEMH BHUKOPHCTOBYETHCS SK IMPH MOOYIOBI
CIeHapiiB, Tak 1 B mpoueci (QopMyBaHHS MpPOEKTy pimeHHA. basa mogpenei
HapOIYBaTUMETHCS y Mpolleci BUKOpHCTaHHA. [ po3B’sa3aHHs 3a1adi moOyn0BH
MOJIeNIeil Ta MPOTHO31B, 3aco0u GisHec-aHamiTHKKM KommaHii Oracle mpormoHyeThes
IOIOBHUTH TIporpaMHMM 3abesmeueHdsM kommanii SAS Institute, sxe peamiszye
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MUPOKUH Hallp aHANITHIHUX IHCTPYMEHTIB, Ma€ 3pYyYHHHA iHTepdenc, sSKHid
JI03BOJISIE KOPUCTYBady BIaCHOPYY OyAyBaTH MOTPiOHY TEXHOJOTiYHY cxemy (0e3
HaNMCaHHS MPOTrPaMHOTO KOJAY) Ta 3aBaHTa)KyBaTH HeoOXimHi maHi. ns piBHA
TPOMajX 1 PETiOHy IMPOIOHYETHCS BUKOPHUCTOBYBATH THIIOBHUN Habip Mojenei 3a
pO3pO0JICHUMH THUIIOBUMH CXEMaMH aHATITHYHHUX TIPOIECIB, 5Ki, 3a MOTpeOwH,
MOYTh OyTH alaliTOBaHi A0 OCOOIMBOCTEH KOHKPETHUX BUPILITYBAaHHX 3a/1a4.

Hani mis moOynoBn Mojeneld Ta TPOTHO3IB 3a TOTpeOH, MOXYTh OyTH
3aBaHTaKEHI K CTPYKTYpOBaHi (Tabmuiti, (haimu 6a3 faHuX, TEKCTOBI (paiiim TOIo),
TaKk 1 He CTPYKTYypOBaHi (TEKCT 3BEpHEHb, CKaHOBaHI 300pakeHHs, (OTO TOIIO).
Bukopucranns 3aco6iB  Oracle Bl no3Bonsie iHTerpyBat Ta 0OpoOISTH
CTPYKTYPOBaHI Ta HECTPYKTYPOBaHi AaHi 1151 O€3M0CcepeIHLOT0 BUKOPUCTAHHS IPH
moOyI0Bi MOJieNieil Ta MPOTHO3iB Ta 0OPOOISATH Ta HAKONMMYYBaTH y 0a3i JaHux abo
XMapHHX CXOBHIIAX. 3aBaHTaKEHHsS NaHUX B CUCTeMY IMOOYIOBH Mojened Ta
MIPOTHO31B MOXKe 3/IIHCHIOBATUCS OE€3MOCEPETHBO 31 CXOBHII CUCTEMHU — 0a3u JaHUX
Ta XMapHOTO CXOBHINA. A0O, TaHi MOXYTh OyTH 3aBaHTa)KCHi, BUKOPHUCTOBYIOUH
APl 3oBHimHIX mkepen. Hanpuknaza, indopmaiiis 3 0a3u JaHUX OFOJKETIB
TEPUTOpIATHPHUX TPOMAJ, BIIOMOCTI 3 JEpKABHUX PEECTpPiB, MaHI Jep:KaBHUX
YCTaHOB, MIHICTEPCTB, BiIOMCTB MOXXYThb OyTH 3aBaHTa)KCHI, BHKOPHCTOBYIOUH
cucTeMy eNeKTpOHHOI B3aeMoii «TpemOiTa», i MATOTOBICHI 0 BUKOPUCTAHHS Y
chUcTeMi MOJETIOBaHHSA Ta MNporHodyBaHHs. Came eram poOOTH € YU HE
HaWCKJIATHIITUM 3 TOYKH 30py 3a0e3MeducHHs iHTeponepadenpbHocTi cucteMu. Ha
IBOMY €Tall Ha CEMaHTUYHOMY piBHI Mojeni iHTepomnepabenbHOCTI Mae OyTH
3a0e3rneyueHa y3ro/DKeHICTh 3MICTOBHOTO HANOBHEHHs iH(opMalii CTOCOBHO
(GYHKIIIOHYBaHHS TpOMaJl Ta PETiOHIB 3 HAasBHUMH CTaTHCTHYHUMH JAaHUMH Ta
JaHUMU 3BITHOCTI TEPUTOPIAIEHUX IPOMaJ, MiIIPUEMCTB, YCTAHOB TAKUM YHHOM,
100 YHUKHYTH JTyOJFOBaHHSI, HaJTMIIIKOBOCTI JIAHUX 3 OJHOTO OOKY, a 3 IHIIOro —
OTPHMATH BiIOMOCTI, IO B MIOBHIH Mipi ONMUCYIOTH CTaH Ta AUHAMIKY PETiOHaIBHOTO
po3BuTKy. Ha opramizamiitHomy piBHI Mae OyTH y3ro/pDKeHa Ta 3aKpiluieHa
HOPMAaTUBHUMM aKTaMH, YTOJAaMH TOINO B3a€EMOJisSA MK PI3HUMH TiJIKaMHU
MyOJIIYHOTO Ta JIEP’KAaBHOTO YIPABJIIHHS, a TAKOXK B3a€MOJIis Oi3HECY Ta Jep)KaBH,
opraHizoBaHa po0OTa i3 3BEpPHEHHSMH T'DOMAJSH Ta pPO3pOOJEHAa METOAMKa IX
aHalizy Ta HOro BHKOPHCTAaHHS y pOOOTI OpPraHiB MiCIIEBOTO CAMOBPSIYBaHHS Ta
nyOmiyHOro ympaBiiHHA. Ha TeXHIYHOMY piBHI IPOMOHYETHCS BUKOPUCTAHHS
€TMHOI amapaTHO-MPOrpaMHOi TIATGOPMH Ta y3TOPKEHHS MMPOTOKOIIB, TPOLEIYP
Ta (¢OopMaTiB TpEACTaBICHHS Ta IM€peAaBaHHS JaHWX, MPU3HAYEHUX [0
BHUKOPHUCTAHHS Y CUCTEMI YIIPaBIiHHS PErioHaJbHUM PO3BUTKOM.

OOpoOnieHHS JTaHMX TpPO CTaH Ta JWHAMIKY TEPUTOPIAIbHUX TPOMAJI
BUKOHYETBHCSl Ha PI3HUX PIBHAX i€papxii «rpomaga-perioH-nepxasa». Ha koxxHomy
3 piBHIB 00poONseThcs Ta 4dacTWHA IHQOpMAIll, sKa BIAMOBITAE PIBHIO
VOpaBIiHCBKUX  pimieHb. Ha  piBHI  TpomMaau, 3BHYaliHO, HaHyacTime
BUKOPUCTOBYBaHUMH € AaHi 100 1i (QyHKIIOHYBaHHS, OAHAK, JUIS BUSBICHHSI
«BY3BKHX MICIIb», BU3HAUEHHS NEPCIEKTUB PO3BUTKY Ha PiBHI rpoMaiy AOLIIBEHO
MOPIBHIOBATH NOKa3HUKHU COIIAIbHO-€KOHOMIYHOTO PO3BUTKY IPOMAJIH 3 KPAIIUMU
JUISL TPOMaJl aHaJori4HOTO TUmy. s 1mboro HeoOXimHO 3a0e3meynTH JOCTYII N0
pe3ybTATIB y3araJIbHEHHA JaHMX, SIKI MOXe OTpUMaTH (axiBelb BiANOBITHOrO
PiBHS, 3BEpHYBIIUCH 3 3aIIUTOM 110 0a3u maHux. JJIg IbOTO y CHUCTEMI € MOIYIb
po0OOTH 3 TAaHWUMU IHIITUX TPOMAJ Ta PETiOHIB, CKOPUCTABIIUCH KM, KOPUCTYBad
MOKE BJIACHOPYY 3aJaTh TapameTpu sl kiacudikamii o0’ekTiB abo BHOpaTH
HassBHUM BapiaHT THITOJIOTI3aIIii.
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3arampHa (CHpOINEHA) CXeMa 3aCTOCYBaHHS 1H(GOPMAMIMHMX TEXHOJOTIN It
MiATPUMKH TPUAHSTTS pillieHb B yNpaBliHHI PETiOHAILHUM PO3BUTKOM (pHC. 4).

Amairi3z mpobnemu, GOopMyITIOBaHHS IIIFOBUX HACTAHOB, 30ip MJaHWX, aHAII3
HOpPMAaTHBHOI 0a3M Ta eKCIIEPTHUX 3HAHB, BU3HAYCHHS NOTCHIIIHUX MOYKINBOCTEH
perioHiB (rpoMaj): aHali3 HATBHAX BUPOOHUYHX PECYPCIB, CKOJOTTIHMM aHAITI3,
TEONPOCTOPOBHI aHali3, MependadeH s OUiKyBaHOTO e(heKTy, HACTIIKIB Ta PU3HKIB

Y
IornubieHe BU3HAUCHHS 0cOOMMBOCTEH (QYHKITIOHYBaHHS peTioHy (00’ €IHAHNX Ta
He 00’ €THAHUX TPOMAJ), B TOMY YHCII, TX CIIPOMOKHICTh, BUPOOHHUY
CIIeiaji3aliio Ta CTaH COIiaIbHOI iIHPPACTPYKTYPH, y3aralbHEeHHS JaHUX

Bukonanus SWOT, PEST-ananizy, text-mining, mo0yaoBa KOTHITUBHUX MO/IeTeH,
(hopMyBaHHS €KCIIEPTHUX OILIHOK

|

®dopmyBanHs iHPOpMaLiHO-aHATITHYHOTO CEPEOBUILA, aIalITOBAHOTO JI0 NOTPeO
aHai3y Ta NPUHAHSTTS YIPaBIIHCHKUX pillleHb (BUOIp aHATITHYHHUX [IPOLEAYP
3 Ha0OPYy MPOMOHOBAHKUX a00 CTBOPHUTH BJIACHI)

v

IToOymoBa Moerieii, CrieHapiiB, po3pOOICHHS MPOTHO3IB, OI[IHIOBAHHS PU3HKIB

|

AHai3 pe3ynbTaTiB, OI[iHIOBAaHHS BapiaHTIB, 32 MOTPeOH, MOPIBHIHHS 3 IHITHMHU

perioHamu (rpomagamu), perioHaMu (TpoMagaMu)-JiepaMu, BHU3HAYEHHS HIISIXIiB
JOCSTHEHHS 1IJIbOBUX HACTAHOB

|

dopMmyBaHHS BapiaHTIB pillIeHHS, IPECTaBICHHS PE3YNbTaTiB 0C00i, 0 MpHitMae
pileHHs

Pucynoxk 4. 3aranbHa (crporeHa) cxema 3acTOCyBaHHS iHPOPManiiHIX TEXHOIOTIN I
MIATPAMKH MPUAHATTS PIlICHb B YIPaBIiHHI pETiOHAIBHAM PO3BUTKOM

Takuii miaXif JO3BOJIUTH OMPAIFOBATH BEJIHKI O0CITH JaHUX, BPaXyBaTH JOCBIJ
PI3HUX pETiOHIB Ta TpoMaJ], SKHAWKpalle ypaxyBaTH OCOOJIHBOCTI COIialbHO-
€KOHOMIYHOTO PO3BUTKY TEPUTOPil, OILIHUTH HAsBHUH PECYpCHHUH TOTEHIIIAT
PETiOHIB 1 rpoMaj] Ta NEPCHEKTHBU HOT0 BUKOPUCTAHHS, MOJITHYHY Ta (iHAHCOBY
cutyanito B Ykpaini. Lle, y cBoro uepry, cripusTUMe ONTUMi3allii CHCTEMH PO3pPOOKH
MaKpOCKOHOMIUHHX  IPOrHO3iB, OCKUIbKM 33 (YHKI[IOHYBaHHS  €IMHOIO
iHpOpPMaLIHHOTO CepeloBUIIa YIPaBIiHHSA PpErioHaJbHUM PO3BUTKOM Oyxe
JOCTYITHO OiniblIe akTyanbHO1 iHpopMalii. 3armpoBaKeHHS CLEHAPHOTO MiIX0Ay Ta
KOTHITUBHOTO  MOJETIOBAaHHA Yy IIO€AHAaHHI 3 BXE JOCHTh  IIHPOKO
BHUKOPHUCTOBYBAaHUMH TIpU TIOOYAOBI pETIOHAIBHUX CTpaTerii Ta mporpam
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SWOT- Tta PEST-anamizy 3HauyHO MiJBHIIUTh OOIPYHTOBAHICTH YIPAaBIiHCHKUX
pitieHb. AJpKE HEBiJ’€MHOI CKJI3JOBOI0 TAaKOTO MiJAXOJy € TONEepeNHid aHaui3
npeAMeTHOI 00nacTi, BigOip albTepHATHB Ta (OPMYITIOBaHHS LLTHOBUX YCTAHOBOK
MOJKJIMBUX BapiaHTiB PO3BUTKY MOii. BukopucTanHs 3ac00iB TEKCTOBOI aHAIITHKH,
IITY9HOTO 1HTENIEKTY, TE€OMPOCTOPOBUX MOJEIEH SK IHCTPYMEHTIB ONTHMI3allii
MiATPUMKH TPUHHATTS pillleHb Y 3aadax 0araToKpUTepiaabHOTO BHOOPY, SIKUMH €
3a7a4i yIpaBIIiHHSI PO3BUTKOM COIIaJIbHO-€KOHOMIYHUX CHCTEM PETioHy (TpoMaju),
JIO3BOJISIE SIKHAWTIOBHIIIE BiliOpaTy albTepHATHBY Ta BU3HAYUTH LLITHOBY HACTAHOBY
PO3BHUTKY CUCTEMH (32 MOTPeOU, POpMyBaHHS MPOTO3UIIiH MIOA0 CKJIaAY 00’ €HAHOI
rpoMajii) 3a AOMOMOTrOI0 3alpONOHOBaHOI iHpoOpManiiHOT MOJE, sIKa y3arajibHIOE
3HaHHS MIOAO0 CTPYKTYPHUX EIIEMEHTIB CHCTeMH, 3B’S3KiB MIX HUMH Ta BIUIMBY
30BHIIIHBOTO CEPEIOBHINA, Y3TOJUTH EKCHEPTHI OWiHKHM, (OpMamizyBaTH HEYIiTKi
YSIBJICHHSI IIOJ0 PO3BUTKY TEPUTOPil, BU3HAUYNTH OPIEHTHUPH ii PO3BUTKY Ha MEBHUX
YaCOBHX MPOMDKKaX B MEXKax PO3POOJICHHX CIIEHAPIiB.

BucHoBku

Y poboTi 3ampomOHOBAaHO HOBY METOIOJIOTII0 IMOOYIOBH iH(MOPMAIIHHIX
TEXHOJIOT1H MITPUMKH NPUIHATTS PillIeHb B YIIPaBIiHHI pETiOHATBHAM PO3BUTKOM,
sKa BHUPI3HAETBCS 3aCTOCYBaHHSIM KOHBEPIeHTHOTO IMiAXOAY JI0 PO3pPOOIICHHS
iHopmarifino-aHaTITHIHOI  TUTATQOPMH, MEPEKEICHTPUIHOIO apXITEKTYpOIO,
BUKOPHUCTAHHSAM YHi()IKOBaHUX PIllICHh Ta €IMHOTO iH(OPMALIHHOTO MPOCTOPY.
Po3pobka mpu3HayeHa il BUKOPUCTAHHS y CHUCTEMi OpPraHiB JEpXKaBHOTO Ta
myOMiYHOTO YIIPaBIIiHHSA, MICIIEBOTO CaMOBpPSAyBaHHS I BUPIMIEHHS 33134
VOPaBIiHHS PETIOHAJIBHUM PO3BUTKOM. 3alpoIOHOBAHO peaii3alilo  €IuHOT
iHpOpMaIlifHO-aHANITUYHOI CHUCTEMH YNPaBIiHHSI pETiOHaJbHUM PO3BUTKOM
HUIXOM iHTerpaiii ananituaaux mwiardpopm SAS Ta Oracle Bl Ha 6a3i anmapaTHo-
nporpamHoro 3abesmneuyenns kommnanii Oracle.

BukopucTaHHsT TpOMOHOBaHOT cHCTEMH 3a0e3MeunuTh CKOPOYEHHS 4Yacy Ha
00pOOJIeHHS 3HAYHUX O0CATIB JaHUX (CTPYKTYPOBaHHMX Ta HECTPYKTYPOBAHHX) Ta
JI03BOJINTH OTPUMYBATH Pe3yJIbTAaTH aHANi3y Ta MPOTHO3YBaHHSA BHUCOKOI SIKOCTI Y
PEeXHMI peaTbHOTo Yacy, 0 MOKPAIUTh SAKICTh YIIPaBIiHCHKHUX PIIIeHb SK Ha PiBHI
periony, Tak i rpoMaan. KpiM TOro, BUKOPUCTAHHS €IMHOTO PIlICHHS JO3BOJIUTH
CKOPOTHTH BUTPATH HA peaizallito mporpam iHpopmartuzallii y perioHax, moCuiInuTh
3B’A3KM MDXK pErioHaMH Ta TIpOMaJaMH, JO3BOJMTH IOKPALIUTH aHANITUYHY
CKJIaJIOBY MICIICBOTO T4 PETIOHATIBHOTO YIPABIiHHSL.

B nopanemomMy cuctemMa Moxke OyTH pO3IIMPEHA 32 PaXyHOK JIOJJAaBaHHS HOBHX
MaTeMaTHYHUX MoOJeJei Ta iXx aHcamOiiB, 3aco0iB OOpOOKH TIeOompoCTOPOBOi
iH(pOpMAIIiT Ta ITYYHOTO IHTEIEKTY.
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ASSESSMENT OF CHANGES IN THE TECHNICAL CONDITION
OF DAMAGED MULTI-STORY BUILDINGS BY USING
ARTIFICIAL INTELLIGENCE

Abstract. The article presents the results of the analysis and prospects for applying
information technologies to select effective organizational, technological, and
technical solutions for eliminating the emergency destruction of multi-story
buildings damaged as a result of Russian aggression. Information and mathematical
modeling is considered a key tool for assessment and decision-making, especially
under conditions of limited access to the research object and a lack of information
about its technical condition. The subject of this research is a previously unstudied
issue: the development of a method for the urgent stability assessment of damaged
multi-story buildings (DMBs) amid large-scale surveys, which will reduce the time
for inspection, modeling, and decision-making regarding the reinforcement and
reconstruction of a DMB or its dismantling. An important aspect of this method is
forecasting the technical condition of DMBs using modern digital elements of
artificial intelligence—neural networks. Optimizing the decision-making process
under uncertainty is possible with the prior development of standard organizational
and technological anti-emergency measures and methods for their application to
typical DMB objects. Linking existing, pre-developed solutions using information
and mathematical models of typical objects to a specific emergency DMB based on
the pattern recognition principle allows for accelerating the selection of an option
and ensuring the conduct of emergency rescue operations. In turn, this will help
rescue potential victims, prevent accidents, and become part of the emergency
response plan. In the post-war period, the use of the presented methodology will
allow for the rapid assessment and forecasting of the technical condition of DMBs
and the selection of an optimal strategy for their stabilization and reconstruction,
including the frequency of monitoring needs and repair timelines. The application
of neural networks, particularly hybrid models (CNNs, LSTMs, autoencoders),
opens fundamentally new opportunities for shifting from a reactive to a proactive
approach in assessing the technical condition of protective engineering structures
(PES). The implementation of such technologies will enable automation of damage
analysis, forecasting of damage progression, and the generation of well-grounded
recommendations for repair, reinforcement, or demolition of structures. This
significantly enhances the efficiency of decision-making and reduces risks for
rescuers and engineers.

Keywords: damaged multi-story buildings; technical condition; mathematical
modeling; neural networks; risk of progressive collapse.
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51.0. Bepuyn, P.I. Teanuko, O.A. Knumenkon

IHCTHTYT TenekomyHikamiii i1 TioGampHOTO iH(OpMariitHoro mpoctopy HamioHansHOI
akazeMii Hayk Ykpainu, M. Kuis, Ykpaina

OIIHKA 3MIHU TEXHIYHOT'O CTAHY IOHIBEYEHUX
BATI'ATOIIOBEPXOBUX BY AIBEJIb 3A TIOIIOMOI'OIO
TYYHOI'O IHTEJIEKTY

Anomauia. Y cmammi Hagedeno pe3yibmamu  aHanizy ma nepcneKmusu
3acmocyeanns  iHgopmayiinux — mexnono2iti  oaa  eubopy  eghekmusHux
OP2aHi3ayitiHuUX, MEeXHONO02IYHUX | MEXHIYHUX pieHb y JNIKeioayil aeapiliHozo
PVIHY6aHHA NOHIGeyeHux 0azcamonosepxosux 6y0ieenv GHACTIOOK POCICLKOT
aepecii. Ingpopmayiiino-mamemamuyne MoONIOBANHSA PO3AAOAEMbCA AK KIIOUOBULL
3acib oyiHKu ma npulHAMmMs piuensb, mooi AK 3a36Udall iCHye 0OMedHceHUll 00CMyn
00 00’ekma OocnioxcenHs ma Opax iHopmayii npo 1020 MeXHIYHUL CMAH.
Ilpeomemom Oocnidocenns € numarnHts, aKe paniue He 00CAIOHCYBANOCA: PO3POOKA
Memooy mepmiH080i OYIHKU CMIUKOCMI NOHIBeYeHUX bazamonogepxogux 0yoigeisb
(I1Fb) 6 ymosax snauno2o macuimaby obcmedicens, Wo 003804UMb CKOPOMUMU YAC
obcmedicents, MOOeno8ants ma HPUUHAMMA piweHb w000 NOCUNEHHA ma
pexoncmpykyii [IBB abo tioeo demonmadicy. OOHUM 3 8AXCIUBUX ACHEKMIE Yb0O2O
Memody € npoenos mexuiynozo cmawy 1165 3a donomoeoio cyuachux yugposux
e/leMeHmi6 WMyyHo20 [HmeneKkmy — HeupoHHux mepedic. Onmumizayis npoyecy
NPUUHAMMA pilent 8 YMO6ax HeGUSHAUEHOCHT MOXNCIUBA 30 YMOBU NONEPeOHbOT
PO3POOKU MUNOBUX OP2AMI3AYIIHO-MEXHONIOSIYHUX NPOMUABAPIUHUX 3aX00i6 ma
Memoouku ix sacmocysanns Ha munogux 06 ’exmax IIBb. Ilpus’sska icHyrouux,
nonepeoHbo  po3podneHUX — piuleHb 3 GUKOPUCMAHHAM  iHGhopmayiino-
MamemMamuyHux mooeneti munogux 0o ’ekmie 00 Konkpemnozo asapitinozo IIbF na
OCHO8I NPUHYUNY PO3NI3HABAHHI 00PA3i68 00360JIA€ NPUCKOPpUMU 8UOIp 8apianmy ma
3a0e3neuumu npogedeHHs: AsapiliHO-pAMY8albHUX pobim. Y ceoio uepey, ye
chpusmume HOPAMYHKY MOICIUBUX HOCMPAICOANUX, 3anobicamume HewacHUM
6UNAOKAM MA CMAHe YACMUHOIO NAAHY peazy8aHHs Ha HAO036uyatini cumyayii. ¥
NICAAGOEHHUL  4AC ~ GUKOPUCMAHHA  NPeOCmAGIeHol  MemoOuKu  00360UMb
onepamueHo OyiHumu ma npocHozyeamu mexuiunui cman IIBB i eubpamu
onmumanvey cmpameeito il cmabinizayii i pexoHCmpyYKyii, 8KIoYaAoHU
nepiooudHicms MOHIMOPpUH2Y, NOMpPedU i MePMIHU PEMOHMY.

Knrouosi cnoea: nomieeueni 0Oazamonogepxosi 0yOieni; MeXHIYHUL CMAH;
mMamemamuyne MOOeI08ANHS, HeUPOHHI MepediC; pU3UK Npospecyroyo20 KOAancy.

https://doi.org/10.32347/2411-4049.2025.2.185-198

Beryn

3pocTatode CBITOBE HACENICHHS Ta XUTIOBHH (OHJ MOCTIHO 3a3HAIOTh BIUIMBY
MPUPOTHUX KATaKIIi3MiB, 3eMIIETPYCiB 200 BIHCHKOBHX JIili. Bkpaii BaxIIBO CTBOPUTH
HOBi iH(oOpMaliiiHi METONOJOTii, SIKI JONOMOXYTh BHUPIIUTH I MmpoOneMu
choroJieHHsl. He3Baxkaroun Ha Te, IIO 16 MUTAaHHs aKTyalbHE B YChOMY CBITI, TaKi
METOJIOJIOTIT Ta pillIeHHsI TOBHHHI OYTH MPUIAHATI B IIEPIITY Yepry Ha MiCIIEBOMY PiBHI
yepe3 creuudiyni OyAiBesbHI MaTepiany, TEXHOJIOTIT YU THUIIH HOIIKODKEHb. CTaTTs
MPUCBSYCHA TIOIIKO/DKEHHIO J>KUTIOBHX OyOMHKIB Yepe3 TpHUBalody BiHY Ta
BiiicbKOBI i1 B Ykpaini. 3 24.02.2022 pocis 3pyiHyBajga 9d MMOMKOIWIA B YKpaiHi
rorazn 210 000 6yxisens. Y Tomy umcni: 106 mikapens, 109 niepkos, 708 mkin. Cepen
HaMOITBII TOCTpaXKJATMX MICT Ha3uBalOTh Ipminb, XapkiB, Mapiymons, PyOixHe,
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Map'iaka. IIpo e cBimunth anami3, mpoeneHuii The New York Times pazom i3 mBoma
MPOBiJHUMH BYCHUMH B Tainy3i auctanuiiinoro 3ouayBanHs Kopi Llepowm i3 Lientpy
acmipanTypu MiCBKOTO YHIBEPCUTETY Hbm-ﬁopKa ta J[>xeimoHoMm Ban JleH Xykom
13 YuiBepcurery mrary OperoH (puc. 1) [1].

B sl ¥
Chemihiv

X Mariupo

Puc. 1. CroBmuukoBa jiarpaMa Ha marmi YKpaiHu 3pyHHOBaHHX Oy[iBeNb Ta CHOPYJ Ha
4 gepBHs 2024 [1]

Jnsi aHamizy BHKOPHUCTOBYBAJHCS JaHI palioNOKaIl[iiHUX CYIyTHUKIB, SKi
MOXKYTh BUSIBJIATH HaBITh HEBEJUKI 3MiHU B OYIiBiIsIX. Biin3bko 900 momKomKeHrx
4l 3pyWHOBaHUX OyaiBelb — Ie 00'€KTH, 3axuilieHi JKeHeBChbKUMH KOHBEHIISIMHU
(BCTQHOBJIOIOTH CTaHJAPTH T'yMaHHOTO TIOBOJDKEHHS IIiJl 4ac BilHM). YKpalHCBKa
omiHka Bumia: npem'ep-minictp Ykpainu Jlenuc lImurans y tpaBui 2024 poky
HaroJIOCUB, IO POCisl 3pyiHyBaJia YM MOIIKOAWIA B YKpaiHi 250 THUCSY KUTIOBHX
OyxiBenb, OnMM3bKO 4 THCAY IIKLI, TMOHAJ THCAYY JIKapeHb Ta OaraTo iHIINX
IUBUIEHUX 00'ekTiB. 30MTKM KpaiHi 4Yepe3 BTOPTHEHHsS BiH OIIHUB y 486 Mipa
nonapiB [2]. BinOymoBa Ta peKOHCTPYKLisS YKpPaiHCBKOTO >KUTIIA, OE3CYyMHIBHO,
BKJItOYaTuMe Oarato QakTopiB, i HOBI miaxoam OyayTh HEOOXiAHI Ta MPUHHATI
(puc. 2 [3]). BwupimenHs Bulle3a3HAYeHUX MUTaHb NOTpedye BceOIYHOIO
JOCJIIDKEHHS, OCKIJIBKH KUIBKICTh IMOIIKO/KEHUX OYiBE/Ib HA MOMEHT IOJaHHS
i€l poOOTH IMIOAEHHO 3POCTAa€E B yMOBax NMPOAOBXKEHHS OonoBux nmiil. CuTyauis
MIHJINBA, 2 aKTyaIbHUX CTATUCTUYHUX JJAHUX PO pealibHi MaciTadbu pyiHyBaHb y
0aratbox MicTax YKpaiHu HEMae.

[Ipeamerom mociKEHHS € MUTAHHSA, SKE paHillle He TOCTiHKYBaJIOCs: po3pooKa
METOAY TEPMiHOBOI OIIIHKHM CTiHKOCTi MOHIBEUEHHX 0araTONOBEPXOBUX OyaiBEJb
(ITbb) B ymoBax 3Ha4yHOTO MacmTady 0OCTEKEHB, IO JTO3BOJIUTH CKOPOTHUTH Yac
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MOJCITIOBAaHHS Ta NPHAHATTS PIlIEHh IOJ0 ITOCHJICHHS Ta

00CTeXKEeHHS,

pexoHctpykiii [IBb abo #oro aemonTaxy. OJHUM 3 BaXKIMBHX aclEKTIB IIOTO

MeTOoAy € mporHo3 TexHiuHoro ctany [IBb 3a gomomororo cydacHux mudpoBux
€JIEMEHTIB IITYYHOTO iHTEIEKTY — HEHPOHHHUX MEpEXK.
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Puc. 2. OcHoBHI pobJieMHu, sKi ocTany rnepea OyaiBebHAM GOoHIOM Y KpaiHd BHACITIIOK

(3]

BINCBKOBUX HiH
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MeToau 10CJiIKeHb

Onrtumizanis npouecy NpUAHATTS PillIeHs B YMOBaX HEBH3HAYCHOCTI MOXIIUBA 32
YMOBH  TIONEpPENHBhOI  PO3POOKH  THUMOBHX  OpraHi3alliifHO-TEXHOJIOTiYHHIX
MPOTHABAPIMHNX 3aX0/IiB Ta METOAMKH iX 3aCTOCYBaHHS Ha THIOBUX 00’ ekTax [1bb.
[IpuB’s3ka icHYIOYMX, HONEPEAHBO PO3POOJICHHX pillleHb 3 BUKOPUCTAHHIM
iHopmariifino-MaTeMaTHIHUX MOZAEIICH THHOBUX OO’€KTIB 10 KOHKPETHOTO
aBapiitnoro IIbb Ha OCHOBI TpHWHLWITY pO3Mi3HaBaHHS 00pa3iB JO3BOJISE
MPUCKOPUTH BUOIp BapiaHTy Ta 3a0€3MEUUTH MPOBEJCHHS aBapiiHO-PATYBaJbHUX
poOiT. YV cBOW0 depry, Ie CHpPUSTHME MOPATYHKY MOKJIHMBUX MOCTPAKIATHX,
3anobiraTuMe HEIacHUM BHIAgKaM Ta CTaHE YAaCTHHOIO IUIAHY pearyBaHHS Ha
HaJ3BUYAIHI CUTYaIlii.

Ha mnouarkoBomy etami obctexxenns [IBb Baxko oTpuMaTé 00’ €KTHBHY
iH(hopMartito mpo ii paKTHIHNN TEXHIYHUHN CTaH Yyepe3 HeOe3neuHn i Ta 0OMEeKeHUI
JOCTYT 0 00’ €KTa 0OCTE)KEHHS Ta HASIBHICTD PU3HUKY HeTlepe0aueHoro 0OBaeHHs
3pyHHOBaHMX KOHCTPYKHid. BinmoBigHO, BHUKOPUCTAaHHS iMiTallifHOTO Ta
iH(hopMaIifHO-MaTEMaTUYHOTO MoOJemoBaHHA [4] Moxe OyTh epeKTUBHUM
METOJIOM ONEepPaTHBHO-IMOBIpPHICHOTO MiATBEPKEHHS BHCHOBKY TPO TEXHIUYHUI
CTaH TOMIKO/KEeHOI OyniBmi B yMoBax iH(OpMamiiiHOI HEBH3HAYCHOCTI, KOJH
OPUAHATTS PIlICHHS I[OJO 3amo0iraHHs pPO3BUTKY JAWHAMIKH PYHHYBaHHS €
aktyanmsHUM. lle nmo3Boisie mpuiiMaTH pimieHHS Ha OCHOBI HaWCydYacHIIIMX
PO3paxyHKOBUX MOJENEH 1 TEXHIYHHX XapaKTEPUCTHK, a TAKOXK MOXKE BKIIOYATH
EKCIIEPTHY OILIHKY TONIO JUIi OTPUMAHHS MPOTHO3HHMX IaHHMX IIOAO CTIHKOCTI
KOHCTPYKITiHA.

[lix wac mepBuHHOTO OrysAny 11Bb, Ge3nocepenHbO MiCIs MOIMIKOMKEHHS, CITif
BpaxoBYBaTH, M0 HA MOMEHT TOUIKO/PKEHHS OY/IiBJIi OCHOBHHMHU (aKTOpamHu, II0
BIUTMBAIOTh Ha KOHCTPYKIIIIO Ta MPU3BOSTH J0 pyHHYBaHHS, € [5]:

— HQITUIIKOBHUU THCK y 30Hi BIUIUBY;

— TepMiuHi eeKTH, SKi MOKYyTh BAHUKHYTH B PE3yJIbTaTi pO3pUBY CHapsaa abo

MOMKEXKI;

— TIOIIKOJ/DKEHHS yJIaMKaMH, sIKi MOKYTh OYTH NEpBUHHUMH, BTOPHHHUMH 200
oboma;

— CHaps¥ TiJl HAIIPYTOO MOOYTOBI Ta30Bi MPHIIAAN, SIKi MOXYTh BUKIHKATH
NOJANbIINK BUOYX (HampuKiIaj, MicHs BIYYaHHS pakeTH B IKUTIOBHUI
OyauHok Ha Bynuui YopHoOuibcbkii y KueBi, TamMm BHUHHMKIA BTOpPHHHA
HOoXexa, i 64 kBapTupH i3 126 Oyiu CHIIBHO TOIIKO/KeHi [6]);

— KpaTepoyTBOPEHHS Ta yJapH IPYHTY, SIKi MOXYTh CIPOBOKYBAaTH IOAAJIbIIE
3MIIIEHHS] Ta O0BAJIEHHSI KOHCTPYKITiH.

ToMy BakIMBO 00’€KTHUBHO Ta SIKHAHIIBHUJLIE MiCIs HAHECEHHS MOLIKOKEHb
OLIHUTH BUILENepelnideHi (akTopu, mo0 3amolirTd MoAajblIOMYy PYHHYBaHHIO
OyIiBJIl Ta YHUKHYTH HEOE3IEKH JIJIS CIICIIaliCTiB, AKi MPALOI0Th HAa 00’ €KTI.

HeiipoHHi Mepexi — I1e OJIMH 3 OCHOBHUX IHCTPYMEHTIB IITYYHOTO iHTEJEKTY,
SAKUH e(EeKTUBHO BUKOPUCTOBYETHCS JUIA IPOTHO3YBaHHS Yy pi3HUX cdepax
JisIbHOCTI. BOHU MOJICITIOI0TH POOOTY JIFOJCHKOT0 MO3KY, JI03BOJIIIOUN 00pOOJIATH
BEIUKI OOCATM JAHWX Ta BUABJIATH CKIAJHI 3aJ€KHOCTI MIDK BXIJIHHMHM Ta
BUX1THUMH Napamerpami. [[porHo3yBaHHS YHCIOBUX PSAIB — LI BXKIIMBE 3aBAAHHS
B AHANTHII JaHHX, fKE MAe IIMPOKE NPAKTHYHE 3HAUYCHHS. MIeThcs IIpo
nepeadaveHHs MalHOyTHIX 3HAa4eHb HA OCHOBI TONEpEAHIX AaHUX. Y IbOMY
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KOHTEKCTI HEHpPOHHI Mepexi 3apeKOMEeHIyBaInd cebe SK MOTYKHUW 1HCTPYMEHT,
3MaTHUN MOJIEIOBATH CKIIA/IHI Ta HEJiHilHI 3anexHocTi y yaci. Hamu BoHUM OyayTh
BUKOPHUCTAaHI IJ1sl TPOTHO3YBaHHA 3MiHU TexHiyHOTro cTany [1bb y yaci.

PesyabTaTu BuMipiB i mporno3iB Ha wmicumi. Orasg OyaiBai Ha mnpeamer
MONIKOAKEHD

VY pazi 00MexeHOro AOCTYIy A0 MOIIKO/HKEHO! OymiBili iCHYIOUl BUAN OOCTEKEHBb
JOLTBHO AOMOBHUTH III€ OAHUM BHJOM — MOMEPEAHBOI0 JUCTAHIIHHOIO OLIHKOO
TEXHIYHOTO cTaHy crnopyn. llonmepenHio AMCTaHLIAHY OLIHKY TEXHIYHOTO CTaHy
OyxiBini HEOoOXiHO TMPOBOAWTH y pa3i 3arpo3n HemepenadadyBaHOTO OOBaJCHHS
KOHCTPYKIIiH 1, IK HACIIIOK, OOMEKEHHS TOCTYIY J0 00’ €KTa OTJIsIy.

Ha mnactynHux eramax oOcCTexeHHs aBapiiiHOi Oy[iBii, $Ki BKIIOYAIOThH
Bi3yaJgbHe Ta JeTalbHE IHCTpyMEHTallbHe OOCTeXeHHs, iH(popmamiiHa MOAETh
notpedye yroudenns [7, 8. Jlume 3a ymoBu Oe33anepedHOi BIIEBHEHOCTI OO
KPUTUYHOCTI TIOMIKO/KEHb Ta MPOTHO30BAHOTO TMPOTPECYIOUOro OOBAICHHS
OyIiBIIO MOXXHa BBaXaTH TAaKOI, IO HE IIUIATa€ PEMOHTY. SKIo 1me He
MiATBEP/UKYEThCS TPOTHO3aMH, abo0 SKIIO Bce Mmie Opakye iHQopmamii s
OPUAHATTS OOTPYHTOBAHOTO PIllICHHS, HEOOXiHO MPOBECTH JOAATKOBE Bi3yallbHE
Ta JeTajJbHE IHCTPYMEHTAIbHE 00CTEKCHHSI.

Ha ocHOBi neTampHOTO OTMSAAY CHiA 3a3HAYUTH MICIS A€(PEKTiB, YTOUHUTH
iH(opMaIiitHO-MaTeMaTHYHy MOJETh PO3PaXyHKY Ta MOBTOPHUTH MOJETIOBAHHS.
[Ticns BU3HAYEHHS 3aX0/iB 3 YKPIIUICHHS T2 PEMOHTY HEOOXiJTHO CKIIACTH KOLITOPHUC
Ta OLIHUTH BAPTICTh PECTaBpaIliitHUX POOIT.

V pasi O6inbL CKIIaAHUX pyHHYBaHb OTPUMYIOTH BUXIHI AaH1 U1 IPOEKTYBaHHS
BIJIHOBJICHHSI OyJiBJi HUISIXOM KaIliTaJbHOTO PEMOHTY ab0 peKOoHCTpyKii. Jlis
IILOTO HEOOXiJHEe IHCTPYMEHTAlbHE OOCTEKEHHS 3 BCTAHOBJICHHAM (Di3MKO-
TEXHIYHUX XapaKTePUCTHK eIIEMEHTIB KOHCTPYKIi OyxiBmi Ta i1 CTHKIB.
[HcTpyMeHTanbHa 3H0MKa (T€0JIe3UdHI CIIOCTEPEKEHHS 3a leopMariisiMu OyiBIi,
OLIIHKA CTaHy KOHCTPYKIIH 1 3'€lHAaHh HEPYHHIBHUMHU METOJIAMH Ta iH.) TIOBHHHI
MPOBOJUTHUCS B 00CATax, JOCTATHIX AJISl MPOEKTYBAHHS 3aX0/iB 1010 BiJTHOBJICHHS
eKCIUTyaTalliifHOT MPUIATHOCTI 3 ypaxyBaHHSM pe3yJbTaTiB IOMEPEIHIX ETaIliB
00CTEXEHHS Ta TIOTNIePE/THIX PO3PAXYHKIB.

PozpaxyHok Hecyd4oi 3maTHOCTI OyAiBIIi B HUIOMY Ta PO3pOOKY pillleHb 00
MiZCUIEHHS Ta PEMOHTY HEOOXiAHO MPOBOJUTH 3 BUKOPUCTAHHAM iH(pOpMaLiiiHO-
MaTeMaTHuHOi Mojeni [9—11], yTrouHeHoi 3a pe3ynbTaTaMH iHCTPYMEHTAJIbHUX
oOcTexxeHb 1 rabapuUTHHX KpecleHb, 3 ypaxyBaHHAM BCTaHOBIEHUX (Hi3HKO-
TEXHIYHHUX XapaKTEPUCTHK OyiBEIbHNUX KOHCTPYKILIN 32 pe3yabTaTaMH 1E€TaJbHOTO
oOCTeXEHHs, 10 mepeadavyae OTPUMaHHS Bci€i HeoOXimHOI iH(oOpMamii s
Po3po0KH poeKTy pecTtaBparii oyaisimi (puc. 3 [3]).

[lomepennst o00poOka gmaHMX BKJIIOYAE MONEpeNHIO OOpoOKy — JaHHX
JUCTAHIIMHOTO JOCTIMKEHHS Ta ICHYIOUMX OyJiBeJIbHUX MarepiamiB s
BusHaueHHs Trity [16b Ta koHCcTpyKTHBHOT cXxemHu. [Ipu 00cTexkeHH] MOMKOKEHb
BU3HAYAEThCS 1X JIOKANi3allis, CTYIIHb ITOIIKO/KCHHS, TONIKO/KEHI EeIeMEHTH
koHcTpykuii [IBb. ToMy Ha manomy erami MO)Xe BUHUKHYTH BHCOKa moTpeba B
aBTOMAaTH3aIlii MPOoIeCY BU3HAYCHHS 30MTKY Ha OCHOBI MU(POBHUX TEXHOJIOTIH.

Kopekiiisi po3paxyHKOBOI MOJENI BKJIIOYa€ CTBOPEHHS iH(oOpMaIiiHo-
MaTeMaTHYHOI MOZAENI Ta BUIUICHHS MOLIKO)KEHHX €JEMEHTIB KOHCTPYKLIi IS
OLIIHKM CTiKOCTi OyaiBmi. st nporo asst moOynoBu iHpOpMaLiiiHO-MaTeMaTHIHOT
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MO/IeTi MOXYTh OyTH BHUKOPHCTAaHI TaKi METOIHM: METOJ CKIHYCHHHX EJIEMEHTIB

(MCE), meron auckperHux einemenrtiB (MJIE), Meron mnpukiagHuX €JIESMCHTIB
(MIIE) abo wmeron 3ryproBanux enemeHTiB (M3E). 3acrocyBaHHs MeTOny
ckinueHHnx eneMeHTiB (MCE) € HaiOLThII MOIUTPHHUM dYepe3 WOro IMHPOKE

Oymisii [14-15].

3aCTOCYBaHHS B OIIHIII MOXIIMBOCTI MTPOTPECYIOUOT0 PyHHYBaHHS
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Puc. 3. 3al'[p01'[0HOBaHa KOHICIITYaJlbHA CXEMa OIIiHKI/I TEXHIYHOI'O CTaHy NOLIKO/JKECHOI'O
BCJIIMKOIIAHCJIBHOI'O 6y,Z[I/IHKy 3 BHUKOPHUCTAHHAM 6asu JaHUX THUIIOBUX piHIeHL Ta

MIPOBEJCHHS aBapiiHO-PATYBAIBHUX

OLIHKM Ha erami

JOUCTAaHLIMHOT

MONepeaHbOT
po0ir [3]

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



~ 192 ~

OrmiHka pHU3WKYy BKIIOYAE€ PO3PaxyHOK nedopMariii i MOXKINBOCTI PO3BUTKY
HEKOHTPOJILOBAHOTO IIPOrPECYI0YOro ooBaieHHs OyaiBii. [Iporpecyrounii konarc —
e KONamc, SKWH IMOYMHAETHCS 3 JIOKaJIi30BAaHOT'O MOIIKOKEHHS OAHOro abo
KUIBKOX CTPYKTYPHHX KOMIIOHEHTIB 1 pO3BUBAETHCS TI0 BCI CTPYKTYPHIH crcTeM,
BIUTMBAIOYM Ha iHII KommoHeHTH [15-17]. Y 3aranbHOMYy BHIIQAKy OIliHKA
MPOTPECYYOro pyiHyBaHHs Oy iBJIi BUKOHYETHCS 32 PIBHIHHSIM:

R(S) = R(SIDQ) x R(PIQ) x R(Q),

ne: R(S) — idimoBipHicTs mporpecyrouoro komarcy; R(S|P) — iiMoBipHiCTE
IIPOTPECYIOUOro PyHHYBaHHs KOHCTPYKIIii BHACHIIOK JIOKAJIbHOTO OLIKOKEHHS P;
R(P|Q) — #MOBIipHICTh JIOKaJbHOTO TOIIKO/pKeHHsT P BHacmigok HebOesmeku Q;
R(Q) — iimoBipHicTh BUHHKHEHHS HeOe3neku Q [17-19].

BinmoBigHo, WMOBIpHICTH MPOTPECYIOUOTO KOJNAICy MOXKHA MIiHIMI3yBaTH
TpbOMa CIIOCOOAMHU: KOHTPOJIEM aHOMANbHUX TMOMAiH, KOHTPOJIEM IOBEIiHKH
JIOKQJIbHUX EJIEMEHTIB Ta/a00 KOHTPOJIEM TMOBEIIHKU II00anbHOI cuctemu [20].
OmiHIoOIOYN PHU3UKK, HEOOXITHO BPaxOBYBaTH, IIO MPOTpecyrovde pyHHYyBaHHS
OyIiBIi MOXe PO3BHBATHCS 32 OJHUM i3 BB a00 iX koMmOiHarier. Starossek, U.,
& Haberland, M. [21] BH3HAYWIM IICTh THIIB MPOrPECYHOUOr0 KOJAICY:
MJIMHIIEBHAH, OJIMCKAaBKOBHM, JOMIHO, CEKIIMHMM, HECTAOIMBHHUM Ta 3MIIIAHUH THII
(pancake-, zipper-, domino-, section-, instability-, and mixed-type collapses) [21].
[Ipu ouwiHIi PHU3HKIB HEKOHTPOJIBOBAHOTO MPOIPECYIOUOTO PyHHYBaHHSA OynmiBii
BaXXJIUBUH JCTallbHUA aHani3 3Ha4eHb JedopMalliif, OTpUMaHHX y pPe3yibTaTi
MOJIEJIBHOTO po3paxyHKy. OnHak He Bci (pakTOpH, IO BIUIMBAIOTH HAa PO3BUTOK
nedopmariiii, MoJKHa IIOBHICTIO OI[IHUTH Yepe3 Opak Jacy Ta OOMeXeHHUH JOCTYII 10
Oyxieni. Hanpukiiaa, Ha 3araibHy CTIHKICTh OyaiBii Ta ii KOHCTPYKIIN BIUIMBAE
SKICTb 3’€IHAHb IaHEJEH Ta iX CTaH HA MOMEHT IOIIKOKEHHS OYIiBIIi, SKUH TaKOXK
3aJIe)KHUTh BiJl TpuBajocTi i1 ekcruryaramii [22-25]. Bu3HadeHHA MOTOYHOTO
TEXHIYHOTO CTaHy IIBIB MOXE IMPOBOJMTUCS Ha €Talli JIETAJIbHOTO OOCTEIKEHHS
OyJIiBJII METOJaMH HEPYWHIBHOTO KOHTPOJII0. OCOOIMBO BaXKIMBO BU3HAYNTH CTaH
CTUKIB y MiCIiX, OJM3BKAX IO eMIEeHTPY YypaXeHHs, 1100 3amodirtu
HEKOHTPOJILOBAHOMY PYHHYBaHHIO KOHCTPYKI[iii. BogHouac y neskux BUMaIkax
BUKOHAHHS [IUX POOIT MOke OyTH HeOe3MeUHNM 1 MOXKITUBE JIMIIIE Micist cTadimizarii
Ta TUMYAcOBOTO 3MillHEHHs OyxiBii. BpaxoByloun Bce BHUILEBHKIIAACHE, BUIAIKH,
Ul SIKUX PO3paxyHKOBI 3Ha4yeHHs xAedopmariii Onu3pki a0 NEpeBUILYIOTH
HOPMATHBHI, CIIiJl pO3TIIIHYTH OLTBII JIETATBHO 1 YBAXKHO.

IIporno3yBaHHs 32 10NIOMOT0X0 HEI{POHHUX Mepex

[IporHo3yBaHHs ~ JUHAMIKM  3MIHM  TEXHIYHOIO  CTaHy  IOHIBEYCHMX
0araTormoBepxoBHUX Oy iBENb € KIIFOYOBUM 3aBJAaHHSM JUIS 3aI100iraHHs M0 IATBIITUM
pYHHYBaHHSIM Ta TPUHUHATTSA OOIPYHTOBAaHUX PIlICHb IIOJMO iXHBOI JOJIi:
YKPIIUICHHS, PEKOHCTPYKINI YU IEMOHTaXy. B yMoBaX, KOJIM TOIIKOJKCHHS €
MacoBUMH, a JOCTyH JO OO'€KTIB YCKIQJHECHWH, TpaauIliiHi MeToIu
IHCTPYMEHTAIBHOTO OOCTEXKEHHS CTalOTh HES(PEKTUBHUMH 4epe3 3HauHi 3aTpaTh
gacy Ta BHCOKI PU3HMKH I TepcoHanmy. Came TOMY 3acCTOCYBAaHHS TEXHOJIOTIN
MITYYHOTO 1HTENEKTY, 30KpeMa HEHPOHHHUX MEPEX, BIIKPHUBAE HOBI MEPCIICKTUBU
JUTSL CTBOPEHHS aBTOMATH30BaHUX CUCTEM ITiITPUMKH MIPUUHSATTS PillICHb.
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Hefiponni wmepexi € TOTYXHHM I1HCTpYMEHTOM IS aHami3y CKIaJHHX,
HEJIIHIHHHUX 3aJIe)KHOCTEeH y BENMKHUX MacuBax NaHWX. JlJis 3aBAaHb OLIHKH CTaHY
OyJiBeNb TAKUMU IAHUMHU MOXKYTh BUCTYIIATH:

— Bizyansni gani: ungposi dororpadii Ta Bimeo, oTpumaHi 3 0€3MIOTHHX
mitanpHuX anapariB (BI1JIA), nani nazepuoro ckanyBanus (LIDAR), mo ¢ikcyoTs
TEOMETPII0 MOMIKO/KEHb, HASBHICTH Ta XapakTep TPINIUH, BIIKOIIB OETOHY,
OTOJICHHS apMaTypH.

— UYacoBi psau: pgaHi 3 JaTYUKIB, BCTAHOBJICHUX HA KOHCTPYKIIISX
(akcemepoMeTpiB, TEH30METPIB, JATUYHKIB HAXWIy), MO (IKCYIOTh TUHAMIKY
nedopmariiii, KOIMBaHb Ta IHITNX MapaMeTPiB Y Yaci.

— IlpoekTHi Ta excruryaranidHi AaHi: iH(pOpMAaILis MPO KOHCTPYKTHBHY CXEMY
OyxiBii, MaTepiany, pik 3BelICHHA, iCTOPIIO TIONEpeIHIX PEMOHTIB.

Ha ocHoBi aHaii3zy 11X JaHUX HAJIE)KHO HABYCHA HEHpOMeEpEeKeBa MOJIEIb 3/1aTHA
HE JUINe KIACHU(IKYBaTH MOTOYHWH CTaH TOIIKOMKCHb, aliec W MPOTHO3YBATH iX
PO3BHTOK, HIO € KPUTHYHO BAXJIMBUM Ui OLIHKH PH3HUKY MPOrPECYIOUOro
OOBaJICHHS.

ApXiTeKTypHU HeiipOHHUX Mepe:K Ta IX 3aCTOCYBaHHS

3aJieXHO BiJ] THITY BXiTHUX JaHHUX Ta CHEIU(IKK 3aBIaHH, Ui OIiHKH cTaHy [Ibb
MOXXYTh OyTH BUKOPHCTaHi pi3Hi apxiTekTypu HM.

3roptrkoBi HelipoHHi Mepexi (Convolutional Neural Networks, CNN) €
CTaHJIAPTOM JIJIsl aHaJIi3y Bi3yaJlbHUX JaHuX. Y HamioMy kKoHTekcTi CNN MOXyTh
OyTH HaBYeHi AN aBTOMaTH4HOI iAeHTHGikamii, kracugikamii Ta cerMeHTamii
MOIIKO/DKEHb Ha 300pakeHHsAX. Hampukiaa, mepeka MoKe BHU3HAYaTH 30HH 3
TpIIIUHAMH, OOYHCITIOBATH iX IIMPUHY Ta JIOBKUHY, BUSBISATH MICIS pPyHHYBaHHS
HECy4MX ejeMeHTiB. Takuil miaxiJ 3HaYHO MPHCKOPIOE MPOLEC NEPBUHHOTO OTIISILY
Ta J03BOJISIE CTBOPIOBATH JETaJbHI "KapTH MOLIKOPKEHB" Ul KOXKHOI OyniBii.
Edexrupnicts CNN miist knacuikaiiii moImkoaKeHb Oy IiBelb 3a CyyTHUKOBUMH
3HIMKaMH OyJia mpoJieMOHCTpoBaHa y poboti Wang T1a iH. [26].

PexypentHi HeiiponHi mepexi (Recurrent Neural Networks, RNN), 30kpema ix
MPOCYHYTHI BapiaHT — Mepexki 3 TOBrotw KopoTkoudacHoro nam'sttio (Long Short-
Term Memory, LSTM), € izeanbHUM iHCTpYMEHTOM ISl aHAJi3y YaCOBHX PSIIB.
Sxmo Ha OyniBii BCTaHOBIEHO cucTeMy MoHiTopuHry, LSTM-mepexa Mmoxxe
aHaJTi3yBaTH TMOCIIIOBHOCTI TaHUX (HAIPUKIaI, IOICHH] TOKa3HUKH HAXITy CTIHU
a00 PO3KPUTTS TPILIMHMU) 1 IPOTHO3YBATH IXHI 3HAUYEeHHs Ha MaiOyTHE. L{e mo3BoIs1E
3aBYaCHO BHSBHUTH TEHACHLIIO J0 NPUCKOPEHHS AErpajaliiHUX IIPOLECiB Ta
MONIEPEUTH PO HAOIIKEHHS 10 KPUTUYHOTO CTaHy.

Asrtokozaepu (Autoencoders) — 1ie Tun HM, 1o eeKTHBHO BHUPIIIy€e 3aBIaHHS
JETeKIl aHoMajiii. Mojiesib HaBYA€ThCS Ha JAHUX, 10 OMHUCYIOTH "3M0pOBHIA",
HETIOIIKO/KEHUH CTaH KOHCTpyKuUii. Hanmami, npu aHami3zi JaHMX 3 MOLIKOHKEHOT
OyiBIIi, aBTOKOJIEp BUSBIISITUME 3HAYHI BiJXWICHHs (aHOMAJTIT), SIKI CHTHATI3YIOTh
PO HasIBHICTh Ta CEPHO3HICTH Ie(EKTIB, MO HE 3aBXK/]H IOMITHI MIPU Bi3yallbHOMY
orsAni. 3acTOCYBaHHS aBTOKOAEPIB Ul BUSBICHHS MOLIKOKEHb Y KOHCTPYKLISX
JeTalbHO PO3MIIAHYTO y npai Salehi Ta in. [27].

INopumai Monem. HaiOiapln mepcieKTUBHAM € TTOETHAHHS Pi3HUX apXiTEKTYp.
Hampuknan, riopuana wmonens CNN-LSTM  Moxke OAZHOYAcHO —aHami3yBaTH
300paskeHHs moukokeHb (depe3 CNN) Ta muHaMiky 1x 3MiHHM B yaci (depe3 LSTM).
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Takuii KOMIUIEKCHUH MiAXiI M03BOJSIE OTPUMATH 3HAYHO TOYHINI Ta HaIIWHIII
MPOTHO3M. Y CHIIIHUMA TOCBi/] 3aCTOCYBaHHS MOAIOHUX riOpUAHUX PPEHMBOPKIB IS
MOHITOPHHTY CTaHy MOCTIB Ta BUCOTHHX OY/iBElb OIMUCAHMN y JOCHTIDKeHHI Lin
Ta iH. [28].

IIpuxnan 3acTtocyBaHHs aBTOKoAepa Ha ocHOBi LSTM nuis ananizy TexHiuHoro
cTaHy OyaiBeiab

VY paMKax mpoBeAeHOT0 AOCIiIKeHHS Oy0 0OpaHo AEMOHCTpAllifHUN MpUKIIan i3
BUKOPHUCTaHHSM Bimkpuroro aaracety Albina Yard Building, skuii MicTuTh 3anucu
am0OieHTHUX BiOpamiid peanpHOI HoTHpuoBepxoBoi Oynismi y [Hoprnenai (CLIA).
Leit maTaceT BKIIrOUa€ BUCOKOYACTOTHI JaHi 3 1§ akcenepoMeTpiB, BCTAHOBJICHUX Ha
Pi3HUX PIBHSX KOHCTPYKIIii, Ta BiloOpakae AMHAMIUHY TOBEAIHKY Oy/IiBIIi B yMOBax
MPUPOAHOTO HABAaHTAXKEHHS.

Jis imrocTpartii MOXKIMBOCTEH HEMPOHHUX MEPEXK Yy 3a7a4aX aBTOMAaTH30BaHOTO
BUSIBJIGHHS TOIIKO/KEHb OYJIO pealli3oBaHO apXiTEKTypy aBTOKOJiepa Ha OCHOBI
noBroi kopotkodacHoi mam'ati (Long Short-Term Memory, LSTM). ABTtokozep
HAaBYaBCS BiITBOPIOBATH «3[IOPOBHIN CUTHAN 0€3 MOMIKOMKEeHb 1 anoMmaumid. [licms
HaBYaHHS Ha HEMOUIKO/PKEHHX JaHUX MOJIENIb JEMOHCTPYE HHU3BKY MHOXHOKY
PEKOHCTPYKIIii, TO/ SIK Ha TUITHKAX CUTHATY 3 aHOMaJIisIMU TIOMUJIKA Pi3KO 3pOCTaE.
Lle mo3BoIsie BUSBIATH HETHUIIOBI MOJIi Ta MOTeHMIHHI AedexTH 6e3 HeoOXiTHOCTI
iXHBOTO SIBHOTO MapKyBaHHSI.

HaBuanns LSTM-aBTokonepa 3iHCHIOBAIOCS HAa YaCOBMX BIKHAX JOBKHUHOIO
2048 simmikiB (1 cexyHna npu 9actoTi auckperusanii 2048 I'm). [l HaogHOCTI 10
TECTOBOTO Ha0OPY AaHWX OYJI0 BHECEHO IITYYHI aHOMAJIii UISIXOM MacIITa0yBaHHS
aMIUTITYId CUTHAJIY OJHOTO 3 KaHaiB. YJKe TMiCias JBOX €IOX HaBYaHHS
cepeHbOKBaApaTHUHa NoxuOka pexkoHcTpykiii (RMSE) 3Hu3mmacs 3 mouaTkoBux
3HaueHb moHax 4 1o piBas 0mm3bko 0.5, a ¢yHkmis Brpar (Loss) Habmu3mmacs 1o
Hysis. Lle cBiguuTh PO 3maTHICTH Mojeni e()EeKTHBHO BIiATBOPIOBATH THIIOBI
BiOpalliiiHi maTepHu.

Reconstruction Error (Test)
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Puc. 4. I'padix MOMHIKM PEKOHCTPYKINI HAa TECTOBUX JaHWUX 3 BHECEHUMH IITYIYHUMH
aHomaismu: riku MSE BuIlle BCTAaHOBJICHOTO MOPOTY BKa3ylOTh HA KOPEKTHE BHSBICHHS
aHoMaTii
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Ha puc. 4 nHaBegeHo rpadik MOMIJIKH PEKOHCTPYKINI TSI TECTOBUX IAaHHX.
Buano, mo OiTbIIICTh BIKOH MalOTh HHU3BKHM PIBEHb CEpeAHBbOKBAIPaTHUHOI
nomunku (MSE), Toni ik Ha MUISHKAX 31 IITYYHO TOJAHUMHU aHOMAJisIMH MOMUIIKA
pI3KO TIEpEeBHINYE BCTAHOBJICHWH mMoOpir. TakuM YWUHOM, MOJENb IPABHIBHO
ineHTr(iKye BiIXWIeHHS, SKi He OynM TPUCYTHI B HaBYAIbHUX AaHuX. lle
MiJKPECITIOE MOTEHIIAN MIXO0Ay Ul BUSBICHHS HOBUX a00 paHillle HEBIIOMHUX
nedeKTiB, XapaKTepHUX JJIS aBapiiHO MOIMIKOKEHUX KOHCTPYKITIH.

JetanpHime mporec peKOHCTPYKINI MOKa3aHO Ha PHC. S, 1€ MOPIBHIOIOTHCS
BXIJJHHI CUTHAJI i HOTO BiJTHOBJICHHS JIJIsl OJIHOTO 3 BiKOH JaHuX. JJi1 HOpManbHUX
IOUISHOK CHHA JIiHiS  (OpUTiHAJbHMKA CHUTHAJI) Ta YEpBOHA IYHKTHPHA
(pekoHCTpyOBaHWII  CHUTHAN) MPAKTHYHO 30Irafl0TheA, IO  MIATBEPIKYE
aJICKBaTHICTh HABYCHOI MOJICTi. Y BHITJKy MOIIKOKEHb 200 aHOMaJTili O4iKY€ThCS
MTOMITHE PO3XOJ[KCHHS ITUX KPUBUX.

Window 679 Input vs Reconstructed (Channel 1)
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Puc. 5. TlopiBHSHHS BXiTHOrO Ta PEKOHCTPYHOBAHOrO cUrHany (KaHai 1) 1uisi OJTHOTO
BIKHA JaHUX: BUCOKA TOYHICTh BIATBOPEHHS O€3 aHOMAJTiid.

OtpumaHi pe3ylbTaTH JIEMOHCTPYIOTh, IO HaBiTh mpocTa peanizamis LSTM-
aBTOKOzepa B cepenoBuilli MATLAB Moxe ciayryBatu epeKTHBHUM iHCTPYMEHTOM
JUTST aBTOMAaTH30BaHOTO MOHITOPHHTY cTaHy OymiBenb. [lomiOHI Momenmi MOXyTh
OyTH IHTETPOBaHI Y CHCTEMH CTPYKTYpHOTO 370poB's (Structural Health Monitoring,
SHM) nns GesnepepBHOrO0 KOHTPOJIO BiOpamiiHMX XapaKTepUCTHK OyIiBii Ta
CBOEYACHOTO BUSIBIICHHS! KDUTHYHMX 3MiH. Takuid Miaxija 3/1aTeH iCTOTHO 3MEHIINTH
qac OOCTe)XEHHs, 3HM3UTH PHU3HKH JUIi TEPCOHATY Ta IiJIBHIIMTH HAJiHHICTH
MPOTHO31B TEXHIYHOTO CTaHy.

TaxuM yMHOM, HABEACHUU MTPHUKIIA]] HAa OCHOBI maTacery Albina Yard imtoctpye
MPaKTUYHI TIepeBary 3aCTOCyBaHHS PeKypPEHTHUX HEMPOHHUX MEPEX 1 aBTOKO/AEPIB
JUIs  3a]ad  OI[HKM Ta MPOTHO3YBaHHS TEXHIYHOTO CTaHy TOMIKOKEHUX
OararornoBepxoBuX OyaiBelb. [ToanbIi ToCiiIHKeHHS MOXKYTh OyTH CIIPSIMOBaHI Ha
CTBOPEHHS PO3IIMPEHMX MOAEJeH, 3JaTHUX MOEIHYBAaTH JaHi 3 JaT4HKIB,
reOMETPUYHI MapaMeTpy KOHCTPYKLill Ta Bi3yalbHi CIIOCTEPEXEHHS, (HOpMyIouH
KOMILIEKCHY CHCTEMY OIIHKU Ta TOTIEPE/KCHHS aBapiiHUX CUTYaIlii.

BucnoBku

1. ducraniiiini cioctepeskets 3a [IBb MokyTh mpoOBOAMTHCS 32 JOIMOMOIOIO
nazepHux ckaHepiB, BIIJIA (apoHiB), poOOTH30BaHMX TaxEOMETPIiB TOLIO.
ITonepenHst OIiHKAa TOMIKOHKEHOI OYIiBIII TPOBOAWTHCS HAa OCHOBI HAasSBHHX
BUXIHMX JaHHWX, OTPUMAHMX TUCTAHIIAHO: MaTepiamiB (OTO- Ta BiICO3HOMKH,
HasBHOI TEXHIYHOI JOKYMEHTAIli1, IIaHiB MMOBEPXiB, acajiB, KPeCICHb y po3pizax.
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2. 3a pesynbraTamu BizyansHUX o0ctexeHb [Ibb MoxHa po3pobutn monepeani
pexoMeHzaniii moxo HeOe3MeKH MPOTPecyruoro pyWHYBaHHS 3 ypaxXyBaHHSIM
OTPUMaHMX IMOIIKO/KeHb. Ha kamp, Hapa3i Taki pIlICHHS NPHUUMAIOTHCS
IHTYiTHBHO, Ha OCHOBI NOCBimy (haxiBIliB, SKi BUKOHYIOTH aBapiHO-pSATYBaIbHI
poboru. Ixmi mii € ycBimOMIEHMM pH3MKOM, SKHH MOKE NPH3BECTH JIO
HerependoayyBaHUX HACHIKiB.

3. 3acrocyBaHHS HEHpPOHHHX Mepex, 30kpema TiOpumaux momeneidr (CNN,
LSTM, aBTOKOAEpH), BiAKpHBAE MPUHIIMIIOBO HOBI MOXIIMBOCTI JJIS TIEPEXOIY Bif
PCaKTUBHOTO [I0 TMPOAKTHBHOTO MiAXOAy B OIUHII TexHiuHOTO cTany IIBb.
BrpoBajkeHHsT TakKMX TEXHOJOTiH /J03BOJUTH aBTOMATHU3yBATH TPOLEC aHATI3Y
MOIIKOPKEeHb, TIPOTHO3YBAaTH TUHAMIKY IX PO3BUTKY Ta HaJaBaTH OOTPYHTOBaHI
peKoMeHzamil moA0 PEeMOHTY, YKPIIUICHHS 4YM JAEMOHTaxy crnopya. Lle 3Ha4ynO
MiABHIIYE ONEPATHUBHICTh IPUHHATTS PillIeHb Ta 3HIKYE PUBHKH JJIS PSITYBaJIbHHUKIB
Ta imkeHepiB. [loganbmmii po3BUTOK IIHOTO HANpPSIMy BHMAara€ BUPIMICHHS TaKHX
3aB/aHb, K (hopMaizalis mporeayp 300py AaHHUX, CTBOPEHHS HAIlOHAIBHOI 0a3u
JAaHUX CTPYKTYPHUX MOLIKOPKEHb JUa HaBuaHHs HM Ta po3poOka iHTerpoBaHHX
MPOTPpaMHUX KOMIUIEKCIB TSl iX MPaKTUYHOTO 3aCTOCYBaHHA y cdepi IUBLIBHOT
Oe3nexu Ta BiqOyA0BU YKpaiHU.

CIIUCOK JIITEPATYPHU / REFERENCES

1. Popina, K., Reinhard, S., & Van Den Hoek, J. (2024, June 4). Scientists have calculated
how many buildings in Ukraine were destroyed by the Russian army: The quantity is
shocking. Dialog.ua. https://www.dialog.ua/ukraine/296077_1717492762

2. Komersant.info. (2024, May 2). Pocis 3 modaTKy BeJIHMKOl BiliHHM 3pyiiHyBama Ta
notikoamia noxa 250 tucsiy ykpaincskux 0yaunkis (in Ukrainian). [Russia has destroyed
and damaged over 250,000 Ukrainian homes since the beginning of the great war].
https://www.komersant.info/rosiia-z-pochatku-velykoi-viyny-zruynuvala-ta-poshkodyla-
ponad-250-tysiach-ukrainskykh-budynkiv/

3. Hryhorovskyi, P., Osadcha, I., Jurelionis, A., Basanskyi, V., & Hryhorovskyi, A. (2022).
A BIM-based method for structural stability assessment and emergency repairs of large-panel
buildings damaged by military actions and explosions: Evidence from Ukraine. Buildings,
12(11), 1817. https://doi.org/10.3390/buildings12111817

4. TIMB. (2022, August 5). BIM Information Modeling Technologies in Construction.
https://www.timb.org.ua/

5. Eskew, E., & Jang, S. (n.d.). Impacts and Analysis for Buildings under Terrorist Attacks.
ResearchGate. Retrieved August 10, 2022, from https://www.researchgate.net/
publication/311517061_Impacts_and_Analysis_for_Buildings_under_Terrorist_Attacks

6. Suprun, M. (2022). The rocket-damaged high-rise on Chornobylskaya is being restored
according to modern standards. Velykyi Kyiv. https://bigkyiv.com.ua/poshkodzhenu-
raketoyu-bagatopoverhivku-na-chornobylskij-vidnovlyuyut-za-suchasnymy-standartamy/
7. Ministry of Development of Communities and Territories of Ukraine. (2022). Methods
of inspection of buildings and structures damaged as a result of emergencies, hostilities, and
acts of terrorism. Verkhovna Rada of Ukraine. https://zakon.rada.gov.ua/rada/
show/v0065914-22#Text

8. Grigorovskyi, P., Chervyakov, Y., Basanskyi, V., Kroshka, Y., Murasyova, O., &
Chukanova, N. (2019). Information modeling of organizational and technological solutions
of instrumental measurements in the creation and maintenance of construction objects.
Construction Production Science Technology, 67, 7-16.

9. Mikhailenko, V., Rusan, l., Hryhorovskyi, P., Terentiev, O., Sviderskyi, A., &
Horbatyuk, E. (2018). Models and methods of the information system for diagnosing the
technical condition of construction objects. Comprint.

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



~ 197 ~

10. Trofymchuk O., & Kaliukh I. (2013). Activation of landslides in the south of Ukraine
under the action of natural seismic impacts (experimental and analytical studies). Journal of
Environmental Science and Engineering, 2(2), 68-76.

11. Kaliukh, I., Voloshkina, O., Efimenko, V., Sipakov, R., Zhukova, O., & Kaliukh, T.
(2022, November). Modern technologies of Internet of Things in the restrained urban
development for complicated ground conditions [Paper presentation]. 16th International
Conference Monitoring of Geological Processes and Ecological Condition of the
Environment, Kyiv, Ukraine. https://doi.org/10.3997/2214-4609.2022580086

12. Demenov, A., & Artamonov, A. (2015). Information modeling in the operation of
buildings and structures. Science, 7, 1-9.

13. Ivanyk, 1., Vikhot, S., Pozhar, R., Ivanyk, Y., & Vybranets, Y. (2010). Basics of
reconstruction of buildings and structures. Publishing House of the National University “Lviv
Polytechnic”.

14. Havrylyak, A. (2009). Basics of technical operation of buildings and engineering
systems. Publishing House of the National University “Lviv Polytechnic”.

15. Adam, J. M., Parisi, F., Sagaseta, J., & Lu, X. (2018). Research and practice on
progressive collapse and robustness of building structures in the 21st century. Engineering
Structures, 173, 122-149. https://doi.org/10.1016/j.engstruct.2018.06.055

16. lzzuddin, B. A., Vlassis, A. G., Elghazouli, A. Y., & Nethercot, D. A. (2008).
Progressive collapse of multi-storey buildings due to sudden column loss — Part I: Simplified
assessment framework. Engineering Structures, 30(5), 1308-1318.
https://doi.org/10.1016/j.engstruct.2007.07.011

17. Kokot, S., & Solomos, G. (2012). Progressive collapse risk analysis: Literature survey,
relevant construction standards and guidelines. Joint Research Centre, European
Commission.

18. Ellingwood, B. R. (2006). Mitigating risk from abnormal loads and progressive
collapse. Journal of Performance of Constructed Facilities, 20(4), 315-323.
https://doi.org/10.1061/(ASCE)0887-3828(2006)20:4(315

19. Ellingwood, B. R., & Dusenberry, D. O. (2005). Building design for abnormal loads
and progressive collapse. Computer-Aided Civil and Infrastructure Engineering, 20(3), 194—
205. https://doi.org/10.1111/j.1467-8667.2005.00387.x

20. Starossek, U., & Haberland, M. (2008, April 24-26). Measures of structural robustness—
Requirements and applications [Paper presentation]. ASCE SEI 2008 Structures Congress—
Crossing Borders, Vancouver, BC, Canada.

21. Starossek, U. (2007). Typology of progressive collapse. Engineering Structures, 29(9),
2302-2307. https://doi.org/10.1016/j.engstruct.2006.11.025

22. Chistyakov, E., Zenin, S., Sharipov, R., & Kudinov, O. (2017). The accounting of
a deformability of structural discrete connections in calculation of constructive systems of
large-panel buildings. Construction Science, 2, 123-127.

23. Ye, Z., Giriunas, K., Sezen, H., Wu, G., & Feng, D.-C. (2020). State-of-the-art review
and investigation of structural stability in multi-story modular buildings. Journal of Building
Engineering, 33, 10184. https://doi.org/10.1016/j.jobe.2020.101841

24. Inamdar, S. (2018). Joints and connections in precast concrete buildings. International
Journal of Scientific Research, 7(6), 881-883. https://www.ijsr.net/archive/v7i6/
ART20183152.pdf

25. Gunawardena, T., & Mendis, P. (2022). Prefabricated building systems—Design and
construction. Encyclopedia, 2(1), 70-95. https://doi.org/10.3390/encyclopedia2010007

26. Wang, W., Li, Z., Wu, Y., & Li, Y. (2020). Deep learning-based building damage
detection from post-earthquake satellite imagery. Remote Sensing, 12(3), 350.
https://doi.org/10.3390/rs12030350

27. Salehi, H., Bagheri, M., & Ghaffarian, S. (2019). Application of autoencoders in
structural damage detection. Engineering Structures, 197, 109402.
https://doi.org/10.1016/j.engstruct.2019.109402

28. Lin, T., Huang, Y., Sun, H., & Li, Y. (2021). Hybrid deep learning framework for

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



~ 198 ~

structural health monitoring: CNN and LSTM fusion approach. Sensors, 21(3), 947.
https://doi.org/10.3390/s21030947

29. LeCun, Y., Bengio, Y., & Hinton, G. (2015). Deep learning. Nature, 521(7553), 436—
444, https://doi.org/10.1038/nature14539

Cmamms naoitiuna 0o pedaxyii 03.03.2025 i npuuinsama 00 OpyKy niciisi peyeH3yeanHs
26.05.2025

The article was received 03.03.2025 and was accepted after revision 26.05.2025

Bepuyn Spociaas OnexcanapoBuy

PhD, crapmmii HaykoBHWif CITiBpOOITHHK I[HCTHTYTY TeNEKOMYHIKAIi i TI06aIbHOTO
iHpopmaniitHoro npocropy HarmioHansHOI akageMii Hayk YKpaiHu

Anpeca podoua: Ykpaina, M. Kuis, HokomiBcekuii OymibBap, 13

ORCID ID: https://orcid.org/0000-0002-9373-2870 e-mail: berchun93@gmail.com

Teauuxo Poman Iroposuy

NPOBIAHUN 1HXXeHep [HCTUTYTY TenekoMyHikauii i rodansHOro iH(pOpMaNiiHOTO MPOCTOPY
HarrionansHoi akaaemii Hayk YKpaiHu

Anpeca po6oua: Ykpaina, M. Kui, HokomiBcekuii OynbBap, 13

ORCID ID: https://orcid.org/0000-0002-3574-7919 e-mail: roman.telychko@gmail.com

Kiaumenkos Ouier AHaTos1iiioBHY

KaHAWAAT TeXHIYHUX HAYK, CTApIINA HAyKOBUH CHiBPOOITHUK [HCTHTYTY TeleKOMYHIKaIlii i
rrmobanpHOTO iH(pOpMamiiiHoro mpocTopy HarioHanpHOT akanemii Hayk YkpaiHu

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

ORCID ID: https://orcid.org/0000-0001-7664-5225 e-mail: oleg@klymenkov.com

ISSN: 2411-4049. Exosoriyna Ge3neka Ta npupogokopuctysanss, Bui. 2 (54), 2025



© ABTOpCBHKI 1 CyMiXKHI TpaBa HaJe)KaTh aBTOpaM OKpeMHX myOuikamii, [HcTHTyTY
TEeJICKOMYHIKaIii 1 rimodanpHOro inpopmaniinoro npoctopy HAH Ykpainu, KuiBcekomy
HalliOHAIFHOMY YHIBEpCHTETY OYAIBHHUIITBA 1 apXiTEKTYpH.

Copyring © authors of publications, Institute of Telecommunications and Global Information
Space of NAS of Ukraine, Kyiv National University of Construction and Architecture. All
rights reserved.

10 YBAI'M ABTOPIB 35IPHUKA

3MicT MarepiaiiB, IO HAIPABISFOTHCS IO PEOaKIlil, MOBHHEH BimnoBigatu mpodimo ta
HAYKOBO-TE€XHIYHOMY PiBHIO 30ipHHUKA.

KosxHa HaykoBa CTAaTTs MOBUHHA MaTU BCTYII, PO3/IJIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TaKOX AHOTAIIF 1 KIFOYOBI cioBa (HE MCHIIE IT’ATH) IBOMa MOBaMH (YKpalHCHKOIO Ta
AHITIHCHKOIO).

[ligroroBka cTaTTi 3MIHCHIOETHCS B TeKCTOBOMY peaakTopi MS WORD for WINDOWS,
3 BukopuctaHHsM mpudty Times New Roman, Cyr, xerns 11, omuHapHuUil iHTepBa,
moJisiMu 2,0 CM 3 KOKHOTO OOKY, 3aJaHUM PO3MIpOM CTOPIHOK 17X26 cMm.

VYeci hopmynu matoTh OyTn HaOpaHi B penakTopi MathType.

Imroctparii moBuHHI 00OB'I3KOBO HYMEpYBAaTHCS, MAaTH KHIDKKOBY OpI€HTAIlifo i He
MOXYTh MEPEBHILYBATH 32 PO3MIPOM 3aZaHy CTOPIiHKY (mapamerpu cTopiHku 17x26 cM
3 moisamu 2,0 cm). [leperik JiTepaTypHUX IKepen MepeKsafaeThCsl aHTIiHChKOK MOBOO
(abo TpaHCHITEpYETHCS B pOMaHCHKOMY al(haBiTi) 1 OJAE€THCS BIAIIOBIHO A0 MI>KHAPOIHOTO
cranmapty odopmieHHs HaykoBux mnyOmikamiii APA  (American Psychological
Association) style 3arajnbHuM CIIMCKOM Y KiHII CTAaTTi 38 4Y€Prot0 MOCHIaHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBiAKA MPO aBTOPIB, /¢ BKA3yHOTHCS Mpi3-
BHILE, OBHE iM’s Ta 110 0AaTbKOBI aBTOPIB, HAYKOBHH CTYIiHb, BU€HE 3BaHHS, 110Ca/1a, HA3Ba
migpo3ainy (kadeapu) Ta oprauisailii, 0COOMCTI JaHI KOXKHOTO 3 aBTOpPIiB (aapeca, MICTO,
KpaiHa, KoHTakTHH# Tenedon, e-mail), ORCID ID.

OO00B'I3KOBO CITiJT HAATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpeAcTaBieHI B PEAAKIiI0 PYKOMUCH MPOXOMAATH peTelibHe OaraTollaHKOBE
pelCH3YBaHHS BiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELIEH3EHTIB MEHIIIa 32 BCTAHOBJICHUH MOPIT, PYKOINCH BiAXHUIISIOTHCS.

3MicT cTaTTi Ta SKICTh HamMCaHHsA abo mepekiany (yKpaiHChKOIO a00 aHIIIHCHKOIO
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.

Posnin 306ipHuka, g0 skoro Oyjae BigHECEHAa CTaTTS, BH3HAYAETHCS PEAAKITIETO,
Y3rOJIKY€EThCSI — TOJIOBHUM DPEAAKTOPOM abo Horo 3acTynmHUKOM. OcTaToYHMIT BHCHOBOK
1070 MyOJTiKaIii MaTepiaiB CXBAIIOE pelakiliiiHa Koyeris 30ipHuKa.

EnextponHa Bepcis 30ipHUKa, paBmia 0GOPMIICHHS] Ta BUMOTH JI0 CTaTed MICTATHCS
B [HTepHeTi Ha caidTi http://www.es-journal.in.ua, skuii cHCTeMaTHYHO OHOBIFOETHCSL.

30ipHUK HayKOBHMX Npallb TakoX NpelcTaBiIeHHi Ha caiiti HamionaneHOi GibmioTekn
VYkpainu im. B.I. Bepraxacekoro, Ha caifti [HcTHTYTY TenexkomyHikamid i rio6aibHOTO
iHpopmaniiinoro mnpocropy HAH Vkpainm http://itgip.org/ y posnimi «BumaBHnua
JUSUTEHICTBY Ta Ha caiiti 010mioTekn KUIBChKOTo HAaIliOHATBHOTO YHIBEPCUTETY OYIIBHUIITBA
i apxitektypu http:/library.knuba.edu.ua/node/883.
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