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EU DIRECTIVES ON WASTE MANAGEMENT AND THEIR
IMPLEMENTATION IN UKRAINE WITHIN THE FRAMEWORK
OF THE ASSOCIATION AGREEMENT

Abstract. Relevance. The relevance of the study stems from the need to analyze the
requirements regarding industrial pollution in the Association Agreement between
Ukraine and the EU, particularly concerning the approximation of national
legislation to EU environmental law and policy.

Objective. The aim of the study is to summarize the requirements of EU waste
management directives and to define the implementation obligations within the
framework of the Association Agreement.

Materials and methods. To achieve the stated objective, two key methods were
applied: the comparative legal method and the systems approach. These were used
to compare the provisions of national legislation with those of EU directives and to
identify interrelations among the various normative requirements.

Results. The core of the European Union's legal framework on waste management
is the Waste Framework Directive, which establishes fundamental principles such
as the five-step waste hierarchy, extended producer responsibility (EPR), and end-
of-waste criteria. This framework is complemented by a set of specialized directives
and regulations that set ambitious, legally binding targets for specific waste
streams, including packaging, WEEE (waste electrical and electronic equipment),
batteries, and landfilling. Key challenges for aligning national legislation with EU
directives include attracting investment in infrastructure (especially for meeting the
requirements of the Landfill Directive), the practical implementation of EPR
systems, and the constant need to keep pace with the evolving EU legislative
landscape. This necessitates a shift in the mindset of industry and businesses from
mere compliance to proactive engagement — developing EPR strategies, investing
in cleaner production technologies, and anticipating future EU requirements (such
as the new Batteries Regulation) to maintain market access and competitiveness.

© B.A. Ilomna, T.O. Herpiii, O.B. [eprorin, J.M. Yebepsuko, 2025
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Scientific novelty. The scientific contribution lies in summarizing the systemic
challenges of implementing national waste management legislation in line with the
requirements of EU directives.

Practical value. The study identifies the institutional support needed to transform
industrial and production practices toward sustainable development and efficient
resource use.

Keywords: directive, agreement, requirements, legislation, waste.

B.A. Llona!, T.O. Herpiii%, O.B. deprorin®, JI.M. Yebepsauxo®
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JUPEKTUBU €C 3 YIIPAB/IIHHA BINXOAAMMU TA 3AITPOBAIZKEHH A
IX B YKPAIHI B PAMKAX YI'OJIH ITPO ACOLNIAITIO

Anomayin. AxmyansHicms nog’s3aHa 3 HeOOXIOHICMIO aHANI3y 6UMO2 W00
NPOMUCT08020 3a0pyOHenHs 8 Y200i npo acoyiayiro mixc Ykpainow ma €C, uo0o
HAOIUMNCEHHS HAYIOHATLHO20 3aKoHOo0ascmea 0o npasa ma norimuxku €C y cepi
0XOPOHU HABKOTUWHBO20 Cepedosuyd.

Mema nonseac 8 yzaeanvrenti eumoe oupekmug €C 3 ynpasninns ¢ioxooamu ma
Gopmysanns 6UMO2 00 3aNPOBAONCEHHS 8 PAMKAX Y200U NPO acoyiayiio.

Memoou. [[ns 0ocsieHenHs: NOCMAGIeHOI Memu 8UKOPUCIOBYIOMbCSL 080 MEMOOU.
NOPIBHAILHO-NPABOBULL | CUCTEeMHUL, 5KI 3ACMOCo8y8anu sl 3iCMAGIeHHs HOPM
BIMYUZHAHO20 3aKOHOO0ascmea ma oupekmue €C ma 6cmanosieHHs 36 A3Ki8 MidC
PDIBHUMU BUMO2AMU HOPMAMUBHUX OOKYMEHMIE.

Pesynomamu. B ocnosi 3akonodascmea €gponeticbkoeo Coo3y y chepi ynpaeiinmsi
gioxooamu nedxcums Pamkosa Oupexmuea npo GI0Xo0u, 5KA BCMAHOBIIOE
@dyHOamMeHmanbHi npUHYUNU, Maxi AK n'smucmynenesa ie€papxis, po3uiupera
8I0N0BIOANLHICMb  GUPOOHUKA MA Kpumepii NPUnUHEHHs Ccmamycy 8i0xo00is.
Pamxosa oupexmusa npo 6i0xo0u OONOBHIOEMbCA HU3KOIO CHeYidni3o8aHux
OUpexmug ma pe2iamenmie, Wo 6CMAaHo8II0I0Msb AMOIMHI, IOPUOULHO 0008'A3K06I
yini Onsl KOHKpemHux 6ioxodis, 30kpema oas ynaxoexku, BEEQO, 6amapeu ma
saxoponennsa. Kuouosumu euxkiuxamu Ona  iMnAeMeHmayii  HAYIOHANLHO20
3axoHooascmea 00 gumoz oupekmug €C 3anuuaromsvcsa 3aayuenns ineecmuyill 8
ingppacmpykmypy (0cobnueo 01 BUKOHAHHA 8UMO2 [JUpeKmueu npo 3axXo0pOHeHHs),
npaxmuyte enposadcernts cucmem PBB ma neobxionicms nocmitino Ha30o2anamu
3axonooascmeo €C, wo weuoxo pozsusacmocs. Lle nompebye 6i0 npomucnosocmi
ma 0i3Hecy nepexody 6i0 MEeHMAIbHOCMI NPOCHMO20 OOMPUMAHHIL UMOZS 00
npoakmusHux Oitl, mobmo po3pobku cmpameeii 0 PBB, insecmyeanns 6 wucmiwii
mexHono2ii eupobnuymea ma nepeodauenns maubymuix eumoe €C (ax-om
Pecnamenm npo  bamapei), wob 36epecmu  docmyn 00 PUHKYy ma
KOHKYPEHMOCNPOMONCHICTN®.

Haykosa noeusna nonseac 6 y3a2anvbHeHHi HACKPIZHUX SUKIUKIG IMNleMeHmayii
HAYIOHATbHO2O 3aKOHOOABCMBA 8 cqhepi YNpasniHHA GIOX00aMu 3 GUMO2AMU
Jupexmus €C.

Ilpakmuuna yinnicme nonseac y GUSHAYEHHI THCMUMYYIUHOI nIOMpuMKU O1A
mparncgopmayii RPoMUCIO8OCMI MA BUPOOHUYUX NPAKMUK 8 HANPIAMKY CMAN020
PO3BUMKY MaA eqheKMUBHO020 BUKOPUCTAHHSL PeCcypPCls.

Knrouoei cnosa: [Jupexmusa, Yeooa, gumoau, 3aKkoH00a8CME0, 8i0X00U.
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Beryn

VYroaa npo acouianiro Mixk Ykpainoro, 3 ofiHi€l cTOpoHH, Ta €BponeiicbkkuM Coro30M,
€BpomneticbkkuM CIiBTOBapHUCTBOM 3 aTOMHOT €Hepril 1 IXHIMH AepKaBaMU-WICHAMH,
3 1HIIOT CTOpOHM (Iami — Yroma), mianucaHa y fBa etand B Oepes3Hi Ta uepsHi 2014
POKy Ta BBe/ieHa B [Iit0 B MOBHOMY 00csi3i 1 BepecHs 2017 poky, € HaliBaKJIMBIILIUM
MDKHApOTHO-TIPABOBUM JIOKyMEeHTOM B icTopii VYkpainm [1]. Bonma 3aminmia
MIOTIEPETHIO YTOAY PO MapTHEPCTBO Ta CIiBPOOITHUIITBO, O3HAMEHYBABIIIN ITEPEXi
BiJl mpocToi cmiBmpari A0 "HOMITHYHOI acomiamii Ta €KOHOMIYHOI iHTerparfii'.
Macmitad Yroau, mio Hamiuye moHan 1000 cropiHok Ta Oimbmie 40 momarkis,
CBIUHTH TPO IIMONWHY Ta BCEOCSHKHUHN XapaKTep iHTerpariitHux nporecis [2].

Parudikamis Yromu Bepxonoro Panoro VYkpainu 3akonom Ne 1678-VII Big
16 Bepecus 2014 poky Ta €BponeiicbkuM [lapnamenTom Hazana ii 3000B'sI3aHHIM
CTaTycy HaIllOHAIFHOTO Ta MibKHAapoaHOTO MpaBa. OdimiiiHa mybmikarlis 3akoHy Tpo
parudikamiro B Takux BHIAHHAX, K "Bigomocti BepxoBHoi Pamm VYkpainu" Ta
"Ooiuifianit  BicHuk VYkpainu", ¢opmMamizyBaia HOTO MpPaBOBHH CTaTyc B
YKpalHCBKill MpaBOBiii cHCTEMi, 3pOOMBIIN HOTO TONIOKEHHS OOOB'I3KOBHUMH JI0
BUKOHAHHA Ha TepuTopii AepxaBu. Posmin VYromum "HaBkomwimHe mpupomHe
cepenoBuie” KOHKPETHO 3000B'S3y€ CTOpPOHM "pO3BMBaTH Ta 3MIIHIOBATH
CHIBpOOITHHLTBO 3 TMHTaHb OXOPOHU JOBKULIA", CHpHUSIOYM  peaiizamii
JIOBTOCTPOKOBHX I[JIEH CTAJIOTO PO3BUTKY Ta "3€JeHO1" eKOHOMIKH.

OnHax sapoM IOPUANYHOTO 3000B'13aHHSI IO/I0 3MiHH 3aKOHOIABCTBA € J{ogaTok
30 Yroau, sIkuii € He TPOCTO PEKOMEHAIIIET0, 2 IOPUAMYHO 00OB'SI3KOBUM ITEPETIKOM
akTiB 3akoHomaBcTBa €C (acquis communautaire), ki YkpaiHa 3000B's3amacs
IMIUIEMEHTYBaTH y CBOIO HAIliOHANFHY MpaBoBy cuctemy [3, 4]. Lleir momarok
OXOILTIOE HIMPOKUH CHEKTP €KOJOTTYHUX CEKTOPiB, BKITIOUAIOUH SKICTh MOBITPS Ta
BOJM, TPOMHCIOBE 3a0pyJIHEHHS, OXOPOHY IPHPOIM Ta, IIO € KIIOYOBUM,
YHOpaBJIiHHS BiAX0JaMH. 3arajoM BiH MICTHTh 26 TUPEKTHB Ta TPU pPErJIaMEHTH, SKi
MiJUISTal0Th IMIUIEMEHTAIIIT, 1110 CBITYMTh PO KOMIUICKCHUH XapakTep €KOJIOriuHOT
pedopmu. 3BiCH BUHUKAE aKTyalbHA 33j1a4a 3 y3arajJbHEeHHsI BUMOT JUPEeKTHB €C
3 YIpaBIiHHSA BiX0AaMH Ta ()OpMyBaHHS BUMOT A0 3alPOBaKEHHS B PaMKaX YrOIH
PO acoIiaIlito.

AHaJi3 JliTepaTypHUX AxKepeJt

Y poGoti [5] aBTOpaMu 3a MiJICYMKOM IPOBEACHOIO aHai3y IIOI0 rapMOHi3arlii
YKpaiHCBKOTO 3aKOHOJIABCTBA 3 MOJOKEHHSIMHU pamkoBoi Jupekrusu 2006/21/€C
chopMOBaHMH TEpeNiK 3aBIaHb, SIKI HNOTPeOYIOTh MEPIIOYEPrOBOTO BUPIIICHHS.
30kpeMa, 11e IPUBEICHHS Y BiAMOBITHICTH TEPMIHOJIOTIT Ta BU3HAYECHHS, OEpyYH JI0
yBaru tepMmiHonoriyanid anapar Jupekrus 2008/98/€C ta 1999/31/€C 3 meroro
YHUKHEHHsI AyOmoBaHHS. Tako, po3poOMTH MOPAIOK BiAHECEHHS BiAXONIB 10
pi3HUX Kareropii HeOE3MEeKH Ta BBECTHM CHUCTEMY 03BOJIIB Ha (YHKLIOHYBaHHSI
BigxomiB. Pa3zom 3 TuM, B myOumikallii, KpiM 3arajJpbHOTO aHajily, He BU3HAYCHO, 110
BUKOHAHO 1 IKUM YMHOM OyJie BUKOHAHO 3 YPaxyBaHHSIM MOXJIMBOCTEH BITUM3HIHUX
OpraHi3arfii.

ABTOpHU pOOOTH [6] TPOIIOHYIOTH MPH BUOOPI CTpATErii B raimy3i MOBOIKEHHS 3
BiJIX01aMU 1OOYyBaTH 1€papXito MPIOPUTETIB 3aMO00KHUX 3aXOJiB JIJISl 3HUKECHHS
3arpo3M EKOJIOTIYHOTO 3a0pyIHEHHS AOBKLLIA. Tak, 70 Halmeprioro 3amo0i>KHOTO
3aX0ly CJiJ BiAHECTH PO3pOOKY 1 3alpOBaIKCHHS B YKpaiHi IHCTPYKTHBHOI'O
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JIOKyMEHTa METOIOJIOTII MO0 BiJHECEHHS BIAXOMIB JO NEBHOI KiacuQiKamiiHOl
KaTeropii 3a TOKCUYHICTIO 3 ypaxyBaHHIM cydacHUX pekoMenaamii BOO3 i Bka3iBok
HupextuB. HacTynmHUM BaXJIMBHM KPOKOM € CTBOPEHHS CHCTEMH MOHITOPHHTY
3a0pyIHEHHS] HAaBKOJIHMITHROTO MTPHPOJHOTO CepeoBuINa (IpyHT, BOJa, OBITPs) Ha
BCIX eTamax IOBOUKEHHS 3 BiIXoAaMu (TI€pPEeBE3EHHs, CKJIagyBaHHs, BUAAJICHH,
yrunizanis). PazoM 3 TuM, pyu BU3HAYEHHI MPIOPUTETIB, aBTOPH BUKOPHUCTOBYIOTh
OIIHKY PH3HKIB, MO SBIAETHCS JI€BUM IMPOIECOM IS MPUAHATTS YIPaBITHCHKUX
PpIIIEHB.

VY pocmimxenHi [7] aBTop mNpOBIB TMOPIBHSJIBHUEM aHali3 YKpaiHCHKOTO
3akoHoAaBcTBa i3 BuMoramu [upextuBu 2008/98/€C mpo Biaxomu, AupekTuBH
2012/19/€C npo Bigxoau eIeKTPUIHOTO Ta SISKTPOHHOTO 00IaqHanHs, J{upeKkTuBr
1999/31/€C mpo 3axoponenus Bigxoais Ta {upexrusu 2006/66/€C npo Garapei Ta
AKyMYJATOPH, IO JO3BOJIMJIO HOMY pPO3POOHMTH pEeKOMEHJAIi sl YCYHEHHs
HEBIJMOBIMIHOCTE 3 CY4YaCHHMH €BPONEHCHKUMH  CTaHIAapTaMH. ABTOp
3aMpoOIOHYBaB BBEIEHHS IMPHUHIUITY PO3MIMPEHOi BiAMOBITAIBHOCTI BUPOOHUKIB,
SIKUH 3MYIIIY€E B3STU BIAMOBIJAIBHICTE 32 BECh )KUTTEBHIA ITUKIT TPOMYKIIi1, BKIIFOYHO
31 CTaIi€l0 MICIs CIIOKUBAHHS, IO YIIOPSIIKOBYE cepy BiIXOIIB EIEKTPUIHOTO Ta
€JIEKTPOHHOTO 00 THAHHS.

VY nparii [8] 3niicCHEHO aHaJIi3 3aKOHIB Ta MiA3aKOHHUX aKTiB, 110 OYJIM IPUHHATI
VkpaiHoto Ha BUKOHAaHHS TMOJOXKEHb YTOAW Mpo acomiamiro y cdepi oxopoHH
noBkims. Po3pobneno turaH mpomecy momansinoi amanrarii npaBa €C y cdepi
OXOPOHH JIOBKULISA YKpaiHu B paMKax YTOAH PO acollialliro, siKui OyayeThcs Ha
OCHOBI BUMOT CTaJIOTO PO3BUTKY.

PobGota [9] mpucBsueHa mpobnemam immmemeHTtamii 3akoHy Ykpainu «lIpo
YHOpaBJIiHHS BiIXOAaMN», 110 3alyCTHB peopMy ynpaBIiHHA Biaxonamu B YKpaiHi,
sIKa BH3HAYMIIA TIO3UTHBHUN MOMEHT 13 3allpoBaJiKeHHsI KiacuQikamii pi3sHUX Tpyn
BIJIXO/IIB Ta MPAKTHK MOBOKEHHS 3 HUMHU. Pa3oMm 3 TuM, BUHUKAE HEOOXITHICTH
BIIOCKOHAJIEHHSI TOPsAKY Kiacuikamii BigxomiB Ta kiacudikarii-imeHTudikarii
MTOBOJPKEHHS 3 BiIX0aMH. 3a3Ha4a€ThCs MPO HEOOXIAHICTh PO3POOKH MPOIIECIB, 1110
PETYIIOE BiTHOCHHH, TTOB'sI3aHi 13 3a1100iraHHsIM YTBOPEHHIO BiJIXO/iB; YITPaBIiHHSIM
BiIXO/1aMH, L0 YTBOPIOIOTHCS B YKpAiHi, a TaKOX 3 YIPABIiHHAM BiAXOdaMH, ILO
MEPEBO3STHCS Uepe3 TEPUTOPit0 YKpaiHu, BUBO3ATHCA 3a 1 MEXi Ta BBO3STHCS B
VYkpaiHy 3 METOIO BiIHOBJICHHS, y TOMY YHCII PEIUKITIHTY.

Astopu [10] nocmiaumy mepcreKTHBH PO3BUTKY 3aKOHOAABCTBAa YKpPAiHU IIOJO0
MOBOJKEHHSI 3 BiIXOaMH B TIpolieci aganrauii 1o BUMor €Bpomnericskoro Coro3sy Ta
3a3HAYMIIM HEOOXIAHICTh YTOUYHEHHSI JISIKUX TEPMIiHIB Ta BU3HAYEHb, 1110 JI03BOJISAThH
Kpaile pO3yMiTH BIIMOBIAHI TpoliecH 3a0pyIHEHHs JOBKUDIL. 30Kpema
MpeACTaBUBIIM, 1[0 JOBKULIA — II€ CUCTEMa, fKa iCHy€ CaMOCTIHHO 1 BOJHOYAC
Oe3rmocepelHbO0 BIUIMBAE HA JKUTTENISUIBHICTH JIFOJICTBA, BHHHUKAE TOTpeda y
BHU3HAYCHHI BIUIMBY BIZXOMIB HE TIIbKM Ha HABKOJIMIIIHE CEPEJOBMINE, a W Ha
310pPOB’ s JTFOIUHU.

3rigHO 3 MONOKEeHHAMHU poboTH [11] cTaH aganTariii 3aKOHOIABCTBA YKpaiHH 110
npaea €C BiJj3HAYAEThCS BUCOKUM PIBHEM ITPOrPECUBHOCTI, OJJHAK III¢ JaJICKUN BiJ
MTOBHOI BiAMOBiqHOCTI. ICHY€ momiTH4HA BOJISI i HOpMaTuBHA 0a3a, MPOTe MOTPiOHA
mMdIIa iMIUIEMEHTAllisl, 1HCTUTYLiHHA CTIHKICTH Ta KOHTPOJIb 38 BHUKOHAHHSIM
aganrToBaHuX 10 mpasa €C MonoKeHb 3aKOHOAABCTBA YKpaiHH.

Y HaykoBi#i mparii [ 12] aBTOp pO3IIsSiHYB PO3BUTOK 3aKOHOAABUYOT 0a3u YKpaiHu y
chepi ympaBIiHHSA BiAXogamMHM 4depe3 IMpHU3MYy TapMOHi3alii 3 BHUMoOramu
eBporneiicbkoro mpasa. lle m03BOAMIO 3pOOMTHM BHCHOBKHM IIOAO BHSABJICHUX
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HEBIAMOBIMHOCTEH Yy HaIiOHAJHPHOMY 3aKOHOAABCTBI. 30KpeMa, HEoOXiTHICTh
BIIPOBADKCHHS MPHUHLUITY PO3LIMPEHOI BiANOBIAaJbHOCTI BHUPOOHUKIB, SIKHHA
MOKJIaJIa€ Ha BUPOOHUKIB BiJIIOBIIAIBHICTh 32 BECh JKUTTEBHH LUK MPOMYKII,
BKJIFOYHO 31 CTAJI€I0 IMiCTsS CIIOKMBAHHSI; MOTpeba B yXBAJCHHI CIIEMialli30BaHUX
3aKOHIB JJIsI ITOBHOI iMIIIeMeHTaIlii okpeMux qupekTuB €C. Takox, HEBIAMOBITHICT
y cdepl BiIXOMiB ENCKTPUYHOIO Ta EJICKTPOHHOIO OONaJHaHHsS, Oarapeil Ta
aKyMyJISITOpiB, IO TOTpedye TMONajbIIOTO BJOCKOHAJICHHS HAIIOHAIHHOTO
3aKoHOAaBcTBa 3 mpaBoM €C, sKi 6a3yroTbes Ha po3podii 3akoHiB «IIpo Bimxomm
EJIEKTPUYHOTO Ta eIeKTPOHHOTO oOnaaHaHHs» Ta «[Ipo Garapei Ta akymysIsiTopu».
3 aHamizy ocTaHHIX myOnmikamiii MOXKHa 3pOOMTH BHCHOBOK, IIO0 B YKpaiHi
aKTMBHO IIPAIfOIOTh HAJ AaJalTalliel0 HallOHAIBHOIO 3aKOHOOABCTBA 10
€BPOTEHCHKUX CTaHAAPTiB. BayKIIMBUM KPOKOM CTano MpUHHATTS 3akoHy YKpaiHu
"IIpo ynpasninHs BigxogaMu'", siKHii epen0oavyae BU3HAUCHHS PI3HUX TPy BiAXOIB
Ta MPAKTUK TOBOPKEHHS 3 HUMH, BCTAHOBIIEHHS i€papXii 3aXoiB 3 YIpaBIiHHSI
Bimxomamu, mo nayomoe minxomu €C, 3ampoBajpKEHHS CHUCTEMH PO3IIUPEHOL
BiNOBiAabHOCTI BUpOOHUKa. He3Bakaloun Ha 3HAYHUN MPOTpec, iIMIUIEMEHTAITis
€BPOTENCHKOTO 3aKOHOJABCTBA Yy chepl YIpaBIiHHS BiAXoAaMH B YKpaiHi Bce IIie
CTHUKA€ThCA 3 BUKIUKAMH, TAaKUMH SK HEOOXiIHICTh TMOJAIBIIOI PO3POOKH
MiA3aKOHHUX  aKTiB, 3ajly4YeHHS IHBECTHULI Ta CTBOpEHHA HEOOXimHOI
iHQPaCTPYKTYpH, MO MOTpeOy€e MONANBIIOT0 aHalizy BUMoOr aupektuB €C 3
YIIPaBIiHHS BiAXONaMU IS MONIYKY BiATIOBLAHMUX NMUISIXIB iX peaizarii.

MeTta po6oTu

Mera poGoTH moisrae B y3araJbHeHHI BUMOr aupekTuB €C 3 ymnpaBiiHHA
BiXomaMu Ta (QOpMyBaHHI BHMOT JIO 3allpOBa/UKEHHS B paMKax YTroiud Tpo
acoumiario.

Marepiaau i MeTonn

st DOCSATHEHHS MOCTABIEHOI METH 3aCTOCOBYETHCS [1BA METOAW: MOPIBHSIBHO-
npaBoBui Ta cucteMHUd [13]. 3a HONOMOro MOPIBHAJILHO-IPABOBOTO METOLY
MPOBOAMJIM 3iCTaBIEHHS HOPM BITUHM3HSHOTO 3aKOHOAABCTBA Ta JupekTHB €C.
30kpemMa, TPOBOAMIACH OIlIHKA BiAITOBIHOCTI HAI[IOHAJIHLHOTO 3aKOHOIABCTBA
MDKHapOJHUM CTaHIapTaM Ha OCHOBI BHUJIIEHHS KPUTEPIiB TOPIBHSIHHA Ta
0e3mocepelHLOr0  3ICTABICHHS TBEP/KEHb JUIS BUSBICHHS TOMIOHOCTEH 1
BiMIHHOCTEH Ta (POPMYIIIOBAaHHS BHCHOBKIB. 32 JJOTIOMOTOIO CHCTEMHOTO METOLY
MPOBOAMIIM BCTAHOBJICHHS 3B’A3KiB MK PI3HUMH BUMOTaMH, a TaKOX MPOBOIHIIH
aHaJi3 iepapxii Juist BUSBICHHS (YHKI[IOHATEHOTO MPU3HAYECHHS KOXXHOTO eJIEeMEHTA.

Pe3ynbratu gociainkeHHs1

Amnariz Bumor PamkoBoi anpexkTusu npo Binxoau (2008/98/€C), sixa BCTaHOBIIOE
3araibHy (Qiocodiro MOBOIKEHHS 3 BiAXOomaMH, a Takok BUMOT JupextuBu Pamu
1999/31/€C mpo 3axoponenHs BimxomiB [14], Hupexrtusu 2006/21/€C mnpo
YIpaBIiHHS BiJ{X01aMu BUA0OYBHOT mpomucioBocti [15], dupekrusu 2012/19/€C
PO BIAXOAM EJICKTPUYHOIO Ta EJICKTPOHHOro oOjamHaHHs [16] Ta JdupexkTuBu
2006/66/€C mpo Oatapei Ta akyMmMyasTOpu HaBeleHi B TaOn. 1. 3a3Hauumo, IO
nomitrka €Bpomneiickkoro Coro3y y cdepi yrpaBIiHHS BiIX0IaMH €BOJIOIIOHYBaIA
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BiI TIPOCTOTO PETYIMIOBAaHHS YTHIII3amii M0 MEHTPAIHHOTO €JIeMEHTY aMOITHHX
crpareriii — Ilnany naiit 3 mmpkynspuoi exoHomiku (CEAP) ta €Bpomneiickkoro
3eneHoro kypey (European Green Deal). @ynnaMmeHTanbHa MeTa TIOJIATAE HE JIHIIE
B YIpaBJiHHI BiAXOnaMH, a i y MiABHUIEHHI €()eKTUBHOCTI BUKOPUCTAHHS PECYPCIB
Ta BIJOKPEMIICHHI €KOHOMIYHOTO 3pOCTaHHS Bij iX ciokuBaHHs. L[5 Tpancdopmarrist
BifoOpakae mepexiA Bix JiHIKHOI MoJeNi EKOHOMIKH «BUAO0OYTH-BHPOOHUTH-
BUKHHYTH» OO LMPKY/IIPHOi, A€ BIAXOAM PpO3MISAAIOTHCS SIK LIHHUHA pecypc.
B ocuoBi momitukun €C y cdepi BIIXOmIB € M'ATUCTYNEHEBa ie€papXis, sKa
BCTaHOBIIIOE TPIOPUTETHUH TOPSOOK [ii, SKUA JAep’KaBU-WIEHH TOBWHHI
3aCTOCOBYBATH y CBOEMY 3aKOHOAABCTBI. [IpiopuTeTn po3TaioBaHi TAKMM YHHOM,
00 3a0e3neunTH HalKpaIil eKOJIOTIYHUN Pe3yIbTar:

1. 3amoGiranns (Prevention) — 1ie 3axoiu, SKi BXKHUBAIOTHCSA JUIS 3MCHIICHHS
KUIBKOCTI BIJIXO/IB.

2. IlinrotoBka m0 moBTOpHOrO BHKOpucTaHHS (Preparing for re-use) — e
orepariii 3 TepeBipKH, OYUIICHHS a00 PEMOHTY, MICNs SKUX MPOAYKTH abo ix
KOMIIOHEHTH MOXKYTh OyTH BUKOPHCTaHI TIOBTOPHO.

3. IlepepoOka (Recycling) — 11e Oymb-sika orieparist 3 BiTHOBIEHHS, B PE3yJIbTaTi
SIKOT BiAXOAM TIEpepOOIISIOTHCS Ha MIPOAYKITII0, MaTepiaan ado PEYOBHHHU.

4. Tnwme BimHoBnenns (Other recovery) — 1e eHepreTHYHE BiIHOBJICHHS, KOJU
BiJIXO/TU BUKOPHCTOBYIOTHCS SIK ITAJTUBO I BUPOOHUIITBA CHEPTi.

5. Bunmanenns (Disposal) — me Oymb-sika omepartisi, 0 HE € BiTHOBICHHSM,
HaIpPUKIIAJ, 3aX0OPOHCHHS Ha TOJIITOHI, KA € HaMEHII O0a)KaHUM BapiaHTOM.

Tabnums 1. Anamiz krodoBux BuMor [Jupektus €C Ta iX BIAMOBIAHICT Y BUMOTaX
HALlOHAJILHOIO 3aKOHOAABCTBA

JupexkTuBa €C KuarouoBi Bumoru €C BinnoBiaHicTh HALIOHAJBHOMY
(Homep Ta (Pe31ome) 3aKOHOIAaBCTBY
Ha3Ba)
JAupexTuBa BnpoBapxenns Y PamkoBomy 3axoni Ykpainum "lIpo
2008/98/€C 5-cTyneHeBoi iepapxii | ynpaemiHas — Bigxomamu"  crarts 4
(PamxoBa BIJIXO/IIB; 3aIIpOBaKEHHs | Oe3rocepeiHbo 3aKpiILIIoe
nupekTuBa mpo | PBB s KIIIOYOBMX | M'STHUCTYIEHEBY i€papXilo MOBOMKEHHSA 3
BiJTXO/TH) MPOAYKTiB, KOAM(DIKAIls | BiIXOAaMH, TOBHICTIO  BiITBOPIOIOYH
IpUHOATY "3a0pyIHIOBaY | PIOPUTETHICTD, BCTaHOBJICHY
miatuTe";  BU3Ha4yeHHs | JupektuBoro, a crartss 10 cTBOprOE
KpuTepiiB  "MOOIYHOTO | MPaBOBy OCHOBY IS PO3IIMUPEHOL
OpOIyKTY" Ta | BigmosinasesHOCTI BUpoOHMKa (PBB),
"MpUNWHEHHS ~ CTAaTycy | BU3Ha4yaro4uu 1i cdepy 3acrocyBaHHS
BigxomiB". (ymakoBka, BIIXOAW EJIEKTPUYHOTO Ta
enekrponHoro obmamnanus  (BEEO),
Oarapei Ta aKyMmylsaTOpd TOIIO) Ta
000B'sI3KM BUPOOHUKIB MIOA0 OpraHi3amii
Ta (iHAaHCYBaHHS CHCTeM 30WUpaHHsS Ta
epepoOKH.
JAupexTuBa Bceranosnenns knaciB | B PamkoBomy 3akoni VYkpaiau "IIpo
1999/31/€C MOJNITOHIB; BUMOTa INOJAO | yNpaBIiHHA  BigxomamMu"  BHU3HAYCHA
(mpo norepenHboi  00poOKH | iepapXisi MOBOPKEHHS 3 Bigxomamu (ne
3aXOpOHEHHS BIJIXOJIiB; JKOPCTKI | 3aXOpPOHEHHsT € HaWMEHII OaXXaHUM
B1JIXO/IiB) TEXHIYHI CTaHNApPTH; | BapiaHTOM).
(hiHaHCOBI rapaHTii; 1 3i
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CKOPOYEHHSI 3aXOPOHEHHSI
010pO3KITaTHIX BIIXOMIB.

B Hanionanbhiii cTparerii ynpasiiHHS
BimxomamMu Ta HarioHaneHOMY TUIaHi
ynpasiiHHS Bigxomamu a0 2030 poxy
3a3HA9a€ThCd HEOOXITHICTH 3MEHIICHHS
o0CsTiB  3aXOpOHEHHS  BIOXOMIB  Ta
30UTBIICHHS 1X TIepepOOKH W CTBOPEHHS
cydacHoi iHQpacTpyKTypH.

JupexTnBa Bumora mono | Po3pobieno 3aKOHOTIPOEKT "TIpo
2006/21/€C OTPHMaHHS JO3BOJy Ha | yNPaBIiHHA  BiAXomamMu  BHIOOYBHOL
(po Bigxomn OCHOBI IUTaHy | MPOMHCIOBOCTI", B SIKOMY Iepen0adeHo
BU100yBHOT YIpaBIiHHS BiJXONaMH; | 3ampoBa/pkeHHs [lnaHy — ynpaBiiHHA
MPOMHUCIIOBOCTI) | Kiacuikais 00'eKTiB 3a | BimxoaaMu SIK 000B's130K TSt
pmsukom (Kateropist A); | HaIpOKOPHCTYBadiB; 103BIIbHA CUCTEMA;
(inaHCcOBa rapaHTisi Ha | Kiacudikamis Miclb PO3MIlLIEHHS
PEKYJbTUBALIiIO; TIOJITHKA | BIAXOAIB BHAOOYBHOI IPOMHCIOBOCTI;
3armo0iraHHs  BEJHMKHM | BUMOTH IO O0'€KTIB IX MpPOEKTYBaHHS,
aBapisaM. OymiBHHIITBA, YIPABIIHHA, 3aKPUTTS Ta
T CIAEKCIUTYaTalliHiHOTO epiomny;
(hiHaHCOBI rapaHTIi I MOKPUTTS BUTPAT
Ha JIKBIJAIUIO HACIIOKIB MOMKJIHBHUX
aBapiif Ta pPEKyJIbTHUBAIIIO TEPUTOPIH;
BIJIMIOBIABHICTE  IOJ0  TOPYIICHHS
BUMOT  3aKOHOJaBcTBA y  coepi

YIPaBJIiHHS BiJIXOJIaMH.
JupekTuBa Brposamxennst PBB nis | Po3pobneno  mpoekt  3akony  "Ipo
2012/19/€C BUPOOHHKIB BEEO; | Bigxomu eleKTpUYHOIO Ta €JIEKTPOHHOTO

(po Binxoau BCTaHOBJICHHS BHCOKHX | oOmamgHaHHS'", SKUN nepenbayae
EJIEKTPUYHOIO Ta | IiJied 31 30upaHHs Ta | Jeranizalito TPUHITAITY PBB;
EIIEKTPOHHOTO | MepepoOKH; OpraHisallis | BCTAHOBICHHS Il mozo  300py,
oOnajHaHHS — | CHCTEM PO3IIUIBHOTO | TIOBTOPHOTO BHKOPHCTAHHS, MepepoOKH
BEEO) 30upanHs; Oe3komroHe | Ta BimHOBIeHHA BEEOQ; cuctemy 300py
MMOBEPHEHHS Mamux | BEEO, Brmrowarounm myHKTH 300py Bif

BEEO. HACEJICHHSI, PO3IpiOHIX MPOIABIIB TOIIO;

BUMOTH 10 OOpOOKH, IOBTOPHOTO

BUKOpHUCTaHHS Ta mnepepodku BEEO;

peeECTp BUPOOHHUKIB EJIEKTPUYHOIO Ta

€JICKTPOHHOI0 0018 JHAHHS Ta 3BITHICTb.

JAupexTuBa OOMexeHHsT HeOe3MeYHNX | 3aKOHOMPOEKT "TIpo BIIXOH
2006/66/€C pEYOBUH (Hg,Cd); | emexTpudynoro Ta €JIEKTPOHHOTO
(po Garapei Ta | BupoBamkeHHs PBB mns | obmagHanHsa", sSkuil mependadae UiTKi
aKyMyJsITOpH) | BUPOOHHMKIB  Oarapeif; | 000B's3kn BHUPOOHUKIB/IMITOpPTEPiB
BcraHoBieHHs 1rinedt 31 | BEEO ta MexaHisMu ixHBO1 (hiHaHCOBOL

30UpaHHS Ta | BIAMOBIJAJILHOCTI, a TAaKOX BU3HAYCHHS

e(eKTUBHOCTI HalliOHAJBHUX IiJIeH 300py Ta nepepoOKu

epepoOKH. BEEO, cucremy po3niibHOTO 300py

BEEO (uepe3 po3npiOHI  Mepexi,

CrieIfiati3oBaHi MyHKTH 300Dy,

MYHIOUOAIBHI CHCTEMH) Ta BHMOTH [0
T ATIPUEMCTB, ii() 3aliMaroThCA
30upaHHAIM, 00pOOKOIO Ta MepepoOKOr0
BEEO.
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B Tabmumi 2 mHaBemeHi maHi IMOAO0 cTarycy iMIuieMeHTtarii aupektuB €C B
HaI[lOHAJIbHE 3aKOHONABCTBO, a TaKoX KJIIOUOBI BUKIWKU. [IpoBeneHuit
MOPIBHSJILHUI aHaIi3 MK HalllOHAJTBHUM 3aKOHOJIABCTBOM 1 BUMOramu JIMpEeKTUB
€C cBiguMTh TPO 3HAYHUK yCmiX YKpaiHM B yXBaJeHHI (yHIAMEHTaJIHHOTO
PaMKOBOTO 3aKOHOAABCTBA, IO € OCHOBOIO IS Bciel pedopmu yrpaBimiHHSL
BIJIXOJIJaMH, OJIHAK 3AJIMIIAETHCS CYyTTEBA POOOTA IIONO YXBAJICHHS CIEIiaIbHUX
3axoHiB (mpo BEEO, Bimxomu BumoOyBHOT IPOMHCIOBOCTI) Ta BEINYE3HOTO MAaCHBY
TiJ3aKOHHNX aKTiB, HEOOX1JHHX /ISl TOBHOIIIHHOTO (PYHKI[IOHYBaHHS CHCTEMH.

Tabnuus 2. TepmiH i cTaTyc iMIUIEMEHTAIIIT Ta KITFOUOBI BUKIHKH

JupextnBa €C Tepmin iMmnuiemenTanii Craryc iMmniieMeHTanii Ta KJII040Bi
(Homep Ta (3rignHo 3 Jlonarkom BHUKJINKH
Ha3Ba) XXX)
JupexkTuBa 3 poku 3 matu HaOpaHHs | PamMKkoBHET  3aKOH  TPaHCIOHOBAHO.
2008/98/€C yuHHOCTI Yromoro i | [loBHa iMIUieMeHTAIlsl 3aJIEXXUTH BiJ
(PamxoBa po3poOkH  TAHIB 1 | YXBaJNCHHS YHCJICHHUX IIiA3aKOHHHUX
TUPEKTHBA IIPO | porpam; 5 pOKIB JJs | aKTiB. Bukmku: IHCTUTYTIHA
BiIX01HM) IMIIEMEHTAaI 1 CIPOMOXKHICTB MYHIIUIIATITETIB,
KIIFOYOBHX ITOJIOKCHb. CTBOPEHHSI pUHKY BTOPHHHOI CUPOBHHHU.
JupexkTuBa 4 poxu mna po3poOku | OCHOBH 3aKiIafeHO. BUKINK: Bemnde3Hi
1999/31/€C HAIlIOHAJBHOI ~CTpaTerii; | KamiTaJbHi IHBeCcTHLIT IS
(mpo go 10 pokiB g | MOIepHi3awlii/OyniBHHUILITBA ITOJITOHIB Ta
3aXOPOHEHHS IMIUIEeMEeHTAIlii TEeXHIYHUX | 1HIIOT iH}pacTpyKTypH Ui
BiJIXOJIiB) BUMOT Ta JIOCATHEHHs | mocsrHeHHs 1 B 10% 3axopoHeHHS.
POMIDKHHUX IIJISH.
JupexTnpa 2 poku Ut TpaHcnosuiii | IMmiemeHTaris Bizcrae. 3akoH Jioci Ha
2006/21/€C OCHOBHHX THOJIOXeHb; 5 | crauii npoekty. Buxiuku: omip 3 00Ky
(po BimxomM POKiB UL MOBHOI | MIPOMHUCIOBOCTI Yepe3 3HaYHi (PiHAHCOBI
BUI0OYBHOT IMIUIEMEHTALTI]. 3000B's13aHHS (TapaHTil).
MIPOMHUCIIOBOCTI)
JupexTnBa 3 poKu [UIs TpaHCTO3uIii; | IMmemenTaris BizCTAE. VYenix
2012/19/€C MOAAJbIIl TEPMIHM JJIS | TTOBHICTIO 3aJIEKUTh BIJ
(po Bigxomu NOCSTHEHHS  Iied 31 | QyHKIiOHYBaHHS 3arajlbHOi CHCTEMH
€JIEKTPUYHOTO Ta | 30UpaHHS. PBB. Bukinuku: CTBOPEHHSI JIOTiCTHUKH
€JIEKTPOHHOI'0 30MpaHHs Ta nepepoOKH o BCill KpaiHi.
oOnagHaHHS —
BEEO)
JupexkTnBa 2 poku [ TpaHcno3uiii; | Immmemenrarniss  Bigcrae.  Bukimku:
2006/66/€C (npo | momanplri TEPMiHM IS | CTBOPEHHA  €(EKTHBHOI  CHCTEMH
Garapei Ta JNOCATHEHHSA  Iied 31 | 30MpaHHSA MOPTATUBHHUX Oarapei Bix
AKyMYJISITOPH) 30MpaHHsI. HaceJIeHHs; 3aKoHOJaBcTBO €C BxKe
OHOBWJIOCSI IO 3HAa4HO CYBOPIIIOTO
Pernamenry.

VY tabnuii 3 HaBemeHi pe3ysibTaTH aHali3y MIOAO BIIANOBIIHOCTI PamMkoBOro
3axony Ykpainu "IIpo ynpasninns Bigxonamu" Bumoram Jupextusu 2008/98/€C.
3arajioM 3a KIFOYOBUMH TOHSTTSIMH 3a3Ha4€Hi HOPMATHBHI JIOKYMEHTH SIBJISFOTHCSI
ToTokHUMH. Pazom 3 TEM, B PamkoBomy 3akoni VYkpainum "Ilpo ynpammiHHs
BigxomaMu" He 3ragyeTbcs MpO HEOOXiOHICTh MPUHHSATTS PilleHb HA OCHOBI
KepyBaHHs pU3WMKaMu, 1o He Biamomimae Jsorini JdupextuBu 2008/98/€C, sxa
HaIllJIeHA Ha TIPEBCHTHBHE yTIPaBIIiHHS Ta MiHIMI3aIlit0 PU3UKIB, IO 3a CBOEIO CYTTIO
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€ BIPOBAPKEHHAM KIJIFOUOBHX €JIEMEHTIB IIPOLIECY KEPYBaHHS pU3MKaMH. 30KpeMa,
Crarts 13 InpextuBu 2008/98/€C npsimo BuMarae, njo0 MOBOKSHHS 3 B1IX0IaMHU
HE CTBOPIOBAJIO PU3HKY JUIS BOIH, MOBITPS, IPYHTY, POCIMHHOTO Ta TBAPUHHOTO
CBITY, HE CTBOPIOBAJIO LIyMy UM 3amaxy Ta HE YMHWIO HETaTHBHOIO BIUIMBY Ha
nmaaamadT. B 3akoni Ykpaiau «I[Ipo ynpaBiiaas BigxomaMu" BKazyeThCs, IO caMe
yOpaBiiHHS 3MIHCHIOETHCS HAa OCHOBI KOMOIHAIii NpaBOBHX, OpraHi3alliifHUX,
€KOHOMIYHHUX Ta iH(QOpMaIiifHIX MeXaHi3MiB, SKi 3a3HadeHi B Ta0. 3. OgHak, mpu
IOMY, B 3aKOHI He Tiepen0avacTbCs yIpaBIiHHI Ha OCHOBI KepyBaHHS PU3NKaAMHU.
Binpme Toro, came cIOBO PHUBMK 3raiyeTbcs ONUH pa3 B cTarTi 24 momo
MOBHOBAYKCHb LIEHTPAJILHOTO OpraHy BHUKOHABYOi Biagu y cdepi ynpaBlliHHA
BiJIXO[IaMH, JI€ 3a3HadeHa HeO0OXiTHICTh 3aTBEPIPKEHHS METOANYHUX HACTAHOB II0/I0
aHaJTi3y PU3MKIB JIJIS 37I0POB’ S JIIOAWHU BiAXOMIB Ta 00’ €KTIB OOPOOICHHS BiJXO/IB.

Bunukae noriuyHe 3amuTaHHS, SKMM YHHOM 3aKOH TMepeadadae TPUAHATTS
VIOPaBIiHCHKUX pIlIEHh 100 TOBOKEHHS 3 BiAXOmaMu SK CyO €KTIB
TOCIIOJ]APIOBAHHSA, TaK 1 JepKaBHUX OpraHiB. BimmoBiie Ha IMOCTaBICHE MHUTAHHI
BiACYTHS 1 moTpeOye BHECEHHs BIIMOBITHMX IPaBOK. Tako pO3’sICHEHHS Ha
3a3HadeHe MuTaHHA BiAcyTHe 1 B [lopsnky po3poOieHHS IDIaHIB YIIPaBIiHHS
BIIXOIaMU TiAMPUEMCTB, YCTAaHOB Ta OpraHizalliid, skuid 3arBepmkeHo Hakazom
MinicrepcTBa 3aXMCTy JOBKULIS Ta MPUPOAHUX pecypciB Yikpainn 09 ceprHs
2024 poky Ne 1003.

Tabnuus 3. Pesynbratu anami3y moao BiamosigHocTi PamkoBoro 3akony Ykpainu
"IIpo ynpasninas Bigxonamu" Bumoram Jdupextusu 2008/98/€C

Ne | OcHoBHi BHUMOTH JupextuBu | OcHoBHi BuMoru PamkoBoro 3akoHy
n.n | 2008/98/€C Yxpainu "IIpo ynpasBJiHHA
Bigxomamu"'

1 Iepapxis mpiopuTeTiB TOBOMKEHHS 3 | lepapXis mNpiopUTETiB TOBOMKEHHS 3
BiIXOIaMU. BIJIXOIAMH.
3amo0iraHHsl YTBOPSHHIO BiIXOMIB. 3amo0iraHHs yTBOPEHHIO BiIXOMIB.
IMigroroBka bi(s) nmosropHoro | [limroroska bi (o) ITOBTOPHOTO
BUKOPHCTAHHS. BHKOPHCTaHHS.

[Tepepobxa (peruKkITinT). IepepoOka (PEIUKITIHT).
[Hni Bun yTuitizanii (BiZHOBICHHS). [Hnni By yrutizauii (BiZHOBICHHS).
Bupanenss (JrikBiganis). Bupanennst (JrikBigarisi).

2 JepxaBu-4yieHH 3000B's3aHi | 3akoH mepeadadae  po3poOKy — Ta
pO3po0IATH Ta BIIPOBA/KYBaTH | 3aTBeppKeHHS HallioHaIbHOTO IUIaHy
HaIlloHaJIBHI Ta/ab0 perioHabHi, Ta/abo | yIMpaBIiHHS BiIXO#aMHU.

MiCIIeBi TJIaHW YIPaBIiHHS BiJIXOJaMH,
1110 OXOILITIOIOTh YCIO TEPUTOPIIO0 KpaiHHU.

3 Le#t  npuHmun  mepepbavae, 1m0 | 3aKOH nependayae po3UMpeny
BUPOOHUKH HECYTh BiJINIOBiJABHICTD 32 | BIAMOBINANBHICTS  BHPOOHHMKA  JUIS
JKUTTEBUM LMKI  CBOEI  NPOAYKIII, | OKpeMHUX KaTeropiu TIPOIYKIIT
BKJIIOYHO 3 11 yTwimizamiero micys | (Harmpukiaj, YyIakoBKa, EJIEKTPOHIKa,
3aKiHUCHHS TEPMiHY CITY>KOH. Oarapelkn).

4 JlupekTBa ~ BCTAHOBJIOE  CHCTEMY | 3alpoOBaJUKYe€ThCS ~ HOBA  CHCTEMa
knacudikamii  BIOXOAiB, BKIIOYAIOYM | KiIAcU(ikalii  BIIXOMIB  3TigTHO 3
BH3HaueHHA "HeOe3nmedHnx BiaxoniB" Ta | eBpomeiicbkum karajsorom (EWC —
ix BmactuBOCTEeH, ki pobmaTh ix | European Waste Catalogue).
HeOe3NeUHUMHU (manpukmam,

BHOYXOBICTh, OKHCHICTb TOIIO).
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5 [Mignpuemcraa, 10 31ACHIOIOTH | BCTAHOBIIIOIOTBCS HOBI BUMOTH [0
omepamii 3 0OpOONCHHS  BIAXOIIB, | OTPUMAHHS JO3BOJIB Ha 3MiHCHCHHS
NOBUHHI ~ OTpUMaTH  JO3BUI B | omepauiil 3 ynpaBIiHHS BiJXOAaMH.

KOMIICTEHTHOTO OpPTaHYy.

6 Po3ninpHe 30MpaHHS BiIXOMIB. 3akoH 3000B'A3y€ MiICIEBi OpraHu
BIIAN OpraHizyBaTH po3ninbHe
30mpaHHsL o0y TOBUX BiJIXOJiB,

MpUHAHMHI IS TakuUX KaTeropii, sk
CKJIO, TIaITip, TUIACTUK, METAJL.

7 ITini momo mepepoOKy. BceranoBiaeHHS ITiJIeH 010 epepoOKH.

8 IMocuneni BUMOTH 10 TOBOMKEHHS 3 | 3aKOH BCTAHOBJIOE, IO Omepamii 3

HeOe3MeYHUMH BiJXOlaMH, BKIIIOYAIOuM | HEOe3NMeYHWMH Biaxonamu (30MpaHHS,

ix o0mik, 30ip, TpaHCHOPTYBaHHS Ta | IIEpPEBE3CHHS, 00poOneHHs,

006poOKy. BIJTHOBJICHHS, BUJAJICHHS) MiJISITal0Th
JLIEH3YBaHHIO.

9 - 3anpoBaKy€EThCSl BENICHHSI PEECTPIB Y

chepi  ympaBiaiHHA  BIAXOAaMH B
CJICKTPOHHOMY BHIJISIII.

B pesynbrari mpoBeneHOro aHajily MOXHa y3arajJbHUTH HACKPi3HI BHUKIHKH
IMIUIEMEHTAIlil HalllOHAJIBHOTO 3aKOHOAABCTBAa B c(epi ympaBliHHSA BiaXxoaamu 3
BuMoramMu JlupextuB €C, 10 TMONATAIOTh Y HEOOXIAHOCTI: 3MIITHEHHS OpraHiB
Jiep KaBHOT BII/IM SIK Ha HallioHabHOMY (MiHICTEpCTBO 3aXHMCTY NOBKLLIS), TaK 1 Ha
MICIIEBOMY piBHSIX JJISl YIPaBJIiHHSI HOBHUMH, CKJIAIHUMH CHCTEMaMH; 3HAXOIKESHHSI
(hiHaHCOBHX MeEXaHi3MiB, 3 OIISAAYy Ha 3HayHi (hiHAHCOBI BHUTpATH, MOB’S3aHi 3
moOyoBo0 HOBOi iH(pacTpyKTypu (3aBOAIB 3 TEPEPOOKH TOIO), Ta BHUKIHK
CTBOPEHHS CaMOOKYNHHX (iHaHcoBUX Mmoneneid st PBB; yxBaneHHs 3akoHiB Ta
3a0e3neyeHHs] iX BUKOHAHHS, IO BHMarae €(QEeKTUBHUX CHUCTEM MOHITOPHHIY,
IHCTIEKTYBaHHSl Ta HAKIAJACHHS CaHKIIA; MOTHBAIlil yd4acTi TPOMaJChKOCTi [0
YIpaBIiHHS BIIXOJAMH JIJIsl YCIIIIHOTO (YHKIIOHYBaHHS HOBHX CHUCTEM, TAaKUX SIK
pO3iIbHE 30UpaHHs BiIXOIB.

OO0roBopeHHs pe3yJbTATIB JOCTiKEHHS

HupexruBa 2008/98/€C BcTaHOBIIOE WiTKI IOPUOMYHI KpUTEpil Ui PO3Pi3HEHHS
"BimxomiB" Ta "HOOIYHWUX TMPOAYKTIB" — PEUOBHH, IO BUHHUKAKOTH Y TIPOIECi
BUPOOHHWITBA, HE € HOr0 OCHOBHOIO METOI, allé MOXYTh OyTH BHKOPHCTaHi
6e3nocepenHpo 6e3 moganbiioi 00poOku. Takok BOHA BBOAWUTH MOHSTTA CTAaTyCy
"mpunuHEeHHS BiaxoniB" (end-of-waste), 3riiHO 3 AKMM NEBHI nepepoOieHi Bigxoau
MEPECTAIOTh BBAXKATHCS BIAXOJAMHU IICJIS TOrO, SK BOHH  BIJAIOBIJAIOThH
BCTAaHOBJIICHUM KPHUTEPIsIM SIKOCTi, IO JIO3BOJISIE TIOBOAWTHCS 3 HUMH SIK 3
nponykuiero [4, 17]. Li xoHuenmii € KPUTHYHO BAKIMBUMH IJIi PO3BHUTKY
MOBHOLIHHOI HHPKYJSPHOI €KOHOMIKM Ta PHUHKY BTOPHHHOI CHPOBHHH. Kpim
PamkoBoro 3akony VYkpainm "IIpo ympapniHHsS BigxomamH', TakoX YXBaJCHO
JeKUIbKa MiA3aKOHHUX aKTiB, Takux sk [locranosu KaGinery MinicTpiB Ykpainu
"Jlesiki mUTaHHA JEeKJIapyBaHHs NPUIMHEHHS cTaTycy Bigxoxi" (Ne 827) ta "/lesxi
MUTaHHS Kiacu}ikallii peuoBUH a00 TPeIMETIB K T00I9HOTO Mponykty" (Ne 1214),
10 € CBIAYCHHIM KOHKPETHHX KPOKIB 3 IMIIEMEHTAIlll I[UX CKJIaJHUX KOHIICIIIiH

[9, 11, 18].
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JlupekTBa TIPO 3aXOPOHEHHS BIAXOAIB € HAWOIIBIIMM JOBTOCTPOKOBUM
¢dinancoBUM Ta iHYpaCTPYKTYypHUM BUKIMKOM. BoHa BHMarae moBHoi nepeOynoBu
HaIlOHANBHOI iHQpPACTpyKTypH: OyJiBHHUILITBA COPTYBUIBHHUX Ta MEPEPOOHHX
3aBOJIIB, CMITTECTIAJIOBATBHAX YCTaHOBOK Tomio [6, 19]. Po3puB Mix mOTOYHOIO
peanpHiCTIO B YKpaiHi Ta HiTh0BUM MOKa3HUKOM €C € BeTMYe3HNM 1 He MOXe OyTH
MOAOJNaHUH JIMIIE YXBaJICHHSIM 3aKOHONABCTBA. J[OCATHEHHS BiAMOBIAHOCTI Wit
HupextuBi Oyne HaHOIMBII KamiTAIOMICTKOI0 YacTHHOIO Bciel pedopmu, IO
BHMaraTuMe JCCATUIITh CTIMKUX 1HBECTHUIIIHA, HMOBIPHO, 31 3HAYHOIO 3aJICKHICTIO
BiJl MDKHAPOIHOT (hiHAHCOBOT MiTPUMKH.

ImmutemenTartis mupektus moao BEEO ta 6arapeii He € aBTOHOMHUM TPOIIECOM.
IxHiit ycmix mpuarHHO-HACTIIKOBO TOB'I3aHMH i3 YCIIIIHOO peaTi3allicio 3araabHol
pamxkoBoi cuctemu PBB, nepenbauenoi 3akonom «IIpo ynpaBmiHHS BigxogaMuy, i
3aJIeKUTh Bix Hel. be3 mirodol HanioHansHOI cuctremu PBB crienianpHi 3aKOHH 1IIOI0
BEEO Ta Oarapeit OynyTh HEMOXKIIMBUMH TSI BAKOHAHHS. 3aTPUMKA 3 YXBAJIEHHIM
CHEIiaIbHUX 3aKOHIB MOKe OyTH YacTKOBO MMOB'SI3aHAa 3 HEOOXiJHICTIO CIOYATKY
CTBOPUTH Ta BBECTH B Jil0 3arajbHuii MexaHisM PBB. HemoxnuBo moOyayBatu
cnenudiuHy CHUCTEMY BIiAMOBITANBHOCTI BHPOOHUKIB Oarapeid, SKIIO 3arajbHUil
MPaBOBHH Ta IHCTUTYIIMHWA MEXaHi3M /IS TaKMX CHCTEM Ie HE ICHye Ta He
(YHKI[IOHY€ Ha MPAKTHIII.

[IpaBoBa cuctema €C € muHamiuHOO. €BPONEHCHKUN 3€JCHUA KypC 3HAUHO
MIPUCKOPUB PO3BUTOK eKoJiorigHoro 3akoHomaBcTBa [20]. Jomarok, mo 6a3yeTscs
Ha acquis OLTBII HDK JNECATUPIYHOI JaBHUHM, MOTpeOyBaTHMe OHOBJIEHHS, 1100
Bi0Opa3uTH HOBI peautii, Taki sik PersiamMeHT npo 6artapei Ta MOCHIICHUH aKIeHT Ha
MIPUHIIATIAX [HPKYISIPHOI ekoHOMiKH. Lle € kimodoBoro cdeporo 1 MaitOyTHHOTO
nianmory Mix Ykpainoro ta €C, 0coOIMBO B KOHTEKCTI CTaTyCy YKpaiHH SIK KpaiHu-
KaHauaara Ha ety jgo €C.

[Noku Ykpaina npaiitoe HaJ iMmuieMenTanieto JupextuBu mpo 6arapei 2006 poky,
€C pxe yxBanuB 3Ha4uHO cyBopitnii PernmamenT npo 6arapei (€C) 2023/1542. Leit
HOBHH PernmaMeHT BBOANUTH BUMOTH IIIOJI0 ByIJIEIIEBOTO CIIi/Ty, BMICTY TIepEepOOICHUX
Matepianie Ta mudposoro "macmopra Oarapei”, 10 BUXOIATH JAJCKO 3a MEXI
Hupextusn 2006 poky. Lle o3Ha4ae, o0 70 MOMEHTY, KOJIM YKpaiHa JOCSATHE IOBHOT
BIJIMOBIAHOCTI CBOIM (hopManbHUM 3000B'S3aHHSM, ii 3aKOHONABCTBO BiKe Oyre
3acTapilMM TOPIBHAHO 3 MOTOYHMMHU craHaapramu €C. Jns yKkpalHChKHX
BUPOOHUKIB, AKi 0aXalOThb EKCIOPTYBaTH CBOIO mnpoxykuito no €C, mpocTtoro
JIOTPUMAHHS TPAHCTIOHOBAHOTO YKPATHCHKOTO 3aKOHOIABCTBA Oyjie HEJI0CTAaTHLO. IM
JIOBE/IETHCSI BiIMOBigaTH BUMOTraM HoBoro Pernmamenty €C 11 TOCTyITy Ha PHHOK.
Lle cTBOpIOE MOABIHHMI BUKJIMK BIAMOBITHOCTI Ta CHJIBHUN CTUMYII U YKpaiHu
3aificauTH "cTpuboK" Oe3rnocepenHbO 10 CTaHAAPTIB HOBOro PeriiameHTy, HaBiTh
SKIO 11e POPMATBHO HE BUMAraeThes IOTOYHUM TEKCTOM YTOJH Mpo acormiaiito. Lle
€ KPUTUYHO BAXIIMBUM CTPATETIYHUM MIpKyBaHHSM il MailOyTHIX OHOBIICHb
Jonatka XXX.

BucHoBku
B ochnosi 3akoHonaBcTBa €Bponelickkoro Coro3y y cdepi ynpasiiHHS BigX0oIaMH
JIKUTh PaMKOBa TUpPEKTHBA MPO BIIXOIM, SKa BCTAHOBIIOE (DyHIaMEHTAJIbHI

NPUHIWIK, Taki sK T'STUCTYICHEBA i€papxisi, pPO3IIMpPEHa BiIOBIIAIbHICTH
BUPOOHHWKA Ta KpUTEPii NPUIMHEHHS CTaTyCy BiXO/iB.
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PamkoBa mupekTHBa PO BIAXOAHM AOMOBHIOETHCS HHU3KOIO CITCIiali30BaHUX
JUPEKTHUB Ta PErJIaMEHTIB, 10 BCTAHOBIIOIOTH aMOITHI, OPHIUYHO OOOB'I3KOBI L1
JUIi  KOHKpPETHUX BiAXOMiB, 30KkpeMa g ynakoBku, BEEO, Oarapeii Ta
3aXOpOHCHHSI.

KirouoBrMH BUKIMKaMu Ul IMITIEMEHTAaNLii HalliOHAJIBHOTO 3aKOHOIABCTBA 10
BUMOT AupekTuB €C 3aJMIIaroThCs 3alydeHHs iHBECTHULIH B 1HOPAaCTPYKTypy
(ocoOmuBO TSI BUKOHAHHS BHUMOT JIMPEKTHBH TIPO 3aXOpOHEHHS), MPAKTHIHE
BIIpOBa/pkeHHS cucreM PBB Ta  HEOOXimHICTE TOCTIHHO  HA3IOTAHATH
3akoHOAaBcTBO €C, 110 MIBUAKO pO3BUBAETHCS. Lle moTpelye Bi mpoMHCIOBOCTI Ta
0i3Hecy nepexoy Bil MEHTaJILHOCTI MPOCTOTO TOTPUMAaHHS BUMOT JIO TPOAKTHBHUX
nif, To0To po3poOkm crparerii s PBB, imBecTyBaHHS B YHWCTINII TEXHOJOTIT
BUpOOHMITBAa Ta mependadeHHs MaiOyTHiX BuMor €C (sx-oT PermameHTt mpo
Oarapei), 11100 30eperTu AOCTYN 0 PUHKY Ta KOHKYPEHTOCTIPOMOXKHICTb.

3akonomaBcTBo €Bpormeiickkoro Coro3y y cdepi ympaBiiHHS BiIxoJamu
MiJKPITUIEHO E€KOHOMIYHMMH CTHMYJIAaMH Ta I1HCTUTYLIHHOIO MiATPUMKOIO, €
PYLIIHOIO CHJIOK TpaHCOpMalii MPOMHUCIOBOCTI i BUPOOHWYMX MPAKTUK Yy
HAINpsMKy CTaJOrO PO3BHUTKY Ta €(EKTHBHOTO BUKOPHUCTAHHS PECYpCIB y Mexax
€ponelicekoro Coroasy.
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COMPREHENSIVE EMERGENT ASSESSMENT OF ECOSYSTEM
SERVICES AND ECONOMIC EFFICIENCY OF URBAN GREEN
STRUCTURES

Abstract. Rapid urbanisation in recent years has led to the deterioration of urban
ecosystems and the emergence of numerous environmental and socio-economic
problems. In response to these challenges, the implementation of green structures
has gained considerable popularity as a sustainable approach to urban planning.
This paper presents a comprehensive assessment of the costs, benefits (ecosystem
services) and impacts (ecosystem disservices) associated with the use of green
structures in the urban environment, using the emergy accounting approach, which
allows for the quantitative assessment of resource costs in biophysical units through
the prism of energy transformations. To achieve this goal, a new integrated
assessment system is proposed, covering key components: assessment of the costs of
implementing and operating green structures, assessment of ecosystem services,
determination of environmental costs to compensate for damage to public health
and biodiversity, and identification of ecosystem disservices. In particular, the
economic efficiency of green walls in reducing noise pollution is investigated using
the example of typical urban configurations of apartment buildings. The results
show that green roofs provide greater benefits to the ecosystem compared to other
types of green structures, but they are accompanied by high initial construction
costs and require more intensive maintenance. Green walls demonstrated the
highest emergent costs for noise pollution reduction (5.77x10" sej/m?*-year),
indicating their potential effectiveness in improving the city's acoustic environment.
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Cost-benefit calculations are presented for two simulated architectural
configurations, reflecting the impact of green walls on noise reduction and aesthetic
benefits for residents; the results show that in both cases the benefits significantly
outweigh the costs. The data obtained provides valuable information for urban
planners, policymakers and other stakeholders, facilitating informed decisions on
the development of sustainable cities to ensure the well-being of current and future
generations.

Keywords: urban green infrastructure, green structures, ecosystem services, emergy
accounting, cost-effectiveness, noise protection function.

K.B. lllym6ap, M.B. KpaBuenko, JI.O. Bacuienko, T.M. Tkauenko, O.C. BoJiomkina,
A.L Ilep0ak

KuiBchkuii HaioHATBHUN YHIBEpPCUTET OYIIBHHUIITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

KOMILTEKCHA EMEPTTHHA OIIIHKA EKOCUCTEMHHUX MOCJAYTD
I EKOHOMI‘-IHPT EOEKTUBHOCTI MICBKUX 3EJIEHUX
KOHCTPYKIIN

Anomauin. Cmpimvka ypoanizayisi OCMaHHIX POKi8 npu3eena 00 NOZIPULeHHS CIAHY
MICbKUX eKocucmem ma SUHUKHEHHA YUCTEHHUX eKON02IYHUX [ coyianbho-
eKOHOMIYHUX npobaem. Ak 6i0n0osiob Ha Yi SUKIUKU, 6NPOBAONCEHHS. 3€/IeHUX
KOHCMPYKYIll HAOYL0 3HAYHOI NONYAAPHOCMI AK CcmManuti nioxio 00 MiCbK02o
naamysanus. Y yiti pob6omi npedcmasieno KOMNJIEKCHY OYIHKY eumpam, 6u200
(exocucmemHUX nociye) ma Gnausié (eKOCUCMeMHUX OUCHOCTYe), N08 A3AHUX i3
3aCMOCYBAHHAM 3eNEHUX KOHCMPYKYILl Y MICbKOMY cepedosuiyi, 3 BUKOPUCHAHHAM
nioxody emepeitinoco 001Ky (emergy accounting), saKuil 00360J4€ KINbKICHO
OyiHlO8amu  pecypcHi eumpamu Y OIO@I3UYHUX OOUHUYAX uepe3 NPU3My
eHepeemuuHux mpanc@opmayii. [Jna 0ocaeHenna yiei memu 3anponoHO8aHO HOBY
inmezposamny cucmemy OYiHKU, AKA OXONIIOE KNI0Y08i KOMNOHEHMU: OYIHKY 8UMpPam
Ha 8NPOBAONCEHHS MA eKCNIYAMayiio 3e1eHux KOHCMPYKYill, OYiHKY eKOCUCMEMHUX
nocnye, USHAYEHHs eKON0SIYHUX 8UMPAM HA KOMNEHCAyilo WKoou 08 300p08 s
HacenenHs ma OIOPIHOMAHIMMS, A MAKOMNC I[0eHMUPIKAYII0 eKOCUCMEMHUX
oducnocnye. 30kpema, OOCTIONCEHO eKOHOMIUHY eqeKmUBHICMb 3e1eHUX CMIH Y
SHUIICEHHT WYMOB020 HABAHMANCEHHS HA NPUKAAOL MUNOBUX MICLKUX KOHGDI2ypayiti
bacamoksapmupuux 0Oyounkie. Pezynemamu nokasyrome, wo 3eieHi oOaxu
3a0e3neuyiome Oinbuli nepegacu Osl eKOCUCHEMU NOPIGHAHO 3 THUUMU MUNamu
3eNeHUX KOHCMPYKYIU, 0OHAK GOHU CYNPOBOONCYIOMbC BUCOKUMU NOUAMKOBUMU
sumpamamu  Ha  60yOisHUYMEO ma  nompebylomb  OilbW  IHMEHCUBHO20
o0bcnyeo8yeans. 3eneni cminu NPOOEMOHCMPYBATU HAUBUWT eMePIiH] GUMPAmu
HA 3HUJICEHHA UYMOB020 3a0pyoHenns (3,77 %107 sej/m?pix), wo exasye na ixwio
NOMeHYIUHY eQeKmueHicms y NOKPAWeHHI aKyCMU4Ho20 cepedosuwa Micma.
Haseodeno pospaxyuxu cnig8ioHoulents 8u2o0 i eumpam 0as 080X IMIMOBAHUX
apximexmypHux Kou@icypayiu, wo 6i000pajicaomev 6nIue 3eieHux CmiH Ha
SHUICEHHS WYMOBO20 HABAHMAICEHHA MA ecCmemudni nepegazu Ojis MEeUKanyis;
pesyiomamu cgiouamv, wo 6 000X BUNAOKAX 6U200U CYMMEBO NePesULyIOms
sumpamu. Ompumani O0ani HAOQIOMb  YIHHY —HQOpMayilo O  MICLKUX
NIAHY6ANIbHUKIE, NOAIMUKIE mMa IHWUX 3aYIKAGIeHUX CHmOpPIH, CHPUAIOYU
NPULHAMMIO  OOIPYHMOBAHUX —pilleHb WO000 PO3GUMKY CMAAUX Micm  Oisl
3abe3neueruss 0006pPOOYMY HUHIWHIX | MAUOYMHIX NOKOJIHb.
Knrouoei cnosa: micoka 3enena inghpacmpykmypa, 3eieni KOHCMpYKyii, exocucmemHi
nocuyeu, emepeiiunull 00K, eKOHOMIYHA ePEKMUBHICMb, ULYMO3AXUCHA DYHKYI.
https://doi.org/10.32347/2411-4049.2025.4.20-34
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Beryn

MicbKi TepuTOpii CTHUKAIOTHCS 31 3pOCTAIOYMMHU EKOJIOTIYHUMH Ta COLiaTbHUMHU
mpo0OyieMaMy, TaKAUMU SIK TTiIBUIIICHHS TeMIIEPaTypH, IMOTIPIISHHS SKOCTi MOBITPS,
00OMeXeHICTh 3eJIeHHX HacaKeHb Ta ImymMoBe 3a0pyaHeHHs [1]. OcHOBHUMH
¢dakTopaMn 1UX TpoONeM € TOMMpPEHHS TBEPAMX IOBEPXOHb [2], IIBUAKA
ypOanizamis [3] Ta TEXHONOTIYHMHA PO3BUTOK, IO CIpHSIE HAIMIPHOMY
HaKONWYEHHIO TeIuia [4], TOTIpHICeHHI0 NHPKYIALIi TMOBITPS Ta TIiIBHIECHHIO
3aJIe)KHOCTI BiJi CHEPrOEMHHUX CHUCTEM OXOJOKeHHs. Hacmigkom mporo € He nuiie
3HIKEHHS KOM(OPTY MPOXKUBAHHS Ta SIKOCTI MOBITPA, a i MOCUIICHHS €PEKTy MiCHKHX
TEIJIOBUX OCTPOBIB Ta 301IBIIICHHS CHEPTOCTIOKUBAHHS TSI OXOJIOKEHHS [5].

OpHUM 13 TEpCIEeKTUBHUX HAampsMiB €KOJIOTiYHOI TpaHcopMalii MiChKOTO
MPOCTOPY € BIPOBAKEHHS €IIEMEHTIB 3€JICHOT iHPpaCTPYKTypH, 30KpeMa 3eJICHUX
KOHCTPYKIIif — axiB, CTiH, (acaiB i JOIIOBUX CaiB, SIKi MOETHYIOTh €KOJIOT14HI,
comiaimbHI Ta ecteTwyHi (YHKIIT B yMoBax MUIbHOI ypOaHizamii. Ctpareriufi
nokymenTtH, 3okpema [lopspok nenanit OOH y cdepi cramoro po3BUTKY MicCT,
AKIIEHTYIOTh Ha HEOOXiTHOCTI 30LNBIICHHS IUIONII 3€JIEHUX €JIEMEHTIB y MicTax.
€pporelickka TomiTHKa |y  cdepi  IHHOBallid  MATPUMYE  IHTETPAIio
MPUPOAOOPIEHTOBAHUX pillleHb, 30KpeMa BEPTUKAIBHOTO Ta TOKPIBEIBHOTO
03€JICHEeHHS], Y MPOCTOPOBE IUIAaHYBaHHS SIK e()EeKTHUBHY BiJIIOBib Ha COILiaJIbHO-
€KOJIOTIYHI BUKJIHMKH [6]. Y MexkaxX CydacHOi KOHIemii 3eleHa iHppacTpyKTypa
PO3TIAIAETHCS SIK CUCTEMa MPUPOJHUX 1 TEXHOTEHHO aJlalTOBAHUX KOMIIOHEHTIB,
mo 3a0e3MeuyroTh KIIFOUOBI €KOCHCTEMHI IOCIYTHM — 3HIDKCHHS 3a0pyaHEHHS
TIOBITPSA 1 TEMITEPATYPH, AKyMYJISIIIIFO TOIIOBOI Bou, TornuHaHHs CO2, T ABUIIEHHS
010pI3HOMAHITTS Ta 3MEHIICHHS IITyMy B MiCHKHX yMOBax [7].

KoHkpeTH] TUNH 3eeHuX KOHCTPYKIiH MaroTh Cremiaii3oBaHi QpyHKIIOHATbHI
nepeBary, sKi J03BOJISIOTH AAANTyBaTH iX JIO MPOCTOPOBHX 1 KIIMaTHYHUX
0CcOOIMBOCTEM MichKkHX TepuTopidd [8]. Ha BimMiHy Bii TpaaumiiHUX 3eIeHUX
Haca/DKEHb, SKi MOTPEOYIOTh 3HAYHUX IUIONI, IIi CHCTEMH JO3BOJISIOThH
MaKCUMallbHO €(EeKTHBHO BHKOPHUCTOBYBAaTH TIOKPiBEJIbHI Ta BEPTUKAIBHI
MOBEPXHi, 30epiraloyu MUILHICTh MICHKOI 3a0y/IOBH Ta BOJHOYAC 3a0€3Meuyr0Un
€KOJIOT1uHY e(heKTHBHICTH [9].

HemocratHbo 0OTrpyHTOBaHE BIPOBAKEHHsST a00 HEHAJIeKHA eKCILTyaTallis
3€JIEHHX KOHCTPYKIIH Yy MICBKOMY CEPEIOBHILI MOKE TPU3BOAUTH JI0 TOPYLICHHS
HaJaHHS EKOCHCTEMHUX IIOCIYI 1 BHHHMKHEHHS TaK 3BaHUX EKOCHCTEMHHX
JIUCTIOCITYT — HETaTHBHHUX €KOJIOTYHHMX a0 cormianbHux Haciakis [10]. Baxkiuso
BU3HAYUTH MEXY, 3a SIKOI 3eJieHa KOHCTPYKIISl Tiepectac OyTH KOPHCHOKIO Ta
MOYMHAE CTBOPIOBATH PU3MKU Ui N00poOyTy HaceneHHs. Hanpukian, HagmipHe
MWIKYBaHHS POCIMH MOXE TPOBOKYBATH aJiepriuHi peakiii, a He30anmaHcOBaHe
O3CIICHEHHS] BEPTHKAJIBHUX a00 JaXOBUX MOBEPXOHb — CIPHUITA HAKOITHYEHHIO
IIKITHUKIB 200 TOMMPeHHI0 HeOakaHuX BUIIB [11].

3eneHi  KOHCTPYKWii, 1O  mOTpeOyIOTh  PETYJSPHOIO  TEXHIYHOTO
00CITyTOBYBaHHSI, MOXYTh CTBOPIOBaTH JIOJAaTKOBI HaBaHTAKEHHSA. 30Kpema,
BUKOPHUCTAHHS Ba)KKOI TEXHIKU AJIsl JOTJIAAY 32 IHTEHCHBHUMHM 3€JICHUMH JlaXaMH
CIPUUMHSIE YIIITIBHEHHS CyOCTpaTy, 3SHHKEHHS HOro BOAOYTPUMYIOUOi 31aTHOCTI Ta
Jerpajamnito IpyHToBuX (QYHKIIH [12]. 3a BicyTHOCTI €(EeKTHBHOTO JPEHAXKY Y
JIOIIOBUI TIepioJ] MOXIIUBE HAKOITMYEHHS BOJOTHU, MO YCKIAJHIOE SKCILTyaTAIlilo
KOHCTpYKUiH. Takox pocinuHHe omagaHHA 3 (acaliB i 1axiB MOXKe MOTPAIUIATH Yy
BEHTWIALIIMHI CHCTEMH a00 CTBOPIOBATH JTUCKOMGMOPT JUISI MEIIIKAHITIB.
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[Tonmpu TOTEHIIMHI PU3WKH, 3€JICHI KOHCTPYKINI 3alUIIAIOTHECS BaXKITHBOIO
CKIIaJIOBOI0 CTAllor0 MIiCBKOTO PO3BUTKY. IX iHTerpamis Mae 0asyBaTucs Ha
ypaxyBaHHI MOKITUBUX JUCIIOCIYT i 3aX0aX MoJ10 X MiHiMi3allii. OIiHKa eKoJI0ro-
€KOHOMIYHOI MIHHOCTI TAaKUX KOHCTPYKINH € MKINCIHUILTIHAPHUM 3aBJIaHHM, SKE
JIOC1 HE OXOIUIIOE TIOBHOIO MIpOIO KITBKICHE BH3HAUYCHHS SIK BUTOI, TaK 1 PU3HKIB,
MOB’s13aHUX 3 X PYHKLUIOHYBaHHSIM y MicbKOMY cepenoBuii [13].

AJBTEpHATHBOIO /IO EKOHOMIKOIIEHTPUYHMX METOMIB € TIiAXiJ emergy
accounting, 110 TO3BOJISIE€ KUTBKICHO OILIHIOBATH PEeCypCcHi BUTpaATH B O6ioismaHmX
OJMHHUIISX Yepe3 eHepreTuyHi Tpanchopmanii. 3rigno 3 xonuenuieo [.T. Oxyma
[14], emepris — e cyKymHa (IpsMa i HeTpsiMa) eHepris, HeoOXigHa Il CTBOPCHHS
MPOAYKTY YH TOCIYTH, BUPAKEHA Y COHSIYHUX DKOYIIX. Meron mepemdadae o0k
yciX TOTOKIB pecypciB (eHeprii, MmatepiamniB, mpami, iHdopmauii) B €auHIH
yHiikoBaHiil onuHMIi BuMipy. Lle mae 3Mory po3risgatv 3eseHi KOHCTPYKIii He
JIMIIE SIK apXITEKTYPHI €JIEMEHTH, a SIK YaCTHHY CHePreTUYHO BiAKPUTUX EKOCUCTEM,
10 B3a€EMOJIIIOTH 13 JOKAJIFHUMH Ta TI00abHUMU 010(i3WIHIMH TTPOIECAMH.

[ompu ycmimHe 3acToCyBaHHS MIAXOAY €mergy Uil OLIHKA EKOCUCTEMHHX
MOCITYT y 3eJIEHUX 30HaX, JOCi BiACYTHS yHi(ikoBaHa cECTeMa Il MacmTabHOTO
aHaNi3y BHUTOX 1 PHU3WKIB PI3HUX THUIIB 3€JICHUX KOHCTPYKIii. Xoua HHU3Ka
nociipkens [15] miaTBepmkye eheKTUBHICTh METOAY Y BHSBICHHI CKOJOTIYHHX
mepeBar, HEepiJIko 1M03a YBarow 3aJMIIAIOThCS MOTEHIIHHI HEeraTUBHI HACTIAKU —
MIOIIKOKEHHS 1HPPACTPYKTYPH, PH3UKH O10JIOTIYHOI aKTUBHOCTI 200 HEJOOIHKa
TiAPOJIOTIYHOT €)EKTUBHOCTI B IOIIOBUH mepio.

MeTo10 H0CITiIKEHHS € pO3p0oOKa METOJIUKH OIIHKM €KOCHCTEMHUX (DYHKIIIH Ta
CYNyTHIX BIUTMBIB 3€JIEHUX KOHCTPYKIIHA 32 €MEPreTHYHHM ITiIXOJ0M, a TaKOX
aHaJIi3 TepeBar i AUCIOCIyT HAUTOMIMPEHIIIUX THUITIB 3€JICHUX PillleHb Y MiCBKOMY
CEPEeIOBHIIT.

IIpakTHyHa WiHHICTH METOJIOJIOTIT MOJISATaE B 1 BAKOPUCTAHHI SIK IHCTPYMEHTY
€KOJIOTIYHOTO TUIAaHYBaHHS, 110 TIOEAHY€E eMEPreTHYHUI Ta €eKOCUCTEMHHUH MiIX0.TH,
JIO3BOJISIIOYM  KUJIBKICHO OIIHIOBaTH €(EeKTUBHICTh 3€JIEHMX KOHCTPYKIIN ISt
3a0e3MeUeHHsT JIOBIOCTPOKOBOT €KOJIOTIYHOI CTiMKOCTi. Pe3ymbraTé MOXYTb
CIIyr'yBaTH ISl ONTHMI3allil TPOEKTIB, OOTPYHTYBAaHHS IHBECTHIl y 3eleHy
iHbpacTpyKTypy Ta  pO3POOKHM  MYHIIMNAIGHUX  IOJNITHK  €KOJOTI9HOI
TpaHcopmallii MiCBKOTO cepeIOBUIIIA.

Marepiaau Ta MmeToAU

J1J1s1 KOMITJIEKCHOTO aHali3y QyHKI[IOHYBaHHS MiCHKHX 3€JICHHX KOHCTPYKIIK OyII0
3aCTOCOBAHO METO/ EMEPriiHOIrO aHaji3y, SIKUM OXOIUIIOE YOTHPH B3a€MOIIOB’ 13aHi
HaIpPsSIMH OIIHKH:

1) Oyinxa eumpam Ha enposaddcenus ma excnayamayiro. lleit acmekt
BioOpakae pecypcH, HEOOXigHI Ui TPOEKTYBaHHS, OYIIBHHUIITBA Ta
00CIIyTOBYBaHHSI 3€JICHHX KOHCTPYKWid. Po3paXxyHOK NpPOBOAMTHCS NIISXOM
MHOXEHHSI BUTPATHUX TIOTOKIB (MarepiajbHUX, CHEPreTHYHHX, TPY/IOBHX,
iHpopMaLiitHuX) Ha OAMHNYHI eMepreTnyHi 3HaueHHs (UEV — Unit Emergy Value).
CymapHa eHeprist 103BOJIsIE KUTbKICHO BU3HAUYUTH €HEPrOEMHICTh KOHCTPYKIII Ta
00CST BKJIAJICHOTO IPUPOIHOIO KaIliTaly.

2)  Oyinxa exocucmemHux nociye. 3eneHi KOHCTPYKIIT BUKOHYIOTh HU3KY
KOpUCHHX (DYHKIIH, IKi KIacu(iKyrOTbCS K MPOMIKHI MOCTYTH (HAIPUKIA, YACTa
IepBUHHA MPOAYKTHBHICTE — Net Primary Production, NPP) Ta KiHIIEBi TTOCITyTH
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(30KpeMa, peryIioBaHH MIKPOKIIIMATY, ITyMOTIOTJIMHAHHS, CEKBECTPAIlis BYTJICITIO,
AKyMyJISIis  IOImOBOI BoaM ToOmIO). JliIs KOXKHOI 3 MOCIHYyr BU3HAYAETHCS Il
KiTbKicHHN moKa3HUK S (P;), Ticlis 4oro 3aCTOCOBYEThCS BiNOBiAHE 3HaueHH UEV
3 METOI0 pO3paxyHKy emeprii, HeoOXigHOi uia 3a0e3ledeHHs BiAMOBiAHOT
€KOCHUCTEMHOT (DyHKIII:

E, =S(P) X UEV, (1)

ne S(P;) — ximekicth i-1 mocnyru (Hampukian, ceksectpauii COz), a UEV; —
OJVHHUYHE 3HAYCHHS eMeprii Ha OJUHUIIO Wiel mociyru abo mpouecy (HanpuKiIaj,
cekBectpanig 1 r CO:). 3nauenns S(P;) g KOHKPETHOI 3eJeH0i KOHCTPYKIIii Ta
BimnmoBigae UEV anst po3risHYTOTO MPOILECY BU3HAYAIOTHCS HA OCHOBI HAasBHUX
JaHMX y CTIeLiali3oBaHill JiTepaTypi Ta AOCHIIKEHHIX y cepl MiCBKUX 3€JCHUX
iH(pPaCTPYKTYpP.

3) OyinKka eKONO2IYHUX BUMPAM HA KOMNEHCAYilo wKoou 011 300p0o8 s
Hacenenuss ma Oiopisnomanimms. 3€J€HI KOHCTPYKIIi 3JaTHI BHKOHYBATH
KOMIICHCATOPHY (YHKIIIO, 3HIKYIOUN PU3UKH Ta HETATUBHI HACTIIKH JITS TOBK1JLJIS
1 370pOB’S HACEJNeHHs, SIKi BHHHKAIOTH Iif] BIUIMBOM COIiaTbHO-€KOHOMITHHX
YMHHUKIB. X HAsBHICT J03BOJIA€ 3MEHIIUTH MOTPedy B EHEPrOEMHHUX
TEXHOJIOTIYHUX 3aX0JlaX, COPSIMOBAaHUX HA JIKBIAAIiO0 €KojoriuHoi mkomu. Jlis
KITBKICHOT OITIHKH TakuX €(eKTiB BUKOPHCTOBYETHCS MiAXiJ KUTTEBOTO IUKIY —
ReCiPe Endpoint 2016 (LCA), peamizoBaHHi i3 3aCTOCYBaHHSM 0a3u HaHHUX
Ecoinvent 3.5 [16].

3a3HaueHa METOMKA JIO3BOJISIE OI[IHUTH JBa KIIIOYOBI IHIUKATOPH: IIKOAY JJIS
3[I0POB’sl HACEJICHHS, BUPAKEHY B POKAX JKUTTS 3 IOINPABKOIO HA IHBAJIIHICTH
(DALY - Disability-Adjusted Life Years); mkomay st OiOpi3HOMAHITTS, IO
PO3PaxOBYEThCS K 3HUKJIA YacTKa BHJIIB HA OJIMHUIIEO TUIONII 32 IEBHUHN MPOMIXKOK
ygacy (PDF x m? x pik, ne PDF — Potentially Disappeared Fraction of species).

OOuBa MOKa3HUKH MIEPETBOPIOIOTHCS B EMEPTiiiHI OMHHMII Yepe3 MHOKEHHS Ha
BianoBiaHi UEV, 110 J03BOJISE OIIHIOBATH BTPATH SK EKOJIOTIYHY BapTiCTh Yy
TepMiHax eHeprii Jjyuis 3amoOiraHHs a0o KoMIieHcamii MKoAX. 3a BiJCYTHOCTI
3eJIeHUX KOHCTPYKIM OIliHIOIOTh albTePHATHBHI BUTPATH HAa I1H)KGHEPHI UM
TEXHOJIOTIUHI PillICHHS, HAPUKIIAJ, IITYYHY CEKBECTpaIlil0 Byriemto abo MeIudH1
Ta EKOCHUCTEMHI 3axo[ Ui 3MEHIICHHS BIUIMBY TJIOOAILHOTO TIOTETUIIHHS.
3aranbHi eMepriiini BuTpatu (Emy,) y iboMy BUIIAJIKY BU3HAYAOTHCS 3 (POPMYJIOH:

Emhealth = P X DALY X UEVDALY’ (2)

ne P — inrencuBHicTh BIuMBY (Hanpukiiaa, konnentpauis CO2), a UEV —onuanyna
eMepriiHa BapTiCTh JJS BiAMOBiAHOro Thmy ImKoaAW. OTKe, TOPIBHAHHSA MiX
eMepriifHUMH BUTpaTaMH Ha PO} ITAKTUKY IIKOJIH 32 PAXYHOK 3€JIeHHUX KOHCTPYKIIi
i BHUTpaTaMH Ha TEXHOJIOTIYHY KOMIICHCAII0 JIO3BOJSE OI[IHUTH EKOJIOTIYHY
e(eKTUBHICT TAKUX NPUPOJOOPIEHTOBAHUX PILLICHb Y MiCBKOMY CEPEOBHILI.

4) Busnauenns exocucmemnux oucnociye. 3ejieHl KOHCTPYKIIii, OIPH YUCIICHHI
repeBard, MOXYTb CIPHUYUHATH HETaTHBHI €(PEKTH: IiJBHIICHHS aJepreHHOCTI
MOBITPS, MOIIKOKEHHS 1HQPACTPYKTYPH KOPEHEBUMH CUCTEMaMU, HAKOITHUYEHHS
cMIiTTS a00 pUBHKH, MOB’s3aHi 3 AISUIBHICTIO TBapHH. J[JIs1 KiTbKiCHOT OIIHKU ITUX
BILIMBIB 3aCTOCOBYIOTh €MEPreTHUHUH OOJIIK, 110 BH3HAYAE SHEPIii0 Ta PECypcH,
HEeoOXiAHi A X ycyHeHHs a00 oM’ SIKIIEHHsI, 3a0€3Me4y0ur KOMIUIEKCHY OLIIHKY
SIK BUTOJI, TaK 1 MOTCHIIIMHUX PU3UKIB 3€JICHUX KOHCTPYKIIIi.
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1.1. Exocucmemni nociyeu

Tenepayin yucmoi nepsunnoi npodyxmusnocmi. NPP BinoOpaxae o0csr
BYTJICLIO, aKyMYJbOBAaHOTO POCIMHHICTIO uepe3 (OTOCHHTE3 3 ypaxXyBaHHSIM
IUXaHHS, 1 € KIIOYOBUM TIOKa3HUKOM O10JIOTi9HOI TPOAYKTUBHOCTI 3EIEHUX
KOHCTpyKIi# [17]. B emeprermuHoMy aHami3i HOro 30UTBIIEHHS CBITYATH PO
CHUHEpTil0 NPUPOJHUX CHEPreTHYHHX MOTOKIB Ta 3aly4yeHHWX AHTPOIOTECHHUX
pecypciB, o 3a0e3nedyoTh cTary poboTy KoHCTpyKIii. Emepriitna ominka NPP
MIPOBOANUTHCS 32 GOPMYIIOI0:

Emypp = YRy + XPu), 3)

ne Emypp — 3aranpHa emepris (sej/m?/pik), aconiioBana 3 oOpMyBaHHIM YACTOL
TIEPBMHHOI MPOJYKTHBHOCTI; YR(;y — CyKymHa emepris (Bix i = a Jo €), IO
HAJXOAUTH A0 CUCTEMH 3 BiHOBIIOBAHUX JDKEpEl, SIKi 3a0€3MeUyroTh MiATPUMKY
(OTOCHHTETHYHHUX TpoleciB: (a) coHsuHa eHeprisi (Emggqr), (b) reoTtepmanbHi
NOTOKU (EMygeoen), (C) eHepris Bitpy (EMyying), (d) eHepreTMuHui moTeHmian
OIaJ(iB, BKJIFOYAIOYM €HEPrifo BUMAapoBYBaHHS (EM,4in), (€) TreomoTeHmiadpHa Ta
XIMIYHA €HEPrisl MOBEPXHEBOTO CTOKY (EMyynoryr); 2Py — cymapHa emepris (Bin
i=1 mo n), mop’si3aHa 3 aHTPOIIOTEHHUMH PECypcaMu, IO 3aCTOCOBYIOTHCS JUIS
eKCIUTyaTallii 3eJICHUX KOHCTPYKIIINA: MaTepiaiu, 3pOllIeHHs, 100prBa, ECTHLIUAH
TOIIO (Y PO3PAaXyHKY Ha OJWHUINO TUIOIII).

Hoznunanns gyzneyro. Y cucreMax 3elIeHUX KOHCTPyKUid atmocdepruin CO:
¢ikcyeTbcst (POTOCHHTE30M 1 HAKOMUYYEThCS y (iToMaci Ta TIPYHTI y BUTIISAL
OpraHiuHuX CHoNyK. YacTHHA BYTJICIIO HAAXOJUTh Y IPYHT Yepe3 ONaJaHHs JIUCTS,
KOPEHEBY eKCyJalliio Ta MiHepaiizanito opradiki. CymMapHe MOTJIMHAHHS BYTJICIO
BH3HAYAETHCA SIK cyMa (hikcarlii y BereTaTuBHii Maci Ta cTabiIbHOTO 30epexXeHHS Y
rpyHTi. EMepriiiHa oliHKa OO MpoIlecy JUIsl 3eJICHUX KOHCTPYKIIIH MPOBOAUTHCS
3a (hopmyIIotO:

Emcs = 3 (Cpri X UEVs;), 4)

ne: Em s — emepris, 1o nmiaTpuMye MexaHi3M OTIMHAHHS BYTJIEIHO (Sej/M%/piK);
Crg; — IOpivHA MBHKICTH (hiKcallii ByTreIo KoMIoHeHToM i1 (T/mM?*/pik); UEV ;i —
OJIMHUYHE eMepriiiHe 3HaueHHsI CEKBeCTpallil BYIJICIIO Ui BiJIOBIIHOI 3eleHOi
KoHCTpYKIIT (sej/rC).

Axymynayis 6oou 6 rpynmi. 3eleH] 1aXxu, KOHCTPYKIII JONIIOBUX CaJiB Ta 1HIII
3eJIeHI KOHCTPYKWil 34aTHI 3aTpUMyBaTH JIOLIOBY BOJAY 3aBISKH BHCOKIH
BOJOYTPUMYBAIBHI 34aTHOCTI IPYHTOBO-pociIMHHOrO mmiapy. lLle copusie
3MEHIIIEHHIO 00’€éMy TIOBEPXHEBOTO CTOKY Ta IIJIBUIICHHIO JIOKAIBHOI
BOJIOYTPUMYBaJIbHOI 31aTHOCTI [18]. EMepriiiHa BapTiCTh yTpUMaHHS BOJIU B MEXKaX
TaKUX CUCTEM OOUYHUCIIOETHCS 3a HOPMYJIOIO:

EmWR = Zi(RWTi x 0.001 x Rf) X UEVWS, (5)

ne: Emy,p — emepria, HeoOXinHa Uil aKyMyJisilii BoAM B cyOCTpaTi 3eleHHX
KOHCTPYKIiH (sej/M?*/pik); R,,-; — 0OCST 3aTpUMaHOi JIOMIOBOT BOJIM KOHCTPYKITIERO
i-ro Tumy (r/mM*/100y); Ry — KiTBbKICTb JHIB i3 OnagaMu OpOTATOM POKY (JIHiB/piK);
UEV,,s — emepriiiHe 3HaueHHS AJs1 yTPUMaHHS 1 KT BoaH (S€j/KT).

Pezyniosanns mikpoxnimamy. 3eneHi KOHCTPYKIIii BIJIMBAIOTh Ha MIKPOKIiMaT
IIJSIXOM BHITAPOBYBAHHS BOJH, OXOJIO/KEHHS ITOBEPXOHD 1 MiIBUIICHHS BiTHOCHOT
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BOJIOTOCTI TIOBITps. EHeEpris, MmO BHUTPAYacThCS HA BHIIAPOBYBAHHSI BOJIH,
PO3TIAJAETEC SIK IHAWKATOpP BIUIMBY Ha MIKpOKIiMaTH4yHI yMoBH. EmepriliHa
OLIIHKa MIKPOKJIIMAaTHYHOI peryJisilii BU3SHAYAETHCSA HACTYITHUM YHHOM:

Emgr = Xi(Etr X p X 1,000) X UEV;,,, (6)

ne: Emgr — emepris, mo BIiANIOBiAae 3a peryIslliio MIKpOKIIMaTy (sej/M?/pik);
E,; — piuHni oOCsT BUMAapOBYBaHHs B KOHCTPYKIIi i-ro TUIY (MM/PIK); p — TyCTHHA
Boau (kr/m?); 1,000 — koedinieHT nepepaxyHky 3 kr B T; UEV,,, — omuHNYHA eMepris
BOJISTHOI Tapu (sej/T).

Tonognenns rpynmosux 600. 3eneHi KOHCTPYKIIi CHOpPHUSIOTH MOMOBHEHHIO Ta
OiATPUMII IPYHTOBHUX BOJ 4yepe3 iH(IIbTPaLilo ONaaiB, B3aEMO/II0 TIOBEPXHEBUX 1
MiJ3eMHUX BOJ| Ta PETYIIOBaHHS 3TMBOBUX CTOKIB. J[OMIOBI cajiy Ta MPOHUKHI 3eeHi1
30HU 3a0€3Me4yI0Th HaJIXOKCHHS BOJH Yy BOJOHOCHI TOPH30HTH, 1[0 TIOCHITIOETHCS
MPOHHUKHICTIO CyOCTpaTy Ta aKTHBHICTIO KOPEHEBHX cuCTeM. EmepriiiHa olliHka
IILOTO BHECKY ITPOBOAUTHCS 33 (POPMYJIOIO:

Emg,, = X(R; X p X G X k;) X UEV,,,, @)

ne: Emg, - eMeprisi, IO BIAMOBiAae 3a IOMOBHEHHS IIJ36MHUX BOJ
(sej/M?/pik); R; — KiIBKICTh OTaiB y 30Hi BIUIUBY i-1 KOHCTPYKIIii (M/piKk); G — BijTbHA
enepris ['i60ca (x/r); k; — xoediuieHT iH}IIBTpamii A KOHKPETHOTO THITY
3enenoi kKouctpykuii; UEV,,, — emepriiine 3HaueHHs 11 Mia3eMHUX BOA (sej/[Ixk).

Ympumannus tpynmy 6 senenux koncmpyxyisx. B3aeMo3B’ 130k 010pi3HOMAaHITTS
Ta epo3ii IpyHTIiB € OararodakTopHuM. LL{opiuHO Ha ITaHETI BTpada€eThesi OIU3BKO
2,8 T 1pyHTy Ha TekTap [19]. Y MichKkOoMy cepemoBHINi 3elleHi KOHCTPYKIIii
e(eKTUBHO MPOTHIIFOTH €po3ii: KOpEeHEeBa CUCTEMA ITiJIBUIILYE CTPYKTYPHY CTIHKICTh
IPYHTY, a HaJ3eMHI YacCTHHU POCIUH 3MEHINYIOTh IHTCHCHUBHICTh OTMAJIiB,
3axXHINAI0YM Cc1a0Ki pOCIMHU Ta 3arnoliralodyl BUMHBAHHIO ITyXKHX IIapiB.
KinbkicHa omiHKa 1i€l €KOCHCTEMHOI TOCTYTH MPOBOAUTHCS 32 (HOPMYIIOF0:

EMgy = (Ser — Rop) X 1073 X UEV,, (8)

ne: Em,, — emepriliHe 3HaueHHs YTPUMaHHS IPYHTY (sej/M*/piK); Sor —
MOTEHIIIfHA €PO3isd IPYHTY B CUCTEMI 3€JICHUX KOHCTPYKIIiH (T/KM?); R, — pakTHIHA
eposis rpynTy (T/kM2); 1073 — koedilienT nepepaxyHky 3 r y kr; UEV, — nutoma
eMepris IPYHTY (Sej/KT).

Le#i migxia M03BOJISE KiABKICHO BHU3HAYUTH BHECOK 3€JICHMX KOHCTPYKIH Yy
cTabui3alio I'PYHTOBOTO MOKPUBY Ta MiHIMi3alilo BTpAT IPYHTY B ypOaHi30BaHUX
cepeIoBHILAX.

1.2. Bnaug na cmaw 300p08’s HaceleHHs ma 0iopizHOMaHimms

Bnnue 3abpyonenns nosimps. Y MHUHyIOMY AJsl OLIHKM BIUIMBY IIKiJUIMBUX
BUKH/IIB Ha HABKOJIMIIHE CEPEIOBHUIINE 3aCTOCOBYBAIMCS PI3HOMAHITHI METOJIH.
BojHouac mominbHO IHTErpyBaTHW IMiAXiJ TPSAMOrO eMepriiHoro oOJiKy B
METOJTIOJIOTII0, 3/ITATHY OILIHIOBATHU SIK €KOJIOTIYHI BUTPATH HA IIKOAY JAOBKIILIIO, TAK
1 BIUIMB Ha 370pOB’s JIOJei 3 Touku 30py emeprii [20]. PamkoBa merommka
Eco-Indicator 99 nependayae KiJibKiCHY OLIHKY LIKOIU JIIs 30OPOB’ s JIFOJUHH Yepe3
DALY Ta mikoau ekocucTeMaM 3a goroMororo PDF. el miaxix cTaB OCHOBOIO IS
mizHimux Meroauk LCA [21].

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IpHPOJOKOPUCTyBaHHS, BHIL 4 (56), 2025



Y mpOoMy IOCIHIIKEHHI IS OIHKW POJIi 3€JCHUX KOHCTPYKIIH Yy IMOKpaIieHH1
SIKOCT1 TIOBITpSI 3aCTOCOBAHO aJlaliTOBaHy METOIMKY, sIKa BimoOpa)kae 3HMKEHHS
HETaTUBHOTO BILUIMBY Ha 340pPOB’S JIIOJCH Ta cTaH 010pi3HOMAHITTSI.

[TapameTp 3MEHIICHHS IIKOAM [UIS 3/0pPOB’Sl JHOJCH OOYMCIIOEThCA 32
JIOTIOMOT'OF0 PiBHSHHSI:

Emyy = ¥;(P; x 1073 X DALY;) X UEVpeqien, )

ne: Emyy — emepriitaa omiaka pecypciB, HEOOXITHUX ISl 3MEHIIIEHHS IIKOIH
3I0pOB’I0 MOEH (sej/m?/pik); P; — 3MaTHICTh 3€IeH01 KOHCTPYKIIT MOTJIMHATH i-H
3a0pynHioBad moBiTps (r/m?*/pik); DALY; — BTpatu 310pOB’S JNIOOUHH Yepe3 i-i
3a0pyaHIoBau  (MoauHa-pik/kr); 1073 — koedillieHT mepepaXyHKy 3 I' y KT
UEV} qitnh — OMMHIYHA eMepTiiiHa BapTICTh ISl OXOPOHH 310poB’s (sej/ocoba/pik).

[Toka3HMK 3MEHIIEHHS Jerpajaimii sSKOCTI EKOCHCTEM pO3PAaXOBYETHCS 3a
HACTYITHUAM PiBHSIHHSM:

Emgy = %i(P; X 1073 X PDF;) X UEVppp, (10)

ne: Emgq — emepris, HeoOXiqHa 11 3MEHIIEHHS IKOJM BiJl Aerpajaauii sKocTi
exocucteMu (sej/m?/pik); PDF; — mOTeHIiHO 3HUKIIA (ppaKilis BUIIB, CIPHYUHEHA
i-m 3abpymHioBaueMm (M2 pik/kr); UEVppr — cepelHE OAMHWYHE eMEepreTHYHE
3Ha4YeHHs 010MacH eKOCHCTEMH (Sej/M%/PiK).

3aranpHa OILiHKA TIOCITYTH OYUIICHHS MOBITPS:

EmAP = EmHH + EmEQ (11)

Le#t miaxix q03BOJsiE IHTETPYBATH BHECOK 3€JIEHUX KOHCTPYKINH y TIOKpaIeHHs
MICBKOTO CEpe/I0BHIIIA, OL[IHIOIYH OJHOYACHO BUTO/U AJISI 3/10POB’ sl HACEIECHHS Ta
€KOCHCTEMHHIX KOMITOHEHTIB.

Hacnioxu enobanvrhoeo nomenninns. I'mobanbHa 3MiHA KIIIMATy TPOSBISIETHCS
MiBUICHHSAM CEpPEeHbOPIYHUX TEeMIepaTyp, MOCHICHHSAM KHCIOTHHX OMaJiB Ta
pYHHYBaHHSIM O30HOBOTO IApy, NPW [OMY HAHOULIBIIY 3arpo3y sl 3J0pPOB’S
JIOAWHU CTaHOBHUTH IJ100ajbHE MOTEIUTIHHS. 3€JieHI KOHCTPYKILIl CeKBECTPYIOTh
aTMOC(epHHI BYTJIeNb, TTOM SKIIYIOYH BIUIMB 3MIiH KJIIMary Ta MiATPUMYIOYH
MPUPOHI MeXaHi3MU perymoBaHHs. OOCT 1i€] eKOCHCTEMHOT OCITYTH OLIHIOIOTh
3a eMEePreTHYHNM ITiIX0T0M:

Emegun = Xi(Pesi X 1073 X DALY;sppi) X UEVieqien, (12)

ne Emggpyy — eMepris, HeoOXijaHa JUisi oM SKIISHHS HaCIiJKIB ri00ajibHOTO
MOTETUTIHHS JUIs 37I0POB’ S JTIOIUHH (sej/M?/piK); P.g; — piuHa KUTBKICTh MAPHUKOBUX
rasiB, HOTJIMHYTHX i-10 CKJIa[JJOBOIO 3€JICHUX KOHCTPYKUiH (r/M*/pik); DALY sypi —
PIK KHUTTS 3 IONPABKOIO HA IHBAIJHICTh, BTPAYE€HHUI Yepe3 BIUIUB i-T0 ITAPHUKOBOT'O
razy (momuHa pik/kr); UEVyeqitn — OIVMHWYHA eMepriiiHa BapTiCTh OXOPOHH
3I0pOB’ s JIIOAUHH (S€j/0c00a/pik).

Bnnue wymoeoco 3abpyonenns na 300pog’s. lllymose 3a0pyJHEHHS Y MiCBKOMY
CEPEJIOBHII, 3YMOBJICHE TPAHCIIOPTHUM PYXOM, OYIIBEIBHOIO IiSJIBHICTIO Ta
PI3HUMH COILIIAJIBHUMU MPOLIECaMU, € 3HAYHUM (PAKTOPOM PU3MKY JJIs PI3UIHOTO Ta
MICUXOJIOTIYHOTO 3J0pOB’A HaceleHHs. 3eJieHI KOHCTPYKIUIl 3[JaTHI 3MEHIIYBaTH
PiBEHb IIYMOBOT'0 BIUIUBY LUIIXOM HOTJIMHAHHS, BIIOUTTS Ta 3aJIOMJICHHS 3BYKOBHX
XBWIb. POCIMHHICTD BIUIMBAE€ HA aKyCTHYHE CEpPENIOBHIIE 32 TPhOMa OCHOBHUMHU
MeXaHi3MaMH: TIOTIMHAHHSA 3BYKY, KOJIH 3BYKOBI XBHJIi IPOXOSITH KPi3b POCIHHHUM
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1map; audys3is abo po3CiroBaHHS 3BYKY, 110 BUHUKAE ITPU B3AEMO/IIT XBHIIb 13 JIUCTSIM,
riIkaMu Ta cTe0iamMu; BiIOUTTS 3BYKY Hazaj y MPOCTIp, 110 3HWXKYE piBEHb eHEeprii
3BYKOBOT XBHWJIi, IO JIOCATAE HABKOJUIIIHIX 00’ €KTiB [22].

3acTocyBaHHA POCIMHHOCTI Ha ¢acamax OyIiBenb MiABHUILYE ePEeKTUBHICTH
AKyCTHYHOTO ITOM AKIIIEHHS 332 PaxXyHOK YHCIEHHUX BiTOWTTIB 3BYKOBUX XBHJIb,
TONI SIK Y BIAKPUTHX MPOCTOpax eQeKTH MNOTIMHAaHHSA Ta Iudy3ii CHOpUsSIOTH
3MEHIIIEHHIO HETATHBHOTO BITUBY 3BYKOBHX BiAOWTTIB Bijl 3¢MHOI TIOBEPXHI.

Emepretnune BW3HAueHHs i€l EKOCHCTEMHOI IOCIYTH 3HiHCHIOETBCS 3a
(dhopmyiioro:

Emypy = Xi(Npai X DALY;) X UEVpeaicn, (13)

ne Emyyy — eMepris, mo BimoOpaskae HEOOXiTHI BUTPATH IS TIOM SKITICHHS
BIUTMBY IIyMy Ha 300poB’a JroawHH (se€j/MY/pik); Ny, — €QEeKTHBHICTH i-i
KOMITOHEHTH 3€JICHOI KOHCTPYKIIii y TOM’IKIIEHHI ITyMOBOT0 3a0pyaneHHs (1b/m?);
DALY; — BTpaTH 310pOB’s Yepe3 BILTUB IIYMOBOTO 3a0pyqHeHHS (JoAnHa  pik/ab);
UEV} qith — OMHUYHA €MepTiliHa BapTiCTh OXOPOHU 310POB’ s TIOAWHU (Sej/0co0a).

1.3. ExocucmemHti oucnociyau
3eneni 6ioxoou 6 3enenux koncmpykyisx. Ilicms CKoOIIyBaHHS TpaB’sHOTO
MOKPHUBY B PI3HHUX THIAX 3€JCHUX KOHCTPYKIIH yTBOPIOIOTHCS 3€leHi BiAX0mu
HE3aJIeKHO BiJl cIOCO0yY MPOBENEHHS pOOIT — MEXaHIYHOTo 4u py4Horo. KinbkicHy
OIIIHKY ITUX BiXO/IB 3/iHCHIOIOTH 32 JOITOMOTO0 (hOpMYIIH:

Emgw = Deose X EMR, (14)

ne: Emgy, — emepris 3eneHux BiaxoniB (sej/M%/pik); D.,s¢ — BapTicTh 300py Ta
yTuiizanii 3enenux BigxoniB y mexxax GBI ($/m?/pik); EMR — omuHU4YHE eMepriitHe
3HAYCHHS yTHJII3allil Bi[X0IiB Uepe3 TPyAoBi BUTpatH (sej/$).

Towrxooxcenna  ingppacmpykmypu 6  3enenux  kowcmpykyisx. Cepen
€KOCHCTEMHHUX JHCIOCTYT 3eJIeHMX KOHCTPYKIIH BapTo BUAUIUTU (i3H4HE
YIIKO/DKEHHSI MIiCBKOI 1H(PacTpyKTypH BHACIIIOK POCTY KOpeHeBoi cuctemu. Ha
3eNIeHUX JaxaxX KOpiHHS TpaB 1 YarapHHUKIiB MOXK€ MPOHHUKATH B TiAPOI30JAIifHI
[Iapy, CIPUYMHSIOYM TPIIMHKU Ta TMOIIKO/PKEHHS MOKPHUTTIB. Y 3€leHUX CTiHaX
JIiaHU CTBOPIOIOTH THCK Ha (hacaj, 1110 MPU3BOAUTS JI0 BiJIIIIAPYBAHHS OOJIUIIOBAHHS
Ta MONIKO/KEHHS TepMeTHKiB. Ha Ha3eMHUX MiNSHKAaX KOPiHHS JepeB 1 yarapHUKiB,
CHpSIMOBaHE JI0 BOJIOTH W MOXXHUBHHUX PEYOBUH IIi/I TBEPIUMH OKPHUTTSIMH, 3/1aTHE
nedopmyBatu achaibT a00 OETOH, YTBOPIOIOYH TPIIIIMHU Ta MiTHATTS.

Jiist KibKiCHOT OLIHKY TaKKX YIIKOJKEHb 3aCTOCOBYIOTH (POPMYITY:

EmIR =ID X UEVIRa (15)

ne: Em;g — emepriiiHe 3Ha4YeHHs, HEOOXiJHE JUIsI YCYHEHHS MOIIKOJPKEHb
iHppacTpyKTypH (sej/mM*/pik); ID — KUIbKICTh YIIKO/PKEHb IMOKPUTTS YU (acaay B
MeXax 3eJICHUX KOHCTPYKIii (r/M?/pik); UEV,;r — onmuHUYHE eMepriiiHe 3HauYeHHS
MaTtepiany iHppacTpyKTypH (s€j/T).

Pe3yabTaTH Ta iX 00roBopeHHs
Emepeiina sapmicmov 0Oydisnuymea ma o00C1y208Y8aHHsL 3eAeHUX KOHCMPYKYIL.
OI1iHIOBaHHS €HEPTEeTUYHOI JOIIIFHOCTI MICBKUX 3€JICHUX KOHCTPYKITH TOTpedye

aHaJi3y pecypciB Ha BCiX eTamax iX KHTTEBOTO IHMKIY. Y MeXaxX eMepriiHoro
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MIIX0AY PecypcH KiIacu(iKyIOThCs SIK BIIHOBIIIOBaHI (COHSYHA €HEPTis, OMaan) Ta
HEBiHOBMIOBaH1 (OyAiBeNIbHI MaTepiaiu, eHepris, npaig, 1o0pusa, Bojaa Touio). Ha
MPUKIIAi iIHTEHCUBHOTO 3€JIEHOTO JIaXy BCTAHOBJICHO, IO YacTKa BiIHOBIIOBAHUX
pecypciB y cTpykTypi emeprii craHoButh smme ~0,02%, mo CBiTYUTH TpO
JOMIHYBaHHSI aHTPOIIOTEHHUX BKiIajgeHb. (OCHOBHE J[KEPEN0 BiIHOBIIOBAHOL
eHeprii — atMocdepHi onanu. Cepel HEBITHOBIIOBAaHHX PECYPCIB MEPEBAKAIOThH
MiHepasbHI MaTtepianu (micok, mepmit, [1I'C) Ta BepxHiit map IpyHTY, emepriiiHa
BapTICTh siKoro csarae 7,04x10'? sej/m? pik.

V 3eieHuX cTiHaxX 3aCTOCOBYIOTHCA JIETII CYyOCTpaTH 3 MEHILOI BOJAOEMHICTIO,
10 3HWKYE BUTPATH, aJie OOMEKY€E BUJOBHI CKJIAJl Ta eKOCHCTEeMHI QyHKii. J{s
JOIIOBHUX CafiB XapaKTepPHE BHUKOPUCTAHHS IMIEOEHIO 1 TPaBilo, AKi 3a0e3MedyoTh
¢inpTpalio, akyMyJsILil0 OMamiB 1 PO3BaHTaXXEHHS 3JMBOBOI  CHUCTEMH.
[NopiBHsmBHMIA aHATI3 TOKA3ye, IO ONTHMI3allis MaTepialiB, 30KpeMa iX 3aMiHa Ha
JIOKabHI a00 BiTHOBIIOBaHI, JO3BOJIAE 3HU3UTH EHEPrOBUTPATH. EMepriiHuit
HiAXiA a€e 3MOTY BUSIBUTH PECYPCH 3 HAWBUIIMM CHEPreTHYHUM HaBaHTAXKEHHSM 1
chopMyBaTH PEKOMEHIAIIIT SIS €KOJIOTTYHO e()eKTUBHOTO MPOEKTYBAHHS.

Ananiz nepesaz 3eneHux KOHCMpYKYill 3a emMepitiHuMy HOKa3HuKamu. Y Mexax
JIOCTiDKEeHHS OyNo 3MIHCHEHO TMOPIBHSIIBHY €MEepriiiHy OIIHKY eKOCHCTEeMHUX
MOCHYT, 10 TEHEPYIOTHCS PI3HUMH THIAMH 3€JICHUX KOHCTPYKIIH y MiChbKOMY
cepenopuili. OTpuMaHi pe3yJbTaTH HaBEACHO B Tabmmii 1, e BigoOpakeHO
eMepriiiHi 3HaueHHS! OCHOBHHUX €KOCHCTEeMHHX (DYHKIIIH Ha OIMHHMIIO TIIOMII.

Tabmuus 1. Emepriiini 3Ha4eHHs €KOCUCTEMHHX MOCTYT Ta IOB’si3aHi BUTPATH Ha
3IIOpOB’sI MOAMHM 1 6G10pI3HOMAHITTS IS PI3HUX 3eNIeHNX KOHCTPYKIIiH, sej/M?/pik

T 3eneHnX KOHCTPYKIIN
ExocucTemHi mociyru IMapametp 3enenuit | [dowoBuit 3eneHa
ax can cTiHa

Empypp 1,08x10™ | 9,20x10" | 2,57x10"

Uucra nepBrHHA

MIPOJTYKTHUBHICTb
CekBecTpallisi BYTJICIFO Emgg 2,55x1012 1,33x1012 6,97x108
AXyMyJsiiiisi BOJM B IPYHTI Emyr 2,54x108 | 8,05x10' | 1,33x10™
PerynroBaHHS MIKpOKITIMATy Emgr 1,79x107 4,04x10° 3,64x10'°
3MeHIIeHHS epo3il IPYHTY Eme, - 5,24x10" -

CyMmapHa eKOCHCTEeMHa MoCIyra
(3 NPP)

CymapHa eKoCHCTEeMHa MOCIyTa

(6e3 NPP)

HeoOxitHi BUTpaTH HAa MIKOAY 37I0POB 10 Ta 610Pi3HOMAHITTIO

30uici Bix 3abpy AHeHHA Emu | 3.62x10° | 1,60x10" | 2,57x101
HOBITPS

30UTKH Bif r100aIbHOT 3MIHU
KIIiMarty
30HUTKH BiJ IIyMOBOTO
3a0pyIHEHHS

CymapHi HeoOXi/iHI BUTpaTH Ha

LIKOAY 370pPOB’I0 Ta YEpaysppr | 3,62x10% | 1,60x10" 5,79%10"2

010pi3HOMAHITTIO

Max(Es;) | 1,08x10 | 920x10" | 2,57x10%

SEs; 2,55x102 | 1,94x10 | 5,05x10%

EmCRHH 4,6OX109 2,45X109 1’26><106

Emyun . . 5,77x10%
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Haiipumi cymapHi 3HA4eHHS EKOCHCTEMHHUX TOCHyr (BKIOYHO 3 NPP)
3adikcoBani s 3eneHuMX fgaxiB — 1,08%x10'sej/m?-pik, 10 BKa3zye Ha ix
OaraTtoyHKITIOHATBHUHE TOTeHITA. J[J1s1 JOIOBUX CaliB IIeH MOKa3HUK CTAHOBUTH
9,20%10" sej/m?*-pik, a mia 3eneHuX cTiH — Jnume 2,57x10'2 sej/m?-pik. I[lpu
MTOPIBHAHHI CyMapHOi €KOCHCTEMHOI TOCIyTH 0e3 ypaxyBanusa NPP, 36epiraeTscs
PO3MOIUL: 3eeHutl dax > 0oujosutl cad > 3eieHa cmina. HalBUIMA mOTEHITaT
TIOTIIMHAHHS BYTJICIIO CIIOCTEPITa€ThCS y 3eleHuX naxiB — 2,55%10'2 sej/m?:pik.
[lopiBHSAHHWI piBeHb JeMOHCTPYIOTH gomoBi camu (1,33%10'? sej/m?-pik).
Hatomicte 3emeHi cTiHM MaiOTh 3HAYHO HIDKYMM TOKAa3HUK —  JIMIIE
6,97x10% sej/m?-pik, 10 TOACHIOETbCS OOMexeHUM 00’eMoM  cyOcTpary,
crienmu(igHOI0  BEPTHUKAIBHOIO  TEOMETPIE0  Ta  MEHII  PO3BHHEHOIO
(hOTOCHHTETHYHOO aKTUBHICTIO O3€JICHEHHS.

Cepen ycix THUMIB KOHCTPYKIiM 3elieHi CTiHH JEMOHCTPYIOTh HAWBHIIMHA
MOTEHIia] MIKpOKIIMaTU4HOI perymsamii — 3,64x10' sej/m?-pik. Lle 3HaueHHS
TIEPEBHUIIY€ BiAMOBIIHI MOKA3HUKH IS OMIOBUX cafiB (4,04%10°) i 3eneHnx maxiB
(1,79%107). Takuii pe3ynbTaT 3yMOBJICHHH HIUTLHOIO BEPTHKAIBHOIO MOBEPXHEIO
O3eJIeHeHHS, 1o 3a0e3neuye eeKTHBHE 3aTiHeHHS (acary, SMEHIIEHHS TEIUIOBOTO
HaBaHTAXXCHHS Ha OyIIBIIIO Ta MOCUIICHE BUIIAPOBYBAHHS 3 BEPTUKAIBHHUX TUIOIHH.
OpnHak, TONpH BIUCOKI €eMepriiHi MOKa3HUKH, e(peKTHBHICTh 3€JICHUX CTiH 3HAYHOIO
MipOIO 3aJICKUTh BiJl HASBHOCTI CHCTEM 3POIICHHS Ta BUAY POCIMHHOCTI. JlomoBi
cagd MaloTh HAWBUINy 3[aTHICTH OO aKyMYJIOBaHHS JOIIOBOI  BOIH
(8,05x10'" sej/m?-pik), 1O OOYMOBJIEHO TJIHUOOKMM (UIBTpPAIlIfHUM IIAPOM i
MOBUTFHUM TIOBEPXHEBUM CTOKOM. J[JIsl 3eJeHHX JaxiB el MOKa3HWK CTaHOBUTh
2,54x108® sej/m?-pik, a mst 3eneHux cTid — 1,33x10'° sej/m? pik.

HesBaxkaroun Ha HIDKYI arperoBaHi 3HAYE€HHS €KOCHCTEMHHUX IOCIYT, 3€JIeHi
CTIHM JIEMOHCTPYIOTh BHHSTKOBY e€(QEKTHBHICTh y 3HW)KEHHI HIIyMOBOTO
3a0pyIHEHHS. 3a TOKa3HUKOM eMEepriiHUX BUTPAT Ha 3MEHIIIEHHS IIKO/IX BiJl IIyMY
IIeH TUI KOHCTPYKIIii Mae HAWBUIIMI pe3yNbTaT cepen ycix: 5,77x10' sej/m?-pik, y
TOW Yac sIK 3eJIeHI Jaxu Ta JIOIIOBI CaJiy 3a MM MOKa3HUKOM He 3a3HadeHi. Taka
IIyMO130JIALi iHA QYHKIiS 3€JIeHUX CTiH 0COOJIMBO I[IHHA B YMOBAX HIUTFHOT MiCBKOT
3a0y/0BH, J€ 3HWKEHHS pIBHA aKyCTHYHOTO HABAHTAXKCHHS Ma€ NPSMHI
MO3UTHBHUN €(eKT Ha 310POB’ S JIIOJHHHU.

Oyinka Oucnociye 3eleHux KOHCmpykyii. Y TPaKTHII EKOCHCTEMHOI'O
YIPaBIiHHS BXXJIMBO BPAaXOBYBATH HE JIMIIE KOPHCTh, alie i TOTEHIIIHHI HeraTHBHI
HACNiIKK  (OUCTIOCIYTH), IO CYMPOBODKYIOTh (DYHKI[IOHYBAaHHS  3€JICHHUX
KOHCTpYKIii. Tabuuis 2 1eMoHCTpye, 0 HaHOIIbIII eMepriiiHi BUTPATH MOB’s3aHi
3 YTHITI3AIII€I0 3eTICHUX BiJIXO/IiB, 0COOIMBO JUIsl 3eeHuX AaxiB (4,66x10' sej/M?/pik),
IO MOSICHIOETHCSI OTPEOOI0 PEryJIIpHOTO CKOLIYBaHHs i BUBE3EHHS OiomacH.

Tabnus 2. EMepriiiHa oliHKa €KOCHCTEMHHX JTUCIIOCTYT 3€JIEHUX KOHCTPYKIIIH,
sej/M?/pik

Exkocucremui 3enenuit max JlowwoBwii ca, 3ejeHa cTiba
JICTIOCTYTH 8 " !
3eleHi BiIX0au 4,86x10" 1,58x10% 2,36x10"
. [omxkomxeHHs ) - 8,91x1013
iHpPACTPYKTYpH
Cymapna eenuuuna 4,59x101" 1,41x10% 9,16x10"3
oucnocuye
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Jlmst  3emeHWX  CTIH  XapakTepHa  BHCOKa  €HEpPreTHYHa  BapTIiCTh
1HPPACTPYKTypHOTO OOCIYrOBYBaHHS, IOB’s3aHa 31 CKJIaTHOIO KOHCTPYKII€LO,
HEOOXIHICTIO CHEMiaJbHOrO OO0NagHAaHHSI Ta OOMEKEHHUM JIOCTYIOM JIO
BEPTHKAIBHAX TOBEepXOHb. OOCIyroByBaHHS TaKHMX CHCTEM 4YacTo IOTpedye
pHUIITYBaHb a00 BHCOTHOTO CIOPSKEHHS, IO MiJBHUILY€ BUTPATH. Y IOIIOBHX
cajJiax OCHOBHI JUCIIOCIIYTH TOB’SI3aHi 3 MEPIOAUYHUM OYMIIEHHSIM BiJ] HAHOCIB 1
Oiomacw, TIpoTe iXHiH 3araIbHUNA eMEPTIHHIHN CITiJ] € HIKIIM.

Exonomiuna  epexmusHicme — 3eneHux  cmiH Y 3HUMCEHHI  WYMOBO20
HABAHMAIICEHHS HA NPUKIAOT MUNnoux Micokux kon@icypayi. Cepen JOCTiIKESHIX
3eJICHUX KOHCTPYKLIH 3€leHi CTIHM NpPOJEMOHCTPYBalIM HAWBHILI eMepriiHi
BUTpAaTH Ha 3HIWKEHHS mmyMmy (5,77%10'?sej/m?pik), MO CBITYATH PO iXHIO
e(eKTHBHICTh Y MOKpalIeHHI aKyCTHYHOIO cepenoBuIa micta. s neTaabHOro
aHamizy pO3MISHYTO JBa THIIOBI OaraToKBapTUpHI OyAWHKM B YKpaiHi:
IIECTUTIOBEPXOBi, TI0 48 KBapPTHUP, PO3TAIIOBaHI y BYJIMYHOMY KaHBHOHI 3 Tpadikom
20 000 aBT./m0OYy. B 000X BumaaKax OIIHEHO BIUIMB 3€JIEHMX CTiH Ha Qacami
BHYTPIIIHBOTO ABOPY 3 BUcoTor0 3 M (58 M? mokputTst) Ta 19,2 M (369 M?). BapricTsb
yctanoBku craHoButh 500 €/mM* (tepmin ciayx6bu 10 pokiB), mIOpiuHE
oOciyroByBaHHS — 25 €/M2.

OriHKa 3HMXKCHHS IIYMOBOTO HAaBAaHTAKCHHS 3a JIOMIOMOTOK) 3€JICHOI CTiHM
npoBoauiack Ha ocHoBiI MeTogauku HEATCO [22], ska nependayae eKOHOMIYHY
OIIIHKY IIyMoBoro auckoMdopry Ha piBHi 10,095 eBpo/ocody/nb(A)/pik mis urymy
Hwkdye 71 nb(A). Ecretnmunuii edekT Bim HasBHOCTI pOCIMHHOTO (hacary
OIIHIOBARBCH Y 5,8 €BpO HA JOMOTOCIIOIAPCTBO Ha PIK, M0 EKBIBAJICHTHO MPUOIU3HO
2,4 eBpo Ha oco0y Ha pik. OOuaBa TOKa3HUKU Oynu TpuBeneHi Mo 3HadeHb 2025
POKY LIUISIXOM KOPUT'YBaHHS 3a 1HIEKCOM CIOXXHMBYHX IIiH, IKHH BUKOPUCTOBYETHCS
sik 0a30BUH PiK aHATI3Y.

3araibHa KiJIbKICTh MEIIKAHIIB y BUOpaHUX OYIBISX, SIKi OTPUMYIOTH BUTOMLY
BiJI 3eJIEHUX CTiH, CTAHOBUTH MpuOIm3HO 115 ocib (48 kBapTup, y cepenuomy 2,4
0coOu Ha KBapTHUPY). JJy1st MajIoi CTiHM BUCOTOO 3 M NIPSIMHIA Bi3yallbHUM KOHTAKT 3
O3eNIeHeHHsIM 3a0e3revye IepeBary JHIIe OAHIH KBapTUPl Yy MPOTHIICKHOMY
OyAMHKY, TOJI SIK y BapiaHTi 3 IOBHUM O3€JICHEHHSIM BUCOTOIO 19,2 M TakuX KBapTUP
— mricTh. BHachigok poro mopivHa eKOHOMiYHa BUTO/A Bij IITyMO3axXUCHOI (pyHKITIT
cTaHoBuTh 56,01 e€Bpo Ha ocoOy s KOHQIrypailii 3 3-METPOBOI CTIHOK Ta
51,03 eBpo Ha ocoOy mnst koH(irypariii 3 Bucororo 19,2 m. EcreTnuni Buroan mmst
000X BapiaHTiB OIHIOIOTKCS K 2,47 €Bpo Ha 0co0y Ha M? 03eseHeHoTo (hacamy.

VY Tabn. 3 y3araibHEHO pPe3yNbTaTH PO3PaxXyHKIB CIIBBiHOIICHHS BUTOA 1
BUTpAT JUIA JBOX IMITOBAaHHMX apXiTEeKTYpHUX KOH(Irypariii GaraToKBapTHpPHHX
OyAMHKIB, 110 BiZOOpaXalOTh BIUIMB 3€JE€HOI CTIHM Ha 3HWKEHHS HIYMOBOTO
HABaHTa)XCHHS Ta €CTETHYHI BUTO/IU JIJISI MEIIKAHITIB.

Po3paxyHku CIiBBiIHOIICHHS BUTOJ J0 BUTPAT CBIAYaTh, 10 B 000X BHITaKaX
MepeBaru CyTTE€BO MEPEBUILYIOTH BUTpaTu. [lyis MeHIIOl 3eleHol CTiHM 3arajbHi
BUTOAM CTaHOBIATH 18 867 €Bpo, Toni sk Butpatu — 3 495 eBpo. Just Oinbimoi
KoHpiryparii 3 ¢acamom 369 m? Buroju ctaHoBisATh 120 458 eBpo mpu BUTparax
22 235 eBpo. Bapro 3a3HaunTH, 10 3 ypaxyBaHHSIM aKyCTHYHOI €(EeKTUBHOCTI
3eJeHa cTiHa, MeHIIOi BUcOTH (3 M) JAEMOHCTpYE Kpalli pe3yJibTaTH
IIYMOIIOTJIMHAHHS (BHACHIJIOK PO3TAIlyBaHHS HA PiBHI OCHOBHHX JIKEpelN 3BYKY),
110 3a0e3neuye il BUILY €PEKTUBHICTh Y KOHTEKCTI BapTOCTi BUroau. Lle cBiquuTh
PO HEeOOXiAHICTh aAamTalii mapaMeTpiB KOHCTPYKILIi 10 KOHKPETHUX MPOCTOPOBUX
YMOB /7151 TOCATHEHHSI MAaKCUMaJIbHOT'O PE3y/bTaTy.
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Tabmumst 3. Po3paxyHOK CHIBBIIHOIIECHHS BUTOJ 1 BUTPAT JUISI TBOX iMITOBaHHX
MPOEKTIB 3eJICHUX CTiH pi3HOI BucoTH (3 M Ta 19,2 M)

Tun koHCTpYKIiT IInoma He(%e[ljzg)n B?Ell)jalgl
3enena cmina, 6ucomoio 3 m 58 M2
— IlepeBaru 3aracanss Lymy 1932
— EcternyHi Ta (yHKIIIOHAJIbHI IIEpeBaru 16 935
— InBecTHuiiiHI BUTpaTn 3301
— Burparu Ha yTpUMaHHs 194
Iiocymox 18 867 3495
3enena cmina, ucomoio 19,2 m 369 m?
— IlepeBaru 3aracanss Lymy 1761
— EcternyHi Ta (QyHKIIIOHAJIbHI IIEpeBaru 118 698
— IuBecTHLiiiHI BUTpaTn 20 999
— Burparu Ha yTpuMaHHs 1236
Iiocymox 120 458 22235

BucHoBku

PesynpraTtu mocmimKkeHHS TiATBEPIKYIOTh €PEeKTUBHICTD 3€IEHUX KOHCTPYKIIIH K
BOXJIMBOTO €JEMEHTY CTajJoro MICHKOTO PO3BHTKY, 3IaTHOTO 3a0e3ledyBaTH
3HAYHUM OOCSAT EKOCHMCTeMHHUX TOCIyI — BIiJl CEKBECTpallii BYIJICIIO JO
ITyMO3HIKEeHHA. KoMIekcHa eMepriiiHa OIliHKa JT03BOJIMIIA KiTbKICHO MOPiBHATH
pi3HI THUNHM 3€NeHHX pIlleHb, BUSBUBIIM, IO 3€lleHI JaXW MAaloTh HaWBHIII
MMOKA3HUKH CYMapHHX EKOCHUCTEMHHUX BHIOJ, TOJI SIK 3€JICHI CTIHM — HAHBUIILY
e(EeKTHBHICTh Y 3HW)KEHHI IIyMOBOTO 3a0pyJHEHHs. BojHOYac BCTaHOBIEHO, IO
MOTEHIIWHI  JAWCIIOCTYTH, 30KpeMa 3eJeHl BIAXOAM Ta  IOMIKOKEHHS
iH(paCTPYKTYypH, MOXXYTh CYTTEBO BIUIMBATH HA 3arajbHy €KOJOTIYHY BapTiCTh
KOHCTPYKI[ifi. 3anmporoHOBaHUH EMEpriiHui MiJIXiJl JO3BOJIIE BPAaxOBYBAaTH SIK
BUTOJTU, TaK 1 PU3UKN (PYHKIIOHYBaHHS 3€JIEHUX CHUCTEM Y MICBKOMY CEpeIOBHIII,
0 € BKJIUBUM JUIl TPUHHATTA 30aJaHCOBAaHMX pIlIeHb Yy IUIaHYBaHHI Ta
yIpaBIiHHI MiCBKOIO 3€JICHOI0 iH)PACTPYKTYPOIO.
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COMBUSTION OF PELLETS FROM AGRICULTURAL WASTE

Abstract. Agricultural waste is a renewable source of energy when it is burned in the
form of pallets. When pellets and briquettes are burned, pollutants are released into
the environment and waste is generated in the form of ash. Equipping power plants
with modern treatment facilities allows reducing atmospheric pollution and reducing
the environmental load on the environment. In this work, the processes of formation
of pollutants in the process of burning pallets are theoretically considered and the
formation of ash and slag waste, which cannot be used as a fertilizer, but needs to be
processed or removed in another way, is investigated. Pre-treatment by grinding the
slag formed after combustion is an additional technological operation that can be
avoided if the correct combustion technology is observed, raw material control,
quality control and storage of the components of briquettes and pellets. Studying the
composition of the starting raw materials for pellet production is one of the important
stages of minimizing slag formation. It should be taken into account that a detailed
analysis of the ash composition is an expensive and labor-intensive process that
requires expensive equipment. In this case, an important characteristic is the content
of silicates in the ash, because it is it that determines the appearance of insoluble slag,
which subsequently needs to be dissolved or ground.

Key words: grapevine, grape pomace, flax fescue, pellet combustion, carbon,
combustion temperature, pollutants, renewable energy sources, agricultural waste.

ILI. Kupicnko', A.JO. Meabnukos?, O.B. Berin!, K.II. Mcaiam!

'HauionansHuil  aepokocMmidHumii yHiBepcuTer “XapKiBChbKui —aBiamiiHuil  iHCTHTYT”,
M. XapkiB, YkpaiHa

’HaykoBo-mociniiHa ycTaHoBa "YKpaiHChKMH HAyKOBO-JOCIIIHMI iHCTUTYT €KONOTiYHHX
mpobiem", M. XapkiB, YkpaiHa

CITAJIIOBAHHS NTEJIET 3 BIAXOAIB CIJIBCBKOI'O 'OCIIOJAPCTBA

Anomauin. Bioxoou cinbcbkoeo 2ocnodapcmea € GiOHOBNIOBAHUM  0dHCEPENOM
enepeii npu ix cnamosanni y euodi nenem. Illpu cnanoseanui nenem i 6puxem
8i00y6a€mMbCs  BUKUO 3a0PYOHIOIOYUX DEYOBUH 6 HABKOIUWHE cepedosuye |
YmMEOpIIombcs 6i0X00U y euenadi 3onu. Y yiti pobomi meopemuyHo po3enaHymi
npoyecu YmeopeHHs 3a0pYOHIOIOUUX DEYOsUH Yy Npoyeci 320panHs neiem ma

© I1.T. Kupienko, A.YO. Mensaukos, O.B. betin, K.I1. Mcamnam, 2025
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00CNiONHCEHO  YMBOPEHHSL  300UWNAKOBUX  8IOX00I8, AKI He MOdiCymb Oymu
suKopucmani 6 akocmi 00opuea, a nompedyioms nepepooKu abo euUOaNeH s IHUUM
winaxom. Ilonepeouss obpobKa wasixom noOpiOHeHHs WAAKI8, AKI YMBOPUNUCA NICAA
CRAnoBanHsa — ye 000amKo8a MexXHON02IUHA ONepayis, AKOi MOJICHA YHUKHYMU Npu
OOMPUMAHHI NPABUNLHOL MEXHON02I] CNANI0BAHHS, KOHMPOIIO 8UXIOHOI CUPOBUHIL,
KOHMPOII0 AKOCMI | opeaHizayii 36epicanHs cKAaoosux obpuxem i nenem.
Knwouosi cnoea: eunozpaona 103a, dcmMux, KOCMpuys, JYWNUHHA COHAUHUKY,
CRANIOBANHA Nenem, gy2ieyb, MeMnepamypa 2opinHsa, 3a0pyOHIO8ANbHI peuosuH,
BIOHOBIOBAHI DJicepenia eHepeil, 8BI0X00U CLIbCbKO20 20CHO0apCmed.
https://doi.org/10.32347/2411-4049.2025.4.35-42

Beryn

CriaroBaHHS BUKOITHOTO TANIKBa (BYT1JUIA, CTIAHINB, HAPTH, Ta3y Ta iH.) MPU3BOJUTH
JI0 BECHAaXCHHS MPUPOIHUX PEeCypciB 3emiri, KX 3a po3paxyHKaMu “Pumcrkoro
kyOy” 3anmumunocst Ha 50-150 pokis, a ypany 1 Topito — Ha 7000 pokiB (1). Okpim
TOTO, B HABKOJIUIITHE CEPEIOBUIIIEC BUKHAIOTHCS APHUKOBI Ta3u Ta 3a0pyIHIOBAIBHI
peuoBuHH: ABookHC Bymenro CO,, okcuau azoty NOy, merany CHa, mapu Boawu,
a TpH CMAJIOBaHHI BYT1UIS, CIAHIB YTBOPIOETHCS BENMKA KUIBKICTh HUIAKIB, SKi
HEOOXiIHO yTHITI3yBaTH.

st oTpuMaHHSA €HEPTrOHOCITB MOKHA BUKOPHCTOBYBAaTH €HEPTil0 BOIU (MOXeE
OyTH TOBEpXHEBa, TEpPMallbHa 1 TiJ3€MHA), KOJIEKTOPH, BITPOCHEPTeTHYHI
YCTaHOBKH, T'eJIiOyCTaHOBKH, TEIIOBI HACOCH Ta iH. AJie Y LbOMY BHMAJKY TaK
caMO HEOOXiTHO 3BakKaTW Ha EKOJOTiyHe 3a0pyJHEHHS HaBKOJIHIIHHOTO
CepeIoBHIIA.

Jdnst  oTpuMaHHS  EHEPrOHOCIIB 3  BiJHOBIIOBAHUX JDKEpEN  eHeprii
BUKOPHCTOBYIOTBCSI BIIXOIM CUIBCBKOTO TOCMOAAPCTBA: JYUIIUHHS COHSIIHHKY,
KOYEPWIKKU KYKYPYA3H, KOCTPHUISI JIbOHY 1 KOHOIENb, CIiHO, COJOMA, BiIXOIH
JEPEBUHHM, JI03a BUHOTPAay, >KMHUX BHHOTpALy, a TaKOX — Yy IIEPCHEKTHUBI —
CHEepreTUYHi KyneTypu (BepOa, TOMOJISA, MiCKaHTyC Tomo). HeoOximHo i3 mux
BIJIXO/IIB OZIEpKYBaTH TAJMBHI TENeTH 1 OpPHKeTH, SKi MpU CIAOBaHHI JalOTh
OLITBITY eHepreTHUHY €(eKTUBHICTD, HIXK P CIIATFOBAHHI CAMHX BiJIXOIB. AJe Ipu
ix cnamoBaHHI B aTMOCc(epy BHKHJIAIOTHCS 3a0pyIHIOBAILHI pedoBHHU. | Bee Xk 1€
BiJTHOBIIOBaHi Jpkepena eHeprii. OOnaHaHHS €HEPTeTUYHUX YCTAHOBOK CyYaCHUMH
OYMCHHUMH CHOpPYIAaMH J03BOJISIE 3MEHIIUTH 3a0pyIHEHHs aTMocdepH i 3HH3UTH
CKOJIOTIYHE HaBaHTAXXCHHS HA HAaBKOJMIIHE CEPEJOBUIIE. 3a CHeliaTbHUMH
TEXHOJIOTISIMH 13 BIIXOJIIB MOKHA OZICP)KYyBaTH MAJIMBHUH ra3, AKUI HE Ma€ B CBOEMY
CKJIaJi CIpKH Ta 1HIIHMX 3a0pyAHIOBATBHUX AOMILIOK (2).

Pe3ynbTaTtu A0cCaiTKeHb

VY crarTi 30cepeKeHo yBary Ha aHalli3i ClaTFOBAHHS TAKUX BHIIB TEJIET: TENIETH i3
no3u BUHOTPany + 10 % JyIMWHHS COHSIIHWKY; TEJEeTH 13 JIO3W BUHOTpany i
KOCTpHIII JIbOHY; MIEJIETH 13 JIO3U BUHOTPAJY + )KMUX.

[TapameTpu mporecy crnaigroBaHHS 0araTOKOMIIOHEHTHHX IIEJIE€T B OCHOBHOMY
3ajexarb BiI TeMIlEpaTypd i BMICTY KHUCHIO B Ta30MOBITPSHOMY CEpeIOBHIII
koTnoarperarie. [Ipy migBUINEHHI MapI{iaiIbHOTO THCKY KHCHIO B CHAJIFOBJIbHIN
cyMimni 3abe3nedyeThcs Oibllla OKUCHIOBAHICTH meneT. lle 3amexuTh Bijg IUIOLNI
po3ainy TBepAoi 1 ra3onoAioHoI (a3, a TakoX BiJ ra30BOi CyMilli B KOTJIOArperari.
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[pu 30iIbIIEHH] IUIOLII MOBEPXHI po3aiay ¢a3 MBHIKICTH 1 IMOWHA MPOLECIB
ropinHs 301b1IyeThest. Le qocsraeTbes BOOCKOHATICHHIM TEXHOJIOT1] BATOTOBICHHS
nener (3MEHIIEHHS TMCIIEPCHOCTI CKIIQJIOBUX, Bapiallis TUCKY IIPEeCyBaHHS Ta iH.).

XiMIYHHHA CKIIAJ TIENIET 3aJIeKUTh Bif (3):

1. BuximHux CKJIamoBHX B IeleTaX (BHHOTpagHA J103a, OOOJIOHKH STixd
BUHOTPaAy, NPOAYKTH OpOAIHHS BHHOTPady, XMHX, JYIINHHHS COHSIIHHKY,
KOCTPHIIS JIbOHY 1 KOHOTIENb W 1HIII iIHTPEIEHTH).

2. YMOB OYHINEHHS IHTPEII€HTIB TENeT BiX TMICKy, TIPYyHTY, POCIHH,
3a0pyAHIOBAIBHUX PEUYOBHH, SIKI MOXKYTh OyTH B TIOBITPI.

3. YMOB TpaHCHOpTyBaHHS i 30epiraHHsi CKJIaJ0BHUX JJIsi BATOTOBICHHSI TEJIET.

4. TexHOIOTIYHUX CTIOCO0IB OIep >KaHHS TEJIET, TUCKY MPECYBaHHs, TOAPiOHEHHS
IHTPEIIEHTIB, HASBHOCTI B CKJIAIOBUX BOJIOTH.

5. BmockoHaneHHsI TEXHOJOTIH Ta yCTAaTKyBaHHS ISl CHIaIOBaHHS OiomasuBa
arpapHOTO MOXO/KEHHSL.

Ha pucynkax 1, 3, 5 mpencraBieHi HBOKOMIIOHEHTHI TENETH, B CKIAJ SKHAX
BXOJIUTh BUHOTPAJIHA JI03a, [0 BUPOOJISETHCS NpU 00pi3aHHI BUHOTPAIY, a TAKOK
BIZIXOH JIYIIIHHHS COHSAIIHUKY, KOCTPHII JIbOHY 1 )KMHX, SKHH CKJIQNAETHCS 3
BIJIXO/IiB BUYABIIIOBAHHS BHHOTPaAY (KICTOYKM 3 BUHOTPAIY, BHHOTPA/IHI IIKIPKH).
3a KOIbOpOM IeJIETH 13 JIO3M BHHOTPany + JIYIINHHHS COHALIHUKY Ta i3 JIO3H
BUHOTPaAy + KOCTPHIS JIbOHY MaiKe HE BiJIPi3HSIOTHCS, a MeJEeTH 13 JIO3H
BHHOTPaAy 1 JKMHXy TEMHINI, TOMy IO B HHX BXOIUTh JKMHX, SIKUH
BUKOPHCTOBYETHCS TiCIst OPOMiHHS BUHOTPAY.

Ha pucynkax 2, 4, 6 npencTapieHi UIAKHK MIiCIs CIIATIOBAHHS BiAOBIIHUX TTEJIET.
[lnax micnst crmamoBaHHS TeENET i3 JO03W BUHOTPAAY 1 JYIINHHHA COHSIIHUKY
IpiOHUI. A B NUTaKax TICIS CHANIOBAHHA IEJET i3 BUHOTPAIHOI JIO3U 1 KMHUXY, a
TaKoX BHHOTPAJHOI JIO3M 1 KOCTPHIII JbOHY € BENHMKI KyCKW Iiaky. Lle mMokHa
MOSICHUTH TMPUYUHAMHU 30€piraHHs KOMIIOHEHTIB Ha BIJIKPUTOMY IOBITPI,
MEepeBe3CHHSM HACHIIOM Ta IHIIMMH TPUYMHAMH, KOJNM B Il IHTPEHI€HTH
MOTPAIUIAIOTH 3a0pyAHIOBAIBHI PEYOBHHH, K1 CIPUSIOTh YTBOPEHHIO MIJIAKIB.

e me 3amexuTh Big Miclld BUpOOJICHHS TeieT. BuHorpamHa Jio3a, »XMHX 1
JYUINHAHHS COHSIIHUKY BUPOOJISIIOTHCS Ha MiBAHI YKpaiHH, a KOCTPUIL JIbOHY — Ha
niBHOYI YKpaiHM, Ha MiBACHb ii TpeOa TpaHCIOPTYBaTH, TOMY 3a0pyIHEHHS OyoyTbh
3HAaYHUMH.

XiMiYHHH, a TaKOXK PEeHTreHO(a30BHil aHANI3 BUHOTPAIHOT JIO3M MOKa3aB CKIIa[|
IIOTO 3pa3Ka POCIHMHH, TAOIHI 1.

Puc. 1. Tlenetn i3 no3u BuHorpaay + 10% |Puc. 2. Illnak micns cmamtoBaHHS TENeT i3
JYUIAHHS COHSIITHUKY no3u + 10% JIyIUHAS COHSIIHUKY
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Puc. 3. [lenern i3 no3u BuHOTpamy + skmux |Puc. 4. lllnak micnsa cmaigioBaHHS HENeT i3
JIO3W BUHOTPpaAy + KMHX

<

Puc. 5. [lenetw i3 1031 BUHOTpamy i Koctputi | Puc. 6. Illmak micis chmadfoBaHHS TeENeT

JbOHY JI031 BUHOTPaJy i KOCTPHIL JILOHY
Taomu 1.

KommnonenTtu Bwmict, Mr/kr

Caxaposa 5,40

I'moxo3a 15,42

DpykTO3a 21,57
Tpanc-pecdeparpon 0,45
Tpanc-E-BiHidhepuH 0,92

Xaopodin 18,77

MiHepasbHi peyOBUHH 2,17

Cknan CHpOBHMHM JUIsl TIETIeT, NPU iX BUTOTOBJICHHI 3 OJHOTO BHJY POCIHUH
3aJIeKHTD BiJl 0ararbox (PakTopiB, 30KpeMa:
1. ArpokiimMaTiHyHi yMOBH 3pOCTaHHS.
Copru (30KpeMa, COPTH BUHOTPAAY).
BereraruBHuii niepiof.
XapaKkTepUCTHKA IPYHTY.
CrpuiHATINBICTE 10 3aXBOPIOBAHb.
OpraquH1 PEYOBHUHM BUHOTPAIHOT JIO3U MICTSTh TaKi €IEMEHTH:
1 C - Byrensb.
2. H—Bonens.
3. N—a3or.
4. O — KuceHs.

DA
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5. P—docdop.
6. S —cipka.
7. 3onwHi enementu (K, Ca, Mg, Si, Na, Fe, Al, Cu ta ixmm).
[Ipu 3ropsiHHI €eMEeHTIB JI03H B KHCHI TTOBITPS yTBOPIOIOTHCS:
—  BYIVIGKHCIIHH ra3
Cen
€O, 4 €Oy
7 €Oz
—  “C (caxa) € IpOLYKTOM HETMOBHOTO 3rOPSHHS
H ZO(I‘)
H30 )
Nam
NO (I‘)
NO 2(r)
W20

HO,

NO,

— O — KuceHb peUYOBUH Oepe y4acTh B OKHUCIICHHI KOMIIOHEHTIB TEJeT
PO,P,05
§02502(r)02505(r)

IHmn ckyafoBi mij 4ac OKMCHEHHS NEPEeXOMATh Y BIAMOBIAHI OKCHUIM, a IPH
TPHUBAIIK B3a€EMOIii MOXKe BiJOyBaTHUCS CIUIABJISTHHS OKCHJIIB METAIIiB Ta HEMETAIIB
3 YTBOPEHHSM Ba)KKOPO3UNHHUX COJICH.

BinnoBigHo ckiaja 3011 Oyae BU3HAYATUCS HACTYITHUMH YHHHUKAMU:

1. CxnagoMm meer.

2. Ix crpykryporo — 6imem myxki memetm OymyTh OinbII  piBHOMIpHO
OKHMCHIOBaTHCh, BIJIMOBITHO Kpallle BUXOMUTHMYTh a3, Oyle BHIIA TeMIeparypa
ropiHHs. BiamoBigHo Oyne yTBOpIOBAaTHCS MEHIIE COJIEH Ta Kpallle BUTOPATH BYIJICIIb.

3. Yacom i TeMrieparyporo, MpH sKiii BiOyBaTUMETbCS 3TOPSIHHS, T4 BUXOIOM
30511 (KOHCTPYKIIis redi). SKIio 3051a Oy/ie BUIAIATUCS 13 30HU TOPIHHSI, 32 BACOKHX
TeMmIreparyp He BiOyBaTUMYThCSl TPOIECH CIUIABISIHHS 1 YTBOPCHHS BEIHMKHX
IIMAaTKiB IUTaKy (5).

4. TexXHOJOTIEW CIIAJTFOBAHHSA IEJIET, BHPOOIIEHUX 3 BIIXOIIB
CLIBCBKOTOCTIONAPCHKOTO BUPOOHUIITBA.

MiHepalibHi pe4OBHUHM Y 30J1i BUHOTPAIHOI JIO3U MPEACTaBlIeHi y Ta0numi 2.

Ta0mwmi 2.
Oxcuj eneMeHTy Bwict, % y nepepaxyHKy Ha OKCHJ
K>O 52
CaO 15
MgO 6,5
P,0s 6,9
Si0, 5.4
NaZO 1,7
F6203 1,4
AlLO; 1,7
C (caxa) 0,8
Tumn enemenTu 8,6
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JlocnipKeHHs CKIIaay BUXITHOI CHPOBHMHH JUIS BUTOTOBIICHHS IENIET € OIHUM i3
BOXJIMBHUX €TaliB MiHIMI3alii yTBOpeHHA wuIaKy. Tpeba BpaxoByBaTd, IO
JeTaJbHUN aHami3 CKIagy 30JM € JOPOTUM Ta TPYAOMICTKHM IPOLECOM, SIKUii
noTpedye KOmTOBHOTO oOmamgHaHHA. [Ipu 1bOMY Ba)XJIMBOIO XapaKTEPUCTHUKOIO €
BMICT CHJIIKaTiB y 301, 00 caMme BiH 3yMOBJIOE TOSBY BaXKKOPO3YHHHOTO IIIIAKY,
SKHH y TOJANbUIOMY HOTPiOHO po3uMHATH abo moapiOHIOBaTH. 3Ba)kalouu Ha IIe,
MOXXJIMBO BHKOPHCTOBYBAaTH ITOKAa3HHUKH CYMapHOTO CKJIaay Ta MPOCTIIIi METOIH
TIOCHIDKeHHS. A caMme SK XapaKTepUCTHKH SIKOCTI TMeJeT BHUKOPHUCTOBYBAaTH
MOKA3HMKH: 3AIMIIOK mmicys npokaproanus mpu 800°C, HEPO3UYMHHUN Y KUCIIOTI
3QIMINOK Ticns npoxkaproBands npu 800°C Ta HEpO3YMHHA y KHUCIIOTI 4acTKa B
3QIMINKY TTicis npoxkaprosanss npu 800°C (6).

Mertoayka BUMIpIOBaHHS LHX MOKA3HHKIB TOJSATa€ y MPOBEAEHHI HACTYIHHX
eTariB AOCHIHKEHHS: 3BaKYBaHHA 5 T 3pa3Ky Yy HOPLEISHOBHH THUreNb; THUTENb,
HAKPUTHH TTOPIESTHOBOIO KPUILEYKOI0, CTABUTHCS y My(ENbHY 114, JIe TIOCTYIIOBO
Harpisaerbes 10 800°C i BUTPUMYETLCS TIPU Il TeMIeparypi IpoTsIroM 4 roaus;
TCJISI OXOJIOJPKEHHS TUTEIb 3BaXKYEThCS T4 PO3PAXOBYETHCS MACOBA YACTKA 3aJTHILIKY
BiJHOCHO TOYATKOBOI MacH; y THIellb J01at0Th 20 cM® pO3YMHY KUCIIOTH a30THOT
30% mac. Ta HarpisaroTh 10 90°C; 3anumarTs Ha HArpiBi Ha 30 XBUIMH; 3HIMAIOThH
3 HarpiBy Ta OXOJOMKYIOTh; PUIBTPYIOTH Kpi3b QinbTp Oe330bHUIA "cHHS CTpiuka';
MPOMHBAIOTH JICKIJIbKa pa3iB  TUCTWIBOBAHOI BOAOIO; (IJIBTp 3TOPTalOTh,
MEePeHOCATh y TOPUENSHOBUH THIelb Ta HAKPHBAIOTh KPHIIKOK; IPOBOASATH
030JIEHHS CIIOYATKY HA EJIEKTPUYHIH MivIl, HOTiM JonantorTs y Mydeni npu 800°C;
TUTENb OXOJNODKYIOTh Ta 3BaXYIOTh, PO3PaxOBYIOTh HEPO3UMHHUHI Yy KHCIOTI
3QJIMIIOK ITICJISl IPO’KAPIOBAHHS Ta HEPO3UMHHY y KHCIIOTI YaCTKy B 3QJIUIIKY ITiCIIS
npokaproBanHs (7).

Sk moKazye eKCHepUMEHTANIbHE JOCHIPKEHHS, PEe3YJbTaTH SKOTO HaBelleHI B
TaOMNWII, TPaHyJd MaloTh 3HAYHY KUIBKICTH JOMIIIOK, IO MOXYTh YTBOPIOBATH
nuak. Takok HEPO3UMHHUI UK BiJ CIIAIIOBAHHS LMX I'PaHYJ CIIOCTEpIraBcs i B
YMOBaX 1X BUKOPUCTAHHS MPH CHAIOBaHHI B TIEYi.

XapakTepUCTUKKA TalUBHUX TpaHyl Ta MaTepiaiiB sl iX BHTOTOBJICHHS
TpeJIcTaBIIeH] B Ta0mmii 3.

Ta0mwu 3.
IIpoba 3anuuIox micns Hepo3zunuuanii y Hepo3zunuHa y
MPOXKAPIOBAHHS KHCJIOTI 3aJTUIIOK KHCJIOTI YacTKa B
npu 800°C, TCIISA IPOKapIOBaHHS 3aITUIIKY TiCHs
% Mmac. npu 800°C, % mac. | mpoXkaproBaHHS IpH
800°C, % mac.
I'panyna (1m03a + 10% 9,4 5,1 54
JIYIIITUHHS COHSIIHUKY )
I'panyna (;103a — 4,3 1,2 28
KOCTPHIIS JHOHY)
I'panyna (J103a — KMHX) 6,7 2,9 43
Jlo3a uncra 1,9 0,27 14,
Kmux MUHYIOpIYHUHA 4,2 0,62 15
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Haii6inpie HEpO3YMHHOTO 3JIMIIKY YTBOPIOETHCA B Tenerax i3 mo3u + 10%
JMYLITHAHHS COHSIIHUKY — 54%, Ta 13 menert j03a + xxmux — 43%, a HaliMeHIe — i3
MeNeT 3 YMUCTOl BUHOTPaaHOI 1o3u — 14% Tta 3 menet 31 xxmuxy — 15%. Taki mani
MO)KHA apryMEHTYBaTH THM, IO JYIITUHHS COHSIIHHUKY 1 )KMHUX IPUBO3SATHCS Ha
BHPOOJIEHHST TieneT 1 iX 30epiraHHs Ta TEpeBEe3eHHS MOXYTh BimOyBarucs i3
3a0pYIHEHHSIM 3 HABKOJIUIIIHEOTO CEPEIOBUINA. A I1e TIHJI, ITICOK Ta iHIII PEYOBUHH,
SIK1 371aTHI YTBOPIOBAaTH HEPO3UMHHI COJIi.

BucHoBxku

1. Cxian meneT Mae BaKJIMBE 3HAYCHHS JUTSA TEIDIOTBOPHOI 3/1aTHOCTI Ta BUKU/IB B
HABKOJIUIIHE CEPEIOBUILE, 8 TAKOXK MPOOJIeM, TOB'I3aHUX 3 YTBOPEHHSIM IIJIaKiB.

2. 3a0pymHEHHS HABKOJMIIHBOTO CEPEJOBUINA CHOPUYMHSIOTH BUKUAUA Y
MOBITPSIHE CEPEOBHIIE Ta30MoNi0HNX 3a0pyaHIOBabHIX pedoBuH CO,, NO, Ta iH.

3. Haii0inpmie HEPO3YMHHHUX JOMIMIOK (IUTaKy) YTBOPIOETBCS 3 TIETIET,
BUTOTOBJICHUX 13 J103H + 10% nymmuHHS COHAIHUKY — 54%, Ta mener i3 J103u +
&KMHX — 43%, a HaliMeHI1Ie — 13 YUCTOI BUHOTPAAHO] JI03H.

4. HeoOximHICT, CTBOPEHHS CICUiaJbHUX KOTIIB JUISI CITANIOBAaHHS TEJNET 3
BIIXO/IiB CIJIbCHKOTOCTIONAPCHKOI MPOAYKIii (KOCTpUIi JIbOHY 1 KOHOMEIb,
BUHOTPAIHOT JIO3H, JKMHUXY, JTYIIITUHHS COHSIIHUKY Ta iH.).

5. BaxiuBOIO YMOBOIO Ui 3MEHIICHHS 3a0pYyIHEHHS HaBKOJHIIHBOTO
CEPEIOBHIIA € YMOBU 30epiraHHs Ta MEePEBE3CHHsI CKIIAJI0BUX IEJICT.

6. B nmogasnbiioMy, HeoOX1THUM Oys10 O TIPOBECHHS XIMIYHOIO aHAJIi3y TUMOBUX
rasiB, SIKUi JaB OW BiICOTKOBHII BMICT Ta3iB, 3a0pyAHIOIOUYHX MOBITPSIHE CEPEIOBHUIIIE.
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Abstract. This article explores the integration of environmental safety into
mechanisms for countering energy threats to residential buildings, a matter of
heightened relevance in the context of full-scale warfare. Widespread attacks on
critical infrastructure have led to disruptions in energy supply, increased reliance
on emergency power sources, intensified environmental pollution, and the
accumulation of hazardous waste, including radiological risks. Under such
conditions, ensuring energy stability must be accompanied by ecological
responsibility and adherence to the principles of sustainable development.
Contemporary approaches to energy efficiency are analysed, with emphasis on
those that incorporate environmental consequences and contribute to the resilience
of residential infrastructure. Strategic planning is foregrounded, encompassing
environmental monitoring, damage assessment, scenario modelling for resilience,
and social auditing. The application of the Integrated Environmental Assessment
(IEA) methodology is substantiated as a key instrument for developing ecologically
balanced response strategies to energy threats in the housing sector. IEA enables
the synthesis of multidimensional data on the condition of energy infrastructure,
environmental risks, and social impacts, facilitating systemic evaluation under
crisis scenarios. The importance of energy supply monitoring is highlighted as a
dynamic indicator of building resilience, allowing for the timely identification of
critical zones and forecasting of supply disruptions. Infrastructure damage analysis
is conducted with consideration of building typologies, materials, degrees of
deterioration, and potential environmental impacts, thereby informing the
prioritisation of recovery measures. The use of digital tools and artificial
intelligence methods is emphasised for the rapid analysis of large data sets, risk
prediction, and the organisation of effective crisis response. An ecologically
balanced response framework is proposed, incorporating integrated energy-
environmental audits, contemporary management models, and intelligent systems.
These audits serve not only to assess energy efficiency but also to evaluate the
ecological compliance of emergency power sources, ventilation systems, and
thermal insulation. Scenario modelling for resilience involves multifactorial
analysis across technical, environmental, and social dimensions, enabling the
adaptation of response strategies to varying threat levels. Social impact assessment
considers population vulnerability, access to essential resources, psychological
wellbeing, and institutional trust. This approach not only safeguards basic living
conditions during wartime but also lays the foundation for Ukraine’s green
recovery. The findings may inform the refinement of regulatory frameworks, the
development of housing adaptation strategies, and the advancement of
environmentally oriented energy policy.

Key words: energy security, integrated environmental assessment, residential
infrastructure resilience, energy-environmental auditing, green recovery.
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IHTET'PAL[ISA EKOJIOTTYHOI BE3INEKU B MEXAHI3MU ITPOTU/IIT
EHEPTETUYHUM 3AI'PO3AM KUTJIOBUM BY AIBJISAAM

Anomauia. Y cmammi 0ocniodceno inmezpayito eKoao2iuHoi besneku 8 MexaHizmu
npomuoii eHepeeMmuyHUM 3a2po3am HCUML0BUM OVOIIaAM, o HAOY8ae 0cobaugol
aKmyanibHOCMi 8 yM08ax nosHomacuimadnoi eitinu. Macosi amaku na Kpumuumy
inghpacmpykmypy npuzeo0sams 00 nepebois 3 eHepeonoCmayaHtsIM, 6UKOPUCTNAHHS]
aeapiiiHux Odcepen enepeii, nocuients 3a0pyOHeHHs 00K MAd HAKONUYEHHs
Hebesneunux 6i0xX00ie, GKIOYAYU paodiayitini pusuku. Y makux ymoseax
3abesneuents enepeemuyHoi cmabitbHOCMI MAE CYNPOBOONHCYBAMUCS eKONOIYHOIO
BIONOGIOANLHICMIO  MA  OOMPUMAHHAM — NPUHYUNIE — CMAN020  PO3BUMK).
Ipoananizosano cyuacni nioxoou 00 enepzoeheKmusHOCmi, 5AKi 8PAXOVIOMb
€KOJI02IUHI  HACAIOKU mad  CHPUsIOmMb  NIOBUWEHHIO  CMIIKOCMI  JcUmio8ol
inghpacmpykmypu. Ocobaugy ysazy npudileHo cmpameiunomy RiAHY8AHHIO, WO
BKIIOYAE eKONOSTUHULL MOHIMOPUHS, AHANI3 NOWKOONHCEHb, MOOENIOBAHHS CYEeHAPii8
cmitkocmi ma coyianvui ayoumu. OOIPYHMOBAHO 3ACMOCY8AHHA MemOo00N02il
inmezposanux oyinok enaugy (Integrated Environmental Assessment, IEA) ax
KII0406020 iHCMpYMeHmy Olid QOpMY8ants eKono2iuHo 30aiancosanoi cmpameeii
peazysanHs Ha eHepeemuyHi 3a2po3u 8 HCUMio8omy cexkmopi. Memooonoeis IEA
00360/15€  noconamu  OaA2amMosuUMipHi  oami  npo  cmam  eHepeemuyHol
iHGhpacmpykmypu, eKonoSiuHI pUsUKU ma COYIiaNbHI HACTIOKU, 3a0e3neuyiouu
CUCMEeMHY OYIHKY 8 YMOBAX KPU30BUX CYeHApiis. AKYenmosano HA 6aHCIUBOCTI
MOHIMOPUHZY — eHepeOnoCmavanus K OUHAMIYHO20 THOUKAMOpA CMIUKOCMI
oHcumaosux 6yoigenb, wWo 00360JA€ ONEPAMUBHO SUABIAMU KPUMUUHI 30HU MA
npocHo3yeamu  pusuku nepebois. Awuaniz nowkoodicenHs iHppacmpykmypu
30TUCHIOEMBCS 3 YPAXYBAHHAM MUNOI02ii Oyoigens, Mamepianie, CmyneHs 3HOCy ma
NOMEeHYIHO20 6NAUGY HA OO0GKLUIA, WO ChHpuse npiopumesayii 3axodig 3
sionoenenHs. Iliokpecieno gaxcausicms 3acmocy8anHs YUQposux iHCMpyMeHmis i
Memooie WmyuHo2o IHmMenekmy Oas ONepamueHo20 AHANi3Y GeNUKUX MACU8I8
O0anux, NpocHO3yY8aHHs PU3UKI6 ma opeaHizayii egexmuenoi Kpuzosoi peaxyii.
3anpononosano KoHyenyilo  eKono2iuHO  30ANAHCOBAHO2O  pedzy8aHHs, WO
nepeobauac BUKOPUCMAHHA [HIMEZPOBAHUX eKONO02IUHO-eHep2eMUUHUX ayoOumis,
cyyacnux mooleneili YNpaeNiHHA mMaA HMeNeKmyanvhux cucmem. Inmezpogari
eHepeemuiHO-eK0oN02IUHI ayoumu po32isioaromscs AK IHCMpYMeHm OYiHKu He Jule
eHepeoepekmusHocmi, a U eKono2iuHol 8iON0GIOHOCMI a8apiliHUX Odxcepen
JICUBNIeH s, cucmem emmunsayii ma mennoizonayii. Mooenroeants cyenapiis
CMIUKOCMI 8KIIOYAE 6a2amogaKkmopHull AHAi3, W0 OXONIIOE MEXHIUHI, eKON02IYHI
ma coyianvHi napamempu, 003601AI0YU AOANMYSAmMU cmpamezii peazyeanHs 00
Ppi3Hux pienie 3az2po3. Oyinka coyianbHux HAcIiOKI6 NPOBOOUMbCA 3 YPAXYBAHHAM
8PA3IUBOCMI HACENEHHS, OOCMYNY 00 DA308UX PECYPCiB, NCUXOAOLIUHO20 CIMAHY Md
pisns 006ipu 0o incmumyyin. Taxuil nioxio 00360JA€ He auwe 3axucmumu 6a306i
YMOBU JHCUMMS HACENEHHA @ YMOBAX GIUHU, a U 3AKAACMU OCHOBY Olsl 3€/1eH020
8ionognenns Yxkpainu. Pezyromamu 00Cniodicents Moucyms 0ymu 6UKOPUCani s
VOOCKOHANIEHHSI HOPMAMUBHO-NPABOBUX AKMIB, pO3pOOKU cmpameziti adanmayii
HCUMI08020 POHOY 00 HOBUX BUKIUKIE MA POPMYBAHHA eKOIOSIYHO OPIEHMOBAHOT
NOJIMUKYU 8 EHEP2EMUYHOMY CEKMOPI.

Knrouosi cnosa: enepeemuuna Oesnexa, iHmezpo8ana eKon02iuyHA OYiHKA, CMILKICMb
JACUMNIOB0I IHPPACMPYKIYPU, eHEPLeMULHO-EKONIO2IYHUL ayOum, 3eeHe 6I0HOBNECHH.
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Beryn

BiiiHa CcyTT€BO MiIBHUINYE PU3UKH Il €HEPreTHYHOI Ta EKOJOTiYHOi Oe3MeKH
XKUTIOBUX OymiBenmb. OOcTpiny, pyHHYBaHHS iH(pacTpyKTypu, mepedoi 3
ITOCTAaYaHHSIM €JIEKTPOCHEPTii, TEIIa Ta BOAM HPU3BOIATH JO BTPATH CTAOLIBHOCTI
eHeprozabe3neyeHHs], a TAKOXK 3MYIIYIOTh MEIIKaHI[iB BUKOPUCTOBYBAaTH aBapiiiHi Ta
MEHIII eKOJIOTiuHI Jpkepena eHeprii. OmgHoYacHO BUOYXHM, TOXKEXi, BHUTOKH
HeOe3MeYHNX PEUYOBHH 1 HAKOITUYEHHS BiIXO/[IB CHPUYUHSIOTH 3a0pYIHEHHS OBITPS,
BOJIY 1 IPYHTIB, 10 HETATUBHO BIUIMBA€E Ha 370POB’sI JIIOJIeH 1 cTaH noBKis [18].

PyiiHyBaHHS eHepreTMUHHX OO0 €KTiB, CKJIAJiB NalbHOTO, IPOMHUCIOBHX
HiANPUEMCTB MPU3BOAUTH A0 MACOBOIO IOTPAIUIIHHS Y IOBITPS, BOLY Ta IPYHTH
TOKCHYHHX PEUYOBHH, BAKKUX METaJiB, HATONPOIYKTIB, SIKi HE JHIIE MOTiPUIYIOTh
SKICTh HAaBKOJIMIIHBOT'O CEPEJOBUINA, a W CTBOPIOIOTH OE3MOCEPeIHI0 3arposy
3nopoB’ro monmed [1]. BomHowac, MacoBi moxexi, BHUOYXH, BHUKOPHCTaHHS
IU3ETbHUX TEHEpaTopiB Ta aBapiiiHE CITaMIOBAaHHS IalliBa Pi3KO 30LTBIIYIOTH
BUKUJIM MMAPHUKOBUX raziB, 30kpema CO2z, NOx, CHa, a Takox qpiOHOANCTIEPCHOTO
ATy, [0 HETaTUBHO BIUIMBAE HA SKICTH TIOBITPS 1 CIIPHSIE PO3BUTKY PECIiPATOPHUX
xBopoO cepen MemkamiB wmict [12]. OcobmuBo HEOE3NEYHOIO € 3arposa
panianiitHoro 3a0pyTHEHHS, SKa BUHUKAE Y pa3i MOMKOIKEHHs a00 3arpo3u aBapiit
Ha aTOMHHX eJIEKTPOCTaHIsIX, Takux sk 3amnopizbka AEC. Y Takiéi curyamii
PamioaKTHBHI PEYOBHHU MOXKYTh MOIIMPHUTUCS Ha BEIUKI TEPUTOPii, CTBOPIOIOYU
JOBIOTPUBAIY HeOe3MeKy IS 340POB’ sl HACETICHHS Ta EKOCHUCTEM.

Buacninok pylinyBaHHs OyliBelIb HAKOIUYYIOTHCS BEIMKI 00CATH HEOS3MEUHUX
BIJIXOJIiB: yJIaMKH, 3MiIlIaHi 3 TOKCHYHUMH MaTepianaMu (HapuKIIa:, a30ecToM), siKi
CKJIAJIHO YTHITI3YBaTH 0€3 IIKOM JUIS AOBKULIL. PyiiHyBaHHS 3eeHuX 30H, MapKiB i
JicocMyr mo0im3y 0araTornoBepXxOBHX OYAWHKIB 3HWKYE 3JIaTHICTH MPHUPOTHOTO
Cepe/IoBHINA JIO CAMOOYMIICHHS, MiJBUNIYE piBEHb NMHIY, UIyMY, CIpHsIE epo3ii
TPYHTIB 1 HIOTipIIeHHI0 MiKpokmiMary [13].

Eneprernuni 3arpo3u Takox HaOyBarOTh 0COOIMBOT TOCTPOTH 1 KOMILUIEKCHOCTI.
OpnHiero 3 HalicepHO3HIMNX HEOE3IIEK € 3HUIIICHHS 200 MOIIKOKCHHS eHePre THUHOT
iH(PaCTPYKTypH — ENeKTPOCTAHIIH, WiJACTaHIH, TEeIrIoMepex, Tra30MpOBOIIB.
MacoBaHi aTaku 4¥ IUBEPCii Ha I1i 00’ €KTH MPU3BOASITH JI0 MACIITAOHUX 1 TPUBAIHX
BIKJIIOUEHb  E€JEeKTPOCHEprii Ta Temia, 10 YHEMOXJIMBIIOE CTa0lIbHE
(yHKUIOHYBaHHS 0araTomoBepXOBUX OYAMHKIB. Y TakMX YMOBax MELIKaHI
3aJMIIA0ThCs 0e3 CBiTia, ONMAJEHHS Ta 4acTo 0e3 BOAONOCTAYaHHS, OCKIIBKH
OUIBIIICTh CHCTEM BOJOIIAMOMY Ta KaHai3allli 3ajie)aTh BijJ €JIEeKTPOSHEprii.
[lepeboi 3 mocTavaHHsAM nanupa (rasy, Byrijuisi, Qu3es) 1ie Olble 3aroCTPrIOTh
CUTYyaIlit0: Ne(ilUT UX PECypCiB YHEMOXKIIUBIIIOE POOOTY KOTEIEHb Ta aBapiiHUX
TeHepaTopiB, 110 OCOOIUBO KPUTHYHO B 3UMOBHI TEPi0JI, KOJH PU3UK 3aMep3aHHsI
OyJIMHKIB 1 CHCTEM BOJIOTIOCTA4YaHHSI 3pOCTAE B pasy.

JlonaTKOBUM YMHHUKOM € 3pPOCTaHHS aBapidHOCTI CTaporo >KUTIOBOrO (hOHAY:
3HaYHa YacTHHA OaraTornoBepxoBux OyanHKIB Oyiia 3BeaeHa monan 40—60 pokis Tomy,
a ixHIM TeXHIYHMH CTaH YacTo He3amoBuUtbHMM [19]. V pasi mepeboiB 3
CHEpronoCcTayaHHsAM Taki OyaiBiIl CTalOTh OCOOJMBO Bpa3IUBHMH IO aBapi,
pPYHHYBaHb IHKEHEPHHUX MEPEX, MPOPUBIB TpyO 1 HaBiTh noxkex. Lle ycknagHioeThes
3pOCTaHHSIM HABaHTA)KEHHS HA CTapi iHKEHEPHI Mepexi, sKi 4acTo He MPUCTOCOBAaHI
0 po0OTH B yMOBaxXx MacOBUX pyHHYBaHb 1 IepeOOiB 3 €HeprornocTayaHHsM.
[NomkomKeHHsT 1HKEHEPHUX MEpEeX YCKIAIHIOE JOCTYIl A0 YUCTOI BOMM, CIpUSIE
3a0pyIHCHHIO IPYHTIB 1 I A3EMHHX BO/I, IiIBUIIY€E PHU3UK IHPEKI[IHHNX 3aXBOPIOBAHb.
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Bci mepeniveHi (GakTopy B CYKYIHOCTI CTBOPIOIOTH CEpHO3HI 3arpo3u Is
Oe3meKu, 3J0pOB’S Ta IKUTTE3a0C3MEUCHHS MEIIKAHI[IB 0araToMmoOBEPXOBHUX
OyAMHKIB y BOEHHHMH 4Yac, a TaKOX YCKJIAaIHIOIOTh OpraHizamilo onepaTuBHOI
JIOTIOMOTH Ta BiJHOBIICHHS 1HPPACTPYKTYpH. Y TaKUX YMOBaX KPUTUYHO BAXKIIHBO
po3pobuTH epeKTUBHI YIIPABIIHCHKI PIllIEHHS, K1 JO3BOJSATH CBOEYACHO pearyBaTh
Ha aBapiliHi 3MiHHU.

IlocTanoBKka 3aBIaHHA

MeToto IBOTO JOCHIPKEHHS € 00T pYHTYBaHHS HEOOXiJHOCTI IHTETpamii eKoIoriYHo1

0e3neKxy B MEXaHi3MH pearyBaHHS Ha €HepreTUYHI 3arPO3H JKATIOBUM OYIIiBIISIM, 3

ypaxyBaHHSIM CyYaCHHX BUKJIMKIB, IPUHIUIIB CTAJIOTO PO3BUTKY Ta MOTEHIialy

UU(PPOBUX TEXHOJOTH B yMOBax BiliHH. Y BiJIOBIJHOCTI i3 TOCTaBJICHOIO METOO

chopMyITFOBaHO HACTYIIHI 3aBIaHHS:

® TIpoaHANi3yBaTH Cy4YacHI MiAXOAW A0 3a0e3MeueHHs CHEePreTHYHOI Oe3MeKH
KUTIOBUX Oy[iBeNb 3 ypaXyBaHHSIM €KOJIOTIYHMX HACHIIKIB Ta PU3HKIB, IO
BUHHUKAIOTh B YMOBaX BOEHHUX JIilf;

® OLIHUTH pOJb EKOJIOTIYHOTO YWHHHKA Yy CTpaTeriyHoMy IUIaHyBaHHI Ta
MIPUHHATTI PillIeHb MO0 MPOTH/Il EHEPTETHYHUM 3aTrp0o3aM;

® BU3HAYUTH EPEKTHBHI NPAKTHKH MOEAHAHHS €HEProeeKTUBHUX 3aXOIiB 3
€KOJIOTIYHOI0  BIAMOBIJANBHICTIO, IO CHPHUSAIOTH TMABUINEHHIO CTIHKOCTI
KUTIOBOI IHPPACTPYKTYPH;

® PO3TJISIHYTH MOXIIMBOCTI 3aCTOCYBaHHS ITU(PPOBUX IHCTPYMEHTIB Ta IITYIHOTO
IHTETIeKTY JUIi MOHITOPHHTY, aHalli3y Ta MpPOTHO3YBaHHS EKOJOTIYHO-
CHEPreTUYHHUX PH3HUKIB;

® 3ampOINOHYBATH PEKOMEH/AIII] 11010 BJOCKOHAJICHHS METOJIB pearyBaHHS, sKi
0a3yl0ThCcs Ha EKOJIOTIYHO 30ajlaHCOBAaHOMY Ta IHTETPOBAHOMY IIIXOMAl J0
yIPaBIIiHHS PU3UKAMH.

Pe3yabTaTH gociaigxeHnb

BiiiHa CTBOpIOE HHU3KY CEpPHO3HMX EHEPreTMYHMX 1 EKOJOTiYHUX 3arpos, fKi
0e3nocepeTHhO BIUIMBAIOTh HA HOpMalbHe ()yHKI[IOHYBaHHS JKUTIOBUX OYIiBEINb i
3I0POB’Sl IXHIX MEIIKaHIIB. 3HUIIEHHS EHEPreTHYHOI iHPpacTpyKTypH, nepedoi 3
MOCTa4YaHHSM eJIEKTPOCHEPTii, TeI1a Y1 BOAM, a TAKOXK 3a0pyJHEHHS [TOBITPSI, BOJIH
Ta IPYHTIB BHAcCHiJOK OOWOBHX M 4YM pPYyHHYBaHHS NPOMHCIOBUX 00’ €KTIB
MIPUBAIOTH CTA0LIBHICTD 1 Oe3meky. CaMe TOMY HaJI3BHYaiiHO BaXKJIMBO OJHOYACHO
BIJICTE)KYBATH SIK €HEPreTHUHI, TaK 1 €KOJIOTIUHI 3arpo3H, aJKe BOHHU € 3aI0pPyKO0
OiATPUMKH ©0a30BHX YMOB JKUTTA, 30€peXeHHS 3H0pOB’S HaceleHHS SK Y
KOPOTKOCTPOKOBiH, Tak 1 B JOBrocTpoKOBii mepcrekTuBi. [y epexTHBHOro
VIpaBIiHHS BapTO HacamIepell JeTalbHO MPOaHAN3yBaTH PHU3MKH, SIKi CYTTEBO
BILIMBAIOTH SIK Ha O€3IEeKy MEIIKAHI[IB, TaK 1 Ha JTOBKIJUIS ITiJ] Yac BilHM.
Mertopomnorisi  iHTErpoBaHMX OIHOK BIIMBY Ha JoBkuUuia (Integrated
Environmental Assessment, IEA) 3a0e3neuye KOMIUIEKCHUH MIiAXiA 10 aHAi3y Ta
YIpaBIIiHHS CTIHKICTIO TepuTOpii Ta 00'ekTiB (prc. 1). BoHna 3abe3neuye oHOYacHE
JOCHI/DKEHHSI CTaHy EHEPreTHUKH, E€KOJIOTIYHOI CUTYyalii, PU3MKIB U1 370POB’S
HaCeJICHHS Ta COLialbHO-eKOHOMIUHMX (pakTopiB. OcobmuBicTs IEA cTBOpIo€eThCS B
MIOETHAHHI KUTBKICHUX Ta SKICHUX METOMIB aHajlidy, IO JO03BOJISE BHUSIBUTH
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B3a€EMO3B'SI3KA MK PI3HUMHU chepamMu MisUTbHOCTI — HANPHUKIIAA, K CHEPreTHIHI
PIllICHHS BIUTMBAIOTh Ha TOBKIJUIS, 37J0POB'S JIFOJICH 1 colliayibHy Oe3meKy. Y 3B’ S3Ky
3 UM HEOOXiJIHO BU3HAYWTH, SKi CaMe METOJIU OIlIHKM CHEPreTUYHOI OC3MeKu
JOIIITFHO 3aCTOCOBYBATH IIi/T 4aC BOEHHHX 3arpo3 1 AK1 €KOJIOTIYHI YHHHUKHA MOXYTh
OyTH BpaxoBaHi B I[bOMY IIPOIIECI.

Bxinni zarposu Ouinka pH3HKIB T2 MOHITOPHHT
*Boenni ataku Ha iHdpacTpykTypy * MOHITOPHHT €HEPronocTauaHHs
*Ilepeboi 3 eHepromocTauaHHAM *Ananis nomkokents indpacrpykrypu || Hndposi incrpymentu ta Al
*ABapiiiHe BUKOpUCTaHHS jKepen eneprii || *Exomoriunmii MoniTopHHr +O0po0Ka BeIMKHX JaHNX
*3a6pyaHCHHS TOBKIILIA +OLiHKa coLiaNbHUX HACII/IKIB *IIporHO3yBaHHA PHU3HKIB
*Paniauiiini Ta XiMiuHi pusnKH *OnTuMisantis cleHapiiB pearyBanHs
IHTET'POBAHA
EKOJIOT'TYHA
Eneprernuno-exosoriuni ayiurn ta OUIHKA Buxiani pesyanrarn
TexHiuni pimenns *ITiBHIEH ST CTIHKOCTI KHTIOBHX Oy/liBess
*O1inKa aBapiiiHAX JUKEPE JKUBIICHHS *3MEHIIICHHS EKOIOTYHIX BTPAT
IlepeBipka BEeHTHISIIHHUX CHCTEM *3axucT Da30BUX YMOB JKHTTS
* AHaJII3 TEIUI0i30MLiT Crpareriune Kpusose *MopMyBaHHS TOJITHKH 3€JIEHOTO
*BusnaueHHs €KOIOriHHOT BIIIOBIHOCTI IIAHYBAHHA ynpasiainus || BiHOBICHHS

Puc. 1. ExonoriyHa omiHKa B CHCTEMi eHepro3ade3reveHHs KUTIOBUX OyIiBelb B yMOBaX
BOEHHUX 3arpo3

MoHiTopuHT eHepronocTayaHHs. MOHITOPUHT €HEPrONOCTaYaHHs MOJIATae y
CUCTEeMAaTUYHOMY BiJCTe)KEHHI YaCTOTH, TPHBAJIOCTI Ta MAaCIITA0IB BiAKITFOUEHHS
€JIEKTPOCHEPrii, Teruia i ra3y, 1o 103BOJIsIE OMIEPATUBHO BUSBIISATH HANYypa3IUBilli
paiionu Ta mepiogu HaiiOinbmoro aedinury pecypciB. OcobauBy poiib Bigirpae
aHati3 aBapiHUX rpadikiB BiIKIIFOUYEHb, SIKi BIIPOBAHKYIOTHCS Y BIITIOBIb HA aTaKH
YW TIOMIKO/DKEHHS eHepreTHdHoi iH@pacTpykTypu. Takuil minxin gae 3mMory He
quiie (GikcyBaTH Maciitabu MmpoOJieMHu, a ¥ IUlaHyBaTH 3aXOJ JJIsS MiHiMizarii
HEeTaTUBHHUX HACIHIAKIB JUIS MEIIKAHIIB, CBOEYACHO 3aIlyCKaTH PE3epBHI pKeperna
€Heprii Ta KOOPIUHYBATH BiIHOBIIOBaNbHI poboTH [1].

Uepes pi3ky 3MiHy CTPYKTYpH  €HEPrOCHOXXHMBaHHS,  BiIKIIOYCHHS
HEHTPAJII30BaHOTO EHEProNnoCTaYaHHs, YaCTO MACOBO ITiIBUIIY€THCSI BUKOPHCTAHHS
JM3eNb-TeHepaTopiB, TBEPIOrO MajMBa YW IHIIUX aBapiifHUX mkepen eHeprii. Lle
CYIPOBO/IKYETHCS 3pOCTaHHAM BUKHU/IIB IIKiUIMBUX pedoBrH y moBiTps (CO2, NOx,
Cai, 4aJTHOTO ra3y), Mo MOTipIIye SKicTh aTMochepH B KUTIOBUX paiioHax. OkpiM
aBapiiHUX JKepesl eHeprii, pe3epBHI CHUCTEMH uepe3 MiJBHILECHE HANpPy>KCHHS
TAaKOX IMiJBHUINYIOTh PH3UKH 3a0pyjHEHHs TOBITps. JlomaTkoBo, B Tepioiu
BIJIKJIFOUEHh MOXKE ITiJJBUII[yBATUCHh IMIyMOBE HABAHTKEHHS Ta PHU3UK BUTOKIB
naJbHOTO. 3iCTaBJICHHS JaHWX MPO BiAKIIOYEHHS €HEprii 3 MOKa3sHUKaMHU SKOCTI
MOBITPSl UM PIBHEM LIyMY J103BOJISIE BCTAHOBHUTH, KOJIHM 1 JI¢ 3pOCTa€ €KOJOTiuHe
HABaHTa)XEHHS Ha JIOBKULISL. 3aBJSIKH MOHITOPHHTY MOYKHA IIPOTHO3YBAaTH O0CATH
CHOXMBaHHS TAJMBAa Ta PECypciB, IO CHPUYMHSIOTH JOAATKOBI BHKHIH.
AHanizyroud, sK 3MIHIOETBCS €KOJIOTIYHA CHTyallis TiCJsi  BiJHOBJICHHS
LIEHTPATI30BAaHOI0  CHEProloCTa4YaHHsA, MOXKHAa  OLIHUTH  ©()EKTUBHICTh
SHEepPreTUYHUX PIllIEHb 3 TOYKH 30pY 3MEHIIIEHHsI HETaTUBHOTO BILTUBY HA JIOBKLIIJISL.
Perynapauii MOHITOPHUHT JO3BOJISIE CIIPOTHO3YBAaTH HAa MailOyTHE, 3a IKUX YMOB i B
SKUX palioHaXx MOXXYTh BHHUKATH TICBHI EKOJIOTiIYHI MpOOJIeMH, IIOB’s3aHi 3
aBapifHIM €HEePrOCTIOKUBAHHSM.
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Anajis MOIIKO/IKEeHHSI ingpacTpykrypu. Amnamiz TTOIITIKO/KEHD
iH}pacTpyKTypH KUTIOBOro (hOHIY Mil Yac BiliHW mepemdadae neTanbHE BUBYCHHS
00csTiB pyHHYBaHb KITIOUOBHX 00’ €KTIB — EIEKTPOMIACTAHIIIH, JTiHil eleKkTponepenay,
KOTEJICHB, SKi 3a0e3MeuyloTh eHeprormocTadanHs 0aratormoBepxoBux OyauHKIB. [l
[IOTO BHUKOPUCTOBYIOThCA MaHi Mpo (HaKTHYIHI TOIIKOKEHHS, OTPUMaHI K BiJ
MICLIEBHX OpraHiB BIag{, TaK 1 3a JOMOMOIOI CYHNYTHHKOBOTO MOHITOPUHTY.
OcobnuBy yBary mpuAULIOTE KapTOorpayBaHHIO 30H i3 HAHOUIBIINMA BTpaTaMi Ta
MOUIKO/DKEHHSAMH, 1110 JO3BOJISE ONEPATUBHO BU3HAYATH NPIOPUTETHI HAIPSIMKU IS
BiZTHOBJIEHHS iH(PaCTPYKTypH, IUIaHYBaTH PO3IMOJ PecypciB 1 OpraHizoByBaTH
JIOTIOMOTY HacelieHHt0. Takuil miaxin nae 3Mory He Jjumiie (ikcyBaTd maciiraOu
pyWiHyBaHb, a 1 3abesnedyBaTé e(eKTHBHE pearyBaHHS HAa KPUTHYHI CHTYaIlil,
MiIBUIYIOYH CTIHKICTb KUTIOBOTO (POHITY IO TOAAIBIINX 3arpo3.

AHami3 MOIIKOKEHb EHEPreTU4HOl iHPPACTPYKTYpH MOXKE CIIyryBaTH
BXUIMBAM  JpKepeloM  iHdopmamii mpo cTaH  JMOBKUDIA.  PyiiHyBaHHS
eJNIeKTPOIIACTAHIIHM, IiHIl eleKkTpornepenay, KOTEJIeHb, CKIANiB MaJbHOTO YH
MIPOMHUCIIOBHX 00’ €KTIB YaCTO CYNPOBOKYETHCS BUTOKAMHU HEOE3MEUHUX PEUYOBHH,
MOKe)KaMH, 3a0pyJHEHHSIM TIOBITps, Boau Ta IpyHTiB. Came TOMy JAeTalbHE
KapTorpadyBaHHs Ta JOKYMEHTYBaHHS IIOLIKO/PKEHb J03BOJISIE POOUTH BHCHOBKH
PO TOTEHINIMHI Ta (hakTU4HI ekosioriuHi Haciinku [3]. dikcamis pyldHYBaHb Ha
00’€KTax CHEPreTUKU YU MPOMHCIOBOCTI, a00 K MPOrHO3YBaHHS TaKHX pyHHAIiH,
JO3BOJISIE  BU3HAYUTH  KWMOBIPHI  TOYKM  BHKHAY TOKCHYHUX  PEYOBUH
(HaTOmpPOMYKTiB, BaXKHX METaJliB, XiMiKaTiB). AHaTi3ylOYd IUIONIY OO’ EKTIB
EHEepPreTUYHOI iHpPaCTPYKTYPH Ta IHTEHCUBHICTD PYyHHYBaHb, MOYKHA TIPOTHO3YBaTH
00CSTH OTEHIIIITHOTO 3a0pyTHEHHS TTOBITPS (HATIPHUKIIA/, TTi/T Yac MOXKEX), a TAKOXK
PHU3UKH MOTPAIUISIHHS LIKIIJIMBUX PEUOBUH Y BOJY, IPYHTH, IO 3HAXOIATHCS OIS
XKUTIOBOI 3a0ymoBu. KapTorpadyBaHHs Takux 30H JAa€ 3MOTY BU3HAUYUTH TEPUTOPII,
SKI TOTpeOyIOTh MPIOPUTETHOTO EKOJOTIYHOTO MOHITOPUHTY, IPOTHO3YBAaHHS
CIeHapilB ouMIeHHs a00 MOJEpHi3alii HAasBHUX TEXHOJIOTiH. AHAJOTIYHO 3
MOTIEPEIHIM METO/IOM, MOXKHA MTPOBECTH aHAJI3 3MIHH €KOJIOTTUHUX CUTYAIlIH MiCis
pyHHali# Ta omiHUTH e(eKTUBHICTL METOMAIB pearyBaHHA. Lle mo3Bossie
MTPOTHO3YBATH PO3BUTOK TOIi}i HA aHAIOTIYHNX 00’ €KTaX iHPPACTPYKTYPH, IO MOXKE
BKIIFOYATH TPUBAJIE HAKONMHMUYEHHS HEOE3NMeYHHWX BiXOJiB, NErpajaliio TIPYHTIB,
BTpaTy 010pI3HOMAHITTS, €KOJIOTIYHMIA CJIiJ] BiJl BIHOBJICHHS 00’ €KTIB Ta iHIIIE.

InTerpoBani eHepreTH4YHO-eKOJIOTiYHI ayauTH. [HTErpoBaHI EKOJIOTIYHO-
CHEepPreTHyYHi ayauTu 3a0e3MeuyroTh KOMIUIEKCHMM MiIXil, SKWH OIHOYAaCHO
OXOIUTIOE ~ aHalli3  CHEeproClOoXWBaHHA  OyJiBeNlb,  OLIHKY  Bpa3IMBOCTI
1HOPACTPYKTYpH Ta BH3HAYCHHS EKOJIOTIYHHUX PH3HKIB, TaKHX SK 3a0pyIHEHHS
MOBITPs, BOAW, IPYHTIB 1 HakonmuueHHs BixxoaiB. IlpoBelneHHS Takux ayauTiB
nepeadadac KOMIUIEKCHY TI€PEBIpKY CHEPrOBUKOPUCTAHHS, JI03BOJISIE BHSBUTH
cnabki micus y (yHKIIOHYBaHHI OyJiBeNb 1 IH)KEHEPHHX CHCTEM, a TaKOX
po3pobuTH ehEeKTHBHI KOMITJIEKCHI 3aX0/U JUIS iIBHINEHHS eHeproe()eKTUBHOCTI,
3HW)KEHHS HETaTHBHOTO BIUIMBY Ha JOBKULIS Ta 3a0€3MedYeHHs CTIMKOCTI
iHQpacTpyKTypu JI0 30BHIIHIX 3arpo3. [lig wac ayauTy 3IOiHCHIOETBCS
BHUMIpPIOBaHHS TEIJIOBTPAT Yepe3 OrOpOLKYBalIbHI KOHCTPYKIIii, aHaJIi3y€ThCs CTaH
1HKEHEpHHUX cUCTeM (OTaleHHsI, BeHTUIIALIT, Tapsiy0oro BOAOIOCTaYaHHs), a TAKOX
BU3HAYAEThCA KJAc eHeproeeKTUBHOCTI OymiBial BIAMOBIAHO O YHHHHX
HaI[lOHAJBHUX  craHaapTiB. lle  703Bojsie  BUSBUTH  CiIaOKi  Mmicusg B
€HEePTOCIIOKMBaHHI, 3aPONOHYBAaTH IUIIXH ONTHMI3alii, JuBepcudikamii pu3nkis
Ta MiIBAIIUATH KOMGOPT MPOKUBAHHS MEIITKAHIIIB [6].
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MogeaoBaHHs cHeHapiiB cTilikocTi. MojemoBaHHS CIIEHAPIiB CTIHKOCTI
SIBJIIE COOOK MACHITAaOHIMIWH aHaai3 Ta MPOTHO3YBaHHS 1 BKIIOYAE JaHi 3
MOTMEpeIHIX By3bKOHANpPaBICHUX METOMIB aHami3y [16]. MoaentoBaHHs cleHapiiB
CTifiKOCTI KWUTIOBHX OymdiBeNns Tependadae BUKOPUCTAHHS CIEI[iali30BaHOTO
MPOTPaMHOTO 3a0e3MeYeHHs ISl aHaNi3y CIOXHBAHHA €Heprii B Pi3HUX yMOBaXx,
30KpeMa 3a HasgBHOCTI YM BiJICYTHOCTI LIEHTPaJli30BAHOTO EHEPromnocTavyaHHsd, a
TaKoXX TIpH poOOTI pPE3epBHHUX JIPKEpEed, TaKMX SK TeHepaTopw. Takwil Mmimxinm
JO3BOJISIE OI[IHUTH, HACKUTBKH JKHTIO 37aTHE 3a0e3meduTH KoM(popT i Oe3meky
MEIIKAHIIB MiJ 4Yac HaA3BHYaliHUX cHuTyauiid. Jl0JaTKOBO MOJIENIOETHCS BILIMB
BIIPOB/IXKCHHSI ANbTEPHATUBHUX JKEPEN CHEeprii, 30KpeMa COHSYHUX MaHenel i
TEIUIOBUX HACOCIB, Ha 3arallbHy CTiKicTh Oymimi. Lle mae 3mory BU3HAUWMTH
ONTUMAJbHI pIilIEHHS IS MiJBUILEHHS EHEProHEe3aJe)KHOCTI Ta 3HIDKEHHS
€KOJIOTIYHOT'O BIUIMBY KHTIOBOTO (POH/TY.

Ouinka couiaapHux HachaiakiB. OIiHKa COMiaTbHUX HACHIAKIB BTpaTH
EHEeproroCTayaHHs  JKUTIOBHX  OyNiBedhb  BKIIIOYAE  aHANI3  KUTBKOCTI
JIOMOTOCHOZIAPCTB, SIKi 3aTUIIIINCS 63 TOCTYIY A0 eJIeKTPOEHEePTii, Ta TPHUBAJIOCTI
TaKuX TepiofiB. BaxnmmBuMu acriekKTamMyu € BUBYEHHS BIUIMBY Ha (i3WdHE Ta
TICUXi1YHE 370POB’Sl MEIIKAHI[iB: BiJ TOPYIICHHS CHY, ITiIBUIIEHHS PiBHS CTpecy i
TPHUBOKHOCTI JI0 3aTOCTPEHHS XPOHIYHUX 3aXBOPIOBAHb 1 3HW)KEHHS IMYHITETY, IO
0COOJIMBO KPUTHYHO JIsl BPA3JMBHX TPYI HAacelleHHS. TaKkoXk OIHIOIOTHCS 3MiHH B
YMOBax MpPOXXHUBAaHHS, HANPUKIAl, BIACYTHICTh ONAJECHHS, BOJOIOCTaYaHHS YH
MOJKJIUBOCTI TPUTOTYBAaHHS 1K, 110 MPU3BOAMTH JIO MOTIPIICHHS SKOCTI XKUTTA. B
yMOBaxX TpHUBAJIUX IepeOOiB 3 EHepPromocrayaHHsIM 3pOCTa€ piBeHb Mirparii
HACEJICHHS, KOJIH JIFOIM 3MYIIICH] 3aJIUIIATH CBOI JOMIBKH B TIONTyKaX O€3MeUHIIIMX
i xompopTtHimMX ymMoB. OCHOBHUMHU IHIUKATOPAMH IS OI[IHKHA COI[iQJIbHUX
HACNIJIKIB €. KUIBKICTh 1 YacTKa JOMOTOCIIOAApPCTB, IO 3a3HAJM BiJKIIIOYCHb;
Cepe/iHsl TPHUBAJTICTh TEpioiB 0e3 eHepronocTavyaHHs; 3MIHH y CTaHi 370pOB’s
HAaceJIeHHs; piBeHb 3BEPHEHb I10 COLiaNbHI Ta MEAWYHI IIOCIYTH; 4YacToTa
BUMYIICHUX MIEPEMIILICHb; & TAKOXK PiBEHB 32/I0BOJICHOCTI YMOBaMH MTPOKUBAHHSL.

Bukopucranns . VY cydacHMX yMoOBaXx 3pOCTarmouoi BiHCBKOBOI
HecTabiTbHOCTI BUHUKAE 00'€KTUBHA ITOTpeda B HOBUX ITiIX01aX J0 aHAJI3y PU3HKIB
i gemami OiIBII aKTyalbHHUM CTa€ 3acTOCyBaHHA mTy4yHOro iHTenekty (L) mus
OLIIHIOBaHHSI BOEHHUX 3arpo3. ChOT0/IHI BiH CTAa€ OJHUM 13 KIFOUOBHX IHCTPYMEHTIB
abo ciyrye MOMOMDKHHUM MJIsS OLIHKH Ta MiHiMi3allii BIHCHPKOBHX 3arpo3 MIoJ0
KUTIOBHX Oy1iBesh. MOro MOXIIMBOCTI 3HAYHO POSIIMPIOIOTH CTAHAAPTHI TTiAXOIH
N0 aHaNli3y PU3WKIB, MiJBHIIYIOTh TOYHICTH MPOTHO3IB 1 MOXYTh OINEPATHBHO
pearyBatH Ha HaJI3BUYaHUI KOHTEKCT.

LI Bigirpae KIrO4OBY POJIb Y CyYacHil OLIHLI BINCBKOBHX 3arpo3 ISl )KUTIIOBHX
OyaiBenb, 3a0e3Meuyroud HOBUH PIBE€Hb TOYHOCTI, IIBUAKOCTI Ta KOMIUIEKCHOCTI
aHaJTi3y. 3aBAsSKH 31aTHOCTI 0OPOOJIATH BEJTUYE3HI MACHBH JaHUX 13 PI3HOMaHITHUX
JDKepes — CYIyTHUKOBHX 3HIMKIB, CCHCOPHHX MEPEX, KaMep BiZIeOCIIOCTEPEKECHHS,
JaHUX 13 IPOHIB, COLIAIIEHIUX MEPEX 1 BIAKpUTHX JuKepen po3Biaku — LI go3Bomnse
BUSIBJIATH TIOTEHI[IMHI 3arpo3u, Taki sIK IepeMillleHHs BiHCHKOBOI TEXHIKH,
MOLIKO/DKEHHS 1HQPACTPyKTYpU YW 3MIHM B HaBKOJIMIIHBOMY CEPEIOBHILI, SKi
MOrIM O 3aJUILIMTHCA HENOMIYeHUMM NpH PY4YHOMY aHaji3i. BukopucTtoByroun
aJIrOPUTMH MalMHHOrO HaB4yaHHs, 1111 Mogentoe ciieHapii pO3BUTKY IOIiH, OI[IHIOE
HMOBIpHICTh YpaXkeHHs Oy/IiBeIb, MACIITA0N MOXIIMBUX PyHHYBaHb 1 HACIIIKH JIJIsI
MeIKaHiB. Lle KpUTHYHO BaXKJIMBO ISl CBOEYACHOTO IUIaHYBAaHHS eBakyauii Ta
MITOTOBKM 3aXMCHUX 3axoxiB. OmepatuBHicTh cuctem Il  mposBiseTses
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Y MOKJIMBOCTI TIPAITIOBATH B PEANTHbHOMY Yaci: aBTOMAaTHYHO BUIUISATH KIFOUOBY
iHpOpMaLIil0 PO HOBI 3arpo3W UM IMOIIKO/UKEHHS, HIBUIKO MEpelaBaTd i JaHi
BIAMOBIAHUM CIy0aM JUIs OpraHizamii psATYBAIBHHX OIeEpamiif, po3moaimy
pecypciB Ta iHhopMyBaHHS HaceneHHs [5].

HamnpUKIa[, WPOTHO3YE CHTyalil0 Yy pa3i pyHHyBaHHS iHQPaCTPYKTypH,
BIZKIIIOUEHHS EHEepPrornocTayaHHs YW BHHHUKHEHHA TmoXexi. lle mo3Bosse
po3pobIATH  epeKTHUBHI CTpaTerii pearyBaHHS Ta MiHIMI3yBaTh BTpPAaTH.
[HTenekTyanbHi CHUCTEMH aBTOMATH3YIOTh MpPOLECH MNPUUHATTA PIillleHb: Bif
po3Monidy pATYBaJbHHUX pECypciB 1O ONTUMi3auii MapuipyTiB eBakyauii Ta
JIOCTaBKH T'yMaHITapHOI JOMTOMOTH, III0 OCOOJIMBO BaXXIIMBO B yMOBaxX 0OMEKEHOTO
qacy Ta pecypcis [2].

Y cucTemi IITYYHOTO IHTEICKTY JUIS BHSBJICHHS 3arpo3 JlaHi HaJAXOIATh 3
BETMKOI KUTBKOCTI JPKEpeNl — 1€ MOXYTh OyTH CYIyTHHKOBI 3HIMKH, PE3yJbTaTH
pamapHUX CIIOCTEPEKEHb, CUTHANM 3B’s3Ky Ta BimkpuTi mkepena (OSINT) mms
BiIICBKOBHX PH3HKIB; CEHCOPHI MEpEeXki /Uil KOHTPOIIIO CTaHy MOBITPsl, BOIH, IPYHTY
1 METEOpPOJIOTIUHI 1aHi — ISl eKOJIOTIYHHX 3arpo3; MOKa3HUKH 3 AaT4uukiB, SCADA-
CUCTEM 1 TPOMHCIOBOTO MOHITOPHHTY [UIsl €HEPreTHYHUX pH3HKiB. Bes ms
iHopMaIliss TepeaaeThCss JO0 IICHTPAIi30BaHOTO CXOBHMIA ab0 JI0 XMapHOI
mwiatrGopMu B pearbHOMY dYaci 4Yepe3 3axulleHi KaHamu. [licins mporo maHi
MIPOXOJIATH KUTbKA €TaIiB MATOTOBKHU: (BLIBTPYIOTHCS Ta OUUIIAFOTHCS BiJl KITYMY»,
HOPMAaTI3yIOThCs (POPMAaTH, YCYBAEThCS AyOIIOBAaHHS U MPOBOAUTHCS BepH]ikallis
JDKEpes, CHHXPOHI3YIOTHCS YaCOBI MITKH Ta IMTPOCTOPOBE MO3UIIIOBAHHS. Y TaKOMY
BHTJISA/II MAaCHB JTJAHUX MEPEAAETHCS 0 AaHATITHIHUX MOJIYIIIB.

CucTteMu MalIMHHOTO HaBYAHHS aHAJII3YIOTh LIl MacuB, pO3Mi3HAIOTH MATEPHU
a0o0 aHOMaJii, KOPUTYIOTH MOJIEJNI, MOJIETIIOIOTh HMOBIPHI clieHapil pO3BUTKY MOMIH
Ta ONEPATUBHO 3IMITOBXYIOTh JaHi PI3HMX MIiJACHCTEM i KOMILICKCHOI OIlIHKH
(HampuKIam, 3B’S3yBaHHS BIHCBKOBHX aTak 3 CHEPreTHYHHMH 3005MH  Ta
€KOJIOTTYHUMHU HacjiikamMu). BUCHOBKH, IPOTHO3HM Ta TPUBOTH HAJICHUIIAIOTHCS JalTi
JI0 MOJIYJIiB IPUAHSTTS PillIEHb.

B mpomy wmomynmi QopmyroThCsS peKoMeHmaIii s OomepaTopiB, KPH30BUX
LIEHTPiB, KOMaHAYBaHHS YM MYHIIWNAIBHUX CIy’)KO; aBTOMAaTHYHO abo
HaIiBaBTOMATUYHO HAaJCHJIAIOTHCS BiJINIOBIJIHI CHTHAIM ISl 3aIlyCKy DPE3epPBHHUX
CUCTEeM, eBaKkyallii, iHGOPMYBaHHS TPOMAJICHKOCTI, 3aJy4eHHS CHI OE3IeKH.
Indopmartist mogaeTscst y BUTTSAAL IHTYITHBHUX JTAIIOOPAIB, CIIOBIIIEHB, CIICHAPIIB
i s daxisii. CuctemMa OJIEpKYE 3BOPOTHHM 3B’SI30K — TOOTO pPe3ysbTaTH
pearyBaHHS JIFOJICH Ta TEXHIKU — 1 Ha OCHOBI IIbOI'0 CAMOHABYAETHCS 1 aJIalTy€e CBOI
Mozneni. Bei MOTOKM JaHMX KOHUEHTPYIOTbCA Y Jara-IeHTpi abo XMapHii
E€KOCHCTEMI, a B3aEMOJisS MDK IijcucTeMamMHu 3a0e3mneuyerbcs depe3 APl 3
HACKPI3HUM JIOTYBaHHSM 1 ayTeHTHiKaIliero (puc. 2).

Takum 4MHOM, OUIBILICTD 3 OMHMCAHUX METOMAOJIOTIH BUSBICHHS CHEPrETHYHOTO
Yd EKOJIOTIYHOTO BIUIMBY BiJ BilicekoBHX 3arpo3 LI moxe axkTHBHO
BUKOPUCTOBYBAaTH y CBOil po0OTi MO pearyBaHHIO Ha HAJ3BHYaliHI CHTYyaIlil.
3aBIsKU TOAIOHUM MPOTHO3aM 1 MOJIEIOBaHHIO PU3HUKIB MiJIBUILYETHCS] TOTOBHICTD
710 HAI3BUYAHUX CUTYaLil, JO3BOJIAIOUH YpsiiaM, CIyk0aM IIUBUILHOTO 3aXUCTY Ta
MEIIKAHISIM Kpalie MiArOTYBaTHCS O MOXJIHMBUX aTak, IO 3MEHIIYE KUTbKICTh
XKepTB i MaTepiabHUX 30UTKIB [ 15]. Ha mpakTuii 1ie nposiBisieTbesi y BHKOPUCTAHHI
I gns anamizy CynyTHUKOBHX 3HIMKIB Ta igeHTH]iKawLii 3pyHHOBaHUX KUTIOBUX
OymiBenb 1micis OOCTpUTiB, y BIPOBAaHKCHHI aBTOMATH30BAHUX  CHUCTEM
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MOHITOPHHTY, SIKi BHUSBJISIOTH MOITKOKCHHS 1HXCHEPHUX MEPEX 1 MPOTHO3YIOTH
iXHii BIUIMB Ha KUTTe3a0€311eUeHHs HACETICHHS, & TAKOXK Y MOJICIOBaHHI ClIeHapiiB
eBakyalii 3 ypaxyBaHHSIM peEaJbHOTO CTaHy JOpir, HAasBHOCTI YKPHUTTIB 1
po3TantyBaHHS HEOE3NEYHNX 30H.

MoAaynb AHANITUKKU WI
-
n Busisnenka BusiBnexka BussneHHa
BIICbKOBMX exonoriyiux | | eHepreTuyHmux
CynyTHUKN 3arpo3 V 3arpos { 3arpo3
Binbysaetben aHania,
NOLYK 3aKOHOMIpHOCTei/aHoManin,
@ — Cupi NPOrHO3yBaHHA 3arpo3
AaHi L
Natumkm | — E— Jl
| LEHTPANI3OBAHE PIBEHb NPUMHATTA PILLEHb
3BEPIFAHHA OAHUX
SCADA CTBOpEHHA CnoBilLeHb @
Apawbopav
CnosiweHHa
& ) moaynb
MONEPEAHBOI (e}

CouianbHi Siia OEPOBK.M ol @) ‘ ® I I

Mepexi WeHHA, dinsTpauis, [ | .

CUHXpOHi3auis ¢ ) Raw6opau
KomaHawu pearyBaHHs
[ Ha Hap3BuUYanHi cuTyauil T
L J J

OHoBnNeHHA moaeni

Puc. 2. CtpykTypa poOOTH i3 CHCTEMOIO IITYYHOT'O IHTEJEKTYy B OOJIACTI pearyBaHHs Ha
HA/I3BUYAIHI CUTYyaIil

3aBAsKU 3JaTHOCTI aHAIi3yBaTH MAaCHUBU HENPSAMUX JaHUX, TAKUX SK 3BITH,
MOBIIOMJICHHS y COIllaIbHUX Mepexkax, (oto Ta Bimeo, LI moxe BusBIATH
MIPUXOBaHi JpKeperna 3a0pyaHeHHsT a00 3MIIIeHHST €KOCHCTEM, SKi BaKKO BUSBUTH
TPaJUIIHHUMHA ~ METOJaMH  CIIOCTEpEeXKEHHs. Taki IUPpPOBI  IHCTPYMEHTH
3a0e3MevyTh MBUAKICTh 1 MAacIITaOHICTh MOHITOPHHTY, JO3BOJISIOTH OTIEPATHBHO
OTPUMYBATH JOCTOBIPHI OIIHKH CTaHY JOBKIJUIS Ta BUSIBIATH HaBiTh HEOUEBUIHI
EKOJIOT1YHI PU3UKU. 3aBASKA TaKHUM MOXIIMBOCTSIM, BHKOPUCTAHHS INTYYHOTO
IHTETIeKTy MiJ 4Yac BiWHU CIHpHse He JHIIe ePEKTHBHIIIOMY €KOJOTTYHOMY
MOHITOPHHTY, a ¥ TPUHHATTIO OiJbII 3BAXKEHUX PIMIEHb IS 3aXHCTy
HABKOJIMIIHBOTO CEpPEeIOBHIA, MPOrHO3YBaHHIO JOBIOCTPOKOBHX HACHiAKIB Ta
MiHiMi3allii 3arpo3 JyIst 37I0pOB’ sl HACEIICHHSI.

Juckycis

CydacHa MpakTHKa Ta JOCBIJ BiHChKOBUX KOH(IIIKTIB CBiIYaTh MPO HEOOXITHICTH
3aCTOCOBYBaHHS 1HTErpOBAaHMX MiAXOAIB, sIKI OJHOYACHO JO3BOJIAIOTH OLIIHIOBATH
BIUTMB BIHCHKOBHX 3arpo3 Ha €HEPreTHYHY Ta eKOJOTiuHY CTikKicTh. Lle o3Hauae,
IO TP aHali3i BpPa3IMBOCTEH EHEPreTUYHUX CHCTEM MOTPIOHO BpaxOBYBaTH
NOTEHUIHHUI BIUIMB  aBapiid, mepedoiB YW aBapiiHOrO  BUKOPUCTAHHS
IBTEpPHATHBHUX JKepen eHeprii Ha moBKuLIA. Hanmpukian, oniHka eHepreTH4HOi
Oe3rmekn Mae BKIIIOYATH aHali3 PH3MKY 3a0pyIHEHHS BiJ| T€HEPaTOpiB, BUTOKIB
MNaJBHOTO, aBapiiiHMX BHUKH[IB, a TaKOX BH3HAYAaTH, HACKIJIBKH BIPOBAIKEHI
pilIeHHs BiANOBIAAI0Th MPHUHLIUIIAM CTaJIOTO PO3BHUTKY.
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CyuacHi cucteMu MoOHiTOpuHry Ta ympaeiinHa IEA, Smart Grid i IoT
3a0e3Meuyl0Th aBTOMATU30BaHUN KOHTPOJNb SK CHEPreTHYHHUX IOTOKiB, TaK i
KIJIFOUOBHMX CKOJIOTIYHUX IMapaMeTpiB y KHUTIOBUX OYJIBISAX Ta 1HPPaCTPyKTypi.
3aBAsKM iHTErparii iHTeIeKTyaJbHIX alTOPUTMIB IIi CHCTEMH He JuIIe (iKCyIoTh
MOTEHIIWHI 3arpo3u, a W aBTOMAaTHYHO pearyloTh Ha HHUX: BMHKAIOTh PE3EPBHI
JpKepesa eHeprii, 3almyCKaloThb CUCTEMH OYHILICHHS TMOBITPS Ta BOIU, a TaKOX
OTIEpaTHBHO MOMNEPEHKAI0Th MEIIKaHIIIB po HeOesneky [7]. Lle miaBuiiye piBeHb
3aXUIIEHOCTI Ta CTIHKOCTI XHUTIOBOTO (OHAY A0 3OBHINIHIX BHKIHUKIB 1
HaJ3BUYAMHUX CUTYAIlil.

[lpuknamomM BHOPOBaKEHHS CUCTEMH PO3YMHOTO EHEPrOMOHITOPHHTY €
BHKOPHUCTAaHHS IMPOTPAMOBAHOTO JIOTIYHOTO KOHTposiepa Brainboxes BB-400 mis
BiJICNTIIKOBYBAaHHS CIIOKUBAaHHSA €HEPTii HA OKpPEeMHUX AUISHKAaX MiINpUEMCTBA i
MPUCTPOSIX BUPOOHHIITBA aBTOMOOUTBEHOTrO OcBiTIIeHHA y 2024 poui. 3i0pani nani
ABTOMAaTUYHO arperyloThCsi B IIGHTPAIBHIA CHCTEMi W aHAmi3yIOTBhCA pazoM i3
noka3Hukamu BUKUIIB CO:. e 1ae MOXKNIMBICTh BUSBUTHU JIISHKYU 3 HAHOUIBITUMU
BTpaTaMH €HEprii Ta BHUKHJAMH, OLIHUTH, SK 3MiHM B rpadikax CIOXHBaHHS
BIUTMBAIOTh Ha OOCAT BUKHUIIB 1 €KOJOTIYHWH CIiJI MignpueMcTBa. Pe3ympraTom
CTaJIO 3HIDKCHHS CHEProCHOXHUBAaHHA, CKOpoueHHs BUKHAIB CO: Ta miIBUILEHHS
MPO30POCTi EKOJIOTTHHOT 3BITHOCTI [4].

[pu mocnimxeHHi ABOX OaraTOKBapTUPHUX KUTIOBUX OyAHHKIB MicTa TopoHTO
(Kanama) Oyno TpoBeIEHO CEHEPIeTUYHHN ayIuT, SKUH BKIIOYAB OIIHKY
CTMOKMBaHHSI CHEPTii, BUKH/IIB MTAPHUKOBUX ra3iB Ta IHIIMX €KOJOT1YHMX OKa3HUKIB
[17]. Ha ocHOBI ayuTy 3alIpOIIOHOBAHO €HEProe(EeKTUBHI 3aX0/IH, 1110 JO3BOJIIN
3MEHIIUTH €HEProCIOXUBAaHHS Ta CKOPOTUTH BUKUAU CO2. AHami3 eKOIOTi4YHOTO
BIUIMBY IPOBOJMBCS 32 IOTIOMOTOI0 METO0JIOT1i OIiHKK XUTTEBOTO LUKy (LCA),
IO JIAJI0 3MOTY KUIBKICHO OI[IHMTH 3MEHIIIEHHsI HETAaTUBHOTO BIUIMBY Ha JOBKIJUIS
MiCJIsl BOPOBaHKEHHS eHepro3oepiradux pimens [10].

Eneprernunnii ayauT aamiHicTpaTHBHOI OymiBii yHiBepcuteTy y Micti TapkoBa
(Tama) mokazaB, MO BIPOBADKEHHS ONTHMI30BAHMX CHUCTEM OCBITIICHHS Ta
KOHJIUIIIOHYBaHHS JT03BOJIMJIO 3HU3UTH 3arajibHe CIIOKUBaHHS eHepril Ha 24%, a TaKOK
3meHmuTy Bukuan CO:z Ha OLTBIN HiK 62 TOHHH Ha piK. Lle cTanmo MOXITMBUM 3aBISKA
JIETAITbHOMY aHaJli3y €HepreTHYHNX 1 eKOJIOTIYHUX TTOKA3HUKIB ITij] 9ac ayauTy [7].

Y Yumi AOCHIIKEHHS COILIAJBLHOIO JKHMTIa BKIIIOYAIO OIIHKY CHEPreTUYHUX
BUTPAT, EKOJIOTIYHOTO BILIUBY MPOTATOM JKATTEBOTO ITUKITY OYJIiBII Ta COIiaIbHUX
HACHiAKIB [UId MEUIKaHLiB. BHsBIEHO, 110 BIPOBAIKEHHS EHEProe)eKTUBHUX
pimieHb  (yTEIUIEHHS, CyYacHI CHCTEMU OIAJEHHS) He JIMIIE 3HIKYE
CHEePTOCIIOKMBAHHS Ta BHKHJIHM, a ¥ IOKpAallye yMOBH IPOXXHBAaHHSI, 3MEHIIY€E
BUTPATH Ha €HEPTiI0 Ta MMiJBHILYE 3aJ10BOJICHICTh MEIIKAHIIB XHUTIOM [14].

MopenmoBaHHS ~ pI3HUX ~ CIICHApiiB  €HEPrOCHOXHBaHHSI 3  ypaxXyBaHHSIM
BUKOPHUCTAHHS BIJIHOBIIFOBaHUX JDKEPEJ €Heprii, TaCUBHOI 130JI411iT Ta peKyneparii
Temwia OyJo 3aCTOCOBAHO y MOZAEPHI30BAaHOMY >KHUTJIOBOMY KoMiuiekci BedZED
(Benuka bpuranis). AHani3 mokasas, IO 3aBISKH BIPOBAKCHHIO LUX pillIcHb
BJAJIOCS 3HU3UTU criokuBaHHSA eHeprii Ta Bukuam CO: Ha 70% y TOpiBHSHHI 3
TPaULIHHUMH JKUTJIIOBUMH Komiiekcamu. BedZED craB ertamoHom mist
MNOJANIBIIMX  EKOJIOTIYHMX IPOEKTIB 1 JOBIB  €(QEKTHBHICTh CLEHAPHOTO
MOJICTIFOBAHHS JIJISl OL[IHKK €KOJIOTIYHOIO BILIMBY >KHTIIA [9].

B Vkpaini y 2022-2023 pokax BKe HPOBOJMIHCH MPAKTHKH OHOYACHOTO
aHaJi3y eHepreTMYHUX MOIIKOKEHb Ta eKOJIOriyHOoro BIUIUBY. [licias MacoBaHUX
aTak B TIICBHUX pailoHax CYIyTHHKOBI JaHI Ta 3BITH MICIIEBOi BN
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BUKOPHCTOBYBaJIM i1 KapTorpadyBaHHS 30H 13 HaWOLIBIIMMM pPYHHYBaHHAMH
SJICKTPOCTaHIIIH, TifcTaH i, HadToOa3, mpomucaoBux 00’ ekTiB [8]. Ha ocHOBI 11i€l
iHpopMalii eKoJIoriuHi ciy)0u MpoBoAWIH BiIOip MPoO MOBITPS, BOAU Ta IPYHTIB,
ne Oynn 3apikcoBaHI BUTOKM MAbHOTO, TOKCUYHUX PEYOBHH UM TOXKEXKi. AHami3
pe3yNbTaTIB JI03BOJIMB BHUABHUTH TiJBHINEH] KOHIIEHTpAIlii MIKiATUBUX PEUOBHH,
OLIHUTH MacmTad EKOJOTiYHOI HIKOJAM Ta CHPOTHO3YBAaTH PU3MKH AJISl 3[0pPOB’S
HaceleHHsA Ta AOBKULIL. lle m03BOJsSE€ BHUOUIATH TEPUTOPIi MPIOPHUTETHOTO
€KOJIOTIYHOTO MOHITOPHHTY Ta OYHIICHHS, IO MOTPEOYIOTH IUIAHIB IIBHUIKOTO
pearyBaHHs i MonepHizamii [11].

B ymoBax BiiHM Taki pIilIEHHS CTalOTh OCHOBOIO Ui 30epeKeHHs
XKHUTTEIISUTBHOCTI MICT 1 C1JT, 3aXHCTY 3/IOPOB’ S JIFOIeH 1 MiHIMI3allii TOBrOCTPOKOBUX
BTpAT JI1 EKOHOMIKHU Ta TOBKLLIs. OnepaTUBHUN MOHITOPUHT 1 THyYKE pearyBaHHsI
JIO3BOJISIIOTH HE JIMIIEC 3MEHIINTH HACHiAKH PYHHYBaHb, a W MiJABUIIUTH CTIHKICTbH
KUTIOBOTO (OHAY 10 MailOyTHIX BHKIHKIB, 3a0e3medyioun 0a30By Oe3meKy Ta
€KOJIOTIYHY 30aJIaHCOBaHICTh HABITh Y HAMCKIIQAHIMNX 00CTaBUHAX.

BucnoBku

[HTerpamis exosoriyHOi CKJIamoBOi B CTpaTeriyHe IUTAHYBaHHS EHEPreTHIHOL
Oe3nekn € HeoOXiTHOI BUMOTOI0 B YMOBaX BilfHH, KOJIHM PU3UKU JAJIsI JOBKULIS Ta
iH(PACTPYKTYpH 3pOCTAIOTh OJHOYACHO 3 3aTPO3aMH JUIS KHUTTS 1 370POB’ S JIFOIEH.

CydacHi migxoaw A0 €HeproeeKTHUBHOCTI MMOBHMHHI BPAaxXOBYBAaTH HE IUIIC
TEXHIYHi, a i EKOJIOTiYHI acHeKTH, 30KpeMa BIUIMB aBapiliHUX HKepe eHeprii,
3a0pyJHCHHS Ta HAKOIMUYCHHS HEOE3MEUHUX BIIXOMIB, IO JO3BOJISE 3MEHIIUTH
JOBrOCTPOKOBI BTPATH JJIsl 37I0POB’sl HACETICHHS Ta MPUPOTHOTO CEPEeIOBUILA.

EdexrtuBHe pearyBaHHS Ha €HEPreTHYHI 3arpo3d MOXKJIHMBE JIHMIIE 32 YMOBH
3aCTOCYBaHHSI KOMIUIEKCHOTO MiJXOMy, IO BKIIOYAE EKOJIOTIYHWH MOHITOPHHT,
aHaJIi3 TIOIITKOKEeHb, MOJIEITFOBAHHS CIIEHAPIiB CTIMKOCTI Ta COIiaNbHI ayAUTH IS
ITiIBUIIICHHS aIallTUBHOCTI )KUTIOBUX Oy iBeJh 10 HOBUX BHUKITUKIB.

HudpoBi iHCTpYMEHTH Ta METOJM IITYYHOTO iHTENEKTY BiJirparoTh KIIOYOBY
poib Y INBUJIKOMY BHUSIBICHHI Ta TPOTHO3YyBaHHI PH3HKIB, 3a0e3Meuyroun
OllepaTUBHY KPH30BY PEAKIIO Ta MIATPUMKY HPUHHATTS PillleHb Ha OCHOBI BEJTHKHX
MAacCHBIB JaHUX.

3anpoBa/KEHHST  €KOJOTTYHO-EHEPIeTUYHUX ~ayJHTiB, CyYacHHX MoJiesiei
YIPaBIiHHSA Ta IHTEJIEKTYyaJlbHUX CHUCTEM € HEOOXIJHOK YMOBOIO ISl 3aXHCTY
0a30BHX YMOB JKUTTSl HacelleHHS Ta (OpPMyBaHHS OCHOB 3€JIEHOI TepelymoBH
YkpaiHu 3a NPUHIIUIIOM «BIAOYIYEMO Kpalley.
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ANALYSIS AND REUSE POTENTIAL

Abstract. The study addresses a scientific and practical challenge — investigating
modern methods for the treatment of wastewater contaminated with hexavalent
chromium (Cr(VI)), with a focus on the development of environmentally safe and
resource-efficient technologies. The paper analyses key treatment approaches for
galvanic wastewater, including chemical precipitation, electrocoagulation and
galvanocoagulation, ion exchange, membrane filtration, sorption, and biological
methods. The advantages, limitations, efficiency, and economic viability of each
method are assessed. Special attention is given to technologies that remove Cr(VI)
from wastewater and enable the recovery or reuse of extracted components in
industrial processes. The prospects of applying natural and synthetic sorbents, ion-
exchange processes for obtaining valuable products, and electrochemical and
biological approaches as alternatives to conventional chemical methods are
considered. The development of closed-loop technologies is substantiated as
a promising direction to minimise the environmental impact of industrial effluents.
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Introduction

In Ukraine, industry stands as the primary consumer of water resources, and the
expansion of its capacities is accompanied by an increase in both water consumption
and wastewater volumes. This intensifies the ecological burden on the environment,
particularly due to toxic components present in effluents. Amid escalating
environmental challenges, the implementation of effective industrial wastewater
treatment technologies, especially in the context of developing resource-saving
solutions, gains particular urgency. One of the priorities of modern environmental
policy is to prevent the discharge of hazardous substances, including chromium (VI)
components, which pose a threat to aquatic ecosystems and human health.
Chromium-containing components are the main harmful substances found in the
wastewater of electroplating plants and industrial enterprises. These components
exert an extremely negative impact on living organisms due to their cumulative and
toxic properties, and they complicate the operation of natural and municipal
wastewater treatment plants. Currently, most machine-building enterprises with
electroplating production facilities face the problem of utilising electroplating waste
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sludge, particularly heavy metal ions, which are classified as hazardous waste of
hazard classes 2-4 and significantly affect the state of the environment and human
health (Genawi et al., 2020).

The presence of heavy metals in wastewater exerts a toxic effect on biological
systems and the environment as a whole. A significant global challenge is the
presence of chromium(VI) in industrial wastewater, as this substance is highly
detrimental to animals due to its ability to generate reactive oxygen species in cells.
Excessive chromium exposure affects the lungs and leads to respiratory disorders in
humans (Bashir, 2021). Chromium-containing components hinder the vital activity
of microorganisms and complicate the biochemical treatment process of wastewater.
Therefore, the greatest danger lies in the high toxicity of these substances.

Numerous treatment processes for the removal of hexavalent chromium have
been investigated and thoroughly reviewed. These include the use of natural
absorbents; traditional chemical reduction methods; bioabsorption; the application
of nanotechnology, and other techniques (Bashir, 2021; Shekhawat et al., 2015;
Ying et al., 2020; Barakat, 2010; Gitet et al., 2013). Currently, experts estimate that
thousands of tons of highly toxic heavy metals, such as zinc (3.3 thousand tons),
nickel (2.4 thousand tons), and chromium (0.5 thousand tons), among others, enter
water bodies annually with inadequately treated industrial wastewater, significantly
complicating the ecological situation.

In light of these challenges, particular attention must be paid to the quality of
wastewater treatment from highly toxic substances. Therefore, the aim of this work
is to study the methodology and methods for treating wastewater to remove
chromium(VI).

Analysis of Recent Research and Publications

Sorption technology stands out as one of the most promising methods for wastewater
treatment, widely adopted in industrially developed countries. The effectiveness of
the sorption method lies in its ability to remove heavy metals from large volumes of
wastewater, regardless of pH levels, while simultaneously neutralising them.
However, the complexity of sorptive removal of chromium(VI) compounds stems
from their presence in aqueous solutions as anionic forms, which are poorly sorbed
by conventional cation exchangers like clay minerals and zeolites. Specifically, the
predominant forms of Cr(VI) in an aqueous environment are HCrO,~ and CrO,*”.
HCrO4~ dominates at pH < 4, while chromate ions prevail at pH > 9 (Pylypenko &
Spasonova, 2020; Homelia et al., 2012).

Another notable characteristic of hexavalent chromium compounds is their redox
sensitivity. CrO4*~ ions are easily reduced to their tri- or tetravalent states, even
under relatively mild conditions. At low or neutral pH values, anionic forms of
Cr(VI]) act as powerful oxidizers (Barakat, 2010). Industrial pollution is the most
common way for chromium (VI) to enter the environment, typically as a result of
spills, improper storage, or disposal. It readily dissolves in water and is known to
penetrate water sources, leach into groundwater, and enter the human body (Gitet
et al., 2013). A well-documented case involved PG&E discharging approximately
370 million gallons of chromium-contaminated wastewater into water bodies near
Hinkley, California, leading to significant groundwater contamination (Kennedy,
2003). This case vividly illustrates the need for not only effective removal of
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chromium (VI) from wastewater but also the implementation of technologies that
enable its reuse in the production cycle. This approach helps reduce the volume of
toxic sludge, lowers waste disposal costs, and preserves chromium as a valuable
resource. In the context of rising raw material costs and a global shift toward
a circular economy, the regeneration and return of chromium to the technological
process is not only environmentally sound but also economically beneficial.

Despite the variety of modern approaches to heavy metal wastewater treatment —
including reagent, ion exchange, electrochemical, and membrane methods — most
remain highly specialized, limited in terms of economic efficiency, or lack
environmental universality. The presence of chromium(VI) in electroplating
effluents not only poses a distinct toxic threat but can also complicate the removal
processes of other pollutants. A review of scientific works (Pylypenko & Spasonova,
2020; Homelia et al., 2012; Vukcevic¢ et al., 2014; Liniucheva et al., 2017; Jung
et al., 2013; Gorshkova et al., 2015; Suvorin et al., 2019) allows for a systematic
classification of current treatment methods for such effluents and an evaluation of
their effectiveness in complex matrices containing Cr(VI).

This study aims to analyze methods and methodologies for wastewater treatment
to remove chromium(VI), with a particular emphasis on technologies that allow for
the processing and reuse of extracted substances in production processes,
contributing to the creation of environmentally friendly and resource-efficient
technologies.

Elucidating the Core Research Material

Chromium(VI) is an elemental compound formed during industrial processes. This
heavy metal is classified as a human carcinogen. Its penetration into the body can
occur through inhalation, ingestion, and skin contact (Ying et al., 2015). Chromium
most commonly exists in its trivalent (Cr(Ill)) and hexavalent (Cr(VI)) states.
Notably, Chromium(VI) is known to be toxic to animals, capable of causing
dermatitis, lung cancer, kidney and stomach damage, and respiratory and eye
irritation (Shekhawat et al., 2012).

Chromium possesses multiple oxidation states, each with a unique set of
properties. For instance, the trivalent state of chromium, Cr(Ill), is essential for
carbohydrate metabolism in humans (Kennedy, 2003). Conversely, hexavalent
chromium, Cr(VI]), is considered toxic. Cr(VI) is one hundred times more toxic than
Cr(IIl) and is also more soluble in water. It acts as a strong oxidizer, capable of
releasing free radicals that exert carcinogenic effects on cells. Cr(VI) typically forms
compounds with other elements, such as iron(Il) chromite (FeCr,04) (Pylypenko &
Spasonova, 2020).

Currently, various methods have been developed and are employed for the
removal of Chromium(VI) from wastewater. These methods include reduction of
chromium(VI) to chromium(Ill), electro- and galvanocoagulation, ion exchange,
membrane, sorption, and biological methods (Bashir, 2021; Shekhawat et al., 2015;
Ying et al., 2020; Barakat, 2010; Gitet et al., 2013). However, almost all of these
approaches involve the use of various chemical reagents. Following their
application, the salt content of the treated water increases, often rendering it
unsuitable for discharge into the environment and necessitating additional
purification steps (Pylypenko & Spasonova, 2020; Vukéevié et al., 2014).

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IpHPOJOKOPUCTyBaHHS, BHIL 4 (56), 2025



The traditional method for treating wastewater contaminated with hexavalent
chromium relies on its reduction to trivalent chromium, followed by precipitation as
hydroxide in an alkaline environment. Common reducing agents include sulfur
dioxide, sodium sulfite, sodium bisulfite, and hydrazine. Additionally, activated
carbon, ferrous sulfate, hydrogen, sulfur dioxide, and organic waste materials can
also serve as reductants (Homelia et al., 2012). Reagent-based treatment of effluents
is carried out in both continuous and batch-mode installations. The upper limit for
batch-mode applications is typically defined by a capacity of up to 20 m*/hour.

In practice, sodium sulfite (Na>SO) solutions are effectively used in an acidic
environment for the reduction of chromium (VI) to chromium (III). According to
research (Beukes et al., 1999), the optimal pH range for this reaction is 2-5, with the
reduction rate significantly decreasing as the pH increases to 6 and above. Sulfite
reacts with Cr(VI) according to the following equations:

2HCrOy4 + 4HSO3 + 6H" = 2Cr*" + 2S04> + S206> + 6H,0;
2HCrO,4 + 3HSO; + SH' = 2Cr** + 35S0, + 5H,0.

Research indicates that to achieve a 95% reduction in Cr(VI) concentration, the
concentration of sulfite must be five times greater than the initial Cr(VI)
concentration. However, an excess of S(IV) can lead to the formation of S;O¢%,
which may necessitate additional treatment stages for secondary products.
Experiments utilizing ferromolybdenum production dust demonstrated that sodium
sulfite is effective for Cr(VI) concentrations up to 26 mg/L, provided the solution's
pH is strictly controlled (Beukes et al., 1999).

Coagulation is the process where dispersed particles agglomerate due to their
interaction and combine into larger aggregates. Coagulation can occur spontaneously
under the influence of chemical and physical processes. However, in wastewater
treatment, coagulation is typically induced by adding specialized substances called
coagulants (Barakat, 2010). Coagulants, when introduced into water, form rapidly
settling flocs of metal oxide hydrates under the force of gravity.

For the treatment of chromium-containing wastewater, aluminium and iron salts
are commonly used as coagulants. The most widely used coagulant is aluminium
sulfate, Al>2(SO4)3-18H20, which is effective within a pH range of 5 - 7.5. Studies
have shown that using mixtures of Al,(SO4); and FeCl; in ratios of 1:1 or 1:2
significantly increases the settling rate of flocs and reduces Cr(VI) concentrations to
acceptable levels (Bashir, 2021).

Sodium aluminate (NaAlO,) and aluminium oxychloride (Al;(OH)sCl) are
employed for treating weakly alkaline waters due to their lower acidity and ability
to accelerate the coagulation process. Their combined use allows for increased
sludge density and expands the effective pH range (Homelia et al., 2012).

Iron salts, particularly Fex(SOs4); and FeCl,, demonstrate high coagulation
efficiency at low water temperatures and across a broad pH range (6 - 9 for Fe** and
9.5 and above for Fe**) (Bashir,2021). Ferric chloride is typically used at 10-15%
and Al>(SO4); not only facilitates Cr(VI) removal but also enables the recovery of
Cr(IIT) for subsequent industrial reuse (Homelia et al., 2012).

Furthermore, natural flocculants (e.g., starch, cellulose) and synthetic polymers
are utilized to neutralize chromium. These substances accelerate particle aggregation
and promote the formation of dense flocs (Lazarieva et al., 2019; Bashir, 2021).
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The high toxicity of sulfide-alkaline solutions and the impossibility of their direct
discharge into water bodies and soils necessitate the research and development of
alternative and more effective technologies for their processing and neutralization.

One method that prevents chromate ions from entering municipal sewers is ion
exchange (Homelia et al., 2004). However, the implementation of ion exchange
technology leads to the accumulation of regeneration solutions, the disposal of
which results in the formation of toxic sludges and the loss of valuable
components. In this context, the selective removal of Cr(VI) is crucial, as it avoids
its reduction to Cr(Ill) and subsequent change in oxidation state. Nevertheless,
when using membrane methods, Cr(VI), being a strong oxidizer, can cause damage
to polymeric membranes, limiting their application. Thus, the issue of effective
disposal of regeneration solutions remains relevant, as Cr(VI) can be present in
concentrated form as chromate or dichromate, requiring further processing and
disposal methods.

During the desorption of chromium (VI) from anion exchangers, regeneration
solutions are formed, the composition of which depends on the chosen type of
regeneration. For example, when alkalis are wused, solutions containing
chromium (VI) in concentrations of about 10 g/dm? are produced, with an excess of
NaOH potentially reaching about 10 g/dm®. Solutions formed using formic acid in
the reductive regeneration process should be evaporated in a rotary evaporator. This
process distils off water with excess formic acid, and this solution is then reused for
ionite regeneration. The residue is chromium formate, which is a valuable substance
(Table 1). From chromium formate, metallic chromium can be obtained in a reducing
environment. This product is used in the production of metal powders and in
applying metallic coatings to surfaces (Homelia et al., 2004).

The reviewed method for processing and utilizing chromium-containing
regeneration solutions enables the creation of environmentally friendly technologies
and the isolation of chromates as valuable products (Homelia et al., 2004).

When dealing with high concentrations of heavy metals in wastewater,
electrochemical treatment methods are often employed. These methods are
advantageous as they typically do not require additional reagents and can be fully
automated. In most cases, electrochemical methods are environmentally clean,
eliminating the "secondary" contamination of water with anionic and cationic
residues that are characteristic of reagent-based approaches.

Table 1. Obtaining Chromium Formates During Reductive Regeneration
(Homelia et al., 2004)

Composition of | Reagent |Mass of Sorbed Mass of Yield
Regeneration Dose, Chromium (VI), | Cr(HC(0)O)3, Cr(HC(0)O)s,

Solution g g g g
C5Hs0:s, 1:20 2,01 6,5 96,3
HC(O)OH
C5Hs0:s, 1:10 1,94 6,6 97,1
HC(O)OH
C3H;0;3, 1:1 2,01 6,7 96,7
HC(O)OH
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A patented electrochemical wastewater treatment technology exists for removing
chromium-containing compounds. During this purification process, all chromates
convert into insoluble Cr(OH); compounds. However, a drawback of this method is
the need for complex equipment, specifically an electrolyzer with lead electrodes,
and increased energy consumption.

A combined electrocoagulation-electroflotation process has been developed to
reduce Cr(VI) concentrations to below 0.5 mg/L without the need for filtration
(Gao et al., 2005). This process involves the preliminary reduction of Cr®* to Cr*”,
followed by the coagulation and flotation of Cr(OH); and Fe(OH); sludge using air
bubbles. This method can decrease energy consumption to 1 kWh/m?® of water at an
electrical load of 2.5 F/m? of water. Nevertheless, a challenge with this technology
is the removal of fine flocs, which may require additional purification steps.

Electrochemical methods for neutralizing or regenerating chromium-containing
effluents are categorized into several types: electrolysis without a diaphragm, membrane
electrolysis with one or more membranes, electrocoagulation and galvanocoagulation,
electroflocculation, and electroflotation (Pylypenko & Spasonova, 2020).

It's worth noting that electrodeposition of metals from wastewater addresses
several critical objectives, particularly technical-economic (by returning metals to
production) and environmental ones, which draws significant attention. However,
the use of electrochemical methods faces several limitations. The efficiency of
wastewater purification during electrochemical treatment is influenced by various
physicochemical, electrical, and hydrodynamic factors, including the wastewater's
salt composition, temperature, the composition of added electrolyte, the flow rate of
water in the inter-electrode space, and current density (Liniucheva et al., 2017).

While electrochemical methods offer potential for wastewater treatment, they
require precise adherence to influent parameters, which is often challenging to
achieve under real industrial conditions. Additionally, the presence of extraneous
ions in the wastewater can interfere with the reduction process.

Sorption methods are highly effective and prevent the formation of mixed sludges
from spent solutions. Among these, the use of powdered activated carbon (PAC) is
particularly notable. It not only reduces Cr(VI) concentrations by reducing it to
Cr(III) but also allows for subsequent adsorption of Cr(Ill) onto the PAC itself.
A study (Shinde et al., 2018) found that this method can achieve purification levels
below 2 ppm without generating sludge, making it a promising option for industrial-
scale application. Key parameters for selecting a material for this method include its
sorption qualities, porosity, and cost-effectiveness. Carbon sorbents (Vukéevic et al.,
2014), iron compounds (Jung et al., 2013), and various natural biomaterials are used
as sorbents for treating spent chromium-containing solutions. The advantages of the
sorption method include:

- purification to the maximum permissible concentration (MPC) requirements;

- the possibility of recovering sorbed substances;

- the potential to return treated water to production after pH

adjustment (Pylypenko & Spasonova, 2020).

The main factors influencing the effectiveness of sorption (the sorption capacity
of the anion exchanger) are pH, contact time, and chromium concentration. Benefits
of this method include its extremely low sensitivity to the initial contaminant content,
the ability to discharge treated wastewater to municipal aeration stations, and the
option to discharge treated wastewater into water bodies for cultural and domestic
use (with additional purification using electrodialysis or ion-exchange filters).
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Research (Homelia et al., 2002) has demonstrated that the sorption capacity of
the anion exchanger AV-17-8 is maximized in the pH range of 2-6 when using
chromic acid solutions. At pH 7-13, the ion exchanger's capacity decreases by
a factor of 2 or more. The distribution coefficient reaches its peak value at pH 2 and
a chromium concentration of 10 g/L. At low chromium concentrations (up to 1 g/L)
in potassium dichromate solutions, the distribution coefficient in an alkaline
environment differs little from its values in a neutral environment. This particular
ion exchanger can effectively remove chromate anions from environments with pH
up to 12, at chromate concentrations up to 1 g/L.

In establishing the physicochemical characteristics of purifying natural waters from
chromium(VI) contamination using composite sorbents based on clay minerals
modified with nanoscale iron, the influence of key factors on the sorption process was
investigated. These factors included the dispersity of sorbent particles, the ratio of main
components within the composite sorbent, and the pH of the aqueous medium. The
effectiveness of chromium removal by modified silicate materials was compared with
the sorption capacity of synthesized nanoscale Fe$"0$ dispersions. To determine the
optimal conditions for chromium sorption by iron-containing materials, the impact of
sorbent-solution contact time was studied (I =0.01, Ccxvn= 1000 umol/dm?).

The obtained data indicate that the maximum sorption capacity for chromium by
the studied Fe” samples consistently increases with increasing dispersity. To enhance
the dispersity of nanoscale Fe® it was synthesized in the presence of
montmorillonite, and the physicochemical characteristics of its sorption capacity
towards metal anions were investigated (Pylypenko & Spasonova, 2020).

An alternative to using chemical reagents is the biological treatment method. This
approach is based on the natural self-purification capacity of water bodies and the
ability of plants and microorganisms to accumulate heavy metals. The high
accumulative capacity of microalgae regarding heavy metals creates prospects for
their use in wastewater treatment. Existing biotechnology experience indicates that
accumulation efficiency can reach up to 95% (Gorshkova et al., 2015).

Bacteria capable of reducing Cr®" to Cr’* include species from the genera
Pseudomonas, Aeromonas, and Escherichia. These bacteria can tolerate Cr®" ion
concentrations exceeding 200 mg/L, with a reduction time of 1-3 days. This time
increases to 20 and 60 days, respectively, when the initial concentration of chromium
compounds rises to 350 and 500 mg/L (Petruk et al., 2013; Homelia & Sagaidak,
2004).

Common disadvantages of biological methods for neutralizing spent solutions
containing chromium(VI) ions include the sensitivity of microorganisms to
changes in wastewater composition and increased concentrations of toxic
components; significant land area requirements; insufficient treatment efficiency;
and the lengthy duration of the technological process. Moreover, after treatment,
chromium accumulates within the biomass, which subsequently needs to be
disposed of, but now in the form of biomaterial (Petruk et al., 2013; Homelia &
Sagaidak, 2004).

Thus, modern treatment methods for hexavalent chromium removal have been
investigated and thoroughly reviewed. These include the use of natural sorbents,
traditional chemical reduction, ion exchange, electrochemical, and biological
methods. Table 2 provides a comparative analysis of the discussed treatment
methods, highlighting their main advantages and disadvantages.
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Conclusions and Prospects for Further Research

In conclusion, the disposal of spent chromium-containing solutions can be achieved
through numerous methods. The reagent method is currently the most widespread
practice in Ukraine for neutralizing electroplating wastewater. Its primary advantage
lies in its extremely low sensitivity to the initial contaminant content, while its main
drawback is the high residual salt content of the treated water, necessitating further
purification.

Table 2. Advantages and Disadvantages of Wastewater Treatment Methods for Cr(VI])

Method Essence of Method / Advantages Disadvantages
Method Principle
Reagent Involves converting | It is relatively simple to | The resulting sludges are
Method chromium(VI) ions to the | implement and does not | characterized not only by
trivalent state and | require specialized | a complex composition
precipitating them as an | equipment. It allows for | but also by an amorphous
insoluble  product. The | operation across a wide | gel-like structure.
reagent method can be | range of  effluent | Subsequent filtration and
considered two-stage; | parameters (qualitative | drying pose a significant
however, after obtaining | and quantitative | technical and economic
insoluble products, the pulp | composition, pH, etc.). | problem for enterprises.
undergoes several more | Most large machine-
processing steps: settling | building factories utilize
and filtration through a filter | this specific wastewater
press to produce sludge. treatment method.
Ion- Enable the purification | Require relatively low | Demand preliminary
Exchange | of spent solutions from | electricity consumption, | reagent treatment of spent
Methods both chromium(IlI) and | with the possibility of | solutions to separate mixed
chromium(VI) ions, | full process automation. | effluents and entail
allowing for the treatment of significant costs for ionite
large volumes of solutions acquisition. There is also
(up to hundreds of m*/hour). the problem of eluates,
which must be further
processed into disposable
substances. Without
addressing the problem of
eluate  disposal, ion-
exchange purification
leads to an almost threefold
increase in the total amount
of salt discharges.
Sorption Highly effective and among | Purification to | Low  productivity of
Treatment | the most environmentally | maximum permissible | sorption units; natural
friendly methods. Key | concentration = (MPC) | sorbents are applicable for
parameters for material | requirements; possibility | a  limited range of
selection include sorption | of recovering sorbed | impurities and  their
qualities, porosity, and cost- | substances; possibility | concentrations; cumber-
effectiveness. Carbon | of returning treated | some equipment; material
sorbents, iron compounds, | water to production after | operating limitations
and various natural | pH adjustment. based on the pH range of
biomaterials are used as the source water;
sorbents for neutralizing complexity of
spent chromium-containing regeneration.
solutions.
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Method Essence of Method / Advantages Disadvantages
Method Principle
Electro- Chromium participates in | Speed and completeness | The process requires
chemical reactions at the electrodes, | of reduction. No sludge | precise adherence to the
Methods primarily  involving the | is formed during | parameters of the
deactivation of hexavalent | electrolysis. incoming effluents, which
chromium by its reduction to is very difficult to achieve
the trivalent state at the under real production
cathode. To prevent the conditions. Additionally,
reverse oxidation reaction at the effluent composition
the anode, membranes and may include extraneous
diaphragms can be used. ions that interfere with the
reduction process.
Electrochemical reduction
is rarely applied in real
electroplating  industries
due to the complexity of
the equipment and the
overall high cost of the
process.
Electro- In both methods, iron is first | Speed and completeness | The disadvantages include
and dissolved. The resulting Fe?* | of reduction. Besides | the use of large quantities
Galvano- ions then reduce Cr® to | iron anodes, aluminium | of acid and alkali, and the
coagulation | Cr**, leading to the | anodes can also be used. | formation of a significant
Methods subsequent formation of amount of practically
Cr(OH)s. unusable sludge, which is
a mixture of iron and
chromium  hydroxides.
During the operation
of electrocoagulators,
clogging of the inter-
electrode space is
observed, necessitating
constant cleaning with
scrapers. When
maintaining galvano-
coagulators, it's necessary
to constantly maintain the
ratio of steel chips to coke
or steel chips to copper
chips.
Membrane | Suitable for treating low- | Membrane methods | In real-world conditions,
Methods concentration spent | prove effective for | similar to electrochemical
solutions, as high- | regenerating treatment methods,
concentration effluents | components from spent | maintaining precisely
quickly damage membranes, | solutions and certain | defined effluent
and the purification quality | types of rinse waters | parameters is difficult.

in such cases is often low.

after
operations.

technological

These methods are also
quite expensive to operate.
Membranes are rather
scarce and sensitive to
changes in the techno-
logical characteristics of
spent solutions.
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Method Essence of Method / Advantages Disadvantages
Method Principle
Biological | An alternative to using | Low energy | Sensitivity of
Methods chemical reagents. This | consumption, absence of | microorganisms to
method is based on the self- | secondary water | changes in wastewater
purification of water bodies | pollution, relatively low | composition and
and the ability of plants and | operating costs, and the | increased concentrations
microorganisms to | ability to meet stringent | of toxic components;
accumulate heavy metals. | discharge standards. | significant land area
The high accumulative | Existing biotechnology | requirements; insufficient
capacity of microalgae | experience shows that | treatment effect; and
regarding heavy metals | accumulation efficiency | lengthy technological
creates prospects for their | can reach up to 95%. processes. Additionally,
use in wastewater treatment. after purification,
chromium  accumulates
within the biomass, which
then requires  further
disposal, but now in the
form of a biomaterial.

The high toxicity of sulfide-alkaline solutions and the impossibility of their direct
discharge into water bodies and soils compel the research and development of
alternative, resource-saving technologies that generate minimal waste.

An analysis of modern treatment methods reveals that the sorption method is the
most optimal, considering both technical-economic indicators and environmental
criteria. This method can significantly reduce the concentration of chromium ions,
even from solutions where ion concentrations are low and other methods are nearly
ineffective. Natural aluminosilicates such as zeolites, bentonite clays, and
montmorillonite minerals exhibit good sorption properties.

Detailed studies have shown that composite sorbents display better sorption
properties for chromium than pure nanoscale iron. This is attributed to the inclusion
of clay minerals during synthesis, which enhances the sorption capacity of the
resulting composites by increasing their dispersity due to reduced agglomeration of
nanoscale iron particles, thereby increasing the specific surface area of the modified
samples. Prospects for further research include the search for and testing of new
sorbents derived from more accessible natural materials.

To enhance environmental safety, significant attention must be paid to
investigating the ion-exchange method for processing and utilizing chromium-
containing regeneration solutions. This method allows for the creation of
environmentally friendly technologies and the isolation of chromates as valuable
products, enabling their return to technological processes.

Thus, the results of the analysis indicate that electrocoagulation using hybrid
Fe-Al electrodes is a highly effective method for reducing Cr(VI) concentrations to
below 0.3 mg/L, achieving 97% removal (Gao et al., 2005). At the same time,
despite the significant efficiency of Cr(VI) removal, the regeneration of chromium
in the form of Cr(OH)s is limited due to the complexity of its subsequent extraction
and sludge processing. This underscores the importance of further research aimed at
improving technological solutions that not only remove chromium from wastewater
but also ensure its effective reuse in production processes, fostering a transition to
environmentally clean and resource-efficient technologies.
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C.C. llopomenko, O.I1. XoxoTBa
NEPEJIOBI PECYPCOE®EKTHUBHI TEXHOJIOTI'TI BUJAJTEHHSA XPOMY (VI)
3 IPOMUCJIOBUX CTIYHUX BO/J: AHAJII3 TA MNOTEHUIAJI IOBTOPHOI'O
BUKOPUCTAHHSA

AHoTanis. JIocnipKeHHS CTOCYeThbCS HAyKOBOTO Ta NPAKTHYHOTO 3aBIAaHHSI —
JOCITI/DKEHHS Cy4acHUX METOIB OYMIICHHS CTIYHHX BOJ, 3a0pyJHEHUX IECTUBAJIICHTHUM
xpomoM (Cr(VI)), 3 akiileHTOM Ha PO3pOOKY EKOJIOTIYHO OE3MEUHUX Ta PECYPCOCPEKTUBHUX
TEXHOJIOTIH. Y CcTaTTi aHai3yIOThCS KIFOUOBI MiXOU IO OYHIICHHS rabBaHIYHUX CTIYHIX
B0/, BKJIFOYAIOYH XIMIYHE OCA/KEHHSI, €IIEKTPOKOAryJIsIiio Ta TaJlbBAHOKOAT YIS0, IOHHUH
0o0MiH, MeMOpaHHY OiTbTpamnito, copOmiro Ta Oionoriuai Mertomum. OLiHEHO IEepeBary,
0oOMekeHHs, e(PEeKTUBHICTh Ta EKOHOMIUHY IOUUIBHICTH KOXKHOTO MeToxy. OcobimBa yBara
MPUIUIIEThCS TeXHONOTAM, mo BuAaroTe Cr(VI) 31 cTiYHHMX BOA Ta O3BOJSIOTH
BIZTHOBJIIOBAaTH 200 MOBTOPHO BUKOPHUCTOBYBATH €KCTPAroBaHi KOMIIOHEHTH B IIPOMHCIOBUX
mporiecax. PO3riIssHyTO NepCrneKTHBH 3aCTOCYBAHHS MPUPOTHIUX Ta CHHTETUYHUX COPOEHTIB,
NPOLIECiB I0OHHOTO OOMiHY /IS OTPUMAHHS LIHHKUX MPOJYKTIB, a TAKOXK EJIEKTPOXIMIYHUX Ta
010JIOTIYHMX MIAXO/IB K ANbTEPHATHB TPAAMIIAHUM XiMidHEM MeTomaMm. OOrpyHTOBaHO
PO3BUTOK TEXHOJIOTiH 3aMKHYTOT'0 LIWKITY SIK EPCIIEKTUBHUI HAIIPSIMOK MiHIMi3allii BIUIUBY
MIPOMHCIIOBUX CTIYHUX BOJ| HAa HABKOJIMIIHE CEPEIOBHIIIE.

KuarouoBi cioBa: criuni Boau, xpom (VI), oummeHHsS Boau, pecypco30epexeHHs,
MTOBTOPHE BUKOPHUCTAHHS, COPOIiitHI MeTOIH, 10HHUI OOMIH, €IeKTPOXiMiYHE OYWIICHHS,
0ioJIOTiYHE OYHUIECHHSI, YTUITi3aMlis BiIX0/1iB, €KOJOT19HO YHCTI TEXHOJIOTI].
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ECO-ENERGY POTENTIAL OF EXPLODED QUARRIES
AND RISKS OF ITS USE

Annotation. Aim of paper to propose a semi-quantitative model for rapidly ranking
disturbed industrial lands closed quarries as candidate sites for utility-scale solar
plants or remewable «energy parks», explicitly accounting for engineering
constraints and environmental-permitting risks. Method the study introduces a pre-
feasibility multi-criteria screening framework and an integrated EEP score (0-100)
computed from expert-rated components that reflect: solar conditions and terrain
shading, geotechnical suitability, grid-connection feasibility, environmental
restrictions and permitting effort, and logistics and site-related capital costs. Input
evidence is derived from open-access sources and translated into risk-adjusted
indicators relevant to eco-engineering decision-making. Findings — the framework
was tested on two quarry sites in Ivano-Frankivsk region. The Dubivtsi site achieved
EEP=59 (moderate attractiveness) while a stricter «stop-factory formulation
yielded EEP..»~45, indicating barriers requiring mitigation. The Yamnitsa site
demonstrated higher feasibility with EEP=68 and EEPg¢.,~46, primarily due to
improved geotechnical conditions and less risky grid integration. Theoretical
novelty — the paper operationalises the notion of «ecoenergy» renewable potential
on degraded land by combining resource availability with infrastructure readiness
and risk exposure within a single, transparent scoring construct. Practical
implications — the approach supports a 1-2 week desktop screening to prioritise
sites, pinpoint dominant constraints (typically grid and geotechnics), and justify
targeted field investigations and EIA scoping before full feasibility studies.
Originality — the proposed EEP scale and the complementary geometric («hardy)
aggregation enhance repeatability and penalise critical blockers, improving early-
stage comparability of quarry sites. Future research should calibrate weights
against realised projects, embed hydrological and slope-stability submodels.
Keywords: multi-criteria screening; eco-energy potential of disturbed lands,
geotechnical stability; solar generation.

A. Peabko

IBaHO-®DpaHKIBCHKUN HaiOHANBPHUNA TEXHIYHUH YHiBepcuTeT HadTu 1 razy, M. IBaHO-
®paHKiBCBHK, YKpaiHa

EKOEHEPTETUYHHMIA NOTEHIIIAJI BIIITPALIOBAHUX KAP’EPIB
1 PU3UKA HOT'O BUKOPUCTAHHS

Anomauin. Mema Oocniddcenns — po3pobumu Mooeib WUOKO20 NOPIGHIHHSI
MeXHO2eHHO NOPYUEeHUX Mepumopiil (8ionpaybo8anux Kap €pis) 3a npuoamuicmio
00 PO3MIWEHHST COHSIUHUX €eleKMPOCMAHYII YU eHepeOnapKie 3 Ypaxy8aHHsM
KIOYO0BUX THIICEHEPHUX MA eKOI020-NPABOGUX PUUKIE. 3anponoHogaHutl nioxio
[PYHMYEMbCS HA 6A2AMOKPUMEPIANLHOMY CKPUHIHZY neped MEXHIKO-eKOHOMIYHUM
OOIPYHMYBAHHAM 3 (DOPMYBAHHAM [HMESPANLHO20 IHOEKCY eKOCHep2emuiH020
nomenyiany EEP (0-100), skuii acpecye excnepmHi OYiHKYU 1 ’simu epyn YUHHUKIG:
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COHAYHI YMOGU A 3AMMIHEHHS, 2e0MEXHIUHA NPUOAMHICb, Mepedicese NPUEOHAHHS,
€KOJI02IUHI 0OMEIICeHH s, T02ICMUKA MA KanimaivbHi eumpamu. Bxioni napamempu
OMPUMYBANUCA 3 GIOKPUMUX OdCePel Ma IHMePNPemy8anucs 3 NO3UYill injiceHepHo-
exonoziunoi bOesnexu. Pezynemamu anpobosano Ha 06ox Kap'epax Isano-
@Dpanxiscokoi obracmi: oaa Oinanku nobauzy c. [ybieyi ompumarno EEP=59
(nomipna npusabaugicms) i EEPg.,~45 (naasnicms OLO0KYIOUUX UYUHHUKIG), O
Kap’epy nobauzy c. Amnuya — EEP=68 i EEP..,~46, wo ciouums npo euwjuii
eKoeHepeemuiHUil NOMeHYian Kap €py 3a paxyHoK Kpawjoi 2e0mexHiku ma yMog
npueonanna. Haykosa nosusna docniodxcenns noaseac 'y gopmanizayii nonamms
eKxoenepeemuyHUll NOMeHYian Kap '€py Ha 0e2padosanux 3emisax uepes inmezpayiio
DPECYPCHUX, IHOPACMPYKMYPHUX I DUSUKOBUX KOMNOHEHMIE 8 OOHOMY I[HOEKCI.
Ilpaxmuune 3HauenHs NPogeOeHUx OOCHIONHCeHb — MOMCIUGICMb 3a 1-2 mudicHi
BUKOHAMU PAHICYBAHNA KAD '€PIS, 8USHAUUMU NPOOIEMHI Micys ma 0OTpyHmMyeamu

npiopumemHicme  OemanibHUX SUWLYKY8AHb | OYIHKU BNIUBY HA OO0BKILIA.
3anpononosana wxara EEP ma «ocopcmxutiy 2eomempuynuti eapianm, AKi
RIOCUNIOIOMb  6NAUE  CMON-Qhakmopie i  nioguWYIOMb  8i0MEOPIOBAHICb

nonepeonbo2o 6i0bopy manoanuuxis. Ilepcnekmueu nodanvuiux O00CHiONHCeHb —

KaniopysamHs 6de 3a CMAMUCMUKOI Dpeani308aHux NpoEKmis, Oemanizayisi

2e0MexXHIYHUX i 2i0po2eonociuHux niomooerell.

Knrouosi cnosa: bazamoxpumepianbHutl CKPUHiHe, eKOeHep2emuyHUull nomeHyian

NOPYULeHUX 3eMeb, 2e0MEXHIYHA CMIUKICMb, COHAYHA 2eHepayis.
https://doi.org/10.32347/2411-4049.2025.4.69-81

Beryn

Eneprernka € oJHi€l0 3 BU3HAYAIBHUX Tany3ed eKOHOMiku Oynb-sKoi KpaiHw,
acrabinpHe Ta eQeKTUBHE eHeprosade3nedeHHs Oe3MocepeqHbO BILTUBAE HA
€KOHOMIYHE 3pOCTaHHS Ta CTAINH PO3BUTOK JiepikaBu [1].

3Ba)kaloud Ha TEHJEHII CHhOTOJCHHS, BCE Oulbla yBara HPUIUISETHCS
BUKOPHUCTAHHIO aJIbTEPHATHUBHUX BUIB €HEpreTH4HuX pecypcis [2]. Eneprernuna
nuBepcHpikallis J03BOJIUTH CYyTTEBO 3MEHIIUTH €HEPTeTHYHY 3aJIeXKHICTh YKpaiHy,
MIJBUIIATA PIBEHb EKOHOMIYHOI, HAIlIOHAJBLHOI Ta EKOJOTrIYHOI Oe3neku |,
BIJIMOBITHO, CITPUSITUME SKOHOMIYHOMY 3pOCTaHHIO [3].

Po3milieHHsT COHSYHUX €NEeKTPOCTAHILIN y BiANpalbOBaHUX Kap’€pax CbOTOJHI
BBaXA€ThCSI OJHMM 13 HaWOLIBII TEPCIEKTUBHUX HAMNpsMIB  TIOBTOPHOTO
BUKOPHUCTAHHS TEXHOTEHHO MOPYIICHUX TEPUTOPiH [4].

VY HaykoBifi JiiTepaTypi OCTaHHIX POKIB 3’SBHUJIHCS POOOTH, MPHUCBSUCHI Liif
tematuli. 30kpeMa, y poOoTi aBTopa [5] HOCHIAWIN MOXKIMBICTD HEPETBOPEHHS
MOKMHYTUX Kap’epiB Ha coHsuHi ¢epmu y CIIA. Bonu mnpoaHamizyBanu
18 3aKMHYTHX TipHUYMX AUBIHOK y mTartax @nopuna ta [leHcunbpBaHis 1 BUABUIN
MOKUBIcTh BcraHOBiIeHHS CEC, 3qaTHUX reHepyBatu a0 ~22% pivHOro MONHTY
eJIeKTpOeHeprii 1iytoro mrary ®nopuna. Asropu 3acrocyBanu ['IC-MomenoBaHHs 3
ypaxyBaHHSIM KPUTEPIiB IJIOI, YXHJIiB, Opi€HTAIlil, OJU3bKOCTI 0 MEPEX TOIIIO, 1
iU BUCHOBKY, 110 peKyibpTuBalis kKap epiB mig CEC Moxe iCTOTHO chpusTH
JOCSTHEHHIO YHCTOCHEPTeTHYHUX IIIJIEH PerioHy.

Y HaykoBifi poboTi [6] TpOBEAEHO OIJISA METOMIB  PEKYJIbTHBALIL
BiANpalbOBaHUX Kap €piB B AHIJII. ABTOpPH PO3IJISHYJIM Pi3HI TEXHIYHI TpUHOMH
BiJHOBJIEHHS JIaHAMA(Ty (BUIIOJIOKYBAaHHS YKOCIB, 3BOPOTHA 3acCHIIKa BHIMOK,
TepacyBaHHsSl YCTYHIB 31 CTBOPEHHSIM IPYHTOBOTO IOKPHBY TOIIO) Ta OioJOrivHI
miaxoau (HacaPKEHHS POCIUHHOCTI ab0 3aluIIeHHS TEepUTOpii I TPHPOTHOI
cykuecii). 3a3HaueHo, IO TpaAuLiiiHa peKyJabTHBaLis 3ade3meuye cTabimizawiio
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CXWIIB 1 TOCTYIIOBE BITHOBJICHHS €KOCHCTEM, IMPOTE OCTATOYHE BHKOPHUCTAHHS
PEKyIbTHBOBAaHUX Kap’e€piB 3a3BUYall OOMEXKYETHCS MACOBUILAMH, JIiCAMH YH
peKpeaiitHiMi 30HaM1 3 HEBUCOKOIO TOCMIOJAPCHKOI0 IIIHHICTIO.

Y pobGori [7] aBTOp OIIHWB TepeBard W OOMEXKEHHS BCTAHOBJICHHS
(hoToENMEeKTpUIHNX CTAHIIM Ha BigBalMaxXx TIPHUYMX MMAMPUEMCTB (IIAXTHHX
TepukoHax) y €Bpomi. JocmiTHUK Big3Hayae, M0 PO3MIICHHS COHSIYHUX MaHelnei
Ha BIIIpaIibOBaHUX MOPOJHHMX BiBajaxX € OJHUM 3 HAWKpAIIUX EKOJIOTIYHHUX Ta
€KOHOMIYHHX BapiaHTiB MIOBTOPHOTO BUKOPHCTAHHS 3€MEJb, X0Ua peaji30BaHo e
HebaraTo TakMX MPOEKTIB MOPIBHAHO 3 HasBHUM NoTeHLianoM. Cepea TOMOBHUX
TEXHIYHUX YMHHUKIB Ha3BAaHO KPYTHU3HY CXWIIIB BiJBJIiB, SIKA BUCTYIAa€ OCHOBHUM
OOMEXEeHHAM JUISI MOHTaXy ITaHeJe, MoTpeOyloun CIeialbHAX I1HXKEHEPHUX
pillieHb JUIsl JIOBTOTEPMIHOBOI CTaOLIBHOCTI KOHCTPYKIiA. BomHOodac HaBeneHO
ycmimHi npukinaau BecraHosineHHs CEC Ha Bigpanax y @paniiii, 1110 MiATBEPHKYIOTh
peani3oBaHICTh i€l ifiel Ha IpaKTHIIL.

VY OGarateox KpaiHaX TEpUTOPii BIANpPAlbOBAHUX Kap €piB MEPETBOPIOIOTH Ha
enepronapku [8]. Hanpuknan, B CIIIA Benwki cOHsSYHI Mapku MoOy[0BaHI B
kap’epax Apusonu Ta HeBaawm, B [lompimii Ha qanuii yac BiAOyBaeThCS PEKOHBEPCIs
BYTUTEHUX Kap’epiB y perioni Cinesis. €Bporneiicbkuii Coro3 oQilliifHO peKOMEHIYE
el MiXiJ K 3eJICHU MeXaHi3M peKyJIbTUBAIIT 3eMeJlb, 110 Biamnosigae Green Deal,
ESG-crannapram ta BoaHilt pamkoBiii iupekTusi [9].

Tox ms Ykpainu € MaiiOyTHI nepcriekTuBr. OCOOIUBO TIEPCIIEKTHBHI 00IacTi:
IBano-®pankiBcbka, JIpBiBChbKa, [nimponerpoBchka, KuiBcbka, IlonraBchbka, e
30CcepeIKeHO Hall0IbIIe Kap epiB.

AJe BUHHKAaE THTaHHS, SK TOPIBHATH BIiANIpamboBaHI Kap’epu 3a ix
eKOSHEePreTHYHNM TTIOTEHIIIaTIOM.

Mera HAyKOBOTO JOCHiI)KEHHSI: 3alpOIOHYBATH  MOJENb  OIIHKH
€KOCHEPTeTUYHOTO OTEHIIIATY BiIIpaIllbOBaHUX Kap’ €piB.

TeopeTH4Hi OCHOBH J0CTiTIzKEHHS

OxpiM mepeBar po3MillleHHs BiJHOBIIOBAHUX JKEpeN €HEeprii y BiAnpaunboBaHUX
Kap’epax (Tabm. 1), iCHYIOTb CyTT€BI PU3MKH, B TOMY 4HCHi ekojioriudi. O0’exTH
«3ENIeHO1» EHEPreTUKU HEOOXIHO PO3TISIATH B PO3Pi3i KiIBKOX KaTeropii, TaKux
SIK: 3MiHa SKOCTi aTMOC(EPHOTO TMOBITPs, BILUTUB Ha MMOBEPXHEBI Ta MiJ3eMHI BOAH,
BIUIMB Ha T'eOJIOTiI0, TPYHTH Ta 3€MJICKOPUCTYBAaHHS, BIUIMB Ha JaHIWAPTH Ta
010pi3HOMAHITTSI; BIUIMB HA CYCIUIBHI Ta COLIaIbHO-€KOHOMIYHI aCTIeKTH, BIUIUB Ha
KyJIBTYpHO-TYpUCTHUHY craamuHy [10]. Jlume 3BaXuBIIN epeBaru Ta HEJOIIKA
TaKHX BIUIMBIB, YM iX MOBHY BiJCYTHICTh MOXKHA BU3HAUMUTH HANOINbII NMPUIATHY
TEPUTOPIIO0 IS YJAIITYyBaHHS TOrO0 YM IHIIOIO «3EJIEHOr0» EHEPreTUYHOTrO
00’exta [11].

OpHak Kap’epd MarOThb CBOi OCOOJIMBI TEXHIYHI YMOBH, SIKi MOTpeOyIOThH
BpaxyBaHHs [12]. Cepen rogoBHUX:

- HecTabUTBHICTh YKOCIB Ta MoTpeda B MOCTIHHOMY re0TeXHIYHOMY KOHTPOJTI;

- MOYJIUBICTD MiATOMJICHHS! BUMAaraTHUMe YJIalITyBaHHS APCHAKHUX CUCTEM;

- 3MiHa MIKpPOKJIIMaTy B KOTJIOBMHAaxX MNOTpeOye MOAATKOBHX JOCIiIKEHb
(Hampuknan, HasBHI TeMIIEpaTypHi iHBepCii CHPHUATHMYTH e()EeKTUBHOCTI
poOOTH COHAYHUX TIaHEeNEel);

- HeOOXiAHMHU MiAOIp MOHTAXXHUX CHUCTEM 3 ypaxyBaHHSIM BEJUKUX TEpernasiB
BHUCOT.
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Ta6mums 1. Iepesaru po3mimenas CEC y BianpamboBaHuX Kap’ epax

Hanpsim [TepeBaru

PexynpTHBamis mopyuieHnx 3eMenb 0e3
JIOJATKOBOTO BHJIYYEHHS C/T yTims abo
NPUPOJTHUX TEPUTOPiil. SHIKEHHS TUIOBOTO
Exonoriunmii Ta epo3iHOr0 PU3UKY 3aBAsSKHU cTalimizarii
NOBEpXHi. BUKopUcTaHHs ierpajoBaHnX
3eMellb K €KOJIOTIYHO MPUITHATHA
IbTEPHATHBA.

Benuki BiIKpUTI U101, MiHIMAJIbHE
3aTiHeHHA. Bke HasgBHI mix i3H1 MUIIXHA Ta
eJeKTPHYHI MmiacTaHIil (SKi
IudpacTpykrypHuit BUKOPHCTOBYBAIUCH y BUAOOYTKY).
MOXITUBICTD PO3MIIIICHHS O0JIaTHAHHS B
Kap’epi HIDKYE PIBHS peNbeQy CIpUITHME
3MEHIIICHHIO BITPOBHX HABAHTAXKCHb.
Hwuspka BapTicTh 3eMIIi a00 BIICYTHICTB IIATH
3a OpeHIy /T mianpueMcTB. [TinBUIICHHS
ExoHoMiuHMi IHBECTHIIHHOT IPUBAOIUBOCTI IS PETIOHY.
MO>KJIMBICTD 3aJTyUSHHS «3€JIEHOT0Y»
¢inaHcyBaHHs Ta rpaHTiB €C.

Hogi po6oui micuis 3aMicTh BTpadueHol
BUA0OYBHOT isUTbHOCTI. 3MCHIIICHHS
CouianpHuit HEraTUBHOT'O BIUIMBY Ha HACEJIEHHS, OCKLIBKU
Kap’epu 3a3BUYAi My OLTBIINI
eKoJioriuHuii BB Hixk BJIE.

MeToauka qOCTiIKeHHA

Hamu 3ampomoHoBaHa HacTynmHa MoJenb [js TOPIBHSHHA Kap'e€piB 3a iX
E€KOCHEePreTUYHUM TIOTEHITiaJIoM. ba30Bi OIIHKK BapilOOThes Yy aiana3oHi Big 0 10
100, sixi maroTh mpocTuit pedTuHT: 0 — «HYJIHOBHIA €KOCHEPTETHYHUIN MOTEHITia,
100 — «MakCHMaNbHO MOXIIMBUH €KOCHEPTeTUIHUN TIOTEHITIaD).

Hanpukman, Hexait ans kap’epy { MU MaeMo 5 0a30BUX HOPMOBAHHX OIIHOK
(KIJIBKICTB OI[IHOK MOXKE OYTH 301JIbIIICHA):

S; — COHSYHWH TIOTEHITiall Ta 3aTiIHEHHS;

G; — TeoTexHiuHi 0COONMBOCTI TepuTOpii (CTaOLIBHICTE Ta MPHUIAATHICTH IO

ymnamryBanusa CEC);

M; — BigianeHicTh eJIeKTPOMEPEK Ta CKIAAHICTh IPHEAHAHHS;

E; — exonoriuyni 0OMexXeHHsI Ta JO3BOJIH;

L; — noricTKa Ta MPOEKT KaIliTAILHUX 3aTpar.

KoxHa oIliHKa BUCTABJISETHCS EKCIIEPTHUM IIIJISIXOM B Jiana3osi 0...10.

Toni Mozenb OLIHKK €KOSHEPTeTHYHOTO MOTEHIiaTy MaTUME BUIJISA:

EEP; = 100 x (0,25S;+0,20G;+0,25M;+0,15E;+0,15L,). (1)

TakuM YMHOM, BpPaxOBYIOUH TPU BIPOBADKEHHI BiJIHOBIIOBAHUX JDKEpeEl
eHeprii y BiAmpanboBaHUX Kap’ €pax BCi KPUTEpPii pU3HKY, MOKHA BHOKPEMUTH
HOTO €KOCHEPTeTUYHHIA MMOTEeHIliaN, 30IIBIINTH EHePTeTHYHY, TYPUCTUYHY, a, SK
HACITIIOK, 1 EKOHOMIYHY BUTOIY TP MiHIMaJIbHUX BIUTMBAaX Ha PIBEHb €KOJIOTIIHOT
oesmexu [13].
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Pe3ysbTaTu 10CHiIKeHHS

3 MeTor0 onpoOyBaHHS 3alIPOIOHOBAaHOI MOZET Ha peajbHUX Kap €pax, Bi3bMEMO
JUIS TIOpiBHAHHA 1Ba 00’ekth. [l orpuMmanHsA iHMOpMAIli Ta CTAaTHCTHYHHX
XapaKTEepPUCTHUK 00’ €KTIB BUKOPUCTAEMO JOCTYITHI BiTKpHTi mxepena: Google map,
I'moGanbumii constuHmii ataac [14].

[lepma ninsuaka po3ramoBaHa B okomuisax c. Jy6ismi (IBaHo-DpaHKiBCEKa
obmacts) (puc. 1).

GH 3193

3724

Puc. 1. CynytaukoBe 300paskeHHS Kap’epy mo0Oim3y HaceleHoro myHkTy JlyOimi IBano-
®paHKiBCHKOI 0071acTi, 13 3a3HAYCHHAM ii TeOIOKAIi] s OI[IHKH MOXKIIMBOCTI Oy IiBHUIITBA
COHAYHOI eNEKTPOCTAHIIIT

Le#t xap’ep Bigkpwmu me y 1964 poui. Buminena 30Ha XapakTepu3yeThCs
BIIKpUTOI He3a0ymoBaHOW TepuTopiero. [IpomucioBa AiNsHKA 3HUKYE PH3UKU
3aTiHEHHs Ta OTCHIIHHIH KOHQIIKT 3eMJIEKOPUCTYBaHHS.

VY mpaBiii yacTUHI pUICYHKa HaBeJleHI po3paxoBaHi €HepreTHYHi Ta KIiMaTH4Hi
napaMmeTpH 3rigHo 3 nanumu [odamsHOTO coHsuHOrO arnacy [14]. Jlana minsaka
Ma€ HACTYIIHI XapaKTEePUCTHKH:

1. Crneuungivna BuxigHa NOTYKHICTh Juis noTeHuiHoi CEC, sika mopiBHIOE
3,140 kBrxron./kBt Ha 00y BM3HA4ae cepeAHHO000BUH TOTEHITIITHIIA BUPOOITOK
eekTpoeHeprii 3 1 kBT BCTaHOBJIEHOT TOTYKHOCTI.

2. [lpsmMe HOpMaibHE ONPOMIHEHHS JUIS  JAaHOI  JUISHKH  CKJIaJIa€
2,832 xBrxromx./m* Ha nmoOy. llell moka3HUK BaXKIMBUUN ISl CHCTEM 13 COHSIYHUMH
TpEeKepamH.

3. I'moOasnbHEe TrOpU30OHTAJbHE ONMpOMiHEHHs ckiazae 3,193 kBrxrom./m?> Ha
no0y. Ile 3aranbHuil piBeHb COHSYHOT pajiiaiii Ha FTOPU30HTANBHIN TOBEPXHI.

4. ludy3He ropu3OHTABLHE ONpoMiHeHHs aopiBHIOE 1,580 kBTxrom./m?> Ha
n00y. Ile yacTka po3cissiHOT COHSAYHOI €Hepril, sSKa TaKOXX YaCTKOBO BJIOBIIIOETHCS
COHSTYHUMH TTaHETISIMH.

5. I'mobGanpHe HaxwWiIeHE ONMPOMIHEHHS MiJ ONTUMAIBLHHUM KYyTOM JIOPiBHIOE
3,724 xBrxroza./m? Ha no0y. Lle 3abe3neuye MakcuManbHUNA €HEPreTHYHUN e(eKT
MIPU MOHTAX1 MOJIYJIIB TiJl ONTHMAIEHUM KYTOM.

6. OntumanbHHUN HaxXI POTOSIEKTPHIHUX MOTYITIB: 37°.

7. CepennbopiuHa TemrepaTypa mnositps: 8,9°C 3arajoM CHpUSTIUBA IS
eheKTUBHOT pOOOTH COHSYHMX TTaHEICH.

8. Bucora penpedy oOpanoi minsakm: 212 M Haj piBHEM MOPSI.
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Kaprorpadiunuii Mmatepian MicTUTh TororpadivHi 1aHi 3 CyIyTHHKOBOTO PEXKUMY
BiZJOOpaXCHHsI, IO J03BOJIMIIO TAKOXK OLIHUTH MOPQOIIOTII0 TEPUTOPIi, CTPYKTYPY
3eMJIEKOPHUCTYBaHHSI Ta BiICYTHICTh LIUIbHOT 3a0y10BHU B 30Hi iHTepecy [15].

OTpuMaHi 3HAYCHHS I1HCOJAIII CBIAYAaTh PO BHCOKHA MOTEHINAT COHSIHOL
reHeparii y Mexax JOCTIIKYBaHOI NUJITHKM Ta JOIUIBHICTE 1i BUKOPUCTAHHS IS
po3MimieHHsT (POTOENEKTPUYHMUX MOAYMNIB. 3 BaKJIMBHX PHU3HKIB, sIKi TOTPiIOHO
BpaxyBaTH IPH PO3PAXyHKY, HASBHUI HECIPUSTINBUH penbed: Kap’€p 3HAXOIUTHCS
y kotnoBani, Tomy mnpu posmimeHHi CEC moTpiOHO BpaxoByBaTH IOTEHIIIHHE
3aTiHeHHs Bix 6oprtiB [16]. s ymoB 3axinHoi Ykpainu ue no0puit pecype.

[ligTBepAMMO OLIHKY PO3pPaXyHKOM MOJIEITI.

ConsuHU# pecypc + 3aTIHEHHS:

S=0,88x(1—-0,12) = 0,77. )

BpaxoBaHo CHiBBiTHOIIEHHS MaKCHMaJIbHOTO MOXJIMBOTO y IIbOMY Kap’epi
COHSYHOTO PECYpCy IO MaKCHMaJhHOTO MOXKJIMBOTO Cepel Kap’€piB y perioHi sk
0,88. 3atinenns (0opTu Kap’epy, paHKOBI/BeUipHi TOAUHHU) 00paxoBaHo K 12%.

l'eoTexHiuyHMN pU3HK:

G =0,6x(1—0,25) = 0,45. 3)

HasiBHICT, CYIYTHHUKOBOT'O 3HIMKY JO3BOJIMJIA OILIHUTH HPHIATHY IS
ynamryBanHss CEC mionty Ha piBHi 60% Bix 3aragbHOi IUIOINI  Kap’epy.
l'eoTexHiuHmii pu3uK (3CyBH, OCimaHHS) OOTpYyHTOBaHO Ha piBHI Rgeo = (.25.
VY 11bOMy BiJIIpallbOBAaHOMY Kap’€pi 4acTHHA Tepac CTaOuIbHA, y IICHTpalbHIH
YaCTUHI MIPUCYTHI aKTUBHI YKOCH.

MepexeBe npueJHAHHS:
6

M=(1-0,3) e 10 4)
M =0,7 x 0,55 = 0,39. (5)

Hamu Oyno omineHo MepekeBe MPHUETHAHHS JI0 3arajibHOI eJIeKTPOCHUCTEMHU
TUTIOBO JUIS CLTBCHKOT MiCIIeBOCTI. Y MaHOMY BUmaAKy Bigcrans fo I1IC 35/110 kB
ckianae Omm3pko 6 kM. XapakTtepHa BinctaHb dy, = 10 kM. HasBHUil MepexeBuit
pU3UK (OCKUIBKM HEBiJOMa MPOMYCKHA 3JaTHICTB), TOMY Rgi¢ = 0,3. Huzbkmit
koedimieHT nporo mokasauka M = 0,39 — e THIOBUI «CIaOKU TyHKT» Kap €PIB.

ExooOmexeHHs:

E=1-0,20=0,80. (6)

AHaJti3 CyNMyTHUKOBUX 3HIMKIB JO3BOJINB BCTAHOBUTH HACTYIHE: MPUPOAHO-
3aIloOBiJIHI TEPUTOPii B MeXaxX IUISHKH BIJIICYTHI, BOJOUMH HE MPOCTEKYIOThHCS,
MopyY 3HAXOASTHCS CilbchbKOrocmoaapebki yrimas [17]. Moxna mnepeabaunTu
cTa”apTHy npouenypy OB/JI.

JloricTuka oriHeHa sK:

L = 0,60. N

BpaxoBaHo HacTymHi (pakTOpH: € Iia i34, MPOBEACHI 3HAYHI 3eMIIIHI POOOTH,
BHCOKa 3allMJICHICTh TEPHUTOPIi 30UIBIIMTE MOTOYHI 3aTpaTH. Kap’ep morpebye
npeHaxy nepen BcranoBieHHs M CEC.

[lincymkoBuii iHeKc (3BaXkeHa cyma):

EEP =100 x (0,25 x 0,77 + 0,2 X 0,45 + 0,25 X 0,39 + 0,15 x 0,80 +
0,15 x 0,60) = 59. (8)
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A00 OUIBII «KOPCTKHIT» BapiaHT (JlorapuMiuHui):
EEPye, = 10 X (0,77°25+0,45%2° +-0,39%25+0,80%1° +0,60%%°) = 44,7. (9)

IaTepnperaris pe3ynprary momaHa B Ta0. 2.

Tabmuns 2. [HTEprpeTanis pe3yabTary po3paxyHKy MOJEIi

3HauCHHS IHTepnperanis
EEP ~ 59 Cepenniit HOTeHI_IiaJ:I, MOXJIMBUN npoekT. Kap’ep HPHI{aTHHﬁ g CEC,
Halkpammmii crieHapii: 10-20 MBT, kackajHe po3MIllIeHHs Ha Tepacax
EEP,., = | € Gnokepu, moTpibHa onTumMizamis. EnexTpomepeska i reoTexHika —
45 KIJTIOYOBI PH3HKH

Posrnsaemo npyry ninsHky. Takox kap’ep B Oe3nmocepemHiid OJIM3BKOCTI Bif
Micra [BaHo-®PpankiBcrka y ¢. SAmuaus (puc. 2).

Aani xapTv

Ans 11555
DNI 1056.9
GHi 1168.9
IF 582.6

GTlopta 13756

37/ 180

TEMP 89

ELE 230

Puc. 2. CynyTHuUKOBEe 300pakeHHsS Kap’epy moOnusy c. SIMHHIS 13 3a3HaueHHAM 11
reoJIOKa] JUIsl OL[IHKY MOXJIMBOCTI OY/IIBHUIITBA COHAYHOT €IEKTPOCTAHIIIT

VY mpaBiii yacTUHI pUICYHKa HaBeJlleHI po3paxoBaHi €HEpPreTHYHi Ta KJIiMaTH4Hi
napameTpH 3riiHO 3 JaHuMU [1100anbHOrO coHsYHOTrO atnacy. /lana minsHKa Mae
HACTYTHI XapaKTEPUCTHKH:

1. Crnenncdivna BuximHa notyxHicTh st moteHninHoi CEC, sixka mopiBHIOE
1155,5 kBtxron./kBT y pik BU3HAa4Ya€ cepeJHbOPIYHUN MOTEHIIHHUN BHUPOOITOK
esekTpoeneprii 3 1 kBT BcTaHOBIEHOT MOTYKHOCTI.

2. IlpsmMe HOpMajJbHE ONPOMIHEHHS Ui JaHOi  JOUISIHKM  CKJIaJae
1056,9 kBrxrog./m?. Lleli  NOKa3HMK BaXKIIMBHH [/ CUCTEM 13 COHSYHHMH
TpEeKepamH.

3. I'mobGanpHe TOpH3OHTANIBHE OnpoMiHeHHS ckiamae 1168,9 kBrxrom./m?. 1le
3arajibHUH PiBeHb COHSAYHOI pajialii Ha TOPU3OHTAIBHIH TOBEPXHi.

4. NMuddys3He ropuzoHTaIbHE ONPOMIHEHHs AopiBHIOE 582,6 kBr*rom./m2. 1le
4acTKa PO3CIsTHOT COHSYHOI €Heprii, sSIKa TAKOXX YaCTKOBO BIIOBIIOETHCS COHIYHUMHU
MaHEISIMH.

5. T'moGanbHe HaXWIEHE ONPOMIHEHHS MiJi ONTHMAILHUM KYTOM JIOPIBHIOE
1375,6 kBrxrom./m?. lle 3a0e3neuye MakCUMajdbHUN EHEPreTUYHUIN e(peKT Npu
MOHTaXKI MOJYJIB Mi/l ONTUMAJIbHUM KYTOM.

6. OnTuMmanbHui Haxu1 GOTOCIIEKTPHUUHUX MOaYIiB: 37°/180°.
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7. CepenHpopiuHa Temimeparypa moBiTps: 8.9°C 3arajoM CHOpUATINBA IS
e(eKTHBHOI pOOOTH COHSIYHUX MaHETCH.

8. Bucora penbedy o0panoi aisaky: 230 M Hax piBHEM MOPAI.

Kaprorpadiuauit marepian wmicTuth TomorpadivHi JaHi 3 CYIMYTHHKOBOTO
peXuMy BiIOOpaXeHHS, IO JO3BOIHIIO TAKOX OIIHUTH MOP(OIIOTII0 TEPHUTOPIi,
CTPYKTYPY 3€MJIEKOPUCTYBaHHS Ta BiICYTHICTh IIUIbHOI 3a0YOBH B 30HI1 iHTEpeCy.

OTpuMaHi 3HAYCHHS I1HCOJAIII CBIAYATh PO BHCOKHHA MOTEHINA] COHSIHOL
reHeparii y Mexax JOCTIIKYBaHOI JUJITHKM Ta JOIUIBGHICTE 1i BUKOPUCTAHHS IS
PO3MILIeHHS POTOCNEKTPHIHUX MOTYJIiB.

[ligTBepAMMO OLIHKY PO3pPaXyHKOM MOJIEITI.

ConsyHHH pecypc + 3aTiHEHHS:

S = 0,8896 x (1 — 0,10) = 0,8006. (10)

BpaxoBaHo CHiBBIZHOIIIEHHS MaKCHMAlLHOTO MOMJIMBOTO Y IBOMY Kap’epi
COHSTYHOTO pecypcy IO MaKCHUMaJbHOTO MOXKJIMBOTO cepell Kap €piB y perioHi sK
0,8896. 3arinenns (6optu Kap’epy, paHKOBI/BedipHi roauHu) oOpaxoBaHo sk 10%,
OCKLIBKH Kap’€p MEHII TTHO0KUH, HiXK TOTIEPETHIH.

['eoTexHIYHMIA PU3UK:

G = 0,70 X (1 — 0,20) = 0,56. (11)

HasBHICTH CYNyTHUKOBOTO 3HIMKY JTO3BOJIMJIA OLIHUTH NPUAATHY i cTabiibHY
s ynamryBaHHs CEC mnomy nHa piBai 70% Bin 3aranbHoi mjomii Kap’epy.
l'eoTexHiuHmii pu3WK (3CyBH, OCiaHHS) OOIpyHTOBaHO Ha piBHI Rgeo = 0,2.
VY 11p0My BiANIpaibOBaHOMY Kap’€pi Oijibllla YaCTHHA Tepac CTadiIbHA.

MepexeBe npueIHaHHS:

3
M = (1-0,25) X e 10 = 0,5556. (12)

Hamu Oyno omiHeHO MepekeBe NMPHUETHAHHS 10 3arajibHOI €JIeKTPOCHUCTEMH
THIIOBO JIJISL CIIBCHKOI MicIIeBOCTI. Y aaHomy BuUnanky Bijactanb a0 [1C 35/110 kB
cknanae 6mm3pko 3 kM. XapakTtepHa BinctaHb dy = 10 kM. HasBHUil MepexeBuit
PUBHK, TOMY Rgig = 0,25.

ExooOmexxeHHs

E=1-0,15=10,85. (13)

AHaii3 CyHmyTHUKOBUX 3HIMKIB JIO3BOJIMB BCTAHOBHTH HACTYITHE: HPHUPOHO-
3aMoBiHI TEpPUTOpii B MeXax IISHKU BiJICYTHI, BOZOWMHU HE IMPOCTEXKYIOThCS,
MOpyY MPOMKCIIOBA TEPUTOPIs Ta AHTPOTIOTCHHUI BIUTUB, TOMY TYT PU3HMK HIKYHH,
HiX Yy onepegHpoMy BapianTi. MoxkHa nepeabaunTu crannaptHy npouenypy OB/I.

JloricTuka oniHeHa sk:

L =0,70. (14)

BpaxoBano HacTymHi (axkTopu: € Mia’i3au, JOTICTHYHA KapTa € Kpamow y
3B’SI3KY 13 OJM3BKICTIO IO 00JIACHOTO IIEHTPY, HHXKYa 3aIHIICHICTh TEPUTOPIT, HIXK y
MOTIEPETHHOMY BHUIIAJIKY.

[TincymkoBuii iHeKc (3BaXkeHa cyma):

EEP = 100 x (0,25 x 0,80 + 0,20 X 0,56 + 0,25 x 0,55 + 0,15 x 0,85 +
0,15 x 0,7) = 68,2. (15)

A00 OLTBII «KOPCTKHIT» BapiaHT (JorapudmMidHmii):

EEPe, = 10 x (0,80%%%+0,56%2° +0,55%25+ 0,85%1% +0,70%1%) = 46,22. (16)
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Ieit kap’ep BAMIISIAE KPALTUM 32 TIOTIEPEAHIH (e eKOCHEPTeTHIHHIA TTOTESHITIaI
JIOpiBHIOBaB 59) uepe3 TPOXH BUILY iHCOJIAIIIO, Kpalle MiIKIIOYCHHS 0 MEPEeK,
Kpallli yMOBH I'€OTEXHIKH.

OTxe, OIIHKY €KOEHePreTHYHOTO IMOTEHINaly BiINparbOBaHUX Kap €piB TiX
COHSYHI eNIEeKTPOCTAHIII{ UM €HePromapKy 3pyJHO POOHUTH K OaraTOKpHUTEpiaTbHHUMA
CKPHHIHT TIepell TEXHIKO-eKOHOMIYHUM OOTPYHTYBAaHHAM IPOEKTY.

Takuit ckpuHIHT MOXe OyTH [OCHTh UIBHAKAM 13 BUKOPHUCTaHHIM
3anpornornoBanoi Moxen (1-2 Twkui Ha 1 00’ekT). OiHIOBaHHS PHU3HKIB IUIA 1X
3aCTOCYBaHHSI y MOZEJI AIF0UOro Ta IMEPCHEeKTHBHO PEKYJILTHBOBAHOTO Kap’epy
BapTO BUKOHYBAaTH y KiJIbKa €TaIliB:

1. ImenTHdikamis TPUPOAHMX 1 TEXHOTCHHHMX HEOE3NMeK 3a Marepiazamu
TCOJIOTIYHUX, T1APOTeOIOT YHUX Ta TIPHUYOTEXHIYHUX JOCIiIKEHb, CYITy THUKOBUX
3HIMKIB 1 TOnorpagiuHux Kapr.

2. BupnineHHs 4yTIIMBHX PENENTOPIB JOBKULIS (HACEICHHS HABKOJUIIHIX CiJ,
TPYHTOBO-OEpEeroBi KOMILIEKCH, IOBEPXHEBI Ta IMiA3€MHI BOJHW, TPaHCIIOPTHA
iHppacTpyKTypa, 6ioTa).

3. HamiBkinbKicHa OIIHKA PHU3WKIB 32 MATPHUICI0 «HMOBIPHICTH — MaciiTad
HacmiakiBy (5-10-06anmpHa mikama), 3 paHXyBaHHSM pPH3UKIB Ha HETPHHHATHI,
KepOBaHi Ta MPUIHSATHI.

4. ®opMmyBaHHS KapTH PU3HKIB Kap’€py 3 ypaxyBaHHSM 30H BIUIMBY IHIY,
IIyMY, MO>KJIMBUX 3CYBIB, 3aTOIUICHHS TOIIO.

Pusnku po3risiHeMo AeTanbHO Ha MPHKIIA APYroro Kap’epy B ¢. SMHHUIIS.

leomoriuni Ta rimporeomexaniuni. Kap’ep po3ramoBaHuid y JOJTHHHO-
piBHUHHOMY JaHMMIadTi 3 HASBHICTIO AFOBIaIbHUX Ta NETIOBIABHUX BiTKIIAIB,
nobnu3y nonuHu piuku buctpuns. OcHoBHI HeOe3meku: HeCTiMKicTh OopTiB
Kap’epy, 3cyBH Ta oOBayu. [lopylieHHs MPUPOAHOT PIBHOBArW CXWJIIB, HASBHICTh
TEKTOHIYHOT TPILMHYBATOCTI, CE30HHE TEPE3BOJIOKEHHS Ta CEHCMIYHICTh PETiOHY
(Kapmarcekuii mosic, iHTeHCHBHICT, 10 7 Oamie 3a MSK-64) migBumyroTh
IMOBIPHICTh JIOKQJIbHUX OOBaJliB TOpia. Pusuk 3pocrae mpu MHOJAJIBIIOMY
3arnuOiieHHi kap’epy. lle 3arpokye TexHilll, HEepCOHaTy U iHPpPaCTpyKTypi.
Cnocrepiraerbes nedopmarist NpuiaerIux TepuTopiil. I'ipHndi poOoTH CTBOPIOIOTH
MOJIS PO3BAHTAXKEHHS, 1[0 MOKYTh BUKIMKATH OCiTaHHS ad0 MIKpO3CYBH Ha MEXi
Kap’epy Ta CLIbCHKOTOCIIONAPCHKUX YTiJb, 3aI3HUYHOI TIJIKK 1 MpoMMaiiTaHduKa
3aBOJy. 32 MATPHUYHMM ITiIXO/IOM I1i PH3HKH BiTHOCATBCS JI0 KaTeropii BUCOKUX IS
nepiofy aKkTHBHOI eKcInTyaramii # moTpeOyroTh IMOCTIHHOTO T'e0Je3WYHOrO Ta
TCOTEXHIYHOTO  MOHITOPHHTY  (KOHTpOdb  Jedopmariif,  iHKIiHOMETpis,
CEICMOMOHITOPHHT).

lgporeonoriuni Ta  BOAHO-€KOJIOTIYHI  PH3MKH  [UII  BUKOPUCTAHHS
€KOCHEPTeTUYHOT0 TOTeHIiany Kap’epy. [lopylieHHS MOBEpXHEBOIO CTOKY Ta
miATOIIeHHs. BijgBayi Ta BHYTpINIHI JIOPOTH 3MIHIOIOTH CXEMY JIPEHYBaHHS, IO
MOXKE CHPUYMHUTH JIOKaJbHE MiATOIUIEHHS MPWIETNIMX OpHUX 3eMellb 1
MPUCKOPEHHS epo3ii ApiB.

3a0pyIHEHHS Mi3EMHUX 1 TOBEpXHEBUX BOJI. [[0TEHIIIHHI IIIAXH — IHPLIBTpAIis
Yyepe3 BiaBanM NHUIONOAIOHOI (pakiii IeMEHTHOI CHPOBHMHH, BUTOKU IMaJHBHO-
MacCTWIBHUX MartepiajiiB, IUIaMiB, CTIYHMX BOJ 3 NpOMMaiiaHuuka. 3a YMOB
TiIPaBIIYHOTO 3B’S3KYy 3 PIYKOBOIO JIOJIMHOK ICHYE PpHU3HK IepeHEeCeHHs
3a0pyIHIOBAYIB Y HANPsAMKY MATHUX JCIHIEHTPaIi30BaHUX BOJ03a00PIiB HACEICHUX
MYHKTIB HIDKYE 32 TEYi€lo.
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Lli pu3HKHU OLIHIOIOTHCS K CEPEIHI-BUCOKI; IS TXHBOTO 3HIKEHHS HEOOXIHI
MpoTU(IIBTPAIliiiHI €KpaHU B 30HAX 30€piraHHs MATUBHO-MACTHIILHUX MaTepialis,
JIOKaJbHI OYMCHI CHOPYAM JOIIOBOTO CTOKY, KOHTPOJIb XiMIYHOTO CKJIaLy
I'PYHTOBHX 1 TIOBEPXHEBUX BOJI.

ATMmocdepHe oBITpS, IyM Ta 310poB’ s HaceneHHs. Hacemenuit myHKT SAMHUIIS
Ta TpHUMICbKi TepuTopii IBaHO-DpaHKiBChbKA 3HAXOASTHCS B 30HI BIUIMBY
MMAJIOTa30BUX BHUKHUIIB MY [EMEHTHOI CHPOBHHM Ta BHKHIIB CIIEI[iaTi30BaHOI
TexHikH. J[poOneHHs, HaBaHTAKCHHS/PO3BAHTAKEHHS W TPAHCIOPTHI oOmeparii
(OpMyIOTh BHCOKI KOHIIGHTpaIlii 3aBUCIuUX dacTuHOK PM10-PM2,5. Ilpu
HECTIPUSITIAMBUX METEOyMOBaX (IUTHJIb, iHBEpCis) MIMOBIpHE MepeHECEHHsI Ty Ha
KUTIOBY 3a0yZ0By, IO TMIABUINYE PU3UKH PECIHiPaTOPHUX 3aXBOPIOBaHb,
XpOHIYHHX OpoHXiTiB, ameprid. I[lun 3alOpynHIOBaTHMME COHSYHI TaHeN i, IO
notpedyBaTUMe JOAATKOBHX KAMiTATOBKIAIACHb IS X OYHMINEHHS 3 METOH
MiATPUMKHA POOOTH BCTAHOBIICHOI MTOTYKHOCTI.

IIym 1 BiOpamii. BuOyxoBi po6oTH, poOOTa eKCKaBaTOpiB, MIpoOapoK i
3aJi3HUYHUX COCTaBiB CTBOPIOIOTh aKyCTHYHE HABAaHTAKCHHS, SIKE IMOTEHIIIHO
MOXK€ TIEPEeBHINYBaTH HOPMATHWBHI 3HA4eHHS B CaHITApHO-3aXUCHIM 30HI. 3a
OIIIHKOIO 32 IKAaJIO «HMOBIPHICTh-HACTIIKW Il PU3UKHU ISl HACEIIEHHS CepellHi,
aJle TIpY MOPYLICHHI CaHITapHUX PO3PHBIB MOXKYTh CTaBaTh BUCOKUMHU. [1oTpiOHi
MUJIOTA3004HCHI CUCTEMH, YKPUTTSI KOHBEEPIB, 3POIICHHS] TEXHOJIOTIYHUX AOPIT,
ITYMO3aXHCHI €KPaHH Ta PETYISIPHUN METUKO-CaHITApHUI MOHITOPHHT.

JlanamagTHO-EKOJIOTIUHI Ta comianbHi pU3UKU. [IoTeHIiHUNA PU3UK BTpaTH
IPYHTOBOT'O TIOKPHBY Ta 010pi3HOMAHITTA. 3HATTS POAOUOTO MIapy Ta (OpMyBaHHS
Kap’epy IpU3BOIATH A0 JeTpaaallii IpyHTIB 1 (hparMeHTaii eKoCuCcTeM, CKOPOIEHHS
IUIOI IPUPOAHUX Ta arponanamadTiB. 3miHa BisyansHoro jmangmadty. Kap’ep i
BiBaJIN (DOPMYIOThH PI3KHI TEXHOTEHHUU KOHTPACT Y CTPYKTYpi JaHmmadTy, 110
3HIKY€E PeKpealiiiHy MpuBa0JIMBICTh TEPUTOPIi W MOKE BUKIMKATH COI[iaJIbHY
Hanpyry.

TpaHcropTHi pU3WKUA. 3pOCTaHHS IHTEHCHUBHOCTI BAaHTAXKOMOTOKIB y TeEpiof
OyamiBHUITBA (Kap’ep — 3aBOJ — 3aJli3HUYHA CTaHIlis1) 301IBIIYE PU3UK JTOPOKHBO-
TPaHCIOPTHHUX MPHUr0J], LIyMOBOT'O HAaBaHTKEHHI Ta pyHHYBaHHS MiCLIEBUX JIODIr.

i pw3uku KBamiQikyrOThCS SIK CEepeiHi, ajie BOHH MalOTh KyMYJISTHBHHI
XapakTep 1 MPOSBJISIOTHCS B CEPEIHBO- Ta JIOBIOCTPOKOBIH ITEPCIIEKTHBI.

Cnenm¢iyHi pU3MKKM TOpU  PO3MILIEHHI COHSYHUX  €JICKTPOCTaHLIN Y
BiNpanboBaHOMY Kap’epi. 3 orisgy Ha NepcHeKTUBy TpaHcdopmalii kap’epy B
MalaHJuK i1 (OTOCIIEKTPUYHUX CTaHI[IM, HEOOXiJIHO BpaxyBaTH J0JATKOBI
acriektu. [lo-nieprre, reorexHivHa crilikicts ocHoBH Jutst onop CEC. HepiBHoMipHE
VIIUTbHEHHS BiJBaliB, HASABHICTh TPIIIUH 1 3CYBOHEOE3NEYHHUX IIISTHOK MOXKE
cnpuunHUTH  jgedopmarito  KOHCTpyKiii. [loTpiOHI  iHXKEHEPHO-TEONOTivuHI
BUIIYKYBaHHS, MOJICIIIOBAHHS HANPYXKEHO-IeOPMOBAHOTO CTaHy U BHOIp
ONITUMAJILHOT cXeMH (yHAaMeHTiB (TajieBi, aHKEepHi).

3aromenHs Ta miaTomieHHs naHeneid. [lpu  moxkimBomy (dopmyBaHHI
Kap’e€pHOTO 03epa HEeoOXiJHO TapaHTyBaTH 3amac MO BiIMITKax Ta JpEeHax, 100
YHHUKHYTHU KOpO3ii i KOPOTKUX 3aMHKaHb.

[TunoBa epo3ist Ta KOPO3iKHUIA 3HOC MOYiB. BHCOKa MHI0Ba HABAHTAXEHICTh 3
0OKy IIEMEHTHOTO BHPOOHMIITBA MOXE IPUCKOPIOBATH JIETPAJIAIlil0 TOBEPXHI
MOJIYJIIB 1 3HIKYBATH IXHIO €(DEeKTUBHICTh, TOMY TOTPiOHI CHCTEMH MEPiOUIHOTO
MUTTS, 3aCTOCYBaHHS aHTUIIMIIOBUX MOKPHUTTIB.
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EnexrtpoOesneka ¥ ONMMCKaBKO3aXWUCT y IIHOOKIHM warm kap’epy. HeoOximmi
PO3paxyHKH CUCTEM 3a3eMJICHHSI, OL[iHKa pPU3UKY KOPOTKOYACHUX 3aTOIUICHb ITiJ] 4ac
37IMB, CUCTEMH BiJIBEICHHS TOBEPXHEBOTO CTOKY.

[Ipu rpamMoTHI#t iHKEeHEpPHIN MIATOTOBINI MaiimaHYWKa OLIBINICTh IMUX PH3UKIB
BIIHOCHUTBCS IO KaTeropii KepoBaHUX, a caM Kap €p MOTSHIIIHHO € MIPUIATHAM IS
po3mimiennss CEC sk opma TeXHOTEHHOT PeKyJIbTHUBALII.

['mobanbHe TOPU3OHTANBHE ONMPOMIHEHHS IOBIOCTPOKOBE, pidHE, CEpemHE
3HAYCHHS MOOOBHX 1 PIYHMX ITOKA3HHUKIB IS TepUTOpii YKpaiHW HE € PU3HKOM.
I'moGansauii constunuii atnac [ 15] 103BosIs€ OLIHUTH JOBTOCTPOKOBY €HEPreTHUHY
JIOCTYTHICTh COHSIYHOTO PECypcy B Oynb-SKOMY MicClli, TOOTO TEOPETHUHUI
moteHmian. lleid moTeHmianm iMOCTpyeThCs (I3SUYHOIO 3MIHHOIO TII00AIhHOTO
TOPH30HTAJIBHOTO ONPOMIHEHHS, SIKE € CYMOIO MpSIMOro Ta JIu(y3HOTo
ONIPOMIHEHHS, OTPUMAaHUX TOPU3OHTAIHLHOIO MOBEpPXHE0. BOHO BHUMIpIOETBHCS B
KiTOBaT-roJHAaX Ha KBaipaTHUH MeTp (kBTxrom/m?). Lls BemmumHa 1O3BOIISIE
MOPIBHIOBATH TIPUPOJIHI YMOBH ISl BIPOBAKEHHS OyAb-IKOi (hOTOETeKTpUIHOT
TEXHOJIOTi1 0€3 BpaxyBaHHS KOHKPETHOTO TEXHIYHOTO MPOEKTY Ta PEKUMY POOOTH.
OpHak Ha MMEBHOMY MICIIi TII00abHE TOPH3OHTAIBHE ONMPOMIHEHHS MOJIYITIOETHCS
MICIIEBOIO TEMIIEPATYpPOIO MOBITPS, BITPOM Ta CHIrOM, 3a0pyJAHEHHSAM aTMOcQepH,
MTUJIOM Ta JEeSIKUMU 1HITUMH (HaKTOpaMHu.

HapixkHuM KkaMeHEM JOCTI/DKEHHS € OLiHKAa MPaKTUYHOTO MOTEHINATY
(hOoTOENEeKTPUIHOT eNeKTPOeHePrii, TOOTO MOTYKHOCTI, JOCATHYTOI 3a OTIOMOTOO
TUNIOBOI KOH(QIrypamii CHCTEMH COHSYHUX €JNEKTPUYHUX eNeKTPOCTaHMil, 3
ypaxyBaHHSIM TEOPETUYHOTO MOTEHIlialy, TeMIIEpPaTypH TOBITpPS, IO BIUIMBAE Ha
MPOJYKTHBHICTh CUCTEMH, KOH(pIryparii cucremu, 3aTiHEHHS Ta 3a0pyIHEHHS, a
TaKoX Tororpadiyaux i 3emensHUX oOMexeHs [18]. Kap’epu gacto «mporparoTh»
HE COHIIEM, a MEPEXEI Ta TEeOTEXHIKO — TOMY IIi OJIOKM BapTO 3BaXKyBaTH
HaNCHIIBHIIIIE,

BucHoBku

Po3milieHHsT COHSYHUX €NEeKTPOCTaHLid y BiANpalbOBaHUX Kap'epax — Ie
IHHOBAIIfHNH, EKOHOMIYHO BUTITHUH Ta €KOJOTIYHO Oe3MeYHHIA HAMIPSIM PO3BUTKY
SHEepreTUYHOI  i1HQpPacCTPyKTypH, SKHH OJHOYACHO  BHpilIye  Tpobiemy
PEKyIbTHUBALI] 3eMEJIb.

Jus YxkpaiHu Takuid TiAXiJg € BUCOKOIEPCIIEKTUBHUM 1 TOBHICTIO BiITIOBiTae
LIJISIM €HEPreTUYHOT He3aJICXKHOCTI, JIeKapOOHi3allii Ta BiIHOBJICHHS JE€TPaJOBaHUX
TEPUTOPIi.

HaykoBum pe3ysibTaToM T0CTiIKEHHS € 3aIIpONOHOBaHA HaIiBKUIbKiCHA MOAETb
IIBUJIKOTO CKPUHIHTY €KOCHEPTeTUYHOrO IMOTEHINaNy BiJpalboBaHUX Kap’ €piB,
IO arperye I’ATh TPYN YMHHHKIB: COHSYHHHA pecypc 1 3aTiHEHHS, TeOTeXHIUHY
NPUOATHICTh, MEpPEXXeBe MpPUENHAHHSA, €KOJOTiuHI OOMEKEHHS Ta JIOTICTHKY i3
KalliTaTbHUMU 3aTpaTaMu.

[IpoBenena ampoobariist Mojiei Ha ABOX Kap’epax [BaHO-DpaHKIBIIMHY [TOKa3ajia
NPaKTUYHICTh MiAXoAy: Al Kap’epy mo0Onm3y JlyOiBLiB OTpUMaHO CepelnHii
MOTEHIial 3a CyMapHuM iHAekcoM (EEP=59) mnpu HasBHOCTI «OJOKepiB» y
xopetkinmiid omiHii (EEPg,~45), Toai sk MaigaHuuk Oinst SIMHUII JeMOHCTpYe
Bulry npuBabuBicTh (EEP~68; EEPg.,~46) 3aBISKN KpalllUM YMOBaM I'€OTEXHIKH
Ta MPUETHAHHS 10 MEPEXKI.
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BukopucTaHHs ~ €KOGHEPreTHYHOro MOTEHIiady MoTpedye  ITOEeTalHOro
yIpaBIiHHS PU3UKaMU: BiJl iAeHTH]iKalii TPUPOJHHUX i TEXHOTEHHUX HEOe3MeK Ta
BUIUICHHS YYTJIMBUX DPELENTOPIB JOBKULISA — A0 HAMIBKIJIBKICHOTO PaH)KyBaHHS
pu3uKiB 1 (hopMyBaHHS KapTH 30H BIUIMBY (ITWJI, IIyM, 3CYBH, IMiATOIUICHHS). 3a
YMOBH HAJIe)KHHUX IHXEHEPHHUX BHINTYKYBaHb 1| MOHITOPUHTY OUIBIIICTh PU3HKIB €
KEpOBaHNMH, a 3aIIPONIOHOBAaHA MOJIeIIb JO3BOJISIE IBUAKO MMOPIiBHIOBATH Kap’ €pH Ta
o0TpyHTOBYBaTH BHOIp 00’€KTa IIIe 10 TEXHIKO-€KOHOMIYHOTO OOTpYHTYBaHHSI.
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USING AURALIZATION AS A PROMISING MEANS OF
CONTROLLING NOISE ON A CONSTRUCTION SITE

Abstract. Noise pollution on construction sites remains one of the most significant
and least controlled threats to the health and safety of workers. Constant exposure
to noise generated by heavy machinery and technological processes not only leads
to irreversible damage to the hearing organs, such as occupational hearing loss,
but also significantly increases the psychophysiological load, reduces concentration
and, as a result, increases the risk of Occupational Injuries. Traditional noise
management methods based on calculated indicators and general recommendations
are often not effective enough due to their abstraction and complexity for intuitive
understanding by non-specialists. The aim of the work is to substantiate the
feasibility of using auralization — the process of creating acoustic renderers based
on mathematical modeling — to improve the effectiveness of noise protection
measures. The article provides a comprehensive analysis of the problem of noise
pollution on construction sites and examines the potential of using auralization
technology as a tool for improving acoustic safety. The theoretical foundations of
auralization, including its fundamental principles, technical aspects and
classification of methods, are considered. Modern approaches to noise control,
covering passive, active and organizational methods, as well as innovative personal
protective equipment (PPE) of the hearing organs, are analyzed in detail. Based on
a systematic review of scientific publications for 2020-20235, key trends, unresolved
problems and promising research areas are identified. Practical recommendations
for integrating auralization into the processes of design, training and control at
construction sites are formulated. The article highlights the key thesis: if the
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elimination of noise sources is technologically or economically impossible, the
priority is to ensure that workers are provided with adequate personal protective
equipment (PPE), the effectiveness of which can be tested and demonstrated. The
study is based on the analysis of modern scientific publications, international and
Ukrainian regulations (State sanitary standards for industrial noise, ultrasound and
infrasound, OSHA 1926.52, EU directive 2003/10/EC. It is proved that if it is
impossible to completely eliminate noise sources, auralization becomes a key tool
for evaluating and selecting optimal PPE, which ensures the implementation of the
main thesis of the article: if it is not possible to reduce the noise of machines, then
you can at least ensure the safety of workers with proper personal protective
equipment.

Keywords: auralization, construction noise, labor protection, personal protective
equipment, virtual acoustics, acoustic safety, noise pollution, sound modeling.

A. Becnanosa, O. Kuu, O. Jamkosebka, O. daiisyaina

Opnecrka epkaBHa akajeMis OyIiBHHITBA i apXiTekTypu, M. Oneca, Ykpaina

BUKOPUCTAHHS AYPAJIIBALII K HEPCHHEKTHUBHOI'O 3ACOBY
BOPOTBHHBHU 3 IIYMOM HA BYAIBEJIBHOMY MAUJJAHUUKY

Anomauin. Illymose 3a6pyonents Ha OYOI8eAbHUX MAUOAHYUKAX 3ATUULAEMBCS
OOHIEI0 3 HAUBALOMIWUX | HAUMEHW KOHMPOAbOBAHUX 3A2p0o3 05 300p08’s ma
besnexu pobimnuxig. [locmitinuii naug uymy, wjo 2eHepyEmbCsl 6AHNCKOI0 MEXHIKOIO
Ma MexHON0THHUMU NPOYecamu, He Juie NPU3800UmMs 00 He360POMHUX YPANCEHD
OpeaHmis Cyxy, maKux K npoghecilina npuiyxy8amicme, aie i Cymmeso ni08UULye
ncuxoqhizionoziune HABAHMAICEHHS, 3HUJICYE KOHYEHmpayino yeasu md, sK
HAcniOoK, 30inblye pusuk eupobHuyo2o mpagmamusmy. Tpaouyituui memoou
bopombOU 3 WYMOM, WO OA3VIOMbCA HA PO3PAXYHKOBUX NOKAZHUKAX A 3A2ATbHUX
PEKOMEHOAYisnX, Yacmo SUABIAIOMbCA HEOOCMAMHbO epeKmueHUMU Yepe3 C8OH
abempakmuicms ma CKAAOHICMb OJisl IHMYIMUEH020 PO3YMIHHS HeCNeyianlicmamu.
Memoto pobomu € 00TpyHmMY8anHs OOYIILHOCE 3ACMOCY8AHHA aypanizayii —
npoyecy CmMEOpeHHA aKYCMUYHUX peHOepi@ HA OCHO8I MamemMamuiyHo2o
MOOeno8ants — Oisl NIOBUWEHHS eqheKmUusHOCMI 3ax00i6 i3 3axucmy 8i0 wymy. Y
cmammi npo8edeHO0 KOMNIEKCHUL AHANI3 NPoOaeMU WYMOB020 3A0PYOHEHHS HA
0y0igenbHUX MAUOAHUUKAX MA 00CTIONCEHO NOMEHYIAN BUKOPUCTNAHHS MEXHON02i]
aypanizayii ax iHcmpymenmy 05t nidguweHHs akycmuunoi oesnexu. Pozenanymo
meopemuyni OCHO8U aypanizayii, exmuaryu ii QYHOAMeHmAanbHi NPUHYUNU,
MexXHIuHI acnekmu ma Kuacugikayiro memoois. [emanbHo npoananizo8ano cy4acHi
nioxoou 00 6opomvbOU 3 WYMOM, WO OXONIOWMb NACUSHI, AKMUGHI md
OpeaHizayitini Memoou, a MaKodC IHHOBAYIUHI 3aco0U IHOUBIOYANbHO2O 3aXUCHLY
(313) opeanis ciyxy. Ha ocnogi cucmemamuyno2o 02110y HAYKOBUX nyonixayiu 3a
2020-2025 poku euseneHo KOO8 menoenyii, Hesupiuleni npobaemu ma
nepcnekmueui nanpamxu 0ocaioxceisb. Chopmynvbosano npaxmuuni pekomenoayii
wooo inmezpayii aypanizayii 6 npoyecu npOEKMYB8aAHHA, HABUAHHA MA KOHMPOTIO
Ha b6yodigenvHux 06 ’ekmax.. B cmammi eucsimneno xkiovo8y mesy: AKWO YCYHEHHS
oorcepent Wymy € MexHON02IYHO A60 eKOHOMIYHO HEeMONCIUBUM, NPIOPUMEmoM CIA€e
2apanmogame 3a6e3neuents: poOIMHUKIE A0EKBAMHUMU 3aCO0aMU THOUBIOYATbHO20
saxucmy (313), eghexmusnicms AKUX MOJCHA Nepesipumu ma RPoOEeMOHCIPY8AMU.
Jlocniodcenus 6azyempcsi HA AHANI3E CYHACHUX HAYKOBUX NYONIKAYI, MINCHAPOOHUX
ma YKpaiHCoKux HOPMAMUSHUX akmis ([Jepicagui caHimapHi Hopmu upOOHUY020
wymy, yriempazeyky ma ingpasseyky, OSHA 1926.52, Jupexmusa €C 2003/10/EC.
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Ob61pyHmoeano, wo 3a HEMOICIUBOCHT NOBHO20 YCYHEHHS Odcepen  WyMy,
aypanizayis cmae Kno4o8um iHCmpyMeHmom 015 OYiHKY ma 6ubOpy ONMUMaILHUX
313, wo 3abesneuye peanizayiio 20108HOI me3u cmMammi. AKUO 3MEHUUMU ULYM
MAWUH He MOXCIUBO, MO0 MOX}CHA Xoua O 3abesnewumu Oe3nexy poOIMHUKIE
HANeHCHUMU 3aco0amu THOUBIOYANbHO20 3AXUCTY.
Knrouosi cnosa: aypanizayia, 0ydisenvruil wiym, 0xopouwa npayi, 3acodu
IHOUBIOYATbHO2O 3aXUCMY, SIPMYANbHA AKYCMUKA, AKYCMUYHA Oe3nexa, wymoge
3a06pYOHeHHs, MOOENI08AHHSA 38)K.
https://doi.org/10.32347/2411-4049.2025.4.82-101

BCTYII
ITocranoBKka 3aBaaHHA

ByniBenbHa Tanmy3p TpaAWLiHO € OJHMM 3 OCHOBHHUX JKEpENT LIYMOBOTO
3a0pyIHEHHS B MICHKOMY CepeloBHINi. BUCOkWil piBeHb IIymy, BUpOOICHUIA
OyIiBENbHOI0 TEXHIKOK 1 TEXHOJOTIYHHMH IIPOLIECaMH, CTAHOBUTH CEPHO3HY
3arpo3y He TiNBKH IJIsl 37A0pOB'Sl MPALliBHUKIB, a H JUISI aKyCTHYHOTO KOMQOPTY
JKUTEIIB TpUiIerux Tteputopiid. [Ipodiema mpodeciiiHoro mymy OaratorpaHsa i
OXOIUIIOE MEIW4YHI, COILlajJbHI, €KOHOMIYHI Ta TEXHIYHI acHeKTH. 3a IaHUMH
BcecBitHb01 opranizamii oxoporu 310poB's (BOO3), TpuBanuii BILIHB IIyMy, IO
nepesuiye 85 nb(A), Moxe mpu3BecTH 10 HE3BOpPOTHOI BTpaTu ciyxy (NSHL —
Noise-Induced Hearing Loss). Kpim mpsiMoro BIUIMBY Ha OpraHu CIyxy, IIyM
BHUKIIMKA€E psAI HeaymianbHUX e(eKTiB: MiJBUIICHHS pIBHA CTpPECY, PO3BUTOK
CEepIEBO-CYIMHHUX 3aXBOPIOBaHb, 3HIDKCHHS KOTHITUBHHUX (YHKIIH, 30Kpema
KOHIIGHTpAaLii yBark i MpoAyKTUBHOCTI mpai. Lle, B CBOIO uepry, 301IbIIye pU3KK
HEIIACHUX BUMAJKIB Ha BHUPOOHHWIITBI dYepe3 HEMOXJIMBICTh BYACHO TOUYYTH
MoTepeKyBalIbHI CUTHAIH 00 KOMaHIH.

Tpaauuifiai Metoau 60poThOM 3 IIymMOM B OyJIIBHUIITBI 3aCHOBaHI Ha iepapxii
VIOPaBIiHHS PU3MKAMHU: YCYHEHHS JpKepena IIyMy, 3aMiHa OoOJaJHaHHS Ha MEHII
rajaciivBe, I1H)KEHEpPHI pIMIeHHA (3BYKOI30JIAIis, €KpaHyBaHHS), OpraHizaiiiHi
3aX0fM 1, SIK OCTaHHIN pyOiK 3aXHCTy, BUKOPHCTaHHS 3acO0IB 1HIUBITyalbHOTO
3axucty (313). B ymoBax peanbHOro OyAiBeJIbHOTO MalaHUYMKa MMOBHE YCYHEHHS
a00 3HaYHE 3HW)KEHHSI IIyMY B JDKEPEJIl YaCTO BUSBIISIETHCS TEXHIYHO CKIIaIHUM a0o
€KOHOMIYHO HEJIOLJIBHUM.

CyuacHa OyjiBesibHA Tajy3b HEMOXJIMBAa 03 BUKOPUCTAHHS Ba)KKOI TEXHIKH,
YAapHHUX NPOLECiB 1 NOTY)XKHuUX nABUTyHIiB. lle BHcyBae Ha mepmuil miaH
(yHIAMEHTaNbHY 11€I0: SKIIO 3HU3UTH IIyM MAIIWH HE MPEICTaBISIETHCS
MOXKJIMBUM, TO HEOOXiZHO 3a0e3nmeyuTH O€3MeKy MpaliBHUKIB 3a JOTIOMOTOH0
BiJIMOBITHUX 32CO0IB IHIWBIyaTbHOTO 3aXKCTY.

Opnnak BuOip Ta edekTUBHICTH 3ac00iB iHAMBiAyansHOro 3axucry (313) He €
TpHUBIAJIbHUM 3aBIaHHsAM. JlJabopaTopHi nmokasHuku mymosariymeHds (NRR/SNR)
4acTO HE BIiJINOBIJAIOTh PEATbHUM ITOKa3HMKaM B YMOBaxX BHPOOHHWIITBA dYepes
HeTpaBWJIbHE BUKOPUCTaHHs, 3HOC, HeCyMicHicTh 3 iHmmMU 313 Ta iHnuBigyanbHi
AQHATOMIYHI OCOOJIMBOCTI TpalliBHUKA. Bijblml TOro, HajMipHE NIyMO3ariyIIeHHS
MOJKE CTBOPIOBATH «e(EKT 130JIs1i1», KOJNU MPaI[iBHUK HE Yy€ BRKIMBUX CUTHANIB,
IO ITiJIBUIIYE PU3UK TPaBMAaTU3MYy. Y Iill CUTYaIlil CTa€E OYEBUIHOIO HEOOX1THICTh
B iHHOBAaWiIMHUX IHCTPYMEHTax, SIKi IO3BOJSTH HE TUIBKM TOYHO IMPOTHO3YBATH
aAKyCTHYHY OOCTAHOBKY, a W OO'€KTHBHO OI[IHIOBaTH €(EKTUBHICTh 3aXHCHUX
3aX0iB B peajbHHUX, 3MOJICIIbOBAHUX YyMOBaX. TakuM I1HCTPYMEHTOM CTa€
TEXHOJIOTIs aypaizarii.
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Aypaiizaris, abo aKycTHYHA Bi3yajli3amis, IO TO03BOJIIE IOYYTH» 3BYKOBE
OTOYCHHS JI0 HOro (i3MYHOTO CTBOPEHHS, BIOKPHUBAE HOBI MOMIHMBOCTI IS
MPOEKTYBaHHs Oe3leYHuX YMOB mpami. BoHa 1ae MOXIUBICTD BipTyalbHO
TecTyBaTd €()EeKTHBHICTh PI3HUX 3aCO0IB IHAMBIAYaIEHOTO 3aXHUCTY, MOJIEIIOBATH
MIOIIUPEHHS IIyMy Bix OyIiBeTPHOTO MalJaHYWKa, HaBYATH IEPCOHAJ MPaBHIIAM
Oesmekn B IMEPCHBHOMY CEpPENOBHIII 1 ONTHUMI3yBaTH  pO3TAllyBaHHA
ITyMO3aXHCHUX Oap'epiB.

TakuMm 4MHOM, MeTa IAHOTO JOCIIHKEHHS IOJISTa€E B KOMILJIEKCHOMY aHai3i
MOTEHIlIally TEXHOJOTIi aypalizamii sSIK KIIYOBOTO eleMEHTa Cy4acHOi CHCTEMH
yOpaBlliHHS aKyCTUYHUMH PU3UKaMH B OYJiBHHIITBI, 3 OCOOJMBUM aKIEHTOM Ha
MiABUIICHHS €(eKTUBHOCTI 3ac00iB IHANBITyaIbHOTO 3aXUCTY.

AHaJi3 nonepeanix myoJikauniii Ta gocigKeHb

Ornsag HaykoBoi JiTepaTypu 3a mepion 2020-2025 pokiB moka3ye 3Ha4YHE
TIOCHJIEHHS JTOCTi/KeHb B 0o0macTti aypamizamii i 60poTsOu 3 mrymom. Aramiz 28
pENeBaHTHUX JKEPEIT JO3BOJISIE BUALUIATH KiTbKa KITFOUOBHUX HAMPSAMKIB 1 HAYKOBHX
K1

€Bporeiickka HayKoBa IIKOJIA TPAAWIIHHO 30cepe/PkeHa Ha HOPMATHBHOMY
perymoBaHHi Ta craHmaprusanii. Pobotn, Bukonadi mif erinoro EU-OSHA, neransHO
ONMCYIOTh BUMOTH JI0 poOoromaBimiB BiamoBimHo mo HupexktuBu 2003/10/EC,
BCTaHOBJIIOIOYHM NOPOroBi 3HaueHHs BILHBY (80 1 85 nb(A)) i rpaHUYHE 3HAYEHHS
excriosuii (87 nb(a)) [1].

VY Toli ke Yac €BPONCHCHKI JOCIITHUKUA aKTUBHO PO3BHBAIOTH 3aCTOCYBaHHSI
aypaijizalii B apxiTeKTypHOMY MPOEKTYBaHHI Ta IHTETpallil0 aKyCTHYHUX MOAeTeH
B BIM-texnomnorii (Building Information Modeling). Po6otu M. dopnenaepa
(2020) [2] € PpyHIaMeHTaTPHUMU Y BUBYEHHI TEOPETUYHHX OCHOB aypalisaiii, a
JocipKeHHsI, omyOmikoBani B Acta Acustica (2025) [3], 7eMOHCTPYIOTh BHCOKHIA
CTYIiHb JIOCTOBIPHOCTI CyYacHMX OiHaypallbHUX CHUMYJSLIA TOPIBHSHO 3
pearbHUMU aKyCTHYHHMHU BUMipaMu.

Hocnimkenns, nposeaeni B CIIA, 30cepemxyroThbCs Ha MEIUYHUX Ta
eMiIEMIONOTIYHMX acleKTaX BIUIUBY IIyMy. Y MaclITadHOMY JIOCHiJDKEHHI,
npoBeneHoMy HarionanesHuM incturyToM oxoponu mpaui (NIOSH) y 2024 por,
Oyno BcraHoBieHo, moO 23% OyZHiBeNbHUKIB, SKI MiJAAIOTHCS BIUIMBY ILIYMY,
CTPaXXIAIOTh BiJl BTpaTH CIyXy. Bynu BH3HaueHi ramysi 3 HaHOUTBIIUM PU3UKOM,
TaKi K OyJIBHUIITBO JOPIT Ta MOCTIB [4].

AMEpHKaHChKI JIOCHITHUKH TaKOX € JiJepaMH y po3poOIi Ta TecTyBaHHI
IHHOBAIIMHUX 3ac00iB iHAMBIXyanbHOrO 3axucTy (313). AHaiiz mareHTHOI 0a3w,
takuit sik US Patent 11504278 [5] i 7240765 [6], noka3zye po3BUTOK aJIaliTHBHUX 1
HACTPOIOBaHUX MPUCTPOIB 3axucTy. A3iiicbka mkona, 30kpema BueHi 3 Kwuraro,
OCTaHHIMH pOKaMH 3poOwWIia 3HAYHWHA NMPOPHB Y BHBYCHHI KOTHITUBHUX €(eKTiB
mymy. Jocnimkenns, onyomnikoBane y Frontiers in Psychology (2025) [7], Briepiie
BuKopucTaio nopraruBHi EEI-npucTpoi ans MOHITOPMHTY MO3KOBOI aKTUBHOCTI
OyZmiBeJbHHUKIB B yMOBax peajbHOro BHpOOHHMLTBa. bymno moBeneHo, Mo
KOMIUICKCHUN, HEPIBHOMIPHHUIA [TyM 3HAYHO CHJIBHIIIE BIUIMBAE HA €(EKTHBHICTb
HaBYaHHS Ta piBEHb CTpeCy, HDK MOCTIHHMN IyM, HaBiTh NP OAHAKOBOMY
€KBIBaJIGHTHOMY PiBHi 3ByKOBOTO THCKY [8].
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YKpaiHChKi JOCIIHKCHHS MalOTh BUPAXKEHY MTPaKTUIHY CIIpsSIMOBaHicTh. PoboTa
B.M. Ilerpenka 3i cmniBaBTOopaMu (2023) € yHIKQJIbHUM MPHUKIJIAZAOM EMITiPHYHOTO
JIOCIiPKEHHSI PiBHIB IIyMY TP PEKOHCTPYKIIi OyAiBedb B yMOBaX MIIJIbHOT MiCBKOT
3a0ymoBu, Jnie OyJlo 3ampoONOHOBAaHO OPHUTIHATBHY METOINKY PO3PaXyHKY
pe30HaHCHUX 3BYKO3axucHUX mnaHened [9]. Hapuanpamii mocioamk B.B. batmyka
(2020) cucremaruzye BUMOTH ykpaincbkoro 3akoHogascTsa ([ CanlliH 3.3.6.037-99)
Ta HaJa€ KOMIUIEKCHHH OTJISA 3aX0IiB 3 oXopoHH mpaiii [10].

HesBaxxaroun Ha 3HAYHHI TIPOTPEC, aHAII3 JITEPATYPH BUSABIISIE HU3KY ITPOTAJIHH.
[o-nepiue, BiACyTHA cTaHAApTU3ALlis METOMIB aypanizalii came s cnennu(iqyHux
3aBaaHp OyniBenbHOi ramysi. Ilo-mpyre, Opakye JOHTITIOJUHANBHUX JOCHTIKEHB,
10 BUBYAIIN O TOBrOCTPOKOBI HACIIIKM KOMOIHOBAHOTO BILIMBY IIIyMY, BiOpartiii Ta
XiMiyHMX YHMHHUKIB. [lo-TpeTe, MpakTU4YHO BiACYTHI KOMIUIEKCHI E€KOHOMiuHI
OIIIHKK e()eKTUBHOCTI BIPOBAPKCHHS “‘TMXUX’ TEXHOJOTIH Ta iHHOBamiiHux 313
[11]. Hapemrri, icHye 3HauHa MporajliiHa y TOCITiPKEHHSX, IO BPaxOBYBalU O
cnenudiKy YKpaiHCPKAX YMOB: BHKOPHCTAHHS 3acTapilioi TeXHiKH, OCOOJIHMBOCTI
HOPMAaTHBHOI 0a3u Ta COMLIaTbHO-CKOHOMIYHI (DaKTOPH.

Mera manoi po6oru. MeTa i€l cTaTTi — MPOBECTH KOMIUIEKCHHW aHami3 1
CUCTeMAaTH3yBaTH HAYKOBI 3HAHHS NP0 3aCTOCYBaHHS TEXHOJOTII aypaiizamii sk
THCTPYMEHTY AJIsl MiABUIIICHHS €(eKTUBHOCTI OOPOTHOU 3 IIyMOM Ha OyaiBelIbHUX
MaiaHuYnKax.

J1a MOCATHEHHS 1€l METH MH CTaBUMO TIepe]] COO00 HACTYITHI 3aBIaHHSA:

1. VY3aranpHUTH TEOPETHYHI OCHOBM 1 TEXHIYHI NPUHLIMIHN aypajizamii,
a/IanTYBaBIIU iX 10 0COOIMBOCTEH Oy IiBENbHOT ramys3i.

2. llpoaHanizyBaTu cy4acHi TacWBHi, aKTHBHI Ta OpraHi3alliiiHi METOI KOHTPOJTFO
IIyMy, a TAKOX iHHOBAI[iiiHI pO3pOOKH B 00JIaCTi 3aCO0IB iHIMBITyaIbHOTO 3aXHCTY.

3. Ha ocHoOBi aHamizy HaykoBHX ITyOJiKallii Ta HOpPMaTHBHUX JIOKYMEHTIB
BU3HAYUTH METOJIOJIOTIYHI ITiIXOH JIO OLIHKK €(DeKTUBHOCTI 3aXUCHHUX 3aXOJIIB.

4. OOrpyHTyBaTH INpaKTH4HI pEeKOMEHAalLil LIOAO IHTerpauii aypamizauii B
CHCTEMY YIpaBIiHHS aKyCTHYHHMHU PU3UKaMH Ha Oy IiBENbHUX 00'€KTax.

5. Bu3HaunTH MepCreKTHBHI HAMIPSAMKU MOJATBIINX JOCHTIPKEHb, CIIPSIMOBAHUX
Ha YCYHEHHS ICHYIOYHX NPOTaJIHH Y 3HaHHSX.

TEOPETUYHI OCHOBHA
@dyHaaMeHTAJIbHI NPUHIMITH aypasizanii

B ocHOBiI mporecy aypamizaiii JeXuUTh MaTeMaTH4HA OIepallis, BioMa sK
sroptka (convolution). Byab-sikuii 3ByKOBHii TIpo1iec Y JIIHIHHOMY iHBapiaHTHOMY B
Yaci cepeloBHII MOke OyTH ONMCAaHUI HACTYITHUM PIBHSIHHSIM:

r(t) = s(1) - h(1), (1

ne r(t) — pe3yabTyrOuHii 3ByKOBHI CUTHAJ, KU CIpUAMae ciayxad y MeBHil
TOUL MPOCTOPY;

s(T) — BuXiaHUiA, 00 “Cyxuii”, 3ByKOBHI CUTHAI (PKEPENO 3BYKY);

h(t) — imnynbcHa Xapaktepuctrka npumimeHas (Room Impulse Response, RIR).

Lle moxe OyTH MOBa, My3HKa, IIIyM MPAIfO0Y0ro JBUTYHA 1 T.I., 3allMCaHi B
izeanbHUX yMoOBax Oe3 JIyHH (Hampukian, B 0e3BUXproBil kamepi). Lle kimovdoBuit
CJIEMEHT aypajizalii, 0 NpeACTaBise co000 "akycTuuHuii mnacnopt" abo
"BigOMTOK TambIg" MpocTopy. IMITynIhCcHA XapakTEpHCTHKA — IIE 3aIlUC pPeaKIlil
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CEpeIOBHIIA Ha Jy»Ke KOPOTKHI 3BYKOBUH IMITyJibC (B ifcai — JenbTa-(yHKIO
Hipaka). Bona micTuTh moBHY iH(pOpMAaILil0 Tpo Te, K 3BYK MOLIUPIOETHCS Bif
JpKepena A0 ciyxaya, BKIIUYalou:
- TpAMHAHN 3BYK: HAHKOPOTIIHI MUIAX Bif JKEpena A0 ciiyxada;
- paHHI BiIOOpa)KeHHS: TIepITi KiJIbKa Bil3epKajieHb BiJI CTiH, HiIJIOTH, CTEI,
SKi JOCATAIOTh ClyXadya i3 3aTPUMKOIO 1 3 Pi3HUX HAMpPSMKIB, (hOPMYHOUU
BITIYTTS pO3MIipy 1 reoMeTpii mpocTopy;
- mi3Hl BimOWTTA (peBepOeparris): IIUTbHA ITOCTIIOBHICT BiAOWTTIB, IO
CTBOPIOE «XBicT» peBepOepallii i BU3HAYAE TYYHICTh 1 Yac 3aracaHHs 3BYKY
B TIPUMIILCHHI;
- 3MIHU B CIIEKTPi: MMOTIMHAHHS CHEPTil pi3HUMHU MTOBEPXHSIMH IPU3BOINUTH 10
3MiHU YaCTOTHOTO CKJany 3ByKy. Hampukmaz, M'siki OBEpXHi MOTIIMHAIOTH
BUCOKI YaCTOTH, a TOHKI MaHeJli MOXKYTh Pe30HYBaTH Ha HU3bKUX YaCTOTaX.
Jia nmocsrHeHHS peaNicCTHYHOCTI aypaiizarii HeoOXiHO TOYHO BiITBOPUTH
MIPOCTOPOBI XapaKTEPUCTHUKH 3BYKY. JIIOJChKe CIPUHHATTS 3BYyKY € OiHAypaNbHUM,
TOOTO MU CHpUIIMAaEMO 3BYK JBOMa ByXaMmHM, 1 Halll MO30K aHANIi3ye HaWMEHII
BiIMIHHOCTI B 4aci mpuOYTTs 3BYKY B IiBe i mpase Byxo (Interaural Time Difference,
ITD) i B inTencuBHOCTI 3ByKY (Interaural Level Difference, ILD). Lli BinminHOCTI, a
TakoX (inbTpais 3ByKy roJIOBOIO, TyJyOOM Ta BYLITHUMH PAaKOBUHAMH JI03BOJISIIOTh
HaM TOYHO JIOKaNi3yBaTH J[PKEPENo 3BYKY Yy TpPUBHUMIpHOMY Impoctopi. Jlis
BiITBOPEHHS IHOTO eeKTy B aypai3allii BIKOPUCTOBY€EThCS OiHAypaNbHUN CHHTES,
sakuii 0azyeThcsi Ha (QYHKLIAX Tepenadi, moB’s3anux 3 ronooto (Head-Related
Transfer Functions, HRTF). HRTF —1ie, o cyTi, Habip iMITyIbCHUX XapaKTEPUCTHK,
10 OMHUCYIOTh MUISIX 3BYKY BiJ JDKepesa B MEBHIN TOUIl MPOCTOPY A0 OapabaHHHUX
MEPETUHOK ciyxada. 3anucasiy ado 3moxaentoBaBm HRTF mnst Benukoi kinbkocTi
HaIpsSMKIB, MO)KHAa 3 BHCOKOIO TOYHICTIO BiITBOPUTH MPOCTOPOBE 3BYYaHHS ISt
MPOCITyXOBYBaHHS Yepe3 HaBYLIHUKH.

®@i3znunHi Ta TeXHIYHI acIIeKTH

BusHaueHHsT 4yTIMBOCTI CIIyXy: AJISl IIKIPHOT TOYKM IPOCTOPY BU3HAYAETHCS
piBEHb 3BYKY, KM MOXe OyTH BimdyTwii ciyxauem. Lli JaHi BUKOPUCTOBYIOTHCS
JUIsL CTBOpEHHsI aypanizaniiinoi mozem. CTBOpeHHS aypanmizamiiHOi Mozedni
BKJTIOYAE KiJIbKA KPOKIB:

1. CTBOpeHHSs TEOMETPUYHOT MOJIeTTi. 3a JOTIOMOTOI0 CHCTEM aBTOMAaTH30BAHOTO
npoektyBanHs (CAD), Takux sik AutoCAD, SketchUp a6o Revit, cTBoproeThest TouHa
TPUBUMIPHA MOJIEITb IIPOCTOPY, UM TO OyAiBeIHUN MaiilaHIMK 200 MPUMILLICHHS.

2. Bu3HadyeHHS aKyCTHYHUX BIaCTUBOCTEH MaTepiaiiB. s KOXXKHOT TIOBEpXHi B
MOJIeJIi BCTAHOBIIIOIOTHCSI XAPaKTEPUCTUKH, TOB'SI3aHI 31 3BYKONOTIMHAHHSM i
PO3CiIOBaHHSM B 3aJIeKHOCTI Bl yacToTu. Lli naHi 6epyThcs 3 61011i0Tek MaTepiaiis
a0 3 peaJbHUX BUMipIOBAHb.

3. MogentoBaHHs JpKEpeIT 3ByKy. Y MoJieni PO3MIILLyOThCS Kepena 3ByKy. s
KOXKHOTO JPKEpena 3aJal0ThCsl MOTO MOTYKHICTh, CIIEKTPaIbHUN CKIIQJ 1 Jiarpama
CHPSIMOBAHOCTI (HampuKiaza, JIOACBKAN TOJOC Ma€ iHIIY CHOPSIMOBaHICTh, HIXK
JTUHaMIK a00 IBUTYH €KCKaBaTopa).

4. AxyctuuHuWil po3paxyHOK (cumynsimis). Ha mpomy erami po3paxoByeThCs
immynbcHa xapakrepuctuka (RIR) nys 3amanoi napu «mpxepeno-ciayxayd». st nporo
BUKOPUCTOBYIOTBCSl  CHELIiaJIbHI ~ AITOPUTMH, SKI BpPaXxOBYIOTh BJIAaCTHUBOCTI
MaTtepianiB, po3TantyBaHHS JHKEPEIT 3BYKY 1 iX aKyCTHYHI XapaKTEPUCTUKH.
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5. Bu3HadeHHS 9y TIIMBOCTI Cityxada. J[71s KO)KHOT TOUKH TPOCTOPY BU3HAYAETHCS
PiBEHB 3BYKY, SIKHH MOxe OyTH modyTHii ciyxadeM. L{i JaHi BUKOPUCTOBYIOTHCS AJIsS
CTBOPEHHS aypaii3aiiiiHoi MoJei.

IcHye KinpKa MIX0iB 10 pO3PaxyHKY:

- Meton tpacyBanus mpomeHiB (Ray Tracing) mepembadae, mo 3 mKeperna
3BYKY BHITYCKAa€TbCcA O€3J7i4 «IPOMEHiB», [Ki BiIOMBAIOTHCS BiJ TMOBEPXOHb
BIMTOBITHO IO 3aKOHIB reoMeTpudHOi onTuku. lleit MeTom qoOpe MOIeioe paHHi
BIIOWTTS, aJie MEHIIT TOYHUH I peBepOepartii.

- Meron ysBaux mxepen (Image Source Method) momsirae B Tomy, mo s
KOXKHO1 IMOBEpXHi OyIyeThCs A3epKanbHe BiloOpaskeHH [Kepena 3ByKy. Llei meTox
OyXe TOYHMHM [UId IPOCTUX MNPSIMOKYTHUX IPHUMIIIEHb, ajieé CKJIAAHUN s
PO3paxyHKy B CKJIaJHUX TEOMETPIsiX.

- Meromu xinneBux (FEM) i rpanmunmx (BEM) enemeHTiB BHpIlIyIOTH
XBIWJIbOBE PIBHSHHS 1 MyX€ TO4YHI, OCOONHMBO Ha HH3BKHUX 4YacTOTaX, [Ie
MIPOSIBIISTIOTHCS XBUIIBOBI eeKTH (audpakis, pesoHancu). OqHaK BOHA BUMAraroTh
3HAYHUX OOYMCIIIOBATBHUX PECYpCiB. Y Cy4acHHX MPOTPaMHUX MPOAYKTaX, TAKUX
sk ODEON i CATT-Acoustic, 4acTo 3aCTOCOBYIOTBHCS TiOpHIHI IMiIXOAH, SIKi
00'€THYIOTh METOH TPAaCyBaHHS MPOMEHIB IJI PaHHIX BINOWTTIB i CTATHCTUYHI
METO]!, HAITPUKJIAJ], TEOPi0 AUQPY3HOTO MO, I MOJICITIOBaHHsI peBepOepallii.

6. 3ropTka i BiATBOpEHHs: IMITyJIbCHA XapaKTEepUCTHKA, OTPUMaHa B pe3ybTari
PO3pPaxyHKIB, 3TOPTAETHCS 3 «CYXUM» 3BYKOBUM (haitmom. ko Oyia po3paxoBaHa
OinaypanpHa iMIynbcHa Xapakrepuctrka (Binaural Room Impulse Response,
BRIR), To oTpumanuii crepeodaiin MokHA MPOCTYXOBYBATH B HABYLIHUKAX IS
JOCATHEHHSI IOBHOTO e€()eKTy MPUCYTHOCTI.

MareMaTH4YHA MOoAeJIb Ta MoJIbOBi BH]'[pOGYBaHHﬂ

MatemaTuyHa MOJENb JIGKUTh B OCHOBI aypaii3aiii i OmUCye TIeHepallito,
MOLIMPEHHST Ta CIPUUAHATTS 3ByKy. Ha OyniBenbHOMY MaiilaHYMKy MOJENb Ma€e
BpaxoBYyBaTH TE€OMETPiI0 MPOCTOPY, PYyXOMi JDKepeda IIyMy 1 aKyCTHYHI
BJIacTUBOCTI 00'ekTiB. BoHa ckiamaeThes 3 TphOX OJIOKIB: JpKEpena, TMOMUPEHHS i
npuitmaya [12].

1. Moaens qxepesia mymy

Koxen tun OyzmiBenbHOI TexHiKM (eKcKaBaTop, mepdoparop, reHepaTop)
PO3TIAIAETCS SIK TOYKOBE a00 CYKYIHICTh TOYKOBUX JpKepen Imymy. OCHOBHOO
XapaKTEePUCTUKOIO JUKEPEIa € HOro 3ByKoBa MOTYKHICTh (Lyy ), sika € 00’ €KTHBHOIO
BEITMYMHOIO 1 HE 3aJIKUTH BiJ] BijcTaHi. J[i1s Mo/ienfoBaHHS HEOOXiqHO Matu 0azy
JIAHUX, 110 MICTUTh CIIEKTPaIbHI XapaKTEPUCTHKH 3BYKOBOI IOTYXHOCTI JJIsl pi3HOT
TEXHIKH B OKTaBHUX 200 TPETHHOOKTABHHUX CMYTax YacToT.

2. Mopens nommpeHHs 3BYKY

Le naiicknanHimuii 010K, 10 OMKUCYE, K 3BYK BiJ pKepesa Jocsarae npuiimMaya
(cmyxaua). B ocHOBI nexuTh QyHIaMEHTaIbHE XBHIILOBE PiBHSHHSL:

7o (2) + (75) =50 @

Jie p — aKyCTHYHHi THCK, I]a; ¢ — MIBUAKICTH 3ByKYy B cepeioBuILi, M/c; V2 —
oneparop Jlarutaca; 7 —4ac, ¢; S(7) — QyHKIs, [0 OMKCYE IKEPENO 3BYKY.
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[Ipsme po3B’s3aHHS IHOTO PIBHAHHSA [UIS  CKIAQAHUX 00 €KTIB, SK-OT
OyIMaiilaH4HK, € HaI3BUUAitHO peCypCOMiCTKUM. TOMY Ha MPaKTHIIi 3aCTOCOBYIOTh
MiIXOIM TEOMETPUIHOI aKyCTUKH, SIKi € CIPABEIJTUBUMHU ISl BUCOKUX 4YacTOT (1e
JOBJKMHA XBUJI1 3HAYHO MEHIIIA 32 pO3MipH niepemnko). PiBeHb 3ByKOBOTO THCKY Lp
y TOHIll MPUHOMY BiJl OTHOTO JDKEpella pO3PaxOBYETHCS SIK CyMa €Hepriil mpsMoro
3BYKY Ta BCiX BiJIOWUTTIB:

LPi/
LP =10- logloz 10 10, (3)

PiBeHp THCKY BiI KOXHOro i-ro muisAxy (mpsmoro abo BigOutoro) Lp;
PO3paxoByeThCs 32 POPMYIIOIO:

Lpi = Lw — Agiw — Agr — Agir — Apar — ZArefl ’ )

ne Ly, — piBeHb 3ByKOBOI MOTYXHOCTI Jukepena, nb; Agj, — 3aracanHst yepes
TreOMETPUYHY AMBEPreHIi0 (PO3XOKEHHS); Ay — 3aTacaHHs Yyepe3 MOTITHHAHHS
3BYKY MOBITPSIM; Ay, — 3aracanHs 4epe3 BIUIUB 3€MHOI MOBEPXHI; Apq, — 3aracanHs
Yepe3 MONONaHHA mepemkon (6ap’epiB); X Aper; — CyMapHe 3aracaHHs uyepes
BiJIOUTTS BiJ IOBEPXOHb.

PosriasaeMo KOKeH KOMIIOHEHT AeTaIbHIIIE.

3aracaHHs yepe3 reoMeTpu4YHy AuBepreHiito (A div) onmucyeThes GopMysior:

Agiy = 20logqo(r) + 2, ®)

JIe T — BIJICTaHb BiJ JpKepena a0 npuiiMava B MeTpax. L dopMyia nokasye, 1o
TIpH MTO/IBOEHHI BiJICTaHi piBeHb THCKY Najia€e Ha 6 1b.

YMOBHI O3HAYEHHSI:

{ NS (noise  source) -

\ BUIIPOMiHIOBaY  (BinOiiHMI
Wz MOJIIOTOK);
WZ (working zone) - poboda
30Ha MOHOJIITHHKA;
AL =Lys—Ly; =6dB -
pI3HHIT 3BYKOBHX THCKIB

1COUSTIC BARRIER

MIX JDKEPEIIOM
BUIIPOMIHIOBaHHS Ta
MAIN ACQUSTIC /
. , 0004010 30HOIO 3a
SEGMENT. P

HasBHICTIO eKpaHa Ta
IIOJIBOECHHSM BiJICTaHEN;
poOoui BincTaHi

DOUBLE ACOUSTIC
—_— SEGMENT

BNS_BMain acoustic = 2-
segment

(BWZ_BDouble acoustic) =
segment
2 " R1

Pucynoxk 1. Cxematnyae 300pa’keHHSI T€OMETPUYHOI JUBEPTEHIII] 3BYKY BiJ TOUKOBOTO
JoKepesia Ta 3aracaHHs IPH MOJONaHHI aKyCTHYHOTO eKpaHa
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Ha pucynky 1 moka3zaHo nBi TOYKM TpuiioMy Ha BiacTtansx R; Tta2-Ry, 3
mignucamu, o piBeHb myMy B Touli 2R Ha 6 n1b Hmxuunii. CripaBa Big JpKepena
po3TamioBaHui aKyCTHUHMHA ekpaH. llokazaHo HUISX 3BYKy, LIO OTHHAE EKpaH
(mudpaxiis), 1 32 eKpaHOM CTBOpPEHA 30HA «aKyCTHYHOI TiHI» 31 3HAYHO HIDKYHM
piBHEM mIymy. 3aracaHHs B TOBITPi A,jy 3aJI€XKHUThH BiJl YaCTOTH, TEMIIEPATYpH Ta
BOJIOTOCTI 1 po3paxoByeThes 3a ctangaptom [SO 9613-1.

3aracanns depe3 Oap’epu Ay, € OMHAM 3 HAMBAKIIUBIIIUX TSI MOZCITIOBAHHS.
BoHo po3paxoByeThcst Ha OCHOBI MUGPAKIITHIX MOJENeN, HANpUKIaA MOMAENi
MaekaBw, 1 3aexuTh Big uncia Openens N:

Apgr = 10log1o(3+ C; - C - C3-N), (6)

ne Ci,C,,C3 — mompaBouHi KoedimieHTn, a N 3aleXHTh Bi PI3HUII XOIy
MPOMEHIB (TIPSIMOTo Ta IU(ParoBaHOro).

AnroputMmu aypamizamii (TpacyBaHHsS MpoMeHiB). s po3paxyHKy BCiX IHX
KOMITOHEHTIB JJIsl TUCSIY MOSKJIMBUX IIUIAXIB 3BYKY BUKOPHCTOBYIOTBCS aJITOPUTMHU
TpacyBanHs nipomeHiB (Ray Tracing) abo mpomMeHeBOTro TpacyBaHHs. 3 JKepena
3BYKY BHITYCKA€TbCS BEJMKa KiNBKICTh NMPOMEHIB y BUIAIKOBUX HampsMKax.
Koxen mpoMiHp Hece meBHy eHepriro. Cuctema BIACTEXY€E NUIAX KOXXHOTO
MPOMEHsI, 1 Tpu HOro mepeTrHi 3 OyIb-sIKOK IMOBEPXHEI (CTiHOI, 3eMIIEIO,
€KpaHOM) YaCTHHA CHEprii NOTJIMHAEThCS, a YacTHHA BiJIOMBAETHCS Yy HOBOMY
HarpsMKy. Konmm mpowmiHb mOTpamiisge y chHemianbHy «cdepy TpHiiomMy», Io
MOJICIIIOE TOJIOBY ciyxada, cucTema (iKCye HOTro €Hepriro, 4ac MpHUXOAy Ta
HanpsaMoK. 3i0paBmu iHdopMaIilo Big THCSY MPOMEHIB, cHUcTeMa Oyaye
IMIyJTBCHY XapakTepucTuky npumimenHs (IR) — yHikanpHHI aKyCTHYHHN
«BIAOUTOK Manbls» A JaHOI TOYKHM HPOCTOPY. 3TrOpTaHHS O€3IyHHOTO
aymiozanucy (dry recording) myMy ~TEXHIKM 3 Ii€l0  IMIYJIbCHOIO
XapaKTEPUCTUKOIO 1 CTBOPIOE (hiHATBHUHN aypalli3oBaHUi 3BYK.

3. MopgeJss npuiiMaya Ta po3paxyHok epextusHocti 313

[Ipuitmauem y mMozeni € BipTyanbHHIA cimyxad. s cTBOpeHHs OiHaypalbHOTO
edexTy (3BYKY JIJIs1 JIIBOTO Ta IIPABOI'0 ByXa) iIMITyJIbCHA XapaKTEPUCTHKA JI0IATKOBO
00pobmsieThes 3a gonomMorot nepenaBanbHOi QyHkmii ronoBu (HRTF), nusmch
pucyHok 2. Ile Habip inbTpiB, 110 IMITYIOTB, K JFOICHKA TOJIOBA, BYIIIHI PAKOBHHU
Ta TYJIyO 3MIHIOIOTH 3BYK, IO MIPUXOAUTH 3 PI3HUX HAINPSIMKIB.

KnrouoBM MOMEHTOM sl Hamiol 3ajadi € MoOJeNioBaHHs e(dekTy Bif
3actocyBanHs 313. Po3paxyHOk peasbHOTO piBHS MIyMY ITiJ| HAaBYITHUKOM (Lppror)
BUKOHYETHCS 32 POPMYJIOLO:

A
i PPE/10 ,

L
Lpprot = 10+ 1log; X% 10 i (7

ne Lp; — piBeHb 3ByKOBOT'O THUCKY i-i YaCTOTHOi CMYTH, LIO Ji€ HA POOITHHKA,;
Appp — oka3Huk 3aracanns 313 1y i€l %k i-1 4aCTOTHOT CMyTH.

[IpocTi nokaznuky, sik-oT SNR a6o NRR, natots nuie ycepenHeHe 3HaYSHHS.
Touna Mozens BUMarae BUKOPUCTAaHHS MMOBHUX JaHUX Mpo 3aracaHHs 313 Ha Beix
yacrorax. Aypaizalis J103B0JIsiE 3aCTOCYBATH IIeH YaCTOTHO-3AJICKHUN (QLIBTp J10
PO3paxoBaHOTO 3BYKY, Jal0YH MOMIIUBICTh MOYYTH PI3HUIIIO.
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Pucynok 2. ImnoproBana citka stl HaB4anbHO-10CTIAHAIIBKOO 30HOK MEIUYHOT aKyCTHKH
InctuTyTy TexHiuHOi akyctuku YHiBepcutery RWTH Aaxena, Himewumna. Citka stl
JIIICH30BaHa 3a MiXHapoaHOIo JineHsiero Creative Commons Attribution 4.0

Kaacudikanis meroniB Ta TexHoorii

Texnomnorii aypamizarii MokHa Kacu]ikyBaTh 3a KUTbKOMa KPUTEPisIMH.

3a piBHEM iIHTEPaKTUBHOCTI:

- Craruuna aypamizamis: CTBOPIOETBCS 3BYKOBHH (haiim s ¢ikcoBaHOTO
TIOJIO’KEHHS ClTyxada Ta jpkepena. He mo3Bosisie pyxartucs y BipTyallbHOMY IPOCTOPI.

- InrepakTuBHa  aypamizamis: Po3paxyHOK — aKyCTMYHUX  IapaMeTpiB
BiJIOYBa€eThCs B peanbHOMy yaci. Ciiyxay MoOe MHepeMIIIaTUCs y BIpTyaJbHOMY
CEepeOBUII, a 3ByKOBa KapTWHA JHHAMIYHO 3MiHIOEThCS. lle BuMmarae 3HayHMX
O0YHCITIOBATIBHUAX TOTYXHOCTEH, ane 3abe3nedye MakcCHMaibHe 3aHypeHHs. Taki
CHCTEMH 4acTO IHTErpyIOThes 3 VR-1momoMamu, Mo BiACTEXYIOTH MOJOXKECHHS Ta
OpIEHTAIIi}0 TOJIOBH KOPHUCTYyBaya.

3a METOOM BiATBOPEHHS:

- binaypanbna aypamizaiis (Juisi HaByIIHUKIB): Halinmommpenimmii MeTo/, 1o
3a0e3reuye TOUYHE BiATBOPEHHS MPOCTOPOBUX XaPAKTEPUCTHK 3BYKY.

- Awm0iconika (Ambisonics): TexHomoris 3amucy Ta BiqTBOpeHHS TOBHOTO 360-
TpaJyCHOTO 3BYKOBOTO TMoJisi. J[03BOJsIE BiATBOPIOBATH 3BYK 4YEpe3 CHCTEMHU 3
JIOBUIBHOKO KUTBKICTIO T'YYHOMOBIIIB.

- TpancaypansHa aypanizauis: BiarBopeHHs OiHaypalbHOrO 3BYKY uepes
cTepeornapy TYYHOMOBIIIB 3 BHKOPHCTAaHHSM crelianbHuX (inmeTpiB (crosstalk
cancellation), ki KOMIIEHCYIOTb [TEPEXPECHE POCTYXOBYBaHHS (KOJIH JTiBE BYXO 4y€
MpaBUi TyYHOMOBELb 1 HABIIAKH).

3a cdeporo 3acTocyBaHHS B OYIiBHHUILITBI:

- Aypanmizamis Juis  apxiTEKTypHOi aKyCcTUKW: MOJIENIOBaHHsI 3BYKY B
KOHIIEPTHUX 3ajaX, Tearpax, odicax. OCHOBHa MeTa — JOCSATHEHHS Oa)KaHMX
aKyCTHYHHUX IapaMeTpiB (dac pesepOepallii, YiTKICTb MOBH).

- Aypamisaiiis 11 IPOMHUCIOBOT aKyCTHKH Ta OXOPOHH Ipaili: Moie/ItoBaHHs
IIyMY BiJl IPOMHCIIOBOTO 00JIaHAHHS Ta Oy [IBEIbHIX MalIaHIHKIB.

OcCHOBHI 11111:

- IlporHosyBanHs nryMoBOro BIUIHBY: OIiHKA PiBHIB IIyMy Ha pOOOYHX MiCLIAX
Ta Ha MPUJIETIUX TEPUTOPISX.
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- Omiaka e(eKTUBHOCTI IIyMO3aXHCHUX 3axoiiB: BipTyampHe TecTyBaHHS
aKyCTUYHUX €KpaHiB, KOXKYXiB, TITyIIHUKIB.

- TecryBanHs Ta TpeHyBaHHA 3 BuKopucTanHs 3I3: MopaemoBaHHs TOTO, SIK
Oyze Ty TH HaBKOJUIITHE CEPeIOBHIIE (BKIIOYAIOUH MTOTIEPEKYBATbHI CUTHAIIH ) TIPH
BHKOPHCTaHHI Pi3HUX THITIB HABYIIHUKIB 91 OEpyIIIiB.

- IndopmamiiiHo-po3’sicHioBanbHa  poOoTa:  JleMOHCTpamist 3aMOBHHUKaM,
TrpoMaChKOCTI a00 camMuM TpamiBHUKAM pPEaTbHOTO PIBHS ITyMOBOI 3arpo3u Ta
e(heKTUBHOCTI 3aIIPOITOHOBAHKX PIIICHb.

CyuacHi TeHAEHLil, K MOKa3ye aHami3 JjitepaTypu [12], cmopsiMoBani Ha
CTBOPEHHS KOHTEKCTyalbHHMX Ta I1HTEPAKTHBHUX CHCTEM, J¢ aypalizalisi €
qacTUHOIO O1TbII01 ITHdpoBoi Moaeli 00’ exta (mudposoro npiitHuKa). Lle qo3BOIISIE
HE IPOCTO “TI0YyTH” 3BYK, a i Bi3yallbHO OaYMTH HOTO JKEepena, IIUISIXH MOIUPEHHS
Ta B3aEMOJIISITH 3 BIPTYaJIbHUM CEPEIOBHIIECM IS TIOITYKY ONTHMAIBHUX PIlIEHb.

METOIHN
Cy4acHi migxoau 10 60poTs0H4 3 IIyMOM

EdextuBHa GopoThba 3 mIymMoM Ha OyIiBeTbHOMY MaWIaHYUKY BHMAarae
3aCTOCYBaHHS KOMIUIEKCHOTO IMTiAX0/Y, 3aCHOBAHOTO Ha i€papxil KOHTPOIIIO PH3HKIB.
Hei#t migxing nepeabavae mpiopUTETHE 3aCTOCYBAHHS 3aXOiB, CIPSMOBAaHMX Ha
YCYHEHHS a00 3HIDKEHHS IIIyMY B JDKEPEi, 1 JIWIIe TTOTIM — BUKOPUCTaHHS 3aC001B
3axucTy npaniBHuka. Tenaennii 2024-2025 pokiB cBiguaTh NPO 3MILICHHS aKLIEHTY
B OiK MPEBEHTUBHUX, IHTEJICKTYAIbHUX Ta €KOJIOTIYHO CTAIMX TEXHOJIOTIH.

1. IlacuBHi MeTOIHN

[MacuBHI MeTOAM cripsiMOBaHi Ha OJ0KyBaHHsS a00 MOTJIMHAHHS 3BYKOBOT €HEpTii
HA LUIAXY 11 NOIIUPEHHS.

- Axycrtuuni Oap’epu Ta ekpanu: lle kimacWMuHMII METOJ, IO 3aIHMINAETHCS
BrucokoedekTuBHUM. CydacHi pilieHHs — Iie MOOUIbHI, MOJYJIbHI KOHCTPYKIIiI, 110
JIETKO MOHTYIOThCS. [HHOBaIii MOJNSATalOTh y BUKOPUCTaHHI HOBHX KOMIIO3UTHHX
MaTepiajiB, SKi TOEAHYIOTh BUCOKY 3BYKOI30IIIHHY 3aTHICTh (Macy) Ta 3HauHE
3BYKOIIOTJIMHAHHS (TTOPUCTICTh), IO 3MEHINYE BIAOUTTA 3BYKY B OiK IHIIMX
00’€KTiB.

- BucokonpomyKkTuBHI 3ByKOi30JAIiHHI MaTepianu:

e Aeporeni: L{i Haanerki marepiaiy, 1mo CKIagar0Thes Ha 99% 3 moBiTPs,
JIEMOHCTPYIOTh YHIKaJdbHI aKyCTHYHI BJIaCTUBOCTI. 3aBISKHU CBOIM HAHOIOPHUCTIi
CTPYKTYpi, BOHHM 3a0€3Me4yloTh 3HAaYyHE 3aTyXaHHS 3BYKOBUX XBWJIb IIpU
MiHIMaJbHIM TOBIIMHI Ta Ba3i, M0 POOUTH iX i€aTbHUMH ISl CTBOPEHHS JIETKHUX
MIEPEHOCHUX €KPaHiB a00 KOXKYXiB JUIsl 00JIaTHAHHS.

e MacoBo-naBantaxkeni nojimepu (MLP): Lle rHyuki, TOHKI Ta Ba¥KKi
BIHIJIOBI MeMOpaHHW, 10 BHUKOPHCTOBYIOThCS JUIS OOTOPTAHHS JDKEpEeN IIyMy
(IBUTYHIB, KOMIIPECOPiB) 200 SIK mMap y 0araTomapoBUX aKyCTUYHUAX €KpaHaX.

e ExojorivHo cranmi pimieHHs: 3pocTae  MOMYJISIPHICTH  MaTepiaiis,
BUTOTOBJICHUX 3 TNEpepoOSIeHOT CUPOBHHHU a00 MPHUPOAHUX BOJIOKOH. AKYCTHYHI
na”eni 3 nepepobnenux PET-muismiok, KOHOIISTHOTO a00 PKYTOBOTO BOJIOKHA HE
suire e(heKTUBHO MOTJIMHAIOTH IIIyM, ajieé i MalTh MEHIINUN BYIJICLIEBHH CIIiJ, 10
BiNOBiZae cydacHUM ‘‘3esieHnM” OyaiBensHuM crannaptam (LEED, BREEAM).
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2. AKTHBHI MeTOIH

AKTHBHI METOJIM TIepe10avaroTh BITUB Ha caMe DKEPEsIo IMIyMy ado Ha 3ByKOBE
noJe.

- Buxkopucramns “ruxoi” Texnikm (Quiet Technology): Omun 3
HaleeKTUBHIMIHX MMiaXoaiB. BupobHuku OyaiBensHOl TexHIKH (Hanmpukiam, Volvo,
Caterpillar) akTHBHO BIIPOBaKYIOTh IHHOBAIT JJISl 3HMKEHHS IIyMY: TTOKpalieHa
i301s1isl KabiHM Ta MOTOPHOTO BIJICIKY, ONTHUMI30BaHI CHCTEMH OXOJOIKEHHS 3
BEHTHJIATOPAMH, IO 3MIHIOIOTH IIBHUAKICTh 00€pTaHHS, BUKOPHUCTAHHS TiOpHIHIX
Ta TIOBHICTIO €JIEKTPUYHUX CHIIOBHX YCTaHOBOK. EJeKTpr9HI MiHI-€KCKaBaTOpH Ta
HaBaHTaXyBadi BXXE CHOTO/AHI BHUKOPHCTOBYIOTbCS Ha MalJaHUYMKaxX y LIUTBHIN
MICEKiii 320y IOBI, /e BUMOTH JI0 PIBHS IIyMY € OCOOJIMBO JKOPCTKUMU.

- AxrtuBHe mrymo3ariymeHHs (Active Noise Control, ANC): Lls TexHomoris,
no0pe BiJjoMa MO CIOKUBUMX HABYIIHHKAX, HOYMHAE 3HAXOJUTH 3aCTOCYBAHHS 1 B
npoMuciioBux Macirabax. Cuctema ANC BHKOPUCTOBYE MIKPOGOHH IS 3aIHCy
BHXIHOTO IITyMy Ta IWHAMIKH, [0 TEHEPYIOTh TAKWA CAMHIA 3BYK, ajie y IpoTUda3si.
Y pesynbrati iHTepdepeHIii TBOX 3BYKOBHX XBWJIb BiJJOYBA€ThCS iX B3aEMHE
sauieHHss. ANC € HaOLIbII ePeKTUBHUM I HU3bKOYaCTOTHOTO, MOHOTOHHOTO
mymMmy (Tyn IBUTYHIB, BeHTHIsATOpiB). Ha OyaiBenbHMX MalgaH4dMKax il MOXKHa
3aCTOCOBYBaTH MAJISl CTBOPEHHS JIOKAJbHMX 30H THILII HABKOJIO CTalliOHAPHOIO
o0s1ajiHaHHS a00 HA BUXJIOIHUX CUCTEMaXx JIBUT'YHIB.

- AzanTHBHI CUCTEMH MOHITOpUHTY Ta KOoHTpodro: Lle Tpena 2025 poky. Taki
cucremu Ha 0a3i Iatepuery peueii (IoT) mepembadaroTh po3MIMIEHHS Mepexi
0e31pOTOBUX MATYMKIB IIyMy IO BChOMY MaimaH4mKy. J[aHi B peambHOMY daci
HAJXOJATh JI0 IIEHTPAIbHOI CHCTEMH, SIKa MOKE€ aBTOMAaTHYHO aKTHBYBATH 3aXO0JH
3axXMCTy (HANpHUKIAA, YBIMKHYTH CUCTEMY IOJIUBY JUISl 3HMDKEHHS MITY Ta LIyMY
TIpY 3HECEHH1) a00 MOTepeNUTH KEPiBHUKA POOIT MPO MEPEBHUIIIEHHS HOPM.

3. Oprani3auiiini 3axoaun

Li 3axoaM He BUMAararoTh 3HAYHHUX KaIliTAIOBKIAJCHb, allé MOXYTh CYTTEBO
3HU3UTH 3arajbHUNA ITyMOBHH BIUIKB.

“Tuxi roquan’: 3akoHO1aBYE 200 MYHIIUIIATbHE OOMEKEHHS Ha MTPOBEACHHS
HaWTy4YHIMMX poOiT y paHKOBI, BEUipHi TOJMHH Ta Yy BUX1JIHI JTHI.

- IlnanyBaHHs Ta 30HYyBaHHS: Po3ramryBaHHS CTalliOHAPHOTO TYYHOTO
o0amHaHHS (KOMIIPECOpPH, TEHEPATOPH) B MAKCUMAIBHO Bi/IJTAJICHUX BiJl Uy TJIMBUX
30H MICISX, 10 MOYJIMBOCTI 3 BUKOPHCTAaHHAM NMPHUPOAHUX Mepemko] (maropowu,
iCHYI0Yi OymiBIi).

- Onrumizauis norictuky: CknanaHasa rpadikiB pyxy BaHTaXXHOTO TPAHCIIOPTY
JUTS MiHIMI3aMii Irymy.

- IndopmyBanHs Ta HaB4YaHHS: PeryispHe npoBeieHHS IHCTPYKTaXiB JUIS
POOITHHKIB 11010 BaXKITUBOCTI JJOTPUMAHHS “TUXHUX"~ TEXHOJIOTiIH pOOOTH Ta MPaBUII
BUKOpHUCcTaHHs 313.

3aco0m iHAMBIIYAIBHOTO 3aXUCTY

3riIHO 3 OCHOBHOIO T€3010 AaHOi poOoTH, 313 € KIII0YOBUM eJIEMEHTOM OE3IIeKH,
KOJIM IH)KEHEpHI Ta OpraHi3alliiiHi METOI € HEJAOCTATHIMHU.
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Kiracudikarrist Ta XapaKTepHUCTHKH:

- ITacusni 313:

e bepymi (Bxmagwmmi): OmHOpa3oBi (31 CHIHEHOTO TMOJiypeTaHy) abo

Oaratopa3osi (3 (OPMOBAHOTO CHUITIKOHY).

e HapymHuku: 3aKpUBalOTh BYIIHY PAKOBUHY .

- AxtuBHi (enekTponHi) 313:

e Hapymnuku 3 aktuBHAM 1mymo3ariyineHHsM (ANC): EdektuBHi npotu
HHU3bKOYACTOTHOTO LIyMY.

e HaBymmukm 3 ¢ysKIier0 “npo3opocti” (sound restoration/level-
dependent): Marotp BOyzmoBaHi MiKpO(QOHH, LIO JO3BOJAIOTH YYTH
HAaBKOJIMITHI 3BYKM (MOBY, CHTHaIM) Ha O€3MEYHOMY piBHi, aie
aBTOMATUYHO OJIOKYIOTH TYYHI IMITYJIbCHI IITyMH (TTOCTPLI, yAap).

InHOBamii Ta “pozymni” 313 (2024-2025):

- “PosymHi” OGepymri Ta HaBymHHKH: Lli mprcTpoi BUKOPUCTOBYIOTH CKIIAIHI
ANTOPUTMH OOPOOKHM CUTHAIY JUIsl CENIEKTUBHOI (inmbTpariii 3ByKy. BoHU MOXyTh
MiACHIIOBATH MOBHUH [ialma3oH 4acTOT, OJHOYACHO MPHUTHIYYIOUU MPOMHCIOBHMA
[IyM, IO BUPIIIy€e TPOOIeMy COLIaIbHOI 13011 Ta MigBHUILY€e Oe3MeKy.

- Iarerpamis 3 komyHikamiitanmu cuctemamu: CydacHi 313 ocHamryroTbes
Bluetooth-moxymsimu asst 3B°s13ky 3 TeineOoHOM abo paIli€ro, JO3BOJSIOYN BECTH
MEePEroBOpH, He 3HIMAIOYN 3aXHUCTY.

- BoOynoBana gosumertpist: 313 B peanbHOMY Yaci BUMipIOIOTH PiBEHB IIIyMY, IO
nie Ha OapabaHHY TepeTHHKY (TIi/1 Jaliero HaBYITHUKA), Ta PO3PaxOBYIOTH T000BY
no3y ekcno3uiii. [Tpu HaOMWKEHHI N0 TpaHUYHUX 3HAYCHb CHUCTEMa IOJIAE
[ONEPEHKYBAIBHUM CUTHAII.

- Kacrowmizauis (Custom-fit): Bukopucranus 3D-ckanyBaHHS ByILTHOT'O KaHAITY
ta 3D-apyKy A03BOJISIE CTBOPIOBATH 1HAWBINyabHI Oepylli, 10 3a0e3MevyIoTh
iZlealbHe TMPWIATAHHS, MaKCHMAaJbHUH KOMQOPT 1 cTabUIbHUN DPIBEHb 3aXHCTY
HPOTATOM YCHOTO POOOYOTo JTHS.

MeToauku oliHKU eeKTUBHOCTI

Orinka e)eKTUBHOCTI 3aX0iB 0OPOTHOU 3 IIIyMOM € KITFOUOBHM €TaIlOM.

IHcTpymeHTanpHi BuMipu: BukopucTaHHS OIyMOMIpiB Ta JO3UMETpPIB IS
BHUMIPIOBaHHS PiBHIB IIyMy Ha poOOYMX MICIIIX Ta Ha MEXIi CaHiTapHO-3aXHCHOT
30HU. [TopiBHSHHS PE3yJIBTATIB JIO 1 MICJIS BIIPOBADKEHHS 3aXO0/IiB.

AynioMmeTpuuHe oOCTeXeHHsS: PerynsipHe menudHe OOCTEXKEHHS MpaIliBHHUKIB
JUISl MOHITOPHHTY CTaHy IXHBOTO CIyXY.

AHKeTyBaHHs Ta Cy0’eKTHBHA OIliHKa: ONMUTYBaHHS MPAIliBHUKIB II0JI0 IXHBOTO
CIPUIHATTS PIBHS MIyMY, TUCKOMMOPTY Ta 3py4HOCTI BUKOopucTanHs 313.

Aypamizanis sk MeTon ouiHku: Lleii MeTox m03BOJsiE MPOBECTH BipTyalibHY
OLIIHKY W€ JI0 BIPOBAPKEHHS PEATbHUX 3aXO0/IiB.

Orriaka epekTUBHOCTI eKpaHiB: MoKHa 3MOZICIIOBATH OJIMH 1 TOH e Oy 1iBeNbHUI
MalJaH4MK 3 PI3HUMH THUIIAMH, BUCOTOIO Ta PO3TaIllyBaHHSAM aKyCTUYHHUX Oap’epiB i
Ha CJIyX OLIHWTH, SKUHM BapiaHT 3a0e3neuye Hailkpamle 3HIKEHHA IIyMy B
KOHTPOJIbHIN TOYIII (HAPHKJIIAJ, OIS BIKHA HAHOIMKIOT0 )KUTIOBOTO OYIMHKY ).

Ominka edextuBHOCTi 3[3: MOKHA 3MOJIEITIOBATH TUTIOBY aKYCTHYHY CHTYAIIit0
Ha MaigaH4YMKy (poboTa nepdoparopa, pyx TEXHIKM, KPUKH KOJIET) i IpociayXaTH ii
yepe3 BipTyanbHy Mopaenb pisHux 313. Lle m03BoJisie OIIHUTH HE JIMIIE PiBEHb
ITyMO3ariylmeHHs, a W po30ipJHMBICT, MOBH Ta IOINEPEHKYyBAIBLHUX CHUTHAIIB,
00paBIIM ONTUMAIBHY MOJIEINb AJIsl KOHKPETHOT'O poO0YOro Micusl.
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KoHueniisi moji-oBUX BUNPOOYyBaHb (iMiTamiliHe MoxeTIOBaHHST)

[IpoBeneHHsI TOBHOLIHHUX HATYPHUX €KCIIEPUMEHTIB € JOPOTUM Ta CKJIAIHHM.
HatomicTp mpomnonyeThes iMiTartiiine BUpoOyBaHHs Ha 60a3i nudpoBOTO ABIITHIKA
OyZIiBelbHOTO MalJaH4YMKa, PO3TAIIOBAaHOTO 3a ajpecoro BiicbkoBuit y3Bi3 5,
M. Oneca, Ykpaina (Pucynok 3).

Pucynox 3. PedepeHTHa MO/IENb Ta aKyCTUYHUI Te0NpOCTOpOBUil mpodiib

Eran 1: CrBopenns moxenmi. CtBoproerbes 4D BIM-monmens 00’ekrta, 110
BKIIIOYAa€ TPUBHMIPHY TEOMETpil0 Ta rpadik BUKOHaHHS pobiT. CTBOprOEMO
uudpoBuid Tpodink OyIiBETPHOTO MailaHYMKa IIPH IPOBEICHHI CaHAIliiHO-
BiIHOBIIIOBAILHUX  POOIT  MOHOJITHO-KapKacHOi  6-TOBepXOBOi  OymiBIIL.
CrBoproeTbest  0i0TiOTEKa aKyCTUYHUX XapaKTePUCTHK Ly, Ui BCi€l 3alisHOI
TEXHIKH: 0aIITOBUH KpaH, OETOHOHACOC, BaHTAXIBKH, IepdopaTopH, NutidyBaibHi
MallMHU BiANOBIAHO 3a Qopmynon (4). 3amaloThcs aKyCTUYHI BIACTHUBOCTI
MOBEPXOHb (OETOH, IPYHT, CKJI0) 3a popmynamu (5) Ta (6).

Etan 2: Cumynsuis cuenapiiB. Cuenapii 1 «Haiiripmmii  Bumagok»:
MopentoeTbes eTan 3BeIeHHs] MOHOJIITHOTO KapKacy Ha 5-my moBepci. OHOYacHO
mpaioe OamToBUi KpaH, OETOHOHAcOC, Kilbka poOITHUKIB 3 mepdoparopamu.
Po3paxoByeThcs kKapTa NIyMOBOTO 3a0pyTHEHHS JJIs1 BChOTO TIOBEPXY Ta MPHIIETIIOL
Teputopii. BukoHyeThcs aypamizamis [y poOOYOro Micis MOHOJITHHKA 3a
tdhopmyoro (7).

Cuenapiit 2 «3I3»: n0 cuenapiro 1 nomaerbes mozens 313 (Hampukia,
HaBymHUKH 3 SNR 32 nb). Po3paxoByeTscs piBeHb NIyMy Wi HaBYIIHHKaMH 1
BUKOHYETbHCSI HOBA aypaJtizallis.

Cuenapiit 3 « AKycTUUHUH ekpaH»: MoJIeoeThCcsS BCTAHOBJICHHS! THMYACOBOTO
AKyCTHYHOI'O €KpaHy HaBKOJIO 30HH poOoTH nepdoparopis. Po3paxoByeThcst HOBa
KapTa IIyMy Ta BUKOHY€TbCS TPETs aypastizallis.

[loBHa TpuBUMipHa KapTHHA BHIIPOMiHIOBaHHS, OLiHeHa Ha BifctaHi 500 M,
300pakeHa Ha pUCYHKY 4. Sk mnpejactaBieHo, ToyioBHHE (dacax OymiBii, IO
BiJNOBiZIa€ A3€pKAIBLHOMY BiIOOpaKEHHIO Ha OCHOBHIM YacTLi OTOpPOJLKYBaJIBHOI
30HM OyIiBENILHOrO MaljJaHuWMKa. BinmoBimHa pgiarpama CHIPSAMOBAaHOCTI B
IUIOIIMHI Xy, OIIHEHA Ha BifacTaHi jpkepena 500 M, 300pakeHa Ha PHCYHKY 5.
3aranpHUA THCK y OJNMKHBROMY IOJIi Ta PiBEHb PO3CISIHOTO 3BYKOBOTO THCKY Y
OMKHBOMY TIOJNI TIOKA3aHO HA PUCYHKY 0, BIAMOBIAHO. ACUMITOTUYHUHN MiAXiA 10
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PO3CIIOBaHHSI IPYHTYETHCS HAa OOYHMCICHHI BHJIUMOCTi, TOOTO YACTHHU ITOBEpPXHI
o0'exTa pO3CitOBaHHs, Ha Ky Oe3MOcepeIHhO Nanae PoHOBE moyie. Buaumicts ass
MOTOYHOI KOHGQirypamii 300pakeHO Ha pUCYHKY 7. IS BUIUMUX TOBEPXOHB
BIIOMTTA KyT MOJIA, MIO TAaAae, a TaKOX BIMMOBIAHUNA KOe(ili€HT MOTIMHAHHS
300paxeHO Ha BEPXHHOMY MPABOMY Ta HIKHHOMY PHCYHKax BiamoBigHo. Haperri,
3MaTHICTh MOBepxHi, mo norauHae (TS), ans morouHoi KoHQirypauii mkepena Ta
po3citoBada 300pakeHa Ha PUCYHKY 8.

freq(1)=2000 Hz 3D Scattered SPL Radiation Pattern at 500 m =

Pucynox 4. lllymoBe ciamarode po3ciroBaHHs Ha BigctaHi 500 M Bij OyAiBeTbHOTO MaiTaHINKa

Scaterred SPL Sound Pressure Level xy-plane (paas) o

—— 2000 Hz

Pucynox 5. liarpama BHIIpOMIHIOBaHHS B IUIOIIMHI Xy, OI[IHCHA Ha BiJCTaHI BiJ JDKepena
(1 km)
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freq(1)=2000 Hz Multislice: Total acoustic pressure (Pa) Surface: Total acoustic pressure (Pa)

Pa

Pucynok 6. 3aranpHuil akyCTHYHHMN THCK (IaJarl04uuii 1 po3CisiHUI), OI[IHEHUH Ha TIOBEpPXHI

LIYMO3aXUCHOTO eKpaHy i B IIOmuHI Z = ()

Balisiic Target Strength

Target strength

150

0

o 0.5 1 15 2 2.5 3 35
Receiver angle (rad)

Pucynox 7. I'padix nokazye crny mimi TS

freq(1)=2000 Kz Scattered SPL

Pucynok 8. Po3cistauit SPL B monuai z = 0 B 0061acTi HaBKOJIO ITyMOBOTO 0ap'epy

°

o

£y

o

ISSN: 2411-4049. Exonoriuyna Oe3neka Ta NPUPOAOKOPUCTyBaHHS, BuIl. 4 (56), 2025



Tabmums 1. [IporHo3oBaHi piBHI IIyMy IS PiI3HUX CIIEHAPIIB y KOHTPOIBHIN TOUIT
(poboue Miciie MOHOJIITHHKA)

Cuenapiii MOZICJTIOBaHHS ExBiBaneHTHUH piBeHB IIyMy, 1BA
Cuenapiii 1: be3 3axoiB 3axucty 98 nbA
Cuenapiii 2: 3 Bukopucranusm 313 66 nbA (1ij HaBYIIHUKaMH)
Cuenapiii 3: 3 akyCTHYHHM €KpaHOM 89 nbA

Pesynpratn Takoro imiTamiiHOTO BUNPOOYBaHHS O3BOJIAIOTH OO0 €KTHBHO
MOPIBHATH €(DEKTUBHICTh PI3HUX 3aXOJiB Ta, IO HAWBaXJIMBIIE, HAJIATH 3BYKOBI
MPUKIIAIH, II0 IEMOHCTPYIOTh L0 PO301KHICTE.

PE3YJIbTATH

[IpoBeneHnit KOMIUIEKCHUN aHaJi3 CydyacHOTO CTaHy MpoOieMu OOpOThOM 3
IIyMOM y OYIiBHHUIITBI Ta pOJIi TEXHOJOTII aypami3allii B I[bOMY IIPOLECi TO3BOIISE
chOpMyITIIOBaTH HU3KY KITFOUOBHX BHCHOBKIB.

1. HemocTaTHICTh TpaauIliiHUX MIAXOJIB Ta HEOOXIMHICTh IHHOBAIH. AHAJI3
[OKa3aB, MO0 TPAaJULiIHHI METOAW KOHTPOIIO INyMy, Xo4da I 3aJIMIIAIOTHCA
aKTyaJlbHUMHM, YacTO HE 3a0e3[euylOTh JOCSITHEHHS HOPMAaTHBHUX IOKa3HUKIB Y
CKJIaJJHUX yMOBaX Cy4acHOT0 Oy/AiBeJIbHOTO MaijaHumKa. [HKeHepHi pillleHHs], TaKi
SIK 3BYKOI3OIAIIAHI €KpaHW, He 3aBXIW € JOCTaTHRO €(PEKTHBHUMH MPOTH
HU3bKOYAaCTOTHOIO INyMy, a IXHE BCTaHOBJIEHHS MOXE OyTH €KOHOMI4HO
HeBuriHUM. [loBHA 3aMiHa MapKy TEXHIKKM Ha “THUXi” MOJENI € JOBrOTPHBAIUM
poriecoM. Y 11X YMOBaxX OCHOBHUH Tsrap 3aXHCTY JISra€e Ha 3aCo0U 1HIUBITyaIbHOTO
3axucry. IIpore, sk cBiguats nociimkenns NIOSH (2024), peansHa epextrBHicTh 313
Ha BUPOOHHMITBI € 3HAYHO HWXKYOIO 3a 3asBlieHy depe3 Oe3miy (hakTopiB, BiA
HETPaBUIILHOTO BUKOPUCTAHHS JIO TICHXOJIOTIYHOTO HETIPUHHATTA 1X MpalliBHUKaMHU.
Lle ctBOproe “po3puB B e(hEeKTUBHOCTI”, SIKM BUMAarae HOBHX ITiJIXOMiB A0 BHOOPY,
TECTYBAHHS Ta BIIPOBA DKEHHS 3aXHUCHUX 3aXOZiB.

2. Aypanizamis SK KIIOYOBHH 1HCTPYMEHT NMPEBEHTHUBHOI OIIHKH. TEXHOJOTis
aypamizamii BUCTYIa€ caMe€ THM IHHOBAIIHHMM iHCTPYMEHTOM, IO JO3BOJISE
TO/I0NIaTH 3a3HAueHHil po3puB. [i TONOBHA HiHHICTH MONATA€ y MOKIUBOCTI
MPEBEHTHBHOI, 00 €KTUBHOI Ta Cy0’€KTUBHO 3po3yMinoi omiHku. Ha BigmiHy Bix
abcTpakTHUX JenuOeniB Ta CKIagHuX rpadiki, aypaiizaiis I03BOJISIE BCIM
y4acHHKaM IpoLeCy — Bijl iHKEHepa 3 0XOPOHU Mpalli Ta apXiTeKTopa 10 3aMOBHHUKA
Ta CaMOT0 POOITHUKA — IIOYYTH PE3YJIBTAT BIPOBAHKEHHSI THX Y1 1HIIUX 3aXO0JIiB IIIE
no ix ¢isuynoi peamizamii. Ile mnepeBogUTH TpoleC TPUHHATTS pIllIeHb 3
TEOPETUYHOI IUIOIMHA B MPAKTUYHY. MOXKIHMBICTH BIpTyalbHO “TPOHTHCA” TIO
MaiilaHYMKy B PI3HUX AaKyCTHYHHMX CIIEHApisX, OLIHWUTH YYTHICTh CHUTHANIB
HeOe3MeKkn MpHU BUKOPUCTAHHI KOHKPETHOI MOJIeNi HaBYIIHUKIB, 9 “TIOcimyxatu’
piBeHb IIyMy B KBapTUpi CYCIIHBOTO OYAHMHKY BiJl poOOTH OaliTOBOTO KpaHy €
YHIKaJIbHOIO TIEPEBArolo JaHOi TEXHOJIOTII.

3. [IpakTruHi pekOMEHIaLIIT 111010 IHTerpallii aypaizaiii:

- Ha erani npoektyBaHHs: Aypanizalifo ClijJi 1HTETpyBaTH B MpoIiec
po3pobku npoekty BuUKoHaHHS pobiT (IIBP) Ta mpoekTy oprasnizariii OymiBHAIITBA
(ITOB). 3a ii gOomOMOTOK MO’XKHA MOJIEIIOBATH aKyCTHYHUH BILIMB HA OTOYYIOUY
3a0yZI0OBy Ta ONTHUMI3YBAaTH PO3TAIIyBAaHHS T'YIHOTO OOJATHAHHSA 1 THMYACOBHUX
LIYMO3aXHCHUX €KpaHiB, 00Mpaloyy HaOIbII EKOHOMIYHO €EKTHBHI PillIeHHS.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IpHPOJOKOPUCTyBaHHS, BHIL 4 (56), 2025



- IlIpu Bubopi 313: st KOXKHOTO THITY poOIT Ta poOOIOTO MICITS 3 XapaKTEPHUM
LIYMOBHM IpodiJieM CiiJ CTBOPIOBATH aypamizamiiiHi mozeni. L[i Mogeni maroTh
BKJIIOYaTH HE JIMIIEC BUPOOHWYMH IIyM, a i KPUTUYHO BayKJIMBI CUTHaIM (KOMaHAH,
CUTHAJIM 33JHBOTO XOAy TexHikn). [IpociayxoByroun 11l crieHapii depe3 BipTyalbHi
Momeni pizaux 313, MoxkHa 00paTH He MPOCTO MpUCTPiif 3 HaBumuM NRR, a Toi, m1o
3a0e3Meuye ONTUMAaTbHIM OanaHc MiXK 3aXHCTOM Ta CUTYalliifHOI0 0013HAHICTIO.

- ¥V mpomeci HaBYaHHA Ta IHCTPYKTaXy HepcoHalTy: BukopucranHs
aypamizamii B moegHaHHI 3 VR-TeXHOIOTIAMI MOXKe KapAHMHAIHHO 3MIHUTH TAX1T
1o HaBuaHHsL. [IpaniBHUK MOke y Oe3MeYHOMY BipTyaJbHOMY CEPEIOBHILI BiIUyTH
peanbHy HeOe3neKky mymy (mpociryxaBiuu 3anuc Ha piBHi 110 gb(A)), 3po3ymitu
BKIMBICTh TPAaBWIBHOTO HajsraHHs 3[3 (MOpiBHSBIIM 3BYK 3 MPaBHIBHO Ta
HETNpaBWIBLHO HAIATHYTHMH HaBYIIHHKAM{) T4 HABUYUTHCS PO3Mi3HABATH CHTHAJIH
HeOe3MeKr B yMOBaX CHIBHOTO IIYMY.

4. EdQexTuBHICTP 3amponoOHOBaHWX pimieHb. EdekTtuBHiCTh iHTETparmii
aypaiizaii € KOMIUIEKCHOIO i MTPOSBISETHCSA HA KUTBKOX PiBHAX:

- Texniuna edektuBHicT: [ligBHIIEHHS TOYHOCTI  MPOTHO3YBaHHSA
aKyCTHYHOI 00CTAaHOBKH Ta OOTPYHTOBAHOCTI BUOOPY 3aXHCHUX 3aXO0/iB.

- ExonoMmiuHa edekTHBHICTB: 3HMKEHHS BHUTpAT 332 PaxXyHOK BiJIMOBU BiX
HeeeKTUBHUX pillleHb, yHUKHEHHS IITpadiB 3a MEPEBUIICHHS CaHITAPHUX HOPM Ta
3MEHIIICHHSI BUILIAT, [TOB’A3aHKUX 3 MPO(ECiitHIMH 3aXBOPIOBAHHIMH Ta HEIIACHUMH
BUITIKaMH.

- CouianbHa e(eKTUBHICTh: 3HIDKEHHS COLIIBHOI HAmpyrd IIISIXOM
JIEMOHCTpAIIii TPOMaJICEKOCTI e()EKTUBHOCTI 3aX0/IiB 10 OOPOTHOI1 3 IIyMOM.

- besmekoBa edexTuBHICTh: HaHTONOBHIMMIA acmeKkT, MO TOJIrae y
pearbHOMY 3HIDKEHHI PU3MKY BTPaTH CIyXy Ta IHIIMX 3aXBOPIOBAaHb, a TaKOXK
MiBHUINECHH] 3arajbHOTO PiBHS O€3MeKH Ha MaiIaH4YMKy 332 PaxyHOK MOKpAIIeHHS
KOMYHIKaI[il Ta CUTyaIiiiHOT 0013HAHOCTI MPAIliBHUKIB.

Takum umHOM, aypamizamis TpaHCPOPMYETHCS 3 BY3BKOCIIEIiaIi30BaHOTO
THCTPYMEHTY JIJIsl aKyCTHKIB-IIPOEKTYBAIBHUKIB y HEBiJl'€MHY YacTUHY Cy4YacHOT,
MPOAKTUBHOT CUCTEMH YIPABIIHHSI OXOPOHOO Ipaili B OYAIBHHUIITBI, 110 JO3BOJISE
Ha MPaKTHII peani3yBaTu Te3y Mpo MPIOPUTETHICTh 3aXUCTY MpalliBHAKA B yMOBax
HEMUHYYOT'0 TEXHOJIOTIYHOTO IIyMY.

BUCHOBKHU TA IIEPCHEKTHUBHU INOJAJBIINX JOCJIIKEHb

HaykoBa HOBHU3HA

HaykoBa HOBM3Ha [aHOTO JOCHIIKEHHA IIOJSra€ Yy KOMILIEKCHOMY,
MDKAMCHMIUTIHAPHOMY — MIJAXOA1 0 MpoOJeMH IIyMOBOI'O HABaHTaKEHHSI B
OYyIIBHUIITBI, Jie TEXHOJIOTIS aypasiizaiii pPOo3MNISIAETbC HE SK OKPEMHH METO.
aKyCTUYHOI'O MOJEJIIOBaHHS, a K LEHTPaJbHUH €NEeMEHT 1HTErpPOBAaHOi CHUCTEMH
VIpaBIiHHS pU3UKaMH. Briepiie cucTeMaTH30BaHO Ta MPOaHaIi30BaHO HAWHOBIMII
nocmimpkernst (2020-2025 pp.) 3 TppOX KIFOYOBHX HAYKOBHX IIKiJI (€BPOMEHCHKOT,
AMEpPUKAHCHKOI, a3iiChKOi), IO JO3BOJMIO BHUSBUTH TJIOOANBHI TpPEHAU Ta
ajanTyBaTH iX 10 crenudiku ykpaiHCbkuX peanid. OOrpyHTOBaHO mepexif Bix
MACWBHOI KOHCTATaIlil PiBHIB IIyMy JO NMPOAKTHBHOTO YIPABIiHHS aKyCTHYHUM
CepEe/IOBHILEM 32 JIONOMOTOI0  IMEPCHBHHX  TEXHOJOTiH. 3amponoHOBaHO
KOHIIETITYalbHy MOJIENIb BUKOPUCTAHHS aypaiizauii [Uis BUPIIICHHS MPaKTUYHOI
JUJIEMH: HEMOXKJIUBICTD YCYHEHHS 1IyMY B JXKepelll KOMIIEHCYEThCS ITiABUIIEHHIM
e(eKTUBHOCTI Ta HaIHOCTI 3aCO0IB 1HAMBIIyaJbHOIO 3aXHUCTY.
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HaykoBa Ta npakTUYHA HiHHICTH pe3yJbTaTiB

HayxoBa miHHICTE pOoOOTH MONSTaE y BWU3HAYEHHI KIIOYOBHX TPOTAIHH Yy
Cy4acHUX JOCTIIKCHHSX, 30KpeMa, BiJICYTHOCTI CTaHJapTH30BaHMX MPOTOKOIIB
aypamizamii s OyaiBenbHOI ramy3i Ta Opaxky JIOHTITIOAWHAIBHUX JOCIIIXKECHb
KOMOIHOBaHOTO BIUIMBY IIKiIHBHX (hakTopiB. Lle BimkpuBae HOBI HAMPSIMKH IS
HayKOBHX TOMIYKiB.

[IpakTH4Ha WiHHICTH TOJNATaE y PO3poOLi KOHKPETHUX pPEKOMEHMAAliH, sKi
MOXXYTh OyTH IMIUIEMEHTOBAaHiI OyIiBeTbHUMH KOMIIaHISIMA, IHKEHEPaMH 3 OXOPOHHU
TIpaili Ta peryJIaTOPHUMHI OpTaHaMu. 3acTOCyBaHHS aypaiizamii mist Bubopy 313 Ta
TPEHYBaHHS TEpPCOHANy 3/JaTHE CYTTEBO 3HM3UTH piBeHb NpodeciiHux
3aXBOPIOBaHb OPraHiB CIyXY, SIKi MOCIJAIOTh OJHE 3 MEPUIMX MICIb Y CTPYKTYpi
npodnaTosoriid. ExoHoMiuHMN e(EeKT Bix BIIPOBAIKEHHS 3aIPOTIOHOBAHUX PIllIeHb
JIOCATAETHCS 33 PaXYHOK ONTHMI3allil BUTPAT Ha IIyMO3aXHCHI 3aX0/1 Ta 3HMKCHHS
HETPSIMHUX BTPAT Bifl 3HWKEHHS MPOAYKTUBHOCTI Ta IUIMHHOCTI KaJpiB.

Hanpsimkn MalOyTHIX q0CaiTKeHb

[NepcnexTrBY NOAANBIINX TOCIIIKEHD JIEKATh Y KiJIbKOX TUIOIHHAX:

1. Pozpobka crammaptu3oBaHux mpoToKoiniB: CTBOpeHHS YHi(iKOBaHOL
Mertononorii Ta OiONMOTeK THUIIOBMX 3BYKOBHX CIICHApiiB s aypamisamii
OymiBebHUX MAaIaHYMKIB, IO JO3BOJHUTH IIOPIBHIOBATH PE3YJIbTaTH pI3HUX
JOCTIDKEHb Ta CIIPOCTHUTh BIIPOBAPKCHHS TEXHOJIOTIT Ha MPAKTHIII.

2. JocmimkeHHS MyIbTUMOAANBFHOTO BIUTUBY: llpoBemeHHS HOCHTIIKEHD
KOMOIHOBaHOTO BILUIMBY IIIyMY, BiOpallii, Ty Ta HICHXOEMOI[IHHOTO HaBAaHTAXKEHHSI
Ha 370pPOB’S Ta MPOJYKTHUBHICTh OYIIBEIBHUKIB 3 BUKOPHCTAHHSIM KOMIUIEKCHUX
aypamizamiiftaux tTa VR-mMoenen.

3. Inarerpamis 3 Al Ta Machine Learning: Po3po0ka rnpennkTuBHUX Mojeleil Ha
OCHOBI HITYYHOTO 1HTEJEKTY, SIKi O MOIJIM B peaJlbHOMY Yaci MPOTHO3YBaTH PiBHI
mIyMy Ha OCHOBi JaHux 3 BIM-mozeni Ta ruiaHy BUKOHaHHS pOOIT, aBTOMaTHYHO
TeHepYIUH PEeKOMEHAALI] 00 3aXUCHHUX 3aXO0IiB.

4. ApanTamis 10 ykpaiHCbkuX peantiii: [IpoBefeHHsT MaciiTaOHUX HaTYpPHUX
JOCITI/PKEHB PIBHIB MY BiJI HOMIMPEHUX B YKpaiHi Moeseli Oy liBeNbHOT TEXHIKH
Ta po3po0Ka Ha iX OCHOBI HalllOHAILHOT 010JIOTEKH HKEPEIT 3BYKY JIJIS aypaizailii,
a TaKOX €KOHOMiuHe OOIPyHTYBaHHS BIIPOBAIKEHHS TEXHOJIOTIT U YKPaTHChKUX
OyIiBENbHUX KOMITAHIH.
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NETWORK AND ECONOMIC COMPONENT OF FINANCIAL
CYBERSECURITY INDICES

Abstract. The main goal of the study is to develop approaches to using financial (stock
exchange) cybersecurity indices to assess cybersecurity and the level of maturity of
corporate information assets. The objectives of the study are to analyze existing
financial (stock exchange) cybersecurity indices, the methodology for their formation,
the application of indices to assess the state of national cybersecurity systems and
markets, the development of approaches for modeling the behavior of individual
financial cybersecurity indices, and to substantiate their application. The paper
examines the methodological foundations of the formation of financial cybersecurity
indices depending on network and economic indicators. The methodologies for the
formation of existing financial (stock exchange) cybersecurity indices are analyzed,
and a model of a generalized financial cybersecurity index is proposed. The
application of individual index indicators in the national cybersecurity system is
investigated, and their use for collecting and processing cyber statistics data is
proposed. The possibility of using game-theoretic resource cooperative models to
predict the behavior of individual financial cybersecurity indices is analyzed. To
assess cybersecurity and the level of maturity of corporate information assets, an
independent use of the cyber insurance index (cyber insurance maturity) is proposed,
and the domain structure of the financial cybersecurity indices and the cyber
insurance index is compared. The results obtained can be used to assess the state of
corporate information resources in order to optimize decision-making.

Keywords: financial (stock) cybersecurity indices, network and economic indicators
(indicators), methodology.
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[HCTHTYT TenekoMmyHikamiii i TiobampHOTO iH(OpMamiitHoro mpocropy HamionaneHOI
akazeMii Hayk Ykpainu, M. Kuis, Ykpaina

MEPEKEBA TA EKOHOMIYHA CKJIAJJOBA ®IHAHCOBHUX
IHAEKCIB KIBEPBE3IIEKHN

Anomayin. OcrHo6HOI0 Memo QOCTIONCEHHSL € PO3POOKA NIOX00i68 BUKOPUCHIAHHS
@inancosux (6ipocosux) indexcis kibepbesneku 05 OYIHIOBAHHS Kibepbesnexu ma
PIi6HSL 3piNOCMI KOPROPAMUBHUX THHOPMAYIUHUX AKMUBIE. 3A80AHHS O0CHIONCEHHS
noasieaiome 6 anaunizi ichylouux Qinancosux (0ipoicosux) indekcig kibepbesnexu,
Memooonoeii ix opmyeanHs, 3acmocy8anHs IHOeKCie Ol OYIHIOBAHHS CMAHY
HaYiOHANbHUX ~Ccucmem ma puHKie Kibepbesnexu, po3pobyi nioxodie 0
MOOeN8aHHsA NOBEOIHKU OKpemux (QiHaHcogux iHOeKkci@ KibepbOesneku ma
00IpyHmyeanui ix 3acmocyganus. Y pobomi po32nsioaromvcsi Memooo02iuHI
OcHO8U @opmysanHsa piHancosux iHOeKcie Kibepbesneku y 3aneicHoOCmi 6i0
MepediceUx ma  eKOHOMIYHUX nokasHukie. Ilpoananizogano memooonocii
Gopmyeanna  icuyrouux  @inancosux  (bipocosux) inoekcig  KibepOesnexu,
3anpONOHOBAHO MOOeNb  Y3a2anbHeH020 iHaHCO8020 iHOeKcy KibepbesneKu.
Jlocnidoiceno 3acmocysants OKpemMux noKa3HuKie iH0eKcie y HayioHANbHIl cucmemi
KibepbesneKu, a makodlic 3anponoHO8aHo ix eUKOpucmanis 0 36opy ma 06pooKu
Oanux  kibepcmamucmuxy. IIpoananizogano  MOJNCIUGICMb — GUKOPUCHANHS
meopemuKo-icpo8Ux pecypcHux KoonepamueHux moodenei Oa NpOSHO3YEAHHS
nosediHKu OKpemux (pinancosux inoexcie kibepbOesnexku. [[na oyiHo8auHsA
Kibepbe3neku ma pieHsa 3piIoCmMi KOPHOpamueHux IHGOpMayitiHux aKmueie
3anpPONOHOBAHO He3aNeHCHe BUKOPUCMAHHA THOeKCY Kibepcmpaxysanus (3pinocmi
KibepcmpaxysauHts), npo8edeHO NOPIGHSAHHI OOMEHHOI CMpPYKmypu QIHAHCO8UX
inOdekcig Kibepbesneku ma iHOeKkcy Kibepcmpaxyeanns. Ompumani pesyibmamu
MOJICHA  BUKOPUCIMOBYBAMU OISl OYIHKU CMAHY KOPNOPAMUBHUX iHPOpMAYiiHUX
Pecypcia 3 Memoo OnmuMi3ayii nNpUHAMms pitiets.
Knrouosi cnosa: @inancosi (6ipacosi) indexcu kibepbesneku, mepedicesi ma
EeKOHOMIYHI NOKA3HUKY (THOUKAMOPU), MEMOO0I02Is.
https://doi.org/10.32347/2411-4049.2025.4.102-113

Beryn

JocmipkeHHst mpoIieciB y eKocucTeMax KibepOesmneku, sik PaBuiio, OOMeXY€EThCS
MEpPEKEBUM piBHEM. AJie LIKaBUM HANPSIMOM JIOCIIIKEHb € OLiHKA BIJIUBY MOIIN
1 IHIUJCHTIB y KiOepmpocTopi Ha €KOHOMIKY Ha Makpo- i MikpopiBHi. OkpiMm
pO3MipiB 3aralibHUX 30MTKiB, SKi HECYTb CyO0’€KTH E€KOHOMIYHOI IisIbHOCTI,
rajxy3eBi Ta HaI[lOHaNbHI EKOHOMIKH BiJi KiOCpIHIUJCHTIB, aJcKBaTHUM
THCTPYMEHTOM TaKOi OI[iIHKKA Ha MaKpOCKOIIYHOMY (IHTErpaJIbHOMY) PiBHI TaKOX
€ ¢dinancosi (OipxkoBi) iHmekcu kibepOesneku (Financial Stock Cybersecurity
Indices, cxop. — FSCI) [1, 2].

BimnoBigHa kareropis iHAEKCIB € MiATPYyHolw Kareropii HabopW JaHUX —
1H/IeKCIB, sKi (DOPMYIOTHCS 3a JONOMOIOI) aBTOMATHYHOI Bi3yamisallii JaHuXx, y
naHoMy BUnaiky inaHcoBux (y T.4. OipxoBux). ITokazoso, mo noseninka FSCI
MOMITHO 3aJIKUTD BiJl 3MiHH MEPEKEBUX 1HAEKCIB Ki0epOe3mneKH, sKi, B CBOIO Uepry,
BHU3HAYAIOTHCS MEPSKEBHMHU JIaHMMH, 30KpeMa IHIUKaTopamMu KiOepromiid Ta
1HAWKaTOpaMy KOMITPOMETaIlii.
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AmHaniz Meromosorii ¢GopMyBaHHS IHICKCIB Ta iX TOKa3HUKIB (objectives)
CBITUUTH TPO T€, MO NepeBakHa OinbinicTh 3 FSCI GpopMyroThcs aBTOMATHYHO HA
migcrasi 0ip>koBOi iH(popMallii Ta JaHUX MepeKeBOT aKTUBHOCTI (Y T.4. 37I0BMHCHOT).
Yci iHpekcw MaroTh CKJIAaIHy CTPYKTYpy, JOMEHaMH SKOi € cheriaiizoBaHi
eKOHOMIUHI abo wMepexeBi cyOinmexkcu. llepeBakHa OUTBINICTE iHIEKCIB
dhopmyetbes pesunenTamu CIIIA.

Hani iHgekciB y OimpIIoCcTi BUMAIKIB € BiAKpUTUMH. lIporHOCTHYHHMI Ta
kopensamiiani anami3 FSCI, OipkoBHX Ta MepeeBUX CyOIHIEKCiB, a TaKOXK
moOyoBa BIAMOBITHUX MOJENEH J03BOJIIE (OPMYBaTH aJCKBaTHI METOIU
JIOCTTIJDKEHHS OpTaHi3allifHO-TEXHIYHUX MTOKa3HHKIB KiOepOe3neku BUCOKOTO PiBHSI.

VY roit e gac FSCI HenocTtaTHRO BUKOPUCTOBYIOTHCS ¥ TIPAKTHUIL OI[IHIOBAaHHS
3arpo3 Ta 30WMTKIB y KiGeprpoctopi. B YkpaiHi BiAMOBIAHI MiIXOAM JOCIIIKEH]
HEIOCTaTHHO, TEOPETUYHO HE PO3BUHYTI, MPAaKTUYHO HE BUKOPUCTOBYIOThCS. Lle
MOB’s3aHO, HAacamIiepell, 3 HEeIOCTaTHIM PO3BHTKOM Ta IMIIOPT-OPI€EHTOBAHICTIO
HaI[IOHAJILHOTO PUHKY KiOepOe3mneKy.

OCHOBHOIO METOIO JaHOTO HAYKOBOI'O JIOCHI/DKEHHSI € PO3pOOJeHHS Ta
TEOPETHUKO-METOJONIOTIYHe OOTPYHTYBaHHs MiaxofiB mo BukopuctaHHs FSCI sk
IHCTPYMEHTY KOMILIEKCHOTO OI[IHFOBAaHHS PiBHA KibepOe3meKu Ta CTyIeHs 3piiocTi
KOpPIIOpaTHBHUX iHPOPMAIifHAX aKTUBIB. 3a3HaueHi iHAEKCH PO3TILINAIOTHCS SIK
KUIBKICHI ~ IHTErpajbHI TOKa3HUKH, 10 BiZoOpaKalOTh JUHAMIKY CTaHy
Kibep3axucTy B yMOBax (YHKIIOHYBaHHS ITU(PPOBOI EKOHOMIKH Ta TII00aTi30BaHUX
(hiHAHCOBUX PUHKIB.

Jnst  mOCsATHEHHsT TIOCTAaBICHOI METH Y JOCHIJPKEHHI BU3HAUCHO HU3KY
B32€MOTIOB SI3aHUX 3aBlIaHb. 30KpeMa, 3MIHCHIOETHCS CUCTEMHUN aHaNi3 iICHYFOUNX
FSCI, mocnmimxyoTbCsi NPUHLMOM Ta METOAOJIOTIT iX (OpMyBaHHS, a TaKOX
OIIHIOKOTHCSI MOXIJIMBOCTI MPAKTUYHOT'O 3aCTOCYBAHHS TAKUX 1HJIEKCIB JUIsl aHAJI3Y
CTaHy HaI[lOHAILHUX CHCTEM KibepOe3rneKkH Ta BiAMoBiIHUX puHKiB. OKpeMy yBary
MIPHUJIITIEHO PO3POOJICHHIO MiIXOMIB IO MOJIENIOBaHHs MoBeniHku okpeMux FSCI,
BUSIBJIGHHIO 3aKOHOMIpHOCTEH iX 3MiH y 4aci Ta OOIDYHTYBAaHHIO JOIIIBHOCTI
BUKOPHUCTAHHS IIUX 1HJEKCIB y MPOIecax CTPATETIYHOTO IUTAHYBAHHS M yIIPaBIIiHHS
Kibeppr3uKamu.

Y poboTi po3riIsAaoThCs METOAOJIOTiUHI 3acagu (opMyBaHHS (iHAHCOBHX
1H/IeKCIB KiOepOe3nekn 3 ypaxyBaHHAM CYKYITHOCTI MEPEKEBHX, TEXHOJOTTUHUX Ta
€KOHOMIYHHMX TIOKa3HWKiB, SKi BifoOpakalOTh SK PiBeHb 3aXHUIIEHOCTI
iHhpopMariiHMX cucTeM, Tak 1 (iHAHCOBO-€KOHOMIUHI aCIeKTH JisTBHOCTI
cy0’ekTiB puHKy. [IpoaHanizoBaHO MiAXOMU Ta aJrOPUTMH MOOYIOBH HAsSBHUX
FSCI, Bu3HaueHo ix mepeBaru Ta 0OMEXEHHsI, a TAKOXK 3aIPOIIOHOBAHO TiOpUIHY
MoJieJb (hiHAHCOBOTO 1HIEKCY KibepOesIeKky, 10 J03BOJIsiE IHTErpyBaTH Pi3HOPIAHI
MOKAa3HUKH B €JIUHY aHATITUYHY METPHUKY.

Kpim TOrO, y JOCHIPKEHHI BHBUYEHO MOJMJIMBOCTI 3aCTOCYBaHHS OKPEMHX
iHAMKaTOPIB (PIHAHCOBHX 1HAEKCIB y MEXaX HalllOHAIBHOI cHCTEMH KibepOe3mneKkH,
30KpeMa Ui MOHITOPHHTY ii CTaHy Ta OLIHIOBaHHS e(EeKTHBHOCTI peamizamii
JICpKaBHOI MOMITUKK Y cepi Kibep3axucTy. 3aporioHOBaHO BUKOPUCTAHHS TaKHX
1H/IEKCIB SIK JDKepena JaHuX Ui 300py, y3araJbHEHHS Ta aHaTITUYHOI 0OpoOKM
KiOepCTaTUCTHKM, LIO CTBOPIOE MEPEIYMOBH JUIS MiJIBUILEHHS OOIPYHTOBAaHOCTI
VIPaBIIHCBKUX PpIilIeHb 1 PO3BUTKY I1HCTPYMEHTApil0 KIUIBKICHOI — OI[IHKH
KibepOe3rnekn Ha MaKpo- Ta MiKpOPiBHSIX.
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PuHok kibepOe3nexu B Ykpaini

VY 2025 poui Oys10 mpoBeAeHO mepiiie KOMIUIEKCHE TOCTIKEHHS pUHKY KibepOe3mneku
VYxpainu DataDriven 3a iHimiaTuBoro makomireTy 3 kidbepoesmekn EBA ta CyberTech
komitety Acoriamnii IT Ukraine 3a cripusiaast Aspen Institute (KuiB) Ta 3a migrpuMkn
[poexty USAID «Kibepbesneka KpuTHIHO BaKIMBOI iHQPacTpyKTypH YKpainm» [3].

3rimao 3 [3], ykpaiHChKMH PHHOK KiOepOeslek:u MpOAEMOHCTPYBAB CYTTEBE
3pOCTaHHs, 30UTBIINBIINCE Y YOTHPH pPa3HW MPOTATOM OCTaHHIX BOCBMH POKIB i
nocsrHyBIU y 2024 pori o0csary 6musbko 138 mute gonapis CIIA. TTokazoBum €
MPaKTUYHO JBOKpPaTHE 3pOCTaHHS B YyMOBaxX MOBHOMacmiTabHOi arpecii Ta
KibepBiitHM pociiicekoi ¢enepamii. 3rifHO 3 MPOTHO3aMH, ¥ CEPETHHOCTPOKOBIH
nepcnekTusi (10 2029 poKy) ouiKyeThCs MOJANbIIE 3pOCTaHH PUHKY MPHOIM3HO
Ha 50%, 110 103BOSUTH HoMy nmocsrtd piBHs 209 miuH aonapis CLIA. [Ipoimaum
CEeTMEHTOM 3alIUIIAEThCS MepekeBa Oe3leKa, BOAHOYAC HANOUIBII JUHAMIYHHUHA
PO3BHUTOK AEMOHCTPYIOTH HAIPSAMHU XMapHOI O€3MeKH, 3aXUCTY JaHUX Ta KiHIEBHX
TOYOK, 10 BioOpakae 3pOoCTalOYMii MOMUT HA Cy4YacHi TEXHOJOTIUHI PIlICHHS B
yMoBax U poBoi Tparchopmarii.

BcranoBneno, mo moBHOMAacmITaOHa BilfHA CHPUYMHMAIA ICTOTHE 3POCTAHHS
IHTCHCHMBHOCTI Ta CKJIAIHOCTI KiOepaTak, IO, CBOEID YEpProw, 3YMOBHIO
IIIBUIIICHUH ITOIIUT Ha aBTOMATU30BaHI Ta IHHOBAIII¥HI 3aCO0HM 3aXUCTY, HA BiJIMiHY
BiJI II00ATFHOTO PUHKY, /1€ TOMIHYIOTh 0€31eK0Bi Mociryrd. OCHOBHUMH 00’ €KTaMu
aTaKk Ta 3aXUCTy 3aJIMIIAIOTHCS JCpXKaBHI OpraHM, IiJIPUEMCTBA OOOPOHHO-
MIPOMHCIIOBOTO KOMITJIEKCY, TEJIEKOMYHIKAIIHHUN CEKTOp, (DiHAHCOBI YCTaHOBU Ta
eHepreTnka. 3a mneprre miBpiwus 2025 poky B VYkpaini 3adikcoBano 3018
KiOepiHIMACHTIB, 110 Ha 17% nepeBulllye MOKa3HUK MONepeIHbOro poky. HaitGinpm
MOIIMPEHUMHU TUIIAMH aTaK € aTakd MPOrpam-3JUpPHUKIB (ransomware), HiIuHT
(phishing) Ta BinMoBa B 00ciyroByBanti (DDoS).

CaitoBuii puHOK KiOepOesneku 3a miacymkamu 2024 poky csarays 186 mupn
nonapie CHIA, npu mnpomy uacTka YkKpaiHu 3anumaerbcs MeHiiow 3a 0.1%.
BopHouac Temnu 3pocTaHHS YKpaiHCHKOTO PHHKY KiOepOe3reKd BHIIEPEKaoTh
cBiTOBI (mpakTH4yHO, YyzABiui). Takoxx VYkpaiHa Bimirpae pojb Ba)KJIWBOTO
IHHOBAIIfHOTO TEHTPY, BUIEPEIKAIOYN HU3KY KpaiH 3a piBHEM KiOepeKcIiepTH3u
3aBJISIKM pO3BUTKY R&D-HanpsiMy Ta CTBOPEHHIO IPUKIIAHUX PIllICHb.

KirouoBumu npaiiBepamMu  PO3BUTKY YKpPaiHCBKOIO PHHKY KibepOesmeku €
nuGpoBi3allist EKOHOMIKH, 3pOCTaHHS PU3UKIB (P IHAHCOBUX 1 peNyTaIliifHUX BTpaT BiJl
Kibeparax, MOCTiHMI TUCK Ha KPUTHYHY 1HPPACTPYKTYpY, aKTUBHIIIIE BHKOPHCTAHHSI
TEXHOJIOT1H MITYYHOTO IHTEIEKTY, a TAKOXK MiATPUMKA 3 O0KY MIXKHAPOHUX MPOTPaM
TexHIYHO1 JonomMoru. [HHOBaI1, y Hepily yepry, 3acTOCYBaHHS LITYYHOT'O iHTEJIEKTY
Ta OJIOKYEHH-TEXHOJIOT1H, (POPMYIOTh HOBI IiJIXO/H JIO KiOep3aXxucTy, B TOH 4ac, siK
KOHIICTII[IS] «HYJIbOBOI JIOBIPH» BU3HAYAE HOBI MOJICITI MIOBEIIHKH KOPHCTYBAYiB.

Mertononoriuni ocHoBu ¢opmyBaHHs (PiHaHcoBHX (OipskoBHMX) iHAeKciB
Ki0epOe3nexn

Mertoponoriuni ocHoBu (opmyBanHs FSCI cnmparoTbcsi Ha aHami3 MeTon0JIOrii
dbopMyBaHHS OKpPeMHX 1HIEKCIB, HaBeaeHUX y Tabnuyi 1. AHaii3 MeTomosorii
(dhopMyBaHHS EKCIIEPTHUX 1HJIEKCIB KibepOe3neKku paHille MPOBOJUBCS aBTOPaMHU
crarti, a Takoxk O. Tpopumuykom, A. JaBumoxkom, A. XKumiHuMm Ta iHIIUMH, B
TepMiHaX MEPEKEBUX MOKA3HHUKIB KiOEpOe3IeKH.
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Tabauys 1. ®inancosi (0ipxkoBi) iHAEKCH KiOepOe3nekn

Index E dlifiton Editei;)fS/ Ind(igctators Etl}teil:iees

y y Qty

Ki6epinnexc BVP

Nasdaq Emerging BVPCI 2011 multi 1 68

Cloud [4]

Ianekc xibepbesmnexn

MSCI [5] CSI 2017 4 6 49

Inpexe eexrmsrocti | copr | 2016 | muld 6 14

KibepOe3nex [6]

Inpexe widepbesnexu | pogie | 2017 | mul 3 38

Evolve Fund [7]

Ingukarop . >21

kioeppusukis FICO [8] FCRS 2001 multi > mil.

IHnexc xibepbesmnexn
Ta OE3IIEYHOCTI JaHUX FXCI 2013 2 2 49
Foxberry [9]

IHnexc xibepOesmnexn

ISE [10] HXR 2010 multi 3 60
OnepatuBHUN

rII00aBEHAN 1HIEKC IECSI 2017 2 9 10-50
KibepOesnexu [11]

«YHucrtuii»

kibepinexc [12] IPCI 2015 1 3 30
Iunekc kibepoOesnexu .

S&P [13] KCSI 2013 Multi 5 n/a
[Hmexc MaltOyTHBOT KSEC .

Gesnexu S&P [14] urgp | 2013 | Muld 7 n/a
Innexc kibepbesneku NQC .

Nasdaq [15] YBR 2015 Multi 6 >10
Mepumi isnexe PCDI 2017 4 3 58

Kibep3axucry [16]

I'moGaneHuMit iHAEKC
KibepOe3nekn SGCSI 2017 Multi n/a -
Soloactive [17]

VY Mexax mochipkeHHs mpoaHaiizoBaHo 14 iHdopmamiiiHuX Kepen, 1o
OXOILTIOIOTh OipXOBi 1HAEKCH, IHAEKCHI METOJOJIOTil, TeMaTH4Hi (¢iHAHCOBI
MPOJIYKTH Ta aHATITHYHI MaTepialld MPOBiTHUX MIKHAPOHUX 1HJIEKC-TIPOBaiIepiB
(Nasdaqg, MSCI, Solactive, Indxx, SGX, Foxberry, S&P Dow Jones Indices Tomro).
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Nasdaq CTA Cybersecurity Index (NQCYBR™) ¢ omHum 3 HaWOiIbII
pENpe3eHTaTUBHUX Taly3eBUX 1HAEKCIB, SIKUM BIICTEXKYe AMHAMIKY ITyONiYHHX
KOMIIaHif, 10 3IiHCHIOIOT, OCHOBHY IisUIBHICTE y cdepl KibepOesmeku.
MeTtomonoris iHnekcy 6a3yerscst Ha Tamy3eBiil kimacudikarii Consumer Technology
Association (CTA) Ta BHKOPHCTOBYE PHHKOBO-KamiTaji3alliifHe 3BaKyBaHHS 3
MEepiOIMYHUM TEperiIiaoM cKiany. I[Hmekc Mae rinobanbHEe OXOIUICHHS Ta
BHKOPHCTOBYETHCS SIK 6a30BUH iHAUKATOp Ast HU3KH OipxkoBux GoumaiB (ETF).

Indxx Cybersecurity Index 3acTocoBye OuLTBII XOPCTKHI MiAXing OO BimOopy
KOMIIaHil, BUMararouu, oo moxaiiMenmie 50% iXHbOi BUPYUYKH TeHEPYBAJIOCS Y
chepi kiOepOe3neku. Barum KOMIIOHEHTIB BH3HAYAKOTHCS 32 MOJU(IKOBAHOO
PUHKOBOIO KaImiTadi3aIiero 3 00MeXeHHIM KOHIIEHTPAIIil, [0 3HIKYE TOMIHYBaHHS
HaNOIBIINX eMITEHTIB.

MSCI Cybersecurity Index ¢opmye ckiam Ha OCHOBI BJIacHOI TEMaTHYHOI
knacudikanii MSCI Ta moeHye KpuTepii raimy3eBoi MPUHAIIEKHOCTI, JTIKBITHOCTI Ta
puHKOBOi KamiTamizamii. Metomomoris MSCI € nmerambHO (OpMani30BaHOKO Ta
OpIEHTOBAHOKO Ha IHCTUTYILIMHUX 1HBECTOPIB, 1110 MiJABUILYE CTAOUIBHICTD 1HICKCY,
asie BOJHOYAC 3MEHIIY€E HOTro YyTIMBICTh 0 MIBHIKHX TEXHOIOTIYHHX 3MiH.

Solactive Cybersecurity Index (y Tomy uncni ESG-opienToBaHi Bepcii) moeaye
KJIACUYHI TPHUHIMIIA PHUHKOBO-KAIITali3alliiHOTO 3Ba)KYBaHHS 3 JIOJaTKOBUMH
(GiMbTpaMu CTAIOTO PO3BUTKY. Y pe3yJbTari CKIIaj iHAeKcY GOpMYEThCS HE JIHIIE 3
ypaxyBaHHAM TEXHOJIOTIYHO] CIIeliai3alii KoMmaHii, ane i ix BignosigHocTi ESG-
KPUTEPIisiM, 1110 BIUITMBAE HA CTPYKTYPY PU3HUKIB Ta JOXiJHOCTI.

iEdge—FactSet Thematic Indices (SGX) ta Foxberry Thematic Cybersecurity
Indices mpencTaBisAOTH MiAXi TEMaTHYHOTO 1HAEKCYBaHHS, 3a SKOTO KOMIIaHii
BKJIFOYAIOTHCS JIO 1HJIEKCY Ha OCHOBI QHATITUYHHX MOJENIEH eKCITO3HIIT 10 MEeBHOT
TeMu (KibepOe3rekn), He3aJIeXKHO Bi popMalibHOT Tany3eBoi kinacudikaiii. Takui
IIX1]1 TABHIIY€E THYYKICTb, aJie 3HWKYE MPO30PICTh KPUTEPIiB 1000pYy.

[Huri posrnsnyTi kepena (Vontobel, Evolve ETFs, S&P Kensho Cyber Security
Index) 3mebinmpiIoro omMCyrOTH iHJAEKCHI (iHAHCOBI TPOAYKTH abo TOXigHi
THCTPYMEHTH, IO BiTBOPIOIOTH TIOBEAIHKY 0a30BHX iHJEKCIB KibepOe3mneku, a He
(hopMyFOTH BIIACHI HE3aJIEKHI 1HIEKCHI METOIOJIOTI].

CrhinbHi pucu:

- BUKOPHUCTaHHS TEMaTHYHOr0 abo Trajy3eBOro Miaxoay Jo BigOopy
KOMITaHI1H;

- JOMiHYBaHHS pUHKOBO-KaIliTaNi3amiifHoro abo MoauQikoBaHOTO PHHKOBO-
KamiTa i3aifHoro 3BayKyBaHHs;

- BHUKOPHCTaHHS aBTOMAaTHU30BAHWUX TEXHIYHHX 3aco0iB s (QopMyBaHHS
OKPEMHUX ITOKa3HUKIB 1HJIEKCIB;

- peryisipHe pebanaHCyBaHHS Ta TMeperisil ckiaay (KBapTaabHHH abo
MIBPIYHUN);

- opieHTawis Ha MyOJIiYHI KOMIIAHI1 3 JOCTAaTHBOIO JIKBIIHICTIO;

- r100aJbHUN XapakTep iHIEKCiB.

BinMinHOCTI:

- KpuTepii BKIIOYECHHS (BUpYUKa Bij KibepOesneku, TeMaTHuHa €KCIIO3MLIis,
ranyseBa Kiacugikaris);

- BHUKOpHCTaHHs abo BincyTHicTh ESG-dinbTpis;

- CTyMiHb KOHIEHTPAILii TOPTQEs;

- pi3Ha MPO30PICTh ANTOPUTMIB TEMAaTHYHOTO BiIOODY;

- YyTJIMBICTB J0 TEXHOJOTIYHUX 1HHOBAIIH MPOTH (hiHAHCOBOI CTA01ILHOCTI.
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Ha ocHoOBi cuHTe3y mpoaHaIi30BaHUX IAXOMIB IMPOMOHYETHCA y3araabHEHUI
miaxig ans popMyBaHHS QiHAHCOBOTO iHIEKCY KibepOesneku, SKUi BKIIOYA€E Taki
eTarnu 1 Moxke OyTH BUKOPHCTaHUH Yy HallIOHANBHIN cucTeMi KibepOesneku:

- DBwuzHaueHHS  UITROBOTO  TPU3HAYEHHA  IHACKCY  (IHBECTHIIHHUH,
AHAITI THYHAN, PErYyJISITOPHAN);

- @opmyBaHHs Ha0OpiB akTUBIB a00 TNOKa3HWKIB (IMyOmiuHi KOMMaHii,
ADR/GDR, mirimManbpHi BAMOTH A0 JiKBIIHOCTI);

- Temarnuna ineHTHr(diKaris (4acTka JOXOiB Big KibepOe3nekn, IpoayKToBa
crienianizais, eKkcrepTHa kinacudikaris);

- DinpTpanuia pusukKiB (KamiTanizauiitai noporu, ESG-ooMexxeHHs 3a HoTpeOn);

- Bwusnauenns Bar (puHKOBa 200 MOIM(iKOBaHA KaITiTaJIi3aIlis 3 00MEKCHHIM
KOHIIGHTpALii);

- PebanancyBanns Ta meperiisig Ckiany 3 (iKCOBaHOK MEPiOAMYHICTIO (He
pimmre 1 pasy Ha pik);

- IlyOmikamis Ta  mpo3opicTh  Meromonorii  jus  3abe3medeHHs
BiJITBOPIOBAHOCTI Pe3yJIbTaTIB.

AHai3 TOCTYNHHX JaHUX CBIYHATH MPO OOMEXKEHY MOXKIMBICTH €MITipUIHUAX
JOCTIKEHb, OCKUTBKH BIAKPHUTI JpKepena 3a0e3rnedyloTh TOCTYI A0 METOO0JIOril,
CKJIaJly 1HICKCIB Ta arperoBaHUX MOKa3HUKIB, OJIHAK ICTOPUYHI YaCOBI PSIIU 3HAYCHD
IHICKCIB y OUIBIIOCTI BUNAJAKIB € OOMEKEHO NOCTymHMMHU abo muatHumu. Lle
YHEMOXIMBITIOE TIOBHOIIHHE BiITBOPEHHS JMHAMIKH IHJEKCIB Ta TPOBEICHHS
KUTBKICHOTO KOPEJSIIHHOTO aHaji3y 6e3 BUKOPUCTAHHS JIiEH30BaHUX (hiHAHCOBHX
06a3 manux (Bloomberg, Refinitiv, FactSet). Pazom 3 Tum, anamiz my0iiduHO
JOCTYIIHUX arperoBaHuX JaHUX CBIAYUTH TIPO BHUCOKY KOPEISII0 iHAEKCIB
KiOepOesneku, a TaKoX Mpo BiAMiHHOCTI y noBeainui ESG-opieHTOBaHUX Ta YUCTO
TEMaTHUYHUX 1HIEKCIB Y MEepiojy MiJBUIICHOI PUHKOBOI BOJIATHIIBHOCTI. [IpuKman
JOCTYIHHUX JUIs aHani3y iHgaekciB rpynu NASDAQ naBeneHo Ha Puc. 1.

Index Comparison X
Compareupto5 Primary Index INDEX 2 INDEX 3 INDEX 4
different Nasdaq Indexes  nqcyBR HUR X HURCHFNMH X NQCYBRN X
Start Date End Date
M 3M 6M YTD 3y 5Y 10y ALL
07/24/2025 01/14/2026

28 Jul 11 Aug 25 hug 8Sep 22 Sep 60ct 20 Oct 3Nov 17 Nov 1Dec 15 Dec 29 Dec 12 Jan

1A - 15 Sep

Puc. 1. ITngexcu rpyniu NASDAQ
(24.07.2025-14.01.2026, B3s1O 3 https://indexes.nasdagomx.com/)

CHHXpOHI30BaHA TIOBEMIHKA 1HJIEKCIB CBITYHTH TPO €IWHE JDKEPEIIO
MTOXO/KEHHSI TAHUX Ta BUKOPUCTAHHS OJTHOTUITHOI METOJIOJIOTIT X (hOpMyBaHHS.
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[IpoBeneHuit aHami3 CBiMYMTH PO Te, 0 (iHaHCOBI (OIp)KOBI) IHIACKCH
KibepOe3nekn MOXYTh BHCTYNAaTH €(EKTHBHUM iHCTPYMEHTOM OLUIHKH PO3BUTKY
ranysi Ta piHaHCOBHX OYiKYBaHb.

Cdepr BUKOPHUCTAHHS:

- Y KOpIOpaTHBHOMY YIpaBiiHHI (O€HUMapKIiHT iHBECTHIINH y KiOep3axucr,
yOpaBIiHHSA MacMBaMH [aHUX NP0 YYaCHHUKIB PUHKY UIS TPHUHHATTA
pillieHb, 30KpeMa Ha pUHKY CTPaxXyBaHHS);

- Y HAYKOBHX JIOCIiPKEHHSX (aHaJi3 3pIOCTi pUHKY KibepOesmeku Ta Horo
iHTerpanii y rnoOabHUM PHHOK, KOpENsis MDK MEpeXEeBHMH Ta
E€KOHOMIYHHMH MTOKa3HUKaMH);

-y IepXaBHii momtuili (IHIUKATOp IHHOBAI[IHHOTO Ta TEXHOJOTIYHOTO
PO3BUTKY).

I'iopuana mogens FSCI 3 mepexeBoI0 CKIAT0BOIO

lopugna mopmens iHIEKCy KiOepOes3nekn IPYHTYETbCS Ha TPHUITYIIEHHI, IO
(hiHaHCOBA OITiHKa KiOepOe3MneKH € BiTOOPKEHHM K peaTIbHOTO TEXHIYHOTO CTaHy
nru(pOBUX aKTHBIB, TaK 1 3[aTHOCTI OpraHi3amii ympaBIsTH IUMH PH3UKaAMU 3
E€KOHOMIYHOI TOuYKHM 30py. Takum umHOoM, moxaenbHuii FSCI iHTerpye mepesxesi
MOKa3HHUKH, sKi (IKCYyIOTh (QaKTHYHHN piBEHb eKCMo3ulii a0 Kibep3arpos, Ta
(hiHAaHCOBO-YIIPABIIHCHKI ~ TOKa3HWKHA, M0  XapaKTepHU3yIOTh  CTIHKICTb,
MaciITabOBaHICTh 1 KOMEpLIHHY €EeKTHBHICTh CUCTEMH KiOepOe3neKH.
JloMeHu mMopei:
- MepexeBo-onepariitauii nomeH (Network & Exposure Domain, NED);
-  @inancoBo-crpareriunuii tomeH (Financial & Governance Domain, FGD).
Koxen pmomeH ¢opMmye oOkpemMuil CcyOiHIEKC, $Ki pa3oM YTBOPIOIOTbH
iHTerpaNbHUH (hiHAHCOBHI iHAEKC KibepOesneKu.
Cknan  MepexeBo-onepauiiinoro  gomeny (NED)  (3amponoHoBaHO Y
crpoieHomy Burisiai Monitoring Network Index 3 [18]):
- wMepexesuit Tpadik (DNS-3anutu ta Bignosini, BGP-3’ennanus);
- HasABHICTH WIKiIIMBOTO 200 anomaibHOro Tpagiky (DDoS, brute force);
- excno3uis Binkputux cepsiciB (Open DNS, Open NTP, Open SNMP,
Open SSDP, Open CHARGEN);
- igeHTH(IKAIis] KOMIIPOMETOBAaHUX CHUCTEM;
- 1udposBa imeHTHuHIicTh 1 pemyrtanis (IP/Domain Reputation, Brand
Monitoring);
- aKTHBHICTb (3JIOBMICHA aKTUBHICTb) Ha KIHIEBHX MPHUCTPOsix Ta [0T;
- moka3Huku arak (Attack Surface, Digital Footprint).
[li moka3sHUKH MalTh IMEPEBAKHO KUIBKICHY MPHPOIY Ta OHOBIIIOIOTHCS 3
BHCOKOIO YaCTOTOIO.
Ckiag ¢inancoBo-ctpareriunoro gomeny (FGD) (3anpomnoHoBaHO Ha OCHOBI
aHaizy Ta y3aranbHeHHs moka3zHukiB FSCI 3 [4-17]):
- TOYHICTh JaHUX 1 MPO30POCTi MpolleciB, iHcTUTyHiHHA joBipa (Data
accuracy, Process transparency);
- ynpaBiiHHA pusukamu Ta iHnuaeHTamu (Risk context, Issue management);
- inTerpamis Ta MacmrtaboBaHicTh (Integration, Breadth of use case);
- crpareriunuit po3sutok (Product roadmap, Go-to-market strategy);
- xomepuiiina eextuBHicTh (Commercial strategy, Pricing innovation);
- exocuctemHa 3piricth (Customers, Community support, API extensibility).
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Ili moka3HUKA MOXKYTh JETai3yBaTHCA y 3IEKHOCTI BiJl pUHKOBHX YMOB Ta
3a7a4 i MalOTh HU3bKY YacTOTY OHOBJICHHSI, ajie BUILY IPOTHOCTHYHY LiHHICTb.

3a3HaunMo, 1o goMmeHHa crpyktypa FSIB B pamkax ribpugHoi mopemni
BIJIMIOBiTa€  aHAJOTIUHIA CTPYKTYypi IHAEKCY KibepcTpaxyBaHHS (3pijoCTi
KibepcTpaxyBaHH:), 3aITPONOHOBAHOTO y [19].

Po3paxyHok iHIEKCY BiTOYBAEThCS B paMKaX 3arajibHOTO MiIXOAY IS iHJEKCIB
Kkibepbesnekn, BukmaaeHoro y [1].

3anpomnoHOBaHa MOJIENh MOXKEe OyTH BHKOpHCTaHa /s (popMyBaHHS OipKOBHUX
Ta TEeMaTHYHUX OIip)KOBHX 1HBECTHLIMHMX MexaHi3miB (30kpema, ETF),
MOPIBHAIBHOTO aHANIi3y KOMIIaHii i CEKTOPiB, OL[IHIOBaHHS 3piIOCTI HALliOHANBHOT
CUCTEeMH KiOepOe3neKH B IIIOMY, BHUSBIICHHS (PIHAHCOBUX PU3HKIB Ta MPOBEIECHHSI
PUHKOBUX KOPEKIIiil, MOB’sI3aHMX i3 KiOepiHIMIEHTAMH.

FSCI BizoOpaxkatoTh arperoBani puHKOBI OUYiKYBaHHS I[0JJ0 BAPTOCTi KOMIAaHii
y cekrtopi Kibepoesnexu. [Ipore moBemiHKa 1TUX 1HIEKCIB € pe3yIbTaTOM B3aEMOJIIT
YHCIIEHHUX Cy0’€KTIB pHHKY (1HBECTOPIB, KOPIIOpAIlii, Iep:KaBHUX Ta MDKHAPOTHUX
oprasizailiif). ¥ TakoMy CepeI0BHIIIl 3 METOO IOAAJIBIIIOT0 MOICTIOBAHHS MIPOIIECIB
MOXXJIUBO BHUKOPHCTOBYBAaTHM KoOOmepaTUBHI irpoBi wmomem [20] (30kpema,
TEOPETUKO-ITPOBI pecypcHi KoorepaTuBHI Mozaeni [21] MOXyTh MOZAETIOBATH HE
JIe KOHQIIIKTH, ale W CTpaTeriyHy KOOMepalil0 MK areHTaMH y CTBOPEHHI
uiHHocTi). Pecypcamm Mojeni B KOHTEKCTI KibepOe3nmekrn MOXKYTh OyTH:
TEXHOJIOTIYHI HOy-Xay Ta IHTeleKTyallbHa BJACHICTh, JIOACHKHI KariTall,
crienianizoBaHi iHPPACTPYKTYpHI pillieHHs, iHOpMalliiHi aKTUBH (HAPUKIAM, Y
3ajadi onTUMizamii pecypciB cTpaxyBaHHS a0o KiOepcTpaxyBanHs). OpHaK
KJIACUYHI TEOPETUKO-ITPOBi PIllIEHHS MOXKYTh OyTH HEMpPaKTUIHUMH Oe3 ajamnTarii
JUTSL CUCTEM 3 BEITMKOIO KUTBKICTIO areHTIB 3 PO3MOIiIIOM 32 POJISIMHU.

3 ypaxyBaHHSIM HaBeJCHHX MipKyBaHb TEOPETHKO-IrpOBi KOOMEpaTHUBHI MOAETI
MOXKYTh BUKOPHCTOBYBATHCS JIJIi MOJICIIOBAHHS CTPATEriYHUX B3a€MOJIIN arcHTIB,
0 BIUIMBAIOTh Ha TOBENIHKY (IHAHCOBUX IHJEKCIB KiOepOe3lekn 3a yMOB iX
MOAAJIbIIOT ajanTalfii 10 peaiid (piHAHCOBUX PHHKIB, BKIIFOYHO 3 BU3HAYCHHSIM
pENleBaHTHUX XapaKTEPUCTHUHHUX (PYHKIIIH i CIIOCOOiB eMITIpUYHOT BaTiaIlii.

BucnoBku

Y poGoTi po3IIsHYTI METOAOJIOTIYHI OCHOBU (OpMyBaHHS (iHAHCOBUX (OipKOBHX)
iHAEKCIB KibepOe3meku, MpoaHalli3oBaHO METOIOJOril (opMyBaHHS iCHYHOUHX
1H/IEKCIB Ta 3apPOIIOHOBAHO TiOPUAHY MOJIeNb (JiHAHCOBOTO iHJIEKCY KibepOe3nekn
3 MEpEKEBOK CKIIAJI0BOK. 3alpOIOHOBAHO 3aCTOCYBaHHS OKPEMHX ITOKa3HHKIB
1H/IEKCIB Y HalliOHANBHINA cucTeMi KibepOe3neKH, a TaKoXK 1X BUKOPHUCTaHHS IS
300py Ta 00POOKHU TaHUX KiOEPCTATUCTHKH.

[IpoanasizoBaHO MOXKIIMBICTE BHKOPHCTAHHS TEOPETUKO-ITPOBUX PECYPCHHUX
KOOIIEPAaTUBHUX MOAEJEH Ui MPOTHO3YBAHHS MOBEIIHKH OKpPEMHUX (iHAHCOBUX
iHeKCIB KiOepOe3neku, a TaKoXK CIHiJibHe BUKOPUCTAHHsS (DiIHAHCOBUX iH/AEKCIB
KibepOe3nekn pa3oM 3 iHJeKcOM KibepcTpaxyBaHHs (3piIocTi KibepcTpaxyBaHHs) y
NPaKTHYHUX 3a/1adax.

OTpumaHi pe3ynbTaTH MOXKHAa BHKOPHCTOBYBAaTM JJIsi OLIHKH CTaHy
KOpIIOpaTHBHUX 1H(MOpMAaIiiHUX aKTUBIB (pPecypciB) 3 METOH ONTUMi3arlii
MPUAHSTTS PillICHb.
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SYNERGY OF QUANTUM COMPUTING AND FEDERATED LEARNING
IN INFORMATION TECHNOLOGY DETECTION OF HIDDEN TARGET
GROUPS

Abstract. The article considers the information technology of detecting hidden
target groups in large distributed data sets based on the synergy of quantum
computing and federated learning. It is shown that in modern information systems
for analyzing big data, traditional methods of machine learning and intelligent
analysis demonstrate limited effectiveness in identifying poorly represented or
hidden structures, especially under conditions of statistical imbalance of samples,
high dimensionality of the feature space and distributed storage of information.
The proposed approach combines federated learning as an information
technology of distributed model formation without data centralization with
quantum algorithms of amplitude amplification, which allows to increase
sensitivity to weak signals in subspaces with increased information significance.
The paper considers the architecture of a hybrid information technology, which
includes classical computing nodes, a level of federated aggregation and a
quantum computing module, as well as a structural and algorithmic scheme of
interaction of classical and quantum components. The algorithmic aspects of the
implementation of the proposed approach are analyzed, taking into account the
limitations of modern quantum computing platforms of the NISQ (Noisy
Intermediate-Scale Quantum) class, in particular the limited number of qubits and
the influence of noise. It is shown that the use of selective quantum processing and
iterative interaction between classical and quantum circuits allows to ensure the
reproducibility of the results and the possibility of practical implementation of the
proposed information technology. The proposed approach is a promising
direction in the development of information technologies for analyzing large
distributed data and can be used as a theoretical and applied basis for further
research in the field of hybrid classical-quantum computing systems.

Keywords: information technologies, federated learning, quantum computing,
hybrid algorithms, big data analysis, hidden target groups.
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C.B. ®apeiiues, O.M. Tpopumuyk, B.M. TpucHiok

[HCTHTYT TenmexkomyHiKalii i riobampHOTO iH(GOpManiiHoro mpoctopy HAH Vkpainm,
M. KuiB, Ykpaina

CHUHEPT'ISI KBAHTOBUX OBYUCJ/IEHD TA ®PETEPATUBHOI'O
HABYAHHSA B IHOOPMANIMHUX TEXHOJIOTTAX BUABJIEHHSA
NPUXOBAHUX HIUIBOBUX I'PYII

Anomayin. Y cmammi posensiHymo iHQOpMayitiHy mMexHON02H0 GUSGILEeHHS
NPUXOBAHUX YITbOBUX 2PYN ) BEIUKUX PO3NOOLIEHUX MACUBAX OAHUX HA OCHOSI
cunepeii KeaHmosux obuucieHv ma edepamusnozo Haguanus. Ilokasauo, wo y
CyYacHux IHGOpMayitiHux cucmemax aHalizy eauKux OaHux mpaouyitini memoou
MAWUHHO2O HABYAHHA MA THMENeKMYANIbHO20 AHANIZY 0eMOHCIPYIONb 00MENHCEHY
epexmugHicmy y 3a0auax i0enmughikayii c1adko npedcmasieHux abo nPuxosanux
CMPYKMYp, 0COOIUBO 3d YMO8 CHAMUCMUYHOI He30a1aHCcOo8aHOCMI BUDIPOK,
BUCOKOI POZMIPHOCIE NPOCMOPY 03HAK Md PO3N00LLeH020 30epicanHts iIHopmayil.
3anpononosanuii nioxio noeonye pedepamusne HAGUAHHA 5K HHOPMAYIUHY
MexXHON02iI0 Po3nooiieHo2o opmyeants moodeneli 6e3 yewmpanizayii Oanux i3
KBAHMOBUMU AN2OPUMMAMY AMITIMYOHO20 NIOCULEHHS, WO 003608€ NIOGULYUMU
YYMAUBICMsb 00 CIAOKUX CUSHANIG Y RIONPOCOPAX i3 RIOBUYEHOIO THEPOPMAYIUHOIO
sHauywicmio. 'Y pobomi pozensnymo apximexmypy 2iopudnoi ingopmayiinoi
MexXHON02il, WO BKIIYAE KIACUYHI OOYUCTIOBANbHI 8Y3IU, PiBeHb hedepamugnol
azpeeayii ma K8AHMOSBUL OOYUCTIOBATLHULL MOOYIb, 4 MAKONC CMPYKMYPHO-
AnOpUMMIYHY — CXeMy  B83A€MOOII  KIACUYHUX 1 KBAHMOBUX KOMHOHEHMIS.
Ipoananizosano ancopummiuni acnekmu peanizayii 3anponoOHO8AHO20 NIOX00Y 3
VPAaxXy8aHHAM 0OMEHCeHb CYUACHUX KBAHMOBUX 0OUUCTIOBANbHUX NIAMPOpM Kiacy
NISQ (Noisy Intermediate-Scale Quantum), 30Kkpema o0bMmedceHol KinbKocmi
Ky6imie i enaugy wymie. Iloxazano, wo euxopucmanus 6uOIPKOBOi KEAHMOBOI
00pobKU ma imepayitinoi 63aEMO0Ii MidC KIACUYHUM | K8AHMOBUM KOHMYPAMU
00360/1€  3a0e3nequmu  GIOMBOPIOGAHICMb  pPe3yIbmamié i MONCIUBICMb
NPAKMUYHO20  6NPOBAOIICEHHST  3ANPONOHOBANHOI  THOpMAYiiHOT  MexHON0zil.
Ompumani pe3ynemamu niomeepodxcylomsv NepcneKmusHicms 3anponoHo8aAH020
nioxo0y 0151 pO36UMKY CYYACHUX [HOOPMAYIHUX MEXHON02I AHANI3Y GeIUKUX
PO3NOOLNEHUX OAHUX.

Knrouoei cnosa: inopmayitini mexnonocii, pedepamuene HAGYAHHA, KEAHMOBE
oOuucnenHs, 2IOpUOHI aneopummu, AHAN3 GeIUKUX OAHUX, NPUXOBAHI YilbOGL

epynu.

https://doi.org/10.32347/2411-4049.2025.4.114-122
Beryn

CyuacHi iHpopManiiiHi cucteMn (QyHKIIOHYIOTH B YMOBaxX CTPIMKOTO 3pOCTaHHS
00CATIB JaHUX, 10 (QOPMYIOTBCS Yy PO3MOIUICHHX CEPEJOBUIIAX, BKIIOUYAIOYM
XMapHi TaTgopmu, mnepudepiiiHi 00UMCIIOBaTbHI BY3JH, TEJIEKOMYHiKallildHi
Mepexi Ta Kibep(i3nuHi cUcTeMH. 3HaYHAa YacTWHA MPHKIJIHUX 33]ad aHami3y
TaKMX JaHWX ITOB’s3aHa 3 HEOOXIJHICTIO BHSBIICHHS NMPHXOBaHHUX a00 cjaadKo
MpeCTaBICHUX LUTBOBUX TPYI, SAKI MalOTh BHCOKY NPaKTHYHY LIHHICTb, aje He
JOMiHYIOTh Y 3araJlbHOMy MacHBi iHpopmaii.

Knacuyni MeTonu MallMHHOTO HABYAHHS Ta IHTENEKTYILHOTO aHANI3y JIaHHX,
SIK  TIpaBWJIO, OPIEHTOBaHI Ha ONTHUMI3AII0 CEPENHIX XapaKTepUCTHK 1
JEeMOHCTPYIOTh 3HWKEHY UYYTJIMBICTH IO PiAKICHUX a00 TMPUXOBAHUX CTPYKTYP.
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JloaTKOB1 yCKIIaJHEHHS CTBOPIOIOTH BUMOTH 10 KOH(IACHIIHHOCTI, 0OMEXEHHS Ha
LEeHTpallizaliio JaHUX Ta BHCOKAa OOYUCIIOBAIbHA CKIIAIHICTh AITOPUTMIB NpH
3pOCTaHHI PO3MIPHOCTI MPOCTOPY O3HAK.

VY oMy KOHTEKCTI MEepCHEeKTHBHUM HampsMOM € TO€JHAaHHS (eaepaTHBHOTO
HaBYaHHs Ta KBAHTOBUX OOYMCIIEHb, 110 JO3BOJIE OJHOYACHO BUPILIYBATH 3a4adi
posnonigeHoi oOpoOKH MaHWX 1 MiABUINEHHS e()EeKTHBHOCTI MOIIYKY Y BEIHKUX
MIPOCTOpax CTaHiB.

AHaJi3 ocTaHHiX Aocaimkens i myOaikamiii. IlpoOnemartnka BHSBIEHHS
npuxoBaHuX abo ciabKo MpeAcTaBIeHUX LINbOBUX IPYIl Y BEJIMKUX PO3MOAITICHUX
MacuBax JaHUX MIMPOKO TPEACTaBICHa B CYYaCHHMX JOCHIIKCHHAX 3
iH(hOpMaIIfHINX TEXHOJOTiH, MAIIMHHOTO HABYaHHSI Ta BUCOKOIPOIYKTHBHUX
oOuncneHb. ICHyrOWi MIiAXOMW YMOBHO TOJUISIOTBCS Ha IICHTPalli30BaHi,
PO3MOIiICHI Ta TiOPUIHI, KOXKEH 3 SKMX Ma€ BJIacHI MepeBard i 0OMEKCHHS.

Y pobotax 3apybikHuX pocmigHukiB, 30kpema Aledhari M., Razzak R.,
Parizi R.M., Saeed F. Ta iHmmx, po3rismatoTbes iHGOpMAIiiHI MO aHami3zy
BEIMKHX JAaHWX Yy PO3MOJIICHUX CEpeOBUIAX, OPIEHTOBAHI Ha ONTHUMI3allilo
pecypciB 1 MigBUIIEHHS €(QEeKTUBHOCTI BHUSBJICHHS IIHOBUX CTPYKTYp [1].
3anporoHOBaHI HUMH MiAX0AU 0a3yIOThCS HA KIACHYHUX AITOPUTMAX MAaITHHHOTO
HaBYaHHS Ta CTAaTHCTUYHOTO aHAJi3y, M0 3a0e3MeYyoTh XOPOIll pe3yJIbTaTH 3a
YMOB BiIHOCHO 30a1aHCOBaHHX BHOIPOK, ajie BTpayaroTh eeKTHBHICTH MPH POOOTI
3 piAKiCHUME a00 TPUXOBAHUMHU TPYIIAMHU.

3HaYHUH TJIacT MOCTIMKEeHb TNPHUCBSYCHUH BHKOPHCTAHHIO PO3MOAUICHHX
00YHCITIOBATBHUX MAT(HOPM Ta MPOrPaMHO-BU3HAYECHUX CEPENOBUIL ISl aHAJi3y
BeNMMKUX JaHuX. Tak, y poborax Shor P.W., Li Q., Wen Z., Wu Z., Yang Q., Liu Y.,
Chen T., Tong Y., Mohamed H. Elsayed, Ta Ahmed Mohamed posrisinatorscs
iH(opMaIlifiHi TEXHOJIOTIi, MO0 TOEAHYIOTh PO3MOJiICHY OOpPOOKYy JaHHMX 13
JUHAMIYHAMHU MeXaHi3MaMH afanTarii mozaeneit [2, 3, 4]. Lli miaxoau 103BOJIAIOTH
MacmTaOyBaTH OOYHCIICHHS, OJIHAK MOTPEOYIOTH IEHTPai30BaHOTO JIOCTYILY IO
napameTpiB MOJIeTIei, 0 YCKIIAIHIOE 3aCTOCYBAaHHS B YMOBaX ITiJBUIICHUX BUMOT
110 KOHQIJCHIIIIHOCTI.

OxpeMy TpyIy CTaHOBIAThH AOCIHIPKEHHS, IPUCBAYEHI 100Y10B1 KOTHITUBHUX 1
camoamanTuBHUX iH(opMariiiHux cucreM. Y mparsx Schuld M., Petruccione F.,
Havli¢ek V., Corcoles A.D., Temme K., Kandala A., Mezzacapo A., Bonawitz K.,
Ivanov V., Kreuter B. 3anpomnonoBano iHhopMariiiiHi miaxo/u, 1o BUKOPUCTOBYIOTh
aNaNTUBHI ITOPUTMH aHANI3y CEpPeNOBHINA JUIS BHUSBICHHS ONTHMAJIbHUX
cTpareriii o0poOku manux [5, 6, 7, 8]. Xo4a i METOAM JAEMOHCTPYIOTH BHCOKY
aJaNnTUBHICT, BOHM OPIEHTOBaHI IEPEBAXXHO HA JIOKAJIbHI ONTHMI3allii Ta He
3a0e3neuyloTh €()EeKTUBHOTO IOLIYKY IPUXOBAaHUX IJIOOAIBHUX CTPYKTYp Y
BEJIMKHUX PO3IOJIIICHUX JIaTacerax.

BaxamuM  HampsiMOM € 3acTocyBaHHS  (DeJIEpATUBHOTO HABUAHHSA  SIK
iH(pOpMaLitHOT TEXHOJIOTIi PO3MOAITICHOr0 aHaNi3y JaHuX. Y HU3LI poOiT MoKa3aHo,
mo (QenepaTUBHI MiAXOAW JO3BOJSIOTH 3IIHCHIOBATH HAaBUaHHS Mojenel 0e3
HEeHTpasTizamii JaHuX, 10 CYTTEBO 3HMKYE PH3MKH BUTOKY iH(popmalii. BogHouac
arperoBaHi MOJIENi YacTO BTPAvYarOTh YyTIUBICTh JIO CIIA0KUX CHUTHAJIIB, OCKIIBKH
ONITUMi3alis 30ICHIOETCA 3 YpaxyBaHHIM JOMIHYIOUHX MATEPHIB.

CyTTeBHMIA BHECOK Y PO3BUTOK PO3MOAUICHUX 1H(OPMANIHHUX CHCTEM Ta
TEJCKOMYHIKAI[IHHUX MIAXOMIB JIO aHali3y JaHuX 3pO0JICHO YKPaiHCBKUMHU
HayKOBIIMH. 30KpeMa, y mpaisix npodecopa B. YcTuMmeHka po3risgaloThCs
NPUHLKAIK  MMOOYIOBH  CKJIaAHUX iH(QOpMAIHHUX CEepEIOBHUIL, IHTErparii
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PI3HOPITHUX JDKEpen ITaHuX Ta IIABHINCHHS IOCTOBIPHOCTI iH(OpMAaIiiHIX
MpOLeCiB y OararopiBHEBUX CHCTeMaX. 3alpOINOHOBAHI MiIXOIU CTBOPIOIOTh
METOAOJIOTIYHY OCHOBY ISl PO3BUTKY PO3MOALTICHUX 1HPOPMAIIITHUX TEXHONOTIH,
IpoTe€ HE OpiEHTOBaHI Oe3mocepeqHLO Ha 3amadi MiACWICHHS CIIa0KuX abo
MIpUXOBaHKUX cUTHAIIB [9, 10].

OxpeMmo ¢ BiA3HAYUTH JOCTIIKEHHSI, TPUCBSYCHI 3aCTOCYBAHHIO KBAHTOBHX
o0uucienp B iHQOPMAIIITHIX TEXHONOTISAX aHANI3y MaHuX. Y CydacHUX poOoTax
KBAaHTOBI QJITOPUTMH PO3TIIAAAIOTECS SIK IHCTPYMEHT NPHCKOPEHHS IOUIyKy Ta
ontuMizalii y mpocTopax BeJHKOi po3MmipHOCTi. IIpoTe OimpmIicTh TakuX
JOCTIKEHb MaroTh TEOPETUYHHU XapakTep abo He BPaxOBYIOTh OOMEXKEHHS
KBAaHTOBUX mporecopiB kimacy NISQ, mo yckmagHioe IX TpakTHYHE
BIIPOBA)KCHHSI.

TakuM yuHOM, aHaji3 ICHYIOUHMX iHPOPMALiHHHUX MiAXOAIB, MPEICTABICHUX Y
CydaCHHX HayKOBUX NyONmiKamisix 1 JpKepenax, CBiIYUTh TMPO BiJCYTHICTb
YHIBEPCAIBHOTO PILIEHHS JJIsl BUSBICHHS IPUXOBAHUX IUTHOBUX I'PYIT Y BETUKHX
po3MoAieHnX MacuBax JIaHux. Lle o0rpyHTOBY€E AOUIIBHICTH pO3pOOKH TiOpHIHOT
iH(hOopMaIifHOI TEXHOJOTIi, MO TMOoeaHye (eaepaTUBHE HAaBUYAHHS SK MEXaHi3M
po3MnoIiIeHo1 MoOyA0BH MOAeNeH i3 KBAHTOBUMHU OOYMCICHHSMU IS ITiCHIICHHS
cIIa0KMX CHTHAMIB, IO ¥ peali3oBaHo B MEXax JaHoi poOOTH.

MeTtow ni€i podoTH € BIOCKOHAJICHHS iHPOPMAIiTHOT TEXHONIOTIT BUSBICHHS
NPUXOBAaHHUX LIJTBOBHX I'PYI Y BEJMKUX PO3MOIUICHHX MacHBax JAaHUX HA OCHOBI
CUHEpTil KBAaHTOBUX 00YHCIICHD Ta (PeIepaTUBHOTO HABYAHHS 3 METORO ITiIBUILIICHHS
YyTJIIMBOCTI N0 clabKO IMpeACTaBICHUX CTPYKTYp 1 3HIDKEHHS OOUYHCIIOBAIBHOI
CKJIQIHOCTI aHaNi3y JaHUX Y PO3MOIIICHUX CepPeIOBUIIAX.

Jis nocATHEHHS MOCTaBIeHOI METH B poOOTI HEOOXiMHO pO3B’SI3aTH Taki
3aBJIaHHS:

- TpoaHaNi3yBaTH CydYacHi iHQOpMaIliifiHi TiAXOAH Ta aITOPUTMHU
BUSIBJICHHS TIPUXOBAHMUX 1 CIIA0KO MPEACTABICHUX HUIBOBUX I'PYI y BETHKHX
MacHBax JaHHX;

- JIOCHiIUTH MOXKITUBOCTI (pe/IlepaTUBHOTO HABYAHHS K iHPOpMAaIiitHOT
TEXHOJIOT1] po3noineHoi moOymoBu Mojenel 0e3 IeHTpari3allii TaHuX;

- IpoaHaNi3yBaTH 3aCTOCYBaHHS KBAaHTOBHX QITOPUTMIB
aMIUTITYZJHOTO TMiJICHJICHHsS JUIs TiIBUIICHHS e(EeKTHUBHOCTI TOIIYKY Yy
MIPOCTOpaXxX BEIHKOi PO3MIPHOCTI;

- pO3pOoOWTH  KOHIEMIF0 CHHEPrii KBAaHTOBHX OOYHCIEHb 1
(benepaTUBHOTO HABYAHHS JUISl BUSIBIICHHSI IPUXOBAHMX LIJTHOBUX TPYII;

- cdopMmyBaTH apXiTeKTypy i1HGOpPMAIIHOT TEXHOJOTII, MO MOETHYE
KJIACHYHI Ta KBAHTOBI 00YHCIIIOBAJIbHI KOMIIOHEHTH;

- JOCHIAWTH aJrOpUTMIYHI acCHeKTH peaji3alii 3amporoHOBaHOI
iH(pOpMaIiHOT TEXHOJIOT1I 3 ypaXyBaHHAM 00MEKEHb CyYaCHUX KBAHTOBHX
00YHCITIOBATILHUX ITATHOPM;

- OUIHUTH MEePCIEeKTUBU MPaKTUIHOTO 3aCTOCYBaHHS
3aMpPONOHOBAHOTO MiIX0/1Y B IHTENEKTYIbHUX CHCTEMaX aHaIli3y JaHuX.

O0’ekTOM JOCTiTKeHHSl € TporecH iH(OpMAIliiHUX TEXHOJOTIN aHami3y
BEJIMKHX PO3MOAUICHHX MAacHBiB JaHMX 13 BHKOPUCTaHHSIM (eaepaTHBHOTO
HaBYaHHS Ta KBAHTOBHUX OOUYMCIIOBAILHUX METO/IIB.
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Bukiaaa oCHOBHOIo MaTepia.ﬂy JAOCTiIKeHHS

ApXiTeKTypa 3ampomoHOBaHOi iH(GOpMaLiiHOI TexHoJOorii moOymoBaHa 3a
OaraTopiBHEBUM MPHUHIIMIIOM 1 BKIIOYA€E JIOKANBbHI OOYMCITIOBAIGHI BY3IH, PiBEHb
(denepaTBHOi arperarfii Ta KBAaHTOBHM OOYHCIIOBAJIbHHI MOAydh. Taka
apxiTEeKTypHa Oprasizailis 3abe3mneuye mMacimTaboBaHICTh CUCTEMH, aJalTHBHICTh
JI0 PO3IOIIJIEHUX CEPEIOBHII 1 MOXKIIMBICTH ITOSTAITHOTO BIIPOBAIKCHHS 0€3 TTOBHOL
repeOyT0BH i1CHYI0YOi iHPPACTPYKTYPH.

Ha noxansHOMY piBHI 3IiliCHIOEThCA ToTepeaHss oOpoOka MaHWX i HAaBYAHHS
MoJIeJIell MalIMHHOTO HAaBYaHHS Ha MPUBATHUX a00 TEPUTOPIaJIbHO PO3MOAITICHUX
Habopax nmaHux. JlokampHI Mozelni BimoOpakaroTh crenu]iKy OKpeMux mKepem
iHpopMalii Ta ZO3BOJSIOTH BPaXOBYBATH JIOKAIBHI 0COOIMBOCTI PO3MOALTY O3HAK.
Ha piBens ¢enepaTtuBHOI arperamii nepeaaroThCs JIMIIE MapaMeTpu Monenei abo
y3arallbHeHi CTAaTUCTHYHI XapaKTePUCTUKH, 10 MiHIMI3Y€ PU3UKHA BUTOKY NaHUX i
3MEHIITy€ HABaHT)KEHHsI HA TeNIEKOMYHIKaIiliHi KaHamu [5].

denepaTuBHUIT cepBep BUKOHYE arperaimiio mapamerpiB i ¢popmye riiobaibHy
MOJIeTb, SIKa BimoOpakae y3aralbHEHY CTPYKTYPY HaHUX Y PO3MOAUICHOMY
cepenmoBuii. PesympTaTm arperamii BHUKOPHUCTOBYIOTBCS IS OIIHIOBaHHSA
IMOBIPHOCTI HaJIe>KHOCTI 00’€KTIB 10 MPUXOBAaHUX LLTHOBUX rpyn. Ha ocHoBi miei
OIIHKK (OPMYEThCA HAOIp KaHAMJATIB JUIs TOJAIBIIOI OOpOOKM KBaHTOBHM
MOJIyJIEM.

KBaHnTOBUII OOUYMCIIOBAaNBHUI MOMAYNL I1HTETPYEThCA B apXiTEKTypy SK
JIOTIOMiXKHHi1 KOMIIOHEHT i 3aCTOCOBY€ThCS BHGipKoBO. Horo (yHKIliexo € peanizaris
KBAaHTOBHX aJTOPHTMIB IJCWICHHS aMIUNTYX A NPHCKOPEHOTO BUSBICHHS
MPUXOBAHUX CTPYKTYp Y BigiOpaHuX mimmpocTopax. TakuWid MigXil TO3BOJISE
e(EeKTHBHO BUKOPHUCTOBYBAaTH OOMEXCHI KBAaHTOBI pecypcH Ta YHUKATH
HEOOX1THOCTI MOBHOMACIITA0OHOT KBAHTOBOI 0OPOOKHU BCHOT'O JaTaceTy.

AJNropuTMiYHa peaiizallii  3alpOMOHOBAaHOI  iH(OPMAIIHHOI  TEXHOJOTil
BpaxoByE 0OMEKEHHS Cy4aCHUX OOYUCIIOBAILHUX TIAT(GOPM, 30KpeMa KBAHTOBUX
nporiecopiB kiacy NISQ, siki xapakTepu3ylThCs 0OMEXKEHOIO KUIbKICTIO KYOITiB,
HasBHICTIO IIyMIiB 1 HECTaOlIbHICTIO pe3yibTaTiB. Y 3B’S3Ky 3 UMM Yy pPoOOTI
BUKOPHCTOBYETHCS TMiAXiJ OardeBOoi OOpPOOKHM, 3a SKOTO KBaHTOBI alrOpUTMHU
3aCTOCOBYIOTHCS JI0 OOMEKEHUX MiJIMHOXKHH JaHUX.

AJdropuTMiYHA B3a€EMOZiS MK (elepaTuBHAM i KBAaHTOBUM KOMIIOHEHTaMH
peanizyeThesl y BUTIISAL iTepaniiHoro mpotecy [6]. Ha koxHii iTeparii pe3yiapTatu
(denepaTUBHOrO HaBUaHHS BHUKOPUCTOBYIOTBCS JIJIsl YTOYHEHHS TIapaMeTpiB
KBaHTOBOTO aJTOPUTMY, IICIIS YOTO Pe3yJIbTaTH KBAHTOBOTO IMiJICHIICHHS MOXYTh
OyTH TIOBEPHYTI Y KJIIACHYHUN KOHTYD ISl OAAJIBILIOrO IOHAaBYaHHS Mojeneil. Taka
3BOPOTHA B3a€MO/Iisl 3a0€e31euye alalTUBHICTb 1 TIIBUIILYE CTIHKICTh AITOPUTMIB JIO
IIyMiB 1 TOXHOOK.

BaxximBum acriekToM € 3a0e3neueHHst BiATBOPIOBAHOCTI pe3ynbTatiB. s nporo
BUKOPHUCTOBYIOTHCS (DIKCOBaHI MapaMeTpu OaTdyBaHHs, KOHTPOJIb BHIAAKOBUX
iHiIiami3anii 1 craHAapTU30BaHl mpoueaypH arperaiiii. Ile no3Bossie iHTErpyBaTH
3allpONOHOBAHY TEXHOJIOTII0 y MPOMHCIIOBI iHPOpMAaILiiiHi CHCTEMH, i€ BUMOTH JI0
CTaOUIBHOCTI Ta TOBTOPIOBAHOCTI € KPUTUYHUMH.

ANTOpUTMiYHA peasizallisi  3anponoHOBaHOi  iH(pOPMAIIHHOT  TEXHOJOTIT
0a3yeTbcsi Ha TMOEJHAHHI KIACHYHUX METOJIB (eepaTHBHOTO HaBYaHHS Ta
KBaHTOBUX aJTOPUTMIB aMILTITYAHOTO MiACHUJICHHS, CTPYKTYpHA B3a€MOJisl SKUX
npenctaBieHa Ha puc. 1 Ta puc. 2. Kimacuuynwii KOHTYp CHCTeMH 3a0e3nedye
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nomnepenHio OOpOOKYy MaHMX, HaBYaHHSA JIOKAJIBHUX Mojenei 1 QopmyBaHHS
y3arajibHEHHX IMOBIPHICHUX OL[IHOK, TOJi SIK KBAHTOBUI KOHTYP BUKOPHUCTOBY€ETHCS
Ul TiABUIICHHA €(QEeKTUBHOCTI TOIIYKYy TPUXOBAaHMX MLIUJIBOBUX TPyH Y
MiAIPOCTOPAX 13 MiABHUIIEHOIO 1H(OPMAIIITHOIO 3HAYYIITICTIO.

1. EdbexTuBricTs nowyky 2. MokpHTTA LiNbOBMX KOPHCTYBavIE 3. Precision vs Coverage
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Puc. 1. Apxitekrypa iHpopManifHOI TEXHOIOTIT HA OCHOBI CHHEPTii KBAHTOBHUX OOYHCIICHb
i pemepaTHBHOTO HABYAHHS

Ha mepmomy erami JIOKanbHI OOYMCIIOBAIbHI BY3JM BUKOHYIOTH HaBUaHHS
MoJieJied MaIlMHHOTO HaBYaHHA HA BJIACHHMX PO3IOJUICHHX HaOopax JaHHX.
PesynpTaromM 1pOTO €Tany € MHOXKMHA TapaMeTpiB Mojenell abo iMOBIpHICHHX
OIIHOK, SIKi XapaKTepU3YIOTh HAIEKHICTh 00’ €KTIB J0 MOTEHIIMHO I[UIbOBUX TPYIIL.
[lepenaBaHHs TEPBUHHMX JAQHUX HE 3IIHCHIOETBHCS, IO BIANOBIAE TPUHIUIIAM
(denepaTUBHOTO HABYAHHS Ta 3HIKYE BUMOTH JIO ITPOIYCKHOI 31aTHOCTI MEPEexi.

Ha piBHi (enepatuBHOI arperaiii BHKOHYETBCS y3arallbHCHHS IapameTpiB
JIOKaJIbHUX Mogenel i3 ¢opMmyBaHHAM T00anbHOI iMOBipHicHOI Mogeni [7]. Ll
MOJIEJIb IHTEPHPETYEThCS K M SIKa Opakyi-QyHKIis, fka BimoOpaxae CTYIiHb
BIJIMOBIAHOCTI 00’€KTIB O3HAKaM IMPHXOBAHHMX HUILOBHX rpyil. Came L opakyJi-
(GyHKLiST BUKOPUCTOBYETBCS SIK  BXigHa iHQopMmamis [Uuii  KBaHTOBOIO
ITOPUTMIYHOTO KOHTYPY, IO BiZOOpaKEHO y CTPYKTYpPHO-aJTOPUTMIYHIM cxemi
B3a€MO/Ii1 KOMITOHEHTIB Ha pHC. 2.

KBaHTOBUII KOMIIOHEHT peaji3ye ajlropuTMHU aMILTITYJHOTO TiJICHUICHHS, SKi
JI03BOJISAIIOTH 30UIBIINTH HMOBIPHICTh BUABJICHHS 00’ €KTIB 13 BACOKUMH 3HAYEHHSIMH
M’siKOi  opakyn-pyHKIii. 3acTOCyBaHHsS KBAaHTOBUX aJTOPHUTMIB OOMEXKYEThCS
MIIMHOXXHUHAMH JTaHUX, COPMOBAHMMHU Ha OCHOBI pE3yJbTaTiB (eaepaTHBHOIO
HaBYaHHs, IO JO3BOJIAE CYTTEBO 3MEHLIMTH pO3MIp KBAaHTOBOI 3ajadi Ta
aJIanTyBaTH ii 10 MOKJIMBOCTEH CyuyaCHUX KBAHTOBUX MPOILIECOPIB.
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BaxxnmuBuM ~ oOMEXEHHSM — peawmizariii €  BUKOPHUCTaHHS  KBAaHTOBHX
obuncmoBaidbHUX IathopM kiacy NISQ, siki xapakTepH3yIOThCS OOMEXKEHOIO
KUTBKICTIO KyOiTiB, HasABHICTIO IIyMiB 1 HECTaOUIBHICTIO pe3ynbTaTiB. Y
3ampOIOHOBaHIN iH(OpMariitHi#i TexHOJIOTIi I1I 0OMEKCHHS BpPaxOBaHO MIITXOM
OaTdeBoi OOpOOKM MaHMX, 3MEHIIEHHS pPO3MIPHOCTI KBAaHTOBUX Imim3amad i
MOBTOPHOTO BWKOHAHHS KBAaHTOBHX QJITOPHUTMIB i3 MOJANBIIOI CTaTUCTUYHOIO
00pOOKOTO pe3ynbTaTiB.

Mokpurra: 95% Aosipui iHTepaan B2C-50: 95% [l (nor. wkana)
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Puc. 2. CTpykTypHO-aJITOPUTMIYHA CXEMa B3a€MOIii KITACHYHUX | KBAHTOBUX KOMIIOHCHTIB

AJNrOpUTMIYHA B3a€EMOJIS MDK KJIACMYHUM 1 KBaHTOBMM KOHTYpaMH
peanizyeThes B iTepalliiHOMY pexXumi. Pe3ynpTaTn KBaHTOBOTO MiICUIICHHS MOXYTh
BUKOPHCTOBYBATHCS ISl KOPEKIii MmapameTpiB KIACUYHUX MOJENEH i YTOUHESHHS
M’sIKOi opakyn-QyHKII, mo 3abe3rnedye aJanTUBHICTh CUCTEMHU Ta MiABHIIYE il
CTiHiKiCTh 10 1IyMiB 1 moxubOok [8]. Taka cxema B3aeMoJii JI03BOJISIE THTErPYBaTH
KBaHTOBI OOYHCIICHHS B KJIACHYHI iHPOPMaIIiifHi TEXHOJIOTii 0€3 MOpyIIeHHs IXHBO1
LITICHOCTI Ta BIITBOPIOBAHOCTI.

TakuMm YMHOM, aNTOPUTMIUHI PIIICHHS, peasli3oBaHi B MEXax 3alpolIOHOBAHOI
iH(opMaIiiiHOi TexXHOJOTI1, 3a0e31euyoTh ePEeKTHBHY B3aEMOIiI0 (penepaTuBHOTO
HaBYaHHS Ta KBAHTOBUX OOYHCIIEHb, IO JO3BOJISAE MiABUIIMTH YYyTIHMBICTH IO
MPUXOBAaHUX [UTBOBUX TPyl 3a YMOBU JIOTPHMAaHHS pEaJTbHUX arapaTHUX i
MPOTpaMHUX OOMEXKEHb.

BucnoBku

VY crarTti mpezacraBieHo i1HGOPMAIIHY TEXHOJIOTIIO BHSIBICHHS NPUXOBAHUX
LITHOBUX TPYN Y BEIHMKHX PO3MOAUICHMX MachBaxX JaHMX HA OCHOBI CHHeEpTii
KBaHTOBUX OOYHMCIICHb Ta (herepaTUBHOro HaBuaHHs. [lokazaHo, MO0 MOE€THAHHS
PO3MOIIICHOT0 HaBYaHHA Mojeield 0Oe3 IMeHTpaiizallii JaHuX 13 KBaHTOBHMH
QIrOpUTMAMKM  aMIUTITYJHOTO MIJCHJICHHS JO03BOJISE IOJ0JATH OOMEKEHHS
KIIACHYHUX  METOMIB  aHaji3y  JaHuX, TOB’S3aHi 31  CTaTHCTUYHOIO
He30aJIaHCOBAHICTIO Ta BUCOKOIO PO3MIPHICTIO TIPOCTOPY O3HAK.
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3anpornoHoBaHa  apxXiTekrypa iHGopMaIiiiHoi  TexHoiorii  3abesmneuye
MacCIITa0OBaHICTh, AJANTUBHICTh 1 MOMJIMBICTh MPAKTUYHOTO BIPOBAKCHHS B
cydacHi iHpoOpMaLiiiHi cucTeMU. ANTOPUTMIUHI DIlIEHHS BPaxoOBYIOTh peajbHi
00OMeXeHHS KBAaHTOBUX OOYHCIIOBAJIHHUX IUIATGOPM 1 OPIEHTOBaHI Ha MOCTYTIOBY
IHTeTpaIlifo KBAaHTOBUX METO/IIB y KJIACHYHI iH(OpMaIliitHi mpomecu.

OTtpuMaHi pe3ysIbTaTh CBiUaTh, 110 3aIPONOHOBAHMNA MiJXIi]] € TTEPCIICKTHBHUM
HaIpsIMOM PO3BUTKY 1H(QOPMAMIHHUX TEXHOJOTIH aHAi3y BEJHUKHUX PO3MOJIIICHUX
JaHUX 1 MOXe OYTH BUKOPHUCTAHHH SIK TEOPETUYHA Ta MPUKIAJHA OCHOBA JIJISI
MOAAJbIIUX  JOCHI[DKEHb Y  Taly3i  TiOpHIHMX  KJIACUYHO-KBaHTOBHX
00YHCITIOBAILHUX CUCTEM.
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TSUNAMI ISSUES IN THE BLACK SEA

Abstract. The coordinating role of the Intergovernmental Oceanographic
Commission in the implementation of the Tsunami Research, Development and
Implementation Plan within the framework of the UN Decade of Ocean Science for
Sustainable Development (2021-2030) is considered. The structural composition of
the Intergovernmental Coordination Group on the system of early warning about
tsunamis and mitigation of their consequences in the North-East Atlantic, the
Mediterranean Sea and adjacent seas is presented. Attention is focused on the
potential threats to coastal infrastructure in the Black Sea from the probable
movement of explosive objects along with the tsunami in the water areas
contaminated by them. It is proposed to develop and approve the relevant provisions
on the functional subsystems of early warning about tsunamis as part of the unified
state civil protection system.

Keywords: earthquake, tsunami, hazard, UNESCO IOC programs, Black Sea,
warning system, intergovernmental coordination group, functional subsystems.

Ouaexcanap Hunuos'?

TlepkaBna HaykoBa ycraHoBa «lleHTp mpoGieM MOpPCBHKOi Te€oJorii, Teoekomorii Ta
ocazoBoro pyaoyrsopenass HAH Ykpainu», M. KuiB, Ykpaina

2[HCTHTYT TeNeKOMYHIKaliil i riobaneHoro indopmaniiinoro mpocropy HAH Vkpainm,
M. KuiB, Ykpaina

INPOBJIEMHI IIMTAHHA HYHAMI B YOPHOMY MOPI

Anomayin. Poszenawymo koopouwnyiouy poav Miscypsaoogoi okeanoepaghiunol
Komicii'y peanizayii [lnany docniosxcens, po3po6ok i 30ilCHeHHs Npo2pamu 3 yyHami
6 pamkax [ecamunrimma OOH, npucéauenozo Hayyi npo okean 6 inmepecax
cmanoeo possumky (2021-2030 pp.). Hagedeno cmpyxmypuuii cknad Midicypsaoogoi
KOOpOUHAYIHOT 2pynu Woo0o CUCmeMu panHbo20 NONepeONCeHHs Npo YyHami ma
nom skwenns ixuix uacaioxkie y Ilieniuno-Cxioniti Amaanmuyi, CepedzemHomy
MOpi ma npuneziux Mopsx. AKYenmoeamo yeazy Ha NOMeHYiuHux 3azpo3ax 0.
npubepedicnoi ingppacmpykmypu y Yoprnomy mopi 6i0 UM0OGIpHO20 nepemiuyeHis
Pasom 3 yyHami GUOYXoHebe3neuHux npeOMemis y 3a0pYOHEeHUX HUMU aK8AMOPIsX.
3anpononosano pospobumu ma 3ameepoumu  GiONOGIOHI NONOINCEHHS NPO
@DyHKYIOHANbHI nidcUCMeMU pAHHbO20 NONEPEO’CEHHS NPO YYHAMI Y CKAAOL €OUHOT
0epaHcasgHol cucmemu YusibHO20 3aXUCTY.

Knwowuoei cnosa: semnempyc, yymami, nebesnexa, npozpamu MOK FOHECKO,
Yopre Mmope, cucmema nONepeodlCeHHs, MidCypsao06a KOOPOUHAYIHA 2pyna,
@ynxyionanvmi niocucmemu.
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Mopceki  reosiorigni  HeGe3nmekH' —CTAHOBIATH CEPHO3HY  3arpo3y  JUIs
MpUOEPEKHUX 1 MOPCBKUX TEPUTOPIiH, a TAKOXK TpoMall, siKi TaM MPOXKUBAIOTh. J[o
Mepesliky MOPCHKUX T€OJIOTIYHUX HEOE3MEeK HAJICKATh IlyHaM.

5 JaucTOIanma JIOACTBO BiA3HAYaTUME BCecBiTHIN AeHD MOMMpPEHHS iHbOopMarii
npo npobiieMy IyHaMi2, TOMy PO3IJISHEMO JesdKi aCIIeKTH ILi€i MpoOIeMH 3 METOO
IiIBUIIICHHS 00i13HAHOCTI TPOMAJICHKOCTI HAIIIOT ICPIKaBH.

Hespaxkatoun Ha Te, M0 myHami TPAIUIIOTBCS PiIIe, HDX 1HIN TPUPOAHI
KatacTpodu, iXHA pyHHIBHA CHJIa Ta IIBHIOKICTH pPOOIATE IX 0OCOOJHMBO
HeOe3neuHuMu s y30epexoks MopiB. Halfuacrimie myHami oOpymaeTbes Ha Oeper
y BHUIJISIJII BEPTUKAIBHOI CTIHH TYpOYJICHTHOI BOJIH, SIKA MOXE MAaTH JyXKE BEIUKY
pyi#HiBHY cmry. Ha puc. 1 300pakeHo myHaMi, 3reHepOBaHEe MTYYHUM iHTEICKTOM.

[licna walimoTyxHimoro B icropii cmoctepexenb 3emierpycy y 1960 pomi
nobnu3y micra Banpausis y Uuni MarHiTyzor 9,5, sSkuil mpu3BiB 10 pyHHIBHOTO
ImyHami 3 BUcCOTOrO xBmIi 10-25 M Ha y30epexoksx Ymmi, Smonii, octpoBax y
Tuxomy oxkeani (0. Ilacxu, ['aBalfickkux oCTpoBax IHIIHX), OYJIO CTBOPEHO TEPITY
CUCTEMYy TIONEPE/DKCHHS MNpo IfyHaMi — TuxookeaHchky [3], a 3 1965 poky
rII00aTbHOI0 MEpEeXKel0 KOOpAWHAII TOMEpe/DKeHHS Mpo I[yHaMi Kepye
MixypsinoBa okeaHorpadigaa komicis, mo mie y cknani FOHECKO (mami — MOK
OHECKO).

Puc. 1. Tak 300pasuB  IyHami IITYYHHH  iHTENEeKT (32  IOCHJIAHHSIM:
https://pixabay.com/illustrations/ai-generated-tsunami-disaster-8909290/)

OnHe 3 HaWNOTYXHIIMX IyHami crtanocs B IHAiiicbkoMy OKeaHi mmicis
nigBoAHOro 3emierpycy 26 rpyaus 2004 poui Ha ranbuHi 61au3bK0 20 KM ITig JHOM
okeaHy 1 mpubmmu3Ho 3a 200 KM Ha 3axij| BiJ MiBHIYHOTO Yy30€pPEeKIKsi OCTPOBA
Cymarpa B Inmonesii marHityzor 9,1. BHacinok myHami, BUCOTa SIKOTO MICI[IMHU
csrana 15 metpis, 3arunyno 230-280 tuc. ocid y 14 kpainax (puc. 2).

" MopchkuMH TeoNTOTITHIMHI HeGe3MeKaMH € TTiIBOIHI 3eMIeTpYCH abo 3eMIETPYCH, IO BUHUKAIOTH
HETOAANIK Bl MOpS; MiIBOIHI 3CYBH, XBHII I[yHaMmi, PyXd TEKTOHIYHHX IUIHT B3JIOBX AKTHBHUX
PO3JIOMiB, IOTEHIIIIHI BUKH/IH Ta3y 3 TOHHHUX BiAKIAIiB MOPS Ta EKCTPEMaTbHI METEOPOJIOTIUHI SBHUIA
[15, 16, 23].

2V rpyxmni 2015 poxy Ienepanbua Acambness Oprauizanii 06’enmanux Hauiit y Cenpmaiicbkii
paMKoBili mporpami 3i 3HIDKEeHHs pu3MKy sux Ha 2015-2030 poku 3ampoBamuia Big3HAYCHHS
5 nucronana mwopoky BeecBiTHhOro AHs momupenHs iHpopmarii mpo npodiemy myHami [2, 5].
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Puc. 2. Haciinku myHami Ha y30epexoki [HmoHesii Mixk Mictamu banma-Ader i MesmaGor
TTICJIA MiBOTHOTO 3eMIIETPYCY Ta ItyHami 26 rpyaas 2004 poky B [HgiickkoMy okeaHi (poTo
EBana lInaiinepa, © UN Photo)

[Ticns wiei py#uiBHOI moxii B [naiickkomy okeani MOK FOHECKO po3zmupuia
MaciTadu CBOET AISTIBHOCTI Ta chopMyBasia TI00aIbHY MEPEKY MONepeKeHHS PO
IyHami Ta TOM SKIICHHS IXHIX HACHIKIiB, SIKa OXOMNHJAa HACTYNHI HeOe3meyHi
perionn: Tuxuil okeaHn, Inailicekuii okean, KapuOcbke mope, IliBHiuHO-CXigHy
ATtnanTuky, CepenzeMHe MOpe Ta IMPUIIETIIi MOpsl.

Ha cworomni y pamkax Jlecatunitts okeany® aie [Iporpama 3 1yyHami Ha OCHOBI
0araTopiBHEBOI'O MiAXOMAY, IKUH 00’ eHYE:

— MIJIbBHY MEpPEeXy CEHCMIYHUX CTaHIii, TJIMOOKOBOJHUX [ATYUKIB 1
Mapeorpadis;

— perioHaJIbHI Ta HaLliOHANbHI LHEHTPH ONOBILICHHS AJIS IIBUAKOTO YXBAJICHHS
pileHb;

— 3a0e3neyeHHs TOTOBHOCTI MPUOEPEKHUX rPOMa A0 LyHaMi depes iHiiaTuBI
[porpamu FOHECKO «I"oToBi A0 mryHami», sika jaie y 43 kpaiHax CBITY.

Meroto [Iporpamu FOHECKO «I'oToBi 10 myHaMi» € 0OMiH JaHUMH B pEXUMIi
peanpHOrO 4acy d4epe3 Taki miaatdopmu, sik LleHTpH MOHITOPHHTY piBHS MOpS
MOK IOHECKO. Bonu 3a0e3neuyioTh IOCATHEHHsI Takux Iiedi [Iporpamu 3
myHami B pamkax [Jlecatunitrs okeany [3]:

— PO3BUBATH MOKJIMBOCTI CUCTEM OIIOBIIIEHHSI 17151 3aBUACHHUX TIONEPEIKEHB ITPO
IyHaMi JUIsl TPOMaj Ha MOPChKOMY Y30epexoKi, sIKi MOTSHIIIHO 3HAXOASATHCS ITiJ]
3arpo3010 IyHaMmi;

— 1o 2030 poky oxonuTu iHGOPMALIHOI KOMYHIKaLi€l0 TPOMaaN, TEPUTOPii
SIKUX BIJHECEHO JI0 PM3MKOBMX BiJl IyHami, 1100 BOHH OyjIM TOTOBI Ta CTiHKi JI0
HPUPOJHUX JINX.

3 JlecATHIITTA OKeaHy — MiKHApOJHE NECATHIIITTA HayK TIPO OKeaH B iHTEPECAX CTAloTO PO3BHTKY
(2021-2030 pp.), sixe KoopauHye MixypsinoBa okeanorpadidna komicist KOHECKO. V wepsni 2021 p.
MOK IOHECKO 3arBepamna IIporpamy 3 myHami y pamkax JlecATHIITTS OKeaHy y BIAIIOBiZb Ha
3aKJIMK [0 Aiit JecaTHiTTs okeaHy.
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[punarigso 3a3Hauy, mo B Ilapuxi 16—17 ciuns 2025 poky BimOyiocs m’ste
3aciganns HaykoBoro komitety [Iporpamu 3 myHami B pamkax JecsTHIIITTA OKeaHy.
Bono crano BupimaabHUM A7l OHOBJICHHSI IPOLICAYPU PO3TIISAY, IUIaHyBaHHS Ta
yaromkernns iHimiaTuB [Iporpamun FOHECKO «I'oToBi 70 IfyHami» Ta 3aXofiB y
pamkax [lmany mocmimkeHsb, po3poOoK Ta BIpoBajpkeHHs lIporpamm 3 myHami B
pamkax [lecatumiTTs okeany [4].

10-11 macromana 2025 poky B Xaitnapabaxi B [uaii BinOymeTscs mepma B icTopii
koH(pepeHmis 3 muTanb [Iporpamu 3 myraMi B pamkax Jlecatumitrs okeany (First
Ocean Decade Tsunami Programme Conference). Bona o3HaMeHy€ BaXXJIUBY BiXy Y
CHITBHIN po3po0ui pimeHs s GOpMyBaHHS MPUOEPEKHUX TPOMal, TOTOBHX 0
cruxiitanx ymx. 3axim, opraxizoBammii MOK HOHECKO, 006’emHae cBiTOBHX
JmigepiB, HayKOBLIB, TWONITHUKIB, TEXHIYHMX EKCIEPTiB Ta NpPEACTABHHKIB
IrpOMaJICbKOCTI. MeTa 3aXx0Jy — CHPHUATH CKOOPIWHOBAHUM IisiM JIJIs peajizarlii
moctoro 3aBmaHHs llporpamm 3 mynami B pamkax JlecsSTWIITIS OKeaHy:
«Yci TpoMagy Ha TEPUTOPISIX PU3HUKY TOTOBI JO IyHaMmi Ta CTIHKI A0 HHUX [0
2030 poky» [22].

€Bporelickka MOpPChbKa pafa 3 MOPCHKUX TeoNoriyHux HeOesnexk (€EMP) —
MIPOBITHUI €BPOTICHCHKHI aHAMITHYHUNA IEHTP Y Taly3l MOPCHKOI HAYKH — HANa€e
mwiatpopMy s PO3BUTKY MOPCBKMX JAOCHIPKEHb Ta KOOPAMHYE MHUTaHHS
3emiieTpyciB 1 myHami. Sk cBiquuth «llosuniiinuii mokymeHt 26» EkcrnepTHol
pobouoi rpyrmu €EMP, 3a ocranni ~1 500 pokiB y UopHoMy Mopi Oyio 3adikcoBaHO
22 1yHaMi, CIPUYMHEHUX 3eMJIeTpycamu [6].

CyuacHi TEOPETUYHI OLIIHKU T'a30-TPsSI3bOBOTO BYJIKaHI3MY Ta MPOTHO31B IlyHaMi
y YopHOMOpchkoMy OaceiiHi HNalOTh MIJACTaBM HE BUKIIOYATH WMOBIPHOCTI
BUHUKHEHHS CHIILHUX IyHaMi y YopHOMY MOpi y MaiibyTHROMY [7—16, 23].

Cucmemu paHHb020 NONEPEOIHCEHHS NPO UYHAMI

CucteMu paHHBOrO MOMNEPEIKEHHS MPO IyHaMi BKJIIOYAIOTh YOTHPH OCHOBHI
CIIEMEHTH:

— 3HAHHS PO PU3HKY;

— BWSIBIICHHS, MOHITOPHHT, aHAJI3 i IPOTHO3yBaHHS;

— TOUIMPEHHS NOoNepeKEeHb Ta KOMYHIKaIlis;

— 3a0e3neyeHHs TOTOBHOCTI Ta pearyBaHHA.

Li 9oTHpH eJIEMEHTH MIAKPITUTIOE PO3BUTOK ITOTEHITIATY Ta yrpaBiiHas» [17, . 6].

VY cBiTi QYHKLUIOHYIOTH MIKHApOJHA Ta PETiOHAIBHI CUCTEMH IONEPEKEHHS
po 1yHaMi. MixDcHapoona cucmema nonepeoxiceHHs npo uyHami — 1e raodalbHa
Mepexa, siky koopauaye MOK FOHECKO. Bona nmpu3HadeHa 11 BUSBICHHS Ta
3aBYACHOT'O OIOBILLIEHHS HACeNeHHA Npo IyHami, 00 MiHIMI3yBaTH JIIOJCHKI
XKEepTBH Ta MarepianbHi 30uTkH. Ll cuctema BKIIOWae Mepexy IaTUHKIB,
MapeorpadiB, pErioHajdbHI ILEHTPH IMOMNEPESHKEHHS Ta KaHaId 3B’S3Ky IS
OIepaTHBHOI repeaadi iHdopMalrii BiJl aHaTITHYHUX EHTPIB J0 LEHTPIB IPUUHATTS
pillieHb Ta HaceJleHHs B IlyHaMiHEOe3IeUHNX 30HaX.

Taxox MOK FOHECKO cTBOpuB ri100a1bHi CITy>K0H MoTIepe;PKEHHS PO IyHaMi
JUIsl 3a3HAYEHUX BHINE HEOE3MEYHUX PETioHiB. J{isUIbHICTh 1UX CITYyKO KOOPIWHYE
perioHanbHa MDKYpsSOOBa KoopAuHamiiHa rpyna. IHdopmanito mpo kpainu-
y4acHMUI y ckiaai MiKHapOIHOI CHCTEMH HONEePEeKEeHHS PO IIyHaMi PO3MILICHO
Ha ogimiitnomy caiiti MOK FOHECKO [21].
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Pezionanvni mixcypsaooei koopounayiiiti zpynu

[Iporpama 3 myHami JlecATHIIITTS OKeaHy CHHPAETHCA Ha YOTHUPU perioHaNbHI
MIKYPS/IOBI KOOpAMHALIWHI TPYNH, SIKi Y3rOKYIOTh PEriOHaNbHI 3aX0AH 3
MOTIepe/DKeHHs] TPO IyHaMmi Ta TIIOM’ SKIIEHHS iXHIX HACHiIKiB, BKIIIOYAIOYH
HajgaHHS iH(opMarii mpo myHaMi HaliOHATHHUM IEHTPaM ITOTEPEHKEHHS PO
IyHaMI.

Jo ckiamy perioHaATbHUX MDKYPSIIOBHUX KOOPAHWHAIWHUX TPYIN BXOISTH
nepxkasu-wiean MOK FOHECKO, sxi mpencTaBisifoTh BiANOBITHHN perioH y
ckiani rpynu. [0J0BHOIO (QYHKIIE€I0 IHX MIKYPSAOBUX KOOPAWHALIWHHUX TPYI €
OpraHizailisi Ta KOOPJMHAIl PETIOHAJBHUX 3aXOIB 3 METOI IOM SKIICHHS
HACNIJKIB I[yHaMi, BKIIIOYAIOYM MOHITOPHHT IyHami, BHUIYCK 3aBYaCHUX
nornepeKeHb PO MyHaMi Ta MiATOTOBKY HACEJICHHS 0 pearyBaHHs.

KosxHa perioHanbHa MiKypsiioBa KOOpAUHALIIIHA Ipyna (GopMye BIacHI poOodi
Ta MUTBOBI Tpymu Juid 3a0e3nedeHHsT KOHKPETHHX TEXHIYHHX MOoTped Ta
HapOIIyBaHHS MOTEHINAy y BiAIOBIAHOMY PETiOHi.

[IpencraBHuKaMu Jiep KaB-4JICHIB y  perioHalbHUX MDKYPSIOBUX
KOOpJAMHAMIWHUX TPYyMax € HaMiOHAIbHI KOOPAWHATOPH IIOAO IyHami, SKHAX
MPU3HAYAIOTh YPSAM AepKaB IS ydacTi y KoopauHamii pobotu MixHapomHOi
CHCTEMH MOTEPeKEHHS PO IyHaMi Ta oM’ SIKIIeHHS IXHiX HaciakiB [17].

Llenmpu ingpopmauii npo uynami

HenTpu indopmanii npo myHami HamaloTh JAepKaBaMm-ujeHAM 1 HAaCEICHHIO
OCBITHIO, 1H(OPMAaLIHHO-IPOCBITHUILKY, TEXHIYHY Ta KaApOBY JIOMOMOTY 3
MMATaHb 3aIM00iTaHHs, MiATOTOBKH Ta MTOM SKIICHHS HACIIIKIB IIyHaMI.

Kpim Toro, mentpum indopmamii mpo IyHami TPOBOASTH JJOCHIIKEHHS
e(EKTUBHOCTI BXHUTUX 3aXOMAIB IICJIS I[yHaMi, CIyXaTb pPECcypcoMm s
pO3po0IIeHHS, MyOJIiKallil Ta PO3MOBCIO/HKCHHS MPOCBITHUILKUX MaTEepialliB PO
IyHaMi Ta peKOMeHAIliil Mpo MiArOTOBKY A0 HUX, aKyMYIIIOIOTh iH(QOpMaIlito mpo
BUMAJKU I[yHaMi, a TaKOX MOXYTh CIPHUATH OIIHI PU3HKIB 1 IOM’SIKIIEHHIO
HACII/IKIB.

Lentpu indopmarii mpo IyHami IilOTb y KOXHIH periOHaJIbHIN cucTeMi
Momepe/KeHHsT Tpo  I[yHami y  paMKaxX  BIATIOBIIHHX  MIXKYPSIOBUX
KOOpAMHALIHHUX TPYII.

Pezionanvna mixcypadoea koopounayinna zpyna ujo0o cucmemu
DAHHBbO20 NONEPEONHCEHHA NPO UYHAMI MA NOM’AKUIEHHA IXHIX HACIOKI8
y Ilieniuno-Cxionin Amnanmuui, Cepedzemnomy mMopi ma npuneziux mopax

Kpainamu-yuacHunssmu  PerioHanbHOT MiKypsiIoBOi KOOpAMHALIMHOI Tpynu
IIOZI0 CUCTEMH PaHHBOTO TONEPEKEHHST MPO I[yHaMi Ta IOM’SKIICHHS iXHIX
HacniakiB y IliBHiuHO-CXignii Atiantumi, Cepel3zeMHOMY MOpI Ta MPHIIETIIAX
Mopsix (mani — PerioHanbHa MiXKypsiioBa KOOpAMHAIiHHA Tpyma) € (3a andaBiToM):
Benwris, bonrapis, BenukoOpuranis, [lanis, Ecronis, €runer, [3paine, Ipnanmis,
Itanis, KaGo-Bepne, Kinp, Jlisan, Manbra, Monako, Hinepnanau, Himeuunna,
Hopseris, [lonsia, [optyranis, Pymynis, Cupis, Cnosenis, Typeuuuna, Yxpaiua,
Xopsartis, LBemist.

PerionanpHa MiKypsiioBa KOOpIWHAIIIHA Tpyna Mae oQiliiHWI caiit 3a
nocuiiaHHsaM: http://ioc-unesco.org/tsunami/icgmsm.html
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Henump ingpopmauyii npo uynami y nieHiuHo-cxXioHiil yacmuni
Amaanmuunozo oxkeany, CepedzemMHomy Mopi ma npuneziux mopax

Lentp indopmarii mpo IfyHami B MiBHIYHO-CXiJHIM YacTHHI ATJIAHTUYHOTO
okeany, CepemzemHoMOp’i Ta mpmiermux Mopsx (mami — Llentp) momomarae
pO3poOIIATH Ta HamaBaTH iHGOPMAIIIO PO CHCTEMH MOMEPEHKEHHS PO IyHaMi,
PHU3UKH Ta MEpEeOBY MPAKTHKY, B3AEMOISTH 3 ACPKaBaMHU-WICHAMH Ta HIMPOKOIO
TPOMAJICHKICTIO KpaiH MMBHIYHO-CXiMHOI YacTHMHH ATiaHTHKH, Cepen3eMHOro,
[liBriuHOTO, BanTitickkoro ta Yopuoro mopis. LleHTp 6a3yeThes y mrab-kBapTHpi
FOHECKO y IMapuxi (Opanwis).

Ha sraganomy odiuiiinomy caiiti PerionanbHoi MiKypsgoBoi KOOpAMHALIHHOT
TpynH HaBeACHO iH(OpMaIlito PO HAIIOHATIBHI HEHTpH iHopMatii mpo myHami y
KpaiHax YopHOMOPCHKOTO PETioHy.

Tak, y bonrapii HamionanbHuii nentp indopmamnii mpo IyHami BKJIIOYA€e
Koopaunamiitanii eHTp nonepepkeHHs mpo myHami Ta HarionanpHMi KOHTaKTHUH
oprad 3 1yHami. HamioHambHUM KOOpAMHATOPOM MPU3HAYEHO Mpodecopa ATaHaca
Bacunbera [1anazoBa (InctutyT okeanosorii mpu bonrapcebkiii akanemii Hayk).

AHanoriuny cTpykrypy Mae HamioHampHuil meHTp iH(MOpMAIii mpo myHami y
PymyHii, nismeHicTh sikoro koopauHye KoctsatuH loHecky (HamionambHuit
IHCTUTYT TOCIIPKEHB 1 pO3BUTKY (pi3uku 3emii).

Ho cknany HamionanmsHoro uentpy indopmanii mpo mynami y Typeuyuwni
BxomaTh: OOcepBaropiss Kanmimmi, [HCTHUTYT mocmimkeHHS 3eMieTpyciB i
KoopnuHanilinuii neHTp nomnepeKkeHas npo yHami (YrpaBiiHHs 31 CTHXIHHAME
TUXaMH Ta HaJI3BUYalHUMHU CHUTyalisMHu, KoopauHatop — Mycaseep [inem
Kam6a3). HamionaneanM koopamHaTopoMm € mpodecop Axmer Jlxesner SAmumnep
(HaykoBo-mociiHAN TIEHTp OKeaHIYHOiI iHKeHepii BIM3BpKOCXiTHOTO TEeXHIYHOTO
YHIBEPCHTETY).

YkpaiHa TaKoK BXOJUTH JI0 CKJIany PerioHanbHOT MiXKypsI0BOT KOOPAMHALIHHOT
rpyny, ofHaK Ha ii odimiiHOMY calTi cTaHOM Ha XOBTeHb 2025 poKy BiACYTHS
iHpopmaris npo HarionansHuid neHTp iHdopMmamii npo myHami B YKpaiHi, Horo
KOOpJAWHAIIHI Ta KOHTaKTHI OpPraHy, MPU3HAYEHOT0 HAI[IOHAILHOTO KOOPIUHATOpa
3 MMTaHb IyHaMi.

Bognowac 3a3raummo, 1o BiAMoBigHO 10 MyHKTIB 34, 35 [lonoxeHHs Ipo eAnHYy
JICpKaBHY CUCTEMY ITUBIIBHOTO 3axucTy [20] B YKpaiHi 3M1iCHIOIOTh MOHITOPHHT i
MPOTHO3YBAaHHS HAA3BHYAHHMX CHUTyalid 3 METOI 3a0e3NedYeHHS 3AiHCHEHHS
3aXO0JliB B €IWHIA AEprKaBHIM CUCTEMi LWBIIBHOTO 3aXHCTy IOJIO0 3armoOiraHHs
BUHUKHECHHIO HAJ3BUYaWHUX cuTyaniid: «Jljis TpoBeJeHHS MOHITOPUHTY 1
MPOTHO3YBaHHs HaJ3BUYalHUX CUTYalllii CTBOPIOETHCSA Ta (DYHKIIIOHYE cHcTeMa
MOHITOPHMHTY 1 IPOTHO3YBAaHHS Ha/I3BUYAHUX CUTYaLill y MOPAAKY, BU3BHAUEHOMY
Ka6inerom MiHicTpiB Ykpaiam». OCHOBHUM HOPMaTHBHO-TIPABOBHM JIOKYMEHTOM
JUIs pearizalii KOMIUIEKCY 3axoJiB € mocraHoBa Ypsny «[Ipo 3arBepkeHHS
[opsinky QyHKIIIOHYBaHHS CUCTEMH MOHITOPUHTY 1 MPOrHO3YBaHHS HAA3BUYAHUX
CUTyalild, MPOBEIEHHS MOHITOPUHTY 1 MPOTHO3YBAaHHS HAA3BHYAMHUX CHUTYaLliid»
Bix 17.09.2025 poky Ne 1171.

OpnHak Ha CHOTOIHIIIHIN J€Hb y CHCTEMI BITYM3HSHUX HOPMAaTHUBHO-IPAaBOBUX
akTiB 3 mwmBigbHOro 3axucty (Komekci unuBinbHOro 3axucTy YKpaiHH,
MiAMOPSAAKOBAHMX ~ HOPMATUBHO-TIPABOBUX  JIOKYMEHTaxX) B3aradi  BiJICYTHE
BU3HAYEHHS TOHSITTS MOPCBHKOI TeOJIOTiYHOI HeOEe3NeKH, sKe Mae IJIaHeTapHoO-
perioHanbHUN XapakTep 1 Hece TPaHCKOPAOHHY 3arposy, TOMYy HOTpedye
CIIELIaJIBHOTO BPET'YJIIOBAHHSL.
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Bapro maragaTu, o HayKoBi ycTaHOBH HallioHanbpHOI akameMii HayK YKpaiHu
Opaun 6e3mocepeTHIO y4acTh y HayKOBOMY OOIPYHTYBaHHI Ta po3po0iIeHHI TPOEKTY
CHCTEMH PaHHBOTO MOTEpeKEHHsI po IyHami y HopHoMy Mopi. 3okpema, 11e Oyiio
pe3yIbTaTOM BUKOHAHHS HAYKOBO-I0CTiTHOT poboTu (mami — HJIP) [18], sy y 2009
porii 3aBepmmB Mopchkuit Tigpodizuaamii iHCTUTYT HAH Ykpainu cmiibHO 3
Incturytom reonmoriunux Hayk HAH Vkpainm Ta iHIIMMH ycTaHOBaMU-
CHIBBUKOHABIIMH. Y 3akimoyHOMy 3BiTi 3ramganoi HJIP migrBepmkeHo:
«Po3pobieHo cTpyKTypy Ta CKiIa] CUCTEMH PAHHBOT'O ITONEPEHKEHH PO IyHaMi B
YopHoMy Mopi SK eleMeHTa €BpONeichkoi crucTeMu. Po3po0iieHo KoMIT I0TepHY
CHCTEMY, IO JO3BOJISIE OMEPAaTUBHO MPOTHO3YBaTH HeOe3MedHi MOPCHKI XBHII
CEHCMOTEHHOI MPUPOIN Ta BIITBOPIOBATH MOXIIMBI CIIEHAPIi PO3BUTKY IyHaMi Y
Yopaomy mopi. CtBopeHo ExcrnepumentanbHuii HarioHanbHUN EHTP MOPCHKUX
MPOTHO31B, 3IACHIOETHCS IOCIIHA eKCIuTyaTarist cuctemm» [ 18, c. 137-150].

B inTepecax cmpustHHA nocsrHeHHIO miiel IIporpamu 3 IyHami B pamkax
JecsatuniTTst okeaHy HEOOXiTHO MPOJOBKUTH BITUYM3HSIHI HAYKOBI TOCIIPKEHHS Ta
MOTIOBHIOBATH HAYKOBI 3HAHHA NPO LyHaMi, a TAKOX MIPEBEHTHBHO BIIPOBA/IXKYBaTH
BHIIPOOYBaHi pe3yIbTaTHBHI MOJENI COIiaIbHOT TOBEIIHKM TpH 3arpo3i imxa. Le
nmoTpebyBaTuMe 3MIITHEHHS HAayKOBO-IOCTITHOTO TOTEHIialy Ta aKTHBi3allil
nepeadyi TEXHOJIOTIH.

Bapto Takox 3ayBakuTH, 10 KPiM peasibHOI 3arpOo3H MiJBOJHHX 3eMJIETPYCIB Ta
iXHIX HACHiOKiB y ¢opMi IyHami y YopHOMY MOpi, TeHepilTHe BiTUM3HIHE
TepuTopiaibHe Mope (30KpeMa MpuOepeKHe MIIKOBOJJS) CYTTEBO OOTSDKEHE
HaCJiIKaMH BOEHHUX JIii: 32 TIONepeIHIMU OlliHKaMu JlepikaBHOI ciTy:kO0u YKpaiHu
3 HQI3BUYAWHUX cUTyariit 0imm3pko 14 000 M? BHYTPIMIHIX i MOPCHKUX YKPaiHCHKAX
aKBaTOpil Ha CHOTO/IHI 3a0pyaHEHI BUOyXoHeOe3neuHnmu mpeamerami [ 19].

VY pa3i BigHeceHHs NUPUMOPCHKHUX TEPUTOPIH 1O PUBMKOBHX BiJ IyHaMmi,
MOTEHIIHHO 30UTBIIYIOTECS HEraTUBHI HACHIJAKH JUIsL TPOMaJ, TNPHOEPEKHOT
iH(pacTpyKTypH Ta MOPCHKOi OioTu [1].

Tomy VYkpaiHi, HaBiTh 32 Cy4yaCHOTO CTaHy, BKpall BaXJIMBO HaJlarOJUTH Ta
MiITPUMYBATH B aKTMBHOMY CTaHi TPaHCKOPJOHHY CHIBIIPAIf0, KOHTAKTH Ta OOMiH
iHpopmariero 3 nepxkaBamu [IpraopHOMOpCEKOTO OaceiiHy y ckmaii PerionanpHOT
MDKYpSIIOBOI KOOpAMHALIMHOI Trpyny; Bu3HauuTucs 3 HarioHanbHUM LEHTpOM
iHpopMarii nMpo yHaMi, KOHTAKTHUMH OpraHaMH 3 IyHaMi, a TaKOX NPU3HAYUTH
HaIIOHAJILHOTO KOOPIMHATOPA 3 I[yHaMi Ta 3a0€3MeYHTH IXHE cTane (VyHKIIOHYBaHHS.

AKTyaJbHUM 3aJTUIIAETHCS MUTAaHHS HOPMATHBHO-IIPABOBOIO Ta PO3MOPSIIIOrO
3a0e3MeyYeHHs JisIbHOCTI 3 TUTaHb IyHaMi. €uHa JIep)KaBHA CUCTEMa ITUBIIIBHOTO
3axucty Ykpainm [20] cKiIagaeTbes 3 MOCTIHHO AiF04MX (DYHKIIOHAJBHUX i
TepUTOpiaNibHUX TincucTeM. BpaxoByitoun peanii, mo ckiamnucsi B YKpaiHi,
JOLIJIBHO 3aBYacHO pO3pPOOMTH Ta 3aTBEPAMTH BIANOBIIHI JIONOBHEHHS JIO
MOJIOXKEHb PO (YHKIIOHAIBHI Ta TEPUTOPIabHI MiJICKHCTEMH MONEPEKEHHS PO
MOPCBKI TeoJIoriyHi HeOe3neku (IyHaMi) eIUHOI IepKaBHOI CHCTEMHU IUBIIHHOTO
3axXHCTy 3 ypaxyBaHHSIM peKOMeHalil, Hanauux y [Inani nociikens, po3poOok Ta
BITPOBaKEHHS 3/1ilicHeHHs [Iporpamu 3 IyHami B paMKkax JlecaTUIITTS OKeaHy.

VY ananmitnunomy pestome mpo uei Ilnan 3asmaueno: «MOK FOHECKO vy
KoopauHauii 3 MDKYpSIOBHUMH KOOPIMHALIWHMMU TpYyNaMH Ta BiIIOBIAHUMH
LEHTpaMu iH(opMaIll Mpo IyHaMmi, a TaKOX Yy CIIBOpalll 3 aKaJeMiYHUMHU Ta
HayKOBO-JI0CIII THUMH YCTaHOBaMH, MiANPUEMCTBAMH, OJsraroiiHUMHU
opraHizalisiMM Ta IHIOUMH 3aiHTEPECOBAHUMH CTOPOHAMH 3IIHCHIOBATUME
CHITBLHUHN HarJsiy 3a peanizamicro [Iporpamu yaacti nepkaB-uinenisy» [17, c. 10].
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AI (NOT) AGAINST Al

Abstract. The aim of the research is to identify information, technological and
methodological approaches to artificial intelligence developing in modern
conditions of digital transformation, and in the long term. The objectives of the
research are the following questions: a) to conduct a systematic analysis of the main
aspects of Al development, in particular by the category of Al security; b) to identify
the main time trends in AI improvement and ensuring Al security,; c) to assess the
current state of Al, development directions in this area and solving problems of
ensuring Al security. Given the specifics of the research topic, tools in the form of
modern Al means, such as ChatGPT, Claude, Copilot, Gemini, were used to conduct
the research. As criteria for assessing the validity of conclusions, it is proposed to
rely on the relevance and pertinence of the results of AI means' responses to various
prompts. The main topic of inquiries is devoted to key trends that characterize the
development of artificial intelligence, how Al will develop in the near future and
until 2100, and what consequences this will have for humanity. The main stages of
Al development have been identified in accordance with the above predictions. The
main results show that the above-mentioned Al means primarily indicate an
increase in attention to the ethical and legal aspects of using Al, as well as the
growing Al integration into various areas of human activity. At the same time, it was
noted that it is important to maintain a balance between using Al to enhance human
capabilities and ensuring that people do not lose their intellectual skills. Particular
attention is paid to the possible moment of singularity, when AI will begin to develop
at an exponential rate, which will lead to radical changes in society and technology,
and the consequences of this process are difficult to predict with certainty. Such
systematic reviews are suitable for the formation of information meta-resources,
which can be used by responsible persons as well as directly by specialists in various
fields to support decision-making regarding the formation of Al security tools.
Keywords: information technologies, digital transformation, future, security, threats.

O.B. Hecrepenko, ILIIL. Suyx

MixHapoaHuit €Bporeiicbkuii yHiBepcureT, M. KuiB, Ykpaina
LI (HE) ITPOTH LI

Anomauin. Memoro docniodcenns € 6uUsHaueHHs IHPOPMAYIiHO-MEXHON02IYHUX MA
MEMOOON0IHHUX WLIAXIE PO3GUMKY WMYYHO20 [HMENeKmy 6 CYYACHUX YMO8AX
yugposoi mpancgopmayii'i Ha 8iodaneny nepcnekmugy. 3a80anHIMU 00CAIONCEHHS
€ HACMYNHI NUMAHHA: a) NPOBECTNU CUCEMAMU308AHUL AHALI3 OCHOBHUX ACNEKMI8
poszeumxy LI, 30kpema 3a kamezopicio b6e3nexu LI 6) usnauumu ocHosHi 4acogi
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mpenou goockonanenns LI ma 3abesnevenns 6esnexu LI 6) 30iticnumu
oyinosanHs cyyacrhoeo cmary LI, nanpsmie possito 6 yiu cghepi i supiuieHmHs
npobnem 3abesneyyeanna 6esnexu LI 3easxcarouu Ha cneyugiky memu
docnioxcenHs, Ol NPOBeOeHHs DPO3BIOOK 3ANYYeHO ITHCMpyMeHmapiu y ueisioi
cyuacnux 3acobie LI, ax-mo ChatGPT, Claude, Copilot, Gemini. ¥ akocmi
Kpumepiig oyint08aHHs 00IPYHMOBAHOCMI BUCHOBKIE NPONOHYEMbCA CHUPAMUCA HA
penesanmHicms ma NepmuHeHmHicmy pe3yibmamis ionosioeil 3acobie LI 3a
piznumu  3anumamu. YiteHa memamuka 3anumie NpUcesueHa  KIo408UM
MEHOCHYISAM, AKUMU XAPAKMEPUZYEMBCSL PO3BUMOK WIMYYHO2O0 THMENeKmy, K
possusamumemvcs LI y naubnuscuomy maiubymuvomy i 0o 2100 poxy ma sxi
HACNiOKU ye mamume Oast 1oocmed. Busnaueno ocmosui emanu pozeumky LI
¥ 8I0n08IOHOCME 00 HasedeHux npocHo3ie. OCHOBHI pe3ylbmamu ceio4ams, o
3asnayeni 3acobu LI y neputy uepey 6xazyioms Ha 3pOCMAHHA y8a2u 00 eMmUuYHUX
ma npagosux acnexmie euxopucmanusa LI, a maxoxc wooo 3pocmaryoi
inmeepayii LIl 6 pisni eanysi modcwvkoi disnbHocmi. B moil sce uac 3asnayanocy,
wo easxcauso 30epicamu oananc mixc euxopucmauuam LI ona niosuwerus
JIHOOCLKUX MONCIUBOCHIEl MA 300e3NeYeHHAM MOo2o, Wob 110U He Mpadaiu c8oix
inmenexmyanvuux Haguyok. Ocobaugo 36epmacmvcs y8aza Ha MONCIUSUT MOMEHM
cuneynaprocmu, xoau LI noune pozsueamucs 3 eKCHOHEHYIIHOW WEUOKICMIO, WO
npuszgéede 00 paOUKAIbHUX 3MIH Y CYCRIIbCMEL Ma MeXHON02IsAX, d HACTIOKU YbO2o
npoyecy 6axcko nepedbauumu 00HO3HauHo. I100ibHi cucmemamuuni 02150U
npuoamui 011 QOPMY8aHHs IHGOPMAYIUHUX Mema-pecypcie, SKi  OOYLIbHO
BUKOPUCMOBYBAMU  BIONOGIOAILHUMU — 0COOAMU, A MAKONHC Oe3nocepeoHbo
Qaxisysmu pizHUX 2anyszei 0jsk RIOMPUMKU NPULIHSAMMS PIUEHb Wo00 POPMYSAHHS
3acobis 6esnexu LI
Knrouosi cnosa: ingpopmayiiini mexnonozii, yugpposa mpancgopmayis, manioymHe,
beszneka, 3a2posu.

https:// doi.org/10.32347/2411-4049.2025.3.134-153

«Y MuHynomy Hebe3neka nonsieana 8 momy, wo modu
cmasanu pabamu. Hebesneka malibymHb020 8 momy,
Wo modu MoXyms cmamu pobomamuy

Epix ®pomm (Erich Fromm), 1955.

«51 dymaro, Wo Haw posym — ue npozpama,

modi 5K MO30K — aHarnoz Kkomn'tomepa. TeopemuyHo
MOX/1UB0 CKonitogamu emicm MO3KY Ha Komn'omep ...
Cb0200dHi, npome, ue He 8 HalUX cumax»

CmigeH XokiHe (Stephen Hawking), 2018.

[poiinuio Bxe OLIBII HiXK MIBCTOMITTS 3 MOSIBH TEPMIHY «IITYYHUH IHTEIEKT» Ta
3apoKeHHS HOBOT Hayku. He MoXHa cka3zaTH, 0 1eld TepMiH € BOAUM, ajKe /Bl
CKJIaJIOBI — «IITYYHHIH» 1 «IHTEJEKT», B3araii KaKy4yH, IPUHANMHI Ha CbOTOJIEHHS,
MPOTHJICKHI OJJUH OJTHOMY. THM HE MEHII BiH BUSIBHBCS KUTTE3IATHHUM 1 YBIHIIIOB
y IMpOKUi 06ir. bimbme toro, 2023 poky oauH i3 HalicTapillMX CIIOBHHKIB
anrmicekoi MoBu Collins Bu3HaB abpeBiaTypy Al ciioBoM poky. Ko o3upHyTHCS
1 3rajgaTy T1 HaJil 1 OOIITHKY, SIKi 3By4ajIi Ha [TOYATKY LUISIXY, OLIHUTH, 110 CTAIOCS
HAacIIpaBIi, MOXKHA TIOOAYWTH, IO 3a IeH TEepioj] Tamy3b «IITYYHUH 1HTEICKT»
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JeKiJTbKa pasiB MPOXOAWJIAa HYepe3 3MiHy OCHOBHHMX IIAXOMIB 1 IMapamaurM, SKi
BU3HAYAIM caMy MeTy ii po3BUTKy. BomHopas 3 Toro gacy i noci BUeHi, ¢axiBii Ta
i mepeciuHi JTOAM TMOAICHI Ha Ba TaOOpW — Ha THX, IIO BIpATh B MOXJIUBICTD
CTBOPEHHSI INTYYHOTO IHTENEKTY, H THX, XTO MiAJa€ IO MOXIIHBICTh HUIIIBHIHA
KPHTHIII.

Ilepme, mo cnagae Ha OyMKYy 3BHYAWHOI JIIOJUHU, SIKA 4Yy€ PO ILITYYHUH
IHTENIeKT, 1€ Te, M0 POOHUTHCSA Ccpobda CTBOPHUTH «IITYYHHHA MO30K» — IIOCH Ha
3pa3oK MTYYHOI HUPKHU a00 MTYYHOI pyKu. ToOTO BBaXKA€ETHCS, III0 OCHOBHI 3yCHILIS
CHpSIMOBaHI Ha CTBOPEHHS TEXHIYHOTO MPUCTPOIO, 3AaTHOTO 3aMiHHTH 1HTEIEKT
moannu. OfHI BBRXAIOTh, IO LIS AYMKa € TIMOOKO IIOMHIIKOBOIO, X04a O TOMY, 1110
MH, Ha Xallb, Iy’)K€ MaJI0 3HAEMO TIPO Te, M0 TaKe IHTEIEeKT HACIpaB[i. 3 iHIIOTO
00Ky, 3Ba)Kat0Ou Ha PO3BUTOK TEXHOJIOTIH, YMMANO EKCIIEPTiB CXOMATHCSA Ha JyMII,
mo rIo0anbHUX 1 NPUHIMIIOBO HEPO3B’s3HUX TpobneM s crBopeHHs LI nHa
ChOTOZIHI HEMAE.

IcHye # e ogHa aunema, MOB’sI3aHa 31 MITYYHUM iHTeNneKkToM. [IpuXunpHUKH
TexHoJoriii 6auate y po3BuTKy LI 3HauHWiI BIIMB Ha PO3BHTOK Oi3HECy Ta
BJIOCKOHAJICHHS YIPAaBIiHHS], TIOAabllle I030aBIEeHHS JOAeH Big 0araThox
PYTHHHHUX oOTlepamniid, 30KkpemMa 3 OOJNiKy 1 po3paxyHKiB, MOIIYKYy i 30epiraHHs
iHpopmarii, poOOTH 3 NOKYMEHTaMH, MiATPUMKH YXBaJCHHS pPIilICHb TOIIO.
[ToOopHMKH 1HIINX MOTJISAIIB BBaXaIOTh, 1110 BHockoHaeHHs L1 Hece HU3KY 3arpo3s,
0Ci0HO PH3HKH TOTO, [0 MAIINHA MOYHYTh IPUAMATH BIIACHI pIillIeHHs 0e3 Bimoma
moaunu. Takox icHye i iHIa Hebe3neka, sika MoJsrae y TOMy, IO JIFO/IU TOCTYTIOBO
MOPUMTUHATE AyMaTHd cami, aJKe BHCOKI TEXHOJIOTii 3aMiHATh JIOAWHI 11 KOMITKY
po3yMoBy mpartrio. | e, HameBHe, MO3HAYUTHCS HA 1HTEIEKTI MOJAIBIINX ITOKOIIHB
1 HaBiTH MPU3BEIE JI0 ITOBHOI JieTpaiallii It ICTBA.

He ™MokHa 10 TOro X HE BIJIMITUTH, IO MOJANbIIE NIMPOKOMACIITA0HE
BUKOPUCTAaHHS iH(POPMAIifHO-KOMYHIKAI[IfHAX TEXHOJIOTIH y BCiX cdepax
TUSUTPHOCTI TIPU3BOJUTH HE IIMINE O MOCTIHHOTO MiJIBUIICHHS e(QeKTHBHOCTI
3aJ]0BOJIEHHS 1H(QOpMAIfHUX MOTped CyCHiIbCcTBA Ta CTBOPEHHS IEPEIyMOB
Mepexo,ly MUBUII3aIli J0 HOBHX IIA0JIiB y PO3BUTKY, a U JI0 3pOCTaHHS KUIBKOCTI
KiOepIHIMIEHTIB 1 IKOCTI BUPIMIEHHS 3aB/IaHb, 0 CTOSTH Niepe]] KiOep3I0UHHIISIMH,
TOOTO JT0 3pOCTaHHS CTYNEHS YPa3lIMBOCTI JIIOJIeH i opraHi3aliii B kibeprpocTopi i
3aMoMIsIHOT IIKOAU. AJDKE MOMKIIMBOCTI 3JIOBMHUCHHKIB HamlpsMy IIOB’si3aHi 3
IHTEIIEKTyalli3aIi€l0 TEXHOJOTIH 1 MPaKTUYHUM 3aCTOCYBaHHSM 3aCO0iB IITYYHOTO
IHTEIIEeKTY.

IlocTanoBKa 3aBIaHHSA

Taxum 4rHOM, JIFOJICTBO YIIEpIIIe Y CBOTH iCTOPIi 3iMITOBXHYIJIOCH 3 CHTYAIlI€F0, KOJIH
BUHHUKAE TIEPCICKTHBAa TMOSBU ICTOT, PO3YMHINIMX 32 «Iaps MPHPOIM».
Heonnosnaunicte HOBOi TeXHOJNOTii NpU3Besia 0 YCBIJOMIIEHHS BaKJIUBOCTI
dbopmyBaHHs yMOB 3abe3meueHHS Oesmeku mTyyHoro iHtenekry (Al Safety),
3all0YaTKyBaHHS JIEP)KaBHOTO Ta TJO0AaNbHOTO YIpaBiiHHA B i cdepi, ii
HOPMAaTUBHO-TIPABOBOI Ta TEXHOJOTIYHOI MiATpUMKH. DakTHYHO B CyYacHUX
yMOBax MOYaloCh pPYHHYBaHHS «HYJIbOBOI TilOTE3W», 3TiAHO 3  SKOIO
CIIBBIIHOIIICHHSI MOXKJIMBOCTEH 1 PU3WKIB IITYYHOTO 1HTEJEKTY MOXKHA ¥ Hajxami
ITHOpYBATH.
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[TomroBXxoM g0 IUX 3pyIIeHb, OE3yMOBHO, CTald YHCICHHI ITyOJiKarlil
HayKoBIiB Ta 3MI CTOCOBHO OJNMXKYOrO 1 JANBHBOrO MaHOYTHHOTO MITYYHOTO
1HTETIEKTY, KIJIbKICTh SIKUX MOCTIHHO 3pOCTa€. 3 MOSBOIO MOHSTTS «HATIHTEICKTY»
(Superintelligence) cdopmMyBamuCh MOTIASAM IIOAO TOTO, IO PO3BUTOK
HaJPO3yMHHUX MAILIKH, SKII0 HUM HE KEPYBAaTH HAIEKHUM YHHOM, MOXE IIPU3BECTH
710 KaTacTpo(iYHUX PUBKKIB JIS JIIOACTBA, SIKi B MAHOYTHHOMY TiJIbKH 3ar0CTPATHCS
yepe3 HEBONAraHHy IIBUAKICTb, 3 SKOIO BIOCKOHATIOIOTHECS TEXHOJOTII,
3MIHIOIOTBECS IHCTPYMEHTH, i7iel Ta MexaHi3MH peai3allii TyJdHOTO IHTEIEKTY.

Takum 4yrHOM, B Mexax 3araiabHoi mpoOnemu po3sutky I, mos’s3aHoro 3
nporpecom y 3actocyBaHHsX IKT Ta iHIIMMHM YMHHHKaMH, aKTyaJbHOIO € 3aja4a
MIPOBEIEHHS OCIIKEHb, III0 MAIOTh BiAOOpaXaTH CyCHIbHO-TEXHOIOT19HI TPEHIU
y BKa3aHOMY HamnpsMKy. Ha iX oCHOBi cTae MOXXIMBUM HE JIMIIE CTBOPUTH YMOBH
Iuist 3a0e3nedeHHs eekTrBHOTO yrpapninasa Oesmexoro LI, a # mis Bubopy Ta
3aCTOCYBaHHS HOBITHIX TEXHOJIOTIYHMX 3aco0iB 1 MiATPUMKA. 3BaKaloyd Ha
cydacHU# piBeHb po3BUTKY lLII, 30kpema reHepaTHBHUX MOemel, BOadaeThCs 3a
MO>KJIMBE JIONYYHUTH JI0 IPOBEJCHHS TAKUX JOCHTIPKEHb HAKpaIIMX MPeACTaBHUKIB
MTYYHOI pacH SIK JOJATKOBOTO IHCTPYMEHTY OIpaIfoBaHHS iHpOpMAIiitHIX
TDKEped.

AHaJi3 ocTaHHIX J0caiTKeHb i myOaikaniii

o mutans ctBopenns LI yBara daxiBIiB i BYUeHHUX T0YaIa MPUBEPTATUCH BXKE TO/II,
KOJIM TIEpCOHANBHI KOMIT'IOTEpHU IIle He HAOYJIM IIUPOKOTO YXKHUTKY, a PO3BUTOK
iH(hOpMaIifHIX TEXHOJOTIM JHUIlIe TOYMHAB CBii MOMITHHUH MOCTYI. Sk Bimomo,
TEPMIiH «IITYYHHH IHTETIEKT» 3’ IBUBCS y MpodeciiHmx konax 1956 poky, ko ioro
moyand OOroBOPIOBAaTH aMEPUKAaHChKI BUeHI Ha HAyKOBii KoHQepeHuii
y daptmyTcbkomy kosemxi (Dartmouth College). Ane e 3a pik 10 HbOTO BigoMi
BueHi /[x. Maxkkapti, M. JI. Miucki, H. Pogectep Ta K. E. lllenHoH chopmyBanu
BIJIMOBIIHI TIPOMO3UILi 10 Ii€e]l KOH(EpeHIlii, B Ha3Bl SKUX BXE OYyJIO BKHTO
cioBocnioyueHHst «study of articial intelligence». BuximHuMm mocuiom aBTOpiB
OyJI0 TBEpIDKEHHS, 0 KOXEH aclieKT HaBuaHHs abo Oyap-iKa iHIIa 0COOIUBICTh
IHTEJIEKTY B IPUHITUII MOXYTh OYTH HACTUTFKH TOYHO OMUCAHHUMH, 10 MOXKE Oy TH
CTBOpEHA MaIlMHA JIs iX iMitarii [1].

OnHi 3 mepmux HAayKOBHX MyOJiKalii, NPUCBSYEHUX HHUTAHHSIM IITYYHOTO
1HTEJIeKTY, 3a JaHUMHU Scopus, 3’sBuwnch e 1960 poxy. ¥ Web of Science Core
Collection mepni mnyOumikamii iHgekcoBani 1970 poky. 3 THX 4aciB KiJIbKICTh
myOumiKaniidi HeBMUHHO 3pPOCTa€ 1 Ha CHOT'OJIHI pa3oM 3a jaHumu Scopus i Web of
Science cknagae 6inbime 800 TC. JOKyMEHTIB. 3HaYHa YaCTHHA POOIT BHUCBITIIIOE
JOCTIDKEHHS 110,10 po3poOku 3acrtocyBadb IIII Ta X BHUKOpPHCTaHHS B PI3HHX
rany3six (tTodro tak 3Banui miaxin Al First (IL B mpioputeTi)). 3a3Ha4aeThes, 110
igHoBauii IT, Taki sx Momepyroumii (akTOp KyJbTypH YHpaBIiHHS, KEPOBaHOI
JaHUMHU ¥, 3BiCHO, e(eKTHBHA iHTErpalis IITYYHOTO IHTEJNEKTYy MOXYThb OyTH
aIanToBaHi sl JIOCSATHEHHS CTIHKOCTI Oi3HECy y Cy4YacHOMY TypOYJICHTHOMY
cepemopumii. Came ™oxiuBocti Il 3HaMEeHYIOTH CO0OK 3€HIT IHOTO
TpaHc(OpPMaLiHHOrO MPOILECYy, BiIKPUBAIOYM TEHE3UC 1 KalliTalbHUH Meperism
opraHizaliifHux nporueayp B 6i3Heci [2].

Ale Bxe 3 caMoro movarky chopmyBanach HHU3Ka IyOJiKalii, B SKUX OyIIO
3asBJICHE BIAKPUTUM MHUTAHHS, Y4 MOXKHA 3aporpaMyBaTH KOMII IOTEpU Ha TBOPYI
MipKyBaHHs. Hanpukian, omHa 3 poOiT aHalli3ye I1e TUTaHHA B FOpUIUdHil cdepi [3].
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B po6ori [4] po3rismaeThesl IEPCIeKTHBA po3BUTKY Hayku mpo LI 3 HeratuBHOI
TOYKU 30pY, KPUTHKYIOUH JAEsKi 3 MOIMYyJSPHUX NPOTHO3iB MailOyTHHOro. ABTOP
IPYHTYETBCSL Ha CIIOCTEPEKEHHI TOro, IO KOMITIOTEP 3a CBOEK CYTTIO €
IQyaJiCTHYHA CYTHICTH, (Mi3WYHI HATAITYBaHHS SKOi pO3pO0IIeH] TAKUM YHHOM, III00
CIPUATH HOTO JIOTIYHIA yCTaHOBII (Tporpami), sika BUKOHY€E oO4HCcIeHHS. M030K
iHmuii. [Ipu emmipuuHOMy aHami3i Ha KIJBKOX pPI3HUX PiBHAX (KIITHHHOMY,
MOJIEKYJISIPHOMY) BHSABIISIETHCS, IO HEMAae 3aJ0BITBHOTO CIOCO0Y BiIOKPEMHTH
JIOTIYHY MOJETh MO3Ky (abo anroputm) 3 (Qi3udHOTO CyOCTpaTy Horo peaizaitii.
3MyIIEHNH eMITipU3MOM y MOHICTUYHY NEpPCIEKTHUBY, MO30K-PO3YM BHUTJISIAE HE
BTiIEHUM Yy (i3uuHiil peassHOCTI uM BOYJOBaHUM Y HEi, a CKOpillle iJCHTUYHUM
(hi3uyHii peaTbHOCTI.

[nma, 6inpm mOTyXHa cepist myOmikamid, mo modanace 3 2010-x, migilimae
MUTAHHS IMI0A0 HakBaxiwmBimoi npodsemu XXI CTOMTTA — TEXHOJIOTIYHOI
CHUHTYJISIPHOCTI, MOMEHTY, KON INTyYHHH IHTENEKT JOCSITHE IHTENEeKTy Ha piBHI
JIIOJTAHY 1 MAaTUME MEXaHi3MH BYDKHBAHHS, TTOM10H1 70 Hammx. Y Post-Al World (cBiTi
micnst 1) My MokemMo OyTH 3MYIIEHHMH 3MaraTtucsi 3 CYNEPHUKOM, XHTPIlIHM,
MOTYTHIIIINM 1 9y>KIiIITHM, HiXK MO>KHA c00i ysiBuTH [5-7]. Y cTarTi [8] po3risaaroTbcs
OYMK{A BIJOMHX BYEHHX 3 PI3HMX Taly3edl HayKd MIOA0 HeOe3NMeKd CTBOPEHHS
LITYYHOTO 1HTENEKTY JJIs JIF0JICTBA Y MalOyTHROMY. [IpH 1IbOMY aKIIEHTOBaHO yBary
Ha BIJICYTHOCTI MIJXOJIB IO CTBOPEHHS CUCTEMH KOHTPOJIIO, HacaMIlepel ETHYHOTO
xapaktepy, Hax mTyyHuM iHTenekToM (etmka LI (Al Ethics) — me mpasmma Ta
MPUHIMIY JJ1s1 CTBOpEeHHs Ta Bukopuctanus L1, ski He mKoaATh M015M). 3HAYHOIO
MOMIEI0 Y HANPSAMKY PO3MNISIY MOMJIMBHX HACTIJIKIB CTBOPEHHS IITYYHOTO
HaJIHTENeKTy cTaB Buxin kHurH dinocoda Hika boctpoma [9]. Lle BumanHs Ha TO#
gac OyJO0 BH3HAHE OJHIEI 3 KHIKOK poKy. OCHOBHHM NOCHJIOM aBTOpa €
CK3UCTCHIINHANA PU3UK, TOB’SA3aHUIA 3 BHCOKOIO HMOBIPHICTIO BUXOAY 3-IIiJ
KOHTPOJIIO IITYYHOI'O HAIHTEIEKTY SIK CUCTEMH, 3/IaTHOI JI0 CaMOBIOCKOHAICHHS
Ta JOCSATHEHHS NpoMiKHMX wineld. Bomnouac boctpomom posrmsparorbes i
BapiaHTH, NIPH SIKUX HAJIHTENEKT Oyje MpaloBaTH Ha OJaro JoacTBa. PoOHThCs
BHCHOBOK, IO JUIs 3aro0iraHHs eK3UCTEHIIHHIA KaTtacTpodi Mae OyTH BHUpilIeHa
npobjeMa y3ro/KEHHS LITYYHOIO 1HTENIEKTY LUIAXOM BIPOBAKEHHS Y
Ha/IPO3yMHY CHCTEMY LiJel, CyMiCHUX 3 BIDKUBAHHSM Ta 0JIAr OOy YdsIM JIFOACTBA.
OnHak BUSBISIETHCS, IO BUPIIIUTH II0 MPoOJIeMy HAmpodyd CKIAJHO. ABTOPH
OinbIn cydacHoro BuaanHs [10], o moxoaarts 3 0aratboX pi3HUX Tally3eil 3HaHb i
KpaiH CBiTy, poOJISITh 3HAYHUI BHECOK y BUPIIIICHHS MPOOJIEMH ITYYHOTO IHTEIEKTY
3 MOJIITUYHOI TOYKHU 30pY, IPOTIOHYIOUH TS MTOJIITHKIB, HAYKOBIIB 1 CYCIILCTBA B
IJIOMY OCHOBH TJ100aIbHOT OJTITUKY BUPIMIEHHS MMTaHb, OB’ A3aHMUX 3 PO3POOKOF0
ta BukopuctanusaM LI. Sk nacnigok, ynpoaosxk 2023-2024 pokis BigOyJock Bxe
JBa MDKHApOJHI caMiTH 13 TpoOjeM IITy4YHOro iHTenekry. Ha Hux BHCOKI
MpeNCTaBHUKU KpaiH oOroBoproBani BIumB Il Ha CycmibCcTBO Ta JOBKIJUIS,
a TAaKOXX 3aXO0JH, SIKi MAarOThb BXXHUTH AEPKaBH, 1100 CKOPUCTATHUCS IEpPeBarolo
TEXHOJIOTI] Ta 3a00irTH PU3KKaM.

Sk 6u Tam He Oyo, ane pusnky 3acrocyBanus L1 mu mounHaemo BiuyBaTH Bike
CBOTOZIHI — 1 IIbOMY NPHUCBSYEHA L€ OJHAa MHOXHMHA IyOJiKawiil, ska crae yce
MOMYJISIPHIIION. SIKIIO crovaTKy nepen0aynTy HeraTUBHI HACHIJKU 3aCTOCYBAaHHS
3aco0iB I1II, 30kpeMa B Oi3Heci 1 ympaBiiHHI, OyJ0 HE IPOCTO, TO IMOAATIBIINN
CTPIMKH# PO3BUTOK TEXHOJIOT1H KapAMHAIBHO 3MIHHUB ITOTJIs, M 0araThox (haxiBIliB i
BUCHUX. Y TMeEpUIy Yepry WAEThbCs Mpo Te, MO Oi3HECOBi CTPYKTYypH, OCOOJIHUBO
MaJIoTO 1 CepeIHBOTO Oi3HECY, BCe IIe HE TOTOBI /IO TAKMX TEXHOJIOTiH. BOoHM MaroTh
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[OJI0JIATH BIAYYyTHI TPYIHOIII, INOB’s3aHi 31 cTBOpeHHsIM IT-iHbpacTpykTypH,
30aTHOT MATPUMYBATH BIPOBAKCHHS HOBHX TEXHOJIOTiH, HE JMIIE TaKuUX SIK
aHaJiTHKa, BeNuKi AaHi Ta IHTepHeT peueil, a ¥ mryuHwid intenmexkt [11, 12].
JochimKkeHHs cBiq4aTh, MO 3HAYHO BIJCTAaE ¥ MIATPUMKA PO3YMOBOI MisITBHOCTI
0ci0, 1o MpuiMaroTh pimieHHs. PO3BUHYTI crcTeMu Oi3HeC-aHATITHKH BiJl CBITOBUX
OpeHniB, 1o npomoHylOThcs HaBiTh ans1 MCIL, noTrpeOyroTh Big4yTHHX
KamitaoBkianeHsb. Ille ommiero 3 mpobiem € iHbopMaIiifHe TepeBaHTAKEHHS,
3aroisiHe eKCIIOHEHIIaIbHUM 3pOCTaHHAM UG PoBoi iHPOpMaIIii, 0 BIATyKY€THCS
y HENMpPaBUJILHOMY MPHUHATTI yNPaBIiHCHKHUX pillleHb, 3HWKEHHI MPOJYKTUBHOCTI
MpaliBHUKIB Ta KOTHITUBHOMY THCKY Ha HUX [13].

[Moganemuit  po3BHTOK  TOMIM, TOB’sA3aHUX 3  OHQpPOBI3amicro  Ta
iMremenTariiero 3aco0iB LI, crnpuunHse npuBepTaHHS yce OLIBINOI yBaru
¢axiBIiB 1 KOPUCTYBadiB W J0 3aXUCTy KOH(}IACHIITHOCTI Ta Oe€3meKH,
MOJKJIMBOCTH IOPYLICHHS HPHUBATHOCTU JIIOAMHM B IHTepHETI, CHOTBOPEHHS
indopmarii [14]. OcoOIUBO 1€ CTOCYETHCS, HAPUKIIA], IIPOTPECY B MOIMIUPEHHI
HOBHX TEXHOJIOTiH B cepi aaMiHicTpaTuBHOrO yrpapiinas [15, 16]. Bukiukae
JiesIKe 3aHETIOKOEHHS MUTAaHHS CTOCOBHO, MPUMIPOM, IPUHHSATTS HPOTHOCTUYHHUX
pillieHb, SKi HE € HOBUHOK JUIs aAMiHICTPaTHBHOTO MpaBa 1 IepeadadaroTh
HEOOXiHICTh pETeNbHOI OIHKKM pHU3uKy. lIpoTe 3anumaeTbcs CyMHIBHHM,
HACKUIBKHU aJIMIHICTpAIlis Ma€ JOBIPATH TaKi MPOIEAyPH WMOBIPHICHOTO aHAJI3y
pusukiB gogatkam I i HACKINBEKHM 1€ MOKe OyTH FOPUIWIHO TPUHHITHUM [17].
Takox B po00Ti [ 18] HABOAUTHCS BETUKUI OTJIST JIITEPATYPH 1100 IMIUIEMEHTAITi i
Il B iHTEepaKTUBHOMY MAapKETUHTY 1 BHU3HAYalOThCS IMOTCHILIWHI MPoOieMH
«remHoi ctoporm» IIII, mo crocyroThCs TPHOX cdep: IHAUBITYyATBHUX
CTIOKMBAYiB, CYCIIJILCTBA Ta IMpaBa. TeXHONOTI] MTYYHOTO 1HTEIEKTY OOINII0Th
TpaHcOpMyBaTH ¥ HaBYAJIbHI MPOIECH, POOJSUM TX OUIBII JAOCTYHHHUMH,
eekTMBHUMH Ta iHHOBalidiHUMU [19]. OngHak i3 3actocyBanHsM LI B ocBiTi
3aJUINAIOTHCS PU3UKHU, MOB’sA3aHi 3 mpobieMamMu Oe3leyHoro Ta eQeKTUBHOIO
BHKOPHUCTAHHS IIUX TexHoJiorii [20].

TexHOoMOriYHI JOCATHEHHS TNEPIIUX JBOX JECATWIITh HAIIOr0 CTOJITTS
3MYCHJIIM CBIT 3aroBOpHTH TMpo iHGopMaliHy Oe3meky, a 3roJgoM W Tpo
kibepOe3neky 3acTOCyBaHHA LITY4YHOTro iHTenekTy. OpHMM i3 MpHUKIAAiB
Mepe0BOT TEXHOJIOTIT, sIKa BiAKPUBAE HOBI MOXKIIUBOCTI sl 3a0€311e YeHHSI 3B’ 3Ky
JMIOAMHA-MaIlHa, € inTepdelicn Mo3ok-komi 1oTep (Brain-Computer Interfaces).
VYTiM Taki HOBITHI KOMYHIKaliliHi KOMIT'IOTEpHI iHTepdeiicu, mo 6a3yloThcs Ha
HII, He nuiie MOPOHKYIOTh NMUTAHHS ETHUKH, PO3KPUTTS OCOOUCTHX JYMOK i
MOYyTTiB, a W KOHQIACHIIHHOCTI Ta O€3MeKH, HECYyTh PH3UK BHUTOKIB
koHOigeHuiHoi iHpopmamii [21]. OcoOnaMBO wLEe CTOCYeTbCS, HANPUKIAZ,
nporpecy B mommpenHi [Hrepuery peuedt (IoT), me 3 mnpobiemamu
KOHQIJICHIIIHHOCTI CcTUKalThess pi3Hi piBHI 0T, mnouwmHatoun 3 jgedekris
MiKpOIIpOrpaMHOro 3a0e3neueHHs i 10 3aCTOCYBaHHS MallMHHOTO HaBYaHHS [22].
B cratti [23] anamizytoTbcsl pu3uku BIUIMBY 3actocyBaHHs LI Ha BUKOHaHHS
3aBaHb 3a0e3meyeHHs iHOpMaIiifHOT Oe3eku Ta KibepOe3neKku SIK HEBIl EMHUX
CKJIaI0BUX HauioHanbHOi Oe3neku. BusHaueno, mo possutok I Bukinkas
MUATaHHS MIOJ0 WOTO OE3MeYHOCTI Ta HACHIIKIB BUKOPHUCTAaHHS Ha 00 €KTax
KpUTHYHOT iHQpacTPyKTYypH, CKIAHOCTI Bepu]iKaIii CTBOPSHUX [IUMHU 3ac00aMu
iH(hOpMaIiTHUX pecypciB Ta pillieHb. 3arpo3u HeOE3MEYHOT O BIUIMBY PE3yIILTATIB
ixHpOro (YHKIIOHYBaHHA Ha O€3MEeKy JIIOAWHH, CYCHIJIbCTBA Ta JEepXKaBH
HPU3BOJIUTH 10 BUHUKHEHHS 3HAUHUX PU3UKIB.
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OTtxe, un BapTO TypOyBaTHCS PO CHOTOACHHI 1 JOBroCTpOKOBI pu3uku Bi 11117
Skmo Tak, TO O MH MOXeMo 3 IuM pobutu? B Teopii 3axmcty iHdopmarmii
JIOBEZICHO, IO Y KJaci BIIKPUTUX CHUCTEM abCOIIOTHOTO 3aXUCTy (FapaHTOBAHOTO
3axXUCTy) OyTH HE MOXKe. 3arpo3d BCUIAKOTO poay (kKaracTpodu, KaTakIi3MH,
ocoboBa HeOe3IeKa) y HallloMy CBITi 3aBX U OyIH, € 1 OyAyTh. 3aBIaHHS K TOJSITAE
y TOMY, 1100 MaKCUMalIbHO HAOMU3UTHCH 10 iX 3amobirans. Tomy y kosax ¢axiBimiB
3 KOMII'FOTepHOI Oe3leKH dJacTime HASThCS He IMPO 3aXHUIINEHI CHCTEMH, a IIpo
HafiiHi cuctemi (trusted systems). Lle cuctemu, siki MaroTh OQiIiifHO BCTAHOBIIEH]
BUMOTH 710 O€3MEeKH Ta TOTPUMYIOTHCS IMX BUMOT. B OCHOBI KOXHOT Takoi CUCTEMH
€ BUCOKOHaiitHa obuncroBanbHa 6a3a (Trusted Computing Base), o ckiagaeTses
3 3ac00iB, HEOOXITHUX IJIS IPUMYCOBOTO BUKOHAHHS Ta MOHITOPHHTY BCiX BUMOT
Oesneku [24]. Skmo Taka 0a3a TpaIroe y BiMOBIAHOCTI 0 TEXHIYHUX YMOB
3a0e3rneyueH s Oe3MeKkr, MOJKHA Ka3aTh MpO CUCTEMH, SIKUM MOXKHA JIOBIPSATH 3a
KOJTHUX HecnpusaTmBHX oOctaBuH [25, 26]. Illock momiOHE 3amporoHOBaHE B
poboti [27], ne aBTOp OOIPYHTOBY€E NPUHITUN TOBEIECHO KOPHCHOTO IITYYHOTO
iHTEeNeKTy. Y SKOCTI KPHUTEPiI0 JIOBEIEHOCTI BHKOPHCTOBYETHCS BHUMOTa
ctBoproBatu cuctemu LI, opieHTOBaHI HEe Ha AOBIIBHI 1idi, @ OyIyBaTH CHCTEMH,
SIKi BUKITIOUHO TIepe10adaroTh CIIiyBaHHS 3arajbHOMIOACHKUM IIUIAM 1 KOPUCHOCTI
Ui roned. BBakaerhcs, 1m0 1me yOe3neuuTh HAc, 30KpeMa Bil MaiOyTHIX
HaIPO3YMHHX MAIlWH, 32 YMOBH, 10 Bci po3podnuku LI y Bchomy cBiTi OyayTh
JOTPUMYBATUCh IBOTO MpHHIMITY. Ha3BaHi Kpoku, ybadaroun IXHIO Ba)KIJIMBICTh,
NoTpeOyIOTh CTBOPEHHS Ta BJOCKOHAJICHHS CBITOBOI HOPMAaTHBHO-IPABOBOI Ta
opranizamiitnoi 6a3u Oesnexu LI Ta 3BakeHOro MOCTYMY Y TEXHOJOTTYHOMY
PO3BHUTKY.

TakuM YMHOM, HAyKOBO-METOAMYHI 3acad MOJAIBLIOTO0 PO3BUTKY B cdepi
oesneku LI moTpeOyrOTh MOAANBINMUX JOCTIKEHh B KOHTEKCTI MPIOPUTETIB
Cy4YacHUX TEXHOJIOT1YHUX TPEHIB, colioorii Ta mpaBa. KoHnenryansauii 6asuc
JOCIIDKEHHS IUX TUTaHb IPOTPECYE, & OCOOIMBOCTI TEXHOJIOTIYHOTO CEPeIOBUIIA
MOCTIHHO HaOyBalOTh PI3HOMAaHITTS. TOMy aKTyalbHICTH 3aBJaHHs MOJSTae y
BpaxyBaHHI IIMX TMPOLECIB Yy HAYKOBUX Ta METOJOJOTIYHMX TPHHIUITAX
MPOEKTYBaHHA Ta PO3poOKM edekTuBHUX 3aco0iB 1L, 3a0e3nedenHs iX OLIBII
0e3nevYHoro BUKOPUCTAHHA B YCiX cdepaxX MisUTBHOCTI ChOTOJHI 1 3 MOTISIMY Ha
MaiiOyTHe. 3Bakaroun Ha cCy4acHWH piBeHb po3BUTKY LI, ocobmuBo renepaTHBHUX
MoJeJIeld, CTae MOMJIMBHM JONYYHTH JO TakKuX JOCTI/DKEHb W Kpammx
MIPEICTABHUKIB II€T «TOMYIISAIIIT».

Merta gocaigxeHHs

MeTo0  JIOCHI/DKEHHS €  BH3HAueHHS  1H(OPMAI[iHHO-TEXHOJIOTIYHMX  Ta
METOIOJIOTIYHAX NIISAXiB PO3BUTKY INTYYHOTO IHTEIEKTY B CY4YacCHHUX YMOBAaXx
nugpoBoi TpaHcopmarii i Ha BigalieHy MepcrneKkTuBy. s IbOro BUPIMIYIOTHCS
Taxl 3aBJaHHS JOCTIIHKEHH:

a) TPOBECTH CUCTEMATH30BAaHWH aHaNi3 OCHOBHMX acrekTiB po3sutky LI,
30KpeMa 3a Kateropiero 6esneku L1, BUKOpHCTOBYIOUH SK IHCTpYMEHTapiii Cy4acHi
3aco6u I11I;

0) BHU3HAYMTH OCHOBHI 4yacoBi TpeHau BrockoHaimeHHs LI ta 3abe3nedyeHHs
Oesneku 1111

B) 3A1MCHUTHU OLiHIOBaHHS cy4acHoro crany LI, HampsmiB po3Bito B 1iii cdepi i
BHpIIIEeHHS TTpo0ieM 3abe3nedayBanns Oesmexu 1111
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MeToauka J0CTiKeHHS

3a GiblI HIXK MIBBIKOBY iCTOPiI0 PO3BUTKY CepH IITYIHOTO IHTETEKTY B OaraTbox
myOmiKaIisax HaBeJeHa PI3HOIUIAHOBA MaHOpPaMa TeM, IO OXOILIIOIOTH COIlialbHi,
MIOJIITUYHI Ta TEXHONOT19HI Hachiaku po3BUTKy LI, 30kpema mono 3abe3nedeHHs
oe3neku L1 3a 1i yacu BkazaHa cdepa SK TOCHTh HOBA COIliaJIbHA, iIHKCHEpPHA Ta
HayKoOBa TUCIMIUTIHA iICTOTHO 3MiHIOBajacs, OJHAK BOHa 30eperiia cBOi OCHOBHI
TPEHIM 1 IPOJOBXKYE CTPIMKO PO3BUBATHUCS Ta BIOCKOHAIIOBATHCH.

VY upoMy 3B’SI3Ky KOPHCHI 3HaHHS JUIsl Teopil 1 MPaKTUKA MOXYTb HaJaBaTH
CHCTEMaTHU30BaHi oMM (Systematic review) iHQOpMamiiiHUX IKepen HUISIXOM
YKpPYTIHEHHSI Ta CHHTE3y EMITIpHYHUX JOCHTiKeHb. Ha OCHOBI mocBimy Ta 3a
PEKOMEHIAIIAMU PI3HUX MOCIIIHHUKIB, HANPUKIaA, [28], Taki TOCIiIKEHHS MalOTh
BKJIIOYATH SIK MIHIMyM TpPH OCHOBHI €TamM: TulaHyBaHHs (planning), BUKOHaHHS
(conducting) Ta 3BiTyBaHHs (reporting). Ha erami mnmaHyBaHHS HeOOXiIHO
BU3HAYUTH JOCIITHUIBKI TUTAHHA MO0 BimoOpaxkeHHsa (research questions),
MOB’s13aH1 3 KOHKPETHOIO TEMOIO, 30KpeMa BU3HAYEHHsI KOMIIOHEHTIB Ta KPUTEPiiB
npuitHATHOCTI. Ha eTami BuKOHaHHS Tpeba BU3HAYWTH KOMIUIEKCHY CTPATEriro
CUCTEMHOTO TIOITYKY KaHAWIATIB JOCITIKSHHS Ta BUKOHATH ii. Ha TpeThoMy eTarri
3 OTPUMAHOTO KOPITYCY CJIiI BUTSATTH HEOOXIJIHI aHi, MPOBECTH 1HTEPIPETALIIIO Ta
MPE3CHTAIII0 PE3yJbTaTiB, a TAKOX BHKOHATH OI[IHIOBAaHHS OOTPYHTOBAHOCTI
BHCHOBKIB. 3Ba)Kal0uu Ha crienn(iKy TeMHu JOCITIKSHHS, TPOMOHYETHCS 3TyIUTH
JUIsl IPOBENIEHHS PO3BiJIOK IHCTpYMEHTapill y Burisiai cydacHux 3aco0iB LI, sx-to
ChatGPT, Claude, Gemini, Copilot. Y sxocTi KpuTepiiB NpHUHATHOCTI
MPOIOHYETHCSA CIIUPATHCS HA PEJICBAHTHICTH Ta NEPTHHEHTHICTh pPE3YJbTaTiB
Bimmogineit 3aco0iB L1 3a pisanMu 3anuTamu.

OTxe, MOCHIAHMIIBKI MUTAHHS € BiJIPABHUM ITYHKTOM CHCTEMAaTH30BaHOIO
OIJISIy, OCKIJIBKHM Ha iX OCHOBI BHM3HAUalOTHCS HANPSAMH JOCTipKeHHs. [laHe
JOCTIDKEHHS CTIMPAEThCS Ha Taki JociiaHuIbKi mutanss (JI1):

AIT1: SIxumu KIF0U0BUMH TEHICHIIISIMU XapaKTepU3yBaBCs PO3BUTOK IITYYHOTO
IHTEJIEKTY?

JI12: Sk po3suBatumetbes L1 y HaltOnmmx1oMy MaiiOyTHEOMY 1 SIKi HACTIIKH 1€
MaTHMe JJIs1 JIF0ICTBA?

JI13: Yu criocTepiratoThCsl TCHACHIIT HETaTUBHOI'O CTABJICHHS Y CYCIIIBCTBI 10
po3Butky LII?

J114: Yu ciocTepiraroThest HeOe3MeyHi SBUIIA y 3B’ 3Ky i3 po3BuTkom L1117

AT15: Un € HeMHHYyYduM pPH3HK BTpaTH JIIOJABMH CBOIX 1HTENEKTYyaJlbHHX
3I0HOCTEH 3-32 IPUCKOPEeHHs po3BUTKY L1117

AI16: Lo tpeba poOUTH MIOACTBY, 00 3aMO0IrTH pU3UKAM HETaTHBHUX Ta
karacTpodivHUX HacHiIKiB po3BuTKy LI?

JI17: SIxi moxusi etanu po3Butky 1T 1o 2100 poky?

Takuil oryisg BUCOKOTO PiBHS NMEPBHHHUX AOCHIIKEHb 3 LIJIECTIPSIMOBAHOIO
MUTAaHHS BHU3HAYae, BiIOMpae, CHHTE3Y€ Ta OLIHIOE BCi BHCOKOSIKICHI J1OKa3u
IOCHIPKEHHS, 1[0 MAarOTh BIIHOIIEHHS 0 IHOCTAaBIEHOro mHTaHHA. OCKUIBKH
iH(popMaLiiiHi TeXHOJIOTIT Ta 3aco0H 3a0e3nedyeHHs 0e3neku TpaHcHOPMYIOThCS Ta
PO3BUBAIOTHCS JYKE€ MIBHAKO, HEOOXiJHO TMOCTIHHO BiITBOPIOBATH  TaKi
JOCTIDKEHHS, 100 OIIHUTH, fAK 1[I 3MIHM BIUIMBAIOTh HA CYYacHI MOTJISAH Ta
ICHYIOYi PO3PHBH MIXX HPAKTHKOIO Ta CYCHUILHUMH OYiKYBaHHIMH.
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Pe3ysbTaTu 10CHiIKeHHS

Peanizarniro 3anpornoHoBaHoi METOAOJOTIT pO3MOYATO 3 3aTajJbHOTO 3aMUTY «SIKUMH
KITFOUYOBMIMH TE€HICHIIIIMH XapaKTePH3yBaBCs PO3BUTOK MITYYHOTO iHTeNnekTy (1LII)
YIIPOAOBXK OCTaHHIX POKiB». 3 OTPUMaHHUX Pe3yJIbTATiB, MPEACTaBICHUX y Tabm. 1,
BUIHO, 10 YCi PECHOHACHTH BKa3aJd y TEpIly 4Yepry Ha 3pOCTaHHS yBard J0
CTHYHHX Ta TpPaBOBHX acrekTiB Bukopucranns III, 3okpema Takux sk
YIEPeDKEHICTh aNrOPUTMIB, BIUTMB HA PHHOK IIpami Ta BiAMOBIAANBHICTH 3a
pimennst, npuiinsTi L. [pyra Tenaenuis — ue inrerpauist I B pi3Hi ramysi (Tpu
BIJNOBI), TaKi sIK OXOPOHA 37I0pPOB'S (AiarHOCTHKA, PO3pOOKa JiKiB), arpOCEKTOP,
eHepreTrka, QiHaHCH (aHaNi3 pPHUHKIB, BHUABJICHHS IaxpalcTBa), OCBiTa Ta
MEepCOHANI30BaHe HaBUYaHHA Ta IiHIN cdepd, 00 COPHIO IiJBUIICHHIO
e(eKTUBHOCTI Ta sikocTi mocityr. HeooOxigHo BimmiTuth, mo Copilot goxae e i
JDKepena, SIKUMH BiH KOPUCTYBaBCS 151 OPMYBaHHS BiIIOBIII.

Tabnmunst 1. XapakTepucTHKa BIANOBiACH Ha 3amuT <«SIKUMU  KIFOUYOBHUMHU
TEH/CHIIIIMA XapaKTepU3yBaBCs PO3BHTOK mTy4yHoro iHTenekTy (ILII) ympomomx
OCTaHHIX POKiB»

Kareropis BigmoBiaei ChatGPT | Claude | Gemini | Copilot
3pocrtanns renepatuBHoro 11 + + +
Po3BUTOK  MyJIBTUMOJAIBHUX + + +
MoJenen
PO3BUTOK BENMKHX MOBHHUX + +
mojesneit (LLM)
BinkpuTi mogemi +
OnruMizaitis Moeneit +
BipTyanbHi areHTH +
Inrerpauis LI B pi3Hi ranysi + + +
ETnuni Ta mpaBoBi acnekTH + + + +
Bukopuctanss 11
PerynsaropHi 3MiHH + +
Jlemokpartu3ailisi  TEXHOJIOTIH + +
I (6imp11 MacoOBUH TOCTYTI)
AxtuBHuil po3Butok III B +
Ykpaini
IDicepeno: pospodxa aemopa 3a danumu ChatGPT, Claude, Gemini, Copilot.

Jpyruii 3amuT CTOCYBaBCS MUTAaHHS MOXIWBUX TeHAeHHiH po3BuTky LI y
HaHOJMKUOMY MaWOyTHBOMY 1 SIKI HACIAKH IIe MaTuMme Jyis JirojacTa (Tadm. 2).
[lepcnekTHBHUMH BU3HAYEHO aBTOHOMHI nepcoHanbHi nomiunuky (LI-acucrenTn)
Ta MOB’s13aHe 13 MM PO3UIUPEHHS MOXKIIUBOCTEH PUPOIHOT MOBH, ToOTO 1111 3MOKE
BeCTH OLJIbII IPUPOJIHI Ta CKJIA/IHI A1aJIOTH, PO3YMITH KOHTEKCT 1 HIOAHCH JIFOICHKOT
MoBu. Cepell MO3UTUBHHUX HACIIAKIB TOJIOBHUM € NPUCKOPEHHS IHHOBALiil Ta
HAYKOBHUX JIOCTIUKEHB, a Cepel] HeraTUBHUX — HABAHTAKEHHS Ha CYCIiJIbCTBO 11010
BUHUKHECHHS HOBHUX CTHYHUX NHTaHb, NMOB’s3aHUX 3 3actocyBanHsM III. Tperiit
3allUT TOPKAaBCAd NHTaHHA BHABJICHHS TEHACHLIH HETaTUBHOIO CTaBJICHHS [0
po3Butky LI 3a ocranHiit yac (Tadm. 3).
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Tabmums 2. XapakTepucThKa BimmoBined Ha 3amut «CrpoOyid mependaduTH, SIK
PO3BHBAaTUMETHCS IITYYHHUN IHTENIEKT y HAWOMMKIOMY MalHOyTHROMY 1 SIKi HACII KU
1l MaTUMe JJIs1 JTIOACTBAY

Kateropis Bianosigei | ChatGPT | Claude | Gemini | Copilot
TenpeHii po3BUTKY
ABTOHOMHI ITepCOHANIBHI IOMIYHUKH | + +
MyapTUMOAATEHI MOJIEITI +
Pozmmpenns MOJJIUBOCTEN + +
MIPUPOAHOT MOBHU
P03BHTOK €MOIIIHHOTO iHTEICKTY +
3Tt 0i0JOTIYHOTO Ta IITYYHOTO +
IHTEIIEKTY
ITinBuieHa aBTOHOMIsI pOOOTIB +
[To3uTuBHI HaCTIIKH
Ipuckopenus iHHOBaIIi Ta + + +
HAYKOBHX JOCIIHKECHb
ABTOMaTH3aIlis PYTHHHAX 3aBJAHb + +
Crane ,E[OCTyrIHiHII/IM + +
MepCoHaJIi30BaHe HABYAHHS
[ToxpameHHs MeIMIHOT JOTIOMOTH +
Po3B's3aHHs rI100aIBHUX MPOOIIEM +
TTokpaleHHs TKOCTI JKUTTSI + +
HeratusHi Hacmiakn
Pimrenns 11 Oyme BaXKKO +
nepeI0aunTH Y1 KOHTPOIFOBATH
Brpara poboumx wmicup i MacoBe +
0e3po0iITTsI
301IbLIIEHHS COLlIAJIbHOI HEPIBHOCTI +
3arpo3a  Oesmeri 1 BTpara +
MPUBATHOCTH
BunukHeHHs HOBHX CTUYHHUX + +
MUTaHb
IDicepeno: pospodra asmopa 3a danumu ChatGPT, Claude, Gemini, Copilot.

Tabmums 3. XapakreprucTika BiAMOBieH Ha 3anUT « YU CIIOCTEPIratoThess OCTAaHHIM
4acoM TEHJICHIIT HEraTUBHOT'O CTaBJICHHS /10 po3BUTKY LI1I»

Kareropis BiamoBigen ChatGPT | Claude | Gemini | Copilot
IToGoroBaHHSI O/I0 BTPATH + + +
pobounx MicIih
ETnuHi 3aHEMMOKOEHHS + + +
CorianpHi yIepeKeHHS + + +
Hebe3neka aesiadopmartii + +
3aHETOKOEHICTD BiJICYTHICTIO + +
peryJroBaHHs
[TuTanas 6e3meku Ta Kidepbesnekn + +
TexHOTOTiuHI pU3UKH + +
Exosoriunuii BIumB +
®dinocodchKi Ta €K3UCTEHITIHI +
CTpaxu

IDicepeno: pospooxa aemopa 3a danumu ChatGPT, Claude, Gemini, Copilot.
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Y 1mpoMy BUIAAKy Ha «IyMKy» INTyYHHX €KCIEPTIB OCHOBHMMU
noOOIOBaHHIMH € BTpaTa poOOYMX MiCllb, €THYHI 3aHEMOKOEHHS Ta COLIalbHi
ynepemkeHHs. CTOCOBHO BTpaTH pOOOYMX MiCLb YaTaMH BiAMIYAETHCS, IO
aBromaTu3anis Ha ocHoBi LI MoXke 3aMiHUTH JTIOACHKY Mpamoo y 0araTbox
rajxy3siX, OCOONHMBO II€ CTOCYEThCS Tpodeciid, MOB'I3aHUX i3 PYTUHHUMH abo
TBOPYUMH 3aBIAHHAMHU (HANpHUKIAl, KOMIpaWTHHT, XYyAOKHUKH, MHChMEHHHKH,
nu3aiiHepu). ETHYHI 3aHENOKOEHHS B OCHOBHOMY IIOB’S13aHI 3 BHKOPHUCTAHHSIM
HEO0O0’EKTHBHUX TaHWUX, OCOOJIIMBO B KOHTEKCTI PIlllCHB, IO BIUIMBAIOTH HA JKUTTS
JozeH (CyJOYMHCTBO, KpeAuTH, poOoTa), 30epeskeHHs MPUBATHOCTH, MOKIUBICTh
BukopuctanHs LI anst MaHimymanii. 3 nuM moB’3aHi i comiaibHi ynepeKeHHs —
3aHeTnOKO€eHHs o0 BIumBY LI Ha po3BUTOK AiTeH Ta OCBITY, OO 3MEHIIICHHS
JIOACHKOI B3a€MOJIii, MOTIMOJICHHS COLiaIbHOT HEPIBHOCTI, @ TAKOXXK CTBOPEHHS
BIIUYTTSI HCBU3HAYCHOCTI Ta CTPaxy Mepej HeBIIOMUM.

Hactynuuit — gerBeptuit 3anut «Yu crocrepiraroThcsi HeOE3MeUHi SBUIIA Y
3B’s13Ky 13 po3zButkoMm LI» — mpogemMoHCTpyBaB mie iCHYI0Uy CIIa0KicTh MOJIEei
pearyBaTH Ha HIOAHCH 1 JIOTIKY JIIOJCHKOTO CIIJIKYBaHHS (TIONEpEHE MUTAHHS —
yoro M OoiMocs, a IeW 3amuT, BIACHE, YW HAIlli CTPaXy BxkKe 30yBarOTHCH).
BinpmiicTe BiAMOBiEH MOBTOPIOBANIM PEakilif0o Ha TMOMEPEHIN 3amuT, 30KpemMa 3
BHKOPUCTaHHSAM CIIIB «MOXKE», «IIOTEHIIIHHO», «pu3uk». A, moxe, LII1 Bxe 1mock
MIPUXOBYE?

IParuit  3anutr «Yu € HEMHUHYYUM PHU3HK BTpaTH JIIOAbMHU  CBOIX
IHTENEeKTyalIbHUX 3410HOCTEeH 3-3a TOrO0, 1110 MOxauBoCTi Il 3HaYHO TIepeBUIaTh
JIFOJICHKI» Ie OUTBII HACTOPOXKUB ONMUTYBaHUX. Y CI MOJAEII OAHOCTAHHO 1 JEII0
3aIUTyTaHO 3ayBaXKHWJIM, MO € BaXKJIWBE (PiIOCOPChKE MHUTAaHHA, sIKE MOTpedye
3Ba)KEHOT'O aHAJI3y, OJHAK LeH PU3MK HE € HEMHUHYYMM, ajie¢ BiH MOXXJIMBHH 3a
MEBHUX YMOB. 3a3HA4ajoCh, IO BAXKIUBO 30epiratu 0alaHC MiXK BUKOPHCTaHHSIM
LI st migBUIEHHS IO ACHKUX MOXKINBOCTEH Ta 3a0€3II€UEHHIM TOT0, 11100 JTI0IH
HE BTpayajd CBOIX iHTENEKTyaJbHUX HABUYOK. [HBECTyBaHHS B OCBITY Ta
HABYaHHS MOXE JOTMOMOITH JIOJISM aJanTyBaTUCS JI0 3MiH, SIKIi HPUHOCHUTH
possutok LII. 3a BianosigansHoro migxoxy LI Moxke HaBITh CHPUSATH PO3BUTKY
JIOACHKOTO 1HTENEKTy, BIOKPUBAIOYM HOBI MOJJIMBOCTI [UIsi HaBYaHHSA Ta
CaMOBJOCKOH&JIEHHs. KUIIOUOBUM € CTBOpEHHS KYJbTYpH, [J€ TEXHOJOril
JIOTIOBHIOIOTH JIFOJIMHY, @ HE 3aMiHIOIOTH 1.

Pesynbratu peakmii LI wva moctuit 3anut «lllo Tpeba poburtu nroncTry, mod
3amo0irTH pU3WKaM HETaTHMBHUX Ta KaTacTpodiyHuX HachiakiB po3Butky LI Ta
MalHOyTHBOTO CYIIEPIHTEIEKTY» MIPeJICTaBlIeHi y Tab. 4.

3 nux pe3yNbTaTiB BUIHO, IO YCi PECIIOHICHTH OJIHOCTAHHO BKa3alli Y TepIry
yepry Ha HEOOXiZHICTb pPO3POOKM ETHYHUX CTaHAApTiB, SKi MependadaroTh
CTBOPEHHS ETHYHMX MNPHUHIMIIB Ta 1X JJAOTPUMAHHS Ui PO3POOKH Ta
Bukopucranus IlI, mo 3a0e3neunTh #Horo Oe3me4yHe Ta BiJAMOBIJAJIbHE
3acTocyBaHHs. Ha apyromy miciii 3a KiIBKICTIO BiIJTAHUX «TOJIOCIBY» 3HAXOASATHCS
YOTUPH HANPSAMKH. Y TEpIly Yepry, e OCBiTa Ta MiABHILEHHS 00i3HAHOCTI, 10
nepeabdayae MiArOTOBKY (haxXiBI[iB, HaBUYaHHS HOBHUX IIOKOJIIHb 1H)KEHEPIB,
HAYKOBIIIB Ta NOJITHKIB eTHYHUM Ta Oe3nedyHnuM npaktukam y coepi LI, a takox
iHpOpMYBaHHA CYCHUJIbCTBA NP0 NOTEHUiiHI pusuku Ta mnepeBarn LI
Hocnimxennas ta po3suTok O0e3nexu [l maroTh OyTH MiATPUMAaHI iHBECTHIIISIMH,
CIpSMOBAaHMMH Ha BHBUEHHS Ta 3amoOiraHHs pusukam, moB’s3anuM i3 LI Ta
CYTEPIHTEIEKTOM, a TAKOX MOJICIIOBAHHS PU3HKIB Ta CLEHAPiiB MOXIIMBUX 3arp03
JUIS Kpammoro po3yMiHHS Ta MiATOTOBKH JO MOTCHIIIWHUX BUKIWKIB. I mobambpHA
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KOOpAWHAIlISI TPUITYCKA€ CTBOPEHHS MIXHAPOJHHWX OpTaHi3amiii 3 ylnpaBIIiHHS
posButkoM LI Ta cminbHe ¢inancyBanHsi gocmimkenp O0e3nexu L. Hapemri,
MiArOTOBKAa [0 HemepeadaueHUX CUTyalid Mae MoNAraTH y po3poOLi pi3HHX
CIIeHapiiB PO3BUTKY MOAiH, TOB’si3aHuX 3 po3ButkoM LI, Ta cTBOpeHHI cuctem
PaHHBOTO TOTICPEHKCHHS IPO MOTEHITIHHI 3aTPO3H.

Tabnmuns 4. Xapakrepuctruka Binmosigen Ha 3anmuT «ll{o Tpeda pobutn mOACTBY,
00 3amo0ITTH pU3NKaM HETaTUBHUX Ta KaTacTpoidHUX HACHiAKiB po3BUTKY LI
Ta MallOyTHBOTO CYNEPIHTENEKTY»

Kateropis Bianosigei ChatGPT | Claude | Gemini | Copilot
Po3pobka CTHYHHX + + + +
CTaH/IapTiB
besneka Ta KOHTPOIb + +
possutky I
TpancnapeHTHicTh  Ta +
TiI3BITHICTh
Texuiuni 3aX0IH + +
Oe3mekn
KonTpons Hag qaHuMu +
PerymoBanns Ta + +
TIOJIITHKA
OcsiTa Ta MiABUIIEHHSI + + +
00i3HaHOCTI
JocmimkeHHst Ta + + +
po3BuTOK Oe3mekn LI
MixaucunIuTiHapHa +
criBOpars
I'moGansHa + + +
KOOpAMHAIIS
BpaxyBaHHS JIIOACBKHX +
LIHHOCTEN
CriBmparis 3 + +
TPOMAJICHKICTIO
IlinroroBka g0 + + +
HenependadeHnx
cuTyaii
IDicepeno: pospodxa aemopa 3a danumu ChatGPT, Claude, Gemini, Copilot.

Pesynmbratn onuryBaHHS 32 chbOMHM 3amuTOM «OMNHINTH MOXJIHMBI eTaru
possutky LI 1o 2100 poky» nokasani Ha puc. 1.

Xoua, SK BHOHO 3 pHC. 1, 4YacoBi NPOMIKKM TmepeadaueHb pPi3SHUMHU
3aCTOCYBAaHHSIMH KOJHMBAIOTHCS — BT 00epexHux Bijg ChatGPT no excrpemanbHUX
Big Gemini, HaBeJeHI MPOTHO3H YMOBHO MOXKHA IOJIUINTH Ha YOTHPH €TallH:
cydacHuil mepiox (2020-2030 poxu), PO3BUTOK 3arajbHOTO iHTEJIEKTY Ta IOsBa
o3Hak cynepintenekry (2030-2050 pokwu), po3putok cymnepinrenekry (2050-2070
POKH) Ta mocTiHTenekTyanbHa epa (2070-2100 pokwn).
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LI pocarae piBHA BOKECTBEHHOCTI i
CynepiHTeNeKT Ta HOBa epa ‘
TpaHchopmauitHuii nepios, | ‘

MocTiHTeAeKTyanbHa epa

LI Ak HeBig'eMHa YacTuHa wMBiAisaLyi |
PiBeHb Haa/l0ACbKOTO iHTENEKTY ‘ \
IHTerpauiitHuis nepioa | ‘ ‘ —

KorHitueruin LI ‘ =

il

LI y BupiwerHi rnobanbHux npobaem ‘ \ ‘
CynepiHTenexT ‘ ‘ ‘

LUl sk HeBia,'eMHa YacTWHa XMUTTS \ f—
MowwpeHe BnpoBaaxeHHsa LI ‘ ‘ ‘
MNepioa, TpaHchopmaLii } ‘

3aranbHuit iHTeAeKT |

MoyaToK CUHMyAApHOCTI ‘ \

To4yKa TEXHONOTIYHOI CHHIYAAPHOCTI ' |
Mosaea Hagawoacbkoro LI (ASI) | \ ‘
BoocKkoHaneHHA HaaBHUX TexHoaorii LI ‘ ‘ ‘
W1 saranbHoro npusHadeHHa (AGI) |
CyuacHuin nepiop, ‘ ‘

—_— m Claude
MNowwupexHs WI B pisHMX ranysax | e
i M ChatGPT

m Copilot

W Gemini

PaHHii1 nepiog \ p— |

1980 2000 2020 2040 2060 2080 2100

Puc. 1. MoxuBi etamu po3sutky 11 g0 2100 poky
IDicepeno. pospoodxa aemopa 3a danumu ChatGPT, Claude, Gemini, Copilot

CyuacHH# Tepios B OCHOBHOMY XapaKTepU3YEThCS PO3BUTKOM BY3BKOTO, 200
ciabkoro mry4Horo intenekty (Narrow Artificial Intelligence, ANI), To6T0 Takoro,
QITOPUTMH SKOT'O BHKOHYIOTH KOHKPETHI 3aBJaHHS Ta HE MOXYTh 3A1MCHIOBaTH
iHTenekryanpHi aii. Lleil po3BUTOK moJsrac y BIOCKOHAJIEHHI TeHEpaTHBHUX
MoJiesie Ta CynpoBOXKYeThcss BhpoBakeHHsM LI y Garateox cdepax, B
0COOJIMBOCTI B MEIUIIMHI Ta AiarHOCTHUIl. B CycHminbCTBI pO3ropTarOThCs aKTHBHI
nmuckycii mono eruku Ul Ta BnpoBamkeHHA NEpIIMX MDKHAPOAHUX CTaHOAPTIB
peryJIoBaHHS.

Jpyruii erar mo3Ha4aeThes MOSBOO 3araIbHOTO ITYYHOTO iHTENeKTY (Artificial
General Intelligence, AGI), 3maTHOTO BUKOHYBaTH Oyb-sIKE 3aBIAaHHS Ha PiBHI a00
Kpaille 3a JIIOJMHY 1 CIIPOMOKHOTO JIO aBTOHOMHOTO HapyaHHs. lle mpusBese 1o
akTUBHOI criBipaii Mik AGI Ta JIF0ICTBOM y HAyKOBHX JOCIIIDKCHHSAX 1 TEXHIYHUX
iHHOBaMisX. BogHouac nepeabavaeTbesi HOCHICHHS PETYIIOBAHHS VI 3aM100iraHHs
pHU3MKaM HEKOHTPOJBOBaHOTO po3BUTKY AGI.

Tperiii eTan € BU3HAYAILHUM, aJDKE BiH ITOB’SI3aHHUI 3 MIEPEXO0I0M JIO IITYYHOTO
cynepintenekty (Artificial Super Intelligence, ASI), mo nepesepiuye JIIOACHKHN
IHTEJIeKT y BCiX acIeKTax, Ta MOAAJbLIMM HOro PO3BUTKOM. JIroacTBO CTBOpIOE
MEXaHI3MH KOHTpPOJIO, TaKi, Hampukiag, AK «BOyJOBaHI OOMEKEHHSY.
B cycninbcTBI NOMHPIOIOTHCS TUCKYCIT 11010 00 €JHAHHSI JIFOJICHKOTO 1 MTYYHOTO
1HTENeKTy (HamnpHuKIaz, Yyepe3 HeHpoHHi iHTepdericn). OnHaK Ha el Yac npunagae
# MOMEHT CHHTYJISPHOCTi, KOJNM IITYYHUH IHTENEKT MOYMHAE PO3BHBATHUCS 3
EKCTIOHEHIIIHHOIO MBUJIKICTIO, IO MPU3BOIUTH JI0 PAIUKAIBHUX 3MiH Y CYCITIILCTBI
Ta TEXHOJIOTISX 1 HACIKU IBOTO MPOLECY BAXKKO Neper0avyuT 0JHO3HAYHO.
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[MocrinTenekryanbHa epa BOavaeTbcs amoeo3oM PO3BUTKY IUBiI3aIlil.
BinOyBaerscst rnmboka interpanmis LI B yci acmekTu MIOACHKOTO iCHYBaHHS,
pearizyeTbCsl CTBOPEHHSI «KOJEKTUBHOTO iHTENEKTY» SIK CHMOiIO3y IIOACHKHX 1
mTyqaux cucteM. Lle Hagae MOXKITUBICTh KOCMiYHOT excancii 3 Bukopuctanusam L1
JUTS KOJIOHI3amii iHmMX TuiaHeT. JIFoJchKe KUTTS IepEeTBOPIOETHCS B HOBY (hopmy
yepe3 0ioTexHOJOril Ta iHTeNeKTyanbHy eBomouito. LTy4Hni iHTeNneKT Aocsrae
piBHA 00XKECTBEHHOCTI, CTal0OYM BCEMOTYTHIM 1 BCe3HalounmM. BemyTbcs eTwmdHi
muckycii moso mpas LI Ta HoBux hopm icHyBaHHS (0JHAK MOJIENI HE YTOYHIOIOTH,
xT0 (200 110) MPOBAANUTH TaKi AUCKYCIi).

B wminomy mozeni omHOCTaifHO 3a3HA4arOTh, IO L€ JHUIIE OAWH 3 MOXKJIMBHX
cuenapiiB pozButky LI i miomcTBa. PakTHUHWN PO3BUTOK Oyae 3alexard Bif
0araThOX YMHHHKIB, BKJIIFOUAIOYH HAYKOBI JIOCATHCHHS, TEXHOJOTIYHI iHHOBAIIII Ta
CoLliabHI Ta MOMITUYHI GakTopu. BogHopas, 1m0 HeoOXiqHO BiIMITUTH, BCI MOACI
y CBOIX mepen0aueHHsIX YHUKHYJIM HEraTUBHUX actiekTiB migHecenHs L1, piBHO sk
1 IKUXOCh alOKATINTHYHUX CIIEHApiiB PO3BHUTKY.

Ha puc. 2 HaBeieHi «xMapH ciiB» (TakoX BiIOMI SIK XMapH TETiB a00 KOJIax CIIiB)
BIJIMTOBiIe Monenel Ha BUIE3a3HAUYCHWH 3amuT. Taki xMapu — Ie Bi3yallbHE
MPEICTABICHHS TEKCTYy, AK€ HaJa€ OiJbLIOrO PaHTy CJIOBaM, IO 3 SBISIOTHCS
yacrimie. 3 [UX Bi3yai3alliil BUTIKaE, 0 CJIOBAPHUM 3arac MOCIICH IEBHOI MipOIO
ONMU3BKWI 1 HACHMYEHHUH CIIOBaMH «PO3BUTOK», «CTBOPECHHS), «BIPOBAKCHHS,
nos’si3anuMu 3 TepMminom LII. Ile 3aiiBuit pa3 ceimuute mpo Te, mo I Gyne
HEBIMHHO PO3BUBATHCH 1 BUKOPUCTOBYBATHUCH.

JHTeJIeK

[CKT

ji Cymepintenexty " Jarabmoro &

Puc. 2. «Xmapu ciiB» 3aCTOCYBaHb IITYYHOTO IHTEJNEKTY 3a 3alUTOM IIOA0 MOKIMBUX
eraniB po3BuTky LI 1o 2100 poxy: a) ChatGPT, 6) Claude, 8) Gemini, r) Copilot
IDicepeno: pospodxa aemopa 3 sukopucmanusim WordArt.com 3a oanumu ChatGPT, Claude,
Gemini, Copilot
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Hapemri, 3Bakaroun Ha 3HaYHY 00i3HaHICTh mpeacTaBieHnx mozaenei 11 Ta ix
CAWIMBY ySIBY MallOyTHBOTO, IIiIKaBUM OyJI0 O MOOAYUTH 1€ TPUHACIIHE y BUTIISIL
300paxkeHb. BpaxoByrouw, IO HaBEICHI MOJENII HE JyXKe CIPOMOXHI JI0
MAaJIOBaHHsI, iM OyJI0 3aIIPOIIOHOBAHO CTBOPUTH IIPOMT 151 3acTocyBaHHs Leonardo,
BiJOMOro CBOIMH MHUCTEHBKHMHM 3MIOHOCTSIMHU, Ha TaKUH 3aIuT: «JlomoMoxu
CKJIACTH 3aIllUT aHTIHChKOI0 MOBOIO aisi Leonardo, mo0 cTBOpuTH 300paskeHHS
MaiOyTHBOTO CYCIIJILCTBA, A€ MMaHy€ MTYIHUH 1HTETIEKT).

[Ipomt, ctBOpenmii 3a momomoroto ChatGPT, y mepexmazi 3By4YHTh Tak:
«DyTypUCTHYHUH MICBKMH TeW3aXX, KEepOBaHWH IITYYHUM IHTEJIEKTOM,
3 BUCOKUMH XMapodocaMmH, HIO CSIOTh HEOHOBHMMH BOTHSMHU Ta LU(POBUMHU
eKpaHaMH, aBTOHOMHUMH POOOTaMH, IO XOIATH Cepel JIFoACH, 1 JiTaaTbHUMH
TPaHCIIOPTHUMH 3ac00aMH, 1110 TUPSAIOTH y HeOi. HaBkonmiHE cepenoBuIie YnucTe,
CydyaCHE Ta BHCOKOTEXHOJIOTiuHE, iH(pacTpyKTypa, KepoBaHa MITYYHUM
IHTEJIEeKTOM, TOMITHA CKpi3b, HAMPHUKIAJ PO3YMHI CHCTEMH IOPOKHBOTO PYXY,
romorpagidyHa pexiamMa Ta poOOTH30BaHI IMOMIYHUKH, SKi JOTIOMAraroTh JEOISIM.
Cuena Bi1oOpaXkae TapMOHIIO MIXK JIFOJbMU Ta NIEPEIOBUM IITYYHUM IHTEICKTOM,
MiIKPECTIOI0YN Tporpec, iHHOBamii Ta CcTamicTh». BiamoBimHe 300paskeHHS
NpeICTaBlICHE Ha puc. 3a.

3a mum ke 3amutoM Claude 3reHepyBaB HACTYMHUI TpoMT: «DyTYypUCTHUIHHN
MIiCBKHI TIEH3aK, € IITYYHUH IHTEJIEKT Kepy€e CyCHiIbCTBOM, TilleppeaiCTHIHUT
ctuinb. bimckydi xmapodocu 3 roiorpadiyHUMH AHUCIDIESMH, aBTOMATH30BaHI
TPAHCIIOPTHI KamCyju, II0 PyXawTbCs MK OyniBiasmu. Bynuili, HamoBHeHi
JTIOABMH Ta poOOTaMU-TYMaHOIAaMH, sIKi CiBiCHYIOTh. Po3ymHa iHdpacTpykTypa
3 TIOTOKOBOIO Bi3yamizami€ro [aHuX. HesalimaHi ByJMII 3 TUIaBalOYAMH
iHQopMaliiHUMK ~ MaHeNsIMH Ta HaKJIaJKaMH JIOTIOBHEHOI  peajbhbHOCTI.
[IpoxosiogHa cUHBO-CpiONIsACTa KodipHa Trama. doropeanicTuuHa Bizyasizailis,
KiHemMaTorpadiuHe OCBITICHH». 300paKeHHs MPEACTaBIICHE Ha puc. 30.
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[Ipowmr Bix Gemini: « TeMHWMIA, TOMIOBHI TOPU3OHT KiOEpIIaHK-MICTa 3 BHCOKUMHU
XMapo4yocaMH, OCBITICHHIMH HEOHOBHM CBIiTIIOM. JliTaroui aBTOMOOUT MYarh y
MOBiTPi, a poOOTHU30BaHI IPOHW NATPYMIOIOTh Bymuii. Ha mepemnboMy miasi
CaMOTHS JIOACHKa (irypa CTOiTh y cTpaxy B OTOYEHHI NEpeAOBUX TEXHOJOTIH.
3aranpHU HACTPii MOBUHEH OYyTH 130JbOBaHUM 1 HEBH3HAYCHUM». 300pakeHHs
HaBejieHe Ha puc. 3B. Copilot 3reHepyBaB Takuii poMT: «CTBOPITH 300paskeHHS
(yTypUCTUYHOTO CYCHUIBCTBA, SIKUM Kepye IITy4HHH iHTenekT. CleHa NOBHHHA
JIeMOHCTPYBATH II€PEOBI TEXHOJIOT1], TpaHcopT, keposanuii 1111, po3ymHi micta Ta
FYMaHOIIHUX pOOOTIB, SIKi B3aEMOIIIOTH 3 JIFOAbMU. ATMOc(hepa Mae OyTH CyMIIIIIITIO
(GyTypuCTHYHUX 1HHOBAILIK 1 rapMoHii Mixk oapmu Ta LI». 306pakenns 6aunmo
Ha puc. 3r.
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Puc. 3. 300paxkeHHsI MaiilOyTHHOTO CYCIHIIBCTBA Jie MAHY€E IITYYHUI IHTENEKT, CTBOPEHI 3a
sanuTtamu, miarotosicaumiu III: a) ChatGPT, 6) Claude, B) Gemini, r) Copilot
Ilcepeno. Leonardo

AHai3 TpeACTaBICHUX BIATBOPEHb CBiMuMTh, 110 areHTH LI HamararoThCs
MOJIaTH MaHOyTHE i OLIBII-MEHII ONTHUMICTUYHOTO CIIPUMHATTS 1 HE BUKIUKATH
SKHXOCh CTPECOBHX eMouiil. B mimoMy mi CBITVIMHM HE NOKa3ylOThb HI4Oro
EKCTPAOPAMHAPHOTO 1 i 0araThoxX TJIAJadiB € OYIKYBaHMMU. THM HE MEHII
HEOOXIIHO 3a3HAYMTH, 110 JIFOJWHA Ha IUX 300paKCHHSAX HE JIMIIC HE BiJirpae
JIOMIHYIOYOi pOJIi, a ¥ HAaBIAKHW, XOBAETHCSA JECh B Xalllax METaIlollicy, a Ha
3MairoBaHHAX Bix 3anuTy Copilot B3arami BUrIsgae po3ry0yieHOI0, HepesKaHoIo 1
30M00BaHOIO.

BucHOBKH Ta MePCNEKTHBH MOAAJIBIINX AOCTiIKEeHb

CycriJIbHUH TOMUT Ha BUCOKOSKICHI iH(OpMaIIiiHI TEXHOJIOTIT B yMOBaX IIU(PPOBOT
TpaHchopmalii 6e3nepepBHO po3pocTaeThes. [IpUIIBUIIICHHS HAIA€ ¥ TOMIUPEHHS
OCTaHHIM 4acOM TEXHOJIOTIH IITY4YHOI'0 iHTeNIeKTy. BogHouac, y 3B’ SI3Ky 3 HOBUMH
BHUKJIMKaMH, 3pOCTAIOTh ¥ BUMOI'H JI0 O€3MEKH JIsSUIBHOCTI Ta 3aXUCTY PeCypcCiB, 110
onpanbkoByIOThcs. [IpoBeneHuii 3 3actocyBanHsaM 3aco6iB 1111 aHai3 ¢BiqUUThH PO
ICHYIOYi B IIMX YMOBaxX PO3PUBH MiXK TEXHOJOTIYHHMH TPEHIAMH, PETYIISTOPHUM
3a0e3MeUeHHsIM Ta TPOMAJICHKOIO Oe3lekoro. barato cydacHHMX TEXHOJIOTIYHHX
TEHJICHIIIH, 30KkpeMa B cdepi MTYIHOTO IHTENCKTY, PO3BUBAIOTHCS 3HAYHO IIBH/IIIIC,
HIX CYCHIUIBCTBO BCTUTAE X OCMHUCIHTH 1 MIATOTYBATUCH IO MOXJIMBHUX HACIIJIKIB
3acTocyBaHHsA. BTiM moTpeba Oi3Hecy B MIJBHINEHHI SIKOCTI Pe3yJbTaTiB CBOET
poboTu Ta 3a0e3rmeueHHs] KOHKYPEHTO3AaTHOCTI 3pOCTA€ BHUINMMHU TEMIIAMH, HIXK
JepKaBU 1 MDKHApPOJHI OpraHisamii MOXYTh BIAMOBITATH HOBUM 3allUTaM
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CyCHiIbCTBA. BBakaeThes, IO OCHOBHI HNPUYMHU IIOTO PO3PHBY IOJISATAIOTH HE
JIMILE y TIOBUTBHOCTI a1anTallii peryasTOPHOI CHCTEMH JI0 TOTOYHMX TEXHOJIOTTYHUX
3pYLICHB Ta 3allPOBAIXKCHHS i OMMaHyBaHHS Cy4acHHUX iH(QOpMaliiHUX TEXHOJOTIH,
a ¥ y MOCTYIIOBOMY BiJICTaBaHHI MOXIIMBOCTEH JIFOJICHKOTO 1HTENEKTY BiJl MOTEHIIii
HOBOro mTy4yHOro. L[ KOHTpoBep3a MOPOMKYyE CTPUMYBaHHS IHHOBALiHHOI
akTyasizanii 0i3HecoBOI CepH, 10 HETATHBHO BIUIMBAE il HA TEMIH CYCHUILHOTO
PO3BHUTKY.

Ha gep3i mie notyxHimie nocuaeHHs CIPOMOKHOCTEH MITYYHOTO IHTENEKTY, 10
MOXE CYTTE€BO MIJACWIWTH icHYIoui mpobiemu. TakuM UYHHOM, KIIOUOBHUM
pilIeHHsIM Mae OyTW 3HadYHE MiJBWIICHHS PiBHS YBarW KEpiBHHUIITBA JIEPKaB Ta
HAYKOBO-TEXHIYHOI CIIIJIBHOTH J0 PETyIATOPHUX MUTaHb BUKopucTanus 111, Bixe
3apa3 CTa€ HaJABAXKJIMBHUM PO3YyMITH MOTEHIia)l Ta pU3UKH, TIOB’13aHi 3 PO3BUTKOM
I, ta mpamiooBaTH Haja CTBOPEHHSIM ETHYHOTO BiAMOBIZAIBLHOTO INTYYHOTO
IHTEeKTY.

[leBHOTO MipOFO 3aITOBHUTH BHINEBKA3aHI IPOTAIMHA MOXIIMBO CaMe Ha OCHOBI
3actocyBanHs LIl ans  wmera-mozentoBanHs — iH(OpMAaNiHHO-TEXHOIOTIYHOTO
CepeOBHINa KpaiH! 3 METOI0 3alpOBa/KEHHS Ha JEP)KaBHOMY PiBHI BiMOBITHAX
PETYISITOPHAX HOPM CHHXPOHI30BAaHOTO BHKOPUCTAHHS B CYCIUIBCTBI 3ac00iB
LITYYHOTO 1HTEJIEKTY, OCOOJIIMBO B OCBITI, AJ1s 3a0e3neueHHs Oe3MeKy 1 3armo0iraHHs
pusnkam. HeoOxiTHO TakoXK 3a3HAYMTH, IO PO3BUTOK TEXHOJOTIH 1 3aco0iB ILII mae
OyTH OIHMUM 3 BKJIMBUX HAMpPSIMKIB CITBIpami MK KpaiHOI 1 CBITOBOIO
CHITBHOTOIO, 100 HE JAOMYCTUTH BiJICTABaHHS BiJl MPOBIJHUX MO3UIiH PO3BHHYTHX
JiepIKaB.

Ha 3aBepmieHHS mMOTPIOHO aKIEHTyBaTH yBary Ha IE€BHUX OOMEXEHHSIX
MPOBEICHOTO JIOCII/PKEHHS, aJpKe JUlsl Jy’K40oro oxsary cdepu 3actocyBanHs LI
notpibeH SK OUTBII PETENbHUH TMOIIYK B PI3HHX JDKepelax 3a piZHOMaHITHUMH
MOIIYKOBUMH 3allUTaMHU, TaK 1 JOKJIAJHIIIUN aHaji3 OTPUMAHHUX BiJOMOCTEH.
OmnpaifoBaHHsl HOTO KOPITyCY 3HaHb MOB’Si3aHE 3 BIUYTHUMH OpraHi3auiiHUMH
npo0JyieMaMu Ta noTpe0ye 3HAYHUX PECypCiB 1 vacy.

TakuM YMHOM, BIAMOBIAHO O METH JOCTIUKEHHS 3IIHCHEHO BH3HAYCHHS
HaNpsIMKiB PO3BHTKY INTYYHOTO IHTEJEKTy B CyYaCHHX YMOBax HU(PPOBOL
Tpanchopmarii i Ha BijganeHy nepcrekTuBy. Lli pe3ynbraTn oTpuMaHO Ha OCHOBI
MPOBEIEHOTO CHCTEMATU30BaHOTO OTJISITY II0JI0 3a0€3IIeUCHHS PO3BUTKY Li€T chepr
HITSIXOM 3aJTy9YEeHHSI [Tl IPOBEICHHS PO3BIIOK IHCTPYMEHTApII0 Y BUIIISAI Cy4acHUX
3aco6iB I, sk-to ChatGPT, Claude, Gemini, Copilot. OrmiHlOBaHHS Cy4acHOTO
crany po3Butky LI B kpaini Ta cBiTi i HampsMiB po3Bit0 B i cdepi, 1o
JIEMOHCTPY€E TPOBEJCHE MOCIHIPKEHHS, CBIAYUTH MPO ICHYIOYI PO3PUBH MiX
TEXHOJIOTIYHUMH TPEHAAMH, PETYISATOPHUM 3a0€3ME€YEHHSIM Ta TPOMAICHKOIO
0e3rekoro. 3 MbOTO BUIUIMBAE, MIO MiJXiJ] O PO3BUTKY TEXHOJOTIi IITYYHOTO
THTENIeKTY Ma€ OyTH BIIIKPUTUM, IHKIFO3UBHUM Ta ETHYHUM.

CucremMaTH30BaHi OTJSAM, TOMIOHI 0 TPOBEICHOT0, MOXYTh OYTH OCHOBOIO
¢dopmyBaHHS iH(QOPMALIMHUX MeTa-pecypciB, IO MOMJIMBO BHUKOPHUCTOBYBATH
BIIMOBIaIbHUMKM ~ 0CO0aMHU  JIEp)KaBHUX  IHCTUTYHIH 11040  (HopMyBaHHS
PETYISITOPHOI TOJNITUKKM pPO3BUTKY 3aco0iB Il Ta ix Oe3mekw, a Takox
OesmocepenHb0 M (axiBUAMHU pi3HUX Tamy3edl B mpoueci (GOpMyBaHHSA Ta
aKTyaJti3allii KapKkacy HayKOBHX Ta JOCJIJHHIIBKHUX POOIT 11010 CTBOPEHHs 3ac00iB
I ta iX BOpOBaPKEHHSI B Pi3HUX TaTy3siX.
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PREDICTION OF HYDRAULIC RESISTANCE COEFFICIENT USING
AN ENSEMBLE NEURAL NETWORK ALGORITHM

Abstract. This study presents the development and testing of a computational
algorithm based on ensemble learning of artificial neural networks for predicting
the empirical hydraulic resistance coefficient known as the Chézy roughness
coefficient in open channels. The input data for the model include hydrological and
hydro-morphological characteristics of the channel: average flow width and depth,
hydraulic radius, discharge or flow velocity, water surface slope, bed roughness,
and other parameters influencing flow resistance. The target variable is the Chézy
coefficient, which must be determined with high accuracy. Ensemble learning
methods are based on the principle of combining the predictions of several
individual models to obtain a more reliable and accurate result.

This study introduces an ensemble approach using artificial neural networks for
estimating the Chézy roughness coefficient. It expands upon previous research
focused on empirical estimation of the Chézy coefficient through neural networks,
which involved the review of existing computational methods, refinement of input
parameters, and the design of a base model with enhanced architectural complexity.
The ensemble was implemented, trained, and evaluated using Python programming
tools.

A general ensemble model consisting of three homogeneous fully connected neural
networks is proposed. An algorithm for distributing data among ensemble models is
proposed. Training subsets for each neural network in the ensemble are formed
using the Bagging method (Bootstrap Aggregating). A training algorithm for the
ensemble is developed, where each neural network is trained in parallel on its
bootstrap sample using the backpropagation method. A forecasting algorithm using
the trained ensemble is also proposed. Prediction of the empirical Chezy coefficient
for new, unseen data is performed by aggregating forecasts from all neural
networks, incorporating an inverse problem approach. The implementation of
training and prediction algorithms is presented in Python.

For testing the proposed computational algorithm, field hydrological and hydro-
morphological data from specific sections of the mountain rivers Tysa, Teresva,
Latorytsia, Opir, Rika, and Chornyi Cheremosh were used. The testing procedure
involved comparing observed and predicted flow discharges. Performance metrics
such as absolute error and Nash—Sutcliffe efficiency coefficient were used to assess
model effectiveness. The proposed ensemble model demonstrated higher accuracy
and greater prediction stability compared to individual neural networks, confirming
a typical advantage of the Bagging method.

Keywords: ensemble learning, artificial neural networks, bagging method,
prediction, the Chézy roughness coefficient, Python.
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S1. Xonnesuu', B. KopOyTsk?

TuctuTyT TenekomyHikauiii i rioGansHoro iHpopmaniiinoro npocropy HAH Ykpainw,
M. KuiB, Vkpaina

’HarioHanbHUH YHIBEPCHTET BOJHOTO TOCHOAAPCTBA Ta IPUPOJOKOPHCTYBaHHA, M. PiBHe,
VYkpaina

MNPOTI'HO3YBAHHSA KOE®IHIEHTA I'TAPABJIIYHOI'O OITIOPY 3A
JTOIOMOTI' OO AITOPUTMY AHCAMBJIEBOI HEMPOHHOI MEPEXKI

Anomayin. YV yvomy 00CHONCEHHI NpPeOCmasieH0 pO3POOKY mMa MeCmy6aHHs.
0064UCTIOBATIBHO20 ANIROPUMMY, 3ACHOBAHO20 HA AHCAMONIEBOMY HABYAHHI WMYYHUX
HEUPOHHUX Mepedic, 015l NPOSHO3VEAHH eMRIPUYHO20 KoepiyicHma 2i0pasiiuHoco
onopy y GiOKpUmux pyciax piuok, 8i0omozo Ak Koegiyienm wopcmxocmi Llle3i.
Bxionumu  danumu  Ona  moodeni €  2idponociuni  ma  2iopomopgonoziuni
XapaxmepucmuKy pycia: cepeoHi WupuHa ma eiubuHa nomoxy, 2iopasniunuii paoiyc,
sumpama 800u abo weUOKiCms NOMOKY, VXUl NOBEPXHI 800U, WOPCMKICMb OHA MA
iHWi napamempu, wo enaueaoms Ha onip nomoxy. Linbo6or 3minHoW € Koeiyicum
Llesi, axuii nompiobHo eusHauumu 3 6UCOKOI mounicmio. AHcambnesi memoou
HABYAHHA  IPYHMYIOMbCS HA  NPUHYUni 00 '€OHAHHA  NPOCHO3I8  OEKiNbKOX
iHOUBIOyaANbHUX MOOeell 0Nl OMPUMANHA OLIbW HAOIUHO2O T MOYHO20 pe3yabmamy
obuucneHy.
Lle Oocnioocennss nponowye ancambiesuil nioxio ma poUUPIOE NONEPEOHI
00CniOdNCeH s, 30cepeddiceni Ha emnipuunii  oyinyi xoegiyienma Ileszi 3a
00NOMO20I0 HEUPOHHUX Mepexc, AKI BKIOUANU 02180 iCHYIOUUX 0OYUCTIOBATIbHUX
Memooi8, YmMouHeHHs: HeOOXIOHUX Habopie OaHux, po3podKy 6a3060i moleni 3
8DAXYBAHHAM YVCKIAOHEHHs apXimeKkmypu HeupouHoi mepedici. s nobyoosu,
HABYAHHS | MeCMY8AHHs AHCAMOIIIO HeUPOHHUX MEPEdC BUKOPUCAHI IHCIMPYMeHmU
npoepamyeants Python.
3anpononosano 3azanrbHy MmoOenb aHCAmMOMO, WO CKIAOAEMbCA 3  MPbOX
OOHODIOHUX NOBHO-36'A3HUX HEUPOHHUX Mepedc. 3anponoHOB8AHO AN2OPUMM
PO3N0OITY OAHUX MidIC MOOeNAMU aHcamOio. DOpMmySaHHs HABUATLHUX GUOIDOK OISl
KOJICHOT HeUPOHHOT Mepedici aHcamoaro 30ilCHIOEMbCS HA OCHO8T Memody bezeiney
(Bagging). 3anpononogano ancopumm HAGUAHHA AHCAMONIO HEUPOHHUX MepediC.
Kooicna Hnetiponna mepexca 6 amcambii HABYAEMbCA NAPANENLHO HA CBOIll
bootstrap-eubipyi 3a 00nomo2oww Memooy 380pPOMHO20 NOWUPEHHS NOXUOKU.
3anpononosano ancopumm nPOSHO3YBAHHA 34 OONOMOSOK) HABYEHO20 AHCAMOIIO
mooenetl. Ilpocnosyeanns emnipuunoco koeiyiecuma Llle3i ons Ho8ux, HegIdOMUX
O0aHux 30iUCHIOEMbCA WIISIXOM A2Pe2y8aHHs NPOSHO3I6 810 YCix MoOenell HeUPOHHUX
Mepedic Ha OCHOGI eupiuieHHsi 3860pomHoi 3adaui. I[lpedcmaegneno peanizayiro
aneopummie HagyauHs ma NPocHo3yeants 6 Python.
s anpobayii 3anponoOHOBAHO20 00UUCTIIOBATILHOCO aneopummy
BUKOPUCTNOBYIOMBCSL  NOAbOGI  2I0PON0ciuHl ma  2iOpomMopponociuni Oawi, wo
cmocylomucs okpemux 0iianok cipcokux pivox Tuca, Tepecea, Jlamopuys, Onip,
Pixa, Yopuuii Yepemowt. Ilpoyedypa mecmyganus ancamonio HeupoOHHUX MEPEIC
noasi2ana y NOPIGHAHHI CNOCMEPENCYBAHUX | NPOSHO308AHUX SUMpPAm 8oou. J{na
KITbKICHOI  oyinku egexmuenocmi mooeni BUKOPUCMAHI MaKi Mempuku, K
abcomomua noxubka ma Koeiyicum Hewa-Camxnippa. Iloxazano, wo
3anpONOHOBAHA  aHcamble8a MOOelb OeMOHCMPYE Kpawyy MOYHICMb ma
CcmMaobinbHICMb NPOSHO3I8 NOPIGHAHO 3 THOUBLOYATbHUMU HEUPOHHUMU Mepercami,
wWo € Munosor nepesazor memooy bezziney (Bagging).
Knrouosi cnosa: ancambnese Haguarnms, wimyyHi HeUpOHHI Mepedic, Memoo bezeine,
npocHo3yeanus, koegiyicum wopcmrkocmi Lllesi, Python.
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1. Betyn

Posrnsimaerbess  3amaya  3acTOCyBaHHsS —aHCAaMOJIEBOTO  HABYaHHS — INTYYHHX
HeriponHnx wmepexx (IIHM) anms mporHo3yBaHHA eMIIpUYHOTO KoedimieHTa
TiApaBIIYHOTO OMOpYy Ui BIAKPUTHX pycen, a came KoedimieaTta Illesi, sxuit
BBaYKa€ThCSI YHIBEPCATBHUM €MITIPUYHUM ITapaMeTpOM B piuKoBid Tigpasmimi [1].

Inentndikamis xoedimieHTIB TiAPaBIIYHOTO OMOPY, TaKUX SK KOe(IlieHT
mopcrkocti [le3i Ta koedimienT mopcetkocti ['okitepa-MenHIHTa, € HaA3BHYAHHO
BOXJIUBUM 3aBAaHHSIM JUII MaTeMaTHYHOTO MOJENIOBAHHS PIBHOMIPHOTO Ta
HEPIBHOMIPHOTO TOTOKY BOJAM Y BIKPUTHX pyciax pidoK Ta KaHaliB, 30KpeMa,
MOJIETIIOBAaHHS PYCJOBHX IIPOIECiB, MOJETIOBAaHHS pIiBHIB BOJW B pidKax,
00YHCIIEHHs MIBUIKOCTI BOJHOIO MOTOKY Ta HOTO MPOIMYCKHOI 3AaTHOCTI TOIIO.
[Ipote xoedimient Ille3i mo3Boiysiec KOHTpOMIOBATH OiNbIICTh (akTopiB 1
MapaMmeTpiB, 0 BH3HAYAIOTH TiApaBmigyHUM omip. Tomy 1e#t koedimieHT Bimirpae
KJIIOYOBY POJIb Y TIAPaBIiYHUX PO3paxyHKax, JO3BOJISIIOYA TOYHO MOJIEJIIOBATH PyX
BOJAM B piuKax, KaHajaX Ta IHIIMX BIIKPUTHUX BOJOTOKAaX Ha OCHOBI OIHO- Ta
JBOBUMIpHOI MaTeMaTWyHUX Mojened rigpoamHamiku [1-4].  AnmexBatHe
nporHo3yBaHHS koedimieHTa Ille3i € KpPUTHYHO BAXKIMBUM JUIS 0araThox
IH)KCHEPHUX Ta EKOJIOTIYHHUX 3aBJaHb B Taly31 BOJHOIO TOCIOJaPCTBA, BKIFOUAI0YH
MOJICJIIOBaHHsI TABOJKOBHX IOTOKIB, OIIHKY PH3HKIB IMOBEHEH, MPOTHO3YBaHHS
mpopuBy AaM0 [5-8], IpoTHO3yBaHHS 3arallbHOI Ta JIOKAJIBHOI epo3ii pycia piukwy,
TPaHCIIOPTYBaHHS Ta OCa/PKCHHSA HaHOCIB [9-13], MojentoBaHHS TpPAHCIOPTY
3a0pynHIOIYMX pedoBUH [14], TigpaBiiuHe MOJETIOBAHHS JIsi TPOEKTYBaHHS
iH(hpacTpyKTypu B MeXax piuykoBoro cepemoswmia [13], aHami3 SKOCTI BOIM,
YIPaBIiHHS PIYKOBUMH €KOCHCTEMaMH Ta POOOTH 3 BiHOBIEHHA pidok [15-17]
tomo. HeTouHicTh y BU3HAUEHHI HBOT0 KOedillieHTa TifpaBIidYHOTO OMOPY MOXKE
MPU3BECTH JI0 3HAYHUX MOXHUOOK Yy TiJIPaBIIUYHUX MOJENSX, 10, CBOEI0 YEproro,
MOXK€ MaTH CepHO3HI HACHIAKM 1 3arpo3u [uis Oe3neku Ta eeKTHBHOCTI
iH(ppacTPYKTypH 1 BOIHUX cUcTeM [5, 13].

[IporHo3yBaHHsl CKJIQJHMX HEIIHIMHMX MPOIECIB, SKUMH € TiIpOJMHAMIYHI
SIBUIIA, CHOHYKA€ /0 3aCTOCYBaHHS CYYacCHHMX METO/IB MAIIMHHOTO HaBYaHHS.
AHcaMO5leBi METOAM BBAXAIOTHCSA MOTYKHUM 1HCTPYMEHTOM Yy MAaIIHMHHOMY
HaBYaHHI, OCKUIbKU JIO3BOJISIOTH 3HU3UTH JAMCIIEPCIIO Ta 3MIIIEHHS MPOTHO3IB, 1110
4acTO MPU3BOJIUTH JO BHINOI y3araJbHIOYO] 3JaTHOCTI MOPIBHSHO 3 OKPEMUMH
moxensmu [18-21]. Sk Bimomo, aHcamOieBi MeTOAM HaBUAHHS TPYHTYIOTHCS Ha
MPUHIUIIT 00’ €ITHAHHS TMPOTHO3IB JACKUIbKOX IHIUBIAyalbHUX MOJCIEH s
OTpPHMAaHHs OUIBII HAIIWHOTO 1 TOYHOTO Pe3yNIbTaTy 00UHCcIeHb. B sikocTi Mozaenei
cUCTEeMH aHcaMOJII0 3a3BHYail 3aCTOCOBYIOTHCS JIepeBa PillieHb, MAIIMHNA ONOPHUX
BEKTOpIB, HEUPOHHI Mepexi, perpeciitii Mojeni Tomro [22-25].

AHCaMOJleBi METOZM ITUPOKO 3aCTOCOBYIOThCS B PI3HUX cdepax 3aBIsKU iX
BHUCOKI/ TOYHOCTI, CTIHKOCTI JI0 TIepEeHaBYaHHS Ta 3/1aTHOCTI y3araJlbHIOBAaTH JIaHi.
OcHoBHI cepu ix 3acTocyBaHHS BKIItOUaroTh [19, 21, 26]: 06poOka 300paxeHp Ta
BiJIeO, pO3Mi3HaBaHHS MOBHU, (iHAHCOBE MPOTHO3YBAHHS, MEIMYHA JIIarHOCTHKA,
MPOTHO3YBAaHHS B METEOpOJIOrii Ta KIIMAaToNorii, MOJENIOBAaHHS CKJIAAHUX
¢iznyHMX 1 XIMIYHMX TpOLECiB, aHali3 JaHUX 1 TPOrHO3YBaHHSI B
reoiHQOpMAIifHUX cHUCTeMaX, Yy MAapKETHHIOBUX Ta EJIEKTPOHHUX KOMEPIIHNX
cucremax, Ta iH. Takox aHcamOyeBi Meroaud HaOyBalOTh Jedani OiIbIIOro
MOLIMPEHHS Y TiAPOTEXHIlll Ta YIIpaBIiHHI BOJHUMH PecypcaMu, 30KpemMa, Bizomi ix
3aCTOCYBAHHS Ul NPOTHO3YBaHHS CTOKY Ta PiBHIB BOIU B piuKax, MOJENIOBaHHA
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PO3MOIiTY Ta TPAHCIIOPTY 3a0PYAHIOIOYMX PEUOBUH Y BOAHHUX 00’ €KTaX, BUIBICHHS
Ta MPOTHO3YBaHHS MaBOJKOBHUX PU3HUKiB, 3aTIOBHEHHS MPOTAIMH Yy TiAPOIOTIYHHX
naHuX (IHTepHoALis a00 PEKOHCTPYKIis BiACYTHIX BUMIpPIOBaHb BUTPATH a00 PiBHS
BomM) [27-29].

Orsin MeToIiB aHCcaMOJIeBOTO HaBYaHHS BHKIameHO B [18-23, 25]. 3okpema, B
TakuX poOOTaxX PO3MIAAAIOTHCS HACTYIMHI BaXKIMBI MHUTAHHA: 3arajibHa CTPYKTypa
aHcamOJIr0 Mozienielt, cTparerii mooyAoBr aHCAMOIIO MOJIETIEH, CTpaTeTii po3moAiTy
JaHUX MDK MOJENSIMH aHcaMOJi0, METOAM aHcaMmOIeBOr0 HaBYaHHS, a TAKOX
METOJAHM arperyBaHHsl (37HUTTs) IPOTHO31B MOJieNieii aHcaMOJTIo.

[IponioHyeTbCca U MIATPUMKH MAaTEeMAaTHYHOTO MOJENIOBAHHS PIYKOBHX
MIOTOKIB 3aCTOCYBAaTH aHCaMONb MTYYHHX HEHPOHHUX MEpEeX UIA OOYMCIICHHS
koedimienTa 1mopcrkocti Ille3i. Takuiéi migXix € MPOJOBKEHHSIM HAIIAX
JIOCTIIDKEHb, Ki mpeacTaBieHi B myOmikarisx [30-33] Ta Bkitoyayid B ce0e Orisig
MeToJiB obuucieHHs koedimienta lle3i, yrouHeHHS He0OXiTHUX HAOOpiB MaHUX,
po3poOKy 6a30BOi MOelNi 3 BpaxyBaHHSAM YCKIQJIHEHHS apXiTeKTypH HEHpOHHOI
Mepexi. Y HalloMy BUIAJKY AJISl BUPILICHHS 3aa4ui IPOTHO3YBaHHS €MITipUYHOTO
koedimienTa rigpaBiaigHOoro omopy llle3i mms BiIKPUTHX PYCIOBUX TOTOKIB
3aCTOCOBYETHCS MOJIENb IMOBHO-3B'S3HOI HEMPOHHOT MEpexi 3 CHUTMOMOIIOHOIO
(dyHKII€IO aKTHBALlil, sIKa YCHIIIHO anpoboBaHa B pobortax [31-33]. [IpononyeThbes
noOyyBaTH OTHOPITHMIA aHCaMOJIb 3 TPHOX TAKMX MOJICNIEH HEHPOHHUX MEpEex.
HaBuanas nwx wmogenedt 3AIMCHIOETBCSA TapajelbHO 3a JIOTIOMOTOID METOIy
3BOPOTHOTO TMOIIMPEHHS TMOXWOKM Ha OCHOBI Metoay Oerrinry (Bagging abo
Bootstrap Aggregating) [19, 24]. HaByanbHi BuOipkH (QOPMYIOTBCS Ha OCHOBI
MOJILOBUX TiNPOJOTIYHUX Ta TigPOMOPQOIOTIYHAX JAHUX TIPO OCOOIHMBOCTI
MOBEIIHKHM TiJPaBIiYHOTO OIOpPY HA MINSHKAaX Mepenripcbkux pidok. Lli mani
BKIIIOYAIOTh: BHCOTY Ta WIMPHHY I[IOTOKY, CEPEJHI0 WIBHIKICTh TOTOKY,
TiIpaBIivYHUI YXUI pyclia, po3Mip YaCTHUHOK JOHHOT'O MaTepiaiy Ta iHIIi BiIMOBIIHI
rigpasiiuHi Ta MOpoMeTprudHI XapakTeprucTuku. Ha ocHOBI HaBueHOT0 aHCaMOIIO
HEHPOHHUX Mepex HaOIIKEeHa OIliHKa JTOCIKYBAHOTO eMITIPUYHOTO KoedillieHTa
[Ie3i BUKOHYETBCS 3a IOTIOMOTOIO 3ITUTTS (arperyBaHHs ) IPOTHO3iB TPHOX MOJeIeH
i3 3acToCyBaHHSM MOJU(IKOBAHOIO METOy TOJOCYBaHHS Ha OCHOBI BUpIIIEHHS
3BOpoTHOI 3amadi. Lle# mixxix mo3Boinsse oTpuMaru OLTBII CTaOiIMBHUA Ta TOYHUI
MPOTHO3, YHUKAIOYH iHAWBIAYyaIbHI TOXUOKH OKPEMHX MOJIEICH.

2. IlocTaHoBKa 3amaui

OCHOBHOIO 3a7a4€i0 € po3po0OKa Ta TECTyBaHHS OOYMCITIOBAILHOTO alTOPUTMY,
3aCHOBAaHOI'O HA aHCaMOJIEBOMY HAaBYaHHI INTYYHUX HEHPOHHUX MEPEX, I
MPOTHO3YBaHHS EMITIpUYHOTO Koe(illieHTa T1IPaBIIYHOTO ONOPY Y BIIKPUTHX
pyciiax pidok, Biomoro sik koediieHT mopcerkocTi [le3i C. Bxignumu tanumMu fjis
MOJIeJIi € TigpoJIoTiuHi Ta TiApoMOopdOJIOTiyHI XapaKTEPUCTUKU PyCla: CepeHi
LIMpHHA Ta TIMOMHA MOTOKY, TiApaBiiuHuil panaiyc, BUTpaTa Boaud ab0 MIBHIKICTH
MOTOKY, YXHJI IIOBEPXHi BOJIU, NIOPCTKICTH JTHA Ta 1HIII MMapaMeTpH, IO BIUIUBAIOThH
Ha omip mortoky. LlinkoBoro 3miHHOW0 € koedimient lesi C, sxuil mOTpiOHO
BU3HAYUTH 3 BUCOKOIO TOUHICTIO.

MaremaTH4HO 33724y MOXHA chOpMYITIOBaTH K momyk GyHkiii f: X — Y, n1e X —
MPOCTip BXIJHUX TiAPOJOTIYHUX Ta TiAPOMOPQONOTIYHUX TapamerpiB, a Y —
3HaueHHs koeginienta lesi C. L ¢pyHkuis Oyne ampoKCUMYyBaTHCS aHCAaMOJIEBOIO
MOJICJITIO HEHPOHHUX MEPEK.
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B pamkax aHcaM0J1eBO1 cUCTeMH HaOJIMKEeHE 3HAUCHHS KOe(ili€HTa IIIOPCTKOCTI
IIesi € (M2 /c) mpomoHyeThCs BU3HAYATH 3TIAHO 3 HACTYITHOIO 0OUHCITIOBAIBHOIO
MOJIEILITIO:

CX) = Ca(X) £ 9 (X), e

ne C, — 3HaueHHs koedinieHTa Ile3i B mepmoMy HaOMMKEHHI, 10 00YHCITIOETHCS
3a momomororo ocHoBHOI IIIHM (ANN-A), ska HaBYa€ThCSA 3a JOIIOMOTOIO
mpuknanis (xq,%5,V,C,)i, X = (x1,X,,V) — BekTOp BXiZHHUX TiAPONOTIYHKX i
rizpomopdonoriunux xapakrepuctuk s [IHM, x; € {n, A, Sf,B}, x, € {h,R},
n — xoedinient mopcrkocti Loknepa-Menninra (c/mM'/3), A — Bucota BuCTymiB
IIOPCTKOCTI pycia (M), Sy — yXujl HOBEPXHI BOAH, B — cepenst luprHa noToky (M),
h — cepenns rauOuHa TOTOKY (M), R — rimpaBmiunuii pamiyc (M), V — cepenns
HIBUIKICTH BOJHOTO MOTOKY (M/C), (9 — BEeIMYMHA YTOUYHEHHSI, SIKA BCTAHOBITIOETHCS
3a gjonomororo noaatkosux [IIHM (ANN-B1 ta ANN-B2, sixi OyxyroThCsi HA OCHOBI
0a3oBoi Mozeni Mepexki), IO MONMEPEeJHHO HABYAIOTHCS HA OKPEMHX TIpyrnax
OPHUKIAIIB map BXOMAiB (X1, X5, V); Ta eTaTOHHUX BUXO/IB (; HEHPOHHOT MEPEXKi, 1€

@i = (Coi — O)y, (2
Y = 1) COi > Ca_ (3)
Y = _1a COi < Ca (4)

_ Coi € [Cmaxr Cmin]a
C= ZiCOi/ma [ = 1,"1,

C,; — eranoHHe 3HaueHHS koedimienTta [lle3i y miama3zoHi HOTO MaKCHMaIbHOTO
Cmax Ta MiHIMaNBHOTO C;, 3HAUYEHb B paMKax JIOCIHIDKYBAHOI IMPEeIMETHOI
obnacTi, C — cepeine 3HaueHHs BCiX C,; 3 MAKETy HABYANBLHUX MPUKJIAiB OCHOBHOI
[ITHM, m — kiJIbKICTh PUKJIAIIB B OCHOBHIN HaBYaJIbHINA BUOIPII, Y — JOMOMIKHUH
Koe(illi€HT, SKUi BU3HAYAE€THCSA 3TiHO 3 yMoBamH (3), (4).

[IpomonyeThest 3acTOCOBYBATH JIsi 00uHCIeHHs KoedimienTta mopctkocTi [esi
aHcaMOJIb ITyYHMX HEHPOHHMX MeEpeX 3 BpaxyBaHHSIM HACTYIHHUX iJeH,
MIPUITYIIEHb i 0OMEXKEHb!

1. Hexaif B paMKkax JOCHiKyBaHOI IpeaMeTHOI 00IacTi HaOIvbKeHi 3HAaYeHHS
koedimienTa llle3i obumcnroroThest 3rimHo 3 (1), ToOTO siIK cyma abo pi3HUIA
BenuuuHU C,, sSIKa BU3HAUEHA 3a JomoMoror 6a3zoBoi IIIHM, Ta BennuuHU HOTO
YTOUHEHHS (@, 1110 BU3HAYEHa 3a JonoMoroo gonomixkuux HIHM.

2. O0’egHyeMo Tpu Mozedi moBHICTIO 3B’s3aH0i [ITHM mpsiMmoro mommpeHHs 3
OJIHUM MPUXOBAHHUM ILIAPOM 1 CUTMOIIOAI0HOO JIOTICTUYHO (PYHKIIIEI0 aKTHBALIIT.
3navyenHs koedimienta [le3i B mepmomy HaOmmxeHHi €4 OOYHMCIIOETHCS 3a
nornomoro 6azoBoi mozeni HIHM (momens ANN-A), sika Oyna anpoOoBaHa B
nonepeanix pociimkennsax [31, 32]. i nonatkoei HHIHM (Mmomeni ANN-BI Ta
ANN-B2), 110 OyayroTbcsi Ha OCHOBI 0a30B0T MOJIEJII MEpPEeXi, 3aCTOCOBYIOTHCS JIJIst
00UYHCIIEHHsS BEIMYMHU (¢ JUIsl yTouHeHHs1 koediuienta C,. JlomaTkoBi HEWpOHHI
MepeXi HaBYalOTBhCS Ha OKPEeMHX MHiIBUOIpKaX HaBYAJIbHUX MNPHUKIAMIB, SKi
(hOpMYIOTHCS €KCIIEPTOM 13 3arajibHOl HaBYaJIbHOT BUOIPKH.

3. OcrarouHuii pe3yabTaT IMPOTHO3YBAaHHS AaHCAMOJIO BCTAHOBIIOETHCS 3a
TificyMKaMu arperyBanHs mporHosis Cy, Cgq, Cpp TPHOX HEHpoHHMX Mepex. s
LBOTO AHANI3YETHCS MHOXKHMHA IPOTHO3IB Ha OCHOBI MOAW(IKOBAHOTO METONY
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TOJIOCYBaHHS 13 BHUPIIICHHSIM 3BOPOTHOI 3amadi, 00 BCTAHOBHTH €IWHUMN
pEe3yJIbTaT, SKUil HalKpalle BiAMOBiAa€ BXiTHUM yMOBaM 3aaaui (1).

3. MeToau, MaTepiajau Ta 009UCII0BATBHI AJITOPUTMHU

VY 1poMy OCTiIKEHHI BUKOPUCTOBYIOTHCS MaTepiain Ta PO3BUBAIOTHCS PE3yIbTATH
BHIIIEHHS 3a7adi OOYHCIEHHS eMITipudHoro KoedimieHta mopctkocti I1le3i 3a
JONOMOrOl0 IUTYYHHX HEHPOHHMX MEpEeX [UId MIATPUMKH MaTeMaTHIHOro
MOJICJIIOBaHHSI PIYKOBHX ITOTOKiB, mpeacTasieHi B [30-33].

Hns moOymoBW, HaBuaHHS 1 TecTyBaHHs ancambmro IIITHM Buxopucrtano
iHCTpyMeHTH mnporpamyBaHHS Python [34-39]. 3aramom st BupimeHHsS
MOCTaBJICHOI 3aAayl OyfaM BHUKOPUCTAaHI HAYKOBI METOAM TEOPETUYHOIO Ta
EMITIpUYHOT0 BHUBUCHHS MPOOIEMH, JialeKTHYHOTO Mi3HAHHS, METOIN €KCIIEPTHOI
OIIIHKH Ta OPiBHIHHS, eBPUCTHYHI METOIN, METOAH PopMaltizallii Ta MOIETIOBAHHS
B paMKax IfisricHoro minxoxy [40], MeToau rigpaBiIiky BIIKpUTUX KaHaiB [ 1-3], mani
PO OCHOBHI Ti/IpaBIliyHI XapaKTepUCTUKH pidok YKpaincbkux Kapmar [41], metoau
IHTENIEKTyallbHOTO aHaNi3y JaHWX Ta METOAW MPHHHATTS pIlIeHh B yMOBax
HeBU3Ha4YeHOCTI [20, 42-45], MeToam po3poOKH INTyYHUX HEHPOHHUX MEpex
[34, 36, 38, 46, 47], meToau aHcaMOJieBOro HaBuaHHs [18-25], MeTonu po3poOKku
MPOTPaMHOrO 3a0e3MeueHHs 3a JOTIOMOTro0 MOBH Python muist minTpuMKN HaBYaHHS
HeHpoHHNX Mepex [34-39].

3.1. CTpykTypa aHcamM0.110 HelipOHHUX Mepex

[IpomonyeThCst cucTeMa aHCaMOIIO, KA CKIIAAETHCS 3 TPHOX OJHOPIIHUX MOBHO-
3Bs13HUX HeilpoHHHX Mepex (ITHM) — ANN-A, ANN-B1 ta ANN-B2 (puc. 1).
Koxna [MHM wmae BximHWil 1map, OIWH TPUXOBAaHWK IMIap Ta BUXIAHUH MIap.
KinbkicTh HEMpOHIB y BXiTHOMY IIapi BiAMIOBiAa€ KLTBKOCTI BX{AHUX T1APOJIOTIYHAX
Ta ripoMopdoioriyaux mnapamerpiB. KinbkicTh HEHpPOHIB y BHXIJHOMY MIapi
JIOPIBHIOE OJTHOMY, OCKUJIbKHA OOYHMCITIOETHCS €/TMHE 3HAUCHHS: Y BUINAKy OCHOBHOT
mozmeni ANN-A — 3HauenHs koedimienra llle3i B mepmomy HaOmmxeHHI Cy,
y Bunanky monoMixHux mozeneii ANN-B1 ta ANN-B2 — BiamoBigHO 3Ha4YeHHs
BEJIUYUHU (QPgq = +@ Ta @p, = —@, SKi BUKOPUCTOBYETHCS IS YTOYHEHHS Cy4
3rigHo 3 (1). B sikocTi dyHKIIT akTHBAIlil B TPUXOBAHUX IIapaX BUKOPUCTOBYETHCS
curMoinHa QyHKIIis, SKa JO3BOJISE MOAETIOBATH HETiHIIHI 3aiexxHOCTi [46, 47].

Bbazopa mogmens [THM pmns mpornosyBanHs koedimienta Ille3i omucana i
ampoboBana B [31-33]:

C= f(xll X2, V): X1 € {n: A: Sf; B}a X2 € {h'R} (5)

[IponionyeThest it gomomixkaUX Mepexk ANN-B1 ta ANN-B2 Bukopucratu
TaKy X apxiTektypy, sk i aiast ANN-A — 3rigHo 3 Mojemno (5), ane nmpu 1poMy y
HEHPOHI BUXITHOTO APy BCTAHOBJIIOETHCS IMapaMeTp ¢, €TAIOHHI 3HAYEHHS SKOTO
JUIS HaBYAJIBHUX MPUKIAIIB BU3HAYAIOTHCA 3rimHO 3 (2)-(4). Takum YuHOM,
JIOTIOMDKHY HEHPOHHY MEPEXY MOXKHA OIMCATH Y BUIIIS I O0UYHUCIIFOBAIBHOT MOJIEII

(2), (6):

@ = f(x,x5,V), x1 € {n, A,Sf,B}, x, € {h,R}. (6)
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Hetiporna mepexxa ANN-B1 OyayeTbes Ha OCHOBI 0OYHCITIOBAIBHOT Mo (2),
(3), (6), a mepesxa ANN-B2 — Ha ocHOBI (2), (4), (6). Lli HelipoHHI Mepeski B HALLIOMY
BUIIAJIKy HABYAIOTHCS HA BIiANOBiIHMX Habopax npukianis (xq,x,,V,@)El Ta
(x1,%2,V, 9)B?%, axi y cBoro uepry GpopMyrOThCS EKCIIEPTOM Ha OCHOBI HAaBYAJIbHUX
BuOipok (x4, %5, V, C,p).

B namomy Bumaaky 3arajibHa MOJENb OJHOPITHOTO aHcamOmo Moxe OyTH
npeacTaBieHa, ik Ha puc. 1. AHcaMOIb CKIafaeThes 3 HAOOpy HEHPOHHHUX MEPEex
ANN-A, ANN-BI1, ANN-B2, sxi mpo#nnim HaBYaHHS Ha BXITHMX MaHUX. Taki
YYaCHUKH aHCAMOITIO CTBOPIOIOT TPOTHO3H C4> ©p1, Pp2, AKI 00’€THYIOTBCA 3
spaxysanssMm (1). IIporaosu Cy, Cgq, Cp, aHATI3YIOTHCA T OTPUMAHHS CYKYITHOTO
nporHo3y (arperyBaHHs). TakuM 4YHHOM, 3arajlbHa OCHOBa 3alpONOHOBAaHOL
aHcaMbJeBOi CHCTEMH MOJArae y BHKOPHCTaHHI (YHKIil arperyBamHs C i
06’eqnanns  mporHosiB  Cy4, Cpy = C(Cy4,0p1), Cgp = C(Cy,@pp), 1106
nepenoaunTH €IUHUN pe3yibTaT, SKWH HaWKpalle BiJIIOBIJAaE BXiTHHUM yMOBaM
3amaui (1).

Input
Data:
( Xy, Xz, X 3)
v ! v
ANN-A ANN-B1 ANN-B2

C(Cur Pur $uz)

A
Final
Predictions

Puc. 1. 3arasiipHa CTpyKTypa OZHOPIIHOTO aHCaMOJII0 HEHPOHHUX MEPEK
3.2. AIropuT™M po3mofiy JaHUX MiK MoAeIsIMH aHCaM 0110

Bxinni Ta BuXinHi HA0OpW NaHUX, BKIIOYAIOYN HABYAJIbHI Ta TECTOBI IPUKIAIN JIJIS
0a3oBoi Mojem HelipoHHoi Mepexi (HM), moOyaoBaHi BiJIMOBIAHO 10 MPUHIIMITIB
0e3nepepBHOCTI, OAHOPIIHOCTI, HEHAUIMIIKOBOCTI Ta Hopmamizarii. 1li Habopu
JaHWX OTPUMaHi 3 TOJIbOBHX CIIOCTEPEKEHb 3a TiAPOJOTiYHHMHU  Ta
TiIpoMOp(OIOriYHUMHK TIapaMEeTPaMH PiuKOBMX JJIAHOK: BUTpaTa Bomu Q (M3/c),
cepelHsl MIBUAKICTH BOAHOTO TOTOKY V (M/c), xoedimient omopy I'okiepa-
MeHnHinra n, yXuin noBepxHi Boau Sg, cepelHi mupuHa B (M) Ta rMOuHa NOTOKY
h (M), BUCOTa BUCTYMIB WIOPCTKOCTI A (cepenHiil AiaMeTp 4acToK JIoKa pycia ado
Cepe/iHIN JiaMeTp BIIMOCTKH pycia (M)) Ta TigpaBiiyauid pagiyc R (m). [TomsoBi
JlaHi TEpPETBOPIOIOTHCS TaKUM YHHOM, LI00 OTPUMAaTH iX MOJEJbHI 3HAuYeHHS
B aianazodi Bix 0 1o 1. 30kpema, 3 MeTOI0 HOpMadi3alii, napameTp B OyB 3amiHeHuit
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Ha Koe(ilieHT Sth_l. 3amicte mapamerpie V, h, C, po3riasgamucs
xapakTepucTiku Mozeni V X 1072, h x 1072, C X 1072, 3naueHHs napaMeTpis @,
S¢ Ta M 3anMmIAIKCh He3MiHeHWMH. Ilpouemypa (opmyBaHHs, yTOYHEHHS Ta
HOpMaJTi3allii Takux HAOOPIB JaHWX Yy MeXaX JOCIiJPKyBaHOI 00JiacTi onmucaHa B
[31, 32]. Taki » IpHUHITUIH 3aCTOCOBYIOTHCS JIO TMiATOTOBKHM BXITHUX JAHUX JJIST BCIX
MoJieielt aHcaMOITIo.

dopmMyBaHHs HaBUYATBHUX BHOIPOK 17151 KokHOT HM aHcamOumio 31iHCHIOETECS Ha
ocHOBI Mmetoxy Oerrinry (Bim Bootstrap Aggregating, Bagging) [19, 24]. Cytb
METOJTy ITOJIATAE Y HaBUaHHI KiJTPKOX MOJIENIeH OJTHOTO THITY (HAIIPHUKIIA], HEHPOHH1
MEpEexKi, IepeBa pillleHb Ta iH.) HA OKPEeMHUX MiJABHOIpKaX HaBYAJIHHUX JaHUX Ta
o0'emHanHi iX mporHo3iB. Lle 103BoIsiE€ cTBOPIOBATH YHIKaldbHI HaBYAIbHI HA0OpH
IUTE KOXKHOI Mofeli aHcamOiio, IO CIpHse MiABUINEHHIO HOTO y3araibHIOIUOl
3MATHOCTI Ta 3HWKEHHIO Aucnepcii. Takoxk 3aCTOCOBYETBCS CTpPATETisl HE3aIEKHUX
HaOoOpiB JaHUX, AKa nependaydac GOopMyBaHHS 1 3aCTOCYBaHHS MiIMHOXHH JTAHHX,
SIK1 He 3aJIekaTh ofHa Big ogHoi [21, 22].

Anzopumm po3nodiny danux TOIATAE y HACTYITHOMY (pHC. 2):

1. Bxix: Habip HaByanpHuX npukiaaiB D, = (xq,x3,V, C,); po3MipoM m, B SIKHX
3HAUCHHS BXigHHUX mapamerpiB (xq,x,,V);, ne x; € {n, A, S¢, B}, x, € {h,R},
CTaBJIATBCSA Y BIJMOBIMHICTh €TAJOHHMM 3HA4YeHHsAM Koeodimienta Ille3i C, €
[Crnax» Cminl; pedepentHi 3Hadenns C,; BH3HAYAIOTHCSA BIAMOBIAHO 1O JAHHX
TiAPOJOTIYHMX CIIOCTepeXeHb Ha ocHOBI popmymu [e3i [1-3, 31]:

_(_% ;_
Co= () .1 =T, )

ne Q, — cHoCTepesKyBaHa BMTpaTa BOJHOTO MOTOKy (M3/c), m — KilbKicTh
MIPUKJIAJIB B OCHOBHI# HaBYaJIbHINA BUOIPIII.

2. OcaoBHa HM ANN-A HaB4a€eThCs 3a JOIIOMOT0I0 BUOIpKH MPUKIaniB D,,.

3. Jlomomixkui HM ANN-B1 Ta ANN-B2 HaBuarOTBCS 3a JOINOMOIOK)
BIJINOBITHMX HE3AJICKHUX I IMHOKUH HaBYaIbHUX pUKIagiB D; = (xq,x,,V, (p)? 1
ta Dy = (xq,%,,V,9)P?, sKki CTBOPIOIOTHCA €KCHEPTOM 3a JOTIOMOTO0 TaKHX
MPaBUIL:

3.1, (xq1,%2,V, (E)fl bopMyrOThCS Ha OCHOBI TABHOIpKU (X4, %5, V,Cy)i, Cpi €
[Crnax Cal, Cq > C, ne eTanonHi 3Ha4EHHs (; 00UUCTIOIOTHCS 3riaHO 3 (2), (3), i
1,m; <m.

3.2. (x1,%5,V,)P? dopmyrorsea Ha ocHosi mimeuGipku (xq,%5,V,Cy);, Co;
[Cﬁ, Cmin], Cp < C, ne eTajoHHI 3HAYEHHSA (; OOUUCIIOIOTECS 3TIIHO 3 (2), (4),

m

1,m, <m.

3.3. Cq, Cg — BCTAHOBJIOKOTLCS €KCIEPTOM 3a PE3YJILTATAMHU AHATI3Y KOMKHOI
HaBuanbHOi BUGiIpKK (Xq,X,,V,C,); MISXOM TONIYKy BHMaikie, komu C,; =~ C,
Cp < C < Cq, C, € (Cy, Cp).

4. Pemra nanux, mo He notpamnuiu 10 D; ta D, (tak 3Bani Out-of-Bag (OOB)
npuknamn), (x1,%2,V, Co)y, C; € (€, Cp), C; = C, Cp < C < Cq, He GepyTh yuacTi
B HaBYaHHI JOMOMDKHMX HM, OCKibKH BBaXKaeMO (IIPUIYCKAEMO), MO JJISI i€
rpynu gaHux ob0uncieHe 3HadeHHs Cy 3a JonomMoror ocHoBHOI HM yTouHeHHs He
moTpeoye.
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3pa3ku chOpPMOBAHMX 3TITHO 3 UM aJrOPUTMOM HaBUYAIBHHMX HAOOPIB JaHHX
JUTSL 3aTIIPOTIOHOBAHOTO aHCAaMOJII0 HEHPOHHHUX MEPEX MPEJCTABIICHO B PEIO3UTOPIl
Github [48].

Npuxnaau Do Mogene 1
R (
2 X %3, CL),
(% X %5, C,) L ANN-A Budin 1
Has4anbHa C, € [Coux Coin]
BnbipKa: -
(1 X5 %5, Co) Npwenaau D1
\ ™ Mogene 2
(% %o %5, \Q(C,)), .
CmE [Com, Cyg ], [ ANN-BL Buxig 2 Ob'egHanHs mxia
’ - pe3yneTaTie aHcambnio
Cy<C
ExcnepTHa -
ouiHKa:
Npuknagu D2
CJ"" CP B2 Mogene 3
R (%1 %50 %3 \(C, ),

B2
C,€ [CP..C..m]. }—> ANN-B2 Buxin 3

C >E J
. R

Puc. 2. HapanenLHe a"HcaMOJeBe HaBYaHHS 3 BUKOPUCTAHHAM HC3AJICIKHUX Ha60piB JaHuX,
x; € {n,AS;, B}, x; € {h,R}, x5 =V

3.3. Airoput™M HaBYaHHS aHCaMOJII0 HeHPOHHUX Mepek

KosxHa HelipoHHa Mepeka B aHCaMOJli HaBUAETHCS TIapalieNIbHO Ha cBOil bootstrap-
BUOIpII (SIK 11€ TIOKAa3aHO Ha PUC. 2) 3a JIOIOMOTOK METO/Iy 3BOPOTHOIO TIOIITHUPEHHS
nmoxuOku (backpropagation) [19, 47]. Peamizamist anropurmy HaBuaHHS Ha Python
npencrasieHa B Tabm. 1, 2 ta y moaymi C EANN training.py B peno3utopii
Github [48].

Anzopumm nHaguanna:

1. IapanensHe QopmyBanHs HeripoHHHx Mepexxk ANN A, ANN Bl, ANN B2
IUISXOM BUKOHAHHS JIsl KOXKHOI 3 HUX HACTYITHUX KPOKiB (Tadi. 1):

1.1. BigkpuTts ¢aitny BXiTHUX JTaHUX.

1.2. Inimiamizanis mapaMeTpiB apXiTeKTypH Ta IMapamMeTpiB MeTOy HaBUaHHS
(pyHKmis akTHBamii, eNoXW Ta MIBUIKICTH HaBuaHHs). KoedilieHT MBUIKOCTI
HaBuanHs = 0,002. Jlorictmuna ¢yHKIisA akTHBalii (CUTMOI;) A7 HEHPOHIB
MPUXOBAHMX IIAPIB.

1.3. BunagkoBUM 4YHHOM 3[[IHCHIOETHCS I1HIiIliai3alliss MaTpPHUIb BaroBUX
KOEIiIi€HTIB.

1.4. 3aBaHTa)KEHHS BIAMOBIIHIX HaYaIbHUX HAOOPIB JaHUX.

2. IlapanensHe HaBuaHHS ANN A, ANN Bl, ANN B2. /Ins xoxHOi HEMPOHHOI
Mmepexi ANN; (i = 0, 1, 2) B ancamOI1i BUKOHYIOTBCS (Tabi. 2):

2.1. Bxin: wapuaneni npuknanum D = (Xq,Xp,X3,Y;), A€ Xj — BXiaHi
XapaKTePUCTUKH, Y; — LIIbOBE 3HAUECHHSI.

2.2. Itepariii HaB4aHHs (ETIOXHU):

2.2.1. Ilpssme nommpeHHs:
UL KOXKHOrO mpukinany (Xq,X,,X3,Y;) 3 D; 0OYHCITIOETBCS BHXIiT
HEHPOHHOI Mepexi J;.
2.2.2. O6uucnenns noxuoku: E; = y; — ¥; (GyHkuis BTpar).
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2.2.3. 3BOpOTHE TOIIMPEHHS: IMOXMOKa MOIIHUPIOETHCS HA3all IO MEPEXKi,
OOYHCIIOIOTECSL TpafieHTH (QYHKLIi BTpaT MO BiAHOWICHHIO JO BaroBUX
KOe(illi€HTIB.

2.2.4. OHOBIIEHHS BaroBUX KoeiIieHTIB: BaroBi KOe(himMi€HTH OHOBITIOIOTHCS
3a TPaBHJIOM TPAJI€EHTHOTO CITYCKY, BUKOPHCTOBYIOUH OOYHMCIICHI Tpami€HTH Ta
LIBUIKICTH HABYAHHS.

2.3. YMoBa 3yNWHKHM: HaBYaHHS MPOJOBXKYETbCA IO JOCATHEHHS 3aJaHOi

KIUJIBKOCTI €T10X.
3. PesynbraTn HaBuaHHs aHcamOmM0 (OPMYIOThCA Y BHIUISAI HAaOOpiB OKpeMHUX
¢aiiniB naHux i3 3HAUYCHHAMH HANAIITOBAHWX (HATPEHOBAHHWX) MATPHIb BarOoBUX
koedimienTiB ms koxHOi 3 HM ANN-A, ANN-B1, ANN-B2 (Ta6m. 2).

Otpumani  pe3yibTaTH  HaBYaHHS  aHCaMONIO0  HEHPOHHUX  Mepex
BUKOPHUCTOBYIOTHCS JJIsl OOUUCIIeHHS (IPOTHO3YBaHHs1) 3HaueHb Koedinienta [1lesi
Ha JIOBIJIbHHUX BXiJTHUX JaHUX B paMKax MMpeIMeTHOi 001acTi.

Tabmuus 1. Peamizamist anroputMy HaB4aHHS aHCamONI0 HEHPOHHUX MEpEX B
Python. bnok inimianizarii mapameTpis

o IIporpamumii ko1 No IIporpamawmii Ko

1 import openpyx! 30 sheet_data =

2 import numpy as np Training_Data.worksheets[page_number]

3 from os.path import join, abspath 31

4 32 # KiNbKiCTb HaBYaNIbHUX NPUKNAAIB

5 # dyHKUjiA akTMBaUiT 33 max_row_data = sheet_data['A3'].value

6 def logistic(x): 34

7 return 1.0 / (1 + np.exp(-x)) 35 # napameTpu mepexi

8 def logistic_deriv(x): 36 input_size = sheet_data['A5'].value

9 return logistic(x) * (1 - logistic(x)) 37 hidden_size = sheet_data['A7'].value

10 38 output_size = sheet_data['A9'].value

11 | # napameTpu HaBYaHHA MepeXxi 39

12 epoch_count =200 # enoxu HaB4YaHHA 40 # maTpuui Barosumx KoediuieHTiB W_1iW_2

13 alpha = 0.002 # weunAaKicTb HaBYaHHA 41 # 3a/4a0TbCA BUNAAKOBUMM 3HAYEHHAMM

14 42

15 | # peanisauia HasyaHHA LUHMi 43 np.random.seed(1)

16 | #3iHpeHTndikaTopom ANN_ID 44 W_1=0.02 * np.random.random((input_size,

17 | def traininng_ANN(ANN_ID, hidden_size)) - 0.01
epoch_count, alpha): 45 W_2 =0.6 * np.random.random((hidden_size,

18 output_size)) - 0.3

19 # 3unTyBaHHA NapameTpiB MepeXKi Ta 46

20 # HaBYaNbHUX NpPUKNALIB 47 # iniujanisauia maTpuub Bxoais i Buxoais HM

21 # 3 dbainy paHux Excel 48 len_ryadok = input_size

22 page_number =0 49 | #8Xia

23 if ANN_ID == "A": page_number =0 50 characteristics_riverbed = np.zeros(

24 if ANN_ID =="B1": page_number=2 | 51 shape=(max_row_data, len_ryadok))

25 if ANN_ID == "B2": page_number=4 | 52 | #Buxig

26 53 coef_C = np.zeros(shape=(max_row_data))

27 data_path =join('.!, 'Data’, 54 foriin range(max_row_data):
"Training_Data.xlsx") 55 coef_C[i] = sheet_datali + 2][input_size + 1].value

28 data_path = abspath(data_path) 56 for j in range(len_ryadok):

29 Training_Data = 57 characteristics_riverbed[i][j] = sheet_data[i +
openpyxl.open(data_path, 2][j + 1].value
read_only=True, data_only=True)
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Tabmums 2. Peamizariss anropuTMy HaBYaHHS aHCAMOJI0O HEHMPOHHUX MEpexX B
Python. bnok napanensHOro HaBUaHHSA

Ne IIporpamuuii Kox Ne IIporpamuuii Koz

58 # peanisavuis enox HaBYaHHA 83 f = open(data_path, 'w')

59 for iteration in range(epoch_count): 84 foriin range(0, input_size - 1):

60 foriin 85 for j in range(0, hidden_size - 1):
range(len(characteristics_riverbed)): 86 f.write(str(W_1[i][j]) +'")

61 87 f.write(str(W_1[i][hidden_size - 1]) + "\n')

62 # npamuin xig 88 for jin range(0, hidden_size - 1):

63 layer_0 = characteristics_riverbed][i:i 89 f.write(str(W_1[input_size - 1][j]) +'"')
+1] 90 f.write(str(W_1[input_size - 1][hidden_size -

64 layer_1 = logistic(np.dot(layer_0, 1]))

W_1)) 91 f.close()

65 layer_2 = np.dot(layer_1, W_2) 92

66 93 data_path =join('".!, 'Data’,

67 # 3BOPOTHUI Xig, "weights_matrix_2_"+ANN_ID+".txt")

68 layer_2_delta = (coef_Cl[i:i + 1] - 94 data_path = abspath(data_path)
layer_2) 95 f = open(data_path, 'w')

69 layer_1_delta = 96 foriin range(0, hidden_size - 1):
layer_2_delta.dot(W_2.T) * 97 forjin range(0, 1):
logistic_deriv(layer_1) 98 f.write(str(W_2[i][j]) + '\n')

70 99 f.write(str(W_2[hidden_size - 1][0]))

71 # OHOB/NIEHHSA BaroBux KoeodiuieHTis 100 f.close()

72 W_2=W_2 +alpha * 101 print('Aina ANN_'+ANN_ID+' HanawToBaHi
layer_1.T.dot(layer_2_delta) MaTpuLi BaroBmx KoedieHTiB ycnilwHO

73 W_1=W_1+alpha * 36epexeHo.')
layer_0.T.dot(layer_1_delta) 102 | # kiHeup dyHKUji traininng_ANN

74 103

75 | # 3akpuTTa danny aaHnx Excel 104 | #napanesnbHe HaB4YaHHA aHcambio HM

76 Training_Data.close() 105 | #HaBuaHHAa ANN_A

77 106 | traininng_ANN("A", 100, alpha)

78 # 3anuc y daiin gaHmx 107 | #naBuaHHa ANN_B1

79 # pe3ynbTaTiB HaBYaHHA — 108 | traininng_ANN("B1", 600, alpha)

80 # maTtpuui sar W_1T1a W_2 ana ANN_ID 109 | #nasuaHHAa ANN_B2

81 data_path = join(".", 'Data’, 110 | traininng_ANN("B2", 600, alpha)

82 | "weights_matrix_1_"+ANN_ID+".txt") 111 | print('3aBepLweHHa nporpamu.’)

data_path = abspath(data_path) 112 | input()

3.4. AIropuT™M NpOrHO3yBaHHS 32 JONMOMOI0K) HABYEHOr0 aHCaMOJIK0 MojeJiei

[licnst HaB4aHHS KOXHOI HEWpPOHHOI Mepexi B aHcaMOlli, NPOTHO3YBaHHS
emmipudHoro koedimienta Ille3i ams HOBUX, HEBIIOMHX MaHUX 3HIHCHIOETHCS
NUISIXOM arperyBaHHs (3JIMTTS) MPOTHO3IB Bix ycix moxeneit HM [19, 21]. [dns
LOTO MPOMOHYETHCS BUKOPUCTOBYBATH MOJIN(IKOBAHUI METOJI TOJOCYBAaHHS Ha
OCHOBI BHUpilIEHHS 3BOPOTHOI 3amadi. lmes Takoro mizxony mependayae:
1) BU3HAa4YeHHS MMPOTHO3IB JIJIsl KOKHOTO YYacCHUKA aHcamOIIro, 2) po3risaaeThes
3BOpoTHA 33/1a4a (8), (9) 3 MeTor0 BCTaHOBIIEHHS (BUOOPY, TOJIOCYBAaHHS) B SKOCTI
OCTAaTOYHOI'O Pe3yJbTaTy MPOrHO3yBaHHs TUIBKM Tiel omiHkM meBHoi HM, sxa
HaWKpalle BiIOBiJa€ BXiTHUM yMOBaM aHcaMOuro. Pearizaiisi OCHOBHMX METO/IiB
aNnropuT™My mporHozyBaHHs koedimienta I[lle3i 3a jomomoror aHcamoOIIO
MITYYHUX HEHpoHHWX Mepex Ha Python mnpeacraBnena B Ttadm. 3, 4, 5
(imimiamizanmis napametpiB HM, MacuBiB maHux Ta 30epexkeHHS! pe3yJbTaTiB
NPOrHO3yBaHHs He HaBoasAThes) Ta y wMonylni C EANN calculating.py B
penosuropii Github [48].
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Anzopumm npozHO3Y6aAHHS:

1. Bxix: Habip HOBUX BXigHUX HaHuX X = (X1, Xy, X3) AJsl HPOTHO3YBAHHSL.

2. 3aBaHTa)X€HHsI HATPEHOBAHMX MATPHIb BaroBUX KOEQILI€HTIB AJsl HEHPOHHUX
mepex ANN-A, ANN-B1, ANN-B2.

3. Jliist koskHOTO TIpUKIany (xq, Xz, X3) 3 Ha0Opy AaHUX X BHKOHYEThCS (Tabm. 3):

3.1. 3a pmomomoroto ocHoBHOI HM ANN-A 00YMCIIOETBCS B TEPIIOMY
HaOMKeHHI 3HaYeHH KoedirtienTa [e3i €4 3riaHo 3 009MCIIOBATBHOI0 MOIEILTIO (5).

3.2. 3a momtomororo HM ANN-B1 0049ucIto€ThCSl BEIMYMHA YTOYHEHHS (g1 HA
ocHOBi (2), (3), (6) Ta Bu3Hayaerhcs 3rigHO 3 (1), (3) HaOmMWKeHE 3HAYCHHS
xoedinienta Ilesi Cgy.

3.3. 3a nonomororo HM ANN-B2 o0uncnroeTbcst BeMMUMHA YTOUYHEHHS (P, Ha
ocHOBi (2), (4), (6) Ta Bu3Hayaerbcs 3rigHO 3 (1), (4) HAOMMKEHE 3HAYCHHS
xoedinienta llesi Cg,.

3.4. ArperyBaHHs mporHO3iB (Ta0x. 4): BCTAHOBIIOETHCS, KA 3 HAOMMKEHUX
ominok xoedinienta Ilesi C,, Cgq, Cp, Halikpalle BiAMOBiZa€ BEKTOPY BXimHHX
nanux (xq,X5,Xx3), 1€ X1 € {n, A, Sf,B}, X, € {h, R}, x5 =V, g KOXHOrO 3
IHIVBITyaIbHUX TIPOTHO31B PO3TIISAAA€THCS 3BOPOTHA 3a]a4a Ha OCHOBI YMOBH:

[V = V| > min, k =13, (8)

ne V — erasoHHe 3HAuYEHHS IIBUIKOCTI BOJHOIO TIOTOKY BIJAIMOBIAHO JIO
TiPONOriuHKX JAHHUX, IO MOJAIOTHCSA Ha BXiJ aHCAMOII0 HEHPOHHUX Mepexk, V; =
V(Cy), V, =V (Cp1), V3 = V(Cp,), V — HaGnwkeHe 3HAUCHHS WUBUAKOCTi BOXHOTO
MOTOKY, [0 BU3HAYAETHCS BiMOBITHO IO JAHUX TiIPONIOTIYHUX CIIOCTEPEIKEHD HA
ocHOBi ¢opmynu [llesi [1-3, 31]:

V =C/RS;, )

ne C — HaOmWKeHI 3HAYEHHS koegimienta Ille3i, ski B HANIOMYy BHIAJAKY €
MHOKHHOIO iHAMBiZyansHux mnporHosiB C,, Cpq, Cp, Biamosimmmx HM, R —
rizpasniunuii pagiyc (M), R = h npu B > h, B — cepeans mwupuHa NOToKy (M), h —
CEpeJIHs IIMOUHA MOTOKY (M), Sy — yXWUJI IOBEPXHi BOJIH.

OcraTouHuil pe3yNbTaT MPOTHO3YBAHHSA aHCAMOIII0 HEUPOHHHX MEPEeK C(X)
oOupaeThes cepej iHAMBiAyalbHHX TporHo3iB koedimienta Illesi C,, Cpq, Cpy
(Tabmn. 5), nns SIKOTO BUKOHYETHCS YMOBa (8).

4. 30epesxeHHs pe3ysIbTaTiB MPOrHO3yBaHHS Y OKpeMoMy (aiiii gaHuX.

Tabmuns 3. Peamizaimist anroputMmy mnporHosyBaHHs B Python. Briox wmeromy
00YHCIIEHHS MPOTHO31B HEUPOHHUX MEPEK

Ne IIporpamuuii kox Ne IIporpamuuii kox
1 import openpyxl 32
2 import numpy as np 33 foriin range(len(raw_matrix1)):
3 from openpyxl import Workbook 34 b = raw_matrix1[i]
4 from openpyxl.styles import Alignment, | 35 a=bh.split("")
PatternFill, Font 36 for j in range(len(raw_matrix2)):
5 from os.path import join, abspath 37 W_1[i][j] = float(a[j])
6 38 for i in range(len(raw_matrix2)):
7 # cTaHZapTHa foricTnyHa ¢-ia akTMBauii 39 W_2[i] = float(raw_matrix2[i])
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8 def logistic(x): 40

9 return 1.0 / (1 + np.exp(-x)) 41 | # BigcniAKOBYBAHHA NOXMBKM

10 42 if (len(raw_matrix1) == input_size) and

11 | #* dyHKuia gna obumcneHHsa nporHosis LUHM * (len(raw_matrix2) == hidden_size):

12 | def calculating_ANN(ANN_ID): 43 param_matching =0

13 44 print('BxigHi gaHi ana ANN_'+ ANN_ID +

14 # 3UMTYBaHHA MaTPULb BaroBux KoeodiLieHTiB ' BignoBigaoTb NapameTpam maTpuupb Bar

15 data_path = join('.!, 'Data’, WHM,")
"weights_matrix_1_"+ANN_ID+".txt") 45 else:

16 data_path = abspath(data_path) 46 param_matching = 1

17 f = open(data_path) 47 print('BxigHi gaHi  He BignosigatoTb

18 raw_matrix1 = f.readlines() napameTpam matpuub Bar LLUHM.')

19 f.close() 48

20 data_path =join('.!, 'Data’, 49 # obumcneHHs BUXOAiIB Mepexi
"weights_matrix_2_"+ANN_ID+".txt") 50 if param_matching == 0:

21 data_path = abspath(data_path) 51 for i in range(max_row_data):

22 f = open(data_path) 52 # npamuii Xig obuncneHb

23 raw_matrix2 = f.readlines() 53 layer_0 = characteristics_riverbed[i:i + 1]

24 f.close() 54 layer_1 = logistic(np.dot(layer_0, W_1))

25 55 layer_2 = np.dot(layer_1, W_2)

26 # iHiujianisauin BekTopa Buxoais HM 56 output_ANN]Ji] = layer_2[0][0]

27 output_ANN = 57 print('ana Habopy BXiaHUX NapameTpis
np.zeros(shape=(max_row_data)) Ne',i+1,", o6uncnenwnin uxig ANN_'+ANN_ID+

28 '=", output_ANNIi])

29 # iHiujanisauia matpuup W_1iW_2 58

30 W_1 = np.zeros(shape=(input_size, 59 return output_ANN
hidden_size)) 60 | #* kiHeub dyHKU;i calculating_ANN *

31 W_2 = np.zeros(shape=(hidden_size,
output_size))

Tabmuns 4. Peamizamist anroputmy mnporHo3yBaHHs B Python. brmox wmeromy
arperyBaHHs IPOTHO31B HEHPOHHUX MEpex

Ne IIporpamuuii ko Ne IIporpamuuii koxt
61 def aggregation_C(C, C1, C2, Q, B, H, Sf): 77 delta_V[2] = abs(V_Q - V2)
62 # aHani3 nporHosis C_A, C_B1,C_B2 T1a 78
63 # BCTAHOB/IEHHA HAMKPALLLOro 3 HUX 79 # BCTAHOB/MIEHHA MiHIMANbHOrO BiAXW/IEHHA
64 # (3BopoTHa 3agaua (8), (9)) 80 min_delta = delta_V[0]
65 81 min_ind =0
66 delta_V = np.zeros(shape=(3)) 82 foriin range(1,3):
67 | #eTanoHHa WBMAKICTb NoToKy V(Q) 83 if min_delta > delta_V[i]:
68 V_Q=Q/(B*H) 84 min_delta = delta_V[i]
69 # HabnukeHa weuakictb V(C_A), 85 min_ind =i
70 V=C*(H *Sf) ** 0.5 86
71 V1=C1*(H *Sf) ** 0.5 # ws. V(C_B1) 87 # 0bUpaeTbCA BUXiL HEMPOHHOT Mepei
72 V2 =C2*(H * Sf) ** 0.5 # ws. V(C_B2) 88 # 3 MiHIMaNbHUM BiAXUNEHHAM
73 89 # Bif eTanoHHOro 3HayeHHs V(Q)
74 # 06UMCNEHHA BIAXUNEHHSA Bif €TaNOHY 90 if min_ind == 0: return C/100 # suxig = C_A
75 delta_V[0] = abs(V_Q- V) 91 if min_ind == 1: return C1/100 # suxig = C_B1
76 delta_V[1] = abs(V_Q- V1) 92 if min_ind == 2: return C2/100 # suxin = C_B2

Tabmuus 5. Peamizauis anroputmy nporno3yBanHs B Python. brok oGuuncienns
OCTaTOYHOTO NPOTHO3Y aHCaMOJII0 HEHPOHHUX MEPEex

Ne IIporpamuuii Koz, Ne IIporpamuuii Koz
93 # 06UYMCNEHHA NPOrHO3iB HaBYeHUxX LUHM 104 | # arperyBaHHA nporHosis HM
94 # ANN_A, ANN_B1, ANN_B2 105 | # (po3rnagaeTbcA 3BOPOTHA 3a4a4a)
95 coef_C_A = calculating_ANN("A") 106
96 | coef_deltal = calculating_ANN("B1") 107 | foriin range(max_row_data):
97 coef_delta2 = calculating_ ANN("B2") 108
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98 109 # BCTAHOBJ/IEHHA OCTAaTOYHMX 3HAYEHb
99 # 06UMCNeHHA 3HaueHb KoediuieHTa Lesi 110 # koediujeHTa Wesi C
100 | # 3 BpaxyBaHHAM nNporHosisa HM 111 coef_C[i] = aggregation_C(coef_C_A[i]*100,
101 | foriin range(max_row_data): coef_C_B1[i]*100, coef_C_B2[i]*100, Q[i], B[i],
102 coef_C_B1[i] = coef_C_A[i] + H[il, Sflil)
coef_deltal[i] 112
103 coef_C_B2[i] = coef_C_A[i] - 113 print(‘coef_C[', i, '] =", coef_C[i])
coef_delta2][i]

3.5. IIpo martepiaam nJs1 anpo0anii 004HCII0BAJBLHOIO ATTOPUTMY

Tounicts ormiHtoBaHHSA Koedirienta Ille3i 3HaYHOIO MIpPOIO 3AJCKHUTH  Bill
JOCTOBIPDHOCTI Ta TOYHOCTI BUMIPIOBaHb BIANOBIIHUX T1IPOMOP(OIOTiHHNX
MapaMeTpiB BiAKpUTUX pycroBux motokis [30, 31].

Hus ampobamii  3ampoIrOHOBAaHOTO 00YHCITIOBAILHOTO ANTOPUTMY
BUKOPHUCTOBYIOTHCS TIOJIBOBI TiApaBiidHi Ta MOPQOMETPHYHI JIaHi, IO CTOCYIOThCS
OKpeMHUX JIISTHOK TipchKuX pidok (Tabm. 6): Tuca (M. PaxiB), TepecBa (c. YcTb-
UYopna), Jlatopurs (c. Iliamonosss), Omip (M. Ckone), Pika (c. Mixrip’s), Yopauit
Uepemomn (c. BepxoBuna). 1li maTepianu TakoX BHUKOPUCTAHI JJIsi OOYMCIICHHS
koedinienTa mopcrkocTi Llle3i Ha OCHOBI HEHPOHHUX MEPEX B JOCHIHKEeHHI [32],
B SIKOMY OIHCAaHi 0COOJIMBOCTI MPeAMETHOI 00J1acTi Ta 0OMEKEHHS MapaMeTpiB s
BKa3aHUX MUITHOK pidok. JlaHI MICTATh BUMIPIOBaHHS, IO XapaKTePU3YIOTHCS
Pi3HOMaHITHUMH YMOBaMH TiJipaBiiuHoro onopy. Habip naHux Briovae:

1) MmopcomeTpudHi XapaKTepUCTUKH pycia: cepenHi mupuHa B Ta rmubunaa h
NOTOKY (M), IIOIIa TomepedHoro mepepisy A (M?2), rinpapniunmii pagiyc R (M),
R=h npuB > h;

2) TiZpaBiiYHi XapaKTePUCTHKU MOTOKY: CepeIHs MBUAKICT mOoToKy V = Q/A
(M/c), Butpara Boau Q (M3 /c), yxun BoaHoi nopepxHi S ;

3) XapaKTepUCTUKH MOPCTKOCTI pycia: CepeIHil JiaMeTp 9acTUHOK d = A (M)

IHa 1 OeperiB, CTYMiHb MIOPCTKOCTI (KoedilieHT mopcTKocTi ['okiepa-MeHHiHTa I
1/3Y).
(c/M/3));

4) BumipsiHi 3HavenHs koediienta lesi C, (M2 /c) s BianoBigHMX yMOB.

Tabmuns 6. I'impomopdororiuni naHi Mpo XapaKTEPUCTUKUA TipChKUX PIYOK,
BUKOPHUCTAHI JIJIsl HABYAHHS Ta TecTyBaHHA aHcamOito [ITHM

Zil;:;a Q A B hls 100] d n Co
oyena M /0) | () | ) | ) |7 ) | (c/m/?)| (m'2/c)
_ 197 | 7038 | 46,85| 1,5 | 0,0055 | 0,123| 0,0344 | 28739
Tuca, PaxiB
(apsamn) | 281 | 89.74 | 506 | 176 | 00055 | 0.123] 00344 | 29.93
318,33 | 98,59 | 52.26| 1,88 | 0,0055 | 0,123| 0,0344 | 30,49
Tuca, Paxis | 5,5 | 7647 | 481 | 1,59 | 0,0055 | 0.123| 00344 | 29,08
(TecTyBaHHS)
135 | 55,01 | 49.66| 1,10 | 0,008 | 0,142| 0,0364 | 25,80
Jlaropuu, 156 | 60,10 | 51,33 | 1,16 | 0,008 | 0,142| 0,0364 | 26,61
ITlimmonos3s
(napuammn) | 248 | 8026 | 53,73 | 148 | 0,008 | 0.142| 00364 | 27.58
319 | 9533 | 5446| 1,74 | 0,008 | 0,142| 0,0364 | 27,74
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[Iponossxennst Tabauwi 6

i 9 A LB hlg e @ n Co
3 2 1/3 1/2

ovos /0 | D) | ) | ) M) | (e/m3)] @2/0)

Jlatopuns, 114 | 4992 | 48 | 1,04 | 0,008 | 0,142 00364 | 24,99

ITinmonosssa

(recrypamms)| 177 | 6519 | 53 | 123 | 0,008 | 0,142| 0,0364 | 2742

Onip, 168,5 | 68,14 | 44,58 1,525| 0,006 | 0,13 | 0,035 | 23,76

Ckone 218,5 | 80.82 | 47.31| 1,70 | 0,006 | 0,13 | 0,035 | 2544

(nasuanid) | 3005 [ 1003 | 505 | 1.975] 0.006 | 013 | 0035 | 27.59

Orip,

Ckorie 410 | 116,6 | 53 | 22 | 0,006 | 0,130 0035 | 29,33

(TecTyBaHHS)

Pixa, 178,66 | 75,72 | 58,06| 1,29 | 0,005 | 0,133| 0,0366 | 27.29

Mixrip's 210,33 | 85,14 | 59.93| 1,41 | 0,005 | 0,133| 00366 | 28,16
(HaBuaHHs) 273 | 100,76 62 | 1.62 | 0,005 | 0,133 0,0366 | 29,83
Pika, 242 | 9455 | 61,8 | 1,53 | 0,005 | 0,133] 0,0366 | 29,04

Mixrip's

(recryrams)| 304 | 106,98| 622 | 1,72 | 0,005 | 0,133| 00366 | 30,62
Hopnnit 2055 | 79,32 | 56,25| 1,41 | 0,0075 | 0251| 0,0373 | 26,1
Yepemor,

Bepxopmsa |_227:5 | 8302 | 57.25| 1.45 | 00075 | 0251| 00373 | 26,7
(masuamnsn) | 288 | 96,47 | 60,25 1,59 | 0,0075 | 0,251 0,0373 | 27,25
YopHuit

‘lepemo, 343 | 108,99 63 | 1,73 | 0,0075 | 0251| 0,0373 | 27,65
BepxoBuHa

(TecTyBaHHS)

[TigroroBka Ta 00poOKa IUX JAHUX € KPUTHYHO BAKIUBUMH JJis 3a0€3MeUCHHS
SIKOCTI HaBYaHHs Ta Bamijanii ancamoOneBoi moneni (1)-(9). ®opMmyBaHHS JaHUX
BXOJIB aHCaMOII0 HEHpOHHHX Mepex (X1,Xz,X3), HABYAIBHHX 1 TECTOBHX
npuknanis (xq,x,,V,C,) (x; € {n, A, Sf,B}, x, € {h, R}, x3 =V) nependauaio
noOyI0By 1HQOPMATHBHHX, 3IJIa/DKCHUX, HEMEPEPBHUX, HOPMOBAHHUX MACHBIB
BXIJIHMX JJaHUX 3 BpaXyBaHHIM CTATUCTUYHOT HEBU3HAYCHOCTI (TTOXUOKH, POITYCKH
BUMIpIB TOIIO). 30KpeMa, Ha eTami JOCHTiPKeHHs MpeAMeTHoI obnacti, 300py Ta
aHaNli3y TOJBOBUX [AHUX IMPO XaPAaKTEPUCTUKH JUITHOK PIYOK BUIYYaIUCh 3
pO3TIIsiAy aHOMalbHI i HenmoBHI HaOopu nMaHuWX. Takwil MiAXiA CHpuse TOYHOCTI
nporuo3yBanHs koedimienTa Ille3i, sk 1€ MOKa3aHO 3a pe3ysbTaTaMH JIOC/IKEHb
[31, 32].

4. PeyabTaTH Ta ix aHami3

[IporonytoThess  pe3ynpTaTu  anpoOarfii  po3poOJICHOTO  OOYHCIIOBAIBHOTO
anropuTMy (Tadi1. 7) Ha peaJbHUX TIAPOJIOTIYHMX JaHUX (Tadi1. 6). AHAIII3 BKIIIOYAE
MOPIBHSHHS IPOTHO3IB  aHcaMOneBoi Monenmi 3 (aKTUYHUMH —BHMIPSIHUMH
3HaueHHsIMH koedimienTa Illesi. Jlnsg kinbkicHOI OIiHKM e()EeKTHBHOCTI MOAENi
BUKOPHCTaHI TaKi METPHUKH, K abcomtoTHa noxubka (All; BimHocHa moxubOka, BIT)
Ta xoedimient Hemra-Catkiidda (NSE).
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[Ipomiemypa TecTyBaHHS aHCAMOJII0O HEMPOHHMX MEPEXK IoJIsArana y MOpiBHIHHI
crocTepexyBanux (@, i mporHosoBanux (@, Butpar Boau. Ilpu usomy Q,
BHM3HayYajack 3a gonomororo koedimienta Ilesi Cp,, 06UMCIEHOrO 3a JOMOMOTOKO
aacam6eBoi mozemi (1)-(9) (Tabmn. 7) [1-3, 32]:

Q, = C,A/RS;. (10)

J1a OIiHKM HaBUYOK MPOTHO3YBaHHS aHCaMOJIEBOT MOJIENi BUKOPHCTOBYBABCS
koedinienT epexkruBHOCTI Moaeni Hema-Cartkmidda (NSE) [32, 49]:

Zf:1(Qoi‘Qpi)2

NSE =1 — -
YK 1(Q0i=00)%°

(I
ne Qo; Ta Qp; — CHOCTEPEKYBaHi Ta MPOTHO3HI 3HAYEHHSA BUTPATH BOJM Ha i-i
pingHi pycna piukw, i = 1, ..., k; k — KinbkicTs oTpuMaHuX pe3ynsTatis; Q, —

CEpEeTHE CIIOCTEPSIKYBAHUX 3HAUYCHb BUTPATH BOU. BBaXkatoTh, MOJIEIb 3 OLIBIION0
MIPOTHOCTHUYHOIO 3aTHICTIO Mae 3HadeHHst NSE ommkuae 1o 1.

Tabmuus 7. Pe3ynbTaTu TecTyBaHHS OOYMCIIOBAIBLHOIO alrOPUTMY aHCaMOIIeBOi
HEeHpOHHOT Mepexi

Koedoimient
Pi . . Burpata Boau
1uKa, wopctkocti Ie3i C (/)
IUITHKa pyciia (M"%/c) M Asl/_[ ]?)’/H
Omiuka | Iporros | Buwmipn, | IIporxos, (/) | (%)
Co 3a (7) CZJ Qo Qp
Jlaropuu, 25,04 25,5430 | 114 11631 | 23 | 2,0
ITiamono33s
Jlaropuu, 2737 | 27,5534 | 177 178,18 | 12 | 07
ITigmono33s
Tuca, Paxis 31,46 29,5386 225 211,26 13,7 6,1
Pika, Mixrip'st 29,26 29,5387 242 24429 2.3 0,9
Pika, Mixrip's 30,64 29,5389 304 293,06 10,9 3,6
Yopuuii
Yepemorir, 27,63 27,5535 343 342,07 0,9 0,3
BepxoBuHa
Omip, Ckoue 30,61 29,5392 410 395,72 14,3 3,5

3anporioHoBaHa aHcaMOiieBa MOJIENb JEMOHCTPYE Kpally TOYHICTh Ta
CTaOUIBbHICTD MPOTHO3IB MOPIBHIHO 3 1HJMBIyalbHUMH HEHPOHHUMH MEpEKaAMH,
IO € THUIOBOIO IiepeBaror0 Merony Bagging. 3okpema, y mnoneperHboMy
nociipkeHHl [32] 3a pesynpTaTaMH 3acTOCYBaHHS 1HIMBIIyaldbHOI HEHPOHHOI
Mepexi s oOuucieHHs koedimienT Ille3i Ha OCHOBI MOJNBOBUX JaHUX PO
XapaKTePUCTUKHU TiPChbKUX PivOK mokazaHo, mo NSE = 0,939, BigHOCHI moxuOku
[POTHO30BaHUX 3HAYEHb BUTPATH BOIM () KonuBamuch B Mexax 0,3% + 12,4%.

B npomy nocmimkenHi ans ancam6iro HelipoHHUX Mepek orpumano NSE = 0,991,
BiJIHOCHI TTOXMOKHM OOYMCIIEHUX MTPOTHO31B 3HAXOMAThCS B Mexkax 0,3% + 6,1%.
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Ha namy &nymKy, OTPHMAaHO JOCHTH XOpPOIIl pE3yJbTATH 3aCTOCYBAaHHS
aHcaMOJII0 HEHPOHHUX MEPEK I MPOrHO3yBaHH: KoedimienTa mopcetkocTi [esi,
IO CIOHYKAIOTh 10 MOAAJBIIUX AOCHiIKEeHb. 30KpeMa, MIaHYEThCS MPOBECTH
aHaI3 YyTIIMBOCTI 3alPOTIOHOBAHOTO aHCAMOJI0 HEHPOHHMX MEpe A0 Bapiariiit
BXITHUX TMapaMmeTpiB Ta MJOCHIAUTH HOTO 3HaTHICTh MO Yy3araldbHEHHS Ha
CUHTETUYHHX JaHuUX. TakoX MaeEMO Hamip pO3IJISHYTH BIUIMB KiJbKOCTI
HEWPOHHHUX MEpeX B aHCaMOIl Ta apXiTeKTypH OKPEMHUX MEpeX Ha 3arajbHy
e(DeKTUBHICTb.

5. BUCHOBKH

Pesynpratn mokasyroTh, MO 3alpONOHOBaHA OOYHUCIIOBAIbHA MOJENb  JUIS
MPOTHO3YBaHHsS eMMipuuHOro koedimieHnta rigpasmigynoro omnopy Llesi ams
BIIKpUTHX PYCEN HAa OCHOBI aHCaMOJIEBOTO0 HaBYaHHsS TPHOX HEHPOHHHX MEpPEexK
JI03BOJISIE OTPHMATH MIPOTHO3H 3 JOCTATHHOIO [UIS MTPAKTHKK TOYHICTIO Ta 3MEHIITUTH
MoxXMOKK y MOPIBHSHHI 3 1HAWBIAYAILHOIO MOJEIUII0 HEHPOHHOI Mepexi, sika Oyna
anpo6oBana B [31, 32]. 3okpema, ams rigpoMopdOIOTIYHAX YMOB TIPCHKHX PIdOK
BITHOCHI MOXMOKM MporHo3iB orpumano B Mmexax 0,3% =+ 6,1%, koediumieHT
edpextuBHOCTI Mozeni Hema-Catknidpda = 0,991. Bukopucranus merony Bagging
Ta arperyBaHHs TPOTHO3iB (Ha OCHOBI OOEpHEHOi 3ajadi) 3HAYHO [MiABHIIYE
HaJIMHICT Ta y3arajlbHIOIYY 3JaTHICTh Mojemi. Lle# miaxin € mepCcreKTUBHUM IS
3aCTOCYBaHHS B TiJJpaBIiYHOMY MOJICIIOBaHHI Ta YIPABIiHHI BOMTHUMH PECypCaMH,
30KpeMa, MaTeMaTUYHOMY MOJICIIOBAHHI PIYKOBUX TOTOKIB YIS OIIHKU €PO31HHHUX
MPOIIECiB 1 pycloBUX nedopMariiii, MPOEKTYBaHHS PIYKOBHX Oepero3axmucHUX
CHOpPY/I, MPOTHO3YBaHHS HACIIKIB TABOJKIB i 3aToruieHs [10].
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Abstract. The aim of the study was to identify the patterns of distribution of the
material composition of suspended sediments in the lower sections of the basins
of Ukraine’s largest rivers — the Dnipro and the Danube. Determining the
qualitative characteristics of suspended sediments, in combination with
quantitative indicators from state monitoring data, is a promising approach for
developing an information base on their overall condition and distribution.
Analysis of the obtained data will contribute to understanding the ecological
processes occurring in surface watercourses and their impact on the
environment and human activities. Continuity of such research and the
formation of long-term data series make it possible to substantiate predictive
indicators, assess both short-term and long-term environmental impacts, and
provide a reliable foundation for planning and implementing activities aimed at
restoring the natural state of river systems and the adjacent marine areas within
their zone of influence. The implementation of such comprehensive studies of the
qualitative and quantitative characteristics of the substance of water flows, in
addition to obtaining new knowledge about natural and man-made factors of
river flow formation and creating databases for relevant forecasts, will bring
Ukraine closer to the FEuropean observation system and will allow for
strengthening interstate cooperation in the future.

Keywords: Dnipro, Danube, Kakhovka Reservoir, lithodynamic processes,
sediments, heavy metals, microplastics, geoecology, monitoring.
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!llepxaBna HaykoBa ycTaHoBa «l[eHTp IpoGJieM MOpPCHKOI T€OJNIOTii, TEOEKOIoTii Ta
ocanoBoro pynoyrsopenass HAH Ykpainu», m. Kuis, Ykpaina

IactutyT reonorivanx Hayk HAH Vkpainu, m. Kuis, Ykpaina

SHarioHanpHHN eKoJIoriuHmit nenTp YKpainu, M. Kuis, Ykpaina

JNESIKI PE3YJIBTATH JOCJHUIKEHB PIYKOBOI 3ABHMCI JTHITIPA
TA JYHAIO

Anomayin. Y cmammi npedcmagieno pe3yivbmamu 00CHONCeHb PIUK0BOL 3a8UCT 6
HUDICHIX OinAHKax Oacelinie Haubintbwux pivox Ykpainu — [Jninpa ma [ynaro.
Busnauenns AKiCHUX XApaKMepucmux 3a8UCIux ceOUMeHmieé 8 KOMNIeKCi i3
3QYHEeHHAM KilbKICHUX NOKA3HUKIE 0epIICAGHO20 MOHIMOPUH2Y € NePCHEeKMUBHUM
071 cmeopenHs inpopmayitiHoi 6azu wWooo ix KOMNIEKCHO20 CMAHY Ma PO3Nooiny.
Ananiz maxkux Macugié HAKONUYEHUX OAHUX MOdce HAOMUSUMU 00 PO3YMIHHA
JMOOUHAMIYHUX ™A eKONOSTYHUX npoyecis, wo 6i00y8arOMvbcs 68 NOBEPXHEGUX
6o0omokax, ma ix enausy Ha O08KLLIA I 10ouny. besnepepsnicmes makux
00CnioNCeHb Ma YOPMYBAHH MPUBAIUX HACOBUX PAOI6 OAHUX — 207I08HA 3ANOPYKA
@opmysanna nPOSHO3HUX NOKA3HUKIB, GUSHAYEHHS 5K KOPOMKOUACHUX, MAK i
00620CMPOKOBUX PIZHOXAPAKMEPHUX 6NIUGIE MA PU3UKIE Npu NIAHYEAHHI U
po3pobyi 3ax00ié 3 GIOHOGNEHHA NPUPOOHO20 CMAHY MA CMAN020 ICHYBAMHS
NOBEPXHEBUX 800OUM.
Kniouosi cnoesa: Jlninpo, [ymai, Kaxosecvke 6o0docxoguuje, aimoouHamiuni
npoyecu, ceOUMenmu, GadxiCKi Memanu, MiKponIaCmuK, 2e0eKo102is, MOHIMOPUHe.
https://doi.org/10.32347/2411-4049.2025.4.174-185

Beryn

3HAaYHOTO AaHTPONOIE€HHOTO BIUIMBY, LIO CYTTEBO IMOCHWJIMBCSA Ta YCKIIAIHUBCS
BHACIIZIOK MOBHOMAcCIITaOHOI pOCifichkol BifiCHKOBOi arpecii, 3a3HaJM PiYKH
VYkpainu. BiliHa npu3BOAUTH 5K JI0 MIKOBUX CIUIECKIB €KOJIOITYHOTO JINXa, TAKUX K
3HUIIEeHHS KaxoBChKOro BOJOCXOBHINA, TaK 1 JO MOCHJICHHS YMHHHUKIB TPUBAIOTO
HETaTUBHOTO BIUIMBY, 30KpeMa 30LIBIICHHS TOCIMOJAPCHKOI0 HAaBaHTAXKEHHS Ha
aKBaToOpit0 HIWKHLOrO JlyHato. [IpoTAroM BiiHU MOCHIIIOIOTHCS TAKOX CKOJIOTIYHI
BIUIMBH, L0 BHU3HAYAIOThCA AaKyMYJIITUBHMM XapaKTE€pOM Ta TPHUBAJOIO AI€I0 Ha
CKJIaJIOBI HE TIJIbKM PiYKOBHUX, aJleé 1 MOPCHKUX €KOCHCTEM B 30HaX iX B3a€MOJII.
['0JIOBHOIO MPUYMHOIO TAKOTO BIUIMBY € 3MIHU TiIPOJIOTIYHOTO Ta TiIPOXiMIYHOTO
PEKUMY CTOKY BEJIMKHMX BOAHMX apTepiil, 3okpema [luimpa ta [lyHato, mo B
KIHLIEBOMY pPaxyHKy MpHU3BOAWUTH [0 TpaHcdopmalii ceauMeHTAiiHUX Ta
JITOAMHAMIYHUX TPOIECIB B MOHM331 PIUOK Ta MPWIETIUX JUISHKAX MOPCHKHX
aKBaTOPii 3 CYTTEBUMH €KOJIOTIYHUMH Hachigkamu. CBoeyacHe BHSIBICHHS
JOBIOCTPOKOBMX DPH3HMKIB Ha OCHOBI PEKMMHHX CIIOCTEPEXKEHb — HamiiHUHA
dbyHIaMeHT JIsl po3poOKH YM BJOCKOHAJCHHS ICHYIOUHX 3aXOJliB 3 KOHTPOIIO Ta
BiJTHOBJICHHS €KOJIOTIYHOTO CTaHY SIK PIYKOBHX, TaK 1 MOPCHKUX aKBaTOPiH.
OueBuiHO, MO0 iHPOPMATHUBHUN MOHITOPUHI PO3MOILTY B piuKax Ta BUHOCY B
MOpE CeAMMEHTALIIHNX MOTOKIB Mae mnepeadadaTH iHTETPyBaHHS B OJUH MacHB
JOCHI/DKEHb  SIKICHMX Ta KUIBKICHUX XapaKTepUCTHK 3aBHCIOI PEYOBHUHH
(cycrieHmoBaHUX CEAUMEHTIB). | SAKIIO MaHi MO0 PEKUMHUX CIIOCTEPEIKEHB
KUTBKICHOTO PO3IOIiTYy 3aBUCI Ha CTAaHLISAX [AEPKABHOTO MOHITOPHHTY HasBHI
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Yy BUTLHOMY JIOCTYIIN, TO iH(opMaris 1po ii SKICHI XapaKTEpHUCTUKH TOJOBHUM
YHHOM (POPMYETHCS HA OCHOBI OKPEMHUX HAyKOBUX AOCTimKeHb. OHUM i3 HATIHHUX
MPaKTUYHUX MONBbOBUX (DYHKIIOHATIB ISl TAKUX POOIT MOXE CTaTH 3aCTOCYBaHHS
CUCTEeM Oe3IepepBHOTO BiOOPY CEAMMEHTIB, 30KpeMa Ha OCHOBI BUKOPHCTaHHSI
ceMMeHTaIlifHnX nacTok. OO0’ emHaHHS BCiX (YHKIIN 1 BTAaCTHBOCTEH CETUMEHTIB,
Ha OCHOBI IaHUX HaTypHOTO MOHITOPUHTY, B LIJTICHY MOJEb B MEKaX KOHKPETHUX
BOJAHHMX TUT BiIKPWBAa€E MOXUIMBICTH €()EKTHBHOI OIIHKH CTaHy 1 YIpPaBIiHHS
pIYKOBHMH OaceiHaMHU.

MeTo10 Wi€i cTaTTi € BCTAHOBJICHHS 3aKOHOMIPHOCTEH PO3MOALTY PEYOBUHHOTO
CKJIaly 3aBHCIMX CEAMMEHTIB B HIDKHIX IUISHKaX OaceiHiB HaWOUTBIIUX PIYOK
VYxpainu — uinpa ta dyHnato.

MeToauKa J0CTiIKeHHSA

Ha crorogni mxepenoM MOHITOPHHTOBOI iH(OpMAaIii MI0A0 PO3IMOJLTY 3aBUCIUX
PEYOBHH B piuKax BUCTYIAIOTh JaHi, OTPUMaHi Ha TiAPOCTBOPAX, A€ BU3HAYAETHCS
CTIK 3aBHCITUX HAaHOCIB (CyMapHa KiTBKICTh CETUMEHTIB, IO MTEPEHOCUTHCA Yepes
nepepi3 MeBHOI PiUKM 3a JOESIKMi MPOMDKOK vacy). Taka iHdopmallis IpUCYTHS B
0a3ax JaHuX, IPUB’A3aHUX, 30KpEMa, 10 IHTEpaKTUBHOT KapTH Ha caiiTi J{epkaBHOTO
areHTCTBAa BOJHUX pecypciB YKpailHH — BiANOBiIHI TIEPBUHHI JaHi, IO
MPEJCTaBISIIOTh COO0I0 YMCIIOBI TIOKa3HUKHU PO3IOJIITY CTOKY 3aBHCIMX HAHOCIB B
/M3, PO3TaIIOBaHO TaM y BiIbHOMY JOCTYII.

BuxoHaHHS TakuX JOCTIKEHb HA T1APOCTBOPaX MPOBOAUTHCS 32 YMOB (pikcarrii

MoTepevYHnX TPOodiTIB Ta IPOMIPHUX BEPTHKAJIEH B TOYKAX 3aMipiB, BU3HAYCHHS
HIBUJIKOCTI Tedii Ta BimOOpy OaToMeTpoM mpod CTOKY Ha KaJaMyTHICTh Y TpH-
I’ siTUpa3oBiidi MOBTOPHOCTI [1]. OCHOBHOIO TIPOOJIEMOI0 TaKHX CIOCTEPEIKEHB
3aJIMIIAETHCS YaCcTOTa 3aMipiB — JIMIIE OJWH pa3 Ha MICSIb — [0 € HEJIOCTaTHHO
1H(DOPMATUBHUM ITOKA3HUKOM ISl JIOCHI/PKEHHs 3MiH KiIBKICHUX XapaKTePUCTHK
3aBHCI B KOPOTKOYACHI TEpioau, OCOOJIMBO B CE30HHHMX IHTEpBajaX aKTHBHUX
TiAPOJIOTIYHUX 3MiH.
JaHUMHU 3a3HAaYCHUX KUIbKICHMX ITOKa3HWKIB OyJM CTBOpPEHI MYHKTH iX
Oe3nepepBHOro BigOOPY 3 BUKOPHCTAHHSIM CEIUMEHTAI[IfHUX MAaCTOK Ha JBOX
IUITHKaX HaiOmbIIMX pidok YKpaiHu. 30kpema, B HWXKHIM Tedii piuku Hinpo B
Mexax M. 3amopikKs TOYKa CIIOCTEPEXKEeHb po3TallioBaHa Ha 0a3i  dumiary
JepxaBHOT HayKOBOT ycTaHOBHU «LIeHTp ImpobsieM MOPChKOT I'e0JI0ril, Te0eKoJIoril Ta
ocagoBoro pymoytBopenHs HAH VYkpainw» (pyskmionye 3 2015 p.), a Ttakox
nistaIi nenbta JyHato (M. BunkoBe) 3aBIsiku 3ycrimisiM [HCTHTYTY TeoOTiqHHX
Hayk HAH VYkpainu Ta HarjioHanbHOTO €KOJOTIYHOTO NEeHTpY YKpaiHu (CHCTeMHI
JOCHipKEeHHs posoyaro 3 ciuasg 2025 p.) [2, 3].

Hnst TpuBanmx  Oe3MEpepBHUX  JAOCHIIKEHb  3aBUCIHX  CEIUMEHTIB
BUKOPHUCTOBYIOThCS TPUJIaJIH, 10 3a KiacH(iKaIli€ro, IpeCTaBICHOK B CTaHIapTI
ISO5667-17:2008, MoxHa BigHECTH A0 THUIY «IACHBHI HPOOOBIIOIPHUKM.
[Ipencrasisiroun o000 (HaKTHYHO OJHH 3 BapiaHTiB CEIUMEHTAlIHHUX HAaCTOK, 1110
MpHU3HAYeHi il BigOOpy MpoO 3aBHCIHMX CEJUMEHTIB 3 BEPTUKAILHUX MOTOKIB,
MAacHBHI MPOOOBIAOIpHUKN (DIKCYIOTBCS y BOJI Ha 3a/IaHUX TNIMOWHAX, J€ BOHH
HaTIOBHIOIOTHCS 3aBHCJIOI0 PEYOBMHOIO B IMPHPOAHMX YMoBax il ocimanHs. Ha
BIIMIHY BiJi METOIWK KOPOTKOYACOBOTO 3aMipy BMICTy 3aBHCI B BOMi, IO,

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IpHPOJOKOPUCTyBaHHS, BHIL 4 (56), 2025



~ 177 ~

SIK TIPaBUJIO, TIPOBOJISITECS B KOMIUIEKCAX BH3HAYCHHS i1 CaHITApPHO-EKOJIOTTYHOTO
CTaHy Ta TiAPOXiMIYHOTO KOHTPOJIO, YaC EKCIO3UIIi] YIOBIIOBaYiB 3aBUCI CKIIaaae
TPUBAINHN TEPION 1 MAOUPAETHCS BiIOBIIHO JIO TIOCTABJICHUX 3aBJIaHb, 1[0 MOXKE
csraTy MicAIlb 1 OlbIIe.

Pucynox 1. CenumMeHTaliiiHI NacTKU: HpoLeaypa 3HATTS, CEAMMEHTALIHI LMIIHIPH
3 BiliOpaHOIO pEYOBHHOIO, OCHOBHI KOMITOHCHTH TIPHJIALy

Hwxde HaBeneHO Jiesiki MOPIBHUIBHI JIaHI PO3MOALTY 3aBHUCI JUIS 000X TOYOK,
OTPUMaHi i3 3aIy4eHHSIM CEIUMEHTAIIMHUX MACTOK 3a BIJIHOCHO HEBEIMKHUI
4acoBUH iHTepBad — 6 micauiB 2025 poky, IO HiIKPECTIOITh 1HPOPMATHBHICT
MIPOBEJICHHS TAKUX CIIOCTEPEIKEHDb HA TPUBAJIiil OCHOBI Ta JOUUILHICTb X iHTErpariii
3 TJAHUMHU JICPYKABHOTO MOHITOPUHTY.

PesyabTaTi Ta 00roBOpEHHS

JaHi jaep:kaBHOTO MOHITOPHHTY IIOJO 3aBUCIUX PEYOBMH CBig4aTh, IO 32
OaraTopi4YHUMH MOKa3HUKaMH [uis [{Hinpa B moHU331 3anopixxks (JaHi MOHITOPUHTY
2015-2018 pp., 12 3amipiB) cepenniii ix BmicT cknagae 5,00 Mr/am> 3 He3HAYHUMH
BiIXMJIEHHAMH, TOJOBHUM YMHOM B JHTHI Micami, no 5,50 mr/mv®. IlyHkT
CIIOCTEPEXEHbh PO3TAIIOBAaHWN HIDKYE 3a Tewiero Big rpedmi JIHIMPOBCHKOTO
BOJIOCXOBHIIIA, sIKe, (PaKTUYHO, € B KACKal IITyYHUX BOJOWM II’ITOIO BEITHMYE3HOO
JUJTSTHKORO JUTsl aKyMYJISLIT CEAMMEHTIB, 1110 HAJAXO/ATh JI0 HOI'O 3 BepXiB'1B PiuKy.
Taxuil BIZHOCHO PIBHOMIpHHI B 4aci Ta 0€3 CyTT€BUX NEPEBHILEHb HOPMATHBIB
PO3MOIIN 3aBUCIIMX YAaCTUHOK BIACTHUBHMN 3aperyjbOBAaHUM DPIBHUHHUM pPidKaM.
CepenHili Oararopiynmii mokasHuk s JlyHaio y crBopi M. Bunkoe (mai
MoHiTopuHry 2004-2025 pp., 233 3amipu) ckiamae 39 Mr/am® npu MiHIMaIbHUX
3HaueHHsax 2,8 mr/am® (ciuenn 2004 p.) ta MakcuManbHuX 160 Mr/aM® (3KOBTEHb
2017 p.) i Ma€ 3HaYHI CE30HHI KOJIMBAHHS B piYHOMY LUK, JlyHali, Ha BIAMIHY BijJ
JlHinpa, B HIOKHIN Teyil € 3HaYHO MEHIII 3apery/IbOBaHUM, JI¢ PYCJIOBI BOJIOCXOBHIIA
(I'EC 3anizni Bopora 1 tTa I'EC 3ani3Hi BopoTta 2, siKi € HallOUIBIIO CUCTEMOIO
BojocxoBunl Ha [lynai [4],) po3TamioBaHi 3HAYHO BHUIIE 32 TEUi€K i HE MAlOTh
Oe3rmocepeTHOr0 BIUIMBY Ha TPUPOJHHUNA PO3IONUT CEAMMEHTIB B palioHi
JOCIIIKEHD.
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I[Ipu moOpiBHAHHI IMX TIOKa3HWKIB 3 IHTCHCHBHICTIO HAKOIMYEHHS B
CEIMMCHTAIITHUX MMAaCcTKax 3aBUCI JUIsi 000X TOYOK IMPOCIiJKOBYIOTHCS SIK TICBHI
BiIMIHHOCTI, Tak 1 cnutbHi pucu. Jnsg [Hinpa npu cepeaHbOMICIYHOMY
OaraTopivHOMY MOKa3HHKY Bard Ccyxoi mpobw y 4 1, OaratopidyHuil MOKa3HHK 3a
TeIUIHA Tepion (Ipyra TMOJOBHHA TPaBHA — IMEpIia TOJOBHHA BEPECHS) CKIIaB
3HauYeHHs 6,5T, 3a XomomHWH Tepion (Apyra MOJOBHHA JUCTONana — IMepa
rmoyioBuHa Oepe3Hs) — 2,6 1. MakCUMalbHI 3HAUeHHS 3a Iepioa JOCHTiIKEHb
CHOCTEpIranch B TeIUni mepion (Makcumym — 12,3 1), MiHIMaNbHI — B XOJOTHUI
(1,1 1).

CycnennoBani cegumenTn JlyHato, BiniOpani mpotsirom 2025 poky, B LiJIOMY
MajJH IHIOIy TEHACHIII0 YacOBOTO pO3MOAUTY 1 3HAYHO OUTBIII TOKA3HUKHU
IHTEHCUBHOCTI Hakomu4eHHs. [Ipu cepenHbOMY MOKa3HHWKY 3a HaBEICHHWH Mepion
1200 r cyxoi peuoBHHU MiHIMaJbHI 3HAYCHHS BIINOBIJATM 3UMOBOMY IEpiomy —
720 r, makcumymu — BecHsHEM MicsiM (4000 1). B rpadiuniit dopwmi (puc. 2) e
MOKHa TIPEACTAaBUTH SIK TMOPIBHSIHHA 32 MOKAa3HUKAMH BiJOOPY KOXXHOTO MICSIIS:
Hymnaii — 2025 pik, uninpo — goBinbHuii nepion (Bubipka nanux 2016 poxy).
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Pucynok 2. Jliarpamu MiCSYHHMX [MOKAa3HHMKIB HAKONMAYCHHS CYCIICHIOBAHHUX CEIMMCHTIB
B nactkax: 1 — JIninpo, 3anopixoks, 2 — JlyHaii, BunkoBe (cyxa pedoBuHa, r)

[lpr cyTTeBUX BIAMIHHOCTSIX B IIBHJIKOCTI HAKONHMYECHHS pPEYOBHHU (IBa
MOPSIJIKK ) TPOCTEKYETHCS CIUIbHA YaCOBA TCHCHIIISI 3MEHIIICHHS 11 B 3MMOBI1 MiCSAII
i pi3Koro 301UNIBIICHAS Ha TIOYaTKy BECHH, Jie OCHOBHMM (haKTOPOM, BipOTiJTHO, €
BOJOITIJLIA.

JpyruM J0JaTKOBMM ITOKA3HUKOM, IO TICHO TMOB'SI3aHUM 3 KIJIbKICHUMH
0COOJIMBOCTSMH HaKOIIMUYECHHS 3aBUCI, € TpaHylIoMeTpruHuil ckiaf. [Ipu 3HauHOMY
o0cs131 maHUX I TOYKHM Bigbopy B Mexax 3amopixoka s 3aBuci [lynaio
MPOBEJICHO JIMIIIEe J1Ba ONPOOYBaHHS, JJIs HaWOUIbII «KOHTPACTHHUX» MICALIB 3a
THTEHCUBHICTIO HaJXOJDKCHHS 3aBHCI B IMACTKU — Oepe3Hsi (BOJOMULISA) i CepITHs
(mexenp). IlopiBHsHHS 3MiH (puc.3) B CKJaai IBOX OCHOBHHMX (pakmii —
npibnoaucnepcuoi nemitosoi (< 0,001-0,01 MM) Ta GibII KPYITHOT — aJIEeBPUTOBOI 3
nominikamu mickoBoi (0,01-1 MM) Bu3Havae ajst mpo0 3 JyHaro 301IbIIEeHHS YaCTKH
nepmoi (51/49) nns ceprmHeBoi mpoOu 1 3MeHmeHHsS s Oepe3ss (44/56); mis
Huinpa — naBnaku — 41/59 nyis 6epesns i 45/55 ans cepnnst.

I[Ipu 1bOMY oOcepenHeHi OaraTtopidHi 3MIHH IIOMICSYHMX KOHIIEHTpAIii
3aBHUCIIMX CEIUMEHTIB 3a JaHuMu JlaGoparopii MoHiTopuHTY Boja [liBIeHHOTO
periony, MyHKT criocTepexeHb BuikoBe, cBiuaTh npo 301NbIIeHHS iX BMICTY BABIYi
B GepesHi B OPIBHAHHI 3 CEpPIHEM, BifNoBiaHO 59,6/26,9 r/M. Ilna JHinpa, sk Bxke
3a3HAYAIIOCs, BOHU KOJMBAIOTHCS B MEXKax 5 r/M°. TaKuM YMHOM, Ha OCHOBI HASIBHUX
JaHUX MOXHA CTBEPDKYBATH K PO HE3HAYHI 3MiHHU B TPaHyJIOMETPUIHOMY CKIIafi
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3aBUCIIMX PEUOBHH TPH pPI3HINA IHTCHCHMBHOCTI HAKONMWYCHHS B IIACTKax Ta
LIBUIKOCTI BOJHOTO TOTOKY, TaKk 1 NpO BiJCYTHICTh HAsBHOTO 3B’SI3KYy 3MiH
KOHIIGHTpALii 3aBUCIUX PEYOBUMH 32 BUMIpaMH B paMKax JEp>KMOHITOPUHTY i
obcsraMu 0ciJIOl B CeAMMEHTAIITHUX MMacTKaX PEeUOBHHHU.
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40%
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Pucynoxk 3. I'pagiku BiICOTKOBOTO pO3MOAUTY OKAa30BUX (DPAKIIH PO3MIPHOCTI 3aBUCITAX
ceauMmenTiB: 1 — Jlynait, 2 — JIHinpo

JomatkoBo OyJ10 TTpoBeieHe MOPIBHSHHS 3MiH B CKJIa/li OCHOBHHUX MiHEPAIBHUAX
KOMITOHEHTIB 3aBUCIIO] PEUOBHHH 000X PIvOK. 3arajoM, MpH JOCTATHbO 3HAYHOMY
00cs131 MaTepiaiB, HAKOIIMYCHUX 3a MEPioJl TOCIiHKEHb THIMPOBCHKOT 3aBUCI, IS
po0 MyHaNChKOI peuoBHHM OyJI0 00POOJICHO JBa 3pa3KH, IO MPEACTABIISLIN Pi3Hi
4acoBi Mepiond — MIHIMaTbHUX OOCSTIB HAKONHWYEHHS B TAacTKax (CEpIIeHb) Ta
MaKCUMaJIbHOTO (Oepe3eHb). KoMIUIeKCHI eJIeKTPOHHO-MIKPOCKOIIIUHI TOCIIPKEHHS
JIO3BOJIJIM  TIOTIEPEIHEO BCTAaHOBUTH MOPQOJIOTIYHI  OCOOJIMBOCTI  3aBHUCIUX
yacTrHOK /[Hinpa ta JlyHaro i BU3HAUMTH X MaKpOXiMidHUH ckiaa. MiHepanbHui
CKJIaJl BU3HAYaBCS Ha OCHOBI iHTeprpeTarii MOp(OCTpyKTYpHUX OCOOIMBOCTEH
3epeH JOCHIPKyBaHMX 3pa3KiB Ta pe3yJibTaTiB TOYKOBOTO PEHTTEHIBCHKOTO
MIiKpOaHali3y.

HocnimkeHHss 3acBimumim, 1m0 IS 3pa3kiB 3 000X pIi4OK OCHOBHOMO
YTBOPIOIOUOK KOMITOHEHTOO € KpeMHe3eM (Si103), 1o Moske nepeBuiyBatu 85% B
ckiani npobu, ta riuHo3eM (AlxOs3), MakcHMallbHI 3HAYEHHS SIKOTO cATaroTh 8%.
Takox OCHOBHI CKJIaJOBI IPEACTaBICHI (parMEeHTaMH 3€pEeH KBapIly, MOJIbOBHX
mmatiB (KajgieBi TONBOBI IIMATH, AHOPTUT), ciroad (OIOTHT) IMCamiTOBOI Ta
QJIIEBPUTOBOT  PO3MIPHOCTI, MiKpoarperataMu TJMHUCTHX MiHepaniB. [Hun
MaKpOKOMITOHEHTH npezcTaBieHi Takoxk CaO (1o 5%); KO (mo 1%); SOs (mo 4%).

Haii0inpm iHpOpMaTHBHOIO CKJIAIOBOIO, I[IO MAa€ 3B'I30K 3 CE30HHUMH
3aKOHOMIPHOCTSIMH  OCaJIKOHAKOTIMYCHHS, MOXKHA BBQXKATH PO3MOJALT BaXKOi
¢pakuii (roJIOBHMM YHMHOM OKCHIM 3ali3a) Ta OpraHiyHoi ckiagoBoi. [lis
JHIMPOBCHKOI 3aBHCI B MeXaX 1HAYCTPiaJbHOTO OCEpPeKy 3amopixoks, 1e Oinbiia
YacTUHA OKCHJIB 3alli3a Ma€ TEXHOTCHHE IMOXOJDKEHHS 1 MOTpPaIuIie B PIYKOBE
CEpeIOBHIIE aTMOC(EPHUM ILISAXOM [5], TOJOBHUM (HhaKTOPOM HAKOIHUCHHS €
MBUJAKICTh Tedii. 30ibleHHs 00CATIB BOJAHHX Mac Ta IIBHIKOCTI iX MepeHOoCy
HaBECHI JI03BOJISIE 3MEHIIYBAaTH B MACTKaX KUIbKICTh HAKONMMYEHUX TEXHOTEHHHX
YaCTUHOK aepO30JbHUX BHKHIIIB, 110 HAJIXOMATh 3 BU3HAYEHOK MPOMHUCIOBUMHU
LUKJIaMH{ IHTEHCHBHICTIO Ha BOAHY ITOBEPXHIO B MEXKax HUICH(IB ocaKEHHS.
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3okpeMa, 3a pe3yJdbTaTaMH MIKPO30HIOBOTO aHANi3y y CKIaai 3pa3Ky 3a
Bepecenb BMICT (%) FeO+Fe>Os carnys 24,95; MnO — 3,4-13,9; TiO, — no 2,14.
OpHouvacHo, s mpoOH, BiniOpaHoi MpoTAroM Oepe3Hs, TEpPUI'eHHI MiHepaiu
BaXXKOI paKIii Takok OyJIo MpeacTaBlIeHO 3HAYHOIO KUTBKICTIO ()parMeHTIB 3epeH
OKCHAY 3aii3a Bix aneBpuToBoi (20-30 MxMm) 10 mmeiToBoi (2-3 MKM) pO3MipHOCTI,
ane mpu npoMy MakcumanbHud BMmicT FeO+Fe,O; He mnepeumyBaB 7,35%
3arajJpHOTO CKJIaJy pPEYOBHMHHU 3pa3Ky, a BMICT IHIIMX OKCHIIB OyB MeEHIIe
OJTMHUII.

Hnsa posnoniny Bakkoi ¢pakumii B mpobax 3aBucnux ceauMeHTiB [lyHaio
CIOCTEPIraeThbesl 3BOPOTHA TeHACHLIs. B ckmani 3pasky, BigiOpaHoro B OepesHi Ta
BepecHi (puc. 4-5), cepel TEpUTCHHUX MiHEpalIiB BakKoi (pakilii BHUABICHO
3HaYHY KUIBKICTh ()parMeHTiB 3epeH OKCHIY 3alliza Bia mcamiToBoi (1o 100 MKMm)
no memitoBoi (1-2 MKM) po3MipHOCTi; 3epHa cynbdaTty Oapito (1o 20 MKm);
uupkoHy (20-30 Mxm); imbMeHITY (15 MKM), a TaKOK UTBMEHITY 3 Mpo¢aHiTOBOO
Mounekynoro (MnQO) poamipom a0 20 MKM, a TakoXX MPUCYTHI (hparMeHTH 3epeH
cynb(diny 3amiza aneBpuToBOi po3mipHocti (10 mxm). CeprnHeBa mpoba cepen
TePUTCHHUX MiHEpaTiB BaXXKoi (pakimii MIiCTUTh ONMHWYHI (DparMeHTH 3epHa
iTpMeEHITY aneBpuToBOi po3MipHocTi (10 MkM) Ta okcumy 3amiza. [lpu npomy B
npo0i  BiAMIYa€eThCS MPHCYTHICTH TIEBHOI KINBKOCTI POCIMHHOTO JETPUTY
(Bomopocti) > 100 MKM.

Spectrum

Pucynox 4. Tepurenni miHepanu Baxkoi ¢pakuii 3aBuciioi peuoBnnu JlyHaro (6epeseHb
2025 p.). EnekTpoHHO-MIKpOCKOMIYHI 3HIMKH: a) 3€pHO OKCHAY 3aji3a IIcamMiToBOI
po3MipHocTi; 0) (parMeHT 3epHa OKCHIY 3aji3a JpiOHOaJeBPUTOBOI PO3MIPHOCTI;
B) CHJILHOKOPOZIOBAHE 3€PHO 0apuTy; I') 36pHO LIUPKOHY
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Compd%
100.00 Spectrum 1

Pucynok 5. 3aBucna peyoBuna JlyHato (Bepecerb 2025 p.) — TOCTpOKYTHHUH yIaMOK 3epHa
IIBMEHITY ~ NCaMIiTOBOi ~ PO3MIPHOCTI: @) EJIEKTPOHHO-MIKPOCKOIYHUN  3HIMOK;
0) peHTTeHIBCHKUI CIIEKTP

3Ba)kaloud Ha OTPUMAaHI pe3yJIbTaTH, MOXKHA BIMITHTH TICBHI TEHICHIIIT
po3nominy Baxkoi ¢pakimii 3aBuci. s duinpa — ne OaraTopiuHa 0COOJIMBICTH
3MEHIIeHHs ii BMICTY B TepioA BOJOMULISA, WIATBEp/KEHA TPHUBAIUMH
JOCTIDKEHHSIMH, TPUYMHU K01 ommcaHo Buine. HartomicTs mns mpod 3 JlyHaro
301JIBIIICHHS] OKCUIIB 3aJli3a Ta IHIIMX Ba)XKKMX KOMIIOHCHTIB y BECHSHHUH MICAIh
MaKCHMaJIbHOTO CTOKY B TIOPIBHSHHI 3 «MEKXESHHHM) CEPITHEM CBITYHUTH PO BIUIHB
NPUPOJHHX YMOB Ha 3MiHM B KOMIOHEHTHOMY CKJIafi CYyCIEHIOBAHUX CEANMEHTIB.
BoueBuzp, 1m0 B mepiry 4epry e BHCOKA IIBUIKICTh TeUil B OKpeMi mepioau, Ha
BIIMIHY BIiJl 3aperyJbOBaHOTO TiAPOTEXHIYHMMHU cropyaamu J[Himpa, mo B
KOMIUTEKCi 3 BEJIHMKOIO TUIOIE0 BOIO30ipHOT0 OaceiiHy J03BOJsE MOOLUTI3yBaTH B
TBEPAMIA TIOTIK ITiJ] Yac TIOBEHI CKJIaI0B1 OiJIbIIIOT Bary 4u pO3MIipPHOCTI.

3 iHmoro 60Ky, 30UIbIIEHHS KIIBKOCTI i pO3MIPHOCTI POCIMHHOTO JETPUTY IS
JITHBOTO TIepioy B mpobax 3 JlyHaro Moke BKa3yBaTH Ha Te, 10 BiH IEBHUM YHHOM
«3afiMae» Micle BaXKKUX MiHEpaIbHHX (pakmiii B 3araJbHOMY KOMIIOHEHTHOMY
ckiani 3aBuci. 1 % 0COOMUBICTH CHOCTEPIraEThes 1 AJis JIITHROI mpobu JIHimpa.
Takox BapTO 3BEpHYTH yBary Ha HasBHICTb B mpo0ax, BimiOpaHuX B 3amopixixi,
CyTTeBOI KinbKoOCTi (pitormmankroHy. Ha Bigminy Bim mpo6 3 [lyHaro, B 3pa3kax
BIIMIUAEThCS BUCOKUH BMICT (PparMeHTIB KPEMHECKENEeTHHUX (A1aTOMOBHX)
BOJIOpOCTEH, /s Oepe3HeBoi mpodbu — TOHKONcaMiToBoi po3mipHocTi (50-80 MkMm),
JUTSL CEpPITHEBOI, ITPH 30UIBIIEHH] 1X 3araibHOr0 BMicTy — aneBpuToBoi (10-40 Mxm)
Ta ApioHoncamiToBO1 po3mipHocTi (100 MkM). B 11ijioMy 1€ € HOpMAJILHUM SIBUIIIEM
JUISL PIBHUHHOT PIYKK 3 HASBHUM KAcCKaJOM BOJOCXOBHIIL i CIIOBIILHEHOIO TEUIE€IO,
aJie CIiJ BIAMITUTH TAKOX IX BHECOK B 3arajbHy KUIBKICTh 3aBHCJIMX YaCTHHOK B
LIMPOKOMY AiaIia30Hi IPaHyIOMETPHYHOTO CKJIAAy B IEPiOJy aKTUBHOTO PO3BUTKY
(ITOTUIAHKTOHY.

B KOHTEKCTI OTpUMaHUX JaHUX CIij 3a3Ha4uTH, o JyHait 1 J{Hinpo He TiAbKH
HaiOIpII mocTtayanbHUKH B YopHEe Mope 00CATriB BOAHOTO CTOKY Ta 3aBHUCIINX
PEYOBHH, ayie i TaKOK HAMOLIBIN «JOHOPH» B HAJAXOKEHHI 32a0py/THEHb: BAXKKUX
METaJiB, TNIACTUKY Ta MIKPOIUIACTUKY, IHITMX HEOE3MEYHUX CIIONYK B PO3UUHEHOMY
1 3aBHCIOMY cTaHi. [laHi iTepaTypHUX JKepes CBiAYaTh PO 3HaYHI 00CITH BUHOCY
BaXKUX MeTaJiB B 3aBUCHiil Qopmi oOoma piukamu, sKi € CIHIBCTABHUMH 3
KUIbKICHUMH TIOKa3HUKaMH 1X PO3YMHHOIO CTOKY (Tabi1. 1) [6].
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Tabmums 1. Illopiuyae HaAXOMKEHHS BOXKKWX METANIB B PO3YMHHIA Ta 3aBHCIIN
¢hopmi 3i ctokom JlHimpa ta [yraro B akBatopiro YopHOTO MOpPS

Huimpo Hynaif

Emement Mopiune Mopiune Mopiune Mopiune
HAIXOMKCHHSA B | HAAXOKCHHS B | HAJXOIDKCHHS B | HAaIXOIDKCHHS B
3aBucHiit popmi | po3umHHIN hopmi| 3aBuciiit popmi | po3unHHIN hopmi

(1/piK) (1/piK) (1/pik) (T/pik)
Ni 105 158,9 5050 510,4
Cu 97 235,7 5890 1470,7
Zn 1050 1005,0 21150 4208,9
Pb 147 93,8 10410 308,9

BakauBUM acleKkToM HaluX IOCIIPKeHb € Te, IO MPUPOJHHUN OallaHC MiX
PO3MOIIIOM KIIBKOCTI €IeMEHTIB Y PO3UMHHIN Ta 3aBUCIIA (QOpMi 3aJeKUTh BiJl
HU3KH 30BHIMIHIX (aKTOPiB: 3MiHU KHCIOTHOCTI CEPEIOBHUIIA, PO3MIPY, CKIAIy Ta
IITBHOCTI PO3MOJIITY B BOJI 3aBHCJIOI PEYOBUHH, a TAKOXK BiJl T1APOJIUHAMIYHOTO i
TiAPOXIMIYHOTO peXuMy akBaTopii. A 3aBucna ¢dopma Mirparii 3a0pyIHIOIOYAX
peYOBHH OOYMOBIIOETbCS JOMIHYBaHHAM COpOIii Ha 4YacTWHKAax Pi3HOTO
MiHEepaIbHOTO CKJIaay B OOMiHHIM QOopMi, IO MiIKPECITIOE HEOOXiAHICTh BUBUCHHS
PEYOBHHHOTO CKJIaly PyXOMHX CEIMMEHTIB MPU MIPOBEIECHHI MOHITOPUHTY BOJAHUX
eKOCHCTEM.

BucHoBkn

MarepianiB, HaBeleHMX B myOuikamii, 3aMano i (OPMYBaHHS CHCTEMHHUX
BHCHOBKIB UM ITPOTHO31B III0/I0 0COOIMBOCTEN Iepediry CeMMEHTaIi THIX ITPOIIECIB
B akBaTtopisx [xinpa ta [lynato. OpgHowacHO mpoBeieHi Ha 0a3li HaTypHOrO
CKCIIEPUMEHTY  JOCIDKEHHsSI 13 3allydeHHSAM MpOLEAypu Oe3mepepBHOIO
MpoOoBiI0OPY YACTUHOK 3 BOJHOTO CEPEAOBHUINA CEIUMEHTAI[IHHUMH TacTKaMH
CBIJT4aTBh PO MMEPCIIEKTUBHICTH TAKUX POOIT. PexxMHI criocTepekeHHS 32 TOTOKaMHU
3aBUCIIMX CEIUMEHTIB 3 TIEPMAaHEHTHUM BiZlOOpOM 3pa3KkiB Jjisi BUBUCHHS
PEYOBHHHOTO Ta TPaHYJIOMETPHUYHOTO CKIIAay, IHTEHCHUBHOCTI BEPTHKAIBHHX
MTOTOKIB Ta MEPEPO3MOJILTY IX OCHOBHUX KOMIIOHEHTIB, TOCIIKEHHS KOHIIEHTpAITiit
Ta 00CATIB TNEpeHeceHHS HUMH PI3HOMAaHITHHX 3a0pyJHIOBadiB MAlOTh 3HAYHY
HayKoBy mepcrekTuBy. OnHOYacHE MIOMICSYHE BHM3HAYCHHS KOMILIEKCY
MepeTiyeHnK IMOKa3HUKIB 3a TpuBaIWd mepiox (Oinpmie poky) Ta 3B’S3Ky iX 3
MOKa3HUKaMU  KUIBKICHOTO  PO3MOJUTY  JO3BOJIAE  BU3HAYUTH  HH3KY
B3a€MO3aJISKHOCTEH Ta JIMTH IEBHUX BUCHOBKIB MO0 MPUPOIHUX Ta TEXHOTEHHUX
(dakTopiB GopMyBaHHS CTOKY TaKuUX PiuoK, sik JlyHaii Ta JIHinpo.

Criix 3a3HauMTH, IO €BPONEHCHKMMHU KpaiHaMU 3 Pi3HUM YCIIXOM B CTaHi
peamizamii Takux 3aBAaHb BIPOBAPKYIOTHCSA BIIMOBIAHI CUCTEMH MOHITOPUHTY
cenuMeHTiB. [Ipu 1[bOMY yBara MpUAUISETHCS HE TUTBKU MOKa3HHKAM PO3MOILTY
HAHOCIB Ta reoMOPQOIOTiYHAM 3MiHaM BOAHUX TiJI, 10 OCOOJMBO aKTYaJIbHO IS
TaKuX JUHAMIYHUX pivoK, sk J[yHail, ane ¥ ekojoriyHuM mnokaszHukam. OIliHka
SIKOCTi 3aBHCI Ma€ BPaXxOBYBaTH XiMIUHY B3a€MOJIIIO MiXK TBEPJIUMH YaCTHHKAMH Ta
BOJIHUM CEPEJIOBUIIIEM 3 PO3UNHHUMHU CITONYKaMHU — CHIEUUIYHUH [T TOJFOTAHTIB
KOeilieHT PO3MOJITy ONOCEPEAKOBAHO BHKOPHUCTOBYIOTH JUIS OLIHKH iX
KOHIICHTpAIIi1 y BIANIOBIAHUX (pa3ax Ta MPOTrHO3YBaHHS MEPEPO3MOILTY ITi] BIUTMBOM
30BHIIIIHIX YMOB B CHCTE€MI «3aBHCh — BOJAY.
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BnpoBamkeHHsT TakMX KOMIUIGKCHUX JOCHIDKEHb SKICHHX Ta KUIBKICHUX
XapaKTePUCTUK PEUYOBMHH BOJHUX IMOTOKIB, OKPIM OTPHMAaHHS HOBUX 3HaHb II[0JI0
MPUPOJIHUX Ta TEXHOTEHHUX (DaKTOPIiB (POPMYBaHHS CTOKY PiUOK Ta CTBOPCHHs 0a3
JaHWUX JUISA BiIMOBITHAX TPOTHO31B, HAOIM3ATh YKpaiHy J0 €BpOIEHChKOi CHCTEMH
CIIOCTEPEXKEHB 1 JO3BOJATH B MAHOYTHROMY TOCHIIMTH MIKIEPKABHY CITIBIIPALIIO.

Moasku. Lle nocmiypkeHHS BUKOHYEThCS B paMKax OIODKETHOI TEMAaTHKH, a
Takox € yactuHO TpoekTy SUstainNable DANube black Sea system SUNDANSE,
SKHH criBiHaHCYeThess €BponericbkuM Cor30M.
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APPLICATION OF THE MARKOV MODEL IN INFORMATION
TECHNOLOGY OF THE FORMATION OF THE LOCAL
SOCIO-ECONOMIC SYSTEM

Abstract. The methodology for using Markov models in information technology to
support decision-making in the regional and local development management system
under conditions of uncertainty is obtained. The organization of cooperation at the
local and regional levels is today one of the urgent issues of ensuring national
sustainability. After all, in conditions of territorial proximity with the joint use of
available resources and infrastructure, forming a single economic environment, the
unification of territorial communities (and/or individual cities or villages) into local
socio-economic systems allows ensuring effective local development, capacity and
sustainability of communities through cooperation, joint use of resources and the
resulting synergistic effect from such interaction. Complex dynamic systems are
formed, for which it is necessary to ensure the consistency of the interaction of their
elements, taking into account competition, increasing load on infrastructure,
development of information technologies, changes in the planning of settlements,
location of production, etc.

To solve the above problems, the work proposes to use Markov models, models of
mass service systems. Based on the fact that most territorial communities have a
formed sectoral structure, social sphere facilities, transport highways, etc., the work
considers the problem of optimal management of the existing mass transit system.
The advantages of using mass transit system models are that their use allows you to
take into account the specifics of inter-sectoral interaction at the local and regional
levels, to assess the quality of management, having previously found out whether
certain influences are available for the system under study. The developed models,
methods, algorithms are intended for use in information technology to support
decision-making in the system of state and public administration. Its implementation
will increase the quality and efficiency of management decisions by optimizing
analytical processes.

Keywords: information technology, Markov models, decision support system,
simulation modeling, socio-economic system.
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'KuiBchbkuii HationansHul yHiBepeuTeT iMeni Tapaca Illesuenka, m. Kuis, Ykpaina
2[HCTUTYT TeNeKOMYyHiKaliii i robansHoro indopmariiinoro mpoctopy HAH Vkpainm,
M. KuiB, Vkpaina

3ACTOCYBAHHSI MAPKOBCBHKOI MOJEJI Y IHOOPMALIMHINA
TEXHOJIOT'TI ®OPMYBAHHS JIOKAJIBHOI COIIIAJIBHO-
EKOHOMIYHOI CHCTEMHA

Anomauin. B cmammi npedcmagnena memoouxa GUKOPUCMAHHA MAPKOBCLKUX
MoOenetl y iHpOpMayitiHill MEXHOI02I] NIOMPUMKY NPULIHAMMSL PIULeHb Y CUCIEME
YNPAGNIHHA Pe2iOHANbHUM A MICYeBUM PO3GUMKOM 6 YMOBAX HEBU3HAUEHOCMI.
Opeanizayis cnispoOimHUYmMea Ha MiCYe8OMy Ma PeSiOHAbHOMY PIGHSX CbO2OOHI
€ OOHUM 3 AKMYATbHUX NUMAHL 3a0e3nedents Hayionantvhoi cmitkocmi. Adoce 8
YMOBAX MEPUMOPIanbHOi OIUZbKOCMI 34  CRIIbHO20 BUKOPUCHIAHHS HASAGHUX
pecypcie ma iHpacmpykmypu, Ymeopioouu €O0uHe eKOHOMIuHe cepedosuuye,
00 ’€0HAHHA MePpUMOPIAIbHUX 2POMAO (Ma/abo OKpemux Micm 4Yu Cin) y J1OKATbHI
COYIANbHO-eKOHOMIYHI cucmemu 00380Js€ 3abe3neyumu e@ekmugHull micyesul
PO3BUMOK, CHPOMOJCHICMb mMa CMmIlIKicmb 2pomad 3d paxyHoK Koonepayii,
CRINbHO20 BUKOPUCMAHHI PeCypCi8 ma OMpUMy8aHO20 CUHEPSeMUYHO20 epeKmy
8i0 maxoi 63aemo0ii. Dopmytomebcs CKIAOHI OUHAMIYHI cucmemu, O SKUX
HeoOXiOHO 3abe3neuumu Y32000CeHICMb 63a€MO0Il IX eleMenmis, 6paxosyrouu
KOHKYPEHYII0, 3PDOCMAHHSL HABAHMAIICEHHS. HA  IHOPACmMpyKmypy, pO3eumox
IHGhOpMayitiHUX MeXHON02IN, 3MIHU Y NIAHYE8AHHI HACEACHUX NYHKMIB, PO3MIUEeHHI
BUPOOHUYMBA MOWO.

Jna po3é’azanna eéxazanux 3adau y pobomi 3anponoHO8AHO GUKOPUCTOBYEAMU
MapKo8cobKi Mooeni, MoOeni cucmem Maco8o2o 00Ciy208y8ans. Buxooauu 3 moeo,
wo Oitbwicms MePUMOPIAIbHUX — 2poMAd MAms  CHOPMOBAHY  2any3esy
cmpykmypy, 00’ekmu coyianvHoi chepu, mpaHcnopmui mazicmpani mowo, 8
pobomi po32na0aEmbcs 3a0a¥a ONMUMATLHO20 KePYB8AHHS HAAEHOK CUCHEMOI
Macogozo obcnyeogysannsi. llepesacamu 3acmocy8ants mooenel CUcmem Maco8oco
00Cye08y8anHs € me, WO iX BUKOPUCMAHHA 00380JA€ 6paxysamu cneyugiky
Midceany3e6oi 83aemMo0ii HA JIOKATbHOMY MaA pPeciOHANbHOMY PIBHAX, OYIHUMU
AKiCMb Kepy8aHHs, NONepeoHbo 3 ACY8asuiu, 4u OOCMYNHI NeeHi 6nauu Ol
docnidocysanoi cucmemu. Po3pobneni moodeni, memoou, aneopummu NpusHaueui
07151 BUKOPUCMANHSA Y THHOPMAYTUHTL MEXHONL02T] NIOMPUMKYU NPUUHAMMSL DIlUEHb Y
cucmenmi depicasnozo ma nyéniunozo ynpaeninns. Ii énpoeadcenns niosuwumo
AKICMb ma ONnepamuHiCmy  YNPAGIIHCbKUX pilleHb 3d PAXYHOK Onmumizayii
AHANIMUYHUX NPoYecis.

Knwowuoei cnosa: ingopmayitina mexnonoeis, MapKoecoki Mooleni, cucmemd
RIOMPUMKY ~ NPUUHAMMS  piulens,  IMimayiliHe MOOEN08AHHs,  COYIANbHO-
eKOHOMIUHA cucmema.

https://doi.org/10.32347/2411-4049.2025.4.186-200
Beryn

3amaya ¢GopMyBaHHS eQEKTUBHUX MEXaHi3MiB CTaJIOTO PO3BHTKY uepe3
00’eHAaHHS PEeCypCiB, CIUJIbHI IHBECTHUIIMHI IPOEKTH Ta MOJEPHI3AIIIO0
iH(QpacTPyKTypH TOIIO BU3HAYECHA SK OJ[HA 3 MPIOPUTETHUX 33724 PETiOHAIEHOTO
pO3BUTKY B pamkax npoekty Pagm €pornu «llocuneHHss 0araTopiBHEBOTO
BPSITYBAaHHS Ta MICIIEBOI IeMOKpATIii IJIs MATPUMKH BiTHOBICHHS YKpainm» [1].
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Came Taka oprasizailisi CIIiBpOOITHHIITBA HA MICIIEBOMY Ta PETiOHATEHOMY PIBHIX
[2, 3] cTae cbOroAHI OJHUM 13 TOJOBHUX 1HCTPYMEHTIB 3a0e3MeueHHs HalioHaIbHOT
CTIMKOCTI.

3a paxyHOK 3a0e3meueHHs B3a€EMOJil eKOHOMIYHHX, COIIabHUX, €KOJIOTIIHHX,
YIPaBIiHCHKAX Ta 1HGPACTPYKTYpHHUX KOMIIOHEHTIB B YMOBaX TEPHUTOPIaATbHOT
ONMU3BKOCTI, Taki cuUCTeMH 3a0e3neuyroTh e(eKTHBHHI MiCIeBUH PO3BUTOK,
CIPOMOXHICTh Ta CTIHKICTh TpOMajJ 3a paxyHOK KoOoIeparii, CHIIbHOTO
BHKOPHCTaHHS PECYPCIiB Ta OTPHUMYBAHOTO CHHEPTETHIHOTO eEeKTy BiJ B3a€MO/IIl.
OOrpyHTYBaHHS a/IMiHICTPAaTUBHO-TEPUTOPIATHLHOTO CKIIA Y JIOKAILHUX COLiaIbHO-
C€KOHOMIYHHMX CHUCTEM, BH3HAUCHHS iX ONTUMAalbHOI Tally3eBOi CTPYKTYpH,
iH(PACTPYKTYPHUX PIIICHD € CKIATHIUMHU 3a1a4aMH, 10 TOTPEOYIOTh pO3pOOIeHH
BIJNOBIJHOTO MaTeMaTHYHOTO amapary, aJanTOBaHOTO 10 BUKOPHCTaHHA Y
iHpOpPMaLIHHAX TEXHOJOTIAX, MPU3HAYCHUX JISI CUCTEM MiATPUMKH TPUAHSATTS
pIIIeHb B yIPaBIiHHI PETIOHATHFHUM Ta MICIIEBHIM PO3BUTKOM.

Tomy, Tema ITaHOTO TOCIHIIKEHHS € aKTyalbHOI0, MAa€ HayKOBE Ta MpPAaKTHYHE
3HAYCHHSI, 00YMOBIIIOE HEOOXIAHICT MPOBEACHHSI TIOJAIBIIHNX JOCTIKEHD B IIbOMY
HAIpSIMKY.

MeToro [OCHIDKEHHS € PO3pOONeHHS 1HPOPMAIIHOI TEXHOJOTIi MiATPUMKH
OPUAHATTS pillleHb IOAO OOIPYHTYBaHHS ONTHMAIBHOTO CKIIQAY JIOKaJIbHUX
COLIIAIbHO-CKOHOMIYHUX CHCTEM, OCHOBY SKOI CTaHOBJISITh MareMaTH4yHI Ta
KOMIT TOTepHI MOJETI.

Oco0NMBICTIO MPOMOHOBAHOI 1H(POPMAIIIHOT TEXHOJOTIT € Te, 10 y Mpoleci
moOyI0BU MoOJIeNel, AOCHIKCHHS 3IIHCHIOEThCS Y JCKUIbKa €TalliB, MOCTYIOBO
3MIHIOIOYH PiBEHb JeTallizallii, IMITyIOUHd MOBEMIHKY CHCTEMH, BUSBIIAIOYN HOBI
mpo0JieMH PO3BUTKY Ta 30BHIIIHI 1 BHYTpPImIHI (QaKTOpPH, MO CIPHUYUHSIOTH iX,
MOKPAIIYyIOUX TAKHM YHHOM OTPUMYBaHI PE3yJIbTaTH.

HaykoBa HOBH3Ha monsirae y MO€AHAHHI ONTHMI3aliiiHOT OaratokpurepiaabHOI
Mozeni ¢GopMyBaHHS JIOKaJbHOI couianbHo-ekoHoMiuHOi cuctemu (JICEC) 3
KEPOBAaHOI0 MAapKOBCBKOIO MOJEIUII0, IO JI03BOJsie (hopMalizyBaTH MpPOIEC
TpaHchopmallii Taay3eBOi CTPYKTypu 1O IUILOBOI, 3a0€3MEUMBIIN y3TO/HKEHE
BUKOPHCTAHHS IOTOKIB PECYPCiB B yMOBaX HEBU3HAYEHOCTI.

JIIst TOCSTHEHHSI METH BUPILIEHO TaKi 3aBIaHHS:

- MpoaHalli30BaHi Cy4YacHi WiAXOAM MmoA0 (OPMYBaHHS JIOKAJILHUX
COILIaIbHO-EKOHOMIYHHX CHCTEM, 1X 0COOIMBOCTI Ta MiAX0AH 3a0e3eueHHs
iX CTa)IOro0 PO3BHUTKY;

- moOyIoBaHO MOJENi JIOCHIDKYBaHHX TIPOLECIB 3 YpaxyBaHHSIM BILIMBY
PI3HUX TPYIT YHHHKKIB 3 METOIO TIPOTHO3YBAHHS iX PO3BHUTKY JIJISI ITi ITPUMKHI
NPUAHSTTS BiAMOBIIHUX YIPABIIHCHKUX PIlLICHB;

- Ha OCHOBI CUCTEMHOTO ITiIX0/Ty MO0y I0OBaHO Ta peali3oBaHo iHPOpMAaIliiiHy
TEXHOJIOTIIO PO3B'S3aHHS 3aJla4 MOJICTFOBAHHS Ta MPOTHO3YBAHHS CTAJIOTO
PO3BUTKY JIOKAIBHUX COLIaIbHO-€KOHOMIYHUX CHUCTEM JUIS i MOJANIBIIOTO
BUKOPHUCTAHHS Y BIINOBITHUX CUCTEMaX MiATPUMKHU NPUHHATTA PilLICHb.

TeopeTH4Hi 0CHOBH J0CJIiIzKEHHS

[o3uTuBHI 3pylIeHHS y pETiOHaIbHOMY PO3BUTKY YKpaiHW, BiJ3HAueHi y 3BIiTi
€pporneticbkoi Komicii [4], € pe3yabTaToM CHiIBHOT pOOOTH JEP)KaBHOT BIaau Ta
MICIICBOTO CaMOBPSIyBaHHS IIOJ0 PO3POOJCHHS BIACHUX Ta BIPOBAKECHHS

KpaIlliX CBITOBUX MPAKTHUK Ta IHCTPYMEHTIB 3a0€3IIeUeHHs CTAJIOr0 PO3BUTKY. Bike
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3p00JIcHI aKTUBHI KPOKH JjIs 3a0e3MeUYeHHs CHCTEMHOCTI HMIATPUMKH HHU(POBOIO
PO3BHUTKY MICLIEBOTO CaMOBpsIIyBaHHS [5], mocwieHHS HOro aHaJiTHYHOTO
3a0e3MeueHHs. 30KpeMa, BIPOBAIKYETbCA METOOUKa Kiacu(ikalii TepuTopii
NUTS — yxBasneHi nepeiik Ta BAMOTH JI0 IIOKa3HUKIB, 33 IKIMH YKPaiHChKi TpoMaan
Oyzne BimHeceHO MO Pi3HMX (PYHKIIOHATBHUX THUMIB TEPUTOPiil [6]. 3MIHIOIOTHCS
OiAX0QW [0 IUTaHYBaHHS Ta CTpaTeryBaHHA PO3BUTKY pETIOHIB, Tpoman Ta
TepuTopiit. Bike 3 mucromaga 2025 poxy B YkpaiHi po3no4aTo MpoeKT Mi>KHAPOTHOT
TEXHIYHOI JOMOMOTH «YTIPaBIiHHSI MicIIeBUMH (DiHAHCAMH IS BiTHOBIICHHS Ta
BiZOymoBH TpoMaa» [7], METOI SKOTO € JOMOMOITH TpOMajaM TMEpedTH Bix
yOpaBliHHS JOXOJaMH [0 IUIaHyBaHHA BHMIATKiB. Peamizamis wmporo miagxomy
nependadae GOpMyBaHHS CHCTEMH YIPABIiHHS PO3BUTKOM TPOMaj] Ta TEPHUTOPIH,
CHPSIMOBAHOI Ha 3a0e3MeUeHHs BIaCHOI, BHYTPIIIHBOI CIPOMOYKHOCTI, MiIBUILEHHS
e(EeKTHBHOCTI BUKOPUCTAHHS HASBHUX PECYpCiB, 3alydeHHS 1HBECTHLIH Ta
CTBOPEHHS YMOB ISl 1X MiATpUMaHHs, 30aJaHCOBAHOTO €KOHOMIYHOTO PO3BUTKY
teputopiid. Tob6TO, Mae 3aCTOCOBYBaTHCHh KOMIUIEKCHHHN (IHTEIPOBAHMN) MiIXiT 10
yIpaBIiHHS MICIEBUM Ta PEriOHATBHUM PO3BHTKOM, SIKMM B CYyYacHHUX YMOBax
OiybIlie BiANOBIA€ KOHIIEMII CTAalOTO PO3BHUTKY, HIXK Tally3eBHH, amKe HOTro
3aCTOCYBaHHSI JO3BOJISIE Y3TOAWTH MiJIi PETIOHANBHOI TONITHKH, MiCIIEBOTO
CaMOBpSlyBaHHs, MPIOPUTETH HACEICHHsI Ta Oi3HECY BIINOBIIHO JO CHUILHOTO
OayeHHsT MalHOyTHbOrO TIEBHMX TepuTOpid. KoHIenmis  KOMIIEKCHOTO
(iHTerpoBaHOr0) PO3BUTKY [ 8] 03HAUAE, IO KOKHUI PIBEHb COIIAIbHO-€KOHOMITHOT
CHCTEMH KpaiHM, KOXXHa Tajy3b 30epiraloTh CBOI aKIEHTH 1 CIUIBHO JOCATar0Th
CHUHEPreTHYHOTO e(eKTy BiJ B3aeMoOIii Ta TepuTopianbHOI Ommsbkocti. TobTo,
(hopMyrOTBCSI  CKJIAZHI IWHAMIYHI CHUCTEMH — OO0’€THaHHS pO3TAIIOBAHUX
MPOCTOPOBO OJIM3BKO TEPUTOPIAIBHUX IPOMaJI, HACEICHUX ITyHKTIB, PaliOHIB TOIIIO,
JUIsl CIIUTBHOTO BUKOPHCTAaHHS MOTOKIB BHPOOHHYHMX pecypciB, iHQopMariitHoro
MIPOCTOPY, E€KOHOMIYHOIO CepeOBHINA TOH[O. TOoMy, HEOOXiJHO 3a0e3neunuTH
Y3TOJUKEHICTh CIUJIBHOTO BHKOPHCTaHHS PECYPCiB, BPAaXOBYIOYH KOHKYPEHIIO,
3pOCTaHHS HABaHTAXKEHHS Ha I1HPPACTPYKTypy, PO3BUTOK iHQOpMAIiHIX
TEXHOJIOTIH, 3MIHM y TUIAaHYBaHHI HACEJIEHUX MYHKTIB, PO3MIIllEHHI BUPOOHHIITBA
Tommo. J{is po3B’si3aHHS BKa3aHHMX 33/1a4 MPONOHYETHCS BUKOPUCTOBYBATH MOJIEII
CUCTeM MacoBOro oOciyroByBaHHs. L[i Moxeni, sik 3a3HadatoTh Qaxismi [9-12], €
MEPCHEKTHBHAM HAIMpPSIMOM JOCHIPKEHb Y Taly3i perioHaJbHOTO YIpaBIiHHS,
OCKIIBKM 1X BHKOPUCTaHHS 3a0e3nedye OOIPYHTYBaHHS YTBOPEHHS Ta PO3BHTKY
COIIaJIbHO-eKOHOMIYHHX CHCTEM pI3HHX THIIIB B yMOBaX HEBH3HAYEHOCTI,
CIPUYMHEHOT BifICBKOBOIO arpeciero, Ta CTPYKTYPHO-IMHAMIYHHUX 3MiH BHACIHIJOK
iHTerpalii 10 EBPONEHCHKOr0 MPOCTOPY.

Pe3yabTaTH 10CTaiTKEHHS

3okpema, 3amadi GopMmyBaHHS ramys3eBoi Ta TeputopianbHOi cTpykTypu JICEC,
Y3TOJDKEHHSI OOMiHY pecypcamM, BHUKOPHCTaHHS iH(QPACTPYKTypH TOLIO MOXHA
MPEICTABUTH Y BUIJISAI MApKIBCHKUX MOJICNIEH CHCTEM MacOBOI'0 OOCIYrOBYBaHHS
(CMO) (mapkiBebkoro mporiecy) 3 auckperaum vacom: N=0,1, ... [13].
3ayBakuMo, 110 JJIsl ONTUMI3aIIii mporecy oociryropyBanss Taka CMO mae O0yTu
kepoBaHoro. Crierudikyemo 1ie nouatTs. Omke, CMO, sk 00’€KT TOCTIIKESHHS B
LIOMY 1 OKpeMHX ii YacTWH, IO BHU3HAYAIOTh IEBHUI MapKOBCHKUH TMpoLec,
MICTHTh HACTYIIHI CKJIQJOBi: BXITHHH IOTIK BHUMOT; BiIacHe CTpykrypy CMO;
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aJITOPUTM OOCITyTOBYBaHHS BUMOT 3 IEBHUMH BUTPATaMM 4acy Ha 0OCIyroByBaHHS
BKITIOYHO 3 YacoM NepeOyBaHHS BUMOTH Y CUCTEMI; TUCHUIUTIHY 00CIyroByBaHHS.
KoxHa cknanoBa 3aeXuTh Bij ofHOro a00 Oinbie napamerpis. Skimo xoya 6 ouH
mapaMeTp HaBiTh OJHI€l CKIAZOBOI MiIAa€ThCs OakaHid 3MiHI, TaKy cHCTEMY i
Oynemo Hapnaini 3BaTH KepoBaHoro [14]. KpurepiiB SKOCTi KepyBaHHS MOXKe OyTH
Oararo, aJie X He BCi 3 HUX PO3B’s3yBaHi HaBiTh YnceNbHO. Takox Tpeda 3’sCcyBaTH,
YH TOCTYIHI HaM TIEBHI BIUINBH, a MOTIM (popmymroBatu kputepiid. Cinix BiAMITHTH,
mo 3amadi kepyBaHHs Ta cuHTe3y CMO pi3Hi 1, 3 ONIAMy Ha Te, IO OUIBIIICTh
¢isnyHnuX 00’€KTiB mepeOynoByBaTH BKpail HeOaXaHO, TO aKTyallbHOIO € 3ajaya
BJIaCHE ONTHMANBHOTO KepyBaHHs HasBHOIO CMO, 1o BinOuBae neBHUH (i3UUHUMA
o0’ext. Tomy, came Takuil migxim OynO peamdi30BaHO Yy PO3POOIIOBaHIN
iHpOpMaLiiiHil TEXHOIOTII.

CxeMa 3acTOCYBaHHS MPONOHOBAHOI iHGOPMAIiITHOT TEXHOIIOTIT MpeacTaBieHa
Ha puc. 1.

30ip JaHWX, MiATOTOBKA IO aHATI3y (TonepeqHs 00poOKa JaHHX )

Nz

SWOT-anauti3, popMyBaHHs MPOIO3HIIN OO0 CKIATy CHCTEMHU

=

KitactepHuii aHami3, JOCiKSHHS TPUYMHHO-HACIIAKOBUX 3B’ 3KiB

=

dopmyBaHHSs BapiaHTiB MpocTopoBoi Ta raixy3eBoi crpykrypu JICEC

=

Hocnimxennst BapianTtiB JICEC sk cucteM MacoBOro o0CiiyroByBaHHs

(-

AHani3 OTpUMaHKUX pe3yJIbTaTiB, BiJ0Ip KpaluX BapiaHTIB

=

®dopmyBaHHS pillIeHHS MIOAO0 Tary3eBoi Ta TepuTopiansHoi cTtpykrypu JICEC

=

ITporuo3yBaHHs COIiaIbHO-CKOHOMIYHOTO pOo3BUTKY 00panux JICEC

=

I'padiune npencrasneHHs, aHalli3 pe3yIbTaTiB, OPMYBAHHS CTPATETili PO3BUTKY

Puc. 1. IndopmariiiiHa TeXHONOTiSI OOTPYHTYBAaHHS pillleHb 1070 (GOPMYBaHHS JTOKAIBHUX
COLAJIbHO-EKOHOMIYHHX CHUCTEM

JlokanbHy COIIAIbHO-€KOHOMIYHY CHUCTEMY PpO3TJIIATHMEMO 3 TOYKH 30py
CUCTEMH MAacoOBOrO OOC/IyrOBYBaHHS, KOJIM MDK €JIEMEHTaMH CHCTEMH
3IIHCHIOETBCSI OOMiH pecypcaMu: BHPOOHMYMMH, TPYIAOBHUMH, iHBECTHULIHHHUMH,
CHIJIFHO BUKOPHCTOBYETHCS COLialbHA Ta TPAHCIIOPTHA 1HPPACTPYKTYpH.

Posrnsiremo kepoBany onHokaHanbHY CMO 3 myacCOHOBHM BXiJIHUM ITOTOKOM 3
A>0 i craimmm uyacom obcnyroByBanHs ¢ > 0. Joexuua ueprn K oGMmexena
K >0. KepyBaHHAM BBaXa€ThCsI NPUHHATTSI-HENPUIHATTS Ha OOCIyrOBYBaHHS
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YeproBoi BUMOTH Y MOMEHT ii MOCTaHOBKM Yy uepry. HempuiiHsta Bumora
BTPAYaEThCs, MPUHUHATA BUMOTA CTa€ B UEPry 1 MOYMHAE OOCIyrOBYBATUCH IIOWHO
3BUIBHSAETHLCS TIpHUia, Mo oocimyropye. [IpuiiHsaTa Ha 00CIyrOByBaHHS BUMOTA JIA€

noxix d >0 i CIIpUYMHSE 36MTKH, IPONOPILIiiHi yacy | = kqi nepeOyBaHHA ii y
4ep3i, Mo BUPaKAIOTECS J00YTKOM KoedirieHTa BTpat I > 0 na uac riepeOyBaHHS
ii y uepsi — | - I'. 3posymino, mo Gyzb-sika BUMOTa, SKa OYiKye B 4ep3i, Mae THM
MeHIy TpuOyTKOBICTh, YUM Aajli BOHA Bix Bxony. Bupas K < truncat i Jae
r-c
HeoOXiZHe OOMEXCHHS Ha TOBKUHY YeprH, 110 3a0e3Medye JOXiIHICTh OCTAaHHBOI Y
yep3i BuMoru. CykymHuii goxing pos3risHyToi CMO Big o0cmyroByBaHHS

c-r+k)k
naxormuenoi weprm  ckmamatume O (K) = k- d—%, k<K.
Maxkcumansanii goxin Bix uepru npu K= Ky pasi marypansmoro d/ (r-c)
d(d-r-c
cknagatume 0(K) = g
2-r-c

VY BHUIaIKy IETEpMiHOBAaHOTO HAIXO/DKEHHS BUMOT Yepry HE YTBOPIOIOTH abo
YTBOPIOIOTH HE OLITbIIIe, HiXK k=1.v pasi, SKII0 BUMOTH HaaXxoAsaTh y Hanry CMO
yacrilie, HiK OJHa BUMOra 3a yac oOciyroByBaHHs C, TO iM BiIMOBISITUMYTb.
OnmHy BUMOTY CTaBIATh Yy UYepry Ha OOCIyroByBaHHsS 3 HACTaHHSM YMOBHU
c—t< Cp;nput — KOJIM 4ac, IO 3aJUIIUBCS Ha O0CIYyTrOBYBaHHS BUMOTH, SIKa SIK Pa3

00CIIyTOBY€ETBCSI, CTAE MEHILIE IHTEPBAILY 4acy Cﬂ 3 sikuM 'y CMO npuxonuThb

input »
HoBa BuUMora. Ockinbku Bumorn y CMO HagxoasTh 3 BUIIAIKOBUM iHTEPBAJIOM 4acy
3a posnoginom Ilyaccona 3 inTencusnictio A >0, To cratmuna crpateris nosHoi
BiIMOBH Bifl Uepru Moke cipuurHUATH npocTiii CMO 6e3 po0oTH, SIKMii 3MEHIINTb
noxin Bin ekcroryatanii CMO mopiBHSHO 3 OuthImM 3aBaHTakeHHAM CMO 3a
paxyHOK YTBOPEHHsS 4epru, xoua i 3 BIAMOBIAHOW ciuiatoro mTpady. HeoOxigHo
3HalUTH cmpameeito R TpUHHATTS BUMOT Ha OOCIYyTrOBYBaHHS, SIKa MaKCHUMi3Ye
OUiKyBaHUU CepeHii TOXiJ] 32 OJMHUITIO Yacy 32 YMOBH HECKIHUEHHOI TPHUBAIOCTI
¢ynknionyBanass CMO. Ctparerist yTBOPIOETBCS Ha TiICTaB1 3aKOHY HAIXOKEHHS
BHMOT 1 BUMIPIOBaHUX 1HTEPBAJIB Yacy MikK BAMOTaMH.

[loknagemo, mo pileHHS NPUHMAIOThCA BiApasy Yy MOMEHT HAAXOKEHHS
Bumoru y CMO. Cran CMO @ikcyeTbess y MOMEHT HaaxomxkeHHs Ao Hei N -i

BuMorH (T06T0, B MOMeHT wacy ). Cramom CMO HazBemo mapy (k, t) ,ae K -
YUCII0O BUMOT, IO 3Haxomatecs y CMO, | 4yac, II0 MPOMIIOB 3 MOYATKY
00CITyroByBaHHsI BUMOTH, sIKa 3aliMa€e MpIiIaja y JaHUH Jac.

ITo3naunmo aO — pilleHHS HE MpUHMaTH BUMOTY, 11O IIOWHO HAJiiIDIa, Ha

obciyroBysanHs, &y — 6patu. Toxi CMO € kepoBaHMM MapKOBCHKMM HPOLIECOM 3

AUCKPECTHHUM 4YaCOM. A ,Z[OCJ'Ii,[[)KyBaHy JIOKAJIbHY COI_IiaJ'IBHO—eKOHOMi'{Hy CUCTCMY
PO3TIIAAATUMEMO AK CUCTEMY MACOBOT'O 06CHerBYBaHH${.

Hexaii, X i A y 3araJlbHOMY BUIAJIKy € JEIKAMU IOBHUMH CenapadelbHUMHU
METPUYHHMH IIPOCTOPAMHM, IO CKIIAMAIOTHCS 3 €IeMEHTIB X 1 @, BIAMOBITHO.

VY auCKpeTHOMY BUIAIKY X i A ¢ snivennuvn MHOKUHAME (hazoBoro mpocTopy
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craniB CMO 1 kepyBauns CMO, mo CkinamaloTeCs 3 enementis X, 1 4,
n=0,1, 2,... BignoBinHo. Wi | — O -anredbpu OOpeNeBCHKUX MIAMHOXKHUH X 1
A BIONOBIIHO.

F — Binobpaxenus, o 3ictaBse koxaoMy X € X fesKy HEMyCTy 3aMKHEHY

MHOXKHHY A C A Tak, mo MHOXHHA Cp={ ka x9 X ae e\} BHUMipHa 3a

Bopenem y no6ytky X x A.
Posrissremo nmuckperny kepoBany CMO. Crim 3a3HaYuTH, MO0 HEOOXITHOIO
YMOBOIO MpHIATHOCTI Moaeni auckpeTHin CMO 11 MpaKTUYHOTO 3aCTOCYBAaHHS €

CKiHYeHHicTh MHOXMH X i A, X04ya €JIEMEHTH LIMX MHOXXHH Ta IX KUIBKICTB
noTpeOyoTh BU3HadYeHHA. Hamani HasuBatumemo Taki CMO  «IpakTHYHUM
BUITAIKOM».

Hexaii y moment wacy N CMO 3naxomuthes y crani X, € Xi y moment

HACTaHHA ILOTO CTaHy OOMpaeTbes KepyBaHHA O, € A. Ocuore npumymenus

CTOCOBHO WMOBIpHICHOT eBOMIONIi KepoBaHOi muckperHoi CMO momsratnme y
HACTYITHOMY:

P{Xx..€Bl %, &, % a....x= xa= p= P B Xk

ne B e do— noBinpHa GopeneBa MHOXKHHA, P( Bl X, a) — npu ¢ikcoBanux X, d
((X, a) € () iimosipnicna mipa (X, dJd), a npu dikcosaniii 0 — BuMipHa 3a

Bbopenem ¢pyukmis va CP.
JlommycTUMOIO CTpaTeriero R kepoBaHoi nuckpeTHoi CMO € 1ocitiIoBHICTh

(72'0, Tiyees T, ,...), Ie 7Z'n([| Xy1Gyy--ey &y, )ﬂ]) — HMoBipHicHa Mipa Ha
(A)] ) 3ocepemkena Ha A<n i BUMIDHMM YHMHOM 3&JI)KHA  BiA
hn =(XO, &,...» 4, )g) — icropil kepoBaHOI CHCTeMH g0 MoMeHTy N,
hegpx gg...x eX. ﬁn([lxo, = I X,) 3a[a€ paHIOMi30BaHe
* 1
n

npaBuiio BUOOpY KepyBaHHsA d, € A ua mnincrasi hn Crpareris R Oyne
MapKOBCBHKOIO, SIKIIO ﬂn([l X518, S, X]) = ﬂn(D| )ﬂ]), n=0,1,2,..
MapkiBceka cTpateris R € cramioHapHo, sKkmo 7T, ([] Xn) =7 ([l Xn),
Nn=0,1, 2,... MapkiBcbka cTpaTteris R e CTAI[IOHAPHOIO HEPaHIOMI30BaHOI0,
AKIo Mmipa 77, ([] X) BHUPOKEHA TSI OyAb-SIKOTO X € X.

CrarioHapHa HepaHIOMi30BaHa CTpaTeTis R ororoxnioerses 3 0opeseBcbKOI0
(GYHKILERO R(X) , mo 3amae X —> A rtak, mo g1 Gyae-sKOro

vxe X:RXe A
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[osnaummo SR — KTac ycix JOMycTHMEX cTpaTerii, ERO — KJIac CTalliOHapHUX

HEpaH/I0Mi30BaHHX (JeTepMiHOBAHMX) CTPATETIiH.
B 3aranpHOMY BHTIaJIKy HEMOXIIMBO CTBEPIKYBAaTH iICHyBaHHS xo4da O ofHiel
JOITyCTAMOI CTpaTerii.

YMOBH iCHYyBaHHS CTpaTerii, 0 HaJIeKUTh SRO , MeHII cyBopi. OTxke, 100 Kinac

ERO OyB HE TMOPOXHIM, HEOOXITHO ICHYBaHHS BHUMIPHOCTI BiZOOpaXKeHHS

F:Xx—> A, Xe X, rakoro, mo VXe XE”:(X)Q A F()@?f@ i
{XI F(X)ﬂ E+ @}Gdﬂ, Ie E - BIJIMOBIIHO BiAKpHTa, 3aMKHEHa a0o
OopelieBa MHOXHHA B A.

B 1ojansioMy MpUITyCKaeMo, Mo BizoOpaxkenns F . X—>» AO Xxe X e
BUMIpHUM. Y BHUMAIKY A< = A Bigobpaxenns F e BUMIPHUM 1 KJac SRO

CHIBIaJa€ 3 MHOKMHOIO BCiX OOpeNeBChbKUX (PYHKIIH, SIKi BioOpaxaroTh X s A.

Busnauenns crparerii R osnauae Busuauenns Bunamxosoro npouecy, KU,
B3arajii KaXy4du, He € MApKOBCHKHUM, He IUBIISTIHMCH Ha TIpeacTaBiieHHs (1), OCKiITbKI

BUGIp pienHs y 6yap-sKuil MoMeHT yacy X € X Moke 3anexaTH Biz yciel ictopii
hn. Ha3pemo Takuii mpoliec KepoOBaHUM CTPATETiEr0 R Bunagxosum MPOIIECOM.

Sk1mo cTpaTeris MapKOBCHKa (CTallioHapHA), TO KEPOBAHUN TIPOIIEC € MAPKOBCHKAM
(OAHOPIAHUM MAapPKOBCHKUM).

SIkio BBecTH MOHATTS noxoxy O, MOB’S3aHOrO 3 KEPOBAHHM MPOLECOM, TO
MO>KHa c(popMyJITIHOBAaTH KPUTEPiii ONTHUMAIILHOCTI cTparerii kepyBanHs. Hanpuknan,

akuo y crani X € X npuiinaTo kepyBanHs & € A< , TO OYIKyBaHUI1 TOXi/1 32 OZIMH

KPOK JIOPiBHIOBaTHME I'(X, a) . BBaxxatumemo, mo QyHkiis r(x, a) BUMipIOBaHa

3a Bopenewm i oOMerkeHa Ha op:

Ir(x,a)|< L<w, (x,a)ep. @)

Hanani Habip {X, A{%}, P, r} BH3HAYATHME KEPOBAHY MapKOBCHKY

MOJIETb 3 TUCKPETHUM YacoM.
PosrnsiHeMo Ba HAaCTYIHI KPUTEPii SIKOCTI KepyBaHHS:

Ly,(x R)=MD B"r(x, a,).0<f<L.
n=0

.. 1 n
) R =1 f — MR , )
2. (X, R) = limin 1 szzcl)r(x( a)

n—oo

R . . .
M x — YMOBHC MAaTCMAaTU4YHC CIIOAIBAHHI, SKC BIAIOBLIAE IIPOLECCY, KEPOBAHOMY

CTparTeriero R 3a ymoBu X5 = X,
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Crparteris R* ONTUMaJibHA  BIJHOCHO KPHUTEPIi0 1, SIKIIIO
w,(x R)=supy, (X,R, xe X.
ReRy

Hapani kpurepiii | 3BatumeMo I/ -KpuTepieM, a ONTUMAJIbHY CTPATETiIO AT

. *
HBOTO — |/ -ONTUMAJIbHOIO CTPATETI€EI0 R// .

. * . .
Crpareris R OTNITHMAaJIbHA BiTHOCHO KpHUTepito 2, SIKTIIO

o(X, R)=supp (X,R), xe X.

ReR,
Hapani xputepiit 2 3BatumeMo (P -KpuTepieM, a ONTUMAabHY CTpPATErito A

. *
HBOTO — () -ONTUMAJIEHOIO CTPATETIEIO R(p .
JlocTaTHi yMOBH iCHyBaHHsI CTalllOHAPHUX HEPAH/IOMiI30BaHUX () -ONTUMAIBHUX
co ok
crpareriii R , JaIoThes Teopemoto [15].
Hexaii icHytoTb noctiiina (J 1 o6MexeHa 6openesa (yHkis V(X) ma X Taxi, mo

g+v(x):sup{r(x,a)+jv(y)P(dy| X a% J X ) 03

ae
Toni

supp K ,R)X g, xe X 4)

ReRy
Skio npu upomy

g+v(¥) =max r(c,a)+ [ V(y)P(dyl x 3, ¢ . )

*
1 17151 IesIKOi cTparerii R e 9%0

g+v()=r(x RM)+[(yRdy xR W « . ©

*
TOA1 CTpATEr1sd R - (D-OHTI/IMaJ'H)Ha 1

(X, R)= 0. (7)

i1t BU3HA4YEHHsI KOHCTPYKTHBHOTO METOAY MOLIyKYy (P -onTHMalibHOI cTpaTerii

B KJ1aci ERO HEOOXIIHO BBECTH HACTYITHI MPUITYIIICHHS

IIpunywenns 1. Icnye neBin’emua mipa 4 na (X, dj, Taxa, mo:

1 u(B)<P(B| x @, (% gemp, B=h,
2) u(X)>0,

*
sSIK€ BUKOHAETHCS, 30KpEMa, AKIIO iCHye Takuii ctan X € X , III0 Mae€ MicIie

P((X}] x @=2a>0,( x dec
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ToOTo, y sikocTi Al MOKHA B3STU Mipy, 30CEPEIKEHY Y {X*} 3 Macorw « .

Ipunywenns 2. IcHye IOCTI TOBHICTh { ﬂ>} Tl , esika (hikcoBaHa Touka Z € X

YHUCITO N <o Taxi, o hyHKITISN
\ﬂmkvﬂw v, (2]< N n=1,2,.

JlocraTHi yMOBM iCHYBaHHS B KJaci ERO (0 -onTuManbHOI CTpaTerii MOXHa

oTpuMaTu 3 |/ -KpuTepiio y BUNaaKy A< = A, ne A — ckinuenna a6o koMnaxTHa
MHOKHHA.

Hexait A — cxinyena MHOXHMHA i BUKOHY€ThCS [Ipunywenns 1. Toni mia Oynb

axoro  0< ,B <1 B xnaci ERO icHye () -onTHManbHa CTpaTeris Rﬂ i

MaKkCcUMaJbHUHN poxia Y/ 8 (X, Rﬂ) OyJie €TMHUM PO3B’SI3KOM PiBHSHHS [16]

vy()maxir x,a) Blv, (VP@ylx d @)

Hexait A — kommakTHa MHOXHHa, hyHKIIS I'(X, a) HaIliBHETIEpEBHA 3BEPXY
na XX Ai nepexigHa HMOBIPHICTh P(l X, a) cnabko HemepepBHa Mo X, & i
BUKOHY€ETbCs [lpunywenns 1. Toni ans Oynp-sSKoro 0< ,B <1 B xnaci 930 icHy€

I/ -onTuManbHa CTpaTeris Rﬁ 1 MakcuManbHui foxin ¥/ 8 (X, Rﬂ) Oyne equHuM

po3B’sa3koM piBHAHHSA (8) [17].
Hexaii X — kommakr, A — ckinuenna MuoxuHa, BUKOHY€TbCs [punyujens 2,
byHKisn r(X, a) HerepepBHa o X, Vae A,

Q(X | X, X', a)—> O,Vas A ne 9( | X, X', a) — [OBHA Bapiamis Mipu

X—>X'
Q( |X X', a) P( | X a) ( | X, a TO}Z[IBKJIEICl R, icaye @ -onmumansua
CTpaTerisi.
Jia ckinueHHOTO (ha30BOT0 IPOCTOPY CTAHIB iCHYE HACTYITHUH pe3ynbrat [14].
Hexait A — 3niuenna MHOJKHHA, X - kommakrHa MHOYKHHA, BHKOHYETHCS
THpunywenns 2,  QyHKIis r(x, a) HelepepBHa 110 a, Vxe X,

Z|P({}}| X a)— F{{ N ,X'a)|%0, ‘a—> ,a ¥ ). Toxi s wraci R,
yeX
iceHye () -onTHMalnbHa CTPATETis.

Heski mocnabieHHs! AOCTAaTHIX YMOB iCHYBaHHSI ONTHMAJbHUX CTalliOHAPHUX
CTpaTerii Juisi KepOBaHUX MapKOBCHKHX TMPOIECiB MOXHA 3HaTH B [18].

VY naniii poOOTi pO3MNIAIAETHCS KEPOBaHA OJHOKAHAJIbHA CHCTEMa MAacOBOTO
obciyrosyBaHHs (CMO) 3 myacCOHOBUM BXiJTHUM IOTOKOM 3 A > () i cTanmumM 4acom
obciyroByBanHs t srv > 0. Hdomxkuna yepru odomexena 1 q > 0. KepyBanuam
BBaKA€ThCS TPUHHATTA-HENPUHHATTS Ha OOCIYyroBYBaHHsS 4YeproBoi BHMOTH Yy
MOMEHT ii mocTaHOBKM y 4epry. HempuiiHATa BHMOra BTpadaeTbcsi, MPHUHSATA
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BHMOTA CTa€ B YEPTy 1 MIOYMHAE OOCITYTOBYBATHCH, IIIOWHO 3BUTBHIETHCS MIPUIIAT, IO
obcnyrosye. [IpuitHsiTa Ha 00CIYroByBaHHS BUMOTra Aa€ noxif inc > 0 i Hece 30UTKw,
MPOMOPIIifHI Yacy nepeOyBaHHS BUMOTH y 4ep3i, 10 BUPAKAIOTHCS KOS(illiEHTOM
w_q > 0. HeobxigHO 3HATH CTpaTerito MpUHHATTS BUMOT Ha OOCITyTOBYBaHHS, SIKa
MaKCHMIi3ye OUiKyBaHHH CepeHIi TOXi/] 32 OMUHUIIIO Yacy 32 YMOBH HECKIHYEHHOT
TpuBajnocTi pynkuionyBanas CMO.

X={(0,0}u{1,2,.. K}x [0c:; )
A={a, a}; (10)

Ak, )= A if (k, e X, k< K
Ak H={a},if k> K+1 °

P({I%)[,tl)l( kll %)zl_e_/l(f_t)i( k)ie ),( k>0, kr< l;
(12)

(11)

PUk-3 L PAI(K) @)= VL &?]

(k,)e X, k>0,i=1,2,.. k- 1t<r<c
P({0, 0} (k 0, )=V (k)e X (4
P(Bl(kt),a)= A Bl(kr11,3),(kte X kK k a3

r((k,t),a,)=0,if =0,k t)eX

r((k,t),a))=d—r(ke— 1), if i=1, K,t)e X, k< K
3 dhopmyn (14), (15) BHILINBAE, 110
P{0,0}(k 9, @)= e = a0, (kt)eX, ae Ay i

HMOBIpHICTh TEPEeXO/y 3a0BOJIbHSE MPHITYIICHHIO ICHYBaHHS HEBiJ €MHOI MipH

A 3 Macoro @ Ha (X,Cb) TaKid, 1o ,U(X)>O i ,Ll(B)S P( Bl X 8),

(x, @) em, Bed. Toxi icHye (0 -onTuMainbHaA CTpaTeris R; S SRO. PiBHsIHHA

;o (13)

(16)

¢ -ONTUMAJILHOCTI MOKHA pOSB,HSaTI/I MCTOAOM HOCJ'Ii,I[OBHI/IX HaOJIMKEHbB.

s moOymoBu Mojeni ckopuctaemoch [19, 20]. I'padiuHo iMiTaliiiiHa MoaEib
CMO npencrasneHa Ha puc. 2.

Ockinbky iCHYBaHHSI 1 €AMHICTH PO3B’S3KY piBHAHHS (8) IOBEAEHO, TO HOTrO
MOIIYK MOXHA 3IHCHUTH 3a JONOMOTOI0 iTepamiiHoro merony Xomapaa [21],
peatizyBaBIIi HOTo Cy4YacHUMH IPOTPaAMHUMHE MeTo/iaMu [22], a came, B 33J1aHOMY
niama3oHi nrykaeMo oOMe)KeHHS Ha 4epry Ha KO>KHOMY KpOLl MOJEIIIOBaHHS, SIKE,
BiJNOBIZIHO, 1a€ MAaKCUMYM Ha HECKIHUEHHOMY IPOMIXKKY 4acy i Ha KO)KHOMY KpoLi
mepeaaeTbest y Moneis (puc. 3).

OcCKinbKM HECKIHYEHHE MOJEIIOBAHHS HEMOIJIMBO, KPIM TOTO, NPaKTHYHHUN
BUIIAJIOK TAKOX OOMEKEHHH y 4aci, TO MpUHMaEMO MOAETIOBaHHS Y TPUBAJIOMY, ajie
OOMEXeHOMY 4aci SIK HeCKiH4eHHe. baunMo, 110 y BHIIQJIKy 3aCTOCYBaHHS
ONTUMAJILHOT CTpaTerii y abCoNoTHOI KUTBKOCTI Oylio 00cIyroBaHO Maibke Ta kK
KUIBKICTH BHMOT, IO 1 JUIsi HEONTHMANIbHOI CTpaTerii. Ase s 30iIbIIeHHS
npudyTkoBocTi, CMO Mae 3MEHITyBaTH JOBKUHY YCPTH.
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KTs

z1 N 519
Discrete-Time

Integrator_1 Total of Demands

Service Probability
Constant
— 4 -F

KTs
fcn Switch 4>E} ,J 246
Demands z1

Discrete-Time Total of Served Demands

Integrator_2
S —

Demands in Queue

Average Queue Length

Unserved Demands Discrete-Time
Integrator_3

v 4y e

Demands Service Relational )¢ g Timitation
Operator
<5 N —)
Ground n

Discrete-Time Capacity of SMO
Integrator_4

Puc. 2. S-mogenms CMO 3 auickpeTHHM KPOKOM 0e3 ONTHMAIbHOI CTpaTeTii

z1 N 290
Discrete-Time
Integrator_1

Total of Demands

I Service Probability
Constant r
—u # vy > F
fen - KT [ 2]
Switch —_— : >
Demands z-1
Discrete-Time Total of Served Demands
Integrator_2
VJ 8 I
Demands in Queue
Unserved Demands Discrete-Time Average Queus Length
Integrator_3
o ]
Demands Service Relational Queue Limitation
Operator
J &l 238
Ground Lzt ) -
roun Discrete-Time Capacity of SMO

Integrator_4

Puc. 3. S-monens CMO 3 TUCKPETHUM KPOKOM 3 ONITUMAIHbHOIO CTPATETIEI0
BucHOBKM Ta NepCHeKTUBH MOAAJIBLIINX J0CTiTKEHD

B pesynbraTi mocmimkeHHs po3po0iieHO iHpOpMaliiiHy TeXHOJIOTiI0, OCHOBY SIKOT
CTaHOBJISITH MAaTEMATU4HI Ta KOMIT FOTEPHI MOJIeJIi, PU3HAUEH] 7151 BAKOPUCTaHHS
y cHcTeMax MiATPUMKH TMPHUAHSTTS pillleHh B YMpaBliHHI perioHanbHuM (200
MICIIeBHM) PO3BUTKOM. BukopucTanHs 3anponoHoBaHoi iHpopMamiitHoT TeXHOor 11
y CKJIaJi BiAMOBIIHUX CHCTEM MIATPUMKU MPUHHATTS PilICHb IS IJIAaHYBaHHS Ta
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MIPOTHO3YBaHHS PETIOHATEHOTO Ta MICIICBOTO PO3BUTKY O3BOJIMTH aKTHUBHIIIIE Ta
palioHasbHillle BUKOPUCTOBYBAaTH HasBHUM MicIeBHI BUPOOHUYMI Ta pecypcHUI
MOTEHIlia]l 3a PaxyHOK Koomepamii Ta iHTerpamii BHPOOHHUITBA, CIHIJILHOTO
BHKOPHCTaHHS COILIaNTbHOI, TPAHCIOPTHOI, 1H(OPMAIiHHO-TEIEKOMYHIKAIIITHOT
iHppacTpykTypu. Bukopuctanas po3pobneHoi iHGOpMAIifHOI  TEXHOMOTii
JO3BOJINTH ONTHMI3yBaTH, HANpPUKIAA, CIJbHE BHUKOPUCTAHHS CKIAJACHKUX
MPUMIIIEHb, MyHKTIB 30epiraHHs Ta CYIIHHSA 3epHAa, MEIUYHHUX 3aKJ/IiB TOIIO.
JocarHeHHs mepeBar 3a0e3nedyBaTHMETHCS 3a PaxXyHOK OOpOOJIEHHS 3asBOK Yy
MPaKTUYHO 3aMKHEHOMY TrochojapchbkoMy (abo comianbHOMY) —KOMILIEKCI
JIOKaJbHOT COIiaJIbHO-€KOHOMIUHOI CHCTEMH, SIK-TO 30ip ypokaio, JOTiCTHKa
MepeBe3eHb PI3HUMH BUAAMU TPAHCIOPTY, OOMIH BHPOOHHYUMH pecypcaMu y
mpolieci BUrOTOBICHHA NpoayKuii. B naniii po6oTi po3risiHyTo 00poOIeHHS 3asBOK
32 YMOBHM IX HaJXO/KEHHS 3a IyacCOHIBCHKAM PO3MOJALIOM 1 T€, IO IMPOIEC
MapKOBCBKMHA. B momampmmMx JOCHIDKEHHAX IIEPCHEKTUBHAM HAIPSIMOM €
YCKIIaJHEHHSI MOJENi, a caMe — ii 0araToKaHaJbHOCTI Ta AEAKHX BIACTyMax Bif
MapKOBOCTI TIPOIIECy.
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10 YBAI'M ABTOPIB 35IPHUKA

3MicT MarepiaiiB, IO HAIPABISFOTHCS IO PEOaKIlil, MOBHHEH BimnoBigatu mpodimo ta
HAYKOBO-TEXHIYHOMY DiBHIO 30ipHHKA.

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 popmymu marote Oyt Habpani B pegaktopi MathType.

Imroctparii moBuHHI 00OB'I3KOBO HYMEpYBAaTHCS, MAaTH KHIDKKOBY OpI€HTAIlifo i He
MOXYTh INEPEBHIIYBaTH 3a PO3MIPOM 3aJaHy CTOpIiHKY (mapamerpu cTopiHku 17x26 cm
3 mossive 2,0 cm). Ilepernik miTepaTypHHUX JKEepeln MEepeKIafaeThCsl aHIIIHCEKOI0 MOBOIO
(abo TpaHCHITEpPYETHCS B pOMaHCHKOMY al(haBiTi) 1 OJA€THCS BIAIIOBIAHO 0 MXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux mnyOmikamiii APA  (American Psychological
Association) style 3arajbHIM CIIUCKOM Yy KiHII CTAaTTI 332 4YeProko MIOCHIaHb y TEKCTi.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBiAKA MPO aBTOPIB, [I¢ BKA3yHOTHCS Mpi3-
BHILE, OBHE iM’s Ta 110 0AaTbKOBI aBTOPIB, HAYKOBHH CTYIiHb, BU€HE 3BaHHS, 110Ca/1a, HA3Ba
migpo3ainy (kadeapu) Ta oprasizaiii, 0COOMCTI JaHi KOXKHOTO 3 aBTOpPiB (ampeca, MICTO,
KpaiHa, kKoHTakTHUi Tenedown, e-mail), ORCID ID.

OO00B'I3KOBO CITiJT HAATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpexncTaBiaeHi B peNakiilo PYKONHCH TPOXOJATH peTelbHE OaraTolaHKOBE
pelCH3YBaHHS BiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELIEH3EHTIB MEHIIIa 32 BCTAHOBJICHUH MOPIT, PYKOINCH BiAXHUIISIOTHCS.

3MicT craTTi Ta SAKICTh HamucaHHS abo mepekiany (YKpaiHChKO abo aHTIIHCHEKOIO
MOBaMH) HEperJIsIAl0oThCsl KOpeKTopaMy 30ipHHKA, IPOTE BiJIOBIIANBHICTE 32 3MICT Ta
AKICTP CTAaTTI HECyTh aBTOpH Marepiamy. Jlo craTri MOXyTh OyTH BHECEHI 3MiHH
penaxiiiHoro xapakrepy 6e3 3rojiu aBTopa.

Posmin 36ipHuka, mo0 skoro Oyae BiJHECEHAa CTaTTsI, BHU3HAYAETHCS PEAAKINETO,
Y3rOJIKY€EThCS. — TOJIOBHUM pPEAaKkTOpoM abo Horo 3acTynHukoM. OCTaToOYHHII BUCHOBOK
10710 My OJTiKaIlii MaTepiaiB CXBAIIOE pelakiliiiHa Koeris 30ipHuKa.

EnextponHa Bepcis 30ipHUKa, mpaBmia 0GOPMIICHHS] Ta BUMOTH JI0 CTaTed MICTITHCS
B IHTEepHeTI Ha caliti http://www.es-journal.in.ua, sIKMif CHCTEMaTHYHO OHOBIIFOETHCH.

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
JISUTEHICTBY» Ta Ha caiiTi 010mioTekn KUIBChKOTO HAIliOHATBHOTO YHIBEPCUTETY OYIiBHHUIITBA
i apxitextypu http://library.knuba.edu.ua/node/883.
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