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I'JIPOXIMIYHUA MOHITOPUHI PIYKHU TETEPIB
Y MEXKAX IIUTHOI'O BOAO3ABOPY MICTA " KUTOMUP

Bauaepko P. A., bonnapuyk B. M., Kipeiiuesa I. B.

Jlep>xaBHuii yHiBepcUTET « KUTOMUPCHKA MOTITEXHIKa»

ByJ. UynniBcrka, 103, M. XKutomup, 10005
valerko ruslana@ukr.net,
kvm_bvm@ztu.edu.ua

lapoximiuHuii ctan piuku TeTepiB € BU3HAYAIb-
HUM (DaKTOPOM EKOJIOTIYHOI Oe3neKku Ta SKICHOro
MUTHOTO BOjonocTayanHs micta XXuromup. ¥V me-
JKax JIOCIIJIKEHHS MPOBEICHO KOMILIEKCHUHN aHali3
TiApOXiMIYHMX MOKa3HHUKIB BoIW piuku TetepiB y
MeXax MUTHOTO BoJ03a00py M. JKuTomup 3a nepioa
2000-2024 pokiB Ha OCHOBI OTPUMAHUX JAHUX MOHi-
TOpUHTY baceiiHOBOrO ynpaBiiHHS BOZHHX pecyp-
ciB piuku [pur’sts (nani—BYBP). Byno npoanauni-
30BaHO IMHAMIKY TaKUX MOKAa3HUKIB SK: Ol0XiMIdHE
cnoxkuBaHHs KucHIO (BCKs), po3unHeHu KUCEHBD,
3aBHUCII PEYOBUHH, Cynb(aru, Xyuopuan, Gocdaru,
HITpATHU Ta HITPUTH.

HocnimxenHss 0a3yeTbcs Ha JaHUX «3BITIB 3a-
raJbHOTO0 KOPUCTYBaHHs» Jlep’KaBHOTO areHTCTBa
BOJIHUX pecypciB Ykpainu (mani — [lepkBogareHT-
CTBO) Ta pe3yibratax MoHiTopunry BYBP Ilpumn’s-
Ti. JIng aHanmizy JMHAMiK{ MOKa3HUKIB OyIJo 3acTo-
COBAHO TOJIHOMIiaJbHI TPEHIU PI3HUX CTYIEHIB 3
OLIHKOIO BEJIMYMHU BIPOTiJHOCTI ampOKCHMALi.
Oco06nuBy yBary mpuijieHO BUSBICHHIO CE30HHHUX
KOJIMBAaHb Ta BIAXUJICHb BiJl HODMATUBHUX 3HAYCHbD,
BCTAHOBJICHUX JIJIs1 BOJJOMM MMUTHOTO NMPU3HAYCHHSL.

Pesynbpratu JOCHIKEHHS TIOKA3aJId, 110 TTOKa3-
uuk BCKs xonuBaBces B mexax 2,08—7,22 mrOz2/nm3,
MIPUYOMY CEpEeHI 3HAUEHHS BiJTOBIJaTH HOPMaTH-
By (<3 MrO2/nm?) mumie y 2011, 2012, 2014 ta 2015
pokax. BMICT pO34MHEHOr0 KHCHIO 3HaXOIUBCS Y
Mexax 6,0—14,56 mrO:/nm>, o BiAMOBI1aJI0 HOpMa-
TUBHUM BuUMoram (>4,0 MrO2/nm?). Bmict 3aBucinx
PEUOBHH HE NEpPEBUIYBaB HOPMATHBIB, 32 BHHSIT-
koM mepiony 6epesnst 2003 poky (17 mr/nm?, mo y
1,13 pa3u Oinbiie HOPMHU).

Cepenniit BMICT cynb(aTiB 3HaXOIUBCS y MEXKax
22-87 Mr/am? 10 He MEePEBHUINYBAJIO BCTAHOBIICHY
HopMy (100 mr/mm?). KoHueHTpawist XJIOpuaiB Bapi-
roBajia Big 9,4 mo 81,5 mMr/am3, 3alIMIIAI0OUNCh HUKYE
nonyctumoro piHA (300 mr/am?). BmicT docdaris y
Boxi cranoBuB 0,028—0,105 Mr/am?, 110 3HAYHO HUK-
ye noryctumoro 3HadeHHs (0,7 mr/am®).

KoHneHTparis a30Ty aMOHIHHOT0, Y JesiKi pOKHU
nepeBuIlyBasia HopMaTuBHI 3HaueHH (0,5 Mr/om®):
y 2000 poui —y 1,11 paza, y 2001 —y 1,07 pa3a, y
2004 —y 1,14 paza, y 2005 —y 1,4 paza, y 2006 —
y 1,08 pasza. BMmict HiTpariB BapitoBaB y Mexax
1,9-3,3 mr/mM?, 1o He MepeBUIyBali0 HOpMa-
THUBHI NMOKAa3HUKHU. BMicT HITPUTIB y BoAl 3adik-
coBano y mexax 0,001-0,20 mr/nm?, mpuuomy y
2,96% BUMAJKiB MEPEBUILEHO JONYCTUMY HOPMY
(0,02 mr/mm?).

OTpuMaHi pe3ynpTaTd MiATBEPIKYIOTh HEOO-
X1AHICTh MOCUJIEHHS CHUCTEMHOI'0 MOHITOPHHTY Ta
peamizaiii 3aX0/iB MO0 MOKPAIIEHHS SKOCTI BOIU
y nuTHOMY Bojo3abopi M. XKXutomup. [lpoBenennii
aHaJi3 MoXke OyTH BUKOPUCTaHUH 151 pO3pOOIICHHS
EKOJIOTIYHUX TPOrpamM, ONTUMI3AIl METOIB OYH-
IIEHHS BOJY Ta 3a0€3MEUYEeHHS CTaJO0ro BOAOMOCTA-
YaHHSL.

KurouoBi cjoBa: TiApOXiMIYHMI MOHITOPHHT,
piuka TetepiB, nuTHUI Bo103a0ip, AKICTh BOAH, €KO-
JoriyHa Oe3mneka, BOJOMOCTavYaHH 1, 3a0pyTHEHHSL.

Hydrochemical Monitoring of the Teteriv
River Within the Drinking Water Intake Area
of Zhytomyr. Valerko R. A., Bondarchuk V. M.,
Kireitseva H.V.
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The hydrochemical state of the Teteriv River is a
crucial factor in the environmental safety and quality
of drinking water supply for the city of Zhytomyr.
This study presents a comprehensive analysis of the
hydrochemical parameters of the Teteriv River’s
water within the Zhytomyr drinking water intake
area for the period 2000-2024, based on monitoring
data from the Pripyat Basin Water Resources
Management (BUVR). The study examined the
dynamics of such indicators as biochemical oxygen
demand (BOD:s), dissolved oxygen, suspended solids,
sulfates, chlorides, phosphates, nitrates, and nitrites.

The study is based on ‘Public Reports’ from
the State Water Resources Agency of Ukraine and
monitoring results from the Pripyat Basin Water
Resources Management. Polynomial trends of
various degrees with assessment of approximation
reliability were used to analyze the dynamics of
indicators. Special attention was paid to identifying
seasonal fluctuations and deviations from regulatory
values established for drinking water reservoirs.

The research findings indicate that the BOD:s levels
ranged from 2.08 to 7.22 mgO:/dm? with average
values meeting the regulatory standard (<3 mgO-/
dm?) only in 2011, 2012, 2014, and 2015. Dissolved
oxygen levels were within 6.0-14.56 mgO:/dm?
conforming to the regulatory requirements (>4.0
mgO:/dm?). The content of suspended solids did not
exceed the standards, except for March 2003 (17 mg/
dm?, which exceeded the norm by 1.13 times).

The average sulfate concentration ranged from 22
to 87 mg/dm?, remaining below the established limit
(100 mg/dm?). Chloride levels varied between 9.4 and
81.5 mg/dm? staying within the permissible level
(300 mg/dm?®). The concentration of phosphates in
water was 0.028—0.105 mg/dm?, significantly below
the allowable limit (0.7 mg/dm?).

Ammonium nitrogen concentration exceeded the
regulatory values (<0.5 mg/dm?) in certain years: in
2000 by 1.11 times, in 2001 by 1.07 times, in 2004
by 1.14 times, in 2005 by 1.4 times, and in 2006
by 1.08 times. Nitrate levels varied from 1.9 to 3.3
mg/dm?’, staying within regulatory limits. Nitrite
concentrations ranged from 0.001 to 0.20 mg/dm?,
with 2.96% of cases exceeding the permissible limit
(0.02 mg/dm?).

The obtained results confirm the necessity
of strengthening systematic monitoring and
implementing measures to improve water quality

in the Zhytomyr drinking water intake area. The
conducted analysis can be used for developing
environmental  programs, optimizing  water
purification methods, and ensuring sustainable water
supply.

Keywords: hydrochemical monitoring, Teteriv
River, drinking water intake, water quality,
environmental safety, water supply, pollution.

IlocTanoBka npodJjiemMu

lapoximiunuii cran piuku TeTepiB Mae Bupi-
I1aJIbHE 3HAYEHHS JIJIs1 €KOJIOT19HOT Oe3MeKH Ta KO-
CTI MUATHOTO BojomocTadaHHs micta JXKutomup. B
YMOBaX Cy4aCHOTO T€XHOT€HHOTO PO3BUTKY, CTPIM-
Kol ypOanizamii Ta aKTHBHOTO ClIbCHKOTOCIIONAP-
CBKOT'O BUKOPUCTAHHS BOJIHHUX PECYPCIB PIUKH, 3pO-
CTa€ pU3MK ii XIMIYHOro 3a0pyaHeHHs. OCHOBHUMU
(akTopamu, 110 BIUIMBAIOTH HA SIKICTh BOAU y Me-
Kax MUTHOTO BOJ03a00py, €: aHTPOIOreHHEe HaBaH-
TaXEHHS, arpoxiMiuyHe 3a0pyJHEHHs, KJIIMaTU4Hi
3MiHHM Ta PUPOAHI pakTopu [1].

BificyTHICTP HAJEKHOTO KOHTPOJIO 3a TiIpo-
XIMIYHUMH TapamMeTpaMu MOXe MPU3BECTH J0 T0-
CTYTOBOT'O MOTIPUIEHHS SKOCTI BOAM, L0 O€3Mo-
CepelHbO BIUIMHE HA CTaH 3/I0POB’SI HACENCHHS Ta
(YHKIIIOHYBaHHS CUCTEMH LIEHTPAJTi30BaHOTO BOJO-
nocTavya”us [2].

AKTYaJbHICTh I0CTiIKEHHS

3araapHOBIIOMO, IO TpiCHA BOJA € KPUTHYHO
BaYKJIMBUM PECYpPCOM IS BCHOTO CBITY, a 1i SIKICTb
0e3mocepeIHbO BILUIMBAE HA 3[I0POB’Sl HACETICHHSL.

3pocTanHsa NOTped y BOAHUX pecypcax CIpUYH-
Hsl€ 3HAYHUI BIJIUB Ha BOAHUH OanaHc, QyHKIIOHY-
BaHHS €KOCHUCTEM Ta CYCHUJIbBHUHN PO3BUTOK [3, 4].

VY 3B’I3Ky 3 UM MpoOJIEeMH paIiOHAJIBHOTO BO-
JOKOPUCTYBAaHHS CTAlOTh IEPIIOYEPTOBUMHU IS
0araTboX KpaiH, OCKIJIbBKM BOHHM BHU3HA4YalOTh pi-
BEHb EKOJIOT1YHOi, €KOHOMIYHOI Ta MPOIOBOJIHUOL
6esneku. KpiM TOro, JOCTYMHICTh SKICHHX BOJHUX
peCypciB € BaXXJIUBUM YHHHHUKOM CTAJIOTO PO3BHT-
KY TEPHUTOPIil.

B VYkpaiHi OCHOBHUM JI’KEpEsIOM BOAONOCTAaYaH-
HsI € TIOBEPXHEBI BOJMU, SIKI HUHI 3a3HAIOTH 3HAY-
HOro 3a0pyJIHEHHS Ta BUCHA)XXEHHs, II0 YacTO HE
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J03BOJISIE BAKOPUCTOBYBATH iX BiJIIIOBITHO JI0 CaHi-
TapHUX HOpM [5, 6]. [lonpu KpUTUYHUN CTaH BOA-
HUX pecypciB, 3aX0au 3 IXHHOT'O BiJIHOBJICHHS Ta
(diHaHCYBaHHS TPOrpaM IIOAO TMOKPALICHHS SKO-
CTi BOAM 3IIMCHIOIOTHCS HemocTaTHbO [7, 8]. Kpim
TOr0, HE3BaXKAIOUM HA 3HAYHHUU CMaJ HUHIIIHBOTO
MIPOMHCIIOBOTO BUPOOHUIITBA, Mpobiema 3a0pyn-
HEHHS BOJAHHUX PECypPCiB 3aJHMINAETHCA JOCUTH aK-
TyasnbHoto [9, 10].

[Nonepenni HOCHiKEHHS MMOKAa3ylOTh HAsIBHICTD
TEHJICHIIIT JI0 TOTIPIICHHS SKOCTI BOIHU, IO MOXKE
HECTH MOTEHIIIHI PU3UKHU ISl 30POB’l HACEJIECHHS
Ta QyHKIIIOHYBaHHS CUCTEMH Bojoroctayanus. Of-
HaK, CAICTEMHUN MOHITOPHHT XIMIYHOTO CKJaay BO-
IIM y MeXaxX MUTHOTO Bogo3abopy M. XKutomup mo-
TpeOye MorMOICHOT0 aHai3y 3 METOK BU3HAUYCHHS
TUHAMIKW 3MiH, BUSIBIICHHS OCHOBHUX JDKepes 3a-
OpyIHEHHS Ta pO3poOJieHHsS e(EeKTHBHUX 3aXOIiB
JUTSI TIOKPAIEHHSI CUTYallii 10 CKJ1anacs.

[IpoBeneHHS! CUCTEMHOTO T1IPOXIMIYHOTO MOHI-
TOPUHTY JIO3BOJUTH BUSIBUTH JUHAMIKY 3MiH CKJIa-
1y BOJIM, OLIHUTH PiBEHb 3a0pYyAHEHHS Ta CBOEYACHO
BXKUTH 3aXOMH JIJIs 3a1100IraHHsI €KOJIOTTYHUM PH3U-
kaM. Ockinbku p. TeTepiB € OCHOBHHM JKE€peoM
MMUTHOTO BOJOMOCTAYaHHs JJIsI MiCTa, OTPUMaHHI
pe3yabpTaTu JOCHIIKEHHS OyAyTh KOPUCHUMHU IS
MICIIEBUX OpTraHiB BJIaJH, MiJIPHEMCTB BOJIOMOCTA-
YaHHS Ta IPUPOAOOXOPOHHUX OpraHizamii.

Meta po6oTu

MeToro IOCHi)KEHHSI € MPOBEICHHS KOMILICK-
CHOTO TipOXiIMIYHOTO MOHITOpHHTY p. TerepiB y
MeKax MTUTHOTO BOJ103a00py M. JKuTtoMup 11si BUSIB-
JICHHSI OCHOBHHMX 3a0py/IHIOIOUMX PEUOBHH Ta (hak-
TOpIB, 10 BIUTUBAIOTH HA i1 XIMIYHUNA CKJIA].

BuksageHHs1 0CHOBHOr0 MaTepiany

Iadopmartiiinoro 623010 HAYKOBOTO TOCIIIKEHHS
CTaiH «3BITH 3arajJbHOrO KOPUCTYBaHH:» JlepxBo-
nmareHTcTBa. Jms mocmimkeHHs Oylu BUKOPHCTaHI
nani moritopunry BYBP Ilpun’ari 3a nepiog 2000—
2024 poxku [10]. 3a mocmimxyBaHUii epiof] OyII0 OIi-
HEHO TWHAMIKY TaKHX TiIPOXIMIYHUX MOKA3HHKIB:
6ioximiuHoro cnoxuBanHs kucHio (BCKS), po3un-
HEHOT'0 KUCHIO, 3aBUCIINX PEUOBHH, CYNb(]aTiB, XJIO-
puniB, ¢pocdatis, HITpATIB Ta HITPUTIB.

[Mokazuuk BCKS5 y Bomi muTHOTO BOMO32a00pY M.
Kuromup 3a nmocmimkyBanuii nepion 2000-2024
pp. 3HaxoauBcsa Ha piBHI 2,08-7,22 mrO%nm®. Ce-
penHi 3HaueHHs y Mexkax HopMmatuBy (3 mrO%am’)
3agikcoBani auie y 2011, 2012, 2014 ta 2015 poxkax.
3aranom xe cepeaniit BMict BCKS onucyetscs mo-
JiHOMiaJBHUM TPEHJOM 5-TO CTYTEHS 3 BEJIMYNHOIO
BiporizHocTi anpokcumarii R* = 0,4048 (puc. 1).

Pucynox 1. Jlunamixa cepeonvozo emicmy ma nepesuwenus nHopmamugy bCK5
y numHomy 80003a6opi npomszom 2000—2024 pp.
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Pucynox 2. JJunamixa cepednboeo eMicmy po3uuHeH020 KUCHIO y NUMHOMY
60003a60pi npomszom 2000—2024 pp., meO%om?

BMICT pO3YMHEHOr0 KHCHIO MPOTATOM JIOCTi-
JUKYBAHOTO Tepiofy 3HaxonuBcs Ha piBHI Big 6,0
no 14,56 mrO%nm?, mo BiAMOBiga€ HOpMi (HE HUXK-
ge 4,0 mrO%am®). CepenHiii BMICT PO3YHHEHOTO
KHCHIO ONUCYETHCS MONIHOMIAJIBHUM TPEHAOM 6-T0
CTYTNEHS 3 BEJIMYMHOIO BIPOTiTHOCTI arpoKCUMaIlii
R*=0,5416 (puc. 2).

JluHaMmika cepeaHbOro BMICTY 3aBUCIHUX PEUO-
BUH y MIUTHOMY BOJ103a00pi M. JKutomup mpotsrom
2000-2024 pokiB 300pakeHa Ha pucyHKy 3. Ilepe-
BUIICHb HOPMAaTHBY BMICTY 3aBUCIUX PEUOBHH, 32

JIOCITIIKYBaHUH MepioJl, He BUSIBJIEHO. BUKIIIOUeHHS
cknaB numie 6epesenb 2003 p., KOJIM 3HAYEHHS IO-
Ka3HHMKa 3HaXOAWJIOCS Ha piBHI 17 Mr/nm® Ta mepe-
BuIyBasio HopMmatuB y 1,13 pasis. Cepenniii BMicT
CYCTEHJIOBAaHUX PEYOBUH OMUCYETHCS MOJTIHOMIaIb-
HUM TPEHAOM 4-T0 CTyNEHs 3 BEITUYHHOIO BipOTij-
HocTi anpokcumanii R* = 0,3992.

Cepenniii BMICT cynb(daTiB y BOAI MPOTITOM
2000-2024 pp., 3HaXOmMBCS y Mexax Big 22 110
87 mr/nM® 1 He MepeBUIyBaB BCTAHOBIICHY HOPMY
100 mr/mm?.

Pucynox 3. Jlunamixa emicmy 3a8uciux pe4o8un y RUMHOMY 60003a00pi
npomsicom 2000-2024 pp., me/om?
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Pucynox 4. Jfunamixa emicmy cynvghamis y numuomy 6o0ozabopi npomszom 2000—2024 pp., me/om?

Haiibinpimi 3HaueHHS iX CepeagHbOro BMICTY
¢ikcyBamucs y 2012, 2018 ta 2018 poxax. Cepen-
HIl BMICT CyJb(aTiB ONMUCYETHCS MOTIHOMIaJIbHUM
TPEHAOM 4-T0 CTYNEHS 3 BEIIMYMHOIO BIPOT1THOCTI
anmpokcumailii R* = 0,3799 (puc. 4).

Cepenniif BMICT XJOPU[IB y BOAI MHUTHOTO BO-
nozabopy mporsrom 2000-2024 pokiB BapiroBaB
y Mexax Big 94 mo 81,5 mr/nM® i He mepeBUIIyBaB
BcTaHoBjieHy Hopmy 300 mr/am®. CepenHiif BMiCT

XJIOPUIIB ONHCYETHCS MOJTIHOMIaIbHUM TPEHIOM
5-ro cTymeHs 3 BEJIMYMHOIO BIPOT1IHOCTI allpOKCH-
marii R* = 0,1633 (puc. 5).

Cepenniit BmicT ¢ochaTiB y BOAl NPOTATOM
2000-2024 pokiB 3HaxoauBcs y mexax Big 0,028 1o
0,105 mMr/om® 1 He TIepeBUIIYBaB BCTAHOBJIEHY HOPMY
0,7 mr/am® (puc. 6).

CepenHiii BMICT a30Ty aMOHIHHOTO Y BOJIi ITUTHO-
r'0 BO/103200py MPOTATOM JOCIIIKYBAHOTO MIEPIOTy

Pucynox 5. Jfunamixa emicmy xaopudig y numuomy 60003a6opi npomsieom 2000-2024 pp., me/om’
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Pucynox 6. Junamira emicmy ghocgpamis y numuomy 600o3abopi npomseom 2000—2024 poxis, me/om’

nepeBuIyBaB HopMaTuBHI 3HaueHHs y 2000 (1,11
pasm), 2001 (1,07 paszm), 2004 (1,14 paswn), 2005 (1,4
pasu) Ta 2006 (1,08 pa3u) pokax.

CepenHiif BMICT a30Ty aMOHIHHOTO ONTUCYETHCS
MOJIIHOMiaJIbHUM TPEHAOM 6-ro CTYIEHS 3 BEJH-
YUHOIO BiporigHocTi ampokcumanii R* = 0,6065
(puc. 7).

CepenHiii BMICT HITpaTiB HE MEpPEBUIILYBaB
BCTAHOBJICHOT HOPMU 1 KOJIMBABCS Y BOZ1 Y Me)Xax
1,9-3,3 mr/nm®. CepenHiil BMICT HITPATiB OMUCY€Th-

Csl TIOJIIHOMIaJbHUM TPEHJOM 6-ro CTYTEHS 3 Be-
JUYUHOIO BIPOTiIHOCTI anmpokcumanii R* = 0,6577
(puc. 8).

BwMicT HITpHUTIB y BOII 32 AOCHIIKYBaHUU Tie-
piox 3HaxomuBca y mexax 0,001-0,20 mr/nm®. 3a
BMICTOM HITPUTIB BIIXUJICHHS BiJl HOPMH BUSIBJIC-
HO ¥ 2,96% anamizoBanux 3HaueHb (y 1,5 pasu y
ciuni 2015 p., Ta xoBtHi 2011 p., y 2,5 pasu — y
kBiTHI 2005 p., y 1,1 Ta 1,7 pa3u —y uepnni 2003 ta
2006 p., y 1,2 pa3u — y Bepecni 2013 pokax.

Pucynox 7. [Junamixa emicmy azomy amoHitiHO20 Y NUMHOMY 60003a00pi npomszom 2000—2024 pp., me/om?
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Pucynox 8. Junamixa emicmy nimpamie y numnomy o0ozaoopi npomszom 2000—2024 pp., me/om?

Pucynox 9. J[unamixa emicmy nimpumie y numnomy o0ozaoopi npomszom 2000—2024 pp., me/om?

CepenHiil BMICT HITPHUTIB OIUCY€ETHCS TOTIHOMI-
aJBHUM TPEHJIOM 5-TO CTYIIEHS 3 BEJIMYMHOIO BipO-
rimHocTi anmpokcumarii R* = 0,5517 (puc. 9).

OTxe, OTpUMaHi pe3ynbTaTH MiATBEPIKYIOThH
HEOOX1HICTh CUCTEMHOTO T1IPOXiMIYHOTO MOHITO-
punry p. Tetepis, 30kpeMa B paiioHi MUTHOTO BOJIO-
3abopy M. XKurtomup.

PerynsipHe BiJICTEKEHHS 3MiH XIMIYHOTO CKJIaay
BOJY JIO3BOJIUTH 3aBYACHO BUSIBIISITH JUKEepena 3a-
OpyIHEHHS Ta Po3poOIATH e(PEeKTUBHI 3aXOAH MO0
IX yCYHEHHSI.

BucnoBku

Ha ocHOBI mpoBeAeHOT0 JOCTIIKEHHS Ta OTPH-
MaHHUX Pe3yJbTaTiB TigpoXiMiyHOrO crany p. Te-
TEpiB y MeXax MUTHOro Bopo3abopy M. XKutomup
3a nepiog 2000-2024 pp., Oyyio BUSBICHO HEOIHO-
piAHY JAMHaMIKy 3a0pyIHEHHS BOJHOTO O0’€KTa.
AHami3 pe3ynbpraTriB MOKa3aB, 110 HAHOLIBII MPO-
onemuumu BusiBunucs nokasuuku BCKs, ne mepe-
BUIIIEHHSI HOpMaTHBY 3 MrO%nm’ crocrepiranocs
HNPAKTUYHO MPOTATOM BCHOT'O JOCIIJKYBaHOTO IIe-
pioxy, 3a BuHsATKOM 2011, 2012, 2014 Ta 2015 pokis;
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a30T aMOHIMHMM, SIKUU TEepeBHIyBaB HOPMATHUB Y
2000-2001 Ta 2004-2006 pp., mo 1,4 pas3m; Ta HIT-
pUTH, s AKUX OyJ0o 3a]iKCOBAHO IMEPEBUIICHHS
HOpMaTuBY y 2,96% BUIAJKIB 3 MAKCUMAJIbHUM T1e-
peBullieHHsIM Yy 2,5 pa3u. BogHouac, HuU3Ka mokas-
HUKIB NPOJEMOHCTPYBaJia MO3UTHUBHY AMHAMIKY Ta
BIJIMIOBIIHICT, HOPMATHUBAM: PO3YMHEHHUIH KHCEHBb
cTallJIbHO 3HAXOIMBCA B MEXKax HOPMH, 3aBHUCII
PEUOBMHM MaJld JIMIIE OAMHHUYHE TIEPEBUIICHHS
y 6epes3ni 2003 poky, cynbdaru Ta XJI0puau Oyiu
cTallIpHO HUKYE HOPMATHUBHUX 3HaueHb, hocdaru
3HAQYHO HE TMEPEBUIIYBaJIH I'PAHUYHO JOMYCTHMHX
KOHIICHTpAIlIif, a HITpaTH 3aluIIaducs B Mexkax
HOPMH MIPOTSATOM BCHOT'O TIEPIOY CIIOCTEPEKEHb.

AHani3 TpeHIIB JOCHiIKyBaHUX TIOKA3HUKIB
BUSIBUB HAWBWINY JOCTOBIPHICTH ampOKCUMAIIii
s HiTpariB (R? = 0,6577) ta a3ory aMoHiitHOTO
(R?=0,6065), cepeHIo TOCTOBIPHICTH ISl HITPUTIB
(R* = 0,5517) Ta pozunnenoro kucHio (R* = 0,5416),
a TaKOX HU3bKY JOCTOBIPHICTH ISl XJIOPUIIB
(R? = 0,1633), 1m0 CBiIYUTH MPO XAOTHYHICTH 3MiH
I[bOT0 MOKa3HuKa. KpiM Toro, 0yio BUSBIIEHO CE30H-
HICTh KOJIUBaHb OKPEMHUX IOKA3HUKIB Ta X 3ajexk-
HICTH BiJl IPUPOAHHUX TA AHTPONOT€HHUX (DAKTOPIB,
110 MOTpedye OAATKOBOIO BUBUCHHS /I PO3POOKHU
NPEBEHTUBHUX 3aXOiB.

BucnoBku

OTpumaHi pe3ynbTaTH JAOCHIKEHHS MOXYTh
OyTH BUKOPHUCTaHI1 JUIsl pO3pOOJIEHHS CUCTEMH paH-
HBOT'O TIOTIEPE/KEHHSI TIPO MOTIPIIEHHS SIKOCTI BO-
J¥, ONTUMI3allii pe>KUMiB pOOOTH OYMCHUX CIIOPYI,
CTBOPEHHSI TPOrHOCTUYHUX MOJIENICH 3MiHU SKOCTI
BOJIM Ta OOTpPYHTYBaHHS HEOOX1THOCTI MOJIEpHi3aIlii
CHCTEMH BOJAOMIATOTOBKH.

Takox oTpuMaHi JaHI MOXYTb CTaTH OCHOBOIO
TSl pO3pOOJIEHHS PEKOMEHIAIIHN 00 3MEHIIICHH S
AQHTPOMNOT€HHOI'0 HABAHTAXKCHHS HA BOIHUN 00 €KT,
BIOCKOHAJIEHHS CUCTEeMH MOHITOPUHTY SIKOCTI BOIU
Ta TUIAHYBaHHS MPHPOJOOXOPOHHUX 3aXOAIB 3 Bil-
NOBiTHUM (iHaHCyBaHHSAM. Ha ocHOBI mpoBeeHoro
JOCITIIPKEHHST MOJKJIMBE CTBOPEHHS reoiH(opMmartiii-
HOI CHCTEMH MOHITOPUHTY SIKOCT1 BOAH, PO3pPOOJICH-
HSl MyHILMIAJIBHUX MPOrpaM 3 MOKPAIIEHHS SIKOCTI
OUTHOI BOAM Ta OOIPYHTYBaHHS I1HBECTULIMHHUX
MPOEKTIB 3 MOJECPHI3aIll CUCTEMHU BOJOMOCTAYaHHS
micta XKutomup.
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VY cTaTTi pO3rISHYTO Ta CHCTEMAaTH30BAaHO HAy-
KOBI ITiIX0I1 B HEOOX1JHOCTI BUPIIICHHSI TPOOIeMH
CTiMiKOi yTHIIi3anii eeKTPOHHUX 3ac001B, BU3HAUE-
HO TIOHSATTSI BIIXO/1iB €JIEKTPHYHOTO Ta €JICKTPOHHO-
ro obmagHaHHS K €KOJIOT1YHOI KaTeropii, HaBeJIeHO
€Tanu XUTTEBOTO IUKIY JJIsi TUIIOBOTO E€JIEKTPO-
HHOTO BHpPOOY 3 ypaxyBaHHSM HOTO TOBTOPHOTO
BUKOPUCTAHHSL.

Mertoto crTaTTi € OOIpYHTYBaHHS YTHJIi3amii
€IeKTPOHHUX 3aC00iB.

Jlns1 TOCSTHEHHS TIOCTaBIIEHOI METU OyJI0 BHKO-
HAHO HACTYIIHI 3aBIAHHS:

*  aHaJI3 Cy4yaCHUX TEXHOJOT1H yTHIIi3aIlii BiJI-
XOJIiB €JICKTPOHHOTO Ta EJICKTPUIHOTO 00JIa THAHHS;

*  aHaJi3 BIUIMBY Ha JOBKIJUIS MPH yTHII3alil
BIJIXO/IIB €JIEKTPOHHOTO Ta EJIIEKTPUYHOro 00Iai-
HaHHS,

e aHaji3 JOCBiNy YTHII3allii BiIXOHIB €JeK-
TPOHHOTO Ta €NEKTPUIHOTrO 00JIaTHAHHS;

*  pO3poONCHHS pPEeKOMEHMAlii IOoA0 YTHIIi-
3aIlii BiIXO/iB €JIEKTPOHHOIO Ta EJIEKTPUIHOTO 00-
JIaTHAHHSL.

JlocniKeHO MIKHAPOAHHUM JIOCBI PO3B’sI3aH-
Hs JaHoi mpobnemu, 30kpema mpoekT «Best of 2
World». Bu3zHaueHo eKOHOMIYHI TepeBaru BIpPOBa-
JKEHHSI MacITaOHOTO NepepoOIIeHHS eeKTPOHHUX
BiIXOAIB B YKpaiHi.

Byno moBeneHo, 10 CTiliKa PeHUPKYISAIIS TAKHX
BiJIXO/IB MO>ke HaOyTH 3HAYCHHS] BTOPUHHOT'O CUPO-
BUHHOTO PE3epBYy [JIs PI3HUX Taiy3ed MmpoMUCIIO-
BOCTI, Oy/1iBHHIITBA T CHEPTETUKH.

[TpoananizoBaHo, IO yTHJII3Alis €IEKTPOHHHUX
3ac00iB € BaXJIMBOIO EKOJOTIYHOI MPOOIeMOIo,
OCKIJTBKM BOHHU MICTSITh IIKIJJIMBI PEYOBUHU, SIKi
MOXYTh 3a0pyJAHIOBAaTH HABKOJIMIIHE CEPEOBUIIE
Ta 3aBAATH IIKOIHU 370POB’I0 JTIOIUHU.

Jlns po3p’a3aHHA JaHOI NPOOJEMU PO3’ICHEHO,
10 JJIs1 yTUJTI3a1i1 eIeKTPOHHUX 3ac001B HE0OX1THO
BXKUBATH KOMIUIEKC 3aX0/1iB, BKJIIOUAIOUU: CTBOPEH-
Hs €(DeKTUBHHUX CUCTEM 30MpaHHs Ta epepoOIICHHS
€IeKTPOHHUX BIJXOIB, IO JO3BOJIUTH BiJIOKPEM-
JIOBATH I[IHHI MaTepianu Ta 6e3neyHO yTUIIi3yBaTH
IIKiJUTHB] PEYOBHHM; IPUHHATTS 3aKOHIB, SIKI Pery-
JIOIOTh YTHJII3ALlII0 €JIEKTPOHHMUX 3ac00iB Ta BCTa-
HOBJIIOIOTH BIJMOBIIANIBHICTH 32 1X Oe3MeuHe MoBo-
JOKCHHSI; TI1IBUILIEHHS 0013HAHOCTI HACENCHHS PO
HeOe3IeKy eJIeKTPOHHUX BiJIXO/IiB Ta BaXKJIMBOCTI 1X
MPaBUJIBHOI YTHIII3aLlil; po3po0JIeHHS! Ta BUPOOHH-
IITBO €JEKTPOHHHUX MPUCTPOIB, SIKI MICTITh MEHIIIE
IIKIIJTUBUX PEUOBHH Ta € OUIBII MPHAATHUMHU TS
nepepoOIeHHS.

[TpoindopmoBano mpo Te, Mo y 6aratbox Kpai-
Hax ICHYIOTb YCHIIIHI POrpaMu 3 yTHJIi3alii eJek-
TpOHHUX BiaxoxiB. Hampuknaza, B €Bponeiicbkomy
Coro3i aie JlupekTuBa Mpo BiAXOAH €JIEKTPUYHOTO
Ta enexktponHoro oonagHanHs (WEEE), sika Bcta-
HOBJIIOE BUMOTH /10 30MpaHHs Ta NepepoOseHHs
€JIeKTPOHHUX BIAXOMIB. MiKHApOIHHI TOCBIJI CBiI-
YUTh, 10 AUHAMiKa OOCSTIB BiIXOiB €NEKTPOHHUX
BUPOOIB € CHHXPOHHOIO JUHAMIII TPOTAHUX B OKpe-
Miii KpaiHi TaKUX TOBapiB, ajie 3 BiJICTABaHHSM, IO
NpUOJIU3HO BIATIOBIAE TPUBAIOCTI KUTTEBOTO ITH-
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KJTy BiZITIOBITHOTO yCTaTKyBaHHs. 30KpeMa, YKpaina
nocizae 36 MicIe 1O CIOKMBAHHIO €JIEKTPOHHOI Ta
KOMIT' IOTEPHOI TEXHIKH, TOMY MpobieMa yTHiIi3arii
€JIEKTPOHHUX Bi/IXO/1B HA0yBa€ CBOET aKTyaJIbHOCTI
SIK aCTIEKT €KOJIOTTYHOI MPoOIeMHU.

VYrunizanis eleKTPOHHUX 3ac00IB € Cepilo3HOI0
€KOJIOTTYHOIO MPOOJIEMOIO, sIKa TOTpeOye KOMILICK-
CHOTO PO3B’s3aHHS. TiNbKU CHUIBHUMHU 3YCHIITISIMU
31 CTOPOHHM JepXkaBH, Oi3HECY Ta TPOMaISTH MOXKHA
JOCSITTH YCIIIXY Y BUPIIIEHH] IIbOTO MTUTAHHSL.

KurouoBi ciioBa: nepepobieHHs BiIX0O/1B, BaXKi
MeTaJIl, IUPKYJIIpHA EKOHOMiKa, TOKCHYHI MaTepia-
M, Pecypco30epeKeHHs, 3eJIcHe BUPOOHUIITBO.

Recycling of electronic equipment as an aspect
of the environmental problem. Demchuk L.,
Rusetska N.

The article reviews and systematises scientific
approaches to the need to address the problem of
sustainable recycling of electronic means, defines the
concept of waste electrical and electronic equipment
as an environmental category, and presents the stages
of the life cycle for a typical electronic product with
due regard for its reuse.

The purpose of the article is to substantiate the
recycling of electronic means.

To achieve this goal, the following tasks were set
and completed:

* analysis of modern technologies for recycling
waste electronic and electrical equipment;

* to analyse the environmental impact of
recycling waste electronic and electrical equipment;

* analysis of the experience of recycling waste
electronic and electrical equipment;

* development of recommendations for the
disposal of waste electronic and electrical equipment
for Ukraine.

International experience in solving this problem,
in particular the Best of 2 World project aimed at
developing an alternative solution to this problem, is
studied. The economic benefits of introducing large-
scale e-waste recycling in Ukraine are determined.

It is proved that sustainable recycling of such waste
can become a secondary raw material reserve for a
number of industries, construction and energy sectors.

It is analysed that the disposal of electronic means
is an important environmental problem, since they
contain harmful substances that can pollute the
environment and harm human health.

To solve the problem, it is explained that the
recycling of electronic equipment requires a set of
measures, including: the creation of effective e-waste
collection and recycling systems that will allow the
separation of valuable materials and safe disposal of
harmful substances; the adoption of laws regulating
the recycling of electronic equipment and establishing
responsibility for their safe management; raising
public awareness of the dangers of e-waste and the
importance of its proper disposal; development and
production of electronic waste treatment facilities;
and the development of new technologies.

The participants were informed that international
experience shows that many countries already have
successful e-waste recycling programmes. For
example, the European Union has the Waste Electrical
and Electronic Equipment (WEEE) Directive, which
sets out requirements for the collection and recycling
of electronic waste. International experience shows
that the dynamics of waste electronic products is
synchronous with the dynamics of such goods sold
in a particular country, but with a lag that roughly
corresponds to the life cycle of the relevant equipment.
In particular, Ukraine ranks 36th in terms of
consumption of electronic and computer equipment,
so the problem of e-waste disposal is gaining relevance
as an aspect of the environmental problem.

Recycling of electronic equipment is a serious
environmental problem that requires a comprehensive
solution. Only through joint efforts of the government,
business and citizens can we succeed in this area and
ensure safe e-waste management for the environment
and human health.

Keywords: waste recycling, heavy metals, circular
economy, toxic materials, resource conservation,
green manufacturing.

IlocTanoBka npodJjieMu

3 PpO3BUTKOM TEXHOJIOTIH KIIBKICTh €JIEeKTPO-
HHUX TPUCTPOIB, SIKI BAKOPUCTOBYIOTHCS, IOCTIHHO
3pocTtae. Lle mpu3BOAUTE 10 301IBIIEHHS KITBKOCTI
€JIEKTPOHHUX BIJIXO/IIB, AKi MOTPEOYIOTh YTHIII3aLlii.
EnexTpoHHI BiIXOIU MICTATh HeOE3MeuHi PEeYOBH-
HU, TaKi K CBUHEIb, PTYTh, KaJAMIl Ta 1HII BaXKi
MeTalH. SIKIIO i PEYOBUHHU NOTPAIUISIIOTH Y TPYHT
abo BOIYy, BOHU MOXYTh 3a0pyIHUTH HABKOJUIITHE
CEepEeIOBHILE Ta 3aBAATH LIKOIU 3I0POB’I0 JIOAMHH.
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Kpim TOro, HenpaBuipHa yTUIIi3allis €JICKTPOHHUX
BiJIXO/1iB MOJKE MPU3BECTH JIO0 BTPATH I[IHHUX PECyp-
CiB (30J10TO, CpiOJI0 Ta IHIII METalN).

3aBOM 3 BUTOTOBJICHHSI E€JIEKTPOHHOI TEXHIKU
HOPIBHSHO 3 MiANPHEMCTBAMU 1HIINX Taly3el mpo-
MUCIIOBOCT1 JalOTh BiJIHOCHO HEBEJIUKY KIJIBKICTh
BUKHJIIB Yy HAaBKOJIMIIHE cepefoBuine. binmpmicTh
IPOMUCIIOBUX BHPOOHUIITB PO3TAIIOBaHI y MICTaXx,
TOMY MPHPOJOOXOPOHHI 3aXOAM Ha TaKUX IMiANPH-
€MCTBAX KUTTEBO HEOOX1IHI.

Benuka KinbKicTh mpolieciB, onepaiiii Ta MaTe-
piaiB, 1110 BUKOPUCTOBYIOTHCS ITi]] YaC BUTOTOBJICH-
Hsl €JIEKTPOHHMX 3aC001B, € JyKepeIaMH BeJIMYe3HOT
KUJIBKOCTI PEUOBHH, IO MAlOTh HECHPHATINBUN
BIUJIUB HA JIIOJUHY Ta AOoBKiLIs. [lig 9ac BUTOTOB-
JICHHS €NIeMEHTHOI 0a3u, EJEKTPOHHUX BHUPOOIB,
00poOJIeHHsI, BUPOIIYBAaHHS HAIiBIPOBITHUKOBUX
KpPHUCTaJiB, BUTOTOBJICHHS 1HTETpajbHUX CXEM Y
nporeci rajbBaHIYHOIO BHPOOHUIITBA YTHIIi3allis
BUXITHUX MaTepiajliB 4acTo BiAOYBAa€ThCS 3 HU3D-
KUM KOE(]IIIEHTOM BUKOPUCTAaHHS. | sIK HacHiJoK,
BEJIMYE3HA KUIBKICTh BIXO/IB NOTPAILISE Y aTMOC-
dbepy, rigpocdepy, 3a0pyHIOE BORy Ta IpyHT. Bina-
TaK, MOPSJA 13 BUCHA)KEHHSM HPUPOIHHUX 3araciB
neinuTHUX MaTepialiB BiOyBa€eThCs 3a0pyAHEHHS
HABKOJHIIHBOTO CEPEIOBHILA, 110 BEIE 0 3TYOHHUX
HACJI/IKIB JIJII OKPEMHUX €KOCHCTEM Ta Oiochepu.

HerarvBHu# BIUIMB HA HABKOJIMIIHE CEPEAOBUILE
BiZIOYyBA€THCA MPOTITOM YChOT'O >KMTTEBOTO LIUKITY
BUPOOY, BiJl NpUAOAHHS CUPOBUHU, BUTOTOBJICHHS
BUPOOY 10 HOro yTHIi3alil micis 3aKiH4eHHS Tep-
MiHY 3aCTOCYBaHHSL.

[Mouryku msxiB BUXOY 13 CUTYAIIil IO CKJIaja-
Csl, IPU3BOASATH IO BUCHOBKY, 1110 O€3 3HAHHSI €KOJIO-
TYHUX TPUHLHMIIB OpraHizauii »kuBoi marepii, 6e3
YCBIIOMJICHHSI TPOQECiifHOI BIAMOBIAAIBHOCTI KOXK-
HOT'O TpOMaJITHUHA Ta YYaCHUKA BUPOOHUYOTO MPO-
[[eCy HEMOKIIMBE TIOAJIbIIIe iCHYBaHHS ToacTBa. L{i
3aX0[¥ MOBUHHI MaTH 3aKOHOJaBYi OOMEKYBaJIbHI
JOKYMEHTH, 1110 PETJIAMEHTYIOTh IIPOIieCH BUPOOHU-
IITBA HOBOI Ta yTHJIi3allii BIAMPAIbOBAHOI €IEKTPO-
HHOI POy K.

AKTYaJbHICTh I0CTiKEHHS
BupoOGHHITBO €IEKTPOHIKK MPOTATOM OCTaHHIX

30 pokiB cTao MEBHOIO MIPOIO 3alieKaTH BiJ| MiB-
JNCHHO-KUTANCHKOTO Ta aMEPUKAHCHKOTO JIAHITIOra

nocrayanHs. [langemis COVID-19 pasom 3 rio-
0aNbHUMHU EKOHOMIYHMMH MOTPICIHHSAMHU 3HAYHO
npuckopuia nonsipuzanito [lisnennoro Kuraro ta
AMepHuKH Ha JiBa MI00AJIbHI JTAHIIOTH MMOCTAa4YaHHS,
0co0a1BO B raiysi eaekTponiku. Lli peamnii HagatoTh
VYkpaiHi yHIKaJbHY MOXJIMBICTH CTaTHU KIIOYOBOIO
€BPA31iCHKOI0 TEXHOJOTTYHOI0, IHYPACTPYKTYPHOIO,
BUPOOHHMYOI0 Ta arpo0i3HECOBOIO 0a3010 Ta mepe-
TBOPUTHUCS HA BaXKJIMBY CKJIaJIOBY HOBOI IJ100aJIbHOT
CHCTEMHU JIAHITIOT'1B MIOCTAYaHHSI.

€Bponeiicbknil 6aHK PEeKOHCTPYKILIi Ta PO3BUT-
Ky (€BPP), mo € HaiiOibIIIM 1HO3EMHHUM 1HBECTO-
poM B YkpaiHi. € 1yMKa, 10 €BPOMENUChKi KOMITaHii
MOBUHHI MMOYaTH BHUPILIYBAaTH MPoOIeMHU 3 TaKUMU
JAHIIOTaMU [TOCTAYaHHs, CTBOPUBIIH «TJI00ATBHHMA
JIAHITIOT BAPTOCTI» 13 3aJIy4EHHSIM JI0 IIbOT'O MPOIe-
Cy Hallly KpaiHy, sika Ma€ HU3KY IepeBar:

*  Braje reorpagiuHe po3TalryBaHHS;

* 19 Vroa npo BinbHY TOpriBito i3 46 kpaiHa-
MU, BKJIIOUHO 3 Iloriu0ieHoo Ta BCeOXOIUTIOI0UY0I0
30HOIO BUJIBHOI TOPriBJIi MiXK YKpaiHoto Ta €Bporieii-
cekuM Corozom (€C);

*  HasgBHICTbH KBasmi(hikoBaHOI poOOYOi cCHUIH;

*  KOHKYPEHTHI BUTPAaTHU Ha BUPOOHHIITBO.

VYce e B MoeqHaHHI Ja€ MOXJIUBICTH YKpaiHi
CTaTH BaXXJIMBOIO BHUPOOHHYOIO IUIAT(HOPMOIO st
BUPOOHMIITBA EJIEKTPOHIKH, IO OPIEHTYEThCS Ha
BHYTPIIIHIN Ta €KCHOPTHUH PUHKHU.

IIpote, €C cnoxupae 43% excnopty 3 YKpainu,
OTXKE Hallla KpaiHa BXKE € HEBiJI €MHOI0 YaCTUHOIO
€BPOIICHCHKOr0 JIAHIIIOTa MOCTaYaHHs. 3aBIsSKH MPO-
BEJICHHIO MIMOOKUX €KOHOMIYHUX pedopM Ta iMILie-
MeHTamii Yroau npo acomianito Ykpaina-€C, me 10
naHjaeMii 1HBECTOPU BXKE pO3MIAganu YKpaiHy SK
CTablIbHMIM Ta TIepen0auyBaHU PUHOK, 1110 PO3BHBA-
eTbcsl. Hu3ka BITUM3HAHUX Ta 3apyOiKHUX BUPOOHH-
KIB €JIEKTPOHIKM BKe MalOTh B YKpaiHi CBOI BUPOO-
HUYI MOTYXHOCTI. KiIbKICTh TakMX KOMIIaHii Oyze
MIOCTYTIOBO 3pOCTaTH 1 YKpaiHa Ma€ NMepCreKTUBY Ha
T€, 100 CTaTH KJIIOYOBOIO JIAHKOIO B JIAHIIOrax I10-
CTa4aHHs Y CBITI ITICJIs 3aBEPIICHHS BIHCHKOBUX il

AHAaJI3 OCTAHHIX J0CTi:KeHb Ta myOJikamii

Cyd4acHi JOCHIPKEHHS OBOASTH, 110 TpoOiie-
MU YTHIIi3a11i1 eIeKTPOHHHUX BIAXOMIB SIK CKJIaJ0BOL
€KOJIOTIYHOTO MEHEKMEHTY JIOCHTh IIUPOKO PO3-
[JISIIAF0THCS Y MPpalgX TAKUX BUEHUX, IK XOMSKOB B.,
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Abanxkin JI., €pemees 1., Aumyxk JI., KpacHsaucekuii
M., Burosceka €., Ta iHmux. Bueni 3poOuiu 3Ha-
YHUII BHECOK Y pPO3pOOKY HAyKOBO-TIPAKTUYHHX
3aca]] BUPILICHHS TPOOJIEM MOBOIKEHHS 3 €JIEKTPO-
HHUMH BiXOIaMU. AJle, TIONPH BEITUKOI KiJIBKOCTI
HAyKOBHX pPO3pOOOK, rpodiemMu (popMyBaHHS €KO-
HOMIYHOTO MEXaHi3My yIpPaBIiHHS €JIEKTPOHHUMU
BiJIXO/IaMH 3aJTUIIAI0THCS HEBUPIIICHUMHU.
HoBu3Ha noc/izkeHHs TOJsATae B TOMY, IIO
3’SIBUJIOCS KUJIbKa 1HHOBAIIMHUX MiAXOIIB 10 yTH-
mizamii eNeKTPOHHUX BIAXOMIB, sIKi JOMOMAararoTh
3MEHIINTH X HEraTUBHUHN BIUIMB HA EKOJIOTIIO.
MeTonos10riune 3Ha4YeHHs MOTpedye B yTHUIII-
3arii eJeKTPOHHUX 3aC00iB KOMILIEKCHOTO ITiIXO0-
1y, 10 TIOEHYE 3HAHHS 3 1HXeHepii, XiMii, eKoo-
rii, ekoHOMiKkH Ta corionorii. Lle crpusie po3BUTKY
MDKIUACIUTITIHAPHUX METOJIB TOCIIKESHHS Ta BU-
pitmeHHs ckiaaaHux npobaem. [lpodrema yrumizamii
CJIEKTPOHHUX 3aC00IB € CKJIAIHOK CHCTEMOIO, II0
BKJIFOYa€ BUPOOHUIITBO, CIIOXUBAHHS, 30MpaHHS,
nepepoOiIeHHsT Ta yTuiizallito. Taki TOCIiKESHHS
HnoTpeOyIOTh CUCTEMHOIO aHaji3y JJis BUSBICHHS
KJIFOYOBUX (PaKTOpiB Ta po3poOieHHs e(peKTUBHUX
cTpareriit. s ynpasiiHHs mpo0i1eMoro yTHTi3aril
€JIEKTPOHHUX 3aC00iB HEOOX1THO PO3pOOIATH MOJIE-
i, SIKI BPaxoBYIOTh Pi3HI ClieHapii Ta TO3BOJISIOTH
IPOrHO3YBAaTH HACIIIKH PI3HUX PIlLICHb.
3arajbHOHAYKOBE 3HAUCHHS IOJISTA€ B MPABUIIb-
Hill yTuizanii eIeKTpoHHUX 3aco0iB. HempaBuibHa
yTHIII3aLlisi MOXKE MPHU3BECTH 10 3a0pyAHEHHS Ha-
BKOJIMIIIHBOTO CEPEOBHUINA BAXKUMU METaJlaMU Ta
IHIIMMHM IKIJUTMBUMH pedOBUHAMHU. EnekTpoHHi 3a-
co0M TaKOX MICTATH I[IHHI MaTepialy Taki 5K, 30J10-
T0, CpibIIo, Mib TOmO. IX MOBTOPHE BUKOPUCTAHHS
CIIpUsiE HE TUIBKHM 30€pEkKEHHIO MPUPOIHUX PECyp-
CiB aJie i 3MEHIIEHHIO OTPedr Y BUOOYTKY. YTHITI-
3aIlisi eeKTPOHHUX 3aC001B € BAXKIHBUM €JIEMEHTOM
IUPKYJISIPHOI €KOHOMIKH, sIKa Tiepeidayae MOBTOPHE
BUKOPHCTaHHS MaTepialiB Ta 3MEHILICHHS KIJTBKOCTI
BiXO/iB. 3a0pyIHEHHS] HABKOJIUIITHLOTO CEPEIOBU-
112 IIKiJJTHBIMU PEYOBUHAMU 3 €JIEKTPOHHUX B1IXO-
JIiB MOYKE HETaTUBHO BIIMBATH Ha 3/I0POB’Sl JTIOIUHH,
CIIPUYMHSIIOUN Ba)KKi 3aXBOPIOBAHHSI.
3arajoMm, yTWJIi3alliss eNeKTPOHHUX 3aco0iB €
BAXJIMBOIO MPOOJIEMOI0, sIKA Ma€ 3HAYHHUM BILJIUB
Ha EKOJOriyHy Oe3rneky, pecypco30epekeHHs Ta
3/10pOB’ JIIOAUHH. 1i JOCTiIKEHHS Ta BUPIIICHHS
noTpedye KOMIUIEKCHOTO MIAXOMY Ta MiXKIUCITUTLTI-
HApHOI CIiBIpaIli.

Bukaan ocHoBHOro marepiajy

Exonoriuyni mpobiemMu eneKTPOHHOI MPOMUCIIO-
BOCTI CTAlOTh JIeAaJli TOCTPIIINMHU, IO TOB’SI3aHO, 3
OIHOTO OOKY, 13 PO3MIMPEHHSM TaKHX BUPOOHUIITBA,
a 3 IHIIOTO — 13 CKJIAJHUM BUTOTOBJICHHSIM €JIEKTPO-
HHUX BHPOOIB 3 BUKOPUCTAHHSM TOKCHUYHHUX PEUO-
BUH.

[IpoTsirom TpuBasIoro yacy OUTBIIICTH €IEKTPO-
HHUX rajpKeTiB BUroToBisiau y CIIA. I tinbku mo-
PIBHSIHO HEJABHO, TaKi BUPOOHUIITBA MEPEMICTHIH
3a KOPJIOH Y PO3BHBaIOUi KpaiHH, MpU IbOMY BHUKO-
PHCTOBYIOUH JEIIeBYy poOouy CHIIy Ta ciadKe Mic-
1IeBe 3aKOHOJABCTBO. BriacHuku (pipMOBOro 3HaKy
nepeaanu KOHTPaKTH Ha BUTOTOBJIEHHS €JIEKTPO-
HIKM CBOIM HOBHMM MNapTHepaM. | sk HacHigoK, Taki
€JIEKTPOHHI BUPOOH, SIKi MU KYIIyEMO, 30MParOThCs B
NPUMITUBHUX MalCTepHAX (Hanmpukian, y Kurai) e
POOGITHUKIB 3MYIIYIOTh MPAIIOBATH TOHAIHOPMOBO
JUIsl BUCOKOT IHTEHCUBHOCTI BUPOOHUIITBA.

Haii0inpmiuM KOHTPAKTOM Ha BHUPOOHHUIITBO
eNeKTpoHiku Bononie kommnaHis Hon Hai Precision
Industry, Ltd TaiiBanto (Foxconn) [3, 4]. L1 komna-
Hist Bosioftie 13 miampuemcTBaMu Tinbku B Kurai, a y
BCHOMY CBIT1 3aiiHATO Maiike | MiIbiioH pOOITHUKIB.
JlaBHO BiJIOMO, B SIKMX HEINIOJICBKMX yMOBax (ipma
Apple Bupo6:sie iPhones i iPads. 3acTocoByBana mo-
TOTiHHA CHCTeMa mpu3Bena 10 Toro, mo B 2020 p.
Maitxke 20 poOITHUKIB HAMarajaucs NOKIHUUTH KHUT-
TSI CAMOTYOCTBOM.

JlociKeHo, 110 Ha TaKWX 3aBOJaX POOITHUKH
mpaioTh Big 36 10 160 ronquH Ha MicsIs. Xouya Ha
3aKOHO/IAaBYOMY piBHI BCTAHOBJIEHA Me&Xa 36 TO/MH;
Ha JEB’ATH 3 JECSATH 3aBOIB MIHIMaJIbHA I[OMICSIU-
Ha 3apoOiTHa miaTtHs ctaHoBUTh 138 momapis, 110
He 3a0e3mneuye MPOKUTKOBUI MiHIMYM pOOITHHKIB,
IIpU IbOMY YMOBH TIpalli Ha TOTOKOBIiH JiHIT TyXe
BaXKi, a poOo4mnil 1eHs TpuBae noHas 10 roquH Ha
n00y. PoOiTHUKHM mpalioloTs 6e3 mepeps Ha BCiX 3a-
Bojax OyJi0 BHSIBIICHO BUTIAJKH TUCKPUMIHAIII ITi]1
Yac npuiiomy Ha poOoTy.

HIBuaKuii pO3BUTOK ENEKTPOHIKH, MPU3BOIUTH
710 TIBUJKOTO 3aCTapiBaHHS TEXHIKHM Ta MOJATBIIOL
ytumizanii. [ToTpiGHO 3a3HaUNTH, 110 IILOMY CIPHUSIE
il arpecuBHa peKJIaMHa KaMI1aHist pipM-BUPOOHUKIB.
XKutTreBuil HUKI TENEBi30piB, TeNeOHIB, MPUIATIB
rinobanbHOi HaBiraiii, oicHOro 06JaJHaHHS TOIIO
CTae Jieaji KOpoTIIuM, a co0iBapTICTh BUPOOIICHOT
MPOAYKIiT — BUIIOKO.
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Heo0xinHoO BpaxoByBaTH, 110 Y BIAXOAM HAJIXO-
IUTh, SIK MPABUJIO, BEIWUYE3HA KUIBKICTh HAJ3BU-
YaifHO AeiUTHUX MaTepialiB (CTali, MJIACTUKY,
KOJIbOPOBUX 1 JOPOTOLIHHUX METajiB, CKJa, JAepe-
BUHU TOIIO), IKi MOTPIOHO MOBTOPHO BUKOPUCTATH
y BUpoOHMITBI. barato miHHUX KOMIIOHEHTIB €JeK-
TPOHHHMX BHPOOIB (30510TO, Cpi0IO, piAKICHI MeTa-
JM), 10 MICTATHCS B JAPYKOBAaHUX IUIATaX, aKyMy-
JAATOpax, Kabensx, eKpaHHUX MOHITOpax, pTYTHHX
BUMHKAUax TOIO, TAKOX BUKIIOYAIOTHCS 3 BUPOO-
HUYOTrO 0OopoTty [5].

EnexTponHi 3aco0u Ta iXHI KOMIIOHEHTH, IIO
PYHHYIOThCS Ha 3BanuIax (HamiBIPOBIIHUKOBI Yi-
¥, KOMIT IOTepPHI KJaBiaTypu, MOHITOPH, IPUCTPOT
30epiranus inpopmarii) crtarots mpxepenamu 1000
PI3HHUX MaTepialiB, M0 HAIXOASATh Y HABKOJIUIIHE
CEPEIOBHUIIE, BKJIIOYHO 3 PO3UMHAMH XJIOPOBAHUX
pE4OBUH, OPOMOBAaHUMH IIperapaTaMu-raCHUKaMH
HOJyM s, TIONIBIHUIXJIOPUAAMH, BAKKUMU MeTaa-
MU, TUIACTUKAMHU, Ta3aMH TOILO.

OnHa TIIBKU €JIEKTPOHHO-TIPOMEHEBa TpyOKa
MOX€ MICTUTH BiJl OJHOTO JO TPHOX KiJIOrpamiB
CBUHIIIO. Y BEJIMKOMY TEJEBI3IHHOMY MOHITOPI #0-
T'0 BUSIBUTHCS 1IIe O1JIBIIIE.

[1nocki maHenbHI TENEBI30pH Ta MOHITOPH Mic-
TATH MEHIIIE CBUHIIIO, aye Oinbiie pryTi. [Ipubnus-
HO 40% Ba)XKMX METajiB, BKJIIOYHO 31 CBHHIIEM,
PTYTTIO 1 KaJMi€M, M0 BUSIBISIOTHCS B HABKOJUIII-
HBOMY CEpeIOBHIII, 3000B’S13aHI CBOEIO TPHUCYT-
HICTIO €JIEKTPOHHUX BUPOOAX, M0 BUKUITAIOTHCS 1
NOTPAILIAIOTh HA 3BajuIia [S5].

[Tix yac cmamioBaHHS BIAXOMIB HA BIAKPUTHX
MOJIIrOHAX BHHUKAE 0co0iuBa mpobiema yTBO-
PEHHSI TOKCHYHUX MPOAYKTiB ropinus. Lle ctocy-
€TBCS, 30KpeMa, MIaCTMAC, 10 BUKOPUCTOBYIOTHCS
IIpY BUTOTOBJICHHI €JIEKTPOHHUX 3aC00iB. Y IbOMY
BUIIAJIKY XapaKTEpHE YTBOPEHHS HaJA3BUYANHO He-
0e3MeyHrX XiMIYHUX PEYOBHUH — JIOKCUHIB.

Oco0OnuBy HebOe3neky ctaHoBIATH PBDE, siki iH-
TEHCHBHO BUJIJISAIOTHCS B MPOIEC] TOPIHHSA IIacT-
mac. Hapas3i 11i peqoBuHU 3a00pOHEHI 10 BUKOPH-
CTaHH, X04a y BHUpoOax, BupoOienux go 2014 p.,
BOHH MICTSITBCS B IOCUTh BUCOKUX KIJTBKOCTSIX.

3Ha4YHi €KOJIOT1YHI Ta €eKOHOMIYHI KPOKH 00i1s€
nepepoOJIeHHS BIAXOMIB €JIEKTPOHHOI MPOMHUCIO-
BOCTI Ta MOBTOPHE X BUKOPUCTAHHSI.

Bona Mae 3aificHIOBaTUCS NUISXOM IOALTY Bif-
XO/IB Ha OKpeMi OJHOPIAHI KOMITOHEHTH, BUILJICH-
HS XIMIYHUMH METOHAMHU IIHHUX IS [OJAJIBIIOrO

BUKOPUCTAHHSI KOMIIOHEHTIB, HANpPaBICHHS iX s
MOBTOPHOT'O BUKOPUCTAHHSI.

Barato xpaiH poOnaTh cepiio3Hi KPOKU B LIbOMY
HaNpsAMKY, HacamIiepen y cdepi 3aKOHOIABCTBA Ta
perinaMeHTyBaHHS MpoIeciB yTuiizamii Ta 36epi-
TaHHS BiJIX0JiB BUPOOHUIITBA. €Bpornelichkuii Coro3
OyB ogHMM 3 niepuux Ta me 'y 2003 poiii BpoBaauB
JTUPEKTHUBY PO BiIXOAH EIEKTPUUHOTO Ta EJIEKTPO-
nHoro ob6nagHanHs (WEEE Directive). OHoBmin
nokyMmeHT y 2012 poui. Haiipo3BuHyTilI cucreMu
nepepo6ku BEEO B €C napasi matots bonrapis, Hi-
MeuuyuHa Ta [IBeris.

Kpaii eBporeiicbki MpakTUKH BIPOBAIKEHHI B
OCHOBY 3aKkoHONpOeKkTy «IIpo Bimxomu enexkTpuy-
HOTO Ta EJEeKTPOHHOro oOnagHaHHS». JlOKyMEHT
po3po0ieHuit 3 ypaxyBaHHSM BHUMOT J{MpeKTuB
Ne2008/98/€C Ta Ne2012/19/€C. Bin mnependauae
BIIPOBAKEHHSI CUCTEMHU PO3IIUPEHOI BiIMOBIAATb-
HOCTI BUPOOHHKA — TOOTO MeXaHi3My, 3a SIKOTO BH-
POOHUKU BiMOBIIATUMYThH 32 BECh KUTTEBUN ITUKJIT
BJIACHOT MPOXYKIIT ax a0 ii yrunizanii. Jlana nupex-
THUBa BUMAarae BiJ yCiX €BPONEUCHKUX BUPOOHMKIB
o0aIHaHHS Ta KOMIUIEKTYIOUnX OpaTH Ha cebe Bif-
MOBiJaTbHICTD 32 BUPOOIEHUH MPOAYKT MicCHs 3aKiH-
YEeHHS TEPMiHY HOro Ci1y>K0M, BKIIIOUHO 31 CTaIisAMU
30MpaHHs, IepepobaeHHs Ta yTuiizauii. Y Benukii
Bpuranii BBesn 3a00pOHY Ha BUKH/ BiITPAIIbOBAHOT
paiioeneKTPoHiKH (CTapux TeseoHiB, TEIEBI30PiB,
KOMIT'TOTEpPiB TOIIO0) Ha CMITTEBI 3Banumia. s Ta-
KUX TOBapiB 3’IBJISIOTHCS OKPEMi MICIS yTHII3amii
BIJIMIOBITHO 71O MPOTI'PaMHU, PO3pOOJIEHOI y CIIiBIIpa-
11l 3 TPEeJCTaBHUKAMH €JIeKTPOHHOI ITPOMHCIOBOCTI.
Taki 3axoau JarOTh 3MOTy HIOPIYHO BiACIIOBATH 0
4500 TOHH €JEeKTPOHHOr'0 CMITTS, a y cdepi ioro mne-
pepoOIIEHHS CTBOPIOIOTHCS HOBI POOOYi MiCIISI.

IoTpiOHO 3a3HaUNTH, IO MPOLEC MEePePOOICHHS
TEJIEBI30piB, KOMIT'IOTEPiB, MOHITOPIB, MPUHTEPIB,
CKaHepiB, TeJae(oHiB, (PaKciB i Bile03anucyBaIbHUX
MPUCTPOIB MOXKE MPUHECTH 3HAUHY BUTONY Xo4a O
3aBJIIKM TIOBTOPHOMY BHKOPHCTAHHIO BUJIOOYTHX 13
HUX KOJIOPOBUX METAJIB [6].

3 oTpUMaHUX MiJ Yyac NepepoOIeHHS MPOIAYKTIB
€JIEKTPOHIKH BXKE 3apa3 BUPOOIISAIOTH XOPOIIOi KO-
CTi KOpoOKH, BUBICKH, JeTall CBIYHUKIB, TAOIHYKU
Ta 1HIII BUPOOU 32 OPIBHSIHO HU3BKOIO I[IHOKO.

VY CIIIA i B €Bporii iCHYIOTb ClieliaibHi pUHKH,
Jie IPOAAIOTHCS IEMOHTOBAHI 1 BiTHOBIIEHI KOMIIO-
HEHTH IUIaT. BoHM HaIXxonaTh Ha PUHOK 13 BUPOO-
HUITB, JI¢ BAKOPHCTOBYIOTh POOOTOTEXHIUHI CUCTE-
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MU, 10 3a0€3MeuyI0Th MOXJIMBICTH 1AeHTH]IKAIT
Ta JEMOHTAXy TUIBKU TUX KOMIIOHEHTIB, SIKUX Opa-
Kye Ha ckiaai. OgHaK JOBOIUTHCS paxyBaTHCA 3
TUM, IO HIBHJIKE OHOBJICHHS €JIEMEHTHOI 0a3u Ta
BiJTHOCHO HM3bKa BapTiCTh HOBHUX KOMIIOHEHTIB MPH-
3BEIYTh J0 CEPHO3HOr0 0OMEKEHHS IIOBTOPHOT'O BU-
KOPUCTaHHS JICMOHTOBaHUX KOMIIOHEHTIB HEBH3HA-
YEHOI JaBHOCTI.

VY Himeuuuni ¢pipma FUBA nepesena Ha Komep-
[iliHy OCHOBY BHiJICHHS Bix 92 1o 95% meranis 3
BIJIXO/IIB TIOPOXKHIX APYKOBAHUX TJIAT 3aBASKU BU-
KOPUCTAHHIO MEXaHIYHUX 1 TiApOMETalypriiHuX
METO/IIB pO3/AiTeHHS. BOHM BKITI0YAIOTh MOPiOHEH-
Hsl, TPAHYJIOBaHHS, MAarHiTHE PO3IiIECHHS, KJIACH-
¢ikawito Ta enekrpocraruyHe posaiieHHs. CyKymn-
HICTh KOMIIO3UIIIi, Ofep)KyBaHa BiJ I1i€l 0OpoOKH,
3HAHIIIAa CBOE 3aCTOCYBaHHS Y BUTOTOBJICHHI BUPO-
0iB, 10 MaIOTh Y CBOEMY CKJIaJi BEJTUKY KIJIBKICTh
CKJIOBOJIOKHA, & TaKOX SIK HAIOBHIOBAaYl y BHPOO-
HUITBI OyiBenbHUX MarepiaiiB. OcoOIMBO ycmini-
HUM BHUSIBUJIOCS 3aCTOCYBAaHHS CKJIOMOJIIMEPHUX
KOMTIO3HIIH JJIs1 BUPOOHUIITBA €MHOCTEH 1 MiJII0-
HiB, CTIHKUX JI0 XIMIYHOTO BILJIUBY, 32 TEXHOJIOTIETO,
po3pobiieHoro dipmoro FUBA. MeTtaneBi ckianoBi
BIJIXO/IM APYKOBAaHUX IJAT (MEPEBaXHO Midb) PO3-
YUHSIOTHCS B CyJIb(aTHIN Ta HITpAaTHIN KHCIOTaX 3
[MOJAJIBIINM BlJJHOBJICHHSIM MiJIl.

VY kwuraiicekkomy Micti ['yiioii (fioro me Haszu-
BatoTh ['yiftoil-Ilapk enexkTpoHiKH) pO3TAIIOBaHO
HaiOIbIIe Y CBITI MIAMPUEMCTB 13 IEPEPOOKH €IIeK-
TpoHHHX BiaxoniB. [lonag 17 TUCSY miaNPUEMCTB 3
yTHUIII3alil eNeKTPOHHUX BIAXOAIB 3abe3neuye po-
60TO10 NecATKU TUCY Jrozeil. [Ipu nbomy mopivHO
yTUIi3yBaiu 1,5 MIIH T eIEKTPOHHUX BiJIXOJIB, IO
npuHOCHIIO § 75 MITH TOXO1Yy.

HeoOxigHO, oqHAK, 3ayBa)KUTH, IO MPOIEC Te-
pepobieHHs eneKTpOoHHUX BinxoniB y Kurai mepe-
OyBae Ha HaJ3BMYaiiHO HM3bKOMY piBHI. JKomHux
3axXO/liB 3 OXOpPOHHU Tpali He BkuBaeTbes. Llupo-
KO BUKOPHCTOBYETHCS HEHOPMOBAHa py4Ha Ipars
XKIHOK 1 nmiredd. Haifuacrime mepepoOieHHs elnek-
TPOHHHX BIJXOMIB BiAOyBa€ThCS B MPUMITHBHUX
yMOBax, ¢ BIICYTHI 3aCO0M 3aXMUCTy 1 HOPMH €KO-
J0TriyHOrO KoHTpoito. CrpoOu OTpUMaHHS 30JI0Ta
a00 MUIaTUHU 3 ENEKTPOHHUX BiJIXOJIB IMOB’SI3aHi 3
PHU3UKOM BTPATH 3[0POB’S, 110 HE MOXKE OyTH KOM-
MICHCOBAHO J>KOJHUMH MaTepiaJIbHUMU BUTOJAMH.
30KkpeMa, y pe3ysIbTaTi IOCIiIKEHHS KPOB1 y KUTaii-
CBKUX [iTeH, SKi MPOXUBAIOTh y mposiHii ['yan-

JIOHT, BMICT CBHHI[IO CTAHOBUTH y cepeaHbomy 15,3
MKT/ICIHIIIT.

OcHOBHA MPHUYMHA IIBOTO CMITTEBOTO «IIyHAMI» —
IIAJICHUA CHOXKUBYUYM TOMUT HA Pi3HI TaKETH Ta
1HITY eJeKTPOHIKY. TepMiH 1X BUKOPHCTAHHS TOCUTh
KOPOTKHUH, OCKITBKM TEXHOJOTil MIBUIKO 3MiHIO-
I0THCSl, @ PEMOHT BUPOOHUKAMHU y O1JIBIIIOCT] BUTIA[-
KiB He nependadaeTbes. OuikyeThes, mo y 2030 pori
3a pik YTBOPUTHCS ax 82 MIIH TOHH, TOOTO, Ha 33%
oinpie, Hix y 2022 poui. 3a qanumu 3BiTy CBITOBO-
ro eKoHoMmiuHoro Qopymy 3a 2022 pik, riodaibHa
BapTICTh €NIEKTPOHHOTO CMITTSI CTaHOBUTH 70 MIIpX
nonapis, o nepesuinye BBII Gararbox kpain. A Ha
CMITTE3BAJIMILA BUKUHYIU KOPUCHUX €JIEMEHTIB Ha
CYyMY Opi€EHTOBHO 62 MJIpJ 101

EdexTuBHe yrpaBiiHHs eeKTPOHHUMH BiIXOIaMH
Mae€ KJIFOUOBE 3HAUCHHS /I 3MEHIIEHHSI €KOJIOTTYHOTO
BILUIMBY Ta €KOHOMIYHUX BTPAT BiJl LIOTO IBUKO3PO-
CTalouoro ro0agbHOro BUKIMKY. B MiHicTepcTBi 3a-
XHCTY JIOBKIJUIS Ta MIPUPOJHUX pecypciB Ykpainu Oy-
710 po3pobiieHo npoekT 3akony «lIpo enexTpuuHe Ta
eNIEKTPOHHE 00J1aTHAHHS Ta BiIXOU EJIEKTPHUYHOrO Ta
EIIEKTPOHHOTO O0JIaTHAHHSIY, SIKUH Hapa3i 3HAXOIUTh-
¢ Ha (iHAJNBHIA cTail rPOMaZChKOrO 0OOrOBOPEHHS.
Horo BITPOBAJKEHHSI IO3BOIUTH YKpATHI, HABECTH JIa]]
y cepi eTeKTPOHHUX BiIXO/IB.

Exonoriynuii mixiz y raiaysi BUpoOHHUIITBA MPO-
IYKTIB €NEKTPOHIKM MOXKE NMPUHECTH 1 TPUHOCUTD
BXE B JIaHW{ Yac iICTOTHY €KOHOMIYHY BHTOJYy TUM
KpaiHaMm, iK1 yCBITOMUIIN HEOOX1JHICTh TEPMIHOBHX
3ax0/iB y cdepi 3aXUCTY 30pPOB’Sl CBOTO HACEIICHHS
1 HABKOJIMIITHBOTO CEepeNOBUINA. YPSAIU IUX KpaiH
CTUMYJIIOIOTh HaYKOBI JIOCIIiI)KEHHS IIOJI0 3aXHCTY
3II0OPOB’Sl CBOT'O HACEJICHHSI 1 TOBKIJIISI.

VYci HasBHI Ta MOTEHIIMHI TiaXoAu 0 00po0-
KU TBEPAHX BIIXOJIB MependadarnTh MEXaHIuHI Ta
MEXaHIKO-T1[poOMeTalypriiini Metonu. BHacmigok
caMoi MPUPOAM BIAXOJIB T'iApOMETanypriiiHiii 00-
poO1i mepenye MexaHidyHe MOAPIOHEHHS 1 cemapa-
isi. OCHOBHOIO TEpPEBArol0 CUCTEM MEXaHIYHOTO
OYUIICHHS € CYyXWH pexuM poOoTH 0e3 BUKOPH-
CTaHHA OyAb-IKHUX XIMIYHHMX PEYOBUH, Y TOH yac
SK 3aCTOCYBaHHS MOKPHX IPOLIECIB 3 BUKOPUCTAH-
HSAM XiMIKaTiB CTBOPIOE HEOE3MEKY /15l HABKOJIHUIII-
HbOTO cepenoBuia. HeoOxigHO 3a3HAYMTH, IO
rigpoMeTanyprifHuil miaxiJg € XOpOILIOKW albTep-
HAaTUBOIO TEpEIJIaBICHHIO BiJXOJIB, a TaKOX Ja€
MOJKJIMBICTh OTPUMATH OLJIBIII BUCOKHUH BHXiJ Bif-
HOBJICHUX METAJiB.
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ITix yac BUpOOHUIITBA E€JIEKTPOHHUX NMPOIYKTIB
Ta IXHIX KOMIIOHEHTIB (HAMiBIIPOBITHUKOBUX YHIIIB,
KOMITIOTEPHHUX KJIaBiaTyp, MOHITOpiB, MPUCTPOIB
30epiranHs iH(popMaIlii) BUKOPUCTOBYETHCS TOHA
1000 pi3HuxX MarepialiiB, BKJIIOYHO 3 PO3UMHAMU
XJIOPOBAHMX PEUOBHH, MOJIBIHIIXJIOPUIHN, BaXKKi
MeTaJu, INIACTUKH, Ta3H TOII0, 0araTo 3 SKUX 31aTHi
3aBJIaBaTH Ba)KKOi MIKOAM HABKOJIUITHBOMY CEpeo-
BUIILY 1 3/10pPOB’I0 POOITHUKIB.

3HayHa MIKoJa POOITHMKAM BHUHUKAE Ha CTafii
CKJIaJIaHHs Ta MOHTaXXy €JEKTPOHHOrO BUPOOY, e
BUKOPHCTOBYIOTHCS PO3IUIABJICHI MPUIIOL, JIAKH,
(bapbu Ta miaacTMacu, B SIKMX MICTATBCS TOKCHYHI
I00aBKH.

PoGiTHUKY, 3aifHATI Yy BUPOOHHIITBI EJIEKTPOHIKH,
MOXYTh TiJIaBaTUCS BIUIMBY TOHAJ THCSYl PI3HUX
XIMIYHUX peyoBHH. bararo 3 nux pe4oBHUH 301IbIIY-
I0Th PU3UK 3aXBOPIOBAHHS Ha OHKOJIOTTYHI 3aXBOPIO-
BaHHS Ta CIPUYUHSIOTH MOIIKOKEHHS PErpOIyK-
TUBHOI QyHKLIT TfonuHU. OCHOBHI PU3UKH TOB’A3aH1
3 BMICTOM B €JIEKTPOHHHUX BHPOOAaX BAXKKMX MeTa-
JiB, TAKUMU SIK: CBUHEIIb, PTYTh, KaaMiid. HeGe3neka
CBHMHLIIO JJIsl JIFOJIMHU BHU3HAYA€THCS HOTO 3HAYHOIO
TOKCHYHICTIO 1 3[JaTHICTIO HAKOMMYYBATUCS B Opra-
Hi3Mi. 3a CTyNeHEM BILTUBY HA KHBI OpPraHi3MU CBH-
HEllb BIJIHECEHO JI0 KJIaCy BUCOKOHEOE3MEUHHUX PEeUo-
BUH TOPS]] 13 MUIT TKOM, KaJMIEM, PTYTTIO, CEJICHOM,
IUHKOM, (GTOpOM 1 OeH3mipeHoM [2].

CBuUHEIb CIPUYUHSIE TOUIKOMKEHHS MO3KY B Ji-
TeH, y 3B’13Ky 3 UMM BXKMBaHHS 0aratbox MpPOJYyKTiB
JUTIsl HUX oOMekeHe. PTyTh TOKkcHYHa B Ty»Ke MaJIuX
7103aX, BOHA BIJTUBAE HA MO30K 1 MOLIKOXKYE HUPKH.
Bona Moke MoTpanuTu B OPraHi3M yke 3 TpyIHUM
MOJIOKOM. Ycboro 1/70 daifHOi JIOKKH PTYTI MOXe
CIpUYMHUTH oTpyeHHs Onu3pko 100 000 xBanmpart-
HUX METPIB 03€pHOI MOBEPXHi, poOIIsTun pudy HETIpH-
JIaTHOIO /10 BXKUBaHHS B 1Xy. Kagmiit akymynroeTbes
B TiJIi JIFOJUHU 1 MOXKE CIIPUYUHUTH MOIIKOKEHHS
HUpOK. Haiilinpmiol mkoau 3aBaae MeHTAOpOMIN-
¢eninoswuii edip. Lli cmonyku 37aTHI NOMKPIOBATH-
Csl Ha BEJIMKI BIJICTaHI Ta YUHUTH XPOHIYHUH BILIUB
Ha KUBI OpraHi3Mu.

3rajgaHi XiMi9HI PEUYOBMHH Ta Marepialid 3/aTHI
YUHUTHU IIKiJJTUBUN BIUIMB HA 37I0pPOB’l pOOITHUKIB
1 cycminbcTBa 3arajgoM. HuHi HalmomupeHimuMm e
porec OTPUMaHHS BUCOKOYHCTUX TBEPAUX MaTepi-
aJIiB MIJISXOM XIMIYHOTO OCQKEHHS 3 Ta30Boi (azu
(XOI'®d) (arrn. Chemical vapor deposition, CVD) -
IUTa3MOXIMIYHUHM TIpOLEC, SKUH TAaKOXK BUKOPUCTO-

BY€THCS B 1HAYCTpil HAMiBOPOBIAHHUKIB JJIsi CTBO-
PEHHSI TOHKHX IIJTiBOK, CEJISKTUBHOTO BUJAJICHHS 1
Moaudikarii marepianiB. Sk IpaBuiIo, Mmija yac mnpo-
necy CVD migknagka mominaeTbesi B Mapu OmHIeET
a00 JIeK1JIbKOX PEYOBHH, SIKi, BCTYIIAIOUU B PEAKIIiI0
/a00 po3KJIaatounch, BUPOOJSAIOTH Ha MOBEPXHI
MiIKIaKd HEOoOXiIHYy pedoBuHY. YacTo yTBOpIO-
€TBCS TAKOXK Ta30MOMIOHUN TPOAYKT peakilii, 1o
BUHOCHUTBCS 3 KaMepH 3 MOTOKOM Ta3y. Ha Binminy
BiJl IHITUX TEXHOJIOT1# ra3zodasHi mporecu BUTiTHO
BIJIPI3HSIIOTHCS T1JIBUILIEHOIO SKICTIO OEPKYBAHUX
MPOAYKTIB, MOXJIMBICTIO TOYHOTO YIPABIJIIHHS Ma-
pametpamu mnpouecy. ['a3odasHi nporecu 3HaAUIUIH
IIMPOKE 3aCTOCYBaHHS XIMIUHO CTIMKUX MaTepiaib:

*  AlOs, O6naroponHi, TyromiaBki MeTald Ta
iXHI CILJIaBH;

*  ruOOKe 1 HaCKpi3He MpUNatoBaHHs MaTepia-
niB IV rpynu (C, Ge, Si, SiC, SiGe);

*  CHONYK i3 BUCOKHUM ACHEKTHHUM BiJHOIICH-
HAM 32 CYOMIKPOHHHX TOIOJIOTIYHUX PpO3MIpiB
dbopmoBanux enemeHTiB ckiany (GaAs, AIN, InP) i
(CdTe, ZnO);

*  KOH(OPMHE OCAJKEHHsI HEHAIPYKEHUX Jlie-
TNeKTpUIHUX MOKPHUTTIB (SiNx, SiOx, SiONX);

*  aTOMHO-IIAPOBE  OCAJKCHHS,  IIMPOKUH
crekTp Audy3iHHUX MPOLECIB;

* ra3odasHa emiTakcis 3 MeTaJOOpraHIiuHUX
CTIOJTYK.

3HMKEHHIO PU3HUKY BIUIMBY Ha 3JI0pOB’S JIIOACH 1
CTaH HaBKOJUIIIHBOTO CEpPEeOBUIIIA MOria O mociy-
KUTU 3aMiHa TOKCUYHUX TIAPUJIIB METAIIB MEHII
HeOe3neuHnMH Matepianamu. OCTaHHIMH poOKa-
MU aKTHBI3yBaJIUCs AOCTIIKCHHS 3 BUKOPUCTAHHS
MOC-eneMeHTIB SIK albTepHATHBH Tiapugam. Ha-
MnpuKiIanm, AS(CH3)3, AS(C2H5)3, C4H9PH2, CsH7PH>
3amicTh AsHs, PHs. Haiikpaii pe3yinbsraTi 1a€ BUKO-
puctanHs yactkoBo 3amimeHnx MOC AsH2(C:Hs),
ASHz(C4H3).

Exosoriyny cuTyanio HOpPYUIYIOTh BUKUIM B
CEKTOp1 BUPOOHUIITBA HAMiBIPOBIAHUKOBUX MpHUIa-
IiB Ta €NeKTPOHHOI anaparypw, L0 YTBOPIOIOTHCS
iJ 9ac mporeciB Audy3ii, OUHIIEHHS, IKI MICTSATb
MApHUKOBI ra3H, TOKCUYHI, XIMIYHO 1 KOpO3iiiHO-aK-
TUBHI PEYOBHHHM (TIapU KUCIIOT, JIETYBaJIbHI TOMIII-
KM, YUCTAY1 Ta3M Ta JICTKI OpPraHidHi CIIOIYKH).

PexoMeH/1I0BaHO BUKJIIOUMTH 32 MOKIJIMBOCTI 3a-
CTOCYBaHHS TOKCHYHUX KOMIIOHEHTIB ITi/1 Yac BUTO-
TOBJICHHS €JIEKTPOHHUX 3aC001B. 3yCHILIS IPOEKTY-
BaJIbHUKIB CIIPSAMOBAHI Ha BUTOTOBJICHHS €JIECMEHTIB
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KOHCTPYKIIil 3 YUCTUX TutacTMac 0e3 1006aBok Oaps-
HUKIB, MIHIMI3aIliI0 CKJIAJy 3aCTOCOBYBAHMX ILJIACT-
Mac Ta 1HIIUX MaTepialiiB. BUKOHaHHS IUX BHUMOT
MIpHU3BEJIE 10 CIPOIICHHS MOAJBILIOr0 epepoOieH-
HS Ta YyTWJi3alii 3HATHX 3 eKCIUTyaTalii eleKkTpo-
HHUX TIPHJIAIB.

OOMe)xeHHSI BUKOPUCTAHHSI HEOE3MEYHUX KOM-
MTOHEHTIB MOKE PO3IIUPHUTH MOKIUBOCTI, TT1BUIIH-
TH EKOHOMIYHY €(EeKTHUBHICTh BHPOOHHUIITBA EJICK-
TPOHHOTO OOJaJHAHHS Ta CKOPOTHUTH HEraTUBHUU
BIUTMB Ha 3/I0POB’Sl pOOITHHKIB.

BucnoBxu

[NoninmeHHsT €KOJIOTiYHOI CHUTYyallii B €JIeKTpo-
HHIA TPOMHUCIIOBOCTI MOXKe OyTH 3IiHCHEHEe Tpu
CTBOPEHHI TaK 3BAHOI 3€JICHOI €JIEKTPOHIKH, B paM-
KaX sIKOi TOKCHYHI MaTepiaiu mij 4ac BUPOOHUIITBA
3ac00iB €NEKTPOHIKH 3aMiHIOIOThCS HETOKCUYHUMH
1 TaKMMH, IO JIETKO PO3KJIAJAIOTHCSI B HABKOJUIII-
HBOMY cepelloBUIIIi. BaxIMBUM € BIPOBA)KEHHS HA
MiATPUEMCTBAX CTAHAAPTIB CHUCTEM EKOJIOT1YHOTO
MEHEDKMEHTY. BogHouac nociijkeHHS 3 anbrep-
HATUB TOKCHYHUX MaTepialiB Ta IHBECTHUIlI] IS
Oe3neuHoi yTuii3amii eIeKTPOHHHUX BIIXOMIB Ka-
TacTpO(iuHO BIACTAIOTH BiJ TEMIIiB TOSBU HOBUX
€JIEKTPOHHUX MpHUCTpoiB. HeoOXiaHI HOBI cTaHaap-
TH 3 BUIIPOOYBAHHS BUKOPUCTOBYBaHUX MaTepiais,
0COOJIMBO B rajy3sX, OB’ sI3aHUX 13 MEAUIIUHOIO, ae-
pokocMiyHUMHU TexHoJorisMu. [Tokpamiene Tecrty-
BaHHS MaTepialiiB i CTBOPEHHS HANIIHOT 0a3u JaHUX
I0/10 TOKCHYHOCTI MaTepialiiB MOKE€ CTUMYJIIOBATH
BUPOOHUKIB BpaxoByBaTH HeOe3NeKy MPOAYKTY Ha
paHHIX CTaigX MPOEKTYBAHHS MICIs YyXBaJCHHS
eKCIUTyaTalliiHUX Ta EKOHOMIYHHUX PIllICHb.
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BIIJIUB BOMOBUX JI HA CTAH 'PYHTOBOI'O IIOKPUBY

MozxapiBebka 1. A., KpaBuyk-Oo6oa3incska T. B.,
Ycerumenko B. 1., Koaabosa C.II.

Jlep>kaBHUH yHiIBepcUTET « KUTOMUPCHKA MOTITEXHIKa»

ByJ. UynuiBebka, 103, M. XKuromup, 10005
ke mia@ztu.edu.ua
ke ktv@ztu.edu.ua

Hacnigku BiCBKOBUX Iil [l TPyHTOBOIO Ce-
peloBHIIa YacTO HEAOOMLiHIoThCS. IlpoTe mo-
TipIICHHS AKICHUX XapaKTePUCTUK IPYHTY Mae
TPUBAJIUN XapakTep, L0 3HAYHO 3HMUIKYE HOro
MPONYKTUBHICTh. BomHOYAaC TIpyHTH 34aTHI Bif-
HOBJIIOBaTH CBOI (DyHKI[IOHAJIbHI BJIACTHUBOCTI Ta
MiABUITYBAaTH MPOAYKTHUBHICTb, IO 3aJICKUTH BiJI
TUITY TPYHTY, XapakTepy BiHChKOBO-TEXHOT'CHHOT'O
BIUJIUBY Ta JaHAIA(QTHUX YMOB pErioHy.

BigHOBIIEHHS Ta HABITH MMOCUJIEHHS IIE€IOTEHE-
3y 4acTO 3MEHIIY€ BIUIUB BOEHHO-TEXHOT'CHHOI'O
HaBaHTa)XeHHA. ['iMoTe3a TeTeporeHHoro 30ypeH-
H#, 110 BUHUKAE BHACIIJJOK BOEHHO-TEXHOT'€HHOT'O
BILJIUBY, CTBEPIKYE, 10 OI0pPI3HOMAHITTS J1OCSITA€E
MaKCHMaJIbHUX 3HAUY€Hb Yy MICIAX, /i€ CIIOCTepi-
raloThCs Pi3HI THIU Ta IHTEHCUBHOCTI TOPYIICHD,
AKI BIAPI3HAIOTHCS 32 TPUBAJICTIO Ta MacIITaboM
BIIMBY Ha JAHIIIA]T.

BiiicbkoBi 1ii BUKIWKAIOTh PI3HOMAHITHI Me-
XaHi4Hi, (Qi3U4Hi Ta XIMIYHI BIJIMBU Ha IPYHTO-
BU MOKPUB. Y CYKYIHOCTI Ii HEraTUBHI MPOIECH
MPHU3BOMISATH JI0 Ierpajialii rpyHTOBOI €KOCUCTEMH,
3HMKEHHS 11 pOAI0UOCTi, MOTipimeHHs (i3uKoreoxi-
MIYHHX BJIACTHUBOCTEH, 3MEHIIEHHs Oiopi3HOMa-
HITTS MIKPOOpPraHi3MiB 1 BTpaTH 34aTHOCTI 0 ca-
MOBiTHOBJIeHHS. Lle cTBOpIO€E cepiio3Hi €KOJIOT1uH1
BUKJIMKH JUJTS TTOAJIBIIOTO BITHOBJICHHS MOCTPaXK-
JaauX TEPUTOpi 1 moTpedye po3poOKH creniaib-
HUX 3aX0iB 3 peabinitauii rpyHTiB [1].

Jlnst pi3HHX THUIIIB BIHCBKOBHUX OO’€KTIB KOMII-
JICKCH MIOPYILIEHb MOXKYTh BapilOBaTHUCS B 3aJI€KHO-
CTi BiJl BUAY Ta TUIIB OOWOBUX [iii, 3MiH pelbeQyY
MOBEpPXHi, CTaHy I'PYHTIB (BOPOHKH BijJ BUOYXIiB),
MOLIKO/KEHb 3aXHUCHUX CHOPYA (OKOmiB, OniHAa-

KiB), 3a0pyJIHEHHS BEpXHIX MIAPiB TI'PyHTOBOIO
MOKPUBY BHACIIIOK 00HOBOI MisSIBHOCTI, a TaKOX
3axapalleHHs MOBEepXHi (3anuinkamMu 00ioBOi Tex-
HIKH).

Oco0nuBy yBary BapTO NPUAUIUTH IpoLecam
TpaHchopmanii (Hi3MKO-XIMIYHUX BIIACTHBOCTEH
IPYHTIB MiJl BIJIMBOM Ba)XKUX METajiB Ta 1HIINX
TOKCHYHHMX DPEYOBHH, IO MOTPAILISIOTH y IPYHT
BHACIIZIOK JETOHalil OoenpumaciB Ta pyHHyBaH-
Hs BilicbKOBOI TexHiku. L{i 3a0pynHIOBadi MOXYTh
30epiratucs B IPyHTI HPOTATOM JECSATHUIITH, 3Mi-
HIOIOYH HOr0 KHCIOTHICTH, MOPYIIYIOUN MiKpOOio-
JIOT14HI MPOLECH Ta MOTIPIIYIOYU YMOBH IS PO3-
BUTKY POCIUHHOCTI.

Kpim Toro, mirpamisi [ux pevyoBHH MO I'PyHTO-
BOMY IPO(DiIII0 MOXKE TPU3BOIUTH /10 3a0pyTHEHHS
MiI36MHUX BOJI, III0 CTBOPIOE JTOIATKOBI €KOJIOT14-
Hi PU3UKH JJIs1 IPUJIETIINX TEPUTOPiit Ta moTpelye
KOMILIEKCHOTO TiJIX0/1y A0 BiJIHOBJICHHS MOCTPaXK-
JaTUX €KOCUCTEM.

3HMILEHHS POCIMHHOCTI, MOPYUIEHHS I'PyHTO-
BOTO MOKPHUBY, HECTauya MPUPOIHOTO 3BOJIOKECHHS
Ta OIYCTEIIOBAHHS € IMOIIMPEHUMHU HACITIAKAMH
BiICBKOBO-TEXHOT€HHOT'0 BILTUBY. BHACTiIOK 11HO-
r0 CIOCTEPITa€ThCS 3HAYHE 3MEHIIEHHS 0loJoriv-
HUX MOMYJIALIN Ta BUJIIB, @ TAKOXK BTpaTa 610pi3HO-
MaHITT#, 1[0 YCKJIAHIOETHCS 3MiHAMU B CTPYKTYPi
Ta (yHKIigX naHamadrTie. Buau BIiugiB i ix Ha-
CIIAKU JIJIs TPYHTIB OyAyTh PO3IIISIHYTI B HACTYTI-
HUX MAPO3aiaax.

Kuro4oBi cjioBa: rpyHT, BiiCbKOBI Aii, HaBKO-
JUIIHE CEpeOBUINE, EKOCUCTEMA, METOIU JOCIHi-
JIKCHHSL.
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Influence of military operations on the
soil cover state. Mozharivska 1. A., Kravchuk-
Obodzinska T. V., Ustymenko V. 1., Kovaleva S. P.

The effects of military operations on the soil are
often underestimated. However, the deterioration
of soil quality characteristics is long-lasting, which
significantly reduces its productivity. At the same
time, soils can restore their functional properties
and increase productivity, depending on the type
of soil, the nature of military and technological
impact, and the landscape conditions of the region.

Restoration and even enhancement of pedogenesis
often reduces the impact of military-technogenic
load. The hypothesis of heterogeneous disturbance
resulting from military-technological impact states
that biodiversity reaches its maximum values in
places where different types and intensities of
disturbance are observed, which differ in duration
and scale of impact on the landscape.

Military operations cause various mechanical,
physical and chemical impacts on the soil cover.
Taken together, these negative processes lead to
degradation of the soil ecosystem, reduction of its
fertility, deterioration of physical and geochemical
properties, reduction of microbial biodiversity and
loss of self-healing ability. This creates serious
environmental challenges for the further restoration
of the affected areas and requires the development
of special soil rehabilitation measures [1].

For different types of military facilities, the
complexes of disturbances may vary depending
on the type and types of hostilities, changes in the
landscape, soil condition (craters from explosions),
damage to protective structures (trenches, dugouts),
contamination of the upper layers of soil cover as
a result of military activities, and surface clutter
(remnants of military equipment). Special attention
should be paid to the processes of transformation
of physical and chemical properties of soils under
the influence of heavy metals and other toxic
substances that enter the soil due to the detonation of
ammunition and destruction of military equipment.
These pollutants can persist in the soil for decades,
changing its acidity, disrupting microbiological
processes, and deteriorating conditions for
vegetation development. Moreover, the migration of
these substances through the soil profile can lead
to groundwater contamination, creating additional
environmental risks for adjacent territories

and requiring a comprehensive approach to the
restoration of affected ecosystems. Destruction
of vegetation, disturbance of soil cover, lack of
natural moisture and desertification are common
consequences of military-technological impact.

As aresult, there has been a significant decline in
biological populations and species, as well as a loss
of biodiversity, which is compounded by changes in
the structure and function of landscapes. The types
of impacts and their consequences for soils will be
discussed in the following subsections.

Keywords: soil, military operations, environ-
ment, ecosystem, medical research.

Onuc npodaemMu

O1iHKa BOEHHO-TEXHOT€HHOT'O BIUIMBY Ha IPYH-
TH MMOCTBOEHHUX JIAHA(TIB TPOBOIUTHCA 3 ypa-
XYBaHHSIM piBHIB 1HTEHCHBHOCTI OOMOBUX Iiif Ta
TUIIB 0OMOBUX 3a0pyTHECHbD.

OnHi€l0 3 OCHOBHUX 3a/1a4 €KOJIOTOreoXimid-
HOI OLIIHKH I'PYHTIB Ha TepUTOPisX OOHOBUX Aiil €
BU3HAYECHHS CKJIaay 1 CTPYKTYpH (PaKTOpiB BOEH-
HO-TEXHOT€HHOT'0 HABAHTAKEHHS, @ TAKOXX BUBUYECH-
HsI TPUYUHHO-HACIIIIKOBUX 3aB’SI3KiB Mi)K HUMH.

B Vkpaini 3 motoro 2022 poky BinOyBarThCA
noBHOMacIITaOH1 00HOBI 2111 3 MOPYIIEHHSAMH I'PyH-
TOBOT'0 MOKpHBY. Lli MOpyIIEHHS! OXOIUTIOIOTH JBi
TPyIHU:

* MaepBUHHI — MeXaHi4H1 1edopmalii rpyHTOBO-
ro MOKPUBY Ta TEIJIOBE 3a0pyIHEHHS;

* BTOPHHHI — Ti, IO COPUYUHEHI HACHIIKaMHU
HEBUKOHAHHS CTPATETiYHUX 3aXOIiB MOCTBOEHHO-
ro BIJHOBJIEHHS — €pO3iiiHI mpolecH, MiporeHHa
JeTpaiailis TOIIo.

AKTYAJBHICTh 0CJTiIKEeHHS

[Ipotarom okymamii TepUTOpii 30HU BiAUYKEH-
Hst YopaoOunscbkoi AEC 3 24 nmrotoro 2022 poky
no 1 xBiTHs 2022 poky Oyno 3aBIaHO IIKOIU I'PyH-
TOBOMY MOKpUBY Ha mouli 14 074 rexrapu uepes
MOXKEXX1, BUKJIMKAHI OKYTIaHTaAMH.

[Ticas 3BiTbHEHHS 30HU BiUYy>KEHHS BHACIIJIOK
nii BuOyxoHeOe3neuHux npeaMetiB 0yio 3adikco-
BaHO Mokexki Ha momi 18 132 rexrapu.

3MiHa KUCIOTHO-TY>KHUX YMOB y IPyHTaX Te€pH-
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TOpIi, AKI 3a3HAJIN BIUIMBY MOXKEX, y O1K HEUTpaib-
Hoi peak1ii pH € minkom ouikyBaHuM siBunieMm. Lle
HOSICHIOETHCS ~ MPOHUKHEHHSM  BOJOPO3YMHHHUX
30JIbHUX CIIOJYK Yy TPYHTOBUH mpo(isib Ta Hacu-
YEHHSM IMOTIUHAI0YOI0 KOMILJIEKCY JIY>KHO3EMEb-
HUMHU €JI€MEHTaMH, 110 MPU3BOAUTH 10 3MILICHHS
peakitii cepenosuia [2].

JlonaTKOBUM HETaTHBHHMM HACIIJKOM € TOXe-
K1, He3aJIeKHO BiJ IXHBOTO JpHKepena, siKi mpu3Bo-
IATh 10 3a0pyAHEHHS TPYHTIB BHACIIIOK TOPIHHS
TOKCHYHHX CIIOJIYK, TAKHX SIK TIOJTiapOMaTH4Hi ByT-
JICBOMHI.

MexaHIYHUN BIUIMB IiJ 4aC BOEHHO-TEXHOTCH-
HOT'0 HaBaHTAXXCHHS MPOSBISE€TbCA y Aedopmarii
I'PYHTOBOT'O MOKPUBY BHACIIJOK NEpEeMIillIEHHS KO-
JICHOT Ta T'YyCEHMYHOI BIHCBKOBOI TEXHIKH, PYXY
BIVICBK, 3BEJCHHS MOBEPXHEBUX 1 MiJ3EMHHX CIIO-
pyn, OomOyBaHHS, pO3MiHYBaHHSI TEPHUTOpPIH Ta
CTBOpPEHHSI 00OPOHHOT iHPPACTPYKTYpPH.

MexaHIYHUN BIUIMB CYHPOBOKYETHCS XiMid-
HUM 3a0pyTHEHHSIM I'PYHTIB, 10 B pE3yJIbTaTI IPH-
3BOAUTH 10 OE3CTPOKOBOTO BHUBEACHHS 3€MEINb 3
eKcIuTyartanii Ta 3a00poHM iX BHKOpUCTaHHA. Pyx
BIHICBK mependayae MaHEeBPH BaXKKOi I'yCEHUYHOT Ta
KOJIICHOT TeXHIKH.

OCHOBHHMM BITUBOM PYXY Ha I'PYHT € YIIJIbHEH-
Hsl, IK€ TIPU3BOAUTD JI0 MOUIKOKEHHS T'yMYCOBOT'O
ropu3oHTy. Lle Mae npsiMi HeraTUBHI HACHIIKH, TaKi
SK TOPYILICHHSI BOJHOTO OajaHCy IPYHTY, a TaKOX
CIpUsi€ PO3BUTKY BITPOBOI Ta BOJAHOI €po3ii.

Ilpu 3HMXKEHHI CTymeHs LIUIBHOCTI crocTepira-
€TbCS TIJIBUIIEHHS PO3PIIKEHHS BOJOHACHYCHHUX
JMCIIEPCHUX TPYHTIB, 10 BUKJIMKAE iX mepexia y Te-
Ky4ull CTaH yepe3 pyWHYyBaHHs CTPYKTYPHUX 3aB’s3-
KIB I11/] BINIMBOM JUHAMIYHOI'O HABAHTAKEHHSI.

Le#t mporec BigOyBa€eThCS B KiJIbKa €TaIiB:

1) PyliHyBaHHSI CTPYKTYpH IPYHTY;

2) BIAacHE pO3PIIKECHHS HE3B’I3HOro (IimlaHi
BiJIMIHH) TPYHTY;

3) yIIiIbHEHHS IPYHTY.

VYHacniJoK YIIiJIbHEHHS IPYHTIB HOTiPIIYEThCS
3IaTHICTh POCIWH aIanTyBaTUCSA O KIIMaTHYHUX
3MiH, MOCYIIJIMBUX YMOB Ta HECTaui BOJIOTH.

Bognouac, rpyHT, 10 YUIITBHUBCS BHACIIIOK
MEXaHIYHOT'O BIIUBY, CTa€ OLIBII CTINKUM A0 TO-
JaJbIIUX BOEHHO-TEXHOTEHHUX BIUIMBIB y CUTYa-
ii mocTtiiiHoro Ae(inUTy MNPOMYKTUBHOI BOJOTH
[3].

Hedopmarii rpyHTOBOrO OKPUBY, TaKi K Mepe-

MIITyBaHHS IIapiB I'PYHTY, BUHUKAIOTh BHACIIIOK
CTBOPEHHSI IPHUIIOBEPXHEBUX Ta MiJ3eMHUX (op-
TU(diKamiHHUX CIIOPYA, TAKUX K OJIHIAXkK1, OKOIIH,
TpaHIiei, TyHeJIl Ta CXOBHUIIA MAJUBHO-MACTHIIb-
HUX MartepialiB 1 00iOBUX MaTepiaib.

Le cnpusie NOCUIICHHIO Py HeOe3MeUyHUX reo-
MOpP(hOJIOTTYHUX ITPOLECIB, TAKHUX K 3CyBH, 3200110~
YyBaHHS Ta OCIaHHS I'PyHTY. ToMy IpH 3BeleHHI
¢doprudikaniiHuX crnopyn HeoOXiTHO BpaxoBy-
BaTH TMUOMHY 3ajsTaHHs I'PYHTOBHX BOJ 1 yMOBHU
3BOJIOXKEHHS TPYHTY.

MeTorw po6oTH € (HOpMYIIOBAaHHS CTparerii,
KJIFOUOBHX 3aXO[iB Ta PEKOMEHJAIIN ISl TIOBOEH-
HOTO BiHOBJICHHS I'PYHTIB YKpaiHu, 3aCHOBaHE Ha
OLIIHIII X €KOJIOTO-T€0XIMIYHOTO CTaHy B 30HAX aK-
TUBHHUX OOMOBUX MiH, 3 ypaxyBaHHSM periOHAJIb-
HUX JaHAMA(THO-TEOXIMIYHMX YMOB Ta BHJIB
MPUPOJTOKOPUCTYBAHHSL.

OnHi€elo 3 CKJIAJAOBUX JOCTIIKCHHS € aHali3
MIXKHApOJTHOTO JIOCBiy KpaiH, skl 3a3Haliu Biii-
CHKOBHUX KOH(JIIKTIB Ha cBOil TepuTopii. OCHOBHA
yBara NpuAUISETHCS MPAKTHKaM Ta HAIllOHAJbHUM
MOJIITUKAM BIAHOBIIEHHSI TEPUTOPIi, 10 MOCTpPaXK-
nanu BiJ 3a0pyaHEeHHs a00 (QI3MYHUX YIIKOIKEHb.
Kpim Toro, posrisigaeTsest 1ocBig YKpaiHu y BUBe-
JIeHH1 3a0pyTHEHUX 3eMeNb 3 30HU BiguyKeHHS Ta
ix BiHOBJIEHHS micns [Ipyroi cBiTOBOi BiliHU.

BukianeHHs1 0CHOBHOIO MaTepiajy

Ha sxainp, BilickkoBa arpecis pocii npuHecia Ho-
Bi BUKJIUKU SIK JJII HACENCHHS, TaK 1 JJIs IPUPO-
HUX pecypciB Ykpainu. OkpiM 3pyHHOBaHUX MICT
1 BEIMKOI KiJBKOCTI 3aruOIUX, MOCTiHHI 00CTpinu
3aBJAalOTh CEPHO3HOI LIKOAW HABKOJHUIIHBOMY Ce-
penoBuily: BHOyXH, TOXexki, OoMOapayBaHHS, a
TAKOXX pyHHYBaHHS IPOMUCIOBUX OO’€KTIB 1 CHC-
TEeM JKHUTTE€320€3MeUYCHHs MPU3BOASATE 10 3a0pya-
HEHHS TOBITPS 1 BOAM, 3HUILEHHS POCIUHHOCTI Ta
YHIKQJIbHUX €KOCUCTEM.

BHracninok pociiicbkoi arpecii B HaBKOJHWIIHE
CepeloBUIIEe MOTpanuIn HeOe3MmeuHl Ta IIKiIHBI
PEUYOBHHH, 3HUILEHO POJIOYl IPYHTH, CYTTEBO 3Mi-
HEHO JIaH A TH Ha BEJIMKUX TEPUTOPISIX, a TAKOXK
3HMILEHO POCIMHHICTH 1 TBAPUHHHI CBIT, BKIIOYA-
109U BUIH, 3aHeCeH1 10 YepBOHOT KHUTH YKpaiHu.

besnocepenniii BnauB 0oioBHX 1ili Ha JaH-
maTH Ta IPyHTU BHUSBIAETHCA Y 3MiHI MOBEpX-
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HEBUX JIJSHOK, (i3uYHOMY (YyJIaMKH, OCKOJIKH) Ta
XiMIYHOMY 3a0py/IHEHHI TEPUTOPiH, a TAKOXK y 3Mi-
Hi (13UKO-XIMIYHUX BIACTHBOCTEH 1 3HUIIECHH] 010-
JoriyHoi ckianoBoi. BHacnigok BuOyxiB 1 60i0BHX
niid HOpMYIOTHCS BOPOHKH, AKI PYHHYIOTh CTPYK-
Typy I'PYHTY Ta MOPYIIYIOTh WOT0 CTAaOUIBHICTH 1
BJIACTUBOCTI.

Lle, B cBOIO Yepry, NpU3BOAUTH O JeTpajarii
I'PYHTY, BUKJIMKAIOYW JIOKaJbHE YUIUIBHEHHS Ta
HiBUILTYIOYH CXUIBHICTh BEPXHBOTO 1IApy IPYHTY
710 BITPOBOi a00 BOJHOT epo3ii.

Ponioui rpyHTH € OTHUM 13 HAUOIIBIINX IPUPOI-
HUX OaraTcTB YKpaiHHU Ta CBITY, a/IKe Hallla KpaiHa
BOJIOJII€ TPETHOK) YaCTUHOKO CBITOBUX YOPHO3EMIB.

Bracniok BiHCHKOBUX Jili HalOLIbIIE CTpaK-
NAI0Th BEPXHI, HAWUMIOMIOUINII MIApH TPYHTY. 3a
OLIIHKaMH YKpaiHChKOI MPUPOAOOXOPOHHOI T'PYIIH,
3 MMOYaTKy MOBHOMACIITaOHOTO BiHCHKOBOTO BTOP-
rHeHHs pocii 6mau3bko 34% teputopii Ykpainu mo-
Tpamuiu B 30HU, SIKi 3a3Haiu Oe3nocepeHbol Biii-
CBKOBOI arpecii.

VY nmx pailioHax Bxke cHocTepiraeTscsi abo ic-
HY€ PU3HUK CUCTEMHOTO MOPYIIECHHS TTOBEPXHEBOTO
I1apy I'pPyHTIB, a TAKOX 3a0pyAHEHHS (MiHAMH, Ha-
¢romponyKkTaMu, HEpO3IpBAHMUMHU Oo€npunacaMu
To1o) [4].

BiiicbkoBi Aii mie Oible yCKIa HIOITh 110 ITPO-
O5eMy 1 MOXKYTh IPUCKOPUTH MPOLIECH JIeTpaaallii.

3rifHo 3 maHuMHU Jlep:kaBHOT €KOJIOTiUHOI iH-
CHEKLi{, IPOTATOM NEPIINX YOTUPHOX MICSIIiB TIOB-
HOoMacmiTabHoro Hactyny Pocis 3aBmama mikomu
3eMJii Ta IpyHTam Ha cymy 80,5 mupz rpH.

Hacamnepen, y micisiBOeHHUH niepioa HEOOXi-
HO MIPOBECTH aHAJII3 CTaHy I'PYHTY.

Jlist OLiHKYM CTaHy I'PyHTIB B YKpaiHi micis Biii-
HU MO)XHa 3aCTOCOBYBAaTH Pi3HOMAHITHI MeTOAH
Ta niaxoau. Cepea HUX:

*  BiAOip 3pa3KkiB I'PYHTY: 3pa3Ku IPYHTY Bij-
OUpaIOTHCS 3 PI3HUX TEPUTOPIH, AKi Oynu mingaHi
BILTUBY BiHChKOBUX AiH. Lle Moxe OyTu mpoBeneHo
HUISIXOM Bi00py mpo0O Ha pi3Hiil rmubuHi Ta B pi3-
HUX TOYKaX, SKi OXOIUIIOIOTH MOIIKOAKEHHI TEePH-
Topii. BaxkxnuBo BUKOHYBaTH B1101p 3pa3KiB IPYHTY
3 TOTPUMAaHHSIM METOJUKH BiAOOpPY 3pa3KiB IpyH-
Ty, 00 3a0e3MeYyuTH TOYHICTHh 1 HANIMHICTH pe-
3yJbTATiB aHATI3Y;

*  XIMIYHMH aHaNi3 TPYHTY: XIMIYHHUN aHAI3
B CBOIO U€pry JJ03BOJIsSI€ BUSHAYUTHU PIBEHB 3a0pya-
HEHHS IPYHTIB LIKIJUIMBUMHU PEYOBHHAMU, BKIIIO-

a4 BaXKKi METaju, XIMIYHI PEUYOBMHH Ta 1HIII
3a0pyAHIOI0Y] PEYOBUHH.

OCHOBHI CKJIQTHUKH XIMiYHOI0 aHAJTI3y IPYHTY:

*  BusnaueHHS KHUCIOTHOCTI IpyHTY. OCKiNb-
KM piBeHb pH BIUIMBa€e Ha JOCTYMHICTh MOXUBHHUX
PEUOBHH JUJIs POCIUH Ta aKTUBHICTh IPYHTOBUX Mi-
KpOOpPraHi3MiB;

*  BH3HAUEHHA a30Ty, pocdopy, Kamito, Kalb-
ifo Ta MarHito. lle 103BoJsi€ OIIHUTHU POMIOYICTH
IPYHTY;

*  BHU3HAUEHHA BMICTY BaXKUX METAJiB, TAKUX
SIK CBUHEIIb, KaJMi#, Mib, IIUHK, SIKI MOXYTb OyTH
y TPYHTI BHAcI;iIOK BiiicbkoBux aiil. Lle BakinBo
JUJIs OLIHKYM MOTEHIIMHUX HEOEe3MeK IS 3I0POB’S
JIIOJIEH Ta POCIMHHOTO NTOKPUBY;

*  BHM3HAUEHHA rymycy y IpyHTi. OpraHiuni
PEUYOBHHU BILUIMBAIOTh Ha CTPYKTYPY I'PYHTY, YTPH-
MaHHs BOJIOT'H Ta JOCTYIHICTh MOKMBHUX PEYOBUH;

*  BHU3HAUEHHS HASIBHOCTI XIMIYHUX CHONYK,
TaKUX K MECTUIIUIH, TepOilHaN, TaTUBO, IKi MO-
KYTb MOTPANMMUTH B IPYHT MiJ 4ac BIHCHKOBUX JIiM.
Ile momomarae OIIHUTH piBEHb 3a0pyJIHEHHS Ta
MOTEHIIMHUX HACIIJIKIB JJIs JTOBKIJIJIS Ta 3I0POB’S
[5].

@di3uuHUN aHali3 OLiHIOE (I3UYHI BIACTUBOCTI
IPYHTY, Taki IK: TEKCTypa, CTPyKTypa, I'ycToTa Ta
BMICT BOJIOTH.

bionociunuii ananiz BU3HaYa€ HASIBHICTH Ta PO3-
MAiTTs MIKpOOpraHi3miB, 6akTepiil, rpudiB Ta day-
HU B IpyHTi. lle qomomarae oniHUTH BIIMB Ha 0io-
JIOT1YHY aKTUBHICTb IPYHTY Ta HOT0 BiJTHOBJICHHS.

Mikpobionoeiynuii anani3 N03BOJSIE BU3HAYU-
TU KUJIBKICTh MIKPOOPTaHi3MiB y I'PYHTI, TAKUX SIK
6axrepii, rpubu Ta Bipycu. Lle nmomomarae orinu-
TU O10JIOT1YHY aKTHUBHICTH Ta 3/1aTHICTh IPYHTY 10
PO3KJIaJy OpraHiYHUX PEUOBHUH.

Dimonamono2iunull anani3 A03BOJISIE BUSBUTH
HasBHICTH 30yJHMKIB XBOpPOO Ta IIKIJHHUKIB pOC-
JUH y TpyHTi. Lle BaXIMBO JJIs1 OLIHKH BIUTMBY Ha
POCIMHHMM MOKPHUB Ta BU3HAYCHHS MOTEHLIMHUX
3arpo3 JJIsi CLILCHKOTOCTIONAPCHKUX KYJIBTYP.

OTrpuMmani AaHi T03BONSIOTH OI[IHUTHU BILIHB
BIMICBKOBUX /il Ha IPYHT Ta PO3POOUTH CTpaTerii
HOro BiHOBJICHHS Ta PEKYJIbTUBALI].

Leonociuni ma eeoximiumi 0ocniOHceHHs IIOTIO-
MaraloTh BU3HAUUTH CKJIAJ Ta BIACTHBOCTI I'PyH-
TOBHX F'OPU30HTIB, T€OJIOTTUHY CTPYKTYPY Ta MOXK-
JIUBI HAABHICTH T1APOTr€0JIOrTUHUX MPOOIEM.
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BucHoBku

Jlns pi3HUX THUIMIB BIMCHKOBUX 00’€KTIB KOMII-
JIeKCH TOpYIIEHb MOXYTh PI3HUTHCH BiJl BUAY 1
TUMIB OoioBUX Miid, iX moemxHaHHs. [lopymieHHS
I'PYHTOBOT'O MOKPUBY BHACIIZOK OOHOBHMX Iiif 3a
4acoM MPOSIBY NMOAISAIOTHCS HA Bl TPYTH: IEPBUH-
Hi (BUHHUKAIOTH Oe3mocepeaHbo mil yac 00ioBHX
Iii; 11e — nmpsMi MexaHi4uHi 1edopmaliii rpyHTOBOTO
NOKPUBY; TEIIOBE 3a0pyIHEHHS; 3aXapalieHHs 10-
BEpXHI I'PYHTY) Ta BTOPUHHI (Ti, 1[0 TIPOSBIISIOTh-
Csl y IOCTBOEHHUH Yac — MiATOIJICHHS, 3aCOJICHHS,
€po3iifHi mpouecu, MiporeHHa Aerpajaais, JeryMi-
¢ikamis TOmO; iX BAHUKHEHHS — BIJICYTHICTH a00
HEBUKOHAHHS CTPATEr1YHHUX 3aX0/11B IOCTBOEHHOT'O
BITHOBJICHHS).

BoeHHO-TeXHOTeHHE HaBaHTAXXCHHS BHpaxa-
€TBCS Yy MEXaHIYHOMY, (I3UYHOMY Ta XIMIYHO-
My BIUJIMBAaX Ha I'PYHTH, IO 3yMOBIIO€ OCOOJUBI,
NpUTAMaHHI TIEBHUM JisIM HacHigku. MexaHiYHUuN
BIIJIUB BUPAXA€TbCcd y MeXaHiuHii aedopmarii
I'PYHTOBOT'O TOKPHUBY, 110 MPHU3BOAUTH 10 PYyHHY-
BaHHS CTPYKTYPH I'PYHTOBOT'O TOKPUBY, YIIITbHEH-
Hs1, 3200J104yBaHHS TOLIO; 3aCMIUY€HHI TPOAYKTAMU
001i0BOT MisTBHOCTI. XIMIYHUN BIJIUB BUPAKAETH-
csl y 3MiHI NPUPOAHHUX (i3UKO-XIMIYHHX HapamMe-
TpiB rpyHTOBOro NMOKpuUBY (piBeHs pH, €KO, Bmic-
Ty TyMyCy) 3pOCTaHHS KOHIIEHTpalil TOKCHYHHX
XIMIYHUX PEYOBHUH.

VY pe3ynbTaTi MOXKYTh YTBOPIOBATUCS JOKAJIbHI
BOEHHO-TEXHOT'€HHI Ie0XiMiuHI aHOMaJlii 3 pi3HUM
CHEKTPOM BHOYXOBHMX Ta 1HIIUX TOKCHYHUX PEUO-
BUH, 1110 YHEMOKJIUBIIIOE HA HEBU3HAYEHUH TepMiH
BUKOPUCTaHHS 3eMenb. Pi3MUHUMA BIUIMB BUpaXKa-
€TBHCS Y 3MiH1 (PI3UYHUX BIACTUBOCTEH I'PYHTOBOTO
MOKPUBY BHACJIII0OK 3aCTOCYBaHHS CUCTEM 30poi Ta
BIICEKOBOI TEXHIKH.

3a3BUyail CHOCTEPIraeThCcsi KOMILJIEKCHE TOE-
HAHHS PI3HUX YUHHHKIB, [0 TPU3BOAUTH O MMiCH-
JICHHS! KOKHOTO 13 HUX 1 BUHUKHEHHS KyMYJISITHB-
Horo edekTy. [Ipo e cBig4aTh TakoX pe3ysibTaTu
MOJICNIIOBaHHsI TOIIMPEHHs 3a0pyaHioBauiB. Jlms
OLIIHIOBAHHSI PIBHS MOUIKOKEHHS IPYHTIB CIIiJ Ta-
KOX 3aCTOCOBYBATH KOMITJIEKCHUM T1IX1]1 CIIPsIKe-
HOT'0 ypaxyBaHHS XapaKTepy MOIIKOIKEHHS IPYH-
Ty Ta 3MiH Horo (i3uKo-XiMIYHUX BIACTHBOCTEH.

HeratuBHi HacJIi Ky 1)1 IPYHTiB MEXaHIUHUX,
¢Gi3MYHMX Ta XIMIYHHUX BIUIMBIB TaKi: YHEMOXJIUB-
JeHHs 00pOOITKY 3eMellb, 3a0pyTHEHUX XIMIYHUMHU

pPEYOBUHAMHU, 3aCMIYCHHUX yJIaAMKaMU 1 BiIXOJlaMH;
3HM)KEHHSI 200 BTpara pOIIOYOCTI IPYHTY; BTpa-
Ta 3JaTHOCTI I'PYHTIB JO CaMOOYHINIEHHS; BTpaTa
OydepHOCTI TpYHTIB 1100 3a0py/IHIOBAYiB; BTpa-
Ta 3JaTHOCTI 10 HAKOIIMYECHHS BOJIOTH; aKTHBAIlis
BOJIHOI 1 BITpOBOI epo3ii, miATONIeHHS 1 3a00i0-
YyBaHHs, OIYCTEIIOBAaHHS, BTpara Oiopi3HOMa-
HITTS [6]. BTuB BOEHHOI AiSJIBHOCTI € HACTUIBKH
HULI[IBHUM, [0 HOTrO HACIiJKH MPOBOKYIOTH Pl
MPOIIECiB, sIKI MPU3BOAATH 10 MOBHOI JAerpanarii
I'pyHTOBUX pecypciB. Taka 3arpo3a nmotpedye po3-
pOOIEHHS MPOTPaMHUX 3aXOJIB 3 PEKyJIbTHUBAIlI]
Ta/ab0 KOHCepBaIllii 3eMellb MOPYIIEHUX BHACIHIIO0K
BOEHHHX JTIH.

AHai3 TOCBIy TOJMITUKU BiTHOBJICHHS 3€MEIlb
KpaiHaMH, SIKi TOCTpaXJalH B pe3yJIbTaTi BIHCHKO-
BOT NisUTBHOCTI BiTHOBJIEHHSI MOCTBOEHHUX TEpH-
TOpii, a TakoXx Oe3meyHa yTHJIi3alisi pe4OBUH BO-
€HHO-TEXHOT'€HHOT'O TIOXO/KEHHS € MPIOPUTETHOIO
CKJIaJIOBOIO MalOyTHBOTO iIXHHOT'O PO3BHUTKY.

Bignosigno no Ilporokony V «KouBeHuii mpo
KOHKPETHI BUAM 3BUYAWHOI 30poi» ICHYE IOpUINY-
He 3000B’13aHHS IOA0 OYHUILEHHS, BUIAJICHHSI a00
3HUIICHHS BHOYXOHEOe3MeUHNX NEePeKUTKIB BIHH.
[IpoTe icHye mporanuHa MO0 HOPMAaTHBHO BCTa-
HOBJICHMX BHMOT IIPO BiJTHOBJEHHS 3€Mellb, HEMA€e
YiTKOTO MPaBOBOTO 3000B’I3aHHS IIOAO JIIKBiAaIii
3a0pyTHEHHS] HABKOJIMIITHBOT'O CEPEIOBHILA.

BucnoBku

OTpuMaHi JaHi BUKOPUCTOBYIOTHCS JJISI OI[IHKH
CTaHy I'PYHTiB, BUBHAUECHHs PiBHS 3a0pyIHEHHS Ta
po3po0OKu eheKTUBHHUX 3aXOMiB PEKYJIbTHBALII Ta
BITHOBJIEHHS.

i MeToau MOXKYTh BUKOPHCTOBYBATHUCS OKPEMO
a00 B KoMOiHaIIi1, 3aJI€)KHO BiJl KOHKPETHUX I[iJIeH
JOCTIJKEHHS 1 JOCTYNHHX pecypciB. Baximso
MPOBOAMTH CHCTEMaTH4YHI Ta IOBTOPHI aHaIi3u
JUTSL BIJICTEKEHHS 3MiH CTaHy I'PYHTIB Ta €(eKTUB-
HOCTI BXKUTHUX PEKYJIBTUBAIIITHUX 3aXO/IiB.

CnucoK BUKOPHCTAHUX JIoKepeJt
l. BrnnuB BiMfHE pocii mpoTtu VYkpaiHu Ha

CTaH YKpalHCBKHUX TIpyHTiB. Pe3ynpraru anai-
3y / O. T'omy6uos, JI. Copokina, A. CruionuTens,
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HAYKOBHMH NIJAXIJ Y CTBOPEHHI TIPOI'PAMHOI'O
3ABE3IIEYEHHA Y COEPI YIIPABJIIHHA BIIXOAAMMU
SAK IHCTPYMEHT IHHOBALIIMHOT'O MPOJAYKTY
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VY crarTi AOCHIIKY€EThCST HEOOX1THICTh Ta aKTY-
aJBHICTH PO3POOJICHHS Ta BIPOBAKCHHS IIPOTPaM-
HOro 3a0e3neyeHHs (IO BiANOBITA€ €BPONEHCHKUM
CTaHJapTaM) JJIsl yIPaBIiHHS BiAX0HaMU B YKpaiHi.

ABTOpH CTaTTi aKIEHTYIOTh yBary Ha akTyajb-
HOCTI I1i€ TEeMH B yMOBaX 3pOCTAI0YNX CKOJIOTTYHUX
BUKJIMKIB, iHTEerparii YKpaiHu B €BPONEHCHKE CITiB-
TOBAPHCTBO Ta COLIAJIBHOI BiIMOBIIAJIBHOCTI, CIIps-
MOBaHOI Ha peasi3alilo MPUHIMIIB LUPKYISPHOI
EKOHOMIKH.

[Iporpamue 3a0e3meyeHHs, IO TMPOMOHYETHCS
aBTOpaMH, IIOBUHHO CTaTH €(PEKTUBHUM IHCTPYyMEH-
TOM JJIsl MICIIEBUX OpPTaHiB BJIAJIH, MMiAMPUEMCTB Ta
I'POMAJICBKUX OpraHi3aliii, oo miABUIUTH IPO30-
picTb poOOTH Ta MiA3BITHICTE y cepi yIpaBlIiHHSI
BiJIXOaMH.

Bax11BUM acreKTOM CTaTTi € BAKOPUCTAHHS HO-
BiITHIX TexHoJorii, Takux sk lol ta Big Data, ski
BIJIKPUBAIOTh HOBI MOXKJIMBOCTI JJISI ONTHUMI3allii
CHCTEMH YTpaBJiHHSA Bigxomamu. B poOoti Bu3Ha-
YeHO, 110 PO3pOOJIECHHS MpOorpamMHOro 3ade3rneyueH-
HS BUMAara€ KOMILJIEKCHOTO IiJIXONy, L0 BKJIIOYA€e
TEXHIYHI, COIIaIbHO-EKOHOMIYHI Ta €KOJIOTIYHI ac-
nekTu. TakoX NeTanbHO PO3MISAAAIOTHCS MPUHITU-
U LUPKYJISIPHOI €KOHOMIKH, 30KpeMa 3MEHIICHHS
YTBOPEHHSI BiJIXO/iB, IEPEPOOIICHHS, TIOBTOPHE BU-
KOPUCTaHHSI, 3aJIyYeHHsI BCIX YYaCHUKIB Y MPOLECH
30MpaHHs Ta YIPaBIiHHS BIAXOAAMH.

CraTTs TaKOXX MICTUTH OIJIS]] €BPOIEHCHKOTO 3a-
KOHOJABCTBA y c(hepi MOBOKEHHS 3 BiIX0JaMH, Ha-
TOJIOIIY€E Ha €BOJIOL0 ICHYIOUMX HOPMATHUBHO-TIPa-

BOBHX aKTiB Ta IX BIUIMB Ha (pOpMyBaHHS cTpaTerii
CTaJIoro po3BUTKY. ABTOPU 3a3HA4YarOTh, L0 aJarl-
TaIlisl €BPONEHCHKIX HOPM JI0 YKPAaTHCBKUX peatiii €
BAXXJIMBHM KPOKOM Y peaJizallii HallioHaJbHOI CTpa-
Terii ynpasiiHHs Bigxonamu 10 2030 poky.

3anporoHoBaHe MporpamMHe 3a0e3MeUeHHS Mae
NOTEHITia] A 3HAYHOTO MMOKPALICHHS YIPaBIiHHSA
BiIXoMaMu B YKpaiHi, IO COPUSITHUME IMILIEMEH-
Taii HopM €Bpomnelicekoro corosy (€C), anamizy
JAHUX, 3aJIyYSHHIO TPOMaIH JI0 BUPIIIEHHS €KOJIO-
TIYHUX TPOOJIeM Ta 3MEHIICHHIO BUTpAT Ha 0Opo-
OneHHs Ta yTUi3aliro Biaxonis. PesynsraTu goci-
JOKEHHSI MOXKYTh CTaTH OCHOBOIO ISl TIOJAJIBILIOTO
BJIOCKOHAJICHHSI CUCTEMHU YTPABIIHHS BiIXOIaMH,
110 BiJMOBI/Ia€ BUMOTaM CTAJIOTO PO3BUTKY.

KurouoBi cioBa: Bixoau, iHQpacTpyKTypa, pe-
IUKJIIHT, TpOorpaMHe 3a0e3NeyeHHs], YMpaBiIiHHSA
BiJIXO/IaMH, HAIlIOHAJhHA CTPATETisl MOBOKEHHS 3
BIJIXO/IaMH, IIUPKYJISIPHA EKOHOMIKA.

Scientific approach in software development
for waste management as a tool for innovative
product. V. Filin, L. Markina.

The article investigates the necessity and relevance
of developing and implementing software that meets
European standards for waste management in
Ukraine. The authors emphasize the importance of
this topic in the context of increasing environmental
challenges, Ukraine’s integration into the European
community, and social responsibility aimed at
realizing the principles of a circular economy.
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The proposed software is intended to serve as
an effective tool for local authorities, businesses,
and non-governmental organizations, enhancing
transparency and  accountability in  waste
management. An important aspect of the article is the
use of cutting-edge technologies such as IoT and Big
Data, which open new opportunities for optimizing
the waste management system. The authors highlight
that the development of the software requires a
comprehensive approach that includes technical,
socio-economic, and environmental aspects. They
detail the principles of the circular economy,
particularly waste reduction, recycling, reuse, and
the involvement of all stakeholders in the processes
of waste collection and management.

The article also provides an overview of European
legislation in the field of waste management,
indicating the evolution of regulatory acts and their
impact on the formation of sustainable development
strategies.

The authors note that adapting European norms
to the realities of Ukraine is an important step
in implementing the national waste management
strategy by 2030.

The proposed software has the potential to
significantly improve waste management in Ukraine,
contributing to the implementation of EU standards,
data analysis, community engagement in addressing
environmental issues, and reducing costs for waste
processing and disposal. The research findings may
serve as a foundation for further enhancing the waste
management system in accordance with sustainable
development requirements.

Keywords: waste, infrastructure, recycling,
software, management, national waste management
strategy, circular economy.

IlocTanoBka npo0JieMu Ta aKTyaJIbHICTH

VYpaBniHHS BiIX0IaMHU € OJHIEIO 3 HAWBAKJIUBI-
IIMX €KOJIOTIYHMUX MPOoOJIeM Cy4acHOCTI. 301IbIIeH-
HS 00CATIB BIAXOMIB Ta IX HEraTUBHUN BIUJIUB Ha
HABKOJIMIITHE CEPEIOBUIIEC BUMAraloTh TEPMIHOBHX
1 eeKTUBHUX pileHb. [HTEerpamis Ykpainu B €Bpo-
NEChKe CITIBTOBAPUCTBO IMiAKPECIIOE HEOOX1THICTh
BITPOBAJI’)KEHHSI 1HHOBAIIHHUX METO/IB yIIPABIIHHS
BIIXO/aMH, $IKi BIJANOBITATUMYTh €BPOINEHCHKUM
CTaHJapTaM.

3HavHi MacITabu pecypcOKOPUCTYBAHHS Ta CIe-
1iasnizaris HaIlioHAJbHOI eKOHOMIKH Pa30M i3 3acTa-
pLIOI0 TEXHOJOTIYHOI 0a3010, BHU3HAYAJIU BUCOKI
MOKAa3HUKHU YTBOPEHHS Ta HAKOIMUYEHHS BiJIXOJIB.
BinMiHHICTB cuTYyaIllii, M0 CKJIajgacs 3 BiIXOJAaMH B
VYkpaiHi, HOPIBHSAHO 3 1HIIMMH KpaiHAMHU IMOJIATAE Y
BEJIMKHUX 00csATax YyTBOpEeHHS BiaxoiB (0m3bko 450
MJTH TOHH Bi/IXOJ[iB IIIOPOKY Y IOBOEHHUI TIEPIO]T) Ta
y BIJICYyTHOCTI PO3BHHEHOI iH(PACTPYKTypU MOBO-
ToKeHHs 3 HUMU. [Ipu nbomy HasiBHICTH Takoi iH}pa-
CTPYKTYpPH € HEOJMIHHOI O3HAKOK) BCiX €KOHOMIK
PO3BUHYTHUX KpaiH.

OnHi€l0 3 MPUYUH HU3BKOTO PiBHS MOBTOPHOTO
BUKOPHCTAHHS Ta PELMKIIHTY BIAXOIIB MOJATAE Y
BIJICYTHOCTI KOMYHIKAIii MK «YyTBOpPIOBa4aMmm»
BIIXOJIIB Ta «mepepoOHUKaMuy. BinmoBinHuii BU-
poOHmuMit mpodeciiiHuii JAOCBIA AOCTITHHUKA, a
TaKOXX BHBYCHHS BIJMOBIJHUX HOPMATHUBHO-TIPa-
BOBUX aKTiB, 30KpeMa €C, cOpusiB CTBOPECHHIO
MpoMo3uLlii Ta MOAANBIIOMY BIIPOBAKEHHI MpPO-
rpamMHOro 3abesnedeHHs y AaHii cdepi, ske crane
JOMOMI>KHUM TPUKIAJTHUM 1HCTPYMEHTOM (CTPYK-
TYpPHOIO CKJIaJIOBOIO TMOOYIOBH 1H(GPACTPYKTYpHU
MOBO/KEHHS 3 BiAX0omamu) IJs peasmizamii Hamio-
HAJIBHOI cTparerii yrnpaBiiHHS BiIXOAaMH B YKpa-
iHi 1o 2030 poky Ta JupexktuB €BpomneichKoro
[Tapnamenty 1 Paau (€C).

InnoBauilinicTe. [lepcniekTuBn

Po3pobrienHs mporpamMHOro 3a0e3neyeHHs IS
YIpPaBIiHHA BIAXOAaMH MOTPeOye KOMIIJIEKCHOTO
HAYKOBOTO ITiIXOAY, II[0 OXOILTIOE TEXHIYHI Ta COIIi-
aJTbHO-EKOHOMIYHI acleKTH. [HTerparis MixKIuciu-
IUTIHAPHUX MIAXOMIB, MO 00’€IHYIOTh TEXHOJOTII,
€KOJIOT1I0 TO3BOJISIE CTBOPUTH IHCTPYMEHTH, SIK1 MO-
KYTh aJanTyBaTHUCS 10 3MIHHUX yMOB Ta BUMOT. Lle
3abe3neuye e(h)eKTUBHICTH 1 JOBIOCTPOKOBY CTaTICTh
pimeHs. 3i cBoro OOKy, TOBrOCTPOKOBA CTANICTh pi-
IIeHb TICHO TOB’SI3aHa 3 TEMaTUKOIO LHUPKYJISPHOI
€KOHOMIKHM TOOTO KOHIIEHIIIEIO sIKa CIPSIMOBaHA Ha
3MEHIIIEHHS BIIXO/IiB Ta 30€peKEeHHSI HABKOJIHUIITHBO-
IO CEepeAOBHINA IIJIIXOM MEePEXOAY BiJl TPaaUIIHHOT
TiHIAHOT MOAEeNl «B3STU-BUKOPUCTATU-BUKUHYTH
710 3aMKHYTOI CUCTEMH, JIe TPOAYKTH, MaTepiaiu Ta
pecypcu mocTiiHO nepedyBatoTh B 00ITYy.

OCHOBHI aCMeKTH MUPKYJISAPHOT EKOHOMIKHU 3 OT-
Ty TIOBOJKEHHSI 3 B1IXO/IaMU:
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1. 3menwenns ymeopenus Kinbkocmi 8i0X00is.
HupkynsgpHa eKOHOMIiKa aKIIEHTY€e yBary Ha 3ario-
OiraHHi YTBOPEHHIO BIJXO[IB IlIe Ha €Talll MpPOEK-
TyBaHHsI NPOAYKTiB. Lle BKIIOYae BUKOPUCTAHHS
MEHIIOT KUTBKOCTI MaTepialliB, sIKi JIETKO Tepepo-
ONSAIOTHCA, CTBOPEHHSI TPOAYKTIB, SIKI MOXKYTh OyTH
JOBrOTPUBAIMMH 3 MOXJIMBICTIO TOJAJIBIIOTO pe-
MOHTY.

2. Ilepepobnenns ma nosmopHe UKOPUCAHHS.
3aMiCTh TOTO, 1100 BUKUIATH MPOTYKTH, IUPKYIISP-
Ha €KOHOMIiKa 3a0X0uye iX MepepoOJIeHHS Ta IOB-
TOpHE BUKOpUCTaHHS. Lle Moxke OyTH peMOHT, OHOB-
JICHHS Ta BTOPUHHE MepepoOIeHHS BiIXOIIB.

3. Cucmemu 36upanns 8idxodis. BipoBaKeHHS
e(eKTUBHUX CHCTEM 30UpaHHS Ta COPTYBaHHS Bij-
XOJIB € KPUTUYHO BAXJIMBUM JJIsl YCIIIITHOI peai-
3anii HUpKyIsIpHOi ekoHoMiku. [Ipu nbpomy, BinOY-
BAETHCSI PO3BUTOK 1H(OPACTPYKTYpU AJIs 30MpaHHs
BTOPUHHOI CHPOBUHH, 1HHOPMYBaHHS Ta 320XOUCH-
HS HACEJICHHS JI0 y4acTi B IIX IpOIecax.

4. Bukxopucmanus emopunHoi cupogunu. Llup-
KyJIsipHa €KOHOMIKa MiATPUMYE 1JIef0, IO BiIXOAH
MOXYTh CTaTH HOBUMHU pecypcamu. Lle o3Hauae, 1o
MaTepiaiu SKi paHillle BBOXAJIHCS BIAXOJAMHU, MO-
KyTh OyTH TmepepoOJieHI Ta BUKOPHUCTaHI B HOBHX
MPOAYKTAaX.

5. Innosayii ma mexnonoeii. BUKOpUCTaHHS HO-
BUX TEXHOJIOT1H, Takux 5K 3D-npyk, nudposi miat-
(dhopMmu Ta nmporpamue 3abe3nedeHHs st 0OMiHY Ta
MOBTOPHOT'O BUKOPUCTAHHSI, & TAKOXK 1HTEJIEKTYyallb-
HI CUCTeMHM YTIPaBJIiHHS BiJIXOIAaMHU TaKOX CIpHUsIE
e(EeKTUBHIIIOMY BIIPOBA/KEHHIO MPHHIIMIIB IHP-
KYJISIpHOI €KOHOMIKH.

6. Exonomiuni nepesazu. LIupkyssipHa eKOHOMiKa
HE JIMIIE JOTIOMara€e 3MEHIIUTH HEeTaTUBHUHN BILINB
Ha HABKOJIMIIIHE CEPEIOBHILIE, aJIe TAKOXK MOXKE CTBO-
pIOBAaTH HOBI €KOHOMIYHI MOXJIMBOCTI, 3MEHIITUTH
BUTPATU HAa CHPOBUHY 1 €HEPIil0 Ta BIJKPUBATH HOBI
PHUHKH /111 BTOPUHHOT CHPOBHHHU.

7. 3anyyenns ecix yuacnukie npoyecy. YCIIIIHA
peasizaliisi IUPKYJISIPHOI eKOHOMIKH BUMAarae CIiBI-
parii Mix ypsiiaMu, 013HECOM, HAyKOBIMH YCTaHOBA-
MU Ta CHOKHBayaMH.

KoskeH 3 uX y4acHUKIB BUKOHY€E HIEBHY POJIb Y
3a0e3neyeHHi e()eKTUBHOTO yIPaBIiHHA pecypcaMu
Ta BIIXO/IaMHU.

VY Takmii crocid, 3anpoBaJKCHHSI MPUHIUIIIB
LHUPKYJISAPHOI €KOHOMIKH € Ba)KJIMBOIO CKJIAJOBOIO
CTOCOBHO YTPAaBIIHHS BIJAXOJaMH, IO JIO3BOJISE

3MEHIINUTH 1X 00CSTH, 30€perTH pecypcH Ta 3HU3UTH
€KOJIOTTYHUH BILIUB.

BripoBakeHHs 3a1pOrOHOBAHOI aBTOpaMu 17ed,
BIJIMOBIIa€ MPUHIIUIIAM CTAJIOTO PO3BUTKY 3 OJHO-
ro OOKy Ta mpuHIHUNAM (OpPMYBAaHHS Ta BIIPOBa-
JDKEHHSI MOJIeIi LUPKYJISAPHOI €KOHOMIKH 3 1HILO-
ro. [ommupeHHs: TUPPOBUX TEXHOJIOTIH CHPUATHME
MOJINIIEHHI0 0OMiHYy iH(OpMalielo Ta CHiBIpalli,
K1 MalOTh 3HAUYEHHS JJI1 (POPMYBaHHS 1 PO3BUTKY
MEXaHI3MIB IIUPKYJISPHOT EKOHOMIKH, a TAKOX IIO-
CHJICHHIO TOTEHLIaJy BUPOOHULTB i3 3aMKHYTHUM
LIUKJIOM.

BianoBigHicTh 3aNpPONOHOBAHOI TEMATUKH
AOCTiTHMIBKOI POOOTH 10 HOPMATHBHO-
npaBoBuM akTaM €pponeiicbkoro Cor3sy

ABTOpaMu CTATTi MPOBEAECHO KOPOTKUH iCTOpUY-
HUW Oryisig 3MiH €BpPOMEHCHKOTO 3aKOHOMABCTBA Y
cdepi MOBOIKEHHS 3 BiIXOIAMU:

3minn y 3akoHonaBcTBI €C y cdepi MOBOIKEHHS
3 BiAX0JaMH BiZJOOpakaroTh €BOJIOLII0 CYCIIIBHOTO
CHPUMHSTTS TPOOJIEMU BIAXOMIB, €KOJOTTUHUX BU-
KJIMKiB Ta eKOHOMIYHUX 1oTped. Lle 3akoHomaBCTBO
CTaJI0 OCHOBOIO JIJIs1 JOPMYBAHHSI CTPATETri] CTAJIOro
PO3BHUTKY Ta MEPEXOAY A0 LHUPKYISPHOI EKOHOMIKH.

1. IlouarkoBuit eran—1970 poku.

1975 p. — dupextusa npo Biaxoau (75/442/EEC):
[leprra aupexTrBa, M0 BU3HAUYMIIA 0A30Bi MPUHIHU-
nu ynpasiinHg Bigxonamu B €C. Bona 3akinana oc-
HOBH JIJIs1 pO3pOOJIEHHS OLIBII CIeU(pIYHOTO 3aK0-
HOJIAaBCTBA, 30KpeMa, BU3HAUMIIA TIOHSATTS BLAXOMIB 1
3000B’13al1a IepKaBU-WIEHU 3a0e3meunTu ix oopo-
ONeHHs y Croci0, 10 He 3aBJa€ MIKOAU HABKOIHUIII-
HBOMY CEpE/IOBHIILY.

2. Posmnpenns 3akoHoaascTBa. 1980—1990 poku.

1986 p. — JAupektuBa mpo HeOE3MeUyHi BiAXOMU
(86/278/EEC): BcranoBuiia BHMOTH 10 OOpOOKH
HeOe3MeUHNX BIIXOMAIB, 30KpeMa, iX TPaHCIOPTY-
BaHH4, 30epiraHHs Ta ytmiaizamito. Lls nupextua
30Ccepeaniacsl Ha 3aXUCT1 3I0pOB’ JIIOJIEH 1 HaBKO-
JUIIHBOTO CEPEIOBUIIIA.

1991 p. — JlupekTHuBa Mpo yMaKOBKY 1 BiIXOIU
ynakoBku (91/156/EEC): Busnaunmna npuUHLIUIN
YIpaBIiHHA BIXOAaMM YIAKOBKH, 30Kpema, 30-
OoB’s13aNla JIep’KaBU-YWICHU 3alpOBAKYBaTH CHC-
TEeMH 300py Ta nepepoOKH yMaKOBKH, 32a0X0UYyIOUU
3MEHIIEHHS BIIXO/IB.
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3. lokparmenns ctanaaptiB — 2000 pokwu.

2000 p. — Jupektusa mpo Biaxoau (2000/76/EC):
Monudikamis mornepeaHix ITUPEKTUB, 10 BKIIIOYaIa
HOBI BHMOTH JIO yTHWIi3alii BiAXOIB, 30KpeMa, de-
pe3 cnamoBaHHs. B Jlupextusi Oyino BCTaHOBJIEHO
CTaHJAPTH JUISl MiHIMi3aIlii BIUTUBY Ha HABKOJIHIITHE
Cepe/IOBHILIE.

2008 p. — €Bporeiicbka cTpareris 3 ynpaBliHHS
Bixomamu: Bu3Hauwa KIt04oBi 1Tl Ta MPIOPUTETH
IUISL 3MEHIIEHHST 0OCATIB BIAXOMIB, 3a0XOUEHHS 0
nepepoOKu Ta 3amo0iraHHs] YTBOPEHHIO BiIXO/IB.

4. Hupkynspaa ekoHoMika—2010 poku.

2015 p. — [Maket 3 ynpasmiHHs Bigxogamu: CkiiaB-
Cs1 3 KIJIBKOX IUPEKTHB, 1110 BCTAHOBJIFOIOTH HOBI IT1JT1
3 mepepoOKU Ta 3MEHIICHHs BiaxoaiB. Hampuknan,
nupektuBa 2018 poky mpo BiAXOAM YMAaKOBKH Iie-
pendavana nocsarHeHHs 65% piBHA mepepoOKH 10
2025 poxky.

2018 p. — JIupeKTUBU PO OHOPA30BI MIACTUKO-
Bl BUpoOu: MeTa — 3MEeHIIEHHs BIAXOAIB Bij IjIac-
TUKOBUX BHPOOIB, TaKMX SK: TJIACTUKOBI IMaKeTH,
TPYOOUKH Ta KOHTEHHEPH, IUISIXOM 3aITPOBAKEHHS
3a00pOH Ta OOMEKEHbD.

5. CyuacHi ininiatusu — 2020 pokwu.

2020 p. — €spomnelicekuil 3enenuii kype: Crpa-
Teris, mo mnepeadavae TOCATHEHHS KIJIIMAaTHYHOL
HelTpanabHOCTI 10 2050 poKy Ta akIEHTYe yBary Ha
CTaJIOMY YIPaBJIiHHI BiIXOJaMH SIK OZHOMY 3 KITIO-
YOBUX ACTEKTIB.

2021 p. — [lnan aiif 3 TUPKYIAPHOT EKOHOMIKH:
Bkurouae KOHKpETHI 3aX0/H, CIPIMOBaHI Ha TIOKpa-
IIEHHSI CUCTEM 300py, MepepoOKH Ta MOBTOPHOIO
BUKOPHUCTAHHS BiJIXO/IIiB, @ TAKOX 3a0XOYCHHSI 1HHO-
Balliil y miit cdepi.

3MiHM B €BPONEHCHKOMY 3aKOHOJABCTBI Yy cdepi
MOBO/KEHHS 3 BIIXOIaMU BiOOpa)katoTh HE JIUIIIE
€BOJTIOIIII0 €KOJIOTTYHOI MOJIITUKH, ajie U mepexi 10
HOBUX MOJIEJICH €KOHOMIYHOT'O PO3BUTKY, 30KpeMa
BIIPOBA)KEHHIO PErJIaMEHTY TaKCOHOMII.

PernamenT Takconomii OyB onyOuikoBanuii B Oci-
niitHomy >xypHaii €sporneiicekoro Coro3y ta HaOyB
yuHHOCTI 12 numnas 2020 poky. Bin 3akianae 0CHOBY
11t TakcoHoMii €C Ta BCTaHOBITIOE 4 TOJIOBHI YMOBH,
SIKUM IIOBMHHA BIANOBIAATH €KOHOMIYHA HisUIBHICTD,
11100 KBaTi(hiKyBaTHCS K €KOJOTIYHO CTiMKa:

CyTTeBHil BHECOK y eKoJOT14HI 11ii: JisIbHICTh
NOBMHHA CYTT€BO CHPUATH TNPUHANMHI OAHIN 3
IICCTH BU3HAYCHHMX EKOJIOTIUHUX I[IJICH, TaKUX SK:
MOM’SIKIIIEHHSI HACIIIJIKIB 3MiHH KJIIMaTy, aJanTaris

70 3MiHU KJIIMary, pamioHaJbHE BUKOPHUCTaHHS Ta
OXOpOHA BOJHHUX 1 MOPCBKHX PECypciB, mepexia 10
LHUPKYJISIPHOI €eKOHOMIKH, 3a1100iraHHs Ta KOHTPOJIb
3a0pyIHEHHS, OXOpPOHA Ta BiIHOBJIEHHS Oiopi3HOMa-
HITTS Ta €EKOCUCTEM.

*  BiacyTHicTh 3HauHOI mKOAU. J[isUTBHICTH HE
MOBMHHA 3aBJIaBaTH CYTTEBOI KO KOIHIM 3 IHITUX
eKoJioriuHuX Iiiel. Lle o3Hauae, 1110 BOHA HE MOXKE
MAaTH HETaTUBHUH BILJIMB Ha 1HIII aCIEKTH €KOJIOTI].

*  BignmoBiAHICTH COLIAJBHUM CTaHAAPTaM.
JlissbHICTH MOBUHHA BiJAIOBIATH MiHIMAJIBHUM CO-
[iaJbHUM TapaHTIsIM 30KpeMa, MpaBaM JIIOAUHHU Ta
TPYJOBUM TIPaBaM, 110 TAKOXK BKIIIOUYAE JOTPUMAHHS
MIKHAPOJHUX CTaH/IAPTIB.

* JloTrpumaHHS TEXHIYHUX KpHUTepiiB. Jisib-
HICTh TIOBHHHA BIJMOBIJaTH KOHKPETHUM TEXHIY-
HUM KPUTEPIsIM, BU3HAYEHUM JJIsI KOXKHOI KaTeropii
TSLTBHOCTI, 10 3a0€e3meuye 11 eKOJOTIYHY CTIHKICTB.

OTKe, TAKCOHOMISI € OCHOBOIO CHUCTEMH CTajo-
ro ¢inancyBanHs €C 1 BaXJIMBUM 1HCTPYMEHTOM
mpo3opocti puHKY. Lle momomoxe cipsiMOByBaTH 1H-
BECTHIII y TaKi BUJIU €KOHOMIYHOI JisJTBHOCTI, SIKi
HaliOlbIe TOTPiIOHI A Mepexoay, BiIMOBIIHO 10
e €BponeicbKol 3e1eH01 yroau.

Sk 3a3HaueHO Ha odiniiHOMY BeO-pecypci €Bpo-
MeNCHLKOl KoMicii, — mo0 HOCATTH KJIIIMAaTHYHUX Ta
enepretuyHux nineit €C na 2030 pik 1 JOCATTH Ii-
neil €BponenchKoi 3eJ1eH01 yroau, KUTTEBO BayKIIU-
BO CIIPSIMOBYBATH 1HBECTHIII{ HA IPOEKTH Ta 3aXOMH,
[0 CTOCYIOTBCSI CTAJIOTO PO3BUTKY. [l MOCATHEH-
HS IOTO, MOTPIOHE CIJIbHE BU3HAYECHHS TEPMIHY
«cTivikuity. Och YOMY ILIaH i 010 piHAHCYBaHHS
CTaJIOro 3pOCTaHHs NependayaB CTBOPSHHS 3araib-
HOi cucTeMH Kiacudikaiii cTanoi eKOHOMIYHOT Hi-
SIILHOCTI 200 TakcoHoMmii €C.

Takconomist €C no3Bonisie ¢piHaHCOBUM 1 Hedi-
HAHCOBMM KOMIIAHISIM MAaTH CIIUIGHE BH3HAYEHHS
€KOHOMIYHOI JISUTBHOCTI, SIKy MOXKHA BBa)KaTH €KO-
JIOT1YHO CTIHKOIO.

3rigao 3 [lonokeHHSM MPO TaKCOHOMIiO, OyJio
pO3po0IIeHO (PaKTUYHUM TEepPEeTiK eKOJIOT1YHO CTiH-
KUX BUAIB JTISUIBHOCTI 7€ BU3HAUEHI TEXHIYHI KPH-
Tepil MepeBipKU Il KOKHOI OKpeMOi eKOJIOTid4HOL
[[IJII Yyepe3 JeNieroBaHi Ta IMIJIEMEHTAIIiHI aKTH.
Jlo sikux BigHOCAThCA: — Permament xomicii €C Ne
2023/2486 «TexniuHi kputepii BigOopy, MoB’s3aHi
3 MepPexXoJoM A0 IUPKYISIPHOI €KOHOMIKW» Big 27
yepBHs 2023 poky. Lleit permameHnT nomnoBHIOE Per-
namenT (€C) 2020/852 €BponenchbKoro napiaMeHTy
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ta Panu 1 hopmye OCHOBHU 1711 BU3HAYECHHSI CTAJIHX
iHBECTHII! B KOHTEKCTI KOJIOrYHOi momiTuky. Mo-
ro BOPOBAXKEHHS Ma€ Ha METI CTUMYJIOBAaTH Iie-
pexoau 10 OB EKOJIOTTYHOT EKOHOMIKH B paMKax
JOCSITHEHHS aMOITHUX Iijeld y cdepi HaBKOIMII-
HBOrO cepenoBuila. Llei TOKyMEHT BayKJIMBHUM 115
€KOJIOT1YHOI BiJIMOBIIATBHOCTI Oi3HECY Ta peaizariii
CTpaTeriif ctajgoro po3BUTKY Ha piHi €C.

[IporioHoBaHa aBTOpaM¥ JOCIIiTHUIIBKA JIisITb-
HicTh BinnoBigae 1. 4.1 (d) ram. 5.6 lonatky Il perna-
MeHTy KoMicii €C Ne 2023/2486 «Texuiuni kputepii
BiIOOpY JUIsl BU3HAUCHHS YMOB, 32 IKMX €KOHOMIUHA
TSITBHICTD BBAXKAETHCS TAKOIO, IO CYyTTEBO CHPHUSIE
MepeXoy 10 KPyTroBOi EKOHOMIKH Ta JJIsi BU3HAYEH-
HSI, 94 HE 3aBJIA€ 11 EKOHOMIUHA MisUTBHICTH CyTTE-
BOT IIIKOIY KOAHIN 3 1HIINUX €KOJIONTYHUX I[1JIEH.

A came, n. 4.1. Haoanns IT/OT piwens Ha ocHosi
OaHUX.

Onuc nistbHOCTI. JiSNBHICTE TONSTae y BUPOO-
HULTBI, PO3pOOJICHH], YCTAaHOBJIEHHI, BIPOBAKEH-
Hi, oOciyroByBaHHi a00 HamaHHI npodeciitHuX
MOCHYT, BKJIIOYHO 1 TEXHIYHE KOHCYJIBTYBAHHS IS
MPOEKTYBAaHHS a00 MOHITOPUHTY MPOIPAMHOTO 3a-
Oe3rnedyeHHs JJIs MPOEKTYBAaHHS Ta 1HXEHepii, 10
MiATPUMY€E EKOJIOTiYyHEe MPOEKTYBAaHHS MPOIYKTIB,
oOmagHaHHS Ta iIHQPACTPYKTYPHU, BKIFOUHO 1 yIpaB-
JIHHS BIAXOAaMH Ta €(EeKTHUBHICTb PECYpCiB;

n. 5.6. Topeosenvna niameopma 0ns obiey
BIICUBAHUX MOBAPIE 3 MeMOI0 NOEMOPHO20 BUKO-
PUCMAHHA.

Onuc gigabHOCTI

Po3po0rnenHsa Ta ekcrulyaraiist TOProBUX ILIaT-
¢dopm Ta oroyomeHs st 00iry (mpoaaxy abo 00-
MiHYy) B)KMBAaHHUX INPOJYKTIB, MarepiaiiB abo KOM-
MIOHEHTIB 3 METOI0 MOBTOPHOI'O BHUKOPHCTAHHS, JI€
TOProBi MmiaarGopMu Ta OTOJOIIEHHS BUCTYMAIOThH
MOCEepEeTHUKAMHU ISl 3’€IHAHHS MOKYTIIIB, AKi IIy-
KaloTh MOCIYTy a00 MPOAYKT, 3 MPOAABLAMH a0o
MOCTavYaJIbHUKAMU IIUX TPOAYKTIB UM TOCIYT.

ExoHOMIYHA JiSTIBHICTD OXOIUIIOE TOPTOBI ILJIAT-
(opMH Ta OTOJIOIIEHHS, 10 MATPUMYIOTH MPOAAXKI
B2B, B2C ta C2C. JlissIbHICTh BKJIIOYA€E MOCIYTH,
Taki K 3’€JHAHHS MOKYTIIIIB 1 MPOJABIIIB, a TAKOX
MOCTYTH 3 OIJIATH UM JJOCTABJICHHS.

ExoHOMIYHA AiSUTBHICTD CTOCYETHCS TIPOAYKTIB T
BUPOOIB, SIKI BUTOTOBJISIOTHCS Ta KJIACH(iKOBaH1 KO-
namu NACE iz 3nauenns C10 qo C32 (BubipkoBo).

Orusig 6a30BUX BXiIHMX TePMiHiB Ta BU3HAYEHb:

IIporpamue 3a0e3ne4eHHs — Lie 3arajJbHUi TEp-
MiH JUISl PI3HUX BUIB MPOrpaM, IO BUKOPHCTOBY-
I0TBCS 111 POOOTH 3 KOMITIOTEPaMHU Ta IOB’SI3aHU-
MU 3 HUMH IPUCTPOSIMHU, 30KpeMa, 3 TUIAHIIeTaMu
ta cmMapTdonamu. [Iporpamu HagaIOTh MOXKIJIMBICTD
B3aEMOJISTH JTIOAUHI 3 KOMIT IOTepOM, 3a0e3meuyto-
9i (pyHKIIOHATBHICTb.

[Mporpamue 3a0e3meyeHHS TOAUISETHCS — HA
CHCTEMHe, IPUKJIAJIHE Ta IHCTPYMEHTaJIbHE/cepBic-
He ( puc. 1).

Pucynox 1. Knacugikayia npoepamnoco 3abe3neyenns




32

Pucynok 2. Ocnosa 3anpononoganozo incmpymenmy

J1o cuCTeMHOTr0 MPOrpaMHOro 3a0e3MeYeHHs Bil- [Ipukmnagne mporpamHe — 3a0e3nedye BUKOHAH-
HOCATBHCS: ApaiiBepH Ta omepaliiiHi CUCTeMHU: Ha- Hs KOHKPETHUX 3aBJaHb Ha KOMITIOTEpi: 3aXHCTy
0ip mporpam, AKi 3a0e3MneuyroTh B3a€EMOJIII0 1HIIMX  BiJl BIpyCiB HAYKOBHX, MPUKJIATHUX Ta iHmUX. Ha-
nporpaM 3 6a30BUMHU MporpamMamy Ta armapaTHUMU —TNPUKIIA], TEKCTOBI Ta rpadiyHi peJaKTopH, JUCTIeT-
3acobamu. yepu (ailniB, BeO-peakTOpH, apXiBaTopu IaHUX,

BeO-Opay3epu.

Pucynox 3. Kopomko npo ocnogy 0ano2o incmpymeHmy 6 npusmi Cmanoeo po3sumky [po3poonenns agmopie]
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[HCTpyMeHTaIbHE / cepBicHE 3a0e3neueHHs MpH-
3HAYEHEe JJIs BUKOPUCTAHHS B XOJI CTBOPEHHS apXi-
TEKTYpH, PO3POOJICHHS, OHOBJICHHSI Ta 1HCTAJALIl
porpam.

ABTOpU JIOCTIJ)KEHHSI pO3MoyYain podoTy 3i
CTBOPEHHSI IPUKJIATHOTO IPOrpaMHOro 3a0e3MeueH-
HsI BIJIMOBIAHO J0 KiacuQikallii o HaBeJIeHa BUIIIE.

BukopucTaHHs Cy4acHHUX TEXHOJOT1H, TaKUX SIK
Big Data Ta IoT, y nporueci po3po0ieHHs nporpam-
HOT'0 3a0€3MEYEeHHS] € HOBATOPCHKHM IT1IXO0M, IO
MOX€ CYTTEBO TOJIMIIUTH iCHYI0Ui mpakTuku. Lli
TEXHOJIOT1l J03BOJIAIOTH 3AIMCHIOBATH TIMOOKUN
aHaJi3 JaHUX, aBTOMATU3yBaTH MPOLECH Ta ITiABU-
MUTH ePEKTUBHICTh MPUIHATTSA piieHs ( puc. 2, 3).

Tema OXOILTIOE KIJIBKA TMCIIUILIIH, BKIIOUA€E €KO-
JI0Ti10, IpaBo, iH(pOpMAaIiiiHI TEXHOJOTIl Ta ynpas-
niHCcbKi Hayku. Lle poouts i1 0co0NIMBO BaXKIMBOIO
JUISL PO3BUTKY HAayKM 1 MPakTUKH. [HTErpamis mux
MiIXO/IIB TO3BOJISIE PO3POOUTH KOHIIENITYaTbHY MO-
JIeNb MPOrPaMHOro 3a0e3MeveHHs, 10 BPaxoBYye
crnenuQiky yKpaiHCHKOTO KOHTEKCTY, BUMOTH €BPO-
NEWChKUX HOPM Ta CTAJOr0 PO3BHUTKY.

TecTyBaHHs MPOrpaMHOro 3ade3nevyeHHs

Bynb-sikuii mporpaMHMii MPOAYKT MOTpedye Tec-
TYBaHHS Ui BUSBJICHHS JePEKTIB Ta MOMUIIOK, JI0-
NYIIEHUX Ha CTajii 1HXKeHepii mporpaMHoro 3ades-
neyeHHs. TecTyBaHHS IPOrpaMHOro 3a0e3neyeHHs —
e MepeBipKa BIAMOBIAHOCTI (PaKTUYHUM PpE3yIib-
tatu. [Ipornec nepenbavae 3amyck Ta BUKOHAHHS
KOMITOHEHTa MPOrpamMHOro 3abe3rnedeHHs abo KOM-
MIOHEHTA CUCTEMU JJIs OLIIHKU OfHI€T 00 JAEK1JIBKOX
BJIacTUBOCTEH. TecTyBaHHS MporpamMHoOro 3abesrne-
YEeHHS TaKOX J0NoMarae BUSBHUTH IPOTAJIWHU a0bo
BiZICYTHIN (DyHKIIIOHAJ BCyNepedy peasbHUM BHUMO-
ram. TecTyBaHHS JaHOTO MPOrpamMHOTro 3abe3neueH-
Hs iepeadavaeThecs B HAMOIMKYiH epcrnekTuBi (10
kiHIs 2025 poKy), OCKUITBKH MOTpeOye 3aBEpIICHHS
poOIT HaJ CTBOPEHHSM MiHIMAJBHOTO JKUTTE3]AT-
HOTO MpoayKTy (anri. Minimum viable product —
MVP).

[IpoTotun inTepdeiicy MOOITBHOTO JOAATKY Hal
SIKUM TPOBOAUTHCS poOOTa nependavae:

Komipky miist poTo Bigxony, AKUi MpONOHYETh-
cs juis moganeiioi nepenadi. Komipka nependadae
ocHOBHE (hoTO Ta He Oifble Hik 4 10AaTKOBUX (PO-
TO (710 5).

Komipky mis momanb-
I0ro BUOOpPY KOAY BiJXO-
ny BigmoBigHO 10 Harrio-
HaJBHOTO Kiacugikaropa
BiIXOmiB.

Komipky miist BHECEHHs

omnucy Biaxody (He Oinblie
200 3HaKiB).

Komipky myist BHECEHHS
BIJOMOCTEH IIOA0 MICIIS
po3ramyBaHHS/IToKaMmii
BIIXOmIB.

Komipky mist BHECEHHS
BIJJOMOCTEH W00 KIJIBKO-
CTI BIAXOMIB Ta MEPIOANY-
HOCT1 BUBC3CHHS.

Komipky myist BHECEHHS
KOHTAKTHHUX  BIJIOMOCTEH
IOI0 YTBOPIOBaYa BiJIXO-
1B, — KOMIaHii 110 TPOTIO-
HYE BiJIXO/IH.

Ornsn BITYM3HSIHUX
ananoriB. IcHye ykpainceka miardopma: https:/
waste.ua/#menu. Ha ocHoBi HajaHoi iH(popMmartii mpo
CalT, MOXKHA BUIIIMTH KIJIbKA CHJIBHHUX Ta CIA0KHX
CTOpIH I[LOTO MPOTPAMHOTO 3a0€3MEeUCHHSI.

CuibHi cToponn

1. Akmyanvuicms ingpopmayii. CaiT MICTUTB OTO-
JIOIIEHHS PO KYIIBIIIO Ta MPOAAXX BTOPUHHOI CHPO-
BUHHU, 110 CBIAYUTH MIPO aKTUBHY YYacTh YYaCHHKIB
y PUHKY BTOPMHHUX MaTepiaJiB.

2. Hlupoxuu acopmumenm mamepianis. IIporo-
HYIOTBCSl PI3HOMaHITHI BHJIM BTOPUHHOI CHPOBHUHU
(ITBA, ITH, I1IT To110), 110 MOXKE 3aTy4UTH PI3HUX
3aMOBHHMKIB 1 IOCTayaIbHHKIB.

3. [lumannsa exo-innosayiti. HasiBHICTH iHpOpMa-
1ii mpo Giodap (0iOBYTIIIS) CBIAYUTH MPO 3aIliKaB-
JICHICTh Y €KOJIOTIYHUX TEXHOJOTISX Ta HOBHX IiJI-
X0Jlax J10 TIOBOXKEHHS 3 BIAXOJAMH.

4. Pezionanvnicms. € omnuist mono mict (Xapkis,
Kpuswuii Pir) Ta perionis, 1o poOuTh caifT Oi1b1I pe-
JICBAaHTHUM JJIsI MICHIEBHX YYACHHUKIB PUHKY.

Caalki croponn

1. Obmexena indopmartis: [ndopmanist Ha caifTi
BUTJIANIAE SIK TIPOCTI OTOJIOIICHHS 0€3 JeTaJbHOIro
OIUCY MOCIYT YU MPOIYKTIB, II0 MOXKE YCKIAIHUTH
MPOLEC TPUUHSATTS PillIeHb.
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2. BiacytHicTh iHTepakTHBHOCTI: Hemae 3ranok
npo (YHKIIIOHAJ IS B3a€MOJIii KOPUCTYBadiB, Ta-
KM K OHJIaiH-4aT abo Gopymu ass 0OMiHy J0CBi-
JIOM.

3. HenmocratHs peknama: SIKIIo calT Opi€HTO-
BaHMI HA HOBI TEXHOJIOTII Ta pilleHHS y cdepi mo-
BO/KEHHS 3 BiJIXOaMH, MOXKe OyTH KOPHUCHO MaTu
OinpIIe iHpopmaii mpo iHHOBAIi Ta cTparerii.

4. BizyaneHuil qu3aiin: BincyTHicTs iHpOpMarii
PO Bi3yaJbHHM acCIIEKT CAlTY, aJie AKICTh IPEACTaB-
JICHHS KOHTEHTY MOJKE BIJIMBATH HA IPUBAOJIUBICTh
JUTS1 KOPUCTYBAYiB.

[HO3eMHMIT aHANOT TIpEeNCTaBICHUN Ha pecypci:
https:/www.wastetrade.com/buy/

Ha ocHOBiI HajaHOTO BMICTY JOKYMEHTa MOXKHA
BUJUIMTH HACTYITHI CHJIBHI Ta CJIaOKi CTOPOHU IJIaT-
¢dopmu WasteTrade:

CuibHI CTOPOHH:

1. Cnpusnna cmanomy poszsumky. Wastelrade
HiATPUMYE 1HILIATUBU 3 MEpepoOIeHHs IUIACTUKY,
10 BaXKJIMBO B YMOBax IHiJABHILEHOI E€KOJOTT4HOT
CBIJIOMOCTI.

2. Jlecka docmynuicme. Ilnatdopma mpomoHye
CIPOMICHUI TPOIeC KYIiBI MepepoOIeHOro miac-
TUKY, OJIHO3HAYHO BKa3y€ Ha PI3HOMAHITHICTH JIO-
CTYNHHX MaTepiaiiB Ta iX 3aCTOCYBaHHSL.

3. 3menwenns 6yeneyesoco cnidy. 3a0XOUECHHS
BUKOPHCTAHHS TEPEpOOJICHUX MaTepiajiiB JOMo-
Marae 3MEHIIYBAaTH BIIMB Ha JOBKULISA Ta CHpHUsE
CTBOPEHHIO 3aMKHYTOi €KOHOMIKH.

4. Bepudghiayis nocmauanvuuxie. Ilnardopma
MiJKITI0Ya€ KOPHCTYBauiB JIMIIE IO MEepeBipeHUX
KOMTIaHiH, 10 I IBHUIILYE TOBIPY JI0 MPOLIECY KYTiBIIi.

5. Onmumizayia nocicmuku. [IpononyBaHHs 6a-
JIOBAHOT'O TJIACTUKY K PILICHHS I 3HU)KCHHS BU-
TpaT Ha TPAHCIOPTYBAHHS € BAXJIUBUM (PaKTOPOM

y it cdepi.

Caalki ctoponu:

1. Obmesicena ingpopmayis. Y TEKCTI HE HaBO-
nuThes iH(opMallis mpo reorpadiuHi 0OMEKEeHHs,
MOBH MiJITPUMKHU YU BUJU IUIACTUKY, SKI MOXHA
npuadaTH, MO MOXKe OyTH BaXKJTUBUM JJISI TIOTEH-
HIHHUX KOPUCTYBaUiB.

2. Konkypenuis. [nmi nnarpopmMu MOXYTh Ta-
KOX IPONOHYBAaTH aHAJOriuHI QYHKIIi, TOMY BaX-
TUBO Bi3HauuTH, unM WasteTrade BinpizHsE€TbCS
BiJ] KOHKYPEHTIB.

3. Océimus niompumxa. MoXIUBO, HE BUCTAYa€e
JIOIATKOBUX pecypciB ab0 HaBYAJIBHUX MarepiaiiB,
AKi © JOMOMOINIM KOPHUCTYBayaM Kpalie 3pO3yMITH
MIPOLIECH IEPepOOIICHHS Ta METOAM BiI0OPY IITACTHKY.

4. 3anesicnicmo 6i0 nepesipxu: SIKIIO MUTaAHHS
3 MEPEeBIPKOIO MMOCTAYAIBHUKIB He OyayTh BHpIllIe-
Hi HaJIOKHUM YHHOM, II€ MOXKE ITiIipBaTH JOBIpPY 10
natdopmu.

Otox, WasteTrade mae HU3KY mepeBar, sKi Mija-
TPUMYIOTH i1 MO3UILiI0 Y cdepi nepepodaeHHs miac-
THUKY, NIpoTe € chepu, B AKMX BOHA MOIIa O MOKpa-
ITUTHUCS ISl 3a0€3MeUeHHs KPaIloro JOCBIAY s
KOPUCTYBAaYiB.

IIporpama Ta MeTOAM I0CJTiAKEeHb

MeTor OCIiKEHHSI € CTBOPEHHS HayKOBO 00-
I'PYHTOBAHOTO MiAXOAY IO PO3POOJICHHS Ta BIIPO-
BaJKEHHS IPOI'PaMHOT0 3a0€3MeYeHHs ISl yIIpaB-
JIHHS BIAXOJAaMH. 3aBJaHHS BKIIIOYAIOTH aHAI3
3aKOHOJABCTBA, BU3SHAYCHHS] BUKJIMKIB, PO3POOIICH-
HSl KOHIENTYaJIbHOI MOJENi, BUKOPHUCTAHHS Cyyac-
HUX TEXHOJIOT1{, po3pOOJIEHHS METOAOJIOT, OIIHKY
e(eKTUBHOCTI Ta (OPMYITIOBAaHHS PEKOMEHAIIN
JUTS IPAaKTUYHOTO BUKOPUCTAHHSI.

JlocIiI)KeHHsI TIPOTIOHY€E 1HTErpalito M IUCIHU-
IUTIHAPHUX M1IXOJIB, PO3POOJICHHS HOBOi KOHIIEH-
TyaJIbHOi MOJEIl MPOrpaMHOro 3a0e3MeueHHs Ta
CTBOPEHHSI OpUTTHAIBHOI METO/IOJIOT1T BIPOBA/I>KEH-
HA. AJanTaiis €BponelchKUX HOPM JI0 yKpPaiHChKHX
peautiif € HOBUM aclieKTOM Y HalllOHAJIbHIH eKOI0T14-
HIi TTOJITHIII.

BucnoBxu

[Iporpamue 3a0e3neueHHs CpUsATUME €(DEKTHUB-
HOMY yTPaBIiHHIO BiIXOAaMH, CHIOHYKA€ IMIIJIEMEH-
tarito HopMm €C, aHaNi3 JaHUX Ta 3aJTy4YCHHS TpO-
MaachKoCTi. Lle 3MeHITUTh BUTPAaTH Ha 0OpOOIEHHS
Ta YTHII3aI(i10, TiABUIIUTH €KOJOTIYHY Oe3MeKy Ta
CIIPUSATHME CTAJIOMY PO3BHUTKY.

Cnucox BUKOPHCTAHUX JIZKepeJt

1. JupextuBa €Bponeiicbkoro IlapmamenTy Tta
Pagun €C 2008/98/€C npo Biaxoau Ta cKacyBaHHS
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NeBHUX IUupeKTuB [ EnekTponHuii pecypc|. — Pexxum
JIoCTynmy Tmo pecypey: https:/zakon.rada.gov.ua/
laws/show/984 029-08#Text

2. EU taxonomy for sustainable activities —
European Commission [ Enextponnuii pecypc]. — Pe-
KUM JIOCTYTy 0 pecypcey: https:/finance.ec.europa.
eu/sustainable-finance/tools-and-standards/eu-
taxonomy-sustainable-activities_en

3. Commission Delegated Regulation (EU)
2023/2486 027 June 2023 supplementing Regulation
(EU) 2020/852 of the European Parliament and of
the Council by establishing the technical screening
criteria for determining the conditions under which
an economic activity qualifies as contributing
substantially to the sustainable use and protection
of water and marine resources, to the transition
to a circular economy, to pollution prevention
and control, or to the protection and restoration of

biodiversity and ecosystems and for determining
whether that economic activity causes no
significant harm to any of the other environmental
objectives and amending Commission Delegated
Regulation (EU) 2021/2178 as regards specific
public disclosures for those economic activities
[EnexTponuuit pecypc|. — Pexxum poctyny mno pe-
cypcy: https://eur-lex.europa.eu/legal-content/EN/
TXT/?2uri=CELEX:32023R 2486

4. 3axon Ykpainu «IIpo ympaBmiHHS Bigxona-
mu» [EnekTponHuil pecypc]. — Pexxum noctyny mno
pecypcy: https:/zakon.rada.gov.ua/laws/show/2320-
20#Text

5. Posnopsimxenns KMY «lIpo cxBanenns Ha-
IIOHAJBHOI CTpaTerii ympaBliHHSA BiIXOAaMHU B
VYkpaini g0 2030 poky». [Enexrponnwmii pecypc]. —
Pexxum noctyny no pecypey: https:/zakon.rada.gov.
ua/laws/show/820-2017-%D1%80#Text
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OLHIHKA EOEKTUBHOCTI 3EJIEHUX JAXIB
Y ITOIVIMHAHHI TBEPIUX YACTUHOK PM2.5 TA PM10
B YMOBAX YPBAHI3OBAHOI'O CEPE/IOBHUIIIA

I'epacumuyk JI1.O., Pudax O. C.

JlepxaBHuii yHiBepcUTET « KUTOMUPCHKA MOMITEXHIKa»

ByJ. Uynnisceka, 103, M. XKutomup, 10005
Gerasim4uk@ukr.net
ke ros@ztu.edu.ua

VY cTaTTi IpeacTaBICHO Pe3yIbTaTH JOCTiKEH-
HA e(EeKTHBHOCTI MOTJIMHAHHS TBEPAUX YACTHHOK
PM2,5 Ta PM10 3eneHuMu qaxamu B yMOBaxX MiCh-
Koro cepenoBuia. JlocmipkeHHsT TPOBOAMIOCH HA
teputopii M. JKUTOMUD 3 BUKOPHUCTAHHSM IaHHUX
MEpEexi TPOMaJICBKOr0 MOHITOPUHTY SIKOCT1 MOBITPS
Eco City 3a 2020-2024 pp.

BcranoBneno, 10 3a JOCTIKyBaHUHN TIepiof ce-
penubopiunuii BMicT PM2,5 cTanoBuB Bix 8 10 16,8
MKr/m3, PMI10 — Big 14,4 no 29,2 mkr/m>. BussieHo
CE30HHY JAMHAMIKy 3 IMIKOBUMHU KOHIIEHTPAIiSIMU B
onamoBaneHuii niepion. Jns PM2,5 3adikcoBano
MIePEBUILCHHS JIOMYCTUMHX 3HaueHb 10 1,2 pasiB y
ciani (25,05 mxr/v®) Ta mucronani (30,73 mxr/iv?) 2020 p.,
motoMy (29,77 mkr/m®) Ta OepesHi (25,39 MKT/Mm®)
2021 p. Ans PMI10 nepesuiienns y 1,12 pasiB 3adixk-
cosane nutie s aucronana 2020 p. (56,24 Mxr/m®).

Ha ocHOBI ekcrniepuMeHTaJIbHUX JaHUX OLIHEHO
e(EeKTUBHICTh TOTJIMHAHHS 3a0pyJHIOIOYMX Yac-
TUHOK PI3HUMH THUIIAMHU POCIUHHOCTI Ha 3€JICHOMY
naxy niouieto 476,1 Mm% BcraHoBieHo, 110 cepen-
HI KyIIi Ta TPaB’SHUCTI POCIWHH, fAKi 3aiiMarOTh
238,05 ™2, 3abesneuyroTh 50,6% 3araibHOrO MO-
TJIMHAHHS 3aBASIKU ONTHUMAJIbHOMY CITiBBIJIHOIICH-
HIO KoedilieHTiB nornuHanus 1ias PM2.5 (0,85) ta
PM10 (0,89). 'a30HM Ta IpyHTONOKPHUBHI POCIMHU Ha
momi 142,83 m? 3a6e3neuyiors 26,8% nmorauHaHHS
3 koedinientamu 0,75 nns PM2.5 ta 0,81 nns PMIO.
JlepeBa Ta BelMKI KyIIi, MOMPU HAMMEHIIY IJIOILY
(95,22 m?), moka3yIoTh BUCOKY €(DeKTUBHICTb 3aB/Is-
KU HaiiBUIIKUM KoedinientaM nornuaanus (0,95 nis
PM2.5 ta 0,97 nnsa PM10), mo 3a6e3neuninu 22,6%
3arajbHOrO MOTJIMHAHHS.

Po3paxoBaHo, 110 AOCHIJKyBaHUH 3eJeHUI
Iax 3AaTHHUHM 1opiyHO mornuHath Bing 112247 no
1948,55 r 3a0pynHIOI0YNX YaCTUHOK. E(eKTHBHICTH
NOTJIMHAHHS 3aJIC)KHUTH BiJ] CE30HY POKY, TUITY pPOC-
JMHHOCTI Ta KOHIIEHTpallii 3a0pyJHIOI0UNX PEUYOBUH
y noBiTpi. MakcumanbHa e(heKTUBHICTB CIIOCTepira-
€THCS B TIEPi0/1 aKTUBHOI BereTalii Ta mpu miaBHILe-
HUX KOHIIEHTpAIliIX 3a0pyAHIOBAYiB.

Pe3ynbraT OCHIJKEHHST MalOTh MPAKTUYHE
3HAUEHHS JJIsI ONTHMI3allii BUJIOBOTO CKJIAay pPoOcC-
JIUMH Ha 3€JICHUX Jaxax, po3poOJIeHHs HOPMAaTHBIB
3 IX MPOEKTYBAaHHS Ta MJIaHYBAaHHS MICBKUX IPO-
rpaM MOKpPAIIEHHS SIKOCT1 MOBITPA. 3alIpOIIOHOBaHA
METOJMKA OLIHKHA €(PEeKTUBHOCTI OYMILEHHS IOBIi-
Tps MOKe OyTH BUKOPHUCTAHA IS MOJAJBIINX J0-
CIi)KeHb MexaHi3MiB ¢iTodiibTpalii B MiCbkoMy
CEpEIOBHIII.

KurouoBi cioBa: 3eneHi naxu, TBEpHAi YacTHH-
ku, PM2,5, PM10, sxicTe moBiTpsi, GiTodineTparris,
MICBKE CEpEeOBHIILE, EKOJOT1UHA €(EKTHUBHICTb.

Assessment of the efficiency of green roofs in
absorption of pm2.5 and pm10 solid particles in
urban environment conditions. Herasymchuk L.O.,
Rybak O.S.

The article presents the results of a study of the
efficiency of PM2,5 and PMI10 particulate matter
absorption by green roofs in urban environments. The
study was conducted in the city of Zhytomyr using
data from the Eco City public air quality monitoring
network for 2020-2024. It was found that during
the study period, the average annual PM2.5 content
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ranged from 8 to 16,8 ug/m’ PMI0 — from 14,4 to
29,2 ug/m? Seasonal dynamics were found with
peak concentrations during the heating season. For
PM2,5, the permissible values were exceeded by up
to 1,2 times in January (25,05 pg/m?) and November
(30,73 pg/m?) of 2020, February (29,77 ng/m?®) and
March (25,39 pg/m?) of 2021. For PMI0, an excess
of 1,12 times was recorded only for November 2020
(56,24 png/md).

Based on experimental data, the efficiency of
absorption of polluting particles by different types
of vegetation on a green roof with an area of 476,1
m? was estimated. It was found that medium-sized
shrubs and herbaceous plants, occupying 238,05
m?, provide 50,6% of the total absorption due to the
optimal ratio of absorption coefficients for PM2,5
(0,85) and PM10 (0,89). Lawns and ground cover
plants on an area of 142,83 m? provide 26,8%
absorption with coefficients of 0,75 for PM2,5 and
0,81 for PM10. Trees and large shrubs, despite the
smallest area (95,22 m?), show high efficiency due to
the highest absorption coefficients (0,95 for PM2,5
and 0,97 for PM10), providing 22,6% of the total
absorption.

It is calculated that the studied green roof'is capable
of absorbing from 1122,47 to 1948,55 g of polluting
particles annually. The absorption efficiency depends
on the season of the year, the type of vegetation
and the concentration of pollutants in the air. The
maximum efficiency is observed during the period
of active vegetation and at elevated concentrations of
pollutants.

The results of the study are of practical
importance for optimizing the species composition
of plants on green roofs, developing standards
for their design and planning urban air quality
improvement programs. The proposed methodology
for assessing the effectiveness of air purification can
be used for further research into the mechanisms of
phytofiltration in the urban environment.

Keywords: green roofs, particulate matter,
PM2,5, PMI0, air quality, phytofiltration, urban
environment, environmental efficiency.

IHocTanoBka npodJemMu

Hatenep crocrepiraeTbcsi MiABHILEHHS PIBHA
3a0pynHeHHsT aTMocdepHoro noBiTps [1-4], B Tomy

YUCIi TBepAUMHU YacTuHKamu PM2.5 ta PM10, mo
CTaHOBUTH CEpUO3HY 3arpo3y sl 3/0pOB’ Hace-
JeHHs MicT [5, 6]. 3a nanumu BOO3, 3a0pyaHeHHS
MOBITPSI PIOHOIUCTIEPCHUMH YaCTUHKaMH MPHU3BO-
IUTh 110 MoHaa 4,2 MiTbHOHIB MepeaYacHUX CMep-
Teil mopiuHo [7]. OcoOIMBO aKTyaJIbHUM € TOLIYK
e(eKTUBHUX METOMAIB OUUIICHHS MOBITPS B YMOBax
IIJIBHOT MichKOi 3a0y0BH, € TpaaAMLiiHI METOIU
03€JICHEHHSI MalOTh OOMEXEHE 3aCTOCYBaHHSI.

AKTYaJbHICTh 10CTi>KEHHS

3eneHi Jaxu TPEACTABIAIOTH 1HHOBaLiWHE pi-
IIEHHS JUISl TIOKPAILEHHS SIKOCTI MICBKOT'O TMOBITPS,
0CcOOJIMBO B KOHTEKCTI 3MiH KJiMarTy, 3pOCTar0doi
ypOaHizallii Ta 00MeKEeHOCTI Ha3eMHUX ILIOMNI IS
ozeneHeHHs [8—18, 22-23]. HdochimkeHHs iX edek-
TUBHOCTI B KOHKPETHUX KJIIMaTMUYHUX YMOBaX Mae
BaYKJIMBE 3HAYECHHS 1151 pO3pO0JIeHHS CTpaTeriii mo-
JIMIIEHHS SKOCT1 MOBITPSL.

3B’5130K i3 BasKJIMBHMH HAYKOBUMH
Ta NPAKTHYHUMH 3aBJAHHAMH

PoGota Oe3nocepenHbO MOB’3aHA 3 peali3alli€ro
CTpaTerii CTajJoro PO3BUTKY MICT, MiIBUIICHHSIM
eHeproepeKTUBHOCTI OyiBeIb Ta PO3BUTKOM 3eJ1e-
HOI 1H(pacTpyKTypH. Pe3yiabratu poOOTH MOXYTb
OyTH BHKOPHCTaHI IIPU PO3pOOJIEHH]I MICBKHX IMPO-
I'paM O3€JICHEHHS Ta HOPMAaTUBHUX JJOKYMEHTIB I110-
710 BIIPOBAIKEHHS 3€JIEHUX JaxXiB.

AHAaJI3 OCTAHHIX J0CTiIKeHb i myOJaikanin

Hocnimxenns Yang J. et at. (2001) naromomry-
I0Th Ha 37aTHOCTI 3€JICHUX JaxiB MOTJIMHATH 3HAY-
Hi 00’eMH 3a0pYyJHIOIOYUX YACTHHOK 3aBISKHU Pi3-
HUM MexaHizmaMm ¢itodinsrpamii. Kwak M. et al.
(2023) minTBEepIMIN BHCOKY €()EKTHBHICTH PI3HHX
BUJIIB POCIMHHOCTI y 3arpumanHi PM2.5 ta PM10.
Hocnigauku Diener A. Ta Mudu P. (2021) nosenn,
0 e(heKTUBHICTH MOTJIMHAHHS 3aJIKUThH BiJI MOP-
¢donoriuHux ocobnuBocTei pocnuH. JocmimKeHHs
Viecco M. Ta in. (2021) moka3anu BaXXJIUBICTh Mif-
00py ONTHMAJIBHOTO CKJaay POCIWH s MaKCH-
MaJbHOI €()eKTUBHOCTI OUUIIIEHHS MOBITPAL.
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Hesupimeni yacTuHu 3arajabHoi npodJeMu

HenoctaTHO BUBUCHMMH 3aJUINAIOTHCS MUTAH-
Hs €(EeKTUBHOCTI TOTJIMHAHHS PI3HUX THUIIIB pOC-
JUHHOCTI B ypOaHi30BaHUX TEPUTOPIAX.

HoBu3Ha gocJaigKeHus

Briepiie npoBeeHO KOMIUIEKCHY OIIIHKY edek-
TUBHOCTI mornuHanHs PM2,5 ta PMIO pisHumu
TUTIAMHU POCIMHHOCTI Ha 3€JICHOMY JIaXy B yMOBax
HOMipHO KOHTMHEHTAJIBHOTO KJIIMaTy YKpaiHu.

MeTonoJioriuue 3HAYCHHSA

Po3po061eno KOMIIIIEKCHUH MiAX11 3 OLIHKHY edek-
TUBHOCTI 3€JIEHUX JaxXiB Yy OYMILEHHI MOBITpPS, IO
BPAXOBY€ pi3HI THIHM POCIMHHOCTI Ta CE30HHI (ax-
Topu. [H(DopManiitHOIO 623010 TOCIIKEHHS CTaja
iHpopmanis moxao smicty PM2,5 ra PM10 3a nepion
20202024 pp. 3a 7aHUMH YKPaTHCHKOT MEpEkKi Ipo-
MaJICBKOT0 MOHITOpHHTY sikocTi moBiTpst Eco City
B M. JKutomup [19]. OOcsiru 3B’S13yBaHHS TBEPANX
YaCTOK 3EJICHUMHU Jaxamu (r/M%pik) 301HCHIOBAIH
3a metonukor Yang J. ta in. (2008) [15], sx mo0y-
TOK IIIBUKOCTI ocigaHHs yacTuHOK (PM2,5-0,0005,
a s PM10-0,005 m/c), iX koHIEHTpallii y moBiTpi
3a nanumu Ecocity (r/m?), koedirieHTa norinHaHHs
POCIMHHICTIO (epeBa Ta BeIUKi Kyl ans PM2,5—
0,95, nns PM10—0,97, cepenni Kymli Ta TpaB’sTHUCTI
pocaunu — 0,85 ta 0,89, ra30oHU Ta rpyHTONOKPUBHI —
0,75 Ta 0,81 BiAMOBIIHO) Ta Yacy BILUIUBY (C).

BukjageHHs1 0CHOBHOT0 MaTepiaixy

Junamika 3a0pyIHEHHS aTMOC(HEPHOro TOBi-
Tps M. JKutomup TBepaumu yactuikamu PM2,5 ta
PM10 B pospizi micsui 3a mepiog 2020-2024 pp.
IpescTaBieHa Ha puc. 1.

B po3pi3i okpemux MicsIiB HAHO1JIbIIIe 3HAYCHbD,
10 NEPEBUIIYIOTh TPAHUYHO JOIMYCTUMI CepeTHBO-
N00OBI KOHIIEHTpaIlii, xapakTepHi ais cians 2020 p. —
39,8%, 2021 p. — 47,8%, 2024 p. — 10,4% 3HaueHb 3
MaKCUMaJIbHUMM NEepeBUILEeHHAMH y 1,2-2,8 pa3su,
motoro 2020 p. — 32,5%, 2021 p. — 47,4% 3HaueHb 3
MaKCHMaJIbHUMM NepeBulieHHsAMuU y 1,2 — 3,2 pa3su,
rpyasas 2020 p. — 31,8%, 2021 p. — 9,2%, 2022 p. —
10,5% 3 MakcuMalbHMMU NEpeBULICHHAMHU y 1,3—
2,1 pasm, 6epe3ns 2020 p. — 31,6%, 2021 p. — 37,8%,
2024 p. —30,6% 3 MakcHMaJIbBHUMU IIEPEBUILIEHHSAMHU
y 1,1 — 3,9 pasu, kBitas 2020 p. — 30,7%, 2021 p. —
21,3% 3HaueHb 3 MaKCHUMaJbHUMHU TEPEBUILECH-
Hsamu y 1,9-3,6 pasu, xxoBtHs 2020 p. — 26,7%,
2021 p. — 13,3% 3 MakcuMaJdbHUMH NEPEBULICHHSI-
mu y 1,2-1,9 pasiB ta nucromana 2020 p. — 56,4%,
2021 p. — 10,6% 3 MakcuMaJIbHUMU EPEBUILICHHAMHI
y 2,1-4,9 pazu.

3a nepion 2020-2024 pp. cepeaHbOPIYHHI BMICT
PMI10 cranoBuB Bix 14,4 mo 29,2 mxr/m® (puc. 1).
[lepeBulilieHHsT BCTAHOBJIEHUX 3HaYeHb 3a PMI10
y 1,12 pa3iB xapakTepHe JHIIe s JUCTONAAA
(56,24 mxr/m?) 2020 p.

Bwmict PM10 mae cxoxy 3 PM2,5 tennenuiro. B
pO3pi3i OKpEeMUX MICAIIB HaiOiIbIIe 3HAYECHD, IO
MEPEBUIIYIOTh TPAHUYHO JOMYCTUMI CEepeIHbOIO-
00Bi KOHLIEHTpaLii, XapakTepHi i ciuns 2020 p. —
38,2%, 2021 p. — 21,7% 3HaueHb 3 MaKCUMaJIbHUMU

Pucynox 1. qunamixa 3abpyonenus ammocgpeprnozo nogimps m. Kumomup meepoumu vacmunkamu
PM2,5 ma PM10 6 po3pizi micayis 3a nepioo 2020—2024 pp.
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nepeBuiieHHaMu y 1,1-2.7 pasu, arororo 2020 p. —
19,4%, 2021 p. — 31,6% 3HaueHb 3 MaKCUMaJIbHUMU
nepeBuIeHHAMH y 1,7-2,6 pasu, rpyass 2020 p. —
13,6%, 2022 p. — 8,9% 3 MakcUMaJbHUMU NEPEBU-
menasMu y 1,6-2,2 pasu, 6epesns 2020 p. — 25%,
2021 p. —21,6% 3 MakcCuMaJIbHUMU IEPEBUILICHHAMU
y 1,3-4,6 paszu, kBitHs 2020 p. — 25,3% 3HaueHb 3
MaKCHMaJIbHUMM nepeBuuieHHsaMu y 1,1-2,1 pasuy,
woBTHA 2020 p. — 22,7%, 2021 p. — 8,9% 3 makcu-
MaJbHUMH NEpEeBULICHHAMH y 1,227 pa3iB Ta Ju-

cronaaa 2020 p. —41%, 2021 p. — 7,6% 3 makcumaib-
HUMH TIepeBUIIeHHsIMU Y 1,3-5,5 pas3is.

3eneHuii 1aX CIPOEKTOBAHUM Ha TEPUTOPIT KUT-
JI0BOTO KBapTtaiy M. JKuromupa.

IInoma o3encHenHs ckiaamae 476,11 M?> Ta
po3mofizeHa MiX TPbOMa THUIAMU POCIMHHOCTI:
nepeBa Ta Benuki kymii — 95,22 m? (20% mutomi),
CepeHi Kyl Ta TpaB’stHUCTI pocnuau — 238,05 m?
(50%), razonu Ta rpyHTOMOKpUBHI — 142,83 M? (30%)
(Tabm. 1).

2

Tabnuys 1

IIpo€exTHI po3MipH, IIJILHICTH TA MJIONIA POCJMH ISl 3€JIEHOT0 axXy

ITo npoekTy é - é
HajimeHyBaHHSI YKPaiHCHKOIO .E é .E E
Jlepesa
Kien rarapceekuii (Acer tataricum) %%%- 68%%_ 8
Bysuna yopna «Jlatmniaray (¢. mapacons) (Sambucus nigra «Laciniatay) 2350%_ E%%_ 22
Kywi
Hepen ounuit «Eneranricimay (Cornus alba «Elegantissimay) 1125(())_ 9 77,5 | 698
522;2123;;1[ ‘i:e)peBOBH)lHa «Anabenvy (Hydrangea arborescens 120 30 4 9 368
Kusunbnauk 6muckyunit (Cotoneaster lucidus) 60-100 9 33,3 | 300
BapOapuc tyn6epra «Epexra» (Berberis thunbergii «Erectay) 100 60 9 5,1 46
Tuc cepenniit «®apmen» (Taxus media «Farmeny) 40-50 | 30 9 93,6 | 842
Tuc cepenniit (¢. xyms, @110) (Taxus media) 110
Tuc cepenniit (§. xkyms, @80) (Taxus media) 80-70 | 80 6
Tuc cepenniit (§. xkyms, @60) (Taxus media) 60
Tuc cepenniit (¢. kyis, @35) (Taxus media) 35 2
bacamopiunuxu

[Taxizanapa BepxiBkoBa (Pachysandra terminalis) 15-20 | 20 16 17,4 | 278
[{yuka nepuucra (Deschampsia cespitosa) 30 50 9 7,70 69
Ocoka moppoy «Atic Jlercy» (Carex morrowii «lce Dancey) 20-30 | 35 12 39,60 | 475
[lepniBka TpaHcinpBaHcbKa (Melica transsilvanica) 45-50 | 75 9 27,60 | 248
AHeMoHa simoHChKa «Bipninny (Anemone japonica « Whirlwindy) 60-100 12 | 39,80 | 478
Xocra TiopugHa «Xaneuenon» (Hosta hybrida «Halcyony) 45-50 75 9 38,40 | 346
AcTtpanriis Benuka «Ans0ay (Astrantia major «Albay) 60-70 | 40 12 1,40 17
Kopommuka npiona «Baiit [lepm» (Cymbalaria sicula « White Pearly) 60-80 9 12,60 | 113
Tiapemnna cepuenucra (Tiarella cordifolia) 20-30 | 35 12 6,60 79
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Pucynox 2. 3¢’a3ysanns PM2,5 ma PM10 3enenum oaxom 6 pospizi micayis 3a nepioo 2020—2024 pp.:
a — depesa ma enuKi Kywi; O — cepeoni Kywji ma mpagsstHucmi pociuHu;
8 — 2a30HU Ma IPYHMONOKPUBHI POCTUHU

AHami3 BHECKY DPI3HMX THUIIB POCIMHHOCTI IO-
Ka3aB, 10 HaiOLIby e(peKTHBHICTH AEMOHCTpY-
I0Th CEpeAHl KyIli Ta TPaB’SHUCTI POCIUHH, SKi
3aiimMaroTh oty 238,05 m? 1 3a6e3neuytoTs 50,6%
3arajJbHOTO MOTMHAHHA. Lle MOsSCHIOEThCS AK 3HAY-
HOIO IUIOIIEI0, TaK 1 ONTHUMAJLHUM CITiBB1IHOIIEH-
HsM KoedilieHTiB mornuHaHHs 1 PM2,5 (0,85) ta
PMI10 (0,89). 'a3oHM Ta rpyHTONOKPUBHI POCIUHU
momero 142,83 m? 3abe3neuyiorh 26,8% 3araib-
HOTO TMOTJIMHAHHS, JEMOHCTPYIOUHM JEII0 HIKYi
koeditientu nornunanus (0,75 nns PM2,5 ta 0,81
st PMI10). lepeBa Ta BenuKi KyIili, HE3BaXKarouu

Ha HaliMeHTy TUTOIY (95,22 M?), TOKAa3yI0Th BUCOKY
e(eKTUBHICTh 3aBASKU HAWBUIIUM KoeimieHTaMm
nornuHanus (0,95 nns PM2.5 ta 0,97 nns PM10),
3a0e3meuyoTh Onu3pko 22,6% 3arajbHOTO TOTIH-
HaHHA (puc. 2).

Taki pe3ysabTaTH MiITBEPIKYIOTh €(pEeKTHUBHICTD
BUKOPUCTAHHSI KOMOIHOBAHOTO MiJIXOy IO O3e1e-
HEHHs Jaxy, JI¢ Pi3Hi TUIIU POCIMHHOCTI JONIOBHIO-
I0Th OJTHE OJTHOTO, 1110 3a0€3MeuyI0Th MAaKCUMAJIbHY
e(EeKTUBHICTh OUUIICHHS TOBITPS BiJ 3a0pyIHIOI0-
YUX YaCTHMHOK PI3HOTO PO3Mipy. 3arajbHa IJIOIIA
3€JIEHOTO J1axy B 476,1 M> IeMOHCTpYy€e 3HAUHUH T10-
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TEHI[iaJl y TOKPAIEHH] SKOCTI OBITPS MICBKOTO Ce-
pEeNoBUINA, 34aTHA IIOPIYHO MOTTUHATH Bix 112247
1o 1948,55 r 3a0pyAHIOIOYIX YaCTHHOK (pHC. 2).

BucnoBxu

3eneHuit gax rometo 476,01 M? 3gaTHUE mOpiY-
HO mornuHatu Bin 112247 mo 1948,55 r TBepaux
gacTuHOK PM2,5 ta PMI0, mo migTBepmxkye ioro
BUCOKY €(DeKTHBHICTb Y MOKPAILICHH] IKOCT1 MICBKO-
ro noitps. HallepekTuBHIIUMU [J1s1 TOTJIMHAHHS
3a0pyAHIOIOYUX YACTUHOK BUSBUIIUCH CEPEIHI KYIIIi
Ta TPaB’STHUCTI POCIMHH, AKi 3a0e3neuyioTs 50,6%
3arajpbHOTO TOTJMHAHHS 3aBISKH ONTHUMAJIbHOMY
CMIBBIAHOIIECHHIO KOeilieHTiB morinuHaHHs. Jlocmi-
JOKCHHS TIOKA3aJI0 YiTKY CE30HHY AMHAMIKY edek-
TUBHOCTI OYMWIICHHS TMOBITPS 3 MaKCHUMaJbHUMU
MOKa3HUKAaMU B MEPioJl aKTHUBHOI BereTallii poCiauH.
BusiBneno, mo eheKTHBHICTh MOTIMHAHHS 3a0py/I-
HIOIOYMX PEUYOBHH INPSIMO KOPEIIOE 3 X KOHIIEHTpa-
LI€I0 B TOBITPI, 10 pOOUTH 3€JIeH] AaxXu 0COOIMBO
e(eKTUBHUMU B NEPIOIH I1IBUILIEHOTO 3a0pyIHEH-
HS aTMOC(EPHOTO MOBITPSL.
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AHAJII3 HOPMATUBHO-3AKOHOJABYOI BA3H LIIOJ10
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B craTTi mpoBeneHe J0CIiIKeHHs], 010 HOpMa-
TUBHO-IIPABOBOTO  3a0€3MEUYECHHSI  PEryJIIOBaHHS
IPOIECIB YNPABIiHHS BIAXOAaMH, 110 YTBOPIOIOTh-
cst miJ yac OypiHHS CBEPIJIOBHH ISl IPOMHUCIIOBOTO
BUI00yTKY HaTH Ta razy B YKpaiui. bBymo neransHo
JOCITI/IPKEHO KJTIOYOBI acleKTH €KOJIOTIYHOrO pery-
JIOBaHHS, 30KpeMa HOPMAaTHBHI BUMOTH 10 30UpaH-
Hs, TPAHCIOPTYBAaHHS, TUMYAacOBOro 30epiraHus,
yTumizamii OypoBUX BiJIXOAIB Ta BiJIHOBJICHHS IIO-
PYIICHHUX 3eMeJb, @ TAKOXK IHCTUTYLIIHI MEXaHI13MH
JEpXKABHOTO HATJISAMY 3a MisUTBHICTIO HadToraso-
BUX KOMMaHii. Pe3ynpratu MOCHiKEHHS IMiATBEp-
JUJTU, [0 BIPOBAIKEHHS 1HHOBALlIMHUX METOIIB
yTHIi3alii, TakuxX SK OIOJOTiYHA PEeKyJIbTUBALiS
3a0pyIHEHUX AUISHOK, OararoctyrneHeBa (iiabTpa-
11is1 PO3YHMHIB 13 3aCTOCYBaHHSIM MEXaHIKO-XIMIYHHUX
IPOIIECIB, @ TAKOXK peiHTErpallis BTOPHHHUX Marte-
piayiiB y BUpOOHMYI IUKJIN, MA€ CYTTEBUIA MOTEHIII-
aJ JUIsl 3SMEHIICHHS €KOJIOTTYHOTO HABAHTAKCHHS Ta
OTHOYACHOI ONTHUMI3alii BUTpat nignpuemcts. [Ipo-
TE JJIs peaiizalii IuX rnepeBar HeoOXiJ He CUCTEM-
HE BJIOCKOHAJICHHS 3aKOHOJaB4oi 0a3u, 30Kpema
NPUBEJCHHS HAIlOHAJIBHUX HOPM Yy BIJIOBIJIHICTh
no crangaptiB €Bponeiicekoro Coro3y, 3ampoBa-
JOKEHHS LIEHTPAJIi30BaHOTO PEECTPY BIJIXOMIB 13 Je-
TaJTi30BaHOIO0 KJacu(iKalli€elo 3a piBHEM HEOE3MeKH,
a TaKOXX MOCHJIEHHS TUCKY Ha TMOPYIIHHUKIB €KOJO-
T'YHOr0 3aKOHO/IABCTBA Yepe3 CTBOPEHHS MPO30PUX
MEXaHi3MiB BiJIIIOBIAJIBHOCTI. ABTOpaMHU PO3pO-
OneHi pekoMeHJallii, CIpsSMOBaHI Ha I1HTErpariio
OPUHLNIIB LUKIIYHOI €KOHOMIKM B YINpaBIiHHSA
BiJIxoqamMu Oy piHHS, 110 epeadayae CUCTEMHUN T1e-
pexij BiJ JiHIHHOT MOZIEN1 «BUI00Y TOK-Y THITi3aIIis»

JI0 3aMKHEHHUX IMKJIiB BUKOPUCTaHHS pecypciB. Jlo
KJIFOUOBHX 1HII[IATUB HAJIEKATH CTUMYJTFOBAHHSI i1
MPUEMCTB JI0 BUKOPUCTAHHS BTOPUHHUX MaTepiaiB
yepe3 MOAATKOBI MiIbIU, PO3pOOJICHHS CTaHAapTIB
eKOJIOTTYHOI BiAMOBIAANBHOCTI A1 KOMIIAHIA CeK-
TOpY, @ TAKOXK CTBOPEHHS 1HOPACTPYKTYpHU IS Tie-
pepoOIeHHS BIIXO/IB 13 3a7yYeHHSAM MiXHAPOJHUX
TexHosorid. OTpUMaHi BHCHOBKH IiJIKPECIIOIOThH
KPUTHYHY MOTpeOdy B CHCTEMHHUX 3MiHAaX: TOCH-
JICHHI pOJIi JepKaBH Y KOHTPOJII 32 JOTPUMAHHIM
eKOCTaHAAPTiB, aKTUBHOMY BIIPOBAJ’KEHH1 HAyKOBO
OOTpYHTOBAaHHMX METO/IIB YIIPABIIHHS BIIX0IaMHU Ta
(dbopMyBaHHI MPABOBUX YMOB JJIsl CTAJIOT B3a€MOIii
MiXx Oi3HECOM, IpoMaiaMu Ta OpraHaMu BJIaJIu.
KurouoBi csoBa: Bigxoau OypiHHS, HOpMATHUB-
HO-TIPAaBOBE DETYJIIOBAaHHSA, EKOJIOriuHa Oe3rmeka,
HadTOra3zoBa rajiysb, yTuii3alis Ta nepepoOieHHs
BIJIXO/IiB, €BPOIEICHKI €KOJIOT1UHI CTAaHAAPTH.

Analysis of the regulatory and legislative
framework for drilling waste management in the
construction of wells for oil and gas production.
Ivashchenko T. Ryzhov H.

The article conducted a study on the regulatory
and legal support for the regulation of waste man-
agement processes generated during drilling wells
for industrial oil and gas production in Ukraine. Key
aspects of environmental regulation were studied in
detail, in particular, regulatory requirements for the
collection, transportation, temporary storage, dis-
posal of drilling waste and restoration of disturbed
lands, as well as institutional mechanisms for state
supervision of the activities of oil and gas compa-
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nies. The results of the study confirmed that the im-
plementation of innovative disposal methods, such as
biological remediation of contaminated sites, multi-
stage filtration of solutions using mechanical and
chemical processes, as well as the reintegration of
secondary materials into production cycles, has sig-
nificant potential for reducing the environmental load
and simultaneously optimizing the costs of enterpris-
es. However, to realize these benefits, it is necessary
to systematically improve the legislative framework,
in particular, to bring national norms into line with
European Union standards, to introduce a centralized
waste register with a detailed classification by hazard
level, and to increase sanction pressure on violators
of environmental legislation through the creation of
transparent liability mechanisms. The authors have
developed recommendations aimed at integrating the
principles of a circular economy into drilling waste
management, which involves a systematic transition
from a linear «extraction-disposal» model to closed
resource use cycles. Key initiatives include encour-
aging enterprises to use secondary materials through
tax breaks, developing environmental responsibility
standards for companies in the sector, and creating
an infrastructure for waste processing with the in-
volvement of international technologies. The find-
ings highlight the critical need for systemic changes:
strengthening the role of the state in monitoring com-
pliance with environmental standards, actively im-
plementing scientifically sound waste management
methods, and creating legal conditions for sustain-
able interaction between business, communities, and
government agencies.

Keywords: drilling waste, regulatory framework,
environmental safety, oil and gas industry, waste dis-
posal and recycling, European environmental stan-
dards.

IHocTanoBka npodJemMu

VYrpaBniHHS BiIXOAaMH, 10 YTBOPIOIOTHCS B IIPO-
1ieci OypiHHS i1 9ac CIOPYKEHHS CBEPUIOBUH /IS
BU100yBaHHs HAQTH Ta Ta3y, CTAHOBUTH OJMH 13 Haii-
BKJIMBIIIUX €KOJIOTTYHUX Ta TEXHIKO-€KOHOMIYHHMX
BUKJIMKIB JUUIs1 YKpaiHH, OCKUIBKM 3pOCTaHHS 00Cs-
T'iB PO3BIAKH Ta PO3pOOIEHHS POJOBHIL BYTJICBO/IHIB
CTBOPIOE JI0JATKOBE HABAHTAKCHHSI HA IPHPOHE Ce-
penoBHILE, MiABHUIYE PUSMKU 3a0pyTHEHHS IPYHTIB,

BOJIHHX PECYpCiB 1 aTMOC(HEPHOro MOBITPS, a TAKOXK
notpedye BIPOBAKCHHSI €()EKTUBHUX METOMIB IIO-
BOJIKCHHS 3 BIJIXOJ[AMH BiJITIOBITHO JI0 MiXKHAPOTHUX
EKOJIOTIYHUX CTaHJAPTIB, IO PEryJIIOITh OE3MeUHY
YTUITI3AIIII0 Ta TIepepOoOTICHHSI MOAIOHUX BiTXOIIB.

AKTYaJbHICTb IILOTO JOCIIIPKEHHS TIOJISITa€E y He-
00X1/THOCTI A€TAJILHOTO aHAJI3y YUHHUX HOPMATUB-
HUX aKTiB, 10 PEryJIIOIOTh YIPAaBIIHHS BiIXOAaMHU
OypiHHS, 3 METOIO BUSBJICHHS HAsBHHUX IPOTAJIHH,
OLIHKH BIJIMOBIHOCTI MPaBOBUX HOPM CYy4YaCHUM
€KOJIOTTYHUM Ta TEXHOJIOTTYHHM BUMOTaM, a TaKOX
PO3pOOJIEHHIO MPONO3ULINA 00 BIOCKOHAJIECHHS
3aKOHO/IABYOT0 PETryJIIOBaHHS y IiHl cdepi, 1m0 103-
BOJIUTH MIABUIIUTH PIBEHb EKOJOTIYHOI BiJIMOBI-
JAJIBHOCTI MiANPHEMCTB Ha(TOra3oBoi ramysi, 3a-
0e3MeYnTH TOTPUMaHHs MI’)KHAPOIHUX 3000B’513aHb
VYkpainu y cdepi ekonorigHoi Oe3neku, a TaKoX
CIpUSATHME peajizallii KOHLIEMIT cTaJoro po3BUTKY
[UISIXOM TapMOHI3aIlii eKOJOTTYHUX, €KOHOMIYHHMX
Ta COILIAJIbHUX 1HTEPECIB CYCIIJIbCTBA.

AHaJi3 OCTAHHIX J0CTiIKeHb i myOJaikanin

VY mpani aBropcrBa Ben 1O., Beit I1., din [Ix.,
Usxao JI. [1], po3kpuBarOThCsl TEXHOJOTTUHI ACIEKTH
YTBOPEHHS BiIXOA1B OypiHHS, X CKJIQAy Ta METO/IB
yTHUJIi3al1i1, 0 CIPSIMOBaHI Ha 3MEHIIICHHSI HETaTHB-
HOTO BIUTUBY ITUX BiJIXOJiB HA IPUPOIHE CEPEIOBU-
111e; 0COOJIMBO 3arOCTPIOETHCS yBara Ha BaXJIMBOCTI
PEeKyIbTHBAIII] 3eMeTbHUX JIJISTHOK IiCTIs 3aBepIlIeH-
Hs BU100yBaIbHUX POOIT, @ TAKOK Ha MOMKITMBOCTSX
MOBTOPHOT'O BUKOPHCTAHHS OypPOBUX PO3YMHIB IS
oInTUMIi3alii BUPOOHHYHUX MPOLIECIB.

UuHHE 3aKOHONABCTBO YKpaiHum y cdepi
YOpPaBIiHHA BiAXOAaMU OypiHHS JETaJbHO IpO-
aHaJIi30BaHO B HAayKOBUX poOorax AbneeBoi I.,
[Mnsamyxa JI. [2], Auumuna B. [3], e BusiBiieHo cepito
MIPaBOBUX KOJII31i, HEAOCTATHIO aJamnTalliio Micle-
BOT0 3aKOHO/IABCTBA JI0 €BPONEWCHKUX CTAaHIAPTIB
Ta BIJICYTHICTh €(PEKTUBHUX MEXaHI3MIB KOHTPOIIO
32 BUKOHAHHSM EKOJOTIYHMX HOPMATHBIB;, aBTOPHU
aKLEHTYIOTh yBary Ha HeoOXiIHOCTi TIIMOOKOTO T1e-
perisiAy iCHYIO4YOro IpaBOBOIO MOJIS, BKJIIOYAIOTH
BJIOCKOHAJICHHSI 3aKOHOJIaBYMX AKTIB Ta MOCHJICHHS
JIep>KaBHOTO HATJISAY HaJl TOBOIKEHHSIM 3 OypOBH-
MU BI1JIXOJaMH.

MixHapoJHUH TOCBIJ peryitoBaHHs 1€l chepu
PO3TIAIAETHCS Y AOCTiIKeHHI Anpoenbaasi M. [4],
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AKuit cucremarusyBaB HopmatuBHI akTu CIHIA, Ka-
Haau Ta KpaiH €C, M0 BCTaHOBIIOIOTH YiTKi BUMO-
I'!l 10 30epiraHHs, TPAaHCHOPTYBAHHS Ta yTUIIi3awlii
BIZIXO/iB OypiHHS; Y IUX JOCTIIKEHHSAX OCOOIMBO
HiKPECITIOETHCS 3HAYEHHSI BIIPOBAKCHHS KOMII-
JIEKCHUX CHCTEM EKOJIOT1YHOrO MOHITOPHHTY, a Ta-
KO’K BUKOPUCTAHHSI 1HHOBAIlIMHUX TEXHOJOTIN st
nepepobieHHs] OypOBUX MIJTaMiB Ta 1HIIMX MPOAYK-
TiB BTOPUHHOT'O YTBOPEHHS.

HaykoBa niTepaTypa TakoxX HIMPOKO 0OTOBOPIOE
NUTaHHS BIUTMBY OypOBHX BiJIXO/iB HA CTaH HaBKO-
JUIIHBOTO CePEeIOBHILA Ta 370POB’Sl HACEICHHSI, 1110
HiATBEPIKYETHCA pe3yIbTaTaMi YUCICHHUX E€KOJIO-
TIYHUX JIOCII/IKEHb, TPOBECHUX K B YKpaiHi, Tak
1 32 KOpIOHOM; HaNpuKIiIaz, y mpami, Kypasceka H.,
CredanoBuu 1., Credanosuu I1., Herpiit T. [5], Ta
rpyna aBtopiB CentomkoBud M., Tepmak b., But-
Bulibkuit 1., MapruukiB O. [6] neTaabHO PO3KPHUTO
€KOJIOT1YHI PU3MKH, TOB’SI3aHI 3 YIpPaBIiHHAM Oy-
POBHMH BIJIXOJaMH, Ta aKTyalli30BaHO MOTpPedy B
pOo3po0IeHHI OUIBII CTPOrUX EKOJOTIYHUX HOpMa-
TUBIB JUIs1 HAPTO Ta ra30BUA00yBHUX IiAMTPUEMCTB.
3aranomM, aHaji3 HasBHOI HAyKOBOi 0a3u CBITYUTH
PO MEPBICHY aKTYaJbHICTh MPOOJIEMHU MPABOBOTIO
pEryJItoBaHHs YIpaBIiHHS OypOBHUMH BiAXOAaMHU B
VYkpaiHi, a Takoxk 3a0e3Me4eHHs eKOJIOT1uHoi Oe3re-
KM TIpH yTHITI3aIli] Ta nepepoOIeHHS BIAXOAIB Micis
npoBeneHHs OypiHHA.

Meta ctaTTi — JOCTIAUTH HOPMAaTUBHO-TIPABOBY
0a3y YkpaiHu mojo MoBOKEHHS 3 Biaxogamu Oy-
piHHS pH OyAIBHUIITBI CBEPAJIOBUH JJIs1 BUIOOYTKY
Ha(TH i Ta3y, a TAKOXK BUSIBUTH TOJIOBHI MpoOIeMu
Ta HEJONIKH Yy 3aKOHOJABCTBI, SIKi BIUIMBAIOTH HA
€(EeKTUBHICTH LIOTO MPOLIECY.

3aBnaHHs N0CJiKEHHSA:

*  IpoaHaNi3yBaTH HOPMATHBHO-TIPABOBI [0-
KYMEHTH YKpaiHH, a TAKOX MI>KHAPOJIHI €KOJIOT1uH1
CTaHJApTH, PErJaMEeHTYIOul MPOLEaypU YIpaBIIiH-
Hs OypOBHMHM BiJIXOAaMH, 3 METOIO OI[IHKU IXHBOI
CYMICHOCTI 3 Cy4aCHUMU TE€XHOJIOTITYHUMH BUMOTa-
MU Ta TJ00aJIbHUMHU TPAKTHKAMU;

*  BHM3HAYUTH OCHOBHI NpPOOJIEMH Ta IPaBOBI
KOJi3ii, MPUCYTHI y YMHHOMY 3aKOHOJIABCTBI, SKi
CTBOPIOIOTH MEPEIIKOIU 11 €(EeKTUBHOIO yIpPaB-
JIHHS BiAX0AaMHU OypPiHHS Ta MOXKYTh IIPU3BECTH JI0
€KOJIOTTYHUX PUBHKIB JIJIs1 HABKOJIHUIITHBOTO CEPEI0-
BUIIIA;

* oOrpyHryBatu motpeOy B iHTerpamii Mix-
HApOJIHOTO JIOCBiZy Ta MOAAJIBIIOMY YIOCKOHAJICH-
Hi HalllOHAJFHOI HOPMATHUBHO-IIPaBOBOI 0a3u, 1100
M1 IBUIIATH PIBEHb €KOJOTTYHOI O€3MEKH Ta ONTHMI-
3yBaTH CUCTEMY yNPaBIiHHSA OypOBUMH BiAXOAAMU;

*  pO3pOOMTH MPAaKTHUHI MPOMO3ULIi 1010 MO-
KpallleHHsI HOPMaTHUBHO-TIPABOBOTO PETYJIIOBAHHS Y
TaHii chepi, BpaxoBYIOUM HEOOX1HICTh OCHIICHHS
MEXaHi3MiB KOHTPOJTIO 32 BAKOHAHHSM €KOJIOTTYHHX
HOPM Ta CTaHJIapPTiB.

BuksageHHs1 0CHOBHOT0 MaTepiaixy

Ilonmpu Te, 1m0 HOpPMAaTHUBHO-3aKOHOJABYa Oaza
VYkpainu y cdepi ynpaniiHHsS OypoBHUMH Bigxoa-
MU € JTOBOJII PO3Tay’KEHOIO Ta MICTHUTh HU3KY IO-
JIOKEHB, SIKI PErJIAMEHTYIOTh OCHOBHI aCHEKTH iX-
HBOr0 30MpaHHs, TPaHCIOPTYBaHHS, 30epiraHHs,
yTHIII3aIi]l Ta peKyIbTHUBaLIl 3eMelnb, 1i MpakTHYHA
e(EeKTUBHICTh 3aJUIIAETHCS MPEIMETOM MIMPOKOT
JUCKYCil, OCKIIBKM YMHHE 3aKOHOJJABCTBO XapaKTe-
PHU3YETHCSI HASIBHICTIO NMEBHUX MPABOBHX CYIEped-
HOCTEH, HEeIOCTaTHHOIO AJAINTALIEI0 JI0 CYyYaCHHX
TEXHOJIOTTYHMX BUKJIHKIB, @ TAKOXK CJIA0OKMMH MeXa-
HI3MaMU JIEPKaBHOTO KOHTPOJIIO 32 JOTPUMAHHSIM
€KOJIOTTYHUX HOPM Ta CTaHJAPTIB, IO B CyKYIHOCTI
YCKJIQJTHIOE peali3alliio eKOJOriyHO Oe3MeyHuX 1 pe-
Cypco30epirarouux Miaxo/iB A0 MOBOMKEHHS 3 Oy-
POBUMHU BiXOJaMH Ha TEPUTOPii YKpaiHu.

[TpomucnoBuii Bu100yTOK HaTH Ta razy Ha Te-
putopii cydyacHoi YKpaiHu, KM CXOIUTH CBOIMH
KOpEHSIMU 710 TIMOOKOi JaBHUHH, 3aJIMIIAE€THCS
BAXKJMBUM EKOHOMIYHUM YHHHHKOM, MPOTE HOTro
€KOJIOT1YH1 HACIiIKH MOTPEeOYIOTh PETEIBHOrO aHa-
mi3y. CliJt miIKPeCcIuTH, 110 BUKOPUCTAHHS PUPOI-
HOTO ra3y B IPOMHUCIIOBOCTI Ta MOOYTi, MOPIBHSHO
3 TPaAMIIHUMHU EHEPrOHOCISIMH — BYTULIAM, Ha-
¢Toro, TOpPOM UM APOBAMH, — XAPAKTEPUYETHCS
3HAQYHO MEHIIIMM HETaTUBHUM BIUIMBOM Ha €KOCHC-
TEMHU, 10 POOUTH HOT'O BITHOCHO €KOJIOTTYHO OiIbII
NpUUHATHUM pecypcoM. IIpore cam mponec Bumo-
OyBaHHS IMX KOPUCHHUX KOMAJIMH, HABITh y HalBiA-
JAJIEHIIINX Ta MAJI03aCeJIeHUX PErioHax, Hece CyT-
T€BI PU3HMKHU JJIsI HABKOJIHUIIHHOT'O CEPEOBUINA, SIKi
6araTopa3oBO 3pOCTAIOTh Y pasi MPOBEACHHS POOIT
y TYCTOHACelleHMX pailoHaxX yepe3 MOTEHLIHHe 3a-
OpyIHEHHS TOBITPS, IPYHTIB Ta BOJHUX PECYpCiB
[7]. OcobnuBy HeOE3MEeKy CTaHOBISATH EOIOrOpPO3-
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BiJlyBaJIbHI Ta OypoBi poOOTH B 30HAX 31 CKJIaIHUMU
JaHAMAaQTHUMH YMOBaMH, aKTUBHUMH T1JIpOJIOT14-
HUMH TIPOLIECAaMH, HASBHICTIO KAPCTOBUX IOPOXK-
HUH YU PO3Tally’)KEHUMU MiA36MHUMH Ta Ha3eMHH-
MU BOJHUMH CUCTEMaMHU, OCKUIBKHU TaKi Jii MOXKYTh
HNOPYILIMTH KPUXKUN MPUPOAHHMHA OaslaHC, CIpUYH-
HUBIIM HE3BOPOTHI 3MiHU SIK 3 €KOJIOTIYHO1, TaK 1 3
AQHTPOIIOT€HHOI IIEPCIIEKTUBH.

OCHOBHMMH HampsMKaMU BHPOOHUYOI JislsIb-
HOCTI Ha()TOra30BOi NMPOMMUCIOBOCTI YKpaiHH, sKi
MalOTh CYTT€BY €KOJIOTIYHY CKJIAJIOBY, €: T'€OJIOTI4-
Ha pO3BiJKa HAJp, MIATOTOBKA J0 OypiHHS CBEpI-
JIOBUH, caM mporec OypiHHS, KamiTalbHUNA PEMOHT
ICHYIOYHMX Ta30BUX a00 HAQTOBUX CBEP/JIOBHH, CTH-
MyJALisl BUAOOYTKY BYIJICBOAHIB 3 MPOOJIEMHHX
CBEpAJIOBUH, 3AIMCHEHHS TiIpOPO3PHBY ILIACTIB,
YIpaBIiHHA BiJIXOAaMH, Nepefavya iX BIACHUKY YU
OpEHJapIo.

[Iponiec BUOOYTKY BYTJIEBOJHIB BUMarae 3Hay-
HOT'O BUKOPHUCTAHHS SIK 3€MEJIBHUX PECypcCiB, TakK 1
IPICHOI BOJH, 1110 CTBOPIOE KOMIUIEKCHE €KOJIOTIUHE
HaBaHTA)KEHHS Ha HABKOJMIIHE cepenoBuiie. Oco-
OnuBY yBary BapTO MPUILIUTH MPoOJIEeMi yIIpaBIIiH-
Hs1 Oy pOBUMHU BIAXOIAAMH, SIK1 BKIIOUAIOTh K TBEPAY,
TakK 1 piaKy (as3u, a TAKOX CTIYHI BOIH, 110 YTBOPIO-
I0TbCS B pe3yJIbTaTi TEXHOJOTIYHUX omnepariit [8§].
PiBennr HeOe3neku AaHWX BIIXONIB Oe€3MOcepeaHbO
3aJIKUTh BiJ] XIMIYHOTO CKJaJly 3aCTOCOBYBaHHX
OypOBHX PO3UHHIB, SIKi € CKJIA[ITHUMH 0araTOKOMIIO-
HEHTHUMHM JHMCHEPCHUMHU CHUCTEMaMH, L0 MOETHY-
I0Th eMYJIbCIi, CycreH3ii Ta aepoBaHi piJiki peyOBH-
HU, MIPU3HAYEHI I TPOMUBAHHS CBEPIJIOBUH ITi]T
yac Oypinng [10]. BypoBuii po3unH BUKOHYE Oe37iu
(GYHKIIN: BIH OYMIIA€ CTIHKM CBEPAJIOBUHU Bif 3a-
OpYIHIOIOUMX OIajiB, BUMUBAE NMPOOYpPEHi MOPOAH,
BUBOJUTH iX Ha MOBEPXHIO, CIPUsE IHTCHCU]IKAIT
pyWHYBaHHS TipChKHUX TOPiJ y poOodiii 30Hi1, 3a0€3-
neyye AKiCHE PO3KPUTTS MPOIYKTUBHOT'O TOPU3OHTY
Ta BUpIIIye Oe31114 IHIINX TeXHIYHUX 3aBAaHb. [lic-
Js1 3aBEpIIEHHs Ipolecy OypiHHS, BUKOPHUCTAHUN
OypoBHil pO34HH pa3oM 3 BUOYPEHOIO MOPOAOIO MO-
Tparuise B KaTeropito OypoBUX BIAXOAIB 4epe3 CH-
CTeMY OUYMIIEHHS OypOBUX PO3UHMHIB, CTAIOYH OJHi-
€10 3 OCHOBHHUX CKJIAJIOBUX MacH BiaxomdiB [9].

3rigHo 3 3akoHoM Ykpainu «lIpo ympaBmiHHS
BiIXomaMmy», KU HaOpaB ymHHOCTI y 2023 pori,
HiNPUEMCTBA, IO JiI0OTh Y HadTOrasoBii ramysi,
3000B’s13aH1 OBHICTIO BUKOHYBAaTH HOBI PETyJISTOP-
Hi BUMOT'H, 110 Tiepei0ayaroTh OTpUMaHHS HEOOX11-

HUX J03BOJIIB, OpraHi3allif0 CUCTEMHOr0 OOJIKYy Ta
3BITHOCTI, @ TAKOXX BIPOBAXKEHHS CYyYaCHUX TEXHO-
JIOT1YHUX PILIEHB IS 3MEHIIEHHS aHTPOIOI'€HHOT'O
BILTUBY Ha MOBKis [11].

Kpim Toro, mocranoBoro Kabinery MiHicTpiB
Vkpainu Bix 5 rpyanas 2023 poky Ne 1278 Oynu 3a-
TBepKeHi JIieH3iitHi yMOBH MPOBAJKEHHSI TOCIIO-
JapChKOl TiSIBHOCTI 3 yHpaBliHHA HEOE3NeUHUMU
BIJIXOJIaMHU, JIe Je€TaJIbHO BU3HAYEHO BUMOT'H JI0 Ma-
TepiabHO-TEXHIYHOT 0a3u MiANPUEMCTB, KBaidi-
Karii mepcoHaly Ta TEXHOJOTIYHOTO OCHAIICHHS,
HEoOX1THOTO 7151 OE3MEeYHOT0 yIPaBIiHHS BiIX0a-
MU OypiHHS, 1[I0 MA€ KJIIOUOBE 3HAYEHHS IS 3a0€3-
TICUCHHS €KOJIOTTYHOT Oe3MeKH.

IToctanoBoro Kabinety MiHicTpiB YKpaiHu Bix
20 xoBTtHs 2023 poky Ne 1120 Oyno 3aTBepaKEeHO
[Mopsinok kmacudikamnii BigxoniB ta HarionanbHuii
TIepeiK BiXO/1B, IKMI BCTAHOBIIOE€ KOHKPETHI KpH-
Tepii Ta mpoLeaypH 1 BU3HAUEHHs piBHS HeOe3Ie-
KM B1IXO/1iB OypiHHS; 1€ Ia€ 3MOT'Y OpPraHi30BYBaTH
iX yrmpaBiiHHS BIATIOBITHO 10 KaTeropii HeOe3mekwu,
IO CIpHs€ MiHIMI3alil WKiAIUBAX (PAKTOPIB s
JOBKIJIJIS T4 3aXUCTY 3JI0POB>s HaceleHHs [12].

Hapemri, [IpaBuna po3poOku HapTOBUX 1 Ta3o-
BUX POJIOBUIII, 3aTBEpKEHI Haka3oM MiHicTepcTBa
€KOJIOTii Ta MPUPOTHUX pecypciB Ykpainu Big 15
oepesns 2017 poky Ne 118, 3000B’13y0Th MiANIPH-
€MCTBa 3a0e31euyBaTu eKOJIOriuyHy Oe3neKy Ha BCixX
eTanax po3poOKH, BKIIIOUAIOYW OYpiHHS CBEPIJIO-
BUH, 4Yepe3 BIIPOBA/KEHHS CHEIiaTbHUX 3aXOiB
IUtst 3anoOiraHHs 3a0pyJIHEHHIO HaBKOJIUIITHBOTO
CepeloBHILA BiaxoaaMu OypiHHsS Ta opraHizamii ix
KOpeKkTHOi yTuiizamii [13].

[lomo 3aKOHOAABYOTO perynroBaHHs i€l chepH,
To 3akoH Ykpainu «IIpo HadTy i ra3» Bix 12 nunus
2001 poky Ne 2665-111, y3romxkeHuit 3 monoxeHHs-
MU €Bporneicbkux J{MpeKTHUB, BCTAHOBIIOE CYBOpI
BUMOTH JIO CyO’€KTiB TOCIOJApIOBaHHS, 30KpeMa
IOI0 MiHIMI3aIlil EeKOJOTIYHMX PU3HKIB MiJ dYac
BUJIOOYTKY, TPAHCIIOPTYBaHHS Ta MepepoOIeHHs
BYTJIEBOJHIB. BiAmoBiIHO 10 cTaTTi 9 opranu micre-
BOTO CaMOBPSAyBaHHS HAJiJICHI MOBHOBaXCHHSMHU
KOHTPOJIOBATH TMPOIECU TeOJIOTIIHOTO JTOCIIIKEH-
HS HaJp, eKCITyaTallii poJoBHILL, JIOTICTHUKHU Ta 30e-
piraHHs MPOAYKTIiB MEPEepOOIICHHS, 110 MiIKPECITIOE
iXHIO KJIIOYOBY pOJb y 3amo0iraHHi €KOJOTTYHUX
3arpo3 [2]. Xoua OCHOBHA BIATOBIIATBHICTE 32 J0-
TPUMaHHSI €KOCTaHIapTiB MOKJIaJeHa Ha TPOMUCIIO-
Bi MIAMPUEMCTBA, CaMe MICIIEBI BIaJH, 4epe3 CBOL
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perynsaTopHi QYHKIIT Ta 3HaHHS PETiOHAIBHUX 0CO-
O6nmuBOCTEl, MaloTh 3a0e3rnedyBaTH TapMOHI3aIlilo
TOCHO/APCHKOI AISUIBHOCTI 3 MPHHIMIIAMH CTAJIOr0
PO3BHUTKY, THM CAMHUM 3MEHIIIYIOYH aHTPOIIOTCHHHH
TUCK Ha EKOCUCTEMH.

VY Mexax cBO€T KOMIETEHIi MiclieBi OpraHu Biia-
I MalOTh MPaBO HAJAaBaTHU 3rOAy Ha PO3MIIIEHHS
00’ekTiB HA(TOra30BOro KOMILIEKCY BiJIIOBITHO
JI0 3aKOHOJIAaBCTBA 332 YMOBH, II[0 30HA €KOJIOT14YHO-
r'0 BIUTUBY IUX 00 €KTIB OXOILTIOE MiAMOPSIKOBaAHY
imM Teputopiro. KpiMm Toro, BoHU 3000B’s13aH1 OpaTu
y4acTh y pO3pOOJIeHHI KOMIUJICKCHHUX ILIAHIB MO0

3a0e3MeyeHHs] CHOKHMBAayiB MPUPOAHUM Ta30M Ta
Ha(TOIO HAa TEPUTOPIi CBOTO yMPaBIiHHA, a TAKOX
y CTBOpPEHHI Ta peai3allii CUCTEeMH 3aXOIiB IS
(GyHKIIIOHYBaHHS HAQTOra30BUX 00’€KTIB Y Ha/I3BH-
JaiiHuX cutyaisx [14].

Bignosigno no 3akony Ykpainu «IIpo oxopony
HaBKOJIMIIHBOTO TMPHUPOIHOIO CEPENOBUIA», TPO-
MaJIChbKICTh OTpUMaja MOXJIHMBICTb BHCIIOBIIIOBATH
Oynb-sIKi 3ayBa)KCHHS, 3allepeuyeHHs Ta IPOIO3H-
11i1, 10 3HAYHO PO3IIUPIOE TXHIO YUacTh y MpoIieci
OLIIHKH €KOJIOT1YHOTO BILJIMBY IJIAHOBAHOI AisITbHO-
cTi cy0’eKTiB rocnionaptoBanss [15].

Tabnuys 1
IIasiX¥ NOKPaLleHHs HOPMATHBHOI Ta 3aKOHOAAaBY0l 0231 YKpaiHU B HANIPSIMKY YIIPaBJIiHHS
Bigxogamu OypiHH#A (c)OPMOBAHO ABTOPAMH)

OuinoyHui OuinouyHum
Hanpsimok Pexomenganii momxo Bniue Ha €K0JI0r0- nepiox OTPUMAaHHS
MOKPALLEHHS 3aKOHOJABYHUX 3MIiH | €KOJIOTiYHY Oe3leKy €KOHOMIYHHUH NO3UTHBHOI'O
eexr edexry
I"apmomnizariis . ITigBueHHs
[IpuiiHATTS HOBUX 3MEHIICHHS . o .
3aKOHOZABCTBA 3 . IHBECTHIIIHOT
. HOPMATHBHHX aKTIB 3a0pyHEHHS Ta . .
MDKHApOJHUMHU . . . . pUBAOIMBOCTI 3-5 pokiB
. BiJIMIOBI/THO 10 BIJIMIOBI/THICTh R
€KOJIOTTYHUMH . Ta EKOJIOTIYHOT
Hupextus €C MDKHapOJHUM HOpMaM . .
CTaHIApTaMHU CTiiKOCTI
[ocunennst .| 3MCHIIICHHS BUTPAT
BBenenHs cucremMu | 3HW)KEHHS BUIAJKIB S
JIep>KaBHOTO KOHTPOJTIO . . . ..|  Ha JIIKBiIaIiro
€KOJIOTIYHOTO ayAUTy |HE3aKOHHOI yTHIIi3amil : 2-4 poku
3a MOBOKEHHSIM 3 o . . EKOJIOTTYHUX
. Ta TIOCHJICHHS CaHKITIN BIIXOIiB .
OypoBHUMHU BiAXO/IaMHU HACIIIJIKiB
. . .| OnrTuMmizartist BUTpaT
CrBOpeHHS (hiHAHCOBUX 3anmpoBaHKEHHS CKOpOYCHHS KUTBKOCTI  E—
CTUMYJIIB 17151 MMO/IATKOBUX MUIBI  |HEOE3IEeYHNX BIIXO/IB 1P .
. . i Ta I1BULICHHSA 3-6 pokiB
€KOJIOTIYHO Oe31euHO] Ta CyOCHIIN st Yy HaBKOJHUIITHEOMY .
THIT3amil MAIPUEMCTB CEpEeIOBHII SR T
y p p yIpaBIIiHHS
3akoHOAaBYE 3HMKEHHS
Po3pobxa HOBHX C . .
. . CTUMYJTFOBAHHS MiHiwmizalis pu3UKiB €KOJIOTTYHOT0
TEXHOJIOTTYHUX DPIllICHb . " . .
IHHOBAIIHHAX 3a0py/IHCHHS IPYHTIB HaBaHTAKECHHSI 5-7 pokiB
JUTSI IEpepoOKH OYpOBUX . .
I —— EKOJIOTTYHUX Ta BOJHUX PECYpCIB Ta BUTpAT HA
TEXHOJIOT1H PEKYIBTHUBAIIIO
. .| bimbmr epexrrBHE [MokpareHHs
'Y mockoHaseHHs MeTO1iB| BripoBapkeHHsI €1TMHOT . .
. . YIPaBIiHHS €KOJIOTTYHOTO .
MOHITOPHHTY BIUIMBY |0a3W JaHWX /IS OIIHKA . . 3-5 pokiB
g . . . EKOJIOTITYHIMH MOHITOPHHTY Ta
OypoBHUX BiIXOiB BILTUBY BiJXOiB . .
pU3UKaMu €KOHOMisI pecypciB
3MiLHEHHS [ligBumenns wrpadiB | 3HMKESHHS PiBHS 3MEHIIEHHS
BiJIMOBITaIbHOCTI1 Ta TIOCWJICHHS BUMOT | IIKIJUIMBUX BUKUIIB | BTpPAT €KOHOMIKH -4 poxi
MiANPHEMCTB 32 JI0 €KOJIOTIYHOTO | Ta MOKpAIIEHHS CTaHy | Yepe3 eKOJIOTiuHi p
€KOJIOT1UH1 MOPYIIeHHS KOHTPOJIIO JOBKIJLIIS KatacTpohu
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Leit 3akoH Takox mepemdadae MPOIENYypy IO-
CTHPOEKTHOTO MOHITOPHUHTY, SKa 3aCTOCOBYETHCS
y BHIIQJKaX, KOJH 1€ 3a3HAYEHO Yy BUCHOBKY IpO
€KOJIOT1YHY eKCIepTHu3y, 1100 BHUSBUTH MOMKIIUBI
BIIXMJICHHSI MK MPOTHO30BAaHUMH DPIBHSIMH BIUIH-
By Ha HaBKOJUIIHE cepeloBUIIC Ta (HaKTHUHUMHU
pe3yabpTataMu, a TAaKOX JUJIs BHPOBAIXKEHHS 3aXO0/IiB
010 3arnoOiraHHs 3a0pyJHEHHIO HABKOJIUITHHOT'O
cepenoBumia [16]. Ha ocHOBI MpOBEIEHOTrO aHali3y
SK HOPMAaTHBHOI, TaK 3aKOHOJABYOi 0a3H, JOLIIBHO
BU3HAUUTH IJISIXU MOKPAILICHHS YIIPABIIHHS B1IX0-
namu OypiHHS, IIPU MOHTAXI1 CBEPIJIOBHH JJIs TIPO-
MUCIIOBOTO BUJIOOYTKY Ha(TH Ta raszy (Tadm. 1).

OTpumaHi pe3ynbTaTH JOCTIIKEHHS IEMOHCTPY-
I0Th, 110 JJIs1 €(EKTUBHOTO yIPABIiHHA OypOBUMHU
BIJIXOIaMH HEOOXITHO peali3yBaTH KOMILIEKCHUN
MiIX17, SIKUA OXOIUTIOE HE TITBKU TMOJAbINe yJ0-
CKOHAJICHHS MPaBOBOi 0a3u, aje it MmacimtabHe BIIPO-
Ba/DKCHHSI CYYaCHHUX EKOJOTIYHHMX TEXHOJOTIH, 10
MaroTh MOTEHIiaJ] MiABUIIUTH CTYMiHb €KOJIOTT4HOT
BiJITTOB1TaJIBHOCTI MiATPUEMCTB, 3HAYHO 3MEHIITUTH
AQHTPONOTeHHUH BIJIUB HA HABKOJIMILIHE CEPEIOBH-
me Ta cupusaTH (HOPMYBaHHIO YMOB JUJISl CTaJiOro
PO3BHUTKY Ha(TOra30BOr0 CEKTOPY YKpaiHH.

BucHOBKM Ta nepcneKTHBYU MOAAJIbIINX
MOCJiIKEeHb

PesynbraTi mpoBeaeHOTO JOCTIXKEHHS CBIIYaTh
PO Te, IO YNPABIiHHS BiAX0AaMH OypiHHS 1111 4ac
CMOPYIKSHHSI CBEP/JIOBUH ISl BUIOOYBaHHS Ha)TH
Ta ra3y € OJHUM i3 KJIIOUYOBHUX (DAaKTOPIB, SIKi BU3HA-
YalOTh E€KOJIOTIYHY Oe3NeKy Ta CTajiCTh PO3BUTKY
HaTOra3zoBoro cekropy Ykpainu. OCKiJTBKH MpPO-
1ec BUI0OYTKY BYTJIEBOJHIB, CIiJI CYHNPOBOIKYBa-
TH KOMIUJIEKCHUM IIiJIXOIOM CTOCOBHO OOpOOJICHHS
3HaYHUX OOCSTIB TBEPAUX Ta PIAKUX BIAXOMIIB, IO
YTBOPIOIOTHCSI BHACHIIOK IMX OIEpalii i MOXYTb
MaTH HEeTaTUBHUI BIJIMB HAa HABKOJHIIHE CEPEIO-
BUIIE. Y X0l IOCIIiI>KEHHS OyJ0 AeTaIbHO MpoaHa-
J130BaHO OCHOBHI 3aKOHO/aBYi aKTHU Ta HOPMATHUB-
HO-TIPaBOBI JOKYMEHTH, IO PEryJIIOI0Th MUTAHHS
MOBOJIKEHHS 3 BiXoAamu OypiHHS, a TAKOXK MiX-
HApOJIHI CTaHAAPTHI BUMOTH, SIKi BCTAHOBJICHI JJIsi
KOHTPOJIIO 32 O€3MeYHUM YIpPaBIiHHAM Hebe3neu-
HUMH BiJIX0aMHu y HagTorasoBiil ramysi; ocoOmu-
Ba yBara mpuIisiacsd MexXaHi3MaM KJacu]ikarii
TaKUX BIJXOJIB 3a PiBHEM IXHBKOI HeOE3MeKu, METO-

JIaM OLIIHKY MTOTEHIIHHOTO €KOJIOT1YHOTO PU3HKY Ta
TEXHOJIOT1YHUM PILICHHSM, 110 3a0e3MeYyI0Th MiHi-
Mi3allil0 HEraTUBHOTO BILIMBY Ha MPHPOIHI EKOCUC-
TEMH Yepe3 palioHaIbHe BUKOPUCTAHHS IIPUPOTHHUX
pecypciB. Ha 6a3i oTpuMaHux pe3ynbraTis, Oyo 00-
I'PYHTOBaHO NOTPeOy y MOJAIBIIOMY YAOCKOHATICHH1
HOPMAaTHUBHO-IIPABOBOTO MOJIst Y cepi ynpaBiaiHHS
OypoBHMH BiXOJaMU, IO TMependadae rapMoHi3a-
1110 YKPaTHCHKOT0 3aKOHOJABCTBA 3 €BPONECUCHKUMU
€KOJIOTTYHUMH CTaHJapTaMH, MOCUJICHHS JepiKaB-
HOT'O HArjsiy 3a BUKOHAHHSM EKOJIOTITYHHUX HOPM
Ta CTBOPEHHSI CTUMYJIOIOUUX MEXaHI3MIB IS Mif-
MIPUEMCTB, 1110 AKTUBHO BIIPOBA/KYIOTh €KOJIOTTYHO
Oe3nevHi TexXHOJIOTii mepepoOiIeHHs Ta yTHIi3alil
BiJIXO/IB OypiHHS, 110 T03BOJIUTH 3HU3UTU HETATHB-
HUH BIUIMB HA JIOBKIJUISL.

CdhopmynroBaHi peKOMEHAAIIT IIOI0 TOKPAIICH-
HSl CUCTEMH YNpaBJiHHS OypOBUMHM BIAXOAAMH, SKi
BKJIIOYAIOTh 3alpOBa/KCHHS OUIbII  e(EeKTUBHOI
CHCTEMHU EKOJIOT1YHOI'O0 MOHITOPUHTY, 3aCTOCYBaH-
HsI HOBITHIX TEXHOJIOTIH JUIS 3MEHIIEHHS KIJIBKOCTI
YTBOPIOBAaHUX HEOE3MEUHHUX BIIXOJIB Ta BJOCKOHA-
JICHHSI MEXaHI3MIB IXHBOI yTHJi3allii, BPaXOBYIOUH
HallKkpalli MDDKHapOJIHI MPaKTUKH, L0 CHPUATHME
(hopMyBaHHIO OiJBII EKOJOTIYHO OpPIEHTOBAHOTO
MiIXOAY MO JisJIBHOCTI HA(TOTra3zoBOro CEKTOPY
VYkpainu.

Cnucox BUKOPHCTAHUX JIZKepeJt

1. Wen Y., Wei P, Ding J., Zhao L. Study on
well control and killing in deep well drilling.
IOP Conference Series: Earth and Environmental
Science. 2021. no 859(1). P. 012059. https://doi.
org/10.1088/1755-1315/859/1/012059

2. Abneesa L. 1O, [Tnaayk JI. JI. Cuctemuuit mif-
XiJl 70 MiABUIICHHS €KOJOTiYHOI Oe3nexku HadTo-
BUJ00YBHUX TepuTopiil: MmoHOorpadis. Cymu: Cym-
CbKUH NepxkaBHUH yHiBepcutet, 2021. 275 c.

3. Slunmmu B. B. Exonoro-ekoHomiuHe 0OIpyH-
TYBaHHS YIpaBIiHHSA BiaxomamMu OypiHHA HadTO-
BUX 1 ra30BHX CBEPAJIOBHH: JHC. ... I-pa €KOH. HayK:
08.00.06 / IBaHO-PpaHKIBCHKUN HaIllOHAJIBHUN
TEXHIYHUH yHiBepcuTeT HapTH 1 ra3y. IBano-Dpan-
KiBcbK, 2021. URL: https://nung.edu.ua/sites/default/
files/2021-02/dysdoct_yatsyshyn.pdf

4. Albeldawi M. Environmental impacts and
mitigation measures of offshore oil and gas activities.



https://doi.org/10.1088/1755-1315/859/1/012059
https://doi.org/10.1088/1755-1315/859/1/012059
https://nung.edu.ua/sites/default/files/2021-02/dysdoct_yatsyshyn.pdf
https://nung.edu.ua/sites/default/files/2021-02/dysdoct_yatsyshyn.pdf

EKOMOTYHA BE3MEKA TA TEXHOMOTIT 3AXUCTY AOBKINNA 7/2025

49

Developments in Petroleum Science. 2023. No 78.
P. 313-352. DOI: https://doi.org/10.1016/B978-0-
323-99285-5.00002-8.

5. Kypascvka H. E., Credpanosuu I. C., Cre-
¢anosuu II. 1., Herpiit T. O. Exonoriuyna 6e3neka
y Hadrorasosiif ramysi. Haykosuii Bicuuk J{onH-
TY. 2023. Ne 1(10). C. 63—68. DOI: https://doi.
0rg/10.31474/2415-7902-2023-1-63-68.

6. CentomikoBuy M. B., Tepmak b. A., ButBuiis-
kuit L. 1., Mapaunkis O. b. CnenianbHi TaMIIOHaX-
Hi cuctemu. IBano-®pankisepk : [DHTYHI, 2022.
407 c.

7. Zhuravska N., Stefanovich P., Stefanovich I.,
Pereginets 1. Economic development and modern
management: Concepts of management of modern
innovative environmentally friendly production
in the direction of sustainable development.
Monographic series «European Science». Book 7.
Part 2. Karlsruhe: ScientificWorldNetAkhatAV,
2021. 111 p. URL: https://www.sworld.com.ua/
monoge4/mge4-2.pdf.

8. KoBanko O. M., Xomuk I1. M., AuapieBcbKuit
A. B., TpycoBa M. B. IlpiopureTHi HanpsiMu aKTy-
amizamii cucTeMH cTaHaapTu3auii B HadTOrazoBii
rany3i. Hadrorazosa ramny3p Ykpainu. 2016. Ne2.
c. 5-8.

9. Exonoriyna 6e3neka. Oxopona npupoau. by-
pinHs cBepanoBuH. 3aranbHi Bumoru: JICTVY 41-
00032626-00-007-97. Kuis: epxHadTOorasmpom,
1997. 15 c.

10. ITocTanoBa Kabinery MiHni-
ctpiB  Ykpainum Bix 20 oxoBTHa 2023 poky
Ne 1120 «IlIpo 3atBepmxenns Ilopsaky xmacudi-
Karii BigxoniB Ta HamioHanbHOTO TEpeNiKy Bif-
xoniBy». Odimifinuii BicHuk Ykpainu. 2023. Ne 85.
Cr. 2742. URL: https://zakon.rada.gov.ua/laws/

11. 3akon  VYkpainm «lIpo  ympaBmin-
HA Bigxomamm» Bigx 5 Oepesns 1998 poky
Ne 187/98-BP. Binomocti BepxosHoi Panu Ykpa-
ian. 1998. Ne 36-37. Ct. 242. URL:_https://zakon.
rada.gov.ua/laws/show/187/98-Bp

12. TlocranoBa KabGinery MinicTpiB Ykpainu
Bin 5 rpyans 2023 poky Ne 1278 «IIpo 3aTBep-
mxeHHst JIIEeH31MHNX YMOB MPOBAIKEHHS TOCIIO-
JapChbKoi TiSIBHOCTI 3 yHpaBIiHHSA HEOE3NEUHUMU
Bimxomamu». Odimiitauit BicHuk Ykpainu. 2023. Ne
98. Ct. 3175. URL: https://zakon.rada.gov.ua/laws/
show/1278-2023-n1

13. Haka3 MinicTepcTBa eKoJIOTi{ Ta MPUPOTHUX
pecypciB Ykpaiau Bin 15 6epe3ns 2017 poxy Ne 118
«IIpo 3arBepmxenns [IpaBun po3podku HapTOBHX
1 razoBux poaoBuuly. Odimiitauii BicHUK YKpaiHu.
2017. Ne 29. Ct. 892. URL: _https://zakon.rada.gov.
ua/laws/show/z0423-17

14. banx P.O., Himeup H.M. Jleski acrexktu
MiITOTOBKHU 3BITIB 3 OIIHKM BIUIMBY HA JTOBKIJIA
y cdepi razoBumoOyTky. Bicuuk HamionanbHoro
texHiunoro yHiBepcurety «XIII». Cepist: Enepre-
TUKa: HAAIMHICTH Ta eHeproeeKTuBHICTh. 2024. Ne
2. C. 5-12. DOI: 10.20998/2220-4784.2024.02.01.

15. 3akon Ykpainu «IIpo 0oXOpoHYy HaBKOJIMII-
HBOTO MPHUPOJHOTO CEpPEAOBUINA» BiJ 25 dYepBHS
1991 poky Ne 1264-XII. Bimomocti BepxoBHoi
Pamu YPCP. 1991. Ne 41. Cr. 546. URL: https://
zakon.rada.gov.ua/go/1264-12

16. Makedon V., Myachin V., Plakhotnik O.,
Fisunenko N., Mykhailenko O. Construction
of a model for evaluating the efficiency of
technology transfer process based on a fuzzy logic
approach. Eastern-European Journal of Enterprise
Technologies. 2024. no 2(13(128)). p. 47-57.
https://doi.org/10.15587/1729-4061.2024.300796.

show/1120-2023-n



https://doi.org/10.1016/B978-0-323-99285-5.00002-8
https://doi.org/10.1016/B978-0-323-99285-5.00002-8
https://doi.org/10.31474/2415-7902-2023-1-63-68
https://doi.org/10.31474/2415-7902-2023-1-63-68
https://www.sworld.com.ua/monoge4/mge4-2.pdf
https://www.sworld.com.ua/monoge4/mge4-2.pdf
https://zakon.rada.gov.ua/laws/show/1120-2023-п
https://zakon.rada.gov.ua/laws/show/1120-2023-п
https://zakon.rada.gov.ua/laws/show/1278-2023-п
https://zakon.rada.gov.ua/laws/show/1278-2023-п
https://zakon.rada.gov.ua/laws/show/z0423-17
https://zakon.rada.gov.ua/laws/show/z0423-17
https://zakon.rada.gov.ua/go/1264-12
https://zakon.rada.gov.ua/go/1264-12

50/

YK 504.453
https://doi.org/10.31073/ecobezpeka202507-07

CTPATETTYHUI AHAJII3 NEPEJYMOB BITPOBAJI)KEHHSI
MOHITOPUHI'OBUX JOCIIIKEHb BOAHUX OB’EKTIB
3 YPAXYBAHHAM BU/IOBYTKY I'PAHITY:

SWOT TA PEST-AHAJII3

IManena L. I'., Measian O. B.

Jlep>xaBHuii yHiBepcUTET « KUTOMUPCHKA MOMITEXHIKa»

ByJ. UynniBceka, 103, M. XKutomup, 10005
rig@ztu.edu.ua;
ke mov@ztu.edu.ua

VY crarTi mpeacTaBlieHO CTpATEridyHUM aHaii3
HepeyMOB JUIsl BIPOBAKEHHS MOHITOPHMHIOBHX
JIOCHIIPKEHb BOAHUX O0’€KTIB, K1 3a3HAIOTh BILIH-
By JIsJIBHOCTI T'paHITHUX Kap’epiB. B ymoBax iH-
TEHCUBHOTO BHI00YBaHHS MPHUPOJHUX PpECypcCiB
MOHITOPUHT CTa€ KIIOYOBUM 1HCTPYMEHTOM JIJIs 3a-
0e3revyeHHs eKOJIOTYHOT Oe3MeKH Ta CTaJIOr0 BUKO-
pHUCTaHHS BOAHHUX PECypcCiB. Y paMKax JOCIiIKeH-
Hs1 32CTOCOBAHO JIBa METO/IM CTPATETTYHOTO aHAJi3y
— SWOT ta PEST.

SWOT-anani3 103BoyIuB i1eHTU(DIKYBaTH CUIb-
HI Ta cia0Ki CTOPOHU BIPOBAKEHHS MOHITOPHH-
TOBUX JOCIIJIKEHb, @ TAKOX BHU3HAUUTH MOXKIJIH-
BOCTI ¥ 3arpo3um s peasnizalii TaKUX MPOEKTIB.
Jlo cuIBHUX CTOpPIH BiIHECEHO HAasBHICTH 0A30BHX
JAHUX MIOAO0 CTaHy BOJHUX OO’€KTIB, PO3BUHYTY
HOpPMaTUBHO-TIPABOBY 0a3y Ta AOCTYI A0 CepTH]i-
KOBaHUX J1a0opaTopii Il MPOBEACHHS SKICHOTO
aHajizy npo0 Boau. BogHouac, cepen cinabkux cTo-
piH BU3HAYEHO HEJOCTAaTHE (DIHAHCYBAaHHS EKOJIO-
TYHUX TPOrpaM, OOMEKEHICTh aBTOMAaTU30BAHHUX
CHCTEM KOHTPOJIIO Ta HEPETYJISIPHICTH MOHITOPUH-
TOBHUX JIOCII/IKEHb, IO YCKJIATHIOE aHATi3 TUHAMI-
KM 3a0pyTHEHHS.

AHaJi3 MOXJIUBOCTEH IMOKa3ye, M0 MEPCHEeKTH-
BU 3ally4eHHS MIDKHAPOIHOIO CHiBPOOITHUIITBA,
BKJIFOYHO 3 aJIalTAIli€l0 IO €BPONEHChKUX CTaHIap-
tiB (BonHa pamkoBa nupektuna 2000/60/€C), a Ta-
KOX BIPOBAKEHHSI CyYaCHUX TEXHOJIOTiH, TaKUX
SIK CEHCOpH IJIsi MOHITOPHHTY B pealbHOMY dYaci,
aBTOMATH30BaHI CTaHIii Ta reoiHpopMaliiiHi cuc-

temu (I'IC). BogHouac 3arpo3aMu € eKOHOMIYHI 00-
MEKEHHS, HU3bKa €KOJIOriYHa CBIIOMICTH YaCTHHHU
HACEJICHHs Ta 3pPOCTaroue aHTPOIOTeHHE HaBaHTa-
JKEHHSI Ha BOJIHI PECyPCH uepe3 pO3LIUPEHHS T1pHU-
40100yBHOT JISUTBHOCTI.

PEST-ananiz 3ocepemxye yBary Ha 30BHIIIHIX
YHMHHHUKAX, SIK1 BIUTMBAIOTh HA BIPOBAXKEHHS MOHI-
TOPUHTOBUX cUCTeM. [IOMITHUHMIA aCTIEKT OXOILTIOE
HOPMAaTUBHO-IIPaBOBY 0a3y, IO PETYJIOE OXOPO-
HY JOBKIJUISI, & TAKOXK HEOOXiTHICTH amamTaiii 10
cragaaptiB €C. EKOHOMIUHI YMHHUKHA BKa3ylOTh
Ha BUCOKY BapTiCTh MOHITOPUHI'OBOTO 00JIaIHAHHS,
71a00paTOpPHUX JOCIHIJKEHb 1 TOTpeOy B MiXKHaApO.-
HOMY (piHAaHCYBaHHI AJis MoJIepHi3alii iHppacTpyK-
Typu. ColianbHUN KOMIIOHEHT aKIEHTYE yBary Ha
BaXXJIMBOCTI 3aJTy4€HHS TPOMAJICBKOCT1 10 MOHITO-
PUHTOBHUX MPOrpaM, TOAL SIK TEXHOJOTTYHUHN acIeKT
BUMarae BIIPOBA)KEHHS aBTOMATU30BaHUX CUCTEM,
oun(ppoBYBaHHS JaHUX 1 CTBOPEHHS 1HTETPOBAHMX
0a3 1 aHami3y pe3yiabTaTiB.

Pe3ynpratu MOCHIIKEHHS IMiIKPECTIOIOTh BaXK-
JUBICTh IHTEI'POBAHOTO MiIXOAy 1O MOHITOPUHTY
BOJHUX OO’€KTIB y palioHax BHA00yBaHHS T'paHi-
Ty. Jlns1 3abe3neyeHHs CTIMKOCTI BOIHUX PECypciB
PEKOMEH/IOBAHO BIIPOBAKYBAaTH TEPEIOBI TEXHO-
Jorii, 3aMydaTd MiKHAPOIHHUU JOCBIJI, MOCHIIIOBA-
TH €KOJOTTYHUI KOHTPOJIb 1 PO3MIUPIOBATH y4acTh
TPOMAJChKOCTI. BHUKOHAHHS HMX pPEKOMEHIaIlii
JIO3BOJINTH 3HU3UTH HETAaTHBHMH BIUIUB BHUJI00YB-
HOI JiSTBHOCTI Ha JIOBKIUJLIISI TA CIIPUSITUME CTAJIOMY
YIPaBIIiHHIO IPUPOJHUMU PECypCamMH.
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Strategic analysis of the prerequisites for the
implementation of monitoring studies of water
bodies with regard to granite mining: SWOT and
PEST analysis. Patseva I., Medvid O.

The article presents a strategic analysis of the
prerequisites for the implementation of monitoring
studies of water bodies affected by granite
quarrying. In the context of intensive extraction of
natural resources, monitoring becomes a key tool for
ensuring environmental safety and sustainable use
of water resources. The study used two methods of
strategic analysis - SWOT and PEST.

The SWOT analysis allowed us to identify the
strengths and weaknesses of the implementation of
monitoring studies, as well as to identify opportunities
and threats to the implementation of such projects.
The strengths include the availability of basic data
on the state of water bodies, a developed regulatory
framework, and access to certified laboratories for
high-quality analysis of water samples. At the same
time, the weaknesses identified include insufficient
funding for environmental programmes, limited
automated control systems, and irregular monitoring
studies, which complicates the analysis of pollution
dynamics.

The analysis of opportunities shows prospects for
international cooperation, including the adaptation
of European standards under the EU Water
Framework Directive, as well as the introduction
of modern technologies such as sensors for real-
time monitoring, automated stations and geographic
information systems (GIS). At the same time, threats
include economic constraints, low environmental
awareness among the population, and the growing
anthropogenic pressure on water resources due to the
expansion of mining activities.

PEST analysis focuses on external factors that
influence the implementation of monitoring systems.
The political aspect covers the legal framework
governing environmental protection and the need to
adapt to EU standards. Economic factors point to the
high cost of monitoring equipment, laboratory tests
and the need for international funding to modernise
infrastructure. The social component emphasises the

importance of involving the public in monitoring
programmes, while the technological aspect requires
the introduction of automated systems, digitalisation
of data and the creation of integrated databases for
analysing results.

The study results highlight the importance of an
integrated approach to monitoring water bodies in
granite mining areas. To ensure the sustainability
of water resources, it is recommended to introduce
advanced technologies, attract international
experience, strengthen environmental control and
expand public participation. Implementation of
these recommendations will reduce the negative
environmental impact of mining activities and

promote sustainable management of natural
resources.

Keywords: small rivers, water pollution index
(WPI), environmental assessment, sustainable
development, water bodies, environmental safety,
SWOT and PEST analyses.

AKTYaJbHICTB J0CTiIKEHHS

BunoOyBaHHS T'paHITYy € BaXKJIMBUM CEKTOPOM
E€KOHOMIKM YKpaiHW, ajie BOAHOYAC BOHO CYIPO-
BOJUKYETHCSI 3HAUHMM AHTPOIOI€HHHM HaBaHTa-
KEHHSIM Ha JIOBKUISL, 30KpeMa Ha BOJHI 00 €KTH.
BroipoBakeHHs1 €peKTHBHOT CHCTEMU MOHITOPUHTY
BOJHUX PECYpPCIB Y 30HaX TipHUYOA00YBHOI [isIb-
HOCTI € CTpaTerivyHO BAXJMBHUM /I 30€peKeHHS
€KOCHCTEM 1 3a0€3MeUYeHHs eKOJIOT1YHOI Oe3MeKH.

Lleii cTpaTeriyHuil aHaji3 BKIIOYA€E PO €KO-
JIOTTYHUX, €KOHOMIYHHUX, COI[IaJIbHUX, T€XHOJOIIY-
HUX 1 3aKOHO/ABYUX MEPEAYMOB, II0 BHU3HAYAIOTh
HEOOXiHICTh MOHITOPHHTY.

AHAaJIi3 OCTAHHIX J0CJTiI:KeHb Ta MyOJTiKanii

Buno0yBaHHS I'paHITy € BaXXJIMBOIO CKJIAJ0BOIO
€KOHOMIYHOI JisUIBHOCTI, IPOTE IeH MpOIeC YacTo
CYNPOBOIKY€ETHCS 3HAYHUM BIUIMBOM Ha HAaBKO-
JUIIHE CEpeIOBHUIIE, 30KpeMa Ha BOIHI PECypcH.
3a0pyIHEHHS BOIHUX O0’€KTIB, SIKe BUHHKAE Yepe3
CKHUJIY 3BOPOTHUX BOJI, €pO3iI0 IPYHTIB, HOTPAILISH-
Hsl XIMIYHMX PEUYOBUH 1 3MiHY TiJpOJIOTIYHOTO pe-
UMY, CTAHOBHTH CEPHO3HY E€KOJIOTIYHY MpOOIeMy.
BripoBamkeHHS CHCTEMaTHYHUX MOHITOPUHTOBUX
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JIOCITIIPKEHb BOAHUX 00’€KTIB € CTPATETI4HO BAXKIIH-
BUM KPOKOM ISl 320€3MeUYeHHs eKOJIOTTYHO1 Oe3re-
KM Ta CTIMKOTO PO3BUTKY PET10HIB i3 BU100yBaHHIM
I'paHiTy. AHajii3 mepeyMoB JJis BIIPOBA)KEHHS Ta-
KUX JOCTIKCHb BKJIOYAE PO3TJIS] EKOJOTIYHHX,
TEXHOJIOTTYHHUX, EKOHOMIYHUX, COLIAJIbHUX 1 ITPaBO-
BUX aCIEKTiB.

Exonoriyni nepenyMoBu OOIpyHTOBYIOTHCS He-
OOXiJTHICTIO 30€peKeHHs] BOJHUX PECypCiB 1 eKo-
CHCTEM, SIKi € UYTJIMBHUMH JI0 aHTPOIIOTEHHOTO Ha-
BaHTa)XeHHs. BuIo0yToK TpaHITy NPHU3BOIUTH A0
301TBIICHHS BMICTY 3Ba)KEHUX YaCTOK, BAXKKUX Me-
TajiB, Cynb(aTiB, HITPATIB Ta IHIIUX XIMIYHUX CIIO-
JYK Y BOJI, IO CIIPHYUHSE ACTPATALII0 EKOCUCTEM,
3HIKEHHSI OlOpI3HOMAHITTS, MOTIPLICHHS SIKOCTI
MATHOI BOAM Ta PU3MKHU I 3[0pOB’SI JroAeH. 30-
Kpema, Y 30H1 AiSIbHOCT1 Kap’epiB CIOCTEPIraeThCs
TiIBUIIIEHHS KOHIIEHTpAIid 3aji3a, CBHUHIIIO, Ka-
MIIO Ta OPraHIYHUX PEYOBUH Y BOJI, 10 MOXKE MaTH
JIOBFOCTPOKOBI HACTiAKA. MOHITOPUHT [TO3BOJIUTH
BUSIBIIATH LI MPOOJIEMH Ha paHHIX CTaisAX 1 onepa-
THUBHO PO3POOJISITH 3aX0AH 3 iX YCYHEHHSI.

TexHonoriuHI MepeyMOBU TMOB’sI3aH1 3 JOCTYI-
HICTIO Cy4yacHUX 3aco0iB IJis MPOBENCHHS MOHi-
TOPUHTOBUX JOCIiTKeHb. HuHI iCHYIOTH aBTOMa-
THU30BaHI CUCTEMH, $Ki JO3BOJISIOTH IPOBOAUTHU
Oe3nepepBHUIT MOHITOPHHT SIKOCTI BOJH, (BIKCYIOUN
3MiHHM (PI3UKO-XIMIYHUX 1 Ol0JIOT1YHUX MapameTpiB
y peallbHOMY 4aci. BcTaHOBJIGHHS TAKUX CTaHIIIH y
CTpATErivYHO BAXKJIMBUX TOYKAX BOJHUX 00 EKTIB MO-
Onmu3y Kap’epiB, 3a0€3MEUUTH OiTBII TOYHE HATAHHS
TaHuX And aHanizy. Kpim Toro, 1abopaTopHi TeXHO-
J0Ti1 JO3BONSIOTH MPOBOUTHU ACTATBHUHN XIMIUHHHA
aHasi3 mpoO® BOAM, BUSBIAIOYM HaBITh MIKPOKOH-
HeHTpalii 3a0pyJHIOBAIbHUX pedoBUH. OqHaK A5
BIIPOBA/)KEHHS TaKUX CHUCTEM HEOOXimaHO 3abe3rme-
9UTH (piHAHCYBaHHS 1 KBai(hiKOBaHUH MEPCOHAIL.

ExoHOMIYHI nepeayMOBH BPaxOBYIOTh 3HAUECHHS
palioHaJIbHOTO BUKOPUCTaHHS IPUPOIHUX pecyp-
CIB JUIsl CTaJIOTO PO3BUTKY. 3a0pyIHEHHS BOAHMX
00’€KTiB MPU3BOIUTH J0 3pPOCTaHHS BUTpPAT Ha ix
OYMILEHHS, 3HUKEHHS TPOAYKTUBHOCTI PHOHOTO
rOCHO/IapCTBA Ta CLIBCHKOT0 TOCIOIAPCTBA, a TAKOX
70 €KOHOMIUHUX BTpaT 4epe3 MOTIPLICHHS CTaHy
JOBKi/UIS. Y TOM K€ 4Yac, BIPOBAKEHHS MOHITO-
PHUHTY JI03BOJISIE I ANPUEMCTBAM YHUKATH IITPadiB
3a MOPYIICHHS €KOJOTIYHOTO 3aKOHOAABCTBA, Mif-
BUIIYBAaTH €()EKTUBHICTh YIPABIiHHS BUPOOHUYH-
MU MPOLECAMH Ta MiHIMI3yBaTH PU3UKH aBapiitHUX

cutyariii. JIoBrocTpokoBa €KOHOMIYHA BUTOJA BiJI
MOHITOPHMHTY TE€peBa)ka€ HaJ BUTpaTaMH Ha HOro
BIIPOBAKEHHSI.

ComianpHi epenyMoBu 00yMOBIICHI HEOOX1THi-
CTIO 3aXMCTY 3JI0POB’S JIIOJEH 1 MiJABUIIEHHSAM €KO-
JIOT19HOT CBIAOMOCTI HaceNneHHs. 3a0pyAHeHHS BOI-
HUX 00’€KTIB y 30HaX BUJOOYBaHHS I'PAHITY MOXE
HEeraTHBHO BIJIMBATH HA AKICTh MUTHOI BOAM Ta 3710-
POB’Sl MiCIIeBHX MeIIKaHIliB. lle BUKIUKae corfiaib-
HYy Hampyry i MoXe MPHU3BECTH JI0 MPOTECTIB MPO-
TU JIsUIBHOCTI Kap’epiB. PerynspHuii MOHITOpUHT
1 BIAKPHUTICTb PE3yJbTaTiB AOCHIJKEHb CHPUSTH-
MYTb 3MIITHEHHIO JIOBIpY TPOMAJHU JI0 MiATPUEMCTB
1 oprasiB Biaau. BakJIMBUM € TakoX 3ajydeHHs
TPOMAJICHKOCTI JI0 €KOJIOTTYHOT'O MOHITOPUHTY, IO
cnpuaTMe (HOPMYBaHHIO BiJIOBIJAIBHOTO CTaB-
JICHHS 710 JIOBK1JUISL.

[TpaBoBi mepeayMoBH 0a3ylOThCS Ha HalllOHAJIb-
HOMY Ta MI)KHapOIHOMY €KOJIOTTYHOMY 3aKOHOZAB-
cTBi. B YkpaiHi icHye HU3Ka HOPMAaTUBHUX aKTIB, SIK1
PEryJIoI0Th KOHTPOJIb 3a AKICTIO BOAM B MOBEpXHE-
BUX 00’€KTax, 30kpeMa BomHwuii komekc Ykpainu Ta
3aKOHU IIPO OXOPOHY HaBKOJHIIHBOTO CEPEIOBHILA.
BonHoyac HEOOXiTHO BIOCKOHAIUTH MEXaHI3MU pe-
ami3aii X HOPM 1 MOCHIIUTH BiJAIMOBIIATBHICT 32
HEJOTPUMAaHHS EeKOJIOTTYHUX CcTaHAapTiB. Bmpoa-
JOKEHHSI MOHITOPUHTY TaKOX BIJITOBI/Ia€ Mi>KHAPOI-
HUM CTaHAapTaM, 30KkpeMa BoaHili paMKOBil AHpeEK-
tuBi €C, 1110 € BaXXJIUBUM JJIs IHTErpaiii YKpainu 1o
€BPOIIEHCHKOTO €KOJIOTIYHOTO IPOCTOPY.

BukJiaeHHs1 0OCHOBHOT0 MaTepiaxy

Po3po0Oka cucteMu MOHITOPHUHTOBUX JOCIITKEHb
BOJHUX 00’€KTIB y palloHaX BHUIOOYBaHHS TpaHITy
€ BAXJIMBUM KPOKOM i 3a0e3Me4eHHs eKOJIOTid-
Hol crifikocti. SWOT-anamni3 pomnomarae OLHH-
TU TIEPeyMOBU BIIPOBA/KCHHS MOHITOPUHTOBUX
JOCTIIKeHb, BUSIBUTU CUJIBHI Ta CIa0Ki CTOPOHH,
a TakoX BHU3HAUUTH MOXIJIMBOCTI M 3arpo3u s
poro mnpouecy. SWOT-ananiz — e MeToj OLiHKH
CHJIBHUX 1 CITA0KUX CTOPiH, MOXKJIMBOCTEH 1 3arpo3,
NOB’13aHUX 13 MOHITOPHHTOM BOJHHUX OO’€KTIB Y
30HaX BUAOOYyBaHHs rpaHiTy. Jlanuil miaxix moro-
MOK€ BHM3HAUMTH KJIIOUOBI HAIPSIMHU IS TOKpa-
IIEHHSI CHCTEMHU MOHITOPUHTY BOJHHUX OO’€KTIB i3
ypaxyBaHHSIM cHenudiku AiSIbHOCTI TipHUYONO-
OyBHuX minnpueMcTB. Pesynbratm SWOT-anani3
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Tabnuys 1

SWOT-anaJi3 nepeaymMoB BIPOBa/I:KeHHSI iHHOBaliifHMX MPOrpaM NOBOIKEHHS 3 BiAXo1aMu

Ilo3uTHBHUI BILIUB HeraTuBHuii BIJINB

CuubHi ctoponn (Strengths)

Caaoki croponn (Weaknesses)

A3. 3ak0oHO/1aBYa OCHOBA
AS. TlinTpumMKa TPOMaJICHKUX 1HII[IATHB

BryTpimne
CEepeIOBHIIE

Al. HasBHIiCTh 0a30BUX JJaHUX TIPO BOJHI peCypcH
A2. Texniuna 6a3a ajist 1Ta0OpaTOPHUX AOCIIIKEHb

B1. HeperynsipHiCTh MOHITOPHHTY

B2. O0mexeHa TOCTYMHICTh TEXHOJIOTH
B3. HenocrartHe inaHcyBaHHs

B4. bpak kBamidikoBaHUX KaJpiB

BS. BiacyTHICTh iHTETPOBAHOTO MIAXOTY

Mo:xnuBocti (Opportunities)

3arpo3u (Threats)

HITOPUHTY

C2. 3airydeHHs1 MI>KHAPOIHOTO JOCBIY

C3. Po3mupeHHs rpoOMaJCbKOr0 KOHTPOJIIO
C4. Mopuepsizariis 1aboparopii

C5. PO3BUTOK €KOJIOTIYHOTIO 3aKOHOIABCTBA

30BHIIIHE
cepeIoBHIIE

C1. BrpoBai>k€HHSI aBTOMaTU30BaHUX CUCTEM MO-

D 1. 3pocranHs aHTPOIIOT€HHOI'O HABAHTAYKEHHS
D 2. KnimaTtuuHi 3MiHHA

D 3. ExoHOMI4H1 BUKJIMKHA

D 4. HepoTprMaHHS €KOJOTIYHAX HOPM i APUEM-
CTBaMH

D 5. BropunHe 3a0py1HeHHS

NepeayMOB BIPOBAIXKEHHSI IHHOBALITHUX MPOrpam
MOHITOPHHTY BILTUBY BUAOOYTKY I'paHIiTy Ha BOJHI
00’eKTH HaBeleHO B Ta0OI. 1.

CuubHi cTopoHn
CunpHi1 CTOPOHM BIPOBAKEHHS MOHITOPHHTO-

BUX JOCIIPKEHb BKJIIOYAIOTH HASBHICTH 0a30BUX
JTaHUX [I0/I0 SIKOCT1 BOJIH, SIK1 BJ)KE HAKOITMYEHI y pe-
rioHax i3 aKTUBHUM BUJI00YBaHHSAM T'PAHITY.

Ichytoui maboparopii MalOTh TeXHIUHY 0asy, 110
JI03BOJISIE TIPOBOAMTH aHali3 (Pi3UKO-XiMIYHMX, Oi-
OJIOT1YHUX 1 MIKpOOIOJOTiYHUX TapaMeTpiB BOAH,
TaKUX SIK KOHIIEHTPAIIisl HITPATiB, BAXXKUX METAJIIB,
OpraHiqHOro 3a0py/AHEHHS Ta 1HIII MTOKa3HUKH.

Hassna 3axoHomaBua 0a3a, BKIFOYarodu Boguuii
KoJIeKC YKpaiHU, BCTAHOBJIIOE YiTKI HOPMATHBH JIJIsI
SIKOCT1 BOJH, LII0 CTBOPIOE MPABOBE MIAIPYHTS IJISI
BIIPOBA)KEHHSI MOHITOPUHTOBUX cucTeM. Kpim TO-
0, aKTUBHA yYaCTh I'POMAJICBKUX OpraHizauii y Mo-
HITOPHHTY 3a0e3Medye CyCHJIbHUN KOHTPOJb, IO
1 ICUITIOE TIPO30PICTh MPOLIECY:

1. Hasasnicme 6a306ux oanux npo 600Hi pecypcu.

2. Texuiuna 6asza 0131 1aO6OpAMOPHUX OOCTi-
0dCeHb.

3. 3axonooasua ocHosa.

4. I[Tiompumra epomadcykux iHiyiamus.

Cana0ki ctoponn

CTpuMyIOTh BIOPOBAKEHHSI €()EKTHUBHHX MO-
HITOPUHTOBHUX AOCHiIKeHb. OJHI€I0 3 TOIOBHHUX
npobsieM € HEeperyJspHICTb MOHITOPHMHTY, IO HE
BPAaXOBY€ CE30HHUX KOJMBAHb 1 MIKOBUX MEPIOAiB
3a0pynHeHHs. Y 0ararbox BUNaakax (hiHaHCYBaHHS
€KOJIOTTYHUX MPOrpaM € HEJOCTATHIM, 110 OOMEKYe
MOXJIMBOCTI MoOJepHi3auii iaboparopHoro obmaia-
HAHHS Ta CTBOPEHHS aBTOMAaTU30BAHUX CHCTEM MO-
HiTOpUHTY. Takox Opakye KBasi(hiKOBaHUX KaJpiB,
0COOJMBO B CITBCHKUX PEriOHAaxX, Jie PO3TAIIOBaHI
kap’epu. [lani, 310paHi pi3HUMHU OpraHizalisiMu, 4a-
CTO HE IHTETPYIOThCS B €IMHY 0a3y, 0 YCKJIaIHIOE
CTpaTeriyHui aHamis:

1. Hepezynapuicmv MOHIMOpUH2Y.

2. Obmedicena 00CmynHicmes mexHoL021ll.
3. Heoocmammue ¢hinancysanms.

4. Bpax xeanighikosanux xaopis.

5. Biocymuicmo inme2po8anozo nioxooy.

MozkauBocTi

[cHye MUPOKUN CHIEKTP MOKIUBOCTEH IS Mif-
BUIICHHS €(EKTUBHOCTI MOHITOPUHTOBUX JOCIHI-
JKeHb. 30KpeMa, BIPOBAKCHHS aBTOMATH30BaHUX
CHCTEM MOHITOPUHTY 3 BHKOPHUCTAaHHSM CEHCOpIB
JI03BOJIUTH ITPOBOJIUTH aHAIII3 BOAH B PEXKHUMI peaib-
HOro yacy. MixHapoJHUI T0CBi/, 30KpemMa BIIPOBa-
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JKEHHS €BPONEHCHKUX CTAaHAAPTIB y pamkax BomHoi
pamkoBoi nupektuBu €C, Moxe OyTH aganTOBaHHMA
J10 YKPAIHCBKUX yMOB. Po3mupeHHs rpomMaacbKoro
KOHTPOJIIO IUISIXOM HaBYaHHS MICIEBOIO HAaCEJeH-
Hsl CIIPUSATUME I IBUIIEHHIO TOYHOCTI Ta ONEPATUB-
HOCTI 30upaHHs gaHux. MozepHizallis jaboparopiit
13 3ay4eHHSIM IHBECTHUIlIA 3a0€3MEUUTh MOXKITH-
BICTh aHaJi3y HOBUX IApaMETPiB, TAKUX SIK MIKPO-
acTuk abo crerudivni 3adpyaHioBadi. Kpim T0-
T'0, PO3BUTOK €KOJIOTTYHOTO 3aKOHOABCTBA LIUISIXOM
MOCHJIEHHSI BUMOT JI0 TiANPUEMCTB-EKCILUTYaTaHTiB
CIPUATHME 3MEHILICHHIO 00CATIB 3a0pyTHEHHS:

1. BnpogaooicenHs agmomamu3z08aHux cucmem
MOHIMOPUHEY.

2. 3anyuennsn MincHApoOH020 00CBI0Y.

3. Po3wupenns epomadcokoeo KOHMpoio.

4. Mooepnizayis rabopamopiil.

5. Po36umok exonoeiunoeo 3akoH00a8cmaa.

3arposn

Ha muisxy BopoBaakeHHS MOHITOPUHTOBUX CHC-
TEM € i 1eBHi 3arpo3u. 3poCcTaHHs aHTPONOT€HHOT'O
HaBaHTa)XEHHSI 4epe3 PO3LIMPEHHS Kap’epiB MOXke
MEPEBUINUTH aJaNTAIHUN TOTEHIIal BOJHHX
exocucteM. KiimMatuuHi 3MiHH, TakKi K MOCYXH YU
IHTEHCHBHI 3JIMBH, MOXXYTh BIUTMBAaTH HAa TUHAMIKY
3a0pyJHEHHSI Ta YCKJIAJHIOBAaTH TOYHICTH OI[IHKH
pe3ynbprariB MOHITOpUHTY. ExoHOMIYHA HecTabib-
HICTh 1 CKOpOUYECHHS Jep)KaBHOrO (hiHAHCYBaHHS
EKOJIOTTYHUX MPOrpaM TaKOXK € PU3HKAMHU, SIKi MO-
KYTh BIATEPMiHYBaTH MOJIEPHI3allil0 CUCTEMU MO-
HITOPHHTY. Y pa3i HEAOCTATHHOTO KOHTPOITIO 3 OOKY
JIep>KaBH 1 ANPUEMCTBA MOXKYTh ITHOPYBATH €KOJIO-
riYHI HOPMATUBH, IO MOCUIUTH HABAHTAXKCHHS Ha
BOJIHI 00’ekTH. BropuHHE 3a0py/THEHH S TOHHUX Bi-
KJIAJICHb TaKOX € JOBIOCTPOKOBOIO 3arpo30l0, siKa
noTpedye KOMIIJICKCHOTO MiAXOMY JIJIsl BUPILICHHSL:

1. 3pocmanna anmpono2enHo2o Ha8aHMAaANCEHHS.

2. Knimamuuni 3minu.

3. EKOHOMIYHI GUKTIUKU.

4. HeoompumanHs eKonoeiuHux Hopm nionpuem-
cmeamiu.

5. Bmopunne 3a0pyoneHHs.

SWOT-ananiz AeMOHCTpY€, IO BIPOBAIKEHHS
MOHITOPHHTOBHX JOCIIKEHb Y pailoHax BUI00Y-
BaHHA FPaHITY Ma€ 3HAYHUI MOTEHIIaJ JIsl TIOKpa-
IICHHS SIKOCT1 BOAHUX OO’€KTIB, OJHAK TOTpedye

YCYHEHHSl CIa0KMX CTOpPIH Ta MPOTHAIl 30BHILIHIM
3arpo3am. BripoBaykeHHs! aBTOMaTH30BaHUX CHUCTEM,
IHTerpallis JaHuX, MiABHUINCHHS KBamidikamii (axis-
I[iB 1 aKTUBHA Y4acTh I'POMAJICHKOCTI € KIIFOUYOBHMH
HepeayMOBaMHU /ISl CTBOPEHHsI €(EeKTUBHOI CHCTE-
MU MOHITOPUHTY. A TaKOX BIPOBA/KCHHS MIOTHUX
NPOEKTIB 3a MIATPUMKU MIKHAPOTHHUX OpraHizarii,
CIIPSIMOBAHMX Ha 3aXUCT BOJHMX PECYPCIB Ta 3011b-
IICHHS YaCTOTH MEPEBIPOK MiAMPUEMCTB Ta BBEICHHS
mrpadiB 3a MOPYIICHHS EKOJIOTTYHUX HOPM, TO 3aB-
JSTKH [TUM 3aX0/IaM MOYKHA MiHIMI3yBaTH HETaTUBHHIMA
BIUTMB TipHUYOMOOYBHOI AisUTHHOCTI Ta 3a0e3neunTH
CTaJjie YIpaBIiHHS BOIHUMH PECYPCAMH.

SWOT-anani3 nokasye, 1m0 YAOCKOHAJEHHS MO-
HITOPUHTOBUX JIOCII)KEHb BOTHUX 00 €KTIB y 30HAX
BUJIOOYBaHHS TPAaHITy Ma€ 3HAYHHUIA MOTEHIIAM JJIs
3MEHILICHHS HEraTUBHOTO BIUTUBY Ha JOBKiUIA. Pe-
aji3ailis peKOMeH/aIliil T03BOJIUTh HE JUIIE TiBU-
MIUTU €(DEKTUBHICTH MOHITOPUHTY, aJie i CIIPUSTH.

[TpoBiBmu PEST-anani3 (tabn. 2), sKuii 103BO-
JISI€ OLIIHUTH 30BHIIIHI YHHHUKH, SIK1 BIUTMBAIOTH Ha
BIIPOBAPKEHHSI MOHITOPUHTOBUX JOCIIIKEHb BOJ-
HUX 00’€KTiB y 30HaX BH100yBaHHS rpaHity. Moxe-
MO CTBEpPKYBaTH, IO MiAXiJ pO3TIsiae MOTITHY-
Hi, CKOHOMIYHI, COILIiaJIbHI Ta TEXHOJIOTYHI aCIIEKTH,
110 BITMBAIOTh Ha AKICTh YIPABIIHHS BOXHUMHU pe-
Cypcamu Ta eKOJOTi4HY Oe3MeKy.

Ioaitnyni paxTopn (Political)

TTomiTryHa cTaOLIBLHICTE 1 HASIBHICTH 3aKOHOIAB-
YUX HOPM € BaXXJIMBUMH NEPETyMOBAMH JIJIsl BIIPO-
Ba/KeHHsI e(heKTUBHOr0 MOHITOpuHTY. B VYkpaiHi
ICHy€e BiJIOBi/IHA HOpMaTHBHA 0a3a, 30kpema Box-
HHUM KOJIEKC YKpalHM Ta 3aKOHU, IO PETYJIIOIOTh
oxopony noBkimist. Kpim Toro, Ykpaina nmoctymno-
BO aJIalITy€e CBO€ 3aKOHOJABCTBO JI0 €BPOIECHCHKHUX
CTaHAapTiB y Mexax BomHoi paMKoBOI IMpPEKTUBU
€C, mo crnpusie BIPOBAKCHHIO HOBITHIX METOIB
MOHITOpUHTY. OJIHaK MOJITHYHA BOJS /IO BIIPOBA-
JOKCHHS €KOJIOT1YHHX 1HII[IaTHB YacTO CTUKAETHCS 3
IHIIMMH TIPIOpUTETAMH, 30KpeMa I ATPUMKOIO MTPO-
MUCIIOBUX MiANpUeEMCTB. HemocTaTHs 4acToTa eKo-
JIOT1YHHX TIEPEBIPOK 1 0OMEKEHa BiJIMOBIAAIBHICTD
ripHU490100yBHHX MiIPUEMCTB 32 TIOPYIIEHHS MO-
KYTh CTPUMYBATH BIPOBAI’KEHHS MOHITOPUHT OBUX
cucTteM. 3 IHIIOrO OOKY, 3pOCTAlOYUil 1HTEpeC nep-
JKaBU JI0 €KOJIOTIYHOI O€3MeKH Ta MIXKHAPOIHA TiI-
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Tabauys 2

PEST-anaJi3 nepenyMoB BIPOBa/’KeHHsI MOHITOPMHIOBHX JOCTi’KeHb BOAHUX 00’€KTIB
3 ypaxyBaHHSIM BH100yBaHHS IPaHITy

Political — momiTHYHI ITOKa3HUKU

Economical — ekoHOMIYHI [TOKa3HUKHA

Al. HasBHicTh HOpMaTuBHOI 0a3u (BomHuii kogekc
YkpaiHu, 3aKOHH [TPO OXOPOHY JTOBKIIISI).

A2. Ananrramis o craamaptiB €C (PamkoBa BomHa 1U-
PEKTHBA).

A3. HenocraTHst yacToTa €KOJIOTIYHUX MTEPEBIPOK.

A4. OOMerxeHa BiIMOBIAALHICTD MiIMTPUEMCTB 32 T10-
PYILICHHS.

AS. MixKHapo/IHa MiATPUMKA EKOJIOTIYHUX MTPOEKTIB
(rpanTH, IpOTpaMN).

B1. Bucoki BUTpaTH Ha BIPOBaXKEHHS! MOHITOPHHTO-
BUX CHCTEM.

B2. O6mexene nep:xaBHe (hiHAHCYBaHHS €KOJIOTIYHUX
IpOrpam.

B3. HenocrarHe 3amydeHHs ripHAY000yBHUX i AIPH-
€MCTB /10 (piHaHCYBaHHS IPUPOJOOXOPOHHUX 3aXOMIB.
B4. Mox1BOCTI 3aTy4eHHS] MiXXKHAPOJAHUX 1HBECTHUIIH.
BS5. 3anexHicTh EKOHOMIYHOTO PO3BHTKY PETIOHIB BijI
SIKICHOTO BOZOIIOCTaYaHHS.

Social — comianbHI MOKA3HUKH

Technological — TexHOIOTiYHI TOKA3HUKH

C1. 3pocTanHs 3aHETIOKOEHHS HACEIICHHS OO0 SIKOCTI
BOJIH.

C2. AKTHBHA y4acTh TPOMAJICHKUX OpraHi3alliil y MOoHi-
TOPUHTOBHUX MPOTpaMax.

C3. bpak ekonoriyHoi 006i3HaHOCT Yy YaCTHHHU HaCEJIeH-
HAL.

C4. BrmuB SIKOCT1 BOJIM Ha 3I0POB’SI T PIBEHB KHUTTS
MiCIIEBHX TPOMaJI.

C5. OcBiTHI 1HIIIATUBY IS ITABUAIIEHHS €KOJIOTTYHOT
CBiIOMOCTI.

D1. CygacHi TeXHOJIOTi1 MOHITOPHHTY (aBTOMaTH30BaHI
cuctemu, aporu, ['IC).

D2. loctynHicTb cepTH(IKOBAHUX J1a00PATOPil ISt
aHaJTi3y BOJIM.

D3. Bucoka BapTiCTh BIIPOBAKEHHS HOBITHIX TEXHOJIO-
Tiit.

D4. MoxmuBicTh ndpoBizamii TaHUX Ta CTBOPEHHS
IHTErpoBaHUX 0a3.

D5. HenocrarHe BUKOPUCTaHHS iIHHOBALIK Y MEHII PO3-
BUHEHHX PETiOHaX.

TpUMKa (TPAaHTH, MPOEKTH) CTBOPIOIOTH MEPETYyMO-
BU JUJIS1 TIOKpAIEHHS! MOHITOPUHTY (Tab1.2).

Exonomiuni ¢paxropu (Economic)

@diHaHCyBaHHS € KIJIIOYOBUM (AKTOPOM s
BIPOBA)KEHHSI MOHITOPUHTOBUX CHUCTEM. Bucoki
BUTpPATU Ha OOJIAJHAHHS, aHAJI3U Ta KBaJi(ikoBa-
HUX CIELIaJICTIB € cepiio3HUM Oap’epoM. /1 Gara-
THOX PETiOHIB, 7€ 3A1MCHIOETHCS BUIOOYBaHHS Ipa-
HITY, €KOHOMIYHA CHTYyallisl 0OMEKy€e MOKJIUBOCTI
BUJUIGHHSI KOILITIB HA €KOJOT1YHI MpoekTH. ['ipHu-
4yo100yBHI MiIPUEMCTBA, X04a i OTPUMYIOThH 3Ha-
YHUI TpuOyTOK, HE 3aBXK/IU CIIPSIMOBYIOTH HOTO Ha
3MEHIIICHHS BIUIMBY CBO€i MisTBHOCTI HAa JOBKIJLISL.
Bonnovac Mi>kHapoaH1 iHBECTHUIIT y TPOEKTH 31 CTa-
JIOTO YIIPaBIiHHS MPUPOIHUMHU PECyPCaMU MOXYTh
CTaTH 3HAYHHUM JIKEpesIoM (iHaHCYBaHHS 15 BIPO-
Ba/KEHHSI CyYaCHUX MOHITOPMHIOBHUX TEXHOJOT1MH.
Hanpuknan, 3anmydyenns xomrtiB €C ans BOpoBa-
JUKEHHSI aBTOMAaTH30BAaHUX CHUCTEM MOHITOPUHTY

JIO3BOJINTH 3HAYHO TMOKPAIIUTHU SKICTb yIPaBIIHHA
BOJIHUMH pecypcamu. EKOHOMIUHMI PO3BUTOK peri-
OHIB 3aJIC)KUTh BiJ] AKICHOTO BOJJONIOCTAYaHHSI, TOMY
eKOJIOTTYHUI MOHITOPUHT TAaKOXK Ma€ Ba)kKJIMUBE 3HA-
YeHHs ISl 3a0e3MeUeHHs] CTaJoro PO3BUTKY MPO-
MHCIIOBOCTI Ta CLIILCHKOT'O TOCIIOAAPCTBA.

CouianbHi paxTopu (Social)

VY rpomajax, 1Mo 3HaXoJsAThCs MOpyY 13 Kap’epa-
MU, SIKICTh BOAM O€3MOCepeHbO BIUIMBAE HA 3710-
pOB’l HaceJIeHHS, PIBEHb JXKUTTSA Ta JOCTYIHICTbH
OPUPOIHUX PpecypciB. 3pocTaroye 3aHETOKOEHHS
rpomMaj o0 CTaHy JOBKUIIS € Ba)KJIUBUM COIIi-
aJBHUM YUHHUKOM JJISI BIIPOBAKEHH S MOHITOPHH-
rOBUX CHCTEM. I'pomaschKi oprasizaii Ta MiCIeBi
AKTHBICTU Jelajli 4acTillle CTaloTh 1HINIaTOpaMu
€KOJIOTTYHUX JOCHIJKEHb Ta BUMAraimoTh IPO30-
pPOCTI AiISIBHOCTI TipHUYOAOOYBHUX ITiIITPHEMCTB.
VYyacTb IpoMaJICbKOCTI B MOHITOPHHTOBUX TpOrpa-
Max He JIUIIIE CIIPHUsiE TPO30POCTI, alie i 3abe3neuye
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orepaTuBHE BUSBICHHS mpobinem. OgHak Opak 00i-
3HAHOCTI Ta IOCTYITY JI0 SIKICHOT €KOJIOT19HOi 1H(Op-
Malii y IesKuX rpoMagax MoXKe YCKIaHIOBATH IIeH
nporiec. OCBITHI 1HIIIATHBY, CIPSIMOBaHI Ha T1BU-
IIEHHS €KOJIOT1YHOI CBiZIOMOCTI, MOXKYTbh CHPUATH
AKTHUBHILIOMY 3aJly4€HHIO HACEJEHHS 10 MOHITO-
PUHTOBHX IPOTpam i MiATPUMYBATH CTAJIICTh MpPU-
POIHHX PECypcCiB.

TexnoJoriuni ¢paxkropu (Technological)

CydacHi TeXHOJIOTI{ BiIrpatoTh BaXJIMBY POJIb Y
BJIOCKOHAJICHHI MOHITOPUHTOBHX JOCJII)KE€Hb BOJ-
HUX 00’ekTiB. B YKpaiHi 1ocTymHI T€XHOJOrI, 110
JO3BOJISIFOTh TIPOBOJIUTH JIETAllbHUW aHalli3 mpoo
BOJM, ajie IXHS JOCTYIHICTh OOMEXeHa 4epe3 BH-
COKY BapTiCTh. ABTOMAaTH30BaHI CUCTEMHU MOHITO-
PHUHTY, SIKI BUMIPIOIOTh (Di3UKO-XIMIUHI MapaMeTpu
BOJIY B peajbHOMY daci (Hampukiaja, piBeHb pH,
KOHIIEHTpAIlI0 BaXXKUX METaJliB, TEMIIEparypy), €
MEPCIEKTUBHUMH, aJI€ TIOKH 110 HE IITUPOKO BIPOBa-
JoKeH1. BukopucTanHs IpoHiB 1 reoindopMaliitHux
cucreM (I'IC) no3Boisie eheKTUBHO KOHTPOIIOBATH
€KOJIOTTYHUH CTaH BEMKHUX TEPUTOPiil, BKIIOYHO 3
MPHUJIETIIMMHU 10 Kap epiB BOZTHUMH 00’ekTamu. Bax-
JMBOIO YaCTHUHOIO € NU(POBi3allisd JAHUX 1 CTBOPEH-
HSI IHTETPOBAaHHWX 0a3, MO0 JO03BOJSE aHAI3yBaTH
pe3yabpTaTu JOCIIIKEHb Y TUHaMIili Ta (hopMyBaTH
NporHo3u. TeXHOJOrYHUHN MPOrpec TaKOXK CIPHSE
3MEHIIIEHHIO BUTPAT Ha MOHITOPUHT, POOJIAUN TaKi
nporpaMu Outbln JocTynHUMU. [IpoTte, HemocTaTHE
¢inaHcyBaHHS Ta CIAOKUI IOCTYI 10 HEpPelIoBHX
TEXHOJIOT1H Y MEHIII PO3BUHEHHMX PErioHaX 3aJIMIIa-
I0ThCSl CYTTEBUMU BUKIJIUKAMHU.

BucHoBok

st cxema BimoOpakae KIJIFOUOBI MOJIITUYHI, KO-
HOMIYHI, COIliaJbHI Ta TEXHOJOTIYHI YMHHHUKH, IO
BIJTMBAIOTh HA BIPOBAKEHHS MOHITOPUHTOBUX
nociipkens BogHux 00’ckriB. PEST-anaiis nemoH-
CTpYy€, L0 BIPOBAJKEHHS MOHITOPUHTOBUX J0-
CJIIJKEHb BOJHUX O0’€KTIB y 30HAaX BHI00yBaHHS
I'PaHITy 3aJIeKUTh BiJl KOMIUIEKCHOTO BILIUBY IIO-
JTITHYHUX, EKOHOMIYHHUX, COL[IaJIbHUX 1 TEXHOJIOT Y-
HuX (hakTopiB. OCHOBHUMHU BUKJIUKAMU € HEJJOCTAT-
He (iHaHCYBaHHS, 0OMEXXEHUH JOCTYT A0 Cy4aCHUX

TEXHOJIOT1H 1 HEperyIspHICTh KOHTPOII0. BomHowac
MOJKJTUBOCTI, TIOB’SI3aH1 3 a/IalTAIlI€I0 €BPONEHCHKIX
CTaH/AAPTIB, 3aJIyYCHHSIM MIDKHApOIHOTO (hiHAHCY-
BaHH$ Ta aKTHBI3AIli€}0 TPOMAJICHKOCT1, CTBOPIOIOTh
HepeyMOBH ISl YCIIIIHOTO BIPOBAJKEHHS MOHI-
TOPUHTOBUX CHUCTEM. [HTerparis cy4acHUX TEXHO-
JIOTi#, PO3MIMPEHHS TPOMAJCHKOTO KOHTPOIIO Ta
M ABUIIEHHS €KOJIONYHOI CBIIOMOCT1 HACEJIEHHS €
KJIFOYOBUMH (paKTOpamu sl 3a0€3MeYeHHs eKOJI0-
ri4HOI CTIHKOCTI B paifoHax BH100yBaHHS TPAHITY.

CrpareriuHuii aHali3 NMepeayMoB BIIPOBAIKCH-
Hsl MOHITOPUHTOBUX JOCII/I)KEHb BOIHUX OO’€KTIB
13 ypaxyBaHHSIM BH100yBaHHS IPaHITY IEMOHCTPYE
OaraTorpaHHIiCTh IBOTO 3aBJAHHS. 3 EKOJOTTYHOT
TOYKH 30pY, MOHITOPUHT € 1HCTPYMEHTOM 3aXHUCTY
BOJIHMX €KOCHCTEM. 3 TEXHOJIOTIYHOI — 3a0e3mneuye
BHUCOKOTOYHHUN KOHTPOJb. 3 €KOHOMIUHOI — CIpHUsie
3MEHIIIEHHIO BUTPAT 1 pU3MKiB. I3 comianbHOi — 3a-
Oe3mneuye MpO30pICTh 1 MiJABHUINYE JOBIPY TPOMAI.
A 3 mpaBOBOi — BIJIMOBIAE CYYaCHHUM BHUMOTaM
HAI[IOHAJIBHOTO Ta MIXHApOIHOTO 3aKOHO/ABCTBA.
VYpaxyBaHHS IIUX NEPEIyMOB J03BOJIUTH CTBOPUTH
e(EeKTUBHY CUCTEMY MOHITOPHHTIY, SIKa CTAHE OCHO-
BOIO ISl €KOJIOT1YHO BiOBIJAJIBHOTO YIIPABIiHHS
IPUPOTHUMH pECYpCaMH.
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JlocHimKy€eThCs MOKIJIMBICTh KiJTBKICHOI OLIIHKH
(GYHKIIIOHATBHOI CTIHKOCTI po3monijieHux iH(Op-
MaI[iiHO—KEPYIOUUX CUCTEM. BBOASTHCS MOHATTS
O3HaKH, KPUTEPIiIO 1 3amacy (QyHKIIOHAIBHOI CTiii-
KOCTI, IKi TPYHTYIOThCSl HA BU3HAYCHHI NapaMeTpiB
rpada, 1o onucye CTPYKTYpy AOCIHiTKYBaHOI CHUC-
TEMH TaKOro KJacy. ¥ CTaTTi 3alpONOHOBAHO O3Ha-
KM 1 TIOKa3HUKHU (PYHKIIIOHAIBHOI CTIHKOCT1 CTPYK-
TypU €KOJOTiYHOro KoMmIuiekcy. OOrpyHTOBaHO
KpHUTepii Ta MOKa3HUKH (PYHKIIOHATIBHOI CTIMKOCTI
00’€KTiB KpUTUYHOI 1HYPACTPYKTYpPU Ta TEXHOTCH-
HO HeOe3neyHnX 00’eKTiB. PO3rissHyTO MOHATTS 3a-
nacy (pyHKIIIOHAJIBHOI CTIMKOCTI. BBeeHI MOHATTS
JI03BOJISIFOTH OL[IHUTH SIK IaJIEKO CTaH €KOJIOT1YHOI0
KOMILJIEKCY (00’€KTH KPUTHYHOI 1H(QPACTPYKTYpH
Ta TEXHOT€HHE HeOe3neuyHi 00’ekTH) nepedyBae Bij
I'paHUL CTIHKOCTI, TOOTO SIKU € 3amac i QyHKIII-
OHaJIBHOI cTiliKocTi. Lle# 3amac Mo)KHAa BU3HAYUTH
TAKOX y CEHC1 3B’I3HOCTI CTPYKTYpHU. Y TakoMy pa-
31 BiH Oyze XapakTepH3yBaTHUCS KUIBKICTIO BiMOB
(po3puBOM pebep UM BUXOIOM 3 JIATy BEPIIMH), 10
MOXYTh CIPHYMHHUTH TEpeXiJl CTPYKTYpPH KOMII-
JeKcy 10 HecTiiikoro ctany. Po3pobieno meronu
KUJIBKICHOT'O OLIIHIOBaHHS (DYHKI[IOHAJIBHOI CTIMKO-
CTi 3 BUKOPUCTAaHHSM BBEJCHUX MOKa3HUKIB. [lepe-
BaraMM TaKoro IiJIX0y € MOXJIMBICTb KiJIbKICHOTO
OLIIHIOBaHHS (YHKIIOHAJIBHOI CTIMKOCTI MOTOYHOI
CTPYKTYPH €KOJIOTIYHOTO KOMIIJIEKCY, BUXOASYH 3
30BHINIHIX O3HAK. Ha OCHOBI TakuX OI[IHOK MOYHa
JlaBaTH PEKOMEHJAIlil 110JI0 HapOUTyBaHHS CTPYyK-
TypHU 9H CKJIaJaTH OOIPYHTOBaHI BUMOTH JI0 CUCTE-
MU YIPABIIIHHS €KOJIOTTYHOIO O€3MEKO0I0 Ta CHCTEMHU

HIATPUMKH TPUHAHATTA YHPaBIIHCBKUX EKOJIOTI4-
HUX pimeHs. [IpoBeneni JoCiKeHHs Jal0Th 3MOT'Y
IIe Ha eTarli MPOEKTYBAaHHS 0OIPYHTOBYBAaTH BUMO-
T'Yl IO CUCTEMU YTIPaBJIiHHS €KOJIOTTYHOI0 Oe3MeKOor0
00’e€KTIB KPUTUYHOI 1HYPACTPYKTYpU Ta TEXHOTCH-
HO HeOe3neuyHuX 00’€KTiB, PO3B’13yBaTH 3a/1a4i CHH-
TE€3y ONTUMAJIBHOI CTPYKTYPH €KOJIOT1YHOT'O €KOMII-
JIeKCy 3a KPUTEpIEM MaKCUMyMy (QyHKIIIOHAJIbHOT
CTIHKOCTI 3 OOMEXEHHSIM Ha BapTicTh MOOYIOBU Ta
eKCILTyaTallii JTiHiH 3B’13KY, a TAaKOX 0OIPYHTOBYBa-
TU JOUIJBHICTh HAPOLTYyBaHHS CTPYKTYpPU CUCTEMH
B IIPOIIECi eKCIUTyaTalii.

KirouoBi cj1oBa: eKOJOriYHUA KOMILIEKC, 3a-
nac (pyHKIIIOHAJIBHOI CTIHKOCTI, KpUTEpii 1 3amac
(GyHKIIOHAIBHOI CTIMKOCTI, OO’€KTH KPUTUYHOI
1HQPACTPYKTYpH, CUCTEMa MIATPUMKH HPUHHAT-
TS YIPaBIIHCBKUX EKOJOTIYHUX pIillIeHb, CUCTEMa
YOPaBIiHHS €KOJIOTIYHOIO OE3MEeKOI0, TEXHOT€HHO
HeOe3rneuHi 00’eKTH, PyHKI[IOHATbHA CTIHKICTB.

Conceptual apparatus of functional stability
of critical infrastructure objects and technogenic
hazardous objects. Mashkov O. A. Pechenyi V. L.
Prysiazhnyi V. I. Ovodenko T.

The possibility of quantitative assessment of the
functional stability of distributed information and
control systems is investigated. The concepts of a
feature, criterion and margin of functional stability
are introduced, which are based on determining the
parameters of the graph describing the structure of
the studied system of this class. The article proposes
features and indicators of the functional stability of
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the structure of the ecological complex. The criteria
and indicators of the functional stability of critical
infrastructure objects and technogenically hazardous
objects are substantiated. The concept of the margin
of functional stability is considered. The introduced
concepts allow us to assess how far the state of the
ecological complex (critical infrastructure objects
and technogenically hazardous objects) is from
the stability limit, that is, what is the margin of its
functional stability. This margin can also be defined
in terms of the connectivity of the structure. In
this case, it will be characterized by the number of
failures (breakage of edges or failure of vertices),
which can cause the transition of the structure
of the complex to an unstable state. Methods for
quantitative assessment of functional stability using
the introduced indicators have been developed. The
advantages of this approach are the possibility of
quantitative assessment of the functional stability of
the current structure of the ecological complex, based
on external signs. Based on such assessments, it is
possible to give recommendations for building up the
structure or to formulate justified requirements for
the environmental safety management system and
the system for supporting the adoption of managerial
environmental decisions. The conducted studies
make it possible to substantiate the requirements
for the environmental safety management system of
critical infrastructure facilities and technogenically
hazardous facilities at the design stage, to solve the
problems of synthesizing the optimal structure of the
ecological ecocomplex according to the criterion of
maximum functional stability with a restriction on the
cost of construction and operation of communication
lines, and also to justify the feasibility of building up
the structure of the system during operation.

Keywords: ecological complex, functional stabil-
ity reserve, criterion and functional stability reserve,
critical infrastructure facilities, environmental man-
agement decision—making support system, environ-
mental safety management system, technogenically
hazardous facilities, functional stability.

IlocTanoBka npodJjemMu
[IpoGneMHa cuTtyarisi, Mo MpU3BeNa 10 BUHHK-

HEHHsSI HAyKOBOTO HaIpsiMy 3a0e3ledyeHHs (QYyHK-
[[IOHAJIBHOI CTIMKOCTI, MOB’A3aHa 3 PO3POOJICHHSAM

HanmpuKiHIi XX CTOMITTS CKIAQAHUX aBTOHOMHHX
TEXHOTEHHUX CUCTEM, 1110 (PyHKIIOHYIOTh B €KCTpe-
MaJbHMX YMOBax (TEXHOIC€HHE HeOe3MneuHi 00’€KTH,
00’€KTH KPUTHYHOI iH(PACTPYKTypH). IxHs BHCO-
Ka BapTICTh Ta MOTEHIiHHA HeOe3meka 3akaaanu
3a0e3MeyeHHs BiAMOBIHOTO PiBHSA HaAIMHOCTI Ta
Oe3neku 3actocyBanH. [Ipu iboMy TpaauiiitHi Me-
TOJH, IO IPYHTYIOThCS Ha 0aratopazoBOMy pes3ep-
ByBaHHI, BBEJICHHI CHCTEM BOYJIOBAaHOTO KOHTPOIIO
Ta EJIEMEHTIB 3 IMiJBHUINEHUM pIBHEM HaJIHHOCTI,
MOTIPIIYBAJIM TEXHIKO—EKOHOMIUHI XapaKTEpUCTH-
KM TPOEKTOBAHUX CHCTEM, HE 3aBXKJIU NMPU3BOIATH
JI0 HEOOX1AHOTrO0 3MEHIIEHHS HMOBIPHOCTI BHUHHK-
HeHHs1 HeOesneuHux curyanid. HeoOximHicTh 3a-
MPOBAJI’KEHHSI JOMATKOBOI amapaTHol HaIMipHOCTI
3a171s1 3a0e3MeYeHHs] HaJIHHOCTI CHUCTEMH CTalio
BKJIMBUM OOMEXKEHHSM IHOT0 miaxony. Tomy Oy-
JI0 3aIPOMOHOBAHO PO3MIISAATH MO3AIITaTHI CTaHU
CUCTEMH, BUKJIMKAaHI BIIMOBaMH, SIK JIOMMYCTUMI, 1
iMm ¢opmyBaru anexBaTHe ((YHKI[IOHAJIBHO CTiii-
K€) yIpaBIliHHS, CIPSIMOBaHEe Ha MapUpyBaHHS Ha-
CIIIKIB BIJIMOB Ta MIATPUMKY BUKOHAHHS (PYHKI[IN
CHCTeMHU. 3a PaxyHOK LIbOTO YIpPaBIIiHHS 3a0e3re-
9yeThCsl TEPEPO3NONITT PECYpPCIB CHUCTEMH 3aJJis
JOCATHEHHS TOJIOBHOT METH, HABITh 32 YMOB Bi/IMOB.
Brepiiie noHATTS «pyHKIIIOHAJIBHA CTIHKICTBY, HO-
ro BU3HAYCHHS Ta MPHUHIIMIIOBI 3acaau 3a0e3neueH-
Hsl (PyHKIIIOHAJIBHOI CTIMKOCTI OyJIM HaBEJeHi y Iy-
OmiKawisiX, TPUCBIYEHUX BHUPIIIEHHIO KOHKPETHHX
3aBJaHb YIpPAaBIiHHS CKJIQJHUMHM aBTOHOMHUMU
IuHaMigHUMH 00’ekTamu [1-3]. Byno BcTaHOBIEHO,
10 B)KJIMBOIO YMOBOIO 3a0€3MeUYeHHS ITi€] SIKOCTI €
MOJKJTUBICTH TIEPEPO3NOALTY HAIBHUX PECYPCIB yce-
penuHi cucTeMu (KOMIUIEKCY).

[TpoGnemMa aHATITHYHOTO OIIHIOBAHHS (YHKIII-
OHAJILHOT CTIHKOCTI €KOJIOTIYHOI CHCTEMHU BUHUKAE
IpU BUPILICHH] 3aBJaHHs 3a0e3Me4eHHs eKOJIorid-
HOI Oe3neKu perioHiB Ta 00’€KTiB KPUTUYHOI 1H(-
pactpykTypu. IIpu 1boMmy 06’€KTOM JOCIHIIKEHHS €
00’€KTH KPUTHYHOI 1HPPACTPYKTYpH Ta TE€XHOTEH-
HO HeOe3neuHi 00’ekTu. CyKyIHICTh IIUX OO’€KTIiB
MPONOHYETHCS PO3MIISLAATU SIK PO3MOALIEH] 1H(Op-
martiino—kepyroui cuctemu (PIKC), siki MicTATh
PO3MOIEHI Y MPOCTOPI 32 TEPUTOPIAIBLHOI O3HA-
KOIO 3acOo0M aBTOMAaTH30BaHOi 00poOsieHHs iH(DOp-
Marii Juisi po3B’s3yBaHHS 3a/a4 HAKOIMHMYyBaHHS,
o0pobnenHs, 30epiraHHs Ta nepenadi iH(opmarii
Ta eHeprii. Taki cucTeMu HaJIeXKaTh 10 KJIACy CKJIa-
HUX OpraHi3aliifHuX CUCTeM i1 o0y 10BaHi1 Ha OCHOBI
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TEXHOJIOT11 KOPIOPaTUBHUX OOYHUCIIOBAIBHUX Me-
PeX MPUHHATTSA YHPaBIIHCBKUX EKOJOTTYHUX pi-
meHb. BoHa ckiamaeThes 3 By3iiB KOMyTaIlii 1 Ka-
HaMiB (JIiHINA) 3B’I3Ky MiXK OKPEMHMH €JIEMEHTaMU
cucteMu. ['0JIOBHOIO BUMOTOIO, 110 BHCYBAETHCS 710
PIKC, € BukoHaHHS OCHOBHOI (DyHKIIii — 3a0e3reueH-
Hs1 aDOHEHTIB KOPIOPATUBHOI MEPEXkKi MOTEHIIIITHOIO
MOXJIMBICTIO JOCTYIIY JI0 PO3MOAUIEHUX iH(pOpMa-
IHHUX Ta €HEPreTHYHUX PecypciB, 00’€THAHUX Y
€IUHUI KOMILJIEKC.

Bci iHml BUMOTrHM, Hampukiaaa — €(peKTUBHICTD,
IPOAYKTUBHICTH, HAAIHHICTh, TOYHICTH, CYMICHICTb,
KEPOBAHICTh, KUBYUICTh, PO3IIUPIOBAHICTH 1 00CAT
CTPYKTYpH — 3alie)aTh BiJ IKOCTI BUKOHAHHS IIi€i
OCHOBHOI 3anaui [4]. ¥ cydacHux ymoBax Ha PIKC
HEeraTHBHO BIUIMBAIOTh BHYTPILIHI (BiAMOBH, mepe-
001, TOMUJIKY TIEPCOHATY Ta MPALiBHUKIB) 1 30BHIIII-
Hi (aKTUBHHHA a00 MAaCHBHHI BIUJIUB 30BHIIIHHOTO
CepeloBHINa) YMHHUKUA. ToMy mpobiiema 3abe3rne-
YCHHSI MOXKJIMBOCTI Oe3MmeyHoro (0e3rmoMHUIKOBOTO
¢yuxuionyBanus PIKC), 3a ymoBH MoxnuBoi Aii
HETaTHBHUX YMHHHKIB, € aKTYaJIbHOIO 1 JI0Ci aHai-
TUYHO HE CHOPMYITHOBAHA.

AHAaJI3 OCTAHHIX JA0CTi:KeHb i myOJaikanin

AHami3 gociniKeHb 1 myOikamii moao 3abe3mne-
YEeHHS CTIMKOCTI (PYHKIIIOHYBaHHS CKJIaJHUX CHUC-
TeM. BupimeHHio mpobieMu 3a0e3nedeHHsl CTiiKo-
CTi (YHKIIOHYBaHHS CKJIQJHUX TEXHIYHUX CHUCTEM
IPUCBSIYEHO HU3KY HayKoBUX mpaub [1—4]. OnHak,
Ha HaIll TIOTJIs]], OCHOBHA yBara B HUX 30CEpeKeHa
Ha PO3B’A3aHHI YaCTKOBHX 3a/a4, a caMe — o0y To-
BUX PE3epBOBAHMX 1H(POPMAIIHHO—KEPYIOUUX CHC-
TEM, BIJIMOBOCTIHKHMX KEPYIOUHX OOUYHCIIOBATIBHUX
CHCTEM, aJallTUBHUX CUCTEM YIIpaBIiHHS.

VY po6ori [3] ymepiie BBeIeHO, a B [6, 7] pO3KPUTO
HNOHSTTS (DYHKITIOHATBHOI CTIMKOCTI CKIIAJHUX IU-
HAMIYHUX O0’€KTiB, IO OMUCYIOTHCS CUCTEMOIO JH-
(epeHLiaTbHUX PIBHSIHB. 3alPONOHOBAHUN MiAXiN
0a3yeThCsl Ha MPUHLMIAX KOMIUIEKCHOTO 3abe3re-
YEeHHS CIIOCTEPEKYBAHOCTI, KEPOBAHOCTI, 1AeHTUI-
KOBAaHOCTI AuHaMIYHUX 00’ckTiB. Onnak mis PIKC
TaKWi amapatr HENpUUHATHUHI. Y Teopii HaaiiHOCTI
BU3HAYCHHS TOKAa3HUKIB HAMIHHOCTI OMUPAETHCS,
HacamIepeq, Ha MPHUBEICHHI CTPYKTYypU CHCTE-
MU JI0 BIJIMOBIAHOI CXEMH y BUTJISIAI MOCIIJTOBHHUX
1 mapanenbHUX 3’€HaHb MOAU(IKOBAHUX EJIEMEH-

TiB. Takuil miaXiJ TaKOXK HE MOXKHA 3aCTOCOBYBATH
IUISL CKIIQAHUX OpraHi3aliifHUX CHUCTEM 13 BEJIHKOIO
KUIBKICTIO TIepeXpecHUX (MOCTIMHMX 1 BUIAIKOBHX)
3aB’I3KiB 1 BpaXyBaHHSM B3a€MOBILJIUBY OJTHUX €JIe-
MEHTIB Ha 1HIII, TOOTO 0 CUCTEM 13 BHIAJKOBHUMU
CTPYKTYPOIO Ta 3B’I3KaMH [5].

MeTo10 1i€i poOOTH € BUKJIAJ 3alIPOINOHOBAHOTO
aBTOpaMH MaTEMaTHYHOIO arapaTy KiJIbKiCHOI OLliH-
K¥ (pyHKITIOHATTBHOI CTIHKOCTI JMHAMIYHO 3MiHIOBA-
HUX CTPYKTYp 00’€KTiB KpUTUYHOI iHQPACTPYKTYpH
Ta TEXHOT'€HHO HEOE3MeYHNX 00 €KTIB.

Pe3yabraTu nociigxkeHb

Y TpamumiiHuX CUCTeMaX aBTOMAaTUYHOTO
YIPaBIIiHHS aBTOHOMHUMH 00’€KTaMH, pO3A1JIEHUX
Ha OKpeMi KaHalli y CKJaJi JaTYUKiB, OOUHCITIOBA-
YiB Ta BUKOHABYMX MEXaHI3MiB, pecypcH (eHepre-
TUYHI, OOYMCIIOBAIIBbHI, iH(pOpMAIliliHi), 0 BUJIi-
JSAI0THCSA HAa KEPYBAaHHS, )KOPCTKO 3aKpiIUIeHI MiX
BIJIMOBITHUMHU KaHATaMH. Y IIbOMY HEMOXJIUBICTh
Nepepo3IOTY pPecypciB MiX KaHaJlaMU OOMEXYe
MOXJIMBOCTI (hopMyBaHHS (YHKIIOHATIBHO CTiiKO-
ro yIpaBJiHHS.

TeXHOOT1YHOI0 OCHOBOIO 3a0e3neueHHs (PyHKIII-
OHAJILHOT CTIHKOCT1 CTal0 CTBOPEHHS OOPTOBUX 1H-
bopmariiiiHo—KepiBHUX KOMILIEKCIB, SIKi JI03BOJIMIIN
KOMILJIEKCYBAaTH PECYpPCH CUCTEMHU Ta 31HCHIOBATH
iX mepepo3noai.

TiIbKM KOMILIEKCYBaHHSI BCIX KaHaJIiB CHUCTEM
aBTOMATHYHOTO YTIPaBJIIHHS B €IUHUHN iHpOpMa-
IHHO—KEPYIOUUi KOMILIEKC, ¢ iHpopMaliitHo—BU-
MipIOBaJibHA IiJICHCTEMa BKJIIOUaTHME BCl JKepera
iHpOpMalii, TPUCTPOi MEPEeKOTyBaHHS T CIIOIYYEH-
Hs, OOYHCITIOBAJIbHA CHCTEMa — yCi O0YHCIIoBayi, a
eHepreTuyHa MiJIcCuCTeMa — yci BUKOHABY1 MeXaHi3-
MU Ta JKepesa eHeprii JO3BOJIUThH 3a0e3meunTH ii
(bYHKIIOHAIBHY CTIHKICTB.

Cnig BpaxoBYBaTH, IO MOMKJIUBICTH KOMIIJIEK-
CHOTO BHUKOPHCTAaHHS pecypciB Ta 3abe3rnedeHHs
(GYHKIIIOHATBHOI CTIMKOCTI CHCTEM OOMEXY€EThCS
YMOBaMU CTIMKOCTI TMHAMIYHOI CUCTEMH, 11 KepoBa-
HOCTI Ta COCTEpexKyBaHOCTI 3a Kanmanom.

Harenep nocuTh MOBHE JOCHIJIKEHHS YMOB 3a-
Oe3neveHHs1 (PyHKIIOHAIBHOI CTIHKOCTI IPOBEIECHO
JUIIe IS TIHIHHUX HECTaXOCTIMKUX CTalliOHAPHUX
Mozesel TMHAMIYHUX CHCTEM.
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Kpurepii Ta noxka3Huku GpyHKIiOHATBHOL
CTIHKOCTI 00’€KTIB KPpUTHYHOI IHPPACTPYKTYpPH
Ta TEXHOTe€HHO HeOe3MeYHNX 00’€KTIB

[lin ¢pyHKIIOHATBHOIO CTIHKICTIO OymemMo po3y-
MITH 3/aTHICTh O0’€KTiB BUKOHYBAaTH CBOi (YHK-
il yIpOAOBXK 3a/JaHOT0 1HTEpBaNly 4acy 3a YMOBHU
HU3KH EKCIUTyaTaliifHuX BiIMOB, HABMHUCHHX YIII-
KOJ[’KEeHb, BTPY4YaHHs B OOMiH 1 00po0ienHs indop-
Marlii Ta eHeprii, a TAKOX y pa3i MOMHIJIOK 00CIIyTro-
BYIOYOro nepcosainy [3, 7].

OyHKIIOHATBHA CTIMKICTh CKJIAJIHOTO €KOJIOTi4-
HOTO KOMIUIEKCY (00’€KTH KpUTHUYHOI iH(pAaCTPyK-
TypU Ta TEXHOT'€HHO HeOe3NeuHi 00’€KTH) MOeTHYE
BJIACTHUBOCTI HAIIHHOCTI, BIAMOBOCTIHKOCTI, KH-
BYUYOCTI 1 XapakTepu3ye 3JaTHICTb EKOJOTTYHOIo
KOMILJICKCY JI0 BIAHOBJIGHHS MPAIE3AaTHOIO CTaHY
KOIII'TOM BHKOPUCTAHHS HAAMIPHOCTI pecypciB.

Mamemamuuna mooenb CTPYKTYpPH €KOJIOTiY-
HOTO KOMIUIEKCY (00’€KTH KPUTHUYHOI iH(paCTpyK-
TypU Ta TEXHOT€HHO HeOe3neuHi 00’€KTH) Ma€e BU-
st HeopientoBanoro rpada G(V, E), v, €V, e; € E,
i,j = 1,...n, IKMI ONUCYETHCS MATPULICIO CyMIXKHOCTI1

o 1, mpu eij e E;
A= llagll, i,j = 1,...n,aq;; = {O, npu ey & E. €))

MHoxuHI BepminH V BIATOBIIa€ MHOKHWHA BY3-
JiB KOMyTaIii po3MipHOCTI n, @ MHOXXHHI pedep £ —
MHOKMHA JIHIM 3B’I3Ky MIXK By3JaMH KOMYTallii.
[puiimaemo, mo PIKC Oyzne BUKOHYBaTH OCHOBHY
¢yHKIiI0 — 00MiH JaHUMH, SKIIO MK OyIb—IKOIO
naporo By3JIiB KOMYyTalii icHye xoya 6 OUH MapII-
pyT nepenaui indopmarii. Tak, BUMoOra 3B’I3HOCTI
rpada mae mifcTaBy KiIBKICHO OLIHUTH (DyHKIIO-
HaJbHY CTIHKICTh pPO3MOALIEHUX 1H(OpMaIiiiHO—
KepYIOUNX cucTeM. Y wii poOOTi He po3risiaaeTbes
SAKICTh BUKOHAHHSI OCHOBHUX (DYHKIIiH, sIKa OMUCY-
€THCS YaCOM 3aTPUMKH TOBIIOMIICHHS NP TIEPECH-
naHHi. TakoX BBaXKae€Thcd, 10 KaHAIH 3B’SI3KY Ma-
I0Th MPOIYCKHY 3JIaTHICTh, KA J03BOJISE MEPeaaTu
JIOBUTBHO BENUKUH 1HHOPMAIIHHHH MOTIK.

VY texHiuHii KibepHETHUIl, a camMme B TEOpii aBTO-
MaTHYHOI'O KepyBaHHS, MOOYZ0BaHO KJIACHYHY Te-
Opit0 CTIMKOCTI TUHAMIYHUX CHCTEM, 3aCHOBHHKOM
akoi € JlamynoB A. M.. ¥V 3raganiii Teopii MoxHa
OILIIHUTH CTIWKICTh, HE PO3B’I3YIOUU CUCTEMY aude-
PEHIIiaJIbHUX PIBHSAHb, 110 OMTUCYIOTH 00 €KT, 8 BUKO-
PHUCTOBYIOUYH MPOCTI O3HAKH, YMOBH 1 KpUTEPIi CTiH-
KocTi, po3pobneni Bumerpaacekum I., ['ypBumem

A., Muxaiinosum A., Haliksicrom X., Ta iHmi. [3].
3a aHAJIOTI€I0 3 KITACUYHOIO TEOPI€I0 CTIHKOCTI, POo-
MIOHY€ETHCS OL[IHIOBATH (PYHKIIIOHAIBHY CTIHKICTD 32
napaMeTpaMmu rpada, o onucye CTpyKTypy €KoJo-
riuHoro Komruiekcy. Ha ocHOBi 30BHIIIHBOTO BHUIJIS-
Iy rpada i oro nmapaMeTpiB MOXHa BU3HAYUTH, YU
Oyne cuctema (PyHKIIIOHATBHO CTIHKOO, HECTIUKOIO
a00 HEHTpPaJILHOIO.

OsHnaxa GyukyionanvHoi cmitlkocmi cmpyKmypu
exonociunoeo Komniekcy. CTpyKTypa €KOJOTi4HOTO
KOMIIJIEKCY € (PyHKILIOHAJIBHO CTIHKOIO, SKIIO rpad
CTPYKTYPH € OJHOKOMIIOHEHTHHM Ta HE Ma€ MOCTIB
1 By37iB 3’€JHaHHS. 3BOPOTHE BU3HAUCHHS J03BOJISIE
OKpeCIUTH (DYHKIIOHAJIbHY HECTIMKICTD CTPYKTYPH.

OsHnaka @yHKYIOHANBHOI HeCMITIKOCI CIMPYKMY-
pu. CTpyKTypa eKOJIOTTYHOT0 KOMILIEKCY € (PyHKITi-
OHAJIBHO HECTIiiKoI0, AKIIO ii rpad € GararokomMmo-
HEHTHUM 1 HE3B’I3aHUM.

Binrak, Ha OCHOBI aHaJTi3y 30BHIIITHEOTO BUTIISIAY
rpaga, a came 3a KiJIbKICTIO KOMIIOHEHT, HasiBHICTIO
MOCTIB 1 By3JIiB 3’€¢lHaHHS r'pada, MOXKHa 3poOUTH
BUCHOBOK 00 (DYHKIIIOHAJIBHOI CTIHKOCTI CTPYyK-
TypHu, TOOTO 3aKJIaJIeHOl B Hil 37aTHOCTI YHUKATH
BIIMOB 1 yHIKomkeHb. OHAK A CUIIBHO PO3rairy-
KEHHUX 1 0araToBepIIMHHUX I'padiB MPOBECTH OIliH-
Ky Ha OCHOBI 30BHIIIHBOTO BUIJISAY CKJIAIHO. Tomy
JUIs. KUTBKICHOI OIIIHKH CTYTEHSI (PYHKI[IOHAJIBHOT
CTIMKOCTI BBEICHO B PO3TIISI NOKA3HUKU (DYHKYIO-
HALHOI CMIKOCMI CMPYKMYPU eKON02IUHO020 KOMNA-
JIeKCy:

1. Iokasnux eepwunnoi 368’asnocmi y (G) — 1e
HaliMeHIIa KiJIbKICTh BEPILIUH, BUAAJICHHS SIKUX pa-
30M 3 IHIUJACHTHUMHU IM pedpaMu MPU3BOIUTH IO
HE3B’13HOT'0 Y OJTHOBEPILIMHHOIO Tpada.

2. Ioxasnux pebeproi 36’a3nocmi A (G) — ue Haii-
MEHIIIa KIJIbKICTh pedep, BUIANEHHs SKUX MPH3BO-
TUTH J0 HE3B’SI3HOTO Tpada.

3. Imogipuicmo 38’3H0CMI Pij(t) — I1e IMOBIPHICTb
TOT0, 10 TIOBIIOMJICHHS 3 By3J1a 1 y By3011 j Oyze me-
penaHo 3a yac He OlTBIIHiA 7.

AHa3 [UX MOKa3HUKIB JI03BOJISC BUIIJIUTH TaKl
iX 0co0IMBOCTI:

— BEpIIMHHA 1 peOepHa 3B’I3HOCTI XapaKTepU3y-
I0Th TUIBKH IMOTOYHY CTPYKTYPY, HE3aJI€KHO Bij Ha-
TIHHOCTI By3J1iB KOMYTallii 4u JIiHi} 3B’3KY;

— noka3Huku y (G) i 4 (G) HabyBarOTh IITUX 3HA-
YeHb 1 ITOB’13aH1 CIT1BB1THOIIICHHSIM

G)=a0) < min e
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— IMOBIPHICTb 3B’3HOCTI P (1) nosBonsie BpaxoBy-
BaTH HAAIWHICTh KOMYTAI[IHHOTO OONIaTHAHHS, THUII
¢biznyHOrO KaHaiy nepenadi iHpopmaiii, HassBHICTb
PE3epBHUX KaHAJIB 1 MapIIPYyTiB, @ TAKOXK 3B’SI3HICTD
pO3MOALICHOT CTPYKTYpH. Pa3om 3 TUM, OOUUCICHHS
3HAYEHb Pi,»(f) € CKJIQTHOIO 1 TPOMI3IKOIO 3a/1a4€elO;

— IMOBIPHICTB 3B’SI3HOCTI XapaKTEPU3YE 3B’SI3HICTh
TIJIBKY OZIHI€T napu BepiuH. [{71s Toro, mod oxapak-
TEPU3YBaTHU 3B’I3HICTH YCiX Map BEPIIUH HEOOXiTHO
OMEepyBaTH 3 MATPUICI0 HMOBIPHOCTEH 3B’SI3HOCTI
P=|Pi,1,j=L,...n.

Ha ocHOBIi 3anmponoHOBaHUX O3HAK 1 TIOKA3HUKIB
MOXHa pO3poOUTH KpuTepii ghynkyionanvnoi cmiti-
KOCMI CIMPYKMYPU eKOJI02IUHO20 KOMNILEKCY:

1. Cmpyxkmypuuit kpumepiit. CTpyKTypa €KoJo-
TYHOr0 KOMIUIeKCy OyJie (yHKIIOHATBHO CTIHKOIO,
SKIIO 3HaYEHHS BEPIIMHHOI 1 peOepHOl 3B’SI3HOCTEH
CIPaBIXKYIOTh YMOBY

w(G)=2 | Ma)=2. 3)

2. Imogipuicnuit kpumepiii. CTpyKTypa €KoJIo-
TiYHOr0 KoMIUIekcy OyJe (yHKIIOHATBHO CTIHKOIO,
SKIIO HMOBIPHICTB 3B’I3HOCT1 KOXKHOT AP BEPIINH
Oy/ie He MEHIIa Bij 3aAaHOT

¢
ij(l)zpij ,

i#=j, i,j=1..n
1€ n — KiIbKIcTh BepiunH rpada G(V,E).
CdopmynboBaHi KpUTepii JO3BOISIFOTH HA OCHOBI
TOYHHX PO3PaxXyHKiB BU3HAYUTH (DYyHKIIIOHAJIBHY CTil-
KICTh IOTOYHOI CTPYKTYPH €KOJIOTTYHOTO KOMILIEKCY.
I'panuns it obnacti (GyHKIIOHATBHOI CTIHKOCTI
po3noaiaeHux iHPpopMaIiHHO—KEPYIOUUX CUCTEM.

Ha rpanuii obmacteii CTIMKOCTI 1 HECTIHKOCTI ic-
Hye crienngiuyHa 00IacThb, y sIKil cUCTeMa He € (PyHK-
I[IOHAJTBHO CTIHKOIO 1, BOHOYAC, HE € (PYHKITIOHAIEHO
HecTilkoo. Taky o0nacTh, 3a aHAJIOTIEIO 3 TEOpi€lo
CTIHKOCTI TUHAMIYHUX CHCTEM [3], HA3UBAETHCS Tpa-
HUIIEI0 (PYHKIIOHATIBHOI CTINKOCTI CTPYKTYPH.

Osnaka epanuyi ¢hynxyionanvnoi cmitikocmi. 11o-
TOYHA CTPYKTypa nepedyBae Ha I'paHulli (QyHKIIO-
HaJBHOI CTIHKOCTI, SIKIIO rpad) CTPYKTYPH 3B I3HHH,
Mae y coeMy cknai Moctu (N, > /) 4u By3iu 3°€]1-
nauns (N, > 1)

K =15 A [Ny 21}V N 21, 5

ne K Ha rpanumi obmacteil cTIHKOCTI 1 HeCTii-
KoCTi icHye crneuugpiuna obnacte Ha rpanumi o6-
JacTed CTIMKOCTI 1 HECTIHKOCTI iCHYe crierudiuyHa
o0ylacTh — KIUJIBKICTh KOMIIOHEHT Tpacda, a ymoBa
K = 1 o3Hauae, mo rpa¢ 38’s130ui, Nv (NE) — Kifb-
KICTh BY3JIiB 3’¢JHaHHS (MOCTiB) Tpada.

MocToM Ha3uBa€eThCs pedpo 3B’13HOTO rpada, 1o
3’eHye nBa miarpadu, mcist BUAAICHHS IKOTo rpad
MIEPETBOPIOETHCS 3 OTHOKOMIIOHEHTHOTO y TBOKOM-
MOHEHTHHH. Y esKkuX poboTax 3 Teopii rpadiB mMict
HAa3UBAIOTh NIEPELUIUUKOM.

By3nom 3’eHaHHS HAa3UMBA€THhCS TaKa BEpIIMHA
3B’I3HOTO Tpada, Micis BUJAJICHHS SKOi pa3oM 3 1H-
IUJCHTHUMHU 1l peOpaMu rpad nmepeTBOPIOETHCS 3
OJTHOKOMIIOHEHTHOI'O y IBOKOMIIOHEHTHHUI [3].

HasiBHICTB y CTPYKTYpi MOCTa YH By3Ja, IO 3°€]1-
HYIOTh J1Ba miarpadu, o3Hayae, 1m0 BCi MapIIPyTH
nepenadi inpopmaiii 3 BepIIvH oHOro miarpada y
BEPIIMHU 1HIIOTO MICTATH I MICT YU BY30I] 3’€]-
HaHHs. L{e iCTOTHO 3HMXKY€E CTPYKTYpHY HaAiiHICTD
1 pyHk1ioHanbHy criiikicts PIKC.

Puc. 1. 'eomempuuna inmepnpemayisi oonacmetl YyHKYIiOHANbHIN CMIUKOCMI I HeCMIUKOCHI
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Tomy mnst 3abe3nedeHHs (QyHKIIOHAJIBHO CTiii-
KOTO0 CTaHy CHUCTEMH, JUJIi YHUKHEHHS MOCTIB 4H
BY3JIiB 3’€THAHHS, AOIITFHO BBOIUTH B ii CTPYKTY-
Py pe3epBHi JiHii 3B’13Ky. [Ipy IbOMY BHHHKaE Je-
KIJIbKa HE3aJIKHHUX 1 allbTepHATUBHUX MapIIpyTiB
nepenadi iHpopmariii.

AHami3 CTPYKTYp IOKa3ye, 110 3a nepedyBaHHS
CUCTEMH Ha TpaHUIll CTIMKOCTi, BOHA € IMpare3aarT-
HOIO 1 BUKOHY€ HeoOXiaHui obcsar Gpynkmiit. OnHak,
y pas3i BiIMOBH X04a O OIHOTO MOCTa YH By3J1a 3°€]I-
HaHHS, CUCTEMA MePEXOAUTh Y HECTIHKHIM CTaH.

Ob6nacti QyHKIIIOHATBHOI CTIKOCTI 1 HECTIWKO-
CTi MOXKHa 300pa3uTH B JIEKapTOBOMY IPOCTOPI B
koopnunarax A(G), x(G) (puc. 1). Touka Ha TIOIMIKHI,
110 XapaKTepU3ye CTaH CUCTEMU, BU3HAYAETHCS 3HA-
yeHHsaMH napameTpiB A(G), y(G) rpada cTpyKTypH.
3a HaJNEXKHICTIO TOUKH Til UM 1HIIIH 00JacTi MOJKHA
OLIIHIOBATH (PYHKIIOHAJIBHY CTIWKICTh UM HECTIiii-
KICTh CHCTEMU.

VY rpadiuHOMy npencTaBieHHI TpaHULCI0 (QyHK-
I[IOHAJIBHOT CTIMKOCTI €KOJIOTTYHOTO KOMILIEKCY Oy-
Jie TEOMETPUYHE MiCIle TOUOK, IO JIeXkKaTh Ha JBOX
npsmux y(G) = 1 ta A(G) = y(G) (puc. 1).

3anac gyHKIiOHAAbHOI CTIHKOCTI
€KOJIOTIYHOTr0 KOMILIIEKCY

BBeneni moHATTS HO3BOJISAIOTH OLIHUTH SK Ja-
JIEKO CTaH €KOJOTTYHOro KOMIUIEKCY (00’€KTH KpH-
TUYHOI IHPPACTPYKTYPH Ta TEXHOT'CHHE HeOe3MeuH1
00’ekTH) mepeOyBae BiJ T'PaHUIl CTIHKOCTI, TOOTO
AKuH 3amnac i pyHKIioHanbpHOI cTiiikocTi. Lleii 3anac
MOKHA BU3HAYUTHU TAKOX y CEHCI 3B’$I3HOCTI CTPYK-
Typu. Y TakoMmy pasi BiH OyJe XapaKTepu3yBaTHCS
KUTBKICTIO BiZIMOB (PO3pUBOM pedep Uu BUXOIOM 3
Jaay BEpIINH), M0 MOXYTh CIPUUYUHUTH TEPEXij
CTPYKTYPH KOMILIEKCY A0 HECTIHKOTO CTaHy.

3amac (QyHKIIOHATBHOI CTIHKOCTI €KOJOTIYHOTO
KOMIUIEKCY KIJTbKICHO MOJKHA BUSHAYUTH 3 BUKOPHUC-
TaHHSIM HACTYITHUX MTOKa3HHKIB:

1. Pebepnuii 3anac cmitikocmi — 3HaueHHs ZE,
SIKE JIOPIBHIOE BIJICTaHI BiJl TOYKH 3 KOOpAUHATAMU
(x(G), (G)) B obnacti (HyHKIIOHATBHOI CTIHKOCTI 10
npsmoi A(G)=1
(©)

2. Bepwiunnuti 3anac cmitikocmi — 3Ha4eHHs ZV,
sKe JIOPIBHIOE BIJCTaHI BiJl TOUKHU 3 KOOpIAUHATAMHU

(x(G), 2(G)) B obnacti GyHKIIOHATBHOI CTIHKOCTI J10
npsamoi y(G) = 1

Z, =x(G)-1. )

MoxHa TakoX OOYHCIIOBaTH 3amac (PyHKIIiO-

HaJBHOI CTIHKOCTI, K PI3HULIO MiX MOTOYHUM P,

1 3aJIaHUM Pl.j? 3HAYCHHSIMU UMOBIPHOCTI 3B’I3HOCTI.

OdeBuaHO, IO B I[LOMY BUIAJIKY 3amac OyJe BU3HA-
YJaTHCs KBAJIPATHOIO MATPHUIICIO

@®)

— ¢
zi| oz, =B;-PBf.

ZP:‘ gty

VY Takuii cnoci0, micas 3HaXOPKEHHS 3arpo-
MOHOBAHUX TMAPaMETPIB 3 BUKOPUCTAHHSIM O3HAK
(GYHKIIIOHATBHOI CTIMKOCTI, MOXHA BU3HAYUTH YU
nepedyBa€e eKOJOTTUHUN KOMIUIEKC y (PYHKI[IOHATb-
HO CTIMKOMY 4YM HECTiHKOMY cTaHaX. 3amac (yHK-
I[IOHAJIBHOT CTIMKOCTI, SIKMIi BU3HAYAE CTYIHB ITi€l
CTIHKOCTI, MOJKHA 3HAWTH K aHAJIITUYHO HA OCHO-
Bl 3aIponoHOBaHUX (OPMYJ, Tak i rpadiuyHo (IUB.
puc. 1). IIpoBeneHi HOCHIIXKEHHS Aal0OTh 3MOTY IIe
Ha eTalli NMPOEKTYBaHHS OOIPYHTOBYBAaTH BHMOTHU
70 CHUCTEMHM YIIPaBIIHHS EKOJOTIYHOI Oe3NeKoro
00’€KTIB KPUTUYHOI 1HPPACTPYKTYPH Ta TEXHOTCH-
HO HeOe3MeYHuX 00 €KTIB, pO3B’I3yBaTH 3a/1a4i CUH-
T€3y ONTHUMAJIBHOI CTPYKTYPH E€KOJIOTIYHOTO KOMII-
JIEKCYy 3a KpPUTEpiEM MaKCUMyMy (YHKIIOHAJIBHOL
CTIHKOCTI 3 OOMEXEHHSIM Ha BapTICTh MOOYIOBH Ta
eKCIUTyaTauii JiHii 3B’13KYy, a TAKOXK 00IPYHTOBYBa-
TH JOUUBHICTh HAPOIyBaHHS CTPYKTYPH CHCTEMHU
B IIpOIleci eKCIuTyaTanii.

BucnoBxu

VY crarTi 3amponoOHOBAaHO O3HAKU 1 MOKA3HUKH
(GYHKIIIOHATBHOI CTIHKOCTI CTPYKTYPH €KOJOT14HO-
ro KOMIUJIEKCY. YHepIle BBEICHO MOHATTS T'PaHULl
1 3amacy QyHKIIOHAIBHOI CTIHKOCTI €KOJIOTTIHOTO
KOMIUIeKCy. Po3po0iieH0 MeToau KiJIbKICHOTO OIli-
HIOBaHHS (YHKI[IOHAJBHOI CTIMKOCTI 3 BUKOpHC-
TaHHSM BBEJCHUX MOKa3HUKIB. [lepeBaramu Takoro
MiIXOAY € MOXJIHMBICTh KITBKICHOTO OIlIHIOBAHHS
(GYHKIIIOHATBHOI CTIMKOCTI MOTOYHOI CTPYKTYpHU
PIKC, Buxonsuu 3 MPOCTHX 30BHINIHIX O3HAaK. Ha
OCHOBI TaKMX OIIIHOK MOXKHA J1aBaTH PEKOMEHIAIlii
I0/I0 HapOIIYBAaHHS CTPYKTYpU UM CKJIaJaTH 00-
I'PYHTOBaHI BUMOTH JI0 CHCTEMU YIIPABIIHHS €KOJIO-
T'i4HOI0 OE3MEKOI0 Ta CUCTEMHU MIATPUMKH MPUHHSIT-
TS YIIPaBIIHCHKUX €KOJOTTYHUX PIlLICHb.
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Y poboTi mpeAcTaBieHI pe3yNbTaTH aHali3y
CTIHKOCTi BOJHOI €KOCHUCTEMHU B JAaHAMAPTHUX pa-
ronax Kaxoscwkoro Bogocxosuina (KB) Ta HuxxHBOT
tedii piuku /{Hinpo B ymoBax pyinyBanus KB 3 me-
TOIO OLIIHKH 3JJaTHOCT1 PHPOTHOI BOJAHOI EKOCUCTE-
MU HIDKHBOTO J[HITIpa 10 CaMOBITHOBICHHS IMiCIIs
AQHTPOMOT€HHOT'O THCKY.

3anpoIroHOBaHO aBTOpPAMHM CY4YacHHUW HOBITHIN
MiIXi7 — OILIHKA CTIHKOCTI €KOCUCTEMHU BOIU pid-
k1 JIHIIpO 3a JOMOMOrOI0 METOAAa KOMIUICKCHHX
ingekciB: esrpodikarii (EI), sxocti Bonu (WQI) Ta
camoouuileHHs (IS) Ta po3paxyHKy OKa3HUKA €KO-
JIOT1YHOTO pe3epBy. 3AINCHEHHS OLIHKUA CTIHKOCTI
BOJTHOI €KOCHCTEMH HUXKXHBOTO JIHiNpa B CyyacHHX
yMOBax IMPOBEACHO 3 BUKOPUCTAHHAM JaHUX MOHI-
TOPUHTY Jlep’KaBHOTO areHTCTBA BOJIHUX PECypCiB
VYkpainu o nocrax Ha piui J{Hinpo B 3anopi3pKii
Ta XepCOHChKil 0bmacTsax Ta piuui [Hrynens

BcTaHOBIIEHO, 110 OI[IHKA CTIHKOCTI €KOCHCTEMH
HIOKHBOTO JIHIMpa € CKIaaHo 0ararohakTOpHOIO
3ajmauero. BoHa BuUMarae KOMILIEKCHOTO MiIXOAY,
BPAaXOBYIOUM PI3HOMAHITHI MOKAa3HUKU: T'1POJIOTid-
Hi, SIKOCTI BOJH, OIOpi3HOMAHITTS Ta aHTPOIIOTCH-
HOT'O BITUBY. 3a pe3yjbraTaMH IPOBEIEHOI OLIIHKU
CTIHKOCTI €KOCUCTEeMH HUXKHBbOTO J[Himpa, BUSIBIIE-
HO, 110 3JIaTHICTh IO CAMOOYHUIICHHS piuku J{HITTpO

JEMOHCTPY€E CTIUKICTh, alie 3 IEBHUMH KOJMBAHHSI-
MU: PO3PAXyHOK 1HIEKCY CaMOOYUIICHHS MOKa3aB,
IO pidKa Ma€ JOCUTh BUCOKY 3MIaTHICTh JI0 CaMOO-
YUIICHHSI, aj1e 11 MOKa3HUKH 3aJIeXkKaTh BiJl CE30HY Ta
KUJIBKOCT1 omajiB. Po3paxyHok iHAekcy eBTpodika-
1ii BKa3ye Ha IOMIpHUH piBeHb eBTpodikaiii, TOOTO
Ha BIJIHOCHY CTIWKICTh eKocucTeMu. Brmus ¢oc-
¢ariB Ha eBTpOQiKali0 BUABUBCS CIAOKIIINM, HIK
HiTpatiB. 3HaueHHs WQI Oins 3anmopixkkst BKazye
Ha CepPE/IHIO SIKICTh BOJIM Ta CBIIUUTH PO 33I0BLIIb-
HUH 1i cTaH, ane noTpedye MOCTIHHOrO KOHTPOIIIO.
OTpuMaHi 3HaYeHHS 1HIEKCIB Ta X 1HTEpIpeTAaIiio
CIII PO3MIISAATH SIK YACTHHY KOMIUIEKCHOI OIIHKH,
a He SIK BU3HAYAJIBHUH (hakTop.

Kiro4oBi cjoBa: CTIHKICTE EKOCUCTEMH, 1HIEKC
camoouwnineHHs, KaxoBcbke BOJOCXOBUIIE, KOPEIIs-
I1isI, eKOJIOTI9HA Oe3rneka, piBeHb eBTpOodiKarriis.

Assessment of the sustainability of the aquatic
ecosystem in the lower part of the dnipro river
in modern conditions. Ulytskyi O. Dyachenko N.
Pashkevych JI. Holovach A.

The paper presents the findings of an analysis of
the aquatic ecosystem sustainability in the landscape
areas of the Kakhovka Reservoir (KR) and the lower
reaches of the Dnipro River in the context of the KR
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destruction, with the aim of assessing the ability of
the natural aquatic ecosystem of the lower Dnipro to
recover from anthropogenic pressure.

A contemporary and pioneering approach is put
forward: the assessment of the sustainability of
the Dnipro river water ecosystem employing the
method of complex indices (i.e. eutrophication (EI),
water quality (WQI) and self-purification (IS)) and
the calculation of the ecological reserve indicator.
The assessment of the sustainability of the aquatic
ecosystem of the lower Dnipro River in modern
conditions was carried out using the monitoring data
of the State Agency of Water Resources of Ukraine
at the gauging stations on the Dnipro River in the
Zaporizhzhia and Kherson regions and the Ingulets
River.

The assessment of the sustainability of the
Lower Dnipro ecosystem has been determined to
be a complex multifactorial task. An integrated
approach, encompassing hydrological, water quality,
biodiversity and anthropogenic impact indicators, is
imperative for its effective evaluation. The assessment
of the Lower Dnipro ecosystem’s sustainability
revealed that the Dnipro River’s self-purification
capacity demonstrates stability, albeit with certain
fluctuations. The calculation of the self-purification
index demonstrated that the river has a fairly high
self-purification capacity, yet its performance is
contingent on the season and rainfall. The calculation
of the eutrophication index indicates a moderate
level of eutrophication, i.e. the relative stability
of the ecosystem. The impact of phosphates on
eutrophication was weaker than that of nitrates. The
WQI value near Zaporizhzhia indicates an average
water quality and indicates a satisfactory condition,
but requires constant monitoring. The obtained
values of the indices and their interpretation should
be considered as part of a comprehensive assessment,
not as a determining factor.

Keywords: ecosystem sustainability, self-purifi-
cation index, Kakhovka reservoir, correlation, envi-
ronmental safety, eutrophication level.

IlocTanoBka npodJjemMu
MacmrabHi BiticekoBi aii 2022-2025 pokax mpo-

TH YKpaiHH, Ha)Kallb, IPU3BENIH 10 pyiHyBaHHs Ka-
XOBCBHKOTO BOIOCXOBHIIIA, 1110 33 TYMKOIO €KCIIEPTiB,

MaJjo katactpodiuni Hachigku. [Tigpus qamOu npu-
3BiB JI0 Pi3KOT0 MajiHHs piBHS Boau y KaxoBcbkomy
BOJIOCXOBHILII, 110 BUKJIMKAJO: a) €KOJIOTIYHY KaTa-
cTpody 3aTOrIeHHs 3HAYUHUX TEPUTOPIN HIKYE 3a
tedieto J{Hinpa, 3aru0ens pubH Ta 1HIIMX BOAHHX
OpraHi3MiB, 3a0pyAHEHHs BOAM Ta IPpyHTIB. Lle cTBO-
PHIIO 3arpo3y JIJIsl EKOCUCTEMH PErioHy Ha TPUBAJIHMA
qac, HACTIAKU K01 OyIyTh BiAUyBaTHCSA MPOTATOM
OaraThOX pOKiB. 3arajpbHHI MacimiTad karactpodu
I11€ TIOBHICTIO HE OLIIHEHUH.

Buxonsuu 3 TpakTyBaHHS TEPMiHY «EKOJIOTIYHA
Oe3rekay sIK piBHS 3aXHILEHOCT] YKUTTEBO BAXKJIMBHX
IHTepEeCiB JMIOJUHU, & TAKOX CYCHIIbCTBA, TOBKIJIJIS
BiJl peaJibHuX a00 MOTEHIIHHUX 3arpo3, pyHHyBaH-
asa Kaxoscwkol 'EC crano omHicro 3 HalOUIBIINX
€KOJIOTTYHUX Ta TYMaHITapHUX KaTacTpod B icTopil
Vkpainu. Came TOMy, aKTyaJIbHICTh BUBYCHHSI €KO-
JIOTIYHUX YMOB CTIHKOCT1 BOIHOI €KOCUCTEMHU HIK-
Hpoi Teuii /[Hinmpa micnst pyilinyBanHsS KaxoBchkoi
I'EC Ham3BUYaitHO BUCOKA 3 KIJTBKOX MPUYHUH:

Ilo-nepwe, ne Macmrad xaractpodu. Pyiiny-
BaHHS JaMOU Mayio Oe3MpereIeHTHI HACTIAKY NS
PIUKOBOI eKocucTeMH. PanToBe BUBIJIbHEHHS BEJU-
KOro 00’e€My BOJM, 3MiHA TiJPOJIOTIYHOTO PEKHUMY,
3a0pyIHEHHS BOJIU Ta IPYHTY CTBOPWIIHM YHIKAJIbHY
CHUTYAIIi10, 110 TOTpeOye peTeIbHOr0 BUBYCHHS.

Ilo-Opyee, 11le NOBroTpuBalli Hacliaku. Brmus
KaTacTpohu MOXKIHUBO Oyze BiTUyBaTHCS MPOTATOM
0araThoX poKiB. BUBUEHHs JUHAMIKU BiTHOBICHHS
€KOCHUCTEMHU Ta TPUBAJIOCTI IPOIECY BiAHOBJIECHHS €
KPUTHUYHO BAXKJIMBUM ISl IPOTHO3YBaHHS MailOyT-
HBOTO CTaHy piuku J{HIMpO Ta iHIIKUX BOAOTOKIB. 3
IHOT'0 BUILIMBAE OKpEMa MO3UIiS aKTyaJIbHOCTI — 1€
MUTAHHS BOIONIOCTaYaHHsI Ta Oe3neku. 3MiHa eKOJIo-
riusoro crany p. [IHinpo OGe3nocepenHbo BILIMBAE
Ha SKICTh BOIHU, IO BUKOPUCTOBYETHCS ISl CIIO-
KUBAHHS Ta 1HIIMX MOOYTOBUX MOTPeO HACETICHHS.
JlocIiKeHHS JOTIOMOXe B po3po0iieHH1 MaitOy THIX
e(eKTUBHUX 3aXO0/liB I 32a0€3MeUeHHs BOJOMIOCTA-
YaHHs Ta 0€3MeKHU HaCeNeHHSL.

[Tix 3arpo30r0 OMUHUIIOCS CUIBCHKE TOCIONAp-
ctBO (CI'). 3MiHa T1APOJIOTTYHOTO PEKUMY Ta SKOCTI
BOJIM MOKe HeraTHBHO BrinBaTu Ha CI' B perioHax
1ie BOHA TIpoTikae. J[ocIiIKeHH S TOTIOMOXe PO3po0-
i cTpareriii amanraiii #oro 10 HOBUX yMOB. | Ha
OCTaHOK, Pe3yJIbTaTH JOCIiKeHb Oy yTh OCHOBOIO
JUTSL TPUAHATTS. OOTPyHTOBAHUX YNPABIIHCHKHUX Pi-
IIEHb I0/I0 €KOJIOTTYHOI Oe3MeKH eKOCUCTEMH HHX-
Hboi Teuii Juinpa.
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AHAaJI3 OCTAHHIX J0CTi2KeHb Ta MyOJaikamii

CTiiiKicTh TPUPOTHOTO CEPEIOBHINA BUZHAYAETh-
Csl SIK Or0 BJIACTUBICTH 30€epiraTu CBOIO CTPYKTYpPY
1 xapaktep (pyHKIIOHYBaHHS MpHU 3MiHI YMOB, BH-
KJIIMKaHUX 30BHIMIHIM BIUIMBOM. 3a JaHUMH JOCII-
TOKEHD [1] TOHATTS CTIHKOCTI BU3HAYAETHCS HU3KOIO
1HJIEKCIB, K1 XapaKTepU3yIOTh pi3HI NOKa3HUKU. /1o
TaKUX MOKa3HUKIB HaJeXaTh COJIbOBUM, Tpodoca-
pOOIOTOTTYHHMA CKIIaa 1 TOKCHYHICTD, €KOJIOTTYHUN
pe3eps, eheKTUBHICTh MEXaHI3MY IJIACTHYHOTO 00-
MiHy XIMIYHMX CHOJYK aHTPONOTE€HHHWH BIUIUB Ta
eKxojioriyHa emHicTb. Cepes 1HIIMX TMOKa3HUKIB —
ACHUMIIAIIIMHI TOTEHIlIa] Ta aCUMIUIAINHA EMHICTD,
TpodiuHMii cTaTyc, KoeilieHT CAMOOHOBIICHHS BO-
1Y, TIOPIBHSHHS MOKAa3HHUKIB 3 HOPMATUBHUMH 3Ha-
YEHHSIMH, PIBHI KOMIIEHCATOPHOTO MEXaHi3Mmy 0io-
TUYHOT CaMOPET YIS BOAM.

3arajgoM, CTIMKICTh €KOCHCTEM € Ba)KIUBUM 1H-
JTUKAaTOPOM CTaHy JOBKULIA. 3arajom, 1ie 3JaTHICTh
€KOCHUCTEMHU MPOTUCTOATH BIUIUBY 30BHIIIHIX (akx-
TOpIiB TaKMM YWHOM, 1100 30€perTu CTPYKTYpHY
IUTICHICTh Ta (PYHKIIIOHAJIBbHI MOXJIHBOCTI. BoHa
Moxe OyTH KOHIENTYasli30BaHa sIK BHYTPIIIHS CTa-
OUTBHICTH MEBHOTO CTaHY EKOCHCTEMH, a TaKOX il
3MATHICTh O MEpexoay B Oyab-sIKWW 1HIIMH cTaH
y IIEeBHUIM MOMEHT 4acy (CTaTW4yHa CTiHKiCTh) 1 6e3-
MEPEePBHICTh PO3BUTKY EKOCHCTEMH (JIMHAMIYHA
CTIMKICTB). 32 JaHUMU [2], KIPUHIUIIOBUM Y TIEpe-
XOJI1 BiJl pO3TJISAlY TEXHIYHOI CUCTEMU JI0 PO3TIISITY
€KOCHUCTEMH € T€, II0 B OCTAaHHBOI BIIXHJICHHS pe-
aJBHUX TPAEKTOPIA PO3BUTKY BiJl TPAEKTOPIi MeTH
BiZ10yBaIOTHCS BUIIAKOBO 1 OTPUMATH TOUHY 1H(DOP-
MAIif0 PO 1[I BIAXUICHHS HEMOXKIUBO. | K110 TIpo
CTIHKICTh TEXHIYHOI CUCTEMH MOXHA CTBEPKYBATH
OZTHO3HAUHO, aHaJi3yl0uu AudepeHLianbHl piBHIH-
HS, 10 XapaKTEpU3yIOTh MOBEAIHKY CHUCTEMH, TO
31eOIIBIIOr0 CKIACTH JU(epeHIliaabHl PIBHIHHS
(YHKIIIOHYBaHHSI €KOCHCTEMHU HEMOXJIHBO. Tomy
BUCHOBKH TIPO CTIMKICTh 200 HECTIHKICTh €KOCHCTE-
MU MOYKHA POOHMTH TUIBKH 3 NEBHOIO IMOBIPHICTION.
ABTOpU HAroJoOMIYIOTh, IO CTIHKICTh €KOCHUCTEM
3HAYHOIO MIPOI0 BU3HAYAETHCS PiBHEM 30ajlaHCOBa-
HOCT1 PO3BUTKY ii CKJIaIOBHX — EKOJOTTYHUX TMif-
cucteM». ToOTO, CTIHKICTE BOOHUX €KOCUCTEM MOXK-
Ha PO3IIISIIATH SIK €KOJIOTTYHY MiJICUCTEMY.

31e011b1I0T0, MOTEHLIA CTIKOCTI MPUPOTHOTO
CEepeIOBHILA OI[IHIOIOTh 32 METEOPOJIOTIYHUM TIO-
TEHI[IaJIOM aTMocdepH, NOTEHIialaMU CTIHKOCTI

MOBEPXHEBUX BOJ, IPYHTIB Ta OIOTHYHUM HOTEHIII-
anom [3]. Ha ninstaii HUoKkHBOT Tewil p. [{Hinpa B me-
piof iCHyBaHHSI BOIOCXOBUII] MPUPOIHUHN MOTEHITIAT
CaMOOYMIIIEHHS TIOBEPXHEBUX BOJ, 3T1HO 3 JOCIHI-
JDKEHHSIMU aBTOPiB poOoTH [4] MaB TOCUTH BUCOKUI
(Bix 0,5 mo 2) iHTerpanbHU MOKA3HHUK.

ABTOpH JOCTIKCHHS [5] BHBYAIM TUTAHHS:
«IKUN (PaKTOp pyXae EBOIIOLIEI0 €KOCUCTEMHM IS
BITHOBJICHHsI». [|JIs1 HAyKOBOTO PO3B’I3aHHS BYEHI
BUCYBAIOTh TINOTE3y «EKOCHCTEMHOro abo pecyp-
CHOTO siIpay», siKke 3a0e3neuye OCHOBY (Marepiro Ta
€HEepriio) IS iICHyBaHHS Ta MPOrpecy OpraHi3MmiB i
Mae OyTH SIpOM eKocucTeMH. JIOCHiTHUKHU CTBEp-
JOKYIOTh, III0 BBEJICHHS ITYYHOI JOMTOMIXKHOI €Hep-
rii € NmpsMOI0 MPUYMHOIO EBOJIONIT E€KOCHCTEMH.
[Ipu ipomy, pi3Hi KOMOIHALIT TPUPOIHOI Ta HAOYTOT
eHeprii 00’eqHYIOThCS I MIATPUMAHHS OJHIel U
Ti€l caMoi EKOCUCTEMH B PI3HUX YMOBaxX HaBKOJIMIII-
HBOTO cepenoBuina. OaHa eKOCUCTEMAa 3aMIHIOEThCS
1HIIIOI0 €KOCHUCTEMOIO, III0 HA3UBAETHCS EBOJIOLIETO.
Cenc HaBezieHOi Teopii mosisirae B Te3i: eKOCHCTe-
Ma — yTpYTOBaHHS KUBUX OPraHi3MiB y MO€IHAHHI
3 HE)KMBUMH KOMIIOHEHTaMH IXHBOTO CEpeOBHUIIA
[6]. IIpn nbOMYy, AJIs ICHYBaHHS Ta PO3BUTKY Opra-
HI3MIB HeoOXiaHi ablOTHYHI KOMIIOHEHTH CBITIO,
BOJa, TOBITpPsA, I'PYHT Tomo. OpraHiuHa YacTHHA
BiJIHOCHTHCS IO B3a€EMOBIJTHOCHH MiX OpraHi3MaMu
(pocnuHu, TBApUHHU, MIKpOOH), SIKI MOAIIAIOTHCS HA
BUPOOHMKIB, CIIOKMBaviB 1 peaynenTis. Lli Giotny-
Hi Ta a0l0OTHYHI KOMIIOHEHTH TOB’sI3aH1 Mi>k COOOI0
3a JIOMOMOT 010 KOJIOO0ITY MaTepii Ta MOTOKY eHeprii
[7]. ToOToO, cepenoBuIlle BU3HAYAE ICHYBAaHHS Opra-
Hi3MiB. OfHAK, KOJH OPraHi3MU aJanTyHThCS 0
CEepe/IOBHILA, BOHM MOYMHAIOTH YUHUTHU IEPETBO-
pIOBaJIbHUM BIUIMB Ha HABKOJUIIHE CEPEIOBUILE.
Inakme xaxyuu, ablOTUYHUN KOMIIOHEHT E€KOCHC-
TeMH (pecypcr) BUCTYIIAE B POJIL SJpa eKOCUCTEMHU
abo sizpa pecypciB 1 3a0e3nedye eHeprito s po3-
BUTKY JKMBHX 1cTOT. ToMy, B €BOJIOLIi €KOCUCTEMHU
pi3HI €KOJIOTIYHI YHMHHUKH TMPU3BOASTH JO0 3MiHU
CTPYKTYpH Ta (yHKIiH cuctemu, a 3MiHa marepii
Ta eHeprii € OCHOBHUMHU PYHIHHUMH (pakTOpamH.
B Toif e "ac, CTIKICTh €KOCHCTEM PO3TIISIAAE€ThCS
SIK 37JaTHICTH 30€piraTh CBOIO CTPYKTYPY 1 XapakTep
(GYHKIIIOHYBaHHS B IPOCTOPI Ta Yaci 3a BILTUBY 3MiH
YMOB 30BHIIIHBOT0 cepenioBuiiia. OCKiIbKH, 3pyHHO-
BaHe KaxoBchke BopocxoBwHINE (B MEBHUU BIAPI30K
qacy), sIBJISLIO COOOI0 BOIIHY €KOCUCTEMY, TOMY TIpU
PO3TJIsA/Il TUTAHHS CTIMKOCTI HEOOX1THO PO3TIsIaTH
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HOHATTS Ta 3HAYCHHsI CTIHKOCTI BOJHUX €KOCHUCTEM
SK MATPYHTS Y BUIISAL @010 THYHOT KOMIIOHEHTH.

3 mornsiy Ha BUINE O3HAYEHI TE3H, CTIUKICTh
BOJTHUX CKOCHUCTEM € Ba)KJINBUM ACIIEKTOM HE TiJIb-
KM €KOJIOTii, IKUH CTOCYEThCS 31aTHOCTI LIUX CHC-
TEM MiATPUMYBATH CBOIO CTPYKTYpPY, (QYHKIII Ta
010pI3HOMAHITTS MiJ] BIUTMBOM MPUPOIHUX 1 aHTPO-
MOTEHHUX 3MiH, aJie i ekoJoriaHoi Oe3meku. Tomy, y
CYyYaCHMX YMOBaX, 3Ba)KalO4uM Ha rJI00ajbHI 3MiHU
KJIIMaTy, 3a0pyIHEeHHS BOAM Ta AaHTPOIIOTEHH1 BTPY-
YaHHS, PO3YMIHHS MEXaHi3MiB CTIHKOCTI BOZHHX
eKocucTeM HaOyBae 0COOIMBOI aKTYaJIbHOCTI.

[cHye GaraTo YWHHHUKIB, IO BILUIUBAIOTH HA CTiii-
KICTh BOJHUX €KOCHUCTEM:

*  OiopizHomanimms. OGaraTe BUJOBE pi3HOMa-
HITTS TiABUIIY€E CTIAKICTh CUCTEMHU, OCKUIBKH KO-
’KEH BUJ] BUKOHYE CBOI (DYHKIIIT Ta MOXKE 3aMilllyBa-
TH 1HIII B yMOBax CTpecy.

*  2i0ponoeiuni ymosu: cTabiIbHUMN T1APOIOTiY-
HUH pexuM (piBEHb BOJH, TEMIIEpATypa Ta TeUisl) €
KPUTHYHHUM 11 30€peKeHHS eKocUCTeMU. by ib-sKi
3MIiHM MOXYTb 3arpOXyBaTH CTIHKOCTI.

*  3a0pyoHenHsA: BUKUIN 3a0pyAHIOIOYUX pe-
YOBUH MOXKYTb CEPHO3HO BIUIMHYTH HA SIKICTh BOIU
110, TaK CaMO, MOKE€ MIPU3BECTH JI0 3HIKEHHSI 010pi3-
HOMAHITTS Ta QYHKIIIl €eKOCUCTEMH.

*  KIIMamuyHi 3MiHUu: 3MIHH TEMIIEpaTypu Ta
PEXHUMY OMajiB MOXYTh BIJTMBATH Ha TiIpOJOTiy-
HUW LUK 1, BIJMOBIAHO, HAa 370POB’S BOJHUX EKO-
CHCTEM.

AJnie TOJOBHE MUTAHHS €KOJIOTIYHOI Oe3MeKu Io-
asrae B ajmantamis 10 3MiH. CTBOpEHHS CTIHKUX
BOJJHUX €KOCHCTEM MOJKE JIOTIOMOTTH €KOCHUCTEMaM
aJanTyBaTUCS N0 3MiH, BUKJIMKAHUX JIOJAMHOIO 1
IPUPOIOIO, 30KpeMa J0 3MiH KJIiMary.

B mpomy ceHci, cimij HaragaTu mpo TOCIiIKEH-
Hs, 0 TIOB’SI3aHI 3 TaKUM TEPMIHOM «EKOJIOTi4Ha
nam’aTh». 3TiHO 3 CYYaCHUMU JIOCIIKEHHSIMH [§]
BIUTMB «EKOJIOT'1YHOI MaM’sITi» Ha CTIHKICTh € pi3HO-
MaHITHUN: 3aJIie)KHO BiJl 9acOBOro MacmTady, IIo
PO3MIISA€THCS, Taka MaM sITh a00 MPUCKOPIOE, abo
CMOBUIBHIOE BIJTHOBJCHHS TMicis 30ypeHb, TaKUM
YUHOM MiJBUIIYIOUN (a00 3HMXKYIOUM) CTIHKICTh
BiJIMOBITHO. JIOBroCTpOKOBa MaM’siTh MOXKE AisiTH
Ha JEKIJIbKOX YaCOBHUX IIKaJaX 4yepe3 MOBUIbHE (3a-
3BHYAil, 32 CTENICHEBUM 3aKOHOM) 3raCaHHsI BILIUBY
MUHYIUX cTaHiB. KpiM TOro, B MynbsTUCTaOLIBHUX
cucTeMax Ham’sTh MiABHILYE CTIHKICTb, CIPHUSIO-
9y 30€pEeKEHHIO MOYaTKOBOI'O CTAOUIBHOTO CTaHY.

BusnaueHo, 110 ekocucTemMa IMpOosBIISE €KOJIOTIUHY
nam’siThb, KOJIM MaiOyTHI CTaHU 3aJieKaTh HE Tilb-
KM BiJl IOTOYHOTO, @ ¥ BiJl TIOYaTKOBOTO CTaHy Ta
TpaekTopii [8]. EkonoriuHa mam’siTh CTOCY€ThCS
BIUTUBY MHHYJIMX TMOMIA Ha peakiil0 eKOCUCTEMHU
Ha eK30reHHi abo eHjoreHHi 3MiHu. BoHa BH3HaHa
KJIFOYOBUM (DaKTOPOM TUHAMIKM €KOCHUCTEM Ta iH-
muX CKJIagHux cucteM. [Ipore, KimbKiCHI Mojeni
yIpyHoBaHb YacTO ITHOPYIOTh MaM’ATh Ta ii HACIi/-
k. [licas npunuHeHHs 30y peHHs TaM SITh CIOYaTKY
MIPUCKOPIOE TOBEPHEHHS J0 IOYaTKOBOTO CTaHy, aje
MOTIM YIIOBUIBHIOE WOTO HA Mi3HIX CTaJisIX BiHOB-
JICHHSL.

[IpoBenennii aHai3 MOCHIKEHb Ta MMyOMiKaIlii
CBIYUTBH, MPO PI3HOMAHITHICTH Ta 0araToKoMIO-
HEHTHICTb MiAXO/IB A0 OLIIHIOBaHHS CTIHKOCTI BOJ-
HUX €KOCHCTeM. BOHM MICTATH 3HAYHY KIUJIBKICTb
MOKA3HUKIB, KpUTEPIiB Ta ka1 Bubip HeoOxigHMX
METOJIOJIOTIH 3aJIEKUTh Bl OCOOJIMBOCTEN BOJHOIO
00’ekTy, MmO AocHiKyeTbes. OgHaK, 1HTErpasibHi
MiIXOAW HAWYacCTIilIe BUKOPUCTOBYIOTHCS ISl Bif-
CTe)KEHHS NMEBHUX 3aKOHOMIPHOCTEH Yy MIiATpUMII
CTIHKOCTI, @ TAKOXK JIJIsI BUSIBIICHHS, CHCTEMAaTH3aIli1
Ta BU3HAYCHHS B3a€MO3B’S3KIB Mi’K KOMIIOHEHTaMU
BOJIHOI €KOCHUCTeMH Ta (haKTOpaMu, 110 HANHOIIbIIe
BILTMBAIOTh Ha ii craH. Came TOMY, BUHUKA€E HEOO-
X1JTHICTB OILIHUTH YMOBH CTIMKOCTi BOIHOI €KOCHC-
TEMH B HDKHIA yacTHHI piuku JIHImpo B yMoBax
pylinyBaHHsS KaxoBCchKOro BOJOCXOBHUIIIA METOAAMHU
KOMILIEKCHHMX 1HACKCIB [9].

Meta po6oTu

OriHka MOTeHIialy eKOJIOTIYHOI CTIHKOCTI MpH-
POAHOT BOIHOI €KOCUCTEMH HUXHBOro JlHiNpa, TOO-
TO 1i 34aTHICTH CaMOBIJHOBJIIOBATHCS, B YMOBax
aHTPONOT€HHOT'0 THUCKY pyHHYBaHHS KaxoBchKOro
BOJIOCXOBHILA.

Pe3ynbraTu gociixxeHHs

3niificHeHH S OLIIHKH CTIHKOCTI BOIHOT €EKOCUCTEMHU
HIKHBOTO JIHIMIpa B Cy4acHUX YMOBaX IPOBEICHO 3
BUKOPHUCTAHHSM JaHUX MOHITOpUHTY Jlep:KaBHOTO
areHTCTBa BOAHMX PECypciB YKpaiHU MO MOCTax Ha
piuku JlHinpo B 3anopi3bkiii Ta XepcoHChKil o0ac-
Ts1X Ta piuku [Hrynens [9] (puc. 1, a; 2, a).
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Pucynox 1. Ilocm p. Jninpo, 0 km, [umnuii 6/3 KII «binenvkey» Binenvkiscokoi TI' 3anopizvroeo p-Hy:
a — eeocpaghiune po3mauty8anHs, 6 — OAHHI MOHIMOPUH2Y

Po3paxynok innekciB sikocti Boau (WQI) a6o
€KOJIOT1YHOI CTiMKOCTi, TPO(IYHOrO CTaHy Ta ca-
MOOYMIIIEHHS I HWKHBOro J[Himpa BUMarae BH-
KOPUCTaHHS JaHUX INPO SKICHUN CTaH BOIH, TAKUX
SK KOHLEHTpaLis 3a0pyAHIOBAIbHUX PEYOBHH, IO-
Ka3HUKU Ol0JIOT1YHOT aKTUBHOCTI, T1APOXiMivHI Ta

rigpoOiosnoriyni napameTpu. B nocmimkeHH1 aBTOpu
CTaTTi BUKOPHUCTAJH JIaHHI IO ABOX MOCTAX CIIOCTE-
pexxenns p. Aninpo [10] (puc. 1, 6; 2, 6). Jlani MoHi-
TOPUHTY M0 IHIIUX TocTax p. JHinpo He iHpopma-
TUBHI 3 TOUYKHU 30py KIJIBKOCTI CIIOCTEPEIKEHB, TOMY
BOHM HE BUKOPUCTOBYBAJIHUCH ISl aHATI3Y.
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0)

Pucynox 1. Monimopune 3a danumu nocma cnocmepexcentsi. Ilocm p. J{ninpo, 328 km,
M. Banopidcoics, 6/6’eqh /[ninposcokoi 'EC: a — eeoepagiune posmawiysanhs, 6 — OaHHI MOHIMOPUHSY

JIs OLIHKY CTIMKOCTI BOJTHOT €KOCUCTEMHM HUK-
Hporo /lHimpa mo manux mocrta p. Juimpo, 0 kM,
[Murawnii /3 KI1 «binenwske» binenbkiBebkoi TT 3a-
MOPI3bKOTO p-HY (Tabm. 1), po3paxoBaHo iHAEKC ca-
MOOYHIIEHHS (1HIeKC po3knaganHs) IS, skuit xapak-

TEPHU3y€ 3MATHICTH BOAHOTO 00’€KTY 70 TPUPOTHOTO
BiJTHOBJICHHSI Ta BPAaXOBY€ HACTYIHI NEPIIOYEProBi
MOKa3HUKHU 3a0pYIHEHHS BOJONM: KUCEHb PO3UHHE-
Huit, MrO,/nm* (O2); GioximMivHe CIOKMBAHHS KHCHIO
3a 5 116, mrO,/nm* (BCKs).
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®opmyra aiist po3paxyHky IS mae Burmsi:
_(02)
~ (BCK5)

JluHaMmiyHa XapaKTepUCTUKA 3MIHU 1HAEKCY ca-
MOOUHMIICHHS 3 4aCOM Ma€ HACTYNHUU TpadiuHui
BUrIA (puc. 3).

Bumuii mokasHuk IS cBiuuTh Mpo OiIbIITY 31aT-
HICTB piuKu 10 camoounieHHs. [Ipu nupomy, rpadik
1HJIEKCY CAMOOYHILICHHS TIOKa3ye, I10: y MepIlii ya-
cTuHirpadika (BUMiproBaHHs CiueHb KBiTeHb 2024 p.)
3Ha4eHHs [S nmemo konuBaroThes. Bxke 3 TpaBHs €
MiIHOMH 1 HEBENMKI CIaJaHHs, SIKi MOXKYTh BKa3y-
BaTH Ha JIOKaJbHI hakTopu (3MiHA pyXy Tedil, 30111b-
HmIeHHs a00 3MEHIIECHHs TeMIlepaTypu); HalHUKYEe
3HAUEHHs y BUMipIOBaHHI Oyno y cepnHi (2,622), a
HaiiBule, y J1oTomy (3,552).

3 TOYKHM 30py TEHJEHI[il, BapTO 3BEPHYTH YBa-
Iy Ha BHSBJICHUH MWiAioM HampukiHUi Tpadika
(BuMiproBaHHsS y cepriHi). 301IbIIEHHS KiJIBKOCTI
OMaJiB MOCHPUSIIO 30UTBIIEHHIO 3HAYCHHS 1HJCK-
cy. | HaBmaku, 3acyluBe JITO CIPHUSE 3HIKEHHIO
noka3nuka. Ilinumenns BCKs 3HMXkae 3HaueH-
Ha IS, ToOTO 30iNbLIYyETHCS PiBEHb 3a0pyIHEHHS.

IS

Kopensmist mix BCKs ta IS moctatHho BHcOKa Ta
Bi'eMHa, KoediienT kopemnsuii (Kxop) nopiBHIoe —
0,779. 36inpmenns [O2] 3a paxyHOK aepauii mpax-
TUYHO HE BIUTMBAE Ha CAMOOYUIICHHS, TOMY MaEMO
craructuyHo Hu3bkuii Kkop (0,170603). Kxop mix
BCKS5 Tta [O2] nopiBaroe 0,48]1.

Ile Bka3ye Ha ciaOKy MO3UTHUBHY KOpPEIAILII0,
a came: xonu 3HayeHHs BCKs 3pocTaroTs, piBeHb
po3urHEeHOro KucHio [O2] TeX Mae TEHICHINIO K
3poctanHio. JIiHIMHMNA TPEH KPUBOI 1HAEKCY caMo-
OYMILEHHS Ma€ HACTYIMHI PUCH: HaXWJ JiHIT TpeH-
ny — 0,0102, 1mo cBiA9UTH TPO BiTHOCHO HE3HAUYHUM
crhaj iHJeKCy caMooduiieHHs. [lyke HU3BKUH Koe-
¢imient R? = 0,0135 Bka3ye Ha Te, 1O JIiHIHHA MO-
JIeNTb TPEH1y HE OMUCYE 3MiHY 1HJEKCY Ta HE CTaTHUC-
TUYHO 3HAYYINA.

B 3aranpHOMY BWTISiII, aHaJi3 JaHUX MOHITO-
PHUHTY, CBIAYMUTH MPO Te, IO 3AATHICTH PIYKU [0
CaMOOYHIICHHS OJM3bKa A0 IMOCTIMHOI, MAIOUYH He-
3HAYHI KOJWBAHHS 3aJIeKHO Bia moBeHi. CepenHiii
MOKA3HHUK 1HAEKCY CaMOOYHUIICHHS NopiBHIOE 3,02,
110 BKa3y€ Ha XOPOIILY SIKICTh BOAM Ta BUCOKY 3J1aT-
HICTB PIYKH JI0 TPUPOJHOIO CAMOBITHOBJICHHSI.

Tabnuys 1
IToka3Huku napameTpiB Ta pesyasrar IS
01.24 | 02.24 | 0324 | 0424 | 0524 | 06.24 | 0724 | 08.24 | 09.24 10.24 11.24
3.3 29 34 34 3.1 3.6 3.5 3.7 32 2.7 27
9.7 10.3 10.1 9.4 10.4 10.1 10.4 9.7 8.8 8.9 8.6
2939 | 3,552 | 2,971 | 2,765 | 3,355 | 2,806 | 2,971 | 2,622 | 2]5 3,296 | 3,185

Pucynox 3. JJunamiuna xapakmepucmuka 3miHu iHOeKCy CamMOOYUWeHHsl 3 4aCOM
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Hactynuwuii inaexc, sikuii OyB po3paxoBaHUH 110
nocty p. Auinpo, 0 km, [Tutawuii B/3 KII «binenbke»
binenwkiBcekoi TI' 3amopi3pkoro p-Hy, Iie iHAEKC
eBTpodikauii (EI) 3 Bukopuctanusm Gpopmyiu:

_ (NO3 + PO4)
a 2

El

J11s po3paxyHKy BUKOPUCTaHI qaHi (Ta0u1. 2) KoH-
neHTpanii a3ory y surisani virparis (NO,-, Mr/am’)
Ta KOHIIeHTpalis pocdopy y Burnsani opropocdaris
(PO,-, mr/nm?).

JluHamiyHa XapaKTepUCTHKA 3MiHM 1HJIEKCY €BTPO-
¢ixarii 3 yacom, Ma€e rpadiuHuiA BUTTISA (pUC. 4).

3nauenHs Kxop mix nokasnukamu El Ta HiTpar
ioHaMu Iy’ke BUCOKHI Ta nopiBHioe 0,853, ane Kxop
Mmik El ta ¢ocdar ionamu nyxe Husbkuit — 0,108.
ToGto, EI 3pocTtae 3i 30iJIbIIEHHSIM HITpaT 1OHIB,
10 CBIAYUTH MPO T€, 10 YUM MEHIIIE HITPATiB, TUM
OLJIBIIIE CHPUSTIUBUMU € TEHJCHIIIT CTiKoCcTi. Tum
gacom, Kkop mix nBoma macuBamu (ocdar Ta Hi-
Tpat i0HiB — Bix'eMHmit (—0,427), M0 CBIIYUTH MIPO
c1abKy 0OEpPHEHO MPOTOPIIHHY 3aJIeKHICTb.

CTiHKICTh €KOCHCTEMHU BOAU 32 3HAYECHHSAM 1H-
JeKCy eBTpodiKkarlii, 3arajJioM OIIHIOETHCSI HACTYTI-
HUM YHHOM:

1. Huswxuii pigens esmpodgpixayii (EI < 1,0). Exo-
cucTeMa BOJOMMUINA MAa€ BHUCOKY CTIHKICTh MPOTH
eBTpodikarii. Bogoitmuie cado miggaeTsbest 3poc-
TAHHIO BOJOpPOCTEH Ta I1HMMX eBTpodiKamiifHIX
MIPOLIECIB.

2. Cepeoniii pisenv eempodhixayii (1,0 < EI < 2,0).
Exocuctema BOJOHMUINA Ma€ CepegHIO CTIHKICTb
npotu eBTpodikarii. BogoliMuiie Moxe nepiogud-
HO MiJJJaBaTHCs 3pOCTAHHIO BOAOPOCTEH Ta 1HIIHMX
eBTpoiKalliifHNX TPOIECIB, alie Me HEe MOCSTIIO0
KPUTUYHOI TOYKH.

3. Bucoxuii pisenv eempodhixayii (EI > 2,0). Exo-
cucTeMa BOJOHMMUINA MAa€ HU3bKY CTIHKICTh MPOTH
eBTpodikarii. Bomoiimuie miamnaeTbes CUIBHOMY
3pOCTaHHIO BOJOPOCTEH Ta 1HIIMX eBTpodikalliii-
HUX TIPOIECIB, IO MOXE MPHUBECTH 10 3HM>KEHHS
SKOCTI BOAM Ta BTPATH O10PI3HOMAHITTSL.

B nmaHoMy JOCHiJKeHHI, CepeqHE 3HAYCHHS
EI = 1,0, To6T0, BOmOIMHUIIIE MAa€ BUCOKY CTIHKICTh

Tabauys 2
Iloxa3Huku mapamerpis, po3paxyHok El
01.24 | 02.24 | 03.24 | 0424 | 0524 | 0624 | 0724 | 08.24 | 0924 | 1024 | 11.24
2 1,94 1,98 2,37 2,49 1,24 1,29 1,43 1,32 1,43 1,34
0,3 0,29 0,29 0,07 0,06 0,06 0,08 0,22 0,78 0,55 0,54
1,15 1,115 1,135 1,22 1,27 0,65 0,685 | 0,825 1,05 0,99 0,94

Pucynox 4. Jfunamivna xapaxmepucmuxa sminu inoexcy esmpogixayii 3 uacom (2024 p.)
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npotu eBrpodikarnii. [le o3Hauae, mo ekocucrema
BOJIOMMMIIA BIJTHOCHO CTAOLIBHA 1 MaJIO IIiJIA€Th-
cs 3MiHaM, TOB’sI3aHUM 3 eBTpodikariero. OnHak,
MOTPIOHO TaM’ATaTH, M0 LEeH 1HACKC TUTBKU OIHUH
3 Oaratpox (pakTOpiB, IO BIUIMBAIOTH HA CTIHKICTH
€KOCHCTEMH.

[HIII YUHHUKH, TakKi SK TeMmIeparypa, KUCIOT-
HICTb, KOJTUBAHHSI PiBHS BOJIU Ta MiSUIBHICTH JTIOIU-
HU, TaKOXXK MOXXYTh BILUTUBATH HA €KOCUCTEMY BOJIO-
UMuIa.

HacTymnHi iHIeKcH SKi po3paxoBaHi Ta MpoaHali-
30BaHi B JOCIIKeHH, 11e iHeKC sskocTi Boau (WQI)
Ta iHgekc camoouumieHHs (IS), mo Bumarae Buko-
PUCTaHHS TAaHUX MPO SKICHUM CTaH BOIU, TAKUX K
KOHIIEHTpaIlisl 3a0pyIHIOBAIIbHUX PEYOBUH, TOKa3-
HUKHU 010JIOT19HOT aKTUBHOCTI, T1APOXiMIUHI Ta Tif-
pobGionoriyni napametp [9].

st pospaxynky WQI BUKOpHUCTOBYIOTHCS (op-
MyJna:

C
WQI = =+ 100

ne: C — GpakTUYHA KOHIIEHTpAIlisl TOKa3HUKa B BO-
Il (Mr/nm?),

I'JIK — MakCUMaJIbHO JOMyCTHUMa KOHIICHTPAIlis
JUISL IBOT'O TTOKa3HHUKA (MI/mM?).

3HadeHHS TOKa3HWKiB: 1. XiMIYHOTO CKJIamy
BOJU (piBeHb 3a0pyAHIOBAJIBHUX PEUOBHH, HAIPH-
KJaa, HiTpatH, (pocdaru, HAPTONPOTYKTH, BaXKKi
MeTanu Touio); 2. I'iapobionoriyHi XxapakTepucTH-
KM (KMCHEBHH pexuM, OioximiuHa moTpebda B KHCHI
— BIIK, KiTpKICTh 300IJaHKTOHY, (ITOIUIAHKTOHY
To110); 3. Pi3UKO-XIMiUHI MOKa3HUKH (TeMIIeparypa,
KaJaMyTHicTb, pH).

Hani nocty crnioctepesxxeHHs p. Jninpo, 328 km,
M. 3amopixKs, IS aHalli3y Ta po3paxyHKy [Haekcy
WQI 3a nepiox 2022-2024 poxis:

Awmomnii-ioan: 0,19; 0,19; 0,22; 0,21; 0,29; 0,45;
0,45; 0,29; 0,31; 0,14; 0,18; 0,1; 0,11; 0,11; 0,14; 0,02;
0,18; 0,37; 0,38; 0,35; 0,29; 0,34; 0,1; 0,16 (mr/mm?).
I'’IK = 0,5 mr/nm3>.

bioximiune cnokuBanus kucHio (BIIKS): 2,1; 2;
2,2; 3,1; 3,8; 3,6; 3,5; 3,7; 3.9; 3,8; 3,2; 3.4; 3.4; 3;
3,5; 3,2; 3,1; 3,2; 3,8; 3,7; 3,2; 3,4; 3,4; 2,7 (mr/nm3).
I'’IK = 3 mr/nm®

Hirpat-ionu: 0,98; 1,01; 1; 1,01; 1,02; 1,08; 1,27;
1,01; 1,14; 1,14; 1,26; 1,31; 1,24; 1,42; 1,55; 1,95; 2,2;
2,35;0,96; 1,1; 1,16; 2,92 (mr/nm®). TJAK = 40 mr/nm3

Xnopug-ionun: 32,1; 31; 34,6; 36,4; 31,9; 33,7; 35,5;
31; 29,2; 27,5; 32,8; 29,2; 29,2; 30,1; 37,2; 39; 38,14;

36,87, 34,7, 36,13; 34,74; 26,1; 27.8; 29,9 (Mr/nm?).
I'’IK = 300 mr/om?

®docpar-ionu: 0,26; 0,22; 0,21; 0,22; 0,23; 0,24;
0,24; 0,23; 0,24; 0,3; ,28; 0,27; 0,26; 0,27; 0,28; 0,3;
0,05; 0,05; 0,07; 0,07; 0,21; 0,7; 0,52; 00,52 (Mr/mMm?).
I'’IK = 0,5 mr/nm® (MOXHa BUKOPUCTOBYBATH JIJIS
CTaHJAPTHUX YMOB)

Hirput-ionu: [ZIK = 0,08 mr/nm? J{ani: 0,04; 0,05;
0,07;0,07; 0,07; 0,08; 0,05; 0,03; 0,04; 0,04; 0,04; 0,04;
0,05; 0,06; 0,05; 0,06; 0,04; 0,05; 0,04; 0,09; 0,06; 0,2;
0,02; 0,03 (mMr/mm3).

[ToTiM 00YKCITIOEMO CcepeaHe 3HAYEHHS 1HIEKCY
JUTS1 OKPEeMHX TIOKAa3HMKIB Ta JIJIsl CYKYTTHOCTI.

Po3paxynok inaexcy WQI m1s KoxHOTro napame-
Tpa:

Amouniti-ionyu: MakcuMalnibHa KoHUeHTpamis 0,45
Mr/am*; MiHiMasibHa KoHIeHTparis 0,02 mr/nm?); ce-
penns konuentpais 0,24 mr/nv®. [agexec WQI: 0,51

bioximiune cnoxuBanus kucHio (BITKS): makcu-
MalibHa KOHIIeHTpais 3,9 Mr/nm®; MiHIMalbHA KOH-
LEHTpAIlis 2 MI/IM>; cepeaHs KOoHIeHTpatis 3,2 mr/
o, Ingexe WQI: 0,84

Himpam-ionu: MakcumalibHa KOHIEHTpallis 2,92
Mr/aM*; MiHiMalbHa KoHIeHTparis 0,96 mr/nm?; ce-
penus konnentparis 1,42 mr/nv?®. Ingexe WQI: 0,04

Xnopuo-ionu: MakcUMallbHa KOHIEHTpamis 39
MTI/aM*; MiHIMaJIbHA KOHIIEHTpais 26,1 mr/nm? ; ce-
penns korneHtpanis 32,4 mr/ave. Inaexe WQI: 0,11

Docgam-ionu: MakcuMmalibHa KoHIeHTparis 0,7
Mmr/omM*; MiHiMaiapHa KoHmeHtpamis 0,05 mr/mv® ;
cepenus konueHtpanis 0,24 mr/nv®. Ingexe WQI:
0,51

Himpum-ionu: maxcumanpHa KoHueHTpauis 0,2
Mr/amM*; MiHiManbHa KoHIeHTparis 0,02 mMr/om?; ce-
penns kornentpaiis 0,06 mr/ov?. Ingexe WQI: 0,79

Kinuesuit ingexkc WQI po3paxoByeMo sik cepeaHe
3HAUEHHS 1HAEKCIB yCiX MapaMeTpiB:

WOI = (0,51 + 0,84 + 0,04 + 0,11 + 0,51 + 0,79) / 6 = 0,55

ToOTo, y BiICOTKOBOMY BiHOIIEHHI, iHAeKC WQI
Mae 3HayeHHs 55. Lle Bkasye mpo xopory sKicTb
Bonu (Tabm. 3). OmHak, HEOOXITHO MaM’sITaTH, IO
iHgekc WQI € OImiHKOI SKOCTI BOJAU TIJBKHU JUIS
MIEBHOTO Habopy mapameTpiB 1 HE MOXke OyTH BUKO-
pHUCTaHUN CAMOCTIIHO /JIs OLIHKH SIKOCTI BOJIH.

BpaxoBytoun, mo ingekc WQI nmxue 60, Boau
3HAXOAATHCS B 3a/I0BIIBHOMY CTaHI 1 MOXYTh OyTH
BUKOPHCTAaHI JJIs TOTped HAaceseHHs (CepeHs SIKICTh
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Tabauys 3

IIkaJa sxocTi BoAM NpH pi3HUX 3HaYeHHAX WQI

3naueHHs WQI

IoraHa siIKiCTb
BOIN

Jy>Ke TIoTaHa

XapakTepucTruKa .
SKICTh BOJIH

1IeaJIbHA IKICTh
BOIU

cepemHs SIKICTh
BOIU

XOpOIIIa SIKICTh
BOOU

Boan). [IpoTe, BapTO MPOIOBKYBATH KOHTPOIIOBATH
SIKICTH BOJIM JIJIS 3arI00ITaHHsI 3MiHH i1 CTaHy.

[Ile oguH NMOKAa3HUK, IKMI MOXKHA BUKOPUCTOBY-
BaTH B JOCJIUKEHHSX €KOJIOIIYHOI CTIMKOCTI — II€
BiIMIHHICTH MiX TpanuuHo gonyctumum (C) I'JIK)
1 pakTuyHuM cranoM cepenosuina (C), sika ckianae
exonoriyauit pe3eps AoBkiuist (ER). Lleii moka3Huk
XapaKkTepu3ye 3JaTHICTh 10 BiAHOBJIEHHS a0o0 Bif-
TBOPEHHS Ta € OCHOBOIO ISl PO3PAXyHKY JOITYCTH-
MUX HaBaHTakxeHb. Hanpukiman, npunyctumo, mo C
(I'’IK) mo1st meBHOTO apameTpa sIKOCTi BOU (HalpH-
KJ1aJ], Cynb(ar-ioHu, MI/1M?) BCTAHOBJICHO Ha PiBHI
100 mr/nm?. Tlicns pylinamii BomocxoBuia (hakTud-
HUH piBEHb KUCHIO B BOAi 3adikcoBanmii 31,1 mr/nm>.
ToOTto, nokazauk ER = 100 — 31,1 = 68,9 (mr/mm?).
Le mpuknan TOro, Mo iCHye €KOJOTTYHUMN pe3epB y
KUIBKOCTI 68,9 MI/nm® 1 eKkocucTeEMa Ma€ MOTEHIIA
JUISL BIJTHOBJIEHHS.

Po3pi3HAIOTH 1Ba MiIXOAW BU3HAUCHHS JOMYCTH-
MUX HaBaHTa)XEHb: CAHITAPHO-TITIEHIYHUHN Ta €KO-
noriyHui. BoHM pO3pi3HAIOTHCS PiBHEM NEBHUX BU-
Mor. Hanmpukiaz, 10 KpuTepiiB OLIHKH HeOe3neKku
MOUIMPEHHS B HABKOJIUIITHHOMY CEPEIOBHILE PI3HUX
BUJIIB 3a0pYyAHEHD BiIHOCSTH: TPAHUYHO JIOMYCTH-
My koHuentpauito (I'IK); rpaHudHO nomycTUMuid
Bukuj ([ZIB) 1 cTpec-iHaeKe; TpaHUYHO JTOMYCTUMI
exornoriudi HaBaHTaxenHs (I'JIEH); makcumansHO
nonyctumuii piBeHb (MJIP); kpusucHi ekojoriuxi
cutyamii (KEC) Ta nokazHUK €KOJIOTIIHOTO PE3EPBY.

I'’IK BCTaHOBIIIOETHCS TOJIOBHUMHU CaHITAPHUMHU
IHCIIEKIIIsIMU B 3aKOHOJIABYOMY TIOPSIIKY 200 PEeKo-
MEHJY€ThCS BIANOBIIHUMH OpraHi3amisiMu, KOMi-
CiIMH Ha OCHOBI PE3yJbTaTiB CKJIAJHUX EKCIIEePH-
MEHTIB, a TAaKOX BiJIOMOCTEH, OTpUMAHUX B 4ac a0o
TICJIst PI3HUX aBapiid, KaTacTpod TOIIO.

BaxnuBicte mokasHuka ER Mae HacTynHuii
CEHC: HAasIBHICTh €KOJIOTTYHOTO PE3EpPBY € KPUTUIHO
BXKJIMBOIO NI YIPABIIHHS HTPUPOIHUMH DPECyp-
camH Ta po3poOKU e(EeKTUBHUX CTpATETriid BiJHOB-
JeHHST Ta 30epekeHHs exocucTteM. Uum OimbInmii
EKOJIOTTYHUHM pe3epB, TUM OLIBIIOID Mipoio, Oyne

YCIIIITHE BiJTHOBJICHHS! €KOCUCTEMH MICHs pyHHAI].
Bu3HaueHHs €KOJIOTYHOTO pe3epBy TAKOXK J0MOMa-
ra€e B OIIHII €(eKTUBHOCTI 3aXO/iB, CIPSIMOBAaHUX
Ha TIOM’MKIIEHHS HACIIAKIB pyiHamii Ta B IJaHy-
BaHHI MaiiOyTHIX BiIHOBJTIOBAJIbHUX 3aXOJiB.

BucnoBku

B cydacHux ymMoBax po3BUTKY TEXHOJIOT'1H OIliH-
KM PIBHSI €KOJIOTTYHOI 0€3MeKH MPUpPOAHO-TEPUTOPI-
anpHOro komuekcy (I1TK), icuye 6arato meTomiB
OIIIHKU CTIMKOCTI (1HJIEKC CAaMOOYMIICHHS, 1HJCKC
eBTpodikalii, iHAEKC TKOCTI BOAM), alie iX 3aCTOCY-
BaHHS Ma€ MeBHI 0OMEKEHHS JJIs1 KOPEKTHOTO aHa-
73y 3a paxyHOK BiJICyTHOCTI MOBHOLIHHUX Ta pe-
T'YJISPHUX JaHUX MOHITOPUHTY HMKHBOTO JlHimpa.
3a pe3yibpraraMu MpOBEICHOT OI[IHKH CTIHKOCT1 €KO-
CHCTEMHU HWXHBOro JIHiNpa, BHSBJIEHO, IIO 37aT-
HICTh JI0 CAMOOYHIIICHHSI piuku [IHIIPO JeMOHCTpYE
CTIHKICTb, aJie 3 IEBHUMH KOJIMBAHHSIMH: PO3paxy-
HOK iHJIekcy camoouwnineHHs (IS) mokasas, 1o piuka
Ma€ JOCUTh BHUCOKY 3JaTHICTH J0 CaMOOYMWIICHHS,
ane 1i MOKa3HHUKHU 3aJIekaTh BiJl CE30HY Ta KIIBKO-
cTi onaniB. Po3paxyHok inaekcy eBrpodikamii (EI)
BKa3ye Ha MIOMIpHUH piBeHb eBTpodikallii, TOOTO Ha
BITHOCHY CTIHMKICTh ekocucTeMu. Bruus ¢ocdati
Ha eBTpo(iKaIlito BUSIBUBCS CIAOKIIINUM, HIX HITpa-
TiB. 3HaueHHs sKkocTi Bogu (WQI) Oins 3amopixiks
BKAa3y€ Ha CEpeIHI0 SKICTh BOAU Ta 3aJOBLIBHUM
CTaH, ajie MoTpedye MOCTIHHOro KOHTPOIIO. Xoua
pO3paxoBaHi 1HAEKCH HAJAaIOTh KOPUCHI BiJIOMOCTI,
BOHU HE JaIOTh MOBHOI iH(OpMAIlii CTOCOBHO piBHS
exosoriyHoi 6e3neku IITK. Pe3ynsratu po3paxyH-
KiB CIIiJT pO3TJISIATH SIK YACTUHY KOMIUIEKCHOT OIliH-
KM, a HE K BU3HauaJdbHUH ¢akTop. [Ipu po3paxyH-
Kax, KOpeNsliss MK Pi3HUMH NOKa3HHUKaMu Oyia
HEOJHO3HAYHA, M0 TUTBKHU MiAKPECITIOE CKJIATHICTh
B3a€MO3B’I3KIB B ekocuctemi. Came TOMY, OIliHKa
CTIHKOCTI €KOCHCTEMH BUMArae JAETaJbHIMINX MO-
JAJBIIAX JOCIIKEHb 3 BUKOPUCTAHHSIM MTOBHOITIH-
HOTO Ha0OpY AAaHUX 1 OLIBII CKJIATHUX MOZETICH.
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This paper presents an analysis of the current is-
sues of biodiversity conservation in urban areas with
a primary focus on the development of eco-networks.
Artificial structures span through and beyond cities,
creating obstacles to the mobility, reproduction, and
survival of the animals. Urban biodiversity is crucial
for the functioning of an ecosystem. Thus, its degra-
dation imposes risks to the well-being of the citizens.
The purpose of this research is to analyze the current
trends in eco-networks development in cities around
the world and take into account their specific fea-
tures while adapting this experience to the Ukraini-
an condition. Eco-networks of five cities outside the
European continent, as well as preliminary designs
made for four Ukrainian cities, were studied and
generalized to formulate an efficient protection strat-
egy for biodiversity in Ukrainian cities. The major-
ity of the used research works were built on spatial
analysis, aided by GIS, and spatial parameters syn-
thesis. A major issue for the functional ability of the
urban eco-networks is a lack of connectivity, which
is managed differently in the studied cases, with the
key differences being: the use of barren lands, con-
structing green roofs and small squares, legal land
withdrawal from the practical use or the addition of
wildlife safety parameters to the patches of urban
agricultural lands. It is shown that Ukrainian cities
have begun working on assessing their eco-networks
and determining hotspots for connectivity. The prac-
tical part of the work involved developing an eco
corridors project for the city of Kyiv. The analysis
of the most important threats to biodiversity on the
city grounds was conducted, and core areas were de-
fined. Four corridors, as well as additional elements

of green infrastructure to fill the available gaps, were
offered based on a spatial analysis. Additionally, the
prospects of expanding green areas in northern dis-
tricts of Kyiv were considered and implemented in
the general eco-network structure.

Keywords: fragmentation, eco corridors, urban
environment.

Introduction

An ecological network is created with intercon-
nected natural areas that together form a functional
system, providing the conditions for organisms to
exist and benefit the environment. The central aim of
creating eco-networks is to conserve biodiversity and
support its vital functions so that essential ecosystem
processes are not disrupted. Integrity, continuity, and
diversity of habitats are crucial for the environmental
balance and the resilience of an ecosystem.

Urbanization and drastic changes in land use over
the past centuries have led to the reduction and frag-
mentation of natural habitats worldwide. This pos-
es a long-term threat to biodiversity. Conservation
success depends on preserving a stable landscape to
guarantee regular gene flow and movement between
populations. However, man-made structures have
turned into artificial barriers, jeopardizing wildlife
population survival. The fact that cities are still a
part of animal habitats and so they must provide con-
ditions for safe movement has already been estab-
lished in the science of biodiversity conservation, but
unfortunately, it is still not being recognized in either
the theory or practice of urban planning and design.
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Ensuring the coherence of ecological networks and
addressing threatening barriers is crucial for sup-
porting the survival of species, typical to natural and
semi-natural habitats.

This research aims to analyze the available ex-
perience of developing ecological networks in cities
around the world, define the principles of creating
one, and apply this knowledge in the city of Kyiv.

Analysis of the current level of urban eco-net-
works development

Since the 1980s, environmental research has fo-
cused on the tasks of building and expanding eco-
logical networks [1]. Identifying, designating, and
protecting ecological networks helps to maintain bi-
odiversity and reduce isolation in fragmented land-
scapes, which constantly expand due to human hab-
itation.

The concept of greenway and green space plan-
ning has been forming for over a century. Early ex-
amples were built on the natural wilderness areas,
such as the Adirondack Park Region Concept in the
United States have laid a general foundation for mod-
ern greenway planning [2]. Later, it became clear
that special measures must be taken to maintain,
enhance, or restore connectivity between protected
areas [3]. Throughout the 20th century, cities start-
ed to invest efforts to preserve their greenery and
expand it. Later researchers have demonstrated that
urban environments are too fragmented to provide a
reliable foundation for urban biodiversity conserva-
tion without connectivity and even the best parks and
wilderness areas separated by human interventions
gradually degrade and lose their resilience [4].

An eco-network includes a core zone, a buffer
zone, and corridors. These are essential elements and
eco-networks can function properly only if they are
present and interact properly [5]. Core areas, whether
legally protected or managed with conservation-ori-
ented approaches, act as focal points for biodiversity
conservation efforts. They provide crucial habitats
and resources for various species and ensure the eco-
system is balanced. Buffer zones surrounding these
core areas protect them from negative effects and
mitigate pressure from human activity in the area.
They also work as transitional zones where conser-
vation areas and commercial areas can gradually
change from one to another. The ecological corridors
provide connectivity, enabling wildlife interaction on
an individual level as well as the exchange of genetic

material, essential for the species’ survival and eco-
system resilience. These areas must be sufficiently
large and diverse to accommodate species with dif-
ferent biology, living needs, and behavior.

However, forming any or even all elements of an
eco-network in cities can be compromised by con-
struction and transport limitations. Creating ecolog-
ical networks within cities worldwide represents a
paradigm shift in urban planning and environmental
management. Therefore, it is necessary to look for
or develop special approaches to accommodate the
needs of ecological connectivity within cities. The
following cities represent successful compromis-
es between urban development and habitat conser-
vation, developed using various methods of spatial
analysis.

Fuzhou City in China faced challenges due to in-
tensive growth. The idea there was focused on trans-
forming barren land into parkland to bolster connec-
tivity within Fuzhou City’s ecological network [6].
Additionally, key barriers within the network were
identified, and opportunities for ecological restora-
tion were explored. Findings showed that developing
bare land into an ecological source yielded better
results than converting existing land into woodland.
Currently, Fuzhou City’s ecological network com-
prises 44 source sites and 92 corridors, providing a
robust framework for biodiversity conservation in
the urban landscape. Thus, transforming 30% of bar-
ren land patches into green spaces or parks proved
to be the most impactful strategy for enhancing con-
nectivity within Fuzhou City’s ecological networks.

For Tabriz, Iran there was a comprehensive
framework developed. It was based on the analysis
of land use changes spanning from 1984 to 2020,
using a thorough examination of multi-temporal sat-
ellite images and landscape metrics as a source [7].
This approach aimed to evaluate the current ecolog-
ical connectivity of the study area and propose opti-
mal corridors for a minimal cost. Furthermore, the
evaluation of ecological connectivity in the Tabriz
landscape using Cohesion and IIC indices revealed
an increasing uniformity of developed lands and the
fragmentation of ecological spaces. This gradual
transformation progressively dominated the Tabriz
landscape, while green areas have become increas-
ingly disjointed.

The areas with the highest population density
were identified and cost-effective corridors were then
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created using graph theory to connect these key ar-
eas with consideration to ecological spaces such as
farmlands, green spaces, and water bodies, as well
as unoccupied lands within the city. However, it is
essential to acknowledge that this project primarily
focused on the historical and current state of the city,
which may have entailed certain limitations and un-
certainties, warranting further investigation.

The analysis of ecological networks based on
ground cover and urban habitat maps was also per-
formed in Suwon, South Korea [8]. The priority ar-
eas for protection were identified, and an ecological
network was established by integrating results from
both maps. Discrepancies were observed between
the two maps, particularly concerning water bod-
ies, agricultural lands, bare areas, and forests. While
the urban habitat map highlighted high connectivity
for water bodies and agriculture, the ground cover
map showed elevated connectivity for forests, bare
lands, and wetlands. In particular, it was noted that
different types of green areas varied in their level of
contribution. Mountain forests and remnant forest ar-
eas were well protected but lacked connectivity with
other areas. Streams and linear patches significantly
enhanced connectivity due to their branching struc-
ture. Additional contribution was made by agricul-
tural areas, which were not inhabited on a regular
basis, but provided ways of transition and connectiv-
ity. The combination of this aspects was used to build
a functional eco-network, where the most vulnerable
sections were defined and protected.

Harbin, China, has a total of 198 ecological are-
as that span over 65 thousand ha [9]. However, older
districts like Daowai, Xiangfang, and Nangang have
small, fragmented patches with high internal poros-
ity, necessitating urgent measures to establish an
ecological network for integration. At the same time,
newer districts like Songbei, Hulan, and Acheng
show a stronger ecological foundation. The ecologi-
cal network in the study area includes 119 ecological
zones with certain protected status and 142 ecologi-
cal corridors. The best level of connectivity is com-
mon for watersheds and areas of green fields, while
woodlands are fewer and some remain isolated. Eco-
logical corridors, especially in Hulan, Xiangfang,
and Nangang, face challenges due to urban construc-
tion, while Songbei and Acheng districts have more
established corridors. Optimization of the ecolog-
ical network was built on the edge-adding strategy

from complex network theory, optimized for the
given purpose. By implementing this modified strat-
egy researchers were able to develop 43 ecological
corridors, resulting in a more resilient and interfer-
ence-resistant network.

Bogotéa, Colombia, has conceptualized and em-
braced the Environmental Enhancement Plan (EEP)
as a network of green and blue infrastructures aimed
at safeguarding and restoring the essential ecologi-
cal processes [10]. This initiative seeks to enhance
the well-being of Bogotd’s population by protecting
various types of natural and semi-natural spaces, in-
cluding protected areas, metropolitan parks, and eco-
logical corridors. The EEP serves multiple purposes,
including recreation, urban enhancement, risk pre-
vention, and runoff control. A particular attention is
given to the hills surrounding the eastern part of the
city, known as the «Cerros Orientales de Bogota». It
is protected as an official reserve, serving as an eco-
logical corridor. Despite the legal protection status,
urban growth has already started to spread in that
area. In response, a court order issued by the state
of Colombia mandated the establishment of an ade-
quate strip of land to maintain a socio-ecological cor-
ridor aimed at fostering citizen engagement with the
hills. The same area serves as an ecological corridor
through the city. This decision was aimed at resolv-
ing a social issue but it has successfully accommo-
dated a solution to an ecological problem, which is
interconnected in essence.

Urban eco-networks have shown to be success-
ful because of the alternative green infrastructure:
research conducted in Beijing and Wuhan demon-
strates the efficiency of such strategies as green roofs
and forest conversion in enhancing urban connectiv-
ity [11].

In Ukraine, attempts to develop urban eco-net-
works have been made in the past. In particular, the
structural elements and potential additions to pro-
vide better connectivity for the ecological network
of the city of Kremenchuk were offered [12]. Sim-
ilarly, the quantitative and qualitative indicators of
the natural reserve fund of the city of Khmelnytsky
were studied, and the core elements of the network
were defined [13]. A serious problem for the given
city eco-network was noted: the low protected status
of the core areas and the absence of connective areas.

In the structure of the city of Vinnytsia, 25 biocen-
tres of the local ecological network were singled out.




EKOMOTYHA BE3MEKA TA TEXHOMOTIT 3AXUCTY AOBKINNA 7/2025

79

They represent the city’s different landscape types,
mostly distinguished by the terrain. An important
feature found in most of them is their quasi-natural
status, where rare species of living organisms and
plant associations are frequently seen [14].

The city of Ternopil has been studied to identify
the core areas of green infrastructure, and the pros-
pects of their expansion and conservation were es-
tablished [15]. Even though the research wasn’t made
specifically for an eco-network, the results can be
efficiently used for working out a viable plan for one.

The insights from the aforementioned examples
can be used to develop the eco-networks of Ukrain-
ian cities. The information from these studies will
provide a range of important benefits to potential
projects beyond protecting biodiversity, such as:

 Urban ecological networks serve as vital
providers of ecosystem services and improve the
well-being of the residents.

*  Green spaces of ecological networks can mit-
igate the urban heat island effect and enhance urban
climate resilience.

»  Urban ecological networks significantly con-
tribute to the improvement of air and water quality,
which is essential for the health and well-being of ur-
ban residents.

* Green plants reduce the carbon footprint,
regulate surface runoff, and reduce the risk of flood-
ing and water pollution.

* By integrating green spaces and natural hab-
itats into urban planning and development, cities can
improve environmental sustainability, mitigate cli-
mate change impacts, and create healthier and more
livable urban environments for present and future
generations.

Methodology of eco-network development

Creating an ecological network poses a number of
challenges that need to be effectively addressed. The
main task is to choose the most effective strategy for
integrating green spaces into the urban environment
and combining them into a continuous network.

Such work usually begins with a thorough analy-
sis of the urban landscape, a study of existing green
areas, and the identification of potential areas for cre-
ating new eco-networks. Collecting detailed data on
the health of the ecosystem, target species and the

needs of residents is mandatory, as is identifying op-
portunities for the preservation and development of
natural spaces.

An important aspect of this process is collecting
the information and taking into consideration the
requirements of all stakeholders. It is important for
the successful development of an ecological network
to establish several alternative routes, which ensures
the selection of the optimal path through comparison.

The structure of an ecological network in the city
is a key element for creating sustainable and ecolog-
ically balanced urban environments. Taking into ac-
count the diversity of urban landscapes and the needs
of residents, the ecological network should have a
flexible and adaptive structure.

There is a range of approaches to the process
of creating an eco-network structure, which have
proved to be efficient, including soil cover assess-
ment, wildlife assessment, species habitat assess-
ment, node analysis, connectivity analysis, network
creation, etc. GIS applications provide reliable tools
for exploring ecological networks and estimating
connectivity between habitat patches. Multiple indi-
ces were developed to asses the connectivity with-
in urban networks, aiding researches in choosing
the most beneficial yet low-cost options for building
eco-networks.

The task of the given research is to conduct a pre-
liminary analysis of connectivity issues within the
urban green infrastructure of Kyiv city. For this pur-
pose, a combination of the aforementioned methods
was used, primarily relying on Connectivity and Net-
work Analysis to ensure that the ecological network
is well-connected and functional in an urban setting.

Recommendations on developing
an eco-network in Kyiv

Kyiv, one of the largest cities in Ukraine, faces nu-
merous environmental challenges stemming from in-
tensive urbanization and industrialization. The main
environmental threats that affect the functioning of
ecological networks in Kyiv include environmental
pollution, habitat fragmentation, invasive species,
climate change, and overuse of natural resources.

The level of habitat fragmentation in Kyiv is very
high in the central area, while its green belt and the
Dnieper zone provide massive and reliable connec-
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tivity and serve as valuable and resilient core areas.
In the other cities, there is a very high porosity, and
many of the ecological zones are isolated or poorly
connected, limiting the survival potential of species
and increasing the risk of extinction. Another con-
siderable threat to biodiversity conservation comes
from invasive species. Invasive species typical for
Kyiv (e.g. Japanese clover (Reynoutria japonica),
Marsh acacia (Impatiens glandulifera), Ragweed
(Ambrosia  artemisiifolia), Mantegazzi hogweed
(Heracleum mantegazzianum), Gray mole (Talpa eu-
ropaea), Gray crow (Corvus cornix), Brown marble
bug (Halyomorpha halys), Red fire ant (Solenopsis
invicta), Black bass (Micropterus salmoides), Silver
carp (Hypophthalmichthys molitrix) possess danger
of transforming local ecosystems, making some ar-
eas less suitable for econetworks and therefore need
consistent control and management [16]. Climate
change is exacerbating the environmental threats af-
fecting Kyiv by changing temperature and precipita-
tion patterns.

The environmental situation in Kyiv varies con-
siderably between different districts of the city, de-
pending on the industrial development, green areas
and other factors. This complicates the development
of eco-network, but places emphasis on some ar-
eas, which are more suitable and have more poten-
tial (Desnyanskyi, Dniprovskyi, Holosiivskyi, Svia-
toshynskyi districts).

Kyiv’s ecological network consists of various el-
ements that contribute to the conservation of biodi-
versity, improve environmental quality, and provide
places for recreation and leisure for residents. The
largest and pivotal elements of eco-network for the
city are natural complexes Holosiivskyi Park, Parti-
san Glory Park, M. Hryshko National Botanical Gar-
den of the National Academy of Sciences of Ukraine,
Dnipro river natural complexes and the green belt of
the city. In particular, the Dnipro Ecological Corri-
dor, which runs through the city of Kyiv, is an im-
portant part of Ukraine’s ecological network and is
of national and European importance.

The other eco-network elements of the city include
a variety of parks with different levels of adaptabil-
ity for recreational activities, which can reduce their
ecological functional ability. An important role is al-
so played by lake systems and small rivers of the city.

Based on an ecological analysis, accounting for
such factors as the presence of valuable natural com-
plexes, the level of anthropogenic impact, connec-
tivity with existing natural areas, and the potential
for restoring the natural system of eco-corridors was
developed for Kyiv city. These corridors’ aim is to
create an ecological system that will unite existing
and new green areas. Within the framework of this
research, four main eco-corridors in different parts
of the city were identified in Obolon and Desnianskyi
districts, as illustrated in Figure 1.

Fig. 1. Eco-network project for the city of Kyiv
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Eco-corridor 1 aims to connect the coastal zone
of the Dnipro with forests in the Darnytskyi dis-
trict. The most important existing sites (nodes of
the econetwork) for the corridor include: Pozniaky
Park; Lake Lebedyne; Lake Vyrlytsia; Lake Pozni-
aky; Lake Sribnyi Kil. The presence of a large num-
ber of lakes was the main reason for creating this
eco-corridor, which helps to improve the quality of
the environment and ensures the diversity of eco-
systems.

If the eco-corridor is established along the Re-
vutskoho Street, Petra Hryhorenko Avenue, Mykola
Bazhan Avenue, and the Kharkivske and Boryspil
Highway, its potential for environmental enhance-
ment becomes substantial. This route includes di-
verse urban landscapes, offering opportunities for
strategic greening interventions. However, care-
ful planning is required to navigate the challenges
posed by infrastructure such as highways and resi-
dential complexes.

Eco-corridor 2 serves as a vital link between the
forests of the Svyatoshinskyi and Golosiivskyi dis-
tricts, passing through the Solomianskyi district.
The corridor passes along several streets including
Sadova, Soborna, Nova, Yabluneva, Zhmeryns-
ka, Zodchykh, and Lvivska, encompassing diverse
habitats and landmarks such as Zhulyany airport,
large commercial buildings, and Sviatoshyn forest.
The most important natural sites for the corridor
include: Volodymyr Poleutychyi Square; Lake Vira
and the park of five benches; Sviatoshynske cem-
etery; Green spaces near the Capital Market; The
alley of the Teremky tract.

An exceptional characteristic of this corridor is
its uninterrupted alignment, facilitating extensive
greening efforts along its entire length. This uninter-
rupted pathway presents an opportunity to alleviate
the adverse environmental impacts often associated
with urbanization. Moreover, its alignment along
less densely built areas enable easier connectivity
of forests, potentially forming a «Green Ring».

Despite its advantages, the corridor encounters
challenges such as railroad tracks, industrial zones,
and numerous garages, necessitating careful plan-
ning and environmental protection measures. Areas
lacking vegetation due to technogenic impact re-
quire enhancement through well-designed greening
initiatives to improve corridor efficiency and envi-
ronmental sustainability.

Eco-corridor 3 is designed to establish a vital
connection between the Nyvky Park neighborhood
and the verdant surroundings of Vozdvyzhenka ar-
ea. By following the routes of Hlybochytska and
Degtyarivska streets predominantly, this corridor
aims to achieve a harmonious balance between ur-
ban development and the preservation of natural
habitats. The most important natural sites for the
corridor include: Munich Square; Petro Bolbochan
Park; Heydar Aliyev Square; Alley of Luck Park.

An outstanding feature of this eco-corridor is its
potential to accommodate a rich diversity of animals
and ornamental tree species, providing habitats for
many species. However, several challenges, includ-
ing urban development density, narrow streets, and
the prevalence of garages, must be addressed for
it to suceed. To optimize the functionality of the
eco-corridor, a range of small squares, green roofs
and walls could be recommended.

Eco-corridor 4 is meant to provide a continuous
green pathway from the Dnipro waterfront to the
green areas in the Voskresensky neighbourhood.
This corridor will pass through major thorough-
fares, including Roman Shukhevych Avenue and
Bratyslavska Street, integrating green spaces and
facilitating wildlife movement through urban land-
scapes.

The eco-corridor will begin at the Dnipro wa-
terfront, leveraging the natural riparian habitats,
and move through residential and commercial are-
as, following Roman Shukhevych Avenue and Bra-
tyslavska Street. It will end at the green areas in
Voskresensky neighbourhood, connecting various
squares and green spaces along the way. The most
important natural sites for the corridor include:
Monica’s Birthday Park; General Vatutin Park; Ber-
izka Recreation Park.

None of the offered corridors has full connec-
tivity, therefore additional elements of green infra-
structure were offered for each (Fig. 2). Creating
new green spaces and eco-corridors in Obolon and
Desnianskyi districts is also necessary to enhance
the connectivity in the northern part of the city.
This requires detailed design and careful selection
of locations. Since these areas are already heavily
built up, it is necessary to find optimal locations
for creating green areas and in some cases, there
is a need to look for alternative nature-based solu-
tions.




82

Fig. 2. Proposed inclusions to the eco-corridors

An important condition for the successful devel-
opment of connectivity is prioritizing the planting
of native trees, shrubs, and plants is essential for en-
hancing the ecological value of the corridor. Native
vegetation provides essential habitat and food sourc-
es for local wildlife while promoting biodiversity and
ecological resilience.

Conclusions

The ecological networks in cities facilitate the
migration and dispersal of species, ensure stability
of ecosystem services, and preserve unique natural
landscapes. They also contribute to mitigation of cli-
mate change effects, improve the quality of water and
air resources, and maintain the recreational and aes-
thetic value of the territory. Experience from cities
around the world offers diverse approaches to plan-
ning and building eco-networks successfully.

The ecological network development for Kyiv is
of utmost importance for improving the environmen-
tal situation and the quality of life of its residents.
Known for its rich green infrastructure, Kyiv ecosys-
tems experience considerable pressure from anthro-
pogenic impacts and growing fragmentation.

Four key eco-corridors were defined for the city
to connect green areas with each other. Optimal
sites for creating new green areas have been iden-
tified in Obolon and Desnianskyi districts, which

are intensively built up and require the integration
of new green areas to form an ecological network.
Suggested solutions also include a number of small-
scale activities, such as ponds, green roofs and walls,
squares, as well as more complicated structures, such
as 3-tier plant association (grass cover, bushes, trees
of the lower tier).

Successful implementation of these projects will
contribute to the preservation and restoration of Ky-
iv’s natural complexes, strengthening the city’s en-
vironmental sustainability, improving air and water
quality, and creating more comfortable living condi-
tions for residents.
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IMPACT OF SPACE LAUNCHES ON THE ENVIRONMENT

Kotsiubynskyi A. O., Hrytsulyak H. M.,
Yatsyshyn T. M. Lynnyk D. O.,
Ivano-Frankivsk National University of Oil and Gas

In the past, the environmental impact of the space
industry has been overlooked. The main reason for
this is the small number of large rocket launches per
year. But today, the dynamics of growth in the number
of launches is impressive - from 114 in 2018 to 222
space launch attempts (211 of which were successful)
in 2023. The aim of the study is to assess the impact
of space launches on the environment. Each launch
of a large rocket brings not only great benefits, both
scientific and practical, but also a significant amount
of emissions. At the same time, different types of
rockets have different environmental impacts. In
addition to the impact of spent rocket stages and
debris falling into remote areas, oceans, or densely
populated areas, there is a negative impact on the
atmosphere. All rockets use fossil fuels and emit
carbon dioxide and water. But some types of engines
are more environmentally acceptable than others.
Current research shows that kerosene-fueled rockets
and some types of hybrid engines emit significant
amounts of black carbon. At the same time, the
amount of black carbon emitted by such rockets is
already comparable to the amount of soot emitted
by the entire aviation industry. Rocket fuel residues
contain toxic compounds that have a negative impact
on the environment. Therefore, the development of
environmentally friendly fuels, such as methane
or hydrogen, is becoming increasingly important.
Another type of impact on the atmosphere is the
destruction of the ozone layer. High temperatures
during rocket flight lead to the formation of large
amounts of nitrogen oxides, which can destroy ozone
in the stratosphere. The destruction of the ozone
layer is a global environmental problem with serious
consequences for the environment. The current state
of the industry does not have a large-scale impact on
climate change. However, looking to the future, the
dynamics of the growth in the number of launches
indicates the need for environmental regulation.

Keywords: Environment, ozone layer, emissions,
air pollution, rocket engine

Problem statement

The space industry is one of the fastest growing
industries in the world today. Revenue from this
industry is projected to grow from $350 billion in
2019 to over $1 trillion and is expected to reach $2.7
trillion by 2045 [18].

This huge demand is due to many factors: lower
launch costs due to commercialization, increasing
dependence on satellite technology for GPS,
surveillance, and broadband internet. The issue of the
militarization of space remains open. In this regard,
new space launch and rocket production centers are
emerging around the world. In addition, 2021 can be
considered the beginning of commercial spaceflight
and space tourism [5]. Thus, the space industry is
growing rapidly, but it also has a significant impact
on the environment.

As the number of rocket launches grows annually,
there is a need to adapt the regulatory system as
the industry is subject to change. An increase in
the number of launches can lead to an increase in
negative environmental impact, in particular, even a
small increase in the number of launches compared
to current levels can have serious environmental
consequences [6]. At the same time, the CEO of
SpaceX said that the ultimate goal of Starship
development is to launch up to three times a day,
which is equivalent to about 1000 flights a year.
Therefore, regulatory authorities should anticipate
the negative consequences of such a number of
launches and take appropriate action. The purpose
our work is an analysis of the assessment of the
possible negative impact of space launches on the
environment.
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Analysis of the latest research and publications

Space rocket launches have a significant impact
on the environment in several key ways:

During rocket launches, various chemicals are re-
leased into the atmosphere, including aluminum ox-
ide, hydrogen chloride, soot, and other compounds,
depending on the type of fuel. These emissions can
cause acid rain, increase the concentration of sus-
pended particles in the air, and change weather con-
ditions in the areas surrounding the launch sites.
Particularly dangerous are soot emissions in the
upper atmosphere, as they can persist for several
years and have a significant greenhouse effect that
is hundreds of times greater than the impact of sim-
ilar emissions on the earth’s surface.

Some combustion products of rocket fuel, such
as nitrogen oxides and chlorine, can interact with
the ozone layer, causing its destruction. This in-
creases the level of ultraviolet radiation reaching
the Earth’s surface and can negatively affect human
health and ecosystems.

In the areas where separating parts of missiles
fall, soil contamination with rocket fuel residues
and structural fragments is observed. This can lead
to the accumulation of toxic substances in the soil,
which can be absorbed by plants and, ultimately,
by animals and humans. In addition, mechanical
contamination by solid fragments can reduce crop
yields [2].

Rocket fragments and inoperable satellites left
in orbit create space debris that poses a threat to
existing spacecraft and future missions. With the
increasing number of launches, this problem is be-
coming more and more urgent. As of 2023, there
are more than 23,000 objects of space debris larger
than a softball in Earth’s orbit, as well as more than
100 trillion untraceable smaller particles.

The use of nuclear power sources on spacecraft
carries the risk of radioactive contamination in the
event of accidents or uncontrolled reentry of such
vehicles to Earth. This can cause significant dam-
age to both the environment and human health [3].

The growing intensity of space activities re-
quires the development and implementation of in-
ternational standards and measures aimed at min-
imizing the negative impact on the environment.
This includes the use of environmentally friendly
fuels, the development of technologies to reduce

space debris, and effective management of the life
cycle of spacecraft. It is also necessary to system-
atically monitor and assess environmental risks as-
sociated with space activities to ensure sustainable
development and environmental protection.

Analysis of the latest research and publications

A thorough analysis of scientific articles, tech-
nical reports and reviews covering the impact of
various types of rocket fuel on the atmosphere, soil,
water resources and the ozone layer was conduct-
ed. The main focus was on research on pollutant
emissions, mechanisms of ozone depletion, and ac-
cumulation of toxic substances in soil and water.
The sources used include the works of the authors
[1,2,7,8, 11, 16, 17].

The types of rocket fuel were systematized and
classified, including solid, liquid, hybrid, and hy-
drogen. Each type of fuel was evaluated in terms of
its chemical

To quantify the impact of launches, data on the
number of launches in 2019 and associated emissions
(H,0, CO,, NOy, ALQO,, Cl,) were used. The mode-
ling results obtained from previous studies [15,12],
made it possible to assess how emissions from
launches affect the ozone layer and global climate.

The impact of chemical fuel residues and me-
chanical debris in the areas where rocket parts fall
on soils and water bodies was analyzed. Particular
attention is paid to spaceports in Kazakhstan, the
United States, French Guiana, and other regions
with high launch activity.

An analysis of the amount of space debris gener-
ated over the period 1957-2019 was carried out. The
data was obtained from international databases and
compared between the leading countries in terms of
the number of launches [17].

Best practices and strategies for reducing the en-
vironmental impact of rocket launches, including the
use of «green» hydrogen, the development of biofuels.

Determining the goals of the article (task
statement)

The aim of the study is to assess the environmental
impact of space launches.
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Summary of the main research material

In just 40 years, rocket and space activities have
created serious problems by polluting the earth’s
surface, atmosphere, and near-Earth space [17].
In this regard, it becomes extremely important to
objectively assess all areas of negative impact of
rocket and space activities.

The first obvious pollutant is space debris. Table
1 shows the countries that have been most active in
space activities. Between 1957 and 2019, 5912 launches
were carried out. The most active suppliers of space
debris are Russia, the United States, and China, which
account for 90.5% of all space debris [17].

Another environmental impact factor is emissions
from rocket engines. Although modern engines

Table 1

Amount of space debris for the period from 1957 to 2019 by country

Countries, regions

Number of polluting objects space

1 Russia 6075
2 USA 4867
3 China 3623
4 Europe 367
5 India 174
6 Japan 183
7 Other countries 605

Total: 16094

Table 2
Types of rocket engines in use today
Engine type ‘Fuel ‘Advantages ‘Disadvantages
Liquid fuel (hydrogen, |High traction, high ef-

oxygen, kerosene, liquid
nitrogen) and oxidizer

Liquid rocket engines

ficiency, possibility of | Complexity, high cost

adjustment of traction

. . Solid fuel (based on Simplicity, reliability, Low traction, inability to
Solid rocket engines polyurethane or nitrocel- . .
low cost adjust traction
lulose)
Combines the advantag-
. . Liquid fuel and solid ox- |es of RRD and TRTD: . .
Hybrid rocket engines idizer s o, el v Complexity, high cost

adjustable traction

Nuclear fuel (uranium

Nuclear rocket engines rod)

Potentially the highest
thrust, the ability to fly
long distances

Very difficult, expensive,
dangerous, ethical issues
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are capable of operating with high efficiency in
converting fuel energy into thrust, they are extremely
inefficient from an environmental point of view
[9]. Toxic rocket fuel has a catastrophic impact on
the environment. It pollutes the upper atmosphere,
where the accumulation of combustion by-products
leads to the loss of the ozone layer [3]. Table 2 shows
the different types of engines in use today.

Most of the air pollution comes from the
propellant and oxidizer used in the various stages
of a rocket launch. The four main classes of rocket
fuel that are most commonly used include kerosene,
hyperbolic fuel, liquid hydrogen (cryogenic), and
solid fuel [14]. The combustion of these fuels releases
various pollutants into the atmosphere, such as water
vapor, nitrogen oxides, black carbon, and particulate
matter. It is important to note that these pollutants
also contribute to the depletion of the ozone layer
through gas-phase reactions or activation of chlorine
in the atmosphere [13].

Figure 1 shows the locations of all 127 documented
rocket launches in 2019, dominated by China (34
launches), Kazakhstan (22), Russia (22), and US-led
launches in the United States (21) and New Zealand (6).

Others include launches by the European Space
Agency (ESA) from French Guiana (9), Iran (5), and
launches in India (6) and Japan (2) by their respective
space agencie. Shares by weight of the four main
fuels (kerosene, hypergolic, liquid hydrogen, and
solid propellants) used in each country [15].

Solid propellants dominate launches from Japan,
India, and French Guiana. Hypergolic fuels are
typical for China, Kazakhstan, and Iran. Kerosene
is the dominant fuel for launches in New Zealand,
Russia, and the United States. The total amount of
rocket fuel used in 2019 was 32 Gg and included 45%
kerosene, 32% hypergolic, 14% solid and 8% liquid
hydrogen [10].

Figure 2 shows the mass of each pollutant emitted
in 2019 within the model’s altitude range. This
includes the combustion of fuel in the booster and first
stage of the rocket, as well as from re-entry heating.
The relative mass of each emitted component is the
same for each month. Emissions from the booster
and first stage of the rocket, which occur within
the altitude limits of GEOS-Chem, account for the
majority of total emissions from all stages: 80% for
NOx, 94% for Al,O, and HCI + CI, 84% for H-0 and

Figure 1. Locations of rocket launches in 2019 and pie charts.




88

Figure 2. Mass of pollutants emitted in 2019 in the world

79% for BC. The amount of emissions above 15 km
is 78%-79% for H,O and BC, and 68%-69% for Cl
and A1 O, [12].

Different types of fuels have different
environmental impacts, depending on their chemical
composition and combustion processes.

Solid propellants, which are commonly used in
rockets, have a significant negative impact on the
environment. Its combustion is accompanied by
emissions of greenhouse gases such as CO, and
particulate matter, and emissions of nitrogen oxides
(NOx) and chlorine oxides (HCI) contribute to the
destruction of the ozone layer and the formation of
acid rain [7].

Liquid fuels, such as kerosene, jet fuel, or liquid
hydrogen, have a lower environmental impact. It
produces fewer greenhouse gases than solid fuels,
but it can still pollute the atmosphere with particulate
matter. There is also a risk of liquid fuel leakage,
which can lead to serious soil and water pollution [1].

Hybrid fuels, which combine elements of solid and
liquid fuels, have a lower environmental impact because
they produce fewer greenhouse gases and particulate
matter. However, chemical washout from rocket launch
sites, noise, and debris from launches can still have a
negative impact on the environment [8].

Hydrogen is considered to be one of the most
environmentally friendly rocket fuels because it does
not generate greenhouse gases during combustion.
However, hydrogen production can have a negative
impact on the environment, depending on the method
used. Speaking of green hydrogen, it is the only type
of fuel that has an environmental perspective [16].

While solid propellants are efficient for certain

types of rockets due to their stability and high energy
density, their combustion significantly contributes
to environmental degradation. Besides the direct
emission of greenhouse gases (GHG) such as CO,,
the particulate matter released during combustion
can contribute to air pollution and climate change.
Nitrogen oxides (NOx) and chlorine-based
compounds like HCl from solid propellants are
particularly damaging to the ozone layer, accelerating
its depletion. The accumulation of these pollutants
can also lead to regional ecological disturbances,
including acidification of soils and water bodies.
Liquid fuels, including kerosene and liquid
hydrogen, are widely used due to their relatively lower
GHG emissions compared to solid fuels. However,
the environmental risks associated with liquid fuels
primarily stem from their handling and storage.
Leakage of these fuels into the environment can lead
to soil contamination and water pollution, severely
impacting local ecosystems. For instance, kerosene
spillages can destroy vegetation and aquatic life
due to its toxicity. Moreover, while liquid hydrogen
combustion produces water vapor, its production
process, often reliant on fossil fuels, can result in
significant GHG emissions unless green hydrogen
methods are employed.Hybrid rocket fuels, which
utilize a combination of solid and liquid components,
represent a middle ground in terms of environmental
impact. These fuels offer reduced GHG emissions
compared to solid fuels and generate less particulate
matter. Despite this advantage, the environmental
consequences of hybrid fuel usage are not entirely
negligible. Noise pollution from launches, chemical
runoff from fueling stations, and debris from rocket
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components can disrupt local biodiversity and
ecosystems near launch sites [9].

Hydrogen, especially green hydrogen derived
from renewable energy sources, holds great promise
as a sustainable rocket fuel. During combustion,
hydrogen produces only water vapor, making it a
clean alternative to traditional fuels. However, the
environmental footprint of hydrogen depends heavily
on its production method.

Conventional hydrogen production through
steam methane reforming generates considerable
CO, emissions unless carbon capture technologies
are employed. On the other hand, green hydrogen,
produced through electrolysis powered by renewable
energy, offers a truly sustainable and environmentally
friendly option. Nonetheless, challenges such
as storage, transportation, and the high cost of
production need to be addressed for broader adoption
in the aerospace industry.

Regardless of the type of fuel used, space launches
have several secondary environmental impacts. These
include: the intense heat generated during launches
can damage nearby vegetation and soil, while shock
waves can disrupt wildlife and ecosystems; residual
fuels and oxidizers can contaminate soil and water
around launch sites; the proliferation of space debris
from launches poses a long-term challenge, not only
for future space missions but also for atmospheric
re-entry, which can release toxic substances; rocket
launches generate extreme levels of noise, which can
disrupt human and animal populations in the vicinity.

Future Directions to mitigate the environmental
impacts of rocket launches, research and development
efforts are focusing on: developing cleaner fuels,
such as bio-derived rocket fuels or advanced forms
of green hydrogen; improving the efficiency of rocket
engines to minimize fuel consumption and emissions;
implementing stricter environmental regulations
for rocket manufacturing, fuel production, and
launch site management; investing in technologies
to capture and neutralize emissions at launch sites;
designing reusable rockets to reduce waste and
debris associated with single-use components.

The transition toward more sustainable space
exploration practices is critical to balancing
humanity’s scientificambitions with the responsibility
to protect Earth’s environment.

Destruction of the ozone layer and its connection
with the flight of large rockets. The Earth’s ozone

layer, located in the stratosphere, protects us from
the sun’s harmful ultraviolet (UV) radiation. This
layer consists of ozone (O,), which is destroyed
by active catalysts such as nitrogen oxides (NOx),
chlorine oxides (Clx), bromine oxides (Brx), and
hydroxyl radicals (OH) [11]. The exhaust gases
from rocket launches, regardless of the type of fuel
(Fig. 2), contain NOx, OH and H,O, which also
destroy ozone. Ozone loss can be localized, within
the exhaust plume, or global, reducing the ozone
concentration in the entire ozone layer [17].

In general, the impact of different catalysts
on ozone depletion can be distinguished. NOx:
Catalytically destroys ozone molecules in the
stratosphere. Sources: launch vehicles (mainly
Russian and Chinese), airplanes (UDMH/N204).
Impact: 10 Proton launches: 0.00012% annual ozone
reduction. Actual losses (2000-2009): 0,00016%.
Largest contributors: Russian and Chinese missiles.
Contribution of the US Air Force: insignificant
(0.0000005%) [2].

Clx: Catalytically destroy ozone molecules in
the stratosphere. Sources: Solid rocket engines
(mostly perchlorate-based). Impact: 816 tons of Clx
annually: 0.052% of annual ozone decrease at 60°N,
0.017% at 30°N. Actual losses (over 20 years): 0.14%.
Largest contributor: US missiles (23.5% over 20
years). Contribution of the US Air Force after 2003:
5,4%. Future projections: 0.0004(3) % annual ozone
decrease [1]. AlO,: Photochemical process: AlO,
reacts with chlorine to form Clx. Sources: Solid
rocket engines. Impact: 1120 tons of Al O, annually:
0.004% annual ozone depletion. Actual losses (over
10 years): 0.004%. Contribution of the US Air Force:
0,0005% (2006-2008) [14]. H,O: Negligible impact,
indirectly through NOx. Sources: launch vehicles
(mainly Proton). Impact: 628 tons of H,O annually:
0.00001% annual ozone reduction. Although the
impact of some substances, such as H,O, may be
negligible, the overall impact of rocket launches on
the ozone layer needs to be carefully studied and
monitored. [2].

Conclusions and prospects for further research.
Space exploration has become a milestone in human
history, providing access to satellite maps, television,
and other technologies that are now an integral part
of our lives. However, the development of the space
industry has significant environmental consequences
that require immediate attention. Every space launch
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is accompanied by emissions of pollutants that have
a negative impact on the environment, including
ozone depletion, climate change, acid rain, and an
increase in space debris.

Research shows that the growing number of
space launches increases emissions of black carbon,
nitrogen oxides, water vapor, and other pollutants
that contribute to ozone depletion and global climate
change. Particularly dangerous are solid fuel and
kerosene rockets, which produce high levels of
pollution and have a significant impact on the
environment. In addition, the accumulation of space
debris poses additional risks to the Earth’s ecosystem
and the functioning of spacecraft.

Ozone depletion and climate change pose a serious
threat to human life on Earth. The consequences of
these phenomena can be unpredictable, including an
increase in the level of ultraviolet radiation, which
negatively affects human health, agriculture and
ecosystems in general. Therefore, there is an urgent
need to develop strategies aimed at reducing the
negative impact of space activities.

The main measures to minimize environmental
risks are: development of more environmentally
friendly rocketengines, in particular based on «green»
hydrogen, which does not produce greenhouse gases;
reducing the frequency of launches by optimizing
launches and commercializing space technologies;
implementing strict regulatory standards to limit
emissions and monitor their environmental impact;
investing in research into methods to restore the
ozone layer and combat climate change.

Sustainable development of the space industry
is possible only if environmentally friendly
approaches are integrated into all aspects of its
operation. Implementation of such measures will not
only minimize the environmental impact of space
launches, but will also help preserve the Earth’s
ecosystem for future generations.
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AHoTanis

CraTTs mpucBsiueHa po3poOIli Ta aHami3zy Moje-
Jeid TPOIECiB TEMI000MiHY B OXOJOIKYBaJbHii
CHCTEMI peakTopa HUPKYJSALIHHOTO Mipoi3y, 1o €
KJIFOYOBUM €JIEMEHTOM J1s1 3a0e31edyeHHs e(heKTHUB-
HOi Ta Oe3meyHoi POOOTH MIPOJII3HUX YCTAHOBOK.
Ox0nomKeHHsT PeakTopa B TaHOMY KOHTEKCTI Bifi-
I'pa€e BaXJIMBY pOJb Yy 3amobiraHHi neperpiy pobo-
YUX KOMIIOHEHTIB, 3HM)KEHHI €HEpreTHYHUX BTpAT
Ta 3a0e3MmeueHH1 CTa0lTbHOCTI MIPOJII3HOTO MPOIIECY.
B po6oTi po3rnsayTo (i3ndHi OCHOBHU TeIjIonepea-
Yl B OXOJIOJKYBAJIBHUX CHCTEMaXx, IO BKIIOYAIOThH
KOHBEKIIII0, TETJIONPOBIAHICTh Ta padiaiiftHuil Te-
II000MiH.

OxpemMo 3BepTaeThCsl yBara Ha METOIU MaTe-
MaTHYHOT'O MOJETIOBAaHHS, IO J03BOJAIOTH TOYHO
OIKCATH Ta IPOTHO3YBATH TEIUIOBI MPOLIECH B peakK-
TOpi, BPaXOBYIOUH 3MiHHI MapamMeTpu CEepelOBHUIIIA,
HANpPUKJIAJ, TEeMIepaTypy, MIBHIKICTh MOTOKY OXO-
JIOJKYBAJIBHOI PIIUHU Ta TEIIO(I3UYHI BIaCTUBO-
CTi MaTepiaiiB. Y CTAaTTi TaKOX MPEACTABICHO aHa-
Ji3 BILUTUBY Pi3HUX (PAKTOPiB, TAKHX K TEMIIepaTrypa
Ta TUCK, Ha €PEKTUBHICTH OXOJIOKYBaHHS, 110 103~
BOJISIE ONITUMIi3yBaTH POOOTY CHCTEMH Ta i IBUIIH-
TH 11 HaIWHICTb.

Po3po06eni Mozesi 3aCTOCOBYIOTHCS /I BU3HA-
YEeHHS TeMIEepaTypHUX PEKHUMIB B PI3HUX YACTHHAX
peakTopa Ta OXOJOIKYBaJIbHOI CUCTEMH, a TaKOXK
JUISL ONITHUMI3alil PO3MOALTY Temjga MiX pPI3HUMH
€JIEMEHTaMU CUCTEMH. MOJIeTIOBaHHS MPOIIECIB Te-

J000MiHYy JTO3BOJISIE HE TIJIBKU 3a0€3MEeYUTH CTa-
OUIBHY pOOOTY MIPOTI3HOTO PeaKTopa, a i 3HU3UTHU
€HEepPreTUYH1 BUTPATH, L0 € BAXKJIMBUM aCIIEKTOM Y
KOHTEKCTI Cy4aCHUX BUMOT JI0 €HEPreTUYHOI edeK-
THUBHOCTI TPOMUCIIOBUX MPOLIECIB.

BukopucTaHHs 3arporOHOBAHUX MaTEMAaTHUYHUX
MojieTiel 103BOJIs€ OTPUMATH Ba)KJIMBI MapamMeTpu
JUISl IPOEKTYBAHHS Ta HAJAIITYBAaHHS OXOJOIXY-
BaJIbHUX CHCTEM, a TAKOX JJIs MABUILEHHS 1X eHep-
roe(eKTUBHOCTI Ta O€3MeKH B IPOoIieci eKCIuTyaTarii.
CraTTst Ma€e MpaKTUYHE 3HAUEHHS ISl 1H)KEHEpiB Ta
HaYKOBIIIB, 1110 3aiMAIOTHCS TPOEKTYBAHHSM Ta EKC-
IJTyaTali€ero MpoJi3HUX YCTAHOBOK 1 TEIMJIOTEXHiY-
HUX CHCTEM, a TAaKOX JUIsl TUX, XTO pO3po0Isie HOBI
TEXHOJIOT11 3 MepepOoOKH OpraHiyHUX MaTepiaiB.

KurouoBi ciioBa: nupkynsmiiauii mipomis, 6ara-
TOKOHTYpHA LUPKYJALIiHA cCUCTEMa, MOACTIOBAaHHS
Ta PO3PaxyHOK, PIBHOBAXXHHH CTaH, TEMJIOOOMiH,
TEXHOJIOT1UHI TapaMeTpH.

Abstract

The article is devoted to the development and
analysis of models of heat exchange processes in
the cooling system of a circulating pyrolysis reactor,
which is a key element for ensuring the efficient and
safe operation of pyrolysis plants. In this context,
reactor cooling plays an important role in preventing
overheating of working components, reducing energy
losses and ensuring the stability of the pyrolysis
process. The paper discusses the physical
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foundations of heat transfer in cooling systems,
including convection, thermal conductivity and
radiative heat transfer.

Special attention is paid to mathematical modeling
methods that allow you to accurately describe and
predict thermal processes in the reactor, taking into
account variable parameters of the environment,
for example, temperature, coolant flow rate and
thermophysical properties of materials. The article
also presents an analysis of the impact of various
factors, such as temperature and pressure, on cooling
efficiency, which allows you to optimize the operation
of the system and increase its reliability.

The developed models are used to determine
temperature conditions in different parts of the
reactor and cooling system, as well as to optimize
the distribution of heat between different elements of
the system. Simulation of heat exchange processes
allows not only to ensure the stable operation of the
pyrolysis reactor, but also to reduce energy costs,
which is an important aspect in the context of modern
requirements for energy efficiency of industrial
processes.

The use of the proposed mathematical models
allows you to obtain important parameters for
the design and adjustment of cooling systems, as
well as for improving their energy efficiency and
safety during operation. The article is of practical
importance for engineers and scientists involved
in the design and operation of pyrolysis plants and
thermal engineering systems, as well as for those
who develop new technologies for the processing of
organic materials.

Keywords: circulating pyrolysis, multi-circuit

circulation system, modeling and calculation,
equilibrium state, heat transfer, technological
parameters.

IlocTanoBka npodJemMu

OCHOBHMMH KOHCTPYKTHMBHMMH OJIOKaMH YyCTa-
HOBOK 0araTOKOHTYPHOT'O LMPKYJISIIHHOTO Mipo-
mi3y (BLIII), € peakTop 1 cuctema UPKYIALIHHOTO
OXOJIOJKEHHS, JIOIATKOBOT IECTPYKIIIK Ta cTadiiza-
1ii mapora3oBoi cyMminn ByTJieBonHIB. B pe3ynbrari
PO3paxyHKy Ta MOJETIOBaHHS Ma€ OyTH BHU3HaueHa
IUIOIIA TEIUIOO0MIHY, 10 3a0e3Meuye 3aJany Mipy
NIEPETBOPEHHS CUPOBUHU 3a NeBHUM 4ac. [Ipu mpo-

My HEOOXiJTHO BpaxoBYyBaTH OOMEXKEHHS IO JIOIy-
CTUMIH TemmepaTypi Marepiandy CTIHOK PeaKTopa.
JluMOBI ra3u, 10 BIAXOASTh, MOBHHHI MAaTH MiHi-
MaJbHO HHU3BbKY TEMIIEPATypy Mepen BUKHIOM iX B
JuMap, 1€ MoB’s3aHo 3 €(PEeKTUBHIUM BUKOPHCTAHHSAM
CMAJIIOBAHOTO TAJINBA Ta MOKJIMBOCTI 3aCTOCYBaH-
Hsl KOreHepauiiHux npoueciB [3]. 3 mi€o MeToIo B
yCTaHOBKaxX mependavyaeTbcsi KOHBEKIIIITHA 30Ha, e
peaKTop HarpiBa€ThCs 3a PaxXyHOK TeIlia JUMOBHX
ra3iB Ta 30Ha MOBEPHEHHS Ta IUPKYJIALIi YACTUHU
apora3oBoi CyMillli 0 peakTopa st HOBTOPHOT Jie-
CTPYKIIII.

Meta

MopentoBaHHSI Ta pPO3paxyHOK IIPOIECIB Te-
IJI000MiHY B OXOJIOJ)KYBAJIbHIA CHUCTEMI peakTopa
HUPKYJSALIHHOTO MIpOMi3y Ui BU3HAYCHHS 4YUCIa
KOHTYPIB Ta reOMETPUYHI MapaMeTpH y 0araTokoH-
TYpHIH LMPKYIAMIHHIA cucTeMi, BU3HAYEHHS OC-
HOBHUX IOKa3HUKIB MPOIECIB JECTPYKIii BaX]KKHUX
PIAKUX MPOAYKTIB.

AHaJIi3 OCTAHHIX J0CTII:KeHb Ta myOJikani

Icnye nekinbka Mozemnel 1 METOIUK PO3PaxyHKY
KOHBEKTHBHOT'O TEIJIONEPEHOCY, 0 BHKOPHCTOBY-
I0Th Pi3HY Mipy reTaiizanii. BusHaueHHs MiHIMaIb-
HOT'O YHCJia KOHTYPIB MOKHA BUKOHATH 32 METOIOM
Mak Ke6a Tine ta meton [Tonmona — Casapi [4]. Sk
HAWTIOBHIIIINM, € METOJ ILJIEHHS Ta30X0/Y 3a CTyTIe-
HsiMu. [Ipu oro BUKOpUCTaHHI BECh 00’€M ra30Xoay
pO30MBAIOTh Ha TINSHKU (30HW) 1 BPAaXOBYIOThH Te-
MJI000MiH Ha KOXHIN 3 HUX. 32 MIPOCTOI0 MOAECIIIIO
TeruIonepeaadi NpUUMaEeThCS MOCTIHHA TeMIepary-
pa B Ta30Xx0/i OJHI€T CTyIIEH] 1 cepeaHs TeMIepary-
pa CTIHKH peakTopa JIpyroi ctymeni [10].

30HHUI METOJ O3BOJISIE AYy’Ke TOYHO 1 3 Bpaxy-
BaHHSAM BCIX YMHHHUKIB BH3HAYUTH TEMIIEPAaTypy B
OyIb-sIKUX TOYKax ycepenuHi razoxony. I[Ipore BiH
BEJIbMU TPOMI3IKHI, BUMAra€e BEIMKOrO YHcla iTe-
pariiif i He Ma€ ICTOTHUX TepeBar nepes MpoCTilIu-
MU MOJAEISIMH, 5K Tat0Th OJTU3bKi 32 3HAYCHHSIM pe-
3ynbTati. KpimM TOro, mpu mopiBHSHHI pe3yibTaTiB
PO3paxyHKY 3 EKCIIEpUMEHTOM HIKOJHM HE Bijoma
TOYHA BUTpaTa MajuBa naabHUKiB [13]. A npu pi3-
HUX BUTpaTax MaJuBa TEMIEpaTypu MO 30HaX 3HAY-
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HO PI3HATHCS. BUKOpUCTaHHS cepeHiX TeMIepaTyp
JTUMOBHX Ta3iB, 110 BiIXOASTh, 1 TEMIIEPATYP CTIHKH
JUTSL pO3PaxyHKY — y>ke TpyOe HaOIMKeHHSI.

Bukaan ocHoBHOro marepiajy

[[lo6 3a0e3meunT CEACKTUBHE BiIIIJICHHS BaK-
koi pigkoi ¢aszu (BP®) Bim maporazoBoi cymimri
(ITI"'C), HeoOXiTHO MaTH BiATIOBITHE YHCIIO KOHTYPIB
y GaraTokoHTYpHi# nupkysiitHii cuctemi (BLIC).
Jlist uporo Tpeda 3MOAETIOBATH, PO3paxyBaTH TEO-
PETUYHO YHCIO KOHTYPIB, BUXOASYHU 3 MiHIMaIbHOL
Modnekyisipaoi Mmacu 200 nist Buxianoi [I'C.

Teopernuno xoxxeH koHTyp MILIC (puc. 1) npen-
CTaBIs€ i/leaTbHUN TEMIOOOMIHHUK, 10 (opmye
cta 1 crpykrypy norokiB III'C i BP®, mo 3ano-
BOJIBHSIOTH HACTYITHUM BUMOTaM:

1. Moroku IIT'C 1 BP®, 1m0 BUXOAATh 3 KOHTaK-
THOI 30HHU, TIepeOyBaIOTh y CTaHi pIBHOBArH.

2. TTorik maporasosoi cymimii (ITI'C), mo Hagxo-
JUTHh KOHTaKTHY 30HY B TIONIEPEUHOMY TIepepisi, Mae
OJHAKOBHUM CKJIAaJ 1 MIBUAKICTD.

3. YV mexax xoHTakTHOI 30H1 BP® Mae oxnako-
BY MOJIEKYJISIDHY Macy 3 KOHTaKTHOI 30HU BP®, 1m0
BUXOJIUTb.

Po3paxyHOK peakTopa 3 Ta30X0JOM BEIEThCH,
(akTUYHO, 3aBX/IM B TIEPEBIPOYHOMY BapiaHTi, TOO-
TO 3a3JaJIeri b BUOMPAIOTh iX KoH}irypamito. Kpim
TOT0, 3a3BHYal 3aJIaI0THCS TEMIIEPATYPOIO, PHU SIKil
CHpPOBHMHA TOTpaIlisie B peaktop. Termomiasig 10
peaxTopa 3I1HCHIOETHCS TOJIOBHUM YMHOM 32 paxy-
HOK KOHBEKIIii.

VY 3arasbHOMY BHUIJISZL OJNOK-CXeMa pO3PaxyHKY
peakTopa 0araTOKOHTYPHOTO IUPKYJSALIHHOTO Ti-
pomnizy (BLIIT) mokazana Ha pUCyHKY 2.

CrnovaTky 3aJaloThCsl BUXIJHI JaHi IS po3pa-
XyHKY (650K 1): po3nozin cupoBuHH 1 i TemMnepary-
pH, CKJIaJ] CyMillli CHPOBHHHU 1 AJMBA; KOHPITYyparis
peakTopa (IOCIIIOBHICTh PO3TALIyBaHHS KOHTYpIB
BITHOCHO pyXy AMMOBHX T'a3iB); po3Mip, 3a/1aHa TEM-
nepaTypa JUMOBHUX ra3iB, IO MOCTYNAIOTh B JUMap
1 Tak gami. Kpim TOro, 101aTKOBO 331al0ThCSI ICSTKH-
MU BEJIMYMHAMH, 5K MEPEBIPSIOTH B XOA1 paxXyHKY
(610K 2).

3aNeXHO BiJl BAKOPHCTOBYBAHOI METOJUKU PO3-
paxyHKy KOHBEKTHMBHOI'O TIE€pEHECEHHs Terja [0
KOpIYCy peakTopa MPOBOJUTHCS PO3MOALIT PEaKTo-
pa, MOBEPXOHb 1 00’€MIB ra30Xo1y Ha AUIAHKHU (IO
crynensam) (6sok 3). Jlani mpoBOAUTHCS pO3PAXYHOK
ropinHs nanua (010K 4).

Jlnst po3paxyHKy Terionepenadi ycepeauHi pe-
aKTopa MaioTh OyTH BH3HA4YeHI Terao(pi3uyHi Bia-
ctuBocti [1I'C B peakropi (6:10k 5). insuicts [1I'C
PO3paxoBYIOTh 1O CKJIaTy, BBAXKAIOUU HOTO 1/1€aib-
HUM ra3oM. TemIoeMHICTh 1 B’SI3KICTh OepyThCs 3
JiTepaTypu abo po3paxoBYIOTHCS 3a BIIOMUMHU Me-
tonukamu [1].

[Ticiist, TPOBOAUTHCS PO3PAXyHOK TEIIOOOMIHY B
peakTopi (650K 6). Y 3B’SI3Ky 3 TUM, IO IO JOBXKHU-
Hi peakTopa Temreparypa, TUCK, CKJIaJl CHPOBUHHU 1
1HIII TapaMeTpu 3MIHIOIOTHCS, PO3PAaXyHOK HOTO 3a-
3BUYAll BEAYTh OKPEMO IO KOXKHIN A1ISHITL.

Po3mipn ocTaHHIX BHOMpAIOTH TaKUMH, I10O
MOXHa OyJI0 HEXTyBaTH 3MIHOIO YMOB YyCepenuHi
[UX JIISHOK.

Pucynox 1. Komn'tomepne 3D 300pasicents 6azamokoHmypHoi yupKyisayiiHoi cucmemu
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Pucynox 2. Brnok-cxema aneopummy pospaxyuky peakmopa BLII [2]

VY Grori 7 BUKOHYETbCS TIEpepaxyHOK KOHCTAHT
MIBUAKOCTEH  XIMIYHMX  peakuid mpu  3MiHi
Temneparypu cupoBuHH. [lo BigoMux BHUTpaTax
CUPOBHHHU, WOro CKJagy, THCKy 1 TeMIieparypi
pO3paxoBylOTh dYac TmepeOyBaHHS CHPOBUHU B
TIISTHIT peakTopa (610K 8).

[To BigOMHMX KOHCTAaHTax IIBHAKOCTEH peaxilii
1 yacy mepeOyBaHHS TOTOKY B JUISHII peakTopa
3HAXOJIUTHCS 3MIHA CKJIaly CHPOBHHHU B HIM (010K 9).
HepobutbcansaxoMiHTerpaliicucTeMU KIHETHUHUX
PIBHSIHDb, SIKa € CKJIAJJOBOIO YAaCTUHOIO NIpPOTrpamu.
[To 3miHI ckilagy MOTOKY BHM3HA4YaeTbcs MOTPIOHE
JUIs 1bOTO Termjo. Buxomsum 3 TermonepeHocy
KOHBEKIIil /0 MOBEPXHI peakTopa 1 TerJIoBiaadl
Bl Hel J0 CHpPOBUHHM YCEpeAuHl peakTopa,
OOYHCITIOIOTh TEIUIOHANPYXKEHICTh 1 TEeMIEpaTypy
MOBEpXHI peakTopa, a TakKoX TEMIEeparypy

CHpPOBMHM Ha BuxoAi 3 nimsHku (6mok  10).
VY 3B’s3Ky 3 HEpIBHOMIPHICTIO OOITpiBY peakTopa
BOXUJIMBO  3HAaTH  MaKCHMajbHI  TeMIepaTrypu
Horo moBepxHi. s 1BOro CIiJi BpaxoByBaTH
KOoe(iiEHT HEPIBHOMIPHOCTI MPOTPIBaHHS, a TAKOX
TEIUIONPOBIIHICTE 1 TOBIIMHY BIJKJIaJ€Hb Harapy Ha
30BHILIHIN MOBEPXHI peakTopa i TBEPAOTo 3aJTUIIKY
BCEpEINHI peaKTopa.

[TocniIoBHICTh PO3paxyHKIB 3 BHUKOPUCTAHHSIM
070kiB 5—-10 MOBTOPIOIOTH MO YMCIY AUISHOK 13
3MIHOIO TEMIEPaTypH Ha BXO/I1 B KOXKEH 3 HUX, [TOKH
He OyJie mpopaxoBaHo yBech peakTop. Ilicis uporo B
Omoui 11 BU3HaYaeThCs TEMIEpaTypa JMMOBHX Ta3iB
Ha TPaHUIIl 30H.

[Ticns po3paxyHKy KO>KHIM KOHBEKII1HHIH 30H1 Te-
PEBIPSIIOTH TEMIIEPATYPY AMMOBOTO ra3y: sSKIIO BOHA
CTa€ MEHILIE 3a/I1aHO1 BEJIMYUHU JJIsl BXOAY B IUMap,
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TO paxyHOK 3YNHUHSETHCS; 301IbIIYIOTh BUTpATy Ma-
JMBA B PEAKTOP 1 pO3paxyHOK MOBTOPIOIOTH 13 CaMO-
ro Moyarky. B KiHII paxyHKy TakoX IOpIBHIOIOThH
po3paxoBaHy 1 3a/laHy TeMIlepaTypu AUMOBHX Tas3iB.
V3romkeHHs MUX BeJIMYUH 3 TOUHICTIO £20°C Moxke
BBA)KATHUCS JJOCTATHIM.

Po3paxyHoK omopy razoxoy 1o TpakTy TUMOBOTO
razy 1 HeoOXiHOi BHUCOTH JauMaps 3poONeHHH 3a
BIJIOMUMH METOJUKaMH [9].

OnucaHuil BUIIE aJlTOPUTM PO3PAXyHKY €0
BUJIO3MIHIOETbCSA 3aJISKHO BiJI TOCTaBICHUX 3a-
BlaHb. Tak, mpuBeAECHA MOCIIOBHICTh PO3PAXyHKY
KOHBEKLIMHUX CEKII BIAMNOBIAAE€ «IPOEKTHOMY»
BapiaHTy, TOOTO KOJM BU3HAYAETHCS HEOOXIJHA MO-
BepxHs Teruonepenayi. Komu mosepxus 3anana (Tax
3BaHUH, «IEPEBIPOYHMIT» BapiaHT), TO HIYKAETHCS
temneparypa noroky III'C, mo narpiBaerscs. [lpu
IOMY CEKIIisl PO3PaX0OBY€EThCS ITepAIliitHO, OCKUTBKH
HEBIZIOMi TeMIIEpaTypH, 110 SKUX HarpieThCs MOTIK B
TPyOKaX MUPKYISIIIHHOT CUCTEMH 1 OXOJIOAATHCS JH-
MOBi razu. OKpeMuM BUIIAJIKOM € PO3PaXyHOK peak-
TOpa 3a TEMIIEPaTyporo HOro CTIHKH.

OckinbKu, 3 onHOro OOKy, BUTpara mnajuBa IO
MPUCTPOSX TAJIbHUKIB HIKOJIM HE BHUMIPIOETHCS, a
3 1HIIOK, TEeMIepaTypy MOBEPXHI peakTopa MOXHA
BUMIpATU 3 yuMaiow TouHicTio (£10-15°C), Taki
PO3paxyHKH JI03BOJISIOTH HAAIMHO BUSHAYUTH 3MiHY
TEeMIepaTypu MO JTOBKUHI peakTopa. OTpuMaHi pe-
3yJAbTaTH MOKa3yIOTh, 110 3MIHU TeMIIEpaTypH CTiH-
ku Ha 10-15°C cnabo BMIIMBAIOTH HA TEMIIEPATYPy
CUPOBHHH, TOJlI SIK HEBEIWKa TOBiIbHA 3MiHA IMPO-
¢u1r0 TeMnepaTypHu NOTOKY MOXKE IPUBECTH 10 ab-
COJIIOTHO HEPEaTbHUX PO3PAXyHKOBUX TEMIIEparyp
CTIHKH.

IIpuHIHMN po0OTH KOHTYPIB YCTAHOBKH

[lepBuHHY MaporasoBy CyMmilll, OTpUMaHy B peak-
TOpi, MiJAAI0Th MOCIiOBHOMY 0araTtocTyleHeBOMY
OXOJIO/PKEHHIO 3 TIOHM)KEHHSIM TeMIIEpaTypy KOXKHOT
CTyIEHl, MOYMHAIOYM 3 IOYATKOBOI TeMIepaTypu
[I'C, na 70-100°C, orpumaHy Ha KOXHIiH CTyImeHi
piaKy (paxifito OKpeMUX KOMIIOHEHTIB IMapora3oBoi
CyMillli TOBEPTaIOTh CAMOIJIMBOM y PEaKTop, 3a0e3-
MIEUYIOYH CIIOMYYSHHS MEPBUHHOTO MipOJi3y BiIXO-
JiB 3 IOBTOPHUM IMIPOJII30M OKPEMHUX KOMIIOHEHTIB
MI'C, a 3amumeny vactuny III'C HanpaBisitoTh Ha
HACTYMHY CTYMiHb OXOJIOJKEHHS.

JUis moanbIiuX po3paxyHKiB HEOOX1HO BU3HA-

YUTU KUIBKICTh KOHTYPIB YCTAaHOBKH Ta TEMIIepary-
py I1I'C Ha BXo/i 10 KOHTYpY Ta Ha BUXO/I1 3 HBOTO.

Po3paxyHok KiTbKOCTi KOHTYpIB Ta iX TemIie-
paryp. Jlns 3agaHoro ckiagy OpraHiuHux mooyTo-
BUX BIJIXO/[IB €KCTIEPUMEHTAIBHUM IIIJISIXOM 3HAXO-
JIUTHCSA MaKCUMallbHa TeMIieparypa peakropa bmax p
(HampuKIad, Ul BIXO/IB, IO MAIOTh PiBHI KUTBKO-
CT1 piI3HMX TONiIMepiB BoHa cTaHOBUTH 600—650°C,
npu nupomy temneparypa I[1I'C 6yge 450-500°C).

BinmoBigHO A0 IIBOTO PO3PAXOBYETHCS KITBKICTh
CTYTICHIB OXOJIOIXKEHHSI:

N _ thnrc_tnrcsux
KOHTYpPOB — At )
nie turcpux — TeMIlepaTypa KiHIEBOI CTyTEHI,

Egxnrc — mouarkosa temneparypa [1I'C,
At = (70 — 100)°C — Temneparypa 0XOJIOIKESHHSI
CTYIEHI.

Hani pospaxoBytotbest temneparypu [II'C Ha

BXOJI1 Ta BUXOJI A/ KOXKHOI CTyneHi: t1 50 = Coynres

tlBMx = tle - Ata tZBX = tlBMXa tZBI/IX = tZBX — At

BCI OCTaHHI TEMIIEPATypHd PO3PAXOBYIOTHCS
AHAJIOTIYHO.
Temmeparypy  3agaHOro  piBHS  peakTopa

MOBEPHEHHS PiKO1 pakiiii MOXKHA po3paxyBaTH 3a
dbopmyIoro:
toisl = tmaxp ~ tieuxs  Cpis2 = tmaxp — L2suxs

BCI OCTaHHI TEMIIEPAaTypH PO3PAXOBYIOTHCS
aHajoriuxo [3].

TermooOMiHHI TOBEpPXHI KOHTYpPIB TMIpOJIi3HOL
YCTAaHOBKM BHMKOHaHI Yy BHIVIS/I TUIACTHHYATHX
MIOBEPXOHB, MiX SKHUMU OpraHi3oBaHHI
MPOTUTEUINHUN pyX TeIuIoHOCIiB. Tomy momambIi
PO3paxyHKH BeTyThCS 38 METOTUKOIO JUTSl PO3PAXYHKY
IUIACTUHYATUX TETJIO0OMIHHMX arnaparis.

3aKOHOMIPHOCTI TETUIOOOMIHHUX Ta TiJpaBiid-
HUX IPOLIECIB B KaHAJIaX TEIJIOOOMIHHUX €JIEMEHTIB
BY3bKO CIICIliaTi30BaHl Ha BIAMIHY BiJ aHAJOTIYHUX
3QJIEKHOCTEH ISl TPyO4aTUX TEIUIOOOMIHHUX I10-
BEPXOHb. VIMOBIpHO, MOMKIIHBHIA IIEpeHOC PO3pobIIe-
HUX METOAMK Ha €JIeMEHTH IHIIUX TeTrI00OMIHHUX
MMOBEPXOHb, SIKI KOHCTPYKTHUBHO BIJPI3HAIOTHCS BiJ
JIAHOT, IPY TOYHOMY JIOTPUMAaHHI IPUHIUITIB TeOMe-
TPUYHOI Ta TIAPOAMHAMIYHOI MmoaiOHocTi. Po3paxy-
HOK TEIJTIOOOMIHY B KOHTYPiI OCHOBYEThCSI Ha 0a3o0-
BUX PIBHSHHSX TEIUIOBOTO OallaHCy, TEIIonepeaadi,




EKOMOTYHA BE3MEKA TA TEXHOMOTIT 3AXUCTY AOBKINNA 7/2025

97

Tabnuys 1

IIpu npoexkTHOMY pPO3paxXyHKY BUKOPHCTOBYIOTh:

BuxignHi nasi:

I'eoMeTpuyHi pO3Mipu CHCTEMH OXOJIOKEHHS
UPKYJISIHHOT CHCTEMH Ta PyXy IUMOBHX ra3iB:

Macosa Butpata noBitps Gy, KI/C
Macosa Burpara [1I'C G, Kr/C

Bximna Temmeparypa Ta THCK TMOBITPS
1nos> °C, P1nos- Ila

Bxinna temnepartypa ta tuck I1I'C ¢y,

OCa P1nres ITa
Buxinna remneparypa I[1II'C ty ., °C
Cyma BIIHOCHMX BTpaT THCKY IO

TpakTam : § P

Hosxuna L., M

[upuna b, M

TosmuHa nucra §,,M

IIpoxianuii mepepis KaHaIiB HOBITPS Syqp, M
[Tpoxiguuii nepepi3 kananiB g [II'C sy, M
[Tepumetp xanamniB nositps I, M
[Mepumerp xanamnis [1I'C I, M

Kpoxk kanamiB 1o muipuHi aucTa Sy, M

Kpoxk TernmooOMiHHHX €JIEMEHTIB B KOHTYPI1 t, M

2

HEPO3PUBHOCTI, a TAKOXK EMITIPUYHHUX 3aJICKHOCTSIX
JUISL pO3paxyHKy KOeQilli€eHTy TeIUIoBiaayi Ta Tif-
paBiiyHMUX BTpaT. BuxinHi naHi 10 po3paxyHKiB Ha-
BeZieH1 y Tabmwmmi 1.

Busnauaemo cepennto temneparypy III'C B

1 O . Cp — tl +t2

KOHTYpL, °C: t b = w

3a cepeHbOI0 TEMIIEPATYPOIO 3HAXOAUMO TEILIO-
emuicts [II'C C JUx/krx°C Ta TEIUIOBY MOTYX-

)
HICTb KOHTYpY ggri)iBHSIHHSIM TEIUIOBOTO OasiaHcy,
KBT: Q = Gy X Cp nre X (t2ure — t1arc)-

[lpuiivaemo B mepmioMy  NPUOIMIKEHHI
TEeMIeparypy Ha BHXOAI 3 KOHTYpY
PO3paxoByeEMO CEpeNHIO TeMIeparypy IOBITps B
KOHTypi, OCI tl(':IgB — tln(JB';thos

TEMIIEPaTyporo

tZHOB Ta

3a CCpCaAHbOIO 3HaAxXoJuMoO

. . 0
TEIIOEMHICTL  11OBITPA Cp o AK/KDX°C Ta 3a
PIBHSHHSM TETJIOBOTO OalaHCY 3HAXOUMO yTOUHEHY
TEMIEPaTypy MOBITPS 38 KOHTYPOM ,

Q

°C: t. =t -
2 noB 1noB ¢p non X Grnon
[lepeBiprMO TOYHICTH PO3PAXYHKY TeMIIepaTypu
2108 3a dbopmyroro: ,

12 nos ~ t2non

<é¢

{208

e & — HprIHHTa TOYHICTh PO3paxyHKYy. HKH_IO
YMOBA HE BUKOHYETBLCA, IIOBTOPHOEMO PO3PAXYHOK 3
HOBHM 3HAYCHHIM tZHOB.

3a cepemHIMH TemImeparypamMH TEIUIOHOCIIB

BU3HAYMMO HEOOX1/IHI JJIsl MOJABIINUX PO3PAXYHKIB
terutodizuuni napameTpu nositps ta [1I'C —ryctuny
Pros> Pure, kr/m®, koedilieHTH TEMIOIPOBiTHOCTI
Ao nre, Br/M*xK, munamiunoi HMnoss Hnre,
[Taxc,Ta KIHEMaTU4YHOI B’ A3KO0CTi , Vnoss Vrire, M%/c.

ExBiBajieHTH1 iaMeTpu MPOXOY TEIIOHOCIIB, M:

_ 4XSprc

HHFC

e _ XSnos. je
noB —
l-II'IOB

) nrc

Jlnst po3paxyHKy HIBHIKOCTI MOBITPS B KaHallaX
TEMI000MIHHOT MTOBEPXHI, 3aCTOCOBAHO CIIOCIO KUt
JI03BOJISIE CKOPOTUTH 00’ €M BaplaHTHUX PO3PaXyHKIB,
SAKUI TIONsArae y BUKOPUCTaHHI B3a€MO3B’S3KiB
MIBUJIKOCTEH 3 Hamepel 3aJaHol0  BEIHMYHUHOIO
CyMapHOi BTpaTH THCKY IO MOBITPSHOMY TPaKTy Ta
tpakty [II'C S Py/c :

5P;

y 0.28 x Cpure X Pros X Hios r
8X0.018 X Angp X Prnos ~ 1= 7

0.5

Wrop = e
[1 + iﬂoB X ‘di(l;[l‘c X

Tirc OB

Hure 0'8]
yﬂOE

1
X

3
dgrc
N X
Purc ToB

[1 + Lnrc X 0.416 X Pinos X m X

#HOB 702]
0.28 P1urc

LI'IOB ﬂnrc

HIBunkicte III'C B kaHamax TEMI000OMIHHOT
MOBEPXHI PO3PAXOBYETHCS 3 YMOBH DIBHOCTI B
eleMeHTI uucna kaHamiB jus noBitps Ta [II'C Tta
PO3paxoByeThCs 3a (OPMYIIOI0, M:

_ Pros Snos Grrc
Wpre = T8 X 2 X X
nrc

wl’[OB‘

SI'II‘C GHOB
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Yucna Peitnonbaca qs nositps ta I[I'C:

Re _ wl‘IOBxdl'IOB R _ wnrchgrc

MmoB ~— €nrc = :
vl'IOB vl'[I‘C

Uucna Hyccensta g mositps ta III'C

PO3PAXOBYETHCS 32 EMITIPUYHUMHU 3aJICKHOCTSIMU:
0.8
Nu,,, = 0.018 x Re%8 | Nu,.. = 0.018 x Re’8

Koediuientu tennosianaui nosirps ta [1I'C, Bt/
M*XK:
aHOB — NuHOBxAHOB’ anrc —_ NuHFCXAl'[I‘C
dI?IOB dl?lFC
KoedimieHnT Tennonepenadi KOHTYpY BU3HAYUMO
3a popmyiioro, Br/m*xK:

1
K =— 5, 1

Xnos )-_CT &nrc
Aer, ne — KOe(]ILi€HT TEIUIONPOBIIHOCTI MaTepiary
TETIO00MIHHOT TOBEPXHI.
Cepenniii TemnepaTypHUil Hamip BU3HAYUMO SIK
cepeHiil He norapugMiuyHui mpu mpoTH Tedii, °C.

_ (t1HOB_tZHI‘C)_(tZHOB_t].HI‘C)
cp In (t1nos—t2nrc) :
(t2n08—t1nrc)

At

[1noma nmoBepxHi TEMI000MiHY KOHTYpPY BU3Ha-
YHMO 32 PIBHSHHSM TeIlIonepeaadi, M2:
_Q
AtepxK
3HaiiieM0  HEOOXiJHI ~ MPOXiAHI  TEpeTH-
HU BciX kanHaniB mo mositpto Ta III'C Biamo-
BIIHO 70 BH3HAYCHUX BUINE LIBHJIKOCTEH, M’

Gl'[OB GHFC

) _———
pHOwaHOB pl'[I‘Cxwl'll"C
3HaliIeMO KITBKICTh KaHAJIB IO TOBITPIO Ta
III'C, mT:

SI'IOB = nrc

SI'IOB Sl'[l"C

Sl'[OB

ZI'IOB -

Z =
s> 41rc .
SHFC

3HaliZieny KiUTbKICTh KaHaliB 1o nositpio ta [11'C
HEOOX1HO OKPYTIUTH 10 LIJUX Ta NPUHHATH PiB-
HMMH OJUH JI0 APYroro Zmos — Zurc

Po3paxoByemo nosxuny nuisxy [1I'C B Temnoo6-
MIHHOMY €JIeMEHTi, He0OXi/IHY IO IJIOIII MOBEPXHI
TEIIOOOMIHY 3 ypaxyBaHHAM HEepUMETpa KaHaTy

s IIIT'C, m:
Lnrc = L
ZHFCXHHFC
l'a3zoBa cTOpOHA MpPUIMAETHCA 3a PO3PAXyHKOBY
00 Koe]ilieHT TerIoBiiaui MPOAYKTIB 3rOpSHHS
MeHIe 3a KoedilieHT TeryoBianadi nosiTps. Ilo-

PIBHIOEMO OTpUMaHy AOBXKHHY JINCTA Ta MPHIHS-

TUH KOHCTPYKTHBHUU pPO3MIp JOBXKHMHM JIMCTA Ta
npuitMaemo Benuuuny Lpre piBHOIO 260 KpaTHOO
CTaHJAPTHUM JOBXHHAM MPOMITbHUX JIHCTIB.

PospaxoByemommpunynucta,m:b, = 0.5 X L,
Ta PO3PAXOBYEMO KUIBKICTh KaHAJIIB 10 IIUPHHI JIU-
CTa, IT: n, = —.

S1

OxpyrIisieMo OTpUMaHe 3HaYEHHS JI0 L1JIOTO.

Bu3HauaeMo KUIBKICTh TEMIOOOMIHHUX €JIeMEH-
TiB B KOHTYpi 10 ppoHTy Habiratouoro notoky I1I'C,
11T, —_ ZHOB

N = —=,

nK

OxpyrIisieMo OTpUMaHe 3Ha4EHHS JI0 L1JIOTO.

B mporeci nmepeBipoyHOro po3paxyHKY yTOdy-
I0TbCS (PAaKTUUHI TEIUIOTEXHIYHI XapaKTePUCTHUKU
pU IPUUHATHX PO3Mipax Ta KOMIIOHOBIII KOHTYDY.

[IpuiiMaemo B mepuioMy HaOIM)KEHH1 3HAYCHHS
TeMIepaTypH MOBITPs Ha BUXOi L2nos> °C Ta 1o ce-
peIHIM 3HAUEHHSM TEMIIEPATyp 3HAXOIUMO TEIIO-
(i3u4HI BIACTUBOCTI TETIOHOCITB.

Po3paxoByemo (akTHUHY IJIOILY MOBEpPXHI Te-
I000MIHY CeKIIii, M?:

P;J = nEC X nEC X l—Il'll"C X LHFC'

Busnauaemo (akTHuHI cymapHi MPOXijaHI mepe-
TUHU KaHAJB TEINIOOOMIHHUX €JIEMEHTIB II0 MOBI-
tpro Ta [II'C, Mm%

SI'IOB = nec X nK X SHOB’ SI'II"C = nec X nK X Sl'[l"C

®daktuuHi mBUAKOCTI moBiTps Ta [1T'C B kaHamax
TEMIO0OOMIHHHUX €JIEMEHTIB, M/C:

GHOB
pHOBxSHOB

Koedimientn tenmnosigmaui nosirps ta [II'C ta
CYMapHHM KOe]iIieHT Terionepeaadi KOHTypy 3Ha-
XOJIMMO AHAJIOTTYHO MPOEKTHOT'O PO3PAXYHKY.

TerioBy TOTYXHICTh KOHTYpPY BH3HAYMMO 32
dopmyroro s npotutedii, KBT:

W _ _ Grrc
noB — > nrc — .
PrurcXSure

Q= (tlnrc - tlnma) X Wype X
X K o
1 _ exp C X —-nrc
X Irc wHOB
w E XK Wyre
1-——"EXxexp|——-—X%x 1-—
wl'lOB Irc wHOB

Buxigni remneparypu nositps ta I1I'C 3naiige-
Mo 3a popmynamu, °C:
Q " Q

t 2nos = tinos — » Lanre
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[lepeBiprMO TOUHICTH PO3pPaxXyHKY TeMIIEpaTypH
2108 32 bopmyIIoF0:

tZHOB_tZHOB < €

t2nos
(nst L2nre TounicTs PO3pPaXOBYEThCS AHAJIOT1YHO),

1€ & — IPUIHATA TOYHICTh PO3paxyHKYy. SIKIIo ymo-
Ba HE BUKOHYETHCS, TOBTOPIOEMO PO3PaXyHOK 3 HO-
BHIM 3Ha4CHHsM L2moB.

[Ticnst mpoBeAeHHS NEPEBIPOUYHOrO PO3paxyH-
Ky, OTpPUMaHi pe3yJIbTaTu HEOOXiJHO CIiBCTaBUTHU
3 BIJTIOBIIHUMU JaHUMU MPOEKTHOTO PO3PAXYHKY.
SIK110 po3xomKeHHs (PaKTUYHHUX 3HAYEHD TEIJI0TEeX-
HIYHUX XapaKTEPUCTUK KOHTYPY 3 iX 3HAUECHHSMH,
3aJlaHUMU Tepe]] MPOEKTYBaHHAM, He Ounbiie 0,5%
TO pe3yJbTaTH KOMIIOHOBKM MO)KHA BBa)KaTH 3aJ10-
BITEHUMU.

Merta rigpaBaidyHOr0 po3paxyHKy — BH3HAYCHHS
BTpaT TUCKY IO TPAKTy KOHTYpY. Po3paxoByroTbcs
Koe(illieHTH BTpAT TUCKY 3 MOBITPSHOI CTOPOHH Ta
croponu [1I'C moxxHa 3HaliTH 32 popmynamu:

€non = 0.416 X Reyo, 2 Ta &, = 0.28 X Reype 2.

Brparu THCKY 3 MOBITPSIHOI CTOPOHU Ta CTOPOHHU
II'C mo>xHa 3HaiTH 32 opMyTamMu:

2
Lyios X Wrop

APIIOB = dI?IOB 2 s

EHOB X pl'IOB X

Lyrc wnrcz
SHFC x pHFC >< de X 2 *
rc

BigHOCHI BTpaTh THUCKY 3 MOBITPSIHOI CTOPOHU Ta
ctoponu [1I'C po3paxoByroThcs 3a hopmynamu:

APrlrc =

8Pos = 2% X 100% Ta

noB

_ APy

6P, = - X 100%.

CymapHi BIIHOCHI BTpaTH THCKY 3 TOBITPSHOI
ctoponu ta croporu I1I'C po3paxoByroThes 3a CITiB-
B1THOIIIEHHSIM:

6Py = 6Pyop + 0By

S0 po3paxoBaHa BiTHOCHO CyMapHa BTpaTa THC-
Ky TIO0 TpaKTax KOHTYPY MEHIIe 3aJaH0i TO MOYKHA
30UTBIIATH IBUIKICTh TEUil TEIIOHOCIS HA BETNYHHY,

(-\/8p23aaaﬂ - 8P)3pacq - 1) +100%

1ie TpUBEJE 10 3MEHIICHHS IUIOIII MOBEPXHI Te-
MJI000MiHY 1 MaCH CUCTEMHU.

Po3paxyHOK reOMETpUYHUX XapaKTePUCTUK KOH-
TypiB CHUCTEMHU OaraTOKOHTYpPHOIO Mipoii3y, Maii-
KE 3aBXK]U, BUKOHYETHCS K nepeBipounuil. ToOTo
CIOYaTKy MPUUMAIOTh KOHCTPYKIIIIO, a MOTIM PO3-
paxyHKOM IEPEBIPSIIOTH i1 31aTHICTh MPAIIOBATH Ha
3alaHoMy pexkumi. Ha oCHOBI BHXIiIHOI reomeTpii
Oyna po3po0ieHa TpUBUMIpHA FeOMETPUYHA MOJICITb
[Iapora3oBoro TpakTy monayns (pucyHok 1). Me-
TOAW ONTHUMIi3allii B MOJENIOBAHHI TEXHOJOTTYHHX
MIPOIIECIB Ta YCTaTKYBAaHHS 3aCTOCOBYBAJIUCH 3 BU-
KOPUCTAHHSIM KOMITIOTepHUX TexHomorii ANSYS
(Fluent), COMSOL Multiphysics. Monens crana
OCHOBOIO JJIsI TIOOY/IOBH KIHLIEBO-00’€MHOI po3pa-
XYHKOBOI CITKH, III0 CKJIQJA€THCS 3 TETPACAPUIHHUX
€JIEMEHTIB cepenHiM 00’emom 2,2-107 m*. ¥V sxocTi
MOBEPXHI TEMJI000MiHY BUKOPUCTOBYETHCS TPYOHUI
My4OK 3 IIAXOBUM KOMIOHYBaHHSM TpyOOK. 30BHI
BiH OXOJIOJIKY€ETHCS TIOBITPSM, sIKE Habirae monepex
oci TpyO.

OxomnomxeHHsT NOBITpAM OyJi0 BUOpaHO cnupa-
I0YHCh HA JIETKICTh PEryJIOBaHHS HOr0 BUTpATH, Ta
Ha HU3bKY TEIUIOEMHICTh. Lle 103BoJIsie perynoBaTu
TEIUIO3 €M Y BEIUKHX Jialma3oHax, TUM CaMHUM pe-
T'YJIOETBCSI CKJaJ BHUXITHOI PEUOBHUHHU (MPOAYKTIB
niponizy).

Buxonsuu 3 po604nx KpecieHb CTBOPEHO po3pa-
XYHKOBY CITKY SIKY 300pakeHO Ha PUCYHKY 3, BOHa
ckyamaetbes 3 350 Tuc. Bivok [5].

Pucynok 3. Po3paxyunkoea cimka KoHmypy cucmemu 6a2amoKoHmypHO20 NipOLi3y
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Pucynox 4. ITouamxosa gasa konoeHcauyii
komnoHenmie easxckoi ppaxuii III'C npu

8X00JHCeHHI IX 8 NePUILTi KOHMYDP MPLOX KOHMYPHOL

UUPKYIAUTUHOL cucmemu

Pucynok 6. Cepedns pasza koHoeHcauii
komnoHenmie eaxckoi ppaxuii III'C npu
po3nodinenHi ix 6 nepuiomy i 0pyeomy KOHMypax
MPvOX KOHMYPHOT UUPKYTIAUITIHOT CUCeMU

Pucynoxk 8. ITouamxosa pasa koHuenmpauyii
napie cepedHix gpaxuyiti 8y2nes00Hi6 i nouamox
300py Komnonenmie saxckux pioxux gpaxuii IIIC
8 HUNCHILL YACMUHT NePUI020 KOHMYPY mpPbox
KOHMYPHOT WUPKYAAUTUHOT cucmemu

Pucynoxk 5. [Touamxosa ¢pasa konoeHcauyii
komnoxenmie saxckoi ppaxuii III'C npu
6X00JiCeHHI X 8 Opyeuti KOHMYpP MPLOX KOHMYPHOL
UUPKYTAUIUHOL cucmemu

Pucynox 7. Cepedns pasza koHoeHcauii
komnonenmie saxckoi ppaxuii III'C npu
Dp0o3nodinenHi ix 8 MpPvLOX KOHMYPAX MPbOX
KOHMYPHOT YUPKYAAUIUHOL cucmemu

Pucynok 9. Puc. 9 — Cepedns gpasa xonuyenmpauii
napie nezkux gpaxuyiii 8y2ne600Hi6é 8 MPvox
KOHMYPHItl UUPKYAAUITIHITL cucmemi
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Pucynoxk 10. Yemanoenena ¢pasa koHyeHmpauii
napie neskux Ppaxuyiti 8y2nes00Hi6 6 MPvox
KOHMYPHIll WUPKYNAUYITIHILL cucmemi

[lepeBipounnii pO3paxyHOK BUKOHYBAaBCs
KOMIT FOTEPHUM MOJICJIIOBAHHIM TEIJIOOOMIHY MiXk
OXOJIO/DKYIOUYUM TOBITPSAIM Ta TPYOHHM ITyYKOM.
Pesynpratu HagaHi y BUIIISAL 300paskeHb KOHTYPIB
PO3MOiNy KiHETHYHOI eHeprii, TUCKY Ta TeMIiepa-
TypU pyXy MOTOKY HOBITPS Ha MaKCHUMAaJIbHIN BH-
Tparti (puc. 4-11 Ta 12-14). Takox nmpoaHaiz0BaHO
BTpaTH TUCKY IPU Pi3HIM BUTpATi MOBITPSL.

[louaTkoBa Temmeparypa OXOJOIXKYIOUOTro TOBi-
Tpa npuitHaTa 20°C, cepenHs Temmeparypa CTIHOK
TpyOHoro nmyuka — 600°C. Takox 3acTOCOBYBaJHCSA
(bopMyIn 3aJeKHOCTI TEIO(I3UYHUX BIACTUBOC-
TEH MOBITPS BiJ TEMIIEPATYPH, 11€ 3HAYHO 3MEHIIINIIO
noxuoKky po3paxyHky. [IpoananizoBaHo qiana3oH BU-
TpaT OXOJOKYI0Uoro noBitps Bix 0 10 750 m*/ron.

[IlaxoBe KOMIIOHYBaHHsI TPYOHOTO Iy4ka OyIo
00paHO BUXOISYM 3 TOTO, L0 TEIJIONepenaya Mmpu

Pucynox 12. Po3nodin kinemuuroi enepeii nomoxy
no npomouniil wacmuni Il-20 konmypy cucmemu
6a2amokoHmypHo20 Niponisy

Pucynoxk 11. [Touamxosa pasa koHOeHcayil 8anKux
ppakuiii 8y2nes00Hi8 ceneKMuUeHo 8i0ibparux 6io
suxionux neexux gpaxuiti I1II'C na mpemvomy
KOHmMYypi 8 MPpboX KOHMYPHILl UUPKYIAUITIHITI
cucmemi

fioro oOTikaHHi OinblIa HiX TpU OO0TIKaHHI KOpHU-
JIOPHOTO ITyYKa.

B pesynbraTi mpoBeleHHS OOYHMCIIOBAIBHOTO
EKCIIEPUMEHTY OYyJIO JOCIIIKEHO TUHAMIKY HecTa-
[{IOHAPHUX TOJIiB PO3MOALY MAacOBHX KOHLEHTpA-
I[ii OCHOBHMX KOMIIOHEHTIB POOOYOro CepeIoBHUIIA:
napiB BaXKKHUX, NMPOMDKHHUX Ta cepenHix (pakiiit
naporasoBoi cyminri, cymimi piakux ¢pakmiid. Ta-
KOXK JIOCHIKYBaiach AMHAMiKa HECTAI[lOHAPHOTO
HOJISl SHTAJBIIN maporazoBoi cywimi. PesyiasraTti
o0uMCIIeHb MPECTaBIICH] y BUTIIAI AlarpaM Ha pu-
cyHkax 4—12.

HaiiGinpmuii xoedimieHT TemoBigmadi Oyne y
nepIIoMy psifi maxoBoro my4ka. [Tounnarouu 3 3-ro
psiny KoedilieHT TerIoBiaaaydi He 3MIHIOETHCS, L
MIOB’13aHO 3 TUM, 1110 KIHETUYHA EHEePris Teyii 3a 3-M
psioM cTabii3yeThest 1 Ha Aalli He 3MIHIOETHCS.

Pucynoxk 13. Bmpama mucky no npomoutii
uacmuni II-20 konmypy cucmemu
6azamokoHmyprozo niponisy, Ila
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Pucynok 14. Temnepamypa no npomouniii uacmuHi
II-20 koHmypy cucmemu 6a2amoKoHMypPHO20
niponizy, K

Ha pucynky 14 300pakeHO 3MiHy TeMIlepaTypu
npu OOTIKAHHI OXOJIOJKYIOUOT'O TOBITPS TapsiuMXx
TpyO. AHaJi3ylouu e 300pa)keHHs MO)KHA 3pOOH-
TH BUCHOBOK, 110 HEOOX1THO 3MEHIIUTH 3a30p MiX
TPYOHMM IyYKOM Ta CTIHKOIO Koxyxa. Lle mo3Bo-
TUTh 30UTBIIUTH KIHETUYHY EHEPrilo y TpyOHOMY
My4KY, OCKUIBKH 301IBIINTHCS BUTpATa 4epe3 HbO-
ro. Takox HEe0OXi1JHO BpaXxyBaTH KyT PO3KPHUTTS JAH-
¢by30opa Ta Horo 10BKHUHY, 11€ J03BOJIUTH BUPIBHATH
IIBUJIKICTh HaOIraroyoro MmoToky Ha TpyOKH, TUM
caMHM 301bIINTH KOPUCHY IIOUTY TETIOOOMIHY.

MopentoBaHHSIM Teuii 0XOJOMKYI0UOro MOBITPs
IpU pi3HUX Horo BTparax OyJau OTpUMaHi 3HAaYCHHS
aepoauHamiuHoro omnopy II-ro koHTypy, siKi HaBeze-
HO y BUTJIAI rpadiky (pucyHok 15).

B pesynbrari anamnizy Oysa qoBeieHa epeKTHBHICTD
BUKOPHUCTaHHSI TPYOHHUX ITy4YKIB IIAXOBOI'O KOMIIOHY-
BaHHA. [loOynoBaHa 3aJISKHICTh AEPOJMHAMIYHOIO
OTIOPY BiJl BUTPATH OXOJIOMKYIOUOTO TIOBITPSL. A TAKOXK
BKa3aHI OCHOBHI PEKOMEHJAIll JJisi MPOEKTYBAHHS
KOHTYPIB 3 MOBITPSIHUM OXOJIOPKCHHSIM:

*  30LIbIIEHHS TONEPEYHOr0 KPOKY IPU3BO-
JIUTH JI0 TiBUIICHHS Koe(illieHTa TenoBiIIadl Ta
3HIKEHHIO aepOAMHAMIYHOTO OTOPY;

*  3MEHUICHHS MOB3J0BXHBOI'O KPOKY IMPU3BO-
JIUTH JI0 TiBUIICHHS Koe(illieHTa TeNJOoBIIIadi Ta
aepoIMHAMIYHOTO OTIOpPY;

*  HEOOXiJHO JOCSATTH HAaWMEHII MOXKJIUBOTO
3a30py MiXK TPYOHHM ITyYKOM Ta CTIHKOIO KOXKYXa;

*  1nudy30p HOBUHEH MAaTH TAaKHH KyT PO3KPUT-
TS Ta JOBXKUHY, sIKi 3a0e3redaTs piBHOMIPHICTh Ha-
6iraro4oro MOTOKY MOBITPsS HA TPYOHUHN MYUOK.

Pucynox 15. 3anexricmo aepoounamiurozo onopy
II-e0 koHmypy cucmemu 6a2amoKoHmMypHO20
niponisy i0 sumpamu 0xon00x#y04020 nosimps [1]

BucnoBxu

Ha ocHOBI MonentoBaHHSI KOHCTPYKIII CUCTEMHU
oxonomkeHHs1 peaktopy BLIII Oyno BcraHoBiieHO
10 BUTpaTa MPOAYKTIB 3rOpSHHS BIJIHOCHO Maja,
a MBUJKICTH Ta3iB y Ta30X0i, 32 JAHUMU KOMII 10-
TEPHOT0 MOJICIOBaHHS, HE MepeBuIye 1 m/c, Teuis
JTMMOBHX Ta3iB MPOXOAUTD B JAMIHAPHOMY PEKHMI.
B pesynbrati KoedilieHT TenIoBiAAaui Bl ra3iB 10
CTIHKH PEaKTOpa HUZbKHA.

3anpornoHoBaHl HACTYIIHI METOIU 1HTEHCH]iKa-
ii mpouecy BIII peakTopa mukiIigHOI Ail:

*  30LIbIIEHHS MIBUAKOCTI pyXy AMMOBHX Ta-
3B 32 paxyHOK ITiIBUIIEHHS TEIJIOBOI MOTYKHOCTI
TOJIOBHOTO MaJIbHUKA;

*  3MCHINEHHS J>XHUBOTO IEpepizy Tra3oxony,
[0 MpHUBee 10 30UIBIICHHS MIBUIKOCTI JTUMOBHX
rasis;

* 3MiHa TEOMETPHYHHUX PO3MIPIB Ta30X01y
peaxkTopa 3 METOI0 301JIbIIEHHS TEMI000MiIHHOI M0-
BepxHi (opeOpeHHs peakTopa, 301IbIIeHHS] BUCOTH
peakTopa);

*  TypOymizauis Tedii TUMOBUX ra3iB 3a paxy-
HOK pi3HOMaHITHOI KOH(Iryparii neperopoiok au-
MOXOY.

[TinTBepaKEeHA 1JEHTUYHICTH TeMIIepaTypHHUX
XapaKTEePUCTUK KOHTYPIB I OJCpXKaHHS parfio-
HaJIBHOTO BUXOAY LIJIHOBOrO MPOAYKTY MPU MaKCH-
MaJbHOMY 3HMKEHHI MOJICKYJISIPHOT Macu He3alex-
HO BiJI MOYaTKOBOTO cKiany cupoBuHu: 330-370°C
ISt iepuoro Koutypy; 230-250°C nns apyroro i
120—160°C nnst TpeThOr0 KOHTYPY.
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3ACTOCYBAHHSA IHOOPMALIHHUX AEPOKOCMIYHHUX
TEXHOJIOI'IT B CACTEMI NIATPUMKU NPUMAHATTS
YITPABJIIHCBKHUX EKOJIOI'TYHUX PILIEHDb
I3 3BACTOCYBAHHAM HITYYHOI'O IHTEJIEKTY
JJIsA OHIHKU TPAHCKOPAOHHUX EKOJIOT'TYHUX
KOH®JIIKTIB

Mamkos O. A.! Mapkika JI. M.! IIpucsizxunii B. 1. OBonenko T. C.!
!lep>kaBHa €KOJIOTIYHA aKaAeMisl MICJISIIUTUIOMHOI OCBITH Ta yIPaBIiHHS,
ByJI. MuTpononuta Bacumns Jlunkiscekoro, 35, 03035, m. Kuis

mashkov_oleg 52@ukr.net

B pob6oTi po3rnsmaeThcs TEXHOJOTiS BUKOPH-
CTaHHA JaHUX aepPOKOCMIYHOTO MOHITOPHUHTY IS
OLIIHKH TPAHCKOPJIOHHHUX E€KOJOTTYHUX KOH(IIIKTIB.
Jlnst OLiHKYM TPaHCKOPIOHHOTO BILIMBY TOCIIONAp-
CbKOI JISJIBHOCTI €KOJIONIYHO HeOE3lMeYHuX ITij-
IPUEMCTB Ta MOXJIMBUX PU3UKIB HA CTaH JTOBKIJJIA
HaTenep JOLIJIbHO BUKOPHUCTOBYBATH CydacHI iH-
(dhopmarriiiHi TeXHOJIOT11 (BUKOPUCTAHHS MaTepiaiB
JTUCTAHIIMHOTO 30HAYBaHHS 3eMJIi 3 CYNYTHHKIB,
3aCTOCYBaHHS TeOiH(POPMAIiHHUX TEXHOJOTIH Ta
CHUCTEM MITYYHOTO iHTeneKkTy). Kocmiuni TexHo-
Jorii crnocTepexeHHs 3eMJli BHKOPUCTOBYIOTHCS
B BHBYEHHI TPAHCKOPJOHHOTO BILIUBY IisUTBHOCTI
€KOJIOTTYHUX TEXHOT'€HHO HEeOe3MeUHNX 00 €KTiB Ha
JOBKiUIs. 37ificHeHa iHopMalliiiHa OliHKa TpaH-
CKOP/IOHHOT'O €KOJIOTTYHOT'O BIUIMBY Ha JOBKIJUIA.
PosrnsiHyTa TexHOJOris 3acTocyBaHHS Oararto-
CHEKTPAIBHUX KOCMIYHUX 300pake€Hb ISl OLIHKH
CTaHy TPAHCKOPAOHHOTO €KOJOTIYHOTO KOH(IIKTY.
3amporoHOBaH1 peKOMEeHJaIlii 3 OIIHKU TaHUX JUC-
TaHIIHHOTO 30HAyBaHHS 3eMJIi TPAHCKOPIOHHOTO
BIUJIMBY JiSUTBHOCTI XOTHCIABCHKOTO Kapepy Ha
CTaH JOBKIIA. 3a JaHUMU OOpOOJIEHHS aepoKOC-
MIYHUX 3HOMOK 3 BUKOPHCTAHHSIM TreoiH(opmariii-
HUX TEXHOJOTil BCTAHOBJICHO, IO €KCILTyaTallis y
IPUKOPIOHHIN TEPUTOPIT TEXHOT'€HHO Ta €KOJIOT14-
HO HeOe3neuHux 00’€KTiB MOXKe MpU3BECTH 10 Oi-

ocepHOro KOHQIIKTY (TPaHCKOPIOHHOTO 3a0py/-
HEHHsS) Ta €KOJIOTIYHOI KaTacTpodu: 301bIICHHS
cTOKy Box y YopHe Mope i 3MEHIIIEHHS CTOKY BOJ
y banriiiceke mope. Lle mpu3Bene 10 yNOBiIIbHEHHS
BosiHOr0 00MiHY B IIanbkux o3epax Ta sK HaCJi 0K
NpHU3Bee 0 MOCUJICHHS MPUPOAHUX 1 aHTPOMOTeH-
HuX (akTopiB Ha eBTpodyBanHs o3ep Lllambkoro
HaI[IOHAJIBHOTO pUpOIHOTro napkKy. IIpoBeneHi no-
CITIJ)KEHHS CBiTUaTh PO HEOOX1AHICTh 3IICHEHHS
3aXO0/IiB 11010 HEBiIKJIaHOI OpraHi3allii MocTiiHO-
IO MOHITOPUHTY 32 CTAHOM MiJJ3€MHUX BOJ HA MPH-
KOPZOHHIM TEPUTOPii 3 METOIO MOCTIHHOTO KOHTP-
OJII0 32 IX CTAHOM Ta CBOEYACHOT'O 3IIHCHEHHS
HEOOX1AHUX Aif IIOJ0 MONEPEIKEHHS MOXKIJIHUBHUX
HETaTUBHUX EKOJOTIYHUX HACHIAKIB HA TepUTOPIi
VYkpainun.

Ku1ro4oBi ci10Ba: aepokocMidHi TEXHOJIOT11, TuC-
TaHIIHE 30HAYBaHHS 3eMJi, iHpopMaliiiHa OIiH-
Ka, MOHITOPHMHI, CHCTE€Ma IITYYHOTO IHTEJEKTY,
TPAHCKOP/IOHHI €KOJIOT1YH1 KOH(IIKTH.

Application of aerospace information technol-
ogies in the system of supporting management
environmental decisions using artificial intelli-
gence for the assessment of transboundary envi-
ronmental conflicts O. 4. Mashkov, L .M. Markina,
V. I Prysiazhnyi, T. S.Ovodenko.
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The paper considers the technology of using
aerospace monitoring data to assess transboundary
environmental conflicts. To assess the transboundary
impact of economic activities of environmentally
hazardous enterprises and possible risks to the state
of the environment, it is advisable to use modern
information technologies (the use of remote sensing
materials from satellites, the application of geoin-
formation technologies and artificial intelligence
systems). Space technologies of earth observation
are used in the study of the transboundary impact
of the activities of ecologically hazardous objects
on the environment. An information assessment of
the transboundary environmental impact on the en-
vironment has been carried out. The technology of
using multispectral space images to assess the state
of transboundary environmental conflict has been
considered. Recommendations are proposed for
the assessment of remote sensing data of the trans-
boundary impact of the activities of the Khotislav
quarry on the state of the environment. According
to the data of processing of aerospace surveys using
geoinformation technologies, it was established that
the operation of technogenically and environmen-
tally hazardous objects in the border area can lead
to a biosphere conflict (transboundary pollution)
and an ecological disaster: an increase in the flow
of water into the Black Sea and a decrease in the
flow of water into the Baltic Sea. This will lead to
a slowdown in water exchange in the Shatsk Lakes
and, as a result, will lead to an increase in natural
and anthropogenic factors for eutrophication of the
lakes of the Shatsk National Nature Park. The con-
ducted studies indicate the need to take measures to
urgently organize constant monitoring of the state
of groundwater in the border area in order to con-
stantly monitor their condition and timely take nec-
essary actions to prevent possible negative environ-
mental consequences on the territory of Ukraine.

Keywords: acrospace technologies, remote sens-
ing of the earth, information assessment, monitoring,
artificial intelligence system, transboundary envi-
ronmental conflicts.

IlocTanoBka npodJemMu

B po0oTi po3risgaeThCsi TEXHOJOTIST BHKOPH-
CTaHHS JAHUX A€POKOCMIYHOTO MOHITOPUHTY s

OLIHKM TPAHCKOPIOHHHUX EKOJOTTYHUX KOH(]IIKTIB
Ha MPUKIaai XOTHUCIABCHKOTO MINIAHO-BAITHIHOTO
Kap’epy.

besnocepennst 0nm3bKicTh XOTHUCIABCHKOTO ITi-
[IIAHO-BAITHSIHOTO Kap’epy, SIKUA 3HAXOTUTHCS Ha
teputopii bpectcrkoi obmacti binopyci ycsoro 3a
25 kinometpiB Big CBUTSA3I0 3arpOXKy€e iCHYBaHHIO
Hlampkux o3ep B Ykpaini. Huni neit kap’ep, y skomy
BUJI00YBalOTh HAWOJIBII SIKICHI B €BpOITi KBapLOBUN
IMICOK 1 BaITHO, YaCTKOBO PO3pOOJICHHH yKe Ha TJIH-
O6uny 10 60 MeTpiB, y TOH yac sk HaWrnIuoOIIe Micie
Ha CButs3i csarae 58 metpiB. [lampki o3epa MaroTh
KapCTOBE MOXOKEHHSI, 3HAXOAATHCS Ha BOJOPO3/LITI
Mix Banrtiiickkum Ta YHopHUM MOPSAMH.

Tomy BiATIK BOAM 3 IIUX 03€p Y Kap’ep 3arpoOxKye
iX OOMIJIIHHAM, a BIATaK MOPYIIEHHIM €KOCUCTEMH
periony B3araii. Jlo TOro x, XMapu nuiIy, Hacuye-
HOT'O TUTIOMOYMOM, KaJIi€M Ta CHOJIYKaMH CIpKH, SKi
MigiAMaIOTECS 3 Kap’epy y Ipoleci BUA0OyBaHHS
MCKY 1 BallHa, MIOJIEHHO OCIJal0Th HA JHO 03€ep i
KOHILIEHTPYIOTHCS B MYJIi.

[Nonanpine OymiBHUIITBO Ta BUIOOYTOK Kpeau
MOJK€ TIOPYIIUTHU MiJ3€MHI BOAOHOCHI CHCTEMH Ta
NpUNUHATH KUBJIeHHA Lanpkux o3ep.

Jlnst mocmiKeHHsT Ta BUPIMICHHS €KOJIOTTYHOI
npobsieMu XOTHCIIABCHKOTO 3aIlOBiIHUKA HEOOXi[-
HE 3aCTOCYBaHHS CydyacHHMX iH(pOpMAaIiifHUX TeX-
HOJIOT1# (BUKOPUCTAHHS MaTepiaiiB AUCTAHLIHHOTO
30H/YBaHHS 3eMJli 3 CyNyTHHKIB Ta 3aCTOCYBaHHS
reoiHpOpMaLifHUX TEXHOIOT1H).

AHaJIi3 OCTAHHIX J0CTiKeHb i myOJaikanin

[MutanHs 3aCTOCYBaHHS IITYYHOTO 1HTEJIEKTY
JUIsl BUPIIIEHHS 3aBJaHb KepyBaHHS CKJIAaJIHUMU
JMHAMIYHEME mpouecaMu posrnsganu Hinece .
Hinbccon, Crroapt k. Paccen, Ilirep Hopgir [8,
9]. Mapagurma o6pobieHHs iH(pOpMaIlil B 1HTEIECK-
TyaJIbHIA 1HQOpPMALIHHIA cUCTeM] JUIS MiITPUMKHU
NPUUHATTS pillleHb B Tally3l eKOJOTidHOI Oe3neKu
3ampornoHoBana B podorax [3—7].

[IpoBenenuii aHaii3 CBiNYWTH, IO Yy TEMEpill-
HI yac 3aNuIIaOThCAd aKTyaJbHUMU Ta HE BHUpI-
IIEHUMU TUTAaHHS 3aCTOCYBaHHS iH(pOpMaliifHIX
ACPOKOCMIUYHHMX TEXHOJIOTiM B CHCTEMi MiATPUMKHU
NPUMHATTS YIPaBIIHCBKUX €KOJOTTYHUX DIIICHb 3
3aCTOCYBaHHSIM HITYYHOTO IHTENEKTY ISl OLIHKH
TPAHCKOPIOHHUX €KOJIOTTYHUX KOH(ITIKTIB.




106

Pe3ynbraTu gociiaxeHnb

1. Tpancdep KOCMIYHHX TEXHOJIOTiH crHocTe-
peskeHHs: 3emMJli B BHBYECHHI TPAaHCKOPIOHHOIO
BILIMBY JiSNIBHOCTi €KOJIOTiIYHUX TEXHOTeHHO He-
0e3nme4Hux 00’€KTiB.

Ha cyuacHomy etami npu nemudpyBaHHI KOCMIY-
HUX 3HIMKIB OJHUM 3 I'OJIOBHUX 3aBJaHb € BAIIJICH-
Hsl 03HAK (MPSAMUX 1 HENPSMUX) JJIsI pO3Mi3HABAHHS
00’€KTIB CIIOCTEPEIKEHHSL.

[Ipu nboMy cTpiMKHI PO3BUTOK reorpadiaHux
inpopmaniitaux cuctem (I'IC) naB MOXIHMBICTH HE
JUIIE aHaJi3yBaTH MOTOYHUH CTaH OO’€KTIB CIIO-
CTepeXEHHs, ajie 1 MPOBOJUTH MPOrHO3yBaHHS
€KOJIOT1YHOI cuTyamii (MOAETIOBAaHHS MONIN, IO
BinOyBatoThcs) Lle nae MOXIUBICTH MpUitMaTH TpU
HEOOX1THOCTI OOIpyHTOBaHI YIPAaBIIHCBKI €KOJO-
riufi pimmenHs [1, 2].

VY TenepimHiii 4ac KOCMIYHUN MOHITOPHHT IIU-
POKO BUKOPHCTOBYETHCS NPU BUBYEHHI JaHamad-
THOI CTPYKTYPH, IPUPOAHUX PECYPCIB 1 TUIIIB MPH-
POIOKOPHCTYBAHHS, a TAKOX JUJISl aHAJI3Y CTYTEHIO
3a0pynHEHHST aTMocdepu, 3eMeNbHUX 1 BOIHHX
pecypciB, OLIHKH AaHTPOMOTEHHUX 1 TEXHOTCHHUX
BILJIMBIB HA JOBKIJLJIA.

3a ONOMOT0OI0 BUKOPUCTAHHS ICHYIOUMX Ta HO-
BUX METOJMK OLIHKU CTaHy HaBKOJHUIIHBOTO IMPH-
POAHOTO CEepEelOBHILA 3 BHKOPUCTAHHSM IITYYHO-
ro IHTEJEKTY MOXJIMBO ONEPATHBHO BUPIIIYBATH
3aBlIaHHA B c(hepl MPUPOTOKOPUCTYBAHHS 1 €KOJIO-
riunoi 6e3nexku. 3aCTOCYBaHHS IITYYHOTO 1HTEJIEK-
Ty B CHCTE€MI YNPaBJIiHHS €KOJOTIYHOIO Oe3NeKoro
JI03BOJISIE:

*  3a0e3me4yuTH 00’ €KTUBHICTH 1 JIOCTOBIPHICTH
NEepBUHHOI, aHAJIITUYHOI 1 TPOrHO30BAHOI €KOJIOT14-
HOI 1H(pOpMaIii;

* MaTH CHUCTEMAaTU4HI CIIOCTEPEKEHHS 3a
CTaHOM HAaBKOJUIIHBOTO MPUPOIHOTO CEPEAOBHINA
Ta TEXHOINEHHO HeOe3IeYHUX 00 €KTIB;

*  TWIIBUIIUTH ONEPATUBHICTH 3M00yTTS 1
JOCTOBIPHICTh TMEPBUHHUX JAaHUX 33 pPaxyHOK
BUKOPUCTAHHS €()EeKTHBHMX TEXHOJOTiH IMpoleciB
30MpaHHs, HAKOMTUYEHHs 1 00pOOIEHHS €KOJIOTUHOT
iHpopMallii Ha BCiX piBHAX JePKaBHOTO YIIPABIiHHS
(MicrieBUH, perioHabHUH, Iep:KaBHUN);

e  3a0e3MeYnTH CyMICHICTh TEXHIYHOTO, iIHPOP-
MaIliifHOro 1 MpOrpaMHOro 3a0e3MeYeHHsI CUCTEMU
YIPaBIIiHHS €KOJIOTTYHOI0 OE3MEeKOI0 3 BUKOPUCTAH-
HSIM IITYYHOTO 1HTEJEKTY;

*  MiJABUIIUTH PIBEHb 1 AKOCTI iHHOpMaIiitHOrO
00CIIyroByBaHHS ONEPATOPIB Ta CHOXKUBAYiB €KOJIO-
riuHoi iH(opmarlii Ha BCiX piBHAX (YHKI[IOHYBaHHS
CHCTEMHU MIATPUMKH TPUUHATTS YIPaBIIHCHKHX
€KOJIOTTYHUX PIIIeHb HA OCHOBI MEPEKEBOTO JIOCTY-
Iy JI0 pO3MOIIJICHUX BIJIOMUYHUX 1 IHTErpOBaHUX 0a3
TaHUX;

*  3a0e3Me4nTH ONepaTHUBHICTH JTOBEJCHHS €KO-
JoriyHO1 iHpopMaIlii 10 opraHiB BUKOHABYOI BIAIH,
IHIIMX 3aliKaBJICHUX OPraHiB, MiJIPUEMCTB, Opra-
Hi3aIli# 1 yCTaHOB;

*  MAaTu JIOCTYIIHICTh €KOJIOTIYHOI iH(opMmarlii
ISl HACEJICHHSI.

I3 BpaxyBaHHSIM BU3HAYEHUX MPUHLHUIIIB Ta HOBI
M1 IXO/IH, 0 Po3pobieHi B podoTax [3, 4] mponoHy-
€ThCS MPH 31MCHEHHI E€KOJIOT1YHOTO0 MOHITOPUHTY
3aCTOCOBYBAaTH IpOrpaMHO-anapaTHi 3acodu 1 mpo-
IpaMHI TPOXYKTH TeoiH(POpMAIiHHUX CHCTEM Ta
3aco0u aBTOMAaTH30BaHOI 0OPOOKY 3HIMKIB JUCTaH-
[[IfHOTO 30HyBaHHS 3eMJIi JJIsi CTBOPCHHSI KapTH
JTUHAMIKH €KOJIOTTYHHX MPOLIECIB.

[Iporiec cTBOpeHHS KapT AMHAMIKY MOALISIETHCS
Ha JIEKUIbKA MOCHIJIOBHUX €TaIliB, MPOTATOM SKHX
(bopMyIOThCs 11 OCHOBHI YaCTHUHU:

1. Eramn. IlinroroBunii — popMyrOTHCSI BUMOTH JIO
CTBOPIOBAHOI KAPTOEKOJIOT{YHOTO MOHITOPUHTY, BH-
3HAYAETHCSI PAOH CHOCTEPEkKEHHS, 3IHCHIOETHCS
30upaHHs 1 00pOOJICHHS BUX1THOI 1HpOpMAaLii.

2. Eran. ®opMyBaHHS KapTH IWHAMIKH €KOJIOT Y-
HUX TMPOIIECIB - 3MIHCHIOETHCS 32 JIOTIOMOTOI0 3aC001B
aBTOMAaTHU30BaHOTO OOpOOJIEHHS 3HIMKiB, HA OCHOBI
BUXIJIHUX 3HIMKIB, (DOPMYETBHCS clieliajbHe 300pa-
KEHHSI, sIKe BiJJ0Oparkae HMOBIPHICTH TOTO, 1110 Ta a00
1HIIA TUISTHKA TEpUTOpIT MiJaaBagacs 3MiHaM 3a JI0-
TIOMOT'OF0 YaCOBOT'O PO3HECEHHST KOCMIUHUX 3HIMKIB.

3. Eran. ®opMmyBaHHs 6araToCHeKTpaibHOI MaIu
JTUHAMIKU €KOJIOTTYHUX IMPOIIECIB HA OCHOBI ICHYO-
901 BUAUJICHOI CIIEKTPATIbHOI XapaKTEPUCTUKH MaIln
paiioHy CroCTepeKeHHS.

4. Eran. CkiagaHHs SIKiCHOT TOPiBHSJIBHOI Xapak-
TEPUCTUKU Mal TUHAMIKH €KOJIOTTYHUX MPOLECIB.

Po3ristHeMO MOXJIMBOCTI 3aCTOCYBaHHS KOCMIY-
HUX TEXHOJIOT1H JJIsl TPOBEACHHS €KOJIOT1YHOTO MO-
HITOPUHTY 3 3aCTOCYBAaHHSM ILITYYHOTO IHTEIEKTY
Ta BUBYCHHS TPAHCKOPAOHHOTO BILIUBY IisJIBHOCTI
EKOJIOTTYHUX TEXHOT€HHO HeOe3MeyHnX O00’€KTiB
Ha TpPHKJIaAl BIUIMBY PO3POOKH XOTHCIABCHKOTO
kap’epy (benopycs) Ha Hlarpkuii npuponHuii HaLlio-
HaJpHUM napk (Ykpaina).
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Temarnyna oOpoOka Ta nemuppyBaHHS KOC-
MIYHHUX 3HIMKIB BUKOHYETBCS 3a JIOTIOMOT'OIO IPO-
rpamuoro 3abesneyeHHss TROAS — IMAGINE.
Jlist mobynoBu nudpoBux Kapt OyJ0 BUKOPUCTAHE
nporpamue 3abesneueHHss ESRI ArcGIS. basosa
nudpoBa KapTorpagdiuHa OCHOBAa CTBOPIOETHCS Ha
TepUTOpito0 Oi1s1 XOTUCIABCHKOTO Kap’epy B Macli-
tabi 1:50.000 Ta MiCTUTH ApU: MEXKi 00JIACTI; MEXKI
paiioHiB; 00’extu rigporpadii (piuku, o3epa, 60i0-
Ta); HaceJIeH1 MyHKTH (MiCTa, CeNuIIa, Cea); J0POTH
(aBTOMOO1TBHI, 3TI3HUIIL).

Buxigni uudposi kaptu (B macmradi 1:50.000)
CTBOpeHI B TreorpadiuHiii cuUCTeMi KOOpAMHAT
UTM — WGS84 i nepenarotses y shp-popmarti.

[Ipu mpoBeneHH1 AOCIIKEHb 0YJ10 BUKOPHUCTAHO
OpPTOPEKTU(IKOBAHI KOCMIYH1 3HIMKH MPUKOPIOHHOT
Teputopii 6111 XOTHUCIABCHKOTO Kapepy, OTpUMaHi
y HarionanbHOMY LIEHTpI YIIpaBIiHHS Ta BUIIPOOY-
BaHb KOCMIYHHX 3ac00iB /lepkaBHOr0 KOCMIYHOTO
areHTCTBa YKpaiHu.

2. Indopmaniiina oniHKa TPAHCKOPAOHHOIO
€KOJIOTiYHOI0 BILUIMBY HA JOBKIJLISL.

[TpoBeneni moCiKEHHS CBII9aTh, III0 Yepe3 po-
00TH, sIK1 BeqyThCst 017151 XOTHUCIaBCHKOTO Kap’epa Ha
Ha Teputopii 95 rexrapis (benopycs), o3epo CBITsI3b
(Ykpaina) Moke 3HUKHYTH. 3 OIJISIAY Ha MIXKHAPOA-
HY KOHBEHIIIIO ITPO TPAHCKOPIOHHUH BILIUB Ha MPH-
poay, po3pobka XOTHUCIABCHKOrO Kap’epy MOKH IO
3yMUHUJIAcCh Ha BUIOOYTKY MicKy. BiakpuTuii map
KpEiIM MOKH 1110 He 3a4eryIeHuH, 00 11 MOB’I3aHo 3
HO/IAJIBIINM 3arIHOJICHHSIM — 32 TPOEKTOM TTTMOMHA
pO3poOKH — 43 MeTpHu Ha MEepcHeKkTUBy 25 pokiB. 3a
TaHUMH JOCHIJKeHb, B 03epax lllanbkoro periony,
K1 po3TaloBaHi HaWOMMk4ye 10 XOTHUCIABCHKOTO
Kap’epy, y’Ke CIIOCTePIraeThCs 3HIKEHHS PiBHS BOJIO-
o0MiHy y 5—6 pa3iB. Mu BxKe MaeMO YITKUI CUTHAI
PO Te, IO ¥/Ie BXKE HEraTUBHUH BIUIMB HA JTOBKIJIJIS
Vkpainu. IcHye HeOe3neka 3HEBOAHEHHS TEPUTOPIi
Harionanproro 3anoBigauka «lIllampki o3epay, a Ta-
KO IMOBIPHICTb CEHCMOJIOTTYHOT 3arPO3H.

Haxanp Ykpaina Ta binopyck 1oci He moroauiu
€IMHOI METONMKHU BH3HAYEHHS €KOJIONIYHOI IIKOIHU
BHACITIIOK MPOJIOBKEHHS 1 PO3MIUPEHHS TisUThHOCTI
XOTHUCTABCHKOTO Kap’epy.

Hebe3neky nisi exosorii BonuHi Moxe cTaHo-
BUTH HUHI Apyra yepra XOTHCIABCHKOTO Kap’epy.
Po30ynoBa X0THCIABCHKOTO Kap’epy BIIMHE HA pPyX
I'PYHTOBHX Boj y Oik Ykpainu. Bin kap’epy mo Bo-

nuHi 3 11 yHiKaapHUMH o3epamu — nuiie 300 MeTpiB.
Hecnokiit Bukmkae te, mo [llampki o3epa — kapcTo-
BOT'O TIOXO/I’KEHHS, 1 CUTYaIlis Haragaye 004Ky 13 BO-
noto. Skio Oyze xod MaJeHbKa JipKa y ii JHi, SKIIO0
TpanuThes Oina Oomail i3 OMHUM 03€pOoM, TO IIE, BU-
KJIMYE JIAHIFOTOBY PEaKIIito.

CucTeMHI €KOJIOTIYHI MUTAHHS TPAHCKOPJOHHO-
T'0 BILUIUBY JisIBHOCTI XOTHUCITaBCHKOTO Kap’'€py To-
JATAIOTh B TOMY, 1110 PH OHUKEHH1 ITPYHTOBUX BOJ
HaBITh Ha METP 3HUKHYTH AesKi BUAM (iopu Ta da-
yHH. A paifon lllanpkux o3ep Ta o3ep y PaTtHiBcbKko-
My, TaK caMO TNPUKOPIOHHOMY paiioni Bomuni, —
1le yHIKaJIbHE MPUPOJHE MICIe, 11e TepuTopis Harri-
OHAJIBHOTO TMapKy. AJpke MOKHa 30yAyBaTH 3aBOJ
91 BUPUTH Kap’ep, aje HE MOXKHA BITHOBUTHU HABIKU
BTpaueHy IPUPOY.

KaxyTp, Boza i Tak Teue B OiK MiBHIYHOIO CYCi-
1a, SIKIIO K O171 KOPAOHY 3’SIBUTHCS siMa - TITHOOKHIA
Kap’ep - BOHa MOXe HITH Tyau. MU 3HaeM 110 11i 03e-
pa KapcTOBOIO MOXOKEHHS — B IYCTOTaxX IIi 03epa.
I sik1I0 Kap’ep MOTATHE 1[I0 BOAY 1 TOJI Yepe3 IIi Mmy-
CTOTHU BOJIa MOKE TMOTPANUTH B Kap’ep 1 OCYIIUT ITi
o3epa. O3epa OyayTb MIJIITH, a IesIKI — SIK1 HE TyKe
ruOOKi- B3araji- MOXYTh CTaTu 00i0TOM. SIK mo-
Bezle cebe KapeT, KoM Kap’ep BUIZE HA MPOEKTHY
MOTY>KHICTh MO BUJIOOYTKY, - Il MPOIECH JOIITBEHO
MOJIETIIOBATH 3 BUKOPUCTAHHSM IITYYHOTO 1HTEJIEK-
Ty. Came Takuil minaxia 3abe3neuuTh 30epekeHHs
010pI3HOMAHITTSI, €KOJIOTTYHOT'O CTaHy, OLIIHKY MOX-
JUBUX E€KOJIOTTUHUX PU3UKIB.

3. 3acTtocyBaHHsl 0ararocneKTpajbHHUX KOC-
MiYHHUX 300paKeHb JAJIfl OLiHKHM CTAHY TPAHCKOP-
JAOHHOT'0 €KOJIOTIYHOI0 KOH(IIKTY.

IIpu 3acTocyBaHH1 6araTOCHEeKTpaIbHUX KOCMIY-
HUX 300pa’keHb ISl OLIHKH CTaHy TPAaHCKOPIOH-
HOT'O €KOJIOT1YHOT'O KOH(IIIKTY HaiO1IbIl BaXITHBY
POJIb BIAIrparoTh IemnpyBaibHi BIACTUBOCTI KOC-
MIYHUX 3HIMKIB 1 TOYHICTh OTPUMAHHS HEOOX1THOT
iHpopmaii.

Krnacudikariss KOCMIiUHHX 300pa)keHb 3 METOIO
BCTAQHOBJICHHSI PO3MOBCIOKCHHSI TEBHHMX KJIACiB
3eMHOI0 MOKPUBY, B IIJIOMY, MOX€E CTaTH OCHOBOIO
JUIsl CTBOPEHHSI CHUCTEM YIPABIIHHS EKOJOTTYHOIO
6e3nekoro. [lns mpoBeneHHs kiacugikanii KocMiu-
HUX 3HIMKIB HaMH OyB BUKOPHCTAHUN MPOrpPaMHUN
nponykt ERDAS Imagine, sikuii BU3HAHO OIHUM
13 CBITOBHUX JIIJIEPIB Cepell MPOrpaMHUX MPOAYKTIB
noxidHoro mpusHadeHHsa. ERDAS Imagine mmpo-
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KO 3aCTOCOBY€ETBCS JIJIsi OOpOOICHHS CYITyTHUKOBOI
iHpopmanii y 6araTb0Xx HayKOBHX Ta BUPOOHHYMX
LeHTpax nposigHux Kpain 3axony (CLHA, Himeu-
yuHa, Opaniis, [tamis ta in.).

3acTocyBaHHS 0ararocreKTpaabHUX KOCMIYHHX
300pa’keHb JO3BOJIMIIN BUSBUTH €KOJIOT1YHI TIpoOIIe-
MU MOB’13aH1 3 BIUTMBOM XOTHUCIIABCHKOTO Kap epy Ha
eKoJorito o3epa Citsa3b. OOpoOKka MaTepiaiB 3HOM-
KM BKJIIOYA€ T€0/Ie3nyHy (reorpadiuHy) IpUB’a3KY,
JikBizamnio abo o0JIiK T€OMETPUYHUX CIIOTBOPEHB
3HIMKIB, IEPETBOPEHHS 1 JeIUPpyBaHHS iX.

3amaua gemu@pyBaHHS — OTPUMATH SKOMOTa
OinpIIe 3 aepo3HIMKIB 1H(popMaIlii, HeOOXiJHOI s
nocraBieHoi mMetu. OTxe, pe3ynbTaTH Aemudpy-
BaHHS 3aJie)kaTh BiA iH(OpMAIifHOI €MHOCTI ae-
po3HiMKiB. OO0csar iHdopMmarii 3a1exuTh BiJl po3-
MIpy TOYOK, 3 IKUX CKJIAJAEThCSI 300paxKeHHsI, 1 BiJ
Yycia MOMITHUX TOHIB (KObopiB). JlemmudpyBaHHus
3HIMKIB XOTHCIJIABCHKOT'O Kap epy IMOJISATAE B aHATI31
300pakeHHs (TTMOWHA, pO3Mip) Ta 1HIIUX 00’€KTIiB
MICIIEBOCTI Ha 3HIMKaxX 3 METOI BiIMEXYyBaHHS 1
OIUCY 1X XapaKTEPUCTUKU I BUPILICHHS PI3HUX

€KOJIOTTYHUX Ta IPUPOJOOXOPOHHHX 3aBJaHb. BOHO
BKJTIOYA€ EJIEMEHTH SK 3araJbHOTONOTpadiqHOrO,
TakK 1 BIACHE T'€OJIOT1YHOTO e (pyBaHHs. Y 3B’513-
Ky 3 UM JemudpyBaHHs Kap’epy YMOBHO IMOIiNS-
I0Th Ha KOHTYPHE 1 Takcarliiite.

Kontyphe nemmdpyBaHHS MOJATaE y BUALICH-
HI cepel Kap’epy MacuBy TonorpadiuHux 00’€KTiB
1 KOHTYPIB TJION] JJISI TIOAAIBIIOTO OMUCY 1X TIS-
XOM Ha3eMHOT'0 OIJIsi1y abo criocoboM aepoTakcarii.
TakcamiitHe aemuppyBaHHs € HAMOIIBII CKIATHUM
1 BaxxkuM. BoHo monsirae B ol Kap’epy Ha Takca-
IMHI TUTSTHKYA Ta BU3HAYEHHI T€0JIOT1YHOTO CKIIamy.

IcHye Benuka KiNbKICTh CydacHUX MaKeTiB 3 00-
poGuienHst manux /133, siKi JOIIIBHO BUKOPHCTOBY-
BaTH B CUCTEMax IITYYHOro iHtenekty. I1in0ip ma-
TepiaiB KOCMIYHOI 3MOMKH € Ba)XJTUBUM ETaIrloM
npoBeieHHsT Kiacugikamii s MOHITOPHHTY JIO-
BKiUIs. [Ins poOitT mo TemaruyHOoMy nemudpyBaH-
HIO Ta CTBOPEHHIO IU(PPOBUX KAPT MPUKOPAOHHHX
TEepUTOpiii OynM BUKOPHCTaHI OPTOPEKTU(]IKOBaHI
KOCMIYHI 3HIMKH 3 cynyTHHKa «Ciu-2», siki Oynu
orpumasi y 2013 poui (puc. 1).

Pucynox 1. Pozmawyeanus kocmiynux 3nimkie 3 cynymuuxa « Ciu-2» Ha 00Cioxncy8any mepumopiio
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TexHOMOTiYHO TIpolec Aemu(pyBaHHS 3 BUKO-
PUCTaHHSAM MITYYHOT'O 1IHTEIEKTY MOKHA PO3IUTHTH
Ha JIBa OCHOBHI €Tamy: MalluHHA Ki1acudikaiis; Ka-
MepaJibHe BizyaslbHe emn(pyBaHHS.

MamuHHa Kiacugikailis 103BOJISIE aBTOMATU3Y-
BaTH mpotuec Aenudpysanas. MeToro Kiacudikarii
€ ollepKaHHS TeMaTU4HOI iHpopmauii i3 3HIMKa. Y
nporeci Kiacudikamii y KOMII'IOTEPHUX CHCTEMax
CTaTUCTUYHI JaHI OJEPXKYIOThCA 13 CIEKTPaJIbHUX
XapaKTEepUCTUK ycCiX TikceniB 300paxenHs. [lpu
IIbOMY COPTYBaHHsS 0a3yeTbcs Ha MaTeMaTHYHHUX
KpuTepiax. IcHye nBa nuisxu kiacudikarii: 3 He-
KOHTPOJIbOBAHUM HaBUAHHSM; 3 KOHTPOJIHOBAHUM
HaBuaHHsM. Hamu OyB oOpaHuil Apyruii nuisix pos-
paxyHKY 3 METOIO HOT0 pPO3MOBCIOJIKESHHS JIJIST MOJK-
JUBHUX IHIIUX TPAHCKOPAOHHHUX EKOJOTIYHUX KOH-
(ITiKTIB.

Jana knacudikaliis mpoBOAUTHCS 32 JOIOMOTOIO
HaBYAHHS 110 00paHUX eTajoHax (puc. 2) i3 CTBOpEH-
HSIM JIJIsI KOSKHOTO 3 HUX BiJIITOBITHOT CUTHATYPH, K1
B [IOJAJIBIIIOMY i BUKOPUCTOBYIOTHCS JJIsl BU3HAUCH-
HS [IEHTPIB KJIACIB.

Knacudikariii, six 1 cami CHTHATypu MOXYTb Oy TH
napameTpu4Hi i HenmapameTpuuHi. Hemapamerpuu-
Hi nmpaBuia: npoctip o3Haku (Feature space), mpa-
BWIO mapaneneninena. Kmacudikamnito mo merony
KOHTPOJLOBAHOTO HaBYAHHS MOXHA PO3IIIUTH Ha

JIBA OCHOBHI €TaIlyd: CTBOPEHHsI HAOOpy CUTHATYD;
aBTOMAaTH4YHA KJacudikalis i CTBOPEHHS TeMaTH4-
HOT'O PaCTPOBOTO 300pakKEeHHSI.

[Iponec popmyBaHHS CUTHATYD 31HCHIOBABCS Yy
TakKill TOCTiJOBHOCTI: aBTOMaTU4YHE a00 pydYHE TO-
3HAUEHHS HABUYAJIBHOTO O0’€KTY 3 BHKOPHUCTAHHSIM
JIOIATKOBUX JTAHUX; J0/IaBaHHS CIIEKTPAJIBLHOTO 00-
pasy JIo psily CUTHATYp; NepeBipKa HassBHOCTI mepe-
TUHAHHS CIEKTpaJbHUX 00pa3iB. L mociioBHICT
orepaLiii 4epryeThes 13 3MUTTIM CXOKUX CUTHATYD,
BUJIyYEHHSIM CUTHATYP, IO TePETUHAIOTHCS Y BU-
KJINKAIOTh CYMHIB.

Jlana kiacudikariis mpoBOIUTHCS 32 JOMOMOTOI0
HABYaHHS 110 00paHUX eTajoHax (puc. 2) i3 CTBOpEH-
HSIM JJIS1 KOKHOTO 3 HUX BiJITIOBITHOI CUTHATY PH, SIKi
B MOJIAJIBILIOMY i BUKOPUCTOBYIOTHCS JJIsl BU3HAUECH-
HS LIEHTPIB KJIACIB.

[Iponec hopmyBaHHS CUTHATYP JOLIIBHO 3aBEP-
IIUTH, SKIIO MPOCTIp O3HAK MAKCUMAaJIbHO 3allOBHE-
HUHN CIEKTpaJbHUMU O0pa3amH, siIKi He NepeTHHa-
10ThCsI. J]ali BCTAaHOBIIOBAJIKCS KOJTBOPOBI I'paaarii
copMOBaHUX CUTHATYpaMU Kjlacax i 1aBajiacst Ha3-
Ba. B pe3ynbrari cTBOpIOETHCS HaOlp CUTHATYP, L0
BU3HAYaIOTh BUOIpKY HaBuaHHS. KokHa curHartypa
BIJIMOBIa€ KJIaCcy Ta BUKOPUCTOBYETHCS Y BiATIOBII-
HOCT1 3 BHUpIIIATLHUM TMPABUJIOM JJISl BiJIHECEHHS
TMIKCEeJIiB JI0 TOTO YH 1HIIOTO Kiacy (puc. 3).

Pucynox 2. Konmponvosana xknacughixayis. Ilpoyec cmeopenns emanonia
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Pucynox 3. Cmeopenns 300pasicents npocmopy 03HaK

Pucynok 4. Bapianmu pe3ynomyrouux 306pasdceHb npocmopy 03HaK, YMEOPEHUX Ha OCHOB8I KOMOIHaYill
PI3HUX KAHAI8
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Monyns knacudikanii ERDAS Imagine mae Oa-
raTo MiJXO0/iB B 3aJISKHOCTI Bl MOXKJIMBOCTEH 3HIM-
Ka, TUIy CTBOPEHUX CHTHATYyp, BUOOpY creuialic-
Ta-aHaJiTHKa. B mporueci pobotu Hamu Oynu oOpaHi
CHUTHATYpH THILY «eirney (puc. 4).

JUist BUKOHaHHSI aBTOMATHYHOTO KJIACU(iKyBaH-
HS BCTAHOBJIIOBAJIHMCS O

*  TOJIOBHE BHpIIIAJIBHE TPABUIIO BiJICYTHE - KIla-
cu(iKyBaTH TIKCel, 0 MOTPAINUIN JI0 eJirca Heoo-
X1JTHO 6€3M0CepEaHbO 32 CTBOPEHUMH CUTHATYPaMU;

*  MiKceni, fKi He MOTpamujd 10 eJirnca Mo-
TpiOHO KJIaCH(]iKyBaTH 3a MPABUIOM MAaKCUMAaIbHOL
MpaBAONOAIOHOCTI;

*  TMEpPEeTHHAHHS eNINCIB IrHOPYETHCA.

Pucynoxk 5. Ilepeznsno 06’ekmis emanonie Ha 300paxcenti npocmopy 03HaK

Pucynox 6. I[lpoyec 6cmanosienns 36’s3Ky Midc emaioHHuM i 2eHepaniz08aHuM 300padceHHAMU




112

Pucynox 7. Pezynomyioue memamuune 300pajiceHHs

Jlnst Toro mob OTpuUMaTH KOJTBOPOBE 300pakeH-
Hs1 OyJIO IPOBECHO MOETHAHHS KOJIOHOK aTpuOyTiB
pacTpiB BHUXITHOTO TEMAaTUYHOTO Ta OTPUMAHOIO
micns reHepamizamii (puc. 5). B pesynbprari 4oro
KOJIip HAMliBTOHOBOI IIKaJIHX 3MiHUTHCS HA BIATOBIA-
HUH KOJIip 3 eTasoHHoro (aimy (puc. 6).

[Ticnst mpoBeneHOi reHepasizalii OTpUMaHe Te-
MaTU9YHE 300pakKeHHs 3HOBY OyJIO MpoaHa i30Ba-
HE 3 METOI0 00’¢HaHHS (3MUTTS) KJaciB (PyHKIIis

NEePEeKOyBaHHSI TEMAaTUYHOTO PACTPOBOTO INApY).
To6To0, AKI110 OYyJ10 BUALICHO EKiJIbKA BU1B ITOBEP-
XOHB, TOJIIB, TO BOHU 00’€THYBaJINCh B OJUH KJIAC.
B pesynbrati Oyio oTpuMaHe BijiperaroBaHe 300pa-
XKeHHS (puc. 8).

OTpumane 300pa)K€HHsI BUKOPUCTOBYETHCS IS
€KOJIOT1YHOI OI[IHKM HAacliJKiB TPaHCKOPIOHHOTO
KOH(DIIKTY (MIPOrHO3yBaHHS €KOJIOTTYHHUX MPOLECIB
Ta OL[IHKM E€KOJIOTTYHUX PHU3HKIB).

Pucynok 8. @paemenm 300pasxcenns nicis 3acmocy8anus QyuKyii nepexooyeanHsi
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BucnoBxu

1. JIns OLiHKM TPAHCKOPZAOHHOT'O BILJIUBY T'OCIIO-
JapChKO1 MiSUIBHOCTI €KOJOT1YHO HEOEe3NMeUHnX Mif-
IPUEMCTB Ta MOXJIMBHX PU3UKIB HA CTaH JOBKIJIJIS
ChOTO/IHI JIOLIJIBHO BHUKOPHCTOBYBAaTH Cy4YacHI 1H-
(dopmariitHi TexHOIOTii (BUKOPUCTAHHS MaTepiajiB
JUCTAHLIMHOTO 30HAYBaHHs 3eMJli 3 CYITyTHUKIB Ta
3aCTOCYBaHHS IeoiH(pOPMALITHUX TEXHOIOT1H).

2. Ilpu BUKOHAHHI €KOJIOT1YHO HEOE3MeYHUX po-
0IT y TPHUKOPIOHHUX paiioHaX ICHYe EKOJOridyHa
HeOe3IeKa 3 TPUBOY MOPYIIEHHS MiA3EMHUX BOJO-
HOCHHUX FOpU30HTIB. Lle MoXe mpuBeCTH 10 MPHUITH-
HEHHsI )KUBJICHHS 03€p, ICHYIOTb 3arpo3u OOMIJTIHHS,
CKOPOYEHHS IJIOII BOIHOTO IIJIeca, HACHIIKOM SIKUX
cTaHe 3aru0enb YHIKaJbHUX MPUPOAHUX BOJIOWUM,
BTpaTa OKpeMux BUIB (iopu 1 payHH.

3. TpaHCKOPIOHHI €KOJIOT1UHI KOH(PIIKTH MOXKYTh
IPUBECTU JI0 HEMUHYYHUX 1 HE3BOPOTHUX 3MiH s
HOPMaJIbHOTO (DYHKIIOHYBaHHS ClJIBCHKOTO Ta JIICO-
BOIO TOCIIOAAPCTBA, MOPYIIECHHS BOJONOCTauyaHHs
KUTEIIB MPUKOPIOHHUX pailoHIB, MOTIpIICHHS Tif-
POMEINIOPaTUBHOIO CTaHy OCYIIyBaHUX 3eMelb. Bu-
NoOyBaHHS 1 TPaHCIOPTYBaHHS KpEHaM MPOBOKYE
TAKOX TEXHOT'CHHE 3a0pyJHEHHSI HABKOJIUIIHHOT'O
CEepEIOBHILA MOBITPSHUM IIIISIXOM.

4. 3a TaHUMH OTPAIIOBAHHS aePOKOCMIYHUX 3H0-
MOK 3 BUKOPUCTAHHSIM T'€0iHPOpMaLliHHUX TEXHOJIO-
il BCTAaHOBJICHO, 110 €KCILTyaTallist y IPUKOPIOHHIN
TEPUTOPIT TEXHOTEHHO Ta €KOJOTTYHO HEeOe3MeTHNX
00’€KTiB MOXe MPU3BECTH 0 6iochepHOro KOHGIIK-
Ty (TPaHCKOPJOHHOT'O 3a0py/JHEHHS) Ta €KOJIOTTUHOT
karacTpodu: 301TbIIeHHS CTOKY Boa y YopHe mMope 1
3MEHIIIEHHs CTOKY Box y banriiicbke mope. Lle npu-
3Belle 10 YMOBIIbHEHHS BOAHOTO oOMiHy B Illammb-
KHX 03epax Ta sK HacJIiJ0K IpU3Bee 0 TOCHICHHS
IPUPOIHUX 1 AHTPONOTCHHUX (PAKTOPIB Ha EBTPO-
¢yBanns o3ep lllanpkoro HaiioHaJabHOTO MPUPOA-
HOT'O TIapKYy.

5. TIpoBeneHi AOCIHIKEHHS CB1IYaTh MPO HE0O-
XIJHICTH 3A1MCHEHHS 3aXOIB IIOA0 HEBIIKJIAIHOI
oprasizamii MOCTIHHOTO MOHITOPHHTY 3a CTAHOM
i3€MHUX BOJ HA IPUKOPAOHHIH TEPUTOPIi 3 METOIO
HOCTIHHOT'O KOHTPOJIO 32 iX CTAHOM Ta CBOEYACHOT'O
3MIHCHEHHS HEOOXITHUX Al M0N0 MonepemKeHHs
MOKJIMBAX HETaTUBHUX E€KOJIONYHMX HACIIJIKIB Ha
TepuTopii YKpaiHu.
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Abstract. Environmental pollution is a matter
of deep concern, especially after the invasion of
Ukraine by the Russian Federation. The strategic im-
portance of fresh water is widely recognised, but at
the same time, a number of questions arise regarding
the sustainable management of water resources in
any scientific, social or political programme around
the world. The world’s water resources face serious
quantitative and qualitative threats, despite the fact
that environmental legislation is becoming increas-
ingly stringent. This issue is particularly acute in the
context of hostilities. The damaged and destroyed in-
frastructure has led to the degradation of ecosystems
due to the inflow of untreated wastewater containing
a significant amount of pollutants, including phos-
phorus and nitrogen compounds, which cause eutro-
phication of water bodies.

Today, microalgae are a very valuable raw materi-
al, as they are not only involved in the removal of nu-
trients from wastewater in the process of post-treat-
ment, but also a promising biofuel in the context of

the energy crisis. The production of valuable microal-
gae biomass by cultivating them in closed systems -
photobioreactors - is gaining popularity, as open sys-
tems do not always cope with the task due to their
sensitivity to changes in ambient temperature, which
vary significantly in different regions of Ukraine and
the world. There are different designs of photobiore-
actors that have their advantages and disadvantages.
The most important parameters that affect the effi-
ciency of photobioreactors are: type of bioreactor;
bioreactor shape; temperature control; economical
carbon dioxide waste; high-quality simulation of the
growing medium; material; terrain; controlled hy-
drodynamics; and freedom of cultivation.

The combination of biotechnology with innova-
tive approaches to growing microalgae and unicel-
lular organisms opens up new opportunities for sus-
tainable industrial development and environmental
safety in the water and wastewater sector.

Keywords: Photobioreactor, Microalgae, Waste-
water, Nutrients, Cultivation.

MMOPIBHSIVIBHUM AHAJII3 KOHCTPYKIIA
®OTOBIOPEAKTOPIB JIUI51 KYJIbTUBYBAHHSI
MIKPOBOJIOPOCTEH

IMasmox JI. 1.! Penera B. K.?

HepxaBHuil yHiBepcuTeT « KUiBCbKHI aBialliiHUN 1THCTUTYT».
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AHoTanis

3a0pyIHEHHS] HABKOJIMUIITHBOIO CEpPEeIOBUIIA BU-
KJIMKAa€ TJIMOOKE 3aHEIOKOEHHS, OCOOIMBO ITICIIA
BTOPTHEHHS B YKpaiHy pociiicekoi penepariii. Ctpa-
TeriuHa Ba)XJIUBICTh MPICHOI BOJIM € 3aTaJIbHOBU3HA-
HOIO, ajie BOJHOYAC BMHUKA€ HHU3KA MHUTaHb OO0
CTaJIOr0 yIpaBlliHHS BOAHUMH pecypcaMu B Oyib-
K1/ HAYKOBIH, COIiaIbHIN UM MOJTITHYHIN porpami
B ycbOMY CBiTi. CBITOBI BOJIHI PeCypcu CTUKAIOThCS
3 CepiO3HUMU KUIBKICHUMHU Ta SIKICHUMH 3arpos3a-
MU, HE3BAXKAI0UH Ha Te, 10 IPHUPOJIOOXOPOHHE 3aK0-
HOJIaBCTBO CTa€ Bce OLIBIT )OpCTKimuM. OcoOIrBo
rOCTPO 1€ MUTAHHS TIOCTA€ B yMOBaxX OOMOBUX JIiil.
[NomkomskeHa Ta 3pyitHOBaHa 1HPPACTPYKTYypa MpH-
3BeJIa 10 Jerpajalii eKoCHUCTeM 4yepe3 HaJaXOMKeH-
HSI HEOUMINEHUX CTIYHHUX BOJ, SIKI MICTSTh 3HAYHY
KUIBKICTDh 3a0pyHIOIOUMX PEYOBHH, 30KpeMa CIIO-
ayk pochopy Ta a30Ty, IO CIPHUUHSIOTH eBTPOdi-
Kallito BOJIOWM.

MiKkpoBOIOPOCTi HA CHOTOJIHI € TyXKe I[IHHOI CH-
POBHHOIO, OCKIJIBKH HE TIJIbKU OepyTh y4acTh y BU-
JajeHH] OI0reHHUX CHOIYK 31 CTIYHHUX BOJ Y TPOIIe-
cax JOOYHIIEHHS, a i € IEPCIEKTUBHUM Ol0MaTMBOM
B YMOBAaxX €HepreTHuHoi Kpu3u. OTpUMaHHS IIHHOI
6ioMacu MIKPOBOAOPOCTEH MIJIAXOM iX KYJIBTUBY-
BaHHA y 3aKpPUTHUX CHCTeMax — (oTobiopeakTopax,
HaOyBae Bce OLIBIIOT MOMYJISIPHOCTI, aJiKe BIIKPUTI
CHCTEMU He 3aBXKIH CIPABIISIOTHCS 3 MTOCTABICHOIO
3a/lauero yepe3 Yy TIUBICTh IO 3MIHU TEMIIEpaTypu
HABKOJIMIIIHHOTO CEPEIOBUINA, SIK1 y PI3HUX PErio-
Hax YKpaiHH Ta CBITY CyTTEBO BiApi3HAIOTHCA. ICHY-
I0Th pi3HI KOHCTPYKIii (hoTOOIOpeakTopiB, sKi Ma-
I0Th CBOI IepeBaru Ta Heaoaiku. HaltBaxxmuBimumu
napaMeTpaMu, SKi BIUIMBAIOTH Ha €(EeKTHBHICTH
¢dotobiopeakTopiB €: TUI OiopeakTopa; 6iopeaKkTop-
Ha (GopMa; KOHTPOJIb TeMIepaTypH; eKOHOMHI BiJ-
XOJIM BYTJICKUCIIOTO Ta3y; sIKiCHA 1MiTallisl )KUBUIIb-
HOT'O CepeloBHUIIa; Marepiai; penbed MicleBOCTi;
KepoBaHa riIpoAHaMiKa; cB0OOIa BUPOLyBaHHSI.

IToequannas 010TEXHOJIOrT 3 IHHOBALIHTHUMU ITi /-
XOJIaMH JI0 BUPOIIyBaHHS MiKPOBOJOPOCTEH 1 OTHO-
KJIITHHHUX OPTraHi3MiB BiJJKPUBAE HOBI MOXJIMBOCTI
JUTSL CTAJIOTO PO3BUTKY MPOMHCIIOBOCTI Ta 3a0e3re-
YEeHHS eKOJIOr1yHOi 0e3MeKH BOJO0-KaHaIi3aliiHOTrOo
rOCIO/IapCTBA.

KurouoBi ciaoBa: ¢oTtobiopeakTop, MiKpOBOJIO-
pOCTi, CTiuH1 BOJH, O10T€HEHHI CIIOTYKH, KyJIbTHBY-
BaHHS

Introduction

Environmental pollution is a matter of deep
concern, especially since the invasion of Ukraine by
the Russian Federation. The strategic importance of
fresh water is widely recognised, but at the same time,
anumber of questions arise regarding the sustainable
management of water resources in any scientific,
social or political programme around the world.
The world’s water resources face severe quantitative
and qualitative threats, despite the fact that
environmental legislation is becoming increasingly
stringent. The water environment, as a fundamental
and critical part of the human environment, plays a
key role in the food chain. This issue is particularly
acute in the context of hostilities. The damaged and
destroyed infrastructure has led to the degradation of
ecosystems due to the flow of untreated wastewater,
which contains a significant amount of pollutants,
including phosphorus and nitrogen compounds,
which cause eutrophication of water bodies.

Analysis of Recent Research and Publications

Microalgae are cultivated in open, closed and
so-called hybrid systems. The synergy of biomass
growth efficiency in open natural systems and in
photobioreactors can be achieved by using such
hybrid systems. The two-stage hybrid cultivation
system is an advanced version of algae culture,
where the cell medium is transferred when nutrients
are found to be decreasing. The hybrid system can
operate with small photobioreactors and large ponds
and vice versa [1].

There are various designs of photobioreactors
for cultivation [2-4]. A significant number of them
can be used and are widely used for wastewater
treatment by combining biomass cultivation with
the removal of nutrients from the culture medium.
This reduces the cost of both processes, reduces the
amount of unwanted sludge and reduces the risk of
eutrophication.

The study [5] emphasized the enhancement of
microalgal productivity and quality (e.g., biochemical
composition) using different colored photobioreactors
(PBRs) exposed to ambient conditions. In this study,
a unique approach had been applied to evaluate the
microalgae co-culture (Chlorella vulgaris, Chlorella
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sorokiniana, and Scenedesmus simris002) growth by
exposing the colored transparent photobioreactors
(white, blue, and green) to sunlight using a nutrient-
rich (N, P) anaerobic reactor effluent produced after
the treatment of domestic wastewater. Experimental
results suggested that the white PBR increased the
microalgae productivity by 2.3 to 3.5 times than
blue and green PBRs, respectively. In addition, the
FTIR spectroscopy analysis showed better quality
microalgae (i.e., higher IR spectra) produced in white
PBR compared with that of blue and green PBRs,
respectively. Moreover, the microalgae cultivated
in white PBR also showed high lipid content (38%)
with the dominant biodiesel FAME composition
(C16-C18) of 68.6% [5].

Principles of fluid mechanics, gas-liquid mass
transfer, and irradiance controlled algal growth
are integrated into a method for designing tubular
photobioreactors in which the culture is circulated by
an airlift pump [6]. A 0.2 m3 photobioreactor designed
using the proposed approach was proved in continuous
outdoor culture of the microalga Phaeodactylum
tricornutum. The culture performance was assessed
under various conditions of irradiance, dilution
rates and liquid velocities through the tubular solar
collector. A biomass productivity of 1.90 g 1-1 d-1 (or
32 g m-2 d-1) could be obtained at a dilution rate of
0.04 h-1. Photoinhibition was observed during hours
of peak irradiance; the photosynthetic activity of
the cells recovered a few hours later. Linear liquid
velocities of 0.50 and 0.35 m s-1 in the solar collector
gave similar biomass productivities, but the culture
collapsed at lower velocities [6].

Problem Statement

Methods of additional treatment of nutrients
involve converting them to an insoluble state, followed
by sedimentation and disposal of the sediment. This
requires additional costs. At the same time, demand
for microalgae biomass is constantly growing. It is a
raw material for the production of various commercial
products [7, 8]. Different cultivation methods are used
to produce it. However, they all have in common the
use of biogenic elements.

Combining biomass cultivation with nutrient
removal from the culture medium with wastewater
treatment processes reduces the cost of both

processes, reduces the amount of unwanted sludge
and reduces the risk of eutrophication.

Since microalgae are able to operate both in open
systems (natural water bodies) and in closed systems
(photobioreactors), an innovative approach that
significantly reduces water pollution and improves
water quality, in particular its organoleptic properties,
is the bioremediation of water bodies with microalgae
suspensions, which is based on algalization and
maintaining ecological balance.

There is also an urgent task of finding microalgae
cultures for use in photobioreactors and improving
their efficiency, as well as developing methods
for calculating the technological parameters and
operating modes of the photobioreactors themselves.

The Main Research

Special containers, so-called fermenters or
bioreactors, are used in biotechnology production to
increase biomass. The combination of biotechnology
with innovative approaches to growing microalgae
and unicellular organisms opens up new opportunities
for sustainable industrial development, namely:

1. Growing algae near power plants: This
technology is innovative and efficient, as it uses heat
from power plants to provide the energy needed for
algae growth. This not only increases the efficiency
of production, but also reduces energy consumption
from other sources.

2. Environmental and economic benefits: using
heat from CHP to cover up to 77% of the algae
cultivation needs can reduce energy costs while
also reducing environmental impact. This increases
the sustainability of production, helping to reduce
emissions of carbon dioxide and other pollutants.

3. Development prospects: the development
of bioreactor technologies and optimisation of
microbial cultivation conditions can help to increase
productivity, reduce costs and improve the quality of
the products.

Photobioreactors are important tools for
intensifying the production of biomass and valuable
compounds from microalgae. Due to their advantages,
they can become a key element in the development of
sustainable biotechnological processes, in particular
in the fields of bioenergy, wastewater treatment and
food additives. Photobioreactors are devices designed
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for the cultivation of photosynthetic microorganisms
(microalgae, cyanobacteria) that use light as an
energy source to synthesise organic compounds
from inorganic ones. Closed-type photobioreactors
were created as opposed to open-type ponds. The
advantages of closed photobioreactors are:

Controlled conditions: closed systems allow for
precise control of parameters such as temperature,
pH, light intensity and CO: concentration, which
significantly increases the efficiency of the
photosynthetic process.

Higher product yields: intensive cultivation under
controlled conditions can lead to significantly higher
yields of the target product (biomass, oils, bioactive
compounds) compared to open systems.

Protection  against  contamination:  closed
photobioreactors reduce the risk of contamination
from the outside, as microorganisms are cultivated in
an isolated environment.

Photobioreactors operate in the following modes:
1. Accumulation mode: In this mode, cultivation
takes place during one production cycle. The
microorganisms are grown until the desired biomass
level is reached and then harvested. 2. Accumulation
mode with feeding: In this mode, new substrate
is continuously added to support the growth of
microorganisms, allowing for higher productivity
within asingle cycle. 3. Continuous Cultivation Mode:
This mode allows for the continuous introduction of
new substrate and discharge of finished products,
ensuring a stable production capacity.

In most cases, continuous cultivation of microalgae
is carried out in a turbidostat, a photobioreactor
in which a constant density of the microalgae
suspension is maintained by periodically removing
part of the culture and adding a nutrient solution.
This allows for optimal conditions for microalgae
growth without overloading the system. Bioreactors
are rather complex engineering systems due to their
multimodality and the use of special materials.
Ensuring optimal conditions for microalgae growth
requires constant monitoring and maintenance
of a number of parameters: temperature, pH,
redox potential of the medium, dissolved oxygen
concentration, carbon dioxide and basic nutrients,
liquid flow rate, mixing intensity, and sterilisation
conditions. Modern bioreactors are equipped with
automatic control systems that allow for real-
time monitoring and regulation of temperature,

pH, concentration of dissolved gases and other
parameters.

Any bioreactor is designed to create comfortable
conditions for the life and cultivation of
microorganisms, or rather, to provide them with
breathing, nutrition and excretion of waste products,
a comfortable temperature, etc.

The main part of the bioreactor is the fermenter.
The fermenter is a tank that creates comfortable
conditions for the cultivation of microorganisms,
synthesis of products and accumulation of biomass.
The main material used to make bioreactors is high-
quality steel or titanium, as they are the most resistant
and less susceptible to corrosion, and the inside of
the bioreactor is also polished. Mass transfer and
hydrodynamics are prerequisites for a bioreactor.
Fermenters are equipped with all the necessary parts,
such as stirrers, pumps, air filters for sterilisation and
others, to maintain the required temperature, gas
conditions and proper mass movement in the reactor.
The sampler is also an essential part of bioreactors
for sampling liquid during the biosynthesis
process. Depending on the purpose and specifics
of the bioreactor, additional parts may also be used.
Bioreactor operation is monitored using instruments
that measure the acidity of the medium, temperature,
pressure, gas flow, aeration, etc. The details of the
bioreactor, as well as the control of all its processes,
directly affect the cultivation of microorganisms.

A bioreactor is not just an apparatus, but also
complex physical, chemical, physicochemical and
biological processes that take place to achieve
maximum efficiency of the goal. Bioreactors should
be in an accessible location to ensure easy access
to replace the necessary parts in case of failure. In
addition, the procedure should be as sterile as possible,
and the necessary safety precautions must be taken to
minimise negative effects on the cultivation process.

High-pressure steam is used to clean bioreactors,
as the main contaminants of the reactor are fungi,
bacteria and viruses, protozoa and yeast, which
appear as a result of dust, working solutions or
employees. Bioreactors must meet certain criteria:
absolute tightness, stable volume of culture fluid,
access to all parts of the bioreactor, and sterilisation.

Bioreactors are also divided into types depending
on the volume of fermenters. Before use, the
culture liquid or raw material is stored frozen and
a small number of microorganisms are grown in the
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Table 1

The principle of operation of different types of photobioreactors [9-12]

Type ‘ Action type

Mechanical Mixing of the bioreactor contents is performed by a mixer, but leads to uneven mixing and
death of microorganisms.

Airlift Mixing is done by using the gas phase through the liquid, which leads to undesirable foam
formation.

Gas-vortex Mixing is performed by a quasi-stationary flow with axial countercurrent, which is created
by gas swirling due to changes in pressure and friction force of the air flow on the liquid surface.

Aerobic It occurs due to an active biological process with the supply of oxygen (aeration) and purifies
water from biological substances, solid particles and other impurities.

Anaerobic Based on fermentation, the invention relates to ecological processes of water purification
from small particles and droplets with flocculation and coagulation and can be used to remove
surfactants, fats, oils, petroleum products and other encumbered substances, suspensions and
emulsions.

Membrane It works on the basis of biological purification and membrane separation to purify water from
organic substances, bacteria, viruses, and pesticides.

Cascade It works on the basis of biological treatment of water, organic matter, nitrogen, phosphorus,
and is designed to grow microalgae for use as biofuel.

Mixed Used as both anaerobic and aerobic cultivation to produce biogas and heat simultaneously,
which is trained to heal the microbial cultivation environment.

laboratory to the required volume and maximum
efficiency in the bioreactor.

After that, the microorganisms are placed in a
sterilised bioreactor in comfortable conditions to
eventually produce biomass or nutrients from the
metabolism of microalgae.

The Table 1 below shows how different types of
photobioreactors work.

The efficiency of a photobioreactor also depends
on the following parameters:

1. Type of bioreactor. There are two types: open
and closed. The closed form of the bioreactor is the
most common and is often used in the cultivation of
microalgae.

2. Bioreactor form. Photobioreactors come in
different shapes, which determine the working area
of the photobioreactor. The shape of the bioreactor
(e.g., in the form of pipes or flat) affects the intensity
of lighting, the rate of passage of wastewater through
the photobioreactor and the mode of operation of the
fermenter.

3. Temperature control. Microorganisms should
be cultivated at a temperature that is comfortable for
them, as this directly affects the rate and amount of
biomass and the efficiency of wastewater treatment.

4. Economical carbon dioxide waste. With
sufficient CO, saturation, microalgae are intensively
cultivated, their composition and life cycle changes.
However, many microorganisms require high gas
consumption, so low carbon dioxide inputs compared
to the resulting higher biomass growth will be
effective.

5. High-quality simulation of the culture medium.
The creation of appropriate conditions directly affects
the development and vital activity of microorganisms.
The use of wastewater is a great advantage, as it is rich
in many nutrients that accelerate the development of
microorganisms.

6. Material. The material for creating a bioreactor
is very important, most often glass is used, which
is not a budget option. The disadvantage of such a
bioreactor is its rapid contamination, which means
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Type of bioreactor |
1

Table 2

Comparative analysis of different types of photobioreactors

Advantages
2

Disadvantages
3

Plane-parallel

Large illumination surface area maximises
solar energy utilisation

Gas and mass transfer in microbial or microal-
gal cultivation systems increases with increas-
ing gas mixture feed rate (usually air or COz),
but only up to a certain limit due to solution
saturation, media turbulence and culture stress

Low dissolved oxygen concentration

External light source makes the photobioreac-
tor bulky

The continuous cultivation method has prov-
en to be particularly useful for studying the
physiological characteristics of unicellular
microalgae, cyanobacteria and purple bac-
teria. It allows cell culture to be maintained
in a state of steady growth, which facilitates
the study of their metabolic processes under
controlled conditions

This design is not suitable for a wide range
of microalgae, especially those that tend to
form sediment or create a film on the reactor
walls, which makes it difficult to mix evenly
and maintain a homogeneous environment for
their growth

Simplicity of design makes it easy to in-
crease the volume of cultivation without
significant costs for equipment upgrades

Due to their design, flat-parallel reactors can-
not be effectively sterilised by autoclaving or
flowing steam, which is a critical aspect in the
cultivation of microalgae

Tubular

Exceptionally productive system for highly
efficient cultivation of many microalgae

Insufficient mixing turbulence in the upper
part of the reactor leads to overgrowth of the
walls with microalgae culture, which reduces
access to light and creates problems with gas
exchange

The system operates in continuous mode

Possibility of accumulation of high
concentrations of O, (poison for microalgae)
in the culture medium if the tubes are too long

Large illumination surface area

Reducing the CO, concentration along the tube
can cause the microalgae to lose their carbon
source

Large areas are required because long tubes
are used

A certain fraction of the crop is beyond the
illumination limit due to the spatial separation
of the photosynthesis process inside the
illuminated tube and the gas and mass
exchange in the gas exchanger

Reactors based on
coaxial cylinders

The annular gap allows for the efficient use
of mechanical stirring devices

Scaling up to volumes over 20 litres is not easy
due to the uneven distribution of conditions

Vertical

High mass transfer rate with good mixing

Small surface area for illumination

Compact, easy to operate and relatively
inexpensive

If the elevator system is not used, cell settling
may occur




120

expensive maintenance. The efficiency criterion is
the use of cheap and affordable materials, as well as
slow contamination.

7. Terrain. The area for the use of a bioreactor must
meet many requirements, which affects the number
of bioreactors and their versatility. A bioreactor that
does not care about location and terrain has a strong
advantage. Accordingly, a photobioreactor installed
near or in sewage plants will be effective.

8. Controlled hydrodynamics. The efficiency
criterion is met by a bioreactor in which it is possible
to control the flow of liquid.

9. Freedom of cultivation. Not all bioreactors
are suitable for growing microalgae that can reduce
the level of pollutants in wastewater. For example,
gas-vortex or mechanical, as many microorganisms
have a fragile structure. A photobioreactor is also ef-
fective, as it can cultivate different strains of microal-
gae without harming the microorganisms. The Table
2 below shows the advantages and disadvantages of
different types of photobioreactors.
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VY nmanil cTarTi pO3rAANAIOTHCS HAWOIIBII pe-
30HAHCHI MPOSBH €KOLUJY, YUHUHEHHX POCIHCHKOIO
CTOPOHOIO, TapajelbHO aKIENTyeThCs yBara Ha
JocBiAl YKpaiHu B yMOBaX NMOBHOMACIITaOHOT Bild-
HU. AHANI3yIOThCS KOHIENTYaJbHI MiIXOIU J0 BU-
3HAYCHHS BUIIE 3ra/IaHOTO SIBUIA, & TAKOXK BU3HA-
YEHHS MOro O3HAK, 3aIPONOHOBAHUX YKPAITHCHKOKO
Ta 3aKOPIOHHOI CHITBHOTAMH. BHUCBITIIOIOTHCS
BUNA/IKH, SIKi JEMOHCTPYIOTh PYHHIBHUI BIUJIUB Ha
YKpalHCBbKI €KOCHCTEMH, 30KpeMa HaCJHiJKH ILiijie-
CIPSIMOBAHOTO 3HUIIEHHS XUTTEBUX YMOB YKpaiH-
miB. IligkpecnoeTbcs HEOOXiIMHICTH PO3MIMPEHHS
IOPUIMYHUX PaMOK MIKHApOIHOTO Ipasa il ogi-
[[IHOTO BU3HAHHS EKOLHMAY SK CKJIAI0OBOI YaCTHUHH
reHoruay. JlocmikeHHsT CpsIMOBaHE Ha IMiATPUM-
Ky po3p00JIeHHs HOBUX CTaHIaPTiB 3aXUCTY JOBKiJI-
JIS1 TA HAI[IOHAJIBHUX CITIJIBHOT.

Ku1r04oBi ci10Ba: reHou 1, KOIKI, Mi>KHapOIHE
paBo, BiifHA, €KOCUCTEMA, YMHCHE 3HHIICHHS, Ka-
TacTpou, 3aXUCT HALlI{, CydacHI KOH(IIKTH.

This article examines the most resonant
manifestations of ecocide committed by the Russian
side, with a parallel focus on Ukraine’s experience in
the context of a full-scale war. The author analyses the
conceptual approaches to the definition of the above—
mentioned phenomenon, as well as the definition of
its features proposed by the Ukrainian and foreign
communities. Cases demonstrating the devastating
impact on Ukrainian ecosystems, in particular, the
consequences of the deliberate destruction of the
living conditions of Ukrainians, are highlighted. The
need to expand the legal framework of international
law to officially recognize ecocide as an integral part
of genocide is emphasized. The study aims to support

the development of new standards for the protection
of the environment and national communities.
Keywords: genocide, ecocide, international law,
Ukraine, war, ecosystem, deliberate destruction,
disasters, defense of nations, modern conflicts.

ITocTanoBka npodJjemMu

I'eHorua — 11e yacTkoBe a00 MOBHE 3HHUILEHHS Ha-
IIOHAJIBHOI, €THIYHOI, pacoBOl UM PEJIriiHOI Tpynu
3 YMHCHHM XapakTepoM cIpsMyBaHHs. Onucyroun
OararodnciieHHI BOMBCTBA, YYWHEHI HAIMCTaMU W
KoMyHictam 1 yac ['onokocty, y 1944 pori ropuct
Padaens Jlemkin copmyBaB il yBiB 1aHe MOHSATTS B
HayKoBy TepMiHomoriio [1]. Moro kiacuune Bu3Ha-
yeHHs, 3adikcoBane B Konsentii OOH «IIpo momepe-
JOKEHHS 3JI0YMHY T€HOIHMTY Ta TIOKapaHHsI 38 HbOT'0»
(1948 p.), HaromnoNIye Ha YITKUX JisX, CIPSIMOBaHHX
Ha (i3uyHe a00 TICUXIYHE BUHUILICHHS ITIEBHOI TPYIIH.

CyuacHi JOCHIKEHHS pO3IIUPIOIOTH L€ BH-
3HAYEHHS, BKJIIOYAIOYM TaKe IMOHATTS, SK EKOLUIL.
Exonmn — e yMUCHE 3HMILEHHS IPUPOIHOTO cepe-
JIOBHILIA, III0 3MEHIIYE IAHCH YU TIOBHICTIO YHEMOXK-
JMBIIIOE TPOKMBAHHS BHOKPEMJICHOI 32 YITKMMHU
O3HAKaMHU YaCTUHU HACEJICHHs Ha NMpPUHANSKHIN i
teputopii [2]. JlaHe MOHATTS MPOSBIAETHCA B OTPY-
€HHI Ta TOJANBIIOMY BUHHUIICHHI TPUPOIHUX, BOI-
HUX 1 3eMeJIbHUX PECypCiB, SIKi 3PEIITOI0 BIUIMBAIOTh
Ha 3JI0pPOB’sl, IPUMITHBHI 3aCO0H iICHYBaHHS Ta KyJIb-
TYypHY 1JIeHTUYHICTH MicieBoi rpynu. [lpukianom e
BUKOPUCTaHHA BilicbkoBUMU yrpynoBanHsmu CLIA
XIMIYHUX areHTiB MiJl 9ac BiiiHU y B’eTHami, e 3HU-
IIEHHS OTPYHHUMH PEYOBHHAMH YHIKaJIbHOI (ropu
Ta (hayHU TPOMIYHMX JIICIB a31iCHKOr0 Hapoxy mepe-
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TBOPHJIO PaHillIe KBITY4y XKHUTTSAM TEPUTOPIIO HA He-
NpUAATHY AJIs TPOXKUBAHHS MICLIEBOI'O HACEJICHHSI.

3 BITHOCHO HelaBHBOTO Yacy (3 1970-x pokiB) mo-
HATTS — «EKOLU» CTAJI0 YACTHHOIO CBITOBOI HAyKO-
BOI TEPMIHOJIOT11, @ 3Tr0I0M — €KOJIOT1YHUM aCIIEKTOM
IIMPIIOTO 32 PO3YMIHHAM «TeHOIUAY». L5 KoHuen-
1is1 HaOys1a NOMyJISIPHOCTI y CBITOBIH Haylli B OCTaH-
Hi gecaTumiTTs 3aasku npausm [lons [anmopa i
Hasta I'meni. Jleski JOCIIAHMKHM HaBITH BBAXKAIOTh,
110 eKOIU/ Ma€ OyTH BKIFOUEHHUH 10 Mi>KHAPOHOTO
IpaBa K 3JI0YMH IPOTH JIIO/ICTBA, SIKUU BXKE CTAE HA
OJTMH PiBEHb 3 TCHOILIHIOM.

Hanpuknan, benmxamin Birtec y cBoix poboTtax
3a3Hayae: HAaBMHUCHE OTPYEHHS BOJHHMX PECYpCIB,
BUpPYOKa JIiciB a00 3HUILEHHS IPYHTIB 3 METOIO T03-
0aBIICHHS HACEJICHHS! MOXJIMBOCTI BU)KUBAHHS € HE
MEHII pyHHIBHUM, HIX MPSIME HACUIIBCTBO.

OnHuM 13 MPUKIAMIB EKOUHIY, IO MPUBEPHYB
yBary Mi»HapOJHOI CIIJILHOTH, € 3aCTOCYBaHHS Jie-
¢domianTiB y B’eTHami mijg yac BOEHHOTO KOH(IIIKTY,
posnouarum CIIA. Apmist Cionyuenux lIraris Bu-
KOpPHCTOBYBaJIa XiMiUHY pedoBUHY «Agent Orange»
JUTSL 3HUIIEHHS JUKYHTJIIB, /1€ IEPEXOBYBAJIUCS BET-
HaMcbKi mapTtu3anu. Lle npusBeno g0 pyiHyBaHHS
IPUPOIHUX €KOCHCTEM, 3HUIIIEHHS MOCIBIB 1 cepiio3-
HUX MPpo0JIeM 31 3I0pOB’IM Yy MICIIEBOTO HACEICHHS,
1110 MO’KHA TPAKTYBATH SIK CIpo0y 3HUILEHHS L1JI0r0
HapoJy Yepe3 iXHi eKOJIOriuHI YMOBU NMPOKUBAHHS.
Ha nymky nocnigauka Anama JlxoHca, momiOHi il
€ CIIOCOOOM I'eHOIU LY, CIPSIMOBAHOT'O Ha ITOCTYIIOBE
3HUIICHHS €THIYHO-HALlIOHAJIBHOI TPYTIH Yepe3 3HU-
IIEHHS1 HABKOJIHMIIHBOTO CEPEOBUIIIA.

B Vkpaini neit TepMiH CTaB sIK HIKOJIH aKTyajlb-
HUM IIICJIsI TOBHOMACIITAOHOTO0 BTOPTHEHHS POCii y
2022 porii Ha TEPUTOPIIO HAIIOI JepkKaBH. 30Kpema,
yepe3 100% pyiiHyBaHHSI MICT, TaKuX sK: baxmyr,
Conenap, Map’inka, BonnoBaxa, Py0ixkne it Benu-
KY KUTBKICTB 1IHIIUX MICT; Ta MPHJIETIUX €KOCUCTEM:
JICOBO1, CTEMOBOI Ta 1HIINX; MO € PAaKTUYHUM TiJ-
TBEPKCHHSM CUCTEMAaTUYHOTO 3HUIIECHHS MPUPOI-
HOTO i ypOaHiCTUYHOTO cepeloBUIIla, MUPHOTO Ha-
CEJICHHSL.

AKTYaJIbHICTh IaHOI TEMH Ta OCTAHHIX
nyOJikanii

Pocisi BUKOpPHCTOBY€ He TUIIE BIHCHKOBI METOH,
ane ¥ 3aiydae miIeCpsiMOBAaHE 3HUIICHHS JKUTTE-

BO BXJUBOI 1HQPACTPYKTYpH, 3aBAAE IIKOTU JIO-
BKULITIO Ta 3arpoXye yMOBaM ICHYBaHHS yKpaiH-
CBKOTO Hapoay, L0 BXKe MOXHa KBali(iKyBaTh sK
BUPAXKEHHS TEHOLMJHOI MOJITUKU 4Yepe3 EKOIHI.
Och KiJbKa KIIOYOBHX ACHEKTIB, sIKi OOIPYHTOBY-
I0Th aKTYaJIbHICTh JOCIIKCHHS LI€T TEMU:

ExonoriyHa mkona Ta JOBrOCTPOKOBI HACIHIJIKH.
[MomkomKkeHHs i1HAyCTpilallbHUX 00 €KTIB, TAKUX SIK:
Ha(TOBI CXOBHIIA Ta XIMIUHI 3aBOJIU, 3aBJIAJTH IIIKO-
IIU TIPUPOJIHIM 00’€KTaM, OTPYIiiaH BOJOWMH 3 TOBI-
TPSIM, 1110 HETATUBHO MIO3HAYMIIOCS Ha 37I0pPOB’1 Hace-
JICHHS 1, 710 TOTO %, CTBOPHJIO 3arpO3y JUIS JOBKIJLIS
(3 24.02.2022 — na nouatok 2024 poky): 3HHILIEHA
TeXHIKa OKyNaHTa BXe KOHBEpTyBajacsi B IOHAJ
859 TuCSY TOHH BIAXOAIB, IO BUPOOMIM OLIBII HiXk
83 THCAY TOHH BYIVIEKHMCIIOIO ra3y — €JIEMEHTY ar-
Mocepu. Y BonHI 00’ekTH YKpaiHU HOTPAITHIIO TO-
HaJ 36 205 TOHH CTOPOHHIX CKJIaJIOBUX BIMCHKOBOL
TEXHIKM 3 PI3HUMM HEOpraHIYHMMH MaTtepiajiaMu
ta 1me 1600 ToHH 3a0pyAHIOBANIBHUX PEUYOBHH. Yce
11 CTAaHOBUTH 3arpo3y JJisi BOAHOI ¢uiopH Ta (hayHH,
a, TAKOX, JIJIs 310pOB’s IoAuHU. [IpoTe crpaBkHiX
«amoreeM» EKOIHAy B YKpaiHi cTaB migpuB JamOu
Kaxoscekoi 'EC 06.06.2023, 3a3HaueHy B po3i-
Ji «BUKJIAJ OCHOBHOTO MaTepiaiy» — JeTaJbHOMY
OIJISI/II MPUPOJIHIX KaTtacTpod, yUMHEHUX pOCisHa-
MU. AHaJII3YI0YH CUTYAIIiI0 MO0 JICOBOTO MAacCHBY,
MOXHa 3p0OUTH BHCHOBOK, 1110 HA OKYIOBAaHUX 1 Jie-
OKYTIOBaHUX TEPUTOPIAX yYepe3 HUX OYEBUIHO Iie-
PEMINIYIOTh BaXKKe BIMCHKOBE OOJAHAHHS, TaM XKe
3HAXOASATHCS BICHKOBI YACTUHH Ta BEyThCS AKTHB-
Hi OoifoBi nii. 3a nanumu Jlep>kaBHOTO areHTCTBA JIi-
coBux pecypciB Ykpainu y 2022 poui paxtuano 70%
BiJI TIJTOIII BCiX MOXKEXK 3apEeeCTPOBAHO Y 25-Kijlome-
TpoBiii Oydepniit 30Hi, y 2023 poui — 45%. Kinb-
KICTb 1 T0MIa JTaHAAa() THIX T0XKEK 30LTBITYOThCS
BITHOCHO BijicTaHi 110 niHii pponTy. Tak y 2023 poui
HIUTBHICTH TIOXKEXK Y S-KijToMeTpoBii OydepHiii 30-
Hi Oyna B 49 pa3iB BUILIOIO MOPIBHSHO 13 3HAYEHHSM
IIUIBHOCTI TOKEX Ha PeITi TepuTopii YKpainu, y
10-ximomeTpoBiit 301 —y 10,5 pasis, a y 20-kino-
METpOBil 30H1 — Maiixke BIBivi. Takox, y 2023 poi
nopiBHSHO 3 2022 pokoM 301IbLIKIIACS MILUTBHICT
MOXKEX 1 KUTBKICTh 3aropaHb JaHAmAadTiB, M0 CBi-
YUTH MPO MiIBUILIEHHS 1HTEHCUBHOCTI O0HOBUX il
(y 25 pa3iB 3aj1exHO BiJ BiAcTaHi1 J10 JiHii GPOHTY),
3a3HayeHUx B Ta0mmii 1 [3].

OnHak HaBITh Ta YaCTHHA CLIBCHKOTO TOCIO-
JapCcTBa, 3BIIBHEHOr'O BiJ OKyTallii, yce OIHO 3a-
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Tabnuys 1

HlisbHiCTH MOXKekK i KIbKicTh 3aropans Janamadris*

% from the Ukraine'
Buffer from frontline, kt territory

(bydep Bix mepemoBoi, KT)

(% Big TepuTopii YKpaiHu)

Fire density 1000
(ILlimeHicTs BorHIO 1000)

Flamability 1000
(Toprouicts 1000)

5 16,1 1,5 0,333 0,687 25,84 39,7
10 22,9 2,8 0,033 0,147 3,63 15,4
15 27,2 4,2 0,011 0,053 1,38 3,7
20 30,4 5.5 0,006 0,023 0,84 3.0
25 32.7 6,9 0,004 0,022 0,56 4,9
30 34,6 8,2 0,003 0,013 0,16 1,9
35 36,5 9,5 0,002 0,011 0,28 1,4
40 38,2 10,8 0,001 0,011 0,10 1,2
45 39,9 12,2 0,002 0,006 0,21 1,0
50 41,5 13.4 0,002 0,005 0,12 0,7
Rest of the territory
(Pemrra TepuTopii) 58,5 86,6 0,058 0,014 3,63 1,6

* Direct impact Density of fires (ITpsmuii Brums. HIiIMBEHICTS TOXKEXK)

JUINAETHCS HEMPUIATHOIO JUIsl KOPUCTYBaHHS Ta
MIPOBE/ICHHS JICTAJILHOTO aHa i3y 0araToOuymclIeHHUX
3JI0YMHIB POCIMCHKUX BIMCHKOBUX, OCKIJIBKH BOHA
notpedye po3MiHyBaHHs, SIKE MOYKE TPUBATH JIECs-
tupivusmu. [lapanenbHi nocTiitHi 00CTpian 3 OOKY
POCIiSTH MPU3BOAATH 10 0araTboX MOXKEXK Ta sIK HACIi-
JIOK - ITK1VIMBUX BUKUAIB B aTMOCQEPY, 10 TPUKIa-
Ny: 3arajbHe YHCJIO IIKIJJIMBUX BUKHJIB B aTMOC-
(epHEe TOBITPS 3 TIOYATKY MMOBHOMACIITA0HO! BIHHU
cTtaHoBUTH 67.532.788 ToHH [4]. Taka KiTbKICTH HO-
BOYTBOPEHOTO BYTJIEKHCIIOIO Ta3y MPU3BOAUTH 0
3a0pyIHEHHS TOBITPS Ta MpPoOJIeM 3 JAMXAJIBHOIO,
CEepLEBO-CYJUHHOIO CUCTEMaMHU B YChOT'O HaCeJCH-
HSL; CIIpUSIE TTI00aTbHOMY MOTEIUIIHHIO Ta 3MiH1 €KO-
cucreM. | e mpobnemu He nuiie YKpaiHu, a i yciel
CBITOBOI CITUTBHOTH, aJI’K€ JOBKUJLISI HE Ma€ KOPJIO-
HiB. Hacigku eKoNoriyHuX 370YUHIB, SKi POCISHH
YUHATH B YKpaiHi, 3 4acoM BiUyBaTUMYThCA 1 Ha
IHIIMX KOHTHHEHTaX. Exonu, Sk BUpaKeHHs T€HO-
LUy, € 0COOJIIMBO aKTyaJbHUM Y LIbOMY KOHTEKCTI,
aJKe pyWHYBaHHS €KOCHCTEM IM030aBIIsie YKpaiHIliB
YMOB JIJIs1 HOPMAJIBHOTO KUTTS Ha IXHIH piHii 3eM-
i, CHPUYUHSIOYH 3arpo3y MailOyTHIM MOKOJIIHHSIM.

Konuenis exouuay € BaXKJIMBOIO I PO3yMiH-
HS Cy4YacHOTO TEHOLUIY, aJKe 3HUIIEHHS IMEBHOI
Ipynu Jofed Moxe BiOyBaTHCs SK depe3 IpsMe

¢bi3uvyHe BUHHUIICHHS, TaK 1 Yepe3 YMOBH, IO YHE-
MOXJIMBIIIOIOTH i1 ICHYBaHHS HA ICTOPUYHO BaXKITH-
Bill 1151 KyJIBTYPHOI 1I€HTUYHOCTI Teputopii. Came
TOMY Y Cy4acHOMY IJI00aJIbHOMY CYCHiJIbCTBI BaXK-
JMBO TEPErITHYTH MiAX0AU 10 Kiacudikarlii BO€H-
HUX 3JI0YMHIB Ta 3JI0YMHIB IMPOTH JIFOJSTHOCTI 3 ypa-
XYBaHHSIM MaclITaOHOI IIKOIM, sIKA 3aBIAETHCS HE
JIUIIIe HACEJICHHIO, a i IPUPO/II.

Bukaan ocHoBHoro marepiaay. I'enHouna ta
eKOLM/ K CIIOCO0M CTUPAHHS FeHEeTUYHOL
nam’ATi Hapoay

Cepen ykpaiHCBKMX HAyKOBIIiB, III0 aHAII3YIOTh
TEHOLIUJT 3 PI3HUX CTOPiH, 30KpeMa uepe3 MOHATTS
exoruay, € Bomogumup B’satposuy, ['eopriii Kacbs-
HOB 1 CranicnaB Kynpunnpkuii. Bonu posrnsnaiors
He numie (pi3uuHe BUHUILEHHS, ane W pyHHyBaHHS
NPUPOJHOTO CepelloBUIIA, 1HPPACTPYKTYPH, Kyib-
TypH ¥ 1IEHTHYHOCTI HAPOAY SIK HOBITHIX (hopM re-
HOLUTY.

1. [lepium 3a10KyMEHTOBaHUM TPOSIBOM €KOITH-
Iy TIPOTH YKpaiHIiB OyJi0 pyiHYBaHHS NPUPOTHUX
pecypciB Ta arpapHoi iHppacTpykTtypu y 1921 porii.
MacoBe BHIIy4YeHHsI POJOBOJILCTBA 3 yCIX ClJI, Ta-
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KOXK MICT, paJssHCbKMMH BIMCHKOBUMU ITiAPO3/ia-
MU, TaK 3BaHUMH MpPOJA3aroHaMu, CTBOPIOBAJIO TIe-
penyMOBH JIJ1sl KaTacTpo(ivHOT CUTYallli B perioHax,
Jie HaIlll CIBBITYU3HUKHU BTPAYaId MOXIJIMBICTH HE
JIMIIE FONYBaTU CBOI POAWHH, aj€ ¥ TOTYBaTUCH 10
MaiiOyTHIX BpokaiB. BuiyueHHs HaciHHS, sSIKE BH-
KOPUCTOBYBAJIOCS JIJIi HACTYITHOTO ITUKJIY CIiBOH,
03HAYaJIo, IO CEJISTHU BTpayad MOXKIIUBICTh CaMO-
CTIHO BHPOLIYBAaTH HOBI KYJIBTYPH, & TOMY 3aJI€XK-
HICTB BiJ] IICHTPAJILHOI BIIAJU Pi3KO 3pOCTaa.

Brnue Takux miii He 0OMeXyBaBcs JIMINE JFOJI-
CHKUM (DhaKTOPOM, aJ[)KEe panTOBE MPUITUHEHHS HOP-
MaJIbHOI CLITBCHKOTOCTIONAPCHKOT ISTBHOCTI, TAKOXK,
CIPUYMHIIIO 3HAUHY JeTPajallilo IPyHTIB Ta BTpaTy
0iopi3HOMaHITTS. PiBeHb pOMIOYOCTI YKpaiHCBKHUX
3eMeNb pi3K0O BMAB 4Yepe3 HepallioHaJIbHE BUKOPH-
CTaHHS pecypciB 1 BTpaTy TPajAMLIMHMX 3HAHb B
yIpaBIliHHI 3eMEIbHUMH pecypcamu, ki 30epira-
JUCA B YKPATHCBKUX TIpoMajax CTOmiTTsaMu. Llei
€KOIIMJ] MaB JIOBIOCTPOKOBI HACTIAKU JJISI €KOJO-
TYHOI CTIMKOCTI perioHy, 3pyHHYBaBIIN MPUPOIHI
IIUKJIM BUPOLIYBAaHHS Ta 3aroTiBii XapyiB. Brpara
IPUPOIHUX PECYPCIB cTaja IIe OJHUM YIapoM IO
YKpalHCbKOMY HapoO/IOBi, BACHAXCHOMY BiffHaMHU Ta
PEBOITIOIISIMU.

2. 3 moyaTKOM IOBHOMACIITaOHOTO BTOPI'HEH-
Hs pocii 1o Ykpainu 24.02.2022, ykpaiHcbke Hace-
JIGHHS CIIOCTEpirae HeMMOBIPHO BEIHMKY KIJIBKICTh
BOEHHUX 3JIOUYMHIB 3 OOKY POCIHCHKMX HalMaHIIiB
Ta BIHCHKOBOCIY>KOOBIIIB, OUIBITY YAaCTHUHY 3 SKHX
MOHa KJ1acu(ikyBaTH K MPOSBH eKoIuay. Macii-
TaOHI pyHHYBaHHS 1HPPACTPYKTYpH, B TOMY YHUCII
€JIEKTPOCTAHIII}, BOJIO- Ta ra30II0CTayaHHs, a TAKOXK
pYWHYBaHHS €KOJOTIYHO BaKJIMBUX TEPUTOPIH B
VYkpaiHi, CTBOPHIM KPUTHYHI YMOBHU ISl BUKUBAH-
Hsl yKpalHCBKOrO HaceleHHs. HaykoBii, 30kpema
KacpsiHOB, 3a3HaualoTh, 1110 BHUILE 3a3HAYCHI ITOHSIT-
TS TPOSIBISIOTHCS 4Yepe3 MacoBi OomOapayBaHHS,
00CTp1JIK Ta CIIpOOH IEPETBOPUTH TEPUTOPIIO YKpa-
THM Ha HENpUIATHY 1 KUTTA. Huxde 3ramaemo
HAUOLIBII 3a HACHIAKAMHU TparidyfHi Mofii, CKO€HI
pocistHamu.

[Minpus nam6m Kaxoscekoi 'EC 6 wepBus 2023
pPOKYy — Iie HaiOiNbIIa TEXHOTeHHa KaracTpoda B
Vkpaini micnas BuOyxy Ha YoprHoOmnbcbkiit AEC.
BrnuB gaHOTO €KO370YMHY HANOLIbINe 3aIIKOIUB
camMe BOJHHMM €KOCHCTEMaM. 3a CJIOBaMH TOJIOBU
nepxkommanii «Ykprigpoenepro» Cuportu . (ma-
HE BHUCIIOBIIIOBAHHS CXapaKTEpHU30BaHE B JIKEpe-

71 Nel6, iHIIUX MiATBEpPIKEHb HE 3HANICHO) Yepes
JaHUH TePOPUCTHUHUN aKT POCISH CTABCS 3HAUHMM
BUTIK TYpOIHHOTO MacTHJIa €JIEKTPOCTAHIII] Y PIUKY
Huinpo. «Ekonoriuna xaractpoda Oyne, ToMy IO
Macio, sike 0yJ0 B TypOiHax, momajo B piuky. O6’em
Mmoke OyTu Bix 150 mo 450 ToHH, 1 MU HE 3HaEMO, PO3-
repMeTH3yBaHCs TpaHCHOPMATOPH Ud Hiy. 3a Horo
CJIOBaMHM «Ii3Hile Oyae 3p0o3yMijio, IO CTanocs 3
eKOJIOTI€I0 B HMJKHIM yacTHHI XepCOHCHhKOI obmac-
Ti» [5]. Komanga «Let's do 1 Ukrainey 3a miaTpumkn
YkpHLIEM (VYkpaiHCBKOrO HayKOBOT'O LIEHTPY €KO-
JIOT11 MOps) MPOTATOM MUHYJIOT'O POKY IIPOBEJA TPU
eKoJIoriuHi Micil 3 METOI JOCIIJUKEHHS HACHIIKIB
BIUTMBY KaxoBchbkoi kaTacTpodu Ha BOIHI 00’€KTH.
Binrak, 3aiiicannm BigOip mpod Boau y BOAOHMAX,
KOJIOASI35X, CBEPIJIOBUHAX, 4, TAKOXK, TPOOU JTOHHHUX
BIIKJIAAIB 3 piuku J{HIMPO, 3aTOMJICHUX TEPUTOPIN
ta J{HinpoBcbko-by3pkoro numany. OTpumani pe-
synbratu 3 JlHinpa nobGnmu3y Xepcona, JIHimpos-
cbKO-by3bkoro nmumany, YopHoro mopsi moOiu3y
OuakoBa Ta OJechbKOi 3aTOKH MOKA3aJIM OJHAKOBY
CTPYKTYpy 3a0pymaHeHHs. Ha BCIX IUX CTaHIISIX
BMICT HAQTOMPONYKTiB, TOKCHUHUX METAJIIB: LIUHKY,
KaJIMil0, MUII'SKY Ta XJOPOPraHiYHUX CIOJIYK Iie-
PEBHIIYBAB IPAHUYHO JOIYCTHUMI KOHLIEHTpauii. 3a-
3HAYEH] METAIN € TOKCUYHUMH JUIS 0araTbox BHUIB
BOJIHMX OpPraHi3MiB, OCOOJIMBO 32 BHUCOKOI KOHIICH-
Tpaiii. BoHn MOXyTh BIUIMBaTH Ha PENpPOTYKTHUB-
Hi, pOCTOBI Ta 1HII OIOJOTTUHI IPOIECH Y MOPCHKHUX
oprani3miB. HaBiTh SKIIO OKpeMi BUJIU MOXYTh BH-
TPUMYBATH BUCOKI PiBHI MiJi Ta IIUHKY, LI METaJIN
MOXYTh HAaKOIMYYBaTUCS B JIAHIIOT'Y XapuyBaHHS,
10 MPU3BOAUTH O M€ OITBIIMX KOHIEHTpAIii B
Oprasizmax, sKi 3HaXOJSATHCS HAa BEPXHIX PIBHAX
XapuoBOT0 JIAHI[IOTa, TAKUX K MOPCBHKI CcaBIli abo
moau. Hacenenns x, a came 700 THucsY aroAeH, 1o
IPOXXUBAE OIS TOCTPAXKIAI0T TEPUTOPIT Ta CHIOKH-
Ba€ MOPEMPOAYKTH a0 IT’€ BOAY, 110 MICTUTH BUCO-
Ki piBHI Mii a0 IUHKY, MOX€ 3a3HATH MPOOJIeM 3i
3[I0OPOB’SIM, 30KpeMa TPOoOIIeMH 3 TICUiHKOI0, CePIIEM,
HUPKaMH YU HEPBOBOIO CHUCTEMOIO. CAMHHUM LUIS-
XOM 3a0€3MeUeHHs] HacelIeHHs Oe3MeYHOI0 BOAOIO €
nepexij Ha MiJ3eMHi JKepena, OCKIJIBKH PETioH Mae
3Ha4YHI pecypcu mig3eMHux BoA. OmHaK, HA Kab,
XepcoHChKa 0051acTh Ma€ HalMEHIIIe 3a0e3MeUeHHSI
eKCIUTyaTalllifHIX 3amaciB MiJI3eMHUX BOJ cepes iH-
IINX YKpaiHCBKUX perioHiB — numie 11,12%. anunii
MOKa3HUK MOKA3y€e CKIIAJAHICTh YUUHEHOT pOCITHAMHU
CHUTYyallii, HacliAKaMu KOl MOXYTh CTaTH emije-




126

Pucynox 1. Hacnioku pyiinyeanus
(nepuwiuti mudicoeHv nicisi mexHozeHHoi kamacmpogu) [7]

Mii KHIIKOBUX 1H(EKIIIH Ta BIpyCHUX 3aXBOPIOBAHb
4yepe3 MiATOIUICHHS Ta 3a0pyJAHECHHS BOAM Ha Bif-
MOBITHUX TEPUTOPIsAX (y CeNuIIax HU3bKUU piBEHb
KaHaI3alIHHIX CUCTEM, PU3UK ClajiaXy emijeMiil €
Ty XKe BEITUKUM) [6].

Bnepie npo 3a06pyanenns Ceiimy Ha YepHiris-
muHi ctano Bigomo 26 ceprHs 2024 poky. B piuri
MacoBO THHYJa puba, a cama BoJa CTajda TEMHOIO
KONbOpYy. Y BOAI BUSIBUIM TEPEBUIICHHS BMICTY
aMOHII0 Ta KPUTHYHO HU3bKHUI piBEHb KHUCHIO. 28
ceprHs 3a0pyaHeHa Boja 3 piuku Ceiitm Bxke Aiinia
no Jlecuu mobnu3y cena Bemmke Yers, mo y Co-
CHMIIbKi TpoMasi. 9 BepecHst MepTBa prda 3’s1BUjIa-
cay Jecni B mexxax Yepnirosa. Ilicis miporo 3a asa
JIH1 3 PIYKH B MEXax MicTa 310paju ciM TOHH TaKoi
K pubmu. 3a pe3yabraTaMu pod Boau y piukax Ceiim
ta JlecHa, mo BigOupanu 10 BepecHs, 3adikcyBanu
3a0pyIHEHHS! OPraHIYHOro Xapakrepy. BoHo, sik mo-
BioMIsi0 MinaoBkiuist Ykpainu, 14 cepnHs mo-
Tpammio y piuky CeiM 13 I[yKpoBOro 3aBOay B ce-
muii TeoTkino Kypcewkoi o6nacti pd. Cranom Ha 11
BEpecHs cyMa 30MTKIB JIOBKIJUIIO Yepe3 3a0pyIHEH-
Ha pidok Ceiim Ta JlecHa (B Mexxax UepHIriBcbkoi Ta

CymMmcekoi oOmacreii) cknana nmoHag 405 MUTbHOHIB
rpuBeHb. Ha 22 BepecHs, 3a iHQOpMALiEI0 TOrO X
MiungoBkiaasg, Boga B JlecHi mocBITIiIIAIA, 3’IBJIs-
I0ThCs KUBI BOJHI O6iopecypcu. Ha aHi ocaa TeMHo-
r'0 KOJIbOPY, HEMPUEMHUH 3amax Ta 3aMopy pudu He
criocTepiratoTe. 3a iHpopmaiero JlepxkaBHOI eKo-
JOriyHOi 1HCHeKuii (cTaHOM Ha 25 BepecHs) cyma
30UTKIB, 3aBJlaHa JOBKIJLIIO BHACIIIIOK MIEPIIOTO 3a-
OpyIHEHHS BOJAM, CTAHOBUTH MOHAJ 338 MIIBIOHIB
I'pUBEHb. 3arajoMm 3 26 cepnHs 1o 24 BepecHs 3 pi-
yok Ceiim Ta [lecHa Ha YepHIriBIIMHI 310paiy OHAT
28 ToHH MepTBOi pubdH [8§].

Oxkpemo 3a3HaunMo, 1o 11 nucronana 2024 3’s-
BUJacs iHGopMaIlist MO0 MOUIKOIKCHHS apMi€lo
pd KypaxiBCbKOro BOJOCXOBHMINA, SIKE BOHA aK-
TUBHO OomOapiyBajia MPOTITOM OCTAaHHIX TPbOX
MicariB. Hukue 3a Tewi€ro BiJl MOIIKOMKEHOI Tep-
HIBCbKOI Tpebmi mpubyBae Boma. Hapasi migro-
njaeHHs: OyJUHKIB He (IKCYIOTh, OJHAK Yepe3 Mo-
CTilHI 00CTPIN POCIHCHKUX BINCHKOBUX OTJISTHYTH
TIIPOTEXHIYHY CHOpPYNYy HE BHAEThCA. Jlxepeno:
KypaxiBcbka gamba — pocissiHu miipBaiu ii, aKi Ha-
cmigku — YkpaiHa).
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Pucynox 2. Bupisku 3 nosun 3a yuacmi suuje 32a0aH020 Ko1abopanma

Pociiiceki Bilichbka mepecikiim Mexi cenuina Acka-
His-HoBa B nepuriit monoBuHi k0BTHA 2022 poky, a B
IpyTiil — oKymmyBaiu OUIBITY YaCTUHY JEHIPOIIOT Y-
Horo napky. He3aGapom Ti 5k yrpynyBaHHS 3200po-
HWIH MPalliBHUKAM 3aXOUTH Ha TEPUTOPIIO MapPKY,
YHEMOXKJIUBIIIOIOUH pOOOTY HAayKOBO-IOCIITHHUIIb-
KOT'0 MIEPCOHAITY IIOA0 KOHTPOIIO i TypOoTH (hiaopu
3 ¢aynor. Y 2023 pociiiceka aaMiHicTparlis mpu-
3HaYMJIa TUPEKTOPOM 3aXOIJICHOro 6iocdepHOro 3a-
noBiHuKa «Ackanis-HoBa» JImutpa MemepsikoBa,
KWW BUSBHUBCA KOJNMIIHIM criBpobiTHuKOM CBY
[9]. Toro »x poxy MelepsakoB 3asBUB IPO MOYATOK
nporecy NepeBeieHHs 3aloBiIHUKA Y (eaepanbHy
BJIACHICTH POCii, 110 MOKJIAJIO MOYaTOK HE3aKOHHUM
oOMiHaM TBapuH MiX JIIBOOEpPEXOKsIM XepCOHIIIH-
HU Ta okynoBaHuM Kpumom. 1 rpynns 2023 poky
IICEBJIOOUIJIFHUK TOBIJJOMUB MpPO «OOMiH» TBapH-
HaMH 300MapKy «AckaHig-HoBa» 3 npuponnum 0i-
octheparM 3anoBiHUKOM «PocTOBCBKHI» Ta Aco-
IiaIiero 3i 30epeKeHHs i BITHOBIICHHS PiIKICHUX 1
3HHMKAIOUMX BHUJIB TBapHuH <«OKHBa mpupona cremy»
3 PocroBa-Ha-/lony. Tozai BUBE3/IM CIMOX KOMUTHUX:
napy konei IIpxeBanbcbkoro, 0i30HIB, 3¢0p BHIY
Yamnmana Ta oieHs [laBuga. 3arajiom i3 3amoBigHHKA
BUBE3HU O113bKO 20 KOMUTHUX.

HeoOxigHuM € 3a3HaYeHHS JaHUX MO0 1HIINX
BUJIIB pyHHAIlli B 3aMOBITHUKY: CTaHOM Ha | mum-
Hs 2024 poky B pi3HMX 30HAX 3aIOBiIHHUKA CTAJIOCh
69 moxkex, AKi 3a JaHUMH TUCTAHIIHHONO MOHITO-
puHTy Bpasuio (cmanuino) 7109 rexrapiB TepuTOpii.

Bineir neranizoBani gaHi HaBeneHl B «Tadi. 2». 3a
TBEPUKCHHSAMH 5K OKYHAI[ifHUX BJIAJHUX CTPYK-
Typ, TBAPUHHU HE MOCTPaKIAJIH, OJHAK ITICIIs MOXKe-
K1 Ha TEPUTOPIi 3HAMIIIN pO3KIaAEH] Tijla OJIU3BKO
150 caiirakiB (Haif0OiTBIIOTO 32 YHCICHHICTIO BUAY
KOMMMTHUX Yy 3amOBITHUKY «AckaHis-HoBay). Bus-
BUJIOCS, 1110 BOHM 3arMHYIIU 11e 710 BUOyXy. Betepu-
HapH, K1 TPOBOAMIIN OTJIS]] MPUITYCKAIOTh: TBAPUHU
MOMEPIU BiJl 1H(EKIIHHOrO 3aXBOPIOBaHHS Opaj-
30T, SIKM CTaB HOBU3HOIO B JAHOMY IPUPOIHUYOMY
cepenoBHIli. BogHouac y ceprHi IbOro poKy KpHM-
ChbKa penakiis pociiicekoro Tenekanany «Poccust 1»
3asBUJIa TIPO TMOJBiliHE 301NbIICHHS TOTOIIB’S Yep-
BOHOKHMXHUX TBAapWH Y 3aXOIJICHOMY 3aIOBiHU-
Ky, IPUYMHOIO SIKOTO, HIOUTO, € 3a0e3MeueHHs JiT-
KOTO JOTIISIAYy 3 OOKY pociiichkoi ctopoHu. OnHak,
HATOMICTb, CIIOCTEPIraeThCsl JIMIIE 3HULICHHS 010C-
bepu «Ackanis-HoBa», miATBEpIKEHHSIM SKOTO €
OIIPHJIIOJTHEHA OLlIHKA 30UTKIB y po3mipi moHax 600
MIJIBSIPJIiB TPUBEHb.

3. 19 nuctonana 2024 p. mpaBuTenb pocii BOJIO-
JUMUD MYTIH BUJAaB HOBHH yKa3, SKUM 3aTBEPIUB
OHOBJICHY SIACPHY JOKTpUHY pd. [IpmunHOIO Takux
it 3 00Ky Biaju arpecopa craB J103B1 bisoro nomy
I0/10 aTak YKpaiHoio Briaud pd. YMoBoro 3actocy-
BaHHS SJIEpHOI 30p0oi Ha3BaHO «CTapT OANICTUYHHX
pakeT», Mpo IO MOBIJOMIISIOTH IPONAraHInuCT-
cbKi pociiiceki 3MI, cepen sikux: «PMA HoBoctmy,
«TACCy», «HoBas razera EBpomay. 3rigHo 3 miamnu-
CaHUM TYTIHUM JOKYMEHTOM, Ha4yeOTO «arpecis»
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Tabauys 2

3Benena indopmanis npo noxe:xi B biocgepnomy 3anoBigHuKky
«Ackanig-HoBa» (motuii 2022 p. — Bepecens 2023 p.) [10]

Ne, Ocepenku 3aiiMaHb / .
3/ Jara ‘ srapama (n) ‘ Ilnoma (ra) ‘ Tun 3emeib / yriab
1 29.07.2022 1 2,08 HaCEJICHWH MyHKT (KOJUILHS 3a0y10Ba)
1 577,39
2 10.08.2022 2 455,62 arporieHo3 (3a0yp’stHeHi TIepesIorH)
3 2889
3 18.08.2022 1 49,34 3aM0B1THHAN §Ten
4,4 arporieHo3 (piuis)
18,76 arpoiieHo3
4 25.08.2022 1 31 HACEJICHUH MyHKT (3aJIUIIKH TOCIOAAPCHKOT
’ iH(pacTpyKTypH)
5 01.11.2022 1 35.25 arporieHo3 (0araropiuHi MepPeIoTH)
6 17.03.2023 1 23,03 3aITOBIIHAN CTEI
7 22.08.2023 1 344,53 3amOBITHUI CTEIT
8 01.09.2023 1 1791,72 3aII0BIHHAM CTEI
9 10.09.2023 1 51,76 arponeHo3 (piyuis)
10 14.09.2023 1 137,61 arporeHo3 (pimis)

HaCeJICHUI IMYHKT (38.J'II/IH.IKI/I rocnoz[apcm(o'l'

1 I 1551 1HPACTPYKTYPH)
12 16.09.2023 2 55,5 arporieHo3 (PiuIst)
13 3 47,93 arporeHo3 (piyuis)
" 08555 1 112,83 arporeHo3 (piwis)

2 1,41 arporieHo3 (pimwis)
15 1 69,1 arpoIeHo3 .(pimm)

18.09.2023 11,55 arporeHo3 (Jricocmyra)
16 2 74,51 arporieHo3 (pims)
17 19.09.2023 1 78,29 arporeHo3 (piyuis)
18 1 74,03
19 21.09.2023 2 62,89 arporeHo3 (piyis)
20 3 65,59
21 22.09.2023 1 82,59 arpoLeHo3 (piyis)
22 26.09.2023 1 321,06 arpoLeHo3 (piyis)
23 27.09.2023 1 15,63 HaCeJIeHUH IyHKT (Tocrofapchbka iHppacTpyKTypa)
Bcenoro 4866,91

npotu pd Ta i1 COr03HMKIB 3 00Ky HesIepHOi KpaiHu, 30poro B pas3i «KPUTHYHOI 3aTpO3M» CYBEPEHITETY 1
OJTHAK 3a MIATPUMKH SJCPHOI IepKaBH Oyie po3riis-  CBO€I TEpUTOpiaibHOI LisicHOCTI i binopycii. 3rigHo
HyTa AK crinpHui Hanax [11]. 3 JIOKTPHHOIO, PILIEHHS PO 3aCTOCYBAaHHS 5ICPHOI

Takox y 3a3Hau€HOMY JOKYMEHTI 3a3HAYa€eThcs, 30poi Mae mpuiiMaTu cam Jiaep Kpemuis. Kpim toro,
10 pOCifiChbKa CTOPOHA MOXKE 3aCTOCYBATH SIAEPHY TaM BHUCIOBIIOETHCS BIIEBHEHICTH NMPO «TOTOBHICTH
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1 pimyuicts pd 3acTocyBaTH saepHY 30poro, siKa
3a0e3nevyBaTUMe siiepHe CTpuUMYyBaHHs». IIpecce-
KpeTap BOJOAMMHpA MYyTiHA AMHUTPO IECKOB BXKE
3asiBUB, 10 «BHUKOPHCTAHHS 3aXiJHUX HESACPHHUX
paket 3C Ykpainu npoTH p¢ 3a HOBOIO TOKTPUHOIO
MOK€ CIIPUYMHHUTH AJIEPHY BiAMIOBIIbY.

Yomy me BaskauBo? BapTo 3a3HauuTH, 10 IIPO
PO3MIUPEHHS POCIHCHKOT JIOKTPUHU SIEPHOTO CTPU-
MYBaHHS MYTiH 3asBUB Ie 25 BepecHs. Tomi riaBa
Kpemist 3asBUB po WMOBIPHICTH SIEPHOT BiMOBI i
IpU «JI0CTOBIpHiH iH(opMarlii npo crapt y Oik po-
cii 3ac00iB MOBITPSHO-KOCMIYHOT'O HAMAaIy», 3 yTOU-
HEHHSIM, 1110 «JIITaKH CTPATEr1yHOl 1 TAKTUYHOI aBia-
111, KpUjaTi pakeTu, 0e3MIOTHUKH, TiIEP3BYKOBI Ta
iHII nitaneHi anapatwy. [licas miel 3asBu ykpain-
CbKi O€3MJIOTHUKHM IIOHAHMEHIIEe KiJIbKa pa3iB aTa-
KyBaJM pocito. Hacnminkom ataku cranu OaraTodu-
cenbHI muTaHHs BiJ poc3MI mpo BianoBias pd Ha i
aTaku (30Kpema, Ha TJi pO3MOB MPO 3MiHY SJEpPHOT
JOKTPUHH POCiT), CIPIMOBAaHUMHU JI0 TIECKOBA; HA 1110
BiH BIJIMIOBIB: «HE MOTPIOHO HAJMIPHO areIoBaTh
JI0 I[bOTO JAOKyMeHTay. [IpuHariaHo, 1mo 3 novyarky
MOBHOMAcCIITAaOHOIO BTOPTHEHHS poOCiiicbka Biana
6araTo pa3iB OroJomIyBajia pi3HI «YEPBOHI JIHID»,
NOPYIIEHHSI SKUX HIOUTO TpHW3BEAE M0 BIATOBII
anepHol0 30poero. «YepBoHI JiHID» B pi3HHHA dYac
cToCyBajHcs TaHKiB Jleomapa, 3aXiIHUX pakeT, BH-
HumyBaviB F-16 Ta inmoro. Ykpaina 6aratopa3zoBo
nepexouia Ii Tak 3BaHi «4epBoHi JiHiD» Kpemis.
ATne HaBITb 3aXiJ YKPAaiHCBKUX BIWCHK HA TEPUTOPIIO
Pocii Ta yrpumyBanHs nia koHTponeM 3CY necsT-
KiB POCIHCHKUX HACEICHUX MYHKTIB HE IPU3BEIH JI0
SKOICh MPUHIIMIIOBO HOBOI peakuii Kpemuis y Biamo-
BiJb HaA Taki Aii.

Hacaiagkn. OqHak Bxke yepe3 HEBEIUKUN TPOMi-
KOK yacy, a came 21.11.2024, pociiicbkuii AUKTATOP
BOJIOMMMHP TYTiH TOKa3aB CBOIO, TaK OM MOBHTH,
pIlIyYiCTh; OpraHi3yBaBIIM 3aIlyCK PAKETH «OpEll-
HiK» 1o Micty JHinpo [12], 3ailicHenuii iHepTHUMHU
a00 HecIipaBKHIMH OO€TOJIOBKAMH, K1 MAIOTh 3HAY-
HY KIHETUYHY €Heprilo 4epe3 CBOIO IIBUIKICTH, aje
HE MICTSATh BUOYXOBHUX PEUOBHH — LI€ € OJHIEIO 3 03-
HaK TOTO, III0 pakeTa Oymna po3poldiieHa sl sSAepHO-
T0, a He 3BUYaitHoro 3actocyBanHs. Kpim Toro, pocis
nosigomuia CIIA npo ynap 3a 30 XxBuiauH 10 Horo
3MIACHEHHS KaHaJlaMU 3B’3KY, NPU3HAUYCHUMH IS
3MEHIIIEHHS SJIEPHOTO PU3HUKY, XO04a aMEpUKaHChKa

CTOpOHA ¥ 3Haja Mpo MEBHY 3arpo3y IIe Harepeno-
nHi. Metoro nanoi onepatii pd Oyna cripoba nepe-
KOHaTH YKpaiHy Ta i1 3aXiJHUX MapTHEPIB Yy MOXKJIH-
BOCTI eckajauii myTiHa abo BcepequHi Ykpainu, abo
6e3nocepennbo arakyBatu kpainu HATO, mpo 1o i
inetscs B matepianax The Economist. Bunanus 3a-
3HaYae, 110 Ii MOTPO3U «CIiJ CIPUMMATH CEPHO3HO,
ajie He 3aBXJu OyKBaJIbHO». 3a CIIOBAaMU 3aXiTHUX
YMHOBHUKIB, Hanpukinmi 2022 poky Ilytin nific-
HO PO3IJISL/IaB MOXKJIUBICTH 3aCTOCYBaHHS $CPHOI
30poi, ane foro apmis Toi BiAcTynana. AMEepHKaH-
CBbKi Ta €BPOMENHCHKI PO3BITHI I'PYIHU CTBEPIKYIOTD:
pociiickka BlaZa W Hajzajl pilryye HajallTOBaHA
YHUKATH BIIKPUTOTO BIMICBKOBOTO 3iTKHEHHS 3 HA-
TO, amxe yaap o Teputopii ogHiel 3 KpaiH AJbsH-
Cy, HIBH/IIIIE 32 BCE, IPU3BE/E 10 3aCTOCYBAHHS 11’5~
toi crarti HATO npo B3aemuy o6opony [13].

4. YkpaiHa — ofiHa 3 HaHOUIBIINX KpaiH-eKCIop-
TEpPOK 3epHa y CBITi, aje MOBHOMACIITA0OHE BTOP-
rHeHHA pocii y 2022 pomi HOCTaBWIO MiJ 3arposy
MPOIOBOJIBYY O€3MeKy Ta 3aKyIiBeIbHHUM MOTEHITIa
He TUTbKU YKpaiHu, a i iHImux nepxas [14].

bnokoBaHmii ekcropT 1 Kpu3a MOTOYHOI IMOCIB-
HOI KaMMaHii IpU3BeNIu 70 Pi3KOro 3pOCTaHHS LiH
Ha CBITOBOMY PUHKY, CTBOPIOIOUH HE JIHILE PHU3UKU
HiJPUBY JiSUIBHOCTI arponpoioBOIBYOIO CEKTOPY
VYKpaiHu Ta HaIIOHAJIBHOT eKOHOMIKH B IIJIOMY, ajie
1 meperyMOBH 715l TOJIOAY COTE€HBb M1IBHOHIB JIIOIEH
3 IHIIUX KOHTHUHEHTIB. AJDKe, Y CyYaCHHMX pealisx
VYkpaina nmounHae BigirpaBaTu Bce OUIBIIY pOJib HA
CBITOBOMY arpapHOMy pUHKY; /10 IPUKJIAAY: BCHOT'O
JIBA IECATUIIITTS TOMY €KCIIOPT YKPaiHCHKOTO 3epHa
OyB cripomMoxxHUM HaroayBaTu 40 MiTbHOHIB TIOACH,
croronHi xk — monaq 400 mineiionis. Y 2019-2021 po-
Kax Ha Hamly Kpainy npumanaio maibxe 10% cBito-
BOT'0 EKCIIOPTY MIIEHUIT, 15% ekcnopTy KyKypya3H,
15% stamento Ta maiixke 50% COHSAUTHUKOBOI OJIii.

BHyTpilHii moryisia Ha CiIbCbKe rOCMOAAPCTBO
npunanae 6muzpko 20% BBII (i3 BpaxyBaHHSAM Cy-
MDKHHX Taly3edl Ha JaHIIOry CTBOPEHHS JOIaHOL
BapTocTi) YKpainu i Oisbiie 40% 3aranbHUX J0XO-
niB Big ekcriopTy. KpiM Toro, mepBUHHMIA CEKTOp €
JOCUTH BaXJIMBUM 3 Touku 30py BBII i 3aiinsarocri,
OCKLIBbKHU ONU3bKO 15% HaceneHHs AepikaBU 3aiHsI-
To came B CI, a cimbchbKOrocnonapcbki BUpOOHUKH
3a0e3nevyroTh MiciieBe HaceneHHs Maike 100%-Mm
CHOXKMBAHHAM 1XHBOI MPOAYKIIIT: PI3HUX 3€PHOBHUX
KYJBTYp, 0OBOUiB 1 He MeHIe 80% CIIOKUBAaHHS M’s-
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ca. 3 OormsAny Ha HA BETWYE3HUN MOTEHINAN ClIb-
CHKOT'OCTIO/IaPCHKOr0 BUPOOHUIITBA YKpaiHH, BiliHA
CepiO3HO BIUJIMBAE HE TIJIBKU Ha II100aNbHY, a i Ha
BHYTPILIHIO TIPOJIOBOJIBYY Oe3meky [15].

Hacainkn BTOprHeHHss pgd B YKpainy ais
arpapHoro cexkTopy. 3arajbHa BapTICTh 3HUICHUX
akTuBiB ctaHoBUTh 10,3 Minbsapaa gonapis. Brparu,
10 BKJIIOYAIOTh HEJIOOTPUMAHMM JJ0X1/1 BUPOOHHKIB
CLIBCBKOTOCTIONAPCHKOI MPOAYKIii Ta 301JbIICHHS
co0iBapTOCTI CamMoro MpOAYKTY ckianu 69,8 Mi-
JBSIPAIB fonapiB. Yci piHaHCOBI MOTpeOHU 100 pe-
KOHCTPYKIIii Ta BiJIHOBJICHHI MPOTSITOM HACTyITHHUX
10 pokiB omiHIOIOTE B 56 MinbsipaiB nonapis CILIA.
[pioputeTHi notpedbu Ha 2024 pik cTaHOBIATH 435
MinbioHIB monapiB CIHIA, OLIBIIICTh 13 SIKHX BXKE
3a0€3MeUeHO CIIOHCOPCHKUM (PIHAHCYBAHHSIM.

Cinbcwvroeocnooapcoki 30umxu. JJannii TOKa3HUK
ABIIsIE COOO0 TPOLIOBY BAPTICTh (PI3MUHUX AKTHUBIB,
MIOLIKO/PKEHUX a00 3HUIIEHUX Yepe3 BTOPTHEHHS
pd. 3a 1Ba poKH MiCIs BTOPTHEHHS 3aTraibHi 30UTKU
cta”oBATH 10,3 Minbsipaa nonapis, mo Ha 18% 6iib-
e, HiXK y HonepeaHbpoMy poli. BigHocHO nomipHi
TEMIH I[bOT'0 3POCTAHHS MOXKHA MOSICHUTH TUM, IO
3HA4YHA YaCTHHA aKTHUBIB Yy pErioHax, Jic TPUBAIOTh
Ha3eMHi OMTBH, Bke Oylia 3HMILIEHA B MEPIIUNA piK
BTOprHeHHs. Jlo TpifiKu perioHiB, 110 3a3HAIH Haii-
OLTBIIMX 30UTKIB, BXOASATH 3anopi3bka, XepCOHChKA
ta Jlyranceka o6nacTi, Ha siki pa3om npumnagae 65%
BiJI 3arajibHUX 30MTKIB.

Henpsami empamu. Oxpim 30UTKIB uepe3 MOIIKO-
JOKEHHS Ta 3HUIIEHHSA (I3MYHMX aKTHUBIB, yKpa-
THCBKI BHPOOHMKH C/T TPOAYKIi CTHUKAIOTHCA 3
HEMpsSIMUMU BTpaTaMy, CIIPUYMHEHUMHU HEIOOTPH-
MaHHSIM JIOXOJiB 3 NMPUYHMH 3MEHUICHHS e(eKTHB-
HOCT1 BUPOOHHIITBA, 3HUKCHHSIM I[iH 1 BIATOBITHUM
MiABUIIEHHAM coOiBapTOoCcTi mponykuii. Ha Biaminy

BiJl 30MTKIB, SIKi JIOKQTI3yIOThCS HA TOCTPAXKIATHX
BiJl BIHCHKOBUX Jili TEPUTOPISIX, HENPSMUX BTpAT
3a3HAIOTH arpapii 1o Bciid Ykpaini. 3aranbHi oliHeH1
HeTpsIMi BTPATH CTAaHOBJIATH 69,8 Mibsipaa g0yapis,
10 BKJTFOYA€ TPOTHO30BaH1 30UTKU JJISI KITBKOX OC-
HOBHUX KaTeropii, siki nmomupooTbes Ha 2024 ka-
JICHTApHUH PIK.

Ilompebu y pexoncmpykyii ma 8i0H081eHHi. 3 OT-
Ty Ha MaciTabu 30MTKIB 1 BTpaT, SIKUX 3a3HaJIH Bi-
TYU3HSIHI CUTBIOCIIBUPOOHUKH, TTOBHE BiTHOBJICHHS
MOTEHIliaTy rajgy3ei MIepBHHHOTO CEKTOPY MoTpedye
3HAYHUX pecypciB. BUainsioTh ABi BeTUKi KaTeropii
notped, a came: y peKOHCTPYKLii Ta BiJHOBJICHHI.
[ToTpedu y nepioMy MyHKTI CIPSIMOBaH1 Ha 3aMiHYy
TIOIIKOP)KEHUX aKTUBIB; TOJI SIK MOTPEOH y IPYyTroMy
BiI0OpaXaloTh pecypcH, NOTPiOHI JJIs BiJHOBJICH-
HSl CEKTOpY IIJISXOM BHUPILICHHS MPOOJIeM, 3 SKUMU
CTUKAIOTHCS BUPOOHUKH TiJ Yac pooOiT; pasoM i3
M1 IBUILIEHHSIM €KOJIOT19HOCTI (sustainability) Bupo06-
HUIITBA Ta OTO PO3BUTKY, 13 BpaXyBaHHSAM J0/1aHOI
BapTOCTI Ta MIATPUMKY iHCTUTYLIH. [loTpebu ori-
HIOIOThCs Ha nepion 10 pokiB, mpHu LBOMY 0COOIH-
Ba yBara MpHALISAIAcS IPIOPUTETHUM MOTpedaM Ha
2024 pik. Lo o1iHKY OTpUMYIOTh, KOHCYJIBTYIOUHUChH
3 MiHiCTepCTBOM arpapHoi MOJIITUKH Ta MPOJOBOIb-
ctBa Ykpainu (MAIIII), iHIIKUMH MiHICTEpCTBaMHU,
a TaKoXX CTaTUCTHKH BUIIJICHOI JOHOPCHKOI Mif-
TPUMKH JJI CIJIbCHKOTO TOCIIOJApCTBA YKpaiHU Ha
BU3HAUEHUH KaJleHIapHui pik. 3araibHi MOTpedH y
PEKOHCTPYKIIIi Ta BiTHOBJICHHI OI[IHIOIOTHCS B 56,1
Mminbspan nonapis CHIA [15].

Jpyropsitaa npo6.aema. [licist moBHOMacmiTao-
HOT'0 BTOPTHEHHS pocii ykpaiHceKi noptu y YopHo-
My Mopi Oyiu 3a0JI0KOBaHi; yepes3 110 Halla JepixKa-
Ba, SIKA € OJTHIEIO 3 JJEPOK 32 KUIBKICHUM TIOKa3HUK
eKCIIOpTY 3€pHa, Oyna 3MyIIeHa LIyKaTH ajbTep-
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HATUBHI IUISXH (METOAW) MOCTAYaHHS MPOMYKIIii,
30kpema uepes [lonbiry abo Pymymiro. IIpoTtsirom
2022-ro poKy came 1ii cTpaTeridyHi MapTHEPU CHiTb-
HO CIIPUSLJIM EKCIIOPTY 3€pHOBUX 3 YKpainu. OqHak,
JOJIATKOBA MPOTO3HUIIisI TPOAYKIIT CEKTOPY Ha TXHIX
pPUHKaxX CIPUYMHMIIA TUCK Ha (epMepiB, depes 1o y
[onpmi Ta PymyHnii BinOyBanucs MiclieBi poTeCTH
MPOTH YPAiB. YCKIIaIHIOIOYOI0 00CTaBUHOO CTajla
HE3JIaTHICTh BUIE3a3HAUCHUX KpaiH KOHKYpPYBaTH
3 YKpaiHCHKOIO MPOAYKIIi€I0, [IHOBA TMOJITHKA BU-
POOHUKIB K0T € HAbaraTo 1EMOKPATUUHIIIO HIXK Y
KOHKYPEHTIB Ha €BpONeicbkoMy puHKY. Came ToMy
PO30J0KYBaHHS KOPAOHY JJIsI BUBE3CHHS yKpaiH-
CBKOT'O 3€pHa MOXKE€ BUMAaraTu KpOmiTKOi AUIIOMa-
TUYHOI pPOOOTH Ta MOUITYKY KOMIIPOMICHUX pillIeHb
MK KpaiHamu. Jlesski MOXKJIMBI HUISIXU BUPIILIECHHS
IBOT0 MUTAHHS MOXYTh BKJIOYATH TaKi MOMEHTH,
AK: JUIUIOMAaTHYHI TEeperoBopu (MOMIYK KOMIIPO-
Micy ¥ yKIJIaJeHHs BIATOBIIHUX YroJ MiX KpaiHa-
MU TaKUM CIOCOOOM MOXE JONOMOTTH BUPIIIUTH
KOH(JIIIKT Ta y HMiJCYMKY — p0o30JIOKYBaTH KOP/IOH);
TOPriBeNbHI yrofu (BpaxoBYIOTh 1HTEpecH 000X
CTOpIiH, 10 CTUMYJIIOBaTUME BiJTHOBJICHHS €KCIIOP-
Ty 3epHa); MI)KHApOAHI MMOCEPEHUKN YU OpraHiza-
il (3aTy4eHHs TAKMX KOMYHIKaTHBHHUX €JIEMEHTIB
MOYe JJOOMOT'TH 00OM CTOpPOHAM 3HAUTHU CIIIJIBHUN
IUISIX BUPIMIEHHS] KOHQIIIKTY) Ta 1X BiAMOBITHA Mif-
TpUMKa (HAaIpuUKIan, 3BepHEHHS 10 BcecBiTHBOI
TopriBenbHO1 opranizaiii (BTO) momaTtkoBo cripu-
ATHME BHUPIMIECHHIO TOPTiBEIbHUX HEMOPO3yMiHb);
€KOHOMIYHI 3aXOAu (BUKOPUCTaHHS EKOHOMIUHHX
CTUMYJIIB 200 CaHKIIIl MOXe 3MyCUTH KpaiHH Iie-
PETIISTHYTU CBOIO MO3HUIIIIO MO0 BiIIKPUTTS KOPJIO-
HIB JIJI1 BUBE3CHHSI YKPAiHCHKOTO 3epHa).

Hlnsaxu Bupimenns curyauii. Kpim Buine 3ra-
JAHUX TPHUKJIAAIB BUPILICHHS MPOOJIEMU €KCIOPTY
YKpaTHCBbKOI MPOJYKLii MEPBUHHOTO CEKTOpY, Mif-
pHEMCTBaAM 000X CTOpPIH MOYKHA 3alpONOHYBATH
nuBepcudikanilo BUPOOHHUIITBA, & caMe: CTBOPUTHU
Lex 3 nepepoOsieHHS 3epHa Ha OOPOIIHO, 10 B IO-
JAJBIIOMY MOXKE JaTH MOXKJIUBICTH JI0 TOAJIBILIOTO
PO3LIMPEHHS Ta CTBOPEHHS BUPOOHMIITBA XJ1iOOIIE-
KapChbKUX BUPOOIB TOILIO.

TakoX, € MOKJIUBICTh BUPOOHUIITBA KOPMY IS
TBAapHWH, MO JTO3BOJIUTH 3a0e3meunuTu YKpaiHy Jo-
JTATKOBUM M’SICOM 1 B CBOIO YEPT'y JJOIIOMOXKE PO3BUT-
KY TBapUHHUIITBA.

[IpoTe i i METOAM BUPILLICHHS TOJIOBHOTO MTUTAH-

HS MOXE BHMAaraTd CKJQJHHMX 1 TPUBAIUX 3YCHJIb
BiJl yciX 3amydeHux [16].

Onnak, HEe JAMBISYNCH HA CKJIATHOII €KCIOPTY
MPOAYKIi arpapHoro cexropy (puc. 3), HacCTymHa
iHdorpadika mokaszye xou He TykKe SCKpaBi, MpoTe
NMO3UTHUBHI UppH ¥ TeHAeHLIi. AKe, 10 MpUKIa-
ny, y ciuni-BepecHi 2024-ro poky YkpaiHa ekcrop-
TyBaja 53,95 MJIH TOHH arpapHoOi MPOAYKIIii, 3 sIKOi
HalO1IbIII MOKa3HUKH HaJIeXKaTh KyKypyasi — 21,82
MJIH TOHH 1 nmieHuIi — 16,33 miuH ToHH. Takox 3a
et mepiox Oymo npogaHo 4,47 MITH TOHH COHSITITHU-
KoBoi omii, 3,48 MJIIH TOHH TIPOTY, 2,86 MIIH TOHH
pinaky, 2,69 MJIH TOHH stumeHro, 1,88 MITH TOHH co-
eBux 000iB, 0,25 MaH TOHH coeBoi ol Ta 0,17 MiIH
TOHH COHSIIIIHMKOBOTO HAaciHHs. Uepes mopTu B CiuHi
OyJI0 BUBE3€HO 5,5 MITH TOHH 3€PHOBHX, Y JTIOTOMY —
6,4 MUTH TOHH, y Oepe3Hi — 6,1 MJTH TOHH, y KBITHI —
6,4 MJIH TOHH, Y TpaBHI — 5,9 MJIH TOHH, a y 4YepB-
Hi-BepeCH1 — TPOXH Oijiblle 4 MJIH TOHH IIOMIiCSLISL.
OOGcsirn mepeBe3eHb aBTOMOOITBHUM TPaHCIIOPTOM
LbOI'0 POKY CTAHOBUJIM MakcumyM 153,7 Tuc. TOHH
y motomy. Ilik mepeBe3eHb 3ai3HUIICIO IPUTIAB HA
NepIIni KBapTasi poky [14].

Pucynox 3. Ckraonowi excnopmy npooykyii acpap-
Ho2o cexkmopy Yxpainu y ciuni-eepecti 2024-20 poxy
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BucnoBxu

CydacHe po3yMiHHSI T€HOLHUIY PO3IIHPIOETHCS,
BKJIFOUAIOUW 1 eKouua sk GopMy 3HUIICHHS HaIlli-
OHAJIPHUX 1 KYJBTYPHHUX CIIJIBHOT 4epe3 pyHHY-
BaHHS MPUPOAHOTO Ta MICBKOTO cepenoBuiia. B
YKpalHCbKOMY KOHTEKCTi Jii pocii AeMOHCTpPYIOTh
i MPOSIBU: 3HUILEHHI MICTa YW pyiHHAaIis, yYHMHEH]
OKyTHaHTaMU, 0 MPU3BENIH A0 BIAMUPAHHS MIIAX
exocucteM. Lle miaTBepmkye norpedy B MpaBOBOMY
BU3HAHHI Ta PEryJIIOBaHHI JaHOTO SBUIIA K (popMu
reHoruay. [lomanbimi JOCTIIKEHHS € BaKJTUBUMH
JUTSL MIPKHApOIHOTO TIPaBa, aJ)ke BOHU MOXKYTh CTa-
TH OCHOBOIO IS HOBUX CTaHAAPTIB 3aXUCTY JIIOJ-
CTBa ¥ MOBKUIISL, MOLIOHMX 3a 0OCIroM H HacHia-
KaM{ MaiOyTHiX KOHQUIIKTIB B iHIIMX pErioHax 4u
LIJIUX KOHTUHEHTAX.
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BHYTPIHIHBOIUNKJ/IOBA ' A3UDIKALIA:
NEPCHEKTUBHUHA HANIPSIMOK JJI1 OTPUMAHHS
EHEPI'1I 3 BIITHOBJIIOBAHUX JI)KEPEJI

Mapkina JI. M., Koasienko /1. B.

! Jlep>kaBHA EKOJIOTIYHA aKaJIeMisl MTICIISITUTLIOMHOI OCBITH Ta yrpaBiliHHs, M. KuiB

AHoTanisa

BuyTpimnbonukioBa rasugikanis (BLI) e
NEepPCHEKTHUBHA TEXHOJIOT1s, 1110 T03BOJISIE OTPUMYBa-
THU €HEprilo 3 By Ta IHIIMX OpraHiYHUX MaTepi-
aJiB y OLIBII €KOJIOT1YHO YUCTUN CIOCIO TIOPIBHIHO
3 TpaAUIitHUMHU MeToaaMu criantoBanHs. BIT mo-
yaJia po3BUBaTHCA B cepequHi 20-ro cTomiTTs 1 3 TO-
ro yacy 3a3Hajia 3HaYHHX yA0CKOHasieHb. OCHOBHI
HaNPsSMKH 3aCTOCYBaHHS BKJIIOYAIOTh BUPOOHUIITBO
€JIEKTPOCHEPrii, XIMIYHUX MPOAYKTIB T4 OUUIIECHHS
texHonoriii. Texunomorist BII' 3a0e3nedye BUCOKY
€(EeKTUBHICTh MEPETBOPEHHS EHEeprii, THYYKICTh
BUKOPHCTAHHS CHHTE3-Ta3y Ta 3MEHIICHHS BUKUI1B
3a0pyIHIOIYNX pedoBUH. ONHIEIO 3 HOBITHIX PO3-
pobok € metox ¢uenr-razudikaiii, LK J03BOISE
IIBUJIKO TEPETBOPIOBATU TBEPIl OpraHiyHi CIONY-
KM Ha CHMHTE3-Ta3 3 BUCOKOW edexTuBHicTiO. BT
Ma€ 3Ha4Hi MEPCIeKTUBU ISl PO3BUTKY, OCOOJINBO
B KOHTEKCT1 3MEHIIEHHS BUKHUIB MapHUKOBUX Ta-
3B Ta Mepexoay 10 OUIBII CTaIMX JIKepesd eHeprii.
Bukopuctanas OGiHaApHOTO LMKIY B KOMEPIIHHUX
€JIEKTPOCTAHLISIX JI03BOJISIE 3HU3UTU BUTPATH HaJIH-
Ba Ha 50%, 1110 pOOUTH 10 TEXHOJIOT1I0 EKOHOMIYHO
pUBAOIIUBOIO.

st cratTs posrisigae ocHoBHI mpuHnmmy BLT, 11
nepeBaru Ta HEJOMIKH, a TAKOXK MEPCIEeKTUBU PO3-
BUTKY LbOTO HampsMKY. 30Kpema, aHalli3yIThCs:
Texnonoriuni acnektu BLI" — po3risgaroTsest pi3Hi
TUIIU PEAKTOPIB, YMOBHU TPOIIECY, a TAKOK METOAU
nojayi MoBiTpss a00 KUCHIO ISl MiJTPUMKHU TOPiH-
Hs. BruuB BnacTuBocTeit OioMacu Ha e(peKTUBHICTD
BUI' — #ochimKyroThCs BIUIMB BOJIOTOCTI, 3071b-
HOCTi, XIMIYHOTO CKJIaqy OloMacu Ha BHIXiJ CHH-
Te3-rasy Ta ioro ckian. Exonoriuni acnektu BLT —
aHaNI3YIOThCS BHUKUIU NApHUKOBUX Ta3iB, 30JIM Ta

1HIIKMX 3a0pyIHIOIOYUX PEUYOBHH, @ TAKOXK MOMKJIHBI
HUIAXK 1X 3MeHIIeHHs. EKoHOMiuHa e(eKTHUBHICTh
BLI' — po3rnsipaioTbes BUTpaTH Ha OyNiBHHUIITBO
Ta eKcrutyaranito yctanoBok BLI, a Takox Moxiu-
Bl IIJISXW 3HMKEHHS BapTOCTI OTPUMAHOI €HEprii.
InTerpanis BLI' B mpoMHCIOBICTh 3HIDKYE 3aJI€XK-
HICTh BiJI OJTHOTO JIKEpelsia eHeprii, OCKIIbKN BOHA
JI03BOJIsIE BUKOPUCTOBYBATH Pi3HI BUJU MAJBHOTO,
BKJIIOYAIOUN HU3BKOKAJIOPiitHI Kepena.

Ha ocnoBi ananizy mepeBar Ta HemonikiB BLII
pPOOHTHCA BHCHOBOK IPO T€, IO LIEH HAMPSMOK Mae
BEJIMKUH MOTEHLIAJ ISl PO3BUTKY, OCOOJIUBO B KOH-
TEKCTI MepPexXoay A0 3eJICHOT CeHEPreTUKH.

[Moganpimri AOCTIAKEHHSI Ta BIPOBAJKEHHS HO-
BUX TEXHOJIOTH, TakuX sK (premr-razudikaris, Mo-
KYTh CIPUATHU MiJBUIICHHIO €(EKTUBHOCTI Ta 3HU-
KEHHIO BUTpaT, 3a0e3Neuyloyd CTajJuil pO3BHUTOK
EHEepreTUYHOI iIHPPACTPYKTYpHU

Kuro4oBi cioBa: BHYTPIIIHBOIIMKIIOBA ra3udi-
Kamisi, Oiomaca, BiJTHOBJIIOBAHI JKepena eHeprii,
CHHTE3-Ta3, eHepreTHYHa e(DeKTUBHICTD, €KOJIOTTUH1
ACIIEKTH, EKOHOMIYHA JIOIIJIbHICTD.

Abstract

In-cycle gasification (IWG) is a promising
technology that allows you to obtain energy from coal
and other organic materials ina more environmentally
friendly way compared to traditional combustion
methods. The VCG began to develop in the middle
of the 20th century and has undergone significant
improvements since then. Major applications
include power generation, chemical products, and
purification technologies. VCG technology provides
high energy conversion efficiency, flexibility in the
use of syngas and reduction of pollutant emissions.
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One of the latest developments is the flash gasification
method, which allows you to quickly convert solid
organic compounds into syngas with high efficiency.
The WTC has significant prospects for development,
especially in the context of reducing greenhouse
gas emissions and transitioning to more sustainable
energy sources. The use of the binary cycle in
commercial powerplants canreduce fuel consumption
by 50%, which makes this technology economically
attractive. This article discusses the basic principles
of VCQG, its advantages and disadvantages, as well as
the prospects for the development of this direction. In
particular, the following are analyzed: Technological
aspects of VCG: different types of reactors, process
conditions, as well as methods of supplying air or
oxygen to support combustion, are considered.
Influence of biomass properties on the efficiency of
VCG: the influence of moisture, ash content, chemical
composition of biomass on the synthesis gas yield
and its composition are investigated. Environmental
aspects of the WCG: emissions of greenhouse gases,
ash and other pollutants are analyzed, as well as
possible ways to reduce them. Economic efficiency
of VCG: the costs of construction and operation
of VCG installations are considered, as well as
possible ways to reduce the cost of energy obtained.
The integration of VCG into industry reduces
dependence on a single energy source, as it allows the
use of different types of fuel, including low-calorie
sources. Based on the analysis of the advantages and
disadvantages of VCG, it is concluded that this area
has great potential for development, especially in
the context of the transition to green energy. Further
research and implementation of new technologies,
such as flash gasification, can contribute to increased
efficiency and costreduction, ensuring the sustainable
development of energy infrastructure

Keywords: intra-cycle gasification, biomass,
renewable energy sources, synthesis gas, energy
efficiency, environmental aspects, economic
feasibility.

Beryn

BuyTpimnponukioBa rasudikamis (BLUI) e in-
HOBALIIHOIO TEXHOJIOTI€0, 0 TO3BOJISIE OTPUMYBa-
TH €HEPrilo 3 ByT'ULIA Ta IHIIUX OpraHiYHUX MaTepi-
aJiB y OLIBII €KOJIOTTYHO YMCTUMN COCIO TIOPIBHIHO

3 TPAIUIIHIMHU METO/IaMHt criatoBaHHs. L{s MmeTo-
JIUKa 1oyaja po3BUBATUCS B cepeanHi 20-ro CTOMIT-
T4 13 TOTO Yacy 3a3Halia 3HAYHUX YIAOCKOHAJIEHb [1].

BLI-ra3udikaris movaia po3BUBaTUCI B cepe-
nuHi 20-To CcTOMTTS, amke Oylna HEOOXiTHICTh Y
HOBUX JDKEpenax eHeprii uepes 3pocTarodi moTpeoH.

MeTtoauka BII" mo3Bonmia oTpuMaTs €Heprio 3
BYTUIJIsL y OUIBILI €KOJIOTIYHO YHUCTHH CIOCci0 y mo-
PIBHSIHHI 3 TPAJUIIHHIMU METOJJAMU CIIaTIOBAHHS.
TexXHOJIOTII0 BIOCKOHAIIOBAIX HA OCHOBI JIOCIHI-
JUKEeHBb y cdepi TepMoxXiMii 1 KaTaJliTHYHUX MpOoIe-
CiB.

3HaYeHHSI B eHePreTHYHOMY CEeKTOpi

e BIUI" mae moTeHIiaa CTaTH BaKJIUBUM eJie-
MEHTOM EHEepreTHYHOI 1HYPACTPYKTypH, OCOOIUBO
y KpaiHax, Jie 3a1acy ByT1JIsl BEJTHUKI.

*  BupoOuuurso enexrpoeneprii: CuHTe3-ra3
Moxe OyTH BUKOPHCTAHUHN JJ1s1 TeHepallii eleKTpuy-
HOI eHeprii B TypOiHax, 1m0 3abe3neuye cTalOiIbHY
Ta 6e3nepediiiHy poooTy.

*  BupoOHUITBO XIMIYHUX MPOAYKTIB: 3 CHH-
Te3-Ta3y MO)KHAa OTPHUMYBATH PI3HOMAHITHI XiMi4HI
CTIOJIYKH, TaKi SIK METaHOJI Ta aMiak.

e OuwcHi Texnosorii: BIII" 1o3BoJisie 3MeHIIN-
TU BUKUU 3a0pYIHIOIOUNX PEUYOBHH y aTMochepy.

TexHosoriuni nepesaru

*  EdexruBnicts: 3aBasku mporecaMm rasudi-
Kallii, BYTiJUIsl IEPETBOPIOETHCS HA €HEPrilo 3 BH-
UM KOEQII[IEHTOM KOPUCHOI Nii B MOpPIBHSHHI 31
3BUUYAHUM CIIAJTIOBAHHSIM.

*  I'myukicts BukopucTtaHHs: CHHTE3-ra3 Mo-
e OyTH BUKOPUCTAHMM JUISl PI3HUX IIiJIeH (€Hepris,
XiMisl), 10 MABHILYE YHIBEPCAIBHICTh TEXHOJIOT1.

* Ckuagna crpykrypa: BLI no3Bomsie inte-
IpyBaTH pi3HI EHEProHOCii, 3MEHIIYIOYH 3aJIekK-
HICTB BiJl OJHOTO JKepeia eHeprii.

ExoJioriuni nepesarn

*  3MeHIIeHHS BUKUAIB: BHYTpIIIHbOIIMKIIOBA
rasuikanis 3mMeHmye Bukuau CO2, NOx i SOx mno-
PIBHSHO 3 TPAaJAHUIIHHUMU METOJAMU CIATFOBAHHS
BYT1JLJIS.

*  Bropunne BukopucTtaHHs Byriemto: CHH-
T€3-Ta3 MOXX€ BHUKOPUCTOBYBATHCS JIsI BUPOOHU-
IITBA YHCTOT'O BOAHIO, IKUH € BaXKJIMBOIO CKJIaI0BOIO
CHePreTUYHOI TPAH3UTHUBHOCTI 10 OE3BYTJICIEBUX
JKepell eHeprii.
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Ynpasainasa Biaxogamm: Ilpouec nosBosse
3MEHIIHUTHU 0OCAT BIIXOMIB, SIKI 3aJIMIIAIOTHCS MICIIs
CMAJIIOBAHHS BYTULISA, OCKIJIBKM E€HEPrisl OTPUMY-
€ThCs Oe3mocepeHbo 3 ra3y [1].

B minomy, BHyTpilIHBOLIMKJIOBA Ta3udikallis By-
T'JIS TPOTIOHYE 3HAYHI TEXHOJIOTIYHI Ta €KOJIOT1uH1
nepeBar, o poOUTs i BaXKIJIMBOIO 7151 MaliOy THBO-
IO €HEPreTHYHOTO CEKTOPY, OCOOIMBO B KOHTEKCTI
3MEHIIICHHS BUKHU/IiB TAPHUKOBUX T'a3iB Ta MEPEXOIy
710 OLIIBII CTAIMX JKEPET eHeprii.

IlocTanoBka npodJemMu

3pocTalodnii HOMUT Ha €HEPTii0 Ta 3aHETIOKOEHHS
I0/10 BUKUIIB MAPHUKOBHUX ra3iB BUMATalOTh Mepe-
X0y J0 BiJTHOBIIIOBAaHUX JKEPEI SHeprii.

BuyTpimnponukiosa rasudikanis (BLI), npo-
I[eC MEPETBOPEHHS 0ioMacH Ta iHIIMX BiJHOBIIOBA-
HUX PECypCiB Ha CUHTE3-Ta3, € MEPCIEKTUBHUM Ha-
IPSIMKOM JIJIs1 33JTOBOJICHHS IIbOT'O TIOTHTY.

Onnak, He3Bakarouu Ha morteHmian BIIL, i1 mm-
POKe BIPOBAXKEHHSI OOMEXeHe psiioM mpodieM. Ic-
Hytodi TexHonorii BI[I" vacTo MaroTh HU3BKY edek-
TUBHICTh TIEPETBOPEHHSI OiOMacH Ha CHUHTE3-Tas3,
10 TPU3BOAMUTH JIO BTPAT €HEprii Ta 301IbIICHHS
BuTpar. CuHres-ra3, orpuManuii B pesynsrari BLT,
94acTO MICTHTh JIOMIILIKH, SIKI YCKJIQJHIOIOTH HOTO
HO/IaJibIlIe BUKOPUCTAHHS ISl BUPOOHUIITBA €IICK-
TPOCHEPTii, Terja a00 CHHTEeTHYHOTO TaJIHBa.

Bynisaunrso ycranosok BLI € noporum, 1o po-
OUTH X HEJOCTYITHUMHU JJIs 0araThoX MOTEHIIHHIX
KOPHCTYBaUiB.

HesBaxkaroun nHa norenmian B, mocmimkeHHS
B I[iii Taxy3i BCe IIe HEIOCTATHHO PO3BUHEHI, IO
YCKJIQJTHIOE ONTUMI3alLliI0 MPOLECY Ta pO3pOOKY HO-
BUX TEXHOJIOTIH.

Tomy, nns Buposakennst BLI sk epexkTUBHOrO
Ta €KOJIOTIYHO YHCTOTrO JKepelia eHeprii, HeoO0XiTHO
BUPILIUTH HU3KY NPOOIIEM:

*  30inpIeHHsT €(QEKTUBHOCTI TEPETBOPCHHS
6ioMacu Ha CHHTE3-Tas3.

*  Onrumizanis npouecy BUI™ st orpumanus
CHHTE3-Ta3y 3 0aXKaHUM CKJIAZOM.

*  3HWXKEHHA KalliTaJbHUX BUTpPAT Ha OyMiB-
HUITBO yCTaHOBOK BLIT.

*  Po3po0sieHHS HOBUX TEXHOJIOTIH Ta YIOCKO-
HAJICHHS ICHYIOUMX IS TiBUIICHHS €()EeKTUBHOCTI
Ta €KOJIOTIYHOCTI MPOLIECY.

Meta

CrarTss Mae Ha MeTI IpoaHaNi3yBaTH ICHYIOYl
npob6semu BT Ta 3anpononyBaTH MOXIJIHBI HUISIXU
iX BHpIIIEHHS, 1[0 CIPUATUME PO3BUTKY I[HOTO Ha-
OPSIMKY JUJIsi OTPUMaHHS €Heprii 3 BiJHOBIIIOBAHUX
JKeped.

AHaJIi3 OCTAHHIX J0CTi:KeHb Ta myOJikani

BuyTpimnsonuukioBa rasudikauis (BLI) npu-
BEpTa€ yBary 0araTbOX BUCHHX, IKi JOCITIIKYIOTh
il moteHuian K €(EeKTUBHOIO METONY OTPUMAHHS
eHeprii 3 BiTHOBIIOBAJIBHUX JHKEPEIL.

Kanycrsauceknii A.O. IpoBiB JeTalbHUAN aHAJI3
nporeciB BII, 30cepemkyoun yBary Ha ONTHMi-
3anii TEXHOJOriM ISl MiJBUIICHHS €(EeKTUBHOCTI
nepeTBOpEeHHs GioMacy Ha cuHTe3-ra3. Moro po6oru
MiIKPECTIOITh BaXJIUBICTh JOCTIIKCHHS CKIamy
CHHTE3-Ta3y Ta HOro BILIMBY Ha MOJAJbILIE BUKOPH-
craHHs [5].

3anopoxens 0. M nocnikye BIJIUB Pi3HUX BU-
niB cupopunu Ha edektusnicts BLIT. Ii my6nikamii
BKa3yIOTh Ha T€, 110 BUOIp CHPOBHHH MOXE CyTTEBO
BIUTMHYTH Ha BUX1Jl CHHTE3-Ta3y Ta HOro sKicTh [6].

Kopanenko T. C. BHBYa€ €KOJOTIUHI acleKTH
BT, 30kpema, BIJIUB BUKHUAIB HA HABKOJIMIIIHE CE-
penoBUILE. T1 mocmimxenus i IKPECTIOITH HEOO0X1/1-
HICTB PO3pPOOJICHHS YUCTUX TEXHOJIOT1H, IK1 MOXKYTh
3MCHIIIMTH HETaTUBHUM BILUIMB Ha €KOJIOTito [7].

3anopoxenp FO. M. mocniikye BIpOBaKEHHS
CyYaCHMX Ta30TypOIHHMX TEXHOJOriil 1 KomOiHO-
BaHUX MapOra30BHUX YCTAaHOBOK 3 BHKOPHCTAHHSM
BITYM3HSIHOI TEXHIKHM, HASBHUX 1 HETPATUIIMHUX
MaJTUBHUX pecypciB [§].

Kecoa JI. O. pmocmikye €KOHOMIUHI acCHEKTH
BrpoBakeHHs1 B B Vkpaini, aHanmizye xamirajib-
Hi BUTpaTU Ta MOXJIMBI LUISXU 3HI)KEHHSI BUTpPAT
Ha OyJiBHMIITBO YCTaHOBOK, III0 POOUTH TEXHOJIOTIIO
OLIBII TOCTYIIHOIO /1JIsl IIMPOKOT0 BUKOPHCTaHHS [9)].

IgoB FO. O. mocmimxye inTerpamito BIII 3 iH-
[IMMU BiTHOBJTIOBAJIbHUMH JIKEpEJIaMH €Heprii, Ta-
KMMH K COHSIYHA Ta BiTpoBa eHepris. Moro po6oru
MPONOHYIOTH HOBI M1 IXO/IM 10 KOMOIHOBaHOT'O BUKO-
PUCTaHHS PI3HUX JHKEPEN €Heprii A MmiABUIICHHS
3aranpHOi ehekTuBHOCTI [10].

AmHani3 pobiT BYUCHUX-TOCTITHUKIB CBITYUTH PO
T€, M0 BHYTPIIIHBOIMKIIOBA Ta3udikaiis € mep-
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CMEKTHUBHUM HANPSIMKOM JJIsi OTPUMaHHS €Heprii 3
BiTHOBJTIOBAJIbHUX JUKepen. [IpomoBkeHHS Hocii-
JOKEHB y IiH raimy3i JOMOMO)Ke BUPIIIUTH ICHYIOUl
npobJIeMH Ta ONTUMI3yBaTH TEXHOJIOT1, 110, B CBOIO
4epry, CHpHUSATUME PO3BUTKY EKOJOTIYHO YUCTHX
JKepell eHeprii.

Bukaan ocHoBHOro marepiajy

Hanpukinni 20 cTONTTS NpOrpecuBHUIA pO3BU-
TOK OTpHMalla BHYTPIIIHBOLMKIOBA Ta3u]ikarlis
JUTSL €NIEKTPOEHeprii TOOTO. BUKOPUCTaHHS OiHApHO-
T'0 MKy, IPH IKOMY TOpIOYMiA ra3 ra3udikarii yTu-
Ji3y€eThCs B Ta30Biil TypOiHi, a MPOIYKTH 3rOPSHHS
BUKOPHCTOBYIOTHCS MIPH I'€HEpallii mapu JUIsl mapo-
Boi TypOinu. Ilepmia komepiiiiHa eneKTpoCTaHIlis
13 BHYTPIIIHBOLUKIIOBOIO Ta3u]ikaIliero 3amymieHa
CIIA y Kamidopnii 1983 poky ¢ipmoro Col Water.
B 0cCHOBI MpPOEKTY BUKOPUCTOBYBABCS ra3oreHepa-
top Texaco 3 mogauero nMajuBa y BUIIISAA1 BOAHO-BY-
T'UIBHOI CycIieH3ii, MOTYKHICTIO €IeKTPOCTAHIIT 10
100 MBT a6o 60 ToHH Ha roguHy 3 Byrimaa. [am y
90 pokax MUHYJIOTO CTOJITTS y pI3HUX KpaiHax OyJio
BBEJICHO B EKCILTyaTalito 18 enekTpocTaHIiii i3 BHY-
TPIITHBOLMKJIIOBOIO Ta3u(DiKaIEI0 TBEPIOTO MalIuBa
notyxHicTio 60-300 MBT koxna. [TinBumenuit iH-
Tepec 70 BHYTPIMIHBOLMKIIOBOI ra3udikaii y pos-
BUHEHMX KpaiHaX BUKJIMKaHUN JBOMa (pakTOpamu:
€KOJIOTTYHUMU — IIPU BUKOPUCTAHHI T'€HEPATOPHOTO
ra3y CKOpOUYYIOThCS BHKUIU OKCHIB CIpKH, a30-
TUCTHX CIIOJIYK Ta TBEPAUX YACTUHOK B aTMocde-
py. Apyre, eKOHOMIYHI — BUKOPUCTaHHS OlHAPHOTO
nukiy no3Bossie 30umbmuTu KKJ] 13 3MeHIeHHs M
BUTpaTu nanusa Ha 50% 1J1st OTpUMaHHS Ti€l camol
KUJIBKOCT1 enekTpoeHeprii. LliakoM 3akoHOMIpHO,
10 IMHAMIKAa BUKOPUCTAHHS BHYTPINTHBOIIUKIOBO]
rasudikarii 301IbITyBaTUMETHCS.

Hu3bka, 111010 BapTOCTI KamiTaJbHOTO PEMOHTY,
BapTICTh BITYU3HSHOTO OOJIATHAHHS JACTh MOXJIH-
BICTh PEKOHCTPYKIi CTApUX MOTYKHOCTEH Ta BIIPO-
BaJKCHHSI HOBHX BHPOOHHKIB, 110 TEHEPYIOTh. Tex-
HOJIOTis1 Oyie 11 OBl MPUBAOIUBOIO 332 HASIBHOCTI
€KOJIOTTYHUX OOMEXKEHb y MICISIX PO3MIILEHHS Ye-
pe3 ckopoueHHst y 30 pa3iB BUKHUIIB B aTMocdepy
IIOJI0 CTIAJIIOBAaHHA BYT1/UIS Oe3nocepenHbo. Takox
npuBaOIMBUM ISl MOTCHI[IHHUX 1HBECTOpIB Oye
BUKOPHCTAHHS HU3bKOKAJIOPIMHUX JIKEPEeN TBEPIO-
0 MaJnBa, SKi KOPUCTYIOTHCS MAJUM IOIUTOM 1 HE
3arpeOyBaHi — Oype Byriuisi, Topd, BiTHOBIIOBaHI

JDKepesa eHeprii, poclIMHHUITBA Tommo. Hamam Oy-
ne Bukopuctano pecypc TIIB (TBepai moOyToBi Bij-
XO/H), SIKI Ha ChOT'OJIHI CKJIaJatoTh Oian3bpko 20-30
KT Ha JIFOIUHY 10100080 [3].

Knacugikauis TexnoJioriii razugpikaunii

JUts cydacHOi XiMIYHOI IPOMMCIIOBOCTI Ta €HEp-
TeTUKH MOTPIOHI Ta30reHepaTopy 3 OJMHUYHOIO T10-
Ty>kHicTIO Byriyuig 100 T Ha ronuny 1 6inbie. B oc-
HOBHOMY B IIPOMUCJIOBIH MPAKTHIII BAKOPUCTOBYIOTh
razoreHeparopu BiHkiepa B KUIUISYOMY IIapi, Ia-
poBi rereparopu Jlypru 3 OJMHUYHOIO MOTYXKHICTIO
10 BYTULITIO 45 T Ha TOAMHY, MUJIOKYTHI TeHEpaTOpu
Komepca-Torueka. AHaui3 KOHCTPYKTUBHUX OCOOJH-
BOCTEl Ta MPHHLHUIIB POOOTH Cy4aCHUX MPOMHC-
JIOBHX TrazoreHeparopiB (ix momudikaniii monan 10)
MOYKHA BUJIITTUTH 3 OCHOBHI KOHCTPYKIIiT [5].

1. Po3zpobka @pina Binknepa (konuepn BASF) y
1926 p. I'azoreneparop kumisigoro mapy. Llsg Tex-
HOJIOTiSl CTaja CTUMYJOM JUJIsi Cy4acHUX Ipolle-
cis HTW (Hoch — Temperatur Winkler) ta KRW
(Kellogg-Rus-Westinghouse) Ta iH.

2. Po3pobka ¢ipmu Jlypru B 1932 p. maposoro ra-
30reHeparopa.

3. Po3zpobka I'erpixom Komepcom i @pinpixom
Toruexom B 1944 p., ycraHoBKa 3 rasudikamii By-
TiITPHOTO MHITY, MO Tparoe mig tuckom 3 Mlla i
Oinpire. BukopucTaHHS MiJABUIIEHOTO THUCKY IS
inTeHcugikanii mporecy rasudikanii peanizoBaHO
Maii’ke y BCIX MPOMHCIOBUX CBITOBHUX Ta3oreHepa-
Topax, Hanmpukian, y Kurai rasudikatopu momio-
HOTO TUITy MaroTh pobounii Tuck 10 5.0 mIla. Oc-
HOBHUH ra3uikyrouuii peareHT — Oype BYriuis 3
PIAKUM HUTaKOBUAANCHHSAM. TexHOJOris ciyryBajia
OCHOBOIO ISl Cy4aCHUX IPOIIEeCiB ra3udikarii 3 pia-
KHM BUJIAJICHHSIM 30JI0Ta, peaJli30BaHUM B anapaTax
Dectec Shell Prenflo, Bci Bonu po3po6ieni Ha OCHOBI
razoreneparopa Konnepca-ToTneka [9].

Bynu cripoOu BHKOpUCTOBYBaTH B Ta3oreHepa-
TOpax 30BHILIHI TEIUIOHOCII, Y TOMY YHCIIi sIepHE
MaauBo, ra3udikallito B po3riaBax CoJiei, 1BOX Iia-
071iB y m1a3Mi TOMIO.

VY cyuacHOCTI B 0aratrbox KpaiHax, paKTU4IHE 3a-
CTOCYBaHHS TEXHOJIOTIT ra3udikariii BIpoBaKeHe y
Burisigi IGCC (iHTerpoBaHiii KOMOIHOBAaHHMM UK
rasudikamii — IKIII') — me TexHOOris, sKa BHKO-
PHUCTOBYE Ta30reHepaTop, mobd NepeTBOPUTH BYTLI-
7 Ta iHI1 BuAM nmanusa (puc. 1), nus. Tabnumro 1.
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Pucynox 1. [lpunyunosa mexnonociyna cxema KOMOIHOBAHO20 YUKTLY KOMNIJLEKCHOI easugikayii

Onizka eKoJIOTiYHUX T2 eKOHOMIYHHX NepeBar BHY TPillIHbOLMKJIOBOI ra3ugikanii

IHopiBHsILHA XapaKkTepucTHKA TexHOJ0TiH rasugikanii IGCC

Tabnuys 1

OcHoBHe c .
Cucrema EdextnB- | Exosoriyamii :
IGCC IajJuBHe — — IlepeBaru Henouikn
JKepesio
. Bucoxka Bap-
Ch s Iloennye Byrus 3HWKeHHs BUKU- | Bucoka enep- e Hi]I:
b 3 Tra30BOI0 Ta na- | Byrims 40-45% | nie CO, 3 MOKIH- | TO-€(DEKTHUB- Y
1GCC . . : HUIITBA Ta €KC-
POBOIO TypOiIHOIO BICTIO YJIOBJICHHS HICTh
TUTyaTarii
[aTerpye Texno- .
ST JOTi1 fg;n(bilcauﬁ 3Ha4yHe 3MeH Honatiol
IGCC 3 ynoB- S —— Byrimmns, 50-60% 3 | yxe HU3BKI BHU- LeHHS BUKI BUTpATH HA
JICHHAM ByIJIe- | e BT Oiomaca CCS kg CO, . YJIOBJICHHS Ta
wo (CCs) | FOM AN 36epiranms
BHKODHCTOBVE 6i SHIKEHHS BU- Cripormye 3aJIeKHICTD
IGCC na oc- P Y . o kuniB CO, Moxe POy BiJI CE30HHHX
.. omacy sik ocHoBHe | biomaca 30-40% 2 YTUJI13a-11110 )
HOBI Oiomacu OyTH ByIJIeIe- . . MOCTaBOK 0i0-
TIAJTUBO N BIJIXO/IIB
BO-HEUTPAILHUM MacH
Crcrema Moske mpamtoBary | Byrims 3HMKEHHS BUKH- | [Hy4KicTb B HotbeGye
1GCC 3 na- |3 pI3HUMH BUIaMH | a0o MpH- 45-50% JIiB B IMOPIBHSHHI | BAKOPUC-TaHHI aﬂanTIa)ui'fyo6
= - o = 0 o B -
Ba MAJTBHOTO (BYTLT- | pOI-HUHA 3 TPAAWIIHHUME | BUJIB ITaJb- A THAHHS
7151, Ta3) ras TEXHOJIOTISIMH HOTO
Brtrouae HOBI .
S — B Bucoka Ha- | HeoOxinHICTb
OJIEpHi-30Ba- . e . OJIaTKOBi 3HWXX- | JIIMHICTB Ta MTOCTIMHOTO
M . O1IBUIICHHS Ppi3H1 BI/II[,I/I 50% 1 BuIIE . .
a1 IGCC S — HABHOLO KM Ha BUKHUIU CcTa0lIb-HICTh | BIOCKOHA-JIEH-
peHepri'i pobotu HSI TEXHOJIOT1H
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Exouoriuni nepesaru (radauns 2):

1. 3MeHIICHHS BUKH1IB 3a0pYAHIOIOUHNX PEYOBUH:
BuyTpimHbonnkiIoBa rasudikaiis ByTiJiias I03BO-
nsie 3Ha9HO 3MeHmuT Bukuau CO2, NOx i SOx y
MOPIBHSAHHI 3 TPAAULIMHUM CHIATIOBAaHHSAM BYT1JIJIS.
BupoOHHUIITBO CHHTETHYHOTO Traszy (CHHTE3-Ta3y)
3a0e3meuye MeHIIe 3a0pyAHEHHS HABKOJIUIITHBOTO
CepeloBUIIIa.

2. Cuctema ounieHHs rasy: Texnomorii raudgi-
Kalii MOXyTh OyTH 1HTErpOBaHi 3 CHCTEMaMH OYu-
IIEHH S, TAKUMH SIK YJIOBJICHHsI Ta 30€piraHHs ByTJIe-
o (CCS), m1o 103BOIIsiE YTPUMYBATH BYTJICKUCITHI
ra3 mepej Horo NoTparuistHHAM B aTMochepy.

3. Yrunizanis Bigxoxis: Ipouec razudikarii Mo-
Ke e(peKTUBHO BUKOPHUCTOBYBATH HU3BKOKAJIOpiiiHE
BYTUJIJIs1 @00 BYT1UISI HU3BKOI SIKOCTI, IO 3a3BUYAN
HE MiIXOAUTD JJIsI CIIATIOBaHHSI.

Exonomiuni nepesaru:

1. EdexTuBHICTh €HEPreTHYHOr0 BUPOOHHIITBA:
3aBIsKU BUCOKIM e(eKTHMBHOCTI KOHBepcii (IoHax
80%) BHYTpIIIHBOIIMKIIOBA Ta3udikalliss Moxe 3HU-
3UTH BUTPATH HA EJIEKTPUYHY €HEPrito Ta 301IbIIu-
TH peHTa0CIbHICTh IPOEKTIB.

2. 'HyuKiCTh y BUKOPUCTaHHI maynpHOro: Cucre-
MU rasudikarii MOXKyTh MpaIlOBaTH 3 PI3HUMH BU-
JaMH TaJIbHOTO (BYTiLIsA, Giomaca), 0 pO3IIUPIOE
MOYJIMBOCTI IOCTAUaHHsI Ta 3HUKYE I[IHOBI PU3HKH.

3. Ctumynu anst iHBecTHIiil: [HBecTyBaHHS B
HOBI TEXHOJIOTI{, Taki SIK BHYTPIIIHbOLUKJIOBA Ia-

3uikaris, MOXXe MPUBECTH 10 OTPUMAHHS Jep-
KABHHX JTOTAI(IH 1 3HUKOK, TIOJIETTIIYIOUH (hiHAHCY-
BanHs [11, 12].

PosrnsiHeMO OKkpeMO IPOAYKT, OTPUMAaHUH B IIPO-
1ieci rasudikaitii, sKuii Mae 6araTo MOTEHIIATY IS
BUKOPHCTAHHS SIK aJIETEPHATUBHOIO TajMBa - TeHe-
paTOpHUM ras.

I'enepaTtopHuii ra3 — 11e CyMil pi3HUX Tas3iB, SKi
YTBOPIOIOTHCS Ii1 uac rasudikanii. Moro cxiaz 3ane-
KHUTbH B/l TUITy CHPOBUHH, YMOB raszudikarii Ta Tex-
HOJIOT'11, 1110 BUKOPHCTOBYETHCS.

TunoBuii ckjaja reseparopHoro rasy [14]:

*  Monookcun Byriero (CO): 3a3Buyail ctaHo-
BuTh 20-30% Bix 3arampHOrO 00’eMy Tasy. Lle ropro-
YHif Ta3, SIKKI € OCHOBHUM JI’KEPEJIOM EHEprii B TeHe-
paTopHOMY rasi.

* Bogeus (H2): 3a3Buuaii craHoButh 15-25%
BiJl 3arayibHOTO 00’eMy ra3y. Lle Takox roprouunii ras,
SIKUH T0J]a€ TETIOBY LIHHICTh T€HEPATOPHOMY Ta3y.

*  Byrnekucnuii ra3 (CO2): 3a3Buuail CTAHOBUTH
10-20% Bix 3aranpHOro 00’eMy rasy. Lle Heroprounit
ra3, IKUi 3HMKY€E TEIUIOBY LIIHHICTh T'€HepaTOPHOTO
rasy.

*  Mertan (CHa4): 3a3Buuaii ctaHoBUTH 1-5% Bij
3araJibHOro o0’emy rasy. Lle roproumii ras, sxkuii mo-
Jla€ TETUIOBY IIHHICTh T€HEPATOPHOMY Ta3y.

*  A3zor (N2): 3a3Buuaii ctaHOBUTH 5—15% Bix
3arajpbHOro 00’eMy rasy. Lle Heroprounii ras, sikuii He
BILJIMBA€E HA TETJIOBY I[IHHICTH TEHEPATOPHOT'O Ta3y.

Tabnuys 2

ITopiBHSIHHS €KOJIOTIYHUX TA eKOHOMIYHUX MOKA3HUKIB BHYTPIlIHbOUMKJ/I0BA
rasugikanii 3 TpaAMNIAHUM CIAJIOBAHHAM BYTiLIs

IToka3HuK

BuyTpimiabonMKI0Ba ra3upikamis

Tpaauuiline cnajaBaHHS

Exosoriyai BUKAIA CO,

SHWKEH] BUKUIA 3aBIAKA
OYMILIEHHIO

BYTiJLIISA

Buco ki Buknau Co,

Buxknmm NOx 1 SOx

Hu3bki BUKHIM, MOKIINBICTD
OYHIIEHHS

Bucoxi Bukuan

EdexTuBHICTh IEpEeTBOPEHHSI

Bueir Hix 80%

3a3Buuaii 30-40%

BuxopricTanHs BTOpHHHHIX
MajJbHOTO

MOTHBICTH BUKOPHUCTAHHS PI3HUX
BU/IIB

OOMeXeHE BUKOPUCTAHHS
MajJbHOTO

Bapricts enexrpukn

Moske OyTH HUKIOIO 3aBITKH
e(heKTUBHOCTI

3a3Buyaii BHIA Yepe3 BUCOKI
BUTPATH

CucreMy OYHIIEHHS

[HTErpoBaHi CUCTEMHU OUUIIICHHS

Yacro He iCHYIOTh 200 €
HEJ0CTAaTHIMH
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BuxopucTaHHsl reHepaTOPHOro rasy:

*  T'eneparopHuii ra3 MOx€ BUKOPUCTOBYBATUCS
B pi3HHX cepax:

*  Enexrpoenepreruka: ['enepatopHuil ra3 mMo-
’Ke BUKOPHUCTOBYBATHUCS JJIsi BAPOOHHIITBA €NIEKTPO-
eHeprii B Ta30BUX TypOiHax abo JABUTYHAX BHYTpILI-
HBOT'O 3TOPSTHHSL.

*  Onanenns: I'eHepaTOpHUN Ta3 MOXE BHKO-
PHCTOBYBATHUCS JAJIsl ONAJICHHs Oy/iBelb, TPOMHCIIO-
BUX 00’€KTIB Ta 1HIIUX CIIOPY/.

e Tpancnopr: I'enepaTopHUll ra3 MOXE BHUKO-
PHCTOBYBATHUCA SIK MAJIMBO JUISl ABUTYHIB BHYTPILI-
HBOT'O 3TOPSIHHS B TPAHCHIOPTHUX 3aC00aX.

*  XimiyHa mpoMucioBicTe: ['enepaTopHuii ra3
MO>K€ BUKOPHCTOBYBATHUCS SIK CHPOBUHA ISl BUPOO-
HUIITBA aMiaKy, METAaHONy Ta 1HIIUX XIMIYHHMX IIPO-
TyKTIB.

IlepeBaru BUKOPUCTAHHS F€HEPATOPHOTO ra3y:

*  BinHosiroBane mkepeno eneprii: ['enepatop-
HUH ra3 Moke OyTH OTPHUMAaHUN 3 BiJHOBIIIOBAHUX
JDKepe, TAKUX siK 6iomaca, 1o CIpHsi€ 3MEHILIEHHIO
BUKUJIB TAPHUKOBUX Ta3iB.

*  3HMXEHHS 3aJI€KHOCTI Bl BUKOITHUX ITAJINB;
BuxopuctanHs TeHepaTOPHOTO ra3y MOKE 3MEHIITH-
TH 3aJICXKHICTh BiJl BUKOTHUX TIAJINB, TAKUX SK BY-
riyuig ta Hadra.

*  3MCeHIICHHS BUKHU[IB 3a0pyIHIOIOYUX PEeyO-
BuH: [Ipy mpaBUIIBHOMY BHKOPUCTaHHI T€HEPATOP-
HUH Ta3 MOXXE TMPU3BECTHU JI0 3HAYHOTO 3MEHIIICHHS
BUKUJIIB 3a0pyTHIOIOUHUX PEYOBUH, TAKUX SIK OKCUIU
CIpKH Ta a30TYy.

Henosiku BUKOPUCTAHHS TeHEPATOPHOIO ra3y:

*  Hwusbka Teruioa 1iHHICTE: [ eHepaTopHUii ra3
Ma€ HIDKYY TEIJIOBY I[IHHICTB, HI’K MPUPOAHUN Ta3,
10 MOXE BUMAaraTu OUTBIINX OOCATIB JJIs1 OTpUMAaH-
HS Ti€T K KUIBKOCTI €Heprii.

*  Bucoki BuTpatu Ha BUpOOHHITBO: Bupoob-
HUIITBO T'€HEPATOPHOT'0 Ta3y Moxe OyTH JOPOXKUHM,
HI)K BUPOOHHUIITBO MPUPOIHOTO Ta3y.

[eneparopuuii ra3 Mae BETUKHUN TOTEHIA AJIS
PO3BUTKY, OCOOJIMBO B KOHTEKCTI MEPEXoAy 10 Bil-
HOBJIIOBAHUX JpKepen eHeprii. [Ipote, asnst mmpokoro
BUKOPUCTAHHS TEHEPaTOpHOro ra3y HeoOXigHI Io-
TG JOCITIIKEHHS Ta PO3pOOKH, 30KpeMa B raysi:

3HmkeHHs BaprocTi BUpoOHHNTBA: [loTpiOHI
011 €PEKTUBHI Ta €EKOHOMIYHO BUT1/IHI TEXHOJOTIT
razudikarii.

INokpamenHs: epeKTUBHOCTI BUKOpUcTaHHs: lo-
TpiOHiI OBl e()EeKTUBHI ABUTYHHM Ta CHCTEMH Clia-
JIIOBaHHS, SIKI MOXYTb BUKOPUCTOBYBATH I€HEPATOP-
HHUI ras.

3MEHILICHHS BUKHUIIB 3a0pYAHIOIOYMX PEUOBHH:
[MoTpiOHiI Oinbin eheKTUBHI TEXHOJIOTIl OYUIICHHS
reHepaTopHOro rasy [8].

JociazkeHHsl Cy4acHHX Po3po0oK

VY mnepion i3 2014—-2017pp. yKpaiHCBbKUM 1HXKe-
HepoM Bononumupom KoBanenkom 3a ¢piHaHCOBOI
MNiATPUMKH KuTalicbkoro inBectopa Bana Csio de-
Ha Ta y4yacTi JIOKTOpa eKOHOMIUHMX Hayk JIMuTpa
KpuBomnieeBa 0yino po3po0iieHO Ta MaTEeHTOBAHO
Meton @nem rasudikamnii (LIBUAKICHUN) TBEPIUX
OpraHiYHUX CIONYK. 32 OCHOBY B35TO MPAKTUYHO
BC1 KOHCTPYKIii razu¢ikaTopisB, BpaXxoBaHO BCI iX-
Hi HEIOJIKU, Ha OCHOBI TEOPETUUHUX JOCIIIKEHb
Oys0 3po0sieHO MIOTHUN 3pa3oK, MOTIM MPOTO-
TUN MalOyTHiIX ras3udikaropiB. Merox 3amareH-
ToBaHMI B mateHTHOMYy Otopo KHP sk xopucha
MOJIeJib, & TIOTIM, SIK BUHAX1Jl i TOTOBUU J0 BIIPO-
BaJKEHHS [4].

[TinoTHi 3pa3ku ra3udikaTopiB MPOHILIN TEepe-
BIpKYy. 3a cCHpOBHHY OyJ10 B35TO Oype BYT1JIIs Kijlb-
KOX pozoBuIl KuTato i Ha 6a31 miJOTHUX 3pa3KiB M0-
OyJIOBaHO yCTAHOBKY-TIPOTOTHUI TPOJIYKTHUBHICTIO
10 300 M? Ha TOIUHY TIO CHHTE3Y Tas3y.

KopoTki xapakTepHCTHUKH: Yac 3a1ycKy 3 XBUJIMH
710 BUXOJly Ha MPOEKTHY MOTYXHICTh. Tak, 3 1 T Oy-
poro Byriuis Buxin no rasy ao 5000 m* enepreruu-
HOTO0 ra3y Ipu 301bHOCTI Byriuist 10% Ta Bojorocri
30%, Temriepatypa ra3y Ha BUXOJli 3 Ta30re€HepaTo-
pa nopsaky +67°C, BUIaleHHs 307U CyXe€, METOJ
razudikanii KyJIsCcTHH, TemnepaTypa B peakiiiHin
30H1 450—680°C, ra3zu¢ikyrouuii mapoBUil peareHT,
TIOBITPSIHUM, 3 KUCHEBOIO cTabinizauiero, Ckiaa rasy
Ha 3aMOBJICHHS CHIOKMBaya: HU3bKOKAJIOPiitHUI abo
cepenHboi KajopiiHocTi. CKiIaz cepeHbo KajJopiii-
Horo ra3y 3200 kkan m* H2 mo 48%, 31 no 60% y
peryJsiboBaHiil mpornopiii.

V samumky CO, 1o 4%, MOXJIHBA MIPUCYTHICTH
MeTaHy. Y peXuMi BUPOOHHUIITBA TEXHOJIOTTUHOIO
rasy a3oT y ckiaJi BiacyTHs. [IpogyKTUBHICTH ra3o-
rereparopa 10 24000 m* 3a roAMHY OJTHOIO MOJTYJISL.
Cniesinnomenns napu: Byraens (H,0:C), Make 1:1,
CTymiHb KoHBepcii 99%, ppakuiitauii ckiaaa Oyporo
ByTuLIs, niametpom 0,1-30 Mm.
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Bomnoricts He pernamenTyetbes 10 45%, enepre-
tuuHi BUTpaTH Ha 1000 M* cunTe3 razy 10-15 kBt
3a TO/IMHY.

[MuTomi kamitanbHi BUTpaTH Ha 1 M° rasy (0,3
kBT TemnoBoi eneprii) 6auzpko 50 USD npotu 1500
USD wmetonom Jlypru, € TeHACHLIT 10 3HIKEHHS Ka-
niTaabHUX BUTpAT 10 25 USD.

[NopiBHSIBHMI aHAJi3 METOAIB HAaBEICHO Y Ta-
Omui 3.

MaxkcuMalnbHUN BHUXIJl CHHTE3y CepeIHbOKAJIO-
piitHOro Ta3y Ha 1 T. aHTpauuTy cTaHoBUTH 9600 M*
npu KoHBepcii Byrierio 99,8%.

labGaputni posmipu wmoxpymst: ngiamerp 400-—
1500 mm. Bucora 1000—4500 mwm. ITponyKTHBHICTH
onoky (B xB.) 12 M?>— makc 24000 m* roa, BCcTaHOB-
JeHa enekTpuyHa moTyxHicTh 0.125-20 kBt [10].
TexHonoriune oOMaJHAHHS MajoMaTepialOMiCTKe,
KOHCTPYKI[isl KOMILJIEKCY MOJYJIbHA, BUCOKOTEXHO-
JIOT1YHAa.

[MpumiTHO, Mo s crabimizarii mporecy raszo-
reHeparopa HeoOXiJqHO 70 2—5 M® KHUCHIO Ha TOJu-
Hy. Kucennb BukopucroByBaBcs 95% 3 ycTaHOBKH
koHueHTparopa kucHio IICA. Ilpouec aBTOoMaTu-
30BaHUM 3a TpbOMaA [ApaMETPAMU TEMIIEPaTypPHOI,

Tabauysa 3

[opiBHsAILHUI aHATI3 TexXHOMOTiH ra3udikamii

MeTton

ToxasHuk Bl\i/II:;cT.:ilp Konnepe- Kolzl:;:flko
Tornek
[IpomykTuBHICT TeHEpaTOpa
M0 CYyXOMY YIIIIO, T/4 40-75 20-35 1o 40 10
0 CyXOMYy Ta3y M?/ rof 75000 60000 50000 24000-56000
KoedirmienT BUKOprCTaHHS BYIJIEBOAHIO, %0 90 85 89 98
KK/ razudikarmii, % 75-85 65-85 65-85 95-98
Temneparypa, °C
y 30Hi peakuii 750-1100 820-1100 1300-1700 580-680
rasy Ha BUXOJI 260-430 900-950 1100-1200 67-88
Yac nepeOyBaHHs IaJUBa B Ta30reHEparTopi, ~5000 100-500 ~1 3
Burpara
Byrius, kr Ha 1000 m* cyxoro razy 800-650 750-610 660-560 200
kucHio, M’ Ha 1000 m* (CO+H,) 210-250 300-350 400-500 1,8-2,5
Buxiza cyxoro rasy, m® Ha 1T Byriuis 1200-1500 | 1350-1650p | 1500-1800 2400-3600
Terutora 3ropsiHHs rasy, KJx/m? 11900- 7500-9400 10300- 13200-17100
16300 11700

Ckuag cyxoro rasy, % (V)
CO,+H,C 25-31 17-22 10-18 5-6,5+0,001
CcO 17-25 31-35 50-60 43-65
H, 40-42 32-43 29-34 38-51
CH, 9-10 0,5-1 0,1 2-2,9
H, 0,5-1 1-19 1-2 0
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Pucynoxk 2. I'pagix pobomu gpnews eazocenepamopas inmepeanom
sumiprosanns 10 ¢ (wac pobomu — 3 coounu) [4]

B aiamaszoHi temmeparyp 320-580°C, ra3zoBoi 3a
SIKICTIO BHX1THOTO Ta3y Ta TUCKY Ha BUXOJI KOMII-
nekcy nepsunse, 0.28 bap.

CupoBHHOIO [JIsi ra3oreHepaTropa Moxe OyTu
Oy/ib-Ka OpraHiuHa CHUPOBMHA BCIIAKE BYT1JLIA,
Topd, AepeBUHA, BIIXOAN CLIHCHKOTOCIOIAPCHKO-
ro BupoOHuITBa, TTIB (TBepai moOyTOBI BiAXO/IH)
TOLIIO.

Jns rasudikaiii nux BUIIB CHPOBUHH HEOOXim-
Ha KOPEKIIisl ra30reHepaTopa Ha KIITAJIT CHPOBHHH,
OJTHOT'O UM 1HIIOTO BUJY.

Oco06mMBOCTI TeHepaTopiB MOMIOHOTO THUIY, 1€
KOHCTPYKTHBHO BOYJIOBaHHUU TMAapOBUU TeHEpaTop,
o0 3abe3neuye cebe maporo i OJHOYACHO cTadimi3a-
TOp TEMIIEPaTypPHOTO PeKUMY BCEpEeInHI ra30reHe-
paropa.

HesanexHo BiJi BMICTY CIpKH Y CKJIaJli BYTJIEBO/I-
HEBOI CHpOBMHM ra3oBol ckianoBoi Bcboro 0,012
ppm. 3 METOI0 CKOPOYEHHSI BUTPAT, AUCIEPCHA BO-
J0Ta 3 CHPOBUHU BUBOJUTKCS, YIOBIIOETHCS METO-
JIOM KOHJIEHCAIlil, OYUIIAETHCS 1 HANPABIAETHCS B
naporeHepaTop Jisi MOBTOPHOT'O BUKOPUCTAHHS SIK
ra3ugikyo4oro areHTa.

lasudikartist € OCHOBHUM MOCTAYaIBHHKOM CHH-
Te3-ra3y HaPTOXIMIYHOI MPOMHCIOBOCTI, IJIs BH-
pOOHMIITBA XIMIYHUX I0OpUB, JUIsi BUPOOHUIITBA
BOJIHIO, OPraHIYHOTO CUHTE3Y aJIETePHATHBHUX BU-
JIiB €Heprii, AMMeTUI0BUH edip. YTuizalis noodyTo-
BUX BiJIXO/IiB TOIIO. YTUIII3aIlisl TUTACTUKY, BIIXO/IB
CLIIBCBKOTOCTIONAPCHKOTr0 BUpOoOHUIITBAa EHEpreTHy-

HUH Ta3 ra3oreHeparopa Moxxe OyTH BUKOPHCTAHUN
pU BUPOOHUIITBI METAIIB Y METAJIyPrii.

Tak, y ClIIbCbKOMY I'OCIIOIAPCTBI HalleHeProeMHi-
M TpOIeC — CYIIiHHS 3€PHOBHX, 3 BIIPOBAIKCH-
HsM ¢uem-rasudikarii, 15 mpobiaeMa BUPIIIYETHCS,
OCKIJIBKM CHPOBHHOIO € BIAXOAM POCIWHHULITBA
cojioma, cTebia KyKypy/31, COHSIIHUKY Ta 1HIIMX
KYJBTYD.

Haii6inpm 3aTpe0yBaHMM HampsMKOM rasudi-
Kauii Moke OyTH BUPOOHMIITBO €JIEKTPOCHEprii Ta
BUPOOHUIITBO PiIIKUX €HEPTrOHOCITB.

CHiBBIIHOIIEHHS H,0:C (mapa: Byruenp) 1:1 mis
®nem razugikarii.

I'padix pobdoTu ¢uiem razoreneparopa 3 iHTepBa-
JoM BuMiproBanHg 10 ¢ 1 3MiHOIO TapaMeTpiB Hajla-
IITYBaHHS, 3MiHH BHIHO Ha IPOBAJIaX EKCIIOHEHTH.
[Tpu 306inpIeHHI A30THOTO MapaMeTpa MpoopLii-
HO MaJIal0Th yCi mapameTpu ra3udikaiii, e 1i€BUM
METOJIOM yIIPABIIHHS BCHOTO TpoIiecy (puc. 2).

PoGoTa razoanasnizaropa B pe>KuMi OHJIaiH BUMi-
piB y mporieci ra3udikariii, Bci mapamMeTpu BUMIpIB y
BiJICOTKOBOMY OOYHCIICHHI.

Jst razudikanii opraHiyHUX CIIOTYK POCIUHHO-
I'0 TIOXO/PKEHHSI PEaKTOp BBOAUTHCS CTYIIHb TapH-
¢ikarii, a MOTIM BKJIIOYAETHCSA PEKUM Ta3udikarii.

OcHOBHa TiepeBara METOAY TEXHOJOTIYHICTb,
BIJICYTHICTh BUTpAT Ha MiJATOTOBKY CHPOBUHU IiJ{
raszudikanito, CylmiHHs JUIIE MOAPIOHEHHS 10 TO-
TpiOHOI ¢pakiii 1-30 MM, mike. Bonoricte cupoBu-
HU HE perinameHTyeThes (puc. 3) [4].
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Pucynok 3. Poboma eazugpixamopa ma 2azoananizamopa
8 pexcumi oHLalH 8uUMipie y npoyeci cazughikayii [4]

Busznavenns norenuiany BIIT.
InTerpaunisi HOBUX TEXHOJIOTIN y
NPOMHCJIOBICTH Ta 4eHepreTHYHHII CEKTOp
[13]

BukopucTaHHsl y BiJHOBJIIOBaJILHUX JKepe-
JIaxX eHeprii:

s Onem-rasudikariis Moxe OyTH iHTerpoBaHa
y CHCTEMHU BiJIHOBIIIOBAJIbHOI €HEPIeTHUKH JJIsl TIepe-
TBOpPEHHs 0i0MacH Ta BiIXO/IIB B €HEPTilo, L0 JIOTO-
Marae 3MEHUIUTH 3aJIKHICTh BiJl BUKOITHHUX JIKEPe
€Heprii.

CuHTe3-Ta3 K iHIPeIi€HT:

*  CuHTeTHMYHHH ra3 Moxxke OyTH BHUKOpPHUCTa-
HUHN y BUPOOHHUIITBI XIMIYHUX CHONYK, TAKUX SIK Me-
TAHOJ 4M amiak. Lle 103BoIIsie pO3MIMPIOBATH MOXK-
JUBOCTI BUKOPUCTAHHS Ta3y, 3 OISy Ha MOTOYHI
noTpedu MPOMHCIOBOCTI.

3MeHIIeHH BigxoaiB:

e 3apmsaku ¢uem-razudikaiii BiAX0mIU MO-
KYyTh OyTH BUKOPHCTaHI SIK CHPOBHHA JJIsI €HEepre-
THKH, II0 JO3BOJSIE 3MEHIIUTHA OOCIT BIAXOOIB Ha
3BaJIMIIAX 1 BUKJIUKH, TIOB’I3aH] 3 1X YTUIII3AII€0.

IHiaTpuMKa cTAJI0r0 PO3BUTKY:

* Inrerpauis ¢em-razudikaii y IpoMHuciIo-
Bi MPOLIECH TA CHEPTETUYHI CUCTEMHU MOXKE CIIPUSATH
nepexoay 10 OUIbII CTalNMX MPAaKTUK, 3HUKYIOUU
BYTJICLIEBHH CIIiJ 1 3a0€3MeUy0un YUCTIII TEXHO-
JI0T1i eHepreTHYHOI reHeparii.

ExonoMivHI nepcnekTuBu:

e BmpoBamkeHHS HOBUX TEXHOJOTIH MOXKe
MIPU3BECTH 10 CTBOPEHHS HOBHX POOOYHMX MICIb Y
cdepax goCHiIKeHb, PO3pOOOK.

BucnoBku

BuyrtpimasonukioBa raszudikamis (BLI) mae
3HA4YHI TEpPCHEKTUBH Ta MEpeBard B CHEPreTHY-
HOMY ceKTopi. OCHOBHI 3 HUX BKJIIOYAIOTh BHCOKY
epexTuBHICTH nepeTBopeHHs eHeprii 3 KK/ monaz
80%, 3naune 3menmenns Bukuais CO2, NOx, 1 SOx
B aTMoc(epy, a TaKoXK THYUYKICTh Y BUKOPUCTaHHI
CHUHTE3-Ta3y I Pi3HUX IiJeH, TaKuX SK BUPOO-
HULTBO €JIEKTPUYHOI €HEpTii Ta XIMIYHUX MPOAYK-
TiB. Bukopuctanus 6iHapHOTO LUKy B KOMEpIiii-
HUX €JIGKTPOCTAHLISAX 3HUKY€E BUTPATHU MAJIMBA HA
50%, 10 pOOUTH 1[I0 TEXHOJOTII0 €KOHOMIYHO BHU-
rigHoto. [nterparnis BLI' B mpoMHCIOBICTh 3HUKYE
3aJICXKHICTB BiJl OTHOTO JIKEpelia eHeprii, OCKIIbKU
BOHA JI03BOJIsSi€ BAKOPUCTOBYBATH Pi3HI BUAM MaJb-
HOT'0, BKJIIOUAIOYN HU3bKOKAJIOPiiHI JKepea.

B pesynbrari gociigKeHHsI BU3HAUEHI OCHOBHI
nepeBaru Ta NepCreKTHBU MacIITaOHOro BIPOBa-
mxeHHs: BLII™ cBiToBi# eHepreTu4Hil iHPpacTpyK-
TYypi.

ExonoriunicTs: BHYTpIIIHBOIIMKIIOBA Ta3u-
¢ikamiss Byrijuis JAEMOHCTpPY€ 3HA4YHI EKOJOTIUHI
nepeBaru MOPIBHSAHO 3 TPAAUIIHHUMH METOAA-
MU CHAJIOBAaHHS, BKJIIOYAIOUM 3HMKCHHS BUKHIB
OKCH/JIIB CIpKH, a30Ty Ta YaCTOK TBEPIUX PEUOBHH.
3aBAsSIKM BUKOPUCTAHHIO T'€HEPATOPHOI'O rasy, Iis
TEXHOJIOris 3a0e3nedye eKOJOTiyHO YHCTImN pi-
[ICHHS 711 BAPOOHUIITBA EJICKTPOSHEPTii.

[TinBUIIEHHST KOHKYPEHTOCIPOMOXKHOCTI: 3aB-
JSTKM HOBHM TE€XHOJIOT1sIM Ta3udikailis Moxe CTaTh
KOHKYPEHTOCIIPOMOXKHOIO B MOPIBHSHHI 3 Tpaau-
HIHHUMY BUAAMU TTaJINBA.
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Texnonoriuni iHHOBamii: OIMH 13 KIJIIOUOBHX
aCIeKTIB PO3BUTKY rasudikamnii — 1e iHTerparis
HOBITHIX TEXHOJOTiH, Takux sk (Quem-razugika-
mis. 1li iHHOBamii BiIKPUBAIOTH HOBI TOPU3OHTH
JUIS. BUKOPUCTAHHSI aJbTEPHATHUBHUX JKEpea CH-
POBHMHM, BKJIIOYaOuu Oype ByTiuIst, TOpd, BiAXOAH
CIJIBCHKOTO TOCIIOIAPCTBA TA OOYTOBI BiJIXOAH.

IlepcniekTrBY pO3BUTKY: YpaxyBaHHS 3pOCTal0-
YUX MOTPeO Yy 3HMIKEHHI BUKHIIB Ta ITiJBUIICHHI
€Heproe(PeKTUBHOCTI CTBOPIOE CIPHUATIUBI yMO-
BU ISl PO3IIMPEHHS BUKOPUCTAHHS BHYTPIIIHBO-
IUKJI0BOI rasugikarii. PeKOHCTpYKIis iCHYIOUHX
€JIEKTPOCTAHIIM Ta BIPOBAKEHHS HOBUX TEXHO-
Jorii razudikamii MOXYTh CTaTH BaXKJIMBUMHU KPO-
KaM¥ JJ1s BUIICHHS €HePTeTHYHOT He3aIeKHOC-
Ti Ta CTIAKOCTI.

[HTerpaniss y BiIHOBIIOBaHY €HEpPreTuky: la-
3udikaris MOXE CTaTH YaCTUHOK KOMILICKCHUX
pillleHb y rany3i BiIHOBIIOBAHOI €eHEPIe€TUKH, OCO-
OJMBO y 3B’3KY 3 PO3BUTKOM TEXHOJIOT1# 30epiran-
HsI €Heprii.

HeoOximHicTh momalelIuX gocCHiKeHsb: Ciifx
MiIKPECTUTH BaXKIHUBICTh TPOJOBKEHHS JIOCII-
JKeHb Yy Tajy3l TeXHOJOri# razudikamii 1js ocBo-
€HHSI HOBUX CUPOBUHHUX MaTepiajliB, MOKPAICHHS
KOHCTPYKIIiH Tra3u¢ikatopiB Ta onTuMizamii mpo-
uecis. Lle cnpusiTuMe AOCATHEHHIO MaKCUMaJIbHO-
ro BUXOJY CHHTE3-Ta3y Ta IiJBHINEHHS €(EeKTUB-
HOCTI BCi€i CHCTEMHU €HEPreTUYHOT 0 3a0€3MEUeHHS.
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Report).» , Jan. 2020. https:/doi.org/10.2172/1643442



 doi:10.1002/er.3823
doi:10.1016/j.enconman.2019.01.029 
doi:10.1016/j.enconman.2019.01.029 
doi:10.1016/j.fuproc.2015.01.004 
doi:10.1016/j.fuproc.2015.01.004 
doi:10.1016/j.rser.2020.109925 
doi:10.1016/j.egyr.2017.03.002
doi:10.1016/j.ijhydene.2018.01.179 
doi:10.1016/j.ijhydene.2018.01.179 
doi:10.1016/j.renene.2018.02.097
https://doi.org/10.2172/1643442 
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IHOOPMALIA ITPO ABTOPIB

bonoapuyk Bacunv Mukonaiiosuu (m. Kumomup) —
cmapwuti  guxknaoay. Kageopa pobomomexmixu,
eleKmpoeHepeemuKyu ma agmomamusayii im. npog.
b. b. Camomocxina. [epowcasnuil ynieepcumem «Ku-
MOMUPCLKA NONTMEXHIKAY.

ORCID: 0000-0003-2793-8720

Banepko Pycnana Anamoniiena (m. Kumomup) —
KaHOUuoam CilbCbK020CN00apCbKux HAYK, OOYeHM.
Kagheopa exonocii ma npupooooxopounux mexto-
noeiu. [leporcasnuii yHigepcumem «Kumomupcovra

noaimexuikay. ORCID: 0000-0003-4716-0100

Bnacenko Onez Bacunvosuu (m. Kuig) — acnipaum,
Haykosuti cnigpodimnuk. Kageopa exonociunozo
ayoumy ma mexHono2iu 3a- xucmy 008Kinis. /ep-
JHCABHA eKON02TUHA aKAOeMisl NICAAOUNIOMHOL OC8i-
mu ma ynpaeiiHus.

ORCID: 0000-0001-9802-0322
SCOPUS: 59266912500

I'epacumuyx Jlroomuna Onexcaunopiena (m. Ku-
momup) — KaHouoam CiibCbKO20CHOOAPCLKUX HAYK,
ooyenm. Kagheopa exonoeii ma npupo0dooxopouHux
mexnonoeiu. [epowcasuut yuieepcumem «Kumo-
MUPCbKA NOATMEXHIKAN.

ORCID: 0000-0002-3166-5588
SCOPUS: 57311745500

I'puyynak I'anuna Muxainiena (m. leano-dpan-
KI8CbK) — OOKMOP CilbCbKO2OCNO0APCHKUX HAYK, 00-
yenm. Kagheopa T3bBI1. Ieano-Dpanxiscvkuii Hayio-
HAbHULL YHIGepcumem Haghmu i 2asy.

ORCID:0000-0003-2463-4772
SCOPUS: 57205763013

I'pomosa Inna KOpiiena (m. Kuig ) — xanouoam
mexHiuHux Hayk, ooyeum. Kagheopa exonociunozo
ayoumy ma excnepmu3su. JlepacasHa exonoziuna
akaoemis nicia0uniIOMHOL 0C8Imu ma YNpasiiHHs.

ORCID: 0000-0001-7869-1129

/Pauenko Hamania Onekcanopiena (m. Kuis) —
Kkanouoam 2eonoeiunux Hayk. 1V «Haykoeuil yenmp

2IpHUYOI 2e0n102ii, 2eoeKko02ii ma po3eumky ingpa-

cmpykmypu HAH Yxpainuy.

ORCID: 0000-0002-4852-0203
SCOPUS: 57209985970

Jemuyk JIvwomuna lsaniena (m. JKumomup) — kau-
ouoam nedazo2iyHux Hayk, ooyenm. Kageopa exo-
J102Ii ma npupooooXopoHHUX MeXHON02IU. [lepiicas-
Huu yHigepcumem «Kumomupcoka nonimexnixkay.

ORCID: 0000-0001-5698-711

leawmenko Tapac I'puzopoeuu (m. Kuig)—0oxkmop
MeXHIYHUX HAYK, CMapuiutl HayKosuu cniepooim-
Huk. Kageopaexonociunoco ayoumymamexHonozit
3axucmy 006KinNA. [epocasna exonoziuna axkaoe-
Misi RICAAOUNIOMHOL 0C8IMU MA YNPABIIIHHSL.

ORCID :0000-0001-6749-1009

Web of Science: doi:
https://doi.org/10.32846/2306-9716/2021.eco.4-37.1
https://doi.org/10.32846/2306-9716/2021.eco.7-34.34
https: //doi.org/10.15589/smi2020.1(13).7
https://doi.org/10.32846/2306-9716/2020.eco0.6-33.10

Kipeiiyesa I'anna Bixmopiena (m. Kumomup) —
Kanouoam exoHoMiuHux Hayk, ooyenm. Kageopa
eKoJ1021i ma npupoOHUX MexHON02ill.

Hepacasnuii ynisepcumem «Kumomupcoka nomni-
MEeXHIKa.

ORCID:0000-0002-1055-1784
SCOPUS: 55945014200

Koeanvoea Ceimnana Ilempiena (m. Kumomup) —

KAHOUOAm CiibCbKO20CNOOAPCLKUX HAVK, CIAPUULL
00CNIOHUK, 3a8i0y8auKka 6i00iNy MEAPUHHUYMA
ma eKol02IyHOI be3nexu 3emensb i AKOCmi npooyK-
yii, Incmumym cinvcokoeo eocnooapcmea Ilonices

HAAH Vkpainu.
ORCID: 0000-0003-1858-625X



https://doi.org/10.32846/2306-9716/2021.eco.4-37.1  
https://doi.org/10.32846/2306-9716/2021.eco.7-34.34  
https: //doi.org/10.15589/smi2020.1(13).7 
https://doi.org/10.32846/2306-9716/2020.eco.6-33.10 
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Kouroouncokuii Anopiii Onezoeuu (m. leano-dpan-
Ki6CbK) — Kanouoam Qizuko-mamemamudHux Hayx,
Oooyenum. leano-DpankiecbKull HAYIOHATLHUL VHI-
eepcumem Hagpmu i 2aszy.

ORCID: 0000-0003-1135-3568

Kpaesuyk-06003incoka Taica Banepiiena (m. Ku-
momup) — acucmenm xKagheopu exonoeii ma npupo-
000XOPOHHUX MexHON02ll, [lepicasnull yHieepcu-
mem «’Kumomupcoka nonimexuixa»

ORCID: 0000-0002-1898-2837

Mapkina JIvwomuna Muxonaiena (m. Kuig) — 0ok-
mop mexHiuHUX HAayK, npogecop xagheopu exono-
2IUHO20 ayoumy ma mexHoa02ill 3axXuUcmy O08KIiLIA.

llepoicasna exonoeiuna axkademisi NiCAsOUNIOMHOL

oceimu ma YnpaeaiHHA.

ORCID: 0000-0003-3632-1685
SCOPUS: 57190403872

Web of Science: AAH-4702-2020

Mawkoe Onez Anvoepmosuu (m. Kuig) —ooxmop
MexXHIUHUX HayK, npoghecop. 3acnysicenuil Oisay Ha-
yKu i mexuiku Yxpainu, Jlaypeam oeparcasnoi npe-
mii Ykpainu 6 eanysi nayku i mexwniku. [epowcasna
eKOoI02IYHA aKademisl NICIAOUNIOMHOI oceimu ma
VAPAGIIHHA.

Meoegiob Onexcanop Borooumupoeuu (Kumomup)—
acucmenm, acnipaum Kageopu exonoeii ma npupo-
000XOPOHHUX MexHON02ll, [lepicasnull yHieepcu-
mem «Kumomupcovra nonimexuikay.

Mooicapiscvka Inna Anamoniiena (m. ’Kumomup) —
Kanouoam cCilbCbKO20CNOOAPCLKUX HAVK, OOYEeHm
Kagheopu 300p08’ss npupoou ma SIKOCMi Xapuosux
pecypcis, [epowcasnuu ynieepcumem «Kumomup-
CbKa NOJNIMEXHIKA).

ORCID: 0000-0003-0564-4457

0sooenko Tamapa Cepeiiena (v. Kuis) — acnipanm.

Hepocasna exonociuna akademis NiCAsAOUNIOMHOL

oceimu ma ynpaeaiHtA.

Hagniwox JI. 1. (m. Kuig) — kanO. mexH. HayK, OoyeHm,
npoghecop kagedpu exonoeii [lepacasnoco yHisep-
cumemy «Kuigcokuul agiayiiunuii iHCmumympy.

ORCID.ORG/0000-0002-7715-4601,

e-mail: lesia.pavliukh@npp.nau.edu.ua

Ilayeea Ipuna I'pucopisena (’Kumomup) — doxmop
MexXHIUHUX HayK, npogecop, 3asidyeau Kagpeopu
eKo102ii ma npupoooOXOpPOHHUX mexHonozil, Jlep-
orcasnul yHieepcumem «Kumomupcoka nonimexti-
Kay.

Ileuenuit Bonooumup Jleonioosuu (m. Kuis) — 0ox-
mop ¢inocoghii. Jlepoicasna exonociuna axademis
RICAAOUNTIOMHOL OC8IMU MA YNPAGTIIHHSL.

Ipucasxcuuit Bonooumup Inniu (m. Kuis) — kan-
oudam mexHiuHux Hayk. Hayionanvhue Kocmiune
az2enmcmeo.

Paoomcoxa Mapzapuma Mupocnagiena (m. Kuig) —
Kanouoam mexniynux Hayk. Kageopa exonoeii.
Hepoicasnuii ynieepcumem «Kuiscokuti asiayitinuti
IHCIMUMY Y.

ORCID: 0000-0002-8096-0313
SCOPUS: 57219056934

Penema B. K. (m. Kuig) — kanouoam ¢izuxo-mame-
MamuyHux, 0oyeHm Kagheopu suwoi Mmamemamuxu
Jleporcasnozo yHieepcumemy «Kuiscokuii asiayiti-
HULL IHCMUumym»

ORCID.ORG/0000-0002-5615-7889,

e-mail: victor.repeta@npp.nau.edu.ua

Pubax Oxcana Cepeiiena (’Kumomup) — acnipanm.
Dakynemem 2ipHU4oi cnpasu, NPUPOOOKOPUCTTY-
eanna ma Oydienuymea [lepoicasnuii yHisepcumem
«Kumomupcora nonimexuixay.

Pyceyvka Hamans (m. Kumomup) — cneyianicm eu-
woi keanighixayitinoi kamezopii, ukiaday npupoo-
HUYUX Oucyuniin. Kumomupcokutl acpomexniuyHull
KOJ1e0J4C.




146

Yauuvkuit Onez Anopiniosuu (m. Kuig)—ooxkmop ce-

onoeiuHux Hayk, npogecop. 1V «lncmumym eeoximii

HasKkoIUuwHb020 cepedosuuja HAH Yipainuy
Ipoghine Google Axademis (h-inoexc - 6):
ORCID: 0000-0003-2674-2208

Yemumenxo Bonooumup Izoposuy (m. ’Kumomup) —
ookmop ¢hinocoii, doyenm rageopu exonozii ma
NPUPOOOOXOPOHHUX MeXHON02IU [lepicasHuti YHi-
eepcumem «Kumomupcoka nonimexmikay

ORCID: 0000-0001-7633-2130

IIlleguenko O. E.
Hayionanvuuti mpancnopmuutl ynisepcumem

Ayuwmwun Teooozia Muxaiiniena (m. lsano-Ppan-
KIBCbK) — OOKMOp MexHIuHUX Hayk, npogecop. lea-
HO-DPpanKi6CoKUU HAYIOHANbHUL YHIgepcumem Ha-
¢mu i eazy. Llenmp inghopmayitino-ananimuurnoco
ma mexHiuHo2o 3abe3neueHns MOHIMOpUHay 00 €K-
mie amomnoi enepeemuxu HAH Yxpainu.

ORCID: 0000-0001-7723-2086V

Lesia Pavliukh, PhD, Professor of the Environmental
Science Department State University «Kyiv Aviation
Institutey

ORCID.ORG/0000-0002-7715-4601,

e-mail: lesia.pavliukh@npp.nau.edu.ua

Victor Repeta, PhD (Mathematics), Associate
Professor of the Higher Mathematics Department
State University «Kyiv Aviation Institute»

ORCID.ORG/0000-0002-5615-7889,

e-mail: victor.repeta@npp.nau.edu.ua

Pepakuisi ;)kypHaJly TaKoK BASIYHA aBTOPaM SIKi IPUITHAJIM y4acTh
y niarorosui yeprosoro Homepy: I'ontosauy A. I',, I'y3 B. B., [lTamkeBuu JI. II.,
IIpucsizknomy B. 1., Puikosy I. O., Jlinnuk /1., ®ininy B. B.

Mu mupo BASYHI KOKHOMY 3 Bac 32 BHECOK Y HAIly CIIJIbHY CIIpaBy
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BUMOI' 10 3MICTY CTATTI

nayko6o20 ycypuany <EKOJJIOI'TYHA BE3IEKA TA TEXHOJIOI'TI
JAXHUCTY JOBKLJLJIA»

3aTBepaskeHo B Ilepesiky HaykoBHX (paxOBHX BHAaHb PilleHHSIM ATecTaniiiHol koJserii MiHicTepcTBa
ocBiTH i Hayku Ykpainu (kateropis b) (maka3 Ne§94 Bin 10. 10. 2022 p.)

O6csr crarti He MeHIIe 10-15-TH MOBHUX CTOPIHOK.

CrpyKTypa CTaTTi Mae BiANOBIaTH BUMOTaM JI0 HAyKOBUX CTaTei i CKajaTucs 3 TaKUX YaCTUH:
- VIK;
— Ha3Ba CTaTTI;

— TMpi3BUIIE aBTOpa (aBTOPiB), HAYKOBUH CTYIIiHb, Ha3Ba Kadenpu, mocajaa, Ha3Ba yCTAaHOBH
(opranizariii) Ta MicTa;

— KOHTAaKTH aBTOpa (Tene(oH, SICKTPOHHA apeca);
— anoranig 1800 3nakiB 6e3 mpooOiiB;
— KJIIOYOBI CJIOBA;
— 3arajbHa CyTh IpolieMu;
— aHaJli3 OCTaHHIX JOCIHKEHb Ta IMyOJTiKaIlii;
— (opMyIIOBaHHS METH CTaTTi;
— BHUKJIAJ OCHOBHOTO MaTepiaiy;
— BHCHOBKU;
— CIUCOK BUKOPHCTAHOI JIiTeparypu
Crarti myOIiKy0ThCS YKPaiHCHKOIO, aHTIIHCHKOI0, TTOJIBCHKOI0 200 POCIMCHKOI0 MOBaMH.

ABTODp 3a3Ha4a€e pyOpUKy, B SIKil MyOIIKY€THCSI CTATTS, IHAEKC 32 YHIBEPCAIBHOIO JIECATKOBOIO
knacudikamiero. B KiHII cTaTTi HABOAWTH OBHY HA3BY OpraHisailii, e BUKOHAHE JJOCIiKEHHS, CBOIO
MIOIITOBY 1 €NEKTPOHHY anpecy Ta Homep Tenedony ta ID SCOPUS/ORCID.

di3nuHi BeMUUNHA HABOAATHC B ogquHUIX Cl.

[ToBHa Ha3Ba CTaTTi, aHOTAIIIS, KJIIFOUOBI CJIOBA, a TAKOXK HAMMMCAHHS TMPI3BUIIL JOJAIOTHCS YKPAiHCHKOIO,
AHTITINCHKOIO, TIOJIECHKOIO0 200 POCIHCHKOI0O MOBAMH.
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BUMOI'M 1O O®OPMJIEHHSA CTATTI

. TexctoBuit penakrop — Word for Windows.
. Po3mip cropinku: A4, 210x297.
. [Tomnst: BepxHe, niBe, mpase — 1,5 cm, HIKHE — 1,7 cM.
. Posmip mpudTa «Times New Romany.

o Jlna YK — 10 kerenb, BeNUKi JiTepH, KUPHUHA HIPUPT.
Jnist 3aronoBky crarTi 10 Keresb, BENIUKI JITEPH, KUPHUHA IIPUPT.
Jnist mpizBuia aBropiB — 10 kerenb, >KUPHUNA MIPHPT.
Jlnst Ha3BM opranizamii i micta — 10 kereiab, HOpMaTbHUIA TIPUPT.
Jlnsa anorauii, kio4oBux ciiB (3-4 psaku yepes 1 intepBan) 10 keremnb, )KupHUMA WpUdT.
J11st 3ar00BKiB pO3/iTiB B TeKCTi — 10 Keresb, >)KUpHUN TIPUPT.
s ocHoBHOTO TekeTy — 10 Kerenb, HopMaTbHUM MIPUPT.

e Jlng nepeniky BUKOpUCTaHUX Jkepe (uepe3 | intepsai, cioo Jliteparypa) — 9 kereib, HOpMalIbHUI
mpuQT.

5. Tekct apykyeTbes yepe3 | iHTepBall i BUPIBHIOETHCS HA IIMPHUHY JIUCTA.

6. AG3amHUH BIACTYT BiJ OCHOBHOTO TeKCTY — 0,5 cM.

7. YK, npizBuiie (-a) aBropa (-iB), Ha3Ba CTATTI, PSIAKK TEKCTY aHOTAllli, HOMEpa JKepesl BUPIBHIOIOTHCS
110 JIIBOMY Kparo CTOPIHKH.

8. ®opmynu HEOOXiTHO APYKYBAaTH MO LEHTPY, HyMepallis GopMyn B KiHIII psiaKa.

9. Po3mip (opmyn Takuii: ocHOBHUH . — 12; KpynHUiA iHAEKC —7; ApIOHMIA 1HAEKC — 5; KpyIHUN CUMBOJ —
18; npi6buwmii cumBom — 12.

10. ko pucyHOK OAMH YM TAONHIIA OJHA HA CTATTIO, TO MIANUC 37iHCHIOEThCs «PrucyHok. Ha3Bay um
BiIMOBITHO «TabmuI», a MPOTOBKEHHS «IIPOAOBKEHHS TabauIl». Ko aekiabka, To «Puc.1. Ha3zBay umn
BianoBiHO «Tabnuist 1», a MpOIOBKEHHS «IIPOJOBKEHHS Ta0I. 1».

11. Mix psakoM 3 BkazanuM iHjexkcoM YJIK i1 psakom 3 mpi3BuieM aBropa (-iB), psAKOM 3 MPi3BUILIEM
aBTopa (-1B) Ta Ha3BOIO, HA3BOIO Ta AHOTAIII€I0, AHOTAIIIE€I0 TAa TEKCTOM, TEKCTOM Ta MEPENTIKOM JIKepen —
BiJ[ZIaJTb TTIOBUHA OyTH B 2 IHTEPBAJIH.

12. TlepeHocu B Ha3B1 CTATTi HE IOy CKAIOTHCA.

13. HymepoBanmii mepernik JiTeparypw MOAATH B KIiHIII CTaTTI OJHWUM a03aleM, 4depe3 Kpamky 1
opopmimoetses 3rigo JJCTY 7,1:2006 (nuB. bronerens BAK Vkpainu Ne3, 2008). Hymeparmis mxepen
Hae miaps i HoMep JKepena BUIUIAETHCS )KUPHUM pudToM. B mepesiky noBMHHA BKa3yBaTUCh CyyacHa
aHITIOMOBHA JIITEpaTypa 3 peTPOCIEKTUBOIO HE OLIbINe 5 POKIB.

Jlo crarTi momaeTbes pereHsis Bia (axiBId 3 HAYKOBUM CTYIEHEM JOKTOpa HAyK 1 BUTAT 3 MPOTOKOIY
3acijaHHs Kadeapu mpo peKOMEHIAIII0 CTATTI JI0 IPYKY.

AW —

/losiokoeo (IHTEPHET pecypcH):

https://vak.in.ua/

https:/www.grafiati.com/uk/info/dstu-7-1-2006/examples/

https:/www.narodnaosvita.kiev.ua/?page_id=105

http:/www.ukrbook.net/biblzak.html

http:/www.library.ukma.edu.ua/fileadmin/documents/Bibliography/26_DCTU3582-97.pdf

«[Ipo migBUIIEHHS BUMOr 10 GaXxOoBUX BHAAHb, BHeceHUX j10 mepeaikiB BAK Vkpainuy» Big 15 ciuns
2003 Ne 7-05/1.

On1aiiH-KOHBEpPTED 3 VKPAIHCHKOI MOBH U1l TpanciiTepati: http:/translit.kh.ua/?passport

Jlnst TpaHciiTepanii JaTHHUIEI YKPAiTHOMOBHUX TEKCTIB MOKHA CKOPUCTATHUCS IIporpaMaMH Ha BiJIIO-
BiTHUX caiiTax: http:/litopys.org.ua/links/intrans.htm

JACTY 8302:2015 «biomiorpadiune nocunanus. 3arajbHi 0J0KeHHS Ta NPaBHJIA CKJIAJAHHID»
JACTY 3582-97
JACTY 7.1:2006




ExoJioriuna 0e3mexka ta
TEXHOJIOTIT 3aXHCTY JOBKLILIA

Byn. Bo3necencekuii y38i3 10a,
npuM. 602. M. Kuis, 04055

Ten: +380980625787
(xonraxTHA 0c00a-Ileuennii Bonogumup)

Corporation_office@ukr.net
https://ecocorptzd.com.ua
https://facebook.com/SIAS.Techecosafety/





