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CHANGING THE BUSINESS MODEL OF IT MANAGEMENT

AT ENVIRONMENTAL ENTERPRISE IN CONNECTION WITH THE

DEVELOPMENT OF SERVICE-ORIENTED INFORMATION
TECHNOLOGIES

Abstract. The article offers approaches to building a business model of IT
management at an enterprise that deals with the tasks of nature management, taking
into account the needs of departments in modern service-oriented information
technologies. To increase the efficiency of IT implementation in the enterprise, it is
proposed to use the COBIT 5 methodology, which helps companies to achieve optimal
efficiency from IT implementation, maintaining a balance between receiving benefits
and risks and resources optimizing. The implementation of the methodology will
provide an opportunity to manage and control IT throughout the enterprise, both in
the field of functional responsibility of IT and business, and also allows to take into
account the IT needs of internal and external stakeholders. However, each company
must build its own purpose, specifying and detailing it in accordance with the
balanced performance maps (finance, customer, internal management and training
and development), in addition, performed the task of effective IT implementation
associated with development priorities of business. In this case, the task of approving
the decision is multi-criteria. Therefore, special attention deserve issues as finding
reasons of such multicriteria and the possibility of using appropriate mathematical
methods for the purpose of the cascade. The next reason for the multicriteria of
decision-making tasks is the influence of time and space. The concrete implementation
of decision-making principles is offered in the form of algorithms or procedures for
solving multicriteria optimization problems. Almost all known approaches to solving
these problems involve their scalarization. Thus one of the main issues is the list of
preferences of the person who makes decisions in choosing the best solution. In
accordance with this principle, the methods of solving problems of multicriteria
optimization will be classified according to the characteristics of the information:
decision-making under conditions of certainty; decision-making in the absence of
information about the system of preference of the decision-maker; decision-making in
the conditions of gradual receipt of information about the system of preference of the
decision-maker.

Keywords: business model; business goal; information technology (IT); IT services;
IT goal; decision making with many criteria; methods of multicriteria optimization
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C.0. Josruii, O.B. Koniiika

[HCTHTYT TenmekoMmyHikamid i TimobanmpHOTO iH(OpMariiiHoro nmpoctopy HAH VYkpainwu,
M. KuiB, Ykpaina

3MIHA BI3BHEC-MO/IEJI YIIPABJIIHHS IT HA NIJIPUEMCTBI
IPUPOJOKOPUCTYBAHHSI Y 3B’SI3KY 3 PO3BUTKOM
CEPBICHO-OPIEHTOBAHUX IHOOPMALINMHUX
TEXHOJIOI'TI

Anomauisn. Ilpononyromsca nioxoou 0o nobyoosu bisnec-mwooeni ynpasninnua IT na
RIONPUEMCMEI, SIKe 3aUMAECMbCA 3a0a4AMU NPUPOOOKOPUCMYBAHHSL, 3 6DAXYEAHHAM
3a00601eHHs  nomped  niOpo30ini@ 8  CYUACHUX  CepBICHO-OPIEHMOBAHUX
iHghopmayitinux mexnonoziax. [na niosuwenns epexmugnocmi enpogaodicenns IT
Ha nionpuemcmsi npoOnoHyemuvca sukopucmosgysamu memooonocito COBIT 5, saxka
donomazae  nionpuemcmeam — 0ocAemu  ONMUMAAbHOI  eghekmusHoCcmi 80
enpogaoddicenns IT, niompumyrouu Oananc Mixnc 00epIUCAHHAM 6U200U U
onmumizayielo pusuxie i pecypcie. Bnpoeadowcenns memoodonoeii Hadacme
Mmooscnugicmoy kepyeamu u ynpaenamu IT y macumabdax ycoo2o nionpuemcmed, K
y cpepi @ynkyionanvroi eionosioansnocmi IT, mak i 6isHecy, a maxodic 0036075€
epaxogyeamu nompeou 6 IT enympiwmix i 308HiwHIX 3ayikagrenux cmopin. llpu
YboMY, KOJICHE NIONPUEMCMBO NOGUHHO GUOY008Y6AMU GIACHY MEMY, YIMOUHIOIOYU
ma demanizyouu ii y 6i0nogioHocmi 00 30a1aHCOBAHOI MaANuU NOKA3HUKIG (inaHcu,
3aMOBHUK, BHYMPIWHE YNPABNIHHA MA HAGUAHHA MA PO3GUMOK), OKPIM Yb0O20
BUKOHYEMbCA  3a0a4a  eghekmuenozo enposadicenns 1T, aAxa nog’azana 3
npiopumemamu po3eumky bisnecy. ¥ ybomy eunaoxy 3a60anHs CXGANEHHS PileHH s
€ bazamoxpumepianonum. Tomy Ha okpemy yeazy 3aciy208y0ms NUMAHHSA NOULYKY
NpUYUH NOOIOHOI 6a2amoKpumepiaitbHOCmi U MONCIUBOCTI BUKOPUCMAHHA OJis
Kackady memu GiONOGIOHUX Mamemamuunux Mmemoois. Hacmynua npuyuna
bazamoxpumepianvnocmi 3a0a4 npuliHAmMms piulens — ye 8naue Gaxmopy uacy i
npocmopy. Konkpemna peanizayis npunyunie nputinimms piuieHb RPOROHYEMbCA
y 8uensdi aneopummié abo npoyedyp po3s'azKy 3adau 06a2amoKpumepianbHoi
onmumizayii. Ilpaxmuyno 6ci 6i0omi nioxoou 00 po38'A3KY yux 3a80anb
npunyckaroms ix ckarspusayiro. Ilpu ybomy oOHUM 3 20108HUX NUMAHb € NePeiK
nepesaz 0codu, aKa NpulmMac pilenns, y npoyeci subopy HaAuKpauwjoco pilieHHs.
Bionogiono 0o yvoco npunyuny memoodu piwenns 3a60anb 6a2amoxKpumepiaibHoi
onmumizayii 6yoemo Kracu@iKysamu 8i0nosioHo 00 Xapakmepucmuxu ingpopmayii:
VXBANIeHHs. PIWEHHA 6 YMOBAX GUSHAYEHOCMI, YX6ANEHHS DIWEHHS 6 YMOB8aX
siocymnocmi inghopmayii npo cucmemy nepesaz 0codu, AKa NPULMAE PIULeHH,
VX8ANEHHS PIUEeHHS 8 YMOBAX NOCIYNOB020 00ePICAHHA iHOpMayii npo cucmemy
nepesazu 0cobu, AKa NPUUMAE PIUEHHS.

Knrouogi cnoesa: 6iznec-moodenv; 6iznec-mema; ingopmayitini mexnonocii (IT);
IT-mema; IT-nocnyeu; nputinamms piueHb npu 0a2amvoxX Kpumepisnx; memoou
bazamoxkpumepianvbhoi onmumizayii

Beryn

Indopmariist crae Bce OUIBIN IIHHUM aKTHBOM Oi3HECY, a B 0araTbOX BHUIIAJKaX —
ocHoBHUM. IlIBuakwuii po3sutok iHdpopmaniinux TexHonoriid (IT) ycynys ¢iznuni
Oap’epu nist BUPOOHMITBA i mepeaadi iHdopmauii, 3MIHWIOCS Hallle PO3yMiHHS
TOTO, SIKUM YHHOM iH(popMallist 3700yBa€ThCs (BUPOOISIETHCS) i CIIOKUBAETHCA.
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CygacHuii iHQOPMAIIHHO-TEXHOJOTIYHANA CBIT yC€ YaCTiIlle CKIATacThCs
3 cepBiciB 30epiranHs i nepenadi ingopmarii uepes xmapy. Tomy, npomno3uii SaaS
BiJ] MOCTa4aJbHUKIB porpamHoro 3abesnedeHus (I13) cranu 3BuuaiiHuM sSBHUILEM
Ha PUHKY 1HPOPMAIIfHIX TEXHOIOTIH.

IcHye 3Ha4Ha KiNBKICTH HOCHIIKEHDb 3 1€l Temu [1-5]. Baxnmsum € te, mo
eBoJronist ynpaBmiHHs IT-mocmyramm BigOyBanacs OiNbLI-MEHII CHHXPOHHO
3 (pyHAaMeHTaNbHAMHU 3MIHAMH B CYCIITBCTBI.

Mo>kHa BHIUTITH TPH €TalH €BOJIONIOHYBAaHHS METH yripaBiiHHs [ T-mociyramu
it pesynprariB I T-nismpHOCTI:

o ympasiinas [T-indpacTpykTypoto;

o ympasiinas [T-cepsicamuy;

e ympaBiiHHA iHQOpMaIIHHUME Oi3HEC-CepBiCaMHu.

Binbur gokmamHo i eramu onucano B Tadmuil 1. KoskHuii 3 HMX MOKHA, 3 IEBHUM
CTyIIEHEM TOYHOCTI, TIOB’sI3aTH 31 3MiHOI0 po3ymiHHs poi [T y kommanii — nepexomgom
BiJI TEXHOJIOTTYHOT'O MTiIPO3/ITY 10 MMOBHOILIIHHOTO MapTHepcTBa (puc. 1).

Tabmums 1 — Tpu eranum eBomtonii ynpasmiaas [T

Eran | 3apaui Hpiopurern XapakTepHi pucu
Etan 1 | YnpaBminas CrabinpHICTS 1 * [T-nenapramenr €
IT-in¢ppactpykryporo | koHTpoib IT- nocravansHuKoM [T-cucrem;
iHdpacTpyktypu | * Mera ynpasiuinas [T — MiHimMi3awis
nepepuBanb y podoti IT-cuctem.

Etan 2 | Yopasninas SxicT # * [T-nenaprameHTt €
IT-cepBicamu e(pEKTHBHICTh MOCTAaYaIbHIKOM

IT-mmporeci TEXHOJIOTIYHUX CEePBICIB;
* MeTa ynpasmieas [T — miarpumka
MIOTOKCHUX TTapaMeTpiB HalaHHA
IT-cepgiciB.

Etan 3 | Yopasninas MakcumanbHa * [T-nenaprameHt €
iHpopMaliiHIMHU edektuBHicTh IT | mocrayanbHUKOM iH(MOpMALIITHUX
0i3Hec-cepBicaMu 0i3Hec-cepBiciB;

* Meta ynpasininas [T —
MaKCHMaJIbHO TOYHA BiJMOBIIHICTE
notpedam Oi3Hecy.

BouyeBu b, 110 3aBISKHU MiIBUIICHHIO poiti i 3HaYeHHs T y koMmaHii moOBUHHA
BiJOyBaTHCS €BOJIONIS PO3yMiHHS MeTH yrnpasiinHs [T-nociayramu i pe3yibraTis
IT-nisteHOCTI [6].

He MeHm BaromMuMm € Te, IO EBONIOLIIO B PO3YMiHHI METH KEpYyBaHHS
IT-nocnyramu # pesynprariB [T-misIbHOCTI MOXHA acoOIilOBAaTH 31 3pYHICHHIM
y CyCIIUIBHIH CBiJOMOCTi: MEPEXOAOM BiJ MPOAYKTOBO-OPIEHTOBaHOI BUPOOHUUOT
E€KOHOMIKH JI0 CEpBICHO-OPi€HTOBaHOI iH(OpMAaLiifiHOI EKOHOMIKM (3BHYAMHO,
3 BU3HAYEHOI0 JIOJIEI0 YMOBHOCTI, TOMYy IO 3MiHa EKOHOMIYHOI MapajurMu
BiJI0OyBajiacs IOCUTh MOBUILHO M TIOCTYIIORO).

Kpim 3aranpHOpHHKOBHX (DakTOpiB, €BOJIOLIS PO3YMIHHS TOTO, IO X €
pesynbratoMm IT-misibHOCTI, Oyjia BHUKJIMKaHAa HEOOXIIHICTIO AaTH OCHOBY JIJIs
BIJIMOBIIeH Ha CKJIAHI MPAKTHUYHI MUTAHHS, 1110 ICHYIOTh B o0acTi IT.
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y EKoHOMmiIYHa napagurmat

" Ponb IT-niapozaina
B KOMNaHii

CepsicHo-
YnpaBniHHA OpieHTOBaHa
iHpopMaLiiHMMK iHbopmauiiHa
MNocTavanbHmK IT-cepsicamu eKoHOoMIiKa

iHpOpMaLiliHKX TEeXHoAOori

6isHec-cepsicis IT-nenaptameHT
Hagae bisHec-
Opi€eHTOBaHI

iHbopmaLiliHi cepBicn

YnpaeniHHA
IT-cepsicamum

MocTavanbHUK
IT-cepsicis IT-penaptameHT

YnpasiHHa Hapgae IT-cepsicn

IT-iHppacTpykTypo

IT-penaptameHTt

Mpoaykroso-
Hapae IT-cuctemn

opieHTOBaHa
eKoHOMIKa
TEXHOAOrii

MocTavanbHUK
TeXHOOoTiM

1980 1990 2000 2010 2020 POKM

Puc. 1 — Etanm B eBomrontii metn ynpasiiaas [T-nocayramu i pesynpratiB I T-gisimpHOCTI

IT-xepiBHUKM MOCTIHHO CTHUKAIOTHCS 3 OaraTbMa MpoOieMaMu, IJisi BUPIIICHHS
SIKUX He OyJI0O CHCTEMHOT0 iHCTpyMeHTy. Cepell HuX:

* 0OrpyHTYyBaHHS MOCTilfHOTO 3pocTaHHs BuTpar Ha IT;

* OOTpYHTYBaHHS IIIHHOCTi, SIKy KOMMaHig oTpuMmye Bia imBectunid B IT,
mpobJeMa HEeBiIMOBITHOCTI Pe3yJbTaTiB OUiKyBaHHSIM KEPiBHUIITBA KOMITaHIi,

» ympaBmiaag Bumoramu 1o IT, mpobOnemu y3romkeHHS O4YiIKyBaHb Oi3Hec-
Mipo3/aitiB i MoxkimBocTelt [T-nenapramenTy;

* xponiuHa Hectaua IT-pecypciB, IT-xommeTeHmiii i nmpoOieMu 3amydeHHS
3oBHIiMHIX [T-nipoBaiiiepiB nms BUpINIeHAS CKIIAJHAX 3aB/IaHb.

OTxe, MeTOI0 W€l CTATTI € Mpe3eHTaIlisl MiIXO0/IB 10 Mo0ya0BH Oi3HEeC-Mo e
ynpagininas [T Ha miqnpueMcTBi, sike 3aiiMaeThes 3aJja4aMy TPUPOAOKOPUCTYBAHHS,
3 BpaxyBaHHSM 3aJI0BOJICHHS MOTpeO Oi3HEeC-MiAPO3/IiIiB B Cy4acHHUX CEpPBICHO-
OpieHTOBaHUX 1H(OPMAIIHHIX TEXHOJOTIAX.

Buxiaa ocHOBHOro MaTepiaty K0CTiTzKeHHs

BesymoBHO, cnoxkuBadeBi motpibHa He I[T-cucrema sik Taka, a pe3ynbrar il
nistbHOCTI [7-9]. | omeprkanHs BOTO pe3yNbTaTy MOXKE BUMAraT H, siK IIPaBHIIO,
BHMarae OUIBIIOT KiIBKOCTI aKTHBIB, HIXK HasgBHICThH TiIbKH nuine IT-cuctemu. He
MOJKHA 32JI0BOJIBHUTH KOMIUIEKCHI TIOTpedu Gi3Hecy, SIKIO 3pOOUTH IIEHTPAITLHUM
npeameroM agianory Tinbku IT-cuctemu. Pyx ymepen mouumHaeTbes 3i CHIJIBHOTO
PO3YMiHHS CIIUTBHOT METH i 3aB/IaHb.

[lincymMoByrour BHIlI€3a3HAUCHE, HEOOXIAHO 3ayBaKUTH, 1O IH(OpMAIli €
KPUTHYHO BaXKJIUBUM pECypcoM Aisl Beix mimmpuemctB. Ha Beix eramax cBoro
XKHUTTEBOTO LUKITY 1H(OpMalLiss KpUTUYHUM YHMHOM 3aJIEXKHTh BiJ CIELiali30BaHUX
TexHomoriit. IHdopmamis Ta iHpOpMaIiliHI TEXHOJIOTIi, SKi JUHAMIYHO
pO30YJIOBYIOTBCS, € JKUTTEBOBAXKJIMBAMH JUISI CYYacHHX IMIPHEMCTB: SIK
CYCHUIBHUX, IePKaBHUX, TaK 1 KOMEPLIHHUX.
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~9~

Tomy choromui, Oinpime, HDX OyIb-KOJTH, MiANMPUEMCTBA 1 iX KEpPIBHUKH
3000B's13aHi:

» IlinTpumyBaTH BHCOKY SIKICTh iH(opMamii i TpUHHATTS YHOpPaBIiHCBKUX
PpIIIEHB.

» CrBoproBaTH IIHHICTH I Oi3HECY, peani3ylouH iHBecTuIlii, mos's3ani 3 IT,
TOOTO IOCATaTH CTPATETIYHOI METH 1 O1eP>KyBaTH MPUOYTOK IUIAXOM e()EeKTHBHOTO
1 iHHOBAIIIiHOTO BUKOpHcTaHHs IT.

* VYIOCKOHANIOBAaTH ONepaliiiHy Mojelb, HAOiifHO Ta paIioOHaJIHHO
3aCTOCOBYIOYH TEXHOJIOTII.

» 3abe3neuyBaTu NpUHHATHUHA piBeHb [ T-pU3MKiB.

* OnrumizyBatu BuTpatu Ha [ T-mmocmyry it TexHoMOTI].

 [ligBuiyBatu cTymiHb TOTPUMaHHS 3aKOHIB, HOPM, TOTOBIPHHUX 3000B’A3aHb
1 TIOJIITHK, MTOB’ I3aHUX 13 3acTocyBaHHsM [T.

Takum 4MHOM, Cy4yaCHUMU XapaKTepUCTUKaMU BripoBamkeHHA [T €:

* ympaBiiHHA iHGOpMaitHIMH Oi3HEC-cepBicamu;

* migsumenss minnocTi IT;

* IT-memapTaMeHT cTae mOCTavaIbLHUKOM iH(OpMAIiitHIX Oi3HEC-CEPBICiB;

* wMeTa yrpasmiaHA [T — MakcuMabHO TOYHA BiIOBIIHICTE TOTpeOaM Oi3Hecy.

Buxoasun 3 1bOro, TNPONOHYEMO JJs MiABUIICHHS e(EKTHBHOCTI
BrpoBapkeHHs [T Ha mignpuemcTBi BukopucToByBaTH Meronoiorito COBIT 5,
sIKa TIOKJIMKaHa JOTIOMOTTH B PO3B’sI3aHHI 3aBIaHHA KepiBHULITBA i ynpasmiaHs [T
Ha mignpueMcTsi [10].

BIANOBIOHICTb
BUMOTAM
3ALIKABNEHNX
CTOPIH

BILOOKPEM/EHH KOMIMJIEKCHWHIA
A KEPIBHULITBA nornag HA
W YMPABNIHHA nanPUEMCTBO

MpuHUMNK
COBIT S5

3ACTOCYBAHHA
EQNHOT
IHTEFTPOBAHOI
METOA0NOrIT

3ABE3MNEYEHHA
LITICHOCTI
naxoay

Puc. 2 — Ipunuunu COBIT 5

3acTocyBaHHsS IIi€l METOZOJOrII JoroMarae MiAIPUEMCTBAM  JIOCSTTH
onTuMaibHOI edexkTuBHOCTI Bin BrnpoBamkeHHs [T, minrpumyrounm OamaHc Mix
OJIEp)KaHHSAM BUTOAW W ONTUMI3alli€l0 PHU3UKIB 1 pecypciB. BmpoBamkenHs
METOJI0JIOTIT HAIaCTh MOXKITMBICTE KepyBaTH ¥ ynpasistu IT y macmTabax ycboro
MiANPUEMCTBA, sIK y cdepi QyHKIoHATBHOT BinnoBigansHocTi IT, Tak i 6i3Hecy, a
TaKOX J103BOJIsIE BpaxoByBaTH noTpedu B IT BHYTpIIIHIX 1 30BHIMIHIX 3alliKaBICHUX
CTOpiH. MeTo/10J10Tis yHIBepcalbHa i Oy/e KOpUCHA MiANPHEMCTBAM OYIb-SIKOTO
MaciTaly i chepH JisTTbHOCTI: KOMEPIIHHUM, CYCIUTEHUM 1 JIEpPKABHUM.
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Meroauka IpyHTY€EThCS Ha I’ IThOX IMPHUHIMIAX KEPiBHULTBA U yrpaBimiHHS [T
Ha MiJIPUEMCTBI, 110 300pakeHi Ha PUCYHKY 2.

Hpunmun 1: BignoBigHicTh BUMoOram 3anikaBjJeHHX CTOPiH.

[lignpremcTBa iCHYIOTH ISl TOTO, OO0 CTBOPIOBATH LIHHICTH JIJIS 3aIliKaBICHUX
CTOPiH, LNUISIXOM HIiATPUMKH OanaHcy MK OJepiKaHHSIM BUTOOU W ONTHUMIi3alli€lo
pHU3MKiB 1 pecypciB. Meronuka omnucye Bci HEOOXiAHI mpouecH W iHmi (akTopu
BILTUBY, SIKI TIATPUMYIOTH CTBOPEHHS Oi3Hec-1IiHHOCTI 3a mormomMororo IT. Ockinpku
3aBJaHHs, L0 CTOSTH Tepe] KOKHUM MiANPHEMCTBOM, MOXYTb OYTH DPi3HHMH,
MOXKHa MOIU(IKyBaTH MOJENIb TakK, 00 IIi PEKOMEHAMIi IiJXOAUIN 10
KOHKPETHOTO KOHTEKCTY JaHOi opradizarmii. 3poOuTH Ile MOXKHAa 3a JIOTIOMOTOIO
KacKaJyBaHHS BHCOKOPIBHEBUX 3aBlaHb IJIPUEMCTBA IO PIBHA KEpPOBaHUX 1
KoHKpeTHHX [ T-3aBAaHb 1 OB’ A3aHUX 3 HUMHU MIPOIIECIB 1 MPAKTHK (puc. 3).

PYXOMI CUIn 3AUIKABJIEHUX
CTOPIH (OTOYEHHA, TEXHONOTTI,
PO3BUTOK...)

BMIIMBAKOTb HA {}

TS ~
[/ META KEPIBHMLUTBA: CTBOPEHHA LllHHOCTE|7| \

OnTumisauis
pecypciB

OnTumisauis

I
| [ OTpumMaHHA
| BUroam

pu3uKiB

\ /

~ e
OETANI3YIOTbCA B; 7

BIBHEC-META

OETANI3YIOTbCA B <| |7

IT-META

OETANI3YIOTbCA B % ;

META ®AKTOPIB BMNNnnBy

Puc. 3 — Kackag metn

Hpunnun 2: KoMmiekcHU morjiasa Ha MiANPUEMCTBO.

Mertoauka BOynoBye kepiBHUITBO IT y KepiBHHUITBO MiANMPHUEMCTBA y HIJIOMY,
TOOTO:

— po3srisaae Bei QYHKINT # mporiecyu mianpueMcrsa. Meroauka cripsiMoBaHa He
TiBbKY Ha peanizanito «IT-¢yHkuii», a it po3risinae inpopmarliiro Ta MoB’si3aHi 3 HEKO
AKTHUBH ITiIIPUEMCTBA, SIKUMH CJI1]T YIIPABIISATH, K 1 Oy/Ib-IKUMH 1HITUMH aKTHBAMH;
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— TIPYHTYETBCS Ha TOMY, IO (aKTOpU BIUIMBY KEPIBHHLTBA W yIpaBIIiHHS,
noB's3adi 3 [T, mpamioioTh Ha BCHOMY TMIIIPHEMCTBI M JIAHIFOKKY CTBOPEHHS
LiHHOCTI 1 MICTSITh y co0i BCi BHYTpIllIHi i 30BHIIIHI aCIIEKTU ¥ poJi, AKi MaloTh
CTOCYHOK JI0 KepiBHUIITBa i ynpasminas [T.

4. KynbTypa, \
2.Mpouecn 3.0prcTpykrypa noBepiHKa,
eTuka
/

1. MpuHUMNu, NoniTUKM Ta nigxoau

/ / \ \\
6. I'Iocnyru 7. Moan, \

5.lHbopmadis || IHbpocTpyKkTypa HaBMKM Ta I
Ta 4OAAaTKMN KomMmneTeHLuji |

|

PECYPCU /

/7
\\'__::::::::::::::::::::::/

Puc. 4 — dakTopu BILTUBY

Hpunnun 3: 3acTocyBaHHA €AMHOI iHTErPOBAaHOI METOH0JIOTIN.

Icaye MEHOXWMHA OB’ s13aHUX 3 [T cTaHgapTiB, MO CTOCYIOTHCS OKPEMHUX aCTIEKTIB
IT-gismpHOCTI. Y MeTomuIi peani3oBaHa BiIIMOBIAHICTH UM CTaHAapTaM. Takum
YUHOM, METOJIMKA 3a0e3Meuye iHTerpalliiHui miaxia s opraHizallii KepiBHUIITBA
i ynpasmiaag [T Ha mianmpueMcTsi.

Hpunnun 4: 3a6e3nedeHHst NIICHOCTI mixxoxny.

EdextuBHe i pamioHaigpHe KepiBHHITBO ¥ ympabiiHHs IT Ha mignpueMcTsi
BAMAra€e CTPYKTYPOBAHOTO MiAXOAY 3 ypaxyBaHHSM 0araTbOX B3a€MO3AICKHUX
KOMIIOHEHTIiB METH.

VY meroauui onvcanuii Hadip (HaKTOpiB BIUIMBY, SIKi 320€3M1€UyIOTh BIPOBAIKEHHS
cucteMu KepiBHUNTBa W ynpapninHs IT Ha mignpuemctsi. dakropu BILIMBY — IiE
CYTHOCTI, SIKi CIIPUSIFOTH BHPIIIEHHIO 3aBAaHb MANPHEMCTBA. MeTOINKa OMHCYE CiM
BUiB (akTopiB BIUMBY (puc. 4): MPHUHIMIM, TONITHKH W TMiAXOIM; IPOIECH;
opraizaifiifHa CTPyKTypa, KyJbTypa, €TUKa W MOBEAiHKa; 1H(OpMAIls; MOCIyTH,
iH(pacTpyKTypa i JOAAaTKH; IEPCOHAN, HABUYKH i KOMITETEHIIII.

Hpunnun 5: BigokpeMieHHs KepiBHUITBA i ypaBJIiHHSA.

MerToiMka IPOBOIUTH YiTKY MEXY MiX KepiBHHUITBOM H ympaBmiaHsM. Li aBi
JUCIUIUTIHA  MICTSTh Yy C001 pi3HI BHAM JiSUTBHOCTI, BUMAraroTh Pi3HUX
OpraHi3alliifHuX CTPYKTYP i CIIy>KaTh Pi3Hii MeTi. Y PO3yMiHHI METOAUKHU Pi3HHULIS
M KEPIBHULITBOM 1 YIPaBIIiHHSM IOJISITA€ B HACTYITHOMY.

Y OLIbIIOCTI BUMIAKIB O0OB'SI3KM 3 KEPIBHMIITBA Ha MIAIPUEMCTBI BUKOHYE paja
JUPEKTOPIB, SIKA OYOJIEHA FOJIOBOIO PaIl JTUPEKTOPIB.

Heski 00OB'I3KM MOXYTh OyTH [eJIerOBaHi CIELiaJIbHUM OpTaHi3aliiiHuM
OJIMHUIISIM BIJITTOBIHOTO PiBHS — OCOOJIMBO Y BEJIMKUX OpraHi3ailisx.
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3HaYHOIO MIpOI0, OOOB'SI3KM 3 YIPABIiHHSA Ha IIMPHEMCTBI BHUKOHYIOThH
BUKOHABYl AMPEKTOPHU, OYONMIOBaHI reHepaibHuM aupekTopoMm (CEO). Pazom mi
OPUHIMIN JIOTIOMAaraloTh moOyayBatu e(QeKTUBHY METOJOJOTiI0 KEpiBHUITBA i
YIIPaBIiHHS, [0 ONTHMI3y€ iHBECTHIII] B iHPOpMaIIiifHI TEXHOJOTIi TSI OAep KaHHS
BUTOJTH 3aIlIKaBJICHUMH CTOPOHAMH.

Bepyun o yBaru chopmyboBaHi I’ ATk MPUHIMIIIB, META IMiIPUEMCTBA Ta METa
BrpoBakeHHs [T y3romkyroThcst HACTYITHUM YHHOM (Tabd. 2).

Ta6mms 2 — 3B’ 130K METH TIIIPHEMCTBA 3 TOJIOBHUMH 3aBAaHHAMHI KEPiBHHUIITBA
(«P» o3Hauae mpsMuii 3B’530K, a «S» — HENPSMUI, TOOTO MEHII CUIBHUI)

. 3B'A30K 13 3aBaHHSIMH
BumiproBanus .
. KEpiBHMIITBA
30aJ1aHCOBaHOT . : -
Mera manpueMcrsa Ontumi- | OnTUMI-
Mamu OpeprxaHHs . .
. 3arrist 3amis
MTOKa3HUKIB BUTOTU . .
PHU3HKIB | pecypciB
1. ITpubyTOK Bin iHBECTHIIH IS p S
3aIliKaBJICHUX CTOPIH
2. [Toptdens KOHKYPEHTOCTIPOMOKHUX p p S
TOBapiB 1 MOCITyT
®DiHaHCH 3. Kepoani 6i3HEC-PH3UKH (3aXHCT p S
AKTHUBIB)
4. BiamoBigHICTh 30BHIMIHIM 3aKOHAM p
1 pEeryJIIOI0YUM HOpMaM
5. diraHCcoOBa IPO30PICTh P S S
6. CepBicHa KyJIbTypa Opi€HTOBaHA p S
Ha KJTi€HTa
7. besniepepBHICTh 1 JOCTYITHICTD p
0i3HEeC-TIOCIyT
8. 'Hyuka peaxilist Ha MiHJIFBI YMOBH
3aMOBHHK yrika peakdl y P S
BEJICHH: Oi3HECY
9. IIpuiHSTTS CTpaTeriyHKUX pillieHb p p p
Ha OCHOBI iH(popmalii
10. Onrtumisartist BUTpAT Ha HaTaHHS p p
HOCJIyT
11. Onrumizarist HyHKIIOHATEHOCTI p p
0i3HEC-TIPOIIECiB
12. Ontumisartist BUTpar 0isHec- p p
. IpOIIECiB
Bryrpiuse 13. KepyBannst mporpamamu 0i3Hec
yIpaBJiHHS | RePY fporp P P S
3MiH
14. OnepariiitHa IpOXyKTHBHICTh p p
MIEPCOHATY
15. loTpMaHHs BHYTPIIIHIX ITOJITHK P
16. KpauihikoBaHMii i MOTHBOBaHUIA
Hauanns ¢ S P P
a MIePCOHA
17. KynbTypa JOBroCcTpOKOBHUX
PO3BUTOK . . . . P
IHHOBAIIi}l MPOAYKTIB Ta Oi3HECY
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BaxnuBicTh mi€i MeTH MONATae B TOMY, IO BOHA J03BOJISIE BH3HAYUTH
MPiOPUTETH BIPOBAIKEHHS, YAOCKOHAICHHS i rapaHTye HasiBHICTh KepiBHHULTBA [T
Ha MiATPHEMCTBI Ha OCHOBI PO3YMiHHS (CTpaTeriuHOi) METH MiJIPUEMCTBA, a TAKOX
3B’sI3aHUX pHU3HUKiB. Ha mpakTuiti 1151 Mera:

* BU3HAaYa€ BAXIWBI W OOIPYHTOBaHI Hili W 3aBJaHHA Ha PI3HUX PIBHIX
BiJIIOBIJAILHOCTI,

* JI03BOJISAE BUTATTH 3 0a3W 3HAHP yCi IaHi [P0 BU3HAYEHI LTI T IITPHUEMCTBA, SKi
MOXYTh 3HaJOOUTHCS B IIPOEKTaX BIPOBAHKEHHS, yIOCKOHAJICHHS 200 OIIHKH SKOCTI;

* SICHO BHM3HA4Yae i IeMOHCTpYE (y ASSIKUX BUMAIKaX AYKE AOKIAIHO) TE, IKUM
YUHOM (DaKTOPH BIUIMBY JOMOMAraroTh Y TOCATHEHHI METH MiANPHEMCTBA.

Tabmumst BiAMOBiMHOCTI Mk MeToro TianpueMmctBa i IT-mismsamu (Tabm. 3) He €
0e3repeyHor0 iCTHHOI0 B OCTaHHIM iHCTaHILIl, i MOTPIOHO BUKOPUCTOBYBATH ii HE
OyKBaJbHO, a K ITiAKa3Ky.

Tabmwmus 3 — Limi IT

BumiproBanHs
30aJIJaHCOBAHO1
Maru
ITOKa3HUKIB

Mera iHpopMaIiifHUX 1 MOB'I3aHUX 3 IHPOPMAIII€I0 TEXHOJIOTIN

1. Bignosignicte Mix IT- i Oi3HEC-cTpaTerisMu

2. BianoBigHICTh 30BHINTHEOMY 3aKOHOJIABCTBY Ta PETYJIIOIYNM
BuMoram B ranysi IT ta mingTpumka Oi3HeC-BIAMOBIAHOCTI

dinancu 3. Jligupyo4a pojib BUIOTO KEPIBHUITBA B IPUHHSTTI PillIeHb B

obnacTi IT

KepoBaHi 0i3Hec-pu3uKH, MOB'si3aHi 3 BuKopuctanusm IT

Peavrizanis npuOyTky Big noprdens IT inBectuuii i mocmyr

[posopicts IT-BUTpaT, BUTiA | pU3UKIB

Hapmanus IT-mocayr y BiAnoBiap Ha Gi3HEC-BUMOTH

AzleKBaTHE BUKOPUCTAHHS JOJATKIB, iH(opMaIii if TEXHIYHUX PilllCHB|

. T'myukicts IT

10. be3meka iHopmarii, o 00pobisie iHGPacTPYKTYpH U TOJaTKH

11. Onrumizanis IT-akTHBIB, pecypciB i 3qaTHOCTEH

12. 3abe3neueHHst poOOTH i MiATPUMKA Oi3HEC-TIPOIIECIB, IMIISIXOM
IHTeTpaliil ToaTKIB i TEXHOJIOTIH y Oi3HeC-TIpoIecH

BuyTpimae 13.3100yTTs BUTOMIN 3 TIPOTPaAM i MMPOEKTIB, 0 BUKOHYIOTHCS Y

YOpaBITiHHS BH3HAYCHI TEPMiHH, OFOJDKET Ta BiJIOBITHICTE BUMOTAM i
CTaHJapTaM SIKOCTi

14. NocTynHicTs HaAiitHOT Ta MOTPiOHOT iH(pOpMaNii AN TPUHHSTTS
pileHs

15. loTpuMaHHs BHYTPIMIHIX HOJITHK

16. KomnerenTHu# i MoTHBOBaHmA iepcoHa IT

17.3nanHs, excriepTu3a 1 iHIMIaTUBHICTH JUIs 3A1HCHEHHS Oi3Hec-
iHHOBaLi i

3aMOBHHUK

© @ N>~

Hapuanns ta
PO3BUTOK

OTxe, KOXKHE MIAMPUEMCTBO IOBUHHO BUOYIOBYBAaTH BIIACHY METY, YTOUHIOIOUH
Ta JIETaNi3yI0uH ii y BiJIMOBIAHOCTI 10 30a71aHCOBAHOI Maly MOKa3HUKIB ((iHaHCH,
3aMOBHUK, BHYTPIIIHE YNPaBIiHHSI Ta HABYaHHS Ta PO3BUTOK), OKPIM IHOTO,
BUKOHYEThCS 3aja4a edeKkTuBHOro BhpoBajpkeHHs [T, ska moB’s3aHa
3 IpiOpUTETaMH PO3BUTKY Oi3Hecy.
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VY 11poMy BUTIAIKY 3aBIaHHS CXBAJICHHS PIllIEHHS € OaraToKpuTepialbHUM. ToMy
Ha OKpeMy YyBary 3acilyrOBYIOTb MHWTaHHS TOLIYKYy MPHYHH MOJiIOHOT
0araToKpuTepialbHOCTI H MOXIJIMBOCTI BUKOPUCTAHHS JJs Kackaay MeETH
BIAIIOBIJHUX MAaTEMaTHYHUX METOIIB.

Takum unHOM, MeTa «BnpoBamkeHHs I'T» 3BOOUTBCS 4O BCTAHOBJIEHHS 3HAYEHb
OLTBIIOTO YHCIIAa SKICHUX 1 KITBKICHHX IapaMeTpiB — YacTKOBUX mimed. Lli mimi
MOKYTh KOHKYPYBaTH Mik c00010.

Hacrymna npuanHa OaratokputepialibHOCTI 3a7ad MPUHHSTTS PillleHb — BIUTUB
(hakTopy "acy — mpoctopy. | pe3ynpTaTé AisTEHOCTI, 1 BUTPATH PO3MOILICH], TOMY
JIOBOJIMTHCS MOPIBHIOBATH «IIHHICTBH» BIpoBakeHHs [T croroaHi, 3aBTpa i uepes
piK, MEpCHeKTHBH PO3BUTKY 1 T.M. Bimomi mpuilomu 3ropTku (HampUKIam, Ajs
PO3MOoAiy B 4aci — AUCKOHTYBaHHS ) HECYTh Y cO01 HeaOHAKY YacTKy CyO0'€KTHBI3MY
(mpudyomy cy0'eKTHBI3MY aBTOpa METOAWKH, a HE eKCIepTa — 0COOH, M0 MPHIMaE
pimenns (OITP)).

[NocranoBka 3a1a4 NPUHHATTS PillleHb NPH 0araTboxX KPUTEPisiX MPUHIUIIOBO
MOB'sI3aHa 13 JIBOMa acmeKTaMu. 3 OJHOro OOKy, I 3ajmavi OJu3bKi 110 3aaay
MIPUHHATTS pillleHh B yMOBaX HEBH3HAYEHOCTI, TOMY IIO Pi3HiI BapiaHTH pillleHb
ITOBUHHI OI[IHFOBATHCS TaKOX 1 BIAHOCHO WMOBIPHOCTI IX yCIiXy H MOB'S3aHOTO i3
UM pH3HKY. 3 iHIIOro 00Ky, y OaraToKpUTepiadbHHUX 337a4ax MPUHHATTS PillIeHb B
YMOBaX BH3HAYEHOCTI ypaxyBaHHS BEIMKOI KIIBKOCTI KPHTEpiiB 3acCHOBaHE Ha
BIIMOBI BiJl TPaAWIIHHOTO OMYIIEHHS TOTrO, IO BHOIp ONHIEI 3 aIbTEpPHATUB
3aBXK/IM 3IIMCHIOEThCS HA MIATPYHTI JIMIIE OJHOTO KPUTEPit0. Y TaKUX CHUTYyalisxX
CKaJIsIpHE 3aBJaHHS ONTHMI3allii 3aMIHIOETHCS 3aBJIJaHHSIM BEKTOPHOI ONTHUMI3allii.

MeTtoaum piweHHs 3aga4y BKO

A

HasiBHa noBHa BincyTHs HasBHa moxnuBicTb
iHhopMauis npo iHdopMmaLis npo nocnifoBHOro OTPMMaHHA
cucremy nepesar ®L cucTemy nepesar YyacTkoBoi iHopmaLii npo
onp one cucremy nepesar OMNP

. Nekcuko- . . MocniaosHe
Mobyno.a i - . BuaineHHs AnocrepiopHe A
makcuwisayin || [PAPime || Uinwose yeix BUSBMEHHs BUSIBNEHHS
oL one ynopaaky- || NpOrpamy- || 4 o crueHmX nepesar Ha nepesar B
B.aHHﬂ BaHHA pilweHb e eKTMBHIN npoueci
pitueHb MHOXWHI onTumisauii

Puc. 5 — Knacudikariiss MeTo1iB pimeHHs 6araToKpuTepialbHUAX 3a/1a9

[IparneHHs ypaxyBaHHsI IMX JBOX aclEKTiB BUMArajio po3poOKyu MaTeMaTHIHOl
MoJiei, siKa BitoOpaxana 6 6araToMipHy CHCTeMY HITbOBUX (DYHKIIIHN y CKaJSpHUI
KpUTEPil ONTUMANbHOCTI. Takuii mixia BumMarae JomymeHHs B 0CO0H, 110 TPUAMAE
pileHHs, HasBHOCTI creuianbHuUX ¢YHKUIA nepeBarn. ChpaBemiMBICTh IBOTO
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NPUITYIICHHS 3a37ajerigs He odeBHaHA. OpHAaK Ied HampsMOK Mae€ IOCHTh
PO3BUHEHY TEOPir0 PO3B’sI3KiB TakKMX 3aBAaHb [11-15].

Konkperna peamizamisi NpuHOMNIB NPUAHATTS PIMICHh BHCTYNAE Yy BHIJISAL
aNnropuTMiB ab0 TPOIEAyp PO3B'SI3KY 3amad OaraToOKpUTepialbHOI ONMTHMI3amii
(BKO). Ilpaktr4Ho BCi BiAOMi MiAXOIX A0 PO3B'A3KY WX 3aBAAHb MIPHUITYCKAIOTH 1X
ckanspu3anito. [Ipy oMy OHUM 3 TOJOBHUX MHUTaHb € BpaxyBaHHs nepear OITP
y mporieci BHOOpy HaWKpamoro pimeHHs. BiAmoBiaAHO 10 I[OTO MPUHIUITY METOIN
BHpIIIEHHS 3aBJaHb OaraToKpuTepiadbHOI ONTHMi3almii MOXHa KiIacu(iKyBaTH
BiJMIOBIZTHO 10 XapaKTepUCTHKH iH(popManii npo nepesaru OIIP:

v/ yXBaJIeHHsI PillIEHHS B YMOBAaX BH3HAYEHOCTI;

v/ yXBaJlecHHs pIlleHHs B yMOBax BifACyTHOCTI iH(opmarii mpo cucTeMy
nepesaru OIIP;

v/ yXBaJleHHs DIilICHHS B YMOBax IMOCTYIOBOTO OJEp:KaHHs iH(pOpMAlii 1po
cucrtemy nepesaru OIIP.

Kiracudikariis 0araTokpuTepialbHIX METOMIB IPUHHATTA PilllcHs HaBeIcHa Ha
puc. 5.

PosrnsiHemo mepiry rpymy 3aBaaHb, NMOB'S3aHHX 3 CHUTYalli€l0 BH3HAYEHOCTI,
oo cucremu niepesaru OIP [16].

1. OcobnuBO BENMMKHUI Kiac MPUHIHUIIB NMPUHHATTS PIlICHHS IPYHTYEThCS Ha
iCHYBaHHI Ha 0e3J1i4i BEKTOPHUX OIIIHOK BiJHOCUHU MEPEBArH, 3aJISKUTh TUTLKH BiJ
CUCTeMH MUTHOBUX (pyHKIIH. B mpoMy Bumanky MokiuBa moOymoBa BiAmoBimTHOT
¢yskuii minHocti. KpiM 1poro, 3HaHHS (YHKIIT HIHHOCTI OJHO3HAYHO BU3HAUA€E
cTpykrypy nepesaru OIIP. Binbmn petansHy iHdopmamnito mpo Teopito (yHKIii
IIHHOCTI MOKHA 3HauTH B [17].

2. OgHAM 3 METOTiB IPUHHSATTS PillleHb B OaraTOKpUTepianbHIN onTuMizamii s
3BY)KGHHSI TApETOBCHKOi 0e€3Miui € TMOHATTS YHNOPSAKYBAaHHS KpPHUTEpiiB 3a
BaknuBicTIO. [InTaHHs PO BayKIMBICTh KPUTEPIiB, agpecoBani OIIP, BusBistoThHCS,
3 OTHOTO 00Ky, mocuthb 3po3yMminmmu OIIP, a 3 iHmoro — ii mopagum MOXyTh OyTH
e()eKTUBHO BHKOPHUCTaHI B aJIOPUTMax onTumiszaiii. OqHak, y 6araTb0X METOaax
notpibHO, 00 BaxuBicTh kpuTepiiB OIIP BucnoBMIa TOYHO (IIOBiOMEIIA Barosi
koedinieaTn). [IpuknamoM SKiICHOTO YHNOPSAKYBaHHS KpHUTEpiiB (0e3 BH3HAUEHHS
BaroBux KOeQilli€eHTIB) € JeKCUKorpadidHe BIIOPAIKYBaHHS, a OaraTOKpUTepiaabHi
3ajla4i 31 CTPOro PAHKUPYBAaHUMH 32 BAKJIMBICTIO KPHUTEPISIMH Ha3UBAIOTHCS
JIeKCUKOTpadiYHIMU 3aBIAHHAMA onTuMizarii. ScHo, 110 KOJIO
OaraToKpuTepiaJbHUX 3a/1a4 3 JIEKCHUKOTPaiqHUM YIOPSIKYBaHHAM 3aHA/ITO
By3bKe. [TpuHImn ekcukorpadivHOro BOOPSIKYBAHHS MOKE BHKOPHUCTOBYBATHCS
1y BHIIQJIKax, KOJIM Ha KPUTEPiAIbHOMY TIPOCTOPI 337at0THCS MOPOTOBi (MiHIMAIBHO
JIOITYCTHMI) 3HaUeHHS KpuTepiiB. Toli BKa3aHe BIIOPSIKYBAaHHS BUXiTHUX KPUTEPIiB
3a BaYCUIMBICTIO Oy/ie BU3HAYATHCS YEPrOBICTIO MaKcHMi3allil IUX KPHUTEPIiB 110
BIJIMOBIIHUX MMOPOTOBUX 3HAYCHb 1 OararokpurepiajibHa 3ajiadya MepeTBOPIOETHCS
B JIEKCHKOTpa(iuHe 3aBJaHHs 3 BEKTOPHUM KpuTepieM. OfHaK, CIIijl 3a3HAYNTH, 1110
B 3araJbHOMY BHUIAJIKy JIEKCUKOTpa(iuHOrOo 3aBIaHHS ONTHMI3allis MOXKe
BUSIBUTHCS HECTIMKOIO, OCKIJIbKY HE3HAYHI 3MIHH HapaMeTpiB (BUXIIHUX TaHUX ), 10
BXOAATH OO0 Hei, MOXYTb CEpPHO3HO MO3HAYMTUCS Ha BHOOpI ONTHMalIbHUX
anbTepHaTyB. ToMy JUIs X BUPILIEHHS 3aCTOCOBYIOTHCS CIIelialbHi METOIH.

3. llle ogHUM anrOPUTMOM MPUHHATTS PIlICHb B yMOBAaX BU3HAYEHOCTI € METOIH
LIJTbOBOIO MPOrpaMyBaHHS. B OCHOBI METOAy I[JILOBOTO IPOrpaMyBaHHS IS
pO3B'sA3aHHS OaraTOKpUTEpialbHUX 3aJad JIe)KUTh BIOPSAAKYBAaHHS KpPHUTEPIiB
(wineit) 3a CTyneHeM BaXKJIMBOCTI. BuximHa 3amava BUPIMIYETbCS HUISTXOM
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TIOCITIIOBHOTO BUPIIICHHS PSIAY 3aBIaHb 3 OMHIECI0 IITHOBOIO (PYHKITIEID TaKUM
YMHOM, IIO PIIICHHS 3aJadi 3 MEHII BAaXXJIMBOIO METOI0 HE MOXKE MOTIPIIUTH
ONTUMAJIBLHOTO 3HAYeHHS WiNboBOi (yHKMiI 3 OLIBII BHUCOKHM MPIOPUTETOM.
B pe3ynpTaTi MH OTpUMYy€EMO 3aI0BUTbHE pilIeHHS A naHoi mpobnemu. LlinboBe
MPOrpaMyBaHHs, SIK TPABHIIO, 3aCTOCOBYETHCA JI0 TIHIMHUX Mojieneld. OCHOBHA HOTO
BiIIMIHHICTb BiJ] 3aBJaHHA JIIHIHHOTO MPOrpaMyBaHHs MOJISTa€ B TOMY, 1[0 0arato
izei GopmalizyroTsCsl He SK MUThOBI (PYyHKIN, a K OOMEXEeHHs B 1HIIIH, OLIBII
3araipHii MOJeNi. 3 IMi€0 METOI BBOIATHCS IMependadyBaHi KUTbKICHI 3HAYEHHS
UiMbOBUX (DYHKIIN i Tak 3BaHi 3MiHHI BiIXWJICHHS, SIKI XapaKTepU3YyIOTh CTYIiHb
JOCSITHEHHSI TOCTAaBICHHUX LIJIeH ATl JAaHOTO PillICHHS.

Y pa3i, xonmu HeMmae Hiskoi iHopmarii mpo cucremy mnepeBar OIIP,
3aCTOCOBYIOTbCS CTAHAAPTHI MPOLEIypH BUSBICHHS €(QEeKTHBHUX pimieHb. [loTiMm
OIIP BubOupae HalKpally albTepHATHUBY, HIISIXOM SIBHOT'O OL[IHIOBaHHSI.

Jia BUmanKy TOCTYIIOBOTO OTPHMAaHHSA YacTKOBOI iH(opMarii mpo cucremy
niepesar OIIP € aBi rpymu OaraTrokpuTepialbHUX METOIIB TPHHHATTS PIlICHb.

1. Tlpuknang meromy OaraToKpUTepiadbHOI ONTHMI3allii, MIO BiTHOCHUTHCS IO
TpyIH, TO3HAYEHOT HaMH Ha KiIacu(iKamiiHii cXeMi K «arnocTepiopHe BUSIBICHHS
nepeBar Ha eDeKTHBHI MHOXHHI». B I[bOMy BHIIaJIKy 3aCTOCOBYIOTHCS TaK 3BaHi
metonu EJIEKTPA, 3anpononosani Binomum ¢axisuem 3 TIIP npodecopom b. Pya
(Dpanis) [18].

Merta 3actocyBanus MetoniB EJIEKTPA — 3ByXeHHS MapeTOBCHKOI MHOKWHU
anprepHatuB. PoOuthes me tak. Jlns KOXKHOTO 3 KpUTEpIiB (MependadacTbes, Mo
BOHH — YHCJIOB1) BU3HAYAEThCS 3a pe3ynbratamu onuTyBanus OIIP «Bara» — umcio,
0 XapaKTepU3ye€ BAKIMBICTH BIAMOBITHOTO KpHUTEPiro. Y BCiX MoOaudiKaIisx
metony EJIEKTPA pobutscst cpoda orpumants Bixm OIIP iHdopmarii skicHOTO
XapaxTepy Mpo BiIHOCHY BayKJIMBICTh KPUTEPIiB (BUCIOBH HA KINTANT «KpUTEpii 3 1 4
MalOTh OJHAKOBY BaXKJIMBICTb 1 MalOTh OLNBLIY BayKJIMBICTh, HK KpUTepid 1») i
TIEPETBOPEHHS i1 B KiNBbKiCHY, 4icioBy. [IpobieMa TyT momsirae B TOMy, IO 3p0OUTH
1€ MOYKHA B 3arajlbHOMY BUIQJIKy O€3JIIY4I0 CIIOCOOIB.

2. InTepakTiBHI 200 JIIOJUHO-MAIIMHHI NpOLEAypH BHpilleHHs 3aBaanb BKO
(UMII). UMII mo3BONSIFOTh JOCHTIIKYBATH OOJIACTI JOITyCTUMUX 3HAYEHb 3 METOIO
MOITYKy B HUX HaWKpamioro pimieHHs. [lomryk pimeHHs 3MiHCHIOETHCS B Aialio3i
OIIP i cucremu migTpuMku npuidHATT pimensb (CIIIIP). B sikocTi BUXiIHUX JaHUX
st UMIT BucTynaroTh BapiaHTH pillieHb i KpUTEPil, 32 AKUMU OYAYTh OIliHIOBATUCS
ui pimenss. YMII BkirouatoTs ABi ¢asu: a3y anamisy, Ky nposoauts OIIP, 1 da3zy
PO3pPaxyHKIB, IKi BAKOHYIOThCSI Ha KOMII'FOTEPI.

1. ®aza pozpaxynkis. CIIIIP:

* TPOBOJIUTH PO3PaxXyHKH, 3aCHOBaHI Ha momnepeAniin indopmamii ado
iHpopmarii, orpumaniit Bix OIIP Ha momepeqHpOMY Kpolii;

*  00YHCIIOE PILIICHHS;

* BHUpOOJIsLE nonoMixkHY iH(popMmaito s OITP.

2. ®aza ananizy. OIIP:

* OIIHIOE TpE'SBICHE pIIICHHS, BH3HA4Ya€, Y4 € BOHO (OJHE 3 HUX)
npuiiHsaTHuM. Skmo tak, To UMII 3akindena; inakme OIIP ananizye momomixHy
iHpOpMaito;

» mnosigomiise CIIIP nomatkoBy iHdopmaiito, 3a gomomorotw sikoi CIITIP
OOYHCITIOE HOBE PillICHHS.
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BucHoBku

1. 3anpononoBani miAxoAu A0 TOOyAoBH OizHec-Mogeni ympaBiinas IT Ha
MIiANPUEMCTBI, SIKE 3aiiMa€eThCs 3a7]a4aMH IPUPOJTOKOPHCTYBAHHSI, 3 BpaxXyBaHHIM
3aJIOBOJICHHS] TMMOTped Oi3HeC-MiApO3AUTiB B CydYaCHHX CEPBICHO-OPIEHTOBaHHMX
iH(pOpMaLiTHUX TEXHOJIOTISIX.

2. 3ampornoHOBaHO BUKOPHCTOBYBAaTH  METOAM  DIllICHHS  3aBJaHb
OaraTokpuTepiaTbHOI ONTUMI3aIlll K MaTEMAaTHYHOTO amapaTry Ui BCTAHOBIICHHS
3HAYCHb O1IBIIOTO YHCIIA AKICHUX 1 KUTBKICHUX MTapaMeTpiB — YaCTKOBHX ITUICH, IO
KOHKYPYIOTh MiXk c00010. OCKIJIbKH KOKHE ITiANPHUEMCTBO BUOYAOBYE BIIACHY METY,
sIKa 3 9aCOM 3MIHIOETHCS Ta MOTPeOye NeTali3ailii.
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RECOGNITION OF FISH ACOUSTIC PATTERNS AT MONITORING

OF FRESHWATER ECOSYSTEMS

Abstract. The basic sources of contamination and obstruction of reservoirs are
cleared not enough sewer water of industrial and communal enterprises, large
stock-raising complexes, wastes of production; upcast of water and railway
transport; wastes of roughing-out of flax, pesticides and other. Contaminents,
getting in natural reservoirs, result in the quality changes of water, that, mainly,
appear in the change of physical properties of water, in the change of chemical
composition of water, in a presence floating substances on the surface of water and
laying of them on the bottom of reservoirs. The increases of population, expansion
of old and origin of new cities considerably increased entering of domestic flows
internal reservoirs. Synthetic cleansers that is widely used in the way of life
contaminate reservoirs in a yet greater degree. In the total the capacity of waters
goes down for oxigenating, activity of bacteria that mineralize organic substances
is paralysed. The unfavorable ecological state of many freshwater ecosystems
inflicts substantial harm to the fish resources of reservoirs and puts under a threat
possibility not only to develop fish industry, conducting fish artificially, but also
simply to catch her. All of it stimulate to do events in relation to the improvement of
the ecological state of fresh reservoirs. Voice vibrations are the important
constituent of the ecological monitoring of the biota state of fresh reservoirs.
Information is about formation of sound in a reservoir part of that is activity of
fishes turns out by means of acoustic sensors, that farther yields to computer
treatment. The modern methods of recognition of fish acoustic patterns are based
on the standards of signals, with properties of average estimations, or on
comparisons of acoustic signals with a standard. It is shown that for creation of
standards, as a rule, executed: previous signal processing, extraction of features of
acoustic signal. Acoustic signals that act from movable objects — fishes can change
depending on objective external terms and physical state of reservoirs. The hard
algorithms of recognition of acoustic patterns are characterized high probability of
error. In this connection repressing are adaptive algorithms of recognition of
acoustic patterns. In the process of forming of standards clarification of software
comes true according to the features of acoustic signal. Realization of process of
creation of standards allows to determine the measure of functional readiness of
parameters and knowledge base for the decision of recognition tasks of acoustic
signals. In the process of recognition the probability terms of the correct comparing
are set to the standard, on default of that an algorithm stops to be executed and
requires additional studies. It requires creation of standards that reflect the
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characteristic features of fish signals. Presently for authentication mostly choose such
pattern of acoustic signals, as period length of signal fundamental wave. It can be
determined or by the search of maximal value in an autocorrelation function, or by the
search of minimum value in the function of mean value of difference of signal amplitudes,
or by the search of difference of two maximal values in the sequence of going into detail
wavelet-coefficients. It is shown that for the tasks of recognition of fish acoustic patterns,
most exact and requiring the least studies there is presentation of acoustic signal as a
set of sign vectors of frames. In detail methodologies of the period selection of
fundamental wave of acoustic signal were analysed: SIFT, EFT-4 and EFT-WT.
Methodology of EFT-WT is characterized absence of the thresholds set in good time;
by the rapid search of period of fundamental wave; by absence of dependence on a
noise-level, as a certain range of frequencies is investigated. At the same time
calculable complication of wavelet transform is relatively high, in this connection it
is necessary optimization of calculation algorithms.

Keywords: acoustic pattern; ecosystem; standard of signal; fundamental wave;
period; recognition; frame
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! Kuischkuii HaioHanbHul yHiBEpCUTET Oy IiBHUITBA i apXiTekTypH, M. Kuis, Ykpaina
2 HanionanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBChbKMH MOTITEXHIYHMI iHCTHTYT
imeni Irops Cikopcebkoro", M. Kuis, Ykpaina

PO3MNI3BHABAHHSA AKYCTUYHUX OBPA3IB PUB
IHPU MOHITOPHUHI'Y IPICHOBOJHUX EKOCUCTEM

Anomauin. OcHosnumu Odicepenamu 3a0pYOHEHHST | 3ACMIYEHHS 6000UM €
HeOOCMAamub0 OYUWeHi CIMIYHI 600U NPOMUCTIOBUX | KOMYHATbHUX NIONPUEMCING,
KPYRHUX MEAPUHHUYLKUX KOMNIEKCI8, 8i0X00U BUPOOHUYMEA, CKUOAHHS 600HO20 |
BANIBHUYHO20 MPAHCNOPIY; 8I0X00U REPEUHHOL 0OPOOKU TbOHY, necmuyuou ma in.
3abpyourioui peuosunu, nOMpaniAwyU 8 NPUPOOHi B000UMU, NPU3EOOAMb 00
AKICHUX 3MiH 600U, AKI, 8 OCHOBHOMY, 6UABIAIOMbCA 6 3MIHI QI3UUHUX
eracmugocmeti 800U, y 3MIHI XIMIUHO20 CKAAOY 600U, 8 HAAGHOCMI NAABANOYUX
Pevosun Ha NOBEPXHI 800U i BIOKIAOAHHI iX HA OHI 6000UM. 3pOCMAHHA HACENEHHS,
DPO3WUPEHH CIMAPUX | BUHUKHEHHS HOBUX MICM 3HAYHO 30INbUUTU HAOXOOHCEHHS
nobymoesux cmokie y eHympiuini 6oooumu. Llle 6inouioro mipoio 3a6pyoHIoOms
6000UMU MUIOY] CUHMEMUYHT 3AcO0U, WO WUPOKO BUKOPUCTIOBYIOMbCA 8 NOOYMi.
Y pesynomami snuoicyemoca 30amuicmes 600 00 HACUUEHHS KUCHEM, NAPANI3YEMbCA
OisbHicMb bakmepiil, wjo MiHepanizyroms opeaniyti pevosunu. Hecnpuamausuii
eKOJI02IUHUL CIMAaH 0a2amboX NPICHOBOOHUX eKOCUCmeEM 3d80dE€ CYMMEBOL WKOOU
PUOHUM pecypcam 000UM [ cmasums ni0 3aepo3y MONCIUBICMb He MIIbKU
po3gusamu pubHy 2any3v, po3600AUlU puby WMyYHoO, djie i nPOCmo i 8UT08II08AMU.
Bce ye smywye earcusamu 3ax00i8 w000 noninuieHHs eKoai02iuHO20 CMAaHY NPiCHUX
60001iM. 38YK0GI KOUBAHHS € BANCTUBOIO CKIAOOBOH) €KONO2IYHO20 MOHIMOPUHZY
cmany 6iomu npicHux 8o0oum. Ingopmayis npo 368yKoymeopenms y 8000UMI,
YACMUHOW AKOI € OiANbHICMb pub, OMPUMYEMbCA 3d OONOMO2010 AKYCIMUYHUX
oamuukie i Oani niodaemuvca Komn 'omepuiu 00pooyi. Cyuacni memoou
PO3NI3HABAHHA AKYCMUYHUX 00pa3ie pub b6aszyromvca abo Ha emaioHax CUsHAiis,
3 81ACMUBOCAMU ~ CEPEOHbOCMAMUCTNIUYHUX OYIHOK, ab0 Ha 3iCMABIeHHAX
aKycmuyHux cuzsHanie 3 emanonom. Ilokasamo, wo 0na CmMeopeHHs emanoHie, AK
npaeuno, BUKOHYEMbCA: NONEpeoHs 00poOKa  CUSHANY, 6UOLIeHHs O3HAK
AKYCMUYHO20 CUSHATLY. AKYCMUYHI CUSHANU, W0 HAOX00AMb 6i0 PYXIUBUX 00'€kmie —
pub, MOdMCYmMb 3MIHIOBAMUCS 3ANENHCHO 6I0 00'€KMUBHUX 308HIWHIX YMO8
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i @isuunoeo cmamny 6oootim. Kopcmki aneopummu po3nisHABAHHS AKYCMUYHUX
06pasie xapaxmepusylomsbcs GUCOKOIO GIPOZIOHICMIO NOMUIKU. Y 363Ky 3 yum
Kpawumu € a0anmugHi aieopummu po3nisHa8anHsa aKkycmudnux oopasie. B npoyeci
dopmyeanns emanownie 30MUCHIOEMbCA YMOYHEHHSA NPOSPAMHO20 3a0e3neyenHs
32i0HO 3 0CcOOAUBOCMAMU AKYCMUYHO20 cueHany. Peanizayis npoyecy cmeopenus
emaonié 0036015€ GU3HAYAMU MIpY QYHKYIOHATbHOI 20MOBHOCMI napamempis i
b6aszu 3HaHbL ONA BUpIUIeHHS 3A80aHb PO3NI3HABAHHA AKYCMUYHUX CUSHATIS.
B npoyeci  posniznasanns  3a0aiomuvcs  yMOGU  GIPOCIOHOCI  NPABUTLHO2O
NOPIGHAHHA 3 eMaIOHOM, NPU HEGUKOHAHHI AKUX QNOPUMM  hepecmae
sukonysamucsi i nompebye 000amkosoeo nasuanns. Lle eumacae cmeopenms
emanouis, wjo 8i00bpasicaome xapakmepHi ocobnusocmi cueHanie pub. Huwi ons
ioenmudpixayii Hauuacmiue eUOUPAIOMb MAKY O3HAKY AKYCMUYHUX CUSHANIS, SIK
d0621CUNA NEPiody 0cHOEHOT 2apmoniku cuenany. li moxcna susnavamu a6o winsxom
NOWYKY MAKCUMAIbHO20 3HAYEHHS 8 A8MOKOpeNayiunil ynkyii, abo wisaxom
ROWYKY MIHIMATILHO20 3HAYEHHS Y (PYHKYIT cepeOnbo20 3HAYEHHS PIZHUYL AMNIINYO
cueHany, abo wAXOM NOWYKY PI3HUYI 080X MAKCUMATIbHUX 3HAYEHb 8
nocaioognocmi demanisyrouux eeiieiem-koegiyicumis. Ilokazano, wo 0ns 3a60ams
PO3NI3HABAHHA AKYCMUYHUX 00paszié pub HAtuOiib MOYHUM | GUMA2AIOYUM
HAUMEHWO20 HABUAHHA € NPeOCMABIeH A AKyCMUYHO20 CUSHATY ) 8U2lA0i HAbOpY
8eKmMopie 03HaK gpeiimis. JemanvrHo OYI0 NPOAHANIZ06aHO MEMOOUKU SUOLIEHHS
nepiody 0CHOBHOI eapmoniku axycmuynoeo cuenany: SIFT, BOT-A i BOT-BII
Memoouxa BOT-BII xapaxmepuszyemvcs giocymuicmio 3a30ane2iob  3a0aHux
nopoeie;, WEUOKUM NOWLYKOM Nepiody OCHOGHOI 2apMOHIKU, GiOCYMHICMIO
3aNeAHCHOCE 8I0 PIGHA WYMY, OCKINbKU OOCTIONCYEMbC KOHKPEemHUL 0iana3oH
yacmom. B moil dce uac ob6uuUCTIO8ANLHA CKIAOHICMY 6ellgem-nepemeopeHis
BIOHOCHO 8UCOKA, Y 38'A3KY 3 YUM NOMPIOHA ONMUMIZ3AYIA ACOPUMMY 0OUUCIIEHD.
Knrouosi cnosa: axycmuuynuii obpas;, exocucmemd, emaioH CUSHATY, OCHOBHA
2apMOHIKaA, nepiod, po3nisHABaHH:, (pelim

Beryn

HecnpusitTuBuii ekonoriyHui ctaH 0araThboX MPICHOBOJHHMX EKOCHCTEM 3aBJIA€
CYTTEBOI IIKOIU PUOHUM pecypcaM BOJOWM i CTaBHTh IIiJl 3arpo3y MOXKJIHBICTh HE
TIIBKKA PO3BUBATH PHOHY Taly3b, PO3BOASYM puUOYy IITYy4HO, aie 1 MmpocTto ii
BuUjIOBIIOBaTH. Hesanepeunuii ¢akr, 110 B 0araThox pUOHHMX BOJIOMMAxX KiIbKICTh
BOJIHMX TiJPOOIOHTIB CKOPOTHIIACS, a JCSIKI BUIM 3HUKIHU 30BCiM. Bee 11 3mytnye
BXKHMBATH 3aXO/IiB 1010 TOJIIIIICHHS €KOJIOTTYHOTO CTaHy MPiCHUX BOxoWM [1].

BimoMo, 110 3BYKOBI KOJIWBAHHS € BXKJIMBOIO CKJIAQJIOBOK EKOJOTIYHOIO
MOHITOPHHTY CTaHy O10TH MpiCHUX BOJOWM. [H(opMmallis po 3ByKOYTBOPEHHS Y
BOJIOMMI OTPUMYETHCS 3a JOIOMOIOI aKyCTHYHHMX JATYMKIB 1 JaJii IiIa€ThCs
KOMIT FOTepHii 00poOIIi.

CyuacHi MeTOIM pO3Mi3HAaBaHHS aKyCTUYHUX 00paziB pub 0aszyroTbes abo Ha
CTAJIOHaX CUTHAJIB, 10 (OPMYIOTBCS B TPOIECI MONEPEIHBOIO JIOCIIPKEHHS,
3 BIACTUBOCTSIMH ~ CEPEAHBOCTATHCTUYHMX OLIHOK, a00 Ha  3iCTaBJICHHSX
aKyCTUYHHUX CUT'HAJIB 3 €TAJIOHOM.

J1i1st CTBOpEHHSI €TaJIOHIB, SIK IPABUJIO0, BUKOHYETHCS:

— monepeAHss oOpoOka curHainy (MEPeTBOPEHHS CHOCO0Y MPEACTaBICHHS
iHpopMaLii B aKyCTUYHOMY CHUTHaJi, MPUTHIYEHHS HIyMY, CKOPOYEHHS 00'eMy
iHdopmarii) [2-8];

— BUAUICHHA O3HAK aKyCTHYHOTO CHTHaly (HampHKIaja, BU3HAUYEHHS MEX
iHdopmariitHoi yacTunu curuaiy) [9-12].
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Mertoro podotu € kiacudikamis 1 IOPIBHAHHS METOMIB PO3Mi3HABAHHS
aKyCTUYHHUX 00pa3iB pub MpiCHUX BOJOWM, BU3HAUYEHHS iX JOCTOTHCTB 1 HEJIOMIKIB.

Y3arajnbHeHMil aJropuT™M po3Mi3HABAHHA aKYCTHYHUX 00pa3iB

AKYCTHYHI CHTHald, IO HAIXOIATh BiJl PyXJUBUX OO'€KTIB — puO, MOXYTbH
3MIHIOBATHCS 3aJIe)KHO Bif 00'€KTHBHUX 30BHIMIHIX YMOB 1 (i3WIHOTO CTaHy
BojoiM.  JKopcTki — anropuTMH ~ pO3Mi3HABAaHHA  aKyCTHYHUX  0OpasiB
XapaKTePU3YIOTHCSI BUCOKOIO BiPOTiAHICTIO IOMUIKU. Y 3B'I3KY 3 IIUM KpPAIIUMH €
aIanTHBHI AITOPUTMH PO3MTi3HABaHHS aKyCTHYHHUX 00pas3iB.

Y3aranpHEHUI aNTOPUTM PO3II3HABAHHA aKyCTHYHUX 00pa3iB BKIIOYAE TPHU
OCHOBHI omeparlii, SKi MOXKyTh BUKOHYBaTHCsI a00 B peXXHMi pO3Ii3HaBaHHSA, a00 B
peXKMMI HaBYaHHS, 1 B3aEMO3B's13aHi Mk coboro [12-16] (puc. 1).

Po3nisHaBaHHA

AKYCTUYHMX
obpasis
\ \ \
|l peHTUPIKaLiA ™ dopmysaHHs > .
A ¢ u, pMy . Po3ni3HaBaHHA
napameTpis < €Ta/IoHIB -

!

Puc. 1 — V3aranbHeHul aJropuT™ po3Mi3HaBaHHS aKyCTHYHHUX 00pa3iB

B mpomeci imeHTHdIKAIl TapaMeTpiB BH3HAYAIOTHCS YMOBU IMiATOTOBKH 1
HAJIANITYBaHHS TapaMeTpiB, BHUKOPHCTOBYBaHHMX NpH (OpMyBaHHI eTaJloOHIB i
MOpIBHAHHI 3 HUMU. B mpomeci QopMmyBaHHS €TaJOHIB 3AiMCHIOETHCS
repcoHi(iKaIlis MporpaMHOro 3a0e3MeUYeHHS 3T1THO 3 0COOIMBOCTSIMHA aKyCTUIHOTO
curHany. Peamizamiss mepmmx JBOX MPONECIB  JO3BOJISE BHU3HAYaTH Mipy
(GyHKIIOHATIBHOT TOTOBHOCTI MapaMeTpiB i 0a3u 3HaHb Ui BUPILICHHS 3aBJaHb
po3mi3HaBaHHSA aKyCTHYHHUX CUTHAJIIB. B mporieci po3nizHaBaHHs 331al0ThCS YMOBH
BIpOTiTHOCTI TPABHJILHOTO TMOPIBHSHHS 3 €TAJIOHOM, NPH HEBUKOHAHHI SIKHUX
QITOPUTM TIepecTac BHKOHYBATHCS 1 BHMAarae JOJIATKOBOTO HAaBYaHHS, TOOTO
MEPEMHUKAETHCS B PEXKUM (POPMYBaHHS €TAIOHIB CUrHaiB. Onepauis ineHTudikamnii
napaMeTpiB BUKOHY€ETHCS TIPH NPUITUHEHHI BUKOHAHHS JIBOX 1HIIHMX OIEpaliid B THX
BHIIAJKaX, KOJIU MIHSETHCS JOCHIKYBaHUH 00'€KT a00 MIHSIIOTHCS TEXHIUHI 3aCO0H
1 cTaHAapTHE MpOrpaMHe 3a0e3MeueHHS.

@®opMyBaHHS eTATOHIB
AJNrOpuTM pO3Mi3HABAaHHS AaKyCTHYHOIO CHTHANy TIPYHTYETbCS Ha 0a3l IHx

etanoHiB. lle BuMarae CTBOpPEHHS €TaloOHIB, L0 BiZOOpa)karOTh XapakTepHi
0COOJIMBOCTI CHTHAJIIB pUO.
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Ha pumc. 2 cxematmdHO TMOKa3aHa ormeparis (QopMyBaHHS €TaJOHIB IS
po3mi3HaBaHHA aKyCTUYHUX 00pa3iB [12-16].

[Ipu ounieHHi BiAg NIyMy aKyCTHYHOTO CUTHATY BUKOPHUCTOBYIOTHCSI METOAMYHI
MpaBUJIa OYHIICHHS, O BPaXOBYIOTh YHCENbHI XapaKTePUCTUKN CHTHAIY.

I[lpy  BU3HAYEHHI MEX KOPHCHOI YACTHHA  aKyCTHYHOTO  CHUTHAIY
BUKOPUCTOBYIOTBCS METOJIWYHI MpaBWiIa 3HAXOMKEHHS MexX iH(opMmariiinoi
YaCTUHH CUTHAITY, 1[0 BPAXOBYIOTh YHCENbHI XapaKTePUCTUKU CHTHAIY.

[Ipu cTBOpeHHI eTajoHIB BUKOPHCTOBYIOTHCA METOAMYHI MPaBHJIAa YTBOPEHHS
CIIOBHHMKA €TaJIOHIB CUTHAJIIB, aKyCTHYHI XapaKTEPUCTHKH SIKUX BHU3HAYAIOTHCS
MeToAaMu uppoBoi 00pOOKK CUTHATIIB.

dopmyBaHH#A
€Ta/IoHIB
y y Y
OuULLLEHHS || BusHayeHHA -
curHany sia ME KOPUCHOI CTBOpEHHA
HacTvHm eTanoHiB
wymy CUrHany
Puc. 2 — Onepartist opMyBaHHS €TaIOHIB
Po3nizHaBanus

Po3nizHaBaHHS aKyCTHYHHMX CHUTHaJiB Oa3yeTbcs Ha iX TOpIBHSHHI 3 paHilie
CTBOpeHNMMH eTasioHamu. Ha puc. 3 cxemaTndHO 1mokaszaHa orepaiis po3i3HaBaHHS
aKyCTHYHUX 00pa3iB.

Po3nisHaBaHHA

A A \

OunLeHHA »| BW3HaYeHHA > .
curHany Big, Me>K KOPUCHOI MopiBHAHHA 3
- Hactnhn > eTanoHamm
ymy < curHany <

!

Puc. 3 — Onepartist po3mi3HaBaHHS aKyCTUYHUX CUTHAITIB

CrioyaTky BHKOPUCTOBYIOTHCSI METOAWYHI TNpaBUja OYMIICHHS CUTHAITY Bij
[IyMy, IO BPaXOBYIOTh YHCEbHI XapaKTEePUCTHKH CUTHAITY.
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Jlaii BHKOPHCTOBYIOTHCSI METOJWYHI TIPAaBWJIA BU3HAYEHHS MEX KOPHCHOI
YaCTUHM CUTHAJTY, 1[0 BPaXOBYIOTh YHCENIbHI XapaKTepUCTUKU CUTHAIY.

Ha xiHneBoMy erami BHKOPHCTOBYIOTBCS METOAMYHI NpaBHia MOPiBHIHHSI
pO3Mi3HABAaHMX CHUTHATIB 3 €TaJOHAMH, AaKyCTHYHI XapaKTePUCTHKH SKHX
BH3HAYAIOTHCS METOMaMH IU(PPOBOT 0OPOOKH.

BignoBigHO 40 CTPYKTypH CHCTEM pO3Mi3HaBaHHS aKyCTHYHUX 00pasiB
HEOOXITHO PO3MIIAHYTH METOAWYHI TOJIOKEHHS, Ha SIKUX O0a3ylOThCS OJIOKH
(hopMyBaHHS €TANOHIB 1 pO3Mi3HABAHHS IMX CHCTEM.

InenTndikanis akycTHIHHX CHTHATIB

Huni nmns imentudikanii Haifuactime BHOMpPAlOTh Taki O3HAKW aKyCTHYHHX
CUTHAJIIB!

— eHepreTuuHi (BIAHOILIEHHA EHEPTid NBOX IUISHOK CUTHANIB, HOPMOBaHA
€Hepris, eHepris cMyr crekTpy) [3, 13];

— ocHoBHuil ToH (Meton SIFT [3, 13], rpyHTOBaHMI Ha MOIIYKY MAaKCUMyMY B
aBTokopersiiHii pyrknii, BOT-meron [14]);

— KUIBKICTh HyJIb-TIEPETHHIB (YH KUTBKICTh CTPOTUX MiHIMYMiB) [3];

— TmapameTpH JiiHiiHoro nependavenus [3, 6, 13];

— ¢dopmanTtu (MoBHI curHamm) [3, 6, 13];

— xerctp [3, 15, 16, 18];

— KUIBKICTP IMITyITbCiB PiBHOI AOBXUHH [19];

— TPHUBAIICTH JAOCHIHKYBaHOI TUISTHKY curHAy [20].

Jns BUAUIEHHS IMX O3HAK 3a3BHYail BUKOPUCTOBYIOTh HACTYIMHI METOIH
uugpoBoi 00poOKM curHamiB: ¢inprpamio [3, 4]; mBunke meperBopeHHs Dyp'e
(LOTI®D) [3, 4]; BeitBner-nieperBopenns (BIT) [21-23]; kencTpanbHblii anamis [3, 4];
KOJIyBaHHS 3 JIiHIHHUM TiepeabdaueHHsaM [3, 4].

3 BUIIEHUX O3HAK aKyCTHYHOTO CUTHAITy (hOPMYIOTh BEKTOpU O3HAK (peiMiB
(67OKiB aHUX, AUISHOK PiBHOI TOBKWHH).

q)OpMaJ'IbHe npeacraBjJaCHHSA eTaJIOHiB AKYCTUYHOI'O CUTHAJY

Etanonn akyCTHYHWX CHTHAJIB HalYacTille MpeACTaBIAIOTH YV BUAL: 1) HaOOpiB
BEKTOPIB 03HAaK ()peiiMiB; 2) KyCOYHO-TIOCTIHHUX Mojelie; 3) HaOOpiB BEKTOPIB
KOJIOBOI KHHTH; 4) CTaHIB MPUXOBaHUX MapkKiBchkux mojeneit (IIMM); 5) craniB
BiJIMOBiTHOT HelipoMepexki; 6) Tiopumy [IMM i Helipomepexi.

®opMma 1 € HAUMIPOCTIIIO 1 € €TaIOHOM CHUTHAITY Ek = (ekl’---’eks e KN ),

Jie €}, — BEKTOD O3HAK S-TO ¢peiima curHany.

dopma 2 € mapa — €TaIOH CUTHAITY Ek = (ekl yees €k v""ekQ ) 1 TeMITOpabHa
pasekpmtis onmiany 7y = (M, M), (Mg, My ), (Mg Mig)):
ae My, M ks~ MiHIMaJbHa 1 MaKCHUMaJlbHa TOBTOPIOBAHICTh s Y cHrHai, To0To

JeKiJIbKa CYCiIHIX (peliMiB CUTHATY MOXXYTb OITUCYBATHUCS OJHUM BEKTOPOM O3HAK
€xs [14]. 3a3Buuail Taki eTaJOHM MPEACTABISIOTh y BHUIJISI JETEPMIHOBAHOTO

KiHIIeBOTO aBTOMata (puc. 4).
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Puc. 4 — JlerepmiHOBaHWI KiHIIEBHIA aBTOMAT

s dhopma mo3BoJIsie EKOHOMHIIIE MPEACTABUTH CUTHAN, HiX mepiua [14], ane
Yy pasi HETOYHOTrO 3ICTaBIICHHs (PEiiMiB 1 BEKTOpPa O3HAK € MOXC JaTH MCHIIY

TOYHICTh PO3ITi3HABAHHSI.
®opma 3 € eranonoM curHany E, = (€yq,...,6g,..., €N )s AC € — BEKTOp

3 KOJIOBOi KHUTH, 3aMIiHIOIOYHIA MOYATKOBHH BEKTOp O3HAK (peiima curHamy. Lls
(dopMa 03BOJISIE EKOHOMHIIIIE IPEACTABUTH CUTHAJ, ajie A€ MEHIIY TOYHICTh
po3mi3HaBaHHS, HiX mepiia [4].

®opma 4 € OesnepepBHOIO, AUCKPETHOIO abo HamiBOe3nepepBHy [IMM, mio
OIIMCY€E CUTHAJI, 1 ToAi0Ha 10 hopMU 2, 110 BpaXOBYE MMOBTOPIOBAHICTh PpeiimiB. Lls
¢dopmMa J03BOJISIE EKOHOMHIIIE TIPEICTABUTH CUTHAI, 4YMM Tiepma. Y pasi
BUKOpHcTaHHs Oe3nepepBHoi [IMM, mo TOYHOCTI po3Mi3HAaBaHHS MOPIBHSIHHA
3 MEPILOI0, aJic BUMAra€ BeJIMKOI KIIBKOCTI MOBYAILHUX JaHHX [4].

dopma 5 € HEHPOMEPEIKEBOIO MOJCIUIIO CUTHAITY y BHIJISAI CUCTEMHU PiBHSHb.
Mo>IMBI qBa BUNAIKU:

a) Ha BXiJ] ITOCTITIOBHO TIOAAIOTHCS BEKTOPH O3HAK (hpeliMiB CHTHAIY, Ha BUXOJII —
MapKep MOTOYHOTO (peiima;

0) Ha BXiJ] MOJAETHCS HAOIP BEKTOPIB O3HAK YCHOI'O CHTHAJY, Ha BUXO/1 — HOMEp
po3mizHaHOTO 00pa3sy.

VY pasi a) BUKOPUCTOBYIOTHCS CTaTH4HI MEpexki: OaraTonrapoBuil mepcenTpoH
(MLP), paniansHo-6a3ucHa Mepexa (RBF), imoBipricHa mepexka (PNN), mepexa
Koxonena (SOM), anami3 ronoBHux kommnoHeHT (PCA), anamiz He3amexHHX
komnoHeHT (ICA), GaratomapoBa Mmepexka mnpsmoro nommpeHHs (MLFFNN),
MallliHa OoMopHUX BeKTOpiB (SVM), iepapxiune 3mimryBanHs excneptie (HME) Ta
iH. Y pa3i 0) yacTime BUKOPHCTOBYIOTbCS JUHAMIUHI MEPEXi: MEpexi KacKalHOi
kopenstii (Cascade Correlation), mepexi 3 3aTpumkoro 3a yacom (TDNN) ta in. Li
MepeXi JarTh HEBHCOKY TOYHICTh PO3IMi3HABAHHS 13-32 HECTAIliOHAPHOCTI Ta
HEJIIHIHHOCT1 aKyCTUYHOTO CUTHAITY.

®opwma 6 € riopuaom [IMM i HelipomepexeBoi mozeni [24]. [Tapamerpu [IMM
KOPUTYIOTBCS 32 JIOTIOMOTOI0 HeHpoMepeki. Y pexuMi po3Mi3HaBaHHS MOTOYHUH
(dpeiiM po3Mmi3HAETHCS 3a JIOIOMOIOK HEHpoOMepexi, a pe3ysibTaT 00pOOJIAETHCS
BIIMM. Lls dopma 3a TOUHICTIO MOPIBHSHHA 3 MEPIIOI0, ajie BUMarae 3HAYHO
Oinple yacy Ha HaB4YaHHSA. BuXoasuum 3 1pOro, Ui 3aBAaHb PO3Mi3HABAHHA
AKyCTHYHUX 00pa3iB HAHOUIbII TOYHMM 1 BMMarar04uM HAaWMEHIIIOrO HaBUYaHHS
SIBIISIETHCS MTPEJCTABIICHHS aKyCTUYHOI'O CUTHAITY Y BUIIIAAI HAOOpy BEKTOPIB 03HAK
¢petimis.
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Meroauka SIFT BuaijieHHs mnepiony OCHOBHOI TapMOHIKH aKYyCTHYHOIO
CHTHAJTY

JloBxnHY mepiofy OCHOBHOI FapMOHIKH MOYXHA BH3HA4aTH a00 IUISXOM IOIIYKY
MaKCHMaJIbHOTO 3HAYEHHS B aBTOKOPEJAMiMHIA (yHKINI, a00 MIITXOM IMOIIyKY
MiHIMaIbHOTO 3HAYeHHS Yy (QYHKMOIl cepelHbOr0 3HAYEHHS PI3HMLI aMIUTITYA
CHUTHady, ab0 IDIIXOM [IOIIyKy Ppi3HHUII ABOX MAaKCHMAJIbHUX 3HAYECHb
B MTOCITIIOBHOCTI JI€TaNi3yl0unX BeiBieT-KoedirieHTiB. [l BU3HaAUYEHHS JOBXUHU
nepiogy OCHOBHOI TapMOHIKM T, HUIAXOM MOUIYKY MaKCHMAIBHOTO 3HAYCHHS

B aBTOKOpeJLiiHIHi QyHKIIT BUKopucToByeThest Metoauka SIFT [3, 13]. Anroputm
3HAXOJ[KCHHA MePioAy MOKa3aHUA Ha puC. 5.

Ha mepmomy eram s TiABWINEHHS HAAIHHOCTI BU3HAUEHHS YacTOTH 1
3MEHIICHHSI O0YMCITIOBAJIbHOI CKJIaJHOCTI 3a JOMOMOIOI0 ENNTHYHOTO (iibTpa

HIDKHIX 9aCTOT 3 YaCTOTOIO 3pi3y f3p =1000 't BUOiNA€THCSA YaCTOTHUH JTiania30H, 110
MICTHTh YaCTOTY OCHOBHOI T'apMOHIKH. 3aMICTh IINTUYHOrO (PUIBTPY, pallioHaIbLHO
3acTocyBaTH nociigoBHe oouncieHHs 11D, BuaineHHs HIKHIX 9acTOT 1 00YHCICHHS

3BopotHOro [IID mms koxkHOTrO (hperima curHany 3aBmaoBXku AN . Lle mosBomse
IIBHIIIE 1 TOYHIIIE BUIUTATH HU3bKOYACTOTHY CKJIaJIOBY CHTHAIY, TOOTO:

AN -1

X(K)= Y x(n)e JCT/ANIK K e 0 AN -L; )
n=0
X (k), 0<k<k .
_ » vk =(f -AN/f,); (2)
%=1 k,<k<AN-1 (ty o)
AN -1 . -
y(n):i 3 X, (k)e)@7/ANIk, ne0, AN -1; 3
k=0

ne fy —uacrora nuckpernzarii.
Ha npyromy erani BUKOHY€ETBCS IeIIAMAIisl YaCTOTH JUCKPETU3ALlii 10 3HAYCHHS
fld = 2000 I'r, TOOTO BMITYy4arOThCS MTPOMiXKHI BIITIKH CUTHAITY':

s(n)=y(n-An), ne0,AN/An-1, 4
e AN = fd / fld — KoeiIieHT aenuMartii.

Ha erami 2 TakoX OOYHMCIIIOIOTBHCS 3BaXKEHI PI3HHUIN JIBOX CYCIJHIX BiUTIKIB
JEIMMOBAHOTO CUTHAIY':

5, (n) = {S(n)w(”)’ =0 1 c0,AN/AN—1, )
[s(n)—s(h=1)Jw(n), n>0

1e w(n) = 0,54 + 0,46 cosZALN” _ piko XeMmiHra.
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l X(n), N, fd1AN’ fldl fcwnl’nZ’ p

BuainenHs
HU3bKNX YacToT

IO

Jeunmadis

¢ 5,(N)

3 | Ananis Ha ocHOoBI
NiHiHOTO
nepenbavyeHHn

e

4 O6uuncneHHs
— norpiwHocTi
nepenbavyeHHs

v &)

5 BM3HauYeHHA
aBTOKOpenALiHoi
byHKUiT

y 1K)
6 BuaineHHsa
MaKCUMYMiB

aBToKopenaulin-
HOi OYHKLLIT

'

Puc. 5 — Anroputm nouyky nepiojly OCHOBHOT rapMOHikHu 3a MmeToaukor SIFT

Ha eramax 3-4 mist BiiBepTaHHS MOSBH MOOIYHUX IIKIB B aBTOKOPEIAIiHHIT
(GyHKIIT BUKOHYETBCS 1X BifcikanHs 3a MetonoM KJIIT (oOuucienHs koedilieHTiB
JHIAHOTO TIepeI0aYeHHs ) 1 aHaIi3 IEUMOBAaHOTO CUTHANY. Pe3yibTaToM aHamizy €
BU3HAYCHHS  KoediuieHTiB @,  3a amropurMoM Jlapbina  (mpouexypa

DARBIN (R(K), p)), To6ro:
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AN/ An—1-k -
Rk)= s, (n)s,(n+k)- ke 0,p. (6)
n=0
a = DARBIN (R(K), p) . @ = (ay,....a,). )

ne R(k) — aBTokopensuiitna Gynkiis, p — HOpAIOK JiHiiHOrO NependadeHHs..
3a3Buyaii MOPANOK JIiHIHHOrO NependadeHHs BUOUpParoTh piBHUM =4, 5.
Ha ertani 4 o6uuciO€ThCS NOrpilHICTL nepenbaueHns e(n) 3 BAKOPUCTAHHIM
KJIIT:

s(n), n<p

p ,Ne0,AN/An-1. (8)
s(n)- Yas(n-k), nxp
k=1

e(n) =

Ha upoMy 3k erami BHUKOHYEThCS 3Ba)KyBaHHS OOYHMCICHOI MOTPIIIHOCTI
repenoadeHHs 3a T0TIOMOTOF0 BikHa XeMMiHTa:

ey (n)=e(n)w(n), ne0,AN/An-1. 9)

Ha erami 5 oOuyucmoerscsi aBTOKOpensmiiHAa (QYHKIiS TOTPINTHOCTI
nepenoaueHHs:

AN / An-1-k —_—
rk)= Ye,(ne,(n+k) ke0,AN/An-1. (10)
n=0

Ha erami 6 BH3HAYaeThCsA, MPU SKUX 3HAYEHHSIX Ng: Nge [nl,nz]
aBTOKOpeIliiiHa (YHKINS TOTPITHOCTI MepeadayeHHs r(k) MaKkCUMaJIbHa, IO

BiJINOBi/Ia€ BUIIJICHHIO MAKCUMYMiB (ITiKiB) B CIIEKTpPi aKyCTUYHOT'O CUTHAIY:

v = max r(no), NpAn e [I’ll, n2], (11)
No

Je Ny — MiHIMaJbHA JOBXHHA IEpioJy OCHOBHOI rapMoHikH n, =infT,.; Ny —
MakCHMallbHa JOBXKHMHA EPIO/ly OCHOBHOT FAPMOHIKH N, =supT,

OTrpuMaHe 3HAUYEHHS BU3HAYAETHCA K N

A =argmaxr(ny)- (12)
No

B pesynbraTi NM0oBXHHA TIEpioy OCHOBHOI rapMOHIKM MOXe OyTH BU3Ha4YeHA y
BUTJISL:
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AAn, r, >y
T :{ " (13

7ie Y — IIOPOTrOBE 3HAYCHHS, BU3HAUYBAHE €KCIEPHMEHTAIBHUM [IUISTIXOM.
Ha puc. 6 nokasanuii 3pa3koBHii BUA aBTOKOPEIALIAHOT (GYHKIIT MOTPILIHOCTI
repeadadeHHsI.

|

| 4000 -
: 3500
| 3000
: 2500
| 2000
: 1500
| 1000
: 500
|

[

|

|

|

-500
-1000 -

Puc. 6 — AprokopersiiiiHa GyHKIis TOTpilIHOCTI nepeadaueHHs

Metoguka BOT-A BugijieHHs mepiogy OCHOBHOI FapMOHIKH aKyCTHYHOIO
CHUTHAJLY

st BU3HAYCHHS JIOBKUHH TIEPiOly OCHOBHOI TapMOHIKH Tor LUIIXOM TOIIYKY

MiHIMaIbHOTO 3HaueHHS y (YHKIII cepelHhOr0 3HAYEHHS PI3HHIN aMILTITY]
CUTHAJy BUKOPUCTOBYEThCA MeTojuka BOT-A [7, 14]. 3rigHo 3 1i€f0 METOIUKOI0
Ha TepIIOMYy eTami JUIs KOXHOro S-ro ¢peiima curHamy 3aBaoBxku AN
00UHCITIOEThCs (QYHKILISI CEPETHBOI0 3HAYCHHST Pi3HUII

AN-1 -
v(k) =| S x(m)-x(m+k)- k€0,AN —1. (14)

m=0

Ha npyromy ertami BH3HA4YaeThCs, MPU SIKUX 3HAUYCHHSIX Ng: No e[nl,nz]
(yHKIIST CepeHbOTO 3HAYeHHS Pi3HUIL v(k) MiHIMajJbHA, III0 BIAIIOBigAE

BUJIUJICHHIO TIEPIOJIIB B AKYCTHYHOMY CHTHAJI:

v=minv(ny): No €[ny,ny]. (15)
No

A€ n, — MIHIMAjJbHA JOBXHHA IEPIOAY OCHOBHOI TapMOHIKH, n = inf Tor; N, —

MaKCHMaJlbHa JOBJKHHA Mepioly OCHOBHOI rapMOHIKH, n, =supT,, -
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OTpI/IMaHe 3HAYCHHS BU3HAYA€THCS K.

A =argminv(ny)- (16)
No

[Tepiox oCHOBHOI TapMOHIKH 3HAXOIUTHCS SIK:

T

(@)

{ﬁ, nlsﬁS n, (17)
r= '
0, wunakwe

Metoguka BOT-BII BuaijieHHsI mepioxy OCHOBHOI rapMOHIKH AKYCTHYHOIO
CHUTHAJY

BusHauuTu NOBXKHHY MEPIOAY OCHOBHOI TapMOHIKH Tor AKyCTUYHOI'O CHUTHAILY

MOXHa, 3aCTOCYBAaBIIIH BeHBIIET-TiepeTBOpeHHs (Meroauka BOT-BIT) [12, 14].
Ha mepuiomy erami o64nciroeTsest mpsiMe Oe3nepepBHE BEHBIIET-IEPETBOPEHHS,
SIKE MOKHA alPOKCHMYBATH BiIMOBITHO 10 (opMyIH MPSIMOKYTHHKIB Y BHTIISII:

5 —HIZ g H le0,N -1, At=1/f,, (18)
d,ul = Z X(n)ao l//(ao n —bolbt’ ey, ’ = d:
n=0

1€ A — piBEeHb PO3KIIaJaHH, Ha IKOMY JOCATAa€ThCS TIajKa rapMoHika, N — 1oBxuHa
curHany, At — Kpok KBaHTYBaHHS.

[Ipu BUKOHAaHHI BEWBIIET-TIEPETBOPEHHS BHUKOPUCTOBYETHCA OazncHa (YHKILS
Mopue:

v (&)= (27) M2 cos(ko)e ™ /2, kg =5, £=a; n—byl. (19

OCKUIBKH IOCIIJOBHICTD dyl € TJIaJIKOI0 TapMOHIKOI0, BiJilIaJae HEOOXIAHICTh

BUKOPHUCTAHHS aBTOKOPEJAMiiHOT (QyHKIIT 1 PyHKIIT cepeTHhOro 3HaYeHHs Pi3HUII
aMIUTITYZ CUTHANY, SIKi CKJIaZIHO 00OYHCIIOBATH. 3aMiCTh LLOTO HA IPYroMy €Tarli B
HOCJILIOBHOCTI d,ul BU3HAYAIOTHCS JIBA MaKCUMyMH, IO WIyTh AP, 1

OOYMCITIOETHCS PI3HUIIA MK HUMH N , Y BUIJISII

>d

uk =

d,.<d, >d, ,Ad,, <d, >d, . Ad, <d

w4l um=1 = Yum = Y m+l

A(j<k<m)>f=m-j. (20)

k41

[lepios OCHOBHOT TapMOHIKH 3HAXOJIUTHCS SIK:

A, n<A<n
Tor = {O <fisn,, @
. UHaxwe

A€ M — MIHIMAJbHA JIOBXKHHA NEPIOAY OCHOBHOI T'apMOHIKH, n = inf TOF; n, —

MaKCcHMaJbHa JIOBKWHA MEePioly OCHOBHOI TApMOHIKH, N , =supT,,
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BucHoBku

lonoBnoro mepeBaroro Meronuku SIFT € BUpiBHIOBaHHS CIIEKTpa CHUTHANY, IO
TIOJIETTIIY€E OI[IHIOBaHHS OCHOBHOI TapMOHIKH, a JI0 HEJOJIKiB MOXHA BiJHECTH:
BUKOPHCTAHHS TIOPOTY, IO Ha JesKUX (peiiMax aKyCTHYHOTO CHTHATY MOXKE
MPU3BECTH A0 MOMWIKH; 3HAYHY OOUYHCITIOBAIIbHY CKIIaJHICTh; 3aJICKHICTD BiJl PiBHS
IyMy.

HocroiactBamu metoanku BOT-A €: BicyTHICTB 3a3a)I€Ti/1b 3aJaHUX ITOPOTiB;
HECKJIaAHICTh o0unciens. [Ipu npomy, mpoTe, 30epiracTbes 3alIeKHICTD BiJ PiBHS
arymy.

Metomuka BOT-BII xapakTepu3yeTbcs BiICYTHICTIO 3a3/iajieTip 3adaHUX
MOpOriB; IMMBUAKUM TIOINIYKOM TIEpioJly OCHOBHOI TapMOHIKH; BIICYTHICTIO
3aJIeKHOCTI Bifl PIBHA IYyMY, OCKIJIBKH JOCHIIKYETbCS KOHKPETHUH [iama3oH
gacToT. B TOHf ’ke dac oOYHCIIIOBaNbHA CKIAIHICTH BEHBICT-IEPETBOPCHHS
BiJIHOCHO BHCOKA, y 3B'SI3KY 3 UM ITOTPiOHA ONITUMI3aIlis AITOPUTMY OOYHCIIEHb. 3a
CYKYITHICTIO XapaKTePUCTHK TIpH OOYHUCIICHHI JIOBXHWHU TEPioy OCHOBHOL
TapMOHIKH aKyCTHYHOTO CHTHAITy Kparoto € meronnka BOT-BIL.
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RECONSTRUCTION OF TREATMENT FACILITIES FOR
WASTEWATER TREATMENT AT «<ANTONOV» STATE ENTERPRISE

Abstract. The main priorities of Ukraine's foreign policy in the field of
environmental protection have always been political and institutional
rapprochement with the European Union (EU). In this regard, Ukraine has made
commitments to gradually harmonize national legislation with EU legislation.
Therefore, the "Directive 2000/60/EC of the European Parliament and of the
Council establishing a framework for the Community action in the field of water
policy" which aimed at improving the protection and improvement of the aquatic
environment through specific measures to reduce discharges, emissions and losses
of priority substances, as well as the cessation or elimination of discharges,
emissions and losses of hazardous substances, currently requires active
implementation. Therefore, the issue of reconstruction of wastewater treatment
plants at the enterprise of SE "Antonov" is very relevant. An analysis of the
operation of wastewater treatment plants at the enterprise of SE "Antonov" was
performed. Today, the entire complex of treatment facilities needs reconstruction
with design work to implement the latest technologies for extraction of petroleum
products from water and surface wastewater treatment, as well as the organization
of self-flowing water treatment regime. Measures for the reconstruction of treatment
facilities are proposed. The technology of operation of treatment facilities on the
principle of self-flowing water treatment regime is offered, which will allow saving
energy resources. An improved technology for extraction of petroleum products,
floating and suspended solids from wastewater, and purification of effluents for
dissolved petroleum products removal is proposed. Proposed measures will improve
the environmental situation in reservoirs where treated water flows.

Keywords: wastewater treatment plants; oil products; wastewater; rainwater;
meltwater; irrigation and washing water; floating and suspended solids;
technological scheme
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L JIIT «AHTOHOBY, M. KHiB, Ykpaina

2 HanjonaneHuii aepokocMiunuii yHiBepcuter iM. M.E. JKykoBchbkoro «XapkiBchbkuii
aBiamiifHA# IHCTUTYT», M. XapKiB, YKpaiHa

3 «YKPHJIEII», M. XapkiB, Ykpaina

PEKOHCTPYKIUSA OYUCHUX CIIOPY I AJ1 OYNIIEHHSA
3JIMBOBHUX BO/I HA IIIAITPUEMCTBI Il kxAHTOHOB»

Anomauin. OcHognumu  npiopumemamu  308HIWHbOI  noaimuku  Vkpainu
8 NPUPOO0OXOPOHHItL cghepi 3a82cou OY10 NOAIMUYHe MA THCIMUMYYitiHe 30IUNCEHHS
3 €gponeticoxum Coiozom (€C). V 36'a3xy 3 yum 6 Yrpaini npuiinami 30606'a3anms
Wo0o nocmynosoi eapmonizayii HayYioHaILHO20 3aKOHOOAECEA 00 3AKOHOOABCMEA
€C. Tomy Hupexmusa 2000/60/ €C Esponeticokoeo I[lapramenmy ma Paou 6io
23 aicoemusn 2000 p. «Ilpo ecmanosnenuss pamok OBLIbHOCMI CHIEMOSAPUCMEd
¥ cpepi 600HOT nonimuKuy, cnpAMO8ana Ha 800OCKOHANEHHS OXOPOHU | NONINWEHHS
800H020 cepedosuwia 3a O0NOMO2010 KOHKPEMHUX 3aX00i8 w000 3MeHUleHHs
cKuois, GUKUOI8 I empam RPIOPUMEMHUX DeYO8UH, d MAKONMC NPUNUHEHHS a0
Keioayii ckuois, 6uKudie i eémpam HeOe3NeyHUx peyosuH, HApaszi nompeodye
AKMUBHO20 8NPOBAONCEHHSA. ToMy NUMAHHA WOOO PEKOHCMPYKYIL OYUCHUX CROPYO
0N OuUWeHHs 31UB08UX 600 Ha nionpuemcmei JII «Anmonosy € Oyoce
akmyanvuum. IIposedeno ananiz pobomu o4ucHux cnopyo OYUWEeHHs 31UB0BUX 600
na nionpuemcmei JI1 «Anmonosey. Ha cbo200Hi 6ecb KOMNAEKC OYUCHUX CNOPYO
nompedye pekoHCmpyKyii 3 npogedeHHAM NPOEKMHUX Podim O 6NPOBAOHCEHHSA
HOBIMHIX MeXHON02il GI00LNeHHS 8I0 600U HAGMONPOOYKMi6 ma O00OYUUeHHS
NOGEPXHEBUX CMIYHUX 600, a MAKOJIC Op2aHizayii pobomu 6 CamonIuGHOMY
peoicumi. 3anponoHoeano 3axo0u 3 peKoOHCMpYKyii ouucHux cnopyo. Texnonocisa
pobomu ouuUCHUX CNOpyo, 3ACHO8AHA HA NPUHYUNI CAMONIUSHO20 PENCUM)
OuUWeHHA 800, 003601UMb  EKOHOMUMU  eHepeopecypCu.  3anponoHo8aHo
VOOCKOHANIEHY MEeXHONO02II0 GUIYVYEHHs 13 3IUB0BUX GUO HAPMONpooykmis,
NAABAIOYUX | 36AICEHUX PEUOBUH, MA OOOUUWEHHS 3TUBOBUX 80O 8I0 POFYUHEHUX
Hagmonpooykmie. 3anponoHo8aHi 3axoo0u 003601AMb NOMNUUMU EKOAOSIUHY
cumyayiro Ha 6000UMax, KyOu 31UBAIOMbCS OYULEHT 800U.

Knrouosi cnosa: ouuchi cnopyou; Hagpmonpooykmu, 31u8osi 00u, 0oujosi i mari
600U, NONUBO-MULIHI 600U, NIABAIOUI MA 36AJICEH] PEHOBUHU, MEXHONO2INHA cXeMa

Beryn

OCHOBHHMH TpPiOpUTETaMH 30BHINIHBOT MOJITUKKA YKpaiHW B MPHPOJOOXOPOHHIH
cdepi 3aBxau OyJo MONITHYHE Ta IHCTUTYLiiiHE 30MMKeHHS 3 €BpoIeHChKUM
Cotozom (€C). PesynbTaToMm nepexojy A0 SIKICHO HOBOTO PIiBHS BIJIHOCHH CTajia
MIArOTOBKa YTOJM Mpo acomiaiiro. Y 3B'SI3Ky 3 UM B YKpaiHi TpUHAHATI
3000B's13aHHS 1I0JI0 TTOCTYMOBOI TapMOHIi3alii HalliOHAIBHOTO 3aKOHOJABCTBA JI0
3aKkoHoaBcTBa €C.

Hupextura 2000/60/ €C €pponeiicbkoro [lapiaamenty ta Pagu Big 23 »koBTHS
2000 p. «IIpo BcTaHOBJIEHHS PaMOK [IiSUIBHOCTI CIIBTOBapuCTBa y cdepi BOAHOI
noyiTuku» [1] cnpsMoBaHa Ha BJIOCKOHAJICHHS OXOPOHHM 1 MOJIMIUEHHS BOAHOTO
CepeIOBHIIIA 33 JIONOMOTOK) KOHKPETHHMX 3aXO[IiB IIOJ0 3MEHIICHHS CKHIIB,
BUKHUJIB 1 BTpaT NPIOPUTETHUX PEUOBUH, a TAKOXK NPUINHHEHHS a0 JiKBimarii
CKHU/IiB, BUKHIB 1 BTpaT HeOE3MEeUHNX PEUOBHH.
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B Ykpaini octaHHIM 9acOM IPHAUIIETHCS JOCUTh 3HAYHA yBara mpooieMi cTany
HaBKOJIUIIIHBOTO IPUPOIHOTO cepenoBuua [2, 3, 4].

BpaxoByloun HaBeJeHe, NMUTaHHS 3 PEKOHCTPYKLIl OYMUCHHUX CHOPYA MAJIs
OYHIIIEHHS 3TMBOBUX BOA Ha mianpueMctsi J{I1 K AHTOHOBY € JyKe aKTyaJTIbHHM.

OuncHI cropyAuM 37IMBOBHX CTIYHHX BOJ MiBHIUHOI Teputopii [epxaBHOTO
HiANPHEMCTBAa «AHTOHOB» MoOynoBaHi y 1988 p. 3a IPOEKTHOIO AOKYMEHTALIETO,
ska po3pobmeHa iHctutyroM «KwuiBaBiampoekT». 3TifHO 3 TMPOEKTOM iX
HPOAYKTHBHICTh CKiIagae ountnenns 800 M%/100y 3MMBOBHX CTIYHHX BOJI.

Ha ouucHi criopynu 371MBOBHX CTiYHHX BOJ HAJXOJSTh IMOBEPXHEBI (IIOIIOBI,
TaJIi, HOJIMBO-MHIHI ) CTIYHI BOJIY 3 IBHIYHOI, MIBHIYHO-3aX1IHOT 1 MIBHIYHO-CXiTHOT
YaCTHH TEPUTOPIi MiaIpreMCTBa. BigBeneHHs MOBEPXHEBOTO CTOKY 3 IIMX TEPUTOPIit
3MIACHIOETHCS KOJICKTOPaMHU 3JIMBOBOI KaHamizarii miamerpamu 1000, 1200 Ta
1500 MM, Ha SKMX YCTaHOBJIEHO pO3MOIUIBHI KaMepd, OI0 3a0e3nevuyloTh
CIpSAMYBaHHS Ha OYWCHI CIIOPYAM YyCiX BHJIB IOBEPXHEBOI'O CTOKY (IOIIOBHX,
TaJINX, TOJMBHUX MUIOYUX BOJ).

TeXHOMOTIYHO CXEMOI0 BiJBEICHHS 1 OUMIICHHS MOBEPXHEBHX CTIYHUX BOJ
nependadyeHo OYMIIEeHHS HalOUThIT 3a0pyIHEHOI YaCTKH MMOBEPXHEBOTO CTOKY, IO
YTBOPIOETHCS B TIEPiOJl BUITAIIHHS JOMIIB, TAHEHHS CHITY Ta MHTTS IOKPHUTTS Ha
TepuTopii MmiAmpUeMcTBa, moO ckiagae He Menme 70% 00’eMy CTOKy 3a pik i
Bianosigae sumoram JIBH B.2.5-75; 2013 [11].

O4mcHI CIOPyA¥ 3TUBOBHX BOJ TIOBEPXHEBOT'O CTOKY 3 TEPUTOPIT IMiITPUEMCTBA,
y BIJNOBIAHOCTI 10 TPOEKTY, CKJIAAAIOTHCS 3 POy CTYNEHiB, 0 CKIAaay SIKUX
BXOJSITh:

— JBa pe3epByapH-BiACTiiiHuMKM eMuicTio; Ne 1 — 5000 M3, Ne 2 — 2000 m3.
PezepByap Ne 1 oOnamHaHWMl CeKIli€ro IS 3aTPUMaHHS TUTABAFOYOTO CMITTS Ta
HagronponaykTiB. Hadronpomykru 30uparoThcs 10 pesepByapy (3ani300eTOHHUI
KOJIOJIA3b) Ul 300py HadTOmpoayKTiB 00’eMoM 10 M3, PesepByapu-BincTiiHUKH
30ymoBaHO 31 30ipHUX 32713006 TOHHUX KOHCTPYKIIii po3MipaMu B TUTIaHi: pe3epByap
Ne 1 — 26x66 M, pesepByap Ne 2 — 26x26 M, OyniBensHOI0 rHOMHOIO 4,8 M Ta
pobouoio 3 Mm;

— OymiBisg, po3MipoM B IDIaHI 6X8 M, B sKili po3MillleHI TPUMIIICHHS s
2 mima”o-rpaBiitHuX (iABTPIB, HACOCHOTO BIIIIEHHS 3 3 TpyHamMH HAcOCIB —
MmoJladi OYMINEHOI y pe3epByapax BOIW Ha (QiIbTpH, mojaadi yuctoi GimbTpoBaHOi
BOAM Ha TPOMHUBKY (QIIBTPiB, BiIBENEHHS MPOMUBHOI BOIU IICIS TPOMHBKHU
(binbTPIB Y TONOBY OYUCHHX CIIOPY]I, MPUMIIIEHHS TpaHC(HOPMATOPHOI TTiICTaHII1.
Pe3epByap NpOMHUBHOI BOJM EMHICTIO 45 M3,

Bix po3nosiiibuux kamep, 10 BCTAHOBJICHI Ha JOUIOBUX KOJIEKTOPAX, CTIYHI
MOBEPXHEBI BOAM HAIXOIATh HA OYMCHI CIOPYIH MO TPyOONpOBOAY TiaMeTpoM
800 MM y cekmiro ajs 3aTpUMaHHS TUIABAFOYOTO CMITTA i Ha(TOMPOMYKTIB, SKa
oOyiaJJHaHa PENITKOK, 3TOHHOKI0 IUIAHKOIO, MOBOPOTHO-IIIIBOBUMH TpyOamH,
3aTOIUICHUM BHITyCKOM B pesepByap Ne 1. CrummBarodi Ha(TONpOIyKTH 3a
JIOTIOMOT'00 3TiHHOI IJIAHKHM 4Yepe3 MOBOPOTHO-IIILOBI TPYyOH CHPSIMOBYIOTH B
HAKOMUYyBad HA(QTOMPOAYKTIB JUIsl MOJAIIBINOT yTHTI3AIIii.

Ileperik Boam 3 cekuii Aisl 3aTpuMaHHA Ha(TONPOAYKTIB N0 pe3epByapa-
BigctiiHuka Ne 1 i1 mami o pesepByapa-BijcTiiiHuka Ne 2 3miiiCHIOETBCS depes
3aTOIICHI IEPEIyCKHI TpyOOIpOBOIH.

JloounieHi Ha MMAHO-TpaBidiHUX (iIbTpPax, M0 PO3TAIIOBaHI y CHemianbHil
OyaiBii, OYMIIEHI 37MBOBI BOIU CKHJIAIOTHCA y JIOLIOBUH KOJEKTOP, AlaMETpOM
1200 mwm i gani y piBuak HoBoOinuui, mpuToky p. IpmiHs.
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Ha chorosiHi 049HCHI COpyId He NPUIATHI 10 eKcIutyaTanii (3arabHUi BUTIIS
HaBeJIeHO Ha puc. | Ta 2). Bech KOMITIEKC OYMCHHX CIIOPY/L TOTPEOY€E PEKOHCTPYKIIIT
3 TMPOBEICHHSAM NPOSKTHUX POOIT JJIsS BIPOBAPKEHHS HOBITHIX TEXHOJOTIH
BIJUTUTEHHS BiJl BOAW HAPTONPOAYKTIB Ta JOOYHUIIEHHS MTOBEPXHEBUX CTIYHHUX BOII,
a TaKOXK opraHizailii poOOTH B CAMOIIIMBHOMY PEXUMI.

Y“

Puc. 2 — 3aranpHuii BUIIISA MIIAHO-TPaBiitHUX QUIBTPIB

3a pesyabTaTaMu NpPOBeIeHUX TOCJTIIKeHb iCHYIOUUX CIIOPYA O4YHMIIEHHS
3JIMBOBHX BOJ TA MOKJINBOCTI IX pEKOHCTPYKIIii MPONOHY€EThCS.

1. OOcTexuTH, | OYUUCTHTH BCI IIABIIHI Ta BiABIAHI KOJieKTOpH aiameTpamu 400,
500, 800, 1000, 1200, 1500 MM, nesiKi 3 HUX MOYKHA 3aTJIyIIUTH.

2. BigpeMoHTyBaTH BCi KOJOJs31, pO3TAlIOBaHi Ha KOJEKTOPax IOLIOBOL
KaHami3anii, miaHaBm ix #Ha 200 MM HaJ piBHEM 3eMITi.
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3. BuKOHATH MPOEKT MaiaHUYMKa JJIs1 3HCBOJHCHHS 0Cay, SIKUH BUIAISIETHCS 3
BiJICTIHUKIB, Ta JUI1 HOTO TUMYAaCOBOTO CKJIalyBaHHS.

4. BukoHaTu NpOEKT i OyAIBHUITBO HAripHOi KaHABH I MEPEXOIUICHHS Ta
BiJIBEJICHHS] TMMOBEPXHEBOTO CTOKY, IIO HAIXOAWTh 1O peibedy MicIeBOCTI Ha
CIUTAaHOBAHWH y BHIMIII MalIaHIYMK OYUCHHX CIIOPYA.

5. BukoHaTH MpPOEKTHI POOOTH IJisi BOPOBAKEHHS HOBITHIX TEXHOJOTIH
BIJUTUTEHHS BiJl BOAW HAQTOMPOAYKTIB Ta TOOYHIIEHHS TTOBEPXHEBUX CTIYHUX BO/I,
a TaKOX OpraHizailii poOOTH OYHCHUX CIIOPY/l B CAMOIUTHBHOMY PEKHMI.

6. IlpoBecTH peMOHTHO-OYAIBEIbHI POOOTH 32 MPOEKTAMHU.

HAns  BUKOHaHHA TEpIIMX YOTHPHOX MYHKTIB He Tpeda  BEIHMKHX
KamTajloBKIaZeHb. Jleski poOOTH MOXYTh BHKOHYBATHCS 32 JIOIIOMOTOIO
MeXaHi3MiB Ta pOOITHHKIB CaMoOro MiANpUEMCTBA. ABTOPH NPOMOHYIOTH JUIS
BUKOHAHHS T'SITOTO TYHKTY BHMKOHATH IPOEKT Ta PO3PaXyHKH 3a HACTYIIHOIO
cxemoro (puc. 3).

A 2 3 s 9 10 W

S

\J 7 71/

Puc. 3 — TexHosoriyHa cxema O4YMIIEHHS JOIOBUX CTIYHUX BOJ:
1 — OJ10K mOTIEPEAHBOTO OYHMILEHHS, 2 — CU(OHHUH MepeTiK, 3 — Ha TOBJIOBIIIOBAY,
4 — pe3epByap HaPTONPOAYKTIB, 5 — BigcTiitHUK Ne 1, 6 — necTpykTOpH HaQTOMPOIYKTIB,
7 — nepetiuni TpyOwH, 8 — BincriitHuk Ne 2, 9 — 6110k ocTaTouHOro OuMIeHHs, 10 — neperiuna
Tpy0a, 11 — KOJIo/ASA3b 3 ABTOMATHKO0, 12 — BiBIIHHIA KOJIEKTOP

Ilepen pesepByapom-BiacriiiankoM Ne 1 HeoOXxifHO MOOYAyBaTH OYUCHY
CHOpYAY [UId BWIYYEHHsSI 3BaXCHHX PEUOBHMH (MICOK, KaMiHI, HaMmyJl, JHUCTS
Y BUTJISIAI OPTaHIKH, TUIKH, AP Ta iH.), TNIABAIOYOTO CMITTS Ta iHITNX 3a0py/THEHb.
Jinst 1poro HeoOXiHO MOOYAyBaTH CHOPYAy OJOKY TMONEPEeAHBOTO OYWIIEHHS i
BIZICTOIOBaHHS 37MMBOBHUX BOA. OOnajgHaTH 1el OJOK aBTOMATUYHOIO CHCTEMOIO
BUAJICHHS IUIABAIOYOT0 CMITTS. CITKOIO-TPAHCIOPTEPOM, epiiTaMu BUAAICHHS
MICKY, 10 JIO3BOJIUTH SKICHO BHJIY4aTH HAQTOMPOIYKTH B HA()TOBIOBIIOBAYI.

JJ1st bOTO 3IMBOBY BOJTY, SIKA HA/IXOJAUTH HA OUHUILEHHS, HEOOX1JTHO MTPOIYCTHTH
Yepes creniajibHe CUTO, 13 BiAMOBIIHUM BiUKOM, Jie Oy1yTh BUIIyYeHi BCi I1aBaodi
pedoBuHU. 151 BUTYYEHHS 3Ba’KEHUX PEUOBHH B OJIOLI MOMEPEIHBOI0 OUMIICHHS
Tpeba oOnamTyBaTH BIJCTIHHWK 3 MPHUSIMKOM JUIsl 300py ocamy, epiidTaMu Jiis
BUAAJICHHS OCajay, Ja0ipUHTHUMH YIOBUIBHIOBAYaMH MOTOKY. TakuM YHHOM
37IMBOBA BoAa Oy/ie monepeaHbo ouriieHa. HactynHuii eTar — O4MIIeHHS 3TUBOBUX
BOJI Bijl HATOTIPOTYKTIB.
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[IpomnonyeThcst HAQTOBIOBIOBAaY MOOYAYBAaTH Yy BIAMOBIAHOCTI 10 HATEHTY
aBTOpiB cTaTTi Ha BuHAXig Ne 120726 «IIpucTpiii 1y OUMIIEHHS 37MBHUX BOJ Bif
Ha(pTONPOIYKTIB i 3aBUCITUX pedoBHH» Bix 27.01.2020, 6rom1. Ne 2 [9].

KoncTpyxkitito HadTOBIOBIIFOBaYa 3TiTHO 3 MATEHTOM 300pakeHo Ha puc. 4.
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Puc. 4 — Cxema KOHCTPYKIIiT HAQTOBIOBITIOBAYA:

1 — meperiuHa TpyOa, 2 — BepTHKaJIbHI 3aHypeHi MeMOpaHH, 3 — BIICTIHHUK, 4 — MOXIJICHI
3aHypeHi MeMOpaHu, 5 — 3acTiiiHa 30Ha, 6 — %0100, 7 — TaBpOMOAiIOHA CTiHKA, 8 — BEpXHS
HaIiB3aHypeHa MeMOpaHa, 9 — BTOpUHHH BiaCTiiHUK, 10 — cudonnunii Butik, 11 —
IUIaBaroye 3aBaHTaXeHHs, 12 — HadronakonuuyBay, 13 — HalHWKYKIT piBEHB, 10
MOJIA€THCS HA OUMIIEHHS, 14 — HAaUBUIIMI PiIBEHB BOJIH, 110 MOAAETHCS HA OYUIIICHHS

HadroBnosmoBay mpaitoe HacTymHHUM 4YMHOM. Boma 3 0Ojoka momepeaHboro
OYMIIEHHS TIO TepeTiuHii TpyO6i 1 CaMOIIIMBHOIO CHCTEMOIO HAJXOAUTH Y
BifcTiitHuk 3. TIpoTikaroun TO BiJCTIHHWKY, IIBHJKICTH MOTOKY YIOBIIBHIOETHCS
Yepe3 BepTHKAIBHI 3aHypeHI MeMOpaHH 2, a 3BepXy, 3a HOXMICHIMH MeMOpaHamu 4,
YTBOPIOEThCA 3acTiliHa 30HA 5, A€ 30MparoThcs HaQTONpoayKTH. PazoM 3 mortokom
IU1aBaroyi HaTONPOIYKTH MEPSHOCSITHCS JI0 TaBpOIOaiOHOI cTiHku 7. Buctyn Ha
TaBPOIOAIOHIH CTIHII HE J1a€ TOTPAIUIATH Ha(TOMpOoAyKTaM Has3aj B CTIYHY BOIY,
JiaJTi BOHH MOTPAIUIIOTH B IOXWIINH 5kK07100 6, a 13 k051002 — B HaToHaKonmuuyBay 12.
PiBHi Bomu 13 i 14 B Ha(TOBIOBIIOBAaYl HANAIITOBAHI TAKAM YHMHOM, IO BOjA i
HaTOMPOLYKTH OOOB’A3KOBO OyAyTh PO3IUIATHCS, a IICIAS PO3IUICHHS He
3MilIyBaTHCh. Y BTOPMHHOMY BIUJICTIHHMKY 9 y BepxXHil YacTHHI pO3TalIOBaHE
TUIaBaroue 3aBaHTaXeHHs 11, mpu3HayeHe Uil BUIYYCHHS i3 BOJIU PO3YMHEHUX
Ha(TONMPOMYKTIiB. B IKOCTI MJ1aBal040ro 3aBaHTAXKEHHSI BHKOPHCTOBYEThCS JIEPEB’ sTHA
CTpY’KKa XBOWHHX Topif 3 Oiogectpykropom. Jlani Bona yepes cudonnuii Butik 10
BUBOJIUTHCS 13 MPUCTPOIO CAMOIUTUBHOKO CUCTEMOKO Y BIACTIHHUK Ne 1.
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Ha Buxomi Bonum i3 Biacriamka Ne 1 (puc. 1), a Ha BXoxai y BimcTiHHUK Ne 2
o0yamHaHi ceKiii 3 TUIABAIOUYMMU 3MIHHHUMH OOHaMU, HAIIOBHEHUMHU JCpPEB’STHOIO
CTPYXKKOIO XBOWHHMX ToOpig 3 OiomectpykropoM. Taka sk cekuis obnamHaHa i Ha
BHXO1 BoaH i3 Bimcriianka Ne 2. Ha Buxoi i3 Biactianka Ne 2 (puc. 1) obnagrana
IJIaBaro4ya 3MiHHAa OOHa, HAOBHEHA JEPEeB’STHOI0 CTPYKKOK XBOWHHX TOpiA 3
OlogecTpykTopoM. Takuii TEXHOJIOTIYHHMIA MPHUIAOM JOOYHINEHHS CTiYHOI BOAH
JO3BOJIUTH OLTBII AKICHO OYHIIYBATH CTIYHY BOAy Bif HadTompoaykris. [leperiuni
Tpy6u 7, 10 1O3BONATH CTIUHIN BOAI CAMOIUIMBHOIO CHCTEMOIO HAIXOIUTH 13 OTHOTO
TEXHOJIOTIYHOTO By3J1a IO HACTYIMHOTO.

B ©Ornoui ocrarounoro ounmeHHs 9 (OyaiBms, po3MmipoMm B IuiaHi 6x18 M,
oOJamHaHa BHWITYyCKOM OYHINEHOI BOJM B 3JIMBOBUH KOJEKTOP) MOXe OyTH
pO3MillleHa yCTaHOBKA [Tl OYMIICHHS CTIYHOI BOAM BiJl BaXKKUX MeTamiB. J{J1st 1boro
HEOOXiZIHO 3aKyMUTH Ta BCTAHOBUTU HEOOXinHE OOJagHaHHS Ta PEaKTHUBH. SIK
MPaBUIIO, TaKe OOJIATHAHHA BHKOPUCTOBYE JEAKI COPOIiAHI METOIW OYHWIICHHS,
Opi€HTOBaHI Ha BU3HAYCHI BaXKKi MeTanu [6, 7, 8].

JlJis  aBTOMATHYHOTO KOHTPOJI SKOCTI OYMIICHOI CTIYHOI BOAM TEpen
CKHAJAHHIM B CTIYHHHA KOJIEKTOp, B Konozs3i 11 HeoOXigHO OOMamTyBaTH ITyHKT
ABTOMAaTHOTO KOHTPOITO KOCTI ountieHoi Boau [10]. CrocoOu KOHTPOIIO MOXKHA
BUKOPUCTOBYBAaTH Pi3Hi, HANpWKIa] METOA piAWHHOI XpomaTorpadii, wmac-
CICKTPOMETpIii, B IMOEJHAHHI 3 3ac00aMU OOYMCIIOBAIBHOI TEXHIKH, TO3BOJHUTH
OTIEpaTHBHO OJEPXKyBaTH HeoOXigHy iHdopmamito. Ilpm BuOOpi MmetoxiB
BU3HAYCHHS KOMIIOHEHTIB CTiYHHMX BOJ, HEOOXiJHO BpPaxOBYBAaTH HE TiJIbKH
METPOJIOTIUHI XapaKTEPUCTUKN MOPIBHAJIBHUX METOJIB, aje W Taki (akTopw, siK
BHUTPATH Ta CTIHKICTh PEAKTHBIB, BapTIiCTh BU3HAYCHHS, HAIIHHICTh aHAJI3aTOPIB,
HasBHICTh METOJAMYHOTO 3a0€3TeUeHHs, TPYAOMICTKICTh 00CITYTrOBYBaHHS MPUIIAIIB
1 TATOTOBKY TIPOOH.

BucHoBku

1. 3ampornoHOBaHAa TEXHOJOTIYHA CXEMa OYMIICHHS CTIYHHUX BOJ JIO3BOJIUTh
BUJTYYaTH 13 CTIYHOT BOJM HA(TONMPOAYKTH Ta BAXKKI METAJH, IO JACTh 3MOTY HE
3a0pyIHIOBATH ITOBEPXHEBI BOJIH 1 MOIIIIINTH €KOJIOTIYHY 00CTaHOBKY.

2. Peamizanisi pyxy piJiHU 110 OYUCHOMY MPHUCTPOIO B CAMOIUIMBHOMY PEXKUMI
JI03BOJIUTH EKOHOMUTH CHEPIreTUYHI PECYPCH.

3. BukopucTaHHs OJIOKa MOMEPEIHHOrO OYHILNEHHS JIO3BOJUTh BHIIyYaTH
3BaYKEH1 PEUOBHHHU (ITICOK, KaMiHIIi), HAMYJI, y BUTJISIII OPTaHIKH, TJIABAK0YE CMITTSI
(yucTs, TiNKy, mamip Ta iH.) 1 He 3aCMIi4yBaTH OYMCHY CIIOPYY.

4. Po3pobmeHi 3axoad JMO3BOJSTH TOJNIMIIATH EKOJOTIYHY CHUTYallilo Ha
BOZIOMMAX, KyJI1 HAJXO/ATh OUYMIICHI 3JIMBOBI BOJIU MIANPHEMCTBA.
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PROSPECTS OF DESIGNING SMALL ARCHITECTURAL FORMS
USING ALTERNATIVE ENERGY SOURCES

Abstract. The energy efficiency of the transport system is one of the key issues in the
concept of sustainable development of modern cities. Increasing energy efficiency
in the transport sector implies increasing the efficiency of the entire transport
sector: from modernizing vehicles to introducing energy-efficient comfortable stops
for public transport into the city system. One of the problems of modern architecture
of large cities is the creation of a unified architecture of small architectural forms
(SAF), namely, stops of urban public transport. They should not only have a modern
design, but also be comfortable, functional, safe and energy efficient. In the article,
the authors propose a unified urban archetype for an energy-efficient public
transport stop for the city of Kyiv. Energy efficiency is achieved by installing solar
panels on the roofs of the SAF. During the placement of the bus stop, it is imperative
to take into account the shading from nearest buildings located on the south, south-
east and south-west sides. Depending on the orientation of the roof of the stop to the
cardinal points and the type of solar panels, it can generate about 2030 kW -h/year
(west orientation) — 2269.9 kW-h/year (south orientation) of electricity. The
maximum deviation from the averaged equal-percentage value (2143.16 kW-h/year)
related to the actual data between the maximum and minimum of generation is only
5.55%. This is explained by the angle of photovoltaic panels, which is optimized for
universal use. The proposed archetype is energy efficient, functional, and therefore
can be taken as a basis for mass placement in the city.

Key words: public transport stop; energy efficiency; solar panels; archetype
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Introduction

Today, energy is the most important driving force of world economic progress. In
the middle of the 20th century, energy consumption was growing in all countries of
the world. If we look at the structural components of the world energy, we can see
that most needs are provided by the use of minerals: coal, oil, natural gas, uranium.
This leads to depletion of natural resources. Today environmentalists note that
humanity requires 1.75 of planet Earth to provide all needs [1]. This means that
people consume so quickly that the planet does not have time to replenish its
resources. The UN report "Climate-neutral cities" [2] emphasizes the paramount role
of urbocenoses in mitigating the problems associated with climate change.
According to experts, 75% of global energy consumption and 80% of greenhouse
gas emissions fall on cities [2]. The main contribution to the greenhouse effect is
made by CO-, which is an indicator of the ecological footprint of urbocenoses. The
main contribution to the greenhouse effect is made by CO,, which is an indicator of
the ecological footprint of urbocenoses. Despite sharp fluctuations in the
concentration of CO- in the Earth's atmosphere over the past geological period, the
natural cycle of CO- over the past few millennia has not changed.

Anthropogenic activity disturbs this balance due to the release of CO, bound in
such natural carbon storage as fossil fuels and green biomass. With the beginning of
the industrial era in the XVIII century, the concentration of CO; in the atmosphere
has increased by almost a third. As a result of these actions over the past century,
there has been a global increase in average temperature, followed by global warming.

Reducing CO; emissions is the main mechanism for slowing down climate
changes. In solving this problem, technologies with alternative energy sources are
proposed.

In August 2018, the Government of Ukraine adopted the “Strategy for Low
Carbon Development until 2050 [2], which provides a gradual reduction in fossil
fuel use and the start of investment in renewable energy sources. Therefore, the
search and implementation of energy efficient technologies is a priority task.

One method of the reduction CO; emissions is the use of solar radiation to
generate electricity [3-7; 8-12; 13-14].

The energy efficiency of the transport system is one of the key problems in the
concept of sustainable development of modern cities [15]. Increasing energy
efficiency in the field of transport implies increasing the efficiency of the entire
transport sector: from modernizing vehicles to introducing energy-efficient
comfortable stops for public urban transport into the urban system [16-18].

Ukraine has developed the "Strategy for Sustainable Development of Ukraine
until 2030". One of the operational purposes of the "Strategy" is to create a viable
infrastructure, to promote inclusive energy efficient and innovative industrial
development [19].

Within the framework of the "Strategy" in the city of Kyiv, the project of the
solution of Kyiv "About the consolidated concept of the development of transport
stops in the city of Kyiv" [20] was broken up. The project envisages the definition
of archetypes of transport stops and the improvement of a single procedure for their
placement, arrangement and maintenance. At the same time, city public transport
stops should have a modern design; should be compact and functional; should be
suitable for all age groups of passengers, taking into account people with disabilities;
should be safe; environmentally friendly and energy efficient.
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The idea of creating SAFs using solar panels is not new. For example, London
was the first city in the world where TfL (Transport for London) in 2002—2005 tried
bus stops with photovoltaic. Later this example was followed by cities in Canada
and the USA [21]. Several autonomous stops have even been installed in Kyiv
[21-23]. However, there has been no experience of mass construction of such stops.

Materials and Methods

The purpose of the work is to create a project of municipal transport stop using
a renewable energy source (solar photoelectric modules with double glass).

Tasks:

— to calculate the amount of electricity required to provide a stop lightning
during the year;

— to create a project of a stop for further mass installation in Kyiv.

Currently, there are more than 2,570 public transport stops in Kyiv. There are for
about 1,190 equipped with waiting pavilions, 664 — with stop complexes [24]. Most
of them are aesthetically and technically outdated.

It should be noticed that almost all existing stops consume electricity from the
electricity grid for lighting at night and heating during winter period. According to
the following formula, we calculate the amount of electricity required to illuminate
one stop during the year:

W=N-P-1-z 1)

where W — amount of electricity required to illuminate one stop during the year
(kWlyear); N — the number of luminaires at one stop (pcs.); P — the power of one
luminaire (W); t — the time during that the luminaire consume energy (hours);
z — number of working days.

According to calculations, we have approximately 1051 kW/year for one stop
(we take 8 lamps, the power of each of which is 36 kW, 8 hours of operation during
365 days).

According to formula (2) we find the amount of energy consumed by all stops in
Kyiv during the year:

Woeneras = W + @, (2)

where Weenerat — the amount of electricity consumed by all stops during the year
(kWlyear); W — the amount of electricity consumed by one stop during the year
(kWlyear); a — the number of stops in the city of Kyiv (pcs.).

For comparison, according to the method of electricity audit [25] it is established
that an apartment of 100 m?will consume 10-15 kW of energy per day, which will
be 3650-5475 kW per year. All the energy spent on lighting all the capital’s bus stops
could be provided from 500 to 700 apartments with an area of 100 m?.

To solve the problem of energy consumption of existing stops, a project of the
bus stop with photoelectric modules was developed.
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To fully provide an illumination of a stop, the solar module must generate a
certain amount of electricity. This number is not constant and depends on a number
of factors:

— period of the year and number of sunny days;

— longitude and latitude of the area (in our case we take the city of Kyiv);

— shading from nearest buildings located on the south, southeast, southwest

sides;

— location of the object relative to the north-south direction;

— number of luminaires and their power (calculations were performed for LED

luminaires with a power of 36 W).

Kyiv is located at 50° 27' 16" north latitude and 30° 31' 25" east longitude.

The time of sunrise and sunset during the year for the city of Kyiv (Fig. 1) varies
in such a way that the greatest duration falls on the summer period (16-18 hours per
day), and the smallest — respectively on the winter (11-13 hours per day).

PNOQAOOONOY

195.12.5p.16, 2019-10-20Td3:40 ,
I I1 111 v v vl VIl VIl IX X X1 XII

Figure 1 — Day and night duration schedule for Kyiv [26]

—day time; I night time; - —sunrise; —sunset

Data about the amount of sunlight that falls per unit area of the surface for the
city of Kyiv (Table 1) is accepted according to the current norms in Ukraine [27].
We see that the largest amount of sunlight falls during the period from June to
August, the smallest — from December to February. The largest amount of electricity
will be produced in the period from May to September in the southern, southeastern
and southwestern orientation of the roof (Table 2). Excess electricity can be collected
for further use or for recharging gadgets and electric scooters (at the stop there is
a parking space for bicycles and scooters).
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Table 1 — Solar radiation gains on a horizontal surface, averaged by month

Month L[V v VEVI VI X | X | XX
Days number n 3112831303130 ]31)31)30)31)30]31

MJ/(m*mon) | o5 | 46 |100{170|285|300|300|265|170| 80 | 23 | 15

MJ/(m?*day) |0.81|1.64]3.23/5.67|9.19|10.0|9.68|8.55|5.67|2.58(0.77|0.48
kW-h/(m*day)|0.22(0.46(0.90|1.57|2.55|2.78|2.69|2.37|1.57|0.72|0.21|0.13

Direct

MJ/(m*mon) | 60 | 96 | 170|215 | 280|290 | 288|230 168|110 58 | 44

MJ/(m*day) |1 94|3.43|5.48(7.17(9.03|9.67(9.29|7.42(5.60|3.55|1.93| 1.42
kW-h/(m*day)|0.54|0.95|1.52(1.99|2.51|2.69|2.58 |2.06|1.56|0.99|0.54 [0.39

MJ/(m?mon) | g5 | 142|270 | 385 |565 | 590|588 | 495 | 338|190 | 81 | 59

surface, averaged by month
Diffuse

Total

MJ/(m*day) |2 74|507|8.71|12.8]18.2]19.7|19.0|16.0|11.3]6.13(2.70 | 1.90
kW-h/(m?day)|0.76 |1.41|2.42|3.56|5.06 |5.46|5.27 | 4.44|3.13|1.70|0.75|0.53

Solar radiation gains on a horizontal

Table 2 — Annual amount of produced energy at orientations that cause high
effectiveness of energy production

Roof orientation Produced electric energy,
kW-h/year

West 2030,4

South West 21712

South 2269,6

South East 2266,2

East 2163,7

It is convenient to determine the amount of electricity produced by solar panels
in specialized software.

This work uses the Power Calculator program, developed by IBC Solar [28]. It
uses standard calculation techniques.

The program requires you to enter the location address of the object, length,
width, angle and orientation of the roof. Another possibility is to draw the contours
of the roof on the map with the task of the lowest edge and angle of inclination.

Results and Discussion

Civilization moves from consumer society to sustainable development. The first
estimates a man by the amount of consumption, which leads to overconsumption of
energy resources, excessive environmental pollution by carbon dioxide and other
combustion products, heat, waste etc.

The sustainable development estimates by the amount of resource economy. This
causes decrease of environmental pollution sometimes, to the detriment of economic
effect. In this case, architecture should be not only aesthetical, but also pragmatic,
energy-efficient, environment-friendly, and, if possible, combined with renewable
energy generation.
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Small architectural forms are especially perspective in this regard. There are too
lot of them in modern cities. Municipal transport stops are especially important for
people. Unlike the rest of SAFs, there is no possibility to avoid them. In many old
cities, a lot of them are decrepit and need reconstruction. It is important to create an
architype of functional and energy-efficient stops of municipal transport.

The authors have developed an archetype of autonomous municipal transport
stop. The bus stop has an area of 20 m?. There is a kiosk, a waiting area, an area for
bicycles and scooters. The project also provides sockets for charging gadgets.

The stop has a v-shaped roof, each part of which is inclined at an angle of
15 degrees to the horizon (Fig. 2, 3). The autonomy of the stop is achieved by
installing solar photovoltaic modules with double glazing and a battery pack for
energy storage. It is also possible to install a specialized controller to control the
charging process and energy consumption.

The amount of electricity that solar panels will produce depending on the
orientation of the roof is given. According to calculations using the Power Calculator
program, the largest amount of electricity will be generated in the period from May
to September in the south (2269.6 kW-h/year), southeast (2266.26 kW-h/year) and
southwest (2171.2 kW-h/year) roof orientation.

The averaged equal-percentage value related to the actual data between the
maximum and minimum of generation (Table 2) is

2-:2030.4:2269.6/(2030.4-2269.6) = 2143.16 kW-h/year

The maximum deviation is only 5.55%. This is explained by the angle of
photovoltaic panels, which is optimized for universal use.

The architype is recommended for wide introduction in modern cities and towns
to rise energy efficiency and provide sustainable development of urbocenoses.

Conclusion

The completed stop project contributes to the sustainable development of cities,
including the following benefits:

— aesthetic appeal due to modern design and new technologies;

— autonomy and energy independence (due to the installation of solar
photovoltaic modules with double glazing and a battery pack for energy storage);

— environmental friendliness. Solar panels use alternative sources (sunlight) as
a source of heat. Due to this, they are environmentally friendly and safe;

— security. The lighted stop in the evening is a safe place to wait for public
transport, storage of bicycles and scooters;

— comfort. The project of stopping public transport with the use of alternative
energy sources makes it possible to create more comfortable living conditions for
people of different ages and different physical abilities at this facility;

— due to the listed advantages, the proposed project can be taken as a basis for
creating a common architecture for public transport stops for the Kyiv city.
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Figure 2 — drawings of the stop:
a — stop plan with location of functional areas;
b — general view of the stop
with functional areas and solar panels
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Figure 3 — Visualization of the bus stop: a — autumn-winter period;
b — spring-summer period
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T. Tkauenko, O. Tkauenko, O. Bojomkina, A. Yiima

NEPCIHEKTUBHICTb INPOEKTYBAHHSI MAJIUX APXITEKTYPHUX ®OPM
3 BAKOPUCTAHHSIM AJIbTEPHATUBHMX JPKEPEJ EHEPITi

AnoTanis. ExneproeekTHBHICTE TPAaHCHIOPTHOI CHCTEMH € OJHHM i3 KIIIOYOBHX ITHTaHb
KOHIICMIIi CTajJoro pO3BUTKY CydacHHX MicCT. [ligBUIEHHS eHeproeeKTHBHOCTI
y TPaHCIIOPTHOMY CEKTOpi nependavae mijBUILEHHST e()EKTHBHOCTI BCHOI'O TPAHCIIOPTHOTO
CEKTOPY: BiI MOJEpHIi3allii TPAHCIIOPTHHUX 3aCO0IB /10 BIPOBAKCHHS €HEProehHEKTHBHUX
koMpopTabenbHUX 3yNMUHOK Ul TPOMAaJCbKOTO TPAHCHOPTY B MiChbKy cuctemy. OJHi€r0
3 mpo0JieM CydacHOI apXiTEKTYpH BEJIHMKUX MICT € CTBOPEHHS €JMHOI apXiTeKTYpH MalluX
apxitektypHux ¢opm (MAD), a came, — 3yIHHOK MiCEKOTO TPOMAJCHEKOTO TPAaHCIOPTY.
Bonn moBUHHI MaTH HE TUTBKU CyYaCHHH JU3aiH, ajie i OyTH 3pyIHUMU, QYHKI[IOHATEHUMH,
0e3MeYHIMH Ta €HEProeEeKTUBHUMHU. Y CTaTTi aBTOPH IPONOHYIOTh YHI(iKOBAaHUH MiCHKHI
apxitum Juisi eHeproe(eKTHBHOI 3yNMHKH T'POMaJICBKOro TpaHCHOpTy s Mmicta Kuesa.
EHeproeeKTHBHICTh OCATAETHCSI BCTAHOBJICHHSIM COHSYHHX TaHenel Ha naxax MA®. ITix
Yac po3MillleHHs 3yTMHKH 000B’I3KOBO BPaxOBYBATH 3aTiHEHHS BiJl HAHOIMKYMX OyaiBeb,
pO3TanIoBaHUX Ha MiBIACHHIN, MIBASHHO-CXIHIN Ta MiBIEHHO-3aXiIHil CTOpOHAX. 3alIEe)KHO
BiJ opieHTAIii 1axy 3yNMHKHA HAa OCHOBHI TOYKH Ta TUIy COHSAYHHMX IaHEJEH, BOHa MOXe
BupoOmsati  6mm3bko 2030 kBT roa/pik (opieHtamiss Ha 3axim) — 2269,9 kBrron/pik
(opieHTamis Ha MiBAEHB) eNeKTpoeHeprii. MakcuMalbHEe BIIXWIICHHS BiI yCepeaHEHOTO
piBHOIIpoIIeHTHOTO 3HaueHH (2143,16 kBT Toa/piK), 0 cTOCYETHCS (PAaKTUIHUX TAaHUX MiXK
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MaKCMMYMOM Ta MiHIMyMOM reHepaii, cTaHOBUTb jmie 5,55%. Lle nosicHIoeTbest KyToM
Haxwiy (OTOENEKTPUYHMX TaHeJeH, SKUH ONTHUMI30BAaHMH il YHIBEpCaJIbHOTO
BHKOPHCTAHHS. 3aIpOITIOHOBAHUN apXiTHII € eHeproe() eKTUBHIM, (QYHKIIOHATHHNM, a OTKE,
HOT0 MOJKHA B3SITH 32 OCHOBY JUISI MACOBOTO PO3MIIIICHHS B MICTi.

KirouoBi cioBa: 3ymmHKa TPOMAACHKOTO TPAHCIOPTY; €HEProe(peKTHBHICTH, COHAYHI
TIaHel; apXiThuI

Cmamms naditiwna 0o pedaxyii 22.09.2020 i nputinama 0o OpyKy nicisi peyeH3y8aHHs
17.12.2020

Trkavenko Tersina MukosaiBHa

JOKTOp TEXHIYHHX HayK, KaHIUAAT O0i0JIOTiYHMX HayK, mpodecop Kadeapn oXOpoHH Iparli
Ta HaBKOJIHMITHHOTO cepenoBuia KniBchbkoro HalioHaIHHOTO YHIBEpCUTETY OYJiBHHUIITBA Ta
apxiTeKTypu

Anpeca podoua: 03037 Ykpaina, M. Kuis, npocrmext IToBiTpodmorcekuit, 31

ORCID ID 0000-0003-2105-5951 e-mail: tkachenkoknuba@gmail.com

Trauvenko Ouiekciii AnapiiioBuy

CTyAeHT KadeapH apXiTEeKTypHOT0 IPOSKTYBaHHS LIMBIIBHUX OyAiBensb i ciopya KuiBcbkoro
HAaIliOHAILHOTO YHIBEPCUTETY OyAiBHHUITBA i apXiTEKTypH

Anpeca po6oua: 03037 Ykpaina, M. KuiB, npocniext IloBitpoduorcbkuid, 31

ORCID ID 0000-0003-1536-5208 e-mail: alext654321123456@gmail.com

Bonomkina Onena CemeniBHa

JOKTOp TEXHIYHMX HayK, mpodecop Kadeapud OXOpPOHHM TMpali Ta HaBKOJIHMIIHBOTO
cepenosumma KuiBChKOTo HaIliOHAIEHOTO YHIBEPCUTETY OYIBHUITBA Ta apXiTEKTYPH
Anpeca podoua: 03037 Ykpaina, M. KuiB, npocniext IToBiTpodnoTcrkmit, 31

ORCID ID 0000-0002-3671-4449 e-mail: e.voloshki@gmail.com

Yiima Anam

KaHIWJaT TEeXHIYHUX HayK, BHKJIanad Kadenpu imkeHepil OyIiBelbHHX IPOLECIB
YeHCTOXOBCHKOT ITOJIITEXHIKH

Anpeca poooua: [lonpma, M. YeHcTOXOBA

ORCID ID 0000-0001-5331-6808 e-mail: adam.ujma@pcz.pl

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 1 (37), 2021



UDC 504.064.2

Tetiana I. Kryvomaz, Dr, Professor of Departament of Labour and Environment Protection
ORCID ID 0000-0002-4161-9702 e-mail: ecol@i.ua

Antonina M. Savchenko, Senior Lecturer
ORCID ID 0000-0001-8518-968X e-mail: asav2509@gmail.com

Kyiv National University of Construction and Architecture, Kyiv, Ukraine

THE REDUCING OF CONSTRUCTION INDUSTRY INFLUENCE
ON CLIMATE CHANGE BY IMPLEMENTATION OF GREEN BUILDING
PRINCIPLES

Abstract. The construction industry has a significant impact on climate change due
to the urbanization increase, as cities consume 75% of the world's natural resources
and contribute 80% of global greenhouse gas emissions. At the same time, the
construction and the built environment directly depend on a number of climatic
factors. Climatic information is used at all stages of the construction project:
concept development, technical design, organization and conduct of construction
works, operation of buildings and structures, repair and reconstruction, destruction,
utilization and recycling. The role of the construction industry in achieving the UN’s
Sustainable Development Goals and reducing the impact on climate change through
the implementation of green building principles is analyzed. Green building aims to
minimize the negative impact on the environment, and innovative green technologies
reduce carbon emissions.

Key words: climate change; green building; sustainable development; risks;
environmental safety

T.I. Kpusoma3, A.M. CaBueHKO
KuiBchkuii HallioHabHUIN yHIBepCUTET OY/IIBHUIITBA Ta apXiTekTypH, M. Kuis, Ykpaina

3HU)KEHHS BILUIMBY BY AIBEJIBHOI FAJTY3I
HA KIIIMATHUYHI 3MIHHM LJIAXOM BITPOBA /UKEHHSA
HPUHIAIIIB 3EJIEHOI'O BY IIBHULITBA

Anomauyin. byoisenvna eany3v cymmego 6nauac Ha nepedie KiiMamudHux 3miH
6HACNIOOK NpUMBUOULEHHsT meMnig YpOanizayii, adxce micma cnodcugaomos 75%
C8IMosux npupooHux pecypcie ma enocamov 80% enodanvHux 6uKudi6 NAPHUKOBUX
2asig. Boonouac 6yoisnuymeo i nobyoosamne cepedosuuje 6e3n0cepedHbo 3anexicams
60  yinoi  Husku  Kuimamuunux — gaxmopie.  Knimamuuna  ingopmayis
BUKOPUCIOBYEMbCSL HA 8CIX cmadisx OYOI8ebHO20 NPOeKmY: po3poOKa KOHYenyii,
MmexHIuHe NpPOeKmy6auHs, Opeauizayis ma npogedenHs OyodiserbHuUx pooim,
excniyamayisi  0yoieenv 1 cnopyo, peMOHm ma PEeKOHCMPYKYIs, 3HeCeHHs.
3 noCHi008HO ymuaizayicro ma peyukiizayiero. Ilpoananizosano ponv 6yodieenvHol
eanysi y oocsenenni yineti OOH 3i cmanoeo po3eumxy ma 3HUICEHHS GNIUBY HA
KAIMAMUYHI 3MIHU 3G O0NOMO2010 8NPOBAONCEHHSA NPUHYUNIG 3e1eH020 OYOIGHUYMEA.
3enene 6ydisHuymeo cnpamosane Ha MIHIMI3AYil0 He2AMUBHO20 BNAUBY HA OOBKLIIA,
a IHHOBAYILIHI 3e/IeHT MeXHOI02I] 3abe3neuyroms CKOPOUEHHsl BUKUDIB 8YeaeYio.
Kniouogi cnoea: xnimamuuui 3minu; 3eieHe O0YOIGHUYMBO, CMANUL PO3GUMOK;
PUBUKU; eKON02IUHA be3neKa
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Beryn

[IpoGiiemMa KJIIMATUYHUX 3MiH 3arOCTPIOETHCS BHACHIIOK MPHUIIBUAIICHHS TEMIIIB
ypOaHizamii Ta BuUYepHaHHA pecypciB. binblle MOIOBHHW IOMEH MPOXHUBAE B
MICBKHX paiioHax, a 10 2050 poky 1 mudpa 3pocTe 10 IBOX TPETUH HACEICHHS
cBiTy [21]. Bxe croromni B OAE 85% HacedeHHS MENIKae y MicTax, MpU IbOMY
CKJIaJHI KIIMaTHYHI YMOBH OOYMOBIIOIOTh HEOOXIJHICTh BHCOKHX BHTpaT Ha
MiATPUMaHHS MTYYHOTO CepeoBHINa icHyBaHHs [ /]. O4uikyBaHHS 3pOCTaHHS PiBHS
KOMpOpTy TOOYAOBAaHOTO  CEPENOBHINA  3aKOHOMIPHO  CYMPOBOIKYETHCS
i ABUIICHHSM BUKOPUCTAHHS pecypciB i eHeprii. Micta crioxkuBatoTh 75% CBITOBUX
NPUPOTHUX PECypCiB Ta BHOCITH 80% rito0aabHUX BUKU/IIB ITAPHUKOBUX rasis [25].
Poub MicT 3pocTae eKCIIOHEHIIAIBHO 3 HACIIAKaMH iX BIUIMBY Ha KJTIMATUYHI 3MiHU.
Tineku B Kurtai HapaxoByeTbcs Oinpiie 100 meramomiciB 3 HaceJIeHHSM MOHA
MinbiioH MemkaHmiB [13]. B ychoMy CBITI 3pocTae KUIBKICTh KIIMATHYHUX
KaTaK/Ii3MiB, 30KpeMa aHOMAaJbHHUX TOTOJHUX SIBUII, IO MPU3BOIATH JO MOKEK,
mocyx Ta moBeHeil [6]. Pusuku KaiMaTHUHUX 3MiH A7 Oi3Hecy Ta (iHaHCOBHX
PHUHKIB peaibHi i IOCHITIOIOTHCS 3 KOXKHUM JHEM, TOMY HaJ[3BHUYATHO BXKIIMBO, 1100
yIpaBIiHHSA OyIiBENbHUM Oi3HECOM 3MIMCHIOBAJIOCH Y BiAMOBIAHOCTI 10 WX
PU3UKIB 151 TOOYTOBH OLIbIII CHUJIBHOI, CTIMKOI Ta CTaol rio0aibHOI €KOHOMIKH
[17]. MixxHapo/Hi iHBECTOPH HEPYXOMOCTI BCE O1TbILE YCBIOMITIOIOTh KITiIMAaTH4HI
pU3WKH Ta TOTPeOy B CTIHKMX aKTHBax. bputaHchkuil [HCTUTYT MiCBKUX TepUTOpiit
BPaxOBYE BaXIMBICTh KIIMAaTHYHUX 3MiH B TMPOIECI MPUHAHATTSA DIlICHb OO
HepyxoMocTi [25]. Cpimomi mnpodecioHasn OymiBedbHOI Taily3i Biq4yBalOTh
BIJIMOBIMaNbHICT 32 HETaTUBHUM BIUIMB HAa JOBKULII 1 HaMararThCs
3aMpoBa/KyBaTH CTIMKI 3axOomWd s 3MEHIIEHHS pPYyWHIBHUX KITIMaTHIHUX
HACITiAKIB, 00 3a0€3MEeYNTH PO3BHUTOK 1 MPOLBITAHHS HACTYITHUX MOKOJiHb.

ITocTanoBKka 3aBIaHHA

MeToro JOCTi/KCHHSI € BHU3HAYEHHsI LUISAXIB 3HIKCHHS HETAaTHBHOTO BIUIUBY
OyIiBeNbHOI Tany3i Ha KIiMaTH4HI 3MiHU. B y3romkeHHi 3 MeToto chopMyTboBaHO
TaKi im;
e [poaHaNi3yBaTH pojib OyniBenbHOI ramy3i y mocsrHenHi ninedr OOH 3i
CTaJIOTO PO3BUTKY Ta 3HW)KEHHS BIUIMBY HA KJIIMaTHUUHI 3MiHHU;
® BU3HAYUTH BAXJIMBICTh BHUKOPHCTAaHHSA KJIIMaTH4YHO!I iH(pOpMalii Ha BCiX
eTamax Oy;iBebHUX MPOEKTIB;
® JIOBECTH CIPOMOXHICTh TEXHOJIOTIH 3eleHOro OyAiBHUITBA CIPUSATH
3MEHIIIEHHI0 HETaTUBHOTO BIUIMBY OYyAIBENBbHOT Taimy3l Ha JOBKULIS Ta
KJIIMATUYHI 3MiHH.

Pe3yabTaTi gocaigxeHnb

Cexrop OymiBHUITBA Ta MaliHa Bi/lirpac KIIOYOBY poiib y 3a0e3mnedeHHi mineit OOH,
BpaxXxOBYIOYH 3HAYHI €KOHOMIiUYHi, €KOJIOTI4HI Ta COIiaIbHI HACIIJIKHA Ta IepeBardy,
noB'sA3aHi 3 OyAiBeTbHUMH MNPOAYKTaMH, OyAIBISIMH Ta 1HQPACTPYKTYPHUMH
aKTHBAMHM MPOTATOM iX KUTTEBOTO 1Ky [17]. Pesomonist I'enepanbaoi Acamoiei
OOH «IleperBopennst Hamoro cBiTy: [lopsaok qeHHUi B 001aCTi CTaIOro pO3BUTKY
Ha riepion 10 2030 poxy» (Transforming our world: the 2030 Agenda for Sustainable
Development) Bkmtowae 17 ['mobanenux minerd (Llimi cramoro possutrky — LICP),
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SIKAM  BiNOBimaroTh 169 3aBmaHb, COPSIMOBAHWX HA JKHTTECTIHKHA PO3BHUTOK
IUIAHETH, 3aXUCT JIOBKUUIA, ITOJOJIAHHS OiHOCTI Ta 3a0e3IMEYeHHs 3arajibHOTO
npougitanHs [21]. CeitoBa paga 3enenoro OyaiBHunTea miarpumye Llini OOH 3i
CTaJIOTO PO3BUTKY, SIKi BKa3YIOTh IIUISIXH €KOHOMIYHOTO 3pOCTaHHS 3 YPaxXyBaHHIM
poOIeMH TIIOOABHUX KIIIMATHYHUX 3MiH I TacllOM «CIPUATH TPOIBITAHHIO,
3aXHINAI0YM [JIaHeTy». MDKHapogHui JocBil y ©OaraTbox KpaiHax CBITY
MIEPEKOHJIMBO CBIIYUTH IIPO Te, IO 3elieHe OYAIBHUIITBO CTIpHsie focsTHEeHHTO Llineit
CTAJIOTO PO3BHUTKY 1 BHCTYNA€ y pOJi KaTajli3aropa Ui BHPIIICHHS ESKAX
HaHOUIBII aKTyaJbHUX CBITOBUX NpoOiieM [23]. BrpoBamkeHHS iHHOBAIiHUX
TEXHOJIOT1H 3eJIeHOro Oy IIBHUIITBA JTO3BOJISE HE TIIBKU €KOHOMHUTH €HEPTit0, BOY,
pecypcu Ta 3MEHIIYBaTH BHKHIM BYTJICIO, ajie i IOIIMPIOBATH MPOTPECHBHI
3HAHHS, CTBOPIOBATH HOBI PO0OYi MICIIS, 3MIIHIOBATH T'POMAaJH, MOKpAIlyBaTH
3I0pOB’sI Ta JOOpOOYT Ta OaraTo iHIIOTO.

Poasb OyaiBenbHOI ranysi y nocarnensi uisei crajgoro po3sutky OOH

KoncTpykiiiss Ta MikpokimiMaT 3eneHuX Oy/iBedbh IMO3WTHBHO BIUITMBAIOTH Ha
3I0pOB’sl Ta JOOPOOYT iX MEIIKaHIB Ta KOPHCTYBadiB, IO CHPHUSE TOCITHEHHIO
HCP Ne 3 «MinHe 310poB'st i Onmaromonyyus», sika HOJsrae y «3abe3nedeHHi
3I0POBOTO CIIOCOOY KUTTS Ta A0OPOOYTY Moael Oyap-sakoro Biky» [21]. 3a qanumu
BcecBiTHBOT opraHizaiiii 0OXOpOHHU 37J0pOB’s, 3aXBOPIOBAHHS JIETEHIB Ta JUXATBHUX
IUIAXIB, TOB’sSI3aHI 3 HHU3BKOK SKICTIO CEPEIOBHUINA B NPUMIIIEHHI, € TphOMa 3
ISITIPKK TIPOBIAHUX TPUYUH cMepTi [24]. Ane Bxke € 0arato AOCIHiIKEHb, SKi
CBimUaTh, IO Kpurepii KOMQOPTY Ta SKOCTI 3eleHUX Oy/iBelh MO3UTHBHO
BIUTHBAIOTH Ha 310pOB’s Ta 100podyT mozeii [6, 7, 9, 10, 11, 13, 15, 16, 18, 19, 22,
23, 24, 26]. T'mobansuuit mpoekt CBiTOBOI paau 3eneHoro OymiBHUITBA «Kparri
MICIIS IS JIIOJICH» 30CepeIPKEHO Ha CTBOPEHHI CBITY, B IKOMY OyIiBJi HE TiJIbKH
KOPHCHI JUTS HABKOJIMIITHBOTO CEPEIOBUINA, aJle i MiATPUMYIOTh 30pOBE, IIIACIINBE
Ta MPOJIYKTHBHIIIE XKUTTS Jtojci. BHACTIIOK 3MEHIIICHHS! BUKHIIB Bl Oy/liBEb,
3HWKYETHCS piBeHb 3a0pyJHEHHS Ta MOKPANIYEThCS SKICTh MOBITPS Y MicTax, IO
MO3UTHBHO BIUIMBAE HA 3/I0POB’Sl HACEICHHS Ta KJIIMaTHYHI 3MiHH.

CBiTOBa €KOHOMiKa, 3aCHOBaHa Ha BHKOITHOMY MJIUBi, CYIPOBOIKYETHCS
301IBLICHHSM BUKU/IiB TAPHUKOBUX Ta31B, BUKJIMKAE PAUKaIbHI 3MIHH KIIIMaTHYHOL
CHCTeMH. 3HIKCHHS KIIMAaTHYHOTO BIUIMBY 33 PaxyHOK BHKOPHCTAaHHS
eHeproeeKTUBHMX TEXHOJIOTIH HaifuacTillle BBaKAIOTh OIHI€IO 3 TOJIOBHUX IIepeBar
senenux Oymienb. Lle Bimnmosimae LICP Ne 7 «/locTynHa Ta uucTa eHepris» s
3a0e3MeYeHHs 3arajibHOrO JIOCTYITY JI0 HeA0poroi enekrpoeHeprii 10 2030 poky, 1110
repen0oaydae iHBECTHIII] B €KOJIOTIYHO YHCTI JDKepesia eHeprii, Taki K eHepris COHIIS,
BITpY Ta TeIUIOBa eHepris. BHKOpHUCTaHHS BiJHOBIIOBAHHX JDKEpEN EHeprii
B 3€JICHMX OYJIIBIsAX MOXe OyTH HaOaraTo JEIeBINe, HIK CHEPris BUKOIHOTO
nanuBa. 3a migpaxyHKaMd MIDKHApOJHOTO areHTCTBA 3 BiJHOBIIOBAHUX JKEPE
eneprii (IRENA) momamini coHsuHi cucteMd B AQpuli MOXYThb 3a0e3medyBaTH
JIOMOT'OCIIOJIapCTBa €JICKTPOCHEPri€r0 Juiie 3a 56 mojapiB Ha pik, 10 Habarato
JeleBIle, HK eHepris 3 ausens abo racy [12]. EneproedexkTHBHICTS y O€JHAHHI 3
MICIIEBUMH BiJIHOBJIIOBAaHMMHU JKEpeNaMH IOKpallye EHEepreTuuHy OesImeky,
3MEHIIIYE€ BHKHIHU BYIJICII0, OOMEKYIOUM BIUIMB Ha IUIAHETY. 3ampoBaKECHHS
CKOHOMIYHO €(EeKTUBHMX CTaHIAPTIB 3CJIEHOr0 OYIIBHHUIITBA Ui IIHPIIOTO
CIEKTPY TEXHOJIOT1M MOXK€ 3MEHIIUTH CIIOKMBAHHS €JIeKTpoeHeprii y OyaiBIsX i
MPOMHCIIOBOCTI 'y BcboMy CBITI Ha 14% [23]. Po3mmpenHs iHQpacTpyKTypu Ta
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TEXHOJIOTIYHA MOJICPHI3aIlis B Y3TOKCHHI 31 CTaHAapTaMU 3€JeHOT0 OY/IiBHHIITBA
JUTSL 3a0€3MEUYCHHS €KOJIOTIYHO YHCTOI CHEPTi€I0 € HaWBaXKIMBIIIUM 3aBJIaHHSM,
SIKE MOXKE SIK CTUMYJIIOBATH CKOHOMIYHE 3POCTAHHS, TaK 1 CIPUATH 30EpPEeIKESHHIO

HaBKOIHUIIHLOIO CEPEIOBHUINA Ta 3HIKEHHIO TEMIIB KIIMAaTHIHUX 3MiH (puc. 1).

//——_—\

3 «Minne 310poB'a i
faaronoayaas»
3B cipudc 300poB’0 Ta
10Opo0yTY Mroeit

7 «/locTynmHa Ta YHCTa eHeprisy»
3B BHKOpHCTOBY€ eHeproedeKTHBHI
TEXHOJIOTil Ta eKONIOTiIYHO YHCTI
UKepena eHepril.

8 «I'inna mpans Ta ekoHoMiuHe
3POCTaHHSD»

3B cTBOPIOE HOBI pOGOUI MiCLI T

CITPHSE eKOHOMIYHOMY PO3BHTKY

9 «IIpomuc0BicTh, iHHOBaNil
Ta iHQpacTpyRTYpa»
3b BHpoBamKye€ iHHOBAILTHI
TEXHOIOTi Ta PO3BHBAE CTIIKY
iH(ppacTpyKTypy

11 «Craamii po3sBHTOR MicT i
rpoMan»
3B IpoayKye€ eKoNOTivHO CTiffki
TpoMaJH Ta MicTa

12 «BignoBigaIbHe CIOKHBAHHS TA
BHPOOHUITBO»

3B HOTPHMYEThCA MPHHITATIR
IHPKYISPHOI eKOHOMIKH Ta
BiMOBIMATBEHOTO BUKOPUCTAHHSA PECYPCiB

13 «IloM'sIKIIeHAS HACTIIKIB
3MiHH KIiMaTy»

15 «3axucT Ta BiTHOBJIEeHHS
€KOCHCTEM CYITi»

17 «llapTHepCTBO 3apagn
CTAJI0T0 PO3BHTKY»

3b 3HIIKY€e BUKHAN MapHHKOBAX
TasiB

3B copuge 36epeKkeHHo TaHAmadTin
Ta pi3HOMAHITTS

3B posBuUBac eeKTHBHE
MDKHApOJIHE IAPTHEPCTBO

Puc. 1 — Jocsraenns mineit OOH 3i cTanoro po3BUTKY i3 3aCTOCYBaHHSIM
MIPUHITUIIIB 3€JICHOTO Oy IiBHUIITBA

[Tormut Ha 3eneHe OyMIBHHIITBO 3pOCTAa€ y BCHOMY CBITi, 1 BIATIOBITHO 3pocTae
KUTBKICTh TPAIiBHUKIB, 3aMiIHAX Y IIbOMY IIEPCIIEKTHBHOMY HAMPSMKY, IO
y3romkyerbess 3 LICP Ne 8 «['imHa mpans Ta €KOHOMIYHE 3POCTaHHS», TOOTO
CHpusHHI Oe3mepepBHOMY, BCEOXOIUTIOIOYOMY 1 CTajJoMy E€KOHOMIYHOMY
3pOCTaHHIO, MOBHIN 1 MPOMYKTUBHIN 3alHATOCTI Ta TiAHINA mpari st Beix. Kpim
TOTO, BECh >KMTTEBUHM ILHUKI 3e€JeHOT OymiBiai — Bing 3aayMmMy 10 OyAiBHHIITBA,
eKCIUTyaTallii, peMOHTY Ta 3HECEHHS — BIUIMBA€ HA MIUPOKUN CIEKTP JIIOJEH,
3a0e3redyroun OLIbIe MOKIMBOCTEH IS iIHKITFO3UBHOT 3aifHATOCTI. TiBKHU B OHIH
Kanani ranyss 3enenoro OyaiBauirsa Hagana 300 000 mratHuX poOOYUX MICIh
npotsiroM oaHoro poky [11]. ¥V Pami 3emenoro OyaiBauiTBa [liBmeHHO-
Adpukancekoi PecryOmiku  po3pobneHo  cmocoOu  iHTerparii — comiaabHO-
€KOHOMIYHHX TUTaHh B PEUTHHTOBI CHCTEMH €KOJIOTIYHOTO OY/IiBHHUIITBA.
BpaxoBaHo Taki ckiajHi aclekTH, sIKk 3MEHIIEHHS PiBHS 0e3poOiTTs Ta PO3BHTOK
HOBHX NPOQeciiHIX HAaBHUUOK, L0 CTBOPIOE JOAATKOBI CTUMYJIH AJISI MIATIPHEMCTB
OyIiBenbHOI Taly3i 3acTOCOBYBaTH KpHUTEpil 3€NeHHX CTaHAapTiB y CBOIH
nisutbHOCTI.  Takuii  miaxig — copuse CTaoOMy ©KOHOMIYHOMY —3pOCTaHHIO,
MiABHUICHHIO PiBHS MPOAYKTUBHOCTI 1 MONIMPEHHIO TEXHOJIOTIYHUX 1HHOBAIIIH.

3eneni OyniBii Ta oTouylo4a ixX iH(pacTpyKTypa MPOEKTYIOThCS, OyIyIOThCS 1
EKCIUTYaTYIOThCS TaKUM YUHOM, 1100 3a0€3MeUnTH iX CTIMKICTh Ta ajanTallilo 110
rmobabHUX KiiMatnyHuX 3MiH. [IpoexTyBaHHs OyliBenb 3 HYJIBOBUM piBHEM
BUKHU/IIB Ta EHEPrOBUTPAT € OHUM i3 3ac00iB peamizauii LICP Ne 9 «IIpomucnosicts,
iHHOBawii Ta iHQpacTpykTypa», sKa CHOpSIMOBaHA HA CTBOPEHHS CTiHMKOi
1HOPACTPYKTYpH, CHPUSHHS BCEOXOIUTIOIOWiH 1 craymiid iHgycTpiamizamii Ta
iHHOBamisaM. Y gomoBigl «HoBa xiiMaTHyHa €KOHOMIKa» 3a3HA4eHO, IO
y HallOommx4i 15 pokiB y cBiTOBUH iH(PACTPYKTYPHHUI CEKTOP HEOOXiIHO BKIACTH
90 TpuILHOHIB 0J1apiB IHBECTULIIN SIS JOCITHEHHSI MPOLIBITAI0UOro Mai0yTHHOTO
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3 HyJIbOBUM piBHeM BHUKUIIB [14]. Po3BuTok Hu(POBHUX TEXHOJOTIH 3a0e3mnedye
JoCcTyn A0 iHdopmarii Ta 3HaHb, a TaKOX CTHMYJIIOBaHHS IHHOBAmii i
MiANPUEMHHLITBA ¥ BCiX cepax. Bike cboroaHi OUIBIIICTh HACETICHHS CBITY XKHBE Yy
MiCTaX, TOMy BC€ OiNBIIOro 3Ha4YeHHS HaOyBa€ PO3BUTOK IHHOBAIIMHHX rairy3eit
MIPOMHUCIIOBOCTI, 1HQOPMAIIHHUX 1 KOMYHIKalliHHUX TEXHOJOTIH, a TaKoxX
IPOMaJICHKOTO TPAHCHIOPTY 0€3 IIKiATUBUX BUKHUIIIB Y JOBKIJLIS.

3a nporaozamu OOH no 2030 poxy maibke 60% HaceneHHs CBITY XKUTUMYTb
y Micekux paifonax, Tomy LICP Ne 11 «Cranuii po3BHTOK MICT 1 TpoMap» aKIEHTYe
yBary Ha 3a0e3lCcucHHI BIKPHUTOCTi, OE3IMEKH, YKUTTECTIMKOCTI Ta E€KOJOTIYHOT
CTIMKOCTI MiCcT 1 HaceleHWX MyHKTIB [21]. ByziBii € OCHOBOI0O MicT, a 3eieHe
OyIiBHUIITBO 3/1aTHE 320€3MIeYNTH JOBIOCTPOKOBHH CTaJIMil PO3BUTOK METAIlOJICiB.
Micbke cepeqoBulle, OOYAOBaHE 3a 3eJICHUMHU CTaHAAPTaMH, CTIpHsi€ HOPMYBaHHIO
CBIIOMHX Ta aKTUBHHX TpOMaJl, 3a0€3Meuyour Py [bOMY BUCOKY SIKiCTh XKUTTS IS
Bcix. Y Oaratpbox KpaiHax MicieBi Pamu 3emeHoro OymiBHUIITBA BXKE BHHILIN 32
Mexi ceprudikarii okpeMux 3eleHux OyaiBelb 1 PO3pOOMIA IHCTPYMEHTH, IO
CHpUSIOTh (POPMYBAaHHIO 3€JIEHMX KBapTaliB Ta paioHiB. Taka cTpateris Ha
QiminmiHaX AONIOMOTIa PO3POOUTH Ta BIPOBAJAWTHU IONITHKY, SKA CIIPHSIE CTaJii
mpakTHIi 3a0ya0Bu y mimux Mictax [16]. JlocarHenHs Ge3Mneku i CTanoro po3BUTKY
MICT O3Hayae 3a0e3MeucHHs OC3MEYHUM 1 JOCTYIHHM >KHUTIOM, MOJEPHIi3allifo
HETPIB [UIAXOM OYJIBHHUIITBA EKOJIOTIYHO CTIHKMX 1 MIIHUX OyaiBelb 3
BHKOPHCTAaHHSIM MicIeBUX MatepianiB. Cepeq HamiOHAIBHUX 3aBAaHb B YKpaiHi
nependoaueHo po3poOKy i peasizallito CTpaTeriii MiCIIeBOTO PO3BUTKY, CIIPIMOBAHUX
Ha CKOHOMIYHE 3POCTAaHHS, CTBOPEHHS pPOOOYMX MICIlb, PO3BUTOK TYPH3MY,
pekpeartii, MicIIeBOT KyJIbTYpH 1 BAPOOHHUIITBO MiCIIEBOT MPOAYKIIii. AKTHBI3YIOTHCS
3yCHIUISL 13 3aXWCTy Ta 30epeKeHHS BCECBITHBOI KYJIBTYPHOI CIAMIIMHA 1
HaI[lOHAJIBHOT 1JEHTUYHOCTI, a cepex mnpodeciii MalOyTHHOTO MPOTHO3YETHCS
MiABHUINEHHS TOMUTY Ha YypOaHICTiB-€KOJIOTIB, IHXKEHEPIB IO KIiMaToJNOrii 1
(haxiBIIiB 3 abTepHATUBHOI eHepreTuku. CTanuii po3BUTOK Iepeadavae iHBECTHUIIIT
y TPOMaJICEKUH TPaHCIIOPT, CTBOPEHHS 3€JIEHIX TPOMA/ICEKUX TEPUTOPIH, a TaAKOX
yIIOCKOHAJICHHS MICHKOTO TIAaHYBaHHS 1 YIIPaBJIiHHS y TaKHi CIOCIO, 1110 BOAHOYAC
3a0e3redye IHKIIO3WBHICTh 1 3araiibHy piBHOMpaBHY y4acTh. Jlo 2030 poxy
3aITaHOBAHO 3MEHIIICHHS] HETaTHBHOTO €KOJIOT1YHOTO BILTHBY MICT y nepepaxyHKy
Ha OJHY 0coO0y HaceleHHs, B TOMY YHCIIi IUIIXOM NPUAUICHHS OCOOJIMBOI yBaru
SAKOCTI TOBITPS 1 BHAAJICHHIO MICHKHX Ta IHIIMX BiIXoXiB. BukopucranHs
IHHOBAIlIfHUX ~ TEXHOJIOTIH  JONMOMOXKE€  3MEHIIMTH  HETaTHBHUH  BIUIMB
3a0pyIHIOIOYMX PEYOBMH HA Michbke cepenoBuiie. [liITpUMyIOThCS TO3UTUBHI
€KOHOMIYHi, COIliaJIbHI Ta EKOJIOTiuHI 3B’SI3KM MK MICBKUMH, NMPUMICHKHMHU 1
CITbCBKUMHY palilOHAMH HA OCHOBI TiIBHIIIEHHS SKOCTI TUTAHYyBaHHS HAIlOHAIIBHOTO
Ta pPerioHaJLHOr0 Po3BUTKY. BimnopigHo no CeHpalicbkoi paMKOBOI mporpamu 3i
3HW)KEHHSI PU3UKY JIMX BIPOBA/KYIOTHCS 3aXOJHM 3 KOMILIEKCHOTO YIPaBIiHHS
pU3MKaMH Ha BCiX PIBHAX, CIIPSMOBAHI HA ITOM SKIIIEHHS HACIIKIB 3MiHH KIIIMaTy,
aanTamio J0 WOro 3MiHM Ta 3JaTHICTh MPOTHCTOATH CTUXidHMM yuxam [20].
Cramoro po3BHTKY HE MOXKHA JOCSATTH 0e3 icToTHOi TpaHchopmarlii Imiaxo/iB
MICBKOTO TUIAHYBaHHSI Ta 3a0yJOBU Ha OCHOBI MPUHLMIIIB 3€JI€HOTO Oy1iBHUIITBA.

LHCP Ne 12 3o0cepemkeHa Ha CHpPUSHHI €HEProeeKTUBHOCTI, CTiHKiA
iHGpacTPYKTYypi Ta 3a0E3MEUEHHIO JOCTYIY JI0 OCHOBHHMX IOCIYyI Ta 3€JICHUX
poboumx wiciie [21]. 3aoxoueHHs raiysei, MiIIPHEMCTB 1 CIIOKHBAYiB 10
yTHIIi3alii Ta CKOPOYEHHS OOCSTIB BIJXOMIB € HACTUIBKH X BRXKIHBHM, SK 1
MiATPUMKA KpaiH, MI0 PO3BUBAIOTHCS, Y 3alpOBaPKEHHI OIbII pallioHATbHUX
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Moaeneit criokuBanHsa 10 2030 poky [19]. ByniBenasHa rainy3p Bigirpae ocoOIHUBY
poab y 3amobiraHHi YTBOPEHHIO BiAXOIIB NUIAXOM 3MCEHIICHHS, MEpepoOKH Ta
MOBTOPHOTO BUKOPUCTAHHS 32 MPUHIUIIAMH HUPKYJSIPHOI EKOHOMIKH. Y 3€JIeHOMY
OyIiBHUIITBI = BHKOPHCTOBYIOTH TEepMiH  «BPSTOBaHI  Marepiaim»,  KOJH
PO3MIISIMAIOTECS BCI MOMJIMBOCTI TTOBTOPHOTO BHKOPHCTAaHHS BiAIpaIibOBaHUX
Matepianis. lle He TIBKY 3MEHIIIY€ KITbKICTh BiJIXO/IB, 110 HAJXOATh Ha 3BAJIHIIIE,
aye ¥ 3MeHINIye KiTbKICTh CHPOBHUHU Ta 3a0IIa KY€ MPUPOIHi pecypcu. EkoHOMIuHE
3pOCTaHHS 1 CTANWH PO3BUTOK BHMAraroTh TEPMIHOBOTO CKOPOYCHHS BIUTUBY Ha
JOBKIUISA TUIAXOM 3MiH y BHPOOHHUIITBI Ta CIIOKMBAaHHI TOBapiB 1 PECYpCiB.
EdexTuBHe ynpaBmiHHS CHINBHUMH HPUPOJHUMH DPECYypcaMH, a TaKOX METOIH
yTHIi3amii TOKCHYHHMX BIIXOHIB 1 3a0pyQHIOIOYMX PEYOBHH € BaXKIIMBUMHU
LIJTHOBUMHU TIOKa3HUKAaMU y JOCSATHEHHI 11iei Metu. IlinBuiieHHsS epeKTUBHOCTI
BUPOOHUIITBA Ta palliOHAJI3allisl JIAHIIOTIB TIOCTAYaHHS CIPUSAE JTOCSITHEHHIO
MIPOJIOBOJTBYO] OE3IEKH Ta IMepexomy /10 OLIbII pecypcoeeKTHBHOT EKOHOMIKH.

Y cBiTi HeMae JKOIHOI KpaiHw, sika O He ImoTepalia Bijl CepHO3HUX HACITIIKIB 3MIHU
KJTiMaTy, a 00CsATY BUKHIIB MApPHUKOBHX T'a3iB MPOJOBXKYIOTH 3pocTaTd. BHacmimok
KIJIIMaTUYHUX 3MiH TiBJ€HHAa YKpaiHa MoTepIiae BifJ MOCYX, a 3aXiffHa — BiJl TOBEHEMH,
B TOH dYac SK TIPEBEHTUBHI 3ax0iu Ta e(EKTHBHI CHCTEMH O€3IeKd 3elIEHOTO
OyAIBHUIITBA 3[aTHI 3aXMCTUTH OYMiBII Ta JIOJACH BiJ [MX CTUXIAHHMX JIUX.
ByniBenbHa ray3s HOBUHHA BXKUTH HEBIKITaTHUX 3aX0aiB st peamizaii [{CP Ne 13
«ITom'siKIIIeHHsT HACTIAKIB 3MIHH KJIiMaty» y OopoThOi 31 3MiHAMH KITIMaTy Ta iX
HACJIIIKAMH, 1110 MOXKJIMBO JOCATTH 3aBISKH TEXHOJIOTISAM 3€JICHOrO OYIiBHUIITBA
[21]. Bynunku Bke chOroaHI MponyKyroTh moHaa 30% T100aNbHUX BUKHUIIB
MAPHUKOBHX Ta3iB, a TMOCTiiiHE MiABUIIEHHS PECYPCOEMHOCTI Ta €HEPrOBUTPaT Ha
MiaTpUMaHHSI KOM(DOPTHHUX yMOB MTOOYIOBAaHOTO CEPEOBHUIIA CIIPHSIE TTiABUIIICHHIO
HETaTUBHOTO BIUIMBY OyIiBeNbHOI raiy3i Ha KiliMaTH4HI 3MiHHA. BogHodac 3eneni
OyJiBJII MarOTh BEIMYE3HUH MOTEHITIA Il OOPOTHOM 3 HACIIIIKAMHU 3MiH KIIIMaTy.
Hampuximan, ceptudikoBani 3a 3eleHUMH CTaHAApTaMU MiBAeHHOA(PHKAHCHKI
OyxiBni 3a0e3mevyloTh 3MEHIICHHsT Ha 336 MINBHOHIB KiJlorpamiB BYTJIEIIEBUX
BUKHJIIB Ha pIK, [I0 €KBIBAJICHTHO YyCyHEHH:0 3 jopir 84 000 aBromoOinis [18].
Bracnifok aHanizy mirounx MpoeKTiB 3eneHoro OyaiBaunTBa y 591 Micti 50 mraTiB
CIIA noBeneHo e(heKTUBHICTh MICIIEBHX IHIIIATHB I BUPIIIEHHS TI00AIBHUX
3aBJaHb KIiMaTHYHUX 3MiH [13]. [100anbHi 3MIHM KIIIMATy BILIMBAIOTh HA JKUTTS
JII07Iel, TOMY HEOOXiJHO BIPOBAXKYBAaTH 3aXOJH OINEPATHBHOTO pearyBaHHsS Ha
3MiHYy KJIiMaTy, BTUIIOBaTH CTpaTerii MmociabiieHHsS HACHiAKIB 3MiHH KIiMarTy,
MIJBUIIYBATH 3IATHICTh QJaNTyBaTHCA J0 HEOE3NMEUHUX KIIMATHUYHUX SBUI 1
CTUXIMHUX JIUX.

3acyXxu Ta OIYCTENIOBaHHS ILOPOKY CIPHYMHAIOTH BTpary 12 MinbiloHIB
rekrtapiB 3emiii, ToMy [ICP Ne 15 «3axucT i BiJHOBJICHHSI €KOCUCTEM CYIII» CIPHUSIE
00poTB0i 3 OMyCTENIOBaHHSAM, pPalliOHAIBHOMY 3eMile- Ta JIICOKOPHCTYBaHHIO,
MPUITUHEHHIO MPOILIECY JETrPajIallii 3eMelTb 1 3yIIMHEHHIO BTpaTh 6iopizHoMaHiTTs [8].
Kputepiii  3emenoro  OyaiBHuutBa  «Ekoyoriune — 3eMJIEKOpPHCTYBaHHS»
periiaMeHTye BUMOTH 31 30epeKeHHS NPHUPOJHMX JaHamadTiB, 3a0e3neuye
IHCTPYKIISIMH 3 ONTUMaJIbHOT iHTerpauii OyIiBedb Yy MICHEBI €KOCHCTEMH
3 MiHiMi3aui€ro  BrumBy Ha  goBkuUuig  [10].  IlutanHsaM  30epexeHHS
010pI3HOMAHITTS TMPUAIISETHCS yBara B MpoIleci MPOeKTyBaHHS, Oy/iBHUIITBA Ta
eKCIUTyaTallii 3eJIeHuX OyIiBesb, HAMPUKIIAI, 3aX0AH MiATPUMKH BUIIB MiCIIEBOT
¢bnopu Ta daynu. [Ipu omiHIII TPOEKTIB 3a 3€JICHUMHU CTaHAAPTAMU OKpeMi Oaiu
HApaxOBYIOTHCS 32 OY/IBJII Ha OUYUIIEHUX Ta BiJHOBJIECHHUX MICIIS MPOMHUCIOBOT'O
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BHKODHUCTAHHS 3EMENbHMX [IIISHKAax. I[HCTpyMeHTH cepTthdikamii 3eaeHuX
OyIiBeNnb TakoX MepeadavaroTh HEOOXiTHICTh 3MEHIICHHS Ta pallioHami3arii
BHUKOPHCTaHHS BOJAU. MaTepianu, 3 AKUX CKIaJa€TbCs OYAiBIS, € KINIOUOBUMH IS
BH3HAYEHHS {1 CTIHKOCTI, 30KpeMa, BaXIIUBY POJb BiJIITPAIOTh JIAHIIOTH MTOCTABOK
OyniBenpHUX MaTepiamiB. B 3eneHoMy OyIiBHHUIITBI BHKOPHUCTOBYETHCS JAEPEBHHA
TUIBKH 3 BINMOBIJAIBHUX JKEPEN, OCKUIBKM JJIsl TOM'SKIICHHS HACJiJIKIB
KIIIMAaTHYHUX 3MiH HEOOXiHO 3YNHUHHUTH 00e3TiCHEHHs. 3eneHe OyIiBHHUIITBO
3a0e3nedye apceHal [i€BHX 3aXOAIiB [JII CKOPOYEHHS BTPAT MPUPOTHUX
CEpEeIOBUII ICHYBaHHS 1 010pi3HOMAHITTSI.

Limi cTamoro po3BUTKY MOYTh OyTH JOCATHYTI JIMIIE 32 YMOB AOTPUMAaHHS
MIPUHIIAIIB T7I00aThHOTO MapTHEpCTBa i ciiBmnpaiii, Tomy LICP Ne 17 «IlaptHepctBo
3apaly CTalIoro PO3BUTKY» cHpusie po30yI0BI MUPOIMOOHOTO 1 BCEOXOILIIOIOYOTO
CYCHIIBCTBA 3a]UIs CTaJIOTO PO3BUTKY, 3a0e3MedeHHsI BCIM AOCTYIY A0 MPaBoOCy s
1 cTBOpeHHs e(eKTUBHUX, MiA3BITHUX Ta IHKIIFO3MBHUX IHCTUTYIIN Ha BCIX PiBHSX.
Ho 2015 poky OymiBenpHiH rary3i He BUCTA4alI0 KOJIEKTHUBHOTO I'OJIOCY Ha CBITOBiH
apeHl Ha BeNMKWX KOH(EpeHIsX i3 MUTaHb 3MiHU Kiimary, ane Ha COP21 3a
cupustHHSA ypsagy Opantii, WorldGBC, UNEP ta HU3kH MiXXKHapOIHUX OpraHizariit
Oyio 3amovatkoBaHo ['1oOanpHMIA anbsHC OyMiBHHIITBA i MPOBEIACHO MEPIIU B
ictopii «Jenb Oyniens» [19]. Lle 3a0e3meunio HOBI MilHI MTAPTHEPCHKI BITHOCUHU
Ha MDKHapOJHOMY PiBHI, 30KpeMa CHIBIpaIo 3 [HCTHTYTOM CBITOBHX pecypciB Ta
I'mobGanpHrM  ekonoTiuHUM  (OHAOM, MO 30UTBIIIIO MOMIIMBOCTI PO3BUTKY
OyaiBeNbHOI rany3i y HanpsIMKy Y3roPKEHHS KOJIEKTHBHUX 3yCHITb ISl JOCSTHEHHS
OLTBII BaroMUX pe3yNbTaTiB, Y TOMY YHCIHi i y cdepi NOM’SIKIICHHS HACHTIIKIB
kimiMatHaHuX 3MiH [8, 25]. Bap'epm s crifikoro moOyaoBaHOTO CepeoBHIIA
JOTAIOTHCS MUIIXOM OOMIHY 1€sIMH Ta PO3BUTKY iHHOBAIliH, KOOPAMHAIIIT TOTITHKH
Ta 3aJIy4YCHHS IHBECTHIIIH.

3eneHe OymiBHUIITBO TakoX crpusie BTiieHHIO iHmmx L[CP, kpim 3ragaHux
BHIIE JEB’ ATH TTI00aIHHUX IiJIEH CTAIOTO PO3BUTKY. Pana 3enenoro OyniBHHUIITBA
ABcTparnii B xoai neperisiny cxemu ceprudikanii Green Star HAOYHO JEMOHCTPYE
BiamoBiguicts 16 3 17 IICP mpuHInnam 3ejxeHoro oyaisauitea [9]. Perionandshi
Pamu 3eneHoro OyniBHWITBA Ta MiXKHApOAHI ceprudikaliiiHi cucremMu
MPOTIOHYIOTh BEJTUKE PI3HOMAHITTS OCBITHIX IIpOTpaM JIs MATOTOBKH (haxiBIIiB 3
MUTaHb CTAJOr0 PO3BUTKY Yy OyJiBeNbHIA Tamy3i. IcHye HHM3Ka OCBITHIX
MOXIIMBOCTEH, IO BHHUKAIOTH Yy TIPOIECI CTBOPEHHS 3€JIeHHX OyaiBenb —
HaBUYaHHS YW TEXHIKU 3€JeHOoro OymiBHUIITBA. MiXHapojHa OpraHi3allis Imparli
(MOII) cnienpanoe 3 Pagamu 3eneHoro OymiBHHMITBA B Pi3HMX KpaiHax st
BIIPOBA/DKCHHSI MICHEBUX MPOrpaM «3eJEHHX POOOYHMX MICIb», O0COOIUBO
aKTyaJbHUX Ul KpaiH, 0 PO3BHBAIOTHCH, SIK 1€ HAOYHO MPOJEMOHCTPOBAHO Ha
npukiaaai 3am6ii [11]. Bimszsko 50% Pan i3 3eneHoro OyIiBHUIITBA Y Pi3HUX
KpaiHaX OYOJIOIOTH KIHKH, IO JOMOMAara€ IoA0JaTH CEKCU3M Ta CIIpUSE
reHJepHii piBHOCTI y OyniBenbHiM Tramysi, a imimiatuBa C40 Cities
«Women4Climate» migKpeciioe poiib, Ky >KIHKH BiJirpaloTh Yy KIIMaTHYHHUX
3axomax [7, 22]. OueBuaHO, IO PO3BHUTOK 3€JIEHOrO OYIiBHHUIITBA 3abe3reuye
cTaJjie eKOHOMIYHE 3pOCTaHHA OyAiBeNbHOI ray3i, cipHsie IOA0JIaHHIO O1THOCTI Ta
HEpIBHOCTI, MOKpallye CTaH IOBKIJUIA Ta 3MEHINYE HEraTUBHUU BIUIMB IS
crabinizanii rmoOabHUX KIIIMATUYHUX 3MiH.
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BrumB kiaiMaTHYHUX (pakTOpPiB HA OyAIBHMUTBO i OyaiBJi

ByniBenbHa ramy3b cyTTEBO BIUIMBAE Ha Mepedir KIIMaTHYHUX 3MiH, aje BOIHOYAC
OyIiBHUIITBO 1 TOOYTOBaHE CepeIOBHINE OE3MOCepeTHRO 3aIeKaTh Bif 11101 HU3KH
KIIIMaTHIHUX (PaKkTOpiB, SKi OOYMOBIIOIOTH PI3HOMAaHITHI KaTeropii PU3WKIB, IO
ICTOTHO 3arocTpIOIOTHCS B YMOBax 3MiH KiiMmary (puc. 2). Knimatnuna indopmaris
BHKOPHCTOBYETHCSI HA BCIX CTalisX OyAIBENIEHOTO MPOEKTY: pOo3poOKa KOHIIETIIii,
TeXHIYHE NPOEKTYBaHHSA, OpTaHi3amis Ta TPOBEACHHA OyIiBeIbHUX pOOIT,
eKcIuTyaTamist OyniBenb 1 CHOpPYA, PEMOHT Ta PEKOHCTPYKIiA, 3HECCHHS
3 OCIIOBHOIO  YTWIIi3alli€el0 Ta peuuKmizauiero. B mpoueci mpUHHATTS
apXITEeKTypHO-TUTAHYyBAJIbHUX pIlIeHb, TMPOEKTYBaHHS KaHATI3aliHHUX MEpPEex,
pO3paxyHKy CHCTEM ONaJieHHs, BEHTHWJIALil Ta KOHIWILIIOBaHHS HEOOXiJHO
BpaxoByBaTH KIIMaTH4HI JaHi NpO 3MiHY pI3HOMAHITHUX METEOPOIOTiYHUX
mapaMmeTpiB (TeMmriepatypa TOBITpS 1 TPyHTY, OMai¥, COHSIYHA pajialiis, BiTep,
BOJIOTICTH TIOBITpPSI TOIIO) i aTMOC(EPHHMX SBUIN. BU3HAYCHHS CHemiali30BaHUX
KJIIMaTUYHUX MOKAa3HUKIB Y3TOKEHO 3 METOAAMH 1H)KEHEPHHUX PO3PaxXyHKIB B X071
JIOCTI/DKEHbh METEOpOJIOTIYHUX TIPOIECiB, TMOB'S3aHUX 3 OYIIBHUITBOM 1
eKCIUTyaTali€eo OyaiBenb i Copy/I.

Byaisni BUKOPUCTOBYHOTH Fanysb BignosiganbHa3a
40% eHeprii 33% napHWKOBMX rasis
14% nuTHOT BOAMU 50% BiaxoAiB Ha 3BanuLLax
40% CUPOBMHMN 25% WwKignMBUX BUKMAIB
N
BYJIIBEJIbHA
I'AJIV3b )
KIIIMATHUYHI KIIIMATHUYHI
ITOKA3HMKHA 3MIHU
A A 4
MeTeoponoriyHi napameTpm MpupoaHi KaTaknismmu
TemnepaTypa noeiTpA KONWBaHHA TemnepaTypu
BOJIOTICTb MNOBITPA NOroAHi BiAXMNeHHA
TemnepaTtypa rpyHTy = aHOMasbHI ABMLLA
COHAYHa pagiaLin 3emneTpycu
onagmn noBeHi
BiTEpP yparaHu

Puc. 2 — B3aeMOBIDIMB KIIMAaTHYHHUX 3MiH Ta OyIiBENbHOI JisSUTEHOCTI

B VYkpaini xiimMatuyHi mapamMeTpu Ta XapaKTEPHUCTHKH, 10 BHKOPHUCTOBYIOTH
OpU TPOEKTYBaHHI OYIMHKIB Ta CIOpYH, CHCTEM OINAaJeHHS, BEHTWIIALII,
KOHJIMIIIFOBAaHHS Ta BOA03a0e3IEUYCHHs, a TaKOX IpW IUIaHyBaHHI Ta 3a0yJOBI
MICBKUX 1 CUIBCBKMX TMOcCedeHb, periamentoBano JICTY-H b B.1.1-27:2010
«byniBenbHa KiTiMarTomnoris», a Takoxk JCTY-H b A.2.2 5:2007, JIBH B.2.1-10:2018,
JbH B.1.1-12:2014, ABH B.1.1-24:2009, JBH B.2.6-31:2006 Ta iHmmM#H
HOpMaTUBHUMH jAokymeHtamu [1, 2, 3, 4, 5]. Ha ocHoBi iHpopmarii
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METEOPOJIOTIYHUX CIIOCTEPEKEHb PO3PaXOBYIOTh KIIMATHYHI TapaMeTpH, SIKi
BPaxoBYIOTh KJIIMAaTH4HYy 30HY, KIIMaTHYHY OOJIACTh, KIIMaTHUHHUHA paiioH, BiTep,
OMaaM, CHITOBHI IOKPWB, BOJOTICTH MOBITPs, TEMIEPATypy TMOBITPS, COHSIYHY
paaiaifo, OCBITIEHICTh, (haKTOp MyTHOCTI aTMOC(hepH, ONTHIHY Macy aTMochepH,
XMapHICTh, KapCT, JECOBI IPYHTH.

Jlyis 3a0e3neyeHHsT HAAIMHOCTI, OE3MEKH 1 JIOBrOBIYHOCTI 3BEJCHUX OYJIMHKIB i
CHOpY[ TEepIIOYeproBe 3HA4YCHHS MAa€ KOPEKTHHH 00Nk arMochepHux
HaBaHTAXCHb, 1O SIKAX BITHOCATH CHITOBI, BITPOBI Ta OKEJICAHI HaBaHTAKCHHS, a
TaKOX TeMIIepPaTypHi BILTUBH. [Jis OLIbIIOCTI Oy IiBENb BILTUB BITPY HaiCTOTHIIIE
MPOSIBIIIETHCA Y 301bIIeHH] BTpaT Teria. KopekTHuil 00Iik BiTpOBUX HaBaHTaKEHb
Ma€e BeNHWKe 3HAYeHHS MpH 3BEACHHI BHCOTHHX OyaAiBeNlb, TOOTO T'POMaJCHKHX
OyxiBenb 3aBBUIIKH 50 M 1 OibIIE Ta )KUTIOBUX OyAiBeNb MoHAM 75 M. [l Takux
BHUCOTHHX CIIOPY/, SIK TEJICBI3iHHI BUIIKH, PaiOMIOTIN Ta JUMOBI TpyOHU, BITpOBE
HaBaHTAXKEHHS € KIFOYOBUM (hakTopoMm Oe3nedHoro QpyHKmioHyBaHHA. OKenemaHo i
O’KEJICIHO-BITPOBI HAaBaHTa)XEHHS € OCHOBHUM BUAOM KJIIMATUYHUX PHU3HUKIB [UIS
TMHIA 3B'I3KY Ta JiHIA eNeKkTporepenad, ¢ MOMHIKH Y pO3paxyHKax IIHX
HaBaHTAXXCHb IPU3BOIATH 10 YHCICHHUX aBapiii, SKi 3aBJAIOTh BETHYE3HOI KON
Ta 30uTKiB. CHIrOBi HaBaHTa)XEHHS HA OYIiBJI Ta CIIOPYAHM TaKOX HEOTHOPA30BO
CTaBaJIM MPUYMHOIO PYHHYBaHHS KOHCTPYKIIIH, TOMY METOUKA OI[IHKH [[LOTO BHIY
aTMOC(epHUX HABAaHTAXEHb 1 X HOpPMYBaHHS 3HAaXOAATHCS B cdepi MiABUIICHOT
yBard BiAMOBiTHUX (axiBIIiB.

BaxumBa ckimagoBa ekosoriuHoi Oesneku OyAiBenb 1 CHOPYZ, IOB’S3aHOI
3 KIIIMaTHYHUMH TlapaMeTpaMu, OOyMOBJIGHAa CTaHOM IpyHTiB. ExcrmyaramiiiHi
YMOBH BCiX IMTPOMHCIIOBHUX 1 KUTIIOBUX OY/iBETh, MOCTIB, 3IITHO-TIOCAIOYHAX CMYT
Ta IHIMX 00'€KTiB pO3paxoBaHi B IEBHOMY Jliala3oHi KIIMaTHYHUX YMOB. 3MiHa
TEeMIIepaTypy IPYHTIB, TIMOMHH IPOMEP3aHHs Ta PiBHS IPYHTOBUX BOJ IPU3BOAHTH
1o nedopMartii hyHIaMeHTiB OyaiBelb 1 CIIOPY/l, CTBOPIOIOTH J0AATKOBI PU3UKH iX
pyHHYBaHHS Ta HiITOIUICHHS.

Uucno NUKIIB 3aMOPOKYBaHHS 1 BiJTaBaHHS € BaXUJIMBUM KIIMaTHUYHUM
rapaMeTpoM i Oy/IiBEIBHOIO NPOSKTYBAaHHS, 110 BIUIMBA€ HAa JIOBIOBIYHICThH
OTOPOKYBAJbHUX  KOHCTPYKWiA  OyZdiBenb.  30UIbIIEHHS  4Yucia  [UKIIB
3aMOpPOKYBaHHS 1 BifTaBaHHsS Y IIOE€IHAHHI 31 30iJBIIEHHSM KUTBKOCTI OMAaIiB
B XOJIOJIHY TOpPY POKY BHKJIMKAa€ MPHCKOpEHE cTapiHHSA OyaiBedb 1 CIOpyl, IO
NPU3BOJMTH 10 CEPHO3HOTO 30UIBIICHHS eKCIUTyaTalliiHUX BUTpPAT. [HTEHCHBHICTH
3BOJIOXKEHHS CTiH OCOONMBO 3pOCTa€ TpU CHIBHOMY BITpi, a MOHANbIIE iX
OXOJIO/PKEHHS TIPU3BOIUTH JI0 3aMEP3aHHS BOJM B TIOPAaX MaTEPiaiB, 10 BUKIIUKAE
nedopMariiro Ta pyiHyBaHHS KOHCTPYKIIIH.

Cepii03HOIO 3arpo3010 CTaIM AHOMAJIbHI CTHXIiHHI SBHILA, TaKi SK [IOBEHI Ta
MMOKEXI, SIK1 IIOYACTIIIAIIH i BIULTMBOM TJI00ANBHUX KITIMAaTHYHKUX 3MiH. BHaciigok
MOBEHEH Ta MaBOJKIB PYHWHYIOThCS OYJMHKH Ta CHOPYIH, OOBATIOIOTHCS MOCTH,
PO3MHUBAIOTHCS 3aJi3HWYHI Ta aBTOMOOUIBHI NUISXHW, BiAOyBarOThCS aBapii Ha
imKeHepHUX Mepexax. [loBeHi Ta maBoAKM NpU3BOAATH 0 MPOCiaHHs OyANHKIB Ta
IPYHTY, PO3MHBY Ta HEPIBHOMIPHOTO OCiJJaHHsI (yHIIAMEHTY, BUHHKAIOTh 3CYBH Ta
o6Basn. Criopyiu, 10 MEPIOANYHO MOTPAIUISIOTH y 30HY 3aTOIUICHHS, BTPavaloTh
MIIHICTB, 3’SIBISIOTHCA TPILIMHH, IICYIOTHCS BiJ KOPO3ii MeTaneBi KOHCTPYKUIl Ta
THHIOTH JIEpeB’siHI eleMeHTH Oy/iBenb. KitoyoBuME KIiMAaTWYHUMH (QakTopamu
MOXKEXKHOI HeOe3MeKn € TeMIepaTypa IMOBITPs, PeKHUM 3BOJIOKEHHS Ta BITpOBa
AKTUBHICTh. AHOMAaJIbHI CTHXIiiHI SIBHINA MPU3BOASTH JO CYTTEBOTO MOTIPIISHHS
CTaHy €KOJIOT14HOi Oe3NeKu Oy/iBeNbHOI rary3i Ta CTBOPIOIOTH JI0/IaTKOBI PH3HKH
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JUTST HaceNneHHs. JloCiHKeHHsT Bpa3IMBOCTI IO €KCTPEMAIbHOI CIIEKH Ta IMOBEHI
B Ocrini (Texac, CIIA) ta Yukaro (Imminoiic, CLLIA) BUSBHIN KOPEJALiI0 MiX
3aXMCHUMH CTpATETisIMH MPOEKTYBaHHs 3€JICHOr0 OYyIiBHHIITBA Ta CTIMKICTIO /0
CTHXIHUX KIIMAaTHYHUX SIBUII Ha piBHI paidiony [10]. Jlns momepemkeHHs
eKCTPEeMaJIbHOTO MiABUINEHHS TeMIleparypu B ypOaHI30BaHOMY CEPEIOBHIIN Ta
BUHUKHEHHSI e()eKTy TEIUIOBOIO OCTPOBa 3aCTOCOBYIOTH CBITJIE TOKPUTTS IS
TPOTyapiB, MOpIT, TMApKOBOK Ta BCTAHOBIIOIOTH JaXW CBITIUX KOIJBOPIB, SIKi
B1JIOMBaIOTL COHSYHE CBITJI0, 00 3€JIeH] JaxXH.

ByniBenbHa rany3p noTpedye HEBIAKIAAHUX 3aXOMAIB afanTallii 10 HasBHHUX Ta
OYiKyBaHUX PU3UKIB BHACTIJOK ITI00ATBHHUX KIIMAaTHYHUX 3MiH. binbiricts cnopyx,
SIKI eKCIUTyaTyIOTbCAd CHOTOAHI, TPOEKTYBAIHCh Ta OyIyBalWCh HA OCHOBI
KIIMaTHYHUX TapaMeTpiB, LI0 XapaKTepU3yBalW YMOBU CEPEIMHU MHUHYJIOTO
CTONITTS, a B CYYaCHHX YMOBaxX CKCTPEMANbHUX KIIMaTUYHUX HaBaHTaKCHb
M IBUIIYEThCS HMOBIPHICTh PyHHYBaHb, aBapiii i katacTpod. 3eneHe OyaiBHUIITBO
BpaxoBy€ CydacHi TpeHIH OyAiBeNbHOI rairy3i Ta Ma€ TOTOBI PilIEHHS ISl POTHIIT
KimiMaTiyHuM ~ BUKiIMKaM.  CydacHi  apXiTEKTYpHO-TUIaHYBajbHI  PilICHHS
Opi€HTOBaHI Ha 30UTBIICHHS BHMOT JIO SKOCTI XHTIa Ta €Heproe)eKTHBHOCTI
OymiBenp 3 MiHIMI3aIli€l0 BIUTMBY Ha JOBKUUIA. Bu3HauaoTh HEOOXiTHICTH
MOCTiAHOTO PO3BUTKY METOOJIOTIT OI[IHKH Ta BpaXyBaHHS KJIIMaTUYHOTO BIJIMBY Ha
Oyxiem i cmopyau. Hapasi 10 akTyaJlbHUX 3aBJaHb BiJIHOCSATH T'apMOHI3AIIiO
HaI[IOHATFHUX 1 MIXHAPOJHUX CTAHJAPTIB 3 YpaxXyBaHHAM KIIMATHYHUX 3MiH
y OyJiBHHIITBI.

Oo6roBopenns

3MiHa KJTIMaTy € 3HaYHOO 3arp03010 ISl HABKOJIUIIHEOTO CEPEIOBHINA, CKOHOMIKH
Ta 310poB's yrojel. O4eBUIHO, 1110 OyiBeNbHA rajly3b YAHUTH CYTTEBUH BIUIUB Ha
KIJIIMAaTHUYHI 3MiHH, aJle TIPY [IbOMY JIFOJICTBO e 10 NUIAXY MiABUIIEHHS KoM(pOpTy
moOyJI0BaHOIO  CEPEIOBHINA, TOMY HEOOXIJHO CTaOiLIi3yBaTH pO3BUTOK 3
ypaxyBaHHSM CTaJIUX NPHUHIUIIB. Y pOaHizailis Ta pO3BUTOK TEXHOJIOT1H 3MIHIOIOTh
CIIOCi0 KHTTS Ta BIUTMBAIOTH HAa HAIIy B3a€MOJIO 3 MOOYJOBAaHUM CEPEIOBHIIIEM.
3eneHi OyIiBii MiABUIIYIOTH CTIHKICTh MOOYIOBAHOTO CEPEIOBUINA Ta 3MEHIITYIOTh
HETaTUBHUM BIUIMB HAa 3JI0POB'S, TIOB'S3aHUH 3 EKCTPEMaJbHHMH MOTOJIHUMH
SBUIIAMH. AKTHUBHE BIIPOBADKEHHS 3aXHUCHUX CTpaTeriii 3esieHOro OyIiBHHUIITBA
NPU3BOJMTH 0 3MEHIICHHS HEraTHBHUX HACIIJIKIB KJIIMaTHYHUX SIBUILI, 0COOJINBO Y
BpaznmBux paiionax [10]. Y3aranpHeHi KaTeropii CTIHKOCTI 3eJIeHOro OyIiBHUITBA
BKIIIOYAIOTh: 1) MiaHyBaHHS 1 YOpaBliHHS; 2) GKOHOMIYHE OOTPYHTYBaHHS,
3) apxiTeKTypa 1 (QYHKIIOHAJBHICTE; 4) 3eMJICKOPHCTYBAHHS 1 eKoIoris;
5) TpancmopT i iH(ppacTpyKTypa; 6) 3M0poB’s i Oe3meka; 7) AKICTH i KOMGOPT;
8) eneproedekTuBHICTE 1 pecypcozdepexeHHs; 9) MiHiMmizallis 3a0pyaHEHb;
10) yrumizamiss Ta peuukiizaiis Bigxonis; 11) comianbHO-KyJIbTYpHI acleKTH;
12) inHoBaIIii.

Xoya BUKWAM TAPHUKOBUX Ta3iB BIIHOCATH JO TIIOOANBHUX TPUYHH
KJIIMaTUYHUX 3MiH, HETAaTUBHI HACTIIKM BiI4yBalOThCS Ha MiCLIEBOMY PiBHi y (opmi
EKCTpEMaJIbHUX MOTOAHUX SIBUIL, BTpaTH JaHAmadTiB i 6iopisHOMaHITTS. PizHuUIA
B geMorpadidyHAX  TOKa3HMKaX, EeKOHOMIYHOMY  CTaryci, reorpadigHomy
po3TallyBaHHI MOOYI0BAHOIO CEPEIOBHILA OOYMOBIIIOE BIIMIHHOCTI Y Bpa3IMBOCTI
710 KJIIMAaTHYHMX SIBUIL HABITh B Pi3HUX paiioHax ogHoro micta. [Iporpamu 3enenoro
OyMiBHUITBA BKIIOYAIOTh YHWCIEHHI CTpaTerii NpPOEKTYBaHHS, SKIi MOXYTb
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JOTIOMOTTH 3MEHIIUTH BPA3IHUBICTh 10 3MiH KJIIMaTy Ta MaTH NO3UTHBHHUHN BIUIUB Ha
30pPOB'S Ta SKICTh KUTTSI HACEJNEHHS IUIIXOM 3MEHIIEHHs BIUTUBY KIIIMaTHYHUX
SIBULI, OCOONMBO B HaWOLIBII Bpa3NuBHX paiioHax. Pexomenpanii 3 po3poOku
perioHaIbHUX CTpaTerid 3eJIeHOro OYAiBHHUIITBA /ISl 3arO0iraHHS KIIMAaTHIHUM
HeOe3meKkaM BKJIIOYAIOTHh PErJIaMeHT 30HYBAHHS TEPUTOPiif, BUMOTH 10 3€IEHHX
OyxiBenb, BUKOPUCTAHHS TEXHOJIOTIH 3 HU3BKUM pPIBHEM BIUIMBY Ha JOBKLLIA,
BHKOPHUCTAHHS ONAaiB, 3aIT00ITaHHs ITOBEHSM, 3€JICHI JaXW Ta MPOrpaMH IOCaIKH
JepeB MicIeBOi (DIIOpH, MMIIOX1THI 30HU Ta BEJIOCHIICTHI TOPIKKH, TPAH3UTHI TUTAHA
tomo [10]. Crparerii mpoekTyBaHHS, OYIiBHUIITBA, EKCILIyaTallii Ta TEXHIYHOTO
00CITyTOBYBaHHs 3e€JIeHUX OyJiBesb HE TUIBKM 3MEHIIYIOTh BUKHIM MApHUKOBUX
rasiB, ajie i BOJHOYAC 3aXUIIAIOTh MEIIKAHIIB Oy/1iBETb BiJl HETATUBHOTO BILIUBY
KIIIMaTUYHUX SBUIL.

3pocrtae conianbHa 0013HaHICTh PO «03A0POBUMI CTaH» Ta BILTUB KUTTEBOTO Ta
pobodoro cepenoBuma Ha (i3uyHE Ta TICHUXIYHE 3I0pOB’s JroAci. BracHukm
OyZiBenp, MEMIKaHIl, IHBECTOPHM Ta BCi 3alliKaBIE€HI CTOPOHU TeEMep XO4yTh
3pO3YMITH, SKH{ BIUIMB iX OYy[IiBII MalOTh HE JHIIE Y TPaIUliiHUX (PiHAHCOBUX
MTOKa3HUKaX, aie i y He(piHaHCOBUX SBUINAX, TAKUX K 3MiHU KJIiMarTy Ta 10OpoOyT.
3emene OymiBHUITBO 3abe3reuye IIUTICHY OCHOBY ISl CTIMKOCTI Ta MiATPUMYE
MPOCYBaHHS 10 YMCTOI HyIbOBOI €Heprii, Bomu Ta BiaxoxiB. 3ejeHi OyniBmi
3a0e3MeUyI0Th CKOPOUYCHHSI BUKU/IIB BYTJICIIO T 3MEHIIICHHS HEraTUBHOTO BILTUBY
Ha KJIIMAaTUYHI 3MiHH, 30€pEeKEHHS Ta MiJABHUINEHHS I[IHHOCTI aKTHBIB, 3HIDKEHHS
BapTOCTI EHEPropeCcypciB Ta eKCIUTyaTaliiHIX BUTPAT, MOKPAIIeHHs YMOB TIpalli 3a
pPaxyHOK MigBHUILIEHHS KOoM(pOpTYy Ta 3pydHocTi. KpiM TOro, MpUHIMIHN 3€IE€HOTO
OyIiBHUIITBA 3MIIHIOIOTh PEMyTamif0 Oi3HECYy Ta 3HWXKYIOTh PH3HUKH, 30KpeMa
MiIBUIIYIOTH CTIHKICTh OYy/IiBENb O KIIMATHYHUX 3MiH.

BucHoBkn

1. CexTop OyAiBHMIITBA Ta MaliHa BiJAIrpac KIOYOBY pOJib y 3a0e3neucHHI Iinel
ctasioro po3euTky OOH, BpaxoByrouH 3HaYHI €KOHOMIYHI, €KOJIOT1UHI Ta COLiaIbHI
HACJIJIKK Ta TIepeBard, IMoB's3aHi 3 OYHiBEIEHUMHU TMPOIYyKTaMH, OYHIBISAMH Ta
IHQPACTPYKTypHUMH aKTUBAMHU MPOTATOM IX JKUTTEBOTO LUKy, TPH IBOMY
BIIPOBA[)KCHHS 1HHOBAI[IHHMUX TEXHOJIOTIH 3€JICHOTO OYAIBHHIITBA JI03BOJISE HE
TUIBKM 3HM3WUTH KIIIMATHYHI PU3HMKH, ajle ¥ MONIMPIOBATH NPOTPECHBHI 3HAHHS,
CTBOPIOBATH HOBI po0O0Yi MicIs, 3MIIIHIOBAaTH TPOMaJIH, MTOKPAIYBATH 3I0POB’S i
T00po0yT IO IeH.

2. B ymoBax TH00anbHHX KIIMAaTHYHUX 3MIiH 3arOCTPIOIOTBCS PU3UKH JUIS
OyIiBeNbHOI Taimy3i, sika 0e3MmocepeHb0 3AIEeKUTH Bijl IIJI0T HU3KKA KIIIMAaTUIHUAX
(dakTopiB Ha BCIX CTalisX OyAiBEIbHUX MPOCKTIB, OCKIIBKH B TPOIECI MPHUHATTS
apXiTeKTypHO-TUIAaHYBAIBHUX pillleHb, TPOCKTYBaHHS KaHANi3aliHUX MEpex,
PO3paxyHKy CHCTEM ONaJEHHS, BEHTWINIl Ta KOHIWIIIOBAaHHS HEOOXiTHO
BPaxoBYBaTH BIUIUB aTMOC()EPHHUX SBUIII i METEOPOJIOTIYHHUX MAapaMeTPiB, TAKUX 5K
TeMIlepaTypa HOBITPS 1 IPYHTY, ONaju, COHSYHA pajiallis, BITep, BOJOTICTh MOBITPS
TOLLIO.

3. 3enene OyniBHUITBO CIPSIMOBaHE Ha MiHIMi3allil0 HETAaTHMBHOTO BIUIMBY Ha
JIOBKIJIJISA, @ IHHOBAIII¥HI 3€JIeHI TEXHOJIOT1] eHeproe)eKTHBHOCTI, 3MEHIIICHHSI BOJIH,
peCypCiB Ta BIIXOAIB IPU3BOIATH 10 CKOPOUCHHS BUKHIIB BYTJICIIIO, 110 3a0e31euye
LTICHY OCHOBY Ul CTIMKOCTI Ta 3MEHIIEHHs BIUIMBY OyaAiBeJIbHOI ramysi Ha
KJIIMaTU4HI 3MiHA. MiXXKHapOIHUH OCBi y 0araThbOX KpaiHax CBITY HNEPEKOHIIUBO
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CBITYUTH TIPO TE, IO 3€JieHe OYIIBHHUIITBO CIIpHUsie HOcsSTHeHHIo Llimed cramoro
PO3BHUTKY 1 BUCTYMA€E y PO KaTallizaTtopa Uil BUPILICHHS HaHOUIbII aKTyaJbHUX
CBITOBHX HPOOJIEM.
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INFORMATION SYSTEM OF DECISION MAKING SUPPORT

FOR SUSTAINABLE NATURAL RESOURCE MANAGEMENT AND

ENVIRONMENTAL SAFETY

Abstract. An approach to the integration of data on man-caused impact and
environmental situation within the system of information support for decision-
making in the area of environmental management and territorial environmental
safety was proposed. A method to calculate the coefficient of dynamic correlation
of elements of multi-parameter systems was developed. It expands the possibilities
of Pearson's correlation linear analysis by introducing the possibility to study the
change of correlation coefficients by the "window" approach. The program
implementation of the developed methodology and its approbation with the use of
data on the ecological condition of water resources in Ukraine, in particular, in the
territories of Rivne and Chernivtsi regions was performed. As part of the integration
of contact and remote methods of obtaining environmental information, the thematic
analysis of space images of Ukrainian Polissya region with the subsequent
localization of places of unauthorized amber mining. The realization model of
ecological decisions information support system based on the integrated geographic
information platform of regional level was proposed. Elements of the system should
include, in particular, such components as the collection of heterogeneous
environmental information by contact and remote methods, interpretation of
monitoring data, evidence-based determination and ranking man-caused impact key
factors within relevant geomodels development, assessment and classification
scales and the level of man-caused impact on the environment with the subsequent
formation of a system of recommendations for management, which makes decisions
in the area of nature management and environmental safety.

Keywords: man-caused impact; dynamic correlation coefficient; remote sensing
technologies; amber mining sites localization; geographic information technologies
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[HCTHTYT TenmekoMmyHikamid i rimobampHOTO iH(pOpMariiiHoro mpoctopy HAH Vkpainw,
M. KuiB, Ykpaina

TH®OPMAIIMHA CUCTEMA NIATPUMKH
YIHPABJIIHCBKUX PIINEHD JIUISA 3ABJAHBb PAIIIOHAJIBHOI'O
NPUPOJOKOPUCTYBAHHSA TA EKOJIOTTYHOI BE3NNEKA

Anomauyin. 3anpononosano nioxio 00 iHmezpayii OaHUX NPO AHMPONOZEHHE
HABAHMANCEHHA MA CMAH HASKOIUWHBLOZO NPUPOOHO20 Cepedosulya 6 paMKax
cucmemu iHGpoOpMayiinoi NiIOMPUMKYU NPUUHAMMS DiueHb 6 cpepi YnpaeuiHHs
PayionanbHUM npupoOOKOPUCIYBAHHAM MA eKOJ02IUHOI0 6e3neKoi0 mepumopill.
Pospobneno memoouky oocnioxcenns koeghiyienma Ounamiunoi Kopenayii
elleMenmie  6azamonapamempuiHux —CUCMeM, WO POUUPAE  MOICTUBOCI
Kopenayitino2o niniiHo2o auanizy 3a Ilipconom 3a 0onomozoto 88edeHHs
MOHCIUBOCIT OOCHIONCYBAMU 3MIHY KoeqhiyieHmie Kopenayii Memooom «8iKHAY.
30iticneno npoepamuy peanizayiro po3pobaenoi memoouxu ma il anpobayiro
3 GUKOPUCIMAHHAM OAHUX NPO eKONOo2IYHUll CMmaH 600HUX pecypcie Ykpainu,
30kpema, Ha mepumopiax Pienencokoi ma Yepuieeyvkoi odnacmeii. B pamkax
inmezpayii KOHMAKmHuux ma OUCMAHYIIHUX MemoOi6 OMPUMAHHA EeKONO02IYHOT
ingopmayii nposedeno memamuune OewUuPGPy8anHa KOCMIYHUX 3HIMKIG mepumopii
Yrpainucorxoco Iloniccs 3 nodanvuioio 10Kanizayicro Micyb HeCaHKYiOHOBAHO20
suoobymxy  Oypwmuny.  3anpononosano  modenb  peanisayii  cucmemu
iHGopmayitinoi  nNIOMpUMKU — eKOIO2IYHUX — pieHb Ha 0a3i  iHmMmesposanol
eeoinghopmayiiunoi  naamgopmu  pezionanvnozo  piens. Enemenmu  makoi
iHGhopMmayitiHoT cucmemu Mawmes MICUmuU, 30Kpemd, Mmaxi cKiaoosi, K 30ip
DI3HOPIOHOI  exonoeiunoi  iHopmayii  KOHMAKmuumMu ma  OUCHAHYIUHUMU
Memooamu, —inmepnpemayis OaHUX MOHIMOPUHZY, HAYKOBO OOIPYHMOBAHE
O0eMepMIHY8aHHA A  PAHIICYBAHHA — KIIOYOBUX — HUHHUKIE — AHMPONOLEHHO2O0
HABAHMAIICEHHA MA CUHME3YB8AHHS BIONOGIOHUX 2eomolenell, po3pooKa WKAIU
OYIHIOBAHHS MA KAACUDIKAYIl, @ MAKONC NPOBEOCHHS KOMNIEKCHOI OYIHKU DIGHS
AHMPONO2EHHO20 HABAHMANCEHHA HA OO0BKIANA 13 NOOATLUUM DOPMYSEAHHAM
cucmemu pekomeroayil 0 ynpasiHCLKOI 1aHKU, Wo npuimac piwienus 6 cgepi
nPUPOOOKOPUCTLYBANHA MA EKONOIYHOI Oe3neKu.

Kniouosi cnosa: anmponocenne nagammadicenus, Koegiyienm OuHamMiuHOi
Kopenayii; Ooucmanyitine 30HOY8aHHs 3emai 3 KOCMOCY, JOKAnizayis Micys
8U000YMKY OYypumuny; 2eo0inpopmayitini mexnono2ii

Beryn

CydacHi BUKJIMKH, IO TIOCTAIOTh Mepe]l JIAHKOIO JIep>KaBHOTO YIpaBiHHS B cdepi
MPUPOJOKOPUCTYBAHHS Ta EKOJOTIYHOT Oe3leKH TEepUTOpi, BHUMAraroTh
MaKCHMAaJbHOI ONEpaTUBHOCTI Ta MOBHOTH BiJ THpoleciB iHGopManiiiHOro
3a0e3MevYeHHsT yCTaHOB, IO MPUHMAaIOTh pilieHHs B cdepi eKOJIOTIYHOTO
yrpaBimiHHsa. BiamosimHo, MocTae HEOOXIAHICTH PO3POOKH KOMILIEKCHOTO
migxony, mo Mae 3abe3neyuTH iH(QOpMaliiiHy MiITPUMKY TakuX pilleHb 3a
paxyHOK HajaHHs iHQoOpMawii Ipo IHTEHCHBHICTb Ta CHElM(]iKy TEXHOTEHHOTO
HaBaHTAKEHHS, a TAKOX KUIbKICHOI Ta SIKICHOT OI[IHKM CTaHy HaBKOJIMIIHBOIO
cepenosuuia. KiitouoBoro BUMOT010 10 CUCTEMH, 3aCHOBAHOI Ha 3alPOIIOHOBAHOMY
migxoni, € OOIPYHTOBAaHICTh IHTEpHpeTauii eKOJOTiYHMX JaHHWX, OTPUMaHHUX
3 pI3HHUX CETMEHTIB CUCTEMH MOHITOPUHTY JIOBKULIA, 3 CYYaCHHX IMO3UIIN HAYKH
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PO €KOJIOTIYHY O€3MeKy, aKTyalbHIX 1H()OPMAaIIHIX TEXHOJIOT1H Ta MiIXO0 B 10
MaTEeMaTUYHOTO MOJICITFOBAaHHS Ta CTATUCTUYHUX METOJIB 00poOKHy Aanux [1, 2].

OmiHka TEXHOTEHHOrO HaBaHTa)XKGHHS 3acHOBaHa B TMepHly dYepry Ha
iHTepIpeTaii CTaTUCTHYHUX JaHWX MOHITOPWHTY IOBKUIIS, PO3MOAUICHUX B
mpoctopi Ta dYaci. BupimeHHs AaHOrO 3aBAaHHS CYTTEBO IIOJETIIYE CHHTE3
KOHTaKTHUX (HA36MHUX) Ta TUCTAHIIHHUX METOMIB MOHITOPHMHTY, IO HaOyJH
BHCOKOI TOYHOCTI 3aBSKH PO3BUTKY TEXHOJIOT1H TUCTAHIIHHOTO 30HTyBaHHS 3eMJIi
(/133) Ta 3acobiB TemMaTH4YHOTO AcmH(pyBaHHSA OTpUMaHUX 300pakeHsb [3]. [Ipm
IBOMY, TPOCTOPOBO-PO3MOAUICHUH XapakTep NaHUX MOHITOPHHTY JO3BOJISIE
BUKOPUCTOBYBaTH (YHKIIOHAT CYy4aCHHX TEXHOJIOTiH reoiHpOpMaLiiiHUX CHCTEM
(I'IC), o HagarOTh MOTYXKHI IHCTPYMEHTH 0araTOBUMIpHOTO ITPOCTOPOBOTO aHAIIZY
BIUIMBOBOCTI pi3HUX (akTopiB 3a0pynHenHs. OTxe, METOI0 IaHOI pOOOTH €
pO3po0Ka Ta OOTPYyHTYBAaHHS KOMIUIEKCHOTO MiIX0/Ty 0 CTBOPEHHS iH(pOpMAaIiHOT
CUCTeMH MiITPUMKH PillleHb B c(epi pamioHAIbHOTO MPHUPOIOKOPHCTYBAaHHS Ta
€KOJIOTIYHOI OE3IEeKH TSPUTOPIMH.

Teopiﬂ, METOAUKA Ta PE3yJbTaTH IlOCJ'Ii)I)KeHHH

Bci ckiaoBi aHTpOIIOreHHOT0 HABAHTAXKEHHS Ha aTMoc(epy Ta 3eMelbHI pecypcu
TICHO TIOB’s3aHiI MiX c00010. 3 IIi€l MPUYMHU IX YacTO PO3TIAAAIOTH Pa3oM, Ha
BiIMiHY BiJl HABaHTaXXeHHS Ha Tigpocdepy, ne cruerudika CyTTEBO BiAPIZHAETHCS.
Oco0nrBO 1 BUPaKEHO B KOHTEKCTI XIMIYHOTO 3a0pyIHEHHS, sKe 1 s
atMocepn, 1 Uil TPYHTIB BigOyBaeThCsAd 3 OMHUX 1 THX CaMUX JDKEpeln, i
3a0pyIHIOIOY] PEYOBUHU € OJHAKOBUMH 200 XK OMM3BKUMU 33 XIMIYHUM CKIIAIIOM.
lonoBHUME (hakTOpaMu aHTPOIIOTEHHOTO HABAHTAKCHHS Ha aTMOC(epy Ta IPyHTH
€ panianiiiHe 3a0pyIHEHHs, 3a0pyIHEHHS TEXHOTCHHUM ITHJIOM Ta 3a0pyIHCHHS
xiMiyHUMEU pedoBrHaMH. OKpeMO Ha €KOJOTIYHHUHA CTaH 3eMelb BIUIMBAIOTH TaKi
YUHHUKY, K HASBHICThH CLIBCHKOTOCIOIAPCHKOT AISIBHOCTI Ta 11 IHTCHCUBHICTD,
AHTPOTIOTEeHHI MopymeHHs Nanamadris [4—6], 30kpeMa, BHACIIJOK BHUIOOYTKY
MIPUPOAHUX pecypciB [7, 8], OyIiBHHIITBA BOJIOCXOBHII, BETUKUX aBTOMAaricTpaiei
tomo [9]. Takox BIUIMBOBUM KOMIIOHEHTOM AHTPOIIOT€HHOI'O HaBaHTAXKEHHS €
PO3MIIIIEHHS BIXO/IB — MOOYTOBUX Ta MPOMUCIOBHUX. HapeniTi, BaXXIuBO 3rajatu
PO TPAaHCKOPJAOHHUI NepeHoC 3a0pyIHIOIOYMX PEYOBHH 3 IHIIMX PETIOHIB,
BI/ITIOBiTHO, HEOOXiHO BpaXxOBYBaTH KJIIMaTHYHI OCOOJIMBOCTI Ta METEOPOIIOT1UHI
YMOBH Ha KOHKPETHIH TepuTOpii. 3a NPOCTOPOBUM pO3MOJIIOM JpKepena
AQHTPOIIOTEHHOTO HAaBaHTAXKEHHS MOXHA KJIacU(iKyBaTH SIK TOYKOBi, JiHIHHO-
MPOTSDKHI Ta MJIOLIMHHI. 32 TOXOPKEHHIM iX PO3PI3HATUMEMO SIK IPOMUCIIOBI Ta
mooyToBi (puc. 1).

OpHuM 13 3aBJaHb €KOJIOTIYHOT OE3MEeKH € MOINYyK Ta JETEPMIiHAIlisl HOBHX
YMHHUKIB TEXHOT€HHOT0 HaBaHTa)KE€HHsI a00 HEBPaxOBaHUX MO/, 110 IPU3BEIH /10
3MiH JUHAMiK1 3a0pyIHEHHS JOBKULIA. Beil mokasHuky, mo (iKCYIOThCS B paMKax
CHCTEMH MOHITOPHHTY JIOBKULIS, (akTHYHO € mapameTpaMy MOJIelNli TEXHOTEHHOTO
HaBaHTAXXEHHS. 3a JIOMIOMOT0I0 JOCHIHKEHHS KOJIMBAaHb TaKHX MOKa3HUKIB MOXKHA
JOCHIOUTH Ta BU3HAYUTH TEHJCHIIIO, SKa CBIIYMTH MPO HASBHICTH 1OJATKOBOI
cknanoBoi. Tak MOXHA yIOCKOHAJIUTH MPOIECH OIEPATHBHOTO MOHITOPUHTY
JOBKIJUIS Ta MOTIEPEKESHHSI HAaJ3BUYaMHUX €KOJIOTTYHUX CUTYaIliH.

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 1 (37), 2021



CHEIMHSIKA TEXHOIEHHOI'O HABAHTAREHHA

Papianifine TexuoreHHMH MU SabpymHeEAA
Saﬁp}'—,ﬂ}lﬂHHH s SELHEHEMH XIMITHHME
PEUOEHHAMHE T3 IX
oCimaHnA
TOYEKOEL
pat
- C
K ol
E ATMOC®EPA TpOMHCTOBL | | ¥
P 3EMEJILHI PECVPCH B
MHIAHO- £
E TPOTIHHL X
BOJHI PECYPCH
JI A nobyToEi
A BIOPISHOMAHITTA T
H
TLIOMMHEI ]
TpaHCKODIOHHHRT
mepeHoC
Cinecerorocnomapcexs AnTponorensi PoaMiliesns
HARAHTAHEHAA T3 sl MOPYIIEHHT BimxOmiE
AETpANANiA TPVHTIE MaHmmadTy

CIEITHSIKA TEXHOTEHHOI'O HABAHTAXEHHA

Puc. 1 — CTpyKTypa TEXHOT€HHOTO HABAHTAKCHHS HA JOBKIJUIS

JInst IbOTO aBTOpaMHM 3arpoIIOHOBAHO METOAMKY JOCIIDKEHHS CTATHCTHYHUX
3B’SI3KIB MiXK JaHUMH MOHITOPHHTY JIOBKUUIS. B OCHOBY anropuTMmy JOCIIKEHHS
JUHAMIYHOT ~ KOpeJNsIii TOKIaJeHO MOMIIUBICTh PO3IMMUPUTH  MOXKIUBOCTI
KOpeIsIiHoro JNiHiiHOTO aHani3y 3a [lipconom [10]. Po3mmpenHass MoxIuBOCTEH
BiI0OYBa€ThCS 3a JIONOMOTOI BBEACHHS MOXIMBOCTI JOCHIKYBAaTH 3MiHY
koedinienTa [Tlipcona MeTo/I0M «BiKHa», TOOTO JAOCIIKYBATH AMHAMIKY HOTO 3MIHU
BIIPOJIOBXK 3HAYHOTO 4Yacy IpPH HASBHOCTI BiJIOBIIHUX JaHUX CIIOCTEPEKEHD
(mapameTpiB OararonapaMeTpUYHOI CUCTEMH).

Txy =

covxy _ Y(X-X)(Y-Y) (1)
oxoy  JXEX-X)ZL(Y-1)?’

. s oo 1 = 1
ne 7 — KoedimienT Kopessiuii Ans 3Hauenb X TaY; X = ;Z?ﬂ X Tal¥ = - .Y

— cepeHe 3HAUeHHsI BUOIPOK.
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s ommcy mpormecy OyaeMO BHKOPHCTOBYBATH KiNBKICHY MIPY CTYIEHS
B3aEMHOTO 3B'S3KY:

m lHl 1(X Zk =m-1Xi )
\/H ] =m-— l(Xij_Zz;m—lXik)2

DCL (X1, X, ... ()

ne X; — nmochimkyBaHi (yHKU, xl] — iX MUTTEBI 3HAYCHHS Yy J-il MOMEHT
cnoctepekeHHa. bynemo HaszuBatu (2) KoedillieHTOM IUHAMIYHOT KOpemsii
(32 MupoHLIOBUM).

[IporpamMuy peamizamiro axropuTMy ITOCTIDKEHHS KoedillieHTa TUHAMI9HOI
KOpemslii OaraTomapaMeTpudHUX CHUCTeM Oyllo 3AiHCHEHO Yy MporpaMHOMY
cepenosuii Delphi y Burnsai nuaamivnaoi 6i0mioreku dll, o B mepcnekTrBi poOUTh
i yHiBepcaidpbHOIO Ais iHTErpamii y Oyap-sKy aHANITHUYHY CHCTEMY MIATPUMKH
MIPUAHATTS €KOJIOTIYHMX DillleHh HEe3aJe)KHO BiJ] MPOrpaMHOI MOBH peaiizarii
OCTAaHHBOI.

:-if Coerelate - a W

Lt | OMRACTED CTOMLOE | W

4

) [T powd, maoee
O#HD |5, F ECKE

et | @ 2307 smeeany

<
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0.1 i W docdard

[~ xnopign
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Puc. 2 — BikHO po3paxyHKy Koe(dil[leHTIB AMHAMIYHOT KOpeJIsLil 1JIsl Tpynn
MOKa3HUKIB 3a0py/THEHHsI BOJTHUX PECYPCIiB

Ha pucynkax 3, 4 moka3zaHO pe3yJibTaTu po3paxyHKy Koe(illieHTa TUHAMIYHOT
kopemsinii (KAK) st pizHux HaOOpiB MOKa3HHUKIB TEXHOT€HHOTO 3a0pyAHEHHS Ha
minstami p. Ilpyr Oins myskry JlenkiBmi (YepHiBembka 007acTh) Ha OCHOBI
0araTopiYHOr0 MacHBY JIAHUX MOHITOPUHTY BOJIHMX PECYPCIB.
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Puc. 3 — KoedimieHT AMHAMIYHOT KOPETAIi Iy iHANKaTOPiB 3a0pyaHeHHs Ha p. [IpyT
(JIenkisii, YepHiBenbka 001acTh) B riepioq 1996-2019 pp. (po3uuHEHUH KHCEHb Ta HITPaTH)
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Puc. 4 — KoedinieHT quHAMIYHOT KOPETAIii [T iHANKaTOpiB 3a0pyaHeHHs Ha p. [IpyT
(JTenkigiyi, YepHiBenpka obacts) B iepion 1996-2019 pp. (amowniii, BCKs, 3aBuci
PEUYOBUHH, PO3YMHEHHUH KHCEHb, HITPATH, Cylib(ary, dpocdarn)

Jlns mpoBezieHHsT OUTBIN TIHMOOKOrO aHali3y 3HAYeHHS KOHKPETHOTO JDKepena
TEXHOT'CHHOT'O 3a0pyIHEHHS B IiJICYMKOBIH OI[iHIIl €KOJIOTTYHOTO CTaHy JOBKIJISA
3alpoONOHOBaHO MOJM(DIKyBaTH METOAWKY, amnpoOoBaHy BHmle. s 1BOTO
HEOOXiZHO MOPIBHATH TUHAMIYHY KOPEJLII0 MOKAa3HHWKIB 3a0pyIHEHHS B JBOX
MPOCTOPOBO BU3HAUEHHX TOUYKAX, TICHO IOB’S3aHUX MK COOOI0 XapaKTepoM
TEXHOTEHHOT0 3a0pynHeHHs. [IyHKTH BiOopy MpoO BOJAM Ha pidili BiAMOBIIAIOTH
TaKUM yMOBaM, SIKIIO MiXX HUMHM 32 TEYi€I0 PO3TALIOBAHO JHKEPETIO TEXHOTEHHOT'O
3a0pyaHEeHHS (HANpUKIIal, MPOMHUCIOBE MiANMPUEMCTBO), OCKUIBKH € MOXIIUBICTh
MOPIBHATH KOPEJIALII0 MIX [MOKa3HHKaMd B 000X TOYKax 1, BIAMOBIIAHO,
JleTepMiHyBaTH He3a(ikCcOBaHI B IPOIIEC] MOHITOPUHTY TEHICHIIII.

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 1 (37), 2021



JlJis mpoBeeHHs aHali3y 0OpaHO AUISHKY Ha p. YT, BiamoBiaHo, Ha 500 M
BUIIIE Ta HIKYE CKHUIIB KOMYHAJbHHX MiANPUEMCTB BOJOKOPHUCTYBaHHA 1 HaOip
noka3HukiB 3 2004 mo 2014 pokwu.

1510—3.|.|..|.|.|.|.|.|.|.|.|
X i —— 500 M HUMXKe CTOKY

.............. 500 M BULLYE CTOKY

1,0x107° 1

5,0x10™ 1
0,0

-5,0x10™
-1,0x107
-1,5x107

-2,0x10° 1
0 12 24 36 48 60 72 84 96 108 120 132 144
micsayb (1.2004-11.2014)

Puc. 5 — JIlunamika koeQimieHTIB KOPEIALii AT MOKA3HUKIB 3a0pyAHESHHS P. YT
Ha TepuTopii M. PiBHe (3aBUCIII peYOBHHH, KUCIIOTHICTH, 010XiMiUHE CIIOKHBAHHS KUCHIO,
a30T aMOHIWHUH, a30T HITpAaTHUH, a30T HITPUTHUH, Pocharm)

-1 P RPN RPUN SN SR SR | L PR T B SR
1,5x10
' ——— 500 M HUXeE CTOKY

w500 M BULLE CTOKY

1,0x107" 1

5,0x107%

0,04

-5,0x107 -

-1 ,0X10-1 L L L L L L L L L L L L
0 12 24 36 48 60 72 84 96 108120132144
micaus (1.2004-11.2014)

Puc. 6 — Jlunamika koeilieHTiB KOpPEISILiT 1Sl TOKa3HUKIB 3a0pyTHEHHS p. Y CTs
Ha TepuTopii M. PiBHe (3aBHCIIi pe4OBHHHM, KUCIIOTHICTh, PO3YMHEHUH KHCEHb, 010XIMi4HE
CHOXHMBAHHA KUCHIO, a30T aMOHIWHWH, a30T HITPAaTHHH, a30T HITPUTHUH, ocdaTu, XIOpuIm)
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Pi3ki 3MiHM KOpesIIii B KOPOTKI MOMEHTH 4acy IOKa3ajdl BHCOKY BipOTiIHICTH
CKuay 3a0pyAHIOIOYMX pEYOBHMH B JaHUH TMepiof, SKUA MOXe MaTH
HECAaHKIIOHOBaHWK XapakTep. BimoBigHO, MporpaMHUil MPOAYKT MOXe OyTH
BUKODHCTaHWH B 3aJadax OIEPAaTHBHOTO MOHITOPUHTY Ta 3amoOiraHHs
HaJ3BUYAWMHUM cUTyarisM. JlaHi aHami3y cBimdaTh MPO HASBHICTH HEBPAXOBAHHMX
YHHHUKIB 320pYyHEHHS, 110 3HWKYE KOPEIALIIO0, a TAKOXK PO CKIaJHICTh MPOLECIB
TEXHOTEHHOTO 3a0pyAHeHHs. TakoX MOXKHa BBaKATH, M0 BHUKOPUCTAHHS
KOPEJAIIHHOTO aHali3y Ja€ MOXIIHMBICTH OIEPATUBHOI MIarHOCTUKH TUHAMIKH
AQHTPOIIOTEHHOTO HABaHTA)KEHHS Ta JeTepMiHallli HOBHX, HEBPaXOBAaHUX JDKEpPE
3a0pyIHCHHSL.

Jua peamizamii 3ampoNOHOBAHOTO B CTaTTi MiAXOMy HEOOXigHa HasBHICTH
BEJIMKHX MAaCHBIB JaHUX MOHITOPHUHTY, OTPHMAaHHUX LUITXOM KOHTaKTHUX BHMIpiB,
IO J]a€ MOKJIMBICTD 3aCTOCOBYBAaTH MaTeMaTU4HI METOAM, SIK-TO 3allPONOHOBAHUM
aBTopamu Buiie. BogHodac, MOMITFHO TOTOBHUTH TOJIBOBI METOAH JTOCIIIKEHHS
TEXHOJIOTISIMH ~ JAWCTAHIINHOTO (aepOKOCMIYHOTO) MOHITOPHHTY TEPUTOPIi.
JloLiIbHO BUIUIMTH JiBA OCHOBHMX 3aBIaHHsI, K MOYKHA BUPILIUTH 32 JTOIOMOTOIO
meToxiB J133:

— JIOKaJTi3allis JpKepes 3a0pyAHEeHHS JUIs 1X MOJalIbIIOl iIHBEHTapHu3allil B CKJIaIi
€KOJIOTTYHUX MOJEIIEH;

— BH3HAYCHHS IIPOCTOPOBHX apeajiB 3a0pyIHEHHS JOBKIUI Ta AU EpeHITIaIisa
IHTEHCHBHOCTI 3a0pyTHEHHS B MeXax Iux apeanis [3, 11, 12].

PosrnsiHemMo  3acTocyBaHHS  3allpOTIOHOBAHOTO — aBTOpaMHU  MIiAXOAY  JJIs
BHpIIIEHHS 3aBIaHb IHBEHTApH3allii Ta OIIHKHA aHTPOIIOTCHHOTO BIUIMBY Ha
JOBKUJUTS, BUKJIMKAHOTO HECAHKI[IOHOBAHWUM BHJIOOYTKOM MiHEpAIbHUX PECypciB
3acobamu [133. [ns mporo B AKOCTI mpuKIamy Oyle BHUKOPHCTAHO MpobieMy
BUIO00YTKYy OyprmutuHy Ha Teputopii Ykpaincekoro Ilomiccs. Ilpomonyerscs
HAaCTYIHUH aJTOpPUTM iHBEHTapH3allii MiCIlb HE3aKOHHOTO BHAOOYTKY OypIITHHY
meTojamu J133:

— BUOIp XapaKTEpUCTHK, SKUM MAalOTh BiJIOBIJaTH KOCMiYHI 3HIMKH, IO
aHAITI3YIOTHCS;

— TpoBelleHHs Kiacu@ikalii mjacTUIbHOI MOBEPXHi;

— CTBOpEHHs 0a3u KOCMIYHMX 3HIMKIB 32 MIEBHUI MTPOMIXKOK 4acy;

— To0yJ0Ba reoMoJiesieli aHTPOIIOTEHHO TOIIKO/KEHUX eKocUucTeM (JIiciB Ta
CLITBCHKOTOCTIONAPCHKIX 3EMETIh).

Ha puc. 7 mokazaHo mnporpamMHy peaiizaiilo iH(pOpMAI[HOT TEXHOIOTil
nemudpyBaHHs KOCMIYHUX 3HIMKIB JUTS BUPILICHHS IOCTABJICHOTO 3aBaHHSI.

MicIisl HECaHKI[IOHOBAaHOTO BHO00YTKY OypINITHHY MOXYTh OyTH JIOKaJli30BaHI
Ha KOCMIYHHUX 3HIMKaX 3a HACTYITHUMH O3Hakamu (puc. 8, 9):

— Ha HiACTWIBbHIA MOBEPXHI YTBOPIOIOTHCS BOPOHKOIIONIOHI CTPYKTYPH;

— 3MEHIICHHS T'YCTOTH JTICOBUX MACHUBIB;

— piBEHB BOJIOTOCTI 30UTBIIYETHCS Yepe3 BUXi BOJH 3 MiA3EMHUX BOJAOHOCHUX
TOPH30HTIB Ha JICHHY [TOBEPXHIO;

— Koe(iIieHT CIEeKTPaIbHOI SICKPAaBOCTI 30LIBIIYETHCS Yepe3 MPOIeCH 3MUBY

rymycy.
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Puc. 7 — Jlokaizawist MiCIlb HECAaHKI[IOHOBAHOTO BUIO0YTKY OypIITHHY 3aco0aMu
I'IC/A33 (Capuenchkuii paiion PiBHeHChKOT 00macTi)

Puc. 8 — [Ilunamika aHTPOIIOreHHOTO HOPYIICHHS 3eMeJb CLIbChKOTOCIOAAPCHKOr0
npu3HaueHHs (finsiHka 0ist ¢. HoBaku BonoguMupenpkoro p-Hy PiBHEHCHKOT 0011.)
BHACIIIOK HECAHKI[IOHOBAaHOTO BUI0OYTKY OypiutiHy 19.03.2012 Ta 08.08.2013
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Puc. 9 — /Ilunamika aHTPONOT€HHOT'O MOPYIIEHHS JIICOBUX €KOCHCTEM
(4 xm Ha miBaeHs Bix cMT Bonoaumupens Bosoaumuperiskoro p-Hy PiBHEHCHKOT 0011.)
BHACJIIJIOK HECAHKIIIOHOBAHOTO BUI00YTKY Oyprrtuny: 19.03.2012 ta 08.08.2013

Ilokazana Ha 3HIMKax JAWHaMiKa Oe33alepedyHo JOBOJUTH MIKIJUIMBICTh
HECAaHKLIOHOBAaHOTO BUAOOYTKY OypIITHHY Ul 3eMellb Oyb-SIKOrO NMPU3HAYECHHS.
Crizx 3a3HauMTH, IO HABEACHI NPHUKIAAN JUHAMIKM € HEBEJIMKOI0 YaCTKOIO THX
MpoIIeciB, MO B HAaHOMMKYMH Yac MOXYTh MPU3BECTH JO HE3BOPOTHOI BTpPATH
BEJIMKOI YacTKU 3eMeNbHOTO (OHAY SK M OyAb-KOTO TOCIOAapChKOro
BUKOPHUCTAHHSI, TaK 1 U1 33/1a4 OXOPOHHU MPUPOIH.

IHTerpamist TeXHONOTIH KOHTAKTHOTO Ta JHMCTAHIIHHOTO MOHITOPUHTY
AQHTPOIIOTEHHOTO0 HABAHTAXKEHHS Ha JOBKLUIS, €KOJIOTIYHOI iHTeprnperaimii Horo
PE3YyIbTATIB 13 3aCTOCYBaHHIM aKTyaJIbHUX METO/IiB MAaTEMaTHYHOT O MOAETIOBAHHS,
MaTeMaTHYHOI CTaTUCTUKH, 1H(OpMAaliHMX TEXHOJOTiIH AemudpyBaHHS TaHHUX
KOCMIYHOI'O MOHITOPHHIY Ta KOMIUICKCHOI OIIIHKM €KOJIOTIYHOIO CTaHy TePUTOPIiit
€ MOXKJIMBOIO Ha OCHOBI reoiH(opManiitHoi miaTgopmu, 1o € sapom iHhopmaniiHoi
CHUCTEMH MiATPUMKM  YIOPaBIIHCBKUX pilleHb B cdepi  pauioHaNIbHOTO
MPUPOIOKOPUCTYBAaHHSA Ta eKoJIoTiuHoi Oesmexku [13—15]. 3ampomoHoBaHa
CTPYKTYpa Takoi CHCTeMH IpescTaBieHa Ha puc. 10.
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PoGora € mpomoBXKEHHSAM OaraTopidHoi IIpalli, OCHOBHI pe3yJbTaTH SKOI
HaBeZeHO B [16, 17]. OqHuM 13 MOXKIIMBUX HANPSMKIB pOOOTH BU3HAHO JOLITBHUM
J04aTh A0 00’ €KTOBOT 0a3u JOCHTIHKYBaHUX CHCTEM — AHTPOIIOTCeHHE HABAHTAKEHHS
eKOJIOTIYHUX CHCTEM BYTUILHOBHI00YBHHX pomoBuil [18, 19].

AHamE §H3HED- CTaTHCTHUHHE 3HAMS JIEHEX IMonsoE! DoCTUDEEHRET
reorpadivaEx i conianeHe- CHCTEMH EROMOTITHOTO EEQMOTIIHOTO CTAHY
SHOHOMIUHNY OCOGIHEOCTEIT MORITOPHETY, To0yIosa TepHTOop

TepHTOpi TACOEHR DAOLE l l
= l KomrasTai 33
. e
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TONOBHHR SEOIOT{HHIX l—
npodnen ¥
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Jetepminania daxTopie
aHTPONMOreHHOT0 HABAHTAXMEHHT
L Faprorpadivai
Marematuyse MOTETIOBAHHEA TPOUECE Moqsm
AHTPOMOTEHHOTD HABAHTAWEHHA SHTPOTIOTEHHOTD
HABAHTHHEHHR
EusHATSHAR FTHY0ENT Buspnenns mafdimsm
SATEWEOCTER EIUTHECENX KOMIOHEHTIE
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Puc. 10 — Crpykrypa indopmaliiiHol cucTeMy MATPUMKH YIPaBIiHCHKUX PIllIeHb
B c(hepi palioHaTLHOTO MPUPOAOKOPUCTYBAHHS Ta €KOJIOTIYHOT O€3MeKn
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BucHoBku i nponosumii

3anmpoItoHOBaHO TMIiAXiM A0 CTBOPEHHS 1HPOPMAIIHHOI CHCTEMH ITiATPUMKH
YIpPaBIiHCHKUAX pilmieHh B cdepi palioHadbHOTO MPHUPOJOKOPUCTYBAHHS Ta
eKoJioriuHoi Oe3nmekn Ha 3acafax reoindopmaniifHoi muardopMu, iHTErpoBaHOI B
TEPUTOPIATIbHY CHUCTEMY €KOJIOTIYHOTO MOHITOpHHTY. st mbOro po3pobieHo Ta
peanizoBaHO B TPOTPAMHOMY CEpEIOBHUIII METOJUKY AITOPUTMY TOCIiIKEHHS
KoedilieHTa AWHAMIYHOI Kopenslii OaraTomapaMeTpHUYHHX CHCTEM 3 HOro
anpoOaiier0 Ha MNPUKIANI  aHAT3Y AaHTPOIOTCHHOTO HABAaHTAXKCHHS Ha
rigzpoexocuctemu Ykpainu. OOTpyHTOBAHO MOMUTBHICTH iHTETpalii KOHTAaKTHAX Ta
TUCTAHIIMHUX METO/[iB MOHITOPHUHTY aHTPOIIOTEHHOTO HaBaHTAKEHHS HA MPHUKIAL]
iHTeprpeTanii JaHUX KOCMIYHOT'O MOHITOPWHTY HECAHKIIOHOBAHOTO BUIOOYTKY
OypmtuHy Ha TepuTopii Ykpaincekoro [lomices.
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THE EARLY WARNING SYSTEMS ABOUT LANDSLIDE
HAZARDS IN UKRAINE

Abstract. Early warning systems are an effective tool for preventing and mitigating
the risks associated with the occurrences of various types of threats (including
landslides). The paper presents and describes the concept and practical
implementation of the new integrated methodology for early warning systems based
on the integration of modern monitoring technologies and comprehensive numerical
modeling of an object under study. Designing, testing and operation of monitoring
systems of complex and unique construction objects have a lot of difficulties, need
system knowledge in several spheres of science and engineering: construction,
informational technologies, measuring instruments, systems and algorithms of data
processing, programming etc. This information is known only to narrow range of
highly qualified specialists that directly participated in designing and installing of the
particular monitoring system at the particular construction object. The basic concept
of Early Warning System installed on landslides is that the elements at risk, especially
people being close from the dangerous area, must have sufficient time to evacuate, if
an imminent collapse is expected. Therefore, an effective Early Warning System shall
include such four main sets of actions: monitoring of the activity of the observed
object, i.e. the data collection and transmission, as well as the equipment maintenance;
the analysis and modeling of the observed and studied object; warning, i.e. the
dissemination of simple and clear information about the observed object; the effective
response of risk exposed elements; full understanding of risks. The examples of the
practical application of the proposed integrated methodology to various construction
projects and natural and technological systems are given, including 1) Central
Livadia Landslide System and Livadia Palace; 2) a system for landslide hazard areas
monitoring in the Kharkiv region; and 3) landslides Early Warning System using
unmanned aerial vehicles as a specialized monitoring system for shearing deformations.
Keywords: methodology; hazard early warning; monitoring and numerical modeling

Introduction

Historical beginning of monitoring was observation of levels of oxide of
hydrocarbon in air at coal mines in England and Belgium more than 100 years
ago [1]. Canaries, guinea pigs and cockroaches were used as sensors at that time.
Designing, testing and operation of ordinary monitoring systems have a lot in
common in different countries and are developed traditional technologies [2]. At the
same time designing, testing and operation of monitoring systems of complex and
unique construction objects have a lot of difficulties, researches and substantiations,
need system knowledge in several spheres of science and engineering: construction,
informational technologies, measuring instruments, systems and algorithms of data
processing, programming etc [3-6]. This information is known only to narrow range
of highly qualified specialists that directly participated in designing and installing of
the particular monitoring system at the particular construction object [7-9].
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The early stage of the landslide hazards automated study has begun with a variety
of monitoring systems, the main role of which was to collect information about an
object or phenomenon under study [10-11]. The study of landslide hazards requires
the responses to two fundamental questions [12-15]:

1. "Where and when can landslides occur?** and

2. ""How to avoid them or mitigate their consequences?"

The purpose of monitoring is to determine the points of time, at which the
deviations from the normal operation of the object under study occur. The main task
to be solved in the process of monitoring is the detection and assessment of the
recorded field deviation from the stationary state. To identify the object state by
means of analysis, the most informative indicative parameters, the combination of
which represents the state of the object under study, should be selected. In the process
of monitoring, the actual values of indicative parameters shall be recorded [16, 17].

As defined by the UN International Strategy for Environmental Disaster
Reduction (UN International Strategy for Disaster Reduction, UNISDR 2009), the
Early Warning System (EWS) is “the set of capacities needed to generate and
disseminate timely and meaningful warning information to enable individuals,
communities and organizations threatened by a hazard to prepare and to act
appropriately and in sufficient time to reduce the possibility of harm or loss” [18].

This general definition can be applicable to any danger and does not contain
adirect reference to landslides. Regardless of the definition and the hazard
considered, EWS is used to reduce the risk by affecting the impact on exposed
elements. The basic concept of EWS installed on landslides is that the elements at
risk, especially people being away from the dangerous area, must have sufficient
time to evacuate, if an imminent collapse is expected.

Therefore, an effective EWS shall include such four main sets of actions [19]:

* Monitoring of the activity of the observed object, i.e. the data collection and
transmission, as well as the equipment maintenance;

* The analysis and modeling of the observed and studied object;

* Warning, i.e. the dissemination of simple and clear information about the
observed object;

* The effective response of risk exposed elements; full understanding of risks.

The key to the successful application of landslides EWS is the system ability to
identify and measure in real time a limited number of important indicators called
precursors that precede landslide catastrophic movements including disturbances
and collapses. The recent advances in the development of control and measuring
equipment in conjunction with GPS and photogrammetric techniques have increased
the potential for obtaining the highly reliable measurements of various parameters,
which then can be used to detect landslide activity preceding the entire slope
breakage [20-28]. It is quite obvious that whenever the mechanics and instability
mechanism of a particular slope are ignored, it may be difficult or simply impossible
to rely solely on the analysis based on the measurements of surface displacements
and velocities. Therefore, it is necessary to describe the landslide forerunners for
the purposes of early warning about soil movements [29-31].

1. System of monitoring the Central Livadia Landslide system and Livadia
palace.

As the first illustration of the LH EWS NIM practical embodiment the project «System
of monitoring the Central Livadia Landslide system and Livadia palace» [32, 33]
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implemented during 2002-2014 (project chairmans O. Trofymchuk and 1. Kaliukh)
can be taken. In this project unit 2, unit 3 and partially unit 4 of the four units of the
LH EWS were implemented. To study the state of the geological environment of the
the Central Livadia Landslide system and Livadia palace the monitoring system was
developed and technically implemented on the computer (ZSUV software is shown
in fig. 1).

Ll witinigoiiee

PEIED L

Fig. 1 - The ZSUV software for the Central Livadia
landslide system and Livadia palace monitoring
(first version, 2002)

Heliogenic parameters included solar activity, changes in temperature and
humidity regimes, the nature and intensity of precipitation, wind activity etc. The
data were manually loaded into the computer. Lithogenic parameters were presented
by a set of conditions and factors characterizing the mechanism and dynamics of
changes in the equilibrium state of the the Central Livadia Landslide system slopes.
The system performed the following actions:

1. Control of the the Central Livadia Landslide system and Livadia palace
reference points displacements by means of landslide surface visual observations and
subsequent manual loading of information into the PC (fig. 2).

2. The continuous real-time monitoring of the evolution of deviation angle
changes for selected areas and zones within the landslide massif with the use of high
precision electric inclinometers, filtering of electrical signals, converting of analog
signals into a digital code by means of the analog-to-digital converter and data real-
time downloading into the PC (fig. 3).

The processing of the measurement results showed the following [6]:

1. The southeastern wing of the Livadia palace performs continuous waves
relative to a certain intermediate position. These vibrations are of a noticeable
periodic nature with a period being defined as twenty-four hours. The amplitude of
daily vibrations varies within the range of approximately 1.5 angular minutes, that
is, about 45 angular seconds to every side away from the intermediate position. The
vibrations are directed relative to the transverse building axis.

2. Sometimes (for example, on February 13-14, February 26-27 and March 22—
23, 2002), the Livadia Palace tilt angle increase was recorded. In those cases, the
amplitude increased to 6 angular minutes. The calculation results showed that the
usual daily vibrations were 1.9 mm to each side from the intermediate position, but
on the mentioned days the vibrations were about 4.2 mm to each side from the
intermediate position.
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Fig. 3 — «Inclinometer» Unit of the Central Livadia Landslide system
and Livadia palace

3. The exact correlation of those factors with the Livadia Palace civil structures
dynamics was not proved because of the frequent forced breaks in the monitoring
system operation. Such breaks were caused by the necessity to fulfill the mandatory
requirements of the Security Service of Ukraine during the various official events of
the All-Ukrainian and local (Yalta and Livadia) levels in the Livadia Palace and
preliminary preparations for them. Since January 2014, the monitoring of the the
Central Livadia Landslide system and Livadia palace has been completely ceased
because of the occupation Crimea by Russia.

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 1 (37), 2021



2. The project “System of GIS-monitoring of the landslide hazard slopes in
Kharkivska oblast by means of ERS”.

It implemented during 2008-2011 (project chairman O. Trofymchuk) can be taken
as the second illustration of the LH EWS NIM practical embodiment. In the project
unit 1, partially unit 3 and partially unit 4 of the four units of the LH EWS NIM were
implemented.

The proprietary database and GIS (fig. 4) were taken as the basis for the proposed
structure of the landslide hazard slopes information system. The developed database
had an information and reference character and contained brief information about
fifty two certificates of the Kharkiv region landslide areas and the data on the total
precipitation during twenty years from 1983 to 2002 at the Kharkiv region
meteorological stations. The database information could be used for the rapid
assessment of the landslides formation risk. GIS contained the multilayer
information on relief, gradients of slopes, hydrographic network, roads, landslide
areas etc.

Structure of the information DB on landslide-prone

slopes
—p] Data base (DB) development Geoinformation system (GIS)
development
Certificates of landslide areas Maps Tables
(conceptual information)
Certificates of landslide areas Diagrams Plots
(brief information)
Precipitation o Diagrams
Ll

Fig. 4 — Structure of an information database on landslide hazard slopes

Fig. 5 shows that the shorter distance between the road and landslide areas, the
bigger number of landslides. Although the Kharkiv region territory is relatively small
in size, its main part is struck by the landslide processes, which should be constantly
monitored.

The GIS adaptation to the existing database of the Kharkiv region landslide
hazard massifs (LHM) facilitated the clarification of the following connections:
"landslides density — area flooding”, "the number of landslides — the amount of
precipitation”, "slump deformations — slope gradient”, "slump deformations —
seismic loads", "density of landslides — density of the road network™. On the most
part of the Kharkiv region territory, the LHM areas flooding, precipitation and
anthropogenic factors have the dominant effects on the landslides evolution or

activation.
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Fig. 5 — The distances from landslide areas to roads
in the Kharkiv region

Firstly, a water table rise due to natural and anthropogenic factors is recorded
almost wherever numerous landslides are observed. Anthropogenic factors can
include the violations of sewer systems of buildings, low efficiency and hydrological
imperfections of drainage systems, storm-water sewerage systems failures etc.
Secondly, it is possible to observe the various economic activities with the significant
violations of control standards (cutting of LHM slopes, lands ploughing for
agricultural use in the vicinity of the landslide deformations manifestations, trees
removal on slopes etc.). Thirdly, the dynamic impact on LHMs is rising because of
the intensification of traffic density and transport speed, increase of transit freight
traffic and respective loads on roads surfaces, reduction of the distances between
roads and slopes etc. When processing the information available from the DB of
landslide manifestations in the Kharkiv region districts, which has been obtained
earlier, it became clear (fig. 6) that there was no valid correlation between the
guantities of landslide areas and landslides.

That fact could have several reasons including the unreliability of landslides
information, shifting (increase) of landslides activation, secondary factors of
influence, stale data etc. All of that required the application of new approaches and
modern information technologies to the collection and processing of LHM data etc.,
as well as the on-line acquisition of operational information. To solve those tasks the
advanced software tools are necessary forthe assessment of landslide hazard at the
local and regional levels based on a systemic combination of the analysis of
unmanned aerial vehicles cartographic information, space images taken by means of
Earth remote sensing, mathematical modeling results and GIS-technologies outputs.
The new GIS model should contain multilayer information on the relief, slopes
gradients, hydrographic network, roads, landslide areas and others.
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Fig. 6 — The count of landslides and landslide areas in Kharkiv region:
N — is a number of landslides; (N1) 111 — is a number of landslide areas.
Names of administrative regions:

Balakliiskyi Derhachivskyi Kupianskyi Kharkiv

Barvinkivskyi Zachepylivskyi Lozivskyi 1zium

Blyzniukivskyi Zmiivskyi Novovodolazkyi Kupiansk (city council)
Bohodukhivskyi Zolochivskyi Pervomaiskyi Lubotyn (city council)
Borivskyi 1ziumskyi Pechenizkyi Pervomaiskyi (city council)
Valkivskyi Kehychivskyi Sakhovshchynskyi  Chuhuiv (city council)
Velykoburlut Kolomatskyi Kharkivskyi Lozova (city council)
Vovchanskyi Krasnohradskyi Chuhuivskyi

Dvorichanskyi Krasnokutskyi Shevchenkivskyi

3.“System for the UAV-monitoring of landslide slopes™.

In 2017 O.A. Klimenkov defended his dissertation where the preliminary studies of
the LH EWS units 1-4 using the unmanned aerial vehicle (UAV) were implemented
at the theoretical and methodological levels. The application of new approaches and
modern information technologies to the collection and processing of data on
potentially dangerous landslide massifs etc. and the on-line obtaining of operational
information require the improvement of existing software for the landslide hazard
assessment at local and regional levels based on a systemic combination of UAV
cartographic information analysis, satellite images taken by means of the Earth
remote sensing (ERS), mathematical modeling and GIS technologies.

Despite the continuous improvement of the aerospace ERS tools, such aerospace
photography has well-known methodological limitations, which are determined, first
of all, by the impossibility of photographing at any time and in any place depending
on the weather conditions and on account of satellites orbits geometry.

The preconditions for the UAV use as a new photogrammetric tool include the
disadvantages of two traditional ways of the remote sensing data acquisition by means
of space satellites (space photography) or manned aircrafts (aerial photography) (fig. 7).
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a. The low resolution image from the ' b. Superimposition of the aerial photo
Google Earth service made from "Dozor-2" UAV

c. A high-resolution photo segment

Fig. 7 — Satellite observation data

Satellite observations allow the images acquisition with a publicly accessible
maximum resolution of 0.5 m, which is insufficient for large-scale mapping (fig. 7a).
Moreover, it is not always possible to find the cloudless photos in archive. In case of
customized photographing, the promptness of data acquisition may be lost. The
operators and distributors often do not exhibit the flexible pricing policies as to the
relatively compact areas. Traditional aerial photography carried out from aircrafts
(Tu-134, An-2, An-30, 11-18, Cesna and L-410) or helicopters (Mi-8T, Ka-26 and
AS-350) requires high economic costs for maintenance and fueling, which leads to
the increase of a final product value.

The application of standard aircraft systems is uneconomic in the following
situations:

1. The photography of small objects and small areas. In these cases the economic
and time costs of work organization related to a unit of photographed area
significantly exceed the similar parameters of the large areas photography
(particularly for objects at a considerable distance from an aerodrome);

2. The necessity to carry out regular photographing for monitoring the extended
objects, including pipelines, transmission lines or traffic arteries.
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It should be noted that the technology of aerial photography from UAV has been
largely worked out. Currently, most of the existing and operating UAVSs are intended
for air reconnaissance and surveillance by taking photos and videos. Fig. 8 shows
the real place of the UAVs among the existing shooting methods. The vertical and
horizontal axes show the area covered by photographing and the operativity and
relevance of the data received, respectively. As can be seen from the figure, the
materials of satellite acquisition have the maximum coverage, but their applicability
is insignificant. Sometimes the space images of certain territories are waited for
months. The aerial photography and aerial laser scanning have a higher applicability
and accuracy, but cover the smaller areas as compared to satellite acquisition. Also,
both of the above mentioned methods of taking photos are expensive. The use of
UAVs is justified in cases when it is necessary to quickly obtain accurate information
about a locality at a small area. In addition, taking into account the cost of each of
the solutions, UAVs get the very advantageous scoring and are optimal in some cases
in terms of financial costs. Thus, the plus points of UAVs use are as follows:
economic efficiency; possibility of taking photos from small altitudes and in the
vicinity of objects and, therefore, obtaining the high resolution images; immediate
imaging and the possibility of UAV usage in zones of emergency without any risk
to the pilots’ lives and health. The use of UAVs for solving the tasks of aerial
surveillance of emergency areas (such as the monitoring of the Fukushima-1 NPP
condition as of March 16, 2011 after the radiation accident) is the most cost-
effective, safe and operational means of environmental monitoring.
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Fig. 8 — Comparison of existing methods for obtaining
the Earth remote sensing data

Conclusions

1. The concept and practical implementation of the new integrated methodology of
the EWS, which is based on the integration of modern monitoring technologies and
comprehensive numerical simulation of the investigated object, is presented and
described.

2. The effectual and efficient EWS shall perform four main sets of the following
actions: the monitoring of the behaviour of an object under observation, i.e. data
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collection and transfer, as well as equipment maintenance; the analysis and modeling
of the investigated object under observation;warning, that is, the dissemination of
simple and clear information about the object under observation; and the effective
response of risk-exposed elements; full understanding of risks.

3. The following examples of practical implementation of the proposed integrated
methodology for various construction objects or natural and man-made systems are
presented: 1) the Central Livadia landslide system and Livadia Palace; 2) the system
for landslide hazard areas monitoring in Kharkiv Region, and 3) the systems of early
prevention of landslides with the use of unmanned aerial vehicles as the specialized
systems for monitoring the deformations due to landslides.
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A.Il. Cipenko

CUCTEMU PAHHBLOI'O IONEPEMXEHHS IPO 3CYBHY HEBE3INEKY
B YKPAIHI

AmnoTtanis. CucteMu paHHBOTO TIONEPEHKEHHS IIPO HeOe3neKy € e)eKTHBHUM IHCTPYMEHTOM
JUIsl 3a100iraH sl Ta OM'SKIICHHS! PU3HKIB, MTOB'I3aHNX 3 BUHUKHEHHSM PI3HOTO THITY 3arpo3
(3cyBiB y ToMy umncii). Y cTaTTi mpejcTaBlicHa 1 ONMcaHa KOHIICINiS Ta MPaKTUYHA Peatizallis
HOBOI IHTErpOBaHOi METOIOJIOTii CHCTEM pPaHHBOI'O IIONEPEDKEHHS, SKa 3aCHOBaHAa Ha
MOETHAHHI CYYacHMX TEXHOJIOTiH MOHITOPHHIY 1 BCEOIYHOTO YMCENHHOTO MOJICIIOBAHHS
JocIipKyBaHoro oO'ekra. [IpoekTyBaHHsS, BHIPOOYBaHHS Ta eKCIUIyaTallii CHCTEM
MOHITOPUHTY CKJIQTHUX Ta YHIKaJbHUX OyIiBETHHHUX O0'€KTiB MalOTh 0araTo TpyIHOILIB,
JOCTIKEHb Ta OOTPYHTYBaHb, MOTPEOYIOTh CHCTEMHHX 3HAHb y JIEKUIBKOX chepax HayKH Ta
TeXHIKHU: Oy NiBHUIITBI, iHHOPMALIIITHIX TEXHOJIOTISIX, BUMIPIOBATLHIX PHIIA/IAX, CHCTEMaX Ta
anropuTMax 0OpoOKHM JaHMX, TporpamMyBaHHi Tomo. OcHoBHa KoHIenniss EWS, BctaHOBICHNX
Ha 3CyBax, MOJSTaE B TOMY, II0O €JIEMEHTH, SIKi MiJIal0Thesl PU3HUKY, OCOOIMBO JIFOIH, IO
3HAXOMSATHCSl HEAANEKO Biji HeOe3Me4HO! 30HH, MaJlM JIOCTaTHBhO Yacy Ul eBakyauii B pasi
OuiKyBaHHS HEMHUHY4YOro Kojancy. Tomy mieBa i epexrnBHa EWS noBuHHa BKIltouatu B cebe
YOTUPU OCHOBHUX HAOOPH Jiii: MOHITOPUHI aKTUBHOCTI 00'€KTa CIIOCTEPEKEHHs, TOOTO 30ip
JIaHKX, Teperada Ta oOCIyroByBaHHs 00JaHAHHSI, aHAII3 1 MOJIEIFOBAHHS JJOCIIHKYBaHOTO
00'eKTa CIIOCTEPEKEHHST; TIOTIEPEIHKEHHS, TOOTO TOIIMPEHHS ITPOCTOT 1 3po3ymisiol iHpopmartii
po 00'eKT criocTepeskeHHsT; e()eKTHBHA BiAMTOBITHA PEAKIIisl €IEMEHTIB, CXIIBHUX 10 PU3HKIB;
TOBHE 3HaHHSA pH3WKiB. HaBeneHo mnpHKIaanM IpakTUYHOI peastizaii 3armpornoHoBaHOL
IHTErpoBaHOI METOMOJOTIi I Pi3HUX OYHiBETbHUX OO0 €KTIB Ta MPUPOTHO-TEXHOTCHHIX
cucrem: 1) Llentpanpna JliBamilichkka 3cyBHa cucteMa Ta JliBamiiichKuil manar; 2) cucTema
MOHITOPUHTY 3CYBOHEOE3MEeUHNX MJULTHOK XapKiBChKOi 001.; 3) cucremMa paHHBOTO
TIOTIEPE/KCHHS 3CYBIB 3 BUKOPHCTAHHSAM OC3MUIOTHUX JTAIGHUX AamiapaTiB B SKOCTI
CrenianizoBaHol CHCTEMH MOHITOPUHIY 3CYBHHX JedopMartiii.
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YHCeNIbHE MOJICITIOBAHHS
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