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INFLUENCE OF GLOBAL CLIMATE CHANGE ON AIR POLLUTION
IN URBANIZED AREAS AND SPREAD OF COVID-19 MORBIDITY

Abstract. The purpose of this paper is to confirm for the conditions of Ukraine the
hypothesis of a number of foreign authors on the relationship between the presence
of air pollution by aerosol particles in urban areas and the number of patients with
COVID-19. On the example of the main large cities of Ukraine the analysis between
temperature factors, dust pollution of the atmospheric phenomena and processes of
distribution of morbidity of the population on COVID-19 is made. The linear
dependences in the logical coordinates between nature are obtained due to the
confirmation of the cases of morbidity and the index of aerosol pollution of the
atmospheric air of urban areas by solid private particles PM2.5 (AQIPM2.5). The
correlation coefficients of the obtained dependences are in the range of 0.65-0.91.
These data suggest the possibility of unification of data for the country for different
climatic zones to assess and predict the incidence of population depending on air
pollution in urban areas and climatic conditions, and may be promising in the future
to find ways to reduce the impact of aerosols in the air on the human body and the
purpose of finer cleaning in production processes and air exchange technologies in

© O.C. Bosouikina, T.I1. Ia6miit, B.B. Tpodimosuu, B.M. €dimenko, A.B. I'oruapenko, O.I'. XKykosa, 2021
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modern buildings and structures. According to the authors, there is a need for
further research on the impact of humidity and the impact of the percentage
distribution of natural and anthropogenic aerosols in the air of urban areas. Such
studies will further make more accurate predictions about the impact of air pollution
on human health in the context of global climate change.

Key words: global climate change; air pollution; COVID-19; urban areas; morbidity

0.C. Boaomkina?, T.IL. IlIa6aiii?, B.B. Tpodimosuu’, B.M. €dimenko®,
A.B. I'onuapenko?, O.T. Kykopa®

1 Kuischkuii HallioHanbHUI yHIBEpCUTET Oy IiBHUITBA i apxiTekTypH, M. KuiB, Vkpaina
2 Opechkuil HaliOHANBHMI MeMuHMI yHiBEpCHUTET, M. Ojeca, Ykpaina
3 Kuischkuii HatioHansHui yHiBepcuteT iMeni Tapaca Illeuenka, M. KuiB, Ykpaina

BIIJINB I'/IOBAJIBHUX KJIIIMATUYHHUX 3MIH HA 3ABPY/IHEHHA
MOBITPS YPBAHI3OBAHUX TEPUTOPIN TA PO3IOBCIOIXKEHHS
3AXBOPIOBAHOCTI HACEJIEHHS HA COVID-19

Anomayin. Memor pobomu € niomeeposcetts 0 ymog YKpainu cinomesu HU3Ku
3AKOPOOHHUX ABMOPI8 U000 B3AEMO38'A3KY MIJC HAABHICMIO 3A0PYOHEHHS
ammocpeproz2o nogimps aepo30IbHUMU YACMKAMY HA YPOAHI308AHUX MEPUMOPISAX
ma kinokicmio 3axeopisuwiux na COVID-19. Ha npuxnadi ochoguux eenuxux micm
Ykpainu 3pobneno ananiz 63aemo38’a3Ky MidC memnepamypHumu @Gaxkmopamu,
nUNOBUM  3A0PYOHeHHAM — ammocgepu ma npoyecamu  pO3N0BCIOONCEHHS
saxsoproeanocmi nacenennsi Ha COVID-19. Ompumani ninitini  3anesxcnocmi
6 JI02APUPMIUHUX KOOPOUHAMAX MINC NPUPOCHOM KIIbKOCMI RIOMEEPOHNCEHUX
BUNAOKI6  3aX60PIO6AHOCMI  MA  IHOEKCOM  aepo30bHO20  3a0pYOHeHHSA
ammocgheprnozo nogimpsa  ypOaHiz08anux Mepumopii  meepouMu  UaACMKaAMU
PM2,5 (AQIPM2,5).  Koegiyicnmu  kopersyii  ompuManux  301edCHOCHel
3Haxooamuvcs 6 meoscax 0,65—0,91. L]i Oani ceiouame npo modxcaugicms YHighikayii
Oanux Ons mepumopii Kpainu Ona PIi3HUX NPUPOOHO-KIIMAMUYHUX 30H U000
OYIHIOBANHS MA NPOSHO3VEAHMS 3AXGOPIOGAHOCHIT HACENEHHA 8 3ANeHCHOCHI 8i0
3a6pyOHeHHs — ammocgeprHo2o  nogimps  ypOAHI308aHUX — Mepumopii  ma
KALMAMUYHUX YMOS, 4 MAKOIC MOAHCYMb OYMu NePCHeKMUBHUMU 8 NOOATLULOMY O
NOWLYKY WIIAXI8 3MEHULeHHS 6NIIUGY AepPO30i8 8 NOGIMPI HA OP2aHi3M THOOUHU md
NPpU3Ha4eHHs Oilbul MOHKOI OUUCMKU ) GUPOOHUYUX NpOYecax ma MexHoN02inx
nOGIMPOoOMIHY Y cyuachux 0y0iensax ma cnopyoax.
Knrwouosi cnoea: znobanvni 3minu kiimamy; 3aopyonenns nosimps; COVID-19;
ypbanizoeani mepumopii; 3ax60pro8anicmsy

DOI: https://doi.org/10.32347/2411-4049.2021.3.5-15

Beryn

OcraHHIM YacoM B p00OOTaX BiTYN3HIHUX Ta 3aKOPJOHHUX aBTOPIB JOCHTh PETEITBHO
PO3TIIAHYTO B3A€EMO3B’SI30K MK 3a0pyAHEHHSIM aTrMOC(epHOro TMOBITPS Ta
rIo0aTbHUMH KIIIMaTHYHUMHE 3MiHaMH [ 1, 2, 3 Ta iH.]. OKpiM TOYHHX MaTeMaTHIHUAX
mojeneii [4-6], B OGimprmrocti mux poOIT BCTAHOBIEHO 3alIEKHOCTI MiK
3a0pynHennsm kommorneHTamu CO, NOX, CO., CHOH (sx nepBuHHI, Tak i BTOpUHHI
3a0pyIHEHHST BHACIIIOK ()OTOXIMIYHUX MIEPETBOPEHL B aTMOC(EPHOMY TOBITPi) Ta
KJIIMAaTHYHAMHU YMOBaMH MICBKOTO cepemoBuina. [IpencraBieHi B mux poboTax
OaraTopiyHi CTaTHCTHYHI TpeHAU MOoOyJ0BaHI HA OCHOBI JaHUX MOHITOPHHIOBUX
OaraTopiyHUX cIOCTepexeHb. Tak, Ha MNpHKIaAi psay Mmict Ykpainm Oyio
BCTaHOBJICHO, IIO JaHi 3aJ€KHOCTI MOXKYTh OyTH anmpOKCHMOBAaHi 3a JIOIIOMOTOO

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (39), 2021



~7~

TpUTOHOMETPHYHOI (yHKIIT ab0 moJiHOMIANBHUX PSAAiB (B po3pi3i OGaratopidHOl
TUHaMiku) [7].

3a0pyaHeHHS aTMOC(HEPHOTO MOBITPSI MICHKOTO CEPEIOBUINA € OJTHIEI0 3 TPUYUH
PO3IMOBCIOIKCHHS XBOPOO cepel] HACEIICHHSI.

Ha ocHOBI maHWX TEOpeTWYHHX MAOCHiHKeHh B poOoTi [8] mpemcraBieHO
PO3PaxyHOK E€KOJIOTIYHOTO PU3UKY IS 3I0POB's HAcENIeHHS (SIK KaHIIEPOT€HHI, TaK
1 HeKaHIIEPOT€HHI 3HAYEHH) BiJ] 3a0pyAHEHHS aTMOC(EpPHOTO TTOBITPSI MOJIEKYJIaMHU
(hopManbperiny BHACHIMOK (OTOXIMIYHUX IIEPETBOPEHH B IOBITPI MPU CTAIHAX
yMOBax arMmocgepu, MiJBUIIEHUX TEMICPAaTypHUX yMOBaX, COHSYHIN MpsMild Ta
PO3cifHii paxiamii B JiTHI MicALli POKY.

AJe 1m0 CTOCYETbCs 3a0pymHEHHS aTtMoc(hepHOro TOBITPSA ypOaHi30BaHHX
TEPUTOPIH aePO30JIBEHUMH YacTKaMH Ha (pOHI MTOOATEHUX KITIMAaTHYHUX 3MiH, TO IIi
JIOCJTIJDKEHHS Ha ChOTOJIHINIHIN JIEHh TOTPEOYIOTh JI0JIaTKOBOTO BUBYCHHS 3 OTJISAY
Ha HasBHICTH 3QJIE)KHOCTI MiX 3a0pyIHEHHIM aepo3oisHIMHU YacTkamu Bix 0,1 mo
0,01 MKkM aTMOC(EpHOTO TTOBITPS BEMKUX MICT, KITIMATAYHUMH YMOBaMH MICIIEBOCTI
(TemmepaTypa, BOJIOTICTB) Ta MpOLECAMH PO3MOBCIOKEHHS 3aXBOPIOBAHOCTI Ha
COVID-19. Teepai 9acTku miameTpoM MeEHII sK 2,5 MKM B atMocdepi MicTa €
3HAYHUM TPETUKTOPOM KiIbKOCTI TinTBepmkeHnx pumnaakie COVID-19.

IMocTanoBka npod.iemMn

Sk BimMivaeThes B poOOTax 3aKOPJOHHUX aBTOPiB, OUiKyBaHa KiNBbKICTh BHUIIA/IKIB
3axBoproBanocti Ha COVID-19 3poctae nHa 100% mnpu 30imblHICHH] iHAEKCY
3abpynHenHsa atmocdepu AQIPM2,5 na 20%. Tak, B poboti [9] npexacraBieHa
OIliHKa TOTEHI[IHHOTO 3B 3Ky MK 3a0pyJHEHHSM aTMOC(epHOro TOBITPS
TBepauMu yactkamu (PM) Ta momupenssim indekuii COVID-19 B Itanii. Y poborax
[1, 10, 11], w0 TakoX MpHUCBSYCHI NMUTAHHAM IUQy3il BipyCiB cepea JHOIeH,
JIOBEJICHO HA MPUKJIAl aHaTi3y MOHITOPHHTOBUX JAHMX, IIO IiJBUIICHA YacTOTa
3apaKeHHsl MOB'SI3aHa 3 TOBITPSIHUMH TBepAUMHU 4dacTuHkamu (PM). B nanumx
poborax BiaMiueHo, mo ¢paxnii PM2,5 ta PM10 MOXyTb CiyryBaTu HOCIEM ISt
KUIBKOX XIMIYHHX Ta Oi0NOTiYHUX 3a0pyIHIOBAdYiB, BKJIIOUYAIOUYM Bipycu. Bipycu
MOXYTh aicopOyBaTHCS NUIIXOM KOAryJsilii Ha TBEpAWX YAaCTHUHKAX, MIO0
CKJIaJIAlOThCS 3 TBEPAUX Ta/ab0 PiJIKMX YACTHHOK Ta YW 4yac XKHUTTSA B aTMocdepi
CTaHOBUTh TOJIWHU, THI a00 TWXHI. |HaKTHWBaIis BipyCy 3aJIe)KHWTh Bij MEBHUX
napaMeTpiB HaBKOJIMIIHBOTO CEPEIOBHINA: SKIIO, 3 OAHOro OOKy, 1 BHCOKa
TeMmIeparypa, 1 COHSYHE BHIIPOMIHIOBAaHHS 3JIaTHI TMPHCKOPUTH IIBUAKICTH
IHAKTUBAIII1, 3 IHIIIOrO OOKY, BUCOKA BIJIHOCHA BOJIOTICTh MOYE CITPHUSITH IIIBUIKOCTI
mudysii. B HaBegeHNX HAyKOBUX JOCITIDKEHHSIX BUCBITICHO B3a€MO3B'S30K MiXk
mdysiero BipyciB cepell ONMPOMIHEHOI MOMYJISMii Ta TBEpAMMH YacTHHKaMu. Ha
IyMKy aBTOpiB, posnoBciopkeHHst COVID-19 3anexuTh Takox BiJl BOJOTOCTI
MOBITPsl, SIK Ha BIAKPUTOMY IIPOCTOPi, TaK i B NPHUMILICHHAX. 3aJ€KHOCTI MIX
BOJIOTICTIO TIOBITPSl Ta KOHLEHTPALI€I0 3a0pyIHIOIOYMX PEYOBHMH B IOBITPI Ha
NPHUKIIAIl OKPEMHUX 3a0py/IHIOBaiB MpeIcTaBieHi B poooTi [12].

I'imote3y, siKy BUKJIaIeHO B HABEACHUX pOOOTaxX, OyJIO IepeBipeHO aBTOPaMH IS
yMOB YKpaiH{ Ha IPUKJIAAi OCHOBHUX 00JIacCHUX MicT. bepyun 10 yBaru texHomorii
BUMIPIOBaHHS ~ 3a0pyJHEHHsT aTMOocpepd  ICHYIOUHMMH  MOHITOPHHIOBUMH
cucreMamH, 3pOo0JIeHO NPUIYHICHHS Npo BMICT B arMochepHOMY MOBITpi
HaJ3BUYaiHO MpiOHUX (pakiiit (MeHme Hixk 0,1 Mxm). YacTku Oinbie Hixk 0,1 MEkM
e(EKTHBHO 3aTPUMYIOTHCS IPUPOTHUMH OPTraHaMU 3aXUCTY MPH JUXaHHI.

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (39), 2021
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JlaHi MOHITOPHHTOBHUX IOC/IIXKSHb Ha MPUKJIa i okpeMux micsis 2020-2021 pp.
Oyno B3ATO 3 JaHMX CHUCTEMH MDKHAPOJAHUX MEPEX aBTOMATUYHUX COHSYHUX
¢oromerpiB AERONET Ta omnnaiin-cuctemu JIYH B wmictax VYkpainu. Ilpu
moOyJIOBI  3aJeKHOCTeW MK iHAGKCOM sikocTi moBiTps AQIPM25 Ta
3axBopropanicTio Ha COVID-19, «kinbKicTh iHGIKOBaHHUX OI[HIOBajzacs 3
ypaxyBaHHsM 14-neHHoro iHKyOauiiiHoro nepioxy [13].

AJTOPUTM IOCIIIHKEHb MOXKe OyTH MPeICTaBIeHNH HACTYITHIM YHHOM:

1) Ha migcTaBi aHami3y KOHIEHTpAIll TBEPMX YACTOK B MOBITPI 3a JaHUMHU
MOHITOPHHIOBUX  CIIOCTEPEKEHb 3HAXOAMMO KOpeNsUiiHy jnorapudmiduny
3aJIeKHICTh MK TBEpAMMH YacTKaMH B TMOBITPI Ta MPUPOCTOM 3aXBOPIOBAHOCTI
HacenenHs wmicta Ha COVID-19 s KOHKpETHHX METEOpPOJIOTIYHUX YMOB
(BoJIOTIiCTH TA TEMIEpaTypa MOBITPs) B PI3HUX MPUPOAHO-KIIMATUYHUX 30HAX;

2) Ha miACTaBi OTPUMAHHMX 3aJCKHOCTEH POOMMO MPUIYIICHHS IMPO BMICT
B aTMoc(hepHOMY MOBITpI Hag3BHYaHO APIOHWX ¢pakmii (MeHme HiK 0,1 MKkM)
Y MOHITOpUHTOBUX AaHux anst PM2,5. L1g rinore3a Mae 3HaYHy Bary, TOMy IO, SIK
BioMO, yacTku Oinbiie HiK 0,1 MKM e(QeKTUBHO 3aTpHUMYIOTBCS MPUPOAHUMHU
OpraHaMH 3aXUCTy NP TUXaHHI.

B nmoganpmmx mocmimpKeHHSX OCTaE HEOOXIIHICTh y BU3HAYECHHI 3AJIeKHOCTEH
MiXX TOTPAIUITHHSM aepo30JliB JaHUX PO3MIpIB B OpraHi3M JIIOJMHU BHACIHIZOK
3a0pyIHEHOTO MOBITPS Ta BU3HAYCHHSM LUISAXIB BIUIMBY TJ100albHUX (IyKTyaIlii
rI00aNpbHUX KIIMATHYHUX 3MiH Ha TOTPAIUIIHHS B OpraHi3M JIFOJWHU
XBOPOOOTBOPHUX OAKTEPiid.

OcHOBHA YacTHHA

Sk 3a3Havanocs BUILE, B JAHOMY JOCHIHKEHHI POOHIIOCS MPHUITYIIEHHS, 1[0 BUMIpH
3BOKEHUX 4YacTOK PM2,5 B mOBITpiI MICTATh TaKOX 1 aepo3oii OLNBII TOHKHX
(pakiii, ToMy BBOKa€EMO 32 KOPEKTHE CKOPHCTATHCS BUMipaMu JAaHOI (paKiii st
noOyJOBH  CTAaTHCTUYHMX  TPEHAIB MDK  BHMIPSHUMH  KOHIIEHTpAIisSMH,
TEMIIEpaTypHUMU YMOBAaMH MiCTa Ta BOJIOTICTIO MOBITPSL.

Jus m. KueBa 3anexxHocti Mixk KOHIeHTpamismu PM2,5 Ta teMmmeparypHUMU
ymoBamu B OepesHi 2020 p. Mo oKpeMHUX MOCTax CHOCTEPEKEHb MPEACTABICHO Ha
puc. 1 1a 2.

t° t°

y=0,1195x +4,3326

. - Y =0,1411x + 4,2982
R*=0,5435

R?=0,5214.

0 10 20 30 40 50 60 70 80 90 0 w0 o =0 40 0 50 0

PM2,5 PM2,5

Puc. 1 — 3anexHicTh MiX KOHIEHTparlissMu Puc. 2 — 3anexHicTh MiXK KOHIEHTpAIliSIMU

gacTok B atMocepHOMy moBiTpi M. KneBa 3a  9actok B atMocteprOMy moBiTpi M. Kuesa 3a

naanmu Oepesns 2020 p. va Byn. [lomynpenka cepenHbo3BakeHUMH gaHnMHE oepesHst 2020 p.
Ha ByJ. Tpocrsaneupka, IIpocnexkr Hayku,
TomociiBchka, Aprema
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[Ipencrarneni rpadiky Ha pUKIadl pi3HUX palioHiB M. KHeBa miaTBEpIKYIOTh
HasBHICTH B3a€MO3B’S3KY MiXK TEMIIEPaTypHHMH MOKa3HUKaMHU Ta aepO30JIbHUM
3a0pynHeHHsaM (pakisimu PM2,5 atmocdeproro nositps. IlpoBeneni aBropamu
JOCTIDKEHHS TIOKa3ali, 0 MOAiIOHI 3aJeKHOCTI HAaHOUTBII TOYHO OMHUCYIOTHCA Y
MTOJIIHOMIaJTbHOMY BUTJISIZI. AHAJOTIYHI 3aJIEKHOCTI 3 MOAIOHUME KoediieHTaMu
Kopesinii Oyny TakoX OTpUMaHi aBTopamu 1 uist iHmuX micsimis 2020-2021 poxkis,
a TakoX rpadiku Kopemnsilii MiXk BOJIOTiCTIO TTOBITPS, TEMIIEPATypPHUMH YMOBAMH Ta
KOHIIEHTPAIEI0 3a0pyIHIOIOYMX PEYOBHH B TOBITPI HA MPHKIAL OKPEMHX
KOMIIOHCHTIB.

AHami3 JaHMX MOHITOPHHTOBHX CIIOCTEPEXKEHb 3 PI3HUX CHUCTEM IIOKa3aB
WMOBIPHICHUH XapakTep pO3MOALTy aepO30JbHUX YacTOK B MOBITPi, TOMY, 3TiTHO
3 gocmimpkeHHsiMu pogecopa O.1. [MupymoBa, iHTerpanbHi KpHBI AMCIEPCHOCTI
aepo30JIbHUX YaCTOK y WMOBiIpHICHO-TOrapu(pMiyHii cCHCcTeMi KOOpAWHAT MAlOTh
BHTJISI TIPSMOT JTiHIl.

Ha puc. 3 moka3zaHO 3aleXHICTh MK IHIEKCOM aTMOC(EPHOTO IOBITPS
y M. KueBi AQIPM2,5 Ta manumm mpupocty 3axBoproBaHocTi Ha COVID-19:
B MOJIIHOMIaJTbHUX KOOPAMHATAX 1 JIOTapU(PMIYHUX KOOPAMHATAX BiIIMOBITHO.

AQIPM2,5 log AQIPM2,5

¥ =0,0071x* - 1,4969x + 108,58 2,25 y= 0,42224)( +1,4538
70 R® = 0,6688 - R® =0,6558 .

1 15 2
AN logAN
a) 0)
Puc. 3 — 3anexHicts Mik iHEEKcOM aTMocepHoro noBiTpst B M. Kneri AQIPM2,5
Ta JaHUMH IpUPOCTY 3axBoproBaHocti Ha COVID-19: a) B moniHOMiaTbHUX KOOPIUHATAX;
6) B lorapumMidHUX KOOPANHATAX

AHaJOT14YHI 3aJIe)KHOCTI Ha puc. 4 IpecTaBiIeHi Ay TpaBHS — yepBHs 2021 poky
no M. Opeca.

AQIPM2,5 log AQIPM2,5

25
180

160 ¥=0,0237¢"-0819x + 53,337 & y=09730+02342 §
R*=0,8055 2 R=0,7339 .
o8,
Rl A

120 o 15 '

140

100

30 « * 2 1
60 e .

40 o 05
20

0
[} 20 40 60 80 100

AN logAN

) )

0,5 1 15 2 25

Puc. 4 — 3anexHicTb Mixk iHIEKcOM atMocepHoro nositpst M. Oneca AQIPM2,5 Ta
JaHUMHM TIpUpocTy 3axBoproBaHocTi Ha COVID-19: a) B moniHOMianbHUX KOOpIMHATAX;
0) B orapuMigHUX KOOpIUHATAX
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Ha puc. 5-9 npencrapiieHi aHaIOTigHI 3a7€KHOCTI AJIS IHITAX 00JIACHUX MICT.

AQIPM2,5 log AQIPM2,5

80 2
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60 Do
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L] ot z
s0 o . R*=0,7304
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20 . B
20 o 08 y=0,2272x+1,215
. 05 R?=0,6293
L]

20 04

10 02

. 0

o 100 200 300 200 500 o 05 : 2 : e :
AN logAN
a) 6)

Puc. 5 — 3anexHicTb MiX iHIEKcOM atMoc(epHoro noeitps M. PiBae AQIPM2,5 Ta
JAHUMU MPUPOCTY 3axBoproBaHocTi Ha COVID-19: a) B moniHOMiaTbHUX KOOPIMHATAX;
0) B JorapumMiyHUX KOOpIHUHATAX

AQIPM2,5 logAQIPM2,5
30 2 .
gl 2 )
20 Ly 13 o o
¥=-0,0015¢ + 05519 #.22.934. 15 i
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LRz 0823 .
14
50
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50 o 0
1
0
08
0 . 06 o 9
/ ¥=0,3762x+ 10257
2 04 § =07l
10 02
0 0
0 50 10 150 200 250 0 05 1 15 2 25
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a) 0)

Puc. 6 — 3anexHicTe Mix iHAEKCOM aTMochepHOTro moBiTps M. MukonaiB AQIPM2,5 ta
JAaHUMU TIpUpOoCTy 3axBoproBaHocTi Ha COVID-19: a) B momiHOMianTbHUX KOOPIMHATAX;
0) B JorapumMiuHUX KOOPJIHHATAX

AQIPM2,5 logAQIPM2,5
60 3
50 . 5
g, K} . y=2,0862x-2,782 *
ST L VRO D0 50797 o oo
40 é e 2
R=0,6551
Sfee
30 S
20 t
5
10
0
0 0 05 1 15 2 25 3
0 100 200 300 400 500 600 700
logAN
AN
a) 0)

Puc. 7 — 3anexHicTb Mix iHIEKCOM aTMoc(epHoro nositps M. Xapkis AQIPM2,5 ta
JaHUMH TIpupocTy 3axBoproBaHocTi Ha COVID-19: a) B moniHOMianbHUX KOOpIUHATAX;
0) B JorapumMivHUX KOOpJIMHATAX
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Puc. 8 — 3anexHicTb MiX 1HIEKCOM aTMoc(epHOro noBitps M. [Bano-DpaHKiBChK
AQIPM2,5 Ta marumu mpupocty 3axpoproBanocti Ha COVID-19: a) B momiHOMianbHAX
KOOpJUHATax; 0) B JIorapu(pMidHUX KOOPIUHATAX

AQIPM2,5

logAQIPM2,5

o Y=-0,0007% 1.1,1042¢ 11,369 8 18
60 LR 20,7928

~
=]
-

140

180 AN

% 0
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R*=0,8138

15 2 25
logAN
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Puc. 9 — 3anexHicTh MiXk iHAEKCOM aTMOC(hEpHOro MoBiTpsi M. KponuBHUIBKHIA
AQIPM2,5 Ta qanumu mpupocty 3axpoproBanocti Ha COVID-19: a) B mosiHOMianbHUX

KOOpJHHaTax; 0) B JorapupmMiuHUX KOOpJHHATAX

KoedirienTn xopensiiii oTpuManuXx 3ae:kHocTel 3HaxosThes B Mexax 0,65-0,9.

B tabnui 1 npeacrasneno piBHsHHs JiHiiAHOT perpecii I0g(AN = log(AQIPM2,5)
Ta Koe(ilieHTH KOpeNAlii s JTorapu(MIidHNX 3aJIEKHOCTEH MK 1HAEKCaMH SKOCTI
noBiTpss AQIPM2,5 ta nmpupocrom 3axBoproBanocti HacenenHs Ha COVID-19 ans
MICT, [0 PO3TAIIIOBaHI B Pi3HUX MPUPOJHO-KIIMATHYHAX 30HAX.

Tabmuns 1 — KoeditieHTrn KOpessilii OTpUMaHuX 3aIeKHOCTEH

Ne Micto PiBHsAHHS niHilHOT perpecii Koedimient
n/n log(AN= log(AQIPM2,5) Kopesiii

1 Kuis y = 0,422x+1,4538 0,6558

2 Opneca y =0,973x+0,2342 0,7339

3 Pisne y = -0,0004x%+0,255x+26,149 0,7304

4 Muxkonais y =0,3762x+1,0257 0,7614

5 XapkiB y = 2,0862x-2,782 0,7214

6 IBaHO-DpaHKIBChK y =1,1645x-0,6674 0,907

7 KponuBHUIBKHI y = 0,8837x-0,0026 0,8138
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Jani TabauIll CBiTYaTh PO MOXKIUBICTh YHI(IKAIIT JaHUX JJIs TEPUTOPIT KpaiHU
JUISl Pi3HUX MPUPOTHO-KIIMATHYHHUX 30H 3 METOIO OIIIHIOBAHHS Ta MIPOTHO3YBaHHS
3aXBOPIOBAHOCTI HACEJICHHA B 3aJI€KHOCTI Bifl 3a0pyJHEHHS aTMOC(EPHOTO MOBITPSI
ypOaHi30BaHUX TEPUTOPIiil Ta KIIMATHYHIX YMOB MiCIIEBOCTI.

Pe3yabTaTn Ta nuckycii

Hani pe3ynmpTaTiB [IOCHIIKEHP MOXYTh OYTH BHKOPHCTaHI TpPH OIHII Ta
MPOTHO3YBAaHHI MOMMPEHHS I1HQEKUiHHWX 3aXBOPIOBaHb HACENCHHS, SKE
MiACUIIOETHCST KIIMAaTUYHUME YMOBaMH Ta 3a0pyAHEHICTIO TOHKUMH YaCTKaMH
aepo30I1iB, OCKIIBKH BipyCH aIcCOpPOYIOThCS caMe Ha I1i YaCTKH.

[lepenbauaeTbes, MO pe3yNbTaTH NOCHIHKEHb 3HAWAYTH IIUPOKE MpPaKTHYHE
3aCTOCYBaHHS B TEXHOJIOTiSIX OyAiBENbHOI iHXKEHepil B MHUTAHHSAX IOJMIMIICHHS
MIKPOKJTIMATy BHYTPIITHIX TPUMIIICHb.

Crig TakoX 3a3HAYWTH, IIO aBTOPH y CBOIX MOCIIHKEHHSIX BHKOPHUCTOBYBAIIH
MepioJ] MOHITOPUHTOBUX CIIOCTEPE)KEHb 3a KBiTeHb — TpaBeHb 2021 poky (mo
MOYaTKy MacoBOi BaKIMHALII B YKpaiHi), 110, Ha HAIly TyMKY, BU3HAYa€ «IUCTOTY»
MOHITOPHUHTOBUX JTaHUX.

Ha nymky aBTOpiB, icHye moTpe0a B MOJAJIBIINX JAOCHIHKCHHSIX [IOJ0 BILUIUBY
BOJIOTOCTI TIOBITpST Ta BIUIMBY BiZICOTKOBOTO PO3IOJUTY TPUPOTHHX Ta
AHTPOTIOTEHHUX aepo30JiB B aTMoc(epHOMY TOBITpi ypOaHi30BaHUX TEPUTOPIM.
Taxi TOCHIKEHHS JO3BOJISATH B MOAAIBIIIOMY POOMTH OUIBIIT TOUHI IPOTHO3H 100
BIUIMBY 3a0pyZHEHHS aTMoc(epHOro TMOBITPS Ha 3I0pPOB’S HAcEJeHHS B MeKax
II00aTBHUX KIIMAaTHYHUX 3MiH.

BucHosknu

[IpoBeneni mocimimKeHHs Tal0Th MiACTaBy 3pOOUTH HACTYIIHI BHCHOBKHU:

1. JIns ymoB YkpaiHu MiATBEpHKEHO TiMOTe3y, BUCYHYTY B poOOTax HU3KU
3aKOPJAOHHUX AaBTOPIB, IIOJ0 B3aEMO3B'SI3KY MDK HAsABHICTIO 3a0pyIHEHHS
aTMoc(hepHOro MOBITPS aepO30JILHIMHE YaCTKaMH Ha ypOaHi30BaHUX TEPUTOPISIX Ta
KinpkicTio 3axBopiBmux Ha COVID-19.

2. Ha mpukinani MiCbKOTO cepe/lOBHIIA HU3KH BEJIMKUX MICT YKpaiHu OTpUMaHi
KOPEeIAIiAHI 3aIeKHOCTI, M0 MalTh JIHIMHMNA XapakTep Ta Oe3mocepeaHbo
3aJIe)KaTh BiJl TEMIIEPAaTypHUX YMOB HaBKOJIMIITHBOTO CEPEIOBHIIIA.

3. JlaHi AoCHiPKEHHS MOXYTh OYTH TEpPCIEKTUBHHUMU B TOAANBIIOMY JUIS
MOIIYKY HUISXiB 3MEHIICHHS BIUIMBY aepo30JIiB B MOBITPi HA OpraHi3M IIOJHWHHU,
a TaKOX TPOBENeHHS (Ta MpHW3HAYEHHS) OUIBII TOHKOI OYHUCTKH y BHPOOHHUYMX
Mporiecax Ta TEXHOJIOTISIX MOBITPOOOMIHY Y Cy4acHUX OyIiBIISIX Ta CIIOpYIaxX.

4
Co-funded by the

Erasmus+ Programme C E I IT) Ed

of the European Union

[MyOmikamiss miArotoBleHa B paMmkax mpoekTy «baratopiBHeBa MiciieBa,
HaI[lOHaJIbHA Ta 3arajJbHOpPEriOHANIbHA OCBITA T4 HABYaHHS B Tajly3l KIIMaTHYHHX
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MTOCITYT, aJlanTallii Ta oM’ IKIIICHHST HaCJIIAKIB 3MiHK KiaimaTy 619285-EPP-1-2020-
1-FI-EPPKA2-CBHE-JP». IlinTpumka €BpONEHCHKOI0 KOMICIEI0 BHITYCKY IIi€i
nmyOuikallii He 03Ha4Ya€e CXBaJCHHS 3MICTy, SIKMH BiIoOpaXkae JIMIIEe TyMKU aBTOPIB,
1 Kowmicis He Moske HeCTH BiIIOBIIATBHICTD 32 Oy/Ib-sIKe BUKOPHUCTaHHS iH(popMaIiii,
110 MICTATHCSA B HIH.
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AS A CHARACTERISTIC OF HYDRAULIC RESISTANCE TO FLOW IN
RIVER CHANNELS: A GENERAL OVERVIEW, EXISTING
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Abstract. This paper deals with results of a systemized overview of the Chézy
roughness coefficient calculation problem as one most frequently used empirical
characteristics of hydraulic resistance. The overview is given in the context of the
formation of reliable empirical data needed to support hydro-engineering
calculations and mathematical modelling of open flows in river channels. The
problem topicality is because of a large number of practical tasks which need such
a pre-research. In many cases, the accuracy of determining empirical hydraulic
resistance characteristics can largely affect the accuracy of solving tasks relating
to designing hydraulic structures and water management regardless of chosen
mathematical models and methods.
Rivers are characterized by a significant variety of flow conditions; hydraulic
resistance to flows in rivers can thus vary widely determining their flow capacity.
Considering the variety of river hydro-morphology and hydrology, the Chézy
roughness coefficient often appears to be the most complete characteristic of
hydraulic resistance to open flows in river channels comparing with other integral
empirical characteristics of hydraulic resistance.
At present, there are a large number of empirical and semi-empirical formulas to
calculate the Chézy roughness coefficient. The main aim of this study was to analyze
and systematize them in the context of providing proper support to the open channel
hydraulics tasks. To achieve the aim of the study, a literature review regarding the
problem of determining the integral hydraulic resistance characteristics to open
flow in river channels was performed, as well as formulas used to calculate the
Chézy roughness coefficient in practice were explored and systemized. In total,
43 formulas to calculate the Chézy roughness coefficient, as well as 13 formulas
that can be used to estimate the Manning roughness coefficient were analyzed and
systematized. Based on all these formulas, about 250 empirical equations can be
compiled to calculate the Chézy coefficient depending on hydro-morphological
peculiarities of rivers and river channels, hydraulic conditions, formulas
application limits, and so on.
Keywords: empirical characteristics; hydraulic resistance; open flows; open
channel hydraulics; river channels; Chézy roughness coefficient
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1. Introduction

Rivers, riverine valleys, and riparian territories have traditionally been considered
by humans as an important resource environment, despite essential threats connected
with natural river waters [1]. Rivers are still the main source of drinking, industrial
and agrarian water supply in the world, serve as reliable transport routes [2], and
provide hydropower development [3]. They are extremely attractive places for
urbanization and mass settlement of people. It is thus utterly irrational not to use the
river environment in economics and vital activities. Moreover, rivers are among the
crucial natural ecosystems, both local ones and of the world [4], and also are
important for the recreation and tourism industry [5, 6]. Currently, more than one
billion people in the world live in areas adjacent to rivers [7].

There are a lot of hydro-engineering tasks relating to open flow in river channels.
Foremost, these are traditional hydraulic calculations of the river channels’ capacity
and the position of the free water surface, which are essential ones for designing
hydraulic structures [8-10]. There are also the special tasks of mathematical
modelling to determine the parameters of flood wave propagation and water releases
from reservoirs including dam-break flood waves [11-14], as well as prediction of
general and local riverbed erosion [4, 15-18], alluvium transport and sedimentation
[19-23], hydraulic modelling for designing highways [20], and other infrastructure
within the river environment [17, 22, 23]. It should also be mentioned tasks for
providing integrated approaches to water resources management in river basins [24]
including flood control measures [25, 26], riverine ecosystem management, and river
revitalization work [4, 27], and so on.

The investigation and modelling of open flows in river channels is a complex
problem. When solving it, independently on the research topic and methods used,
a number of simplifications and assumptions are usually accepted. There are also
anumber of parametric uncertainties requiring an empirical pre-research to
overcome them. First of all, they relate to establishing hydraulic resistances, which
can vary significantly in time and space depending on many factors [8-10].

Hydraulic resistance is the force with which the bed, banks of a river including
its floodplain interferes with the movement of water flow. The key factors affecting
hydraulic resistance in river channels are the following: elements of roughness
including bottom ridges and riffles, turns and bends of the channel, heterogeneity of
size and shape of the channel along the length, suspended and bottom sediments,
vegetation, ice and others. Due to the variety of water flow conditions in river
channels, their hydraulic resistance can vary widely determining their flow capacity,
water flow velocities and discharges, water levels and flooding.

When expressing the hydraulic resistance, the following integral empirical
characteristics are usually used: the Chézy roughness coefficient C (m*?/s), the
Manning (Gauckler — Manning) roughness coefficient n (s/m*3), and the Darcy —
Weisbach friction factor 4. There are three well-known empirical equations linking
mean flow velocity V to the hydraulic resistance expressed by these characteristics.
They are the Chézy, Manning (Gauckler — Manning or Gauckler — Manning —
Strickler), Darcy — Weisbach equations, accordingly [8-10]:

V=CJR-S, , (1)
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1 2
V==-R3_/S;, 2
ARA (2
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where V =Q/ A is the depth-averaged or cross-sectional averaged velocity (m/s),
Q s the water discharge (m®s), A=B-h is the cross-sectional area of the flow

(m?), B is the average flow width (m), h is the average flow depth (m), R=A/P
is the hydraulic radius (m), P is the wetted perimeter (m), S; is the energy grade

line slope (or the water surface slope); g is the gravitational acceleration (m/s?).

Usually, the Chézy roughness coefficient C and the Manning roughness
coefficient n are used in calculating the averaged velocity of open flows; the Darcy —
Weisbach friction factor A is used for calculating the averaged velocity water
movement in pipelines [8-10]. However, the Darcy — Weisbach formulation of flow
resistance may be used for open channels as well [21, 34].

Let the Chézy, Manning, and Darcy — Weisbach equations (1)—(3) be summarized
as [23, 28-33]:

8g-R- sf

V=C/R-S; = Vﬁ?{ ()

Then the following simple formal relationships between the roughness
coefficients C, n, and the friction factor A are established: the Chézy coefficient
C may relate to the Darcy — Weisbach friction factor A as [9, 10]:

8¢ 8¢
C= or l=—, 5
,/i 2 (5)

the Darcy — Weisbach friction factor 4 may relate to the Gauckler — Manning
roughness coefficient n as [34, 35]:

N2 _RY3
8g-n or n= A-R , ()

ﬂ/ =
RY3 8¢

and, in turn, the Chézy roughness coefficient C may relate to the Manning
(Gauckler — Manning) roughness coefficient n as:

_1pve o po C
C_nR orn_RJ/G. @)

The equations (1)—(3) are considered to be valid for the quadratic region of
resistances for the case of steady uniform flow in channels occurring when the depth
h, flow area A, and velocity V at every cross section are constant, and the energy
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grade line slope (or the water surface slope, hydraulic slope) S; is equal to the
channel bed slope S;, thatis S; = S;. In general, uniform flow can occur only in

very long, straight, and prismatic channels. Although the definition of uniform flow
and the assumptions required to consider equations (1)—(3) are rarely satisfied in
practice, the concept of uniform flow is central to the understanding and solution to
many practical tasks of open-channel hydraulics [8-10].

Today, empirical characteristics of hydraulic resistance are used in numerous
practical hydraulic and fluid mechanics tasks. In particular, they are used in the
widespread one and two-dimensional flow models of shallow water (De Saint
Venant equations in the French scientific community), which are successfully
applied in mathematical modelling of flows with free surface [12, 21-23, 35, 36]
including dam-break simulations [13, 14, 37, 38], torrential flows (or so-called flash
floods) modelling [39, 40], sediment-laden flows modelling [21], debris flows
simulation [33] and pollutant transport modelling [41], as well as the pyroclastic and
granular masses movement modelling [42], and the simulation of large-scale
atmospheric, sea and ocean currents [43] etc. They are used in the modern
computational HEC-RAS River Analysis System supporting steady and unsteady
flow water surface profile calculations, sediment transport computations, and water
quality analyses etc. [44]. They are not used only in the Navier — Stokes equations
of the real fluid motion and in Reynolds averaged equations of turbulent water flow,
which describe the behaviour of an unsteady three-dimensional flow. However,
results obtained from traditional hydraulic calculations and flow modelling due to
shallow water models may be used as boundary conditions for computations with
Reynolds and Navier — Stokes equations [17, 18, 27, 43-45].

2. Problem statement, aim and objectives of the research

Because of the huge variety of conditions of water flow in open channels of natural
rivers, the characteristics of hydraulic resistance to flow can vary in space and time
significantly. They can vary depending on natural riverbed conditions and seasonal
hydraulic and hydro-morphological conditions and so on, as well as under the
influence of stochastic or even unpredictable factors including human activity. For
example, in some parts of a river, the essential local elevations of water levels may
occur due to compressions of the river channel downstream due to temporary
formations, such as ice gorges, rubbish of logging, alluvial deposits etc. [46]. Often,
depending on changes in the hydraulic resistance to flow, the same water levels in a
river may correspond to different water discharges and vice versa. This complicates
the solution of the majority of practical hydro-engineering tasks. In many cases, the
accuracy of determining empirical hydraulic resistance characteristics can largely
affect the accuracy of solving hydro-engineering problems relating to mathematical
modelling of open flow in river channels regardless of chosen mathematical models
or methods.

Admittedly, the most general approach to determining the numerical values of
hydraulic resistance characteristics, which we cannot directly gauge, is to determine
them in the frame of a chosen mathematical flow model by solving an inverse
hydraulic problem [47] taking into account gauged characteristics of flow (the water
discharge, flow velocity, flow width and depth, wetted perimeter, water surface
slope, river bed morphology etc.) in control flow cross sections. Such inverse tasks
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are also called parameter identification problems of mathematical models [48]. The
numerical values of the hydraulic resistance characteristics determined in the frame
of solution of inverse hydraulic problems can be further successfully used in solving
various practical hydro-engineering tasks concerning the traditional and special
hydraulic calculations.

However, the approach based on the solution of inverse problems has got not only
important advantages promoting mathematical modelling but also a number of
serious practical disadvantages. First of all, this approach may be applied only to
rivers monitored by gauges or to well-gauging parts of rivers, which have a sufficient
number of hydrological gauges to control actual flow characteristics (levels and
discharges of water flow). As well as, there remains a need for large-scale field
investigations of the river hydro-morphology taking into account spatial-temporal
hydro-morphological changes occurring in the riverbed and floodplain for seasons,
in particular, due to recent floods etc. In addition, the hydraulic resistance
characteristics that have been identified in the frame of solving an inverse hydraulic
problem may be adequately used only for the pre-chosen mathematical model, which
was subject to parametric identification including its boundary and initial conditions.
However, as practice shows [46], when resolving next predictive tasks, the boundary
and initial conditions can vary significantly and unpredictably in time. They must be
repeatedly adjusted using results of additional field research. Current remote sensing
data make the task easier. However, this data is implicit. They also need to be
identified [49, 50]. Eventually, for ungauged rivers, where hydrometric observations
are not performed, the empirical approach using equations (1)—(3) still remains the
only possible one.

For example, in the simplest case, when the average flow width B >>h and thus
R=h, to identify the Gauckler — Manning roughness coefficient n according to
results of hydrological and hydro-morphological observations for a selected area of
a river the empirical Manning equation (model) (2) may be used. In this case, to
solve the inverse problem of parametric identification it is needed that within this
area we know the water discharge Q or depth-averaged or cross-sectional averaged

velocity V , average flow depth h and average flow width B, as well as marks of
the river channel bottom levels z,, or water surface levels z,, .

Let Sy =Az/L, Az=17,—1z4 be, where z,, z, are marks of a river bottom or

water levels in cross-sections of upstream and downstream of a selected area of the
river channel of length L along the flow. Then, according to Manning equation (2),
the roughness coefficient n may be estimated (identified) as:

h2/3 . [Zu — 24
n-— VL (8)

\

The relative simplicity of determining the roughness coefficient n by solving the
inverse problem for open-channel flows based on the use of the Manning equation
(2) allowed developing summarized tables of its values depending on open channel
types, qualitative description of channel morphology, and conditions of flow [8-10].
These tables have been widely used in practice. However, for different watercourses
and cases described in these tables, the roughness coefficient values vary
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substantially including significant variations in some range (minimum, normal,
maximum values) for each special case [8-10]. Therefore, the ultimate choice of
a design value of the roughness coefficient value in each specific case depends
essentially on a decision-making expert.

In turn, to identify the Gauckler — Manning roughness coefficient n using Darcy —
Weisbach equation (3) and get the same result (8) we should consider not only the
appropriate equation (3) but also the condition (6) linking formally the Darcy —
Weisbach friction factor A and the roughness coefficient n. The key issue here is
that in a formal way the friction factor A may be determined much more accurately
as a function of relative roughness and Reynolds number characterizing flow regime
[51]; whereas, the roughness coefficient values obtained from (8) do not depend on
Reynolds number and flow regime. Further, to identify the roughness coefficient n
using Chézy equation (1) and get the same result (8) we should consider not only the
appropriate equation (1) but also the condition (7) linking the Chézy coefficient C
and the Gauckler — Manning coefficient n. Herewith, the Chézy coefficient C may
relate simultaneously to the Darcy — Weisbach friction factor A4 as (5). However,
because equations (1)—(3) are empirical ones, actually, they cannot give the same
results. Eventually, in a more general case, a more appropriate formula for
identifying the roughness coefficient based on the Chézy equation (1) can be
written as:

h0,5+y' Z, — Ly
n= J L | 9)

where y is some degree indicator modelling the empirical relationship between the

Chézy roughness coefficient C and the Manning roughness coefficient n.
The formula (9) seems to be more complete to identify the Gauckler — Manning
roughness coefficient n than the formula (8) as it contains the indicator y, which

can vary. This may also indicate that the Chézy equation (1) is a more universal and
convenient empiric model to monitor the hydraulic resistance to open flow than
Gauckler — Manning (2) and Darcy — Weisbach (3) equations. This is especially true
of natural watercourses like rivers, which are characterized by a significant variety
of flow conditions, and where it is quite problematic, for example, to determine the
Darcy — Weisbach friction factor 1.

Today, there are a large number of empirical and semi-empirical formulas used
to calculate the Chézy roughness coefficient C . The main aim of this study is to
systematize these formulas in the context of providing a proper support for
mathematical modelling of open flows in natural channels. To achieve the aim of the
study, the following objectives were set: (1) to perform a literature review regarding
the problem of estimating the integral hydraulic resistance characteristics to open
flow in river channels; (2) to explore and systemize principal empirical and semi-
empirical formulas, which may be used to estimate the Chézy roughness coefficient
as an integral characteristic of hydraulic resistance to open flow in river channels;
(3) to detect existing challenges to computing the Chézy roughness coefficient, and
propose ways of their overcoming.
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3. Materials and methods

As materials for the research we used well-known classical literature on open
channel hydraulics [8-10], reference books, tutorials, and manuals [22, 44, 52-57],
articles presenting the results of original research on calculating hydraulic resistance
in open channels [28-34, 58-60], and, in particular, articles devoted to determining
the Darcy — Weisbach friction factor [51, 61-64], the Gauckler — Manning roughness
coefficient [52, 65-69], and the Chézy resistance coefficient [28, 70—73], as well as
recent publications on mathematical modelling of uniform and non-uniform water
flow in open channels [22, 23, 25, 27, 35-39, 41, 43, 45].

As methods, when researching, there were used: historical method, method of
dialectical cognition and generally scientific methods of theoretical and empirical
research, heuristic methods, methods of analysis and synthesis, methods of expert
evaluation and comparison, methods of formalization and modelling, systemic
approach to the investigation of factors and mechanisms their development. As a
result of the study, a general classification and systematization of main empirical and
semi-empirical formulas and dependencies to compute the Chézy resistance
coefficient was proposed taking into account the conditions and features of their
application in practice.

4. Formulas used to calculate the Chézy resistance coefficient

At present, there is a large number (more than 100) of different empirical and semi-
empirical formulas and dependencies by which the Chézy resistance coefficient can
be calculated [8-10, 28, 29, 34, 52-59, 61, 70-73]. Many of them, for example, may
be derived from the dependences linking the Chézy resistance coefficient with the
roughness coefficient and the Darcy — Weisbach friction factor. The latter ones, in
turn, can be also determined due to various empirical formulas [58, 59, 62, 64, 71].
Most of the examined formulas have limited application meeting specific flow
conditions, or were derived from poor laboratory or natural material. However,
among the wide variety of formulas to compute the Chézy resistance coefficient the
most well-known and original dependencies and equations most used in practice
have been revealed.

In general, all the existing empirical formulas and dependencies used to calculate
the Chézy coefficient can be divided into four main groups.

The first group consists of formulas in which mostly there is established the
dependence of the Chézy coefficient C on the roughness coefficient n
characterizing the roughness of the banks and the bottom of a river channel. They
also include, the hydraulic radius R or the average flow depth h provided that the
average flow width B>>h and R=h:

C=1f(nR),or C=f(nh). (10)
The second group consists of formulas in which the value of hydraulic resistance

is determined by the height of protrusions of the roughness A of a channel or average
diameter d of soil particles making up the bottom and banks of a river channel, or

the height h, and length I, of the river bottom ridges:
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C=f(d, A h.,1,). (12)
The third group consists of formulas taking into account the effect of the water
surface slope Sy, as well as the average flow depth h or hydraulic radius R:

C=f(S¢,h),or C=f(S¢,R). (12)

The fourth group consists of formulas taking into account the influence of the
relative width B/h (or B/R) of flow:

C=f(B/h),or C=f(B/R). (13)

In addition, a separate implicit formulas group can also be singled out. To

determine the coefficient C using them, a trial-and-error procedure (iterative
calculation) has to be used.

4.1. Formulas to calculate the Chézy coefficient C taking into account the
roughness coefficient n

Among empirical formulas and relationships of the type of (10) the most frequently
cited the Manning, Guanguillet-Kutter, Bazin, Forchheimer, Pavlovskii formulas are

[8-10, 29, 34, 52-59, 61, 70-73]. Below, Table 1 shows some of them.

Table 1 — Formulas to compute the Chézy roughness coefficient C
taking into account the roughness coefficient n and hydraulic radius R

or average flow depth h

Formula author

formula), 1869,
[8-10, 71, 73]

where S is the water surface slope (hydraulic

Equation to calculate the Chézy Recommended
(s), year, roughness coefficient C usage limits
references
1 2 3
. 23+0.00155/S +1/n
Guanguillet, and C= ,(14) | 0.1<R<5.0m,
Kutter (the G. K. 1+(23+0.00155/S )-n/+R S, > 0.0005

0.011<n<0.04

the exponential
function, 1890,
[8-10, 71]

where y is the degree indicator modelling the

relationship between the Chézy coefficient C
and the roughness coefficient n.

slope).
The simplified G. 23+1/n
K. formula, 1869, C= —1/\/— : (15) | St <0.0005
[71] 1+23n/4R
The G. K. formula C= 1 RY, (16)
approximation by n 01<R<50m

0.011<n<0.04

Manning, 1890,
[8-10, 71]

c=1grvs
n

(17

0.1<R<5.0m,
0.011<n<0.04
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1 2 3
c 87 a8) This formula was
= = developed
1+ m/\/ﬁ primarily ~ from
where m is a coefficient of roughness whose | data collected
values are the following: from small
Bazin, 1897, Description of channel m | channels; its
[8-10, 71] Very smooth cement of planned wood | 0.11 | application is
Unplanned wood, concrete, or brick 0.21 | deemed to be less
Rubble masonry, or poor brickwork 0.83 | satisfactory than,
Earth channels in perfect condition 1.54 | for example, the
Earth channels in ordinary condition 2.36 | G.K. formulas
Earth channels in rough condition 3.17 | (14), (15) [8].
Forchheimer, 1 _ys 0.1<R<50m,
1923, [71] C=_R". (19 | 9011 <n<0.04
1
Pavlovskii, 1925, C=— R, (20) | p.1<R<3.0m,
8-10, 55 0.011<n<0.04
1810551 y=25n-0.13-0.75VR[Vn -0.1).
Bakhmetyev, 1
. 0.1<R<50m
Agroskin, 1949, C=—+ 4\/5 IgR, (21) ;
[52, 71, 73] n 0.011<n<0.04
16
C =25 R (22)
Altshul’, 1952, = 6 ' 0.1<R<5.0m,
[63] (80n) +0'025/\/R'Sf 0.011<n<0.04
where S is the water surface slope.
Agroskin, and
Shterenlicht , c-=1i(27.5-300n)igR.  (29) 8(1515 - ig o
1965, [52, 70] n o T
20<R<50m
. (artificial canals),
fgéege[‘g's‘:h;d] c-1,042+0003R, £ (4| 30<R<200m
L n n (river channels);
0.02<n<0.2
Talmaza, 1967, 1 50<R<100m
[70] C= H+(21—100n)|g h. 25 | go1<n<02
1 1, +Jo(1
C==(+,|"¢"+—| =+0lgR |,
2 d \/4 d 0.13\n \/a g
Zheleznyakov, (26) 40<R<16.0m
1968, [52, 70] In 0.01<n<0.2
1 g
=|————1-IgR
d {n 0.13( g )]
Mamedov, 2011, o 1 23,9 | 0.1<R<20.0m
[70] =t Tma032 9% @D loo1<n<006

Calculation of the Chézy roughness coefficient C taking into account the
roughness coefficient n and hydraulic radius R (or average flow depth h) stays still
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the main approach to determine the hydraulic resistance of natural channels.
Admittedly, however, formulas of the type of (10) including the formulas (14)—(27)
are approximate; their accuracy is deemed not high [8-10, 70-73]. First of all, this
is because of the variety of river channels, and the fact that each of these formulas
best corresponds to the specific flow conditions for which it is derived. However,
these formulas can give quite acceptable results. In particular, their accuracy can be
significantly improved in the case of preliminary identification of the roughness
coefficient n taking account different depths and flow velocities according to current
field data [28, 29, 54, 60, 61, 65-70]. Although, it requires significant efforts and
time losses and cannot always be applied in practice.

4.2. Computing the Gauckler — Manning roughness coefficient n

The Gauckler — Manning roughness coefficient n characterizes a measure of the
factional resistance exerted by a channel on flow. Its value can also reflect other
energy losses, such as those resulting from unsteady flow, extreme turbulence, and
transport of suspended material and debris, that are often difficult or impossible to
isolate and quantify [54, 65].

An estimated n value can be obtained in one of the following ways [54]:

1) computed (identified) from the n-value equation (2) from known water
discharge, channel geometry, and water-surface profile; this n value reflects a stage-
specific n value with or without increments of roughness attributable to vegetation,
obstructions, and other flow-retarding factors;

2) selected from a published n-value table [8-10, 54, 65]; usually, this value
reflects only the boundary friction from the bed and bank sediments and does not
include additive effects from other flow-retarding factors, such as channel-shape
variation, random obstructions, and a special vegetation;

3) estimated by comparison with photographs of channels for which n values
have been pre-computed according to the way (1) [54]; or

4) calculated by means of empirical formulas the relations between flow
resistance and hydraulic and particle-size characteristics of stream channels, that are
similar to those of the sites having used in the development of these equations.

Below, Table 2 shows similar empirical equations. Some of these formulas may
be of considerable practical interest, although they have limited applications because
of referring to one-dimensional flow models. The most important factors affecting
the n values are the type and size of the materials composing the bed and banks of
river channels, vegetation factor, energy gradient and the channel shape.

Table 2 — Formulas to compute the Gauckler — Manning roughness coefficient n

aE?r:(r)anIsa Equation to calculate the Common aoplication
s) Gauckler — Manning roughness ppliC
year, coefficient N recommendations
references
1 2 3
6 .
Henderson n:0.034d501/ ., (28) | streams with gravel beds. The
1966, [54]' where dg; is the median size of quUEti_t'O? Ihs ?]ppr_(t)ﬁ_”att)e ?(”f'?’ for
. relatively high within-bank flows.
the bed material (feet).
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1 2 3
0.0926RY® Straight channels, relatively wide
n= ' , (29) | and of trapezoidal shape, relatively
1.16+2.0log(R/dg,) free of flow-retarding effects
where R is the hydraulic radius | associated with irregular channel
(feet); dg, is the intermediate | features and vegetation. The
o ticle diameter (feet). that Is | equation provides the reliable
Limerinos, particle diameter (feet), that equals estimate of n-values for high

1970, [54, 65]

or exceeds that of 84 per cent of
the particles; or

o __ 0.8204RY°
1.16+2.0log(R/dg,)

where R, dg, are measured in
meters.

b}

within-bank flows in gravel-bed
channels with small bed-material
transport and insignificant
vegetation. Parameter limits are:

0.02 < dgy < 0.83 (feet); S¢ <
0.002; R < 11.0 (feet).

Petruk, and
Bosmajian,
1975, [65]

(30)
where n, is a base n value [54],
estimated excluding the effect of a
vegetation; C, is the effective-
drag coefficient for the vegetation
in the direction of flow; ) A is
the total frontal area of vegetation
blocking the flow in the reach, and
A is the cross-sectional area of

flow (m?); L is the length of
channel reach (m).

This formula can be recommended
in the case of densely vegetated
floodplains.

Froehlich,
1978, [54]

n=0.245R%" (R/dg,) 0% .

«(R/B)*®, (@31
where R is the hydraulic radius,
and B is the top width of stream
(feet), dgo is the intermediate
particle diameter (feet), that equals

or exceeds that of 50 per cent of
the particles.

Channels with water surface
slopes between 0.0003 and 0.018,
and R <19 feet. This equation is
deemed the best to specific
applications, such as estimating n
values on narrow river channels
with  dense  stream  bank
vegetation.

Bray, 1979,
[54]

n=0.104s,%" (32

where S; is the slope of water
surface (feet per foot).

Parameter limits are: 0.06 < Oy <
0.48, feet (ft); 0.00022 < S; <

0.015; 47 < B< 1,790 ft; 5<
h/dgsg< 166. The equation is
inappropriate for channels, where
the n value is expected to vary
with the flow depth h, such as

mountain streams and narrow
channels with dense vegetation.
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1 2 3
n=13ny(R/B}V2, (33)
Avalyants, | Where o s the roughness || I LIS E e
1981, [57] coefficient of flat flow, R is the

hydraulic radius, and B is the
width of stream (m).

channel section shape.

Jarrett, 1984,

n=0.328; PR (34)

where S; is the energy gradient

Channels with energy gradients
from 0.002 to 0.09 and hydraulic
radii from 0.5 to 7 feet. The ratios

54,61 ; ;
[ ] (feet per foot), and R s the of hydraulic radius to dgp
hydraulic radius (feet). (R/dsgg) are admitted less than 5.
Kang, 1985, n=0.39h%%*  (35) | This formula can be applicable to
n=0.115,#R%® (36)
Sauer. 1990 ) Application recommendations are
4] » | where Sy is the slope of water | similar to those for the Froehlich
surface (feet per foot), and R is | equation (31).
the hydraulic radius (feet).
B
n=n, +0.0239( v j (37)
V-R It is assumed that each sub-area is
where n, is a base n value [54] | entirely filled with vegetation of
Fisher, 1092, | estimated excluding the effect of a | Uniform ~height. - With  this
[67] vegetation; B, is the volumetric assumption, the - volumetric
TV _ blockage factor is accepted as
blockage factor (m); V is the | equal to the ratio of vegetation
averaged velocity across flow | height to flow depth.
depth (m/s); R is the hydraulic
radius (m).
The S value is: low density
n=g/Jnh, (38) | vegetation, and h >03m, B =
Reed et al., where h is the flow depth (m), 0.4; moderately dense vegetation,
1995, [67] is the vegetation resistance | 2"d h =03m, g =16 very
parameter (s-m®), dense vegetation, and h < 0.3 m,
p =64
1 sy(1-5s 3
— =162 M , (39)
n h-S¢ - Dy

Fei, 2003, [33]

where s, is the solid volume
concentration of the debris flow;
h is the flow depth (m); S isthe

hydraulic  gradient  (hydraulic
slope); Dyq is the characteristic

grain size for which 10 per cent of
the bed material is finer in
diameter (m).

This formula can be applicable to
debris flows channels.
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1 2 3

d 0.55
n= o.osa[%“j +

h 0.70
+0.0075 — | s}%s.0% | .
Zhuetal., dsp This formula can be applicable to

2020, [33] (40) debris flows channels.

where, see also (39), R is the
hydraulic radius (m); h is the flow

depth (m); dg, and dg, are
particle diameters (m).

Values of the roughness coefficient n obtained by means of formulas (28)—(40)
may be assigned to conditions that exist at the time of a specific flow event, to
average conditions over a range in stage, or to anticipated conditions at the time of a
future event. However, roughness values for floodplains can be essentially different
from values for channels; therefore, roughness values for floodplains should be
determined independently from channel values [65]. For that, there are appropriate
analytical procedures that enable considering morphological heterogeneity of
channel roughness, in particular, along the channel perimeter, as well as adjustment
factors of n values for floodplains [8-10, 65].

4.3. Formulas to calculate the Chézy coefficient C taking into account the size
of protrusions of the roughness and bottom ridges

Formulas considering the effect of the protrusions roughnesses on the Chézy
coefficient are usually proposed for mountainous and foothills rivers. In turn, the
influence of hydraulic resistance of bottom ridges is taken into account in the
formulas being developed mainly for large canals and plain rivers, where there are
conditions to exist of the bottom ridge phase of sediment movement.

In the practically non-erosion rivers channels, the roughness of the protrusions is
usually estimated by the height of the protrusions A or the parameters h/A,
& =A/h,where h is the average depth of flow.

In the case of the erosion channels characterizing by dynamic morphological
changes in their structure, hydraulic resistances are determined by both the
roughness of bottom sediment particles and structural channel formations such as
riffles, ridges, dunes, etc. The last ones have certain sizes and different shapes and
characterizing by certain mobility [52, 56, 57]. Therefore, in general, there can be
revealed two types of the river channel bottom roughness. The first type concerns
micro-roughness characterizing by the size of the bottom fractions of sediments. The
second type includes macro-roughness forms characterizing by the size of the bottom
ridge formations. Then, the Chézy coefficient for a certain channel section taking
into account the micro- and macro-roughness can be written as [52, 53, 57]:

1 1 1
e “
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where C, is the Chézy coefficient component accounting for the influence of
hydraulic resistance due to the micro-roughness of the bottom fractions of sediments,
and C, is the Chézy coefficient component accounting for the influence of hydraulic

resistance due to the macro-roughness of bottom ridge formations.

In more general cases, the formula (41) may be supplemented by other
components to consider the effects of vegetation, ice cover, channel meandering, and
other factors [52-54, 57, 65].

Below, Table 3 shows some empirical formulas to calculate the Chézy roughness
coefficient C taking into account the size of protrusions of the roughness and
parameters of bottom ridges according to (11). It should be noted, in deriving most
of the formulas of the type of (11), the Darcy — Weisbach empirical equation (3) with
the transformation (5) had been used.

Table 3 — Formulas to calculate the Chézy roughness coefficient C taking into
account the size of protrusions of the roughness and parameters of bottom ridges

Formula author

Equation to calculate the Chézy

Common application

rgsf)érgre]igs roughness coefficient C recommendations
1 3

Strickler, 1923,
[56, 57, 73]

2
C,=667\/g(R/AN® | (42)
where R is the hydraulic radius (m), A
is the height of protrusions (m).

A=d, where d isthe
average diameter of the
bottom sediments.

Colebrook, and
White, 1937, [59]

C, =18log(12R/A). (43)

Rivers  with
turbulent flows.

rough

Makkaveev, 1947,
[74]

h\Y®
CA=3.015\/E(ZJ o (44)

where h is the average depth of flow and
A is the height of protrusions (m).

A=d, where d isthe
average diameter of the
bottom sediments.

Williamson, 1951,
[62]

A=0113A/RM3,  s)

C, =489/, where A is the Darcy —
Weisbach friction factor.

A=d, where d isthe
average diameter of the
bottom sediments.

Goncharov, 1955,

C, :4@@ 6.15R

2200 (46
A (46)

For bed sediments
forming bed paving A
= 05dgy; for soils

where h, is the height (m), |, is the
length of bottom ridges (m).

[52, 56, 57] where R is hydraulic radius (m), and A | carried by the flow A =
is the height of protrusions (m). 0.7d
. 5 .
Ca h : :
=4lg—+4.25, (47) Small  rivers  with
[Zsezg,zgg,aén adl \/89 A r(:]ctanglular-shaped
where h is the average depth of flow. channes.
U8 12 . .
R | Rivers  with  scaly-
Knoroz 1960 Cr = 3'16\/5 (h_J (h_rJ , (48) | shaped ridges with
[52, 56, 57] ' r developed  turbulent

zones within small sand
channels.
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1 2 3
CAz\/E(alg£+b), (49)
o A Gravel and pebble
Graf, Limerinos, | where values of a, b are: channels with a fixed
Griffiths, ~ and Authors a b bottom or channels with
%;s?agg 5%9(;2 G'raf, W 5.75 3.25 a dr_idgeltess nature Otf
751 Limerinos, J. 5.66 0.99 se _|men movement,
Griffiths, J. 560 | 215 A=dg.
Grishanin, K. 566 | —5.30

Zudina, 1973, [52]

h
Ca :\/E(KNQZJF sz, (50)

where h is the average depth of flow and
A is the height of protrusions (m).

For movable sediments
and if 0.42<h/d < 70:

A=dsy, K; = 6.0,
K2 =3.7.

For river bed paving
and if 0.28<h/d < 52:

h 1/mg
CA:CO[XJ » (51)

where values of Cy and my are:

A= d80 ) Kl = 59,
Kz =4.7.

If  protrusions are
homogeneous: A =
(0.58+0.72)d , where

d isthe average size of
flooded stones.
As well as, it is

Radiuk, 1978, Limits of h/A m%g/c Mg applicable for L, /d
[52] h7A <10, h/A <1 if some
0.4 < <1.0 9.8 0.50 protrusions are  not

2: = h/ii ;:o ;gg gii >10 if all protrusions

250< h/A_ -0 34'4 0'10 are flooded, where L,

< < . . is the distance between

the protrusions (m).
h
A = 0,23|—r +0,0075, (52)

Snischenko, 1982,
[52, 57]

r

Cr = \/89//1r

where h, is the height (m), and |, is the
length of bottom ridges (m).

It is applicable to the
cases of the formation
of scaly-shape ridges
(dunes).

Sterenlicht, and
Polad-zade, 1984,
[53]

c,-oif" ) e

where R is hydraulic radius (m).

Application
recommendations  are
similar to those for the
equation (52).

Yen, 1991,
[34, 62]

C, A 195
= —2log| —— + =2 | (54
JBg g(m Reogj 9

where Re is the Reynolds number.

It can be applicable to
flow with Re > 3-10*
and the relative
roughness £ =A/R <
0.05.
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1 2 3

Fenton, 2010, \/@ 12R \Re recommendations  are
[34, 62] where R is hydraulic radiusand A isthe | Similar to those for the
height of protrusions (m); Re is the | Y&n equation (54).

Reynolds number.

0.9
C A 2
—A -2 Iog(— + [—j J , (55) | Application

Most of the formulas listed in Table 3 have quite limited applications in practice.
To get better results, the coefficients of these equations should be corrected based on
data from detailed field investigations.

4.4. Formulas to calculate the Chézy coefficient C taking into account the effect
of the water surface slope S

Admittedly, the adequate determination of the roughness coefficient n, as well as of
protrusions of the channel roughness or the size of sediment ridges is one of the most
difficult problems in open channel hydraulics. Therefore, researchers try developing
formulas to determine the Chézy coefficient C that not contain above-mentioned
parameters. One approach is to use the water surface slope (hydraulic slope) S; as

a determining parameter. The idea is the Chézy coefficient does depend on this
parameter, and, sometimes, it does significantly. Eventually, the water surface slope
S¢ is used explicitly in many formulas determining the Chézy coefficient C and

the roughness coefficient n.

Practice shows, when assessing the hydraulic resistance characteristics for
open-channel flows, it is especially important to take into account the hydraulic
slope in the case of unstable channels. Numerous field studies have revealed
repeatedly, the water flow in unstable channels is able to arbitrarily change the size
of protrusions of the roughness of movable bottom, to convert the movement of
sediments from ridge-free to the bottom-ridge movement, and vice versa, as well
as build or restore channel bed [52]. As a result, the hydraulic resistance of a river
channel can change dynamically, and then the water surface slope, which integrally
takes into account the influence of various hydro-morphological factors on
hydraulic resistance, can appear to be a more informative hydraulic resistance
characteristic, than, for example, the roughness coefficient n. Table 4 shows
several formulas of the type of (12).

Table 4 — Formulas to calculate the Chézy roughness coefficient C taking into
account the effect of the water surface slope Sj

Formula author

Equation to calculate the Chézy Common application
(s), year, roughness coefficient C recommendations
references
1 2 3
. 10S4-0,007 i -
Matachievitch C :35.4h0'28f 0S;-0,00 . (56) Relaltlv_ely stable s_elf
1911, [76, 77] _ regulating river
LR where h is the average flow depth (m). | channels.
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where ki, Kk, are coefficients whose
values are accepted the following:

1 2 3
Winkel. 1926 C= R3/14sf]/14(185—2108f]/14), Relatively stable self-
[76] ' ' (57) regulating river
where R is the hydraulic radius (m). channels.
There are usage limits
depending on the river
C :klssz, (58) | category: A. S; =

0.0002 + 0.0005, h >
1.0 m, B<100.0 m;

[78]

where B is the average flow width and h
is the average flow depth (m); Q is the
water discharge (m®/s).

River categor B. S; = 0.0002 -+
Shestakova, 1968, gory ky K f
[52] A. Small plain rivers | 22.0 | -0.07 | | 0.0055, h >3.0m, B>
B. Restless rivers in 100.0 m.
flood conditions 185 | ~0.10 C. S¢ =0.002+0.011,
C. Small mountain i
rivers with pebble- 7.21 | -0.25 .B < 50.0 m; where B
boulder channel is the average flow
width and h is the
average flow depth (m).
Altshuhl, and 148 Canalized rivers, and
U-Van Thein, C= W -26. (59) | S¢ = 0.00002 =
1973, [74, 76] St 0.0006.
1 gh )
c=—|9| . (s0)
MBS For relatively stabl
. . or relatively stable
Grishanin, 1979, M =h(gB)*?® /Q0-5 ; self-regulating  river

channels M = 1.

Aivazyan, 1979,
[52, 74]

0,5
c=| — 0| @
ky +k, S¢*% /R

where R is the hydraulic radius (m); k;,

k, are coefficients whose values are
accepted the following:

Channel category and k k

conditions 1 2
Above

. Average | 0.016 | 0.26
silted Below

sands 0.019 | 0.31
average

Insands | Average | 0.030 | 0.12

St =0.00002 + 0.002,
and R =0.10+2.61.

In general, there are some difficulties in choosing an acceptable empirical
formula to calculate the Chézy coefficient C, which does not contain channel
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roughness parameters. However, it is quite possible to choose similar formulas being
effective for partial cases.

4.5. Formulas to calculate the Chézy coefficient C taking into account the
influence of the relative width B/h or B/R of flow

As practice shows, the shape of channel cross-sections can also affect significantly
hydraulic resistances to open flow in rivers. However, since, the cross-sections
shapes of river channels can be very diverse, the formal quantitative assessment of
their impact on hydraulic resistances is a significant challenge.

In order to simplify the task, the shape of a river channel cross-section is usually
estimated by the ratio of the width B to the hydraulic radius R (B/R), or by the
ratio of the width B to the average depth h (B/h) of flow. Thereby, a uniform open
flow with an arbitrary cross-sectional shape is reduced to a flat flow with depth
h=R. Table 5 shows several formulas of the type of (13).

Table 5 — Formulas to calculate the Chézy roughness coefficient C taking into
account the relative width B/h or B/R of flow

Forg)ulsezurthor Equation to calculate the Chézy Common application
references roughness coefficient C recommendations
1 2 3
2 5
Altunin, 1962, C= [g(O.Z(B/h) +43)]0 . (62) B h R~h
[56, 57] where B is the average flow width and >> 0, R~h.
h is the average flow depth (m).
VK3
B Ka
C= _Q—K . (63)
h KS¢™
where S is the water surface slope; Q
. . 3 Rivers and separate
) is the water discharge (m%s); Ky, Ky, | sections of rivers with
Radiuk, 1978, . - .
52] K3, K, are coefficients whose values | rapids and alluvial
are accepted the following: channels.
B (m) Ki | Ky | Ky | Ky
4+10 36.8 032049031
14+45 12.1 | 0.07 | 0.60 | 0.29
46+100 13.2 [ 0.07 | 0.46 | 0.36
> 100 38.3|0.01|0.55 ] 0.23
1 R B
—=2lg—+3lg—=-185, (64)
Ja k R
8¢ River channels with
Borovkov, 1989, A= PR sandy sediments if
[56, 57 B>>h, R~h
where A isthe Darcy — Weishach friction ’ '
factor; k isthe particles size of sediments
(m).
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1998, [56, 57]

conditions of a flat flow; it can be
determined according to formulas of the
type of (10); @ is the relative width of the
wall layer; P is the probability of
exchanging the amount of motion.

1 2 3
0.000464C3
C =0.78C, +W2"'O)P’ (65)
9\(B/h)-2a It is accepted the more
. . where C, is the Chézy coefficient for homogeneous the flow
Simanovich,

is the smaller value of
the probability P is
appointed.

Table 5 shows the simplest formulas that can be used to calculate the Chézy
coefficient taking into account the relative flow width. The formula (63) can also be
very useful to identify the Chézy roughness coefficient C based on measured values
of B, h, S;,and Q.

4.6. Implicit empirical formulas to calculate the Chézy coefficient C

Table 6 shows a few implicit empirical formulas used to calculate the Chézy
roughness coefficient C depending on different parameters. These formulas are
mentioned in the literature most often (see, [28, 51, 52, 62, 71, 79]).

Table 6 — Examples of implicit empirical formulas to calculate the Chézy

roughness coefficient C

Formula author

Equation to calculate the Chézy

Common application

factor; R is the hydraulic radius (m); A
is the height of protrusions (m); Re is the
Reynolds number.

(s), year, - :
references roughness coefficient C recommendations
1 2 3
A 2.5
—=-2logl —+——+, (66)
Vi [12R RevJ4 J
8¢
Colebrook, and 1=29
el c’ E?Lulenﬁ?v/vs roun
[28,51, 62] where A is the Darcy — Weisbach friction '

Thijsse, 1949,
[79]

C =-18log AJFL, (67)
12R  3Re

where A is the absolute roughness (m);
R is the hydraulic radius (m).

For the entire domain of
turbulent flows.

Powell, 1950,
[8, 71]

C A
C=-42log —+—|, (68
g(4Re Rj (68)

where A is the absolute roughness (m);
R is the hydraulic radius (m); Re is the
Reynolds number.

For the entire domain of
turbulent flows.
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1 2 3
1/m
C, =7.4K,[g| (%) . (69)
m-15 h h Parameter limits:
Artamonov K= lg| [ 31-+2|/| =+2||. | A=d), where d, is
Lo m+1 A A .
Kroshkin, and the weighted average
Talmaz, 1972, c.( 2Jg diameter of sediments
[52] m= T Jo+C +0,3 in the river bed paving;
9 VO +ta h/A=11000; M >15.

where h is the average depth of flow (m),
A is the height of protrusions of the
roughness (m).

1 \/E+C

Agroskin, and n 1+ 0.13C/\/5 gR. (70) Parameter limits:
Zheleznyakov, . . 0.1<R<5.0m,
1081, [52] where n is the Manning roughness 0011<n<0.04
' coefficient (s/m*3); R is the hydraulic |
radius (m).

Although implicit formulas necessitate an iterative calculation method usage,
they can be successfully implemented in practice in mathematical modelling of open
flows. In particular, when using implicit formulas, the corresponding explicit
formulas, which involve the same parameters as implicit equations do, can be used
to obtain first approximations of the Chézy coefficient estimations. Such an approach
can appear to be quite useful to optimize the iterative process.

5. Discussion

In general, there is no ideal way or method to determine the Chézy roughness
coefficient. Among the main challenges to be highlighted there is the uncertainty of
hydro-morphological changes associated with sedimentation and erosion activity of
natural watercourses, and the seasonal changes in aquatic and coastal vegetation
including those of floodplains. As well as, the hydraulic resistance can depend on
space-time changes of other hydraulic characteristics. Practical experience and
possible options analysis considering different empirical formulas used to estimate
the hydraulic resistance to open flows, as well as the comprehensiveness of field
researches can have a key role when estimating of the Chézy coefficient. The
assessment of the accuracy of the Chézy coefficient computing based on field data
according to different methods and formulas indicates that the accuracy of field
measurements of the parameters included in selected formulas largely determines
the relative error of the calculations.

Calibration studies show that quite reliable results can be obtained using the
formulas by Manning (17), Forchheimer (19), Pavlovskii (20), Agroskin (21),
Zheleznyakov (26), Mamedov (27), Matachievitch (56), Winkel (57) [8-10, 52-54,
56, 57, 70, 71, 73, 74, 77]. These are the formulas of the type of (10) and (12),
namely: C = f(n,R) or C = f(n,h),and C = (S¢,h) or C = f(S¢, R). They may

be considered the most effective ones among the simplest empirical formulas to
calculate the Chézy coefficient C . Perhaps, it is because the parameters n and S;

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (39), 2021



are complex ones and the most complete by effects among all parameters, which
reflect influence of different hydro-morphological factors on the hydraulic resistance
to flows in river channels.

All the above-shown formulas can be quite reliable and give calculated results
with the practically acceptable accuracy provided the high accuracy for all gauged
hydro-morphological parameters, as well as the compliance of recommended
conditions and limits application. Although, whatever, the relative error in
calculating the Chézy coefficient values according to a majority of formulas in
comparison to the results of their identification based on measurements of water flow
at gauges is rarely less than 15 per cent.

A promising approach to compute the Chézy coefficient in some sections of a
river may be using dependencies taking into account the water surface slope S . It

is because the accuracy of the water surface slope determination depends on the
accuracy of water level measurements; whereas they are the simplest element of the
river flow in terms of direct measurements. In the field condition, the absolute error
of measuring water levels in rivers at water gauges is usually 1 cm.

In general, the accuracy of water level measurements depends on the accuracy of
hydrometric reference heights and the sufficient duration of water level observations
to take into account their possible pulsations, which is especially important for
mountain streams. This may explain the discrepancy in the values of water surface
slopes obtained at different times by different expeditions including the modern
GNSS technology usage. In particular, when using the GNSS technology in
mountainous conditions, a challenge is if semi-enclosed horizons are explored. In
turn, the binding of hydrometric sites, according to Ukraine’s standards, is usually
performed by means of levelling of the 4th class, which allows an error of 50 mm

JL, where L is the length of the levelling course (km). Obviously, one of the
problems of ensuring the proper accuracy of the determination of water surface
slopes may be the insufficient density of the network of hydrometric observations.
When constructing this network and determining the water surface slopes on certain
sections of a river, it is also necessary to take into account the peculiarities of the
fluvial-morphological process. For example, our experience shows, for river channel
areas with a length of more than 5..7 lengths of their mesoforms, the value of the
weighted average water surface slope should be used, instead of its average value
between sites.

For rapid stream rivers, water level pulsations can also have a noticeable effect
on the accuracy of determining water levels. The problems of their influence on the
accuracy of determining water levels on rapid stream rivers were studied in detail in
the 60s of the last century by O.N. Borsuk [80]. In particular, he found that with
increasing the duration of measurements from 2 to 5 minutes, the error of water level
measurements decreases significantly. Therefore, water levels on mountainous rivers
should be measured at least 20 times in 5-10 minutes, so that the average error of
their measurements does not exceed 1 cm.

Conclusions
1. In many cases, the accuracy of determining the hydraulic resistance characteristics

can largely affect the accuracy of solving tasks relating to designing hydraulic
structures and water management of rivers regardless of chosen mathematical
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models or methods. Rivers are characterized by a significant variety of flow
conditions, so hydraulic resistance to flows in rivers can vary widely determining
their flow capacity. Considering the variety of river hydro-morphology and
hydrology, the Chézy roughness coefficient appears to be the most complete
characteristic of hydraulic resistance to open flows in river channels comparing with
other corresponding integral empirical characteristics.

2. There are a large number of empirical and semi-empirical formulas to calculate
the Chézy roughness coefficient. In general, all the existing empirical formulas and
dependencies used to calculate the Chézy coefficient can be divided and
systematized into four main groups. The first group consists of formulas in which
mostly there is established the dependence of the Chézy coefficient on the roughness
coefficient including, sometimes, the hydraulic radius or the average flow depth. The
second group consists of formulas in which the value of hydraulic resistance is
determined by the height of protrusions of the roughness of a channel or average
diameter of soil particles making up the bottom and banks of the channel, or the
height and length of bottom ridges. The third group consists of formulas taking into
account the effect of the water surface slope and average flow depth or hydraulic
radius. The fourth group consists of formulas taking into account the influence of the
relative width B/h (or B/R)) of flow. Separately, an implicit formulas group can
also be singled out. To determine the Chézy coefficient by those formulas, a trial-
and-error procedure has to be used.

3. In total, 43 formulas to calculate the Chézy roughness coefficient, as well as
13 formulas that can be used to estimate the Manning roughness coefficient were
analyzed and systematized. Based on these formulas, about 250 empirical equations
can be compiled to calculate the Chézy coefficient depending on hydro-
morphological peculiarities of rivers and river channels, hydraulic conditions,
formula application limits, and so on.

4. Practical experience and options analysis considering different approaches,
methods, and empirical formulas used to estimate the hydraulic resistance to open
flows, as well as the comprehensiveness of field researches can have a key role in
reliable estimating of the Chézy coefficient. The assessment of the accuracy of the
Chézy coefficient calculation based on field data according to different methods and
formulas indicates that the accuracy of field measurements of the parameters
included in selected formulas largely determines the relative error of calculations.
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A.B. Crepanummun, S1.B. XogneBuu, B.M. KopOyTsak

OLIHKA KOE®IHIEHTA INOPCTKOCTI HE3lI K XAPAKTEPUCTHUKHU
TIZIPABJIITYHOI'O OIIOPY MOTOKY B PIYKOBUX PYCJIAX: 3ATAJILHUN
OIJISAT, ICHYIOYI ITIPOBJEMH TA IIJISAXH X TOTOJAHHA

AHoTanisgs. Y poOOTi MOJaHO CHCTEeMATH30BAHHWN OTJLLA TPOOIEMH PO3paXyHKY
koedimienta mopcerkocti 1lle3i sk omHiel 3 eMImipHYHIX XapaKTEPHUCTHK TiAPaBIiYHOTO
OTIOpY, SIKa HAWOUIBII YaCTO BUKOPUCTOBYETHCS Ha MPaKTHII. OIS MOTAETHCS B KOHTEKCTI
(hopMyBaHHS JOCTOBIPHUX EMITipHYHUX JAHUX, HEOOX1THUX JUIS MiATPHUMKH T1pOTEXHITHIX
pPO3paxyHKiB Ta MaTeMaTHYHOTO MOJENIOBAHHS BIJKPUTHX IIOTOKIB Yy pyciax pidok.
AXTyanpHICTh MpoOJeMH OOyMOBIICHA BEJMKOIO KUIBKICTIO MPAaKTHYHHUX 3aBIaHb, SKi
MOTpeOyI0Th TaKOrO IONEPEAHBOTO JOCHIIKEHHS. Y 0araTtboX BHIIAJIKaX TOYHICTh
BU3HAYCHHS! EMIIIPUYHUX XapaKTEPUCTHK TiAPaBIiYHOTO OMNOPY MOXKE 3HAYHOIO MIpOIo
BIUIMHYTH Ha TOYHICTh BHpILICHHS 3aBlJaHb pPIYKOBOI TiJpPaBIIiKW, IO CTOCYIOTHCS
MPOEKTYBAaHHS TiAPOTEXHIYHMX CHOPYH Ta YOPABIIHHA BOJHHUMH pECypcaMH pidoK,
HE3aJIe)KHO BiJ 00paHUX MaTeMaTHYHUX MOZeJe abo METOIiB.

Piukn xapakTepu3yrOThCS 3HAYHAM DPi3SHOMAHITTAM yMOB Tedii, TOMY TiqpaBIigqHUHA
OIlip TOTOKAaM y piukax MOXKE 3MIHIOBATUCS B INUPOKUX MEXaX, BU3HAYAIOUH MPOMYCKHY
3IATHICTh pycel. SIKIIo B3ATH JO yBard pi3sHOMAHITHICTH TiApoMopdoorii Ta rigpomorii
pidok, koedimieHT mopctkocTi Ille3i BumaeThcss HAHOUTBII MMOBHOIO XapaKTEPUCTUKOIO
TiIPaBIiqYHOTO OHOpPY BIAKPUTUM MOTOKaM Yy PIYKOBHX pycliax MOPIBHSHO 3 IHIIUMH
IHTErpaIbHUMH EMITIPHYHUMH XapaKTePUCTUKAMU TiIPaBIIYHOTO OIOpY.

B nanuii yac icHye BenMKa KUIBKICTh €MIIPUYHUX i HaMiBEMIIpUYHHUX (OPMYI IS
po3paxyHKy koedimienTa mopctkocti 1le3i. OCHOBHOIO METOIO IIHOTO JOCIIIKEHHS 0YJI0
MpOaHaJi3yBaTH Ta CUCTEMAaTH3yBaTH IX Yy KOHTEKCTi 3a0e3MeueHHs] HAJIeKHOT MiATPUMKH
3aBJIaHb PIYKOBOI I'paBIIiKy, 30KpeMa MaTeMaTHYHOTO MOJCTIOBaHHS BIIKPUTHUX MTOTOKIB B
piukax. i DOCATHEHHS METH JOCHIIKEHHsS OyJO MPOBEICHO OIIIAA JITEpPaTypH INOAO
po6JeMH BU3HAYCHHS 1HTETPATbHIX XapaKTEPHUCTHK TiAPaBIITHOTO OMOPY BIIKPUTIH Tedil
B PIYKOBHX PyCIIax, a TAaKOX JOCIIDKEHO Ta CHCTEMaTH30BaHO HAHOUTBII BioMi hopMyITH,
SIKI BUKOPUCTOBYIOTHCSI JJISI PO3paxyHKy KoedimieHta mopctkocti Ille3i Ha mpaxTwii.
3aramoM OyJI0O MPOAaHATI30BAHO Ta CHUCTEMATH30BaHO 43 (GopMyld I PO3PaxyHKY
koedimienTa mopcrkocti Lllesi, a Takox 13 ¢opmyr, ki MOXHAa BHKOPHUCTOBYBATH IS
omiHku KoedimieHTa mopcrrocti Manuinra. Ha ocHOBI BCiX 1ux (GopMys1 MOXKHA CKIIACTH
6mu3pko 250 emmipu4HUX pIBHSHB JUIsi po3paxyHKy koeoirieHnta Ille3i 3amexHO Bin
rirpoMopoJIOriYHUX OCOOIMBOCTEN PIYOK Ta PIYKOBUX pyCeN, TiPaBIiYHUX YMOB, MEX
3acTOCyBaHHS (HOPMYJI TOIIO.

KoarouoBi cjioBa: emnipuyHi XapakTepUCTHKH; TiPaBIiYHUI OMIp; BIJKPUTI MOTOKH,;
pivKOBa TigpaBiiKa; piukoBi pycia; koedimieHT mopcrtkocti [le3i
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STARUNYA: FROM GEOLOGICAL MONUMENT
TO NATURE UNESCO GEOPARK

Summary. One of the natural wonders of Prykarpatya is the village Starunia — with
embalmed in ozokerite and well-preserved carcasses of mammoths and hairy rhinos
and an active mud volcano, will undoubtedly delight us with new exploratory
discoveries in the field of geology, paleontology and archeology. It is possible that
here, together with large fossil mammals of the Ice Age, the remains of hunters on
them — our ancestors Cro-Magnons — could be preserved. This discovery would
have, without the slightest exaggeration, an international dimension. Therefore, it
is necessary to continue the comprehensive study of Starunia, to promote it among
environmentalists, scientists, students and schoolchildren. All this develops a love
for native nature, encourages the preservation of its unique objects and historical
and cultural heritage.

The preparation of "Starunia” for the UNESCO World Geoparks Network by
specialists of the lvano-Frankivsk National Technical University of Oil and Gas
(IFNTUNG) in accordance with UNESCO requirements is highlighted by UNESCO
Geoparks Program.

According to these requirements to give the geological monument of nature
"Starunia" the status of "geopark™ it is necessary to study and give a standard
description of all components of the environment: geological environment and
endogeodynamic  processes, relief  (geomorphosphere) and  dangerous

O.M. Adamenko, M. Kotarba, K.O. Radlowska, M.l. Mosiuk, V.G. Omelchenko,
S. Bebenek, V.R. Khomyn, J. Matyszkiewicz, 2021
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exogeodynamic processes, hydro- and atmosphere, soil and plants cover, social
environment, technosphere and their anthropogenic changes; assess the current
environmental situation and develop environmental protection measures. This is not
yet the case.

In order to further study "Starunia" in IFNTUNG developed Regional
Comprehensive Program for 20222023 "Starunia: from a natural monument to the
geopark of the Ice Age", which was transferred to the Ivano-Frankivsk Regional
State Administration and the Regional Council.

Thus, the world-famous geological natural monument of national importance
"Starunia" deserves a separate national program and shorter deadlines for its
implementation, which would allow including "Starunia" in the world network of
UNESCO geoparks.

Keywords: Program; geological monument; geopark; endogeodynamic processes;
fauna

DOI: https://doi.org/10.32347/2411-4049.2021.3.44-50
From the history of research

The first finds of mummified carcasses of a hairy rhinoceros, mammoth remains of
a horse, roe deer and other animals of the Pleistocene so-called mammoth fauna were
made at a depth of 12.6 m when digging a mine (mine) for ozokerite production near
the village. The elders of the Bohorodchany district of the lvano-Frankivsk region in
1907. Scientists from Krakow and Lviv appreciated these unique discoveries and
published a number of articles and a monograph in 1914 [10].

In 1929 expedition of the Academy of Skills from Krakow while digging a mine
at a depth of 17 m found the remains of 3 more hairy rhinos. Numerous bones of
small vertebrates (rodents), shell remains, numerous species of insects, beetles,
parasitic worms, butterflies, spiders, snails, vascular plants, seeds and branches of
dwarf birch, alder and other tundra flora were also collected. Polish scientists
organized a comprehensive study of fauna and flora, some of their results were
published in articles, but World War 11 suspended this process [11].

In the period between the First and Second World Wars, as well as in the postwar
years 1945-1969, ozokerite deposits (Starunske and Dzvinyachske) were explored
in Starunia and neighbouring areas, which continued to be developed. Intensive oil
exploration was also carried out, but its deposits, including in the dome of the
Starunia fold, were used for industrial exploitation [4, 6, 7, 12].

In March 1977 after the earthquake, the first and mud volcano appeared in the
ozokerite deposit, which added a new "sound" to the Starunia paleontological site.
Professors of the Ivano-Frankivsk Institute of Oil and Gas, doctors of geological and
mineralogical sciences Nadiya Bilous and Veniamin Klyarovsky studied the
manifestations of mud volcanism in Starunia during 1977-1988. They "achieved"
the registration of this area of 60 hectares as a geological natural monument of
national importance [5].

During the same period, geologists O.M. Adamenko, O.R. Stelmakh,
G.D. Stelmakhovych, N.M. Shevchuk, V.V. Kolenchenko and other employees of
the Department of General Geology of IFNTUNG were involved in the study of
Starunia [1-3]. They were joined by paleontologists of the Natural History Museum
of the Academy of Sciences of Ukraine (Lviv) D.M. Dragant and others.

In the 70-80 years of the XX century archaeologist of the Institute of Ukrainian
Studies named after I. Krepyakevych of the Academy of Sciences of Ukraine
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L.G. Matskevy together with archaeologists of the Ivano-Frankivsk Pedagogical
Institute named after V. Stefanyk B.A. Vasylenko and I.T. Kochkin conducted
excavations around Starunia. Several dozen sites of ancient man of the Late
Paleolithic, Mesolithic and Neolithic epochs have been discovered [8-13].

It is worth mentioning that back in 1914 Professor M. Lomnitsky wrote about a
hairy rhinoceros, and a fragment of a wooden spear with a pointed end was found
nearby: The original hunters of these animals were the Cro-Magnons, who caught
and drove their prey into the ozokerite trap of the salt lake.

In 1988-1989, the lvano-Frankivsk Institute of Oil and Gas for the first time
officially organized state budget research at the expense of funding from the Ministry
of Education and Science of Ukraine on the Starunia mud volcano under the leadership
of O.M. Adamenko. The direct executors of the topic were O.R. Stelmakh,
L.M. Mykhalska, I.R. Mykhailyuk and other employees of the Department of General
Geology (since 1989 — the theoretical foundations of geology).

The approaching date of the 100th anniversary (2007) of paleontological finds in
Starunia led to the intensification of interdisciplinary research of this geological
monument [2]. The monograph of the Krakow professor Stefan Alexandrovich
"Starunia" was published [9], and the President of the Polish Society "Geosphere"
the professor of the Krakow Mining and Metallurgical Academy named after
S. Stashitsa Maciej Kotarba suggested to Professor Oleg Adamenko, who from 1974
to the present continued to study Starunia as an endogeodynamic landfill, to start
joint research of all processes at this landfill.

In 2004, two Ukrainian-Polish expeditions were organized — the first in May and
the second in October at the expense of budget funding from the Ministry of
Education and Science of Poland.

The results of research of both expeditions were published in 2005 in the book
"Polish and Ukrainian geological studies (2004—2005) at Starunia — the area of
Discoveries of Wolly Rhinoceroses" edited by prof. M. Kotarba [12, 14].

In 2005 a scientific conference was held in Krakow, and in 2008 in Ivano-
Frankivsk. They were dedicated to the 100th anniversary of paleontological finds
with excursions to Starunia, with a broad discussion of the scientific results of the
20042005 expeditions and coverage in several collections of materials and media.

The next stage of Starunia's interdisciplinary research took place in 2006—-2009,
when under the leadership of Professors M. Kotarba and O. Adamenko it was
possible to organize drilling of several dozen wells with 100 percent core yield for
detailed study of Quaternary sediments. Geological-geomorphological,
geochemical, geophysical researches also continued [2].

The results of these studies are published in the scientific collection
"Interdisciplinary studies (2006—-2009) at Starunia (Carpathian region, Ukraine) —
the area of discoveries of Wolly Rhinoceroses" [12]. The main achievements are set
out in 17 articles — [12].

An important result was the discovery of the most favourable area, where the
remains of giant mammals and even Cro-Magnons of the Pleistocene could not be
found at depth.

All the numerous interdisciplinary findings of Polish and Ukrainian scientists
confirm the uniqueness of Starunia on a global scale; require the preservation and
further study of paleontological finds and the only active mud volcano in the
Carpathians. Such findings can be made only by organizing the Starunia Scientific
Geodynamic Landfill Ecological and Tourist Center Geopark — UNESCO [15].
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Presenting main material

To do this, you must perform the following tasks:

1. Mark the boundaries of the geological natural monument "Starunia" and Starun
Scientific Geodynamic Landfill, where a geopark will be created under the auspices
of UNESCO [15];

2. Creation and maintenance of the website "Starunia — on-line" [3, 4];

3. Installation in the village. Starunia of Bohorodchany district and Ivano-
Frankivsk region, along the highways of Ivano-Frankivsk — Lviv, Ternopil,
Uzhhorod, information stands, pylons, light boxes, models, models that will promote
the tourist potential of the region [4, 12];

4. Generalization of existing materials for assessing the ecological status of
environmental components on the geological monument of nature "Starunia” —
geological environment, geodetic and geochemical fields, geomorphosphere,
neotectonics and paleography [4, 12];

5. Field expeditionary researches on the territory of the geological natural
monument "Starunia” of ecological condition of soil and vegetation covers, surface
and spring waters, atmospheric air, and snowfalls with sampling;

6. Laboratory and analytical determination of the content of pollutants — heavy
metals, cadmium, lead, copper, zinc and petroleum products, radioactive substances
and excess mineral fertilizers and pesticides;

7. Ecological-techno-geochemical mapping and ecological zoning to assess the
ecological condition and ecological safety of the monument "Starunia™;

8. Substantiation of the international bus route from Poland to Ukraine — Krakow —
Novoyavorivsk — Mariampol — Halych — Starunya — Bukovel [4];

9. Organization of children's, pupils 'and students' ecological schools for
ecological education for kindergarten to university [4];

10. Development of feasibility study - feasibility study and technical
specifications — terms of reference for the creation of a geopark of the Ice Age [15].

Discussion of the obtained results. In order to prove the suitability of additional
research of the geological monument "Starunia" the possibility of raising its status
to the UNESCO Geopark, it is necessary to compare the relevant requirements set
out in the UNESCO document [15].

Conclusions

Expected results of the planned activities:

1. Protection of the world-famous geological natural monument "Starunia" —
paleontological burial place of the ancient fauna of rhinos and mammoths and the
only active mud volcano in the Carpathians;

2. Feasibility study (feasibility study) and terms of reference (TOR) to raise the
category of nature reserves "Starunia” to the level of "geopark” of the Ice Age in
accordance with the requirements of UNESCO;

3. Development of international tourism in the Carpathians and recreational
attractiveness of Starunia, which will contribute to the socio-economic development
of local communities;

4. Educational and upbringing activities on the basis of the geological monument
of nature and the future geopark;
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5. Ensuring scientific research of the natural heritage of Prykarpatya and the
geological monument of nature "Starunia” as one of the markers;

6. Global climate change;

7. Improving conditions for recreation and treatment of residents of the region.
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O.M. Anamenko, M. Korapoa, K.O. PagiaoBebka, M.I. Mocwk, B.I'. Omesbuenko,
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«CTAPYHSI»: BIJ TAM’ATKHU ITPUPOIU 10 'EOIIAPKY JIbOJOBHUKOBOI'O
MMEPIOAY

AHotanisa. OpmenM i3 mpupomaumx uyzaec Ilpukapmarts € cemo CrapyHs — i3
3a0alb3aMOBAHUMH B O30KEPHTi Ta 100pe 30epekeHUMH TYIIaMHA MAMOHTIB Ta BOJIOXaTHX
HOCOpPOTiB Ta MAIIOYMM TPS3bOBHUM BYJIKAaHOM, sIKE, OC3MEpEedHO, MOpajye HAac HOBUMHU
JOCTITHUNBKAMH BIIKPUTTSAMH B Tally3i TeoJorii, mameoHTtoiorii Ta apxeoiorii. He
BUKIIIOYEHO, IO TYT pa3oM 3 BEIMKHMH BHUKOIHHMMH CCaBILSIMH JIbOJOBHKOBOTO IEpiony
MOTJIM 30€perTucsl PelTKH MHCIHUBIIB Ha HUX — HAIIUX INPEIKiB KpoMmaHbHoHIIB. lle
BIZIKpUTTSI MaJIo OM, 0e3 HaMEHILIOTro TepeOiIbILIeHH S, MIXKHAPOIHUI BUMID.

[MinroroBka "Crapyni" a0 BkitoueHHs 10 BcecBiTHboi Mepexi reomapkise FOHECKO
cneuianicramMu [BaHO-®paHKIBCHKOTO HAlliOHAILHOTO TEXHIYHOIO YHIBepcHTETY HadTH i
razy (I®HTYHI') perinamentyetbes nporpamoro FOHECKO 3 reomapkis.

BiamoBiaHO 70 IMX BUMOT, 11100 HAaTH Ie0JI0TIUHIM am’ Ty mpupoau «CTapyHs» CTaTyc
«TeomapKy», HeoOXiTHO BUBYHMTH Ta JaTH CTaHAAPTHUH ONHC YCIX CKJIAJOBHX CEpEIOBHIIA:
TCOJIOTIYHOTO CepelOBHIa Ta CHIOTCOJMHAMIYHHX TIPOIECiB, penbedy (reomopdochepn),
HeOe3NeyHnX eK30T€OIMHAMIYHUX MPOIIECIB, TiAPO- Ta aTMOC(EpH, IPYHTY Ta POCIHHHOTO
TIOKPUBY, COIUQTBHOTO CEPEIOBHINA, TeXHOC(hEpH Ta il AHTPOIIOIEHHHMX 3MiH; OLIHHUTH
TIOTOYHY €KOJIOTIUHY CHTYAI}0 T PO3POOHTH 3aX0IH 3 OXOPOHH JOBKIJIIAL.

3 metoro moxpanbmmoro BuBYeHHs "Crapyni" B IOHTYHI' po3pobnena Perionanpna
KOMIUIeKCHa nporpama Ha 2022-2023 poxu «CrapyHsi: BiJj nam’iTKH IPUPOJH IO Te0napKy
JIb010BHKOBOTO TIEpiony», Ky nepenano IBano-dpankisebkiit OJIA Ta obnacHii pai.

TakuM YHHOM, BCECBITHRO BiZIOMa TI'€OJIOTIYHA MaM'siTKa MPUPOAU HAIIOHAILHOTO
3HaueHHs1 "CrapyHs" 3aciyroBy€ Ha OKpeMy HalliOHAJIbHY IPOrpaMy Ta CKOPOYEHHs
TEPMiHIB TI IMIUIEMEHTAIii, M0 J03BOJMWI0 O BKIrounTH "CTapyHI0" 10 CBITOBOI Mepexi
reonapkie KOHECKO.

Karouosi cioBa: mporpama; reosiorivHa mam’siTKa; Teonapk; €HJIOTeOoJUHaMIuHi
mporecy; payHa
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REGULATION OF FOOD WASTE MANAGEMENT
IN UKRAINE AND ABROAD

Abstract. In the world in general and in Ukraine in particular, there is a
catastrophic environmental situation with food waste. The solution to the problem
of waste accumulation, the organization of quality control of compliance with
legislation in their treatment, the formation of environmental awareness of the
population is hampered by the lack of unanimity in defining the essence of waste,
industrial waste, waste in the regulatory framework and among scientists. The aim
of the work is to study the essence of the definition of food waste in domestic and
foreign scientific discussions and regulations in terms of improving the regulation
of their treatment in Ukraine. Scientific discussion of domestic and foreign authors
on the concept of waste, in particular food, as well as their regulations demonstrate
a wide variety of not only definitions but also approaches. This takes into account
the legal basis for waste operations, their physical condition and properties,
environmental and economic characteristics, the criterion of goal setting,
accounting approach and so on. The analysis of the existing classifications of waste
stated the absence of a separate category of food waste both in the works of
Ukrainian scientists and in domestic regulations, while foreign authors are actively
researching this category. According to the results of the study, it is proposed to
introduce into the domestic regulatory framework the term "loss of food and food
waste" commonly used abroad with the following definition: products (substances)
as edible parts of plants and animals produced or collected for human consumption
but ultimately not consumed. Critical analysis of domestic environmental legislation
in comparison with European allowed to propose the implementation of the Waste
Framework Directive, as well as the formation of a hierarchy of waste management
priorities: prevention, preparation for reuse, recycling, other types of disposal,
elimination as Ukraine's European integration. Areas of further research will be the
study of food waste disposal technologies of the modern city.

Key words: food loss; food waste; environmental legislation; implementation
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Jonbaceka HamioHaIbHA akaaeMis OyAiBHUITBA i apXiTeKTypH, M. Kpamaropcrk, Ykpaina

PEI'YJIIOBAHHSA IIOBOJKEHHSI 3 XAPHOBUMM BIIXOJAMU
B YKPAIHI TA 3A KOPJOHOM

Anomayin. 'V ceimi ¢ yinomy ma Ykpaini 30kpema cknanacsa xamacmpogiuna
eKoN02IUHa cumyayis 3 xapyosumu gioxodamu. Bupiuennio npobnemu HakonuyeHHs
8i0X00i8, oOpeaHizayii AKICHO20 KOHMPONO OOMPUMAHHA 3AKOHOOABCMBA Y
NOBOOJICEHHI 3 HUMU, (POPMYBAHHIO €KONO2IYHOI C8I0OMOCTI HACENEHHS 3A8AdCAE
8IOCYMHICMb  0OHOCMAUHOCMI WO000 GUSHAYEHHS CYMHOCMI NOHAMb  GI0X00i8,
NPOMUCTOBUX BI0X00i68, GI0X00i68 SUPOOHUYMEA ) HOPMAMUSHIU 0a3l ma cepeo
Haykosyie. Memoio pobomu € 00CIONCeHHs. CYyMHOCME Oeiniyii Xapuoeux i0x00ie
V GIMYUBHAKIT MA 3aKOPOOHHKIN HAYKOGIll OUCKYCII Ma HOPMAMUBHUX OOKYMEHMAX 3
MOYKU 30pY YOOCKOHANIEHHS. Pe2yIt08AHHS NOBOONCEHH 3 HumMu 6 Yxpaini. Haykosa
OUCKYCISL GIMYUSHAHUX MA 3AKOPOOHHUX A8MOPI8 Wo00 NOHAMMS 8I0X00i8, 30Kpemd
Xap4ogux, AK i HOpMAMUGHI iX pe2laMeHmu OeMOHCMPYIOMb WUPOKe POIMAIMM He
MinbKU 8U3HAYEHb, a Ui nioxo0is. IIpu ybomy npuiimaromscsa 00 y8azu npasosi 3acaou
30iliCHeHHs onepayiil 3 8i0Xo0amu, ix QizuyHull cmaw i 61ACMUBOCHII, eKOIOSIUHI ma
EKOHOMIYHI O3HAKU, Kpumepill YilenokiaoauHs, o6aikoguil nioxio mowo. Auaniz
icHyIouuUx Knacugixkayii 8i0xo0ié KOHCMAmMysas 6IOCYMHICMb OKPeMoi Kameeopii
Xap4osux 6i0xo0ié K y pobomax YKpaiHCbKUX HAYKO8YI8, MAK i y GIMYUZHAHUX
HOPMAMUBHUX pe2laMenmax y mou 4ac, AK 3aKOPOOHHI da8mopu aKmuHo
0ocnioxcyoms 0any kamezopiio. 3a pe3yiomamamu 00CHONCEH s 3anPONOHOBAHO
B6COCHHSL Yy GIMUUSHAHY HOPMAMUGHY 0A3Y 3A2abHOBICUBAHO20 30 KOPOOHOM
MepMIHy «8mpama Npooo8OTbCMEA MA XAPYOEi GI0X00U» 3 MAKUM BUSHAYEHHAM.
NPoOyKmMu (Peyuo8uHu) K iICMIGHI YaCMUHU POCTUH | ME8APUH, K 8UPOOIAIOMbC AO0
30uparomvcs  ONd  CNOJNCUBAHHA  TOOUHOKW, dale 8 KIHYegOMY pPAaXyHKy He
cnooicugaromocs. Kpumuunuli ananiz 8imuusHAHO20 eKONI02IYHO20 3AKOHO0A8Cmed y
NOPIBHAHHI 13 €8PONEUCLKUM 00360IUE 3ANPONOHY8amu imniemenmayio Pamkosoi
Oupexmusu npo 8i0Xo0u, a Maxo’c hopMy8aHHs iEpapxii npiopumemie NOBOONCEHHs.
3 glOxo0amu: 3ano6ieanis, ni020mMoeKa 00 NOBMOPHO20 BUKOPUCIAHHS, nepepodKa,
iHwuti mun ymunizayii, 1ikeioayis, sk Hanpam espoinmezpayii Yepainu. Hanpsamamu
nO0AIbUI020  OOCHIOJCEHHA  BUCHYNAIMUME  BUBUEHHS EXHONo2Il  ymuaizayii
Xapyosux 8i0xo0di8 CyuacHoeo micma.
Kniouosi cnoea: sempama npooosorbcmea; Xapuogi 8i0X00u; exKonociune
3AKOHO0ABCMB0, IMNIeMeHmayis

DOI: https://doi.org/10.32347/2411-4049.2021.3.51-68

Beryn

Hama xpaina, crukarouuch i3 mpoOiemMaMu YTBOPEHHS Ta YTHIIi3allii Xap4yoBHUX
BIJIXOIiB, HE MO0 IMHOKA. He3Baxaroun Ha JIOKaJIbHI MPOOJIEMH 13 TIPOIOBOJILCTBOM,
y CBITI cKnanacs kKaracTpo(idHa CUTYyallisl 3 JaHUM BHJIOM BiJIXO/IiB, PO3MIp SIKUX JI0
2030 p., 3a naaumu Boston Consulting Group, csratume 2,1 mapa TonH. Ha Ham
MOTJISI, BUPIMICHHIO EKOJIONTYHUX MpoO0JieM, IIOB’S3aHUX 13 HAKOIHUYEHHSIM
BIIXOMIB, Oprasizaimii SKiCHOrO KOHTPOJIIO JOTPUMaHHS 3aKOHOJABCTBA Y
MOBO/IKEHHI 3 HUMH, a TakoX (POPMYBaHHIO €KOJIOTIYHOI CBIIOMOCTI HacCEJICHHS
3aBaXKa€ BiJICYTHICTh OJHOCTAWHOCTI 1010 BU3HAYEHHS CYTHOCTI IMOHSTH BiIXO/IiB,
IIPOMUCIIOBUX BIJXO/IB, BIJXO/iB BUPOOHHUIITBA Y HOpMaTHBHiM 0a3i Ta cepen
HayKOBIIIB.
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MeTow poOOTH € JOCHIDKEHHS CYTHOCTI nmediHimii Xap4oBHX BIIXOIiB
y BITYM3HSAHIN Ta 3aKOPIOHHIN HAyKOBil OUCKYCii Ta HOPMAaTHBHUX JOKYMEHTaX
3 TOYKH 30pY YAOCKOHAJICHHS PETYIIOBAHHS TOBO/DKEHHSI 3 HUMH B Y KpaiHi.

Bukaan pe3yabTaTiB AocIiAKeHHS

HayxoBa nuckycist BITYH3HSIHHUX Ta 3aKOPJOHHHUX aBTOPIB MIOAO MOHSTTS BiIXOIIB,
30KpeMa Xap4yoBHX, fK 1 HOPMATHBHI IX pErJIaMEHTH IEMOHCTPYIOTh IIMPOKE
pPO3MaITTS HE TUTbKH BU3HAYCHD, a ¥ ITiJIXO/IIB.

H.O. KopnsikoBa [1] xapakrepusye BiAXOIH SIK MOJIBUIOBE MOHSITTS, IO MOXKE
pO3TISAATHCS 3 OTJISAAy Ha MPaBOBI 3acajyl 3MIHCHEHHS oTepariii 3 HUMH, (pi3uaHmi
CTaH 1 BJACTHUBOCTI, EKOJIOTiYHI Ta eKOHOMI4Hi o3Haku Tomo. A.ll. Tpycor
i A.H. 3axapoB [2] cTBepIKyIOTb, IO TOHSITTS BIAXOMIB 3MIiHIOETHCS
13 BIIPOBAXKEHHSAM JIOCSTHEHb HAyKOBO-TEXHIYHOTO mporpecy, B.l. KepxakoB Ta
O.M. JIepuKOJICHKO OTOTOXXHIOIOTh BIAXOAW 31 BTOPHMHHHMH MaTepiaJbHUMH
pecypcamu [3], a H.L. [Tununis BBaXkae, 1m0 CyTHICTH JOCHIXKYBaHOTO IOHSTTS
3MIHFOETBCS 3aJI€KHO BiJ] cienu(PiKu AisUTHHOCTI MiIPUEMCTBA, Ha SKOMY BiIXOIH
YTBOPIOIOTHCS [4].

BusHaueHHsT OCHOBHUX Je(iHIIIH 1100 BIIXOMIB y BITYM3HSHIN HOPMATHUBHIN
0a3i, a came, y 3akoHax Ykpainu «IIpo Bigxoam», «I[Ipo ansTepHaTHBHI BUIH PiAKOTO
Ta Ta3oBoro mnammBa», JepxkaBHomy Kmacudikaropi Bimxonmis, JCTY 2195-99
«Oxopona MIPUPOAH. IloBomKxeHHS 3 BIAXOZaMI» Ta Hakasi
HepxxkommicroOymyBanus  «[Ipo 3arBepmkeHHs MeToauku OOCTeXKEHHS U
MaCTIOpTH3AaMii T1IPOTEXHIYHUX crIopy» [5—9] npeacrasneni y tabm. 1.

SAx BugHO 3 Tabm. 1, OCHOBHHUM BH3HAYAIBHUM KPHUTEPIEM BHUCTYIIAE
LIJICTIOKJIaIaHHS: BIJIXOAU PO3MIISIAIOTECS K PE3YJIbTaT JisUIBHOCTI Ta MalOTh CBOE
npusHaueHHs. 3akoH «lIpo Bimxomm», Knacudikarop siaxomie JIK 005-96,
JACTY 2195-99 axnentyoTs yBary Ha Hamipax a0o 3000B’sS3aHHSAX BHUPOOHHKA
BIJIXOJIIB 3IHCHUTHU TICBHI Jii 3 BiJIX0/IaMH, aji¢ 3aKOH, K HE JUBHO, HE HArOJIOIIYE
Ha €KOJIOTIYHOMY acIieKTi HeOe3MeKH BiJXO/IiB /i HABKOJIUIIIHBOTO CEPEIOBHIIA Ta
3nopoB’st moned, a Kiacudikarop ne pobuts. B.B. Ilikinep y po6oti [10]
OOTpYHTOBYE BaXKIIUBICTh BPaxXyBaHHS EKOJOTIYHOI CKJIQJOBOi NMpW BHU3HAYECHHI
BIJIXOJIIB SIK HAMOIJIbII COLIABHO CIPSIMOBAHOT XapPaKTEPUCTHKH.

B. Ilenpak ta O. IlacnaBchka Ha OCHOBI aHAIi3y MPABOBOTO MOHSATTS BiIXOJiB
MIPOITOHYIOTH TaKi OCHOBHI 03HAKH BiJIXO/IB:

— YTBOPEHHS B PE3yNbTaTi JIOJCHKOI JiSUTBHOCTI, MPUPOAHUX Ta TEXHOTCHHUX
karactTpod;

— HEMOXIJIMBICTh TIO/aJbIIIOTO BHKOPUCTAHHS 3a MICIIeM YTBOPEHHS YU
BUSIBJICHHS;

— HasBHICTb BJIaCHHMKA, TOOTO HAJICXKHICTh BIAMOBIAHUM 0CO0aM (FOPUAMYHUM,
($i3MYHNM, TEPUTOPiaTIBHAM rpoMajiaM, AepKaBi);

— HasBHICTH 00OB’SI3KiB BIaCHHKA MMO30yTHUCS BIAXOIB HUIAXOM iX yTHiizamii
YW BU/IAJICHHS;

— ToABifiHa mNpUpOAa BIOXONiB: 3a0pylIHIOIOYAa PEYOBHHA, IO CTBOPIOE
HeOe3neKy HaBKOJHMITHBOMY IMPHPOJIHOMY CEPEIOBHIIY, Ta pecypc SK JKEpPEIo
nepepodku [11].

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (39), 2021



Came 3 ypaxyBaHHSM OCTaHHBOI o3Haku B.B. IlikiHep akiieHTye yBary Ha
Maii0yTHIX eKOHOMIYHUX BHT'OZaX, 1[0 MOKYTh OYTH OTpUMaHi i JIpUEMCTBAMH, Ha
SIKUX YTBOPIOIOTHCS MEBHI BUAM BiJIXO/IiB, BHACIIIOK:

— peamizamii BiAXOAIB iHIIMM Cy0’€KTaMm TOCIONApIOBaHHS, sKi ix OyayTb
BHUKOPHCTOBYBATH SIK BTOPHHHY CUPOBHHY a00 ajJbTepHATUBHUI BU/I TTAJIMBA;

— BUKODHUCTaHHS BigXOHiB ISl BlIacHUX mOTped (3a ymMoBH 3abe3nedeHHs
HAJIEKHUX TEXHOJIOTIYHIX YMOB);

— JIep>KaBHOTO

CTUMYJIFOBaHHA

BIIPOBAPKCHHSI ~ MAaJIOBIAXOOHHX  Ta

0€3BIIXOIHUX TEXHOJOTIHA.

Tabmuns 1 — BusHaueHHs MOHATTA BiIXOIB Y BITYM3HIHIN HOpMaTHBHIH 0asi

HopmaTtuBHMI TOKYMEHT

CyTHICTh IOHATTS

3akoH VYxpaian «IIpo | Oymp-siKi peuOBHHH, MaTepiaH i MPEIMETH, IO YTBOPIITUCS Y

BIAXOIM npoueci BUPOOHHMITBA YHM CIIOKMBAHHS, a TaKOX TOBApH
(TpoayKIis), M0 MOBHICTIO a00 YacTKOBO BTPATHJIM CBOT
CIIOKMBYI ~ BJIACTMBOCTI 1 HE MaiOTh  [OJAJbBIIOTO
BUKOPUCTaHHS 3a MicLieM X YTBOPEHHS YM BUSIBJIICHHS 1 BiX
SKMX iX BJAaCHUK T030yBa€ThCs, Mac Hamip ab0 IOBUHEH
O30y THCS IIJITXOM YTHITI3aIli Y1 BUIAJICHHS

3akoH VYkpainn «l[Ipo | mDIaku Ta BiIXOAW HPOMHUCIOBOCTI, CITECEKOTO TOCIIOAAPCTRA,

aNbTEepPHATHBHI BHIM | KOMYHAJHHO-TIOOYTOBUX Ta IHIIHX MiAMPHEMCTB, SKi MOXYTh

pimkoro Ta razoBoro | OyTm IpKepenoM a0 CHPOBHHOK Uil BHAOOYTKY UM

HaJIMBaY BHUPOOHHMIITBA ATbTEPHATHBHUX BUJIB ITAJIBA

Knacudikatop BimxomiB
JIK 005-96

Oymp-sIKi PEYOBMHM Ta MPEAMETH, YTBOPIOBAaHI y MpoIeCi
BUPOOHHIITBA Ta JKUTTENSUIBHOCTI IIFOIWHH, BHACIHIIOK
TEXHOTCHHHX Y MPUPOIHUX KaTacTpod, 10 HE MalOTh CBOTO
TIOANIBIIOTO IPU3HAYEHHS 32 MiCIIEM YTBOPEHHS 1 Mi/IIAraloTh
BUJIAJICHHIO YM TepepoOIll 3 METO 3a0e3NeyYeHHs 3aXUCTY
HaBKOJIMIIIHBOTO CEPEJIOBHIIIA 1 3/I0POB’s JIto/ieit a00 3 METOI0
HOBTOPHOTO X 3aJy4€HHS Y TOCHOAAPCHhKY JiSUIBHICTH SIK
MarepialbHO-CUPOBUHHHX 1 EHEPIreTHYHUX PECYPCiB, a TAKOXK
MOCJIYTH, TOB’s13aHi 3 BIAXOAaMH

JACTY 2195-99
«OxopoHa TIPUPOIH.
TToBoxeHHs 3
Bimxomamu. TexHIYHMI

MacIopT BiAXOIY»

PEYOBHMHH, MaTepiald 1 MNpPEIMETH, sIKi YTBOPIOIOTHCS B
MPOIIeCi JIIOACHKOT MAISUIBHOCTI, HE MAalTh MOJATIBIIOr0
BUKOPUCTAHHSI 332 MIiCI[eM YTBOPCHHS YU BHSBJICHHS Ta SKHX
iXHIH BIACHUK TMO30YBA€ThCS, Mae HaMmip a00 IOBHHCH
030y THCS IUITXOM YTUITI3AIl] Y BUIAJICHHS

Mertonnka o6CTEeRKEHHS I
MacIopTH3aIil
TJPOTEXHIYHUX CHOPYA
CHUCTEM  TiAPaBIiYHOTO
BUJTYYCHHS Ta
CKJIa Ty BaHHS
MIPOMHUCIIOBHX BiXOIiB

HenmpupatHi mis BupoOHWITBA JaHO! MPOMYKIii BUAX
CHPOBHHH, 11 3aJIMIIIKH, 10 HE BXKUBAIOTHCSI, 00 PEUOBUHH, SIKi
BHUHHUKAIOTh B PE3yJIbTaTi TEXHOJOIIYHHX MPOLECIB, SIKI He
i UIATar0Th YTHII3aMil Y TAaHOMY BUPOOHUIITBI

3 ypaxyBaHHSIM BHIIEBUKIAJECHOTO [OCIIAHUK IPOIIOHYE BHOKPEMIIFOBATH
OOJTIKOBHI ITiJX1/T IO BU3HAYEHHS BIZXOJIIB HA OCHOBI TAKMX TBEP/KEHb:

— CTBOPEHHS BIJIXOJIB B pe3yNbTaTi

PI3HUX TOCHOJIAPCHKUX IMPOIIECIB

3BUYANHOI JiSUTBHOCTI MiJIPUEMCTB Ta BHACIIOK HA[3BUYAHUX IO,
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— BpaxyBaHHs NPUAATHOCTI YM HEMPUAATHOCTI IX MOJANBLIOrO BUKOPUCTAHHS
MIPU TICBHUX YMOBAaX OPTaHi3aIlifHO-TeXHIYHOTO 3a0€3MeYCHHS i AIPUEMCTBA;

— 3a3HAYCHHS IIPABOBHX AaCIEKTIB TOBODKCHHS 3 BimXomaMu (3aKOHOIABUI
BUMOTH TI030yTHCS BiJIXOIB, IEPEIATH 1X Ha YTHIII3aIliI0 TOIIO);

— BW3HAHHA BiOXOZIB HETaTWBHUM (aKTOPOM, IO MAaE€ CYTTEBUH BIUIMB Ha
MIPUPOJIHE CEPEAOBUIIIE, 3/I0POB s 1 )KUTTS Jitojiei [10].

Opranizariist epeKTHBHOTO yIPaBIiHHS BIIX0AaMH 1 caMe PO3yMIiHHSI IX CYTHOCTI
HeMOJIHBe 0e3 o0rpyHTOoBaHOi Kiacudikamii. Kimacudikarop K 005-96 npomonye
TaKWH MOLT BiIXO/IiB Ha TPYIIH 3a PiI3HOBUAAMHU:

1) 3anuinku CHPOBWHHM, MarepiaiiB, HamiB)paOPUKATIB TOIIO, SKi YTBOPEHI B
mpolieci BUPOOHHIITBA MPOAYKIli a00 BUKOHAHHS POOIT 1 BTpATWIM IJIKOM abo
YaCTKOBO BUXIHI CIIOKHUBYI BIACTHBOCTI (810xX00U 8UpobHUYMEQ);

2) PO3KpHMBHI 1 CYNyTHI TIpHHYi TMOpPOAM, IO BHUAOOYBAIOTHCS Yy MpoLeci
PO3pOOIEHHS POIOBUIL KOPUCHUX KOTIAIINH;

3) 3aNMIIKOBI MPOXYKTH 30aradeHHs Ta IHIIMX BHIIB TEPBUHHOI 0OpPOOKH
CHPOBHHH (IIJIaM, TIAJI, BiJICIBH TOLIO);

4) HOBOYTBOPEHI PEYOBHHHU Ta iX CyMillli, yTBOPEHi B TEPMIYHUX, XIMIYHUX Ta
IHIIMX TIpolecax 1 SKi HE € METOI JaHOTo BHPOOHUITBA (ILTAK, 3051a, KyOOBi
3aJIMIIKY, 1HII TBEPAl Ta MACTONOAIOHI YTBOPEHHSI, 8 TAKOXK PiJMHU Ta aepO30i);

5) 3aaMIIKOBI TPOJAYKTH CLIBCHKOrOCIOAAPCHKOr0 BHUPOOHHMITBA (Y T. d.
TBAapUHHUIITBA), JTICIBHUIITBA 1 JTICO3aTOTiBEIb;

6) OpaxkoBaHa, HEKOHAMIIIHA TPOAYKINS yCiX BHAIB €KOHOMIYHOI MisTIBHOCTI
a00 TPOAYKIlis, 10 3a0pyaHeHa HeOe3MeYHUMH PEUYOBHMHAMHM 1 HE NpHUIATHA JI0
BUKOPHCTAHHS,

7) HeimeHTH(IKOBaHA MPOIYKILis, 3aCTOCYBaHHS (€KCIUTyaTallisl) a00 BKUBAHHS
SKOi MOXE CIHPUYMHUTH HerependadeHi HacHiikd, y T. 4. MiHepaibHi m00pHBa,
OTPYTOXIMIKaTH, iHIIII PEYOBHHU;

8) simcoBaHi (MOMIKOPKEHI) | HEPEMOHTO3/IaTHI YK BiANpaiboBaHi, hizuuHo abo
MOpAaJILHO 3HOIIIEHI BUPOOH Ta MaTepiai, ki BTPATHIIHM CBOT CIIOXKHBY1 BIACTHBOCTI
(8iox00u cnooicusanns);

9) 3aNMIIKK MPOAYKTIB XapdyyBaHHs, IMOOYTOBHX pedeil, MaKyBaJIbHHX
MaTepiaitiB TOIo (no6ymosi 6i0xoou);

10) ocaau OYHMCHHMX MPOMHUCIOBUX CIIOPY[, CHOPYI KOMYHAJIBHHX Ta 1HIIHX
ciryx0;

11) 3anMIIK{ BiJ MEAMYHOTO Ta BETEPUHAPHOTO OOCIYrOBYBaHHS, MEIHKO-
OioyoriyHoi Ta XiMiKo-(hapMareBTHIHOT TPOMHCIOBOCTI, alIT€YHOI CIIPABH;

12) 3anuimKkoBi MPOIYKTH yCiX IHIIMX BUIB AiISUTBHOCTI MiAMPHEMCTB, YCTAHOB,
Oprai3arliif i HacelleHHS;

13) marepianbHi 00’€¢kTH Ta CcyOcCTaHIii, aKTHBHICTh pPaTiOHYKIiIIB a0bo
pajioakTUBHE 3a0pyJHEHHS SKUX IIEPEBUINYE MEXi, BCTAHOBJICHI YWHHHMHU
HOpMaMH, 3a YMOBH, LIO BHKOPDHUCTaHHSA LHX OO’€KTiB Ta cyOCTaHLid He
nepeadavacTees (padioakmueni 8i0xoou).

Pazom 3 tum y Kitacudikatopi BUKOPHCTOBYIOTBCS JIOJIATKOBI O3HAKH MOJLTY
BIIXO/IB:

1) 3a BumamMM EKOHOMIYHOI JiSUIBHOCTI Cy0’€KTa TOCIHOAapIOBaHHS, [Ie
YTBOPUIIHCS JIOXOJTH;

2) 3a (ha3010 MpoIiecy, Ha SIKild yTBOPUIIUCS JOXOIH;

3) 3a eJIeMEHTOM MPOLIECY, BiJI IKOTO YTBOPHIHCS BiIIXOJIH.
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Kpim mporo, TpoMHCIIOB] BiIX011 MOKHA KJITacH(iKyBaTH 3a TAKUMHU O3HAKAMH:

— 3a Ta;y3sMH IPOMHUCIOBOCTI (BIIXOIH IMATMBHOI, METATypriiiHOT, XIMIIHOI Ta
1HIINX Tamy3ei);

— 3a KOHKPETHHUMH BHPOOHHUIITBAMH (BiAXOAHM CIPKOKHCIOTHOTO, COJIOBOTO,
(hocOpPOKHCIOTHOTO Ta IHIIUX BUPOOHUIITB);

— 3aarperaTHUM CTaHOM (TBEpAi, piaKi, ra3omoioHi);

— 3aTOpiHHAM (TOPIOYi Ta HEropIoyi);

— 3a MEeTOJaMH NepepoOKH;

— 3a MOYJIMBOCTSIMH TepepoOKH (BTOpHHHI MartepianbHi pecypcu (BMP), mo
epepoOISIFOThCST 200 TIAHYIOTBCA Halam MepepoOsaTucs, 1 BiOXOAW, M0 Ha
JAHOMY €TaIll PO3BUTKY €KOHOMIKH MepepoOIIsTH HEOLIIBHO);

— 3a piBHeM HeOe3mekn (Hama3BUYaiiHO HeOe3MeuHi, BHCOKOHEOE3MeuHi,
MOMipHOHEOE3IeYHi, MAJIOHEOE3MeYHi).

XapuoBi BiIXOAH, AKi € IPEeAMETOM JOCIHIHKEHHA Y JaHiii po0oTi, € TOOyTOBUMHU.
3aranpHONpUiHATA Kinacudikamis NOOyTOBUX BiAXOJiB, 03By4YeHa y pobOorti [12],
mpencTaBieHa y Tabm. 2.

Tabmuis 2 — Knacudikariist moOyToBHUX BiIXOIiB

Kpurepii oriHrOBaHHs Buu noOyTOBUX BiIXOIIB
ArperatHuii cTaH Tsepui
Pinxi
06’em BenmkorabaputHi
MastorabapuTHi
PiBens mxoau Ut JOBKIJIIA Besmneuni
Hebe3meuni
Cdepa yrBOpeHHS CibChKOTOCTIONAPCHKI

ByniBenpHi (peMOHTHI)

Ca10BO-/1auHOTO MacHBY

Jhiniil

Cdepa HamaHHS TOCTYT Mennuna

[Mancionatn

I'otenbHO-pecTopanHuii Oi3HEC

BiiicbkoBa

Jxepeno yrBopeHHs JKutioBi Oy imHKH: GaraTOKBapTHPHI; NPUBATHOTO
CEKTOpY

ByIMHKM aIMiHICTPAaTUBHOTO PU3HAYCHHS

Sk BuAHO 3 TaOJ. 2, nediHilis XapyoBHX BIAXOJIB HE BUIUISETHCS Y HAYKOBIH
nuckycii. Ha >xanmb, MOHATTS XapyoBHX BIAXOJIB BiJICYTHE U y BITUM3HSIHUX
HOPMATHUBHHX aKTaX. BUXOJSMUM 3 pO3IIIsiay CyTHOCTI JaHOT KaTeropii, 1e Xapuosi
MPOJYKTH, SIKi TOBHICTIO a00 4YacTKOBO BTPATWIM CBOI IEPBUHHI CIOXHBYI
BJIACTMBOCTI B TMpollecax IX BHPOOHHUITBA, NEPEPOOKH, 3acTOCyBaHHS abo
30epiranHs. 3a JDKEpelIoM BUHUKHEHHS, [I€ 3aJUIIKK TKi JIOAMHU Ta BiIXOIU
KYXOHb, IIEKapeHb, MiJIPUEMCTB XapuyOBOi IPOMHUCIOBOCTI.

XapuoBi BIIXOAH PO3IJISAAIOTHCS SIK YacTHHA ITOOYTOBUX BIIXO/IIB 1 € OIHIEIO 3
€KOJIOTIYHUX MpOOJIeM CYCHiIbCTBA CIIOXKHBAHHSA, SKa IIMPOKO JOCHIJKYETHCS
3apyOixkHuME HaykoBismMu. Tak, b. Jlimincekuii, K. Xancon, J[x. Jlomaxc,
JI. Kitinosi, P. Veiitr ta T. Cpopuinrep y po6Goti [13] mocmipkyroTh BTpaTh
MPOJIOBOJIHCTBA TA XapUYOBi BIIXO/IU Y TIIOOATbHOMY BHMIpI Ta IIPONIOHYIOT CTpaTerii,
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crpsMOBaHi Ha ix 3meHIeHHs. Y 3BiTi «Global food losses and food waste — Extent,
causes and prevention» [14] I[IpogoBonbyua Ta CiNbCHKOTOCIOJAPChKA OpraHi3amis
OOH (Food and Agriculture Organization, FAQO) po3kpuBae BTpaTH, 1110 BAHUKAIOTbH
Y3/I0BK Xap4OBOTO JIAHITIOTA, OLIHIOE TXHIO BEJIMYMHY Ta BU3HAYAE TIPHIUHH BTPAT
Xap4yoBOi MPOAYKIli Ta MOXIWBI crocobm ix 3amobiranas. 3BiT FAO «Global
Initiative on Food Loss and Waste Reduction Food and Agriculture Organization of
the United Nations» [15] mpucBsdeHmid cTparerii 3MEHIICHHS OOCATIB BTpPaTH
MIPOJIOBOJIHCTBA Ta XaPUOBHX BIAXOMIB Y TII00aIi30BAHOMY CBITI.

K. Xancon Ta I1. Mityen y po6oTi [16] BU3Ha4YarOTh cTpaTeriyHi He()iHAHCOBI
MOTHBATOPY 3MEHIICHHS 00CATIB BTPAT MPOAYKTIB XapuyBaHHA Ta BigxoiB. TiMOTI
Jbx. Pigapnc ta CriBen @. I'amineToH y po6oTi [17] HOCTIKYIOTH TOTEHINAT
KOMEpLIMHNUX OJHOpaHTOBHX cucTeM Mytyanizauii (CPMS) abo ¢ipm chigbHOI
C€KOHOMIKM $IK PHHKOBHX IaTropM OOMiHYy HAAJHMIIKOBUMH TNPOAYKTaMH
Xap4dyBaHHS 1, K HACIIIOK, CKOPOYEHHS XapuoBHUX BiaxomiB. Kamriom MunoHa,
[lerpoc Maparkynakic, JlagicnaB Miko, Aua-Karpin boxk, Slu Bomnracrt, Canapa
Kanpeiipa, ®pann Yndept y poboti [18] mpencTaBuiiv pe3yabTaTH TOCITIIKEHHS
xap4oBoi moxitukun €C mo 2050 poky 3 TOYKHM 30py HOTEHIIHHMX MaiOyTHIX
BHKIIMKIB, 30KpeMa, I0/10 301IbIIIEHAsT BUPOOHUIITBA MPOIYKTIB XapuayBaHHS IPU
BUKOPUCTAaHHI MEHIIOI KiIKOCTI pecypciB Ta 3MEHIICHHS! Xap4OBHX BiJIXOMIB TPH
3a0e3rneueHHi xapuoBoi Oe3meku. Anpdepro 3emma, Kamomkepo Kapnerro,
Ioxon JI. @®igmep, IT’erpo J[Ixemnmapi Tta [in J[Dxommidd y poboti [19]
3ampONOHYBaIN METOJI0JIOTI4Hi MiIXOAU HaI[lOHATBHUX ONUTYBaHb
JIOMOTOCHIOZIAPCTB, 30KpeMa, CTOCOBHO XapuyBaHHS Ta MOBOJKCHHS 3 XapYOBUMHU
BIIXOIaMH.

Buxonsam 3 aHamizy BWIe3a3HAYSHHUX JOCIIKEHb, BIJICYTHOCTI BH3HAYEHHS
XapuoBUX BIJXOJIB B YKPaiHCHKMX HOPMATHBHMX JIOKYMEHTaX Ta BayKIUBOCTI
POOJIEMHU XapUOBOi OS3MEKH, € OIIIBHUM BBEICHHS Y BITYM3HIHY HOPMATHBHY 023y
3araJIbHOBKMBAHOTO 33 KOPIOHOM TEpMiHY «BTpara IMPOJOBOJIECTBA Ta XapyoBi
Bimxoam» («Food loss and waste»), sIKMii BU3HAYAETHCSI TAKMM YHUHOM: HPOJTYKTH
(peuoBUHN) SIK TCTIBHI YaCTHHU POCIHH 1 TBAPHH, SIKi BUPOOIISIIOTHCST 200 30MparoThCsI
JUISL CTIOXKMBAHHS JIIOZMHOIO, ajle B KiHIIEBOMY PaxyHKy HE CIIOKMBalOThesl. Brpara
MPOIOBOJILCTBA — 1€ HeTlepe10aueHnil pe3yIbTaT CilIbChKOTOCIOIapCHKOTO TIPOLIECY
a0o 30epiraHHs, TPAHCTIOPTYBAHHSI, YIIAKOBKH MPOYKTIB, 1[0 CIIPUYHHKUB BTpaty abo
TICYBaHHs TMPOAYKTIB (aHOMaJbHE 3HIDKEHHS iX sIKOCTi). Xap4doBi Bimxomam — 1ie
NPOAYKTH, SKi € SIKICHUIMH Ta TPUAATHUMH JUIS CIIO’KMBAHHS JIIOJMHOIO, ajie He
CIIO»KHMBAOTHLCS JI0 a00 IMiCiIs aHOMAJIBHOTO 3HMKEHHS 1X SKOCTI. Xap4oBi BIJXOIHU €
Ppe3yJIbTaToOM He0anocTi abo CBiJOMOTO PIllIeHHS! BUKUHYTH MPOITYKTH.

Jnst po3paxyHKy BTpaT NPOJOBOJBCTBA Ta Xap4yOBUX BiAXOIiB B YKpaiHi
O. KotukoBa, M. badbuu Ta O. IloropenoBa TNpONOHYIOTh BHUKOPHCTOBYBATH
meroauky FAO (puc. 1) [20], e A+ B+C-D=E-(F+G+H+1)=J=K+L.

TakuMm 4MHOM, 3a pe3yJbTaTaMH JIOCITIPKEHHS CYTHOCTI MOHSTTS BiIXOMIB Ta
XapyoBHX BIAXOAIB Yy HAaliOHAJbHOMY 3aKOHOIABCTBI Ta HAyKOBiH IHCKYCii
KOHCTaTOBaHa BIJACYTHICTh BH3HAYCHOI'O IOHATTSA XapyoBUX BIJIXOJIB B
YKpaiHCBKOMY 3aKOHOJABCTBI Ta HEOAHO3HAYHICT TPaKTyBaHHSA JediHimii
«BIIXOAW» y PI3HUX HOPMATUBHHX JOKYMEHTaxX Ta AOCIHiIKCHHAX HayKoBLiB. Lle
yTpyaHIOE e(EeKTUBHE YIpaBJIiHHS BIXOJaMH Ta TOTpeOye KOpeKIii Ha
HaI[lOHAILHOMY DiBHI. 3ampoOIIOHOBAHO BBEJCHHS JIO BXKHUTKY IOHSTTS «BTpaTa
MPOJIOBONIBCTBA Ta xap4oBi Bigxomam» («Food loss and waste»), sike muUpoKo
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BUKOPUCTOBYEThCS 3a KOPJIOHOM, 30KpeMa, [MponoBoibUOIO Ta
cinbebkorocnonapebkoro opranizariero OOH (FAO).

- | . > Ceixi
2. CTEMEHTIB Bryrpimse Y elleMeHTIB XapuyBaHHA |  TPOIYKTH
mocTadaHHA = | CHOMEBAHEA - - prpoppcranma = )] - (K)

® . |

Bupos R 5podc;
HpOE);;lHI‘BO A Kopu (F) ! ) Obpobren:

: ' IOpPOAYKTH
| , |
Tumiopr (B) : Hacizus (G) !
. | :
- + T
Excnopr (D) [Tepepodxa (H)
N +
Jamacu (C) Bixxom (I)

Puc. 1 — Meroauka po3paxyHKY BTpaT MPOJOBOJIBCTBA Ta Xap4uoBUX BigxoniB 3a ®AO

B VYkpaini mnoBO/KEHHS 3 BIOXOJaMH peryiaMeHTOBaHO 3akoHamu «lIpo
Bimxonm», «IIpo 0XOpOHY HAaBKOJIMIIHBOIO IPHUPOAHOrO cepenoBuiia», «llpo
3a0e3MedYeHds CaHITapHOTO Ta emifIeMigHOro Onaromoiyddst HaceleHHs», «lIpo
MOBO/IKEHHS 3 paJi0aKTHBHUMH BiixomaMmy, «IIpo MeTanoOpyxT», «[Ipo xutioso-
KOMyHanpHI mociayrm», «llpo ximiuHi mxepena ctpymy», «lIpo BetepmHapHy
MenunuHy», «lIpo BuydeHHs 3 00iry, mepepoOKy, yTHIIi3alio, 3HUIIEHHS abo
MoJajbIlle BUKOPUCTAHHS HEsKiCHOI Ta HeOe3me4yHol mnpoaykiiiy, Komekcom
VYkpainu npo Haapa, iIHIMMH HOPMaTHBHO-IIPAaBOBUMH aKTamu [5, 21-29].

OCHOBHMMHM TpPHUHIMIAMH JEPKABHOI MOJITHKK Yy cdepi TOBOHKEHHS 3
BIIXOIAMU €:

— TpPIOPUTETHUH 3aXUCT HABKOJMIIHBOTO TPUPOJHOTO CEpe/OBUINA Ta
310pOB’S JIIOAWHY BiJl HETAaTUBHOI'O BIUIMBY BiIXO[iB;

— 3a0e3MeyeHHsl OIIAIJIMBOIO BHUKOPHUCTaHHS MaTepialbHO-CUPOBUHHHMX Ta
SHEepPTeTHYHHX PECYPCIiB;

— HayKOBO OOIPYHTOBAHE VY3rO/DKCHHS CKOJIOTIYHMX, CEKOHOMIYHHMX Ta
COIIaJIbHUX 1HTEPECIB CYCHIIbCTBA MO0 YTBOPEHHS Ta BUKOPUCTAHHS BIIXOJIB 3
METOI0 3a0e31eueHHs HOro CTajIoro po3BHUTKY.

OCHOBHI 3aBJaHHS Ta HAMNPSIMH JCPXKABHOI MOJTITHKH 11100 BIIXOIIB B YKpaiHi
npejcTaBieHi y Taou. 3.

VY cdepi moBomKeHHA 3 BiAXoJaMH MiHICTEPCTBaMHM, IHIIMMH LEHTPaIbHUMH
OopraHamMH BUKOHABYOT BJIaJ, MAMPHEMCTBAMH, YCTAHOBAMH Ta OpraHi3alisMH 3a
MOTOJPKEHHSIM 13 YIIOBHOBKEHIMHU OPraHAMH BUKOHABYOT BJIJIH 3 TUTAHb OXOPOHH
HABKOJMIIHBOTO MPHUPOAHOTO CEPEOBUIIA BCTAHOBIIOIOTHCS TPAHUYHI TOKa3HUKH
YTBOPEHHSI BiIXOIiB Y TEXHOJIOTIYHMX MpOIecax, MUTOMi IMOKa3HUKH yTBOPEHHS
BiJIXOJIiB, BUKOPUCTAHHS Ta BTPaT CHPOBWHM Yy TEXHOJOTIYHUX Ipollecax, iHIII
HOpPMAaTHBH, NiepeadadeHi 3aKOHOJABCTBOM.
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Tabmmist 3 — 3aBmanHs Ta HAMPSMH JEP’KaBHOI MTOITHKY 100 BiIXOiB B YKpaiHi

3aBma”Hsa

Hanpsamu

- BU3HAYCHHS OCHOBHHUX
TIPUHITUITIB AEP>KaBHOI TIOJITUKA ¥
cthepi MOBOKEHHS 3 BiIX0IaMU;
- IPaBOBE PETYJIIOBaHHS BiTHOCUH
mogo  AisbHOCTI  y  cdepi
TIOBOJDKEHHS 3 BIIXOJIaMH;

- BH3HAQUCHHS OCHOBHHMX YMOB,
BHMOT 1 TIPaBIJI IIOJI0 €KOJIOTIIHO

0O€e3IIeYHOTO IIOBOUKEHHS 3
BiAXomaMu, a TaKoX CHCTEMH
3aX0/iB, OB’ SI3aHUX 3
OpraHizaniifHO-eKOHOMITHIM
CTHMYJIFOBaHHSIM
peCcypco30epeKeHHS;

- 3a0e3ledeHHs MiHIMaJILHOIO

YTBOPEHHS BiZIXO/[IB, PO3LIMPEHHS
X BUKOPUCTaHHS y TOCHOAAPChKii
JUSIILHOCTI, 3aro0iragys
UIKIJJTABOMY BIUTHBY BiJXOJIB Ha
HABKOJIMIIIHE TIPUPOTHE
CepeOBHUIIIE Ta 3I0POB’ S JIIOINHH

- 3a0e3redeHHs TTOBHOTO 30WMpaHHS 1 CBOEYACHOTO
3HEIIKOKEHHS Ta BUJIAJICHHS BIJIXO/IIB, TOTPHUMaHHS
MPaBWJI CKOJIOTIYHOI OE3MeKH MU IMOBOJKCHHI 3
HUMH;

- 3BEACHHS /IO MIHIMyMY YTBOPEHHS BIJXOHiB Ta
3MEHILIEHHS iX HEOE3MEYHOCTI;

- 3a0e3MCUYCHHSA KOMILUICKCHOTO

MaTepiaTbHO-CHPOBHHHUX PECYPCiB;
- CHOpHUSHHS MaKCHUMAaJbHO MOMJIMBIM yTHiIi3amii
BIIXOMIB IIIAXOM MPSMOTO MOBTOPHOTO  YH
AbTEPHATHBHOTO BHKOPHCTAHHS PECYPCHO-I[IHHHUX
BigXomiB;

- 3a0e31eueHHs 0€31eYHOr0 BUAAJIEHHS BIIXOIIB, 1110
HE MiUIIraloTh YTWII3allii, HUIIXOM pO3pOOJICHHS
BIAMOBIJHUX TEXHOJIOTIH, €KOJIOTIYHO O€3MeYHnx
METO/IiB Ta 3aCO0IB MOBOKEHHS 3 BiIXOAaMHU;

- Oprai3aifisi KOHTPOJIIO 32 MICISIMUA Y 00’ €KTaMu
PO3MIIIIEHHS BIZIXOIB TS 3aM00IraHHs IIKiIJTHBOMY
BIUIMBY 1X HA HABKOJIMIITHE IPUPOTHE CEPEIOBHIIE T
30pOB’sI JTIOJMHH;

- 3/iHCHEHHS KOMIUIEKCY HAayKOBO-TEXHIYHHX Ta
MapKETUHIOBHUX [JOCIIDKEHb JUIsl BHSBJICHHS 1
BU3HAYCHHS PECYPCHOT IIIHHOCTI BIAXO/IB 3 METOIO iX
e(eKTHBHOTO BUKOPUCTAHHS;

- COpHSIHHS CTBOPEHHIO O0O0’€KTIB MOBOMXKCHHS 3
BiZxomaMu;

- 3a0e3MeueHHs COLIaIbHOTO 3aXKCTy IPALiBHHUKIB,
3alHITHX Y chepi HOBOPKEHHS 3 BiIXOIaMU;

- 000B’s3k0BHil OONIK BIAXOMIB Ha OCHOBI IX
KIacudikarii Ta macmopTH3aIlil;

- CTBOPEHHS YMOB U peaiizaiil po3AiIbHOTO

BUKOPUCTAaHHA

30MpaHHs OOy TOBHX BigXomiB [IIIXOM
3aMPOBAHKEHHS COL{aJIbHO-EKOHOMIYHHUX
MeXaHi3MiB, COPSIMOBAHMX  HA  3a0XOYEHHS

YTBOPIOBAUiB IIMX BIAXOMIB OO0 iX PO3IUTBHOTO
30MpaHHs;

- CIIPUSTHHS 3aTyYCHHIO HEIeP)KaBHUX 1HBECTHIIIH Ta
IHIIMX TI03a0F0/DKETHUX JDKepesd (iHAHCYBaHHS Y
chepy MOBOPKSHHS 3 BiIXOJAMH.

3akon «IIpo Bigxomu» [5] BcTaHOBNIIOE MpaBa Ta O00OB’SI3KM IOPUIUYHUX Ta
(hi3muHUX 0Ci0 MIO/I0 MOBOKEHHS 13 BiJX0JaMHU. 3aKOHOJABCTBO TAKOXX BHMArae
PO3POOKH 3aX0/1iB 1 BUMOT 111010 3al00IiraHHs a00 3MEHILICHHS YTBOPEHHS BiIXO/IIB
Ta EKOJIOTIYHO Oe3MEeYHOr0 TTOBOKEHHS 3 HUMH, 30KpeMa:

— PO3poOJIeHHS Ta BHOPOBA/HKEHHS HAYKOBO OOIPYHTOBaHUX HOPMATHBIB
YTBOPEHHsI BiIXOIiB Ha OAMHUIIIO MPOAYKLil (CUPOBMHH Ta €HEpTii), BUKOHAHHS
pOOIT 1 HamaHHS MOCIYT, IO PErJaMEHTYIOTh iX KUIbKICHMH Ta SIKICHHH CKian,
BIJIMTOBITHO JI0 MEPEIOBUX TEXHOJOTIYHHUX JTOCITHEHb;
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— TEpIOJUYHUN TEPerisii BCTAHOBICHUX HOPMATHBIB YTBOPEHHS BiJXOIB,
CIIPSIMOBAHUI Ha 3MEHINIEHHS 1X 00CATIB, 3 YpaXyBaHHAM MIEPEIOBOTO BITIYM3HIHOTO
1 3apyOI>KHOTO JTOCBiTy Ta EKOHOMIYHHX MOXJIUBOCTEH;

— PO3pOOJICHHS Ta BIPOBAHKCHHS CUCTEMH TOBO/UKEHHS 3 MaKyBaJbHHUMHU
MaTepiaJaMi 1 Tapor; CHUCTEMHU 30UpaHHS, BUAAJICHHS, 3HCUIKOIKCHHS Ta
yTHIi3amii BiATIpambOBaHWX MAacCTHJI (OJMB); CHCTEMH 30WpaHHS, 3aroTiBii Ta
yTHIi3amii  3HOIIEHWX  IIWH, pPE3WHOTEXHIYHWX BHpPOOIB Ta  BiIXOAiB
PE3MHOTEXHIYHOTO BUPOOHUIITBA; CUCTEMH 3arOTIiBII Ta YTHITI3allil HENPUIATHUX JI0
BUKOPHCTAaHHS TPaHCIOPTHHUX 3aco0iB; cuUCTeMH 30WMpaHHA Ta YTWIIi3aImii
CIICKTPUYHOTO Ta EJCKTPOHHOTO OOJAaHAHHS; CHCTEMH 30WpaHHS, BHJIATCHHS,
3HEMIKOPKEHHS, YTHJIi3alil BiIXOMIB, IO YTBOPIOIOTHCS Y MPOLEC] MEAUYHOTO
00CITyroByBaHHsI, BETEPHUHAPHOI IPAKTUKH, TIOB’I3aHUX 3 HUMU JOCIITHUX POOIT;

— pO3pOOJICHHS 3araJibHUX BHUMOT IIOJO TOBOJUKCHHS 3 TOOYTOBHUMHU
BIJIXOJaMH;

— po3pobieHHs CUCTEMH iH(opMarifHOTO, HAyKOBO-METOUYHOTO
3a0e3neyeHHss BUPOOHUKIB BiJIXOJIB BiJOMOCTSIMH IPO TEXHOJIOTIYHI Ta iHIII
MO>KJIMBOCTI 3MEHILICHHSI 00CSTiB YTBOPECHHS Ta YTHIIi3allil BIIXOMIB.

3 MeTor OOMEXEHHs Ta 3armo0iraHHs HEraTWBHOMY BIUTUBY BiXOMiB Ha
HABKOITUIITHE IPUPOHE CEPEOBHUIIIE Ta 30POB’ Sl JTFOAUHU 3a00POHSIETHCS:

— TpOBamUTH OYJb-IKYy TOCIONAPCHKY MisIbHICTh, MOB’SA3aHY 3 YTBOPCHHSIM
BIIXOMiB, 0€3 oJep)KaHHS BiJ| MICIICBHX OpPraHiB BUKOHABYOl BJaIu J0O3BOJIY Ha
3MIACHEHHS oOmepamniid y cdepi MOBOHKEHHS 3 BiAXOIaMHU BiIOBITHO 0 BHMOT
LBOro 3aKOHY;

— BUKOPUCTOBYBAaTH pE3YJIbTATH HAYKOBUX JOCIIJKCHb, BIPOBAKYBaTH B
MPAKTUKy BUHAXOJH, 3aCTOCOBYBAaTHM HOBY TEXHIKY, IMIIOPTHE YCTaTKyBaHHS,
TEXHOJIOTI1 Ta CUCTEMHU, SKIIO BOHU HE TIepe0aYaroTh 3a00iraHHs Yu MiHIMi3allio
o0cCsATiB YTBOpEHHS BIJXOMIB Ha BCIX CTaifAX TEXHOJOTIYHOTO TMPOIECy, iX
YTHJIi3a11it0 Ta 0e3MeYHe BU/IAICHHS;

— BH3HAUaTH MiClsi PO3MIIICHHS MiANPUEMCTB, YCTAaHOBOK, TIOJITOHIB,
KOMIUIEKCIB, CXOBHIII Ta 1HIIKUX 00’ €KTIB IOBOHKECHHS 3 BIIXOJIaMH, IIPOCKTYBATH Ta
OyyBaTH perioHabHI 1 MiKpeTioOHAIbHI KOMIUIEKCH 00pOOIIeHHS, 3HEIIKOKEHHS,
yTHITi3amii Ta BUAAICHHs BiIXOJiB, SKIIO BOHH HE BiJIIOBIJIAIOTH EKOJOTIYHUM Ta
CaHITapHO-TITiEHIYHUM BUMOTaM;

— TpUAMATH pillleHHs PO PO3MIIIEHHS 1 PO3BUTOK MICT Ta 1HIIUX HaCENCHUX
ITyHKTIB 03 BH3HAUEHHS TEXHIYHHX Ta iHIIMX 3aXOJIiB 100 CTBOPEHHS YMOB JIIS
YTHITI3aMii YU BUIaJICHHS TOOYTOBUX BiJIXOJIiB;

— BBOJUTH B Jif0 HOBI 1 peKOHCTPYHOBaHI IiIMIPUEMCTBA Ta iHIINI 00’ €KTH, HE
3a0e3MeyYeHi yCTaTKyBaHHSAM 1 TEXHOJOTISAMH JUisi O€3MEYHOr0 IOBOKEHHS
3 BIIXOJIJaMH, Ta B pa3i BIJCYTHOCTI JJaHWUX, HEOOXITHUX JIJIs OLIIHKH iX BILUIUBY Ha
HABKOJUIITHE MIPUPOHE CEPEIOBHUIIIE Ta 30POB’ Sl IFOJAWHHU, 3T1JTHO 3 YCTAHOBJICHUM
MTOPSIIIKOM;

— TIepemaBaTM YW [poJaBaTH  HeOE3Me4yHi  BIIXOAM  TpoMajsHaM,
MiANMPUEMCTBAM, YCTaHOBaM Ta OpraHi3allisiM, SKIIO BOHH He 3a0e3levyIoTh
YTHITi3a1lii ¥ BUJAICHHS IIMX BiXOJiB €KOJIOT1YHO OE3MEYHUM CIIOCO00M;

— 3ajydaTd JiTed 1 MUITKIB JIO OpPraHi30BaHOTO 30WMpaHHS BiJIXOMIB (SK
BTOPUHHOI CHPOBUHHM ), HEOE3MEUHUX JIs1 3/J0POB’5;

— TOPYLIyBaTH CTPOKHU MEPEpPOOKH BiXOJiB, BBE3EHUX B YKpaiHy BiIIOBIAHO
JI0 BCTAHOBJICHUX KBOTAMH YMOB;
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— TOpYLIyBaTH BCTaHOBIICHI KBOTM Ha BBE3CHHS B YKpaiHy BIiAXOHiB sIK
BTOPHUHHOI CUPOBUHHU;

— BBE3eHHS B YKpaiHy, 3a BUHATKOM TPaH3UTHOTO NEPEBE3CHHS, OYIb-SKUX
BIJIXOJIIB 3 METOIO iX 30epiraHHs YU BUIAJICHHS,

— 3 1 ciuas 2018 poky 3axopoHEHHS HemnepepoOieHnx (HeoOpoOIeHMX)
MoOyTOBHX BiJIXOJiB.

KonTpons y cdepi moBomKEHHS 3 BiIXOAaMu 3/1HCHIOIOTh IEHTPATbHAN OpraH
BHKOHABYOI BIIAIH, IO peati3ye Nep>KaBHY MONITHKY i3 3MIHCHEHHS JEp>KaBHOTO
Harjsiny (KOHTPOIO) y cepi OXOPOHU HaBKOJIMIIHBOTO PUPOJHOTO CEPEAOBHILA,
paIlioHaTbHOTO BWUKOPHCTAHHS, BiIITBOPEHHS 1 OXOpPOHH NPUPOIHHUX PECypCiB,
LIEHTPaJbHUA OpPTaH BUKOHABYOI BIIAJIH, IO pealli3ye JepKaBHY MOJITHKY y chepi
CaHITapHOTO Ta eMiAeMIYHOro OJaromojay4usi HaceJCHHS, MicleBi JepXaBHi
aZMiHicTpalii, BAKOHAaBYl OpPraHM CiIbChKUX, CEMUIIHUX, MICBKHX paj, TPOMaJChKi
IHCTIEKTOPH 3 0JIaroyCTpOIO HACEJICHHUX ITyHKTIB.

B VYkpaini 30iiCHIOIOTECS 3aX0AM IMIOAO0 3a0e3IeUeHHs YTUII3allil BIAXOMIB 1
3MEHIIEHHsI 00CSATIB iX yTBOPEHHS, 30KpeMa:

— BCTAHOBJICHHS CTaBOK €KOJIOTIYHOI'O TIOAATKy, WIO CIPABISETHCS 3a
PO3MIIIEHHS BiIXOIB, i3 Mu()epeHIIiaIliero 3aJeKHO Bi piBHSI HEOE3IEeKH BiIXOiB
Ta IIHHOCTI TePUTOPII]

— HajgaHHS Cy0’€KTaM MiANPUEMHHIBKOI [iSUTBHOCTI, SKi yTHII3YIOTb,
3MEHIIYIOTh OOCSATH YTBOPEHHS BiAXOJIB Ta BIPOBaKYIOTH Yy BUPOOHHUIITBO
MaJIOBiIXOAHI TEXHOIIOTI, BIMTOBIAHO IO 3aKOHOJABCTBA MMOJATKOBUX, KPETUTHHX
Ta 1HIIUX MUIBT;

— HaJIaHHS B YCTAHOBJICHOMY 3aKOHOJIaBCTBOM ITOPSAKY ITOJJATKOBUX, KPEJUTHUX
Ta IHIIUX MUIBT CY0 €KTaM MiAMPUEMHUIILKOI JiSUILHOCTI, SKI 3[al0Th BIAXOIM 5K
BTOPUHHY CUPOBHHY Ta 3alMaIOThCsI 30MpaHHSM 1 3ar0TiBJICIO TAKUX BIIXO/IB;

— BU3HAUEHHS NPIOPUTETIB MOJ0 (PiHAHCYBAaHHA 3a JEPKABHUM KOHTPAKTOM
MiOPUEMCTB, IO BIPOBA/KYIOTh MAaJOBIIXOAHI TEXHOJIOTii, OOpOOIIOTH i
YTUI3YIOTh BiIXOAH;

— Teperysl Iepeliky BIIXONIB, IIOJO0 SKHX 3 ypaxyBaHHSM JEpXKaBHUX
iHTEepeCiB TIOBUHEH YCTAHOBIIIOBATHCS CIEHIANBHUI PEKUM CTHUMYIIOBAHHS iX
30MpaHHs, 3arOTiBJIi Ta BUKOPUCTaHHS,

— 1inboBe (DiHAHCYBaHHS HAyKOBO-JIOCTIIHUX POOIT 3 KOHKPETHUX MPOOIIeM
yTHITI3aMii BiTXOiB 1 3MEHIIIEHHS 1X YTBOPEHHS;

— cTBOpeHHs (hOHMAIB A MUTHOBOTO (hiHAHCYBAaHHS 3aXOJliB MO0 YTHIIi3allil
BIJIXOJIIB 32 paXyHOK JIOOPOBUILHUX BHECKIB BUPOOHMKIB BiJIXOMIB, X BJIACHUKIB,
BITUM3HSHUX Ta IHO3eMHHX CYyO’€KTiB TOCHOJApCHKOI MisUTBHOCTI, OKPEMHX
IPOMaJIsTH, €KOJIOTIYHOTO CTPaxyBaHHs TOIIIO;

— (dopMyBaHHsS AEp)KaBHOIO OaHKy AaHMX ILIOJO BIPOBAIKEHUX B YKpaiHi
TEXHOJIOTIH yTHITi3a1lii BiIXO/IB;

— CTHMYJIIOBAaHHSI CIIOKMBAdiB O PO3AUIBHOTO 30MpaHHS BiAXOMIB HUISXOM
BUKJTFOUEHHSI 3 TUIATH 3a MOCIYTY MOBOKEHHS 3 MOOYTOBUMH BiJIXOJIaMH BapTOCTi
orepauiil 3 MOBOKEHHA 3 PO3AUILHO 3i0paHrMU (BiACOPTOBAaHMMH) KOPHUCHUMHU
KOMITOHEHTAMH 1IUX BIIXO/IB.

3 METOH CTHUMYJIIOBAaHHS 3aXOJiB IMOAO YTHIi3amil BIIXOMIB Ta 3MCHILICHHS
00csriB X yTBOpPEHHS Ccy0’€KTaM rOCHOAAPCHKOI IiSUIBHOCTI, SIKi BIPOBAKYIOThH
TEXHOJIOT11, CIPsAIMOBaHi Ha 3MEHIIEHHS 00CATIB YyTBOPEHHS BiAXOMIB, yTUIi3YIOTbh
BiJIXOJIM B MpoIleci BUPOOHMIITBA MPOAYKIIil (BUKOHAHHS POOIT, HaJaHHS MOCTYT),
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3MIMCHIOIOTH 1X 30MpaHHs 1 3arOTIiBIIO0, OYIIBHUAIITBO MIAIPHEMCTB 1 IIEXiB, a TAKOK
OpraHi3yloTh BUPOOHUIITBO YCTATKyBaHHS sl yTHIi3amii BigxoniB, OepyTh nailoBy
y4acTh y (DiHAaHCYBaHHI 3aXOiB MO0 YTHIIi3allil BiIXOAIB Ta 3MCHIIICHHS 00CATIB
X YTBOpPEHHS, MOXKYTh HaJ[aBaTUCSI BiIIIOBIHO JI0 3aKOHY Y KpaiHu:

— MNBrM IIONO OMOJATKYBaHHSA NPUOYTKY Bix peamizamii mpomykuii,
BHTOTOBJICHO1 3 BUKOPHUCTAHHSIM BilIXO/IiB;

— TIPIOPUTETHE JIePKaBHE KPEAUTYBAHHS;

— cremianbHi AepaBHI cyOcuzii Ha 3MEHIIEHHS BIJCOTKIB 3a OaHKIBCHKI
KPEIUTH, TIOB’A3aHi 3 IHBECTHUIIISIMH, 110 CIIPSIMOBYIOTHCS Ha YTHIII3AIlII0 BiIXOIB i
BHUTOTOBJICHHS BiJTIOBITHOTO yCTaTKyBaHHS;

— gportanii 3 [lepxkaBHoro O keTy YKpaiHHM 1 MiCHEBUX OFOJDKETIB IS
TIepeBE3CHHS BiAXOAIB (BTOPUHHOI CHPOBHUHHN) M HammiBpaOpHUKaTiB, OJIepKaHuX 3
LIMX BiAXO/IIB;

— irdopMamig I00 TEXHOIOTIYHIX MOXUIIMBOCTEH yTHIII3aIlil BiAXOIIB;

— gmoramii 3 (QOHAIB OXOPOHH HABKOJHWIIHBOTO IMPHPOJHOTO CEpEAOBHUIIA Ta
THIINX JKEPeT;

— TMUIBI'M MIOJ0 IONOBHEHHS OOIMOBHX KOINTIB MiJAIPUEMCTB, YCTaHOB Ta
Oprasizamiii — cy0’€KTiB TOCMONAPCHKOi MisTTBHOCTI, IO 3MiACHIOIOTh 30UpaHHS i
3aroTiBiit0, 00pOOJIeHHs (TMepepoOIeHHs) 1 YTHIII3allil0 BIAXOIIB SK BTOPHHHOL
CUPOBUHH, 32 YMOBH IIIJIbOBOI'O BUKOPHCTaHHS IIMX KOIITIB JUIS MPUAOAHHS Ta
nepepoOKH TaKUX BiJIXOIB.

Lo crocyeThes 3aKOpIOHHOTO AOCBiNY, KepiBHI npuHIwmH €C y cdepi 0XopoHH
HaBKOJIMIIIHLOTO CEPEIOBUINA, 30KpEeMa, MOBOKEHHS 13 BIIXOJaMH, BUKIIAJCHI B
mupektuBax: Pamxosa JlupextuBa mpo Bimxomm 2008/98/€C; [dupexktnBa mpo
HeOe3neuHi Biaxomu 91/689/€C; /lupekTrBa po BCEOXOILTIOIOUE 3a0pyTHEHHS Ta
fioro xoHTposs 96/61/€C; IupektuBa mpo cnamoBaHHs Bigxonis 2000/76/€C;
JupexTrBa nipo 3axopoHeHHs BigxoaiB 1999/31/€C.

PamkoBa Jl[upexTuBa mpo BiIXoaw mnependadae 3ampoBaKeHHs YiTKOT iepapXii
MPIOpUTETIB TOBOJKEHHS 3 BiAxozamu: 1) 3amoOiraHHs; 2) MiArOTOBKAa [0
MOBTOPHOTO BUKOPUCTAHHS;, 3) mepepoOKa; 4) iHIIMI THI yTHITi3allii, HATpUKIaI —
JUTS BiTHOBIIEHHS €HEPTii; 5) JiKBifalis (BUJaIeHHs Ha 3BAJIUINA).

3axoau 13 3amo0iraHHs yTBOPEHHIO BiIXOAIB MalOTh HA METI pO3ipBaTH 3B 530K
MI>K eKOHOMIYHUM 3POCTaHHSM Ta €KOJOTIYHUMHU HacligkaMu. TakuMu 3aX01aMu €
€KOHOMIYHI cTUMyNU (TJIBTH, CIEIlialbHe OMOAATKyBaHHS aboIl0), MPOBEASHHS
ocBiTHIX KammaHid. CeHC MiITOTOBKU JO TMOBTOPHOTO BUKOPUCTAHHS TMOJIATAE Y
3ax0flax, SKi MPOJOBXKYIOTh JKUTTA THX YW IHIIMX pedyed Ta JO03BOJISIOTH
BUKOPUCTOBYBATH TaKy pid Oijbliie 0JJHOTO pasy miciis ii BurorosneHHs. [lepepoOka
TaKUX BIAXOJIB JTO3BOJISIE EKOHOMUTH CHPOBHHY, 3MCHIITYBATH HETaTUBHUUN BILJIVB
Ha JIOBKULIS SIK IUISIXOM €KOHOMIi CHPOBUHHU, TaK 1 3MEHIIICHHS KUIbKOCTI BIJIXO/IIB,
SIKI 3aXOPOHIOIOTHCS Ha 3BayIMIIaX. SKIIO nmepepoOka i KOMIIOCTYBaHHS BiJXOJIB €
HEJOUITPHAMH 3 TEXHIYHUX Ta EKOHOMIYHMX NpPHYMH, B TaKOMy pa3i BapTo
YTHITI3yBaTH CMITTS (B T.4. IUISIXOM BiJTHOBIJIEHHS eHeprii). Bunanenns (JrikBimaris)
CMITTS Ha 3BaJMIIa — II€ OCTaHHIA CIoci0 ITOBOHKEHHS 3 BIAXOZAMH,
1 3aCTOCOBYBATHUCS BiH Ma€ TOJIi, KOJIH monepeani criocodu Buuepnano [30].

JlupekTriBa BHMara€ BCTAaHOBHUTH BHTPATH TAaKUM YHHOM, MO0 BiJOOpakaTH
peanbHi IPUPOJOOXOPOHHI BUTPATH, MOB’S3aHI 3 YTBOPEHHSIM Ta MOBOKECHHSIM
3 Bimxogamu. Tomy Mae OyTH TakoX BIPOBAKEHUH TPHUHIUI «3a0pyIHIOBaY
IUTATUTB», 10 3000B’s3y€ BUPOOHWKA Ta yTPUMyBaya BiJXOJIB IOBOJHTHUCS
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3 BiAXOJaMH TaKWM YHHOM, III00 TapaHTyBaTH BUCOKUU PiBEHB 3aXHUCTY JTOBKIUIIS Ta
310pPOB’S JIIOJIUHHU.

OmHuM 3 MeEXaHi3MIiB BOPOBAPKEHHS LBOTO MPHHIUIY € pO3IINpeHa
BIIMOBINAILHICTE BUPOOHUKA. Lle 03Hadae, 1o BUpOOHUK Hece BiIIMOBIATBHICTD 32
nepepoOKy Ta yTHIi3allito CBOEl MpOAyKmii micis i1 crokuBaHHA. Takwii migxin
3ampoBamid  Ha movatky 1990-x pokiB Aedki KpaiHM — TemepilllHbOTO
€ppormeticekoro Coro3y — Himeuunna, [1IBertis, @panitis. 3rogom 1e 0ys10 BU3HAHO
SIK HaWKpamui TPUHITAIT Ta BHpoBamkeHo Ha piBHI €C. Ha crorommi Takmm
MPUHIUIIOM KEPYETHCS OUTBIIICTh KpPaiH CBITY, HOTO BIPOBAKYIOTh TAKOX B A3ii
ta Adpuni. BnpoBamkeHHs miei Mojeni, 3a3BU4aii, Mae 1Bl OCHOBHI METH: TepIa
moJisrae y 301IbIIeHH] CTaBKH 300py 1 mepepoOKH BTOPHHHOI CHPOBHHM; IpyTa —
B TOMY, OO mepeKiacTH (iHAHCOBY BiANOBIAAIBHICTH 3 TPOMAJSH Ta JePKaBHUX
OpraHiB i THM caMHM CTHUMYJIIOBATH €KOJIOTi3amil0o BHPOOIB, 3HIKEHHS iX
HETaTUBHOTO BILIMBY Ha JOBKUIIIA.

JupekTrBa MiCTHTH BUMOTY 1010 CKJIanaHHs [ImaHiB ynpaBiaiHHS BiqxogaMu Ta
[Iporpam 3amo06iranHs yTBOPEHH!O Biixo/1iB. Tak, OCHOBOIO OYAb-SIKOTO YIIPABIIiHHS
Mae OyTH sIKicHe TiaHyBaHHS. [[maHM MarOTh MOKPHUBATH BCIO TEPHUTOPIIO KpaiHH,
BOHHU TIOAUIAIOTECA Ha JAEp)KaBHI, perioHanmpHI 1 Mmicreri. [lmanm ympaBmiHHS
BiIXOJaMH MaloTh OyTH CHpSAMOBaHI Ha JOCSATHEHHS CTaJloro YMpaBIliHHA
BIJIXOJJaMH, JOTPHUMAHHS IMPHUHIIMIIB YIPABIiHHS BIJXOJaMHU Ta MICTHTU YiTKUH
aHaJIi3 MOTOKIB BiIXOJiB 1 HANIPSIMU YIIPaBIiHHSI HAMH, KOHKPETHI LTI

Ockinbku €Bponeiichkuii Colo3 HaJae BeUKE 3HAYCHHS came 3armoOiraHHIo
YTBOPEHHsI BiIXOJiB, B JESIKUX KpaiHax po3polisitoThest [Iporpamu 3amoGiraHus
YTBOPEHHIO BiAX0/1iB 200 7K MUTaHHS 3arl00iraHHS YTBOPEHHIO BiIXOAIB MOXe OyTH
BKITFOUEHO /10 po3ainiB [Imany noBomkeHHs 3 Bigxomamu. [Iporpamu i3 3amobiranas
YTBOPCHHIO BiJIXOJIB IOBUHHI BCTAHOBJIIOBATH IUJII 13 3alOOIraHHS YTBOPEHHIO
BIJIXOJIB, MAalOTh MICTHUTH ONKC ICHYIOUMX 3aXOJiB i3 3alo0iraHHs YTBOPEHHIO
BIIXOJIB Ta 3alpoIOHYBaTH IHIII BiANOBIMHI 3aXOMW, BU3HAYUTH BIAMOBITHI
KUTBKICHI YM SIKICHI KpHUTEpii JUIs 3aX0jiB i3 3amo0iraHHs YTBOPEHHIO BiAXO/IIB,
BXHUTHX 3 METOIO 3/IIICHEHHS KOHTPOJIIO Ta OLIHKHU MPOTPeCy 3aXOiB, Ta MOXKYTb
BU3HAYUTH KOHKPETHI SIKICHI a00 KUTBKICHI I[iJTi 1 TOKa3HUKH.

HupexktrBa 3000B’s13ye BXHTH 3aXOMiB, MO0 CHPHUSITH BUCOKiM SKOCTI
nepepoOJICHHS Ta 3 I[I€EI0 METOK 3alpOBaJUTH PO3AiIbHE 30UpPaHHS BiJIXOJIIB,
MIPUHAWMHI JJIs1 TAKUX KaTEropii BiTXO/MIB, SK: MMAaIlip, METaJI, TUNIACTHK Ta CKJIO.

HupexTtua 3anpoBakye €nuny B €C knacuikawiro BigxoIiB, B TOMY YHCII
HEOE3IeUYHNX, Ta BHMAara€ BKHTH 3aXO0JiB, 00 BHUPOOHHIITBO, 30MpPaHHS,
nepeBe3eHHsT HeOe3MeYHNX BIIXO/IB, TaK caMmo SIK iX 30epiraHHs Ta 0OpoOIeHHS,
MPOBOJMIIUCS B yMOBAX, IO 3a0€3MeUyIOTh 3aXUCT AOBKLUISA Ta 370POB’S JIOACH,
BKJIIOUAIOYM 3a0€3IMEUYCHHST MOXKIJIMBOCTI TMPOCTEXKHUTUA BiJi BUPOOHMIITBA 10
KIHIICBOTO TNPU3HAYCHHS 1 KOHTPOII HEOE3MEUHUX BIJIXOMiB. 3a00pPOHSETHCS
3MilTyBaHHs HeOE3MEeYHUX BiAXOJIB 3 IHIIUMHU BiIXOJaMH, BUKIFOYESHHS MOXYTh
3aCTOCOBYBaTHCh JIMIIE IIOJO BH3HAueHWX Bumanakis. Ilig wac 30upanHs,
MEepeBe3eHHsT Ta THUMYacoBOro 30epiraHHs HeOe3Me4yHi BIJXOIW MaloTh OYTH
CIaKOBaHI Ta MapKyBaTHUCS BiJNOBIJHO /10 MIKHApOTHHUX CTaHIAPTIB Ta YUHHUX
crangapTie CriBroBapucTBa. Konu HebOe3neyHi BiAXoau MepeMillylOThCS B MEXaX
Jlep)KaBU-uIeHa, BOHM IIOBHHHI  CyNPOBOJDKYBATHUCS  iJeHTU(IKAIITHUME
JOKYMEHTaMH, SIKi MOKYTh OYTH MPEJICTABIICHI B €ICKTPOHHOMY BHIJISI/Il Ta TOBHHHI
MICTHTH HaJIS)KHI JaHi, 3a3Ha4eHi B Jlonatky IB 1o Pernmamenty (€C) Ne 1013/2006.
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ExcruryaTartist mianmpueMcTB, SKi 3aiMarOTHCS 0OpOOJIEHHSM BiIXO/IB, MOYKIIHBA
JIUIIEe Ha MiJACTaBi J03BONy. Taki JO3BOJIM MalOTh MICTUTH BUIM Ta KUIbKICTh
BiZIXOZIiB, SIKi MOXKYTb OyTH 00pOOJIeHi, 7151 KO>KHOTO 3 TO3BOJICHUX BHIIB OTlepamii —
TEeXHIYHI YM 1HII BHMOTH CTOCOBHO MiCH PO3TAallyBaHHS, IO PO3TIISAIAETHCA,
3axonu OE3MeKH, IO CIiJ 3acTOCYBAaTH, METOIH, IO BHUKOPHUCTOBYIOTHCS IS
KOXXHOTO BHJy OIlEpalliid, mepeBipka Ta KOHTPOJb, IO HEOOXIiAHO 3IiHCHIOBATH
tomo. IlepeaymMoBOIO Ui OTpUMAaHHS JO3BOJY Ha CIIANMIOBaHHA abo CyMicHE
CHAIIOBAHHA 3 YTHJII3AIllEI0 €Heprii, BCTAaHOBJIEHA BHUMOTA, MO0 BiTHOBIEHHS
eHeprii BiiOyBanocs Ha BACOKOMY PiBHI €Heproe)eKTUBHOCTI. SKII0 MOBHOBAKHUM
OpraH BBaXKae, 10 3aIIAHOBAHUN MeTOJ 00pOOIeHH HENPUHHITHUH 3 TOUKHU 30pY
3aXUCTy MAOBKULISA, BiH MOXE BIIMOBHTH Yy BHAadli JO3BOJY. YCTAaHOBH YH
MiANPUEMCTBA, SIKi MPOBOAATH olepauii 3 OoOpoONeHHS BigXOMiB, YCTAHOBH YH
MiANPUEMCTBA, SIKi 30MparoTh a00 MEpEeBO3STh BIAXOIW Ha MpodeciiiHiil OCHOBI,
YCTaHOBM YHM MIANPHUEMCTBA, fAKI MPOAYKYIOThH HeOe3medHi BiIXOAHM, MOBHWHHI
MIPOXOUTH HAIEKHY TIEPIOANIHY TIEPEBIPKY, M0 IPOBOISATH TOBHOBAXKHI OPTaHU.

TakuM 4yMHOM, 3a pe3yJbTaTaMH JOCHTI[HKCHHS BHSIBICHO, IO TOBOKEHHS
3 BIIXOJaMH, Y TOMY YHCII XapuyoOBHUMH, B YKpaiHi periaMeHTYEThCS HHU3KOIO
3aKOHIB, 30KkpeMa 3akoHOM «IIpo Bigxomw», SKWI BCTAHOBIIOE TIPABOBI,
OpraHi3ailiifHi Ta eKOHOMIYHI 3aCcaay JisIBHOCTI, OB’ A3aHOI1 13 3amo0iraHHsIM abo
3MEHIIEHHSIM OOCSTIB yTBOPEHHsI BiAXOMiB, iX 30HMpaHHSAM, IEPEBE3CHHSM,
30epiraHHsM, COpPTYBaHHSAM, OOpOOJEHHSM, YTWII3alliel0 Ta BHIAICHHSM,
3HEHIKOPKEHHSAM Ta 3aXOPOHEHHSIM, a TAKOXK 3 BiIBEPHEHHSIM HETaTHBHOTO BIUIUBY
BIJIXO/IiB Ha HABKOJIMIITHE TIPUPOTHE CEPEIAOBHUIIIC Ta 37I0POB’ s JIIOJUHH Ha TEPUTOPIT
Ykpainu. OCHOBOIO perjaMeHTallii MoBOKEHHS 3 Biaxomamu B kpainax €C e HA3Ka
TUPEKTHUB, OCHOBHOIO 3 skuX € [upexrtuBa Ne 2008/98/€C npo Bimxoau (Pamkosa
JUPEKTHBA TPO BigXOIH), OCHOBHOIO METOIO $IKOI € BCTAHOBJICHHS CHUCTEMH
yOpaBliHHS BiAXOJaMH, 10 MaKCHMaJIbHO 3MEHIINTh HETaTHBHUH BIUIMB Ha
3IIOpOB’s MIOJUHY Ta JOBKULISA i 3a0e3medynTh 30epekeHHs MPUPOIHUX PECypPCiB,
a TAaKOXX YiTKO perjiaMeHTye MUTaHHS YTBOPEHHS Ta IOBOJDKEHHS 13 BiJIXOJaMH.
IMmnemeHTaniss €BpOMEHCHKOr0 3aKOHOAABCTBA, a TaKok (opMyBaHHS iepapXii
MPIOPUTETIB MOBOKEHHS 3 BiJXOJaMHU: 3aro0iraHHs, MiJroTOBKa 0 MOBTOPHOTO
BUKOPHCTaHHS, NepepoOKa, iHIMMKA TWN YTHII3alii, JIKBiAamis, — € HampsIMOM
eBpoiHTerpanii YKpaiHu.

BucnoBku

3a pe3yabTaTaMu JOCHIKEHHsS] KOHCTaTOBaHA BIJICYTHICTh BH3HAYECHOTO MOHSTTS
XapuoBHX BIJXOIB B YKPaiHChKOMY 3aKOHOJABCTBi, IO YTPYAHIOE€ ¢(EKTHUBHE
YIpaBIiHHS BigXoJaMH. 3alpOIIOHOBAHO BBEJICHHS /O BXKUTKY TOHSTTS «BTpaTa
MPOJIOBOJILCTBA Ta XapuoBi Bimxoaw» («Food loss and waste»), ske
BUKOPUCTOBYEThCS, 30Kpema, [IpoJOBONBUOI0 Ta  CiJIbCHKOTOCIIONAPCHKOO
opranizamiero  OOH (FAO). HaromomeHno Ha HEOOXiHOCTI iMIUIEMEHTAIil
€BPOMNENCHKOTO 3aKOHOAABCTBA, 30KpeMa PamMKOBOi IUPEKTHBH MPO BiAXOIH, Ta
(dopMyBaHHS II’SITUPIBHEBOI i€papXii MPIOPUTETIB MOBOPKEHHS 3 BIIXOAaMH SIK
HanpsMy €BpoiHTerpauii YKpainu.

Hanpsimamu mojanipioro JOCHTIPKEHHSI BUCTYNATHME BHUBYEHHS TEXHOJIOTIH
yTHITI3a1ii Xap40BUX BIJIXOIB CY4acCHOI'0 MiCTa.
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METHODICAL APPROACHES TO THE EVALUATION
OF SURFACE POLLUTION OF WATER OBJECTS IN THE AREA
OF MINING ENTERPRISES (ON THE EXAMPLE
OF DONETSK-PRIDNIPROVSK REGION)

Abstract. The most important component of ecologically safe development of
natural and socio-economic systems is the use of nature, which involves the
organization of water resources, which ensures sustainable development and for a
long time retains sufficient water potential. The XX7 century is characterized by
significant negative changes in the natural environment caused by the uncontrolled
use of natural resources, the development of industry and transport, which leads to
increased water consumption and at the same time increase its pollution. This has
been particularly noticeable over the last 50 years, when human impact on the
planet's water cycle has reached a global scale. Deterioration of the ecological
condition of surface waters is due to qualitative and quantitative depletion of factors
of their formation, which in some cases makes it impossible to use them for economic
purposes. Water quality of water bodies is formed under the influence of both
natural and anthropogenic factors. As a result of human activity in reservoirs many
anthropogenic substances of various degree of toxicity can arrive. The article
attempts to assess changes in surface water quality over the past decade and to
determine the degree of natural and man-made transformation of rivers in the
region and the possibility of their self-restoration and stabilization of the ecological
danger of the region. The existing methods of assessment of water bodies by
chemical indicators used in the area of operation of mining enterprises are
considered. In some methods, the assessment of water bodies usually reflects
regional features rather than their own pollution. Calculations for the water basin
river Siverskyi Donets are made and relevant patterns are established.

Key words: pollution; surface water bodies; anthropogenic impact; quality index;
self-healing
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KuiBchkuii HaiOHAIBHUN YHIBEpCUTET OyAIBHHULITBA Ta apXiTeKTypH, M. KuiB, Ykpaina

METOJUYHI NIXOAU A0 OLIHKHU 3ABPYJHEHHS
MOBEPXHEBHUX BOJHUX OB'EKTIB B 30HI JIi [TPHUYO-
BUIOBYBHUX NIIIPUEMCTB (HA ITPUKJIAJI JOHELBKO-
MPUHIITPOBCHKOI'O PETIOHY)

Anomayin. Hatleajxrcnusiuioo CcK1ao008010 eKoN02IiMHO 0e3neuH020 PO36UINKY
NPUPOOHUX § COYIANLHO-EKOHOMIYHUX CUCeM € maKe NPpUpoOOKOPUCIYBAHHS, SKe
nepeobauac  opeamizayilo  BUKOPUCMAHHA  BOOHUX  pecypcis, npu  AKOMY
3a6e3neuyemvpcsa Cmanull po3eUmox i RPOmMA20M MpUBAL020 4acy 30epicacmucs o1
Yb020 docmammiti 800HO-pecypCcHUl nomenyian. XXI  cmonimmsa
Xapaxkmepu3syemuvcsa 3HAYHUMU HE2AMUBHUMU 3MIHAMU NPUPOOHO20 cepedosuuyd,
BUKIUKAHUMU DE3KOHMPONIbHUM SUKOPUCMAHHAM NPUPOOHUX DecypCis, PO38UMKOM
APOMUCLOBOCIE MA MPAHCHOPMY, WO NPU3600UMb 00 30LIbUUEHHS CHOJICUBAHHSL
600U i 800HOuac 3pocmanus it 3abpyonenns. OcoOau6o ye cmanio NOMIMHUM
npomsieom ocmannix 50 pokie, Koau 6nAuUE NOOUHU HA B0OHUN YUK NAaHemu
00cs2Hy8 2nobanvrozo macwmaoy. Iozipuenns exono2iuHo2o cmamy no8epXHeUX
800 CYX000Iy 3YMOBIEHO SAKICHUM MA KIMbKICHUM GUCHAJICEHHAM (hakmopie ix
Gopmysanns, wo y HU3Yl BURAOKIE YHEMOJICIUBTIOE IX GUKOPUCTAHHS OJsl
2ocnooapcokux yineu. Axicmos 600 800HUX 00'ckmie popmyembes nio enaugom K
NPUPOOHUX, MAK [ AHMPONO2eHHUX hakmopis. B pezynbmami nt00cokoi disnbHocmi
¥V 8000UMU MOJiCe HAOX0Oumu 6a2amo aHmMpoNnO2eHHUX PEeYOsUH PI3HO20 CIMYNEHs
moxcuunocmi. B cmammi 3pobnena cnpoba oyinumu 3MiHU SKOCMI NOBEPXHEBUX
600 3a OCMAHHE OeCAMUNIMMA MA SUIHAYUMU CMYNIHb NPUPOOHO-MEXHOLEHHOT
mpancopmayii  pivoK pezioHy ma MONCIUBICMb IX CAMOBIOHOBNEHHA mda
cmabinizayii cmany exonoziunoi nHebeznexku peziony. Posenauymi icuyroui memoou
OYIHKU B0OHUX 00 €KMI6 34 XIMIYHUMU NOKASHUKAMU, SIKI GUKOPUCMOBYIOMb 6 30HI
0ii’ 2ipHuy0-6u000y6HUX nIONpueMcma. B nusyi memoodis oyinka 8o0HUX 00 €Kmia
3a38udall 8i0006paicac pecionanvbui 0cooausocmi, a He G1ACHe iX 3a0pYOHEeHHS.
Ilposeoeni pospaxynku 0as 600noeo Oaceuny p. Cisepcokuti /loneyv ma
6CMAHOG/IEHT 8IONOBIOHI 3AKOHOMIPHOCHIL.

Knrouosi cnoea: 3a6pyonenns; nogepxresi 600Hi 00 €kmiu; aHMPONOLEHHULL BNIUE;
IHOeKC AKOCMI,; CaMOBIOHOBICHHS

DOI: https://doi.org/10.32347/2411-4049.2021.3.69-75

Beryn

SxicTe Box BOIHHMX O0'€KTiB ()OPMYETBCS TiJ BIUIMBOM SIK MPHUPOAHUX, TaK i
aHTPOTOTeHHUX (aKTopiB. B pe3ynbpTarti MOACHKOT JiSUTBHOCTI y BOJIOWMH MOXKE
HAJIXOIUTH 0araTo AaHTPOIIOTEHHHX PEYOBHH PI3HOTO CTYNEHS TOKCHYHOCTI.
3a0pyAHIOIOTh  BOJOMMU CTOKH  CLIBCBKOT'OCIOAAPCHKMX 1  IPOMMCIOBHX
MINPUEMCTB, CTIYHI BOAM HACEJICHMX IYHKTIB. Y Cy4YaCHHMX yMOBax Ipoljema
3a0e3MeUeHHs] HAaceNeHHS YHCTOI0 BOJIOI0 CTa€ BCe OUIBII  aKTyaJbHOIO,
a JIOCHIUKEHHS CTaHy BOAHUX O0'€KTIB € OAHUM 3 HAHBaXKJIMBILLINX 3aB/aHb.

[lo cTocyeThcst pO3IIsAYBAHOIO PETIOHY, TO JICBOBA YacTHHA 3a0pyIHEHb, SKI
HaAXOISATh B TOBEPXHEBI BOAM, MICTUTBCA B CTIYHMX BOAAX MPOMHCIOBHX
nianpuemct. Tak, ctaHoMm Ha 2018 pik y JloHeupKiii 061acTi Ha MiAKOHTPOJIBHIH
TepUTOPii mpaioBaio 17 MOTEHIIHHO HEeOE3NMEUHUX MiANPUEMCTB, B JIyraHchKii
obmacti — 10 (Ha HemigKOHTPONBHIH 5 1 15 — BigmoBiAHO). TakoX NPUUUHOIO
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TIOTIPIIIEHHS SKOCTI € HEKOHTPOJIbOBAHE 3aKPHUTTS HEPEHTAOCIBHHUX IIaXT PETIOHY
(XK Ha MOiAKOHTPOJBHIM, TaK 1 HA HEMiAKOHTPOJBbHIA TEpUTOpii), IO MAaIOTh
riipaBmiuHuil B3aeM03B's30K. [Ipo Iiell BIUIMB CBIYUTH Hacammepes MOCTYIOBE
MMIBHUINCHHS TIOKa3HWKIB MiHepamizamii B Oacefimax pidok JloHeIbKoO-
[IpunHinTpoBCHKOTO perioHy, ocoOmmBo akTmBHO moumHaroum 3 2000 poky.
Hampuxian, 3a qanuvu HarmionaneHoi momosini 3a 2018 pik, MOKa3HHUK 3araibHOT
MiHepaizarii B moBepxHeBux Bojax p. Camapa csarays 2800 mr/m.

Pe3yabTaTi 10ocaigxeHnb

B nanomy mocuimkerHi 3pobieHa cpo0a OMiHUTH 3MIHU SKOCTI TTIOBEPXHEBUX BOJ
32 OCTaHHE MACCATHIITTA Ta BHU3HAYUTH CTYMNiHb [PHUPOAHO-TEXHOTECHHOI
TpaHcdopmallii pivoK perioHy Ta MOXIIMBICTh iX CAMOBITHOBIICHHS Ta cTaOimi3arii
CTaHy eKOJIOTIYHO1 HeOe3ITeKH PETiony.

Ha pammit yac MaemMo YHCICHHI IOCHIHKCHHS IMOAO pPO3poOJeHHS abo
YIOCKOHAJICHHS ICHYIOYMX METOJIIB OI[IHKH SKOCTI.

Hespaxkaroun Ha TpuBanwii mepios; akTUBHUX PO3POOOK B il 061acTi (01H3BKO
40 pokiB), OUTBIIICTP TPOOJEMHUX NHTaHb 1 CHOTOJHI 3HAXONATHCA B CTamil
JOCTiKeHHS. PiBeHb 1 SIKICTh 1X BUBYCHOCTI HEOJHAKOBIi; ICTOTHO BIAPI3HSETHCS
CTYIIHb TEOPETUYHOI PO3POOKH OKPEMHX €IEMEHTIB MPOLEAYPH OLiHIOBAHHS.

AJTOPUTM OTPUMAaHHS iHTETPabHUX 1HIECKCIB CKIAJIAETHCA 3 PEECTPY BUXITHUX
MOKa3HMUKIB XiMIYHOTO CKJIaJy BOJAM 1 METOIUK 1X BU3HAUYEHHsI, BHOOPY CTaHIAPTY
JUIS  €KOJIOTIYHOI rpajarii SAKOCTI BOJU 3a KOXXHUM I[TOKa3HUKOM, METOXIY
PO3paxyHKY i1HAEKCY 1 €TaJoHIB JJIs iHTeTPaIbHOI OI[IHKH BOTH.

Ha cprorogni ocHOBHa YacTHHA 3alPONIOHOBAHUX METOIIB OILIHKH 3a0pyXHEHHS
MOBEPXHEBHX TifipoekocucteM IpyHTyeTbess Ha ['JIK. YMoOBHO 11i MeTonn MokHA
MOJIUTUTH HA JIB1 TPYTIH:

— Ti, SIKi JO3BOJISIIOTH OLIHUTH SIKICTh BOIU 3a CYKYIHICTIO XIMiYHHX,
OionorivHIX, MiKpOOiOIOTIYHHX Ta (PI3UYIHUX MTOKA3HUKIB,

Ti, SIKi TIOB’s13aHi 3 PO3paXyHKOM KOMIUIEKCHHX 1H/IEKCIB 3a0pyTHEHHS BOJIH.

[puknamgom mepmroi Tpymu MeToAiB € kinacuikaiisi, B sIKid BOJHI 00 €KTH
IUIATBCST Ha KJIacH 3a XIMIYHUMH, OaKTepioJIOTiYHUMH Ta Oi0JIOTIYHUMH
MMOKa3HWKaMH. BiMmoBiMHO SKICTh BOAM OINHIOEThCA 3a i (i3MgHUMHU Ta
OPTraHOJENTUYHUMH BJIACTUBOCTSAMH. B  4KOCTI HaiiBaroMilinx IOKa3HUKIB
PEKOMEH/TY€EThCSl BAKOPHCTAHHSI HACTYITHUX MMOKA3HUKIB: THUTP KUIIKOBOI MATUYKH,
3anax, bBCKs, a30T amoHiiiHui, HasgBHICTH HAQTONPOAYKTIB Ta iH. I3 KOMIIIEKCHUX
inzekciB Ha ocHoBi ['/IK Haii6inem nonyssipaumy € [3B.

B nocnimpkyBaHoMy HamH perioHi po3ranioBadi BojgHHi OaceitH CiBepchKOro
Hinns ta pivok [Ipuazos’s. Jlonenbko-IIpuaHInpoBCchKUil perioH 3aiiMae OJIM3BKO
19% teputopii VYkpainum. Tyt po3sramoBaHi Maibke 5 THCSY MiANPHUEMCTB
MeTanypriiiHo1, XiMIYHOT, eHEPreTUIHOI, MAITMHOOY IIBHOT, TIpHIYOI, ByTUIBHOT Ta
IHIIMX TaTy3eH.

B nmocnimkyBaHOMY perioHi MOKHA BUJIUIUTH JISKUTbKA THITIB TEXHOTCHHUX BOJI:

— PY/JAHI BOJU, SIKi HAKOITUYYIOTHCS B Kap’€pax Ta MaxTax;

— BOJH, fAKi (QIIBTPYIOTHCS 3 BiABAJIB BIIKPUTHX MOPIJ;

— BOJIM XBOCTOCXOBHIII;

GinpTpalliiini BoJH, SKi yTBOPIOIOTHCS BHACIHIIOK (LIBTpAIil BOIH.

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (39), 2021



HeoOxigHo BiIMITUTH JESKI 0COOIMBOCTI TEXHOTE€HHUX BOII:

— BOHHM XapaKTepHU3YIOThCS BHCOKMM CTYIICHEM MiHepami3allii, Mo He
XapaKTepHO JUIA TMPUPOAHUX BOJ. Taki aHOMamii CyTTEBO BIUIMBAIOTH Ha
KUTTEISUTBHICTD TIPOOIOHTIB Ta AKICTh MUTHOTO BOJIOTIOCTAYaHHS;

— BOJM XapaKTEPU3YIOTHCS BHCOKUM HEPIBHOMIPHUM BMICTOM a30TOMICTKUX
PCUOBUH;

— BHUCOKa BapiabeJbHICTh BMICTY MIKpPOEJIEMEHTIB.

NPONETPOBCHKA

—~ ", r’\J

Puc. 1 — Kapra-cxema paiiony nocnmimpkenns 6aceiiny p. Ciepchkoro JliHiist
3 JIIHIEI0 PO3MEKYBAHHS Ha IIIKOHTPOJIbHIN Ta HEMAKOHTPOJIBHIH TepuTOpil
(3a marepiaramu micii OBCE)

OILIHUTH CTaH TEXHOTEHHOTO 3a0pyJHEHHsI BOJHHX €KOCHCTEM B TOBHIH Mipi
HEMaE MOXJIMBOCTI, IO TIOB'S3aHO 3 BIJICYTHICTIO PErYyJISIpHUX BiOOpiB MpoO Ta
mpoBeneHHsiM ATO. 3a ocTaHHIMH JOCTI/DKEHHSMH BCl  TiIPOEKOCHCTEMH
BiiHOCATBCs 0 OpyaHux. Oninka 3a BCKs 1inkoM 3po3ymina, OCKUIbKH BOJHU
3a0pyIHEHI MiHepaJIbLHUMH PEYOBHHAMH 1 Lie BinoOpaxaeThest Ha BeanunHi BCK.

3a jociipKyBaHH TIEpioJ1 ITOBEPXHEBI BOJM y CTBOpPaxX B3/I0BXK BOJOTOKY PiUKU
CiBepcbkuii JloHels Ha OCHOBI [HTETpaIbHOTO MOKA3HKUKA SIKOCTI BOAM (KaTeropist)
BigHOCATBhCs TepeBakHO A0 III kmacy sikocti 4 kateropii (3a70BiibHI, ciabko
3a0pynHeni). HaifOinpm 3a0pynHEHMME TPUTOKAMH Ha OCHOBI [HTErpampbHOTO
MOKa3HHUKa SIKOCTi Boau (kareropisi) € piuku Kazennuit Topenp i baxmyTka, siki
BianoeigaroTh 111 kiacy sikocti 5 kareropii (mocepeiHi, TOMIPHO 3a0pyIHEH] ).

KonmenTpariii conpoBUX ITOKa3HHKIB, OIOT€HHUX, OPTraHIYHUX, CHEIH(IYHUX
PEUOBHH HE3HAYHO KOJIMBAIOTHCS Ha PiBHI MUHYJIOTO POKY Ta CEpeIHbOOATaTOPIYHUX
MoKa3HWKiB. BimsHauaerbesi mepeBumieHHst cepennbopiuanx [JK mo: BCKs —
1,5-2,2 TK, a3ory amoniiinomy — 1o 2,8 ['JIK, 3ami3y 3araasaomy — g0 2,2 I'JIK,
mapranio — 2,8-11,3 ['JIK, mini — 2,5-4,3 I'/IK, nadgronpoxykram — o 2,4 I'JIK,
Hitputam — no 5,2 TJK, xpomy (VI) — 3,8-7,5 TJK, mmaky — 1,3-2,6 ['JIK.
KucHewii pesxum 3a/10BUTbHIINA. BMiCT TOKCHKOJIOTTYHHX 1HTPEJIIEHTIB y CTBOPAX 110
pycay p. CiBepcbkuii JloHenb HIKYMIA 32 MEXY BU3HAUEHHS METOAMK, y CTBOpax
cyO0aceliHiB — 3HauyHO HWkuuil BctaHoBieHuX ['JIK.
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Tabmums 1 — YeepenHeHi MOKa3HUKH TEXHOTEHHOTO 3a0pyAHEHHS OCHOBHUX

rizpoexocucTeM
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a

p. CiBepcokuii lonenb, 522 kM, M. CloB'sHCBK, Paiiropojicbka rpe6iisi, MUTHHHA
B0/103a0ip y kanan "Cisepcbkuii Jlonenp — Jlonbac"
13.01.20 | 2,090 3,600 9,000 | 9,82 |[7,430] 0,076 | 278,6 | 1,200 | 71,0
11.02.20 | 2,210 3,580 9,500 | 10,05 [7,880| 0,080 | 269,0 | 1,220 | 78,1
04.03.20 | 2,230 3,580 9,000 | 10,20 [7,920| 0,078 | 269,0 | 1,160 | 71,0
06.04.20 | 1,990 3,560 9,500 | 10,05 [7,150| 0,070 | 269,0 | 1,100 | 67,4
05.05.20 | 2,110 3,600 9,200 | 9,87 [7,600| 0,074 | 288,2 | 1,180 | 71,0
03.06.20 | 2,190 3,620 9,400 | 9,78 [7,880| 0,080 | 278,6 | 1,200 | 71,0
20.07.20 | 1,900 3,580 11,000 | 9,27 |6,510] 0,085 | 288,2 | 1,640 | 71,0
11.08.20 | 2,200 3,520 10,800 | 8,94 |7,130] 0,082 | 2786 | 1,620 | 71,0
03.09.20 | 1,980 3,580 11,000 7,96 |7,880| 0,078 | 288,2 | 1,220 | 63,9

BigmoBigao mo manmx tabmuii 1 Ha MPHUKIAAI OMHOTO CTBOPY CIOCTEPIracThCs
nepepuieHHs ['JIK 3a gocmipkyBaHuMU IoKa3HUKaMHu. JlaHi Mo Ta0muil oTpuMaHi
B /JlepxaBHOMY areHTCTBi BOJAHHMX pecypciB Ykpainu. [lo iHmmX cTBOpax
CIIOCTEPEXEHHSI BiI3HAYAETHCS TOI0OHA CUTYAILis.

[Ipo 3pocraroue yckinamHeHHs BOgHO-exonmorivanx yMoB [1I'B periony Jlonbacy
MOJKE CBITYUTH TaKOX CTiKE MOTIpPIICHHS CaHITApHO-XIMiYHHMX MOKa3HHUKIB MPOO
Boau. Tak, B mpobax, BimiOpanux 3a nepiox 2010-2012 pp. sk y MicTax i cenumax,
TaK 1 CLIIbCHKHUX HACEJICHHUX ITyHKTaX, BiIOBIIHO:

— 1o JloHeubKil 061acTi — 30inbiieHHs Big 39,7 1o 49,8% ta Big 17,7 no 17,9%;

— 1o Jlyrancekiit obmacti — 306inbireHHs Bix 56,8 1o 59,5% T1a Big 86,7 no 88%.

Tabmuis 2 — YcepeaHeHi pe3yIbTaTi 00YMCACHHS €KOJIOTTUHUX MMOKa3HUKIB CTaHy
BozHOTO Oaceiny p. CiBepcbkuil JJonens

Koedirrient
CaMOBITHOBHOT
. 34aTHOCTI, % BUIIAIKIB
Hepior 13B | =@ | =8 | & | WA
JIOCII1 IPKEHHS S BN E — | campoOHOCTI
o | 59 | & !
S 2w ed
o |88 | a8
1990-2000 2,3 (ll1-3a6pynnena) | 4,11 | 65,23 33,1 1,67 0,43
2001-2010 | 2,25 (lll-3a6pyanena) | 3,56 | 71,56 | 27,64 0,8 0,29
2011-2020 | 2,03 (lll-3a6pyanena) | 3,15 | 8147 | 17,97 0,56 0,35

[liaTBepKkeHHsIM cTilikoro 3a0pyaHeHHS moBepxHeBux mkepen [II'B Ta ix
BOJIO300PIB € JIOBrOCTPOKOBE BHSIBIICHHS Yy IMPO0Oax KoJi-(ariB, BMICT SKUX JIO
JIECATKIB pa3iB nepeBuiiye npumyctumi pieHi (Jlonenpka odnacua CEC, emizoanuni
nani 2000-2013 pp.).
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AHaJi3y091 TOKa3HUKU HassBHOTO MOHITOpHHTY B 2020 poIi Ta MOPiBHIOIOYH iX
i3 JaHUMH MEPiOAUYHOTO MOHITOPHHTY, 3pOOJIEHO BHCHOBOK TMPO CYTTEBE
MOTIPIIICHHS SAKOCTI BOJIM MaiXe 3a BCiMa SKICHUMU Ta KUTbKICHUMHU MOKa3HUKaMHU
BOJHHUX €KOCHCTEM.

[IpoBenene mocmikeHHS MeEXaHI3My 3ATHOCTI BOJHUX OO’€KTIB 11O
CaMOBiAHOBIICHHS IO PSy ICHYIOUMX CTBOPIB CIIOCTEPEKEHb CBITYNTH MPO 3HAUHY
YacTKOBY BTpaTy Ili€l CKIAJOBOI y BOOHUX eKocucTeMax 3a octaHHi 10 poki
(mopiBHsHO 3 1990-2010 pp.).

BucHoBku

V 3B’s13Ky 3 BUILIEHABEICHUM MO>KHA 3pOOUTH HACTYIIHI BUCHOBKHU:

1. Anamiz cydacHOi BOIHO-EKOJIOTIYHOI cHTyamii AOCITIKYBaHOI TepHTOPIii
CBIIUNTH TIPO CYTTEBE TOTIPIIEHHS SKOCTI Ta YAaCTKOBY BTpaTy BIACTUBOCTEH
CaMOOYHINCHHS Ha MIPUKJIA/Ii OKPEMHX JaHHUX CIIOCTEPEKEHb Ta HA OKPEMHX CTBOpAX.

2. 1li oOcraBUHU 3yMOBIIOIOTH HEOOXIMHICTH MOCTIHHOTO TiAPOXIMIYHOTO
KOHTPOJIIO TIOBEPXHEBHX BOJ Ta JDKEPEN PE3epPBHOTO BOJIONOCTAYaHHS B 30HAX
BIUTUBY TIIOTEHIIHHO HEOE3MEYHUX IIANMPUEMCTB, a TaKOX B 30HaX BIUIUBY
3aTOIUICHHS INAaXT JUIs 3a0e3MeueHHS MiATPUMKH PErioHAIBLHOTO EKOJIOTIYHOTO
VOpPaBIiHHSA Ta 3amo0iraHHs BHUHUKHCHHIO HAJ3BUYAMHUX CHUTYyallill BOJHO-
eKOJIOTIYHOTO TTOXO/KECHHSI.
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RESEARCH OF HEAVY METALS LEACHING FROM SEDIMENTS
AFTER FERITIZATION PROCESSING OF GALVANIC SLUDGE

Summary. Possibility of environmental safety increasing for industrial enterprises
as a result of resource-saving technology implementation for processing galvanic
sludge is considered. An experimental study of stability for sediments after
ferritization processing of galvanic sludge and exhausted technological solutions
was carried out. As a result of dynamic leaching of heavy metal ions, the
immobilization properties of sediments were determined, which were obtained at
different technological parameters of the ferritization process. It is shown that the
level of immobilization of heavy metals in ferritic sediments has significantly higher
values in comparison with sediments of traditional wastewater neutralization. It was
found, that the precipitate obtained at following key parameters of reaction mixture
for the ferritization process: the total concentration of heavy metal ions
10.41 g/dm?; ratio of concentrations of iron ions to total concentration of other
heavy metals ions 4/1 and pH value of 10.5, is characterized by the highest degree
of immobilization of heavy metals in the sediments of 99.96% mass. Using the results
of a complete factorial experiment, regression equation for the leaching of heavy
metal ions (iron, nickel, copper and zinc) from ferrite sediments was obtained: ratio
of iron concentrations to the total concentration of other heavy metals and the pH
value of reaction mixture. The adequacy of coefficients of regression equations was
evaluated according to the criteria of Student and Fisher, which with 95% reliability
correspond to the experimental results of the study. The proposed calculation
algorithm provides an opportunity to increase efficiency and automation of
ferritization process. Subsequent use of the research results will allow to implement
reliable utilization of ferritized galvanic waste by application them into the row
materials for obtaining alkaline cements for special purposes.
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AOCIIUKEHHA BUIYTI'OBYBAHHSA BAXKKAX METAJIIB
I3 NIPOJAYKTIB ®EPUTU3ALIIMHOI MNEPEPOBKHU
I'AJIBBAHIYHUX HIJIAMIB

Anomauin. Po3zenadaemobcs nepcnekmuga niosUujeHs pieHs exono2iutoi be3nexu
NPOMUCTIOBUX  NIONPUEMCME 8 pe3yabmami peanizayii pecypcosbepicarouoi
mexHo02ii nepepobku eanv8aHiuHux wiiamie. Ilposedeno excnepumenmainvhe
00Ci0dNCeH s CMIUKOCMI 0cadie hepumu3zayitinoi nepepooKu 2aib8aHIYHUX ULIAMIG
i eionpaybo6aHux MexHON02IUHUX po3uunie. B  pezyiemami OuHamiuHo20
BUTY208YBAHHS [OHI6 BAJICKUX MEMAi6 GU3HAUEHO IMMOOILNI3AYIUHI 61aCMUEOCmI
ocadis, AKI OMpuMani NpuU PISHUX MEXHONO2IUHUX napamempax npoyecy
@epumusayii. Iloxazano, wo pieeHv iMMOOINIZaYIl 8ANCKUX MeMANi8 Y hepumnux
0cadax mae cymmeeo Guwji 3HAYeHHs 8 NOPIGHAHHI 3 0cadamu MmpaouyitiHoi
Hetimpanizayii cmiynux 600. Bcmanoeneno, wo ocao, AKUill OMpUMAHuli npu
HACMYNHUX KIIOY08UX NApAMEempax peakyiiHol cymiui 01 npo8edeHHs npoyecy
epumusayii: cymapuiti xonyenmpayii ionie eavxcxux memanie 10,41 2/0m®;
CnigBiOHOWIeHH] KOHYeHmpayit i0Hie epymy 00 cymapHoi KOHyeHmpayii iHuux
saxckux memanie 4/1 ma eeruuuni pH 10,5, xapaxmepusyemvcsa Hausuuum
cmynenem iMmooinizayii gaxckux memanie 6 ocaodi 99,96% mac. Buxopucmosgyrouu
pe3yibmamu no8HO20 (YAKMOPHO2O eKCREPUMEHNLY, OMPUMAHO DIBHSHHS pepecii
3anexcHocment 8ULY208Y8ANHS [OHIE 8AJICKUX Memanis (hepymy, Hikeno, MiOi ma
YUuHKY) i3 pepumHnux 0caoie 6i0 Cni6BIOHOUWEHHS KOHYeHmpayil ioHie gepymy 00
CYMApHOi KOHYeHmpayii THUWUX 6adckux memanié ma eenuuunu pH peaxyitinoi
cymiwi. Ilposedena oyinka adexeamuocmi Koepiyienmis pieHsaHb peepecii 3a
kpumepiamu Cmoiooenma ma @iwepa, axi 3 uaditinicmio 95% eionosioaroms
eKCNepUMEHMATbHUM Pe3YIbmamam 00CHIONCeHHs. 3anponoHO8aHUll aneopumm
PO3DAXYHKY HAOAE MONCIUBGICMb NIOGULEHHS eqDeKMUBHOCIME Ma a8moMamu3ayii
Gepumuszayitinoco  npoyecy.  Buxopucmamus — pe3ynemamis  0OCHIONCEHHS
003601UMb  peanizyéamu HAOIIHY VMUL3ayiio @Gepumu308aHux 2anib8aHIUHUX
8I0X00i68 WLIAXOM IX B6€0eHHs 8 WUXMY Ol OMPUMAHHS JIYHCHUX YEeMEHMI8
cneyianbHo20 NPU3HAYEHHA.

Kniouogi cnosa: canveaniumi 6i0xoou; ¢hepumusayis, Guny208Y8aHHI, BAICKI
Memanu

DOI: https://doi.org/10.32347/2411-4049.2021.3.76-87
Beryn

Cepen NpiOpUTETHUX HANpPSIMKIB JAOCIIKEHb B Taly3li MPUPOAHO-TEXHOT'CHHOI
Oe3reku B 6arathox KpaiHax ocoOiMBa yBara MpHIUISETCS 3aX0/aM 3 MepepoOKu
Ta 3HEIIKOKEHHS TOKCHYHMX BiIX0iB. O/HIEI0 3 TOCTPUX SKOJOTIYHHUX MPOOJIeM
€ YTBOPEHHS Ta HAKOIMYCHHS I'aJIbBAaHIYHOTO [IJIAaMY B PE3YyJIbTaTi OUMCTKH CTIYHUX
BOJA ranbBaHiuHOro BHpoOHHMUTBA. [lopiuHo B VYkpaiHi Ha NPOMHUCIOBHX
MIIPUEMCTBAX HAKOIUYYOTHCS THCSIUl TOHH IIUX TOKCUYHMX BiaxomiB (Tadur. 1) [1].
OO0csry UX BIIXOIIB 3 KOXHHUM POKOM IOCTIHHO 3pOCTal0Th, TOAl SK TEMIIH X
nepepoOku Ta yTuiizauii He3piBHAHHO Maii. Taki BiAXOOM YTBOPIOIOTHCS TNPH
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pEareHTHOMY OYMITICHHI CTIYHUX BOJ a00 yTWimi3arii poOOYMX pO3YMHIB, B SKHUX
MICTATBCS 10HM BaXXKHX METaJiB. [abBaHiYHMI [UT1aM MTiCIIs poLecy HeWTpamizamii
Mmae II-III kmac HeOe3meku, y HOro CKJIaji MIiCTAThCS Ba)KKOPO3UMHHI TiIPOKCUIN
BOXKHX MeTaliB [2]. Bucoka MIUTBHICTH PO3MIIIICHHS TaJIbBaHIYHUX IUIAMIB Ha
MIPOMHUCIIOBUX MalJaH4YHKaX i pO3TAalIyBaHHS Ha 3HAYHUX TEPUTOPISX MICHKOI 30HU
JI03BOJISIIOTH OLIIHUTH iX SIK JKEpesio BUCOKOTO TEXHOT€HHOTO BIUIMBY Ha CKJIAIOBI
HaBKOJIMIITHLOTO TIPHpORHOTo cepemonuina [3]. IIpu 30epiranHi Takux IiamiB Ha
BIIKPUTIM ITOBEpXHi ITiJ{ BIUINBOM aTMOC(EPHUX OTAJiB 10OHH BaXKUX METAIIiB
BUJTYTOBYIOTKCS 3 MIiCIIb IX HAKOITMYEHHSI Y TPYHT Ta BOJHI 00’ €kTH. ToMy, HEHalIS)KHE
30epiraHHs TaKUX [IUIaMiB 3aB/IA€ HEBUIPABHUX 30UTKIB yCilf €KOCHUCTEMI.

Tabmuus 1 — IToBomkeHHS 3 Bigxoaamu 3a KiaacuikaiftHUMK yrpyHOBaHHIMU
HepxaBHoro kinacudikaTopa BiaxoiB, ki Hakonuauiucs y 2020 porii, TOHH

Oo6csr
O06csar O6csr BUIAJIEHAX
No i/t HaiimMenyBaHHS BigX0/IiB YTBOPEHHX yrmisaii TPOMHUCIIOBHX
BIIXO/IiB BiJIXO/IB y
cremiaabHi Miciist
1 I_HnaM. rinpooxncy KOJIbOPOBHX 390.3 i i
METaJIB Iic/sT HeWTpari3aii
[[ImaMu radpBaHiYHI 3 OCaKyBadeM
2 50,0 - 0,5
ayrom (NaOH)
Po3unHM TpaBMIBHI KHCTI,
3 BiJIIpaIlbOBaHi y nppueci 2024.7 123 396
00pOOJICHHS METAJIIB Ta HAHECCHHS
MIOKPHUTTIB HA METaIN
Ocaji OYHCHUX CIIOPY
4 rgnLBaHquoro BUPOOHHUIITBA, SIKUI 164.8 61.8 0.4
MICTHTh OKCHIH KOJIbOPOBUX
TSOKKUX METAJIiB

[lepepoOka ranpBaHIYHMX NLIAMIB 3 TMOJANBIIAM 3aXOPOHEHHAM abo
30epiraHHsM iX Ha crienialbHUX MOJIITOHAX HA/ITO YCKIIagHeHa i HepeHTabenbHa. Le
CIpUYMHEHE TUM, IO ICHYIOYi TEXHOJIOTIl MepepoOKH Ta 3HEUIKO/PKEHHS PiJKUX
TOKCUYHUX BINXOJiB BUMAaralmoTh 3aCTOCYBaHHS OararocTaliiHUX IMPOIECIB 3
BUKOPDHCTAHHSM BEJIHMKOi KINIBKOCTI XIMIYHHUX peEareHTiB, eJeKTpoeHeprii i
noTpeOyIoTh 3HAYHHMX KaliTadbHHX BKIaJleHb. KpiM TOro, mpHW CKiIaayBaHHI
rajJbBaHiYHUX [UIAMIB B HAKONMYyBadax, OKpiM 30MTKY JOBKIIIIO, BTPAYa€ThCS
BEJIMKA KUIBKICTh LIHHOI CHpOBMHHM. [I0BTOpHE BUKOPUCTAaHHS BUIY4YEHUX 3 LIJIAMiB
MaTepialiiB, HaBIAKH, JO3BOJISE Y BIUYTHUX KIJTBKOCTSIX 3€KOHOMHTH MPHPOJIHI
pecypcH 1 MOHM3UTH HABaHTAKEHHS Ha ekocuctemy [4]. ToMmy 3apa3 akTHBHO
BEAYThCSI HAYKOBI JOCHIHKEHHS Ta PO3POOIISIOTHCS TEXHOJIOTT, SIKi epeadavaroTh
pecypcos0epirarody mepepoOKy Ta VYTHII3allil0 TalbBaHIYHUX BIIXOMIB  SIK
3aBepIIalIbHY CTAiI0 HA rallbBaHIYHOMY BUPOOHUIITBI.

AHaJIi3 OCTAHHIX JOCTIKeHb 1 myOaikamin

OmHUM 3 TEpCIEeKTUBHHX METOJMIB IEpepoOKH PIJKUX 1 TacTOMOMIOHUX
ragpBaHiYHUX BiaxomiB € wMeron ¢eputusauii. Came Takuii MeTox
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BHKOPHUCTOBYETHCSI B poOOTI [5], B SAKIM HOCHIIKYETHCS MOXKIHUBICTH XiMITHOI
cTabimizawii nIulaMiB MPH YTBOPEHHI MAaJOTOKCUYHUX (PEPUTIB BAKKHX METAIiB —
cnonyk IV kacy HeGesneku. Ix MokHa cKJlaayBaTH Ha BiIKpUTHX MaiiiaHunkax 6e3
3arpo3u  3a0pyAHEHHS JOBKUDIL. DepuTH3amiiHU TMpolec mepeadadae
TpaHC(OPMAIIIFO CIIONYK JBO- 1 TPUBAJEHTHOTO 3aJli3a Ta IHIMUX BaXKUX METAIIB,
IpU OKUCIIEHHI peakuidHoi cymimi kucHeM moBiTps. Kpim Toro, meit merox
3a0e3redye BHCOKWH CTYIMiHb BIUIYYEeHHS 10HIB BaXKHX METaliB 3 PiIKAX
MIPOMHUCIIOBUX BiaXomiB [6].

AHami3 JiTepaTypHHX JaHMX II0Ka3aB, IO Ha BIAMIHY BiJ HeHTpamizamii
raJbBaHiYHUX I[UIAMIB MOXJIMBOCTI yTWii3amii (epuTH3aliiHUX OCaAiB 3HAYHO
PO3IIMPIOIOTECA. IX MOJKHA BHKOPHCTOBYBATH y BHPOOHHIITBI MAarHiTOM’ SKHX
BHUCOKOYACTOTHHX MartepiamiB [7], ¢epomarHiTHUX TKaHUH [8], a TaKoxX
PanioNOTIANHAIOYMX TOKPUTTIB [9], B AKHX BUMOTU A0 CTPYKTYpU (EPUTHOTO
MaTepiady CTPOTO perjaMeHTOBaHi. SIK ajapTepHATHBA € TaKOX Oe3[OCepeIHE
BHUKOPHUCTAaHHS (PEPUTHUX OCAJIB y BHPOOHUIITBI JIy>)KHUX IIEMEHTIB CIENiaTbHOTO
npusHaueHHs [10]. TlomepenHi AOCHiKEHHS TOKa3ald, II0 TakKi IIEMEHTH €
CTIKUMU A0 il arpeCUBHOTO CEPEIOBHINA Ta MAIOTh 3HAYHHN CIIEKTP YHIKAIbHUX
eKCIUTyaTaliiiHnX BrIacTuBOocTei. JIy>kHI IleMeHTH HagidHO (IKCYyIOTh y CBOIH
CTPYKTYpl paJiOakTHBHI Ta BaKKi MeTand HE TUTbKM Ha (i3MuHOMYy, aje i Ha
ximiuHomy piBHi [11]. B poGoti [12] moka3aHO MOXXJIMBICTh BBEACHHS B CKJIAJ
JyKHHX LIEMEHTIB SIK HallOBHIOBayda (hepUTHOIo 0caay B Mexax Bix 5,5 no 7,5% mac.
(Bmict ¢asu deputy MetaniB B ocaai > 90%). BigxuiaeHHS MIITHOCTI OTpUMaHUX
JIY’)KHUX [IEMEHTIB BiJl CTAaHIAPTHUX aHAJIOTIB HE niepeBuIye 5%.

Bcranosneno, o nmepepoOka MpOMHUCIOBHUX CTIYHUX BOJI 1 TaIbBaHIYHHX IIIJIAMIB
MeTosoM (hepuTH3amii 3MIHCHIOETRCS P TeMrepatypi Bumie 60 °C 3 TpUBaIICTIO
nporiecy Oinpme romunm [13]. 3 ormsgy Ha CYTTEBY EHEPrOEMHICTh Ta
peCypCo3aTpaTHiCTh TEPMIYHOTO CIOCO0Y aKTHBAIil IMPOLECy, albTEPHATHBOIO
oMy MOXE CIyryBaTH €HeproomajHa eJeKTpoMmarHiTHa immynbcHa (EMI)
aKTHUBallis peakuiitHoi cymimi [14].

Chinx 3a3HaumTy, 1mo B podoTax [11, 12] 3aiuimminch HEBUPIIICHUMH THTaHHS
mOA0 CTIMKOCTI (EpUTHUX OCaiB, OTPUMAHUX TPH PI3HUX TEXHOJOTTUHUX
napaMmeTpax mpouecy ¢peputuzarii. Ock YoMy TOCHTIPKEHHS CTYIECHS BUITyTOBYBaHHS
BRXKHX METaliB 3 ()EPUTHUX OCAAIB CHpHsIE PO3POOI EKOJIOTIYHO Oe3NeuHol iX
YTHIII3a1li1, a OTXKE, eHepro- Ta pecypco30epeXeHHIO Ha TaIbBaHIYHOMY BUPOOHHUIITBI.
Bce 11e mo3Borsie cTBEpKYBATH PO HAMIWHICTD 1 O€3MEeYHICTh MepepOOKH TOKCHIHIX
rajJbBaHIYHMX NUIAMIiB MeTOZoM (epuTh3amii 3 TOAANBIIAM BHKOPHCTAHHSIM
MIPOIYKTIB MEPEPOOKHU y pi3HUX OyAiBEIbHHUX MaTepianax. Takuii MeTox yTuiizamii
raJbBaHIYHUX BIIXOIB J03BOJIMTH 36KOHOMHTH IIHHY CHPOBHHY Ta BUKOPUCTaTH
TOKCHYHHI TaIbBaHIYHUH 1IIJIaM SIK TOBAPHHUI TIPOTYKT.

Mertoro mi€i po6oTH € AOCHTIHKEHHS XIMIYHOI CTIHKOCTI OCafiB, OTPUMAaHUX TIPU
nepepoOii ranbBaHIYHMX IJIaMiB (EpUTH3ALIEI0, Ta BUKOHAHHA MaTeMaTH4HOI
00p0OKHM OTpUMaHUX EKCIIEPUMEHTAILHUX JTAaHUX.

Metoauka 0caiKeHHsI

Jiist nocIiypKeHHsT BUKOPHUCTOBYBAJMCS 3pa3ku (pepUTHHX oOcaiiB, sIKi OTpUMaHi
B Ipolleci IMepepoOKH TralbBaHIYHMX BIiAXOAIB MeTOIOM (epuTH3alii 3rigHO

3 METOJIMKOIO, 1110 HaBejeHa B [15]. @epuru3aliis 3aiiiCHIOBaIaCh HA J1a00paTOPHUX
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yCTaHOBKax i3 TepMiunoio [16] Ta emexTpomaruitTHOO immynscHoro (EMI) [15]
aKTUBALi€l0 Tmpouecy mnpu Temmepatypax 75 °C 1 18 °C, BiamosigHo.
BukopucroByBanu HACTyNMHI TEXHOJOTIYHI TapaMeTpu mpolecy (GepuTH3allii:
CyMapHa KOHIIEHTpamis ioHiB Baxkux Mmetamis Cz = 6,41 + 1423 r/am3
CIiBBIZIHOINEHHST KOHUEHTpamiii iowiB ¢epymy [Fe**] ([Fe?*] + [Fe*]) mo
CyMapHOi KOHIEHTpawii iOHIB IHIIMX BaXKUX MeETaliB y pO3YMHI
(ZMe = [Ni#*]+[Cu?"]+[Zn?**]) Z = 2 + 6; Bennuuna pH = 8,5 -+~ 10,5; TpuBaicTh
mpotecy T = 25 XB.

XimiuHy CTiHKICTh UMX (DEPUTHHUX OCaliB BU3HAYAIH HUISIXOM BHIYTOBYBaHHSI
10HIB B)KKUX METAIB Y TUCTHIILOBaHIH BOI, 3riiHO 3 BuMoramu EN 12457 —1:2002
Part 1. BunmyroByBanHst ipoBOMIIOCS TPOTSIroM 1 100 B TWHAMIYHOMY PEXuMI,
SKHH Mae Micle Mpu Iii aTMOcepHUX OmajiB Ha [UIaM, IO 3HAXOAWUTHCS Ha
3BanuIax. g Hporo BUKOPUCTOBYBAIM YCTAHOBKY JUIS NEpEMIITyBaHHS 3pa3KiB
0caiB 31 MIBUIKICTIO 0OepTaHHs 9 00/XB, fKa IpeacTaBieHa B podori [17].

Juia  mocmimKeHHS BUKOPWUCTOBYBANIHM 3pa30K (DEPUTHOTO oOcaxy i3 Macoro
Mp 0,175 xr £ 0,005 xr. HaBaxxky nmomimiaiy B IUISIIKY 3 MOJIMPOIJICHY 00’ €MOM
0,5 nv2. TToTim nonaBanm HeOOXinHMIA 06’ €M BUITyrOBYBayua — IMCTILOBaHOi Bou L,
0 BCTAHOBJIIOETHCS B TIPOIECI E€KCTPaKIii CIHiBBITHOUICHHSIM piIWHA/TBEpaa
pEUOBHHA, SIKE JOPIBHIOE 2 aM3/kr + 2%. BinnocHa BeuurHA BUJIYTOBYBaHHS 10HIB
BaXKHUX MeTaliB (A) y MI Ha KT 0cay BU3Ha4aeThes hopmyinoro (1):

A: CS(L’Z. ’ L MC

+ — |, 1
M, )" 100 @

ne L —06’em Bumyrosysaua, amS;

MC — koedimieHT BMicTy BoJOTH, %0;

Mp — Maca cyxoi pedOBHHH B 3pa3Ky OCaiy, KT;

A — KUIbKICTh BUJIYTOBaHOTO KOMITOHEHTA, MI/KT;

Csas. — 3QIIMIIKOBA KOHLIEHTPALlisl KOMIOHEHTA B €JII0aTi, Mr/am°,

Bemnunny pH emroary Bu3Hauanu 3a  gomomoror npuiany pH o 150.
B mociipkeHHSX BUKOPHCTOBYBANACS TUCTHIBLOBaHA BoJa i3 3HaueHHAM pH 6,0 ta
CJIEKTPONPOBIIHICTIO < 5 MKCM/CM.

3anumKoBi KOHLIEHTpauii 10HIB BaXKKUX MeTaliB (pepyMy, Hikemto, Mifll 1 TUHKY)
TTiCJIS BUIYTOBYBaHHS BKKUX METAJIIB B €II0ATI BU3HAYAIN HA CHEKTPOPOTOMETPi
Hach DR 3900.

Pentrenodazoruii anamiz ocaiaiB npoBoawian Ha audpaktomerpi Ultima V.
HocnimkyBani ocaay MarOTh HACTYNMHHH CKIaa: (QEpUTH BaXKKUX METaliB
Fex(Fe,Ni,Cu,Zn)O4 B kimbkocti Bim 60 + 80%, OKCHUTIAPOKCHI 3aiti3a-HiKeo
(FeNi)O(OH) — 10 =+ 20% Ta cynbdar Hatpito Na,SOs — 10 + 20%.

JIns TaHyBaHHS EKCIIEPUMEHTY, B SKOMY peali3ylThCs BCI MOKIUBI
MO€AHAHHS PiBHIB (PAaKTOPiB, BAKOPUCTOBYBAIHU MMOBHUH (DaKTOPHHUH €KCIIEPUMEHT
(TI®E) [18]. NIDE wmonenroeThess ans KonoBaHUX (akTopiB Zi, SKi MOXYTb
MpUAMATH TUIBKH JIBA TUCKPETHHX 3HaueHHs +1; -1 (BepXHil Ta HWXKHIN piBeHb,
BIJNIOBIZIHO), 1 po3paxoByeThes 3a popmynoro (2) 1 (3).

st pospaxyHkiB koedimientis a; (j = 0, 1, 2) mis ¢axropis Z IIOE
3aCTOCOBYBAJIN PiBHSHHS perpecii:

y=a,+aZ +a,z,, (2
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Zzij'Yi

ne Y — 3HaYCHHs apaMeTpa ONTHMIi3alii B -My AOCIii;
N — KUTBKiCTh mocmiais (N = 4).

KoedimieaTnn piBHAHHA perpecii 0OYHCITIOBATNM 3a JOMOMOTOIO TPOTpPaMH
niniHOTO Makery “Microsoft Excel 14.0”. IlepeBipky 3HaumMOCTi Koe(iIi€HTIB
MPOBOJIUIIH 3a I0TIOMOT010 KpuTepiiB CThrogenTa Ta dimrepa [19].

Pe3yabTaTu AocaigxeHHs

BuBYeHHS BUIIyrOBYBaHHS 10HIB Ba)KKUX METaliB 3 (EPUTHHUX OCaIiB IO3BOJISE
BH3HAYUTH XIMIUHY CTIMKICTh IIUX MaTepiaiiB, a OT)KE, BCTAHOBHUTH X €KOJOTIYHY
0e3nevHicTh. SIK MOKa3yIOTh Pe3yibTaTH AOCTiKeHHs (Tabm. 2, 3), BUIyroByBaHHS
10HIB B@KKHX METaJiB 3 OTPUMAaHUX OCAJiB TOJOBHUM YUHOM 3aJICKUTh BiJ
TEXHOJIOTIYHUX MapaMeTpiB (eputusamii i cnocobiB aKTHBAI] PeaKIiifHOT CyMiIITi.
AHami3yrouu Aafi Ta0. 2, ¢ 3a3HAYATH, 10 HAWHWKYI 3HAYeHHS KOHIIEHTpAIiit
ioniB Fe*", Ni?*, Cu?* ta Zn?' B emoaTi IpH BMIYTOBYBaHHi iX 3 ocajiB, fKi
orpumani nipu pH = 10,5. Kpim Toro, 11i KOHIIEHTpaIlil I0HIB METaiB BiJMOBIAAIOTh
BumoraMm J[CanlliH 2.2.7.029-99 ta dupekrtusi 86/278/€C mono ix I'/IK y rpyHTI.
e cBigunTh npo HafdiiiHy (ikcalilo MUX TOKCHYHUX METATIB y CKIaai (GepUTHUX
HOBOYTBOPEHB 13 CTIHKOI0 KPUCTAJIYHOIO CTPYKTYpOIO obepHeHoi mminemi. Ciix
3a3HAYNTH, [0 TIEPEBUILCHHS 3a3HaYEHUX BHIIEC HOPMATHBIB NP BHIYTOBYBaHHI
ionis Ni%* ta Cu?* cmocrepiraeTbes npu ix ocaJyKeHHi 3 peakiiHoi cyminr, Ska Mae
pH = 8,5. Sk BugHO 3 Tabi. 2, BUIYTOBYBAaHHS 10HIB BaXXKUX METAJIB 3 0CaiB, AKi
OTPUMaHi TPHU TOCTIIOBHOMY miaBUIlleHHi BenwmumHu pH Bin 8,5 mo 10,5,
3MEHIIY€EThCS. B OpIBHSAHHI 3 TpaIUIiTHIM TEPMIYHIM CTIOCOOOM, BUKOPUCTaHHS
€JIEKTPOMArHITHOT IMITyJTbCHOT aKTHBAIlii peakmiiHoi cyMimi B iporieci (heputr3arii
HPU3BOJMTH 10 HE3HAYHOTO 301IbIIEHHs BUIYTOByBaHHs ioHiB Fe*', Cu?" ta Zn*
3ocaniB B Mexax 0,1 + 0,9 mr/kr. IHIma TeHIEHINS CHOCTEPIracTbCs TNPHU
BwiIyroByBanHi ioniB Ni**: ix koHumenTpamuis npuGnusHo B 2 pasu Ginblua mpu
TEPMIYHOMY CIOCO0i aKTHBalii B MOPIBHSHHI 3 €NEKTPOMArHITHUM IMITYJbCHUM
B yChOMY JIOCIIIPKyBaHOMY Jiana3oHi pH.

Tabnuis 2 — Pe3yabpTaTi BUIYTOBYBaHHS BaXKKUX METAIIB 3 0caliB hepuTusaii
npu pi3HUX BenmuuHax pH

YmosH BunyroByBaHHs BaxKKHX MeTaliB (A) 3 GepuTHUX OcalliB, MI/KT
IPOBEJICHHS
depurusauii Cnocib6 akTuBauii npouecy depurusanii
7 EnextpomarHiTHHNA iMITyTbCHUI Tepmiunnit
pH
(Fe/Me) | pgur | N2+ |cuzt| zn?* | Fe | NP | cu? | zn?*

8,5 0,45 542 |311] 1,15 | 0,33 | 130 | 2,36 | 0,93
9,5 41 0,32 361 |094| 058 | 0,30 | 7,75 | 091 | 042
10,5 0,21 0,47 |083| 041 | 0,20 | 0,78 | 0,72 | 0,33
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AHai3 1aHuX, sSKi HaBeJeHi B Ta0J1. 3, CBIAYUTH PO T€, 10 HAMMEHIII 3HAYCHHS
BUJIYTOBYBaHHsI 10HIB Ba’KKMX METAJIB i3 0Ca/IiB CIOCTEPIraloTHCsI MIPH MIPOBEICHHI
nponecy ¢epurnsanii i3 Z = 4/1 ta pH = 10,5. KoHuenrparii nux ioHiB B emtoaTi
3HaxoATECS B Mexax 0,20 + 0,83 mr/kr. Ilpu cyTTeBoMy 301MbIIEHH] KOHIIEHTPAITi1
ioHiB Fe**" B po3unHi (Z = 6/1) BUIIyroByBaHHSI 10HIB BAXKKHX METATIB XO0U 1 CATAE
MaKCUMaJbHUX 3HAuYeHb, aue 3aJHUIIA€ThCsl B pPaMKaX BHMOT CTaHIApTiB
JCanlliH 2.2.7.029-99 Ta Ilupextrru 86/278/€C.

Tabmuus 3 — Pe3yabpTaTi BUIyrOBYBaHHS BaXKKMX METaJIIB 3 0cafiB hepuTusamii
MU Pi3HUX CHIBBiAHOLICHHAX 10HIB ()epyMy 10 IHIINX BAKKHX METaIiB (Z)

YmoBH BuiyroByBaHHs BaXKHX MeTaNB (A) 3 PEpUTHUX OCaIiB, MI/KI
HPOBENICHHS
depurHsanii Crioci6 akTuBanii npouecy depuruzanii
z EnexTpomMarHiTHUH iMIyJIbCHUI Tepmiunuit
FeMe) | PP Eew | Nz [cuz| zn | Rew | Nizt | cur |z
2/1 0,48 054 |132] 029 | 0,34 | 086 | 129 | 0,23
4/1 105 0,21 047 |083] 041 | 0,20 | 0,78 | 0,72 | 0,33
6/1 0,94 064 |263] 122 | 049 | 174 | 244 | 0,95

B po6oti mapamerpom onTuMizamii € 3HaYEHHS BHIYTOBYBaHHS 10HIB BaXKHUX
metanis (Fe*", Ni?*, Cu?*, Zn?") i3 ocaziB 1pu mepepoO1li rajibBaHiYHUX BiIXOJiB
MeronmoM Qeputuzariii. [lpr mboMy BH3HAUYAIOTHCSA pAMiOHAIBHI TEXHOJNOTIUHI
MapaMeTpy YCTAaHOBKU 3 OTPUMAHHSAM €KOJIOTIYHO CTIHKUX OCaliB.

Jiist pe3ynbTaTiB €KCIIEPUMEHTIB 3 BUITYTOBYBaHHS BAXKKHX METANIB 3 (DepUTHHX
0cajliB, AKi MPOBEACHI MPU Pi3HUX TEXHOJIOTIYHUX Mapamerpax ¢peputusanii 3 EMI
akTuBari€ro, mo3HaunMmo BiamoBigHi mmaHu [IDE Big Nel mo Ned. Marpurs
IUTaHYBaHHS 1 pe3yNbTaTH (aKTOPHOTO EKCIICPUMEHTY HaBeJeHi B Ta0I. 4.

Tabmurs 4 — Marpuns mianyBanss [IOE i pe3ynpratu excriepuMeHTIiB

daxropn CHiBBiI[HOI.H.eHHFI oH [I®E | TI®E | [IOE | TIDE
KOHIICHTpAIii Nel No2 Ne3 Ned
[To3HnaueHHs Z; Z; BuyroByBaHHS 10HIB BaXKKHIX
OxvHUII BEMipIOBaHHS BiJH. Of. pH METaJliB 3 0CajiB
HuxHiit piBens (-) 2 8,5 A, (Mr/xT)
Cepenniii pisens (0) 4 9,5
BepxHitii piBeHs (+) 6 10,5
Ne nocriny KoyBaHHS 3HAYCHHS Fosr Ni2* cu?t | znzt
Zo Z1 Z;
1 + - - 0,55 6,12 481 0,62
2 + + - 0,48 0,54 1,32 0,29
3 + - + 1,61 7,91 6,83 2,46
4 + + + 0,94 0,64 2,64 1,22

3a J0NOMOroI0 KOMIT IOTEPHOT 0OpOOKHM pe3ysbTaTiB eKCIIEPUMEHTY BU3HAUEH1
KoeillieHTH PiBHSHHS perpecii, ki mpejcTaBieHi y Taou. 5.
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Ta6mums 5 — Koedimiertn piBHIHD perpecii

Ne KoedimienTn perpecii

[1OE ao ay a
1 0,895 -0,185 0,380
2 3,802 -3,212 0,472
3 3,900 -1,920 0,835
4 1,147 -0,392 0,692

Hns  anexBaTHOCTI oTpuMaHuX pes3ynbTariB [IOE Nel +
3iCTaBIEHHS PO3PaXyHKOBHX Ta €KCIIEPUMEHTAIBHHUX JaHWUX, OTpUMaHuX mpu EMI

croco0i aktuBaii (puc. 1).
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Puc. 1 — AnexBarnictb excriepumenTanbHuX (P 1) Ta pospaxynkosux (Psin 2) nanux

moBHOTO (pakTOpHOTO eKkcriepumMenTy: a — Nel, 6 — No2, B — Ne3, 1 — No4

Po3paxyHKoOBi 3HAa4YCHHS BWJIYTOBYBaHHS Ba)KKUX METaNiB, SKi HaBeJCHI Ha
puc. 1, 1o0pe y3roKyrThCs 3 TaHUMH, OTPUMaHUMH eKCIIepUMEHTaIbHO. [Ipo ne
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CBITYUTHL OITIHKA aJeKBAaTHOCTI KOE(IIIE€HTIB PIBHAHDb perpecii 3a KpUTEPisIMHU
CrpionenTa ta @imepa. 3anpornoHoOBaHi perpeciiiHi piBHAHHS 3 HalidHicTIO 95%
a/ICKBAaTHO OIMUCYIOTh EKCIIEPUMEHTANIbHI pe3yIbTaTH JOCHIPKEHHS.

BucHOBKH Ta nepcrneKTHBHU MOAAJBIINX A0CTiTKEeHb

PesynpraTy BIUTyrOBYyBaHHS 10HIB BOXKKUX MeTaliB ((pepyMy, HIKEII0, Miji 1 IIHHKY)
3 ocafiB, SKi OTpWMaHI TMpH PI3HUX yMOBaxX (epuTH3aIlii, MOKa3aal HaTIHHY
(hikcaIliro WX METANIB Y CKJIaJli HOBOYTBOPEHB 13 CTPYKTYPOKO OOCPHEHOI IIMTiHEMI.
BigmiveHo, mo BWIIyroByBaHHS 10HIB Ba)KKMX METaJliB 3pOCTa€ IMPH 3HWKEHHI
BenmunHu pH ¢eputuzamiitnoro npomecy Bix 10,5 mo 8,5, mo, oueBuAHO,
00yMOBIIEHO 3MEHILICHHSM KIUIBKOCTI KPUCTAiYHUX (QepuTHUX ¢da3z B ocai.
BuiyroByBaHHs 10HIB HIKeNO 301MBIIYETHCS 13 MiABUILEHHSIM BMICTY (a3u
HikeneBoro mumMoHiTy (FeNi)O(OH). Lis ¢daza € HecTaOlIpbHOIO Y BOJTHOMY PO3YHHI
[15], oTxe, i BMICT CyTT€BO BIIMBA€E HA CTYIIHb BIUIYyTOBYBAHHS 10HIB HIKEIO.

KpiM ToOro, pesynbraTamMu JAOCHTIKCHb MOKAa3aHO, IO JJIsS OUIBIIOCTI BaXKKUX
metanis (Fe*, Ni?*, Zn?") nalimeHnIe BUIIyrOByBaHHS METANIB CIIOCTEPIracThCs MPH
cuiBBigHomenHi Z (Fe/Me) =4/1 i He 3a51eXUTh BijI cr1oco0y akTuBaiii pepuTu3arii.
BcranoBneno, mo ocaj, sKHii OTPUMaHWU TpPH EIEKTPOMACHITHIM iMITyJbCHii
aKTUBALlii Ta HACTYNHMX NapameTpax ¢eputusauii: Cz = 10,41 r/am3 Z = 4/1,
pH = 10,5, xapakTepu3yeThcsi 3HAUHUM CTYIIEHEM 1MMOO1TI3alii Ba)KKIX METAJiB
99,96% Ha BiJIMiHY BiJl TaJIbBAaHIYHMX [UIAMIB, Y SIKMX II€ 3HAYCHHS MEHIIC HIK
97,8%. KoHueHTpaliii Ba)KKMX METaJIiB Micisl iX BUIYTOBYBaHHS 3 EPUTHUX OCa/IiB
BIJIMTOBIAIOTH SIK BITYU3HSHUM, TaK i MDKHAPOAHUM BUMOTaM CTaHJAPTIB IIOMIO iX
I'’IK B uTHI BOAi Ta TPYHTI.

BukopucTOBYIOUHM pe3ysbTaTh MOBHOTO (PaKTOPHOTO €KCIIEPUMEHTY, OTPUMAHO
PIBHSHHS perpecii 3a1e)XHOCTeH BUITyTOBYBaHHS 10HIB BAYKKUX METAIIB 13 0CaJliB BiJ
TEXHOJIOTIYHUX TIapaMeTpiB TMpoIecy NepepoOKH BiaXomiB (epuTHu3aliiHuM
MeTOZIOM. BCTaHOBIIEHO, MO pO3paxyHKOBI 3HAYCHHS N10OpE Y3TOKYIOTHCS 3
JaHUMH eKcrepuMeHTy. [Ipo 11 CBIAYMTH NPOBEACHA OI[IHKA aJeKBAaTHOCTI
KoedilieHTiB piBHAHB perpecii 3a kpurepismu CteiogeHTa Ta Dimepa: perpeciiti
piBHAHHSA 3 HamiiHicTIO 95%  ajeKkBaTHI  EKCHEPUMEHTAILHUM  JaHHM.
3anponoHOBaHUI  ANTOPUTM  PO3PaxyHKy HaJa€ MOMIMBICTh IiIBUIICHHS
e(eKTUBHOCTI Ta aBTOMAaTH3allii (epUTH3AIIHOrO Ipolecy, 30KpeMa, WHOro
KJIFOYOBMX TEXHOJOTIYHUX TapaMeTpiB. B pe3ynbTari CyTTEBO 3MEHIIYETHCS
BapTICTh MEPEPOOKH rIbBaHIYHOTO HIJIAMY Ta OTPUMYIOTBCSI €KOJIOTIYHO Oe3neyHi
¢deputHi ocamu. Ciij 3a3HAYMTH, M0 i OCAJU MOXIIMBO BHUKOPUCTOBYBATH IS
CTBOPEHHSI €KOJIOTIYHO Oe3MeYHUX MaTepialliB CIeIiaTbHOTO MPH3HAYSHHS.
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EXPERT ASSESSMENT METHOD OF CAPABILITIES
CIVIL DEFENSE FORCES

Abstract. The article proposes an approach to expert assessment of the capabilities of
civil defense forces in multicriteria tasks. To implement the approach, taking into
account the specifics of the subject area, the possibility of a method of supporting
expert decisions, which combines the use of ontologies, voting procedures of experts,
and relevant calculation procedures. The general scheme of the environment for
making expert decisions on assessing the capabilities of civil defense forces on the
example of emergency rescue formation is given. It is shown that the main normative
sources for decision-making on capacity assessment are the catalog of basic
components of capabilities and the list of criteria for their assessment. The choice is
made from three alternatives — ready for action as intended, limited ready, or not
ready. The problem of capacity assessment was set, a variant of the scale of
quantitative characteristics of capabilities, and the level of expert assessment was
proposed. The correct choice of the voting procedure of experts is substantiated, which
contributes to finding an agreed solution. It is determined that to ensure high-quality
elaboration of the task hierarchy, control, and increase the objectivity of the formation
of characteristic vectors, the subject area must be presented in the form of an
ontological information model. Attributive descriptions (properties) of the criteria are
presented in the ontological database in the form of frames, the slots of which contain
the corresponding numerical or linguistic data. Appropriate computer web tools have
been proposed to support remote access capability assessment technology.

Keywords: civil defense; expert decisions; multicriteria; capabilities; ontology; voting

O.B. Hectepenko!?
1 Ykpainchkuii HayKoBHi LIEHTp PO3BUTKY iH(pOpMaliiiHuX TexHoorii, M. Kuib, Ykpaina
2HanionansHa akajeMist yrpasiinus, M. Kuis, Yxpaina

METO/J EKCHEPTHOI OIITHKW CITPOMOKHOCTEM
CWJI HUBLIBHOI'O 3AXUCTY

Anomayin. Y cmammi 3anponoHo8aHo nioxio 00 eKCHepPmHO20 OYIHIOBAHHS

CHPOMOJICHOCIEN CUL YUBITLHO20 3aXUcmy 6 bazamokpumepianvHux 3aoayax. J{is

peanizayii nioxo0y poseisiHymo, 3 Ypaxy8aHHAM cneyuixu npeomemuoi obracmi,
MOXHCIUBOCTE MeMOOY NIOMPUMKY eKCHEPMHUX PilleHb, Wj0 NOEOHYE 3ACMOCY8ANHS

OHMONO02IU, NPoYeodypu 20A0CYBAHHA eKCnepmie ma 6iONOGIOHUX PO3PAXYHKOBUX
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npoyedyp. Hasedeno 3azanvhy cxemy cepedosuuja RPUIHAMNMA eKCNepmHuX pilietsb
OO0 OYIHIOBAHHS CNPOMOICHOCTNEN CUNL YUBILHO20 3AXUCTTY HA NPUKIAOI A8apitino-
pamysanbro2o opmyeanns. [lokazano, wo 0CHOBHUMU HOPMAMUBHUMU OdICEPENAMU
01 NPUUHAMMSA PIUEHHA W00 OYIHIOBAHHS CHPOMOJICHOCMEN € Kamanoz 6a306ux
KOMNOHEHMI8 CHNpOMOJCHOCHel ma nepelik Kpumepiie ix oyinku. Bubip
301lICHIOEMBCS 3 MPLOX ANLMEPHAMUB — 20MO6e 00 Oill 34 NPUSHAYEHHAM, 0OMEHCEHO
eomoge abo He 2omoge. 30iliCHEHO  NOCMAHOBKY  3A0ayi  OYIHIOBAHHSA
CHPOMOICHOCIEN, 3aNPONOHOBAHO GaAPIANM WIKAU KINbKICHUX XapaKMepucmux
CHPOMOJICHOCIEN ma pPi6Hi eKcnepmuo20 oyinioeanHs. OOIPYHMOBAHO NPAGUNbHULL
8ubip npoyeoypu 2010Cy8aHHA eKCNEePmis, Wo CHPUAE HAXOONCEHHIO Y3200HCEHO20
piuwenns. Busnaueno, wo 0ns 3abe3neuenns aKiCHO20 onpayo8anHs iepapxii 3aoaui,
KOHMPOJII0 Ma nidguujeHHs 00 eKMUSHOCmi popmyeanis 6eKmopis xapaxmepucmux
npeomemny obnacme  HeobOXIOHO npedcmagumu Yy GU2ISI0i  OHMONO2IYHOL
iHghopmayitinoi modeni. AmpubymusHi onucu (8racmusocmi) Kpumepiig no0armsvcs
8 OHMONI02IUHIN 6a31 OaHUX Yy 8UeNAOI pelimis, y CLOMAax AKUX MICIMAMbCA 8i0N0BIOHI
yucnogi uu JaiHegicmuuni Oawi. [ niOmpumxu mexHono2ii cynpogody npoyecy
OYIHIOBAHHA CHPOMOICHOCMEN 8 pedcumi 6i00anieHo20 OOCMYNy 3anponoHO8AHO
8ION0BIOHUL KOMN TOMEPHULL 8eO-IHCMPYMeHmapiil.

Knruosi cnoea: yuginoruil 3axucm,; eKkcnepmui piuieHHs; 6a2amokpumepiaibHicms,

CRPOMOJICHOCI, OHMONO2Is, 20710CY6AHHS
DOI: https://doi.org/10.32347/2411-4049.2021.3.88-101

Beryn

B ocramHi pokum y cextopi Oe3mekw MPOBOASTHCS 3aXOMU IMOAO TEPEXOAy O
YIOpaBIiHHS Ha 3acajax MOJAEN BHU3HAYEHHS 1 OI[IHIOBAaHHS CIIPOMOMKHOCTEH
(Capability-Based Planning), sika € 6a3oBoto B kpainax-uienax HATO, 30kpema Ha
OCHOBI €BPOMNENCHKOro NOCBiAy B paMkax MexaHi3my HuBiIbHOTO 3axucty €C.
[TutaHHsS MORO PO3BUTKY OE3MEKOBHX CIIPOMOXKHOCTEH JEpiKaBH BHUKIAJCHO Yy
Konuenuii po3BuTKy cekropy Oesmneku i 000poHn YKpaiHu, 3aTBEpIKEHIH yKa3oM
[pesunenrta Yipainu. CIpoMOKHOCTI Y cucTeMi Oe3MeKH MOoB'si3aHi 3 PO3yMiHHIM
“CTifiKOCTI” SIK ““CIIPOMOHOCTI CHCTEMH HaliiHO (YHKI[IOHYBaTH y INTATHOMY
PEXKHMMi, aganTyBaTUCS 10 yYMOB, IO IOCTIHHO 3MIHIOIOTHCS, NMPOTHUCTOSATH Ta
IIBUJIKO BiJTHOBJIFOBATHUCS TicCIs peaiizalii 3arpo3” [1].

Ornsg, HayKOBMX IMyOJNiKallii IOKa3ye, IO ICHYE JIOCTaTHBO JIOCIHIKCHb
CTOCOBHO BH3HAQUYECHHS CIIPOMOYKHOCTEH OKPEMHX CKJIAQJOBHX CEKTOpY O€3IeKH i
ob0oponu Ykpainu [2]. [Ipu 11boMy, y CBOil OLIBIIOCTI, HAYKOBI Mpalli CTOCYHOThCS
BU3HAYEHHS Ta OIliHIOBaHHs crnpoMoxHocTeld 3C VYkpainu, Tomi sk y cdepi
UB1UIIBHOTO 3axucTy (L[3) mociipkeHHs] CTOCOBHO BU3HAUYEHHS CIIPOMOKHOCTEH CHIT
Ta 3aco0iB L3 Tinpku po3noyaro [3].

BingMiuaeTbes, 1m0 B yMOBax ChOTOJCHHS IIiJi 4ac BU3HAYCHHS IIEPEIiKy
HEOOXITHUX CIIPOMOJKHOCTEH O€3MEeKOBUX CTPYKTYP TOJOBHHM IHTAaHHSAM €
pauioHaNbHUN MiAXiJ OO MJIaHyBaHHSA pecypciB Ais (GopMyBaHHS Ta YTPUMAaHHS
BIJIMOBIJTHUX  OPraHi3allifHO-IITATHUX CTPYKTYp, OCHAIIEHHS TEXHIYHUMHU
3acobamu. OnHMM 13 KIIOYOBUX 3aBJiaHb I[bOTO IIpoIecy, IO MOoTpedye
MPAaKTUYHOTO BUPIILICHHS, € BA3HAYECHHS MIEPETiKy HEOOX1AHUX CITPOMOXKHOCTEH CHII
113 Ta X OI[iHIOBaHHS.

[Iporiec ouiHOBaHHA Ta BHOOPY ONTHUMAJIBHOTO BapiaHTa CKJIAAY CHII
nepeadadyae BUKOPHCTAHHSA  BiJNOBIJHMX AaHAIITUYHUX 1HCTPYMEHTIB Ta
CIPSIMOBAHICTb Ha BH3HAUYEHHsS HaMpaliOHAJBHIIIOIO BapiaHTa CTBOPEHHS
HEOOXIJTHUX CIIPOMOXHOCTEH, siKi 3a0e3revaTh BUKOHAHHS BU3HAYEHUX 3aBJIaHb 32
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yciMa crieHapismu. BomHodac XapakTepHUMH pucaMul yrpasiiHHA B cdepi L[3 Ha
CydyaCHOMY eTami € 3pOCTaHHS JMHAMIKM BCiX TMPOIECIB, IO 3HAXOIUTH
BiJoOpakeHHsI y pi3koMmy 30iiblieHHiI oOcsriB iH(opMamii, MoTpiOHOT s
OTpaIfoBaHHSA. Y TakMX yMOBaxXx TMpeIMeTHIH o0jacTi mpuTamMaHHa 3HAYHA
YUCENBHICTh acIleKTiB ab0 BIACTHBOCTEH, IO BIUIMBAIOTH Ha SKICTh MPUHHATOTO
pimenHs. B minomy 1ie Npu3BOIUTH A0 TOTO, WO 3334l NPUHHSTTS pillleHb MIOA0
OIIIHIOBAHHSI CIIPOMOKHOCTEH 3a3BHUaii € 0araToOKpHUTEpiaTbHUMHU.

Jocniganku Ta ¢axiBii MPONOHYIOTh HA3KY IMiAXOIB 0 MiATPUMKH TPUHHATTS
pilieHb Yy TakoMy cepedOBHWINi. BifbIIiCTh 3 HHUX CIUPAIOTHCS HAa EBPHUCTHYHI
iHTepaKTHUBHI (EKCTIEPTHi) METOAM, SIKi EBHOIO MipOI0 JAIOTh 3MOTY BUPIIIYBaTH
roctaBieHi 3aBmanHs [4—8]. Lle 3HaX0oaUTh CBOE BimOOpaKeHHS i B HOPMATHBHUX
JIoKyMeHTax [2]. BBakaeTbcs, 1m0 HEOOXiZHOIO YMOBOIO 3aCTOCYBaHHS
OaraToKpuTepialbHUX METOJIIB € HASBHICTh MHOXXHHH KPUTEPIiB, 32 KOXKHUM 3 SKHX
MOJKe OyTH OlLliHEHa KOYKHA allbTepHATHBA, 0c00a, 1o npuitmae pimmenns (OIIP), Ta
rpymna KOMIIETEHTHUX €KCIIEPTiB, IO «IIOBHICTIO BOJIOIIFOTH TIPOOIEMOIO».

VY cepi muBiNEHOTO 3aXUCTy KpaiHW AOCHIIKCHHS NHTaHb TUIAHYBaHHS Ha
OCHOBI CIIPOMOYKHOCTEH pO3TIISJAIOTHCS B poOOoTax OararboxX aBTOPIB, 30KpemMa
C.O. AugpeeBa, I1.b. Bomsacekoro, H.I'. Kimmvenka, A.M. Jliwo0GiHchKOTO,
B.M. Muxaiinora, A.A. Citocapa Ta iH. Y 1iux po00Tax B OCHOBHOMY aHaJli3yIOThCS
MUTaHHS PO3POOJICHHS METOJUYHOIO amapaTy OpraHi3ailii ympaBliHHS Ta
OIIHIOBaHHS e()eKTHBHOCTI BHTpPAT HA YTPUMaHHS 1 PO3BUTOK CHJ, CIOCOOIB
BUKOHAHHS CIUTbHUX 3aBlaHb Ta iH. OJHAaK, HE3BAKAIOUM HAa YHUCIICHHI HAyKOBI
JOPOOKH 3 03HAYCHUX MHUTAaHb, HEOOXIJTHO 3ayBa)KHUTH, [0 BU3HAYCHHS CIIOCOOIB
(hopMyBaHHS Ta OIIHIOBaHHS CIIPOMOXKHOCTEH Tiapo3autiB 13 cTOCOBHO BUKOHAHHS
3aBlaHb y BH3HAUEHHMX YMOBaX, aHAN3y 1 TEepeBelCHHS SKICHUX ITOKA3HUKIB
CIPOMOKHOCTEH y KiJIbKICHI TOTPEOYIOTh OKPEMOTO HAYKOBOTO OCiKEHHSI.

ITocTanoBKa 3aaa4i JOCTiAKeHHS

Bumorn 10 cnpoMoKHOCTI MOXXKHa c(HOPMYJIIOBATH HACTYIIHUM YHHOM — II€
KUIBKICHO-SIKICHI ITOKa3HWKH, YMOBH Ta KPUTEpii, AKi XapaKTepHU3yIOTh 31aTHICTh
KOHKpPETHO1 opraHizaniiHoi ctpyktypH L3 (3arony, 4acTiHH, migpo3/aiiy TOIIO) 0
BUKOHAHHS BHU3HAUYEHHWX 3aBllaHb NPOTATOM pPEaJbHOTO 4Yacy 3a MEBHHX YMOB
00CTaHOBKH, PECypCHOTo 3a0e3NedeHHs] Ta BIATOBIJHO 10 BCTAHOBJIECHHX HOPM,
CTaTyTIB, MOJIOXEHD [3].

[puitHATTS pilleHHs, MO 3a3BUYail TOKIAJAETHCS B OCHOBY IMPOIEAYpH
OIIIHIOBAHHS CIPOMOXKHOCTEH, 3BOJJUTHCS IO OLIHIOBAHHS aJbTEPHATHB Ha OCHOBI
MIPUHIIHITY 1HAWBIyaIbHO-KOJIEKTHBHOI poOOTH eKcIiepTiB. B Tpyti ekcriepTiB KokeH
EKCIePT MOXeE SIK HaJaBaTH CBOI MPOIO3MIIIT 10/I0 OI[iHFOBAHHS aJbTEPHATHB, TaK i
Opatu ydacTh y mporeci 0OroBOpeHHs NpONO3ULIN iHIIMX ekcnepTiB. OLiHIOBaHHS
MPOBOJAUTHCS 3 BUKOPUCTAHHAM HU3KM KPHUTEPIiiB Ul BU3HAUCHHS BiJpaHXOBaHOI
MiZIMHOKUHK (TIepeNiKy) allbTepPHATUB, HAWOUIBII TPUHHSATHUX JJIsI BUPINICHHS
3aayi, cepell AKMX Ha MEpIIOMY Micii Oyne «HaHKpala» albTepHaTHBa, TOOTO
3a3BHYAM Ta, 1110 33]J0BOJILHSE OUTBIINICTh EKCIIEPTIB.

Taki MeTojM BHMArarOTh 3HAYHUX IHTENEKTYalbHUX 3YCHIIb EKCIIePTIB,
CTBOPIOIOTH OpraHi3alliifHO-TEXHIYHE HABAHTAXXCHHS Ha OPraHi3aTOPiB IPOBEICHHS
EKCIEPTHOTO OMUTYBaHHS Ta YacTO MOTPeOYIOTh YMMAJIO 4acy Jisi MPOBEACHHS.
Boanouac HeoOXiHO 3a3HAUMTH, IO LI METOAM € 3PYYHMMH JUIS 3aCTOCYBAHHS
JIMIIIE HA JOCTATHBO MPOCTHUX 3a/iauax. Jis maTpuMKy pillieHb y CKIQIHUX 3a71a4ax
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31 3HAYHOIO KUTBKICTIO TIIOKa3HUKIB Ta KPHUTEpiiB Mae 3acTOCOBYBATHCH
aBTOMATH3allisl EKCIEPTHUX MporeAyp. s boro BoHU MarOTh OyTH IMEPETBOPEHI
B QJITOPUTM, IO PEaTi3yeTbCs MPOrPaMHHAM KOAOM, TOOTO Matu (opmaibHe
(anropuTMidHE, MaTeMaTHJIHE) MPEACTABIICHHSA. Takok Ha TMPaKTHIN IIiJ dYac
pO3B’s3aHHS OaraTOKpUTEPIAIBHAUX 3a/1a4d HE 3aBXKIM € MOKIUBICTh BUKOPHCTAHHS
EKCIIepTaMy  BU3HAYCHHX (HASBHHX) TEXHIKO-CKOHOMIUYHUX XapaKTEPUCTUK
aNbTePHATHB, OCOOIHMBO B ONEPATHBHHUX CUTYaIlisfX, IO TAKOX, JJIS 3armo0iraHHs
HEOOTpyHTOBaHNM CY/DKEHHSM eKCIepTiB, moTpedye iHhopMaIliifHOl mATPUMKA Ha
OCHOBI 3ac00iB aBTOMAaTH3aIlii.

3 MeToI0 onTuMi3allii MPOIECiB eKCIEePTHOI TisUIBHOCTI B MOAIOHUX 3amadvax,
30kpemMa y cdepi 000pOHHOTO IUIaHyBaHHS, MOCTiKEHHSIM [9] 3ampormoHOBaHO
IHTErpallilo eKCHEePTHOTO METONy OLIHIOBAaHHA albTEPHATUB 3 OHTOJOTTYHUM
NpeACTaBiIeHHSAM JaHWX Ta Bi3yali3alli€elo Ipolecy MOpiBHAHb. Pe3ynbpraTh
JOCTIKEHHS CBITYaTh MPO MEeBHY €(PeKTHBHICTH TaKoro miaxoay. Tomy mominsHO0
€ HeOoOXiHICTh pO3pOOIEHHS Ha OCHOBI MOAIOHUX MIAXO/MIB BiJIMTOBITHOTO METOIY
JUIsl BUPILICHHS PAaKTUYHKX 3a1a4 y cdepi L3, BUKOpUCTaHHS SKOTO TO3BOJHIO O
eKCIIepPTHIA Tpymli OMepaTHMBHO 3a IUIACTUYHOIO YHI(PIKOBAHOI TMPOIETYpPOIO
Y «HAWTIMIIHIID Coci0 BUKOHATH ITOCTABIICH] 3aBIaHHS.

®opMmaJii3oBaHUI ONIMC METOLY

3anponoHOBaHUI METO/ OLIHIOBAHHS CIPOMOKHOCTEH PO3IIISIHEMO Ha TPUKIAII
aBapiiiHO-psATYBanbHOro QopmyBanHs (AP®D) sk omHoro 3 Buaie cunm 13.
[lpuwifHATTS pileHEs MOA0 OLIHKH CHpoMoxHOCTer AP®  3miiicHIO€THCS
Y CKJIaTHOMY iH(pOPMAIIITHO HACHYEHOMY CEePEIOBHIIII, IO TOB’3aHE 3 PO3TISIOM
BapiaHTIiB TOTOBHOCTiI 3aCTOCYBaHHS pi3HHX ckianoBux AP® nns BukoHaHHS
3aBJaHb, BH3HAYCHUX 3a MPOTHO30BaHMMH cIleHapismMu (puc. 1). IIpu upomy
MOTPiOHO 3a0€3MeUnTH MIPUHHATTS paIliOHaTHHIX PIIIeHb MI0A0 OaTaHCyBaHHS MiX
MOJKJIUBOCTSIMU KOHKpEeTHOro AP® Ta 1mijisiMu 1 3aBIaHHSAME HOTO 3aCTOCYBaHHSI.

Tndopmaniiini mrepena
- BHUILUX PiBHIB YIPaBIiHHA
JoxTpunHancHi Hx p yrip
JOKYMEHTH Dopmu Bapiantn
3 MiATOTOBKH Ta —"| 3acrocysanHsa 3aCTOCYBAHHS CHII
3aCTOCYBaHHS CHII CHI BiJOBiHO 110
I3 ClieHapiiB 3arpo3
Cepenosulie - -
CpeaoBHIll Ilepemnik 3aBnanb JlaH1 Mmoo crany
JUSIIBHOCTI APD APD
EKCIEepTIB L
Karasnor BHX ii . .
arajo 63’30- Hpuiiuarrs Kpurepii ouinku
KOMUOHCHTLS PIIeHb CIIPOMOXKHOCTEI]
CIIPOMOKHOCTEHN p
Ouinka cnpoMoxHocTeid APD

Puc. 1 — CepenoBuiiie IpUIHATTS €KCIIEPTHUX PIICHb MO0 OLIHIOBAHHSI
cnpoMokHocteir AP®
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3a3Buuail 'y TaKkOMy CEpEIOBHINI OIliHKa aJIbTCPHATHB BH3HAYAETHCS 3a
MHOXXHHOIO KPUTEPiiB HA OCHOBI 3Hau€Hb OL[IHOK 33 YaCTKOBUMH MOKA3HUKAMH 3
BUKOPUCTAHHSIM CIEUiadbHO pPO3pOOJIEHHX BepOaNbHO-YHCIOBUX INKAJ, IO
BCTAHOBJIIOIOTh BAaroMiCTh YAaCTKOBHX IIOKa3HMKIB. [Ipum mpoMy, SK MpaBHIIO,
MTOKa3HUKH TPYMYIOThCA B OJMOKH. MHOXHHY KpUTEpiiB (IMAKPUTEPIiB), 32 TKAMHU
MAalOTh OLIIHIOBATUCH allbTePHATUBH, (hopMye ocoda, mo npuitmae pimenns (OI1P),
abo rpymna ekcrepris 3a ii JopydueHHsIM. Kpurtepii yTBOPIOIOTE i€papXiro, IpUIOMy
BOHa MOJKe OyTH HECUMETPUIHOIO. 11 y3arabHEeHO1 OIliHKA OepyThCS 3HAYSHHS 3
YKPYIHEHUMH KpUTEPisiMU. Y TaHOMY BUIAKy OLIHIOBaHHS cpoMOXHOCcTeld APD
Kputepii € 3a3manerine cpopMynbOBaHMMH 1 MpPEACTaBICHI OCHOBHUM
HOPMAaTHBHHM JpKepenoM — Karamorom 0a30BHX KOMIIOHEHTIB CIIPOMOKHOCTEH
(BKC), mo Bxmouae Kpurepii ouinku BKC (KOBKC). Cxnang BKC naBeneno B
tabn. 1. Mix numu aecstbMa BKC posnoninena nesHa kinbkicth KOBKC. TIpuknan
KOBKC, mo crocyrotscst BKC 3a Homepamu 7, 8 (ymoBHiI mo3nauenns IH3, PE3),
HaBeJIEHO B TalI. 2.

Tabmuisa 1 — ba3oBi KOMIIOHEHTH CITPOMOYKHOCTEH

Ne 3/m Hassa BKC YMOBHE MO3HAYEHHS
1. HopwmartuBHe 3a0e31edeHHs HO3
2. Opranizarist OPI’
3. IInanyBaHHS Ta 3am00iraHHs 113
4, ITepconan ITIEP
5. IIpodeciitHa miaroToBKa TTPTI
6. T'otoBHicTs APD rot
7. [HMBiTyaTbHAN 3aXUCT IH3
8. Pecypcre 3a0e3meucHHs PE3
9. IHppacTpykTypa IH®
10. | CywmicHicTh CYM

Pimenns momo crpoMoxxkHocteld AP®D moB’si3aHe 3 BU3HAYECHHSM T'OTOBHOCTI
AP® 10 BUKOHAHHS TOCTABJICHUX 3aBJaHb 1 Mae OyTH NPUHHATE HA OCHOBI I
oxHoro HopMaTuBy — KpurepiiB inTerpoBanoi oninku cnpomoxxknocreit (KIO). KIO
MPEJCTaBISIIOTh TMEPelik BUMOT 32 TPhOMa ajlbTepPHATHBAMHU SK DE3yJbTaTaMu
OIIIHIOBaHHSI CIIPOMOKHOCTEH APD:

1) "rotoBe no niii 3a NpU3HAYCHHSM";

2) "oOMexeHO TOTOBE [0 [l 3a MpU3HaYeHHIM "

3) "He TOTOBE JI0 Al 3a MpU3HAUEHHIM'".

AJNBTEpPHATHBU TYT PO3YMIIOTHCS SIK HEOOXiIHICTh BUOOPY 3 MOKIIMBOCTEH, 110
BHUKIIIOYAIOTh OJHA OJHY, TOOTO IIe BHOip, IO JOMyCKae OJHY 3 KiIBKOX
MOXJIMBOCTEH.

KIO cnpomoskHocTeit AP®D moB’si3ani 3 OI[iHKaMH, OTPUMAHUMHU B Pe3yibTaTi
3actocyBanHs KOBKC. Hampuknan, ans anbrepHaTHBH "TOTOBE 10 [iil 3a
MpU3HAYECHHAM" TakWi KpUTepill IHTErpoOBaHOI OL[IHKH, SIK «KOe]ili€HT TeXHIYHOi
FOTOBHOCTI 3aCO0IB 1HAMBIAYaJbHOI'O 3aXUCTy PATYBaJIbHMKIB, pajialliiiHOro,
XiMIYHOTO Ta OaKTEepioJOriyHOTrO 3aXHMCTy», Mae OyTu He Hmxkue Hik 0,95, a mis
IOpyroi anbTepHaTHBH — "OOMEXEHO TOTOBE OO i 3a MpH3HAYEHHSIM" — Mae
cranoBuTH He Hikue 0,9. L{i moka3HuKK BU3HAYAIOTHCS MPH OIiHIN KpuTepiie BKC
7.1,7.2,7.3.
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Tabmums 2 — Kpurepii ominku 6a30BUX KOMIIOHEHTIB CIIPOMOKHOCTEH

Ne Ne Kpurepiit YMmoBHE
BKC | kpurepiro MMO3HAYEHHS
7 [HuBiAyaIEHU 3aXHCT IH3

7.1 cTaH 3aco0iB  3axHCTy OpraHiB  JWXaHHA C30
(pecmipatopw, MPOTHUTA3H, aKBaJIAHTH,
CaMOPSATIBHUKH TOIIO)

7.2 CTaH 3aco0iB  3aXWMCTy IIKipu (BOJOJIA3HI, C3LI
MPOTHUTEIUIOBI, ra303aXHCHI KOCTIOMH TOIIO)

7.3 CTaH peaHiMalliifHOi amaparypu (amapar IITYy4HOI CPA
BEHTHJISAIIIT JISTSHIB TOIIO)

7.4 3aKpiTUIeHHs 3ac00iB iHAWBIAYaIbHOTO 3aXHCTy 3a 331
pSTyBaTbHUKAMHU

7.5 BMiHHSI 0COOOBOTO CKJIQAy 3aCTOCOBYBATH 3acCO0M B33
IHAMBIAYaIbHOT'O 3aXUCTY

7.6 BEJCHHA OOJIIKy Ta TPOBEICHHA MEPiIOJUIHUX BOb
MepeBipoK  3acO0IiB  IHAMBIMYaTbHOTO 3aXHCTYy
PATYBAJILHUKIB

8 Pecypcre 3abe3neucHHs PE3

8.1 YKOMIUICKTOBaHICTE ~ AP®  ocHameHHIM  Ta OCH
TPaHCIIOPTHUMHU 3aco0amMM 3rigHO 3 Tabenem
OCHAIIIEHHSI, 3aTBEP/UKCHUM 3aCHOBHUKOM APD;

8.2 TEXHIYHa CIIPaBHICTh 1 TOTOBHICTB JI0 32CTOCYBaHHS CIIP
OCHAIICHHSI 3T1/IHO 3 IHCTPYKIIEI 3 eKCILTyaTalil

8.3 CBOEYACHICTb BUNPOOYBaHb 1 NPOQUIAKTHYHUX IMPd
MepeBipOK OCHAIIEHHS 1 MaTepiajiB ONepaTuBHOIO
MIPU3HAYCHHS Ta HasIBHICTH BIAIIOBIIHUX
JIOKYMCHTIB

8.4 HasBHICTh IPUCTPOIB Ta YMOB ISl IPOBEACHHS BIIP
BHIIPOOYBaHh 1 TepeBipoKk oONagHaHHA Yy
MiAPO3aiaax

8.5 TEXHIYHHH CTaH TPAHCIOPTHHX 3aco0iB  Ta CTT
HasABHICTH BIIMOBIAHMX 3allaCHUX YAaCTHH 0 HUX

8.6 CTaH METPOJIOTIYHOTO OOCIYTrOBYBaHHS CT™M

8.7 3aKpITUICHHS CHeliaJIbHOrO TEXHIYHOTO 3KP
OCHAIICHHSI 33 PATYBAJIIbHUKAMHU

8.8 pobora komaHmyBaHHs AP® 3 migTpuMKu KOM
CNEiaIbHOTO  TEXHIYHOTO  OCHANICHHI Y
CIIPaBHOMY CTaHi

8.9 3a0€e3MeYeHiCTh HEOOXIIHOIO crHeniaJbHO0 3PC

TEXHIKOIO,  OOJIaJIHAHHSM  Ta  OCHAIICHHSM,
3armacaMM MaTepiaJibHO TEXHIYHHMX 3aco0iB Ta
BUTPATHUX MaTepiajiiB, a TakoX (iHAHCOBUMH
pecypcamu

Taxum YHHOM, 3arajibHy MOCTAHOBKY 3a/1a4i 0araTOKpHTEPiabHOTO OIIHIOBAHHS
cpoMoxkHocTert AP®D MoxHA cHOpPMYITIOBATH HACTYITHUM YHHOM.
Hano: 1) A = {An}, n = (1,2,3) — mHOXuHa anbrepHatuB; 2) K = {Ki},
i =(1,P) — mmoxuna KOBKC; 3) K!= {K]-I}, j=(1,Q) - muoxuua KIO.
(Bnauenns P i Q Bu3HAuYAIOTBCS [MiIOYMMH Ha JaHUA Yac HOPMATUBHUMH
JIOKyMEHTaMH, HAIPUKJIa/[, HA MOMEHT HalMCcaHHs cTatTi P = 64).
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Ilompi6no: 1) BU3HaYMTH KOpTEX O1iHOK 3a BciMa KOBKC S; = {51,52, e Sp };
2) pawKXUpyBaTH albTEPHATHBH 3 ypaxyBaHHSIM OTPUMAHHUX OI[HOK; 3) 3HAWTH
IHTETpOBaHy KapAWHAIBHY OLIHKY KOXHOI ajJbTePHATUBH 3 YpaxyBaHHIM
BianoBigHocti KIO, To6T0 Bu3HaunT MHOXUHY R = {Rn} peHTHHTIB ajbTepHATHUB.

I'padiuro mocTaHOBKA 3a/1a4i OMIHIOBAHHS CIIpoMOXkHOCTel AP® Ha mpukiasmi
KpUTepiiB, HABEICHUX y Ta0JI. 2, TOKa3aHa Ha puc. 2.

ANBTEepHATHBH g ToroBe (A1) %ﬁne}ﬂeﬂo rorose (A2) I He rorose (A3)

3-i1 piBeHb e
OLIHIOBAHHS Y
/

2-ii pisenp 7 !
OLIHIOBAHHA ,* | P . Wl
HO3 ,/ OPI' j U { LEP /0PIl i TOT

i i f 1 1 I
\‘ “ ‘/ )/ ‘/ ‘/
C30 _._H,f”//
C311I - "
. CPA _ _ -7 7
1-#1 piBeHb —_— Pridly
. . 2 - s
OIIHIOBAHHS 331 —~ ,/, )
B33 P
BOBL -

Buxinmi gani

Puc. 2 — Ilpukirag mocTaHOBKY 3a/1adi OLIHIOBaHHS CIIPOMOXKHOCTEH APD

Ha mepiioMy piBHI OIIIHIOBaHHS KOKEH €KCIIEPT HAa MIJCTaBl 1HCIIEKTYBaHHS
MOTOYHOTO cTaHy AP® Ta 3 BUKOPUCTaHHSAM BUXiJTHUX JaHUX MIPUAMAE PilIEHHS 110
koxHOMy 3 KOBKC miomo «kinmbkicHOI oIiHKM. BuxigHi gaHi BH3HAYaIOTh
(meranizytoTh) CHpoMOXKHOCTI AP® TakTHKO-TEXHIYHMMHU XapaKTEPUCTUKAMH,
CTaHJIapTaMH, IHCTPYKIISIMH I10JI0 3aCTOCYBaHHS TOIIIO.

KinpkicHa omiHka Moxke hopMyBaTHCS Ha OCHOBI BepOaIbHO-YHUCIOBO IITKAIH.
Taka mkana nependayae abo OanbHI OLIHKH, MO 3a3BUYail OyIyrHOThCS B
nianazonax Bing 1 mo 5, Big 1 mo 10, Big 1 mo 100, abo Ha mpomixky [0,1], sk,
HaIpUKJIaa, MKana y3aranbHeHoi ¢yHKIii OaxaHocti E. Xappinrrona. Merton
XappiHIrTOHa, B OCHOBI SIKOTO JIGKUTH 1/ies IEPETBOPEHHS HATYPAIbHUX 3HAYCHb
0CcOOMCTHX BIATYKIB eKCIepTiB y 0e3po3MipHy mKamy OakaHocTi (mepesar), €
JOCTaTHBO MOLIUPEHUM B eKOHOMETPHUYHUX AOCHTIDKeHHAX. OQHaK OallbHI OLIHKK
€ 3araJIbHONPUIHATHMHU B €KCIEPTHUX METOJAaxX, IPU LBbOMY BiANOBIAHI IIKaJIX
MPOIMUCYIOTHCS B HOPMATHBHHX JIOKYMeHTax cdepu Oesmneku [2]. Bapiant 6anpHOT
IIKaJIH, IO TPOTIOHYETHCS, Ta, JUIS MIOPIBHSHHS, IKATM XappiHITOHA HABEJICHO B
tabn. 3. 3anponoHoBana 100-0abHa MIKana € 3arallbHOBXUBAHOIO JUJISI OIIHKU
SIKOCT1 TIEBHUX JOCATHEHb. BOHA € 3py4HOI0 ¥ IHTYITHMBHO 3PO3YMLJIOH IS
EKCIIEPTIB.
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Ta6mmist 3 — BapiadT nmIkaau KiTbKiICHIX XapaKTEPHUCTHK CIIPOMOXKHOCTEH

Bapiantu HaliMeHyBaHHS OIIHKH Banmsaa xana
(sIKicHI 3HaYEHHS JIIHTBICTUIHOI 3MiHHO1) mKaga E. Xappiarrona
Bianosinae HopMatuBy (TapHO, BiAMIHHO) 90-100 0,8-1
3HaYHO Kpalle cepeHbOTo PiBH (100pe) 60-89 0,63-0,8
Ha cepennbomy piBHi (3310BIJTEHO) 40-59 0,37-0,63
Tipme cepennporo piBHs (HE32I0BIIHHO) 20-39 0,2-0,37
He BinmoBigae HopMaTHBY (TTOTraHo) 0-19 0-0,2

Ha npyromy piBHI OWiHIOBaHHA TIPOBOAMTHCSA OIliHIOBAaHHS KOkHOTO bBKC
IUIIXOM PO3PaxyHKY CepeHbOro 3HaueHHs OanbHuX oniHok KOBKC, otpumanmnx

Ha MEepIIOMY PiBHi:
Ci
KI
2.9,

O-EKC — j=1 ’ 1
= @

e OiEKC — orinka i-ro BKC;
C. —kinekicts KOBKC i-ro BKC;

OJKi — ominka 3a j-M KOBKC i-ro BKC, oTprMaHa Ha mepiuiomMy piBHi OIliHFOBaHHSI.

Jnst momnepeaHboi opieHTanii y HaOMIKEHHI O paHmXHpYBaHHS albTEPHATUB
JOLTEHO 00paxyBaru i cepemHro oIiHKy 1o Bcix bKC, To6To

10

D0
0= 2
10 (2)

Ha TperboMy piBHI MPOBOJAUTHCS TMOPIBHSHHS OTPUMAHHMX OIIHOK MEPIIOTO
. C)Ki . . OEKC K
pieas O;" Tta cepennix npyroro pisHs O 3 HopMmaruBamMu Kpurtepiis

IHTErpoOBaHOI OLIHKK CIIPOMOKHOCTEH. Y TIOPIBHAHHI O€pyTh y4acTh 00HIBa TUITH
omiHok, ToMy Imo mnepenik KIO moOymoBaHWii TakuM YHHOM, IO BKIHOYAE
XapaKTEepUCTUKU SIK TEpIIoro, Tak 1 Jpyroro piBHiB. Jlias pelTHHTYBaHHS
MOPIBHSHHS MIOYMHAETHCS 3 HOPMATHBIB MEPIOi anbTepHATHBH ("TOTOBE 70 Aiif 3a
npu3HayeHHsM") i pOOUTHCS BHCHOBOK IOJIO BiAMOBIMHOCTI. Y pa3i BUSBICHHS
HEAOTPUMaHHS HOpMaTMBHUX BuUMor mnepexomsars 1o KIO 3a ngpyroro
aNbTEPHATUBOIO. SIKIIO Ha IBOMY KpOIli TaKOX € HEraTUBHI pe3yJbTaTH,
po3risiAaeThCs BUOIp TPETHOI AJIbTEPHATUBH.

B pesynbrati nopiBHAHb Ta 3 ypaxysaHHaMm O°FC excrnepr npuiiMae piieHHs
LIOA0 PEUTUHTY aNbTEPHATUB 1 BUHOCUTH HAa OOTOBOPEHHS BiAMOBIAHY MPOIO3HULIIIO
moao rotoBHOCTI AP®. Jlani BinOyBaeThes rpynoBuid BUOIp OfHiET 3 anbTepHATHB
3 MPOITO3UIi €KCIEPTIB 110,10 TOTOBHOCTI APD.

Heo0OximgHOo 3a3Ha4nTH, IO 1EH eTall, OB'sI3aHuid 3 TPETIM PiBHEM OI[iHIOBaHHS,
€ HallckagHimmuM. Pig y Tomy, mo 3Hauna yactuna KIO chopmynboBaHi y sikicHOMY
y3araJlbHCHOMY BHMIpPi, L0 MOTPeOy€e Y3ro/KEHOr0 3ICTABJICHHS EKCIEpTaMHu
MOTIEPEIHIX KIIBKICHHUX OLIIHOK 3 IMMU onucaMu. KpiM TOro, KoXXeH 3 eKCIepTiB 10
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TPETHOTO PIBHS OIIHIOBAHHS MOYKE MIIIATH 3 PI3HUMHE pe3yIbTaTaMH MEPITUX TBOX
eTamiB, 1, K HACHiJOK, MiJACYMKOBI MpOMO3MUILIii EKCHEepTIiB TaKoX OyIyTh
BipI3HATUCS. Buxonsun 3 1IbOr0, MOXHa 3pOOMTH BHCHOBOK MPO HAsSBHICTbH
MIPUHAWMHI ABOX CYTTEBHX MPOOJIEM, IO YCKIIATHIOIOTH PO3B’SI3aHHSI 3a/1a4i.

[Tepm 3a Bce, OYEBHIHO, IO SKi O MAXOMHW IO OIIHKHA CIPOMOXKHOCTEH He
BUKOPUCTOBYBAJIHCH, IS MIATPUMKHU MPUHHATTS PIillIEHb EKCIIEPTaMH Y CKJIQJHOMY
iH(hopMariitHOMy mpocTopi HEOOXiaHO 3abe3meduTH 30ip, MOJAHHS Ta aHAJI3 Ha
pPI3HHX DIBHSIX 3HAYHOI CYKYIHOCTI TeTEpOTeHHHX HaHWX. TakuM YHHOM, IS
3a0e3MeUeHHS SIKICHOTO OTIPAIIOBAHHS Ta IMiIBUILEHHS 00’ €EKTUBHOCTI (POpMyBaHHS
BEKTOpiB XapakTepucTuk npeametrHy obiacts ([1zO) HeoOXimHO mpeacTaBUTH Y
BUIJIAAI TeBHOI iHGopmamiHOi Momeni. Ilg Momens Mae HaHOUIBII TOYHO
BiJOOpakaTH CTPyKTypu3amito Ta netamizamito o0’ektiB [1nO mns wiTkoro
BU3HAYEHHSI MOKAa3HMKIB, XapaKTEPUCTHK, KPUTEPIiB Ta iHIIOI iHpopMaii, amxe Big
[FOTO B TEPIIY Yepry 3alieXKHUTh SAKICTh OTPUMAHOTO pimeHHs. [lorpimHocTi Ha
eTani CTPYKTypH3allii JaHuX 3a3BUYail IPU3BOIATH 10 YTBOPEHHS XHOHNX MOJIEIICH
MPUAHATTS PilICHHS, SIKi 3yMOBIIIOIOTH OTPUMaHHSI HEKOPEKTHUX Pe3yIbTaTiB.

OmauM 13 MeETOHiB, IO JMO3BOJISIE BUPINIYBAaTH 3a3HadyeHy mIpodieMy, €
oHTonoriuyHe mpenctasieHHs [[1O sk meranpHOTO Oommicy MpenMeTHOi 00iacTi 3a
JIOTIOMOTOI0 KOHIENTYaJbHOI CXEMH, L0 CKJIAaJAE€ThCs 3 i€papXidHOi CTPYKTypH
JaHUX Ta MICTUTH iH(GOPMALIIIO PO BIACTHUBOCTI, a TAKOX PO BiJIHOIIEHHS MiXK
moHATTIMA Ta 00’ektamu [10-12]. Came Qopmarmizamis TOJaHHA BiJTHOIIEHB
B OHTOJIOTi] pOOUTH MOXKIIMBHM iX BUKOPUCTaHHS JJIsl PO3B’SI3aHHS LIMPOKOTO
crnektpy 3anad. OHTONOTIUYHHUN MiAXiA T03BOJISIE IHTETPyBAaTH SKCIIEPTHI 3HAHHS Ha
OCHOBI 3araIbHOTO PO3YyMIHHS iHPOPMAIIITHUX CTPYKTYP, 3a0e31edye OaraTokpaTHe
3actocyBaHHs 3HaHb 3 [110, Hamae 3acobu mis aHamizy 3HaHb. [[py IbOMY BaXKIIHBO,
IO OHTOJIOTIS 3a0e3Neuye MATPUMKY NPUHHATTS pillleHb 338 PaXyYHOK MOXKIIMBOCTI
MPOTPAMHO-IHTEPIIPETOBAHOTO KOMIT' FOTEPHOTO TOJAaHHSI 3HAaHb PO KOHKPETHY
[InO i, sx HACIiOOK, 3aCTOCYBaHHS JII aHaNi3y BiIMOBIMHUX iH(pOpPMAIiHHUX
TEXHOJIOTi. ATpuOYTHUBHI omucH (BJIACTHBOCTi) KpUTEPIiB MOXKYTh OyTH
MpeJCTaBJICHUMH B OHTOJIOTIUHIN 0a3i JaHWX y BUIISAI QpeiMiB, y cIOTaxX SKUX
MICTSTBCS BIOIOBIAHI 4YwcIOBI 9W JmiHrBicTHuHi maHi [13]. Lli mami MaroTe
BUKOPHCTOBYBATHCh EKCIIEPTAMH B MPOLECI NPHUHATTS HHUMH pillleHb 00
OLIIHIOBAHHSI CIIPOMOKHOCTEH.

JIpyroto 3 BUIIE3raJaHuX IpoOIIeM € y3TrOoDKEHHS 1HANBI Ty aIbHO-KOJIEKTUBHOT
po6oTH B rpyIi ekcrepTiB. B mporeci po3riisiay MuTaHHS KOKeH eKCIepT HOBUHEH
MaTH MpaBo SIK HaJaBaTH BJIACHI MPOIO3UILT MO0 OIIHIOBAHHS XapaKTEPUCTHK
CIPOMOXHOCTEH, Tak i OpaTH y4yacTh B iTepallifHOMY TpoIeci OIliHIOBaHHS
MIPOTIO3HIIIH 1HITUX EKCIIEPTiB 3 METOI BUOOPY HAHOLIBII MPUHHATHOTO BapiaHTa.

Hait0inbm po3MoOBCIOKEHUM CIIOCOOOM TMPHUHATTS KOJIEKTUBHOTO PillIeHHS
B TAaKMX EKCHEPTHHUX TpyIax € rojocyBaHHs. Xoda B JiTepaTypi ommcaHo Oarato
JECATKIB TIPOLIEAYP TOJIOCYBaHHS, SIKi ICTOTHO BiJIpi3HSIOTHCS OJHA BiJ] OIHOL
(MeTon BiTHOCHOT OLTBIIOCTI, METOJI CXBAILHOT'O TOJIOCYBaHHs, MeTol1 bopaa, MeTon
Konmopce Ta iHIIi), Ha MPakTUI[I BUKOPUCTOBYIOTHCS JIMIIIE KUTbKA CTaHJIAPTHHX
npouenyp. IlpaBuibHuil BuOip mpouenypy TOJIOCYBaHHS CIPHSE 3HAXOKEHHIO
Y3TO/KEHOro pilleHHs . TUM He MEHII HEMOXKIUBO BHUIUIMTH B AEIKOMY CEHCI
Kpalily IpoIeaypy, 1110 Ma€ epeBard B MOPIBHIHHI 3 yCiMa IHIIIMMH ITPOLEAYPaMH,
a00 PO3ALIUTH BCl CUTYAIIil, 1110 BUHUKAIOTh, HA TUITOBI IPYIH 1 JJI KOXKHOI 3 HUX
BKa3aTu Kpaugy mnpouenypy. oOip npouenypu rojiocyBaHHs 3a3BU4ail OB’ I3aHUI
31 crenu(iKkoro MUTAHb, IO PO3TIISTAIOTHCS.
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3 ypaxyBaHHSIM IIbOTO Ta BHMOTH CIIPOIIEHHS MJIS EKCHEpTiB IpoIecy
OLIIHIOBaHHA JOUUIBHUM € BHOIp METOAY TOJIOCYBaHHS, 33 AKUM KOKHHUI eKCHepT
Ma€ MpaBO MiATPUMATH OJHY abo0 JEKiNbKa alnbTepHATUB Ta MOXKE 3a3HAYUTH
IPOTH SIKOI aTbTEpPHATHBHU BiH He 3amepedye. Lle m03Bosie nmpuiiMaT excriepram
pimeHHs, HaROIMKYi O KOHCEHCYCHOTO. SIKIO X 3a MM METOAOM OiNBII HiK
ollHA anbTepHaTHBa 3100yne MepeBary, MOKHa BHKOPHCTAaTH SIK JOJATKOBHH
TaKuil METOJ, 3a SKUM KOKHHH EKCIIePT Ma€ IPOroJIoCyBaTH TUIBKU 32 OJIHY
aJIbTepHATHUBY.

Otke, 3aralbHUI aNTOPUTM METOY MPOBEICHHS OL[IHIOBAHHS CIIPOMOXKHOCTEH
AP®, 110 MpONOHYEThCS, MOXKE OyTH MPECTaBICHUIN TakiuM YuHOM (puc. 3).

Jia TATPUMKH TEXHONOTii eKCHMEPTHOTO CYMPOBOAY IPOILECY OIIHIOBAHHS
CIPOMO>KHOCTEH SIK HAMIIPOCTILIMHA BapiaHT JOCTATHBO 3aCTOCYBAaHHS JOKaTbHUX
KOMIT FOTepHHX 3aco0iB, 30Kkpema eiekTtponHux Tabmuue (Excel, Calc), sxi
J03BOJISIFOTH AaBTOMATH3yBAaTH PO3PaxXyHKH Ta Bi3yalli3yBaTH Pe3yJbTaTH Y BUTIIIL
BIAMOBIMHUX TaONWIi Ta fgiarpaM. AJe OiIbIl JOUIIGHAM € CTBOPEHHS
KOMILIEKCHOTO KOMIT IOTEPHOTO 1HCTPYMEHTapilo, IO BiANOBiAATUME alTOPUTMY,
HaBeZeHOMY Ha puc. 3. Jlns 3a0e3nedeHHs pPEXUMY BiUIAIEHOTO JOCTYITY
IHCTpyMEHTapiii Mae CTBOPIOBATHUCH 3a BHUMOTamu BeO-TexHoJorid. I[luranHs
3aCcTOCYBaHHS iH(QOpPMALIHIX TEXHOJIOTiH B yNpaBiiHHI 00OPOHHUMHU pECypcaMu
3HAYHOI0 MIpOI0 OMpalbOBaHi, MIO O3BOJSIE CTBOPIOBATH BHUCOKOE(EKTHBHUIMA
IHCTpyMeHTapiil ynpaBiiHHs i B cdepi nuBimpHOTO 3axucty [14].

Be0O-iHCTpyMeHTapiii  eKCepTHOro  MeTOAy, IO MPOMOHYETHCS, Mae
MiATPUMYyBaTH (DYHKI[IOHAIBHICTh TOJOCYBaHHS Ta PO3PAXyHKOBHX MPOLECAYP 3
pPONBOBHM  MEXaHI3MOM JIOCTYIy eKCIlepTaM, KIiHIIEBHM KOpHCTyBadyaM Ta
MepCOHANTy, 110 3AIMCHIOE aaMiHICTPYBaHHS, 3 BIAMOBIAHMMU TOBHOBAKEHHSIMHU
IIOJI0 JOCTYITY IO OKPEMHUX PECypCiB Ta (QyHKIIIOHAILHOCTI.

Sk npuknan gopmarnizoBanuii onuc npouenyp «[loganHs nepBUHHOT TPONO3UTIIT
omiakm» Ta «[lpomec rojocyBaHHS» y BUIIAAI AiarpaM Oi3Hec-TIPOIECIB 3a
cTaHAapTH30BaHOIO HoTaniero BPMN 2.0 HaBeneno Ha puc. 4, 5.

Hiarpama mporecy ToJOCYBaHHS MpPOUTIOCTPOBaHA MPHKIAAOM Ui TPhOX
€KCIIEPTIiB YCIIIITHOTO TOJIOCYBaHHS (ABa MiATPUMAIM TPOMO3HINI, OJIH
YTPUMAaBCs) 1 HEYCHINTHOTO, TOOTO 3 BIAXWJIEHHSAM IPOIO3UIIil (OJMH MiATpUMAaB,
JIBa MPOTH). Y BUINAJKY HEYCIHIIIHOTO roJIOCYBAaHHS €KCIIEPTH ITOBUHHI 00TOBOPUTH
CUTYAIIiI0, TIOJIATH TTOBTOPHI MTPOTO3UIIii i 3HOB POT0JIOCYBATH.

Jus 30epekeHHS 1 BUKOpUCTaHHS BHUXITHUX IaHUX Mae OyTH CTBOpEHa
BimoBiHA 0a3a nmanux. Ilpm 1bOMy BEO-IHCTpYMEHTapiii Mae peani30ByBaTH
MPOLIEAYPY HAITOBHEHHs 0a3u HA OCHOBI OHTOJIOTIYHOI MOJIeli naHuX. [Iporenypu
OLIIHIOBaHHS MalOTh OyTH 33/JI0KyMEHTOBAaHHUMH 1 3aTBEP/DKEHI 3 BUKOPHCTAHHIM
CJIEKTPOHHOTO 1LU(poBOro mianucy. BojHoyac MaroTh 30UpaTHCs BiAMOBIAHI
CTaTHCTUYHI JIaHi 1 BioOpasKaTUCs Y BUIJISII TaOJIUIL TA Jiarpam.
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Puc. 3 — AnroputM npoBeCHHS OLIHIOBAHHS CIIPOMOXHOCTEH APD

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (39), 2021



..... [ 3anuc OLiHKM
. REXED | ekcnepra

Kputepin s |N¢0pM.8L\iﬂ :
npo OUiHKK . TibotERToY
iHWKUX

BHeceHHn eKcnepTom B wabnoH e OLLiHIOBAHHA
Be6-iHCTPYMEHTapilo NepBUHHOI eKcnepris; cTBOpeHo
npono3unuii OLiHKM 3 -
© iHpopmauiieto npo Hei 3 @
ypaxysBaHHAM Kputepito i 3
3anoBHEHHAM 060B'A3KOBUX
Karteropii

[lopaBaHHA NepBUHHOI
Npono3unLii OLiHKK 3
iHpopmaLuieto npo Hei B
npoueaypy OuUiHIOBaHHA
ABTOPU30BaHMIA
ekcnepr

| BA
Puc. 4 — ®opmanizoBanuii onuc npoueaypu «llogaHHs NepBUHHOT IPONO3UIIT OLIHKI»

MpIEAAY FCMIWHOMS FOAGCYBAMHA 304 30 o1 CNepTIn

B AP FOA0CYBAMHL £ KEOpYM -
Ty +10 = 3 1 BapIAHT 2 BAPIAHT
CaHAOMASHIT | +]1 ercneprie REREEREES Nigrpimnye + 10 Nigrpenayme 10
fpomi .10 L : CRHAfGHAEHIT | +1 NigTpitiyme PET
Qanaiemasnnn | +1 Camanouaern | +1
%} ABTOMATHYHKMA BROID =
ANLTEPHATHEH 3 HARBIiNLLWHM @
| unenom Banig
Tax Bubip npw
FonocyYEanHHA ronocyeamHi
Q,J Nk TEPHATHEHHX NDONOILA - NpOBEARHHA
YeniwHe
rONOCYBAHHA ¥
Nponoaia
BIARANEHS

MpurAag AEycniWHoOTo FeAo ARt 303 3-x e cnepmio

1 papiant 2 BapiaHT
MigTpiyes +10 Migrpamyes | + 10
CaMafioinesind | +1 MpoTi =14
MpaTi =10 MpaTi =14

Puc. 5 — ®opmasizoBanuii onuc npoueaypu «IIpoiec roJocyBaHH»
BucHoBku

Y mpoueci MOCTYHNOBOroO Mepexoxy OO0 METOOJOrii IUIaHyBaHHS Ha OCHOBI
CIIPOMOXKHOCTEH y cdepi HUBIIHHOTO 3aXWUCTy HEOOXiJHO HampaloBaTH Ta
BU3HAYUTH IIIXOAM IIOJI0 EKCIIEPTHOTO OLIIHIOBaHHS CHpoMoykHocTel cui 113 Ha
OCHOBI paIliOHAFHOTO TUIAHYBaHHSA, (POPMYBAHHS Ta yTPUMAaHHS BiJMOBITHUX
OpraHi3amifHO-ITATHUX CTPYKTYP, OCHAIICHHS TEXHIYHUMH 3ac00aMHu.

Po3po0iieHi 3 ypaxyBaHHAX TaKUX BHMOT METOJU OIIHIOBAHHS CIIPOMOKHOCTEH
CIPUSATHMYTh OUTBII PO30IpJAMBOMY MIAXOAY J0 TIOKa3HWKIB Ta KPHUTEPIiB
OIIIHIOBaHHs crnpoMokHOcTerd L3, mochmipkeHHIO BIACTHBOCTEH 1 BHMOT [0
CIIPOMOXKHOCTEH, iX cucremaruzamii 3a (yHKIIOHAJHHUM MPU3HAYCHHIM Ta
HayKOBOMY OOIDYHTYBaHHIO OCHOBHHX 0a30BMX KOMIIOHEHTIB 1 ()yHKI[IOHAIBHUX
Ipyn cupoMokHOCTel y cdepi LI3.

B nmanomy pnocmipkeHHI 3 ypaxyBaHHSAM crHeuugikd mpeaMeTHoi 00acTi
PO3MIISIHYTO METOJ MiATPUMKH EKCIEPTHHUX PIillleHb, IO TOEIHYE 3aCTOCYBaHHS
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OHTOJIOTIH, TOJOCYBaHHS EKCIIEPTIB Ta BIANOBIIHHX pPO3PaXyYHKOBHUX IPOIEIYP.
MeTtoa TpOUTIOCTPOBaHO HA TPHUKIAIl OLIHIOBAHHS CIIPOMOKHOCTEH aBapiliHO-
pATyBaIbHUX (OpMyBaHb. 3ampoNOHOBAHO CTBOPEHHS BIANOBIAHOTO BEO-
IHCTpyMeHTapiro, Mo Mae 3a0e3nedyBaTH MIATPUMKY TEXHOJIOTIi €KCIEPTHOTO
CYTIPOBOJY MPOIIECY OIIHIOBAHHS CIIPOMOYKHOCTEH B PEKHUMI BiIATIEHOTO JOCTYITY.
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METHODOLOGY OF INTEGRATED LAND AND WATER
RESOURCES MANAGEMENT

Abstract. The problem of creating a methodology for integrated management of land
and water resources as one of the important components of the methodology of
sustainable development is considered. The existing methodological approaches to
integrated land and water resources management are analyzed and their main
shortcomings are revealed. The methodology of integrated land and water resources
management is based on contour-reclamation and functional-cost management
principles. Analogs of the first, contour-ameliorative, principle are chosen the basic
provisions of contour-ameliorative agriculture and the basin principle of water
resources management. This principle consists of the contour principle, according
to which integrated land management is carried out in the contours of certain land
plots, and water resources — in the contours of river basins or sub-basins, and
reclamation principle, according to which integrated management is carried out by
developing and implementing measures to improve social, environmental and
economic indicators of land and water use, using the term "reclamation” in a
broader sense (Latin melioratio — improvement). The functional-cost principle is
chosen as the main principle of the methodology of integrated resource
management. The foundations of scientific and methodological tools of integrated
management of land and water resources in the form of algorithms of local, zonal
and regional integrated management of land and water resources are laid. The
obtained research results are recommended for research institutions, design and
environmental organizations, as well as specialists who deal with the problem of
identifying and implementing strategic priorities for sustainable development of
land and water resources.

Key words: design and management decisions; functional effect; income; averted
losses; profitability; management algorithms
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! InctutyT iHHOBawilHOT OcBiTH KMIBCHKOrO HALiOHAJLHOTO YHIBEPCUTETY OyAiBHULTBA
i apxitexktypu, M. Kuis, Ykpaina
2 TuctuTyT BoaHMX NpobieM i Memiopauii HAAH Vkpainu, m. Kuis, Ykpaina

METOAOJIOI'TA IHTET'POBAHOI'O YIIPABJIIHHSA
3EMEJIbHUMHU I BOOAHUMU PECYPCAMU

Anomauia. Posensinymo npobnemy cmeopeHHs Memoooao2ii iHmezposanoeo
VIPABNIHHA 3eMEeNbHUMU | BOOHUMU Pecypcamu K OOHY 3 GAMCIUBUX CKAAOOBUX
Memooonoeii cmanozo pozeumky. IIpoananizoearo icHyloui mMemooono2iuni nioxoou
00 IHMe2PO6AaH020 YNPAGNiHHA 3eMEeNbHUMU | 60OHUMU PECYPCamu ma SUAEIEeHO ix
OCHOBHI HedoliKu. B ocnogy memooonozii inmeeposanoeo ynpasiinHs 3eMeibHUMU
i 80OHUMU pecypcamu NOKNAOEHO KOHMYPHO-MeNiopamusHull i yHKYioHanbHO-
6apMICHUTl  NPUHYUNU  YNPAGLIHHA. AHanozamu  KOHMYPHO-MENiopamueHo20
npunyuny — o0pamo  NPUHYUNOBI  NOJONCEHHA  KOHMYPHO-MENiopamusHo20
3emnepobcmea ma OacelHosull NPUHYUN YNPABNIHHA BOOHUMU PECYpCamu.
Konmypno-meniopamusnuii npunyun ckiaoacmscs 3 KOHMYPHO20 NPUHYUNY, 34
AKUM THME2POBaHe YNPAGIIHHA 3eMENbHUMU Pecypcamu 30iliCHIOIOMb 8 KOHMYpPAx
NeBHUX 3eMeNbHUX OLTAHOK, a BOOHUMU PECYPCamu — 8 KOHMYPAX PIiuKo8ux baceinis,
a makodc MenopamueHo20 NPUHYUnY, 3d AKUM iHmezposamne YNpaeuiHHA

3eMeNbHUMU | BOOHUMU  pecypcamu  30MUCHIOIOMb  WLIAXOM — pO3POOKU i
BNPOBAOIICEHHS 3aX00i68 NONINWIEHHA SUKOPUCMAHHA Pecypcis, 3acmocosyiodu
mepmin  «meniopayisy Y wupokomy cenci (nam. melioratio — noninwenns).

DYHKYIOHANLHO-8APMICHULL NPUHYUN OOPAHO 3A OCHOBHULL NPUHYUN MEMOO0N02i]
iHmMe2po6ano2o ynpaesiinusa pecypcamu. 3a QyHKYiOHATbHO-8APMICHUM NPUHYUNOM
06pano Yinbosuil NOKAZHUK THMEZPOBAHO20 YRPAGIIHHI — MAKCUMATbHE 3HAYEHHS.
iHOeKkcy peHmabenbHoCmi iHGeCmMuyiil y 3axo0u NONNUIEHHS. GUKOPUCTIAHHS
DPecypcis, ke 3Hax00amy 3 Yinboeoi PyHKYii, npedcmasneHoi y 6uenaoi BiIOHOUIeHHS
OYIHEHUX Y 2POULOBUX OOUHUYAX NOZUMUBHUX (PYHKYIOHATbHUX edheKmig 3aX00i6 00
sumpam Ha iX 30ilicHeHHA. 3aKIA0eHO OCHOBU  HAYKOBO-MEemOOUYHO20
IHCMpyMeHmapio iHmezpo8anH020 YNPAGIIHHS 3eMeNbHUMU | BOOHUMU PeCypCamiL y
8uUcnA0l  ANCOPUMMIB JIOKATbHO20, 30HANbHO20 I DeCiOHANbHO2O IHMeZPo8aAH020
Ynpaeninua  3emenbHumMu i 600HUMU pecypcamu. Ompumani pe3yibmamu
00CNi0JCEHb PEKOMEHO0BAHO Ol HAYKOBO-OOCHIOHUX YCMAHO8, NPOEKMHUX mda
npUPOO0OXOPOHHUX OP2AHIZAYIL, A MAKONC PaXisyis, SKi 3aUMAOMbCsi RPOOILEMOIO
BU3HAYEHHA ma peanizayii cmpamezivHux nNpiopumemie Ccmanio20 po36UMKY
3eMeNbHUX § BOOHUX PecypCis.
Knrwouosi cnoea: npoexmui i ynpaeniHcoki pilleHHst, QYHKYIOHANbHUL epexm;
00x10; 8I08epHeHT 30UmMKU;, peHMabeIbHICMb;, AI0PUMMU YAPAGLIHHSL

DOI: https://doi.org/10.32347/2411-4049.2021.3.102-120

Beryn

BararctBo Oynp-sixkoi Kpainm Ta n00poOyT i1 JKMTENIB BH3HAYAETHCA ABOMA
TOJIOBHUMHU TOKa3HHUKAMH — TPHUPOJHUMH peCypcaMy Ta BMIiHHSM €(QEeKTHBHO
BUKOPUCTOBYBAaTH pecypcH. SIKIIO KO)KHA KpaiHa Mae MeBHi MPUPOAHI pecypcH
4yepe3 CBO€ iCTOPUYHE MHHYJE, TO BiJ BMIHHS BHKOPHUCTOBYBATH LI PeECypCcH
3aJICKUTh SK CHOTOJICHHS, TaKk 1 MaiOyTHEe KpaiHu. Jl0 OCHOBHUX TPHPOJTHHX
PECYPCIB CLIIBCHKOTOCIIOAAPCHKOr0 BUPOOHUIITBA HAJIEKATh 3eMJIS 1 BoJa. 3eMJIs €
TOJIOBHUM 3aC000M CiJIbCHKOTOCTIOIapPCHKOT0 BUPOOHUITBA, @ BOJA — HAHOIIBIIUM
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CTPYKTYPHUM KOMIIOHCHTOM Ta BAKJIIMBHM €JIEMEHTOM 0aratboxX (Di3i0JIOTi9HHX
Mpo1ieciB )XUBUX opraHizMiB. Boga cranoButs 75-90% macu pocnun. Kpim Toro,
pOCIMHU 7151 YTBOpPEHHS 1 T CBO€T CyX0i Macu MpOTArOM BEreTaliiiHOTO mepiomy
ButpadaroTs 400—800 T BoIM Ha TpaHCITipaIlito.

[Ipobnemi migBHUIeHHS €()EKTHBHOCTI BHKOPHUCTAHHS 3E€MEIBHUX 1 BOJHHX
pecypciB  MpHCBSAYEHO 0OaraTo HAyKOBHX IIpallb, BUKOHAHUX 3a PI3HUMH
HaNpsIMKaMH, 3 SKUX IONUIBHO PO3IJISSHYTH [Ba. 3a MEpIIUM HAIPSIMKOM
PO3pOOITIOBANICh IHTETPOBaHI MIIXOAN A0 YIPABIiHHSI 3eMEIbHUMH 1 BOTHUMH
pecypcamu [1-3], a 3a ApyruM — BUKOHYBAJIUCh JOCII/PKCHHS LIO/I0 CTBOPSHHS Y
CLIBCBKOTOCNOAAPCHKOMY BUPOOHHUITBI PUHKY iHHOBAaliil Ta HAayKOBO-TEXHIYHUX
mapkiB [4—6]. [IpoTe KpUTHIHMI aHAITI3 paHiIlIe MPOBEICHUX JOCTIIKEHD CBITUNTH
OpO CKIAAHICTh NPAaKTUYHOTO BHUKOPHCTaHHSA KIHIECBHX pE3yJbTATiB IHX
JOCHIPKEHb, OCKUIBKM BOHH MICTATh CYKYNHICTh TOCHJIaHb, 3arajibHUX
pEKOMEHIAITIN, TTOPaJT Ta MPOTIO3HIIiH O3 BUKJIaICHHS MPUAATHUX IS TPAKTHIHOTO
3aCTOCYBaHHS aJITOPUTMIB YIIPaBIIiHHS 3eMEebHUMH 1 BOJHIUMH pecypcamu. Uepes
BIJICYTHICTh HAJICKHOI METOJIOJIOTIYHOT 0a3d Ta METOIUYHOIO 3a0e3INeUeHHs
MPOEKTHI 1 YIPaBIiHCHKI PIMICHHS BUKOPHCTAaHHS 3€MEIhHUX 1 BOAHHX PECYpPCiB
HEJ0CTaTHBO e(DEeKTHBHI, OCKIJIBKH 3aJIeXKAaTh Bijl Cy0'€KTUBHOI'O YNHHUKA — TOCBiTY
Ta 1HTYiNii TPOEKTyBaJbHUKIB 1 MeHemkepiB. s pillleHHS NPOJOBOIBYOT
nporpamMd YKpaiHH, €KOJOTIYHOTO O3JO0POBJICHHS MOBKULIS Ta 3a0e3medeHHs
CTAJIOTO PO3BUTKY arpapHOro BHPOOHMITBA i BOJHOTO TOCIIONApCTBA BHHHUKAE
aKTyanbHa NoTpeda YAOCKOHAICHHS ICHYFOUMX METOAOJIOTIYHUX OCHOB Ta PO3pPOOKH
HAYKOBO-METOJWYHOTO IHCTPYMEHTAPII0 iIHTErpOBaHOIO YIPaBIiHHS 3eMEJIbHUMH 1
BOJHHMH PECYPCaMH.

MeTta pocaiTKeHHsI — CTBOPEHHS HOBOI METOIOJIOTI] Ta OCHOBHHX aJITOPUTMIB
IHTETPOBAHOTO YNPABIIHHS 3eMEJILHIMH 1 BOTHUMH PECYPCaMH.

Metoau pocjaimKenb. B 10CTipKeHHAX BUKOPUCTAHO METO]] aHAJTI3Y 1 CUHTE3y
CKIQJHUX CHUCTeM, MeToJ (YHKIIOHAIFHO-BAPTICHOTO aHami3y, a TaKoX
3arajibHOHAYKOBHIA METO]] aHAJIOT1i, 3a SKiM OyJ10 0OpaHo JBa aHAIOTH YIIPABIiHHS
3eMeJIbHUMH 1 BOJHUMHU pecypcaMu — HayKOBi 3aCa/id KOHTYPHO-METi0paTHBHOTO
3emIiepoOcTBa i 6acefHOBHI MIPUHITUT YIIPABIIiHHS BOJHUMHE PECYPCAMH.

PesyabTaTtH nociimkenHsa. HoBa merononoris ympaBiiHHS 3€MENBHUMH 1
BOJIHUMH pECypcaMu CTBOpEHa 3a pe3yJbTaTaMH HAayKOBHX JOCHI/KEHb,
MPOBEICHUX 332 HACTYITHUMH €TallaMH.

1. Ob6rpynmyeannsn akmyanvhocmi 6nposacdiceHHs ¢ YKpaini inmezpoeanozo
YRPAGIIiHHA 3eMeIbHUMU PecypCcamu.

3a ganumu JleprkaBHOI ciyxOu craTHcTUKH YKpainu 3a 2018 pik B Ykpaini
IJIOIIA CITbCHKOTOCIIONAPChKUX yTiah nopiBHioBasa 41 489,3 Tuc. ra i craHoBHIIA
68,7%  3arampHOi  Twiomii  Tepuropii  AepxkaBu  [7].  3a  oOcsrom
CLTBCHKOTOCITOJIAPCHKUX YTi/Ib Y PO3pPaxyHKY Ha 1 xkutens YKpaiHa Mae MOKa3HHUK
0,93 ra i cepen iHIUX KpaiH cBiTY nocigae yerBepTe Micue micist Kanamm (1,73 ra),
Pocii (1,51 ra), CIIIA (1,26 ra). 3a obcsrom pimni Ha 1 >xutens Ykpaina 3
nokazHukoM 0,74 ra mocimae apyre wmicne micis Kawmamm (1,25 ra) [7, 8].
BpaxoByroun Takox Te, mo B YKpaiHi CKOHIEHTpoBaHa 3Ha4yHa yactuHa (3%)
CBITOBHX 3aI1aciB YOPHO3EMIB Ta IHIIIMX HAHPOAIOUIIINX PiI3HOBHUIIB IPYHTIB, MOYKHA
CTBEp/KYBaTH, 10 YKpaiHa 3a KUIBKICTIO 1 SIKICTIO 3€MENbHHX PecypciB 3aiimae
OJHY 3 JIOUPYIOUUX MO3ULIK y cBiTi. OnHaK, HE3Ba)KAIOUN HA BUCOKHI 3eMEJIbHO-
peCypCHM TMOTEHIia, Biggaya 1 ra CiIbChbKOrOCIOAAPCHKUX YIiib B YKpaiHi

ISSN: 2411-4049. Exomoriuna Ge3reka Ta mpupogokopuctyBants, Ne 3 (39), 2021



~ 105 ~

cranoBuTh 270-320 eBpo, a B kpainax €C nei mokazauk nepepuirye 2000 eBpo [9].
OTxe, akTyaJlpHOIO MpOOJIEMOI0 B YKpaiHi € MigBUILEHHS PEHTa0eIbHOCTI
CLIBCBKOTOCMOAAPCHKOT0 BUKOPUCTAHHS 3eMENbHUX pecypciB. s BupieHHS 1iei
po0JIeMH, a TaKOXK MPOOJIEMH €KOJIOTIYHOTO O3[JOPOBIEHHS 3eMENb B arpapHOMY
BHPOOHHIITBI BUHUKAE MOTpeOda pO3pOOKH Ta BIPOBAHKEHHS IMPHUHIIMIIOBO HOBOI
METOAONOrii Ta  HAYKOBO-METOIMYHOTO  IHCTPYMEHTapil0  iHTErpOBaHOTO
VIPaBITiHHS 36MEJIbHUMU PECYPCaMH.

2. O6rpynmyeanns akmyaipbHOCHi 6nPO6AdIcenns 8 YKpaini inmezpoeanozo
YHPAGNIHHA 600HUMU PeCyPCaMU.

3ase)XHO Bi PIYHUX CYM OMAJiB PIYKOBHMA CTIK YKpaiHU KONHUBa€eThCS Bil 48,8
10 83,5 mipa m® [10]. 3a MixkHApOAHMMHU HOpMaMK 3a06€3MeYeHICTh KpaiH BOAHUMH
pecypcamMu OL[iHIOETHCS TTOKA3HUKOM W MiCLIEBOT'O PIYKOBOTO CTOKY, IO MPHIIAIAE
Ha 1 xwuTens. 3rigHo 31 cTaHmapTaMu €Bponerchkoi ekoHoMiuHOi kKomicii OOH,
JEpKaBM, y SKMX MNOKasHMK W < 1,7 Tuc. M® Ha 1 »KuTens, BBaKarOThCS
He3a0e3MeYeHUMH BIaCHUMHU BOJHHMH pecypcaMu. Y CEepeHbOMY IO TepUTOpii
Vkpainu nokasHuk W cTaHoBHTE 1,1 Tuc. M3 Ha 1 sxuTens, a y 38’ 13Ky 3 TII00ATEHAM
MOTEIUTIHHSM BiH Ma€ TEHICHIIO 10 3HIKeHH [11]. YV ManoBoaHi pokH MOKa3HUK
w cranoButh 0,52 Thc. M® Ha 1 sxwurens. Omxke, 1us 3abe3nedeHHs NOTPed
HACEJICHHs, CUILCHKOrO TOCIONApCTBA Ta TMPOMHUCIOBOCTI YKpaiHa He Mae
JOCTaTHBOI KUTHKOCTI BIIACHHUX BOJHUX PECYPCIB.

[Ipote, skmo npoaHamizyBaTH 3a0E3MEUYCHICTh OKPEMHUX PETIOHIB YKpaiHH
BJIACHUMH BOJHHMH pPECypcaMH MICIIEBOTO PIYKOBOTO CTOKY (Tabin. 1), MoxkHa
BCTAaHOBUTH, IO IMOKAa3HUK W [0 perioHax YKpaiHH pO3NOAUICHUN Iyxe
HepiBHOMipHO — Bix 0,3 Tc. M° Ha 1 kuTens B MiBAEHHO-CXiIHHMX OONACTAX O
7 tuc. M® Ha 1 xwurens y 3axignux odnactax [12].

Tabmums 1 — 3abe3nedenicTs perioHiB YKpaiHu BIaCHAMH BOJHAMH pecypcaMu
MiCLIEBOTO PiYKOBOTO CTOKY (W, THC. M3/piKk Ha 1 xuTes)

Ob6nacri (perionu) Ykpaiau
. . CxinHi Ta ITiBHIYHO-CXiHi, IiBHiuni T2
ITiBaenni w . w .. T w .. w
LIEHTpaJIbHI MiBHIYHO-3aX1/Hi 3aximHi
Jlyrancbka [TonraBcrka YepHiriBchka
ABTOHOMHA2 o
peciry6imika Kpum XapkiBcbka — Binanmpka JKuromupceka | <
= 2 o
B . . N
XepcoHChKa KipoBorpancbka g TepHominbchKa — BosmHCHKA
w < A
Jlonenpka . UYepkacpka = XMenpbHUIIbKA o I
5 BaHO- =
MukonaiBcbka = Kuiscpka UYepHiBenpKka ®paHkiBebka | "
s S
3armopizpka CyMmcbka 3akapnarceka | ©
<
JHinponeTpoBchka JIbBiBCBKA b!
: ~
Opnecbka PiBHeHCBKA <
w<11 w>11

HepiBHOMIpHICTh pO3HOALTY 3a0€3MEUYEHOCTI PErioHiB YKpaiHu BJIACHUMH
BOJIHUMH peCcypcaMy TOSICHIOEThCSI TUM, 10 Onmmu3bko 70% piuKOBOIO CTOKY
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MpHUIaga€ Ha MIiBHIYHAN 3axin, ae mpoxkuBae Omu3bko 40% HaceneHHsS, a Ha
MiBICHHO-CX1HI TEPUTOPIi, A€ MpOKKUBae Maibke 60% HacelneHHs KpaiHu, MPUTIaae
30% piukoBoro crtoky. Taka cuTyalisi TOSCHIOE iCHYBaHHA B YKpaiHi ABOX
NPOTHIISKHHUX 32 XapaKTepOM BIUIMBY Ha JKUTTENISUIBHICTD JIIOAWHHU Ta JOBKLIIA
npobnem Boau [13]. Tlepma npobnema — 1ie mpobiieMa TocTporo AeiluTy BOIU y
MIBIIEHHO-CXiTHUX perioHax Ykpainu. Jlpyra mpoGimema — 1e mnpoOieMa
TAMYacOBOTO HAJIMIIKY BOJIW Y BUTJISL IIK{TTMBUX MIPOSIBIB SIK TOBEPXHEBOI, TaK 1
IPYHTOBOI BOJU.

IkignuBa nisi MOBEpXHEBOI BOAM BiAOyBaeThca mepeBakHO B Kapmartchkomy
PETioHi y BUTIISAI 3aTOTUICHHS ABOIKAMH 1 TOBEHSIMU arpoiaH adTiB 1 CiTbCHKHX
HACEeJICHUX ITyHKTIB, IO TPHU3BOIUTH IO BTPATH BPOXKAiB, MOIIKO/KCHHS XKHUTIIA,
imKeHepHOi  1H(pacTpyKTypH, 00’€KTiB TOCIONAPCHKOrO0 1 peKpeamiiHoro
MpU3HAYEHHS TOIIO.

LIxiamuBa nist TpyHTOBOI BOAM BiIOYBAETHCS Y BUTIISIL MIATOTUICHHS HACEICHUX
MTyHKTIB, CUTBTOCIIYTi/lb, MMPOMHUCIOBUX MAaiIaHYMKIB, 3arJINOJIEHUX 1HKEHEPHHUX
CHOPY/, 110 HETaTUBHO BILTMBAE HA YMOBH MPOXXHBAHHS HACEJIICHHSI TA PU3BOIUTH
JI0 TIONIKO/KEHHS Ta pyHHYyBaHHS MiATOIIIEHUX 00’ eKkTiB. Hait0inpir Hebe3neuHum
MIPOSIBOM IIKIJJTHBOI A1l TPYHTOBOI BOJIU € 3CYBHU Ta CEIi.

VY 3B’43Ky 3 IIMM IiHTErpOBaHE YNPAaBIiHHS BOAHMMH pecypcamu B YKpaiHi
MOBUHHO OYyTH OpI€HTOBaHE Ha PillIEHHS €KOHOMIYHO JOIIIBHAMHU Ta €KOJIOTIYHO
0e3neYHNMU UISIXaMH IBOX OCHOBHUX, TIOB’SI3aHUX 3 BOZOIO MTPOOIIEM — MPOoOIIeMu
3a0e3MeUCHHs] HACEJICHHSI, arpapHOro BUPOOHUIITBA Ta MPOMHUCIOBOCTI JEHICBOO
TOBapHOIO BOIOIO, & TAKOXK MPOOIJIEMH 3aXUCTY AOBKIJIIS, CLTBIOCITYTi b, HACEIICHUX
ITyHKTIB, MTPOMHUCIIOBUX 00’ €KTiB Ta 00’€KTiB iHOPACTPYKTYpH Bi MIKiAIHABOI il
MTOBEPXHEBOI 1 IPYHTOBOT BOIH.

3. OorpynmyeanHsa yiib06020 HOKA3HUKA, OCHOGHUX NPUHUUNIE, 00 €KmMa ma
npeomema inmezpoeano2o ynpaeiiHHa 3eMeTbHUMU i 6OOHUMU DECYPCAMU.

HinsoBuM moka3HuMKoM (I[ITLOBUM 1HIUKATOPOM) IHTETPOBAHOTO YIIPABIIiHHS
3eMeNbHUMH 1 BOJHHMH pecypcaMu OOpaHO MaKCHMalbHE 3HAUCHHS 1HJEKCY
peHTa0eNbHOCTI 1IHBECTHIIIH, 110 BKIAAAOTh B 3aXO/U TOJIMNIIEHHS BUKOPUCTAHHS
pecypciB. LlinboBuil MOKa3HUK 1HTETPOBAHOTO YHPABIIHHS JOCATA€THCS LUISIXOM
CYMICHOTO 3aCTOCYBaHHS MPUHIIMITY KOMIUIEKCHOCTI, MPUHIMITY 1HTEIPOBAaHOCTI,
a TaKOX KOHTYPHO-METiOPaTUBHOTO Ta ()yHKIIOHATHHO-BAPTICHOTO MPHUHIIUIIIB.

IIpyHIMI KOMIIEKCHOCTI — 116 IPUHIIMIT BpaXyBaHHS IOBHOT'O, HEOOXiAHOTO
JUISL JTOCSTHEHHSI IIJIbOBOI'O TOKa3HMKA 1HTEIPOBAHOIO YIPABJIIHHS, KOMILIEKCY
MPUPOAHO-KIIMATUYHUX T €KOJIOTTYHMX MTOKa3HUKIB 3eMEJIbHUX 1 BOJIHUX PECYPCIB,
a TAKOXX TEXHIKO-€KOHOMIYHUX MapaMeTPiB CUCTEM BUKOPHCTaHHS LIUX PECYPCIB.

[puHoun inTerpoBaHocTi — 1€ TPUHIMII BUSBJICHHS, JeTepMiHamii Ta
ITOpUTMI3alii CTPYKTYpHUX 1 (YHKIIOHATBHUX B3a€MO3B’S3KIB KOMIUIEKCY
MOKAa3HMKIB Ta MapaMeTpiB 3eMEIbHUX 1 BOIHHX PECYpCiB, a TaKOX CHCTEM IX
BUKOPHUCTaHHSL.

KontypHo-meniopaTuBHuiiT TNpUHOMN — 1€ TPUHIWI IHTETPOBAHOTO
yIpaBIiHHS, 10 MICTUTH JBi B3a€MOIIOB’sI3aHi CKJIaJOBI — KOHTYPHHUH NPUHLIMUI i
MeNTiOpaTUBHUI NpPUHOMIL. 3a KOHTYPHHM INPHHLUIIOM iHTETPOBAaHE YNpPaBIiHHS
3eMENbHUMH pecypcaMu 3JIHCHIOIOTh B KOHTYpax IMEBHUX 3€MENbHUX JISHOK,
a BOJHMMH pecypcaMy — B KOHTypax piuKoBUX OaceifHiB abo cyOOaceiiHiB. 3a
MEJIiOpaTUBHUM TNPHUHLMUIIOM iHTETPOBAaHE YHPABIiHHSA 3€MEIBHUMH 1 BOJHUMH
pecypcaMu 3IHCHIOIOTH HIIAXOM PO3POOKH 1 BIIPOBAHKEHHS 3aXO0/IiB MOJIIIIICHHS
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CTaHy PECYPCIB Ta CHCTEM iX BUKOpUCTaHHS. [Ipy IboMy, TEpMiH «MEeTioparisy CJIiT
3aCTOCOBYBAaTH y IIMPOKOMY CEHCi, a came, sk «momimmenHs» (yat. melioratio —
MOJIMNIIEeHHs). AHAJOraMi KOHTYPHO-MENOPaTUBHOTO MPHUHIUITY € MPUHIMIIOBI
TIOJIOKEHHSI KOHTYpPHO-METIOPaTUBHOTO 3eMiiepoOcTBa Ta OAceHHOBHH TPHUHITUI
YIIpaBIiHHS BOJAHUMU pecypcaMu. BripoBamkenHsa B YKpaiHi y ApyTii monoBuHI XX
CTOJNITTS] KOHTYPHO-MEJiOPaTUBHOIO 3eMJIEPOOCTBA BBAKAETHCS OHUM 3 HAHO1IbII
BaroMHX JIOCSITHEHb BITUM3HSHOIT arpapHoi Hayku [14—16], a GaceliHOBUII MpHHITUIT
VOpaBIiHHA  BOJHHUMM  pecypcaMH  TOKIaJeHO B  OCHOBY  Cy4YacHOI
Bozorocmofapcekoi momituku [17]. IIpoTe, MeToaudHi OCHOBH KOHTYpHO-
MENIiOpaTHBHOTO 3eMJIEPOOCTBA HE MICTATH YHIBEPCATHHOTO aITOPUTMY BUKOHAHHS
YIPaBIiHCHKUX [ifi, BOHM OOMEXeHi 3MiMCHEHHSIM IEPEBAXKHO TPYHTO3aXUCHHX
3ax07iB, a 0aceiHOBUH MPUHLUI yIPaBIIiHHI BOIHUMH PECypcaMy MO>KHA BH3HATH
TUIBKU SIK TIPUHIMI 00paHHs 00’ €KTa ynpaBiiHHs (piuKoBuUil OaceliH, cybbaceiin),
110 Ma€ TIEBHUH KOHTYP, aJie [1e He IPUHITUTL, SIKUI MOKe OYTH OKJIaAeHUH B OCHOBY
ANTOPUTMY BUKOHAHHSA YNPABIHCHKUX MiH. TakuMm dnHOM, B 000X aHamorax
MPUCYTHIM KOHTYPHHUI IPUHIIMIT yTIPaBIiHHs pecypcamu. MenliopaTUBHUIN IPUHLIUT
MPUCYTHI  TIMBKM B METOJWYHHX OCHOBaX KOHTYPHO-MEJIOPaTHBHOTO
3emIiepoOCTBa, ane B 0OMEKEHOMY MOTO BUKOPHCTaHHI. baceiiHOBUI MpUHIMT He
MICTUTh OyJIb-SKMX PEKOMCHJIAIlIH 11010 BUKOHAHHS YIPABJIIHCHKHUX JiN B Till YU
IHIINM cuTyarlii, BiH METOJAWYHO HE TOB’SA3aHUN 3 MENTIOPATUBHUM MPUHIIMIIOM —
MIPUHIIAIIOM TIONIMIIEHHS E€KOJIOTIYHOTO CTaHy BOJHHUX PECypCiB Ta CHCTEM iX
rOCHOAaPCHKOT0 BUKOPHUCTAHHSI.

dynkuioHaabHo-BapTicHnii npuHoun. Lleil npuHIMN BiZOMUIA SIK TPUHIMIL
(hyHKIIIOHATTHHO-BAPTICHOTO aHANI3y TPOEKTIB 3IICHEHHS TEBHUX 3aXOJiB.
QOyHKIIOHAIBHO-BAPTICHUHA TMPUHIWIT TPUHAMAETECA 32 OCHOBHUM TIPHUHITUT
IHTETPOBAHOTO YMpPAaBIiHHA. 3a MM NPUHIMIOM OOpaHO MHiTbOBUIA MOKAa3HUK
IHTETPOBAHOTO YIPABIiHHS, SKHA BIAMOBiNAE MaKCHUMATbHOMY 3HAYCHHIO
BIJHOIICHHS OLIHEHUX Yy TPOLIOBUX OIMHMLSAX [O3UTUBHUX COLIaJBHOIO,
€KOJIOTTYHOT'O 1 E€KOHOMIYHOrO €(EeKTIB BiJ 3AIHCHEHHS 3aXOJiB IOJIMIICHHS
BUKOPHUCTAHHS PECYPCIB JI0 BUTPAT Ha 3A1MCHEHHS IMX 3aXO/IiB.

O0’ekTOM iHTErpOBaHOr0 YNPAaBJiHHS 3eMeJIbHUMHM pecypcaMH € pi3Hi 3a
MacmTaboM Ta NPU3HAYCHHAM JUSIHKH 3€Mellb  CUIbCHKOTOCIIOAAPCHKOro
MPU3HAYEHHS 3 PO3TAllOBaHUMH B MeEXax (KOHTYypax) IHX JAISTHOK OCHOBHUMH
3acobamu arpapHoro BHpPOOHUITBA (OyHmiBNli, MAIIWHHO-TPAKTOPHI TapKH,
TBapUHHHUIIEKI epMu, pododa Ta MPOAYKTUBHA XyA00a, BHYTPIITHEOTOCIIONAPCHKI
MENiOpaTHBHI CHUCTEMH TOINO), a TaKoX JUISHKA 3eMellb peKpeariitHoro
MPU3HAYEHHS 3 PO3TAIIOBAHMMHM B MEXaX IUX JUITHOK 00 €KTaMu peKpearrii.

O0’exkTOM iHTErpoBaHOro yNpaBJIiHHS BOJIHHMH pecypcaMHM € pidKOBi
OaceliHn a00 NITSIHKH PIYKOBUX OACEHHIB 3 pO3TAIIOBAHUMH B TX MekaXx (KOHTYypax)
BOJHUMH pecypcamy — IMiJI3eMHUMH, TPYHTOBHMH 1 NMOBEPXHEBUMH BOJAMH, IO
3HAXOAATHCS Y BOAHUX Ta BOJOTOCHOAAPCHKMX 00 €KTax, a TAKOXK CcaMi BOJHI
00’ekTH (piukH, 03epa) Ta BOJAOTOCHOAAPCHKI 00 €KTH (IITYy4YHI BOAOHMH, Ipedii,
3pOIIYBaJIbHI 1 OCYyIIyBaJlbHI KaHajld, BOJOTOHHM, CHCTEMH BOJOIOCTAa4aHHS,
TiIPOTEXHIUHI CHOPYAM Ta CHCTEMHM 3aXMCTY BiJ MIKIAIMBOI il MOBEPXHEBOI i
I'PYHTOBOI BOJH TOIIO).

IIpeamMeTom iHTerpoBaHoro ynpapiHHS 3eMeJILHUMY i BOMHUMH pecypcaMu
€ 3aXOOM TONINIIEHHS COLIaILHUX, €KOJIOTIYHUX Ta €KOHOMIYHHMX IOKA3HHUKIB
pi3HUX 32 MacIITaboM Ta IPU3HAUCHHAM AUISTHOK 3€Melb CUTbCHbKOTOCIOAaPCHKOr0
Ta pPEeKpealiiHOro mNpu3HAYeHHS abo0 IUISHOK PIYKOBUX OAaceiHiB, a TaKOXK
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po3TamoBaHMX B MeXax (KOHTypax) MHX JOUITHOK OO’€KTiB arpapHoro
BUPOOHHUITBA, 00’ €KTIB pekpeallii, 00’ €KTiB BOAHOTO rocmogapcTsa. B mopansmomy
3aXOAM TONIMIICHHS BUKOPUCTAHHS PECYPCiB CIHig PO3YMITH SK 3aXOIH
IHTETPOBAHOTO YTIPABIIHHSA 3€MENFHHUME 1 BOJHHMH pecypcamu, abo IpoCTo
3axonu. [Ipm 1pOMy 3aX0AW IHTETPOBAHOTO YIIPABIIHHS 3€MEIbHUMH i BOIHUMH
pecypcamu il pO3pi3HATH SIK 3aXOAH JIOKAIBHOTO, 30HAIBHOTO 1 PerioHaJIbHOrO
YIPaBIiHHS 3eMENbHUMH 1 BOTHHUMH PECYpCaMHu.

4. Aneopumm JOKATIbHO20 I[HMEZPOGAHO20 YNPAGNIHHA 3eMEIbHUMU |
600HUMU Pecypcamu.

O0’€KTOM JIOKaJTHHOTO IHTETPOBAHOTO YIPABIIHHS 3€MEINBFHUMH 1 BOJHUMH
pecypcamu 00paHoO JTOKTBHUH pecype Sy BUIIISAL S-1 TiISTHKH 3eMeb, Y TOMY YHCTi
3eMenb BOMHOTO (DOHAY, 3 pPO3TAIIOBAHUMH B KOHTYpI Ili€l MIJISHKU TOCIiBaMHU
CLTBCHKOTOCIIONIAPCHKUX KYIBTYp, OaraTOpidyHUMH HaCaDKEHHSIMH, 00 €KTaMH
pekpeartii, pigkaMu, 03epaMu, ITYYHAMA BOJOWMaMH, TPeOIIIMU, METiIOPaTUBHUMHU
KaHaJIaMH, CHCTEMaMH 3POILIEHHS Ta OCYIIEHHsI TOLIO.

[IpenMeToM JOKaTBFHOTO IHTETPOBAHOTO YIPABIiHHS 3eMeNbHUM ab0 BOTHUM
pecypcoM S € 3axXOQd YIpPaBIiHHA PECypcoM S, IO CHPHUSIOTH JOCSATHEHHIO
KOMILJIEKCY TIO3UTHBHUX €(EKTiB:

HS:HSCu'i'HsEm +HSEKH ’ (1)

ne ITs, IL%Y, ITE 1 I — 3aranbHui, coliayIbHUN, €KOJOTIYHUI | eKOHOMIUHMIA
MO3UTHBHAUN e(eKT Bif 3MINCHEHHS 3aXO[iB YHpaBIiHHSI pecypcoM S (3aXofiB
MOJTIMIIICHHST BAKOPUCTAHHS PECYPCY S).

3arajabpHHI TO3UTUBHUH eeKT /1 CKIIaTaeThCs 3 IBOX SIKICHO BIJIMIHHUX YaCTUH:

1= J[s + B3s, (2)

ne /s 1 B3s— 3araibHuii I0X1 1 3arajibHi BiJIBEpHEHI 30UTKH.

3araneHUA J0XiM /fs — [Ile BU3HAYEHWH Yy TPOLIOBHUX OJWHMIX JOXim abo
JOJATKOBUI JIOXiJT B/l 37IMCHEHHS KOMIDIEKCY 3aXO/(iB IOJIIIICHHS BUKOPUCTAHHS
pecypcey S. 3araibHi BiZiBEpHEH1 30UTKH B3s— 11¢ BU3HAYCHA y TPOIIOBUX OJIMHUIISX
YaCcTHHA 3arallbHOTO MO3UTUBHOTO e(eKTY BiJ| 3/iMICHEHHS NMPEBEHTHUBHHUX 3aXOIiB,
MIPU3HAYEHUX JUISI BIIBEPHEHHS! KOMIUIEKCY COIIAIbHUX, EKOJIOTIYHUX 1 eKOHOMIYHIX
30MTKIB B KOHTYpi pecypcy S. 3arajbHi BinBepHeHi 30uTku B3s B mpolieci
IHTEPOBAHOTO YIPABIIHHS CJIIJ] TAKOX PO3IIISJIATH K JOXi (TIIOTETUYHUM JT0X1]),
KW OyZe OTPHMaHW IUIIXOM 3MiHCHEHHS NPEBEHTUBHUX, TOJOBHUM YHHOM
IHKEHEPHUX, 3axOMiB BiJIBEPHEHHS KOMIUIEKCY COI[aJIbHUX, €KOJIOTIUYHHUX 1
C€KOHOMIYHMX 30UTKIB B KOHTYPI 3¢MEJILHOrO 200 BOJTHOTO pecypcy S.

[lo3uTnBHMIA comiambHUN eeKT IS cxmamaeTbes 3 TOXOJTY ,ZZSC”, 110
3a0e3MeuyeThCs, HAPUKIIA], 3aX0AaMH ITiIBUIIICHHS CIIOKHUBYOI SIKOCTi, a OTXKe 1
TOBAPHOI BAPTOCTI, CIMLrOCIMPOAYKILii, 3pOIIYBaIBHOI i TUTHOI BOAM, a TAKOXK [1s™"
CKJIQJIA€THCH 3 BiIBEPHEHUX COI[IAJIbHUX 30UTKIB B3 — rinoTeTH4HOro JI0X0AY, 110
3a0e3MevuyeThCs, HAPHUKIIA, 3aX0/IaMU 3aXHCTY KUTTS 1 3I0pOB’ sl HACEICHHS BiJ|
MIKITMBHX arpoXiMi4HUX PEYOBHH, BiJl IIKIUTHBOI Jii TOBEPXHEBOT 200 IPyHTOBOT
BOJIH TOIIIO.

[lo3uTnBHMIA eKoNOTiUYHUN edeKT II5 cxnamaeres 3 JIOXOOY ,ZZSE’”, 110
3a0€3meuyeThCS, HAMPUKIAJ, 3axXOoJdaMH OOJAINTYBaHHS Ha 3eMeIbHOMY abo
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BOJHOMY pecypci S MPHUPOJHHMX 3aIOBITHUKIB, PEKPEAMIMHNX 30H, €KOJIOTIIHHX
BOJIOIM, a TakoX I1™" ckIamaeTbes 3 BiJIBEPHCHUX €KOJIOTIYHUX 30UTKIB B3 —
FIIOTEeTHYHOrO  JOXOAYy, IO 3a0e3ledyeTscs, HampuKiIan, 3AiHCHEHHSIM
IPYHTO3aXHUCHUX 200 BOJOPETYIIOIOUHX 3aXO0/iB.

[osuTusHuiT exoHoMmiunmil edekt II" ckmamaetbes 3 moxomy Js&, mo
3a0e3MeuyeTbcs  3aXOAaMU  BJIOCKOHAJICHHS  TEXHOJOTIH  TOCIOAapCHKOTO
BUKOPHCTAaHHS PECypcy S, a Takoxk 15" cKIamaeThes 3 BilBEPHEHNX eKOHOMIYHUX
36utkiB B35 TIMOTETHYHOTO JIOXOMy, IO 3a0e3MedyeThCs, HAIPHUKIA],
3IIACHEHHIM 3aX0/liB 3aXUCTY POCIHUH BiJI IIKITHUKIB 1 XBOPOO a00 3aX0IiB 3aXUCTY
BiJl 3aTOIJICHHS 1 MiATOIJIEHHS IMOCIBiB KYJBTYp, TOCMOJAPCHKUX CIOPYH, AOPIT,
MOCTIB, iIHKEHEPHUX MEPEXK TOIIIO.

EdexTuBHiCTh 31iMiCHEHHS 3aXOJIiB MOJIMIICHHS BHKOPUCTAHHS PECypCy S
OIHIOKTH MPHOYTKOM [lps, 1HICKCOM pEeHTaOeIbHOCTI iHBEeCTHUIMl Rs, a Takox
peHTa0eNbHICTIO Ps:

Ip, =11, - B, = (11" + 15 + 117 )- B, ; 3)
I
Ry =—" (4)
BS
I.-B
pt=B gy, (5)
B

S

ne Bs — BUTpaTy Ha 3MIHCHEHHS 3aX0/liB MOIIMIIICHHS BUKOPUCTAaHHS PECYpPCY S.

3 popmyn (4) i (5) BUAHO, IO MIXK 1HAEKCOM peHTa0eIbHOCTI iHBeCTHIIN Rs 1
peHTabenbHiCTIO Ps icHye npsmuii 3B’sa30K. Benmnuuau Rs 1 Ps BiIpi3HAIOTBCSA Ha
omuauio abo Ha 100%, sxmo ix BU3HAyaTH y BiACOTKax. B cucTeMHHX
JOCTIDKEHHIX JTOIUTEHO BUKOPUCTOBYBATH 1HAEKC peHTa0eIhHOCTI iHBECTHIIH Rs,
OCKIUTBKHM BiH Ma€ OibII MPOCTHUH aHATITUYHUHA BUpa3 (4). 3a HibOBUI MOKAa3HUK
IHTETPOBAHOTO YIPABIiHHA CJiJg 00paT MaKCHMaJbHY BEIMYHHY 1HIEKCY
peHTabeNbHOCTI iHBeCTHILH Rs™, 171 JOCSATHEHHS SIKOT BUKOPUCTOBYIOTH LiILOBY
dyHKLIO:

R, = s=—3—>max. (6)
B

3 BioOpaKeHHSIM YCiX CKJIQOBUX 3arajbHOT0 MO3UTHUBHOTO epeKTy /s iboBa
¢dyHKuis (6) Mae BUA:

(e B3 (a2 3 ) (12 3
S B

S

— max . @)

3ajie)KHO Bijl MapaMeTpiB pecypcy S Ta 00’€KTiB HOro BHKOPHUCTAHHS 3aXOIH
JIOKaJIbHOTO IHTETPOBAHOT'0 YIIPABIIIHHA PECYPCOM S pi3Hi 3a cieudikoro, ane eAuH1
3a X ITLOBOIO CHPSMOBAHICTIO, KA IMOJSATAE Y 30UIBIICHHI CYMHU TO3UTHBHUX
COLIIAJIbHOTO, €KOJIOTIYHOI'0 Ta EKOHOMIYHOI'O €(PEKTIB, 1110 BXOSATh 0 YHCEIbHUKA
¢byskii (7), 1 3MEHIIIEHH]I BUTPAT, M0 BXOAATH /10 3HaMeHHUKa GyHKIII (7).
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Pe3ynbTraTom JTOKaTBHOTO IHTETPOBAHOTO YIPABIIHHS 3€METHPHUM a00 BOTHUM
pecypcoM S € BHW3HAUCHUI 3 BHUKOPHCTAaHHSAM IIboBOI (yHKIIT (7) BapiaHT
(MpoekTHEe pillleHHs1) KOMILIEKCY 3aXO0/IiB MOJIMIICHHS] BUKOPUCTAHHS JIOKAIBHOTO
3eMeNIbHOr0 200 BOIHOTO Pecypcey S.

[lin wac BHWKOHAaHHS TPOUEAYPH JOKAIHFHOTO IHTETPOBAHOTO YIPABIIHHSI
pecypcoM S BUHHMKAEe Torpeda Bi3yalbHOI OI[IHKK €()EKTUBHOCTI PE3yJIbTaTIB
ympasiiaas. s mporo rpadivHo Bi1oOpakatoTh BU3HAUEHI Y TPOIIOBUX OJTMHHUIISIX
MMO3UTHBHI €(PEeKTH 3aX0[iB MOJINIIEHHS BUKOPUCTAHHSA pecypcy S 1 BHUTpaTH Ha
3MIACHEHHS 3aXOAiB. Y MIKHApOIHIM MpakTHLi eQeKTHBHICTh peamizauii OyIb-
SIKOTO TIPOEKTY, 30KpeMa MPOEKTY 3A1HCHEHHS 3aXO0/1iB MOJIMILICHHS BUKOPUCTAHHS
pecypcy S, BimobpaxarTts rpadikom 1 (puc. la) 4ucToro AMCKOHTOBAHOTO JOXOMY
Y/[/ls, 3anexHoro Bif dacy peamnizanii mpoekry [18]. I'padix 1 e pesymbratom
ckinaganHsa rpagikiB 2 1 3. I'padikom 2 BimoOpaxaroTh 3alieXHICTb y daci
TUCKOHTOBAHUX BUTpAT /[Bs Ha 3IHMCHEHHS 3aXOJliB ITOJINIICHHS BUKOPHCTAHHS
pecypcy S. Ilpu pomy Ha mepioni gacy Big t = 0 mo t = t, TUCKOHTOBaHI BUTpaTH
/J[Bs CKIIaat0ThCsl TUTBKY 3 JUCKOHTOBAHUX KamiTalbHUX BUTpAT /K, a Ha miepioi
yacy Bin t = t, 1o ¢ = T AUCKOHTOBaHI BUTpaTH /[Bs CKIaialoThCs 3 TUCKOHTOBAHUX
KamTagpbHUX BUTpaT /J[Ks 1 JUCKOHTOBAaHHMX eKCIUTyaTaliiHux Butpar J[EBs.
I'padikoM 3 BimoOpaXkarOTh 3aJICKHICTh Y Yaci JUCKOHTOBAHOTO JOXO0Ny /{/[s Bij
3MIACHEHHS 3aXOJliB MOJIMIICHHS BUKOPUCTAaHHS pecypcy S. CTpPOK OKYITHOCTI
IHBECTHIIIH BiAmoBinae MoMeHTY 4acy t,, AKkwii 3HaXoAsATh 3a ymMoBU J[/[°= /IBs°
(puc. 1a). Ilo 3aBepuieHHIO CTPOKY ' peanizallil MPOSKTy 3arajbHUI MO3UTHBHUIA
edexT ITs Moxke OYTH OIiHEHHMIT TUCKOHTOBAHUM n0xonoM /s, a mpubyTok I1ps —
YHCTHM JMCKOHTOBAHHM 10X010M YT

Takum unHOM, Tpamumiaumu rpadikamu 1, 2 i 3 B mpormeci pearizallii IpoeKTy
y neBHu MoMeHT 4acy t (0 <t < 7) BinoOpaxkaloTh MOTOYHY €(hEeKTHBHICTh 3aXO/IiB.
[Ipu upoMy B KiHII peanmizallii MPOEKTy 3arallbHUi MO3UTHBHUH eexT [1s, sKuii
po3spaxoByioTh 3a (opmynoro (1), Biamoigae amckorToBaHOMY Hoxomy J/Js', a
npubyTok [lps, SIKMiA PO3paxoBYIOTH 3a ¢opmysor (3), BIANOBIJAE YHCTOMY
JMCKOHTOBaHOMY joxomy Y//s'. OmHak B yMOBAaX iHTErpOBAHOTO YHpPaBIiHHSA
3eMeITbHIUMH i BOJAHUMHU PeCypcaMH BUKOPUCTAHHS TpaaAuiiHnuX rpadikiB 1,213 €
HEJOLIIHHAM, OCKLITBKY TIi/I YaC iHTErpOBaHOTO YIPABIiHHS €(eKTUBHICTh 3aX0IB
MOJITIIIEHHS BUKOPUCTAHHSI PECYPCIB CJIiJl BU3HAYATH HE TI0 3aBEPIICHHIO 3aXO/IiB,
a 10 MoYatKy ixX 3milicCHeHHs, TOOTO Ha CTaiil NPUUHATTA NPOEKTHUX pILLEHb
3aXO0JIB.

Jiisi TOKambHOTO 1HTETPOBAHOTO YIPABIIHHS PECYpCOM S 3alpONOHOBAHO
C€KOHOMIYHI ITOKa3HWKH 0a30BOTO BapiaHTy, MO BiJIOOpaXKeHi TpaauIliHHAM
rpagikom 1, BinoOpaxaTu croBnuukoM 4 B koopaunarax BOR, ne OB — Bick BUTpaT
Ha 3/iHCHEHHs 3aX0/1iB, a OR — Bich iHIEKCY peHTabenpHOCTI iHBecTHIlH (puc. 1a).
HikHSL OCHOBA CTOBITYMKA 4 po3MillieHa Ha piBHi opauHaty /JBs' rpadika 2, a #oro
BEpXHS OCHOBA pO3MilleHa Ha piBHI opaumHatn Y[/ rpadika 3. Ilupuxa
CTOBMYMKA 4 Bi[NOBiZa€ BENMYMHI JMCKOHTOBaHMX BUTpaT J[Bs'. CToBmumk 4
CKJIQJIA€ThCS 3 JIBOX YaCTHH, MOIIEHUX JIIHIEI0, IO CHiBIagae 3 Biccio yacy Of Ta
neperuHae Bicb OR B Toumi R = 1.
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/B 0 B, 0 0
a 1nowuna npuiHAmMms nPoeKmHuX pitieHs

RA IInowuna nputinammsa ynpasiincoKux pitueHs )

Rsopt 6

Hpsopt

o
v Penmabenvni 3axoou
Hepenmabenvhi 3axo0u

Hsopt

R<1

im
>p ZS BSOPt
=1

Puc. 1 — 'padivna iHTEpHpETALisl AITOPUTMIB JIOKAIBHOTO (&) 1 30HAIBHOTO (6)
IHTErPOBAHOrO YIPABIiHHS 3METbHUMH 1 BOJHUMH PECypCaMu:

1,2 13 — Tpaguuiiizi rpadiku €eKOHOMIYHNX ITOKa3HHKIB 0a30BOT0 BapiaHTy 3aX0/IiB
JIOKaJIbHOTO IHTErPOBAaHOTO YIPaBIIiHH pecypcoMm S; 4 — iHHOBallilHe rpadidne
BIZTOOpaKEHHS EKOHOMIYHHX MOKA3HKKIB 0a30BOr0 BapiaHTy 3aXO7IiB JIOKAJIBHOTO
IHTErpOBaHOTO YIPABIiHHs PEeCypcoM S; 5 1 6 — Te came, JUIsl IHIINX AJIbTEPHATHBHUX
BapiaHTIB 3aXO0/1iB JIOKAJIILHOTO IHTErPOBAHOTO YIIPABIIIHHS PECYPCOM S
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I'eomerpuani mapameTpu MOOYAOBAHOTO CTOBITYMKA 4 ITUIKOM BiZoOpaskaroTh
E€KOHOMIYHI TIOKa3HUKHM 3aXOJiB MOJIMIICHHS BUKOpHCTaHHA pecypcy S. Llupuna
CTOBNUMKa 4 Ta Tuioma HOro HIDKHBOI YaCTHHM BiJIOBiAalOTH BUTpaTaM Bs Ha
3MIACHEHHS 3axoiB. 3arajlbHa TIUIONMIA CTOBMYMKA 4 BIAMOBiZa€ 3aralbHOMY
MO3UTHBHOMY edexTy [ls, a TUToma BEepXHBOI YAaCTHHH CTOBMYWKA 4 BiIIOBiIaE
npubyTKy /lps Bif 3midicHEHHS 3axo[iB. BucoTa cToBmunka 4 BiANOBiZae iHAEKCY
peHTabenpHOCTI iHBecTHIlH Rs, a BHcOTa HOro BepXHHOI YACTHHH BiIITOBITAE
pentabenpHOCTI Ps mpoekty 3axoxmiB. HwkHio wacTnHy croBmumka 4 IOLIIBHO
MOJITATH Ha 1Bl YaCTUHH TOPU3OHTAIBHOIO JIHI€I0, JOTHYHOIO 110 rpadika 1 B Toumi
tc — TepMiHy 3aBepILEHHS OCBOEHHS KaliTaJbHHUX BKJIaAeHb. IO 1UX 4YacTUH
BIJIMTOBIalOTh PO3MIipy KamiTanoBKIaaeHb Ks 1 po3Mipy eKcIuTyaTalliiiHuX BHUTpaT
EB:s.

InHOBaIIliHE BiTOOpPaKEHHS CTOBITYUKOM 4 €KOHOMIYHUX MOKa3HUKIB 0a30BOr0
BapiaHTy 3aXOiB MOJIMIIEHHS BUKOPUCTAHHSA PECYPCY S BIIAIOBITAE MOKA3HUKAM,
0 BimoOpakeHi Tpagumiitanmu rpadikamu 1, 2 1 3. Lle migTBepIKyeThes THM, IO
BapTiCTh MO3UTUBHOTO edekTy [1s 1 BUTpar Bs, sika po3paxoBaHa B miHaX MEpPioLy
pPO3pOOKM TPOEKTy 3axXOJiB Ta HaBeleHA B CTOBIMYUKY 4, € BiJMOBIIHOIO
(€KBiBaNIEHTHOIO) UCKOHTOBAHOMY 0X0My /I/ls' i TMCKOHTOBAaHMM BUTpaTam /IBs
HaBeleHNM y Tpagumidaux rpadikax 3 i 2. [Ipm npomy 3amiHa TpaauIiHUX
rpagikiB 1, 2 i 3 croBmYMKOM 4 EKOHOMIYHMX TIOKa3HUKIB 3aXOHiB € SIK
MIPaBOMIPHOIO, TaK 1 TOIUITFHOI, OCKIJIPKY TaKa 3aMiHa Ja€ MOXKIIUBICTh Bi3yaJIbHO
OIIIHIOBAaTH CKOHOMIYHI TIOKAa3HMKH BapiaHTy 3axOJiB IMiJ 4Yac JIOKAJILHOTO
IHTETPOBAHOTO YIpaBIiHHS pecypcoM S. KpiMm Toro, mopiBHSHO 3 TpaauliiHUMU
rpadikamu 1, 2 1 3 BUKOpHUCTaHHS CTOBINYHMKA 4 Ja€ MOXUIIHMBICTH TpadidHO
BiloOpakaTH Ta Bi3yallbHO OIIHIOBATH 3HAYHO OiBITY KiIBKICTH €KOHOMIYHHX
MMOKa3HUKIB 0A30BOT0 BapiaHTy 3aXOiB IHTEIPOBAHOIO YIPABIIHHS PECYPCOM S.

B nopanpmomy HeoOXifHICTH BHKOpUCTaHHS rpadikiB 1, 2 i 3 Biagmagae.
B mporieci mokanbHOTO IHTETPOBAHOTO YIPABIiHHS pecypcoM S, KpiM 0a30BOTO
BapiaHTy 3axOJiB, BHHUKa€ NOTpeOa BCTAHOBJIEHHS IHIIMX aJlbTEPHATHBHUX
BapiaHTIB 3aXxOJiB, @ TAKOX BU3HAUCHHS, rpadiqvHOTO BiIOOpa)KEHHS Ta aHAI3Y iX
eKOHOMIYHHMX MOKa3HHKIB. I [bOT0 Ha IUIOIIUHI NPUHAHATTS MPOSKTHUX PIillIeHb
(puc. la) mopyu i3 CTOBIMYMKOM 4 €KOHOMIYHUX IMOKAa3HUKIB 0a30BOTO BapiaHTy
3aX0/1iB PO3MIIIYIOTh CTOBITYUKY €KOHOMIUHHUX TIOKA3HUKIB IHIIMX aJIbTCPHATHBHUX
BapiaHTiB. [Ipu 11bOMy CTOBITYMKH €KOHOMIYHHX MOKa3HHKIB 0a30BOTO Ta iHIIAX
aNbTEPHATUBHUX BapiaHTIB 3aXOiB B MOJANBIIOMY OyIylOTh B KoopauHarax BOR
y JOBUIbHOMY MacmTabi. 3 MHOKHHH aJIbTEPHATHBHUX BapiaHTIB 3aX0/1iB 00UPAIOThH
i-# BapiaHT, 110 Ma€ MOKa3HUK Rs <> R™* > R Ha puc. | eKOHOMIYHI TOKA3HUKH
ONTHMAJILHOT'O BapiaHTy 3aXOJ[iB IHTEIPOBAHOTO YIIPABIIiHHSA JIOKAJIBHUM PECYPCOM
S Bi10Opak€HO CTOBITYHUKOM 0.

TakuM 9MHOM, KiHIIEBHM Pe3yJIbTaTOM JIOKAJIBHOTO 1HTETPOBAHOTO YIIPABIiHHS
€ KOMIUIEKC 3aXOJiB TIOJNIMNIICHHS BUKOPUCTAHHS JIOKAJbHOTO pecypcy S
3 nokazHukoM R, skuii BioOpa)keHo CTOBIUUKOM 6.

5. Anzopumm 30HANIbHO20 IHMEZPOGAHO20 YNPAGIIHHA 3EMETbHUMU
600HUMU pecypcamu.

OO0’€KTOM 30HAJBHOTO 1HTEIPOBAHOI'O YHPABIIHHS 3€MEJIBHUMH 1 BOIHUMHU
pecypcamu € 30HAIBHHUHA pecypc S, SKWUU CKIaJacThCsl 3 MHOXHHHU JIOKAJBHUX
pecypciB S (S € S). Jlo 30HaIBHOTO 3eMeIBHOr0 abo BOJHOTO Pecypcy S MOXYTh
BiTHOCHTHCBH: KOMIUIEKC 3€MEJbHHUX MUISIHOK, IO CKJIAJaloThesi 3 IPYHTIB
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OJIHAKOBOTO THITY; TBAPUHHHIIbKI KOMIUIEKCH; KOMIUICKCH 30epiraHHs Ta mepepoOKu
CLIBroCINpoAYKLii; BOAHI pecypcu B Mexax piukoBoro Oaceiiny abo cyOOaceliny;
3polIyBanbHi ~ a00  OCYHIyBalbHI ~ CHCTEMH;  CHUCTEMH  KOMIUIEKCHOTO
MIPOTUIIABOIKOBOTO 3aXUCTY B PIYKOBUX OaceiiHax; peKpearliifHi 30HH TOIIO.

[IpenmeToM 30HANBHOTO IHTETPOBAHOTO YIIPABIIHHS 3€MEIHHUMH 1 BOJHUMH
pecypcamu € 3aX0I TOJIMIIEHHsI €KOJIOTIYHOTO CTaHy pecypcy S, MiABHIICHHS
MPOJYKTHUBHUX BIACTUBOCTEH pecypcy S, IHHOBAIIWHE YIOCKOHAIEHHS 00’€KTiB
TOCIIOIapCHKOTO BUKOPHUCTAHHS pecypey S.

30HanpHE IHTErpOBaHE YMpPaBIiHHS 3€MEIbHHMH 1 BOIHHMH pecypcaMu
BUKOHYIOTH 3 YPaxyBaHHSM JIBOX THIIIB JOKAIbHUX 3€MEIbHUX 1 BOIHUX PECYPCIB S.

JloxaibHi pecypcH S mepIIoro THUITY MarOTh CIUTBHI (30HAIBHI) BIIACTUBOCTI, IIPU
OBOMY MK 00’€KTaMH iX BHKOPHUCTaHHS BiACYTHsS (DYHKIIOHAJIbHA 3aJIEXKHICTh.
[lpuknamoM JOKaNBHOTO pecypcy TEpHIOr0 THUIY € 3eMeNbHI  AUISTHKH
CITECHKOTOCIIONAPCHKOTO TPU3HAYCHHS, SIKi PO3TAIllOBaHI B OAHIN IPHPOIHO-
KJIIMATHYHIN 30H1, CKIaJAalOTHCS 31 CIUTFHUX 32 BUAOM 1 POAYKTHUBHICTIO TPYHTIB.
[Ipu upoMy 00’€KTH TOCTIONAPCHKOTO BUKOPHCTaHHS (3aCO0M arpoTeXHiKW) OHI€T
3eMENbHOI JUISHKA HEe MaloTh (YHKIIOHANBFHUX 3B S3KiB 3 00 €KTamMu
rOCIIOIapCHKOTO BUKOPHUCTAHHS 1HIIOT 3eMEIBHOT IIISTHKH.

[HTerpoBane ymnpaBmiHHS 30HAJIBHUM 3€MENbHUM ab0 BOAHUM pecypcom S1
MEpUIOro THITY, SIKAH CKIANAEThCS 3 MHOKUHU JIOKAJBHUX PECYpPCiB S MEPIIOTO
THITY, 3/1iHCHIOIOTH 32 TAKOIO TPOIETYPOIO.

Ha mepmriii cranii BU3HaYar0Th KOMITJIEKC JJOKATBHUX PECYPCIB S MEPIIOTo TUILY,
SIKi BXOJSITH B CKJIAJl 30HANBHOTO pecypcy S1, 3a HasBHICTIO OJHI€T 3 TBOX O3HAK:
KOMIUIEKCOM JIOKATBHUX PECYPCIB S B CKIIa/i 30HAIBHOTO pecypey S1 Bomomie omuH
BIIACHUK (JIep>KaBHHUN, KOJEKTHBHHU a00 TPWBATHHI); YIPaBIiHHSI KOMILUIEKCOM
JIOKAJILHUX PECYPCiB S 3A1MCHIOE OJMH a00 JIeKijbKa OpraHi3aliiHO ITOB’sI3aHUX
MEHEKEPIB.

Ha npyriit cramii g KOXXHOTO JIOKallbHOTO PECcypcy S 13 3aCTOCYBaHHSIM
BHUIICHABEICHOTO aJITOPUTMY JIOKAJILHOTO 1IHTETPOBAHOTO YIPABIiHHS PECYPCOM S
HUISIXOM TOINYKY Ta aHalily MHOXXHHH aJIbTEpPHATHBHUX BapiaHTIB BHU3HAYAIOThH
BapiaHT 3axoJiB TMOJIIIIEHHS BHKOPUCTAHHSA pecypcy S, sKuil 3abesrneuye
JOCATHEHHSI ONTHMAIBHOTO 3HAUYEHHS 1HIEeKCY peHTa0eNbHOCTI IHBECTHIII It RoPt.

Ha Tperiii cTanii 3A1iCHIOIOTH paH)KOBaHE YIOPSIKYBaHHS JIOKATBHUX PeCypCiB
S B ckiami 30HaJIBHOrO pecypcy S1. JIns mporo mo 3aBepLICHHIO INPOLEAYpH
JIOKAJILHOTO IHTETPOBAHOTO YIIPABIIHHS MHOKUHHU PECYPCIB S, 1110 BXOIATH B CKIIa]
30HAIBHOTO pecypcy S1, 3 IUIONMH HPUHHATTS TMPOSKTHUX pilieHb (puc. la)
MEPEeHOCATh CTOBMNYMKM EKOHOMIYHMX T[OKAa3HWKIB BapiaHTIB  3axoJiB 3
ONTUMaIbHUM MOKa3HUKOM R,°" (mo3. 6 Ha puc. la) Ha IUIONMHY NPUHHATTS
YIPaBIiHCHKUX pillieHb (103. 6 Ha puc. 16), ae iX po3MIlIYIOTh B PaHKOBAHOMY
Py, MOYMHAIOUM 3i CTOBITYHKA, 110 MA€ HAMOiNbIIMIA ToKasHUK R,

Ha derBeptiii cramii mpuilMarOTh yIpaBIiHCHKE PIIIEHHS MIOJ0 MPIOPUTETY
BKJIA/JICHHS 1HBECTHIII} B 31iiCHEHHS KOMIUIEKCY ONTHMATbHHX 32 HOKa3HUKOM R
3aX07IiB NOMIMIICHHS BHKOPUCTAHHSI PECYPCIB S, TIONEpeIHH0 BU3HAYCHUX B TIPOIIECI
IHTErPOBAHOTO YIPABIiHHS JIOKUIBHUMH pecypcamu S. s 1boro, Maro4u neBHUH
nimiT imBectumiit 1,"™ B posBuTOK pecypcy S, BU3HAYAIOTH MHOXKHHY (KimbKicTh Ki)
JIOKaIbHUX PECYpCiB S, B SKi cIIijl BKiIajgatu inBectuii. Kinbkicts Ks pecypcis S, B
SIKI CHiJ BKIaJaTH IHBECTHINI, BiJMOBIiZac KUILKOCTI CTOBIYMKIB €KOHOMIYHHX
MOKa3HMKIB 3aX0/1iB TOMIMIIEHHS iX BUKOPUCTAHHS, 110 PO3TALIOBAHI Ha TUIOIIMHI
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|3I|m

MIPUAHATTS YIIPaBIiHCHKUX PilieHb (pHUC. 16) 110 JIiBY CTOPOHY BiJl TOYKH Ha oci
inBecTuiiit Of3. 3a TaKUX yMOB MaEMO:
KS
lim
> B, <I™, ®)
s=1

Ha m’sriit 3akmouniit cramii BU3HA4aoTh ¢(DEKTUBHICTS BKJIAICHHS 1HBECTHITII
B 3aXOJ[M IHTEIPOBAHOTO YIPABIIHHSA 30HAIBLHUM pecypcoM S1 meprioro Tuiy 3a
(hopmyiioro:

: (9)

ne Rs; — iHaekc peHTabeabHOCTI IHBECTHINIM B PO3BUTOK 30HAIBHOTO pecypcey S1
MEepIIOTo TUILY.

IaTerpoBane ynpaBriHHS 30HATHHAM 3€MEITFHUM 1 BOJHAM PECYpPcoM S2 TpyTroro
TUIY, MO0 CKJIaJa€ThCs 3 MHOXMHH JIOKQIbHUX PECypciB S JApPYyroro TuUIy,
3MIACHIOIOTH 32 MPOLEAYPOI0, aHAIIOTIYHOIO MPOLEAY Pl JIOKAIEHOTO 1HTETPOBAHOTO
YIIPaBIiHHS 3eMETHHIMH 1 BOTHUME pecypcamu. [Ipu mboMy 30HATBHUI 3eMenbHAN
1 BoIHUI pecypc S2 Ipyroro TUITYy MOXKE CKIIaJaTHCh: 3 MHOYKHHH TiTBKH 36MEIbHUX
peCypCiB 3 PO3MIIICHUMHM Ha HUX, HaNpuKiaa, (YHKI[IOHAIBHO IOB’S3aHUMHU
0o0’eKTaMH KOMIUIEKCY 30epiraHHs 1 TMepepoOKd  CUTBCHKOTOCTIOAAPCHKUAX
MPOAYKTIB; MHOXHHHU TiJIbKH BOJHUX PECYpPCiB, pPO3TAlIOBAaHUX y MPUPOAHUX Ta
ITYYHUX BOJHHUX O0’€KTax BOAOTOCIOAAPCHKHUX Ta MPHPOJO3aXHCHUX CHCTEM;
MHOXKMHM ~ 3€MENIbHHX 1  BOAHUX  PeCypciB,  HANpUKIAA,  3eMejb
CUTBCBKOTOCIO/IaPCHKOTO TIPU3HAYEHHS, 10 3HAXOJAThCS y PIYKOBHX OaceiiHax B
30HaX MMaBOJKOBHX PU3HUKIB Ta HA SIKHUX MOOYIOBAHO aKyMYJISIiiiHI BOJIOCXOBHIIA 1
JamMOu IS 3aXKCTY BiJl TABOJIKIB.

OntumaneHUi  BapiaHT 3axOJiB I1HTEIPOBAHOIO YHPABIIHHS 30HAJBHUM
pecypcoM S2 Ipyroro THUIy BHU3HAYAIOTh 32 KPUTEPIEM JOCSITHEHHS ILJILOBOTO
nokasHuka Rs;™, BHKOPUCTOBYIOUH IIJIbOBY (DYHKIIiFO:

B
R, :’225%352% max, (10)

2B
s=1

ne Rs; — iHmexc peHTaOenbHOCTI IHBECTHUIM B 3aXOAW YNPABIiHHS 30HAJILHUM
pecypcom S2 npyroro tumny; /[sp 1 B3s; — mpsMuiA JOXiN 1 TINOTETHYHUN JOXiJ
(BizmBepHeHi 30MTKH) BiJ 3[ilICHEHHS 3aX0/iB YIPaBIiHHS 30HAIBHUM PECypcoMm S2
apyroro Thiy; Ks; — KUTBKICTb JOKAIbHUX PECYPCiB S B CKJIaJli 30HAILHOTO pecypey
S2 nmpyroro tumy.

BusHaueHHS ONTHMAaJIbHOTO BapiaHTy 3aXOJiB 3a KPUTEPIEM JIOCSATHEHHS
[iIbOBOr0 MOKazHWKa Rs"™ € HaWOLIBII CKIAIHOK 33/1a4el0 IHTErpOBAHOTO
VIOpaBIiHHS 30HAIBHUM pecypcoM S2 japyroro tumy. s 1boro  ciif
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BHKOPHUCTOBYBATH Pi3HI METOIW TOIIYKY Ta OOIPYHTYBaHHS NMPOCKTHUX PIIICHD
CKIaJHUX cucTeM. Tak, HanmpuKkiajg, Ha CTajii BUKOHAHHS TEPEANPOCKTHUX
JOCTiKeHb B Po0OTi [19] HaBeleHO METOUYHI 3acay OLIHKH 1 MPOrHO3YBaHHS
ITAaBOJKOBHUX PHU3UKIB B PIYKOBUX OaceifHaxX Ta BU3HAUCHHS BEITUIMHM BiIBEPHEHIX
30uTKiB B3s; B 30HaX 3aromuieHHs. B poboti [20] HaBeaeHO METOMWYHI 3acamu
BHU3HAYCHHS ONTUMAJIBHOI BEIMYMHH 320€3MIEUCHOCTI TABOIKIB, SIKY CIIiJl 3aKIalaTH
B mpoekT. Ha crazii oOrpyHTyBaHHS BapiaHTIB MPOEKTHHUX DIillleHb IHXKEHEPHHUX
CTHIOPY/I CHCTEM KOMIUIEKCHOTO MPOTHUITABOJKOBOTO 3aXUCTY B PIYKOBUX OaceiiHax
OyB 3alpONIOHOBAHUHN 3PYUHUH U1 IPAKTUYHOTO BUKOPUCTAHHS METOA OidypKrarii
0aszucy [21], 3a IKUM BH3HAYAIOTh ONTUMAJILHE CITiBBITHOIICHHS 00’ €MIB CITIJIBHOTO
OyIiBHUIITBA B 30HI PHU3WKY 3aTOIUICHHS OEperoyKpilUieHHS pycla piukd 1
AKyMYJISIIIHOTO MPOTUIIABOJKOBOTO Bojocxosumia. lleit meTonm moxe Oyt
3aCTOCOBAaHUH TaKOX B arpapHOMY BHPOOHHIITBI JIJIsi BU3HAYCHHS ONTUMAJIBHOTO
PO3MOILTY TIION] CLTBTOCIIYTI b ITiJT POCTUHHHIITBO 1 TBAPUHHUIITBO, 200 PO3MOILITY
3eMeTbHUX AUISTHOK I 00’ €KTH BUPOOHMIITBA CLTBrOCITIPOAYKIIi Ta 1i mepepoOKH.

YnpapiiHChKE PIIICHHS III0J0 BKJIAJCHHS IHBECTHUII B KOMIUICKC 3aXOJiB
IHTETPOBAHOTO YIIPABIIHHS 30HAEHUM PECypcoM S2 IPYroro THUIY MPHAMAETHCS
JUTS BapiaHTy 3aXO/liB, 32 AKMM 3 BUKOPHUCTaHHIM IUTb0BOI PYHKIIIT (9) mocsraeThest
LJIBOBUH TTOKa3HUK Rsp™,

6. Ancopumm pezionanvHozo IHmMezpoeano0zo YNPAGIIHHA 3eMENbHUMU i
600HUMU pecypcamu.

O06’ekTaMu PerioHAILHOTO IHTETPOBAHOTO YIIPABIiHHS 36MEIbHUMH 1 BOIHUMH
pecypcaMu MOXYTh OyTH: TEPUTOpiabHI perionu, Hanpukiaa KaprnaTcekuii perioH,
KU ToTpedye KOMIUIEKCHOTO PETiOHAIhHOTO pIMICHHS MPOOJIeMH IaBOIKIB;
perioHanbHi  3€MENbHI  pecypcH; peErioHajdbHi  BOJHI  pecypcu;  ramysi
CLIBCBKOTOCITOIAPCHKOT0 BUPOOHHUIITBA; TEPUTOPIT O/IHIET 200 TEKIIBKOX CEITUIIHNX
rpomana; OaceilHM BENMKHX PIYOK, B MeXaX SKHX YTBOPEHO [eKiJbKa 30H
MaBOJIKOBHUX PU3HKIB [22], €KOJIOTIUHI PEerioHH TOIIO.

PerionanpHe iHTErpoBaHE YMpPaBIiHHS 3eMEIBHHUMU 1 BOJHUMH peCypcamu
3MIACHIOIOTh MiCIs OTPUMaHHS pPEe3yJibTaTiB  IHTETPOBAHOTO  YIPABIIHHS
30HAJIbHUMHU 3€MEJIbHUMHM 1 BOAHMMH DPECypcaMy MEpIIOro i APYroro THILY.
[Iporeaypa perioHaabHOrO IHTETPOBAHOIO YIPABJIIHHSA 3€MEJILHUMHU 1 BOJHUMHU
pecypcamMu aHaJOriyHa NPOLEAYpl IHTErpOBAaHOTO YMPAaBIiHHSI 30HAJIBHUMHU
3eMeITbHIUMHE 1 BOIHHMH pecypcamu meprioro tuiy (puc. 10), ane BiApi3HIEThCS
THM, 1110 Ha MJIOUIMHI MPUHAHSITTS yNPaBIiHCHKUX PillleHb (pHC. 2) B paH)KOBAHOMY
MOPSJKY PO3MIIIYIOTh CTOBMYMKA EKOHOMIUHUX ITOKAa3HHUKIB ONTUMAIbHUX
BapiaHTIB 3aX0/liB HE JOKaJHHOIO, a 30HAILHOTO 1HTETPOBaHOTO ympaBiiHHA. [Ipu
BOMY CTOBITYMKH E€KOHOMIYHHX ITOKA3HUKIB 3aXOJiB YIPAaBIiHHS 30HATBHUMH
pecypcamu IIepIoro i APYroro TUITY, IO 3HAXOAATHCS B MEXKaxX OJTHOTO PECYPCHOTO
perioHy, Ha TUIOIIWHI TPUHAHATTS YIPABIiHCHKUX PIlIEHb PO3MIIIYIOTh B OJMH PSJI,
pPamKOBaHUI y TOPSAKY 3MEHLICHHS ONTHMAIBHUX BEIMYMH  1HAEKCY
peHTa0ENBHOCTI 1HBECTHIIIN, IO BKJIAJAlOTh B 3aXOAM YIPABIIHHSA 30HAIBHUMH
pecypcamu (puc. 2).

Marouu neBHMH JTIMIT iHBECTULIH B pO3BUTOK PEriOHATBHUX 3€MEJIbHUX 1 BOJHUX
pecypciB [,'™, 3a MHOXKHHOIO CTOBINYHMKIB EKOHOMIUHHX MOKA3HUKIB, IO
po3ramoBani Ha puc. 2 mo JiBy cTopoHy Bix Touku /'™, Ha oci perioHambHMX
inBectuliit Ol,, BU3HaYal0Th KUTBKICTh K}, 30HAILHUX 3€MENIbHUX 1 BOAHUX PECYPCiB
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MEPIIOTO 1 IPYTOTro TUITY, SIKi € IPIOPUTETHUMH JIJIsl BKIIAICHHSI IHBECTHIIIN B 3aX0/TH
MOJIIIICHHS IX BUKOPUCTaHHS. 32 TAKUX YMOB MAa€EMO:

K, _
z Bs<I,", (11)
S=1

ne Bs — BuTpaTtu Ha 3MiHCHEHHS 3aXOJIB IHTETPOBAHOTO YIPABIIHHS 30HATBHUM
pecypcoM nepuioro abo Jpyroro THUITY.

Puc. 2 — I'pacpivna iHTEepHpeTalis alrOpUTMY PEriOHATBHOTO iHTETPOBAHOTO YIPABIIHHA
3eMENIbHAMH 1 BOAHUMH PECYpCaMH:

1 12 — pe3ynbTaTH iHTETPOBAHOTO YIPABIIHHS 30HAIBHUM pecypcoM S1 meprroro tumy i
30HAJTBHUM pecypcoM S2 npyroro tuiy; 3 — rpadivHe BioOpakeHHS eKOHOMIYHUX
MOKa3HUKIB ONTUMAIbHUX BapiaHTIB 3aX0/iB IHTEIPOBAHOTO YIIPABIIiHHS 30HAJIbHUMHU
pecypcaMu TepIoro TUILY; 4 — Te came, 3aX0(iB IHTErPOBAHOTO YIPABIIHHS 30HATLHUMHU
pecypcaMu Jpyroro THITY

EdexTuBHicTh 30iiCHEHHS 3aX0/iB iHTEIPOBAHOTO YIIPABIiHHA PErioHaJIbHUMU
3eMEIbHUMHM 1 BOJHUMH pecypcaMd BH3HAYaAIOTh 1HAEKCOM PpPEHTa0eIbHOCTI
inBecTHIi# Rp 3a popmyiioro:

: (12)

ne [ls — 3aranbHUl TO3UTUBHUN eQeKT 3IIMCHEHHS 3aXOiB I1HTErpOBaHOTO
YIPaBIiHHS 30HAJILHUM 3€MEJIbHUM 1 BOAHUM PECYPCOM IEPIIOro ado pyroro THITY.
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BucHoBku

1. IlpoanarnizoBaHO iCHYIOUY1 METOIOJIOTIYHI MiAXOX 10 IHTETPOBAHOTO YIPABIiHHS
3eMEIbHUMH 1 BOJHUMH PECypCaMi Ta BCTAHOBJIEHO iX OCHOBHHH HEMOMIK, SKHUH
MOJATAaE y CKIATHOCTI iX MPAKTHYHOTO BUKOPHCTAHHS, OCKIIBKM BOHH MICTSAThH
CYKYIHICTh MOCWJIaHb, 3arajbHUX pPEKOMEHAAalil, Topaj Ta MNpomo3uliii 0e3
BUKJIQJICHHS NPUIATHUX JUIA TPAKTUIHOTO 3aCTOCYBAHHS aJTOPHTMIB YIPaBIiHHS
3eMEIIbHUMH 1 BOTHIUMHU pECypCaMHu.

2. HaronormeHno npo HEOOXiHICTh BIOCKOHAJICHHS ICHYFOUUX METOJIOJIOTIYHHUX
OCHOB IHTErpOBaHOTO YINPAaBIiHHA 3E€MEIbHUMH 1 BOAHHMH pecypcamu, IO
MiATBEP/UKYEThCS  aKTYaJIbHICTIO BIPOB3PKEHHS B YKpaiHi IHTETPOBAHOTO
yOpaBIiHHS 3eMENBHUMH pEecypcamH, sKa MOJSIra€e y HEOOXiTHOCTI CYTTEBOTO
MiABUIICHHS PEHTA0ENbHOCTI arpapHoro BHPOOHWITBA, Ta AaKTYalbHICTIO
BIPOBA/KCHHS IHTETPOBAHOTO YNPABIIHHS BOJHHMH PECYpCaMH, SIKa MOJATAE Y
HEOOXITHOCTI pIilllEeHHS IBOX IIOB’S3aHMX 3 BOJOIO TMpobiaeM — TIpodIeMu
3a0e3MCUeHHsT HACEJICHHsI Ta Taly3ed eKOHOMIKHM JEIIeBOI0 TOBAapHOIO BOJOIO Ta
MpOo0JIeMH 3aXHCTy MTOBKIUIS BiJ IIKIUTMBOI il BOAM.

3. [IpeqMeToM i1HTETPOBAHOTO YNPABIiHHS 3€MEIHHUMHU | BOJHUMH PECYpPCaMH
00paHO 3aXO0J YMpaBIiHHA, IO CIPHAIOTh OTPUMAHHIO KOMIUIEKCY MO3UTHBHUX
COLIIAJIbHUX, CKOJOTIYHHX Ta €KOHOMIYHHMX €¢(eKTiB BUKOPUCTAHHS 3eMEJIbHUX 1
BOJIHHUX PECYpCiB.

4. B OCHOBY HOBOI METOMOJIOTiI MOKJIaJCHO LIIOBUH TOKAa3HUK (IIUTLOBHI
1H/IMKATOP) IHTErPOBAHOTO YIPABIIHHS 36MEIbHUMH 1 BOAHUMH PECypCaMH, SIKHMM
o0paHO MaKCHMallbHE 3HAYEHHsI 1HJAEKCY PEHTa0eNbHOCTI iHBECTHIH B 3aXOIH
TIOJIIIIIIEHHST YIPABIIiHHS pecypcaMy W JIOCSATAEThCS CYMICHUM 3aCTOCYBaHHSIM
OPUHOMITY KOMIUIEKCHOCTi, TPUHIWIY I1HTETPOBAHOCTI, a TaKOX KOHTYPHO-
MEeNTiOpaTHBHOTO Ta (PYHKIIOHATLHO-BAPTICHOTO NPUHIIUIIB YIPABIiHHS.

5. impoBUM MOKa3HUKOM (IITEOBUM 1HAWKATOPOM) IHTETPOBAHOTO YIIPABITIHHS
3eMEJIBbHUMH 1 BOJHMMHU pecypcaMd OOpaHO MaKCHMajbHE 3HAuUEHHS I1HIEKCY
pEeHTa0eIbHOCTI IHBECTHIIIN B 32X0/IU MOJIMIICHHS €KOJIOTIYHOTO CTaHy PECYPCiB Ta
TEXHIKO-€KOHOMIYHHX ITOKa3HHUKIB 00’ €KTiB BUKOPUCTaHHS PECYpPCiB.

6. LlinpoBHIH MMOKAa3HUK IHTETPOBAHOTO YINPABIIHHS 3€MEJIbHUMH 1 BOJIHHMH
pecypcaMu  JOCSTAEThCsl  BUKOPUCTAHHSAM  IUIbOBOT  QYHKIII, a Takox
3aCTOCYBAaHHSIM TaKUX IMPUHIUIIIB YIPABIiHHS CKJIaJHIMH CHCTEMaMH, K TPUHIIAT
KOMIUIEKCHOCTI, TPHHIMI 1HTETPOBAHOCTI, KOHTYPHO-METiOPaTUBHHUN TPHHIHII,
OpuHIMI  (YHKIIOHATBHO-BAPTICHOTO  aHaJi3y  aJbTEPHATHBHUX  3aXOJiB
yIpaBIiHHSL.

7. 3anpornoHOBaHO HAyKOBO-METOAWYHUI 1HCTPYMEHTapiil iHTErpoBaHOrO
yIpaBIiHHS 3€MEJIbHUMHU 1 BOJAHUMH pECypcaMH, OCHOBY SIKOTO CKIaJIaloTh
IHHOBAIIIMHI AJITOPUTMHU JIOKAIBHOI'0, 30HAJIBHOTO 1 PEriOHAIBHOIO IHTErPOBAHOTO
YIPaBIiHHS 3eMETBHUMH 1 BOJHUMHU PECYpCaMHU.

8. HoBy MeT010JI0TiI0 Ta aIrOPUTMHU iHTETPOBAHOTO YIPABIiHHS 3€MEIbHUMU 1
BOJIHUMH pECYPCaMH PEKOMEHIOBAHO JJIsl HAYKOBO-IOCIIIHUX YCTaHOB, TPOSKTHUX
Ta TNPUPOJOOXOPOHHHMX OpraHizamiii, a TakoX (axiBuiB, SKi 3aiMarOThCA
npoOJIeMo0 IPUPOJOKOPUCTYBaHHs, MPOOJEMOI0 BHU3HAUEHHS Ta peajizamii
CTpaTeriuHuX TMPIOPHUTETIB PO3BUTKY arpapHOro BHPOOHHIITBA Ta BOJHOTO
TOCIIOIAPCTBA, a TAKOXK MPOOJIEMOIO CTAIOTO PO3BUTKY.
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10 YBAI'M ABTOPIB 35IPHUKA

3MicT MarepiaiiB, IO HAIPABISIOTHCS IO PEOaKIlii, MOBHHEH BinnoBigatu mpodimo ta
HAYKOBO-TE€XHIYHOMY PiBHIO 30ipHHUKA.

KosxHa HaykoBa CTAaTTs MOBUHHA MaTU BCTYII, PO3/IJIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TaKOX aHOTAI[iI0 1 KJIIOYOBI ClIOBa (HE MEHINE IT'ATH) ABOMa MOBaMH (YKPaiHCHKOKO Ta
AHITIHCHKOIO).

[ligroroBka cTaTTi 3MIHCHIOETHCS B TeKCTOBOMY peaakTopi MS WORD for WINDOWS,
3 BukopuctaHHsM mpudty Times New Roman, Cyr, kerns 11, oguHapHuil iHTepBad,
moJisiMu 2,0 CM 3 KOKHOTO OOKY, 3alaHIM PO3MIpOM CTOPIHOK 17x26 cM.

VYci hopmynu matoth OyTi HaOpaHi B penaktopi MathType.

Imroctparii moBUHHI 0OOB'I3KOBO HYyMEpYBATHCS, MAaTH KHID)KKOBY OpI€HTAIil0 i HE
MOXYTh IIEPEBHILYBATH 32 PO3MIPOM 3aIaHy CTOPIiHKY (mapamerpu cTopiHkm 17x26 cM
3 moisamu 2,0 cm). [leperik niTepaTypHUX pKepen MepeKafaeThbesl aHTTiHCHKOK MOBOO
(abo TpaHCHITEpYETHCSA B pOMaHCHKOMY a()aBiTi) 1 TOJAE€THCS BIIIIOBIIHO A0 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux nyOmikamiii APA  (American Psychological
Association) style 3aranbHUM CIIMCKOM Y KiHII CTATTi 3@ YEPTOIO MOCHIAHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBiAKA MPO aBTOPIB, /¢ BKA3yHOTHCS Mpi3-
BHILIE, TOBHE iM’s Ta O 0ATHKOBI aBTOPIB, HAYKOBUIA CTYIIiHb, BUCHE 3BaHHsI, 110CaJa, Ha3Ba
migpo3ainy (kadeapu) Ta oprasizaiii, 0COOMCTI JaHi KOXKHOTO 3 aBTOpPiB (ampeca, MICTO,
KpaiHa, KoHTakTHH# Tenedon, e-mail), ORCID ID.

OO00B'S3KOBO CITi/I HAJJATH EIEKTPOHHY Bepcito cTarTi B peaakropi Microsoft Word.

VYci mpeAcTaBieHI B PEAAKIiI0 PYKOMUCH MPOXOMAATH peTelibHe OaraTollaHKOBE
pelCH3YBaHHS BiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELCH3eHTIB MEHIIA 32 BCTAHOBJICHU I TIOPIT, PYKOIHCH BiIXUIISIOTHCS.

3MicT craTTi Ta SAKICTh HamucaHHS abo mepekiany (YKpaiHChKO abo aHTIIHCHEKOIO
MOBaMH) TEPETILIIAIOTECS KOPEKTOpaMHy 30ipHMKA, MPOTE BiANOBIJANBHICTE 3a 3MICT Ta
SKICTh CTAaTTi HecyTh aBTOpuW Matepiany. Jlo craTti MOXyTh OyTH BHECEHI 3MiHM
penaxuiiHoro xapaxkrepy 0e3 3roJiu aBTopa.

Po3nin 30ipHuka, 10 siKOro OyAe BiJHECEHA CTaTTs, BH3HAYAETHCS DEAAKLIE0,
Y3TOJDKY€EThCS — TOJIOBHUM pelakTopoM abo ioro 3acTymHukoM. OcTaToOYHUI BHCHOBOK
o10 my6tiKkanii MaTepialliB CXBaJfoe pelakiiiiiHa Koeris 30ipHuKa.

Enextponna Bepcis 30ipHUKa, MpaBmiia oGOpMIICHHS Ta BUMOTH JI0 CTaTe MiCTATHCS
B IHTepHeTi Ha caiiti http://www.es-journal.in.ua, sikuii CHCTEMATUYHO OHOBIFOETHCS.

30ipHUK HayKOBHMX Mpallb TakoX NpelcTaBiIeHHi Ha caiTi HamionanbHoi 6i6mioTexu
VYkpainu im. B.I. Bepraacekoro, Ha caifti [HcTHTYTY TenexkomyHikamid i1 rioGaibHOTO
iHpopmaniiinoro mnpocropy HAH Vkpainm http://itgip.org/ y posnimi «BumaBHnua
JISUTEHICTBY Ta Ha caiiti 010mioTekn KUIBChKOT0 HAIIOHAFHOTO YHIBEPCUTETY OYIIBHUIITBA
i apxirexktypu http:/library.knuba.edu.ua/node/883.
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