MiHicTepcTBO OCBITH | HAYKH YKpaiHu

KuiBcbkuii HallioHaIbHUI YHiBepcuTeT OyAiBHHUITBA i apXiTeKTypH

HanionanbHa akajgemiss HayK YKpaiHu

IncTuTyT TeslekOMyHIKaLiH i ri100ajbHOr0 iHGopMaNiiiHOro MPoOCTOPY

Ministry of Education and Science of Ukraine
Kyiv National University of Construction and Architecture

National Academy of Sciences of Ukraine
Institute of Telecommunications and Global Information Space

EKOJIOI'TYHA BE3IIEKA
TA HPUPOJOKOPUCTYBAHHA

ENVIRONMENTAL SAFETY AND
NATURAL RESOURCES

36ipHuUK HAyKOBHUX Npanb
Bumnyck 4 (28), xoBTenb-rpyaens 2018 p.

3acHoBanwmii y 2008 p.
Buxonuts 4 pa3u Ha pik

Academic journal
Issue 4 (28), October-December 2018

Founded in 2008
The journal is published 4 volume a year

KUIiB 2018

KYI1V 2018



PEJAKIIITHA KOJIETISI

TonosHi penakropu: O.C. Bosomkina, 1-p TeXH. HayK, Ipod.
O.M. Tpodumuyk, 1-p TeXH. HayK, npod., wi.-kop. HAHY

Ysenu pemakoJerii:

buuyenox M.M., 1-p TeXH. HayK Ouiitank O.51., n-p TexH. HayK, npod.,
Boiiko LII., 1-p TexH. HayK, npog. yi.-kop. HAHY

Josruii C.O., 1-p ¢i3.-mar. HayK, npod., MaBaumun B.1., 1-p reon.-MiH. HaykK, TIpog.
akagemik HAHY Hpuiimak O.B., 1-p TexH. HAYK, TPOd.
Kamox FO.1., n-p TexH. HayK, mpod. Paguyk B.B., 1-p reon. Hayk

Kaunncokuii A.B., 1-p TexH. HayK, mpod. Pyabko I'.1., 1-p TexH. HayK, I-p T€OJ.-MiH.
Kop:xnes M.M., 1-p Teon.-MiH. HayK, Ipod.  HAYK, I-p TEOTP. HAYK, MPOd.

Kouertos I'.M., 1-p TexH. HayK, mpod. Crpmxak O.€., 1-p TeXH. HAyK

Kpusoma3 T.1., 1-p TexH. HayK, mpod. Tpucniok B.M., n-p TeXH. HayK

SAxosaes €.0., 1-p TeXH. HAyK

MDKHAPOJHA PEJAKIIIHA PAJIA

M.-H. Basepi, npodecop, ITonpma A. Mimo, nocninuuk, @paHiis
H. Kacarui, mpodecop, Itamis 5. IlekyTin, npodecop, [Tonbiia
H. Mapreeaamgini, PhD, Ascrpaitis Minr Jly, npodecop, Kuraii

. Minrep, npodecop, Benukoopuranis I'. Cobuyk, mpodecop, [Tonbia

PexomennoBano 1o apyky Buenoro pamoro

KuiBcbKOTO HaIliOHATBHOTO YHIBEPCUTETY OYHiBHHIITBA i apXITEKTYPH
(mporoxox Ne 19 Bin 14.12.2018 p.)

30ipHUK HAYKOBHX Mpallb BKIOUeHO 10 [lepeniky HaykoBUX (DaxoBHX BUAaHb YKpaiHH,
B SIKUX MOXYTb ITyOJIiKyBaTHCS pe3yJIbTaTH AUCEPTALHUX poOIT Ha 3700y TTs
HAYKOBHX CTYIEHIB JOKTOPA 1 KaHAM/aTa HAyK 32 HAIPSIMOM «TEXHIYHI HAYyKH»
(Haka3 MinictepctBa ocBiTH i Haykn Ykpainu Big 22.12.2016 Ne 1604)

OCHOBHI TEMATHUYHI PO31JIN 3BIPHUKA

e Exonoriyna 6e3neka o [HopmarliliHi pecypcu Ta CUCTEMHU
o OCHOBHU MPHUPOIOKOPUCTYBAHHS o JluckyciiiHi MOBITOMJICHHS
AJIPECA PEJAKIIII CBionTBO PO IepKaBHY PEECTPAIIIFO

03186, m. Kuis, HokoumiBcbknii OymbB., 13, KB Ne 14146-3117 P Bix 27.05.2008 p.
[HCTHTYT TEneKoMyHiKaniil i rI06aIbHOTO
iHpopmauiiiHoro npocropy HAH Ykpainu

Tenedonn: (044) 245-87-97 EnexTtponna Bepcist 30ipHuKa B [HTepHeTI
(044) 524-22-62 http://www.es-journal.in.ua ykpaiHcbKoIO
E-mail: itelua@Kkv.ukrtel.net Ta aHTJIHCHKOI0 MOBaMHU

O)
@ BY Creative Commons «Attribution» 4.0 WorldWide


http://www.es-journal.in.ua/

CONTENTS

ENVIRONMENTAL SAFETY

Trofymchuk O.M., Korzhnev M.M., Yakovlev Ye.O., Kurylo M.M.,
Kosharna S.K.

Conceptual approaches to organization of monitoring of geological
environment and mineral resources of Ukraine in modern terms.................

Pohrebennyk V.D., Hamkalo K.R.
The state of drinking water quality on the example of Slupsk city (Poland) and
Zhydachiv district (UKraing)...........cooeiiiiiiiiiiiii e,

Rybak M.P., Lukjanova V.V., Anpilova Ye.S., Yonash I.D.

The role of establishments of nature protected fund in ecological-educational
and recreational-touristic aspects of sustainable development of Zakarpattia
=10 [ o] o TP

Vasilenko L.O., Zhukova O.G., Honcharenko A.V.
Ecologycal evaluation of the man-caused impact on the headwater aquatic
ecosystems of Zhytomyr region (case study the Gnylopiat river)...............

NATURAL RESOURCES

Azarov S.1., Zadunaj O.S.
Biospheric processes forecasting by the means of synergetics...................

Greben 0.S., Trofymchuk O.M.
Features of reservoirs eutrofication by elements of agrochemical fertilizers.....

Alokhina O.V., Ivantyshyn O.L., Korus M.M., Koshowyy V.V,
Popov M.O., Rusyn B.P.

Influence of natural climatic factors on lakes waters fluctuations in nature
PrOtECIEA AIBAS. ...\ ettt

Telyma S.V., Kremez V.S.
The methodic of calculations of the contamination of the ground waters on the
irigated lands and the ajoined territories. .. ......ouvuiiriineie e,

Koval I.1., Pohrebennyk V.D.
Approaches to building integrated system of municipal solid waste
management: classification of packaging waste................oooeeiiiiinininn.

INFORMATION RESOURCES AND SYSTEMS

Prychodniuk V.V., Stryzhak O.Ye., Gaiko S.1., Chepkov R.1.
Information-analytical complex of support of transdisciplinary researches
PIOCESSES. .. et ettt ettt ettt et et ettt et

27

39

48

56

65

71

82

94



Kreta D.L., Klymenko V.I., Anpilova Ye.S.
Remote sensing and GIS for spatial analysis of surface water quality and soil
POHULION. ... e e 120

Krasovska I.G., Buravchenko K.O., Tsviashchenko K.A.
Monitoring of potential self-ignition zones of the forest according to cloud
cover remote SeNSING data...........oovuiiriiiitiii i 128

Vusatiuk A.Ye., Fareniuk G.G.
Estimation of integrated characteristics of materials of rail concrete structures
by the method of surface Wave..............coiiiiiiiiiii e, 133

INFORMATION FORAUTHORS. ... 144



SMICT

EKOJIOI'TYHA BE3ITEKA

Tpopumuyk O.M., Kop:xkues M.M., SfxoBaeB €.0., Kypuio M.M.,
Komapna C.K.

KonnenTyanpHi miAX0oau MIOAO Opradizamii MOHITOPHHTY T'€OJIOTiYHOTO
CepeNoBHINA 1 MiHEPAIbHUX peCcypciB YKpaiHH B CydacHUX YMOBaX............. 7

IHorpedennnk B./1., 'amkajo X.P.
Cran sxocti mutHOi Bomu Ha mpukaaai M. Cayncek (TTonbrma) Ta
JKunadiBCbKOTO PAHOHY (YKPATHA). .. .vvvintintententeteeeneententeneeneennannannns 27

Pu6ak M.IL., JIyk’ssnoBa B.B., Auninosa €.C., Uonam LI,
Ponb ycTanoB mpupoaHO-3aMi0BiTHOTO JOHIY B €KOOCBITHIX Ta peKpeariiftHo-
TYPUCTHYHHUX ACHEKTaX CTAIOTO PO3BUTKY 3AKAPHATTS. ... vvenenenenenennnnnnes 39

Bacuaenko JI.O., Kykosa O.I'., 'onuapenko A.B.
ExororiuHa o1iHKa TEXHOT€HHOTO BILTHBY Ha BOJIHI €KOCHCTEMH MaJINX PidoK
Kuromupcbkoi obnacTi (Ha mpukiaai p. THHIOM'SITE). ....covieiiiiiiie, 48

OCHOBHU TIPUPOJOKOPUCTYBAHHA

Azapos C.1., 3aaynaii O.C.
[Iporno3yBanHs 6iochepHUX MPOIIECIB 3a JOITOMOTOI0 CHHEPTETHKH . . .......... 56

I'pedens O.C., Tpopumuyk O.M.
Oco0nmBocTi eBTpodikallii BOJOWMHUII eIeMEeHTaMH arpOXiMiyHUX JOOpUB.... 65

Aaboxina O.B., IBanTtummn O.J1., Kopycs M.M., Komosuii B.B.,
IHonos M.O., Pycun B.II.

BrmB mpupoAHO-KIIMAaTUYHUX YHHHUKIB Ha KOJIHMBaHHS BOJHOCTI 03ep
MIPHPOTIOOXOPOHHUX TEPUTOPIT . ..o euveteniet ittt e e e eaeaans 71

Tesmnma C.B., Kpemes B.C.
MeToanka po3paxyHKiB 3a0pyJHCHHS IPYHTOBHX BOJI HA 3€MIISX 3POIICHHS Ta
TIPHIIETITAX TEPHTOPISX ¢ 1ot veuventeetenseeseetensansenensensansasansensensansaneansans 82

Kosans LI, Ilorpedennux B./I.
[Tizxoau g0 CTBOPEHHS IHTETPOBAHOI CHUCTEMHU YIPABIiHHS TBEPAUMHU
NoOYTOBUMH BiJIX0OaMU: KJIAaCH(]iKaLlisl BIAXOIIB YITAKOBKH. ... .cueueenennenen.. 94

TH®OPMAIIIMHI PECYPCU TA CUCTEMHA

IIpuxoaniok B.B., Ctpuxkak O.€., I'aiiko C.I., Yenkos P.I.
IadopmaniitHo-aHamI THUHUN KOMILIEKC HiATPUMKH npoIieciB
TPAHCIUCIUIUTTHAPHUX TOCTIIIKEHD . ..\ evvevteesententansaneensansaneensenseannnenns 103



Kpera JI.JI., Knumenko B.1., AumisioBa €.C.
3acobu /133 ta I'lC ans mpocTOpoBOro aHaii3y SIKOCTi MOBEPXHEBUX BOJ Ta
BA0PYITHCHHS TPYHTIB. ... uvttttteetareeneeneeneeneaneeneereaneeneeearerneaeenennens

Kpacoscbka LI'., BypaBuenko €.0., LiBsmenko K.A.
MOHITOPHHT TOTSHITIHIX 30H caMo3aiiMaHH JIiCY 3a TaHUMHU TACTAHIIIHHOTO
30H/TYBAHHS XMAPHOTO TIOKPHBY . . ..t eeteeentetenineeneaeenaneeneeeneneeneneeenens

Bycartiok A.€., @apeniok I'.I'.
Oninka  iHTErpaJbHUX  XapaKTepUCTUK  MarepiaiiB  3ay1i300€TOHHHX
KOHCTPYKIiI METOIOM MOBEPXHEBOT XBUIIL. ... ouvutnineeeneneninenineeannenenenn

JIO BITIOMA ABTOPIB. ..o iiiiee e,

120

128



~7~

EKOJIOI'TYHA BE3IIEKA
ENVIRONMENTAL SAFETY

YJIK 55; 504; 574

Oleksandr M. Trofymchuk!, Corresponding member of NASU, D. S. (Technical),
Professor, Director of the Institute
ORCID ID 0000-0003-3782-4209 e-mail: itelua@kv.ukrtel.net

Mykhailo M. Korzhnev?, D. S., Professor, leading researcher
Yevheniy O. Yakovlev!, D. S., Principal researcher

Maria M. Kurylo?, PhD, Associate Professor

Sofia K. Kesharna?, PhD student

Ynstitute of Telecommunications and Global Information Space of NASU, Kyiv, Ukraine
2Institute of Geology of National Taras Shevchenko University of Kyiv, Ukraine

CONCEPTUAL APPROACHES TO ORGANIZATION OF MONITORING
OF GEOLOGICAL ENVIRONMENT AND MINERAL RESOURCES
OF UKRAINE IN MODERN TERMS

Abstract. Monitoring of geological environment and mineral resources is a very
important element, which provides functioning of all system of state administration
in the field of environment protection, uses of natural resources and ecological
safety in Ukraine, development of which the protracted historical period was
determined by the mining minerals export of products of its processing. It stipulated
critical, often close to catastrophic, state of geological environment in the basic
mining districts of country. Especially a situation was aggravated in Donbas, where,
in connection with the conduct of battle actions, out-of-control closing of mines and
stopping of the mine waters pumping, an ecocatastrophe began to develop rapid
rates.

The programs of ecological rehabilitation of mining regions must be based on the
constantly operating real-time prognosis model of geological environment on the
basis of the geographic information system with the debugged systems of monitoring
of its different parts (hydrogeological, engineer-geological, seismic, contaminations
of soils and surface water et al). At creation and functioning of such models in
districts with the crisis and catastrophic state of environment financial resources
will be distributed more rationally on warning and decision of concrete ecological
problems which can arise up in case of realization of the most ecological risks
expected in such model.

© O.M. Trofymchuk, M.M. Korzhnev Ye.O. Yakovlev, M.M. Kurylo, S.K. Kosharna, 2018
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Main recommendations for renewal of the environmental monitoring system for the
geological environment are the following: 1) creation of regional monitoring centers,
which should be responsible for constantly functioning model; 2) renewal (or
creation) monitoring networks for the state of geological environment, as the main
suppliers of information for the constantly operating model; 3) development of
mathematical hydrogeological models for increasing the probability of groundwater
level forecasts and justification of measures for ecological rehabilitation of territories
and the forecast of extraordinary ecological situations; 4) territory zoning under the
risk of natural and natural-technogenic hazards; 5) creation of basin and territorial
schemes for managing levels of underground and surface waters through the
integrated use of horizontal and vertical (including underground mine) drains;
6) substantiation of priority and long-term measures to respond to prevailing impacts
of ecological changes within territories on the economy structure, the employment
composition of local population, the potential of sustainable development.

One of important tasks to monitoring of raw mineral-material base in modern terms
is development of mechanisms of bringing in of investments in geological industry.
The purpose of geological and economic monitoring is to ensure the process of
decision making at different administrative levels, on the one hand, and creation of
information base for the economic evaluation of natural resources, on the other
hand, and these components are interrelated parts of the same process.
Information at operating and potential mining objects must be complemented by the
indexes of economic and ecological character, shown out on the level of state
statistics, and (on possibility) maximally open. It is proposed indicators for
monitoring mineral resource base for different stages of development: for
reconnaissance, prospecting, exploration and exploitation of deposits. The
following groups of indicators are recommended for each stage of development:
geological, mining, technological, economic and financial, environmental. This list
requires careful processing to really reflect the environmental impact of mining and
other industrial companies, environmental risks that arise on the territory of their
influence, and economic losses. The latter concerns not only direct losses and those
arising from non-receipt of profits from territory use in other activities (e.g.
agricultural or tourism).

The proposed monitoring systems include objects for all types of subsoil use and
include implementation at the local, regional, and state levels.

Keywords: monitoring; system of state administration; use of mineral resources;
ecological safety; constantly operating prognosis model of geological environment

O.M. Tpopumuyk’, M.M. Kop:xnes?, €.0. Skosaes’, M.M. Kypuio?, C.K. Komapna?

Uncturyr TenekomyHikauii i rmo6ansHoro ingopmariitnoro mpoctopy HAH Vkpainn,
M. KuiB, Ykpaina
2HHI «IucTuTyT reosorii» Kuischkoro HauionansHoro yHisepcutery imM. Tapaca IlleBuenka,
M. KuiB, Ykpaina

KOHLEONTYAJILHI HIIXOAU OO0 OPTAHI3ALIII MOHITOPUHTY
TEOJIOTTYHOT'O CEPEJJOBHUILIA 1 MIHEPAJILHUX PECYPCIB
YKPAIHHU B CYYACHUX YMOBAX

Anomauisn. Monimopune 2eono2iunozo cepedosuya i MiHepaibHux pecypcie € oyice
BADICIUBUM EIEMEHMOM, WO 3a6e3neqye PYHKYIOHY8aHH: 6CIET cucmemu 0epiHcA6HO20
VIpasniHHA Yy cqhepi 0XOpOHU OOBKIIA, SUKOPUCHAHHS NPUPOOHUX Decypcis i
exonociunoi 6esneku 6 Ykpaiui, po3eumok sKoi mpusanuil icmopuyHui nepioo
BUBHAYABCA  BUOODYMKOM MIHEPATbHOL CUPOBUHU T eKCNOPpMOM NpOOYKmie il
nepepooku. Lle 06yMo8un0 Kpumuurutl, 4acmo HAOIUNCEHUll 00 Kamacmpogpiunozo,
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Cman 2e0n02iuH020 cepedosua 8 OCHOBHUX 2SIPHUYOO00YEHUX PAUOHAX KpaiHu.
Ocobnuso cumyayis 3azocmpunacs Ha JJoHbaci, Oe, y 36 3Ky 3 6€0eHHAM OOUOBUX
0itl, HEKOHMPOILOBAHUM 3AKPUIMMAM WLAXM | NPURUHEHHAM BIOKAUKU WAXMHUX 8OO,
WBUOKUMU TMEMNAMU NOYALA PO3GUSAMUCS eKONIOSTUHA Kamacmpoga.

Ipoepamu  exonociunoi  peabinimayii  2ipHUY0000YEHUX  PAUOHIE  NOGUHHIL
CRUPAMUCA HA NOCMIUHO Oil0Yy 6 PedtCuMi peanbHo20 4acy NpPOSHO3HY MOOeNb
2e0102i4H020 cepedosuwa Ha OCHO8I 2eocpaghiunoi iHgopmayitinoi cucmemu 3
HANA2OOJNCEHUMY — CUCTNEeMAMU — MOHIMOpUHSY — pDI3HUX 1020  CKAAOOBUX
(2i0p02eon102iuH020, IHHCEHEPHO-2e0N02TUHO20, CelICMIYHO20, 3A0PYOHEHHS TPYHINIE
i nosepxmesux oooum ma inwux). I[lpu cmeopenmi Ui PyHKYioHY8aHHI MAKUX
MoOenell y pationax 3 Kpu3oeum i Kamacmpo@piuuum cmanom 008KiiA Qinancosi
pecypcu  6yoymb  po3nooiiamucs Oilbll PAYiOHANbHO Olisi NONEPEeONCEeHHs |
BUPTUEHHS. KOHKDEMHUX eKOJIOZIYHUX NPoOaeM, AKI MOJICYMb GUHUKAMU Y BUNAOK)
peanizayii po3paxoeanux y maxii Mooei HaubIbWux eKol02iUHUX PUSUKIS.

O0nuM i3 6aXHCIUBUX 3A60AHL MOHIMOPUHZY MIHEPATLHO-CUPOBUHHOT 6A3U 6 CYHACHUX
YMOBAX € PO3POOKA MeXauizmi6 3anyueHHsi [HEeCTMUYill ) 2e0N02iuHy 2aTy3b.
Inghopmayis npo Oitoui i nomenyilini 00’€kmu  GUKOPUCMAHHA HAOp mae bymu
00NOGHEHA NOKAZHUKAMU EeKOHOMIYHO20 | eKONO2IYHO20 Xapakmepy, 6UBeO0eHUMU Ha
DiBeHb 0epIHCABHOT CIaMUCUuKU, i (N0 MOACIUBOCTE) OYMU MAKCUMATLHO BIOKPUMOIO.
Knrwouoei cnosa: monimopune; cucmema 0epiuHcasHo2o YnpagiinHa, 6UKOPUCMAHHA
MIHEpANbHUX pecypcie; eKonociuHa bes3nexa, NOCMIHO 0ilo4ad NPOSHO3HA MOOeib
2e0102IUH020 cepedosuya

Beryn

[ToHATTSI MOHITOPHHT'Y HABKOJHMILIHBOI'O CEPEAOBHILA BIIepIle OyJI0 3apOIIOHOBAHO
P.Mennom y 1972 p. na CrokromsMmchkiii koH(pepeniii OOH. 3apaz ne
3araJbHONPUNHATA CUCTEMA, KA PO3MOAUIAETHCS Ha JACKIIbKA MiJCUCTEM 1 BUIIB.

Exomnoro-reosnoriyanii MOHITOPHHT, 200 MOHITOPHHT T€OJOTIYHOTO CEepEeIOBHIIA
(I'C) — me cucremMa peKUMHHUX CIOCTEPEkKEHb, OLIHKH, MPOTHO3Y 1 pPO3POOKH
PEKOMEHIAIIIH 111010 ONTHMAJBHOTO YIPABJIIHHS TE€OJIOTIYHUM CEPEIOBUIIEM abo
HOro 4YacTHUHOIO, SIKA BHUKOHYETbCS 3a IIONEPEAHBOI0 IPOrpaMoi0 3 METOI0
3a0e3MeUYeHHs] ONTUMAIBHUX €KOJIOTTYHIX YMOB JIJIS IIOAMHU 1 O10TH.

3MicToBHY iH(poOpMaIifo mnpo Buad MoHiTopuHry ['C Ta OCHOBHI Tpymnu
CIIOCTEPEKEHb 1 JAOCIIHKEHb NMPH 1X MPOBEACHHI MOXKHA 3HAMTH y MiAPYYHHKAX 3
exonorignoi reosorii [11 Ta iH.]. MOHITOPHHT y HHX PO3TJIIAETHCS SK CHCTEMA
MPOLIE/YP, SKi TPYMYIOThCS B IIUKIT: CIIOCTEPEKEHHS — OLIIHKK CTaHy CEpeIOBHUINA 32
iX pe3ysJbTaTOM — IPOTHO3 3MIiH CepeIOBHINA — PO3POOKH PEKOMEHAIl Ha OCHOBI
LBOr0 MPOTHO3Y INOAO YHPaBIiHCBKMX pillleHb — Iepegada peKOMEHIAlild B
YIIPaBITiHCHKI cTpyKTypH. [10TIM criocTepeskeHHsI TOMOBHIOIOTHCS HOBUMH JIAHUMH 3
ypaxyBaHHSIM HACJIJIKiB YIPaBIiHHS 1 IPOLIETyPH TIOBTOPIOIOTHCSI HA HOBHUX IIUKJIIAX.

VY 3amexHOCTI Bifg CTyNeHsS KOMIUIEKCHOCTI 1 HamlpaBi€HOCTI MOHITOPHHIY
BUJUISIOTH CIIOCTEPEKEHHS 32 HACTYITHUMH €JIEMEHTaMH I'€0JIOTTYHOTO CEpeJOBHILIA:

® CKJIaJ, CTaH, BJIACTUBOCTI 1 3MiHH IPyHTIB, [PCHKHUX ITOPiJl, TEXHOT€HHUX IPYHTIB;

® DPEXUM, TUHAMIKA 1 Te0XiMis TiA3EMHUX BOII;

e CK30reHHI 1 eHJOT'€HHI I'e0JIOTivHI mpouecH (KapeT, cydosis, 3cyBH, 00Bau,
3eMJIETPYCH TOIIIO);

® IHXKCHEPHO-TEOJIOTYHI BIIACTUBOCTI 1 SIBUIIIA;

e penbed (TEXHOTCHHI OPYIICHHS, PO3WICHYBaHHS, JMHAMIKA 3MiH TOIIO);

® [IPOLICCH B3aEMO/IIT IHKEHEPHUX CIIOPY/I 1 T€OJIOrTYHOr0 cepeoBuIa (ycaaku
IPYHTIB, CTaH 1 30KpeMa LiNiCHICTb (yHAAMEHTIB, BATOKH TEXHOTEHHUX BOJ TOLIO).

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



MoHITOpPUHT Y cHCTeMi Aep:KaBHOr0 ynpaBjiHHSA y cdepi 0XOpOHHM TOBKIiLIsI,
BUKOPUCTAHHSI MPUPOTHUX pecypciB i exoioriuHoi 6e3nexu

Snpom crucTeMu eKoIOoTivHOT OE3MEKH € CUCTEMA JIEPKABHOTO YIIPaBIiHHS, KA Ma€e
3a0e3redyBaTi 3aJOBUIBHUN CTaH MOBKULIS y 3BHYaHOMY pPEXHMI Ta HOTO
eeKTUBHHMI MOHITOPHHT. [i METOI0, 3 0HOTO GOKY, € TIOTIepeKEHHS HEraTUBHOTO
BIUTMBY Ha JIOBKUUIS TOCMOJAPCHKOI AisTIBHOCTI BiIOMCTB, MiANPHEMCTB, OKPEMUX
FOPUINIHIUX 1 PI3UIHUX 0¢i0, a 3 IHIIIOT0 — CTEKEHHS 32 HETaTUBHUMH TCHICHITISIMH
MPUPOIHUX Ta TEXHOTEHHHUX 3MiH JOBKIULISA i PO3BUTKOM E€KOJOTIYHHMX CHUTYaIliH.
Kpim TOro, cyrreBuM y Takiii cucTeMi € BiANpalnbOBaHI 1 3aKpiluleHi Ha
3aKOHOJ/IaBUOMY DiBHI (hiHAHCOBO-EKOHOMIYHI MEXaHi3MH KOHIICHTPYBaHHS KOIITIB
SIK 17151 3a0e3medeHHs i (yHKIIIOHYyBaHHSA, TaK 1 JJIs TonepeXeHHs (i 11e TOJIOBHE)
BUHUKHCHHS HAJ3BUYAMHUX CHUTyallii i kartactpod Ta JjikBimamii X HacCHigKiB i
€KOJIOT14HOI peabiiTawii TepuTopiil.

36anaHcoBaHa cUCTeMa JEpP KaBHOTO YIPaBIiHHA y cdepi eKoNoTiyHoi Oe3meKn
MTOBMHHA MaTH TaKi TOJIOBHI CKIIaI0Bi 4acTuHU (puc. 1):

¢ PEeryNIOBaHHS TPUPOJOKOPUCTYBAHHS 1 OXOpPOHM JOBKIIUIS, €KOJIOro-
€KOHOMIYHE HOPMYBAHHSI FOCIIOIaPYO] NisIbHOCTI;

¢ KOHTPOJIb 332 BHKOPHUCTaHHSM TPUPOJHUX pECYpCiB Ta JOJCp KaHHIM
€KOJIOTIYHIX BUMOT, HOPMAaTHUBIB 1 CTAHIAPTIB;

4 MOHITOPUHT CTaHY JOBKULIS Ta MPOTHO3 PO3BUTKY HOTO HETaTUBHUX 3MiH;

¢ MIPOTHO3YBaHHSI, MOTIEPEHKEHHS Ta YIepeIKCHHS HI3BHYaHUX €KOJIOTIYHUX
CUTYaIlill i karactpod;

4 CKOJIOTiYHA peadimiTalis yIIKOHKEHIX TePUTOPIi.
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Puc. 1 — 3aranpHa cxemMa oprasizariii CHCTEMHU €KOJIOT14HOT Oe3meku [5]
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l'omoBHUM MeXaHI3MOM iX B3a€MO3B'SI3KY € SKOHOMIYHHM, Yepe3 IUIaTexXi 3a
KOPHUCTYBaHHS MPUPOTHUMHU PEeCypcaMm, 3a iX iMIOPT 1 eKcopT (MUTO), Tpadu,
CHCTEMY €KOJIOTIYHOI'O CTpaxyBaHHS TOILO, 332 PaxyHOK SKHX (OPMYIOTHCS
BIJIMTOBI/IHI CTATTi JACPKOIOKETY, MICIIEBUX OIOJDKETIB, M03a00/KETHI 1 CTpaxoBi
eKOJIOTiuHI (POHIU ISl IUTBOBOTO CIPSIMYBaHHS KOIITIB HA 3aXOIW 1 Mporpamu
IOJI0 TIOTIEPE/HKCHHS HaJ3BHYAHUX EKOJOTIYHMX CHUTyaliii i1 kartactpod Ta
peaOimitanii moBkimwis. ExoHomiunuii mexaHi3m y cdepi ekosoridnoi Oesnexu
[IOBUHEH CTaTH OJHI€I0 3 BU3HAYAIbHUX YaCTHH 3arajibHol cucteMu. Bin mae
(dopMyBaTHCI Ha OCHOBI YIOCKOHQJICHHS ICHYIOUHX BaKETiB EKOHOMIYHOTO
peryJioBaHHS 1 CTUMYJIOBAHHA, 38 PaxyHOK YOTO YacTKa €KOJOTIYHHX BUTpAT Y
cxiani BBII moxe OyTu ictoTHO miiBuiieHa [6]. HeoOXigHUM €J1eMEHTOM TaKOXK Mae
OyTH E€KOHOMIYHE CTHMYIIIOBAHHS €KOJIOTIYHO IPY)KHIX CHCTEM TOCIIOIAPIOBAHHS
(BUKOpHCTaHHSI «YHCTHX» TEXHOJIOTI Ta OKpEeMHX TEXHOJOTIYHUX TMPOIIECiB,
HEBHCHAXIJTUBE BUKOPUCTAHHS IPUPOAHUX PECYPCIB Ta iH.).

Cucrema Aep)kaBHOTO YHpaBIiHHS Yy cdepi eKoIoriyHOi Oe3lmeKkn OCTaHHIM
4acoM 3a3Ha€ 3MiH. Tak, HampuKIaj, AEp)kKaBHA EKOJIOTiYHA EKCIepTH3a, IO
JIOHEIaBHA KOHTPOJIIOBaJa BIJMOBIMHICT, TPOEKTIB, NEPKABHHX 1 Taly3eBUX
MporpaM BUMOTaM €KOJIOTidHOI Oe3MeKy, 3aMiHeHa Ha OI[iHKY BIUIMBY Ha JOBKLIJISA
BBeneHUM B nito 18 rpymas 2017 p. 3akonom Ykpainn «[Ipo oriHky BBy Ha
JOBKUUISD», SKMH BIIPOBA/IXKYE €BPOTIEHCHKY MOJIEIB MIPOLIEAYPH TaKOi OIIIHKH. X04a
caM 3aKOH HE € JOCKOHAIMM y 0araThoX MOJIOXCHHSX [2].

JepxaBHe ynpaBIiHHS B Taly3i €KOJOTIYHOI OE3MEeKU Ta OXOPOHHU MPUPOIHUX
pecypciB  3a0e3meuyeThcss Hacamiepel AiSUIbHICTIO MiHnpupoau YKpainu,
CTBOPEHHS SKOTr0o OyJo MepIInM KPOKOM aJIMiHICTpaTUBHOI pedopMmu B Wil chepi
JEpXKaBHOTO yTMpaBiiHHA. PedopMy MOUWITPHO TPOJOBXKHUTH IMUIAXOM Tepemadi
(hyHKIIH nepaBHOTO YIpPaBIiHHSA B Il ramy3i mo Minnpupoan Yipainnm 3 ix
BiJOKpEMJICHHSAM BiJl ()YHKIiH yHOpaBIiHHS TOCIOAAPCHKOIO MiSUTBHICTIO 3 iX
BUKOPHUCTaHHS.

Jyxe BOXJIMBHUM € YiTKe po3MexyBaHHS QyHKIii Minnpupoau ta Jlep:xaBHoi
ciry>kOn YKpaiHu 3 Ha/J3BHYaiiHWUX cHTyariil. [lepme Mae BUKOHyBaTH (yHKIIi
JIep>KaBHOTO YIPABIiHHA MEPEBAKHO NPU 3BUYAHHOMY CTaHi JOBKULISA, a JApyra —
B YMOBax PO3BHUTKY HaI3BHUYAHMX cUTyalii i xatactpod. Pazom wi crpykrypu
MalTh [MiATH TpPH KPUTHYHOMY 1 TMicisKaTtacTpopidHOMY CTaHI JOBKIIIS.
[Mpubmu3HO TakKMM YMHOM 3/IMCHIOETHCS JepKaBHE yhpaBiliHHS y cdepi
€KOJIOTIYHOi Oe3rMeKkr i Ha JaHWil 4ac, aje 4iTKOTO pO3MeXyBaHHS (YHKINHA i
KOOpJIMHAIII JiSUTEHOCTI iM He BHCTaYae.

IleBHi (yHKIIT aepKaBHOrO PEryJIOBaHHS MOBHHHI MaTH O0JIACHI 1 MIChKi
Jiep KaBHI agMiHicTpallii, paJy HApOJHHUX JIEMyTaTiB BCiX pIBHIB Ta iHII OpraHH
Jiep>KaBHOTO yIpaBliHHS. Bci i nUTaHHS MOBUHEH BPETYIbOBYBAaTH 3aKOH Y KpaiHU
«[Ipo exonoriuny (MPUPOAHO-TEXHOTCHHY) OE3MeKy».

[NonepemxeHHs HaI3BUYAWHIX €KOJIOTIYHUAX CUTYAIliH 1 KaTacTpod € KIIOYOBUM
€JIEMEHTOM 3arajibHOi CHUCTEMH JEp>KaBHOTO YIpPaBIiHHA y cdepi eKoIOoriuHoi
Oesmeku. 3a 3BHYAMHOrO CTaHy OOBKULIA L€ JOCATAETHCS LIISIXOM BUKOHAHHS
MiAMPUEMCTBAMH, OPTaHi3aIlisIMH, OPUANYHAMU 49i (QI3MYHEMH OCO0aMH CBOIX
MPaBOBUX 3000B’sA3aHb B paMKaxX YMHHOTO 3aKOHOJABCTBA. Jlemo iHIIa CHUTYyaIis
BUHHMKA€ B pErioHax 3 KPU30BUM i, 0COONMBO, KPUTHUYHUM CTaHOM JIOBKIIJIS.
3abe3neueHHs €KOJOTiYHOT Oe3NeKH y HHUX YCKJIAJIHIOETHCS THUM, IO 3MiHa
CTPYKTYPH MPUPOJIOKOPHCTYBAHHSI (3aKPUTTS LIAXT Ta IX 3aTOIJICHHS, CKOPOUCHHS
3pOLIYBIBHUX IUIOLI, BOJOKOPHUCTYBaHHA Ta 1H.) BHUKJIHMKaE MepeOyaoBy
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MPUPOJHO-TEXHOTCHHUX CHUCTEM IIIIXOM PO3BHTKY IPOIECIB B HABKOJIUIIHHOMY
CEPEIOBUIITi, MO0 YaCTO MAIOTh HEOE3NMEeUHUH PiBEHb. | OJIOBHUM B TaKMX YMOBax
CTae BHUKOHAaHHA MpOrpaM pi3HOr0 piBHA (HALiOHANBHUX, JEPKABHHUX,
perioHanbHUX) 1 OKpEeMHX TEXHIYHUX MPOEKTIB TMOJIMIIEHHS EKOJIOTIYHOTO
CTAaHOBHWIIA Ti€l YW IHIIOI TEpHUTOpii, CHPAMOBAHMX HA 3HIKEHHS PHU3UKY
BUHUKHEHHSI TaKWX CHUTYyariil i karactpod. IIporpamu exomoriuHoi peaOimirtariii
MMOBUHHI CIHMPATUCS Ha TMOCTIHHO JIF0Yy B PEXKHMI PEANBHOTO 4acy IMPOTHO3HY
MOJIENIb TEOJOTIYHOTO CEepelIOBHINA HAa OCHOBI Teorpadiudoi iHbopmamiitHOi
CHCTEMH 3 HAJIArO/UKCHUMH MEpeXaMH MOHITOPHHTY PI3HHX HOrO CKIAJIOBHX
(TiApOreonoriYHoro0, iIHKEHEPHO-TE0JIOTIYHOT0, CEHCMIYHOTO0, 3a0pyAHEHHS IPYHTIB
1 MOBepXHEBUX BOJONM Ta iHmmX). [Ipu cTBopeHHI i1 QyHKIIOHYBaHHI TaKOi MOAENTI
(hiHaHCOBI pecypcr OyAyTh POMOILIATHCS OB PAlliOHATFHO HA IMTOTIEPEIKEeHHS 1
BUPIIICHHSI KOHKPETHUX €KOJIOTIYHUX MPOOJIeM, SIKi MOKYTh BUHUKATH y BUIAIKy
peadizanii po3paxoBaHuX y Takiii MO HAHOTBIINX EKONOTIYHUX PU3HKIB. ToMy
CTBOPEHHS CTPYKTYPHHX MIiAPO3MALTiB, TiAmopaakoBannx Minnpupoai abo
00JacHUM JIep>KaBHUM aJMIHICTpAIlisiM, SIKi O BiIITOBITay 32 BEIEHHS [TUX MOZeNei
y TipHHYOA00YBHHUX pailoHaX 3 KPUTHYHHM CTaHOM JOBKIUIA, € BEIbMH
aKTyaJIbHUAM.

KO KpPUTWYHWNA CTaH MOBKIUIA 1 OalaHCyBaHHS HAa MeXi BUHUKHEHHS
EKOJIOTTYHUX KaTacTpo( MOKe MPOJOBKYBATHUCS TPUBAIHMI Yac, TO PO3BUTOK CAMUX
HQ/I3BHYAMHUX CHUTYyalliil i KaTacTpod TNepeBaKHO OyBa€ IOCHUTH MIBHIKUM 3
HU3BKUM piBHEM KepyBaHHs. Y Takiil cuTyallii HEoOXiTHO TMOCHIUTH HisSUTbHICTh
CrenianbHOi CITy>)KOM MOHITOPHHTY 1 MPOTHO3Y, SIKa MA€ B OMEPATUBHOMY PEXHMI
MOCTaBJIATH 10 IUTabiB 3 OOpOTHOM 3 HaA3BUYAHOIO EKOJOTIYHOK CHTYAIli€r0
(xatactpooro) maHi mpo 3MiHK CTaHy JOBKLIISA, HOTO CKIIAIOBHX 1 PO PO3BUTOK
€KOJIOTIYHOI CUTYAITil ISl IPUHHATTS BiJIITOBITHAX PIIICHb.

Exonoriuna peaOimitaiisi TEpUTOpiii B yMOBaxX 3BHYAMHOTO CTaHy OBKLLIS
MOBHHHA 3[[IHCHIOBATUCS TIOCTIHO y paMKax MPaBOBHUX 3000B si3aHb MiAMPUEMCTB 1
MICIIEBUX OpraHiB By Ta IUITXOM BHKOHAHHS MICIIEBUX €KOJIOTIYHUX IPOTPaM.
3aranpHUA TOPSIOK MPUHHSATTS JEPKABHUX 1 Tally3eBHX PETiOHANBHUX MpOrpam
€KOJIOTIYHOI peadimiTallii, HaJaHHs KOIITIB Ha iX 3IHCHEHHS Ta BiAMOBIAAILHICTH
Jiep>KaBHUX OpraHiB NOBMHHI BH3HA4YaTHCh 3akoHOM YkpaiHu «lIpo exomoriuny
peabiiTaliro TepUTOPiii».

PeaGinmitartiss TepuTOpiii B mepion, KOJAM HAJA3BUYANHI €KOJIOTIYHI CHUTYyAIll i
KaracTpodu BxKe BiOynucs i Oyid JiKBiIOBaHI, Ma€ MPOBOAUTHCH TAKOXK IIIJISTXOM
BUKOHAHHS IIPOrpaM eKoJoriyHoi peaOimitamii meBHOro piBHA. B ymoBax
MicIAKaTacTpoiYHOro CTaHy HABKOJIHUIIHBOTO TPUPOTHOTO CEPEIOBUIIA TTOBUHHI
MPOIOBXKYBATH CBOIO MAiSUIBHICTH CIIY’)KOM MOHITOPUHTY 1 MpPOTHO3Y, siKi Oyiu
PO3TOpHYTI e y KPU30BHH TEpioJl, aje 3 BpaXyBaHHAM XapaKTepy Ta eKOJIOTTYHHX
HACITiIKIB HaJ3BUYAHUX CUTYallil 1 kKatacTpod, siKi BiAOYIHCH.

VY cyuacHui icropuyHwMii iepioa YKpaiHa 3HaXOAUThCS B Iy’KE CKIIaJHOMY CTaH1
panukanbHOI mMepeOylOoBH CHUCTEMH JIEpKAaBHOTO YINpPaBJiHHS 1 HaliOHAJIbHOI
Oe3neku, nepebyBaroun B ymoBax BiiHH. Ilicis i1 3akiHUEHHS aKTyaJbHOIO Oyje
OpraHizallisi CHCTEMH MOHITOPUHTY CTaHy IeoJIoTiyHoro cepenouia Jlonbacy, mo
€ HeoOXiTHOI0 YMOBOIO AJIsI POBEICHHS €KOJIOTi4HOI peabiiiTanii Horo Tepuropii [§].
Ha namy aymky, cmouaTky Tpeba MpOBECTH OLIHKY IHMHAMIYHOTO PO3BUTKY
(hakTOpiB MOTipIICHHS eKoJIoriuHOro cTany I'C BHACIIIIOK IPOBEACHUX OOHOBHX JiH
1 CTHXIHOTO MAacOBOTO 3aTOIUIEHHS IIaxT. JJIS IbOr0 BBaXKAETHCS HEOOXIITHUM
BUKOHAHHS HACTYIHUX [IEPLUIOYEPTrOBHUX 3aXOIiB:
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1. CtBopenHs «LleHTpy MOHITOPHHTOBUX AOCTIIKEeHD JloHOACY», y CKIIai SKOTO
TOJIOBHMM Ma€ OyTH MiIPO3/iJi, BiAMOBIAAJbHUI 3a BEACHHS 1 0OCIyrOBYBaHHS
noctiitHo nitouoi moneni I'C JlonOacy.

2. BigHoBneHHs (a TOYHIIIE CTBOPEHHS] HOBHX ) MEPEX CIIOCTEPEKEHD 32 CTAHOM
ckimanopux I'C, Sk OCHOBHHMX IOCTAYaIbHUKIB iH(pOpMAIii IS MOCTIHHO MIiF0YO01
moxeni I'C lonbacy.

3. Po3poOka MaTeMaTWYHHX TiAPOTEOJOTIYHUX MOJCICH MJIsS ITiBUIICHHS
BipOTiHOCTI IPOTHO31B MiAHOMY PiBHIB MiA3EMHIX BOJ Ta OOTPYHTYBaHHS 3aXO0/iB
3 eKOJIOTiYHOI pealimiTarii TepuTopiii 1 MPOTHO3Y HAAZBUYAWHUX EKOJIOTIYHHUX
curyauit (HEC).

4. PaiionyBanHs1 TepuTopii 3a piBHem pusuky HEC mpupomgHoro i mpupoaHo-
TEXHOTEHHOTO IMOXO/KEHHS Ta po3po0Ka i 00TpyHTYBaHHS CKJIaTy 1 TOCTITOBHOCTI
MEPUIOYEPTrOBUX 3aXMCHUX 3aXO0/iB IS X MOTepeKeHHs 1 JTiKBiaarii.

5. IIpoBeneHHS! KOMIUIEKCHOTO COLIaIbHO-EKOJIOr0-TEXHOITEHHOTO OOCTEXECHHS
30H BIUTUBY PETiOHANBHOTO MiAHOMY PIBHIB MiA3€MHUX BOJ BHACIHIJOK CTHUXIHHOTO
3aKpUTTS IIaXT, B TOMY YHCIII i3 3ATy4eHHAM TEXHOJIOT1H AUCTAHIIITHOTO 30H TyBaHHS
3eMili, EKCIPEeCHHX Tra30-TeOXiMIUHMX 1 Teo(i3MYHMX 3HOMOK Ta HACTYITHUM
BUINEHHAM JinsHOK HeOesnmeunux 3miH ['C  (miaromenHs, 3a0pyaHEHHS
B0/103200piB MUTHUX BOJ, TiABUIIEHHS Mirpallii BHOyX0oHeOe3euHnX ra3iB Ta iH.).

6. CrBopeHHs OaceliHOBHX 1 TEpPUTOpIAILHUX CXEM KEpYyBaHHS pPiBHAMH
MiA3€MHUX 1 TOBEPXHEBMX BOJ MUIIXOM KOMIUIEKCHOTO BHKOPUCTaHHS
TOPU3OHTAJIHHIUX 1 BEPTHUKANBHHUX (B TOMY YHCII IIaXTHHUX) APEHAXIB, a TaKOX
MaKCHUMaJIbHOTO BiTHOBJICHHS APEHYI0YOi 37JaTHOCTI piUKOBO-0aceitHOBOI Mepexi.

7. OOrpyHTYBaHHsI TIEPIIOYEPTOBUX Ta TOBIOCTPOKOBUX 3aXO[IB 3 pearyBaHHs Ha
TiepeBaXkatoyi BIUTMBH 3MIH €KOJOTIYHOTO CTaHy Teputopiii [loHOacy Ha CTpyKTypy
€KOHOMIKH, CKJIaJl 3aiHITOCTI MICIIEBOTO HACEIIEHHS, TTOTEHITiall CTaIoro PO3BHUTKY.

CyyacHuii CcTaH €KOJIOTiYHOTO0 MOHITOPHUHIY T€e0JIOTiYHOr0 cepeloBUIIA
B YKkpaiHi

BiamoBigHo 10 MeTOaUYHUX PEKOMEHJIAIN 3 MPOBEICHHS MOHITOPUHTY Ta
HAyKOBOT'O CYIPOBO/DKEHHS HAJAPOKOPUCTYBAaHHS 3aMOBHHUKOM MOHITOPHHTY
MYCUTb BUCTYNIAaTH HaJPOKOPUCTYBaY, a 3A1HCHIOBATH O3HAUY€HWH BUA IiSUIBHOCTI
MOXYTh BHKJIIOYHO CIEI[iayli30BaHi JIepXKaBHI T'eOJOTiYHI  MiANpPUEMCTBA,
akpenuToBaHi lepxreonanpamu [7]:

— Kasenne minnpuemctBo «IliBI€HHUH €KOIOTO-T€OJIOTIYHUHN IEHTPY;
INAT «HamionansHa akuionepHa kommasist «Haapa Ykpainmy;
- JK3;
HeprxaBHe reo¢iznvHe MiIIpueEMCTBO «YKpreodizukay;

— VYxkpaiHChKuii IepKaBHUH Te0I0TOpO3BiIyBaIbHAN 1HCTUTYT.

CriertianizoBane MiJANPUEMCTBO KOHCYJIBTYE BiJIHOCHO MHTaHb: MOCHIJIOBHOCTI
BUKOHAHHS Ta BUMOT POOIT, MPONKCAHUX Y IPOrpaMi iX BUKOHAHHS; BUKOPUCTAHHS
OTPUMAaHHUX BiAXOJIB TipHUYOA00YBHHMX Ta NMEpepoOHUX MiANPHEMCTB; CKIIaJaHHS
BIJIMOBIAHOT 3BiTHOCTI, 1m0 Oyae 30epirarucs y JHBII «I['eoindopm». Takox Mae
MicIle IoMicsYHe 3BiTyBaHHA 10 JlepKreoHaap mpo cTaH BUKOHAHHSA 3000B’s13aHb
[0 YKJIAJCHUX JOrOBOpax 3 IPOBEAEHHS MOHITOPUHTY. PesyibpraTtamm aHamizy
0COOJIMBOCTEH TPOBEJICHHSI MOHITOPHHIY T'€OJOTiYHOTO CEpeliOBUINA Ha Pi3HUX
00’€KTaXx BHKOPUCTAHHS HaJp Ta €Tanax reoJIOTIYHOTO BHBUEHHS BHOKPEMIICHO
HOTro KIIF04YoBi mo3uilii (tad:. 1).

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



Taommms 1
PoGotu Ha HadTy i ra3 | Pobotu Ha TBEpi KOPUCHI KONAIMHU
Ha emani noutyko6o-p0o36i0yeanvHux podim Mae 6Kuioueni:

- aHai3 BiAMOBITHOCTI acHOPTiB Ha)TOTa30- | - OLIHKA NOBHOTH i SKOCTI BUKOHAHHS OypOBUX
NEPCIEeKTUBHUX  O0’€KTIB  (aKTUYHUM (rippnumx)  poOiT, B  TOMy  YHCIHI
(mepBUHHIM) MaTepianam; 00TpyHTYBaHHS Mepexi CBEpIJIOBUH

- aHaJi3 JOCTOBIPHOCTI I'€OJIOTIYHHUX OOYI0B (ripHpuuX  BUPOOOK), TIMOMHM PO3BIAKY;
(Monemni 00’€exTiB, cTparurpadis, JiTONIOTIs, 3a0e3medyeHHs]  BHXOAY  KepHy,  BinOip
TEKTOHIKa, KOJIEKTOPH, MOKPHIIKH, (ITIOINHI OpIEHTOBAHOTO KEpHY, IIOBHOTA KApPOTAXKHUX
KOHTAKTH TOIIIO); JIOCIIKEHb, SIKICTH 1 IIOBHOTAa OIHKCY Ta

- aHawi3 pe3ysbTaTiB KOMITJIEKCHUX onpoOyBaHHs KepHY (3a00iB, CTIHOK BUPOOOK),
1a00paTOpHHUX JOCTIIKEHb Ta iH. 3iCTaBIE€HHS TEOJIOTIYHHX 1 KapOTaXKHUX

JJaHHX;

- aHa;i3 TeXHOJIOTil OypiHHSA TIeO0JOrOpO3BiTy-
BaJlbHUX CBEpAJIOBHH Ha TBEpAi KOPHCHI
KOTIAJIMHY (peLenTypH);

- OI[iHKAa pAaIliOHAJBHOCTI KOMIUIEKCY METOIIB
reo(i3MYHUX 1 TEOXIMIYHUX AOCIiIKCHB;

- OI[iHKAa TMOBHOTH 1 SIKOCTI OmpoOyBaHHS Ta
71a00paTOPHUX Ta TEXHOJOTTYHHUX TOCTIHKEHb
HOPiJ Ta Py KOPUCHHUX KOTIAJINH;

- OIliHKA SIKOCTi F'€0JION1YHUX MO0y I0B PO3pi3iB i
KapT, MOTOPH30HTHHX IUTaHIB Ta
BEPTHKAJILHUX IPOCKITIH.

Ha emani ceonozosiiomounux pobim:

- OIliHKa CXeM Ta MOBHOTH 1 IKOCTi 00pOOKH 1poo;

- aHaJIi3 TIOBHOTH KOMIUIEKTY KapT Ta X KOHIULIHHOCTI;

- OWLiHKa 30epeXeHHs Ta BUKOPUCTAHHsS TeoJIoTidHOi iH(opMarii i KepHOBOrO MaTepialy Ta
pe3yJIbTaTiB HOTO JOCIIIKCHb Ta iH.

Ha emani cnopyooicenns ma
6unpobOBysaHH

- aHai3 petientyp Ta napameTpiB
NPOMHUBAIBHUX  PiAMH Uil OypiHHA
CBEPIUIOBUH Ta PO3KPHUTTS IPOIYKTUBHHX

TOPU30HTIB;
- aHaJi3 pelenTyp TaMIIOHa)KHUX PO3YHHIB, iX
(hi3UKO-XIMIYHHX BIIACTUBOCTEH Ta

BiJITIOBIiIHICTH T€OJIOTIYHIM YMOBAM;

- OIliHKA SIKOCTi BUNIPOOYBaHHS CBEPAJIOBHH B
npoiieci OypiHHS BCiMa TUTIAMH
BUNPOOyBauiB Ta PO3paxyHKiB
TiApOMHAMIYHHX MTApaMeTPiB IUIACTa Ta iH.

Ha emani pospobxu:

- MOHITOPUHT [IOPIYHOTO CyMapHOTO | - OI[iHKa 3axOMiB 3 ONTHMi3alii 3aco0iB
BUI0OYTKY Ha)TH, Ta3y, KOHAEHCATY i BOIU BHIOOYTKY KOPHUCHHX KOTIAJIH Ta
OKpEMO TI0 TOKJIa1ax; TIOTIEPEKEHHS aBapiifHUX CHUTYaIlii;

- aHaJi3 pe3y’bTaTiB Ta CHCTEM pPO3POOKU | - MOHITOPHHT TiIPOAMHAMIYHOTO PEXHUMY Ta
KOKHOTO NOKJIaNy; XiMIYHOTO CKJIay MiZ3eMHHX BOJ;

- MOHITOPHUHT Jenpeciii, 1edeTiB HadTH, Ta3y, | - MOHITOPHHT CTIHKOCTI OOpTIB Kap’epiB Ta
KOHJICHCATY 1 BOJM BiJ MOYATKy PO3POOKU BiJ[BAJIIB TIOPi;

0 JaTH MiJpaxyHKy 3amaciB, IUIACTOBOTO | - aHai3 pi3HOMaHITHUX BUIB 3a0pyIHEHHS

THCKYy 3 OO0OB’S3KOBHM 3aMipoM Ha TipCHKUX MOPIJ], IPYHTIB Ta MOBEPXHEBUX BOJ;

MOYATKOBIH cTamii po3poOKH, Ta30BMICTY | - MOHITOPHHT BEJIMYUH MeXaHi4YHOTO

HaTH, CTymeHs OOBOJHEHOCTI MPOIYKILI, HalpyXeHHs TIPChbKHX TMOpiN, MOKa3HUKIB

110 BUJIy4Ya€THCS 3 HAZP; MIITHOCTI MOKpiBi (y MiI3eMHUX BUPOOKax),
- OILiHKA KIJTBKOCTi BOJU, 3aKa4aHOi y TIJIACT; PpO3MipiB MyJbJI IPOCIAAHHS.

- aHami3 MeToJiB iHTeHCH(iKaIlil BHIOOYTKY.

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



PexomenmamisiMu 11010  BU3HAYEHHSI BapTOCTI IPOBEICHHS MOHITOPHHTY Ta
HAyKOBOTO CYHPOBOJUKEHHS HaJJPOKOPUCTYBaHHS, 3aTBEPUKEHIMHI
HepxreoHaapaMy, BapTiCTh MOCIYT 3 MOHITOPUHTY Ma€ BHU3HAUaTHCA SIK cyMma
KOWITiB, HEOOXIAHHMX JJIs BiJIIIKOJYBaHHS TMPSAMHUX, 3aralLHOBUPOOHUYMX Ta
aIMIHICTPaTHBHUX BUTPAT, IIOHECEHWX OpraHi3alli€lo IpW BUKOHAHHI 3a3HAYCHUX
po0iT, 3 ypaxyBaHHSM HOPMAaTHBHUX BUTpPaT MaTepialbHO-TEXHIYHUX PECypCiB,
BIILHUX I[iH, MOJATKiB, 300piB Ta OOOB’SI3KOBHX IUIATEXiB, a TAKOXK MPHOYTKY
(mmaHOBMX HAKONMWYeHb). | HaAWOIMBII KOIMITOBHOIO YACTHHOK MOHITOPHUHTY
BBaXKA€THCSI CaMe TEXHIUHE 3a0€31eUCHHS.

BifncyTHICTh HaNEXHOTO KOHTPOJIIO 32 CTaHOM TE€OJIOTIYHOTO CepeoBHILA
y CYKYNHOCTI i3 npuiiasitum 28 ciuns 2015 p. pimmennsam Kadminy (moctanosa Ne 42)
II0JI0 TIPHCBOEHHS YMOBI ITPO TPOBE/ICHHS MOHITOPUHTY y JT03BOJIaX Ta Yroax Ha
KOPUCTYBaHHA HaJpaMH HEOOOB’SI3KOBOCTi, Ha HAall TMOTJISIA, KOHQIIKTYE i3
MPOTOJIOICHUM  TOJITHYHUM  KypcoM  €BpoiHTerpamii. Jlanuii  BHCHOBOK
0o0yMOBJIEHHIA Ie ¥ pe3ynbTaTaMH aHajlizy Aep)KaBHOI CTpaTerii perioHasbHOTO
po3BuTKy Ha mepiog mo 2020 poxy, B paMKaxX SKOTO y IMEpeliKy HpiOpUTETHHX
rajly3eBUX TOJITUK BIJICYTHS KOOpAMHALSA IJIEH Ta 3aXOiB, CHPSIMOBAaHUX Ha
KOHTPOJIIb 32 CTAHOM HAaBKOJIMIITHHOTO CEPEIOBHUILA.

CTBOpeHHSI YMOB ISl iHBECTYBaHHS Ti€BOI CHCTEMH MOHITOPHHTY, CIPHSIHHSI
IHHOBAIIISIM [UISXOM MPOBEJCHHS JOCIIPKEHbh HOBHMHU BHUCOKOTEXHOJIOTTYHUMH
MeTOAaMH OyZe CYTTEBO CIIPUSATH 320X0UYCHHIO MOJIITHKU SKICHOTO MOHITOPUHTY. 3a
YMOBH MOYATKy POOIT B 3a3HAYEHOMY HANPSMKY JOIUIEHUM € JETaJbHUN aHai3
€BPOTICHCHKOTO JIOCBiZly 3allpOBAXKCHHSI PETIOHAIBHOI TONITHKH, IO JacTh
MOJXKJIUBICTh YHUKHYTH THX HEOa)KaHMX Ta TOMHIIKOBUX BEKTOPIB PO3BUTKY, 3
SIKUMH CTHKAJIMCS HAIll 3aXiTHI KOJIETH, 1 TOTIOMOKE PO3BUBATHCS HAIH CTOPOHI,
MPUIIBUAIIYIOYH TIPOIIEC 3AMPOBAKEHHS HEOOX1THUX 3MiH B JAHOMY MTUTaHHI.

Y nporeci po3BUTKY MEPEK MOHITOPUHTY BaXKJIUBO ITaM’ITaTH, IO BCI €JIEMEHTH
TCOJIOTIYHOTO  CEpelOBHINA  B3AEMOIMOB’S3aHI 1  BHOKPEMIIIOBATH  IIPH
CIIOCTEPESIKCHHSX Oy/b-SIKUH OJMH €JIEMEHT 3 Ii€i CUCTEMH, He PO3IIIAAal0uH 1HII,
METOAMYHO HeBipHO. ToMy B iJleallbHOMY BapiaHTI MOHITOPHUHI T€OJIOTIYHOTO
Cepe/IOBHIIA TTIOBUHEH OyTH KOMIUIEKCHHM, OXOIUTIOBATH HE OKPEMi YaCTHHHM, a BCi
€JIEMEHTH T'eOJIOTIYHOTO CePEeIOBHUIIIA.

l1e oHI€I0 BaXKITMBOIO YMOBOIO 3aIIPOBAPKEHHS SIKICHOT CHCTEMH MOHITOPHHTY
€ paimioHalbHe PO3MIIIEHHS TOYOK CIHOCTEPEKEHb, a TaKOXK PEryJspHICTh iX
npoBeneHHs. [IpoananizyBaBmm cratuctuuHi naHi, 3i6pani JJHBII «'eoindopm
VYkpainu» 3a ocTtaHHI poku, OyJO0 BCTAaHOBJICHO CYTTEBHH cmaj o0csAriB
MOHITOpHHTOBUX pooiT micis 2000 poky ax g0 2015 (tabi. 2). [licns woro mporec
[0YaB BiJTHOBJIIOBATUCS, X04a 1 BKpai MOBUILHO.

JlaHa TeHIEHIisI MOXke OyTH MOSICHEHA BUHATKOBO 3pOCTAI0UUM 3aHETIOKOEHHIM
CTaHOM HaBKOJIMIIHBOTO CEPEJIOBUIIA, 30KpeMa y TipHHYOJO0YBHUX perioHax, mo
CYIIPOBO/KY€ETHCSI CYyTTEBUMHU (DiIHAHCOBHMH BTPATaMHU SIK JIEP)KABH B MIJIOMY, TaK i
MIPUBATHUX OCi0, B 0001 HAJPOKOPUCTYBayYa.

SIKIIo BiAKMHYTH AMHAMIKY PO3BUTKY €K30TE€HHUX I'€OJOTIYHHMX HPOLECIB, sIKi
roCTPO MOTPeOYIOTh KOHTPOJI Y BHIOOYBHHX pPErioHax, BHACIHIIOK TTaHTChKHX
00CAriB KOIUTIB, HEOOXIOHMX [JIg KOMIIEHcamii 3aBIaHOl HUMH IIKOAH, TO
HACTYITHUM 3a BEJINYMHOIO BIUIMBY Ha CTaOiIbHUI €KOHOMIUYHUI PO3BUTOK PEriOHIB
€ caMe 3a0py/JHEHHS TPYHTIB Ta MOPYIIEHHS PEXUMY 1 3a0pyAHEHHS MMiI3EMHHX Ta
MOBEPXHEBMX BOJI Y 30HAX BIUIMBY TEXHOTEHHHX 00’ekTiB. Tak, HECBO€YACHI
BUSIBJIGHHS Mpo0JieM y 30HaX BIUIMBY TipHUYOJOOYBHHUX Ta TEpepoOHUX
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MIIOPUEMCTB 3YMOBHJIN 3POCTaHHS OOCATIB BHTpAT Ha OXOPOHY Ta BiIHOBJICHHS
HaBKOJIMIIIHLOTO MPHPOIHOro cepemoruina y 2017 pori go 11 936 126,2 Trc. rpH —
CyMH, sIKa MorJia O OyTH CYTTEBO HIIKYA 32 YMOBH JIOCTaTHBOI KIIBKOCTI JUISTHOK
CIIOCTEPEXKEHb JIII CBOEYACHOTO pearyBaHHS Ha aKTHBI3aIlil0 EK30TCHHUX
TeOoJIOTIYHMX TPOIECIiB YW MiJBUINCHHA PIBHSI KOHIICHTpAIill 3a0pyIHIOI0UYAX
€JIEMEHTIB.

Tabnung 2
eooriumi KinbKicTh TIISTHOK, HA SKUX TPOBOIMINCE EITL, ki
. CIOCTEPEKCHHsI, CTAHOM Ha .
MiANPHEMCTBA CIIOCTEpIratoThCs Ha
ramysi 2000 p. | 2015p. | 2016 p. | 2017 p. JIUISTHKax
Cxig JIPT'TI 9 0 0 0 | 3cyBwW, miITOMJICHHS
Honenwk JIPTTI 26 6 11 14 | 3cyBu, KapcT, adpasis
3CYBH, KapcT, epo3is,
I[l._[ YFK (I[Prn 72 32 11 18 |mepepoOka Oeperis
«[liBHIUTCOMOTI51»)
BOJIOCXOBHIIT
[MpuuopromopAPTTI 67 5 5 10 | 3cyBwu, abpazis
. KII . 65 6 o4 43 | 36YBH, abpasis,
«[liBEeHyKpTeomoTishHy MiATOTUICHHS, KapCT
K 72 0 0 0 |3CyBW, KapeT,
«[1iBIeHEKOT COLICHTPY MiATOTUICHHS, Celli
HAK «Hanpa 3CYBH, KapcT, epo3ist
Yxpaiam» A1 52 2 8 11 |mpocimaHHS Haq
«3axiIyKpreoiorisiy TipHIYIMMH BHPOOKaMHU
HAK «Hanpa 3CyBH, IepepoOKa
Yxpaiam» A1 12 0 0 5 |OeperiB BOOCXOBHIII,
«IeHTPYKPreoaoTishy epo3ist
Bcerboro 385 51 59 101

Y pe3yibTari aHamizy mnpoOJieMH JEperyJisiii CHUCTEMH €KOJIOTiYHOrO
MoHiTopuHTY ['C MOKIJIMBO 3pOOMTH HACTYITHI BUCHOBKH:

e HepiBHOMIpHICTH  pO3MINIEHHS  CIOCTEPEKHHX TOYOK B  MeEXax
TipHUYO/IO0OYBHUX  PETIOHIB  CYTTEBO  3MEHIIYE  MOXJIHMBOCTI  OJICpIKaHHS
JIOCTOBIPHUX BIJIOMOCTEH IIOJI0 CTaHy SIKOCTI TEOJIOTIYHOTO CEpEIOBHUINA Ta
NONIepe/DKEHHST BUHUKHEHHS! HA/[3BUYAHUX CHUTYyallill 4M CBO€YACHOI JIKBimaIll
HACJIIJIKIB BILUTUBY TipHUYO0JJ00YBHHX Ta MEPEPOOHMX MiAPHEMCTB.

e BrurroueHHs 1aHoi chepr 10 OCHOBHHUX HAMpPSMKIB PETiOHATBHOI MONITHKA
VYkpainu B pamkax Kypcy €BpoiHTerparii J03BOJUTh BUPIIIUTU PSJ] MPOOIEMHUX
MOMEHTIB, 1110 0a3yBaTUMEThCS Ha!

— TOKpalieHHi Oi3Hec-KIIiMaTy, 10 IPYHTYETHCS Ha PEeTiOHATBHOMY ITOTESHITIaJi;

— MIATPUMIN PO3BUTKY IHHOBAIi#, 110 3a0e3meyaTh OUIBII BUCOKUH piBEHBb
€KOJIOT1YHOCTI BUPOOHHMIITBA Ta KOHTPOJIO HAJl HUM;

— CcTBOpeHHi (popMaTy GaraTopiBHEBOI'O BPSAYBAHHS 33 Y4aCTIO PETiOHAIBHUX
BJIaJI, OPraHiB MiCIIEBOTO CAMOBPSIyBaHHS, a TAKOK IPOMAJSHCHKOTO CYCILJILCTBA
Ta IHIIMX 3aI[iKaBJICHUX CTOPIH.

e 3anpoBa/UKEHHS  PETIOHANBHOI  MONITHKM B  YKPaiHCBKUX  pealisx
CHOHYKaTHUM€ MPEJCTABHUKIB TipHUYOJ00YBHHUX HiAMPUEMCTB Ha PO3pOOKY CBOIX
mporpaM poOiT Ha BHCOKOMY KOHKYPEHTO3aTHOMY PiBHI, IIO J03BOJMIO O 1M
OTPHMATH JIOTIOMIXKHE (hiHAHCYBAHHS JIJIsl PETYJISIPHOTO TIPOBEJICHHS €KOJIOTIYHOTO
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MOHITOPHHTY CTaHy IX JINCH3IWHUX IUITHOK Ta MiHIMIi3amii CBOIX €KOJIOTIYHHX
BUTpAT, III0 MO3UTUBHO BiJ0OPaKaTUMEThCS Ha CTaHI 3arajbHOICPKABHOI MEPEXKi
MOHITOPHHTY Ta CTaHi HABKOJUIIIHBOTO MPUPOJIHOTO CEPEIOBUIIIA.

MoHiTopuHT MiHepaJbHO-CHPOBUHHOI 0231

[Tix moniTopraTOoM MCB y Cy4acHii miTepatypi po3yMifOTh CHCTEMY OTIEPATHBHOTO
CTeXXEHHS, aHali3y 1 MPOTHO3Y 3MIiH TiJ BIUIMBOM TE€OJIOTO-€KOHOMIYHHAX Ta
COLIIaJIbHO-CKOHOMIYHMX YHMHHHKIB CTaHy pecypciB 1 3amaciB MiHepalbHOI
CHUPOBHMHHM, a TaKOXX OCHOBHMX IIOKa3HHMKIB HaIpOKOPHUCTYBaHHs. Baxmusoro
JIAHKOIO y CHCTEMI JIep>KaBHOTO YIIPaBIIiHHSA, 110 BiAIOBIA€ 3a HHOTO, € JlepkaBHa
koMicis mo 3amacax (/IK3) VYkpainu, sika NpOBOJUTH JEPIKaBHY EKCIEPTU3Y
MaTepialliB TeoJIoro-eKOHOMIYHOT OLIHKM 3alaciB POAOBHUIL KOPUCHHUX KOIAJIWH,
Yy3araJIbHIOE IPAKTUKY 3aCTOCYBaHHs 3aKOHOJABCTBA 3 MHUTAHb, 110 BXOAATH JO 1i
KOMIIETEHIIiT, pO3po0JIsie MPpomo3ulIlil o0 Woro BrockoHanenus [10]. TomoBHUME
il 3aBmaHHAMH € BCTAaHOBIICHHS KOHIMIIM Ha MiHEpaJbHy CHUPOBHHY JUIS
00YHCIICHHS 3allaciB KOPUCHUX KOMAIMH Yy Hajpax Ta MPUHHATTS PIilIeHb MI0J0
KIUTBKOCTI, SIKOCTi Ta CTYIIEHs BUBYEHOCTI 3aIaciB pO3BiJaHUX POJIOBHIL KOPHUCHUX
KOTAJIMH 1 CTaHy MiATOTOBJIEHOCTI IX 0 MPOMHUCIOBOTO OCBOEHHSI.

Brnacue i BnockonaneHast MoHiTopuHry MCB HeoOXiTHUM € OOTpyHTYBaHHS
MeperiKy MOKa3HUKIB, SIKi Tpeba BiICTEXXYBaTH Ha BCIX PIBHAX (DYHKI[IOHYBaHHS
00’ekrta. IToka3HUKH TE0JIOr0-eKOHOMIYHOTO MOHITOPUHTY MaloTh 3a0e3ledyBaTh
JOCSITHEHHSI LIUIEH, JUIsl SIKUX BiH MMPOBOJUTHCS (pHC. 2).

JeprxaBHuii reonoro-exkonoMiunuii Moriropuar MCh |
A

3aspanust moniropunry MCB BI0KH MOKA3HHKIB

»| OOTrpyHTyBaHHS CTpaTerii pO3BUTKY

T'eomnoriuHi,
TipHUYOTEXHIuHi,
TEXHOJIOTIYHI
XapaKTePUCTUKHI

DopMyBaHHS TOJATKOBOI, PEHTHOL
HOJTHKH Y cepi T

Hedickanbhe perymosanns MCB:
BHU3HAYCHHS KBOT, JIIICH31F0BaHHS

EKOHOMIYHI TOKa3HUKN
e(eKTUBHOCTI

Po3pobka MexaHi3MiB 3aydeHHs (4] eKCIuTyaTalll pOJIOBHIL
IHBECTHIII{ Y re0JIOTI4HY rajiy3b

DopMyBaHHs L[IHOBOI Ta MUTHOT
MOJITHKK Ha PHHKaX MiHEpaIbHOT
CHUNDOBUHHU

MaxkpoeKoHOMi4H1
MOKAa3HUKH PUHKIB
MiHepaabHOI CHPOBHHU

Teosoro-ekoHOMiIYHa OLiHKA
00’€KTIB HAIPOKOPUCTYBAHHSI ISt
IHBECTOPIB, IepKaBHUX YCTAHOB

Puc. 2 — 3aBaaHHs re0J0ro-eKOHOMIYHOTO MOHITOPHHTY Ta OJIOKH
MTOKAa3HUKIB MOHITOPUHTOBOI crcTeMH [ 1]
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MoskHa BHAIMTH 3aBIAHHS 3araJbHOAEPKABHOTO 3HAYEHHS, SIKI CTOCYIOTHCS
(dhopMyBaHHSI IE€P>KaBHOT HOMITHKH Y chepi peryIrOBaHHS MMPOLECIB palliOHATBHOTO
BUKOPUCTAHHS HAAp, 30KpeMa BHKOPUCTAHHS HOPMAaTUBHO-TIPAaBOBUX Ta
EKOHOMIYHHX MEXaHi3MiB PEryJloBaHHs], OYMHAIOYH i3 BU3HAYCHHS CTPATETIYHUX
BU/IiB KOPHCHUX KOMAJHH, IEPIIOYEPrOBUX 3aBJaHb JJISI T€OJIOTOPO3BITyBAIBHIX
poOiT 1 3aKiHYYIOYM BU3HAYECHHSM IUTATEXIB 1 MOAATKIB, HAMAHHIM KBOT 1 JIIIEH31H,
OLIIHKOIO 30MTKIB MiJ 4Yac OCBOEHHS MiHEpalIbHUX PecypciB Ta e(eKTHUBHOCTI
TIPUPOTOOXOPOHHUX 3aXOIB.

IHmoro pomy ¢yHKIIT TpOBENEHHS TEOIOTr0-€KOHOMIYHOTO MOHITOPHUHTY
MoB’si3aHi i3 mMoTpebamMy BH3HAYCHHS MOTOYHOI BapTOCTI HAJAPOKOPUCTYBaHHS —
PYIIOTIPOSIBIB, POAOBHUII KOPUCHUX KOMAJIMH Ta IX JUISTHOK BIAMOBIAHO 1O 3MiH
KOH IOHKTYPH PHHKY MiHEpaJIbHOI CHPOBHHU. TaKMM YHHOM, METOIO IPOBEICHHS
re0JIOr0-eKOHOMIYHOTO MOHITOPHHTY € 3a0€3Me4YeHHS] Npolecy NPHHHATTS
YIPaBIiHCHKUX PIllleHh HA PI3HUX aAMiHICTPaTUBHHUX PiBHSX, 3 OAHOTO OOKYy, i
CTBOpeHHsI iH(opMariitHoi 0a3u AT MPOBEACHHS €KOHOMITHOI OIIHKH TIPUPOTHIX
pecypciB, 3 iHIIIOTO, TPUYOMY IIi CKIIA/IOBI € B3aEMOTIOB’ I3aHUMH YaCTHHAMH OHOTO
mporiecy.

Crnig Big3HAYWTH OCOONHMBY POJb T€0JOr0-€KOHOMIYHOI OIlIHKA 00’ €KTiB
HagpokopucTyBaHHs. Ll ckmamoBa sBmsie coOor mkepeno iH(opMamii mis
cnoctepexxeHns 32 MCB, Hafjae BizoMocTi, 30KpeMa, Ipo CTYIiHb I'e0JIOT1YHOTO Ta
TEXHIKO-€KOHOMIYHOTO BHBUYCHHSI, IPOMHCIOBOIO OCBOEHHS HAJp, CTaHy 3amacis i
pecypciB KOPHCHHX KOTIAJHH 32 OCHOBHMMH Ta CyNyTHIMH KoMmroHeHTamu. [Ipu
IBOMY JIsl TPYHTOBHOTO MIPOBEACHHS €KOHOMIYHOI OLIIHKH POJIOBHIL 1 PYAOIPOsIBIB
TOIIO Oe3MocepeIHLO BUKOPUCTOBYIOTH iHPOpMaliiiHy 0a3y MoHiTOpUHTY. [HakIIe
Ka)Xy4d, CBO€YAaCHE CIIOCTEPEXKEHHS, aHalli3 1 mporao3 po3Butky MCh Ta nmeBHHX
€KOHOMIYHHMX IIPOLECiB 3a0e3MeuyroTh BHCOKHH piBEHb SKOCTI T€0JIOro-
€KOHOMIYHOI OIIIHKH HAJIp.

Hokasnuku  oceoenusi  podoeuwy  Kopuchux  konaiud.  HeoOxigHicTh
CIIOCTEPEKEHHS 38 KOHKPETHHUMHM TNOKa3zHUKaMu (yHkuioHyBaHHI MCB 3HauHOIO
MIpOI0 BU3HAYAETHCS MOTPeOaMu, 1110 BUHUKAIOTH B MIPOIIEC] POBEACHHS I€0JI0r0-
CKOHOMIYHOI  OIIIHKM  O0’€KTIB  HAJPOKOPUCTYBAaHHSA. 3a  3aTBEPKEHOIO
Knacudikariero 3amaciB i pecypciB KOPUCHHX KOTAJIHH AepkKaBHOTO (OHIY HAIp,
reo0JIor0-eKOHOMIYHA OIliHKa /ISl 00’€KTIB TeoJIOrOpO3BiAyBalbHUX POOIT — IIe
«IEpiOIMYHUI  aHalli3 pPe3yNbTaTiB TEOoJOTIYHOIO Ta TEXHIKO-€KOHOMIYHOTO
BUBUCHHS HAarpoOMa/DKeHb KOPHCHUX KONAJIMH 3 METOK BCTAHOBICHHS iX
MPOMHCIIOBOTO 3HAYCHHS HAa OCHOBI BH3HAYEHHS i3 3POCTAIOYOI0 JIETABHICTIO
TEXHOJIOTIYHOI cXeMH BUAO0OYTKY i mepepoOKH MiHEpalnbHOI CHPOBHUHH, TEXHIKO-
C€KOHOMIYHHX TTOKa3HUKIB BHPOOHHYOTO TIpoliecy Ta (HiHAHCOBHX pe3yJbTaTiB
peaunizarii ToBapHOI pOAYKIIii ripHU4Yoro BUpoOHuUNTBa [3]. Llei mporec MicTuTh
OLIIHKY TEOJIOTIYHHUX OCOOJIMBOCTEH POMOBUINA, I[IHHOCTI KOPHCHOI KOMAJIHHU 1
MOJKJIMBOTO E€KOHOMIYHOTO €(eKTy BiJi BUKOPHCTaHHS BHJIO0YTOi MiHEpaibHOL
cupoBUHH. ['eosnoriyHa 4YacTHMHa OLIHKH IPYHTYETbCS Ha  pe3yibTarax
re0JIOropo3BilyBaJbHUX POOIT, SIKI Y3arajbHIOIOThH MiJ 4Yac MigpaxyHKIiB 3amacis.
ExoHOMIUHI TIOKa3HWUKH BH3HAYAIOTh MOXJIMBUH EKOHOMIYHHN eQeKT Bij
BUKOPHUCTaHHS 3anaciB. Hirkue HaBe1eHO OCHOBHI MOKa3HUKH, 1110 BUKOPUCTOBYIOTh
y Cy4acHid MpaKTHILli OLIHKH POJOBUI KOPUCHUX KOTIAJIHH:
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1) GopToBuit BMICT;
2) TeoJIOTivHi 3amacH pyau;

3) reosoriyHi  3amacu  KOPUCHHX
KOMITOHEHTIB;

4) cepemHiii BMICT y T€OJIOTIYHHX
3amacax;

5) Brpatu BUIOOYBaHHS;

6) moka3HUK pO3yOOXKYBaHHS I
4yac BUI00yBaHHS,

7) TPOMHCIIOBI 3amacH py.y;

8) mnpoMucnOBI 3amack KOPUCHHX

KOMIIOHEHTIB;

9) cepenHiii BMIiCT y NPOMHCIOBUX
3amacax;

10) piuna BHPOOHWYA MOTYXKHICThH
MiINpUeEMCTBA, 32  00’eMaMu
ripchKoi MacH Ta pyau;

11) moxa3sHMKH 36araueHHs
MiHEpaJIFHOI CHPOBUHH;

12) BunydeHHs KOPUCHHX

KOMIIOHEHTIB B KOHIICHTPAT;

16) kamiTamoBKIIQJAEHHS B IPOMHUCIIOBE
OyIiBHHIITBO:
— IHBeCTHLIi B pyIHUK,
— imBecTHLii y (pabpuKy,
— iHBeCTHLIi B IONOMIXHI 00’€KTH
(TpaHCTIOPTHI, EHEPTETHYHI TOIIO);
17) xamiTaJIOBKIaJCHHS. B JKUTJIOBE 1
moOyToBe OyiBHHUIITBO;
18) ekcmutyarariiini BuTpatd Ha 1 T
pyau:
— Ha BUAOOYTOK,
— Ha 30aravyeHHs;
19) pivHi ekcIuTyaTamiiiHi BUTPATH;
20) uina 1 T TOBapHOT MPOAYKIIii;
21) piuHnii Ta BaJOBHM JOXOX B
peaurizarii;
22) amopTH3alliiiHi BiipaxyBaHHS,
23) moJaTKy, IUIATeXi, BiApaxyBaHHS;
24) piunuii mpubyTOK;
25) 4KcTa OTOYHA BapTiCTh;
26) CTPOK OKYITHOCTI iHBECTHIIIH;

27) mOKa3HHK peHTabeIbHOCTI
IHBECTHIIIi;

28) BHYTpIIIHSI HOPMa PUOYTKY;

29) peHTa0EebHICTS.

13) BuXia KOHIICHTpATY;

14) BMiCT KOPHCHUX KOMIIOHEHTIB Y
KOHIICHTpATI;

15) piune BUPOOHHUIITBO Ta OOCAT
peaizalii ToTOBOI IPOIYKITii;

O1iHHI TOKa3HUKW MOXKHA MOJAITMTH Ha KiJIbKa IPYTI, M0 XapaKTepU3yIOTh Ti YK
iHII 03HAKH poaoBuiia. [TokasHuku reosiorignoro 6soky (1-9, 12—14) Bu3HavaroTh
KUTBKICHY Ta SIKICHY XapaKTepUCTUKU POIOBHIIA, TEXHOJIOTIUHI 0COOIMBOCTI Pyl —
3aracy, BMICT KOPHUCHHMX Ta HIKIJUTMBUX KOMIIOHEHTIB, KOE(II[iEHTH PO3KPHTTS,
pO3yO0OKyBaHHS, BHJIYYEHHS B KOHLEHTpAT. [IOKa3HUKM EKOHOMIYHOTO OJIOKY
XapaKTepU3yIOTh IPOMHCIIOBE BUKOPHCTAHHS 3aI1aciB POJIOBHIIIA Ta TTOB’3aHi 3 MM
BUTpATH — eKCILTyaTalliiiHi Ta kamitanoBknaaeHus (10, 11, 19-22), noxox ta yncTuii
puOyTOK TipHAYOTO miampueMcTBa (21-25); ekoHOMIYHY e(DeKTHBHICTH OCBOEHHS
POMOBHIIA: TOTOYHY BapTiCTh, C(QEKTUBHICTh KaIliTAJOBKIAJACHh Y TIEBHE
MIIPUEMCTBO, peHTa0EIbHICTh, HOPMY HPUOYTKY TOIIIO.

BpaxyBaHHs OJIOKY exoHOMIUHUX NOKA3HUKIE eKCILTyaTallii pOJOBHII 3a0e31euye
BCTaHOBJIEHHS IIHHOCTI POJOBHII, K€ I'PYHTYEThCS HAa BHU3HAYEHHI Pi3HUIN MiXk
BapTiCTIO BUA0OYTOI MPOJYKIii Ta CyMapHHMH BUTpaTaMH Ha ii OTpUMaHHS Ta
peanizamiro. BianosigHo 10 «MeTOIUKH BU3HAYCHHS BapTOCTI 3amaciB i pecypciB
KOPHCHHMX KONAJIMH POJOBHIIA a00 JUISTHKY HAAp, 10 HAAAIOTHCS Y KOPUCTYBAHHS
BapTiCTh PECYpPCiB BHM3HAYAIOTH 3 YpaxyBaHHSAM eKCIUTyaTaliiHUX BHTpAT,
KaIliTATbHUX BKJIJICHb 1 IOXOIB, MPH IbOMY BapTICTh PECYPCIB PO3PAXOBYIOTH SIK
CyMy J0XOJiB, OAEPKaHHUX 3a BECh PO3PaxXyHKOBHH mepiod. MoHBI JOX0AM Bix
OCBOEHHS POJIOBHUINA € JOCHUTh YITKUM OPIEHTHPOM JUISL OLIHKK O0’€KTa Ha BCiX
CTalisIX T€0JIOrOPO3BiayBaIbHUX POOIT, HABITH HA MOYATKOBUX, KOJIM BH3HAUCHHS
BUTPATHHUX YaCTUH MPSIMAMH PO3PAXyHKAMH € MaiiKe HEMOKITBHM.
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I3 eKOHOMIYHMX MOKA3HHKIB CiJ BIA3HAYUTH HEOOXITHICTH CIIOCTEPEKCHHS 3a
iH(pOpMAIIIEFO 1070 BUPOOHUYHNX MOTYKHOCTEH 00’ €KTIB HaAPOKOPUCTyBaHHS. Taki
JlaHi TOCUTHh BAaXKJIMBI y pa3i MOMEpeqHbOl OLIHKM POJOBHII, KOJIH MPOBEACHHS
MOBHOIIIHHOTO ~BapTICHOTO aHajli3y TpOIIOBHX TMOTOKIB HEMOXIMBE 4epes3
HEJOCTaTHIO KUTBKICTh JaHWX. [3 3aCTOCYBaHHSAM €MITIpUYHHUX MPABUI T4 METOIB
MTOPIBHAIIFHOTO TIAXO0y MOKJIMBO BU3HAYUTH MPOTHO3HI MOKa3HUKH BHPOOHUINX
MOTY>KHOCTEH, BiJl SKUX 3aJICKHUTH 1 00CAT BUIYILIEHOI MPOAyKUii. 30KpeMa, Taki
MMOKa3HWKH  BIJICTEXYIOThCS Yy BUAaHHAX [ eomoriyHoi ciayx6bu  CIIA
[minerals.usgs.gov]. Xowa icHye aymKa, mo I iHpopMamis gae ysIBy HpO
MOTEHIIIHHI MPOMHUCIOBI MOTYKHOCTI HiANMPUEMCTBA, & HE MPO peanbHi 00CATH
BUPOOHHUITBA, Tpeba 3ayBa)KUTH, LIO JUIS I[LOTO BH3HAYAIOTH OKPEMi MOKa3HUKH
00csTiB  BUPOOHHWIITBA MiHEPATBbHOI CHPOBHHH. A TIOKa3HHK BHPOOHHYOI
MOTYKHOCTI BHIOOYBHUX MIANPHUEMCTB Oinblie CIyrye Ui MpOBEICHHS
€KOHOMIYHO1 OLIIHKH 00’ €KTIB.

I'eoyoriuHi Ta TIPpHUYOTEXHIUHI XapaKTEPUCTHKH POJMOBHUIN, SKi HE MAalOTh
KITBKICHOTO BiZJOOpaXXeHHs y BUOpaHUX MOKa3HUKAX, K TPABUIIO, BiIOWBAIOTHCA y
BIJIMOBITHUX €KOHOMIUHUX XapaKTepucTukax. Hanpuknan, CKiIagHICTh FeoI0riaHOT
OynoBH 00’€KTa, TiAPOTeOJOTIYHMX YMOB BH3HAYAE PO3MIp EKCIUTyaTamiifHUX
BUTPAT Ha BUJOOYTOK KOPHCHHUX KOTIAJIMH; TEXHOJIOTTYHHHI THIT Pyl — PO3Mip BUTPAT
Ha 30arayeHHs] CHPOBUHH.

HaBeneni moka3HWKHM BU3HAYarOTh JUIS O0’€KTIB, CTYIiHb TEOJIOTIYHOIO Ta
TEXHIKO-€KOHOMIYHOTO BUBYCHHS SIKHX JIA€ 3MOTY 1€ 3pOOUTH.

Anst nepcnexmugnux niaowy ma pyoonposigie KOPUCHUX KOMAIWH JOCIIIKYIOTh
MOKIJIMBI TEOJIOTIUHI XapaKTEepUCTUKHA OO0 €KTa, BHU3HAYAIOUM IX TEO0JIOro-
MPOMUCIOBUH TuT. HasBHICTH JaHWX MIOJ0 Takoi Kiacu@ikamii gae MOXKIUBICTh
YTOYHIOBATH TIEPCIIEKTHBHICTh TPOSBIB 1 TepuTopiit. s pecypciB KOpHCHHUX
KONaJIMH PEKOMEHJIOBAHO TaKi MOKA3HUKH: KiIBKICTh MPOTHO3HUX PECYpCiB, T;
KiIbKICTB TIEPCTIEKTUBHUX PECYPCIB, T; TUIOIIA TIEPCTIEKTUBHOT IUITHKH, KM2; pO3Mip
HEPCIEKTHBHOI IwIomti, kM? (mpoBeaeHHs pobir M-y 1:200 000 - 1:100 000,
1:50 000 - 1:25 000, monrykoBO-OIIHIOBAJILHUX POOIT, PO3BiAyBaIbHUX poOIT). 3a
TaKUMH CaMUMH TIpUHIMOAMHA Tpeda BU3HAYaTH MOKa3HUKH €(QEeKTUBHOCTI
npoeaeHuss ['PP. B mepury uepry 1e cTocyeTbcs BUTPAT HAa IPOBEICHHS
BUILE3TaJaHUX POOIT, SIKi BCTAHOBIIOIOTH 32 BHIAMHU KOPHUCHUX KOMAJIUH Ta IO
OKpEMHX peTioHax i paioHax.

Bci BusiBneHi pooBuia Ta pyIONpOSBY IiUISTAI0Th MOHITOPUHTY BiJIITOBIIHO
1o airouoi Knacudikariii 3amacis i pecypciB KOPUCHHUX KOTIAIHWH JIEP>KaBHOTO (HOHITY
Haap [3, 10]. Jns o6’extiB MCB 3 KOXXHOTrO BHIYy KOPHUCHHX KOIAJIMH Tpeda
BHU3HAUYaTH Taki MMOKa3HUKHU: OanaHcoBi 3amacu (kareropiii A + B + Ci1); ymoBHO
OamancoBi 3amacu (kareropid C;); 3amacu, NPOMHCIOBE 3HAYCHHS SIKUX HE
BCTaHOBJICHO, PO3Bi/laHi (JOBEICHI) 3amacu; MOMEPeIHbO PO3BijaHi (JOBEACHI)
3amace; TOINEPeJHbO PO3BifaHi (MMOBIpHI) 3amacu; TEpCIEeKTHBHI PeCypCH;
MIPOTHO3HI PECYPCH.

Jo 3araJibHUX JaHUX MOXKHA BIAHECTH TaKOX iHQOPMALIIO MPO KUIBKICTbH
POJIOBUII KOPUCHHX KOTIAIWH 1 PyJIONPOSBIB, CTYIIHB X T€OJIOTIYHOTO BUBYECHHS i
MPOMHCIIOBOTO OCBOEHHS, KUIBKICTh 1 SIKICTh MiATBEp/PKEHHX 3amaciB  Ta
MPOTHO3HMUX U MEPCIEKTUBHHUX PECYpCiB; AJS NESKMX BUAIB KOPUCHHUX KONAJIUH
00’€KTH KJIacU(DIKYIOTh 33 I'€0JOro-IPOMHUCIOBUMH THUIIAMH Ta TEXHOJIOTTYHUMH
TUTIAMU PY/I.
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I3 MaKkpOEKOHOMIUYHUX TTOKA3HHKIB, sIKI HAMYACTIIE BIJICTEKYIOTh ¥ CY9acHHX
BITUM3HSHUX MOBITHUKAX, € BUAOOYTOK KOPHCHHX KOMAJIMH 1 BHUPOOHHUIITBO
KOHKPETHHX BHJIB CHPOBHHH, IX CIIO)KMBaHHS BITYM3HSHUMH HiANPHUEMCTBAMH,
o0csirn ¥ BapTiCTh EKCINOPTHUX Ta IMIIOPTHHUX IMOCTadaHb, a TaKOX I[HH Ha
MiHEpaJIbHy CHPOBHHY Ha PI3HHUX PEriOHATBHUX PUHKAX.

OCHOBHIMH €KOHOMIYHUMH TIOKa3HUKAMH, 1[0 XapaKTePHU3yIOTh Cy4acHHUI CTaH
1 BINTUBAIOTH HA TUHAMIKy PHHKIB MiHEpaIbHOI CHPOBHUHH, € IiHA, CIIiBBIAHOILICHHS
MOMHUTY 1 TPONO3WIii CHPOBHMHM Ha BHYTPIIIHBOMY, pPETiOHAJFHOMY Ta
MDKHApOJTHOMY PHHKAX, SIKICHI 1 KITBKICHI XapaKTEPUCTHKU €KCIIOPTHO-IMIOPTHHAX
MocTayaHb.

BusHavanpHuUM  Ans pO3paxyHKiIB  €KOHOMIYHOI  OIHKH 00 €KTiB
HAJIPOKOPUCTYBAHHS € 3HAYCHHS YiHU HA MiHepanbHy cuposuny. Buxonsdn 3 miHu
Ha MiHEpanbHy CHPOBHHY, BHMKOHYIOTh YCi TEXHIKO-€KOHOMIYHI PO3paxyHKH.
CrarucTiyHe BUBUEHHS LIiH NOTpeOye PO3ropHYyTOI CUCTEMH MOKa3HUKIB. BoHa Mae
JOCTATHRO BH3HAYATH BiIMIHHOCTI pUHKOBHX IIiH: aCOPTUMEHTHY, TEPUTOPiaIbHY,
4acoBy, Pi3HUX CyOpHHKIB. BiMOBiTHO 10 METOAWKYN BU3HAYEHHS BapTOCTI 3amaciB
1 pecypciB KOPHCHUX KONAaJIHH POAOBHILNA a00 TUISHKK Hap, IO HAZAIOTHCS Y
KOPHCTYBaHHSI, «BU3HAYEHHS BAPTOCTi PECypCiB 3MIHCHIOETHCS HA OCHOBI TEXHIKO-
CKOHOMIYHHMX PO3paxyHKiB, IO TMPOBOIATHCS, BHXOASYM 3 MPOTHO3HOI yiHu Ha
MepIry TOBapHY MPOIYKINIO, OJep)KaHy 3 OCHOBHHUX, CIUJIBHO 3aAraruux 1
CYIyTHIX KOPUCHHMX KOMAJIWH Ta KOMIIOHEHTIB a00 MPOAYKTIB iX MEepepoOKH, IO
M UIATaI0Th peadizartii TipHAYO-TIepepOOHIM (TipHIYOT0OYBHIM)
MiATPHEMCTBOM.

Haiimommpenimmmy TepMiHaMu, siKi BUKOPUCTOBYIOTh Y BU3HAYCHHI ILIHU Ha
MiHEpaJlbHy CHPOBHHY B E€KCHOPTHO-IMIOpTHHX omepamisx, € FOB ta CIF. Sk
MIPaBUII0, €KCTIOPTHI I[iHK Ha MiHEpalIbHYy CHPOBHHY BKa3yioTh y Tepminax FOB, a
imnoptHi — CIF. Tepmin FOB (free on board — 6e3kommtoBHO 710 60pTY) O3HAYAE, 110
BUPOOHHUK IOCTAYa€ CBii TOBAPHUN MPOAYKT, TOOTO KOHILIEHTPAT, OE3KOLITOBHO JI0
OTOBOPEHOro Micls, 3a3BH4ail 10 OOpTy CyaHAa. 3aMiCTh HBOTO MOXYTh
BHUKOPUCTOBYBATH 3aJli3HUYHI BaArOHW a00 BAaHTAXIBKH, i TOJl 3aCTOCOBYIOTH iHIII
ckopouenns (FOR — free on rail, abo FOT — free on truck).

CrpareriyHuM NHUTAHHAM, K€ BUHUKAE ITiJ 9aC €KOHOMIYHOI OI[IHKM POJIOBHIIL,
€ MMTaHH [TONTUTY Ha CHPOBUHY IIEBHOTO POJIOBUINA y MaiiOyTHEOMY. B Takomy pasi
CTOYaTKy MPOTIOHYIOTh aHAII3YBaTH ICTOPUYHUI PO3BUTOK CIIOKHBAHHSI.

[MToka3zHukH 1HOTO OJIOKY PEKOMEHIYIOTh CHOCTEPIraTH 10 BUAAX MPOAYKINI 3a
TakuMu popMmamu: IiHa Ha 1 T (iHmy oxuHUIO) ToBapHOi mpoxaykuii (cif, fob);
00cCsT Ta BapTiCTh IMIIOPTY MiHEpAIILHOI CHPOBHHHU; OOCAT Ta BapTiCTh EKCIIOPTY
MiHEpalbHOI CHUPOBHHHW; OOCSTH Ta CTPYKTypa BHPOOHHIITBA MiHEPaIbHOL
CHPOBHHH; OOCSTH Ta CTPYKTYpa CIIOKUBAHHS MIHEPAIbHOI CHPOBHHH.

3anexxHO BiJ PpiBHS TPOBEACHHS MOHITOPHHT (JIOKanbHUH (00’ €KTHHIA),
perioHaNnbHUH Ta JiepKaBHUI) MOXHA TIOAUTUTY HA BIAMOBIIHI TpynH. 3aBAaHHIM
MoHniTopuary MCB Ha JOKaJdbHOMY piBHI HEpEBaKHO € IMPOBEAEHHS TIe0JIOoro-
€KOHOMIYHOI OIiHKK. Tomy 10 mi€l rpynmu MOKa3sHHWKIB HaJle)KaThb IMOKa3HUKH
OCBOEHHSI POJIOBUIII KOPUCHUX KoNasuH (Tadu. 3).
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Taommus 3

IToxa3zHukn OauHUII BUMIPY
BMicT KOpHCHHX KOMIIOHEHTIB %
3anacu KOPUCHHUX KOMIIOHEHTIB Ta PyJIU THC. T
KoediieHt po3yboxyBaHHs %
KoediuieHT BH1yueHHs %
PiyHa BUpoOHMYA NOTYXXHICTh MAMPUEMCTBA THUC. T
BuitydeHHS] KODUCHUX KOMIIOHEHTIB B KOHLICHTPAT %
Buxin KOHIIEHTpaTy %
BMicT KOpHCHHX KOMIIOHEHTIB y KOHIIEHTpATI %
Piune BI/IP.06HI/II_ITBO Ta 00CAT peanizallii roTOBOL —
HPOAYKLIT
KamniranosknaxeHHs tuc. $ / MuH rpH

Excrinyartaniiini Butpartu (pivHi, Ha 1 T npoaykiii)

tuc. $ / e pH, $ /T

Ilina 1 T ToBapHOI MPOIYKITii

$/T

PivHuMi Ta BaJIOBHUI TOXOJ BiJ peatizamii

tuc. $ / MiIH rpH

Piununii npubyTOK

tuc. $ / MiIH rpH

UYrcTa MoTOYHA BapTICTh

tuc. $ / MiIH rpH

CTpOK OKYITHOCTI iHBECTHITIH POKIB
IToka3HHMK peHTa0ETHLHOCTI IHBECTHUITIH OIMHUIIL
BHyTpiHS HOpMa NpHOYTKY %

Jo rpynu moKa3HUKIB MOHITOPHHTY PETiOHAJIBHOTO 1 HAIlOHAJIBLHOTO DPIBHIB
HajeXaTh 3arajbHi mokasHuku ctaHy MCB, MakpoeKOHOMiYHI TOKa3HHWKH Ta
MMOKa3HWKH PUHKIB MiHEpPaIbHOI CHPOBHHU (Ta0I. 4).

Tabnuus 4
INoxasHuku OI[H}.MHI
BUMIpY
Basancosi 3anacu (kareropiit A + B + Cy) THC. T
YMoBHO Ganancosi 3anacu (kateropiii Cy) THC. T
3amacu, MPOMHUCIIOBE 3HAYECHHS SKMX HE BU3HAYECHO THC. T
PosBigani (1oBeneHi) 3amacu THC. T
[TomepenHpO po3BigaHi (JOBeACHI) 3amacu THC. T
[TonepenHp0 po3BigaHi (IMOBIpHI) 3amacu THC. T
[epcnekTuBHI pecypeu THC. T
[IporHo3Hi pecypcu THC. T
Lina 3a ogHy TOHHY (iH. OIWHUIIIO) TOBAPHOT $ /1
npoaykiii (cif, fob)
OO0csr Ta BapTICTh IMITOPTY MiHEPATBLHOI CHPOBHHHU THC. T,
(10 BUIaX MIPOAYKILiT) TuC. $ / MJIH TpH
OOcsr Ta BapTicTh €KCHOPTY MiHEPaIbHOI CHPOBUHU THC. T,
(o Buax mpoaykKIii); THC. $ / MJIH IpH
OOcsru Ta cTpyKTypa BUpOOHUIITBA MiHEPAJILHOT
CHPOBHHH (IO BHJAaX HMPOJIYKIIii) et
OO6cAaru Ta CTPyKTypa CIIOKUBaHHS MiHEpPaIbHOL
CHPOBHHH (10 BHJaX HMPOJIYKIIii) e T
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Exonociunuii 6rox. Ha mepmmii moryisg Oyab-sKI €KOJIOTIYHI MOKA3HUKH,
TOB’S3aHI 3 TMOPYIICHHSIM TEOJIOTIYHOTO CEPeOBUINA TiJ Yac BHIOOYTKY 1
nepepoOKH KOPUCHUX KOMalWH, ciifi Oymo © 3rpymyBaTH 3a iX XapaKTepoM.
HacnipaBni Taki moka3HUKH MPaKTUYHO HEMOXKJIMBO BUBECTH HA PiBEHb JeprKaBHOL
CTaTHCTUKH, OCKUTBKH IIe TOoTpedye oprasizamii Ta MPOBEACHHSA CIEI[ialbHUX
JOCITIKEHDb 1 TOCTIHHUX MOHITOPHHTOBHX pPOOIT HAa TEPHUTOPIl MIsIIBHOCTI BCIiX
ripHUY0100YBHUX 1 IepepoOHHX mianpueMcTB. s mineit 3’scyBanHs MacTadiB i
HACJIJIKIB BIUTMBY Ha JOBKULTSI BUAOOYTKY 1 IepepoOKH MiHEpaIbHOI CHPOBUHHU Ha
MEBHUH MOMEHT Yacy 3HAYHO MPOCTIIe CKOHIICHTPYBATH 3YCHJUIS Ha BpaxyBaHHI
pCaNIbHO ICHYIOUMX HETAaTHMBHHUX €KOJIOTIYHUX HACHIJKIB PI3HUX YMHHHUKIB TaKOTO
BIUIMBY, 110 3BOJIUTHCS JI0 BiTHOCHO MPOCTUX MOKAa3HHKIB, SIKi JIETKO OTPUMATH Ta
o0YnCcIUTH (THITYy IUION] BHIYYEHHX 3eMellb, KUTBKOCTI HAaKOMUYEHUX BiTXOZiB,
BUKHIIB y TIOBITPSI, CKUJIB Y BOJHE CEpeAOBUIIE, 00’ €My BUPOOJIECHOTO TIPOCTOPY,
IoILi 3a0pYAHEHUX Y1 YIIKOPKEHUX TEPUTOPIii TOIIO).

Exomoriuyni MOKa3HWKHM XapaKTepU3ylOTh MiSUTBHICTh TiPpHAYOJOO0YBHHX 1
nmepepoOHUX MANPUEMCTB. byne-sike mianmpueMcTBo (TipHUYOAOOYBHE UM
nepepoOHe) BU3HAYAETHCS KOHKPETHUMH €KOJIOTTYHHMH MTOKa3HUKAMH BIUTUBY HOTO
TiSUTPHOCTI Ha HABKOJWIIHE CEpeAOBHUINE, OUTBIICTh 3 SKUX JIETKO BHBECTH Ha
piBEeHB JepKaBHOI CTATUCTUYHOI 3BITHOCTI. Taki MOKa3HUKM MOXHA 3rpyITyBaTH 3a
HACTYITHUMH OCHOBHMMH YNHHUKAMH BILIUBY.

Hopywenns nopooHo2o macugy 6HACIIOOK 8€OeHHs 2ipHU4uUXxX pobim: 00’ eM
BHPOOIEHOTO MPOCTOPY, 30KPEMa i3 3aK/IaJKOI0, M>; 3arajlbHa IUIONA IPOCiaaHb
HOBEPXHi, KM?; aMILTITyJa IPOCiaHb, M; IO ITi{p00IeHHs PidoK, BOJOCXOBHIIL,
HacelleHHX IIyHKTIB, KM% IUIolma, ypakeHa 3CyBaMH, KM2; ILIOIIA, ypakeHa
KapcToM, KM2,

Hakonuuenns 8i0x00ie 2ipHuu0000y8H020 i 30a2a4y8albHOZ0 KOMHIEKCY:
3arajibHa KiIBKICTh HAKOMMMYCHHUX BiJIXOIB, 30KpeMa TOKCUYHHX, TUC. T; KiIJIbKICTh
BIIXOJIB, THC. T/PiK; KIJBbKICTh BHKOPHUCTAHMX BIIXOJIB, THC. T/PIK; KUIbKICTh
HaKOIMMYEHUX BiJIXOJIiB, THC. T/PIK.

Bunyuennss 3emens: 3arajibHa KiIBKICTh, 30KpPEeMa ClIBCHKOTIOCIOIAPCHKOIO
NpU3HAYEHHS, KM?, M TPOMMCIOBI cropyau (IIPOMHCIOBI  MaliaH4uKH,
XBOCTOCXOBHINA, MPYIU-BIICTIHHUKK TOIIIO), KM%, TIif pPO3MIIIEHHST BiAXOMIB 1
HEKOH/IMIIHHUX KOPUCHHUX KOMAJIWH (CKJIaIyBaHHS BMICHUX 1 PO3KPUBHUX IIOPI/I,
HEKOHUIIMHUX PYJI TOIIO), KM?,

Topywenns 2idpozeono2iunozo pedcumy: TWIOMWA JEHPECIHHUX BOPOHOK, KMZ;
aMILTITy1a BOPOHOK, M; IUIOIIA TiATOIUIEHUX TEPUTOPIM, KM?,

3abpyonenns tpynmie, 600, nogimpsi: TIIOII 3eMeJb, Ha skuX nepesurieHi [JIK
no rpymax 3abpyAHIOBayiB, KM2, KiJIBKICTh CKHIIB IPOMHUCIOBUX (IIAXTHHX,
IJIACTOBUX TOIIO) BOJ| y BOJHE CEPEIOBUIIIE, M3 MiHepaJi3alis BoJ, I/, KUTBKICTh
BUKHU/IIB 3a0py/IHIOBATEHUX PEYOBHH y TIOBITPSI Ta 1X CKIIaI.

HaBeneno ayxe npuOIU3HUI MEpeIlik eKOJIOTYHUX MMOKA3HUKIB, OB’ SI3aHUM 3
nisuteHicTIo mignpuemMctB MCK, ski Tpeba BuBecTM Ha piBEHb JepiKaBHOI
cratuctukd. Lleil mepenik moTpedye PeTeNbHOrO ONpAlfOBaHHS Ul PEaJbHOIO
BiJJOOpa)keHHsI BIUIMBY MIiJNPHUEMCTBA Ha JOBKUUISA, €KOJOTIYHUX PH3MKIB, IO
BUHHUKAIOTh Ha TEPHUTOpii HOro BIUIMBY, Ta EKOHOMIUYHUX 30UTKiB. OcCTaHHE
CTOCYETbCS HE JHIIE NpsSMHUX 30UTKIB, a W THX, L0 BHUHHUKAIOTH BHACIIIOK
HEOTpPUMaHHS TPUOYTKIB BiJi BUKOPUCTAHHS TEPUTOPIi JUIs 1HIIOI JisUTBHOCTI
(HampuKIa, CilbCbKOTOCTIONAPCHKOT Y TYPH3MY).
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BucHoBku

3 aHautizy YHCIEHHUX JpKepen iHpopMallii Ta HaBeIeHUX y JaHiid poO0Ti MipKyBaHb
LI00 OpraHi3anii MOHITOPHHTY T'€0JIOTIYHOTO CEPEIOBUINA 1 MiHEpaJIbHUX PEeCypciB
VKpalHu B Cy4acHHX yMOBaX MO)KHA 3pOOUTH BUCHOBKH, TOJIOBHI 3 SIKMX 3BOJISTHCS
710 HACTYITHOTO:

e MOHITOPHHT TEOJIOTIYHOTO CEepeZOBHINA 1 MiHEpalbHUX PECypCiB € IyxKe
BKJIMBUM €IIEMEHTOM, 10 3abe3meuye (yHKIIOHYBaHHS BCi€i cuHCTEMHU
JEp>KaBHOTO YIIPABIIHHA Y cepl OXOPOHU MOBKIJUIS, BUKOPUCTAHHS TPUPOTHHUX
pecypciB i exomnoriunoi Oe3nekn B YKpaiHi, pO3BUTOK SKOI TPUBAIHHA ICTOPUIHHAN
nepiosl BU3HAYABCSI BUAOOYTKOM 1 €KCIIOPTOM MPOAYKTIB MEPEPOOKH MiHEPaTbHOT
cupoBuHH. Lle 00yMOBHIO KPUTUYHUH, YAaCTO HAOMMKEHHH O KaTacTpogidHOrO,
CTaH TEOJIOTIYHOTO CEepeAOoBHINa B ii OCHOBHHX TipHHYOJOOYBHHX palOHAX.
OcobnuBo cuTyarlist 3aroctpuiacs Ha Jlonbaci, 1e y 3B’SI3Ky 3 BEACHHSIM OOHOBUX
Iiil, HEKOHTPOJIbOBAHUM 3aKPUTTSAM HIAXT 1 MPUIHUHEHHSIM BiIKAYKU MIAXTHUX BOJ
MIBUAKMMH TEMITaMH TT0Yajia PO3BUBATHCS SKOJIOTIUHA KaTacTpoda.

e VYMOBH KPUTUYHOTO CTaHy MAOBKIJUIL 1 BEIMKOTO PH3MKY BHHUKHEHHS
HaJ3BUYAHMAX EKOJIOTIYHHX CHUTYyalliil 1 kaTtactpod B Oararbox paiioHax KpaiHu
BHMAralTh MaKCUMaJIbHOTO BUKOPHUCTAHHS BCIX MOKIIMBHX JiXKepell (iHaHCYBaHHS
1 KOIITIB, HAKOMMMYEHNX B Pi3HUX eKoJoriyHux ¢oHmax. lIporpamm ekonorignoi
peabimiTarii MOBUHHI CIIUPATHCSA HA MOCTIHHO JiI0YY B PEXHMI PEATbHOTO 4acy
MPOTHO3HY MOJEIh TEOJIOTIYHOTO CEPEIOBHINA HAa OCHOBI reorpadidHoi
iH(pOpMAaLiiHOT CHUCTEMH 3 HANAroPKEHUMH MEpeXaMHi MOHITOPUHTY Pi3HHX HOTO
CKIaNoBUX  (TiAPOTEONIOTIYHOTO,  iHKEHEPHO-TEOJIOTIYHOrO,  CEWCMIYHOTO,
3a0pylHEHHS] TPYHTIB 1 MOBEpXHEBUX BOJOWM Ta iHIHKX). [Ipu cTBOpeHHi i
(YHKILIOHYBaHHI TaKMX MOJIENel Y palloHaX 3 KPU30BUM i KaTacTpOidHUM CTAHOM
IOBKULIA (hiHAaHCOBI pecypcr OyayTh PpO3MOAUIATHCS OUTBIN pamioHATEHO Ha
TOTIepe/DKEHHS 1 BUPIMIEHHS KOHKPETHHUX EKOJIOTIYHHX TMPOOIeM, SIKi MOXYTh
BUHHUKATH Yy BUNAJIKy peaizamii po3paxoBaHUX Yy Takiii MoJeni HaWOiIbIINX
€KOJIOTIYHUX PHU3UKIB.

e OnHUM i3 BOKJIMBUX 3aBJaHb MOHITOPHHTY MiHEpAIbHO-CUPOBUHHOI 0a3u B
Cy4aCHHX yMOBax € Po3po0OKa MEeXaHi3MiB 3allydeHHsS iHBECTHIii Yy TeoJOoTivuHy
rany3b. [Hpopmaltis mpo Airoui i MOTEHIiHHI 00’ €KTH HaAPOKOPHUCTYBAHHS Ma€ Oy TH
JIOTIOBHEHA TOKa3HUKaMHU €KOHOMIYHOTO 1 €KOJOTiYHOTO XapakTepy, BUBEJACHUMH
Ha piBeHb JEpPKaBHOI CTAaTHCTUKH, 1 (IO MOXIUBOCTI) OyTH MaKCHMaIbHO
BiJIKPUTOIO.
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THE STATE OF DRINKING WATER QUALITY ON THE EXAMPLE OF
SLUPSK CITY (POLAND) AND ZHYDACHIV DISTRICT (UKRAINE)

Abstract. The problem of drinking water quality is extremely relevant. According to
the World Health Organization (WHO) every year about 25% of the world's
population is at risk consumption of low-quality drinking water, and more than 80%
of all human diseases are directly related to the use of low-quality water. The aim
of the work is to compare the quality of drinking water on the example of the city of
Slupsk (Poland) and Zhydachiv district of the Lviv region (Ukraine). The following
methods of water quality research are used in this work: visual, nephelometric,
potentiometric, conductometric, titration, spectrophotometric and membrane
filtration.

A comparison of drinking water quality in Slupsk (Poland) and Zhydachiv district
(Lviv region, Ukraine) has been performed. The requirements for drinking water
quality in Poland and Ukraine are the same.

In Slupsk (Poland), residents consume water of centralized water supply, which is
taken from the horizons with a depth of 50-180 m. Then water enters in the water
treatment station, where it is cleaned by aeration and filtration. No chemicals,
reagents and disinfectants are added to the water. The block diagram of the
technological process at the water preparation station in Slupsk, the scheme of
processes for reducing the concentration of iron and manganese, and the results of
experimental research on drinking water are presented. Water in Slupsk meets almost
all the requirements for the quality of drinking water, except for the compounds of
iron and manganese. Therefore, during the purification of water, the removal of these
compounds occurs, after which the drinking water meets all the requirements set.
Water quality monitoring in Slupsk is carried out continuously at the different stages
of production and distribution. It is carried out by two independent laboratories. There
are the accredited laboratory of “Water Supply Slupsk” and the laboratory of the
regional sanitary and epidemiological station in Slupsk.

Residents of Zhydachiv district use water for both centralized and decentralized water
supply. There is a crisis situation with drinking water supply in this area. It has been
found that all water samples do not meet the requirements for bacterial parameters
and have high iron content. In some samples there is a steady increase in
permanganate oxidation and ammonia nitrogen, as well as an excess of chloride,
fluorine, dry residue and nitrates. Indicators of pH of water samples taken from wells
of different depths and from the crane meet the established norms. Water from the
wells has almost by 2 times higher level of specific electrical conductivity water from
the tap. The purification of drinking water, which is carried out at the disinfection
stations at water intakes of City Municipal Enterprise “Zhydachivvodokanal” and
Open Joint Stock Company “Kokhavynska Paper Factory”, is insufficient.
Keywords: drinking water quality; technological processes at the water preparation
station; water purification; experimental research
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HauionaneHwuii yHiBepcuTeT «JIbBiBChKa moJiTexHikay, M. JIbBiB, Ykpaina

CTAH AKOCTI IIUTHOI BO/IA HA IPUKJIAAI M. CJIYIICBK
(ITIOJBbIIA) TA ZKUAAYIBCBKOI'O PAUOHY (YKPAIHA)

Anomauisn. Buxonarno nopieusinns skocmi numuoi éoou y m. Cnyncok (Ilonvwa) ma
JKuoauiecokomy — pationi  (Jlveiewuna,  Yrpaina). Ilodano  6nok-cxemy
MEeXHOI02IYH020 npoyecy Ha cmanyii niocomosku 800u 6 CIyncuKy, cxemu npoyecis
3MeHUleH s KOHYeHmpayii 3ai3a ma Mapeanyio, pe3yibmamu eKCnepumeHmaIbHux
00Cni0HCeHb NUMHOL 600U.

Kntouosi cnoea: saxicme numuoi 600u; mexHono2iuHi npoyecu HA CMAHYIL
ni020mosKU 800U, OUUWEHHS 800U, eKCNEPUMEHMATbHI 00CAIOHCeHHS

Beryn

[Ipobnema skocTi mMuUTHOI BoaW Oyla i MPOAOBKYE 3ATUINATHCH HAA3BHYAIHO
akTyanpHOW [1]. V pe3ynbraTi 11o0agbHOr0 TEXHOTCHHOTO BIUIMBY Ha MPHPOILY,
BOJA, SK I Baroma >KHTT€JaiHa CKJIaJO0Ba, 3a3HA€ 3HAYHUX 3MiH, 10 HEraTHMBHO
BIUTMBAIOTh Ha MIsITBHICTH Ta 310poB’s mojeit [2]. Lle mpu3BoIuTh 10 BUHUKHEHHS
PI3HOMaHITHUX 3aXBOPIOBaHb, SKi MOKYTh MaTH JIeTalbHi Hachiaku [1]. 3a qanumu
Bcecpitaboi Opranizanii Oxoponu 3mopos’s (BOO3), mopoky y cBiti Oim3pro 25%
HACEJICHHS MIIA€ThCS PU3UKY CIIOKMBAHHS HESKICHOI MUTHOI BOIM, a OiNIbIIe SIK
80% yciX 3aXBOpPIOBaHb JIIOJWHU O€3MOCEPEIHBO IOB’S3aHO 13 BXKUBAaHHAM
HESIKICHOT BOJM, /IO CKJIQAy SIKO1 BXOJISATH PEUYOBHHH, IO MOXKYTh BHKIUKATH
MyTareHHi Ta KaHreporeHHi edektn. TomMy Ham3BHUAtHO BaKITMBO 3IHCHIOBATH
KOHTPOJIb 32 SIKICTIO IUTHOT BOAH.

B ocHOBY BOJTHOTO 3aKOHOJABCTBA €BPONICHCHKUX KpaiH — wieHiB €C mokiIaaeHo
“JlupektuBy npo nutHy Boay”’ €C 80/778/€C. Y [upekTHBi HOPMYIOTH 66
MTOKA3HUKIB SAKOCTI MuTHOI Bosu. OqHak y 1998 p. Paporo €C 3amicTh Hel mpuitHATO
HoBy J[upextuBy 98/83/€C “Ilpo skicTh NUTHOI BOAM, NPHU3IHAYEHOT IS
CMOXKMBaHHS JIIOJUHOI”. Y IUX HOPMAaTHBHUX JIOKYMEHTax y THTHIH Boji
HOPMYIOTh TaKi TPYIH TOKAa3HUKIB: 3aranbHi (Pi3UKO-XiMi4HI; OpPraHOJIENTHYHI;
MIKpOOIONOTiYHI 1 Tapa3WTOoJOTiuHI; PAIONOTiYHI; TPaHUYHO JOMYCTHUMI
KOHIIEHTpAIii BMICTy OCHOBHHX HEOPTaHIYHHX Ta OPraHIYHUX PEUOBHH y MMUTHIN
BOJII.

[lepi Hi>X NOTPaUTH y MEPEKY BOAOTOHIB, BOAA ITIOBUHHA MPOUTH OYMIICHHS,
mo0  BIAMOBIZaTHM BHUMOTaM [0 SKOCTI IIATHOI BOAHM, BCTAHOBJIEHUM
Poznopsimxenasm Minictpa oxoponu 370poB’st [lonemii Big 29 6epesns 2007 p.
“Ilpo sKiCTh BOJH, MPU3HAUEHOT IS CIIOKUBAHHS JIFOUHOW” [2].

B Vkpaini ckian i BIACTMBOCTI MUTHOI BOAM MOBHHHI BiJIIIOBIIATH BUMOT'aM
JCanlliH 2.2.4-171-10 “T'irieHiuHi BUMOTH J0 BOIM IUTHOI, MPH3HAYCHOI IS
CIOXKMBaHHS JIoAUHOI0” [1].

MeTo1 poGoTH € MOPIBHSIHHS CTaHy SIKOCTI MUTHOI BOJM HA MPHKIAII MicTa
Cayneek ([Toxpma) i XKugagiBebkoro paiiony JIbBiBchkoi obmacti (YkpaiHa).
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AHaJi3 ocTaHHIX J0oCTaiTKeHb | myOmikamiii

HesixicHa Boga, 3a0pynHeHa cucTeMaMH BOAOIOCTaYaHHs, 1 BiICYTHICTh HaJIeKHOT
TiTi€HW € OCHOBHUMHU MPUYMHAMH 3aXBOPIOBAHb SK B KpaiHaX, 10 PO3BUBAIOTHCS,
TakK 1 pO3BHHEHHX KpaiHax. BcraHoBieHo, o MoXxHa Oyno 6 3MEHIIUTH Cliajaxu
iHdexmit mo 10% TIABPKH MOJINIIEHHSIM SKOCTI BOAM Ta TirieHw. Tpamgurtiiiai
METOJIH, 3aCHOBaHI Ha MOHITOPUHTY SIKOCTI BOJIU 3 JDKEPEN, HE € JIOCTATHIMHU JIJIs
3abe3nedeHHs sKicHOI TUTHOI Boau. IH(opMmamiss mpo NoraHWd CTaH BOIH
MPUXOIUTEH 3aHAATO TI3HO 1 HE MOXKE 3aMo0IrTH BUKOPHCTAaHHIO BOIW y pasi ii
3a0pyIHEHHS, a TAKOX € HE JJOCTATHBOIO JIJIs 1IeHTU(IKAIIT JKepera 3a0pyJHCHHSL.
BOO3 pekoMeHnaye po3pobiieHHs 1 pearizallito miany 3a0e3neueHHs 0e3MeKH BOIU
B CHCTEMax KOJICKTUBHOI'O BOJIOMIOCTAYAHHS.

B Ykpaini maiixe 40 BiAcOTKiB BOJOTOHIB 3acTapiim abo i B3araji B aBapiiiHOMy
crani. HuHi Michke BOAONOCTA4YaHHS 3a0€3MEUyEThbcs B YKpaiHi 32 paxyHOK
mig3eMHux Boj jume Ha 25%. Jlnsg Oimpmiocti KpaiH €BpOmM BHUKOPHCTaHHS
migzeMHux Bof gocsirae 90%, mo 3abesmnedye 3aJ0BOJICHHS MOTped HACEIEHHS
BHCOKOSIKICHOIO TIUTHOIO BOJIOIO.

[TutaHHAM SKOCTI THMTHOI BOOM TNPHCBAYeHO myOuikamii [3-6]. 3HauHOTrO
Mporpecy y TOJIMIIeHHi sikocTi Bogu nocariu kpainum €C. Tomy Ykpaini BapTo
MeperHsITh X AOoCBiA. BenmbMu akTyadbHUM € MOPIBHSHHS CTaHY SIKOCTI BOJHU B
VYkpaini Ta y Halomwk4aoro cycina — [lombi.

MeTtoau nocaixKeHb

Y poboTi BHKOPHCTAHO TakKi METOAHM JOCHTIDKCHHS SKOCTI BOJAM: Bi3yaJbHUH,
HedeToMeTpUYHNN, TTOTEHIIOMETPUYHHUN, KOHIYKTOMETPHUYHUH, TUTPYBaHHS,
cnekTpohoTOMETpUYHUI Ta MeMOpaHHOI (inbTparii.

Buxian ocHOBHHMX pe3yJibTATIB

Moeitr Cnyncekuii po3TamioBaHo Oe3MOCepelHb0 Ha TOJIOBHOMY pe3epByapi
migzeMHux Box (Ne 17 “butyB”) 1 Ha ABOX MiCHEBHMX BOJONMAax MiI3eMHHX BOJI
(“Buxonna  monmmna  MaxoBuno” 1 “Ciyncek”).  [DxepenoM  HUTHOTO
BojonoctadanHst y CIyINchbKy € J1Ba He3zalexHi Bojmo3abopu: “Becrepmiarre” Ta
“I'mo6uno”. 1li BomM BimOWPAIOTH 3 YETBEPTUHHUX BiJKIaJeHbh BOJOHOCHOTO
rOpU30HTY 3 rHOUHOO Bia 50 10 180 M HmKYe piBHs 3emui [7].

XapaKkTepHOI OCOOIMBICTIO IPYHTOBHUX BOJ y CIYICHKY € MiJABHINEHUN BMICT
3aj1i3a, Maprasito. Lli eJeMeHTH BUIAISIOTh OUYHCHI CIIOPY/IN 33 PaXyHOK aepailii Ta
¢dinprpanii [1]. V [omemii mist MMTHOT BOAW HIDKHS MeKa TBEPAOCTI MUTHOI BOAU
cTaHoBUTh 60 Mr/m mus kapOoHaTy Kaibilito i 30 Mr/n — juis marHito. Boxa, sxa
MOCTAYAEThCS KUTEIAM M. CIIYIIChK, Ma€ CEPEHIO )KOPCTKICTh (CEPeIHE 3HAUCHHS
tBeprocti cranoButh 208 wmr/m CaCOs — 3a [A0OMyCTHUMOro 3HAa4YeHHA —
500 mr/n CaCQOg). IlutHa Bojna, sika moctaBisieTbes yepe3 “‘Bomokanan Ciynchk”,
MICTUTE Ou3bK0 70,2 MI/II KanbIlifo 1 6,4 MI/I Mardiro, 1o € 3a10BIILHAM.

XapakTepHi 1S iI3eMHUX BOJI HAJITMIIKH JIOMIIIOK 3aJ1i3a 1 MapraHito, a Takox
CO; i H>S Bukimukanu HeoOXiAHICTH OyIBHUIITBA CTAHINi OYHINEHHS BOJIU B
CnyriceKy, B sKifi BHKOPHUCTOBYIOTH O€3peareHTHY TEXHOJIOTiI0, 3aCHOBaHy Ha
MPUPOIHUX Tpolecax. Bozaa, sika MOCTAYa€eThCs 4Yepe3 CTAHI(I0 OYHILCHHS, €
XIMIYHO 1 MiKpOOi0JIOTiYHO CTaOUTFHO, IO 33J0BOJIBHSE BCIM Cy4YaCHUM BUMOTaM
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1 peKOMEHJAITIsIM — SIK BITYM3HSHHUM, Tak 1 €Bpomneiicbkoro Coro3y. JlogaTkoBoro
[epPeBaror BOIM € TOH (akT, 1[0 J0OpUi CTaH BOIOMPOBIIHOI MEPEKi Aa€ 3MOTy
YHHKHYTH XJIOpYBaHHs BoaH [8]. Biiok-cxemMy TEXHOJIOTIYHOTO MPOIECy Ha CTaHIIil
MiAroTOBKY BoAM B M. CIIyIIChbK TIOKa3aHO Ha puc. 1.

ITin3emuuii
BO0320ip

Mepexa

Aeparis :
pan BOJIOTOHIB

OinpTparis

OuHuIeHHsS

(momaTtkoBe)

Puc. 1 — biok-cxema TeXHOJOTIYHOTO TIPOIIECY Ha CTAHII1 MiATOTOBKH BOAX B M. CIIyIChK

[Ipomec BumanmeHHs 3 BOAW CHONYK 3ajli3a 3aCHOBAHO HAa OKWCHEHHI BCiX
po3unHHUX Gopm aBosaneHTHOTO Fe (II) 10 HEpo3UMHHOTO Y BOJII TPUBAIEHTHOTO
Fe (Ill), a morim BupaneHHi 3 Boau orpuManux crnonyk Fe (III). Buganenus
MapraHIfio IPOTiKa€e aHAIOTIYHO, 38 BUHATKOM TOT'O, III0 CIOJIyKa {BOBAJICHTHOT'O
Mn (II) okucHIOETHCS 3 yTBOpeHHIM YoTHpHuBasieHTHOro Mn (IV). Crionyku 3amiza
1 Maprasiffo, ski BHIIAJIM B OCaJ, MOTIM BHJAAJAIOTH 3 BOIU 3a JIOMOMOTOIO
¢dinpTpamii. Boga HagxoauTh OO0 CTaHIli CHCTEMOIO TPYOOTPOBOIIB 3 JBOX
BOJ103200PiB, 3MIIIYETHCS Ta OTPAIUISIE B 3aJl a€paTopiB, A€ MiANAETHCA MPOIIECY
aeparii. Aepaiisi BOIM 3AIMCHIOETHCS YEpPe3 YOTHPU KaCKaJHI aepaTopH,
3aBAaHHAM AKHUX € HAICHYCHHS KHCHEM CI/IpOI BOAU 1 BUOAJICHHA I‘a3iB, PO3YUHCHHUX
Yy BOIi, TOOTO CIpKOBOJHIO i BYIJIEKHCIIOTO Ta3y. Boaa momaeTrbcs y BEpXHIO
YaCTHHY aeparopa, a MOTIM CTiKa€ BHU3 PEIIiTKaMH B HIDKHIO YaCTHHY aeparopa
(puc. 2).

[Ticas Toro sk Boma, 30aradeHa MOBITPSIM, HAIXOAWTH B peaklidHy Kamepy,
(yHKIS SKOI TMoyArae B TOJIOBKEHHI KOHTAKTYy BOJM 3 TOBITPSIM, BiIOYBa€ThCs
YaCTKOBE OCQ/KCHHSI PO3YMHEHHMX TBEPAHMX PEUOBHH (IIEPEBAXKHO 3alliza), 3BiAKH
JlaJTi 3aBJISIKKM CHJTI TSDKIHHS BOZA HAIXOAUTh Y (iIbTpyBaibHI Kamepu (puc. 3).

Heo0OxinHy KiNBKICTh KHCHIO Ha OKHCHIOBAaHHS CIIONYK 3aii3a Fe, mapranmo Mn
i amoHiiiHoTro i0Ha NH4 po3paxoBano 3a hopmyiioro:

Z = Fe*A+Mn*B+NH.*[uz 02/1], 1)

ne: A — KUIbKICTh KHCHIO Ha OKUCIFOBaHHS crioytyk 3amiza Fe; 0,14 mr O2/1 mr Fe/i;
B — KiNBKIiCTh KHCHIO HA OKHCITIOBaHHS Maprasio Mn; 0,29 mr Oy/1 Mr Mn/m;
C — KIJIbKICTh KHCHIO HA OKHUCITIOBaHHS aMOHiliHOro io5a NHa; 4,57 mr O2/1 mr NHa/m;
Fe, Mn, NH4 — BMicT nux nmapameTpiB y cupiii 3MiliaHiit Boai [mr/i].

3a dopmynoro (1), a Takok Ha MIJACTaBl Pe3yJbTaTIB JOCIIIKEHb PO3PaXOBAHO
cepenHio MoTpedy KHWCHIO y Boji, sika ckmana 0,37 mr Oy/n. BignosimHo mo

TEXHOJIOTIYHUX BKa31BOK, BMICT KHCHIO Y BOJII ITicis QimbTpariii Mae OyTH He MEHIIe
HiXk 2,5-3 mr O2/m.
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Puc. 2 — Tlpouec aepamii: 1 — nomgaya Boau;
2 — mojmava TOBITps; 3 — BUAAJCHHSA 3 BOIU
JMIOKCHUIY BYyIJICHIO 1 CipkOBOAHIO, 4 —

— )

e e PO3MUJICHHS BOJU; 5 — pPelIiTKa; 6 — BiJIBEJICHHS
] st i BoIM, 30arayeHoi IOBITPSM, Yy peakIiiHy

EALI Tl Kamepy

5 -

5

s

I —

L —
A= —

" v 6

Puc. 3 — Peakuiiina kamepa: 1 — noga4a Boxy,
30araueHol NOBITPSIM, Y peakliiiHy kamepy; 2 —
BHUXiI ocamy; 3 — BuUBiZ Boaw, 30aradeHoi
TOBITPSIM, y (QiTBTPYBaIbHI KaMepH

Bwmict kxucHI0 y Bomi, micig ii 30araueHHS, B
cepemHbOMY cTaHOBHTH 12,6 Mr O2/n. Bogma
JocsAriia PpiBHA MaKCHUMAaJbHOTO HACHYCHHS
kncHeM 3a Temneparypu 10°C (> 80%, ymoBy
BHUKOHAHO).

CepenHili BMICT KUCHIO B OYMINECHIH BOJII CTAaHOBUTH 0Ju3bko 10 Mr O/, 0TKe,
ymoBy BuKkoHaHO [8]. [Iporiec 30araueHHst Boau KUCHEM 300pakeHo Ha puc. 4.

r Bindinsrpoeana ona GinsTp 1

Z f 10.7 mT O/
T | V1 -
2 | |
£ - |/| BindinsTporana Boma dinetp 2 ||| & 5
z & 10,5 Mr Oy/n -
| & = % g g
Crpa sona | £ 5 \| Bindinbrpoeana eona GinsTp 3 | /| =<l
Becrepmatte | | 8 ~ 10,2 Mr O2/n [l Q
7.5MrOn | S| ' z & .
- / = I| [ )
& | BindinsTporana ona dinstp 4 J.-' | OummieHa Boza 1
Cupa Bona M 10.1 mT O/l 10.1 M O/l
aMimana | Ry .
e BindinsTpoeana Bona GinsTp 5 90,4 Ounmena Boza 2
6,1 mr Oo/ | . 1
| 3 | 11.6 mr O/ | 9.3 MrOyn
V| & [ || e |
Cupa Boza g £ ||| BindinsTporana eona ginetp 6 ||| T 5 |
I'mo6uHO | = o) 11,4 MT Oy Mg ol
9.2 Mr Oy EE % =
.2 Mr O/ T Y : 1=
’ E o || BindinsTpopana oma ¢pineTp 7 V/ % .
© |l 11,2 Mr O3/ = ) 80.8
- | é !
= | —— : /
50,8 E | BindinsTpopana Bona ¢Ginetp 8 |

11.1 mT O/l

Puc. 4 — Cxema npouecy 30araueHHs BOJM KHCHEM
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®dinbTpyBaibHI KaMEPH — L€ BIIKPHUTI pe3epByapH, 3all0OBHEHI (PiIbTPYBaIbHUM
mapoM, SIKHA MICTHTHh KBapIIOBUH ITCOK Po3MipoM i3 3epHO. CIOIyKHW 3aimiza i
Mapraiio, sKi 0CiZJatoTh 3 BOJAHU, YTPUMYIOTh Y QiIbTpyBasibHOMY 1api. Boay, mo
MPOXOAUTH Yepe3 KBapLOBHH IMICOK, 30HMpAlOTh Yy 3JIMBHOMY QiNbTpi, a MOTIM
HAIPaBJIAIOTH B pe3epByapH OUMIIECHOI BOIM, 3BIJKH 3a JOTIOMOTOI0 Hacoca BOHA
HaIXOIUTh 0 BOAOIPOBIAHOI Mepexi (puc. 5) [2].

Puc. 5 — ®ineTpyBanbHa Kamepa:
1 — nogaya Boju, 30arayeHol MOBITPSIM;
2 — GpunpTpyBANILHUH 1ap; 3 — MaTpyOOK
JUIi  TIPOMHBaHHS  (UIBTPYBAIBLHOTO
mapy moBiTpsM; 4 — maTpyOoOK Ui
MPOMHBAHHS (iNBTPYBAIBHOTO MIAPY
BOJIOIO; 5 — BUBiJ] 3a0pyAHIOBAYIB ITiCIIA
pereHepariii QinbTpyBaIbHOTO IIApY;
6 — KBapIOBUil MiCOK; 7 — BiIABEIACHHS
OYHIICHOI BOIHU

[Ipormec dinprpariii noxsrae y 3MeHIIEHHI KOHIEHTpallii 3aii3a Fe (puc. 6) Ta
Mapranimro Mn (puc. 7). HopmatuBHa koHUeHTpamis 3amiza Fe cranHoBuTh
0,002 mr Fe/n, mapranmo Mn — 0,05 mr Mn/n [8]. Pe3ynbTat MOHITOPHHTY SKOCTI
BOJH, SIKUIl BUKOHYIOTh O€3MepepBHO Ha PI3HHUX €Tanax BHPOOHHUIITBA 1 PO3MOILTY
IBI He3alexHi jabopatopii — akpeamroBaHa nabopatopis ¢ipmu “Bomoxaman
Cnyncek” 1 JlabopaTopis paliOHHOI CaHITapHO-CMIAEMIONOriuHOl CTaHIl Yy
CnynceKy, TOKa3ywoTh, IO BOJA, JOCTYIHA IS JKUTEIIB MiCTa, € HE TUIBKH
CMavHOI0, ajie i kopucHoto [9].

BindinsTporana Bona ¢insp 1

= 0,002 mr Fe/n A
E | \ | —~
= | z 3 . \
s 5 Il BindinsTposana Bona dpinsTp 2 | | fg‘ %
| 0.003 mr Fe/n | 8 &
8 = s 2|
Cupa Boza | Sl . Sl
& | g = \ BinginsTrpoeana Boma ¢ins1p 3 |/} = 8‘
CCICPIIATIC | /1 o g \ 0.006 mr Fe/n RS
0.428 mr Fe/n < — . 10
& | BindinsTposana Bona Gpinstp 4 f‘ | OummeHa Boza 1
Cupaeoma | M 0.004 mr Fe/n 07 50, 0,004 mr Fe/n
3Mimmana I . ca i, 7
o BinginsTposana Boma ineTp 5 Ouumesa Boza 2
0,232 mr Fe/n \
§ ‘ 0.007 mr Fe/n \ | 0.006 mMr Fe/n
] | . \|1 e
Cupa Bona £ 5 |/| BindinsrpoBana Bona ¢ins1p 6 ||| £ 5 |
[no6uHO z = 0.009 mr Fe/n { & =]
0121 mrFefn | | 2 Zhrmr . ol
£ 2 \ BindinsTporana Bona ¢pinbrp 7 vl g8
e S| 0.007 mr Fe/n =
s |l— _ [1°©
§ | BindinbTposana Bona Ginstp 8 |

0,005 mr Fe/n

Puc. 6 — Cxema nporiecy 3MeHIIEHHSI KOHIIEHTpallii 3ami3a Fe
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r Bindinsrporana Bona ¢insTp 1

Z f 0,019 Mr Mn/n 1‘\
ooy | | | —
§ =2 g“, Binginstpopana Boma ginstp 2 | | Fg 2
g = 0,018 Mr Mn/n | g =
5 =) | « =1
Cupa Bozia | = =| 5 %
£ % |\| Binginerpoana Bona ¢instp 3 |/ =9l
Becrepmuatre | 135 o |l 0.017 wr Mn/n | £ 3
0,074 Mr Mn/n & Sal 16 2|\
“ & ‘l Bindinsrporana Bona Ginstp 4 J;‘ | Oummena soza 1
Cupa Boza M 0,016 Mr Mn/n 0,014 Mr Mn/n
sMimana | = ;
b 1 Bindinstposana gona dpins1p 5 | Ounmena Boza 2
0.051 Mr Mn/n | | |
g | 0,016 wr Mu/x | 0.016 Mr Mn/n
| Ul |
Cupa Bozia “ § \Z g“, Bindinstpoeana sona Ginetp 6 ||| S ~§
T 10GHHO \ s = | 0,017 Mr Mn/n | 8 2| ca66.7%
0.035urMn/n | | 2 =1 ] = &
T § 2 \\| Bindinstposana sona dinstp 7 |/ “5’ =
2 S 0,017 Mr Mn/n E2
N0 &S
< | [
§ | BindinpTposana Bona ginbTp 8 |

0,016 Mr Mn/n

Puc. 7 — Cxema nporiecy 3MeHIIEHHS KOHIICHTpAIlii MapraHito Mn
Pesynbraru mociipkeHb SKOCTI muTHOT Boau B CIYIICHKY TOJaHO Y TaOJIuIL.

Tabmurs — Pe3ynpTaTsl JOCTIKEHD OKA3HUKIB MATHOI BoaH B CIYTICHKY

IMoxa3zuuku CepenHe 3HAYEHHS Bumoru
3anax NPUUHATHUN TMPUAHATHAN 1
0¢3 aHOMAaJIbHUX 3MiH
Komip, mr/n Pt MPUAHATHUN MPUAHATHAN 1
0¢3 aHOMAaJIbHUX 3MiH
Kanmamytaicts, NTU 0,4 <1
pH 7,8 6,5-9,5
dropuam, Mr/ma <0,1 <15
[TuromMa enekTponpoBiaHicTh, MKCM/cM 448 <2500
Hitputu, mMr/n < 0,005 <0,5
Hitpatu, mr/a 10,6 <50,0
Wouu amoHiro, Mr/n <0,1 <0,50
3arajbHa TBEpPiCTh, MI/JI 208 60-500
3amizo, Mr/i <0,03 <0,2
Xopuau, Mr/a 16,0 <250
IlepMaHraHaTHa OKHCIIOBAHICTh, MI/JI <05 <50
Mapraseiip, Mr/i 0,02 <0,05
Cynbsdatn, MI/a 47 <250
BakTepii rpyIi KHIIKOBOI MaTHYKH, 0 0
K-cTh/100 Mt
Enrepokoku, k-cts/100 M 0 0
3aranbHe yucno OakTepiii 3a TemMrepaTypu 10 HEMaE aHOMATBHHUX
22 °C micns 72 rof., K-cTb/1 M1 3MIH
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Y XKwupadiBcrkomy paifoni JIbBiBChKOi 00NacTi JPKEpEIOM  IUTHOTO
BOJIOTIOCTAYaHHS € TifA3eMHI Boad. Bojo3abip mpicHUX MiA3EMHHUX BOJ
JKunauiBchbKoro paiioHy Mae 4 CBEpJIOBMHH 3arajbHOIO MOTYKHICTIO 3,5 THC. M° Ha
n00y. Y pe3yabTarti noeni 23—-27.07.2008 p. ogHa CBep JIOBUHA BUAIILIA ITOBHICTIO
13 Mafy i BKe He IMiIATa€ BiAHOBICHHIO. TpH CBEpIOBHHM, sKi mignopsakoBani KI1
“XKypaBHOKHUTIOCEPBIC”, 3HAXOIATHCS Y 3aJJOBITFHOMY CTaHi.

Ha Tepuropii paiiony posmimeno 14 Bomo3abopiB IIEHTPaNi30BaHOTO
BOJIOTIOCTAYaHHS HACENEHHS, 13 HUX 5 KOMyHAIbHUX, 6 BIIOMYHX Ta 3 CLIBCHKHX
[10]. SIkicTh TUTHOI BOJHM, IIO BHKOPUCTOBYETHCS HACEICHHSIM palOHY, HHHI
noripmuiacs. [luroma Bara He3a0BUTbHUX MPOO MUTHOI BOAM HA BMICT XIMIYHUX
PEYOBHH Ta BiICOTOK HEBIAMOBIAHOCTI P00 BOAM Ha OAKTEPiOIOriYHI TOKA3HUKH B
OKpPEeMHX agMIHICTpATHBHHX OIMHHUIAX pailoHy (HaceleHMX IyHKTax) €
HE3aJ0BUILHUMHU. binbllla YacTWHA 3aMisiHUX BOJIONIPOBOAIB HE BiJIIIOBIJAE
CaHiTapHUM HOpMaM. Y Bom03abopi B ¢. JKupoBa BUSBICHO BUCOKHI BMICT 3ai3a
[10]. ¥ ™. XKupaduiB Bojma y CBEpAJIOBHHAX 3a SKICHUMH XapaKTEPHCTUKAMHU
notpedye TOOUMIIEHHS 3 OIJIsA LY Ha BUCOKHMIA BMICT 3ali3a — y Mexkax 15-19 mr/am®.

Y  geskux mpobax  BHUSBIEHO 3pOCTaHHS 3HAYeHb IEpMaHTaHATHOI
OKHCITIOBAHOCTI Ta a30Ty aMOHIMHOTO, SKi XapakTepU3yIOTh OpraHiuHe
3a0pyIHEHHS, TIEPEBUIIICHHS 32 BMICTOM XJIOPHIIB, PTOPY, 3aJ1i3a, CyXOT0 3aIHIIKy
Ta HITpaTiB. 3arajgbHa TBEPAICTb BOAU — Oible 8§ MI-eKB/JI, IO TEPEBHIIYE
nonyctumi HOopMmH [11]. TlepMaHTaHaTHA OKHCIIOBAaHICTH 3HAXOTUTHCS B MEXKax
5-7 mr Oy/n 3a Hopmu 5 mr O/n, a a3ot amoHikiauii (NH™) — 1,5-2 Mr/n, Hopma —
2 mr/n. 3a manumu [I1 “3axigykpreosnoris’™ Ta caHemiAeMCTaHIll MUTHA BOJA, SIKY
MOJIAI0Th 13 CBEPIOBHH, 1110 00cimyroBye KI1 “XKypaBHoxxutiocepsic”, € B 1o0poMy
crami. Y BomompoBimHiii Bomi 3 JleB’stHukiBcbkoi 3O0I I-11l crymens i
JleB’ ITHUKIBCHKOTO BO103a00PY BUSABIEHO OaKTEPii IPYyIH KUIIKOBOT MATHIKH — 23,
32 HOPMH — 3, 1110 MOK€e MPU3BOAMTH A0 CHaNaXiB FOCTPUX KUIITKOBHX 3aXBOPIOBAHb.
Y M. Xwupaui, m. XomopiB, cMmT. [HI3gu4iB 3 DKEpes I[EHTPATi30BaHOTO
BOJIOTIOCTAYaHHS BOJY TMOJAIOTh 3 MEPEBHINCHHSIM 332 BMICTOM XJIOPHIIB, (ropy,
3aji3a, CyXOro 3alUIIKy. PiBeHp HITpaTiB y THTHIH BOJI 3HAYHO TEPEBHIIYE
HOpPMATHBHHMI TIOKa3HHK y HacelleHHX NyHKTaX XojopiB, [Hizauui, Kam’sme,
HigmaicTpsan, Canku, [le’ atHukwy, IBaHiBI, 3apiddi Ta psay iHmmX [5].

3a manumu [{CanlliH 2.2.4-171-10 BonHeBuii noka3Huk (pH) moBuHeH OyTH B
Mexax 6,5-8,5 [11]. PesynabTatu MOCHi/PKEHb BOAM, B3SITOI 3 KPHHHUIL Pi3HOT
[ITMOVWHY Ta 3 KpaHy, MOKa3alii, 10 MOKa3HUKH YCiX MPOO 3HAXOSATHCA B MEXaX
Hopmu. PiBens pH y Boxi ctanoButh 6,9—7,5 (puc. 8).

pH

8
7,5

6;:j,.,-,l,E

Kpunnus Kpunnus Kpununs Kpununs — Kpan
=~ 8M ~10m =~ 24m =~ 20m

Puc. 8 — 3navenns pH y npo6ax BoIu 3 KpHHHIE Ta KPaHy
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Haiimenmtmii mokasuuk pH y mipo6i BoJH, B3ATOI 3 KPUHUII TIMOWHOIO 24 M —
6,9, a HalOIMbIMH y KpuHUI ruouHOI0 10 M — 7,4, y Boji 3 kKpaHy pH cTaHOBUTH
7,5. s BumiproBanns pH Bukopuctano pH-metp “pH-301".

[MuToma eneKkTponpoBiTHICT, BOAM 3aleXHUTh BiA CTymeHs i MiHepamizawii, 3
MiJBUIICHHSAM MiHepalizamii BoHa 30UIbIIyeThCs. MiHepanbHy YacTUHY BOIH
cranoBnaTh Honu Na*, K*, Ca?*, ClI,, SO.%, HCO3 [12].

PesynpTatn BUMIipIOBaHb MUTOMOI €IEKTPONpPOBimHOCTI 3a mpuiagy DIST-3
300pakeHo Ha puc. 9.

Ha miarpamax (puc. 10—13) 300pakeHO MOPiBHSIHHAS CEPEAHIX MMOKA3HUKIB IKOCTI
Boau y M. Ciyncbk i XKunadiBcbkoMy p-Hi BiITIOBIAHO.

MKCwM/cM
2000
1500
1000
500 ® X min
0
E X cep
H X max
SR
Qy
O >
g & ¢ ¢
) B &
& & %’Q«b
Puc. 9 — 3HaueHHs MUTOMOT €JEKTPOIPOBIAHOCTI TUTHOT BOJH
1000 B M. Cryneek 1 - ® v, CoymchK
500 = Buvoru ® Bumoru
0,5 -
¥ XKumauis- » XKXunauis-
0 CbKHH p-H ChKMii p-H
0 -

Puc. 10 — 3HaueHHs 3arajJpbHOT TBEPAOCTI, MT/J Puc. 11 — Bwmicr 3aimiza, Mr/i
0,06 - B M. Crtymicek 6 - B M. Crymicsk
0,04 - ¥ Bumoru 4 - ¥ Bumoru

. . 2 -
0,02 B Xupauis- W Kunmaqis-
0 - CBKHH P-H 0 - CBKHH p-H
Puc. 12 — BmicT Maprasmo, Mr/i Puc. 13 — 3nauenHs nepmaHraHaTHOL

OKHCHIOBAHOCTI, MI/J
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Bumorn no sikocti nmutHOI Boau y Ilonsmmi 1 Ykpaini ogHakoBi. Binpi3HatoThCs
quire Bumoru a0 pH: y IMomsmi — 6,5-9,5, B Ykpaiui — 6,5-8,5. Hopmam He
BiJITIOBIIAt0TH JIUIIIC JIBA TOKA3HUKH Y BOJII JKumauiBCbKOTO p-HY: BMICT 3aJ1i3a y BOJII
MepeBHIIye BCTAHOBIEHI HOpMHU Y 4 pasu (Bumoru — 0,2 Mr/in, pakTUUHUN BMICT —
0,85 Mr/i) 1 moKa3HUK 3arajbHOI TBepaocTi Ha 393,6 mr/in (Bumoru — 60—500 mr/,
(haxkTraamii BMicT — 893,6 Mr/im). Y M. CIynchK yci MOKa3HUKY BOJH BiATIOBIAAIOTH
BCTaHOBJICHUM BHUMOTaM.

BucHoBku

1. V M. Cunyncek ([lonmblna) >kuTeni CHOXUBAKOTh BOAY IIEHTPai30BAHOTO
BOJIOTIOCTAaYaHHA, Ky BiOUPArOTh 3 Topu30HTIB rimmonHO0 50—180 M. IloTiMm Boma
HAJXOIWTh Ha CTAHLIIO0 MiATOTOBKM BOIH, 1€ BigOyBaeThCcs ii OUMILEHHS 3a
JIOTIOMOT 00 aepaitii i pinpTpanii. J{o Boau He JOJAIOTh KOMHUX XIMIYHUX PEUOBHH,
peakTuBiB Ta ne3iH(pikyBambHUX 3ac00iB. Boma y M. Chymicek BiAmoBigae maibke
BCIM BHUMOTaM JI0 SIKOCTi MUTHOI BOAM, 32 BHHSATKOM CIIOJNIYK 3aJTli3a 1 MapraHIlo.
ToMy mix 4ac OUYMINCHHS BOJAU BiOYBAETHCSI BHIAICHHS I[UX CIOJYK, IMICJS YOTO
MMMTHA BOJa TOBHICTIO BIAMOBIZa€ ycCiM BCTAaHOBIEHHMM BUMOTraMm. MOHITOPHHT
sikocTi Boan y CITyIICbKY BUKOHYIOTh O€3MIepepBHO Ha Pi3HUX eTarax BUPOOHUIITBA
i posmoxiny. Moro 3milicHIOIOTH 1Bi He3anexHi naGopaTopii — aKpemUTOBaHA
naboparopis dipmu “Bomokanan Ciyrickk” i nabopaTopis paiioHHOI caHITapHO-
emigeMionorigHoi ctanmii Ciyrichka.

2. XKureni XXunadiBCbKOro p-HY CIIOKHUBAIOTH BOAY SK LIEHTPai30BaHOTO, TaK 1
JCIIEHTPAII30BAaHOTO BOJIONIOCTAaYaHHs. Y paioHI CKiajacs KpU30Ba CHTyallisl 3
MMUTHAM BOJIOTIOCTaYaHHsAM. BusBIeHO, MO yci mpoOW BOAM HE BiINOBIJAIOTH
BHMOTaM 32 OakTepiaThbHIMHU TOKa3HUKAMH, a TAKOK MAIOTh BUCOKHI BMICT 3aji3a.
Y  jmeskux mpoOax CIOCTEpIraeThCsl CTiHKE 3pOCTAaHHS IE€PMaHTaHATHOI
OKHCHIOBAHOCT] 1 a30Ty aMOHIHHOTO, a TakoX MEPEBHIICHHS BMICTY XJIOPHUIB,
¢dTopy, cyxoro 3anuiiKy ta HiTparis. [Tokasnuku pH npo0 BoH, B3STUX 3 KPUHUIID
pi3HOI IIMOWHM Ta 3 KpaHy, BiJIIOBi1al0Th BCTAHOBJIEHUM HOpMaM. Bosia 3 KprHHUIL
Mae Maibke y 2 pa3u OUIblly NHTOMY €JEKTPONPOBITHICTh, HIK BOJIa 3 KpaHy.
OummieHHs THUTHOI BOJAM, SKE IPOBOAMTHCS HA CTAHLIAX 3HE3apaKEHHS Ha
Bogo3zabopax MKII ‘“KunauisBomokanan” Tta BAT “Koxasuaceka [1D”, €
HE/IOCTATHIM.

CIIUCOK JIITEPATYPH

1. T'amkano X.P. Cran sikocti nutHOT Boau y Iloskii Ta Ykpaini Ha npukiagi M. CIyncek
i XKumauiscekoro paitony / X.P. I'amkaino, B.Jl. [Torpebennuk / Martepianu MixH. HayK.-
npakT. koH}. “Tlpukiaani HaykoBo-TexHi4HI qocnimkenHs” (5-7 kBiTaa 2017 p., YkpaiHa,
IBano-®pankiBcebK). — IBano-®pankiBebk: Cumbonis dopte, 2017. — C. 9.

2. Tamkano X. P. Meroau ounmnierns nmutHOi Boau B M. Ciryncek (ITonbmia) / X.P. 'amkaso,
B.[. Ilorpe6ennuk // 30ipHnk HaykoBux mpanpb “VI-it Beeykpaincekuit 3'131 exosoriB 3
MixHapogHow yuacTio” (20-22 Bepecus 2017 p., Ykpaina, Binauigt. — 2017. — C. 54.

3. 1SO 7888:1985 Water quality — Determination of electrical conductivity. Edition: 1,
Stage: 90.93, TC 147/SC 2. - 8 p.

4. Water Security: Monograph. — Mykolaiv: PMBSNU, Ukraine — Bristol: UWE, United
Kingdom edited by Olena Mitryasova, Chad Staddon. —2016. — 308 p.

5. Bbarmanrxenimx @. Boga amst 3mopos’s. [lep. 3 anrmiiicskoi. — Ma. [Tomypi, 2006. — 544 c.

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



6. dinonoa K.B. IlpoGmema skocti mutHoi Boam B Ykpaini / K.B. ®inonosa,
C.B. MicbkeBuu // 306ipHuk HaykoBux mpanp “I-it Bceykpaincbkmii 3’137 exosoris”
(4-7 xoBTHs 2006, Ykpaina, Binauis) — C. 243.

7. Radzka E. System zarzadzania jako$cia wody pitnej w Polsce / E. Radzka, J. Jankowska //
Zeszyty naukowe Uniwersytetu przyrodniczo-humanistycznego w siedlcach, Seria:
Administracja i Zarzadzanie (34) 2015. — Siedlcy, 2015. (S.22)

8. http://www.wodociagi.slupsk.pl/dla-klientow-2/plan-bezpieczenstwa-wody/teren-zlewni/
9. http://www.wodociagi.slupsk.pl/dla-klientow-2/jakosc-wody-w-slupsku/kwestia-tzw-
kamienia/

10. Kogans C. IIporpama “ITutHa Boma” Ha Tepuropii JKunadiBcskoro paitony 1o 2020 poky /
C. Kosaisp, P. bamnekuii. — XKumauis, 2010. — 68 c.

11. JlepxaBHi caHiTapHi HOpMH Ta mpaBwiaa “TirieHi4yHi BUMOTM 110 BOAM MHTHOI,
npHU3HAYeHOT AJIs crioxuBanHs moanHoro” (JCanlliH 2.2.4-171-10), 2010.

12. TToxoauno €. KoHTponb SIKOCTI BOAM 3a €JIeKTpUYHUMHU TapameTpamu / €. [Toxonuio,
O. l'oncop // Metposoris Ta BuMiproBasibHa TexHika, Ne 68, 2008. — C. 237-242.

Cmamms naoitiwna oo peoaxyii 29.10.2018
REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Xamkalo, K. R., & Pogrebennyk, V. D. (2017). The state of drinking water quality in
Poland and Ukraine on the example of Slupsk city and Zhydachiv district. In Intern. Scientific
and Practical Conference “Applied scientific and technical research” (p. 9). Ivano-
Frankivs'k: Symfonija forte( in Ukrainian).

2. Xamkalo, K. R., & Pogrebennyk, V. D. (2017). Metody ochyshhennja pytnoi' vody v
m. Slups'’k (Pol'shha). In Zbirnyk Naukovyh Prac' “VI-j Vseukrai'ns'’kyj Z'i'zd Ekologiv Z
Mizhnarodnoju Uchastju” (p. 54). Vinnycja (in Ukrainian).

3. ISO 7888:1985 Water quality — Determination of electrical conductivity. Edition: 1,
Stage: 90.93, TC 147/SC 2. — 8 p. (in English).

4. Mitryasova, O., & Staddon, C. (Eds.). (2016). Water Security. Mykolaiv: PMBSNU,
Ukraine — Bristol: UWE, United Kingdom (in English).

5. Batmanghelidj, F. (2006). Water For Health. Sankt-Peterburg: Popurry (in English).

6. Filonova, K. V., & Mis'kevych, S. V. (2006). Problema jakosti pytnoi' vody v Ukrai'ni.
In Zbirnyk Naukovyh Prac' “I-j Vseukrai'ns'kyj z’i'zd ekologiv” (p. 243). Vinnycja (in
Ukrainian).

7. Radzka, E., & Jankowska, J. (2015). System zarzadzania jako$cia wody pitnej w
Polsce. Zeszyty Naukowe Uniwersytetu Przyrodniczo-humanistycznego W Siedlcach, Seria:
administracja i zarzqdzanie, (34), (p. 22). Siedlcy (in Polish).

8. (n.d.). Retrieved from http://www.wodociagi.slupsk.pl/dla-klientow-2/plan-
bezpieczenstwa-wody/teren-zlewni/ (in Polish).

9. (n.d.). Kwestia tzw. kamienia. Retrieved from http://www.wodociagi.slupsk.pl/dla-
klientow-2/jakosc-wody-w-slupsku/kwestia-tzw-kamienia/ (in Polish).

10.Koval', S., & Balic'kyj, R. (2010). Program "Drinking water" in the territory of
Zhydachiv district until 2020. Zhydachiv (in Ukrainian).

11.DSanPiN 2.2.4-171-10 “Gigijenichni vymogy do vody pytnoi', pryznachenoi' dlja
spozhyvannja ljudynoju”. (2010). Kyiv: Oficijnyj visnyk Ukrai'ny (in Ukrainian).
12.Pohodylo, J. & Gonsor, O., (2008). Kontrol' jakosti vody za -elektrychnymy
parametramy. Metrologija Ta Vymirjuval'na Tehnika, (68), 237-242 (in Ukrainian).

Text of the article was accepted by Editorial Team 29.10.2018

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018


http://www.wodociagi.slupsk.pl/dla-klientow-2/plan-bezpieczenstwa-wody/teren-zlewni/
http://www.wodociagi.slupsk.pl/dla-klientow-2/plan-bezpieczenstwa-wody/teren-zlewni/
http://www.wodociagi.slupsk.pl/dla-klientow-2/jakosc-wody-w-slupsku/kwestia-tzw-kamienia/
http://www.wodociagi.slupsk.pl/dla-klientow-2/jakosc-wody-w-slupsku/kwestia-tzw-kamienia/

orpe6ennnk Bonogumup /IMmurpoBny

npodecop, MOKTOp TEXHIYHMX Hayk, npodecop kadeapu exonoriuHoi Oe3neku Ta
NIPUPOJIOOXOPOHHOT  JisutbHOCTI  [HCTHTYTY craymoro po3sutky im. B. YopnoBona
HaunionaneHoro yHiBepcuTeTy «JIbBIBChKa MOITEXHIKa

Anpeca po6oua: 79057 Ykpaina, M. JIbBiB, Byi. ['enepana Uynpunku, 130

Teu.: 098 578 2530 e-mail: vpohreb@gmail.com

ORCID ID 0000-0002-1491-2356

I'amkano Xpuctuna PomaniBHa

cTyneHt 5-ro kypey lHcturyty cramoro po3Butky iM. B. YopnoBoma HarionamsHOTO
yHiBepcureTy «JIpBiBChKa MOMITEXHIKA»

Anpeca po6oua: 79057 Ykpaina, M. JIbBiB, Byi. ['enepana Uynpurku, 130

Teu.: 097 321 4976; e-mail: khrystynkal28@gmail.com

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018


mailto:vpohreb@gmail.com
mailto:khrystynka128@gmail.com

UDC 378+502

Mykola P. Rybak!, Director of Carpathian biosphere reserve, Honored Environmental
Guard of Ukraine
ORCID ID: 0000-0003-3737-2433 e-mail: mykola.rakhiv@gmail.com

Vitalina V. Lukjanova?, PhD, Associate professor Department of The Department of Ecology
and Safety of Vital Functions
ORCID ID: 0000-0001-8964-3560 e-mail: vitalina_lk@i.ua

Yevheniia S. Anpilova®, PhD, Senior Research Scientist
ORCID ID: 0000-0002-4107-0617 e-mail: anpilova@ukr.net

Iryna D. Yonash?!, Deputy Chief of the department for recreation and sustainable
development of the Carpathian Biosphere Reserve
ORCID ID: 0000-0002-8255-9590 e-mail: ira_cbr@ukr.net

! Carpathian biosphere reserve, Rakhiv, Ukraine
2 National Transport University, Kyiv, Ukraine
3 Institute of Telecommunications and Global Information Space of NASU, Kyiv, Ukraine

THE ROLE OF ESTABLISHMENTS OF NATURE PROTECTED FUND
IN ECOLOGICAL-EDUCATIONAL AND RECREATIONAL-TOURISTIC
ASPECTS OF SUSTAINABLE DEVELOPMENT OF
ZAKARPATTIA REGION

Abstract. The best practices of Ukrainian Nature Protected Fund establishments (on
the example of the Carpathian Biosphere Reserve) were studied in terms of
ecological-educational and recreational-touristic activity development basing on
sustainable development aspects. Here provided analysis of the reserve’s visiting
dynamics and the possibility of cooperation between the objects of Nature Protected
Fund and higher education establishments. The positive influence of protected areas
on practical training of future bachelors of specialty 101 "Ecology" was
demonstrated.

Keywords: environmental education for sustainable development; Nature Protected
Fund; biosphere reserve; tourist and recreational potential

Introduction

The establishments of nature protected fund act as concentration centers of
ecotourism activity in Ukraine. Natural parks and biosphere reserves, as the basic
protected areas, have the function of landscape diversity conservation in support of
the concept for sustainable development.

The purpose of the Strategy for implementation of the Framework Convention on
the Protection and Sustainable Development of the Carpathians [1] is to ensure the
conservation and restoration of the unique natural complexes of the Carpathians
which have a high nature-protection, aesthetic, scientific, educational, recreational
and resource value; to prevent negative impact on mountain ecosystems and
organization of coordinated, from environmental point of view, activity in the
Carpathian region. Therefore, ecological education, as a basis for sustainable
development, at all levels of social development of a person is able to save humanity
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from the threat of destruction of the natural environment. This is possible through
the formation of an ecological worldview and ecological culture instead of
a consumer attitude to nature, which unfortunately prevails today.

Analysis of research and publications

The Carpathian Biosphere Reserve (CBR) is a strategically important area not only
in terms of protecting biological and landscape diversity and climate conservation
on the planet [2], but also as a territory for protection of valuable natural complexes,
cultural heritage of the region and recreational resources [3, 4].

The Carpathian Biosphere Reserve was established in 1968 on the territory of
Ivano-Frankivsk and Transcarpathian regions. Since 1993, the CBR is a part of the
International Network of Biosphere Reserves MAB-UNESCO. At present the
territory of the reserve, together with the transition zone, covers an area of
181 138.8 hectares [4]. On the territory of the reserve are protected 1349 species of
higher vascular plants, 66 species of mammals, 193 species of birds and many other
living organisms [3, 5].

Nowadays, the direction of ecological education in the context of sustainable
development is very important in the world [6-8]. Therefore, in each department of
the CBR information centers were established to introduce visitors to the region's
biological values, its cultural and historical heritage, recreational and touristic
potential. Also, the Museum of Mountains’ Ecology operates in the town of Rakhiv.
Information centers and museum are places for holding numerous ecological
educational events (open lessons and lectures, master classes, round tables, seminars)
for schoolchildren, youth and teachers of natural sciences. The purpose of these
activities is to increase environmental education and environmental awareness of
youth, to raise responsible attitude towards nature and cultural heritage, which is
consistent with the principles of sustainable development. Visitors can get
acquainted with the directions of sustainable tourism and recreational activity of the
CBR, taste local dishes, and buy art products of folk-craft.

The purpose of our work is to achieve the objectives of the sustainable
development of Carpathians on the example of cooperation between Nature
Protection Fund establishments (the Carpathian Biosphere Reserve) and higher
education establishments (National Transport University).

To achieve this goal, it is necessary to address a number of issues:

— To investigate the visitors’ dynamics of the CBR in recent years;

— Consider the possibility of cooperation between the establishments of the NPF
and higher education establishments;

— Demonstrate the positive impact of protected areas on the practical training of
future bachelors of the specialty 101 "Ecology".

Material and main results and their analysis

For the development of eco-educational and recreational-touristic activities on the
territories of the Nature Protection Fund of Ukraine, all legislative conditions have
been created. But the current practice in this direction shows that the potential
opportunities of the NPF establishments are not used sufficiently not only for
internal, but also for international eco-touristic and educational activities. We should
also note that the recreational development of nature territories leads to negative

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



pressure on the natural environment. Therefore, there is a need to develop eco-
educational ways to regulate the movement directions of tourism, to improve
and / or to create the appropriate infrastructure, optimal territorial management and
approaching of nature reserves to the requirements of sustainable development for
the tourism and recreational activity on these territories.

Every year people's interest in protected areas is increasing. The statistics of the
visitors’ dynamics in the Carpathian Biosphere Reserve, collected during the last
five years is presented in Figure 1.
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Fig. 1 — Dynamics of visitors in the Carpathian Biosphere Reserve
during the period from 2014 to 2018

Here the positive dynamics of visitors of the reserve could be observed. This is
due to the fact that today people want not only to have a rest during their vacation,
but also to find out more about the places of protected areas of Ukraine, to get
acquainted with the culture and customs of the Transcarpathian region, to see
beautiful landscapes and feel in touch with the virgin nature. It is not a secret that
significant part of Ukrainians who live in urban areas experience the isolation, a
feeling of loneliness and constant psychological tension, which leads to stresses and
health problems. Therefore, there is an urgent need to restore human health through
communication with nature outside the urbanized areas of the metropolis.

Regarding the seasonal dynamics of the CBR’s visitors (Fig. 2), we can say that
the highest number of visitors come during the spring-summer period, due to the
beginning of holidays and vacations. The visitors to the reserve mainly consist of
tourist groups, schoolchildren and students. There is a category of visitors who use
the reserve for short-term stay with a family or friends. In spring period the most
popular place is the Valley of Narcissus, and in summer — the Petros-Goverlyanske
field department of CBR (Table 1).
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Fig. 2 — Seasonal dynamics of the Carpathian Biosphere Reserve’s visitors
during the period from 2014 to 2018

The territory of the Carpathian Biosphere Reserve is located within the Rakhiv,
Tyachiv, Khust and Vynohradiv districts of the Transcarpathian region and is divided
into 11 scientific-research field departments — Kevelivske, Bogdan-Petroske,
Chornohirske, Kisvyanske, Petros-Goverlyanske, Trybushanske, Rakhiv-Berlybaske,
Maramoroske, Uholske, Shyrokoluzhanske and the Valley of Narcissus (Table 1).

Table 1 — Dynamics of the Carpathian Biosphere Reserve’s visitors by the
Scientific Research Field Departments during the period from 2014 to 2018

Ne | Scientific Research | Area, ha | Number of visitors, people/years
Field Department 2014 | 2015 | 2016 | 2017 | 2018
(including
October)
Tyachiv district
1 Shyrokoluzhanske 6533 90 84 0 20 5
2 Uholske 9441 413 757 689 288 100
Rakhiv district
3 Bogdan-Petroske 3787 768 910 365 1130 | 2011
4 Kevelivske 10568 753 781 373 504 146
5 Chornohirske 9645 1403 | 1311 | 770 311 395
6 Maramoroske 4103 200 419 16 322 42
7 Trybushanske 7208 198 364 351 2074 | 2471
8 Kisvyanske 4630 97 39 121 92 104
9 Rakhiv-Berlybaske 3267 60 195 145 20 30
10 | Petros-Goverlyanske | 1297,8 5860 6227 | 7047 | 7550 | 4916
Khust district
11 | Valley of Narcissus | 256 | 15465 | 17320 | 17951 | 19307 | 11413

One of the competences that needs to be developed in future bachelors, in
accordance with the Standard of Higher Education of the specialty 101 Ecology, is
the ability to solve complex specialized tasks and address practical issues in the field
of ecology, environmental protection and sustainable use of nature, which involves

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



the application of basic theories and methods of environmental sciences. With this
aim, the training of qualified ecologists requires the formation of environmental
culture and environmental awareness among students through a combination of
formal and informal ecological education. This should allow future specialists to be
able to carry out and organize practical and educational activities of environmental
orientation in their further professional activity and to develop ideas of ecological-
economic, organizational, legal, informational and other opportunities and ways of
solving ecological problems. One of the ways of addressing this task is to conduct
practical training for students of higher educational establishments on the territory
of the establishments of Nature Protection Fund of Ukraine.

This is possible basing on the fact that the ecological-educational activity of the
establishments of Nature Protection Fund is conducted for spreading knowledge and
raising awareness about the values of biological and landscape diversity, the
formation of ecological consciousness and promotion of respect for the nature of
their native land, the formation among population of modern ideas about the role of
nature-protected areas.

In 2017 an agreement on cooperation between the National Transport University
and the Carpathian Biosphere Reserve was signed. The first practical training for
students of specialty 101 "Ecology" was held in summer 2018. A draft program of
practical training that was implemented in 2018 is shown in Table 2.

Table 2 — National Transport University Students practical training program
in the Carpathian Biosphere Reserve

Location Activities

Location 1: | 1. Excursion to the ecological-educational center "Museum of Narcissus",
Valley of and on the ecological path of the Valley of Narcissus.
Narcissus 2. Lectures on Zoology and Ecotourism.

1. Getting acquainted with the project of a bicycle trail in the Valley of Narcissus.
2. Cleaning the valley from willow thickets.

Visiting the city of Khust (8 km): Ruins of Khust castle; The Reformed
Church-Fortress of the XIII century; Khust Museum of Local History;
excursion around the city.

1. Assistance with the household duties to the museum staff.

2. Speeches of the students regarding the impressions from visiting the
Valley of Narcissus. Creative reflection: Making a poster-gratitude to the
employees of the ecological and educational center "Museum of Narcissus".

Location 2: | 1. Introduction to the Information and Tourist Center ”Primeval Beech

Beech Forests — the UNESCO World Heritage Site".
primeval 2. Assistance with the household duties to the staff.
forests 3. Teambuilding Master-class.

4. Lectures: Using GIS for forest reserve degradation predict and monitoring.

Hiking to Menchul Mountain.

1. Marking of ecological trails.
2. Excursion to Karst Bridge.

1. Hike to the rock Chur and the cave Milk stone.

1. Training reflection on the topic "Ecotourism".

2. Speeches of students about the impressions from visiting of the
information and tourist center. Creative Reflection: Making a poster-
gratitude to the employees of the Information and Tourist Center "Primeval
Beech Forests — the UNESCO World Heritage Site".
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Continuation table 2

Location Activities

Location 3: | 1. Meeting with the Director of the CBR, Honored Environmental Guard
Admini- Rybak M.P.

stration of | 2. Meeting with Doctor of Biological Sciences Gamor F.D. and CBR scientists.
the CBR 3. Getting acquainted with the local nature, excursion to the mineral water source.
(city of 4. Excursion to the Museum of Mountains’ Ecology.

Rakhiv) 5. Ecological Quest-game.

1. Hiking to Hoverla Mountain.
2. Activity on garbage collection on the way to Mountain Hoverla.

1. A trip to the city of Rakhiv.
2. Hike to the mountains Lysa or Teryntyn (in the surrounding area of the
Administration of the CBR).

1. Excursion to the trout farm.
2. Visiting the geographical center of Europe.
3. Hiking on the ecological trails to the waterfall “Lykhyi” and Falcon Rock.

The practical training program correlates well with such university disciplines:
Protected Areas Management and Studies, General Ecology (and Neo-Ecology),
Biology, Soil Science, Landscape Ecology, Ecology of Plants and Animals,
Methodologies of Scientific Knowledge. After studying the theoretical material
during the academic year, students have the opportunity to participate in the nature
conservation and touristic-recreational activities of the Reserve.

From our point of view, the main tasks of the eco-educational activities of the
CBR are:

— studying the role of establishments of Nature Protection Fund in the protection
of unique natural complexes; addressing scientific, ecological-economic and social
problems of society;

— forming of consciously-careful attitude towards nature and its biological and
landscape biodiversity;

— encouraging young people for self-education, search and analyze
environmental information.

Therefore, during the practical training in the Carpathian Biosphere Reserve,
students are actively engaged in studying ecological paths, excursions and quest-
games, listening to lectures and discussions with leading specialists of the reserve,
studying the natural features of Transcarpathian region. Also, a special element of
educational work during the practical training is acquaintance with the Chronicles of
Nature, the website of the reserve and scientific publications "Nature of the
Carpathians: the annual scientific yearbook of the Carpathian Biosphere Reserve and
the Institute of Ecology of the Carpathians of the National Academy of Sciences of
Ukraine", "Zeleni Karpaty (Green Carpathians)”, the newspaper "Visnyk of the
Carpathian Biosphere Reserve", materials of scientific conferences [9].

Conclusions

One of the important components of the professional ecological outlook
development for future bachelor students in the field of ecology is a practical training
on the territories of nature-protected establishments of Ukraine. This allows students
to realize the value of natural objects of Ukraine, prompting them to love their land
and protect its nature.
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Abstract. The modern ecological state of aquatic ecosystems of headwaters of
Zhytomyr region was researched and characterized for a long, chronological
dynamics of water pollution was analyzed, and the main substance-pollutants have
been identified. The given results indicate that the main volumes of substance-
pollutants come into small aquatic ecosystems with insufficiently treated and
untreated sewage.
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Target settings

The key element of the ecologically safe development of natural and socio-economic
systems is the exploitation of natural waters, which foresees water management,
provides sustained development, and for a long time retains sufficient water and
resource potential. The nineteenth century is characterized by significant negative
changes in the natural environment caused by uncontrolled management of natural
resources, the development of industry and transport, which leads to increased water
consumption and, at the same time, increased its pollution. It has become most
noticeable for the last 50 years in grow, when the human impact on the planet water
cycling reached a global scale [1-4].

Man-cause impact on aquatic ecosystems during the period of active industry
development is the cause of unresolved relationship between humanity and the
natural environment; as a result, the water quality state is constantly deteriorating.
Therefore, in recent years, the quality of surface-waters has decreased significantly,
and the level of water consumption remains extremely large. The researches have
established a direct correlation between the quality of drinking water and the health
of the population. According to the World Health Organization, about 75% of human
diseases are cause precisely by consuming low-quality water and using water
domestic demands that falls short of hygiene standards [5]. Despite the usage of
advanced technologies and technological progress, the problems related to the
quality of drinking water remain urgent today.
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Particularly this problem concerns headwaters, and a considerable part of which
they have become shallow, the process of eutrophication has been observed, the
guantity and variety of living organisms of the aquatic ecosystem has decreased,
water quality has deteriorated [6, 7].

In this regard, one of the main areas of environmental activity is the gradual
reduction of man-caused environmental impact, including water bodies, rational use
of water resources, providing society with quality drinking water, protecting of
water-supply sources.

Actual scientific research and issue analysis

Headwaters form guantitative and qualitative factors of small and large-sized rivers,
and they are integral parts of human anthropogenic activities. Due to the constant
increasing industrial-domestic pollution, plowing and hydrotechnical reclamation of
water intakes and floodplains, most of the headwaters and watercourses are at
different stages of degradation.

85% of all river network of Zhytomyr region is headwaters. River basins form
60% of water resources. At present 10% sewer water flows into water basins of
headwaters, overregulation has reached impossible level — almost 3 hectares per
1 kilometer of the river. In recent 10-15 years situation has deteriorated as land plots
for country houses and industrial facilities. Significantly reduced the ability of
aquatic ecosystems to self-purify due to chemical contamination, overregulation and
siltation of waterways.

An important contribution to the development, improving the quality and
defining the changing of water ecosystem condition was made by such scientists as
S.1. Snizhko, V.K. Khilchevskiy, A.V. Yatsyk, V.I. Osadchyi, B.J. Nabyvanets,
V.H. Horshkov, V.I. Danylov-Danylyan, A.Y. Vasiukov, V.M. Udod, A.B. Blank,
V.D. Romanenko, O.0. Mysliuk, B. Nebel, R. Wright etc. In their scientific works
there was paid attention to defining ecological changes in natural ecosystems
including the qualitative and quantitative degrees of the water ecosystem changes
provided with constant anthropogenic human action on it.

According to A.V. Yatsyk’s investigations the biggest amount of substances-
polluters gets in watercourses from industrial enterprises — 63,4%, communal
sewage — 20,0%, agriculture — 16,6% of the total wastewater extent flowing into
small rivers. However, the headwaters where the intensive agriculture takes place
are polluting mainly by its effluence (for instance suspended particles, dissolved
minerals and organic substances). The number of rivers in the district territory
polluted with sewage comes to 90%.

The research aim, objective and methods

The research aim is to assess the man-caused impact on the aquatic ecosystem of
headwaters of Zhytomyr region.

The object of research is the aquatic ecosystems of Zhytomyr region.

Accordingly [8] a methodology for scientific research was developed. First, it
was necessary to develop a basic scheme on the topic of research, which takes into
account the ecological approach to assessing the state of hydro ecosystems of
headwaters, to show causal and consequential changes in the state of aquatic
ecosystems of rivers. We concluded that interconnections and interaction in hydro
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ecosystems depend on the intensity of the mechanism of self-regulation in hydro
ecosystems under conditions of man-caused factors, and therefore the scheme has
the following form (Fig. 1).

Zhytomyr region, in comparison with other regions of Ukraine, belongs to the
region with low water supply. According to the data of the Head Department of the
State Land Agency, the total land area of the water fund is 205,598 thousand hectares
(6.9% of the territory of the region — 2990 thousand hectares). It includes under
the water-storage basins and ponds — 20.847 thousand hectares, under rivers and
streams — 7,223 thousand hectares, under lakes and other natural closed waters —
0,691 thousand hectares, under channels, hydrostructures and stripes of discharge —
19,882 thousand hectares, under protected shoreline strips (calculated in accordance
with the requirements of the Water Code) — 55,865 thousand hectares and under
bogs — 101,09 thousand hectares [9].

Interconnection and
interaction changes in
ecological and man-
caused factors of the state

of aquatic ecosystem

2> v Changing the status of the aquatic
9 - ecosystem of the river based on the index
8 Structural and functional of water pollution
a changes
2 - v
2 !
B Violation of self Changing of qualitative indicators of the
% Tl A | water ecosystem (multiplicity of excess
=] gledulaingand | ofthe MPC) and change of probability
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= the aquatic ecosystem Zones
(&)
8 v
(<) A . o .
E Violation of the ability to | Changing the quantitative _and species
9 self-renewing structure of hydrobionts
o
P
S - - \4 -
<) Reducing the intensity of
5 intrabasin eco-forming
c processes
(<5}
5 v
L
Hydroecosystem
degradation
v
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consequences

Fig. 1 — Ecological approach to ecological assessment of the status of water ecosystems of
headwaters

On the territory of the region, there are 2822 rivers with a total length of
13.7 thousand km. There are no large rivers in the structure of the hydrographic
network, but there are the eight average rivers: Sluch, Uber, Stryva, Slovechna, Uzh,
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Teteriv, Irsha, Irpin, with a total length of 996.6 km. The total length of the rivers is
more than 10 km — 321, their total length is 6692 km (Table 1). Shoots less than
10 km in length are 2491, their total length is 7062 km.

Water resources are mainly formed from the local effluence in the river network,
mainly in its own territory due to atmospheric precipitation event, as well as the transit
effluence coming from adjacent areas. In addition, part of the resources is replenished
from groundwater and water reserves lumped in reservoirs, lakes and bogs.

Table 1 — General information about headwater objects of Zhytomyr region [10]

Indexes Quantity, | Total length, | ..., area, Ha Total volume,
pcs km million m?
Headwaters 321 5695 _ 3
Streams less than10 km 2493 7062 - _
(to1 rpn?rl?jn m?) 1826 - 11974,9 151,2

Small watercourses are important for the population as a source of drinking,
technical and agricultural water supply. The analysis of the current state of
headwaters shows a significant manufactured impact because of extensive farming,
which resulted in the depletion of aquatic ecosystems, reducing the ability to self-
renewing. The condition of headwaters in the region is mostly unsatisfactory.

The main influence of water usage on the water resources of the region is
determined by irreversible water intake and dumping of contaminated wastewater
into water facilities. Although volumes of water usage have an annual tendency to
decrease, the degree of anthropogenic pressure on resource water potential remains
rather large.

According to the annual reporting form of 2TP-water management in 2016, it was
collected 104.6 million m? of water, which is 7.1 million m? less than it was in 2015.
It was taken 85.86 million m?® from surface water sources.

The actual discharges of sewage into surface water objects in 2016 amounted to
63.99 million m3 which is 3.57 million m?® less than in 2015, of which
2.384 million m® — contaminated 23.26 million m® — normative clean without
purification, standard purified — 30.88 million m3. The volume of discharged
contaminated water decreased by 0.181 million m3 (7.1%).

During 2016, 132 business entities discharged backwater into surface water
facilities. 113 enterprises of the region exploited sewage treatment facilities with a
total capacity of 102.6 million m?, of which 55 were discharged into water bodies
(91.44 million m®). Among the 55 sewage treatment facilities, after which the return
water was discharged into surface water bodies, 21 — did not provide normative
treatment of wastewater (or 38%), 17 of them — the housing utilities enterprise.

The Gnilopyat River originates in the Vinnytsia region. On the territory of
Zhytomyr region flows through the territory of Berdychiv and Zhytomyr districts,
where it flows into the Teteriv River. The length of the river in the Zhytomyr region
is 70 km.

The hydrological regime of the river is influenced by a significant overregulation
of the watercourse. Many ponds were created along the entire length of the river and
about 10 dams have been built with reservoirs, but the technical condition of most of
them needs reconstruction. 7 of them are located in the Berdychiv district.
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The main water users located along the river's water basin are: production
management of housing and communal and water supply facilities — LLC “Complex of
Ecological Buildings” of Berdichev town, machine building — the “Progress” plant and
its subordinated sanatorium ‘“Prolisok”, LLC “Berdychiv Bakery”, PJSC “Dniprovud”,
motor transport enterprises, fish industry enterprises and agro-industrial complex.
Table 2 summarizes the data on the use of water by water users in Berdychiv town,
Zhytomyr region, in the form No. 2TP- (water supply economy).

Table 2-1 — Summarized data on the use of water by water users in Berdychiv
town, Zhytomyr region, in the form No. 2TP (water supply economy) (annual)
2015-2017 (million m?)

- o Thrown into surface water S >
= objects Sunl| o
= c | £8| & = 58| 5 ki
v 8 o c8 | =22 |3°| 53| g S
o6 2 < B S= | 25| ©«= © =
2= - O L O L o [ =1 L o + !
Year | £S5 - |EE|CcE|ES|58|58] £ | &
SsS5| 3 |E2| 25|52 |5 2Z| 3 | B
$8° = |52|T3|28| <8/ €% 8| s
S e cs | E5| o5 | 3| =3 3
8 < o zZs s £ =R < S
= N = x
2015 2,26 2,257 | 0,180 - 2,077 - - 0,916 | 2,602
2016 2,190 | 2,188 | 0,489 1,699 - - 0,92 | 2,534
2017 2,291 | 2,279 | 0,318 - 1,961 - - 0,913 | 2,514

Table 2-2 — Summarized data on the use of water by water users in Berdychiv
town, Zhytomyr region, in the form No. 2TP (water supply economy) (annual)
2015-2017 (million m?)

. Taken Used
[ — .
B = 2 included
; .E o E —_ [72) =
g 2 < & < g=l 3 % »
So| & |E3| = | &8 < s | 2 3
Year | 88| 8 | €8 3 29 5 = S>| 2
- > = 25 g X > B 2 = S o
e 5 S 5 = £ s S k= 3 S =
] B 29 7 s = 3 = g 5]
= £ = L c 3 o L & o
=1 E [«b] LL — — LL
z = 2 2 2
LL =]
2015 25 3,847 | 0,997 | 2,931 | 2,319 | 0,612 - - -
2016 26 3,871 | 1,152 | 2,951 | 2,329 | 0,623 - -
2017 27 3,829 | 1,171 | 2,917 | 2,233 | 0,684 - - -

Despite the decline of the region's economy, there has been no reduction in
production volumes, the amount of discharges of inadequately treated sewage from
stationary sources has not changed. In 2016, water was taken from the river — only
5,766 million m? and 4,201 million m® were used. The total amount of drainage in the
water facility is 3.229 million m® of which contaminated return water is
0.489 million m?3.
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According to the results of chemical analyzes, the quality of surface water in
controlled areas corresponds to the norms of ecological safety for drinking water and

fish farm

of water category Il, with the exception of such indicators as BOCs

(biochemical oxygen consumption) and CCO (chemical consumption of oxygen)
and iron in general. Results of measurements for 2016-2017 years by main indicators
are presented in Fig. 2.
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Fig. 2 — Results of measurements for 2016-2017 year by main hydrochemical indicators
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The content of organic substances in the river was formed, mainly under the
influence of natural factors and according to the results of observations in recent
years remains constant.

During the period of research, the variation in sanitary-chemical indicators in the
Berdychiv district exceeds the average in the oblast.

Table 3 — Meteorological indicators of man-caused impact on the aquatic
ecosystem of the Gnilopyat River

Self-purification

Averaged indices water quality factor. %

bioIoPicaI
al and
index

Water quality class
Pollution Index
components salt
content (11)
Trophy-
(e
Index of specific
toxicity indicators
(I13)
Saprobity zone
Saprobity Index value
Low
Medium
High
Resistance to man-
caused impact

(ecologic

sapro
sanitar

IV (polluted)
2,1
31
4,01

3,9 (polluted) |Index of water pollution

3,13
[-mesosprobic
2,3
30,1
61
8,9
0<Ix<1,0

Conclusions and perspectives of further researches

The water of headwaters, which makes up about 99% of the river network of large
river basins and suffers an extremely large man-caused impact, provides over 20%
of all national economic needs of Ukraine. Modern agricultural land usage does not
meet the requirements of rational nature management; the environmental permissible
ratio of arable land, natural forage lands, and forest plantations is violated [11, 12].
The researches have showed that the greatest influence on the formation of the
hydrochemical composition of small water objects in Zhytomyr region is due to
factors that depend on the state of the water intake surface and the structure of the
water usage intake.

Therefore, the problem of rational usage and protection of headwaters should be
solved in a complex, systematic way, taking into account the interactions of all
factors, processes and components of the geographic network, as well as the
influence of economic and other activities on the part of man. Largely, the solution
to this problem depends on effective legal regulation of the usage and protection of
headwaters of our country.
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BIOSPHERIC PROCESSES FORECASTING BY THE MEANS
OF SYNERGETICS

Abstract. Among the most pressing problems of modernity stands out the problem
of determining the causes and limits of sustainability of complex ecosystems,
consisting of a huge number of components. Such systems include organisms and
the biosphere with its ecosystems. Under the conditions of a global ecological crisis,
the survival of humanity depends on our ability to understand and predict the
behavior of ecosystems and the biosphere itself.

Such forecast is a specific kind of perception, which, first, studies not what is
happening, but what will be happening. The main purpose of the forecast is
assessment of predicted environmental reaction to the direct or indirect human
influence, as well as addressing the challenges of the future sustainable use of
natural resources. We have developed methodical approaches to the biospheric
processes evaluation with the help of synergestic approach are developed.
Keywords: synergetics; biosphere; forecast; modeling; chaos; population

Introduction

Nowadays, most of environmentalists understand that the biosphere is the area of
human life and the source of all the benefits that are necessary for vital and
operational activities. The biosphere is the only populated area of the Earth crust [1].
Life representing all the organisms is concentrated only in this thin external layer of
our planet.

Human is a part of nature and its creation, but only using natural resources it can
create something, and can live only in those natural conditions (temperature,
pressure, humidity, atmospheric composition, etc.) to which it is genetically adapted.
The biosphere is an area of the Earth occupied by biotransformers that are
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represented by territorial ecosystems implement and are biogeocoenoses, which are
evolving with time. Realizing the special place of humankind in the biosphere,
mathematicians, physicists and environmentalists, in particular, for a long time have
been attempting to forecast the type of the biosphere evolution.

Such forecast is a specific kind of perception, which, first, studies not what is
happening, but what will be happening. Forecasting is a set of actions that allow
making judgments about the changes in natural systems and are determined by
natural processes and the impact of humanity on them in the future. The significance
of the environmental forecast, especially in the area of natural resources use, cannot
be overestimated. The main purpose of the forecast is assessment of predicted
environmental reaction to the direct or indirect human influence, as well as
addressing the challenges of the future sustainable use of natural resources.

Purpose of Research

The main goal of the research is the analysis of possible reaction of biosphere to
direct or indirect human influence, as well as addressing the challenges of the future
sustainable use of natural resources based on environment expected states.

Research result

In the latter half of the 20th century, as a result of computers use, the modeling
moved to a qualitatively new stage in its development. The possibility of joint
analysis of equation systems increased significantly with a large number of
parameters, etc. However, the success of mathematical modeling depends not only
on the perfection of the mathematical apparatus and the computational capabilities
used, but also on how scientifically grounded the initial conditions are. The process
of cognition is always associated with abstraction and perfection. However, the
phenomenon model is perfect only by definition, and corresponds to reality only in
some way. Models, of course, can be refined almost endlessly with recognition of
more and more correct bases of their construction. At the same time, there must be a
reasonable limit for such refinement connected to some rationality or
constructiveness. As a rule, the model, takes into account significant effects and
neglect the secondary ones. Yet, the excessive simplification of the model can wipe
away all the results. However, even the most accurate models and formulas do not
always lead to more accurate results and conclusions. It should be emphasized there
is an interesting situation appeared in in biosphere dynamics modeling: there is
increasing number of different models obtained using a variety of mathematical
approaches, and the choice of mathematical apparatus is largely determined by the
researcher's tastes [2]. The main difficulty in developing environmental models is
the lack of sufficient number of measurements as well as knowledge about the
mechanisms of environmental processes and their changes under the influence of
anthropogenic impacts. Therefore, considering specific conditions, it is necessary to
determine which processes in the biosphere are decisive and to the greatest extent
affected by the impacts, and to model them accordingly. Thus, when constructing each
model, it is necessary to set the goal of modeling, because it turns out that it is
impossible to write one universal model for dealing with environmental challenges.
Therefore, there is a need to create a system of models of different complexity degree.

With such a system of models, one can choose the most suitable model when
solving a new challenge. Otherwise, such a model needs to be developed and this
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will be another one in the specified system of models. Biosphere processes modeling
is the process of creation of a system of models that is being improved and
developed. As a rule, in environmental models, each model allows you to address
challenges that are impossible (or difficult) to solve with the help of other models.
From the above, epy systems of biosphere processes models, developed by different
authors or groups of authors are different. Different model systems by different
authors very in concepts and hypotheses on which that models are based, as well as
mathematical expressions taken in the functional blocks for the description of
dependencies, although in different models one can distinguish the same blocks and
mathematical expressions.

However, at the same time, these descriptions reliably introduce certain real
processes with the accuracy that is acceptable to its authors. A reliable criterion for
the fairness of a model is the correspondence between the experiment and the
possibility to build assumptions on its basis. It is also important to keep in mind that
as a result of the proximity of models to reality, it is always necessary to make an
assessment of the reasonable accuracy depending on the required one. Thus,
although there is no limit to the process of models refinement, it is always necessary
to reasonably restrict the desire to know the biosphere more deeply. Identification
and verification are commonly used to validate the accuracy of models.

Still, there are models that cannot be verified. They are usually needed for
guantitative measurement of the variables dynamics and, in fact, is an extrapolation of
measurement data made in the present to the future. The last-named, for example,
include models designed to assess the climatic and environmental consequences of
large-scale nuclear disasters. In modern practice, mathematical modeling there is a
type of models called "mixed". In such models, some of the parameters are refined
with the help of experimentation, subjected to identification and verification
procedures, and the rest are used to predict the state of the modeled system in the
future. The example of mixed models can be many climatic models, for example, the
general circulation of the atmosphere and the ocean. Only a part of variables included
in such models (atmospheric temperature in areas and average temperature of the
atmosphere, etc.) can be reliably identified. Modern models have dozens and hundreds
of variables and cannot be investigated by classical analytical methods. Usually, these
problems are solved on the basis of reasonable experience of the assumption that new
traces lie near those, that were previously calculated. In addition, first, the stability of
the simplified version of the model is checked, and secondly, studies of the solutions
stability of the complete model is quantitatively conducted in several variants.
However, due to the low speed of many evolutionary processes in the biosphere
(especially such of the "geological” nature), it sometimes takes more than a decade
before it is possible to see that, despite the proximity between the data on predicted
and real behavior of the system for a certain time, the source references of the model
were correct, and, starting at some point, the forecasts begin to fundamentally diverge
from the real situation. As a rule, the number of errors in usual dynamic systems
increases in proportion with time (that is, linearly) and significantly depends on the
number of interactions involved: the more complex the system is, the faster the
accumulation of errors in predictions in time appears. Moreover, it turns out that if the
number of observed interactions exceeds a certain limit, the system soon begins to
behave as a chaotic, despite the strict determinism of outgoing data. Precisely this
situation, unfortunately, is implemented for most models of biosphere processes.
Therefore, the probability of error in predictions of such models is usually quite
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noticeable. However, in the absence of errors, there may appear a complexity of
prediction that, at first glance, contradicts the classical ideas of the dynamics.

As an illustration of the above, we present only one example that is well-known
and repeatedly described in literature sources for logistic equation solutions analysis
as one of the simplest mathematical point of view to the variants of the recording
which can be represented as:

Xn + 1 = pPXn (1— Xn). (1)

By using equation (1), for example, we can analyze the population size N (t), for
convenience assuming that a certain reproduction season occurs for such species
once a year, and each year with the number (n + 1) the population of N, + 1 is
completely is determined by its size N, in the previous year n, which is, Ny + 1 = pN,
and the number of dead individuals is equal to bN.% meaning the proportional to the
size of the whole population. The value of x, in this case may represent some
conventional restricted population size, so that x, and p are a function of the values
b, p, and N. The logistic equation is a fully determined by the algorithm for
determining the population size for each subsequent year, based on the knowledge
of the population size for now. These calculations are easy to handle even without a
computer. However, the results of such calculations are far from the simple in
contrary to as they seem at a first glance. Without going into the details of the
numerical solution of this equation, described in many textbooks, we will analyze
only the obtained solutions. For small values of the parameter, completely
deterministic results are obtained.

So, if p is less than 1, then regardless of the initial value score Xo, the number of
the population is steadily decreasing and tends to zero (Fig. 1, a).

N Fig. 1 — Possible changes in the population
a according to the logistic equation:
% /\ 1. (Fig. 1, a) — (p < 1), the sequence of N
n numbers is close to 0 at any initial value of xo.
N T This corresponds to a population that cannot
, 0 o o’ avoid extinction.
xb | 2. (Fig. 1, 6) — (1 < p < 3), constant growth to
0 2 4 8 8 n a steady equilibrium level.
N p 3. (Fig 1, B) — (3 < p < 1 +/6), the number of
o oo ! the population rises from the initially low
x, value, and then goes with two-year
O 2 4 6 8 =» fluctuations.
Nlelglolaioigi®iol® 4. (Fig. 1, 1) — (1 + V6 < p < 3,6), four-year
SR IPAE I cycle.
Yot 5. (Fig. 1, n) — (p > 4), the population starts to

change chaaotically, and in general its state for
next year becomes unpredictable.

Xy e o° ieg '.
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From a biological point of view, this means, for example, that the resources of
the habitat are too insufficient and the population is dying out. For p, which lies
between 1 and 3, the value of x, varies until it reaches the equilibrium value
Xeon = (1-1/p). A separate case can be seen on (Fig. 1, 6). However, with values of p
more than 3 (extinction is not active, habitat resources are sufficient), a small initial
population is steadily increasing at the beginning and then begins to fluctuate but in
a very specific way. If p lies between 3 and (1 + /6), a deterministic sequence of x
values appears fluctuating with a frequency of about 2 years between two relatively
constant values of x, and x, (Fig. 1, B). For p slightly more than 1 ++/6 = 3,4495 ...
the fluctuations occur between four constant values, with intervals of four years
(Fig. 1, r). At even higher values of p, the period doubles over and over again, faster
and faster (Fig. 2), until p reaches the critical mark pe =~ 3,6, above which the
population size will not begin to change in a complicated and extremely spontaneous
manner.

|
|
|
|
|
+

1+J6 a

Fig. 2 — «Way» to chaos through the sequence of bifurcations

The value of x (and hence of N) varies according to strict sequence between a
number of admissible values ranges but the exact positions influenced by the variable
within each range look completely random. With a further increase of p, the ranges
merge with each other in pairs, and the area of values, where N changes randomly
increases until continuum is formed, which covers all values of x in case p > 4. The
population varies in a completely random way (Fig. 1, x).

Currently, it is mathematically proved that in this case we are dealing with a
completely chaotic process that resembles to the work of the well-known computer
function RND (randomize) that generates a sequence of random numbers.

Such an unpredictable type of population behavior for values p > 4 is known as
deterministic chaos. Such a type of chaos arises in many dynamic systems, and the
transition principles to chaos does not depend on the precision components of the
systems being studied.

An important result of this approach is that it is impossible to clearly predict the
behavior of the system in the future as well as to restore the "exact" history of
evolution when dealing with nonlinear observing systems over the "reality". One can
speak relatively straightforward only about the general tendencies of evolution. The
biosphere itself, apparently, uses deterministic chaos in the process of producing, for
example, new types of biodiversity or turning the backward matter into life, or trying
to find out how an immune system of a body recognizes pathogenic microorganisms.
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Theoretically, the biosphere can be both deterministic and spontaneous. In practice,
however, determinism requires openness, which is a necessary but not sufficient
condition for self-organization.

Openness requires the presence in the sources system and/or channels of matter
and/or energy exchange with environment. Nonlinearity, the presence of many
solutions, according to which there are many ways of system development. Any
system can be represented as an infinite series of harmonics with some temporary
coefficient before each of them. In this context, in the case of independence of
harmonics from each other, the system is linear, otherwise, when a certain
connection between the harmonics is seen, the system becomes nonlinear.

The rate of process reaction during the evolution of the biosphere can have tangible
differences. Slow processes based on a negative feedback, which serves as a stabilizing
factor, allowing the system to return to equilibrium. Such a path of biosphere evolution
is considered a dead end. It leads to the emergence of species, for which the further
development practically stops. In general, the system of negative feedback provides
protection of the biosphere from harmful influences. High-speed processes occur due
to nonlinear positive feedback. This is a path that is carried out using bifurcations,
during which there is a significant restructuring of the biosphere.

In order to ensure its life sustaining activities, the biosphere uses external energy
sources such as sunlight, cosmic rays and radioactive decay energy of radioactive
elements inside the Earth. Due to this, it is maintaining a relatively stable condition
for a long time as well as biosphere evolution, accompanied by a change in its species
diversity, etc., is carried out.

At the same time, during the biosphere evolution, reliable mechanisms for its
protection from both external and internal factors were developed. One of such
mechanisms that helps to stabilize the characteristics of the biosphere, as we have
already pointed out, is the mechanism of counteracting causes and various factors,
which is "pushing" the biosphere to change its state. In accordance with modern
ideas, the course of evolution is followed by "slow" changes in the biosphere, as well
as major catastrophes, leading to significant changes in it. But at the same time, the
survivability of the biosphere as a system was always maintained.

In the modern real and material world, both order and chaos are observed in the
biosphere at the same time. Chaos is understood as disorganized, shapeless structures
or disordered forms of motion [3]. Researchers prove that there is a simultaneous
merger of order and disorder, regularity and chaos present in the biosphere. There
are ordered forms of motion and ordered structures that appear from the originally
disordered, unregulated forms of motion without external influences. This
phenomenon was called self-organization. German scientist H. Haken called the
theory of self-organization the "synergy" (the theory of joint action) [4]. The
interdisciplinary science of synergetics is closely connected to the biosphere theory.
One of the synergy developers, the Nobel Prize winner in chemistry I. Prygozhyn,
affirmed [5] that the relationships between order and disorder characterize sparse
(dissipative) structures. Externally, occasional, uncertain wanderings are happening.
This appears due to the fact that the world that surrounds us cannot be characterized
by one truth, one criterion. Uncertainty dominates there. Therefore, in the process of
evolution of two identical systems, the same conditions and causes do not lead to
identical results. 1. Prygozhyn believed [6] that in natural systems the order may be
equilibrium and unbalanced. The biosphere organization is an open system of non-
equilibrium order and operates in conditions of uncertainty. In open systems, random
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deviations (fluctuations) are constantly trying to unbalance the biosphere.
I. Prygozhyn affirmed [7] that strict determinism in the outside world (the strict
correspondence of causes and consequences, impacts and results) can be applied
only in simple limiting cases. Randomness is seen not as an exception, but as
a general rule. Hence, philosophical determinism in relation to natural systems
becomes inaccessible, it is only a theoretical possibility. For many years, the
principle of linearity was dominated in many fields of science. Most of the
forecasting methods were based on it. Recently, in science, linearity began to be
considered only as a result of simplification, coarsening of the models used. That
means that in the process of biosphere development, the same causes can lead to
similar investigations only at very limited segments of time. At other times, the
biosphere develops in nonlinear way. For any nonlinear system, a bifurcation is usual
characteristic, which means that every cause leads to, at least, two consequences. At
the point of bifurcation (split), the path of the biosphere evolution becomes less
stable and split into many new paths (Fig. 2). It is impossible to predict, from which
of them the development of the biosphere will start. Even the smallest random
variation (fluctuation) can change the possible path of the biosphere evolution, and
the system will choose another direction. According to I. Prygozhyn [8], the history
of the biosphere development is driven by events. However, they cannot be
calculated in advance as it is the offspring of the various forces effect, the result of
the interaction of many factors. Synergetics focuses on aspects of reality, that are
most usual characteristics of the accelerated natural phenomena in its modern stage,
which are disorder, instability, diversity, imbalance, nonlinear relations, in which a
small signal at the input can cause a response of any force at the exit, as well as
temporality, which is an increased sensitivity to the flow time. Mastering the basic
provisions of synergetic changes, the perception of natural phenomena. The
biosphere seen by researchers not as a set of rigid, unchanging systems, subsystems,
elements, but in the form of processes, vortices, turbulent phenomena, dissipative
(sparse) structures. This allows to use a new approach to the process of biosphere
studying.

According to I. Prygozhyn, the entire evolution of the biosphere is a chain of
successive bifurcations. Modern ideas of synergetic show that catastrophic changes
in the biosphere occurred when, for any reason, the evolutionary change in the
biosphere state led to the emergence of a strong nonlinear counteraction to the
evolution process and the emergence of the bifurcation point [5, 6]. Bifurcation is
way of counteracting powerful perturbation. When bifurcation algorithm of
evolutionary process increases significantly, the risk of environmental disasters and
even the destruction of biosphere’s individual parts. However, the destruction of the
biosphere as a whole does not occur. It is possible that in an evolutionary plan,
precisely the bifurcation type changes may be associated with the improvement of
biosphere protecting mechanisms from excessive danger.

It is important to note that the self-provision of "safe™ biosphere development and
the preservation of its survivability is determined by a number of fundamental
factors. Among them can be distinguished the following: firstly, the substance in the
biosphere is used mainly in the form of the circular flow. Biogeochemical cycles of
elements in the biosphere evolution process became so perfect that they do not lead
to harmful waste appearance. Secondly, there is a huge variety of structures in the
biosphere, but there are almost ho dominant species with an excessive humber. In
this way self-regulation provides biosphere protection against possible extremely
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dangerous situations caused by internal factors. The correlation between action and
counteraction entered a new stage. Therefore, according to the laws of synergetics, if
counteraction under certain conditions exceeds some critical value, a bifurcation may
occur and its consequences may not only be unpredictable, but also lead to the death
of the human population as a whole. It has already happened for different reasons with
other populations or species of living organisms. But, at the same time, it is important
to remember that the biosphere evolution is a natural process that we can hardly be
able to cancel and that even the complete refusal of all anthropogenic achievements of
mankind we will not be able to stop this evolution, and, consequently, the change of
physico-chemical biosphere characteristics. This process will always continue
(perhaps at a different rate), and even if humanity, as a population, disappears from the
Earth and the human impact on the environment will cease.

Conclusions

Taking into account the above, it can be affirmed that the issues of solving problems
referred to as environmental ones, in fact, are beyond the scope of ecology in its
traditional formulation. It is already evident that the solution of these problems requires
both additional new knowledge and a new mentality. It is necessary to look for new
ways not only for solution, but also for justification of environmental issues. In general,
the biosphere protection from "excessive danger" is provided by a system of negative
feedback which operates within the framework of objectively existing laws of nature
(2" law of thermodynamics, biogeochemical cycles, information biodiversity, etc.), so
it can be affirmed that the biosphere has peculiar characteristic of internal security.

New ideas and concepts of modern nonlinear dynamics have significantly
changed our perceptions of the accident in the behavior of complex systems and the
biosphere in particular. The most surprising thing in the nonlinear systems behavior
is that even a system characterized by classical laws of dynamics can have chaotic
motion paths, despite its initial determinism. It turns out that stochastic behavior is
merely the result of a simple mechanical repetition of some, often quite simple,
algorithmic procedure. At the same time, strictly deterministic feature appears to be
simultaneously both in random and chaotic. In nonlinear systems, the number of
errors in "prediction” increases with increasing of the process rate (exponentially
with time). Therefore, the unpredictability of the "exact future” is fundamental and
is explained by not only our ignorance or the presence of errors in the initial
conditions. It is important to understand that modeling allows forecasting the most
probable and possible ways of biosphere evolution, but not necessarily are
implemented or those that are going to be implemented in the future.
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C.L. Aszapos, O.C. 3agynaii
OPOTHO3YBAHHSA  BIOC®EPHUX MPOLECIB 3A JOIOMOI'OKO
CUHEPI'ETUKH

Anoranis. Cepen HalOUIbII aKTyaIbHUX MPOOJIEM Cy4acHOCTI BUALISETHCS IpodieMa
3'ICYyBaHHS IPUYMH 1 MEX CTIHKOCTI CKJIQJIHUX €KOCHCTEM, L0 CKIIAJIAI0THCS 3 BEJIMYE3HOTO
Yuclia KOMIIOHEHTIB. [0 TakuMx cHCTeM BIIHOCSATBCS opraHismMu 1 Oiocdepa 3 i
exocucreMaMu. B yMoBax ruiaHeTapHOi €KOJIOTiYHOT KPHU3HU BiJl HAIIIOTO BMiHHSI PO3YMITH i
nependavyaT MOBEAIHKY eKOCUcTeM i caMoi Oiocdep 3aeKUTh BIIKUBAHHSI JFOJICTBA.

[IporHo3 siBisie coO0r0 crierU(iuyHnil BHI Mi3HAHHS, JIe, TIePI 3a BCe, HOCIIIKYEThCS HE
Te, IO €, a Te, mo Oyae. ['0JIOBHOIO METOI0 MPOTHO3Y € OIliHKa rependadyBaHOl peakiii
HaBKOJIMIITHHOTO IIPUPOIHOTO CEPEIOBHINA HA MIPSIMUIA 200 OTIOCepeIKOBAHHI BIUIHB JIFOIUHH,
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FEATURES OF RESERVOIRS EUTROFICATION BY ELEMENTS
OF AGROCHEMICAL FERTILIZERS

Abstract. Phosphorus, also as nitrogen and potassium, is essential for the normal
development of plants. The source of phosphorus for plants is phosphate of soil,
mainly calcium phosphate Cas(POs)2. But for most soils, calcium phosphate is not
enough. In addition, due to its insolubility in the water, it is practically inaccessible
for plants. Therefore, the application of soluble phosphates, the so-called phosphate
fertilizers, into soil, is extremely important for increasing agricultural yields.

The article analyzes the chemical composition of agrarian fertilizers, and
mechanisms of their elements influence on the processes of aquatic ecosystems life.
Their solubility in the water is analyzed, as well as their probabilistic influence on
the development of flowering and reservoirs silting processes, reduction of their
inhabitant’s species populations.

Keywords: remote sensing; geoinformation system; agricultural; eutrophication;
ecology

Introduction

The processes of reservoirs eutrophication are the processes of contaminated waste
water reset, washing out and weathering of specific substances from soils, washing
out of organic and inorganic fertilizers from agricultural land surfaces, washing out
of manure from farms, subsidence contaminations from the atmosphere (Fig. 1).

Fig. 1 — Examples of surface runoff pollution ways

The course of the eutrophication process takes place in several successive stages.
At the first stage there is an accumulation of nitrogen or phosphorus minerals in the
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water. This process is usually not long-lasting. In the future there is an intensive
algae growth. As a result, phytoplankton biomass, water turbidity and oxygen
concentration in the upper layers of the water are increased.

One of the aquatic ecosystem’s eutrophication consequences is an increase of
blue-green algae growth intensity, which significantly reduces the indicators of water
availability for drinking (bad smell and taste), for recreational purposes (swimming,
bathing, fishing). Such water is allergenic and toxic. Metabolites of blue-green algae
are sources of many diseases among fish and warm-blooded animals.

The next step is oxygen complete disappearance in the water object depths. After
that, the processes of anaerobic fermentation begin [1].

Algae begin to die and gradually disappear, there are processes of bottom sludge
intensive sedimentation. In the structure of these sludges, there is a high content of
organic matter. Due to such processes occurrence, there are changes in the
Z00Cenosis.

The development of blue-green algae (see Figure 2) is also a significant negative
factor for the existence of aquatic ecosystems zoological diversity. Zooplankton is a
natural filtrate, which usually absorbs small algae, and when the processes of
reservoirs "flowering" occur, the colonial forms, which are practically not absorbed
by zooplankton, are developing, on the contrary. They become members of the
trophic chain only after interacting with destroying them bacteria. The diversity of
zooplankton in the direction of community simplification diminishes. Small species
begin to prevail, but they are not able to destroy organic matter with the same
intensity.

Fig. 2 — Examples of blue-green algae excessive growth

After the blue-green algae death toxins of particular importance are formed
because they have a wide range of biological effects and affect the central nervous
system of animals and people [2].

A separate contamination factor for water ecosystems is the washing out of
manure from farms and fields (for example, their concentration is approximately 100
times higher than the rates of wastewater cleaned by treatment facilities).

Main part

The pollution of reservoirs is judged by the change in their properties and composition
under the influence of direct or indirect human activity and as a result of such activity
became unsuitable for at least one type of water usage (see Table 1). The deterioration
of water quality indicators due to changes in its organoleptic properties and the
appearance of harmful substances is a direct criterion of aquatic ecosystems
pollution.

ISSN: 2411-4049. Exonoriuna Gesneka ta mpupogokopructyBants, Ne 4 (28), 2018



A special role is played by microorganisms (or bacteria) because they may change
to adapt and transform previously unknown organic compounds. Such compounds
are synthesized today and as a result of their use in the process of human life, they
enter the reservoirs, infecting not only the hydrosphere, but also living organisms.

Table 1 — Classes of natural water quality depending on Water Pollution Index

values
Water contamination level Value of WPI Water quality classes
Very Clean Upto0.2 1
Pure 0.2-1.0 2
Moderately dirty 1.1-2.0 3
Contaminated 2.1-4.0 4
Dirty 4.1-6.0 5
Very dirty 6.1-10.0 6
Extremely dirty >10.0 7

Let’s consider the water ecosystems pollution aspects as a result of agricultural
activity. Usually the main factors of eutrophication are phosphorus and nitrogen
compounds in the form of phosphates and nitrates.

In the territories of test sites according to the data of the land user in 2018 the
following fertilizers were added (Table 2).

Table 2 — Characteristics of used fertilizers

= Cultivated Rate of drug Active substance Preparation
ormula . .
culture expenditure concentration form
N — 159%,
Crops P20s — 15%,
NPK-15 spinal cord 150-350 kg/ha K0 - 15%. Granules
S-10%
Corn 20 kg/ha — with | (NH2).CO,
foliar feeding; | permissible . .
N46 concentration of Amide fertilizer,
Pea 200 kg/ha for | solution for foliar water soluble
sowing feeding 5-15%
Crops N - 16%,
NPK-16 spinal cord 90-120 kg/ha | K —16%, Granules
P-16%

After analyzing the chemical composition of these fertilizers, we see that their

main components are sodium, potassium, sulfur and phosphorus

On the test ground plots of the Frunze PSP located near the reservoirs (based on
Remote Sensing Data processing results), the depth of the first aquifer water and the
direction of underground currents were taken into account (Fig. 3), the angles of the
slope were calculated and the corresponding places of water and wind erosion
process were discovered after SRTM data analysis results. The analysis of fertilizers
uses in these areas (according to a land user priori information) in order to calculate
the potential volumes of solid runoff and its chemical composition was made.
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Samples of water in these places also were taken (for further laboratory analysis),
the rules of the MPC of chemical substances in the water objects were analyzed.

Fig. 3 — Isohyps of the first aquifer waters occurrence

Results of the chemical composition of water samples examination:

1) BODs — 4,23 mg O2/dm? (exceeded the norm of MPC SanPin (3,2) [2]);

2) COD — 24,1 mg O2/dm? (exceeded the norm of MPC SanPin (15) [2]);

3) Ammonium nitrogen — 0.4 mg/dm?;

4) Phosphates — 2.34 mg/dm?;

5) Rigidity — 14,5 mmol/dm? (exceeded the norm of MPC SanPin (7) [2]);

6) Cesium-137 — 0,048 Bg/dm?, kg;

7) Nitrates — 132 mg/dm? (exceeded the norm of MPC SanPin (45) [2]).

Let's consider the most important consequences of the further occurrence of water
ecosystems pollution processes. Figure 4 shows the distribution of phosphorus-
containing components in urban sewage before and after biological purification.
Polyphosphates are hydrolyzed to orthophosphates, and the bulk of soluble organic
phosphorus-containing compounds are converted into orthophosphates as a result of
the biological decomposition of organic matter.

Outgoing waste  After biological purification
Orthophosphate
——""---._  Orthophosphate
Soluble Polyphosphate
Organic """ Organic matter
matter ____. -
Weighed Organic
matter matter ___ Organic matter

Residue
Fig. 4 — Condition of phosphorus-containing components
Usually, weighed phosphorus substances are understood as organic phosphates,
but this group may also include chemically precipitated orthophosphates and
biologically bound polyphosphates [3]. The composition of phosphates in suspended
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matter is usually not very interesting, because the suspended matter is separated from
water by methods, which are selective in relation to not the particles, but their size,
charge, density, etc.

Orthophosphates — with two or three exceptions, are the only salts of phosphoric
acid, found in nature. They are also the only salts of phosphoric acid currently used
in fertilizers.

Polyphosphates are polymers of phosphates, the chain of which passes between
other chemical groups. This type of polymerization is known as a condensation
reaction. Phosphate bonds are usually high-energy covalent bonds, which means that
energy is released by breaking these bonds spontaneously or as a result of enzymatic
catalysis.

All phosphate fertilizers by water solubility can be divided into three groups:

1) soluble in water (they are easily digested by any crops);

2) insoluble in water, but soluble in weak acids (including organic acids,
available for plants);

3) insoluble in water and poorly soluble in weak acids (phosphates which are not
digested by the vast majority of cultures, provided that these compounds are not
decomposed by acidic soils with the appearance of more easily soluble salts).

Influence of sodium and potassium components of mineral fertilizers on the
processes of reservoirs vital activity is approximately the same as for phosphorus
components, therefore observation of their incidences is also extremely important.

Conclusions

Research of chemical indicators for situated around the test sites territories reservoirs
has revealed their exceeding the norms of mineral substances MPC. The study of
probable ways entering these substances into aquatic ecosystems outlined
anthropogenic way of their pollution as a result of agricultural activity on
surrounding land parcels. The interaction of mineral agrochemical fertilizers usage
with the situation of exceeding the MPC norms in the reservoirs has analyzed.

The performed work proves the necessity of integrated approach applying to
regulating the provision of region environmental safety and the need for an
appropriate system of analysis and management decision making on environmental
management based on geoinformation technologies using remote and contact
measurements data.
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INFLUENCE OF NATURAL CLIMATIC FACTORS ON LAKES WATERS
FLUCTUATIONS IN NATURE PROTECTED AREAS

Abstract. The question of “helio-dependence” of water level fluctuations within the
closed type lakes in the West Polesie nature protected areas has been considered in
the paper. The method of correlation analysis was used to define the interrelation
between helio- and geophysical processes in the part that provides the ecological
safety of the territory. The analysis has shown that the Total Solar Irradiance Index
is more informative than the one including sunspot numbers.

Keywords: nature protected area; closed type lake; water level fluctuations; “helio-
dependence’’; sunspot numbers; total solar irradiance; amount of precipitation

Introduction

While the development of activities providing the ecological safety within the nature
protected areas (NPA) it’s necessary to take into account not only the influence of
anthropogenic factors, because the last are often restricted by a current legislation.
Today, with the intensification of nature climatic factors (NCF), the problem of their
influence evaluation on the ecological stability within NPA is very urgent, especially
in the context of providing their ecological stability. Among the NCF effects the
most important are those, which are conditioned by factors of space origin, namely,
solar activity (SA) processes that influence the components within the nature
protected areas. A concept and structure of solar-terrestrial links (STL) studies are
developed by organizations-participants of Shatsk Interdepartmental Research
Ecological Laboratory of the NAS, MES and NAFR of Ukraine (Fig. 1) [1-3].
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Estimation a degree of “helio-dependence” of water level fluctuations within the
closed type lakes is one direction for study, proposed in the concept. Water balance
of these type lakes is formed only by underground sources and meteorological
conditions. Also, their functioning is characterized by quasi-stationarity, ecological
stability and self-regularity.

The importance of such studies within the West Polesie nature protected areas is
results from some kind of inconsistency of up to date estimations of these lakes water
levels long-term dynamics and the reasons of their fluctuations. The main issue is
the following: is it the result of water level fluctuations caused by nature factors or
by man-made intervention into the hydrology? [3].

ACTIVE SOLAR PROCESSES
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I

| |
! | ! } } ! '
Coronal 2 3 2
Solar flare’s X-ray Rad'.o hase Configuration Total ,SOI‘" Sqla( cosmic
flare's flare's ejections of radio-magnetic fields Irradiance radiation (rays)
|
' . ' v v v '
" l Y.
{  GEOPHYSICAL FIELDS
; DISTURBANCE H
. I ¥
v v
BIOGEOSYSTEM COMPONENTS
OF NATURE-PROTECTED AREAS
.
H ABIOTIC H

Aquatic H
complexes

Water level

Fig. 1 — A concept of studying the solar-terrestrial links within
the nature protected areas

Moreover, a long-term prediction of Svityaz Lake water level, from the
ecological safety point of view, is also a topical issue owing to the fact that this lake
is the main source of fresh water for ensuring the sustainability of this region.

State of Research

In the present-day science there is an opinion that it’s necessary to take into account
the influence of space factors, especially SA processes, on geosphere and biosphere
components. Even V.I. Vernadsky has emphasized that their organization is an
elements of space origin [4]. There is a system of direct and indirect physical links
between helio- and geophysical processes. The Earth receives from the Sun not only
light and heat what provide sufficient level of lightening and temperature of its
surface and therefore provides ecosystems stability. Also, the surface is influenced
by the ultraviolet and x-ray, solar wind, solar and galactic cosmic rays etc. Variations
of the above-mentioned factors power being influenced by SA, lead to a chain of
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interdependent  phenomenon  within the interplanetary space, namely,
magnetosphere, ionosphere, neutral atmosphere, biosphere, geosphere (hydrosphere,
upper lithosphere) of the Earth.

Two main aspects of solar-terrestrial links (STL) are considered, namely: energy —
when the influence is limited by the transfer of energy, emitted during non-stationary
processes on the Sun; informational — when the influence is limited by the
redistribution of energy, accumulated in magnetosphere, ionosphere and neutral
atmosphere of the Earth [5]. V.I. Vernadsky was one of the first who showed that
geosphere (biosphere) evolution proceeds under the influence of space physical
factors. Moreover, cosmic rhythms influence the terrestrial processes on all levels of
geo- and biosphere organization. Thanks to his fundamental researches, such nature-
scientific problems as “Sun-climate-geosphere” and “Sun-biosphere” were outlined,
in the frames of which, the problem of solar activity processes “geoefficiency” was
studied [6, 7].

Anyway, most of the terrestrial processes depend on cyclical changes of SA level.
Today, solar cycles (SC) with the following periods are confirmed, namely: 11 years
(most distinct), 22 (double), 30—40 (Briknerovskyy), 80-90 (century-old), 500 and
1800-1900 years. Therefore, it’s natural to assume the existence of solar origin
cycles in the water level fluctuations of closed type lakes. Investigations on SA
processes “geoefficiency” within the “Sun-climate-geosphere” system show the
intensification or weakening of geophysical processes during the solar cycle’s
maxima and minima [6, 7].

The aforesaid can be also applied to dynamics of closed type lakes water levels
what is considered in scientific papers on the example of Patzcuaro Lake (Mexico),
Chudske (Estonia) and others [8-12]. Above-mentioned papers describe general
cycles, characterizing the water level fluctuations of closed types lakes and SA
parameters changes within different ranges. Long-term (> 11 years) and short-term
(2-4 years) fluctuations of these processes were studied using spectral and
autoregressive spectral analysis. Analyses included parameters describing monthly-
average SA values (sunspot area, index Fio7, HL-index etc.), cosmic rays and water
levels for the period 1850-1992. As the result, one can point out the following:
statistically significant variations of water levels with periods equal to 2.6-4.1,
9-11.2, 22 and 80-90 years; delay of time fluctuations of solar activity maximum
towards minimum — 3-4 years; predominance of 22-years solar cycle in hydrological
processes etc. [8, 9, 11].

Materials and methods

Studies on “helio-dependence” of water-level of closed type lakes within the West
Polesie nature protected areas of Ukraine were started in Karpenko Physico-
Mechanical Institute of the NAS of Ukraine at the beginning of 2000 [13]. In the
present paper these studies are continued for the period of 2224 solar cycles for
Svityaz Lake. Also, previously obtained results on dependences between Svityaz
Lake water level Hy and SA, amount of precipitations V and air temperature T °C
[13], as well as more general dependencies between space- and geophysical
parameters for 18-21 SC period are taken into account [14, 15].

The present studies are developed by authors based on regional geophysical
(hydrological, climatic) processes and helioprocesses data, which cover the
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22-24 SC periods. Among them: average annual values of air temperature Ty ;-
(1929-2004, 1985-2005, 1969-2017, 2010-2017); average monthly values of H
(2010-2017) (H — distance from a fixed point to water mirror; increasing of which
means the decreasing of Svityaz water level H,); amount of precipitations V;
Wolf-number W and Total Solar Irradiance TSI data from 7 satellites that cover
1978-2017.

Interaction of solar radiation with atmosphere, geosphere and Earth hydrosphere
defines the weather and climatic regimes of the Earth. Therefore, TSI variability
monitoring is the important part of studies in the field of climate changes, especially
in the context of SA influence on water levels of closed type lakes. From 1978,
NOAA (National Centers for Environmental Information) forms the TSI database
using the direct satellite monitoring (7 experiments: Nimbus7 / ERB1, SMM /
ACRIM12, ERBS / ERBE3, UARS / ACRIM24, SOHO / VIRGO5, ACRIMSAT /
ACRIM36 and SORCE / TIM7) [15]. The analysis of the above-mentioned database
proves that both SA and TSI are the internal changeable phenomena. Moreover,
changes of TSI are a dominant stimulus for climate changes. Periodicity of these
changes (Fig. 2) points to the fact that solar power influence on climate would
dominate and in the future too.

TOTAL SOLAR IRRADIANCE MONITORING RESULTS: 1978 to Present
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Fig. 2 — TSI satellite monitoring results during 1978-2014

Figure 3 and 4 show a long-term dynamics of H,, for Svityaz Lake and regional
T, avr. during 2224 solar cycles, accordingly. Dynamics of relative changes of W
(relative to the maximum in 22 SC), 6 H, (relative to maximum difference of average
annual water level above the sea level during 22-24 SC) and &V (relative to
maximum difference of precipitations average annual amount during 22-24 SC) is
shown on Fig. 5.
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Fig. 3 — Dynamics of water level H, Fig. 4 — Changes of regional average
monthly fluctuations in Svityaz Lake annual air temperature T, and their

(relative to fixed point) during 2010-2017  |inear approximation during last 120, 100, 45
and 25 years (different inclination angles)

The above data of studies include the following important information, namely:

o low water levels were observed during last two years (March-November,
2016-2017) as compared with previous one (2010-2017); the difference between
water levels in March, 2010 and 2016 is more than 10 cm;

¢ the increase in global temperature is 0,35°C during 1910-1940 and regional
for the period 1986-2011 is 4,3 times more;

e one can observe a “synchronicity” in changes over time of the annual average
and relative W and H,, values that may indicate on “helio-dependence” of Svityaz
Lake water level changes (Fig. 5).

[8W, 8V, 8Ho] ( rel.units ) = f [ Year, Solar Sycles]

0,8 0 !

8W, 8V, 6Ho rel.units
-
~

0,6

02 [: 8V

(5W) - (6H'0) (6V)

Fig. 5 — Relative changes (relative units) of Wolf number §W, amount of
precipitations 6V and water level § H, average annual values as well as their linear trends
during 22-24 SC
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The main task of current researches is to assess the degree and dynamics of
dependencies (according the correlation coefficients r —r,, ., 7, v, T, w = J (W, SC))
between average annual values of H,, W, TSI and regional climate
V, Tyavr, Tamax during 22-24 SC and to compare them from the point of their
influence on ecological state and safety of natural environment.

Results and discussions

A spectral-correlation analysis was used to study the “helio-dependency” of Svityaz
Lake water level fluctuations. Basing on calculations of correlation coefficients r
between Hy, W, V and TSI, the following conclusions were formulated:

1. Svityaz Lake water system is a complicated fluctuating system with different
periods of water level changes and long-term (multiple-year) tendencies of its
changes. The last depend on many external factors, viz. climatic (air temperature,
precipitations), solar processes etc. Regional microclimate, mainly, influences the
water level seasonal fluctuations (the water level during March-November
2010-2017 decreased as compared to 2015 by 39,3 cm).

2. Results of previous studies during 1929-2004 had showed an explicit 11 years
cycle in fluctuations spectrum of sunspot number W and practically absent long-
term 83 years cycle. Speaking about the analysis of water level fluctuations
spectrum, one can note the existence of a long-term trend (83 years) of H,
decreasing, what can be related to atmosphere circulations etc. (Fig. 6) [13]. Also,
the existence of 8-12 years cycles within H, and W fluctuations spectrums during
1929-2004 was proved, where in the 11 years cycles of Wand V are almost similar
and their correlation is equal to r, ;y, = 0.76.

" l‘w / //"::»V ]
. i | \/
i ‘_vu“,’\\\/, s | o Wl' ll, ‘\'g “Jv \N / |

a) b)

Fig. 6 — Fluctuations spectrum: a) sunspot number W ; b) Svityaz Lake

water level H (Y axis presents the amplitude in % from the average value,
X axis — period, years)

3. Approximation of W, 8V and §H, parameters changes during 22-24 SC
(Fig. 5) and comparative analysis of their linear trends (Fig. 7) had showed a positive
correlation between a long-term (during three SC) changes of §H, and &V
parameters as well as the negative correlation between §H, and §W that indicates
on strong dependence between Svityaz Lake water level and precipitations amount.
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Fig. 7 — Linear approximation of relative changes trends during 22—-24 SC (1986-2016) of
average annual values: Wolf number §W, precipitations amount 6V and water level H,,

4. The dynamics of water level relative fluctuations 6H, (relative to maxima)
and precipitations amount 6V had been defined within each 22-24 SC during the
process of W relative change increase and decrease (solid line) (Fig. 8a—8c) as well
as their linear trends (dotted line). Figure 8d showed the resulting graph of 4AH,/AV
ratio changes covering 22-24 SC, which describe a dependency between 4H, and
AV increase.

SH'o (CU 22) = f [6W)] 6H'o (CU 23) = f[6W) 5H'o (CLL 24) = f [6W

. : SW (cond. unit 5W (cond. units) ~— M Linear 6H'
>=5i'o Linear (5H'0) —~—G5H'0 Linear (6H'0) e

-8V Linear (6V) 6W (cond. units -~ 8V Linear (8V) Linear (v 0,1

a) b) c)
AH'o / AV = f [ SC Number ]

Fig. 8 — Fluctuations dynamics of water level §H,,

/ and precipitations &V relative changes towards

maximum during each SC under the process of
/mumm increase and decrease of W relative change (dotted
i line-linear trends): a) in 22 SC, b) in 23 SC, ¢) in 24
/ SC; d) changes of AH,/AV ratio during 22-24 SC,

/ which characterizes dependence between AH,

4 and AV increase

AH'o/ AV (cond. units/mm)

~AH'o / BV
d)
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The above-mentioned graphs show that the dynamic of water level
H, fluctuations and precipitations V during the increase/decrease of W has some
similarity. At the stage of W increase one can see the increase of H, and at the
stage of W decrease, H, also decreases. This experimental fact indicates the
opportunity for a long-term forecasting the dynamics of closed type lakes water
levels. Moreover, it provides the informational basis for ecological safety
enhancement within the West Polesie nature-protected areas.

5. Comparison the dynamics of total solar irradiance relative changes
TSI(8TSI = ATSI/TSI,,,,) With relative changes of AH, and V (Fig. 9a) during
22-24 SC as well as the dynamics of such correlation coefficients as
Tl ywo v ws THv (Fig. 9b), evidences a significant influence of TSI on

precipitations amount (close linear dependence of AH, on AV and “synchronicity”
progress of 6TSI and AV lines).

6. Figure 10 also indicates a considerable influence of total solar irradiance on
water level of closed type lakes. It shows the contribution level of separate
parameters of helio- and geophysical processes into the formation of solar-
terrestrial links helioefficiency level. It’s demonstrated by the dependence between
correlation coefficients - v, 7y w,Tuv, ;s @nd parameters, characterizing

these processes (during 22—-24 SC).

[rusve, rwy, Fwov] = [Solar Cycles Number (22+24))

AH'o, AV, 8TSI = f[Cn)
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Fig. 9 — Dynamics of changes during 22-24 SC (1986-2016) of:
a) relative changes of water levels Hy, precipitations V and TSI; b) correlation coefficients
between H,, V and W
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r(CU 22-24) = f [ r(H'oW), r(VW), r(H'oV), r(H'o, TSI) ]
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Fig. 10 — The dependence between correlation coefficients
Ty pwo v pwo Tryvs Vg s and parameters, characterizing a helioefficiency
of closed type lakes water level fluctuations

Thus, as solar irradiance, in fact, determines the density of radiated solar energy
(W/m2) and, respectively, the temperature regime on the Earth surface, therefore it
can be considered as a defining natural factor of space origin, influencing the
“helio-dependency” of closed type lakes water level fluctuations within the West
Polesie nature-protected areas.
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THE METHODIC OF CALCULATIONS OF THE CONTAMINATION OF
THE GROUND WATERS ON THE IRIGATED LANDS AND
THE AJOINED TERRITORIES

Abstract. The general methodic of calculations of the contamination spreading of
the different origin in the ground waters on the irrigated lands and ajoined
territories on the base of the modern mathematical models of the masstransfer is
proposed. Some features of the calculation models and the criterias of its using are
analysed. The methodic example of the analytic solution of the masstransfer problem
for the case of the homogeneous watersaturated media is presented.

Keywords: contamination; masstransfer; filtration; sorbtion; diffusion; dispersion;
irrigation; mathematic models; base calculative schemes

Introduction

The substantial changing of the biosphere and its individual components caused by
intensive technogeneous influence on the surrounding media in modern conditions
presents a serious threat to environmental safety and requires the immediate adoption
of the adequate measures. In particular many environmental experts notice a
dangerous trends in development the environmental conditions in rural areas where
the extensive approach to agriculture negatively affected on the land fund [2—4]. Soil
depletion by reducing total reserves of nutrients and worsening of the its structural
properties due to the gradual destruction of aggregates and the impoverish ment of
the composition of the microflora are complicated by the processes of erosion,
flooding and salinization that occurring almost everwhere and therefore the most
reliable way of improving of the productivity and preserving of lands lies in the
profound investigations of a soil regimes [2, 4].

Not long ago it has come to the common opinion that obtaining maximum yields
should not be the determining purpose of agrarian policy [4]. Indeed, its achievement
is usually associated with a high risk of the spreading of toxic compounds of
nutrients (nitrites, nitrates) outside the regulated area (field) and their accumulation
in plant production. Using of contaminated with such compounds production causes
poisoning, metabolic disorders, chronic diseases and other even more serious health
problems in the population [1, 4, 11]. To our mind the only reliable means to prevent
migration and accumulation of biogenic toxins consist of in creation a modern
methodological base with a broad involvement the data of the natural experiments
with the following profounded analysis of its. This requires an in-depth study of the
soil processes and the substantiation of the basic soil regimes, the construction of a
generalized mathematical models and the development of the methods for calculating
regime characteristics, constructive and technological parameters [13, 14].
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The main features of proposed methodic

The key point in any theoretical analysis of the behavior of the ecosystems soil-plant
is a complex model of nutritional regime which in each case has a complicated
structure dictated by high requirements for the quality of scientific predictions and
is due to the diversity of nutrients and regime-forming processes (transformational,
exchange, transport) [4, 6, 7].

Thus the models of water regime should necessarily to reflect the features of the
flow of groundwater with full and incomplete saturation as a single stream consisting
of two zones with significantly different water-physical properties and include the
main water-physical characteristics of moisture — the main hydrophysical
characteristics and the coefficient moisture transfer which in full saturation is
koefficint filtration [1, 6, 7].

In general the decisive role in the construction of calculative models of migration
based on which the hydrogeochemical prediction, planning and interpretation of
regime observations are carried out is played the migration schematization of the
processes and conditions of masstransfer in aquifers [6, 9, 10]. In this case two stages
can be distinguished: 1) filtration schematization of migration conditions;
2) schematization of the process of masstransfer (actually the migration
schematization). It should be noted that the first stage in the general case is not
equivalent to the geofiltration schematization carried out in relation to the
substantiation of the models of the geofiltration process. In addition we note that
a fairly clear separation of two stages of migration schematization is possible only
under conditions where the filtration pattern does not depend on the transport of
matter. The main aspects of migration schematisation are as follows:

1) schematization of the influence of processes of masstransfer on the calculation
schemes of filtration; 2) schematization of physico-chemical interaction of
groundwater with the main body of the soil as well as physical and chemical
transformations occurring directly in the underground solutions; 3) revealing of the
relative importance of the individual mechanisms of convective-dispersive transfer;
4) substantiation of the appropriate levels of the study of migration processes in
heterogeneous aquifer systems with the analysis of the possibilities of the reduction
of heterogeneous complexes to quasihomogeneous; 5) schematization of the
structure of the migration flow; 6) schematization of the boundary conditions of
migration; 7) schematization of the development of the migration process in time.

Schematization of the effect of masstransfer on the calculation scheme of
filtration should proceed primarily to assess the possible impact of migrating
components on the density and to a lesser extent the viscosity of groundwater. If the
changes in these indicators are markedly small then as a rule the filtering part of the
migration task can be considered independently of the masstransfer. It should be
noted that the set of conditions in which it is possible to neglect changes in the
density of groundwater depend heavily on a particular filtration picture first of all
from the gradient of the stream J and its orientation as well as from the profile
filtration anisotropy.

In schematization of physico-chemical processes the general assumptions are
reduced to the following: 1) thermodynamic conditions are often considered constant
regardless of the migration process; 2) the migration of each of the components is
considered independently without taking into account their mutual influence (both
in the solution and in the mineral phase); 3) although for the aquifers solutions the
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variety of chemical states of elements contained in them is typical all estimates are
made only for prevailing migration forms with known thermodynamic parameters.

Despite the fact that these assumptions in many cases are idealized they are still
widely used in practice due to the weakness of other approaches and the difficulties
of their implementation and the lack of their trustworthy input information.

The greatest interest from the positions of possible simplification of the
calculation model is the estimation of the relative importance of the convective
transfer on the one hand and the diffusion- dispersion on the other. To do this you
can use the ratio of the size of the transition zone (due to hydrodispersion) and the
characteristic length of the transfer as well as known estimates which are given in
the different publications [1, 6-10].

Schemes that neglect the hydrodispersion (schemes of piston extrusion) provide
a safety margin for estimating concentration values along filtration flow trajectories
that coming from a source of pollution but at the same time lowering the time of the
initial stage of pollution and the size of the area covered by pollution. Possibility of
widespread use of the schemes of piston extrusion (only convective transfer) is not
in doubt when assessing the ascending inflow of deep mineralized water to drainage:
the effect of hydrodispersion here is noticeably smoothed by the simultaneous
tightening of solutions to water intakes from various hydrochemical zones.

The primary aspect of the migration schematization of the flow structure is the
construction of a real often three-dimensional process of transferring a neutral
component to two-dimensional or one-dimensional models which is achieved by
fragmentation of the process in space and time. In the analysis of such a possibility
and ways of its realization it is necessary to consider together many factors among
which the main ones are: 1) the degree of development of the transverse (plan and
profile) dispersion; 2) heterogeneity of the medium; and 3) characteristic distances
and transport time.

In the first (and partly in the third) of these factors it is necessary to allocate in
first of all the migration flows with a noticeable and neglectably small development
of the planned transverse dispersion; such differentiation is determined mainly by
the filtration field near the source of pollution and the characteristic length of the
transfer L as well as the intensity of the dispersion. In the case of not too large values
of L and with a sufficiently high hydrodynamic activity of the source in comparison
with the estimated flow of the natural filtration flow the first type of migration flows
develop "areas of spreading" in which the transverse plan dispercion can be
neglected. So for the axial line of the area this is assumed already when the next

criterion is fulfilled: Q,>(5...10)Q,/,/L/5’, where & is the parameter of the
transverse dispersion. On the contrary rather length migration flows from the sources
with comparatively weak hydrodynamic activity are related to the second type "areas
of scattering". Here the value of the transverse plan dispersion is usually large (at
least for the times of order t, =Ln/V,). By analogy it is possible to write the

following necessary criterion for the area of scattering taking into account the
transverse dispersion: Q, <(L...2)Q, /,/L/8" .

For flows of the first type the basic calculative estimates can be made along the
fixed lines of flows in the plane without taking into account the interaction between
them. In this case the profile two-dimensional or even one-dimensional calculation
models of migration can be used.
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For the flows of the second type due to the need to take into account the
transversal plane dispersion the calculative migration model should be two-
dimensional in the plane. Within the framework of this model the profile
heterogeneity of aquifers can also be taken into account provided that the field of the
filtration rates in the profile is one-dimensional within the selected elements of the
layer. Otherwise it is necessary to appeal to three-dimensional migration models
which at the modern conditions is not real.

Analyzing the formulation of the boundary conditions of migration it should be
noted that for layers of small length when the main features of the migration process
are quickly determined by the influence of the original boundary it is unacceptable
to carry out the schematization based on field estimates for the calculative models of
an unbounded layer. This circumstance has the fundamental importance to scattering
areas. In this case the presence of a remote external boundary and the nature of the
conditions on it can radically change the concentration field not only near the
boundary but also at considerable distances from it. At intensive removal of matter
from the boundaries (the first kind) a general tendency towards to decreasing in
concentration appears and at the zero condition of the second kind there is a tendency
of the opposite direction.

We especially note the need for direct account in the boundary conditions the
migration parameters of the rocks and man-made formations with the special
properties distinctive to the supply contours (for example the pools of industrial
wastes).

When schematising the development of the migration process in time in the
general case it is necessary to focus on the non-stationary statement of the problem
of masstransfer. As exceptions there are the scattering areas that are formed in the
intensive manifestation of the transverse dispersion. For such areas it is significant
the formation of the stationary (quasi-stationary) migration fields near the entry
boundaries that gradually increase in size over the time.

It should be noted that the principles of migration schematization differ
substantially more higher complexity than the usual principles of geofiltration
schematization and only in some cases can be reduced to the strict quantitative
criteria. On the other hand in the study of the migration processes as a rule the
shortage of necessary source information is much more affected and the main
limiting factor is often the lack of substantiation of the filtration scheme.

Migration of fertilizers, pesticides and other pollutants in the irrigation areas
under the conditions of interconnection of underground and surface water is formed
under the influence of permanently operating sources of dissolved pollution (canals,
rivers) as well as pollutants that coming from the zone of aeration during irrigation
from the surface of the earth when fertilizers and pesticides are introduced and the
peculiarities of this process are caused by various parameters relations.

An analysis of the conditions of the motion of various fertilizers, pesticides and
other substances in groundwater on irrigated areas under the conditions of
interconnection of underground and surface waters allows to distinguish several
typical schemes that are most commonly encountered in migration studies [8, 9].

So in Fig. 1 the scheme of filtration and migration of contaminants from the canal
and from the irrigated lands in the reservoir (river) is presented which is one of the
most typical. In this case the waterdivide is not present and the migration of
pollution occurs in one direction.
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Fig. 1 — Scheme of filtration and spread of contamination from the canal and from
irrigated land to the reservoir (pond)

C4(t), Ca(t) — concentration of pollution in the channel and the reservoir (river),
Cp(t) — concentration of contaminants in irrigation water,
g(t) — Infiltration power intensity,
——» —the direction of the spread of contamination

The equation of motion and the preservation of the mass of salts for the above
scheme can be writte as [1, 5, 8]:

—a—q+81C* —¢,pC= o(rhc) 1
OX ot
q:(vc - Dacjh, D=D, + @
oX

where g — mass flow of salts in the ground water stream; D — coefficient of
convective diffusion; C — concentration of salts in any section of the flow; C* —
concentration of salts that come with the infiltrated water; p — normalization factor;
A — dispersion parameter; D — coefficient of molecular diffusion; v — velocity of

the filtration flow.
Coefficient p=1 if the evaporating moisture from the groundwater surface

contains volatile components of salts and p =0 if not contains.
The equation (2) can be represented as follows:

8(Dhacj+c[—a\/h+s—moahj—
OX OX OX ot

—vhgf(:+s(cp—c):mohgtc (3)
e=¢g,p+e,; € =C /(g,p+e,)
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If the evaporation from the groundwater surface is absent or not taken into
account (g, =0) then C,= C’,e=¢g, =g, If the ground waters are high and the

evaporation has a place then at p = 0 will be Cp = 81C*/80 and g=g, andifp =1

respectively C, = C and g=¢,.

Based on the equation of continuity the second component in equation (3) is
assumed to be 0.

Then taking into account the variable values of the filtration rate, the thickness of
the flow and the mass transfer processes equation (3) can be written as:

6(nC):8[D80j_V@C+8(C _¢)-% @
ot ox\ ox ox h'° ot

where ¢ — mass concentration of the substance in the solid phase.

The above differential equations allow us to find the fields of the concentrations
in groundwaters when we know the distribution of the concentrations at the initial
moment of time (initial conditions), the geometric form of the considered filtration
domain and the velocity field in it and also the conditions for salt exchange at the
boundaries of this domain (boundary conditions) and experimental parameters of salt
transfer (coefficients of the differential equations) which are using from the
experimental research.

We can write these conditions for the systems of equations (1)—(3). Initial
conditions are determined by the distribution of the contaminations
concentrations in the soil at some point in time adopted at the beginning of the
reference time of the process (t =0). In the initial concentration state of the

medium the entire previous history of the process is reflected and for the
subsequent course of the changing in the salt process it does not matter at all
how this conditions arose.

Mathematically the initial conditions can be expressed by the dependencies of
the form:

C(x,0)=C°(x)=f,(x), o(x,0)=c°(x)=f,(x) (5)

Schematization is used to simplify the problem of solving when the uneven initial
distribution of pollution is replaced by averaging.

It should be noted the peculiarity of the boundary value problems of salt transfer
in soils: the longer the time passes from the initial moment the less initial conditions
affect the concentration fields.

Boundary conditions (at x = 0) can be as follows:

1. On the boundaries of the domain may be given a condition of the first kind for
example on the boundary of the waste waters reservoir in the inlet section (x = 0)

C(0,t)=C,(t) or C, =const (6)
where C , — concentration of water in the storage, g/1.
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2. More often the boundary condition of the third kind formulated for the first
time by Dankworth is given at the entrance boundary (x = 0)

(cl0.0-¢, =040 @

This condition expresses the balance of dissolved pollutions in the inlet section
of the flow: the flow of pollutants entering to the soil due to filtration is equal to the
pollution discharge at the lateral boundary layer (x = 0) which is formed as a result
of diffusion and filtration. Using this condition gives a gradual change in
concentration near the lateral boundary of the layer to the concentration Cp which

is observed in the real conditions of migration of pollutions.

At the outer boundary of the layer at (x = L) the boundary condition of the
second kind is most often set.

The following system of equations is used to simulate the migration of
contaminantions in the ground waters taking into account the lateral source of
chemical elements (river, canal) and their arrival on a free surface from the surface
of the earth (irrigated and rainy land).

At this assumed that the filtration flow in two-layer domain for example is
nonstationary and the values of the filtration rates in each of the layers Vi, V, are
obtained from solving of the problem of nonstationary filtration. Then we have the
following system of the equation:

maCl:a(DfaCl)_VlaCl_kCl_acl_Dl(C1_C2)+8<C _Cl) (8)
ot ax\ tox) “ox ot mm, m "
0o,
—t=0,C,-Bc 9
at 11 Bl 1 ()
I‘]2 aCZ :a(D2 aczj—vzacz—kcz — 662 +&(C1 _CZ)
ot ox OX OX ot mm, (10)
0o,
=a,C, -B,0 11
at 2 2 BZ 2 ( )

where x — horizontal coordinate; t — time; Ci(X,t) — concentration of the pollutions in
the pore solution in the upper layer; Ca(x,t) — the concentration of the same
contaminations in the pore solution in the lower layer; o1(X,t) — concentration of solid
phase contaminations in the upper layer; o»(x,t) — concentration of contaminations in
the solid phase in the lower layer; n,, n, — active porosities of each layer; A — the rate
of destruction (decay) of a substance determined by the properties of pollution and
therefore is the same for each of the layers; ¢, (i =1,2) — coefficients of adsorption

rate of matter in each of the layers; B, (i =1,2) — coefficients of the rate of desorption
of matter in each of the layers; D, — diffusion coefficient; m,, m, — the thickness of

the upper and lower layers; m — the thickness of the separater layer; € — intensity of
infiltration; Cp — concentration of contaminations in the infiltration water.
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To solve the equations (8)—(11) the initial and boundary conditions are defined
that correspond to the peculiarities of the simulated processes.

So if the flow of contaminations into the formation occurs on the left border at
x =0 and the aquifer is drained on the right border at X =L then the boundary
conditions can be written as:

C,(x,0)0=C}, C,(x,0=C}, o,(x0)=c°, oc,(x,0)=c2, @2
(Cz (O’ t) - C2,p )Vz = Dz <9Cg()?,t) (C1<O’ t)_ Cl,p )Vz = D1 aC;(XO’t) (13)
oC,(LY)_oC(LY)_, "

OX OX

It should be noted that the above equations with the corresponding initial and
boundary conditions can be solved by well known numerical methods and the
methods of the finite differences are used most often [1, 5, 8, 11, 12]. However for
the study and analysis of the above processes in many cases it is sufficient to consider
simplified models that can be realized by the analytical methods.

As was already noted above it is too hard to obtain a solution of the equations of
migration of pollutions even in the conditions of homogeneous soil if taking into
account the changeability of the input coefficients and the arbitrary boundary
conditions.

However with the large values of the Peckle parameter (at neglecting of the
diffusion transport of the matter) the constant values of the coefficients of equations,
the constant initial and boundary conditions the mathematical model of migration in
a homogeneous soil (4)—(6) can be simplified and reduced to the consideration of the
next system of equations:

n@:—VE—XC—a—G+E(Cp—C), (15)
ot OX ot m

0c

—=0C. 16

p o (16)
with initial conditions

C(x,0)=C", (17)

o(x,0)=c’ (18)
and a boundary conditions

c(,t)=C,. (19)

For analytical solution of the given system the method of Laplace's integral

trasformations was used [1, 8].
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After obvious transformations and direct using of Laplace's inverse
transformation we obtain the next formula for determining the first of two unknown
functions C(x, t):

C(x,t)= KCL _C° %Jevklx B Co[l— %]ekﬂ }n(t B nVXJ N

+C K, +C° 1—£ e, (20)
k k

1

1

A solution for another unknown function o(x,t) is obtained from the second

equation of the output system of equations by direct integration and in the result of
the obvious transformations as:

nx
at t<—
\Y
0 0
G(X,t):ac K, t+OLC l—ﬁ (1—e™), (21)
kl kl kl
at tZ%
\%

0 0 nx n
R ) T ke

It is easy to verify that the obtained solutions (20)—(22) satisfy the equations as
well as the initial and boundary conditions.

The results of the analitical calculations of the methodic problem with using the
equations (20)—(22) for the case of the lateral and infiltration contaminations of the
ground water taking into account the sorption for the following input data:
e = 0,003m/day; m = 20 m; n = 0.3; o = 0,0002 1/day; A = 0.001 1/day;
C%=0,5mg/l; CL=5mg/l; Co =5 mg/l; S° = 2.5 mg/dm?; V = 0.1 m/day are shown
in Fig. 2.
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Fig. 2 — Graphs of the dependences of the concentrations of the contaminations
in the solution (a) and adsorbed on the soil particles along the length of the filtrationarea (b)
at different times
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As can be seen under given conditions a case of the contaminations or
desalinization close to the piston superseding scheme is realized but both to the
boundary of the "piston” and after it the concentrations of the contaminations are
monotonously changed which is associated with the manifestation of sorption and
degradation mechanisms and the quantitative values of concentrations are
determined with the interdependency of the values of the input parameters. As
a result such solution has an approximate character and for it improving it is
necessary to use the numerical methods of the calculation. The using of the
numerical methods of the solutions for more complex problems of the
contaminations of the water media on the base of the considered above mathematical
models of the masstransfer is presented in some works [5, 8, 9].

Conclusions

Using of proposed methodic and models allows to consider the processes of
contamination of ground water for many cases on the substantial scientific level and
to realize of the solution of the wide spectrum practice problems for protection from
pollution of the water media in different regions including the irrigated lands and
ajoined territories.
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APPROACHES TO BUILDING INTEGRATED SYSTEM
OF MUNICIPAL SOLID WASTE MANAGEMENT: CLASSIFICATION
OF PACKAGING WASTE

Abstract. In the article the problem concerning packaging waste management was
treated, examples of enhanced practice achievement worldwide as to its handling
were presented. Key peculiarities of packaging wastes were studied and their
classification was developed. Several options for substitute of packaging for
particular kinds of goods were suggested.

Keywords: packaging waste (PW); classification; packaging materials (PM);
recycling; biopackaging

Introduction

Ukraine ranks number one in rubbish amount per capita globally since 2012. Total
volumes of waste that accumulated throughout the independence years in our
country, according to different estimations, amounts to 30 milliard tons. According
to the information of State Statistical Service, in 2016 in Ukraine approximately
300 million tons of waste was generated, of which 620,000 tons are hazardous [1].

Ukraine as a state can earn on rubbish, indeed. It could have saved 2,200 million m?
of natural gas, 634 million kilowatt-hour of electric power and besides, obtain
approximately 1,8 million tons of raw materials, which can be used for
manufacturing of packagings, containers, construction materials and other needs.
Also, apart from economic benefits, we will have social benefit by creating
50 thousand jobs and, which is really essential, environmental advantage — for
instead of 6148 current landfills and 32 984 unauthorized ones we will obtain certain
defined number of authorized centres for handling municipal solid waste (MSW) —
almost 300 units. On average, to build and activate a single one object like that,
which will be able to reprocess up to 300,000 tons of MSW a year, it will take three
years and 70 million dollars’ investments. Just throughout this year almost two tens
of foreign investors showed wish to deal with waste recycling here.

According to the data of Minregionbud in Ukraine, more than 11-12 million tons
of MSW is generated yearly [2], including significant part of already used packaging
materials (PM) — about 25-40% [3].
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Today consumer packaging became essential part of contemporary life. Now we
perceive it as a material attracting us with its appearance and as a protective material
which secures product’s quality. At the same time, PW became main contaminant of
the environment [3, 4].

In [5] data on averaged composition of MSW in Ukraine presented: materials
containing cellulose (paper, cardboard, newspapers, wrappers and other packaging
materials (PM)) — 30—35%; foodstuff waste — 28-30%; metals — 4%; plastics — 4%;
wood — 3%; textile — 5%; glass, ceramics — 7%; other — 10-12%. So, PW makes up
considerable rate of total MSW volume. However, in the above mentioned list PM
are absent, in particular polymers, which today are widely used. Consequently, there
is high probability that volume of PW is significantly greater, though today it is not
possible to find it out clearly, as long as reliable calculation of such waste is not
conducted in the state. In Ukraine there is no official classification of PW either,
which could be effectively applied in practice of separate collection and in
technology process.

Present day’s global trends are enhancement of up-to-date and high quality PM,
applying of scientific and technologic achievements for enhancing their properties.
It will enable not only to reduce their weight, but also to create multiuse packaging.

To implement such practices in Ukraine, it is first necessary to initiate culture of
PW handling at countrywide level. So, if rate of aware population increases to sort
it purposefully, amount of raw materials for further recycling will also increase,
which will facilitate the process of the following stages of integrated system in
municipal solid waste management.

For better choice of efficient PW handling and appropriate methods of its
recycling and disposal it is necessary to classify them.

The aim of the work is building PW classification for enhancement in integrated
MSW management.

Analysis of recent studies and publications

For developing and introducing integrated system of MSW management in Ukraine,
it is required to work out and put into effect appropriate legislation drafts, standards,
regulatory acts, legislative regulations, clear waste classifier and their compliance in
practice. Issue of enhancement in MSW classification presented in works by
T.A. Safranov [6], T.M. Dovga [7], S.O. Nikanorov [8], T.F. Zhukovs’ky [9], etc.
They researched and worked out each own MSW classification, based on studied
experience of EU countries as to its management. Nevertheless, these studies and
elaborations are not sufficient for building integrated system of MSW management.
Therefore, to achieve the goal, grouping of PW should be done.

Materials and methods of research

Work methods are based on analysis of principles in waste groups management, by
using method of convergence from general toward local and interrelations between
guantitative and qualitative characteristics. During carrying out the work, data
published both by home and foreign authors were used, as well as materials of
author’s own research dedicated to complex problems in MSW management.
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Presentation of material

Today global manufacturing PM reaches 1 milliard 350 million tons, including paper
and cardboard — 500 million tons, polymers — 300 million tons, glass — 40 million
tons, metal — 150 million tons, most of which to be recycled. Consuming of
packaging per capita is astounding, for example, in European countries PW makes
up 100-170 kg per person a year, in the USA — 230-280 kg per capita a year, in
Japan — 400 kg and it tends to grow [10, 11].

As for kinds of packaging, recently gain in demand for them yearly amounts to
as follows: 1,5-3% for foodstuff packaging; 4,5-5% for household appliances,
2,5-3% for cosmetics and pharmaceutical products and 1-1,5% for other products.

In Ukraine considerable part of MSW volume is placed by PW, at that, persistent
trend towards their increasing is observed [10].

As author mentioned [12], discarded MSW means wasted material and energy
resources.

Unfortunately, the problem of PW handling, which are the most beneficial as
recycled materials within MSW, is essential link in general issue of handling all MSW.
Apparently this happened through lack of special law on packaging and its waste in
Ukraine. It almost caused impossibility to create efficient system of handling waste
like the ones that have successfully been working for a long time already in many
European countries based on European law — Directive 94/62/EC [13].

The problem mentioned is complex and it requires framing of both organizational
conditions at countrywide level (building of modern system in PW handling, adapted
to standards and regulations of European Directive 94/62/EC «On Packaging and
Packaging Waste» with taking into account Ukrainian realia and mentality) and also
solving particular technical challenges as to collection, sorting and recycling of PW.
Direction of these activities is dictated by necessity for their usage as recycled
materials [12].

To frame efficient integrated system of MSW management, essential moment is
proper classifying parts of used elements of product which exhausted its main
function. Therefore, such classification of PW is suggested by us (Fig. 1). By sources
of generation: manufacturers/suppliers; consumers. By purpose: (4-1) inner
packaging/container (preservation packaging). They comprise: wrapping paper,
cardboard boxes, bags, bottles (jars), lids, etc.; (4-2) accessory packaging material
— labels, tapes, cushioning, inserting liners, wood wool, paper wrappers, packthread
and so on; (4-3) outer packaging (transportation container/packaging). Varieties of
such one are: wooden solid and grid/lattice crates, metal and plastic boxes, barrels,
containers, bags, pallets, as well as corrugated cardboard boxes. By lifecycle:
throwaway and multiuse. By sizes: small-sized and large-sized. By materials of
products: wood, paper, cardboard, textile, metal, glass, polymers, mixed materials.

One of essential materials for making packaging is wood. It plays important role
in production of transportation packaging for hauling of large-sized cargo and fragile
items in any sizes, which require rigid and strong packaging. Now it is rather used
to make packaging for costly goods: barrels, tubes and craft boxes for collection
wines, baskets, various gift accessories, etc. Wooden PM means environmentally-
friendly packed product and is evidence of its high quality.

The most widespread PM not only in our country, but also abroad are cardboard
and paper. Various paper bags and packs are made for products of food, light,
pharmaceutical, perfume and cosmetic industries, etc.
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By normative documents, basic kinds of consumers packaging from cardboard
and paper are as follows: cardboard box, pack and bag. Paper bags can be with
polyethylene coating.

Textile PM — burlap linen, jute-linen, jute bags, etc. They are used for loose
materials — sugar, starch, flour and so on. These bags may contain polyethylene
coating.

Metal packaging takes rather large-scale segment of materials market in Ukraine.

[ Classification of PW ]
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Fig. 1 — Classification of PW
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Such materials are extensively used in beverages, preserved foods and chemical
industries. In compliance with normative documents, they comprise as follows: steel
and aluminium containers and jars, aluminium spray cans and tubes. Those ones are
considered to be the most widespread used packaging and one of the most cost-
effective for manufacturers [4].

One of the most traditional materials used for packaging is glass. It is considered
to be the safest for health as a food PM. It is widely used in such industries as food,
perfumed and cosmetic, chemical and pharmaceutical. In supervisory authority for
foods (FDA) in the USA, glass possesses special status: it is the only foodstuff PM
to gain qualification level “Basically Safe”. And generally, product packed in glass
material is perceived as a high quality product [4].

PM from polymers gained widespread use. Broad list of products belong to them:
1) PET-bottles, jars, boxes (polyethylene terephthalate /PET/PETE) — for cooled
foods and drinks, milk, mineral water, fruit juices, seasonings, cosmetics, cleaners,
detergents; 2) semi-rigid packaging from HDPE (high density polyethylene /HDPE),
including bottles from dairy products, juices and waters, flasks from shampoo,
shower gel, bleachers, cleaners and detergents, containers for foods, disposable
dishware, grocery packaging bags, rubbish bags; 3) PM from PVC (polyvinyl
chloride PVC) are used in food industry, for example for loose products, for bottling
vegetable oils. Also such type of material is applied in chemical industry for
production of containers for loose food products. Windows, films for foodstuff,
stretched ceilings, toys, pipework, jalousies and containers for process liquids are
produced from this material as well; 4) PM from LDPE (low density
polyethylene/LDPE). Most of bags, rubbish bags, pliable containers, films for food
products, bottles for water and cleaners/detergents and so on belong to this kind;
5) polymeric packaging from PP (polypropylene/PP). This type of material is used
for yoghurts, syrups, ketchups. Containers for food products and their freezing as
well as reusable dishware, disposable dishware for hot meals, baby bottles, caps are
made from this plastic; 6) plastic material from PS (polystyrene/PS) is used in
production of cups for coffee, yoghurts, containers for fast food, eggs, vegetables,
fruit, meat, fish. Disposable tableware, audiotapes and cases for CD are made from
this material, too; 7) plastic material, which contains polycarbonate (PC) or
polyamide (PA) or other compositions (OTHER/Q) is applied in production of baby
polycarbonate bottles, reusable bottles for water, containers for storage of food
products, etc.

By methods of obtaining, polymers can fall into: 1) synthetic, natural
(biopolymers), modified (manmade). The former ones are obtained by synthesis of
low-molecular compounds, in particular polyethylene — product of oil processing
(petrochemicals), and bio-polyethylene. Biopolymers are derived from natural
materials, for example, natural rubber (caoutchouc), proteins, nucleic acids (DNA,
RNA), pectin substances, polysaccharides — cellulose, starch, etc.). Modified
polymers are derived by way of physical or chemical modification of natural
polymers (for example, viscose and acetated fibers from cellulose) or of synthetic
polymers. Manmade polymers, produced worldwide, comprise: polyethylene
(LDPE, HDPE), polypropylene (PP), polyvinyl chloride (PVC), polystyrene (PS),
polyurethane (PUR) and polyethylene terephthalate (PET). Mixed packaging — is
created during combination of different materials in the manufacturing process. For
example: coating of cardboard, paper, foil, fabric or Eco Lean material by film from
melted polymer, resulted in obtaining strong and colorful PM.
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Today approximately 150 kinds of plastics are produced. Blends of various
polymers make up 30% of them. Regular thermoplastics — HDPE, LDPE, PP, PS,
PVC make up to 80% of polymers ever produced. Engineering plastics —
polycarbonates, polyamides, PET, polyphenylene oxide — accounts for up to 19%.
Remaining 1% are polymers with specific, unique properties: polyester-ketones,
polyphenylene sulfides and many other [14].

By level of recycling complication, plastic waste falls into three basic groups:
1) polymers with good properties. Such wastes are clean, sorted and easily
recyclable. During processing, using up to 90% of materials like that is possible;
2) polymers with medium properties. This group comprises wastes, which contain
certain amount of contaminants and require sorting. Recycling of these wastes is
related with additional expenses for separation, washing, etc. 20-30% of such raw
material’s initial amount comes to processing; 3) hardly recyclable polymers. Those
are, first of all, badly contaminated and mixed wastes. Their processing in most cases
is not cost-effective.

It is worth mentioning that basic raw material for polymer-making is crude oil and
petrochemicals. Therefore, applying of plastic waste to obtain recycled raw material is
reasonable. Advantages of this methods are saving of fuel and energy resources as well
as natural (virgin) raw materials; reducing level of environmental pollution by waste
from consuming and production; new jobs creation; gaining profits by recyclers and
economy for purchasers of recyclates, obtained from waste [15].

Recycling envisages using of polymeric waste as basic or auxiliary raw material
for issuing new products, i.e. recovered material resources. It is known that price of
recycled polymeric raw materials ranges from 2 to 19 UAH/kg, which is
1,5-4 times off the price for virgin raw material.

Amount of biological polymers obtained from recovered raw material accounts
for only 1% of all polymers market. Plant raw material is essential alternative for
petroleum, which deposits are constantly depleting. Biologic polymers obtained at
present, are based on wood components and annual plants, which contain starch
(potato, maize, wheat, rice) and cellulose. Biopackaging contains natural ingredients
or additives, which make fast decomposition of polyethylene and at the same time
maintain all conveniences which consumers got used to. Furthermore, it is
environmentally-friendly. It is costlier than regular plastic one, and can be used for
middle-income price segment. Though it will become more affordable in time [16].
So, they can be obtained with the help of some bacteria, fungi and seaweeds, too. In
particular, company EPI Environmental Technologies Inc. (EPI Group), Vancouver
(Canada), owns basically all researches in the sphere of biodegradable plastic. By
co-working with worldwide renowned scientists in this sphere it produces TDPA
additives (oxo-biodegradable additives). Such additives bio-decompose regular
polymers. It is essential to note that presence of the additive does not change
properties of basic polymer at all and, correspondingly, of ready product. Packaging
made by applying the additive, will be same strong, well colored and transparent.

The process of biodegrading is two-stage: at the first stage plastic decomposes by
oxidization of additives under the heat effect as well as on exposure to ultraviolet
solar radiation; at the second stage it biodegrades under the influence of
microorganisms in natural conditions [17].

In Great Britain biodegradable PM are made (from maize, starch, rice grain husks,
fibres). On packaging from starch colored print can be put, the material is able to be
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heat sealed, food may be put into microwave oven in it. So, today exactly this is the
essential signal for producers of PM.

Some countries under the pressure of community environmental organizations
pass legislative acts to impose ban or limitation on using some kinds of packaging
(for example, polymeric bags, yearly produced about 5 trillion items globally). It
concerns Australia, Italy, France and some other countries. For example, in Kenya
ban on using polyethylene bags entered into force. This means that anyone who sells,
produces or uses such bags will face either 38,000 dollars fine or up to four years’
imprisonment. Therefore, substitution of polyethylene bags and packagings of
various polymer types for their alternatives is essential. So, we suggest several
options for replacement PM of certain kinds of goods which we often come across
at a supermarket, as shown in the Table.

Table — Offers as to substitute of packaging for particular kinds of goods

Items of goods Material Alternative

Potato Plastic string/net bag Textile string bag (avoska)
Sour cream Plastic cup, bowl Glass jar

Various grains and flour Plastic bag Textile bag

Washing detergent | Plastic made from recycled | Paper bag

(powder) «Persily» plastic material

Certainly, PW can be reprocessed either by manufacturers themselves or by
recycling enterprise. Those domestic enterprises that made this packaging, have to
provide collection and disposal of PW or pay for such service in compliance with
tariffs. The rest enterprises which use PW are not to pay tariffs for disposal. Such
approach is reasonable: if an enterprise earns profits on packagings, it should
guarantee their collection and disposal. For example, a shop applies polyethylene
bags in packaging wares for sale. Collection and disposal of these bags should be
provided not by a shop but by an enterprise making them, so it has to pay tariffs [18].

In any particular case anyway, this or that kind of packaging should be estimated
comprehensively on all the way of its production from raw material to its recovered
usage. It is also worth mentioning that any PW, if collected, sorted, prepared
(cleaned), can be returned back again to production cycle for making new PM (cullet,
wastepaper, aluminium, tinplate) or as recyclates (polymers, mixed materials) for
making various products [3].

Association of PM manufacturers together with product makers can play certain
role in solving problems of packaging industry in Ukraine. It should control norms
of making and packing products, introduce new standards and monitor fulfillment of
all accepted rules among manufacturers, which is beneficial to a consumer.
Therefore, it is necessary to use global experience in PW management, disposal and
recycling [19].

Conclusions
Peculiarities of PW management both in Ukraine and in European countries are
presented. For building effective integrated system of MSW management, PW

classification is offered, which will enable to summarize information on packaging.
It was found out that the biggest constituent of rubbish waste is packaging. And as
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long as PM environmental problems are associated with their excessive volume and
improper quality, it is required to guarantee minimization of used material amount
and quantity of material kinds. Furthermore, it is necessary to apply
recyclable/reusable materials. It is needed in Ukraine to impose stringent both
administrative and material responsibility for environmental pollution; to create
organization, independent on particular enterprise structures, for solving
environmental pollution problems caused by PW. Significant investment work
concerning technical re-equipment of housing and communal services in Ukraine is
essential, too. Also high educational (promotional) activity should be carried out, as
well as coloured containers for separate rubbish collection by population, on-site
stations accepting various kinds of used packagings to be introduced.
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THO®OPMALIHHO-AHAJITUYHUI KOMILIEKC IATPUMKH
MNPOLHECIB TPAHCANCIHHUIIJITHAPHUX JOCJIKEHb

Anomauyin. Onucyromocsi cmpyKmypui U MOOYJIbHI XAPAKMEPUCMUKU NPOSPAMHO-
inghopmayiiinoco komnaexcy, sxuil sxmouae WEB-opienmosani 3acobu inmeeposanoeo
BUKOPUCMAHHS  eKCNEPMOM-AHATIMUKOM  NPOCMOPOBO-POZNOOUIEHUX  IHGOpMayitiHux
pecypcis. Busnauacmuvcsa xkameeopis mpancoucyuniiHapHocmi, aK Memooon02iuHa
OCHO8A  MEXHONIOZIYHO20 pIilleHHA w000 CMBOPeHHA THQOPMAYIIHO-AHATIMUYHUX
cucmem bazamomemamuyno2o npogino. Busnauaromvca ingopmayivini, npocpamui i
apximexkmypHi ocobausocmi IAC, ax cknadnoi cucmemu. Onucyiomvcs mexawizmu
dopmysanns eounoeo ingpopmayitinoco cepedosuwsa na ocuosi \WEB-opienmosanux
cepsicie [AC 3 BUKOPUCMAHHAM MHONCUHHUX XAPAKMEPUCUK TMAKCOHOMIL NPEOMEMHUX
obnacmeit, wo auanizylomocs. Hadano oiazpamu xnacie npocpamuux mooynie 1AC.
Ilpeocmagneno apximexmypHi onucu Mooy CmpyKmypusayii mexcmosux 00KyMeHmis.
Haoani onucu cmpyxmyproi, ingpopmayiiinoi, pynxyionanvhoi ti nosedinkosoi mooenei
IAC. Ilpeocmaeneno diacpamu npoepamuux komnonenmis IAC.

Knrwouoei cnoea. MPAHCOUCYUNTTTHAPHICMY), MAKCOHOMIA, OHMOJIO2IA,
2inepeiacmugicms; CIMpyKmypusayis; Mooeis; inpopmayiini pecypcu

Beryn

KoHCcTpyKTHBHICTh Ta e(EeKTUBHICTh BHUKOPHUCTAHHA TPOCTOPOBO-PO3IMOMITIEHIX
iHpopMaIlifHUX pecypciB CYTTEBO 3ajieXkaTh BIJ PpiBHSI 3a0e3MeueHHs iX
iHTerpoBanoi B3aemomii. [lis 1BbOro TIOBMHHI ICHYBaTH TMEBHI MepekeBi
IHCTpYMEHTH, AKi PakTHIHO 320e31edyoTh (POpMyBaHHS €IMHOTO iH(POPMAIIIHHOTO
MIPOCTOPY, Y SIKOMY BU3HAUYEHO TilIEPBIACTUBICTh YaCTKOBOI BIIOPSIIKOBAHOCTI HAJ
yciMa CHCTEMHUMH KOMIIOHEHTaMH.

3TiTHO 3 OCTaHHIMH JOCTI/DKEHHSIMH, ICHYBaHHS TaKOTO MPOCTOPY MOXIIUBO,
SIKIIO OTO BIIACTUBOCTI YCIX MOTO CKIIAJOBUX 00’ €KTIB Ta MPOIECIB PO3TIISIATH Ha
OCHOBI Kareropii TpaHcaucuuiutinapHocTi [1]. BoHa no3Bossie po3risgatu Bei
MpoIecH B iHPOPMAIIITHOMY MPOCTOPi HA OCHOBI KaTeropii MHOXKHHHOI 4YaCTKOBOI
BITOPSITKOBAHOCTI CTaHiB B3aeMoOIii CHCTEM, K1 it CKJIQAIOTh.
TpancaucuMILIiHAPHICTH 1HGOPMAIIIHHOTO CepeIOBUIIA MOYKHA TIPEACTABUTH Yepe3
MPOSIB PEKYPCUBHUX Ta PEe(IIEKCHBHUX BJIACTHMBOCTEH MHOKHWH TaKCOHOMIYHHX 1
OlepaIioOHAIbHUX ~ OCOOMMBOCTEH OHTOJIOTIH TpeameTHux obmacrteir [1-3].
PexypcuBHicTh, SK (yHKIIOHaTFHA BIACTUBICTH TakcoHOMii [4, 5], mo3Boise
BU3HAYUTH MHOXXHHHY 4YacTKOBY BIOPSJIKOBAaHICTh MHOXXHH TaKCOHOMIYHHUX 1
OTIepalliOHANBHUX BJIACTHMBOCTEH OHTOJIOTIYHUX MOJEJed NMpeAMETHHX obiacTei,
0 BioOpakaroTh BCi mporecu i 00'ekTu camoro cepenosuina [5—7]. [Hmumu
CIIOBaMHM, HaJI MHOXXMHAMH €JIEMEHTIB, SIKi CKJIAJIAal0Th CHCTEMHI KOMITOHEHTH
OHTOJIOTIYHHX CHUCTEM 1H()OPMAaLiHHOTO CepeOBUINA, 3a0a€ThCS TiEPBIACTUBICTD
MHOXHHHO{ YacTKOBOi BIIOPSAKOBAaHOCTI. Take iHTYITHBHE pO3yMiHHS Kareropii
TPAHCAMCIUILIIHAPHOCTI JI03BOJISIE pealli3yBaTd TNPH IHTErpalii iHPopMaIiitHux
pecypciB  mpuHIMI  (OPMYBAHHS  E€IMHOTO  YaCTKOBO-BIIOPSIKOBAHOTO
iH(opMaIifHOTO CepefoBHUINa, 3aTHOTO CTAaTH JOCUTh YHIBEpCAaIbHUM i MOBHO-
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He3aJIe)KHAM HOCIEM 3HaHb. I KOHCTPYKTHBHICTh BH3HAYa€ TEOPETHYHI OCHOBH
CTBOpeHHS 1H(GOpMAIIHOI TexHojoril (OpMyBaHHS Ta IOCTIHHOIO PO3BUTKY
MEpPEKELEHTPUYHOTO CEePeOBUINIa Ha OCHOBI TPaHCAMCUUILTIHAPHOCTI iHTerparii
MOJIITeMAaTHYHUX 1HQOPMALIHUX pecypciB B MpoOLECi BUPILICHHS CKJIATHUX
MIPUKIIATHUX TTPOOJIeM 1 3aBIaHb.

Iadopmartifino-aHami THIHMIA KOMIIITEKC M ITPAMKH MIPOTIECiB
TpaHcauciumutinapaux  pociimpkens (IAC) e cuctemMorw, NPU3HAYCHOK IS
IHTETPOBAHOTO AHAJITHYHOTO OOPOOJIEHHS MPOCTOPOBO-PO3MOALIEHOI HAyKOBO-
TexHigyHoi iH(opmarii Bemukux o00csAriB. OCHOBHUMH  3aBHaHHSAMH, IO
BupimytoTecs 3acobamu [AC, € 3uutyBanHs BXimHOi iH(opMmamii (MOKIHBO,
c1aboCTPYKTYpOBaHOi) 1 BUKOHAaHHS Ha 11 0CHOBI iH(opMmatiifHuX Ta iHpopmaLiiHo-
aHATITHIHHX 3a7a4 [6, 8, 9].

Peanizamisn IAC, mo omucyerscsi y cTarTi, 37ilicHIOEThC Ha ocHoBi WEB-
opienroBanux cepgiciB IT-TOAOC [6, 8, 10]

3 Touku 30py mporpamHoi imkeHepii IAC posrnsmaeTscs y BUTISAI HaOOpy
OIIHCIB, TMPEICTABICHUX y BUTIISAI MaTeMaTHYHUX MOJENeH, popMalti3MiB 1 TEXHIK
MozemtoBaHHA. CTpykTypa MaTeMaTWyHux wmojenedl mporpamuux cucrem (I1C)
TAKOT0 POy BKJIIOYae B cebe HacTymHi moaeri [6-8]:

1) indopmariiitna Mozemb;

2) $yHKILIOHATBHO-KOMIIOHEHTHA MO/IEIb.

Indopmaniitna mogean IAC

[Hdopmarniitna Moaenb BUKOPUCTOBYETHCS LISl TIPEACTABICHHS W OMKCY MOTOKIB
iH(opMaItii, CTpyKTyp AaHUX, a TAKOXK IPOTPAMHHIX MOJYJIiB B IIPOTPaMHil CHCTEMI.

VY3aranpHeHa iadopmaniina wmogens IAC Il wmae Burmsag (1). Bona
TIPEJICTABIISETHCS AESIKOK CKIHUEHHOIO CYKYIHICTIO MPOrpaMHuX MoyiiB [l , mo

iHTErpyrThes B iHQopMmamiliHo-ananiTnany cucremy TOJJOC Ily:

n
HR =Z HRiUHT . (1)

i=1

[Ipu upomy peanizyerbest BioOpaxkeHHst Gy, iHTErpauii (QyHKIiH OKpemmx
MIPOTPaMHUX MOJYJIIB CHCTEMH, 1110 Ma€ BUTIISA (2). [lane BimoOpakeHHs IepeTBOPIOE

b MY oo .
00’€IHaHHS. MHOXHHH (QYHKUIH Sp, KOXKHOro 3 ii mporpamuux monynis Il B
y3arajbHeHy (UTboBY) GyHKIiI0 Fp — aHAIITHYHOTO OIIHIOBAHHS HAYKOBO-
TEXHIYHUX PE3YIIbTATIB.

G]'[ :U?=15Ri d FR . (2)

R

Cucrema TOHAOC, y cBOl depry, TaKOX Ma€ BEIUKY KUIbKICTb
O0araToQyHKIiOHAILHUX MOXYJiB pi3HOro mnpu3HaueHHa. Y pobori I[AC
BUKOPHUCTOBYEThCS TilbkU cykymHicTs IR © I Momymi, mo peneBanTHi 3a1aui
AQHAJIITHYHOTO OIIHIOBaHHS HAYKOBO-TEXHIYHUX pE3yNbTarTiB. TakuM YUHOM,
¢dopmynu (1) 1 (2) neperBoprororscs B (3) i (4).

n m
M = Z Mg, U Z ng, . (3)
i=1 i=1
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. R
G Uieq Sp, U UL, ST, > Fr . (4)
Indopmaniiina mogenb micucTeMn CTPYKTypU3anii TEKCTY

[Migcucrema crpykrypuzarii Tekcty € ogamm 3 MoaymiB TOHOC. Y pamkax IAC nana
TiCHCTeMa BUKOPUCTOBYETHCS ISl 3UATYBAaHHS BXiMHOI iH(opMarlii, Takoi sIK 3BiTH
posBiaku. [Hpopmaniiina Momens 1aHoi miAcHCTEMU Mae HACTYIHUH BUTISAA (5):

Mrx = {TMna, M, My, Moy g, Ory, Torg, Mpm} - (5)

Posrnsnemo netanpHime QyHKOIT pi3HUX MOZAYNIB MiJCHCTEMH BHIIICHHS
reorpagigHoi iHpopMaIiii 3 TeKCTy.

[Ij4 — MOy b BUKOHAHHS MOTIEPEIHBOTO aHANI3Y BXiTHOTO AJOKyMEHTY. JlaHwuii
MOIyJdb HEOOXigHMW HJsi MPUBEACHHS JOKYMEHTY 0 TEKCTOBOTO (opmary.
MHuoxnHa QyHKIIA JAHOTO MOAYISI Mae BUTIISA (6).

SHA =< S{[AngAf S%—[A’ S‘IEA’ SEA > . (6)

Jo tioro (hyHKIIIH BiITHOCATHCS:

1) S — sunryBamms BXigHOTO (haiiny OMHOrO 3 MiATPUMYBAaHHX (POPMATIB
(texct, nokymentu Word, enexkrponni Tabmumi Excel, gaitnu HTML Ta in.);

2) SIA — orpumanHs TekcTOBOT iH(pOpPMALLT, IO 3HAXOMUTHCS y (aiii;

3) SiA — Hopmasizamis KoTyBaHHS OTPHMaHOI TEKCTOBOT iH(pOpPMALIi;

4) SIA _puninenns i 36epexeHHs OPUTiHATBHOT PO3MITKHI BXiJHOTO TOKYMEHTY;

5) SIA _ 3GepexeHHS BKIAAEHOI B JOKYMEHT MyIbTHMEiiHOT iHdopmanii
(KapTHHOK, Biieo-, ayAio- Ta iH.), SKIO THUM BXiTHOTO JOKYMEHTY ITiITPUMYE IIe.

BuxigHumu JaHUMHU 711 JaHOTO MOZYJIS € TSKCTOBUM (haiil.

154 — MOZLyJTb BUKOHAHHS JIEKCHYHOTO aHami3y (7).

Sna =< S{1A, SJ1A, SJIA SIA GlIA SNIA A GJIA > (7

OyHKIIiT MO IS

1) S — 3unpTyBaHHA BXimHOTO TEKCTOBOTO (hailTy;

2) SJA — po36UTTS BXiTHOTO TEKCTy Ha PEUEHHS, a peUeHb — Ha JIEKCeMH (CII0Ba
1 CHMBOJIH);

3) SJ* — mopmamizamis pPo3GMTTA y BIANOBINHOCTI 3 TpaBHIAMH MOBH
(HampukJan, BHMIAJCHHS PO3PUBIB pPEUYCHb, BHUKIMKAHWX KpalKaMd B CKJai
CKOpPOYEHb 1 Uncen);

4) S — mopmanisanis ciis;

5 S é]A — BU3HAUCHHS YaCTUHHU MOBH JIJISI CITiB 1 JISSIKMX CUMBOJTIB (TaKHX SIK TUPE,
110 3aMiHIO€E TIEBHE CJIOBO);

6) SJIA — Bu3HAUEHHS T0IATKOBUX XapaKTEPUCTHK JIEKCEM;

7) SJA _ Bu3HAUCHHS CHHTAKCHYHMX 3B’SI3KiB MK JIeKCEMAMH;

8) SJA — hopMyBaHHS CTPYKTYp JAaHUX MEPBUHHOTO HPEICTABICHHS TEKCTY.

[j;— Momynb iHTEepIpeTarlii mabioHis (8).

Sy =< S, st gt gl > (8)
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OYHKITIT MOy

1) S — 3upryBanns ¢aitnis ma6IOHIB;

2) S — popmyBaHHs BHYTpIIIHBOTO TIPEICTABIEHHS IS TIPEIHUKATIB, 3 AKX
(hopMyroThCsI Ma0I0HU;

3) S — popmyBaHHS BHYTpILIHBOrO NPEACTABICHHS JUIS IIAGIOHIB PABHIT;

4) S — hopMyBaHHS BHYTPIIIHEOTrO TIPEICTABICHHS JUTA PABUI ieHTHiKaIii
iHdopmarrii.

I3 — Momymb 3acTocyBaHHS MIA0IOHIB (9).

Sq =< S, g3 g3 g3 9)

1) S3W _ puGipka miamocifoBHOCTEH TeKceM 3 BXiJHOIO TEKCTY;
2) S3U _ puGipka ma610HIB-KaHAMAATIB 3 HASBHOI MHOXKHMHH IIaGJIOHIB;
3) S33LH —3aCTOCYBaHHS MIA0JIOHIB-KaHAUIATIB 0 BUOPAHUX i ITOCIiJOBHOCTEH
JIEKCEM;
4) S3W _ puGi 0 i i i 1THIH i i i
P p 11a0JIOHY, 110 HAaWKpallle BiAMOBIIa€ BXIAHIN MiAIOCTI IOBHOCTI.
[} — momyns iHTepnperanii indopmarii (10).

Sy =< S, sl sl sit> . (10)

1) Si'— BuGip 3acTocoBHOi pyHKIii iHTepnpeTanii iHdopMaii;

2) SI'' —  BcraHOBNEHHA  BIANOBIMHOCTI MK  €IEeMEHTAMH  BXigHOI
MiAMOCTIIOBHOCTI, IO MICTUThH iH(pOpMAIilo, 1 apryMeHTaMu BHOpaHOi (yHKIIii
iHTepHpeTanii;

3) Si' —3acrocyBanns ¢yHkuii iHTepnpeTaii;

4) Si'— Bu3HAYEHHS HANEKHOCTI OTPUMAaHO] iH(pOpMAaIii 0 reorpadivnoi.

[Igr; — Moaynb Bamigamii reorpadiyaoi iHpopmarii (11).

Spri =< SP, SPT, SB, SB1 > (12)

OyHKIi MOTYIIS:

1) SP™ — Bu3HaueHHs kopexTHOCTi BCiX uwacTuH reorpadiuoi iHpopmanii
(Hanpuknan, B TeorpadidHUX KOOPJAMHATAX 3HAYCHHS TPajycCiB HE IOBHHHO
nepesuiryBatu 180);

2) SEM _ nopmanizauis koopaMHAT, pH HEOOXiTHOCTI — mepeBeleHHs iX B
cucremy koopauaat WGS-84,

3) SEM _ reokomyBamHS TeKkCTOBMX anpec 3a JOMOMOTOK0 OCHOBHOI a60
PE3EpPBHUX CHCTEM I'€OKO/TyBaHHS;

4) SB™ _ Bu3HaueHHs HaNeXHOCTI pe3y/ibTaTy JI03BOJNIEHiH reorpadiumiit
obmnacri.

[ty —Momyns popmyBanHs oHTOJIOTIH (12).
Sorg =< Sy A, ST ST ST >, (12)

OyHKIIT MOIYJIS:
OT, L . .
1) S, A_ HOpMAaJTi3aIlisi CTPOKOBOTO TIPEICTaBIICHHS 00’ €KTIiB, ONFICAHUX B TEKCTI;

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



~ 108 ~

2) GOTA . G 06 exTi .
2 — ¢opmyBaHHs iepapxii 00’€KTIB 3TiJHO 3 HAJAHOK TEKCTOM
iHopmartiero;
@T, . . .
3) S5 A _ dbopmyBanHs aTpuOyTiB 00’€KTiB, 30KpeMa THX, [IO MICTATh

reorpadiudy iHbopMmaIiro;

4) S f T _ sanue pe3ynpTytodoi TakcoHoMil y ¢aiin popmary XML.

[Ipyy — ™oamynme penakTopa mra0moniB. JlaHuiéi Moayns SIBIS€ COOOIO
KOpHUCTYBalbkuii iHTepdelic cucremu. BiH micTuth B c00i HaOip Bi3yaiabHUX
pemaKkTOpiB A PI3HOMAHITHUX CTPYKTYp JMJaHWX, IO BUKOPHUCTOBYIOTHCS
cucreMoro. MHOXHHA QYHKIIH TaHoro Moxyis Mae Burisig (13).

Spyy =< SPW, gPll gPIl gl gPUL gPUI gPUI gPII (13)

OyHKIil MOIyIs:

1) SPW — cTBOpenns i penarypanHs npeaukaTiB inenTHdiKanii iHpopMarii;

2) SPW — cTBOpeHHs i penaryBaHHs NpaBHI ineRTH}IKALT iHpOpMALi;

3) Sg I peranoBneHHst BimmoimHOCTI MiX MpaBwWiIaMH  1IeHTH(IKaIT
iHpopmaii 1 pyHKIisIMU iHTEpIIpeTanii;

4) SPM — nepernsia pe3ynbTaTiB IGKCHYHOTO aHAII3Y TEKCTY;

5) SfI' _ apromaTM3oBaHE CTBOPEHHsA NPABMI i NpPEAMKATIB HAa OCHOBi
Pe3yIbTaTIB JIGKCHIHOTO aHaJli3Yy;

6) SE™ — nepernsay pesynbTaTiB pOGOTH CHCTEMH;

7) SP_ punpasnenns i yrouHeHHs pe3ynbTaTiB pOGOTH CHCTEMH;

8) SE™ — popmysanus daiiiB mabIoHiB.

Indopmaniiina mogenbp KOpUCTyBanbKoOro intepgeiicy «€IuHOro BikHa»

Binemiicte  Momynie TOJIOC  mpusHaueHi Jias  TPaHCAUCIUILIIHAPHOTO
npencraBieHHs iHGopmariii. Ha ocHOBI Takux MomymiB i OyIayeThcs

kopuctyBaibkuii intepderic IAC. Y 3arajipbHOMy MiJAMHOXHUHY H-|R MOJTYJIiB

TOHOC, 1o BUKOPUCTOBYIOTHCS B MPOLEC aHATITUYHOIO OLIHIOBaHHS HayKOBO-
TEXHIYHUX Pe3YJIbTaTiB, MOXKHA TIPEICTABUTH CTPYKTYpOIo (14).

N§ = {Try, Opg, Dy, Mex, Opr, Mo M) - (14)

Hesxi moayni TOJOC cTBOpeHi Juiss BAKOHAHHS TUTBKK OJIHOT MEBHOI QyHKIIIT,
30Kpema:

1) Mg — Moaymb, NMpU3HAYEHMH IS BiAOOpaXEHHS OHTONOTIi y BUIMIAML
onroioriudoro I'IC-noaartky;

2) Ilpg — MOIyIb IPEACTABICHHS CIIUCKY 00’ €KTIB OHTOJIOTIT y BUTJIS NI TAOIHIL;

3) Itk — MoayInb BioOpaskeHHS OHTOJIOTII Y BUIIIsi I OHTOTpady;

[HII Moy SBISIOTECS GaraTo(yHKIIOHATBHUMHU ITiJICHCTEMAaMHU.

[Icx — cXoBuWIIe TaKCOHOMiH, IO SIBJIIE COOOI0 CEPBEPHHUU KOMILIEKC,
MpU3HAYEHUHN JUIa 30epiraHHsl OHTOJNOTIH 1 iX MeTagaHux. MHOXHMHA (QYHKIIH
Moyt Mae BUTIIAL (15).

Scx =< S, 55X X §SX, 58X >, (15)
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OYHKITIT MOTYIIS:

1) SSX _3GepiranHs OHTONIOTIH, BiIKPUTHX 18 My GIIIYHOTO JOCTYILY;

2) S$X — 3GepiraHHs 0cOGHCTHX OHTOIIOTII KOPHCTYBAYa;

3) S$X — KOHTPOJIBL AOCTYITY 10 OHTOJOTIIA;

4) S$* — 3abesneuenHs mnporpamMHOro iHTepdeiicy 3UMTYBaHHS i 3amHCy
OHTOJIOTII;

5) SEX — 36epiraHHs MeTaTaHUX OHTONOTIIA.

[Ipt — pemakTop TakKCOHOMIH 3araibHOTO TTpu3HaYeHH (16).

Spr =< ST, 80T, sPT sPT s SFT > | (16)

OyHKIi{ MOTYIIS:
— 3YUTYBAaHH 1 3aIIUC OHTOJIOTIH opMari ;
1) SfT y y pop XML
2) S¥T - nonamanns i BunaneHHs 06’ €KTiB;
3) ST — nomaanms i BUnaneHHs 3B’A3KiB Mi 06’ €KTaMH;
4) SPT _ penarysanus arpuOyTiB 06’ €KTIB;
4 Yy Yy )
5) S ;’ T _ agromaruune po3MimeHHs 00’ €KTiB B poO0oUiit 00JIacTi;
6) SPT — hinbTpariis MHOKHHK 00’ €KTIB, IO BiTOOPaKAIOTHLCS.
6
I — MOZYJIb TPAHCIUCUUILTIHAPHOTO IpeacTasiaeHus (17).
TAN

Stan =< S, $;A, s34 > (17)

OyHKIIT MOTYIIS:
TAI 5 5 . . evr.
1) S;” — KOHTeKCTHa 3B’s13Ka 00’ €KTIB PI3HUX OHTOIIOTIH;
THAIT . .
2) Szﬂ — TpaHCOUCUUIUTIHApHE TPEICTaBICHHS iH(OpMAIi 3a IOMOMOToI0
OHTOJIOTIYHOTO Ky0a;
3y gTAN . - .
) S3° — KkepyBaHHs IpolecoM iHzeKkcarlii inpopmaliitHux pecypcis.

[lgx — Omok jomomikHMX KOHBepTepiB. Jlanmii GJOK MICTUTH MPOrpamMHHUi
inTepderic 1 CTBOPEHHS ITiIIIPOrpaM-KOHBEPTEPiB, a TAaKOK 0a30BUI HAOIp TaKUX
. - K
mignporpaMm. MHoOXWHA GYHKIiH gaHoro monyns mae Burisy (18), me Sfl —

. . . : K
3a0e3MeueHHsT MporpaMHoro iHtepdeicy A mignporpaM-KOHBEPTEpiB; Sfiyi -
HifnporpaMa-KoHBepTep 3 dpopmaty X; y Gopmar y;; Mg — 3arajbHa KiIbKICTh
HasSBHUX ITiIPOTpaM-KOHBEPTEPIB.

OCHOBHUMH HasIBHUMH B JaHW MOMEHT KOHBEPTEPaAMHU €:

— 3CSV B XML;

— 3 XML B CSV.

A TakoX crieliaai3oBaHi KOHBEPTEPH Jis 3a0€3MeUCHHS IHTErPallil 3 BAKITUBUMHU
porpaMamu:

— 3 HTML, mo renepyerbcsa Microsoft Office, B Tekcr;

— 3 XML B CSV ¢dopmar, mo moxe 0yt 3untanuii ArcGIS for Desktop.

OpHMM 3 MepCIeKTHBHUX HampsMKiB po3BUTKY IAC € cTBOpeHHsA KOHBepTepa,
IO JI03BOJISITHME MPALIIOBATH 3 PI3HOMAHITHUMHU CTaHAapTaMu OOMiHY.
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DYHKIIOHATbHO-KOMIIOHEeHTHA Moaeab IAC

OyHKIIOHAIEHO-KOMIIOHEHTHA MOJIeNTb BUKOPHCTOBYETHCS JJISl TPEACTaBICHHS
B3a€MOJIiH, BIAHOIIEHb 1 3aJIEKHOCTEH MPOrpaMHUX MOJIYNTIB, a TaKOX IS
JETAIBHOTO ONMCY KOMIIOHEHTIB CHCTEMH. Y3arajJbHEHO JaHy MOJAENb IS
MPOTPAaMHOI0 KOMIUIEKCY TPAHCIUCIUILIIHAPHOTO TPEACTaBICHHS T€OIPOCTOPOBOL
iHpOpMalii MOXKHA MPEJICTABUTH CTPYKTYporto (19).

SR =< MDIMS’MP’MC’PO(MDJMS)>' (19)

Enementu, 1o BXOIATh B JaHy MOJIEIB!

1) Mp — Mozenb, 1110 3a/1a€ MOBEIIHKY CHCTEMHU;

2) Mg — mozerb, 10 3a1a€ CTPYKTYPY CHCTEMH;

3) Mp — mozeip, o 3a1a€ CTPYKTYpY IMPOrPaMHHUX CyTHOCTEHH;
4) M. — mozenb (cxema) KOMIOHEHTIB POrPaMHOi CHCTEMU;
5) Py(Mp, Mg) — npeauKar miTiCHOCTI CHCTEMH.

Mopesnh NOBeAiHKH CHCTEMH
Monenb MOBEMIHKH CUCTEMH Mae CTPYKTypy (20).
Mp =<dyse, dgct dseq > (20)

Bona Bkitouae B cebe:

1) dyse — MHOXHMHY UML-nmiarpam BapiantiB Bukopuctanus IAC.

2) dgcr — MHOKUHY UML-niarpam aktuBHocTi IAC.

3) dseq — MuOxuHYy UML-niarpam s3aemonii IAC.

UMVL-niarpama BapianTiB Bukopuctanss IAC npesicraBieHa Ha puc. 1.

Jana miarpama mokasye OCHOBHi [iii, II0 MOXYTh 3IIIHCHIOBATUCS B paMKax
CUCTEMH, 1 KOPUCTYBAUiB, IKi MOXYTh 1X 3[ICHIOBATH.

BazoBuM KopuCTyBaueM CHUCTEMH € EKCIEepT-aHAIITHK, Ui SIKOTO JIOCTYITHE
mpeacTaBieHHs] iHGOpPMAIliHHOTO TpoIlecy, M0 peali3yeTbcs B paMKax MHoro
nisutbHOCTI. Takuii KOpUCTyBay BUKOPUCTOBYE 3HAa4YHY KuibkicTs MoayiiB TOZJOC,
ajle He HampsAMy, a B CKJIail iHPopMamiiiHUX Ta iHPOpPMAIiHO-PO3paXyHKOBUX
3amady. OmHuM 3 NpUKIANiB iH(OpMAIiHHOI 3amadi € BiIOOPaKCHHS KapTH
Te0NpPOCTOPOBOI B3a€MO1i1 HAYKOBOI YCTAaHOBH, 1110 3/1IICHIOETHCSI 3 BAKOPUCTAHHSAM
Monyist popmyBanHs oHTonoriuHux I'IC-monarkis. [y BupilleHHS KOTHITUBHUX
3aJ1a4 HEOOXIAHOIO € iH(opMallis PO PI3HOMAaHITHI YMHHHUKH, 11O BILUIMBAIOTH Ha
MPOILIEC aHAIITUYHOIO OIIHIOBAHHS — TaKi SK IMOTOYHHMM CTaH HAYKOBO-TEXHIYHOT
po3pobku. s BHeceHHs Takoi iHpopmarii B [AC BoHa Mae OyTH CTPYKTypH30BaHa
1 MpHUBEIeHA JI0 MEBHOTO 3arajibHOTO POPMATY, IO 3IHCHIOETHCS B pAMKaX MPOIIECY
CTPYKTypH3allii BXiiHOT iH(popMallii 3a TOTIOMOTOFO BiJIIIOBIJTHOT CHUCTEMH.

Anminictpatop IAC BukoHye aBi cneniamizoBani (yHKuii — ¢opmyBaHHS
OHTOJIOTIYHHX THpeACTaBlieHb 1H(GOPMAIIHHUX MPOLECiB, IO 3AIKCHIOIOTHCA B
paMKax aHaJiTUYHOI JisUTbHOCTI eKcliepTa-aHalliTHKA, Ta (GopMyBaHHs 0i0TiOTeKH
noBigkoBoi iHpopmanii (takoi sik TTX 4n TakCOHOMIYHA CTPYKTypa THX UM 1HIIUX
HAayKOBUX PO3JiIIB IHIIMX YCTAaHOB 3a TEMaTHKaMH, IO aHaJli3yIOThCs).
OnronorivHi npeacraBieHHs] GOPMYIOTBCS Ha OCHOBI HayKOBO-TEXHIYHUX 3BITIB,
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sIKi, SIK MIPaBHJIO, € TEKCTOBUMH JIOKYMEHTaMHM, TOMY I 4ac X 0OpOOKH TaKoK

MOX€E 3aCTOCOBYBATHCh CHCTEMA CTPYKTYpH3aIlii TEKCTIB.

Cucrema CTpykTypu3aulii TeKcTis
AsTomMatMyHa N\ ____ «includes» O6pobka BxigHMx
CTPYKTYpU3aLis TeKCTy AaHnx
/ ]

«ncludes» /
b /

]

T

Intepdeic MOIAC RO 7 !
/

OB6pobka HOpMaTUBHUX / «extends» 4

- [[OKYMEHTIB / I

oL / 1

-7 / !

/ '

v I

|

i

Lin ludes»
dopmysaHHs OHTONOriHHMX Ba3 <_<gx§e_n51§»_> mgsrg’;:::ﬁ .
Aosiakosoi iHopmauii = j«includes» j i

Excnept

BukoHaHHs iHpopmauiinHmx Ta
iHbopMaLINHO- aHATITIYHIX 3apav

DOpMyBaHHA OHTONOTYHNX
npeacTasneHb
iHopmauinHmx npouecis

S
includes»
\
N O6pobka aosiaKoBMX
[OKYMEHTIB

Puc. 1 — Cioco6u BUKOPUCTaHHS CUCTEMH

g
1«includes»

AﬂMiHimpaTop\
MOIAC

3AiACHEHHA aHATITHYHOT
AianbHOCTI

UML-giarpama akTHBHOCTI TNPOTPaMHOI CHCTEMH TpPaHCIUCHUILIIHAPHOTO

npencTaBieHHs iHQopMallii moka3aHa Ha puc. 2.
Hiarpama ommcye anroput™ pobotu 3 IAC. BXigHOIO TOUKOFO IS pOOOTH 3 HEFO

€ BeO-iaTepdeiic TOHOC, mo Hagae inTepdericu st 3MiHCHEHHS BCIX TiH, a TAKOXK
Kepye npaBamu foctymy a0 Hux. TOJJOC Moxe mpaitoBaT B aAMiHICTpaTUBHOMY
pexumi (pexxuMi (popMyBaHHS OHTOJIOTIN) a00 B KOPUCTYBAI[bKOMY aHATITHIHOMY

PEeXKHMI.

IHiyianisauis
TOOOC

_[aamiHicTpyBaHHs] [ynpasniHHs]
Bubip nianpouecy
[Rosinkosi AaHi] [iHcdbopmauinHi npouecu]
Bu6ip
iHcbopmaLinHoro
O6poGka OGpobka npouecy
[10BiAKOBOI HOPMaTUBHOI
iHcbopmauii [AOKymeHTauii

[BUKOHAHHA
03paxyHKOBUX 3aaay]

CrBOpeHHs

OHTOROTiN
MpuitHaTTa

pilLeHHs

3aBepLunTy]

Puc. 2 — Jliarpama akTHBHOCTI CHCTEMHU
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UML-giarpama B3aemoii IAC mokazana Ha puc. 3.

Jana giarpama mpencraBiisie coboio ocHoBHHE mporiec IAC — mporec
AQHAJIITUYHOTO OIlIHIOBAHHSI.

Toukoro Bxoay B 1iei mporiec € podoue mictie IAC, mo moOymnoBaHe HAa OCHOBI
kopuctyBanpkoro iHTepdeiicy TOJOC. Ilpwm inimiamizamii poGodoro Mmicms i3
cepeepy TOJOC 3unTyeThCs OHTOJOTIYHE WpPEACTaBIEHHS 1H()OPMAIIHHOTO
mpoliecy, 1o 31iHCHIOETECS eKCepToM. ExcniepT Moxke meperyisigaTi OHTOJIOTiuHE
MIpEeICTaBICHHS 1 BHOMpATH HasBHI B HhOMY miampomecu. [Ipu 1mpoMy MOXYTh
BHKOHYBATHCh HACTYIHI JIii:

1) Skmo mniampouec mnoTpeOye NEBHUX MOJATKOBHX JaHHX, TO EKCIEPTY
HEOOXI/THO 3aIlyCTUTH CUCTEMY CTPYKTYpHU3allii, 00poOuTH 32 ii JOMOMOT 00 HasiBHI
B HBOTO BXiJHi (paiiyu 1 BHeCTH oTpuMany iH(opmaitito B IAC.

2) Slkuio migmporiec motpedye BUKOHAHHS iH(OpMAaIiifHOT a00 iHpOpMaIiiHO-
AQHAIITUYHOI 3aJ]avi, TO 3alyCKAE€ThCsS OOYMCIIOBAIbHA MMIJICHCTEMA, 110 JO3BOJISE
eKCIIepTy MPOBECTH HEOOXITHHHA aHAITi3.

3aBepuieHHEsIM poOOTH 1HQOPMAMIHHOTO TPOIECY € MPUHHATTS PIlISHHS, IO
N03BoIIsIE c(hOpMYBATH aHATITHYHY OIIHKY. Y TPOLECi MPUAHSITTS PillIeHHS MOXe
BHKOPHCTOBYBATHCH CIIEIlialli30BaHa MiJICHCTEMa MIATPUMKH TPUHHATTS PIllIeHb,
10 JT03BOJISIE OIIHUTH T€ UM iHIIIE PIllIeHHS HAa OCHOBI BUKOHAHWX iH(OpMAIliitHO-
AHAIITUYHHUX 3a71a4.

Basa oHTonorin Po6ouye micue MOIAC | | C-ma cTpykTypu3adii O6uucnoBanbHa MigcucTema nigTpumkm
:CepBepHa iHdp-pa JHTepdenc TOAOC | |:MNigcuctema TOOOC nigcucrema NPUIHATTS PilLeHb

Nigcuctema :Nigcuctema TOOOC

| |
| 34UTyBaHHSA OHT._ |

npeacrasneHH:

3anyck
06po6ku

dopmyBaHHs
DOKYMEHTIB i

| . -
3anyck BUKOHaHHA iHopmauinHo-
aHaTITHYHOI 3adavi
|

PesynbTaT BUKOHEHHS iHGOpMaLiiHO-
aHaTITHYHOI ~ 3apadi

Banyck CMNMNP

dopmyBaHHa
aHATTHYHOI OLIHKH
|

|
Puc. 3 — [liarpama B3aemozii mporpaMHoi cucteMu GOpMyBaHHS pillleHb
Mopneab CTPYKTYpPH CHCTEMHU

Mopenb CTPYKTYpU CHCTEMH peajli3yeThCsi Ha 3acajax 00’ €KTHO-OPi€HTOBAHOT'O
migxony [11] ta mae Burisizg (21).

Mg =< d¢igss) bstar TEq >- (21)
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Bomna Bximtogae B cebe:

1) d.jqss — MHOKHUHY miarpam kiacis IAC;

2) bgtqr — MHOXKHHY cTaTHYHUX Onok-cxem [AC;

3) req — texuiune 3aBaaHHs Ha npoekTyBaHHs [AC.

Cucrema po3zisieHa Ha mifgcucTeMy oOpoOku Ta iHTepdeiicHy miacucremy. Jlani
MiZICHCTEMH MalOTh HE3aJICKHY KJIACOBY CTPYKTYypy. KitacoBa cucrema miacucreMu
00poOKM TIOKa3aHa Ha puC. 4.

Obj
s(Elemant target Object
cates(Elgmert tamet. List<Oblect>

ath. String inputile). ctor

Puc. 4 — liarpama kaciB miicucTeMu 00poOKH

Knacu nanoi migcucreMu yMOBHO MO>KHA ITOALTUTH Ha KOHTPOJIEPH, KIIACH TAHUX
1 KJ1acH, 110 peai3yloTh MiAMporpaMu 0OpoOKH.

JlaHITF0’KOK KOHTPOIIEPiB PI3HOTO PiBHA MPEACTABICHUI HACTYITHIMH KIaCaAMU:

1) SemanticAnalizerController — xoHTposep HaiBHIIOTO PiBHS, IO BHKOHYE
3YUTYBaHHS IIApaMeTPiB 3aIyCKY i 3aMycKkae oOpoOKy;

2) Worker — 3aranbHuii KOHTpOJIEp BUKOHAHHS 00poOku. Kepye 3unTyBaHHSIM
BXI/IHUX JIaHWX 3TiJJHO 3 MapamMeTpaMH 3amycKy, BUKOHaHHSIM BiacHe OOpoOKH i
3aMKUCOM BHUXIJHHUX JIAHUX ITICIIs i1 3aBEPIICHHS;

3) RecursiveMatcher — xkourposep inentudikamii iHdopmarii. Bukonye
OCHOBHHH Tporiec 00poOku. [1ix yac qaHoro mporecy 3amycKarThCs MiAIPOrpaMH
BUKOHAHHS 1HTepIpeTarllii i Baigamii ineHrudikoanoi iHpopmarrii.

Kracu maHvx npusHadeHi Uit 34nTyBaHHS BXiqHUX XML-(]aiiniB i HaciIyroTh
abctpaxTHuii kiac AbstractXmlWorker. € nBa Takux xinacu:

— RuleReader 3uurye aitin mabIoOHIB 1 BUKOHYE iX IHTEpHpeTaIlito,
(hopMyrOUM BHYTPIIIHE MPEACTABICHHS 3UATAHUX I11a0JIOHIB;

— InputFileReader — BukoHye 3umryBaHHs BximHOro XML-¢aiiny 3
pe3yJbTaTaMH JIEKCHYHOTO aHaji3y ab0 3UMTYyBaHHS BXIJIHOTO TEKCTOBOTO (haimy i
HOro JIEKCHUYHHMH aHaii3 3a JOMOMOIOK BIJIIMOBIIHOTO MOIYJIS (3aJIe)KHO Bij
HaJIAIITyBaHb 3aIyCKY).

Hani xiacu cTBOPIOIOThCS kiacomM Worker, skuid 3amyckae HiAnporpaMu, o
peali3yloThCsi HUIMHU, OTPUMYE PE3yJIbTATH POOOTH IHX MiIIporpaM i mepesae ix
KOHTpoJepy inenTudikauii iHpopmarii.
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[Tigmmporpamu 06poOKH BUKOHYIOTHCSI KJIACAMH, 0 PEajTi3yIoTh 3aaHui KJIacoM
AbstractResultProcessor intepdeiic (a Takox HacaiAylOTh Horo meroau). Jo Hux
BIIHOCSTHCS:

1) XMLHolderTransducer — cTBOproeThCsi 1 30epiraeTbCsi KOHTPOJICPOM
inerrudikamii  iHpopmamii.  Kmac  mictute  Habip  00’€kTiB  THIY
XMLNodeTransducer 3 pisarMu KOH(DITypariisiMu, 0 BUKOHYIOTh 1HTEPIIPETAIIIIO
TOTO 4YM 1HIIOTO OJIOKY imeHThdikoBaHoi iHpopmarii. Knac XMLHolderTransducer
BH3HAYAE, KU came 3 00’ €KTiB Oy1e BUKOPUCTOBYBATUCH JIJIs1 OOpPOOKH, Ha OCHOBI
iH(hopMarii mpo BXigHMIA 010K iHpOpMarIii 1 MpaBwia, Mo HOTo iIeHTH(IKYBAIIO.

2) XMLNodeTransducer — kiac, o BUKOHY€E iHTepIpeTaLito i1eHTH(IKOBaHOT
iH(opMaIlil THM Y¥ IHIIIMM YHHOM, B 3aJIC)KHOCTI BiJl KOH(ITyparii.

3) ResultProcessor — kiac, 10 TEpPEeTBOPIOE IHTEPIPETOBaHYy iH(OpPMAIIiFO,
MPUBOISYH i1 10 BUTTISIAY, IPUAATHOTO ISl 3aIIMCY 10 BUXITHOTO (aiiiy.

AmnarnorivHa fiarpaMa ajisi peJakTopa mabIoHiB ITOKa3aHa Ha puc. 5.

CrpykTypa KiaciB pemakTopa MIaONOHIB B JesSKid Mipi cXOXka Ha CTPYKTYPY
aHaIi3aTopa TEeKCTiB, 32 BUKIIIOYSHHSM TOTO, III0 3aMiCTh i€papXii KOHTPOJIEPiB BOHA
MICTHTB 1€papXilo Bi3yalIbHUX €JIEMEHTIB.

CrpykTypa KIaciB JaHUX aHAJIOTivHA: € 1Ba KiacH, RuleFilelO — s 3untyBanHs
(aiimi mpasmi i SentencesFilelO — mist 3uuTyBaHHS pe3yNbTaTiB aHAI3Y TEKCTY.
Oo6unBa kinacu HacninyroTbest Bin FilelOController, sikmii peanizye MeTomu is
BIIKPUTTS 1 3a1UCy (30KpeMa, BUKIMK CHCTEMHUX (hopM BUOOPY daiiry).

Kontponep y intepdeiicHoi micucteMu oauH, riodanpHUA. BiH BuKINKae
KJIaCH JIaHWX 1 3allyCKae 34MTyBaHHs (aifiB, sSIK BUOpaHMX KOPUCTyBayeM, TakK i
3aJJaHUX HAJIAIITYBaHHIMH 3aITyCKYy.

controller:FilelOController view::AbstractForm

MastFileName: String header:String

+~openFile()void ~Show(header Sting)void
+saveFile{):void +Close{)void

7 R
/ \
/ \
#santences: NodeList view.form::PredicateWindow \

= 0:int #predicate: Object
):int +getPredicate(): Object
#compileRules(Element target): Object +lexemmes(): int +savePredicale(Object predicate): void \

controller.o::RuleFilel0
rules: List<Object>

#compilePredicates(Element target): List<Object> +getNextSentence(): Sentence +removePredicate(Object predicate): void

t sentence) Sentence

£
- ™ \
- .
P N view.form::RuleWindow
P S, |#nle: Objest

- * | *addRuleElement(Object el. int pos}: void
MainController . +replaceRuleElement(Object el, int pos): void

#nios: RuleFIelO 'ig . -—-==~{*removeRulcElemenint pos}: void

e ~
+ShowListSentences(): void - !
+ShowListRules(): void |
+ShowListMatches|(}: void ——
+OpenRuleFile(): void - view::DetailPanel
+OpenSentenceFile(): void — #source: Object
+SaveRuleFile(): void — +setSource(Object source): void

): void

view: ListPanel
#data: List<Object>
+showDetail(Object obj): void

Puc. 5 — [liarpama kiaciB inTep¢eiicHol migcucteMu

Apxitektypa IAC
VY nmpoueci po3poOku i ekciutyaranii IAC Moxe BUHUKATH psiJl IpoOIIeM, 3B’ I3aHUX

3 MacIiTa0yBaHHSAM, IIBHAKOJIE0 1 HaAiWHICTIO. J[si BUPIIIEHHS BHIIECBKA3aHUX
npobjeM B MpOrpaMHill iHXKeHepii BUKOPUCTOBYETHCS TPUPIBHEBA apXiTEKTypa.

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



~ 115 ~

TpupiBHeBa apXiTeKTypa CKIIamacThCs 3 piBHSA TpeactaBieHHs (Presentation tier),
piBas soriku (Logic tier), piBas mammx (Data tier) i mepembadae HasBHICTD
KIIIEHTCHKOI MPOTpaMu, cepBepa JA0IATKIB 1 cepBepa 06a3u ganux. OJHaK B peabHiii
cutyauii, mpu 0OMEKEHOCTI HasBHUX OOYMCIIOBAJIbHUX PECYpCiB, PO3TOPTaHHS
TaKoi apXiTeKTypu MoXke OyTH 3B’si3aHe 31 3HAYHHUMH TPYIHOIIAMH, IO MOXYTh
BHPaXaTHUCh B HEJOCTATHIH MOTYKHOCTI O0YNCITIOBATBHUX MaIIiH a00 HasBHOCTI B
MOJYJIB CHCTEMH CHEUU(PIYHUX CHCTEMHHUX BHMOT, IIO MOXYTb KOH(]IIKTYBaTH
MIX cO0OI0.

Apxitektypa IAC Ga3yeThcs Ha OMMCAHHWX B MOMEPEAHIX PO3MAiTax MOAETAX 1
saBisie coboro Halip He3aleKHHX NporpaMHHUX 3aco0iB. Jleski KOMIIOHEHTH
MPOrpaMHOi CHUCTEMH CTBOPIOIOThCS Ha 0a3i BeO-opieHToBanmx APl cucremu
TOAOC i mMoxyTh (YHKIIOHyBaTH BUKIIOYHO B ii CKIaai, OJHAK OLIBIIICTH
KOMIIOHEHTIB peati3oBaHi y BUIJIAAI OKPEMHUX MOIYJIB, IO MOXKYTh BUKOHYBAaTHUCh
SK B cKiafi BeO-opieHToBanoro cepenosuiia TOLOC, Tak i Ha TOKaJIbHIA MaIInHI
KOpHCTyBada. 3arajbHa apXiTeKTypa CHCTEMH B I[bOMY CEPEIOBHIII Ma€ BHTIJIS/I,
MoKa3aHuil Ha puc. 6.

OCHOBHI CKJIaJIOBI JJaHOT apXiTeKTypU HACTYIIHI:

CepaepHa inpactpykrypa TOAOC Hamae 3acobu it 30epiraHHs OHTOIOTIH
1, 30kpema, popMmyBaHHs 610i0TeK OHTONOTINH. Cepes OHTONOTIH, 0 30epirarThes,
MOJKHA BUIUTATH TPH OCHOBHI TPYIIH:

— OHTOJIOTIYHI MMIA0JIOHK TPOrPaMHUX CHCTEM JO3BOJISIOTH JIUHAMIYHO
CTBOPIOBATH IMPOTpaMHI MOMYII Pi3HOTO cKiaay, miakmodatd 10 IAC momatkosi
MiACUCTeMHU.  30KpeMa,  OHTOJIOTIYHI  IIA0JIOHM  NPOrpaMHUX  CHCTEM
BUKOPUCTOBYIOTBCS [UIS OABAHHS B CHCTEMY HOBHX aHATITUYHUX (QYHKIIIH;

— OHroNOTiYHI omucH 1HPOPMAIITHAX TPOIECIB BiTOOPAXKYIOTh aNTrOPUTMHU
TSUTBHOCTI €KCIEPTIB 1 BUKOPHUCTOBYIOTHCS B HOTO poOOTI il yIMOPSIKYBaHHS
AHAITUYHOI iSUTBHOCTI;

— OHTOJIOTIYHI JTOBIJHMKM BHUKOPHCTOBYIOThCS B aHAJIITUYHHMX 3aJadax 1
HaJar0Th HEOOX1THY JUIs IPOBEICHHS 00YMCIIeHb iHpOopMaIlito.

AnminicTparuBHuii intepdeiic IAC npesicraBieHmii peakTOPOM OHTOJIOTIH
TOJOC, mo n03Boiisie CTBOPIOBATH 1 pelaryBaTd OHTOJOTI, 30epiraroun B
MOIAJIBIIOMY iX Y BIATOBITHUH po3ain 6i0mioTekn onTomorii. Yepes Mmoaudikariro
TUX YM 1HIIMX OHTOJIOTiIA aJMiHICTPAaTUBHUHN iHTEepdeirc Moxe KepyBaTH BCiMa
ocHOBHUMH actiektamu [AC.

Iincucrema cTpyKTypHu3alii JOKYMEHTIB pO3MIIIYETHCS HA JIOKATHHOMY
pobodomy micui ekcrepra i mpuzHadeHa aisi BHeceHHA B IAC indopmanii i3
30BHIIIHIX Jokepen. [lizcucrema MiCTHTh HAOOpU MpaBWI, SKi JO3BOJISIOTH
CTPYKTYPHU3yBaTH Ti YM IHII JOKYMEHTH, 110 BUKOPUCTOBYIOTHCS B aHANITHYHIN
poOoTi ekcrepra, i mepeTBOpIOBaTH iX y (GoOpMy, NpUAATHY Ul 3YUTYBAaHHS
cucremoro TOJ[OC.

KopucryBaubkuii intepdeiic BHUCTyIIa€ TOYKOIO OCTYITy IJIi OCHOBHHX
¢ynkuiit IAC. B fioro paMkax ekcrepTy HaJarOThCs:

— 3acobu A 3YMTYBaHHS THX YM IHIIMX JIOKYMEHTIB, B TOMY YHCIi
CTPYKTYpPHU30BaHUX 32 JOTTIOMOT'OFO BiJIMOBITHOI Mi/ICHCTEMH TEKCTOBHX JIOKYMEHTIB;

— 3acobu i1 BUKOHAHHS Pi3HOMaHITHHX iH(pOpMauiiHuX Ta iH(opmamiiiHo-
PO3paxyHKOBUX 3ajiay, IMPEICTaBICHHS pe3yJbTaTiB BUKOHAHHA TaKUX 3aAad y
3py4Hil Gpopmi;

— 3aco0u JyIs MIBUIKOrO AOCTYIY JI0 JOBIIKOBOI iH(pOpMAaLlii, 110 MICTUTHCS B
CHCTEMI;
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— 3acobm mnms iHTerpanii 31 CTOPOHHIMH OOYHCITIOBAIbHUMH CHCTEMAaMH,
takumu sk ArcGIS for Desktop;

— 3acobu gna exkcropty HasBHOI B IAC iHdopmanii, aas pe3epBHOTO
KOIIIFOBaHHS, TIepe/iadi 1HIIUM €KCIIepTaM Ta iH.

OcCHOBOIO I KOPHCTYBAIbKoro iHTepdeiicy € BeG-opieHTOBaHMH iHTEpdeiic
npeactasinenas iHpopMmarii TOJOC, mo wictute API, Ha OCHOBI SKHX
peari3yloThcsl miacucTeMa peanizanii iHQOpMaLiliHMX NpouLeciB 1 mixcucrema
BHpIIIEHHS iHGOpMamIMHNX Ta iHGOPMAIifHO-aHATITHYHAX 3amad. Y CKJaxa
MiJCUCTEMH BHPIMICHHS 3a7ad BXOAWUTH, 30KpeMa, MOAyldb (popMmyBaHHS
ontosoriyaux ['IC-gomaTkiB, 1m0 A03BOJISE BUKOHYBATH 1HTETPalil0 3 OCHOBHUMHU
I'IC-6i6miorekamu, 30kpema ArcGIS API for JavaScript, Leaflet.js, Google Maps
[12-14]. Takox inTterparis 3 mogarkoBumu ['IC Moxe OyTH HalamToBaHa Yepe3
MOIYyJdb EKCIOPTY [JaHWX, II0 MiATPUMYE CTBOPEHHS LIMPOKOTO CHEKTPY
CTPYKTYPOBaHHX JJOKyMEHTIB, 30kpema ¢aiinie CSV, OWL, KML ra in. [15].

LleHTpanbHwii cepeep

TOLOC Poboye micue
g i KopucTyBaubkuit Mipcnctema
Bibnioteka oHTonorin % inTepebeiic TOAOC CTOyKTypH2Li AOKyMeHTID
e | Niowcroua poanisat 3 e [
pn ?J;.-:ﬁCHlOIOfb; {1~ iHdhopmaLiinHx npoLecis [OKyMEHTIB, Lo
Tk eRCIIEpTON. — || sukopuctosyioTbCR
P EKCTIEPTOM i
MNipcuctema supileHHs @
HEN OHTONOrYHI WaBnoHKM D ichopmaui@meTa . D
NPOrPaMHMX cUCTEM iHchopmaLitHo- ARATTI THIHHX Teaaypycu

3apay

H- OHTONOMYHI AOBIAHWKK D

e

BinioTekn AHATITHIHIX
chyHkuin ArcGIS for Desktop

—
25 & [Loginkosi paHi (Taﬁnu@

i mg£g€?gz’gg TTX, _LuTaTHi CTRYKTYpH D

= E IBLTH Ta iH) LonombkHi channu
incuctema

chopmyBaHHA OHTOMOrIK D
HopmatunBHi gokymeHT

(3aKOHW, HaKaau Ta iH.)

BxigHi pani (Hakaan,
3BiTH (8 H.)

Puc. 6 — Apxitektypa IAC B cepenosumti TOJOC

HeoOxigHo 3a3HaunTH, 1m0 Bka3aHa cTpykrypa IAC BiamoBimae TpupiBHEBiit
apxitektypi. Ilpu mpoMy yHKIiT piBHS TpEACTaBICHHS B3a€MOJIii BHKOHYIOTH
inTepdeiicn TOJOC, dbyHkuii piBHs naHMX — 0i0JIiOTEeKa OHTOJOTIH, a BCl iHII
MOJTyJIi BUKOHYIOTh (PYHKIIi1 piBHS JIOTIiKH.

BucHoeku

Peanizaniss KOHLENTYaJbHUX Ta CUCTEMOTEXHIYHHX 3acal] TPAHCAUCLHUILTIHAPHOTO
MpeaCcTaBIeHHs] MPOCTOPOBO-po3noaineHoi indopmauii y Burisiai WEB-cepsicis
IAC, sike TakoX JIOCUTh KOHCTPYKTHBHO 3a0€3Teuye 1HKAICYIISIiI0 OHTOIOTIYHHX
I'lC-nonatkiB, 3a0e3nedye BHUCOKY €(EKTHUBHICTH iHTEIPOBAHOIO BHUKOPHUCTAHHS
JOBUIBHUX i1H(OpMaLidHUX pecypciB. binpm Toro, ix TtpaHcaucUUITiHApHE
npeJcTaBiIeHHs pealizye GOopMyBaHHS €IMHOTO THPOPMAIIITHOTO cepe/IOBHUIIA, SIKE
3aTHE 3a0€3MEeUNTH BHCOKHI piBEHb 1HTEIPOBaHOI B3aEMOJIIi YCIX CHUCTEM, IO
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IHKATICYITIOI0ThCS B CepeIOBHUIIE IAC. TexHomoriuny OCHOBY
TPAHCAUCITUIUTIHAPHOTO TIPEACTABJICHHS CKJIQJIal0Th MHOXXHHHI TaKCOHOMIYHI
BiZIOOpa)XeHHsI CTPYKTYPHHX BJIaCTHBOCTEH JTOKYMEHTIB [16].

Kareropiss  TpaHcOUCUUIITIHADHOCTI  JO3BOJIAE  PO3MNIANATH  iHTErpalliro
iH(hOpMaIiTHIX pecypCiB SK MEBHUI MPOIIEC BUKOPUCTAHHS OyIb-IKNX KOHTEKCTIB,
O CTAHOBIJATL CYTh 3aCTOCYBAHHS Ta B3aEMOJIIT MepekeBHX iH(opMariitHux
cucteM. Ii 3acTocyBaHHs s iMIUIEMeHTalii iH()OpPMALiHHUX CHCTEM JI03BOISE
y3araJbHATH 3aCTOCYBAHHS OHTOJIOTIYHOTO IIXOAy Ha PiBHI KOHIENTYaTbHOT'O
BiIOOpaKEHHS B3aEMOIT MepeKeBUX iH(OOPMAIITHIX POIIECIB 1 CHCTEM B PI3HHUX
npeagMeTHUX obrnacTsax. [HmMMH cioBaMu, KaTeropiss TpaHCOUCHUILTIHAPHOCTI
JIO3BOJISIE peaTi3yBaTH MPOICypy CUCTEMHOT0 aHali3y iH(QOopMaiiHUX MPOLECIB i
pecypciB Ha OCHOBI X KOHTEKCTHOI B3a€MO3aJIE)KHOCTi, OCOOMBO TIPH BHUPIIICHH]
CKIaJHUX TMPHUKIAJAHUX MpoOieM Ta 3aBJaHb, SKI MArOTh 3HAYHY KUIBKICTb
MDKJIMCIUTUTIHAPHUX BiJHOIICHB.

Takox B cepenopui Tpancauciumuiinapanx IAC 3abe3nedyerbes hopMyBaHHS
TeMaTHYHUX O0i0JIIOTEK IHTEPaKTUBHUX JOKYMEHTIB, IO JO3BOJISIIOTH PO3MIIITyBaTH
cTpyktypoBaHi nokymentd y WEB-opienroBanomy cepemoumi. Lle mo3Bomsie
JOCUTH €PEKTHUBHO OOPOOISATH BEHKI 32 00CATOM Ta KUTbKICTIO MACHBH TEKCTOBOI 1
Tabnmu4HO1 iH(popMariii # aBToMaTH30BaHO (GOpMyBaTH Ha iX OCHOBI Oi0mioTeKH
OHTOJIOTIYHHUX IHTEPAKTUBHUX JOJIATKIB.

Mepesxesi WEB-cepgicu TPaHCAUCIUITTIHAPHOT IAC MOXYTb
BUKODHCTOBYBATHUCS ISl MIABUIICHHS €(QEeKTUBHOCTI OOpOOKH  BENHKHX
iH(pOpMaLifHUX TEKCTOBUX MAaCHUBIB €KCIIEPTaMH, a TAKOX B TPOLIECax YIMpaBIiHHS
JUIL  OTIEpAaTHBHOTO aHaji3y NOTOKIB JaHMX @pU peami3ailii pi3HOMaHITHHX
iH(PACTPYKTYPHUX MPOEKTIB BETUKOI CKIATHOCTI.
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REMOTE SENSING AND GIS FOR SPATIAL ANALYSIS OF SURFACE
WATER QUALITY AND SOIL POLLUTION

Abstract. The paper presents cartographic models for assessing the quality of soils
and surface waters, scientific justification for improving existing monitoring,
making operational management decisions for ecological security problems based
on the use of modern means of Geographic Information Systems (GIS), methods of
remote sensing of the Earth (remote sensing) from space, including through
cartographic generalizations of data.
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Introduction

One of the most important monitoring components of any object is to determine its
pollution degree. Operational and accurate information about the quality of water
facilities and soils is the basis for water and land users activities regulation, ensuring
measures for the rational use of nature, informing the relevant authorities and the
public about possible hazardous situations.

Cartographic modeling and geoinformation tools allow not only to reflect already
known spatial patterns but also to analyze, identify and visualize the interconnections
between sources of pollution and the quality of soils and waters, to determine the
reliability of information about pollution sources, to perform zoning by factors of
their contamination and quality, including insufficient data situation.

Main part

The article presents examples of remote sensing and GIS technologies using for the
environmental pollution assessing. The expediency of involving remote sensing of
the Earth from the space technologies was justified after analysis of the state
monitoring system current organization.

The basic possibility of space images application to monitor pollution on the basis
of optical characteristics of the snow cover measuring as an indirect indication of the
pollution degree [1, 2] has proved.

The decoding signs to determine snow cover pollution areas were substantiated.
The proposed method of their decryption is alternative to the standard one. It consists

© D.L. Kreta, V.I. Klymenko, Ye.S. Anpilova, 2018
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of brightness gradient module use as a decoding sign for polluted snow cover
contamination. Initially, brightness derivatives calculated in directions x and y. The
calculation of spatial derivatives is carried out by convolution with the masks of the
Sobele operator Hy and Hy (1):

-1 01 1 2 1
H,=[-20 2|; H,=| 0 0 0
-1 01 -1 -2 -1 )
The gradient module G is calculated as (3):
2 2
G= (a—Fj + oF
o % : )

where F is the image brightness.

Unlike existing techniques, it is assumed that for a forest the value of G should
be lower than for dirty snow, because in a forestry the image brightness varies only
as a result of fluctuations, but for the dirty snow cover region a brightness increasing
should be observed as far as the distance from sources of pollution to the
contaminated area periphery. Then in the plane F - G training sample points with
different repetition are deduced. The disadvantage of the technique is the computer
power additional demand and calculation time increasing for a two-dimensional
histogram convolution and construction to identify snow and forest clusters
contamination. However, it is compensated by a contaminated snow detection
accuracy increasing to 20%.

The expediency of satellite data decoding results application has been proved to
improve the accuracy of the definition of man-caused territory pollution along the
highways. According to the chosen calculation method, the amount of soil
contaminant was determined on the basis of assumption that all emissions are
distributed across the road in accordance with the normal distribution law (3):

—(x—p)?

2 2
e (e}

p(x) =~
At “

where ¢ = 60.

The decoding features of air pollution produced by smoke plumes distribution
have determined for the research zone current state estimation. It is substantiated that
tasks connected with the earth's surface sites monitoring are based, first of all, on a
systematic analysis of investigated objects current state in results of thematic
decoding in combination with additional statistical and cartographic data, as well as
characteristics and indicators obtained by contact methods.

When switching to the HSV color model (Fig. 1), the decision rule is (4):
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A, ,if | hy—h <dh

F(x,y, h, s v)e
A, if | b —h>5h

: (4)

where: 4q — a smoke zone, 41 — a zone, where the smoke screen is absent, hg — the

reference pixel hue value belonging to the smoke zone, oh _ the deviation from the
reference value.

gray scale Saturatnon

5D
Saturation: | 1. 00

Value
Value: 50

Color Sample

black S

Fig. 1 — HSV color model

The efficiency of the mathematical apparatus of GIS use (its Geostatistical
Analyst module) for further evaluation of air pollution has substantiated. The
decision reduces processing time for large data volumes. The creation of an
environmental pollution comprehensive monitoring system based on remote sensing
data and modern GIS technologies application will accelerate scientific and
technological progress in the field of environmental safety and increase the
efficiency of information provision for decision making on environmental
management and environmental protection.

Topographic parameters of snow cover areas with abnormal albedo levels in
some areas of the Kiev region were identified by means of the above mentioned
information resources and software algorithms. Each GIS made picture was
projected on the corresponding section of Ukraine electronic map with the alignment
of the scale, and such approach allowed to determine the real contours of urban areas
and forest areas as factors that masked snow contamination by technogenic dust, as
well as geographic or rectangular coordinates of identified areas of snow cover
pollution contours.

Based on the fact that the main contribution to the total emissions from stationary
sources of the Kiev region enterprises is made by Trypillya TPP, producing about
75% of the total region stationary sources emissions, it was determined as a test-
facility for research possibilities of space images application in the monitoring tasks
of the atmosphere pollution by stationary sources of emissions.
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The space images of various spatial resolution were used to determine the
atmosphere surface layer zone size polluted by the man-made dust of Trypillya TPP.

All space images, used to identify parameters of the emission zones in the
atmosphere of Trypillia TPP, were transformed into a cartographic projection of the
Kyiv region electronic topographic map M 1: 200 000, usig ArcGIS v.10.2. Taking
into consideration that used space images were obtained at random option of wind
directions and speeds, they determined the average distance from the emission
source to boundaries, where the technogenic dust concentration is approximately
equal to the background. Forecast estimates of the land polluted by the technogenic
dust of an arbitrary sector around Trypillya TPP could be easy obtained by means of
the wind direction statistical data use, as well as taking into account the smoke
streams parameters obtained by decoding of high spatial resolution space images
random set [3, 8]. Thus, mapping models of quantitative estimations of the land load
produced by the man-made dust around the polluting objects were obtained using
the winds parameters, the composition and volumes of TPP emission.

Under today’s conditions of transition of Ukraine to the basin principle of water
resources management, the problem of the most optimal use of the existing network
of observations is relevant. Ecological information, collected through long-term
observations can serve as the basis for the models of surface water quality
assessment. According to statistical data [3-6, 9], there is a tendency of the surface
water quality deterioration in the basins of Ukraine’s rivers. Reliable, accurate and
timely data of the surface water quality must be provided for informational support
of decisions to ensure the fulfillment of legislative acts regulating modern water
relations in Ukraine.

Now there is a military conflict in the south-eastern region of Ukraine that covers
the world's largest coal-mining technogenically-rich region, one of the largest and
most dangerous natural-technogenic geosystems with a high density of potentially
dangerous objects (more than 4000), its area is up to 20 000 km?,

Long-term mining activity in the Donbass region has a very negative impact on
the quality of surface water and the flow regime of surface water. The rivers of the
Ukrainian part of the Donbass region belong to three river basins — the Siversky
Donets, the Dnieper and the Sea of Azov. Determination of the forecasted impact of
coal mining enterprises on the formation of surface waters flow, the Siversky Donets
River basin (which now is the source of 90% drinking and household water supply
for villages and cities of the Donetsk Region and for the Luhansk Region — 60%),
now is complicated due to the decrease of the regional water-ecological monitoring
level.

A new method for assessing the surface water quality that differs from existing
thanks to geostatistical interpolation methods use for monitoring data and an
improved data processing method as to quality based on classes and categories,
allowing improving the surface water environmental monitoring, were proposed.
The regularities of changes of the Siversky Donets River basin surface water quality
were determined, in particular, places of high substances concentrations that affect
the ecological state of the river basin were determined.

Cartographic modeling, carried out based on GIS tools, allows not only to reflect
already known spatial patterns, but also to conduct analysis. In addition, GIS help us
to identify and visualize the interrelationships between sources of pollution and
water quality, to determine the information reliability for pollution sources, to
perform zoning based on contamination factors and surface water quality, in
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particular, under the insufficient hydrochemical data volume. The analysis of the
Siversky Donets River and its main inflows ecological state study by the chemical
composition indexes of one of the most technogenic-loaded regions indicates steady
irreversible changes in the qualitative and quantitative composition of its basin
surface waters.

For today, we have created a database for making decisions on water resources
management of the Siversky Donets River. The maps of network of observations of
the State Hydrometeorological Service of Ukraine and localization of using
enterprises of Siversky Donets River water, accountable by means of Form Ne2TP
(water management), also have constructed.

In addition to the statistical data for the Siversky Donets River water status
assessment, space imagery obtained from various sources: TERRA/MODIS, NOAA,
QuckBird, LANDSAT, SPOT, ICONOS, funds of the State Science and Production
Center "Pryroda”, global computer network Internet were used. Results of the space
images decoding were integrated into the geodata of factors influencing the class of
the Siversky Donets River basin water quality was connected to the GIS, and
a comprehensive spatial analysis was carried out based on investigated object dates
of quality classes. Cartographic models of contamination dynamics of the surface
water of Siversky Donets River were constructed and based on available geodata.
Using the "Methodology for calculating anthropogenic loading and classification of
the ecological state of the small rivers of Ukraine Basins"[5] enables us to evaluate
the assessment of surface water quality of the Siversky Donets River.

The opportunity to automate the water quality calculating process is opening by
means of the mentioned method advantages, on the one hand, and the powerful
capabilities of modern GIS technology tools, on the other hand. The calculations of
anthropogenic loading and classification of the small rivers of Ukraine basins
ecological state inside the environment of the GIS-package of ArcGIS have made in
addition to the cartographic model.

The method is programmed on language Python basis, built into the ArcGIS
software core and was able to integrate inside numerous protocols of modern
programming languages external libraries. As a result, water quality classes were
obtained at each monitoring point.

The evaluation of surface water objects condition for classes and quality
categories is possible only at sampling points. Under the circumstances of the
constant reduction of observation points number and sampling frequency it is
difficult to evaluate and make a decision, therefore it is desirable to know the level
of pollution at any river basin point. Geostatistical methods included in the additional
ArcGIS Geostatistical Analyst module used to construct spatial distribution models
of surface water quality. Using the geostatistical methods, such as ordinary, simple;
universal; probabilistic; disjunctive and indicator krigings, enables us to research of
surface water quality.

The simple kriging method is optimal for the surface water basin quality
interpolating. The method of indicator kriging allows us to build probability surfaces
of the surface water basin quality changes.

Based on the spatial databases of the State Hydromet monitoring stations through
the Geostatistical Analyst module the geostatistical analysis was carred out, resulting
in an interpolation surface of the surface waters pollution level values of the Siversky
Donets River.
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Moreover, the geostatistical analysis indeed has significant advantages in the
processing of data large volumes and digital maps preparation, greatly simplifying
the environmental components assessment, when the preparation of maps by
traditional methods requires considerably more labor and financial resources.

The comparative analysis of technogenic press prevailing factors on the
Ukrainian regions environmental components, based on the results of the mapping,
was carried out. It contributes to decision-making support on issues of regions
environmental safety and natural resources rational use. It is established that each
region has its own characteristics and the most influential factors of the environment
ecological state (Fig. 2).

@ Exouoriuna kapra XepcoHcbkoi obaacri
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Fig. 2 — Information ecological-cartographic models of environmental pollution
on the Kherson region example

Conclusions

In state of emergency situations dealing with traffic accidents, fires, unprovoked
explosions accompanied by releases of hazardous chemical (biologically dangerous
or radioactive) substances, decisions on planning of measures for their consequences
liquidation should be taken in conditions of significant time limitation for the
analysis of such events development. In the case of measures planed to prevent
emergency events with such consequences, there is no critical time limitation.
Therefore, for each potentially dangerous object it is expedient to have in advance
calculated geomodels of the area pollution under the most probable parameters of
meteorological conditions [7-9].

The information technology of pollution geomodels preparation for atmosphera
and underlying land surface polluted by man-made emissions is developed on the
basis of cartographic and mathematical modeling methods using databases of
attributive data on sources and meteorological conditions at the time of release, space
images, software services of geographic information systems. Such geomodels
should be included in specialized Internet sites, which will provide distance access
to them, not only as to reference material, but also to data upgrade and calculations.
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MONITORING OF POTENTIAL SELF-IGNITION ZONES
OF THE FOREST ACCORDING TO CLOUD COVER REMOTE SENSING
DATA

Abstract. The complex analysis of the main properties of natural objects with
establishment of extent of interference of their specifics and the factors causing
inflaming is carried out. The dominating natural factor forming a local source of
fire is revealed. Formation conditions of potential self-ignition zones are defined.
The method allowing to reveal potential zones of self-ignition according to
decryption of storm clouds with use of Earth sensing remote methods and to predict
the probable level of a fire hazard is presented. Results of program realization of a
method according to monitoring of these zones are displayed.

Keywords: polarization; spark discharge; organic compounds; storm clouds

Introduction

The wildfires which are periodically passing across territories of Europe and
America became an integral part of life of the population of these continents counties
as of today. Fire elimination material costs are huge. As such, the fires in the State
of California in 2017 put USA economies at unprecedented losses of about
$27 billion. The problem of wildfires is relevant for many countries. Perfection of
emergence forecasting methods and their anticipation is carried out everywhere,
however, still remains the most urgent task.

The purpose of the research is the development of a prediction method for the
fire hazard level of potential self-ignition zones (PZSI), earlier unknown. The PZSI
is a territory of the forest where sources of fire and combustible materials are formed
by exclusively natural forces.

Main content of research

It is known that for a number of the wildfires ignition sources, those sources are
usually brought to the forest territory from the outside (a human factor or a natural
phenomenon — a lightning). The process of emergence of such fires is well studied
and known. With due approach the cause and the source of the fire are established
rather precisely. Therefore, they are not considered in this work.
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According to this, the main accent in this article is given to the definition of the
conditions forming the fire source immediately in the territory of the probable fire.

Local source of fire

According to authors, one such source can be the spark discharge. As such, around
potent clouds the electric intensity can reach E, = 10* V/m and more. In these
conditions vegetation of the wood is polarized and the process of dispersion begins
with acumination from the sharp tops of the stream of charged particles (ions). At
the same time, if the local field near the edge of E,,, reaches a value, sufficient for
an electrical breakdown of air, then, factually, spark discharge occurs.

So, at field strength E,, operating between the basis of the cloud and the plant,
the size of the charge of the plant and the maximum field strength at its top are
respectively equal [1]

2

_ . EoBob? . _ (E) Eo
Qmax =T 2b ’ Emax - 2b
o1 s

At the same time, the energy of a spark discharge:

W = Qrznax/z C,

frequency of following spark discharges:
=Y
f - 80’

where b and a is length and width (b >> a), C and y is the capacitance and conduction
of a plant respectively, €,— permittivity of vacuum, F/m.

So, for example, at E, =10* V/m, b = 5107 m, a = 5-1073m we get
Emax =107 VIM, Qpax = 71078 C, W = 2,5-1072 J, f = 10* Hz. Thus, the plant
with a sharp, pointy top can become a source of a spark discharge with electric field
of a storm cloud acting on it.

Combustible materials

One of the known natural phenomena, distinctive for vegetation of the forest is the
production of organic compounds in the surrounding medium which are a very
flammable mixture, as it contains carbon, hydrogen, etc. [2]. Unlike traditional solid
combustible materials organic compounds can easily ignite from electric sparks
which energy (0,3<-0,06-1073) J much less than that of a spark discharge of plants
(1072 J[3].

The defining properties of organic compounds are:

— drains, transfer of organic compounds from one atmosphere container to
another;

— conversion of hydrocarbons in aerosols;

— dispersion of aerosol particles under the influence of an electric field on the
edge of plant tops;

— cuticular layer of wax containing terpenes covering the foliage.

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



~ 130 ~

Thus, under the favorable conditions, especially during the vegetative period, on
the forest territory there can form zones, saturated with the easily igniting mix of
hydrocarbon compounds.

The choice of the dominating natural factor forming a local source of fire

The PZSI is a territory of the forest, where sources of fire are formed exclusively by
forces of nature. Unlike a lightning, which is brought to the territory of future fire
from the outside, a local fire source arises immediately on it. The location of the
lightning is visually controlled well, whereas ignition of combustible materials with
such sources of fire, according to the hidden nature of this process’s development,
practically can’t be monitored. Therefore, it is expedient to carry out their monitoring
on existence of the natural factors forming these sources. The first factor —
production of the gas mixture of hydrocarbon compounds by vegetation.

The second factor — storm clouds, which form anomalously high tension of an
electric field on an edge of the tops of trees, leading to a spark discharge. Thus, local
places of accumulation of flammable gas mixture and the storm clouds passing over
them are two factors which form the PZSI with a fire source, sufficient for the
ignition of hydrocarbon compounds and the subsequent inflaming of solid
(traditional) combustible materials.

It is visible that storm clouds and vegetation of the wood can be the provocative
factors. But vegetation is a passive factor, though constantly present. Its action can
be shown only in the presence of a storm cloud — the factor, which activates the
process of a spark discharge. From this it follows that only the storm cloud bearing
electric charge can be the parameter which is subject to monitoring.

Program realization of the developed method of PZSI monitoring

For the purpose of research of optical characteristics of cloud cover, the program
module allowing both to analyze chromatic characteristics, and to receive their
statistical values was developed. Development was done in Visual Studio in C#
language. The choice of language is justified by sufficient simplicity of development
of Windows Applications.

The program module allows to carry out decryption of storm clouds, on the basis
of color channel (RGB) brightness distribution.

The training selection consisted of the pictures of a cloudy cover received from
open sources on the Internet. All processed data was divided into 2 classes: storm
clouds and others. Their classification was carried out on the basis of archived data
of analyzed territories weather: wildfires in the Kherson region in May, 2018 and in
Zhytomyr, Khmelnitsky, Vinnitsa regions in July, 2013. At the training stage in the
interactive mode, cloud cover zones were highlighted and distribution of brightness
of spectral ranges histograms were constructed.

On the basis of injected data, contrasting with use of a histogram normalization
method was carried out. When normalizing the histogram on maximum interval, the
change of brightness from 0 to 255 doesn’t “stretch” for the full range of the current
image brightness values, but only its part representing the most informative site.
Thus, peaks of the histogram display those levels of brightness, which prevail in the
image of the studied cloud cover. The same areas where level is low on the
histogram, correspond to brightness values which occur in the image very rarely and
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they can be left out of the stretching range. The essential stretching of the histogram
was achieved by the exception of the 5% of extreme brightness values, i.e. increase
in contrast.

From the obtained data the conclusion follows that the storm cloud of 2013 is
non-uniform, because it has a set of local extremums, and the storm cloud of 2017
was homogeneous.

It is known that if the cloud is homogeneous, it tells us about a big density of
charges in it, which leads to an increase in probability of emergence of fire in this
territory. It is confirmed with the example of a wildfire in May, 2018. On the
contrary, in 2013 the density of storm cloud charges was less and insufficient for an
emergence of wildfires on the storm cloud route.

Forest PZSI monitoring method

The method is based on monitoring of the chosen meteorological parameters
received from ASE (artificial satellites of the earth), differing from the known ones
in that, for the purpose of fire hazard assessment, the storm clouds are diagnosed by
their ability to activate the process of creation of local sources of fire.

The decision making to reference a cloud cover as a storm is carried out on the
basis of existence of multiple local extremums of spectral subrange brightness
histograms. Origin of local sources of fire is determined by the maximum change
gradient of brightness levels. In this case the cloud is uniform and has the maximum
density of charges. Formation of the PZSI can undergo starting from the beginning
and after (1-2 days) the passing of cumulus clouds over the controlled territory of
the forest. The period of monitoring is defined by the time of PZSI formation
processes.

Conclusions

According to the research results, the relationship of storm clouds with the PZSI
formation processes, where the source of the fire is formed only by forces of nature,
is established. It is shown that PZSI monitoring according to remote sensing data is
a basis for expeditious gathering of estimates, which involve current observation
subject state and the fire hazard level prediction. Need of further collection of
material and its analysis together with the poorly studied "indirect™ factors causing
forest sites self-ignition is obvious.
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MOHITOPHUHI IOTEHIIMHUX 30H CAMO3AVMAHHS JIICY 3A JAHUMHA
JACTAHIIAHOI'O 30HAYBAHHS XMAPHOI'O TIOKPUBY

Anoranis. [IpoBeneHO KOMIUIEKCHHMH aHalli3 OCHOBHHMX BIIACTUBOCTEH NPHPOAHUX
00'€KTiB i3 BCTAaHOBJICHHSIM CTYIEHS B3a€MHOTO BIUIMBY X crenuQikd Ta YMHHHKIB, IO
BHKJIMKAIOTh 3aiiMaHHA. BUsABICHO IOMIHYIOUHI NpUpOomHU (akTop, SKUH GHopMye
JIOKaJbHE JDKEpeNno BOTHIO. Bm3HaueHo yMoBH (OpPMYBaHHS MOTEHIHHHX 30H
camo3aiiManHs. [IpencTaBieHnii MeTOI T03BOJISE BUSBIISITH IIOTSHITIHHI 30HU cCaMO3aiMaHHS
3a JaHUMH Jemu(GpyBaHHI T'PO30BHX XMap 3 BHKOPHCTAaHHAM METOMIB IHCTAHIIIIHOTO
30HIYBaHHA 3eMJIi 1 MPOTHO3YBAaTH MOXUIMBHH PiBeHb MOXKekHOiI HeOesmeku. ITokasai
pE3yJIbTATH MPOTPAMHOI pealtizailii MeToIy 3a JTaHUMH MOHITOPHHTY ITUX 30H.
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ESTIMATION OF INTEGRATED CHARACTERISTICS
OF MATERIALS OF RAIL CONCRETE STRUCTURES BY THE
METHOD OF SURFACE WAVE

Abstract. The basis of the method for evaluating the integral characteristics of
materials of building structures is the parameters of the surface wave of the
acoustic frequency range when vibrations in the construction are excited by the
impulse load. Surface wave method is the complicated method for theoretical
solutions, technology of measurements, methods of information procession and
their further interpretation. But this complexity is justified by the advantages in
obtaining integral characteristics of materials of building constructions. The
integral acoustic characteristic of a planar construction (plate) is the velocity of
surface wave (Rayleigh wave). The analysis and comparison of theoretical and
experimental dispersion curves forms allows us to estimate the uniformity of the
thickness of construction, as well as to determine this thickness. For the practical
construction of experimental dispersion curves, the efficient method for measuring
the phase velocity of bending waves in building constructions excited by the
impulse load was developed. The problem of propagation of planar harmonic
Rayleigh waves on the boundary of a rigid isotropic ideal-elastic half-space with
a vacuum that can be used for determination of mechanical properties of materials
of reinforced concrete plates is analyzed. The wave number, calculated voltages
and displacements in the Lamb waves in each point of plate are determined. To
construct the dispersion curves, the mathematical package Mathcad 13 was used.
The construction of the dispersion curves takes place in three stages. The velocity
of the Rayleigh surface wave is determined from the bicubic equation for the given
values of the velocities of the longitudinal and transverse wave. A sequence of
values of the variable x is chosen, for which the corresponding equations are
solved in accordance to the phase velocity c. The dispersion curve based on the
values of the phase velocity ¢ is constructed. It is shown that the value of Rayleigh
wave velocities has a nonlinear relationship with the mechanical properties of
plate materials. At the rate of decline of the dispersion curves it is possible to
estimate the thickness of the reinforced concrete plates. The Poisson coefficient
and the density of concrete practically do not affect the character of the dispersion
curves. If some of input parameters are unknown during the numerical simulation
of the real plate, you can consider them to be equal to their average statistical
values. In this case the maximal deviation of both the velocity of the Rayleigh
waves and other points of the dispersion curve does not exceed 4%.

Key words: non-destructive testing; Rayleigh waves; Lamb waves; dispersion
curve; integral characteristics
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JI1 «HaykoBo-nocmiiHuii IHCTUTYT OyAiBeIbHUX KOHCTPYyKLik», KuiB, Ykpaina

OLIHKA IHTEI'PAJIBHUX XAPAKTEPUCTHUK

MATEPIAJIIB 3AJII3B0BETOHHUX KOHCTPYKIIA METOJAOM

Beryn

MOBEPXHEBOI XBWJII

Anomauin. Ocrogoro Memooy OYiHKU THMeSPATbHUX XAPAKMEPUCUK Mamepianie
0y0igebHUX KOHCMPYKYIU € napamempu No8epXHe8oi X6Ui aKyCmMuyHo20 Olanasony
uacmom npu 30Y0HCeHHi KOMUBAHb 8 KOHCMPYKUYIl IMNYIbCHUM HABAHMANCEHHAM.
Memoo nosepxnegoi x6uni € CKIAOHUM MemMOOOM 3d MeOPemUYHUMU DieHHAMU,
MeXHIKOI — BUMIPIOBaHb,  cnocobamu  06pobku  iHopmayii, nodarvuioro it
inmepnpemayiero. Ane maxa CKIAOHICMb BUNPABOAHA Nepesazamu 8 OMpPUMAHHI
IHMeZPaNbHUX XAPaKmepucmux Mamepianié 0yoigebHux KOHCmpYKyii. InmeapaibHoro
AKYCMUYHOI  XAPAKMEPUCMUKOI NIAACKOL KOHCMPYKYIl (naumu) € weuoxicmo
noeepxuesoi xeuni (xeuni Penes). Ananiz ma nopieHsHHsS (POpM MeOpemudHux i
EeKCNEPUMEHMANbHUX — OUCNEPCIIHUX — KPUBUX — 00380JIAE  OYIHUMU  OOHOPIOHICIb
6y0isenbHOI KOHCIMPYKYIT N0 MOSWUHI, 4 MAKONC SUSHAUUMU YO Moswury. s
NPAKmuyHoi no0Oy008U eKCNepUMEeHMATbHUX OUCHEePCIUHUX KPUBUX po3po0bneHull
epekmugHUll  Memoo BUMIpIO8aHb  (Pa3080i  WBUOKOCMI Npu  IMAYICHOMY
30Y024CeHHI 32UHATbHUX X8ULb Y OyOisenbHux KoHcmpykyisx. [Ipoananizoeano 3adauy
PO3NOBCIO0MNCEHHST NIAACKOI 2apmoHiunoi xeuni Penes na epanuyi meepdozo
i30mMponHO20 i0eanbHO NPYIHCHO20 RIBNPOCMOPY 3 8AKYYMOM, WO MOdce Oymu
BUKOpUCMAHA — ONIl  GUSHAYEHHS — MEXAHIYHUX — 61ACMUBOCMEN  MAamepianig
3anizobemonnux naum. Busnaueno xeunvboee Yucio i po3paxo8awi HANPYHCeHHS |
smiwenns y xeunsix Jlemba ¢ 6yov-saxiv mouyi naumu. /s no6yoosu oucnepciinux
Kpueux 6ye euxopucmanui mamemamuynui naxem Mathcad 13. Ilob6yoosa
OUCnepCitinux Kpueux npoxooums y mpu emanu. 0Jis 3a0aHUX 3Ha4ensb WeUOKOCMI
NOB3006JCHIX [ NONEPEYHUX X6UNb 3 OIKYOIUHO20 PIGHAHHS GU3HAYAEMbCS
weuoKicms nosepxnesoi xeuni Penes; obupaemscs nociiooHicms 3Hauenb 3MIHHOL
X, 071 AKUX GIOHOCHO (Pa30801 WBUOKOCMI € PO36 °A3YIOMbCA GIONOGIOHI DIGHAHHS,
30 OMPUMAHUMU NPU BUKOHAHHI NONEPeOHbO20 emany 3HAYeHHAMU Gaz080i
weuokocmi ¢ Oyoyemucs oucnepciina kpusa. Ilokazano, wo 3HaueHHs weuoKocmi
xeunv Penesi mae neninitinuii 36’130k 3 MEXAHIYHUMY 6IACMUBOCMAMU MAmMepianie
naum. 3a weuodKicmio cnadanHs OUCNEPCIUHUX KPUBUX MOJCHA OYIHI8AMU
senuyuny moswunu 3anizobemonnux naum. Koegiyiecnm Ilyaccona ma winonicmo
6emony npaKmuyHo He 8NAUBAIOMb HA XApAKmep OUCnepCiiHux Kpusux. Axuo npu
YUCETLHOMY MOOENOB8AHHI PeanbHoi naumu O0esiKi 8XIOHI napamempu HegiooMi,
MOJICHA MPULMAmu ix pieHUMU IXHLOMY CEePeOHbOCTNAMUCTIUYHOMY 3HAYEHHIO.
Maxkcumanvue ioxunenHs sAK weuokocmi xeunv Penes, max i iHwux moyox
oucnepciiinoi kpugoi' 6 maxomy pasi ne nepesuwye 4%.

Knrouosi cnoea: nepyiinisni memoou; xeuni Penes; xeuni Jlemba; oucnepciiina
Kpuea, iHmezpanbHi XapaKmepucmuxu

[MapameTpu moBepXxHEBOi XBHJII aKyCTHYHOTO Jiala3oHy 4acToT NpU 30YKeHHI
KOHCTPYKIIiT IMITyJIbCHM HAaBaHTAXKEHHSIM € OCHOBOIO 3alpPOMIOHOBAHOTO METOJY.
B [1] weit meton posrismaeTbes sik Meton moBepxHeBoi xBwii (MIIX). MIIX e
CKIaJHUM METOJOM 3a TEOPETHYHHMHU pIIIEHHSIMH, TEXHIKOI BUMIpPIOBaHb,
cocobamMu 0OpoOKHM 1HOpMaIl, ToAanbIIow Ii iHTEeprnpeTamicro. Ale Taka
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CKJIHICTh BUIPABJaHa MepeBaraMi B OTPHUMAaHHI IHTETPaIbHUX XapaKTEPUCTHK
MarepianiB OyIiBeIbHUX KOHCTPYKITiH. 3HaUHUN BHECOK Y po3BuUTOK MIIX i ioro
MpaKTUYHE 3acTocyBaHHs 3poownu creriamicty HALL 26 ITHAI (m. Cankr-
[TerepOypr) [2].

[HTErpanpHOI0 aKyCTUYHOIO XapaKTEPHCTUKOIO IIACKOT KOHCTPYKMIl (IUTHTH) €
IIBHIKICTH TIOBEpXHEBOI XBUi (XBHIi Peres). [i Bu3HauaroTh mursaxoM excrpanomnsiii
JIICTICPCIHHOT KPUBOI B 00JIACTH KOPOTKUX JTIOBKUH XBWIIb, OTpUMaHi 1aHi NIBUIKOCTI
xBuil Penest naroTh 3Mory (Ipy BiIOMHUX 3HAYEHHSAX LIIIBHOCTI o Ta KoedilieHTa
ITyaccoma ) po3paxyBaTH [HMHAMIuHI IIPYXKHI XapaKTEPUCTHKH Marepiairy
KOHCTPYKLIi: MOIYJb MPYXHOCTI Ta MOIYJIb 3CYBY. AHalli3 Ta MOPiBHSIHHS (hopM
TEOPETUYHUX 1 EKCIEPUMEHTAIBHUX IUCIIEPCIHHIX KPHBHUX JO3BOJIIE OIIHUTH
OJTHOPITHICTh KOHCTPYKIIii 1O TOBIIHHI, 8 TAKOX BU3HAYUTH ITI0 TOBIINHY.

HasBHicTe aucnmepcii, 3a BU3HAueHHAM, O3HA4ae, 0 (opMa KOJIWBaHb
3MIHIOETBCA y TIpoIeci iX posmoBcromkeHHs. [lucmepciss BHHHMKAaE TOII, KOIH
IIBUJIKICTh PO3MOBCIODKEHHS XBUJII 3aJIC)KUTH BiJ] 4aCTOTH (TOOTO XBWUI Pi3HHUX
4acTOT PO3MOBCIOKYIOTHCS 3 PI3HOIO MIBHIKICTIO), a Ml JUCTEPCITHOI KPUBOIO
3a3BUYal pO3yMIIOTh Ipadik 3aIeKHOCTI (Pa30BOI MIBUAKOCTI KOJTUBAHb BiJl YaCTOTH
koiuBasb [3]. Ilpore mis Hammx 3amad 3pyqdHO OymyBaTH TUCTEPCIHHY KPUBY K
3aJIeXHICTh (ha30BOI MIBUIAKOCTI BiJl JOBXKUHY XBWIIi a00 BiJl BITHOIICHHS TOBKUHU
XBHWI1 JO TOBIIMHY IUIATH.

[Iponenypr moOymOBH TEOPETHUYHUX AWCIIEPCIHHUX KPUBUX, B OCHOBY SKHX
MTOKJTaJIEHO OTPUMAaHHS 3aJeKHOCTI MK (Da30BOIO MIBHIAKICTIO C 1 BiIHOIIEHHSIM

A

—, ne A — noBxuHa XBWJi, a H — TOBIMHA MIKTH, PO3IISHYTI PAIOM aBTODIB

[1-8]. Ase mis MpakTHYHOTO 3aCTOCYBAaHHS INPH BHUPIIICHHI KOHKPETHHX 3a1ad
MOTPeOyBANIOCh MPOBEACHHS TCOPSTHYHMX JOCITIKCHb. Y CTaTTi Jid MOOYI0BU
EKCIICPUMEHTAIBHUX JTUCTIEPCIMHUX KPUBHX pO3pOOJICHUH e()EeKTUBHHH METOX
BUMIpIOBaHb ()a30BOi MIBUAKOCTI MPH IMITYJIbCHOMY 30YPK€HHI y KOHCTPYKIIISIX
3THHAJIBHUX XBWIG [2, 8].

XBuii Pees

XBuisamu Pernest Ha3MBalOTh NPYXKHI KOJIMBaHHS, O PO3MOBCIOKYIOTHCS TIOOIU3Y
BUIBHOI TPaHUIII TBEPJIOTO Tijia Ta 3aTyXal0Th 3 TIAHOMHOIO [6]. PosrisHemMo miacky
rapMOHIYHY XBWIIIO Perest Ha TpaHuIll TBEPIOTO i130TPOITHOTO i€ANIBHO MPY’KHOTO
niBnpocTopy 3 BakyymoM. Hexail miBmpocrtip 3aiiMae obmacte Z >0, a manpsam
PO3MOBCIOJKEHHSI XBUJII 30iraeThcst 3 Bicclo X. Bememo mns oGmacti, 3alHATOl
HiBIPOCTOPOM, CKAJISIPHUN (0 1 BEKTOPHUH | MOTEHILIANN 3MiIleHb, TaK 110 BEKTOP

3MiIlIEHb YaCTUHOK V 3aIUIIEThCS Y BUTIISAII
v =grade + roty . (1)

OCKinbKM XBHIIA IDIacKa 1 pyX HE 3aJIe)KHUTh BiJl KOOPAMHATH Y, Y BEKTOPHOTO
MOTeHIia y Oy/ie BiAMIHHA Bijl HYJIS JIMIIE KOMIIOHEHTA 110 OCi Y; [0 KOMIIOHEHTY
MO3Ha4uMo Tpocto 4epe3 Y . IloTeHumianu ¢ Ta Y Ha3MBAIOThCS BIANOBIIHO
MOTEHIliaJJaMH TIOB3JIOBXKHIX 1 3CYBHUX XBHIIb Ta 33I0BOJILHSIOTH (JUIS TAPMOHIYHAX
MPOLIECIB) XBUIBOBUM PIBHSIHHAM I €1bMIoblist 2-r0 POay:
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op & oy @
a_x¢25+5?+k5¢20 ax‘f+az'/2’+k$w=0, 2)

ne:k, = _P k= L _ XBUJIBOBI YHCIIA BiJIMIOBITHO ITOB3/IOBKHIX Ta
A+2u y7,

MOTIEPEYHNX XBWJIb, (0 — KPYroBa 4acToTa; A 1 u — mpyxHi noctiiiui Jlame; p —
IIIJBHICTb cepenoBuia. Bupasu nnig ¢ ta y npuilMaroTb BUIIISAA:

¢ — Ae—qzet(kx—(ut) l// — Be—szet(kx—wt)

ae: q2 —k? —kE; 5?2 —k? - k-?; A 1a B — 10BiIbHI TOCTIiHHI.
VMoBH 3a7a4i OTpeOyIOTh, 100 HAPYTH O, Ta Oy, IOPIBHIOBAIH HYIIO Ha

rpanuui niBnpocropy (wionmna Z = 0). Tligcrasnstoun Bupasu uist @ 1a |y ui

YMOBH, OTPUMA€EMO CIIiBBIHOIICHHS, 110 OB’ s3yi0Th A, B Ta XxBUIIbOBE umcio K.
V pe3ynbTati s (0 Ta I OTPUMYEMO

kx—aot)—sz

2kq

i
e
k? +s?

¢ _ _Aei(kx—a)t)—qz w = iA 3)

PiBHsIHHS U151 BU3HAUCHHs K (XapaKTEepUCTUYHE PIBHSHHS) Oy/ie MaTH BUIJIS
2 2 2P
4k“gs—\k“+s°) =0. 4
[Ticns mpocTux nepeTBopeHb BOHO 3BOJUTHCS 10 hopMu

n® —8n* +8(3—2§2)72 —16(1—52):0, ()

c k : : .

ne: = =T = —; &= LT (CL, Cr — da30Bi MBUIKOCTI MOB3IOBXKHIX i

L. C1
k ¢ kr ¢

MONEPEeYHNX XBHIB). Lle piBHAHHS HAa3WBaEThCs piBHSHHAM Penesi. BoHo Mae mricTb
KOPEHIB, 3HAYEHHs AKHUX 3aJeXKHUTh TUNbKU Bia koedinieHnTa [lyaccona g maHoro

HPYXKHOTO cepenoBHIIa. XBuiIi Penest BiAMOBigae KOPiHb 7]R , 10 3HAXOUTHCS MIXK
HyJeM Ta ofuHunero. Jns Oyab-Koro 3Ha4eHHs [/, IO BiANOBiA€ peasbHOMY
cepenosuiy 0 < 1 < 0,5, piasianst (5) mae ouH 1 Tislbku 0MH KopiHb. Lleit daxr

MiATBEPIUKYE CIPAaBEATUBICTD MPUHAHATOI TIMOTE3U Ta JOBOAWTH ICHYBAaHHS XBUII
Penes Ha BifbHIN IpaHULi MIPYKHOTO HMIBOPOCTOPY.

XBui Jlem0a

XBuwisamu Jlemba Ha3WBalOThCA TPYKHI KOJIHMBaHHS, IO PO3MOBCIOJUKYIOTHCS Y
TBEpIill TUIACTHHI 3 BUIBHUMH TPaHUISAMH, Y SKMX Ma€ Miclle 3MIlIeHHS, SIK Y
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HaMpsIMKy PO3MOBCIOKEHHS XBHIII, TaK 1 OPTOTOHAIBHO JO TUIONIMHH TIIACTUHHU
[6, 7]. Po3rissHeMoO TIacKy rapMOHIYHY XBHUTIO JlemOa, 0 PO3MOBCIOKYETHCS Y
IUIACTUHI TOBHIMHOK 2d y JomaTHOMY HampsMKy oci X. BBememo s obGunacri,
3aMHATOI IUIACTUHOIO, CKAJILIPHUM i BEKTOpHUI 4 MOTEHLIAIHN 3MIIIEHD, 110

ITOB’s13aHi 3 BEKTOPOM 3MiIlIeHb crmiBBigHOmeHHM (1). SIK 1 B Tutackiit XxBumi Peres,
y BEKTOPHOTO MOTeHIiay Oy/ie BiAMiHHA BiJ HYJIS TIIbKH KOMIIOHEHTA I10 OCi Y, Ky
MH TaK0>X NO3HauMMO mpocto i/ . [loreHuianu ¢ ta |, 10 ONUCYIOTH BIANIOBITHO

ITOB3JIOBXKHI Ta TOTIEPEYHi XBHJIi, IOBUHHI 3aOBOJIGHATH XBWJIBOBHM PiBHSHHSIM
(2). IIpeacraBumMo ¢ Ta Y y HacTymnHii Gopmi

¢ = A ch qze"™ + B, sh gze™ w =D, shsze™ +C, ch sze™, (6)

ne: As, Ba, Ca, Ds — noBiibHi mocriiini; K — XBIiIb0Be unciio XBuis JlemoOa;

HeBaxxko moGaunT, 110 BUpasu (6) 3a0BOJNBHSIOTH XBHJIBOBUM PIBHSIHHSM (2).
[lpupiBHIOIOYM HaAmpyrd [0 HyJS, OTPUMYEMO HACTYIIHY CHCTEMY JIHIMHHX
OJTHOPITHUX PIBHSHB IJIS1 3HAXODKEHHS aMILTITYH As, Ba, Ca, Ds!

(k? + 52 )ch qdA, + (k? + 52 Jsh qdB, + 2ikssh sdC, + 2iksch sdD; = 0

(k2 +52)ch qdA, —(k? + s )sh qdB, - 2ikssh sdC, + 2iksch sdD; =0

2ikqsh qdA, + 2ikgch qdB, — (k? + 52 Jeh sdC, — (k2 + 52 )sh sdD; = 0

~ 2ikqsh qdA, + 2ikqeh qdB, — (k2 +s? Joh sdC, + (k? + 52 Jsh sdD, = 0

HeBaxko 1mOMITHUTH, 10 3allcaHa CHCTEMAa 3aJ0BOJBHIETHCH, SKILO
3aJI0BOJILHAIOTECS B ITIJICUCTEMHU:

(k*+s*)chqdA, +2ikschsdD, =0 2ikgsh qdA, —(k* +s”)shsdD, =0. (7)
(k*+s”)shqdB, +2iksshsdC, =0 2ikqch qdB, —(k*+s°)chsdC, =0. (8)
[lizcucTeMn MarOTh HETPUBIANBGHI PO3B’SI3KM  JIMIIE TOJI, KOJIH iXHi

JNeTepMiHAHTH JOPIBHIOIOTH HYNII0. MU NPUXOIUMO 0 JIBOX XapaKTEPUCTHYHHX
PIBHSIHb, 1110 BU3HAYAIOTh BJIACHI 3HAUCHHS XBIJIHOBOTO uKcia K:

(k% +s2)%chqd shsd —4k?gs shqd chsd =0, )
(k% +s2)%shqd chsd —4k2gs chqd shsd =0. (10)

Buxopucrapmy 1i piBHSHHS, OTpUMaEMO 3 mijcucremu (5) Bupas s Ds uepes
As, a 3 migcucremu (8) Bupas mis C, uepe3 B,. Otpumaemo hopMyId s HIyKaHUX
MTOTEHIiaiB:
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2ikgqgs shqsd
(k2+5s2) shsgd

B, chs,ze'ka*, (12)

¢ = A ch qgze™s* + B, sh q zea*y) =
2ikaqq chqqd
(k2+s2) chsgd

Ag shsgzet™®s* +

ne: ks — smavenns k, mo 3amoBonbHsie piBHAHHIO (7); K, — 3HadeHHs K, 110
3aJJ0BOJILHSIE PIBHAHHIO (8):

Os.a =+ ksz,a _kE » Ss.a =1 ksz,a _k'lg .

3 popmyi (11) mokemo po3paxyBaTu KoMrnoHeHTH 3MimeHs U ta W:

U=U,+U, W =W, +W, ; (12)

CthZ_ 24555 _ChSSZ ei(ksx—wt—%)
shqsd k% +s2 shssd

shqsz 2k?  shsgz i(kox—ot)
W, = —Aq, (322 - 25 gilksx-wt), 13
s s shqsd — k2+s2? shssd ’ (13)

Us = Ak

s
U =Bk shqaZ  29aSa  hsqz i(kqx-wt-7)
a * \ chqed kZ+sZ chs,d
_ chqaz _ _2K&  ChSaZ\ _i(kgx-wt)
Wa = —Bqq (chqad kZ+s2 chsad) € ' (14)

e A Ta B — HOBI IOBLIbHI IMOCTINHI.

Bupasu (11-14), a Takox piBHsHHS (9), (10) OMUCYIOTH AB1 TPyIH XBIIIb, KOXKHA
3 SIKUX 3aJI0BOJIbHSIE XBUJIBOBHUM PIBHSHHSIM PyXy Ta IPaHUYHHUM YMOBaM, TOOTO
MO’K€ PO3MOBCIO/KYBATUCS Y IJIACTHHI HE3aJISKHO OJ{HA BiJ| OJTHOI. AHAI3yIHOUU
Bupasu (13) Ta (14), MokeMo 3poOWTH HACTYITHI BUCHOBKHU:

e [lepma rpyna XBuilb, IO MO3HAYEHA iHAEKCOM S, OTIHCYE XBHJI, B SIKHX PYX
BiZI0OYBA€THCSI CUMETPUYHO BiTHOCHO utoniHU Z = 0 (TOOTO y BepXHili Ta HIKHIN
IIOJIOBHHKAX IUIacTUHH 3MimieHHs U Mae ogHakoBi 3Haku, a 3mimeHas W —
MPOTHIICKHI ). XBHIII EPIIOT TPYNH HA3UBAIOTH CUMETPUYHUMHU XBHIIsIMH Jlemba.

e Jlpyra rpyma, 10 TMO3HAYEHA iHISKCOM 8, OIUCYE XBHJI, B SKUX MEPEMIIICHHS
BiZIOYBAa€ThCS AaHTHCUMETPUYHO BigHocHo mionmun Z =0 (To6To y BepxHiit Ta
HIDKHIM TIOJIOBMHKAX TUIACTUHU 3MiteHHs U Mae npoTuiiexHi 3Haku, a 3mimenHs W —
OJTHAaKOBi). XBWIIi JPYroi TPyIu HA3WBAIOTh AHTUCHUMETPUYHUMH (3rUHAJIBHUMH)
xBuiisiMu JlemoOa.

Jucnepciitni kpusi

da3oBa MWBUAKICTE C € OCHOBHOIO XapaKTepHCTUKO XBuii JlemOa. 3Hatouu ii, Mu
MOXEMO BH3HAYUTH XBHJIBOBE YHCIIO 1 PO3paxyBaTH HAINPYTy 1 3MIIIECHHS Y XBUIII
JlemOa B Oynmpb-sikiii Toulli mauTH. Pa3oBa IIBHIKICTh 3HAXOIUTHCS ILIIXOM
YHUCENTBHOTO PO3B’SI3KYy XapakTepucTHyHux piBHsAHB (9), (10), sKi DOHITBHO
nepenucary y HacTynHii ¢gopwmi [6]:
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JJIs1 CAMETPUYHUX XBUJIb:

tgyl-¢?d _ 48%1-¢% P -¢? (15)

e’ -c2d s? -1f

JUIsl aHTUCUMETPUYHUX (3TUHAJIBHUX ) XBUJIb:

— 2
tgy1—¢2d _ (242—1) ' (16)
Vet -¢id  Agt1-¢tet =gt
Tyr: d =kgd; (2= &2 = €, — WBUJKICTh NOB3JIOBXKHIX XBWIIb; C; —

HIBI/IILKiCTI) TMONEPEYHNX XBUJIb, kT — HOMCP MOJM KOJIMBAHHA IONCPCUHUX XBUJIb,

d — mosoBHHA TOBIIMHHU TUTHTH.

Hnst moOynoBU EKCINEPUMEHTAIBHUX JUCIEPCIHHUX KPUBHX PO3pOOICHUI
e(eKTHBHUIT METO BUMIpIOBaHb (Pa30BOi MIBUAKOCTI MPH IMITYJILCHOMY 30Y/IXKEHHI
Yy KOHCTPYKIIAX 3THHAIBHUX XBWJIb [2, 8], TOMy TEOpETHYHI AWCIEPCIHHI XBHII
TaKOXX OyIyBaTUMEMO ISl 3THHAJIBHUX XBUJIb, 32 piBHSHHAM (16). s mobymoBu
HEOOXITHO OTPUMATH 3AJICKHICTh MIXK (ha30BOIO MIBUJKICTIO 3TrMHAJIBHUX KOJUBaHb

¢ Ta BIJIHOILLICHHSIM /1/ H, ne A — nosxuna xswi Jlemba, H — ToBIuMHA munTH.

Jus nporo mnpuBenemMo pIiBHSHHS 1 oO4mCciIeHHS (a30BOi  MIBHUAKOCTI
AQHTUCUMETPUYHUX XBWJIb JIO TPAHCICHACHTHOTO PIiBHSHHS 3 ABOMa HEBiIOMHUMH.
BukopucTOBYIOUM CITiBBIJHOIIEHHSI Mi)X HOMEPOM MOAM KOJIMBaHb 1 JJOBKHHOIO

xpuni: K =27/4, a takox Toif (akT, MO NOBKMHA XBUIi € 106yTKOM (ha30Boi

IIBUAKOCTI Ii€1 XBUJII HA OJIUH MEPioj] KOJIMBaHb, MU MOKEMO BUKOHATH HACTYIIHI
MIEPETBOPEHHS:

oxgo2r H_at _aH ¢
& 2 T 1 ¢

. . 2 . L2 . o .
Tenmep mixcraBumo 3amicte &° i {° BigmoBigHi BigHOIIEHHS KBajapatis
IIBUJIKOCTEH 1 MepeTBOPUMO JTiBY YaCTHHY piBHSHHS (16):

M oc c2 ™
g™ g T
tgy1-¢%d ° 7 cr c? (4/H) (17)
2_ .27 2 2 2
0220 e [f o ox [

o oty
A cr\e? c? Sm) c?

3po6KUMO MPUIYILEHHS, 1[0 MA€ MICIIe HEPiBHICTh € < CRr, Je CR — MIBHIKICTb

xBuii Penes. [Ipunmyctumo, 1o AJis XBUIIBOBOTO YucIiia XBUIT Penest ké > k-? > kE.
kt CR ky, cr

Tak sk — = —, — = —, BpaxOBYIOYH 3pOOJICHE NPUIYIICHHS, OTPHUMYEMO
kr cr kr cL

ISSN: 2411-4049. Exonoriyna 6e3reka ta npupogokopructysautsi, Ne 4 (28), 2018



~ 140 ~

2 2

[ C . C C . . .
——-1<2-1<0i5—-1<-=2-1<0. Takum unHOM, TiAKOpiHHI BUpa3H
‘r ‘r ‘L ‘L

HaOyBalOTh BiJ’€MHHUX 3HA4YCHb, @ TAHTCHC OEPEeThCsl BUKITIOYHO Bijl YSBHOTO BHPA3y.

JliBa yactuna piBHAHAS (16) 17151 00UMCIIeHHS (Ha30BOI MIBUAKOCTI 3THHAIBHIX XBHJIb €
(hyHKITi€I0 TBOX 3MIHHUX — ()a30BOI MIBUAKOCTI 3TMHAIBHUX XBUIb C 1 BiHOIIEHHS

A/H , anpaBa — dynKmiero, 110 3a71€KUTH TUTBKH BiJl (ha30BOi MBHAKOCTI C.
Beenemo 3aminy: /1/ H = X. PiBusuns mis oGuucieHds (a3oBoi MIBUAKOCTI

3TMHAIBHUX XBIJIb TETEp 3alUIIeMO Y BUTIISII TPAHCICHACHTHOTO PIBHSIHHS 3 IBOMA
HEBIJIOMUMU: (PA30BOIO IIBUJKICTIO ¢ 1 X — BiTHOIIICHHSIM JIOBXHHU XBHJI1 JIO TOBIIUHU
IUTATH:

_ G . (18)
2 2 2

th” 1-S ap-S h1-S
X c? c? c?

Busnaunmo (a3oBy MIBUIKICTh 3THHAIBHUX XBHJIb IS TPAHUYHUX 3HAYCHb
nosxuan xBuii: A —>0 1 A — co. JloBeaeMo, Mo KoM JOBKHHA XBUIII IIPSIMYE JI0
HYJISI, IIBUJAKICTh 3TUHATBHUAX XBWJIb MPSAMY€E O IMBUAKOCTI XBwii Penes. [lpu
A — 0 piBasaus (18) npuitmae BT

[TigHecemo 0OWIBI YaCTUHM OTPUMAHOTO PIBHSHHS B KBaJpaT i, BAKOHYIOUH HaJ
HUM TIOJIANBII TIEPETBOPEHHS, MPUBOJUMO HOTO 70 OiKyOiYHOTO PIBHSHHS, SIKE
CHiBNa/Iae 3 PiBHSHHAM XBHIIb Penes (5).

Tenep po3risHeMo BUnagok A — co. OOepHEHO MPOIOPIIiiiHI JOBKHUHI XBHJI

(thiz)

BHpPa3u MpsMytoTh 10 Hyms. Ockineku [im
z-0

) = 1, pisusuus (18) nabysae

BUTJIAAY:

c? 2 Y
41-S|=|2-2 1,

c? c?

3igmku C = 0. TakuM YHHOM, TIPH HECKIHUEHHO MAJIMX 3HAYEHHSX JOBXHHU XBHJI
($a3oBa IIBHUIKICTh 3rMHAJIBHMX XBHJIb MPSAMYE JIO IIBUIKOCTI XBWIb Penes Ta
3HAXOJUTHCS 3 BIINOBITHOIO OIKYOIYHOIO PIBHSHHS, & MPH HECKIHYCHHO BEJIUKUX —

npsimye 110 Hyis. 1o crocyeTscs NpUHHATOrO MPHUITYIIEHHS, 3TiTHO 3 SIKuM ¢ < Cg,
MO>KHA JIOBECTH iCHYBaHHS pO3B’ 3Ky piBHAHHS (18) mnst Oyap-sSKOro 3HauYEHHS
0 < X < 00, 110 3a70BOJIBHSAE YMOBY C < Cg . Jly1st moOy10BY AUCTIEPCIHHUX KPUBHX
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OyB BUKOpHCTaHWN MareMaTndHuil maker Mathcad 13. V iioro mporpamHomy
cepeloBHII OyJia pearizoBaHa MPOIeaypa PO3B’I3aHHS OTPUMAHOTO PIBHSHHS IS
MOCTIIOBHOCTI 3Ha4YeHb 3MIHHOI X, IO O3BOJISIE BUKOHATH MOOYAOBY rpadikis
MOTOYKOBO.

[ToOynoBa muctiepciiiHNX KPUBHX MIPOXOJUTH Y TPU €TaIlu:

1. Jlng 3amaHmX 3HAYCHHb IMBUAKOCTI ITOB3IOBXKHIX 1 ITONEPEYHHUX XBHIIb
3 0iKyOiuHOTO piBHSHHA (5) BU3HAUAETHCS IIBUIKICTH TOBEPXHEBOI XBUIIi Penest cp.

2. O0HUpaETHCS MOCTITOBHICTS 3HAYCHD 3MIHHOI X, [UIS SIKUX BiTHOCHO (ha30BOi
IIBUIKOCTI ¢ pO3B’SI3yIOThes piBHSAHHS (18).

3. 3a oTpuMaHMMU MPU BUKOHAHHI TONEPEAHBOTO €Taly 3HauYeHHAMHU (Ha3oBoi
LIBUIKOCTI ¢ OyIy€eThCsl AUCHepCiiiHa KpruBa — rpadik 3aeKHOCTI MiXK BETHYHHAME
C ta A a6o mix Beanunnamu C Tax = A/H.

IIpuxknaxg nodynoBu qucnepciiinoi KpuBoi

Ha puc. 1 300pakeH0 amcriepciiiHi KpWBi A 3THHANBHAX XBHIIb Y IJIUTAX,
3po0JIeHHX 13 pi3HUX MaTepiaiiB: 6eToHy (kpusa Cl), cumikarHoi meriu (kpusa C2)
Ta KepaMiyHoi reryin (kpusa C3). s noOymoBU KpUBUX Opajucs cepeiHi 3HaYeHHS
MEXaHIYHUX XapaKTepUCTHK MatepianiB. s OETOHHOI IUIMTU: IIBHIKICTh
MOB3JIOBXKHIX KoiwmBaub — 4150 wm/c, xoedimient Ilyacconma 0,2; mms mmTH i3
CWJIIKaTHOI LETJIM: IIBUAKICTh IMOB3JOBXKHIX KonmuBaHb — 3000 m/c, koedimieHT
[Tyaccona 0,28; aJ1s1 IIMTH 3 KEpaMivyHOT IETJIN: BUAKICTh OB3I0BXKHIX KOJUBaHb
— 1570 m/c, mBuakicTh nonepeyHnx KoauBaHb — 980 M/c. ToBmuHa it — 0,52 M.

[lopiBasiemo 3aranpanii Burisan kpuux Cl, C2 ta C3. Yci mucnepciiiHi kpusi
MalTh NOPUOTM3HO OAHAKOBY (opMmy, ane 3Ha4YHO PI3HATBCS BHCOTOIO
posramryBanHs. Popma qucnepciiHIX KPUBUX XapaKTepHa; TaKy K GopMy MaroTh

. - h
rpadiku  dyukuii Bugy f(x) = %

posranryBannsi kpuBux C1, C2 Ta C3 BigoOpaxae pi3HUIO y (a30Biil HIBUIAKOCTI
3rHHAJIBHUX XBHJIb Ta MIBUAKOCTI XBWIb Peres. Po3paxoBaHa MIBHAKICTH XBHJIb
Penest miut 3 marepiaiB 3 JaHUMU MEXaHIYHHUMHU XapaKTEPHUCTHKaMH CTAHOBUTb
2315,2 m/c pas OeronHol mauTH, 15327 M/c qIs IIMTH 13 CHIIKATHOI IETIH Ta
889,5 m/c myist IuTH 3 KepamivHoi 1eri. TakuM YuHOM, 3HAUEHHS IIIBUIKOCTI XBHJIb
Penes mae HeniHIMHUI 3B’ 130K 3 MEXaHIYHUMH BIIACTUBOCTSIMH MaTepialliB TLTHT.

Po3paxyHku Takox OyiM TpOBEJeHI IJIsi HACTYMHUX TPHOX BHIAJKIB IUIUT,
3p00JICHHX 3 OJIHOTO M TOTO X MaTepiaiay — OeToHy, ajie pizHoi ToimaU: 0,15, 0,45,
0,8 ta 1,5 m; 3 pisHnMU 3HaUYeHHSAMU KoedimienTa [lyaccona; pi3HOT MIiTHHOCTI.

—C npu a <f. Pi3HMng y BucCOTI

BucHosku

1. 3HayeHHs MBUIKOCTI XBWIL Pelies Mae HENHIAHAN 3B’SI30K 3 MEXaHIYHUMU
BJIACTUBOCTSIMH MaTepialiB IJIUT Ta MOXKe OYTH BUKOPUCTAHE JUIS TXHBOI OIIiHKH.

2. 3a IMBUAKICTIO CHajaHHA JAWCIEPCIMHUX KPUBUX MOXKHA OIIHIOBATH
BEJIMYMHY TOBLIMHH ILIHT.

3. Koedimienr Ilyaccona Ta minbHiCTh OETOHY NPAaKTHYHO HE BIUIMBAIOTH Ha
XapaKkTep AUCHEPCIHHMX KpUBHMX. SIKIIO NpU MOETIOBaHHI PEajbHOI IUIMTH IIi
napameTpy HEBiIOMi, MOYKHA MPUIMATH 1X PiIBHUMH IXHOMY CEpEJHbOCTATUCTUUHOMY
3HAYEHHIO, TaK sIK MaKCUMaJIbHE BIIXWJICHHS SIK IIBUIKOCTI XBWIb Penest, Tak 1 iHIIMX
TOYOK JIUCTIEPCIHHOT KPUBOT TIPH IIbOMY HE TriepeBuIye 4%.
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Puc. 1 — Jlucniepciiini KpuBi 3ruHaJIbHUX XBUIIb Y IUIMTAX, 3pOOJICHUX 13 pI3HUX
MatepiainiB: 6etony (kpuBa C1), cumikatHoi nernu (kpuBa C2) Ta KepaMivyHOI [eTIn
(xpuBa C3)
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10 YBAI'M ABTOPIB 3IPHUKA

3MicT MarepialiB, 10 HANPaBJISAIOTHCS 0 PEAAKLii, MIOBUHEH BiOBiaTH Mpodino Ta
HAYKOBO-TEXHIYHOMY piBHIO 30ipHHKA.

KosxHa HaykoBa CTAaTTs MOBUHHA MaTU BCTYII, PO3/1JIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TaKOX aHOTAIII0 1 KIOYOBi cioBa (He MEHIIE I1’ATH) TPhoMa MOBaMH (YKPaiHCHKOIO,
POCIHCHKOIO Ta aHTIIIHCHKOIO).

[MigroroBka cTaTTi 3MIHCHIOETHCS B TeKCTOBOMY pemakTopi MS WORD for WINDOWS,
3 BukopucTaHHAM mpupty Times New Roman, Cyr, xerms 11, omuHapHmWiA iHTEpBa,
mosiMu 2,0 cM 3 KO)KHOTO OOKY, 3aJaHIM PO3MIpOM CTOPiHOK 17x26 cM.

VYci hopmynu maroth OyTi HaOpaHi B penaktopi MathType.

Imroctparii moBUHHI 00OB'I3KOBO HyMEpYBaTHCS, MAaTH KHI)KKOBY OpI€HTAIil0 i HE
MOXYTh IEpPEBHIIYBaTH 32 PO3MIpOM 3aJlaHy CTOpIHKY (mapamerpu cTopiHku 17x26 cm
3 mossmu 2,0 cm). Tlepermik miTepaTypHuX IKepen MepeKiagaeThCsl aHTTiHChKOI MOBOO
(abo TpaHCHITEPYETHCS B pPOMaHChKOMY aJI(haBiTi) 1 TOJAE€THCS BIMOBIIHO 10 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux myOmikamiii APA  (American Psychological
Association) style 3aranbHUM CIIMCKOM Y KiHII CTAaTTi 3@ YEPTOIO MOCHIIAHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBiAKA MPO aBTOPIB, /¢ BKA3YKOTHCSA Mpi3-
BHIIIE, TIOBHE iM’s1 Ta TI0 OaTHKOBI aBTOPiB, HAYKOBHIA CTYIIiHb, BUCHE 3BaHH, I0CA/Ia, Ha3Ba
migpo3ainy (kadenpu) Ta oprasizaiii, 0COOMCTI IaHI KOKHOTO 3 aBTOpIiB (aapeca, MICTO,
Kkpaina, koHTakTHU# Tenedown, e-mail), ORCID ID.

OO00B'I3KOBO CITiJT HAJATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpexncTaBiaeHi B peNakiilo PYKONMHCH TPOXOJATH peTelbHE OaraToslaHKOBE
pelCH3YBaHHS BIiAMOBIMHUME (axiBIsMu 3a mpodimem craTti. SKImo cymapHa OIliHKa
PELIEH3CHTIB MEHIIIa 332 BCTAHOBJICHUH MOPIT, PYKOIIUCH BIAXHUIISFOTCSL.

3MicT cTaTTi Ta SKICTh HamucaHHs ab0 mepekiany (YKpaiHChKOIO ab0 aHTJIIHCHKOIO
MOBaMH) NEperisIaloThesi KOpeKTopamu 30ipHHMKa, HPOTE BiJIINOBIAANBHICTE 32 3MICT Ta
SKICTh CTAaTTi HecyTh aBTOpuM Matepiany. [lo craTti MOXyTh OyTH BHECEHI 3MiHM
penaxuiiHoro xapakrepy 6e3 3roJu aBTopa.

Po3min 30ipHEMKa, 10 sKoro Oyle BigHECEHa CTAaTTsA, BH3HAYAETHCS pPEHAKINEr0,
Y3TOJDKY€ETBCS — TOJIOBHUM pelakTopoM abo ioro 3acTymHukoM. OcCTaTOYHHI BHCHOBOK
o0 my6Jtikanii MaTepialliB CXBaJIIO€ peakiliifHa Koeris 30ipHuKa.

Enextponna Bepcist 30ipHHKa, npaBuia 0pOPMIIEHHS Ta BUMOTH JI0 CTaTe€d MICTSAThCA
B [HTepHeTi Ha caiiti http://www.es-journal.in.ua, sikuii CHCTEMATUYHO OHOBIFOETHCS.

30ipHUK HayKOBHMX Npallb TakoX IpelcTaBiIeHHi Ha caiiTi HamionanbHoi 06i6mioTexu
Vxpaian im. B.I. Bepraacekoro, Ha caifti [HcTHUTYTY TenexoMyHikamii i riio6aabHOTO
inpopmaniitnoro mpocropy HAH Vkpainm http://itgip.org/ y posmini «BunaBHuua
TSTBHICTHY» Ta Ha caidTi 610mioTekn KHIBCHhKOTO HAIIOHATBHOTO YHIBEPCUTETY OYAIBHUIITBA
i apxitexktypu http:/library.knuba.edu.ua/node/883.
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