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THE FACTORS AND POSSIBLE CONSEQUENCES OF REGIONAL
CHANGES IN ENGINEERING AND GEOTECHNICAL STATUS OF
LOESSES AND LOESSY-LOAMY SOILS OF UKRAINE

Abstract. Over the recent decades in Ukraine regional activation of flooding of
lands, accompanied by landslide formation and subsidence of surfaces take
place. It is caused by interaction of a complex of natural and technogenic factors
(global climate changes, groundwater afflux in areas of impact of reservoirs,
flooding of numerous mines and quarries, etc.). On the territories of the most
widespread in Ukraine loessy and loessy-loamy soils these phenomena become
the most dangerous transformations of engineering and geotechnical state of the
upper part of the geological environment. The researches carried out at the ITGIS
have clarified that the specific engineering and geological properties of loessy soils
(soaking, subsidence and thixotropy) are the main factors contributing to
progressive reduction of engineering seismogeological stability of these soils. The
cause of thixotropic dilution is the operation of various vibration mechanisms or
closeness of the objects causing vibration (railways, etc.). Thixotropic dilution is
mostly caused by vibrational destruction of non-waterproof aggregate structure of
loessy soil. Destruction is also accompanied by vibrational movement of products
of destruction into the pore space. After termination of vibration the aggregate
structure is partially restored due to the formation of secondary aggregates.

Today more than 50% of 460 cities and 885 urban-type settlements in Ukraine are
located in the zone of subsiding loessy and loessy-loamy soils, up to 15% are
affected by natural and technogenic karst formation, and in 9% (123) of the cases
development of landslides was recorded. Natural and technogenic flooding of the
territory was recorded in more than 40% (546) of cities and towns. Therefore, there
are complex changes in the geotechnical conditions in majority of the industrial
urban agglomerations of Ukraine and deterioration of ecological and geological
parameters of life within them. The zoning by the regional geotechnical risk of
flooding of cities and villages of Ukraine situated on loessy and loessy-loamy soils
should be carried out on the basis of the combined effect of natural and technogenic
factors. It is recommended to apply the additive model of influence on geotechnical
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risk. The mentioned risk is proposed to be quantified by indicators of the specific
density of areas of flood and landslide development in both technogenic and natural
conditions.

The property of water-saturated loessy soils to move to the quicksand state is mostly
due to the structural features of these soils and to the laws of their transition to the
rarefied state. The process of obtaining by loesses (in circumstances of long-term
flooding) of fluid-thixotropic properties develops in the Southern region on irrigated
lands and begins to spread to the other regions. It is necessary to continue scientific
and production works to improve the methodological basis of an assessment of the
impact of modern changes in levels and chemical composition of groundwater,
negative technogenic effects on the subsoil, global climate change and other factors
on formation of the geotechnical risk using modern technologies of GIS and Earth
remote sensing, as well as to complement this basis with ecologic, economic and
insurance assessments of the risk of life safety.

Keywords: regional changes; loesses; landslide formation; subsidence; thixotropic
dilution

€.0. SkoBieB, O.I'. Poro:xun

[HCTHTYT TenmexkomyHikalii i TiobampHOTO iH(pOpMamiiHoro mpoctopy HAH VYkpainm,
M. KuiB, Vkpaina

®AKTOPH I MOKJINBI HACJIIAKHA
PETTOHAJIBHUX 3MIH IHZKEHEPHO-TEOTEXHIYHOT'O CTAHY
JIECIB TA JJECOBO-CYI'JIMHUCTHUX IMOPIJ YKPATHH

Anomauia. B ocmanni decamunimms 6 YKkpaiuni 6HacniooK 63a€mM00ii KOMNIEKCY
NPUPOOHUX | MEXHOLEHHUX YUHHUKIG (2100ATbHI 3MIHU KILMAMY, RIONIp IDYHMOBUX
800 6 30HAX 6NAUBY B0OOCXOBULY, 3AMONIEHHS YUCTEHHUX WAXM MA Kap '€pie mowo)
cnocmepicaemubcs pecioHanvHa akmusizayis niomonyexHs 3emeny,
CYNPOBOOICYBAHA 3CYBOYMEOPEHHAM MA NPOCIOaHHAMU OeHHOoi noeepxwui. Ha
Mepumopisix po3noGCIO0INCEHHA HAUNOWUPEHIWUX 6 YKpaini 1ecosux ma n1ecogo-
cyenuHucmux nopio came yi aguuja Hadoysaiomv 3Ha4enHs Haubiibul Hebe3neuHux
mpanc@opmayivi.  iHHCEHePHO-2e0OMEXHIYHO20 ~ CIMAHY — 8EePXHbOI  YACTHUHU
2eonoziuno2o cepedosuwja. /lani cnocmepedicenb cgi0uamb nNpo MeHOeHyilo 00
akmugizayii  Yb020  He2amUGHO20  NPUPOOHO-MEXHO2EHHO20  Npoyecy 6
NPOCMOPOGOMY | HACOBOMY GUMIPAX, 00 30iNblUleHHs NIOMONIEHUX Mad YPAdtCeHUxX
3cyeamu naowy, Hacamnepeo 8 medcax micm ma ceauy. Buxonani y ITTIII HAHY
00CniONCeH s Oanu 3M0O2y BCMAHOBUMU, WO HPOGIOHUMU DaKmopamu, sKi
CHPUSIIOMb NPO2PECYIOUOMY ZHUIICEHHIO THIHCEHEPHO-CEUCMO2€0I02IUHOI cmilKocmi
J1eco8uUx moeuy, € CneyuqhiuHi iHHCEeHEPHO-2e0N02TUHI IACMUBOCIMI YUX NOPIO, MAKI
K POZMOKAEMICMb, NPOCAOKOBICIb MA MUKCOMPONHICb.

Kniouosi cnoea: pecionanvni 3MmiHu;, Jaecu; 3CY80YMBOPEHHS, NPOCIOAHH,
MUKCOMPONHE PO3PIONCEHHS

Beryn

B Vkpaini 3adikcoBaHo po3BUTOK MMOHam 20 PI3HHUX EK30I'€HHUX TEOJIOTIYHHUX
MPOLECIiB Ta SIBUIL, IT'SITh BUIIB SIKUX € OCOOJMBO HEOE3MEUHMMH, IO aKTHBHO
BIUTMBAIOTh HA 3MiHU 1H)KEHEPHO-TEOJIOTIYHUX YMOB OCaJIOBOTO YOXJa Ta HOro
TeOTEXHIUHI MapaMeTpH Y IPUPOHHUX Ta TEXHOT€HHUX YMOBaX. 3 OISy Ha iCTOTHI
BiZIMIHHOCTi CTPYKTYpPHO-T€0JIOTi4HO1 Oy10BU TepuTopii Ykpainu (1o 10 npuHIHIIOBO
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BiIMIHHUX 1H)KEHEPHO-TEOJIOTIYHAX CTPYKTYP) Ta MPAKTUIHO ITOBCIOIHE 301 IHIIICHHS
TEXHOTCHHOT'O HaBaHTA)KEHHS Ha KOMITOHEHTH TeojiorigHoro cepemonuiia (I'C), no
MPOBITHUX HEOE3MeUYHUX eKk30reHHuX reojoriuaux nporecie (HEI'T), mo maroTh
MPOCTOPOBE TMOWIMPEHHA Ta CIPHYMHAIOTH HAWOUIBIIMKA PU3MK MOPYIICHHS
cTiiiKkocTi Oy/TiBENb 1 CHOPY/, CIIi/I BiTHECTH: TPaBiTAIllifHI CXHIIOBI TTPOIECH (3CYBH),
MITOTUICHHS, KapcT, TPOCIMaHHS JIECOBHX IIOpPiM, OCiAaHHS ITOBEPXHI Hal
rippmuumu  BupoOkamu [1, 3, 4, 10]. 3rimHo 3 pe3yibTaTaMu pPEKUMHHUX
CIIOCTEPEXeHb, Ki (IKCYIOTh TIOCHJICHHS B3a€EMO3B'SI3KY MIXK JUHAMIKOIO
rOCTIONapCchkoi MiSUTBHOCTI Ta perioHansHuUM po3BuTkoM HEITI, kputepiem
IiIBUIIICHOI T€OAMHAMIYHOT aKTUBHOCTI TEPUTOPIi JOIIEHO BBAXKATH OJHOYACHUH
MposiB Ha Hill JEKiNbKOX €K30T€HHHMX TeOoNOTIYHMX MporeciB (X mapareHeTH4HY
acorriartio).

B ocranni gecaTuniTTA B YKpaiHi BHACTIIOK B3a€EMO/Ii1 KOMIUIEKCY IPUPOTHUX 1
TEXHOTEHHUX YMHHUKIB (I7100aibHi 3MiHM KIIiMaty, MiAMip IPyHTOBUX BOJ B 30HAX
BIUIUBY BOJOCXOBHIL, 3aTOIJICHHS YHCICHHUX IIaXT Ta Kap €piB TOLIO)
CIIOCTEPITAEThCS PETiOHATbHA aKTUBI3AIliA MiATOTICHHS 3eMelb, CYIPOBOKYBaHA
3CYBOYTBOPEHHSAM Ta MpPOCIIAaHHAMH JeHHOi moBepxHi. Ha Tepuropisx
PO3MOBCIOIKCHHS HAMITOIIMPEHIMNX B YKpaiHi JIeCOBUX Ta JECOBO-CYTTIMHUCTHX
mopig (JICII) came mi sBuma HaOyBarOTh 3HAYEHHS HAHOUTBII HeOE3MEYHHX
TpaHchopMaliil iIHKEHEPHO-TEOTEXHIYHOT'O CTaHy BEPXHBOT YACTHHU T€OJIOTIYHOTO
cepenopuma (I'C). JlaHi crocTepekeHb CBiYaTh MPO TCHJICHIIIO O aKTHBi3allii
LbOTO HEraTUBHOT'O IPUPOIHO-TEXHOTEHHOI'O IPOLIECY B IPOCTOPOBOMY 1 YACOBOMY
BUMIpax, /10 301JIbIICHHS MiTOIUICHUX Ta YPAXKEHHUX 3CYBaMHU IO, B TIEPIIY Yepry
B MEaxX MICT Ta CEJIHILI.

3 TeXHIYHOI TOYKH 30pYy, TEPMIH «IMiATOIDICHHS» [OIUIFHO TIIYMAdUTH SK
IMIBHINCHHS HA OKPEMHX TEPHUTOPISX PIBHIB IMI3EMHHX Ta IPYHTOBHX BOX 1
3BOJIOKEHHSI HUMH TipCHKUX TOPiJ Ta IPYHTIB 30HHU aepallii, o NpU3BOJUTH 10
YCKIIQIHEHHSI TOCTIOJaPCHhKOT Ta BUPOOHUYOT MisTIBHOCTI JIFO/IEH, MOTipIICHHST YMOB
iX NpoXHMBaHHS, @ TaKOX A0 3MiHM (i3MYHUX Ta TCOTEXHIYHHX BJIACTUBOCTEH
IPYHTIB.

Po3BUTOK MigTOTUIEHHS Ha PErioHabHOMY Ta JIOKaJbHOMY PIBHSX B MicTax i
cenuiax YKpaiHM Ma€ pPECypCHO-TEXHOICHHUH MOTEHIial A0 HOAaJbIIO]
akTuBi3amii 1 30iMbIICHHA IUIOL] MpPOsiIBY B MalHOyTHhOMy. 3 iHIIOro OOKY,
BukopuctanHs JjecoBux mopix Ta JICII sk ocHOBM AJisi iHXKEHEPHUX CIIOpY[ B
OCTaHHI IECATUPIYYSI PI3KO 30UIBIIIIIOCH Y 3B SI3KY 3 PO3BUTKOM ITPOMHUCIIOBOCTI Ta
MTOBCIOAHOT ypOaHizarii TepuTopiit.

Y Mekax mpoMHCcIoBO-MichkHX arjomepariiii ([IMA) BepxHii map reoorivyHoro
pO3pi3y 3a3BHUail CKIAJCHUN TEXHONCHHMMHU IpyHTaMu. lle nepemimieHi i 3MiHeH1
JIFOTUHOIO TIYXKi YTBOPEHHSI Ta MOIPiOHEH1 CKeINbHI 1 HAITBCKENIbHI TTOPOIH, PI3HOTO
poxy OyaiBelbHE CMITTS, TOCHOAAPCHKO-TIOOYTOBI W TBEP/I BIAXOIH, IO MAIOTh
BHUCOKY 3JaTHICTb JI0O BOJIOHACHYEHHS Ta MAaCIITAaOHUX 3MiH I1H)XXEHEepHO-
TEOTEXHIYHUX MapaMeTpiB (MIOHOCTI Ha CTUCKAaHHS, 3YIIUIEHHSA, IIBHUAKOCTI
po3MokaHHs). B YkpaiHi HapaxoBYyIOTbCS COTHI MICT Ta CEJIMII MiCbKOTO THITY, IIIO
noTpeOyroTh 3axucty Big tux um iHmux HEITI, mo Toro » B 0araThox MmicTax
OJHOYACHO  PO3BHMBAIOTBCS  JeKiibka ix  BuaiB. Tak, 3a  JaHUMH
YxpromynH/lInpoekry, y 2002 p. mo 550 mict Ta cenmuy 3a3HaBAIM IPOLECY
MOCTIHHOTO MiJTOIUICHHST TPYHTOBUMH BojaMmu, B 144 crocrepiraiucsi akTHUBHI
3CYBHI 3MillleHHs, B 50 — MpOCiJIaHHs JIECOBUX IPYHTIB Mij OyniBisimMu, a B 12 —
OCiJJaHH$ IIOBEPXHi HaJl TIPHUYMMH BUPOOKaMH.
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[Tizrorutennst MicT 1 cenwmin 3aiKCOBaHE MPAKTUIHO Y BCIX 00MacTsIX YKpaiHu
Ta CIOCTEPIra€Thbes B OUIBIIIOCTI MICT 1 CEJIMII MiCHKOTO THITY, JI€ 1HOI i ITOTIICHO
10 30% 1 6inbiue Teputopii. [lopsa 3 iHmmMu hakTopaMu, 301UTBIIEHHS BOJIOTOCTI
Ta OOBOJHEHHS IPYHTIB MOOIN3Y cTpiMKuX cxuiiB (Oinbme 8-10°) sipiB Ta Oanox
TaKOX MPU3BOAUTH JI0 AKTHUBI3aIlil 3CYBHHUX IPOIIECIB.

30UTBIIEeHHS IMITBHOCTI 3a0yMOBHM y MiICTaXx Ta MPOMHUCIOBUX MICBKUX
arnomepatisx (IIMA) mokopiHHO 3MiHIOE YMOBHU icHyBaHHs JieciB. [Ipudomy came
BIIACTHBICTH JIECOBHX IPYHTIB MPOCIAATH IiJl HAaBAaHTAKEHHSIM TPU 3aMOYyBaHHI
BH3HA4Ya€ HEOE3NMeYHICTh YMOB OyIIBHHIITBA HA JIECOBHX 1 JIECOBO-CYTJTMHUCTHX
IPyHTaX.

VY mpaktuni OyOiBHHUIITBA Ta eKCIUTyaTalil pi3HUX CHOPYA, sKi moOyaoBaHi Ha
JIECOBHUX TIPYHTaX, B PAAl MICT YKpaiHH HEOJHOPA30BO MalId MICIe MPOCITaHHA,
OCKUIBKH TIe ojHiero crnenudiunor piuactuBictTio neciB ta JICII € 3maTHICTH 110
MPOCAZKOBOCTI (YINIJIbHCHHS) TPU JIOJaTKOBOMY 3BOJIOKCHHI Oe3 30iIbIIeHHS
TeOMEXaHIYHOTO HaBaHTaXeHHs. Po3BuTOoK mpocamkoBocti neciB Ta JICII B
perioHaNbHOMY MacIiTa0l TOB’S3aHWNA 3 HACTYMHUMH (Hi3MKO-MEXaHIYHUMH Ta
BOJHO-(DI3UYHUMU BIIACTUBOCTSIMH:

— BHCOKOIO mopucTicTio (10 45-55%);

— (iABTpalidHOI aHI30TPOMi€0 (NMEPEeBUILCHHS BEPTHKAIBHOI MPOHUKHOCTI
HaJ TOPU30HTAIBHOI0 y 1525 pasis i OinbIie);

— TepeBaXaHHsIM MUITyBaTUX YaCTOK HaJl TIIMHUCTOIO CKIIAI0BOIO.

JlecoBi Ta nECOBO-CYTTMHHCTI MOPOAM TEpPEeBaKalOTh Ha OUITbHIi dacTuHI
piBHuHHOI Teputopii Ykpaiuu (mo 70% i1 miommi). [ToTykHicTh IXHBOI TOBII
cranoButh 10-20 M, mo obymoBmoe npocaakosicts | ta Il Tumie, mpuuomy mpu
notyxHocTi 10 10 M mepeBaxae I Tumm mpocaakoBocTi. e Tunu rpyHTOBHX YMOB
OyaiBeNbHUX MalinaHunkiB, BusHauyeHi y JIbH «B.1.1-5-2000, yactuna |, Bynunku
1 CIOpYAM Ha MPOCAIKOBHX IpyHTax» [1, 2, 4] 3anekHO BiJ mapamMeTpiB peamizamii
mpocaakoBocTi: | TWm — yMOBH, 3a SKHX MOXJIIMBE TPOCIAaHHA TPYHTIB Bif
30BHINTHHOT'O HABAHTAXKEHHS, ajie BiJ| BIACHOI Baru mnpociganas abo BiJICyTHE, a0
He niepeBuInye 5 cM; || THI — ymMOBH, 32 SIKUX, KpiM MPOCIIaHHS BijJ 30BHIITHHOTO
HaBaHTAXXECHHS, MOXJIMBE IIOHAJ S5-CAaHTUMETPOBE NPOCIAAHHS BiJX BJIACHOI Baru.
[Ipudomy y reonpocropoBiii cTpykTypi JecoBux nopin Ta JICII crocrepirarorhces
HACTYITHI 30HaJIBHOCTI:

— 3pOCTaHHS TMOTY)XHOCTI 1 TIOBHOTH JITOJOTIYHOTO po3pi3y (KITBKOCTI
JITOJIOTTYHUX [UKJIIB), ITMPOTHA 30HAJBHICTD Y MiBJCHHOMY HAIpPSIMI;

— 30UIBIICHHS MOTYXHOCTI TOBIII Y PIYKOBUX JOJIMHAX BiJl MOJIOAUX TEPaC J0
JIaBHIX;

— 30iIbIIEHHS TIOTY>KHOCTI TOBIIII Ha BOJO/IIAX y MiBACHHOMY HarpsiMi Big 15—
20 M (ITpuanictpos’s) no 30-35 m (ITpuaopHoMop’s1), 40—50 M (monuHa [dyHaro).

VY miBJeHHOMY HamnpsiMi TakoXX 30iJbIIYEThCS PO3BUTOK IiJITOIUICHHS Ha
perionanbHOMY piBHi (Tabu. 1) Ta 3aconenocti secis 1 JICIL. 3okpema, y 3anopisbKiit
1 J{ninponeTpoBcbkiit o0nacTsix maibke 80% rocrnonapchbkux 00’€KTiB PO3MIILIEHO
Ha JiecoBHX Topoxaax i3 Il TUMOM TPYHTOBHX YMOB 3a 3arpo30l0 IPOCITaHHS
OyniBenb. KinmpkicTh OyniBeNs 1 cropya, IO OTPUMaNM 4YHCIEHHI aedopmarrii
KOHCTPYKUiH, y nux obnactax nepesuuiye 10 tucsy [1, 3, 10] (Tadmn. 2).

B apean mommupeHHs NTPOCAIKOBUX JIECOBHX TIOPiJ TMOTPAIUISIOTH OCHOBHI
MacHBH 3pOIICHHS Ta BEJHKI MPOMHCIOBO-MICBKI ariomeparii: J{HIIpOBCHKO-
Kam’siHchKa, 3anopi3bka, XepcoHchka, MukonaiBebka. 3a nanumu E.®. Kpaesa [4],
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HaWO1IbIIa MOTYXKHICTh CXWJIBHHX JO TPOCIMAHHS JICCOBHX TOBII CTAaHOBUTH Y
micrax: Hixomomns — 30 M, 3amopixxs — 20 m, Jxinpo i Mapranens — 15 m. [Ipraomy
MpociiaHHS Bix BiIacHOI Baru mpu 3amouyBaHHi csrae y [uinpi 0,3-0,6 M,
Hikomomi — 1,0-1,4 m, 3anopixoxi — 1,4-2,2 M.

JlecoBi rpyHTH Ha TEPUTOPIAX MICT Ta MPOMHUCIOBUX 30H CTAIOTH CEPEIOBHIIEM
MiJ3eMHUX CIOPYA: TiABabHUX TPUMINIEHb, TYHENIB, MPHUMIIIEHb (HIIOTO
(YHKITIOHATTBHOTO TIPU3HAYCHHS. B 3amexHocTi Bijg 00’€My TIpOCTOpY, IO
3aiiMalOTh TaKi CIIOPY/IH, PEXKUMY IX eKCIUTyaTallii, HaSBHOCTI CITKH TEIJIOPOBOIY
Ta eNeKTPO3B’s3Ky, MiJ3€MHI CIIOPYAH 3MIHIOIOTH Yy TIpyHTax (Qi3udHi mons —
TeMIepaTypHe, eIeKTPUIHE, eJICKTPOMarHiTHe.

VYce BulieHaBeIeHE € TIEPEKOHIMBUM apryMEHTOM Ha KOPUCTDH TBEPIKEHHS PO
3pOCTaHHS aKTyaJdbHOCTI TpoOJIeMH HAyKOBOTO OOTPYHTYBaHHS 3aXOIiB 3
MiABHUIIEHHS BOJHO-CKOJOTIUHOI Oe3MeKH TepuTopi MicT 1 cemuin YKpaiHu,
0c00JIMBO B MeXax ILIOII pO3MOBCIoKeHH jeciB Ta JICI, uyTnuBux 10 mopyuieHb
BOAO-TeIII000MiHY. OCKUTEKH 30€peXeHHs] HOPMAaTHBHOI HECYYOi CHPOMOXHOCTI
meciB Ta JICII B ymMOBax MOIIMPEHHS IOPYIICHL IX BOJO-TEIIOOOMIHY CTa€
rojoBHUM (akTopoM crabimizamii iHXEHEPHO-TEONOTIYHUX YMOB Ta 3HWKEHHS
PHU3UKY JKATTEMISTIFHOCTI HACETICHHS Ha OB YacTHHI TepuTOpil YKpaiHu.

Memorw cmammi € yIOCKOHAJICHHS OCHOBHHX IIIXOZIB JO JOCHIIKCHHS
npobieMu MexaHi3MiB (OPMYBaHHS T'€OTEXHIYHOTO PU3MKY B MiCTaX 1 CeNluIIax
VYkpaiHu BHacHiIOK TEXHOTEHHOI JAecTabimizamii X reoJIoOTiYHOro CepeoBHIIA B
YMOBaxX PO3BUTKY MPOIECIB MiATOIUICHHS, CHPUYMHEHHX, 30KpeMa, ITOCHICHHSIM
YUHHHKIB TJI00QJIbHUX 3MiH KIIIMaTy.

Po3BuTOK npoueciB nigTonjieHHs B YKpaini

3aramoM minBuIeHHS piBHIB rpyHTOBUX BOA (PI'B) Ta dopmyBaHHS mAinsHOK
MATOIUIEHHS B MeE)Kax MICT Ta CEIWIN OB SI3aHO 31 CKJIAAHUM KOMIIIEKCOM
OPUPOAHUX 1 TEXHOTEHHHX PEXKHMOYTBOPIOIOUMX YHMHHHKIB, SIKI BUHHMKAIOTH Y
PI3HOMaHITHUX YMOBax BOJOOOMiHY IPYHTOBOTO BOJIOHOCHOTO TOPH3OHTY, IIO
MAaloTh IIPOCTOPOBO-WMOBIPHICHUH XapaKTep BILTUBY.

Bukonanuii y ITT'III HAH Ykpaiau koMIjieKcHUH aHali3 MaTepiaaiB HAyKOBHX
Ta MOHITOPUHTOBHUX Tiipo3aiiB [lepkaBHoi ciy»0Ou reomnorii Ta Haap MiHnpupoau,
I'H HAH VYxpainu, JICHC Ta [Iep>KkoMTiipoMeTy BUSBUB MPUHIIMIIOBO HOBY (ha3y
PEriOHaNBbHOTO PO3BUTKY NPOLECY MiATOIUICHHS JIECOBUX (opmariii, ocoOIuBO B
MeXax MiICT 1 cenuil, 3a yMOB CyLIlJ'ILHOFO 3HW)KEHHS TPUPOHOT L[peHonqm
3MATHOCTI OLIBIIOCTI PIYOK BHACHIAOK IX MiANOpPY, 3aMYJICHHS 3HAYHHUX IIJISTHOK
pycen Ta 3pOCTaHHS TEXHOIGHHOTO JKHMBJICHHS IPYHTOBHX BOJ| 3 HACTYIHUM
MTiIBUIICHHSM X PiBHIB.

B cyyacHuX yMOBax MOCHJIIOETHCS MPOSB YMHHHKIB INIOOATLHUX 3MiH KiliMary
(I'3K), 30Kkpema TakuX SIK MOTEIUTIHHS, 301IBIICHHS KIJIbKOCTI Ta HEPIBHOMIPHOCTI
OMaiB, 3pOCTAaHHS BUCOTH W YacCTOTH MOBEHEH 1 MaBOJKIB, CKOPOUYCHHS TEPMiHY
ICHYBaHHﬂ mapy MpoMep3aHHs rpyHTiB. Lli YMHHUKM MiACWIIOIOTH NPOLECH
MiATOTUICHHST 1 3aCOJIOBAaHHS, CTAlOYM TPOBIMHUM  (HaKTOPOM 3HWKEHHS
reOMEXaHivyHOi CTIHKOCTI JIECOBMX TOBII Ta 30LIbLIEHHS iX Ypas3iaMBOCTI 0
MOCUJICHHS 1H)KEHEPHO-CEHCMOT€OJIOTIYHNX BIUIMBIB Ha NPHUPOJHO-TEXHOTEHHI
reocuctemu (IITI'C) «rexHOreHHHMH O0’€KT — BEPXHS 30HA TIEOJIOTIYHOTO
cepenoswuia» (Tabds. 1).

ISSN: 2411-4049. Exonoriuna Gesneka Ta npupogokopuctyBants, Ne 3 (27), 2018



Taomuis 1 — Brmue dakTopis rio0aibHUX 3MiH KIIIMaTy Ha 1H)KEHEPHO-TeOJI0r UH1
YMOBH JieciB Ta JecoBo-cyriuancTuX mopif (JICI)

®akropu ) ] ) PiBeHb NPOSIBY 3MiH iHXKEHEPHO-
NeNe BILJIUBY 3M1§H MEXaHIYHOro Ta ¢izuxo- r'e0JIOri9HOro crany necis Ta JICII
n/m | raoGasbHHUX ximiuHoro craty aecis Ta JICII
3MiH KJIiMaTy Perionansuuit Micra Ta cemuma
1. 3MeHIIIeHHS Yacy 1 mapy 1. 36ibIICHHS
MPOMEp3aHHsL. TIUISTHOK
1 Moremninms 2. 36inpmIeHHs iHGUIbTpariiiHoro | [liBgeHHI perioHy | MiATOIUICHHS Ta
JKUBJICHHS Ta BOJIOTOHACUUYEHHS. | YKpaiHH MIPOCATKOBOCTI.
3. [loripieHHs1 TeOMeXaHIYHUX
apaMeTpiB. 2. AKkTtuBi3arist
1. 301bIIEHHS 3BOJIOKEHHS Ta Bech apeast 3CyBOYTBOPCHH:A
. . . |ColeHaKOIMYEHHS Y BEPXHEOMY b ap Ta CXUIOBOL
Hepisnomipni . perioHanbpHOro
2 mIapi. eposii.
onaau . . PO3MOBCIOKEHHS
2. 3MEeHIIIEHHS MIIHOCTI Ta .
necis ta JICII
MPOCAJAKOYTBOPCHHS. 3. 3pocTaHHs
1. 36inbIIEHHS BOZOHACHYCHHS KUIBKOCTI1
. MpUOEPEKHNX TUITHOK. IIPOBAIBHUX
30ib1IeHHS proep ) . . . P iy
2. 3MEeHIIEeHHS MIHOCT1 Y Ipuaninposchkuii | A€dopMartii.
BHCOTH Ta L .
ITHDKOKI CXHITIB. Ta
3 4acTOTH . . .
L. 3. Po3Burok nporiecis my4iHHs Ta | [IpukapnaTcbkuii
fropeten 1 3CYBOYTBOPEHHS erioOHU
naBoJKiB YBOYTBOPCHHA. p
4. EposiitHe pyiiHyBaHHs
prOEPEIKHUX 30H.
Jixepeno: [1, 8, 11]
l'oj0BHMMU  HaCHiKaMHd KOMILUIEKCHOI JIOBIOCTPOKOBOI il  3a3HAYCHUX

MIPOCTOPOBO PO3MOIUICHUX YWHHHKIB € HAONIMKEHHS PIBHIB IPYHTOBHX BOJ JIO
MOBEpXHI 1 3MEHIIEHHS 3JaTHOCTI BOJOHEHACHYEHHWX TIOPiA 1O TMOTIMHAHHS
MIBUIIICHUX OIaJliB, TOBEHEBUX BOJ| Ta yTPUMAHHS 3a0PYIHCHb.

OOymoBIeHO 11e 37e01TbpIIoro TuM, mo Bxke moHaa 20 pokiB Mae Miclie CTilKe
IiITOIICHHS BEJIMKUX YaCTHH PIYKOBUX OaceiHIB 1 HaBiTh OaCEiHiB MiA3eMHIX BOJ
B [Ipuuopuomop’i, [Tpuaninpos’i, JJou6aci, [Ipukapmnarti oo (tadi. 2).

Tabmuus 2 — [NomupeHHs migTOIUIEHHS Ha TepuTopii YKpainu
(opientoBHoO, cTanoM Ha 2007 p.)

Iioma KinbkicTs HaceaIeHUX
Hassa .. ITnoma .
. . |aamiHicTpaTHBHOTO . MYHKTIB 3 MPOSIBAMHU
aJIMIHICTPaTUBHOI i ATOIIEHHS], . .
. YTBOPEHHSI, 9 CTIHKOTO MiATOIUIEHHS,
OIUHUII 9 THC. KM
THC. KM LIT.
1 2 3 4
AP Kpum 27,0 4,43 318
Binaubska 26,5 0,9 5
BomnHacbka 20,2 12,9 11
JIHInponeTpoBChKa 31,9 7,3 43
JloHenpKa 26,5 3,04 15
JKuromupchka 29,9 20,13 45
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[IponoskeHHs TabmwmIi 2

1 2 3 4
3akapnaTchka 12,8 3,02 -
3anopi3bka 27,2 3,2 248
IBaHO-®DpaHKiBChKa 13,9 0,014 -
KuiBcbka 28,9 8,1 -
KipoBorpajceka 24,6 0,142 59
Jlyranceka 26,7 0,164 89
JIbBiBCHKA 21,8 0,116 40
MukoiaiBcbKa 24.6 17,767 496
Onecbka 33,3 19,685 608
TTonraBcbka 28,8 8,5 13
PiBHEHCBKA 20,1 12,8 35
CyMchbka 23,8 0,474 -
TepHomiIbCchKa 13,8 - 17
XapKiBchKa 31,4 3,02 -
XepCoHChKa 28,5 11,297 269
XMenpHUIbKA 20,6 0,014 4
Uepkacbka 20,9 0,08 -
UepHiBenbka 8,1 0,4 23
YepHIriBcbka 31,9 4.4
YkpaiHa 3arajom 603,7 121,73 2338

Ilxepero: [1, 3, 4, 8, 11]

[puyomy B psaai Benukux mict (Juinpo, Kam’ssaceke, Kpusnit Pir, Oneca, Kuis
TOIIO) Yy cIa0ONMPOHUKHHUX BonoHecTikux necax Ta JICII BigOymnocs yTBopeHHS
TEXHOT€HHUX «BEPXHBOBOJHUX» BOJOHOCHUX TOPH30HTIB 3 MiAHOMOM pIiBHIB Ha
15-35 m 3a octanHi 35-45 pokis.

VY 3B’S3Ky 3 HASABHICTIO Yy IPYHTax i MOpojax OUIBIIOCTI MPOMHCIOBO-MICBKUX
arnomepanii (IIMA) YkpaiHu npupogHHX i TEXHOTCHHHX arpeCHMBHHUX COJEH 1
cnonyk (Tirnc, aHTiIpHT, Cip‘{aHO-aSOTHOKI/ICJ'IOTHi CIIONYKW Ta 1HII) TpPUBAE
(dbopMyBaHHS arpecMuBHUX BOJ, fAKi y 2-3 pa3d MNPUCKOPIOIOTh PYHHYBaHHS
3ai300eTOHHUX (YHIAMEHTIB, BOJOINPOBIAHO-KaHAMI3aLIHHMX MEpeX 1 IHIIMX
cnopyz. 30iiblIeHHS NPU LbOMY BTpaT Boau i Temna (1o 35-45%) crumymtoe
MOJJANILIINN PO3BUTOK i aKTUBI3AIIIIO MiITOTUICHHS, 3CYBiB Ta MPOCiIaHb, TPAaHUYHUM
pe3yIbTaTOM YOTO CTaE MOBHA Te€OMEXaHiYHa Jerpajallisi, mepil 3a Bce, JIECOBUX Ta
JIECOBO-CYIJIMHUCTHX IOPiJ 4epe3 iX IUIMBYHHI Ta THUKCOTPOIHI MEPETBOPEHHS

[2, 6-8].

BuimB migTONmVIeHHsI HA IH)KEHEPHO-TeOAMHAMIYHMII cTaH JieciB i JiecoBo-
CYIJIMHUCTHUX NOPig

VY cydacHMX yMOBax TMOCHJICHHS MPOLECIB MIATOIUICHHS 1 3aCOJIEHHS CTa€
MPOBIAHUM (AKTOPOM 3HMXKEHHS TE€OMEXaHIYHOi CTIMKOCTI JIECOBHX TOBII Ta
301JbIIEHHST X ypa3iMBOCTI 1O 30UIBLICHHS IHTEHCHBHOCTI 1HXKEHEPHO-
CeiCMOTe0IOTIYHHX BIUIMBIB Ha IPUPOJHO-TEXHOT€HHI T€OCUCTEMH «TEXHOT'€HHUM
00’€KT — BEpXHS 30Ha T'€0JIOTYHOTO CEPeIOBHILAY.

Bukonani y ITTIIT HAHY nocnimkenns [5, 8, 10] gamu 3Mory BCTaHOBHTH,
0 MPOBITHMMHU (akTopamu, SKi CHPUSIOTH NPOTPECYOYOMY  3HIKEHHIO
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1HXKEHEPHO-CEHCMOT€0JIOTIYHOT CTIMKOCTI JIECOBUX TOBIII, € crielindidHi iHKeHEePHO-
T'COJIOTIUHI BJIACTHBOCTI ITUX IIOPIiZl, TaKi SK: PO3MOKAEMICTh, IMPOCAIKOBICTH Ta
TUKCOTPOIHICTb.

3 inmoro 6oky, came unHHKMKK ['3K Ta akTuBi3alii TEXHOTCHHUX TEPETBOPEHD
BOJO-eHEpProoOMiHy y BepxHii 30oHi ['C B Mexax IPOMHCIOBO-MiCHKHIX
arJioMepariiii, TipHH40-BUJOOYBHHX DPaiOHIB, MEITIOPaTHBHHUX CHCTEM, Yy 30HAX
MiAMPHOTO BIUIMBY BOJOCXOBHII Ta CTaBKiB (pazoMm 11e 35—40% teputopii Ykpainn)
NPU3BOJATE O AKTUBHOI €BOJIONLII KIFOUYOBHX T'€OMEXaHIYHUX, F€OTEXHIYHHX Ta
¢izuko-ximiuHuxX mapamerpiB ToBml seciB Ta JICII Ha perioHampHOMY piBHI y
HACTYIHUX HampsMax:

— 3pOCTaHHS 3BOJIOKEHOCTI BCHOTO TIIICOMETPUYHOTO Tpodinmo pernbedy (Big
3aIuIaB JI0 BOJOJILTIB);

— 3HWKEHHS MIITHOCTI MOpPi/ Ha CTHUCKAaHHS Ta BIOPOCTIMKICTB;

— akTuBi3amis mpoueciB cydo3ii Ta cHoydyBaHHS Ha CXWIaX Ta y 30HaX
TPIIIMHHO-TEKTOHIYHOTO PO3YIIiITbHEHHS,

— 3pOCTaHHS 3arpo3 THKCOTPOITHHX IEPETBOPEHb B pa3i BIUIUBY MPUPOIHHUX
(celicMiuHMX) 1 TeXHOTeHHUX (BHOYXOBHX, OYAIBENIbHHX TOILIO) CTPYIIyBaHb
(rizporeomexaHiuyHUX JedopMaltiii);

— PO3BUTOK TEXHOTEHHHUX BOJIOHOCHHUX TOPU3OHTIB (30KpeMa «BEPXOBOJIOK») Ta
301IBIIIEHHS arPECUBHOCTI MTOPOBHUX PO3YHHIB (BMICT JIETKOPO3UNHHUX COJIEH Y HUX
30inbpLIyeThCS B HiBAeHHOMY Hanpsimi Bix 0,8—1,2% no 4—6% B IIpuuopromop’i Ta
Kpumy).

MexanizM 3MiHU iH:KEHEPHO-T€OJIOTIYHUX BJIACTHBOCTEH JIeCOBMX MOpPix B
Yxpaini

OCKIiJIbKY JIECOBI MTOPOAH OCOOIMBO YYTIHBI 10 MEPE3BOIOKEHHS, TO, OMUHHUBIINCH
HUKYE PIBHSA MiJA3€MHHMX BOJ, BOHM 3HAYHO, YacTO I[IJIKOM, 3MIHIOIOTH CBIH
cnerudiuHui BUTIIAI, CKIIAJ Ta BJACTUBOCTI, CTAIOTh MEHIII KapOOHATHUMU, OUIBIII
IIIJTEHUMH, 3BOJIOKCHUMU, TIIMHUCTUMH, ITACTHYHHUMHU, TOOTO 3 4aCOM MPAKTUIHO
BTpavaroTh 37[aTHICTH JI0 pocifanus. [Ipu TpuBasoMy rnepeOyBaHHI JECOBUX MOPIL
HWJKYE PiBHIB MiI3eMHUX BOJI BiIOYBA€THCS BUITYTOBYBaHHSI T1IICY, JIETKOPO3UNHHUX
CoJieii, 10 BUKJIMKAE 3MiHY (Pi3UKO-MEXaHIYHUX BIIACTHBOCTEH IMX I'PYHTIB, aX 10
MOBHOT BTPATH X HECY4YHX BIACTHBOCTEH, TOMY IO JIETKOPO3UUHHI COJII JIIOTh 5K
KOAryJIsIHTU Ta CHPUSIOTH 34YeIUIeHHI0. UnM OUIbIIMIA BMICT COJII, SIKa Ma€e OUIBIILY
MEXaHIuHY MIIHICTh — TUM OUIBIIHI OMIp 3PYIICHHIO.

MOoHTMOpHIIOHI3aIli MiHEPAIILHOTO CKJIay, 10 BiIOYBAETHCS TIPH i ATOTLICHH1
JICCOBHX TPYHTIB, MPU3BOAMWTH 0 MiJABHMIICHHS 3arajJibHOI TiAPOQUIBHOCTI 1, SIK
HACJIIJIOK, /IO 3HMDKEHHS aKTMBHOT TIOPUCTOCTI Ta BOJIONPOHUKHOCTI.

3MiHa (i3UYHOrO CTaHy JIECOBUX IPYHTIB NPH OOBOIHEHHI BUSBISETHCS, MIEPLI
3a Bce, y MiJIBUIICHHI iX BOJOrOCTi, 00’€MHOI MacH Ta MOKa3HUKIB KOHCHCTEHIII.
Bosoricte J1€COBHX MOPiJ, SKI 3asral0oTh HWXKYE PIBHIB IIJA3EMHHUX BOJI,
30UTBIIYETHCS IPUOIM3HO Y 2 pa3u.

3a YHCIIEHHUMHU JaHUMH, TEXHOT'CHHE 301IBIICHHS BOJIOTOCTI JIECOBUX MOPI ITijT
cropyaamu KouBaeThest Bif 1-2 1o 10-15%. [Ipu TpuBanoMy 3B0JIOKEHHI JIECOBUX
IPYHTIB 3aKOHOMIipHO 301IBIIYIOTHCSI TIOKa3HUKU BOJHO-()I3WYHUX BJIACTHBOCTEH.
Haii6inem 9yTnmMBO 3MaTHICTH JISCOBHX TOPiA /IO TEXHOT€HHOTO 3BOJIOKEHHS
BiJOOpakye 3pOCTaHHS MOKa3HUKA MEX1 TEKYHYOCTi.
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[IpUIrHOI0 THKCOTPOITHOTO PO3PIHKEHHS € SKCIUIyaTallis pi3HUX BiOpaIliiHuX
MEXaHI3MiB a00 3HAXOHKEHHS HEAAIEKO Bif 00’€KTiB, IO BUKIWKAIOTH BiOparlito
(3ami3Huii Tomo). TUKCOTPONHE pO3PIMKEHHS 3HAYHOK MipOK OOYMOBIICHE
BiOpOpYyHHYBaHHIM HEBOJOCTIHKOI arperaTHOi CTPYKTYpHU JIECOBOTO IPYHTY, SKe
CYTIPOBOKYETHCSA BIOpOTIEPEMIIIEHHAM TIPOAYKTIB PpPyWHYBaHHS B IOPOBHil
mpoctip. Ilicns mnpunuaenHs BiOpamii arperaTHa CTPyKTypa YacTKOBO
BiTHOBJIIOETHCS 38 PaXyHOK ()OpMYBaHHS BTOPHHHUX arperarib.

To0T0 BIacTUBICTH BOXOHACHUEHHX JIECOBUX IPYHTIB IEPEXOANTH B IUITMBYHHUI
cTa" 00yMOBJIeHA, TIEPIII 32 BCE, CTPYKTYPHUMH OCOOIIMBOCTSMH IUX MTOPIJ] Ta TICHO
MOB’si3aHa 13 3aKOHOMIPHOCTSIMU TEPEeXOAYy B PpO3PIMKEHHH CTaH B IpolLeci
PO3MOKaHHS.

SBuIa mepexoy JIECOBHX MOPIi/ B ITTMBYHHUI CTaH CIIOCTEPITaloThCA Ha MiBIHI
VYkpainu B KaHanax 3pOUIyBaJbHUX CHCTEM, A€ TPYHTH, IO OIUIMBAIOTH MO CTIHKaX
KaHaJiB, MalOTh BOJIOTICTh BUIILY, HI’K MeXa TEeKY40CTi. 3cyBU B JIHIPONETPOBCHKY
3aCBIMYMIIM, IO Tpoliec HAaOYTTsA Jjecamu (IIPHU JOBTOTPUBAIOMY ITiTOIICHHI)
TEKy4O-TUKCOTPOITHUX BJIACTUBOCTEH MOYAB MOIIMPIOBATUCH 1 B IHIUX pETiOHAX,
110 TOTpeOye CIeIialbHOro MOHITOPHHTY [6, 9].

3a3HayeHa CUTyalliss NPU3BOOUTH O TOr0, IO CYYaCHHMH PO3BUTOK
rOCHOAAPCHKOTO KOMIUIEKCY YKpaiHM BiZOYBaeTbcsi B YMOBaxX 3pOCTaHHS
TEXHOT'CHHOI JecTaOumizalii iHXCHEPHO-TEOJIOTIYHUX MapaMeTPiB TeOJIOTIYHOTO
Cepe/IoBHINA, TEpII 3a BCE, JIECOBOTO Ta JECOBO-CYTJIMHUCTOTO MOPOIHOTO
KoMIuIekcy. HacmiakoM 1IboTo € momaiibie 301TbIIeHHS KITBKOCTI KPU30BUX SBHIIT
B TexHOreHHo-reonoriyanx cuctemax (TT'C) «rexHOreHHHH 00’€KT — TeoJoriuHe
CEPEIIOBHIIE», AaKTHBI3allil HEOE3MEYHHX EK30TCHHUX T'€OJIOTIYHUX MPOIICCIB
(HETI'TI) mpakTH4YHO y BCiX 1H)KEHEPHO-TEOJOTIYHHAX peTioHaxX YKpaiHw.

Lle ocoOmMBO MOMITHO B MeXaX MICT 1 cenuiy YKpaiHu, JIe MK iHKEHePHIUMHI
00’€KTaMH 1 TEOJOTiYHMM CEpEelOBHIIEM, M0 INepe0yBaloTh y MOCTIHHOMY
B3a€MO3B 3Ky, CIIOCTEPIralOThCSA 3HAYHI 3MIHH BOJIO-CHEProoOMiHy (Teruio-
BOJIOTIEPEHOCY), TOJIOBHUM HACIIAKOM YOro i € aktuBizamis Ta po3Butok HEI'TI y
MacHBax JIECOBUX TOBIII.

Croroani 3 460 mict ta 885 cenmiy Mickkoro tumy B Ykpaini monan 50%
po3TamoBaHi B 30HI PO3MOBCIOMKEHHS MPOCAIKOBHUX JIECOBUX 1 JIECOBO-
CYIJIMHMCTHX mopiA, 10 15% 3a3HaioTh BIUIMBY HPUPOAHOTO 1 TEXHOTEHHOTO
kapcToyTBOpeHHs, a B 9% (123) 3adikcoBaHO PO3BUTOK 3CYBHUX IUISIHOK. SIKIIIO
B3SITU 10 yBar", U0 NPUPOAHO-TEXHOT'CHHE MiATOIUIEHHs TepUTOpii 3a¢ikcoBaHO B
nonan 40% (546) micT Ta cenuI, TO MOXHA AIMTH BUCHOBKY II[OJI0 KOMIUIEKCHUX
3MiH T€OTeXHIYHUX yMOB y Oinbmocti [IMA VYkpainu Ta moripimieHHs eKoJoro-
TEOJIOTIYHUX MapaMeTPIB KUTTEMISLIBHOCTI B IX Mexax.

TenaeHuito 10 3pOCTaHHS F€OTEXHIYHOTO PU3UKY MOLIKOKECHHS 1 pyHHYBaHHS
CTIOpPY/I B MicTax i cenuiiax Y KpaiHu BHACIIZOK PO3BUTKY i TOIUICHHS IX TEPUTOPIi
JIOLIJIHO TIPOLTIOCTPYBAaTH PE3yJIbTaTaMH PO3PAaXyHKOBOI OI[IHKH IMOTSHIIHHOT
aBapiiiHOCTI Takux cropyn 3a nanumu JJCHC Ykpainu mono KinbKocTi aBapiiHuX 1
BETXUX JKUTJIOBMX OYIOMHKIB y wMictax Ta cenumax (tabn. 3). Hopmarus
npuryctumoi asapiitrocti — 10° 1/pik [2, 4, 7].
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Tabmus 3 — Omigka piBHSA TEXHIYHOTO CTaHY Ta MOTEHITIHHOT aBapiitHOCTI
KHUTIIOBOTO (DOHITY yV MICBKiil 1 CITBCHKIN MICIIEBOCTSIX YKpaiHu
(3a nanumu JICHC na 01.01.2007 p.)

Kinekicts e . Pisenn
JKUTIIOBUX Berxi x&uUTII0B1 ABapmH.l [MOTEHLIAHOT

Perion OynuHKIB, OyIMHKH, JKHTIIOB 3arposu

OyIMHKH, "

BCBOTO, OJIMHUITH e pyHHa_Ién

THC. OIUHHUID n-10

AP Kpum 332,69 937 161 350
Binannpka 569,43 3018 878 685
BonuHcbKa 232,37 1299 229 665
JIHIPOIIETPOBCHKA 608,02 1740 258 330
JloHenpKa 849,50 4946 1617 764
JKutomupcrka 380,47 2870 515 895
3akaprnarcbka 303,01 911 237 380
3anopi3bka 351,67 827 232 328
IBano-MpaHKiBChKa 340,77 972 347 383
Kuiscbka 525,56 2614 451 585
KipoBorpaicbka 318,77 149 19 53
Jlyrancbka 518,39 1793 231 388
JIbBIBCHKA 453,59 1336 430 390
MukoaiBcbKa 269,96 1456 623 780
Onecbka 481,42 4258 1314 1150
ITonTaBchka 422,61 1389 210 380
PiBHencobka 261,67 1414 235 635
CyMchbka 330,84 1836 270 638
TepHOMiIbChKA 285,86 897 490 485
XapkiBcbka 495,53 4177 547 970
XepcoHChKa 285,76 1011 323 475
XMenpHUIbKA 380,42 1566 309 494
UYepkachbka 429,24 2728 590 750
UYepHiBenpka 246,17 977 286 509
UYepHiriBcbka 393,51 836 100 238
M. KuiB 33,68 356 6 109
M. CeBacTomnosb 30,10 86 54 470
Bcporo no Ykpaii 10313,0] 46449 (0,46%)| 10962 (0,1%)| 557 (cepenne)

Ixepero: [3, 11]

I'eoTexHiuyHMii pU3NK PO3BUTKY MiITONJIEHHS JIECOBUX MOPiX A1 CIOPYA

AHati3 TepuTOpiaIbHOI KOPELii HOIMPEHHS JIECOBO-TIOPOAHOTO KOMILIEKCY MiCT
Ta CEJHI Ta PEriOHANFHOTO MiATOTUICHHS B YKpPaiHi 1a€ 3MOTY MPHUITYCTUTH BUCOKY
HMOBIPHICTB MOJAITBIIIOTO MOTIPIIEHHS IHKEHEPHO-TEOTEXHIYHOTO CTaHy KUTIOBHX
1 IPOMUCIIOBHX 00’ €KTiB, 3HM)KEHHSI 1X 1H)KEHEpHO-CeHCMOreoIOTiuHOi CTIMKOCTI Ta
3pOCTaHHsI HeOe3NeKn KPUTUYHUX JieopMalliid Ta aBapiiiHOro pylHyBaHHS IXHIX
KOHCTpYKIIiH (B Mictax Oneca, JIninpo, XepcoH, KuiB Ta iHIIMX).

ToOTo peanbHe (hyHKIIIOHYBaHHS OUTBIIOCTI OyAiBENLHUX OO’ €KTiB B MICTaxX i
CeNMuIax Ha JIECOBO-NOPOAHOMY MiAIPYHTI ChOTOAHI BigOyBa€ThCs B YMOBax
HAMOLIBII aKTUBHUX B YKpaiHi 3MiH iHXXEHEPHO-TEOJIOTIYHMX Ta IHXKEHEpHO-
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ceficmoreonoriyanx mapamerpiB ['C, mo 3aKOHOMIPHO CHpHSE 3POCTAHHIO
3G2aNbHO20 2€0MEXHIYHO20 PU3UKY HA WX TEPUTOPIAX 3a BEIUKOI KIIBKOCTI
00’€KTiB y aBapiiiHOMyY Ta BeTxomy cTaHi [3, 8, 10].

VY 3B'S3Ky 3 BENUKOI PI3HOMAHITHICTIO 1H)KEHEPHO-TEOJOTIYHHX YMOB Ta
muHamiku po3BuTky HEI'TI, 3anexxuux Bix po3noscromkeHHs sieciB Ta JICII B pizanx
reorpaiyHIX perioHax YKpaiHH Ta 3pOCTAal0uoro BIUIMBY TJIOOATBFHUX 3MiH
KIIiMary Ha TeJIO-BOJIOTONEPEHIC Yy JIECOBHMX TOBIIAX W Ha IX TeOMEeXaHidHy
CTIHKICTB, iICHy€ 3HA4YHa Au(epeHmianisa CTPyKTypH Te€OTEeXHIYHOTO PH3HKY. TaK,
BiJICOTOK aBapidHMX 1 BeTXWUX OYAiBeNb y MiCTaX i CenuIiax 3MiH€eThes Bij 0,2—
0,3% (AP Kpum, Yepnirisceka 061.) mo 1,0-1,2% (KuiB, Omecpka, XapKiBcbka
001.), IEPEBHIIYIOYH PiBEHb aBapiHO1 3arpo3u st €C Ha 2—3 TeCATUHHI TTOPSAIKH.

3a pesynbraTaMH BHKOHAHWUX PO3PAaXyHKIB BHUSBICHO NEPEBAXHHUNA 3B’ SI30K
TCOTEXHIYHOTO PU3HMKY PYHHYBaHHS 00 €KTIB MICT 1 CEJIUI, PO3MIIICHUX B MEXKax
apeasiB TOLIMPEHHS JECOBO-CYTIIMHUCTOTO MOPOAHOTO KOMIUIEKCY, i3 JBOMa
BH3HAYAIBHUMU TPYIIaMU 1HKEHEPHO-TEOJIOTIYHUX 1 T1IPOTe0IOTIYHUX MPOIIECiB:

- mpuponHe ((poHOBE) HaaMipHE 3BOJIOKEHHS BEPXHBOI 30HH I1H)KEHEPHO-
I'€0JIOTIYHOr0 po3pi3y 3 GOpPMyBaHHIM TEXHOTCHHUX BOJOHOCHUX FOPU30HTIB;

- aKTUBi3aIlisd 3CYBiB Ha CXWJIOBUX JiISTHKAX.

VY 3B"513Ky 3 UM, JUIsI OTIOCEPEIKOBAHOTO BiIOOpasKeHHS Ha PErioHATbHOMY PiBHI
CHIBBIIHOLICHHSI 1H)KEHEPHO-TEOJIOTIYHMX HEOE3MeK KOMIUIEKCHOTO —BILUIUBY
MIPOIIECIB MiATOIUICHHS Ta 3CYBOYTBOPEHHS B JIECOBO-TIOPOJHOMY MAacHBI MICT Ta
CeNUIN 3A1HCHEHO TOPIBHAHHS MIUIBHOCTI IX PO3BHUTKY 3 (POHOBUMH 3HAUYCHHSIMH
HIJTBHOCTI HAa MPWJICTIIMX TepUTOpisx (puc. 1, 2).
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Puc. 1 — PiBeHb TeXHOTCHHOTO 301IBIICHHAS TUIOII I ITOIDICHHS MICT Ta CeJIUII Y KpaiHu
BiZIHOCHO (OHOBHX 3Ha4YeHb (cTaHOM Ha 2012 p., norapudmivHa mkana)
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Puc. 2 — PiBeHb TeXHOT'€HHOT'0 301IbIICHHS IUILHOCTI 3CYBIB y MicTax 1 cenuinax Y kpaiHu
BIZTHOCHO ()OHOBHX 3Ha4YeHb (cTaHoM Ha 2012 p.)

[IpaBOMipHICTh TAKOTO MMiIXOAY OOYMOBJIEHA THM, IO CIIOCTEPITa€ThCS:

— TO-TIepIIe, €KOJOTro-TEeOJIOTiYHa EKBIBAJIEHTHICTH (OAHOTHITHICTH) BILTUBY
OyaiBebHHUX 00 €KTIB MICT Ta CeJIUIIL Ha MPUPOHI Ta TexHoreHHi 3MiHu ['C (3MiHH
TETJI0-BOJIOTOIIEPEHOCY, HECYUOi 3AaTHOCTI MOPiJ, TEXHOT€HHOTO HABAHTAKECHHS
TOIIIO);

— TMOo-Ipyre, iHXEHEPHO-TEOJIOTIYHA EKBIBaJEHTHICTh MPOBIJHUX IMPOIECIB,
ski BigOyBatoThest B ['C micT Ta cenuny y 30Hi popmyBanHs TI'C «OyniBenbHUi
06'ekt — I'Cy» (¢inbTparnisi, 3MiHa TPU3EMHOTO APy MOBITPS, MOPYLICHHS
npodiro cxmiiB Ta iHmIe) B mexax [IMA.

Posmimenns npomucinoBo-micbkux arnomepaniii (IIMA) B pi3HHX iHXEHEpHO-
TeOJIOTIYHAX YMOBaX JIECOBO-TIOPOIHOTO KOMIUIEKCY Ta PiI3HOMAaHITHICTB B TX Mekax
TI'C «rexnorennuii 06’ ekt —I'C» cTBOPIOE MEpeyMOBH JUIS CTIHKOTO YCKIIQIHEHHS
IH)KEHEPHO-TEOJIOTIYHHUX Ta TEOTEXHIYHUX YMOB B TPOIIECi MITATHOI eKCIUTyaTamii
IHKEHEpHHUX CIOpYH, 0cOONHMBO B aBapiHUX cuTyaulisx. [Ipydomy reotexHidHuMi
PH3HK PETIOHAIBLHOTO PiBHS 3aJIeKaTUME BiJl IPOCTOPOBOI MIIJIBHOCTI: TEXHOT€HHHUX
00’€KTiB, IUIAHOK PO3BUTKY MiATOIJICHHS 1 3CYBIB, a TaKOX BiJ 3JaTHOCTI 10
aKTHBI3allii MX MPOIECIB B YMOBaxX 3MIHM KIIMAaTUYHUX MapaMeTpiB i MOXITHUX
3MiH B rigpocdepi ta manamadrax [4-6].

HeoOxigHo TakoX BpaxOByBaTH CTaTUCTUYHUH e(deKT, 10 B pa3i BHUCOKOIO
crynens ypaxenocri skumch HEI'TI (3cyBu, MiATOIIIEHHS) HA perioHaIbHOMY PiBHI,
3HIDKYETBCS 3arpo3a MoJaNbIIol aKTHUBI3ALIl I[MX HPOIIECiB HA 00 €KTOBOMY PiBHI.
I HaBnaky, 3a HeBUCOKOI perioHanbHO1 ypaxkenocti HEI'TI BuHKMKae BUCOKUI pU3HK
MOIAJIbIIIOT TEXHOTCHHOI aKTHBi3allii 3CyBiB, MATOIUICHHS Ta IHIIMX HEOE3MEYHUX
nporieciB Ha 00’ ekToBOMY piBHI. KpiM TOro, BUCOKUI piBEHD MPOSBY i ATOTUICHHS
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CYMPOBOKYETHCS 3HAYHUM PU3UKOM aKTHBI3aIlii caMe 3CyBHUX IIPOIIECIB B MEXKax
MICT 1 CEeJIHILL.

BukoHaHi perioHanbHi OI[IHKH PiBHS TEOTEXHIYHOTO PU3HUKY TEPUTOPIii MiCT Ta
cenuin, posramoBanux Ha Jjecax Ta JICII, MaioThb TEBHY HPOCTOPOBO-YACOBY
oOMexenicTh. He3Bakaroun Ha 1ie, BOHH JTAlOTh 3MOTY BIIEpIIIE OI[IHUTH PiBEHb
TEXHOTCHHOI aKTHBI3aIlii MpOIeciB MiATOIUICHHS Ta 3CYBOYTBOPEHHS Ta ixX
KOMIUICKCHUH BIUIMB Ha TEXHOTEHHI MEPETBOPEHHS 1H)KEHEPHO-TEOJIOTIYHOIO Ta
exosioro-reosyiorivnoro crany 1'C wmicT Ta cenmm YKpaiHu, OCOOIHWBO B MeEXax
MOMINPEHHS JIECOBOMOPOIHOTO KOMIUIEKCY.

BnuiuB mixTONJIeHHS JIeCOBMX MOPiA Ha MPUPICT iHTEHCHBHOCTI ceiicMiYHOrO
CTPYILIYBaHHS

[oTyHe TeXxHOTeHHE HAaBaHTAKEHHS HA T€OCUCTEMH MPHU3BOJUTD 10 CTIHKHUX 3MiH
IH)KEHEePHO-CEMCMOT€ONIOTIYHIX YMOB BHACTIOK PO3BUTKY MiATOIUIEHHS, KapCTy,
aktuBizamii 3cyBiB. lle 0OymoOBItO€ HEOOXiNHICTP YTOYHEHHS IHTEHCHUBHOCTI
CEHCMIYHOTrO CTPYIYBaHHS 3 ypaxyBaHHIM HOTo 301IbIICHHS 32 YMOB HaOIMKEHHS
PiBHIB IPYHTOBHX BOJ 0 (DYHIAMEHTY CHOPYJ a00 MiATOIUICHHS MOPiJ MiATPYHTSI.
ToOTo B pe3ynbTaTi MOTY)KHOTO TEXHOIeHe3y Ha OiNbImiid Y9acTWHI TepUTOpii
VYkpainu noTpiOGHO BpaxoBYBaTH MPHUPICT CHIH CEHCMIYHOTO CTPYUIYBaHHS Ha 1—2
0any 3aJeXKHO BiJ KOMIUIEKCY HETaTHBHUX YMHHUKIB. HaBiTh y cnaboceiicMiuHmX
paiioHax Big3HAYA€THCH 301TBIIEHHS CTPYIIYBAHOCTI IiJ] BIDTMBOM TEXHOTEHHOTO
HABaHTAXCHHS, 10 TOpPYIIye MPUPOAHI YMOBH (OpMyBaHHS EK30TEHHHX
TCOJIOTIYHMX TPOIECIB Ta iHXKEHEPHO-TEOMEXaHIYHUI CTaH IPYHTIB B OCHOBaX
cnopyn. Benwuki rigpotexHivHi ciopyan, ocoonuBo Bogocxoswuia 6ins ['EC, TELL,
AEC, i3 cBOro 60Ky MOXXYTh CIIPUYHHUTH JIOKaJIbHI TEKTOHIYHI PyXH 3€MHOI KOPH
[1,6,9].

s nepe3Bosiokenux auistHoK €.0. SkoBneBuM [5, 6] HUIAXOM 3aCTOCYBaHHS
METOJly IHKEHEPHO-T€OJIOTIYHUX aHAJIOTii OyJIO0 3alpoINOHOBAaHE JONOBHEHHS 0
napameTpiB MPUPOCTY CHUIIA CEHCMIYHOTO CTPYIIYBaHHS Y BUTIISIL PO3PaXyHKOBOTO
Yacy iCHYBaHHsI MiJIBHIIEHOTO MMOPOBOTO TUCKY IICIS MPOXO/KEHHS TPaH3UTHOI
(perioHanbHOT 200 JOKaNBHOI) ceiicMiuHOl XBUIIi. ICHYrOUa 3aNeXHICTh MPUPOCTY
ceiicmiunocti (Al, 6aniB; 3rigao 3 3CP-2004) Bij 30HAJIBHOIO 3HAYCHHS TITHOWHU
PIBHS IPYHTOBHX BOJ] Ma€ HACTYIHY CTPYKTYPY:

2
A= g - 0%, L

ne: h — rnubuna piBus rpynroBux Boj (PI'B), m;
0. — Koe(IIiEHT, BEIMYHNHA SKOTO 3aJISKUTH BiJI JIITOJIOTIYHOTO CKJIaay (IPOHUKHOCTI
Ta KOMIIPECITHUX BIIacTUBOCTEH) BepXHbOi 300U PI'B.

Hdns mepe3BonokeHUX  (MIATOIUIGHMX) — AUISHOK Y  BOJAOYYTJIMBHX,
cabONMPOHNKHUX Ta MPOCAIKOBUX JIECOBUX Ta JeCOB0-CYIUHUCTIUX TPYHMAX
o = 1,0, yepes3 110 3a1eXHICTh HA0YBA€E BUTIISIY:

Al=1,0 004’ 2

Hnst Takux rpyHTiB B iHTepBanmi raubudH PI'B 5+1 m Al = 0,3+1 6an, To0to
MPUPICT CEUCMIYHOCTI Ma€ CyTTEBI 3HAYCHHSI, PHC. 3:
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Puc. 3 — EMnipuuHa 3anexHicTh IPUPOCTY ceicMivnocTi Al
Bil rmbunu h piBHSA IPYHTOBUX BOJ
h, m 1 2 3 4 5 10
A4l, 6an 1,0 0,9 0,7 0,5 0,3 0,02

BopmHouac amami3z pe3ynbTaTiB AOCHIIKEHh PETiOHATBHUX 3MIH TE€OCHCTEM Y
OUTBIIOCTI perioHiB YKpaiHW CBITYUTH MPO BEIHKI HEOMHOPITHOCTI IX TPYyHTOBHX
yMOB  (IH)KEHEPHO-TEOJIOTIYHUX, TIAPOTCONIOTIYHMX, JIaHAIIA(QTHO-TEOXIMIYHIX
Tomo). BepxHS dYacTHMHAa TeOJOTiYHOrO pO3pi3y OLIBIIOI YaCTHHU TEPUTOPIi,
OXOIICHO{ HAalllUM JIOCHIIPKEHHSIM, CKJIa[leHa TOBLICIO IyXKUX OCaJOBUX, IEPEBAKHO
JIECOBUX Ta JIECOBO-CYIJIMHUCTHX IPOCAJIKOBUX IMOPiJ, SIKI B CYYacHHX YMOBax
BiZI3HAYAIOTHCS AKTHBHHMH 3MIHAMH BOJHO-(I3MYHUX Ta (i3UKO-MEXaHIYHUX
BrnactuBoctei. [lpuwuomy s TumoBux ((DOHOBHX HEMOPYIIEHWX) UISTHOK
PO3paxyHKOBI MPHUPOCTH CEUCMIYHOI IHTEHCHBHOCTI JOpiBHIOIOTH Al = (0 OamiB
(mpupicT moo 30HaNKHOI ceficMivHOCTi 3rigHO 3 3CP-2004). BuHsITKOM € miToTuieHi
JIUISTHKH JIECOBUX CIIA00TIPOHUKHHX MOPOJHUX MACHBIB 3 YIIOBUTbHEHHM 3HIKCHHIM
rizporeoaedopMaliiHiIX HAPYKEHb 38 YMOB MPOXO/PKEHHS CeUCMivHOT XBHIII. JIyIst
HUX HaMH OOIDYHTOBaHA EMIIIpUYHA 3aJEXHICTh Yacy iCHyBaHHS Halpy>KEHO-
nedopMoBaHOTO cTaHy BOJAOHACHYSHUX MOPIJ MATPYHTS (TPUBAIOCTI ITiIBUILIEHOTO
MOPOBOTO  THUCKY l.p) TIpH  TPOXOMKEHHI  CEHCMOMNOIMITOBXY  (IIBHAKICTbH
1,0-1,5 km/cek). 3HauHO OINMBIIMKA Yac iCHYBaHHS IiJABHUIIEHOIO IOPOBOTO THUCKY
MOPIBHSAHO 3 YacoM IIPOXO/PKEHHS CEHCMOIOIITOBXY (YacTka ceKyHau) (opmye
HeOe3rneKy BUHHUKHEHHS JIOJIATKOBHX T'1JIPOT€OMEXaHIYHIX HAPYT TpH adTepIiokax,
BHACJIJIOK YOTO MOJKJIMBE JIOKAIbHE PO3PIUKEHHS TOPiJ MATPYHTS 1 PO3BHTOK
KpuTHUHHX Jedopmaniil imkeHepHHX cHopyd. Yac icHyBaHHS II€PBHHHOTO
MIBUIIIEHHS TIOPOBOTO THCKY B MIIIPYHTI 3 ypaxyBaHHAM reomeTpii QyHIaMeHTy B
LIJIOMY OIIIHFOETHCS 32 HACTYITHOO 3aIeKHICTIO [1, 3, 4, 8]:

tuep ~ 0,2 b?/a, 3

ne: b — MiHIManbHUA po3Mip GYHIAMEHTY B IUIaHi, M;
ap — Koe(iieHT PiBHETIPOBOAHOCTI BOJIOHACHYEHHX MOPIJl MiATPYHTSI.
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a,=kh/u @)

ne: kK — koeditient ¢inpTparnii nopin miarpyHts, M/nooy;
h — ToBIIMHA APy IPYHTOBUX BOJ, M;
[ — KoeimieHT BoIoBiAAadl (IOPHUCTICTH) MOPi IPYHTOBOTO TOPH30HTY.

Juis1 cymicyaHO-CyTrTMHUCTUX Pi3HOCTEH 1y0p cTaHOBUTH 1-10 1i6.

3a3HaueHi oOCTaBUHM 3HAWILIM TeBHe BimoOpaxkenns y JBH B.1.1.-12:2006.
Y HUX BU3HAHO (akT 30LIBIICHHS / 3MEHIIEHHS CEHCMIYHOCTI MaWIaHIMKa TTOHA
30HAJIFHE 3HAUYEHHS 3aJI€)KHO BiJl KaTeropil IPyHTIB Ta iX BOJOHACHIEHOCTI (Tadm. 4).

Tabnuis 4 — CelicMivHICTh MaliiaHYrKa Oy IiBHUIITBA B 3aJICHKHOCTI
BiJl KaTeropii IpyHTiB

CeiicMIYHICTh
MaigaHIuKa
OymiBHUIITBA TIPU
Ipyntn CelCMIYHOCTI paiioHy,
Oau

6 7 8 9

Kareropis
IPYHTY 32
ceficMiYHUMU
BJIACTHBOCTSIMU

CkenpHI TIPYHTH YyCiX BHUIIB HeBHBITpimi Ta | 5 6 7 8
c1aboBHBITPLIII, KPYIHOYIaMKOBI IPYHTH LIUTBHI
Ta MAJIOBOJIOT] 3 MArMaTUYHUX MOPi, SKi MiCTATH
710 30% Mima”o-TIMHUCTOTO 3aII0BHIOBAYA
CkelNlbHI TPYHTH BUBITPUIL Ta CHWIBHOBHBITPiNi; | 6 7 8 9
KPYIHOYJIaMKOBI IPYHTH KpiM BifHeceHuX 10 I
KaTeropii; MiCKH rpaBeNIuCTi, KPYITHI Ta CepeaHbOT
KPYIHOCTi, INUTBHI Ta CepegHbol MIIBHOCTI,
MaJIOBOJIOT1 1 BOJIOT; MiCKW ApiOHI Ta MHITyBaTi,
OIJTBHI Ta CEPEeOHBOI MIUIBHOCTI MAJIOBOJIOT;
NUIyBaTO-TIIMHUCTI IPYHTH BiJA TBEpAUX 1O
tyromtactnuHux (I < 0,5) mpu koedimieHTi
nopucrocti € < 0,9 st rvH i cyrmHKiB i € < 0,7
JUIS CYTTICKiB

Ilicku KpUXKOTIN He3aleKHO Bix KpymHOCTI Ta | 7 8 9 10
BOJIOTOCTi; IICKM TpaBEIHCTI, KpYymHI Ta
CepenHbOi KpPYMHOCTI, WIJIBHI Ta CepeaHbOl
HIUTBHOCTI 6000HacuyeHi; TpiOHi 1 MATYBATI MICKH
ITBHI  Ta CepefHbol IIUIBHOCTI 6002 Ta
6000Hacuyeni; TWITYBaTO-TJMHHUCTI IPYHTH 3
MOKAa3HUKOM TeKydocTi /. > 0,5; mumyBaTo-
TJIMHHCTI TPYHTH 3 TOKa3HUKOM TeKyJocTi /L < 0,5
npu koedinienTti mopucrocti € > 0,9 g rmH i
CYTJIMHKIB i € > (0,7 1UIst CyIIicKiB

II

I

ITicku KPHUXKOTINI 6000Hacuueni, CXWibHI 10 | 3a pe3ynbTaTraMu
v PO3pI/DKEHHSI;  HACUIHI  IPYHTH; IUIMBYHH, | CHELiaJbHUX
0iOreHHI IPYHTH i MYJIH JTOCITIPKEHb
Ixepero: [2, 7, 8]

Opnak y mux OyniBelbHHUX HOpMax HE BpaxoBaHa crenudiuyHa Ui JIeCOBHX
mopix dvacoBa ckiagoBa t TpUpOCTy CEHCMIYHOTO pH3HKY, O0OyMOBIIEHa
VIOBUIBHEHUM 3HWKEHHSIM «CTPUOKa» IMOPOBOTO THUCKY IICIS MPOXOJKEHHS
ceiicMi4HOT XBWJII y CIA0OMPOHUKHUX JiecoBHX Qopmarnisx. Bukonani 3
ypaxyBaHHSIM JaHUX CeMCMIYHOTO MiKpOpalOHyBaHHS OLIIHKH
rizporeodinpTpaniiftnol peakuii miArpyHTs OyAiBedb Ha MOTEHUIKHHI cefcMivHi
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BIUIMBH Ta TIOB’sI3aHi 3 UM 3MIiHH 1H)KCHEPHO-TEOJIOTIYHHX YMOB BKa3yIOTh Ha
HeOe3neKy JOBTOTPUBAIOTO YTPUMAHHS MiqiOMIB TOPOBOTO THCKY. Hebe3neunnmu
HaCJiAKAMH LIbOTO MOKE OYTH MOPYILEHHS TAPOreOMeXaHiYHO1 piBHOBaru CUCTEMH
«MIHEpAJIbHUH CKelleT — IMOopoBa BOAa» Ta il Nepexin y IUIMBYHHHIA abo
TUKCOTPOIHUI CTaH 3 PO3BUTKOM PYyHHYBaHb.

3a po3paxyHKOBOIO CXEMOK, IO OOrpyHTOBaHa y [5], TpuBamicTh dacy 1
3HM)KEHHSI TIOPOBOTO THUCKY B CIa0OMPOHUKHHUX TOpoAax P, 3 ypaxyBaHHIM
MIHIMAITLHOTO PO3Mipy OYIiBIi Smin ~ 80 M OpIEHTOBaHO MAa€ HACTYIHY BEIHYHHY:

SZ
tr ——, ()
2,25a

Jie a — PiBHEMPOBOAHICTH CIA0ONPOHUKHUX CTHCHYTUX MOPiA B MiAIPYHTI OyiBii;
OpIEHTOBHO:

a=—, (6)

ne: K — xoedirient dinprparii c1aboNMPOHUKHUX TOPiA (CYTIIMHKIB, JIECIB, MilllaHO-
TIIHHUCTHUX TIporapkis), K = 1,0 M/mo0y,
h — ToBmMHA ITapy IPYHTOBOIO TOPH30HTY 32 YMOBH KOHTaKTy HOTO DiBHIB 3
naauIeM GpyHaamenty, h = 20 m,
1 — koedimieHT BogoBiayi, i =~ 0,1.

3riIHO 3 HABEJCHUMH TOTIEPETHIMU OLlIHKAMHU:

2 -1
. 80107 46 @
2,25-1,0-20

VY 3aralbHOMY BUMAJKy TIOBIJIbHE 3MCHIICHHS IOPOBOTO THUCKY MiCHIs
CEMCMIYHOTO BIUTUBY HA JIECOBI MOPOIU MOXKE OYTH KpUMUUHUM (DAKMOPOM Pearyii
Ha agpmepuioxu (IPUPOJTHOTO 1 TEXHOTEHHOTO TTOXO/PKEHHS ), 110 IPU3BOIUTHME JI0
3HIDKEHHS CTIMKOCTI CHOPYJ BHACIIJIOK JOAATKOBOTO PO3YIIIIBHEHHS JIECOBHX
TOPi MATPYHTS (XK 10 TUIMBYHOYTBOPEHHS).

BucHosku

1. IIpocaakoBiCTb JIECOBO-CYTTTMHUCTHX MOPiA HA TepuTopii Ykpainu (moHan 65%
i1 rmoi), siki chopMyBaiHcsi B yMOBaX HU3bKO1 3BOJIOKEHOCTI, a TAKOXK Jieopmartii
LUX MOPiJl B MIATIPYHTI CHOPY € peakyicio 6epXHbOI 30HU 2€0102THHO20 cepedosuya
Ha NPUPOOHT i MEXHOLEHHI 3MIHU 6071020-MENonepeHocy TOPIBHIHO 3 YMOBaMH
roro GpopmMyBaHHS.

2. Binbplia yacTuHa JECOBO-TIOPOIHOTO YOXJIA, IO BiIBHAYAETHCS 3JATHICTIO JIO
301IbLICHHS] IHTEHCUBHOCTI CTPYLIyBaHb MiAIPYHTS OyIiBeNb i CXHUIIiB, po3MilieHa
B [IpudopHomopcrkomMy 1 [IpuaHIinNpoBChKOMY perioHax. B Mexax IuX perioHiB
TaKOXX pO3TAlllOBaHa IEePeBaKHA YaCTHUHA IOTEHIIHHO HeOEe3Ne4YHUX 00’ €KTIB,
6nokiB AEC, ripHn4o-Bu100yBHHX paiioHiB.
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3. 1o BIZHOCHO HOBHMX YHMHHHKIB IMOTIPHIICHHS 1HXECHEPHO-T€OJIOITYHUX YMOB
JIECOBO-TIOPOAHOTO MACUBY HAIEXKHUTb akmugizayis cy@osiinozo npoyecy
(«JIECOBOTO KapCTy») 6 YyMO8aX 6MAUEY HUMHUKIG 2N0OANbHUX 3MIH KliMamy ma
MEXHOSEHHUX — 3MIH  80JI020-menioneperocy Ha (HOpMyBaHHS  MiABHUIIEHOI
MIPOHUKHOCTI TpyHTIB. OCOOIMBO Ha CXMIIOBHX OITISTHKAX SPYKHO-0aIKOBUX (opM
Ta B 30HaX BIUIUBY TEKTOHIYHUX MOPYLICHb.

4. Crocrepiraerbcs perioHajibHe 3MEHIICHHS TOBILMHHY IIAPY 3 HEMOPYIIEHUMHU
MapaMeTpaMH BOJIOTO-TEIUIONEPEeHOCY, (Pi3uKOo-MeXaHIuHUX Ta (i3UKO-XIMITHHX
BJIACTUBOCTEH JIECOBO-IIOPOJHOTO MACHUBY.

5. BinOyBaeThCsl 3MeHUICHHS PO3BAHMANICEHHS TPYHIMOBO20 NOMOKY B MEKax
TUTOIL TIOMIMPEHHS JIECOBO-CYTIIMHUCTHX MOP1J BHACTIIOK 3apETyIIOBaHHS PiYKOBOL
Mepexi (10 65—75% ii HoBXHUHM), 3aMyJIEHHS PIYKOBHX pycen (perioHaIbHHX JIPEH)
Ta CKOPOYEHHS TePMiHy IPOMEp3aHHs IPYHTIB.

6. BrmmuB 3miH JtiTosoro-(aiiaibHOr0 CKJIaIy T€0JIOTIYHOrO PO3pi3y JIECOBO-
MTOPOTHOTO MAaCHBY OOYMOBIIOE PI3HOUACHICMb HPOsEI6 NpOCAOKO80CHi, IO
CYTTEBO YCKIIAJHIOE IHXXEHEPHO-TEOJOTIUHI Ta I1HXEHEPHO-CeHCMOTeoIoTiuHi
YMOBH OYJIBHHLITBA i €KCIUTyaTalii )KUTIOBUX 1 MPOMHUCIOBUX CHOPYI.

7. Crnenncdika (popMyBaHHS TE€OTEXHIYHOTO PU3MKY B MEXKaxX MiICT 1 CENHII
XapaKTEePU3YEThCS MIPAKTUYHO HE360POMHUM XAPAKMEPOM 3MIiH 2I0pP02e0N02IYHUX
ma  HMCEHEPHO-2e0NI02IUHUX NApaMempié CUCTEMHU «TEXHOTCHHUH O00’€KT —
TCOJIOTIYHE CEpeJOBUIIE», IO BiJOYBAIOTHCS Yy JIECOBO-MIOPOJHOMY MACHBI.
[Iprgomy po3TamryBaHHS MICT 1 CeNHIN B PI3HUX yMOBaxX MOIIUPEHHS JIECOBO-
MOPOJHOTO  KOMIUIEKCY  OOYMOBIIOE  CKJIAAHY CTPYKTYpy  (OpMyBaHHS
TFCOTEXHIYHOTO PH3UKY Ta EKOJIOTr0-TeOJIOTIYHMX YMOB JKHTTEASUILHOCTI (depe3
BIUTMB BEJHMKOi KINBKOCTI JETEPMiHOBAHWX Ta IMOBIPHICHUX TPHUPOJHUX 1
TEXHOT€HHUX (DaKTOPIB).

8. PaifoHyBaHHS 32 piBHEM PETiIOHANIBHOTO TEOTEXHIYHOTO PU3HKY ITiITOTUICHHS
MICT 1 cenuil YKpainu, po3rainoBanux Ha jiecax Ta JICII, no1iibHO 31iHCHIOBATH Ha
OCHOB1 BpaxyBaHHS CyKYIHOI'O BIUIMBY NPHPOJHHX 1 TE€XHOTEHHUX YHUHHHUKIB,
BUXOJSYH 3 MIPUITYIIEHHS PO aJUTUBHY MOJIENIb TAKOTO BIUTUBY Ha M€OTEXHIUHUIM
pu3MK. 3a3HAaYCHUN PU3UK MIPOIOHYETHCS KITBKICHO OI[IHUTH ITOKA3HUKAMU ITATOMOT
LIJIBHOCT] IUIOII PO3BUTKY MIiATOIJICHHS Ta 3CYBOYTBOPEHHS B TEXHOTCHHUX
YMOBaXx (MICT i CEeJUII) i3 TAKOO B MPHUPOIHUX (CIIa00MOPYIIEHNX) YMOBAX.

9. BnacTuBICTh BOJIOHACHYEHHX JIECOBUX IPYHTIB MEPEXOAHUTH B TUTUBYHHHH
cTaH oOyMOBIJI€Ha, NEPII 3a BCE, CTPYKTYPHHUMH OCOOJMBOCTSMM LUX IMOPiA Ta
3aKOHOMIPHOCTSIMH X mepexoay B pospimxkenuit ctad. IIpounec HaOyTTs necamu (B
yMOBax JOBrOTPUBAJIOTO IMiATOTUICHHS) TEKY4O-TUKCOTPOIHUX BIIACTUBOCTEH
po3BuBaeThcss B [liBIEeHHOMY pETiOHI Ha 3pOLIYBaHHX 3eMIISIX 1 TOYaB
MTOIIUPIOBATHCH B IHIIMX PErioHax.

10. Ha >xanp, HasBHUI oOcsr iHdopMmamii mpo iHKEHEPHO-TEOJOTYHUI CTaH
TEPUTOPIH MICT 1 ceuIl B apeaiax po3BuTKy JieciB 1 JICII (30kpema, mpo mpoiiecu
MiATOIJICHHS 1 3CYBOYTBOPEHHS), & TAKOX iCHYIO4i MeToH il 00poOKM HemocTaTHi
Ju1s1 O1IBII JOKJIAHOT OLIHKY BIUTMBY KOMILIEKCY CYy4aCHHX 3MiH PeXXUMY PiBHIB Ta
XIMIYHOTO CKJIaJly TiJI3EMHHX BOJI, TEXHOTCHHUX TIOPYIICHb HAJIp, MI00AIEHUX 3MiH
KJIiMaTy Ta iHIIWX YMHHUKIB Ha (OPMYBaHHS T€OTEXHIYHOTO pu3uKy. HeoOximHO
MPOJOBXUTH HAYKOBO-BUPOOHHYI POOOTH 3 YIAOCKOHAIEHHS METOAMYHOI OCHOBH
Takol OIIHKM Ha OCHOBI 3acTocyBaHHs cydacHux Texnoioriit ['lC 1 JI33, a Takox
JIOTIOBHEHHSI 11 €K0JIOT0-€KOHOMIUYHUMH Ta CTPAXOBUMH OLIIHKAMU PU3UKY OC3MEKH
KUTTENISITBHOCTI.
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ESTIMATION AND FORECAST OF CHANGES IN THE
HYDROCHEMICAL STATUS OF THE TISZA RIVER

Abstract. The engineer-ecological indexes and their parameters are used at the
ecological estimation of the status of hydroecosystems (HE) of the Tisza water basin.
The system-basin approach of research of the water basin bazed on the
systematization and processing of environmental monitoring data for the long-term
period was used. Such period allowed to set scientific conformities of the
development of naturally-anthropogenic hydroecosystems in the conditions of
constant technogenic load on them.

Keywords: water system; biotic communication; hydroecosystem

Introduction

On the modern stage of development of industry and national economy the problem
of rational nature management becames extraordinarily actual. Foremost it is related
to constantly growing anthropogenic influence of man on an environment. As
known, the rivers are most sources of fresh waters for an economy and industry, at
the same time, by points for the upcast of industrial wastes and effluents, that results
not only in quality but also quantitative exhaustion. Therefore the decision of
problem of maintenance and proceeding in the self-potential of water basins becomes
especially actual and ecological.

The Tisza river is the most inflow of Danube, the area of water mirror of that
presents 157 186 kilometres?. Length of the Tisza river makes a 966 km. Basic part
of Tisza flow is formed on territory four held: to Romania — 51%, Ukraine — 25,6%,
Hungary — 10%, Slovakia — 13,4% [1, 2].

Ukrainian part of the Tisza basin the belongs both to Overhead Tisza and Middle
Tisza. The basin of the Tisza river is the basic source of water-supply of the
Zakarpattia area. The total resources of superficial flow in a medieval year make
13300 million m?, in shallow is 7290 million m®. Except waters Tisza, 9 storage
basins (a general capacity is 59,3 million m®), 286 ponds (a general capacity is
10,056 million m®) and 32 lakes among that most is, enter to them. Synevir by
volume of 1,75 million m*[3].

The level of water consumption of area is insignificant. In 2016 all from natural
sources 42,67 million m® of water is taken away, among them 43 surface-water and
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57 underground. On territory to the area water-intensive productions that need the
far of water are absent [4]. The prognosis resources of underwaters of drinkable quality
make 399 million m*year, and the level of ratified presents 124 million m%year. By
the state on 2016 used all only about 18,85 million m®/year, id est, an area has
considerable potential for development of drinkable water-supply. Relative part of
collection of waters Tisza presented on fig. 1.

5%

m Industry
m Agriculture
Municipal economy

45% m Others

Fig. 1 — The structure of water use of the Tisza river

For period 1990-2016 tendency to considerable reduction of volumes to the water
intake of water that takes place mainly due to reduction of the use on to trade and
agricultural necessities was observed.

Main part

Prognosis of water consumption of waters Tisza is determined by the rates of
economic and public development. According to calculations of scientists 2031 to
amount of population in the district of water basin of the Tisza will increase more
than in 5 times, as a result the increase of closeness of population will take place
from 97,5 to 102,2 persons/of km?. The calculation water consumption of area can
be fully provided due to local water resources, for what the conducted measures must
be from maintenance and proceeding in present water resources. In obedience to
calculations the structure of fence lead will have such kind — fig. 2.

6% 5%
® Industry

m Agriculture

Municipal economy

58% m Others

Fig. 2 — The prognosis of structure of water use of the Tisza river
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Contaminants come to the Tisza basin through the natural and anthropogenic
sources of contamination. Basic sources of contamination of surface-water of river
of Yew basin organic substances: communal sewer water; industry; agriculture [5].

In the picture 3 the diagram of distribution of volume of effluents between
industries is presented.

1%

36% ® [ndustry
® Agriculture
Municipal economy

m Others

Fig. 3 — A diagram of distribution of volume of effluents is between industries
in 2016 year

For the last two decades, a political and economic situation caused changes in
industrial activity that comes true in Zakarpattia. From data of the state statistical
accounting about the use of waters, common amount of water users that carry out the
upcast of effluents in the superficial water objects of the Tisza basin in 2016 made
106 subjects, in next sectors: industry is 35 subjects, including electroenergy — 2;
standard — 1; chemical and petrochemical — 1; machine-building and metal-working
— 4; woodworking — 5; forest-chemical — 1; building — 5; light industry — 1; food
industry — 15; agriculture — 8; forestry — 1; transport — 3; building — 1,
trade — 2; logistical support — 3; housing and communal services — 53 [6].

Contamination organic substances from the effluents of industry is insignificant.
All in 2016 year by them it was downfaulted: organic substances — 0.01 thousand
tons (according to the Biochemical Oxygen Consumptions), 0.017 thousand tons
(for Chemical consumption of oxygenc:).

The estimations of quality of water carried out from data of monitoring 2013-2016.
The Primary purpose of research is an estimation ecological state of the Tisza river on
physical and chemical indexes, exposure of basic sources of anthropogenic influence
and determination of directions of improvement of the state of water object.

For calculations the base of statistical data of the ecological monitoring was
created. All in a database contained information about more than a 200 water meters
for hydrochemical descriptions.

In the tests of waters content is certain for to the indexes: pH, Biochemical
Oxygen Consumptions, self-weighted substances, taste, iron a common, potassium,
calcium, magnesium, manganese, copper, natrium, oil products, Chemical
consumption of oxygen, cut-in oxygen, surface active substances, sulfates, phenols,
phosphates, chrome(V1), percent of oxygenating, hydrocarbonates, resins and
pyrobitumens, nitrogen ammoniacal, nitrogen a nitrite, nitrogen nitrate, silicon, zinc,
pesticides  a-Hexachloran, pesticides y-Hexachloran, pesticides of p,
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p'-dichlorethylene, pesticides of p, p'-dichlorodiphenyl trichloromethylmethane,
pesticides of p, p'-dichlorodiphenyl dichloroethane, and also coloured, smell,
expense of water of the river, speed of flow, temperature of water.

Analyzing results on the whole, it should be noted that content of such substances
as oil products, ions of copper and zinc, surface-active substances, nitrogen
ammoniacal, nitrogen a nitrite, nitrogen is nitrate and a chrome general remains
stable during the period of research.

A concentration of hydrogen is one of major indexes of quality of waters, that
influences on the chemical equilibrium of ions in the system and matters very much
for chemical and biological processes. Its amount in the Tisza river changes from 7,6
to 8,1 od. pH.

The amount of hydrocarbonates and chlorides in water presents 128-152 and
10-17 mg/dm? accordingly. Content of chlorides is considerably below from HDC
(350 mg/dmq) and testifies that salt contamination by this anion in water it is not.
The amount of sulfates hesitates a from 23 to 30 mg/dm?, that considerably below
from HDC (100 mg/dmq). Reduction to the concentration of hydrocarbonates and
sulfates is educed also on stream of the river.

Content of calcium and magnesium in river waters during the investigated period
was within the limits of 36-41; 6,5-7,3 mg/dm? accordingly and does not exceed
their HDC (180, 40 mg/dm® accordingly). In all tests of amount of calcium
substantially prevail content of magnesium. There is a tendency to reduction of
concentrations to the calcium down stream.

Middle-aged of concentration to the ammonium salt in waters did not exceed
HDC (0,5 mg/dm®). The concentrations of nitrites in water presented
0,02-0,08 mg/dm?, and content of nitrates is within the limits of a 1,1-6,5 mg/dm?,
that does not exceed HDC (0,08 and 40 mg/dm? accordingly).

In obedience to calculations mean values of index of contamination of salt
composition (/1) — 1,57; tropho-saprobiological (ecological and sanitary) index (/2) —
3,12; index of specific indexes of toxic action (/3) — 4,02; ecological index () — 2,94.

Data of prognoses are erected in a table 1. Reliability of prognosis is appraised on
the basis of level of meaningfulness of p: than less level of meaningfulness, the greater
reliability of prognosis. Consider a prognosis reliable enough, in what p < 0,05.
Obviously, that prognoses of content to the ammonium and iron is only an orientation,
as them p > 0,05. All other the prognoses it follows to consider reliable enough.

Prognostication of content of pollutants gives an opportunity not only to envisage a
concentration but also estimate the general tendency of seasonal change of substance.

Table 1 — Data of prognosis and reliability of prognosis

Index, mg/dm? Forecast, mg/dm? Level of significance
Nitrogen is ammoniacal 0,12 0,48
Chemical consumption of oxygen 6,1 0,004
Biochemical Oxygen Consumption s 3,1 0,02
General phosphorus 0,13 0,007

For the prognosis of the state of the Tisza water system by us those indexes that
limit and most suitable for prognostication a statistical method was select: Chemical
consumption of oxygen, nitrogen ammoniacal, phenols, phosphorus general, oil
products, surface active substances, Biochemical Oxygen Consumptions. For select
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indexes there were the expected parameters but also b, what necessary for
corresponding equalizations regressions. However, for prognostication of the state
hydroecosystems can be used only those equalizations, at what copulas between
signs very close (value of coefficient of correlation of r nearer to 1) and if calculation
value of t exceeds a tabular value (it testifies to substantial connection between a
concentration and sometimes a criterion).

After determination of force of connection between a concentration and
sometimes, appeared, that for a prognosis it is possible to use very small part of data.
Most suitable for prognostication a statistical method average annual data are for
Chemical consumption of oxygen, Biochemical Oxygen Consumptions, phosphorus
is general and to nitrogen ammoniacal.

The actual task of water control is introduction of extra cleaning of domestic effluents
after a bioscrubbing. Hereupon contamination of waters will be warned and the state of
water objects will become better, and also the recreational value of region will rise.
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According to figures 4-7 basic three indexes of Chemical consumption of oxygen,
Biochemical Oxygen Consumptions and concentration of general phosphorus has a
tendency to the increase, and indexes of ammonium ions — to the reduction.

Conclusions

By the basic sources of receipt of ions in water objects there are stock-raising farms
an ammonium, service-utility sewer water, superficial flow from farmlands at the
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use of ammoniacal fertilizers, sewer water of enterprises of food, coke-chemical,
wood-chemical and chemical industry.

Increase concentration of ammonium and phosphate ions used as an indicatory
index of process of contamination of superficial and underground waters by domestic
and agricultural flows.
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ORGANIZATION OF MUNICIPAL SOLID WASTE SORTING:
LOCAL ASPECT

i Abstract. The approach to organization of municipal solid waste sorting is
i developed. It is proposed to introduce a logistics system for the management and
i handling of solid waste at the local level. The system provides a sequence of logistics
i operations for planning and organization of waste management.

i Keywords: municipal solid waste; housing estate; condominium; residential sorting
i station; recycling

Introduction

Throughout several years in Ukraine preparation for introduction of the European
tendencies for municipal solid waste sorting lasted [1-4]. However, at present the
result of it is not satisfactory, as long as most of residential districts in Lviv city have
not been supplied with sufficient amount of containers for selective collection of
municipal solid waste (MSW). Furthermore, relevant information support of such
format for rubbish separation and control over its implementation are absent.

Since 1 January 2018 in Ukraine responsibility for unsorted rubbish has
intensified [5]. Now art. 32 with supplemented paragraph of the Law of Ukraine «On
Waste» prohibits disposal by burial of unprocessed (untreated) household waste,
which obliges Ukrainians to sort all MSW according to material types instead, by
separating them to reusable (recyclable), hazardous, and landfilled [5]. According to
preliminary experts’ predictions as to implementation of regulation on prohibition of
unprocessed municipal waste burial, it would not have had capacities to start work
from 1 January 2018 on because of infrastructure failure. Thus, today this prognosis
can be proved to be true, inasmuch as since early days of this paragraph’s (in art.32)
effectivity, first successful results as well as active mechanisms of control have not
been achieved so far at all. Furthermore, there is no ordinance issued with the list
and sequence of operations concerning MSW. Besides, there is lack of rubbish
containers for sorting and gap in control over their provision.

Although practice of sorting waste in Ukraine is not new, it is nevertheless not
well widespread and far from being immaculate. Basic challenges in thorough and
systemic sorting are: insufficient amount of containers for every type of raw
material; unorganized location of containers throughout the city and its residential
districts; lack of qualitative and quantitative information on MSW, recyclables and
its sorting; absence of steps and incentives for encouragement in support of waste
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sorting; failure of control over implementation of all these responsibilities. To
enhance the situation concerned with sorting MSW in the city, it is necessary to start
the work at the local level first, namely at the level of a particular housing estate in
a certain city district.

The aim of the work is developing of approaches to MSW sorting at the level of
housing estate in a certain city district.

Analysis of recent studies and publications

Issue of MSW management system enhancement at the regional level was covered
in the work [6]. In works [7, 8] ways, steps and instruments for achieving
enhancement of economic mechanism in MSW management sphere at both state and
regional levels were presented. Solutions to be used as models of MSW management
in cities of Ukraine were laid down [9-13]. However, all these offers as to
enhancement of MSW management system developed at state, regional and
municipal levels, are not applicable at housing estate level so far.

Materials and methods of research

Work methods are based on analysis of principles in management of MSW groups.
During carrying out the work scheme of mixed-use housing estate was used
(MUHE), aimed at outlining rationality of effective handling and management of all
MSW.

Presentation of material

In 2010 in Lviv separate collection of household waste was introduced by four
fractions: miscellaneous rubbish, glass, paper and plastic. Since then containers with
corresponding markings have appeared in Lviv’s yards. However, not all city
dwellers followed such sorting. There are several reasons that caused it. Those are
lack of particular containers, improper waste sorting by residents and low
information support concerning MSW sorting system. So, in 2016 new containers
were offered for the city — closed ones supplied with a button for opening. New
«closed» technology had to limit unpleasant smell emission throughout the city, as
well as to complicate access to the rubbish for a waste pickers [10]. And even such
change has not resulted in successful sorting waste as long as mistakes that had come
with sorting system of 2010 were not corrected.

The problem mentioned is still stalled in the city. The city with its residents
requires framing of new organizational conditions based on logistic process of
accumulating, sorting and recycling of municipal waste. So, despite lack of
specialized factories and systems for recycling all MSW, new approaches to their
sorting and management are suggested by us. They are aimed at reducing volume of
municipal waste for utilization at landfills.

Principles of collection and sorting all MSW unexceptionally are set as the
framework of the approach. Such idea expands logistic circle of their effective
management, namely sorting and collection of MSW types which are not recycled
in the territory of city, region or state. These sorted wastes will be kept until their
further utilization or possibility of their exporting in big volumes for processing. For

ISSN: 2411-4049. Exonoriyna 6e3neka ta npupoaokopucrysanss, Ne 3 (27), 2018



their temporary accumulation and proper maintenance conditions, city or district
administration will have to provide such area with facility.

However, first of all, it is necessary to introduce logistics system of MSW
management at the local level. This system can be carried out with the help of logistic
functions which, in turn, fall into processes and operations of MSW handling and
management at the level of housing estate (HE).

Logistic process of MSW management is considered as streamlined sequence of
planning operations and organization of management concerning MSW movement
from its generation to treatment and further control over sites of its reprocessing.

The first stage of logistics process in MSW handling and management for housing
estate is establishing economic relations between condominium and companies
which deal with accepting recyclables as well as farms concerned with processing
organic waste for bio-humus-making. Such firms are more than ten in Lviv to accept
recyclables. However, in order to get residents of HE interested in sorting MSW, it
is needed to motivate them financially according to the principle, “we sort — we sell
—we get money — we maintain the house”. This money is designated for expenses of
housing estate upkeep (Fig. 1).

@.— Residents in a block of flats
generation

Separate

[PIVTFLP I VIvIvE )

collection

Condo

35 bins for sorting >- /

MSW

To enterprises and

'/ - o
Money from selling selective

Y ] Y

House maintenance program

Y S

Fig. 1 — Scheme of logistics process for MSW handling and management
in a housing estate

For that purpose, it is necessary to conclude agreements with companies dealing
with purchase of recyclables.
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The second stage is arrangement of a storage facility nearby housing estate for
collection, sorting and storage of waste materials. In particular, construction
company «Galzhytlobud» started construction works of mixed-use housing estate
(MUHE) at address 73, Heroiv UPA str. The building is designed for 394 flats. That
MUHE has to meet needs of people of different categories: to offer lodging to
hundreds of workers whose offices are located nearby; meet consumer needs of
potential dwellers of residential houses and arrange public spaces for leisure
activities.

For reaching proper living level in this MUHE, it is also necessary to provide a
facility for collection, sorting and temporary storage of separated recyclables. So,
site for such facility was suggested within this MUHE (Fig. 2).

The third stage is the very arrangement of the facility adjoining building -
residential station for sorting and temporary storage of MSW (Fig. 3).

Crucial moment is the fact that the facility is locked with a key and every dweller
of MUHE has it. This enables temporary storage of recyclables until arrival of
specialized vehicle from a particular company or a farm. The process mentioned as
to MSW handling and management of recyclables within this MUHE is controlled
by a person from condominium.

Plastic containers and boxes are placed in this facility. There are several sections
in the facility: biowaste, packaging waste, wastepaper, other household stuff (Table).

Fig. 2 — Facility for collection, sorting and temporary storage of MSW
on the scheme of MUHE

One of important preconditions for efficient MSW sorting is residents’ awareness
about the materials they sort. In this case a guide on sorting MSW will help.
Information on waste as a potential recycled material, will refer to available sections
of MSW sorting in HE, see in the Table below.
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Fig. 3 — Facility for collection, sorting and temporary storage of MSW

In section A of facility organic waste for compost will be collected in containers.
Food waste is collected in a paper bag which is thrown into brown bin. Composted
waste undergoes further processing into nutrient-rich soils (biohumus).

To food waste items belong as follows: bread, cookies, biscuits, sponge cakes and
buns; fruit, egg and vegetable peels; coffee grounds and tea leaves, as well as coffee
and tea filters; meat and fish bones, fish and seafood waste; food leftovers; cooked
and raw meat, fish, vegetables, fruit, eggs; milk, flour, cereals and pasta; snacks,
candies and chocolate; withered flowers, potting plants and soil from repotting, etc.

In container for compost items should be collected such as organic waste from
kitchen table: raw and cooked fruit, vegetables and their peels, cereals, eggshell, tea
leaves, coffee grounds, plant residues after straining herbal infusions and decoctions;
meat and fish waste (in closed composters only), food leftovers. Also to this
container it is allowed to throw shredded discarded paper from natural materials
(paper, card, package, shredded newspapers, paper tissues, towels, serviettes),
garden waste: decayed leaves (last year’s), small twigs (branchlets) after trimming
and pruning of healthy trees and shrubs, grass clippings mown from lawns,
shredded/chopped wood (big branches, roots, rind), annual weeds. No throwing
stubs, paper coated with wax or a film, as well as other not biodegradable waste.

Besides, in this section, alongside containers for compost, there are bins placed
for waste to be incinerated. Such waste should be packed and put into green bin.
Waste will be incinerated for electricity or heat generation. Waste to incinerate
comprise: ash (cooled); parch paper; balloons, candles (stubs) and paper table cloths;
nappies, sanitary napkins and wash cloths (textile wash cloths (microfibre));
videocassettes, floppy disks and CDs; vacuum cleaner bags (unwoven material);
dishtowels, dish brushes and sponges; cigarette stubs, tobacco; wooden and plastic
hangers; collection bags with sand from cats litterbox and dogs poop; leather;
toothbrush; cotton, cotton wool and plaster; chewing gum; textile and yarn waste;
plastic pots; envelopes.
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Table — Sections of residential MSW sorting station

Section A Section B Section C Section D
Waste to PW: Wastepaper: Other household
composting stuff

1 —from glass (by colour): 1 — newspapers; | 1 — wires;
1a — clear; 16 — green; 1a — magazines; | 2 —small electrical
1B — amber yellow; 16 — catalogues; | appliances;

(jars and bottles); 1B — advertising | 3 — lighters;

2 — from metal: leaflets (junk 4 — batteries;

2a —tinplated cans, lids; mail); 5 — lamps;

2b — aluminium cans/foil; 1g — flyers; 6 — cullet;

2¢ — aerosol cans (empty); 2 —clean and 7 — window glass;
3 — from mixed material: used paper; 8 — disposable
based on paper and 3 — copy-books; | razors;

cardboard, 4 —books and 9 — thermometers;
based on aluminium foil, phonebooks 10 — kids toys;
metalized, without hard 11 — hard cover
etc. (Tetra Pak, Pure Pak, Eco | cover; from books and

Lean, paper cups, heat sealed | 5— cardboard phonebooks;
packagings etc.); without 12 —sales
4 — from plastic (7) polyethylene slips/receipts;

(by markings): film; 13 — egg cartons;
4a — PETE; 4b — HDPE; (cardboard 14 — sticker paper,
4c — PVC; 4d — LDPE; boxes and labels;
4e — PP; 4f — PS — PS-E; packing boxes); | 15 — shock-proof
49 — Other/O; 6 — paper bags glass from gadgets
(flasks, containers, bottles (clean) (smartphones and
transparent and coloured tablets);
nontransparent - white, yellow 16 — heat-proof

Section A and black, caps, films, bags); glass (broken heat-
Waste to 4h — recycling code unlabeled proof dishware);
incineration | plastic; 17 — cut-glass ware;
5 — from foam 18 — mirror;
polystyrene/styrofoam 19 — wallpaper;
20 — gift wrapping
paper;
21 — decorators
tape;
22 — photographs;
23 — wrappers from
sweets, candies,
chocolate bars,
pastries, wafers;
24 — drink straws;
25 — ceramics;
26 — cigarettes
packs

Section B is designated for sorting packaging waste. In order to send such waste
to recycling, they should be cleaned from food residues or dirt and dried, and if
necessary (depending on kind of PM) pressured or flattened. Also if required, — to
remove lid/cap, label and sort them respectively to recycling.
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Collection of glass packaging (bottles and jars from glass), is fulfilled by colours
as follows: clear, green and amber yellow. Glass can be recycled into new glass
containers infinitely many times. For recycling glass, it needs to be converted into
cullet. Production of new glass from recycled glass material reduces energy
consuming by 40%. From recycled glass glassware, decorative tile and other wares
are produced. During production of 1 ton of glass from cullet, sand usage reduces by
600 kg, limestone by 170 kg, soda ash by 190 kg and feldspar by 70 kg.

Such metal waste is sorted as follows: aluminium foil; aluminium molds;
aluminium cans (tins); tin-coated steel cans and lids; empty spray containers, etc.
Big amount of energy is saved when reprocessing metal. Metal can be recycled
infinitely many times without spoiling its quality.

Packaging from mixed and multilayered materials, which recently acquired
widespread usage, in particular, Tetra Pak, Pure Pak, ELM (Ecolean Material) etc.
are subjected to mandatory sorting.

It is also worth collecting separately paper cups from coffee, tea or other
beverages/drinks, since they contain glue, which does not allow to recycle them
inasmuch as adhesives are impossible to remove during transforming paper into
pulp. This paper is also lined with plastic or waxy layer which enables hot liquid to
be kept within a cup, though it is the one that does not allow to process paper fibres.
Laminated paper is required to sort separately from other the mentioned above
packagings as well. Such type of mixed material is composed of paper and
polyethylene. It is used as heat-sealed packagings for spices, seasonings, dried
instant foods as well as medications (pills, disposable syringes, plasters, medicine
gloves, etc.). Candies wrappers make up some part of mixed material, so they should
be collected separately, too.

In the section for packaging waste, bins to sort various types of plastic (by
marking) are placed. On polymeric packaging there is always marking (recycling
code) to identify which type of plastic it is made from. Plastic packagings fall into 7
kinds of plastics, each has its own numeric symbol which manufacturers put to
inform about type of material, possibilities of its recycling and to facilitate process
of sorting and re-use after recycling. Such items from plastic are sorted as follows:
cellophane; rigid plastic packaging — polymeric bottles/flasks, containers, jars,
bottles for example, from ketchup, mustard, yoghurt, water, plastic cups for ice-
cream, bottles from shampoo, dish soap bottles and detergent/cleaner jugs; foamed
polystyrene; plastic lids, caps; soft plastic packagings — miscellaneous films and
wrapping made from them, for example, from dairy or meat products; plastic bags,
snack packs; plastic plant pots (no soil). In these containers it is not allowed to throw
packaging which contain hazardous waste — paint or motor oil, as well as dirty
packagings, toys etc. Also in this section alongside containers with the above-
mentioned packaging waste, one more container is placed for packaging waste from
foamed polystyrene/Styrofoam, namely polyfoam disposable plates.

In section C wastepaper should be sorted. In particular: newspapers; magazines;
catalogues; books and notebooks (no polished hard covers); copy-books; office
paper for notes, drawing and envelopes; advertising leaflets (junk mail); flyers; other
printed products; gift wrapping paper. To be sorted also cardboard: cardboard of
various type without polyethylene film coating (cardboard boxes and packing
boxes); paper bags and wrapping paper (clean); paper boxes (cartons), for example
from loose products [14]. Paper or cardboard filled with food residues or paint as
well as paper coated with plastic or glue are not allowed to leave in the container.
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In section D all household stuff is collected that has not got appropriate disposal
system so far. Those items are not to be hauled to MSW landfills. Such waste is
planned to collect, sort and store until the moment of its processing method
identification.

The fourth stage involves preparation of MSW in households until being
conditioned for selling to recycling enterprises. Such conditions are as follows:
sorting of household waste to recycling; rinsing until clean; maximum compressed
and flattened recyclable items.

The fifth stage includes separation of waste material in residential MSW sorting
station. Each type of waste will have its own separate container. Thus, about 35 bins
for sorting MSW will be placed in such station facility (Fig. 4).

Fig. 4 — Storage facility with bins for sorting waste

In many countries, in particular Sweden, Australia, Japan and others effective
practice as to using guide on sorting household waste by residents has been
introduced already, to provide any helpful information about separate collection of
various waste types and their disposal methods. In Great Britain “smart” rubbish bins
are set to go on sale. The invention has system of recognition automatically to tell
recyclable wastes from the ones to be utilized [11].

With the support of companies «Sankom-Lvivy» Ltd, «AVE Lviv» Ltd,
«Lvivspetscommuntrans» LME (Lviv municipal utility enterprise), «GreenEra
Ukraine» Ltd, it is also worth framing a system for improvement of information
support on the proper sorting of different waste types. The system should involve
specialized electronic and information terminal.

Conclusions

Tendency of sorting municipal solid waste in Ukraine was analyzed and causes of
unsuccessful introduction of MSW separate collection system in Ukraine were
established.

To introduce effective MSW sorting system in cities, a new approach was
suggested for organization of municipal waste sorting at the local level and stages of
logistics process concerning MSW management and handling for housing estates
were defined.
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FRENCH GREEN BUILDING RATING SYSTEMS

Abstract. Most of the Green Building Rating Systems have similarities in common
more than differences. All of these systems are trying to integrate issues of
environmental protection and health in the building. French Haute Qualité
Environnementale (HQE) system identifies 14 environmental targets for building
divided into four groups of objectives: site and construction, management, health,
comfort. These targets have implications for all steps of the design process and
production of the building and also taking into account the land, the landscape,
the neighborhood and the transportation systems. The green building construction
is a global issue that can find regional solutions. French system is suitable for
Ukraine mentality, because for current situation we need new technologies and
modern knowledge to developing green building sector. HQE has better
innovative extension of the concept to the urban planning operations in compare
with other world’s leading standards for Green Buildings assessment systems.

Key words: green building; certifications rating system; environmental safety

Introduction

Green Building, also known as Green Construction or Sustainable Building, is a
relatively recent concept. From the prevailing classical building design concerns of
economy, utility, durability and comfort, the new concept came to initiate an
operational response to the need to include long term development criteria that
integrate the environment concerns in the buildings’ projects, and a label to denote
an “environmentally friendly” process [1]. Buildings account for a large amount of
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land use, energy and water consumption, in addition to air and atmosphere alteration.
Considering the statistics and the impact of the built environment on human health
as well as the natural environment, reducing the amount of natural resources
consumed by the buildings industry and the amount of pollution given off is seen as
critical to achieve sustainability. Green Buildings are expected to reduce greenhouse
gazes, save the natural resources and meet the users’ justifiable demand for more
comfort and safety; in addition to their promising projected value within the global
economy [3].

Outstripping the sectors of transport and industry, buildings are also responsible
of air and atmosphere alteration by 39 percent of the carbon dioxide emission [9]. In
the United States buildings use about 40 percent of the total energy consumed, and
account for 13.6 percent of water (per day) and approximately 72 percent of
electricity consumption [8]. In France, the building construction sector consumes
about 43% of final energy (31% for the transport sector) and accounts for nearly a
quarter of emissions of greenhouse gas. Each country has traditions, history, rules
and a lot of things that make their houses unique, even in one country we can find
many differences between regions. The united nation’s statistics show that,
unfortunately, the rest of the world, with different proportions, does not break the
rule and things are worst elsewhere, especially in the growing economies [3].

The issue related to the reduction of energy consumption in building sector is
firstly related to ecology: the main goal is to reduce emissions of greenhouse gases
to protect the planet against climate change. The priority given on the control of the
energy consumption has two targets: limit the use of the fossil energies, because the
global reserves of fossil fuel fall down sharply, and strengthen the purchasing power
by lower expenses related to energy consumption [2]. Reducing the amount of
natural resources consumed by the buildings and the amount of pollution given off
is seen as a crucial challenge for and a critical key to achieve sustainability. The
international consensus and commitment to a sustainable development and the
obligation to find innovative solutions to the rarefaction of the natural resources and
control the greenhouse effect, combined to the users’ justifiable demand for more
comfort and safety is largely considered as the main challenge of the 21st century.
From an environmental point of view, the benefits of a raise in Green Building
practices are well worth the efforts to grant. Green Buildings are expected to reduce
24 to 50 percent of the energy use, 40 percent of the water consumption, 33 to 39
percent of the CO2 emission and up to 70 percent of the total solid waist [6].
Moreover, from an economic point of view, the projected Green Buildings value is
substantially promising. Besides, the environmental impact of buildings is often
underestimated, while the perceived costs of green buildings are overestimated. A
survey by the World Business Council for Sustainable Development found that green
costs are overestimated by 300 percent, as key players in real estate and construction
estimate the additional cost at 17 percent above conventional construction, more than
triple the true average cost difference of about 5 percent [10].

Purpose of Research

The objective is to integrate issues of environmental protection and health in the
building sector of Ukraine with using the best positive practical experience of
France. It allows the builders to promote their efforts to reduce the impact of their
operations on the environment and health, and to maximize comfort.
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Result of Research

In France the Consumer Code requires a separation between the certification agency
and the company that produced the certified product. There are two main
organizations that lead the green building in France. In one hand there is the French
government, who passed laws on the energy efficiency of the buildings, called
“réglementation thermique (RT)” (the French words for thermal regulation rules)
and on the other hand, with a wider approach which take into account all the aspects
of the sustainable development, there is the “Haute Qualité Environnementale”
(HQE) system, which has been developed in the 1990s by the HQE association [5].
The first project with a HQE approach was initiated in 1993, as a part of the program
Ecology and Housing. The objective was to integrate issues of environmental
protection and health in the building sector [7].

In order to improve the representation and to promote the green building
construction in France, some French associations and firms have created the French
Green Building Council, with is a member of the World Green Building Council.
The main objectives of the council are to promote the green construction toward the
public and help the professionals who want to develop green building projects.
Beginning in the 1980s, labels, standards, certifications, and references have been
developed in France, as in the rest of the world. Obtaining a certification or a label
is a voluntary process initiated by a client or a developer who wants the quality of
its constructions recognized. These labels and certifications are indicators for a buyer
or prospective tenant, in terms of comfort, saving costs and environmental
protection. Today, many building owners and developers are concerned about the
environmental and energy challenges mentioned above. The referential of
certifications and labels serve as guides for those who wish to improve their skills in
environmental and energy quality [2].

The French HQE initiative. In 1995 a manufacturers' association of construction
products (AIMCC — Association des Industries de Produits de Construction)
registered the trademark (HQE®) which stands for “Haute Qualité
Environnementale” (High Environmental Quality), and created the homonymous
association (“Association pour la Haute Qualité Environnementale) to promote a
global approach that ensures better control of a building’s life cycle from the design
stage to construction, operation, maintenance, renovation, and deconstruction. Such
objective would be achieved, mainly, by monitoring the impacts on the external
environment (Ecoconstruction, Eco-management) and creating a healthy and
comfortable indoors environment (Hygrometric, Acoustic and Visual comfort as
well as areas, air and water quality). The association consists of a number of public
or collective bodies (associations, labor unions) representing all the actors of the
building sector: project owners, consultants, contractors, manufacturers of
construction products, experts, etc., organized in five middle colleges within the
board of directors. Members are organized in working groups to elaborate reference
tables, produce thematic states of the knowledge, organize working sessions and
promote the French approach in the international technical exchange circles, or with
the standardization organizations such as AFNOR, CEN (the European Committee
for Standardization), and 1SO [3].
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It is very important to understand that the HQE is not a rating system like the
LEED or the BREEAM, but it is only an approach. Since 2005, if they match the
approach, commercial building can receive a NF-HQE certification. It allows the
builders to promote their efforts to reduce the impact of their operations on the
environment and health, and to maximize comfort. The HQE approach aims to
satisfy three requirements: obtaining a healthy indoor environment and comfortable
for the occupants, controlling the impact of the building on its external environment,
and preserving the natural resources by optimizing their use. This approach is also
part of the current priority of controlling consumption energy and greenhouse gas
emissions, by integrating of energy performance thresholds from the beginning of
the building design [2].

Principles of the French HQE® Approach HQE® approach is a standard for
Green Buildings in France designed to improve the environmental quality of the
built environment. It leads to a certification that approves the consideration of
environmental issues in the construction process of a building. HQE® helps
contracting authorities, architects, manufacturers and entrepreneurs control the
building impact on the outdoors environment and create a healthy and comfortable
indoors environment for their clients. It can be used as a criterion for investors and
property developers to monitor the financial performance of a building or a
portfolio. HQE is applicable to all types of new and existing buildings in the
residential, tertiary and industrial sectors [3]. To supervise the implementation of
environmental quality in building construction, the HQE system does not provide
a ranking system as the LEED or the BREEAM, but instead gives an environmental
profile [2].

The Haute Qualité Environnementale standard, referred to by its abbreviation
HQE™, was developed in 1994 in France by the HQE™ association [5]. This
association supports stakeholders, designers, partners, developers, and users during
a project’s phases and aims to guarantee a high environmental quality of buildings.
HQE™ covers buildings throughout their life cycle, that is, throughout their design,
construction, operation, and renovation. It is addressed to nonresidential and
residential buildings, and detached houses. Furthermore, a specific scheme for the
management system of urban planning and development projects is also available.
The environmental performance requirements are organized into four topics that
together include 14 categories. Topics are almost the same for all building types, but
the targets are arranged differently for residential buildings and nonresidential
buildings (i.e., commercial, administrative, and service buildings). The system
identifies 14 environmental targets divided into four groups of objectives: site and
construction, management, health, comfort. These 14 targets have implications for
all steps of the design process and production of the building (fig. 1). Today, the
HQE expands beyond the 14 targets, taking into account the land, the landscape, the
neighborhood and the transportation systems [2]. In addition to the 14 targets and
their sub-targets (not included in table 1), the following Environmental Indicators
are also assessed: 1) Consumption of non-renewable energy resources indicator;
2) Climate change indicator; 3) Water consumption indicator; 4) Waste production
indicator [5].
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Controlling the impacts on the outer
environment

Create a satisfactory internal
environment

ECO-CONSTRUCTION
1. Harmonious relationship of the
building with its direct environment
2. Integrated choice of products and
construction materials
3. Low site nuisance/pollution

COMFORT
8. Hygrometric comfort
9. Acoustic comfort
10. Visual comfort
11. Olfactive comfort (No unpleasant
smells)

ECO-MANAGEMENT
4. Energy management

5. Water management
6. Process waste management

. HEALTH
12. Sanitary quality of areas

(Cleanliness of the
internal environment)

7. Servicing and Maintenance 13. San?tary air quality~
Qanagcmcm \ 14. Sanitary water quality /
\ %

Fig. 1 — The main targets of the HQE approach

The conventional aspect of this grid is not always suited to the daily practice of
construction, but it nevertheless represents a basic tool, especially for certifications
that validate the environmental quality of buildings. Anyway, the application of the
approach is always a matter of compromise, in which the owner must be involved.

HQE certification. The HQE Association has developed many schemes,
exploitable in France and abroad. It is structured to have three organizations in
charge of delivering national evaluations (Certivea, Cerqual, and Céquami) and one
for supporting the evaluation across the world [5]. A building project obtains an
assessment for each target expressed according to three ordinal levels: basic,
performing, and high Performing. To be certified, a building must achieve the high
performing level in at least three categories and the basic level in a maximum of
seven categories. This rating system does not weight each category by a weighting
factor, because they are considered to have the same importance throughout the
assessment framework.

To develop the approach, the French government gives financial incentives
reducing the taxes to the owners, builders, associations, who follow the HQE
approach to design their building, residential or commercial. The NF-HQE
certification is for all commercial buildings, whether public or private, and take into
account the phases of planning, design and implementation. The NF Commercial
Buildings HQE already covers most sectors of commercial buildings. It will be
gradually extended to new categories such as sports or cultural facilities, which are
not yet in the certification system. In order to receive the certification, the
commercial building must respect the requirements of the standard concerned
(determined by the future use of the building) developed by Certivéa. Certivéa
validates the certification, after consultation with the HQE Association and a
committee composed of representatives of building owners, users of commercial
buildings, and actors in the construction sector and construction experts [2].

FIDIC, the International Federation of Consulting Engineers (the acronym stands
for the French version of the name) represents globally the consulting engineering
industry. The Federation promotes the business interest of firms supplying
technology-based intellectual services for the built and natural environment and
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recognizes that the work of the consulting engineering industry is critical to the
achievement of sustainable development of the society and the environment. FIDIC
has issued a number of Policy Statements about issues relevant to the consulting
engineering firms (particularly relevant to clients and financing agencies in
developing countries). The Project Sustainability Management Guidelines (PSM)
published by the International Federation of Consulting Engineers (FIDIC) were
created in order to assist project engineers and other stakeholders in setting
sustainable development goals for their projects. The process is also intended to
allow the alignment of project goals with local conditions and priorities and to assist
those involved in managing projects to measure and verify their progress [3].

There are some other labels, which are used in France, like the German label
Passivhaus, the Swiss label Minergie, or the French Effinergie. These certifications
have been designed to supervise and assist builders who want to make their buildings
particularly energy efficient. To obtain one of these labels, the project managers have
to follow the referential of the label, and ask the certification to an accredited
organism. The requirements of these labels are expressed in terms of objectives and
limits not to be exceeded, but do not give any solutions to reach these targets. They
require neither constructive choices, or materials, or techniques, or energies, in order
to allow any freedom of design and innovation in project management (architect and
engineering). However, as shown by examples of achievements, materials and
applied technology are often the same, regardless of the certification. The additional
investment costs to reach these performances are about 7 to 15% compared to a
building following the RT 2005 requirements. But the investment is quickly
recouped offset by the savings of energy consumption [2].

The Environmental Management System (EMS) constitutes the Organizational
aspect which defines the tools required to pursue the operation and to structure the
interfacing between the various parties involved in the project. The EMS, closely
tied to the International System of Environmental Management 1ISO 14001, includes
an examination of the site, the objectives of the operation and the needs of the future
users. The building owner elaborates, on the base of the building plans and
scheduling, the implementation and the oversight of the construction, in order to
manage the quality of the processes. The EMS is periodically internally evaluated in
order to make sure the operations are linked with the goals. It aims to provide a
framework for builders and provide tools for decision making. The ISO/TS 21931,
2006 is a framework technical specification for “methods of assessment for
environmental performance of construction works”. The specification details and
follows the principles set out in the ISO 14000 series of standards [3].

The latest version of the French thermal regulation, the RT 2005, has been passed
to meet these goals. It is applicable to all building permits in the residential (housing)
sector and non-residential (commercial) sector, since the 1st of September 2006. It
strengthens the control requirements of the energy needs for new constructions of
15% compared to the previous thermal regulation law (the RT 2000) [4]. The next
thermal regulation, the RT 2012, strengthen the thermal requirements gradually in
order to reach the target of 40% reduction of energy consumption in 2020. The
RT2012, is an addition to the RT2005, it insists on four main energy efficient
systems and oblige to: 1) Reduce significantly thermal bridges (exterior insulation);
2) Use condensing boiler to produce hot water; 3) Use heat pumps; 4) Continue the
development of renewable energies, in particular for heating. The buildings that are
more efficient than the requirements of the thermal regulation may be certified by
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one of the five levels of the HPE label (Haute Performance Energétique — High energy
efficiency). The BBC label (Batiment basse consommation — Low consumption
building): Global energy consumption is equal to or less than 50 kWh/m? year. The
Effinergie label can be validated by obtaining the BBC level [2].

The green building construction is a global issue that can find regional solutions.
If the climatic warming and all the environmental issues we face are global and touch
any countries, the solutions to reach a sustainable development must take into
account regional specificities, such as the climate, the local raw materials, but also
the local governments, the knowledge and capacities of the local firms. Any solution
that is viable in one country may be not adapted in another. That is why organizations
of green buildings, if they want to export their certifications abroad, have to adapt
their referential to the market targeted. The green building construction sector is in
constant evolution in the world, and we can hope that the green building will become
the standard of construction, and not only an exception, for the health of the Earth
and mankind [2]. The findings of the comparison the French HQE and the American
LEED assessment systems show an advantage for the French system in addition to
its innovative extension of the concept to the urban planning operations [3].

Because the development of our cities and housing environment does not comply
any more with the current requirements of sustainability, it is necessary to develop
the practices of the town planning. Furthermore, the only juxtaposition of Green
Buildings does not make a sustainable city and the environmental performance of a
building has no value unless it joins a full urban planning project. This new vision
needs an evolution at the level of the urban environmental performance, which has
to be conducted in a global way including the practices’ level. The vision and
methods of town planning actors have to be modified in depth to achieve this new
challenge. From this point of view the French HQE is much further ahead in
greening the environment than the American LEED by extending the environmental
quality to the urban development. This is definitely the great innovation of the
French assessment methodology [3].

Conclusion

Most of the Green Building Rating Systems (GBRS) have similarities in common
more than differences. This is due to the fact that all of these systems are trying to
integrate issues of environmental protection and health in the building. Therefore,
the principles are and should be nearly the same to design policies, develop
approaches and undertake actions in order to reduce the overall impact of the built
environment on human health as well as the natural environment. Certifications are
indicators for a buyer or prospective tenant, in terms of comfort, saving costs and
environmental respect. It allows the builders to promote their efforts to reduce the
impact of their operations on the environment and health, and to maximize comfort.
GBRSs are assessing the buildings according to environmental and economic issues
today. In addition to the environmental and economic aspects, there is also the social
aspect of sustainability. The issue related to the reduction of energy consumption in
building sector is firstly related to ecology: the main goal is to reduce emissions of
greenhouse gases to protect the planet against climate change. French Haute Qualité
Environnementale (HQE) system is not a rating system like the LEED or the
BREEAM, but it is only an approach. The system identifies 14 environmental targets
divided into four groups of objectives: site and construction, management, health,

ISSN: 2411-4049. Exonoriyna 6e3neka ta npupoaokopucrysanss, Ne 3 (27), 2018



comfort. These 14 targets have implications for all steps of the design process and
production of the building. Today, the HQE expands beyond the 14 targets, taking
into account the land, the landscape, the neighborhood and the transportation
systems. The green building construction is a global issue that can find regional
solutions. HQE has an advantage in the number of environmental sub-issues
evaluated compared to other GBRSs and is much further ahead the consideration of
the urban development operations is compared. Seems that French system is suitable
for Ukraine mentality, because it is only an approach and for current situation we
need new technologies and modern knowledge to developing green building sector,
but it is too early implement certifications rating system. French system has better
innovative extension of the concept to the urban planning operations in compare with
other world’s leading standards for Green Buildings assessment systems.
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T.I. KpuBoma3, A. Mimo, /I.B.Bapagin, A.P. Ilepedunoc
®PAHIIY3bKA PEUTUHIOBA CUCTEMA 3EJIEHOI'O BY JIBHUIITBA
AHoTaniss. BinpliicTh PeHTHHIOBHX CHCTEM 3€JICHOTO OyIIBHHLITBA CXOXI MO CYTi,
OCKIJIbKM BCl BOHM HaMaraloTbCs IHTErpyBaTH IHMTaHHS OXOPOHH HaBKOJIHMIIHBOTO
cepeloBHILa i 37I0pOB's JIr0JIeH B poriec OyniBHULTBa. DpaHIiry3bka crucreMa Bucokoi sikocti
HaBKoJmImHBOTO cepenopumia (Haute Qualité Environnementale — HQE) Busnavae 14
eKOJIOTIYHUX METH OyIiBHHMITBA, PO3JUICHHX Ha YOTHUPU TpyNH: Micue OyIiBHUITBA,
yTIpaBJIiHHSA, 370poB's, KoM¢popT. Li iyl BIiMBaIOTh Ha BCi €Tany Mpolecy NpOeKTyBaHHS 1
OyIiBHHMIITBA, a TaKOX BPaxOBYIOTH 3€MJIEKOPHCTYBAHHS, JaHAIA(TH, iIHPPACTPYKTYpy 1
TPAHCIOPTHI  CHCTeMH. 3elieHe OyOiBHUITBO  BHUpimIye TJ00ampHI  MpoOiIemMu,
BHKOPHCTOBYIOUH TIPH LFOMY PETiOHAJBHI pimeHHs. PpaHIly3pka CHCTEMa HiAXOIUTh IS
YKpPaiHCBKOTO MEHTAJITETY, TOMY IO JUII HUHIIIHBOI CHTYaIlii HeOOXiaHI HOBI TEXHOJOTI 1
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CALCULATIONS OF THE SYSTEMATIC VERTICAL DRAINAGE
UNDER PROTECTION OF THE IRRIGATED LANDS AND THE BUILT-UP
TERRITORIES FROM THE GROUND WATERS SUBMERGENCE

Abstract. The methodic of the solution of the problem of the transient flow in
multilayer heterogeneous in cross section aquifer at modeling of the vertical
drainage work with different boundary conditions on the contour of the drainage
well is proposed. The numerical aspects of the solution of the given problem and the
example of solution the methodic task for scheme of the three-layer aquifer at the
constant drawdown of the ground and underground waters on the well contour are
considered.

Keywords: analytical solution; transient flow; numerical algorithm; vertical
drainage; multilayer aquifer

Introduction

It is known that the vertical drainage is widely used in solving the problems of
protection against the flooding by the groundwaters of the irrigated lands and the
built-up areas. In most cases it is necessary to consider the transient filtration in a
heterogeneous multilayer aquifer with an interconnection between the main aquifers
through the weakly permeable layers of soils with low filtration properties [1-6].

In this work the problem of transient filtration in a three-layer aquifer with a

constant drawdown S, in the main aquifers consisting of two aquifers of ground and

underground waters separated by a weakly permeable separation layer is considered
(Fig. 1).

This problem was investigated by many
authors for different calculative schemes
and boundary conditions. Some aspects of
the given problem were considered for
example in the works [3-6]. In the given
event a rigid filtration regime in separate
layer is adopted. The algorithm and the
corresponding computer program are
developed which allow to simplify the
solution of the abovementioned problems as
B AR, DR )« K- At b baiariot B the analytical solutions are more complex
LIS L L7 u//,//,'./%: P (L and difficult. The proposed methodic has a
practical significance at decision the
problems of the ecology and for evaluation
and planning water resources.

Fig. 1 — Calculative scheme for
vertical drainage in three-layer
aquifer
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The formulation and numerical-analytic solution of the given problem

For given case the transient radial filtration in this system is written by the following
system of differential equations:

0%S, 108, _ oS
a += 21 g (S, -S,)+E =20
1[ or? r 5I’j 1( 1 2) ot
1)
0°S, 16S 0S (
az[anWa_fJ*bz(S“sz): :
T T k k -
where a,=-1; a,=-%; b=—2-; b=—=2: g=%;
H H MM, MM, H

R= =0.560; T, =k,m;; T, =k;m,

9
Jr
S,(r,t)= Ho — H, (r,t) — the drawdowns of levels of ground and underground

waters respectively in the first and second layers; H, and Hi(r,t) — water levels

according to the start of drainage and in the process of water withdrawal;
K., Ky, Ks, 24, 12,, My, m,, m, —respectively the coefficients of filtration, storativity
and the thickness of the main waterbearing layers; & — average intensity of
infiltration supply; o — the distance between the drainage wells; i =1.2.

The system of equations (1) is solved under the following initial and boundary
conditions on the outer contour of the aquifer:

t=0, S, =0 (2)
t>0, r=R, a—S‘:0 (3)
or

and the boundary conditions on the contour of the well with radius r, for different

variants, namely: water withdrawal with constant drawdown in both layers; water
withdrawal at constant drawdowns in the lower layer and water withdrawal with
constant discharge from both layers:

t>0, r=r, S =S, (4)
oS,
t>0, r=l’0, E=0, SZZSO (5)
oS, oS,
t>0, r=r,, —=0, 2aT,—=-Q. 6
" or or Q ©)

Let us represent the solution relative S, in the following form:
S, =S/(r,00)+S/(r,t), 7)
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where the drawdown Si'(r,oo) is found as a result of the solution of system (1) with
t — o0 (8S,/6t)=0 and the given boundary conditions; the drawdown S/(r,t) is

found by solving system (1) at £ =0 and the boundary conditions for each of the
above cases.

The solution for S; under the boundary conditions (3)—(4) has the following form
[1, 2]

’ S0 r T1
Sl(r,oo)=¥+?go (W, +W, -1) ©

r , T
l,(cr) K,(cR)
" 1, (cr, )+ 1(cR) K,(cr,) "o K,(cr, )+ Kl(CR)I (cr,)
K,(cR) °° ST (eR) 00
T=Km+K,m,, T,=Km, T,=K,m;, c= ﬁ T .
m2 T1T3
Since cr, <<1 then we can write that 1,(cr,)~1, K, (cr,)=In 112 atr-r

0
levels of ground and underground waters are calculated according to the following
formulas [1]:

2
s;(R,oo)zso-%[lnB—o.zsj—TT—% L

0
o Ing+A
Cr, (9)

, . €R*[ R T, B
SZ(R,OO)—SO—E?(InE—O.SJ—?EO 1—m

cro

where A= KiR) g _ K,(cR)+ K,(eR) 1,(cR).
l,(cR) 1,(cR)

The system of equations relative to S" is solved under the boundary conditions
t=0,S'=-S/ and t>0,1r,=1,, S"'=0 and condition (3).
We use Hankel's transformation relative to S;” in the form:
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HISI. 0= v (prsiCr e (w0

fo

with kernel conversion

Vo(pr): jo(pr)Yo(pro)_ jo(pro)Yo(pr) (11)
where p —the roots of the characteristic equation
Ji (PR, (pro )= Jo(pr Yo (PR) = 0. (12)

Using the relationships resulting from the properties of the function V(pr),
namely:  V,(pr)—0,V;(pr)+ prvy(pr)=—prVy(pr),  V,(pr,)=2/mpr, we

obtain the following: H{j( GS’H IV pr a( aS”jdr -psS;.
ror

Hence the system (1) can be written as:

B sy by, djtz =[Sz, +b;Sy. (13)
where a =-a,p>-b, f=-a,p’-b,. (14)
With t =0 we have that
R —_—
Si =—[rsN,(pr)dr =5/ (15)

To

Solving the system (13) we find:

S_,(/1 — )—bS_' eﬂ,lt_i_s_l,(a_ﬂ'l)-i_bls_l,eﬂgt

S/(p,t)=S5;. =

Ay =4 A, =4 15)
S”(p t) S" — (ﬁ'z bz) bl Lokt 4 _'(b —ﬂl)+lBS_1' At
2\M 2% FR) )

where

il_OH-ﬂ (a;ﬂj2+blb2; /12 a+ﬂ ( (17)

The transition from the images of function Si”(p,t) to their originals Si(r,t) is
performed according to the following formula:
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sir)=7 5 PR gy @9

n=1 JO pnrO) le(an)
Quite a difficult problem in determining the drawdowns S;(p,,t) and S}(p,,t)

is finding the quantities S_l' and S_z’ by formula (15). In general the expressions
relative to S_l' and S_Z' can be rewritten in (8) in the following form:

S_i'=ar2+ﬂlnrL+y1IO(cr)+5iKo(cr)+Ci , (19)
0
R2 T.e
=0,A, =5,A, 0 = hi
71 1 V2 2 1 o 112
CI’0
T.&, T

T,
S5, =— C1=SO—?350, C,=S, +_|_80, A=27Af .

&g
where o =-—, =——
4T p= 2T

Substituting the value S_,’ into (15) we obtain that:

S/ = —a? r3V, (pr)dr — ﬁjir In rV,(pr)dr —y, jﬁ I,(cr V,(pr)dr —

o fo fo

- 5iTrKo(cr)\/o(pr)dr - TCirVO(pr)dr

To o

(20)

where the function VO( pr) is in accordance with formula (11). Then the first integral
can be represented for example in the following:

R R R
—aj rV,(pr)dr = aH.[r Jo(pr)dr+onJ‘ J(pr)dr,
2 .
M2 0= jo(pn)=1
0
In the same way we can write the other integrals in equation (20). As a result of

computing the integrals we obtain the following formula for determination S_:i':

where 6 =-Y,(pr,)=0,64In=—=

= 1
S, =F(aR2(p1+ﬂ¢z +7:0; + 6,0, +Ci¢5>’ (21)
where @ = 0p! + wp! (i :175)
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= iy (1) =20, (sl = pa¥, ()= 2, (1) - 722

ph = S (T Jo(u)E; =l Y, 40+, (42)+ 064/ p, - t;j,
' Cll((_:)jo(ﬂ)+ﬂ|o(6)j1(ﬂ). "_(_I|((_I)Y(,u)+ylo(5)Yl(y)+—
Py = c 2 TPy = . 5
“(J “(J
Lo @) i), OGO ) K1)
Py = NS ;

—\2 ! _\2
1+(CJ 1+ CJ
H H

_ — T

- " 2. _ r
0h=ta () gf =)+ =1 u=pPRC=CR, T=—gl=2.

The calculated on the computer values of the parameters @/, @ and & for

various values z4,ro and c© were tabulated and summarized in the corresponding
tables.

When € >3 wemaytake . _ 1

Finally the formulas relatively drawdowns Sy(r,t) and S,(r,t) have the
following form:

2

S,(r S+—2Pun)/our S; (14, 1), (22)

it (1)

where P(ﬂn)zm — tabulated function.
1 n

The total withdrawal from the well Q consists of the flow from the upper and
lower aquifers. Using the known dependence of the type:

0S;
Q =-2mT,—" ol (23)

we get the relations for Q,(t) and Q,(t):
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Qu(t)=Q! +27°T, 3 P(u, )51, 1)

i (24)
Q,(t)=Q; +27°T; > Pz, )S5 (1, ),

where Q] and Q) — the discharges at the stationary filtration regime (t — o):

, =T 27T T,¢
Q=" R - )+ TG (25)
T 24T T
Q=2 (R ) TG (26)
1 ] ! !
G- Q=Q+Q==[R-12).
cr [In —— Aj (@7)
cr

For engineering calculations the formulas (25)—(26) can be simplified to the
following form:

Q(t)=Q; + Q%™ Q,(t)=Q; +Qse™ (28)

4TS, (R) (

, (i=12)
1.12R
Yo (/11)"‘ 0'64|o(ﬂ1)|n
Ml

where Q’ =

and the drawdowns S, (R) are found by the formulas (9).

For verification of the developed numerical algorithm the methodic example of
the filtration in three-layer aquifer where the drainage well is working with a constant
drawdown Sp=5.0 m in both layers in the center of the round filtration domain with
radius R =500.0 m was considered (Fig. 1). The thickness of the layers is respectively
m; = mz= 10 m, my= 5 m; filtration coefficients k; = 5.0 m/day, k. = 0.01 m/day,
ks = 20 m/day; storativity coefficients 1 = 0.1, 42 = 0.002 and the value of the
infiltration rate ¢ = 0.001 m/day. The given scheme corresponds one of the systematic
plane drainage where the wells are situated on the distance o = R\z = 885.0 m one
from other.

The results of the numerical calculations of the drawdowns S, and S, according
to the formulas:

2 —
S, (1) =81+ % 2Pt Mol )8 (1) (=1.2) (29)
at R = 500 m for different times are presented on the Fig. 2.
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Fig. 2 — Calculative graphs of the drawdowns in three-layer aquifer

We can see from the obtained graphs that at times 2000 days and more the
filtration regime close to steady one in both aquifers and the steady regime is reached
at time 5000 days after pumping begins. At this the value of the withdrawal from the

first and second layers Q,(t)and Q,(t), Q(t)=Q,(t)+Q,(t) calculated by the
following formulas:

Q(t)= ﬂgTTl(Rz )+ ZETTEEOG 22T, 3 P, 5!t )
n=1
(30)
Q)= (R -1 )- T 6+ 25T, 3 P (a5 )
n=1

and for the values of the upper bound of the sum m = 20 equal accordingly 174.52,
610.87 and 785.40 m¥day (r = R =500m (F, =1).

On the other hand the steady filtration regime is possible if the value of infiltration
over the all filtration domain must to be equal or more of the sum of the withdrawal
from two aquifers. Using the formula (27) we get Q' = 785.00 m*day. So the slight
error between given and calculative values of the inflow and withdrawal is explained
by the errors of numerical calculations on the computer. In that way the results of
the example solution show that the developed methodic allows to solve the problems
of the transient flow in multilayered aquifers at the exploitation of the vertical
drainage with enough for practical aims accuracy.

For simplification of the solutions of the practical problems in some cases when
we need to solve the class of the similar tasks the values of the constituents of the
formula:

S S +_Zpﬂn)‘/0 ( n? )' (31)
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namely: P(z1, W, (1 )Si (,,t) for m=1,2520 and values t = 1, 2, 50, 100, 150,
200, 500, 1000, 5000 days are presented in the Table 1.

Table 1 — Numerical values of the constituents of the series to determine

the drawdowns S, 1 S,
t,day| n=1 n=2 [n=3 |n=4 |n=5 |[n=6
S,,m
20 -4.270-10* {3.141-10° |-1.181-10* |3.821-10°|-7.5:10°8 8.1-100
50 -3.916:10* {6.760-10* |-2.673-10° |2.852:10%|-7-10®
100 [-3.388:101 |5.225-10° |-4.841-10® [1.7-10
150 [-2.932:107 [4.038-10° |-8.768-102
200 |-2.537-10 |3.120-10" |-1.588-10*
500 |-1.065-10" |6.651-1013
1000 |-2.507-10%
5000 |[-2.360-107
S;,,m
20 -3.189-10 {1.850-102 |-1.938-10* |1.246-10*|-4.126-10° |6.649-108
50 -2.924-10 {3.980-10° |-4.388:10° |9.302-10%|-3-10 !
100 [-2.530-10* |3.076-10* |-7.947-10® |5.7-1013
150 [-2.189:107 |2.378:10° |-4.439-10°
200 |-1.894-10" |1.838:10° |-2.607-10*3
500 |-7.952-10° |3.916:1013
1000 |-1.872:10%2
5000 [-1.762-107

It is necessary to notice that to calculate the Bessel functions IO(X), Il(x),

Yo (%), Y (X), jo(x), jl(X), K, (x), Kl(X) the representation of them in the form

of series and respective subroutines were used.

In the testing of subroutines for calculating the Bessel functions the control
examples were calculated the results of which coincided with given accuracy with
the table values for these functions.

Conclusions

The developed numerical solution, algorithm and the computer programs for
considered problem allow to investigate of the wide range of the practical problems
using vertical drainage in bounded and unbounded flow domains of the multilayer
aquifers. The results of the numerical solution of the methodic example shown that
in practical calculations it is enough to take into account 2—-3 terms of the series in
formula (22) without a loss of the accuracy in calculations. In the whole the proposed
methodic of numerical-analytic calculations of the vertical drainages in layered
waterbearing beds may to find a wide application in solution the problems of the
protection of the urban territories and the irrigated lands from the flooding and
submerging by the ground waters.

ISSN: 2411-4049. Exonoriyna 6e3neka ta npupoaokopucrysanss, Ne 3 (27), 2018



REFERENCES

1. Oleynik, A. Ya. (1978). Filtering calculations of vertical drainage. Kyiv: Naukova
Dumka (in Ukrainian).

2. Oleynik, A. Ya., & Polyakov, V. L. (1975). Calculation of vertical drainage in a three-
layer formation with transient filtration. Journal "Hydromechanics”, 31, 46-58 (in
Ukrainian).

3. Fam Loy Vu, & Nguen Kchoan Than. (1987). Water filtration in an axially symmetric
three-layer medium. Acta Geophysica Polonica, XXXV(2), 217-230 (in English).

4. Telyma, S. V. (1994). On the inverse problem of filtration in a multilayer aquifer. Journal
"Hydromechanics", 68, 57-61 (in Ukrainian).

5. Telyma, S. V., & Oleynik, E. O. (2012). Numerical-analitic calculations of the vertical
drainage in the heterogeneous waterbearing bed. ”Problems Of The Water Supply, Water
Overflow And Hydraulics”, 18, 164-176 (in Ukrainian).

6. Polyakov, V. L. (2016). The calculation of the steady filtration to systematic drainage at
the water exchange with the adjacent mediums. *’Problems Of The Water Supply, Water
Overflow And Hydraulics”, 27, 291-301 (in Ukrainian).

Text of the article was accepted by Editorial Team 19.07.2018

C.B. Teinma
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SMALL SEWAGE WASTEWATER TREATMENT PLANTS
FOR DOMESTIC WASTEWATER

Abstract. Small sewage wastewater treatment plants are used for treatment of
domestic wastewater from individual residential houses, small schools, roadside
cafes, restaurants, small railway stations, camping sites, etc., where there is no
centralized sewage network. In cases when there is a limited space for the
installation of small-scale treatment facilities, authors suggest using of septic tanks
and drainage wells. Sewage effluents are collected with gravity force, without using
electricity. Usage of proposed constructions does not cause pollution of soils and
underground water horizons. Sanitary environment is stable and predictable.
Keywords: small sewage wastewater treatment plants; sewerage, household waste
water; biological treatment of sewage effluents; cleaning technology,; construction
of treatment facilities, septic tank; drainage field; filter well

Introduction

In developed countries, small-scale sewage treatment facilities (sometimes called
local ones) are used for cleaning wastewater from small households, individual
residential houses, small schools, roadside cafes, restaurants, etc., where there is no
centralized sewage system.

Using small-scale treatment plants includes biological cleaning of domestic
sewage in special facilities where natural treatment is modeled. Such facilities are
compact, have small area footprint, may combine mechanical and biological
treatment of waste water, treatment of sediment, cleansing and disinfection in a
single block. This allows to locate them near drainage facilities, to reduce costs, to
simplify operation and sanitary control. Their main features are that in many cases
such treatment facilities are able to operate without energy resources (electricity),
they are cheap compared with centralized sewerage network. The efficiency of
domestic wastewater cleaning in small-sized wastewater treatment facilities is higher
than in other types of treatment plants [1]. Ecological and sanitary conditions in the
locations of small-scale treatment plants are fully manageable and predictable.

Technologically, in small-scale wastewater treatment plants, household sewage
treatment is performed in two stages. Initially, the waste liquid enters the septic tank
(a specially designed reservoir) where the primary cleaning of the waste water occurs

© P.G. Kyriienko, O.V. Betin, N.V. Kuznetsova, 2018
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in anaerobic conditions. Organic substances of animal and plant origin get into
sewage water in the form of carbohydrates, fats and proteins, as well as in the form
of products of life activities. Biochemical processes of the decomposition of organic
substances occur without the access of oxygen, it leads to formation of fatty acids,
followed by their decay into hydrogen, carbon dioxide, methane and other gases. At
first stage level of treatment reaches 60-65%.

The second stage — purification occurs in aerobic conditions. This stage is similar
to the treatment of sewage in biofilters. Simultaneously with the oxidative processes,
there are also reductive processes of denitrification, during them microbes consume
oxygen in formed nitrogen compounds, releasing molecular nitrogen, which goes to
the atmosphere. This explains the low level of nitrides and nitrates in purified
sewage. Part of the nitrates formed in the process of biological oxidation of organic
substances of sewage is assimilated by plants when they go into soil, and a part is
denitrified. Nitrogen in nitrates can be used for growth (biosynthesis) of biofilm.

Both in technological and in constructive terms, small-scale wastewater treatment
plants are two-component ones.

The first component is a septic tank in which household wastewater is collected.
In the septic tank household wastewater should stay from three to five days.
Subsequently, preliminary purified by 60-65% wastewaters go to an underground
drainage field, a biofilter, a filter well, filter trenches, or other devices for final
purification (95-98%), depending on the conditions of purification.

Today, there are many varieties of septic tanks that are used in small-scale
wastewater treatment structures.

Septics can be made of high-density polyethylene (see Fig. 1). Such septic tanks
are used in conjunction with an underground drainage field.

Fig. 1 — Septic. Design and principle of operation:
1 — body; 2 — entrance hole; 3 — outlet; 4 — deaerator hole;
5 — waste liquid; 6 — solid precipitate; 7 — layer of fatty substances; 8 — filter;
9 — hatch with lid
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Septics tanks can be made of different capacities. Table 1 shows volume of septic
tanks depending the number of permanent residents.

Table 1 — Capacity of the septic tank and the equivalent number permanent residents

Number of
permanent 2 4 5-6 7-8 9-12 20-25 | 50-70 120
residents
Capacity of
the septic 1000 2000 3000 4000 5000 | 10000 | 20000 | 30000
tank, liters

Septics can also be made of other materials, reinforced concrete, prefabricated
concrete, bricks of special burning, rubble stone, etc., some specially designed tanks,
different by volume.

Septics are located not far than 10 m and not closer than 3 m from the structure
from which household wastewater is collected. If the septic is located more than
10 m away, it is necessary to take into account the climatic conditions (freezing of
the soil). In this case, it is necessary to provide insulation of the sewer drain pipe.
Purpose of septic tanks is preliminary cleaning of domestic sewage, provided that
the sewage in the septic tank stays from 3 to 5 days.

The next degree of sewage treatment, which comes from the septic tank, is
purification, it occurs in a drainage field. Section of its branch is represented in Fig. 2.

Soil,
Geotextile 30cm
Q9 oy A/OOQO"-
Drainage fiel___’_’___Q_hQ_-a 0'So q;\
branch, @110 3 0. Vg Gravel,
) ~ﬂ ‘OOOwooo Qe o —
%Oo\n v o8 oo 40cm
OOO ke e V' Q0 O\O
R 0 590
_0 O o o OO - S
o D o =y B Sand,
\ 9 o o ' 10cm

Soil with good
permeability

Fig. 2 — Section of drainage field branch

For the arrangement of wastewater treatment systems, it is necessary to take into
account climatic conditions, soil permeability, surface ground water availability, etc.
conditions. The internal sewage network is designed according to the wishes of the
inhabitants.
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Authors proposition

Consider the simplest example of constructing an autonomous small-scale system
for cleaning domestic wastewater.

An external sewage network serves for the removal of waste water from homes
to small-scale wastewater treatment plants. For its installation, a pipe made of low-
pressure polyethylene with a diameter of 110 mm is used (previously cast-iron,
ceramic, asbestos-cement and other pipes were used). Sewage goes to wastewater
treatment plants by gravity force. For this, the pipes of the external network should
be laid with a slope of not less than 10 mm per one running meter of the sewer pipe.

The depth of the external network pipes is chosen taking into account the
operation of the sewer network in the location of sewage. If such data are not
available, then the smallest sewer pipe laying depth can be taken 300 mm lower than
the maximum freezing depth of the soil, but not less than 700 mm from the top of
the pipe to the zero planning mark.

The septic tank (Fig. 3) is a special reservoir of round or rectangular cross-section
with waterproof walls and bottom. As a waterproof material, several layers of liquid
glass or other waterproofing materials are used.
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Fig. 3 — Septic:
1 — reinforced concrete slab; 2 — cement mortar; 3, 4 — reinforced concrete rings;

5 — rubbing with a liquid glass; 6 — cement between rings; 7 — filter (a bucket with washed
coke); 8 — outlet pipe; 9 — calibrated valve; 10 — filter housing; 11 — concrete slab ceiling of
the septic tank; 12 — overlay; 13 — hatch; 14 — inlet pipe; 15 — decompression hole;

16 — foam of fatty substances; 17 — deflector; 18 — soil; 19 — solid precipitate;

20 — fluid streams

ISSN: 2411-4049. Exonoriuna Gesneka Ta npupogokopuctyBants, Ne 3 (27), 2018



The septic tank is equipped with an insert with a hatch for removing insoluble
precipitate, which is collected at the bottom of the septic tank, inlet and outlet
openings with pipelines, deflector, which is used to equalize the sewage flows into
the septic tank, a filter with plastic body, mounted in the filter saddle (made in in the
form of a bucket with holes in the bottom and filled with washed coke, or other filter
material: claydite, slag, wood shavings), on which the suspension is delayed and
lightening of the waste water is effected, a calibrated valve, for the dosed flow of
lighted waste liquid into the filter well, as well as the normalized residence of the
sewage in the septic tank.

Septic tanks can also be made of other materials, reinforced concrete,
prefabricated concrete, bricks of special burning, rubble stone, etc., some specially
designed tanks, different by volume. The top of the septic tank is covered with
reinforced concrete slab with opening for mounting the overhead, inspection hatch,
and filter housing. From above, overhead, reinforced concrete slab and the case of
septic tank are covered with hydro-insulating material (bitumen, or a mixture of
bitumen and diesel fuel in special proportions), than goes a layer of soil up to the top
of the hatch, it is tucked down in form of soil slope from the hatch to all sides for the
drainage for rain protection. At Fig. 3 sizes of septic tanks are indicated for a family
of 5-6 permanent residents.

The inlet piece is equipped with a deflector. The deflector serves to equalize the
flow of sewage in the septic, directed to the wall of the septic tank, in the upper part
is located a decompression opening through which the gases formed in the septic
tank are diverted.

The calibrated valve (Fig. 4, item 9) is made with a hole in the bottom, and in the
upper part with a socket opening for adjusting the flow of lighted waste fluid into
the filter well after a single large flow of water into the septic tank.

Sewage flows at a low speed (sewage water should be in the septic tank for
3 ... 5 days), it loses its suspended matter, or is lightened. The sediment in the septic
tank can be stored for up to two years. During this period, the organic part of the
sediment (silt) is decomposed by anaerobic bacteria. Insoluble organic matter is
partially converted into gases, raise to the top of the septic tank, and removed through
vents. Second part is converted into soluble mineral substances, and another part
falls into the precipitate. Due to such processes, the amount of sediment is reduced
by several times.

The calculation of septic tank begins with determining the number of permanent
inhabitants in the buildings — m. Then the water flow rate per person per day in
liters/day — ¢ is determined. Daily water consumption:

Qdaity = g-m (liters/day). (1)

The volume of septic tanks is determined from the condition of five days sewage
treatment in septic tank. But the volume of the septic tank is not filled completely

Vieptic = qdaity 5 (liters). 2)
Then the estimated volume of the septic tank

Vseptic.est = Vseptic + 0,15 Vseptic = 1,15 Vseptic. (3)
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The value of / (see Fig. 3) is determined from the condition of daily consumption
of water (m*/day) by inhabitants

h = qdaity/ S, 4)

where S is the cross-sectional area of the treatment plant (m?).

There is an empirical formula for calculating the volume of a septic tank from a
condition: if the daily water consumption is up to 5 m? per day, then the volume of
the septic tank should be three times larger than the amount of wastewater per day:

Vseptic.est =3 {daily., Q)

Sewage ventilation is performed due to the air space between the ceiling of the
septic tank and the foam of the fatty substances that pops up to the surface of the
sewage. Due to the fact that sewage does not flow to the septic tank continuously,
but with some intervals, ventilation is carried out through a decompression opening,
a sewage pipe, a riser of the internal sewage system, the open end of which goes in
the form of a fan tube behind the roof of the building.

There are two-chambered septic tanks. Total volume is divided between first and
second chamber as 0.75 and 0.25 of the total estimated volume of the septic tank.
Such septic tanks are used to increase presence time of sewage in septic tank.

Septics are cleaned from silt once every two years. Silt is not removed completely,
leaving up to 10% of the volume of sludge is good for better reproduction of bacteria
performing process of decomposition of organic and mineral substances.

The filter is washed twice a year. A filtering bucket is removed. Filtering material
is poured onto a polyethylene film and washed under a jet of water. Then loaded back
into the bucket and set to a place. If a wooden chip is used as a filter material, then
it is thrown into a compost pit and a new one is loaded into the filter.

Filter wells, underground filtration fields, sand-gravel filters and filter trenches
are used for biological treatment of wastewater in small-scale treatment plants. Type
of filtering structures is chosen depending on the filtering effectiveness and
characteristics of soils, amount of sewage, availability of free place for their
placement, risk of contamination of aquifers used for water supply, sanitary
conditions of treated wastewater, etc.

Filter wells are the most simple and cheap wastewater treatment plants. But their
area of use is limited. Wells can only be used with sand or sandy soils. On loamy
soils, as well as in cracked rocks, filter wells are prohibited. The second point that
limits the wide use of filter wells is their low productivity. They can be used in small-
sized wastewater treatment plants with a volume of sewage up to 1 ... 1,5 m*/day.
(Fig. 4). If groundwater is used for household water supply, filter wells must be built
at a distance of at least 30 meters from the water supply source.

Filter wells are made of reinforced concrete rings, special brick, rubble stone.
Sizes of the filter well are given in Fig. 4 for 5-6 permanent residents. The walls and
bottom of the wells are water permeable. To do this, at the bottom of the filter well,
there are holes with a diameter of 20 ... 25 mm at a distance of 150 mm from each
other. Under a filter well, there is a gravel bed with height of 400 ... 500 mm. In the
well, there is also a gravel layer with a height of 500 mm, and outside the filter well,
gravel is located within a ring of gravel with width of 400 mm up to position of
drainage holes (1 m). As a filter material can be used gravel, crushed stone with a
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size of 30 ... 50 mm, coke, slag. The top of the well is covered with a reinforced
concrete slab with an overlay, a hatch with diameter of 600 ... 700 mm and a
ventilation riser. To prevent the rainwater from entering the filter well, waterproofing
the hatch, overlay, floor slabs and the upper part of the ring must be performed.
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Fig. 4 — Filter well:
1 — ventilation riser; 2 — inspection hatch; 3 — overlay;
4 — reinforced concrete floor; 5 — drain device; 6, 7 — reinforced concrete rings;
8 — drainage holes; 9 — rubble

The value of n (see Fig. 4) is determined from the condition of sewage self-flow
from the septic tank to the filter well.
Filter wells are located at a distance of at least 30 m from the water intake.

Conclusions

Small-sized wastewater treatment plants can be autonomous without using
electricity.

Using the proposed calculations and design decisions you can calculate and create
a project for the sewage treatment for individual house.

Small-sized wastewater treatment plant is a few steps forward compared to the
cesspool.

Sanitary situation in the locations of small-scale treatment plants meets the
requirements of environmental safety.
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IL.I. Kupienxo, O.B. berin, H.B. Ky3neuosa
MAJIOTABAPUTHI OYUCHI CITIOPYAU OUYUINEHHSA NIOBYTOBUX CTIYHUX
BOJ

AHoraniss. ManorabaputHi OYMCHI CHIOpPYIM KaHasi3amii BHUKOPUCTOBYIOTHCS IS
OYMIIEHHs MOOYTOBHX CTIYHMX BOJ| BiJl IHAMBIAYaJbHUX XUTIOBUX OYAMHKIB, HEBEIMKUX
LIKLJI, TPUIOPOXKHIX Kade, pECTOpaHiB, HEBEIMKUX 3aJi3HUYHUX CTAHIIH, KEMITIHTIB Ta iH.,
JIe HEMa€ [IEHTPali30BaHOl KaHali3aliifHoT Mepexi. B Tux Bunaakax, koym Opakye Micist ajist
PO3MillleHHsI MaJIorabapUTHUX OYMCHHUX CIIOpYI, aBTOPH MPONOHYIOTh BHKOPHCTOBYBATH
CENTHUKY CIeLiaIbHUX KOHCTPYKIIN 1 IpeHa)KHI KOJIoZsi31. 3anponoHOBaHi OYUCHI CIOPYAH
PO3TalIOBYIOTh OiNI1 MICIh KaHANi3yBaHHsS, ale He OMmKde 3 METpiB BiJ CIOPYAH, IS
cenTHKiB. [IpeHa)kHI KOJOJM31 pO3TAIIOBYIOTH Ha BiAcTaHi BiX 2 70 3 M OUIs CENTHKIB.
KanamizanmiiHi crokm 30MparoThcs OyIWHKOBUMH — KaHAN3aiHHUMH ~MepeXaMu 1
CaMOIUTMHHO HaJXOIATh B cenTHK. CeNTHKH pO3paxoBYIOThCA Ha IepeOyBaHHsS CTOKIB Y
HBOMY BiZ 3 70 5 1i0, a MOTIM MEPeTiKaITh, (PLIETPYIOYICH Yepe3 CIeianbHuil QiIbTp, Y
JpEHaXHUH Kono/si3b. IIpH 1IbOMY HE BUKOPHUCTOBYEThCS elleKTpoeHeprisi. B apenaxHOMy
KOJIOJISI31 CTOKHM JIOOUHIIAIOTECS 1 (QUIBTPYIOTHCS B IPYHT. B €KkoJI0TiYHOMY BiZHOMIEHH] Oiist
OYKCHHX CIIOpYIl, 3allpONOHOBAaHUX aBTOpaMH, He BifOyBaeTbCs 3a0pYyIHEHHsS IPYHTIB,
IiI3eMHHUX BOJHUX TopHr30HTIB. CaHiTapHa 00CTaHOBKA CTAa0lIbHA 1 TPOTHO30BAHA.

KirouoBi cioBa: manorabapuTHi KaHami3amiiHI OYMCHI CIIOPYAN; KaHaJi3a1lis; moOyToBi
CTiYHi BOAM; Oi0JIOTiYHE OYMINEHHS CTIYHHUX BOJ|; TEXHOJIOTiS OYHINEHHS; OYIiBHUIITBO
OYHMCHHX CHOPYJ; CENTHK; NPEHAXHUI KOJIOII3b
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ONTOLOGY BASED SYSTEMAZING OF
THE SCIENCE INFORMATION DEVOTED TO WASTE UTILIZING
BY METHANOGENESYS

Abstract. Quantity of the scientific materials in the field of biogas production is
growing. Thus, it is actual to provide informational management of it. Previously
text documents and not-interactive pictures were used to describe it. The approach
to systematization of scientific information on the production of biogas based on the
ontological IT platform of TODOS is developed. It is proposed to separate the
semantic characteristics of each work for their further introduction it into the IT
platform of the TODOS. To construct a system of ranking of previous studies, we
have identified the semantic characteristics of scientific research devoted to the
production of biogas from chicken manure. Temperature (°C), volume of reactor (1),
chicken manure content (%), moisture content (%), active sludge content (%), final
solids content (%), biogas production and methane (ml/g TS), methane content (%),
year of the research, ammonium nitrogen content (mg/l), VFA (mg/l), pH is final,
initial pH, minimum pH, maximum pH were used to create ontology management
system of the previous researches devoted to biogas production. The characteristics
of the microorganisms were used to create the ontology based system of the
microorganism selection. Google sheets was used to create base of knowledge and
previous researches. An ontological graph with a ranking function for previous
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scientific research and a system of selection of microorganisms has been developed.
Thus, the proposed systems allow to systematize previous research and theoretical
information devoted to help of ontological graphs and provide information
management in this field. Developed approaches allow us to analyze the results of
previous research and theoretical information which provides systemizing of
information and information management in general.

Keywords: biogas information; ontology; information management, TODOS;
systematization
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BUKOPUCTAHHSI OHTOJIOITYHUX IHCTPYMEHTIB JIJIS
CUCTEMATHM3AII TA AHAJI3Y IHOOPMAIIII OO YTHIII3ALIL
BIJIXO/IB IIJIAXOM METAHOT'EHE3Y

Anomauia. Po3pobreno nioxio 0o cucmemamusayii Haykogoi ingopmayii wooo
supobnuymea 0ioeasy Ha 6aszi ommonoeiunoi IT-naame¢opmu  TOHOC.
3anpononosano susHauamu ceManmuyHi XapakmepucmuKky KOJ*CHoi pobomu 0 ix
nooanvuiozo enecentsi 0o IT-nnam@popmu TOLHOC. Pospobdreno onmonociynuii
epaq 3 yuxyicio pandicy8anis 0ia nonepeoHix HayKo8ux 00CIiONHceHb ma cucmemu
0060py mikpoopeanizmie. Peanizayis onmonoziuno2o nioxody 00 anaiizy Haykogor
inghopmayii  3abe3neuye  GUCOKUU PIGeHb  IHPOPMAYIUHO20  MEHEONCMEHMY
HAYKOBUMU OOCTIONCEHHIMU.

Knrouosi cnoea: 6ioeas;, ommonoeis, ingopmayitinuii menedxrcmenm; TO/JOC,
cucmemamuszayis

Beryn

[IporsiroM ocTaHHIX NECATHIITH KUTBKICHUH 0OCST HaykoBoOi iH(opmarii, 110
PO3pPOOJIAETHCS Ta OTPUMAHO Y TIPOIIECI HAYKOBUX JOCIIKEHb, CTPIMKO 3pOCTaE, a
i1 aHaMI3 cTa€e BCe OLJIbII CKIIATHUM Ta PECypCO3aTPATHUM.

CrioctepiraeTbcsi TEHJISHIS 0 3pOCTaHHS KITbKOCTI HAyKOBHX MyOiKariii Ta
MATEHTIB, IPUCBSYEHNX BUPOOHUITBY Oiorazy, mpuIoMy picT, mounHarouu 3 2000
POKY, € eKCHOHEeHIIHHNM. Tak, KiJbKiCTh MATEHTIB, MPUCBIYCHUX BUPOOHUIITBY
6iorasy, y 2000 portii 6ys1a 6u3skoro 10 70, a'y 2017 pori cranosmia 2235 (puc. 1).
KinpkicTh cTareif Takox XapakTepusyBasiach NoAiOHOr TeHaeHmieo: y 2000 porri
Oyna 6mm3bkoro 110 50, a 2017 poky cranosmiia 3,959 (puc. 2) [8].

Oxpim TOrO, iICHYy€ OCHTH BEJHMKA KUJIbKICTh HECHCTEMATH30BAHMUX IAHHX, SKi
HEOOXiJHO BUKOPUCTOBYBATH NPU O10TEXHOJIOTTYHUX JOCHTIKEHHIX. BpaxoByroun,
o iH(opMallis HAKOIMHMUYY€EThCs, 11 HAyKOBO-aHATITHYHE OOpPOOJICHHS 3 KOXHUM
pOKOM CTaBaTHME BCE CKIQIHINIAM, a OTXe, IocTae MpodjemMa IIoI0
iH(pOpMaLIHOTO MEHEPKMEHTY HAayKOBOI raiysi, 30Kpema, LI0A0 BHPOOHHITBA
Oiorasy.
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Merta poOoTH: 3ampoONOHYBAaTH MiAXiJ MO cHUcTeMmarn3amii iHdopmarii momo
BUPOOHUIITBA Oiora3y Juist MPOBESHHS HAyKOBOI POOOTH.

JlitepaTypHuii orasn

Ha nanuii MOMEHT 3aCTOCOBYIOTBCSI IHCTPYMEHTH, SIKi HE JIO3BOJISIFOTH TIPOBOJIUTH
TNTMOVHHUKA CEMaHTUYHUM aHali3 JITepaTypHUX JAHHWX, a JAIOTh 3MOTY JIHIIE
OTPUMYBATH PE3YJIbTaTH, IIO PEJEBaHTHI 3a 3alUTOM KopHucTyBada. [lyis mporo
3a3BMYail BUKOPHCTOBYIOTH iHAekcaTop (Google i 3amutu 1o Oe3nivi icHyrounx
HaykoMeTpuyHHX 0a3 manux tuny Google scholar, Microsoft Academy, Scopus
[7,9, 10].

Henonikom BHMKOpHCTaHHS TakMX CHCTEM € BiACYTHICTH iH(OpPMALiHOTO
MEHEDKMEHTY. 30KpeMa, akTyalbHj. € po3poOKa CHCTEM, IO JO3BOJIIOTH
ONEPATUBHO MiaiOpaTH HAyKOBY pOOOTY, 3 SKOI HEOOXIHO O3HAHOMHUTHCH
nocniaHuKy. OJHAM 3 SIKICHUX LIUISIXiB BUPILIEHHS BKAa3aHOT IPOOJIEMH € paHKyBaHHS
HAYKOBHUX Pe3yJIbTaTiB 32 XapaKTEPUCTUKAMH, SIKi € BAXKIUBAMU IS IOCITITHUKA.
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Texnonoriuny mmiardopMy, ska 3ade3leuye OIepallioHaIbHICTh BHKOHAHHS
BKa3aHOi 3ajavi, HaHOLIbII e(EeKTHBHO peali3oByBaTH 3a IOIOMOTOI0 CEpPBICIB
korHituBHOI IT-TOAOC. BoHa m03BoJsi€ BUMIIUTH CEMAaHTHYHI XapaKTEPUCTHKH
KO>KHOI HAayKOBO{ Ipalli, sIKi MOKYTh OyTH BUKOPUCTaHi y SIKOCTI KpUTEpiiB BUOOPY
HayKoBHX nociimkens [2]. Ilpukmam cucreM paHXKyBaHHA NpEICTAaBICHUI Ha
puc. 3 Ta 4.

3apaHTaRNTH PAD Eamop Karanor oHTONOFil 3beperme JaBaHTARUTH [ KpuTepe Towyx fuaelzb

CMITTE3BATHINA (PAHAKYBAHHS)
(Onmuuntizayis)

BpaxoByioThca BNGCTUBOCTI Onpauosati

CriocoBu 3anaHHA Barosux KoedluleHTia

Busip s Bar. onr
Koedp.  (max/min)
Banbha wkana (10)  TiwreicTudMa wkana  Pakxysanns
v gis_point 0.143 max v 5 Cepeqin saxameicrs ¥
v OBnacts 0.143 max ¥ 5v Cepegnn aaxnmects ¥ iv
v Palion 0.143 max v 5y Cepemin saxsmecr ¥ i
v Nnowwa AinskHKy (ra) 0.143 max v 5r Cepeans sanmscs v
v Osr Biaxos (1) 0.143 wax v 5y Cepera saxmmecrn ¥ i
v GepenybonoGoBHit OBCAT BifXoaie (1) 0.143 max v 5 Cepenn saxnwscr ¥
v CepenwsonoGoanii obcar sigronie (M3)  0.143 max v 5y Cepenin saxmmeicr ¥ i
Cucrema nepesar 2

Puc. 3 — KitacuyHu#t BUTTIST CUCTEMH PaH)KyBaHHS OHTOJIOTIYHUX BEPILUH

MNicns signosiai Ha 3anuTaHHa cucTema aobopy 3anponoHye Bam metoanyHe 3abeanedeHHs, BignosigHo Ao
Bawwx ynoao6aHb

Mepecysaiouu NOB3YHOK, BU3HAYTE Bawy 3auikaBneHicTs y naHoMy nuTakki no necaTbanbHii wkani: 1 6an — nutakHA Ke nofoGaeTeen, a 10 —

nogoGaetbes
1 BPamA Y4aCTL Y CROPTMEHIX MATaHHAX °
2 BpamH yNacTb y cropTHBHKX Irpax. .
3 BeCTH CBifi OCOBHCTHA WioAeHHINK B0 B MCEMOBiR (opM BHKNAZATH CBoT °
CnOCTEpEKEHHS, AyMKH
4 BuBvaT MoBy (KosertHy 36O pighy). (]
5 Buevati iswiHi REALLE, IHATOMWTICA 3 BIRKPHTTSMI & ranysi (isskn °

6 TPATH Ha MySHHVX IHGTpYMeHTaX 350 MaTIOBATH, 350 SANATVICR PissGrIEHHSM it FKOICH

IHUIOID TROPHOIO MPAKTIAHOKO ZUANHICTIO. L

7 [lomspaTh 3a XBopHM. ®

8 13 npHsMHaMK planinx L[]

o 9 10801 TexHik a6 MOGyTOBMX ®
Tosaple.

10 BHAMOMMTHCA 3 MMTAHHAMM XIMINHOTO  BMPODHHLTEA aBO KGEpUMeHTanLHOT XiMil. ®

n Z 3 HaYKOBMMM ) °

12 3HAfOMUTMCA 3 HOBHHANM TEXHIKN. L)

13 BHAROMVTVCS 3 MHTAHHAMM GHATOMIT | cpisionOrT MIoQMHN. L]

4 MonursvesTues saninTu CYRsEs o i rmrnars eanT s a

Puc. 4 — OHOBIICHU BUTJISIII CUCTEMH PaHKYyBaHHS PE3yJIbTaTiB

OnHak, cucTeMaTH3allis HAayKOBHX JaHWX 3 BUKOPUCTAHHSIM pPaHXyBaHHS
CEMaHTHYHMX  XapaKTEpPUCTHK  [ONEpelNHIX  HampamioBaHb y  ramysi
0I0TEXHOJIOTIYHUX JIOCIHI/PKeHb Ha ChOrOJHI He Oyna peanizoBaHor. Tomy
HAayKOBOIO 3ajJayci0 € ajanTtamis IaThopMH, 34aTHOI paH)XKyBaTH JaHi 3a
3HAYECHHSAMM CEMAHTHUYHUX XapaKTEPHUCTHK, JUII BUKOPUCTAHHSI 11 3 METOIO
cucTeMaTu3alii monepegHix Jociimkenb. Januil miaxig MOKIMBO peai3yBaTH 3a
YMOBH, SIKIIO IIU(PPOBI XapaKTEPUCTUKH MAIOTh KUTBKICHI 3HAYCHHSI.

Jocuth 4acto sl JOCHIPKEHHS HEOOXiJIHO BHUKOPHCTOBYBATH TEOPETUYHY
iHpopMalLilo, 0 HE Ma€ YUCIOBUX BHpasiB. [IpukiazmoM Takoro T€OPETUUHOTO
MaTepiany € knacudikanisi MikpoopraHizmiB. OngHak, Ha JaHUH MOMEHT
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kyacudikallis MIKpOOpPraHi3MiB MpeACTaBiCHa y BUTIIAAI CXEM Ta iepapxii, sAki He
JO3BOJISIIOTh  IMBHAKO Ta  ONEPATHMBHO  TpAIfOBaTH 3 1H(POPMAIIELO.
OmnepauioHadbHICTh BUKOPUCTAHHS TaKUX i€papXii CyTTE€BO MiABHULIYETHCS Ha
OCHOBI iX TIEpETBOpPEHHS Yy TakCOHOMIiuHW Burisaa [6]. [lpuknang migxomy 1o
BiTOOpayKEHHS CHCTEMAaTH3allii TAKCOHOMIN MiKpOOPTaHi3MiB ITOKa3aHUH Ha pHUC. 5.

Bacteria Archaea Eukarya

Ammals

Entamochae  Slime

Euryarchaeota Fungi

Methanosarcina

Methan

. Halophiles Plants
Gram bacteriums, » ¥ Plani

positives |Crenarc haeota
‘urple \Mer

bactena
Cyanobactena Flagellates

Flavobacteris
avobacteria Tnchomonads

Microsporidia
N /
N\ Dig lomonads

Puc. 5 — Ipuxnazg migxomy 10 BiToOpaXKeHHS CHCTEMaTH3allii TAKCOHOMI MIKpOOPTaHi3MiB

Hus  iHpopmamiitHoro MeHemKMeHTy iHdopmamii mpo MIKpoOpraHiMu
3allpONIOHOBAHO BUKOPUCTOBYBATH IHCTPYMEHT (iNbTPYyBaHHS, SIKHH Peani30BaHo y
cepepoBuii IT-mmardpopmu TOJOC. YactkoBo naHa (yHKIsS BXKE peanizoBaHa
MOTIEPEIHRO, OJHAK BIEpIEe 3alpOIIOHOBAHO BHUKOPHCTOBYBAaTH ii fAK Croci0
CHUCTEMAaTHU30BaHOTO BiOOpakeHHs iH(opMallii Ipu MpoBeeHHI HAyKOBHX POOIT
[1, 4, 5]. ©®yukuist ¢inerpyBanus [T-ruiardpopmu TOJOC Ha mpuknami cucTeMu
migo0py 010TEXHONOTIH ISl OYMCTKH BOIH TMIPEICTABICHA Ha PHC. 6.

T
SINETPYBATH 3
© aHanis
CHULEHHS ymosn yuosu sk ymoEH ymosm
EBnacruaoctl ob'extie: e HaseR n o U
“ACTRNOK Bck XeK Lonci | rPyBMx dacTOK P
¥ Astowarusauin
Tinkn acocn.
[E— o Tpamarysl 1
REpIORUHO pyXoM 3 Renip
 Kaprwca PYHUM OANGHHAM Kagron 1
Kasdiui Er— Merizrunci 1
* Koegiuient o a0 . v
ssememnen x5k ! . Jicsliagll e P Gy oo [— sses i
acroios
* Kossiulent ]
o xenoiz c
oo Mecriaca 1
Benmiwzren |
* Koslulent (] werany
asromenHA TyBnK
p———" Tiwn geves.
- Tpariu rpy8l Panp 0
o nepioANHO PyxoMi 3 3
- WEXAHIYHHM o)
s T e

Puc. 6 — Ipukinan GpimbTpyBaHHS HMIIXOIIB €KOJIOTIYHOT 010TEXHOJIOTIT 3 BUKOPUCTAHHSIM
¢bubTpYBaHHS BifoOpakeHb

Ocob6nmuBocTi  poOOTH  IHCTpYMEHTIB  (QUIBTPYBaHHS Ta  PaH)KyBaHHS
MpeacTaBieHi y HaluX nonepenHix podorax [1, 4, 5].
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Marepiaju i MeTOAU XOCTiTKEHD

30epiranHs iHGoOpMaIii 3MIHCHIOBAIOCH 3 BUKOPHUCTAaHHAM google TaOmuub s
3a0e3MeUYeHHs CyMICHOTO JIOCTYIy Ta MOJAJIBINOI iX KOHBepTamii y Tabmuii Excel
¢dopmaty xIs Ta csv. OTpuMaHi JOKYMEHTH BHKOPHUCTOBYBAIWCH JJISI CTBOPEHHS
CTPYKTYpH OHTOJIOTII (XIS) Ta HAMOBHEHHsSI OHTOJOTIYHHUX TpadiB paHKyBaHHS Ta
¢inpTpyBanHsa. (s 1bOro BOHM 3aBaHTaKyBanuch y editord, Mo € CKIIaJ0BOIO
IT-mmarpopmu TOHOC. Ilicnst goro 3xilicHIOBaIach reHepariis rpady Ta BHECEHHS
CEMaHTUIHUX XapaKTEPUCTHK 10 KOXKHOI BepruHN. OTprMaHi OHTOJIOTIYHI rpadu
BiJJKPUBAJIKMCH Y BiAMIOBITHOMY BUTJISII, paH)KyBaHHS a00 (iNbTpyBaHHS.

Pe3yabTaTu i 00roBopeHHs

Hns moOynoBu CHCTEMH PaH)XyBaHHS TONEPEAHIX AOCHIIKEHb HAMH BHUAIJICHO
CEMaHTUYHI XapaKTEPUCTUKU HAYKOBHX JOCII/UKEHb, TPUCBIICHUX BHPOOHUIITBY
Oiorazy 3 Kyps4oro mociuigy. Jlo Takux CeMaHTHYHHX XapaKTePHCTHK BiIHECEHO
temneparypy (°C), 00'em peakTopy (J1), BMICT Kypstuoro nociiay (%), BMiCT BOJIOTH
(%), BmicT akTHBHOTO MYy (%), KIHIIEBHI BMICT CyXUX pedoBHH (%), BUPOOHUIITBO
Oiorazy ta merany (mi/r COP), Bmict merany (%), pik, BMICT aMOHIHHOIO
Hitporeny (mr/m), JOKK (mr/m), pH kinuese, pH mowarkoBe, pH wmiHimaibHe,
pH makcumanshe [3].

Jlani ceMaHTHYHI XapaKTEPUCTUKY OyIIN BUIICHI 3 TOCIIHKEHB, III0 CTOCYIOTHCS
TBepaodazHoi pepMeHTallii, Ta BHECEHI y google Tabmnuii (puc. 7).

Obuuwe pesynbrarel - (= & HacTrorkn nocyna [N .
cadn Mpooss Mpooworp BCTaoss SopMaT Janmie MICTOYMENT  flonomuomst  CREaBka  CreLwamusc somomwern [ escie 4 <
O T P " B I s A &@ H-%- B @ 7¥-5 m -
50 MpNeHHA Ewoay Soraay
P ; . [ | ; X p N
no OBew,n | va peatop, rlr iz o vocySerpaTy Nar kocyScTpaTy bW, % 40 Bfewylny v Bignowen emicT GP y peda Blarasy, w1 i Blorasy, My MeTaiy, Wil 1 XA meraky
cken manurs for a7 0,425 50 s0 ns 19 2 4
chen manure for 55 0125 50 |50 ns
'
cken manure tor &5 0,125 s0 s0 s
esnan ot pounry | 38 02 18 “ “ 0
© 2 o015 aouete 35 02 1 o s 2 s064
st of Foulry 35 02 14 1 ™ 20
'
12015 Abouste 55 02 0 “ s 20 a4
Jestion of Eoutey 55 0z 12 “ 5 50
82015 Abousle 86 02 i i ™ 20
+ om | wen o

Puc. 7 — 3aranpHuil BUTIIAI BKIAIHOTO (aiily Ui CHCTEMH PaH)KyBaHHS pe3yJbTaTiB
JITEpaTyPHOTO OTIISIILY

Jani Tabnuiii 32 MeToIaMu, OITMCAHUMU y HAIITUX MOTEpeHiX cTarTsx [1, 4, 5],
BHeceHi 10 IT-irarpopmu TOJIOC. BHacmigok [EOTO CTANO MOXKIHUBUM
3aCTOCYBaTH PaH)KYBaHHS JI0 HAYKOBUX PE3YJIbTaTiB. 3aralbHUN BUIIIS] OHTOJOTIT
npencraBieHuii Ha puc. 8. IaTepdeiic BuOOpY BaKIMBOCTI IOKa3HHKIB
npeacTaBiIeHuil Ha puc. 9, a inTepdeiic paHKyBaHHS pe3yibTaTiB — Ha puc. 10.
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* 20T Brrs. MONITORING DRORASAEREE TRGRODSK3 HETIAGED DA TR BRGNS
e —— e i OB
e ﬁ“@ e
| ; v y
Hy Mo 4 Agncut s
ot Polt Mdoure Procesd
i Wi
A e
B
Puc. 8 — 3aranpuuii BUTJISIA OHTOJIOT IOMIEPEAHIX JOCTIIKEHD
FavaNTERTH AT Enimon. Karanor camanarit Seserm | Bscamanmt feeeren | Komesl Tomy s r
Cueresa opaGoriu mayunbix pesyaptatos (old rang)
(Ormeisayis)
OnpaieRaTH
s Cnocoli 3aaHHA BaroaHX KoediLienTiE
ar.
EED =B Koedh.  (maximin)
BankKa wkana (10) NiwrelcTivma wxana Parxysanna
@ Temneporypa, G 0038w+ T o vy i
@ Ofewn 0038 mmv T Coponm nammin, ¥ T
=i BmicT kypRvoro nocniay, % 0.038 max v 5 v Cepenyn BawnagicTe. ¥ 1
@  BuicT sonamm, % 4o of'euy cybcTpaTy 0.038 nax v 5 Cepensnasnvmcrs v 1
v BuicT aKTHeNoro Myny y Blanawens| As cyBeTpaTy, % 0,038 wax v 5 v Gepen BT, 1
"] KiHUEBIR BAICT GP Y pearkTopi, % 0,038 v 5 [Ermep———— 1
- Buxia merary, Mn/ r GOP 0.038 max ¥ 5 v Cepenyis pamnwgicTe ¥ 1
@ Buior Merany% 0038 Tmmv T Copemapenacn 7 T
I Pikc 0.038 max v 5 Copenrn sexnimicrs v i
o] Peaynurar 0.038 max v s Cepenyn BaxnusicTs v 1w -
Puc. 9 — InTepdeiic BHOOPY BaKIMBOCTI MOKa3HUKIB
Muzmana =
Buicr Kinyesui
# Enemerrtn Jwavennn 3 s00rH, BMiCT akIMgHOrO  BMicT CP : (
Temneparypa,  O6'em, BuicT kypaYoro Buxia MeTany, wn/ Buict Pexim
g % po syny y slanowenkl y = Pik PeaynbTarT
C n nocnigy, % s rcop MeTaHy, % feans
of'emy fo cyberpary, % peakropi,
cyberpary %
1999 Callaghan
Co-digestion of
1 waste organic 0.272 35 1 20 10 15 70 1999 nepit
solids: batch
studies
21985
IANTRANIA
HIGH-SOLIDS
| Mmee | o8 35 15 71 35 42,952 1985 Mepii
FERMENTATION
oF
CBUHHMIA HaBo3
XapaKTepu3ysascs
BULLOI0
BydepHicTto, ToMy
npoLec NPOXOAVS.
PiBeHb aMoHiitHoro
2009 A a30Ty He 6\{5
Fualuation of AyXe BACOKWA Ans

iuriRusauue

Puc. 10 — Tnrepdeiic paHKyBaHHS HAYKOBUX Pe3yJIbTaTiB

IuTepdetic BUOOPY NPIOPUTETIB CEMAaHTHYHUX XapAKTEPUCTUK IS PaH)KyBaHHS
JI03BOJISIE BPAaxOBYBATH MPIOPHUTETHICTh CYYaCHHX CTaTed, MpHU MPaBHILHOMY
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pO3CTaBlIieHHI KPHUTEPIiB BaXJIMBOCTi. PO3risHyTa CcHCTEMa 03BOJISIE IIBHAKO
BiJICOPTYBaTH iHGOPMAILiIO 32 HEOOXiTHIM KPUTEPIEM.

CuctemaTH3allis 3HaHb B Taly3i 010TEXHOIOTIi TaKOX MOXKe OyTH YCKJIaJHEeHA Y
3B'A3KY 3 TUM, 10 CEMAaHTUYHI XapaKTEPUCTHKH HE 32BN MOXKYTb MaTH KiJIbKiCHE
BUP)KEHHS, a OT)KE, CHCTEMa PAH)KyBaHHS HE 3aBKIW MOXKE BHPILIIMTH ITHTAHHS
iH(hOpMAIIFHOTO MEHEKMEHTY.

Jiist TaKuX CHUCTEM 3allpPONOHOBAHO BUIUISTH CEMaHTUYHI XapaKTEPUCTUKU Ta
3actocoByBaTH (YHKIiIO ¢inbTpyBaHHA. s 11p0oro Takok OymH 3amporoHOBaHI
CEMaHTHYHI XapaKTepUCTHUKH KOXKHOTO MIKpPOOpraHi3My Ta BHeceHi y google
Tabmumi. CeMaHTHYHI XapaKTEPUCTUKU BHOCHIUCH Y PEXHMi KOJIEKTHBHOTO
JNOCTyIy. 3aralbHUil BHIJISA BKIagHoro aitmy ansg cucteMud a000py
MIKpPOOpTaHi3MiB IIpeIcTaBiaeHo Ha puc. 11.

o s - = -
<ain  Mpaska Mpocworp Borama  dopwar  [anie Cpassa i Nocnen... <
oo w T 100% p. % 0 .00 123 Adal 10 B I S A & ®H =i+ v-cocO@ Y Z E= PS
Mera
A B G n E F G H J K

Family |. HalobacleriaceacAL
Fanily |. LactobacillaceasrAL
100 Family |, LegumellaceasAL

101 Family |. Methanobacteriaceaer: Meraw BupoSHULTEO Me M
102 Family |. MethanococcaceasVP Merat BipoSHiLTER e Ms
103 Family |. MethanomicrobiaceaeVP Merar BupoSHiwTED Me Mr
04| Family |. Melhanopyraceae fam. nov Meran Bupobiusrao me M
105 | Family | n OpraHiuHi kucnot Metan Metanoreres  Aa

106 Family I. MethylococcaceasVP Metan
107 Family |. MicrococcaceaeAL

108 Family . MicromonosporaceaeAL

108 Family |. MycoplasmataceaeAL

110 Family | MyxocnosaceacAlL

11 Family |. NeisseriaceasAL

112 Family |. PasteurellaceasVP

113 Family |. Planctomycetaceash/P

114 Family |. PropionibacteriaceaAl

115 Family |. PseudomonadaceaeAL

116 Family |. PseudonocardiaceaeVP

7 Family |. RhizobiaceaeAL

118 Family |. RhodospirilaceasAL

119 Family |. RickeftsiaceasAL

120 Family . RubrobacteraceaeVP

121 Family |. Sphaerobacleraceae\V/P

122 Family |. Sphingobacteriaceae\VP B

1 + = |wen
Puc. 11 — 3araneHuii BUTIIsA BKIQAHOTO (ailiry Uit cucTeMu 1000py MiKpOOpraHi3MiB

OTpumaHuii OHTONOTIYHUI Tpad HaALAE MONIMBICTH BUKOPUCTAHHS (YHKIIi
(binpTpyBaHHA, a BIAIOBITHO, MOXIMBO J00OpaTH JOCTIHKYBaHUNA MIKPOOPTaHi3M
abo rpymy MikpoopraHismiB. 3araJbHUH BWIJIS[ OHTOJIOIIYHOI TaKCOHOMIi
MIiKpOOpTaHi3MiB TIpe/icTaBleHUN Ha puc. 12, a 3arabHUN BUTIISIT CHCTEMH JJ000pY
MiKpoopraHi3MiB — Ha puc. 13.

Puc. 12 — 3aranpHuii BUTTISA OHTOJIOTIYHOT TAKCOHOMIT MIKpOOPTraHi3MiB
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Puc. 13 — 3aransHuii BUTTISAA cUCTEMHU 1000pY MIKPOOPTaHi3MiB
BucHoBkn

Takum 4uHOM, 3aIPOIIOHOBAHI CHUCTEMH JIO3BOJISIOTH CUCTEMATH3YBAaTH HOIEPE/IHI
JIOCTIIDKEHHS Ta TEOPETUUHY 1H(pOPMAIIiI0 33 JOTIOMOIOI0 OHTOJIOTIYHUX TpadiB Ta
3abe3rmeunTy iH(GOpMAIiHIA MEHEKMEHT y maHiid cdepi. Po3pobneni mimxomn
JI03BOJISIFOTh AHANI3YBaTH pPE3yJbTaTH MOIMEPEIHIX MOCTIKEHb Ta TCOPETHYHY
iHpOpMaIliIo, a TAKOXK OTIEPaTUBHO MPAIIOBATH 3 IaHOIO iHQOpMaIi€to.

CIIUCOK JIITEPATYPH

1. Buxopucranus iH(GOpMAaifHUX IHCTPYMEHTIB /U1 CTPYKTypu3auii Ta Bi3yamizamii
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€.10. IMamenko, A.l. Atamacs, €.b. I1lanosanos. // HaykoBi 3anucku Masoi akanemii Hayk
VYkpainu : 30. Hayk. npaib. Bum. 7 / HarionansHuit nentp «Masa akajemist Hayk YKpaiHu»;
[penkon. : C.O. dosruii (rososa), O.€. Ctpuxak, .M. CaBuyenko (Biam. pex.) Ta in.]. — K. :
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Bui. 7), C. 20-28.
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AW. Camok, C.A. XKanau, E.b. Illanosanos, P.A. Tapacenxo. / International Scientific
Journal for Alternative Energy and Ecology (ISJAEE). — 2015. — Ne15-16. — C. 53-58.

4. JIomibHICTh CTBOPEHHSI CHCTEM OHTOJIOTIYHOTO aHaJi3y JUIs iHTerpallii HAyKOBUX 3HaHB /
I.C. Yepneupkuii, €.10. [Tamenko, €.b. llanosasos, B.b. [1lanosanos. CydacHi nmpoGiemMu
MaTeMaTHYHOTO MOJICTIOBAHHSA, IPOTHO3YBAaHHA Ta ONTHMIi3amii, 30ipHHK craTeil
M. Kam’ssaenp-IToninecekuit. — K.-I1.: Kam'saenp-Iloainbcbkuii HalliOHATBHUA YHIBEPCHTET
imeHi IBana Orienka. — 2016 — C. 75-84.

5. TadopmaniliHi OHTONOTIYHI IHCTPYMEHTH Il 3a0e3eYeHHs TOCIITHUIIBKOTO MiAXO0Iy B
STEM-naBuanni / B. b. lllanoBanos, €. b. Illanosanos, A. 1. Aramace, XK. 1. binuk. //
OOpnapoBaHi HiTH — IHTENCKTyalbHUN IMOTEHIIAN Aep)kaBH Marepianu X MixHapoIHOT
HaykoBo-TIpakTHyHOl KoHpepenuii 3—10 mumas 2017 poxy m. HYopHomopcbk, Onecbka
obmacte. — 2017. — C. 366-371.

ISSN: 2411-4049. Exonoriuna Gesneka Ta npupogokopuctyBants, Ne 3 (27), 2018



6. Hlarankun, A.M. Taxkconomms. OcHoBaHMs, NUpUHLIUNBI u mnpaBwia [Tekcr] /
A . Hlatankun. — M. : ToBapuiectso HayuHsix uzganuit KMK, 2012. — 600 c.

7. Crpwkak O.E. TpancmucuumiinapHa iHterpanis iHdopmauiiiHux pecypciB  //
ABTopedepar auceprariii Ha 3100yTTsI HAYKOBOT'O CTYIEHS JOKTOpa TeXHIYHUX Hayk. — K. —
[HcTHTYT TenekoMyHiKaliil i TodaneHOrO iH(pOpManiiiHoro npocropy HAH VYkpainu. —
2015.-42 c.

8. Google Scholar [Enextponnuit pecypc] // Google — Pexmm noctymy mo pecypcey:
https://scholar.google.com/

9. Lens.org [Enexkrponnuii pecypc] — Pesxum moctymy mo pecypey: https://www.lens.org
10. Microsoft Academic [Enextponnuii pecypc] / Microsoft — Pesxxum moctymy 1o pecypcy:
https://academic.microsoft.com/

11. Scopus [Enextponnuit  pecypc] —  Pexum  pmoctymy 1o pecypey:
https://www.scopus.com/home.uri

Cmamms naditiwna oo pedarxyii 22.08.2018

REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Chernec'kyj, I. S., Pashhenko, Y. Y., Atamas', A. I., & Shapovalov, Ye. B. (2016).
Vykorystannja informacijnyh instrumentiv dlja strukturyzacii' ta vizualizacii' naukovyh znan'
pry provedenni poperedn'ogo doslidzhennja. Scientific Notes [National Center "Junior
Academy of Sciences of Ukraine]. Series: Pedagogical Sciences, (7), 20-28 (in Ukrainian).
2. Velychko, V. J., Popova, M. A,, Pryhodnjuk, V. V., & Stryzhak, O. J. (2017). TODOS -
IT-platforma formuvannja transdyscyplinarnyh informacijnyh seredovyshh. Systemy
Ozbrojennja | Vijs'kova Tehnika, 49(1), 10-19 (in Ukrainian).

3. Saljuk, A. 1., Zhadan, S. A., Shapovalov, Y. B., & Tarasenko, R. A. (2015). Vlijanie
vodopotreblenija na jeffektivnost’ metanovogo brozhenija kurinogo pometa. International
Scientific Journal for Alternative Energy and Ecology (ISJAEE), (15-16), 53-58.

4. Chernec'kyj, I. S., Pashhenko, Y. Y., Shapovalov, Y. B., & Shapovalov, V. B. (2016).
Docil'nist' stvorennja system ontologichnogo analizu dlja integracii’ naukovyh
znan'. Suchasni  Problemy Matematychnogo Modeljuvannja, Prognozuvannja Ta
Optymizacii', 75-84 (in Ukrainian).

5. Shapovalov, V. B., Shapovalov, Ye. B., Atamas', A. |., & Bilyk, Z. I. (2017). Informacijni
ontologichni instrumenty dlja zabezpechennja doslidnyc'kogo pidhodu v STEM-navchanni.
In X Mizhnarodna naukovo-praktychna konferencija «Obdarovani Dity — Intelektual'nyj
Potencial Derzhavy» (pp. 366-371). Chornomors'k (in Ukrainian).

6. Shatalkin, A. . (2012). Taksonomija. Osnovanija, principy i pravila. Moskow:
Tovarishhestvo nauchnyh izdanij KMK (in Russian).

7. Stryzhak, O. E. (2015). Transdyscyplinarna integracija informacijnyh resursiv (Doctoral
dissertation, Institute of Telecommunication and Global Information Space of NASU)
[Abstract]. Kyiv (in Ukrainian).

8. Google Scholar (n.d.). Retrieved from https://scholar.google.com/

9. Lens.org (n.d.). Retrieved from https://www.lens.org

10. Microsoft Academic (n.d.). Retrieved from https://academic.microsoft.com/

11. Scopus (n.d.). Retrieved from https://www.scopus.com/home.uri

Text of the article was accepted by Editorial Team 22.08.2018

lanoBasioB EBreniii Bopucosnu

acripant kagenpu Exonoriunoro konTpomto HamioHanbHOro yHIBEpCHTETY XapdOBHX
TEXHOJIOTiH; HAYKOBUIl CHIBPOOITHHUK BiJIAITy CTBOPEHHS HaBYaIbHO-TEMaTHYHUX CHCTEM
3HaHp HII «Mana akazemis HayK YKpaiHu»

Anpeca podoua: 04119 Vkpaina, M. Kuis, Byi. [lertsapiscbka, 38/44

ORCID ID 0000-0003-3732-9486 e-mail: Gws0731512025@gmail.com

ISSN: 2411-4049. Exonoriuna Gesneka Ta npupogokopuctyBants, Ne 3 (27), 2018


https://scholar.google.com/

IllanoBaJyioB BikTop Bopucosnu

acmipaHT [HCTUTYTY TeCKOMYHIKAIIiH 1 T7100aTbHOT0 1HPOPMAIITHOTO TPOCTOPY
Anpeca po6oua: 03186 Ykpaina, M. Kui, YokomiBcskuii OynsBap, 13

ORCID ID: 0000-0001-6315-649X e-mail: 2429920@gmail.com

Crpu:kak OJiexkcanap €BreHoBuY

JOKTOpP TEXHIYHHUX HAYK, 3aCTYITHHUK JUPEKTOpa 3 HAyKOBOi podoTH HarioHanpHOTO IEHTpy
«Mauta akazeMist HayK YKpaiHu»

Anpeca podoua: 04119 Vkpaina, m. Kuis, By:n. [lertsapisceka, 38/44

ORCID ID 0000-0002-4954-3650 e-mail: stryzhak@man.gov.ua

Caniok Anarodaiii IBanoBu4

npodecop kadeapu xapyoBoi ximil HallioHaTEHOTO YHIBEPCUTETY XapUOBHX TEXHOJIOTIN
Anpeca po6oua: 01033 Ykpaina, m. Kuis, Byn. Bonogumupceka, 68

ORCID ID 0000-0003-3949-1962 e-mail: Salyuk2008@gmail.com

ISSN: 2411-4049. Exonoriuna Gesneka Ta npupogokopuctyBants, Ne 3 (27), 2018


mailto:2429920@gmail.com
mailto:stryzhak@man.gov.ua

UDK 621.039(58+75):622.349.5

lvan P. Drozd, D. S., Senior Researcher, Leading Researcher, Department of Radiobiology
and Radioecology
ORCID ID 0000-0002-2965-9082 e-mail: idrozdnbu@ukr.net

Institute for Nuclear Research of the NAS of Ukraine, Kyiv, Ukraine

TO THE PROBLEM OF RISK MANAGEMENT IN THE FIELD OF THE
ATOMIC INDUSTRY OF UKRAINE

Summary. The historical retrospective and modern state of the nuclear industry of
Ukraine, including the extractive and power generating industries, are analyzed.
At this stage, the most important problems are: to define future prospects for the
development of the nuclear industry; extension of the term of over-project
exploitation of nuclear power units; further decommission the NPP; managing the
spent nuclear fuel and radioactive waste.

The peculiarities of introducing a risk-oriented approach at the nuclear industry
and energy facilities are discussed: risk assessment and their management.

It is recommended to raise the level of security culture in all branches of the
Ukrainian nuclear industry and to recognize the unconditional priority of security
over other issues, including those of economic and business nature.

After the collapse of the Soviet Union there were four operating nuclear power
plants in Ukraine, as well as the Chernobyl nuclear power plant with its numerous
problems. In addition, a number of uranium industry enterprises on the territory of
Ukraine and nuclear industry management system and its regulation, requiring
significant structural and personnel reform were remained. Despite the economic
downturn and political instability in Ukraine, it was succeeded to keep the nuclear
energy potential, which is very significant issue in the presence of problems in the
fuel and energy complex.

Considering Russia's military aggression against Ukraine the need to replace
Russian nuclear fuel reactors with nuclear fuel modifications from other suppliers
has been a rose. The replacement will take several years, so to ensure safety during
the transition to fuel of a new design will be the main task for nuclear power plants
in Ukraine.

At present, about 6000 tons of spent nuclear fuel have been accumulated in Ukraine.
Part of the fuel is still being exported to Russia with the purpose of storage and
further processing, which in the future has no prospect considering mentioned
military aggression.

A large amount of radioactive waste is accumulated in Ukraine. The system of their
managing requires an improvement. In particular, the question of the choice of the
site for their deep geological disposal is not yet resolved.

Today, Ukraine independently implement sonly the first stage of the nuclear fuel
cycle — extraction of uranium ore and the production of uranium concentrate from
it, while providing only about 40% of the needs of Ukrainian NPPs.

The main tasks of risk management in the nuclear industry of Ukraine are as
follows:

- adoption of a risk-oriented approach as the basic principle of security;

- improvement of the legislative and methodological base;

- training operation and inspection specialists for atomic industry objects;

- harmonization of the basic principles of a risk-oriented approach with
international regulations.

© I.P. Drozd, 2018
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It is expedient to evaluate and analyze the risks at all nuclear and nuclear energy
facilities in Ukraine and, based on this analysis, to develop a perspective vision of
industry development.

Keywords: nuclear industry; NPP; risk; risk management; safety culture

LIL dpo3n
IactutyT snepanx nocmimkens HAH Vkpainu, m. Kuis, Ykpaina

A0 ITPOBJIEMH YIIPABJIIHHA PU3UKOM B I'AJTY 34X ATOMHOI1
IHAYCTPII YKPAIHHA

Anomayia. Ilpoananizoeano icmopuuny pempocnekmugy ma CY4acHuti cmau
amomnoi indycmpii Ykpainu, exnrouaruu 6udo0y6Hy il eHepeo2eHepYIouy 2anysi.
Ha oanomy emani naiigasxcaugiviumu npobnemamu €: 8UBHAYUMUCH 3 HOOATLUUMU
NepCneKmueamy  po3GUMKY  AMOMHOI  THOYCMpIi;  NOO0BJICEHHS — MEPMIHi6
NOHAONPOEKMHOT eKCHIyamayii amomHux enepeodioxie; nooaivuie eusedents AEC
3 ekcnayamayii; No600XCeHHA 3  GIONPAYbOBAHUM  AOEpHUM  NATUBOM |
PAOiOaKMUBHUMU BIOXOOAMU.

062080pioromvbcst 0cOOIUBOCTNT BNPOBAONHCEHHS PUUK-OPIEHMOBAHO20 NIOX00Y HA
00°€Kmax amoMHOI NPOMUCIO80CMI MA eHepeemUKU: OYIHIOBAHHA PUSUKIG U
VAPAGNIHHA HUMU.

Pexomendyemocs 6 ycix eanysax amommnoi indycmpii Ypainu niosuwyeamu pigens
Kyabmypu besnexu ma gusHasamu 0e3ymMosHull npiopumem Oe3nexu Had iHWUMU
NUMAHHAMU, Y M. 4. eKOHOMIYHO020 ma 6i3HeC08020 Xapakmepy.

Knirouogi cnoea: amomua indycmpis, AEC; pusux; ynpasninus puzuxom, Kyismypa
besnexu

Cran aTtomHoOI iHaycTpil YKpainu

ExcriepTHuil aHasi3 cTaHy aTOMHOT iHIyCTpil B YKpaiHi 1eTaabHO mpoBeaeHo B [1].
[icnsa posnany Pagsucexoro Coro3y B YKpaiHi 3aIMIIMINCh YOTUPH Air04i aTOMHI
CTaHIii 13 I SATHAAUATBMA peakTopamu, a Takok YopHoOwnschka AEC i3 ii
YUCIICHHUMH TIpoOsieMaMHu. J[o TOTo % Ha TepUTOPii YKpaiHH 3aIUIINIOCs JeKiTbKa
i IIPUEMCTB YPAHOBOI IPOMHUCIIOBOCTI 1 CHCTEMa YITPaBIiHHS aTOMHOIO TAITy3310 Ta
i perymoBaHHA, IO TMOTpeOyBanma CYTTEBOTO CTPYKTYpPHOTO Ta KaJpOBOTO
pedopmyBanns. [lporiecu pedopMyBaHHS BiIOyBajiMCs Ha T EKOHOMIYHOIO
3aHemnajy Ta MONITUYHOI HecTaOlmbHOCTI. He3Baxaroun Ha 11e, B YKpaiHi BIAIOChH
30eperTd aTOMHHUI €HepPreTUYHUI MOTEHINAl, 10 € TyXKe CYTTEBHM 3a HAasSBHOCTI
po0JIeM Y MajJMBHO-CHEPIeTUYHOMY KOMILIEKCI, SIKI OCOOJIMBO 3ar0CTPHIIMCS ITiCIs
noJliTHYHUX momii 2014 poky.

LlinkoM o4eBHMAHO, IO B HUHIIIHIN cuTyawii B YKpaini HeoOxinHO 30epertu
ATOMHUH CHEPreTUYHHMM IOTEHIla]l MNPUHAMMHI Ha JEKiIbKa HaWOIMKINX
JecaTuiTh. Jlist boro ypsiny, Oi3HeCy Ta TpOMaJICbKOCTI MOTPIOHO Oyjie BUPIIIATH
JEKiJTbKa BAXKJIMBHX IEPIIOYEPrOBUX MHUTaHb, 00 BOHM HAHOMIKYMM 9acoM He
MEPETBOPHIIMCS Ha MTPOOIEeMHU.
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IMutanus rapantyBaHHs 0e3nekn airounx AEC

B icTopii po3BUTKYy aTOMHOI €HEpPreTUKH YKpaiHu, 3a CTATHCTUYHUMU JTaHUMU
LI0JI0 TIPUPOCTY EHEProreHepyrvnX MOTYKHOCTEH, MOXKHA BHIITUTH TpU 0a30Bi
mepiomu [1].

1.1977-1991 pp. — nyxe mBuakui npupict notyxuocreit AEC —y cepennroMy
0mm3bK0 9% 3a pik.

2. 1992-2010 pp. — mepiox NPaKTUYHOTO TPUIYMUHECHHS BBEJCHHS HOBUX
MOTY>KHOCTEH 1 TOBHOTO 3yMUHEHHS po0oTH Beix O10kiB YopHOOMIBCHKOT AEC.

3. 20112017 pp. — nepioa neperipku crany oOsokiB AEC, 1o BigmparroBaiu
MPOEKTHUH TEPMiH eKCIUTyaTallii, Ta MPOAOBKEHHS iX poOOTH MOHAJ MPOEKTHHUIM
tepmid Ha 10—15 pokiB; miarorosdi podoTu mo 3uTTsA 670KiB AEC 3 excruryararii.

Ha cporonni Ha ykpaincekux AEC mpamiorote 15 simepHuX eHeproOJokiB i3
cymapHor motyxHictio 13 835 MBrT (Taba. 1).

Tabmuns 1 — ['eHepyBaHHS eneKTpoeHeprii Ha ATOMHHX €NIEKTPOCTAHIIAX YKpaiHn

AEC VYkpainu
Hassa AEC KinekicTs Ta THI 3araipHa Oco0aMBI BIIMITKH
€HeproOIIoKiB MOTYKHICTB,
MBrT
YAEC 4 PBITK-1000 4000 3HaXO,I[I/ITLC.$I" Ha CTajil 3HATTS 3
eKCILTyaTaIlfii.
Ha 2, 3-my 6mokax
ITYAEC 3 BBEP-1000 3000 BHKOPHUCTOBYIOTD MAJIHBO
Westinghouse.
Hasricte CCBAII.
V 1, 3, 4, 5-ii 6110KM 3aBaHTAKEHO
6 BBEP-1000 6000 naymBo Westinghouse.
3AEC o .
IToxerxa B kKaOeNbHIN MaxTi
y 1984 p.
KapcroBi nponecu.
PAEC 2 BBEP-440 2835 [ligroToBKa 10 3aBaHTaXKCHHS
2 BBEP-1000 nanua Westinghouse y 3-it 0110k.
Buku pamioakTHBHOT Mapu B
XAEC 2 BBEP-1000 2000 repMOTIPUMIIIICHHS. 3aruHyia 1
mroavHa (1996).

VY cymapHill CTpPyKTypi HOTYXHOCTI enekTpuuHoi reHepauii Ykpainu AEC
3aiimaroTh Juire 25%. [Ipore ocTaHHIME pokamMu BOHH BHPOOJISIIOTE 10 55% yciei
CJIEKTPUYHOI eHeprii KpaiHu.

Ha cporoani ciM i3 m’STHaausATH peakTOpHUX OJIOKIB, 10 MepeOyBaroTh B
eKCIUTyaTallii, MalTh IOJOBXKEHHHA TepMiH ekcruryaramii [2]. [Hmi nocsrHyTh
iXHBOTO PiBHS B HAWOIVKYI TPH — IT’SITh pOKiB. He3paxkarouu Ha Te, 110 OJ0BXKCHHS
TEpPMiHy eKCIUIyaTalii aTOMHHX OJIOKIB € MDKHapOAHOIO MPAKTHKOIO, € MiACTaBH
BB)KATH, III0 BOHH € MEHII HAJ[IHHUMHU, HiXK HOBI. KpiM 11b0T0, TTOJTOBKEHI TEPMiHU
EKCILTyaTallii TeX CKOPO 3aKiHYaThCS.

3Bakarouu Ha BiicbKOBY arpecito Pociiicekoi @eaeparii npotu Ykpainu, BapTo
3 PO3YMIHHSM CTaBUTHCH IO 3aMiHH B pPEaKkTOpax SACPHOro MajuBa POCIHCHKOTO
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IU3aiiHy Ha Monu(ikaiifo SIepHOro MalIMBa IHITUX MOCTAYaIbHUKIB, HATIPHKIIA
kommanii Westinghouse [1]. Ilepexin no manmBa kommanii Westinghouse TpuBatrme
JIeKiJIbKa POKiB, TOMY, ITOTIPH BC1 BHYTPILIHI Ta 30BHIIIHI 00CTaBUHH, AJIs aTOMHUX
CTaHUill YKpaiHu roJIOBHUM 3aBJaHHAM OyJle rapaHTyBaHHs O€3MeKy NPH Mepexoi
JI0 TAJIMBAa HOBOT'O AU3alHY.

Busenenns 3 excruryaTarii aTOMHUX OJIOKIB — II€ CKJIaHUH 1 TOPOTHH MpoIIec.
3rigHo 3 OLiHKAMH €KOHOMICTIB, BUTPATH IPH LBOMY CTaHOBJATH O1m3bK0 60%
KaImTaTbHUX BUTPAT Ha OYAiBHUITBO.

CrocoBro AEC, sixi MaroTh OyTH BHBeIeH] 3 ekcruryaTartii 1o 2055 p., oueBHIHO
CIIiJi 30CepelUTUCS Ha 3acHYBaHHI crenialbHOrO (OHIY, PO3poOLi KOHIIEI],
IporpaM 1 TEXHOJOTIi BUBEJCHHS 3 eKCIUTyaTalii 3 ypaxyBaHHSIM JOCBiAy KpaiH, y
SIKUX I TPOIEC yXKe BTUTIOETbCA B XKUTTA [1]. Y BupimeHHI mepepaxoBaHUX
3aBJIaHb BAXKJIMBY POJIb BiJlirpa€ Mi>KHAPOIHA CIIBIpaIls, sIKa Mae 3MIIHIOBATUCH
JUISl TapaHTYBaHHA LIIKOBUTOT O€3MEKH.

IuTaHHS MOBOIKEHHS 3 BilNPANbOBAHUM siiepHUM najuBoM [1, 3]

Ha nieit wac B Ykpaini HakommmaeHo 61au3bko 6000 TOHH BiAIpaIri-0BaHOTO SIIEPHOTO
nanuBa (BSI1), 6inbia yacTrHA SIKOTO 30€pIraeThCsl Y CXOBHINAX «BOJIOTOTO THITYY,
3a BUHATKOM 1350 TOHH, 110 epeOyBarOTh Y CXOBHII «CYXOTO THITY» 3amopi3bKoi
AEC. Hapasi yactuHa manmBa 3 peaktopiB ykpaiHchknx AEC moci BUBO3HUTBCS 3
MeTor 30epiraHHs Ta momanbiroi oOpoOku mo Pociiickkoi ®epeparii. OmHak
eHepreTHYHa cTparteris YKpaiHu BifHocHO moBopkeHHs 3 BSIl mepexbauace
peaiizalliro Tak 3BaHOTO «BIAKJIAACHOTO pillIeHHs», 3rinHo 3 skuM BAIl tpuanuii
gac (50 i Oimpmie pokiB) 30epiraTUMETHCS y BIACHUX CXOBHUIIAX 13 IMONATBIIAM
BH3HAYEHHIM MaWOyTHIX mepcrekTuB. s mporo ciimg Oyae BTITUTH B JKHTTS
MPOEKT CIIOPY/KEHHS IieHTpatizoBanoro cxosuiia BAIl y YopHoOUIBCHKIN 30HI
BiJJUy>KE€HHS, OOTOBOPEHHS SIKOTO Bi0yBaeThcs Bxke TpuBanuid vac. [yt Yipainu
BUPIIIEHHs MUTaHHS NoBopKeHHs 3 BSAII — e macammepen BUpIIICHHS THTaHHS
¢dinancoBux pecypciB. bescyMHiBHO, 0€3 MiXKHAPOAHOI JOMOMOTH PO3B’SI3aTH 1€
MUTaHHS OyJie HAITO CKJIaHO.

IuTaHHs MOBOIKEHHS 3 pajgioakTUBHUMH Bixxoxamu [1, 3]

VYkpaina nocizgae apyre micue B €Bporii 3a KUIbKICTIO HAKOIIMYCHUX PaIiOaKTUBHUX
BiaxozniB (PAB) piznoro piBasa. Cucrema noBomxeHHs 3 PAB Bumarae po3BuTKy Ta
BJIOCKOHAJICHHS. 30KpeMa, Hapa3i He BHUpIIIEHO MUTaHHS Npo BUOIp MaiijaH4yuKa
JUIsl TIIMOMHHOTO TEOJIOTTYHOTO 3aXOPOHEHHsS BUCOKOAKTHBHUX PAB i3 TpuBamum
TEPMIHOM TIOTEHIIiHOT HeOe3neku. e ogHe 3 HABAXKIMBINIMX MMUTaHb, OCKIIBKU
Bke y 2018 pomi VYkpaiHa Mae modatd 3a0MpaTH BHUCOKOAKTHBHI BIIXOIU 3
BO «Masik» (Pociiiceka depepartist), 110 YTBOPHITUCS B PE3YJITATI TIepepOOIICHHS
BianpanboBaHoro nanuea 3 peakropis BBEP-440 Pisnencbkoi AEC. Lle nutanns He
niie Oe3MeKH, ajle i eKOHOMIKH, aJKe MOPYLICHHS YMOB YO/l MOX€E NPU3BECTH JI0
3aCTOCYBaHHS MTPAQHUX CAHKIIIH.

PonoBuma ypany B Ykpaini [1, 4]

VYkpalHChbKi MOKJIaJAM ypaHy CKOHIEHTpOBaHi B  JIHIMPOIETPOBCHKIA 1
KipoBorpanacekiii obnactsix. 3 1945 p. i nonuHi ypan BugoOysanu Ha 11 pomoBumax,
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sIKI ChOTOIHI MaroTh pi3HMA craryc. Yortmpm Haiictapimux (IlepBomariceke,
XKosropiuencoke, JIeBnanoro ta bparceke) Buuepmanucs y 1950-1990-x pokax; me
tpu (CadoniBceke, CeBepuniBcbke Ta KBiTHeBe) abo 3akoHCepBOBaHi, abo He
PO3pOOIIAIOTECS Yepe3 Opak KOMITIB. AKTUBHO HUHI PO3POOIISIFOThCSE MidypiHChKE,
Baryrinceke, LlenTpansHe Ta HOBOKOCTSHTHHIBCHKE YPaHOBI POJOBHINA TOOIH3Y
KponuBHubKoro.

Huni nmepepoOky ¥ mnepBuHHe 30aradeHHsi ypaHOBoi pyau 3aidicHioe [II1
«Cxingl3K» — emnne B VYkpaiHi miampueMcTBo, mo 3abe3medye BHUAOOYTOK
NPUPOJHOTO ypaHy 1 BHPOOHMUITBO HOTO OKCHIHOTO KOHIIGHTpary. Bomno
nignopsiakoBaHe MiHICTEpPCTBY €HEPTETHKH Ta BYTUIBHOT MPOMHUCIOBOCTI YKpaiHH.

Sk Bimomo, saepHuii nanueHuid 1y (A1) B Ykpaini € HenoBHUM, i y 3B’SI3Ky
3 IIUM 3HAYHOIO MipOIO PO3BUTOK AJIEPHOI €HEPreTHKH B HasBHOMY (hopMaTi Horo
¢dbyHKUIiOHYBaHHS 3a1eKuTh Bill Pocii (puc. 1) [5]. ¥V neit uac camocTiiiHo YkpaiHa
peamizye nume nepury crazito AL — BunoOyTox ypaHOBoi pyau Ta BAPOOHUIITBO 3
Hel ypaHOBOTO KOHLIEHTpaTy, 3a0e3neuyoun Npu 1boMy juuie 0nu3bko 40% Bix
notpebu ykpaiHcpknx AEC — Omm3pko 1000 TOHH ypaHOBOTO KOHIIEHTPATy 3
HEOOXiTHUX 2,5 THC. TOHH. YBECh BUTOTOBJICHHN B YKpaiHi ypaHOBHI KOHIIEHTPAT
JI0 OCTaHHBOTO Yacy nepepodisBces B Pocii.

]
W w BupoOHHITBO | [30aradenms| [BupoGHHUTBO| | BHPOGHIITRO | | BUPOOHHLTBO
W.\ h.*.\..\.:.*\%. N UF, UF43a Upss HOBOUJKY L) TaGnetox | TBEJITa TB3
%H‘ \ ‘%ﬁ 0,
BUPOOHUILITBO BHPOOHHULITBO Bl/lp06Hlf_IllIBO
TpyOHOT LIAPKOHIEBOTO LMPKOHIEBIX
3aroTOBKH > IIpoKaTty > KOMHHeKTy[O‘H/IXD
TB3
BHPOOHHIITBO
Hep KaBIlOUMX
KOMIUICKTYIOYHUX
. A TB3
YKpaiHChKI MiAMPUEMCTBA
MOCJIYr 3apy0iKHUX KOMIaHii

Puc. 1 — CtpykTypa siaepHO-NIaIUBHOTO LUKIY Y KpaiHU
Pu3uku B aTOMHIiii mpoMuc/ioBocTi [5]

Bararo HaBuanbHUX MOCIOHKKIB, CTAHAAPTHU Ta HABITh 3akoH YKpainu "[Ipo 00'exTH
migBuIeHol Hebesnekn" [6] 0TOTOXKHIOIOTH PU3UK 3 IMOBIPHICTIO HEOaXaHOT MOIil.
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Tak, y 3ak0oHI HaBe/IeHI TaKi BU3HAYCHHS:

— "pU3UK — CTyMNiHb IMOBIPHOCTI BH3HAuU€HOI HETAaTWBHOI MOJii, IO MOXe
BiIOyTHCS y BU3HAUEHUI Yac MPH BH3HAYEHUX OOCTaBHHAX Ha TepUTOPil 00'exTa
MiABHUIIEHOT HeOE3MeKH Uu 3a HOro MeKaMI;

— YHOpaBIiHHS PU3UKOM — TIPOIEC MPUHHATTA PIilIeHb Ta 3MIHCHEHHS 3aXOiB,
CHPSIMOBaHMX Ha 3a0e3Me4YeHHs MiHIMAJIbHO MOKITUBOTO PU3HUKY."

Buknanene nae minctaBu Ui BUCHOBKY IPO IOMMJIKOBE BU3HAUEHHS MOHSATTS
PHU3UKY Y BITYM3HIHIN TPAKTHIII.

Pusuk HE0OXiHO BH3HAUYATH K 00OYMOK IMOGIpHOCMI Hebadcanoi nodii Ha
30UMOK, WO GOHA MOICE NPUHECTIU.

Konnenist mpuifHATOTO pU3UKY MICTUTH JIBI CKJIAIOBI, & CAM€ OIIHKY PHU3HUKY Ta
KEpYBaHHSI PH3HKOM.

Oyinka pu3uxy — 1€ aHajli3 BUHUKHEHHs 1 MaclTa0iB pU3UKYy B KOHKpPETHil
cutyarii. I'oiioBHe npu3Ha4YeHHA i1 — 116 BU3HAYEHHS MPIOPUTETIB Cepell CIEKTPY
HETaTUBHUX BIUIMBIB 1 B MOB'I3aHOMY 3 LIUM TOPIBHSHHI 3aCTOCOBaHUX 3aXO/IiB.
O1iHKa pU3HKY 3apPOBaKYETHCA, 00 BU3HAYUTH MPUUUHH ICHYIOUHX ITPOOIIEM.

[Iporttec po3poOKH pilieHHs PO Te, SIK yCYHYTH IPUYIHE BiATOBITHIX HEOE3IMeK,
€ KepYBanHs pUSUKOM.

Y MikHapOAHIM NpaKTHIIi MOITUPEHUM MiAXO0J0M A0 YIPABIiHHS PU3UKAMH € TaK
3BaHa «II’sTrkpokoBa cucrema» [7-9].

Kpoxk 1. Ioenmudpixauin nebesnek, wio npuzeooams 0o pusuxy. Ha mpomy
eTari MOTPiIOHO PO3MNITHYTH Ha po0OYOMY Miclli Bce, IO MOTEHIIHHO MOXKe
CIPUYMHHUTHU 3aMOisIHHS IIKOM, 1 BU3HAYUTH TMPAI[iBHUKIB, SKI MOXYTh 3a3HATH
Hebe3neku.

Kpox 2. Ouyinweanna ma «pamndicupysannay pusukie (iXx Cepilo3HICTS,
IMOBIpHICTB, PO3TIOJILT 32 BAXKJIMBICTIO).

Kpok 3. Busnauenns npesenmuenux 3axodie. Ha upomy erami HeoOXimHO
inmeHTr(diKyBaTH MiIXOASII 3aX0I1 JUTsl BUKITIOYSHHS PU3HKIB Ta YIPABIiHHI HUMH.

Kpoxk 4. Barcusanns 3axooie. Peanizallis 11bOro KpoKy IOJISTae y CKjaJlaHHI
IJIaHy peati3allii 3aXMCHUAX Ta MPEBEHTUBHUX 3aX0/1iB, BU3HAYEHHI, XTO, 1110 1 KON
KOHKPETHO POOUTH 1 SIKUMHU 3aco0aMM 3a0e3MevyeThbcsi BUKOHAHHS 3alljIaHOBaHUX
3axO0JIiB.

Kpoxk 5. Monimopune ma nepesipka. OUiHKY CIiJi IPOBOJUTH Ha PETyJIAPHIT
ocHOBi. Pe3ynpTaTy OLIHKM NMOBUHHI IEperisAaTHCA MpHU 3HAYYIIMX 3MiHaX B
opranizauii BUpoOHUITBA, a TAKOX IPH HELIACHUX BUIAIKaX.

Ouinka pu3MKYy B aTOMHiii eHepreTuui [5]

Sk Oynp-saKuii iHIIWH BeTuKuid poMucioBuii komiuieke, AEC € [kepenoM pusuky
JUIST HaBKOJMITHROTO cepeloBuia. Pu3uk 1€l MOB'I3aHWiI B OCHOBHOMY 3
BUPOOHUITBOM, YTPUMAaHHSIM 1 30€pEeKEHHAM PaJiOaKTUBHUX pedoBHH. sl TOTO
mo6 pu3uK OyB NPUNHATHUM, BIPOBA/DKYIOTHCS PIi3HI 3aXOJHM Ha BCIX eramax
xurreBoro nukinry AEC, mounHaroun 3 po3poOKH i 3aKiHUYIOUH i IEMOHTaXeM Ta
yTUITi3ali€l0 pagioaKTUBHUX BiAXOIIB.

Miporo pu3uKy B CYCHUIBCTBI MPH 3HAYCHHI PU3UKY PIBHOMY OJMHHII € IiHA
KUTTS JoAuHU. Tak mojii, y pe3ysibTari SKMX OJMH HENIaCHWH BUMANOK i3
CMEpTEILHUM PE3yJIbTATOM BiOYBa€ThCSl HAa OJUH MIJILIOH JIOAEH, 3BHUYAiiHO HE
MOMIYal0ThCS B CyCIILCTBI (iMOBipHicTs BuHMKHEHHs P = 107°), a mopii, sxi Marots
YacTOTY JIETAIBHOTO pe3yabTaty P > 10 po3HiHIOIOTECS K HElacHi BUIAIKH.
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3aKOHOIAABCTBO 0araTthO0X KpaiH, IX HOPMAaTHBHO-IIpaBoBa 0asza II0J0
eKCIDTyaTallii aTOMHHX CTaHII BCTAHOBIIOIOTH JOITyCTHMI 3HAYSHHS YaCTOT MO
3 JleTalbHUM pe3ynbTatoM y Mexax 1-10°-1-10° mopxiii y pik Ha omuu peaxrtop.
BignosigHo no HOpM pagianiiiHoi Oe3nekn YKpaiHW NpH BH3HAYCHHI BENUYMHH
PHU3UKY OINEPYIOTh TAKMMHU IOHATTSMM, SK NPUHHSATHAN PHU3MK 1 BEPXHI Mexa
IHANBIIyaIbHOTO PHU3WKYy. PiBeHp TNPUHHATHOTO PHU3UKY Ui TEPCOHATY
npuiiMaethes Ha piBui 110 3a pik, a s Hacenenus — 1-107 3a pik, BepxHs Mexa
1HVBITyaIbHOTO PU3HKY U OPOMIHEHHS 0Ci0 3 IEpCOHATY MPUIIMAETHCS Ha PiBHI
1-1033a pik, a s Hacenenns — 5-107° 3a pixk.

ExoHoMiuHMIA 30MTOK 3aKOHOJJABCTBOM HE HOPMYETHCH.

Sk mpaBuIto, SIKiCHA 1 KiIbKiCHA OIIHKAa PU3HMKIB BUKOHYIOTHCS 32 JTOTIOMOTOIO
TOTOBHX KOMI'FOTEPHHX IPOTPaM — TaK 3BaHUX IMOBIPHICHUX KOJIIB, IIIO PO3POOIICHI
JUIi  TpoBeleHHS iMoBipHicHoro anamizy Oesneku (IAB) [5]. HaiiGinbin
PO3MOBCIOIKEHUMH 3 HUX € KOJIU 3 BUKOPUCTaHHSAM MOJeNei AepeB MoAil i 1epeB
BimMOB, 30kpema IKKAS.

Ilepmmii po3paxyHOK, SIKHA BHUKOHYETbCS — L€ PO3PAXyHOK 4YacTOTHU
YIIKOJIKEHHS] aKTUBHOI 30HU peaKTOpPHO1 ycTaHoBKH, a00 IAB 1 piBHsL.

Kpim TAB-1, no imoBipHicHux aHamiziB Oesnekn AEC MOXyTh BXOIWUTH
PO3paxyHKH iHIINX PiBHIB:

IAB-2,

IAB-3,

a takox "Living PSA" — "xuBuit [AB".

[IAB-2 — Bu3Hauyae KiNBKICTh NPOAYKTIB PpaAiOaKTHBHOTO pO3Maiy, IO

BUKUJAIOTHCS, TIPH YHIKOPKEHHI YU pyiiHYBaHHI aKTHBHOT 30HU SIZICPHOT yCTaHOBKH,
130TOIMHUH CKIIaJ MPOAYKTIB PO3MaAy i OMiHKY IMOBIPHOCTEH YacTOT TaKWX MOJIiH,
T00TO IAB-2 po3rismae 3ampoexTHi aBapii.

[IAB-3 wMicTUTh aHami3 pO3MOBCIOMKEHHS PaiOaKTHBHUX PEYOBUH MPH
3aMpPOCKTHIM aBapii y 3aJ€KHOCTI BiJl METCOPOJIOTIYHHUX, KIIMAaTUYHHUX,
rigporpadivyHux i iHIIUX YMOB MPOTiKaHHS 3aPOEKTHOI aBapii. PesymeraTn [AB-3
BUKOPUCTOBYIOTHCS JJIsl PO3POOKH TUIaHY 3aXOJiB IIOJO 3aXUCTy HACEIECHHS MpH
BRKKUX aBapisix.

"Living PSA" — "xwuBmii IAB" — mepiofMYHO MOHOBIIOBAaHHN IMOBIPHICHHI
anani3 6esneku AEC. ¥V po3paxyHkax BpaxOBYIOTHCS BCi 3MiHH, 110 IIPOBEJICHI Ha
peaxTopi il Yac PEeMOHTIB 1 TEXHIYHOT'O 0OCITyrOBYBaHHS. BUKOpPHCTOBY€ETHCS IS
OIIIHKY €(DEeKTHBHOCTI MPOBEIEHNX 3aXO0JIiB 11010 OE3IeKH.

OdeBHTHO, IO /ISl TAKUX PO3PaxXyHKIB MOBUHHI OYTH 3arOTOBIJIEHI 3a37aJerilb
yC1 BUXIJHI JIaH] 1 MaTeMaTHYH1 IMOBIPHICHI MOJIJTi PO3B'A3yBaHUX 33]1a4.

Koxna AEC mo 4YWHHOMY 3aKOHOJABCTBY, SK 1 OyAb-SIKU IOTEHIIITHO
HeOe3neuHni 00'ekT, 3000B's13aHa MEePi0IUIHO HAJABATH 3BITH PO OE3IEKY, e Mae
OyTH JOBEIEHO, 10 PU3UK BEJIUKOI aBapii 3 pyHHYBaHHSIM PEaKTOPHOI YCTaHOBKH
HE IEepPEBUIIYyE IOMyCTMMHMX 3HadyeHb. Ha mpaktuimi Oesnexka AEC oriHIO€ThCS
IMOBIPHICTIO YIIKO/PKEHHS PEaKTOPHOI YCTAaHOBKM IIPH PI3HHX HeOe3MeYHuX
30BHIIIHIX 1 BHYTPIMIHIX BIUIMBAxX, TAKUX SK NajaiHHs jiTaka Ha PY, 3emierpyc,
HECTIpaIlbOBYBaHHsI 3aXKCTIB, BTpaTa yNpaBIiHHs Yepe3 3HECTPYMIICHHS, MOMKEXKI,
Te4i Tomo. 3BMYAHO po3rismarTh M0 50 HeOe3meYHWX YMHHUKIB Ha PI3HUX
pexxumax poOotu peaktopa. Po3paxyHkw iMOBIpHICHOTO aHailizy Oe3neKu
nposeneHi s AEC B ychoMy cBiTi, y Tomy urcni i juist AEC Vipainu.

Hatikpamii mokasnuku Oesneku BusiBwinch Ha AEC Snonii, xoua 1e He
yOe3neuno ix Bix 3anpoektHoi aBapii Ha AEC @ykycima Jlaiui B 2011 poi.
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3a moka3HUKOM Hebe3meuHnx aBapiit ykpaincbki AEC 0coOIHMBO HE BUAUISIOTHCS
cepen AEC inmmx kpain cBity [5]. 3a3HaunMoO, 1110 KOHIETITYaIbHI BiIMIHHOCTI Ha
nHamux AEC Bce-taku icHy1oTb. e, y mepiry 4epry, Maiuii MOpiBHIHO 13 3aXiAHUMH
yCTaHOBKaMHU pIiBeHb aBTOMATH3allii 1, BHACIIAOK LBOr0, BEIHKE 3HAYCHHS
"moncekoro uymHHWKA" s Oe3mexu. Po3paxyHkm imMoBipHOCTEH 3000B's3aHi
BpaxoBYBAaTH IMOBIPHICTh TMOMHJIKHA JIOAWHH-oreparopa. OCKITBKH yCTaJIeHHX
BITYM3HSHUX METOJHMK ypaxyBaHHS MOJIIMBUX MOMHJIOK OIepaTopa HE iCHYE,
PO3paxyHKH IPOBOIATECS 32 MeToankoro CLIA, 3 BuUKopuCcTaHHIM iXHIX 0a3 TaHUX,
10 MPHU3BOJAUTH IO MESKOTO 3aBUIIEHHS pe3ynpTaTiB. OMHAK 1€ MOKHA BBa)KaTH
JOMYyCTUMUM, OCKIUTBKM Hallli ONepaTopH, 3a OLiHKaMH 3aXigHHUX (axiBLiB, MAIOTh
Kpalily miArOTOBKY.

VY CBITOBIfl TpakTUIli TpW YMOPaBIIHHI PU3UKOM, NPUIHITO KOPHUCTATHCA
npuniunom ALARA: "Byne-sikuii pu3nK MOBHHEH OyTH 3HIKEHHUH HACTUIBKH,
HACKUIBKH e PO3YMHO JOCSDKHE".

IIpo6saemu i 3aga4i BIpoBaI:KeHHS PU3UK OPICHTOBAHOTO MiAX01Yy B aTOMHiii
raaysi Ykpainu

B VkpaiHi icHye psi 3aKOHOIABYMX aKTiB, IO PETYIIOIOTH Oe3MeKy HaceleHH i
TEPUTOPIH, TOKIMKAHUX 3a0€3MeYNTH TapaHTOBAaHUH piBeHb O€3MEeKH rpOMajTHIHA
i cycninberBa [6, 10-13]. 3akoHoAaBuI akTH nepeadadaroTh YIPOBAKCHHS PU3HK
opierToBanoro migxomay (POII), aje moku 1mo nux 3MiH HEJOCTATHBO.

JepxaBHoi mporpamu 3ade3neueHHs Oe3neku Ha ocHOBI POII B YkpaiHi 10 1iux
mip He iCHye, y MACYMKY Ha 3a0e3MedyeHHs Oe3eKH Ta JIIKBiJallilo HACiIKiB aBapii
BUTPAYarOTHCS 3HAYHI KOIITH.

OcHoBHi 3anmaui ympoBamkeHHss POIl chopmynboBani B mocranoBi Kabinery
MinictpiB Ykpainu Bix 7 motoro 2001 p. Nel122 [12] i € Takumu:

e Po3poOka Ta BIpOBaKEHHs HAYKOBO-TIPAKTHYHUX METO/IIB Ta pEKOMEH IaIliit
[IOJI0 TIEpeXOqy Ha CHCTEMY aHalli3y Ta YIpPaBIiHHS PHU3HKAMU SK OCHOBY
peryioBaHHs O€3MeKH HACENICHHS Ta TePUTOPIi.

e IlinrotoBka ™Meromuk ineHTH(IKAIii Ta OIHKKH PHU3WKIB BiJ JDHKEpeln
HaJ3BUYAMHUX CUTYAIIiM.

e [lpoBeneHHs (yHIAMEHTAIBHUX Ta NPHKIATHUX HAYKOBHX JOCITI/DKEHb 3
OLIIHKY PU3WKY Ta MPOrHO3YBaHHS BUHUKHEHHS HAJ3BUYaHHUX CUTYAITiH.

OpHak, med [OOKYMEHT BHKOHaHO He IHOBHicTI0. Tomy oOCHOBHI 3anadi
BrpoBakerHs POIL B YkpaiHi Ha meli 4ac € TaKUMH:

» npuiinaTTs POIT 0CHOBHUM JiepKaBHUM MPUHITUIIOM 3a0e3eUeHHs 0e3eKy;

» 36ip Ta anani3 ganux npo HC i3 mosutiii POTI;

» TPOBENCHHS OCBITSHCHKOI pOOOTH, 3 METOI 3MiHM CTaBJICHHs (axiBIliB JI0
ocHoBHUX npuHIHIIB POIT;

» po3po0Ka HaI[lOHAJBHOI MPOrpaMHu peryJroBaHHs Oe3rneku Ha ocHOBi POII,
IO BKIIIOYAE:

— yIOCKOHaJICHHS 3aKOHOJIAaBYO1 Ta METOJUYHOI 0a3H;

— HaBuaHHs (axiBIiB 3 ekcrutyaTamii Ta iHcnekii [THO;

— y3roJuKeHHS! ocHOBHUX npuHUuUNiB POII 3 Mi>kHapOJHUMHU HOpMaMH;

— mnoscrogue BuBueHHs npunuumnis POII y Bumiii mkoi.
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Knacudikauis puzukis

V 3B'SI3Ky 3 HasABHICTIO B JITEpaTypi pi3HUX BU3HAUCHb Ta TPAKTYBaHb PU3HKY Ta
MOB'A3aHUX 3 HHUM I[OHATH, PO3TJSIHEMO MOXJIHMBY Kilacu(iKalilo pPHU3HKIB

(puc. 2) [5].

ITo mxepesnax pHU3UKy

I TexuHoreHuui l

l.‘

Ipuponanit I

!

I Ilo BMAY A’Kepes PHUIUKY I
- CETEIN

JIIoACHKHI YHHHHUK
(pu3uk, nos’a3anui

SopnimHIA pHank
(nop’s3auil i3 sopRimHiM

BryTpimHiA prsak
(noB'sizanui 3

dYHKIIOHYBAHHAM cepefloBHINEM i He 3ANEXHTDH Bix 3 NOMMAKAMH
nignpueMcTsa) GyHKOiORYyBaHHA NiANPHEMCTBA) JIOAMHENA) |
I : I '
I ITo xapaxTepy HaneceHOro a6uTKY ]
[ ExonomMiunnit I ; I Exonoriunmnit | ' l Conjiansanit J
[ ITo poamipy abuTky l
T AR

[ IIpanycruamMni ] [ I'pannynnd (xpm‘u\muﬁ)—ll ’ Karacrpodigaui I
T |

| ITo piBHIO HeGesnexu l

IBeayuonuo npuﬁanmuﬁl I Hpnﬁﬁﬁ‘mnﬂ l I HenpuiiaTaui l

l ITo uacy snnusy ]

l KoporkocTpoxosnil l l Cepennt;oc1:poxonnﬁ I l JoBrocTpoxoBmit I

| Tlo wactori summsy |

| Pasosuik sl Nepiopwuuns | | Hocridiamit |
|\ Ei il sy ]

| Joxansmmi \\ / o |
[ Ilo MacmTaby BOAABY |

[ Imamsinyassuns | \/ [ Konexrusumir |
| Ilo CHPUANATTIO AIOABLMI |
| [oGposinehmii | [ Ipumyconuit ]

Puc. 2 — Cxema knacugikanii pu3ukis
PerenpHO TpoaHaizyBaBIIM YCi HaNpsSIMKHA aTOMHOI 1 SJIepHO-CHEPreTHYHOT

ramy3eil YkpaiHu, MU JIHIUTA BUCHOBKY, IO, 3aJIKHO BiJl HANPSMKY, OIHKY
PHU3HUKY JOIILHO MPOBOAUTH 33 PI3HUMHU MeToaMu (Tada. 2).
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Tabmwmst 2 — PekoMeH10BaHi METOAM OIIHKY PU3HUKY TS PI3HUX HAINIPSMKIB

aTOMHOT 1 /IepHO-EHEePreTHYHO rary3eil YKkpainu

HampsimMok ramysi
Bunobyrtok | BurortoBmeHHs Burorosnenns I'enepyBanHs TloBomxeHHS 3
ypaHy KOHIIGHTPAaTy TBEJIiB eIIeKTpOeHEePTii BigX0maMu
HRA HRA HRA HRA HRA
SWIFT OTP RSM AITH PHA
ALARP SWIFT ALARP HAZOP
oTP M-K

*noacHeHHa 00 maon. 2

HRA (Human Reability Assessment) — ananiz eniuey nodcvkoeo gpakmopa;

PHA (Premliminary Hazard Analysis) — nonepeouiii ananiz nebesnex;

SWIFT (Structured what if techniques) — cmpyxmyposanuit ananiz cyenapiie memooom "wjo,
axuo’”;

RSM (Reliability-Centered Maintenance) — mexniune 06cnyeogysanns, cnpsamosane Ha
3a6e3neuenns HaoiuHOCmI,;

ALARP (As Low As Reasonably Practicable) — ananiz epexmusnocmi sumpam — ananiz
“eumpamu — euzooa”,

OTP — oyinKa MOKCUKONOSITUHO20 PUSUKY,

AIIH — ananiz npuvun i Hacriokie — 00 €OHye 8 cobi ananiz depesa HeCnpagHoCcmell i ananiz
depesa nooit;

M-K — mooeniosanns memooom Moume-Kapno;

HAZOP (Hazard and Operability Study) — oocrioscenns nebesnexu i npayezdamnocmi.

Jlerko mOMITHTH, IO JJIs BCiX HAMPSIMIB aTOMHOI 1 SiIEPHO-CHEPTeTUYHOT TaiTy3i
JUTS OIIIHKK PHU3HMKY PEKOMEHIYyeThcs 3acTocoByBatH HRA-meTon (aHami3 BILMBY
JOJCHKOTO (hakTopa), i IIe He BUMAAKOBO. AHali3 aBapidl i karactpod B YKpaiHi
MOKa3ye, 110 JIOJACHKUHA (DaKTOp B YCiX BHIIQKax BIAIrpaBaB JaJeKO HE OCTAHHIO
poJib. 3ayBakKMMO, IO 1€ € XapaKTePHUM He JIMIIC s YKpaiHu, aje i Iy 1HIIMX
MTOCTPAISTHCHKUX PECITyOIIiK, /e BiMOYyBaIKNCh BElIMKiI TEXHOTeHHI aBapii. B kpainax
3axofy BIUIMB LBOTO (haKTOpa € MEHII BiJYyTHUM, L0 OYEBHUIHO MOB’S3aHO 3
BUIIMM PiBHEM KYJIbTYpH O€3MeKH Ha MOTEHIIHHO HeOe3NeuyHHX BHPOOHUITBAX.
ToMy MOXHa PEKOMEHAYBaTH ILWpLIE BIPOBAUKYBaTH KyJbTypy Oe€3leku Ha
aTOMHHX 00'eKTax YKpaiHu.

B Vkpaini 3rigno 3 KoHmeniieio ynpaBiiHHS pU3MKaMH BUHHKHEHHS
HA[I3BUYAHUX CHUTYalliii TEXHOTCHHOr0 Ta MPUPOJHOrO xapaktepy [12] 3a
PEKOMEH/I0BaHi PiBHI NPUHHATHUX PU3UKIB PEKOMEHIOBAHO BBA)KATH:

> MiHIMaIbHUI PU3KK — TAKUH IO € MEHIIUI abo popismioe 1-107;

» T'PaHUYHO JONYCTHMHUI PU3UK — TAKUH 110 € MEHIIUH a6o mpopisHioe 1107,

OueBuHO, IO 32 HAsBHOI'O CTaHy O€3MeKH B aTOMHIM Taiy3i JOCSTHEHHS
BKa3aHUX pIiBHIB NPUHHATHUX PHU3UKIB € HeMOXiIuBMM. Ha meil Bumagox B
Komnremniii 3ayBakeHo, 1110 PEKOMEHI0BaHI PiBHI JOCATAIOTHCS B 2 €TalH, 3aJIC)KHO
BiJl YMOB, III0 CKJIAJIHCS B rarysi.

Tam e 3a3HaueHO, W0 OAHMM i3 €(EeKTUBHHX MEXaHI3MIiB JEpKaBHOTO
peryoBaHHS YNPaBIiHHS PU3UKAMHU € HATTISL 1 KOHTPONb. TyT JOPEYHO 3rajaTH
PO JI€BUH METO KOHTPOJIIO, IPUTAMaHHHUK aTOMHIH rajry3i, a caMme: 3aCTOCYBaHHS
Ha o0'ekTax raiay3i KOHTPOJBHHUX DiBHIB, SIKi JJO3BOJISAIOTH €(PEKTHBHO 3HMKYBATH
JI03M ONPOMIHEHHS Ha BHPOOHHIITBI, a 3HAYMTh, I PU3UKH. Buxomsuu 3 I1bOrO,
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PEKOMEHIYEMO 3 METOIO JOCSTHEHHS PAaMKOBHX 3HA4YECHb NPHUHHATHUX PHU3HKIB
IIMPOKO 3aCTOCOBYBATH KOHTPOJIBbHI PiBHI Ha BUPOOHHUIITBI.

JoibHO OLIIHKUTH 1 pOaHaNIi3yBaTH PU3UKH Ha YCiX 00'€KTax aTOMHOI i AepHO-
SHEepreTHYHOi Tajdy3ed VYKpaiHM 1 Ha TiACTaBi LBOTO aHalizy po3poOHTH
MepPCTIeKTHBHE OaueHHS PO3BUTKY TaTy3ei.

Kpoxu 1u1st mostinimeHHsi CTAHOBHINA B si/iepHiii eHepreTuni Ykpainu [1, 13, 14]

e 3 meroro mociabneHHs 3anexHocti Bixg Pocii 30 rpyans 2014 p. Ykpaina
mignucana KOHTpakT 3 kommaHiero Westinghouse Electric Company Ha mocTaBKy
SACPHOTO MANMBa, IO TMOKJIAJI0 MOYaTOK AMBepcu(ikamii IKepen MmocTayaHHs
SACPHOTO TMalvBa 1 THM CaMHUM CTaj0 KPOKOM JI0 3HW)KEHHS PU3WKIB IMOBHOI
3aJIEKHOCTI Bif pocifickkoro MmoHomnodicta. (Kpim IliBmenno-Ykpaincekoi AEC, mo
kiaug 2017 p. micnsg MoaepHi3alii cucTeM BHYTPILIHBOTO PEaKTOPHOTO KOHTPOJIIO
nanuBo KommaHii Westinghouse maHyBanocss 3aBaHTRXUTH B aKTUBHI 30HH
eHeproOokiB NeNe 1, 4 3amopizskoi AEC).

e [lnaHyeTbcsi TIOCTYNOBE 301UNBIICHHS MOTY)KHOCTI JFOUUX PEAaKTOPIB THITY
BBEP-1000 no piBust 110% HOMiHaNBHOTO 32 paXyHOK MOAEPHi3alii peakKTOPHUX
TypOiH.

e VYxnaneHo koHTpakT 3 kommaniero URENCO Ha mocrayaHHsi 30araueHoro
ypaHy, SKHH BHKOPHUCTOBYBAaTUMETBCS Ul BUPOOHHMIITBA SACPHOTO MAlMBA IS
AEC Yxpaiau Ha mianpueMcTBi kommanii Westinghouse y IlIBerii.

e VYxianero Yromy 3 miBAeHHOKOpeHchKoto koMmaHiero Korea Hydro & Nuclear,
mo mepeadavyae CHiBpoOITHUITBO 3 MUTaHb N0OymoBH eHeproOiokiB NeNe 3. 4
Xwmenbauipkoi AEC Ta peanizanii npoekty «EHepreTnynuii mict Ykpaina — €C».

e ViiazeHa yroza 3 komnanieio Holtec International ta mocsrHyTo 3roam
Kowmicii 3 smeproro perymoBanas CIIIA mogo iHBecTyBaHHS KOIITIB Yy
OyaiBHUITBO lleHTpali30BaHOTO CXOBHWINA BiANPAIlbOBAHOTO SJICPHOTO IajHBa
(LICBHIIT), BapricTs sikoro 3pocina a0 1,4 Mipa ojapiB, TOMy BOHO HE MOXe OyTH
moOyoBaHe BUKIIFOYHO 32 OFO/PKETHI KOIITH Y KpaiHH.

BucHosku

3a HagBHMX peanii 1 B ONU3bKIH NEPCIEKTHUBI aTOMHA EHEPreTHKa YKpaiHU
3aJIMIIATUMETBCS TPAKTHYHO OCHOBHUM JDKEpesioM elleKTpoeHeprii. BomHouac
Maibke BCi aTOMHI CTaHIl HaOMIKATHMYTHCS O MEXKI CBOTO 3aKpUTTS. Tomy
BUHUKHE TMOTpeda B MPUAHATTI pilieHHS Tpo BHOIP MEPCHEKTHBHHUX JDKEPET
CJIIEKTpOCHeprii. 3 ypaxyBaHHSIM PO3BUTKY HOBOI BiJIHOBJIIOBAHOI Ta YHCTOI
CHEPreTHKH 1€ MOXYTh OyTH He aToMHI TexHoJorii. Crnopymkenns HoBux AEC i
MoJaJIbIIa X eKCIUTyaTallisi BUMaraloTh BEJIMUE3HUX BUTPAT. YKe 3apa3 3p03yMiso,
IO LiHA «aTOMHOI EHEPTeTHKI» 3 OKPUTTAM YCiX BUTpPAT (BiJ BUAOOYBaHHS ypaHy
no BuBeneHHst AEC 3 ekcruiyaTailii) € HaaATO BUCOKOMO. SIki Ta Kojau OymyTh
MPUAHATI PillIEHHS, 3aJeKUTh BiJ] KEPIBHUIITBA JepKaBU Ta rpomajicbkocTi. [Ipote
Hapasi CJIij] 30cepeIuTHCS Ha OTHOMY 3 TOJIOBHHUX NUTAaHb — FAPaHTyBaHHs Oe3MEeKH
Bci€i HassBHOT B YKpaini aToMHol rajty3i. [1[o6 11b0ro 1ocarTH, moTpioHO B aTOMHOMY
KOMIUIEKCI YKpaiHW BH3HAYMTH HEOE3Ne4Hi Micls Ta TPAaBUILHO PO3CTABUTH
MPIOPUTETH I pealtizalii MPOeKTiB, OPiEHTOBAHMUX Ha MiABUIIECHHS PiBHA O€3MeKu.
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THE EIA GAP ANALYSIS FOR THE PROJECT OF DREDGING WORKS
AT THE SOUTHERN BUG RIVER

Abstract. The transformation of the Southern Bug river ecosystem for the revival of
navigation activity has been considered in the paper from the point of indirect impacts
on the environment. The method of gap analysis widely used in various branches of
science has been applied to determine the omitted issues of the dredging works at the
river basin. The analysis has showed that despite a range of important benefits,
including promotion of agricultural and constructional materials production
development, reduction of on-land cargo traffic and growing incomes to the local
budget, the implementation of the project will cause additional negative effects, not
considered in the official process of environmental impacts assessment. The most
important problems, requiring further attention and mitigation, are intensification of
erosive processes, changes of air and water quality, transformation of river biocenosis
and climate of the area, as well as management of extracted bottom sediments.
Keywords: biocenosis; environmental impacts assessment; gap analysis; dredging
works; waste management; ecosystem transformation

Introduction

The multipurpose use of the river forms high technogenic pressure on their
ecosystem and coastal area. Considering the great importance of rivers in the
economy and life of population, the analysis of the dynamics, variability, features of
formation, and development of river ecosystems are important for the prognosis of
their condition and development of recommendations for the rational use of water
resources. Rivers are also intensively transformed for various economic purposes,
including construction of channels, hydrotechnical and water intake or discharge
structures, fishery and irrigation facilities, etc. These transformations have
significant effect on the function ability of the river ecosystem and its biotic
components, leading to increasing pollution and eutrophication.

The Southern Bug flows through Khmelnitsky, Vinnitsa, Kirovograd, Odessa and
Mykolayiv regions, which are characterized with developed industry and agriculture,
consuming river water for various purposes [1]. Therefore, the problem of
conservation and rational use of natural resources of the Southern Bug is important
at the level of 7 administrative regions and country as a whole.

© M.M. Radomska, O.V. Ryabchevsky, V.V. Vologzhanina, V.V. Kovalska, 2018
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Formulation of the problem

Until recently, the Southern Bug was used quite intensively for navigation up to the
town of Voznesensk. Currently, there are few cargo ships and no passenger piers and
navigation signs [2]. The lower channel of the Southern Bug is characterized with a
slowing flow rate, but accelerates before the mouth of the river Mertvovod and the
town of Novaya Odessa. Near the city of Mykolayiv, the width of the channel reaches
2 km and its current practically stops and numerous small islands are formed. As a
result the industrial shipping is difficult on the river.

The project of shipping activity revival at the Southern Bug has been initiated by
the company Nibulon. Their plan is to improve navigation on the Southern Bug at
the section from Voznesensk to Mykolayiv. This is a part of the investment project
"The Revival of Navigation on the Dnipro and the Southern Bug Rivers" [3].

The Southern Bug in the length of 134 km from the city of Mykolayiv to the
village of Aleksandrovka, Voznesensky district of the Mykolayiv oblast is included
in the list of inland waterways of Ukraine, belonging to the navigable category (the
list was approved by the resolution of the Cabinet of Ministers of Ukraine of
June 12, 1996, Ne 60) [1]. This project will provide the restoration of navigation at
the Southern Bug for the distance of 102.2 km between the Varvarovsky road and
the Voznesensky bridges. It involves the construction of elevators and river
terminals, creation of special fleet, development of water transport infrastructure,
including dredging works and the construction of hydro-technical structures [4, 5].
Improvement of shipping conditions at the Southern Bug is aimed at developing the
infrastructure of the region, including 11 local councils, being directly acquainted
with project. The public opinion, as well as the attitude of state bodies of executive
power (Mykolaiv State Regional Administration, Administration geology and
mineral resources of Ukraine, State environmental expertise and State sanitary and
epidemiological expertise) was positive [4]. However, numerous claims from
scientists and local NGOs insist on incomplete character of the environmental
analysis and needs additional considerations.

The main aim of the research was to identify the main environmental
consequences of dredging on the state and dynamics of natural complexes in the
lower flow of the Southern Bug.

Methods and materials

In management literature, gap analysis involves the comparison of actual
performance with potential or desired performance [6]. In other words, it is the
approach to define, how to use available resources for the best results. It is also a
common approach in marketing research, aimed at definition of the usage gap
between the total potential for the market and actual current usage by all consumers
in the market [7]. In scientific application, gap analysis is more commonly attributed
to the definition of voids and defects in spatial information, in particular borders of
various landscapes, defined from the satellite and map images [8]. In a conservation
context, gap analysis is a method to identify biodiversity (i.e., species, ecosystems
and ecological processes) not adequately conserved within a protected area network
or through other effective and long-term conservation measures [9, 10]. It has
developed over the past 15 years in response to recognition that protected area systems
of all types and in all parts of the world currently do not fully protect biodiversity [10].
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The gap analysis may also refer “gap” as the information needed for successful
performance of any project. This way it looks at two types of information needs:
information gaps and communication gaps, for example, in the plans for the strategic
development [11]. “Information gaps” represent the lack of existing data to provide
the needs of an analyst, while “communication gaps” stand for the problems and
obstacles for the transfer and exchange of knowledge between involved parties. The
results of the survey provide a plan of further research and communication efficiency
improvement [11].

Gap-analysis is the process of structuring and comparing two different situations
or states in order to determine the difference or “gap” that exists between them. Once
the “gap” is understood — and possibly also the “distance” between the states
measured or otherwise assessed — it may then be possible to identify the steps or
processes required to bridge the gap [12].

Here we offer to use gap analysis as a tool for the evaluation of the environmental
impacts assessment quality. The work, conducted for the development of the EIA
report, is often a subject for criticism from all stakeholders. The investors call down
the detailed analysis as time and money consuming, while the local communities are
more interested in benefits analysis, and scientists are notice some omitted factors
and elements of impacts, claimed to be decisive for the project to be acceptable from
the environmental point of view.

The following gap analysis is based on the best environmental practice principles
and professional judgments. It is open to discussion and suggestions are invited.
Therefore, we must note that the results are not statistically representative, but are
intended to be descriptive in nature. Nevertheless, they highlight the major
assessment gaps for the projects of this type and suggest research efforts, which
should be given priority to cover all the issues important for the environment
protection.

The current condition of the Southern Bug water

Southern Bug is the third largest river in Ukraine flowing from its central and
southern regions through the forest-steppe and steppe zone [13].

In 2004-2005, the scientists of the Vinnytsia National Technical University
called the State Water Management Commission to create a system of support for
making managerial decisions for the Southern Bug River basin using GIS
technologies [14]. According to the information provided by the Laboratory of
Analytical Control of the State Administration of Ecological Resources in Vinnytsia
Oblast, the water quality in the Southern Bug River and its tributaries, for 2003-2008,
was characterized with the following indicators: the oxygen regime was satisfactory
(the content of dissolved oxygen was within the range of 7.1 to 10, 8 mg O2/dm?3),
water hardness average (3.6-8.0 mg-eq/dm?3), pollution with organic compounds was
observed (biological oxygen demand (BODS5) fluctuated within the range of
2.11-5.4 mg O,/dm?, which 1,02-3,03 times exceeds the MPC, in all directions there
was increased iron content (2.1-5.6 MPC), manganese (1.6-4 MPC) and copper
(up to 2 MPC) [15].

In the next three-year period (until 2011), the state of the waters of the upper flow
of the Southern Bug River was characterized with predominantly water Il and Ill
quality classes, with a certain tendency to decreasing levels of chemical pollution
due to reduction of wastewater discharges [16]. The worst indicators are at the level
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"above the standard" and "very high" (16-49%) are near Yuzhnoukrainsk town,
Sliven village, Ingul river, and city of Mykolaiv [17].

The content of cesium-137 and strontium-90 is well below the permissible levels,
and the level of radioactive safety of the river is in general satisfactory [17].

The maximum concentration of nitrites is 0.30-0.52 mg/dm?®, nitrates are
5.3-9.7 mg/dm?, which are much lower than the MPC for drinking water reservoirs,
but the ammonium nitrogen content 1-1.8 MPC for reservoirs of commercial
drinking water use and 0.44-2.5 MPC for fish-water reservoirs [18].

The main negative impacts on the river water are directly related to the
uncontrolled ponds drawing down on the tributaries of the Southern Bug (188
reservoirs and 8005 ponds are located in the basin of the river) and the activity of
urban water management facilities, as well as discharges of industrial enterprises
(mainly mines and fish enterprises) [19]. But in general, the water of the river is,
according to the most chemical indicators, except BOD and color, safe (Il and Ill
quality class) at 16 main observation sites and can be used for drinking needs [19].

At the same time, the analysis of graphs of water levels fluctuation and the
dynamics of water pollution indexes shows a tendency to increasing levels of
pollution of the river with the increasing water content [16]. Given this, the issue of
preserving the water quality and the integrity of the river system of the Southern Bug
with the deepening of its channel and the potential increase in water content is
extremely relevant.

The analysis of the project activity

As it is stated by the officials of the Nibulon Company the theme of water transport
competitiveness in Europe is clear, as it is recognized to be the most economical and
environmentally friendly mode of transport. In Ukraine, unfortunately, the issue of
water transport development is still open and unresolved, as well as the
accompanying issues of the river transport arteries revival.

The company "Nibulon” found its way out from the difficult situation by
launching an investment project, the full realization of which will support the
development of agrarian and seafaring industry of Ukraine and the key waterways
of the state.

This project involves the creation of cargo fleet, the construction of transport
infrastructure for storage and shipment of grain, the reconstruction of gateways, and
the improved navigable conditions of waterways. Moreover, the presence of
significant mineral reserves in Ukraine and the Mykolaiv region in particular
(granite, sand, gravel, etc.) can provide a stable demand for cargo traffic by the
Southern Bug River [20].

In order to increase the profitability of water transport, it is necessary to ensure
the movement of ships in the Southern Bug with higher load-carrying capacity and
"river-sea” class. This will enable direct connection of the Dnipro-Bug region
seaports for the purpose of loading large vessels. The essential condition for such
changes is precisely the improvement of shipping conditions of waterways from the
city of Voznesensk to the city of Mykolaiv.

The substantiation of the need for project activity by the company “Nibulon” has
been also connected with the environmental factors. Thus, the Southern Bug 20 years
ago had a depth of about 3 m and was navigable, but from year to year the rubbing
of the river increases and at some points reaches 5 cm per year. Today, the Southern
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Bug River is a wide valley with low, reedbed waterlogged shores with relief, formed
by landslide and erosion processes, blackened bottom and widespread algal blooms.
The average depth of the river is 1.65 m, and in places - up to 1 m [5]. Every year,
the water volume is getting lower, it gets warmer, and hence the amount of soluble
oxygen in water decreases, leading to massive fish kills, development of reed, which
in turn causes stagnant phenomena and the spread of rotten bacteria. As a result, the
river gradually swamps and ceases.

The first stage of the project involved cleaning up the depths of the ship's passage
to the depths of 2.40-2.30 m. The bottom sediments extracted are accumulated in 18
shore dumps located within the territorial boundaries of three districts: Voznesensky,
Novodeisky and Mykolaiv, outside of settlements.

At the beginning of April, 2018, the Company completed the next stage of
dredging works. The work was carried out with the help of the unique self-propelled
super-heavy dredging vessel "Mykolayivets" constructed last year at the shipyard-
repair plant "Nibulon™ for the deepening of the Dnieper, Southern Bug, as well as
the water areas of ports and terminals in order to ensure the efficient operation of the
company fleet. The most important element of this stage was the removal of the
Konstantinovsky whitewater, the largest limiting rapid of the Southern Bug at the
project section. As it was planned, the guaranteed bearing depth for ships run was
increased from 2 m to 2.5 m [21].

By the middle of June the Company will to start dredging works on the Dnieper,
during the construction of new transshipment terminals of the company in
Zaporizhzhia and Dnipro regions, and in autumn "Mykolaivets" will return to
Southern Bug and complete the dredging on the site from the city of Nova Odesa to
Voznesensk, providing a depth of 2.4 m [21].

The Nibulon Company project is in the mainstream of rivers reviving practice in
Europe, aimed at restoration of natural territories, in particular by managing river
basins and creating coastal structures, which provide stabilization of the hydrological
regime in the river, improvement of the living places of aquatic organisms, promotes
formation of aesthetic and investment attractiveness of coastal areas. Such projects
have been successfully implemented in Germany, the Czech Republic, and Great
Britain today [22].

The positive results for the region, according to the Project substantiation include:

— bringing the annual volumes of transportation by the river to 1 million tons of
grain and oilseeds, and consequently the removal of 1 million tons of cargo from the
highways;

— in the long run, the river will transport up to 1 million tons of constructional
materials;

— the Southern Bug opening for investors;

— reducing the cost of cargo transportation and increasing the profitability of
freight transport by water;

— reducing the load on railways and highways and the technogenic pressure on
the adjoining environment;

— loading by the metallurgical, shipbuilding, ship repair enterprises of Ukraine
due to the demand for the construction of modern tug and cargo fleet, reloading
terminals;

— creation of new workplaces and increased budget incomes;
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— attraction of additional investments into agrarian, maritime and related
industries, stimulation of their development;

— solving the issue of creating and securing modern shipping safety conditions [4].

In order to minimize the negative impacts from the project activity on the natural
environment, the company initiated a range of mitigation activities and monitoring
process. However, the analysis of the impacts, covered by mitigation activities,
shows a range of gaps in the process of assessment.

Results and discussions

According to the EIA material, presented by the Nibulon Company, the major
impacts on the environment are limited to the deterioration of water organisms living
conditions, noise pollution and relocation of bottom sediments to the surface [23].
Thus, the degradation of hydrobiontes living conditions include temporary
degradation of water quality — increased turbidity and temperature, change of
hydrochemical conditions; and loss of some fodder species (plankton and benthos).
To address these impacts, the project included the resolution to conduct dredging
works in the non-peristal period and release of the most common fish fries into the
river, fulfilled in November, 2017 [24].

As for the noise pollution from dredging mechanisms, it was considered
moderately hazardous for local fauna. The air pollution produced by industrial
dredging equipment is also considered to be of temporary character.

As for the impacts of the exposed bottom sediments on the environment, the
company initiated the tests of the extracted material by certified laboratory to control
the level of radioactivity, reaction and content of nutrients. According to the
conclusions of the Mykolayiv branch of the State institution “Soil protection institute
of Ukraine” bottom sediments are of limited application as organic fertilizers due to
alkaline reaction, but at the same time suitable for growing perennial grasses and
forestation, as the content of nutrients is sufficient and level of natural radioactivity
is below the threshold.

However, the analysis of the project materials included in the section of the EIA,
developed by the Nibulon Company, has defined the following gaps in the
assessment, which must be considered in details and included into the plan of
mitigation activities for the project:

1. Consequences of riverbed dredging for hydrological regime of the river — this
is referred to increased flood risk, intensified coastal erosion, flow rate and discharge
changes.

2. Promotion of erosion and exogenic geological processes due to changed
hydrological regime, which creates threats to engineering structures.

3. Long-term changes of water quality, which is more prominent effect than the
exposure of bottom sediments and their accumulation on the surface: the growing
amount of suspended matter and decrease in oxygen content will increase the water
trophic status and water pollution via resuspension of bottom sediment containing
toxic substances, particularly in the river lower flow and estuary.

4. Transformation of river biocenosis, which is not limited to changes of fish
diversity and biomass and involves formation of new biocenosis and complete loss
of coastal ecosystems, threatening to a few dozens of protected species.
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5. Impacts on recreational potential — changes of riverbed parameters will
definitely reduce the possibility to conduct organized and non-organized recreational
activity.

6. Influence on the air quality, will have a long-term character as it will not be
limited only to the technical equipment emissions: emissions of new river traffic are
similar to that of heavy land transport and include number of pollutants. This is also
true for the noise pollution, which may potentially affect 22 360 people within the
impact area.

7. Hidden cost of the project — once the dredging has been started, it must be
repeated after every extreme flood, as the river silts up again.

8. Impacts on microclimate conditions due to reduction of vegetative cover,
changes of air humidity, air circulation patterns and temperature of the boundary air
layer at the contact with water.

9. Absence of sustainable practices of bottom sediments management: the
extracted material is not suitable for use in agriculture, but our research shows that
it is possible to use these sediments in the treatment of industrial wastewaters, in
particular those, containing heavy metals.

Thereby, a special feature of hydrotechnical works effect on natural complexes
is the creation within the territory of the influence of new ecosystems that have a
different qualitative and quantitative level of the cycle of substances in nature. This
adversely affects animals’ way of life and changes their seasonal migration ways,
places of watering, wintering conditions, searching for food, nesting conditions of
birds, etc. Fluctuations of water levels adversely affect the habitats of small animals
and intensify geological transformations of the territory.

The real task for the project of navigation revival is to obtain its economic gains
and benefits without destructing natural ecosystem services, provided for many years
and centuries before. In this line it is important to account the gaps mentioned above
and minimize the manifestation of dangerous geological processes, air and water
quality degradation and wild habitats destruction. We could also recommend
investing efforts in the development of recreation infrastructure and considering best
available waste management practices — this will not need high additional cost, but
on the contrary will possibly give additional revenues to the Company-investor.

Conclusions

Due to the fact that intensive economic activity is usually concentrated in river
ecosystems, they undergo strong anthropogenic pressure, causing their degradation
and destruction or significant violation of ecological links in nature. The
development of rivers resource potential is accompanied with the loss of the natural
components quality (soils and water foremost) and collides with other types of socio-
economic use, including aesthetic, landscape and recreational aspects.

The project of the Southern Bug dredging is of high economic and social
importance for Ukraine, as it will enable low-cost and efficient transportation of
goods and passengers, and provide new work places and budget incomes for local
communities. In a long-term perspective the navigating activity at this river will
become a good practice for other regions of the country and contribute to the
development of the state ship industry.
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However, the economic and environmental significance of the Southern Bug
raises requirements to the completeness and quality of the potential environmental
impacts assessment.

The gap analysis applied for the evaluation of the EIA performance quality has
showed a range of issues, missing in the assessment process. Thus, the residual
impacts, as they are mentioned in the official EIA materials on the Project, include
only temporary increased turbidity of the water and noise level, as well as formation
of sludge storage sites on the territory of local settlements. However, this approach
to the assessment of potential consequences doesn’t account impacts on
microclimate, geological processes, air and water quality, bioproductivity of
ecosystem living matter and human health (in terms of recreation possibilities
limitation and environment pollution). Separate important drawback is an absence
of the sludge management plan.

So, the approach to the assessment of potential consequences of the project was
not rigorous enough and the proposed plan needs further analysis and considerations
to reduce the intensity and diversity of the potential impacts.
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3MiCT MarepialiB, 10 HANPAaBJISIOTHCS A0 PEAaKiii, IOBUHEH BiAIOBiAaTH Npodino Ta
HAYKOBO-TEXHIYHOMY piBHIO 30ipHHKA.

KosxHa HaykoBa CTAaTTs MOBUHHA MaTU BCTYII, PO3/1JIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TAKOX aHOTAII0 1 KIOYOBi cioBa (He MEHIIE I1’ATH) TPhoMa MOBaMH (YKpaiHCHKOIO,
POCIHCHKOIO Ta aHTIIHCHKO). Takok TpbOMa MOBaMH HOAAIOTECS pedepaTH O CTATTI.

[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 KOXKHOTO OOKY, 3aJaHIM PO3MIpOM CTOPIiHOK 17x26 cM.

VYci hopmynu maroth OyTu HabpaHi B penaktopi MathType.

Imroctparii moBUHHI 00OB'I3KOBO HyMEpYBaTHCS, MAaTH KHI)KKOBY OpI€HTAIil0 i HE
MOXYTh IEpPEBHIIYBaTH 32 PO3MIpOM 3aJlaHy CTOpIiHKY (mapamerpu cTopiHku 17x26 cm
3 momsmu 2,0 cm). Tlepemnik miteparypaux mxepen odopmiserscs sriqao 3 TOCT 7.1-84
1 IOJJA€THCS 3arajlbHUM CITUCKOM Y KiHIII CTATTi 3@ YEproko MOCHIaHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBIAKA MPO aBTOPIB, /¢ BKA3YHOTHCSA Mpi3-
BHILIE, IOBHE iM’s Ta O 0ATHKOBI aBTOPIB, HAYKOBUIA CTYIIiHb, BUCHE 3BaHHsI, 110CaJIa, Ha3Ba
migpo3ainy (kadeapu) Ta oprasizaiii, 0COOMCTI JaHi KOXKHOTO 3 aBTOpPiB (ampeca, MiCTO,
Kkpaina, koHTakTHU# Tenedown, e-mail), ORCID ID.

OO00B'13KOBO CITiJ] HAJATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpexncTaBieHI B peNakililo PYKOIHMCH TPOXOMATh peTelibHEe OaraTolaHKOBe
pelCH3YBaHHS BiAMOBIMHUME (axiBIsMu 3a mpodimem craTti. SIKImo cymapHa OIliHKa
PCLIEH3EeHTIB MEHIIA 32 BCTAHOBJIEGHHH IIOPIr, PYKONMCH BIIXWIAIOThCA. ABTOpY
HAJICWJIA€ThCS BiAMOBIMHE TOBIMOMIICHHS. Matepian, OTpUMaHi BiJl aBTOpa, peHaKIli€lo He
noBepraroThes. ITicist JoonpalroBanHs aBTOp MOXKE MOJIaTH MaTepiall TOBTOPHO.

3MicT cTaTTi Ta SKICTh HamucaHHs ab0 mepekiany (YKpaiHChKOH ab0 aHTIIHCHKOIO
MOBaMH) NEperisIaloThesi KOpeKTopamu 30ipHHMKa, HPOTE BiJIINOBIAANBHICTE 32 3MICT Ta
SKICTh CTAaTTi HecyTh aBTOpM Marepianmy. [lo craTti MOXyTh OyTH BHECEHI 3MiHM
penaxuiiHoro xapakrepy 6e3 3roJu aBTopa.

Po3nin 30ipHnkKa, m0 sKOoro Oyzae BiJHECEHA CTaTTs, BH3HAYAETHCS DEAAKIIEI0,
Y3TOJDKYETBCS — TOJIOBHUM pelakTopoM abo ioro 3acTymHukoM. OcCTaTOYHHI BHCHOBOK
o0 myoJtikanii MaTepialliB CXBaJIFOe peAakiiiiHa Koeris 30ipHuKa.

EnexTtponna Bepcist 30ipHHKa, paBuia oGOPMIIEHHS Ta BUMOTH JI0 CTaTed MICTAThbCS
B [HTepHeTi Ha caiiti http://www.es-journal.in.ua, sikuii CHCTEMATUYHO OHOBIFOETHCS.

30ipHUK HayKOBHMX Npallb TakoX NpeJcTaBiIeHHi Ha caiTi HamionanbHoi 6i6mioTexu
Vxpaian im. B.I. Bepraacekoro, Ha caifti [HCTHTYTY TenexoMyHikamid i rio6aabHOTO
inpopmaniitnoro mpocropy HAH Vkpainm http://itgip.org/ y posmini «BunaBHuua
TiSTBHICTHY» Ta Ha caidTi 610mioTekn KHiBChKOTO HAIIOHATBHOTO YHIBEPCUTETY OYAIBHUIITBA
i apxitexktypu http:/library.knuba.edu.ua/node/883.
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