


MiHicTepcTBO OCBITH | HAYKH YKpaiHu

KuiBcbKkuii HaioHaILHUM YHiBepcuTeT OYAIBHMITBA i apXiTeKTypH

HanionanbHa akanemisi Hayk YKpaiHu

IncTuTyT TesIekOMYHiKaWiil i ri06aabHOro iHpopmaniiinoro mpocropy

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

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

EKOJIOTTYHA BE3IIEKA
TA HIPUPOJOKOPUCTYBAHHA

ENVIRONMENTAL SAFETY AND
NATURAL RESOURCES

36ipHuUK HAyKOBHUX NMpanb
Bumnyck 4 (40), xoBTenb-rpyaens 2021 p.

3acHoBanwmii y 2008 p.
Buxonuts 4 pa3u Ha pik

Academic journal
Issue 4 (40), October-December 2021

Founded in 2008
The journal is published 4 volume a year

KHIiB 2021

KY1V 2021



PEJAKIIITHA KOJIETISI

I'onoBHuii penakrop: O.M. Tpopumuyk, a-p TexH. HayK, npod., wi.-kop. HAHY
3acTtynHuK rojioBHoro peaakropa: O.C. Boaomkina, 1-p TexH. HayK, Tpod.

Yuienun peakoJierii:

buuyenox M.M., 1-p TeXH. HAyK Ouiitank O.51., n-p TexH. HayK, npod.,
Boiiko LIL., 1-p Texs. HayK, mpod. qi.-xkop. HAHY

Hosruii C.O., 1-p ¢i3.-mMar. HayK, pod., Mapaummu B.1., 1-p Teon.-MiH. HayK, mpod.
akagemik HAHY Hpuiimak O.B., 1-p TexH. HAayK, TPOd.
Kamox FO.1., n-p TexH. HayK, mpod. Pyabko I'.1., 1-p TeXH. HayK, I-p TEOJ.-MiH.
Kaunncokuii A.B., 1-p TexH. HayK, mpod. HayK, J-p Te0oTp. HayK, mpod.

Kop:xnes M.M., 1-p reon.-MiH. Hayk, ipo¢.  TpucHiok B.M., 1-p TexH. HayK

Koueros I'.M., 1-p TexH. HayK, npod. Axosaes €.0., 1-p TeXH. HaAyK

Kpusoma3 T.L., 1-p TexH. HayK, mpod.

MDKHAPOJHA PEJAKIIITHA PAJIA

M.-H. Banepi, npodecop, Ionbina M.I'. MycradaeB, 1-p arpapHUX HayK,
H. Kacarui, mpogecop, Itamis qireH-kop. PAE, Aszep0aifmkan

H. Mapreeaamsiii, PhD, Acrpanis S. MekyTin, npodecop, [Tonpma

. MinTep, mpodecop, BennkoOputanis Hiur Jly, npodecop, Kurait

A. Mimo, nocnigauk, @paHiis I'. Cobuyk, npodecop, [Tompmma

PexomennoBaHo 110 ApyKy BueHoro panoro
KuiBChKOro HalliOHaJIbHOTO YHIBEPCUTETY OY/IIBHHUIITBA 1 apXITEKTYpH
(mpotokon Ne 46 Big 20.12.2021 p.)

30ipHUK HAYKOBHX Ipallb BKItOueHO 110 [leperiky HayKoBUX (axoBUX BHIAaHb Y KpaiHU
(xateropis "B"), B SIKMX MOXYTh ITyOJIIKyBaTHCS Pe3yIbTaTH AUCEPTAMIHHUX POOIT HA
3100yTTS HAYKOBHX CTYICHIB JOKTOPA 1 KaHAW/AATa HAYK 3a HAIPSIMOM «TEXHIUHI HAyKn»
(Haka3 MinicrepcTBa ocsiTu i Hayku Ykpaiuu Bix 02.07.2020 Ne 886)

OCHOBHI TEMATHWYHI PO31JIN 3BIPHUKA

e Exororiyna Ge3neka o [HopmariitHi pecypcu Ta CUCTEMH
e OCHOBHU MPUPOIOKOPUCTYBAHHS o JluckyciitHi MOB1TOMJICHHS
AJIPECA PEJAKIIII CBioUTBO TPO JEPXKABHY PEECTPAIIIO

03186, m. Kuis, HokoumiBchkuii OyibB., 13, KB Ne 14146-3117 P Bix 27.05.2008 p.
[HCTHTYT TenmexkoMmyHikamiil i rmoGarsHOTO
inpopmanirinoro npocropy HAH Ykpaian

Tenedonu: (044) 245-87-97 Enextponna Bepcis 30ipHuka B IHTEpHETI
(044) 524-22-62 http://www.es-journal.in.ua ykpaincbkoro
E-mail: e.voloshki@gmail.com Ta aHTTHCHKOI0 MOBAMHU

(1)
@ 5Y Creative Commons «Attribution» 4.0 WorldWide



~3~

3MICT

EKOJIOI'TYHA BE3ITEKA

Hosruii C.O., Komniiika O.B., Ko3zaos O.C.

CuHTe3 1H(QOpPMAIIHHO-TEIEKOMYHIKAIlIHHIX MEpeXK AaBTOMATH30BAHHUX
cucTeM  eKojoridHoi Oe3mekd 3 METOI  OTPHMAaHHS  HalOuIbIIOl
3aBaZOCTIMKOCTI P 3aJAHIH SPEKTHBHOCTI. ... .euereneeenetenieaneeanenennn.

CHexkin 10.@., Ilerpora 7K.O., Hosikosa F0.I1., [TeTpoB A.l
HInsaxu yTuiizamii 3acTapiinX MyJIOBUX BiKJIQJACHb HA TATTHBO. ... .. ....n.....

KpaBuenko M.B., Bosomkina O.C., Bacuienko J1.O.
3acTocyBaHHS METOJy 3BOPOTHOTO OCMOCY JISl JOOYUCTKH MUTHOT BOJH. . .... ..

'nymenko P.O., Tkauenko T.M., MisieiikoBcbkuii B.O.
EdextrBHe BigBeneHHS MOIMIOBOI BOAM 3 JIOPIT ITOIMOBHMH CaIaMH-CMyTraMHu
Y KOHIIETIITIT MICTA-TYOKH . ...\ vt uttententsentsaneeneeaneeaseeseaeeaneeaeeansannens

OCHOBH TPUPOJOKOPUCTYBAHHA

bacox Bb.l.,, TI'onuapyk C.M., Ilpuemyenxko B.Il., JIucenko O.M.,
Bepemiituyk I'.M.

JlocmipkeHHsT TEIUIOTEXHIYHUX XapaKTEPUCTHK POOOTH MOOYTOBOIO KOTJA
3 MEXQHIUYHUM MEJCTHUM TATBHUKOM. .. .\ vessensensansensansensensensansensansans

Stefanyshyn D.V.
Probability assessment of the Kyiv reservoir overflow.............................

Moxpuii B.I1., ITerpymka I. M., lixkymens E.A.
BinHOBNEHHS  TPaHCKOPAOHHHMX  YKPaiHCBKO-NIOJIBCBKUX  TE€XHOTCHHUX
TepuTopiit Po3Touds hiTOMENiOpPATHBHIMH METOJAMH. ... ..'ueeneeneeneeneennnnns

Carin 1.B., [Tanyenko O.C.
YI0CKOHAJIGHHST METOJIOJNOTIT  JOCIKEHHS.  MOP(OJIOTIYHOIO  CKJIaay
NMOOYTOBHX BiJIXOJIIB 3 YPaxXyBaHHIM CTPATHMIKAIIT. .....ouveeeneeeneneaninen.n.

TH®OPMAIIIMHI PECYPCH TA CUCTEMHA

Cemko B.B., Cemko O.B.
HocnimkenHss nporieciB  (yHKI[IOHYBaHHS OOYHCITIOBAHOTO CEPEIOBHIIA
€JIEMEHTIB 0€3/IPOTOBUX CEHCOPHHIX MEPEIK . ...t nrerenrennennennennenneenennennnn

Ilerpouenko O.B., Ilerpouenxo B.I.
AHami3 TEpMIHOJOTIYHMX BU3HAYEHb CTUXIMHHUX SBHIN, IIOB’SI3aHUX
3 MIJBUIIEHHAM PIBHS BOJIU Y BOJOTOKAX Ta 3aTOIUICHHIM TEPUTOPIH............

Bamenko B.M., Kopayoa L.Bb., ’Kykosa O.I'.
TexHoyoriuni Ta eKcIUlyaTamiiHi ocoOnuBocTi  peakTopie  AP-1000
ITokominns I+ Ta Manux MomynbHUX peakTopiB MP-160........................

JO BIHOMA ABTOPIB. ...

21

32

46

60

73

100

110

121

139



CONTENTS

ENVIRONMENTAL SAFETY

Dovgiy S.0O., Kopiika O.V., Kozlov O.S.

Synthesis of information and telecommunication networks of automatized
environmental security systems with the purpose of gaining maximum noise
resistance with a given efficiency................c 5

Sniezhkin Yu., Petrova Zh., Novikova Y., Petrov A.
Ways of disposal of objective fuel sediments for fuel............................. 21

Kravchenko M.V., Voloshkina O.S., Vasylenko L.O.
Application of the reverse osmosis method for the purification of drinking water 32

Hlushchenko R.O., Tkachenko T.M., Mileikovskyi V.O.
Efective drainage of rainwater from roads by rain garden-strips in the concept
Of the City-SPONGE. ....v e 46

NATURAL RESOURCES

Basok B.l.,, Goncharuk S.M., Priemchenko V.P., Lysenko O.M.,
Veremiichuk H.M.

Research of thermotechnical characteristics of domestic boiler with
amechanical pelletburner. ... ... 60

Stefanyshyn D.V.
Probability assessment of the Kyiv reservoir overflow............................. 73

Mokryi V., Petrushka I., Dzhumelia E.
Restoration of cross-border Ukrainian-Polish man-made territories of
Roztochia by phytomeliorative methods. ..., 100

Satin 1.V., Panchenko O.S.
Improving the methodology for analyses of the morphological composition of
municipal solid waste with stratification approach................................. 110

INFORMATION RESOURCES AND SYSTEMS

Semko V.V., Semko O.V.
Research of functioning processes of wireless sensor networks................... 121

Petrochenko O.V., Petrochenko V.I.
Analysis of terminological definitions of natural phenomena associated with
rising water levels in watercourses and flooding.................ccooeiinenne. 139

Vashchenko V., Korduba I., Zhukova O.
Technological and operating features of the AR-1000 reactors Generation 111"
and small modular reactors MR-160............cooviiiiiiiiiiiiiieeeeeae 149



~5~

EKOJIOI'TYHA BE3IIEKA
ENVIRONMENTAL SAFETY

VIIK 004.735

Stanislav O. Dovgiy, Member of the National Academy of Sciences of Ukraine, D. S.
(Computer science), Professor, Director-organizer
ORCID ID 0000-0003-1078-0162 e-mail: s.dovgii@gmail.com

Oleh V. Kopiika, D. S. (Computer science), Head of a department
ORCID ID 0000-0003-0189-3915 e-mail: okopiyka@gmail.com

Oleksii S. Kozlov, Postgraduate student
ORCID ID 0000-0003-1889-3153 e-mail: alexey.ua84@gmail.com

Institute of Telecommunications and Global Information Space of NASU, Kyiv, Ukraine

SYNTHESIS OF INFORMATION AND TELECOMMUNICATION
NETWORKS OF AUTOMATIZED ENVIRONMENTAL SECURITY
SYSTEMS WITH THE PURPOSE OF GAINING MAXIMUM NOISE
RESISTANCE WITH A GIVEN EFFICIENCY

Abstract. The article defines the system features, properties and characteristics of
information and telecommunication networks of automated environmental safety
systems: information reliability and proven efficiency as a fundamental
characteristic of system perfection. The main task of this research is to standardize
the highest level of information and telecommunications networks architecture that
provide the creation, processing, storage, deletion and transportation of
information. In this case, the architecture is considered as a single for: all types of
networks (including network services): optical transport network, Internet network
(data network), fixed telephone network, mobile network and all types of products,
customers, services, resources, aspects of management. A very important
requirement is that the system architecture should not change when changing the
structure of products, market requirements or the structure of the company.
Standardization of information systems architecture involves: defining a complete
list of architecture components; determination of functional boundaries of
components; definition of interfaces (protocols) of interaction of components. The
main purpose of architecture standardization is: to reduce the implementation of
telecommunications services by reducing the time for implementation and
modernization of information systems, and increase the efficiency of implementation
of information systems, as well as reduce costs for their creation and operation by:
avoiding duplication of functions; use of open interfaces; repeated use of the same
type of elements. The research concerns the structural synthesis of the architectures
of four main telecommunication networks: transport, IP, mobile and fixed. Eight
sets of network resources (levels) were selected to standardize each network

© C.O. Hosruii, O.B. Komiiika, O.C. Kosmos, 2021
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architecture. Based on the results of the analysis, it is possible to draw a conclusion
about the development potential of each network depending on the trends of modern
telecommunications services. The telecommunication services means of production
architecture, which include platforms of network resources and network services, is
considered. The article proposes a methodological basis for the synthesis of
information and communication technology systems in order to establish a single
information platform, which is presented as a universal architecture of information
and communication systems. The messaging service is considered in the context of:
one workstation, one domain and interconnection between domains. The efficiency
of information transmission systems is considered. When evaluating different
communication systems, two indicators were taken into account: efficiency and
noise immunity; their combination gives a fairly complete description of the system.
The most perfect system is the one that provides the greatest efficiency at a given
noise immunity or, conversely, the greatest noise immunity at a given efficiency.
Keywords: system architecture; IT-infrastructure; standardization and unification;
telecommunication and IT field

C.0. Josruii, O.B. Komniiika, O.C. Ko3/i0B

[HCTHTYT TenekoMmyHikaliii 1 rmobansHOro iHMopmauiiinoro mpocropy HAH VYkpaiuu,
M. Kui, Vkpaina

CHUHTE3 IHOOPMAILUMHO-TEJTEKOMYHIKAIIMHUX MEPEK
ABTOMATHU30BAHUX CUCTEM EKOJIOT'TYHOI BE3IIEKU

3 METOIO OTPUMAHHS HAUBLJIBIIOI 3ABAJTOCTIHKOCTI
ITPU 3AJIAHIN EGEKTUBHOCTI

Anomauia. B cmammi e6usnauaromocsi cucmemHi O03HAKU, GLACMUBOCMI 1l
Xapakmepucmuku iHpopMayitiHo-meneKOMYHIKAYIUHUX Mepedlc A8MmOoMamu308aHUX
cucmem  ekonociyHoi  besnexu: iHgopmayiiina Haldllinicme ma  O0osedeHa
epexmusHicmy, AK PYHOAMEHMATLHA XAPAKMEPUCTNUKA OOCKOHAOCMI CUCTEMU.
OcHosne 3a80aHHsI OaHUX O0O0CHIOdNCeHb — UYe CMAHOAPMU3ayis BUW020 pIGHs
apximexmypu iHOpMayiliHo-MeneKOMYHIKAYTUHUX Mepedic, Wo 3abe3neuyioms
cmeopenns, 06pobKy, 30epicanns, GUOANEHHs | MPAHCHOPMYBAHHS THPOPMAYIL.
Ipu yvomy, apximexmypa po321a0aemvbcs 8 AKOCMi EOUHOI OA YCiX MUNi8 Meperc
(6xntoyaiouy mepestcedi nOCiyau): onmuuHa mpaHcnopmua mepedica, Inmepnem
Mepeodica (Mepedica nepedadi 0anux), Qixcosana mene@oHHa Mepedca, mepedica
MOOIbHO2O 36'3Ky ma ycix munie npoOYKmIis, KIIEHMIG, MNOCIye, pecypcis,
acnekmie ynpaeninHs. [yaice 8adciugor0 6UMo20io € me, Wo apximexmypa cucmem
He NOBUHHA 3MIHIOBAMUCS NPU 3MIHI CIPYKMYpU NpOOYKmMi8, 6UMOZ PUHKY ab0
cmpykmypu xomnanii. Cmandapmusayis apximexmypu iH@opmayiinux cucmem
nepedbauac: GU3HAYEHHS HNOBHO20 NEPeNiKy KOMHOHEHMI6 apXimeKmypu,
BU3HAYEHHS (PYHKYIOHATbHUX KOPOOHI8 KOMNOHEHMIB, 6U3HAYeHHs inmepgelicie
(npomoxkonig) 83aemo0ii Komnonenmis. OCHOBHOIN Memolo cmanoapmuzayii
apximexmypu €: CKOPOYEHHs MEPMIHIE GNPOBAONCEHH MENeKOMYHIKAYIIHUX
nocuye, 3a pPAaxyHOK 3MEHUleHHS 4acy HA 6NPOBAON’CEHHA mMd MOOepHi3ayit
inpopmayitinux  cucmem, i RIOBUWEHH — eEKMUBHOCMI  BNPOBAVINCEHMHS
iHGopmayitinux cucmem, a MAKOMC 3MEHUWIEHHA SUMPAm HA iX CMBOpeHHA |
eKCNIyamayiro 3a pPaxyHoK: HeOOnyujenHst 0yOm06anHs QYHKYIU, 3ACMOCYBAHHS
8iOKpumux inmepghelicie; bazamopaso8020 3aCMOCYS8AHHL OOHOMUNHUX eeMEeHMIB.
Jlocnioscennss cmocyemuvcsi CmMpyKmypHo20 CUHmMe3y apXimexkmyp HOmupbox
OCHOBHUX MENeKOMYHIKayitinux Mepedic:. mpancnopmuoi, IP, mobinbnoi ma
@ixcosanoi. /s cmanoapmuszayii KoxcHoi mepedicesoi apximexmypu 0y10 00paro
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gicim Habopie mepedcesux pecypcie (pienie). Ha ocnogi pesynomamie ananisy
MOCHA 3pOOUMU BUCHOBOK NPO NOMEHYIAN PO3ZSUMKY KOICHOI MepediCi 3aNeHCHO
8i0 MeHOeHYill CYUACHUX mereKOMYHIKayiiHux nociye. Poszenanymo apximekmypy
3acobi6 UPOOHUYMBA MENEKOMYHIKAYIUHUX NOCTY2, AKI GKII0UA0Mb Naamgopmu
Mepedicesux pecypcie ma mepedicegi  nociyau. Y cmammi  3anponoHo8amo
Memooono2iuny 6a3zy 01a cunmesy cucmem IHGOOPMAYIIHUX MA KOMYHIKAYIUHUX
MEXHON02IL 3 Memol CMEOpeHHs €OuHoi IHpopmayitinoi naamgpopmu, Axa
npeocmaesiena sAK YHIBEpCanibHA apXimekmypa IH@OOpMayiliHO-KOMYHIKAYIIHUX
cucmem. Posensnymo cepgic 0dminy nogioomienv 6 pospisi. 00Hozo APM, oonozo
O0oMeHy ma iHMmepKoHHeKNY Midc domenamu. Posenanyma egpexmusuicms cucmem
nepedagants iHgopmayii. OyiHiorOuU pI3HI cucmemu 36 3Ky, 6pAX08Y8daiu 08d
NOKA3HUKU: eheKmMUGHICMb [ 3a6A00CMIUKICMb, IX CYKYRHICMb 0a€ 00CMAMHbO
nOGHYy  Xapakmepucmuky — cucmemu. Haibinbus  0OCKOHANOW — CUCIEMOIO
88adICAEMbCA MAKA, AKA 3abe3neuye Haubitbuy egexmusHicms npu 3a0aHil
3asadocmitikocmi abo, HABNAKU, HAUOLILWLY 3a8A00CMILKICMb NpU 3a0aHil
epexmusHoCmi.
Knrwowuosi cnosa: cucmemna apximexmypa; IT-ingppacmpyxmypa, cmanoapmusayis
ma yHigixayia;, merexomynixayiuna ma IT eanysi

DOI: https://doi.org/10.32347/2411-4049.2021.4.5-20

Beryn

ABTOMAaTH3AIISI ONKCY€E MUPOKUHN CIIEKTP TEXHOJOTIH, IO 3MEHINYIOTh BTPyYaHHS
moauHu y mpouecH. Lle mocsraeThcs MUIIXOM aBTOMAaTH30BAaHOTO BHU3HAYCHHS
KpUTEPIiB MPUHHATTSA pillleHb, 3B'A3KIB MiX MiANpOIEcaMyd Ta BiANOBIAHUX [ii,
peamizoBaHWX Yy TmporpamMHoMy 3abe3meueHHi [l-5]. HoBuMm TtexHONMOTIYHEM
cTpuOKOM OYJI0 TIepeBeIeHHS 3ac00iB aBToMaTH3aIlii 10 Jara-mentpis [6-11].

Hara-nienTpu B YKpaiHi i cBiTi novyanu po3suBatucs 3 2000 poxy. Takwuii mizHil
nepiog BukopucTaHHS JlaTa-IIEHTpiB OOYMOBIICHHII BiJICTaBaHHSAM PO3BHTKY
Cy4acHOI TPaHCIIOPTHOI iHPPACTPYKTYpH.

[NepmmMu KiTiEHTaMU HEHTPai30BaHOT 00pOOKH, 30epiraHHs i pO3MOBCIOIKEHHS
iHdopMartii Oy miAMpHEMCTBA rany3i TEIEKOMYHIKaIliid, HaQToBOI i Ta30Boi cdep,
0aHKM Ta 1HII CHIOXXUBAYi, SKi MOYAJIA aKTUBHO BIIPOBAKYBATH B CBOIO isUTHHICTh
iHdopMarlifini TexHosorii. 3 mIMHOM 4acy JlaTa-lIleHTpU CTalld KOPUCTYBaTHUCS
BEJIMKOIO TIOMYJISIPHICTIO, 1 CBOTO/HI CIOCTEPIracThCsl CHpaBkHIM «Oym» iX
OyxiBHuITBa. TOMY, aBTOMAaTH30BaHI CHCTEMHU E€KOJOTIYHOI O€3IMEKH TaKOXK CTajH
BUKOPUCTOBYBaTH pecypcu Jlata-ieHTpiB. OcTaHHIM 4acoM OCHOBHHUM (DaKTOPOM
nepexojay A0 UEHTPaTi30BaHOTO BHKOpUCTaHHS IT-pecypciB € MOIIUpEeHHS
«XMapHHUX» TEXHOJIOTIH.

[Ipn uboMy BHHHKAaE NMEpPCIEKTHBA HE TIJIbKM NepeHeceHHs cepBepiB B [ara-
LIEHTPH, a ¥ MojepHizaiii Beiei IT-indpacTpykTypH B LiIOMY.

OcHOBHe 3aBIaHHsS NaHHMX IOCIIPKEHb — II€ CTaHIAPTH3allis BUIIOIO PIBHS
apxiTekTypH iHopmauiiHo-TenekoMyHikauinHux Mepex (IKM) aBTomarnzoBanux
CHCTEM EeKOJIOTIYHOT Oe3IeKu, Mo 3a0e3nevuy0Th CTBOPEHHS, 00poOKy, 30epiraHHs,
BUJIAJICHHS 1 TpaHCopTyBaHHs iHpopmarii [12—16].

[Ipu npomy Apxitektypa IKM (Hazami, ApxiTeKkTypa) pO3IisiIaeThesl B AKOCTI
€IUHOI JUIA:

— BCIX THIIB MepeX (BKIIIOUAIOUYA MEPEKEB1 TTOCITYTH): ONTHYHOI TPAHCIIOPTHOT
Mepexi, [HTepHer Mepexi (Mepexi mepemayi maHux), ¢ikcoBaHoOi Tene(OHHOI
MEpEexKi, Mepeki MOOLTLHOTO 3B'SI3KY;

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponoxopucrysanss, Ne 4 (40), 2021
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— BCIX THITIB TPOMYKTIB, KII€HTIB, MOCIYT, PECYPCIB, ACIEKTiB YIIPaBIiHHSI
KOMIIaHi€ro i 613HeCOM KOMIIaHii.

HdyXe BaXIMBOIO BUMOIOI0 € Te€, M0 ApXITEKTypa CHUCTEM HE IIOBHHHA
3MIHIOBATHCS TIPH 3MiHI CTPYKTYPH NPOAYKTIB, BHMOT PHHKY a00 CTPYKTypH
KOMIIaHii.

CrannmapTusalist apxiTeKTypH iHQopMaliiiHUX CHCTEM Nepeadayac:

— BU3HAYEHHS TIOBHOTO TEPENTiKy KOMIOHEHTIB apXiTeKTypH,;

— BU3HAYEHHS (YHKI[IOHAJTHHUX KOPAOHIB KOMIIOHEHTIB,;

— BU3HAYCHHS iHTEpdeHCiB (TPOTOKOIIB) B3a€MO/Iii KOMIIOHEHTIB.

OCHOBHOIO METOI0 CTaHAApPTH3aLii apXiTeKTypu €: CKOPOYCHHs TEpPMiHiB
BIPOBA/KCHHS TEJNICKOMYHIKaiHHAX TOCIYT, 32 PaxyHOK 3MEHIICHHS dacy Ha
BIIPOB/DKEHHST Ta MOJEpHi3alifo iHpOpMaliiHUX CcHCTeM, 1 WiJABUIICHHS
e(eKTHBHOCTI BIPOBAKEHHS 1HQOPMAIIfHUX CUCTEM, a TAKOK 3MEHIICHHS BUTPAT
Ha IX CTBOPEHHS 1 eKCILTyaTaIliio 3a paxyHOK:

— HeIOMYIICHHS AyOItoBaHHS (hyHKITIH;

— 3aCTOCYBaHHS BIIKPUTHX 1HTEpQEICiB;

— 0araTopa3oBOro 3aCTOCYBaHHS OJHOTHITHUX €JIEMEHTIB.

Y mpomeci OCHiKEHh BCTAaHOBIIOETHCS  BIANOBIMHICTH  APXITEKTYpH
3araibHONMPUAHITAM CTaHJapTaM 1 KOHLENMisM B TeJekoMyHikamiiuid i IT
obnactax (NGOSS, TM Forum eTOM, TAM, SID, SDF, ETSI TISPAN Ta iu.).

Bci indopmariiini cucTeMr TIOBHHHI BIATIOBiZaTH Ha BCIX e€Tamax CBOTO
PO3BHTKY 1 €KCIUTyaTallii HACTYITHUM KPUTEPIsM:

— Bci HOBI cuctemu (abo iX YacCTHHM) MOBHHHI CIIBBIIHOCHTHCS 3 TICBHUM
KOMIIOHEHTOM apXiTeKTypH (TOOTO MaTH YiTKY BiAMOBIIHICTh (PYHKIIOHATBHOCTI) 1
MaTH TI€BHI BIIKPUTI iHTEepdeiicu (B mepury uepry, GyHKI[IOHATIbHI).

— Bci icHyroui cuctemu (200 iX 4aCTHHHW) IPU HEOOXiTHOCTI PO3BUTKY (PYHKITIH
MMOBUHHI MOIM(IKyBaTHCS BiAMOBIAHO JO BUMOT 10 ApXITEKTypH, aHAJIOTIYHO
HOBHM.

— IcHyroui cucremu, siki He TOTPEOYIOTh (YHKIIOHAIBHOTO PO3BHTKY,
3000B's13aHi MEPEUTH Ha TEBHI BIIKPUTI iHTepdeiich B pa3i HasIBHOCTI B3aEMOZIT
3 HOBUMH 200 MOIM(hiKOBAHUMH CHCTEMaMH.

IInardopma MepexkeBUX pecypciB

[ndopmaniitno-renekomynikamiini mepexxi (ITM) mnpeacraBneni y Burisai
CKJIaJIHOT OpraHi3alliifHO-TEXHIYHOI CTPYKTYpH, IO mepeOyBae B JAMHAMIYHOMY
CTaHi Ta 3a0e3meuye BUPILLIEHHS 3aBAaHHs 0OpoOKH iHpopManii i HagaHHS MOCTYTH
13 3amanoro skictio [17, 18]. Ilpu nepenaui indopmaii i3 3aJaHUMK TOKA3HUKAMH
SKOCTi BIIOYBAeThCsl (POPMYBaHHS MOXIIMBUAX MapIIpyTiB mepenadi indopmaiii 3
BUKOPUCTAHHSIM PI3HUX TEIIEKOMYHIKAIIMHUX Mepexx. Bubip onTUMaibHOro
MapuipyTy 3aJIeKHTh BiJ reorpadiyHoro Micus 3HaXO/DKEHHS KIIi€HTa Ta
[MOKA3HUKIB 3arajlbHOCUCTEMHOT0 e(heKTy.

VY HamoMy JOCTI/DKeHHI MH PO3MVISJa€EMO YOTHPH MEpEeXki: TpPaHCIIOPTHY,
IP-mepexy, Mepexi MoGiIbHOTO Ta ¢ikcoBaHoro 383Ky [19, 20]. Jusa yHidikamii
apXiTEeKTyp ISl KOKHOT Mepexki BUAUIIEMO BiCIM KOMILJIEKCIB MEPEXKEBHX PECYPCiB
(piBHIB):

Vpii = f(m1, m2, M3z, ma, Ms, Mg, M7, Mg), Ie M1 — Mepexka KIIieHTa; my — J0CTY,
M3 — arperauisi; ms — Kpal; ms — Sapo; me — 00poOka naHHX; m7 — 0OpoOKa
CUTHAJTI3AITi1l; Mg — YIIPaBIiHHSI MEPEIKEBUMH PECYpPCaMHU.
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MoxamBocTi  mIatrGopMH  CYy9acHHX MEPEXKEBHX pECypCiB  OJHO3HAYHO
BHU3HAYAIOTh 3JIaTHICTh CTBOPEHHS MepexeBux mnociyr. [lmardopma mepexeBux
pecypciB B3aeMoi€e 3 mIaT(GopMOI0 MEPEKEBHX IMOCIYT BUKJIIOYHO Yepe3 piBeHb
00p0oOKM curHai3arii.

Bci cucremu mmatgopmu MepexeBUX pecypciB ONepyrTh BUKIIOYHO CYTHICTIO
Pecypc.

QOyHKIIOHAIBHE TPHU3HAYEHHS BOCBMH KOMIUIEKCiB (piBHIB) matdopmu
MEPEIKEBHX PECYPCIB MOKHA TIPEICTABUTH HACTYITHUM YHHOM (pHC. 1).
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Puc. 1 — PiBHI KOMIUIEKCIB KOMYHIKaIIHOT iHQPacTpyKTypH

PiBenp Mepeki KiTieHTa BUKOHYE HACTYITHI 33]a4i:

M11— BBEICHHSA—BUBEICHHS iHpOpMAaIIii;

M12— 0OpoOKa aHuX;

M3 — MIIKIOYCHHS KIIEHTChKUX TEPMIiHAIIIB;

M14— TpaHCHOPTYBaHHS TpadiKy BiJ KJIIEHTCHKUX TEPMiHAJIB 3 pIBHEM JIOCTYITY.

PiBenp moCTyIy BUKOHYE HACTYIIHI 33/1a4i:

M2 — MIJKIIOYEHHS KITIEHTCHKUX MepexX (y BHUPOJKCHOMY BHIIQJKY —
KIIIEHTCHKOTO TePMiHaNa);

M2z — TpaHCIIOPTYBaHHs TpadiKy BiJl MEpPEX KIIIEHTIB A0 PiBHS arperarii.

PiBeHn arperaiiii BUKOHY€ HACTYIIHI 3aj1au4i:

M3 — TiAKIIOYEHHs By31iB AocTyny (ontuune, xDSL, 6e3apoTose);

M3 — TpaHCIIOPTYBaHHA TpadiKy BiJ BY3JiB JOCTYITy A0 PiBHS Kpalo.

PiBens kpait BUKOHY€E HACTYITHI 3a1adi:

M1 — TAKTIOYEHHS BY3JIiB arperarii;

M4z — mpomyck (i3 3aCTOCYBaHHSM TOJNITUK) AaHUX Ta CUTHAi3alii B MEpexy
(RCEF, C-BGF);
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M43 — MEPEKOAyBaHHS JaHUX Ha mepexoaax B inmi mepexi (T-MGF);

M44 — TpaHCTIOPTYBaHHS TpadiKy BiJ By3JiB arperaiii 10 piBHS siapa abo B iHIII
Mepexi.

PiBeHb A1p0 BUKOHYE HACTYITHI 3a71a4i:

Ms1 — MIAKITIOYEHHS KPaoOBUX MapIIPyTHU3aTOpiB (aOOHEHTCHKOTO JOCTYIY,
00poOKH HaHuX, 0OPOOKH CUTHAII3aLil, 3'€JHaHb 3 ONlepaTopamu);

Ms, — TpaHCTIOPTYBAHHS TPadiKy Mik KpaHOBUMH MapIIpyTH3aTOPaMH.

PiBerp 00poOKM JaHWX BUKOHYE TaKi 3aBIaHHS:

Me1 — 00poOKa kmieHTcbkux qanux (MRFP).

PiBenb 00poOKM cUTHATI3AIIT BUKOHYE HACTYITHI 3ajadi:

M7, — yIpaBIiHHS KIIEHTCHKUMU 3anutamu Ha oOMiH ganumu (AGCF, P-CSCF,
A-RACF, SPDF);

M7, — yIIpaBIiHHA 3aIUTaMK Ha 00poOKy KiieHTchkux nanux (MRFC);

My73 — yTpaBITiHHAA 3alUTaMd Ha OOMiH mdaHuMU 3 iHmuMH Mepexamu (BGCF,
MGCF, SGF);

M74— 3a0e3nedeHHs: 00poOKH B T.4. MapipyTu3aiiis Beix 3anutis (I / S-CSCF).

PiBerp ympaBImiHHS MEpEeKEBHMMH pecypcaMd BUKOHYE 3aBIAHHS B3a€MOJIl
13 cucremamu OSS.

MoxnuBocTi mnarGopMu MEPEKEBHX PECypCiB OJHO3HAUYHO BU3HAYAIOThH
3ATHICTh CTBOPEHHSI MEPEIKEBUX TTOCIYT.

[Tnardopma MepekeBHX pecypciB HE BKIIOYAE CEPBEPH MTONATKIB, YIPaBIiHHSI
oOmikoBuMH 3amucamud Ta iH. [lanumii QyHkuionan 3abesmedye 1atdopma
MepexeBUX Tociyr. [lnathopma MepeKeBUX pecypciB B3aeMoie 3 MIaT(hopMOr0
MEpEKEBUX TOCIYT BUKIIOYHO 4Yepe3 piBeHb 00poOku curHamizamii. [lmatdopma
MEpEeKEBUX PECypciB B3aeMojie 3 IIaT(GOpMoO0 aBTOMaTH3alii BUPOOHUUYOL
JISUTLHOCTI 4epe3 piBeHb YIpPaBIiHHS MEPEKEBUMHU PEecypcaMu i piBeHb 0OpOOKH
cur”asiszanii.

Ilnargopma MepexHUX MOCTYT

Hyxe BaXJIMBUM €JNEMEHTOM ApXITeKTypH, OCOOJMBO B pa3i HaJaHHA
MYJBTHCEPBICHUX IIOCIYT, € IuaTdopMa MepekeBuX mociyr. OCHOBHI 3aBIaHHS
i€l miatopMu: CKOPOYEHHS TEPMIiHIB BIIPOBADKEHHS IOCIYr B KOMIIaHii, 3a
pPaXxyHOK 3MEHIICHHS 4Yacy Ha BIPOB/DKEHHS 1 MOJIEPHI3AIII0 MPOIYKTIiB, 1
MiABUIIEHHS €()EeKTUBHOCTI BIPOBAHKEHHS IPOAYKTIB, & TAKOXK 3MEHIICHHS BUTPAT
Ha TX CTBOPEHHSI 1 eKCILTyaTallilo 32 paXyHOK: HEJOMYIICHHS JyOIOBaHHS QYHKITIH;
3aCTOCYBaHHS BIAKpUTHX iHTEp(ElCiB; 0araropa3oBoro 3aCTOCYBaHHS OAHOTHITHUX
CJIEMEHTIB.

[Tnardopma MepexeBux mociyr Vp2i CKIAIa€ThCs 3 IIECTH KOMIUIEKCIB (PiBHIB)
(puc. 2): Vpai = f(p1, P2, Ps, P4, Ps, Ps, P7, Ps), 1€

p1 — abcTpakiis MepeKeBUX PECYPCiB;

P2 — BHYTpilIHI iHTepdeiicn MepeKeBUX MOCIYT;

P3 — JIOTiKa MEPEKEBUX MOCIYT;

P4 — 30BHILIHI iHTepdeiich MepekeBUX TOCIYT;

Ps — 3aranbHi QyHKIIT MEepeXeBUX MOCIYT;

Pe — yNpaBiliHHS MEPEKEBUMH [IOCIYTaMU.

PiBens abcrpaxiiii MEpekeBUX PECypCiB BKIIIOUAE B ceOC MEPEXKEBI amantepu
(MepekeBi aKTUBATOPH HU3BKOTO PiBHS, 100 3a0€3MeYUTH JOCTYII IO BiIMOBITHUX
MEpEKEBUX CIIEMEHTIB 1 MEPEIKEBUX MOXKINBOCTEH). PiBeHb abcTpakinii MepekeBUX
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pecypciB sBisie coboro map aberpakiii Mepexi. Omepye CyTHICTIO «T€XHOJIOTIdHA
orepartis.

PiBenp BHYTpilIHIX iHTEpQEliciB MepeKEeBUX TOCIYT adCTparye ajisl piBHsI, SKUH
pO3TalIOBaHW BHWIINE, CEpPBICHI MOXIHMBOCTI Mepexi. Omepye CyTHICTIO
«KOMITOHEHTa MepexeBoi nociyrm». [Ipuknanom iHTepdeiiciB miporo piBHs € HabIp
OSA / Parlay API.

PiBenp 5oriku MepekeBHX MOCHYT abcTparye IUisl PiBHS, SKUI pO3TalIOBaHUI
BHUIIE, 3aCO0M peaizallii mociIyr B cepBepax nojaTkiB. Ha mpoMy piBHI, 1O CyTi,
3'ABIISIETHCS 3aKiHYEHAa MeEpekeBa IOCHyra, sika caMa Mo co0i Mae CHOXHBUY
LIHHICTH 200 MOXe OyTH BKIIOUYCHA JIO CKJIay 1HIIOI MOCIyru. MepexxeBa mociayra
MOXK€ BXOJUTH JI0 CKJIaay MPOIYKTIB KOMMaHii a00 MOke OyTH BHCTaBJICHA SIK
30BHIIIHI TPOMYKT (ayTCOPCIHT) 1 BKJIOYEHa A0 CKJIagy MNPOAYKTiB TPETiX
KoMmmnaHiil. Onepye CyTHICTIO «MepeKeBa MOCIyray.

H 30BHIlLIHI iHTEphEHcU MepeRHUX Nocyr IP
H SDP 2
VnpaeniHHA MepeRHUMM NOC/Yyramm g
s
) . norika
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Puc. 2 — PiBHi mimaropmMu MepekeBHX MOCITYT

PiBeHp 30BHIIIHIX iHTEp(EiCciB MepeKeBUX IMOCIYr 3a0e3nedye JOCTYI JI0
cepaiciB TpeTix cropiH. [Ipukianom inTepdeiicy uporo piBas € Habip Parlay-X API.

PiBeHp 3aragpHuUX (QYHKIIH MEpekKeBUX MOCIYr BKIOYAE KOMIOHEHTH,
HEOOXIHI JUTs pearizalii BCiX Mociyr, ix ckiagoBux Ta iHTepdeiiciB. Ha npomy
piBHI ONHUCYIOTbCA HEOOXiJHI MEepeayMOBH AJsl HOPMaJIbHOTO (YHKLIOHYBaHHS
cepBicy. PiBeHp 3arampHHX (QYHKIIH MepeKeBUX TMOCIYr BKIIOYae B cebe
¢yskmionanpHicth SDF  Infrastructure Support Service (TM Forum). Piens
3abe3neuye QyHKIIOHATbHICTh:

Ps1— YIIpaBIiHHS CECisMH,

Ps2 — yIpaBmiHHSA iAeHTH(]IKALIETO;

Ps3 — yIpaBiiHHS Tpodinem;

Ps4— YIIpaBIiHHS PECypcaMH;
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Ps5 — KaTaJory MoCIyT;,

Pss — cepeloBHIIa BUKOHAHHS.

PiBenp ympaBiiHHS MEpEXEBHMH TOCIyraMu 3abe3leuye MiATPUMKY
KHUTTEBOTO IUKIy MEPEKEBUX TOCIHYyr. PiBeHb YNpaBIiHHA MEpeKEBUMU
nociyramu BKiIrouae B cebe dhynkmionagpaicts SDF Management Support Service
(TM Forum).

[Tnardopma MepexeBux MOCITyT B3aEMO/IE 3 TUIATGOPMOIO MEPEKEBUX PECYPCIB
BHKITFOYHO Yepe3 PiBeHb a0CTpaKIlii MepeKeBIX PecypcCiB.

VY pamkax 3abe3nedeHHs MpoLeciB HaJAaHHSI KOMYHIKAIifHUX MOCTYT cepBicHa
mwiatpopmMa B3aeMOJI€ 3 MIAaTGOPMOIO MIATPUMKH OMNEpaliifHUX MPOILECiB depes
PiBHI YIIpaBIiHHSI MEPEKEBUMH MOCIYTaMH 1 JIOTIKA MEPEKEBHUX MOCTYT. 3a IHUX
iHTEepdeiiciB cepBicHa TuIaTGopMa Biamae AaHi Ipo OOCATH CIOXKHUBAHHS MOCHYT i
TakoX Oepe KOMaH/IW Ha aKTUBAIIiIO / IeaKTUBAILIiI0 CEPBICiB HAa Mepexki (IIPU bOMY
00pOOKOIO 3aMOBJIGHHS Ha TMPOAYKT, WOTO JCKOMIIO3UIIEI0 Ha TMOCIYTH,
YIIPaBIiHHSAM ITOCIIIOBHICTIO OTIEpaIliii aKTHUBAIlil CepPBICIiB Ha Mepexi 3aiMaeThCs
miatdopma MiATPUMKH OTiepaliiHuX TPOLECIB).

[Inarpopma MepexkeBUX TMOCIYT y IIIIOMY OIEpPYE CYTHICTIO «MepexeBa
TIOCITyTay.

MOoxIMBOCTI TIATPOPMHE MEPEKEBUX TOCITYT BU3HAYAKOTh, SIKI CaMe MOCIYTH
MOXKYTh OyTH pealli3oBaHi Jjis ClIOXKUBa4iB. Takuil miaxiz 3a0e3mneuye MOKIHMBOCTI
it GOpMYBaHHA HOBOI apXiTEKTypH TEIEKOMYHIKAIIMHUX CHUCTEM 1 IOCIYyT 3a
PaxyHOK BUKOPHCTaHHS «XMapHUX TEXHOJIOT1iD».

CrpykTypHa aiarpama o0MiHy HOBiZOMJICHHSIMHU B po3pisi oqgHoro APM

OfHMM 3 OCHOBHHX CEPBICIB JIJI1 aBTOMATHU30BAHUX CUCTEM EKOJIOTIYHOI O€3MeKH,
SIKUM BUMAarae HaHOUIBIIOI 3aBaJIOCTIMKOCTI MPH 3aaHii e(pEeKTHUBHOCTI, € CepBic
TPAHCIIOPTY MOBIIOMJICHb.

Hns mojiny 3amad MPUKIAJHOTO MpOrpaMyBaHHS 1 3aJadi TPaHCHOPTY
MOBiJIOMJIEHb — OyJnia oOpaHa 3arajibHa IIMHA JJIsi OOMIHY MK Pi3HHMH PiBHSIMH.
ToOTo mpu HEOOXiMHOCTI y TaKiii apXiTeKTypi MOXKEMO IMPOrpaMyBaTH i MiHSATH
MOJIyJIi Ha OKpEeMOMY PiBHI 0€3 MepenucyBaHHs IPOTPAMHOTO 3a0€3MeUeHHS IHIIIOTO
piBHSL.

Hampuxitag, MOXXITMBO 3aMiHHTH TPaHCHOPT UIS MOBimoMIeHh MK APMamu
3 brokercentric MQTT na brokerless ZeroMQ, He 3auinaioyu NpUKIaIHI IPOrpaMHu.
| HaBmaku, MoO’xHa, Hampukiana, noMminaTd Java-backend nHa Go-backend, He
nepepoOIroroUn 3a0e3redeHHs Ha PiBHI MEpexi.

MQTT B sixocTi 3araibHOi BHYTPIIIHBO1 IMHK 00PaHO 3a TaKUMH (hakTopamu —
IIMPOKO PO3MOBCIOJKEHUI MPOTOKON 3 KOHHEKTOPaMH MPAKTHYHO JI0 OYAb-SKOI
0i0miorekn um codTy, BHKOPHCTOBYE apxiTekrypy public-subscribe, He
npuB’si3aHui 10 popmaty noBigomieHs (data-agnostic), peatizauii i MpoTOKOJ cam
1o co0i JOCTaTHRO JIETKi [0 BiAHOLIEHHIO /10 PECYPCIiB, 1 TAKOXK PU HEOOXiJHOCTI €
MOJKJIMBICTD TIEPEKITIOYATH KITIEHTCHKI KOHHEKTH 3 BHYTPIIIHLO-KOMITFOTEPHUX Ha
30BHIIIHBO-MEPEKEBi 0€3 CTPYKTYpHHX 3MiH.

Hwxye HaBeneHa cxema Takoro oOMiHy 4epes3 3arajbHy LIHHY.

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponoxopucrysanss, Ne 4 (40), 2021



Messaging and Queueing (MQ): ARM slice

ARM
Applications

Frontend
Go backend
Java backend
etc.

Internal and External MQ

Protocol: MQTT
topics: /local, /core, /prostir, [cis, etc.

Local Common Bus

MQTT - Mosquitto

External MQ

Protocol: MQTT
topics: /core, /prostir, /cis, etc.

Network Transport
Network MQ
MQTT - Mosquitto Protocols: MQTT, MQTT-SN, ZeroMQ, etc.
MQTT-SN - RSMB
ZeroMQ - Zyre
etc.

Puc. 3 — Cxema oOMiHy 4epe3 3arajibHy IIUHY
CTpykTypHa giarpamMa o0MiHy MOBiIOMJIEHHSIMM B PO3Pi3i 0HOT0 TOMeHY

PosrasHemMo nekinpka TUIiB OOMiHY TIOBIIOMIIEHHSIMH B paMKaX OZHOTO JIOMEHY.
Posmozin 3a Tunamu opranizarii oOMiHy: cUCTeMa 3 EHTPAILHUM OpOKEpOM i
cucteMu 0e3 BHIUIEHOTO Opokepy. | Ipyruii po3noisl — 0OMiH TOBiJOMICHHIMU
Peer-to-Peer (P2P, 3a3Buuait TCP unicast) a6o x One-t0-Many (3a3Bu4aii 1e —
UDP multicast). Ha pucynky 4 HaBeneni aiarpaMu BiJNOBIIHO 0 TaKUX THUIIB
o0OMiHy:

— A: Broker-centric + Peer-to-Peer

— B: Broker-less + Peer-To-Peer

— C: Broker-less + One-to-Many.

BiamiTuMoO, 110 HEMa€ OJHOTO €AMHOIO TUIy OOMIiHY, HAHWKpaIoro B ycixX
BHITAJIKaX, — P JACSIKUX MadioHax poOOTH Kpaille BUKOPUCTOBYBAaTH P2P oOMmiH,
B iHmmMX — multicast po3cunky. ToMy MOXNHBO, IO B JESKUX 3aCTOCYBaHHSX
ONTUMAILHUM € BUKOPHCTaHHS JIBOX THITIB B paMKaX OJIHI€T MOJIElIi.

Peanizamisi, sika BUKOPUCTOBYBallaCh B TPOEKTI, — MOJENIb 3 IEHTPAJIbHUM
OpOKepOM 1 PO3CHIIKOIO TIOBIIOMJIEHb OJJUH-BCIM B YCiX BUIQJIKaX.

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponoxopucrysanss, Ne 4 (40), 2021



Messaging and Queueing (MQ): domain slice Messaging and Queueing (MQ): domain slice

Option A - Broker-centric model
Option B - Brokerless and P2P (Peer-To-Peer)

ARM-M

ARM2
ARM | — ARM3

Broker

‘%) ARMLN

ARM4

— ARMS5
ARM3 | —

/ ARM-N
ARM2 <

ARM1

ARM4

ARM1

Messaging and Queueing (MQ): domain slice

Option C - Brokerless and Multicast (One-To-Many)

]

ARM2

ARM3

ARM4

— | ARMS5

_\ ARM-N

ARM1 |

Messaging via UDP multicast

Puc. 4 — Jliarpamu BiAmoBigHO 110 Takux TumiB oominy: A — Broker-centric + Peer-to-Peer;
B — Broker-less + Peer-To-Peer; C — Broker-less + One-to-Many

CrpykTypHa niarpama o0MiHy HOBiZOMJIEHHSIMH B PO3Pi3i iHTEePKOHHEKTY MiK
JA0MeHAMH

Buxonsuu 3 cyTHOCTI iHTEpKOHHEKTY, Lie 3a3Bu4aii P2P 3’ennanns (Peer-to-Peer).
BiamnoBigHo — HaHO1IBII MPUPOIHO HA TAKOMY 3’ €IHaHHI Bursgae P2P Opimk Mixk
OpokepaMmu.

Hanpukmnan, Ha puCyHKY 5 HaBelEHO JiarpaMmy Takoro 3’ €IHaHHS MiX JBOMa
JIoMeHaMu pizHoro Tumy (Mix Peer-to-Peer ta One-to-Many nomenamu).
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Puc. 5 — Jliarpama 3’eqHaHHS MK JBOMa JOMECHaMH pi3Horo Tumy (Mixk Peer-to-Peer ta
One-to-Many nomenammu)

EdexTuBHiCTH cHCcTeM nepegaBaHHs iHpopManii

[IponyckHa 37aTHICT, KaHalny 3B’s3Ky C BHU3HAaYa€ MaKCUMallbHY IIBUIKICTh
nepeaaBanHs iHGopMarii, TOOTO € Ti€l TPAaHUIICIO, SKOI MOXKHA JOCATTH TPH
ineanmpHOMY KoxyBaHHI. [IpupomHOo, IO B pealpHHX KaHalIaX IIBUIKICTH
nepenaBanHs R 3aBxam Oyme menmor 3a C. Cryminp 3anexHocti R Bim C
BU3HAYAEThCS  THM, HACKIJIBKM  palliOHAILHO BHOpaHa 1  eeKTHBHO
BUKOPHCTOBYETHCS CHCTEMA 3B’ s3Ky. Hai01 b1l 3araibHOIO OLIHKOIO €PEeKTHBHOCTI
CHCTEMH 3B’SI3KY € KOeqiyicHm 6UKOPUCTIAHHSA KAHATY:

n= <. (1)

T Ouckpemmux CUCTEM 3B’SI3KY 1 = 1112, A€ N1 1 N2 — €PEKTUBHICTh CHCTEMU
KOJAyBaHHA 1 €(EeKTHBHICTh CHCTEeMH MOAYJAMil. BBOASYM HaAIHINKOBICTH
MOBIIOMJICHHS X1 = 1 — 11 Ta HAATUIIKOBICTH CUTHAY X2 = 1 — 112, OTpMaEmMo

n=1-x 2

ae X = Xl+ XZ_ X1X2 — ITIOBHa Ha,Z[J'II/IH_IKOBiCTB CHUCTCMH.

[Ipu nepenaBaHHi HenepepsHux OBITOMIIEHb

Fm log(§—§+ 1)

n:—PO , 3)
F log(P—c+ 1>

0

* *
ne Fm — mmpuHa cmyrm MopayneoBaHOro curHany; Pc /Po  — BigHOIICHHS
CUTHAJI-IIYM AJIsl MOZLyJIbOBAHOTO CUTHANY; F — IIMpHHA CMyTH IEPBUHHOTO CUTHAITY;

Pc/Po — ionowenns cucnan-utym Ons RepeunHo20 CUSHALY
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— (4)
ne N — IHTEHCHBHICTb 3aBa/lU, & KOCPiyicHm UKOPUCIARHA CMY2U HACTOM KAHATLY

= 5)

KoedimieHt n, € 0CHOBHUM MOKA3HUKOM €(EKTUBHOCTI [UIsSl THX CHCTEM, B SIKUX

MOTY>KHICTh CUTHAITY KOPCTKO OOMEKeHa (HalpHUKIIak, pafioKaHa M CIELiaJbHOTO
MpU3HAYCHHS). Y CHCTeMaXx MPOBOJOBOTO 3B’ SI3KY O1JIbII Ba)KIIMBUM MOKA3HUKOM €
KoeQilieHT Mg -

3rimHo 3 (2), epeKTUBHICTH CHUCTEMH 3B 53Ky IIOBHICTIO BU3HAYAETHCS il
HaJJIMIIKOBICTIO. TOMY 3aja4a IMiJBUIICHHS ¢(DEKTUBHOCTI 3B’SI3KY 3BOJUTHCS 10
3MEHIIICHHSI HA/ITUITKOBOCTI IOBIJOMJICHHS Ta CHTHAY.

HammmnikoBicTh OBIIOMIICHHS, SIK MU Oa4Miiv, 3yMOBJICHA THUM, IO SJICMEHTH
MOBiIOMJICHHSI HE € PIBHOMMOBIPHUMHM 1 MK HUMH ICHY€ CTATUCTHYHHN 3B’S30K.
[Ipu xomyBaHHI MOXKHa TIEPEPOIMOAITUTH HMOBIPHOCTI BUXiTHOTO TIOBiTOMIICHHS
TaK, 00 PO3MOIiJ iIMOBIPHOCTEH CHUMBOIIIB KOAY HaOIMKABCS 10 ONTHMAIBHOTO
(piBHOMIpHOTO JUISI IepejaBaHHs AUCKPETHUX MOBiIOMJIEHb 200 HOPMAaIBHOTO IS
HernepepBHUX). Takuil Mepepo3nofis T03BOJSE YCYHYTH HAAJIMIIKOBICTB, IO
3aJIe)KHUTh BiJ] PO3MOTY HMOBIpHOCTEH eneMeHTiB moBimomieHHA. llpukmamom
noaioHoro koxyBaHHs € koja lllenHona — ®aHo. SIkio nepelTH Bix KOAYyBaHHS
OKPEMHUX CUMBOJIIB MOBIOMJICHHS JIO KOJyBaHHS IIUTUX TPYIl CUMBOJIIB, TO MOXHA
YCYHYTH B33€MO3B’S30K MiX HUMH 1 TUM CaMHM 3MCHIIMTH HaJJIUIIKOBICTh.
3araipHa ifies TAKOTO METOY KOJyBaHHS, SIKHUIl HA3UBAIOTh MemoO0oM 30iibulerHs,
MOJISITa€ B HACTYITHOMY. BHXiHe MOBIIOMJICHHS PO30MBAETHCS HA Bimpi3ku 10 K
CUMBOJIIB Y KO)XHOMY. TaKi Bigpi3Ku MOXKYTb PO3TIISIIATHICS SIK 301JIBIIICHI €lIEMEHTH
MOBiIOMJICHHA. MOXHA [OKa3aTH, [0 WMOBIPHICHI 3B’S3KH MDK TaKUMH
30UIBIICHUMH ~ €JEMEHTAaMHU  ClaOKiIm, HDK MDK eJeMEHTaMH  BHXIJHOTO
moBioMieHHs. OueBUIHO, 1110 UM Oibine K (6ibim Biapi3kn), THM cradimimM Oy e
3B’s130K Mik HUMH. [lami 30iMbIIeHI €NeMEeHTH KOIYIOThCS 3 ypaxyBaHHSIM ix
pO3M01iTy HIMOBIpHOCTEH.

Cuin 3a3HaYUTH, IO B pa3i 301IBIICHHS eIEMEHTIB BiJJOyBa€ThCS HepeTl?opeHHs[,

KOTpE IOJIATAE B MEPEeXOJli O KOAY 3 OLIBII BUCOKOW OCHOBOIO: M = M, ne m —
MOYaTKOBUH CTaH.

CBOEPIIHUM MPHUKJIAI0OM METOy 301JIbIICHHS MOBIIOMJICHL € CTeHOrpadiYHHA
TekcT. KoxkHuii creHorpagiunuii 3HaK B IIbOMY TEKCTi 300pa)kye Iije cioBo abo
HaBiTh IPYIy CHiB.

Illo crocyeThcs CUTHaNY, TO HOr0 HAIJIMIIKOBICTh 3aJICKHTh BiJ CHOCOOY
MOJYJIALIL Ta BUAY MepeHoCcHuKa. [Iporiec MOy A1l 3BHUaHO CYTTPOBOIKYETHCS
PO3IIMPEHHSIM CMYTH 4YacTOT CHTHAJly B TIOPIBHSAHHI 31 CMYTOK YacTOT
MOBIZIOMJICHHS, SIKe TepenaeThcs. lle po3MpeHHS CMyTrd 1 € HaJJUIIKOBHM.
YacToTHA HaUTMIITKOBICTh TAKOXK 301IBIIYETHCS P MIEPEXO/Ii BiJl CHHYCOITaJIbHOTO
MIEPEHOCHUKA JI0 IEPSHOCHHUKA IMITYJIbCHOTO YH IITyMOTOIiOHOTO.

3 ToukH 30py MiABHIIEHHS e()EeKTUBHOCTI Iepeaayi ciaia Oyno 6 BUOUpaTH Taki
CITOCOOHM MOJYJIAIII, SIKi MAIOTh MaTy Ha UTAIITKOBICTE. Jl0 TAKUX CHCTEM, 9aCTKOBO,
HaJIC)KUTh OJTHOCMYTOBA IIepeiava, MPH SKii CUTHAIH, IO IIePEAA0ThCS, HE MiCTSATh
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YaCTOTHOI HAQJIMIIKOBOCTI — BOHH € TIPOCTO KOISMH TIOBiJOMIICHB, SKI
nepeaatoTsesi. OnHaK, TOBOPSYM MPo e(heKTUBHICTH CUCTEMH 3B’S3KY, HE MOKHA
3a0yBaT Tpo 11 3aBaJOCTIHKICTh. YCYHEHHs HAaUIMIIKOBOCTI MiJABHIIyE
e(eKTUBHICTh,  TepenaBaHHS, aje 3HIKye Tpd  I[bOMY  BIpOTiTHICTB
(3aBalOCTIMKICTD), 1 HABMAKH, 30epeKCHHS UM BBEICHHS HAJTUIIKOBOCTI JTO3BOJISE
3a0e3MeYnT BHCOKY BIpOTiOHICTH mepedaBaHHs. Hampukman, ycyHEHHS
HaJUIMIIIKOBOCTI TpH  TenerpadHOMYy TIepefaBaHHI TEKCTy TMPHU3BOANUTH [0
YCKJIaHEHHS BUIMPABISHHS IMOMIJIOK Yy TIOBIIOMIIEHHI 1, BpEIITi-pemT, 0
3HIDKCHHS  3aBaJIOCTIMKOCTI. 31 30CpeKCHHSIM HAJUIMIIKOBOCTI B TEKCTI
3aBaJIOCTIMKICTh Oy/Ie BUILOKO.

[Ipu xomyBaHHI B HU3MI BUMA/IKIB HAIJIMIIIKOBICTE HABMHUCHO BBOJUTHCS 3 METOFO
MIJBUIICHHS BIPOTiMHOCTI mepenadi. [IpukinazoM Takoro KOIyBaHHS €
KOPEKTYBaJIbHI KOJH.

AHaNoriuHa CUTYyallis Ma€ Miclle i y BiTHONIEHHI HAJJIUIIKOBOCTI CHTHAIY.
YacToTHa HATUINKOBICT MPU PI3HUX BHJIAX MOMIYJAIIT BUKOPHUCTOBYETHCS TO-
pizHOoMy. YacToTHa MOAYJALis, HANpPUKIAL, Ja€ BHUrpall y 3aBaJOCTIHKOCTI
OLITBIIMIA, HIXK aMITTITYHa MOIYJIALIA, @ KOJIOBA IMITYJIbCHA MOIYJISIiS — OLTBIIHHA,
HDK 4YacToTHa. YacTOTHa HAJUIMINKOBICTH IIYMOBOTO TEPEHOCHHKA J03BOJISE
3HU3UTH BIUIMB 3aBMHUPaHb i 30CEPEHKEHUX 3aBal.

OTke, OLIHIOWYH Pi3HI CUCTEMH 3B’ 3Ky, HEOOXiTHO BPaXxOBYBAaTH MPHHAWMHI
JIBA TIOKa3HUKHU: €PEKTUBHICTh 1 3aBaJOCTIHKICTh; IX CYKYIHICTh Ja€ AOCTAaTHHO
MOBHY XapaKTEPUCTUKY CUCTEMH.

Haii0inp1m 10CKOHAIO0 CUCTEMOIO BBRKAETHCS TaKa, SKa 3a0e3neuye HaoIbIry
e(eKTUBHICT, TpH 3aJaHid 3aBagoOCTIMKOCTI abo, HaBMaKW, HAKOLIBITY
3aBaJIOCTIMKICT MTPH 3a/1aHill €PEeKTUBHOCTI.

BucnoBku i npono3uii

3anpornoHoBaHa CTaHAApTH3allisl BHINOTO pPIiBHSA apxiTeKTypu iHpopMaliiHo-
TEJEKOMYHIKaI[IfHUX MEpex, 10 3a0e3MeuyloTh CTBOPEHHS, 00poOKy, 30epiraHHs,
BHUJIAJICHHS 1 TpAaHCTIOPTYBaHHS iHQOpMaIIii.

CrannapTusalist apxiTekTypH iHQopMaLiiHUX CUCTEM Nepeadayae: BU3HAUCHHS
MOBHOTO TIEpENiKy KOMIIOHEHTIB apXiTeKTypH; BH3Ha4eHHS (YyHKIIOHAJIbHUX
KODJIOHIB KOMITOHEHTIB, BH3HAaueHHS iHTepdeiiciB (IIPOTOKOIIB) B3aeMOil
KOMIIOHEHTIB.

OCHOBHOIO METOI0 CTaHJApPTH3allii apXiTEeKTypu €: CKOPOYCHHS TEPMiHiB
BIIPOB/KEHHSI TEJICKOMYHIKAI[ITHAX TOCIYT, 32 paXyHOK 3MEHIICHHs 4Yacy Ha
BIIPOBA/KCHHS Ta MOJIEPHi3allifo iH(QOpPMALIHHUX CHUCTeM, 1 MiJBUIICHHS
e(eKTHBHOCTI BIPOBAKEHHS 1HQOPMAIIHHUX CHCTEM, & TAKOK 3MEHIICHHS BUTPAT
Ha X CTBOPEHHSI 1 eKCILTyaTallilo 32 paXyHOK: HEJOMYIICHHS JyOIOBaHHS (QYHKITIH;
3aCTOCYBaHHS BIIKPUTHX iHTEp(elciB; 6araTopa3zoBoOro 3aCTOCYBaHHS OJHOTUITHUX
€JIEMEHTIB.

3anpornoHOBaHO CTPYKTYPHUH CHUHTE3 apxXiTeKTyp YOTHPhOX OCHOBHHX
TeNeKOMYHIKalliifHuX Mepex: TpaHcrnopTHoi, IP, MoOinbHOT Ta ¢ikcoBaHoi. s
CTaHAapTH3alii KOXKHOI MepekeBOl apXiTekTypu Oyno oOpaHO BiciM HaOoOpiB
MEpeXKEBUX pecypciB (PiBHIB).

PosrnsayTO apxiTekTypy 3aco0iB BUPOOHHIITBA TEICKOMYHIKAIIIMHUX TIOCHYT,
SIK1 BKJIIOYAIOTh TIAT()OPMH MEPEKEBUX PECYPCIB Ta MEPEKEBI TIOCITYTH.
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3anmpomoHOBaHO METOAOJIOTIUHy 0a3y Ui CHHTe3y CHCTEM iH(pOpMAIifHUX Ta
KOMYHIKAI[ifHUX TEXHOJIOTi 3 METOI CTBOpeHHA €auHoi iH(opMariiHol
mwiatpopMu, sKa MpeAcTaBlIeHa sIK yHiBepcalbHa apXiTekTypa iHpopmauiiiHo-
KOMYHIKAI[ITHIX CHCTEM.

PosrisiryTo cepBic 0OMiHy TOBimomiieHB B po3pidi: ognoro APM, omHoro
JOMEHY Ta IHTEPKOHHEKTY MiX JOMEHAMHU.

PosrisayTa edektuBHICTh cucTeM mepenaBaHHs iHpopmarii. OniHIOYN Pi3HI
CUCTEMH 3B’ 513Ky, BpaXOBYBAJIM [IBA IOKA3HUKH: €(PEKTUBHICTH 1 3aBaIOCTIHKICTB; iX
CYKYIHICTh /A€ JIOCTaTHRO IIOBHY XapaKTEPUCTHKY cHcTeMH. Haibinpmr
JOCKOHAJIOI0 CHUCTEMOI0 BBA@KAE€ThCS Taka, sKa 3abe3medye HalOuIbIIy
e(eKTUBHICT, TpH 3aJaHid 3aBamocTIKKOCTI abo, HaBMakW, HAMOLIBITY
3aBaJIOCTIMKICTh MPH 3ajaHill €PEeKTHUBHOCTI.
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WAYS OF DISPOSAL OF OBJECTIVE FUEL SEDIMENTS FOR FUEL

Abstract. Accumulated sludge from sewage treatment plants in large cities is
obsolete, due to which they have lost the vast majority of nutrients, become too
mineralized and practically unsuitable for direct use as fertilizer.

The research is devoted to the development of a unified approach to the efficient
processing of sludge as a fuel with the addition of flammable fillers such as milling
peat, buckwheat husk, wood waste (sawdust).

Identified factors influencing the energy efficiency of the processes of preparation
of raw materials, drying and granulation of composite mixtures based on peat,
obsolete sludge and biomass, which allowed to obtain quality pellets and briquettes.
The problem of processing obsolete sludge is the low content of organic matter,
excessive ash content and high humidity, so they are not suitable for incineration in
its pure form and for agriculture. To reduce ash content, it is advisable to add
biomass and peat to sludge and dry to reduce moisture.

The article presents studies of drying kinetics of composite granules based on peat,
obsolete sludge and biomass on an experimental convective drying stand. The
convective drying stand allows to carry out heat treatment of composite granules at
a temperature of drying agent of 30—750°C and speed of movement of 0,5-5 m/s.
A comparison of the drying time of the sludge-peat composition and its components
is performed, which shows that during the drying of the composite granules the
intensification of the drying process is observed.

The presented comparison of drying kinetics of two- and three-component granules
shows the same nature of the drying curves and the drying time is in the range of
17-18 minutes. The optimal ratio of components for quality granulation is selected.
Effective drying regimes of composite granules based on sludge, peat and biomass
are determined. Equilibrium humidity of composite granules not exceeding standard
fuel humidity is determined.

Key words: obsolete sludge; peat; biomass; drying; pellets
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HIJISIXHW YTUIBALI 3ACTAPLIINX MYJIOBUX BIIKJIAJIEHD
HA ITAJINBO

Anomauin. Haxonuueni myno8i ocadu OYUCHUX CHOPYO BeIUKUX Micm €
sacmapinumu, depe3 ye GMPAMUNU NEPEBANCHY KiIbKiCMb OI02eHHUX Peyo8UH,
cmany  3aHAOMO  MIHEpAani308aHUMU | NPAKMUYHO — HEeNnpUOAMHUMU 00
be3nocepednboeo UKOPUCMAHH iX AK 000puUsa.

Jlocnioocenns npucesiueni po3pobyi e0urHo2o nioxody 00 epekmusHoi nepepodKu
MYTOBUX 0CAOIB SIK NAUBA 13 O00ABAHHAM 00 HUX 3AUMUCTIUX HANOBHIOBAYIE, MAKUX
5K hpezeprutl mope, nysea epeuxu, 8i0xo0u depesuru (mupca).

Buseneni ¢paxmopu eniugy na enepeoeghexmueHi noKazHuKu npoyecie nio2omosxu
CUPOBUHU, CYUWIHHA A SPAHYIOVIMBOPEHH KOMNO3UYIIHUX cyMiulell HA OCHOS8I
mop@hy, 3acmapinux mynoeux ocadie ma biomacu, o 003804ULO OMPUMATU AKICHI
epauynu ma opuxemu.

Ilpobnemoro nepepobru 3acmapinux myi08ux 6iOKIAOeHb € MAAUull MiCm 8 HUX
OP2AHIYHUX PEeUOBUH, NepesunjeHd 30IbHICIb Md 8UCOKA 8OJ02ICMb, MOMY B0HU He
npuoamui ONd CHANIOBAHHA 6 YUCMOMY 6u2isidi ma 0as 3emaepobocmea. s
BMEHUIEeHHS 30JIbHOCMI 00 MYI08UX GIOKIAdeHb 00YLIbHO dodasamu biomacy ma
mopg ma niocywumu 05t 3MEHULEHHSL BOL020CHI.

Y ecmammi nagedeni oocnioscenns Kinemuku CyuwlinHi KOMROIUYIUHUX ePaHYT HA
OCHO8I  mop@y,  3acmapinux — Myi06ux  iOKIadeHb —ma  biomacu  Ha
EKCNePUMEHMANLHOMY KOHBEKMUSBHOMY CYWUIbHOMY cmendi. Konsexmugnuii
CYWUNLHUL CTEHO 00360.J151€ NPOBOOUMU MEPMItHY 0OPOOKY KOMNOZUYIUHUX 2DAHYIL
npu memnepamypi cywunvnozo azewmy 30—150°C ma weudkocmi pyxy 0,5-5 m/c.
Ilposedeno nopisHanHs mpueanocmi CywinHs Mmyiomopg'anoi komnosuyii ma it
CKA008UX, AKe NOKA3YE, WO NPU CYUWIHHI KOMNOSUYITIHUX 2DAHYI CHOCMEPI2AEMbCS
inmencugixayis npoyecy CyuinHs.

Ilpeocmasneno nopieHauHs KiHeMUKU CYWIHHA 080- Md MPbOXKOMHOHEHMHUX
2pamyn, Wo NOKA3YE OOHAKOBUL XApAaKmep KPUBUX CYWIHHA mMa mMpueanicme
cywinnn  (3naxooumvcs 6 medxcax 17—-18 xeunun). Iidibpano onmumanvhe
CNiBIOHOUIEHHS KOMNOHEHMI8 3 Memoio AKICHO20 2paHymosanHsa. Busnaueno
ehekmugHi  pedcumMu  CYWIHHA KOMNO3UYILUHUX 2SPAMYl HA OCHOBI MYI08UX
gioxnadenv, mopdy ma 6biomacu. BusHaueno  piBHOBAJICHI  6071020CMI
KOMRO3UYIUHUX SPAHYIL, WO He Nepesuiyyroms CIMAHOAPMHY 80J102iCMb NAIUBA.
Knwowuoei cnosa: 3acmapini mynogi eioknadenus, mopg,; Oiomaca; cywinHs,
epamynu

DOI: https://doi.org/10.32347/2411-4049.2021.4.21-31

Ou4ucHI CHOPY/AU € MOTEHIIHNM JHKEepPeJIoM OTPUMAHHS JI0JaTKOBHUX CHPOBHHHUX
pecypciB, IO PO3IJSAAAIOTHCS ChOTOJHI SK BIAXOAM, a TaKOX HETPATUIIHHUX
€HEePTrOHOCI{B, MOTEHIIIAN SKUX OBHOIO MipOI0 HE BUKOPHCTOBYETHCS, MEPIII 32 BCE,
4yepe3 HEHONIKM CYyYacCHUX TEXHOJIOTiH OUMINEHHs CTIYHMX BOA. 3arajoM MOKHa
CTBEP/PKYBaTH, IO CHCTEMH BOJOBIJIBEICHHS IPALIOIOTh SK TEXHOEKOCHCTEMH
MepuIoro BUAy (BIAKPUTI CUCTEMH, IO HAa BXOAl CIOXKHUBAIOTh PECYPCH 1 €HEprilo,
a Ha BUXO/JIi CTBOPIOIOTH MPOAYKT 1 BiIXO/H, 110 HE MiIAAI0THCS PeUUKIiHry) [1].
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B Vxkpaimi 3a 2019 pik y mnoBepxHEBI BOAHI 00 €KTH CKHHYTO OJH3BKO
5,4 Mypzt M3 CTIUHMX BOJ. 3 HUX 3a0pYAHEHHUX CTIYHUX BOJ OYJIO CKHHYTO GIIM3LKO
0,7 mipa M3 (13,7% Bin 3aranbHOro OOCATY CKHIIB); HOPMATHBHO-YMCTHX 0€3
ouncTky — 3,3 mupa m° (61,1%); HopMaTuBHO oummenux — 1,2 mapa m® (22,1%) Ta
nekareroposanux — 0,2 mupa m° (3,1%). HaiiGinbmie 3a0pyaHEHHX CTiYHHX BOJL
Oyno ckunyTo B M. Kuis — npu6mmsno 0,3 miapa m® (39% Bin 3aransHoro oocsry
3a06pyIHEHUX CTIYHUX Bo); B JHimponeTpoBchKiit obmacti — 0,2 mpa M2 (27,1%).
[lignpremMcTBaMH TPOMUCIOBOCTI OyJO0 CKHHYTO 3a0pyIHEHUX CTIYHUX BOJ —
0,09 mapa m® (12,4%), cimbebkoro rocmomgapcrsa — 0,047 mupn M (6,3%) Ta
JKUTIOBO-KOMYHAlIbHMM TocnogapctsoM — 0,6 mipa m® (76,5%). V mporeci
OUYHWIICHHS 3a0pyJHEHUX CTIYHMX BOJ Ha KaHAM3AMIHHUX CIOpyAax YKpaiHu
YTBOPIOIOTHCS 010JI0T1YHO Ta OaKTEPiONOTiYHO 3a0py/THEHI BIAKIIQJACHHS, SIKI TAKOX
noTpeOyIoTh yTriizaii [2].

YcTaHOBNIEHO, IO MIMPOKO BUKOPHCTOBYBaHI B YKpaiHi TEXHOIOTii 0i070Ti9HOTO
OUMIIIEHHSA He 3a0e3MeuyoTh BUnaneHHs OioreHHuX enemeHTIB. Lllopiuro pasom 3i
CTIYHMMHU BOJAMH Yy TIOBEPXHEBI BOJHI 00 €KTH HAJXOJWTh: 3aBHCIMX PEUYOBHH —
45-10° xr; madronponyktis — 400-10° xr; cyasdaris — 800-10° kr; xmopumis —
670-10° kr; asoty — 10-10° kr; miTpatis — 60-10° kr; HiTputis — 2-10° xr; CIIAP —
0,25-10° kr; 3amiza — 0,770-10° xr; pocdatis — 7-108 xr [3].

Ha cranmisix OYMILIEHHS CTIYHHUX BOJI YTBOPIOETHCS, OKPIM OYHIICHOI BOIH,
rpyna pedoBWH, Ky Ha3WBalTh ocagamu cTivHHX Box (OCB). [lns oOpoOxu
BEJIMKHUX 00’€MiB CTIYHUX BOJI BAKOPHCTOBYIOTh CHCTEMHU OYHIICHHS, 3aCHOBaHI Ha
YTBOPEHHI aKTHBHOI'O MYJy a00 MYJIOBOTO OCaay, SIKHH 3ajJHMIIa€ThCSl pOKaMHU Ha
3BaJIMINAX, SIKi HOTPiOHO mepepobistu [4—6].

OcHoBHUMH crioco0aMU 3HEIIKOKEHHST a00 yTHitizamii ocajliB CTIYHUX BOJ €:
BUKOPHUCTAHHS B CLIBCHKOMY TOCIIOJIAPCTBI, 3aXOPOHEHHs Ha 3BaJIMIAX, BUKUJI B
okeaH, cramoBaHHsI. OKpiM TpaguIiiHUX METOJiB, Y CBITI BUKOPHUCTOBYIOTh HE
MeHII eheKTUBHI MeTou [1].

Y kpainax €sporneiicbkoro Coro3y 3HA4yHy IepeBary HaJuaroTh acpoOHINA Ta
aHaepoOHil 00poOIli ocadiB CTIYHUX BOJ. JOCIHIHKEHHAMH BCTAHOBJICHO, IO ITiJ
yac aepoOHOTO TEPEeTBOPEHHS B OCaAi CTIYHHX BOJA Yy BENHKIH KIIBKOCTI
YTBOPIOIOTHCS TYMIHOBI KHCIIOTH, a TIijI Yac aHaepoOHOro — OLJIKK Ta apoMaTH4HI
AMIHOKHMCIIOTH, IO € CKJIQJOBOIO OpPTraHO-MiHEpabHUX JOOPUB Y CUIBCBKOMY
rocronapcTsi [7].

HoBuM HaykoeMHHM MpolecoM mepepoOkHu cymimn MmoOyTOBHX BiIXOAIB Ta
0CaJliB CTIYHUX BOJ| € HU3bKOTEMIIEPATypHHI TIPOIIi3, SKHI peatizyeThes B SAMoHii,
Itanii, Himewuwni Tta iHmmx kpainax. Ilipomi3 BigxomiB BigOyBaeThCsl MpH
temmeparypi 250—400°C. OcoOauBICTIO HU3EKOTEMIIEPATYPHOT'O MIPOTi3y € Te, 10
nepepoOIoBaHUi  0cajl  MEPEeTBOPIOETBCS Y BYIJICBOACHB, CIIOYATKy —
B Ta30M0II0HUI CTaH, a MiCJIsl HOTO KOHJIEHCAI[iT OTPUMYETHCSI OCHOBHHM MPOIYKT —
«cupa Hadray [8].

3HEBOJHEHHS OCa/iB CTIYHHUX BOJ BigOyBaeThCS Ha MYJIOBUX MalJaH4YHKaXx,
MEXaHIYHUM 3HEBOJIHCHHSIM Ta TEPMIYHOIO CYIIKOFO.

3HEBOIHEHHS — TEXHOJOTTYHHMU IMPOIEeC, HANpaBlIeHUH Ha 301IbLIEHHS BMICTY
CYXOi pe4OBHHHU B OCai.

MynoBi MaliTaHUYMKH TpHU3HAYCHI IS MPUPOTHOTO 3HEBOAHEHHS OCAiB, IO
YTBOPIOIOTHCS Ha CTAHITISAX O10JOTIYHOI OYMCTKH CTiYHOI BOIH, 1 0OpOOIIOIOTH 110
90% BchOTO OCamy.

Ileperara: mpocToTa iHXKESHEPHOT0 3a0€3MEYCHHS, JIETKICTh B €KCILIyaTallil.
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Hemoumik: 3aneXHICTh BiJ KIIIMAaTHYHUX Ta MPUPOTHUX (DAKTOPIB.

B 3anexxHocTi Bii CTynmeHs BUKOPUCTAaHHS TPHPOJHHUX TMPOLECIB MYJIOBI
MaiilaHYMKWd PO3AUIIIOTECS HAa MaWIaHYMKH IPUPOAHOTO Ta 1HTEHCHBHOTO
3HEBOJHEHHS 1 BUCYyITyBaHHA. [lepmuii BapianT nmepenbadae nepeObyBaHHS OCaliB B
YMOBaxX MPHUPOIHIX MPOIIECIB BUITAPIOBAHHS 1 IEKAHTAIli{, TOOTO 0caj 3HAXOAUTHCS
Ha MaljaHYyMKax 3 TMOBEPXHEBUM BiIBOJAOM BOoAM ab0 Ha MalJaHYMKax-
VIIUTbHIOBaYaX. Y JPYyroMy BapiaHTI 3acTOCOBYIOTH CIIEI[iaIbHO BHUTOTOBIEHI
MaWIaHIUKY 31 ITYYHAM APEHAKEM, IMiJITPIBOM, MOXIIABICTIO CTBOPEHHS BaKyyMy
B JPEHAXHIH CHUCTEMi, IUTYYHHM BOJOHEMPOHMKHUM MNOKPUTTAM. JKOAHHX
MOCTIHUX KPUTEPIiB, perJaMeHTYIOUHX BHOIp TOTO UM iHIIOTO BapiaHTa, HE iCHYE.
Bce Bu3HauaeThcs MICHEBUMHM UYMHHUKAMH — KJIIMaTHYHUMH  YMOBaMH,
TEPUTOPIAIBHUMU 1 CHEPreTHYHUMH MOXIIMBOCTSIMH OYHCHUX CIIOpYJ, IXHIM
¢diHaHCcOBMM CTaHOM TOIIO. Po3Mipu MaiiaHYMKiB 1 KUIBKICTh BHITYCKiB Ha HHX
0cCaJiB BU3HAYAIOTh, BUXOISTYH 13 BOJIIOTOCTI OCaJ(iB, MATBHOCTI iX PO3IUBY, CIIOCO0Y
YTHITI3AMi MiCHs MiICUXaHHS.

MyoBi MaiilaHYMKK 1HTEHCUBHOTO 3HCBOJHEHHSI 1 BUCYIIYBaHHS PO3IISIOTH
Ha TPaINLIHHI — 3 BEpTUKAIBHUM 1 TOPU30HTAIHHIM APEHAKEM 1 YIOCKOHAJIEH] — 31
CTBOPCHHSIM BaKyyMy B JPEHaKHIH CHCTEMi, IITyYHHM BOJOHEIPOHHKHUM
MOKPUTTSM 3 TIOBITPSHOIO MPOAYBKOI0. | HapemITi, MaiiJaHYMKN KaCKaJHOTO THITY 3
MIPUPOJTHOIO OCHOBOIO 1 TIOBEPXHEBUM BIJIBOJIOM BOJIH 4Yepe3 KOJOJA31 B TOPIEBIH
YaCTHHI CHOPYIOH BiHOCATH O MYJIOBUX MAalJIaHYHKIB TEpPEXiTHOTO THUIY, SKi
OyAyloThb 3 METOI0 OJep)KaHHS YHCTOro (iabTpary i MiJBUIIEHHS MIBUAKOCTI
3HeBOJIHEHHs. OUeBHUTHO, 110 3HEBOTHEHHS OCA/IiB HA MYJIOBHX MalaHYHKaX HECe
3arpo3y BTOPUHHOTO 3a0pyJHEHHs, MOTpeOye 3HAYHUX KalliTaJIbHUX BHTpAT 1
BEJIMKUX IUION[ TMiJx po3MimeHHsA. JIs BeMMKHX MICT 3  PO3BHHEHOO
1HQPACTPYKTYpOIO 3aCTOCYBaHHSI IPOIECIB TPUPOTHOTO 3HEBOJHEHHS BH3HAHO
HEpaIiOHAILHUM SK 3 EKOHOMIYHOI, TaKk 1 3 EKOJIOTiYHOi TOYKH 30py. Jlis
e(eKTUBHOTO BHpINIeHHs TpoOJIeMHu OcajiB HEeoOXiTHO BTLIIOBATH CydacHi,
MPOTPECUBHI METOTH.

AJie HaBelleHI TEXHOJIOTIl, SK HOBITHI, TaK 1 TpaJMIIiNHI, CHpPSIMOBaHI Ha
nepepoOKy akTuBHOTrO Myiy. Toni sk B YKpaiHi iCHYIOTb MYJIOBI KapTu 3 MyJIOBUMH
BIJIKJIaICHHSAMH, SIKUM 1ToHa 30 pOKiB, 110 Maiike 030yJIUCh OpraHigyHOT CKIIa10BOT
Ta 3a0pyAHIOIOThH IPYHTH Ta IMiJI3¢MHI BOJU TOKCUYHUMH PEUOBHHAMHU. 3 OIJISy Ha
L€ NOCTa€ 3aBJAaHHS IOJIMIIEHHS eKoyorii YKpaiHM Ta CTBOPEHHS €KOJIOTi4HOi
eHeproe)eKTHBHOI TEXHOJIOTI] 3 TEPePOOKH 3acTapiinX MyJOBUX BiJKIaCHb.

Tomy MeToro pobOTH € TOCIIIKSHHS ITPOIIECIB CYIIiHHS KOMITO3UIIIHHUX TPaHyJ
Ha OCHOBI MYJIOBHX BIJIKJIaZIeHb, TOP(Y Ta OiomMacH.

Marepiaju Ta MeTOAU AOCTITKEHb

Jis  CTBOpEeHHsT TpaHyl BHUKOPHCTOBYBAIM 3acTapiii MYyJIOBI BiJKJIaJIeHHS
3 M. ®acroBa, Topth 3 pogosuia YepHiriBcbkoi obyacTi Ta Giomacu, Ha MPUKIATI
JIy3T'W TPEYKU Ta TUPCH. 3 PUCYHKa 1 BHJHO, IO 30JIbHICTh MYJIOBHX BIJKJaJI€Hb
cranoButh 47,3%, mo HemomycTMMO Tpu craigioBaHHI. Topd 3 pogoBwmiIa
AII «YepniriBTopd» Mae NOCTaTHRO HHU3bKY 30JIbHICTD — 14,1%. Ilpn noeananui
IUX MaTepiaixiB 30JIbHICTh KOMITO3MIii cTaHoBUTH 33,1%. 3onbHicTh OioMacu
y tapcu — 3,1%, a mysru rpeukn — 1,6%. [lng minBUIEHHAS SIKOCTI 1 3MEHIIEHHS
30JIBHOCTI MYJOTOp(’STHUX TpaHyJ JOUIIBHO JO HUX JIOJIaBaTH THUPCY Ta Jy3Ty
IpeYKH. 30JIbHICTh TPHOXKOMIIOHEHTHUX KOMITO3UIIii1 cTaHOBHUTH 25% [9].
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Puc. 1. — TexHoMOTi4HI XapaKTEPUCTUKN CUPOBHHHU

CdopmoBani KOMMO3UIIi MiAnaBaiM TIpaHyJdOBaHHIO. [l  HOCHIHKEHHS
KIHeTUKM  TPOLECY  CYyIIiHHA  MyJOoTOp(]’SHUX  TpaHyl  3aCTOCOBYBAU
CKCHEPUMEHTAIbHUA KOHBEKTHBHUI CTEHJ 13 BCTaHOBJICHOIO aBTOMATHYHOIO
CUCTeMOI0 300py Ta o0poOkm iH(popMariii. KOHBeKTHBHHI CYIIMIIEHUN CTEHH
JI03BOJISIE TIPOBOJIUTH TEPMiUHY 00pOOKY MYJIOTOP(] SHUX TpaHysl IPH TEMIIEPaTypi
cymmnbsHoro arenty 30-150°C Ta mBuakocti pyxy 0,5-5 wm/c. Bcranonei
BHUCOKOTOYHI Baru JO3BOJIAIOTH PEECTpyBaTH 3MiHy Macu HaBakku a0 0,001 r Ta
MiATPUMYBAaTH TeMIlEpaTypy B CYIIWIBHIA kamepi i3 TouHicTio no 0,02°C.
34uTyBaHHS EKCIIEPUMEHTAIBHUX JIaHUX PO 3MiHy Macy Ta TeMIepaTypH 3pa3ka,
TEMIIEpPaTypy CYHIMIFHOTO areHTa B CYIIWIBHIA Kamepi BinOyBaeThcs 7 pasiB 3a
xBuuHy [10].

Pe3yabTaTi gocaigxeHHs

Ha pucyHky 2 HaBeJieHI KpUBi TeMIIEpaTypy Ta KIHETUKU CYIIIHHS TOPQY, MyJIOBUX
BimkiIageHp Ta ix kommoswumii. [Iporsrom 30 XBwiuH TOpd MpOrpiBacThCH 0O
temneparypu cyminHs 120°C. Myn nocsarae ui€i TemmepaTtypd NpOTATOM
20 xBwnH. JIBOKOMIIOHEHTHa KOMIIO3HUIIiSI Ma€ XapakTep MPOTrpiBaHHS MYJIOBUX
BIIKJIAJCHb 1 Jocsrae 3anaHoi Temmeparypu depe3 20 xBuiauH. IIpoBeneHo
MOPIBHAHHS KIHETUKHU CYIIiHHS TOpQy, MyIly Ta KOMIO3ULIHHUX rpaHyi. SIK BUIHO
3 PUCYHKa, Y BCIX MPEACTaBICHUX KPUBHUX L€l mepioa KopoTkuil. B ocHOBHOMY y
HAC CIOCTEpIraeTbcs JPYTHH MEpioj CYUIHHS, SKHH  XapaKTepU3yeThCs
3MEHIIEHHIM 1HTEHCUBHOCTI BlAga4i BOJIOIH.

Ha pucynky 3 mnpexacraBieHi TemmepaTypHi KpUBI Ta KIiHETHKH CYIIiHHS
koMmmo3uilii SOM+50T B 3ajexHocTi Bim jaiamerpa rpaHyid. Sk BuaHO 3
TEMIIEpaTypHUX KPUBHX, TPOTPIB BiIOYBAEThCS IHTCHCUBHINIE B TpaHysax
niamerpom 6 mM. JlocnmipkeHHs BIUIMBY JAiaMeTpa TpaHyll HOKaszalid, IO INpH
30UIBIICHHI JliaMeTpa TpaHyJI TPUBAIICTh CYITiHHS 301TBIIYEThCS Y 2,2 pasa.
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Bruus po3mipy rpaHys Ha TpuBaiicTh cyminas mpu t = 120°C, V =2 m/c, nponopiiis
+50%T:1,3—-d=12mm;2,4—d=6 MM

Ha pucynky 4 300paxkeHi 3pa3Ku rpaHyJi giaMeTpoM 6 ta 12 MM micist CyIIiHHsS
npu Temnepatypi TemiaoHocis 120°C. Sk BUOHO 3 pHCyHKa, TPaHyJd diaMeTpoM
6 MM MaloTh OHOPiAHY (HOpMY Ta O1TBII MilIHI.
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Puc. 4 — 3pasku rpanyn giameTpoM 6 Ta 12 MM micis CyIIiHHS IPY TEMIIEPaTypi TEIUIOHOCIS
120°C

Ha pucynky 5 npencrasieHi KpyBi TeMIepaTypy Ta KiHETUKU CYIIiHHS JBO- Ta
TPHOXKOMIIOHEHTHHUX TpaHyJl. SIK BUIHO 3 PHUCYHKa 5, KiHETHKA CYIUiHHS TPaHyJ
3 TPPOXKOMITOHEHTHHX KOMITO3HIIiIi CX0%Ka 1 KPUB1 HAMISTAIOTH OJHA Ha OAHY (KpHBi
2 Tta 3). KpuBi KiHETMKM CYIIiHHS ABO- Ta TPHOXKOMIIOHEHTHOI KOMIIO3HUIIIH
MOKa3yIOTh, 10 CYLIiHHA iie 3 MOCTYIOBUM 3MEHILICHHSIM BOJIOTOCTi. TpuBamicTh
CYLIIHHS TpaHyd SIK [1BO-, TaK 1 TPHOXKOMIIOHEHTHOI KOMIIO3HLIi 3HAaXOAUTHCS
B Mexax 17-18 xa.

2z 2
N;h-.
SN

5
C

Vi
=
=
=1
L}

0

AN 7 .
- ZA

30 60

20 Fﬁ‘ 40
e

Boaoriers, %

TemuepaTypa HATPiBAREA TPARY.

0 2 4 6 & 10 12 14 16 18

ac, xB.

Puc. 5 — BruiuB TemriepatypH TEIJIOHOCIS Ha TPUBAJICTh CYILIHHS IBO- Ta TPHOXKOMIIOHEHTHUX
rpanyn npu t = 120°C, V=2 m/c, d = 6 mm:

1, 4 — nBoKOMITOHEHTHI rpaHysH y nponopiii 50% M + 50% T;

2, 5 — TPOXKOMITOHEHTHI rpaHy y nporopiii 45% M + 45% T + 10% my3ru rpeuxw;

3, 6 — TppOXKOMITOHEHTHI IpanyH y npornopuii 45% M + 45% T + 10% tupcu

TemneparypHi KpHBI MaiOTh pi3HMH XapakTep. TpbOXKOMIIOHEHTHI TpaHyiH 3
TUPCOIO A0 16 XB IPOrpiBatoTHCA IHTEHCUBHO, BUXOASYH HA PIBHOMIpHY TEMIIEPaTypy
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(xpuBa 6), ane TpaHyIH 3 Ty3ro0 TPeYKH 10 14 XB mpOrpiBatOTHCS MOBUIBHO, a TICIA
CIIOCTEPITAETHCS Pi3Ke 3pOCTAHHS JI0 KiHIICBOTO 3HaUCHHS (KpuBa 5).

[lopiBHSHHS YTBOPEHUX TPHOXKOMIIOHEHTHUX TPaHyNl 3 JBOKOMIIOHCHTHUMH
MOKa3aj0 OJHAKOBUI XapaKTep KpPHWBHX CYIIHHA. [pUBaNiCTh CyIIiHHS
TPHOXKOMIIOHEHTHHX TPaHyJl TpH TemmepaTypi temioHocis 120°C mo kiHmeBoi
Boorocti 10% ckmnangae 17—18 xBunuH.

[Ipu po3poOui TexHOMOTIi TepepoOKH 3acTapiIMX MYJIOBHUX BiIKIAACHb Ta
OJlep’KaHUX KOMIIO3WIKA 3 JOJaBaHHIM 10 HuUX Topdy Ta OioMach BayKJIHMBE
3HAYCHHS Ma€ PiBHOBAYKHA BOJIOTICTb, SIKa BU3HAYAE HE TUTHKH YMOBH 1X 30€piraHHs,
a ¥ KiHIEBHIA BOJIOTOBMICT MPU CYIIiHHI.

Kpusi i30Tepm amcopOrrii KOMITO3WIIH Ta 1i KOMIIOHEHTIB 300pakeHi Ha
PUCYHKY 6. J/IBOKOMIIOHCHTHA KOMIIO3MIIiSI Ha OCHOBI Myiy 1 Topdy 3aiimae
MOJIOKEHHSI MK 130TepMamMu TOpdy Ta MYJIOBUX BiakianeHs (puc. 6 kpusa 5). Sk
BHHO 3 PHUCYHKa, TPH 130TepMH ancopOmii TPhOXKOMIOHEHTHHX KOMITO3HUITii
HAJISATaloTh OJIHA Ha OJIHY 1 MaloTh ofHaKoBUH xapakrep. [Ipu ¢ = 0,4 piBHOBakHa
BOJIOTICTh BCiX 3pa3KiB pi3HA, MO CBIAYMTH PO HEOAHOPIMHUH CKIA] MaTepiaiy.
Hnst topdy — 11%, ans MynoBux BiAkiaaeHb — Onu3bko 2%, TUpcH — 7%, s
JIBOKOMITOHCHTHOT KOMITO3HIIi1 Ha OCHOBI MYJIOBUX BiJIKJIaJeHb Ta Topdy — 5%, ms
TPHOXKOMIIOHEHTHOI KOMITO3HIIii Ha OCHOBI MYJIOBHX BiAKJIaJECHb, TOPp(dY Ta THPCH —
6%, TPHOXKOMIIOHEHTHOI KOMIO3HUIII HAa OCHOBI MYJIOBHUX BiJKJaleHb, TOpQY Ta
Jy3TH Tpedku — 6%.
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Puc. 6 — [3oTepmu ancopOiii KOMIO3MUIIIH Ta IX KOMIOHEHTIB!

1 — topd; 2 — mMynoBi BiaknmaneHss; 3 — Tupca; 4 — Jiy3ra rpedku; 5 — ABOKOMIIOHEHTHA
KOMITO3HMIiSl HA OCHOBI MYJIOBHX BiJIKJIa/IeHb Ta TOP(]Y; 6 — TPhOXKOMIIOHEHTHA KOMITO3HIIisI
Ha OCHOBI MYJIOBHX BiJIKJIaJieHb, TOP]Y Ta THPCH; 7 — TPHOXKOMIIOHEHTHA KOMIIO3UIIiS Ha
OCHOBI MYJIOBHX BIJIKJIa/IeHb, TOP(Y Ta JIy3TH IPEUKH

[Tutoma TemoTa 3ropsiHHS CTBOPEHOT HAMHM KOMIO3ULIMHOT cyMilTi y BUIIISAAL
rpaHy’ Ha OCHOBI MYJIOBHX BiAKJIaZA€Hb, TOP(Y Ta OpraHiuHOi CHPOBHUHH BiAIOBiIa€E
CTaHIapTaM SIKICHOro majuBa i craHoBuTh 12,5-16,5 MJ/Ix/kr. [lutoma termiora
Topdy BiAMOBiAHO cTaHOBUTD 12,1 MJIK/KT.
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BucHoBku

OtpumaHi B poOOTi pe3yabTaTH E€KCIIEPUMEHTANBHUX JOCIIKEHb 3 BU3HAUCHHS
TEXHOJIOTIYHUX XapaKTePUCTHK € JIUIIEC OAHHM 3 €TalliB IOCHTiKeHb. [limidpano
ONITUMAJILHE CIIBBIIHOIICHHSI KOMIIOHEHTIB 3 KpaItuMu SKICHUMU
XapakTepUCcTUKaMH, HiK y Myny. JlonaBaHHA TOPQY A03BOJISIE MOHU3UTH 30JIbHICTD
MYJIOBUX BiIKIaAeHb B 1,4 pasa, a IpW MOJANBIIOMY BHKOPHCTaHHI Oiomacu —
B 1,9 pasa.

Po3mip rpanyn Takox BIJIMBa€ Ha MPOLEC CYLIIHHS, 31 301IbIIEHHSIM AiaMeTpa
301IBLIYETHCS TPUBAIICTh CYIIIHHA Ta MPOTPiB MPOXOIUTH HE TaK iHTEHCHBHO.
[lopiBHAHHS KIHETHKH CYIIHHS TOp]y, MYJTOBHX BIIKIAJEHb Ta iX KOMIO3MIIi{
MoKa3ao, o MPoIec CYIIiHHS MPOXOANUTh IHTCHCHBHIIIE Ta MA€ XapaKTep CYIIiHHs
TakKkuH ke, SK 1 MyJIOBHX BinkianeHb. OTpUMaHi KpHUBiI KIHETHUKH CYIIiHHS MalOTh
OJHAKOBUH XapakTep Yy [BO- Ta TPbOXKOMIIOHEHTHUX TpaHyl, aje NpH LbOMY
TeMIepaTypHi KPUBiI MalOTh PI3HUI XapakTep.

Brepme Oynmu mpoBemeHi  AOCHiKEHHS  aiCOpOLIMHMX  BIACTHBOCTEH
TPHOXKOMITOHEHTHUX KOMIIO3MINI Ha OCHOBI TOp(dy, MyJIOBHUX BiIKIAJCHb Ta
rpevaHoi JIy3TH.

OTpumaHa piBHOBaKHA BOJIOTICTh KOMITO3MIIA HE TEpPEBHILYE CTaHAAPTHY
BOJIOTICTh JJIs HAJIMBHUX TpaHys (ckiamae 20%) ta craHoBuTh 6—7%. ToMmy BOHH
MOXKYTh OyTH O1bIII €()eKTHBHO BUKOPUCTAHI IS CIAITFOBAHHSA B KOTIIaX Ha OioMaci.
OTtpuMaHy 30J1y MOYHa 3aCTOCOBYBATH JIJIsl BAPOOHMIITBA LIETJIH, IIEMEHTY Ta IHIINUX
OyniBenbHUX MaTepianiB. [lin vac 30epiraHHS KOMMO3UIIHUX TpaHyl 3 METOIO
3amo0iraHHst  BTpaTi iX  TEXHOJIOTIYHMX  BJIACTUBOCTEH  PEKOMEHIYETHCS
MiATPUMYBaTH BOJIOTiCTh ToBiTpss Ha piBHI 60-70%. JlomaBaHHS MYIOBHX
BiJIKJIaJICHb JI0 MAJMBHUX I'PaHyJ J03BOJUTH 3MEHIYBATH PiBHOBA)KHY BOJIOTICTb.
[luTomMa TemioTa 3rOpsIHHA CTBOPEHHUX KOMIIO3UIIIHHUX TpaHyJl BiJIIOBIIAE
CTaH/apTaM SKiCHOTO TajuBa i ctaHOBHTH 15,07 MJIX/KT.

JlikBimariss HaKONMYEHUX BIAKIAACHb TOTPIOHA JuUIst epeKTUBHOI Ta
Oe3mepebiitHoT eKcIuTyaTallii OYMCHHUX cropyll. TOMy akTyallbHOIO € Po3poOKa
TEXHOJIOT1] IepepoOKH MYJIOBUX BiJKJIaJIeHb Ha MaIMBHI I'PAaHYIH 3 OJHOYACHUM
OJIep’KaHHSIM TETJIOBOI Ta EIeKTPUYHOI €HepTii.
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APPLICATION OF THE REVERSE OSMOSIS METHOD
FOR THE PURIFICATION OF DRINKING WATER

Abstract. The article deals with the problem of clean water, as for Ukraine, which
belongs to the states with a limited amount of water resources and a high level of their
use. It has been substantiated that deviations from the standards of water quality, both
surface and underground sources, reach 70-80%. Almost a third of the population of
villages and towns of rural type in Ukraine consumes water from wells, the water in
which is recognized as practically unfit for consumption, especially in terms of nitrate
indicators, which have a negative impact on human health. Provided a comparative
assessment of regulatory documents State sanitary norms and rules 2.2.4-171-10
"Hygienic requirements for drinking water intended for human consumption” and
DSTU 7525: 2014 "Drinking water. Requirements and methods of quality control", in
force on the territory of Ukraine, Council Directive 98/83/EC, which regulates water
quality indicators at the international level. The modern views on the structure of
drinking water as a dilute aqueous solution, where water is presented in the form of
giant heterophase clusters, are considered and, based on this, the terms "prepared
drinking water" and "natural drinking water" are defined. The problem of optimal
adjustment of the qualitative and quantitative composition of drinking water is
determined, which in the modern world is solved by methods of additional purification
of water at the local level. It is shown that according to the principle of operation,
household water purifiers can be divided into 4 main groups, namely: installations
with a mechanical filter element; household filters of the sorption type; plants of an
electrochemical type and plants of a membrane type based on the reverse osmosis
process, which are widely represented on the world market today and are actively
used at the local level (apartments, houses, kindergartens, schools), but they have a
number of features and disadvantages. The mechanism of the processes in the system
"initial water — membrane — prepared drinking water" with its outlined components is
presented. The consequences of the use of reverse osmosis plants for the purification
of drinking water are considered on the example of tap water, which has been purified
in a plant with a membrane element TW30-1812-50 manufactured by DOW Chemical
(USA) at an operating pressure of 18 atm. The presented results of changes in the
quantitative and qualitative composition of water, namely, its fundamental
components, as a result of post-treatment by reverse osmosis. Technological and
economic disadvantages of reverse osmosis plants are substantiated. It has been
confirmed that the reverse osmosis method is used to demineralize water and is
capable of retaining almost all ions by 92-99%, and with a two-stage purification
system up to 99.9%, that is, water is prepared by reverse osmosis purified from almost
all mineral salts, including useful and necessary for normal human life.

© M.B. Kpasuenko, O.C. Bonomkina, JI.O. Bacunenko, 2021
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M.B. KpaBuenko, O.C. Boaoukina, JI.0O. Bacuiienko
KuiBchbkuii HallioHaIbHUH yHIBepcuTeT OyIIBHUITBA 1 apxiTekTypH, M. Kuis, Ykpaina

3ACTOCYBAHHA METOAY 3BOPOTHOI'O OCMOCY
JIJISA JOOYUCTKHU MUTHOI BOJIU

Anomayin. B cmammi pozenamymo npobremy uucmoi 800u, sika cmocyemucs i
Yrpainu, wo nanescums 0o depoicas 3 06MmednceHo0 KIbKICMIO 800HUX pecypcié ma
8uUcoKuM pisHem ix euxopucmanns. OOIPYHMOBAHO, WO GIOXUNEHHS 6I0 HOPM
AKocmi 800U, AK NoGepXHesux, max I niozemuux Odxcepen, caearoms 70-80%.
Maiisce mpemuna Hacenenus cin i Micm cintbcbko2o muny Ykpainu cnoswcusae 600y
i3 KOI00:A316 Ma c8epONo6UH, 800d 8 AKUX BUSHAHA NPAKIMUYHO HENPUOAMHOI0 00
BIICUBAHHA, OCOOIUBO 3a HIMPAMHUMU NOKA3HUKAMU, WO 30aMHI YUHUMU
HecamueHull 6NAU8 Ha 300pos’s moounu. Haoano nopisuanreHy —oyinky
HopmamusHux O0okymenmie [lepoicasni canimaphi nopmu i npasuna 2.2.4-171-10
«licieniuni umoau 00 nUMHOIL 800U, NPUSHAYEHOT OJIsL CNONCUBAHHSL HOOUHOIO» MA
JICTY 7525:2014 «Booa numna. Bumoau ma memoou KOHMPOAIOBAHHS AKOCMIY,
wo Oitomv Ha mepumopii Ykpainu, ma Jupexmueu Paou 98/83/€C, sxoio
pezynoiombcs NOKA3HUKU AKOCMI 800U HA MidXCHAPOOHOMY pigHi. Posznsanymo
CYYACHI NO2TSIOU HA CIMPYKIMYPY RUMHOL 600U K PO30ABIEHO20 600HO20 PO3UUNY,
de 600a npedcmasnena y 6ueisidl 2ieanmcbKux 2emepogasHux Kiacmepis i,
BUXO00SUU 3 Yb0O2O, OAHO BUSHAYEHHS MEPMIHAM «NI020MOGIeHA NUMHA 800a» ma
«npupoona numua 600ay. OKpecieHO npobdiemy ONMUMATLHO2O KOPUZYBAHHS
AKICHO20 | KIIbKICHO20 CKAAOY NUMHOL 800U, KA 8 CYYACHOMY C8Imi 8UPIUYyeEmMbCs
Memooamu 000YUCMKYU 800U HA JTOKAAbHOMY pieui. [lokazano, wo 3a nPUHYUNom
pobomu nobymogi 80000uUULYBAYT MONCHA PO3NOOLIUMU HA 4 OCHOBHI epynu, a
came: YCMAHOBKU, WO MAIOMb MEXAHIYHUL Dinbmpyouuil eremenm, nooymosi
@inompu copbyilino2o muny; YCmaHosKu eieKmpoxXiMiuHo20 muny ma YCmaHoeKu
MeMOpAHHO20 Muny HA OCHO8I Npoyecy 360POMHO20 OCMOCY, AKI UWUPOKO
npeocmasieti cb0200Hi HA C8IMOBOMY PUHKY MA AKMUSBHO GUKOPUCMOBYIOMbCA HA
JIOKANbHOMY PIHI (Keapmupu, OVOUHKY, Ouma4i caoku, WKoau), aie mMaioms psao
ocobnusocmeti ma Hedonikie. Ilpedcmagnieno mexawizm NpomiKamHs npoyecie
6 cucmemi «8UXiOHA 600a — MeMOpaHa — NIO20MOBIEHA NUMHA 600a4» 3
OKpecleHumu 1020  cKAadosumu. Pozenamymo — HACHOKU — 8UKOPUCHIAHHSA
360POMHOOCMOMUYHUX YCIMAHOBOK NpU 000YUCmyi NUmHoi 600U HA NPUKIAOL
6000NPOGIOHOI 800U, AKA NPOUWIA OYUCMKY HA YCMAHOBYL 3 MEMOPAHHUM
enemenmom TW30-1812-50 eupobrnuymea xomnawnii DOW Chemical (CLLA) npu
pobouomy muckogi 18 amm. Hasedeni pezynomamu 3minu KiIbKICHO20 | AKICHO20
CKAady 800U, a came ii (PyHOAMEHMATbHUX KOMNOHEHNIB, 8 Pe3YTbmami 000YUCTHKU
36o0pomuum ocmocom. OOIPYHMOBAHO MEXHONOSIYHI A EKOHOMIYHI HeOOMiKU
380POMHOOCMOMUYHUX YCMAHOBOK. 1liomeepodiceHo, w0 Memoo 360POMHOZ0
oCMOCy 3ACMOCO8YEMbCA Ol OeMiHepanizayii 6o0u ma 30amen 3ampumysamu
npaxkmuyno 8ci ionu na 92—99%, a npu 0socmynenesiil cucmemi O4UCMKU — i 00
99,9%, mobmo nidcomosieHa 360POMHUM OCMOCOM 800d OUUWEHA NPAKMUYHO 0
6CIX MIHEPANbHUX CONell, 8 MOMY YUCTI KOPUCHUX MA HeOOXIOHUX OJii HOPMATbHOL
AHCUMMEDIATLHOCI TTOOUHU.

Knrwouoei cnosa: numna 6ooa; exonoziuna besnexa; aKicms RUmMHoL 800U, Memoou

OUUCIKY 800U, 360POMHULL OCMOC, MEMOPAHA; HEOOIKU 360POMHO20 OCMOCY
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Beryn

OpnHi€ro i3 mepuIoYeproBux MpoOJIEM CHOTOACHHS, IO CTOITh Mepen JIOACTBOM
TIOpsIA 13 TII00ATHFHUM TOTEILIIHHAM, 3MEHIIIEHHAM O010pi3HOMaHITHOCTI, HECTAUEIO
MIPOJIOBOJIBCTBA, IIEPEHACEIICHHAM, BIHCHKOBUMH KOHQIIKTAMH, € TIpodsiemMa
HasIBHOCTI YMCTOI IUTHOI BOAY BIAITOBIAHOI AKOCTI Ta B JOCTATHINA KIJIKOCTI.

BoHi pecypcH HAIIOI IUTaHETH CKIIaAar0Th 61m3bKo 1,5 mipa kv®. OHak, 3 HUX
98% HasexaTh cOMOHMM Bogam CBIiTOBOTO OKeaHy i juiue 28 MJIH KM® CKJIaaroTh
mpicHi Bogu. Xo4a, 3aBASKH TEXHOJOTIYHUM MOXKIIMBOCTSIM ONPICHEHHS COJIOHUX
MOPCBHKHX BOJ], BOIW OKEaHIB 1 COIOHUX 03€ep, iX MOXKHA PO3IIISIAATH SIK OTEeHIi HHI
BOJIHI pECypCH, BUKOPUCTAHHS SKHX y MaOyTHHOMY € ITLIKOM MOXKITUBUM 1 HaBITh
MEPCHEKTHBHUM.

JIronnHa TOCTIHHO B3a€EMOJi€ 3 HABKOJHIIHIM MPHUPOJHUM CEPEJOBHUINEM Ta
HaMaraeThCs IEPETBOPUTH YMOBHU CBOTO iICHYBaHHS Ha OiJTbIIl OE3ITeYHI Ta 3aXHIIeH]
BiJl MPUPOJHUX 3arp03, a TAKOXK Ha OUTBII COIIATPHO-€KOHOMIYHO Ta MaTepialbHO
BurinHi. Taka B3aeMois MmapaneilbHO CYNPOBOIKYETHCS MOCTIHHUM 3POCTaHHIM
AQHTPOIIOTEHHOIO0 HABAaHTAXKECHHS Ha HABKOJIMIIHE NPHPOJHE CEPEIOBUILE, B TOMY
4ucai 1 Ha rigpocdepy.

Hemorpadiuyauii BUOyX Ta 3yMOBIEHE HAyKOBO-TEXHIYHHUM IPOTPECOM
MIJBUIICHHS I1HTCHCUBHOCTI  BOJOKOPUCTYBAaHHS, TMOpPs 13  TJ00aJIbHUMHU
KJIIMAaTHIHAMU 3MiHaMH Ha HAIII# TIAHETI, SIBIIOTHCS YUHHIKAMH, 110 CTBOPIOIOTh
3HAYHMH THCK Ha BOJHI pecypcd Yy IulaHeTapHOMYy MacmTabi. Po3BuTOK
MIPOMHUCIIOBOTO Ta CITBCHKOTOCTIOAAPCHKOr0 BUPOOHUIITBA, CTPiMKa ypOaHizalis Ta
iHTeHcHu(iKallisi BAKOPUCTAHHS BOJTHUX PECYPCiB, HEEPEKTUBHE OUHIICHHS CTITYHUX
BOJ € BaYJIMBUMH AHTPOIIOTEHHUMH YMHHUKAMH, SIKi 3yMOBIIOIOTH MOTipIICHHS
SIKOCT1 TPUPOAHUX B [1].

He Men1n BaxiuBoro € mpodiieMa HecTadi siKiCHOT MUTHOT BOIH 1 B YKpaiHi, sika
HAJIEKUTh J0 JepKaB 3 00MEKEHOIO KUTBKICTIO BOJIHUX PECYPCIB Ta BUCOKHM PiBHEM
1X BUKOPUCTaHHS.

Crio>kMBaHHS HESKICHOI THUTHOI BOJAM MOXE BHUKIMKATH Pi3HOMaHITHI
3aXBOPIOBAHHS, B TOMY YHCII AyKe cepiio3Hi. [Ipy Bk1MBaHHI Takoi BOAW BUHUKAE
3arpo3a TaKHX 3aXBOPIOBaHb, K XOJepa, JU3CHTEpisd, OpyLenbo3, uepeBHU Tud,
MCEBI0TYOEPKYJIL03, @ TAKOXK UyMa Ta TyjisipeMis. HasBHICTh BUCOKOSIKICHOT TUTHOT
BOAM B KUTBKOCTI, IO 33/I0BOJILHSIE OCHOBHI TOTPEeOMW JIOAWHU, € OJHIEI0 3 YMOB
3MILHEHHS 30POB's JII0/IeH 1 CTANIOT0 PO3BUTKY A€pKaBH. by ib-siKe HETOTPUMAaHHS
CTaHIAPTy SKOCTI TIMTHOI BOJU MOXE TMPU3BECTH JIO HECIPHATINBUX, SK
KOPOTKOCTPOKOBHX, TaK 1 JOBFOCTPOKOBUX, HACIIAKIB JUIst 30POB's 1 O1aromoryqdst
HaceneHHs. Kpainu, ae SKicTb MMTHOT BOAM BIAMOBiAa€ MIXXHAPOAHUM CTAHAAPTAM,
MAalOTh OUTBII BUCOKHI MOKAa3HUK TPUBAIOCTI XKUTTS, B TIOPIBHAHHI 3 TOKa3HUKOM
CMEPTHOCTI. A TOKa3HUK 3aXBOPIOBAHOCTI — 3HAYHO HWXKYHM, HIXK B TUX KpaiHax, Jie
MMTHA BOJIa € 3a0pyIHEHO0.

OcHoBHuIi MaTepian

3a manumu OOH, Ykpaina nocinae 95-te micue cepen 112 kpaiH cBiTy 3a peTHHIOM
axocTi muTHUX kepen. 1lono 3amaci micuesux BoguuxX pecypci (1 tue. M° Ha
1 oco0y) Ykpaina BBa)KaeThCS ONHICIO 3 HAWMEHI 3a0e3nedeHuX KpaiH B €BpoIIi
(B nopiBHsAHHI, Hanpuknan, [senis, Himeyunna — no 2,5 tuc. M3, BenukoOpuranis —
5 tuc. Mm°, @panuis — 3,5 Thc. M°, eBponeiichka yacthHa KomumHbsoro CPCP —

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponoxopucrysanss, Ne 4 (40), 2021



59trc. M®). V ManoBomHi pOKM Ha TepHTOpii YKpainm (opMyeTbcs e
52,4 xM¥/pik CTOKy, TOOTO Ha OJHY JIHOAMHY mpumanac Omusbko 1 tme. M3 3a
BU3HAUCHHAIM €Bporneiichkoi ekoHoMmiuHoi komicii OOH, nepikaBa, BomHI pecypcu
AKOT HE TEpEBUINyIOTh 1,7 THC. M® CTOKY Ha piK Ha OJHY JIFOJUHY, BBAXKACTHCS HE
3abe3nedenoro Bogowo. Y Kamani usg semwmumna popiBaroe 94,3 tuc. M3, y Pocii —
31,0 Tuc. M3, y IIsewii — 19,7 tuc. M3, y CLIA — 7,4 tuc. M2, y Binopyci — 5,7 tuc. M5,
y ®panii — 3,4 tuc. M, B Anriii — 2,5 tue. M3, y Himewunni — 1,9 tuc. M3, y Iompimi —
1,6 Tnc. M®. Tomy cepen 152 kpain cBity Vkpaina 3a MM MOKa3HHKOM MOCigae
111-te micue [2].

loctpo croith pa3oM 3 HEAOCTATHHOK KUIBKICTIO 1 MpoOyieMa SIKOCTiI BOJIU.
AHami3 CcTaHy SKOCTI BOAM B TPOMFCIOBO PO3BHHYTHX perioHax YKpaiHw,
3nidicHeHu# BeeykpaiHChKO €KOJIOTIYHOIO JIITOI0, IIOKA3aB, 10 BiIXHICHHS SKOCTI
Boau Bin Hopmu csraiote 70-80%, a Ommspko 70% HaceneHHsS YKpaiHu
BHKOPHCTOBYE JIJISl MUTHUX MOTPeO BoAy i3 JlHimpa Ta HOro MpUTOK, SKa 9acTo He
BIJIMTOBiTa€ HOpMaM JKEpeIl BOIOTIOCTaYaHHSI.

3a pmaHuMH  YKpaiHCBKOTO JIEPKABHOTO HAYKOBO-IIOCTIIHOTO 1HCTHTYTY
”YxkpBOAI'EO”, BusHaueHo 290 pi3HUX mKepen 3a0pyIHEHHS MiI3€MHHUX BOJ,.
Maiixe TpeTrHa HaceJIeHHS CiJl 1 MICT CITbCHKOTO THUITY YKpaiHU CIIOKHBAE BOIY i3
KOJIOZS3IB Ta CBEPJUIOBHH, SKI PO3TAIIOBaHI MOOMM3Y NPOMHUCIOBHX LEHTPIB,
BiiCBKOBHX 0a3, CKJIaJIiB CUTLCHKOTOCIIOAAPCHKOT MPOMYKIIT 1 BOJIa B IKUX BU3HAHA
MIPaKTUYHO HEMPHUIATHOIO 10 BXKUBaHHS [3].

310pOB’s IIOJUHU 3HAYHOIO MIPOIO 3aJISKUTh CaMme BiJl SIKOCTI BOIH, SIKy BOHA
cnoxuBae. 3a ganumu IOHECKO, VYkpaina mocimae 146-te miciie B CBiTi 3a
CEpeIHBhOI0 TPUBANICTIO XUTTS (65,98 pokiB). BmimmB sxocTi MUTHOI BOAM Ha
3II0pOB’sl JIFOIMHU 3aJIeKUTh BiJl HU3KHU (akTopiB. [lo-mepire, sk mig3eMHi, Tak i
MOBEPXHEBI BOAM Yy 0arathox perioHax YKpaiHH 3a CBOIMH (Pi3MKO-XiMIYHUMH
MOKa3HUKAMH HE BiJIMIOBIIal0TH BUMOTaM CTaHJAPTy Ha MUTHY BOJY, IO MOB’I3aHO
HE JIUIIIe 3 IPUPOAHUMU YMOBaMH iX (hOpMyBaHHsI, a HAacaMIepe1 3 aHTPOTIOTE€HHUM
3a0pyIHEHHSIM, [0 BUKJIMKAE MOTPeOy iX ouuieHHs [4].

Oco6mMBO 3HAYHOIO TMPOOJIEMOID € 3pOCTaHHs HITPAaTHOTO 3a0pyaHEHHS
IPYHTOBHX BOJ B CUIbCBKiM MicueBocti. B Ykpaini 5,7 mnn mictsn ta 11,7 mMiH
CITBCBKOTO HACEJICHHS CIIOKMBAlOTH BOJY 13 KOJIOASA3IB Ta iHAWBITyaIbHUX
CBEPIJIOBHH, 1[0 JKUBIISATHCS TPYHTOBUMH BOJaMHU. Y TepeBaKHiM OLTBIIOCTI i
BOJHI JpDKepena 3HAaXOAAThCA Yy HE3aJoBUIBHOMY CTaHi. B ocraHHI poku
CIIOCTEPIraeThCsl 3pOCTaHHS aHTPOIOT€HHOTO 3a0pyJHEHHS HITpaTaMu I'PYHTOBUX
BOJI, SIKi 0€3 OYHIIEHHS CIIOKMBAE HACCIICHHS Y CLUIbChKIM MiCIIEBOCTI.

EdexTrBHUX METO/IIB BUIATICHHS HITPATIB 3 BOJIU B yMOBaX JICIICHTPAII30BAHOTO
BOJIOTIOCTaYaHHS MPAKTUYHO HE icHye. 3a0pyJHEHHS BOAW MOHATHOPMATHBHUMHU
KOHIIGHTPAI[ISIMH HITpaTiB MPU3BOJIUTH JI0 BUHUKHEHHSI 3aXBOPIOBaHHS HA BOJHO-
HITpaTHY METTeMOTJO0IHEeMII0 y JiTel, 3HWKEHHsI 3arajibHOl pPE3UCTEHTHOCTI
OpraHi3my, 10 crpusie 301IbIIEHHIO PiBHS 3aralbHOi 3aXBOPIOBAHOCTI, B TOMY YHCII
iHQEeKIIMHMMH Ta OHKOJIOTIYHUMH XBopoOamu. BiamivaeTscst 3pocTaHHs
HITPaTHOTO 3a0pyJHEHHSI TPYHTOBUX BOJI BHACIIIOK HEHOPMOBAHOTO BUKOPUCTAHHS
B KOJEKTHBHUX TOCHOJApCTBaX Ta Yy MPHUBATHOMY CEKTOpi MiHEpaJbHUX Ta,
0c00JIMBO, OpraHi4HUX JOOPHB.

HeBnmockoHaneHi TEXHONOTIT OYHMCTKH 3a0pyJHEHHMX BOJ, SKi CYTTEBO HE
3MIHIOBINCS TIPOTSITOM CTOJITh, HE3aJOBUILHUN CaHITAPHO-TEXHIYHHHA CTaH
BOJIONIPOBITHUX CIOPY/] 1 MEPEXK, BIICOTOK iX 3HOMICHOCTI, 1[0 CTAHOBUTH Y PI3HUX
perionax Big 30% mo 70%, HecBo€dacH! MPOBEACHHS KalliTaJbHUX Ta MOTOYHHX
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IDIAHOBO-TIPO(ITAKTUYHAX PEMOHTIB BHOCATH CBIM BaroMuii BKJaa B JaHy
npobaemy. ToMy JOCHTH aKTyallbHi CHOTOJIHI MOUIYKH HOBHUX MiIXOMIB 1 po3poOka
HOBHX €(DeKTUBHHMX TE€XHOJIOT1 MUTHOTO BOJIOTIOCTAYaHHS.

Ha croromHiiHii JeHb Ba)KKO CKa3aTH, 110 TaKe «IKICHA IMMTHA BOJA» 1 SKUMU
KOHKPETHUMH TPAHHIISIMH, B 3aJIE)KHOCTI BiJ SKICHOTO 1 KiJIbKICHOTO CKJIamy, Ie
MOHSATTSI BU3HAYAETHCA.

B mxepenax miteparypu TOHSATTS «IIHTHAa BOJA» — II€ BOJA, CKJIAa SKOI 3a
OpPTaHOJIENITHIHUMH, (Pi3UKO-XIMITYHIMH, MiKPOOi0JIOTIIHUMH, TTAPa3UTOIOTIIHUMH
Ta pajialiiHUMH TIOKa3HUKaMH BiJTIOBIa€ BUMOTaM JIEP)KaBHUX CTaHIApTIB Ta
3aKOHOJ/IAaBCTBA CaHITAPHOTO CTaHy, MPU3HAYCHA IS 3a0e3MeucHHs (i3i0JIOTIYHIX,
CaHITapHO-TITI€HIYHUX, TOOYTOBHUX Ta TOCTIOAAPCHKUAX TIOTPEO HACENIEHHS, a TAKOXK
JUIs  BUPOOHHMITBA XapyoBOi MPOMYKWii 1, OCOONMBO, MPOAYKUIl JUTSIIOTO
Xap4yBaHHA [5].

Lli moka3HUKK PEryIIOIOTHCS SIK Ha MiKHapomHomy piBHI JupextmBoto Pamu
98/83/€C [6], Tak 1 Ha mepkaBHOMY piBHI. 30Kpema, B YKpaiHi IitoTs JlepkaBHi
ca”iTapHi HopMmu i1 mpaBwia 2.2.4-171-10 «['irieHiyHi BUMOTH 1O THUTHOI BOJIH,
MpU3HAYEHOI TSl CIIOKWBAaHHS JIFOJMHOIO», 3aTBEpIKEeHI HakazoM MiHicTepcTBa
oxopoHH 310poB's Ykpainu Bix 12.05.2010 Ne 400 [5] ta ACTY 7525:2014 «Boga
nuTHa. BUMOTH Ta METOIM KOHTPOJIIOBAHHS SIKOCTI» [7].

Ha ocHOBi pe3ynbTaTiB NpOBEJNEHWX HAayKOBUX JOCHIKEHb [8] 3pobieHo
BHCHOBOK, II[0 BUINE3Ta/IaHi HOPMAaTUBHI JOKYMEHTH [5, 7] B TOBHOMY 00Cs3i He
BPaxoOBYIOTh J€sKi MOJ0KEHHS MIXKHAPOJAHUX CTaHAAPTiB, X04a, 3TiTHO 3 YTOI00
mpo acomiamito MK YKpaiHoto, 3 omHoro Ooky, i €Bpomeiickkum Coro3oM Ta
€BpONechKOI0 CIIJIBHOTOI0 3 aTOMHOI eHeprii, 3 iHmoro Ooky, airouuii JCTY
7525:2014 nmoBuHEH BpaxoByBaTH OCHOBHI BUMOru Jupextusu Pamm 98/83/€C.
Kpim toro, mokymenrom [dCanllin 2.2.4-171-10 aucdepeHIitol0Tbcs BUMOTH JI0
BOJIONIPOBITHOI BOJIM, BOAM 3 KOJIOASM3IB Ta (hpacoBaHOI BOJAM, Ha BIJIMIHY BiJ
HupextuBu Pamu 98/83/€C, sika BCTaHOBITIOE €IHI 3arajibHi BUMOTH JI0 TIOKa3HHUKIB
SIKOCTI TIMTHOT BOJIM, IO € OLJIBIII MPaBUIIBHO, OCKLIBKM OCHOBHI MiHIMaJIbHI BUMOTH
JI0 SIKOCTI HHUTHOI BOAM TOBHHHI OyTH OJHAKOBMMH HE3QJICKHO BiJ JpKepesa
BOJIONIOCTAYaHHS.

SIKicHI TIOKa3HUKW PIKOI BOIM MOyXe 3aiexarh Bif ii CTPYKTypH, SKa €
HECTINKOI, TOMY Pi3HI 30BHIIHI BIUIMBH 4acTO MPUBOJATH A0 1 3MIHHU 1, SIK
HACIJIOK, 3MiHA  (I3UKO-XIMIYHMX  BIIACTHBOCTeH Boau. Takuii  craH
MeTacTabiIbHNH, TaK SIK MICIs yCYHEHHS PUYHH, SIKi HOTO BUKJIMKAIOTh, BOJIA 3 TOIO
YH 1HIIOKO IIBUJIKICTIO TIOBEPTAETHCS JIO CBOTO IOTIEPETHHOTO CTaHY.

OcrtanHi nocmipkeHHsT B oOmacti crpyktypu Bomu [9—11] cBimuare mpo
icHyBaHHA y BoAi rirantcbkux (1o 0,1 MM) BHOPSIKOBaHHMX CTPYKTYp —
CyOMOJIEKYJIIDHUX KOMIUIEKCIB, siKi Oyim HaszBaHi akajemikom B.B. ['oHwapykom
«rirantcbkuMu rerepodazanmu kinacrepamu Boau (ITKB)» [9].

Buxozasiun 3 Takux HOBITHIX 3HAHb IIPO CTPYKTYPY BOAM, MOYKHA IHTEPIIPETYBaTH
MOHATTS «IIPUPOJHA MUTHA BOJA» 1 «IiArOTOBJIEHA MUTHA BOJA», PO3MIIAAAI0UH iX
SK po30aBieHi BOAHI po3urHU. Tozi (GopMyioBaHHS IMX TepMiHIB Oyjae MaTw
HACTYIHUH BUTIISA.

[Ipupogna mmTHa BOjAa — 1€ €BOJIIOLIAHO cdopMOBaHi JpKepena
BOJIOIIOCTAYaHHS, SIKi SBJSIOTH COOOKO BIAKPHUTI AWHAMIYHI CTPYKTYPHO-CKJIaIHI
CHUCTEMH, B SKHX CTAaI[lOHAPHUW CTaH JIETKO TOPYIIYEThCS TpH OyAb-IKOMY
30BHINTHHOMY BIUIMBOBI 3 BHHUKHECHHSM B TaKUX CHCTEMaX MEPEXiJHUX CTaHiB, SIKi
XapaKTepu3ylOTbCd  3MIHOIO  CTPYKTypHHUX  BIACTHBOCTEH Ta, BHACHIOK
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CaMOpeTyJiALlii, MOXYTh TOBEPHYTHCS y BHUXITHHNA cTaH a00 TMEpedTH B HOBHM
CTAalllOHapHUH CTaH, a T0ABa HOBOI CTPYKTypH MOXE pO3IIsAaTHCA —fK
HEpiBHOBaXXHO (a3oBuii mepexin [12].

[ligroToBneHa MUTHA BOAA — BIIKPUTI AMHAMIYHI CTPYKTYPHO-CKJIaTH] KJIaCTepPH1
CUCTEMH CTPYKTypOBaHHX pPO30aBICHHX BOJHUX PO3YMHIB 31  CTpPOTO
30aJIaHCOBAaHHUM SIKICHUM 1 KUIBKICHUM CKJIaJJOM Ta CIiBBIJHOLICHHSM MPHUPOIHUX
KOMITOHEHTIB, pH cepemoBwuina, siki TOBHHHI OyTH MiAgaH| BIUIMBY €HEPTETUIHNX
TIOJTIB UM TIPHPOJTHUX MiHEpaTiB Ta 010amanToBaHi MUIIXOM IMOBLIRHOI (iabTparii
yepe3 GinbTp 3 IMMOOLTI30BaHMMH Ha HOTO0 HAINOBHIOBaYaX NpPOOIOTUYHUMU
OakTepismu [12, 13].

AHai3yroun Bce BHUINECKa3aHe, ITOCTae MpodiieMa ONTHMAaIbHOTO KOPUTYBaHHS
SIKICHOT'O 1 KUJIBKICHOTO CKJIAZy TTMTHOI BOJM, SIKa B Cy4aCHOMY CBITI BUPIIIYETHCS
METOJIaMH JOOYMCTKH BOJU Ha JIOKAJILHOMY PiBHI, TOOTO 0€3MOCEPEIHBO B MICIISX
CIIO’KMBAHHS 32 JIOTIOMOTOI0 BOJIOOYHCHHUX CHCTEM TOOYTOBOTO a00 KOJIEKTUBHOTO
MpU3HAYCHHS.

3a NPUHIUIIOM POOOTH MOOYTOBI BOJOOYHMINYBadli MOXKHA PO3MOAIIUTH Ha
4 OCHOBHI TpymH:

— YCTaHOBKH, 1[0 MAIOTh TUTbKH MEXaHIYHUHN PIIbTPYIOUHI €IEMEHT;

— YCTaHOBKH COPOIIIHOTO TUITY HAa OCHOBI aKTUBOBAHOTO BYT1JLIS, AKTHBOBAHOT'O
BYTLUIS B KOMOIHAIIIT 3 I0HOOOMIHHUMH CMOJIaMH, [IEOITIB Ta IIYHTITIB;

— YCTaHOBKH €JEKTPOXIMIYHOTO THITY;

— YCTaHOBKH MeMOpaHHOT0 Ta MeMOpaHHO-copOIiiHOTro THITY [14].

®OinbTpU MEXaHIYHOT OUMCTKH BOJIM BUKOPHCTOBYIOTHCS JIJISl TOOYTOBHX MOTPEO
Ta MPU3HAYCHI JIUIIE [T BUAAJICHHS PI3HOMAHITHUX KPYITHUX JOMIIIOK, 3BaYKEHHUX
YaCTHHOK, BEJIMKUX MOJIEKYJ OpPTaHIYHHX PEYOBHH, IICKY, ipXKi, CyCHeH3iil Toio,
SIK1 3aJTUIIAIOTHCS Ha CiTHi (iabTpa rpy00i OYHCTKH.

B skocti marepiany y ¢igpTpax MexaHiuHOI (inbTpallii BUKOPHCTOBYETHCS,
3a3BUYal, MOJIIPOITIJICHOBE BOJIOKHO y BUTIISAI OJIOKY KapTpUKa, SIKHA ITiIJIsTae
3aMiHi ITiCiIsl 3aKiHYeHHS HOT0 eKCIUTyaTaliifHIX MOXKITMBOCTEH.

VYcTaHOBKHM COPOIfHOTO THUIY BHKOPHUCTOBYIOTBCS Yy BOJOIIJATOTOBIN JIJIS
OCBITJICHHS BOJM 1 NONINIIEHHA 1i OPraHOJENTHYHUX SKOCTEH, BHIAJICHHS
OpraHiYHUX PEYOBHH, COJICH BaXKHX METAJIB, IEXJIOPYBaHHS, IUITXOM BUIAJICHHS
PO3YMHEHUX OPTaHIYHUX PEYOBHH i Ta3iB.

CopOriiHMM ~ MaTepiajoM JijIs  3aBaHTKEHHS BOJOOYMCHUX  (IILTPIB
HailuacTille CiIy)KUThb AaKTUBOBAaHE BYTUUIA CaMOCTIHHO ab0 y TO€AHAHHI 3
BOJIOKHHCTUM (IIOJIMPOIiJIEHOBUM) MEXaHIYHUM (inbTpoM. OKpiM aKTHBOBaHOTO
BYTiUIS, Y (UIBTpax MOXKYTh BHKOPHCTOBYBATHCS ¥ 1HINI COpOIiiHI MaTepianu
(MiHepasibHi, OpraHiuHi, NOpPUPOAHI Ta IUTY4YHi), IO BIAPI3HAIOTECS 32
CEJICKTUBHICTIO JIii Ta COPOIIHOI0 EMHICTIO, (DI3MKO-MEXaHIYHUMHU, XIMIYHUMH Ta
IHIIIMMH BJIACTUBOCTSIMH [ 14].

VY moOytoBux eMmHicHHX (inbTpax (sk Hampukiag, «Akxsadopy», «bpita» Ta
«bap’ep») y fAKOCTi 3aBaHTaKEHHsS KapTpuIKa HaldacTille BHUKOPUCTOBYETHCS
MOEHAHHS ~ aKTMBOBAHOTO BYrULIS 3  IOHOOOMIHHMMHM  CMOJIaMH,  SIKi
BUKOPHUCTOBYIOTh JIJIsl TOM’SIKIIIEHHSI BOJIW 3aBJISIKH CBOIH BIIACTUBOCTI OOMIiHIOBATH
BJIaCHI 10HU HA 10HHM PO3YHUHY.

lomo edexkTuBHOCTI poOOTH Takux QiIBTPIB, TO, 3TIIHO 3 HAYKOBHUMH
nociimkeHHsamu [14], Habikpamni pesynstatél 3 edektuBHicTIO Y 100% Ha Beix
BOJOOYMIIYBa4aX JOCATAIOTHCS 32 OPraHOJIENTHYHUMH TOKa3HUKaMH (3amax,
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MpucMaK, KamamyTHicTh). CTymiHP BHIAJeHHA 3 BoAM Ha ¢iIbTpax 3amiza
3HAXOAUTBCSI B Mexax 62—76%, comeii xopctkocTi — 50-69%. BigmivaeTncs
CENIEKTUBHICTh il QIIBTPIB A0 CONEH BaKKMX METalliB, 30KpeMa A0 LUHKY, BMICT
SIKOTO y BOA1 3HIKY€eThCsI HA §8—98%. EexTHBHICTh BOZOOUYHIIYBaYiB {010 1HIITHX
MTOKA3HUKIB SKOCTi BOIU (XJIOPUAH, CyNb(aTH, HITPATH, XJIOPOPOPM) 3HAXOAUTHCS
B Mexax 50%, ToOTo moOyTOBi €MHICHI (iIBTPU MOKPAILyIOTh B OCHOBHOMY
3arajibHi IKOCTI BOAW, HE KOPUTYIOYH ITPH I[bOMY OCHOBHE — ()i3MKO-XIMIYHHH CKIIa]
Ha MOJIEKYJIIpHOMY piBHI. Takox 10HOOOMiHHI (PiIETpH MOTPEOYIOTH MOCTIHHOL
pereHepariii i0HITiB Ta BiITHOCHO BEJIMKHX BUTPAT IOPOTHX PEAreHTIB.

Kpim Haii6inpim nommpeHux moOyToBUX (UIBTPIB OYMCTKH BOJM HAa OCHOBI
COpOILIIHUX METOIB UM 10HHOTO 0OMiHY, € TOOYTOBI BOJIOOYHUCHI CHCTEMH, B SIKUX
BUKOPUCTOBYIOTBCSl €NIEKTPOXiMiuHI MeTomu abo iX KoMOiHamii 3 i1HIIUMH
MeToAaMu. HalmomwupeHimuM MeTOJOM B TaKUX BOJOOYMINYBadax € METOJ
eNEKTPOITi3y. 3a JOIOMOT 00 eIEKTPHYHOTO CTPYMY BOJIa PO3KIIA/IA€THCS Ha KHCEHb
1 BOZCHb, B pE3yNbTaTi YOTO PYWHYIOTHCS OPTaHIYHI PEUOBHMHH, BiTOYBAETHCA
BUJAJICHHS] BAXKKUX METAJIIB Ta iHIINX HEOPTaHIYHUX PEUOBHH.

Sk cBiguate oTpmMaHi AaHi [14], elekTpoxiMidHa JOOYMCTKA BOIOMPOBIITHOI
BoaM 3abesrnedye e(eKTHBHE BHUAAJICHHA COJEH KOPCTKOCTI, 3amiza, mimi. [ammi
MOKa3HUKH MiHEPaJIbHOTO CKIIQAy TUTHOI BOJM (3arajibHa MiHepatizalis, CyabQaru,
HITpaTH, a TAKOXK OpPraHiuHi PEYOBWHH) BHIAISIOTHCS MEHII €(EKTHBHO (B MEXaX
10-30%). Tomy 3actocyBaHHs TakuxX (UIBTPIB € €PEeKTUBHUM Ta PaLiOHAIbHUM
JIMIIE Yy TUX perioHax, J¢ BOJONPOBIAHA BOJa Ma€ 3HAYHI BIAXWICHHS BIJ
HOPMATHUBIB 32 MOKa3HUKAMH 3arajbHOI dKOPCTKOCTI Ta 3ai3a.

I3 cyyacHHMX TEXHOJIOT1H OYMCTKH BOAM HAHOUIBIIOTO PO3BUTKY 1 HOMIMPEHHS Ha
CBOTOJIHI OTpPHMAaTM YCTAHOBKM HAa OCHOBI 0apoMeMOpaHHMX METOMIB, 30KpeMa
METOJIy 3BOPOTHOI'O OCMOCY, SKUW € EKOHOMIYHO NPHUBAOJIMBHM 1 IIHPOKO
BUKOPUCTOBYBaHUM Ha BCIX PiBHSX, OCOOJIMBO JIOKATBHOMY (UTAY1 CaJKH, IIKOJH,
roTei, OKpeMi Oy JUHKHU Ta KBapTHPH). JJOCUTH PO3MOBCIOHKEHO METO]T 3BOPOTHOTO
0CMOCY BHKOPHCTOBYEThCS B OCHOBI MOJYJSI MiATOTOBKH BOJH, IO BXOAUTH JIO
3arajibHOl  TEXHOJIOTIYHOT CXEMH aBTOMATiB OYHUCTKH BOAM JUISi CHCTEM
CcaMOOOCITYyrOBYBaHHS, $KI € JyKe TMONIMPeHI y TPOMAJCHKAX MICIAX Ta
opranizanisx. [Ipore mocrae psa HEBHPINIEHUX NHTaHb Ta OCOOJIMBOCTEH, IO
CTOCYIOTBCSI caMe JJOOYUCTKU MTUTHOI BOJU METOZIOM 3BOPOTHOTO OCMOCY.

3niificHeHHST TPOIECYy 3BOPOTHOTO OCMOCY IMOTpeOye IBOX OCHOBHHX YMOB:
HasBHOCTI OaraTomapoBoi, KOMIIO3UTHOI, MOJIMEPHOI MeMOpaHH, sSKa BKJIIOYAE
MiNIOKKY, map riapodoOHOro moniMepy W aKTUBHI IIapH, Ta MiITPUMKH
BIJIMOBIAHOT PI3HMIII THUCKY 3 000X OOKIB MEMOpaHH, MPUUYOMY 3 MOXKIUBICTIO
TOYHOTO BHMIPIOBaHHS 3Hau€Hb THCKY 1 3MEHIIEHHS SBHIIA KOHLEHTpaLiitHOl
MOJIIPHU3aIiii.

B ycraHoBKax 3BOPOTHOTO OCMOCY BHKOPHCTOBYIOTHCSI alleTaT-LeNI0I03Hi,
MoJIiamiIHi, KOMIO3UTHI TOHKOILTIBKOBI MEMOpPaHH, siKi POPMYIOTh CBITOBHH PHHOK,
B OCHOBHOMY 32 PaxyHOK Npoaykuii Bizomux ipm kpain 3axony i SnoHii, Takux K
Filmtec, Hydranautics, Nitto Denko, Toray Inc, Koch Membrane Systems.

Ockinbkn MeMOpaHH dYyTJIMBI 110 3a0pyJHEHHS B pe3yjbTaTi BiJIKJIaICHb
MaJIOPO3UYMHHHX COJIEeH 1 MIKPOYACTHHOK Ha iX IIOBEPXHI, TO JUIsI 3aII00iraHHs LIbOMY
NPaKTHYHO B YCIX BOJOOYMCHHX YCTaHOBKAX IIepell 3BOPOTHOOCMOTHYHOIO
MeMOpaHOI0 O000B’S3KOBO BCTAaHOBIIOIOTH TOMEPEAHIN (UIBTp, SKHA TOETHYE
MeXaHIuHy Ta COpOLiHHY OYHMCTKY, IIO O3BOJSIE 3HAYHO MPOJOBKUTH TEPMIH
OCHOBHOT'0 IIUKITY pOOOTH MEMOpPAHHM IO MUKITY i1 BiTHOBICHHS.
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MexaHi3M MPOTIKaHHS NPOIIECY 3BOPOTHOTO OCMOCY B CHCTEMI «BHXiHA BO/IA —
MeMOpaHa — MiArOTOBJIeHa MMTHA BOJA» 300pa)XeHO HA PUCYHKY .

OCHOBHHMMH CKJIQJIOBUMH MeXaHi3My IPOTiKaHHs 3BOPOTHOTO OCMOCY €:

1 — pymiitHa cunna mporecy y BATIISII PUKIAJASHOTO TUCKY B Mexax 0...60 atm,
KU 3a0e3ledye CyMiCHE MPOTIKaHHA NporeciB (IbTparii i TEOPeTHIHOI iX
OCHOBH;

2 — BUXiJTHA BOJIA, KA OTPeOye KOpUTyBaHHS (Hi3UKO-XIMIYHOTO CKIIAIY;

3 — IOBepXHEBHUH IIap BOJM, 1[0 BTPATHJIA CBOIO BIACTUBICTH PO3YMHHOCTI;

4 — moniamMinHUH 1Iap 3 BoAOIO B 00°eMi MeMOpaHH;

5 — map nonicynb(hoHy Ha MOBEPXHI MiATOKKH MEMOpaHu;

6 — map momnicyb(oHy B 00’ €Mi MiITIOKKH MEMOPaHU;

7 — migrotoieHa (MUTHA) BoJa, (i3UKO-XIMIYHHNA CKIIaJ SIKOi CKOPHTOBaHMIMA
MEMOPaHO¥0;

8 — BuXig miaroroBaeHOI (MMUTHOT) BOIH.

3TiHO 3 IPEeICTaBICHUM MEXaHi3MOM, ITPOTIKAHHS MPOIIECY 3BOPOTHOTO OCMOCY
MOJISITaE B TOMY, 1[0 PYIIIHHOIO CHJIOK € MPUKJIAaJCHUH THCK, SIKHH 3a0e3redye
¢inpTparnito, a MemOpaHa, 3aBISIKH CBOil YHIBEpCANbHIA CEJIEKTHUBHOCTI, BUIAJIIE
KOMITOHEHTH pO030aBIE€HOTO BOJHOTO PO3YHHY 1 CTBOPIOE, BHACHTIOK CBOET
CTPYKTYpH, omip (imbTparrii.

OpnHak i B TaKOro €(peKTUBHOTO Ta MEPCIEKTUBHOTO METOY MiATOTOBKH MUTHOL
BOJM, SIK 3BOPOTHHMA OCMOC, ICHY€ DS HEMOJIKiB, IPUYOMY JEesKi 3 HUX MAroTh
CepHO3HUN  XapakTep, TaK SK CHpPaBisglOTh Oe3MocepeHiil  BIUIMB  Ha
KUTTEISUTBHICTE Ta 3I0POB’ S JIFOAWHU.
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Puc. 1 — MexaHi3M TpOTiKaHHS TIPOIECIB B CHUCTEMi «BHUXiIHAa BoJga — MeMmOpaHa —
MiATOTOBJICHA TUTHA BOJA»
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[lo-mrepmre, HeBenrKi 3a po3MipoM IOPH MEMOpPAHHU 3/IaTHI 3aTPUMYyBATH YaCTKH
OLTBIIMX PO3MIpIB, TaKi K COJII JKOPCTKOCTI, HITPATH, CyIb(aTH, aje MPOIyCKaroTh
Taki HeOe3NeuHi XiMiYHI PEYOBUHH, SK TCECTHIMAM, TepOinmmu, XIop, sKi
MOJIEKYJISIpHO MeHIe Boau. Li XiMidHI pedOBHHHA MOXYTh BUTHHO ITPOXOJUTH Yepe3
mopucty MemOpany. TomMy B SKOCTI MOIaTKOBOi CTamii OYMCTKA BOIW IS
3a0e3neyeHHss Oe3MeKH MHTHOI BOAW B MPOLECi 3BOPOTHOTO OCMOCY MOBHHEH
BHKOPHUCTOBYBAaTHCA (HiIBTP COPOLMIHHOTO THITY.

3BOPOTHHH OCMOC TaKOX BHUTPA4Ya€ BEIHKY KIJTBKICTh BOAM, SIKA TPOXOIUTH
yepe3 Horo cuctemy. 3a3Buuail y TOOYTOBiH 3BOPOTHOOCMOTHYHIN yCTaHOBII
3a0upaeThesi Oitst 9—13 miTpiB BOAM HAa KOXEH JITP O4MIICHOI BOAHM. Takox, y
MOPIBHAHHI 3 IHIIMMH aJbTEPHATHBHIMH METOJAMU OYHMCTKH BOIM, 3BOPOTHHI
OCMOC € JOCUTh TOBUIBHUM TIPOLIECOM, IO BHUKOPHCTOBYE pe3epByap JUis
30epiraHHsi BOJM, SKWH TMOBMHEH OyTH pETENbHO OYHIICHWH, MO0 HE CTaTH
YKUBWJIBHAM CepeOBHUIIEM I OaKTepiil Ta IHIIIX MIKpOOPTraHi3MiB.

[Ipore, sk cBimuaTh HaBemeHi B Tabmuili | maHi, B pe3ynbTaTi MOOYHIEHHS
BOJIOTIPOBITHOT BOAM METOJOM 3BOPOTHOTO OCMOCY 3 BUKOPWCTAHHSIM MeMOpaHH
amepukancbkoi pipmu Filmtec Tumy TW30-1812-50, mpu pobodomy TrCcKOBi 18 atm
MOBHICTIO 3HHUKAE 3amax, MPHCMaK, KONIPHICTh Ta KalaMyTHICTh, 3arajibHa
KOPCTKICTh 3HWKYeThCS Ha 90-94%, BmicT 3amiza — mpaktuuHo Ha 100%.
Konrenrparnii i CmiBBiAHOIICHHS (YHAAMEHTAJIBHUX KOMIIOHEHTIB IHUTHOI BOJHU
Ca’** i Mg?" BupiBmsmuca maibke g0 1:1 (B cepemmbomy 4,0 i 4,0 mr/amd).
CenekTuBHICTH MEMOpPaHH 1O BiAHOWIEHHIO JI0 CyIb(aTiB ckiaia 25%. Baxmusum
pe3yabTaTOM € 301NIbIICHHS 3HAYCHHsI MepMaHraHaTHOI OKHCIIIOBAHOCTI B MEPIINX
npo0ax, 10 € HACIIIKOM BUMHBaHHS OPTaHIYHUX PEYOBUH 3 MEMOPaHH, 10 BXOISTh
B OCHOBY 11 CKJIaIOBHUX.

Tabmuns 1 — 3MiHA MOKA3HUKIB BOJONPOBIIHOI BOJU 3 4acOM IICJIS 3BOPOTHOTO
ocmocy Ha membpani Filmtec tumry TW30-1812-50 nipu Trcky P = 18 atm

Buxigaa Boxa Bona micns
ooz | oporiors | pcoy | Aypee
[Toka3uuku POA%, _ y 2.2.4-171-10 A
npodineTpoBana | P =18 atm, [5] 98/83 Bin
Uyepe3 akTHBOBaHe | MeMOpana 03.11.1998 [6]
Byriuis Tuny Al) Filmtec
1 2 3 4 5
e 05 Bie. <=10
KomipHicTs, rpaa 13,0 Binc. <=20
Boauesuii >6,5
moka3HuK pH 1,62 5,53 6,585 Ta <95
JlyxHicTh
(HCO), M/ 161,0 48,8
(SSZ;?)I’%EJ‘FT/EMS 110,4 83,2 <= 250 <= 250
(gf)mﬁpr‘%ﬁ 32,0 14,2 <= 250 <=025
XKopcrtkicth
3arajbHa, 4,32 0,43 <=7,0 <=1,2
MT-eKB/IM°

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponoxopucrysanss, Ne 4 (40), 2021



[TponoBsxenns Tadumii 1

1 2 3 4 >
Marl:;z;xg%)’ 12,64 40 <=50
Kam:vLII;ZIEgaB), 65.7 4,0 <=100

Banifr()/;;gs+)’ 0,15 0,002 <=0,2 <=0,2
HiTp;?I;IHE\/I’\:l},OS'). Bic. Bizc. <=50,0 <=50,0
HiTphIiTerw'\;oz_), Binc. Bixc. <=0,5 <=0,5
Sonmm | o | o | <os | aoms
iy | m | aw | <w | <

TakuM 4rHOM, BOJA TICIIS 3BOPOTHOTO OCMOCY IMiIIaNach HACTIIBKU TIIHOOKIH
OYHCTII, IO M030aBUJIACh MPAKTHYHO BCIX MiHEpAILHUX COJICH, B TOMY YHCII
KOPHUCHHUX 1 HEOOX1THUX JUISI HOPMAJIBHOT JKUTTE NI STIBHOCTI JIFOTUHH.

B nitouomy Ha teputopii Ykpaiau 3 2010 poKy HOKyMEHTI, KU perIaMeHTye
SIKICTh TTMTHOT BOJU [S5], OKpiM BHMOT JIO SIKOCTi, NMPEICTABJICHI e ¥ MOKa3HUKHU
¢izionoriyHoi MOBHOILIHHOCTI MiHEPaNbHOTO CKJIAJy MUTHOI BOAW i HOPMAaTHBH
3 BMICTY KOMIIOHEHTIB, SIKi HOro XapakTepu3yioTb. Lle mo3Boisie TOBOpHUTH TpO
ONTUMAJILHUHN CKJIAJ NUTHOI BOU. Pa3oM 3 THM, Citif BIAMITUTH, IO LI TTOJIOKEHHS
CTaHIApPTy HOCATH JIMIIE pEKOMEHAAlliiHMK xapakTep. B pa3i mepeBumIeHHs
rpannyHo gonyctumux KoHuenrpauiil (I'IK) Oyap-skoi pe4oBUHN BUHUKAE 3arpo3a
JUIsl 340POB'sL. AJle TOraHo W iHIIE — KOJIM KOHLEHTpALlisl SIKOro-HeOyIb €IeMEHTY
MEHIIIa, Hi’)kK HOr0 HeOOX1THO JIJIsl HOPMAIBHOT'O (DYHKIIIOHYBaHHS OPraHi3My.

Ha nymky ¢axisiiB BeecitHpoi Opranizamnii Oxoponu 3n0pos's (BOO3), Boga
micyis 3BOPOTHOTO OCMOCY — II€ BOZAA JUIS «IPUTOTYBaHHS iXi, HAmoiB 1 s
TEXHIYHUX IiJIei», ane HisK He Boxa st nuTta. llle B cepeauni cimuecsaTHX pokiB
MuHynoro cromitts, BOO3 yxBammna psa  JAOKYMEHTIB, 3TiTHO 3 SKAMH
JeMiHepaIi30BaHa BOJa, Ky CHOYaTKy OTPUMYBaJIM METOJOM TUCTUIIALII, a HOTIM
METOAOM 3BOPOTHOIO OCMOCY, TIOBUHHA2 BHKOPHCTOBYBATHCS AJISI TPOMHCIIOBHX,
TEeXHIYHUX 1 JabopaTopHuX Ifiyield. B manomy Bumaaky miJi JeMiHEpPali30BaHOIO
BOJIOI0 MA€ThCS HA yBa3i BOJA, siKa MOBHICTIO a00 Make MOBHICTIO 3BUIbHEHA BiJ
PO3YMHEHUX MiHEpaJiB pi3HUMH MeTOAaMH (AMCTHIIALIA, AeiOoHi3awis, MeMOpaHHa
¢inprpalis, sKka BKIIOYAE 3BOPOTHHH ocMoc). OOpobneHa OyIb-SKHM TaKUM
METOIOM MPHUPOJIHA MMUTHA BOJA HE MPUAATHA JJIsl BYKUBAHHS Y SIKOCTI MUTHOI 0e3
JIOJTATKOBOT'O 30arayeHHs ii MiHepaTbHUMH KOMIOHEHTaMH [15].

JaBHO 1OBEZCHO, IO P NPUPOAHUX (HEOPTaHIYHMX) KOMIIOHEHTIB, IPUCYTHIX
Y IPUPOJIHIH UTHIH BOI1, BAXIIUBI JJIs1 OpTaHi3my JroauHu. 3riaHo 3 jannmu BOO3
MOJKJTUBI HACIIIJIKU BiJl BYKUBaHHS BOJHU, 301 THEHOT MiHEPATbHUMH KOMIIOHCHTAMH,
MO>KHA PO3IUIMTH Ha Taki kareropii [15]:

— OesmocepenHiil BIUIMB Ha CIHM30BY OOOJOHKY KHIIKIBHHKA, MeTaOOJi3M i
roMeocTas MiHepaJbHUX PEYOBHH Ta Ha iHII (YHKIIT OpraHi3My;
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— HEJOCTaTHICTh a00 BiJICYTHICTh HAJXOKCHHSI KAJIBIIIIO 1 MarHio;

— HEJOCTaTHE HAJIXOJDKCHHS 1HIIUX MaKpO- i MIKPOCIIEMEHTIB;

— BTpaTa Kalblil0, MarHilo Ta IHIIMX MIKpOEJIEMEHTIB B THpoleci
MIPUTOTYBaHHS 1K,

— MOJXKIJIMBE HAKOIIMYCHHS B OPTaHI3Mi TOKCHYHUX METAIiB.

Bopaa 3 HU3pKkMM 3HaYEHHSIM MiHepaizalii HecTaliibHa 1, IK HACHIiZOK, TPOSBIISE
BHUCOKY arpeCUBHICTh 110 BiJTHOIICHHIO JI0 PSUYOBHUH, 3 SKMMH BOHA KOHTaKTye. Taka
BOJA JIETIie PO3YMHIE METANH 1 JeAKi OpTraHIYHI KOMIIOHEHTH TPyO, €MHOCTEH,
[UTaHTiB, BTOPWHHO 3a0pyAHIOIYNCH, TAaKUM YHHOM, PI3HUMH TOKCHYHUMH
eneMmeHTamu. JlroguHA, sKa BXXHMBAaE THUTHY BOJY, 301JHCHY MiHEPAJIbLHUMHU
pevYOBHHAMH, 3aBXKAW OUTbIIE HAapakaeThCs Ha HEOE3MeKy BIUIMBY TOKCHYHHX
PEYOBHUH, HIX Ta, SIKa BXXUBAE BOAY CEPEIHBOI JKOPCTKOCTI 1 MiHepaJi3altii.

BucHoBku

SIKicTh MMTHOI BOAM BiIHOCUTBCSA 10 BAXKIIMBOTO (DAKTOPY €KOJIOTiYHOi Oe3reKw,
a, BIITIOBIZHO, 1 HAI[lOHANBbHOI Oe3meku YkpaiHu. 3 PO3BHTKOM IUBiIi3aIlii Ta
HayKOBO-TEXHIYHOTO IMPOTPECY MOCTIHHO 3pOCTae 3arpo3a eKOIOTiuHii Oe3merti s
BCi€i maHeTn. 30KpeMa, Il CTOCYEThCS 1 3a0pyaHeHHs Tiapocdepu, HACITiTKaMU
SIKOTO € TIOPYIICHHS €KOOE3MEeKU J>KUTTEMISIIBHOCTI Ta 370pPOB’S JIIOJIUHH, IO
00yMOBJIEHO, B TIEpIIy Yepry, SKICHUM 1 KiTbKICHAM CKJIQJOM IMUTHOI BOIU Ta
MIpOIIecCamH, IO B Hill MPOTIKAOTh.

JIroACTBO 3 PO3BUTKOM IIMBUII3AIi Ta BHACHIJOK aHTPOIOTCHHOI IisSIBHOCTI
3a0pyIHUIIO BCi MMOBEPXHEBI BOJM, a TETEP HAMAraeThCsl 3MIHUTH KaTacTpogivHy
CHUTYalilo 3 MUTHOIO BOJOIO LUIXOM 3aCTOCYBaHHS Pi3HMX METOIiB ouncTKU. Ha
JKaJlb, BIJIHOBUTH €KOJIOTIYHY YUCTOTY MPHUPOTHOI BOJU MPAKTHYHO HEMOKIHBO
Yyepe3 HU3KY HMPUHIMIIOBUX MPUYHH, a 3aCTOCYBaHHS PI3HOMAHITHUX YCTAaHOBOK 3
OYMCTKH BOAM, BUOIp SKHX Ha CHOTO/HI € JTy’Ke BEJIMKUH, HE 3[aTHE TOBEPHYTH BOA1
i mpupoaHy SKicTh i3 (PI3MKO-XIMIYHMM CKIIQJIOM, IO ITOBHICTIO 3aJJ0BOJIBHSE
¢izionorivHi NOTpedH JIFOMHU.

MeTtoa 3BOPOTHOTO OCMOCY OTpPHMAaB HaiOiNbIIe PO3MOBCIOKEHHS CEpex
METO/IiB IOOYUCTKH BOAH. BiH 3aCTOCOBY€EThCS /IS IeMiHepari3aliii BOu Ta 31aTeH
3aTPUMYBAaTH MPAKTUYHO Bci ioHM Ha 92-99%, a mpu ABOCTYNEHEBIH cuCTeMi — 1 JI0
99,9%. Ilpote 3acTocyBaHHS MOOYTOBMX MEMOpaHHHX (iNbTPIB HA JIOKAILHOMY
piBHI, Hampukian, Uil AOOYMIICHHS BOJOIPOBIAHOI BOAM, sIKA HE MNOTpedye
MOJIMNIIEHHS 32 MOKa3HUKAMU CYXOTO 3aJIMIIKY, XJIOpUAIB, CyJib(}aTiB ToOIIO, €
HEJIOIUTBHAM, OCKLUIBKU B pe3yJIbTaTi IbOTO OTPUMYETHCS ITUTHA BOJIA, IIO 32 CBOTM
MiHEpaJIbHUM CKJIaJOM HE BiAmoBinae (i3ioNoriuHiii MOBHOIIHHOCTI Ta MpH
TPHUBAJOMY CHOXKMBaHHI MOKE€ HETaTUBHO BIUIMBAaTH Ha CTaH 3JI0POB'S JIIOJUHH.
Hanpukman, B M. Kuei Hemae moTpeOM y BUKOPHCTaHHI TakUX QUIBTPIB JUIs
JIOOYMIICHHSI MUTHOI BOJH, OCKUIBKH ii MiHepaji3allisi 3HaXOIUThCS B MeXax
ONTUMAJIEHUX 3HA4Y€Hb. /{1 MONIMIIEHHS SKOCTI HUTHOI BOAM, 1[0 MICTUTH B COO1
MiZBUICHUH BMICT OpraHIYHUX PEYOBHH, JOCTATHHO BUKOPHCTAHHS (QUIBTPIB HA
OCHOBI COpOLIIHHNX 200 COPOLIHHO-I0HOOOMIHHHUX METO/IIB.

Kpim 3axoniB 3 mOKpaleHHs1 SKOCTI BOAM MiCBKHX MEPEK, MOXKHA 3a3HAYUTH
peKoMeHalil BUKOPUCTOBYBAaTH MOOYTOBI (PimbTpH A MATPUMKH SKOCTI BOIH
y BJIACHUX KBAapTHUPaX.
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EFECTIVE DRAINAGE OF RAINWATER FROM ROADS
BY RAIN GARDEN-STRIPS IN THE CONCEPT
OF THE CITY-SPONGE

Abstract. Today there is a problem of flooding of urban areas with rainwater and
their slow drainage to rainwater sewage and further to the distribution collectors.
There are several ways to ensure the resilience of urban areas to heavy rains and
downpours. One of the current methods is "green" roofs (horizontal or sloping)
ith green plantings, which is capable to absorb water. A certain amount of water
is absorbed by the plants, its certain amount remains in the substratum, and the
rest is filtered by several layers of the structure under the plants, which throttles
the movement of it to the storm-water sewage. The second method is to collect
rainwater in special storage tanks, which are located on the roof or near to the
building or in the soil structure in the yard. The accumulated water is used for
household needs: watering lawns, washing, flushing toilets, washing floors,
cleaning pavements, etc. The third method is to absorb water and drain it by
natural biological terrestrial sponge facilities: permeable surfaces, sloping
terrain, natural vegetation, green structures, rain gardens, etc. These correspond
to the modern concept of "sponge city". The authors propose a method of rapid
drainage of rainwater using special "green structures" — rain-garden bands along
the roadways. The ability to capture water by rain-garden bands has been
confirmed on the example of most of the regional centres of Ukraine in case of the
strongest observed precipitation. Such rapid drainage becomes especially
important in the transition from cities for cars to cities for bicycles. This increases
the requirements to avoid slippery roads for increasing the stability of these
vehicles. In addition, the proposed rain gardens with shrubs can perform safe
protective functions by extinguishing the kinetic energy of bouncing cars during a
road accident.

Key words: urbanization; urbocenosis; technogenic load; green construction;
green structures; rain gardens; rain-gardens bands; sponge city
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P.O. I'nymenko, T.M. Tkauenko, B.O. MinelikoBcbkuii
KuiBchkuii HaioHATHHUN YHIBEpCUTET OYIIBHHUIITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

E®EKTUBHE BIIBEJEHHS IOIIOBOI BOJH 3 JOPIT JIOIIOBUMH
CAJIAMH-CMYT'AMH Y KOHIEILIi MICTA-TYBKH

Anomayin. Ha cb0200Hi icHye npobrema 3amonieHHs MICbKUX mepumopiu
0owosuMU 800AMU A NOGITbHE BI0BeOeHHs IX 00 d0W060i Kananizayii i oani 0o
PO3N00IILYUX KOJEeKMOpI8. IcHye Oekinbka Hanpamie 3abe3neyenHs Cmitlkocmi
MICOKUX Mepumopiu 00 CUbHUX 31u6 ma 0owig. OOuH i3 AKmyanrbHux Memooi — ye
“3eneni” NOKpIGNL (20pu3oHMANIbHI AO0 NOXUTL) 3 3eNEHUMU HACAONCEHHAMU, SKI
30amui noenunamu 600y. Ilesna Kinbkicms 800U 60UPAEMbCSL POCTUHAMU, e NEGHA
I KineKicmo 3amumaemscss 6 cyocmpami, a iHWA 4acmuHa Qitempyemscs 3a
PAXYHOK OEKiIbKOX wapie KOHCMPYKYii ni0 pocauHamu, wo YnogiibHioc ii pyx 00
cucmem 00wosoi kananizayii. [pyeutl memoo noasieae 8 30upanHi 0ouo8oi 800U
6 cneyianbHi HaKONUYY8ANbHI OAKU, AKI 3HAXOOAMbCS HA NOKPIGIL a60 0L 6YOUHKY,
abo 6 KOHCMpYKYii IpyHmy Ha npubyounkosii mepumopii. Haxonuueny 600y
BUKOPUCMOBYIOMb 011 NOOYMOGUX Nomped: NOAUG 2a30Hi6, NPAHHA, 3MUBAHHSA
myanemis, Mumms nionoe, ouuwens mpomyapie mowo. Tpemiii memoo noaseae
6 NOSTUHAHHI 600U ma ii 6i08e0eHHi NPUPOOHUMU OIONOTHHUMU HAZEMHUMU
3acobamu-eyoKamu: 600ONPOHUKHI NOBEPXHI, PEbEQ 3 YXUIOM, NPUPOOHE POCIUHHE
nOKpummsi, 3ejieHi KOHCmpyKyii, oowosi caou mouwjo. Lle 6ionosidae cyuachiu
KoHyenyii “micmo-eyoxa’. Aemopu nponoHyoms mMemoo weUOKo20 6i0gedeHHs
00060 800U 3 Oopic cneyianbHUMU «3eleHUMU KOHCMPYKYIAMUY — OOU08UMU
cadamu-cmyeamu  y30080c npoisuux wacmun. Iliomeeposceno 30ammicmo
3axX0NA08AMU 800Y OOUWOBUMU CAOAMU-CMY2AMU HA NPUKIAOT OLTbUUOCMI 001ACHUX
yenmpie YKpainu Ha GUNAOOK HAUCUNbHIWUX cnocmepedceHux onadis. Taxe
wisUOKe 8i08€0eHHs 800U CIMAE OCOONUBO AKMYATbHUM NpU nepexooi 8i0 micm O
aemomo6inie 0o micm 0ns enocunedis. Ilpu yvbomy nocumwmvbcs 8umMocu 00
VHUKHEHHsl CIU3bKUX Oopie 3a0s NiOGUWEHHS CIMIUKOCII YUX MPAHCNOPMHUX
3acobie. Kpim mozo, npononosani 0owjo8i cadu-cmyau 3 KYWaMiu MOJCYMb
BUKOHYBamu 0e3neK06i 3aXUcHi QYHKYIl wiiaxom 2acinHs KiHemuuyHoi euepeii
asmomobinis, wo giockaxyoms, nio yac J{TI1.

Knrwouosi cnoea: ypbanizayis, ypboyeno3, mexnozenne HA8AHMANCEHHS, «3elleHe
0Y0i6HUYMBO», «3eNleHi KOHCMPYKYILY, 00u08i caou, 00wo8i caou-cmyau, Micmo-
2yoxa

DOI: https://doi.org/10.32347/2411-4049.2021.4.46-59
Beryn

3aromieHHsT BYJWIb y MiCTax — SIBUIIE, SKE YacTO CIIOCTEPIrae€ThCs HE TIJIBKH
B YKpaiHi, a i y 6araTboX iHIIUX KpaiHax cBiTy. [IpuunHamy e:
e crapi Mepexi Jo1moBoi KaHati3awii, siki poounmcs me 50...100 pokiB ToMy;
® HEBIANOBIJHICTh YMHHUX HOPM MOTOYHUM KIIIMATHYHHUM 3MiHaMm y YacTHHI
OTIaIiB;
® CTpiMKE PO3POCTAHHS MICT, [0 MPHU3BOJUTH JI0 CKOPOUYECHHS IO 3eJICHUX
30H 1 301IBIIEHHS KiJIBKOCTI OETOHHHUX Ta ac(haibTOBUX MOKPUTTIB, HE3NATHUX
BOMpaTH BOMY;
® BHCOKa BapTICTh 1 TPUBAIICTh PEKOHCTPYKLIi 3MMBOBOI KaHami3amii mix
CydJacHi 00CSTH OTaIiB;
e HECBOEYACHE Ta HEJOCTATHE MPOYMINCHHS MEPEX Bl 3aCMIYCHHS;
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® BiJCYTHICTb MOJITUKHU a00 cTparterii Ha piBHI MIiCT IIOAO BUPILICHHS JaHOTO

MIUTAHHS;

e HENpaBWIBHUHA MiAXiA A0 IHPPACTPYKTYpH, SKHA HE BPaxOBYE CyYacHI

oOcsru onajiB i nepeadavae CTiK BOAM JIMIIE HA TPOi3HY YACTHHY Ta B 3JIMBOBY

KaHaNi3alilo 3 irHoOpyBaHHIM NPUPOAHUX PILICHb — Pi3HUX THUITIB 03€JICHEHHSI.

VY paMmkax cramoro po3BHUTKY MicTa HEOOXiHE PpO3pOOJIEHHS 3aXOdiB IIOJO
3a0e3MeYeHHs  eKooriuHoi Oe3rmekw W caHiTapii, €HEepProeeKTUBHOCTI Ta
pecypco30epexeHHs, 30epeKeHHs i BITHOBJICHHSI IPUPOJHOTO CEPEIOBHUIIA, 2 TAKOK
eKoJori3arii OyAiBHUITBA Ta BUXOBAHHS €KOJIOT19HOI CBIIOMOCTI MIiCHKHX JKHUTEIIIB.

PsicHi omaaym MOXyYTh IPU3BECTH O KOPOTKOYACHOTO TIEPEBAHTAKEHHS MiCHKOT
JIOIIOBOI KaHawizamii. Benankoro mepeBaroio “3eieHUX MOKPIBeIb” € HAKOMWYCHHS
BOJIOTH, IIO JTO3BOJISIE BIACTPOUUTH CTIK 3TMBOBOI BOAM W PO3BAHTAXKUTH JOLIOBY
KaHaNi3aLio 33715 IONEePeHKEHHS 3aTOIJICHHS.

[IponioHyeMO TpUCTyNEHEBY CXEMY YMpaBIiHHSI JOUIOBUMH CTOKAMH JIJIsI
3MEHIIICHHsS] HABaHTKCHHS Ha MICIEBY JOIIOBY KaHANi3alil0 Ta BUKOPUCTAHHS
JOIIOBOT BOJH SIK IIIHHOTO Pecypcy:

+ BHUKOPHCTaHHS ‘‘3€JIEHUX MOKPIBEIh

+ BCTAHOBJICHHS CIIELiaIbHUX HAKOIMYYBaJIbHUX OaKiB;

+ TmepemdadeHHS Ha3eMHHX 3aCO0iB-TYOOK, IO TOTIHUHAIOTH JIOMIOBY BOXY,

30KkpemMa OymiBHHIITBO JOIIOBUX CaJiB-CMYT Y3I0BXK MPODKHKUX YaCTHH, SKi

PO3pOOIISIIOTE aBTOPH JAHOT pOOOTH.

Taka cxema J03BOJUTh MAaKCUMaJbHO BHUKOPHCTAaTH MOXIJIMBOCTI YINpPaBIiHHS
CTIYHAMH BOJAMHU MICT.

JlitepaTypHuii orasn

CydacHa METOJIMKa O3CJICHCHHSI J1aXiB 3 BUKOPUCTAHHSIM CIEIIaJIbHUX IIapiB IS
BHCAJKYBaHHS POCIMHHOCTI, 3aXHCTy BiJl KOPIHHA, IPEHaXy TOIIO 3’ SBHJIACS
BIJIHOCHO HEIIOJIaBHO. AJie ICTOpIsSs BUHUKHEHHS ‘3€JIEHUX IMOKPIBEJb’ BEICTHCS
3naBHa. [IpWkiagaMu € TOKPHUTI JepHOM OepecTsHi Jaxud B CepeAHbOBIUHIMH
CkannuHagii Ta Icnanmii, Bucsdi caan BaBuitona, TepacoBwii caji Ha ocTpoBi bemma
(XVII cromitrs) Tomo [1].

V XIX ct. Kapn Pa6iti [ 1] 3HOBY BigpoaMB ITONKT Ha “3eJieH] OKpiBmi”. 3apa3
mi “3emeHi KOHCTPYKIII” pPO3MIANAIOTECS SK 3HAYyIIa CKJIaJ0Ba 3€JIEHOTO
OyAiBHMLTBA Ta CTAJIOr0 PO3BUTKY ypOOIEHO3iB. ¥ OaraTbox KpaiHax CBITY “3eJieHi
KOHCTPYKIIT” pO3IJISAaI0ThCS K TEPCICKTUBHA MPOIPECUBHA TEXHOJIOTIS 3aXHCTy
ok [2—10]. IIpu 1poMy 3a3HA4arOThCS PI3HOMAHITHI aCIEKTH MOKPAIEHHS
HaBKOJIMIITHBOTO CepeioBHINa, 30Kpema 3MmeHIneHHs: piBHA CO; Ta 3a0pyaHEHb,
MPOJYKYBaHHSI KHCHIO, TJIFOKO3H, PETYJIOBAHHS TEMIIEPATYPH MOBITPS, 3HIKECHHS
IIyMy, HAaKOTIMYEHHS 1 30epiraHHs BOJIH, 3aXUCT Bij OpY/y, MHITY, MIKPOOPTaHi3MiB
Ta 3MEHIIICHHS €HepronoTped OyIiBmi.

OnHuM 3 HaHOUTBII MEPCIEKTHBHUX HAIMPSAMKIB € BUKOPUCTAHHS ‘‘3E€JICHHX
KOHCTPYKIIA” ISl yHOpPaBIiHHS KUIbKICHUMHU Ta SKICHUMH TOKa3HUKAMH JIOLOBUX
ctivaux Boj [3-6, 11-12]. Ha choroaHi BifIBEICHHS IUX BOJ y MiCTaxX TiJIbKH
IH)KCHEPHUMH METOJIJaMH BBOXKAETHCS HEMIEPCIIEKTUBHUM:

® CHCTEMH JIOIIOBOI KaHAIi3alii 3a0UTi CMITTSIM 1 HE YUCTATHCS;

e (00naJHaHHS IUX CHCTEM 3aCTapiyio;

e y MicTax yTBOpeHO Oarato OeTOHHUX Ta ac(aJbTOBHX MOBEPXOHb, SIKI HE

BOMpPAIOTh BOMY.
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VYei mi (akropu TpU3BENH 0 CTBOPEHHS HOBUX KOHIEMIN YIIpaBIIiHHS
JIOLIIOBMMH ITOTOKaMH B MicTax. HaiiOinbin Bigoma koHiemnis “micra-ryoku’ [13].
Tepmin “micto-ryOka” BBiB y 2005 pomi iHmiiicbkuii aBTOop Banm Poiimken, ane
KoHnenmis Oyna odiniino mpuiiaara B Kurai y 2013 pomi. Kuraii € migepom y
BIIPOBAKEHHI TAKWX MICT 1 Mae aepkaBHY mporpamy “Konmemnmis micta-ryOkm”.
JetanpHuil aHamiz MICT TpoBeAcHO B poOori [13]. ABTOopW 3amponoHyBaiu
KOHIEMIIIO JU3aiiHy i BUKOHAIN PO3PaxXyHKH HaIXO/DKEHHS J0moBoi Boau Vg [M7]
Ta ii yrpumanns Vs [M] pisHuME «3eneHuMn» enemenTamMu micta Cyukoy.

Agtopu He Bkaszaiu Bucoty WRhg [M] Bozu, Ky MOKe MOTJIMHATH ITiJ1 4ac TOILY
KokHa TyOka. Llg BimcyTHs iHpopMmalis € HaHBayKIMBIIIOW Ui PO3pPaxyHKiB
HEOOXITHWX TUIONI BiAMOBIAHWX TyOdacTMx KOHCTpyKmii. Ilim wac omazgiB
BUCUXAHHA B TOBILI IMX KOHCTPYKIiii He3HauHe. L{e 3HaYeHHs € BIACTHBICTIO JIUIIE
CTPYKTYpH BIAMOBIAHOI T'yOKM. BOHO TOBHHHO OyTH HE3aJICKHUM BiJ| MicCIs
po3TamryBaHHS Uit OimbmiocTi mict cBiTy. Tomy manmi poGotu [13] mMokHa
BHKOPHCTOBYBATH JJIS IHIIUX PETiOHIB.

Ha “3enenmux” mokpiBisax Oe3 Haxwiy BUHHKaE 3acTiii Bogu [15]. [IpaBuiibHe
MPOEKTYBAHHA TaKOi ‘“‘3eNIeHOi” TOKPIiBIi JO3BOJSE YHUKHYTH 3aCTIMHHX SBHIILI.
30LUTBIICHHS BHCOTH JPEHAKHUX eNeMeHTiB (puc. 1) mimBuirye mo0 HEOOXigHOTO
3HAYEHHs BIJCTaHb J0 CTOSUOl Boau. [Ipu IbOMY BHCOTa KOHCTPYKIII JIEII0
3pocTae, ajne He 301LIbIIyeThes Bara [ 15]. Amke eneMeHTH 3 mepepo0IIeHoT dKOPCTKOT
ITiHA € JerKuMH. [T0KpIBIIS CKITagaeThes 3.

® 3aXHCTy BiJ TPOPOCTAHHA KOPIHHA 1, 0 BKIIAmAeThCs Oe3MOcepeaHbhO Ha
map TiApoi30JIsIlii Ta 3a0e3neuye HOoro 3aXUCT Bijl MOIIKOHKCHHS KOPIHHIM
POCIIMHHOTO 1apy;

® BOJIOTOYTPUMYBAJIbHOTO 3aXHCHOIO Mara 2, IO 3a0e3ledyye 3axucT
TiApOi30MAIil Biff MOXKIMBUX MEXaHIUYHUX IIOMIKO/KEHb 1 Bifirpae poib
aKyMYyJIATOpa J0AaTKOBOT BOJIOTH;

® JIPCHAXHO-HAKOMUYIYBAILHOTO EJIEMEHTA, SKUM HAKOMHYYE ONTHMAJBbHY
KUIBKICTh BOJIOTH, HEOOXIHOT [Tl 3a0€3MeUEHHS HKUTTEAISUILHOCTI POCIIUH,
1 peryJtoe BiATIK BOAM;

e cucteMHuil GuUIBTp 3a0e3neuye (UIBTpAIil0 BOAW I 3amoOiraHHS
MOTPAIUISIHHIO ~ JIPIOHOMUCIIEPCHUX  YAacTOK CyOCTpaTy B  JPEHAKHO-
HAKOMMYYBAILHUH EJIEMEHT 31715 3aXUCTy HOT0 BijI 3aIMBaHHS;

e mapy cyOcTparty, y SIKHi BUCADKYIOTh POCIIMHH;

® DOCIMHHOro Imapy (cemgymu, Ta3oH, OarartopiuHi pociHMHH, ApiOHWI
JarapHUK, I€peBa).

Puc. 1 — TlokpiBns 6e3 Haxwiy:
1 — 3axucT Bz NpOpOCTaHHS KOPIiHHS;
2 - BOJIOTOY TPUMY BaJIbHU I
3aXHCHUH MaT; 3 — JIpeHaXHO-
HAaKONMYYBaIbHUH elleMeHT; 4 —
cucteMHuit  GimpTp; S5 — 1map
cybcrpary; 6 — pOCIMHHUH map
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Bucora takoi cuctemu ZinCo [15] ctanoButh 011 180 MM, Bara HaOIHKaETHCS
10 108 xr/M?, 1 npy IbOMy BOJIOHAKONUYEHHs Aocarae 36 qM%/M2, a CIIiBBiAHOLIEHHS
croky C = 0,34.

3 BHUKOPHCTAaHHSM CHCTEMH IS MOXWIHX TOKPIBEb MOXIIMBE O3eJICHEHHS
naxiB 3 HaxuioM 1o 35 © [16]. ['eopernriTka Mae eneMeHTy po3Mipamu 540%540 mm
3aBeumku 100 mM. i BUroTOBNIEHO 3 MONiETUIEHY BUCOKOTO THCKY. Ii enemeHTH
JIETKO 30MparOThCs 3 YTBOPEHHSM CTabiTFHOTO i piBHOTO 3'emHaHHA. [ eopemriTka
TOTOBa JUIA 3alIOBHEHHS CyOCTpaTOM i 3ajMIIaE JOCTATHIO TUIONLY IJISI PO3BUTKY
KOpeHeBoi cucteMu. /lo1oBa Bojja cTikae HabaraTo MIBUALIE TOPiBHSHO 3 TNIOCKUMHU
MOKpiBmsAMHA. PexomMeHmOBaHO TepeAdaynTd 3pOMmIEHHS 3aajisl YHUKHEHHS
nepecuxanHs cy0cTpary, 0cOOIMBO B IMMOCYILTUBHUI dac.

KoHcTpyKIlito 03e/eHeHHS MOXWIMX JaxiB HEOOXiJHO po3paxyBaTH Tak, MO0
CHJIU 3CYBY OYJIM KOMIICHCOBaH1 CTa0UTbHIM OKaHTYBAaHHSM CXIJTY. 332 HEOOX1THOCTI
CIIiJ] BCTAHOBUTH JTOJATKOBI Opycu. Bucora cuctemu [16] craHoBuTh Ot 120 MM,
Bara HaOMKAeThCS 110 155 Kr/M?, a BOJIOHAKOIIMYEHHS CTAHOBUTH OJIM3bKO 64 1ve/M2.

JpyruM ertamoM ympaBIiHHS JOUOBUMH CTOKaMH € CHUCTEMH 3aTpUMaHHsI
JO10BOI Bou. Taki cucteMu (pHc. 2) BUKOPUCTOBYIOTHCS HA “3€JICHHUX MOKPIBIIX
Oynp-sxoro turry [17] 1 HakomnuyoTh 10 80 /M2 omamiB. IToTiM BOA MOBLIBHO
BUBLIBHIOETHCA (UEPBOHA CTPLIIKA) 10 CUCTEMH BOJIOBIIBEIICHHSI.

Boau ZinCo [17]:

n 1 - crasgaptHi mmapm  “‘3eneHOi

MOKpIBNI”’; 2 — cucTeMHHU (ibTp;

5 3 — 3axuCT BiI IPOPOCTAaHHS KOPiHHS;
4 — Qak; 5 — mepenuBHA cucTema; 6 —

6 TpyDOa cucTeMu BOJOBIJBEIEHHS abo

moOyTOBOTO BOJAOMIOCTAYaHHSI

Jnsi  BUKOpUCTaHHS  HAaKONMMYEHOI BOJAM BOHAa Mae 30epiratucs B
HakomU4IyBaJIbHUX Oakax [18]. Taka TexHika € CTapOJaBHBOIO i BAKOPHCTOBYBAJIACS
B OCHOBHOMY B TOCYIIUIMBHUX paliOHAaX, Ji¢ JOIIOBAa BOAA Ma€ OCOOJMBY IIHHICTb.
30Kpema, 3 1i€10 METOI0 LIUCTEPHH B MTiAorax OyAiBeb OyAyBaucs B HEOMITHYHUX
cenumiax Jlesauty (cxigHa yactuHa Cepei3eMHOTO MOpsI), HalpuKIiaz, y Pamaau tTa
Jlebe [19]. CyuacHi Oakm 3amis 3a0M[Q/DKEHHS 3€MENBHUX IUION[ JOIIIBHO
BCTAaHOBJIIOBAaTH Ha jJaxax (puc. 3).

[lin uwac omamiB BoJa HAAXOAWTh JO HAKONMMUYyBaJlbHUX OakiB. baku
3aI0BHIOIOTBECS JOIIOBOIO BOJOIO 31 IMIBUAKICTIO, SKa 3aJIE)KUTh BiJ KIITBKOCTI
omajiB. SIKmio 0aku 3arOBHIOIOTHCS, JOMIOBI BOJIW HAAXONIATH IO CTAlliOHAPHOL
CHUCTEMH 3JIMBOCTOKIB OYIiBIIi, a 3BIATH — 10 MiCBKOI JOIIOBOT KaHasi3allii.

[Ticas moTparuisHHS JOLIOBMX BOA A0 OakiB ii MOXIJIMBO BUKOPHCTOBYBATH IS
moOyTOBUX TMOTPEO: MONKB Ta30HIB, MPAHHS, 3MUBAaHHS TYaJCTiB, MUTTS IiJJIOT,
OUUIICHHS TPOTyapiB Tomo. [yis OyniBenb, y SKHX HEMOXIIMBO PO3TaIlyBaTH
HaKOMMMYIyBaIbHI 6aku O6e3mocepeIHhO Ha IMTOKPIBIIi, IX Kpare po3TanryBaty [18] Ha
3eMiti Ginst pyHmaMeHTy OymiBini abo B KOHCTPYKIIi IpyHTY (pHC. 4).
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HaronnuysanoHi

Bopga ana no@yTosHx
notped

Puc. 3 — Cxema po3rairyBaHHs HAaKOITMYYBaJIbHUX OaKiB Ha MOKPIBIIi
LJ

44444

84444
i\v

notped

H aron nyysan sHi
G aKn

FpywT

Puc. 4 — Cxema po3ranryBaHHsI HAKOITMYYBaJIbHUX BOAHUX OaKiB OiJisl IIOKOJIBHOTO TIOBEPXY
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0O6’eM BoaM B 6aKkax 3aJIEXKHUTD BiJ] KUTBKOCTI OTaliB, 00’ €My Ta KIIbKOCTI caMUX
OakiB. Boxy cning Bukopucrartu npotsroM 10...20 ni6 [18]. V Hili BinOyBaroThcs
OloxiMiyHi ~TpoumecH 3 TOripmeHHsM i skocTi. /a8  OpoeKkTyBaHHS
HaKONMMYyBAIBHUX OaKkiB PEKOMEHIYEThCS MeETOoauKa, po3pobiena TersHoro
Txauenxo [20] Ha 6a3i metonukn Wilo [18], amanToBaHoi 10 yMOB YKpaiHu.

TpeTiM eTarom ynpasTiHHS JAOIIOBIUMHU CTOKaMH € Ha3eMHi 3acO0U-TYOKH [21] —
BOJOMPOHUKHI MOKPUTTSA, TOMIOBI Caall TOM[O. SIKIO TepImi JHIIe MPOITyCKAIOTh
Boay (Bucora yrpumysaHoi Boau WRhg =0), To apyri 3mathi ii yTpumyBaTtu.
V 3a3HaueHiii poOOTiI BiACYTHE 3HAUEHHA BUCOTH yTpuMyBaHoi Boau. OnHaKk,
HaBelIeHl B Hill JaHi IO3BOJMIM aBTOpaM Ili€i poOOTH po3paxyBaTH L0 BHCOTY,
a came 550 mm (WRhg = 0,55 ™).

OcHOBHA YacTHHA

ABTOpaMHu 1i€l poOOTH 3aPONIOHOBAHO BUKOPHCTOBYBATH OCOOIUBHIMA BT “3€TCHOT
KOHCTPYKIIii” — JOMIOBI caam-cMyTu (pHUC. S5) y370BXK goporu Oims ii mpoizHoi
gactTuHA. CMyTH TIPU3HAYEHO Ul 3aXOIUICHHS BOAW 3 000X OOKiB. YCi 4acTWHU
JOPOTH MOXYTh OyTH MPUOIU3HO HA OJHOMY PiBHI 3 YXuiioM A0 cMyT. [Ipu npomy
OCTaHHI MOXXYTh MaTd BIIOIMHWKH Ui TaciHHs eHeprii aBromoOins min vac JTII.
OpHak, peKOMEHJJOBAHO 3aMiCTh IHOTO MIUTHPHO BUCAIUTH KYIITi.

OCHOBHI TiepeBard KymliB epes Bil0iHIKaMu:

® TaciHHA eHeprii aBTOMOO1Is €3 J0AaTKOBOTO BiICKOKY;

o pUBaOJIMBHI 30BHIIIHIN BUIIISI;

o ceksecrpaiist CO, Ta yTBOPEHHS KMCHIO.

Henomiku:

e OlLIblIIIE 3aMIMaHOTO MICII;

e moTpebda nepioAMYHOrO MiApi3aHHS;

® [IOMKO/PKEHHS KYI[B Wi Yac JOPOXHBO-TPAHCIIOPTHUX IPHUTOJN, IO

notpedye T0JJaTKOBOTO 0OCITyTOBYBaHHS;

® JIOJJTaTKOBi CTOBIYMKH 3i CBITJIOBiIOMBHIMHU MiTKaMU ISl HIYHOTO PYXY.

Po3paxyHOk cyMapHOi IIMPHHN CMYT BUKOHYETHCS 32 YMOBH, MO0 YCIO JIOMIOBY
BOJy HaWOLIbII iHTEHCHBHOTO joury 3aBBUINKA RFhma, M, ska morpamwia Ha
Npoi3Hy YacTUHY, TPOTyapH Ta JOIIOBI CaaAU-CMYTH, OyJIO YTPUMaHO LUMHU
CMyTaMHu.

1 23 ‘ 4

i 4 = N = |
i i | \ | [ Y [
| g %

\ I |
Puc. 5 — TlponoHoBaHe piteHHst Byauii: 1 — TpoTyap; 2 — npoi3Ha YacTiHa; 3 — IOII0BI
cagu-cMyTH; 4 — TIIOX1THUN TIepexi

b + Sact
Sact / 2
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[Ipu cymapniii mupwHI OCHOBHHMX dYacTWH (IIPOi3HA YacTHHA Ta TPOTYyapH)
noporu b, M, Ta cepenHiii BITHOCHI# JOBKHUHI MPOMYCKIB JOIOBUX Ca/IiB-CMYT Ha
OJIMHMUIIIO JIOBKHHU 10pord {i/{, BiTHOCHA CyMapHa IIUPHHA TOLUIOBHX CaliB-CMYT

) RFh

act max

(WRh,— RFhmaX)(l— %) | "

OcHOBHOIO TPOOIEMOI0 pO3paxyHKy 3a (opmyrnoro (1) crama oOMexeHiCTh
JaHUX apXiBiB MOTOIH MO0 onaaiB. Tomy OyIio 3acTOCOBAaHO MIKHAPOAHY CUCTEMY
Copernicus Climate Change Service (C3S), peanizoBany €BpONECHCEKHM IIECHTPOM
CepeaHhOCTPOKOBUX Mporuo3iB moroau (ECMWEF).

Y pamMkax MDKHapOJHOTO OCBiTHBOrOo Tpoekty Erasmus+ ClimEd
(peectpaniiinuii Homep 619285-EPP-1-2020-1-FI-EPPKA2-CBHE-JP), no skoro
nonyuyeHuit KuiBcbkuii HalllOHATBHUN yHIBepcHTET OyIiBHUIITBA i apXiTEKTypH,
CHiBpOOITHUKY Kadeapr OXOPOHH Tpalli Ta HABKOJIHIITHHOTO CEPEIOBHINA (30KpeMa
aBTOpKa aaHoi poboru Tersna TkadeHKko) MpoOHULIM HaBYaHHS POOOTI y I
cucremi. BoHa 103Bosisie BUKOHYBAaTH HaWpi3HOMAHITHIIII Omeparii 3 MOroJHUMA
JMaHVMH 3 PI3HUX CIieriani3oBaHux 0a3 maHux MoBoro Python.

[Tomryk Ta aHami3 HasBHUX 0a3 JaHUX MMOKA3aB, IO JUJIS TAHOI 3a/a4il HalO1IbII
KOMIIaKTHOIO Ta 3pyuyHO Oyzae 0aza “Extreme precipitation risk indicators for
Europe and European cities from 1950 to 2019” (Iloka3Huku eKCTpeMaIbHOTO
pu3uKy omaaiB st €Bponu Ta eBpomedchbkux Mict 3 1950 mo 2019 pik).
Henomikom 1ie€i 0a3u € Opak JOCTYyNy B MeXax IEBHUX IIUPOT 1 JOBrOT.
JloBouThCs 3amuTyBaTH jAaHi 3a Bcieo €Bponorw. OpHak, HAsSBHICTh 3MiHHOI
“Maximum 1-day precipitation” (MakcuManabHa KiIBKICTH omanmiB 3a 1 m00y)
3HAYHO CHPOIIY€E PO3PaAXyHKH.

CrBopeHo nonatok (puc. 6) “Rain-Garden Bands” (/lorioBi caau-cMyru), sskuii

e oTpumye aaHi npo aeHHi onaau 3a 2000...2019 poku;

® IHTEPIHOIOE TX ISt KOHKPETHOTO MICTa;

e 00HMpac MaKCHUMYM;

® DPO3PaxOBYE BIJICOTOK IIUPUHH JOIIOBOTO CaTy-CMYyTH.

Po3paxyHOK BUKOHAHO /ISl 00JaCHUX IEHTPiB YKpainu, kpim OnecH, s sKoi
naHux y 0as3i He BusaBieHo. JlaHi Tabn. 1 AO3BOJSIOTH IIBMAKO PO3paxyBaTH
HNIMPUHY JIOIOBUX cajiB-cMyr. Sk 6auumo, Ha OinbimocTi TepuTopii Ykpainu
BUKOPHCTaHHS BOTO PILICHHS HE MPU3BEIE 10 CYTTEBOTO PO3MIMPEHHS JOPir,
HATOMICTh JAacCThb MOJJIMBICTH YJIOBIIOBATH BCIO JOLIOBY BOAy 0e3 moTpedH
BIJIHOBJICHHS 1H)KGHEPHHX CHCTEM MNpHPOIHUM crnocobom. Jlume IBaHo-
OpankiBebk, KponuBHumbkuii Ta YepHiBII MawoOTh TMiIBHIICHY MNOTpeOy
y 30inbllIeHHI MpWUHU nopir. Ha goporax mux MicT, MOXIHBO, TOBEACTHCS
YaCTKOBO BUKOPUCTOBYBATH 1HKEHEPHI CUCTEMHU.

OTke, TEXHOJOTis JIOIOBUX CaJiB-CMYT' J03BOJsiE €(PEKTHBHO BUPILYBaTH
npodjeMy 3aTOIUIEHHS JOpIr y paMKax KoHuemnuii micra-ryOku. Ll TexHomoris
JI03BOJISIE MAaKCUMAaJIbHO IIBUJIKO MOTJIMHYTH BOAY sIKOMora Onwk4e g0 micus ii
MTOTPAIUISTHHS HA TTIOBEPXHIO MPOI3HOT YaCTUHU Ta TPOTyapiB.
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v your workspace & + 5 # DEVELOPED BY- M
Rain-Garden Bands s8 5 Tetiana TKACHENKO, Dr hab, prof., # @ Download
Max menthly precipitation in Kharkiv - #* & 7 # Viktor MILEIKOVSKYI, Dr hab, prof. # cdm.update_attributes-
Max monthly precipitation in Kharkiv - # 8 # Roman HLUSHCHENKO, pest-graduate # 1637218429.5442276-5795-7-
Na Loap 9 #  Kylv National University # 22480091-a042 da1f-a3c0-
Mverage paramelers 2006-2013 su 0 # of Construction and Architecture # a7521051fecOupdated_attrs. ..
Calculate Plant Developmenton 4 1; A . A -
Green Roofs by Ti Scal
rean Rooks by Tumanay_s Scale 13 # 3ACTOCYHOK [TR PO3PAXVHKY # iy
v examples 4 & BIIHOCHY WMPHHY [IOUOBHX CATIB-CHYT JOPIF #
00 Hello World 5 #
01 Retrieve data 16 # PO3POBHUKM: #
02 Plot map 17 #  Terawa TKAEHKO, 0.7.H.. npof.. # Kylv (UA)
18 #  Bikrop MITEAKOBCHKWA, R.T.H., npod. #
03 Extract time series and plot graph x M Pouan CYUEHKD, acnipat M Latitude g oo
11 Caloulate time mean and standard ; i
20 #  Knincekwd HauiowaneHwii ynisepcuter # 5045455 _
deviation 21 #  Gypiswautea i apxitekrypn # ' Longitude
12 Calculate climatologies 7 § a4 S ; Thea ralation #4¢ batwacn
21 Calculate regional mean and anomalies 23 crassing breaks & [m] and
31 Caloulate trands 24 #Importing CDS Toolbox Library distance between crossings
1 Colouiate 60D 25 #IMnopt Gibnioresw incTpymentin C0S Toolbox i
oulate 26 import cdstoolbox as ct
28 #befining the application
29 #BUIHAYEHHA 3ACTOCYHKY
38 @ct,application(title='Rain-Garden Bands Calculation') 0

31

32 #befining an input of the calculation city
33 #BU3HGuEHHA BBOJY PO3IPAXYHKOBOro MicTa
34+ @ct.input.city(*CityToCalc',label='City",
35 description="MicTe')

36

37 #Defining an input of the relative breaks width

38 #BUIHBUEHHA BEOAY BiNHOCHDI WMPHHM Nponyckis

39« @ct.input text('Rel’,

40 label="The relation L./t between crossing breaks (a
[m] and distance between crossings [ [m]',

0 description='BigHowers (:/( Mix pospdsama Ha
nepexopw 15 [m] Ta sipcTaHmo min nepexomawn ( [m]',

42 default="0")

43

#Defining the output - download result link
#BUIHBYEHHA BMBOAY - NOCWNEHKA HA 33B3HTEKEHHA PEIYNsTaTiR
@ct,output.download()

48 #The main function:

49 # . retrieves the data about daily precipitation;

58 # - interpolating for the city;

5 # - selecting the maximum;

52 # - calculating the percentage of width of rain-garden bands.
53 #lonoeHa gyHKYiA:

54 # - OTpMMyE naki npo peHi onamu;

55 # - iHTEpNOMRE Ix ANA KOWKPETHOr® MicTa;

56 # - 0DMpaE MaKCHMyM

57 # - PO3pax0BYE BINCOTOK WMPHHU LOWOBOTG Camy-CMyrH.

58« def main(CityToCalc,Rel):

59 #Converting the relative breaks to floating-point number

#7lepeTBOpeHHs BiQHOCHMX MPONYCKIB Wa uMCno
Rl=float(Rel)
#Height of water receiving capacity of rain-garden bands
#BWCOTE BOAM, WO MOKE YTRHMYBTHCA AOLO-CBACBMMA CAIAMM
WRh_E
#Ret ng precipitations data
#0TpaMyemo nani wopo onapis
print(‘Retrieving the data')
B data = ct.catalogue. retrieve(
5 *sis-european-risk-extreme-precipitation-indicators’,
{'variable': 'maximum_1_day precipitation’,
‘product type': 'eras’',
- ‘peried’: [
'2000', '2001°, '2002°,'2003', '2004',
'2005','2006', '2007', '2008','2009',

'2010', '2011','2012', '2013', '2014',
'2015', '2016°, '2017°,'2618', '2019'],
“temporal_aggregation®: 'yearly',

“spatial_coverage': ‘eurape'})
#Getting the data for the city
FOTPHMAHHS aHKX ANA MicTa
8 - CityData=ct.cube.interpolate(data,
81 lon=CityToCalc.get( lon'),
lat=CityToCalc.get{'lat'), method = 'linear’)
print{'Processing the data')
#The maximum daily precipitation
#Makcumanbii fobosi onapm
RFh_max = ct.cube.max(CityData, dim='time")
#Percent of width of the rain-gerden bands

omooa

-

88 #BiNCOTOK WHPUHM QOO - CANOBHX CMyT
a9 Percent=RFh max/(WRh B-RFh max)/(1-R1)*10@
98 v Percent=ct.cdm,update_attributes(Percent, attrs={'units': 's',

"long_name': 'Percent of width of rain-garden bands'})
return Percent

Puc. 6 — 3acTOCYHOK [T pO3paxyHKY BiIHOCHOI IIMPUHH JONIOBUX CalliB-CMYT
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Tabmumnsg 1 — BimcoTok mmpWHE JOMIOBHX CaAiB-CMYT BiJl IIMPUHUA OCHOBHHX
YaCTHH JOPOTH

BigHOoCHa cymapHa MIMPHUHA IOIIOBUX CaliB-CMYT, %o,
Micto MIPY BIJJHOCHHX MPOMYCKax, %

0] 2|46 ]8]10]12|14)16]18|20|22 2426|2830

Binnung 10,3/10,5|10,7|10,9|11,2|11,4]11,7|11,9|12,2/12,5|12,8|13,2|13,5|13,9|14,3|14,7

JHinpo 11,712,0{12,2|12,5|12,7]13,0|13,3|13,6/13,9|14,3|14,6/15,0/15,4/15,8|16,3|16,7

Homemsk  [11,011,2]11,4|11,7|11,9|12,2|12,5|12,8|13,1|13,4|13,7|14,1|14,4/14,8|15,2|15,7

IBano-
®pankisepk [14,0(14,3|14,6]14,9/15,3]15,6/16,0|16,3|16,7|17,1|17,6/18,0{18,5/19,0{19,5/20,1

Kuis 10,6|10,8{11,0{11,2|11,5|11,7|12,0|12,3|12,6/12,9|13,2|13,5/13,9/14,3]14,7|15,1

Kpomnus-
HUIBKUH 12,5(12,7]13,0|13,3|13,6/13,9|14,2|14,5|14,8|15,2|15,6/16,0{16,4|16,9(17,3[L7,8]

Jlyrancsk | 9,2 19,38| 9,6 |9,77]10,0/10,2|10,4/10,7]10,9/11,2|11,5/11,8|12,1|12,4|12,8]|13,1

JIynpk 9,319,47|9,7(9,87|10,1]10,3/10,5/10,8/11,1|11,3|11,6/11,9|12,2|12,5/12,9|13,3

JIbBiB 10,6|10,8{11,0{11,3]|11,5|11,8|12,0|12,3|12,6/12,9|13,3|13,6/13,9/14,3]14,7|15,1

Muxosais |10,3/10,5/10,8|11,0{11,2|11,5]11,7]12,0|12,3|12,6/12,9|13,2|13,6/14,0|14,3|14,7

IMonraBa 8,84]9,02|9,21| 9,4 |9,61/9,82|10,0/10,3]10,5/10,8|11,1|11,3|11,6{12,0{12,3]|12,6

PiBne 13,1/13,3|13,6|13,9|14,2|14,5|14,8/15,2|15,5/15,9/|16,3|16,7|17,2|17,6|18,1|18,6
Cimcepo-

0JIb 8,11/8,27/8,45(8,63/8,81|9,01|9,21/9,43| 9,7 |9,89/10,1{10,4/10,7|11,0{11,3|11,6
Cywmu 9,00/9,18/9,37(9,57/9,78/10,0{10,2|10,5|10,7]11,0/11,3|11,5/11,8/|12,2{12,5/12,9

Tepuonins  |9,61/9,80{10,0{10,2|10,4|10,7|10,9]11,2|11,4|11,7|12,0/12,3|12,6/13,0|13,3|13,7

VYxropon  [9,13(9,31]9,51]9,71]9,92|10,1{10,4{10,6/10,9|11,1]11,4|11,7/12,0/12,3|12,7|13,0

Xapkis 7,38/7,53|7,69|7,85/8,02|8,20|8,39/8,58] 8,8 |9,00/9,22|9,46| 9,7 |9,97|10,3/10,5

XepcoH 8,03/8,20/8,37|8,55/8,73|8,93|9,13|9,34| 9,6 |9,80/10,1|10,3/10,6/10,9|11,2|11,5

XMenpLHU-
LIBKHIA 10,0/10,2{10,4|10,7|10,9|11,1|11,4|11,7|11,9|12,2|12,5|12,9|13,2|13,5|13,9|14,3

Yepkacu 9,7199]10,1/10,3|10,6/10,8/11,1]|11,3]11,6/11,9(12,2|12,5|12,8|13,1|13,5|13,9

YepniBmi  [19,4/19,8|20,2|20,6|21,1|21,6/22,1|22,6|23,1|23,7|24,3|24,9|25,5|26,2|27,0|27,7

YepHiris 11,0{11,2|11,4]11,7|11,9|12,2|112,4|12,7|13,0|13,4|13,7|14,0]{14,4|14,8|15,2|15,6

OCHOBHOIO TPaHCHOPTHOIO MPOOJIEMOIO IPOBIIHUX MICT CBITY, 30Kpema Kuesa,
€ 3a0pyIHEHHs TMOBITPS W THCHSIBA HAa JIOPOTax Yepe3 BEJHMKY 3aBaHTAXKEHICTh
aBTOMOOUIIMHU. SIK mMOKa3ana MpakTHKa, CTBOPEHHS €()EKTUBHHX PO3B’SI30K Ta
MepEeHEeCEeHHs] BChOI0 IPOMAaJCHKOr0 TpaHcnopty mix 3emito (M. [Tapmxk, Opanuis)
BUPIIIYIOTH IPOOJIeMy JIMIIIE YacTKOBO. TOMY Ha ChOTOJIHI HAMOLIBII eEeKTUBHIM
Ta SKOJIOTIYHUM PIIICHHSIM € BIIMOBA Bij “MicTa i aBTOMOOLIIB” Ta mepexij Ha
KOHIIENIif0 “‘micta juis BenocuriemiB”. [Ipy mpoMy MiIBHUIIYIOTBCS BUMOTH JIO
VHHUKHEHHS CJIM3bKOCTI JIOPIT 3aJUTsl CTIHKOCTI IUX TPaHCHOPTHUX 3acobiB. Came
JIOLIOB1 Caau-CMYTH JO3BOJISIOTh HAMOLIBII €(pEKTUBHO BUPIIIUTH I[H0 TPOOJIEMY.
[lixg yac 3nuB Boma Oyae IIBUAKO 3alMIIATH MPOi3HY YacTUHY (Ta BEJIOCHIEIHI
cmyrn). Lle 103BONMTE HE UIIE MTOKPAIIUTH 34ETUICHHS IIUH TPAaHCIIOPTHUX 3ac00iB
3 TIOKPUTTSAM JIOPOTH, aje W MIiHIMI3yBaTH YTBOPCHHS OpW30K TpU 131 K
BEJIOCUTICIIB, TAK 1 aBTOMOO1TIB, IO IMyTh MOPYH.
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BucHoBku

J1st yHUKHEHHS 3aTOIJICHHS MiCT e()eKTUBHUM M1IX0A0M € IIEPEeXiJl Bijl IHKEHEPHUX
METO/IiB BOJOBIIBEZICHHS 10 KOHIIemii MicTa-TyOku. [Ipn 11boMy peKOMeHIy€eThCs
TPUCTYTIEHEBE YINPABIIHHS JOIIOBHMH CTOKAMH: 3aTPUMaHHS BOIHM ‘‘3€JICHUMHU
MOKPIBJIsIMK ™, 30MpaHHs BOIY y HAKONMYYBaJbHUX OaKax Ta Ha3eMHi 3acOOU-TyOKH.
HaxonwdyBanmbHi Oaké O3BOJSIOTH BHKOPHCTOBYBAaTH OTPHUMaHy BOAY MU
moOyTOBUX MOTPeO, OCOOIMBO SKIO I BoAa MPO]iIETpOBaHA B TOBII ‘‘3€IEHHUX
nokpisens”. Lle 3mMeHmIye noTpedy MicTa B MUTHIM BOJI Ta BUKOPHUCTOBYE IOIIOBI
BOJM SIK LIIHHUI TpUpOIHUMA pecypc. s AOpIr 3anponoOHOBAaHO OCOOIMBHN THIT
“3eJeHNX KOHCTPYKIIHA~ — MOMIOBI cagu-cMyrd 3 000X OOKIB KOXHOI MpPOI3HOL
yacTMHU. BOHM € OiOTeXHIYHMM 3aXOJOM JJis 3aTPUMaHHS BOJH, OYMILNEHHS Ii,
0e3MeKu pyxy, ICKOPYBaHHS TOIIO. Y Pe3yJIbTaTi PO3paxyHKIB JIOIOBUX CAIB-CMYT
OTPUMAHO JOBINKOBI JlaHi, SKi JTO3BOJIAIOTH TMPOEKTYBATH IIi 3aCO0M B Pi3HHX
perionax Ykpaiam. Ilokazano, mo ans Oinbmiocti Teputopii YKpaiHu mux 3aco0iB
JOCTATHBLO I 3a0€e31eYeHHs [IOBHOI'O BIABEAEHHS JOIIOBOI BOAY 3a HAHCHIILHIIIOL
3nuBH. [loganemn qochiKeHHS CTOCYBaTUMYThCS €(eKTUBHOCTI (iabTparlii Boau
PI3HAMU “‘3€JIEHNMHU KOHCTPYKIiSIMH .

Co-funded by the
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Erasmus+ Programme (9 m Ed
of the European Union " .

[TyOnikamist miAroToBieHa B paMKax MpoekTy «bararopiBHeBa MicleBa,
HaI[lOHAJIbHA Ta 3arajbHOpErioHallbHA OCBITa Ta HaBYaHHA B Talys3l
KJIIMAaTHYHHUX TOCIYT, aJlanTallii Ta moM’ sKIIeHHS HACTIIKIB 3MIHU KJIIMaTy
619285-EPP-1-2020-1-FI-EPPKA2-CBHE-JP». IlinTpuMka €Bponeicbkoro
KOMICIEI0 BHUITYCKY Ili€i myOmikaiii He O3Ha4a€ CXBAJICHHS 3MICTY, SKUM
BifoOpaxkae Jumie JAyMKd aBTopiB, 1 Kowmicia He Moxe HecTu
BI/IMOBIIAJIbHICTH 32 OYJIb-K€ BUKOPUCTAHHA 1H(pOpMAIIii, 110 MICTUTHCS B
HIM.
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RESEARCH OF THERMOTECHNICAL CHARACTERISTICS
OF DOMESTIC BOILER WITH A MECHANICAL PELLET BURNER

Abstract. An experimental study of technologies for direct combustion of pellets in
a domestic boiler was conducted. Experimental studies to determine the
thermophysical characteristics of the process of burning pellet fuel in the bulk layer
were performed using a pellet burner Pelletron-15.

To determine the patterns of the process of burning pellets in the burner and the
thermal characteristics of the domestic boiler with a pellet burner, studies of the
temperature of the boiler volume at different modes of operation of the burner were
performed. Temperature measurement was performed using HA-thermocouples with
open junction, located in the furnace space at different heights and different distances
from the initial cross section of the burner. The analysis of the chemical composition
of flue gases, which was determined using a gas analyzer TESTO 330-2LL, namely
determined the temperature of the flue gases at the measurement point, as well as the
concentration of oxygen (O), carbon dioxide (CO,), carbon monoxide (CO), nitrogen
oxides (NOyx) and other parameters.

According to the results of experiments, the temperature distribution in the furnace
space of the solid fuel boiler Viadrus with a thermal capacity of up to 24 kW with
a mechanized burner Pelletron-15 with a pellet feed hopper built into the front panel
was determined.

In addition, based on the results of some experimental studies, the heat of
combustion, humidity and ash content of pellets were determined. The dependences
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on the time change of the boiler temperature at the stage of quasi-stationary mode
of wood pellet combustion are obtained: at the minimum and maximum fuel supply
from the hopper, as well as at the maximum fuel supply mode after the supply of
additional air from the fan and in the pellet combustion process.

The influence of speed and temperature of air introduced into the combustion
chamber was determined. According to the research results, measures are proposed
to improve the design characteristics of the pellet burner in low-power boilers
(10... 30 kW).

Keywords: biomass; pellets; direct combustion; bulk layer

B.I. Bacok, C.M. I'onuapyk, B.II. Ilpuemyenko,
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IHcTuTyT TexniuHoi Tetodizuku HAH Ykpainun, M. Kuis, Ykpaina

JOCHIIVKEHHSA TEIVIOTEXHIYMHUX XAPAKTEPUCTUK POBOTH
HHOBYTOBOT'O KOTJIA 3 MEXAHIYHUM ITEJIETHUM ITAJIBHUKOM

Anomayin. B pobomi 6y10 npogedeHo eKCnepuMeHmAanbHe OO0CHIOHNCeHHS
MEeXHON02IU NPAMO20 CRATIOBAHMHS nelem 8 noOymogomy komiui. Excnepumenmansii
00CNiIONHCEHHSL 3 BUSHAUEHHS MENOPISUUHUX XAPAKMEPUCTIUK NPOYeCy CRAIOBAHHS
neiemHo20 nanuéa 6 HaCUNHOMY Wapi NPOGOOUNUCH 3 BUKOPUCIAHHAM NELemHO20
nanvnuxa mapku Ilennempon-15.

Jna eusnauenns 3akoOHOMipHOCmEU npoOYyecy Cnamlo6aHHs neiem 6 NANbHUKY ma
MenIOMexHIuHUX Xapaxmepucmux pooomu nodymoeozo KOmAa 3 NelemHum
NAbHUKOM GUKOHYBANUCH OOCHIOINCCHHS MEMNEPAmMypPHO20 PENCUMY 00 €My Komaa
npu  pisHUX pesxcumax pobomu  naivbHuka. Bumipioeamus —memnepamypu
30ilicHI08aN0CA 34  00nomozoi0  XA-mepmonap 3 GIOKpumum CHAEM, WO
PO3MAWOBYIOMbCS 6 MONKOBOMY HNPOCMOPI HA DISHUX GUCOMAX MA PIZHUX
giocmanax 6i0 6uxioHozo nepemuny nanvuuka. Ilposoduscsi auaniz Ximiunoeo
CKNady OuMoBuUxX 2a3ie, AKUL BUSHAYABCA 3a O0NOMO20I0 2A30aHANI3AMOpa
TESTO 330-2LL, a came eusnauanraca memnepamypa OuMOsux 2aszie 8 mouyi
BUMIPIOBANHA, a makoxc Konyenmpayis xucuto (Oz), 0sookucy eyereyio (CO2),
monooxucy gyeneyto (CO), oxucaie azomy (NOx) ma inwi napamempu.

3a pesynemamamu excnepumeHmié 6U3HAYEHO PO3NOOIL memnepamypu 6
MONKOBOMY NPOCHOPI ME8epOONAIU6H020 Komaa Viadrus mennogoo nomysicHicmio
00 24 kBm 3 emonmosanum 6 nepeowio naweib MeXAHi308AHUM NATbHUKOM
Ilennempon-15 3 6ynxepom nooayi nenem.

Taxodic 3a pe3yrbmamamu OKpemux eKCnepumMeHmatbHux 00CaiONCceHb GUSHAYEHO
meniomy 320psAHHA, 60J02icmb ma 3071bHicmb neiem. OmMpumMano 3anediCHOCMi
w000 3MIHU Y YACI MeMRepamypHo20 CIMAHY KOMIA HA cmaoii K8aziCmayioHapHo2o
PedicUMy 2OpIHHA nefiem 3 0epesuHU . npu MIHIMAIbHIT [ BPU MAKCUMATbHIT ROOAYl
nanuea 3 OyHKepd, a MmaKodlc 8 PedlcUMi Npu MaKCUMAnbHIU nooadi namea nicis
NpUnUHeHHA Noo0aui 3 GEHMUNAMOPA O000AMKOB020 NOGIMPsA Md 6 PelCUMI
3a6epuients npoyecy 2opinHs neiem.

Busnauasecs ennué wieuokocmi ma memnepamypu NoGimps, wo 6600UMbCA 6
monkosy Kamepy. 3a pezyrbmamamu O00CAIONCEHb 3ANPONOHOBAHO 3AX00U 3
800CKOHANIEHHA KOHCMPYKYIHUX XAPAKMEPUCMUK NeemH020 NANbHUKA 8 KOTAAX
manoi nomyacnocmi (10...30 kBm).

Knrwowuoei cnosa: biomaca; nenemu, npsime cnano8ants, HACUNHUL wap
DOI: https://doi.org/10.32347/2411-4049.2021.4.60-72
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Beryn

AKTyallbHUMH 3aBAAHHSMH, 1[0 CTOATH Mepell eKOHOMIKOIO HAIIOi KpaiHA OCTaHHIMH
POKaMH, € CKOPOYEHHS CIIOHMBAHHS JOPOTOTO IMIIOPTHOTO TAJIMBA — IPUPOIHOTO
ra3y, a TaKoXX 301JIbIIIEHHS YaCTKM BUKOPHCTAHHS BiJHOBIIOBAHUX KEPET €HEeprii.
[epenyMoBOIO yCHIIIHOTO PO3BUTKY O10€HEPTETHKY € HASIBHICTH IOCTaTHIX pecypciB
6iomacwu [1]. 3rimHo 3 HarioHaapHMM IUTAHOM [IiHi 3 BiTHOBITIOBAHOI CHEPTETUKH 10
2020 poky o0cAr BUKOPUCTAaHHS IEPEeBHOI 010MacH 3 KOXKHUM POKOM 3POCTAE.

[IprBabMUBICTH MeENET B SAKOCTI ManuBa MONATAE B TOMY, IO MPH HE3HAYHOMY
00cs131 BOHM MalOTh JOCTaTHBO BHCOKY TEIUIOTBOPHY 3/AaTHICTh, E€KOJOTi4HO
Oe3reyHi Ta eKOHOMIYHO BUTiAHI. OHA 3 HAWBAKIIMBIIINX TTepeBar BUKOPUCTAHHS
TEJIeT € BUCOKA HACHITHA IIIBHICTD, 1[0 J03BOJISIE CKOHOMIYHO BUT1IHO MEPEBO3UTH
1X Ha BEJHUKI BiJCTaHI.

3a MUHYJI 9OTHPU POKH HAHOUTBIIMIA TMPUPICT CHOCTEPIraBCcs Ha PUHKY KOTIIB
Ha arpapHiii Oiomaci. IlomiTHe 3Ha4YHe 3pOCTaHHSI PHHKY KOTJIIB Ha Tpicmi —
y 6,8 pa3za 3a kinbkicTio i B 3,3 pa3a 3a MOTYXKHICTIO Ta PUHKY KOTJIIB Ha TeleTax
(rpanymnax) —y 4 pasu, T00T0 3 71 10 300 OAMHUIIE, IO CBITYNATH PO aKTYAIBHICTh
X BUKOpHCTaHHS [2].

3a3naunMo, mo noHaa 90% eHeprii 3 6iloMacu OTPUMYIOTh IIUISIXOM CIIATFOBAHHS.
XapakTepUCTUKHA TajiBa, BapTICTh OOJNAJHAHHA Ta TOTYXHICTh CHEPreTHYHOI
CTaHIIi € BU3HAYHIMH TTOKa3HUKAMHU i 9Yac BUOOPY TEXHOJIOTIi CIaIFOBaHHS IS
BIIpoBa/keHHs. CriaqroBaHHs 010Macu BiIOYBAE€ThCS B TOMKAX KOTJIIB, a TEIJIOTA,
IO BUIUIAETHCS, MEPEJAEThCS TEIUIOHOCIIM (BOI, mapi abo MOBITPIO) YaCTKOBO B
caMmiii TOIIIi KOTJa, a YACTKOBO — BiJl POYKTiB 3TOPSTHHS, SIKi 3 TOTIKH TTiJT 9ac CBOTO
PYXy KOHTaKTYIOTh 3 KOHBEKTHBHUMH MOBEPXHSMH TEIUIOOOMIHY Ta MOCTYIIOBO
BIJUTAfOTh TEIUIOTY TeruoHOCisM [3]. ToMy 0cOOIHMBO aKTyalTsHUMHU € PO3podKa Ta
JOCII/PKEHHSI XapaKTEePUCTUK MIPUCTPOIB JIJIs CIIATIOBAHHS TIETIET B CTAI[lOHAPHOMY
pexumi. EdexTuBHEe cHagroBaHHS IeJIET PIi3HOTO MOXO/UKEHHS B KOTJIAX €
aKTyaJIbHUM 3aBIaHHSIM JUIs CHEPreTHYHOTO0 BUKOPUCTAHHS 1MX nanus [4, 5].

Choro/iHi MUTaHHS BIPOBAKCHHS TEXHOJIOT1H CHEPreTHYHOTO BUKOPUCTAHHS
Oiomacw Ta 3aMileHHs BUKOITHUX ITAJIMB, B IIEPIITy Yepry IPHUPOIHOTO ra3y, Ha0yBae
Bce OUTbIIOI akTyanbHOCTI. OCHOBHUMH HalpsMaMH, IPAKTUYHE BIIPOBAKCHHS
SIKMX PO3BHBAETHCS HAHOIMBIIUMH TEMIIAMH, € TEXHOJIOTII MPSIMOTO CIaTIOBaHHS
JIEPEBUHU Y BUTIISAI JPOB, BiJXO/IB IEPEBOOOPOOKH, TPICKK Ta TpaHyd a0o Ieier.
Huszka BITUM3HAHMX KOMIIAHIH BXKE OCBOUIM BHITYCK KOTJIB JJIsi CHAIIOBAHHS
JICPEBUHH SIK JUTSI TIOOYTOBOTO BUKOPUCTAHHS, TaK 1 JUIsl IPOMHUCIOBUX CIIOKHBAYiB
[6]. BukopucranHs aepeBHHX MEJIET Mae psJ IepeBar, a caMe BHKOPHUCTaHHS
icHy!04oi CHpOBMHHOI 0a3u, 5Ky paHille BBaXald TUIBKM BigXOJaMH, IO
3a0pyIHIOE HABKOJIMIITHE cepeoBuile; (JOpMyBaHHsS HOBUX PHHKIB 30yTy TOTOBOI
MIPOIYKIIil; CTBOPEHHS HOBITHIX €KOJIOTIYHHX KOHCTPYKIIHHUX MaTepialis [7].

OCHOBHI BiIMIHHOCTI 3aCTOCYBaHHs IMEJIET MOJSTAlOTh caMe B OpraHizamii
MpOLeCy CIalOBaHHSI 0ioMacH, MO Ma€e CBOI OCOOJIMBOCTI 3aJIe)KHO BiJ| BUAY
Oiomacu. Y CBOIO dYepry IpoleC CHaTiOBaHH] HaKJaga€ IEBHI BHUMOTHM Ha
KOHCTPYKIIIFO TOTIKH, CIOCIO mojayi manusa Toio [3].

Came meneTHUH MaJBHUK € CKIaZOBHM €JIEMEHTOM TBEPJONAJMBHOIO KOTIA Ta
OCHOBHOIO #HOro 4acTuHOMO. Ilepexim Ha Taki mpUCTpoi Ui ONaJieHHS OymiBelb
IHAWBITyaIbHO-TTOOYTOBOTO CEKTOpa CHOTOMHI OCOONHMBO aKTyalbHHHA dYepe3 IX
€KOJIOTIYHICTh, B T.4. BYIJICLIEBY HEHTPAIbHICTh, Ta B 3B’S3KYy 3 IMOCTYHOBHM
BHCHAXCHHSM BUKOITHHX MPUPOIHUX CHEPrOpeCypcCiB, TAKUX SK BYTi/UL, HaTa i ras.
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Merta i MmeToaH

OCHOBHOIO MeTOI0 JaHoi poOoTu OyJ0 eKCIepUMEHTANbHE JOCHiKEHHS
TEXHOJIOT1H MPSAMOTO CHAIOBAHHSA TIEJET B TOOYTOBOMY KOTII.

ExcniepuMeHTanbHI JOCTIKSHHS 3 BU3HAUCHHS TETHTO(i3MUIHAX XapaKTEPUCTHK
Ipolecy CHANIOBaHHS TMEJNETHOrO MajvBa B HACHIIHOMY MIapi NPOBOIWINCH
3 BUKOPHUCTAHHAM MEJIETHOTO NMaJbHUKAa Mapku llemnerpoH-15 3 MakcHMMaibHOIO
TEII0BOIO MOTYkHICTIO 15 kBt. Lleit manpHUK npu3HaYeHMIA IS 3aCTOCYBAaHHS B
CUCTEMax OIAJICHHS XUTIOBUX, O(PiCHUX a00 BUPOOHWYHMX MPUMIIICHD IIISXOM
Horo oOnamTyBaHHs U TBEPIONATMBHUX KOTIIB [9].

CxematnuHe 300pakeHHsI TeNeTHOro mnanpHuKa llemnerpon-15 y po3spisi
HaBeJICHO Ha puc. 1.

Jiist BU3HAUYEHHS 3aKOHOMIPHOCTEH TPOIIeCy CHAIOBAHHSI MEJIET B MAIBHUKY Ta
TEIUIOTEXHIYHUX XapaKTEPUCTHK POOOTH MOOYTOBOTO KOTJIA 3 TIEJIETHUM HaTbHUKOM
BUKOHYIOTHCS JOCHIKEHHS TEMIIEPAaTypPHOTO PEXUMY 00’€My KOTJIA TPU Pi3HUX
pexxuMax poOOTH manbHUKA. BHUMIpOBaHHS TeMIepaTypud 3OIMCHIOETBCS 3a
JIOTIOMOT'0F0 TPeOiHKH (BiCiM) TepMOTIap XpOMeETb-aTFOMEIb 3 BIAKPUTUM CIIAEM, 1110
PO3TAIIOBYIOTHCS Ha PI3HUX BHCOTAX Ta Pi3HUX BiJICTAHSX BiJ BUXITHOTO TIEPETHHY
nagbHUKa (MOKa3aHo Ha pHC. 2).

XiMIYHHME CKJIaJ TUMOBHMX Tra3iB BH3HAYaBCs 3a JOMOMOIOI0 ra3zoaHajizaTopa
TESTO 330-2LL. 3a #ioro 7omoMoror BUMIpIOBallach TEMIIEpPaTypa JUMOBHUX Ta3iB
B Ta30XoMdi, a Tako KoHieHrpamis kucHio (O2), aBookucy yriemo (CO.),
MoHookucy Byrieo (CO), okuciis azoty (NOyx) Ta JIesKi iHIII mapamMeTpH.
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Puc. 1 — Cxema menerHoro mnampHHKa Pmc. 2 — CxemMa  BHMipIOBaHHA
ITemnerpon-15 TemnepaTtypu B 00’emi kotma: 1 —

MeJICTHUN MaJbHUK; 2 — TOIKOBUK 00’ €M
KOTIa; 3 — TepMonapu

Pe3yabTaTu Ta NOSICHEHHS

Sk 6a30BUi BapiaHT PO3TILIAETHCS KOHCTPYKUis nansHuKa «[lenetpon-15», akuit
TIPU3HAYCHUHN IS CITATIOBAHHS TIEJIET BUIIOI SAKOCTI, SIKI BUTOTOBJICHI 3 JICPEBUHU,
MalOThb HU3bKY 30JbHICTb, BUCOKY TEMIIEpaTypy IUIaBJICHHS 30JIM Ta BIAHOCHO

BHUCOKY TCIUIOTY 3rOpsAHHS.
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[leneTHunit manTbHUK BXOIUTH 0 CKJIATy OTMAIIIOBAIHLHOTO KOTJIA, 10 00IaTHAHUI
JMMOBOIO TPYyOOI0. 3allycK MajbHUKA BigOYBAa€THCS 32 YMOB HOTO MOMEPEIHBOTO
pO3ITpiBy BiJl CTOPOHHBOTO JDKEpENia TEIUIOTH ISl CTBOPSHHS HEOOXiTHOTO
repernay THCKY B TUMOBIH TpyOi Ta 3a0e3nedeHHs] YMOB T01adi IMTOBITPS B MaJIbHUK
i BUTBHOTO BHXOy TUMOBHX T'a3iB (TOOTO cTBOpeHHs Tsru B Tpy6i) [10].

JocuikeHHst 1Py MiHiMAIbHiA BUTpaTi manuBa. Cepist eKCICPUMEHTAIbHIX
JIOCITiJKEHb CTOCYEThCS CIIATIOBAHHS Y MEIETHOMY TAbHHUKY TIENeT 3 IepeBHHH. 1X
miamerp ckmamae 6 MM, Ha mepmoMy erami  JOCHI/DKEHb  OTPHMAHO
eKCIIEpUMEHTANIbHY 3QJISKHICTh BiJl Yacy TEeMIIEpaTypHOrO0 CTaHy B KOTJII Ha
MOYaTKOBIM CTalil Mpolecy CHajdioBaHHS IEJNeT Michs po3nany NadbHUKa Bij
CTOPOHHBOTO JpKEpena TeIUIoTH. Bimrik dacy Ha puc. 3 BIANOBITAE MOYATKY
cTabLIbHOI pOOOTH NATFHHUKA Micysl HOro BUXO/y Ha KBa3iCTalliOHAPHUN PEXKUM MPH
MiHIMaBHIM BUTpATI MANKBa.

B mepion pobotn mampHUKa 3 modaTKy i 10 800 ¢ pexuMm mopadi manviBa —
MiHiManpHHA. B 1pOMYy pexumi Temmeparypa y (dakemi, ska QikCyeThCs
Tepmonaporo Ne§, 3MmiHtoBanack B aiana3zoni 300° C..350° C. Ilicns 650 cexynau
Temmnepatypa 3meHuyeTsbes 10 250° C. [Tokazanns tepmonap Nel Tta Ne6 BripoioBx
nepmux 800 cekyHz 3MiHIOBaIIOCH Y Mexkax 150°C ...200 °C.
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Puc. 3 — 3miHa y yaci TeMIiepaTypHOro CTaHy KOTJa Ha CTaJlil KBa3iCTaliOHAPHOTO PEXUMY
TOpiHHS HEJIeT 3 JIEPEeBUHM NPH MIHIMAJIBHINA Tozayi nanuBa: 1 — nokasu tepmonapu Nel;

2 — No6; 3 — Ne8

[Micna 800 cekynam Oyio mepeBelleHO PEKUM Tojavi 3 OyHKepa MeNIETHOrO
najvBa Ha MakcMMyM. Temmeparypa B TO4Ill, € BCTAHOBIEHO Tepmormapy Ne§,
noyasa CTpiMKO 3pOCTaTH.

MiHimanbHI 3Ha4€HHsI BiAMOBiAaIM MOMEHTaM yacy, MpH SIKUX 31HCHIOBAIACS
rmojaya najguea 3 OyHKepa, a MaKCHMMajibHI — IepiojjaM HanOUIbII IHTCHCHBHOIO
BUXOJAY Ta TOpPiHHA JeTrounx rasis. [Ipu npomy mokazanus tepmonap Ne2 ta Ne6
MOHOTOHHO 301JIbIITyBaJIHCSI.

It inTercudikarii mpoiiecy ropints 3 1680 cexyHau B Kamepy 3ropsiHHS yepes
OOKOBI  JBepisTa OyJIO OpraHi3oBaHO IMOJa4y IMiJIrpiTOro MOBITPS 3
TeIuIOBeHTHIIATOpa. TemnepaTtypa B Touwi Ne8 mpu npoMy novasia CTpiMKO 3pOCTaTH
1 gocsarna 3HadenHs 800° C. 3miHa TemrepaTypu B TodIli Ne§ mae mepiomudHuit
xapakTep. CrocTepiraloTbes IEPioIH ITiIBUINESHHS Ta 3HIKEHHS TEMIIEPATyPH B IIiH
toui. [lepionu cknanatots 70...90 c.
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B mMomenT gacy 2443 ¢ mogady manuBa 3 OyHKepa Oyio mepekpuTo. B mamsHuKy
ie JuIanacst JOCTaTHS Maca NaluBa, 3aBISKHU SIKi MEBHUI yac MPOAOBXKYBaBCS
PEXUM IHTEHCUBHOTO TOpPiHHS. BHachmifok Toro, mo XojoaHe manbHe 3 OyHKepa
OB He MOTpaIisie B MAIBHUK, B Tepion Bix 2443 ¢ mo 2561 c Temmeparypa B
KaMmepi 3ropsHHS Ta y Qaxem 3poctae i mocsrae B Toumi Ne§ MaKCHMaiabHOTO
3HaueHHs 900° C. 3HaueHHs Temneparypu B Toukax Nel Ta Ne6 Takox nocsraroTh
MakcuManbHUX 3HaueHb 300 °C, mo BimoOpakeHo Ha puc. 4.
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Puc. 4 — 3miHa y yaci TeMIiepaTypHOTO peXXUMY B KOTJII HA CTaAii 3aBepLICHHS TOPIHHS NeJeT
3 nepeBuHH: | — nmoka3u Tepmonapu Nel; 2 — Ne6; 3 — Ne§

Jo MomeHTy vacy 2561 c neneTy B kaMepi MabHUKA MPAKTHYHO BCi 3TOPAIOTh.
Buxin netrounx rasziB npunuHaseThes. Temneparypa B Toulli Ne§ mounHae mBHIKO
cnagaty. Lle mosCHIOETHCS THM, 11O TEIUIOBHIIIEHHS B KaMEpi 3rOpSHHS NPAaKTUYHO
MIPUITUHSETHCS, a TIOBITPSHA TATA B PO3ITPITOMY AMMapi 1Ie JIMIIA€Thes. B manbHUK
HA/IXOJIUTh XOJIO/IHE 30BHIIIHE TOBITPS, SIKE 0XOJIOKY€E KaMepy 3TOPSIHHS Ta KOTeJ.

[licng ocTaTOYHOrO OXOJIOJKEHHS NaJbHUKA Ta KOTJIa B KaMmepi NaJbHUKa
MPAaKTUYHO HE JIMIIAETHCS 307M. 305a, SKa Ma€ CTPYKTYpY JIETKOIro IIOTeny,
BUHOCHUTBCS 3 KAMEPH 3rOPSHHSI i/l 4ac TOPiHHS MeNeT i ocifae B 30ipHUKY 307,
10 PO3MIIIY€ETHCS B HIDKHIIM YaCTHHI KOTJIA.

HJocmimskeHHss mnpu MakcHMAJbHIA momaui mammBa. Hacrymnaa cepis
EKCTICpUMEHTAIILHUX JIOCIIJDKeHb OyJia peaiizoBaHa IMPHU PEXHMi CHATIOBAHHS,
KOJIM Ha MOYaTKy MPOIECy TOPiHHS 3aCTOCOBYBABCS PEXKHMM MaKCUMAIBHOI 1MoJ1adi
MaJvBa, a Aajii 3MiiCHIOBABCS MEPEXi Ha PeXXUM MiHIMAIBHOI MO/1adi.

TemnepaTypHuil cTaH NajbHHKA, [0 HAa MOYATKOBIA CTadil MPAIIOE B PEKHUMI
MaKCHUMaJIbHOT BUTPATH MAJIMBa, BiJoOpakeHo Ha puc. 5. Ha oMy pucyHky kprsa 1
BignoBigae Tepmonapi Nel, kpuBa 2 — repmonapi Ne4, a kpusa 3 — Tepmonapi Ne§.
3a gacowmii nepion 1o 1000 ¢ Temmeparypa B TOYL, ¢ BCTAHOBJIEHO TepMOIapy
Ne8, 3MiHIOETBCS B TEPIOJUYHOMY PEXKHMi, SKAH BUKIMKAHUH CUHXPOHHOIO
MEPIOJNYHICTIO IMOJaui XOJIOMHOTO TajuBa 3 OyHKepa B Kamepy 3TOpsSHHS.
Temmnepatypa B it Touti 3miaOETHCA Bix 500°C mo 800° C, a aMIuTiTyj]a KOTUBaHHS
Temneparypu B 1ii Touti jocsrae 300° C. Ilepiognunicts xonuBanb — 60...90 c.
TemriepaTypu B TOUKax KOTJIA, Ie BCTAaHOBIIEHO TepMonapu Ne2 ta Ned, MOBUITBHO 1
Malie MOHOTOHHO 3pocTaroTh Bif 215° C (touka Ned)...240°C (touka Nel) mo
280° C (Touka Ne4)...304° C (Touka Nel).
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Puc. 5 — 3mina y gaci TeMmepaTypHOTo CTaHy KOTJIa Ha CTafii KBa3iCTalliOHAPHOTO PEXKUMY
TOpiHHS IeNeT 3 IePeBUHU NPH MaKCHMalbHiil mojadi manusa 3 OyHKepa: 1 — moka3aHHs
Tepmonapu Nel; 2 — Ne6; 3 — Ne®

B momenT wacy 1015 ¢ maipHUK TIepeBOJUTHCS Ha PEXHM MiHIMAIBHOI Tojadi
nanuBa. Temrepatypa B Toulri Ne8, sika BiAMOBIae 00IaCTi, KyIH CIPSIMOBAHO (hakes
MoJIyM’sl 3 IANTBHUKA, CTPIMKO 3MeHIyeThest 10 380° C. Temmneparypu B Toukax Nel
Ta Ned Takox 3meHmyroTees go 250° C...280° C. Temmeparypa B Touri Nel
3aymmaetses Ha 20° C ...30° C Bume, HiX B Tourli Ned. JIo momeHTy wacy 2240 c
Temneparypu B Toukax Nel ta Ne4 suusunucs 1o 206° C ta 173° C BignosigHo.

B TakoMy pexxumi maNbHUK MPAIoBaB 0 MOMEHTY 4acy 2246 c. [lotim pexum
nojadi najguBa 3 OyHKepa 3HOBY OyJIO IepeBeleHO Ha MaKCHUMYM, II0 BHKIIMKAIIO
3poctaHHs TemnepaTypu Qakena g0 655° C (touka Ne8). B Toukax Nel ta Ned
TeMmrieparypa misuimmiaca mo 267° C ta mo 241° C signosigHo. Hamami
temreparypa B Touni Ne§ konmanacs B mexax 500°C ...655°C.

B momenT wacy 2572 ¢ Oyno B aBTOMaTHYHOMY DPEXKHMi MPUIHHEHO MOJATY
najuea 3 OyHkepa. B 1eit MoMeHT npoxij B OyHKepi, uepe3 sSIKui majuBo 3 OyHKepa
MOTpAIUIsIE B KaMepy 3rOpsHHS, MOBHICTIO NEPEKPUBAETHCS 3aCIiHKOI0. ByHkep
TaKUM YHHOM TIIOBHICTIO BiJI'€JHYETHCS BiJ Kamepu 3ropsiHHA. [IpunuHseThCs
moJia4a XoJI0HOTO NaNBa, i B KaMepi 3ropsHHsI Ha JeIKHI He3HAYHUH Yac CyTTEBO
inTeHcHu(iKyeThcs porec ropinHsa. B MomeHT dacy 2594 ¢ Temmeparypa B 11iii ToUIli
Jocsirae  MakcuMalibHOro 3HadeHHs 788° C, micis 4YOro MOYMHAE IIBUIKO
3HMKyBatHcs. Jlo 2647 ¢ Temrieparypa B miid Touri 3MeHnryetbes 10 303°C (3a 53
cexyHaH). Jlai 3HIKEHHST TeMIIepaTypH CTa€ MEHIII IHTEHCHBHUM.

JociixkeHHs1 XiMiYHOT0 CKJIaaAy AMMOBMX rasiB. AHajii3 XiMiYHOTO CKIamy
JUMOBHX Ta3iB B KOTJII IPH poOOTI MEJETHOI0 HaJlbHUKA MPOBOAUTHCS ITiJ] Yac
JpyToi cepii ToCIiKEeHb MPOoIiecy CHaTIOBaHHS MENeT 3 iepeBUHU. [y npoBeaeHHs
aHaJi3y CKJagy AMMOBHX ra3iB, B TPaKTi iX BHUAAJCHHS, 10 BUXOOUTH 3 KOTJA,
nepeadadyeHo crHeuianbHUil OTBip, B SIKMM BBOAMTHCS NATYUK Ta30aHANi3aTopa.
OTBip 3HaxX0aUThCs HA BUCOTI 0,5 M BIJHOCHO BXIJIHOTO Mepepidy TUMOBHBIIHOTO
TPAaKTY.

3anexHICTh B yacy TeMIEpaTypH AWMOBHX Ta3iB B TPakKTi iX BUAAJICHHS Ha
JUISTHITI, JIe IPOBOJMTHLCS BUMIPIOBAHHS, HABEIEHO Ha puc. 6 (kpuBa 1). Ha ipomy
X PHUCYHKY AJIS IOPIBHSAHHS HAaBEIEHO TAaKOX 3aJE€KHICTh TEMIIEpaTypH, IO
BHUMIPIOETHCS B TOUIll 1 kKoTiia XA TepMomnaporo.
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Puc. 6 — 3mina y 4aci TeMmmepaTypu TUMOBHX Ta3iB y OTBOpi i razoanamizaropa (1)
Ta B TOYI Ne2

Sx BHOHO 3 pHCYHKa, TeMIlepaTypa IMMOBHX Ta3iB y OO0JIacTi OTBOPY s
ra3oaHaiizaTopa CHHXPOHHO 3MIHIOETBCS 3 TemrepaTyporo B Toulli Nel kotia.
Temmneparypa Ha I1iif JUISHII TPaKTy s BUJAJICHHS JUMOBHX Ta3iB Ha 150...170°C
HIK4Ya, HDK B Toulli Nel Korma, i 3MmiHIOETBCS y Mexkax 60° C ...121° C. Ix
OXOJIOJDKEHHSI BiJHOCHO TemrepaTypu B Toumi Nel BimOyBaeTbcsi BHACHiIOK
TEIUIOBI a4l BiJl JMMOBHX Ia3iB JIO TEIUIOOOMIHHHKA JJIsl TPAKTY CHCTEMH OTaJICHHS,
110 BCTAHOBJICHUH B KOTJIi, 8 TAKO)K BHACIIIOK TEIUIOBTPAT y MPOCTIip MPUMIIIICHHS.

3MiHy y 9aci KOHIIEHTpaIlii KHCHIO y ANMOBHUX ra3aX y TOYI ii BUMipy HaBeIEeHO
Ha puc. 7. SIK BUIHO 3 IIbOTO PUCYHKA, KOHIIEHTpAI[isl KHCHIO Tepe/l MOYaTKoM
po3namoBaHHs Tener craHoBuia 21%, ToOTO BiAMOBiZana BMICTY B JTOBKIJUIL.
B mporteci cnamoBaHHS KOHIIGHTPAI[iS KHUCHIO CIIOYaTKy 3HMXKYEThCA 10 16%,
a moTim 10 15%. MiniManbpHOTO 3HAUYEHHS KOHIIEHTPAIlisl KUCHIO Ha0yBa€e B MOMEHT
yacy 971 ¢, KoJii TemIepaTypa B TOUI[l BUMIPY JOCSTAa€ MAKCUMAJILHOTO 3HAUCHHS
121°C. Hanmami xoHueHTpalisi KucHio 30iibmryerbes 10 18...18,5%, mo cBimuuth
PO 3HMKEHHS IHTEHCHBHOCTI mporecy TropiHHsa. TemmnepaTypa rasiB B TOYII
BUMIPIOBAaHHS 3MEHIIIYEThCS TTPH 1IbOMY 110 60...65°C.
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Puc. 7 — 3MiHa y yaci KOHIIEHTpAIlii KUCHIO Y JUMOBHX razax

3MiHy y 4Waci KoHIEeHTparlii Byriaekucioro razy CO; HaBemeHo Ha puc. 8. Sk
BUAHO 3 puc. 8, 1o MmoMeHTy yacy 800 ¢ koHueHTpanist CO2 3MiHIOBaNacs y Mexax
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4,5...4,6%. llpu npomy TemmepaTypa AWNMOBHX Ta3iB B TOYIll BHUMipIOBaHHSI
crragana 90...100° C. IleneTHuil NambHUK Npalioe B LEH mepio y pexumi
MaKCUMaJbHOI Mmojadi nanusa. Koim sk Temmneparypa IMMOBUX ra3iB B MOMEHT 4acy
971 ¢ mocsrma MakcuMmansHOTo 3HaueHHS 121° C, xonmentparis CO2 3pocna 10
5,8%, 0 € HacHiAKOM 3pOCTaHHS IHTEHCHBHOCTI 3ropsHHS manwBa. Hamam x
koHueHTpanis CO2 3mMeHmyetses a0 2,4...2.8%. Temneparypa AMMOBHX Ta3iB MpH
boMy 3HIKYETBC 10 60...65°C. Lle cBim4uTh MPO MEHI iHTEHCHUBHE 3TOPSHHS
nanuBa. Y [eH mepiof meIeTHUH MaTbHUK MPAIoe ¥ PeKUMI MiHIMAIIBHOI ITo/1adi
MaJnBa.
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Puc. 8 — 3MiHa y yaci KOHIICHTpAIIii BYTJIEKHACIIOTO ra3y y JUMOBHUX Ta3ax

B nporieci cniairoBaHHS TIENETIB yTBOPIOETHCS HE JINIIE BYTJICKUCIHHI a3, ajle Ha
MpoMiKHUX eTanax i MoHookuc Byriemo CO. BiH BHAINSETbCS TPU Mipoisi
OioMacu i € OCHOBHOI TOPIOYOI pedoBHHOIO. llpm #ioro peakimii 3 KucHem
YTBOPIOEThCS BYTIIEKHMCIHII ra3 Ta BOJAsHA mapa. Moro ropinus BinGyBaeTbcs
IHTEHCHUBHIIIE MPH MiJBUILIEHHI TEMIIEPaTypy B Kamepi 3ropsHHs. TakuM YHHOM,
noropsinas CO 1o CO; BiiOyBa€eThCsl IHTCHCUBHIIIIE TIPH ITiIBUIIICHHI TEMIIEPATyPH.
31 3MeHIIeHHIM Temnepatypu JoropssHHs CO ynoBUIBHIOETHCS.

BaxmBuM MokazHUKOM poOOTH MallbHUKA € KOHIICHTpAIlisl OKUCIIB a30Ty B
JUMOBHX Tra3ax. 3MiHA y Yaci KOHIEHTpAIlil IUX PEYOBHMH B JUMOBHX ra3ax
BigoOpakeHa Ha puc. 9.
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Puc. 9 — 3mina y yaci koHneHTpauii okuciiB a3oty NOx
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Sk BUAHO 3 puc. 9, Big HOYATKy MpOIIeCy TOPIHHA MeNleT B NATbHUKY IO MOMEHTY
yacy 800 ¢ xonnenrpailisi NOy B iMMOBUX ra3ax miasuinyerbes Big 0 no 0,028%.
[licng migBUIIEHHS TeMIEpPaTypd B MNAIBHUKY Ta BiJNOBIAHOTO IiIBUIICHHS
TEeMIIepaTypu IUMOBUX Ta3iB O MAaKCHUMAJIBHOI'O 3HAYCHHS, SIKE BiOYBAa€ThCS B
MoMeHT "acy 971 c, miaBHumIyeTbest Takox 1 KoHeHTpatliss NOy B INMOBHUX Ta3ax /10
0,044%. [ani, koM NaqpHHUK MPAaLIOE B PEeXHMi MiHIMalIbHOI MoJadi MajuBa,
TeMmIeparypa JUMOBHUX ras3iB 3MeHIIyeThCs. lIpy 1bOMy TakoX 3MEHIIYETHCA 1
koumentpartiss NOx 1o 0,013%....0,017%.

Sk BUTIITMBAE 3 HaBEJCHHUX PE3yJbTATiB, KOHLEHTPAlii KOMIOHEHTIB JUMOBHUX
ra3iB CyTT€BO 3aJIe)KaTh BiJl iX TeMIepaTypH, sKa, B CBOIO 4epry, 3aleXHUTh Bij
IHTEHCHBHOCTI TIPOIIECY TOPiHHA B NaJbHUKY. 31 30IJBIIEHHSM TeMIepaTypH
JUMOBHX Ta3iB KOHIICHTpAIlii KHUCHIO B HUX 3MCHIIYEThCS. 3aJCKHICTh i€l
KOHIIGHTpAIii BiJ] TeMIepaTypy NMpaKkTHYHO JiHiiiHa. BomHouac, npu 30inblieHHi
TEMIepaTypyu AMMOBUX Ta3iB MPAKTUYHO 32 JiHIHHUM 3aKOHOM 301UTBIIYIOTHCS
KOHIIHTpALii [ABOOKHCY BYIJIELIO Ta OKHCHIB a3oTy. Lle moscHIoeThCS
IHTeHCU(]IKAII€I0 TMpOoIecy 3TOpsIHHS MManyWBa MpH 30UIbIICHHI TeMIepaTypu B
nanpHUKY. [Ipu 11bOMy BiATIOBIAHO 301TBIIYETHCS 1 TEMIIEpATypa TUMOBHX T'a3iB.

BucHoBku Ta pekomenaauii

YcninmHa TexHIYHA peaizallis mpollecy CIIaIOBaHHS TeJeT OB’ s3aHa 3 BUOOPOM
palioHaJbHUX TEXHIYHHUX PINICHb Ta PEKUMHUX MapaMeTpiB poOOTH BigIOBIIHOTO
o0aiHaHHS, TOMY SIK BUCHOBOK 3aIIPOTIOHOBAHO HACTYITHI 3aX0/H 3 BIOCKOHAICHHS
KOHCTPYKLIHNX XapaKTePUCTHK MENETHOr0 MaJbHUKA JJIsI MOXIIMBOCTI HOTo
BUKOPHUCTaHHS B KOTJIaX Mayoi noTyxkHocTi (1o 30...50 kBT):

1. B menerHomy mnanbHHKY «lleneTpoH-15» 3acTOCOBYETHCS TpaBiTallidiHUN
croci0 mojayi manuBa 3 OyHKepa 10 KaMmepH 3ropsiHus. Llei croci6b nmependauae
BUTbHE BHCHTIAHHS TIEJIET 3 OyHKepa Mij dieto cBoei Baru. Hemomik 1is0ro crioco0y
MOB'SI3aHU 3 MOXKJTUBOKO HEPIBHOMIPHICTIO BUTPATH IEJIET, 1[0 HAJXOAATh B KaMepy
3rOpsiHHS. [3-3a 1i€i HepiBHOMIPHOCTI MpoIec TOPiHHS MOKe MPU3YMHHUTHCS Yepes3
Horo Hectauy B Kamepi 3ropsiHHA, a00 Yepe3 HaUIMIIOK, [0 MOXKE 3aKPHTH 30HY
TOpiHHA Ta 3HWU3UTH ii TeMmeparypy. s 3amobiraHHs UM HEIoNIiKaM JOIUTEHAM
€ 3aCTOCYBaHHSI MEXaHIYHOI peryIbOBaHOI MOayi MaNIrBa 3a JOMOMOTOF0 [ITHEKa.

2. B 0a3oBoMy BapiaHTI TENETHOTO MANBHUKA TIOBITPS, IO HEOOXifHE ISt
MiATPUMAaHHS MPOLIECY 3TOPSIHHS MAJIMBA, TIOIAETHCS B KAMEPY 3rOPSIHHS Yepe3 OTBIp
B JIBEPIATaX KaMepu. BHACIIIOK MOXKIIMBOTO 3aXapallieHHs! IPOYKTaMK HETIOBHOTO
3TOPSIHHS TIEJIETHOTO TalyBa MOBITPSHUX NPOTOKIB, BUHHKAE CHUTYyaIlisl HecTadi
MOBITPS AJIsI I ATPUMAHHS IpoLiecy TOpiHHS, 200 Ha UTUILIOK XOJIO0IHOTO 30BHIIIHHOTO
TIOBITPSI, IO OXOJIOKYE KaMepy 3ropsiHHsL. B Takux BHTaaKax mporec ropiaHs Oyne
HecTiiKkiM Ta HecTabiTbHUM. TOMY PEKOMEHIIYEThCSl PETYIIOBATH BUTPATH TOBITPSI
BIZIMOBITHO JI0 PEXMMY TOPIHHS TEJIET B MAIBHUKY. 3al00IiraHHs UM CUTYaLisiM
MOXITMBE LIUIIXOM 3aCTOCYBaHHS 0IaTKOBOI MEXaHIYHOI BUMYLIEHOT Toga4i HOBITPs
B 30HY TOpIHHS 3a JIOTIOMOTOI0 BEHTHIATOpA. Moro po6oTa Ta BHTpATH HOBITPS
MOBMHHI PETYIIOBATHCS BIAMOBIJHO A0 BCTAHOBJIEHOTO PEXHUMY TOPIHHS, 8 TaKOX
BIZIMOBITHO IO BUTpAT NaJkBa, U0 OJA€ThCs 3 OyYHKepa B KaMepy 3TOpSHHS.

3. JouiapHO mepeadaynTh TaKOX MOXKIMBICTh IOMNEPEIHBOrO MiAIrpiBy
TIOBITPSI, IO HATXOINUTE 10 KaMepH. st Iboro HeoOXiTHO B KOHCTPYKIIIT MaaThbHUKA
nepeadaunTH peKynepaTuBHUNA TEIUIOOOMIHHUHN MPUCTPIH, y AKOMY 3HiHCHIOETHCS
IMiTICPiB TOBITPS, IO HAAXOAUTH 3 BEHTHIISITOPA, TUMOBAMH Ta3aMHU.
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4. Y 0azoBoMy BapiaHTI MaNbHHWKA, IO TPHU3HAYEHWA IS CIIATIOBAHHSI
HU3bKO30JIbHOTO TICJICTHOTO IMajliBa 3 JICPCBHHU CTAHIApTy A, 3a0€3MeuyeThCs
piBEeHb TeMIepaTypH, IO € JOCTaTHIM JUIs MiATPUMKHU Tporiecy ropinus. Kopmyc
ILOTO MATbHUKA — METANICBHHA. Y BUTAJIKY XK CIIATIOBAHHS MEJeT HEBUCOKOI SIKOCTI,
He0OX1THO nepea0avynTH 3aX0H 3 i ATPUMAaHHS HaJeKHOTO TEMIIEPATYPHOTO PiBHS
B KaMepi 3ropsHHs NaJIbHUKA. 3 I[I€F0 METOK HEOOX1THO MPOBECTH TEILIOiI30IAIII0
KaMmepH 3ropsiHHs. Mo)kHa, HAalpUKJIIa1, BATOTOBUTH i1 3 KepaMi4HOTO MaTepiary abo
HAHECTH Ha 30BHINIHIO TOBEPXHIO METAIEBOIO KOPITyCy KaMepu 3TOPSHHS Iiap
TeruIoizosmiiHoro Marepiany. Lli 3axoan J03BOJISATH MiIBUIINTH TEMIEpATypy B
KaMmepi 3ropsiHHS Ta TOKPAIIUTH €(PEKTUBHICTD MPOIIECY CHATIOBAHHS TICIIET.
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PROBABILITY ASSESSMENT OF THE KY IV RESERVOIR OVERFLOW

Abstract. Reservoirs are an integral part of the world’s hydraulic infrastructure and
form the basis of modern water management in most countries including Ukraine.
However, reservoirs are also sources of an essential danger to the environment,
infrastructure, and population. The potential danger and risks to the population
living near reservoirs especially downstream may be no less than to people living
near nuclear facilities or chemical plants, with which experts and the public usually
associate problems of technogenic safety. Moreover, statistics show that about a
third of all accidents on dams and levees occurred due to overflow of reservoirs
when upstream water levels exceeded allowable values.
There are 1103 reservoirs in Ukraine with a total water volume of about
55,500 million m3. The Kyiv reservoir is the third one by volume and water surface
area in the country. In addition, the reservoir is created by one of the longest dams
in the world; the total dam length of the reservoir reaches 70 km.
Admittedly, the overflow of a reservoir can be caused by an extreme flood with
inflow parameters exceeding the capacity of hydraulic structures. The challenge is
that the capacity of water passage structures may be insufficient both due to the
inaccuracy of the hydrological forecast and because of faults, poor functioning, or
failures of the hydraulic structures during a design flood. In particular, long-term
forecasts of floodwater discharges maxima of the inflow into the Kyiv reservoir
based on using various probability distribution functions show the essential
divergence of the obtained results. As well, as practice shows, the unavailability of
some water passage tracts of the reservoir can reach several months in a year.
Sometimes repair works were performed even during floods.
The aim of the study consisted of probabilistic forecasting the emergency situation
on the Kyiv reservoir as a result of its uncontrolled overflow through the possible
inaccuracy of the hydrological forecast concerning an actual water inflow into the
reservoir and due to failures of water passage hydraulic structures during floods.
To achieve the study aim the following tasks were solved: (1) there was proposed a
method of hydrological forecasting, which allows taking into account results of
long-term forecasts of floodwater discharges maxima based on using various
probability distribution functions and fuzzy modelling; (2) there was performed
hydrological forecasting of floodwater discharges maxima of the Dnieper affecting
the condition of the Kyiv reservoir based on the actual data collected the Vyshgorod
water level gauge; (3) there was assessed the probability of the Kyiv reservoir
overflow taking into account the occurrence possibility of a shortage of the capacity
of water passage structures with using the failure and fault tree method. Totally, six
incompatible hypothetical emergency situations at the Kyiv reservoir were
considered. The calculations showed the total probability of the Kyiv reservoir
overflow equal to 3.84-10* (year?), which is acceptable to guarantee the
hydrological safety of infrastructure and the population.
Keywords: annual exeedance probability; failure and fault tree method; floods;
forecasting; fuzzy modelling; hydrological safety; Kyiv reservoir overflow
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1. Introduction

Reservoirs are an integral part of the world’s hydraulic infrastructure and form the
basis of modern water management in most countries [1]. They provide reliable
managing and controlling water resources of rivers for various purposes that may
include flood control, water conveyance by canals, irrigation, navigation, power
generation, municipal and industrial water supply, fishing, environmental protection,
water tourism and recreation, and others [1, 2]. Admittedly, overall, hydraulic
infrastructure including reservoirs has delivered substantial social and economic
benefits [1]. In particular, it is argued (e.g. by Muller et al. [3]) that socio-economic
development is curtailed in countries that have insufficient infrastructure to manage
water, as a result of which many developing countries are held hostage to their
hydrology.

Reservoirs and ponds (a pond is a reservoir with a capacity not exceeding
1.0 million m®) are the most common water management facilities in Ukraine too. There
are 1103 reservoirs in Ukraine with a total water volume of about 55,500 million m®and
50,793 artificial ponds with a total water volume of 3,969.4 million m? [4, 5]. They are
present in various sectors of the national infrastructure providing its reliable and safe
operation, and safety of the population life activity.

However, past experience shows that artificial reservoirs are sources of potential
danger to the environment, socio-economic infrastructure, and population especially
downstream of large dams. The World Commission on Dams report (2000, [6])
concluded that inadequate valuation potential danger from reservoirs was a
significant factor in the poor or negative performance of many large dams as water-
retaining structures. In many cases, as the report states, actual social and
environmental costs of reservoirs building turned out to be unreasonable; many of
them were built without comprehensive analysis and evaluation of the technical,
financial, and economic criteria applicable at the time, much less the social and
environmental criteria that apply in today’s context.

The most serious consequences of the construction and operation of reservoirs
are associated with accidents of dams and other water-retaining hydraulic structures
[7]. These accidents can lead to occurrences of dam-break floods [8, 9]. The peak
discharges of the flow caused by a dam-breach flood can greatly exceed previous
natural floods, and the response time available for warning the populace is much
shorter than for usual precipitation-runoff floods [9, 10]. In general, quantification
of the dam-break flood hazard is quite a complex task [11-14]. The potential danger
and risks to the population living downstream reservoirs may be no less than to
people living near nuclear facilities or chemical plants, with which experts and the
public usually associate problems of man-made safety [15]. There have been many
cases of destructive accidents on reservoirs and water-retaining hydraulic structures
including ones with numerous human victims [7, 11, 15, 16].

Accidents on water-retaining hydraulic structures occur for various reasons [15].
Often, it is extremely difficult to establish all possible causes of dam accidents, as well
as to identify the principal factors determining them [7, 16]. However, statistics show
that about a third of all accidents on dams and levees occurred due to overflow of
reservoirs when upstream water levels exceeded design or allowable values [15-17].
Reservoir overflows are especially dangerous in the case of uncompleted or damaged
water-retaining hydraulic structures. More than 80 per cent of dam accidents due to
reservoir overflows occurred on such hydraulic structures [15]. Reservoir overflows
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can lead to flooding of areas and facilities situated upstream, threaten the loss of
stability of riverbank slopes, cause overloading of water-retaining hydraulic
structures and become triggers for the development of various emergency processes.
In particular, reservoir overflows lead to serious problems to manoeuvre gates. An
uncontrolled reservoir overflow often has an utterly adverse psychological impact
on staff. Eventually, reservoir overflow can lead to dam crest water overtopping; for
embankment dams and levees, such events usually end in catastrophic accidents
[7, 15, 18, 19].

2. The case study

The Kyiv reservoir is the uppermost reservoir of the Dnieper cascade consisting of the
six largest Ukrainian reservoirs (Fig. 1). The reservoir was created north of Kyiv city
in the 1960s after the dam of the Kyiv hydropower plant was built near Vyshhorod
town [20]. It is the third reservoir by volume and water surface area among the Dnieper
reservoirs. Originally, at the normal (full) storage level of 103.0 m, the reservoir
volume was 3.73 km3, the water surface area was 922 km?, and the usable volume was
1.17 km?® [20, 21]. As a result of the reservoir sedimentation and overgrowing,
especially in the backwater decrement part, the current reservoir area has probably
decreased to 824 km? and its usable volume to 1.05 km? [22].

The Kyiv reservoir does
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Fig. 1 — The map-scheme of the Dnieper cascade
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front (FSL = 103.0 m) reaches
42.3 km [20]. The reservoir has
one of the longest dams in the
world. In particular, only the
Kyiv left-bank earthen dam has
a length of 17.2 km. The left-
bank earthen dam abuts

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponoxopucrysanss, Ne 4 (40), 2021



further upon the 52 km-long left-bank earth dike protecting the floodplain between
the Dnieper and Desna rivers. With the 285 m long hydropower plant building, which
is combined with spillway, the navigable lock, and the right-bank earth dam, the total
length of the water-retaining hydraulic structures of the Kyiv reservoir reaches
almost 70 km [20].

The Kyiv reservoir provides operation of the Kyiv hydropower plant (HPP), the
current installed capacity of which is 440 MW. In addition, the Kyiv reservoir serves
as the lower reservoir for the Kyiv pumping-storage power plant (PSPP), with an
installed capacity of 235.5 MW in the turbine mode and 135 MW in the pumping
mode [20]. As well, the reservoir and the Kyiv navigable lock are considered to be
an integral part of the International Waterway E40 [23]. The reservoir is also used
for industrial and public water supply purposes, irrigation, fisheries, and water
recreation.

However, the Kyiv reservoir poses also an essential potential threat of break-dam
flood occurrence, if one of the water-retaining structures is destroyed. Moreover, the
reservoir contains the additional major threat connected with the consequences of
the Chernobyl Nuclear Disaster in 1986. The threat is likely because of radionuclides
in the reservoir bottom sediments [24, 25]. The possible accident and the reservoir
descent might threaten radioactive contamination of Kyiv and others cities,
territories, and water bodies downstream [26].

3. The problem formulation, aim, and objectives of the study

Admittedly, the overflow of a reservoir can be caused by an extreme flood, inflow
parameters of which exceed the capacity of hydraulic structures.

The challenge is that the water passage capacity of hydraulic structures may be
insufficient both due to the inaccuracy of the hydrological forecast concerning a
possible water inflow into the reservoir and due to faults, poor functioning, or
failures of the hydraulic structures during a design flood.

The capacity of spillways and outlets can be significantly reduced, for example,
due to their blocking by floating bodies (garbage, forest, etc.), as well sediments, ice,
etc. Two examples of such blocking are shown in Fig. 2.

Fig. 2 — Overtopping of Palagnedra dam in Switzerland due to plugging of spillway by
floating debris in 1978 (left) [27]; the similar plugging of the spillway of Kerckhoff dam
in California, USA, in 1997 (right) [28]
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Spillways and outlets may lose their capacity due to malfunctions or failures of
mechanical equipment: jamming of gates, faults of lifting mechanisms serving the
gates including lack of power. For example, those reasons provoked a disaster to
occur on the Tous dam in Spain in 1982 during a heavy rainstorm. The dam gates
were not managed to rise in time due to damaged communications and power supply
failure [29]. A special accident also occurred on the Taum Sauk PSPP in the U. S. in
2005. The cause of the overflow of the PSPP’s upper basin was the failure of a
computer program in the system of automatic regulation of water levels [31].

One of reasons for the decrease in the capacity of water passage structures may
also be the unavailability of some of them to perform water escape functions due to
incompleteness of the necessary repair and maintenance work in inter-flood periods.
The condition of unavailability of some water passage tracts, which in general form
water passage fronts on reservoirs (spillways, outlets, outfalls, culverts, weirs,
sluices, pressure conduits of HPPs, locks, etc.) is quite common situation for a long
period of time. According to S. Potashnik, the unavailability of some water passage
tracts of the Kyiv HPP reached several months in a year [32]. Sometimes repair
works were performed even during floods.

Cavitation erosion, abrasion, riverbed downstream erosion, underwashing, and
hydrodynamics loads are usually recognized the main causes of damage to water
passage structures in need of repair and restoration. However, as the example of the
accident at the Oroville reservoir gated service spillway in 2017 (Fig. 3) shows, the
failure causes can be very diverse [33, 34]. In general, incidents and accidents on
water passage hydraulic structures occur much more often than on dams. Structures
can be repeatedly damaged by floods and recovered after each subsequent flood. So,
from 1977 until 2017, when the dangerous accident occurred, there were five (in
1977, 1985, 1997, 2009, and 2013) repeated slab repairs of the Oroville service
spillway [33]. Usually, a majority of water passage structures on reservoirs can be
either in standby mode or being repaired. Especially it concerns emergency
spillways. Eventually, it was the emergency spillway overflow weir that prevented
the Oroville reservoir from overflowing and the tallest dam in the U.S., 235 m high,
from collapsing, despite a quite critical situation downstream of the dam.

Emergency Spillway
Crest Area

i Reservoir Oroville
Gated Service Spillway
Control Structure

Emergency
Spillway Hillside
Service Spillway Dam Oroville
(Upper Portion)

Tranmission Tower L

Emergency Spillway
Discharge Zone

Erosion Damage Zone
(Lower Service Spillway
and Hillside)

Fig. 3 — Oroville site during the 2017 incident [33]
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As an entire probabilistic indicator of the reliability of spillways and outlets, in
terms of their ability to perform specified functions of passing excess water from
upstream to downstream, it is convenient to use the availability A or unavailability
U coefficients, which complement each other as follow [15]:

A+U =1, or A+U =100 (in per cent). (1)

The coefficient U can be expressed as the ratio of the total time during which a
water passage structure may not be fully used, in spite of being necessary, because
doing repair and maintenance works or through other technological reasons, to its
design service life. According to estimates shown by various authors, an average
coefficient of unavailability of an individual spillway structure, regardless of its type,
design, causes of possible incidents, is about 10 per cent, that is U = 0.1 [35-37].
A similar integrated estimate of an average unavailability coefficient (U = 0.1, or
10 per cent) for an individual hydraulic power unit taking into account failures of its
control system was given by J. Lecornu [38]. The above values of unavailability
coefficients of various water passage hydraulic structures to perform required
functions can be specifically clarified with additional data [39]. Eventually, if the
must-have additional data are not available, the above-mentioned values can be
considered as first approximations for unavailability coefficients of individual
spillways, outlets, etc to assess the reliability of a reservoir spillway front as an entire
system consisting of separate spillways and outlets as structural and functional units
of the system [39-41]. In any case, the reliability of a spillway front of a reservoir
may depend on a set of spillways and outlets, and an order of their use while escaping
floods including design floods [39-41].

However, it is floods that generate main challenges for engineers making
decisions on the safety of reservoirs. The most essential one among them is probably
through the complexities, biases, and errors of hydrological forecasting. It is because
the reasons, phenomena, factors, and events that cause floods are diverse,
multifaceted, interrelated, and unsolved in a sufficient way, which not only
complicates the task of hydrological forecasting but also creates a number of
uncertainties while estimating design hydrological characteristics [42, 43].

The task of hydrological forecasting, in particular regarding the maximum water
discharges of floods, is somewhat simplified for gauged rivers, but in the presence
of data of uninterrupted hydrological observations within time intervals of at least
30-40 years. The basic mathematical model used to forecast design hydrological
characteristics (water levels and discharges, etc.) according to hydrological
observations is a probability distribution function [44, 45]. This model to assess
design values of water levels and discharges having extremely small AEPs is
accepted all over the world [46-52] including Ukraine [53].

Below, there are four examples of standardization of AEP values of maximum
design water discharges depending on dam classes, categories or other criteria in
accordance with the Ukraine’s standard [55] (Table 1), as well the standards of Spain
(Table 2), of Finland (Table 3), and France (Table 4). The parentheses show the
average return periods (in years) of the corresponding estimated maximum
discharges. It should be noted that the recurrence intervals of design floods may
significantly exceed the periods of uninterrupted hydrological observations.
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Table 1 — AEPs (per cent) of maximum design water discharges (design floods)

and their

average

Ukraine’s standard [55]

return periods

(years)

according

the current

Estimated The classes (subclasses) of consetygzces (responsibility) of structures
cases
cc3 CC2-1 CC2-2 ccl
Main 0.1 (1,000) 1.0 (100) 3.0(33) 5.0 (20)
Test 0.01" (10,000) 0.1 (1,000) 0.5 (200) 1.0 (100)

* Taking into account the warranty correction to the corresponding water discharge

Table 2 — AEPs (per cent) of design floods and their average return periods (years)
according to the Spanish standards [56]

Dam Cases
categories Design Extreme
A 0.1 (1,000) 0.02+0.01 (5,000+-10,000)
B 0.2 (500) 0.1+0.02 (1,000+5,000)
C 1.0 (100) 1.0+0.2 (100+500)

Table 3 — AEPs (per cent) of design floods and their average return periods (years)
according to the Finnish standards [57]

Dam categories Values
P 0.02+0.01 (5,000+10,000)
N 0.2+0.1 (500+1,000)
0 1.0+0.2 (100-+500)

Table 4 — AEPs (per cent) of maximum design floods and their average return periods
(years) for a reservoir with an embankment dam without consideration of
vulnerability downstream according to the standards of France [58]

Index C *
<5 510 30 30 to 100 100 to 700 > 700
1.0 (100) 0.2 (500) 0.1 (1,000) 0.02 (5,000) | 0.01 (10,000)

* The index C is calculated as C = H 2V , where H is the height of the dam above
ground level in metres, and V is the normal volume of the reservoir in hm?

Usually, the hydrological maxima distributions have an essential positive
asymmetry. In addition, they exceed zero, or some other lower limit, although, in
theory, they are not limited to the upper limit. There is a great deal of analytical
probability distributions that meet above conditions and might be used to forecast
values of maximum hydrological characteristics not formerly observed yet. These
are, for example, such distributions as follows: the log-normal (two- and three-
parameter) distributions, the gamma family and related distributions (exponential,
two-parameter distributions, the three-parameter Kritsky-Menkel distribution and
the Pearson type 11 distribution, etc.), and the extreme value distributions, which
were developed within the extreme value theory [47, 48].
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It is noteworthy that in own national standards regulating hydrological
calculations, different countries in the world may recommend to use various
probability distribution functions. Some of the most known standardized probability
distribution function types adopted for frequency analysis of design floods in
different countries using AEPs of design floods or their return periods as the main
indexes in design flood classification are showed in Table 5.

Table 5 — Standardized probability distribution function types adopted for frequency
analysis of design floods in different countries [59]

Recommended probability distribution function types Country
Pearson type Il distribution (P-111) China, Switzerland
Logarithmic Pearson type 111 distribution (LP-I11) The US, Canada, India
Generalized extreme value distribution (GEV) Great Britain, France

Extreme Value type |, type 111 distribution (EVI, EV3) Great Britain, France
Two/Three parameters logarithmic-normal distribution Japan

Extreme value type | distribution Germany, Sweden, Norway
Kritsky-Menkel distribution (K-M) Ukraine, Russia

In general, there is no theoretical or another acceptable justification for choosing
an appropriate probability distribution function to forecast hydrological
characteristics based on observed data [53]. Therefore, any of them might be
considered as a working hypothesis, if it meets adopted statistical criteria and other
considerations regarding the adequacy of simulation are taken into account [60].
However, the main problem is that different function types including standardized
ones can give different prognosis results especially regarding future floods having
very long recurrence intervals (See an example in Fig. 4).
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Fig. 4 — Forecasting of water discharges maxima of the Dnieper based on the Vyshgorod
water level gauge data [53, 54]
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Fig. 4 shows the essential divergence (uncertainty) of long-term forecasting
results of flood water discharges maxima inflowing into the Kyiv reservoir based on
using various probability distribution functions. In particular, the estimated limits
(“sup” and “inf”’) of maximal water discharges having the 1.0-per cent AEP obtained
with using different probability distributions differ by more than 1.2 times; for the
0.1-per cent AEP the discharges differ more than 1.5 times; and for the 0.01-per cent
AEP the difference between the “sup” and “inf” estimates of water discharges
reaches almost 1.8 times. Note that the statistical testing of the hypotheses by the

Pearson criterion y? according to the significance level of 0.1 per cent showed all

proposed distributions to be the hypotheses that agreed well with empirical
frequencies of observed data [53, 54].

Based on the above, the following aim of the study was formulated. This aim
consists of probabilistic forecasting the emergency situation on the Kyiv reservoir as
a result of its uncontrolled overflow through the possible inaccuracy of the
hydrological forecast concerning an actual water inflow into the reservoir and due to
faults, poor functioning, or failures of various hydraulic structures of the reservoir
during floods. To achieve the aim, the following objectives were set:

(1) to propose a method of hydrological forecasting, which allows taking into
account results of long-term forecasts of flood water discharges maxima based on
using various probability distribution functions;

(2) to perform hydrological forecasting of flood water discharges maxima
affecting the condition of the Kyiv reservoir based on the actual hydrological
observations data collected the VVyshgorod water level gauge;

(3) to assess the probability of the Kyiv reservoir overflow taking into account
the occurrence possibility of shortage of the capacity of various hydraulic structures
forming its water passage front;

(4) to assess the actual safety of the Kyiv reservoir against its uncontrolled
overflow and reveal possible challenges if they are.

4. Materials and methods

Starting from the right bank, the Kyiv reservoir water passage front includes two
hydraulic structures. These are the Kyiv navigable single-lift lock and the Kyiv HPP
building combined with bottom spillway outlets [20].

At present, the Kyiv navigable lock is not enough reliable as a waterway structure.
The lock requires repair the upstream maintenance gate hoist system and replace the
upstream maintenance miter gates, replace and repair the lock lift drainage pump
system, and repair the guideways along with replacement of the service gates for the
lock emptying system [61]. Formerly, in emergency mode, the lock was able to pass
a flow discharge 300 m®/s. Today it is rather questionable.

The Kyiv HPP building combined with bottom spillway outlets is the main water
passage hydraulic structure of the Kyiv reservoir. It consists of 5 separate sections,
in each of which there are four capsule hydraulic units and four bottom outlets.
Estimated flow discharge through one hydraulic turbine is 305 m%s. Estimated flow
discharge through one bottom outlet at full storage level (FSL = 103.0 m) is 305 m®/s
too. Estimated flow discharge through one bottom spillway at the highest water level
(HWL = 104.1 m) is 400 m3/s. Thus, the total capacity of the Kyiv reservoir water
passage front is 12,500 m®/s at FSL = 103.0 m; at the HWL = 104.1 m its water
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throughput taking into account the transformation of the test flood (the 0.1-per cent
AEP) by the reservoir is 14,400 m®s. The peak discharge of the test flood having the
0.1-per cent AEP without the flood transformation by the reservoir is estimated at
17,580 md/s.

The gates of bottom spillway outlets are serviced by two lifting cranes. The
design time for opening one bottom spillway hole is 30 minutes; the opening time of
all bottom spillway holes is 20 hours.

On average, within flood seasons, 1-2 hydraulic units are repaired at the Kyiv
HPP [20]. However, with a risk margin, the probability of a hydraulic unit being
unavailable for the passage of water will hardly exceed 0.25.

To forecast of water discharges maxima of the inflow into the Kyiv reservoir,
there was considered a time series of observations at the Vyshgorod water level
gauge from 1787 to 1999 (Fig. 5). It covers 212 years. The time series has the
following statistical parameters [53, 54]: the mean value X = 4,692 m%/s; the

standard deviation ¢ = 2,632 m%s; the coefficient of variation C, = 0.56; the
coefficient of asymmetry C, = 1.26. The accuracy indexes of calculations of these
statistical characteristics are shown in Table 6.
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Fig. 5 — The time series of water discharges maxima of the Dnieper from 1787 to 1999
according to the Vyshgorod water level gauge data [53, 54]

Table 6 — The accuracy of calculations of the statistical characteristics for water
discharges maxima of the Dnieper, the VVyshgorod water level gauge data

Parameter Estimation | Standard error | Relative error, per cent
Mean value x ( m%/s) 4,692 180 3.8
Standard deviation o (m®%/s) 2,632 128 4.9
Coefficient of variation C,, 0.56 0.06 11.0
Coefficient of asymmetry Cg 1.26 0.17 13.2

Two main methods were used to assess the probability of the Kyiv reservoir
overflow. To take into account the possibility of shortage of the capacity of various
hydraulic structures forming the reservoir water spillway front, the failure and fault
tree method was used. This method allows implementing the scenario approach
practically [11]. The computational model of this method is a circuit-free tree graph,
the vertex of which presents a resulting emergency event, the probability of which is
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to be calculated. In our case, this resulting emergency event is the Kyiv reservoir
overflow. The model includes the set of graph-analytical elements, which outline a
limited set of possible events being able to cause the expected emergency event, and
the set of correspondences modelling logic-probabilistic relations between various
events. When modelling, special structural elements such as event symbols and
logical operators are used [11, 15, 41, 62]. Logical operators display the logic of
causal relationships between possible events and enable calculating the probabilities
of consequence events (Table 7).

Table 7 — Formulas for calculating the probabilities of consequence events
depending on logical operators

Logical operator Formulas for estimating the probabilities of consequence events

P(A) =1-T]@-P(B))), 2
o (A) q( (B;)) ()

B;, i=1,n, are compatible cause events;

P(A)=)> P(B;), 3
“XOR” (A) Zl (B;) ©)

B;, i1 =1n, are incompatible cause events;

P(A)=TTP(B), 4
. (W=TTPE) )

B;, i =1,n, are compatible cause events;

P(A)=P(B)-P(C), (®)
B, C are compatible cause events;

“PROHIBITION”

P(A)=P(A), + P(A) g + .+ P(A),, 6)

if P(B;)=P(B),i=1n, m<n:

“M of N” P(A),, = (1—(1— P(B))" ) (1—(1— P(B))”‘l)-...
b-a-p@)™);

P(A)mir = P(A)n L= =P(B)"™). ... P(A), = P(B)": (7

where N is a total number of random cause events B;, i=1n; P(A), P(B;), P(C)
are the probabilities of a consequence event A, a cause event B;, a condition event C .

The probability of failures of the mechanical equipment servicing bottom
spillway outlets was estimated by the formula [15, 41]:

P(iy,) =1—exp{-2-t-exp(—p )}, )
where A is the failure rate of the facility before the first failure; t is the service life
of mechanical equipment (ME) during which at least one work operation is expected;

p isthe repair rate of ME; t, is the additional time to repair the facility.
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The failure rate 4 of a “gate — lifting crane” system and the repair rate p of ME
was taken according to statistical data [15, 3638]: 4 =2-107%, year?; p =10, year™
The additional time the “gate — lifting crane” system to repair was taken t, = 0.00228
year (20 hours) [20]. The expected service life of mechanical equipment for the
bottom spillway facilities was taken t = 10 years.

Finally, to overcome the essential non-stochastic uncertainty of results of long-
term forecasting of discharges maxima based on using various probability
distribution functions (Fig. 4) the following method was used. According to this
method, results obtained by using different versions of probability distribution
functions are considered as expert estimates, which further are processed by methods
of fuzzy set theory and fuzzy logic [63].

When fuzzy modelling, the following fuzzy variables are used:

1) “a value of the parameter X will be greater... (not less)...”; the fuzzy variable
is modelled using the Z - shaped membership function;

2) “a value of the parameter X will be less than... (not greater)...”; the fuzzy
variable is modelled using the S - shaped membership function.

Membership functions g, (x), us(x) are given graphically based on their

empirical estimates /i, (X), fi5(X), 47 (X)+ s (x) =1, which are established after
the statistical hypotheses testing by the Pearson criterion x2 on alternative

probability distribution functions by values of the hypotheses validities v( ;(iz) .

The following fuzzification algorithm based on simulation of S -shaped and
Z -shaped membership functions of fuzzy variables is considered [63].

1. With anincrease in predicted values X; of the parameter X and a simultaneous
increase in values v(;(iz) with increasing indexes of i-th models, empirical

estimates for the S -shaped membership function of the fuzzy linguistic variable
“a value of the parameter x will be less than...” follows as:

2
. v(xi
s (X;) = # , ©)
v(zi )max
where v(x?) isan i-th hypothesis validity; v(7?) . is the maximum value among

validities v( ;(iz) of alternative probability distributions considered as separate expert

assumptions on a more suitable distribution.
2. Then, for the fuzzy variable “a value of the parameter X will be greater than...”
empirical estimates for the Z - shaped membership function follows as:

7 (%) =1— 15 (%) - (10)

3. With a decrease in predicted values X; of the parameter X but an increase in

values v(;(iz) with increasing indexes of i-th models, empirical estimates for the

Z -shaped membership function of the fuzzy linguistic variable “a value of the
parameter X will be greater than...” follows as:
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4. Then, for the fuzzy variable “a value of the parameter X will be less than...”
empirical estimates for the S - shaped membership function follows as:

s (%) =1— 17 (%) - (12)

Finally, membership functions of fuzzy sets for values of linguistic variables of
the type of “a value of the parameter X will be in an interval...” can be found as:

A:ng, B=ZnS , and C=ANB.
5. Results

Table 8 shows results of forecasting of the maximum water discharges inflowing
into the Kyiv reservoir having annual exceedance probabilities (AEPS) ranging from
0.001 to 5.0 (per cent). When forecasting, the Vyshgorod water level gauge data and
eight model probability distribution functions were used.

Table 8 — Results of forecasting of maximum water discharges inflowing into the
Kyiv reservoir

Hypothesis number Calculated maximum water discharge values (m3/s)
and probability according to their AEP (per cent)

distribution type 0.001 0.01 0.1 0.5 1.0 5.0
Kritsky-Menkel

1 | (K-M) (Cy=025, 21911 | 18,674 | 15,343 | 12,856 | 11,777 | 9,103
Cs = 2C\)

2 | KM (Cv=05, 25384 | 20,880 | 16,460 | 13466 | 12,152 | 9149
Cs=25Cy)

3 | Pearson type Il 26,020 | 21,936 | 17,580 | 14,463 | 13,080 | 9,735

4 | Extremevaluetype | o450 | 5o 415 | 17687 | 14379 | 12,951 | 9605
| (Gumbel 1)

5 |K-M(Cv=086 27120 | 22,756 | 18,158 | 15,014 | 13,560 | 10,088
Cs = 2C\)

6 | KM(Cv=086, 32375 | 25994 | 19,894 | 15765 | 14,076 | 10,088
Cs=2.5Cy)

7 ITWO'paramEter 40,100 | 29,930 | 21,356 | 16,203 | 14,172 | 9,830
ognormal

g | Logarithmic 45000 | 33,500 | 23,200 | 17,043 | 14,744 | 10,000
Pearson type IlI

After the statistical hypotheses testing by the Pearson’s criterion 72, the

probability distributions used in forecasting were divided into two groups of expert
models. The first group included the distributions 1-3, the second — the distributions
4-8. When grouping the distributions, it was taken into account that their validities
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v(;(iz) increase monotonically within each of the groups: from the distribution

(hypothesis) 1 to the distribution (hypothesis) 3, from the distribution (hypothesis) 4
to the distribution (hypothesis) 8. The results of calculating empirical values of
membership functions of forecasted values of the Dnieper water discharge maxima
to appropriate fuzzy sets are given in Table 9.

Table 9 — Empirical values of membership functions of forecasted values of the
Dnieper water discharge maxima depending on the probability distributions

. Empirical values of

Hypothesis number V(z2) membership functions

and probability distribution type I £z (X) fis (X)

1 gif%v'\)"e”ke' (K-M) (Cv=0.5, 0.0418 0.7196 0.2804

2 | K-M(Cy=05,Cs=25Cy) 0.0865 0.4195 0.5805
3 | Pearson type Il 0.1491 0 1

4 | Extreme value type | (Gumbel I) 0.0425 0.9062 0.0938

5 | K-M(Cvy=0.6,Cs=2Cv) 0.1256 0.7227 0.2773

6 | KM(Cv=0.6,Cs=25Cy) 0.2874 0.3655 0.6345

7 | Two-parameter lognormal 0.3752 0.1718 0.8282
8 | Logarithmic Pearson type IlI 0.4530 0 1

Below, Fig. 6-11 show geometric illustrations of the computed membership
functions.

1 ; 1 5
Z 08 ] : Z 081
= 06 2 % 06 : ¢/
x 3 S 3
= 0,4 ] = 0,4 1
= 3 1 = 3
0.2 3 0.2 3 A
W 0 1 .
0 10000 20000 30000 40000 0 20000 40000 60000
Water discharge (m?/s) Water discharge (m?/s)
0,5
= 04 <015
£ 03 2 0,1
% 02 0,05
3. 0’1 ’
0 0
10000 30000 50000 20000 25000 30000
Water discharge (m?3/s) Water discharge (m?3/s)

Fig. 6 — Membership functions characterizing forecasted values of the Dnieper water
discharge maxima having the 0.001-per cent AEP
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Fig. 7 — Membership functions characterizing forecasted values of the Dnieper water

discharge maxima having the 0.01-per cent AEP
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Fig. 8 — Membership functions characterizing forecasted values of the Dnieper water

discharge maxima having the 0.1-per cent AEP

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponoxopucrysanss, Ne 4 (40), 2021



1 p 13
= ] 3 —~ .
=084 4 = 0,8 1
= ] 2 = ]
= 0,6 1 = 0,6 7
=04 1 2 < ]
<+ 04 3 1 - 04 3
0,2 ] 3 0.2 ]
O . T T T T T T T T T 1 0 . T T T T T T T T 1
10000 15000 20000 10000 15000 20000
Water discharge (m/s) Water discharge (m?%s)
= 0,5 5 0,06 -
o 04 1 =
= 1 &)
—~ 0,3 T = 0104 b
ko) J
= 0.2 ] 0,02 -
0,1 A J
0 T T T T T T T T T T T 1 0 T T T T T T T T T 1
12000 14000 16000 18000 14000 14500 15000
Water discharge (m?3/s) Water discharge (m%/s)

Fig. 9 — Membership functions characterizing forecasted values of the Dnieper water
discharge maxima having the 0.5-per cent AEP

1 14
< 08 Z 08 ]
] =i ]
= 06 ; = 061
<+ 04 ; = 0,4 ]
0,2 1 0,2 1
10000 12000 14000 10000 12000 14000 16000
Water discharge (m3/s) Water discharge (m3/s)
05 0,05 -
< 04 - % 0,04 -
=4 ] = )
= 03 1 0,03 A
> E -
=< 0.2 - 0,02 -
3. E 4
0,1 - 0,01 A
0 LA AL N R LA T 0 T T T T T T T T T 1
10000 12000 14000 16000 12500 13000 13500
Water discharge (m?/s) Water discharge (m?3/s)

Fig. 10 — Membership functions characterizing forecasted values of the Dnieper water
discharge maxima having the 1.0-per cent AEP
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Fig. 11 — Membership functions characterizing forecasted values of the Dnieper water
discharge maxima having the 5.0-per cent AEP

The membership functions of fuzzy sets for the values of linguistic variables of
the type of “a maximum water discharge having an annual exceedance probability

(AEP) (per cent) will be in an interval...” A=ZAS were computed on the results
of forecasting by means of probability distributions with indices i =13 ; in turn, the
membership functions B=ZNS were computed on the results of forecasting by
means of probability distributions with indices i=4,8.

After modelling of fuzzy sets C for linguistic variables of the type of
“a maximum water discharge having an AEP (per cent) will be in an interval...”, the
corresponding fuzzy intervals Suc ={Quux : tic (Quax) > 0} With searched cores
Coc ={Qnux : tic (Qmax) = max} of fuzzy sets were obtained. Defuzzification was

performed by the centroid method [64]. Analytical modelling of membership
functions was performed in MS Excel. The computed generalized water discharge
maxima values of the inflow into the Kyiv reservoir (the Vyshgorod water level
gauge) having annual exceedance probabilities (AEPS) ranging from 0.001 to 5.0
(per cent) are given in Table 10 and Fig. 12.

Table 10 — Generalized values of maximal water discharges inflowing into the Kyiv
reservoir (the Vyshgorod water level gauge)

Annual exceedance probability

(AEP) (per cent) 0001 | 001 | 01 | 05 | 10 | 50

Maximum water discharge

2 25,000 | 21,215 | 17,170 | 14,285 | 12,954 | 9,450
(m3/s)

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponoxopucrysanss, Ne 4 (40), 2021



10
% ® Modelled results

8
1 % ° O Observed data

~0

0,1 <

P =1,172.2exp(-0.00055Q 2x) s
001 R2=0.9975 *

Annual exceedance probability
P (per cent)

0,001
0 5000 10000 15000 20000 25000 30000

Maximum water discharge Q. (m%/s)

Fig. 12 — The computed curve of the generalized exceedance probability function of water
discharge maxima Q. ranging from the 5.0-per cent AEP to the 0.001-percent AEP
(the Vyshgorod water level gauge)

Accordingly, the annual exceedance probability (AEP) P (per cent) of calculated
values of water discharge maxima Q,,, (m*/s) ranging from the 5.0-per cent AEP to

the 0.001-percent AEP are well described by the function
P =1172.2exp(—0.00055Q,x ) - (12)

To measure the quality of the prediction performing with the function (12) for
maximum discharges having AEPs less than 10.0 per cent the appropriate
verification was carried out. To verify whether forecast results could adequately
represent observed data, the estimators of standard error and relative standard error
and the Nash-Sutcliff model efficiency criterion [65] were used. The Nash-Sutcliff
model efficiency criterion (NSE) [65] is widely used for assessment of the predictive
power of hydrological models. In particular, it is accepted that hydrological
predictions with the NSE above 0.8 can be considered as being very good. Fig. 13
shows the graphical illustration of the NSE assessment.

’ oI
P. = 0,8523P 41030 000
NSE = R? = 0,9837 0,000

[E
\
\

Forecasted AEP Pg
(per cent)

0,1 + —

0.1 ! Observed AEP P (per cent) 10

Fig. 13 — The Nash-Sutcliff model efficiency criterion (NSE) assessment
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As well, the standard error for AEPs ranging from 10.0 to 0.33 (per cent) turned
out to be equal 0.03 per cent. It is 0.0003 (year) in the interval of probability values
from 0.1 to 0.0033 (year™t). The relative standard error does not exceed 6.6 per cent.
According to all applied criteria the predictive power of the generalized distribution
function (12) of water discharge maxima inflowing into the Kyiv reservoir can be
considered as being acceptable in the interval of AEP values from 10.0 to 0.001 (per
cent).

The failure and fault tree diagram used in assessing the Kyiv reservoir overflow
probability is presented below in Fig. 14. Six incompatible hypothetical emergency
situations at the Kyiv reservoir were considered:

S; — the maximum water discharge of the inflow into the Kyiv reservoir reaches
17,580 m¥/s; the water level in the reservoir rises to the highest water level (HWL)
of 104.1 m; there occurs a failure at the spillway facilities of the reservoir when one
hydro unit fails or one bottom outlet stays unavailable though the mechanical
equipment failure, etc.;

S> — the maximum water discharge of the inflow into the Kyiv reservoir reaches
16,475 m?/s; the water level in the reservoir rises to the highest water level (HWL)
of 104.1 m because of a failure at the spillway facilities occurs when one hydro unit
fails, and simultaneously two bottom outlets stay unavailable though the mechanical
equipment failure, etc.;

S3 — the maximum water discharge of the inflow into the Kyiv reservoir reaches
16,170 m¥/s; the water level in the reservoir rises to the highest water level (HWL)
of 104.1 m because of a failure at the spillway facilities occurs when two hydro units
fail, and simultaneously two bottom outlets stay unavailable though the mechanical
equipment failure, etc.;

S4 — the maximum water discharge of the inflow into the Kyiv reservoir reaches
15,770 m¥/s; the water level in the reservoir rises to the highest water level (HWL)
of 104.1 m because of a failure at the spillway facilities occurs when two hydro units
fail, and simultaneously three bottom outlets stay unavailable though the mechanical
equipment failure, etc.;

Ss — the maximum water discharge of the inflow into the Kyiv reservoir reaches
15,465 m3/s; the water level in the reservoir rises to the highest water level (HWL)
of 104.1 m because of a failure at the spillway facilities occurs when three hydro
units fail, and simultaneously three bottom outlets stay unavailable though the
mechanical equipment failure, etc.;

Se — the maximum water discharge of the inflow into the Kyiv reservoir reaches
15,065 m?/s; the water level in the reservoir rises to the highest water level (HWL)
of 104.1 m because of a failure at the spillway facilities occurs when three hydro
units fail, and simultaneously four bottom outlets stay unavailable though the
mechanical equipment failure, etc.

The annual probability of failure of any of the 20 hydro units of the Kyiv HPP
taking into account data of S. Potashnik [32] and the current Ukrhydroenergo
information on repair and maintenance works [20] was set at 0.25. Then, the expected

probability of a hydro unit failure will be P, =1— (1-0.25)Y% =0.0143 (year™). The
probability of the failure of a bottom outlet B, was calculated by the formula (7)

according to statistical data [15, 36-38] including the current Ukrhydroenergo
information [20] and amounted to B, = 0.0194 (year™).
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Fig. 14 — The failure and fault tree diagram to assess the Kyiv reservoir overflow probability

Table 11 shows annual exceedance probabilities (AEP;) (per cent) of flood
conditions F(S;) triggering the hypothetical emergency situations S; , i=16, and
the annual probabilities pF(S;) of these condition occurrence (year*) in a full group
of events. To form the full group of events, the annual probabilities pF(S;) (year?)
were estimated as: pF(S;) = 0.01AEP:, pF(S,) = 0.01(AEP. — AEP),
pF(Sg) = 0.01(AEPs— AEPs).
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Table 11 — Parameters of the flood conditions F(S;) triggering the hypothetical
emergency situations S;, i =16

Flood conditions

. F(S1) F(S2) F(Ss) F(S4) F(Ss) F(Ss)
Maximum — Water | 1560 | 15475 | 16,170 | 15770 | 15465 | 15,465
discharge (m?/s)

AEP (per cent) 0.074 0.136 0.161 0.201 0.237 0.295
The flood condition
occurrence  annual
probability (year?) in | 0.00074 | 0.00062 | 0.00025 | 0.00040 | 0.00037 | 0.00058
the full group of
events

Parameters

The calculation of the failure and fault tree (Fig. 14) showed the total probability
of the Kyiv reservoir overflow equal to 3.84-10* (year?). This is about four
emergency cases per 10,000 years, or one such case per 2,500 years.

6. Discussion

The study showed that the forecasted test maximum water discharge value having
0.1-per cent AEP generalized on the eight model probability distributions calculated
according to data of the Vyshgorod water level gauge is 17,170 m%/s. This forecasted
discharge value is less than the value of the design discharge of 17,580 m?%/s of the
0.1-per cent flood, to which the hydraulic structures of the Kyiv reservoir were
calculated. The forecasted AEP of the design water discharge of 17580 m®/s is 0.074
(per cent) or 7.4-10* (year?). It is almost 15 per cent less than the 0.1-per cent AEP
design value set by current national standards [55]. The last may indicate that the
hydrological safety of the Kyiv reservoir hydraulic structures meets the current
national standards [55] with a 15 per cent risk margin.

In addition, the hydraulic structures reduce the probability of the reservoir
overflow to the value of 3.84-10* (year™). It is near 1.9 times less compared to the
forecasted AEP of 7.4-10* (year!) of the design discharge of 17580 m?/s, and it also
confirm a high guarantee the hydrological safety of downstream territories.

Table 12 shows the occurrence probabilities of six incompatible hypothetical
emergency situations at the Kyiv reservoir and their contributions to the total
probability of the reservoir overflow. The obtained results indicate that the most
probable dangerous event is the hypothetical emergency situation Si. This situation
can occur when the maximum water discharge of the inflow into the Kyiv reservoir
reaches 17,580 m%/s, the water level in the reservoir rises to the highest water level
(HWL) of 104.1 m, and there occurs a failure at the spillway facilities when one
hydro unit fails or one bottom outlet stays unavailable though the mechanical
equipment failure, etc. In general, the study results may indicate that the water
spillway front of the Kyiv reservoir is designed with significant reserves for the
passage of floods that are less than the design 0.1-per cent flood. As well,
calculations showed that floods having AEPs of more than 0.136 per cent give in a
sum less than 5 per cent of the total Kyiv reservoir overflow probability.
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Table 12 — Analysis of probabilities of the six incompatible hypothetical emergency
situations at the Kyiv reservoir

Hypothetical emergency situations
Paramet Total
arameter Sl Sz 83 S4 S5 SG Ota
Probability | 3.66-10 ¢ | 1,56-10° | 1,5-10°° | 7.1-10 7 | 15107 | 7-10°% | 3.84-10“
Share  (per | g5 og 4.07 039 | 019 | 004 | 002 | 100
cent)

Fig. 15 shows the curve of the reservoir overflow probability depending on the
floods that are considered as triggers of the six examined hypothetical emergency
situations. This curve can be used as a model curve of hydrological risk of the Kyiv
reservoir overflow in consequence of floods having annual exceedance probabilities
ranging from 0.295 per cent to 0.074 per cent.

0,001

. P = 2E-11AEP-6472
0,0001 . R2=0.9799

1E-05 0

1E-06 R

Probability P of the
reservoir overflow (year?)

1E-07 O

1E-08 4 T ———— T
0,01 0,1

AEP (per cent)

Fig. 15 — The curve of the probability of the Kyiv reservoir overflow depending on annual
exceedance probabilities of floods

Eventually, it can be concluded that the risk of the Kyiv reservoir overflow
through floods, the AEPs of which are greater than 0.3 per cent, is utterly low.

7. Conclusions

The probabilistic forecast the emergency situation occurrence on the Kyiv reservoir
as a result of its uncontrolled overflow was performed. The forecast was carried out
taking into account the possible inaccuracy of the hydrological forecast concerning
water inflow into the reservoir and possible failures of the reservoir water passage
hydraulic structures during floods.

A method of hydrological forecasting, which allows taking into account results
of long-term forecasts of flood water discharges maxima based on using various
probability distributions, was proposed. According to this method, results obtained
by using different versions of distributions are considered as expert estimates, which
further are processed by methods of fuzzy set theory and fuzzy logic.

To forecast water discharges maxima of the inflow into the Kyiv reservoir, there
was taken the time series of observations data collected the Vyshgorod water level
gauge from 1787 to 1999. A total of eight model probability distributions were
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considered. The fuzzy modelling showed that the forecasted value of the maximum
water discharge of 17,170 m®%s having the 0.1-per cent annual exceedance
probability (AEP) generalized on eight model probability distributions is less than
the value of the design discharge of 17,580 m?/s of the 0.1-per cent flood for which
the spillway structures of the Kyiv reservoir were calculated. This indicates that the
hydrological safety of the Kyiv reservoir water passage structures meets the current
standards [55] with a 15 per cent risk margin.

To assess the probability of the Kyiv reservoir overflow taking into account the
occurrence possibility of the capacity shortage of various hydraulic structures to
water passage, the failure and fault tree method was used. Totally, six incompatible
hypothetical emergency situations at the Kyiv reservoir were considered. The
calculation of the failure and fault tree (Fig. 14) showed the total probability of the
Kyiv reservoir overflow equal to 3.84-107 (year™). It is near 1.9 times less compared
to the forecasted AEP that is 7.4-10~ (year?) for the design discharge of 17580 m?/s,
that gives quite a high guarantee of the hydrological safety of the infrastructure and
population downstream of the reservoir.
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J.B. Crepannmmnn
OIIHKA MMOBIPHOCTI IIEPEIIOBHEHHS KHiBCHKOI'O BOJJOCXOBHIIIA

Anomauin. Boodocxosuwya € HeBiO0 EMHOIO UACMUHOK CBIMO0BOI 2iOpOmexHiuHOl
ingpacmpykmypu i opmyrome OCHOBY CYYACHO20 YNPAGNIHHA BOOHUMU Decypcamu 6
oinvuiocmi kpain. OOHaK 8000CX08UA MAKONHC € Odceperami NOMeHYIlIHOT Hebe3neKy 05
HABKOIUUWHBO20 cepedosuiyd, iIHPpacmpyKkmypu ma HaceieHHs, 0COOaUB0 8 HUXNCHIX 0 'ehax
senuxux epedenv. [lomenyitina nebesnexa ma pusuky 05l HACEAEHHA, WO NPOICUBAE NOOIUZY
8000CX08ULY, OCOOIUBO HUNCYE 30 MEYIEI0, MOHCYMb OYMU He MEeHUUMU, HIdC 015 TH00ell, SKI
npodCUBaIoms NOOIU3Y A0EPHUX YCMAHOBOK ab0 XIMIUHUX NIONPUEMCING, 3 YUM eKChepmu
ma 2poMaocbKicmv 3a36udaii nos’azylomv npobnemu mexuwozennoi 6esnexu. Ilpuuomy,
cmamucmuxa nokasye, wo Onu3bKo mpemuny 6Cix asapitl Ha epebnax i 0ambax cmanocs
yepe3 nepenosHeHHs 8000CX08UlY, KOMU Pi6eHb 600U ) 8epXHbOMY 6’ci nepesuuyyeas
npoexmui abo OONnycmumi 3HAYeHHs.

B Vkpaini naniuyemvca 1103 eodocxosuwa 3azancHum 06°€mom 800U OAU3LKO
55 500 man m®. Kuiscoke 6000cxosuwe — mpeme 3a 06ca20M ma nAOWEI0 NOEPXHI 600U 6
Kpaini. Kpim moeo, ye 6ooocxoguiye ymeopoemscs 0OHI€W 3 HAOOBWIUX epedelnb V C8Imi.
3acanvna dosacuna ciopomexniunux cnopyo Kuiscokozo sodocxosuwa cazae 70 km.

3azanvnosusnano, WO HEKOHMPONLOBAHE NEPENOBHEHHS BOOOCXOBUWA — MODiCe
BUKTUKATNUCA HAO3BUUATHUM NABOOKOM 3 NAPAMEMPAMU NPUNIUSY, WO NEPesUuyIons
NPONYCKHY 30amuicmb  ciopomexuiynux cnopyo. Ilpobrnemoio € me, wo NponycKHa
30amuicms 2i0OPOMeEXHIYHUX CHOPYO Modce OYymu HeOOCmamHvoI0 AK Yepe3 HemOYHICb
2I0PONOCINHO20 NPOSHO3Y, MAK I Yepe3 HeCNPAGHOCMI, No2ane QYHKYIOHY8AHHs 400 8I0MOBU
2iopocnopy0 ni0  uac nNpoekmHo2o nasoodKy. 30Kkpema, 006820CMPOKOSI NPOSHO3U
MAKCUMANbHUX eumpam nagookosux 600 ninpa 6 cmeopi Kuigcbkozo eodocxosuwja Ha
OCHOGI BUKOPUCMAHHS PI3HUX (DYHKYI PO3NOOLLY UMOGIPHOCMEl NOKA3VIOMb ICTMOMHY
po3bixchicme ix pesyrvmamis. Takoodw, AK NOKA3YE NPAKMUKA, HE20MOBHICMb OEsAKUX
sodonponyckHux mpakmie Kuigcbko2o 6o0ocxosuwya modxce 00cseamu KilbKOX MicsAyie Ha
PpiK. IH00i pemonmHi pobomu Ha yux cnopyoax npo8oOULUCS HABIMb NI0 4ac NABOOKIE.

Memoro Oocniodxcenns Oyn0 UMOGIDHICHe NPOCHO3YBAHHA HAO36UYAUHOI cumyayii Ha
Kuiscokomy so0ocxosuwyi 6HAciiooK 11020 HEKOHMPOIbOBAHO20 NEPENOBHEHHs BHACIIOOK
MOANCIUBOL HEMOUHOCMI 2IOPONOSTUHO20 NPOSHO3Y W000 (DAKMUYHO2ZO NPUMOKY 600U Y
8000LIMY Ma yepe3 8i0MOBU B0OONPONYCKHUX CROPYO Ni) 4ac NABOOK).

Jlns Oocsienenns memu Oyau eupiuieni Hacmynui sagdauns: (1) 3anpononosano memoo
2I0pONI02INHO20 NPOSHO3Y6AHHS, AKUU 003605€ GPAX0EYEAMU PE3YIbMamu 00620CMPOKOGUX
npOCHO3i6 MAKCUMANbHUX BUMPAM NAG0OKOGUX 600 HA OCHOGI GUKOPUCMAHMA DI3HUX
QYHKYTL  po3nodiny UMOSIpHOCMEN mMaA HeYimKo20 MOoOent08anus; (2) nposedeno
2i0ponociune NPOcHO3Y8AHHS MAKCUMANbHUX umpam JHinpa, wo 6naueawoms Ha CMaH
Kuiscbroeo s00ocxosuwya, Ha 0cHO8I hakmuunux Oanux, 3i0panux Ha 2i0poI02IYHOMY HOCLY
«Buweopooy; (3) oyineno timogipnicmv nepenosmnenna Kuigcokoeo eodocxosuwa 3
VPAXYBAHHAM MONCIUBOCIE GUHUKHEHHsL Oeiyumy nponyckHoi 30amHocmi 2i0pOmexHiyHUxX
cnopyo 3 BUKOPUCMAHHAM Memody Oepesa 6IOM08 ma HecnpagHocmeil. Bcboeo 6yno
PO3NAHYMO WICMb HeCYMICHUX 2INOMmemuyHux Haozsuuatnux cumyayitt Ha Kuiecokomy
gooocxoeuwyi. Pospaxynku nokazanu, wo umosipnicme nepenosuenns Kuiecvkozo
so0ocxosuwa He nepesuwye 3,84-10% (pixY), wo € npuiinamuum 6 KoHmeKcmi
eapanmyeanis 2i0ponoiunoi besneku inghpacmpykmypu ma HaceneHHs.

Kniouogi cnosa: wopiuna uimogipnicms nepeguujents, memoo oepesa GioMo8 ma
HecnpasrHocmell, NaB0OKU; NPOSHO3YBAHHSL; HeuimKe MOO0eN08aHHS; 2l0poaoeiuna be3neKka;
nepenoguenisi Kuiscorxoeo sooocxosuwa

Credanummn JImutpo Bosoaumuposny

JOKTOP TEXHIYHHMX HayK, IPOBIIHUI HAyKOBUI CHIBPOOITHUK [HCTUTYTY TenekoMyHIKamii i
riobaneHOTO iH(pOpMaiiHoro mpocropy HAHY
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RESTORATION OF CROSS-BORDER UKRAINIAN-POLISH
MAN-MADE TERRITORIES OF ROZTOCHIA
BY PHYTOMELIORATIVE METHODS

Abstract. Extraction leads to the formation of specific anthropogenic landscapes,
which are mining. They are inferior in the area to agriculture and forestry. As a
result, the lithogenic basis of landscapes is broken, and there is a fast alteration of
a surface therefore the man-made neo relief is formed.

The purpose of the work is theoretical substantiation of phytocoenotic bases of
afforestation of dump landscapes and practical realization of biological-coenotic
grounds of technology of creation of forest cultures on the reclaimed lands which
correspond to concepts of nature conservation paradigms and are based on data of
morphophysiological monitoring and application of mycorrhizal technologies.

The object of comparative studies are selected syngenetic phytomeliorants: common
reed (Phragmites australis); buttercup caustic (Ranunculus acris); horsetail
(Equisetum arvense); Reed warbler (Phalaroides arundinacea); goat willow (Salix
coprea). The experimental material was taken from the territory of underground
smelting of sulfur, areas adjacent to Yavoriv quarry, control samples — from the
adjacent intact area. Quantitative determination of pigments was performed by the
standard spectrophotometric method, as well as by the method of derivative
spectroscopy. The activity of the photosynthetic apparatus was studied by
photoinduced chlorophyll fluorescence.

Studies have shown statistically significant changes in the quantitative composition
of plastid pigments in plant leaves in all studied areas compared to their appropriate
background values.

The technology of forest reclamation of anthropogenic geocomplexes has been
developed and tested by creating silvicultural areas based on mycorrhized planting
material. The system of landscape-ecological reclamation measures, together with
complex ecological monitoring, serves as a basis for sustainable development of
cross-border Ukrainian-Polish man-made territories of Roztochia.

Key words: Roztochia; environmental monitoring; photosynthesis; fluorescence;
recultivation; mycorrhiza
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BIJTHOBJIEHHS TPAHCKOPJIOHHUX YKPATHCBKO-TTIOJIbCBbKHUX
TEXHOTI'EHHUX TEPUTOPIA PO3TOYYS ®ITOMEJTIOPATUBHUMUA
METOIJAMMU

Beryn

Anomauin. Buoobysanus  npuszeooums 00  opmyeanHs — cneyughiuHux
AHMPONO2EHHUX NaHowagmis, AKi Hazuearomsv ipHuvonpomuciosumu. Ilnowero
B0HU  NOCMYNANOMbCA  CLIbCbKO2OCHOOAPCOKUM —~— mMd  JiC020CNO0APCHKUM.
Y pesynomami  nopywyemvca aimozcenna ocHmosa Jaanowagmis, a MaKoic
8i00y6acmvcs wWeUOKa nepedy0osa NOGepXHi, YHACIIOOK Y020 (opmyembcs
MEeXHO2EHHUL HEOPENbEQ.
Mema pobomu — meopemuune 00IpyHmy8anis QimoyeHomuyHUx 0CHO8 3aNICHEHHS
BI0BANILHUX JIAHOWAGMIE ma npakmuyna peanizayis 0i0020YeHOMUYHUX 3ACA0
MexHON02ii CMBOpenHs NiCO8UX KYIbMYp HA PEeKyIbMUBOBAHUX 3eMIAX, AKI
8I0N0BI0AIOMb KOHYENYisM NPUpoo03depieaiouux napaouem i 6a3yiomscs Ha OAHUX
Mopogizionociunoco  MOHImMOpUHZY — ma  3ACMOCY8AHHI  MIKOPU3AYIUHUX
MeXHON02Il Y NiCOKYIbMYPHIU NPAKMuyi.
O06'ekmom nopieHANbHUX O00CNIONHCEeHb BUOPAHI CUHeeHemUYHi imomeniopanmu:
ouepem 3suuatinuti (Phragmites australis); socosmeywv ioxkuu (Ranunculus acris);
xeowy noavosuti (Equisetum arvense); ouepemsnxa 3suuauna (Phalaroides
arundinacea); eepba kozsaua (Salix coprea). [Jocnionuii mamepian 6idiopano
3 mepumopii nidzemMHOi GUNIAGKU CIPKU, OLIAHOK, npuie2iux 00 Aeopiscvkozo
Kap’'€py, KOHMPOAbHI 3pa3ku — 3 npuie2ioi nenopyuienoi micyeeocmi. Kinvxicue
BUBHAYEHHSI NI2MEHMIE NPOBOOUNOCL CMAHOAPMHUM CHEKMPODOMOMEMPULHUM
MemoooM, @ MAKodNC ~MemoOOM NOXIOHOI CHeKmpOoCKonii. Axmuenicmo
Gdomocunmemuunoeo anapamy O0CHONCYBANACL MemMOOOM (HOMOIHOYKOBAHOI
@nyopecyenyii xnopoiny.
Ilposedeni OocniodxcenHs NOKA3AMU CIAMUCIUYHO OOCMOGIPHI 3MIHU KITbKICHO20
CKA0y NAACMUOHUX NIZMEHMI8 Y JUCMKAX POCIUH HA 8CIX 00CHIONCEHUX OLIAHKAX
CMOCOBHO GIONOBIOHUX IM (POHOBUX 3HAYEHD.
Pospobneno i anpobosano  mexuonoziro  aicomeniopayii  aHMPONOSEHHUX
2COKOMNJIEKCIB,  WIIAXOM — CHIBOPEHHs  JNCOKVIbMYPHUX — NIOW, HA  OCHOGL
MiKOpusoeanozo  aiconocadkogozo  mamepiany. Cucmema — nanowagpmuo-
EKONOCTYHUX PEeKYIbMUBAYIUHUX 3aX00i8, PA3OM i3 KOMHIJIEKCHUM eKOIO2IYHUM
MOHIMOPUHSOM,  CIYHCUMb OCHOB0I0 CMAN020 PO3BUMKY MPAHCKOPOOHHUX
VKPAiHCLKO-NOIbCOKUX MEXHO2eHHUX mepumopiti Posmouus.
Knwuosi cnoea: Posmouysa;  exonoziuHuii  MOHImopuHe,  omocunmes;
dryopecyenyis, pexyromusayisn; mikopusa

DOI: https://doi.org/10.32347/2411-4049.2021.4.100-109

[puponui nasmmadgTd TPAHCKOPIOHHUX YKPATHCHKO-TIOJNIBCHKUX TEXHOTCHHHX
Teputopiii Po3Touus 3HaXOATHCS Ha MeEXi CTIMKOrO (YHKI[IOHYBaHHS, a IXHE
MoJiajiblllie PyWHYBaHHS MOXKE MPU3BECTH 10 IMOBHOI BTPAaTH CaMOBIIHOBIFOIOYHX
Olochepuux ¢yskmiin npupoan. Ha Tepenax VYkpaiHu IUiona TEXHOTCHHUX
nanamadTiB 3aiiMae monan 220 TUCSY TeKTapiB, i3 HUX O0mu3bko 70% mopymieHo
BHACITIJIOK BIAKPUTOTO BUAOOYTKY ITOKJIAIiB KOPUCHUX KomaiauH. [Ipu 3acTocyBanHi
ILOTO CITOCOOY 3HUIIYETHCS POCIIMHHUMN Ta IPYHTOBHI MOKPUB, IPUTHIYYETHCS PICT
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POCITHH, BHACIIZIOK YOT0 3HIKYETHCS 1X JKHTTE3MATHICTH Ta AOBrOBiuHICTH [1-5].
3a TakuX YMOB CyTTEBO MOTIPIIY€ETHCS €KOJIOTIYHUI CTaH BigBATBbHUX JaHIIIA(TIB,
iXHi caHiTapHi, €CTETUYHI Ta pekpealiiii sikocti [6—12]. Tomy peanizanis ctpaterii
MIPUPOIOBIATBOPEHHS, (piTOMemiopallis TEXHOTCHHHUX JaHAmAadTIiB, BUPIIICHHS
COIIaTFHO-EKOJIOTIYHHX ITPOOIJIEM Ha OCHOBI CyJacHHX 1H(OpMaIiiHO-aHATI THIHIX
METOAIB Ta O10TEXHOJIOTIH € aKTyaJbHUM I SIBOPIBCHKOTO TipHUYONPOMHUCIOBOTO
paiiony (I'TIP), skuifi € dYacTHHOIO TPAHCKOPAOHHUX YKPaiHCHKO-TIOIBCHKUX
TEXHOTCHHHUX TEPUTOPiH Po3Touus.

BpaxoByroun, 110 J1icOBi IIEeHO3U BUKOPUCTOBYIOTH 10 90% coHsiuHOI eHeprii
(arpoueno3u — mume 40%), a TakoX 3BaXKalOYH, LI0 TAPMOHIMHHUNA PO3BUTOK
CYCIIIJIbCTBA 3 TPHUPOAOI0 TMOTpeOye CHIBBITHOMIEHHS JIICOBOI POCIWHHOCTI [0
arponanamadriB y mexax 50% [13, 14], Ha 3emisx, sKi 3a3HAIM TEXHOTCHHOI'O
BIUTMBY, JOLIJIBHO CTBOPIOBATH JICOBI KyJIbTYpQITOUEHO3M, SKi BHKOHYBaIH O
PI3HOMaHITHI KHUTTEBO BAXIHBI 3aXUCHI QyHKIii. 3aTiCHEHHS TaKuX 3eMeib OyJie
CIPUATH MOKPAMIEHHIO SKOCT1 JOBKULIS, 30UTBIICHHIO JIICUCTOCTI TIPHUIOA00YBHUX
paiioHiB Ta 3aJyYEHHIO JI0 TOCIIOAAPCHKOT0 00Iry 3eMellb 3 MOPYIICHUM IPYHTOBUM
MIOKPUBOM.

Merta AoCHiIKEeHH — TEOpPEeTHYHE OOTPYHTYBaHHS (ITOLEHOTHUIHHX OCHOB
3aJIiCHEHHSI BiIBAIBHUX JaHIIA(TIB Ta MPaKTUYHA peatizailis 01070TOIEHOTUIHUX
3acaj TEXHOJIOTii CTBOPEHHS JIICOBUX KYJbTYp Ha PEKYJIbTHBOBAHUX 3EMIISIX, SKi
BiJIMTOBITat0Th KOHIEMIIISIM MPUPOI030epiralounx mapajaurM i 6a3yroTbcs Ha JaHUX
MOp(}0(i3i0I0riuHOr0 MOHITOPUHTY Ta 3aCTOCYBAHHI MiKOPH3ALIHHAX TEXHOJOTIH
y JICOKYIBTYPHIH MPaKTHII.

MeTtoau nocaiaKeHb

OO0'ekTOM TOPIBHSUIBHUX JAOCIHIPKEHh BUOpaHI CHHICHETHYHI (ITOMETiOpaHTH:
oueper 3uuaiinuii (Phragmites australis); skosremp inkuit (Ranunculus acris);
xBoi TmonboBuit (Equisetum arvense); ouepersinka 3BuuaiiHa (Phalaroides
arundinacea); Bepba kozsua (Salix coprea). Jlocmiguuit marepiana BigiGpaHo
3 teputopii migzemHoi BumaBku cipku  (IIBC), ginsHOK, mnpuiernux 1o
SIBOpIBCBHKOTO Kap’€py, KOHTPOJIbHI 3pa3KH — 3 IPUJIETIION HEMOPYIIEHOI MiCIIEBOCTI.

KinbkicHe BHU3HAYEHHS MITMEHTIB MIPOBOJINIIOCH CTaHJIapPTHUM
CIIEKTPO()OTOMETPHYHAM METOJIOM, & TAaKOXK METOJOM TMOXITHOI CIIEKTPOCKOIII.
AKTUBHICT ~ (OTOCHMHTETMYHOTO  amapary  JAOCHiIKyBalach  METOAOM
¢doroingykoBanoi diayopecueHmii xjaopodiny [15, 16]. AKTHBHICTH MikopH3arlii
BM3HAUEHO 3a KiIBKICTIO crop Ha cM° mpemapary. Jis OLIHKM pe3yJbTariB
JOCIIDKEHb BUKOPUCTaHO KpuTepid CThIOAEHTA.

Pe3yabTaTi 10CTiTKEHHS

Otpumani pe3ynbraté [17] BKasylOThb Ha iHaKTHBaLil0 (OTOCHHTE3Y BHACIHIZOK
ncOanancy MrMeHTHOTO KOMIUIEKCY. 3MiHa BMICTY ITITMEHTIB BIUIMBAE HE JIUIIE Ha
IHTEHCUBHICT (DOTOCHHTE3Yy, aje 1 Ha 3aralbHUN piBeHb MeTaldomi3My, pyX
ACHMIJISIHTIB, CHHTE3 POCTOBUX pe4yoBUH. IlopiBHsUIIbHMI aHami3 pe3ynbTaTiB
BH3HAYCHHSI BMICTY WITMEHTIB BKa3y€e HAa BHCOKY TOYHICTh METOXY ITOXIiTHOI
CIIeKTpOCKoMii (prc. 1) B TOPIBHIHHI 3 CIEKTPOPOTOMETPHIHUM.

[IpoBeneHi HOCTiHKEHHS MTOKa3all CTATUCTHYHO JOCTOBIPHI 3MiHU KUTbKICHOTO
CKJIaAy TUIACTHIHUX ITMEHTIB Y JINCTKAX POCIMH HA BCIX JOCTIKCHUX MITITHKAX
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CTOCOBHO BIAMOBITHUX iM ()OHOBHMX 3HadeHb. lIpW mbOMY, Bi3HAYEHO TOSBY
BUAOCTICUM(IYHUX 3MiH MIrMEHTHOTO KOMIUIEKCY JEPEBHHX POCIUH Y
TpaHC(OPMOBAaHUX YMOBaxX CEpeJOBUINA iCHYBaHHS. Y POCIUHHUX TKaHMHAX
3ahiKCOBAHO 3arajioM 3HIKCHHH BMICT KapOTHHOINIB, CTATHCTHUYHO JOCTOBIPHO
BiIMIHHUH BiJ ()OHOBMX 3HAYEHb, MO0 0OyMOBIIEHO MopdodizioToriTHIMuU
0COOJIMBOCTAMH JTOCTIKYBaHUX POCIIHH.

3MiHH B MITMEHTHOMY KOMIUIEKCI BiZOOpakaroTh alaiTOBaHICTh (Di310J0TITIHAX
(GyHKIIH pociuH A0 PI3HUX EKOJOTIYHUX YMOB 1 € OCHOBHOIO MPHYHHOIO
iHakTHBaLii poTocunTe3y. st JOCHIKEHNX BUIB XapaKTEPHUM € 3HIDKEHHS CYMH
TUIACTUIHUX MITMEHTIB Yy PsAi: OIS MiI3eMHOI BUIUTABKHU CIpKU < Kap’€pHi BiiBain <
HernopymieHa ¢poHoBa TepuTopis. [IpocTexkyeThess BIIMIHHICTD Y XapakTepi 3MiHU
OKpeMUX IUIACTHJHHMX TITMEHTIB JCPEBHHX POCIMH HA TEPUTOPIAX Pi3HOTO
(YHKIIOHAIBHOTO  TpU3HAUYeHHA. B JOCHKyBaHMX  3pa3kax  POCIHH
CIIOCTEPITaETHCSI JOCTOBIPHE TTOCIIIOBHE 3HW)KEHHS BMICTY XJI0po(iiB «a» Ta «by
Yy pAAl MOCHIHKEHUX JUISHOK CTOCOBHO IO BiAMOBimHUX (oHOBHX. BimsHadueno
3MIHM Yy CHIBBIZHOIICHHI XJOPODUIB «a», «D» Ta KapOTHHOIMIB y JIHMCTKax
JIOCT/DKEHUX BHIIB Ha pPi3HOQYHKIIOHATGHUX JE€BACTOBAaHMX JaHAmadrax
SAsopiscekoro I'TIP mopiBHAHO i3 ¢oHOBOWO Tepuropieto. CrocrepiraeTbes
3HMYKEHHS BIZICOTKOBOI YacTKU XJIOPO(QLTy «a» Ta 3pOCTaHHS YaCTKH KapOTHHOIMIB
y aCUMUTSIIIHAX OpraHax pOCIIHH.
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Puc. 1 — CroexTp NOIIMHAHHSA EKCTPAaroBaHOi BUTSDKKM IITMEHTIB JIMCTKIB OYepeTy
3pryaitHoro (Phragmites australis) 3 TppomMa BUOpaHMMH aHATITHYHUMHY JJOBKHHAMHU XBHIIh
BIIMOBiHO Juts XJ10podiny «a», «by i KapoTuHOINIB

Otpumani  napamerpu  (GOTOIHAyKOBaHOI  (uryopecueHiii  xjopodiny
MOKa3yIoTh, 110 B yMOBax JerpanoBaHoro cepenosuina Ssopiscekoro I'TIP innekc
XKHUTTEBOCTI POCIHH Y NOPIBHSHHI 3 KOHTPOJILHUMH 3pa3KaMH HWOK4YUi. 3rigHo 3
TaHUMH (DIyOpEeCEHTHOrO TECTYyBaHHS, Ha (OHI BIHOCHO BHMCOKHX 3HAYCHb
1HAEKCY KHUTTEBOCTI AOCHIIPKYBAaHUX POCIHH, MPOCTIAKOBYETHCA TEHACHIIIA HOTO
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3HIDKEHHSI B YMOBAaX JIETPAJ0BAaHOTO CEPEIOBHINA, Yy MOPIBHAHHI 3 KOHTPOJEM.
dikcoBaHi 3HAYEHHS IHAEKCY MXHUTTEBOCTI POCIWH BKa3ylOTh Ha BiJIHOCHY
JOCTaTHICTh AETPaJOBaHUX YMOB MJIs ICHYBaHHSA 1 PO3BUTKY MiOHEPHOIO
POCIIMHHOTO TIOKPHUBY.

Kopensmiss maHnx BUMIpIOBaHb BMICTY MIICMEHTIB 1 (IyOpPECIIEHTHOTO
TECTYBaHHS POCIIMH TOKa3ye, IO aJanTallis MIrMEHTHOTO amapary pOCIHH 0
BIJIMOBIIHAX EKOJIOTIYHUX YMOB € CKJIAJIOBOIO CTpaTerii BW)KWBAHHA BHUIIB
B KOHKPETHOMY CEPEIOBHIIII.

OtpumaHi pe3ynbTaTH 1 JiTepaTypHi JaHi MPo JiCOBI KyJIbTYpH, IO 3POCTAIOTh
Ha MOPYLICHHX IPyHTaX, CBiIYaTh NP0 MOXJIMBY YCHIIIHICTb PEKYJIbTHBALi
CyYJacHHX BIIBaJliB TIpHUYOMOOYBHHUX Kap'epiB 3a IOMOMOTOI KYJIBTYp
3MINIAHOTO CKIaay 3a ydacTio Quercus robur ta momimkoro A/nus glutinosa,
Populus tremula, Pinus sylvestris. He3paxaroun Ha HU3bKY NMPOJAYKTUBHICTb, IIi
HacaKEHHS BiN3HAYAIOTHCS AOCTATHBOIO O10JIOTIYHOIO CTIMKiCTIO. YCHIiMIHICTBH
dbiToMmermiopalii B Tepiry dYepry 3alieKHTh BiI MPaBHILHOTO IIiI00py
KOMIUIEKCY arpoTeXHIYHHMX Ta JICOKYJIBTYPHUX 3aXO[iB Y BiJIOBIIHOCTI IO
ekojoriyHoi cmerudiku nesacToBanux naHamadris. [lpm mpomy ocobrmuse
3HAYCHHSI Ma€ Iiadip acopTHMEHTY (IiTOMENopaHTiB Ta TOCITITOBHICTD iX
3aCTOCYBaHHsA. 3MiHiCHEHHS iTOMETIOpaTUBHUX 3aX0/1iB TOBUHHO 3a0€3NCYUTH
nociizioBHe (OPMYyBaHHSI CTIMKMX CEpiiHUX POCIMHHUX yrpynoBaHb. KiHueBoro
METOIO (hiToMemopalii € pocIuHHI YIPYyIOBaHHSI CYOKIIMaKCOBOTO XapaKTepy —
y JCOCTEMOBIi 30HI JE€pPEBHO-YarapHUKOBUX Ta JIYYHO-CTEMOBUX THIIIB.
B Mexax CcyXoninpHUX TIOBEPXOHb Kap'epiB JIOKaJbHI TiIPOKITIMaTH4YHI Ta
TeNOTOMIYHI YMOBH ONHM3BKI 32 CBOIMH XapaKTEPUCTHUKaAMH JI0 YMOB
HaBKOJIMIITHBOTO JIAHAIIA(PTY, BKPUTOTO JIICOBOIO Ta JIyYHOIO POCIUHHICTIO.

IIpu po3podui QiToMeniopaTUBHUX 3axoJiB Ta mijadopi QiromeriopaHTiB
BiJ[3HaYa€Thbcs OyJOBa TEXHOTEHHHX QOpM penbedy, YMOBH (POpMyBaHHS
enadgoTomiyHUX YMOB JeBacTOBaHWUX JaHAmadTiB, OepeThCcs [0 yBaru
crenudika KOXHOTO e€IeMEHTY Kap'epHO-BiaBambHUX Nanmmadrie. Ha ocHoBi
IILOTO CHHTE3YIOThCS  KOOPJHMHAIIHO-KIacu(iKalliiiHl CXeMH Kap'€pHO-
BIIBAJIBHUX KOMILUIEKCIB.

Ha cxmnax BimBaiiB, /e JHINE iHIIIIOIOTECS €pO3iiHI TporiecH, eheKTUBHUMH
npupoanumu piromeriopanramu € Calamagrostis epigeios, Phragmites australis,
Tussilago farfara. IIpubGepexHi 30HM 3aIIOBHEHUX BOJAMH Kap'€pHHUX BHIMOK Ta
MiATOIUTIOBaHI CYXOAUIBHI CXWJIM TOTPeOYIOTH (HITOMENIOpaTUBHUX 3aXO/iB
3 METOI0 TPHUIIMHEHHS BOIHOI epo3ii IUIIXOM CTBOpeHHs cmyr 3 Phragmites
australis Ta rirpodinbHOI JepeBHOT Ta YarapHHUKOBOI POCIMHHOCTI, 30Kpema
BiJIbIIAHKKIB, BEPOOJI03iB TOLIO.

Iponec diromeniopanii Tepuropii SBopisckkoro ITIP (puc. 2) mpoxomuTsb
€KCTEHCHBHO (CaMO3apOCTaHHS) Ta IHTEHCMBHO (IITyYHE 3apOlIlyBaHH:),
3a0e3Meuyloul NPUIMHEHHS TEXHOTeHHOI JAerpajamii 3eMenb Ta IOBEPHEHHS
JIeBaCTOBaHUX TEPUTOPiH 0 PeKpeaLifHO-TOCIIOIaPChKOTO0 BUKOPUCTAHHS.

Ha ninstHkax 3eMenb 1€l KaTeropii nepeBakaroTh IPYHTH Pi3HOIO MEXaHIYHOTO
CKJIaJy Ta €pojoBaHi (Pi3HOTO CTYNEHS 3MHTI Ta PO3MHTI), BUXOAU MaTEPHHCHKUX
nopia. Halikpaimmm 4nHOM Taki 3eMi1i MOXKYTh OyTH BUKOPUCTaHi AJIsl BAPOLYBaHHS
JIICOMETIOpAaTUBHUX HACAIKEHb, SIK1 BIIITPAIOTh 3HAYHY POJIh Y OXOPOHi 3eMeh Bif
pyiHYBaHHS Ta JAerpamaiii, MITPUMYIOTh CKOJIOTIYHY pIBHOBAry B peTioHax,
3a0e3MeuyloTh BIIHOBICHHS (YHKIIM camoperymsinii naHgma@THUX CHCTEM,
YTpa4deHHUX y MPOIECi BUCOKOTO aHTPOIIOT€HHOTO HABAaHTAKEHH.
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Puc. 2 — Tepuropist SABOPIBCHKOTO peKpeariifHO-TOCIOapCHKOTO KOMILICKCY

Taki npuniunu [18] po3MilleHHsS JIICOBUX HACaKCHb Ha  IUIOIII
3eMJIEKOPUCTYBaHb MPOMIIUTHA MUPOKE BUTTPOOYBAHHS Y CBITi 1 3HAWIILIA MO3UTHBHY
OIIIHKY Yy 3eMJICBJIACHUKIB Ta I ITPUMKY y BIIPOBAPKEHHI BiJl YPAIiB i Mi>KHAPOTHUX
exosoriunux (GouaiB. Haykosi mporpamu 3 J1icoBOro 3eMaepoOCTBa MiATPUMYIOThCS
Pagoro €Bponu npoTaromMm oCcTaHHIX AECATHIITS.

TakuM YMHOM, IIEPIIOYSPTOBUMH 3aBIAHHIMH Ta IPIOPUTETAMH JIicOMeiopail
periony e:

® po3poOKa HOBOTIO JICOMENIOPATUBHOTO pailOHyBaHHA Ha OCHOBI
KOMILICKCHOTO OI[IHFOBaHHSI HECHPUSATIMBUX MPUPOIHO-aHTPOIIOTEHHHUX
SIBUILL;

e 3axucrt, 30epexxeHHs 1 (OPMYBaHHA 3EMENBHUX PECypCiB IIISTXOM
3aCTOCYBaHHS aJJANITUBHUX JIiCOMENIIOPAaTUBHUX KOMILICKCIB;

e po3poOKa ONTUMAJIBHUX EKOJIOTIYHHX MapaMeTpiB TEeXHOT€HHHX
nanamadTiB, sKi 3a0e3MeUaTh CTIHKICTh iX (YHKIIOHYBaHHS W ITiIBUIICHHS
BHUKOpHCTaHHs OiokmimaTiaHoro noreHuiany (BKID);

® TIIOCTYNOBE CTBOPEHHS 3a JIOMIOMOTOI CHCTEM 3aXHUCHUX JIICOBUX
Haca[ykeHb yMOB JJs  BiAHOBIEHHS y JaHAmadriB  QyHKIIH
CaMOpEryJIIOBaHHS W CaMOIIOHOBJIEHHS, 3JaTHOCTI peai3ariii J01aTKOBUX
moxximmBocteit BKII;

e cralimi3allis BOJHO-PECYPCHOIO IIOTEHIaNy OaceiHIiB OCHOBHHX
pivoK, 10 BHagaroTh y SIBOpiBCHKE 03€pO, y CUCTEMaX 3aXHUCHHX JIICOBUX
Haca/DKEHb 1 MOJIIMIICHHS SKOCTI 03€PHOI BOJIH;

e [epexiJ 3aXMCHOTO JIICOPO3BEICHHS Ha CeNeKLiMHO-TeHeTHYHI Ta
010HAHOTEXHOJIOT1YHI OCHOBU CTBOPEHHS HOBUX HACa[)KEHB;

® [MIJBHMINEHHS KOPMOBOTO, TEXHIYHOIO Ta EKOJOTIYHOTO IOTEHI[ATy
ICHYI0YHX 1 MaiiOyTHIX JIiCOMETiOpaTUBHUX HACAKEHb;

e po3poOka mporpamu iHTPOAYKLIi JIiCOMENiOPaTUBHUX HACAKECHb IS
¢(EeKTHBHOTO BUKOPUCTAHHS IHTPOIYKOBAHHX TIOPII;

® po3poOka ePEeKTHBHUX CUCTEM JIICOBUX HACAPKCHb HAa CHEIU(ITHUX
TEXHOT€HHHUX JIaH{madTax.
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SAsopiBebkmii ['TIP poszramoBanmii (80%) B mexax IlepearipHo-BHCOYHHHOT
¢izuko-reorpadiuHoi 00macTi 1 nuIIe He3HAYHA YacTHHA — B Mekax Po3rouus.
ABtopamu [19] 3akaproBano 4 nanmmadTu Ta 15 BHAIB IHAMBITYyaTbHUX
aHTponoreHHux micresocreii (13,3% momi paiiony), B Tomy uncii 1 — kap’epHOro,
3 — BigBaNbHOIO, 4 — BIiACTIAHOrO 1 7 — aKBaJILHOTO BHUIB Ta 43 aHTPOIOICHHUX
ypOouHILa.

s SIBopiseekoro I'TIP xapakTepHi mporiecy 3a00I09eHHS, TIOMUHHNN 3MHB 1
kapcet. 1li mami BpaxoBaHI ISl TPOEKTHUBHUX 1 MOCATKOBUX JIICOMENIOPATHBHUX
poOirT.

Hus  ditoonTumizamii TexHoreHHux gaHmmadTie [20] cTBOpeHO mpemapar
MiKopH3allil JicomocaakoBoro marepiany Ha ocuoi BuaiB Suillus luteus, Amanita
musraria, Tuber melanosporum, a Takox npixmkis Torulopsis candida.
OTpumaHuii MIKOpPU30BaHWH JICOMOCAAKOBUI MaTepiall BHKOPHCTaHO IIPH
CTBOpEeHHI Oiorpym Ha aeBacToBaHHMX AinsHkax. lle macte 3mory edexkTHBHO
BUKOPHCTAaTH TPU (PYHKIIi MiKOpu3u: TpodiuHy (3a0e3nmedeHHs] pOCIUH SKiCHUM
XKUBJICHHAM 1 BOJ/IOI0); TOPMOHAIBHO-iH(pOpMaLiiHy (pPEeryIroBaHHS 1 CIPHUSHHS
IUIOJIOHOIIEHHS); KOMYHIKalliiHy (CTBOpEHHS CKJIAQIHUX €KOCHUCTeM), IO
3a0e3MeYnTh €HI0eKOTEHETHYHY CYKIIECiHY cTafiro (itomerniopartii JBopiBcbkoro
I'TIP.

BucnoBku

AHami3 TPUPOJHO-KIIMATHYHUX yMOB PO3TOYYsl CBIAYWTH NP0 JAOIUIBHICTE 1
HEOOXiTHICTh JicoOMeTiopaTuBHOI TpaHc(hopMallii TEXHOTCeHHHX, JeTpajoBaHUX i
MaJOMpPOAYKTUBHUX 3eMelb. PerioHaiabHI OCOONMBOCTI TMPOSIBY JAeTpajariiftHuX
MPOIIECIB 3yMOBIIOIOTH CYTTEBI TepeBard 3acTOCYBaHHS JIiCOMENTiOPaTUBHOTO
3aXUCTY 3€MeJb HaJl IHIITUMH.

Po3pobnena  eekTMBHAa  IPYHTO-BOAO-OXOPOHHA  CHCTeMa  3a0e3redye
ONITHMAJIbHY PEKYJIbTUBAILI IO TEXHOTEHHUX JaHamagTiB UISIXOM
JCOMEIIOPaTUBHOTO O0JIAIITYBaHHS.

3aBIsKN BUCOKiH €(pEeKTUBHOCTI MIKOPH30BaHOTO JIICONOCAIKOBOIO Marepiaiy,
JicoMenioparlisi TeXHOTEeHHUX JaHAMATIB TOCIa€ YidbHE MiCIle y KOMIDIEKCI
3aX0JIiB IIOJI0 €KOJOTIYHOIO0 MOHITOPHHIY, €KOJIOTIYHOI O€3IeKH, JIoKai3arlii
JerpajallifHuX MpOLECiB, BJOCKOHAJICHHS CTPYKTYpH 3eMenbHoro (oHIy Ta
CTIMKOrO PpO3BUTKY TPAHCKOPAOHHHMX YKPaiHCBKO-TIOJBCHKHX TEXHOTCHHUX
Teputopiit Pozroyust.
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IMPROVING THE METHODOLOGY FOR ANALYSES OF THE
MORPHOLOGICAL COMPOSITION OF MUNICIPAL SOLID WASTE
WITH STRATIFICATION APPROACH

Abstract. First, problem-solving for solid waste management should be based on
solid field analysis of their morphological composition. It is important to conduct
research for both urban and rural settlements to obtain results that are more
reliable.

The aim of this article is to improve methodological approaches to determining the
morphological composition of solid waste. From the data analysis, it is established
that the lack of morphological composition of solid waste in the methodology of
research requirements for representativeness of research results, error rate and
common approaches to the research plan leads to the inability to compare the
results of such studies and reduces their value. This study presents a new approach
to determining the morphological composition of solid waste. The process of field
research of morphological composition in Sumy city took place in 4 stages —
preliminary research, sampling planning, field research, evaluation of results.
Obtained results show the importance of using the requirements for statistical
reliability of results. The application of such an approach allows us to unify the
results of the study, and to compare the individual results of determining the
morphological composition between settlements and by years.

Key words: solid waste management; stratification; representativeness; sample;
mixed household waste

I.B. Catin'?, O.C. [Tanyenxo?®

! Kuischkuii HallioHanbHUI yHiBepcuTeT OyNiBHULTBA i apxiTekTypu, M. Kuis, Ykpaina
2 JlepxaHe mignpueMcTBo «HaykoBo-0CHiHME Ta KOHCTPYKTOPCHKO-TEXHOJIOTIUHHIA
IHCTUTYT MicBKOTO ToctriofapcTBay, M. Kuis, Ykpaina

YIOCKOHAJIEHHSI METOAOJIOTTi JOCJIIKEHHS
MOP®OJIOTTYHOI' O CKJIAJY NOBYTOBUX BLIXO/IIB
3 YPAXYBAHHSIM CTPATU®IKALII{

Anomauyin. Bupiwenna npobremu  ynpaeninus — nooymogumu  8i0xXo0amu
Hacamnepeo NOGUHHO 0A3Y8AMUCL HA IPYHMOGHOMY HAMYPHOMY aHANI3L iX
mopgonoeiunoeo cknady. Ilpuuomy eanxiciueo npoooumu O0CHIONCEHHS 5K Ol
MicbKux, mak i O CITbCbKUX HACENeHUX NYHKMI6 ONsl OMPUMAHHA OLlbul
00CTOBIPHUX Pe3YTbmamis.
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Memorw pobomu € yOOCKOHANEHHS MemMOOON0SIUHUX NiOX00i8 00 BUHAYEHHS
Mopgonoeiunoeo ckaady nobymosux 6i0xoodis. 13 awanizy aimepamypuux OaHux
6CMAHOBNEHO, WO GIOCYMHICMb 6 Memo00102ii 00Cai0HCeHb MOoppono2iuno2o
CK1a0y meepoux NnoOymosux 8i0xo0ie umMoz 00 penpe3eHmMaAmusHOCmi
pe3yibmamie O0CHIONCeHHs, pi6HA NOXUOKU ma €OuHUX nioxodi@ 00 NAAHY
npo6edenHs OO0CHIONCEHHS NPU3BOOUNb 00 HEeMONCIUBOCMI NOPIGHIOBAMU MIXHC
€00010 pe3ynbmamu maxKux 00CIIOHCeHb Ma 3HUNCYE iX Yinnicms. YV npeocmasnenii
pobomi 3acmoco8aHo HOBUU NIOXI0 00 BUSHAYEHHSA MOPEON0SIUHO20 CKAAOY
nobymogux  6ioxodie.  Ilposedenns  npoyecy  HaAmMypHO20 — OOCHIONCEHHS
mopgonociunoeo cknady y m. Cymu eidbysanocy y 4 emanu: nonepeowi
00CNIOJNCEHHSA, NIAHYBAHHS GUOIDKU, NPOBEOCHHS NONbOBUX OO0CIHIOJNCEeHb, OYIHKA
pesynomamie. Ha npuxnadi nposedenoco 00CHiodNCeHHs NOKA3AHO 3HAYUMICHIb
BUKOPUCMAHHA  8UMO2 WOO00 CMAMUCMUYHOI OOCMOGIPHOCMI  pe3yIbmamis.
3acmocysanus makozo nioxody 003607€ YHihiKygamu pe3yiomamu 00CAiOHCeHH s
ma nopisHeamu OKpemi pe3yibmamu 6U3HAUeHHs MOPPOI0SIUHO20 CKAAOY MidHC
HACeNeHUMU NYHKMAMU Ma 30 POKAMU.
Kniouosi cnoea: ynpaeninnsa nodymosumu  eioxodamu, cmpamupixayis,
PeENpe3eHmamuHicms, 6UOIpKA, 3mMiluani nooymosi 8ioxoou

DOI: https://doi.org/10.32347/2411-4049.2021.4.110-120

Beryn

IMocranoBka 3aBaanus. Mopdomoriyamii ckmaqg NOoOYyTOBUX BIAXOMIB Mae
CYTTEBUH BIUIMB Ha TEXHIKO-CKOHOMIUHI TOKa3HUKU OO €KTIB IOBO/UKCHHS 3
Bimxomamu. Came TOMy Ha €Talli IMepealpPOeKTHUX IOCIiIKEeHb 00 MaOyTHIX
00’ €KTIB BaXKJINBUM € IPYHTOBHE JTOCITi IPKEHHS MOP(OIOTIYHOTO CKIIA Y ITOOYTOBUX
BIJIXO/IB.

Teepai nmobytosi Bigxoau (TTIB) xapakTepu3ylThCs SIK T€TEPOTEHHA CYMINI
HEBM3HAYECHOI KUTBKOCTI TPEAMETIB, MarepialliB, pEYOBHH 3  BEIHKUM
PI3HOMAHITTAM MeXaHIYHUX, (i3UKO-XIMIYHHUX Ta IHIIUX BIacTuBOCcTer. CKiray miei
cyMiln € HemependadyBaHMM 1 Mae BUIAJKOBHH XapaKTep, OCKIIBKH J0 CKIary
TIIB MOXyTh NOTpAaIUISITH Pi3HOMAHITHI MaTepiajid, L0 BHUKOPUCTOBYIOTHCS B
moOyTi Ta Ha BUPOOHMIITBI, 1 BOJHOYAC BiH € TPOTHO30BAHWM 332 OCHOBHUMH
ckianoBumu. Bimomo, mo mopdonoriunuii ckian TIIB 3amexuts Bij BUIIB IKepes
yrBopeHHst TIIB, mopu poky, MiCTOOYAIBHUX XapaKTepUCTUK MICTa, COIiabHO-
E€KOHOMIYHHMX YMOB JKHUTTSI HACEJIEHHS Ta MOro 3arajlibHOOCBITHBOTO 1 KYJIBTYPHOIO
piBHIB, piBHS OJAroyCTpOIO KHTIIA, TEXHOJOTIl MaKkyBaJbHUX MaTepialiB i Tapw,
TEXHOJIOTIT Ta CHCTEMH OITOBOI Ta PO3APIOHOT TOPTiBIIi TOMIO.

TakuMm YHHOM, METOJOJIOTisI MPOBEICHHA MAOCIHIIKEHHS Ma€ BpPaxOBYBaTH
MO>KJIMBI BIUIMBU Ha MOp(osioriynuii ckiax noOyTOBUX BiAXOMIIB.

B VYkpaiHi mifoTh METOAMYHI pEeKOMEHIAIlli 3 BHU3HAYCHHS MOP(OJIOridHOro
CKJIagy TBepAuX MoOyTOBHMX BiAXOMIB, SIKi 3aTBEp/pKEHI HakazoM MiHictepcTa 3
MUTaHb J>KUTIOBO-KOMYyHaJIbHOro rocmogapctBa Ne39 Big 16.02.2010. Ane mi
METOJIMYHI pPeKOMeHaalli nepeadavyaroTh MiHIMalbHI BHUMOTHM [0 BH3HAUCHHS
MOP(}OIOriuHOro CKJIaay Ta HE BiJ0OpakaroTh JETalIbHUN BMICT KOMIIOHEHTIB, SKi
MO>KYTh BIUTUBATH Ha BUOIp TEXHOJOrI, mapaMeTpiB 001aJHaHHS Ta HAa EKOHOMIiYHI
MOKa3HUKH MiMPUEMCTBA.

BiacyTHicTh B MeTOAOJOTIi JOCHIKEHb BHMOT JIO PEIPE3CHTATHBHOCTI
pe3yabTaTiB  JOCHIPKEHHS, PIBHS NOXHOKM Ta €IUHUX MiOXOAIB [0 IUIaHy
MIPOBEAEHHS TOCIIIKEHHS IPU3BOAMUTH 10 HEMOKIMBOCTI MOPiBHIOBATH MK 00010
pe3yAbTaTH TaKUX MOCIIHKCHD Ta 3HIDKYE IX IIHHICTD.
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Pobora BuKOHYy€eThCS B pamkax pearizarii HamionameHOI cTparterii ynpaBiiHHSI
Bigxomamu B Ykpaini mo 2030 poky, cxBameHOi po3nopsuikeHHsM KaGiHery
MinictpiB Ykpainu Ne 820-p Bix 8 muctonana 2017 poky.

AHaji3 ocTaHHIX Jocaimkens i myOaikamiii. Hayxosrmsamm  Lentpy
HaBKOJIMIIHBOTO CEpeloBUINAa Ta 340poB’s Immepchkoro konemxy B Jlonmoni
(Imperial College London), KopouniBcekoro konemxky y Jloumoni (King’s College
London) Ta IIBeiiiapcpkoro iHCTUTYTY TPOMIYHOTO Ta TPOMAJCHKOTO 3I0POB’S B
2017 pomi y BumanHi «Environmental Science & Technology» omybmikoBaHi
pe3yabpTaTH 0araTOpiuHUX AOCHIIKEHb 3 OILHKH BIUIMBY CMITTECTIATIOBAJILHUX
ycranoBok (MWIs) Ha HaBKOJIMIIHE cepenoBuine. JlOCiiKyBaaTuCh BUKHIU BCIX
22 cMITTECTIAIIOBATLHUX yCTaHOBOK y BenmkoOputanii npotsrom 2003—-2010 pp.
CUpPOBHHOIO LTS CMITTECTIATIOBAHHS € TAITIP, XapUOB1 BiIXO/H, 3aJIUILIKH IIACTUKY
micyst 00poOIeHHS, CKIIO, eIeKTPUYHI MPUIaAX Ta 1HII Matepiand. Sk BigMidaoTh
HayKOBIli, 3a pe3yJdbTaTaMH IOCTKEHh MOP(QOIOTIYHUA CKJIa]] CUPOBUHHU
3MIHFOETHCS IIOAHS Ta BiAPI3HAETHCS OJHH Bifl OHOTO Ha BCiX 22 ycraHOBKaxX. [Ipu
IBOMY CKJIa] TUMOBHUX Ta3iB HAIpSIMy 3aJeKuTh Bif ckiany cupoBuHu (TIIB, ski
MOCTYNAIOTh Il crianfoBaHHs) [1]. PesynmpTat mocmikeHbh MiCTATh CTaTUCTHYHI
CTaHIApTH, a caMe piBeHb AOCTOBipHOCTI 95% Ta 3HAYCHHA MAaKCHUMAJIbHOI
nomnyctumoi moxuoku mentie 20%.

JlochipkeHHsT 1MIOAO0 CKIIQAy MOOYTOBUX BITXOMIB MPOBOJMIMCH IPOTITOM
omHOTO poKy (20182019 pp.) y M. Hyp-Cynran, Pecriybika Kazaxcran 3 MeToro
MOIYKY e(peKTUBHHUX MPaKTHK YHpaBiiHHS Biaxomamu [2]. OTpumMaHi aBTOpamu
PE3YJIBTAaTH MICTSTh piBeHb JOCTOBIpHOCTI — 90%, piBeHb OXHOKH — 20%, KUTbKICTh
3paskiB — 10. Jlocuts rpyHTOBHO aBTOPH |3 ] MiAIHILIA 10 BUPIMIICHHAS ITUTAHHS MI0/I0
JIOCTOBIPHOCTI CTaTHUCTUYHHMX JaHWUX TMIPH OIIHII MOP(}OIOTIiYHOTO CKIamy
noOyTOBHX Biaxo/iB. Y cBoil mpaiii [3] HayKOBIIi BIIPOBaKYIOTh HOBUH MiAXI1J 10
OLIIHKHU CKJIaJly MoOyTOBHMX BiJIXOJiB HA PerioHANILHOMY Ta/ab0 Jep)KaBHOMY piBHI.
OcHoBHa yBara NpUAIISIETHCSI OTPUMAHHIO TOYHMX 1 IOCTOBIPHUX JaHUX, OCKLIBKH
BOHM MAalOTh BUpIlIajbHE 3HAYEHHS JJs €QEeKTHBHOTO IIaHYyBaHHS CUCTEMH
yhOpaBliHHS ~Bimxogamu. Tak, y cTaTTi ONHCAaHO METOAM cTpaTHdikamii
JOCTIKYBaHOI TEPUTOPIi, PO3pOOICHO MOJIENb BiIOOPY MpEACTaBHUKIB, a TaKOXK
3allPOIIOHOBAHO MOJIENIb IJIsi BUOOPY PENpe3eHTATUBHOIO PETiOHY (HA HPHUKIAmi
UYeckkoi PecmyOmiku). Y monmanplioMy aBTOpaMH IUIAHYETHCS 3aCTOCYBAaTH Ta
MEPEBIPUTH 3alpPONIOHOBAaHI MOZEI B IOJBOBUX yMOBaX. 3BEpTalOTh yBary Ha
BaXITUBICTh CTATUCTUYHUX CTAHIAPTIB TAKOXK iHII JocmigHuku [4—9].

[Mpu BU3HAUEHHI MOPQOJIOTIYHOTO CKIQay MOOYTOBHX BIJIXOIIB B HACEICHHX
MyHKTaX YKpaiHd HAayKOBISIMH AaKIEHTYEThCS yBara Ha BU3HAUCHHI pIBHA
penpe3eHTaTUBHOCTI BHOipkHM, BHOOpi BapiaHTa BigOopy mnpo0 Ta omuci
XapaKkTepHHUX CKIJI0BUX KoMmoHeHTiB [10—12]. Takuii e Mmiaxia JeMOHCTPYIOTh
nesiki 3apyOixkHi gocmigauku [13-15].

Takum YMHOM, BCTAHOBJIEHHS! BUMOT JI0 CTATHCTUYHOI TOYHOCTi, BCTAHOBJICHHS
PiBHS penpe3eHTaTUBHOCTI Ta TUIAHYBaHHS JOCTIKEHHS J03BOJIUTH YHI(IKyBaTH
pe3ynabTaTH JOCHI/DKEHHST Ta TOPIBHIOBATH OKpeMi pe3yJbTaTH BHU3HAYCHHS
MOpP(}OJIOTiYHOr0 CKJIaay MiXK HACEJICHUMH ITyHKTaMH Ta POKaMHU.

Merta pociixkenHs. BctaHoBuTH MiHIMalIbHI CTaHOAPTH, 3 SKUMHU PE3YJIbTaTH
BH3HAYCHHSI MOP(OIOTiYHOr0 CKJaay MOOYTOBUX BiIXOJIB TIOBWHHI 3aBXKIU
BIAMOBIIaTH BHU3HAYCHIA CTATHCTHYHIA TOYHOCTI, MIIAXOM YIOCKOHAJICHHS
METOIO0JIOTI].
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Pe3yabTaTu AocaigxeHHs

[IpoBeneHHst mporecy MOCIiPKeHHS MOPQOJIOTIYHOrO CKJIany BiIOyBaloch 3a
HACTYITHUMH eTaramMu: 1) momepenHi AOCTIKEHHs, 2) TUIaHyBaHHS BHOIPKW;
3) IpoBeIEHHS MONILOBHX MOCITIIKEHB; 4) OIIHKA PE3YIIbTATIB.

Monepenni nocaimkennsi. Etan nmonepeaHboro MOCIiKEHHS CTOCYETCS 300py
HeoOXimHO1 HOoBiaKOBOI iH(pOpMaIii po HaceneHUil MyHKT. Lle mMOBWHHO NSATTH B
OCHOBY TMOJAJIBIIOr0 €Taly IJIaHyBaHHS BHOIPKM Ta MPOBEACHHS MOJIHOBUX
nociimkens. Llei eran Hagae neski meperyMoBy, HeoOXiTHI T €PEKTHBHOT OI[IHKH
PE3YJIBTATIB MPOBEACHUX JOCITIIKEHb.

Hnst m. Cymu 3i0pano HactymHi gani (tabm. 1), ski MarOTh BIUIMB Ha
MopdooriuHuii ckiiaa moOyTOBUX BiIXO/IIB.

Tabmums 1 — 3aranpHa iHboOpMartis mpo micto Cymu

Ne HaiimeHyBaHHSI MOKa3HUKA XapakTepucTHKA
YucenpHICTh HACEJIEHHS, YOJI. 263 760

2 Cepenniit po3mip gomorocnogapctsa mo CyMchKii 2,43
obmacri, oci0

3 Cepemmiii  moxim 3a  MicAp Ha  OJHE 10 398,0
JIOMOTOCIIOIAPCTBO, TPH

4 [MuToma Bara GaraTokBapTHPHOI 3a0yI0BH (3 yciMa 80,9
BHJIaMU 6J1aroycTporo), %

3acanvhuti onuc opeanizayii cucmemu noeooxcents 3 sioxooamu y m. Cymu.
30upanns BinxoaiB y M. Cymu BinOyBaeThCsl 3a IJIAHOBO-PETYJISIPHOIO CHCTEMOIO
B 0araToKBapTUpHIiH, canuOHIi (TpUBaTHI) 3a0yJ0BI Ta HEXUTIOBHUX 00 €KTaX
(opranizanii, ycraHoBH, Tianpuemctsa). 3oupanus TIIB BinOyBaeTbes y Tpu THIIH
KOHTEHHEpiB 3a He3MiHHOIW cxeMoro: 1-if tum — mia [IET-mnsamku; 2-i tam —
«/I3BiHY» (CKII0, MaITip, TUIACTHK 32 IEPETiKOM) Ta 3-i THUI — JUIs 3MIIIIAHUX BiXO/IB.
Bci konTelinepu 2-ro knacy 3a JICTY-8476. Micuie BUugaJieHHs BiJIXO/iB — MOJIITOH
TIIB (posramoBanuii Ha TepuTopii BepxHboCHPOBATCHKOI CilbebKOT pajgn). O0’ ekt
COPTYBaHHS BTOPWHHOI CHPOBHHH (CKJIO, IUIACTHK, IIaIip) pO3TAIIOBAaHO Ha
teputopii TOB «A-Myccon». O0’eKT YyIIIBHEHHS Ta COPTYBAaHHS BTOPWHHOI
cupoBuHH (TutacTWK) posramoBaHo Ha Tteputopii TOB  «Cepgicpecypey.
CnenianbHo 00JIaHAH] TPAaHCIIOPTHI 3ac00U 13 O1YHMM Ta 3a[HIM 3aBaHTAXKECHHSIM,
TaKOX OCHAIICHI YIIIbHIOBaYeM (KOC(DIIIEHT yIIITbHEHHSI CTAHOBHUTH 2-3).

[ToOyTOBI Bimxoau, ki yTBOPIOOThcS B CyMax, 3a JDKEpeaaMHu IMOXOIKEHHS
MOXKHA TIOJIIJIMTH Ha TpU OCHOBHI Tpymu: 3mimani TIIB (yTBoproroTbes Bix
XKHUTJIOBOTO CEKTOPY, HEBUPOOHMYOI cdepu: aIMiHICTpaTUBHUX YCTaHOB,
IPOMaJICBKMX 30H Ta KOMEpPIIMHUX 3aKlaliB, Ta BHPOOHHYOTO CEKTOpY,
KOMYHaJIbHO-CKJIaJICBKHX 30H Ta IHIIIE); PEMOHTHI Bigxoau a0o OyaiBebHI BiAX0IU
(bB), AKi MOTpaIUIAIOTh JI0 MJIAHOBO-PETYJISIPHOI CUCTEMH BHBE3EHHS MOOYTOBUX
BiJIXO/IiB, Ta BenKo-rabapuTHi Bimxoau (BI'B). lns 3axoponenns Ha nosiron TTIB
nocrayatothes 3mitnani TTIB, BI'B, BB, siki 103BojieHO 3aX0pOHIOBATH HA MOJIITOHI
TIIB.

3wminraHi TBep/i TOOYTOBI BiIXOU Bil TOMOTOCTIOAAPCTB 30MPAIOTHCS OKPEMO Y
KOHTEHHEpH Ta TPAHCIOPTYIOTHCS CHEMiabHO OONaJHAHMMU TPAHCTIOPTHUMH
3aco0aMu 10 MicITh BUAalieHHs BiaxoziB — moiironiB TIIB. PemonTHi Ta OymiBenbHI

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponoxopucrysanss, Ne 4 (40), 2021



~ 114 ~

BIJIXO/M, BETMKOTA0APUTHI BiIXOIU TPAHCTIOPTYIOTHCS OKpeMo Bix 3mimanux TTIB
JI0 MICIIb BUIAJICHHS BIIXO/IB.

I[Ipu  mpoBeAcHHI  JOCHIDKEHb  BHUKJIIOUEHO  3MIIIyBaHHS  TBEPJUX,
BEIMKOTa0ApUTHUX, PEMOHTHHX, IIPOMHUCIIOBHX Ta PiIKHX BiIXOIIB.

nanyBannsa BuOipku. Cruig 3a3HayuTH, MO MOPQOJOTIYHHNA CKIamx — IIe
MPOLEHTHUI BMICT OKPEMHX KOMIIOHEHTIB B TIOOYyTOBUX BiAXOJax, IO
BIJIPI3HSIOTHCS 32 CBOIMH BJIACTUBOCTSMH. BU3Ha4eHHS MOPQOIOTIIHOTO CKIamy
3MIUCHIOIOTH MUIIXOM PO3AUICHHS 3MIITaHUX MOOYTOBUX BIAXOMIB Ta 3BayKyBaHHS
BCiX KOMITOHCHTIB.

Hocniguty Bci moOyTOBI BiAXOIH, SIKi YTBOPIOIOTHCS B MicTi CyMU, HEMOXKIIHBO.
JocmimKyeTbes TIeBHa YaCTHHA MOOYTOBUX BIXOIIB 3a MESKH MPOMDKOK dacy.
KinbKkicTh BiXO/iB, sika BU3HAYCHA JUTsI IOCIIPKEHHS, — 11€ BUOIPKOBa CYKYITHICTb.

Opnunulll BUOIPKHY — 11e HAHMEHIII €JICMEHTH BUOIPKOBOI CYKYITHOCTI, SIKi OKPEMO
BiIOMPAIOTHCSA, 30MPAIOTBCS, COPTYIOTBCA Ta AHAMBYIOTBCA 1 JUIS  SIKHUX
OTPUMYIOTBCS OKpeMi pe3yiabTaTH aHammizy. Jlasd MoYaTKOBHX IOCHIKEHBH 3a
OJIMHHMITIO BUOIPKU MOXKHA MPUUAHATH | Ky0. M mOOyTOBHX BigxoliB. B moganbmmx
JOCHI/DKCHHSIX 32 OJHMHUI0 BHOIPKH PEKOMEHIYEThCS NPUHHATH | KOHTEHHEp
06’emom 1 100 11 (abo iHIIIC 3HAYCHHS).

[Tpu BuOOpi oaMHUII BUOIPKHU CITijl 3a3HAYUTH HACTYIIHE:

* uyuM MeHIMKH 00’€M a00 3HAYCHHS OJUHUIN BHOIpKM, THUM Oijblia
CTATUCTUYHA TOYHICTh PE3yIbTaTIB;

* uyuM MeHIMHA 00'eM a00 3HAUEHHS OJWHMIN BHOIPKH, TUM OUIbIIEC Yacy
MOTPIOHO JUIS TMPOIECY COPTYBaHHS Ta aHali3y Ui CKBIBAJICHTHOTO O0CSTY
BHOIpKH.

3araipHa KUTBKICTh OJTMHUIIG BUOIPKH 3aJIEXKUTH BiJl IBOX OCHOBHUX KPUTEPIiB:

1. HeogHopifHICTh TOKa3HUKIB MOPQOJOTIYHOrO CKJIaay BIIXOMIB, sKa
BimoOpaxkeHa koediienTom Bapiamii. Lleit koedimieHT Bapiamii Ha MOYATKY
JOCITIJDKEHb, SIK TPABUJIO0, HEBIIOMHUM, aJie B OAATBIINX TOCTIHKEHHIX HOTO CITijT
OIIIHIOBATH HA OCHOBI pe3yJIbTaTiB MUHYJIOTO JIOCIII/DKEHHS (Ce30H ado pik).

2. BaxkaHa TOYHICTb pe3yJbTaTiB (PiBEHb JOCTOBIPHOCTI 200 MOXHOKA).

JJ1a moyaTKOBUX JOCIHIHKEHb puiiMaemMo 00’eM BuOipku 45 M (Methodology
for the Analysis of Solid Waste (SWA-Tool)), Ta6m. 2.

Tabmuus 2 — XapakTepuCTUKU BUOIPKH, SIKi NpUHHATI 11 M. Cymu

OnuHuug BUbipku 3araabHuii 06csAr BUOIPKHU A5 JOCTiTKeHHs], M

1w 45
(exBiBaszieHTHO ~ 41 koHTelHepy 00’emom 1 100 )

JJist iIBUIEHHST TOYHOCTI Ta iHPOPMATUBHOCTI PE3yNbTaTiB BUKOPHCTOBYIOTh
Meronu crparudikanii, tabm. 3. lle craTucTHYHUI PO3MOMIA HEOTHOPITHOT
BUOIPKOBOi ~ CYKYMHOCTI  (HampuWKiaJ, BIIXOAM, IO  YyTBOPIOIOTHCS B
aIMIHICTPATHBHIN OJMHHUIII HACEJICHOTO MYHKTY) Ha OLTBII OJHOPIJHI rpynu abo
miarpynu  (Hampukiaza, BIAXOAM, IO YTBOPIOIOTBCS Y TEBHHUX JKUTIOBUX
0araTokBapTUpHUX OyAWHKaX ab0 NPUBATHOMY CEKTOpi), SIKi B MOAAIBLIOMY
Ha3UBaIOThCS IIAPU.

Criz BpaxoByBaTH, IO BEJIMKA KIIBKICTH (DaKTOPiB MOXe BILUTUBATH Ha CKJIag abo
KUTBKICTh TOOYTOBUX BiIXOJIB 1 BOHH, B CBOIO YEPry, MOXYThb Pi3HUTHCS 3aJICKHO
Bix MicuieBocTi. Hampukian:
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e Tum >xumioBoi 3a0ymoBH (IPOLIEHTHE CIHiBBIIHOUICHHS pPIi3HUX THIIIB
3a0yIOBH);

e Tum cucreMu onasleHHs (PiBEHb OXOTUICHHS ITIYHHAM OITAJICHHSM);
Ce30HHI Mirpartii HaceJICHHS;
0O0’eM KOHTEHHEPIB;
[lepioam BiAITyCTOK;
Tun cucremu 360py Biaxo/iB (piBeHb OXOIUICHHS PO3AITFHIM 30MpaHHM);
PiBHI rpomMaicbKOi OCBITH Ta 0013HAHOCTI 3 MUTAHb YIIPABIIHHS BiIXO0IaMH.

Tabnuug 3 — Busznauena crparudikanis Buoipku ans M. Cymu

HaceJsienuii myHKT Oo0pani kpuTepii po3miapyBaHHs IIpoBeneni  ce30HHi
JOCTITKeHHS
Cymu CouiaibHO-eKOHOMiYHUI piBeHb: JliTo
3a TUIIOM >KUTIIOBOI 320y IOBH: Ocifgp

*  NPUBATHHI CEKTOP;

*  OaraTokBapTHpHA 3a0yJ0Ba;
36ip B OyaHiii 1eHb:

+  Iloneninox

e ITsTHHUS

[oavoBi pociaimkennss 3 BH3HA4YeHHS MopdororiuHoro ckuanxy TIIB
MPOBOAMIINCH 3 ypaxyBaHHAM Hakazy MiHicTepcTBa 3 THTaHb KHUTIOBO-
KOMYHaJILHOTO TocroziapcTBa Ykpainu Big 16.02.10 p. Ne39 «IIpo 3arBepxeHHs
MeToanyHUX PEKOMEHJAliid 3 BHU3HA4YEeHHS MOP(OJOTIYHOTO CKIAAy TBEPAUX
MoOyTOBUX BIIXOIBY.

JocnimxeHHst MOp(hOIOTIYHOTO CKIIay 3MIIIIAHUX TBEPIUX MTOOYTOBUX BiIXO/IB
MIPOBOAMJIMCH HA TOCHIOAAPChKiH JAisHIl nojiirony TIIB.

Jlo BUKOHAaHHS IOCIHIPKEHHS 3 BU3Ha4deHHS Mopdororiyaoro ckinagy TIIB
3allydeHi CHemiaJbHO HaBYEHi, MIArOTOBICHI Ta MPOIHCTPYKTOBAHI IpaIliBHUKU
(mam — copryBanibHHKH). [HCTpYKTaxk 3 METOJIB COPTYBaHHsI, TEXHIKH Oe3MeKH Ta
OXOPOHH Ipalli MPOBOAUTHCS A0 MOYATKY MOJTBOBUX JIOCII/IKECHb.

CopTyBaJIbHUKH 3a0€3IMeUyIOThCS CIEIOASITOM Ta 3ac00aMU 1HIWBITyaTbHOTO
3axucty. CopTyBaJbHMKaM MIOJIGHHO BHJAIOTH TIIOJIICTHICHOBI MAaKeTH JUIS
PO3A1JILHOTO 30MPaHHs KOMIIOHEHTIB TBEPAMX MOOYTOBUX BIJIXO/IIB.

MapmpyTi cMiTTE€BO3IB 00upaloThCsl BHIAAKOBO. CXeMH MapupyTiB He
3MIHIOIOTBCS.

3aranpHuil oOcsr BUOIpKM HaOWpaBcs 3 BiJIOBIIHOTO 00’€My CMITTEBO3IB.
CMITTEBO3 BHMBAHTaXYyeTbCs HA OOpaHOMY MaiaHUMKY IOJBOBHX IOCIHIIXKEHb 3
TBEpAMM IOKPHUTTIM HOpyd 3 Kapramu 3axopoHeHHs TIIB. I3 3arampHOro obcsry
TIIB, 110 BHUBaHTa)kKEHI 31 CMITTEBO3IB, BiAOMPAIOTHCSA MPOOM CyMapHHM 00’€MOM
45 v (11e OPIEHTOBHO JIOPIBHIOE 3 TOBHUM CMITTEBO3aM 00’ eMoM Ky3oBa 7 M°). [Tpoba
JUTS 3BXKyBaHHs craHoBWIIA He MeHIre 50 kr. 3anmumiok TIIB Oyiba03epom 3cOBYIOTh
3 MaliJaHuMKa 70 Tija MOJIrOHY, BUBLIBHIOIOUM HOTO JUIs IPOBEJICHHS JOCIIiIKEHb.

CopTyBaJIbHUKH 30MParOTh BU3HAYEHI 32 MOP(HOJOTIYHUM CKJIAJIOM KOMITOHCHTH
TIIB y mnomieTuneHoBi makeTH. KOMIOHEHTHM pO3IUIAIOTBCS Ha CKIAAOBI 3a
MaTepianamu a60 MapKyBaHHSIM. Hampukiaa, KpUIIeUKd IUISIIOK BiAKPYYYIOTHCS
Ta TULIIIKA CIIOPOXKHIOIOTHCS Bix pigwHN. KOMITOHEHTH OYMITYIOTHCS Bif Opymy.
Pimuam Ta Opyn TakoX 3BaXKyIOTh. /[ HAIIOBHEHHS MAKETiB BHKOPHUCTOBYIOTH
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JomaTH Ta iHm crerzacoon. Ilicis 3akiHdeHHS BiAOOPY OKPEeMHX KOMITOHEHTIB y
MakeTH 3aBaHTaXylTh 3aymmmok TIIB, mo He mimmaerbes kiacudikarii Ta
COPTYBaHHIO.

[IpoBomuThCs mMOUeproBe 3BaKyBaHHS KommoHeHTiB TIIB y momietmneHOBHX
MMaKeTaxX, a TaKOXK 3aUIIKy BiaxoxdiB. CopTyBadbHUK (DIKCye Bary Iyl KOKHOTO
TUITy Matepially, BiJICOPTOBaHOTO 3a (hopmoro BimOopy mpoO, meperisiaae dhopmy,
aMOTIM 3aHOCUTH PE3YJbTaTH 3BaXYBaHHA y MpoTokon. [licis 3BaxyBaHHS
3alI0BHEHI MMAKETH BUAAISIOTH 10 IPHMalbHOI KapTu moiirony TIIB.

OmnpaifoBanHsi pe3yibTaTiB  JOCTIHKEHHS BHUKOHYIOTbCS Yy HACTYITHOMY
MOPSAKY:

— BH3HAYAIOTh Macy KOXKHOTO BimcopToBaHOro KommoneHta TIIB mumsixom
MiICYMOBYBaHHS BIIIOBITHUX TAHUX 3Ba)KyBaHHS,

— BU3HAYAIOTh 3arajbHy Macy MnpoOu, mo Oyjia pO3COPTOBaHA, ILISIXOM
MiJICYMOBYBaHHA yCiX JaHWUX, OfepKaHUX B X011 BakeHHS KomroHeHTiB TIIB Ta ix
3aJIIKY;

— npuitnsgBmm 3a 100% (3a macoro) macy TIIB, mo Oyma po3copToBaHa,
PO3paxoBYIOTH BMICT (y BiIcOTKax) KoxkHOTO KomnoHneHTa TIIB;

— 3a 3aTalbHUMH JAHUMH 3 YCiX MpOo0 IMIIIXOM CTAaTUCTHIHOTO OOPOOJICHHS
BU3HAYAIOTh MOXUOKY cepii BUMIpIOBaHb Ta OLIHIOIOTh PENPE3CHTATUBHICTD BUOIPKH;

— BH3HAYalOTh CcepenHiii Mopdosoriuamii ckiaan TIIB, mo HagxomaTh Ha
rocronapchbky AinstHKy nonirony TIIB y cmitTreBo3ax.

Koxxuuil 3pa3zok mpoOuM TO3HAYAETHCS HACTYNMHUMH JaHWUMH, SIKi 3i10paHi Ta
3aIlMCaHi B MIPOTOKOJI Il KOKHOTO OKPEMOT0 3pa3ka KOMaHJIOK COPTYBAJIbHHKIB
BIJIXOIiB i/ 9ac 300py:

|. Homep npomokony.
1. Aopeca 3paska.
. ZJama 360py.

Ouinka pe3yabTaTtiB
Pesynpratu nocmimkens 3BeaeHo y Ta0i. 4. Ha puc. 1 nmpencrasieno mopdosoriuai
rpynu y ckiani 3mimmanux TIIB, parxoBaHi Bij HAMMEHIIIO1 10 HAHO1IBIIOT YaCTKH

y ckiazi 3mimranux TIIB.

Tabnuus 4 — Maca KOMIOHEHTIB 32 MOP(}OJOTTYHUMH TPYIIaMH y CKIIaJi 3MIIIaHuX
TIIB, uepsens 2019 p.

Bwmict
Ne Ha3zBa mopdostoriunoi HajimeHyBaHHSI KOMIIOHEHTA KOMIIOHEHTIB
n/n rpynu TIB (3a Mmaco10),
(%)
1 Kapron Ta narmip Kapron 0,61
[amip 4,79
KommosuTHu# marip 6,43
2 CkJ10 Ta KepaMika CKJIsIHI TUISIIIKH O1J1i Ta mpo3opi 9,50
CKJIsHI IUISIIKA KOJILOPOBI 4,04
Bikonne ckio 0,44
Kepamika 0,87
IHmIi Buau cxina 0,07
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Bwmicr
Ne Ha3zsa mopdoJioriunoi HajiMmeHyBaHHSI KOMIIOHEHTA KOMIIOHEHTIB
n/n rpynu TIIB (3a Maco10),
(%)
3 Meranu YopHi MeTamun 0,06
KonpopoBi MeTanu 0,81
4 [Tmactmacu PET-mrstiku 3,09
HDPE-koHTeliHEpH 1,04
[HIII TaCTHKOBI MaTepian 2,15
PP-mmmactuk 0,42
KoMmo3uTHuit miacTuk 1,22
5 Bimxomm enekTpoHHOro Ta Hesenmka nmo0yToBa TeXHiKa 1,31
ENIEeKTPUYHOTO 00JIaTHAHHS KoM’ roTepHa TexHika 0,09
TeneBizopn Ta iHII TMpHIAIH,
1110 MICTSTH €JIEKTPOHHO- 0,00
MTPOMEHEBY TPYOKY
6 OprasniyHi Bigxoan Pocinanua xa 32,80
Hepocanana ixa 7,49
OmnaJie TUCTS Ta TPaBa 1,37
I'iyIkM Ta pOCIMHHA JAepEBHHA 2,64
7 I'yma Ta mkipa I'yma Ta mkipa 0,75
8 TexkcTHib TexkcTuib 3,98
9 ByniBenmpHi Ta pemMOHTHI Beron 1,31
Bigxomn* AchampT 0,00
[Mumomarepiam 0,00
[incokapToH 0,42
IpynTH 0,00
3mimaHni Bigxoau OyIiBHAITBA 4,21
10 He0be3neuni Binxonu Dapba 0,00
Binxomu TpaHCIIOPTHHX 3aCO0IB 318
Ta iX oOJlaTHAaHHA !
BinmparpoBaHi Macna 0,00
Akymynstopu 0,09
3MmimanHi MKiUMBI MOOYTOBI
0,00
3aco0u
11 3anmumox TBEPANX NOOYTOBUX BIAXOJIB ICJIS BHIYyYEHHS 482
KOMIIOHEHTIB !
12 3aranbpHa Maca npodHu TBepaIuX 100
no0yToBHX BixoaiB

IMpumiTku: *— Bigxoau y ckmai smimanux TI1B

3a pesynbratamu JociipKeHHs (puc. 1) y ckiaai moOyroBux BiaxoniB M. Cymu
MepPEeBaXKaIOTh OPraHiyHi BiXOM, a caMe POCIMHHA iXka, ska ckiaanae 32,80% Bin
3arajibHOI KUTBKOCTI KOMIIOHEHTIB. Ha BMICT CKIISTHUX IUIALIOK MPO30pUX Ta O1MnX
npunazaae 9,5%, komno3utHuid namip cknazgae 6,43%. Inmi komnonentu TIIB He
TIepEBUITYIOTE 5%.

OtpumaHi pe3yJibTaTH KOPENIOITh 3 JaHWUMH IHIIUX aBTOPiB, B TOMY YHCII
3apyOikHuX [3, 4, 10], 10 703BOJISIE BUKOPUCTOBYBATH 3aIPOIIOHOBAHMHN MiJIXi[ 10
BH3HAYCHHS MOP(HOIOTIIHOTO CKIIaTy MTOOYTOBUX BIIXOIB.
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1 0,06
I Bumum cxkima ! 0,07
1 0,09
Komm’torepua texnika | 0,09
10,42
PP-tutactux 1 0,42
10,44
Kapron 2 0,61
2 0,75
Komsoposi meramu 2 0,81
2 0,87
HDPE-kouTeiinepn = 1,04
= 1,22
Beron = 1,31
= 1,31
Omnasne mucts Ta Tpapa =3 1,37
,15
Iinku Ta pocnvHHa JepeBuHa == 2,64
== 3,09
Binxonu TpancopTHEX 3aco0iB === 3,18
3,98
CKJISHI IUISAIIKA KOJTbopoBi  ===3 4,04

IMamip ====3 4,79

6,43

Hepocnunna ixa 7,49
9,5

Pocnunna xa 3 32,8

5 10 15 20 25 30 35

YacTka KoMIIoHeHTa, %0

o

Puc. 1 — PamxyBaHHs KOMIIOHEHTIB y ckiai 3mimanux TTIB
BucHoOBKH i mepcrnieKTUBY MOAAJIBIIUX T0CTIIKEeHb

Ha ocHOBI ipoBeIeHOTO NOCTiKEHHS MTOKa3aHO BAXKIIMBICTH BIUIMBY CTpaTH(iKarlii
Ha erari BUOOpPY O0’€KTIB I IOCIHIDKEHHS MOpPQOJorii moOyTOBHX BiIXOIiB,
B TOMY YHCII JJisi JOPMYBaHHS BUOIPKH JJOCIIPKEHb.

OCHOBHHMHM KpUTEpisIMH JUIsi BUOOpPY KIJBKOCTI OJIMHHIL BHOIpKH €
HEOJJHOPIHICTh MOKA3HUKIB MOP(OJIOTIYHOro CKiIagy BiAXOMIB, AKa BigoOpakeHa
KoedilieHTOoM Bapiallii, a Takox OakaHa TOYHICTH pe3yJbTaTiB. Takok MOKa3aHo
BILIMB cTpaTHikariii.

[IpoBeneHe moCHiIKEHHA IOAO0 BHU3HAYEHHS MOP(OJIOTIYHOrO  CKIAay
no0yToBux BinxoaiB M. CyMH 3 BHUKOPUCTaHHSIM BHUMOI' IIOAO CTAaTHCTUYHOI
JOCTOBIPHOCTI pE3yNbTATIB JIO3BOJISIE YHI(IKYBaTH pe3ylbTaTH JOCHTIPKEHHS Ta
MOPIBHIOBAaTH OKpPEMi pE3yJbTaTH BU3HAUYEHHA MOPQOIOTIYHOTO CKJIagy MixX
HACEeJICHUMHU IYHKTaMH Ta POKaMH. Y MOJAIBIINX JOCTIUKEHHSIX IUIaHY€EThCS
3aCTOCYBATH 3aIllPONOHOBAHMMA MiJIX1J JUIS JOCIIIKEHHS MOP(OJIOTIYHOIO CKIIaay
MOOYTOBHX BIJIXO/IIB IHIIHMX MICT YKpaiHH.
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Abstract. The article is devoted to the research of problems of optimal control of
data flow routing in heterogeneous sensor networks of variable topology under
conditions of constraints and uncertainties. To solve the problem of synthesis of
optimal data transmission routes in sensor networks, it is necessary to synthesize
a graph model, formally define the optimization problem, investigate the
processes of functioning of network elements and obtain formalized descriptions
of the dependence of network elements. The mathematical model of functioning of
the distributed system of intelligent data flow control in sensor networks of
variable topology is considered based on the formal model of the functioning of
the distributed system of intelligent network management, the properties of the
processes of optimal load management of nodes and the data network as a whole
are investigated. The results of the research allowed to obtain formal descriptions
of the dependence of the load of the computing system of the sensor network on
the time of the data transmission process, waiting time, service time on the load
of the computing system of the sensor network, to determine quantitative
indicators of delay and loss of data packets depending on the functioning modes.
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JOCIIIZKEHHSA IMTPOLECIB ®YHKINIOHYBAHHA
OBYUCJ/IIOBAHOI'O CEPEJOBHUIIA EJIEMEHTIB
BE3JPOTOBUX CEHCOPHUX MEPEX

Anomayin. Cmamms npucesyena NUMarHAM 00CAIOHCEHHS NPOOIeM ONMUMATLHO20
VIPAGNIHHA MAPWPYMU3AYIEI0 NOMOKIE OaHUX 8 2eMEPOLEHHUX CEHCOPHUX MEPENCAX
8apiamueHoi Mononozii 8 ymosax obmediceHb ma Hesuznavenocmel. /[ns supivients
3a0aui cunmesy ONMUMANLHUX MAPUPYMIE nepeoayi OaHUx 6 CeHCOPHUX Mepedicax
HeoOXiOHO cunme3y8amu epag-mooein, GopmansHo BUIHAYUMU 3A0aYY ONMUMI3ayil,
docnioumu  npoyecu  QYHKYIOHYBAHHS e€NIeMEHMI6 Mepedxci ma  ompumamu
PopManizoeani ONUCU 3aNeHCHOCMI NAPAMempie QyHKYIOHY8AHHS OOUUCTIOBATILHO20
cepedosuwja  enemenmie  Mmepedci.  Pozenanymo  mamemamuuny — MOOenb
DYHKYIOHYBAHHS PO3NOOINEHOI cucmemuy iHMeNeKmyatbHO20 YAPAGIIHHA NOMOKAMU
OaQHUX 8 CEeHCOPHUX Mepedcax eapiamusHoi mononocii. Buxodsuyu 3 @opmarbHoi
Mooeni QYHKYIOHYBAHHA DPO3NOOLIEeHOI cucmemu IHMeNeKmYdaIbHO20 YNPAGIiHHS
Mepedicero,  O0CHIONCeHO  8NACMUBOCMI  NPOYeci8  ONMUMALbHO20  YNPAGIIHHS
HABAHMAJICEHHAM Y316 | Mepedici nepeoayi Oanux 6 yiiomy. Peszynomamu
nposedenux 00CHioNHCeHb O00360MUNU OMPUMAMY POPMATLHI ONUCU 3ATEHCHOCHT
3A8AHMANHCEHOCTT OOUUCTIOBATLHOT CUCTeMU 8Y31a CEeHCOPHOT Mepedci 6i0 uacy
npoyecy nepeoavi O0amux, 4acy OYIKY8aHHs, UAcy 0OCIY208V6aAHHS  Bi0
3a6aHMANCEHOCTNI 0OUUCTIOBATILHOT CUCMeMU 8V31d, BUSHAUUMU KiTbKICHT NOKAZHUKU
3amMpuUMKU | mpamu naKkemieé OAHUX 6 3ANEHCHOCMI 8I0 PENCUMIE (DYHKYIOHYBAHHS
CEHCOPHOI MepedCl.

Knwowuoei cnoea: cencopna mepedica, posnooirena cucmema; HAGAHMANCEHMS,
BY3MU  MepedCi; MApWpymu3ayisi, NOMOKU OQHUX; ONMUMATbHE YNPAGLIHHA,
KOH@IIKM; HeBU3HAYEeHOCMI

DOI: https://doi.org/10.32347/2411-4049.2021.4.121-138

Beryn

B ramysi indopMariiiiHo-TeIeKOMYyHIKaIIHHUX TEXHOJOTiH, 30KpeMa B KOHTEKCTI
PO3pOOKM  TENIEKOMYHIKaliiHUX Ta  0araToQyHKIIOHANEHUX  MEPENKEBHX
TEXHOJIOTIYHUX pIIlIeHb, BIAOYBAEThCS IMIBUAKA 3MiHA TEHIEHIT NPAKTUYHOTO
BUKOpUCTaHHS ceHcopHUX Mepex (CM) mepemaui manmx (I1Z1) 3 pisHOpigHOIO
TOTOJIOTIYHOI0 CTPYKTYPOIO Ta IMIIEMEHTOBAaHMMH anapaTHO-IPOrPaMHUMHU
cknanoBumu. Taki CM 3a0e3rnedyioTh 0€3IpOTOBY Tepenady JaHUX Ta 0OpoOKy
iHpopMalLii 32 yMOB JTOBUTLHOTO PO3TAaIllyBaHHS BY3JIiB MEPEXK, BIUTUBY 30BHIIIHIX
i BHYTpIIIHIX 3aBaj i 30ypeHs, BapiatuBHocTi Tonosorii (BT).

BukopucranHs 0e31pOTOBUX 1H)XKEHEPHO-TEXHIYHUX 1 TOMOJOTIYHHX pillleHb
MPU3BOJIUTh JIO YCKJIAaJHEHHS CTPYKTYp KOH(pirypamii ¢i3uuHNX 3B’S3KIB i
pernamenty IIJI mix enementamm CM y 3B’A3Ky 3 iX T€TEpOreHHICTIO Ta
TEXHOJIOTIYHOIO CKJIATHICTIO X apXiTEKTypH.

INapamerpu GyHKI[IOHYBaHHS elleMeHTIB Oe3aporoBux CM 6e3nocepenHbo
BIUIMBAIOTh Ha YIpaBIiHHA mporecoM MapmpyTtuzauii npu I[IJ] i Bu3HAUaAIOTH
MMOKA3HUKH TapaHTO3[aTHOCTI BIAMOBIAHUX 1H()OPMAIIHHO-TEICKOMYHIKAI[iTHIX
cuctem (ITC).
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AHaJi3 JiTepaTypHUX JaHUX Ta MOCTAHOBKA NMpodieMu

Bumorn mono rapanto3naTHOCTI 1 QyHKIIOHaTBHOT HAAIMHOCTI 320€3MEYYIOTHCS
TEXHOJOTIYHUMU pimeHHsaMEu mo0 no0ynoBu ITC Ha ocHoBi CM 3 BpaxyBaHHSM
HeBU3Ha4YeHOCTI cTaHiB eneMeHTiB [TC 32 yMOB BHYTPIIIHIX i 30BHIITHIX BIUIUBIB.

[lorouni i mporHo3Hi 3HAa4YeHHs MapaMeTpiB (YHKUIOHYBaHHS €JEMEHTIB
oe3mporoBux CM HO3BOJIAIOTH BH3HAYUTH METOMM BHPIMICHHS MPOOIEeMHU
3a0e3meYeHHs] TapaHTO3MAaTHOCTI  OE3IPOTOBHX MEPEKEBHUX TEXHOJOTIH Ta
ynpasninas Mapmpytuzaniero [1J sk 3agady moOyZoBH TEXHOJIOTIYHO SIKICHOT
cydacHoi TexHoJorii ¢pynkuionyBanns [TC.

CraHoM Ha CHOTOAHI HAHOUTHIT EPEKTUBHUMH Ta TaKHMH, SKi ITHPOKO
BUKOPHCTOBYIOTBCS, PIlICHHAMH YTpaBiiHHSA Mapupytiszanii [I1J] B ceHcopHHX
mepexax € mporokomun DD (Directed Diffusion), RR (Rumor Routing), GBR
(Gradient-based routing), GPSR (Greedy Perimeter Stateless Routing), MCF
(Minimum Cost Forwarding), LEACH (Low Energy Adaptive Clustering Hierarchy),
TEEN (Threshold sensitive Energy Efficient Sensor Network), GAF (Geographic
Adaptive Fidelity), TTDD (Two-Tier Data Dissemination), SPIN (Sensor Protocols
for Information via Negotiation), IDSQ (Information-driven Sensor Querying), CADR
(Constrained Anisotropic Diffusion Routing), QARP (QoS aware routing protocol),
EAR (Energy Aware Routing), EQSR (Eficient and QoS aware multi-path routing
protocol), VGA (Virtual Grid Architecture routing), HPAR (Hierarchical Power-
aware Routing), EADAT (Energy-aware data aggregation tree).

Buieza3zHadeHi mMpoTOKOIM € TEXHOJIOTIYHMMH PIILICHHSIMH, SKi 3a0€3MeuyIoTh
JIOCTaBKY JTAHUX Ha OCHOBI ITPOIIETypH B3aEMHOTO OOMiHY CITy»K00BOI0O iH(pOpMaIliero,
LEHTPAJIi30BaHy MOJENIb 30MpaHHS aHMWX 3 JOCTaBKOIO IO 3alMTY, TEXHOJIOTIIO
KJIACTEPHOTO PO3OWTTSA EIEMEHTIB MepeXi 1 BHKOPHUCTOBYIOTH iH(OpMAIiI0 PO
npocTtopoBe po3ranryBaHHs By3miB  CM, JBomankoBuit wmexanism  [I1 3
BUKOPUCTAHHSAM BiJIOMOCTEH PO MICIIE3HAXO/KEHHS BY3JIiB MEpEXi, BUPIIIYIOTh
OKpeMi MUTaHHs e)EeKTUBHOTO BUKOPUCTAHHS €HEPTOPECYPCY BY3IaMH MEPEKi.

OnmHuM 13 cydacHHX MeTOAIB ympaBiiHHS Mapmpytuzamiero [l 8 CM €
MypallMHUKA QJITOPUTM, SKUHA BiJHOCHTBHCS /0 IOJIHOMIialbHUX AITOPUTMIB Ta
METO/IiB IPUPOJAHUX OOUHUCIIeHB 1 periamentyetbes anropurmom ACO (ant colony
optimization — aropuT™ ONTUMI3aIliT MypaITHHOI KOJIOHIT).

[HIIMM MeTOIOM € METOH POEBOrO IHTENEKTY, L0 PO3MIISAAETHCA SIK METOX
onTuMizamii 1 OHHMCye  MOBENiHKY  pO3MOAUICHOI  JEleHTpanti30BaHOi
camoopranizoBanoi CM 1pu onTUMaIbHOMY yIpaBliHHI Mapuipytusaimieo I171 3
BUKOPUCTAHHSM iHTeNekTyanpHOro meperBoproBada (II1), sk ojmiei 3 6a3zoBuX
TEXHOJIOTIYHUX CKIanoBuX cuctemMu ympasiaiHHa (CY) 3 BHKOPHCTaHHSIM
TexHoJIori# mry4yHoro intenekry (I1I).

Crin 3a3Ha4MTH, WO JUIS BUPINICHHS 33/1a4i YIPaBIiHHS MaplIpyTH3aIli€lo B
cydacaux CM BukopuctoByeThes ipotokon OSPF (Open Shortest Palll First), sikuit
3abe3neuye npouec 1] HAMKOPOTIIMM HUIIXOM 3 BHUKOPHUCTAHHSIM alITOPHUTMY
Heiikctpu [1], [2], 1m0 3HAXOAUTh JEPEBO HANKOPOTIIMX MUIAXIB HA OCHOBI
TomoJyorii  MepexXi 1 He BpaxoBYe 3HAUCHHsS NapaMmerTpiB, SKi BHU3HAYAIOThH
HaBaHTAXEHHS i1 €JIEMEHTIB.

IcHyrodui Ha CHOTONHINIHIA JCHH METOAM BHPIIICHHS 3aJadi ONTHMAaJIEHOTO
yrpaiaiaasa Mapmpytusamiero [IJI 8 CM, a came anropuTMH 1 METOAHM 5K
IHTEJIeKTYyalIbHOT0, TaK 1 ynpaBiiHHs MapiupyTtu3auieio [1/] B minomy, B ToMmy uuncii
pEaKTHBHI, MPOAKTHUBHI Ta TiOPWIHI TPOTOKONM B cepBic-opieHTOBaHHX CM,
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TEXHOJIOTIYHO 3a0e3MMedyI0Th BU3HAUCHHS OKPEMUX TeXHIYHHX (YHKIIH, a came —
npobneMy ympaBiiHHA Mapupytuzamiero [1J Bix Bys3ma-BiampaBHHKa 1O By3na-
orpumyBaya [1/] 3a yMoB MacITaboBaHOCTI, BKITIOUAIOYH YMOBY pO3IIHpeHocTi [3],
[4], [5], [6], [7].

Bumesasnaueni metonu He 3a0€3Me4y0Th BUPIMIEHHS Mpo0IeMH BapiaTHBHOCTI
Tonojoriuaoi  cTtpyktypu CM, He BpaxOBYIOTH OCOOJHMBOCTI TEXHOJOTIH
(hyHKIIIOHYBaHHS OE3APOTOBUX MEpPEX, HABAHTAKEHHS Ha ENEeMEHTH Mepexi,
ONTUMANTbHICTh BUKOPHUCTAHHS OOYNCIIOBAIFHIX TOTY>KHOCTEH BY3IIIB 1 MEpexi B
uitomy. Cnif TakoK 3a3HaYMTH, IO ICHYIOYI METOOW 1 aJrOpUTMH YIpPaBIliHHS
MapuipyTtu3zanieto [1/] He BpaxoBy10Th hakTopu OOMEXECHHS €HEPrOEMHOCTI JKEpe
eHeprii BY3JIiB Mepeki 3a yMOBH 3a0e3MedeHHs TapaHTOBAHOTO YIPABIIHHA
Mapuipytuzamieto I[1J] B Mexkax NpUIYCTHMUX OOMEXKEHb i HEBH3HAYCHOCTEH
3Ha4YeHb IMapaMeTpiB, 1[0 BU3HAYAIOTh CTaH EJIEMEHTIB MEPEKI.

Merta Ta 3aaa4i J0CTiTKEeHHS

CunTe3 1 BuOip pillleHb MO0 CTpaTeTid YIpaBIiHHSA MapIIpyTH3aIli€o i BUOOpY
MapmpyTy [1]] B Mepexi 30iiiCHIOETHCS Y BIATIOBITHOCTI 10 3HaUYEHHS PYHKIIT I[iHI
(DL) st KO’KHOTO eneMenTa Mepexi [7]. B TakomMy pasi KojkeH eleMeHT MapIIpyTy
II]I mMoxHa pO3MISIIATH SIK TErelliBChKH 00’€KT y BIAMOBITHOCTI 0 METPUKHU
MepekeBoro iHTepdeiicy, a MmapmpyT 1] MokHa ySIBUTH SIK JTAaHITIOKOK 00’ €KTIB B
TereTiBChbKOMY YSIBIICHHI €JIEMEHTIB MapiipyTy [6].

Hesanexno Biz 00paHOi METPUKH MEpPEKEBOro iHTEp(hEHCY METOIO yIIpaBIIiHHS
Mapuipytuzanieto B CM e Bu3HaueHHs ontumansHoro nuisixy I1J] Ha rpad-mozeni
Mepexi, sSiKa BifoOpaxae ii TOMoIOTiYHyY CTPYKTYPY [5].

[lpu MopnemoBaHHI apXiTEKTypd 1 TOMHOJNOTIYHOT CTPYKTYpPH YIpaBIiHHS
MapIIpyTU3aIi€0 B MEPEexki BU3HAYAIBHOIO YMOBOI € MiHIMaJbHE BUKOPUCTAHHS
pecypciB enemenTiB CM [4]. Takum unHOM, iporecu [1] B Mepeski 3a6e31euyoThCs
B MPUIYIIEHHI TapaHTOBAHOTO 3HAXOJKCHHS MapUIpyTy BiJ By3Ja-pkepeia Jio
By3JIa-OTpUMyBadya JaHWX 32 YMOB pE3epBYBaHHS YacTKH IPOITyCKHOI
cnpomoxkHocTi kKaHamiB [1J[ Mk By3namu Mepexi Ta OI[IHKM HaBaHTKEHHS Ha
pecypcH 0OYNCITIOBAIEHUX CUCTEM BY3JIiB MEpPEKi.

B takomy pa3i MO>kHa 3aCTOCYBAaTH MOJIENIb caMoopranizoBanoi CM i3 3asiBkaMu
Ha TOCHIIOBHY B 4aci mepenauy [1J] Mk By3nmamMu Mepexi 3 BHKOPUCTAHHSIM
OPHTiHAIFHOTO €BPUCTUYHOTO allTOPUTMY IHTETrpajIbHOrO yCiKaHHs BapiaHTiB [8] 3a
yMOB 3a0e3MedyeHHs] HalOIIbIIOro CyMapHOro o0’eMy MepexeBoro Ttpadiky i
MiHIMi3alii pecypciB Mepexi, 1110 3a0e3MeUyr0Th ii MPOIYCKHY CIPOMOXKHICTb.

l'apanTo3naTHICTE CEHCOPHOI Mepeki MOTOKIB JaHUX 3a0e3MedyeThest
QITOPUTMOM MapIIPyTH3allii Ta TEXHOJOTIYHO IMIUIEMEHTOBAaHUMH 3acO0aMHu
3a0e3neyeHHs KOH(IACHIIHHOCTI 1 IUTICHOCTI IpH OOMIHI JaHMMH — 3aco0aMu
kpunrorpadiynoro 3axucty inpopmanii (K3I). Came 3acobu K3I 3abesneuyroTs
piBeHb TapanTiii Oesneku iHpopmauii B Mepexi. TakuM 4YMHOM, BPaxOBYIOTHCS
Mojaeal  (PYHKIIOHYBaHHS MeEpexXi, a TaKoX BIpTyaiisaiis HIOpOCTOPY
(YHKUIOHYBaHHS MEPEXKi.

Taxum 4uHOM, 17151 BUPIIIEHHS 3a/1a4i CUHTE3Yy ONnTUMainbHuX MapupyTis I1/] B
CM BT HeoOXigHO CHHTe3yBaTH rpad-monaeib, (HopMaabHO BHU3HAYHMTH 3a7ady
ONTUMI3allii, JOCIITUTH IIpoliecH QYHKI[IOHYBaHHS €JIEMEHTIB MEPEXi Ta OTPUMAaTH
(dbopmarnizoBaHi OMCH 3aJIEKHOCTI apaMeTpiB PYHKLIOHYBaHHS 00YHCITIOBAILHOTO
CEpEeIOBHUIIA SIIEMEHTIB MEPEXKi.
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JocaitskeHHs BIUIMBY BHYTPIIIHIX Ta 30BHIlIHIX YHHHUKIB HA mapameTpu
(pyHKIiOHYBaHHA ejieMeHTIB 0e3JPOTOBUX CEHCOPHMX Mepe:k Nnepegadi JaHUX

[Iportec cunTesy 1 BUOOPY pimenHs o0 Mapmpyty 111 8 CM ckiagaeTses 3 TphOX
etamiB [9]: BuszHauenHs MapmpytiB IIJ] Bim By3ma-BimmpaBHHKa 10 By3na-
OTpHMYyBaya Ik MEeTH; BUOip HaO1IbII NpuitHATHOTO BapianTa MappyTy [1/1, sxuii
Belle 1O JMOCSITHEHHS METH, BIAMOBITHO 3Ha4eHHS (YHKIIi MiHW pIlIEHHT 3
BpaxyBaHHSIM TapameTpiB (DYHKIIOHYBaHHS Mepexi 1 11 emeMeHTiB; peamizarfis
Mapuipyty [1/] B CM sik pimenns (o6paHoro BapiaHTa Aii).

B Takomy pasi mZochimKeHHs cocoOy BH3HAYEHHS ONTUMAIBHOTO MapIIpyTy
]I, six 3amadi koHdIikTY B TexHiuHii cuctemi [11], [12], [7], mae 3ailicHIOBaTHCH
Ha QYHKIIOHATBHOMY 1 CTPYKTYPHOMY piBHSIX.

Ha dyHkiioHamsHOMY piBHI pO3IIISAA€THCS JMHAMIYHUIA TPOIICC PIIICHHS 33124l
ynpasmiHasa Mapmpytusamiero [1J] 1 Bci fioro xapaktepucTuku O€3BiTHOCHO 10
CTPYKTYpH YIIPaBIiHHA SK OIUCY CaMOTO MpOIleCcy B IIoMy 0e3 WOro Moty Ha
OKpEeMi CKJIaJIOBI YaCTHUHH.

Ha crpykrypHOMY piBHI (hyHKITIOHATBHI PillIEHHS 3a7a9i CHHTE3Y ONTUMAIIEHOTO
Mapmpyty I[IJI B8 CM posrisgaroTeCss 3 TOYKHA 30py MOMIIMBOCTI peamizamii
CHHTE30BaHOI CTpaTerii yHpaBliHHS B yMOBaX OOMEXEHb 1 HEBH3HAYCHOCTEU
3HA4YEHHS MapaMeTPiB CTaHy €JIEMEHTIB i BapiaTUBHOCTI TOMOJOTiT Mepexi. Takum
YMHOM, Ha (DYHKIIOHAIFHOMY pPiBHI IOCHIIKYeTbCs (DYyHKI[IOHATbHA MOMEIHh
ynpasninas MapipyTtusanieto [1J] 8 CM BT meTogaMu cutyamiiHOro yrnpasiliHHS
3 BUKOpHCTaHHSM aBroMaTtHuX rpamatuk [13], [14], [15]. B Takomy pasi 3amauy
cuHTesy i BuOopy mapmpyty IIJI, sk 3amady ympaBiiHHS MapuIpyTH3AIl€r,
JOLJTFHO BUPINTYBaTH HA CTPYKTYPHOMY DiBHI MPH JWHAMIYHIA 3MiHI 3HauY€Hb
napamMeTpiB cTaHy eJIEMEHTIB MEpPEXKi Ta MPOIIECIB YIPABIiHHS 32 YMOBH HasSBHOCTI
rapaHTOBAHOTO YNPABIiHHS.

MaremaTiHyHa MOJIENIb CEHCOPHOT Mepeki MOJKe OYTH HPE/ICTaBIeHA 3B'I3KOBHM
rpadom

G= (V, E) ,

ne V — mHoxuHa By3niB rpada, 10 OpejcTaBise Mepexa; E — MHoxuHA pebep
rpada, 110 3’€Hy€ BY3JIH 1 BijioOpakae MOXKIIMBHIA MapipyT ciigyBanus 1.

Koxnomy peGpy ej € E‘v’{i, j} eV rpapa G mocTaBneHO y BiATOBiAHICTH
HEBII'€MHE YHUCIIO Cjj = 0, mo BU3HAYAE NMPOIMYCKHY 3aTHICTL pebpa K QYHKILIO
uiny npu nepenaui [1/1.

BBenemo nousTTs $yHKmii f, sxa xapakTepu3sye npouec I1J] mix BeprinHamu
Sit mepexii e HeBin emnoro mis pebep rpadgy G . To6ro f i > 0 3a ymoBH TOTO,

IO TIPOLIECH Tepefiadi He HAKOMUYYIOThCS B MPOMDKHHX By3nax mepexi G Mmix
By3mamu Si[.

Takum unHOM, Ast Mapuipyty [1]] Mixk By3namu S i t Mmepexi G oTpumyemo
3HAYEHHS MMOKa3HHUKA OIIHKU SKOCTI 00paHOro Mapmpyty oo nponecis [1]]

W= =X fpvieV s (s,
J
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Cnin 3a3HauuTH, O OTPUMAaHE 3HAYeHHs nokasHuka \W  BpaxoBye TilbKM Taki

mapupyTi [T]] mixk By3mamu Si t mepexi G, sixi Bkmouarors pepa, 111 B skux He
MEPEBUIIYIOTh MPOMYCKHOI CIPOMOXKHOCTI BiAMOBIAHOTO KaHAy Ta MOMIJIMBOCTEH
O0YHUCTIOBAJIBHUX CUCTEM BY3IIiB MapUIpyTy, a came f i <cjle;eE.

3aiuuiKoBa MPONMYCKHA 31aTHICTH pedpa @jj BHU3HAYAETHCA SK PISHUL
MPOITyCKHOI 31aTHOCTI pedpa i [1/] mo Hpomy, ToO6TO ci} =Cijj— f i B Takomy pasi
3 rpady Mmepexi G OTpUMYEMO 3alIMIIKOBY MEPEXY G':(V,Ef), B AKil

3aJIMIIAI0THCS pedpa 3 JOAAaTHOIO 3aIMIIKOBOIO MPOMYCKHOI CIPOMOXKHICTIO.
Mapmpyr IIJI B wMepexi Juisi  pO3MOAUICHOI CHUCTEMH  YIPaBIiHHS
MapIIpyTU3AIIETO iHIIFOETHCS TIO/TI€F0 BUHUKHEHHS 3aBKHU B Meperxi Ha mporiec [1]]

MIDX TTApOIO BEPIIUH 3 MHOKHUHU {{sl,tl} ,{ sn,tn}} nonrociB. Ciniz 3a3HAYUTH,

10 Yac XKUTTS 3asBoK 1pH [1]] Mmepeskero oOMexeHmit iX 00CITyroByBaHHSM 332 YMOBH
BcraHoBieHoro Mapmpyty IIJI wmix By3mamu. Tum camum 3abe3medyeThest
BHUBUTEHEHHS ITPOITYCKHOI CIIPOMOKHOCTI pedep Mepexi y pasi 3a10BOJICHHS 3aIBKH
Ha mnepexady. Skmo mapmpyt [1J] Mik By3namu OyB BU3HAUCHHH, TO MiCHA
3aKIHYEHHS 4Yacy KHUTTS 3asBKa CKHUJAETHCS, 3BUIBHSIOYM BIIMOBITHY MPOMYCKHY
3maTHICTh pedep mepexi. MaoxuHA [1]] Mik KOXKHOIO ITaporo MOJOCIB Yepe3 By307

€ IPOIYKTOM {Sm,tm} 1 BU3HAYAEThCA SIK IPOAYKT \/, -

B sikocTi 00ME)KEHOr0 pecypcy CEHCOPHOI MEepPEKi, 1110 BU3HAYa€e (PYHKIIiO I[IHH,
00paHo MPOITyCKHY CIIPOMOKHICTh KaHANIB 3B 3Ky, sIKi BU3HAYAIOTh pedpa (IyTH)
MoJeni Mepexi G.

3anexxHo BiJl cioco0y BU3HAYEHHS BAPTOCTI TyT MOJIEI MepeXi JIT BU3HAYECHHS
(hyHKIII IIHA 3aCTOCOBYETHCS CyOONTUMANTbHUN MiHIMAIBHO-PO3PI3HUAN alrOpHUTM,
Opi€HTOBaHMIA Ha cuHTe3 1 BUOip MapipyTy I1/] 13 3acTocyBanHsaM pedep rpad-mozeni
CCHCOPHOI Mepexi, SKi MaroTh HAWOUTBIINIA pe3epB MPOIYCKHOI CIPOMOKHOCTI
KaHANIB 1 MiHIMAIBHY KUTBKICTh €JIEMEHTIB CHHTE30BaHOTO MapmpyTy. Takuit
AIITOPUTM 3a0e3redye 00CTyroByBaHHsI HAMOUIBIIOT KUTBKOCTI 3asBOK.

lapanTo3maTHICTh PO3MOALICHOI cepBic-opienToBaHOi CM 3a0e3neuyeThes
[UIIXOM BUKOPHCTaHHS 3aco0iB  KpunrorpadidHoro 3axucty iHdopMariii,
BipTyallizali€ro npocTopy (QyHKIIOHYBAaHHS MEpPEXi Ta YHPABIiHHSAM IIIBHICTIO
HaBaHTaxeHHs kaHaniB [1]] mpu iHpopMaliiiHili B3aeMo/Iil By3IiB Mepexi. 3acoou
kpunrorpadiqyHoro 3axucty iHdopmanii 3a0e3MedyloTh BHUMOTH JIOCTYITHOCTI,
uiicHocTi 1 KoHGiaeHiiHOCTI pu 0OMiHi. LI{inbHicTs HaBaHTaxeHHS KaHaiB 1]
MiX By3JIaMH MEPEKi BpaxoBYeThCsl (DYHKIIIEIO [IHU TIPU CHHTE31 1 BUOOPI pillieHb
010 YIPABIiHHS MapIIpyTHA3AIE0 B MEPEXKI.

Pimenns 3agayi B3aemMoaii KOHQUIIKTYIOUMX BY3J1iB MEPEXKi AOLITEHO PO3IIIAATH
B IIOCTAHOBIII 3134l JUCKPETHOI JUHAMIYHOI onTuMizamii [16] 11 MHOKUHH yCiX
3Ha4YeHb UTLOBOT QYHKIIIT

j(x)=min{j(x):xe X},
ne X — mpuiyctamMa 00J1acTh 3HA4YeHb MapaMeTpiB; j — ITOBa (PYHKITIS; KOXKEH

eneMeHT X € X — MPUIyCTUME PIlliCHHs 33/1a4i JUCKPETHOI OITUMI3allii (J , X) 3a
YMOBH CKIHUCHHOCTI MHOXXUHHU X .
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OnTUManbHOMY PIlIICHHIO X e X BIJITIOBi/Ia€ 3HAYCHHS IIHOBOI (DYHKIIIT
j(x*):min{j(x):Xex}.

Toni aArCKpeTHHI poTiec TS PIBHAHHS CTaHy MOXKHA YSABUTH Y BUTIISAII

Yo =W (Yy Xgron X ), t=12,...,T,

ne Xi_gs Xi_g4q1+++» X{ — YOpaBJIiHHA NpU TepeTBOPeHHi cTany Y, , eramy t—1 B
cran Y, eramy t. Ctan Y, 0GupaeThCsl, BUXOIIYM 3 MHOXHUH CTaHiB Y, , obGnacreit
icnyBaHHs ynpaBninHs X, i MHOxuH Z . MuoxkuHM X, CKiHYEHHI, a ILiJbOBa
¢GyHkIiss J A KoKHOro { J03BOJISIE BHU3HAYMTH MIHIMYM CYMapHOI OI[IHKH
j(.,-,...,-) Ha MHOXKHHI Y, ; X X  X...X X,.

s cuHTe3y 1 BHOOpPY ONTUMAIIEHOTO yTpaBmiHHA MapipyTtusaiieto [17] 8 CM
BH3HAYMMO HEMAapKiBCHKY JMHAMIYHY 33/1a4y TUHAMIYHOI AUCKPETHOI ONMTHMi3allii
y BUTJISI

T

th(yt—l’)(t—s""’)(t)+ jo(yT)—>min,

t=1
ac y’[ :Wt(ytfl'xlfs""’xl)’ Xtext’ yIEYt’ (y'[—l’X'[—S""’X'[)EZt’
t=12..T,x=x", t=1-5,..,0, y, = y°.
BusHauuMo cKiHueHHi MHOXHUHM Y t, IIO BMILIyIOTh CTaHM, B SKHX MOXKE
3HAXOJIUTHUCH MPOLIEC BUPIIICHHAS 33aJa4i JUHAMIYHOI JUCKPETHOI ONTHMI3aIlii, 110

BHU3HAUYCHA BUIICHABEICHUMHU CITIBBITHOLICHHIMHM, 1 JUIsl SKHX € CIPaBEIJIUBUM
BKJIIOUEHHS :

Ye €Y 1Y, =Wt(yt71,Xt),Xt € Xt’(yt—l’xt)ezt’ytfl €Y,

o

t=12,..T.Y, ={y°}

B Takomy pasi anroputM cuHTE3y 1 BHOOpY CTparerii ynpaBIiHHS
Mapuipytu3zanieto [1/] B CM, sik 3a1a4i JUCKPETHOT AMHAMIYHOT OITUMI3aIlii, MOKHA
MPEICTaBUTH MOCHTiJOBHICTIO KPOKIB:

1. Jlns yeix y €Y r Bisaaemo yHKIiHo IiHM JUIS HEMAPKIBChKOT MHAMIMHOI
sanasi ., ()= o (1),

2 M yeix  yeYa i t={T.T-1..1}  obmcmoeno
JI(Y)=min{J}(y,X+ Jia (W (y.x)):xe Xt,Wt(y,x)eYt,(y,x)eZt)} .

Slicmo 3amaua J, (y) He moske Gyru BupimieHa, npunyckaemo, mo J, (y):+oo.

B iHmoMy BMIaJ Ky BU3Ha4a€MO ONTUMAJIbHE PIIICHHS, K X, (Y)
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3. ] ( yo) € MiHIMaJIbHUM 3Ha4CHHSM (QYHKIIT 17151 HEeMapKiBChKOI TMHAMIYHOT
3ajadi.

4. BusHadaemo X, Xl(yo) Ta Y, :=W1(y° : Xi)

5. mayeix t ={2,3,...,T } npumyckaemo X, = Xt(yH), Yo =W (Via % )-

[Ipu Jl(y°)<+oo HEMapKiBChbKa IWHAMIYHA 3a/1ada Ma€ ONTHMAaIbHE PIIICHHS

T . . .

{Xt ' Yiq }tzl. Kpoxu 4 1 5 anroputMy HOpOIKyIOTE ONTHMAJIbHE PIllIEHHS, OCKUTEKA
X (y) BU3HAYA€E BiAMOBIIHE ONTUMAJILHE YIPABIiHHS Ha MEPIIOMY €Tarli IpoIiecy,
AKUH cKkyanaeTbes 3 eramiB t,t+1,..., T 1 nmounnaerbes 31 ctany Y . Tum camum

3IIHCHIOETBCSA TIEPEXiJ IO HOBOrO CTaHy \W (y, X, (y)), IUIS SKOTO BiIOMO
ONTHMAJIbHE YIPABIiHHA X (W (y, X, (y))) HEPLIOTO €TaIy MPOIECY, KU BMIIILye

eramu {t,t+1,...,T}.

Anroputm YIpaBIiHHSI MapIIpyTU3AIE0 3a0e3meuye CTIHKICTB
¢yukunionyBanass CM B pa3i HecTaOinbHOro (DYHKIIOHYBAaHHS MEpPEKEBOTO
iHTEepdeiicy, BiAMOB 0o0NagHAHHS, a TAKOXK 30BHIIIHIX i BHYTPIIIHIX BIUIMBIB Ha
(hyHKITIOHATTHHHI CTaH €IEMEHTIB MEPEXi.

Cunte3 1 BUOip pillieHHS B PO3NOiJICHIH CHCTEMI iHTENEKTYaIbHOTO YIIPaBIiHHS
(C1Y) mapmpytuzaiiero 171 8 CM BT 3a ymoB 0OMeeHb, HeBH3HAUCHOCTEH 1
3a0e3MeUeHHs] TapaHTO3MaTHOCTI 3JIMCHIOETBCS HAa OCHOBI IEBHOI albTEPHATHBH,
IO OTPUMaHa Ha OCHOBI aHami3y 00'ekta ynpasiinasa (OY), skum € mepexa, 1 Horo
(YHKIIIOHAJIBHOTO CTaHYy.

Ha migcraBi BimomocTeld mpo HaBKONHMIIHE cepenoBuine i craH CM mpu
HAasSBHOCTI MaM'sATi 1 MOTHBAIlii CHHTE3YETHCS METa, SIKa MOPSI 3 IHIIUMU TaHUMHU
cnpuitmaetbcst CIY  kokHOTO By3ma, sK eneMeHTOM posnogineHoi CIY
MapmipyTtu3zanieto [1]] mpu o6cayroByBaHHi 3anmuTy Ha IpoIIeC Tepeaadi.

Pob6oTa maTemMaTnyHOI MO/IETi CHHTE3Y 1 BUOOPY YIPaBIiHHSA MapuIpyTH3AIIE0
I1]] 6a3yeTbcst HA TEOPETHYHUX TIEPEIyMOBAX.

BusHaunMo MHOXHMHY KpUTEpiiB abo cuTyaliid, 10 MOXYTh OyTH BU3HAueHI

N -MipHEM BEKTOPOM, KOMIIOHEHTH sikoro h; € R*,Vi=1,n omucyiors croci6,

AKicTh 200 IMepeayMOBY BHKOPHCTAHHS TOTO YU IHIIOTO METOJy YIPaBIIHHS 3a
mapamMeTpoM, IO HAJEKUTh CKIHYEHHIH BHOPSIKOBaHIH MHOXHHI MOKJIMBUX
3HAUEeHb N.

IIpy 1BOMY CTBOPIOETBCS B3a€MO3B'A30K, II0 BHU3HAYAETHCS MHOXHHHUM
BIJIHOIIIEHHAM

(hlth,...,hn) EH XHX..XH,.

HaGopy Bektopis (hl,hz_. hn) NPHITHCYIOTh 3HAYCHHS Y |, j=1..kk<n,
1110 BCTAHOBJIIOE BIJINOBIAHICT IEBHOT MHOKMHM Ha0OOPiB NIepeslyMoB |y; 1 cTpaterii
ynpasiinas Y.

Takum urnHOM MOXe OyTH oOpaHa (yHKIIiS, IO BU3HAYA€ MHOKHHY CTpaTeTii
yIpaBIliHHSI MapLIPyTU3ALi€I0
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fiHXHoX..xH,—Y
Y ={y, Yy Yo} VY, €[0,01], =1,k k<

B Takomy pasi cuHTe3 1 BuOip cTpaterii ympaBmiHHA MaprpyTu3amieo [1]]
(hopMabHO Ma€ BUTIISAI TaOIHII, sIKa 33/1a€THCSI HA0OpaMH MapIIPyTiB

((hl’ h2,...,hn), yj),Vj =1..k.

BpaxoByroun Te, m0 B 3arajJbHOMY BUIAAKy TaOIULS Ma€ BEIUKHA pPO3MIp,
MHOXHHY cTpateriii anst Bubopy mapupyty I1J1 B CM BT MoxHa BH3HAUHTH

re/IeNiBCHKAME Mapamy, sk pebpamu rpad-mozeni G mepexi

((01,02,..,,O'n), yj),Vj =1..k,

ne oyl =1..,N — ninvuoxuna N;, (oy, 05, o) — CTPATETIL, sKi BU3HAYAIOTH
Mapuipytu 111
TakuM yrHOM, B TIOBHIH CHCTEMI 3aBIaHHS BUOOPY ((61, 52””’O-n), yj) 3TiTHO

3 KpUTEPieEM 00MpaeThCs pilieHHs moao Mapmpyty 11/] B mepexi.

BigmoBigHO 10 TPHWIAHATOTO pIMIEHHS BHPOOISAETHCSA YHPABIIHHSA OO
nocioBHOCTI B3aemoxii By3miB CM Ha MapmipyTi Bif By3ia-BiANpaBHUKA JI0
By3/a-oTpuMyBaua gaHuX. [lo 3aBepuienHio 1/l By3on-BiANpaBHUK 3aBepIIye
oOcyroByBaHHs 3asBku Ha [1/1.

Buxons4u 3 TOMOJOTIYHOCTI MAaTE@MaTHYHOTO MPOCTOPY (PyHKIioHYBaHHs CM
BT, Bu3HauaeMo TEOPETHKO-MHOKWHHY MOJIENIb CHHTE3y 1 BUOOpY pIllleHb MIO/I0
yrpaBIiHHs Mapiipytusamieto [1]] mpu B3aeMoii KOHITIKTYIOUNX BY3I1iB MEPExKi B
yMoBax 0OMeXeHb 1 HeBU3HaueHOCTeH. B Takomy pasi 3a1ady CHHTE3y yrnpaBIliHHS
MapIIpyTU3aIi€l0 MOXHa CGHOPMYIIIOBATH SK 3a7ady pPO3B'sI3aHHS KOHQIIKTY
B32€MO/I1 By3JIiB MEPEXi y BiJIMOBITHOCTI 10 MIPUHIIAITY ONITUMAIBHOCTI Ta IIpaBUiIa
3YNHMHKH, SIK 3a/1a4y JTUHAMIYHOI JTUCKPETHOI ONTHMI3allii.

Posristaemo momens M B3aemoii enementie CM BT 3a yMOBH 3aMKHEHOCTI
npocropy Q ¢ynkuionysanas CM BT 3 rpanmmero [ » (Q). Tpu usomy

BapiaTUBHICTH TOIOJIOTIT MEpEXi OB’ s13aHa HE TUTHKH 3 KUIBKICTIO aKTUBHUX BY3JTiB
CM, a 1i 3 reTeporeHHICTIO Mepexi, 0 00YMOBIIEHO MOXIIUBICTIO BUXO/TY B CETMEHT
Mmepex Internet i Intranet, BuxopucroByroun mMappyTtusamito 3a mogesuto OSI.

B takomy pasi mogens M B3aemonii By3nie CM B TomosoriuHiii cxemi, sika

BifoOpakae HasBHICTH pedep rpady Mepexi G, MoxHa Bu3HAUMTH K
N .
M=[JMm",
i=L

ne N — kimskicrs By3mis CM; M'— uactkoBa Mozmens i-ro Bysma CM, sika
BiJJoOpaka€ KUIbKICHI XapaKTEPUCTHKH 3B’SI3KIB 3 IHIIMMHU BY3JaMU MEpEexXi —
pebpamu rpady i Moxe OyTH MpeAcTaBiIeHa Y BUTIISIL

M'=(5"F'.I ),
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a MHO>XHUHHU F"lp BH3HAYAIOTh TPAaMaTHKy Ta MPaBWJIa YTBOPEHHS CITiBBiIHOIIEHD

IpU B3a€MOJIT By3/iB Mepexi B mpocTopi Q

ToOTo B 3aragbHOMY BHITIAJIKy MOKHA BBECTH HOHSTTS MOBH Ul ()OPMATBEHOTO
OIIMCY TPOILIECiB, MOB'sI3aHUX 3 BUPiMIEHHAM 3a1a4i popmyBanHs Tononorii CM BT
B 1pocTopi Q.

raJlbHOMY BHIIAJIKyY MOB HECKIHYCHH MHOKHHOI0, a HECKIHYEHHI
B 3aramnbHO a, OBa € HECKIHYEHHOO o 010, a HECKiHYEHHI
00'€KTH BaXXKO 33/1aTH, HATIPUKIIA, IPOCTHM IepepaxyBaHHsIM enemenTis [17], [18].

Bynp-sxuii KiHIIEBHIA MEXaHi3M 3a/1aBaHHSI MOBH € TPaMaTHKOIO F"w .

B mMozmeni M ' Gasuc 5' Bu3Ha4ae NOTEHIINHI MOKIMBOCTI B3a€MOIIi i-TO By3/a
CM 3 iHIIMMH By3JaMH Mepexi MpHU BU3HAYEHHI MOXKJIMBOCTEH MaplupyTH3amii i
KiJIbKICHUX XapaKTePUCTUK 3B’ s3KiB pedep rpady mepexi G B mpocTopi Q

B'=(X'Y' 4),

i . . . .
ne X — MHOHMHH TIOTEHIIIHO MOKJIMBOTO MiCIIsl 3HAXOKEHHS i-TO By3/1a MEpEki
B NpocTopi Q, sKi BU3HAYAIOTHCSA K MHOXKHMHHM KEPOBAHHMX Ta HAalliBKEPOBAHUX

craHiB mMepexxi G B TpocTopi MapaMeTpiB Yy BIAMOBITHOCTI 3 TNPHUITYIIECHHSIM

HEBU3HAYEHOCTI Ta IPOrHO3Y MEPEMillleHHs i-ro By3/1a; MHOXKHHA Y ' BusHauaeTbes
XapaKTepUCTHKaMH MEpeMillleHHs i-r0  By3ia B TPOCTOPI KEpOBaHMX i
HaIBKEPOBAHUX CTaHIB Ta BPaxOBYE HAsBHI PeCypcH YNpaBJIiHHS MIOAO 3MiHH
JMHAMIYHUX XapakTepUCTUK MapmpyTusanii (mrimeHocTi I1J] 3a HampsMkom

nepejayi) Ui i-ro By3na Mepexi y BimnmosigHocTi 3 mpumymieHHsm A, ske
BPaxOBY€E MPOTHO3, HEBU3HAYECHICTh, JUHAMIKY Ta HEOE3MEeUHICTh EPEMILIIeHHS i-T0

. .. i
By3J1a 110JI0 By3J1a-BIAIIPAaBHUKA JIJIsl CITIBBIIHOIICHHS F , IO BpaXxOBY€ MPOTHO3,

nuHaMiKy Ta 6e3neunicts MapupyTy I1J] B mpoctopi Q 3 6asucom b '

s CM B 1iJIOMy HEBU3HAYCHICTh CTaHy MOJYKHA OIMCATH CITiBBIIHOLICHHIM
N
A=A
i=1

i . . . .
3nauenns F' BusHauae BracTMBOCTI DYHKIIOHYBaHHS i-rO By3lia MEPEXKi MpH
no0ynosi mapmpyTy I1J] B mpocTopi Q

i i i ij
Fr=(f,,f.d"),
ze fxI — 3IJaJpKEeHI 3HaYeHHA KOOPAHMHAT JUIA I-ro Bysda B HPOCTOpi Q s

KOo>kHOTO MoMeHTy [1/1; fC — 3rJIaJDKEHI 3HAYEHHS MepuIoi MoxixHoi (BeKTopa
LIBUAKOCTI 3MIiHM KOODIMHAT) NP MepeMilieHHi Bysna B mpoctopi Q; d" —

BIJICTAaHh B3a€MOJIii i-r0 By3Illa i3 CYMDKHHM j-M BY3JIOM MEPEXi, IKa BPaXxOBYE
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3MiHy TapaMmeTpiB (yHKIIOHyBaHHsS BimmoBigHmx kaHamiB IIJ[ (pebep rpady
mepexi G B mpocrtopi Q).

Buxopstuu 3 popManbHOro onrcy MaTeMaTHYHHUX MoJesield B3aeMotii By3i1is CM
B TIpOlleCi CHWHTE3y 1 TPUUHATTA pIMIeHb IIOAO0 CTpaTeriii  ympaBiiHHS
Mapmpyrtuzamiero 11J], Bu3HaunMo MiHIMabHO-TIepeOipHy MPOIEAypy CHHTE3Y i
BubOpy pimenns [8], [19] y BianosigHoCTI 10 KpHTEpito ontumanbHocTi D, sxuii
(hakTUIHO € aAUTHBHUM KPUTEPIEM BHOOPY, III0 BU3HAYAETHCS CITiBBIAHOMICHHSM

i=1
A=Y yiea-
suplu;|

k
ZCi =1
i=1

3navenns koedinientis C; BU3HAYA€TbCA I KOXKHOTO BUIY KOHQJIIKTIB

OKpPEMO. ﬁ*i BH3HA4Ya€ "BUTpATH Ha YIpaBIiHHA" mapamerpamul (yHKIIOHYBaHHS
CM 3rigHo 3 06paHO0 CTPATETIE0 YIPaBIiHH Ha MHOKHHI pebep rpad-mozxeni G
, o Bignmosigae ¢dopmanbHii Mozeni M 3a paxynok ympasninas U; ans i-ro
enemenTa MapupyTy I1JI B mpocropi Q .
B Ttakomy pasi 3ajauy CUHTE3y yIpaBIiHHI MOXKHA C(HOPMYITFOBATH K KOH(IIIKT
B3aemoyii By3nis mepexi G B mpocropi Q
K=(M,AT,, Gu).

a mpoueaypy CHHTE3y CTpaTeriii BUPilIEHHS KOHQIIIKTY A/ 3TiJHO 3 IPUHLUIIOM
ONTUMAJIBHOCTI Y , IKMii peai3oBye BUMOTY KPUTEPil0 @, MOKHA NPEACTABUTH Y

BUIJISII

K=(M,AT,, G, u)

K =p

. . cee . . *
BubGip onrtumanbHOi cTparerii BUpilleHH KOH(IIKTY £/ 3 BpaxyBaHHAM

npaBuiIa 3ynuHKu [’ syn TIPH nepedopi GOpPMYIIOETHCS Y BUTIISIIL

u=inf . K,

3yn

10 BU3HAYA€E MIOCTAHOBKY KOH(JIIKTY B3a€MOJIIT 00'€KTIB Ta CHHTE3Y ONTUMAIILHOTO
pimenns B mpoctopi Q .
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JocaitskeHHs YMHHUKIB, IKi BIVIMBAIOTHh HA (PYHKIIOHAJILHMII CTAH eJIeMEHTIB
0e3IpOTOBUX CEHCOPHHUX Mepe:K nmepeaadi Janux

B CM icuye momstrs QoS (Quality of Service — sikicte 00cCiyroByBaHHS).
B Ginbmiocti Bunaakie QOS BU3HAYAETHCS YOTHPMA MTapaMeTPaMHU:

* cMyra MpONyCKaHHS KaHaly 3B’SI3KY;

* 3aTPUMKa TIPH Tepeaadi MaKeTiB JaHHX;

* KOJIMBAaHHS 3aTPUMKH TIPH TIepe/jadi MaKeTiB TaHNX;

* BTpaTa MakeTiB JaHUX [IPU Hepeaadi.

Pazom 3 Tum, Ha mapamerpu QOS BIIIMBa€e B3aeMHE po3TalryBaHHA By3JiB CM,
[0 BHU3HAYA€ TOIOJIOTIUHI XapaKTEPUCTHKHA MEpEeXi, 3aJIeKUTh BiJl BIACTHBOCTEH
0e3IpOTOBMX KaHAaJiB 3B’ 513Ky BY3JiB, IOKa3HUKIB SIKOCTI 0OCITYTrOBYBaHHS Tpadiky
Ta 3aBaHTaXCHHs o0uucioBanbHuX cucteM CIY By3miB.

B 3aranprOMY Bumaaky, oociyroByBanHa Tpadiky [1J[ B Mepexi mpoBOIUTHCS
0 MapumipyTaxX, SKi CHHTE3YIOTbCcI 1 oOuparTbes posmoniieroo CIY
MapuIpyTU3amii 3 BAKOPUCTAHHSIM MPOTOKOJIIB MEPEXKEBOTO PiBHS, 110 PEali3yIOTh
MeTol BuObopy mapmipyTiB. MapmpyT I1/] BMimIye meBHY KildbKiCTh TPaH3UTHHX
€JIEMEHTIB MEpEeXi, 110 BKIIFOYAIOTh B ceOe BY3IH 1 3'€HYI0UI X KaHAIH! 3B’ SI3KY, SKi
B CYKYITHOCTI BH3HAYarOTh 3aTPUMKY JOCTaBKH JaHUX BiJ| By3Ja-BiIMpaBHUKA JIO
By3na-oiepkyBaua. Takoxk, Ha KOXHIN 3 AissHOK MapipyTy [1/] moxe BigOyTucs
BTpaTa JIaHMX.

TakuMm 4YMHOM, SIKICTH OOCITYrOBYBaHHsI, SIKYy BH3HA4YalOTh BTPATH i 3aTpUMKa
MaKeTIB JAaHUX, 3aJIC)KHUTh BiJ XapakTepucTUK Mapmpyty [1J], sKUMH € KiTbKiCTb
TpaH3UTHHX BY311iB CM, TOBKHWHH TPAaH3UTHUX AITSTHOK MapIIPYTY, 3aBaHTKEHICTh
KaHaiB 3B’A3Ky MDK TpPaH3UTHUMH By3JIaMH, HasBHICTh pajio3aBaj Ta
3aBaHTaKEHICTh 0OUMCIIOBAILHOTO cepenopuiia CIY By3iiB Mepexi.

VY 3arajpbHOMY BUIAJKY, i XapaKTEPUCTUKH € BUIIAJKOBUMH, OTIKE, HEOOXITHO
BH3HAYUTH iX ommc y GopmanbHiii ¢opmi. Takox ciig Matu Ha yBasi, O SAKICTh
00CITyTOBYBaHHSI 3aJICXKHTH 1 BiJl BIACTUBOCTEH TpadiKy, SK IpoIecy.

Jiist nociipKeHHs XapaKTePUCTHK 3aBaHTKEHHS TpaH3UTHUX By3imiB CM Oyio
MIPOBEJICHO IMITAIlIHAN eKCIIEPUMEHT, Pe3yIbTaTh SKOTO BioOpakeHi Ha puc. 1.

50% / 20000
o 18000 L 3aneMmHicTb HaBaHTaMeHHA
8 40% / 16000 BY3/1a CEHCOPHOT Mepexi
]
g 14000 7
'E _30% /12000 e

W
E i; 10000 \A s (DA KTUUHE
2 3000 zaeaHTameHHA Gydepy
= :‘ | obminy syzna (kbyts)
no20% /6000 C /
I 10%/4000 N e 0,00035 - 0,0367x5 + 1,8956x" -
£ 2000 - 45,549 + 500,01 - 2302,1x +
3 X +15446

0
0 10 20 30 40 50
Yac cnoctepemeHns (ms)

Puc. 1 — 3amexHicTh 3aBaHTaXEHOCTI OOYMCIIOBAILHOI cuctemu By3na CM Bim dacy
nporecy I1]]
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3a pesynpTaTaMH AOCITIHKEHHS OTPUMAHO iAeHTudIKamiiHy Moaens y (opmi
MoJIiHOMIaNBHOT PYHKIIT

0.0003t° —0.0367t° +1.8956t* — 45.549t° +500.01t? — 2302.1t + 15446
Maas = 200000 ’

e 5! — 3aBaHTaKEHHs TpaHzuTHOro By3na CM (%), t— 4ac Bix moyatky mpouecy
TJT (ms).

3aBaHTa)XEHICTh By3Ja TAKOXK BIUIMBA€ HA 4Yac OYIKYBaHHS OOCIYrOBYBaHHS
3anuTiB Ha 1] (puc. 2).

Ilepetnn rpadikiB dYacoBMX 3HAYEHb OUIKYBaHHS OOCIYyroBYyBaHHS 1

3aBaHTKEHOCTI  By3lla  BH3Ha4yae  onTuManbHe  (QyHkumionysanus  CIY
MapmpyTtu3saiiero By3na CM.

140,00 i
YacoBi NOKasHUKM
HKLiOHYBaHHA BY3NiB
120,00 PYHKLIOHY y
100,00 e QY iKY BAHHA
obcnyroByBaHHsA (Mc)
80,00 —
| e 33BAHTAMEHICTb By3/12
i (%)
60,00 /
40,00 /
= 9E+07x% - 8E+07X° + 2E+07x%- 4E+06x3 +
\ 279291x2-9353,6x+ 112,91
20,00
y. y=0,0053x2712
0,00 < - X
0,00 0,05 0,10 0,15 0,20 uac (ms)
Puc. 2 — 3anexHicte uacy O4YiKyBaHHsi OOCIYyroBYBaHHSI BiJI 3aBaHTa)XXEHOCTI

oOuncroBaNIEHOI cucTeMu By3na CM

3a pesyibTaTaMd  JOCHIKCHHS OTPUMaHO ijeHTU(IKALidHI — Mozei
3aBaHTa)KEHOCTI By3J1a 1 ouikyBaHHs 00cinyroByBaHHs B CM.

: =9x107t®* —8x107t° +2x10"t* — 4 x10°t® + 279291t +112,91,

nsaeaumameuocmi

[ . 0 .
TE 1, cammancenoemi ™~ SABAHTAKEHICTL TpaH3utHOro Bysna CM (%), { - wac Bix

OoTpuMaHHs 3anuTy Ha [1]] (ms) .
n;yg_m =0.0053t >,

i .
N 1],.,, — 4AC OUIKYBAHHS 00CITyTOBYBaHHS TPaH3UTHOTO By3i1a CM (ms), t—yac

BiJ oTpuManHs 3anuty Ha [1]] (ms) .
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OnTuManbHe CIIBBITHOIIEHHS, IO BH3HAYAE ONTUMANbHE (YHKIIOHYBaHHS
. . i i
By3na CM, € pIlCHHAM PIBHAHHA 77, conoemi = Maysaa *

Hamani mpw adamizi BTpaT MakeTiB JaHWUX 1 IIBHAKOCTI Iepemadi JTaHHuX
3 BUKOPUCTAHHSAM O€37pOTOBUX TEXHOJIOTIH CIiJ] BpaXOBYBaTU Te, IO MiATPUMKA
MPOTOKOJIIB Mepeiadi JaHUX MOXKe OyTH anapaTHOO, IPOrPaMHOI0 a00 3MillIaHOK0.
[IpoToxonu MpUKIATHOTO 1 MEPEKEBOTO PiBHS MPAKTHYHO 3aBXKIHU i ATPUMYIOTHCS
nporpamuo. Ilporokonum (i3WgHOr0 Ta KaHATLHOTO PIBHIB TICHO IIOB'S3aHi i3
CEPENOBHINEM Tepejavi JaHuX 1 MITPUMYIOTHCS amapaTHO MEpPEKSBUMHU
iHTepdeficaumMu  amanrepamMu  (kaptamu).  MepexeBuil  piBEHb  MOXE
MiATPUMYBATHCSA 5K allapaTHO, TaK 1 MPOTPaMHO.

Pesynbrary iMiTalliiHUX €KCIIEPUMEHTIB MO0 AOCIKCHHS IO 3aTPUMKH i
BTpAaTH MaKeTiB AaHUX MpH Nepenadi 6ezaporoBumu kananamu [1]1 cranmapty IEEE
802.11/a/b/g/n naBeneni Ha puc. 3.

YacToTa nogiii saTpumeM
nakeTie (WenaxicTs 2Mbps)

y =-6E-08x" - 3E-07x" + 4E-05x*
+0,0002x* - 0,0069x2 - 0,015x +0,3019

m—3CTOTE NOLIA 23 TPUMEM
nakeTie (Wwemakicts 512 Kbps)
y =-6E-08x° - 5E-07x° + 4E-05x*
+ 0,0003x% - 0,0063x? - 0,0313x
+0,3328

acToTa NOAiH 3aTPUMKU NaKeTis

nakeTie (Wwemakicts 128 Kbps)
y = -5E-09x° + 9E-08x°
+ 4E-06x" - 5E-05x>
sp  -0,0011x + 0,004 + 0,0853
YacToTa Nogii 2aTprmMEM
nakeTie (Wwemakicts 56 Kbps)
y = -1E-D8x - 9E-08x
5 4 BE-06x" + 5E-05x> - 0,0016x2
-0,0053x +0,1265

4
G
=1

02

BigHocHa saTpumKa nakeTie (%)

,0572% + 0,474
YacroTa noaii sTpaTK nakeTis
(weuaricte 2Mbps)

0,9 % V= sZE-07X5F t—U:};S - 0,0005x* + 0,0057x3 - 0,0232x2 -

0,8 4

0,7 = 1E-07xF - 9E-06x5 + 0,0003x* - 0,004x3 + 0,0366x2 -
\ 0,1210&( +0,5747

Yacrora noaiii sTpaTk nakeTis
[ (wewmaricte 512 Kbps)

\\ ¥ =—8E-08x5+ A‘ll}iGX5 - 4E-05x* - 0,0012x3 + 0,0295x? -
T
|

o 0
[V ]
=
66—

0,2369x + 0,6504

YactoTa nogiii BTpaTH narerie gaHux

0,4
= a3 CcToTa NnoAaii eBTpaTK NakeTiB
0,3 1 (wewnaricte 128 Kbps)
y=-3E-07xF =+ 2E70£X5 - 0,0005x* + 0,0046x* - 0,0007x? -
0.2 jro,zostlx +0,7716
YacroTa noaii BTpatv nakeTis
0,1 — 1 P

= (weuakicte 56 Kbps)
o i X
1‘0 5 (6] 25
-0,1

KinbkicTe nigpag sTpaueHUX NakeTis gaHux

0)

Puc. 3 — Pe3ynbratu 1oCiipKeHHS 1OJIiH 3aTPUMKH 1 BTPATH MAKETiB JaHUX
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Otpumani igeHTr(iKamiiiHi MOJAETI TO3BOJIAIOTH 3a0e3MedyBaTH yNPaBIiHHS
SKiCTIO 00CITyrOBYBaHHS MPY MiHiMi3awii BTpaT MaKeTiB NIJISIXOM 3MiHHU IIBUAKOCTI
nepeaayi JaHux mnpu iHpopManiiinoMmy oOmini By3niB CM.

BucHoBku

Cepsic-opiearoBani CM € pO3NOAUICHUMH CaMOOPTaHI30BaHUMH MEpeKaMHu
30mMpaHHs 1 mepeaadi JaHuX A0 MMeBHOTO XocTa abo 10 30BHINIHBOI MEpexki depes
1HIII CEHCOpW 3 BUKOPUCTAaHHIM OE€3pOTOBOrO KaHalmy Mepeaayi naHux. Taki
Mepexi, SIK TMpaBHJO, MAalOTh PaJiyCH B3a€MOAIl 3 By3JIaMH, MO0 MOXYTb
MIEPEeBUIYBaTH TPAHUYHO TpUITycTHMi. B Takomy pasi BuOGip Tomomorii CM mae
Oe3mocepeHiil BIUIMB Ha BHOIp MPOTOKONIB, TapaMeTpiB KaHAJiB B3a€MOJIIOUNX
By31iB Ta mapupyt [1/I. Came tomy nocnimkenus moaeneii CM BT i metonis
IHTEeNIeKTyallbHOTO yTpaBliHHS Mapmpyrtusamiero [IJ] 3a ymoB 3abe3meueHHS
rapaHTO3/1aTHOCTI MEPEX € aKTyaJbHUM HayKOBUM 3aBIAHHSIM.

Cyuacui CIY camoopranizoBanuMu rapantozgatHumu CM i mpouiecamu, 1o
00yMOBIIeHi iX (GYHKI[IOHYBaHHSIM, CTPYKTYPHO Ta (YHKIIOHAIBEHO € CKIIQJTHUMH i
GaraToMipHUMH. [X IparMaTHYHA CyTHICTH 00YMOBIIOETHCS MEPII 32 BCE HASBHICTIO
B3a€MO3B'A3KiB, TpaBWJI Ta BiJHONIEHb, $SK MDK BJIAacCHE BHYTPIIIHIMH
KOMITOHCHTaMH, TaK 1 3 KOMIIOHEHTaMH 30BHIIIIHBOTO cepeoBuIla. B3aeMo3B’a3ku
MDK KOMITOHEHTaMH OIHCYIOTBCS, SIK TPABWIIO, MOJEISAMH, SKi BigoOpaKaroTh
cnenudiky B3aeMOIl IIMX KOMIIOHEHT, €JICMEHTIB Ta MiJACHCTEM i3 30BHIIIHIM i
BHYTPIIIHIM CEPEZOBUILEM B YMOBaX HEBU3HAUEHOCTEHU, NOBIIFHIX OOMEXEHb Ta
koH(pmikTy. [Ipm 1BOMYy HEBH3HA4YE€HOCTI OOYMOBIIEHI HEOIHO3HAYHICTIO,
HEMOBHOTOK a00 BIJACYTHICTIO JaHMUX TIPO BEKTOpP CTaHy 1 HapamMeTpu
¢ysknionyBanHs ClY; HEKOHTPOJIBLOBaHUMH 3aBajiaMU BHMIPIOBAHHS 3HAUCHHS
napameTpiB; 30BHIIIHIMU Ta BHYTPIIIHIMHU 30ypEHHIMU; BIACTUBOCTSIMH IIPOCTOPY
icHyBaHHs CM; HasBHICTIO 00 €KTiB, sIKi 3HaxXonmsAThcs B craHi KoHikTy. Ilix
KOHQIIIKTOM B IBOMY CEHCI pO3YMIIOTh SIBUIIE B3AEMOJIi IO-pi3HOMY
mijecnpssMoBaHuX CTOpiH — 00'ekTiB TexHiuHux cuctem (TC), sxi abo MaroTh
CKJIaJHUH OIHUC, IO HE MOXKE OyTH BHKOPUCTAaHMUM IPAKTHYHO, abO B3araii He
MOXXYTh OyTH TTOBHOIO MipOIO OIMMCAHUMHU SIK JOPMAIILHO, TaK i BepOaIbHO.

[IpobnemaM nOCIHiPKEHHST BIACTHBOCTEH Ta XapaKTEPUCTHK, IO BITMBAIOTH HA
nporieck (hYHKI[IOHYBaHHS 1 ynpaBIiHHS cydyacHUMH Mepexamu [1]], mpucBsiueni
po0OTH BITYM3HSHHX Ta 3aKOPJOHHUX BYeHHMX, Takux sk [I. beprcekac [20],
JL.H. Bepkman [21], B.C. l'onpamreiin [22], A.E. Kyuepsisuii [23] Ta inmmx. 3a ix
BHCHOBKAMHU BCTaHOBJICHO, WIO TIpollecH (DYyHKIIOHYBaHHS TapaHTO3JaTHUX
camoopranizytounx CM BT mnorpeOyrots ctBopeHHs HOBiTHIX CIY Ha OCHOBI
JVICKPETHUX MOJIeNiel Ta METOJIB BHUPINICHHS 3ajad BHOOPY 3 BUKOPHUCTAHHSM
METO/IiB JUHAMIYHOI JUCKPETHOT ONTHMI3allii.

B nmpomy ceHci ocoOnmBHii iHTEpeC Ma€ JOCTIKEHHS MPOLECIB i ABUILEHHS
epexTHBHOCTI ynpaBmiHHS Mapmpytuzamiero [IJI B CM BT 3a paxyHok
BukopuctanHs CIY B ymoBax 3a0e3ledeHHs] rapaHTO3JaTHOCTI MPH HASBHOCTI
oOMeXeHb 1 HEBHM3HAUYEHOCTeH. 3a pe3yibTaTaMH aHallizy Ta Yy3arajlbHEHHS
3araJlbHOHAYKOBUX 1 METOJIOJIOTIYHHX 3acaj 100 ICHYHUUX MiJAXOJIB 1 METOMAIB
YIpaBIiHHSA MapIIpyTH3AIMMiel0 00'€KTaMu-TIporiecaMu B PoOOTi, IO-TIepiIIie,
MPOBEACHO  OOTPYHTYBaHHS  Ta  JOCHIIPKEHO  TPOOIEeMH  YIpaBIiHHS
MapuipyTu3anieto BiacHe y cepBic-opienToBanux CM BT 3a ymoB koHQUIIKTY
B3aeMOJii iX By3JiB, MO-Apyre, 3alpOIOHOBAHO MAaTeMaTHUYHY MOJETb
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¢yakmionyBanast CM BT B ymoBax oOMexeHb | HEBU3HAUEHOCTEW, MO-TPETE,
JOCHiKeH1 mpouecH (YHKLUIOHYBaHHS OOYMCIIOBAJIbHUX CHCTEM BY3JIIB MEpEx
nepeaayi TaHuXx.

[Ipu nocnimkenHi meroiB ynpasmiaag MapupyTu3arniero [1/] 8 CM BT 3a ymos
HEBM3HAYCHOCTEH 1 OOMEXEHb 3allpOMOHOBAHO 3aCTOCOBYBATH METOOJIOTII0
CHCTEMHO-CTPYKTYPHOTO aHaji3y TpOLECIB B3a€MOAIl KOH(IIKTYIOUMX BY3IiB
Mepexi, SIK JOCIIHKSHHS SBUIIA B IIJIOMY.

CIY mapmpytuzamiero [1/] po3rissHyTO B SKOCTI PO3MOAINIEHOI CHCTEMH, IO
CKJIQJIA€THCS 3 MICTPYKTYP, 5Ki, y CBOIO YEPTry, CKIIAIat0ThCS 3 JICMEHTIB 1 B TKOCTI
MiJICUCTEM BXOJSATh B CUCTEMH OLIBIIT BUCOKOTO PiBHSL.

Pesynprat mpoBeAeHUX MOCIIIHKEHb JO3BOIWIA OTpUMATH (POpMabHi OIMMCH
3aJIC)KHOCTI 3aBaHTAXEHOCTI O0YMCIIOBAIIbHOT cucteMu By3na CM Bim dyacy
npouecy IIJ], wacy odiKyBaHHs, 4Yacy OOCIYrOBYBaHHS BiJ 3aBaHTaKCHOCTI
009HCITIOBaIbHOI cucTemu By3na CM, BU3HAUXTH KiJTbKiCHI TTOKa3HUKU 3aTPUMKH 1
BTpaTH MAKEeTiB JAHUX B 3aJIEXKHOCTI Bi peskuMiB GyHKITioHyBaHHSI CM.
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ANALYSIS OF TERMINOLOGICAL DEFINITIONS OF NATURAL
PHENOMENA ASSOCIATED WITH RISING WATER LEVELS
IN WATERCOURSES AND FLOODING

Abstract. To define natural phenomena associated with an increase in flow rates
and water levels in watercourses and flooding of settlements and territories outside
the coastline, there are a significant number of terms in the Ukrainian language,
some of which are perceived as synonyms. The use of all these terms in information
materials and reports of natural phenomena associated with the problem of
intensive increase in costs and water levels in watercourses, or the problem of "high
water"”, of course, makes some sense. However, when solving the problem of "high
water", which is to develop and implement the concept of protection against the
harmful effects of water, researchers and engineers face some difficulties in using a
large number of terms to define "high water”. This article attempts to establish,
among the total number of terms defining natural phenomena associated with the
problem of "high water"”, one dominant term suitable for universal use in solving
the problem of "high water". According to the results of logical and terminological
analysis, the term "flood" is dominant among many terms of determining natural
phenomena related to the problem of "high water"”, which should be used as a
universal when developing and implementing the concept of solving the problem of
"high water". The article presents and proposes for consideration by experts and
stakeholders a new definition of floods occurring in a channel watercourse (river),
as well as a broader definition of floods that can occur in both channel and non-
channel watercourses. The article presents and proposes for the consideration of
specialists and interested parties a new definition of flood in a channel watercourse
(river), and also proposes a broader definition of a flood, both in a channel and off-
channel watercourse.

Keywords: watercourse; spontaneous manifestation; flood; flooding of territories;

protection from floods
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O.B. lerpouenko?l, B.I. [Terpouenko?

! TucrutyT iHHOBaMiiiHOT ocBiTH KHiBCHKOTO HAIiOHAIBLHOTO YHiBEPCHTETY OyAiBHMIITBA i
apxitekTypu, M. Kuis, Ykpaina
2 TuctuTyT BoaHMX NpobieM i Memiopauii HAAH Vkpainu, m. Kuis, Ykpaina

AHAJII3 TEPMIHOJIOTTYHUX BU3SHAYEHb CTUXIMHUX SIBUIII,
OB’ SI3AHUX 3 NIABAUIEHHSAM PIBHSI BOAN Y BOJOTOKAX
TA 3ATOIIVIEHHAM TEPUTOPIU

Anomauyin. /[ns susHaueHHs CMUXIHUX A6ULY, NO8 SI3AHUX I3 30LIbULEHHAM GUMPAm
i pienig 600U Yy 8000MOKAX MA 3AMONNEHHAM HACENeHUX NYHKMI6 i mepumopit,
8 YKpAiHCOKill MOGI ICHYE 3HAYHA KINLKICMb MEPMIHIG, 0K 3 IKUX CHPULMAIOMbCS
5K CUHOHIMU. Buxopucmanmsi ycix yux mepminis 6 iHgpopmayiiHux mamepiaiax ma
NOBIOOMIICHHAX NPO CMUXIUHI A6UWd, NOG S3aHI 3 NPobIeMOI0 [HMEHCUBHO20
301nbUIeH S BUMpam i pieHie 600U y 6000MoOKax, abo 3 NPoOIEMOI0 «BUCOKOI 800U,
be3ymosHo, mae nesruii cerc. OOHAK nio uac upiulenHs npodaIemMu «BUCOKOL 800Uy,
sAKe nojsieae 8 po3pooOyi ma npo8aAONCeHHI KoHyenyii 3axucmy 6i0 HACHiOKie
«BUCOKOT 800U», OOCTIOHUKY MA THHCEHEPU CIMUKAIOMbCA 3 NeGHUMU MPYOHOWAMU
BUKOPUCMAHHS 8EIUKOT KITbKOCMI MEPMIHI6 BUSHAYEHHS «8UCOKOT 800u». B Oamill
cmammi 3pobneHa cnpoba 8cmaHosumu ceped Yciei KinbKocmi mepmiHis, ujo
BUZHAYAIOMb CMUXIUHI S6UWA, NO08 S3aHI 3 NPoOIEeMOI0 «8UCOKOI 600u", 00uH
OOMIHYIOUULL MEPMIH, NPpUOamHuLl Ol YHIBEPCATbHO20 BUKOPUCTNAHMA IO Yac
BUpienHs npobiemu «8UCOKOi 600u». 3a pe3yibmamamu J102iYHO2O0 mMa
MEPMIHONOCIUHO20 AHANI3Y 6CMAHOGIEHO, WO ceped 0azamvox MmepMinie
BUBHAYEHHA CMUXIUHUX sA68UW, NO8 A3AHUX 3 NPOOIEMOI0 «BUCOKOI 800U,
OOMIHYIOUUM € MEePMiH «NAB000K», AKUU OOYIIbHO BUKOPUCMOBY8AMU SIK
VHIGEpCANbHULL NIO0 uYac po3poOKU MA GNPOBAONCEHHS KOHYenyii 3axucmy 6io
WIKIONUB0I Oii «8UCOKOT 800U». B cmammi HagedeHo ma 3anponoH08aHO HA PO32s0
Qaxisyie ma 3ayixasnenux ocib Hoge GU3HAYEHHS NABOOKY Y PYCI08OMY 800OMOKY
(piuyi). 3anpononosano HOGI mepmiHU: «HEPYCIO8UL 800OMOKY» [ «HEPYCA08Ull
nasoo0ok». 3anponoHo8aHO y3azdlbHeHe SUSHAYEHHA NAB0OKY Y pPYCl08OMY Mmd
Hepyci080My 6000MOKY.

Kniouogi cnoea: sodomix, npobrema «8UCOKOI 800U»; NABOOOK; 3AMONIEHHS
mepumopiti

DOI: https://doi.org/10.32347/2411-4049.2021.4.139-148

Beryn

KutrenisnapHICT JNIOOUHM TICHO IIOB’S3aHA 3 BOAHUMH pecypcamu. Boma €
BaXXITUBUM €JIEMEHTOM 0arathoxX (hi3i0JIOTIYHUX MPOLECIB KUBUX OPraHi3MiB Ta iX
HAWOIBIIMM CTPYKTYPHUM KOMIIOHEHTOM, SIKWH craHoBHTH 75-90% Macu
oprafi3miB. Y cdepi BUPOOHHMITBA i TOCHOJAAPCHKOI MisIIBHOCTI Ba)KKO 3HAWTH
TEXHOJIOTIYHUH Mpol1iec, B AKOMY O He BUKOPUCTOBYBajiachk Boja. IIpore Boza, 110 €
OCHOBHHUM JIXKEPEIIOM XHTTS Ha 3eMJIi, 32 IEBHUX 00CTAaBUH CTBOPIOE IS JTFOJICTBA
cepiiozHy 3arposy. Cepen iHIIMX CTUXIHHMX JTUX Ha 3eMili Tepiie Micle 3a
KUTBKICTIO JIFOJCBKHX JKE€PTB Ta PO3MIPOM EKOHOMIYHHMX 1 €KOJIOTiuHHMX 30MTKiB
3aiiMaroTh TiAPOJIOTIYHI JINXa, CIPHYNHEHI IHTEHCHBHUM 30UIBIICHHSAM BHUTPAT 1
PIBHIB BOJH B BOJIOTOKAX Ta MOJATBIIINM BUXOIOM BOJIH 3a OSPETOBY JIHIIO. Y TaKUX
BUIIAIKaX TOBOPSTH MPO MABOKH, IIOBEHI, BOAOIIILIS, IIOBOII, TTOBI .
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be3ymMoBHO, 10 BUKOPHCTAaHHA BCHOTO MEPENiKy BKa3aHWX HAa3B CTUXIHHHX
SIBUIII, [TOB’I3aHUX 3 IPOOJIEMOIO IHTEHCUBHOTO 30UIBIIICHHS BUTPAT 1 PiBHIB BOJIU
B BOJOTOKax Ta 3aTOIUICHHSAM TEPUTOPii, abo 3 MPOoOJIEMOI «BUCOKOI BOIM»
(«high water», anrm.), mae meBHHWI ceHC B iH(MOpMAamifHMX MaTrepiamax Ta
noBigomiieHHAX. OmHAK AOCTIAHWKW Ta iHXXEHEpPH, BUPINIYIOUYHM CBOIO OCHOBHY
3a/1auy, sKa TOJsArae y po3poOlli Ta BIPOBAKECHHI KOHICMII 3aXHCTy BiJ
MKIITHBOI  Mii BOAM, CTHUKAIOTBCA 3 TMEBHHMH TPYIHOIIAMH CIUIBHOTO
BHKOPWCTaHHS HaBITh JBOX TaKMX OCHOBHHX TEPMIiHIB, SIK «IIABOJIOK» 1 KITOBIHBY.

[laBogku Ta TIOBEHI YACTO OTOTOXHIOKTH 1 BUKOPUCTOBYIOTH 1X B
JOCTIKEHHSIX SIK CHHOHIMH, CIIPUMMAalO4M TaBOAKH 1 MOBEHI SK pi3HI Ha3BU
OJTHOTO ¥ TOTO K cTuXiitHOTO siBHma [1]. Take 0TOTOKHEHHS Ma€ TIEBHI MiCTaBH.
Tak, mig yac po3poOKHM 3aXOAiB 3aXUCTy BiJl IIKIAJIHUBOI Aii BOAM HE MOXKHA
BCTAHOBUTH PI3HHIIO MK 3aX0JaMHU MPOTUIIABOJAKOBUMH 1 MPOTUIIOBEHEBUMHU,
OCKITBKH IIi 3aX0JH OJHAKOBI 3a iX (QyHKIIOHAJIHLHUM Mpu3HaueHHsSM. He MoxHa
TAKOX BCTAHOBUTH PI3HHUIIO MK TMPOTHUIIABOJKOBOIO 1 IMPOTHUIIOBEHEBOIO
CIIOPYIOIO TiJbKHU 32 il Ha3BOKO, HANPHUKJIIAJ, BOJJOCXOBHIIEM, SKE MPU3HAYCHE JIJIs
TAUMYacOBOTO 3aTPUMaHHA Ta aKyMYJIOBaHHS BOIH, IO MOXE 3amo0irtu
3aTOIJICHHIO TEPUTOPIi.

3BaKMBILK Ha T€, 110 0Aa30BUM CTPYKTYPHUM €JIEMEHTOM YJOCKOHAJICHHS Ta
CTaHAapTH3allii TEeBHOI ramy3i € TEepMIHOJIOTIS, a TepMiH — 1e cJIoBO abo
CJIOBOCTIONTYKa 3i CIEI[iallbHUM 3HAYeHHSM, M0 BHpaxkae il Gopmye crenndivHe
MOHSITTS, SIKE 3aCTOCOBYIOTh Y IIPOIIECi ITi3HAHHS Ta 3aCBOEHHS HAYKOBUX 1 (PI3UIHUX
00’€KTiB, a TAKOX BiHOILICHb Mi>K HUMH, B JIaHii cTaTTi 3po0IieHa cripoda BUKOHATH
aHalli3 TEepMiHIB, M0 BU3HAYAIOTh CTHXiWHI sBWINA, TIOB’S3aHI 3 IHTEHCHUBHHUM
30iNBIIIEHHSIM BUTPAT 1 PIBHIB BOJW B BOJOTOKAaX, T4 BCTAHOBUTH CEPEN HHUX
JOMIHYIOUHMH TEpMiH, TPUIATHHN JUIsS YHIBEPCAJIHHOTO BHKOPHCTAHHS IIij Yac
BUPIIIEHHS IPOOJIEMH «BHUCOKOI BOJTUY.

Mera pociilikeHHS — BHKOHATH aHAlli3 iCHYIOUMX TEPMIiHIB BHU3HAYCHHS
CTUXIMHUX SBHUII IHTEHCHMBHOI'O 30UIBIICHHS BUTPAT 1 PIBHIB BOJU B BOJOTOKAX,
BCTAHOBUTU CEpeJl HHMX JOMIHYIOYMI TEpPMIH Ta 3allpONOHYyBaTH HOro s
YHIBEpPCATBbHOTO BUKOPUCTAHHS IIiJl YaC PO3POOKH Ta BIIPOBAIKCHHS KOHIICTIIii
3aXUCTY BiJ] IIKiJUTHBOI il BOAM.

Merton aociizKeHHs — JIOTIYHUI Ta TEPMiHOJIOTIYHHN aHAaTi3.
Buxnaan pe3yabTaTiB J0CTiTKEeHHSA

AHati3 TepMiHiB, 110 BUKOPUCTOBYIOTh B Pi3HUX MOBaX JJIsl BU3HAYEHHS CTUXIHHUX
SIBHIII, TIOB’I3aHUX 3 «BHCOKOKO BOJIOIO», TIOKA3YE, 110 HAHOIIBIINY KUIbKICTh TAKHX
TEPMIHIB 3aCTOCOBYIOTh B YKpaiHChKii MOBi (Tabm. 1). YkpalHOMOBHI TepMiHH
(«moBigb» 1 «HOBiAA») B 0araThoX iHIIMX MOBaX HE BUKOPHUCTOBYIOTb.

Pazom 3 TUM TiBKM B yKpaiHCBKiH 1 pOCIHCBKi MOBaX iCHYIOTH JBa Di3HI 3a
BU3HAYEHHIM TEPMiHHU, sIKi B THIIUX MOBax He pO3pi3HSIOTH. B ykpaiHChKili MOBI —
IIe «IMaBOJOK» 1 «IOBiHBY», & B POCIHCHKINA — 1€ «MABOJOK» 1 «HABOMHEHUE». Jls
BCTAHOBJICHHS Pi3HULI MDX MaBOJAKOM 1 MOBIHHIO MPOAaHANi3yeEMO iX BU3HAUYEHHS
B o(iMHIX JOKYMEHTAaX 1 CIOBHUKAX, a TAKOXK B IHIUX JKEpEIIax.
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Tabmunsg 1 — Tepmian, 0 BHKOPUCTOBYIOTh y PI3HMX MOBax Jisi BH3HAUYCHHS
CTUXIWHUX SIBUII], ITOB’sI3aHUX 3 «BHCOKOIO BOJI0KO» («high water»)
Moga yKpaiHChKa | aHIJilchKa | pociiicbka OiIOpychbKa | MOJIBChKa
MIABOJIOK flood MIABOJIOK MaBOJIKA powodz
MOBiHb flood HABOJIHCHHC | TIABOJKA powodz
Hassa - - - - -
o HOBIJIb
CTHXIHIHOTO TOBIIs * * TOBE/I351 owodz
ABMINA A0 a0\ p
. . teren
sogomiuist | floodplain | momoBoase | pasBommse
zalewowy

*He MepeKIIagaeThCs

T'OCT 19179-73 I'igponoris cymri. Tepminu Ta BU3Ha4YeHHs [2].

69. I'igpoJsioriunuii pik — piyHUHN iIHTEpBa, IKUH BKIIOYAE TIEPi0]] HAKOTTUYCHHS
1 Iepio/1 BUTpadaHHs BOJIOTH B PIYKOBOMY OaceliHi.

70. TinpoJioriuynmii ce30H — 9acTUHA T1POJIOTITHOTO POKY, Y MEKaX SIKOT pexKIM
pIUKH XapaKTepU3yeThCsl 3aralbHUMH pucaMy Horo (GopMyBaHHS Ta MpPOSBaMH,
3YMOBIICHUMH CE30HHUMH 3MiHAMH KIIIMaTYy.

71. ®a3a BOAHOTO pe:KUMY PidKH — XapaKTEPHUI CTaH BOJHOTO PEXUMY PiUKH,
1110 TIOBTOPIOETHCS Y NeHI 2I0pOa02IuHT Ce30HU Y 3B'SI3KY 13 3MIHOIO YMOB JKUBJICHHSL.

72. Bopomisnis — paza BOJHOTO PEKUMY PidKH, IIOPIYHO MTOBTOPIOBAHA B JAHUX
KIIIMaTHIHUX YMOBAX 68 0OUH i MOU e Ce30H, MO XapaKTePU3y€eThCs HAlOITBIIIO0
BOJHICTIO, BHCOKUM 1 TpWUB&JIMM IiJHOMOM pIiBHS BOJIM, IO BHKJIUKAETHCS
CHITOTaHEHHSM a00 CIUILHUM TaHEHHSM CHITY 1 JIbOJOBHUKIB.

73. MaBomok — ¢a3a BOAHOTO pEXKHMY pIUKH, SKa MOXe OaraTtopa3oBo
TIOBTOPIOBATHCS 8 Di3HIi Ce30HU POKY, XapaKTEPU3YETHCS IHTCHCHBHUM 3a3BHYail
KOPOTKOYAaCHUM 301JILIICHHSIM BUTPAT 1 PiBHIB BOJM 1 BUKJIMKAETHCS JOMaMu abo
CHITOTAHEHHSM IIiJ Yac BIJJINT.

77. IloBiHb — 3aTOIJICHHS TEPUTOPIi BOJIOIO, IO € CTUXIHHUM JIXOM.

3ayBakeHHs J10 BU3HAUYEHb TEPMiHIB, HABEJICHUX Y JKepeli [2].

[TaBomok He € (ha3010 BOJHOTO PEKHUMY PIYKH, OCKIJIBKH BiH 3a 1.73 [2] Moxe
0araTopa3oBO MOBTOPIOBATHCS @ pi3Hi Ce30HU POKY, a OTXKE, B PI3HI TiIPOIIOTIUHI
ce3onu. [Ipote 3rigHo 3 m.71 [2] }a3or0 BOJHOTO peXUMy PIUKH € CTaH BOJHOTO
PEXUMY PIYKH, IO IOBTOPIOETHCS ) NEGHI 2I0POL02IUHT Ce30HU.

Skumo mpoaHadi3yBaTH Ha3BM 3aralbHONPUUHATHX B TiApojorii ¢a3 BoAHOTO
PEXUMY PIUKH: JIOJIOX1/I, BECHSHE BOJOMLULIA, JITHIH MEXEHb, OCIHHE BOMOMLLIA,
JIHOJIOCTAB, 3MMOBHI MEXKEHb, TO HEBaXKKO BCTAHOBUTH, IO TOJIOBHOIO 1H(OpMAITI€TO,
3aKJIaJICHOI0 B 1[I HAa3BH, € CE30H POKY, B SIKOMY CIIOCTEPIra€ThCs BOJHUHA PEXUM
piuKy, a He XapaKTEepHi 03HAKU LILOTO PEXKUMY, YOTO HE MOXKHA CKa3aTH PO MaBOJIOK.

JACTY 3517-97 T'inposnoris cymri. TepMiHU Ta BU3HAYCHHS! OCHOBHUX TOHSTS [3].

6.33 Bogomiyiist; nogGins

dasza BOIHOIO pEXHMYy pIUKM B TMEpioA BECHSHOTO CHIFOTAHEHHS, IO
XapaKTepPU3YETHCS BUCOKOIO BOJIHICTIO.

6.34 naBoaoK

daza BOJHOTO PEeXUMY PIiuKH, II0 MOXe 0araropa3zoBO MOBTOPIOBATHCS B Pi3HI
CE30HU POKY, XapaKTepU3y€EThCS IHTEHCUBHUM 301JIBIICHHSIM BUTPAT 1 PiBHIB BOAU
BHACJIIZIOK JOILIB YX CHIFTOTAHEHHS I1iJ] Yac BIIJINT.

6.41 noBinn

3aTomeH sl TEPUTOPii BOAOIO, IO YACTO CTAE CTUXIHHUM JTUXOM.
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3ayBakeHH$ /10 BU3HAUYCHb TEPMiHiB, HABeIeHNX y Jhkepeni [3].

Busnauenns maBojky 3a 11.6.34 [3] cmiBmajae 3 oro Bu3HaueHHsM 3a .73 [2].

Busnauenns nosomi 3a m.6.41 [3] 1iJkoM CHiBHagae 3 BUSHAYCHHSIM MOBEHI 3a
.77 [2].

3a 1.6.33 [3] a1t BOAOmiLIA i MOBEHI HABEAEHO CIIIbHE BU3HAYCHHS, 3a SIKUM
BOJOMUUISA 1 TIOBiHb BU3HAHO SIK OJJHAKOBE CTHXIiiHE SBHUIIE, IO € MOMUIKOBUM,
OCKLUITBKH TIOBIHB (3aTOIIEHHS TEPUTOPIi BOJO0), HA BIAMIHY BiJl BOJOMILIIISA, MOXKE
OyTH y pi3Hi CE30HU POKY, & OTXKe, MOBIHb HE MO OyTH (ha3010 BOAHOTO PEXUMY
piukn. Kpim Toro, 3a m. 6.33 [3] o3Haku Bomomiuist € OiIbIl OOMEKEHHMH,
MOPIBHSHO 3 03HAKaMU BOJOMILIA 3a 1.72 [2], ockinbku 3a 1. 6.33 [3] BpaxoBaHo
TUTBKH TIEpiOA BECHSHOTO CHITOTAaHEHHS. AJle BiIOMO, IO, KPiM BECHSIHOTO
BOJOIIIIIA, € IHIII CE30HHI BOAOMUIISA — BOAOIUIISA B CE30H OCIHHIX IOIIB abo
BOJIOMIJIISA B CE30H MYCOHHHMX JIOIIIIB.

Takum gwmHOM, B oQimiifiHNX mokymeHTax [2] i [3] TaBOMOK ITOMIIKOBO
BH3HAYEHO K (ha3y BOIHOTO PEXHUMY PIUKH, a B TOKYMEHTI [3] 3po0iieHo 1me onHy
MOMMUJIKY — TOBiHb TAKOX BU3HAYEHO ()a30l0 BOJHOTO pEKUMY pidukH. [ToMuiIkoBi
BH3HAYCHHSI MTABOJIKY 1 ITOBeHi B JokyMeHTax [2] i [3] Oynu BimoOpaskeHi B OaraThox
HACTYIMHHX jpKepenax [4-6]. Tak, y TipoeKoNorivHOMY CIOBHHKY [6] HaBeICHO
BHU3HAYEHHS MABOJKY, SIKE I[LIKOM CITIBIAJA€ 3 HOro BU3HAYEHHSIM 3a 1. 6.34 [3].
[loBiHb HaBe/ieHA 3a TAKOIO PEAAKIIIETO.

IloBiHb — OpiuHO MOBTOPIOBaHA (ha3a BOJHOTO PEXKHUMY, SIKA XapPaKTEPU3Y€ETHCS
HaHOUIBIIO KUIBKICTIO BOJU B Pidlli Ta MAKCUMAIBHUMU PIBHSAMHU, 1[0 YaCTO CTAE
CTUXIHHUM JIUXOM.

Mu BBaxaeMo, IO Cepel IHIIMX JITePaTypHHUX JDKepel HaWOLIbIl TO4YHe
BU3HAYEHHS TaBOAKY 1 IIOBEHI HABEAEHO Yy TiAPOJIOTIYHOMY CIIOBHHUKY
O.1. YebGoraprona [7].

IMaBogok — MBUAKWIA, MOPIBHSHO KOPOTKOYACHUH MiAHOM PiBHS BOAH B Oy/ib-
sIKOMY (hiKCOBaHOMY CTBOPI PiUKH, M0 3aBEPIITYETHCS Malike HACTIIIHKY K IIBHIKAM
CIaJIOM 1, Ha BIJIMiIHY BiJl BOJOILILIS, BAHUKAE HEPETYIISIPHO.

IMoBiHb — 3aTOIJICHHS BOJIOIO MICIICBOCTI B ME)KaX PIYKOBOI JIOJIMHH 1 HACETICHUX
MYHKTIB, PO3TAILIOBAaHUX BHUILIE 3aIUIABH, 110 MIOPIYHO 3aTOILTIOETHCS.

3ayBaxkeHHs J10 BU3HAUYEHb TEPMiHiB, HABEICHUX Y JxKepeli [7].

[TaBo0K HE MOYKHA MTOPIBHIOBATH 3 BoAOMLIAM. [TaBOIOK — 11€ «I1iiioM Ta criaj
piBHS BoIu», a OTXKe, 1€ Mpolec, a He (aza GpopMyBaHHS BOTHOTO PEKUMY PIiUKH,
HE3aJISKHO BiJ] TOT0, TPUBAINH LIeH polec Yi KOpoTKouacHUH. Bomomisuis — ce30H
POKY, B sIKOMY BiZIOyBa€eThcs Tporiec GopMyBaHHS BOJHOTO PEXKUMY PIYKH, TOOTO
CE30H, B SKOMY IIOPIYHO BiJ0yBaeThcs MaBOJOK. [Ipy 1[bOMY TMOBiIHb Y BUTJISII
3aTOIJICHHS TEPUTOPIT € KyJIbMiHALIIHOIO CTa/li€I0 MTaBOJIKY.

TakuM 4rHOM, TTABOJIOK CJIiJ| BU3HATH SIK Tpoiiec (JOPMYBaHHS BOJHOTO PEKUMY
PIUKy, SIKUI XapaKTepH3y€eThCs 301TBIICHHSIM BUTPAT 1 PiBHIB BOJM B Pidlli, & MOBIiHb —
SIK CTaJIiI0 IABOJIKY, Ha SAKif 10CATAEThCSl HAWBUIIMI PiBEHb BOAM B Pitlli Ta MPUIIETIINX
10 piuku Teputopisx. Lle mae mifcraBy BBaKaTH TEPMIH «IIABOJOK» JOMIHYIOUYAM
TEPMIHOM BH3HAUCHHS CTUXIHHUX SIBHIIL, [TOB’SI3aHUX 3 «BUCOKOIO BOJIOIOY.

Hnst pyciaoBuX BOJOTOKIB (PidOK) HAaMHM 3alpolOHOBAHO TaKe BHU3HAYEHHS
BOJIOIIJIIISA, TTABOJIKY 1 MOBEHI.

Boponisuist — 3rimHo 3 BU3HAYEHHIM 3a 11.72 [2].

IMaBogok — CTUXiHHUI AWMHAMIYHHE Tporec (HOPMYyBaHHS BOJHOTO PEKUMY
piUKH, IO MICTHTB: CTaJil0 3pOCTaHHS BUTPATH 1 PiBHSA BOAW B pidlli BHACTIIOK
CHITOTAaHECHHS YM iHTEHCUBHHUX JIOIIIB; CTAIII0 JTOCATHCHHS HAHOUIBIINX BHTPAT Ta
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PiBHIB BOJIM B PidIli, IO YaCTO CYIIPOBOIKY€ETHCS 3aTOIUICHHSAM HACETICHHUX ITyHKTIiB
Ta TEPUTOPIi B AOJIMHAX PIUKH; CTAMil0 CMaay BUTPATH Ta PiBHS BOJAM B Piuli, 110
MOKE CyMPOBOIXKYBATHCh 3CyBaMU IPYHTY Ha MPWJIETIIMX 10 PIUKU TEPUTOPISX.

IloBiHb — cTamis MaBOAKY, Ha SIKif JOCSATAIOTHCS HAWOLIBIN BUTpATH Ta PiBHI
BOAM B DIidIli, IO YaCTO CYNMPOBODKYETHCA 3aTOIUICHHSIM HAaCelleHMX IYHKTIB Ta
TEPUTOPiH B AOIWHAX PIUKH.

IloBinb — cMHOHIM HOBEHI.

TakyuM 9MHOM, BCTAHOBJICHO, III0 TEPMiH «IIaBOJOK» € JOMIHYIOUNM Cepe/l 1HIIHX
TEPMiHiB BU3HAYCHHS CTUXIHHHX SIBUII, OB’ A3aHUX 3 IPOOJIEMOIO «BUCOKOT BOJHY.
Leit TepMmMiH BHKOpUCTOBYBaBCs SIK YyHiBepcadbHHi B pobortax [8, 9], ne
PO3TISAATUCH MUTAHHS 3aXUCTY BiJ MIKiATUBOI 111 BOIM Ta MUTAHHS IHTETPOBAHOTO
YIpaBIiHHS BOAHUMH PECYPCaMH.

JocnipkeHHsT KOXKHOTO TAaBOAKY JOIUIBHO BHUKOHYBAaTH 3a HOro TphoMa
cragismu. [lpu oMy IpeaMeToM OCTIKEHb € TiIPOJIOTiYHI NapaMeTpH NaBOAKY
Ta MOKa3HUKH HacliakiB. OCHOBHUMH TiJpOJIOTIYHHUMHU IapaMeTpaMH IMAaBOIKY €
BUTpaTa BOAM Ta BHCOTa ii migiiomy B pycii piuku. Hacmigku mpoxopkeHHS
[IABOJKIB MOIISIOTH HAa BTPATH, SIKI BU3HAYAIOTh Y (Di3MYHUX MOKA3HUKAX, 1 30UTKH,
SIKi BIATIOBIAIOTH BTpaTaM, BUZHAYEHUM Yy TPOIIOBUX OJUHUIISX.

Cranii maBonKy, mo craBcs Ha piukax [lpukapnarrsa y 20-x uncnax 2020 poky,
HaBeJICHO Ha puc. 1.

Puc. 1 — Cranii ta HachiIKu Npoxo/pKeHHs naBoaky y 4epBHi 2020 poky Ha [Ipukapmarri:
a — 30UJBIICHHS BHUTPATH 1 PiBHA BOAM B piumi bucrpuins-HagsipHsHchka, M. IBaHO-
®paHKiBCBK;

6 — 3aToruieHHs cena JloBOilli B MOMEHT JAOCATHEHHS HalOUIBIINX BUTPAT Ta PiBHIB BOAU B
piuwi {HicTep;

6 — HacliAKu pyHHyBaHHS pycna piuku [Ipyr ta goporm Oing c. SIpemue B mepiox
MIPOXO/KCHHS TTABOJKY;

2—3cyBu OeperiB piuku PubHui (mpuroka [Ipyra) B c. CMoiHa miciist IPOXOKEHHS TaBOAKY
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Hacminkamu niepmioi crafii maBoAKy «3pOCTaHHS BUTPATH i PIBHS BOIU B PIUIli»
(puc. 1a) MoXyTh OyTH: pyHHYBaHHS pyciia PIYKU Ta MPWIETIUX A0 pyciia 00’ €KTiB
(puc. 18).

OCHOBHIM HAaCIiIKOM JIPYTOi CTaii TAaBOJKY «IOCATHEHHS HAHOITBIINX BUTPAT
Ta piBHIB BOJH B Pivlli» € 3aTOIJICHHS HACETEHUX ITyHKTIB Ta MPHUJIETINX IO PIUKH
Tepuropiii (puc. 10).

Hacminmkamu TpeTboi cTajii maBOAKy «CHaja BUTPATH Ta PiBHA BOAM B PiUIi» €
3CYBHU IPYHTY Ta PyiHYBaHHs 00 €KTiB, pO3TalllOBaHUX Ha Oeperax pidok (puc. 12).

[TaBogKM MOXXYTB BiZOyBaTHCS HE TIJIBKH B PYCIOBHUX BOJIOTOKaX (piukax), a i B
HEpYCIOBUX BOJOTOKAX, IO THMYACOBO YTBOPIOIOTBCS B OaceifHaX MOBEPXHEBOTO
BOJI0300pY B MMEPioJ1 IHTEHCUBHOTO HAJIXOJDKEHHS 110 OaceliHy abo JijsiHKY Oaceiny
BOAM. Y TakOMy pa3i MaBOJOK BiOYBAa€ThCSA y BHUIVISAJI MOTOKY BOJHU BijJ BHIIE
PO3TaIOBaHOTO JiKepesia HaJXOKSHHS BOJIH 10 HIDKYE PO3TAIIOBAHMX TEPUTOPIH
y PpI3HHX HampsMKax yXWwIiB HOBepxHi 3emimi. KynbMiHamiiiHOIO CcTami€ro
HEPYCIIOBOro MaBOJKY € ITOBiHb.

SIKmIo mKepesoM HaJaxoKeHHs TaBOAKOBOI BOJH € IOLIOBI 3JIMBH, BiI0OYBa€EThCS
MIABOJKOBHH TOTIK, PO30CEPEIKEHNUI 110 MOBEPXHI 3eMJIi 32 PI3HUMHU HaNpPsSMKaMH

(puc. 2).

Puc. 2 — INaBojku B mictax YKpaiHH, BUKJIMKAHI CHIBHUMH 3uBamMu BiiTKy 2021 poky:
a — Kuromup (3 Tpasust); 6 — Mapiymons (8 uepsHs); 6 — Mukomais (26 4epBHsI);
2— Opneca (4 nurHs)

KynbMiHamiiHOO CTai€10 TAKOTO MABOJIKY € 3aTOTUICHHSI HACEJICHUX MYHKTIB Ta
HU3UHHUX TepHUTOpiii. Y 3B’A3Ky 31 3MiHaMH KIIIMarTy dYacToTa Ta HaCIiJIKH
HEpYCJIOBHX MAaBOJKIB B HACEIICHHX MYHKTAaX CTPIMKO 3pocTaroTh. [lpukiamom
ILOMY € MacIITaOHI TaBOJKH B MicTax 3aximHoi €Bpornu y 2021 porri.
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HepycnoBuii maBogok MoXke OyTH CIIPHYMHEHWH TaKOXX BHACIIIOK aBapiiHOTO
pyHHYBaHHs 1aMOU BOJIOCXOBHINA. Y TaKOMY BHUIAIKy BOJA BOJIOCXOBHILA, PiBEHb
SKOI TIEPEBUILY€E TPAHUYHO IOMYCTUMHM, NIISIXOM MEpeTiKaHHA yepe3 AaMOy abo
TIAPOCTaTUYIHOTO THUCKY pyHHYe mamOy. IlaBoakoBwif TOTIK Yepe3 THMYacOBO
CTBOpeHe pycio (MpOopaH) HAgXOAWTh 0 HU3WHHUX TEPUTOpPil, fAKi CTAarOTh
OCepeIKaMH MOBCHI.

HepycnoBuii maBomox Moke OyTH CHOpPHYMHEHHH 1€ W XBWJISIMH ITyHaMmi.
VY TakoMy BHIAAKy BUHHKAE MABOJKOBHI TOTIK, PO30CEPEMKEHHUI 10 MOBEPXHIi
3eMIIi 3a pi3HUMHU HampsiMKamu. Haciigkamu maBoJKy € pyiHyBaHHSI 00 €KTiB Ha
LUISIXY TIOTOKY BOJIM Ta 3aTOIUICHHS TEPUTOPIH, 3a3BHUail ypOaHi30BaHUX.

3 ypaxyBaHHSIM MOXKJIMBOI'O IPOXO/UKEHHS HaBOAKY AK Yy PYCIOBOMY, TaK 1
HEPYCIOBOMY BOJIOTOKY NPOIOHYETHCS y3arallbHEHE BWU3HAUEHHsI TMAaBOJKY Ta
MOBEHi.

IMaBonok — cTUXilHWA AWHAMIYHUA TIporiec (HhOpMyBaHHS BOJHOTO PEXAMY
BOJOTOKY, IIO MICTHTB: CTafif0 3pOCTaHHS BUTPATH Ta PIiBHA BOAH Y BOIOTOKY
BHACJIIIOK IHTEHCHUBHOT'O 30BHIITHHOI'O HAIXOJKEHHS BOJIU JO BOIOTOKY; CTaIii0
JNOCATHEHHsSI HAWOUTBIIMX BWTpPAT Ta pIBHIB BOAM Yy BOJOTOKY, IO YacTo
CYIIPOBODKY€ETBCSI 3aTOIUICHHSIM HACEJICHUX IIYHKTIB Ta HU3WHHHUX TEPUTOPIH;
CTaJilo Craay BUTPATU Ta PIBHS BOJAW Y BOJIOTOKY, IO MOKE CYNPOBOIKYBaTHCh
3CyBaMHU IPYHTY.

IoBinb — cTamis MaBOJAKY, Ha SIKif JTOCSATAlOTHCS HAHOINBIN BHTpATH Ta PiBHI
BOJIM y BOJIOTOKY, IO YaCTO CYNPOBOIKYETHCS 3aTOIJICHHSM HACEJICHUX ITyHKTIB Ta
HU3UHHUX TEPUTOPIMH.

BucnoBku

1. JIns edexTHBHOro BUpINIEHHS TPOOJIEMHU 3aXHUCTy BiJ| HACHIJKIB CTUXIHHUX
SIBHIII, TIOB’SI3aHUX 31 30UIBIICHASIM BUTPAT 1 PiBHIB BOJU Y pilli Ta 3aTOIUICHHSAM
HACEJICHHUX ITyHKTIB 1 TepuTOpiii, a00 MpodieMu «BUCOKOT BOJII», BUHUKAE OTpeda
KOperyBaHb 3aralibHONPUHHATUX TEPMiHIB BUSHAUCHHS «BHCOKOI BOJINY.

2. 3a pe3yipTaTaMu JIOTIYHOTO 1 TEPMIHOJOTIYHOTO aHaJi3y BCTAHOBJIEHO, IO
MaBOJIOK Ta IMOBiHb, HA BiZIMiHY BiJl BOAOMILISA, He € (ha3aMi BOAHOTO PEKUMY PIUKH.
[MaBoOK € CTUXIMHUM JIUHAMIYHAM TpOLECOM (OPMYBAHHS BOJHOTO DPEXKHUMY
piYKH, a TOBIHB — KYJIBMIHAIIHHOIO ()a3010 IBOTO MPOIIECy, TOOTO MAaBOJKY.

3. JloBenmeHo, M0 cepel IHIIMX TEPMiHIB BH3HAYEHHS «BHUCOKOI BOAN
JOMIHYIOYMM TEPMIHOM € «IaBOJOK», SKHH JIONMUJIBHO Ta HEOOXIJIHO
BHUKOPUCTOBYBATH SIK YHIBEpPCaIBHUH TEPMiH il Yac po3poOKU Ta BIPOBAKEHHSI
KOHIIEMIIi] 3aXUCTY BiJ| IIKiUTUBOI il «BUCOKOI BOJIN.

4. 3anpornoHOBaHO Ha PO3rIIsa (PaxiBIliB Ta 3alliKaBICHUX OCI0 HOBE BU3HAUCHHS
MaBOJIKY Ta MOBEHI Y pycIOBOMY BOAOTOKY (piulli).

5. BigmiueHo, 1m0 B yMoOBax 3MiH KJIMaTy CTPIMKO 3pOCTalOTh 4acToTa Ta
HACJIiAKK MAaBOJKIB B HACEJCHUX IyHKTAX, CIPUYMHEHNX IHTEHCUBHUMH JOIIAMHU.
Jlist MaBoJIKiB, SIKI HE 3aJIeXKaTh BiJl BOJHOTO PEKUMY PIUOK, 3alIPOTMIOHOBAHO HOBI
TEPMiHHU: «HEPYCIOBHH BOJIOTOK» 1 «HEPYCIOBUI MABOZOK.

6. Jlo HepyclOBHX NaBOJAKIB 3alpolOHOBAHO TAKOX BIJHOCHTH MaBOAKH
BHACIIIIOK TIPOPUBY TpeOm abo mgamMOM BOJOCXOBHINA, a TAaKOX ITaBOJKH,
CIIPUYHUHEHI XBUJISIMH ITyHAMI.
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the main areas of development of reactor units such as VVER, MR-160 and AR-1000
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operational and radioecological safety for new generation power reactors are
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TEXHOJIOI'TYHI TA EKCILTY ATAIIVMHI OCOBJIMBOCTI
PEAKTOPIB AP-1000 IOKOJIIHHA 111+ TA MAJIUX
MOAYJBbHUX PEAKTOPIB MP-160

Anomauin. Texuwonociunuii ma exon02iYHUll AHAAI3 20JI06HUX XAPAKMEPUCTUK
MEeXHON02IUHOL,  eKxcnayamayiunoi 1 eKonociyHoi Oe3neku 6 KOHMEKCMI
npocpecusHux O00CAZHeHb HA 20J08HUX HANPAMKAX PO3POOKU DeaKmopHUX
yemanosox muny BBOP, MP-160 ma AP-1000 ons enepeobnokie, wo Ha cb0200HI
3HAX00AMbCS HA emanax po3pooKu, NPOeKmy8anHs ma OYOIGHUYMEA, € OOHUM I3
HAUaKmyaibHiuux nUumans po3eUmKy c6imoeoi sdeproi enepeemuku. Taxa
AKMYanbHiCMb, 30KpemMd, 3YMOGNEHA MUM, Wo Ha 0a3i O0aHUX MeXHON02Il
NIAHYEMbCSL  NOOAILWMULL  PO36UMOK  0epHOi  eHepeemuxu Ykpainu. 3aoaui
3a6e3neueHHs eKCnIyamayitinoi ma padioekonociuHoi besnexu Oisi eHepeemuyHUX
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Ppeaxmopie HO6Ux NOKOMiHb 3600AMbCA 00 OMPUMAHHA MAKCUMANILHO HU3LKOT
PO3PAxXyHKoB0i tiMOSipHOCI NOOil, NO8'A3AHUX 3 MOICTUBOIO ABAPIEI0, A MAKOMIC
MAKCUMATBHO HUZLKOI UMOGIpHOCII padiayiiHux HACAIOKI8 3 OOMPUMAHHAM YCIX
BUMO2 HAYIOHANLHUX A MIJNCHAPOOHUX HOPMAMUGHUX MA PEKOMEHOAYIUHUX
OOKYMEHMIB, AKI NPUUMAIOMbCA KOHKPEMHOIO 0epicagolo ma ii epomMaosHcLKuM
CYCNIiNbLCMEOM.
Knrouosi cnosa: adepra besneka; exonoziuna 6esnexa; s0epHull peakmop,; Maiui
MOOYIbHUL peakmop, amoMHA el1eKmpOCMAanyis
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Beryn

Ha croroaHi icHye niHilika MOJCpHI30BaHUX TPAAULIHHHUX SACPHUX CHEPreTUYHUX
TEXHOJIOTIH Ta BiMOBITHUX MPOEKTIB, SKi oTpuManu Ha3By llokominas tumy I11+.
i mpoexTH MaroTh TiABHUIEHUN piBEHh HATIMHOCTI Ta OE3MEKH i TOMY MOXYTh
PO3TIIAAATHCS IS X 3aCTOCYBaHHsI B SACPHIN €HEPreTHLli Y KpaiHH.

Awmepukancbka TexHonoriss AP-1000 xommanii Becrinrays € emuHOO 3
peakTopHux TexHonorii [Moxoninus 1+, ska mireH30BaHa KOMICI€I0 3 SASPHOTO
perymoBansst B CIIA. B odiniiHux mprepenax 3a3Ha4a€eThCsl, 10 BIPOBAPKCHHS B
VYkpaini anpobosanoi peaktopnoi yctanoBku AP-1000 ITokxoninust I+ nHa 6a3i
MIPOBITHOTO CBITOBOTO SIAEPHOTO peakTopa motyxHicTio 10 1100 MBT i3 cucremamu
MacuBHOI 0e3MeKr Ta YHIKATEHUMH OCOOJHMBOCTSMH B YAaCTWHI 1HHOBAaIliHHOCTI i
CTaHAapTH3allii JacTh 3MOTY CKOPOTHTH TEPMiHM 1 BapTiCThb OyJiBHHIITBA,
3a0e3MeYnTH HAWBHIUN PiBeHb TEXHOJOTIYHOI Ta ekojoriunoi Oe3mexku AEC i
CTaTH HOBHM BKJIMBHM €JIEMEHTOM MaiOyTHBOT O€3BYTIICLIEBOI €HEPTETHKU.

Yortupu 61m0ku AP-1000, mo Bxxe noOyaoBaHi i npaiorote y Kurai, mokaszamu
PEKOpIHI eKCIUTyaTalliifHi BIACTHBOCTi, a came: CKOPO4YeHI TepMiHH ILIaHOBO-
NOTNepe/DKYyBaTbHIUX PEMOHTIB Ta MPOLECIB Nepe3aBaHTaXEHHS SAEPHOTO MaJHBa,
MOKpanieHHs Koe(illieHTa BCTAHOBJICHOT MOTYXKHOCTI. [1l1e YOTHPH TaKHX peaKkTopu
oynytotbes B CHIA. Tomy amst YKpaiHu € peaibHa IPakKTHYHA MOKJIHBICTh BUBUUTH
Ta BUKOPUCTATH JOCBiA OyniBHuITBa peakTopiB AP-1000, mocBim iX BBeneHHS
B EKCILTyaTaIlilo Ta JOCBIJ IX eKCIDTyaTallii.

OcHOBHA YacTHHA

JletanbHu TEXHONOTIYHUH aHA3 SIIEPHUX EHEPTeTUYHUX PEAKTOPHUX TEXHOJIOTIH
tunty BBEP, siki 3HaX0sThCsI Ha ChOTOJIHI B €KCILTyaTalliil 1 CkiaaaTh monan 80%
PEaKTOPHOTO NapKy IUIaHETH, TPU3BOJUTD A0 HACTYITHUX BHCHOBKIB I0J0 SAEPHOI
1 BIATIOBITHO €KOJIOT1YHOI Oe3MeKu:

1. ¥V Bcix Hil0YHX pEaKTOPiB € CEepHo3HI HENONIKM B Taly3i sSJIepHOi Ta
€KOJIOT14HOI Oe3MeKH, sIKi He MOXKHA YCYHYTH LIJISIXOM MOJEPHi3aLlii X 3aXHUCHUX Ta
MPOTHABAPIHHUX CUCTEM.

2. Benmka aBapis Ha HaWNONIMPEHINIOMY B CBITI JIETKOBOJHOMY SIEPHOMY
peaxtopi tuty BBEP Moxe npu3BecTy 0 pajiioakTHBHOTO BUKH]TY, €KBiBaJICHTHOTO
nexinbkoM YopHoOusM 1 DykycimMam.

3. Ypoku ycix 0e3 BUKIIOUEHHS SJIEPHUX KaTacTpod Ha SIEpHUX 00'€KTax
CBIYAaTh PO HEOE3ICUHICTh JIFOACHKOr0 (DaKTOpy i BiICYTHOCTI HEOOXI1AHOI'O PIBHS
SIAEPHOL KyJIBTYPH.

4. PoGora smepHUX peakTOpiB B TOAOBKEHOMY PEKHMI EKCIUTyaTarii
MIPU3BOIUTE JI0 TOJATKOBOTO CTAPIHHA iX BaXKJIMBUX CJIIEMEHTIB i, TK HACIITOK, MOYKE
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301BIINTH HTMOBIPHICTh IPOSKTHHX 1 3aPOEKTHHX aBapiid. [Ipu mpoMy mMexaHi3Mu
CTapiHHA PEaKTOPHUX MaTepiajiB B YMOBaxX BHCOKMX paJialiiHUX, TEPMIUYHHX Ta
0apUYHUX HAaBaHTa)KEHb BUBYEHI HEIOCTATHHO 1 iX Ba)KKO MporHo3yBatd. OAHaK
0araTo KpaiH IDIaHyIOTh TPOJAOBKUTH BCTAHOBIICHI POEKTOM TEPMIHHU eKCIUTyaTaii
CBOIX SIICPHUX €HEPreTUIHUX PEAKTOPIB.

5. MopnepHizaniss [Oifoudx y CBITI SACPHUX EHEPreTHUYHUX PEaKToOpiB
3MIACHIOETHCSI B HANPSMKY 30UTBIICHHS THCKY B PEakTOpi, MiABUINEHHS poO0U0i
TeMriepatypu 1 30iTbIIEHHS BiCOTKAa BHTOpaHHS manuBa. Hacmigkom Takoi
MOJICpHi3allil € MPUCKOPEHE CTApiHHS METAJy 1 MOAAJbIINe 3HWKCHHS HalIMHOCTI i
Oe3neku. AJie CTaHAAPTH AJsl SACPHUX MiANPHUEMCTB HE 3aBXKAU BPaXOBYIOTh TakKi
HOBi1 YMOBH pOOOTH.

6. IcHye HeOe3rneka 30BHIIIHIX BIUIMBIB €KCTPEMaJbHUX MPHPOAHUX SIBHI —
3eMJICTPYCIB, IOBEHEH, CMEPUiB, 3MiH IJI00aJIBHOTO KJIiMaTy Ta FTEOKOCMIYHHX SIBUIIL.

[Iportecu BUPOOHUIITBA HHU3BKO30ara4eHoro SAEPHOTO TMAaNWBa Ta TEPEpPOOKH
SIIEPHOTO MaJIMBa, ONPOMIHEHOTO B PEAaKTOpax 3a 4ac MaJMBHOI KaMIaHii, TaKOX
MOB'SI3aHi 3 MAacIITAOHUMU CKOJIOTIYHHMHM 3arpo3aMu 1 pu3ukamu. Po3poOioBaHe
MDKHapOAHUMH 3yCHJUISIMH YETBEPTE IOKOJIIHHS CHEPreTUYHMX SACPHUX PEAKTOPIB
G-4 B meBHiil Mipi MPOIOBXKYE II0 TEHJACHIIII0. BUpOOHUIITBO eneKkTpoeHeprii Ha
cydacuux AEC, a B nepcrektusi i Ha AEC 3 peakTopamMy 4eTBEPTOrO MOKOJIIHHS
G-4, Takox He Ja€ aOCONIOTHUX TapaHTid MI0J0 MOKJIMBOTO HEKOHTPOJIHOBAHOTO
MIOIINPEHHS AIEPHUX MaTepiaiiB.

Ha BigmiHy Big aOCONIOTHO MEpeBaXKHOI KUTBKOCTI CBITOBOTO MAapKy SACPHHUX
eHepreTHuHNX peakTopiB Ty BBEP, amepukancbka texHomoris AP-1000 €
peaktopHOr TexHonoriero Ilokominas Ill+ i Mae HacTymHi HOBI OCOONHMBOCTI B
YacTHHI i1 Oe3MeKu:

1. TloBHICTIO KOMM'IOTEPH30BAHMI TMPOLEC NPOEKTYBaHHS 1 TIUIAaHYBaHHS
OymiBHUAITBA 3 KOOPJAWHAIIEI pPI3HUX BHIIB MJiSUTBHOCTI TpPH CHOPYKEHHI
enepro0Osiokis AP-1000.

2. BukopuctaHHs MOAYJBHUX KOHCTPYKIiH mnpu crnopymxenHi AEC.
KoncrpykruBao koxxuuii 6110k AP-1000 cxmagaerbes 3 50 Benmukux i 250 mannx
monyniB. CtangapTHi Maji Moayii po3mipom 3,7x3,7x24,4 M 1 Baroro 80 T MOXHa
MEPEeBO3UTHU 3alli3HUICI0 a00 TPAHCHOPTYBATU iX YKpaiHCBKUM JIiTakoM «Mpis»,
SIKMH 37IaTHUH JOCTaBUTH B YKpaiHy nmpaktudHo Bci moayi AP-1000.

3. BukopucTtaHHs ~ BHIOTOBJICHHX Y  3aBOJACBKMX YMOBaX  BiJIHOCHO
MasiorabapuTHUX MOAYJIiB Iipu criopykeHHI AEC no3Bosse:

— 3MEHIIUTH 00’ €MH TPYJOBUTpAT Ha Oy 1iBEIbHO-IIPOMHUCIIOBOMY MalIaHUUKY
AEC;

— MiABULIMTH SIKICTH Ta KOHTPOJb SKOCTI NPU BUTOTOBJIEHHI MOAYJIB B
3aBOJICBKUX YMOBaX;

— peayizyBaTd IapajicjibHEe MPOBEICHHS 0araThox poOIT, SAKI TPATULIIHHO
BUKOHYIOTBCS TIOCITIIOBHO, 1 TAKUM YHHOM CKOPOTHTH TepMiHH criopykeHHs AEC.

4. BrpoBamxenHus peaktopiB MP-160 T B ykpaiHCBKI S/IEpHIH €HEPTeTUIl Ma€e
3a0e3MeynTH:

— MIJBUIICHHS EKOHOMIYHOCTI BHPOOHUIITBA EIIEKTPOEHEPrii 3a paxyHOK
3HW)KEHHS KaliTaIbHUX 1 eKCIUTyaTaliiHuX BUTpAT;

— CKOpPOYECHHS TEPMiHIB OYIiBHUIITBA;

— MOJKJIMBICTh OiNIbII HIBHAKOTO TOBEPHEHHS 1HBECTHLiH, B MOPIBHSIHHI 31
CTBOPEHHSM €HEeproOJIOKiB BETUKOI MOTYKHOCTI, 1 TapaHTII0 BUCOKOT HAAIKHOCTI 1
Oe3mneKu;
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— MOKJIMBICTh HAOMMKEHHS DKEpesia CHeprili 0 CIIOKUBAYiB, BKIIOYAIOTH
eHepro3alesneueHHsT BiIaJeHUX 1 crnequdiyHux TEepUTOpid 31 CKIaTHUM
reorpaiuHUM pO3TallyBaHHSIM Ta, IO JyK€ BaKIMBO Ml YKpaiHCBKOI
€HEePreTHKH, MOXJIMBICTH POOOTH €HEeproOJIOKiB B MaHEBPEHOMY pPEXHMIi BHIAdi
€JICKTPUYHOI €Heprii.

3amaui 3a0e3MeueHHs] eKCIUTyaTalliiHoOl Ta PaJiOeKONOriyHOi Oe3MeKH Il HOBHX
nokonine MMP, B Tomy uucni amst MP-160, 3BoasThCs 10 OTpUMaHHS MaKCUMAITBHO
HU3bKOI PO3PaXyHKOBOI WMOBIPHOCTI MO, TOB'I3aHMX 3 aBapi€o, a TaKOX
MaKCUMAJILHO HU3bKOT HIMOBIPHOCTI pafiallifHIX HACIIiIKIB 3 JOTPUMAaHHSAM YCiX BUMOT
HaLlOHATFHUX Ta MDKHAPOJHUX HOPMATUBHUX Ta PEKOMEHIALIMHUX JOKYMEHTIB, SIKi
MIPUIMAIOTHCS KOHKPETHOIO AEPKaBOIO Ta i TPOMAJISTHCEKAM CyCIIUTHCTBOM.

[Iporecu cTBOpeHHS Ta BIPOBAHKCHHS HOBUX TexHoJorii MMP Ta BiAmoBIIHUX
iM TIpOEKTiB, B yMOBaxX KOHKPETHOI KpaiHH, TOB'S3aHi 3 HAaralbHOIO HEOOXiIHICTIO
BHpIIIEHHs 0araThOX TEXHIYHUX Ta TEXHOJOTIYHHUX IHTaHb, MPOBEIEHHS PI3HUX
aHaIi3iB Ta OOTPYHTYBaHb, y MEPIITy YEePTy NMUTaHb OE3MEKH Ta BUPIIICHHS MMATaHb
TIEeH3YBaHHSA 3 ypaxyBaHHIM HACTYITHUX MOJI0KEHB!

1. Mani MoxynbHI peakTOpy HE € MPUHIIUIIOBO HOBUMH B PEaKTOPOOYTyBaHHI.
AJle He3Ba XAl Ha I1e, MOyJIbHA KOHIIeis cydacHnx MMP Bce 11e 3HaX0IuThCst
B MpOIIECi CBOrO PO3BHUTKY 1 Ma€ IMEBHI CEPHO3HI CYNEpeUwIMBOCTI, a CTBOPEHHS
HOBMX cydacHuX MMP wMoxe pgaTu HOBI 3HaHHSA, OTPUMaHI B TpoIecax
MPOEKTYyBaHH:, BUITPOOYBaHb Ta iX eKCILTyaTaii.

2. MonynpHuii mpuHiun no0ynoBd MMP Ta ixX BiJHOCHa KOMIIAKTHICTH Ja€
MOJKJIMBICTh 3aCTOCYBAaTH TMPUHIMII "€KOHOMIil KpaTHUX pillleHb", 10 J03BOJISE
3aCTOCOBYBATH IOCTYNOBE HapollyBaHHA NMOTYKHOCTI AEC 1 YHUKHYTH BeJIHKHX
(hiHAaHCOBHX PH3HKIB.

3. Po3poOHuKM Ta BUPOOHWKH CTBEP/DKYIOTH, IO MOIYJbHI KOHCTPYKIl
OpoCTill  Ta THYYKilI, HDK TPaJulliifHi KOHCTPYKIIi, ajle MOAYJIIOBaHHS
CHEPrOEMHHUX EJIEKTPOMEXAaHIYHUX CHUCTEM € JIOCHTh BaKKOIO 3azaueto. Ilpore
nepeBaHTaXeHa, HaaMmipHa Moymizanis koHcTpykuii AEPY Ta AEC B minomy Moxe
MPU3BECTH JIO CTBOPEHHSI MEHII e()eKTUBHHX CHEPreTHYHHX SACPHUX CHCTEM 3
po3nojiieHor0 (YHKI[IOHANBHICTIO MOAYJIIB 1 HaBiTh [0 TEPEIIKOIKAHHS
iHHOBawisiM. Tomy aeknapyBaHHs THy4kocTi MMP IHCKyTYy€TbCS Ta OCKap)Ky€eThCSL.

4. BBaxkaeThCsl, 1110 MOYJIbHA KOHCTPYKILiSl HEBEJIMKUX PEaKTOPIB MOKPAIIHTH iX
SKICTb Ta €(EeKTUBHICTb, & TAKOX 3HU3UTH BapTicThb. IIpoTe, ONOHEHTChKA AyMKa
3BepTa€ yBary Ha BIJACYTHICTH (hakTuuHOi JeTanbHOI iH(pOpMaLii CTOCOBHO
eKCIUTyaTarlii, 00CIyroByBaHHs Ta BUBEAEHH: 3 ekciuryaraiii MMP 3 BiAmnoBigHum
OOTpYHTYBaHHSM a/IEKBATHOTO aHAJTI3y BUTPAT Ta BUTO/I.

5. Po3BUTOK MOZYNBHOI SAEPHOI €HEPIreTUKH BUMArae MoJalIbIInX JOCIiIKEHb
JUIsT BU3HAYEHHS, PO3POOKH, CTBOPECHHS Ta iHTErpaiii epeKTHUBHUX 1 HaJIiiHHX
MOJIYJIbHHX CTPYKTYP 1 Mi>KMOJTyJIbHHX 3B’SI3KiB 3 BUKOPUCTAHHSIM 1HXXECHEpii Ta Ha
OCHOB1 HOBHX 3HaHb. TOMy, HaBiTh SIKIIO MOIYJIBHICTh MPOEKTYBAaHHS Ta IOOYI0BH
MMP He nocsrHe AekiIapoBaHUX LiTeH, MacITaOHICTh MOIYJIBHOCTI Ui IEBHUX
MaJIMX TOTYKHOCTEH BCE OJTHO MOYKE BHIPaBIaTH €()EeKTUBHICTh, EKOHOMIYHICTh,
«EKOHOMIiI0 KpaTHOCTI» 1 TOJIOBHE — 11 3aJeK/IapoBaHy BHCOKY €KCIUTyaTauilHy Ta
€KOJIOT1UHY Oe3IeKy.

6. HoBi koHcTpykmii MMP MaioTe 0arato akTHBHHUX 1 HAaCHBHUX €JICMEHTIB
Oesreku, po3poOmoBaHuX s peakTopiB  [lokominuA-IV. OmHak MOXIHBI
Herepen0ayeHi HACTIIKU 3aCTOCYBaHHS TaKMX EJIEMEHTIB 1 3aco0iB Oe3meku imie
HEOOXITHO PETEIHHO OIIHUTH.
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7. lllo6 MMP mornm criopymKyBaTHuCs TMOONH3Y 3aCEIeHUX TEPUTOPii, BOHH
MOBHHHI TPOEKTYBAaTUCS Tak, 00 iXHI 30HM BHUKJIIOUYEHHS Ta IUIAaHYBaHHA
HaJ3BUYAMHUX CUTYyalliii OyJIM 3HAYHO MEHIIMMHU 32 BiJOBiHI 30HM HABKOJIO
BETMKHUX ITiAIPUEMCTB.

8. Bimomi xoHCcTpyKIiii MMP mparrorots Ha HH3bK030arauenomy ypani (H3VY)
3 pi3HUMHU PiBHAMM 30aradeHHs Ta BMICTy IUTyTOHi0. Lle Moke cTaT mepemKkonoo
JUTS FOPUCIUKIIIN, SIKI IParHyTh MaTH €HePrOCUCTeMH, HEe3aJIeXKHI Bil iIMIOPTHOTO
3abe3nedeHHs smepHUM manuBoM H3Y, 1 miusg sSkux € OUTbIn TpuBaOIUBAM
IIPUPOJHUN YpaH.

9. MMP wmatore OararonpodinbHe TMpHU3HAYCHHS — BiA BHPOOHHMLTBA
€JIEKTPOCHEPrii 0 yTHmi3amii siIepHuX BigxoAiB. BoHM MOXyTh 3irpaTté MOMITHY
poib 'y JnekapOoHi3amii ByruibHOi Ta Ha(TOBOI NPOMHCIOBOCTI IUIAXOM
BUPOOHUIITBA IMapH, HEOOXIAHOI JUIs IHTEHCHQIKaIii MpoleciB BUAOOYTKY Ta
nepepoOku Ha)TH, YHUKAIOYHM CIIATIOBAHHS BEIUKAX KUTBKOCTEH BHKOITHOTO
MajnBa.

10. Cepen nepeBar Maux peakTOpiB HA3UBAETHCS MOXKIIUBICTD X CIIOPYIKEHHS
y BigmaneHux reorpadigHux paoHax.

11. Peakropu MMP, npuzHaveHi Al TOBrOTPUBAIMX KaMIIaHid, MOXYTh MaTH
Ha MOYAaTKOBUX CTaisX KaMIaHii OLTbII 3amacu HaTUIIKOBOI PEaKTUBHOCTI, SKa
KOMIICHCYEThCS 32 PaXyHOK BUOPaHUX TEXHIYHUX MPOEKTHHUX PillleHb, HATIPUKIIA]
3a paXyHOK BUKOPHCTaHHS BUTOPSIOUNX MTOTIIMHAYIB Ta/a00 OpraHiB pETyIIOBaHHS.

12. Hebe3meky ans pexkUMiB HEPO3MOBCIOMKCHHS JICSIKI aBTOpU B JaHOMY
BUMAJIKy BOAYAIOTh B TOMY, 1[0 B TAKUX aKTUBHUX 30HaX MOKHA HEBHIUMHM YHHOM
OpraHi3yBaTH ONPOMIHEHHS 3pa3KiB [UIS TOJANBIIOr0 BHUKOPHCTAaHHS Yy
HEe3aJeKIapoBaHiil sIIEpHId [iSUIBHOCTI — BENMKWAN 3armac  Ha/UTUIIKOBOT
PEaKTHBHOCTI JIO3BOJUTH SIJICPHIM YCTAHOBIII BUTPUMATH PO3MIILIEHHS B 30HI
JOJIATKOBUX TIOTJIMHAYIB Yy BHUIVISAAI MimieHed. MoBa TyT Moxe UTH TIpo
HECaHKI[IOHOBAHE HAINpAIlOBaHHS IUIYTOHIIO 3 ypPaHOBUX MillleHeH Ui
MOCHITyFOUUX JIAOOPaTOPHUX EKCIIEPUMEHTIB.

13. B neskux mpoexktax MMP nepen0ayaeTscsi BUKOPUCTaHHS HEMPO30PHX
TEIUIOHOCIIB — PiAKUX coiell abo CBHHEIb-BicMyTa. J{JIs TaKUX CHUCTEM TpaauIliiHi
METOJIM 1HCIIEKTYBAaHHS, IO BKIIOYAIOTh BI3yaIbHWUH OTJISI aKTHBHOI 30HU Ta
Oaceiiny Butpumku OSIII, cratote “cininumu”. Tomy MAI'ATE noBuHHO Matu
JOCTyN 10 cucTeM "OadeHHs'", 1m0 po3poOmoroThes it MMP 3 Henpo3opumu
HEBOJSTHUMH OXOJIOJ)KYBadyaMH.

14. Peaktopy MMP MaioTh MaJOBHIUMHI TEIUIOBHH CIIiJ[, IO 3HAYHO
YCKJIQJIHIOE 3aCTOCYBaHHS a€POKOCMIYHHMX Ta IHINMX IMCTAHIIHHUX METOMIB Ta
3ac00iB TX KOHTPOIIIO.

15. INepcrektuBHi MMP, nmoOyzaoBani 3a BigMinauMH Big LWR TexHomorismu,
€ HOBHHKaMHU ]IS OTIEPATOPIB 1 Perynaropis, Ta i increkropiB MAT ATE.

16. BaximBoto npobiiemoro € ctBopeHHs cxoutn OAIT mist Tux MMP, ne Taki
CXOBHIIA ITepeAdadeHi MPOEKTOM.

BucnoBku
1. Peaktopu AP-1000 IToxominaas I1I+ kommanii «BecTinxay3» MaroTh ITiIBUIICHUI

piBeHBb HAMIMHOCTI Ta Oe3Ieku, B TMOPIBHIHHI 3 peakTopamu tuiry BBEP npyroro
TTOKOJIIHHS, 1 MOXKYTh PO3TJISIIATUCS JIUIS PO3BUTKY SJICPHOI CHEPreTUKU Y KpaiHu.
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2. B YkpaiHi po3risnacTbess MOXKIHBICTh OyaiBHUIITBA MMP Ty MP-160 mst
3aMiHHM BYTJICIICBUX TCIUIOBUX EJICKTPOCTAHIIN 1 Js 30UIBIICHHS MaHEBPOBUX
MOTY>KHOCTeW B 00'enHaHili eHeprocucTeMi YKpaiHW. YKpaiHCBKUN BHOIp Manux
MOJYJIBHAX PEaKTOPIB MOSCHIOETHCS 30KpeMa THM, IO JTaHUH MPOEKT € €IMHUM B
CBOEMY KJIaCi peaKTopiB, IO OTPHMaB JineH3iro Kowmicii 3 simepHoro perymoBaHHS
CIUIA B numHi 2021 poky.

3. llTo crocyethest ekomoriuHoi Oe3rneku peaktopis AP-1000 ta MP-160, To
IeKJIapoBaHi 1X BHPOOHWKAMH TiepeBard IMMOBUHHI  JOCHIKyBaTHUCS 1
MiATBEP/UKYBATUCS JUII KOXKHOTO KOHKPETHOTO IMPOEKTY, IO IUIAHYETHCS JIO
BIIPOBAXKCHHS B Y KpaiHi.
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