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EKOJIOI'TYHA BE3IIEKA
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THE PROBLEM OF FLOODING AND ANALYSIS
OF THE WAYS OF ITS SOLUTION

Abstract. An analysis of literary sources and informational materials on flood
situations that occurred in different historical periods on different continents and in
different countries was carried out. It has been established that floods accompany
mankind from the earliest times to the present day. Information about catastrophic
floods has been preserved since the third millennium BC, in connection with which
they should be considered as a historical category. According to the World
Meteorological Organization (WMO), floods account for more than 45% of natural
disasters related to water (hydrological disasters), which account for about 70% of
all natural disasters on the planet. Taking into account the fact that floods are among
the most dangerous natural phenomena in terms of the number of victims and the
amount of damage, the problem of floods should be considered global. The global
nature of the flood problem is confirmed by its following features: the problem
concerns all humanity, affects the interests and fate of all countries and peoples; leads
to significant social, ecological and economic losses, which, if they increase, will
threaten the existence of human civilization, contributes to the aggravation of other
internationally recognized global problems, such as environmental, food, social (in
terms of population protection), land degradation. Taking into account the fact that in
recent years the incidence of catastrophic floods has increased, their social,
ecological and economic consequences have increased, as well as the number of
human victims from floods, the article focuses on the need to develop a highly effective
scientific and methodological toolkit for solving the problem of floods and its wide use
not only in Ukraine, but also in many countries of the world. It has been established
that among the many areas of systemic research of the problem of floods, the main
and most important area is the fundamental improvement of the conceptual
foundations of flood protection. The author's version of the universal concept of
solving the flood problem is proposed, which is based on a universal algorithm for
achieving the target indicator of flood protection. The maximum value of the ratio of
the flood protection effect to the costs of achieving this effect was chosen as the target
indicator of flood protection. The protective anti-flood effect is represented by the total
damage averted by anti-flood measures, which consists of averted social, ecological
and economic damages.

Key words: flood; the problem of floods,; consequences and damages from floods,
anti-flood measures, systematic analysis of flood protection measures, flood
protection concept, target indicator of flood protection; averted damages.
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O.B. IleTpoueHko

[HCcTHTYT iHHOBaIiHOI OCBiTH KHIBCHKOTO HAIiOHANBFHOTO YHIBEPCHTETY OYAIBHHIITBA 1
apxitekrypu, M. KuiB, Ykpaina

MPOBJIEMA IMMABOJIKIB TA AHAJII3 HIJISXIB i PIEHHSA

Anomauyin. Ilposedeno awnaniz nimepamypHux Odiceper ma IHGOPMAYIIHUX
mamepianié wooo NABOOKOGUX CUMYayii, KL 6I00Y6aNUCL 6 pI3HI ICMOpUYHI
nepioou Ha pi3HUX KOHMUHEHmMAx i 6 pIi3HuUX Kpainax. Biomiueno, wjo nagooxu
CYNPoB0ON*CYIOMb THOOCME0 3 HAUOABHIWUX 4aci8 | 00 Hawux OHig. Bioomocmi npo
Kamacmpo@iuni nasooku 30epe2nucs 3 mpemvpo20 MUcCA4onimms 00 HAwoi epu,
V 383Ky 3 uwum IX cri0 pozenadamu AK ICMOpUYHY Kameeopir. 3a Oanumu
Bcecsimmuvoi memeoponoziunoi opeanizayii (WMO), Ha nasooku npunadae noHao
45% cmuxiiinux 1ux, wo nog ’a3ani 3 600010 (2i0pONOIYHI IUXA), AKI CMAHOBIAMD
6nuzbko 70% ycix cmuxitHux qux Ha nianemi. 36axcusuiu Ha me, Wo NAaeooOKu 3a
KIMbKICMIO Jcepme [ po3mMipom 30UmKie Hanexcamv 00 0OHUX i3 HAUHeOe3NeUHIUUX
nNPUPOOHUX A6UW, NPoOIEeMy NABOOKI8 Cli0 esaxcamu 2106aibhoio. 1 106anvrul
xapaxmep npooaemu nagooKie nNiomeepo’CyemvbCcsa makumu ii o3naxamu: npobrema
CMOCYEMBCA YCb020 MOOCMBA, 3a4inac inmepecu i 000 6CixX Kpain ma HaApooie;
npu3800UMb 00 3HAYHUX COYIANLHUX, eKOIOSIYHUX MA eKOHOMIYHUX 30UMKI8, SKI Y
pasi ix 30i1bWeHHs 3a2POACYBAMUMYMb ICHYBAHHIO THOOCLKOI Yyuginizayii; cnpuse
3020CMPEHHI0 THWUX MINCHAPOOHO BU3HAHUX 2100ANbHUX NpobLeM, MAaKux sK
€K0JI02I4HA, NPOO0BOAbYA, COYIANbHA (8 YACMUHI 3AXUCIY HACeNeHHs), 0espaldayisi
semenv. Bpaxoeyrouu me, wo 3a ocmawHi poKu noyacmiuanu  BURAOKU
Kamacmpo@iunux nasooKig, 3pocau iX CcoyianbHi, eKONO2IYHI Ma eKOHOMIYHI
HACAIOKU, a MAaKoNC KiNbKicmb JMI0OOCLKUX Jicepme 6i0 Nnasookie, 6 cmammi
AKYEHMOBAHO Y8a2y Wo00 HeoOXIOHOCmi pO3POOKU 6UCOKOEDEKMUBHOZ0 HAYKOBO-
MEmoOUUHO20 IHCMPYMEHMApIlo pilueHHs npoobiemu nagookKie ma 1o2o WupoKo2o
suKopucmanus He auwe ¢ Yxpaiui, a u y bacamvox Kpainax ceimy. Posensdaiouu
npobremy nagookig sik 2no0aibHy 6a2amoacnekmuy npooiemy, 6Kazyemvcs npo
HeOOXIOHICMb ~ 3ACMOCYBAHHA  CUCMEMHO20  Nnioxody 0o i piuieHHs.
Cucmemamuzo8ano pe3yibmamu NONepeorix 00CHi0NCeHb, NPOBeOeHUX 8 YKpaini
ma 3a KOPOOHOM, 4 MAKONC OUPEKMUBHUX [ 3AKOHOO0ABYUX OOKYMEHMI8, ujo
cmocyromvcsa npobdremu nagookie. Bcmanoeneno, wo ceped bazamvox Hanpamie
CUCMEMHO20 OO0CHIONCeHHST NpobieMu NABOOKI8 OCHOBHUM I HAUBANCIUBIUUM
Hanpsamom €  (pyHOamenmanvHe  BOOCKOHANEHHS — KOHYENMYAIbHUX — 3ACa0
npoOMuUnA8oOK08020 3axucmy. 3anponoHo8ano asmopcoKull 6apianm yHieepcaibHol
KOHYyenyii  pillentss NpoOmMunagooxogoi npobaemu, AKa  OA3YeEmMbCa  HA
VHIBEPCANLHOMY ANOPUMMI O0CASHEHHS Yilb0B02O NOKAZHUKA NPOMUNABOOKOB020
saxucmy. Llinbosum  NOKA3HUKOM — NPOMUNABOOKOB020  3aXucmy  0OpaHo
MakcumanbHe 3HaA4eHHs: GIOHOUIeHHS NPOMUNA8o0K08020 edpekmy 00 eumpam Ha
00CsicHen s Yb02o eghekmy. 3axuchuii npomunagooKosull epexm npedcmasnenuil
BI0BEPHEHUM — NPOMUNABOOKOBUMU  3AX00AMU  3A2ANbHUM — 30UMKOM,  AKUU
CKIA0aembCsl i3 8I0BEPHYMUX COYIANbHO20, €KOJIO2IYH020 Ma eKOHOMIYHO20
30umKig.

Knrouosi cnosa: nagoook; npobnema nagookie; HACIIOKU ma 30umku 8i0 NABOOKIE;
NPOMUNABOOKOBI 3aX00U, CUCMEMHUL AHANI3 3aX00i8 3axucmy 6i0 NasoOKig,
KOHYenyis 3axucmy 6i0 nagooKis, Yilbosull NOKAZHUK NPOMUNAB00K08020 3aXUCTY;
8i08epHymMi 30umKu.

https://doi.org/10.32347/2411-4049.2023.2.5-22
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Beryn

Bin maBonkiB JIIOACTBO MOTEPIIAE MPOTATOM YCHOTO MEPiOAy CBOTO iCHYBaHHS.
3 HalJaBHIMIKX YaciB JIFOAW 3MYIICH] OyJIH 3aXWINATH Bif] MABOJAKIB BIACHE JKHUTTS
Ta MaiHO. HesBakatoum Ha CydacHWI TEXHIYHHH TIPOTpEC, SKUM CIPUSIB
BIIPOBA/KCHHIO B 0ararbox KpaiHax CBITY OUIBII JOCKOHANHMX 1HXCHEPHUX
MIPOTUTIIABOJIKOBUX CIIOPY[l, KUTBKICTh JIIOACHKUX KEPTB Ta PO3MIp 30UTKIB Bif
MaBOJIKIB 3 KOKHUM POKOM 3pOCTAalOTh 3 HEWMOBIPHOIO IIBHAKICTIO. Y ApYTiit
MOJIOBUHI MHHYJOIO CTOJITTS 30MTKH BiJ TMaBOJAKIB Ha 3eMHIH Kyl 3pOCiu
npubmuzHo y 10 pasziB. B okpemi poku 30MTKM BiJl NMABOJKIB MEPEBHLIYIOTH
200 mupn momapiB CILIA i cynmpoBOKyIOTBCA 3aru0erno tucsad jroaen. [lmomma
MEpiOIMYHO 3aTOTUTIOBAHUX TMABOAKAMHU TEPUTOPIH 3€MHOI KyJi CTaHOBHUTb
npuOanM3HO 3 MIH KM%, INO BiANOBigae cyMmapHiil muiomi BCix Aepkas 3aximHoi
€Bpormu Ta B 5 pa3iB epeBUIIIyE TUIONTY YKpaiHu. Y MaBOAKOHEOE3MeYHNX paifoHax
3eMHOT KyJIi 3apa3 MpoKuBae nmpuodau3Ho 1 mupx oci6d [1].

[IpoGnemi maBonkiB B YkpaiHi Ta 3a 11 Me:kaMu PUCBSIYCHO BEIHUKY KIJIBKICTh
myOITiKarii, sKi 3a IX XxapakTepoM MOKHA MTOJUIATH HA HAYKOBi Ta iH(GOpMaIiifHi.
Kinpkicts myOmikamiii iHpopMalifHOTO XapaKTepy Y BUTJISAL Pi3HUX OTOBiIEH Ta
MOBIIOMJIEHb TIPO MABOAKOBI CHUTYyallii Ha TUIAHETI 3HAYHO MEPEBUIIYE KiJIbKiCTh
HAyKOBHX TNyOJiKamiid, MpH [ObOMY HAyKOBi IyOJiKamlii MiCTATh pe3yibTaTh
JOCIIPKeHh OKPEMHUX aCTeKTiB IMPOOIEeMH IMaBOKIB (TEHE3HC MMaBOIKiB, HACIIIKA
Ta 30UTKHU BiJ MaBOJKIB, paliOHyBaHHS IMaBOJKOHEOE3NECUHUX TEPUTOPIN TOIIO).
[Ipore 1m0 1BOro Yacy HAYKOBISIMM III¢ HE CTBOPEHO I[LTICHOI KOHIIEMIIil
MIPOTHITABOJIKOBOTO 3axucTy. Ha 1eit yac po3pobiieHo Garato 3axofiB Ta 3aco0iB
3aXHCTy BiJ TMAaBOAKIB: OEpPEeTOYKpIIUIEHHS, CHOPYIDKEHHS 3aXHCHHX AamO,
CHOPY/KEHHS! IPOTHUITABOJAKOBHX BOJIOCXOBHIL], PETYJIIOBaHHS pycell piuoK TOIIO,
3aCTOCYBaHHS SIKUX JICSIKI aBTOPH HaMararOThCs TOAATH SK KOHIICTIIIi 3aXUCTy
[2, 3]. Onnak Taki mpomno3uuii MOKHA PO3TJISAATH TIJIBKU SIK OKpeMi BapiaHTH
MPOTHUIIABOJKOBOTO 3axHCTy. BpaxoByroun Te, MO0 HaHOUIBII BaXJIHUBOIO
CKJIAZIOBOIO HAYKOBO-NPAKTUYHOTO PIIICHHS MPOOJEMHU MABOJKIB € KOHIEIIIis
3aXHMCTy, IIOCTAa€ aKTyalbHa MoTpeda CTBOPEHHS YHiBEpCalbHOI HAayKOBO
JeTepMiHOBAaHOI KOHIEMNIii, BUKOPUCTAHHS $KOi 3a0e3nedyBano O JOCATHEHHS
rapaHTOBaHOTO 3aXHCHOTO e€(EeKTy MpH MiHIMaJbHHX PO3Mipax iHBECTHUIIHHHX
BKJIaJICHb B IPOTHUIIABOAKOBUH 3aXHUCT.

MeTta aociaimzkeHHsI — BHKOHATH CHCTEMHHMH aHalli3 OCHOBHHX HANpsMiB
JOCII/DKEHHSI TIABOJKIB Ta PO3POOHUTH TMPUHIIMIIOBI TOJOXKEHHS YyHiBepcaabHOT
KOHIIETIIiT MPOTUIIaBOAKOBOI'O 3aXHUCTY.

3 ornsay Ha Te, 110 mpobJieMa MaBOJKIB € INI00aJbHOK Ta 0araToacleKTHOR,
BOHa OTpeOy€e CHCTEMHOTO i IX0AY 10 11 pimeHHs. B po6oTi 3 mo3uIliii CHCTEMHOTO
aHaji3y BHpIIIYBaJHCh Taki OCHOBHI 3ajayi: OOIPYHTYBaHHS aKTyaJbHOCTI
CTBOPEHHS YHIBEpCAJIbHOT KOHIICMI 3axWcTy BiJ mNaBoakiB (po3aiin 1-2);
CUCTEeMAaTH3allisi OCHOBHHUX HANIPSIMIB JOCITIJDKSHHS Ta PIillIEHHS MPOOJIEMU MaBOJIKIB
(po3nin 3); oOrpyHTYBaHHsI yHiIBepCalbHOI KOHLEMNLII NPOTUIIABOJKOBOTO 3aXUCTY
(po3min 4).

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023
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Bukiax ocHOBHOT0 MaTepiaJty 10CTiIzKeHb

1. IHaeooku sk icmopuuna kKamezopia. IlaBonku  Hajexatb 10
HalfHeOe3MeUHIMNUX CTUXIMHUX SBUII Ha 3emii. BOHU CympoBOKYIOTH JIIOJCHKE
CYCIIIJIBCTBO 3 HAWAABHIMINX YaciB i g0 HamuX IHIB [4]. B ychoMy CBiTi mommpeHo
JIETE€H/IU MTPO BEJIMKH OTOM. barato H0CTIiAHUKIB BBasKarOTh, 110 BEJIMKA KUTBKICTH
MepeKasiB Mpo TOTONMH IPYHTYIOTBCA Ha [IHCHUX ¢akTaXx KaracTpodidHnx
3aTOIUIEHb 3HAYHUX TEPUTOPiN IUTAaHETH Y JAaBHO MHHYII POKH. 3a pe3yibTaTaMiu
JOCIIPKEHb ICTOPHKIB, apXeoJIoriB, 010J10TiB Ta eTHOrpadiB OyJI0 BCTAHOBIIEHO, 110
Ha MEXi YETBEPTOr0 Ta TPETHOTO THUCAYONITTS 10 Hamoi epu y Meconortamii
BiIOYIIMCS TPaHAiI03HI TABOJKH, SIKi MPU3BENTH J0 3aruOeni Maibke BCiX JKHUTEINIB
nonmuau Turpa i €sdpaty. 3aTorieHa MaBoKaMu TEPUTOPIS JOJIUMHUA MiXK TOPaMH 1
MyCTEJICI0 Ha TOM Yac MPEACTaBIsUIACh MICIIEBUM JKUTEIISAM IUIMM cBiToM. Tomy
KaracTpodivyHi maBoaku B MeconoTtamii, B IKHX 3aTWHYJIa O1IbIIIa YACTHHA YKUTETIB
nomuan Turpa i €Bdpaty, y HeOaraTeoXx, M0 3THAIIIINCH )KUBUMH, CIIPUHMAIHCH,
SIK BCECBITHIM motomn. [IpummyckaeThesl, 110 OJMH 3 XX MABOJKIB, PO AKHUM HIETHCS
B IIYMEPCHKiH JIeTeHi, cTaB MiJCTaBOIO LISl PO3IOBIII MPO BCECBITHIM MOTON y
Crapomy 3anosiri [5].

3apa3 HayKOBIISIMA BUKOHAHO BEJIMKY POOOTY 3 BUBUCHHS OTIOBiICH PO BEIUKUHT
MOTOM Yy Pi3HUX KpaiHax, 3 MEpPetiKy SKUX MOXHA CYAUTH TPO Te, IO CHPUINHEHI
MaBOJIKaM¥ BEIUKI MOTOMH BilOYBaJIHUCs MPAKTUYHO Yy BCiX pailoHaX 3eMHOI KyIIi.
OTxe, PO BEJIMKUM MTOTOII 3apa3 cPOPMOBAHO NEPETiK BABUJIOHCHKHX, EBPEUCHKHX,
JABHLOTPELIbKKUX, JABHLOIHINCHKUX CKa3aHb. B Iiell mepelik BXOIATh TaKOXK
CKa3zaHHI Npo Benukui morton y CxigHi A3ii, Ha ocTtpoBax ManalicbKoro
apxinenary, B ABctpaunii, B Hogiit I'Binei Ta Menanesii, B [lominesii Ta Mikporesii,
y [liBnenniit Amepuni, y Llearpanbhiit AMepuni Ta Mekcuti, y [TiBHiuHI# AMepuiii,
B Adpwui [6, 7].

[Ipobnema maBoAKiB TOpKHYyJAcsi Maibke KOXHOI KpaiHM CBiTy, ajie cepen
OaraTtbox paniie 3aikcoBaHUX Ha MJIAHETI MaBOJIKIB HAWOUTBIN PYHHIBHUME OyJIH
naBojku B Kurai [8—10]. 3a HaciigkaMu 11i TaBOJAKH MOKHA TTOPIBHATH 3 HAWOLIBIIT
KPOBOIIPOJUTHUMHU BiitHaMu. /1o Hammmx THIB DIAIIUTK B1IOMOCTI PO KaTacTpodiuHi
po3nuBu p. Xyanxe B 2297 poui no Hamoi epu. Opniero 3 HaHOLIbLIIMX
rigpoJioriyaux kaTactpod Ha 3eMJli BBaKaeThcs maBoAok 1332 poky Ha p. XyaHxe,
BHACIIOK SIKOTO 3arWHyJI0 7 MJIH 4YoyioBiK [8]. He MeHm Benmukuii maBomok B
Oaceiini piukn XyaHxe craBcsi BoceHu 1887 poky, konu Oy:o 3atoruieHo 11 micr i
300 cin. 3a odimiiHuMu gaHuMu 3arunyiio 900 THC. YOJIOBIK, a 32 HeOPIIIHHUMY —
BiJ 2 10 6 MyIH 4oJioBIK [8, 10].

B cepnni 1931 poky, B pe3ynbTaTi CHJIBHUX 3aTSDKHUX JOLIB HalmoBIIA i
MOBHOBOAHA pika Kurtaro SIHI3M 1 CyCiiHs 3 HEro piuka XyaHXe OJHOYACHO BUHIILIN
3 OeperiB 1 3atomwin moHay 300 THCSY TeKTapiB POAOYUX 3€MENb, MOBHICTIO
3HHIIUBIIK Ha il TUIOMII ClIbChbKe TocnoaapcTBo. [laBomok 3abpas 3,7 MinbiioHU
JOACBKUX XHUTTIB, 40 MiJbHOHIB YOJOBIK MOCTPaKAAIN BiJ TOJOAY, PO3PYXH,
xBopoO [8, 9, 11].

3 12 yepns 1o 30 ceprus 1998 p. B Kurai cranocs 13 naBokiB, Ki TOPKHYJIUCS
Maibke Bciei Teputopii kpainu. Bin HuX moctpaxkaano 240 MIH 4OJIOBiK, TOOTO B
6 pasiB OunpIe, HiXK 3apa3 npoxuBac B Ykpaini. Ilonam 56 mmH oci® moBemocs
THMYACOBO €BaKyIOBAaTH. 3arMHYJIO THUCSY1 Jironaei [9, 12].

YacTtoTa mMaBOAKIB 3 pOKaMH Mae TEHJACHIIO 10 30inbiieHHs. [laBomku Ha
p. Xyanxe B mepiox 3 XXI mo XVI cr. 10 H.e. BimOyBayiucs MPUOIHM3HO KOXKHI
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50 pokiB. 3 206 p. no H.e. o 25 p. H.€., B MIEPioA MPaBIiHAA JUHACTIi XeH, X 0yIo
BigmiueHo 12 3 iHtepBanoMm B 20 pokiB. 3 618 p. mo 907 p., B mepioa mpaBiiHHS
muHactii TaH, BigOyBcs 31 maBook 3 iHTepBaJIoM B 9 pokiB. Y niepion quHactii Kinr,
3 1644 p. mo 1911 p. Binbymnocs 480 maBokiB 3 inTepBasiom B 0,55 poky [8].

Cepen iHmMX KpaiH CBITYy BiJ MaBOAKIB HaWOimpII cTpaxkmae banrmanmermr.
PiBuuuHi TepuTopii, 3aTorumrOBaHi piukamu [anr, bpaxmamyrtpa, MerxHa,
cTa”HOBJATh npuban3Ho 80% yciei mmomyi banrnagem. IlaBoaxu B banrmagem
cTanu peryisipHuM siBuieM. Came TOJi KUTTA KpaiHW MOBHICTIO Mapami3yeTbes.
JIroasiM TOBOIUTECS PATYBATUCS Ha TaropOax, BUCOKMX HACHIaXx, Aaxax OyIHHKIB
i HaBiTh Ha JepeBax. TpUHAALATH TPOIMIYHUX UIHUKJIOHIB OOpYIIMINCSA Ha
y30epexoks 1iei kpainn y mepiox i3 1960 mo 1970 pp. 3 1950 mo 1988 p. Ha
TepuTopii banrnanenr cranock 25 HalcHIBHITIMX MaBOAKIB. Y 1970 p. Bij maBoaKy
3arunyso 300 Tuc. Jroaei. YBary BChOro CBITY NPUKYJIH 10 ceOe maBojku 1987 Ta
1988 pokiB. 3a odimiitaumu ominkamu B 1988 p. i3 3aranpHOI mwIomli TepUTOPIi
Kpainu, mo aopiBHoe 144.8 Thc. kM?, OylO 3aTOIUIEHO MOHAI MOJOBUHY —
82 tuc. km? [13].

OCKinbKH icTOpito 0araTboX KpaiH CBITY Bijg 0i0JIIEHCHKUX YacCiB /IO HANINX THIB
MOXKHa 0e3 repeOiIbIIeHHs] Ha3BaTH iCTOpi€l0 OOpOTHOM 3 MaBOJIKAaMH, MABOIKH
JOLTBHO CIPUIMATH SK ICTOPUYHY KaTEropilo IIAHETAPHOTO MacIuTaly.

2. Ilagooku sk znobanvna npodaema. 3a KiIbKIiCTIO )KEPTB 1 pO3Mipy 30HTKIB
MaBOJKHM 3aiiMarOTh OJHE 3 MEPIIMX MICIb Yy PsIi CTUXIMHUX JIUX 1 KatacTpod.
OcTtaHHIMH POKaMU 3 POCTOM HacelleHHsI IIaHeTH, ypOaHizalii TepuTopiil, 3BeIeHHs
JICiB, PO3BUTKOM TOCHOJApPCHKOI TisSUIBHOCTI JIFOJWHHU, a TaKOX B YMOBaX 3MiH
KIIIMaTy TIOYACTillaii KaTacTpOQidHi IMMaBOAKH, TOCHWIMINCS IX EKOHOMidHi,
COLIaJIbHI Ta EKOJIOTIUHI HACHiJKW Ta 3pociia KiIbKICTh BUKIHMKAHUX HUMH
moackkux xepts [14, 15]. Ille Oinpmn MIBUIKO 3pOCTAOTh PYHHIBHI HACHIJIKU
MaBOJAKIB Ta 30uTkM Bix HUX. Tak, y HaHOUThII MMaBOAKOHEOE3NEUHOMY
KapmarcexoMy perioni Ykpainu cepenHbOpiuHI 30MTKH Bij maBojKiB y 1995-1998
pokax ctaHoBuIM Oisbiie 900 MitH rpuBeHsb, y 1999-2007 pokax — moHan 1,5 mupa
rpuBesb, y 2008-2010 pokax — Giu3bko 6 MiIpA TpUBEHb. 3arajibHi 30MTKH BiA
MaBOJIKY, IO BiOyBes B 20-x yncnax yepBHA 2020 poKy BHACHIIOK MPOXOIKEHHS
IHTEHCHBHMX T'PO30BHX JIOIIIIB Ta 3HAYHOTO 1 IBUIIICHHS BOJHOCTI B piukax [[HicTep,
[pyT, Yepemom, buctpurs, omiannu Ha cymy 3—4 mupa rpH [16].

3a nanumu BeecBiTHROI MeTeoposoriunoi opranizauii (WMO) npubausao 50%
CTHXIHUX IMX, TIOB’S3aHMX 3 BOAOI (TiAPOJIOTIUHI JHMXa), CIPUYUHEHI
MiIBUINCHHSIM PiBHS TOBEPXHEBOT Ta IPYHTOBOT BOM (pHC. 1). 3 3aranbHOT KilIbKOCTI
CTUXIMHUX JIUX, MO CTajucid HANpHUKiHIi 20-T0 i moyaTKy 21-r0 CTONITTS, MOHAJ
60% npumagae Ha J0JIFO THX, 10 OB’ sI3aHi 3 TIAPOMETEOPOJIOTTYUHUMH SBUII[AMH Ta
nportiecami [ 17]. Ha gomro naBojkie mpumnanae 45% 3araiabHOl KUTBKOCTI CTUXIHHUAX
JIUX Ha TUIaHeTi (puc. 2).

3 oy Ha 3HaYHY JIOJTIO TIABOJIKIB B CKJIA[(l iHIIMX CTUXIMHHX JIMX HA TUTIAHETi
(puc. 1, 2), a Takox BpaxOBYIOUYH HaJ3BHUYAHO HEOE3MEUHHI XapaKkTep NaBoJIKiB,
OI0 Maju Micue B pi3HMX KpaiHax cBity (Tabin. 1), y Tomy umcni B Ykpaini
(Tabmx. 2), mpobiieMy MaBOJKIB CIiJ BBaKATH TI00ANTBHOIO.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



Puc. 1. Tunm cruxiiHMX WX, MOB'A3aHUX Puc. 2. Posmopin TIPUPOJTHUAX

3 BOJOIO:

Ha/I3BUYAHAX CUTYAIill 3 YUCIIOM KEPTB

1 — BHCOKa TMOBepxHEBa Ta IpyHTOBa Boja moHax 100 4HomoBik, a0 E€KOHOMIYHHUM

(py#iHiBHA s BOJIH, 3aTomieHHs, 30uTKOM moHan 1 mupn mon. CIIA:
MiATOIUICHHS); 2 — 3CYBH, celi; 3 — emigemii, | — maBoaku; 2 — Oypesii, cmepui;
BUKJIMKaHI BOJIOI0; 4 — 1ocyXa; 5 — rojon 3 — 3emJIeTpycH, BYJIKaHH, IyHami; 4 —

TPOMIYHI IIUKJIOHH; 5 — 3CYBHU

Tabmuus 1. Haii6inpmi maBoaku, mo BigOyIHMCh B pi3HUX KpaiHaX CBITY

Jlata

KoHTHHEHT, KpaiHa, perioH Ta HACJIIKH IPOXO/KEHHsI ABOJKY

Jlumens 1342 p.

Himeuynna. [TaBomok Ha piukax Peitn, Mo3ens, Maiin, JlyHai,
Besep, Beppa, Yucrpyt, Ennba. IMomkomkeno micta KenbH,
Maitan, @pankdypr-Ha-Maiini, Bropudypr, PerencOypr,
[Maccay Ta Binenb. B nepiox maBoaky 3arvHyso moHag 6 THC.
0ci0, B HACTYIHI POKH BiJl CIIPUYMHEHHUX MABOJKOM TOJIOAY Ta
maHmeMil 9YyMH 3ardHyJIO OUTBII TPETHHH  HACEICHHS
LenTtpansHoi €Bponu

5 mucronazaa 1530 p.

Hinepmanmu. IloBime Cpsaroro ®emikca. 3armHylo IOHaN
100 THc. ocib

Jlunens 1911 p.

Kuraii. P. Suuzu. 3arunyno 100 Ttuc. yon. be3 xutia
3AIUIIUIOCH 5 MJIH 0Ci0

Cepnens 1931 p.

Kuraii. P. flnisu ta p. Xyanxe. 3arunyino 3,7 MUIbHOHHM 4OJ.
[Moctpaxnano 40 mux yoi. 3aTomneHo 300 Tuc. ra 3eMenb

14 cepnusa 1955 p.

Kuraii, npoBinuis Aubxoil. [loBinp B Oaceiini p. XyaHnxe.
3arunyno 500 go. [Toz6aBuinocs gaxy 10 mutH oci6. 5 MITH akpiB
3eMelib 3aTOILICHO.

4 xoBTHS 1955 p.

IMakucran i Inxis. IloBine B Gaceiini pidok Iux i ["anr. 3aruaymno
1700 gog. 36uTok cranoBuB 63 MuH moj. CIIA Bix 3aTomieHHs
5,6 MJH aKpiB 3eMeNb

12 nucromana 1970 p.

banrmanem. Ilosins B aensTi [anry. 3atoruieno moHam 50%
teputopii kpainn. 3armuyno monan 300 tuc. oci6. Brpaueno
Bposkaro Ha 63 muH goia. CIIIA

Jluniens-ceprieHp
2010 p.

[Makucran. JlomoBuil MaBOAOK. 3aTOILICHO II'SITY YacTHHY
kpainu. KinpkicTh mocrpaxkpanux nepeBuinwia 21 MiIH 4ol
3arunyno 1600 oci0; 30utok craHoBuB nonan 10,0 mupx mo.
CHIA
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Jlata

KoHTHHEHT, KpaiHa, perioH Ta HACIIIKK POXOKEHHs AaBOAKY

I'pynens 2010 p. —
ciuens 2011 p.

Agcrpanis. [TaBomok B mirati KBincnena. B 30Hi 3aromieHHs
omuHWIOCH 22 wmicta Ta moHax 200 Tuc. mroped. 3aruHyIo
25 von. 3pyitHoBaHo 30 TuC. OynMHKIB. 30MTOK CTaHOBHUB
24 mapn pon. CIITA

2-13 wepsas 2013 p.

Kpaiau Lentpansuoi €Bponu. [aBomok Ha piukax JyHai, Peitn,
Maitn. 3aruayno 24 moguHA. 30MTOK CTAaHOBHB 15 MIIpI HOI.
CIIA

4 sxoBtHA 2009 p.

Ianis. IloBimp B mtatax Kaprataka ta Amnaxpa-Ilpagem.
3arunayno nmoHan 300 ocib, mocTpakaano OIM3BKO 2 MIH 0cif.
36utok ctanoBuB 1,0 Miupna mosr. CIITA

16-20 gepBHs 2010 p.

Karactpodiuanii maBomox y I[lomemi. 3armayno 24 moauHH.
3aroruieHo 2157 HaceJIeHUX MyHKTiB. 30UTOK CTAHOBUB 2,5 MIIpIT
€BPO

12-30 numus 2021 p.

Cepisi IOUIOBUX MAaBOJKIB B KpaiHax €BpOIH, BUKIMKaHUX
mukioHoM bepun (Bernd). Boma y JmeKiIbKOX PIYKOBHX
Oaceiinax Buiimia 3 OeperiB. OcHOBHHMH 30HUTOK  Bif
TiIPOJIOTIYHOIO JIMXa, BU3HAHOTO HaiOUIhIIUM 3a octaHHi 100
pokiB, npunaB Ha HimewyuuHy. 3aruHyio Ta mnponaio Oe3BicTH
moHaz 243 ocobdn

Tabmuus 2. Haitbinemi naBoaku Ha TepuTOpii YKpainu

JHarta

Piuku YkpaiHu, perioHu Ta HaCJiJKH NPOXOJPKEHHS MaBOJKY

8-9 yumus 1911 p.

P. IlpyrT, p. Ceper. Burpara Boau B p. Ceper socsrna 1000 m3/c

1-2 BepecHs 1941 p.

baceiin piuok Jluictpa, IIpyty i1 Cepery. 3mnuBOBi omnanu
MPU3BEIH 10 HeOYBaJoOro maBojaKy WMOBIpHICTIO 1/250 pokiB.
MaxkcumaneHi piBHI Bogu B [mictpi Ha 1-3 M mepeBUIIMIN
HAMBHIII PiBHI BOJH V MOTEPEIHI POKH

4-8 nucronana
1998 p.

Piukn 3akapmarts. 3atoruieHo 119 HaceneHHWX IYHKTIB,
3pyiiHOBaHO 3248 OyIOHMHKIB Ta 22 MOCTH, TOLIKOKEHO OJIM3BKO
100 THc. ra cimerocmyrins. Buaukino 600 3cyBiB Ta 98 ceneBux
MOTOKiB. 30uTOK cTaHOBUB 810 MIIH rpH

Jlunens 1999 p.

C. Homnimmiit llemit Ha p. Ceper. 3pyiiHOBaHO 8 MOCTIB, Tpedis
ta 10 kM aBTOHOpOTH. 3arWHY 0 4 40J1. 30UTOK CTAHOBHB ITOHA]
1,3 MJH I'pH

3-5 Gepesns 2001 p.

Piuku 3akapmarts. 3aruayso 9 oci6. 3aromneHo 251 moceneHHs

28-29 s 2001 p.

Baceitn [mictpa. 3arormeHo 33 moceneHHsS, 3pyHHOBaHO
17 moctiB. 3armHyno 2 mrofeil. 30WTOK CTaHOBHWB TIOHAT
20 MJTH TpH

23-27 mamas 2008 p.

Piukn Ilpukapmarts. 3atoruieHo 615 HacenmeHMX IYHKTIB Ta
6impme 34 THC. Ta cimerocmyrigs. 3aruHyjio 42 4on. 36uTOK
CTaHOBUB 3—4 MIIpJI IpH

15-20 tpaBus 2010 p.

JlomoBuii maBomOK Ha piukax 3akapmarcbkoi, IBaHO-
®pankisepkoi, JIbBiBcbkoi, UepHiBenpkoi Ta TepHOMiIbCHKOT
oOnacreil. 3aTorieHo OJMU3BKO 4 TUC. Ta CUTBIOCHYTib. 30UTKH
Bil cTHXIi y perioHi ckiiaiu nouax 75,5 MJH rpH

23-27 uepsHs 2020 p.

[TaBomok Ha piukax uicrep, IIpyT, Uepemom, bucrpuns. ITix
MABOJKY BU3HAHO HAaWOULTBIIMM 3a ocTaHHi 60 pokiB. 30HTOK
CTaHOBUB 3—4 MJIpA IpH
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['moGanpaMii XapakTep TpoOJiieMH NTaBOAKIB MiATBEPIKYETHCA TAaKUMHU il
O3HaKaMH: CTOCYETHCS YChOTO JIIOJCTBA; 3avilae iHTEepecH i 100 6aratboX KpaiH;
MPU3BOJIUTH 10 3HAYHUX COIIAJIbHUX, €KOJOTTYHUX Ta eKOHOMIUYHUX 30UTKIB, SKi y
pasi ix 30UTbIIeHHs OyAyTh 3aTPOXKYBAaTH iICHYBAHHIO JIFOACHKOI ITUBLTI3AIII].

XapaKkTepHOI0 03HAKO MPOOJIEMU MABOJIKIB € Te, 1[0 BOHA BXOJIUThH JI0 CKIATY
OaraTboX iHIIMX MpoOJeM, SIKi Ha MDKHApOAHOMY piBHI BM3HaHI SK TJ00aJbHi,
a caMe TakuX MpodJIeM, SK €KOJIOTidHa, MPOIOBOIbYA, COMiaTbHa (3arpo3a KUTTIO
Ta 37J0pOB’I0 HACEJCHHS), CKOHOMIYHA (BTpaTd Ta 30WTKM B pi3HHX cdepax
KUTTEIISUTBHOCTI JTFOICTBA Ha IIAHETI), Ierpajiallis 3eMeb.

3. Cucmemamusayin OCHOGHUX HANPAMIE OO0CHIONCEHHA mMaA PilleHHs
npoonemu nagookie. 3a pe3ynbTaTaMH aHai3y JITEPaTypHHUX JDKEpel, a TaKoxK
BIJIMOBIIHUX JUPEKTHBHUX 1 3aKOHOJABYMX JIOKYMEHTIB, OyJ0 BHU3HAYCHO TaKi
OCHOBHI HaNpsIMU TOCITiPKEHHS Ta pilleHHs mpo0iIeMy aBOIKiB.

Ananiz ma Kopecy8amHa GU3HAUEHb MEPMIHIE «NABOOOK» I «NOGIHbY.
3araipHOBIIOMO, WIO YCIilIHE pilleHHs OyAb-ikoi mpobieMu TOTpedye
neTepMmiHaiii i OCHOBHMX elleMeHTIB Ta TOHATh. Jlig  mominmeHHs
PE3YIBTaTUBHOCTI CHUCTEMHHUX JIOCIIPKEHb Ti1IPOJOTIYHUX SIBHII, TOB’S3aHUX 3
MiAHOMOM BOIM y BOJOTOKaxX, B poOoTi [18] HaBeJeHO pe3ynbTaTh KOPETYBaHHS
BHU3HAYCHb TEPMIHIB «IIABOJIOK» 1 «ITOBIHB». TEPMiH «TABOIOKY ITiJl YaC MPOBEICHHS
JOCTIKEHb 3alpOIIOHOBAHO BHKOPUCTOBYBATH SIK yHiBepcanmbHHU. [lin maBogkom
CIIiJi PO3YMITH CTHXIMHWH JUHAMIYHWH mporec (OpMyBaHHS BOTHOTO PEXKHUMY
BOJIOTOKY, IO BiIOyBaeThcs B TpU cTafii. [Ipu mboMy OIHIEIO TAaKOIO CTai€lo, a
caMe KyJIbMIHAI[ifHOIO CTaJi€l0 IhOTO Tpolecy, € ToBiHb. [lig mOBiIHHIO
pO3YMI€ThCSL  CTalis TMaBOJAKY, IO BiIOYBAa€EThCI B MOMEHT JIOCSTHEHHS
MaKCUMaJIbHUX PIBHIB BOJM Y BOJOTOIIl Ta MPWJIETIIUX TEpUTOpisix. Tomy min vac
MPOBENEHHS IOCII/IKEHb MO’KHA OKPEMO BUKOPUCTOBYBATH SIK TEPMiH «aBOJOK,
Tak 1 TepMiH «moOBiHBY». lIpoTe He TPHUITYCKAEThCI BUKOPHCTOBYBAaTH
CJIOBOCIIOTYYCHHSI «IaBOJKH 1 TOBEHI», OCKIJIBKM HEJOTIYHO CTAaBUTH HA OJHUH
piBEHb IIiJIe 1 YaCTHHY I[LOTO IIJIOT0, Y JTAHOMY BHIIAJKY «IPOLECH 1 CTamii Iux
MIPOIIECIBY.

36ip ma ananiz cmamucmudHux OaHUX NPOX00ICEHHs NABOOKIE 6 Kpainax ceimy
ma Ykpaini. 3a MM HanpsMOM OIyOJIIKOBaHO HAMOIBITY KUTBKICTB POOIT, 30KpeMa
[2—-14].

Knacugixayin nasooxis 3a ix eenezucom [3, 15, 19, 20].

Pationysanns mepumopiil 3a cmynenem nasookoeoi nebesnexu [20-22].

Pospobra konyenyii 3axucmy 6io nasookis 2, 3, 10, 23].

Po3pobxa memodie kopomrocmpoKoeo2o npocHo3y6anHs nagooxis [24].

Pospobra nayxoso-memoouunux 3zacad pospaxyHky empam i 30umkie 6i0
nasooKie ma GU3HAYEHHS eheKMUBHOCMI 30IUCHEHHs. NPOMUNABOOKOSUX 3AX00I8
[25-27].

Iliocomosxa ma nputinammsa oupexmusu €gponeticokoeo Coio3y ma nocmanos
ypady Yrpainu npo oyinky ma ynpasuinusa nagooxosumu pusuxamu [28-32].

OdeBHIHO, IO CEpeJl BUINE3a3HAYCHUX HAINPSAMIB JIOCIIPKSHHS Ta PilllCHHS
npodjeMy MaBOJAKIB TUIBKM OJUH HAmpsSM € OCHOBHUM Ta PagUKaIbHUM, II0J0
pimeHHs TpobiemMu TaBoiaKiB. Lle HampsM po3poOKHM KOHIIEMIN 3aXHUCTy BiX
naBokiB. Cepejl IHIIMX HAMPAMIB JCSIKI MalOTh CyTO iHPOPMATHBHO-TI3HABAIbHU I
XapaxkTep, a JAesAKi MOXyTb OyTH BHUKOPHUCTaHI K JIOMOMIXKHI MiJ 4ac pilIeHHS
poOIeMHU TaBOJIKIB.
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4. O6rpynmyeanns yHigepcanbHoi KOHUenuii 3axucmy 6i0 RnagooKis.
BpaxoByroun sk akTyanbHy HEOOXiTHICTh pilleHHA T100anbHOl TpodiieMu
MaBOJKIB, TaK 1 BHCOKY BapTiCTh 3aXOiB MPOTUIMABOJKOBOTO 3aXHCTY, B OCHOBY
YHIBEpCAaTbHOI KOHIEMIii 3aXWUCTy BiJ TABOJKIB 3aKJIAJa€TbCsi MOKA3HUK
e(eKTUBHOCTI 3aXHUCTY Y BUTJIIS1 CIiBBIJHOIICHHS TIOKa3HUKA TTIO3UTUBHOTO e(heKTy
3IiACHEHHS 3aX0/1iB IPOTUIIABOAKOBOTO 3aXUCTY 1 TOKA3HUKA HETaTHBHOTO €PEKTY,
OCHOBHY YaCTHHY SIKOTO CKIIAIAf0Th BUTPATH, HEOOXiMHI IS 3MIACHEHHS 3aXO0/iB
MPOTHUITABOJKOBOTO 3aXHCTY.

[lo3utuBHMII edekT 3miiCHEHHS i-r0 BapiaHTa 3aXHUCHHUX 3aXONiB B 30HI S
MaBOJKOBHX PU3HKIB, 200 30HI MOTEHIIHHOTO 3aTOMJICHHS, OLIHIOIOTH BEJIMYUHOIO
3araabHOrO BiIBEPHYTOro 30MTKY B3, (30UTKy, BiIBEPHYTOr0 MPOTHIIABOJIKOBUMH
3ax0JaMu). 3arajibHUi BifBEpHYTHI 30MTOK B3 CKIaJaeThcs 3 BiIBEPHYTOTO
cowianbHOro 36MTKy (B3,“), BimBepHyTOro exomoriunoro 36utky (B3,°")' Ta
BiJIBEPHYTOr0 €KOHOMI4HOrO0 36UTKY (B3,*")":

B_?Si — (B3Scu)i + (Bgsem)i + (Bgsem-t)i . (1)

BenMuuHa HO3UTHBHOTO IIPOTUNABOIKOBOTO eeKTy (BifBEepHYTOro 30UTKYy B3y
1 abCONIOTHA BENMYMHA HETaTUBHOTO e(eKTy (HAcHiIKy) MPOXOKEHHS MaBOIKY
(30uTKy 35) 3HAXOIATHCS Y CIiBBiTHOIICHHI:

B3'<|3

S| .

2

3 ypaxyBaHHSIM CHiBBiJJHOIICHHS (2) MOKa3HWK e(EeKTUBHOCTI i-ro BapiaHTa
3aXMCTY BiJ] TABOJKIB 30HU NMABOJAKOBUX PU3HKIB § BU3HAYAIOTH 32 (POPMYIIOFO:

B3!

S

R=— B3
T +(3-83) ®)

nie by — BUTpaTH Ha TOCATHEHHs MO3UTHBHOTO edekTy B3y, THC. rpH/pik; (35— B3 ) —
qacTUHAa 30UTKY 3, SKa 3ajJMIIWiach HE BIJIIBEPHYTOI NPOTUIABOAKOBUMHU
3ax0J[aMH, TUC. TPH/PIK.

3a UiTbOBUH TOKAa3HUK IPOTHIABOJIKOBOIO 3axHCTy R, mpuiiMaeTbcs
MMOKa3HWK HaWBHUIIOI e()eKTUBHOCTI BKJIAJICHHS 1HBECTHIIIN B 3MIMCHEHHS 3aXMCHUX
3axofis. ITokasHuk R,"* Binmoizae 1Moka3HUKY e(eKTHBHOCTI Ry i-ro BapiaHTa
MIPOTHIIABOIKOBOT'O 3aXKCTY 30HHU §, IKHH 3HAXO/ATH Cepel MHOKUHHU U TIOTSHIIIHO
MO>KJIMBUX BapiaHTIB 3aXUCTY BiAMOBIAHO 10 1iIb0BO1 QyHKHIT (4):

R™ ¢> Rl = — B3, > max, i=1L..,u. 4)
‘ ‘ b;+i3s—B3;i

VYHiBepcanbHa KOHLEMIIS 3aXUCTY BiJl TAaBOJKIB PO3POOIIOETHCS 3 ypaxyBaHHIM
TaKUX BUXIJHUX YMOB:

- KOHIICTIIS MPU3HAYeHa I PO3POOKU Ta OOIPYHTYBaHHS 3aXOJiB Ta 3ac00iB
3aXHUCTY BiJl IABOJKIB Pi3HOT 3a0€3ICUEHOCTI B 30HAX MOTEHIIIHHOTO 3aTOIUICHHS, B
SKHX MOXYTb 3HaXOJUTHCH JIIOIW, & TaKOX Pi3HI MPUPOIHI Ta IITYy4YHI 00’€KTH,
OB’ s13aHi 3 pI3HUMHU ChepaMu JKUTTEMISIILHOCTI JIFOICH;
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- BPAaXOBY€EThCS Ta MJISATa€ aHalizy HE OAWH KOHLENTYAIFHHH HaIpsIMOK
MPOTHUIIABOJKOBOTO 3aXUCTY, a KiIbKa MOXIIUBHX albTEPHATUBHUX HAMpPsMKIB,
3aJIe)KHO BiJI KOMILUICKCY ()aKTOPiB HETaTUBHOI'O BIUIMBY IMABOJKIB HA COIiaJIbHUM,
€KOJIOTIYHUI Ta EKOHOMIYHHI CTaH TEPUTOPi 30H MaBOJAKOBUX PHU3UKIB;

- BPaXOBY€ThCS Ta IUIATAa€ aHali3y ITOBHA MHOXKHMHA IIPOTHIIABOAKOBHX
3ax0/iB, iX (YHKIIOHATBHUX 1 TEXHOIOTIYHUX ANbTEPHATHUB;

- BpaXOBY€EThCS Ta IJUITAE aHANi3y ITOBHA MHOXHHA KOHCTPYKTHBHHX
BapiaHTIB MPOTHUIIABOJKOBUX CIIOPY/, a TAKOX MHOKHHA MOJIMBHX TEXHOJOTIH i
3ac00iB MexaHi3allii OyIiBHHUIITBA I[UX CHIOPY/L;

- AJIsl BA3HAYEHHSI KOMIUIEKCY ONTHMANbHUX a00 HAaiO1Ib LI NPUITHATHIX 3aX0/1B
Ta 3ac00iB 3aXHUCTy BiJl MABOJIKIB 3aCTOCOBYIOTHCSI HAYKOBO-OOTPYHTOBAaHI METOM,
METOJIUKU Ta PEKOMEHIAII1.

BinnoBigHo 10 BUXiTHUX YMOB PO3pOOKH yHIBEpPCANbHOI KOHIICMIIIT 3aXICTY BiJ
MaBOJIKIB, BCTAaHOBJICHO JBa alNbTEPHATUBHHUX KOHIENTYAIBHHUX HANPIMKH
MPOTHUITABOJKOBOTO 3aXHCTY:

- HaMpsIMOK CUTYaliifHOTO MPOTHITIABOJAKOBOTO 3aXUCTY;

- HaIpsSIMOK IPEBEHTHBHOTO MTPOTUIIABOIKOBOTO 3aXHUCTY.

XapakTepHi OCOONMBOCTI 3aXHCHUX 3aXOMIB 332 [IMMH HANpSIMKaMH, a TaKOX
MEPeJIiK Ta MOPSIOK BUKOHAHHS 3aXMCHUX 3aX0JiB HaBEACHO B poOoTi [23].

OOrpyHTYyBaHHSl albTEPHATHBHUX KOHIICTITYalbHUX HANpsMKIB Ta BHOOpY
BapiaHTIB 3aXO/iB 3aXHCTY BiJl TABOJIKIB B S-i 30HI TOTEHIIITHOTO 3aTOTUIEHHS S-TO
OaceliHy aBOJKOHEOE3MEeYHOT PiYKH 3IHCHIOIOTH MOCTAITHO BiAMOBIAHO IO CXEMHU
Ha puc. 3.

Cmaodist 00620CmMpPOKO6020 NPOSHO3YBAHHSL.

Eman 1. Ilpocnosysanns nagooxkosoi nedesneku 6 30Hi § 34 2i0OPOIOSIHHUMU
noxaswuxamu. MeTOIUYHI 3acajd TNPOTHO3YBaHHS HaBEJACHO B pobOoTi [22].
KinmeBuM pe3ynbpTaToM MPOTrHO3YBaHHS € TirnepOoiuHa 3aJIeKHICTh BUTPATH BOJIU
B PO3PaxyHKOBOMY CTBOpI piuku (J, BiJl 3a0€311€4eHOCTI MAaBOJIKY p:

szﬁwc2 ; ()
p

ne ki 1 kx — koedilieHTH, 1110 3HAXOAATH IIJITXOM 00pOOKH 3a METOJIOM HaMEHIIIUX
KBaJ[paTiB CTATHCTUYHUX JIAHUX MPOXO/KEHHS TIABOJIKIB 32 MUHYJIUH MEPioI.

Eman 2. Ilpoenoszysanus cepeouvbopiunoi aumpamu 800U 6 po3paxyHKOBOMY
Ccmeopi piuku 6 30Hi NasoOKOSUX pusuxie s. MeToauyHi 3acagd MPOTHO3YBAaHHS
HaBeJieHO B poOori [22]. KiHleBiM pe3ysibTaToM MPOrHO3YBaHHS € QyHKI[IOHAILHA
3aJICKHICTB!

_kIn(100-p,) ,

p
< 100- p,

ky (6)

ne O, — cepeqHbOPIYHA MIKOBA BUTpaTa BOAW B PO3PAXYHKOBOMY CTBOpi PiUKH,
M*/c; po — MiHIMabHA JUIS S-1 30HU TIABOJKOBMX PU3MKIB PO3PAXYHKOBA BEIMYMHA
3a0€31eYEeHOCTI MMABOJIKY, IKY BCTAHOBIIIOIOTH 3T1IHO 31 CTATUCTHUKOIO MPOXOMKCHHS
MaBOJIKIB 32 MUHYIMI POKH, % (3a3BUYail MpUIMaioTh po =1%).
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Hanpsmu cuctemHoro YHiBepcanbHa . TiapoTexHiuHi
AocnimkeHHs naBoakis | (™ KoHuenuia 3axucTty Buan saxonis ;
BiZ NaBoaKiB A npeBeHTUBHOTO | A  MPOTMNABOAKOBI
""""""" Ay, 3axucTy Big 3axoam
< 36ip Ta aHani3 cTaTUCTUKN naBogKiB {}
i €M max n .
NPOXOAXXEHHA NaBoAKiB [RS Rs.p H DyHKLiOHANLHI

H
L] H
oo i || ¥ ¥ | [fomopinaubopy) | janerepnare saonis;
! HeBesnekw > = 8 'E. BUAIB 3axoaiB L :
e e g 628 [R np]max :
3 Pospoﬁka_xonuenu.i'l'_ + g § © ﬁ § s KpuTepin Bu6opy :
SaXMCIVIEIANIAEOAKIE 20 - s H BapiaHTiB 3axoaiB
1 E o <) U SRR AU A
% Po3po6ka meToAiB H S5 S ] 5 YR H AQ 2-m |max
KOPOTKOCTPOKOBOIO ' (="} o 2apJ VB L P
NPOrHO3yBaHHs NaBOAKIB 5 g = Q g T 'g - 2-m
: « o 3 E St 312 by
< Po3po6ka HayKoBO- g o < 532 g1 T X ¢/
MeToANYHUX 3acan = © S © Ei 8¢ 54
BU3HaYeHHs BTpaT Ta o = ~ 5 S & 52 : T
36MTKIB BiA NaBOAKIB Ta G5 c b 55 z H E: : H Tor ‘:"I'Irilmi
¢ edeKTMBHOCTI 3axucTy I a % aQ - 5 H QLI .
: c c o H { anbTepHaTuBK 3axoais |
2°2~ Po3po6ka Ta NpUNHATTA Q ? ? Q """"
! AVPEKTUBHUX AOKYMEHTIB
i Saxnery Bla nasoakis |ﬂCHC | | DepxBopareHcTBO YKpaiHu |
L

Puc. 3. T'ooBHA CTPYKTYPHO-(PYHKI[IOHATBHA CXeMa BUOOPY 32 YHIBEPCATHHOIO KOHIICTIIIED
BapiaHTIB 3axUCTy BiJ TMaBOIKIB s-i 30HM MABOJKOBHX pH3HMKIB B OaceiiHi
MaBOAKOHEOE3MeYHOI PIYKH

Eman 3. Ilpoecnosysanus nagooxoeoi Hebesnexu 6 30Hi § 3a pO3MIPOM 30UMKIG.
MeTomuuHi  3acajM IPOTHO3YBaHHsA HaBeneHo B poboti [33]. KiHiesum
Pe3yIbTaTOM IPOTHO3YBAHHS € rinepOosiuHa 3aeXHICTh (7) 3aranbHOro 30UTKY 35
BiJ] MaBOJIKY 3a0€3MeUeHOCTi p B 30HI TABOJJKOBUX PU3HKIB S:

3=k, (7)
p

ne k3 1 ks — KoedilieHTH, M0 3HAXOAATH MIITXOM 00POOKH 32 METOI0M HaMEHIIINX
KBaJIpaTiB CTATUCTHYHUX JAHUX 30WTKIB BiJI MPOXOKEHHS TMABOJKIB 32 MUHYIHUI
MepioJi, a TAKOXK JIAHUX MPOTHO3Y BapTOCTI MailOyTHHOT 3a0yI0BH TEPUTOPIi 30HH §
Ta MEePCIEKTUBH ii OO0 eKOHOMIYHOTO PO3BHUTKY.

Eman 4. Ilpocnosysanna cepeonvopiunoeo 30umxy 6i0 nasooxig¢ 6 30Hi
nasooxosux pusuxie s. MeToIn4Hi 3acaJii MPOrHO3yBaHHsI HaBeIeHO B poboTi [32].
KiHIleBUM pe3yibTaToM MPOTHO3YBaHHS € 3AJIEKHICTh:

P = k31n(100—p0)+k4 , (8)
‘ 100- p,

ne 3% — cepeAHbOPIUHUI 30MTOK BiJ MABOJKY B S-i 30HI NMABOJIKOBUX PHU3HKIB,
THUC. TPH/PIK.

Eman 5. Busnauenns posmipy cepednvopiunozo 6iogepuymozo 3oumxy B3," ¢
30HI nasoOKO8UX pusuxié s. Y pasi MOBHOIO 3aXUCTY BiJ| IABOJKIB 30HH §, IO
XapakTEepHO IS 0aratboX TiIPOTEXHIYHUX 3aXOiB, PO3MIp CEPEeIHBOPITHOTO
BiABEpHYTOrO 30MTKY B3,¥ NOpiBHIOE aOCONIOTHIM BETMYUHI CEPeIHBOPIYHOTO
30UTKY 3,7, iKuil po3paxoByI0Th 3a Gopmynoro (8). B iHIIMX BUNaaKax BEIHMYHHY
B3,? po3paxoByIOTh 3a IHAUBITyIBHAMH METOIHUKAMH.
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Cmaois obrpyHmy8ants 3ax00i6 3a KOHYEeNMYAIbHUM HANPAMKOM CUMYAYIHO20
3axucmy 6i0 nagooxis.

Eman 6. Busuauenns cepednvopiunux eumpam [bs"|? Ha 30itlicnenus
cumyayitnux — npomunagooxosux 3axooig. CepennpopiuHi Butpatu [bs™"]?
PO3paxoBYIOTH IS MABOAKY, IO Ma€ BU3HAUYEHY 3a popmyoro (3) cepenHbOopiuHy
BUTpaty Boau O,” B po3paxyHKOBOMY CTBOPI PiUKH B 30Hi MAaBOJKOBHUX PUBHKIB S.
Cepenupopiuni Butpatu [b,™"'|? Ha 3OIHCHEHHS CHUTYyaliHWUX MPOTHIIABOJKOBHX
3aXONiB CKJIAQMAIOThCA 3 CEPEAHBOPIYHMX BHTPAaT Ha KOPOTKOCTPOKOBE
MPOTHO3YBaHHs NMaBOAKIB [by"]?, sKi pO3paxoOBYIOTh 32 METOAAMH, HABEICHUMH B
pobotax [15, 24]; cepeaHbOPIYHMX BUTpAT Ha 3MIACHEHHS MOMEPEKYBaIbHUX
3axoniB [by"]?; cepemHBOPIYHMX BHUTpAT Ha 3AIHCHEHHS aBapiiHO-PATYBaJIHHHUX
3axomiB [bs"?]?; cepeAHbOPIYHUX BUTPAT Ha 3/1HCHEHHS aBapiiiHO-BiTHOBIIOBAHUX
3axoiB [bs“ | [23]. Takum unHOM, CepeAHbOPIUHI BUTpaTH [bs°]” Ha 3miliCHEHHS
CUTYaI[iHHIX 3aXO0[iB BU3HAYAIOTH 32 (HOPMYIIOFO:

[655")F = [b5™]P + [bs™']P + [bs“P]P + [bs]. 9)
Eman 7. Busnauenns noxkasnuka egpexkmusrocmi R 3axo00is, wo 30ilicHioloms

30 KOHYENMYambHUM HANPAMKOM CUMYAYILIHO20 NPOMUNA800K08020 3AXUCHY.
[TokasHuk R po3paxoBYIOTh 3a (OPMYJIOO:

em _ [B3"]"
RX - cmqcp ap _ cm ycp > (10)
(b, 17 +37 = [B3,"]

ne [B3,™? — cepeaHpOpiuHi BigBEpHYTI 30MTKM HpU 3aCTOCYBaHHI B 30HI s
CUTYyaliiHUX TPOTUIIABOIKOBUX 3aX0/IiB, THC. TPH/PIK.

Cmadiss  0bIpynmysanns  3ax00i6  3a  KOHYESNMYWIbHUM  HANPAMKOM
nPesenmusHO20 3axXUChy 6i0 NasooKIis.

Eman 8. Busnauenns  noxasHuxi@ — egexmusHocmi  adanmayitiHux
npoOMunasooKosux 3axodie. J1o BapiaHTIB afanTaIlliHUX MPOTUIIABOIKOBUX 3aX0/IIB
BiJIHOCSITB: BHHOC TOCIIOIAPCHKUX 1 AKUTIOBHUX OYiBENb 32 MEXi 30HU 3aTOILICHHS,
OymiBHAITBO OyIWHKIB Ta JEIKHX TOCHOAAPCHKHX CIOpYH Ha Malsx;
MPUCTOCYBAHHS ITPOMHUCIIOBOTO BUPOOHHMIITBA IO YMOB IEPIOAUYHOIO 3aTOILICHHS,
3 METOI0 MiHiMi3alii 30MTKiB BiJl MOPYIIEHb BUPOOHUYMX LIUKIIB; TpaHchopMarlis
CLIBCBKOTOCITOJIAPCHKUX YTifb, i/ SIKOK PO3YMIETHCS BUPOIYBAHHS HA IOJISIX B
30HI MMABOAKOBHMX PHU3UKIB KYJBTYp, 110 BUTPUMYIOTh TUMYACOBE 3aTOIUICHHs. Jlyst
KOXHOTO 6-ro BapiaHTa aJanTalifHMX MPOTHIIABOAKOBHX 3aXOJ(iB BH3HAYAIOTh
MOKa3HUK e(heKTUBHOCTI [R"]s 3a popmyIoro:

a-ep
[R:’]H = aqc [B:))CS; ]g a-cp > (1 1)
6,17 +(37 -183:17)

ne [B3,"]¢" Ta [bs"]s” — cepenHbopidHMN epeKT Bij 3AiliCHEHHs 6-ro BapiaHTa
aJanTanifHuX TMPOTHUIABOJKOBUX 3aXOJIB Ta BHUTPATH JUIS JIOCATHEHHS IHOTO
edexTy, TUC. TPH/PIK.

3 MHOKMHH BapiaHTiB aJaNnTalliiHUX MPOTUIIABOJKOBUX 3aXOJIB 0OHMPalOTh
BapiaHT 3 HAHOUIBIIIMM IMOKA3HUKOM €(PEKTUBHOCTI: [Ry]g & [R“]"* .
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Eman 9. Busnauenns noxazHuxie epexmueHocmi 800HO-TAHOUWADMHUX
npomunagooKosux 3axodie. Jlo BapiaHTiB BOJHO-TAaHAMIA()THIX TPOTUNABOAKOBUX
3aX0iB BiAHOCATH 3aXOMH, COPSIMOBaHi Ha 3MiHY YMOB (hOpMyBaHHS aBOAKOBOTO
CTOKY Ha IuTomax Boxo30opy. Lle 3axomm: cTBOpeHHS Ha NUIAXY (HOPMYyBAHHS
MaBOJKOBHX TIOTOKIB JIICOCMYI Ta JICOBHX MAaCHBIB, CTBOPEHHS CTaBKiB-
HAKOMUYyBadiB; 3a0004yBaHHS TepuTopiii Tomo. J[nsi KokHOTO j-rO BapiaHTa
BOJHO-TAHAMIAQTHAX  NPOTUIABOJKOBHX  3aXOMiB  BH3HAYAIOTh  ITOKA3HHUK
edextuBHOCTI [R""]; 32 hopmymoro:

[B3:]7

(12)
(6,17 +(37 - 183,17

[R:ﬂ]j =

ne [B3"]" ta [b"]" — cepenHbopiuHUil edeKT BiJ 3AIMCHEHHS j-rO BapiaHTa
BOIHO-NTaHAMA(PTHUX NPOTUIIABOAKOBUX 3aXOMAIB Ta BUTPATH IS JOCATHEHHS
IBOTO eEeKTy, THUC. TPH/PIK.

3 MHOXUHHM BapiaHTiB BOJHO-JIAHIIIA()THUX MPOTUIABOJIKOBUX 3aXOiB
00WpAarOTh BapiaHT 3 HAHOUTHIIIMM MOKa3HUKOM e(heKTUBHOCTI: [R,""]; & [R,"]"" .

Eman  10. Bu3HnayenHsi NOKA3HUKIE  eeKmMugHOCmi  2i0pOMexHiuHUx
npomunagooKosux 3axodis. J1o TiIPOTEeXHIYHUX MPEBEHTHBHUX MPOTUIIABOAKOBUX
3aXOJliB BIMHOCSTH: 3aXOMW 31 30UIBIIEHHS MPOITyCKHOI 3MaTHOCTI PIYOK ISt
IPUCKOPEHHS BigBENEHHA BOXM 3 30HM IaBOAKOBUX DH3HKIB; 3aXOOH
aKyMYJIIOBaHHSI YACTHHH M1aBOJJKOBOT'O MTOTOKY Iepe]] 30HOIO MaBOJIKOBUX PU3HKIB B
pycnax abo JoMMHAX PivOK JUIs SMEHIICHHS HAJIXOXKEHHS TABOIKOBHX BOJI IO 30HH
MaBOJIKOBHUX PU3HKIB; 3aX0A¥ OyIiBHHUIITBA TiIPOTEXHIYHUX CHCTEM KOMILIEKCHOTO
MPOTHUIIABOJKOBOTO 3axucTy. CHCTeMHY cXxeMy Ta MpHHIUMNU (HOpMyBaHHS
BapiaHTIB TiPOTEXHIYHUX MPOTUIABOJKOBHUX 3aXO[iB 3a iX (QyHKIIOHATEHIMH Ta
TEXHOJIOTIYHUMH aJbTepHATHBAMHU HaBeIeHO B poOoTi [23]. [y KoKHOTO BapiaHTa
TiAPOTEXHIYHUX MPOTHUIIABOJKOBUX 3aXOJiB BH3HAYAIOTh MOKA3HUK €(PEKTHBHOCTI
[R<™]y-: 32 popMmyIIOIO:

[B3"],.

b, + (37 -(B317,) ()
s 784 s s 784

(R, .=

ne [B3y™7 Ta [bs™],«" — cepeaHbopiuHuil edekT Bix 3miicHEHHS (Y-7)-TO
BapiaHTa TiJPOTEXHIYHUX MPOTUTIABOJAKOBUX 3aXOJiB Ta BUTPATH JUISl JOCATHEHHS
Oro eeKTy, TUC. TPH/PIK; ¥ — IHAEKC QYHKI[IOHAILHOT aJIbTEPHATHBH 3aXO0JIiB; T —
1H/IEKC TEXHOJIOT1YHOI alnbTepPHATHBHU 3aXO0IiB.

3 MHOXXMHM BapiaHTiB TiAPOTEXHIYHMX MPOTHIABOJKOBHX 3aXO0JiB OOMPAIOTh
BapiaHT 3 HAHOIIBITNUM MTOKA3HUKOM e(eKTHUBHOCTI: [Ry"™ ], & [Ry™]™*.

Eman 11. Bubip uatibinows egpexmusnozo 6udy 3ax00ié 3a KOHYEnmyanibHum
HanpsAMKOM NPeGeHMUBHO20 NPOMUNABOOKOB020 3AXUCTHY 30HU S HABOOKOBUX
pusuxis. Cepes TphOX BUIIIB TPEBEHTHBHOTO MPOTHITABOIKOBOTO 3aXMCTy OOHPAIOTh
BUJI, SIKOMY BiJIIIOBiIa€ HAMOLIBIIMIA TTOKA3HUK eheKTHBHOCTI [R,"’]"* 3 MHOXWHH
po3paxoBanux 3a popmymnamu (11-13) mokazuukis ([R,“]™, [R]™, [RS™]™).

Eman 12. Bubip wnaubitows epexmugnoco KOHYENnmyaibHo20 HANPIMKY
NPOMUNABOOKOB020 3AXUCHY 30HU S NABOOKOBUX pu3uKig. Il 30HU S TaBOAKOBHX
PHU3HUKIB OOMpAIOTh CUTYALIMHWN YW TPEBEHTUBHHUH KOHIENTYaJIbHUI HAaIpPsSIMOK
3aXUCTY 3a KpUTEPiEM HANOUIBIIOrO 3 JBOX BIJMOBIIHUX IIMM HaIpsSMKaM
MTOKa3HUKIB epeKTUBHOCTI: R,™"; [Ry"]"".
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BucHoBku

1. [JaBoaKM CYMpPOBOKYIOTh JIOACTBO 3 HAWAABHILIMX YaCiB i JO HAIIUX THIB, IO
JO3BOJISIE TX CIIPUAMATH SIK ICTOPUYHY KaTeropito.

2. IlaBonku BinOyBaroThCS B OaceifHaX yciX pidoK 3eMHOI KyJi, a 32 KUTBKICTIO
JIIOJICHKUX KEPTB Ta 3aMoAisTHUX 30MTKIB 3aiIMarOTh MEPIIE MiCIIe, IO JIA€ MiJICTaBy
BBaYKaTH MPOOJIEMY TTaBOJAKIB TII00ATBHOIO.

3. 3a pe3ynapTaTaMy CHCTEMHOTO aHAli3y OCHOBHHX HAIIPSMIB JOCIIPKEHHS Ta
pimieHHss TpoOieMu MaBOAKIB 32 TMOMNEpPEeaHI POKM BCTAHOBJICHO, IO
HaBa)KMBIIIMM HAMIPSIMOM HayKOBO-TIPAKTHYHOTO PillICHHS POOIEMH MAaBOJKIB €
(byHIaMeHTaIbHEe BAOCKOHAJICHHS KOHIENTYaIbHHIX 3aca/l 3aXHUCTY BiJl TAaBOJKIB.

4. 3anponoHOBaHO aBTOPCHKHI BapiaHT yHIBEpCaJIbHOT KOHIEMIIi 3aXHUCTy Bif
MAaBOJKIB, B OCHOBY SIKOI IMOKIJIQJICHO IINbOBHH MOKAa3HUK MPOTHIIABOJKOBOTO
3aXUCTY, 32 SIKUM 3a0€3MeTyeThC MaKCUMalIbHA e()EeKTUBHICTD 3aXHCTy TEPUTOPiit
B 30HaX ITaBOJKOBOT'O PU3HKY.

5. 3a yHIBepCaJbHOK KOHIICIIIIE TepeadaYeHO J1Ba NPUHIIUIIOBO BiJAMiHHI
KOHLIETITyalbHI ~ HAaNpSIMKH ~ MPOTUIIABOJKOBOTO  3aXUCTy: CHUTYaTUBHHH 1
MPEBEHTUBHUU.

6. 32 HAPSIMKOM MPEBEHTHUBHOTO POTUIIABOAKOBOTO 3aXUCTY MepeadaueHo TpH
BUJIY 3aXUCHUX 3aX0JliB (alamnTarliiiHi, BOAHO-JaHAIIA(THI, T1IAPOTEXHIYHI), cepel
SIKUX HAHOIIBbII IOMTMPEHUMHE Ta ePeKTUBHIMH JIs 3aXHCTy TEPUTOPil B OaceitHax
MaBOJKOHEOE3MEYHNX PIUOK € TiAPOTEXHIHI 3aXO0/IH.

7. BukopucTaHHs yHiBepcaqbHOI KOHIIEMIIIi 3aXMCTy BiJl MaBOAKIB 3abe3mneuye
JOCSITHEHHSI HaJ[IIHOTO 3aXMCHOTO MPOTHUITABOAKOBOTO e()EKTy MPU parioOHATBHOMY
BUKOPHUCTaHHI IHBECTHIIIHHUX BKJIAJICHb.

CIIUCOK JIITEPATYPU

1. babamkanoBa O.®., I'pununmma H.M., Cykaa C.I. (2013). HeGe3neka po3BUTKY i
nompeHHs nosereit / Haykosuit Bicauk HIITY Ykpaian. 2013. Bun. 23.8. C. 90-95.

2. Asaxsa A.b. (2000). HaBomuenus. Konmenmms 3amutel // WsBectus PAH, cepus
reorpaduueckas. 2000, Ne 5, C. 40—46.

3. Pomamenko M.I., CaBuyk JI.I1. (2012). Bomni cruxii. KapmaTceki noBeni. CtatucTuka,
NIpUYUHY, peryatoBanHs. KuiB : ArpapHa Hayka. 2012. 304 c.

4. Milne A. (1986). Floodshoock: the drowning of planet Earth. Sutton.1986. 176 p.

5. James G. Fraser. (1975). Folk-lore in the Old Testament. London: Hart Publishing
Company, Inc. 1975. 482 p.

6. Kopones U.E., babasair O.M. (2018). Mudsr 0 BceMupHOM HOTOIIE Y pa3HBIX HAPOJIOB //
HOns1# yuensiid. 2018, Ne 2 (16), C. 53-56.

7. Huvmurpos I1., Tumutpos /1. (2003) Yepro mope. [ToTonsT u aApeBHUTE MHTOBE. BapHa :
Wsnparencreo «Cmasenay. 2003. 91 c.

8. Mypanos A.Il. (1957). Pexa Xyanxa (JKenras peka). JI. : ['mapomereonsaar.1957. 88 c.
9. Mypanos A.IL. (1959). Peka Aumzsl. JI. : ['uapomereonsnat. 1959. 124 c.

10. Flood damage prevention and control in China. Report of a study Four and Workshop in
the Peoples Republic of China // Nature. Resource. Water ser. 1983, Ne 11, 121 p.

11. I'amGepr B. (1931). HaBonnenue B Kurae (ntonb-okts16ps 1931). // TIpobnemsr Kurast.
1931, Ne 89 (3-4), C. 153-158.

12. Zong Yonggiang, Chen Xiqing. (2000). The 1998 flood on the Yangtze, China // Natural
Hazards. 2000, Ne22, P. 165-184.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023


https://doi.org/10.13140/RG.2.2.27133.05609

13. Brammer H. (1990). Floods in Bangladesh, I - Geographical Background to the 1987 and
1988 Floods // Geographical Journal. GEOAREA : Southeast Asia, Bangladesh. 1990.
Vol. 156.

14. Gentry A. H., Lopes Parody, J. (1980). Deforestation and increased flooding of the Upper
Amazon. Science. 1980. V. 210, Ne 4476, P. 1354-1356.

15. babamxanoa O.®., Ilasmoxk IO.E., Cykau IO.I'. (2013). Cygacui cucremu
MOTIepeDKEHHST Ta MPOTHO3YBaHHSA ToOBeHed // Bicauk JIBBIBCBKOTO IEpKaBHOTO
yHiBepcuteTy 6e3nexu KuTTeaismbpHocTi. 2013, Ne 7, C. 167-171.

16. [IKeHepHO-TeOIOTIYHNIT MOHITOPUHT MIDXKpETiOHAIBHOTO Odicy 3aXMCHHX MacHBIiB
JHIMPOBCHKHUX BogocxoBuil. [Enektponnuit pecypc]. URL: https:/www.mozmdv.gov.
ua/pavodok-ta-osnovni-momenti-jogo-negativnogo-vplivu/. (nara 3seprenns 17.11.2021 p.).
17. Manual on flood forecasting and warning Source(s): World Meteorological Organization
(WMO), WMO-No.1072, Geneva, 2011 edition.

18.lerpouenko O.B., Ilerpouenko B.I. (2021). AHami3 TepMiHOJOTIYHHX BH3HAYCHB
CTHXIMHUX SIBUII, NTOB’S3aHMUX 3 MiJBUIICHHAM PIBHSI BOAM y BOAOTOKAaX Ta 3aTOIUICHHAM
tepuropiit // Exonmoriuna Oe3meka Ta mpupomokopuctyBaHus. 2021, Ned (40), C. 140-148.
https://doi.org/10.32347/2411-4049.2021.4.139-148

19. Msayk B.A., Cycigko M.M. (1999). ITaBonku B 3akapnatTi Ta IPHYUHU X BHHUKHCHHS //
VYxp. reorpad. xypH. 1999, Nel, C. 47-50.

20. Mopo3 O., Taprauunceka 3., Jly6enenp JI. (2009). OcHOBHI NPUYMHKA BUHHKHEHHS
pyHHIBHUX NOBeHed 1 maBonkiB y I[lpukapnarrti Ta reoe3MyHUN MOHITOPUHI SIK METOJ
3anobiranHs M // CydacHi JOCSTHEHHsS Ieofe3W4HOi HayKdh Ta BUPOOHHMLTBA : 30ipHUK
HAYKOBUX Tpalb 3axigHoro reoae3ndyHoro TtoeapuctBa YTIK : BumaHHuTBO
HauionaneHoro yHiBepcutety «JIbBiBcbKa momitexHikay. 2009, Bunyck 2 (18), 128 c.

21. Cycigko M.M., Jlyx’saneup O.1. (2004). PaiionyBanHs Teputopii Ykpainu 3a cryneHeMm
rizponoriuHoi HeOe3neku / Hayk. mpani YkpHAT'MI. 2004, Bum. 253, C. 196-202.
22.Tlerpouenko O.B., Ilerpouenko B.I. (2020). HaykoBo-meroamuyne 3abe3nedeHHS
PO3pOOKH TUTAHIB yIIPaBIiHHSA PU3WKAMHU 3aTOIUICHHS B PiuyKOBHX OaceitHax // Exomoriuni
Hayku. 2020, Ne6, C. 35-44.

23.Tlerpouenko B.I., Tlerpouerko O.B. (2022). CucremaTtu3amis NaBOJKIB Ta
MIPOTHUITAaBOIKOBUX 3ax0iB // Memiopartist i BoxHe rocriogapceto. 2022, Nel, C. 50-59.
24.3amixoBcbkuit JI.M., Kimanoymiak O.1. (2011). Anaii3 METOIB i CHCTEM KOHTPOJIIO Ta
NpOTHO3yBaHHs piBHA mnaBojkoBux Box // Hadrorasosa eneprermka. 2011, Ne2(15),
C. 99-105.

25.Meroayka OLIHKM 30MTKIB BiJl HACIiJIKIB HaJ3BUYAHUX CHUTYalllii TEXHOTEHHOTO 1
NPUPOJTHOTO XapakTepy. 3aTBepiykeHa nocrtaHoBolo KaOinery MinicTpiB YkpaiHu Bin
15 motoro 2002 p. Ne 175.

26. Cxupanenko FO.I1. (2007). AHaii3 METOJOJOTIYHUX MiAXOJIB A0 BU3HAYCHHS 30UTKIB
Big npupoaHux karactpod // Bicauk Cym/lY. Cepist Exonomika. 2007, Nel, C. 52-59.
27.Tlerpouenko B.I., Cramyx B.A. (2009). Exonoro-ekoHoMiuyHa e(EKTHBHICTh
npotunaBoakoBux 3axoxis. K. : JJIYVEBP. 2009. 62 c.

28. Iupexrusa 2007/60/€C €pponelicbkoro ITapmamenty i Paau Bix 23 sxoBTHS 2007 poxy
«IIpo omiHKy i ynpaBiiHHSI PU3UKAMH 3aTOTICHHY.

29.TloctanoBa Kabinery MinictpiB VYkpaiam Big 25 xoBtH 2017 p. Ne 1106 «IIpo
BHKOHAHHSA YTOIM MpPO acomiallifo MiX YKpaiHOIO, 3 OXHI€l CTOPOHH, Ta €BPOIEHCHKIM
Coro3oM, €BpOIEHCHKIM CITIBTOBAPUCTBOM 3 aTOMHOI €Heprii i IXHIMH jaep)kaBaMH-
YJIeHaMH, 3 1HIIIOT CTOPOHNY.

30.Hakaz MBC Vkpainum Bix 17.01.2018 p. Ne30 «IIpo 3atBepmkeHHS MeToamku
TIOTIepeIHBOT OI[IHKY PU3UKIB 3aTOIUICHHS.

31.Hakaz MBC VYkpaiau Bix 28.02.2018 p. Nel53 «IIpo 3arBepmkenHs Meroauku
PO3pOOIIEHHS KapT 3arpo3 1 pU3HKiB 3aTOIJICHHS.

32. IlocranoBa KabGinery MinictpiB VYkpainu Big 4 kBitHs 2018 p. Ne 247 «Ilpo
3atBepkeHHs [Topsiaky po3poOIieHHs TIaHy yIpaBIliHHSI PU3UKAMH 3aTOIICHHS.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023


http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=Ж73334
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=Ж73334
https://www.preventionweb.net/organizations/1168
https://www.preventionweb.net/organizations/1168
https://www.kmu.gov.ua/ua/npas/pro-vikonannya-ugodi-pro-asociaciyu-mizh-ukrayinoyu-z-odniyeyi-storoni-ta-yevropejskim-soyuzom-yevropejskim-spivtovaristvom-z-atomnoyi-energiyi-i-yihnimi-derzhavami-chlenami-z-inshoyi-storoni
https://www.kmu.gov.ua/ua/npas/pro-vikonannya-ugodi-pro-asociaciyu-mizh-ukrayinoyu-z-odniyeyi-storoni-ta-yevropejskim-soyuzom-yevropejskim-spivtovaristvom-z-atomnoyi-energiyi-i-yihnimi-derzhavami-chlenami-z-inshoyi-storoni
https://www.kmu.gov.ua/ua/npas/pro-vikonannya-ugodi-pro-asociaciyu-mizh-ukrayinoyu-z-odniyeyi-storoni-ta-yevropejskim-soyuzom-yevropejskim-spivtovaristvom-z-atomnoyi-energiyi-i-yihnimi-derzhavami-chlenami-z-inshoyi-storoni
https://www.kmu.gov.ua/ua/npas/pro-vikonannya-ugodi-pro-asociaciyu-mizh-ukrayinoyu-z-odniyeyi-storoni-ta-yevropejskim-soyuzom-yevropejskim-spivtovaristvom-z-atomnoyi-energiyi-i-yihnimi-derzhavami-chlenami-z-inshoyi-storoni
https://zakon.rada.gov.ua/laws/show/247-2018-п
https://zakon.rada.gov.ua/laws/show/247-2018-п

33.Ilerpouenko O.B. (2020). OuiHka i IpOrHO3YBaHHS MaBOAKOBUX PHU3UKIB B PIUKOBHX
Oaceiinax // Exomoriuna Oe3mneka Ta mpupojokopuctyBanHs. 2020, Nel (33), C. 18-41.
https://doi.org/10.32347/2411-4049.2020.1.18-41

Cmamms Haditiwna 0o pedakyii 15.03.2023 i npuuinama 00 OpyKy nicis peyeH3y8aHHA
15.06.2023

REFERENCES

1. Babadzhanova, O.F., Grinchishin, N.M., & Sukach, S.G. (2013). Nebezpeka rozvytku i
poshyrennya poveney [The danger of the development and spread of floods]. Naukovyy
visnyk NLTU Ukrayiny, 23.8, 90-95 [in Ukrainian].

2. Avakyan, A.B. (2000). Navodneniya. Kontseptsiya zashchity. [The concept of protection].
Izvestiya RAN, seriya geograficheskaya, 5, 40-46 [in Russian].

3. Romashchenko, M.I., & Savchuk, D.P. (2012). Vodni stykhiyi. Karpats'’ki poveni.
Statystyka, prychyny, rehulyuvannya. [Water elements. Carpathian floods. Statistics, causes,
regulation]. Kyiv: Ahrarna nauka [in Ukrainian].

4. Milne, A. (1986). Floodshoock: the drowning of planet Earth. Sutton.

5. James G. Fraser. (1975). Folk-lore in the Old Testament. London: Hart Publishing
Company, Inc.

6. Korolev, 1.Ye., & Babayants, O.M. (2018). Mify o vsemirnom potope u raznykh narodov
[Myths about the global flood among different peoples]. Yunyy uchenyy, 2 (16), 53-56
[in Russian].

7. Dimitrov, P., & Dimitrov, D. (2003). Cherno more. Potoptt i drevnite mitove [Black Sea.
The Flood and Ancient Myths]. Varna: Izdatelstvo «Slavenay.

8. Muranov, A.P. (1957). Reka Khuankhe (Zheltaya reka) [Yellow River (Yellow River)].
Leningrad: Gidrometeoizdat [in Russian].

9. Muranov, A.P. (1959). Reka Yantszy [Yangtze river]. Leningrad: Gidrometeoizdat
[in Russian].

10. Flood damage prevention and control in China. Report of a study Four and Workshop in
the Peoples Republic of China. (1983). Nature. Resource. Water ser., 11, 121.

11. Gamberg, V. (1931). Navodneniye v Kitaye (iyul'-oktyabr' 1931) [Flood in China (July-
October 1931)]. Problems of China, 89 (3-4), 153-158 [in Russian].

12. Zong Yonggiang, & Chen Xiqing. (2000). The 1998 flood on the Yangtze, China. Natural
Hazards, 22, 165-184.

13. Brammer, H. (1990). Floods in Bangladesh, I - Geographical Background to the 1987
and 1988 Floods. Geographical Journal, Vol. 156.

14. Gentry, A.H., & Lopes Parody J. (1980). Deforestation and increased flooding of the
Upper Amazon. Science, 210 (4476), 1354-1356.

15. Babadzhanova, O.F., Pavlyuk, YU.E., & Sukach, YU.H. (2013). Suchasni systemy
poperedzhennya ta prohnozuvannya poveney [Modern flood prevention and forecasting
systems]. Visnyk L'vivs'koho derzhavnoho universytetu bezpeky zhyttyediyal'nosti, 7, 167-171
[in Ukrainian].

16. Inzhenerno-heolohichnyy monitorynh Mizhrehional'noho ofisu zakhysnykh masyviv
dniprovs'’kykh vodoskhovyshch [Engineering-geological monitoring of the Interregional
office of protective massifs of the Dnieper reservoirs]. Retrieved November 17, 2021, from
https://www.mozmdv.gov.ua/pavodok-ta-osnovni-momenti-jogo-negativnogo-vplivu/.

17. Manual on flood forecasting and warning Source(s): World Meteorological Organization
(WMO), WMO-No.1072, Geneva, 2011 edition.

18. Petrochenko, O.V., & Petrochenko, V.I. (2021). Analiz terminolohichnykh vyznachen’
stykhiynykh yavyshch, pov”yazanykh z pidvyshchennyam rivnya vody u vodotokakh ta
zatoplennyam terytoriy [Analysis of terminological definitions of natural phenomena
associated with the rise of the water level in watercourses and flooding of territories].

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023


https://www.preventionweb.net/organizations/1168
https://www.preventionweb.net/organizations/1168

Ekolohichna bezpeka ta pryrodokorystuvannya, 4 (40), 140-148 [in Ukrainian].
https://doi.org/10.32347/2411-4049.2021.4.139-148

19. Diachuk, V.A., & Susidko, M.M. (1999). Pavodky v Zakarpatti ta prychyny yikh
vynyknennia [Floods in Transcarpathia and their causes]. Ukrainian Geographical Journal,
1, 47-50 [in Ukrainian].

20. Moroz, O., Tartachyns'ka, Z., & Lubenets’, L. (2009). Osnovni prychyny vynyknennya
ruynivnykh poveney i pavodkiv u Prykarpatti ta heodezychnyy monitorynh yak metod
zapobihannya yim [The main causes of destructive floods and floods in the Carpathian region
and geodetic monitoring as a method of their prevention]. Suchasni dosyahnennya
heodezychnoyi nauky ta vyrobnytstva: zbirnyk naukovykh prats' Zakhidnoho heodezychnoho
tovarystva UTHK: Vydavnytstvo Natsional'noho universytetu «L'vivs'ka politekhnikay,
2(18), 128 [in Ukrainian].

21. Susidko, M.M., & Lukianets, O.I. (2004) Raionuvannia terytorii Ukrainy za stupenem
hidrolohichnoi nebezpeky [Zoning of the territory of Ukraine by the degree of hydrological
danger]. Naukovi pratsi UkrNDHMI, 253, 196-202 [in Ukrainian].

22. Petrochenko, O.V., & Petrochenko, V.I. (2020). Naukovo-metodychne zabezpechennya
rozrobky planiv upravlinnya ryzykamy zatoplennya v richkovykh baseynakh [Scientific and
methodological support for the development of flood risk management plans in river basins].
Ekolohichni nauky, 6, 35-44 [in Ukrainian].

23. Petrochenko, V.I., & Petrochenko, O.V. (2022). Systematyzatsiya pavodkiv ta
protypavodkovykh zakhodiv [Systematization of floods and anti-flood measures].
Melioratsiya i vodne hospodarstvo, 1, 50-59 [in Ukrainian].

24. Zamikhovs'kyy, L.M., & Klapoushchak O.I. (2011). Analiz metodiv i system kontrolyu
ta prohnozuvannya rivnya pavodkovykh vod [Analysis of flood water level control and
forecasting methods and systems]. Naftohazova enerhetyka, 2(15), 99—105 [in Ukrainian].
25. Metodyka otsinky zbytkiv vid naslidkiv nadzvychainykh sytuatsii tekhnohennoho i
pryrodnoho kharakteru [Methods of estimation of losses from consequences of emergencies
of anthropogenic and natural character]. Zatverdzhena postanovoiu Kabinetu Ministriv
Ukrainy vid 15 liutoho 2002 r. Ne 175 [in Ukrainian].

26. Skydanenko, Yu.P. (2007). Analiz metodolohichnykh pidkhodiv do vyznachennya
zbytkiv vid pryrodnykh katastrof. [Analysis of methodological approaches to determining
losses from natural disasters]. Visnyk SumDU. Seriya Ekonomika, 1, 52—59 [in Ukrainian].
27. Petrochenko, V.I., & Stashuk, V.A. (2009) Ekoloho-ekonomichna efektyvnist
protypavodkovykh zakhodiv [Ecological and economic efficiency of flood control
measures]. Kyiv: DIUEVR [in Ukrainian].

28. Dyrektyva 2007/60/ES Yevropeys'koho Parlamentu i Rady vid 23 zhovtnya 2007 roku
«Pro otsinku i upravlinnya ryzykamy zatoplennya» [Directive 2007/60/EC of the European
Parliament and of the Council of 23 October 2007 «On the assessment and management of
flood risks»].

29. Postanova Kabinetu Ministriv Ukrayiny vid 25 zhovtnya 2017 r. Ne 1106 «Pro
vykonannya Uhody pro asotsiatsiyu mizh Ukrayinoyu, z odniyeyi storony, ta Yevropeys'kym
Soyuzom, Yevropeys'kym spivtovarystvom z atomnoyi enerhiyi i yikhnimy derzhavamy-
chlenamy, z inshoyi storony» [Resolution of the Cabinet of Ministers of Ukraine of October
25,2017 Ne 1106 «On the implementation of the Association Agreement between Ukraine,
on the one hand, and the European Union, the European Atomic Energy Community and
their Member States, on the other hand»].

30. Nakaz MVS Ukrayiny vid 17.01.2018 r. Ne30 «Pro zatverdzhennya Metodyky
poperedn’oyi otsinky ryzykiv zatoplennya» [Order of the Ministry of Internal Affairs of
Ukraine dated January 17, 2018 Ne30 «On approval of the Methodology for preliminary
assessment of flood risks»]. Kyiv.

31. Nakaz MVS Ukrayiny vid 28.02.2018 r. Nel53 «Pro zatverdzhennya Metodyky
rozroblennya kart zahroz i ryzykiv zatoplennya» [Order of the Ministry of Internal Affairs of
Ukraine dated February 28, 2018 Ne153 «On approval of the Methodology for developing
maps of flood threats and risks»]. Kyiv.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



32. Postanova Kabinetu Ministriv Ukrayiny vid 4 kvitnya 2018 r. Ne 247 «Pro
zatverdzhennya Poryadku rozroblennya planu upravlinnya ryzykamy zatoplennyay.
[Resolution of the Cabinet of Ministers of Ukraine of April 4, 2018 Ne 247 «On approval of
the Procedure for developing a flood risk management plan»]. Kyiv.

33. Petrochenko, O.V. (2020) Otsinka i prohnozuvannya pavodkovykh ryzykiv v richkovykh
baseynakh [Assessment and forecasting of flood risks in river basins]. Ekolohichna bezpeka
ta pryrodokorystuvannya, 1(33), 18-41 [in Ukrainian]. https://doi.org/10.32347/2411-
4049.2020.1.18-41

The article was received 15.03.2023 and was accepted after revision 15.06.2023

[erpouenko Onexciii BayeciapoBuy

KaHAWOAT TEXHIYHWX HayK, AWpeKkTop IHCTUTYTY iHHOBamiiHOI ocBiTH KuiBchkoro
HAIIOHAJILHOTO YHIBEpPCHUTETY OymiBHUITBA i apxiTekTypu MOH Ykpainu

Anpeca podoua: 03037 Ykpaina, m. Kuis, Byn. OcBith, 31

ORCID ID: 0000-0003-2184-4811 e-mail: a_petr89@ukr.net

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023


mailto:a_petr89@i.ua

UDC 692.2, 692.4

Adam Ujma, Dr. Eng., Adjunkt, Chief of the Building Physics Laboratory
ORCID ID: https://orcid.org/0000-0001-5331-6808 e-mail: adam.ujma@pcz.pl

Czestochowa University of Technology, Czestochowa, Poland

PROSPECTS FOR CREATING SURFACES WITH VEGETATION
ON BUILDINGS IN POLAND

Abstract. According to the World Green Building Council, energy demand in buildings
will increase double, by 2050. Worldwide, construction and the built environment
contribute about 39% of global carbon dioxide (28% from operational emissions, from
energy needed to heat, cool and power them, and the remaining 11% from materials
and construction) and 50% of the world’s resource consumption. Thus, maximising
energy efficiency and improving the environment are the main directions of
construction development. Both tasks can be solved using green structures that
connect living plants with building structures (green roofs, living facades and living
interior walls). The data from the main organisations in the branch has been analysed.:
United Nations, The World Green Building Council, European Parlament and
Council, and also Global Alliance for Buildings and Construction. They state the need
for green and blue infrastructure, and sustainable urbanisation, incl. decarbonising
of buildings and mitigation of urban heat islands. Greening of buildings is a measure
to achieve the requirements. In addition, it improves health and well-being or
increases biodiversity. Poland has the corresponding norms to stimulate the greening
of buildings. The term “biologically active area” is defined as the area with an area
arranged in a way that ensures natural vegetation of plants and rainwater retention;
such an area also covers 50% of the surface of terraces and flat roofs with a vegetation
layer with vegetation and other surfaces (e.g. green facade), providing natural
vegetation of plants, with an area of not less than 10 m?, surface water in this area.
Special tax policies give privileges to those who green their building(s). These
measures have a good result in spreading green structures, which is proved by the
objects represented in the article.

Keywords: sustainability, green structures, energy efficiency, biologically active
area; water retention.
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1. Introduction

According to the World Green Building Council, energy demand in buildings will
increase double [1], by 2050. Worldwide, construction and the built environment
contribute about 39% [2] of global carbon dioxide (28% [2] from operational
emissions, from the energy needed to heat, cool and power them, and the remaining
11% [2] from materials and construction) and 50% of the world’s resource
consumption [1].

Cities house more than half of the global population and account for 71...76%
[3, 4] of the CO» emissions that lie at the heart of the climate crisis.

World Health Organization data show that almost all [5] of the global population
(99%) breathe air that exceeds WHO guideline limits and contains high levels of
pollutants, with low- and middle-income countries suffering from the highest
exposures. Thus, we need to analyse possibilities to improve the energy efficiency
and environment of cities. Both tasks can be solved using green structures that
connect living plants with building structures.

© A. Ujma, 2023 )
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2. The world experience analysis
The World Green Building Council [6] report points to the need for:

e protection of natural capital and natural resources through investment

infrastructure — e.g. prioritising green infrastructure and urban areas;

e enhancing the role of blue and green infrastructure in spatial planning;

e better management of water processes to reduce the depletion of freshwater

resources, m.in. through the use of construction wastewater;

e creating larger public and open green and blue areas for both nature and people

in cities, reducing the urban heat island effect;

e implementing strategic protection measures — such as flood prevention

measures.

A proposal to carry out a comprehensive assessment of CO, flows in green
infrastructure systems, including buildings with vegetation (green roofs, living
facades and living interior walls), over the full life cycle is presented in the diagram
in Fig. 1 [7].

Fig. 1. Green infrastructure and biomaterial systems [7]:

1 — additional structure to carry the weight of soil and water; 2 — additional substrate and
material; 3 — extended life of wall/roof material; 4 — use of carbon sequestrating materials
and assembly; 5 — use of recycled or biproduct materials in assembly design; 6 — reduction
in heating and cooling loads; 7 — reduction in energy of ventilation; 8 — the cost of
maintenance; 9 — the cost of water and fertilisers; 10 — emissions from landfill/incineration;
11 — reduction in urban heat islands; 12 — reduction in storm-water infrastructure; 13 —
ongoing carbon sequestration from the living system; 14 — carbon offsets from urban
agriculture; MA — material assembly; CN — construction; OP — operations; EOL — end of life;
EC — embodied carbon; OC — operational carbon

The amount of carbon emissions associated with assemblies and structures should
be weighed against the potential for reducing carbon emissions through reduced
building cooling and/or heating loads, reduced urban heat island effects, and
improved air quality and biodiversity at both a building and urban scale. This
quantification of carbon dioxide emissions and reductions should be made by
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analyzing the building throughout its life cycle. The final result of the assessment
will largely depend on climatic conditions, thermal insulation of the building
envelope, type and technical parameters of the heating/cooling system, type of fuel
or energy used, type of system and plant species. According to some authors, the full
reduction of carbon dioxide emissions for some facilities is achieved even after three
years. These assessments do not take into account other benefits such as a positive
impact on human health and well-being or an increase in biodiversity.

However, since the payback periods for these types of green building systems,
taking into account energy costs, are not very encouraging, financial support in the
form of incentives and appropriate municipal building codes is necessary to
overcome the additional initial costs and concerns about ongoing maintenance costs.

The World Green Building Council report points to the need to design systems for
protecting, collecting, and efficiently using natural resources, such as rainwater
collection facilities (e.g., wells and water reservoirs, carefully selected to provide
sufficient storage space during periods of drought), grey water reuse systems, low-flow
amenities and water-saving devices, building green and blue roofs, or installing rain
gardens for management rainwater outflow with adaptive and native vegetation [7].

According to data from the United Nations [8] Habitat in 2050 around 68% of
humanity will live in cities. At now cities

e occupied only 2% of the Earth’s surface;

e consume 78% of energy;

e produce more than 60% of greenhouse gas emissions.

In 2016 the United Nations itself improved the New Urban Agenda [9] to advise
countries on their urbanization processes and make cities more habitable, inclusive,
healthy, resilient and sustainable. This document draws attention to the challenges of
increasing urbanization and suggests possible courses of action. The latest version
strengthens the mission of Agenda 2030 to support sustainable urbanization. By
2030, among others, ensure universal access to safe, inclusive and accessible green
and public spaces, in particular for women and children, the elderly and people with
disabilities [9]. Urban policy measures are to take into account spatial and
environmental aspects of revitalization and spatial planning. Poland's participation
in the New Urban Agenda [10] concerns i.a. nature-based solutions and the
promotion of this approach.

The roadmap for Buildings and Construction 2020-2050 [11] to fully decarbonise
buildings throughout their life cycle and to support the development of national or
regional strategies and policies sets out short, medium and long-term scopes for
action to create a built environment that is carbon-free, efficient and resistant. It
includes eight "actions": urban planning, new buildings, existing buildings,
construction operations, devices and systems, materials, resilience and clean energy.

The document also guides green and blue infrastructure actions in cities. It
contains guidelines with set goals and indicators that cities should achieve by 2030,
2040 and 2050.

In the case of water management, it’s necessary to highlight a need to support the
increased use of water management technologies, reducing the volume and speed of
rainwater run-off, and increasing landscape permeability and rainwater retention.
This will increase flood resilience and improve the quality of soil and underground
aquifers. Measuring rainwater flow through drain pipes, tanks and drains using smart
sensors gives municipal institutions the ability to identify where green infrastructure
is needed to improve drainage and mitigate the effects of an urban heat island.
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For vegetation, proper landscape and vegetation planning can increase resistance
to excess rainwater, reduce the need for heating and cooling, and improve air quality
through measures such as green roofs, green walls, trees and parks. In particular, city
parks are key to improving the quality of life in cities, cooling cities and acting as
sinks of greenhouse gas and other air pollutant emissions. Vegetation measures
should give priority to the use of native plant species.

Mitigation of the effects of urban heat islands (UHI) should be sought [11].
Impermeable, devoid of vegetation and dark surfaces in cities tend to generate UHI
effects, i.e. higher ambient temperatures. Buildings, streets, parking lots and paved
surfaces absorb more heat than damp plant surfaces, which release water vapour and
provide shade to cool the surrounding air. To minimize this effect and mitigate
extreme heat, cities should set UHI reduction targets and implement a variety of
programs to that end. Local authorities may seek to reduce impermeable surfaces,
increase the preservation of large canopy volumes, create cool or green roofs and
facades, or expand wetlands. Quantitative targets should be included in formal city
plans and specify a future target date or annual commitments.

The latest version of the EU EPED (Energy Performance of Buildings Directive
(recast)) [12] by the European Parliament and Council points to the need to integrate
green infrastructure, such as living roofs and walls, into urban planning and
architectural design. This can be an effective tool for adapting to climate change and
reducing the harmful effects of climate change in urban areas. Buildings should take
into account climatic conditions, including adaptation to climate change through
green infrastructure, etc. Member States should encourage the installation of
vegetation surfaces that help retain and retain water, thereby reducing urban run-off
and improving stormwater management. Improving the good use and adaptation of
public space surrounding buildings with elements such as wood, green roofs and
facades, and solutions inspired and supported by nature.

Green structures are the universal measure to solve all of the tasks. According to
the amendments to the EPBD Directive of 2023 [12], buildings in the European
Union must meet the standards of zero-emissions COx:

e from 1 January 2026 — newly designed buildings occupied, operated or owned

by public authorities;

e from January 1, 2028 — all newly designed buildings;

e by 2050, all buildings (both new and existing).

3. Polish requirements and regulations
The use of partitions of buildings with vegetation (the green roof and green facade)
should contribute to achieving the objectives set out in the EPBD.

Biologically active area in the Polish Technical conditions to be met by buildings

and their location [13].

According to Polish building regulations, a biologically active area [14] is an

area:

e with an area arranged in a way that ensures natural vegetation of plants and
rainwater retention;

e such an area also covers 50% of the surface of terraces and flat roofs with a
vegetation layer with vegetation and other surfaces (e.g. green facade),
providing natural vegetation of plants, with an area of not less than 10 m?;

e surface water in this area.
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Polish building regulations contain requirements for a minimum biologically
active area [15]:

1. On building plots intended for multi-family housing, health care buildings
(except clinics) and education and upbringing, at least 25% of the plot area should
be developed as a biologically active area, if a different percentage does not result
from the provisions of the local spatial development plan.

2. The group of multi-family buildings covered by a single building permit
provides playgrounds for children and recreational areas accessible to the disabled,
according to utility needs, with at least 30% of this area located in a biologically
active area, unless separate regulations provide otherwise.

This value is determined as an indicator of the biologically active area of a
building plot.

A great deal of information and guidance on how to create buildings and their
surroundings soon can be found in the EU guide [16]. There are guidelines for
buildings with vegetation. Plants on a green facade can act as a rain cover and help
lower air and surface temperatures through evapotranspiration and shading provided
by tree crowns. There are several ways to build a green facade (Fig. 2). These can be
[16]:

e green ground facades: evergreen or deciduous vines grow on the wall, rooted
in the soil next to the facade; self-adjacent plants climb the wall as they grow,
directly on the wall or on the frame connected to the wall;

o green facades without roots in the ground: plants grow on special thin layers
of a substrate to reduce the weight of the green facade.

Fig. 2. Schematic drawings of different types of green facades [16]

Green roofs are adapted to heavy rainfall and protect against cold and heat waves.
Such properties are primarily possessed by a green retention roof, which ensures an
adequate rate of water evaporation and prevents the soil from drying out. The roofs
are classified (Fig. 3) as [16]:

e extensive or standard green roofs are green roofs with a relatively thin layer

of soil and vegetation. Suitable types of vegetation are succulents or, in the
case of shady roofs, a mixture of mosses and herbal plants. Succulents have a
high water storage capacity. Photovoltaic panels can be placed on such a roof,
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which further reduces the temperature on the roof surface. Due to the
relatively low weight of roofs with succulents, they can often be laid on
existing roofs, up to an angle of about 35°;

e a semi-intensive green roof is a transition between extensive and intensive;

e intensive green roofs have a thicker substrate and plant layer, as well as a
greater variety of plants, including shrubs, small trees and nesting sites for
birds and bats. Such roofs can contribute to increasing biodiversity.

Height: 6-20 cm Height: 12-25 cm Height: 15cm > 1 m
Weight: 30-150 kg/m? Weight: 120-200 kg/m? Weight: 180-500 kg/m?
Vegetation: mosses, Vegetation: grasses, herbs Vegetation: Lawn,
sedums, herbs & grasses and shrubs perennials, shrubs & small
Maintenance: low Maintenance: periodically  trees

Maintenance: regularly

Fig. 3. Scheme and characteristics of the three basic types of green roofs [16]

A way to encourage the creation of green roofs and facades is property tax reliefs
and exemptions introduced in several cities in Poland. Below in Table, there is the
number of discounts in property tax, depending on the type of partition with
vegetation and the area occupied by it [17]. Tax relief applies primarily to residential
buildings.

In Table 1, data from Wroclaw was adopted in 2015 for residential buildings and
residential premises. An example of a building with vegetation is from Wroclaw.
Extensive green roof of 1600 m?, intensive roof of 860 m?, greenery on native land
and in pots 360 m? (Fig. 4, 5) [18]. Green facade with ivy on the external walls of
the National Museum in Wroclaw [19].

In Table, data from Katowice and Kalisz was adopted in 2021. Example of a green
roof over the International Congress Centre in Katowice (Fig. 6) [20]. Green facade
of the largest Mercure hotel building in Katowice (Fig. 7) [21]. On Fig. §, there is an
example from Kalisz [22].

In Table, data from Czestochowa adopted in 2022, established only for single-
family buildings. Example of a green roof over the EXG office building in
Czestochowa (Fig. 9) [23]. Green facade created on the external wall of the City Hall
building in Czestochowa (Fig. 10) [24].

4. Conclusions

The international experience shows that greening of buildings allows for solving the
main problems of cities such as urban heat islands and water resilience. To perform
the tasks, the proper normative system is developed. In Poland, in addition, there is
a system of tax reliefs which is stimulating the greening that is shown by successfully
realized projects.
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Table. Property tax reliefs in force in Wroclaw [17]

Type of partition with vegetation

Percentage of the
area occupied by

Percentage of property

plants tax relief
Wroclaw
Green roof in a building up to 50-80% 50-80%
5 storeys high 80-100% 80-100%
Green roof in a building with a 50-80% 25-40%
height of more than 5 floors 80-100% 40-50%
<30 m? 20%
Vertical garden on the facade 30 m?-45 m? 25%
> 45 m? 50%
Katowice and Kalisz
Green roof 100% '100% o
Green fac;ade (minimum one) with i éﬁgiﬁg:?;%jﬁﬁ;gs
vegetation rooted in the ground with a height of more
Vertical garden on the facade 50% than 6 storeys)
Czestochowa
Green roof 100%
Green facade (minimum one
with vegetation r(goted in the gro)und >0% 0%
Vertical garden on the facade 75%

Fig. 4. Green roof at Botanica Residance in Wroclaw [18]
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Fig. 5. Green facade on the building of the National Museum in Wroclaw [19]

Fig. 6. Green roof over the International Congress Centre in Katowice [20]

Fig. 7. Green facade on the Mercure hotel building in Katowice [21]
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Fig. 8. Green facade on a building located in Kalisz [22]

Fig. 9. Green roof over the EXG office building in Czestochowa [23]

Fig. 10. Green facade created on the external wall of the City Hall building in Czestochowa [24]
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Yiima Anam
NEPCIHEKTUBHA CTBOPEHHS O3EJIEHEHHUX MMOBEPXOHb 3
POCJIMHHICTIO HA BYAIBJIAX Y TOJIbIII

Anotanisi. 3a qaHnMu BcecBiTHROT panu ekojoriqvHoro OymiBHUITBA, 10 2050 poky
moTpeba B eHeprii B OymiBISAX 3pOCTe BABIYi. Y BCHOMY CBITi OyIiBHHIITBO Ta 3a0ymoBaHi
TepuTOpii yTBOPIOIOTH OMM3bK0 39% TiobGanbHUX BUKHUIIB Byiiekucioro rasy (28% Bin
eKCIUTyaTalliiHUX BUKHUAIB, CHEprii, HEOOXiTHOi JUIS ONAaJeHHS, OXONOUKCHHS Ta
JKUBIICHHS, a pemTa 11% — Big matepiamniB i OyaiBHUNTBA) 1 50% CBITOBOTO CIIOKWBaHHS
pecypciB. Takum yuHOM, MaKkCHUMi3alis eHEProe(HEeKTUBHOCTI Ta MOKPAIIEHHS JOBKIIIA €
OCHOBHMMHM HAIIPSIMKaMHU PO3BUTKY OymiBHHUITBa. OOWIBI 3amadi MOXXHA BUPIMIHATH 3a
JOTIOMOTOI0  3€JIEHHX KOHCTPYKILIH, AKi 3’€JHYIOTH JKHBI POCIMHH 3 OyIiBEIbHHMHU
KOHCTPYKIisIMH (3e7eHi maxu, >KuBI (acagm Ta kMBI BHYTpimHiI cTiHu). bymo
MpOaHaTi30BaHO JAaHi OCHOBHUX opraHizamiil y ramy3i: OOH, BcecBiTHBROI paju 3emeHoro
OymiBHHMIITBa, €Bpomeichbkoro mapiaMeHty ta Pamm, a Takox [7100anbHOTO ajbsHCY
OymiBenb 1 OymiBHUIITBA. BOHH KOHCTaTylOTh HEOOXITHICTH  3€JIEHO-OJNIAKUTHOT
iHppacTpyKTypHu, cranoi ypOanizauii, cepex iHmoro pekapOonizamii OyaiBens Ta
MIOM'SIKIICHHS! MICBKHMX TEIUIOBMX OCTpoBiB. O3eneHeHHs Oy/iBelb € 3aX0J0M JUIs
JOCATHEHHS X BUMOT. KpiM Toro, 11e mokpamtye 3710poB’ sl Ta caMONo4dyTTst a00 3011b11ye
6iopizHoMaHiTTs. Y Iloibmii € BiAMOBIHI HOPMHU CTHMYJIIOBAHHS O3€JICHEHHS Oy/liBeb.
TepMiH «010JIOTIYHO aKTHBHA TEPUTOPIsH BU3HAYAETHCS K TEPUTOPIs, Ky 00JIAIITOBAHO
TaKAM YUHOM, IO 3a0e3MedyeThCsl HasABHICTh MPHPOIHOI POCIMHHOCTI 1 3aTpUMaHHS
JOIIOBHUX CTOKiB; Taka 30Ha TakoX OxoIuroe 50% moBepXHi Tepac 1 IUIOCKUX JaxiB 3
POCIMHHMM TIapoM Ta IHIIMMH TIOBEpXHAMH (HANpUKIAL, 3€JIeHWd ¢acan), IIo
3a0€3M1e4yI0Th IPUPOAHY POCIMHHICTB, omero He Mernie 10 M. CrienianbsHa MojaTkoBa
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MOJIITUKA HANa€ IIBCU BIACHUKAM 3elieHUX OymiBenb. [li 3axomw naroTh Xopouruit
pe3yabTaT y PO3MOBCIOMKCHHI 3€JICHUX KOHCTPYKIIiH, Ipo IO CBiAYaTh MPEACTABICHI B
CTaTTi 00’ €KTH.

KuarouoBi ciioBa: cTiliKicTh; 3eleHI KOHCTPYKIi; eHeproe(eKTUBHICTh; 0i0MOTigHO
aKTUBHI IUIOIIi; YTPUMaHHS BOJIH.
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IMPACT OF "GREEN" ROOFS ON RAINWATER MANAGEMENT:
REVIEW OF SCIENTIFIC RESEARCH AND PERSPECTIVES OF USE

Abstract. The multifaceted advantages of "green" technologies are analyzed, one of
which is the effective management of rainwater in urbanized regions, which allows
solving a number of important problems, such as: local waste disposal; reduction
of runoff volumes due to evapotranspiration from vegetation and open surfaces;
retention of rainwater in the soil; reduction of peak flow values due to temporary
storage of water in the substrate and drainage layer; improving the quality of
rainwater, which then falls into the soil or is collected in separate reservoirs for
further use for technical or domestic purposes. Based on the analysis of
experimental studies by world-class scientists, it is shown that for extensive "green"
roofs, the average efficiency of rainwater retention is estimated between 45% and
60%, and the cumulative annual retention is about 50% and 60%, depending on the
local climate. The results of a study on determining the degree of reduction of
rainwater runoff from the surfaces of "green" roofs, which were conducted on two
model roofs (extensive and intensive) in Poland, are given. It is well-founded that
the rainwater absorbed by the layers of the "green" roof slowly evaporates over a
long period of time, which means maintaining a more stable relative air humidity in
the vicinity of the building. The method of determining the amount of rainwater
runoff from the surface of "green" roofs, as well as determining the daily load of
rainwater drainage on the analyzed site, is presented. It was established that about
44% of rainwater from torrential rains is retained in the layers of the "green" roof,
and in the case of an intensity not exceeding 5 mm/day, rainwater is completely
retained by both intensive and extensive roofs. The advantages of "green"
technologies in the process of filtering rainwater, which can be collected in tanks
and used for technical needs, are considered. The prospects of rainwater
management using "green" roofing systems on roofs in different countries of the
world and, in particular, in Ukraine, were analyzed. The ranking of the total area
and density of "green" roofs used for rainwater management in different cities of
the world for 2022 is given. The authors developed and presented a recommended
system of measures for the development and implementation of "green" roofs in
Ukraine.

Keywords: "green” constructions; "green" roofing; rainwater; stormwater runoff;
average retention efficiency, management; prospects of use.
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KuiBchkuii HaioHATHHUN YHIBEpCUTET OYIIBHHUIITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

BIIJIMB «3EJIEHUX» IIOKPIBEJIb HA YIIPABJITHHA JOIIOBUMH
BOJAMMU: OI'JIAd HAYKOBUX JOCJIIKEHD TA IIEPCIIEKTUBU
BUKOPUCTAHHA

Anomayin. [lpoananizoeano bazamocpanui nepegazu «3eieHUX» MeEXHONO0IM,
OOHI€I 3 AKUX € eheKmueHe YNPAGNIHHA OOWOGUMU B00AMU 8 YPOAHI308AHUX
pecionax, wo 00360J5€ BUPIUUMU PO BANCTUBUX NPOONEM, MAKUX K. TOKATbHA
Ymunizayis CMoKie, 3MeHUeHHs 00Csi2i6 CMOKY, 3a PAXYHOK e8anoOmpancnipayii 3
pocauHHOCMI ma GiOKpUMUX NOBEPXOHb, 3AMPUMKA OOW080i 800U 8 IPYHMI,
3MeHUleH s NIKOBUX 3HAUEHb CMOKY 30 PAXYHOK MUMYAC08020 30epieanHs 600U 8
cyocmpami i OPeHANCHOMY Wapi, NOANUWEHHs SKOCMI 00uosux 800, AKi 0aii
nompaniaoms 8 IpyHm abo 30uparmscs 8 OKpeMi pe3epsysapu 3 Memoi
nO0AnbUIO020 BUKOPUCIAHHS 8 MEeXHIYHUX Yyu nobymosux yinax. Ha ocrogi ananizy
eKCNepUMEeHMAIbHUX 00CTIONCEHb HAYKOBYIE C8IMO0B020 PIBHA NOKA3AHO, WO O
EeKCMEHCUBHUX «3eNIeHUX» 0axXie cepeOHs eqheKmueHicms YmpUMAaHHs 00wo80i 600U
oyintoemocs mige 45% i 60%, a cyKynui piuHi yMpumManHs CIMAaHoGIsmy OIU3bKO
50% i 60%, 3anescrno 6i0 micyesoeo kimamy. Hasedeno pesyromamu 0ocniodicens
NO BUBHAYEHHIO CHIYNEHS. 3HUIICEHHSL CINOKY 00W060T 600U 3 NOBEPXOHb «3€NEHUXY
NOKpi6enb, SKI NPOBOOUNUCA HA 080X MOOEIbHUX 0aXax (eKCMEeHCUBHOMY ma
inmencusnomy) y Ionvwi. OO6IpyHmMOSaHO RNpunyweHHs, wjo O0owo8da 6004,
NOCTUHEHA WApaAMU «3e1eH020» O0aXy, HNOBILIbHO BUNAPOBYEMbCA NPOMALOM
mpueanoeo nepiody uacy, w0 o3Hauac NiOMpumky Oinbid cmadinbHoi 8i0HOCHOT
go1020cmi nogimpsi 8 oxoauysax 6yodieni. Ilpedcmasneno memoOuKy 6UHAUEHHs
KinbKoCmi 6i0MOKY 00uj080i 800U 3 NOGEPXHI «3€/IeHUX) NOKpIBenb, a MaKoi#C
BU3HAYEHHS. 00008020 HABAHMAICEHHS BIO8COEHHs 0OUL080T 800U HA AHANIZ08AHIN
oinanyi. Byno ecmarnosneno, wo 6auzeko 44% 0ougo60i 600U 8i0 NPOIUBHUX O0U4I6
3amMpUMyEMbCsl 8 WAPax «3e1eHoiy» HNOKpI6Ni, a 6 pasi IHMEeHCUBHOCMI, Wo He
nepesuwye 5 Mm/006y, 00u08a 600a ROGHICMIO 3AMPUMYEMBCSL SIK THIMEHCUSHUMU,
max i ekcmeHcusHumMu oaxamu. Pozenanymo nepesacu «3eieHUx» mMexHoioz2ill &
npoyeci inempayii 0owo6oi 800U, AKY MOJNCHA 306upamu 6 pesepsyapu i
sukopucmogysamu  0niss  mexuiynux nompe0. Ilpoananizoeano nepcnexmueu
YNPABNIHHA 00UJOBUMU CIOKAMU 3 BUKOPUCTNAHHAM CUCEM (3€1eH020» NOKPUMMSL
Ha oaxax y pisHux Kpainax ceimy i, 30Kkpema, ¢ Ykpaini. Haseoeno petimune
3a2anbHOI NAOWI Ma WITLbHOCMI «3€/IeHUXy 0axie, sKi 8UKOPUCMOBYIOMbCs OJis
VIPAGIIHHA 00U08UMU 600amy, y pisHux micmax ceimy 3a 2022 pix. Aemopamu
PO3POOIEHO Ma nPedCmasieHo PeKOMEHO08AHY CUCEMY 3aX00i6 OJis PO3GUMKY Md
BNPOBAOIICEHHS (3€eHUXy 0axie 8 Yxpaini.

Kniouogi cnosa: «3eneniy koncmpyxyii; «3e1eHay» NoKpiens,; 0oujosi 600U, 31UB08i
CMOKU, cepeOHA e@eKmusHicmb VMPUMAHHA, YAPABNIHHA;  NepCneKmusu
BUKOPUCMAHHAL.

https://doi.org/10.32347/2411-4049.2023.2.35-53
Beryn
Hacnigkom mBunkoi ypOanizanii micta € mosiBa HU3KH €KOJOTTYHUX MPOOIEM, B
TOMY YHCIIi MOIIYK ONTUMAJIbHUX, CTIHKAX Ta €KOHOMIYHO BHTIIHHX DPIllICHb JJIS

YOPaBIiHHSA JOMIOBUMH BOJAaMH Y BHCOKOPO3BMHEHHMX MICHKHMX paifoHax. lle
KPUTHYHO BayKJIMBa MpoOieMa, sika Mae Miclie 4epe3 HeraTUBHUH BIUIMB MiCBKUX
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JIOIIIOBHX BOJ] HAa BOJIHI Ta HA3eMHI €KOCHCTEMH 1, Oe3mocepeIHb0, Ha JTIOIUHY Yepes
3a0py/IHCHHS BOJIM 1 TIOBEHI.

Kpim Toro, O6imbmicTs MicT MalOTh OKpeMi KaHaJli3aliiHi CUCTeMH, IpU3HaueHi
CHemiabHO 711 00pOOKH IHTEHCUBHOTO CTOKY, alle 0arato 3 HAX 3HaXOATHCS i
3emJiero 1 Oynu moOymoBaHi Oarato pokiB Ha3zall, TOMY Iy>K€ 9acTO BEJIHKi 00CSTH
BOJIM 3aTOIUTIOIOTH BYJHII, TPAHCIIOPTHI IISIXU Ta MiABaIH OyAiBEIb.

IcaHye pnexinmpka HampsAMiB 3a0e3MEeYeHHS CTIHKOCTI MICBKHX TEPUTOPIH [0
CHJIBHUX 3JIUB Ta JIOIIIB.

[Nepmmii 3 HUX — BUKOPUCTAHHS «3€JICHUX» 1HPPACTPYKTYPHUX pillIeHb, TAKHX
SK «3€JIeHI» TIOKPIBIIi Ta «3€JCHi» CTiHHW, 3aBASKH SKHM II€BHA KiTBbKICTH BOIU
BOMPAETHCS POCIMHAMH, IIIE JIeSKa — 3aJHIIAEThCA B CyOCTpari, a iHIIa YacTHHA —
(GINBTPYEThCS 32 PaxyHOK JEKIBKOX INapiB KOHCTPYKLIi MiJi pOCIMHAMH, IO
YIOBUIBHIOE i1 pyX A0 CHCTEM JOIIOBOI KaHaJi3arlii.

Jpyruii meton monsrae B 30MpaHHi TOMIOBOI BOJU B CTIellialbHI HAKOTTMYIYBaIbHI
0aKu, K1 3HAXOAATHCS Ha MOKPIBIi ado Ot OyIUHKY, Y B KOHCTPYKIIi IPYHTY Ha
npuOyAMHKOBIM TepuTopii. HakommdyeHy Boxy MoOXKHa BHUKOPHCTOBYBATH IS
moOyTOBHX Ta TEXHIYHMX TMOTpeO: MONWB Ta30HIB, MpPaHHS, 3MHBAaHHS TYalCTiB,
MUTTS MJIJIOT, OYUIIIEHHS TPOTYapiB TOIIIO.

Tperifi MeTon moJiArae B MOTJWHAHHI BOJAW Ta 1l BiIBEJCHHI MPUPOIHUMHU
010JIOT1YHUMHU HA3eMHUMU 3ac00aMU-TyOKaMU: BOJOIPOHUKHI TIOBEPXHi, peibed 3
YXHIIOM, TIPUPOAHE POCIMHHE MMOKPHUTTS, «3€JIeH» KOHCTPYKIIii, TOIIOBI caau, 0
BIJIMOBITa€ Cy4YacHii KOHIIETIT «MicTO-ryOKa» [1].

IcHye psim ctpareriii cBiTOBOro macmTaOy, B KOMIIETCHTHICTh SKHX BXOJHUTh
YIIPaBIiHHS JOMIOBUMH CTOKaMH, TaKi sK:

o «LID» (Low Impact Development, CIIA) — migxig Ao ynpaBiiHHA
MOBEPXHEBHMHU CTOKAaMH, SIKUH BPaxOBYE TIIPOJIOTIYHI MPOLECH B TPHUPOIL Ta
BUKOPUCTOBYE TIPUHIIMIH YIPABIIHHS JIOMOBUMH BOJaMU, SKi HAHOLIbI OIM3bKI
710 TIPUPOJTHUX TIPOLIECIB.

o «SuDS» (Sustainable Drainage Systems, BenukoOpuranis) — me miaxizx 10
YIpPaBIiHHS JIOMOBUMH BOJAaMH, SKHH BKJIIOYAa€ BHKOPUCTAHHS METOMIB, IO
3HIKYIOTh OOCSAT JIONIOBMX CTOKIB HAa MICIli, JI¢ BOHM YTBOPIOIOTBHCS, & TaKOXK
3a0€3MeyI0Th OUHIIICHHS BOJIH.

o «LIUDD» (Low Impact Urban Design and Development, Hosa 3enanis) —
CHCTEMa YIPABIiHHS [IOIIOBOIO BOJOI0 HA MICBKHX TEPHUTOpIsLX, 30Kpema, 3a
JIOTIOMOT'OI0 BHKOPUCTAHHS TEXHOJIOTiM 30epiraHHs, 3aTpUMaHHS Ta OUYMILEHHS
JIOILIOBOI BOJIH.

o «WSUD» (Water Sensitive Urban Design, ABcTpainisi) — 1ie¢ CyKyIHICTb
OPUHLMIIB, SIKIi MOXHAa 3aCTOCOBYBaTH /sl CTaJOr0 YNPAaBIiHHSA BOIAHUMH
pecypcamu, HaJaroud MOXIIMBOCTI PO3BHUTKY iHAYCTpii A 3a0e3neueHHs Oiibla
3pYYHHUX YMOB ISl KHUTTS 13 €()EKTUBHOIO CHCTEMOIO BOIOBIIBEICHHSI.

KosxHa ctpaterist Mae yHIKanbHI IepeBard Ta 3HAYHI JOCATHEHHS B 0OJACTI
yIpaBIiHHS I0IOBUMH BojamH. [IpoTe BapTo 3a3HaUNTH, 10 PO3IIIHYTI KOHLIENIiT
MaroTh cBOi oOMexxeHHda. Hampukian, X BOpoBa/yKeHHS MOXKE BUMAaraTu BEJTMKHX
THBECTHUIIIH, @ TAKOXK TEXHIYHOI Ta iH)KEHEpHOI MiATpUMKHU. KpiM TOro, OUIBIIICTD
IH)KEHEpHHUX pIllleHb BUMAaraloTh IOJaTKOBOTO MPOCTOpPY Ha mepudepii MiChKUX
paiioHiB, AKWH, B IHIIOMY BHUMAJKy, MOXe OYTH BHKOPHUCTaHUH Ui KOPUCHOI
iHQPaCTPYKTYpH, M0 POOUTH Ii TEXHOJOrIl BIIHOCHO CKJIQJIHUMH IS
BITPOBAIKCHHSI.
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Y poboTi [2] cTBepmKYy€EThCS, MO 3alPOBAPKEHHS «3EIMEHUX» KOHCTPYKIIH,
BiMOBiAHO 10 pekomennanin WSUD/SuDS/LIUDD, moxe OyTH NEpCIEeKTUBHUM
pilleHHsIM [UIsI 3MCHILIECHHS HEraTUBHHMX HACTiAKiB ypOaHizamii i, 30Kpema, A
YIPaBITiHHS TOMOBAMH BOJIAMHU.

MeTto10 podoTH € po3poOKa aHAIITUYHOTO IMOBIPHICHOTO TIAXOXY [0
JOCIIPKEHHSI XapaKTEPUCTUK «3€JICHOT0» IaxXy JUIS YIpaBIiHHS 37TMBOBUMHU BOJAMH
IUIAXOM OIIHKK (YHKIIi po3moAinry HMOBIpHOCTEH CTOKY, a TakoXX aHaii3
MIEPCTIEKTHB BUKOPHUCTAHHS B PI3HUX KpaiHaxX CBITY 1, 30KpeMa, B YKpaiHi.

OcHOBHA YacTHHA

«3eneHi» KOHCTPYKLii — 1e 0i0TeXHOJIOTI], SKi MOEJHYIOTh B c00i apXiTeKTYpHI
KOHCTPYKILii Ta HUBI POCIMHH. B 3ajeHOCTI Bif po3TamryBaHHs, KOHCTPYKIIii
MOXYTh OYTH BEpTHKaIbHI a00 TOPH3OHTANBHI. /[0 BEPTHKAIBFHUX BiTHOCATHCS
BEePTHUKAIBbHE 03eJIeHeHHS Ta ()iTOCTIHHU, O TOPU3OHTATEHUX — «3€JIeHD» MOKPIBIIi,
3eJICHI CXMJIM, €KOMAapKOBKH, JOIIOBI 3eJieHI cau Ta 3€JeHi MPUAOPOKHI JOIIOBI
cmyru. s OBl IETaNBHOTO TMOSICHEHHS HAIIOTO MiAXony A0 Kiacudikamii Ta
TEPMIHOJIOTII «3eNeHnXx» KOHCTPpyKIii, Tkauenko T.M. [3, 4] po3pobiena cxema
eKxoJorizanii cygyacHux micT. Taki KOHCTPYKIil MOKYTh OyTH CTBOpEHI Ha HOBUX Ta
BXKE€ ICHYIOYHMX OYIIBISX (BEPTHKAIBbHE O3CJICHCHHS, «3CJICHI» JaxXW, «3eJCHD»
Tepacn) ado 3HU3Y Ha penbedi («3eNeH» CXUITH, eKOTapKOBKH, OIOB1 3eJIeHi caiy,
3eJICHI IPUIOPOKHI JOLIOBI CMYTH).

«3eneHuid» 1ax — 1€ OJIMH 3 BUJIIB «3€CHUX» KOHCTPYKIIii, IO SABJISE 1HKEHEPHI
OaraTromapoBi TEXHOJIOTii, 3 BEreTOBaHOI BEPXHHOIO MOBepxHer. OcTaHHA
CKJIafaeThest 3 cyocrpary Ta pociuH. OCHOBHMMH IIATOTOBYMMHM IIApaMHu JUIs
CTBOPEHHS SIKICHOI «3€JCHOD» IOKPIBII € TLAPOI30JAIsS Ta €IuHa JPeHaKHA
cucTeMa, Ha SIKy TIOTIM HaKJIaJaloThCs 1HIII TEXHOJIOTIYHI IIapH, SKi MaloTh Pi3HY
OyIIOBY, B 32JIEXKHOCTI BiJI TUITY «3€JIEHOT» MOKPIiBIIi T2 BUKOHYBAaHUX HEIO (QYHKITIH
(IHTEHCHBHA, €KCTEHCHBHA), TUITY CYOCTpaTy Ta POCIMHHOCTI. [lesKi TeXHOIOTiuHi
[Iapy MPUCTOCOBAHO JJIS MOTIMHAHHS, HAKOITMYEHHS Ta TIOCTYOBOTO BUBITbHEHHS
OIIOBOI BOJIH.

Jus  OymiBHUITBA «3€lIEHOTO» Jaxy BHOIp KOHCTPYKIIi Ta MaTepiaiB
Ha/I3BHYAIHO BRKIIMBUH, OCKIIBKH MOXKE Oe3MmocepeIHbO BIUTMBATH Ha TiIPOIOTiYHI
Ta TEIUIOBI NMOKa3HHWKH, SKUX HEOOXiJHO IOCSITH, a TAaKOX Ha TEPMiH KOPUCHOL
eKCIUTyaTalii KOHCTpYKUii [5].

BripoBa/KEHHSI CUCTEMH «3€JICHOT0» TOKPUTTS Ha Jaxy € e(QeKTHBHUM Ta
BUTIIHUM PIlICHHSM, B TIOPIBHSHHI 3 IHIIMMH CTpPATETIsIMH, 4epe3 MOXIJIUBICTb
BJIAIUTYBAHHSA iX Ha BXKE iCHYIOUY KOHCTPYKILIIO [6].

«3erneHi» Jgaxu OCTAaHHIMH POKaMH MPHUBEPTAIOTH YBary CIICIIaNliCTIB B Pi3HUX
rajy3six 3aBJSKH CBOIM Pi3HUM (YHKIIISIM, MOB'S3aHUM 3 TiJPOJIOTIE0, 3EJIeHUM
CepeIoBHILEM, EHEProe(heKTUBHICTIO, AKICTIO TOBITPS Ta EKOJIOTIENO.

BararorpanHi nepeBaru OUX TEXHOJIOTiH BKJIIOYAIOTH: YNPABIIHHA IOIIOBUMH
BoJaMH [7]; 3MEHIIEHHs CIIOKMBaHHs eHeprii B OymiBmax [8, 9], KoHTpoib
3a0pyaHeHHS NOBITps, cekBecTpyBanHs CO» [10, 11], 30inbeHHs 010pi3HOMAaHITTS
[12] Ta 3MeHIIeHHS e()eKTy MiCBKOTO TeIuioBoro octposa [13].

«3eneHi» Maxu, Ha BIAMIHY BiJl TpaIWIiHHUX, 30€piraroTh 3HAYHY KiTbKICThH
JIOTIIOBOi BOJH 1 € 3HAYHO MPUBAOIMBUMHM ISl MICBKHX PETiOHIB, JIe¢ HEOOXiTHO
YCYHYTH CEpHO3HI €KOJOTIYHI HACIIJKA HAAMIPHOTO a00 HEKOHTPOJIHOBAHOTO
cToky [14].
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Sk mokazamu 6arato aBTopiB [15-18], cuctemMn «3eneHUX» JaxiB MPOMOHYIOTh
pIlIEHHS TaKUX MPOOIIeM, TIOB'I3aHUX 3 YIIPABIiHHAM JTOIOBUMH BOJAMH, SIK:

- JIOKaJibHa yTHJIi3allis CTOKIB;

- 3MEHIIIEHHS 00CHTIB CTOKY, 32 paXyHOK €BalOTpaHCIipalii 3 pOCIMHHOCTI Ta
BIAKPUTHX TTOBEPXOHb;

- 3aTpUMKa JOILIOBOI BOJIU B IPYHTI;

- 3MEHIICHHS IIKOBUX 3HA4Y€Hb CTOKY 3a PaxyHOK THMMYacOBOTO 30epiraHHs
BOJH B CYyOCTpATi i IpeHa)KHOMY IIapi;

- MOJIIMIIIEHHST SKOCTI JONIOBHX BOJ, fKi (DUIBTPYIOTHCS uepe3 MeMOpaHu
«3eJIeHUX» JlaXiB, a MOTIM MOTPAIUISIOTh B IPYHT abo 30MparoThesl B OKpeMi
pe3epByapu 3 METOIO I0OAAJbIIOr0 BUKOPUCTAHHSA B TEXHIYHHUX YU MOOYTOBUX
LJIAX.

To6TO, BOHU MO3BOJSIOTH BOJI BHIAPOBYBATHCS 1 MOTJIUHATHCS TPYHTOM Ta
pOCIIMHaM{ Ha Jaxy, TUM CaMUM 3MEHINYIYH KiTbKICTh BOIH, IO CTiKae B
CHUCTEMY JIOIIOBOI KaHamizamii. TakuM YHHOM, JNWIIEe YacCTHHA JIOIIOBOI BOIH
(GiTBTPY€ETHCS Yepe3 IPYHTOBHH Ta APEHAKHHUI IapH, a MOTIM CIPSIMOBYETHCS B
kaHamizariro [19].

BaraTo HayKOBLiB IPOBOIMIN JOCIIIKEHHS CUCTEM «3€JICHUX)» 1aXiB B YCHOMY
CBITi 3 TOUKH 30pY iX MPOJYKTHBHOCTI B yNIPaBIiHHI 3THBOBUMH BOJaMH. Tax, st
CKCTCHCHBHHX «3€JICHUX» JaxiB (3 ruOuHOI0 miakmaaku < 15 cMm) cepeans
e(heKTHBHICTh YTPUMaHHS JOMIOBOI BOIH OIiHIOEThCA Mik 45% [20] 1 60% [21],
a CYKYIHI pi4Hi yTpUMaHHS CTaHOBIATH Onu3bKo 50% [22] 1 60% [23].

ABtopu [7] poO3poOMIM TiAPOJOTIYHY MOJENb «3€JEeHOI» TOKpIiBIl Ta
JOCHIAWAM JOBFOCTPOKOBI TOKAa3sHUKM 3 TOYKH 30py BMICTy BOJIOTH,
BUIIAPOBYBAaHHS Ta YyTPUMaHHA. Byso BusBIEHO, 10 piBeHb YTPUMAaHHS AOIIOBOL
BOJU KonuBaBcs Bim 28 nmo 84% (£5%) 3anekHO Bia MICHEBOrO KIiMary, a
MPOJYyKTUBHICTh YTPUMAaHHS MOXKHa TOKPAIIMTH 3a JOTOMOIOI ONTHUMIi3arii
KoH(piryparii.

[Hmi aBTopm [24] po3pobunu Monenbs BOJHOTO OanaHcy Ui BUBYEHHS
MOKa3HUKIB YTPUMAaHHS JIOIIOBOi BOJU «3EJICHOIO» TIOKPIBICID Ha OCHOBI
MeTeopoJoriynux nanux 3a 11 pokis. CepeaHbOpiuHE YyTPUMAaHHS CTAHOBMIIO BiJ
30 mo 73,8%, 3aiexHO BiJl MICIEBUX KIIMATHYHHX YMOB, SIKi BiJ[irparOTh
MepIIoYeproBe 3HAYCHHS JJIs T1IPOJIOTIYHUX XapaKTePUCTUK «3EJIeHUX» AaxiB.

Tak, y mociimkenHni [25] Oyna po3pobiieHa MOJENb BOJHOTO OajaHCy s
OLIHKM IIBUAKOCTI BUIMAPOBYBAaHHSA 3 TOBEPXHI «3€JIEHUX» JaxiB, 3 METOIO
MOJICIOBaHHs PiuyHOI €(PEKTUBHOCTI YTPUMaHHS BOJU IHMH KOHCTPYKIIISIMH.
YoTtupu Micta, po3TamioBaHi B Pi3HUX KIIMaTHYHUX perioHax Kwuraro, Oynm
BiiOpaHi JUIA TOPIBHAHHS iXHIX CEpPEeIHBOPIYHMX 1 CE30HHUX ITOKA3HHUKIB
YTPUMYBaHHS CTOKY BEIMKUMU «3€JICHUMM» JJaXaMH 3 BAKOPUCTAHHSM 1 1 -pidyHux
METEOPOJIOTIYHUX JaHWX, a TaKOX OIIHKM BIUIMBY HAaKOIMUYYBAIBHOT €MHOCTI
cyOcTpaTy, mapamMeTpiB THUIIB POCIMHHOCTI Ta pEXHMYy omnaaiB. PesynpraTn
MOKa3aJH, 10 CepeIHbOPiYHE YTPUMAHHS CTOKY B CyXOMY KOHTHHEHTAJIbHOMY
kimiMati Jlaapwkoy cranoBmio 73,8%, mio Oyio BuIe, HIXK Y BOJOTHX
kiiMaTnuHuX perionax [lekina (48,9%), Uynuina (45,2%) i lLlenpwkens (30,0%).
EdexTuBHICTS yTpUMYBaHHS CTOKY €EKCTECHCUBHHUMH «3€JICHUMW» JaXxaMH 3HAYHO
3HU3WIACS 31 30UTBIMIEHHSIM KUTBKOCTI OIMajiB, a OUIBII TPHBAIHN TEpPion CyXOi
[IOT0JIU — IPU3BIB 10 KPaLOro yTPUMaHHA CTOKY.

[HIme mocmimkeHHs, MpoBeJeHe AOCTIIHUIBKOIO rpynoto B Kanani, mpuiiio
J0 BUCHOBKY, IO IIOKAa3HMKH YTPUMAaHHS [OLIOBOI BOIM «3€JIEHUM» IaXOM
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cranoBwin 21 1 100% mig 9ac BOIOTOTO Ta JITHBOTO CE30HIB, BiAMOBIgHO [26].
X0u JOCHIKEHHS 1 a0 CYTTEBI Pe3yJbTaTH MPO XapaKTEPUCTHKHU «3E€IEHOTO»
naxy, MpOTe MI0JI0 iIHTEHCUBHOCTI ONaAiB y poOOTI HE MOBIAOMIIAIIOCS.

B minomy, BogoyTpuMyioya 3MaTHICTh «3€JIEHUX» MOKPIBENb € HEMOCTIHHOIO 1
KOJIMBAETHCS BiJl HU3BKOTO BificoTKa 10 100%, 1m0 3amexuTh BiJ Takux GakTopis,
SK YXWJI «3€JeHOI» TOKpiBIi, TOBIMIMHA 1 THN MiAKIaJKOBOIO MIapy, BUA
POCIMHHOCTI, & TAKOX KiJIbKiCTh BOJH, HAKOTTMYEHO] B ii CTPYKTYpi, A0 HACTYITHUX
JOMIOBUX omamiB [27]. YTpUMaHHS IOIMOBUX BOJ PI3HUMH THIIAMHU «3CICHUX)
MOKpiBEeAh B 3QJCKHOCTI BiJi Micld pO3TallyBaHHS Ta THUIy CyOCTpaTy
npelacTaBieHo B Tabmumi 1, 3 gKoi ciigye, mo He 00OB’S3KOBO BIIALITOBYBATH
BEIUKY 1HTCHCHUBHY «3€JICHY» TOKPIBIO IS YIPABIiHHS JOUOBHMHU CTOKAMH, a
e(eKTUBHUI pe3yabTaT, W00 BiJCOTKY YTPUMAaHHS, MOXXHA JOCSITHYTH 3a
JIOTIOMOTOI0 EKCTEHCHBHHUX JIaXiB.

Tabn. 1. YTpuMaHHS JOMIOBUX BOJ PI3HAUMH THIIAMHU «3EJICHUX)
3aJIeKHOCTI BiJl MiCIlsl pO3TallyBaHHs Ta THITY cyOcTpary

MOKPiBENb B

Tun «3eaeHoi»
TTOKPIBII

Micue
po3TanryBaHHs
«3EJICHO1»
MTOKPIiBJII

Tun cyGeTpaty

ToBuiuHa
T KITa IKH,
cM

Y1pumanus
JIOLIIOBOTO
CTOKY,

%

ExcrencuBanii
Ta
IHTEHCUBHUI

Hinepnanan

JpiOHwmif micok,
MiATPYHTOBUHN
Top®, BepXHiil map
IpYHTY —
TIIMHUCTHH TOp®,
MOX-CharHym

5, 10, 20,
40, 60 1 80

Bix 55 no
75

InTencuBumi

Tonkonr, Kurait

CyriIMHHUI MICOK,
CyHIl[aHU# IPYHT,
pO3KNaaeHui
TPaHiT, NPUPOIHUNA
CarnpoiTHUN IPYHT
3 riapodiIbHUM
MiHEpaITbHUM
mapoM KaM'ssHoi
BaTH

40180

Bix 39 no
43

ExcrencuBanii

JlonmoH,
BenukoOpuranis

Jlerkwuii cyoctpar,
110 IepeKpHUBaAE
JIpeHaKHUH map

B
cepeHbOMY
34

ExcrencuBHui

Wopximmp,
Benukobpuranis

Jpibna noapioHeHa
1ermna, 1piona
noapioHeHa
Yepenuis

20

44

ExcrencuBHui

Ceymn, Kopest

Bynkaniuni
Marepiaiu i IpyHT 3
MOXOM-C(harHyMOM,

MIEPITITOM i

JPEHaXKHOIO

IUIMTOIO

20

Bix 43 no
61
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.. Micue ToBuHa YT1pumanus
Tun «3eneHoi» .
HokpiBAi po3TalllyBaHHS Tun cyberpary T KIIa 1KY, ﬂomOBo;“o
«3eJICHO» MOKPIBJI cM CTOKY, %
Cywmim 0i1s1BOTO 1
Oyporo Topdy,
LIEOJTITIB 1
ExcrencuBuuit | Canepno, ITamis HEKOMIIOCTOBAHOTO 15 Bin 30 zo
TPYHTY (KOKOCOBHX 100
BOJIOKOH) 1
MiHEPaIbHOTO
Jo0puBa
I'paBiii BynkaHi4HOT
nopoau (70%) 3 B
ExkcrencuBHuit Ienys, Itamis MEM3010 1 TOppoM 20 CepeHbOMY
a00 3 memM3010, 85
LEONTiTOM 1 Topdom
[TpomuTHii micok 3
MiHEpaITbHUMHI B
N Bapmaga, JTIOMIIITKaMH
InTeHcuBHMIA . 4 CepPEIHbOMY
[Mompma (xanmenoHiT, 54
meria), Tophom i
KOMIIOCTOM
Topdsanit
ExcrencuBuuii | Taprty, Ecronis cyocrpar (66%) 3 10 87,5
rymycom (30%) i
TIUHOIO (4%)
[TpomuTHii micok,
InTeHcuBHUM Bapuasa, XaIllea0H, TIiHa, 15 67,5
[MTonbma Topd 1 KOMITOCT 3 ’
KepaM3UTOM

BisbIiicTs 10OCIHIHKEHD, IPUCBIYCHUX JOCHIHDKCHHSIM BIUIUBY «3CJICHUX) JIaXiB
Ha YIPaBJIiHHS JIOIIOBOIO BOJIOIO, CIIPSIMOBaHI JIUIIIE HA BCTAHOBJICHHS IIBHIKOCTI
YTPUMaHHS JIONMIOBHUX CTOKIB «3EJIECHUMI» 1aXxaMu a00 Ha BU3HAYECHHS BiJICOTKOBOTO
3MEHIIIEHHsI CTOKY BOJM uepe3 mapH Aaxy (IHTeHCHMBHUH abo eKCTeHCUBHHN) [28].
Haituacrime aBropu He pO3TISIIAIOTH MPOOJIEMY MIHJIMBOCTI JOOOBOI KiIBKOCTI
OTaiB i Te, SIK BOHA BIUIMBAE Ha MPOLEC 3MEHIIEHHS J0IOBOI BOAH, IO CTIKae i3
«3EJICHOTO» J1aXy B CUCTEMY BOJIOBIJIBEICHHS.

B po6oTi [29] Oyi10 poBeAeHO AOCIIHKESHHS 110 BU3HAUCHHIO CTYIICHS 3HUKESHHS
CTOKY JIOIIIOBOT BOJIM 3 TIOBEPXOHB «3€JICHUX» MOKPiBEJb HA JBOX MOJEIBHUX JIaXxax
y Tlonpm, sKi BiNOBIAA0Th, BIAOBIIHO, €EKCTEHCUBHUM (pHC. 1, a) 1 iIHTEHCUBHUM
MOKPIBEIbHUM KOHCTpYKIisM (puc. 1, 6). JlomoBa Bojga 3 IPEHAXHOrO IIapy
CKHIajIach Y MIpHI pe3epByapH IijJ KOXKHOK MO0 (puc. 1, B).

B gmocnmimkeHHAX TaKOXX BHMIPIOBAJM  BiTHOCHY BOJIOTiCTH  IOBITPS
Oe3mocepelHbO HaJ POCIMHHICTIO, IO TOKPHBAE «3€JIEHI» MOJeNi Jaxy.
VY GeznomioBi JHI Oyno BCTAHOBJIEHO, IO BiJHOCHA BOJIOTICTh MOBITPS Ois
«3eNeHOro» Aaxy 10 5% Bulle, HiK B OKONULAX OY[iBIi, € pO3TAaLIOBYBaJIHCS
mozeni. Lle miaTBepIKye MpUMyIIEHHS MpO Te, IO AOIIOBa BOAA, MOTIMHEHA
mapaMu «3eJICHOTO» JIaXy, MOBLTHPHO BUMAPOBYETHCS MPOTATOM TPHUBAJIOTO NEPIOAy
Yacy, 1[0 O3Ha4ya€ OUIbII CTaOLIbHY (CHPUATIMBY IS SKOCTI MOBITPS) BiIHOCHY
BOJIOTICTh MOBITPsI B OKOJHUISIX OYAiBIIi.
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Puc. 1. Mogenb «3eneHol» IMOKPIiBIi, IO BHKOPHCTOBYBAJaCh B EKCIICPUMEHTAJIBHUX
JOCIiKeHHIX poooTu [29]:

a — eKCTeHCHBHA MOJIEJIb 1axy; 6 — IHTEHCHUBHA MOJIENIb J1aXy; 6 — CXeMa B po3pisi, ae: [ —
pociuHu, 2 — map IpyHTy, 3 — APEHAXHUM map, 4 — map KOHTPOJIIO MapH, 5 — i30SI HHIiA
miap, 6 — OETOHHA IUIUTA, 7 — BUMIPIOBaJIbHUI Oak

Sx mokazanu ©Oarato aBTOpIB y CBOIX JOCHTIDKEHHSX, 1HTGHCHBHI JlaXu
3MEHINYIOTh CTiK JIOIIOBOI BOJAM B KaHANI3aI[iiHy CHUCTeMy Oilble, HiX BEJHKi
(excrencuBHi) naxu [28].

Jyis Toro 100 BU3HAYMTU KUIBKICTh BIJTOKY JIONIOBOi BOAM 3 IOBEPXHI
«3CJICHUX» TOKpiBeJb HA aHAJII30BaHINA IUISAHIN, aBTOpaMu [28] 3amporoHOBaHO
HACTYIHY METOJMKY PO3PaxyHKY:

LDR =Y;A; RR; - CMC - R, nm*/nienp , (1)

Je: [ — TUI 3eJIEHOTO Jaxy: | — eKCTeHCHUBHHM, 2 — IHTEHCHUBHHIA;
A — moBepxH:I MOKPiBENb 33/1aHOTO THITY B aHATI30BaHIH 30Hi;
R — no0OoBa KUIBKICTh OmaiiB (MM/100Y).
Takoxxk Oyma 3ampomoHoBaHa (opMmymna I BU3HA4YCHHS J10OOBOTO
HaBaHTa)KCHHS BiJIBEJICHHS JIOIIOBOI BOJM HA aHAJII30BaHIHN MiISHII, Y BUTJISII:

LD = Ap R — LDR, nm°/nens , )

ne: Ag — BUNpoOyBaTbLHHUI MaiiJaHIKK, 00J1a[HAHNI KaHAT3ALiCIO OMIOBOT BOIH (M2).

3a JaHO0 METOMKOIO OyIt0 BeTaHoBieHO [30], mo 6mm3bko 44% nomoBoi Boau
BiJl MpPOJIMBHUX [OIIIB 3aTPUMYETHCS B IIApax «3€JICHOI» IMOKpiBIi, a B pasi
IHTCHCHBHOCTI, IO HE TMEepeBHINye S5 Mm/mo0y, omoBa BOAa IMOBHICTIO
3aTPUMYETHCS SIK IHTEHCUBHUM, TaK 1 eKCTCHCHBHUMU JTaXaMH.
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[lepeBara «3eneHnx» MOKpPiBENs B YpOOIIEHO3aX TOJSATAE HE TUTHKH B 3HIDKEHHI
HABaHTA)XCHHS Ha 3JIMBOBI CTOKH, a W y (ijbpTpamii AOIIOBOI BOIH, SIKy MOKHA
30UpaTu B pe3epByapy i BAKOPUCTOBYBATH JUIS TeXHIYHUX ToTped [31].

Uepes 3pocTanss TaprdiB Ha BOLy BUKOPHCTAHHS JOIIOBOI BOJH CTa€ BCE OLITBIIT
BHIIPaBJaHUM pimeHHsM. HaykoBmi B pi3HHX KpaiHax CBiTy BBaXKalOTh, IO
He3a0apoM MOXKJIMBICT BUKOPHCTAHHS AOIIOBOI BOJU OyJe TaKk camo aKTyalbHO,
SIK, HAIPHUKIIA, PO3MIICHHS BiAXOIIB. 32 cTaTHCTHKOIO, 60% MHUTHOT BOAM MOYKHA
320113 TH, BUKOPHUCTOBYIOYH JOMIOBY BOY, IO € HE JIUIIE €KOHOMIYHO BHT1IHHUM,
a ¥ 1o3BoJIsi€ 30eperTy HaliHHIIMI pecype [32].

Y po6oTi [32] po3paxoBaHO, IO 3 IHTEHCHBHOI TUIOCKOI «3€JICHOI» MOKpIBIi,
mnomero 200 M%, MoHa 3i6paTH 5 M> OUMIIEHOT JOIIOBOT BOAM, IO BUCTAYUTh HA
TeXHIYHI moTpedu ciM'i 3 4 4OJOBIK. Y IIBOMY BHIIQJKy 3arajibHa Horpeda mjis
OyIMHKY i monuBy caxy ctaHoBuTh 111 M*/pik Ta moGosa norpeda — 0,341 m>/nens.

B pamkax inmoi po6otu [33] 3a OpHTIHATBHOIO aBTOPCHKOI METOIAHKOIO
npogecopa Tkauerko T.M. Oyo 3po01eHO pO3paxyHOK YTPUMAHOTO MTOBEPXHEBOTO
CTOKY TIOKPIBJICIO HIMEIIbKOTO BUPOOHWKA, SIKHI MOKa3as, M0 i 300pY JOIIOBOI
BOJIM 3 iHTEHCUBHOI IIOCKOI TOKPiBJIi iomero 150 M? it 0icHOro KOJNEKTHBY 3
8 oci6 HeoOXimuuii pesepByap ob'emom 4 m°. Ilpu mpOMy cymapHi motpebu Ha
OyIMHOK 1 IONMB caly CTaHOBIATH 178,5 M3/pik, a momeHHi mnorpebu —
0,5035 M*/n00y.

30upaHHs [MOMOBOI BOAW € 3arajlbHOBIIOMOIO TMPAKTHKOI, SKa CSTae
JIOICTOPUYHMX 4YaciB [34] Ta BUBHAYAETHCS K 301p JAOIIOBOT BOJU 3 MOBEPXHI axiB
3 MeTOI0 3a0e3MedeHHsI BOIOK MOOYTOBOTO 200 1HIIOT0 BUKOPHCTAHHS.

Opniero 3 mpoOiieM, TMOB'SI3aHUX 13 BIIPOBAHKCHHSM TaKHX CHCTEM, €
TIEPETIOBHEHHS Pe3epByapiB, M0 MOPYIIye OyIb-sIKy IependadyBaHy BUTOAY Bif
yIpaBIiHHS 3TUBOBUMH BOJIaMHU.

o6 BupimmTH 10 TpobieMy, aBTopu [35] TPOKOHTpOIIOBAM POOOTY
pe3epByapy Iutst 300py JIOIIOBOI BOJU 3 TEXHOJIOTIEI YIIPABITIHHS B PeaJIbHOMY Yaci,
SIK1 4aCTO Ha3UBAIOTh «PO3YMHHMI» TEXHOJIOTISIMH, 10 30UpaE CTiK 3ITMBOBHX BOJ
13 «3eJIEHOTO» Jaxy MPOTATOM Mepiojy, OJIM3BKOTO JI0 I'ATH POKiB. Byro KijgbKicHO
OIIIHEHO PsJ JOJAaTKOBUX IIepeBar YMpaBIiHHS 3JIIMBOBUMH BOJaMH, SKi Halae
pe3epByap B MeXax «3eJICHOTOY JIaxy.

Hlono nutanas QinpTparii A0MOBOI BOAH, Y poOOTI [36] ekcriepuMeHTaNbHO
MMPOAHANI30BaHO SKICTh JIOIMIOBOI BOAM, IO 3JTUBAETHCS B MPOTOTHUIT «3EICHOTO»
JIaxy, JUIsl IJiell TOBTOPHOTO BHKOpHCTaHHA. OTpuMaHi pe3ynbTaTH, sKi
aHaJIi3yBaJIMCsl, BKIIIOYAIOTh KOJIIPHICTh, KajJaMyTHICTh, pH, amiak, a30T, HITPHUTH,
HiTpaTH, oprodocdaru, 3aralibHe YHUCIO KOMiQOpM Ta TEPMOTOJIEPAHTHUX
komidopm. binpmiicte ouiHenux mnapamerpiB Oynu B mexax K, Tomi sk
oprodocdaris, GexaapbHUX KOM(POPM, OKa3HUKIB KOJIBOPHOCTI Ta KajlaMyTHOCTI
He OyJI0 BUSIBIIEHO, TOMY aBTOPaMH 3p00JIEHO BUCHOBOK, 1110 3aTYUCHHS «3EJICHUX)
JlaxiB B CHCTEMY MEHEKMEHTY IOLUIOBUMH BOJAMH JIEMOHCTPY€E IOTEHIal Ta
NepeBaru — SIK albTepHATUBY AJ1s1 OOPOTHOU 3 BOJHOIO KPU30I0.

VYpapmiHHS JOIOBUMH CTOKaMH 3 BHKOPUCTAHHSIM CHCTEM «3€JICHOT0» TIOKPUTTS
Ha Jaxax CbOTOJHI CTPIMKO PO3BHMBAETHCS y OaraTbox KpaiHax CBIiTY, IPOTe JAEsKi 3
HUX BUJIUTIFOTBECS CBOIMHU JOCSTHEHHSIMH Ta TIOMYJISIPHICTIO JAHOTO TAXOY.

3 171006aIEHOT TOYKH 30PY, MTOJIITHKA BIIPOBAKCHHS CHCTEM «3CJICHUX) TaxXiB IS
YIIpaBIiHHS JOMIOBUMH BOJIaMU, B OCHOBHOMY, 30cepekeHa B €Bpomi Ta [liBHITHIM
Awmepuili, a 3000B's13aHHS 3T1THO i3 3aKOHAMU € €IMHOO TIOJITHKOO TOITUPEHHS ITUX
TEXHOJIOT1H, JOCTYITHOIO Ha BCIX YOTUPHOX KOHTUHEHTAX.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



3rimHo 31 cTaructukoro, y 2022 pori (puc. 2) OUTBIIICTE MICT 31 3HAYHOIO
IIUTBHICTIO «3CJICHUX» JIaXiB, sIKi BUKOPUCTOBYIOThLCS JIJISl YIIPABJIIHHS JOIMIOBUMHU
CTOKaMHU, 3HaxolsiThcsa B ABcTpii, Himeuunni ta LlBeiinapii, siki Bepiie NpuiHsIImM
MIOJIITUKY BIIPOBA/PKEHHS Ta MOIMMpEeHHs mux TexHoiorid. Cepen Hux bazens
(IIBefimapis) Mae HAWOUTBITY IUIONTYy «3€TEHHUX» JaxiB Ha AyIIy HaceleHHS
(5,71 M%), 3a wum iigyte WIryrrapr i Jlinn. Bignosizno a0 GyaiBenbHOro
3akoHOmaBcTBa 1996 poky, bazens 3000B's3ye 70 BCTAaHOBICHHS «3EIEHUX»
KOHCTPYKITiH Ha TUTOCK] JaX! BCIX HOBUX 1 BIAPEMOHTOBaHHUX 00’ €KTIB, BUALISIIOUH
MaTepiaibHi KOIITH HA MATPUMKY L€l iHimiatusu [37].

3 rno0anbHOI TOYKM 30py, HAaWOUTBII paHHA IHAYCTPiS «3ENEHUX» JaxiB
3'seunacsi B Himewuwni, ska ke mnoHax 40 pokiB MPOBOAWTH MONITHKY iX
BIIPOBA[’KCHHS Ta € HAHTOCKOHAJIIIIIOW KPaiHOIO y CBITI B I1ii rayrysi.

Himeuuynna mouana mpocyBatu OyIiBHHITBO «3elieHHX» JaxiB me B 1970-x
pokax. Y 1975 poui yrBopenHs Forschungsgesellschaft Landschaftsentwicklung,
Landschaftsbau (FLL), mo ©6a3yerbcst B bonni, HiMmeyunna, 3MimHWIO sSapo
HaI[IOHAJILbHUX IHTEPECIB MIOJ0 PO3BUTKY «3ejeHHMX» naxiB [38], a B 1982 pori
3aKOHO/IaBCTBO 3POOMIIO iX BIIPOBAKEHHS 0O0OB'I3KOBHM.

SIKIO pO3TIIAIATH KUTBKICTh «3EJIEHUX» axiB y aOCOMOTHUX 3HAYSHHSX, TO B
Himewunni icaye nmonan 10 000 «3eneHux» axiB, 3aTalbHOIO IUIOIE0 14 MiH M2,
3a ocranHiMu nqanumu, Ha 2022 pik y Himeuunni 01m3bk0 14% naxiB o0namroBaHo
3€JIEHIMH HACaJUKEHHSMH, $Ki MOXYTh BHKOPHCTOBYBAaTHCH JUIS KEpyBaHHS
JnomoBuMu Bojamu. OHAK Yy JESKUX MicTax Ied BiJICOTOK MOXKe OyTH 3HAYHO
BUIIUM, Hampukinan y bepiini monan 25% paxiB 00JallITOBAHO <«3CJICHUMIDY
KOHCTPYKITiSIMU.

Puc. 2. PefiTuHT 3arayiibHOI TUTOII Ta IIITBHOCTI «3€IEHUX» MaxXiB, sIKi BUKOPHCTOBYIOTHCS
JUTS YIIPaBIIiHHS JOIIOBUMH BOJAMH, Y Pi3HHX MicTax cBiTy (2022 pik)
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Kpim toro, okpim pexomennariit FLL [39], sxi mipoko BUKOPHUCTOBYIOTHCS K
€TaJlOHHAa OCHOBa JUISI MPOEKTYBaHHSA, OYyAIBHUITBA, OOCIYrOByBaHHS Ta
pEryIoBaHHSA «3eJIEHUX» JaxiB y BCbOMY CBiTi, y HiMeuuwHi icHye AeKijbKa
[IporpaM Ta IJOKYMEHTIB, SIKI CTUMYJIIOIOTh BUKOPHUCTAHHS «3€JIEHUX» JaxiB I
VOPaBIiHHSA  JOIIOBMMU BOJAaMH Ta 3MEHIIEHHS HETaTUBHOIO  BIUIMBY
AQHTPOMOTeHHOI JisNTBHOCTI Ha AOBKULISA. OCHOBHI 3 HUX: 3aKOH NPO HiATPUMKY
BUKOpHCTaHHS «3eneHnx» naxiB (Dachbegriinungsgesetz); mporpama miaATPUMKH
«3enennx» AaxiB B Mictax (Green Roof Program for Cities); mporpama miaTpuMKu
«3eNeHux» Aaxis st npuBaTHUX 0¢i0 (Green Roof Program for Private Individuals);
3aKOH Tpo  «3emeHi» Jgaxu Ta  «3emeHi» crinm  (Griindach-  und
Fassadenbegriinungsgesetz). Bci 11i HOpMaTHBHI OKyMEHTH CTHUMYJIOIOTh
BUKOPUCTAHHS «3€JICHUX» KOHCTPYKIii B OyAiBHUITBI Ta HAAalOTh (iHAHCOBY
MiATPUMKY JUIS iX BCTAHOBIICHHSI 1 PEKOHCTPYKIIII.

3a octanHi 15 pokiB, y 3B'SI3Ky 31 3pOCTaHHSIM PU3HKY IMOPYIICHHS €KOJIOT19HOL
CTIMKOCTI, BITPOBaPKEHHS CHCTEM «3EIICHHX» JaxiB 3HAYHO 3pocio. B manmii gac
taki kpaiau, sik CIIA, Kanama, Ascrpanis, Cinramyp i SmoHis, akTHBHO
BHCTYTIAIOTh 32 MOMIUPEHHS «3eJIEHUX» TeXHOIOoTii [40].

Jlinm, ABctpist, OyJI0 OTHUM 3 TIEPIINX MICT y CBITi, AKe 3aIPOBAAMUIIO MOIITHKY
MOLINPEHHST «3€JIEHUX» JaxiB 3 METOI0 e()EeKTUBHOTO KEpyBaHHS 3JIHMBOBUMH
Bogamu. Y 1989 pori MyHIIMNANBHUNA ypsJ HamaB CyOCHIIl A 3a0XOYCHHS
PO3BUTKY IIUX TEXHOJOTIH, a MIChKi Oy/iBeIhbHI HOPMHU BHMAarajd BCTAHOBJICHHS
«3eJICHUX» J1axiB Ha HOBI OymiBii [38].

Xoua pOo3BUTOK «3€JICHUX» KOHCTPYKIiH B [TiBHIUHIH AMepuIIi TOYaBcs Mi3HilIe,
HiX B €BpOIi, B OCTaHHI POKH L€l HAaNpsIMOK LIBUIKO po3BuBaeThes. Green Roofs
for Healthy Cities (GRHC), Haii6is1b11a opranizamis 3 OIINPEHHS «3eJICHUX) 1aXiB
B [liBHiuHIi AMepHulli, 3irpasia BXXIIUBY POJb Y CIIPUSHHI PO3BUTKY L€l ranysi. B
ocranHi pokrt GRHC 6epe 6e3nocepeHio yuacTb y po3po0ili MO THKH B IEKITBKOX
MICTax 1, HaBiTh, PO3pOOHIIA KaJIbKYJIATOp «3eneHux» AaxiB (GreenSave Calculator)
JUIsl BUPILICHHS TUTaHHS BapTocTi [41].

Kpim Toro, GRHC 1 ®ounn «3enenoi» indpactpykrypu (Green Infrastructure
Foundation) mpamooTe Hag po3poOKOI KOMIUIEKCHOI CHCTEMH — OIlIHKH
MIPOJYKTHBHOCTI JUTS «3EJIEHNX» JaxiB 1 «3eneHux» CTiH miJ Ha3Bow «The Living
Architecture Performance Tool (LAPT)» [41].

3rigno 3i 3BitoM Green Roofs for Healthy Cities 2020 Industry Survey, y CLHA
OyJ10 BCTaHOBIIEHO 01M3bKO 4,3 MITH M? «3eJICHUX» TaxiB y 2019 porti, 1110 CTAHOBUTH
npubim3Ho 13% pUHKY «3€eHUX» JaxiB y CBITI.

B Asii, Ha BiqMiHY BiJl €BpOIIEHCHKIX Ta aMEPHKAHCHKUX KpaiH, MichbKa 3a0y/10Ba
3 BHCOKOIO MIIBHICTIO, IO NPU3BOIUTH [0 3HHIICHHS 3€JIEHUX HAacaJKEHb,
MIPUCKOPHIIA BIIPOBA/KEHHS «3eJIEHUX» TexHooriid. Xoua CiHramyp BU3HaHWH Ha
MIXKHApPOJHOMY pIiBHI JiJIepoM 3a CTBOPCHHSIM 3€JICHHX HACAJDKCHb Ha Jaxy,
LIJIBHICTD «3€JICHUX» JIaXiB € HEBEJIMKa B TOPIBHSHHI 3 €BPONEHCHKUMH Ta
aMepUKAHCHKAMH MicTamu. Moro mporpama Skyrise Greenery 3aoxouye o0
PO3BHTKY «3EIEHHX» TEXHOJOTiH, a cXeMa CTHUMYJIOBAHHS 3€JIEHMX HacaJKEHb
Skyrise (SGIS), sumymena B 2009 poui, ninrpumye 50% BUTpaT Ha BCTAHOBJICHHS
«3ETIeHHUX» JIaXiB.

SImoHCHKUHN ypsiJT TOYaB HaaBaTH TIO3UKH i HU3bKI BiZICOTKH BIIACHUKAM CaliB
Ha naxy B 1999 pomi. Harionansauit 3akoH mpo OyaiBauiiTBo 2005 poKy BUMarae,
mo6 HoBi kBapTupu abo odicHi OyniBial B MIChKHX paifoHax mokpuBamu 20%
«3eneHi» maxu [37].
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Kwuraii € omHi€ro i3 Kpain 3 HalO1IBIT KOHIIEHTPOBAHUM PO3TIOIITIOM MIiCT BUCOKOT
HIiIbHOCTI 320y 10B [38]. 31 cTpiMKKUM PO3BUTKOM ypOaHi3arllil IiabHICTh 320y 10BH
301IBLIYETHCS, @ MICBKI 3eJieH] HacaJKeHHs 3MEHIIYIOThesl. HesBaxkatoun Ha aeski
3axX0/d, AKI OyiH BXUTI NMPOBiAHUMH Mictamu KuTaro, mpakThka BIPOBaKEHHS
«3eJIeHNX» KOHCTPYKIIIH BCe 1€ BiCTa€, B TOPIBHSIHHI 3 3aXiTHUMHU KpaiHaMU Ta
IHIIUMH  a31aTCBKUMH aHayoramu, Takumu sk Cinramyp i Amonis. 3rigHo 3
ro6anpHOI0 cTaTUCTHKOI0 3a 2018 pik, mmoma «3eleHuX» HaxiB Ha AyILy
HaceJIeHHs B PO3BUHEHUX MicTax €Bpony Ta AMEpUKH CTaHOBMTH nmoHaz 1,0 M2, B
TOH yac sk y Takux Mmictax Kwurato, sk Illenpuwxkens, Ilekin Ta Illanxa#, mure
0,21 M2, 0,1 M?1 0,09 M2, BiznosinHO.

[lexin € oHUM 3 TEPIIMX MICT, B SIKOMY Oylio moOyTOBaHO «3€JeHi» Jaxd B
Kurai, a Takox € niepoM y NpOCyBaHHI WX KOHCTPYKIIH y MiBHIYHUX MiCTax.
Y 1983 pomi cax Ha Jgaxy mnekiHcbkoro rotemo Great Wall craB mepmum
MacIITa0OHIM TIPOEKTOM «3€JIieHOro» Jaaxy Ha miBHoui Kwuraro. Y 2004 pori
«IlexiHChbKe TIaHYBaHHs Oy IiIBHUIITBA MiCBKOI'O CEPEIOBHUINAY» BUMarajo, 1mod 30%
naxiB OaratonoBepxiBok i 60% MaxiB ManonoBepXOBUX OYIMHKIB OyJU O3eJICHEH,
B Tepmly dYepry, 3 METOK KepyBaHHSA JomoBuMu crokamu. Y 2005 pori
«llexincpkuit komekc «3emeHoro» maxy (DB11/T281-2005)» craB BaKIUBOIO
OCHOBOFO JIsl OYyIIBHUIITBA Ta YIPABIIHHS B rajty3i «3eJIeHUX» TeXHOJIOTiH y [Tekini
Ta MIBHIYHUX MiCTax.

[Momo YkpaiHu, oCTaHHIMA POKaMH CIIOCTEPIraeThbCs 3POCTaHHS IHTEpECy 0
BUKOPUCTAHHS «3€JIEHUX» TEXHOJOTH 1 MOXJIMBOCTEH pEryiioBaHHS HUMH
JIOIIOBUX CTOKIB, MPOTE HAYKOBO-TEXHIYHI PO3POOKH, pPe3yNbTaTH AOCIHiIKEHb
moAO0 iX BOPOBA[KEHHS Ta METOMUKM IIOAO PO3PAaXyHKY BTOPUHHOTO
BUKOPHUCTAHHS JIOLUIOBUX BOJ Ha CHOr'O/IHI MPAKTHYHO BiACYTHI.

Baromuii BHECOK y Taly3b JOCIIIKEHD «3€JCHUX» KOHCTPYKIIH BHECIA aBTOP
[42], poO3pOOMBIIM Ta BJOCKOHAIMBIIA pPSJI  METOJOJOTIH: OIHKH PpiBHS
cekBectpanii CO, 0ioMacow «3eJIeHUX KOHCTPYKLii»; BU3HAYEHHS TEPMi4HOTO
OMOpY POCIMHHOTO IMapy Ta «OXOJO/DKYBAJIBHOTO e(QEeKTY»; pPO3PaxyHKY
YTPUMAaHOTO TOBEPXHEBOTO CTOKY «3€JICHOI0» MOKPIBIICIO; PO3PaXyHOK 00’eMy
pesepByapa Ha 0a3i meronuku Wilo, anantoBaHoi 10 KIiIMAaTHYHUX YMOB YKpaiHH.

Kpim Toro, aBropum Txkauenko T.M. ta MineiikoBcbkuii B.O. 0GepyTth
6e3mocepeIHIO yyacTh y (POpMyBaHHI HOPMATHBHOT 0231 BIIPOBA/IKEHHS «3EJICHUX)
TEXHOJIOT1H B YKpaiHi, 30kpemMa po3podisirors npoext ABHB.2.6- :202  «3eneni»
KOHCTPYKIIii, OJHHUM i3 ITO3UIIii SIKOTO € YIPAaBIiHHS 3JTMBOBUMU BOJaMH.

Hust Toro mo0 BIPOBAIKEHHS «3€lIEHUX» JlaXiB B YKpaiHi B MaOyTHbOMY
HaOyBasio OULTBIIOT AKTyalbHOCTI Ta TIONIMPEHHS, HEOOXiHO pO3pOOHTH Ta
peanizyBaTd KOMIUIEKCHY HporpaMy, sika O OXOIUTIOBaJla CHUCTEMY 3aXOliB,
3aIpONIOHOBaHy aBTOPAaMHU i IIPEJICTABICHY Ha pHC. 3.

0606 ’sa3x06a nonimuxa miependadae NIBi CKIAIOBI: 3aKk0oH00as4y TIOJITUKY, B
MeXax sIKOi HeOOXiZIHO CTBOPIOBATH Ta BIPOBAPKYBATH 3aKOHOJAABUY 0a3y OO
BIIPOBA/KCHHS «3€JICHUX» KOHCTPYKLIN B YKpaiHi (HOpMAaTUBHI aKTH, KOJEKCH Ta
CTaHIAPTH) Ta pecyisimopHy TONITHKY, sIKa mepeadadae nep:kaBHe PETYIIOBAHHS B
cdepi iHHOBAIITHOTO BUKOPUCTAHHS IHCTPYMEHTY IUTAHYBaHHS (paKkTopa 3eICHHUX
HacaJHKEHb.

IHonimuxa cmumyniosannsi TIOBUHHA BKJIIOYATH JBa HAMPSMKH peajtizaiii:
¢inancogy TOMTHKY (CTBOPEHHS JOCHITHUIBKAX (POHIIB TSI  «3EICHUX»
KOHCTPYKLiH, 3amycK cXeMH (iHaHCYBaHHsS, BHIUICHHS HH3bKOBIICOTKOBUX
KPEIIUTIB) Ta OyiHOoYHY TIOMITUKY (BKITIOUCHHS €JIEMEHTIB «3€JICHUX» KOHCTPYKITIH B
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icHyr04l 200 HOBOCTBOPEHI CUCTEMH, TIOB'sI3aH1 3 €KOJIOTIYHUM CTAJTUM PO3BUTKOM,
pO3po0Ka KOMIUIEKCHOI CHCTEMH OI[IHKH €(DEKTHBHOCTI «3€JICHUX» KOHCTPYKIIIH,
BCTAHOBJICHHS] CHCTEMHU MapKyBaHHS).

OdoB 'A3K0BA IloaiTaka
MOTTHEL CTHMYTHEAHHA
+ + $ ¥ [ 1
3aKoHOZAETA Perymaropua Pinancoea OninoTHa
MOMTHEA TMOMITHEA TMOMITHEA TIOMTHEA

f 7
f |
Po3BATOK NOTITHER MOT0
|
R BIOPOBATKEHHA (3eleHHyy ——M——

[ KOHCTPYKWiil B YKpaiHi

¥

IMoxiTHka XOMOMOTH Ha
JEPEABHOMY Ta

PerioHANTEHOMY PiBHAX

ITomitHEa Iadopuanifina
opranizamii’ TIOMTHER

Puc. 3. PekoMeHI0BaHa cHCTEMa 3aX0iB U PO3BUTKY Ta BIPOBAKCHHS «3EJICHUX) JaXiB
B YKpaiHi

Honimuxa oonomoeu Ha AEpKaBHOMY Ta PETIOHAILHOMY PIiBHSX Mae€ Ha MeTi
peaizailiio NOMITHKU opeanizayii (CTBOPEHHSI acollialliii, opraHizaliiii Ta yCTaHOB
JUIL  JIOCHI/DKEHHS — «3eJICHHX»  KOHCTPYKINH, 3a0e3nedeHHs mpodeciiHoi
ITiITOTOBKHY, CIIPUSTHHSI T ABUILIEHHIO 0013HAHOCTI TPOMAJICBKOCTI) Ta iHGhopmayitiny
MOJITHKY (HaaaBaTH maatdopMu Uit 0OMiHYy 3HAHHSIMH, OpraHi3ailis KoH(epeHIii
Ppi3HOTO PiBHS, CEMiHAPiB, KOHKYPCIB TOIIO).

Kpim 1iporo, Benmke 3Ha4eHHs Ma€e (POPMyBaHHS 3aralbHOI IPOMAJCHKOT JTyMKH
3 BUKOPHCTaHHSM 3aco0iB MacoBOi iHQopMmarllii, TpPOBEIACHHSM OIUTYBaHb,
eKCKYypCii Ha HasBHI «3€JIeH1» KOHCTPYKIIIi TOIIO.

BucnoBku

«3eneHi» Jaxuw MOXKYTh CTaTH e(QEKTUBHHM 3acO00OM YIIPABIIHHSA JOUIOBUMHU
BOJAaMH, TMOKPALIYIOYHM iX KUIBKICHI Ta SIKICHI MOKa3HHWKH, 3MEHIIYIOUH PH3UKH
MOBEHEH Ta iHIMX MpoOjeM, MOB'SI3aHMX 3 HAAMIPHUM HAKOMMYEHHSM BOJIU.
PesynbTaTy unciieHHUX HAYKOBUX JIOCII/PKEHb CBITYATh MPO Te, IO «3eJIeH» Jaxu
JIO3BOJISIIOTH 3HAYHO 3MEHIIYBAaTH KIJIBKICTH JOLIOBHX BOJ, IO HAAXOIATH IO
KaHaJi3aIii Ta JPeHaXHUX CHCTEM, a TAaKOXK (DiTbTpyBaTH JOMIOBY BOIY 110 (hi3UKO-
XIMIYHOTO CKJaay, MPUIATHOTO JUISS BHKOPHCTAaHHS Y TEXHIYHUX IUISX.
BomoyTpuMmyroda 3MaTHICTH «3€JEHO» IOKPIBEIBHOT CHCTEMH 3aJICKHUTh BiJ
KUTBKOX HPUYMHHO-HACTIJKOBHX (AKTOPiB, TAKUX SIK: MICIEBI KIIMaTH4HI yMOBH
(BKIrOYaOUM 00CSIr 1 XapakTep OMajiB, CEpeIHi TeMIEpPaTypd 1 BOJIOTICTH),
TONIEPENHI YMOBH BOJIOTOCTI, IJIMOWHA CyOCTpaTy Ta WOTO TiapaBiIivuHi
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XapaKTePUCTUKH, EMHICTh HAKOTINYYBaJIbHOTO/IPEHAYKHOTO IIapy, XapaKTCPUCTUKH
POCIIMHHOTO MOKPUBY Ta HAaXHJI «3€JICHOTO» JIaXy, a TAKOX IMITBHOCTI 3a0yJOBU B
MIiCBKHX YMOBaX.

3 KOKHUM POKOM ITyOJiKyeTbCs Bce OUIbINe 1 Olnbplne craTeil Ha TeMy BIUTHBY
«3eJIeHUX» J1aXiB Ha KepyBaHHS IOLIOBHMH BOJAMHM, aje INUPOKUX OTJISANAIB, SKI
JIAr0Th TAaKWi HEOOX1IHUI mepepi3 Hiel ramysi JOCTiIKeHb 1 CHCTEMaTHIHO MOJAI0Th
JaHl Ta BU3HAYAIOTH ICHYIOUi TPOTAJINHHI, MaJIO.

VY 3B'SI3Ky 3 MM HAYKOBO-IIPAKTHYHA CIIBIpAIli MK HAYKOBIISIMHU, IO THKAMHU
Ta MPaKTHUKaMUd B MalOyTHbOMY € BaKJIMBOIO Uil Iepefadi HOBHX 3HaHb MpO
«3€JIeHI» TEXHOJIOTii, OTOMaraloud MicTaM Ta MICBKHM perioHaM, 30KpeMa B
YkpaiHi, po3po0ITH BiAMOBIIHI CTPATETil iX BIPOBAHKCHHS.
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RESEARCH OF TECHNOLOGIES FOR THE EXTRACTION OF HEAVY
METALS FROM INDUSTRIAL WASTEWATER

Abstract. The presence of heavy metals in the environment is mainly associated
with anthropogenic human activity. These are ferrous and non-ferrous metallurgy,
heavy industry, energy. Due to air pollution, heavy metals enter the soil and water.
The first place among the polluters of the environment with heavy metals is
electroplating industry, where two categories of effluents are formed: spent
concentrated effluent sanddiluted washing waters. In reservoirs, heavy metals
have the ability to accumulate in the bottom sediments and thus are a source of
second air pollution. They are not capable of biodegradation, but are able to
accumulate in system components, causing a toxic effect on the animal world,
humans and microorganisms. Different heavy metals affect the environment and
biota in different ways. They can cause malfunction of the kidneys, liver, pancreas,
accumulate in various organs and bones, causing their dysfunction. The greatest
danger is heavy metals — chromium, nickel, cadmium, zinc. Their persistence,
toxicity, ability to bio accumulate and migrate through trophic chains pose a
danger to the existence of hydrobionts, animals and, above all, human health. The
authors offer technologies for cleaning wastewater from heavy metals: reagent
technologies, bacterial purification technologies, as well as phytotechnologies.
Proposed sewage treatment plants for the removal of heavy metals from
wastewater. The pollution of surface water sources, human health and living
organisms will depend on the reliable extraction of heavy metals from spent
galvanic effluents.

Keywords: treatment facilities; heavy metals; galvanic drains; technology
reagents; bacterial cleaning technologies, phytotechnology; wastewater
treatment scheme.
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Hamionanenuii  aepoxocmiunmii  yHiBepcuteT iM. M. €. JKykoBcbkoro «XapKiBChKuit
aBiamiifHAH IHCTUTYT», M. XapKiB, YKpaiHa

JOCJIIKEHHS TEXHOJIOT' T BUJTYYEHHS BAYXKKAX METAJIIB
I3 TIPOMUCJIOBUX CTIYHUX BO/I

Anomayia. Haasnicms easickux mMmemanieé 8 HABKOIUUHLOMY CepeO08Ui 20108HUM
YUHOM NOB A3AHA 3 AHMPONO2EeHHO0I0 OisabHicmio Moduu. Lle yopna i xonvoposa
Memanypeii, 6axcka npomucnogicms, emepeemuxa. Yepes 3abpyonens nogimps
8AJICKI Memanu nonadaroms 6 IpyHm i 800y. Ilepuie micye ceped 3abpyonIosauis
HABKOIUWHBbO20 CepedoGUWa  GaAJICKUMY MEeManamu Hnocioaomy 2anb6aHIYHI
8UpPObOHUYMBA, Oe YMEOPIWMbCs 08I Kame2opii CMOKIg:  8iONpaybo8aHi
KOHYEHMPOBAHI CIOKU MA Po36e0eHi NPOMUBHE 800U. Y 8000UMAX BAICKI MeManu
Mawoms 30amMHICMb  HAKONUYY8AMUCL V OOHHUX BIOKAA0AX I MUM CAMUM €
0oicepesiom 8MOpUHHO20 3a0pyonenHs. Bonu ne 30ammui 0o Oioposknadauws, aie
30amHi HAKONUYYBAMUCH 8 KOMIOHEHMAX CUCHEM, CHPUYUHAIOYU MOKCUYHY 0110 Ha
MeapunHUll c8im, A0OUHYy ma mikpoopeanizmu. Pisni easxcki memanu no-pisHomy
6NAUBAIOMb HA HAGKOIUWHE cepedosuuje i biomy. Bonu moocymv nopyusyeamu
DYHKYIOHYBAHHS HUPOK, NEYIHKU, NIOULTYHKOBOI 31031, HAKONUYY8AMUCH 8 PI3HUX
opeanax i Kicmkax, cnpuuunsiouu ix ouc@yuxyiro. Haubiteuy nebesneky
CMAHOBNAMb BAJCKI Memanu — Xpom, Hikenb, kaomitl, yumux. Ixus cmiiikicmo,
MOKCUUHICMb, 30amHicmb 00 0l0aKymMyIayil ma miepayii no mpogiuHux 1anyo2ax
cmeopioe Hebesneky Ons ICHY8auHs 2iOpoOioOHmMIe, mMEApuH ma Hacamnepeo
300p08’s1 IHOOUHU. ABMOPU NPONOHYIOMb MEXHOI02I OUUWEeHH CIMIYHUX 800 8i0
BAJNCKUX MEMANI8: pedaceHmHI MexXHOI02il, MeXHON02ll 6aKmepiarbHO20 OYUUeHHS,
a makodic imomexnonozii. 3anponoHO8aHi OUUCHI CNOPYOU GUILYHUEHHS i3 CINIYHUX
600 eadckux Mmemanie. Bi0 HAOIIHO20 GUIYYEHHA BAJICKUX Memanié i3
8IONPAYBOBAHUX 2ANLEAHIYHUX CNOKIG OyOe 3anedxcamu 3a0pyOHeH s NOBEPXHeBUX
ooicepent 800, 300p08 s 100ell | HCUBUX OP2AHIZMIB.

Kniouogi cnosa: ouuchi cnopyou,; 6asicki Mmemanu,; 2aib8aniuti CMoKu,; peazeHmui
mexHono2il; mexHon02li 6aKkmepiaibHo20 OuUWeHHs, QIMmomexHoa02il; cxema
OUUWEeHHS CIIYHUX 600.

https://doi.org/10.32347/2411-4049.2023.2.54-65
IMocTanoBka nMpod.iemMn

Baxki meranm (BM) B HaBKOJHUILIHE CepeOBHILE MOTPAIIISIOTH ABOMA LUIIXaMHU.
[epmmit — 1e NpUPOAHI aHOMANil, a JAPYrHid — I€ AHTPOIOTCHHHH BILIVB
MPOMHCIIOBOTO BUPOOHHMITBA. [IpuponmHi aHOMaNii MOXYTh BIUTMHYTH Ha
HABKOJIMILIHE CEPETOBUILE TOUYKOBO, a IPOMHCIIOBE 3a0pYJHEHHS — Ha TyXe BEJIHKi
Teputopii atMocdepu, itocdepu i rigpochepu. Bei Mipu cepenoBuiiia HEpO3pUBHO
3B’s13aHi MiX c00010.

BM — ne rpyna eiaeMeHTIiB 3 (i3UKO-XiMiYHMMH BJIACTHBOCTSIMH, SKi MalOTh
BiJHOCHO BUCOKY IIUILHICTH — TTOHa/ 8 I/cM? Ta aTOMHy Macy Oiiblue Hixk 50 r/Moib
(okpiM OmaropoHux Ta pigkicHux metaiis). Jlo BM BigHocsThest monas 40 Mertais
nepionnunoi cucremu JI.I. MenneneeBa, cepen SKuX, Hampukian, Zn (IMHK),
Cr (xpom), Ni (mikens), Cd (kagmiif). Lluak — wmertan cpiOisicTo-OIaKUTHOTO
KOJbOpY. LIMHKOBI TOKPHUTTS MIHPOKO 3aCTOCOBYIOTH IS 3aXHUCTYy METAJIB BiX
Kopo3ii. XpoM — MeTan 6IaKHTHO-GLIOr0 KOIbOpY 3 BHCOKOIO TBepAicTiO. Moro
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BUKOPHCTOBYIOTH ISl HAHECEHHS 3aXHCHUX ITOKPHUTH, 3aXHUCTY BiJ KOPO3ii, a TAKOXK
B MeTalyprii Ta XimiuHiii mpommucioBocti. Kaamiii — cpibmsicto-Oinuii mMetan 3
CHHIOBATUM BiIJIMBOM. BUKOPUCTOBY€ETBCS I HAHECEHHSI 3aXUCHUX TMOKPUTH Ha
JeTalli KOHCTPYKUIHHUX MaTepialliB KpiluleHHS 03700JIeHHS, a TaKOX B XIMIiuHii
mpoMucioBocTi. Hikens — Mertan cpibmsicTo-0110ro KOIbopy. XapaKTepH3y€eThCs
BHUCOKOIO KOPO3iHHOI0  CTiliKicTI0. BuKopHcTOBYyeThCS i  BUPOOHHIITBA
HEepIKaBilOUOi CTalll, HAHECEHHS TaIbBaHIYHUX TIOKPUTh, Y XIMidHIH TPOMHUCIIOBOCTI.

HasBricts BM B HaBKONHIITHHOMY CEpEIOBUINI TOJIOBHUM YHHOM TIOB’s3aHA 3
AQHTPOTIOTCHHOO TIiSUTBHICTIO MOAMHU. Lle 4opHa i KoJIpopoBa MeTalypris, BaxKKa
MPOMHUCIIOBICTh, CHEPreTHKa, BHUXJIONHI ra3d IBUTYHIB BHYTPIIIHBOTO 3TOPSHHS
(AB3). Uepes 3a0pynueHHs moBiTpst BM momagaioTs B IPYHT 1 BOIY.

[Mpu mnomamanni BM B rpyHT, mig3emHi i moBepxHeBi Bomu ionn BM
BKJTIOYAIOTHCS 10 XapUOBUX JIAHIIIOTIB, JIe BiAOyBa€eThC 1X MOAaMbIle IEPETBOPESHHS
Ta HITPyBaHHS.

[lepme wmicue cepen 3a0pyqHIOBA4iB HAaBKOJIMIITHROTO cepemoBuina BM
HaJIEXKUTH rabBaHiuHUM BupoOHuITBaM. [Ipu oeprkanui 1 M> MOKPUTTIB y Bigxomu
Mornu momamatu 0,2-2 rpamu metamy [1]. B pesynmbraTi HaHeceHHS MOKPUTH
YTBOPIOIOTBCS J[BI KaTeropii CTOKiB: BiIIMpanbOBaHI KOHIIGHTPOBaHI CTOKHA Ta
PO3BeICHI IPOJIMBHI Bou. J[Jis MpOMMBaHHS JieTali HEOOXIHI 3HAYHI 00CATH BOJIH,
TOMY BOHH € TOJIOBHUM JDKEPEIOM HaaxoxkeHHs BM B cTiuHi BoIH.

Y Bomoitmax BM MaroTh 3MaTHICTh HAKOMTUIYBATHUCS Y JOHHUX BIIKIAAaX 1 THM
CaMHM € JDKEePEJIOM BTOPUHHOTO 3a0pyaHeHHs. BoHM He 31aTHI 10 Oiopo3KiialaHHs,
aje 3/7aTHI HAKONMWUYYBATUCh (AaKyMyIJIIOBATHCh) B KOMIIOHEHTaX EKOCHCTEM,
CHPUYMHSIOYA TOKCUYHY JiF0 Ha JKWBI OpraHi3MH TBapHHHOTO CBITY 1 IIOJMHY,
MOPYIIYBaTH PIBHOBAry eKOCHCTEM.

AKTyaJIbHICTh

BuBuenHs HanxokeHHS B aTMocdepy, titochepy i rimpocdepy, posnoaiieHas BM
y HaBKOJIMIIHLOMY CEpEeJIOBUIL, KOHIIEHTpallii, a Takox nepelnik BM e npenqmerom
JOCHI/DKEHHSI 1 aKTyaJlbHUM 3aBJAHHSIM JOCHIDKEHHS TEXHOJOTi OUYMIIEHHS
CTIYHHUX BOJI.

He Bci BM o0jHakoBOIO MIpOI BILIMBAIOTH HAa CEPEJOBMIIE, B SKE BOHHU
MOTPAIUISIIOTh, 3aBISKH 1X Pi3HIA KOHIEHTpALii B BOJI, a TAKOXK PO3MOBCIOPKEHHIO
B cepenoBuii. Bei BM € necTpyKTUBHUMH 7151 BOAM, @ Uepe3 Hel MalOTh HEraTUBHI
BIUTMBY Ha OPTaHi3MHU JI0/IeH, TBApUH 1 T'iIpoOiOHTIB, POCIHHU Ta MIKPOOPTaHI3MH.

BusiButi siKicHWI 1 KinbKicHHH ckiani BM B KOHKpeTHHMX oOpraHizMax i
CepeIoBHILAX — BaKKHH Ta JOPOTWi Mpolec. AHali3 Ha HASBHICTD B JIIOJCBKOMY
opranizmi BM komirye, Hanpuknan, B naboparopisx CineBo (Synevo) M. XapkiB:
kanamiit — 980 rpH, xpom — 1020 TpH, nmuHK — 320 rpH, cBUHENH — 920 TpH, PTYTh —
720 rpH, Minb — 210 rpu [12].

BM mno-pi3HOMY BIJIMBAIOTH Ha >KMBI OpraHi3MH HABKOJHUIIHBOTO CEPEIOBHUILA.
BoHr MOXYTh CHPUYUHATH TOpYIIEHHS (YHKIIOHYBaHHS HHUPOK, TMEUiHKH,
MiANUTYHKOBOI 321031, HAKOIIMYYBAaTUCh B PI3HUX OpraHax i KicTKax, MPU3BOASYH
10 1x gucdyHkmii. MOXyTh BUTICHSTH 3 OPTaHi3My KOPHCHI €JI€MEHTH KaJbLii Ta
MarHii, IpU3BOIUTH 10 TAKUX 3aXBOPIOBaHb, SIK PaK, XBOPOOHU CEpLEBO-CYAUHHOI,
HEPBOBOI CHCTEM, ITOPYIICHHS 00OMiHy pedoBuH [11].

Jpyra npobnema — 1ie OUUIICHHS BUKUIIB B TiApocdepy, atMochepy, mtochepy
Bimx BM. Jlyis BupimenHs miei mpoOjeMH MOCTae IBa 3aBAaHHSI: HEIOIMYIICHHS
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nomaganHs BM y Boy i came ouuWIeHHs cTigyHOi Boau. J1JiT BUKOHAHHS TEPIIOTO
3aBJIaHHS HEOOXiqHO 3a0€3MCUNTH HAJIHHUMU OYHCHUMU CIIOPYAAMH, SIKi OUHCTSATh
BUKH]IM B HABKOJIUIITHE CepeIoBUIIe Bi BM.

CriyHi BOOM TPOMHCIOBHX IIANPHEMCTB, OCOOJMBO TalbBaHIYHUX IEXIiB, y
CBOEMY CKJIaJi MICTATh HAWOUIBII IMHPOKY pPI3HOMAHITHICT HEOPTaHIYHUX
TOKCHYHHX JoMimok. Cepel HUX HaOLnbiry HeOe3meKky CTaHoBIATE BM — xpowm,
HiKeJb, KaaAMiH, [IMHK. [XHS CTIfKiCTh, TOKCHYHICTD, 3MATHICTh 10 OloakyMymsIii Ta
MIrparis Mo TPUPOTHUM XapPUOBHUM JIAHITIOTaM CTBOPIOE HeOe3MeKy Ui iCHyBaHHS
rigpoOiOHTIB, POCIHMH, TBApUH Ta HAacaMmIlepell Jisi 30pOB’S IIOAWMHH. ToMy
po0JieMa OYHINEHHS MPOMUCIOBUX CTIYHUX BOJ BiJf BM € akTyanbHOO.

AHaJi3 OCTaHHIX J0CaiTKeHDb i myOaikamii

Sk 3a3HaueHo Buie, BM B HaBKOJIMIIHE CEPENOBUIIE MOTPAIUIAIOTH B OCHOBHOMY
yepe3 aHTPONOreHHWH BIUIMB. Boga 3a0pynHIOETBCS uepe3 HemocTaTHE alo
BiJICYTHE OUHIIICHHS y BAPOOHMYHNX CTIYHUX BOJax. Ha Ko>KHOMY miIpHUEMCTBI, 1110
B TEXHOJIOTIYHOMY IPOIIECi BUKOPHCTOBYE BOAY, TOBHHHI OYTH OYNCHI CTIOPYAH, SKi
i 3a0e3meuyroTh BUIydeHHS BM 3 BimmpanboBaHOi Boaw. Takok HE MPOXOIATH
ouunieHHs Bing HadronpomyktiB 1 BM 1 3nmuBoBi Boau. [1oOyTOBI CTiuHI BOIM
OUHUIIYIOTBCS CaMe BiJi OpraHiYHUX CIOJYK, aJi¢ HE OYHIIYIOThCSA Bij
HadTompoaykTiB i BM.

Takum unHoMm, BM noTparuisitoTs y BOJHI 00°€KTH (piUKH, 03epa, MOPs Ta 1HIII.)
4yepe3 Te, IO BOjAa HE OUHINYEThCsS, abo uepe3 Te, IO HeMae e(pEeKTHBHUX
TEXHOJIOTIYHUX TIPOIIECIB OUMIICHHS KaHANi3alliiHuX cTiyHuX BoJ. B rpynr BM
3a3BHYail MOMAAAI0Th Yepe3 aTMoc(hepHi onaau.

OuuIileHHs] CTIYHUX BOJ TMPOMHUCIOBHUX MiANpHEMCTB Big BM mependaueHo
HupextuBoro €Bponeilicekoro Ilapiamenty ta Pagu [5], 3akonom Ykpaiau «IIpo
OCHOBHI 3acaJiil JIep>KaBHOI €KOJIOTIYHOI MOJITUKK YKpainm Ha mepiox mo 2030
poky» [6]. OunIeHHs CTIYHUX BOJ MOXKE BiIOyBAaTUCS PI3HUMHU TEXHOJOTIYHUMH
METOJIaMHU: pPEareHTHUM, EJICKTPOXIMIYHMM, MEMOpaHHUM, 10HOOOMIHHHM,
KoMOiHOBaHUM 3 BupaneHHs BM Tta vadronpomykris [7, 8].

KomOiHOBaHe OYHMIIEHHS MOKJIMBE 3 BUKOPHCTAHHSAM PEarcHTHUX TEXHOJIOTIH,
TexHojorii «®DitoteHk» [10] 3 BUKOPUCTAHHSM BHUINMUX BOJHHUX POCIMH (Jierexa
00JI0THA, OuYepeT, porosa, yepeaa, BOASHUM Iepelb), a TAaKOXK 13 3aCTOCYBAaHHIM
aHaepoOHux Oaxtepiii [9]. Ilpoumecu OakTepiaJlbHOTO OYMILEHHA BOAW BiA
eKoJyioriuno Ta QiziojorivHo HebOe3neuHux ioHiB BM. B TOMy wumcm i
IIECTUBAJICHTHOT'O XPOMY, IIPOCTIIII, ACHICBIIN, €KOJIOTIYHIIIII 3a aHAIOT1uHI (Di3HKO-
ximiuHi mpouecu. MikpoOHiI cyinbdar- 1 XpoMaT-IecTpyKuiss HE HOTPeOYIOTH
peareHTiB i eHepreTHYHUX EKCIUTyaTallifHAX 3aTpaT, BHACIIIOK IXHBOTO Tepediry
YTBOPIOKOTBCSI KOMITAKTHI 0CaIM HE PO3YMHHUX Y BOJI crioyk BM, a ToMy MaioTh
BENMKY nepcrnexkTuny [11].

MeTta po6oTn

1) JlociiKeHHS TEXHOJIOTiH OYUIIIeHHS BoIU Bijg BM
— BHUKOPHUCTAHHS PEareHTHUX TEXHOJIOTIH;
— BUKOpHUCTaHHS (DITOTEXHOJIOTIH B OYMILEHHI CTIYHHUX BOJ Big BM;
— BHUKOPHUCTAHHS TEXHOJIOTiH OaKTepialbHOTO OYUIIICHHS.
2) CTBOpEHHS CXeM OYHUCHUX CIIOPY/I IS OUHINEHHS CTIYHUX BOA Bijx BM.
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Bukiaan ocHOBHOTo MaTepiary

VY criuni Bomu BM monanaroTh micis HOKPHUTH EIEKTPONITUYHUM METOIOM 3
EJIEKTPOJITIB COJiell BaKKMX METalliB — IUHKY, KaaMmito, Hikemro 1 xpomy. Ha
MMOBHOTY OCAQ/PKEHHS BIUMBAIOTH (Pi3WUHI (PO3MIp YaCTOYOK OCaiB, CONBOBHUI
edeKT, mpupoAa eNeKTPoNiTy Ta iHm.) i XimiuHi (pH cepemoBuina, HasBHICTH
CHTBHAX 10HIB, KOMIUIEKCOYTBOPIOBAaUiB) YHHHUKA. B HalimpoCTimMX BHUIMagKax 3a
BIJICYTHOCTI KOMIIJIEKCOYTBOPIOBAaYiB a00 HAUIMIIKY CIIIJIFHUX 10HIB MOKHA
CTBEPXKYBaTH, L0 ocakeHHs BM moBHHHO BigOyBaTHCS BIiAMOBIIHO 1O pPsLy
PO3YMHHOCTI iX 0CadiB-TiIpoKcuaiB abo KapOOHATIB.

Juisa pearenTHoro Metony BuiydeHHS BM i3 CTIYHHX BOJI BHUKOPHCTOBYBAIH
HACTYIHI peakTuBU: okcua Kaibiiro CaO, rigpoxcua kanbmiro Ca(OH),, imkuit
Hatpiii NaOH, xap6onar Hatpiro Na;COs. B sikocti BM B cTiuHuX Bogax Oyaemo
nociimkyBaru: kagmiit Cd, muHK Zn, Hikenb Ni, xpom Cr (B i0HHIN (opMi).

XimiuHi peaknii BM B cTiyHMX BOJax i peareHTiB B iOHHOMY BHII OymyTh
HACTYITHUMHU:

1. Pearent Ca(OH),.

a) TUCOIIIFO€ B BOJII (CHIIBHHIA EIEKTPOIIIT)

Ca(OH), = Ca**+20H,, (1)

0) 10HM B@KKHX METANIiB pearyiTh 3 TiIPOKCHI-IOHAMH 32 HACTYITHUMH
peaKisiMu:

Zn* +20H = Zn(OH), | )
Cd?* +20H =Cd(OH), | 3)
Ni2* +20H" =Ni(OH), | ()
Cr** +30H" =Cr(OH); | (5)

Bci rigpokcuan MetaniB BunagaroTh B ocan. JoOytok pozumHHOCTI ([IP) mux
pEeYOBHH HaBeleHUH B Ta0mmi 1.

Tabmuns 1. JIo6yTOK pO3YMHHOCTI riApoKCcHiB MeTaiis mpu 25°C

I'iapokcua Metany JIP
Zn(OH), 4,9-10""7
Cd(OH), 1.8-10°1
Ni(ON), 1,2:10°16
Cr(OH); 4,0-10°1
Ca(OH), 6,1-10°

I3 Tabnumi 1 BEIHO, 110 y BOJI BKa3aHi 10HU B JIY)KHOMY CEpeIOBHIII (peareHT
Ca(OH),) 3B s13yr0ThCS 3 TIAPOKCHI-IOHAMM Ta BUIIANalOTh B 0ocajl. UM MeHIie
3HavueHHs /[P, TuM ripma po3uMHHICTH Tipokcuay Mmetany y Bofi. Haiimenia
po3uuHHICTh Yy Bogi Y Zn(OH),, a Haitbinbma — y Cd(OH),. Ane i Cd(OH), Bunagae
B ocaa. PozumanicTs Ni(OH); 1 Cr(OH), mpubnu3Ho piBHI, a ocamu OyIyTb
critikumu. Bignocno Ca(OH),, to JIP = 6,1:10%, posunnnicts Oyme Oinbiia 3a
PO3YMHHICTH IHIMUX TiAPOKCH MeTaliB. JlMcoIialis bOTro peareHTy Ja€e TOCTATHIO
KUTBKiCTB 10HIB OH-, HEOOX1THUX AJIs IPOTIKaHHS peakii (2-5).
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PospaxoBani koHmeHTpariii ioHiB Metaiis Ta ix ['JIK HaBexeni B Tabmupx 2, 3.

Tabmuug 2. KoHuenTpariist ioHiB METaJiB B pO3YMHAX HAJ CHIOTyKaMH

Crnonyxa KoHneHTpariist riIJpokcumiB, Konuenrpariist ioHiB
MOJIB/J METaIiB, I/1
Zn(OH); 2,31-10°¢ 2,43-1073
Cd(OH); 1,65-10° 1,85-1073
Ni(OH), 3,11-10°¢ 1,83-10*
Cr(OH)s 1,1-10# 5,72:10°
Ca(OH), 1,15-102 4,61-10"!

Tabmuns 3. I'paanyno gomycrumi kornentpaii (1K) ioniB metamnis [15]

IIpupoaHi Boau B piukax 3i
Bopa nutHa, cTaHIapT B MI/J PHpOA AN B P

Ionu meTaniB CKHUJAHHSIM MPOMUCIOBUX
BO3 cC CTIYHUX BOJI
Zn** 3.0 0,1-5,0 0,05 mr/n
Cd* 0,003 0,005 0,05—1 MKr/n
Ni** 0,02 0,02 o 1 mr/n
Cr* 0,05 0,05 MOXyTb gocsratu 0,1 mr/a
BHCOKHi1 BMicT Ca
Ca** HE HOPMYETHCS 100 HECIPUATIUBO BILJIUBAE HA
CEPIIEBO-CYJIMHHY CUCTEMY

Sk MoKa3yITh PO3paxyHKH, KOHIIEHTpallis i0HiB BM mpu BUKOpHCTaHHI LOTO
peareHTHOTO MeToay (3 MOTPUMAaHHSAM CTEXiOMeTpii peareHriB) B peakuisx (2-5)
Habararo meHma, Hix ix ['/IK 3a pi3sHMME cTaHIapTamu Ta B IPUPOAHUX BOJAX, B
SIKUX € CKUJAM BUPOOHMYMX CTIYHMX BOJ. [1IPOKCHJ KaJbIlil0, SK PEarcHr,
xapaktepusyethes JIP y Boai mpu 25°C piBaum 6-107° i konuenTpaiero ionis Ca’" y
Boxi piBHid 100 Mr/n mns HopmatuBy €C, IO HE MEPEBUIIYyE 3HAYCHHS
MaKCHMaJIbHO JOIYCTHMOI KOHIEHTpAIii KaIbIIO U MUTHOT BOJM Ta MPUPOIHUX
BOJI 31 CKHJIAHHSM MPOMHMCIIOBUX CTIYHUX BOJI.

TakuM 4YMHOM, TIOKa3aHa €(EKTHBHICTh BUKOPHCTAHHS PEareHTHOTO METOIY
OUMILIEHHs CTIYHUX BOJ Bijt ionie BM (Zn?*, Cd*', Ni**, Cr**) conykoro rigpokcuy
KaJbIlio.

JocaigskeHHs: BUKOPHUCTAHHS TEXHOJIOTiH 0aKTepiaJbHOr0 OYNIECHHS CTIYHUX
BOJ Bil BA)KKHX METAJIiB

B 1964 p. H. Ilytunina i3 cniBpoOiTHUKaMH OmyOJiKyBaiu poboTy « MHKpOOHBIit
MeTosT 00ec(heHONMBAaHUS CTOYHBIX BOJ», B SKIA 3alpoOIOHYBajM CHelialbHI
CeJIeKIIIHOBaHI MIKPOOPIaHi3MH ISl OUUIICHHS CTIYHHUX BOJ 3 ioHamu BM. I1ix yac
OYMIICHHS TaJIbBAaHIYHKX Ta 1HITUX MPOMHUCIOBUX CTIYHHUX BOJ BiJl ioHiB BM nmeski
OakTepii BHKOPUCTOBYIOTH CyJb(aTH SK OKHCHUKMA OpPraHiYHUX CIONyK. 3a
aHaepOoOHUX YMOB BHACIIIJIOK HepeOiry 1bOro 0i0JOriYHOIO MPOLECY YTBOPIOETHCS
rigpored cynbyp, AKUil BCTyIIae B XiMIUHY peakilito 3 ioHamMu BM, mepeTBOprorodn
iX B MPaKkTUYHO HE PO3UYMHHI Yy BOAI Cynb(iau, sSKi BILINAIOTHCS Bif BOIH, IO
OUHIIYIOTh, 3BUYAHAM BiJICTOIOBAHHSIM.
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Icaye mpobiiema yTpuMaHHS OKpeMHUX IITaMiB OakTepiil B OYHCHUX CIIOPYAax
TIPY OYHMINEHHI CTIYHOT BOAM. IX MPaKTUYHO HEMOKIMBO 3aTPUMATH B AKTHBHOMY
MyJi abo iMMOOiTi3yBaTh 1i GakTepii Ha HEPO3UYMHHUX y BOXI Hacaakax. Takumu
HacaJkaMu MOXYTb OyTH TKaHWHHW, IIOJIOTHA, IUIACTWUHW W 1HINI BOJIOKHHUCTI
pedoBuHH. IX HeoOXigHO po3BimyBaTH y cTiumil Bomi. Jlo IMX Hacamok GyayTh
OpWINIATH 1 6aKkTepii 3aBSIKM aare3ii Ta iHIIKMM XiMIYHUM 1 (Hi3MYHUM TIpoLiecam —
1€ PEeryIsApHi Hacaaku. SIK peryyspHi HacaJKi MOXKHA BUKOPHUCTOBYBATH KOPEHEBY
cucremy. Cepen HeperyJIIpHUX HacaloK abo THX, IO PyXaloThCSA y CTIUHIN BOAI,
MOYTh OyTH MiCOK, aKTUBOBAHE BYT1JIJIS Ta 1HIII.

O6namTyBaHHg aHaepoOHOI cTaAii Ha MOYaTKy MPOLECY OYHIICHHS CTIYHOI BOJH
MIPUCKOPIOE TIeW Tporec, 3abesredye BHIydeHHS 3 Boau BM, yTBOpeHHS
SHEepPreTUYHO 0araTWx Ta3iB — METaHy, BOAHIO — iCTOTHO 3MEHIIIY€ eKCILTyaTalliiiti
3aTpaTH Ha OYHIICHHS BOJU.

Bwmict BM B piakiii dpakiii 3a0poKeHIX BiIXOMiB Y HAJAMYJIOBIH BOII TyXkKe
HE3HAYHWH, IO CIPHUYMHEHO ocapkeHHsM BM y ¢opmi TBepmoi dpaxmii
HEPO3YMHHMX CYbdiaiB. O0OpoOka ocaiiB J03BOJISAE BUAAIUTH 3 HAAMYJIOBOT BOIU:
Hikems — 89,6%, mmHK — 89%, Xpom 3aranbHUN (TpPUBaJCHTHUH Ta
LIECTUBAJICHTHUH), Kagmii — 86%. Ilpu nmpomy mix uyac 30pymKeHHS CyMili
BiJIXOJIiB 3 piIKoi Ppakuii BumaneHi opraniudi 3a0pyanenss. OTxe, piaka gpaxiis
He moTpeOye JOOUHIICHHSI.

Hocaigxenns piTorexHoJorii B 04uIIeHHI CTIYHUX BOJ BiJl BAXKKHX MeTAaJiB

JlroncTBOM naBHO OyJIO MOMiY€HO, 0 HA OOJIOTUCTUX €KOCUCTEMAX, A€ POCTYTh
neriexa (aip 60MOTHHIA), pori3, odepeT, KOMUII Ta iHIII BUII BOJHI POCIMHHU B
HEBENMKUX spax, MoXKHa Oyino HaOpaTh BOAY, NpPUAATHY JUIsi THTHOTO
CIO’KUBaHHS, IPUEMHOTO CMaKy. Y KpaiHCbKUM HayKOBO-AOCITiAHIUM iIHCTUTYTOM
exonoriuaux npodsem (YxpH/IEIT) M. XapkoBa Oysio npoBeaeHO JOCIiHKEHHS
BUKOPHUCTaHHSA (ITOTEXHOJIOTIH B OYHUIICHHI CTIYHMX BOJ (IIaXTHUX BOJ,
3]IMBOBOTO CTOKY), @ TaKOX B IMIArOTOBII NUTHOI Bogu. Tam ke Oynu
3aIpPOMOHOBaHI TEXHOJIOTIYHI CXeMH 3 BUKOPUCTAaHHAM (iTOTEXHOMNOTIT Ist
OYHIICHHS 1 MATOTOBKY MUTHOI Boau [10].

Hamu Oyna 3ampomoHoBaHa (ITOTEXHOJOTIYHA CXeMa 3 BUKOPUCTAHHSIM
BUIUX BOASHHUX POCIUH — POro3y, jenexu (aip 00J0THMIA), KOMUIITY, BOJASHOTO
MepIo, Yepeau, O4YepeTy — B IMOEIHAHHI 3 BUKOPUCTAHHSM O0i0QiIbTpiB.
KopeneBa cucrema BHWIIUX POCITHH NMPOHHUKAE B 3aBaHTaXEHHS Olodinbrpa,
301JIBIIYE TIONLY KOHTAKTY 13 3a0pyIHEHOI BOAOKO 1 MOXKE 11 OUMCTHTH, B TOMY
yucii 1 Big BM.

OO0roBopeHHs pe3yJIbTATIB

Jns BIpoBajKeHHS TEXHOJIOTII OUYMINEHHS CTiYHUX BOJX Bijgi BM HeoOXimHO
CTBOPUTH CXEMy, JIe B OJIHIM cxemi 00’€qHATH BCi 3 HANPSIMKUA OYMILCHHS
cTiunux Box Big BM: pearentHmii MeTon, QiToTexHOJOrIi, TEXHOIOri]
OakrtepianbHOro ouunmnieHHs. Ha puc. 1 300paxkena OJIOK-cXxema OYHMIIEHHS
CcTiyHUX BOJ Big BM.

Biok-cxema mpalitoe HaCTYIHUM YHHOM: CTidHa Bojaa 1 mogaeThcs B OJIOK
MEXaHIYHOTO OYMINCHHS 2. B HbOMY CTiYHA BOJA OYUIAETHCS BiJl MEXaHIYHUX
JIOMIIIIOK, K1 9epe3 CIemiadbHIN TPUCTPiK 3 BUAAISIIOTHCSA Ha yThii3amito. Jami
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BOJIa yepe3 TpyOompoBia 4 momagae B 60K peareHTHOTO O4HIIeHHS 5. B Gromi
5 1 BimOyBaroThCs XiMiuHiI peakuii Ha iI0HHOMY PiBHI B 3aJIe)KHOCTI Bif TOTO, SIKi
peareHTu OyAyTh IPUTOTOBIICHI B 07011 6 Ta sKi 3a0pyaHIOBadi OyAyTh B CTIYHIN
Bomi. Ocanm 1OHHHX XIMIYHHUX peakdii 7 croemialbHUMHU TPUCTPOSIMH Oyre
BUAANATHCS B TPUCTPIA 3HEBOAHEHHS &, a 3HEBOJHEHWU ocax Oyne
yTunizyBatucs B npuctpoi 9. Bojga, sika oumctuiacs B ONOLi peareHTHOTO
ounineHHs 5, Oynme Hamxomutu depe3 TpyOompoBim 11 momaui Bomm Ha
TOOYHIICHHS B (QiToMemopatuBauii 6ok 12. Uepe3 Bimkputwmii kpan 10 Ha
TpyOomnpoBoai 11 criuHa BoAa MOXKE OJHOYACHO HAAXOAUTH B 0ok 13
OakTtepianbHOro ouMineHHs. OuuieHa Boja B 0yomi 5 Ta gqoouuIieHa B OJokax
12 1 13 mapgxomuTh 4depe3 TpyOomposia 14 Ha MOBTOpHE BUKOPHUCTAHHS abo B
MOBEPXHEBE HKEPEIO BOM.

A 4

12

Puc. 1. briok-cxema o4MIIEHHS CTIYHNUX BOJI BiJl BAKKHX METANIB:

1 — criuHa Boja, 2 — OJOK MEXaHIYHOI'O OUYHIICHHS, 3 — BUJAJICHHS MEXaHIYHUX JOMIIIIOK,
4 — TpyOoOIIpOBiz, 5 — OJOK peareHTHOro OYUIIECHHS, 6 — OJIOK MMPUTOTYBAaHHS peareHTiB, 7 —
ocaji, 8 — 3HeBOJAHEHHsI 0cafy, 9 — yruiizaiis ocaay, 10 — po3noainsunii kpaH, 11 — Boma Ha
ounmieHHs, 12 — ¢giTomeniopatuBHuil 610K, 13 — GakrepianpHe ounmeHHs, 14 — ouniieHa
BOJIA

Pearentna cxema BunanenHs BM i3 cTiuHUX BOj 300pakeHa Ha puc. 2.

TexHosoriuyHa cxema BuaieHHs: BM peareHTHUM METO/IOM IMPAIIOE HACTYITHUM
yrHOM. OumcHa criopy/a | po3ramoBaHa B 3eMIIi JIJIsl CAMOTUTUBHOTO HAIXOJPKEHHS
CTiuHOi BoaW, oOyagHaHa Tifgpoizossiuiero. OuucHa cHopylga obiagHaHa
TpyOonpoBogamMu 3 ans mojadi peareHTiB. PeareHTH uepe3 po3moAiibHI
nepdopoBaHi TPyOONpoBoAM 4, 110 PO3TAIIOBaHI B OYMCHIH CIIOPY/i, 3MIIIYIOTHCS
31 CTIYHOIO BOJIOIO 5, HAIXOAATh B 3aBaHTaXCHHA O, J¢ BiAOYyBae€TbCA peaxilis.
Ocan 7 3 XiMi4HOI peakuii 0caKy€eTbCs B 3arUOJICHHI, 3BIIKH BiIIOMIIOBYETHCS
CrielialbHUM TIPHCTPOEM Ha yTwmizarito. CridHa Boja 3 OYHINCHHS 8 dUepes
TpyOOIIPOBIT HATXOIUTE Ha TOOYUIICHHS.
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Puc. 2. TexHonoriuyHa cxema BUJIAICHHS BAXKHX METANiB i3 CTIYHHX BOJ| PEarcHTHUM
METOJIOM:

1 — ouncHa cmopyna 3 Tigpoi3oisimieto, 2 — CTiyHa BoJa, 3 — TpyOompoBoaX UIs mojmadi
peareHriB, 4 — po3momineHi mepdopoBaHi TpyOOmpoBOAM, 5 — CTIYHI BOIH, 3MillaHi 3
peareHTaMmu, 6 — 3aBaHTaKEHHS (B SIKOCTI 3aBAHTAXXCHHS MOXKE BUKOPUCTOBYBATHUCH 11e0iHb,
Kepam3HT abo iHII MaTepianu), 7 — ocall, 8 — Boja 3 OUHIICHHS

Ha puc. 3 300paxeno piToTeXHOMOTIYHUI OJIOK OUMIIIEHHS CTIYHUX BOJ Bi BM.

Puc. 3. ®itoTexHOMOrTYHUI OJIOK OYHIIEHHS CTIYHHUX BOJ Big BM:

1 — rigpoizossiuisi, 2 — 3aBaHTaXeHHs (TpaBiii # kepam3ur), 3 — TpyOONpPOBiA I ToAaYi
cTiyHOl Boau, 4 — criuHa Boja, 5 — po3noAiabuui mnepdopoBaHuil TpyOOmpoBin, 6 —
POCTUHHICTH (pori3, Jenexa (aip), KOMHUIIL, Yepea, o9epeT Ta iH.), 7 — nepdopoBaHa TpyOa,
8 — BimBimHUI TpyOOMpOBiA, 9 — oumimeHa criyHa Boga, 10 — KopeHeBa MmiACTHIIKA (CyMilT
TOPQY 3 BETUKO3EPHUCTUM TTiCKOM), 11 — BIZICIKH IJIs1 OKPEMHX BHJIIB POCIUHHOCTI
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@iTOTEeXHOIOTIYHIHA OJOK OYHUINEHHS CTIYHUX BoA Big BM mpartrroe HacTynmHIM
yrHOM. OYKCHA CIOpyAa po3TalloBaHa B 3eMJIi, TiApoi30bOBaHa, i CTiYHA BOJa
CaMOIUTMBHO MPOXOAMTH Uepe3 OYHCHY cropyay 3a 2—3 roaunu. KopiHasa pocinuH
MIPOPOCTAIOTh B 3aBaHTaKEHHS, 1 HA HUX 1 OIOTUTIBIII 3aBaHTaXEHHS BiIOYBAa€THCS
BHIIy4YeHHs BM.

Criuna Boza 4, yepe3 TpyOOIpOBiJ moia4i BOIU 3, HATXOAUTH B PO3MOALTBLYHAN
nepopoBaHUil TPyOONPOBIZ 5 1 MPOCOUYEThCS B 3aBaHTAXKEHHS 2, PO3MAiNICHE
rephopoOBaHUMH TIEPETOPOIKAMH Ha ceKmii 11, B SKHUX MOCapKeHI OKpeMi BHIH
pocinuHHOCTI. [J1s1 KpaIoro pocTy pociuH HaJ 3aBaHTAXXEHHSM PO3TALIOBAaHO MIap
i3 mmicky i Topdy (six B mpupogaux ymoBax) 10 rosmmao0 300 MM. Boma nmpoxonuTh
Yyepe3 KOpIHHS 1 3aBaHTaXEHHS 1 depe3 mepopoBaHy TpyOy 7 HaIXOAWTH Y
BIJIBITHU TPYOOIIPOBiJ 8, BUBOIUTHLCS SIK OUHINEHA Boja 9.

BucHoskn

1. VrTunizamis BinpanboBaHUX €IEKTPONITUYHUX PO3YMHIB Oe3 BuiydeHHs BM
HEMOJKJINBA.

2. OCHOBHUM METOJOM BHIy4YeHHSA BM i3 CTIUHHX BOJA BiANpaIrbOBaHHUX
CJIEKTPOJIITIB € peareHTHUH METO/I.

3. B gKocTi DOMOMDKHHX METONIB OUYMILEHHS CTIYHMX BOXI Bimx BM MmoxHa
BHKOPHCTOBYBATH TEXHOJIIOTii OaKTEpiabHOTO OYHIIECHHS Ta (iTOTEXHOJOT 1.

4. Ha KOXHOMY MiJNPUEMCTBI, J€ BHUKOPHUCTOBYIOTBCS  TEXHOJOTI]
CJIEKTPOJIITUYHOTO HAHECEHHA IOKPHUTh, HEOOXiMHO OONAITOBYBATH OYHUCHI
CHOPY/IY OYHIIEHHS BiANPaIbOBAaHUX EIEKTPOIITIB Big BM.
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ENVIRONMENTAL AND OPERATIONAL SAFETY OF TAILING
STORAGE FACILITIES: ANALYSIS OF ACCIDENTS, CAUSES AND
TECHNICAL STATE DIAGNOSTIC METHODS

Abstract. A number of high-profile industrial accidents occurred at sludge and
tailings storage facilities in different countries of the world are considered. The
problem of ecological and technogenic danger of operating such objects, which
leads to significant casualties among the civilian population, serious economic
losses and harms the surrounding natural environment, is illustrated. The main
causes of emergency situations have been established and analysed, it will help to
reduce the risk of accidents and to minimize negative environmental consequences
for similar facilities in Ukraine. The retrospective review covers the period from
1960 to 2022. During this time, about 150 cases of soil dams’ destruction in waste
storage facilities were recorded. The different tendency in the frequency of accidents
is noted. In particular, during the period from 1960 to 2009, there were 98 accidents
with an average frequency of nearly two (1.98) per year. Over the last decade
(2010-2020), the number of accidents reached 36 cases, and their frequency almost
doubled to 3.6 accidents per year. Over the past two years, from the beginning of
2021 to December 2022, 10 accidents have already been registered. The vast
majority of accidents during this period occurred in 34 countries of the world. The
largest number of them was noted in the USA (22.4%), China (10.4%), Brazil
(7.5%), Chile (6.7%), the Philippines (6.0%), Canada (5.2 %), Great Britain (4.5%)
and other countries. Studies note jumps in the increase of accidents that have ten-
year trends (1975, 1985, 1995, 2005). The general tendency of mass accidents since
the beginning of 2015 is shown, which is substantiated by the expired terms of
operation of many mining and ore enterprises (mines) and significant (exceeding
normative) terms of operation of tailings storage facilities, which in some places
were left without proper supervision and care. It was established that a violation of
the dam slope stability (37%), an overflow of the designed capacity of the tailings
storage facility (12%), seismic activity (11%), etc., are the main causes of accidents.
A review of modern approaches to the management of dangerous anthropogenic
objects and methods of diagnosing the technical condition of such structures was
conducted. The use of a complex of organizational and technical solutions about the
implementing the modern methods of assessment and control the technical condition
of waste storage facilities at various levels of their operation and stages of the life
cycle is proposed.

Key words: tailings storage facility; anthropogenic accident; soil dam; mining
industry waste, diagnostics of technical condition.
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JL.M. Pynakos
JHIMpOBCHKUH IepKaBHUMA arpapHO-eKOHOMIYHUH yHiBepcHuTeT, M. J{Hinpo, Ykpaina

EKOJIOI'TYHA TA EKCILTYATAIIMHA BE3IIEKA XBOCTOCXOBHIII:
AHAJII3 ABAPIU, TIPUYUH TA METO/IB JIATHOCTUKHA
TEXHIYHOI'O CTAHY

Anomauin. Pozenanymo pso pe3oHaHCHUX npoMuciosux asapii, sAKi cmaiucs Ha
WLAMO- Ma X80CMOCX08UWax pisHux kpaiu ceimy. Iloxazano npobnemy ekonoziunol
i mexHoeeHHOI Hebe3nexku excnayamayii makux 06’€kmis, wo npuzeo0ums 00
SHAYHUX JICEPMB ceped YUBLTbHOO HACENEHHS, CePUO3HUX eKOHOMIYHUX 30UMKIG |
3a60a€ WKOOU HABKOMUUHBLOMY NPUPOOHOMY cepedosuwy. Bcmanoéneno ma
NPOAHANI308AHO OCHOBHI NPUYUHU BUHUKHEHHS ABAPIUHUX CUMYayill, W0 00360IUMb
SMEHWUMU PU3UK BUHUKHEHHS aapiii ma MIMIMI3y8amu He2amueHi eKONO02IuHI
HAcniOKu O AHANO2IYHUX 00 '€kmie Ha mepumopii Ykpainu. Pempocnexmusnuii
021130 oxonmoe nepioo 3 1960 no 2022 poxu. 3a yeu uac 3agikcosani 6au3bK0
150 sunaoxie pyunyeanHs ipyHmogux 0ambd HaKonuyyeayis 8ioxodis. Biomivaemocs
Ppi3Ha meHOeHYisl BUHUKHeHHs wacmomu asapii. 3okpema, y nepioo 3 1960 no
2009 pix mpanunocs 98 asapiii 3 yacmomoio 6 cepedHvboMy matidice 06i (1,98) na
pix. 3a ocmanue Odecsamupivua (2010-2020 pp.) xizekicmsv aeapiii docsena
36 sunaoxis, a ix vacmoma 36ibwULIACy Matiice yOsiui — do 3,6 asapiil Ha pik. 3a
ocmanmi 08a poku, 3 nowamky 2021 no epydenv 2022 poky, dice 3apeccmpo8ano
10 asapii. Ilepesasicna 6inbwicmos asapiil 3a yeu nepioo cmanuca 6 34 xpainax
ceimy. Haubinbwa ix xinekicme eiomivena ¢ CLIA (22,4 %), Kumai (10,4%),
bpasunii (7,5%), Yuni (6,7%), @ininninax (6,0%), Kanaoi (5,2%), Benuxii
Bpumanii (4,5%) ma inwux xpainax. [ocriodcennsamu 8ioMiuaOmucsa CHIeCKU
30Lnben s asapitl, sAKi maromo oecamupiuni mpenou (1975 p., 1985 p., 1995 p.,
2005 p.). Ilokazana 3aeanbna menoenyis macosux agapiti 3 nowamxy 2015 poky, wo
OOIPYHMOBYEMbCA BUUEPNHUMU MEPMIHAMU pobomu 0a2amvox 2ipHUYO-PYOHUX
nionpuemcme (Konaniemv) ma 3HAYHUMU (NOHAO HOPMAMUBHUMU) MEPMIHAMU
eKCnyamayii Xxeocmocxo8uwy, AKi N00eKyOU 3aTUUUTUCL Oe3 HATEHCHO20 HA2AAOY |
0o2ns0y. Bcmarnoéneno, wo 0CHOSHUMU NPUYUHAMY ABAPIll € NOPYUIEHHS CIMIUKOCMI
cxuny oamou (37%), nepenosnenns npoekmuoi emnocmi xeocmocxosuwa (12%),
ceticmiyni nposisu (11%) mowo. Ilposedeno 0210 cyuacnux nioxodig¢ 00
VNPAGAIHHA MEXHO2EHHO-Hebe3neuHumMu 06’ ckmamuy ma memodie O0iacHOCmuKu
MEXHIYHO20 CMAHY MAKUX Cnopyo. 3anponoHo8aHo GUKOPUCHMAHHS KOMNIEKCY
OPeaHi3ayitiHUX Ma MEXHIYHUX PIueHb w000 BUKOPUCTNAHHS CYYACHUX Memooie
OYIHIOBAHHSL MA KOHMPONIO 30 MEXHIYHUM CMAHOM HAKONUYY8auie 6i0X00i6 Ha
PI3HUX Pi6HAX IX eKCnyamayii ma cmaoisix HCUmmesoeo YuKiy.
Knrouosi cnosa: xeocmocxosuue; mexHoeeHHa asapis; IpyHmoga 0amoa, 8ioxoou
2IPHUYO000YBHOI NPOMUCIOBOCHI, IACHOCMUKA MEXHIYHO20 CIMAHY.
https://doi.org/10.32347/2411-4049.2023.2.66-84

Beryn

BunoOyTok KOpPHCHUX KONAIWH Ta BHUPOOHWYA JIISUTLHICT  MiJIPHEMCTB
TEIUIOCHEPreTUKY, METAIypriiHOi, XiMi4HOI Ta IHIIMX Taiy3eldl HPOMHUCIIOBOCTI
CHPUYHUHSIIOTH ()OPMYBaHHS 3HAYHOI KIJIBKOCTI BiAXOMiB. 3a AaHMMHU [1] OIHM3BKO
160 Tucsu ra Teputopii YKpaiHu BKPUTI MPOMHUCIOBUMHU Biaxomamu. Il{opidHo B
VYkpaiHi yTBOPIOEThCS OJM3bKO 8 MIIH TOHH 30JIONLIAKOBHX BIAXONIB, a ix
30epiraHHs CynpOBOKYETHCS HU3KOK BKpail HETATUBHHUX HACIIIKIB JIJIS JOBKIJIISA
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Ta 31M0poB’s moAuHH. OOCATH BKEe HAKONMWYCHHX BIIXOIIB CATAIOTh Maibke
300 mutH ToHH. B Toli ke yac B Ykpaini Omm3pko 300 BUBeAeHUX 3 eKcIuTyartarii i
HEpeKyJIbTUBOBAHUX Kap €piB, a TaKOXX MITBHOHM TeKTapiB IUION[ LUIAMO- Ta
XBOCTOCXOBHI [2, 3].

HanzBuyaiini curyamii Ha XBOCTOCXOBHIIIAX, SIKi HAKOMUYYIOTh BEIHKI OOCATH
BiJIXOJIiB TipHUY0100YBHOI IPOMHUCIIOBOCTi, MOXKYTh MPU3BOJUTH 1O 3a0pyAHEHHS
HaBKOJIMIITHBOTO PUPOIHOTO CEPeIOBHIIA. BOHNM SBIAIOTH Cepilo3Hy 3arpo3y I
JOJEH Ta TOBKULIS, OCOOIHMBO y Pa3i HEHAIE)KHOTO MPOEKTYBAHHS, TIOBOIKCHHS 3
XBOCTaMH a00 yNpaBiHHA IUM TOCTIOAaPCTBOM.

Ha mincraBi 1o0pe 3a0KyMEHTOBAaHMX BUIIAJIKIB aBapiii, 3 TOCBiMY CBITOBOI Ta
BITYM3HSHOI €KCIUTyaTallii, MOXHa MPOaHANi3yBaTH OCHOBHI IPUYHHH 1 haKkTOpH iX
BUHHUKHEHHS. L{e 00TpyHTOBY€ aKTyalbHICTh Ta O3BOJISE TPOBOAUTH JOCHTIKECHHS
3 TOUIYKY OpraHi3allifHO-TEXHIYHMX 3aXOJ(iB Ta PO3POOKH HOBHX IiJXOMIB JJIS
I IBUIICHHS PiBHS €KOJOT19HOI O€3MeKN XBOCTOCXOBHIII.

IMocTanoBka npod.emMu

I3 344 nasBHUX B YKpaiHi XBOCTOCXOBHII YCi, Maibke 0e3 BUKITIOUCHHS, 30y10BaH1
13 TpyHTOBHX MatepianiB. TpuBana ekcruryararis i He 3aBXK/IU HaJeKHHUH KOHTPOIIb
3HIKYIOTh PIBEHb €KOJIOTIUHOI OE3MEeKH HaBiTh 3aKOHCEPBOBAHMX 1 BUBEICHUX 13
eKcInTyaTarnii xBoctocxosuil. [Ipu mpoMy nesiki 3 HUX MpOCcTO OE3BiANOBITATHHO
KHHYTI 1 HECYTh HE MEHIITY 3arpo3y, HiX Airoui.

TexHoreHHi aBapii Ha XBOCTOCXOBHIIAX IPOJOBXKYIOTh BiIOyBaTHCS SIK Y
KpaiHax, II0 PO3BHBAIOTHCS, TaK 1 B PO3BUHEHHUX, 110 BUMAarae yJOCKOHAJEHHS,
pPO3pOOKHM Ta 3aCTOCYBaHHS HOBHX IJIXOIB 1 METOIIB IO YHpPaBIiHHSI TaKUMHU
TEXHOTeHHUMHU 00’ektamu [4, 5]. PyiiHyBaHHS KOHCTpYKWiil Ta aBapii, Xod i
PiAKICHI, ajie MPOJOBKYIOTh BiOYBAaTHUCS 3 YACTOTOIO, IO MEPEBUIILYE OYiKYBaHHS
cycriiabcTBa [6—8].

[Mutanus yTwimizamii BiIXOIIB, HEIOMYIICHHS IiX Mirpamii B HABKOJIMIIHE
CEpe/IOBHIIE Ta 3a0e3IMEUYCHHS EKOJIOriuHOi Oe3MeKH Ha ChOTOJHINIHIA JIeHb €
HaJ3BUYAHO akTyaimbHUM [9]. O3HalioMIICHHs, BUBUEHHS Ta TJIMOOKHI aHaii3
OPUYMH BUHUKHEHHS aBapiiiHMX cHTyaliil Ha THX HiANPHUEMCTBAX, SIKI MAalOTh
TEXHIYHI YW KOHCTPYKTHUBHI HEIOJIKW, 3a3HaNM pyWHYBaHb 1 T.d., JTO3BOJIUTH
3MEHIIUTH KiJBKICTh Ta MOMEPEAUTH HACHTIIKA MacIITaOHUX aBapiid 1 KatacTpod y
Mait0ytHeomy [10]. 3 yciei cykynHocTi cBiToBOro peectpy aam6 [11], Tineku 3a
JAaHUMH «YPaHOBOTO IPOEKTY», SKHH € 4YaCTHHOI BcecBITHBOI iH(pOpMariiHOl
ciyx0u 3 eHepreTuku [12] i Bege 00JIIK Ta OXOILIIOE HACIIIKU BILIUBY BUAOOYTKY
ypaHy Ta BUpOOHUITBA SACPHOTO MaJIMBa HA 370POB’ S OTOUYIOUMX Ta HABKOJHUILHE
cepenosuiie 3 1960 poky, HanigyeThest On3bko 150 aBapiii.

Takum YMHOM, METOIO pOOOTH OYJIO BCTAHOBIICHHSI Ta aHAII3 OCHOBHHX MPHYUH
BUHHUKHEHHS aBapiiHUX CUTYyalil i MOIIYK ONTHUMAJIBHUX METO/IB Ta MiAXOIIB IS
€KOJIOT1YHO 0e3MEeYHOro yNpaBiHHs TAKUMH CIIOPYAaMH Ha TepuTopii Ykpainu.

J1J1st TOCSATHEHHST METH HEOOXiJTHO BUPIIIUTH HACTYIIHI 3aB/IaHHSL:

1) mocniguTy Ta mpoaHali3yBaTH BiIOMi aBapii y CBiTI 32 OCTaHHI POKH;

2) BCTaHOBUTH OCHOBHI IPUYMHHM BUHUKHEHHS aBapiif;

3) OWIHWTH CydYacHI MiAXOAW Ta METOIW MiarHOCTHKH TEXHIYHOTO CTaHy,
CHUCTEMH yTIPABIIIHHA Ta 3a0€3MeUeHHS SKOJIOTITHOI OS3MeKH il 9ac eKCIuTyaTallii,
3aKpUTTS Ta PEKyJIbTUBALI] HAKOMUYYBayiB MPOMHUCIOBUX BiIXO/iB.
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MeToauKa J0CTiIKeHb

[lpu y3arampHeHHI KiNBKOCTI 1 YacTOTH BHHUKHEHHS aBapiii BHKOPHUCTAaHO
CTaTHCTUYHI Ta aHATITUIHI METOAH OIIHKY 3 00pOOKOI0 y TaOMUYHUX peaaKTopax.
Hus rpadigroi iHTepmperamii OTpUMaHUX pe3yNbTaTiB 3aCTOCOBAHO CydacHi
mporpamMHi 3aco0u. BUKOpHCTaHHS aHATITUYHOTO MiAXOMY JO3BOJWIO BHSBHTHU 1
3rpyITyBaTH MPUYUHHY 1 HACHIIKW HaI3BUYAHHUX TIOJTIH.

Pe3yabTaTi 10ocCaigxeHnb

PerpocnektuBHUN oriisan oxormoe mepiom 3 1960 mo 2022 poxu. 3a 1meit dgac
3aikcoBani 6mu3bKo 150 BUMaAKiB pylHHYBaHHS IPYHTOBHX JamM0O HaKOIHYYyBadiB
BimxomiB (puc. 1).

BinMiuaeTbes pi3Ha TeHICHISI BAHUKHEHHS 9acTOTH aBapiil. 30Kpema, y mepiof
3 1960 mo 2009 pik Tpammiaochk 98 aBapiif 3 YaCTOTOIO B CEPEIHBOMY Maibke IBi
(1,98) Ha pik. 3a octanHe necsrupivus (2010-2020 pp.) KinbKicTh aBapiii gocsria
36 BumankiB, a X 4acToTa 30UIBIIIIACE MaibKe yABIdi — 0 3,6 aBapiit Ha pik. 3a
OoCTaHHI nBa pokH, 3 movarky 2021 mo rpymens 2022 poky, BXKE 3apeecTpOBAHO
10 aBapiii. JlocimimpKeHHsIMH BiIMIiYarOThCs TICBHI CIICCKH 301IbIICHHS aBapil, ski
MaroTh Aecatupiuni Tpeaam (1975 p., 1985 p., 1995 p., 2005 p.). XapakTepHOI €
3arajbHa TCHACHINS MacOBHX aBapii 3 modyaTky 2015 poky, o oOIpyHTOBY€ETHCS
BUYEPIIHUMH TEepPMiHaMH po0OOTH 0araTbOX TIPHUYO-PYAHUX MiJIPUEMCTB
(komaseHb) Ta 3HAYHUMH (TIOHAJHOPMATUBHUMHK) TEPMIHAMH EKCILTyaTarii
XBOCTOCXOBHIL, IKi MOJACKYAH 3THLIMINCH 0€3 HAJIC)KHOTO HArMALY 1 IOTJIsAy.

KimpkicTs apapii
~
|

"1 bt oo i

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

PORII CIIOCTEpeAHE

Puc. 1. Iluramika KUTBKOCTI Ta 3arajibHUHA TPCH]I BHHUKHEHHS aBapiii HA XBOCTOCXOBHUINAX
3a epiox 3 1960 p. no 2022 p.

{06 kpare 3po3yMiTH Ta BUSBHTH MPUYUHH iX (DOpPMYyBaHHS, MPOAHATIZYEMO
JesIKI 3 HUX, 110 3a ocTanHi 10—20 pokiB OyJiu HaMOLIBII pe30HAHCHUMH, HaOYJIH

pO3roJIoCy 1 3aBAAN 3HAYHOI KON JKUTTIO 1 3JI0POB O JIIOJICH Ta HABKOJIHMIITHEOMY
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cepenoBuIy. BapTo 3a3Ha4nTH, IO BCi Taki 00’ €KTH 3aKPHTI ISl OTOUYIOUHX 1 10
HUX HEMAa€E BIJILHOTO JOCTYILY, TOMY KUIBKICTh aBapiii Moke OyTH 3HaYHO O1JIBIIOLO,
a CyCHUIBCTBO 3HAE JIMIIE MPO Ti, sIKi 3aBJaji 3HAYHOI IIKOJM 1 MPUXOBATH 1X BXKE

HEeMOXUTHBO (Tabi. 1).

Tabmuns 1. Ornsg HaiiOinbIn pe30HaHCHUX aBapiil 3a OCTaHHI TPHU ECSITUPIYYS

[+
2
O0’¢ekr, o
HaCeJIEeHUH MyHKT, IIpuunna aBapii O06’eM XBOCTIB Ta HaCIiIKU aBapii (30UTKH) 2
o . ]
KpaiHa, pIK =
=
1 2 3 4
XapMmoHi, npopus Tina rpe6m | 600 Tuc. M® XBOCTIB BHIOOYTKY 30J10Ta
MeppicmpyT, Ticys CHJIBHOTO | NpOWILIN 4 KM BHHU3 3a Teuielo, 3arunyio 17 | [13, 14]
[TAP, 1994 Jlouty 0ci0, 3Ha4Hi 30MTKH HAaCEICHOMY IYHKTY
Onb-Ilopko, . 400 Tuc. T BiAXOMIB IUHKY, CBUHIIO i
L pOpUB rpedi . . N [15, 16]
Boanigis, 1996 cpibna nporekan 300 kM p.Ilinkomaiio
. 4-5 MuTH M3 TOKCHYHOT BOJIH Bij|
. oOBasieHHs TpebTi L
Jloc ®paiinec, BHPOOHUIITBA IMHKY, CBUHIIIO, Mifi, cpibia
. yepe3 NOpyLICHHS . . [17]
Icmanis, 1998 . Ta [IUIAMY 3aTOIMJIO TUCSYi TeKTapiB
CLIBCHKOTOCIIOIAPCHKUX YTilb
Cypirao-aeinb- BUKHJI XBOCTIB i3 700 THC. T IIaHICTUX XBOCTIB 30JI0Ta
Hopre, MOILIKOKEHOT moxoBanu 17 OyAuHKIB mifg 3emIeto, 51 ra [18]
®ininminyg, 1999 OCTOHHOI TPYOH pHCOBOI 3eMITi 3200JI04€HO
oOBai tambu 20 000 T xBOCTIB, 32a0pyIHEHUX BAKKUMH
Bas-Bopia, XBOCTOCXOBHII[A MeTajaMu (Mifb, CBHHEIb, INHK), Ta [19]
PymyHist, 2000 MICIIST CUJTBHOTO 100 000 M3 maMiB 3a6pyJHUIN CTPYMOK
Jiouty Bacep, npuroky piuku Tuca
o . o0Bai gamou CKHJI 2,5 MITH M PiIMHM B CycCiaHii
Pynnux ARTIK, L . 3
Wlsetis, 2000 XBOCTOCXOBHIIA BIJCTIMHUK, MICIIS I[LOTO BUKK 1,5 MIH M [20]
’ gepe3 QiIbTpario 3aJIMIIKIB IUIAMY MiJli 3 BIICTIHHUKA
oOBaJIeHHS 1aMOu 950 Trc. M° nUTaMiB KaM’ STHOBYT UTbHUX
XBOCTOCXOBHIIA BiIXO/IiB HAMIMITH 10 TigporpadidHoi
. BHACITIZIOK Mepexi Ha BiacTanb 120 kM. Ie nmpusserno
Inec, KenTyxkxi, . . .
CILIA. 2000 MOPYLIEHHS Jo 3aru6eni pubu B piuni bir-Cenai Ta [21]
? Mi3eMHOT KOMANbHI | JIesKHUX 11 mpuTOKax. MicTa B3OBXK PiuKu
il HaKOMYyBayeM | OyJiM 3MyIlIeHi BIAKIIOYNTH 3a0ip MUTHOT
HIIaMy BOJII
YaCTKOBHI 00Bal 70 000 — 100 000 M3 XBOCTIB CBHHIIIO i
[axTa Caca, JaMOM B pe3ynbTaTi | IUHKY BUTEKNIM Ha 12 KiJJoMeTpiB BHU3 32 [22]
MakenoHisi, 2003 | pyiiHyBaHHS Tediero piukn KameHuns B o3epo
npeHaxHoi cuctemu | Kamimandi.
HDODHE THebiT sukuz 30 000 M piaKuX ypaHOBHX IUIAMiB
MaibBesi, pop P MPHU3BIB 10 MiBHUIICHHS KOHIICHTpAIIil
. TICJISE CHIIBHOTO . . . [23]
®panuis, 2004 oL HiTpaTiB 70 170 MI/1 y BOZOTIPOBiTHOMY
Y KaHaJi
oOBasIeHHS 190 000 M> XBOCTIB 3aI1i3a COPOBOKYBAJIH
o e3epByapy UL 3CYyB Ta XBIJIIO BUCOTOIO KiJIbKa METPIB, SKa
Taomm, Kuraii, pe3cpByapy Y 'P1B,
2008 BIZIXO/1B Ha MOLIMPUIIACh HA 2,5 KM BHU3 32 TEUIEIO, [24,25]
HE3aKOHHIN 1axTi 3acunaBiIy 6azap Ta )KUTIOBI OyAUHKH,
i1 Yac Jomry 277 4050BiK 3ariHyJI0 Ta 33 mopaHeHo
700 000 M> piIKOTO YEPBOHOTO MUTAMY
. BUPOOHHUITBA OOKCHTIB 3aTONMIIO KiJIbKA
KomnoHnrap, oOBasieHHs Tpeluti . .
HaceJICHUX ITyHKTIB, 3arunyio 10 ocib, [12]
VYropmuna, 2010 XBOCTOCXOBHIIIA o
nocrpaxjanu 120 monel, 3aTomieHo
8 KBaZpaTHUX KiJIOMETPIB YTijib
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[+
2
O0’¢ekr, o
HaCeJEeHUH MyHKT, IIpuunna aBapii O06’eM XBOCTIB Ta HacIiIKU aBapii (30UTKH) 2
. . ]
KpaiHa, pIK =
=
1 2 3 4
300 Tuc. M? BinxoiB BUPOOGHMIITBA 30J10Ta i
cpibua; yeTBepo JiroAel yOuTo i OogHOTO
Pynuux DOib- . nopaneHo; piuka Jloc-Pemenioc B Jlypanro,
oOBasieHHs Tpeuti . .
Oppepo, piuka Can-JlopeHno i Bogocxosuiue Enb- [26]
XBOCTOCXOBHILA . .
Mekcuka, 2013 Komenepo B Cinanoa 3a6pyaHeHi, puoda
3aruHy’na B piuti Jloc-Pemenioc B 130 km
HIDKUE 32 TEUi€r0
oOBasieHHs Tpeduti 100 000 M> XBOCTOBOTO IIIAMY CYpMH
XBOCTOCXOBHINA Oymu ckuHyTI B piuky KocTaitHuk
[IlaxTa Cronwiie, . Y 4 priKy ?
CenGis. 2014 BHACIILIOK 3CyBY, 3abpyaHuBIIK 27 KM pycia Ta 360 ra [27]
pout, CIIPOBOKOBAHOT'O CUIBCBKOTOCIIONAPCHKUX YTilb
CHJIBHHM JIOIIEM
oOBaJIeHHs 1aMOH 32 muH M? XBOCTIB 3a1i3a 3aTONHUII0
XBOCTOCXOBHIIA M. benry-Ponpirec, 3pyiinyBamu 158
4yepe3 HeJOCTaTHIN OyIuHKIB, 17 4OIOBIK 3arMHYIIH 1 2 3HUKIIH
€HaX, 110 0€e3BICTH; XBOCTH 3a0pyAHIIN PIUKH
IIlaxTa Germano, AP » I P Py PIAK]
Easis. 2015 MIPU3BENO JI0 [iBuiunmii ['yanakco, Kapmens i Pio-/loue | [28, 29]
p ’ PO3piIKCHHS HPOTSIKHICTIO 663 KM, 3MuH 15 KM% 3eMenb
XBOCTOCXOBHIIIA Y370BXK PIYOK Ta BiJpi3aid MEIIKAHIIB BiJ
IICIIST HEBEJIUKOTO TIOCTa4aHHs MUTHOI BOAN; 30MTKHU CKIIAIN
3eMJICTPYCY 6mm3pKo 6,7 muipa gonapis CIIA
100 000 M> KHCIIMX TOKCHYHHMX CTIYHHX
. oOBaseHHS (ocdaTHIX BOI XIMHYJIH BUCOXJIUM
Mimop Potem, . .. . . .
Ispains. 2017 ¢ocdorincosoi PYCIIOM piuky ANIaamM i 3aIHIIANA CITifT [12]
paLib, rpebi €KOJIOT1YHOTO PYHHYBaHHS JOBKUHOIO
noHaj 20 kM
12 mMytH M? XBOCTIB 3a1i3a CIyCTOIIMIN
HaJIMBHY CTaHIIIO PyIHHKA, HOTO
aJIMiHICTpaTUBHY YaCTHHY Ta JBa MEHIII
Bpymanunbo, oOBasieHHs 1aMOu BiJCTIHHUKH; 3pYHHYBaHO MICT 3aTI3HIIHOT [30]
Bpaswuis, 2019 XBOCTOCXOBHIIA TUIKK IaXTH Ta YaCTHHY MICIIEBOI rpOMaan
Bina ®epreko, moomusy M. bpymaninso. B
pe3ynbTati 267 YONOBIK 3arHHYIIH, KiJlbKa
3HUKJIM 0e3BiCTH
2,53 MutH M? BOJM Ta XBOCTIB MOJIiOAeHA
HOPYIIEHHS . s
KOHCTpYKii nocsaraynu piuku MigziMi uepes 3 km, 1o
Tueni, Kuraid, Y MTOCTABHJIO TiJ[ 3arpo3y 3amacd MUTHOT
NIEPETUBHOTO . e . [31]
2020 Boau i 68 000 oci6 y micti Tieni; 3a
KOJIOJIS1351 1aMOu . .
KiUTbKa JTHIB 3a0pyTHEHHS cATHYI0 208 KM
XBOCTOCXOBHIIA .
BHH3 32 TEUIi€I0
JI0 HAaBKOJIMIITHBOTO CEPeIOBHUIIA
norpanwi 1 500 M3 mtamy
HOPYIIEHHS . .
VYayunn, ITAP, aHTPAIMTOBOTO BYI'LIs, 110 BMIILYIOTh
KOHCTPYKIIi1 . . S [12]
2021 .. TOKCHYHI BayKKI METAJIM 1 XIMI4H] CIIOITYKH,
IIJJaMOBOT 1aMOu >
BKJIIOYAI0YN PTYTh, MapraHelb, MUII K,
MiIb 1 CBUHEID
12,8 MaH M° BOIM 1 XBOCTIB anMa3iB
copMyBalll CENEBy XBUIIIO IIMPHHOIO 0
Pynank HOPYIICHHS bopmy SeTCRY P A
. 1 kM, siKa mpoima Oinbie 8 kM, OXOommia
VYibsAMCOH, KOHCTPYKIIii mamOu N . L [12]
. 5,09 xm* miommi, nomkoauia 13 OyauHKiB i
Tanzanis, 2022 XBOCTOCXOBHIIA

c.-r. yriggst. [opanewi 3 woi. i 115 xurenis
cesta HreanxoJ10 moctpaxaaini
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l'eorpadis aBapiii Ha XBOCTOCXOBHINAX OCHTH DPI3HOMAaHITHA 1 OXOILIIOE
nepxkaBu A3sii, Abppuku, AMepuku i €Bpomnu (puc. 2).

[t (21 gepsxasa);

194 CIIA: 224

Mekcuka; 2.2

Pocis: 2.2
Boarapis: 2,2

[cnanis; 3.0 Kuraii ; 104

M'saama: 3.7

[epy . 4.5 ‘ )
Benuxka Bpaswunia: 7.5
bpuranis; 4.5

Kanazma: 5.2 Yumi: 6.7

Oimimiam 6.0

Puc. 2. BigcoTkoBwmii po3moin aBapiii 3a mepioz 3 1960 p. mo 2022 p.

[epeBaxkna OinplricTh aBapiii 3a el mepion cramucs B 34 KpaiHax CBITY.
Haii6inpma ix kinmekicts BiamiueHa B CIIA (22,4 %), Kurai (10,4%), bpazwmmii
(7,5%), Yui (6,7%), @ininninax (6,0%), Kanani (5,2%), Benuxiit Bpuranii (4,5%)
Ta HIINX KpaiHax.

AHaJ1i3 OCHOBHHMX IPHMYUH BUHUKHEHHS aBapil

Orysin cBITOBOrO JOCBiAY Ta BHCHOBKHM E€KCHEPTIB MOKAa3ajH, IO B I'PYHTOBUX
rpebisiX XBOCTOCXOBHI OTPUMAIM PO3BUTOK HACTYIHI HeOe3ledHi TeXHOTEHHI
MPOLIECH: 3CYBH, cydo3is, mpoBajibHi sBUINa Ta iH. [32—35]. Po3nomin aBapiii 3a
NPUYMUHAMHE iX BUHHKHEHHS HaBEJIeHO Ha puc. 3.

TIpocajaky BHACIINOK BAPOOHMYOT AisuibHOCTI | 1
Eposist ta cydosia [
Hescranosneni gpakru |0
|

Brutis mig3zeMHUX BOJT

TlopymeHHs1 CTPYKTYpHOT LiIICHOCTI -
OinpTpaliiiHi npouecu |
Iopyuienns ocHOBH i |

CeiicMiuHi mposiBU —
IepenoBHeH s MPOEKTHOT EMHOCTI |
Topymienns criiikocTi 1aM6u T
15 20 25 30 35 40
Bincorku, %

[puunnu aBapiit

(=}
W
—_
(=}

Puc. 3. BincoTkoBHiA po3IT01iaT OCHOBHUX NPUYWH BHHUKHEHHS aBapii
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AHami3 TpUYMH BUHUKHEHHS aBapiii Ha XBOCTOCXOBHINAX BKa3zye Ha
KOMIUICKCHUH TEXHOT€HHO-TIPUPOJHUN XapakTtep ix moxomkeHHs. [lopyd 3
TEXHIYHUMH, TEXHOJOTTYHUMH 1 KOHCTPYKTUBHIUMHU OCOOJIMBOCTSIMH Barome MicIe
3aiiMaloTh KJIIMaTH4Hi 1 ceiicMivHi. SICKpaBUM MPUKIAIOM MOke OyTH 3eMIeTpyc,
skuit BimOoyBes B Typmii i Cupii Ha mOYaTKy JIFOTOTO IIHOTO POKY Ta MPH3BIB 10
KaTacTpo(iYHUX HACIIAKIB.

B pesynbraTti y3aranbHEHHsI BCTAHOBJICHO, [II0 OCHOBHUMH IPUYMHAMH aBapii €
MOPYIIEHHST CTIWKOCTI cxmry nam6m (37%), TIepernoBHEHHS MPOEKTHOI €MHOCTI
xBocTtocxoBua (12%), ceficmiuni nposisu (11%) Tomo.

JoBoni yacTo mpuUuMHAaMHU aBapiii OyiM MOPYIIEHHS OCHOBH 1 CTPYKTYPHOI
LiTICHOCTI Tima mamOu Ta impTpamniitai nposBu. OHIEO 13 MPUYUH YTBOPEHHS
MPOBaJliB B IPYHTOBUX TPeONAX € PO3BUTOK Cyo3ilHUX sBHI 1 mpoueciB. [Ipu
UBOMY CJIJ PO3PI3HATH MEXaHiuyHy 1 XiMi4Hy cyQoO3il0 TIpCBKUX MOpiA, IO
CKJIQIaloTh TiNO TpyHTOBUX Tpebenp. Ilim MexaHIiUHOIO Cydo3i€r0 pO3yMirOThH
pO3MyIIyBaHHS TMOpin (HaiidacTimie TmicKiB), HaBiTh TaKWX, IO HE MICTATh
PO3YMHHUX PEUYOBWH, i BHHECEHHS JAPIOHUX YACTOK 13 HUX CTPYMEHSIMH BOJIH, SIKa
¢binpTpyeThes. [lig xiMiuHOIO Cydo3i€ro CiTil pO3yMiTH BIITYTOBYBAaHHS 1| BHHECEHHS
3 TOpiA CTPYMEHSMH BOAM, AKa (iIBTPYETHCS, BOMOPO3UMHHUX coOjel (Timcy,
KaM’siHOT COJIi 1 T.JI.).

[Tig gac iHXeHEPHO-TEOIOTIYHOT OIIHKK MOKJIMBOCTI BHHUKHEHHS U PO3BHUTKY
cy(o3iifHUX SBHII i YTBOPEHHS IyCTOT B IPYHTOBHX Jam0ax pO3TISIIAIOTHCSA 1
BUBYAIOTHLCS, B TIEPIIY Yepry, YMHHUKH, PEACTaBieH] Ha cxemi (puc. 4).

— I'eomopdostoriuni 0co6IMBOCTI paiioHy
3 — ['eonoriuna OynoBa paiioHy
=
5
5
g
B — YMOBH pyxy MOBEPXHEBUX 1 ITiI3EMHUX BOJ
=
S
= —
5]
(D)
n
= f— ®di3nKo-MexaHi4HI Ta Pi3UKO-XIMIYHI BIACTHBOCTI MOPIT
53
&
()
%
e Xapaxkrep, riIiMOrHA 1 MIBUAKICTH BUBITPIOBAHHS TIOPIJT
— TexTOHIYHI YUHHUKH

Puc. 4. ImxeHepHO-reoIoriuHa OLiHKa MOKJIMBOCTI BUHUKHEHHS W PO3BHUTKY Cy(O31HHUX
SIBHII 1 YTBOPEHHS ITyCTOT B IPYHTOBUX IPeOIsX
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Orasa cy4acHUX MeTOdiB AiarHOCTUKM TEXHIYHOI0 CTaHY CIIOPY/

3 MeToro 3abe3neueHHs 0e3MeKH CHOpyA HEOOXiAHO PO3pOOHUTH Ta 3a0e3MeUUTH
BUKOHAHHS 3aXOJiB TIarHOCTUYHOTO, TEXHIYHOTO, OpPraHi3aliiHOTO, IPaBOBOTO,
€KOHOMIYHOTI'O Ta IHIIOTO XapaKTepy, CIPSIMOBAaHUX Ha MONEPEIKCHH BUHUKHEHHS
aBapifHUX CHUTYaIlil Ta JIKBiAIil0 Y1 00MEXEeHHs MaciuTabiB aBapii [36, 37].

[lomyky HamiffHOTO 3aXWCTy 1 [IaTHOCTHKH CTaHy B pI3HHX JIep)KaBax
MPUIUSIIOTE Oarato yBaru. Tak, B poOOTI KaHaichbkux BueHUX [38] aBTOpH
MPOIMOHYIOTh KOMIUIGKCHMM —MiIXiJ Ta JAUBEPCU(IKOBAHI TEXHOJIOTIi  JJIs
IHTETPOBAHOI CUCTEMH CIIOCTEPEIKECHHS B PEAIbHOMY Yaci /Uil BUPILICHHS TUTaHHS
CTifikocTi Tpebern, 6e3nmekn poOITHUKIB Ta HACEIEHHS, OXOPOHH HABKOJIHITHBEOTO
CepeIoBHIIA 3 BUKOPUCTAHHIM KOHTPOJIHHO-BUMIPIOBAJILHOT allapaTypH.

Ha migcraBi OararopiyHoro aHaisy, 10 BkiItoyae Maixe 100-piuHuil criiyibHUR
IOCBin mpoBimHUX iHmxkeHepiB-reoTexHikiB CLIA i cBity, Oyno Bumano «JloBigHHK
mo cTifikocTi 1 crabimizamii cxwimy». Jlpyre BumaHHS OXOIUTIOE [OBITHHUKOBY
iHpopMallilo, TeOopilo, aHANITHYHI METOAM, MiAXOAM JO MPOEKTYBaHHA 1
OyAiBHMLTBA, a TAKOX MPHUKIAAU I MPAKTUYHOTO BUKOPUCTAHHS NPU MOBHOMY
MIPOEKTYBaHHI CTIHKOCTI cxmiiB [39].

B Typeuumni Juisi TiABHIICHHS €MHOCTI XBOCTOCXOBHIIA IMPOBOISTHCS
JOCIIPKEHHSI TEOTEXHIYHOI XapaKTEepUCTUKU 1 CTIMKOCTI HMU30BOTO CXWIIYy JOaMOH
reOMEeXaHIYHUMH JIJAO0PATOPHUMHU BUTIPOOYBAHHSAMH Y ITOE€THAHHI 3 BUKOPHCTAHHSIM
EMIIIPUYHUX METOMIB JUIsi BHU3HAYCHHS MEXaHIYHUX BIIACTUBOCTEH Marepiairy
MMOTOYHOI JTaMOM, XBOCTOCXOBMINA Ta Marepialy KaM'sHOI HaKUIKH, siKka Oyne
BUKOPHUCTOBYBATHCS JJIs KpiruteHHs rpeboi [40].

VY poboti mombchkux BueHHMX [41] mpeacraBieHi IIMPOKI MOMKJIMBOCTI, IO
HAQ/Ial0ThCsl TJIOOANEHUM MOHITOPHHTOM Yy CHpaBi e(QEeKTHBHOTO 3aro0iraHHs
aBapisM Ha XBOCTOCXOBHINAX 3 BHKOPHUCTAHHSM KOHTPOJIBHO-BUMIipIOBAJIHLHUX
cucreM. OcoOnmBa yBara 3BEPTAETbCd HA  MOTEHLIaJd  BUKOPHCTaHHS
PI3HOCIIPSIMOBAHOTO MOHITOPHHTY, Y TOMY YHCJIiI TEXHIYHOTO Ta EKOJOTiYHOTO
MOHITOPHHTY, Ha MPHUKJI/i OJIHIET 3 HAHOUIBIINX Y CBITI TIPOTEXHIYHUX CIIOPY]T —
Cxosuma xBoctiB XKemnozuuit Mict (TSF). Ananiz maHux MOHITOPHHTY JO3BOJISIE
BXKMBATH TIPEBEHTUBHUX 3aX0/IiB MPOTH MIOMIIOK Yy OYyIiBHUIITBI Tpedeih 00'€KTIB,
SKi MOXYTh MaTH PYWHIBHI HACHIAKH ISl SKUTTS JIIOJUHA Ta HAaBKOJHITHHOTO
cepeioBHIIa. MOHITOPUHI HaBKOJHMIIHBOIO CEPEJOBHILNA HaiyacTille BKIIOYAE
TiAPONOTIYHMHN Ta XIMIYHUH MOHITOPUHT OCHOBHMX KOMITOHEHTIB HaBKOJHIIHBOTO
CepeJIOBHINA, TAKUX K IPYHTH, MTOBITPS, MiJ3€MHI Ta TOBEPXHEBI BOJIH, & B paMKax
TEXHIYHOTO MOHITOPHUHTY BUKOHYIOTBCS TaKi BUMipIOBaHHS: jedopMallist IpyHTY,
BUKJIMKaHa OyJiBHUIITBOM, 3HAYCHHSI HAIIPYTH, 3HAYEHHS [TIOPOBOTO THUCKY BOAH Y
XBOCTOCXOBHINAX, 3yCWJUISI Ta 3MIilleHHs (BepTHKaNbHI ab0 TOpH30HTAIbHI
3MilllEHHs, MOBOpOoTH Ta nedopmariii ¢opmu). 11106 3abe3neuuT IOCTOBIPHY
IHTEepIpEeTaLilo OIEpKaHUX Pe3yJNbTaTiB, Oyjia 3ampoBajykeHa iHTerpoBaHa 0asa
naaux ['IC, B skiii 30epiraroTbes BCi JaHI BUMIiprOBaHb, 3i0paHi 3a JOMOMOTOIO
CHCTEMH MOHITOPHHTY.

Ha ocoGnuBy yBary 3acinyroBylOTbH HOBI JIOCATHEHHS B Taily3i CYIyTHHKOBOTO
MOHITOPHHTY xBocTocxoBuila. CynyTHukoBuil MoHiTOpuHT Ilenwsckito TSF
(Mexkcuka) € mpukiamoM Takoro BukopuctaHHa. 3 2013 poky B IleHbsckiTo
(Mexkcurka) 3MIMCHIOETHCS CYITyTHUKOBUH MOHITOPUHT, SIKHI BKJIIOYAE MIOTIKHEBI
CYIIyTHUKOBI 3HIMKH CE€pPEeIHBOT PO3AUIBHOI 3MaTHOCTI Ta IOMICSYHI CYMyTHHUKOBI
3HIMKH BHCOKOI pPO31JIbHOI 31aTHOCTI Ta Tornorpadidni kapTu [42].
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Sk 3a3HavaroTh BUeHI 3 ABcTpanii i @immsaaii [43], MOHITOPHHT T€OTEXHITHOT
CTaOITPHOCTI XBOCTOCXOBHUIIIA B PEXKUMI pPEaJbHOrO 4Yacy J03BOJISE Kparle
OXapakTepu3yBaTH MOTEHUIHHI BHYTpimHI aedopmaii, migiHoM piBHS IPYHTOBHX
BOJI Y XBOCTOCXOBHII[AX, a TAKO)XK aHOMaJIbHE MPOCOYyBaHHS. Takuii MOHITOPUHT
J03BOJISIE  OTIEPAaTOpaM  XBOCTOCXOBHINA BKMBATH MOXKJIMBUX 3aXOMIB  JUIS
MIOM'SIKIIIEHHS HACIIAKIB a00 HaBITh 3a100ITTH 3005IM.

Ha rrepexonanns Bueanx 3 Kanamu [44] 6aratooOIIsaiounMu € HeiHBa3UBHI METOIN
MOHITOPHHTY, TaKi SK IIOKaJpoOBa EIIEKTPUYHA TOMOTrpadis MHUTOMOTO OIOpY
(TL-ERT), ockinbky BOHa Hajga€ BEIMKOMACIITAOHYy iH(OPMAILiI0 TPO HAApa, siKa
JIOTIOBHIOE ~ Ha3eMHI  crocTepekeHHS  (mepexin, aepodororpammerpis  abo
TICTaHIIIiHE 30HIyBaHHSA) 1 TPAAUIIIIHI IHCTPYMEHTH MOHITOPHHTY.

Hocninauku 3 Kanagau i ABctpanii [45] Ha 1amMOi XBOCTOCXOBHIIA B TiBHIYHIH
yactuni Kananu 00'ennany inTepdepoMeTpito HABKOIHUIIHBOTO IITyMY 3 KiJIbKICHOFO
MOJICTUTI0O HANPYTH IS BiACTEXKEHHsS 3MIiH IIBHAKOCTI momepedHoi xswmii (Vs).
3MiHM CEHCMIYHMX MIBUAKOCTEH MeHIe 1% CHIBHO KOPETIOITH 3 KOJMBAHHSAMHU
piBHS BOAM Yy CYCiIHBOMY XBOCTOCXOBHINI. Mojens cTpecy, BiakamiOpoBaHa 3
BUKOPHCTAaHHSM 3alWCiB Ha piBHI cTraBKa i mpodimiB Vs, oTpuMaHUX B XOIi
BHIIPOOYBaHP Ha TPOHUKHEHHS KOHYyCa, IEMOHCTpPYE, IO 3MiHH CeHCMidHOI
HIBUJKOCTi, OTPUMaHi 3a JOMOMOTOI iHTepdepOMETpii HABKOIUIIHBLOTO IIyMY,
SIBJITIOTH COOOF0 MepeBaXkKHO 3MiHM Vs. KpiM Toro, 1s Mojelb oOMexye 3MiHH Vs
TIAOMHOIO ~16 M, IO BiANOBIa€ HEYIIUTFHEHNM XBOCTaM il Tpebieto. OCKinbKu
Vs BUKOPUCTOBYETHCSI JJIsl OI[IHKU 3IaTHOCTI IPYHTIB JI0 PO3PIIPKEHHS, 1IeH METOT
Jla€ BOXKJIMBI MEpeBary IJsl PO3yMiHHS 3MiH y poOOTi rpedii 3 yacom.

Kuraiiceki Bueni [46, 47] 3a3HauaroTh, 10 Tmone (impTpamii rpedi
XBOCTOCXOBHIIA TICHO TIOB'si3aHE 31 cTaHOM Oesrnekn. OnepaTuBHA OIiHKa O€3MeKn
monsi GikTpamii Ha OCHOBI JaHUX MOHITOPHHTY Ma€ BENWKE 3HA4YeHHS s
3a0e3rneueHHsT Oe3MevYHol eKcIulyaTallii XBocTocxoBuIla. Yepe3 ckiajHU BILUIHB
(daktopiB mons  Qimbrpamii gamMOM  XBOCTOCXOBHWIIA TPATUIIIHHUNA METOX
ineHTudikaiii aHoMasil, 3aCHOBaHUM Ha pErpeciiiHiil Mojesi, He MpaIloe Yepes
WOro HHM3bKY TOUYHICTH mimOopy. Takum dYMHOM, HOBHM MeTon ineHTH(iKarii
aHOMAJIiil ISl MOHITOPHHTY JaHHUX 3aCHOBAaHWH Ha MOKpAIIeHIi XMapHiil MoJeli Ta
Mo/ieTli HEHpOHHOI Mepexi pajianbHOi 0a30BOi (PYHKIi, SKa MOXE TOYHO
i1eHTU]IKYBaTH JaHi aHOMaJil Ta PO3PI3HATH BIATYK KUIBKOCTI HaBKOJIWIIHHOT'O
cepenoBuma. Ha ocHOBI B3a€MO3B'I3Ky MK IIOJIEM NPOCOYYBAaHHS Ta CTIHKICTIO
yKOCy TOOYJIOBaHO CYpOTraTHy MOJENTh MK TJIMOMHOIO JIiHII HACHYEeHHS Ta
KoeQilieHTOM Oe3IeKH CTIHKOCTI YKOCY, a TaKOXX 3alpOIIOHOBAHO METO/I OI[IHKH
0e3IeKy oIS IPOCOYYBAHHS B peallbHOMY 4aci.

Inpiiiceki BueHi [48] 3BepTaroTh yBary Ha Te, IO MOHITOPHMHI KOHCTPYKLIH
BIJIIlpa€ >KUTTEBO BAXKIMBY pOJIb, MO0 MaTH 3a3JaJierilb MEBHUH MPOTHO3
CTPYKTYPHHX YIIKO/KEHb, IKi MOXKYTh OYTH CIPUYHHEH] 3MiHOIO HABKOJIMITHHOTO
cepenoBuiia. MoHITOpUHT cTany KoHCTpyKUili (SHM) mMae BupimansHe 3HaUeHHS
Opy  BU3HAYEHHI OYIKyBAaHOIO TEpMiHY CIy’)KOM LHBIIBHUX  CIIOpPY.
VYaockoHaneHHs Pi3HUX JATYMKIB Ta cucteM 30opy naHux (DAQ) mozBonmio
OBl TOYHO NPOTHO3YBATH TEPMIH CIYXOM OyIiBEIbHMX KOHCTPYKUiH, IIO
MiJ1al0ThCS BIUIMBY CTATHYHMX Ta IWHAMIYHUX YMOB HaBaHTakeHH:. OTxe, SHM
€ B@XKJIHBOIO 00JIACTIO JOCHIDKEHB ISl PO3YMIHHS CTaHy Ta TEPMIHY CITyKOH
TaKHX CIOPYI, K TpeoTi.

B Vkpaini mia BupimeHss i€l mpoOieMu 3alpOrnoHOBaHi KOMIUIEKCHHH METOA
OIIIHKH 1HIEKCY MOTEHITIHHOT HEOE3MEeKH BIUIMBY MPOMHCIOBHUX XBOCTOCXOBHII Ha
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HAaBKOJIMITHE ~CEPEJOBHINE, METOX KOHTPOJBHHX CIIUCKIB, IO JIO3BOJISIE
BUKOPHUCTAHHS aBTOMAaTU30BaHUX AJIITOPUTMIB BUOOPY MPUPOJTOOXOPOHHUX 3aXOIiB
B 3aJI€KHOCTI BiJ 3HAYEHHS OLIHKK BIAMOBIAHOCTI BHMoOraM Oe3mekd 00’€kTa
ayNTYy, Ta EKOJOTIYHHN EKCIIpec ayAuT JUIl KOMIUICKCHOTO OLIHIOBAHHS BILUIHBY
MOTEHIIHHO HeOe3meyHnX 00 €KTiB 3 HASBHICTIO XBOCTOCXOBHII Ha €KOJOTIYHY
0e3MneKy HaBKOJIMIITHLOTO cepeopuiia [49—51].

Kpim nporo, meranpHimie BUPIMIATH 3aBJaHHS J1arHOCTUKH TEXHIYHOTO CTaHy
CHOPY/ JO3BOJISIOTH TOJIHOBI pOOOTH 13 3aCTOCYBAaHHIM KOMILIEKCY Teo]i3uaHIX
METOAIB MPUPOAHOTO IMIYIBCHOTO enekTpomarHiTHoro mons 3emii (IIIEMII3) Ta
BEPTUKAIBHOTO eJIEKTpUYHOro 30HayBaHHs (BE3), ki mIMpOKO BUKOPUCTOBYIOTHCS
Ha mpakTuii [52-59].

HaBiTh netanbHUl aHami3 1HXCHEPHO-TEOJIOTIYHMX YMOB HE B 3MO31 HaJlaTH
TOYHY 1 00’€KTUBHY OIIIHKY CTaHY IOCTIKyBaHOTro 00’ekTa. TOMy IpPOMOHYETHCS
Baromy yBary NpHIUTUTH TAKUM 3aX0J1aM, K 00CTEKEHHs, TacIIOPTU3aLlis, HaJaHHS
MIPEBEHTUBHUX PEKOMEH/IAIIIH 1 MOCTIMHNN KOHTPOJIb 32 CTAHOM 00’ €KTa.

st moniepemkeHHs cyo3ii BUKOHYIOTBCS TaKi 3aXO/IH:

1) 3amobiraHHs HaIXOPKEHHIO 1 MEPECYBAaHHIO BOJAW B IOPOJAX: PETYIOETHCS
MOBEPXHEBHH CTIK, MEpeXBaT MiI3eMHUX BOJ APCHAKHIUMH IIPUCTPOSMH;

2) 3aXUCT TIMHUCTHX TOPiJ BiJl BUBITPIOBAHHS IIIXOM BJIAIITYBaHHS 3aXUCHUX
MOKPUTTIB 3 MICKY, IIepeM ‘SITO1 IIIHHY;

3) BiamTyBaHHS MOBEPXHEBHX IPEHAXIB (U1 BiABENEHHS MiA3€MHUX BOJ 1
MoTepePKEHHsI BAMUBAHHS YaCTOK);

4) 3MEHIIEHHS MBHIKOCTI PyXy MiJ3€MHHUX BOJ LUISIXOM 3MiHHM KOHCTPYKIIii
cnopynu. Hanpuwknax, mig rpelissMd  BIAIITOBYIOTh TIWHSHI TOHYpH, SKi
MTOIOBXKYIOTh NIISX (DUTBTpaIlii i 3HUKYIOT TPAIiEHTH HATIOPY.

BucHoBku

1. Ornsin i aHaITi3 TEXHOTEHHUX KaTacTpod BKa3zye HA MUTTEBICTH iX BUHHKHEHHS,
CKJIQJIHICTh 1 HEMOYIJIMBICTh CIIPOTHO3YBAaTH 1 MONEPEAUTH MaHOYyTHIO aBapiro,
JIOTMHA 3aJTUIIAETHCS CIIOCTEpIiradeM i KOHCTaTaTopoM (DaKTiB.

2. AHaii3 mTpUYMH BUHWKHEHHS aBapiii Ha XBOCTOCXOBHWIIAX BKa3zye Ha
KOMIUIEKCHUI TEXHOTEHHO-TTPUPOAHUHN XapaKkTep iX MOXOKEHHS, PanTOBICTh Ta
HU3bKY MOJIMBICTH ITOTIEPEIKEHHS.

3. Yepe3 BUUEpIHI TEPMiHU €KCIUTyaTallii, HEOCTATHICTh TEXHIYHUX HAIIAAIB 1
JIOTJISITIB, EKCILTyaTallisl XBOCTOCXOBHII IOTPEOYE OLNIbII YBaYKHOTO 1 pETEIIbHOTO
CTaBJICHHS Ta PO3POOKH JI€BUX 3aXO/IB, TAKHX K 00CTEKECHHS, IACIIOPTH3ALIIS,
Ha/IaHHS MPEBEHTUBHUX PEKOMEHMALil 1 MOCTIHHUIA KOHTPOJb 338 TEeXHIYHUM
CTaHOM 00’€KTa.

4. B sxocTi HaJIIHHOTO 3aXKCTY 1 IIATHOCTUKH, 3 YPaXyBaHHSIM KpAI[UX CBITOBHX Ta
BITYM3HSHUX NMPAKTHK, MOXE CIIyTyBaTH KOMIUIEKCHHUH MiAXi[ i3 3aCTOCYBaHHIM
OpraHi3amifHO-TEeXHIYHUX METO/IB 1 MiAXO0IIB MO0 3a0e3MeUeHHs eKOJIOTIYHOL
0e3mneKy Ta HaAIiHOT poOOTH CIIOPY/I.

5. O3Haky MOTEHUIMHMUX aBapidl 3ycTpivaroTbes y PI3HUX MOEIHAHHAX, ajie OyTH
BUSIBJICHUMH LUIIXOM IPOCTOTO OOCTEKEHHS 1 Bi3yalbHOTO OTJISILY HE MOXKYTh.
3HavHy iX YaCTHMHY MOJJIMBO BHSIBUTH Ta CIIPOTHO3YBATH ITOTCHITIHHI 3MiHU
CTaHy CHOPYIH TUIBKH INUISIXOM BUKOPHUCTAHHS KOHTPOJIHHO-BUMIPIOBAIBHOL
amaparypu Ta Teo(]i3MYHHX METOIIB IOCTIIKCHHS 1HKEHEPHO-TEOJIOTIYHHX
MPOLIECIB, 110 BiI0OYBaIOTHCS B IPYHTOBUX OTOPOKYBAIbHUX JaMOax.
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FEATURES OF THE ASSESSMENT OF OCCUPATIONAL RISKS
IN TRUCK TRANSPORTATION

Abstract. The purpose of the article is to develop a process of managing the
professional (dynamic) risks in freight transportation due to changes in time of
dangerous factors.

To build the process of managing the professional (dynamic) risks of truck
transportation, the main principles of system dynamics using the "tie-butterfly”
model for establishment the causal and reciprocal relationships between dangerous
factors affecting the drive were used.

A model of the connection of dangerous factors of the internal and external
environment of the organization, related to their negative impact on the increase in
the probability of the occurrence of a dangerous event (incident) and the degree of
severity over time, has been developed. Based on the interaction of the probability
of the occurrence of a dangerous event and the severity of the consequences, taking
into account changes in the physical and psychological state of the driver, it became
possible to develop a dynamic model for assessing the driver's professional risk.
Changes in professional (dynamic) risks during the time of a truck driver are
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proposed for analysis: by hours of the day (from 00:00-24:00 hours), by days of the
week (Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday); by
season (spring, summer, autumn, winter). Taking into account the interaction of
three main components: the presence of a threat or danger, the interaction between
a truck and a person, the presence of a catalyst (physical and psychological state of
the driver), the amount of professional risk is determined. To check the adequacy of
the assessments, taking into account the change in the influence of dangerous
factors on the probability of the occurrence of a dangerous event and the degree of
severity of injuries from it with a time, an algorithm that allows to monitor every
step in the management of professional risks was developed. It was established that
an unacceptable level of risk is fixed at night and in winter, under inappropriate
climatic conditions, which requires the development of effective safety precautions.
The scientific novelty consists in the justification of a dynamic model from assessing
the professional risk of a driver, based on the interaction of the probability of the
occurrence of a dangerous event and the severity of the consequences, taking into
account changes in the physical and psychological state of the driver.

The practical significance lies in the development of forms for assessing the driver's
professional risk.

Key words: labor safety;, occupational risk; risk assessment; traffic accident;
dynamic model.

B.A. Lloma!, C.I. Yebepsiuxo?, O.0. SIBopcbka, T.0. Herpiii’, T.M. Tkadenxo?,
0.B. JIeprorin®

'MixkHapoaHHMIT IHCTHTYT MEHEIKMERTY, M. Kui, Ykpaina
’HanioHansHKI TeXHIYHUM yHiBepcuTeT " [IHINpoBChKa IoJiTexHika", M. JlHinpo, Ykpaina
SKuiBchbKMil HALliOHATBHHMI YHiBEpcUTET Oy niBHMLTBA i apxiTekTypu, M. Kuis, Ykpaina

OCOBJMBOCTI OIIHKH IMMTPO®ECIHHUX PU3UKIB
IIPU BAHTA’KHUX ABTOMOBIJIBHUX ITEPEBE3EHHSAX

Anomauin. Memoio cmammi € po3pobka npoyecy KepysauwHs npoghecitinumu
(OUHAMIMHUMU) PUSUKAMU NPU BAHMAICHUX NEPEeBEe3eHHSIX uepe3 3MIHU 6 Yaci
Hebe3neuHux YUHHUKIG.

Jlna nobyoosu npoyecy KepysauwHs npo@ecitinumu (OUHAMIYHUMU) DPUSUKAMU
BAHMANCHUX — AGMOMOOIIbHUX ~NEPeGe3eHb  GUKOPUCMATU  OCHOBHI  NPUHYUNU
cucmemHoi OUHAMIKU 13 3ACMOCYBAHHAM MOOeNl «KPABAMKA-Memenuxy O
6CTNANHOBICHHSL NPUHUHHO-HACTIOKOBUX M 360POMHUX 36'3Ki6 Midc Hebe3neunumu
YUHHUKAMU, WO OTIOMb HA 800Is.

Po3pobaena mooens 36 13Ky Hebe3neuHux YUHHUKIE GHYMPIUHbLO20 MA 308HIUHLO20
cepedosuwia opeanizayii, no A3aHUX 3 iX He2amueHUM 6NIAUBOM HA 3POCMIAHHS
8ipocionocmi Hacmanms nebesneynoi noodii (inyudenmy) ma cmynens majcKocmi 6
uaci. IJe 003601un0 po3pobUmMuU HA OCHOGI G3AEMOOTL UMOBIPHOCMI HACMAHHSA
Hebe3neunoi nodii ma MmsaACKOCMI HACAIOKIB, 3 YPAXYBAHHAM 3MIHU DPI3UUHO20 ©
NCUXONIO2TYHO20 CMAaKY 600is, OUHAMIYHY MOOeNb OYIHKU NPOQecitinozo pusuxy
600i4. J[ns ananizy 3anponoHO8AHO 3MIHU NPO@ECiliHuX (OUHAMIYHUX) PUBUKIE 8
yaci 800is 6AHMAINCHO20 A8MOMObIIsL: 3a 200unamu dodu (3 00.00-24.00 coounu);
3a OHAMU MUudiCHsl (NOHeOLIOK, 6I8MOPOK, cepeda, yemeep, n’smHuys, cyooma,
HeOlls); 3a Ce30HOM POKY (8ecHa, Nimo, OCiHb, 3uma). 3 ypaxyeanuam 63aemooii
MPLOX OCHOBHUX CKAAOOBUX: HAABHOCMI 3a2pO3uU YU Hebe3neku, 83acMooii Midc
BAHMAICHUM ABMOMOOIIEM [ THOOUHOI0, HAs8HOCMI Kamanizamopa (Qizuunull i
HCUXONOZIYHULL CMAal 800ist) NPOBOOUMbCSL GUIHAYEHHS GENUYUHU NPOPECiin020
pusuxy. [[ns nepesipku adexeamHocmi npoeedeHux OYiHoK, 3 YPAxXy8aHHsIM 3MiHU
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6NIUBY HeOEe3NeUHUX YUHHUKIE HA 6IPOIOHICIMb HACMAHHA Hebe3neyHol nodii ma
CMyneHs. msdiCKOCmi mpasm 6i0 Hei 3 ypaxy8aunHam 4acy, po3pooieHo aneOpumm,
AKUl 00360J15€ BIOCTIOKY8AMU KOXHCEH KPOK KePYBAHHA NPOPeCiliHuMu pusukamu.
Bcemanosneno, wjo nenpuiinammuil piseHs pusuxy Qikcyemoscs 8 HiuHy nopy 006u ma
8 3UMOBUIL YAC, NPU HeGIONOBIOHUX KIIMAMUYHUX YMOBAX, WO nompebye po3poobKu
diesux 3an00ixcHux 3axo0is 3 b6e3nexu.
Haykosa noeusna nonseae 6 o006IpyHmyanni OuHamiuHOi MoOdeni 3 OYIHKU
npogeciinoco pusuKy 600is HA OCHO8I 63AEMOOIi UMOBIPHOCMI HACMAHHA
Hebesneunoi noodil ma MsNCKOCMI HACTIOKIE 3 YPAXYBAHHAM 3MIHU QIi3uuH020 |
NCUXONO2IYHO20 CMAHY B00ISL.
Ipakmuune 3nauenus nonseac y pospobyi Gopm oyinku npogeciiinoco pusuxy
80013
Knrouosi cnosa: 6esnexa npayi; npogecivinutl pusux, OYiHKa pusuKy, 0OpPONCHbO-
MPAHCNOPMHA NPU200A, OUHAMIYHA MOOEIb.
https://doi.org/10.32347/2411-4049.2023.2.85-99

Beryn

besneka BaHTaXHMX aBTOMOOITHHHUX mepeBe3eHb (mami — BAII) e BawimBoro
CKJIaJIOBOIO 3arajibHOT CUCTEMH YIpaBIliHHs 0€3MEKH TIOPOKHBOTO PYXy OYyAb-SKOTO
ABTOTPAHCIIOPTHOTO MiIMPUEMCTBA, AKa CIPSIMOBaHAa Ha 30€peKEHHS 3IIOPOB’S i
KUTTS BOJIiB 1 epeKTHBHE BUKOPUCTAHHS aBTOMOOUIBHOTO TIAPKY IS 3/TIHCHEHHS
TpaHCHOPTHOI MistTbHOCTI. OCHOBOIO TaKoi ccTeMH O€3MEKH € OLliHKa MpodeciHIX
PHU3MKIB: BUSBICHHS 3arpo3 i HeOe3IeK, sSiKi BUHUKAIOTh y MPOLECi TPaHCIIOPTHOT
JSUTBHOCTI, T MOMIYK 1 MPUAHATTS YIIPABIIHCHKHUX PIllIeHb, SKi CIPSIMOBaHI IS iX
KOHTPOJIIO, YIIPaBJIiHHS 3 METOX MiHiMi3allii Ha Bcix eramax BAIL.

Jiisi BUKOHAaHHSI 3a3Ha4eHOi MpOIEAypU JOCHTIPKEHHS TpodeciiHuX PHU3HKIB
HaO1IbII YaCTO 3aCTOCOBYIOTHCSI METOJIU CTPYKTYPHOI A€KOMITO3HLIi1, HAPUKIAL:
JIepeBO BiIMOB, J€peBO pillleHb, JEPEBO HMOBIPHOCTEH; METOJ EKCHEPTHOrO
JOCII/PKEHHSI B OCHOBHOMY BKITIOYA€: METOJI MO3KOBOTO mTypMy, MeToa Delphi Ta
in. [1, 2, 3, 4]. O0unBa 3a3HaYEHUX METOAM JTO3BOJISIOTH IPOBECTH JOCUTH SKiCHUH
aHami3z mpodeciiiHNX pHU3WKIB, ane Oe3 ypaxyBaHHS B3a€MOJii HEOE3MeYHHUX
¢daktopiB y yaci. CrpaBa B TOMy, III0 CKJIaJHI OOCTaBUHHU Mpalli BOIIIB IpH
KepyBaHHI aBTOMOOLIEM XapaKTepU3YIOThCs BIUIMBOM (DaKTOpIB, SKi MOETHYIOTH
eKCIUTyaTalliifHi BJIaCTHBOCTI aBTOMOOLIIS, TOPOXKHI, KIIIMATHYHI YMOBH, a TaKOX
MPOSIBOM B32€EMO3AICKHHUX EKCTPEMAIbHUX CUTYallill B 9aCTO 3MiHHUX O0CTaBUHAX
JIOPOYKHBOTO PYXY, 10 MOTPeOye Mia00Py BIAMOBIAHUX METOJIB 3 OIL[IHKA PU3MKIB
BUHHUKHEHHS TOPOXHBO-TpaHcnopTHOoi npuroau (mami — ATII), sxi 0 mo3Bomman
3MEHIINTH HEBU3HAYEHICTh PO3PaXyHKIB PU3HKY.

OfHMM 13 TaKUX MIJXO/MIB € IMITAIlIHHUI METO/ MOJCIIOBAHHS MIPOLIECY PUIUKY
ckoenust ATII 3a nomoMoror CHUCTEMHOI IWHAMIKH, SIKHH JO3BOJISIE MOOAUYNTH
CYTHICTB Pi3HOCTOPOHHIX NpoIeciB, Mo XapakrepusyloTb BAII, # edexrTuBHO
VIPaBJIATH HUMHU HAa OCHOBI BHSBJICHHS 3BOPOTHHX 3B’SI3KiB, SIKi BiJOOpaXKaroTh
ICTOTHI BJIaCTUBOCTI MOJEILOBAHOIO Mportiecy [5, 6, 7]. TakuM 4MHOM, 3’ SIBISETHCS
JOCUTH aKTyalbHa 3a/lauya y BCTAHOBJICHHI NPUYMHHO-HACTIIKOBHX 3B'SI3KiB MiXK
pizHuMH criagoBumu npouecy BAIL ans imroctpaumii B3aemonii HeOe3MEYHHX
(haxTOpiB 1 3arpo3, MO BIUIMBAIOTH Ha MOTO OE3IEKy, IS BUSBJICHHS IPOTHO3HHX
TEH/ICHIIM PO3BUTKY Pi3HHUX CIICHAPIiB 1 iX BINIUBY Ha rOCMNOJAAPCHKY, (DiHAHCOBY i
TPaHCHOPTHY AisUTBHICTH aBTOTPAHCIIOPTHOTO MiAIPHEMCTBA.
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AHaJi3 JiTepaTypHUX TxKepes

Tema Oesnexu BAII € mocuts aktyansHOMO. [Ipo me cBimYMTH 3HaYHA KiJIBKICTh
PI3HAX HayKOBHUX ITyOJiKaIliii, ki pi3HOCTOPOHHBO PO3TIISIIAIOTH JaHE MUTAHHS.
Tax, 3a cnoBamu aBTOpiB poboTH [§], YKpaina npupedeHa MpuIUIsTH TIIEHY yBary
MUTAHHSIM TPAHCHOPTHOI O€3MeKM Ta CTBOPEHHIO HaWKpalmMx YMOB JUIA
(yHKIIIOHYBaHHS ~ €QMHOTO  €BPOMEWCHKOTO PHHKY [UIIXOM  (hopMyBaHHS
MynbTuMoianbHO1 Tpanc’eBponeiichkoi TpancmopTHOi Mepexi (TEN-T). bauenns
aBTopa cTaTTi (OKYyCyeThCS Ha HEOOXITHOCTI BXOJKEHHS  BITUYM3HSHOL
TpaHCHOPTHOI Oe3nekn 10 €BPOMEHChKOi CUCTEMH, IO BUMArae 3ampoBaKCHHS
HU3KH BUMOT. OHIEIO 3 TaKUX € YIOCKOHAJICHHSI CUCTEMH YIIPaBIiHHA O€31eKOt0,
HarJsay # KOHTPOJIIO Ha TPAHCIOPTI BIAMOBITHO A0 MIKHAPOJIHHMX CTaHIAPTIB Ha
OCHOBI OIIIHKK pu3uKiB. lle BuMarae moOyJIOBM BIANMOBIIHUX MOJECICH, SKi
JO3BOJISITh TIPOTHO3YBAaTH IUHAMIKY PO3BHUTKY CHCTEMH TepeBe3eHb. B sxocTi
MIPOJIOBKEHHS IHTETpaIlii 10 EBPOTNEHCHKOI CHCTEMU TPAHCIIOPTHOI OE3TMEKH B HAIITI i
KpaiHi TPOMOHYETHCS YIOCKOHAIUTH JCPKaBHO-YNPABIIHCHKI (YHKIIIT HA OCHOBI
YITKOTO MOTPUMaHHA OOpaHWX TIPIOPUTETIB IIOM0 IPABOBHX, OpraHi3aIliifiHUX,
MaTepiadbHUX Ta iHGOpPMAIiTHUX TMOKA3HUKIB ISl TOEAHAHHS 3YCHJIb OPraHiB
JICpKaBHOI BJIaJI W MicIIeBOro caMoBpsayBaHHs [9]. OnHaK B CTATTI HE HABEACHO
MOJIeNTi JJIsl HOEAHAHHS IMX 3YCHIIb, SIKa TO3BOJIMTH BU3HAYMTH MPUTAMaHHI HALIIH
KpaiHi 3arpo3u 1 HeOe3NeKH IS BITYM3HSAHUX ITiIPUEMCTB.

B crarri [10] po3risiHyTO MOXJIMBICTH YIOCKOHAJICHHS CHCTEMHU 3aXOJiB
Oe3neKu B aeporopTax 3aBAsSKW MOOYIOBI IMITAIliMHMX MoOeNel s 0araThox
MOIINPEHNX 3aBJIaHb, 3 METOIO OIEPATHBHOTO BHSIBIIEHHS Ta YCYHEHHS MOXIIUBUX
3arpo3. ABTOpPH 3alpONOHYBAJIU TPOBOJUTH OIIHKY €()EeKTHBHOCTI aBiamiiHOI
Oe3mekn uepe3 BU3HAYCHHS BHYTPIIIHIX 1 30BHINIHIX (DakTopiB, siKi GOpPMYIOTH
OCHOBY JUISl TIOSIBM HeOe3leuHuX curyariin. B Toi jxe wac, moOymoBa Mojeni
0a3yeThCs Ha CTAIllOHAPHHUX TIpoIecax, TOOTO (akTop dYacy, Ha >Kalb, He
BPaxOBYETHCSI.

Meta poGoTn

Po3pobuTi mpouiec kepyBaHHS NpodeciiHUMH (AMHAMIYHUMH) PH3UKAMH Yepes3
3MiHH B Yaci HeOe3MeUHNX YHHHUKIB IPU BAHTAXKHUX TIEPEBE3CHHX.

Marepiaau i MeTogu

st noOynoBu npoyecy xepyeants npogecitinumu (Ounamivnumu) pusuxamu BATL
BUKOPUCTAEMO OCHOBHI NpWHIMIK cucTeMHOT nuHamiku [11]. Ile m03BosnTH
BCTAHOBUTH TPUYMHHO-HACTIJIKOBI 3B'SI3KM Ta TMETJIi 3BOPOTHUX 3B’SI3KIB MiXK
HeOe3MeYHNMH YMHHUKAMH, 1110 JIIOTh Ha BOJIS.

MerToa cucTeMHOT TMHAMIKK CKIIaAa€eThes 3 I’ ATH KPOKiB (Tadm. 1).

Hepwuii kpox. ®DopmysoBaHHS HPOOJEMH, IS SIKOT TMPOBOIUTHCS aHai3
cUTyauii, BU3HAYAIOThCS JBI IPynH HEOE3NMEYHWX YWHHHMKIB, SIKi BIUIMBAIOTH Ha
6e3neky BAII — 30BHimHI Ta BHyTpiHi (puc. 1).
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Tabaumsg 1. Ormsag MeTomosIorii CHCTEMHOT JUHAMIKH

Kpoxk niportecy | Mera/3aBaaHHs KpOKY Onuc Kpoky
Bcranosnenns | Busnauenns  daxtopis, | 30ip maHmx mnpo 00’€KT JOCIHIIKEHHS:
mpobiemMu MeXi IX 3MiH, OIliHKa | po0OoTa 3i CTATUCTUYHOIO JOKYyMEHTAII€IO,
BIUIMBY Ha MPOIIEC, OMUC | OMUTYBaHHA NPAIliBHHUKIB, aHAII3 TOTOYHOI
JOKepen CUTYyallii 91 BIZOMHUX MOJeNeH
Po3pobxa [TosicHeHHs TUHAMIKHA Bcranosienas TIPUYHUHHO-HACT IKOBHIX
rinore3u MPOLIECY, IO PO3TVISIAAETHCS| 3B’SI3KIB, ~ BCTAHOBJICHHS  CTPYKTYpPHHUX
3B’SI3KIB, BiJJOOpayKEHHS 3BOPOTHHX BIUIMBIB,
BU3HAYEHHS! OCHOBHHX 3MiHHHX B 4aci
[ToGynoBa Iepexin Bixg skicHoro | [ToOymoBa Mopeni, oOLiHKa NapaMeTpis,
Mojeni ONMUCY [0 KUIbKICHOTO | Y3TO/DKEHHST MOJeNl 13  NpUHHATOIO
TpeICTaBICHHS MOJIEI TifnoTe3010
TectyBanHs BusnaueHHs [TopiBHSHHS pe3yJIbTATIB 3 €TAJIOHOM YU 3
Mojeni aJIeKBATHOCTI MOJiei eKCIIEPUMEHTAIbHUMHU  JTAaHUMH, — aHaji3
HEBH3HAUCHOCTI
Po3pobxa BcTranoBieHHs Po3po0Oka pekoMeHamiif o0 3SMEHIIICHHS
peKoMeHaamiit | 3amoOhKHUX 3axXO[iB, | PIBHIB pH3UKY
po3po0Ka yIpaBIiHCHKIX
pilreHb

Puc. 1. Monens 3B’43Ky YMHHUKIB CEPEIOBHIIA OpraHi3allii, OB’ sS3aHUX 3 BIUIMBOM 4acy
(pe3ynbTat — 3MiHa IpodeciiHIX PU3UKIB)

Hpyauii kpox. Po3poOka rimotes3u, sika nepeadavyae B3aEMOAII0 MiX Pi3HUMH
eJIeMEHTaMH TPaHCIIOPTHOI CHCTEMH, 110 BU3HA4aloTh mpodeciiini pusuku. [ns
IIbOI'0 CKOPUCTAEMOCH 3arajbHOBIZIOMOIO CHCTEMOIO "BOAiM — aBTOMOOUIb —
nopora — HaBkosmiiHe cepepopuie” (mami — "BAJIC"), mo mnoB’si3ye Gesnid
€JIEMEHTIB, SIKi 3HaXOAATHCS Y B3a€MOJIii OOWH 3 OAHHMM Ta YTBOPIOIOTH NEBHY
IUTICHICTB, €AHICTD [12].

Bianosigao mo ocobmuBocteit cuctemu "BAJIC" Oynm oOpaHi, B SKOCTI 3MiHHHX
CTaHy CHCTEMH JUIsl OLIHKM pusuky BuHUKHeHHs J[TTI, HacTymHi KpuTepii:
ncuxoi3ioNnoriyHuil cTaH BOAISI, TPUBAIICTh POOOTH/BIANOYHHKY, CTaXX poOOTH,
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eKCIDUTyaTalliifHi BIIACTUBOCTI BAHTA)XHOTO aBTOMOOINSA, TEXHIYHHH CTaH, CTPOK
eKkcrutyataii Ta iH. Takosx Oynu BpaxoBaHi i JONOMiXKHI 3MiHHI — clienianbHi yMOBH,
SKI XapaKTepU3yIOTh isUIBHICTb aBTOTPAaHCIOPTHOTrO miampuemctBa. Kpim Toro,
yBara OyJna mpuiijieHa i BIUIMBY KJIIMAaTHYHUX Ta JOPOXKHIX YMOB, SIK-TO: 3MiHa
MIOTOTHUX YMOB, HasIBHICTh OMAaJiB, CTUXIiiHI JINXa, HASBHICTH 3aTOPIiB, CKIIQTHUX
pPO3B’S30K.

I'padik pyxy, skuii moegHye Yac 3HAXOHKEHHS BOJIS 32 KEPMOM 1 BiITOYHHOK
Bil KepyBaHHS TPAaHCIOPTHHM 3acO00M, € OJHUM 13 €NEeMEHTIB, SKHA Mae
BUpIIIaIbHE 3HAYCHHS, TOMY 0 HBOTO TEX MPUBEPHYTO YBary MiJ 4ac OL[iHKH
pmsuky BunukHeHHs JTII. Tlopymenns rpadika pyxy MOKe MpPHU3BECTH [0
30inpIeHHs pu3uKy BuHuKHeHHS J{TI1 qepes mepeBuineH s MBUIKOCTI 9epe3 3MiHy
MICUXOEMOIIIMHOTO CTaHy BOJIiS Ta 1HIIIE.

Tpemiti kpox. BynyeMo KiNBbKICHY MOJENb OI[IHKK JAMHAMIYHUX PH3UKIB Ha
OCHOBI BWSIBIIEHUX MEXaHI3MIB 3BOPOTHOTO 3B’S3Ky. s 1[OTO CKOPHUCTAEMOCH
MetonioM «KpaBatka-meTenuk» (puc. 2) 3 ypaxyBaHHSIM BILTUBY Yacy depe3 MeBHi
MIPOMIXKKH, B SIKUX € 3MiHA HEOC3MEYHUX YNHHHUKIB!

1. 3a roomnammu nod6u: 3 00.00-24.00 ronuHu.

2. 3a qHSAAMU THKHS: TIOHETOK, BIBTOPOK, cepefia, YeTBep, I’ ATHUI, Cy0OoTa,
HE 1.

3. 3a ce30HOM POKY: BeCHa, JIiTO, OCiHb, 3UMa.

[Ipu npoMy BenmnunHy IpOoQeciitHOTO pU3KUKyY OyAeMO OI[IHIOBATH 32 HACTYITHOO
dhopmyiiorO:

R=1(1)-B(t), (M

1€ R — pu3uK BUHUKHEHHS He0e3MevHo1 moii; /() — IMOBIpHICTH TIOSIBH HEOE3MEKU
3 BpaxyBaHHSM [IE€BHOTO YaCOBOTO MPOMIKKY; B — TSDKKICTh BTPATH, sIKA 3aJICKUTh
BiJI 4acy HaJaHHsI JJOTIOMOTH.

Puc. 2. Monens xepyBaHHs NpodecifHUMK pU3NKaMH TP 3MiHI YNHHUKIB 30BHIIIHBOTO Ta
BHYTPIIIHBOTO CEPEOBHIIA OpraHizawii B yaci
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J1a OIiHKKA PU3WKY MPOTMOHYETHCA JIEII0 BIOCKOHAICHWH MpOlleC, SKUH, Ha
BIIMIHY Bi KJIACHYHHX MiAXOMiB, MOAUISIE MpodeciiHi pU3MKKW Ha TPU OCHOBHI

TUTH: TPUAHATHUH, NPUHHATHUH 3 IEpEBiPKOI0, HENPUHHATHUM (Ta0I. 2).

Tabmuug 2. Knacudikaris npodeciiiHux pu3uKiB

Ne Or1iHka pu3uKy bamu

1 ITpuitasTawMiA [TP Bix 0 mo 130
2 IpuitnaTamii [1P 3 mepeBipkoro Bix 131 mo 260
3 Henpuitasatanii [1P Brme 261

s koxxkHO1 HeOesneku 1 HeOe3neunol momii (mami — HIT) moxkHa BU3HAUUTH
migcymkoBuit [1P 3 ypaxyBaHHSM BIUIMBY KOXKHOTO 30BHIITHBOTO 1 BHYTPIIITHBOTO
HEOE3NeYHOr0 YMHHMKA, a JJIsS OLIHKMA BiporimHocti HacrtanHs HIT Ta crymens
TSHKKOCTI MOYKHA CKOpHCTaTHCh 8-OanbHoro mmikanow: e 1 — HIT He BinOyBaeThes
9i HacHigku BiacyTHi, a 8 — HII BinOyBaeThcst MOCTIIHO MPOTATOM BH3HAYEHOTO
nepiogy abo BaxKICTh HaCHiIKiB (TpaBMa 4u mpodeciiiHe 3axXBOpPIOBaHHS) — 3i
CMEpTEILHUM HACHIKOM. Biblll IeTa’abHO Mpo camMy mKary Ais ominku [1P moxHa
03HaOMUTHCH y podoTi [13].

Takuii migxin MO3BOJSE OWIHUTH TEBHY HMOBIPHICTh HAcTaHHS HEOE3MedHOl
mojii B JEIKOMY YacOBOMY INPOMIXKKY, IO JIO3BOJISE BCTAHOBUTH BiIIOBIIHUI
CTYIIHb TSDKKOCTI TPaBM TEX B Yaci.

Yemeepmuil kpok. llepenbavae mepeBipky peasicTHIHOCTI po3po0IIeH0] Moei
3 OIIIHKM PHU3MKIB — BH3HA4YeHHsS 11 ajekBaTtHoOcTi. [yt 3a0e3medeHHs mepeBipKu
aJIGKBaTHOCTI MPOBEICHUX OI[IHOK MPOMOHYEMO CKOPUCTATUCH AITOPHTMOM, SIKHIA
J03BOJISIE BIAICTIKYBAaTH KOKEH KPOK 3 KepyBaHHs Npo(deciiHUMHU pHU3NKaMHu 3
ypaxyBaHHAM 3MiHU BIUTUBY HeOE€3[I€YHMX UYMHHHKIB Ha BIpOTiTHICTH HACTAaHHS
HeOe31euHOT O/Ii1 Ta CTYIeHS TSHKKOCTI TpaBM BiJl HEl 3 ypaxyBaHHSIM dacy (puc. 3).

Puc. 3. Ilponec kepyBaHHS NpodeciiHUMM pH3MKaMHU 3 ypaxyBaHHSIM 3MiHH BIUTUBY
HeOe3MeYHNX YMHHHUKIB Ha BipOTiTHICTh HACTAHHSA HeOE3MeuHOI MOIil Ta CTYIEHS TSIKKOCTI
TPaBM BiJ Hel 3 ypaxyBaHHSAM 4acy
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I’'amuii kpox. BinOyBaeTbcs po3poOka peKOMEHAaIlid IIOA0 YCYHEHHS Yd
3MEHIICHHs HACHIAKIB BiJ Aii ommcaHoi mpoOieMu, BiIOyBaeTbCsl OOTPYHTYBaHHS
3armo0KHUX 3aXO0/IiB MIO/O0 iX YCYHEHHSI.

Pe3yabTaTu AocaigxeHHs

Hacranns ne6esneunoi noxii, BunukHeHHs [JT1I € pesympraToM B3aeMomii TphOX
OCHOBHUX CKJIaJIOBHX: HasiBHICTb 3arpo3u 4M HeOE3IEeKH, B3aEMO/Iisl Mi>K BAHTaKHUM
aBTOMOOI1JIEM 1 JIFOAMHOIO 1 HAsABHICTH KartamizaTopa. llix karamizaropom Oymemo
PO3YMITH TIEBHE SIBUIIIE, SIKE CIPHUSE MIBUIIOMY PO3BUTKY ITOii, [0 TPU3BOISATH 10
ATIL

Hemoxnuse nactanus JTII, skmo He icHye BCiX TphOX HABEICHUX €IIEMEHTIB.
3BicHO, mo0 3axuctutH Bofis Bim ckoeHHs JTII, sk mpaBuio, HadmpocTime
YCYHYTH CKJIQZIOBY "B3aeMoist", TOOTO BiIMOBUTHUCH BiJl BUKOHAHHS TPaHCIOPTHOI
poboTu 3 mepeBe3eHHs BaHTaxy. CKiamHille YCYHYTH CKiIajoBy "HeOesmeka',
0COOINBO, SIKIIO BOHA OB’ sI3aHa 3 30BHINTHIMA YHHHAKAMH (TIOTOAHIUMA YMOBaMH,
IHIIAMA ~ yYacHUKAMHU JIOPOKHBOTO PyXy, CTaHOM Jopir Ta iH.). OpHAaK,
HaHCKJIaHIIIe mepe0auynuTH CKIaJ0By "KaTanmizarop” (IOMUJIKY), siKa MOB'A3aHa 3
ncuxo(izi0I0riYHUM CTAHOM BOJIIS, HOTO KOMIIETEHIIIIMHU, MPO(ECiOHATI3MOM, SIKa
MOXK€ 3MIHIOBaTHCh 3 pPI3HHX NPUYHH: HACTPOIO, E€MOLIHHOro 3a0apBIEHHS,
€proHOMiKA POoOOYOro Miclsi, YMOB Mpaii, A0O0poOyTy, HaBaHTaKEHHS, PHTMY
poboTu Ta iHIIOTO, MO MOTPeOye TMOCTIHHOTO MoOHITOpuHry. lle BuMarae
BCTAHOBIJICHHS BIAMOBIAHUX B3a€MO3B’S3KIB MIDK HMOBIPHICTIO 1 TSDKKICTIO
HACJIIJIKiB, III00 BiICTiAKYBaTH BiAMOBIIHI 3MiHU B 4aci (puc. 4).

Puc. 4. Matpuus 3 OLIHKHA PU3HKIB BHHUKHEHHS HeOE3IeYHOT MoIil

Kpim TOro, BayKJIMBO OI[IHUTH BIJHOIICHHS BOJisA J0 CBOEI poboTH uepes
MOKa3HUK "JacToTa BHHUKHEHHS mopyumeHp" (tabn. 3). Buminumo HaiiGimbm
HEraTUBHI TICHXOJIOTIYHI CTaHM, SKI MOXYTh 30UIBIIMTH PIBEHb PH3UKY:
OaiimyxicTh, Oe€3mopajaHiCTh, OE3BIANOBINAILHICTh, IIOMHUIIKA, arpecHBHA
MMOBEIIHKA.
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Ta6mums 3. KinbkicHI MOKa3HUKH TS OIIHKH PO eCiiHIX PU3HKIB

Bamu YacToTa BUHUKHEHHS WmogipHicTh mofil TsKKICTH HACIIIAKIB
. Bucoxa iMOBipHICT .
5 BesnepepBHMii BIUIHB | . . ., | CmeprenbHi: cMepTh 0co0H
iHIuaeHTy Oinpie 80%
YacTuil BIUIUB, . . . .
. . 3HayHa HMOBIpPHICTH Cepiio3Hi: TpaBMU I'OJIOBH,
4 BUHHKAE KiJbKa pa3iB o : o
50-80% xpeOTa — iHBaJiIHICTh
Ha JICHb (TYOKICHB)
3HaYHMI BILIKB, . . .. . .
. . ITomipHa HMOBIpHICTH 3HayHi: TPaBMHU KiHI[IBOK,
3 BUHUKAE JICKITbKA Pa3iB . o . .
. Bix 20-50% 3HAUYHUHN TePMiH BUAYKAHHS
Ha THXKJIICHD (MICSIIIb)
. . TTomipHi: BTpata
IlomipHuii BIIUB — N . PHI: BIpatTa
. . IleBHa WMOBIPHICTH Mpare3aTHOCTI 0 MiCSIIs,
2 JIeK1IbKa pa3iB Ha N ..
. 10-20% pO3TArYBaHHS M’S31B,
MiCSIb
CYXOXKHJIb
HesnauHi: moapsnuHy,
1 He3naunuit BB — MamnoitmoBipaHit cajHa, 3a0UTTs, BTpaTa
BinOyBa€eThHCS 3pigKa et 2—-10% Mpane3JaTHOCTI Ha JeKiTbKa
JTHIB

st mponecy qUHaMI4HOT OL[IHKH MPpOoQeciiHuX pU3UKIB HE0OXiJHO MO0y TyBaTH
B3a€EMOII0 MiX pI3HUMH eJIeMEHTaMH TpPaHCHOPTHOI cuctemu (puc. 5), fgKa
JI03BOJISIE BCTAHOBUTH 3MiHY KO’KHOTO HEOE3MeUHOr0 YNHHUKA B Yaci.

Puc. 5. lnuHamivHa MOZIETH OIIHKH MPOGECIHHOTO PH3UKY BOJIIS

HacTtymHuMm KpokoM € BH3HAUEHHS BEIWMYMHU NPOQECIIHOTO PU3UKY BOJiA, SKa
moOyI0BaHA HAa OCHOBI B3a€MOJIiI WMOBIpHOCTI HacTaHHS HeOE3MEeUHOl Mojii Ta
TSOKKOCTI HACINIIAKIB 3 YpaxyBaHHAM 3MIiHH (DI3UYHOrO 1 ICHUXOJIOTIYHOTO CTaHy
BOJis, 110 HaBEIEHO B Ta0. 4.
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Tabmuns 4. [nearudikarmis HeOe3mnek, oiHKa TpoeciitHOrO pU3UKY BOIIA

[lepBuHHMIT aHATI3 —
o BU3HAUCHHS BILTUBY
InenTudikaris
He0Ee3MeYHOro YNHHUKA
B Haci
w
E E — = E T é
=| B ¥
N £ B E5l gE§ 3 IeppunHa
o < = Q .
5 2 s 0| €85 ,? OILiHKa
E s = 22| §=°S =
0 = o He6 > 2= E o E o=t
3 = = e0e3neYHn YHHHUK 5E| 2% E
) 2 £ EE| EEE 3
= & = X8 E =8 =y
[ & CTO|l 2EO
O = ) =S o
= e & E OEFE =
= [
aa) = s
BIITKY
3MiHa IICUXO0JIOTiYHOTO o o
= 1 9 9 IIpuitasaTHU]
£ | cramy
< - . - -
5 3miHa Qi3HYHOTO CTaHy 1 9 9 [puiiasaTHUI
~ R A .
4 Q 2. | 3MiHa KIIMaTHYHUX N N
5 A Q 3 2 6 puitasaTHnit
G g 8 MOB
s 8| E % yMC -
! z <y g 3 3MiHa YMOB Ha JI0po3i 4 4 16 [IpuitasiTHU
[~ Q
Q© IlepeBuinenns o o
28 = PCBHILC 1 9 9 [puitHsTHII
= g | uBHAKOCTI
E TexHiyHMI CTaH aBTO
= | Heperynspruii
MapupyT
OriHKa 3arajgbHOT0 NpodeciitHoro pu3uKy 49 [puitasaTHUI
B3UMKY
3MiHa IICUXO0JIOTiYHOTO N .
9 9 81 Henpuitasatanit
CTaHy
= B p v o
) o E 3miHa Qi3HYHOTO CTaHy 7 9 63 Henpuitasatanit
= A te) - -
e 5 E s ¢ | 3MiHa KIIMaTUYHUX . .
B s 9 4 3 12 IpuitHaTHuMit
2 > £ = = Z| ymos
o " " - o
g g 8, @ | 3minHa yMOB Ha J10po3i 7 4 28 [puitHaTHUiA
<
< = S| Tepepumenns . »
= ® P . 2 9 18 puitasTHMI
HIBUJIKOCTI
Orminka 3aranpHOTo0 podeciitHoro pmsuky | 202 | Henpuitatauit
3a roguHaMu 1001
. w | 3MiHa 14.00-18.00 1 9 9 [TpuiiasTHUI
= E = 8 E ¢isugnOro i 18.00-21.00 2 9 18 [IpuitasiTHU]
QY E ﬁ a ricuxooriu- | 21.00-24.00 3 9 27 [IpuitasiTHU]
3 z é % .| HOTO CTaHy 00.00-3.00 7 9 63 HenpuiiHsaTHUIHA
= . o o
<::n CE>f o £ | Bomist 03.00-06.00 9 9 81 Henpuitnsatauii
<
® | Ouinka 3aransHOTo TPodeciitHoro pusnKy HenpuiinsatHuii
3a mopoio 106m
£ 3 ° = | 3mina BIIITKY 1 9 9 [puiHATHHIA
-\g é = ‘8 cE KTiMaTH4- | B3UMKY 2 9 18 [puitHATHU]
4 g8l e | £ £ | HuX ymMOB | BOCCHM 3 9 27 puitaTHMHA
= = : : = =
E zl X S | mpani HaBeCHI 7 9 63 Henpuitnsatauii
) x . . o o
<= = % | OuiHka 3araabHOTO NMPOQECiHHOro PU3NKY Henpuiitnsatauii
Oo0rosopeHHs

Po3pobmena  ms
BHYTPIITHHOTO Ta

BHUKOPWCTAaHHS MOJENb 3B’s3Ky HEOE3NMeYHUX YHWHHUKIB
30BHIIIHBOTO CEPEIOBHINA OpraHizamii, IOB’sS3aHUX 3 iX
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HETaTUBHUM BIUTMBOM Ha 3POCTAaHHS BIPOTITHOCTI HACTaHHS HEOE3MEWHOI MOIii
(IHIMAEHTY) Ta CTYIEHs TSDKKOCTI B 4aci, 103BOJISIE TIepen0auyuT HeBiJOMi CTaHH
"karamizatopa" ((i3MYHOTO 1 MCHUXIYHOTO CTaHy BOJis) HAa OCHOBI JOCTYITHOI
indopMmarii mpo sKicTe mpodeciitHoi misibHOCTI. [Ipomec mporHo3yBaHHS
MOB'SI3aHUI 3 HEBU3HAUYEHICTIO, HacaMIIepesl, MOsIBM HeOe3MeqHO1 moii yepes 3MiHy
BiJHONIICHHS B 4Yaci, IO JO3BOJISIE PO3MIISHYTH Pi3HI MOXJIMBI albTepHATUBHI
creHapii (MOXIWBI creHapii moBemiHky) st yHuUKHeHHS Hactamas ATIL [14].
3anpomoHOBaHUN TIAXiA MO3BOJSE OIMIHUTH PiBeHb NPOQECIHHOTO PHU3KKY 3
ypaxyBaHHSM BCiX BHJIB TOSBU IIMX MOXIUBHUX CIEHapiiB po3BUTKY monii. [Ipu
LIBOMY 3HaYHO MTOCHJIIOETHCS JOCTOBIPHICTH OTPUMAHUX PE3YJIbTATIB aHali3y 3MiHH
npodecitaux (IMHAMIYHUX) PU3UKIB B Yaci: 3a TOAWMHAMH JTOOH, 32 JHAMHU THXKHS,
32 CE30HOM pOKYy, Ha IO TaKOX 3BEPTalOTh yBary aBTopu poOotu. [Ipmuomy
BiAMIYA€THCS, IO CE30HHA [WHAMIKA BIIMBAE Ha EKOHOMIYUHI ITOKA3HUKH,
edexTuBHICTH poboTh [15].

Bkazana 0coOMMBICTH 3alpPOIIOHOBAHOTO TMIAXOMYy, IO BUPAXKAETHCA Yepe3
B3aEMOJII0 TPhOX OCHOBHHUX CKJIIAJOBUX: HAsSBHOCTI 3arpo3d YW HEOE3IeKH,
B3a€MOMil MDK BaHTOKHUM aBTOMOOLJIEM 1 JIOAMHOIO, BIUIMBY (i3W4HOTO i
TICUXOJIOTIYHOTO CTaHy BOJis, JO3BOJISIE TOOYIyBAaTH MATPHIIO, SKa BH3HAYAE
3QJIEKHICTh TSDKKOCTI HACIIAKIB BiJl HACTAHHS HeOE3meuyHol MOil, 110 € OCHOBOIO
JMHAMI9HOT MOJIeTTi OLiHKH npodeciitHoro pusnky Bois [16]. B cBoto uepry, Takuii
MiOXiT Mae psja TepeBar Hal CTalliOHAPHUMH MOJENSIMH, SKi HE JO3BOJSIOTHh
BpaxyBaTH MOXJIMBICTh 3MIHH BIHOIICHHS BOIS B 4Yaci, TOOTO BUSBUTH BIUIMB Ha
MOSIBY MOMMJIKM 4H, HaBMaKy, YHUKHEHHS aBapiiiHoi cutyanii. Lle, B cBorO 4epry,
30iBIINTE HEBIAMOBITHICTh po3paxyHKiB. [lpumyctumo, mo icHye Hebe3meka
«TEXHIYHO HECIpPaBHHUU aBTOMOOUTH» — WMOBipHicTh HactanHs JTII npu mpomy
ckianae 12, Toai 3 ypaxXyBaHHSIM MTO3UTHUBHOTO/HETATUBHOTO BIJHOIICHHS BOJIIB /10
BUKOHAHHS CBOiX OOOB’SI3KIB 11 IMOBIpHICTh OyJie gopiBHIOBaTH [2 + A. A — 11e
BeIMYMHA HMOBIPHOCTI a00 YHUKHEHHS, 200 HaBITaK¥, HACTaHHS HeOe3MevHOol Mo/Iil
Yyepe3 oOepeHi/HEBMII JIiT BOAIA MiJ Yac ynpaBiiHHs aBToMoOiteM. ToOTo icHye
sKach Oa3oBa IMoBipHicTh BuHHMKHeHHS JITII uepe3 TeXHIYHO HeclpaBHUI
aBTOMOO1IIb, BEJIMUMHA SIKOi HE 3aJIeXKHTh BiJl JIIOJCHKOI0 YMHHHKA. B cBOIO yepry,
BiJHOIICHHS JIIOAMHU 10 BUKOHAHHS CBOi OOOB’SI3KIB € JOAATKOBHM (DaKTOPOM,
sakui abo 30inbInye iMoBipHicTs HacTanHs JITII, abo HaBmaku, HOro 3MEHIINTH
[17]. Tak, AMOBIpHICTh MOMHJIIKY TP YIPABIiHHI aBTOMOOIJIEM 3MEHIITYEThCS Yepe3
301IBLICHHS] PIBHS YyBard, 30CEPEIKEHOCTI, BiINOBINANBHOCTI, IO CHpUSE
3MEHIIIEHHIO WMOBIPHOCTI HeOE3MEeKH Ta TOTOBHOCTI BOJISl IO PI3HOTO PO3BUTKY
noJiii. 3 iHmoro OOKy, BOHa MOXe 30UIBIIUTHCH Yepe3 MPOSB CHIBLHHX EMOIIiH,
MOSIBY BTOMH, HAasIBHICTb PU3MKOBAHOI MOBEAIHKH, O€3pO3CYIHICTh, OaWmyXiCTh,
CaMOBIICBHEHICTh. B Takomy BHMajKy st po3paxyHky imoBipHocti JTII moxna
Bukopuctatu (opmyny Baiieca [18]. Hanpuknan, skmo #mosipHicts JITII Bix
TEXHIYHO HECIIPAaBHOTO aBTOMOO1Is ckianae i, a Big 3po01eHol MOMUIKHM BOIEM —
Ci, To iimoBipHicTh HactanHs J[TII Big TexHIYHO HecpaBHOTO aBTOMOOLIS 3a
YMOBH, II0 BOAiH 3pOOHUTH MOMHJIIKY, MOKHA PO3paxyBaTH sIK

_ 1(C1 /]1)'1(11)

I(1,/C,= ) : @)

ne I(Cy/1;) — iMmoBipHicTh HACTaHHS YMOBHOI moAii npu BBl nomuiky; 1(Cy) —
HMOBIpHICTh HACTaHHS MOAii 0€3 BIUIMBY MOMMUJIKH.
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OTtpriMaHi OWIHKY BENWYMHU NPO(ECiiHIX PU3HUKIB MPH 3a3HAYEHOMY MiAXOl
noTpeOyIoTh MOCTIHOT TepeBipKH, IO A03BOJSE BHKOHATH 3alpONOHOBAaHUMA
ITOPUTM, B SKOMY Iepea0adeHo 3BOPOTHHUH 3B'S30K, LIO MOB'SI3aHUHN 31 3MiHOIO
BIUTMBY HeOe3NeyHNX YMHHHKIB Ha BIpPOTiIHICTh HACTaHHA HeOe3lmeyHoi mofil Ta
CTymeHsi TsDKKocTi. llpudoMy Takwii miaxix IO3BOJSIE PO3TISHYTH OEKiNbKa
MO>KJIMBUX CICHAPIiB, 10 3HAYHO 3MEHIINTh HEBU3HAUEHICThH OLIIHOK.

BucHoBku

1. Po3pobnena Ta pEKOMEHAYEThCS A BUKOPHCTAHHA MOJEND  3B’SI3KY
HeOe3MeYHNX YNHHHUKIB BHYTPIITHHOTO Ta 30BHINIHBOTO CEpEeAOBHUINA OpraHizalii,
MOB’s3aHUX 3 iX HEraTMBHUM BIUIMBOM Ha 3POCTAaHHS BIPOTITHOCTI HACTaHHS
Hebe3nevHoi mofii (IHUIeHTY) Ta CTYICHS TSDKKOCTI B Yaci.

2. 3ampoIioHOBaHO I aHai3y 3MiHU MPOoeCifHUX (AMHAMIYHUX ) PU3HKIB B 9acl
BO/Iis1 BAHTa)KHOI'O aBTOMOO1IIS, SIKUMH € 3MiHa HeOe3NeUYHUX YNHHHUKIB: 34 TOAMHAMH
no6u: 3 00.00-24.00 roauny; 3a JHSIMHU THXHS: TIOHEIIOK, BIBTOPOK, Cepenia, YeTBep,
I’ SITHUIISL, CyOOTa, HEJILIS; 32 CE30HOM POKY: BECHa, JIITO, OCiHb, 3UMa.

3. IlponoHnyeTbcss sl BU3HA4YeHHs pusukKy HactaHHs J[TII BpaxoByBaTu
B3aEMOJII0 TPhOX OCHOBHHUX CKJIAJOBUX: HAsSBHOCTI 3arpo3d YW HEOE3IeKH,
B3a€EMO/II1 MK BaHT&)XHHM aBTOMOOLIEM 1 JIFOJMHOIO 1 HAassBHOCTI KaTallizaropa —
(hi3UIHUI 1 ICUXONOTIYHUH CTaH BOJIS.

4. Po3po0iieHO i MEepeBipKH aJeKBATHOCTI NMPOBEACHUX OIIHOK aJTOPUTM,
SIKMH JJO3BOJISIE BiZICTIIKYBaT KOKEH KPOK 3 KepyBaHHs NMpodeciiHUMU pu3nKaMu
3 ypaxyBaHHSIM 3MiHU BIUIMBY HEOE3NEYHWX YMHHUKIB HA BIPOTiTHICTH HACTAHHS
HeOe3neyHol Noii Ta CTyNeHs TSHKKOCTI TPaBM Bij Hel 3 ypaxyBaHHSIM 4Yacy.

5. Buxomsuu i3 B3aemojii HMOBIPHOCTI HAacTaHHS HeOE3Ne4HOl MOl Ta
TSODKKOCTI HACHIJIKIB 3 ypaxyBaHHSM 3MiHU ()i3MYHOTO 1 MCHXOJOTIYHOTO CTaHY
BOJis, MOOYIOBAaHO JUHAMIYHY MOJIENH OIIHKU MPO(eCciHHOTO PUIUKY BOJIis.

6. BcTaHOBNEHO, O HEMIPUUHATHUI PiBEHb PU3UKY (PIKCYETHCS B HIUHY MOPY
n00M Ta B 3UMOBHI 4ac MPH HEBIAMOBIIHUX KIIMaTHYHHX YMOBax, IO MOTpedye
PO3POOKH JTi€BUX 3aMMOO1KHUX 3aXO0/IiB 3 OE3MEKH.
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ANALYSIS OF THE FRACTIONAL COMPOSITION OF THE DUST
OF THE WORKING AREA WHEN DRILLING COMPOSITE
MATERIALS BASED ON CARBON FIBERS

Abstract. Modern production of unmanned aerial vehicles is characterized by the
use of high-tech materials based on carbon fibers, the assembly operations of which
are characterized by a large number of mechanical drilling operations, which are
performed mainly by hand using a carbide tool with a diamond coating. The paper
presents a study of the concentrations and dispersion of the dust composition and
the geometric shape of the dust-forming particles in the working space of workers
of machining shops during the technological operations of drilling, milling and
countersinking of packages of composite materials based on carbon
polyacrylonitrile fibers. On the basis of the conducted experiments, the regularities
of the distribution of dust of different fractions in the horizontal and vertical planes
of the working space at a distance covering the zone of the immediate location of
the worker during this type of operation were determined. The obtained data made
it possible to record a significant excess of the maximum allowable concentrations
of finely dispersed residues of polyacrylonitrile fibers in the working area of the
drill, 2.5 and 10 um in size and elements of the carbon matrix. In order to investigate
the possibility of a negative impact of the dust of the working area on the body of
the worker, a study of the fractionation and geometric shape of carbon fiber
fragments was performed using raster microscopy, based on which it was concluded
that the fiber fragments have a spear-shaped, pointed shape, and the carbon matrix
forms conglomerates, which are characterized sharp edges and can cause
significant damage when they affect the human respiratory system. On the basis of
the obtained results, recommendations were given in the work to improve the
indicators of the dust load of workers to normalized values with the help of the use
of special suction devices and personal protective equipment with special filters.
Key words: dust fraction; dust load; working area; dispersed composition;
mechanical processing; occupational health.

0.0. Yenuena

KpemeHuyipkuii  HamioHaNBHUM — yHiBepcuTeT iMeHi Muxaiima OcTporpaacbkoro,
M. Kpemenuyk, Ykpaina

AHAJII3 ®PAKIIMHOI'O CKJIAJY WY POBOYOI 30HU
IIPU CBEPJJTYBAHHI KOMIIO3UIIIMHUX MATEPIAJIIB
HA OCHOBI KAPBOHOBHUX BOJIOKOH

Anomayin. Cyyache  6UpOOHUYMEO  OE3NIIOMHUX  JIMATLHUX — AnApamie
Xapakxmepuzyemvcs BUKOPUCTNAHHAM 6UCOKOMEXHONIO2IUHUX MAMEPIaié Ha OCHOBI
KapOOHOBUX BOJIOKOH, 30UpanbHi onepayii AKUX XApakmepuzyiomscs GeluKoN
KIMbKICMIO MeXauiyHux onepayitl ceepOiy8aHHsl, 5Ki GUKOHYIOMbCS NePeBadiCHO
BDYYHY I3 BUKOPUCMAHHAM MBEPOOCHIABHO2O0 [HCMPYMEHMA 3  AIMA3HUM
nokpummsam. B pobomi npedcmasneno 0ocniddcennss KoOHyeHmpayit —ma
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oucnepcHOCMi NUN08020 CKIAOY MdA 2e0MempUuyHoi opmu nuioymeoployux
YacmunoK 'y poboYoMy NPOCMOpi NpayieHUKie MexanooOpobHux yexie npu
BUKOHMAHHI ~ MEXHONOZIYHUX — onepayitl  ceeponysanns,  Qpesepysanns  ma
3eHKepYBaHHsA NAKemi8 KOMROZUYILHUX Mamepianie Ha OCHO8I KApOOHOBUX
NOMIAKPUTOHIMPUTLHUX 80710KOH. Ha ocHo8i nposedenux excnepumenmis 010
BUSHAYEHO  3AKOHOMIDHOCMI — PO3NOBCIOONCEHHA Nuny pisHoi  @pakyii y
20PUBOHMANLHUX A BEPMUKATLHUX NIOWUHAX POOOH020 NPOCMOPY HA BIOCMAN,
Wo 0XONNIOE 30HY 6e3n0CcepedHbo20 PO3MAULYBAHHA POOIMHUKA NI0 YaAC BUKOHAHHA
maxoeo muny onepayiu. Ompumani Oani 003604UNU 3AQIKCYBAMU 3HAUHE
nepesuujeHHs 2paHUIHO OONYCMUMUX KOHYeHmMpayiti OpiOHOOUCHEPCHUX 3ATUIUKIE
NOMAKPUTHIMPUTLHUX 80JOKOH )Y POOOUII 30HI C8EPONYBANbHUKA, POIMIpOM 2,5 ma
10 mrm, ma enemenmie kapboHo80T Mampuyi. 3 Memoo 00CHIONCEHHA MONCIUBOCIE
He2amugHo20 6NAUBY NULY pobOUOi 30HU HA OP2aHI3M NPAYIHUKA OYI0 8UKOHAHO
docnioxceHuss @paxyitinocmi ma 2eomempuyHoi Gopmu yiamxie KapOoHO8UX
B0JIOKOH 3d OONOMO20K PACMPOBOi MIKPOCKONIL, HA OCHOBI 4020 0Y10 3D00NIEHO
BUCHOBOK, WO YIAMKU BOJOKOH MalOMb CRUCOGUOHY 20CMPOKOHEUHY (Gopmy, a
KapOOHO8a MAmMpuys ymeopioe KOH2IOMepamu, sIKi XapaKxmepusylomsCs 2o0Cmpumu
epauamMu i 30amui 3a80a8amu 3HAYHOI WKOOU NPU IX NAUBI HA OUXATLHY CUCHEMY
moounu. Ha ocnosi ompumanux pezyismamis 8 pobomi 6y10 HA0aHo peKomeHOayii
w000 NOKpAaWeHHs NOKA3HUKIE NUN06020 HABAHMAIICEHHA NPAYi6HUKIE 00
VHOPDMOBAHUX ~ 3HA4eHb 34  OONOMO20I0  GUKOPUCHAHHA  CHeylianbHux
BIOCMOKMYBANGHUX ~ NpUCMPOie  ma  3acodie  iHOUGIOYaibHO2O  3axucmy  3i
cneyianbHUMu Qitempamu.
Knrwuosi crosa: ¢paxyis nuny;, nuioHasanmadicents, poboua 30Ha;, OUCHepCHUL
CKIA0; Mexaniuna obpooxa.

https://doi.org/10.32347/2411-4049.2023.2.100-108

Beryn

CydacHa Oe3rekoBa cUTyallis B YKpaiHi cTajia MPpUYUHOI PO3BUTKY BHPOOHUIITBA
CY4YacHUX JIETKHX IITAbHUX anapaTiB, OCHOBOIO KOHCTPYKIIH SIKHUX € CydacHi
BHCOKOTEXHOJIOTI4HI, HAAMII[HI KOMITO3UIIIIHI MaTepiain Ha OCHOBI KapOOHOBHX
BOJIOKOH.

30ip enemeHTiB JiTanbHUX amnapartiB (JIA) 1 3’emHaHHS OKpeMHX IIapiB
KOHCTPYKI[IHHUX MaTepialiB BUKOHYIOTh 3a JIOTIOMOI'OI0 3’€JHaHb, BiJ TOYHOCTI
BUKOHAHHS SKHX 3QJICKHUTh SKICTh 1 JOBTOBIYHICTH KOHCTPYKIi B IioMy. Came
TOMY TPELEeH3IHICTh BUKOHAHHS OTBOPIB UIS TAKOTO THUIY KOHCTPYKIIH €
HaHBaXKJIMBIIIOK XapaKTEPUCTHKOI SIKOCTI 0OpoOkH ejieMeHTiB. B peanbHOMY
30upanbHOMY Tporeci BUpoOHUITBA JIA OCHOBHUMHM TEXHOJIOTIYHUMH MPOLIECAMH,
SIKi 371aTHI 3a0€3MEYUTH BUMOTH JI0 SIKOCTI 0OPOOKH Ta YHCTOTH POOOUYOTO MiCIIs, €
00po0Ka 0OCLOBHM THCTPYMEHTOM Ta cHipayibHe ppe3epyBaHHs.

VY BUmNamkax BHUKOHAHHS OTBOPIB y JPiOHUX AETalsX Ta €IeMEHTaX CKJIaJIHOI
reoMeTpuyHoi (GopMH, a TAaKOXK Yy BaXKOJOCTYITHHX MiCLSX BHKOPHCTOBYIOTbH
MOPTATUBHHUN PYYHUH I1HCTPYMEHT 3 MOXKIMBICTIO PETYJIIOBaHHS TIOAadi B
3aJIeKHOCTI BiJl THIy KapOOHBMICHOTO Marepiaiy, JiameTpa CBepiia, a TaKokK 3
MO>KJIMBICTIO peaji3alii aBTOMaTHYHOTO MiABOAY 1 BUBOY CBEp/Ja i3 30HU pi3aHHs
Ta KOHTPOJIEM INIMOWHU CBEP.UTIHHS Ta EPEBAHTAKEHHS IHCTPYMEHTA.

CrtaH nuTaHHd

BukoHaHHS 0OTBOpIB y MakeTax KOMIIO3ULIHHMX MaTepiajiB Ha OCHOBI KapOOHOBUX
BOJIOKOH XapaKTepU3YeTbCs 3HAYHUM BHIUICHHSM APIOHOIUCIIEPCHOTO MHIY 1
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[UIaMy i3 30HH Pi3aHHS, M0 OCOOJIMBO MPOSABISAETHCA TIpU 00pOOIIl MaTepialiB Ha
OCHOBI MipBYIJIELEBOI MAaTPHULi, II0 CBITYUTH MPO 3arpo3y 3A0POB'I0 MPAIIOI0YHX,
OCKIJIBKH [Iisl MHJTY Ha OPraHi3M HOCUTh HAKOIIMYYBAIbHUI XapakTep.

HopmyBaHHS Ta oIliHKa BIUTMBY Ha 3/J0POB'S MPAIIOIOYNX JAPIOHOAMCIIEPCHUX
TBEPANX YACTHHOK, MPUCYTHIX y MOBITPI poO0Y0i 30HM MEXaHOOOPOOHUX IIEXiB,
3aJIMIIAETHCS aKTYaJIbHOIO MPOOJIEMOI0, OCKIIBKH MHUJIOBUH (akTop XapaKTepHUit
s 6arateox BHpOOHWHTB [1]. LliMM psooM mOCHIIKEHL BCTAHOBJICHO, IO
0coONMMBY HEOE3MeKy CTaHOBJIATH pecmipabenbHi (AiaMeTpoM 10 5 MKM) Ta
TpaxeoOpoHxianbHi (giamerpoM Big 5 1o 10 MkM) ApiOHOAMCIICPCHI YacTOUKH [2].
[Ipu upoMy TirieHiyHi HOPMATHUBHU Ha 3BAKEHI YaCTKH po3MipaMu MeHire 10 MM
(PM10) Ta 2,5 mxm (PM2,5) y noBiTpi pob040i 30HH MarOTh OyTH YHOPMOBAaHI Ta
BiJNOBIZIATH AEPKaBHUM Ta MDKHAPOIHUM CTaHAapTaM. Bu3Ha4deHHS mapameTpiB
pPO3MOITy KOHIIGHTpAlid € BaXIMBUM JUIsl OIIHKA Ta  JIOCIIPKEHHS
ITHEBMOKOH1030He0e3MmeyHoCcTi pobounx wicmp. [lyke BaXKOWw MPOOIEeMOrO
MWJIOBOI'O MOHITOPHHTY € BU3HAYEHHS AUCIIEPCHOT0 CKJIay YaCTUHOK, IO BUTAIOTh
y MOBITP1 Ta BAUXAIOTHCS JIFOJAUHOIO.

Bkpaii HemocTaTHiME € (parMeHTapHi IaHi Mpo YacTKy ApiOHUX (pakmiit y
3arajpHIi Maci MTUIOBUX YaCTHHOK y TIOBITPi poOouoi 30HN. BaxIimBoro nmpu aHamizi
BIUTMBY KapOOHOBOTO Iy € iHdopMalis po GopMy YaCTHHOK, OCKUTBKH IpiOHI
YaCTOYKM KapOOHOBUX BOJIOKOH 3 TOCTPUMH I'PaHSMH, OCOOIHBO TOI9acToi hopMu
(kpucTamiuHui T, HAHOTPYOKW, MOPOIIMHKA KapOOHOBOTO BOJIOKHA 1 T. II.),
HaJar0Th OUIBIITY ITOAPA3HIOBATILHY JIit0 B MICI{I 3ITKHEHHS (Ha CIM30BUX 000JIOHKAX
OYel, BEpXHIX IMXANbHUX [UIXIB, a iHOAI 1 HA LIKIPHOMY IOKpHWBI), TOAI SIK
aMop(HUH 1 BOJOKHUCTHH IHJ MEHIIOI MipOI0 BHKIMKAE MicleBe MOAPA3HEHHS
tono [3].

Meta po6oTH — JOCHIDKEHHS AMCIEPCHOTO CKIay MUy MEXaHOOOPOOHHX
nexiB BUpoOHUNTB JIA, BH3HAYEHHS T€OMETPUYHOI ()OPMH MHIOBOTO LUIAMY Ta
OIlIHKa KOPEKTHOCTI Kiacudikamii Ty SIK XapaKTepHCTUK poOOYMX MicCIb
POOITHHKIB.

Buxian ocHOBHOro MaTepiasry

OOpoOnroOBaHHIO  TBEPAOCIUIABHUM  CBEpJIOM  MiAJNaBald  BUCOKOMIITHUI
TEPMOCTIHKUI KOMMO3HMIIHHUI MaTepial Ha OCHOBI MOJaKPHIOHITPHUIIBHUX
KapOOHOBHX BOJIOKOH 3D ykiajgaHHs, MPOCOYCHUX MIPBYTIICHIEBOIO MATPHUIICIO, HA
OCHOBI BHCOKOTeMIlepaTypHoro cmikaHHs. CTpykTypa KapOOH-KapOOHOBOTO
KOMIIO3UTY HaBeJeHa Ha puc. 1.

Puc. 1. Crpykrypa KapOOHBMICHOTO KOMIIO3HMIIIMHOIO Marepialy Ha OCHOBI
TOJTIaKPUJIOHITPHIILHAX BOJIOKOH

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 103 ~

JocaimKeHHs] AUCTIEPCHOTO CKIIAAy Ta TEOMETPUYHOI (POPME THIIOBUX BUKHU/IIB
BUKOHYBJINCh Ha PUKJIaJli BUKOHAHHS OTBOPiB Y KapOOH-KapOOHOBOMY KOMIIO3HUTI
TBEPIOCIUIABHUM CBepajioM niamerpoM d=8 mm 3a JONOMOTOI0 PY4YHOTO
IHCTpyMeHTa 3 TIOCTIHHOIO Mmoavero [4].

[Ipo6oBinbip mmiy 3milicHIOBaBCS Ha poOOUYMX MicHx y Oe3mocepemHii
6mu3bpKoCTi 10 Hkepen BuaiieHHs (Big 10 mo 50 cM Big micus nunoyTBopenHs). [Ipu
BiIOOpP1 3aCTOCOBYBAIIMCS MIPUCTPOI, IO JO3BOJSIFOTH JOCTIHKYBATH (PpaKmiiHUI
ckian muny. TpuBaiicTs Bimbopy mpoO ctanoBmia Bix 2 mo 10 xB (3aeXHO Bix
{HTEHCUBHOCTI BUIIIEHHS [Ty Ha [KEPE BUMIIEHHs) 31 mBUAKiCTIO 20 1M°/XB.

BumiproBanHsi THMOMHM CBepIUTyBaHHA Oyll0 BHKOHAaHO 3a JOIIOMOTOIO
mytpomipa PROTESTER 5336-160.

BusHaueHHs JHMCIIEPCHOTO CKJIaQy MHWJIOBHX BUKUIIB 3IIHCHIOBAIMA 13
3actocyBanHsM SDSO011 cencopiB muy PM2.5 ta PM10 (oxomumoBanuii giama3oH
pO3Mipy YaCTHHOK Bif 2,5 MkM 10 10 MKM), sIKi OyJI0 pO3TaIIOBaHO Y BEPTHUKAIBHIN
1 TOPU3OHTAIBHIN ITOMMHAX POOOYOTro Mictis, Ha BifacTaHi Bix 10 mo 50 cM Big mictist
Bpi3aHHA cBepyia B 00poOmoBaHmii Kommo3uT. Ha mimctaBi pe3ynbTaris,
OTPUMAaHHUX IPH BHU3HAYCHHI ANMCHEPCHOTO CKJAAy, BH3HAYajacs KOHLEHTpALis
npiOHOMIMCTIEpCHUX KapOOHOBUX YaCTHHOK y moBiTpi PM2.5 i PM10.

Jiisi MIKpOCKOIIIYHOTO aHamizy NIy 3 METOK BCTaHOBIICHHS T'€OMETPHYHOL
(hopMH YaCTHHOK BHKOPHCTaHO PACTPOBUH eleKTpoHHUI Mikpockon PEM-3-1 na
0a3i  HaykoBo-mocmimHoro  IeHTpY  OOpoOKM  MartepiamiB  TOTY>KHUMH
SHEePreTUYHIUMHU MOTOKaMH KpeMEeHYy[bKOT0 HAI[lOHATBHOTO YHIBEPCHUTETY iMEHi
Muxaiina OcTporpaacbKoro.

[Ipu xapakrepucTuili poOOUNX MiCIlb CBEPUTYBAIBHUKIB Ta (pe3epyBalbHUKIB
ypaxyBaHHS 3HaYHOI YaCTKH JPiOHOJUCIIEPCHOTO MUITY € 00O0B'SI3KOBUM, 0COOIMBO
Opu  3AiCHEHHI  OOpoOKM  KOMITO3WIIHHMX  MaTepialiB  Ha  OCHOBI
MOJIIaKPUIIOHITPHIILHUX KapOOHOBUX BOJIOKOH [5].

JJIs KOHKpPETHOTO BUAY BUPOOHHYOrO MWIy HpU OOpoOIl KapOOHBMIiCHHUX
KOMITO3HUI[ITHUX MaTepiajiiB OTPUMAJIH T1CTOTPaMH, 1110 JO3BOJISIOTH OIL[IHUTH BECh
CIEKTp YaCTHHOK Pi3HOTO PO3Mipy Ta IX KOHIEHTpAlii Ha Pi3HUX BIJCTaHSIX BiJ
JDKepella BUKOHAHHS OTBOPIB Ta TMOWHMW 3arivOJIeHHsS 1HCTpPYMEHTa y Marepial

(puc. 2).

Puc. 2. CxeMa nuiioyTBOPESHHS NIPU CBEPTyBaHHI KapOOH-KapOOHOBOTO KOMIIO3UTY MapKH
HA OCHOBI TIOJIaKPWIOHITPHIIBHUX BOJIOKOH
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Benwunna ¢paxiii iy, SKUi BINXA€THCS CBEPUTYBATBHUKOM, 3aJI€KUTh Bij
LIBUJKOCTI Ta HATPSIMKY PyXY MOBITPS, BiJl 4aCTOTH JTUXaHHS Ta 1HIIMX (AKTOPIB.
Busnaetbes, mo npu Bigdopi mpoOu BAUXaeThest pakilis TUIBKU TUX YaCTHHOK, 1110
MICTATBCSL B TOBITPI Ta 3HAXOAATHCS B 30HI AuxaHHA. CamMe TOMY OCTiIKEHHS
KOHIEHTpAIi] Ty y poOodii 30H1 3aiiicHIoBanocs Ha Biacrani Big 10 mo 50 cMm Big
MICIIsl BUKOHAHHS OTBOPY SIK 110 TOPH3OHTAIBHIM MOBEPXHI PO3MIOBCIOKEHHS, TaK i
mo BepTuKanmbpHiM. Takwif miaxim M03BONISE OTPUMATH y3araJbHEHHH MOKa3HHUK
MIIJIOBOTO HAaBaHTaKCHHS, SIKUH 371aTCH BPaXOBYBAaTH TypOYJICHTHICTh IMIJIOBUX Mac
Opu iX BHUBEICHHI i3 30HM pi3aHHS y KaHaBKax CBEpAJia Ta MpPHU BHUKOHAHHI
CBEpAJTyBaHHS 3a JOMOMOTOI0 IMCKPETHOI LUKIIYHOI MOAadi iHCTpyMEHTa, IO
MIPHUIIBUAIIYE TIPOIEC PYWHYBaHHS MaTepialy Ta MIBUAKOCTI HOro 00poOKy.

Posmonin koHIEHTpallil KTy HABEACHO Ha Jiarpamax (puc. 3-5).

[TouaTkoBuit unoBuii Gou 10 06po6ku cranoBuB 1112 Mr/m?,

A
)2
mz/m?
PM 10
30
70
0 170 20 30 40 50 Lem

Puc. 3. KoHueHTpauis NWJIOBMX YacCTHHOK pi3HOI ¢pakuii y pobGodyomy HpocTOpi
TOPHU30HTAIBHOI TUIONIIHH BiJl BIICTaHI A0 BPi3aHHS y Marepiai

P A
me/m?
PM 25
30
PM 10
20 *97@4
170
[/ 170 20 30 40 50 Lem

Puc. 4. KoHumeHTpamis NWIOBHX YacTHHOK pi3HOI Qpakuii y pobodoMy mpocropi
BEpPTUKAIBHOI TUTOIIWHHM BiJl BIICTaH1 /10 Bpi3aHHS y MaTepian

3 mpencraBieHuX rpadikiB OYEBHIHO, MO IUCIIEPCHHUN CKJIAJ[ MMHIY JOCHUTH
pizHOpiguuii. [Ipu BHKOHAHHI TEXHOJOTIYHHMX OIEpaliii MexXaHi4HOI 00pOOKU
KOHCTPYKITIHHAX OTBOPIB y TMaKeTax KapOOHBMICHUX KOMITO3UIIIMHUX MaTepialiB,
MOB'SI3aHUX 31 NLTIQyBaHHAM, CBEPIIIHHIM, 3CHKCPYBaHHIM, PO3TOUYYBaHHSIM
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OTBODiB, Hapi3yBaHHSAM pi3pOJIEHHS, OOTOYYBAaHHSAM TOPIIB 1 IMIIHAPUIHUX
MOBEPXOHb Ta iH., CIIOCTEPIraeThCsl BUAICHHS Yy MOBITPS poOOYOi 30HM 3HAYHOL
KimpKocTi apibnomucnepcHoro muny (P) Bin 50 mo 70% 3aranbHOl Macu TBEpAUX
JaCTHHOK.

PoA
me/m3

PM 10

30
PM25

20

10

0 7 2 3 4 5 h,cm

Puc. 5. KoHueHTparist NMJI0BUX YaCTHHOK pi3HOT (pakiii y podouoMy npocTopi Bij MNIMOUHK
Bpi3aHHs B Marepiai

Jiist X JKe TeXHOJIOTTUHUX Omepalliil XxapakTepHa i HassBHICTh y 3aralibHiil Maci
YaCTHHOK HaWToHmoro nwry (PM2,5; PM10), sxuii Moke JOBrO 3HAXOIUTHCA B
MOBITPi, MOIIUPIOIOYNCH 3 KOHBEKTHBHUMHU IOTOKaMHU TIOBITPSl MO BCili poOouiit
30HI. YacTka 4acTUHOK NUIY 3 JiaMeTpOM MEHIe 2,5 MKM I 4ac MpPOBEICHHS
pOOITHHKaMU omeparliii 3 MexaHiqYHOT 00pOOKH KapOOHOBHX JeTanell CTAaHOBUTH y
cepenHboMy 16—17%.

SIK BUJIHO 3 HABEJICHUX TiCTOrpaM, PiBEHb MMiABUILECHHS MUIOBOT0 HABAHTAKEHHS
npu 00poOIl kKapOOHOBOTO KOMIIO3UTY 3pic BABIYI B pajiyci poOOY0i 30HU
cBepUTyBabHUKA. [Ipr IbOMY OUTBIICTE MPOTYKTIB CBEPITIHHS, SIKi BUHOCSATHCS 13
30HM pi3aHHS y JK0J001 TBEpAOCILIAaBHOTO CBEpAJa Ta PO3MOBCIOIXKYIOTECS Y
MOBITPSIHOMY MPOCTOpi PoOOYOT 30HH MiJ AI€I0 BiJIEHTPOBUX CHIJI TPH HOTO
o0epTaHHi, MICTATh 3QIWIIKK MIPBYIJIENIEBOI  MAaTpHIl Ta  3aJUIIKH
MOJIIaKPUWIOHITPUIIBHUX BOJIOKOH, IO MiATBEP/UKYIOTh pe3yJbTaTH pacTpOBOi
Mikpockomii mwmy. 3rigao 3 [6], [JIK Takux eneMeHTIB y MOBITPI HE Mae
nepesuntysati 2—4 mr/m®. OTpuMaHi pe3yabTaTH JO3BOJISIOTH CTBEPIKYBATH TIPO
3HAYHE NEPEBHILUCHHS Tirl€HIYHHX PErIaMeHTiB XIMIYHMX PEYOBHH Yy MOBITPi
po00Y0i 30HU NPH CBEPUTyBaHHI KapOOH-KapOOHOBHX KOMIIO3UTIB.

3 MeTor0 JoCIiKEeHHs POPMU, CKIIaly Ta pO3MipiB YACTHHOK OCaJ[KEHOT0 MUY,
SKUA BUAUIAETBCA TpU 00poOLi KapOOHOBHX KOMITO3MLIHHMX MarepiaiiB, 3a
JIOTIOMOT'010 PACTPOBOT'O MIKPOCKOITY Ha CTPYMOIIPOBIAHY IiJUIOKKY OYJIO HAHECEHO
map ocampkeHoro mwiay. Crif 3a3Ha4MTH, MIO NMPH MIKPOCKONYBaHHI MWIY B
pe3yJbTaTi MEXaHIYHOT 00po0KH KapOOH-KapOOHOBUX KOMIIO3HTIB
TBEPIOCIUIABHUM CBEpAJIOM OyiH iZeHTH(]IKOBaHI MUJIOBI YaCTHHKH JiaMETPOM
menire 0,01 mMxm (Menme 100 HM), TOOTO YacTKM HAHOPO3MIPHOIO Jiana3oHy.
OKpiM BHUKpHITYBaHHS HipBYIJICICBOI MaTPHIl, P BHKOHAHHI CBEPTYBaILHUX
orepaLii B CKJai 0caIKeHOTo NIy OyJi BUSBIICH] 3AJIMIIKH BYTJICLIEBUX BOJIOKOH
Ta HaBiTh arjoMepaTH BYIJICHEBHUX ITYUKiB, IKi MAIOTh CIUCONOAIOHY T€OMETPUIHY
¢dhopmy o 70% Bix 3aranbHOTO CKiamy muiry. ['iri€eHiuHI HACHIAKW BIUIMBY TaKHX
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YaCTHHOK BHBUEHI c11a00, 110 TOTpeOye NeTalbHOi yBaru A0 SIKOCTI MOBITPs pobodoi
30HM IIiJi Yac omepaniid MexaHiuHoi oOpoOKHM Ta BHKOHAHHS OTBOPIB Mpu 300pi
JTaNbHHUX anapaTiB HA OCHOBI KApOOHOBUX KOMITO3ULIHHUX MaTepiatiB.

P

30.00kV__ x10

30.00kV_ x120 500pm | WD=27.1mm 30.00kV_ x300

Puc. 5. Mikpodororpadii ocapkeHOro mwiry B pe3ysbTaTi 0OpoOKH KapOOHBMICHHX
Marepiaiis, oTpuMati 3a gonomororo PEM-30-1

[Mix wac anamizy muny miciast 0OpOOKH OTBOPIB alMa3HUM 1HCTPYMEHTOM OYyIIo
BCTaHOBJICHO, IO Yy CKJaJi MWJIOBHX YaCTHHOK, KpiM MarepialiB KapOOHOBHX
KOMIIO3UTIB  (3IMIIKK TIOMIaKPHIIOHITPWIIBHUX BOJOKOH Ta MipBYIJIENEBOi
MAaTpHIIi), MICTATBCS CIIONYKH 3aii3a, KPEMHII0, XpOMY, MOJIIOJIEHY Ta 3aJIMIIKIB
KOpYHIy, ILIO BHMAaraijoTh MOJAJBIIOT0 MAETAJFHOTO aHali3y MepCOHANBHOI
EKCHO3HUIIT MPaLIoI0YNX 3 BAKKUMHU METaJlaMH, 10 MICTATHCS B MUJIOBHX YaCTKaX.

B 1itomy oTpuMaHi JaHi CBiq4aTh MPO HEOOXIAHICTH ICTAIbHOTO KOHTPOJIIO 3a
MWIOBHM CKJIaJIOM po0O0Y01 30HM MPAaIliBHUKIB MEXaHOOOPOOIIOBaIbHUX LIEXIB, AKi
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BUKOHYIOTh OE3[IOCepEHI0O BHCOKOTOYHY OOpOoOKYy OTBOpIB y TaKeTrax
KOMIIO3UIIIHUX MaTtepiajiB Ha OCHOBI KapOOHOBHX BOJIOKOH Ta MipBYTIJIEHEBOL
MAaTpHIli, BAKOPUCTAaHHA 3aCO01B 1HAMBIyalbHOTO 3aXUCTY OPTaHiB 30py i IUXaHHS
3 pinpTpaMu, AKi 3MaTHI 3aTPUMYBATH KapOOHOBHH M PO3MipaMH 0 2,5 MKM, Ta
BHKOPHCTaHHS MOOUTFHUX 3aC001B aBTOMAaTUYHOTO BUJAIEHHS MTUITY 3 poO0Y01 30HU
00po0OKwU.

BucHoBku

1. ®pakiiiauii Ta KOMIIOHCHTHUH CKJIaJ MWIOBOrO 3a0pyJHEHHS PO0OOYOi 30HU
Mpu  MexXaHigHilk 00poOmi KapOOHOBHX KOMIIO3WUTIB YacTO HE BiATOBimae
knacugikarii, 10 BAKOPUCTOBYETHCS MPH XapaKTEPUCTHII POOOUNX MiCIIb.

2. [MunoBe 3a0pynmHEeHHs TOBITPA poO0oYoi  30HM  CBEPUTYBAJIBHHKIB
KOMITO3HUIITHMX MaTepialiB Ha OCHOBI KapOOHOBHX BOJIOKOH XapaKTEePH3Y€EThCS
3HAYHOI0 YACTKOKO JPIOHOAMCIIEPCHUX YACTHUHOK, $KI 3HAYHO TIEPEBUIIYIOTh
nonyctumuii perinamedT ['JIK Takux pedoBHH y MOBITPSHOMY MPOCTOPi poOouoi
30HH, IO CBIAYUTH PO 3arpo3y AJIS 340POB'S NPALIOI0UHX.

3. JIast OesiKuX TEXHOJIOTIYHUX MPOLECiB BCTAHOBJIEHO MPUCYTHICTD Y IHITY, IO
MoTparise y po0o4y 30HY, HAHOYACTHUHOK, Tiri€HIYHA XapaKTePUCTHKA SKUX
BHBYEHA cI1abo.

4. OrpuMaHi aHi TATBEPKYIOTh AKTYaIbHICTh BCTAHOBIICHHS IUCIIEPCHOTO Ta
KOMIIOHEHTHOTO CKJIaJly THJIOBOTO 3a0pyJHEHHS MOBITPS POOOYMX Miclb JUIs
KOPEKTHOI OIIIHKM TIEPCOHAJBHOI EKCIO3MINI TPAIIOI0OYUX Ta Tiri€HIYHOT
XapaKTepUCTUKU YMOB TIparli.
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DECISION-MAKING INFORMATION TECHNOLOGIES
FOR THE RESOURCES DETERMINATION OF FOREST FIRE
EXTINGUISHING BY AVIATION

Abstract. The article proposes a solution to the scientific and applied problem of
decision support automation in case of determined resource provision of civil
defense forces for extinguishing forest fires. This topic is of great relevance both in
peacetime and in the conditions of the current armed aggression of the Russian
Federation against Ukraine. The solved task is an important element of resolution
the more complex problem of prompt response to emergency situations in the
ecological and technogenic spheres. To solve this problem, a software environment
for automated decision-making support by experts is proposed based on the
integration method, which provides structuring of data, support of expert judgments,
and visualization of decision-making processes. The functionality of this software
environment is considered on the example of the use of the integration expert method
and relevant information technologies to determine the resources of aviation groups
for the purpose of forming a plan of operational response to the elimination of forest
fires. A hierarchical model of the problem is given in accordance with AHP
requirements. Also, in order to increase the effect of the conducted modeling and
ranking of alternatives, the use of a network model of the problem and ANP

© O.B. Hecrepenko, B.b. ITonimyk, B.B. Xmwxkhsk, B.JI. llleByenko, 2023
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application (which is a AHP development) to support decision-making are
proposed. The ANP implementation is illustrated using the freely distributed
SuperDecisions software. The developed scientific and practical approaches and
toolkit are intended for functioning in operational units of the state service for
emergency situations, but they can also be used in other power structures. The
obtained results are aimed at increasing the level of environmental safety in forest
areas and can be used to support nature management in different regions.
Keywords: AHP; ANP; acceptable vote; visualization; graphs, ecological safety.
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"MixHapoanuii eBponelicbkuii ynisepcuter, M. Kuis, Ykpaina

2JlepaBHe TANPUEMCTBO «YKDAIHCBKHI HAayKOBMH ILIEHTP PO3BHUTKY iH(OpMALiHHUX
TexHoJorii», M. KuiB, Ykpaina

SIHCTUTYT JIepKaBHOTO YIIPABIHHA Ta HAYKOBHUX JOCHIKEHb 3 LUBUILHOTO 3aXMCTY,
M. Kui, Vkpaina

TH®OPMAIIMHI TEXHOJIOI'TI HIATPUMKH HPHPIHSITTS:! PILIIEHDb
MO0 BUSHAYEHHA PECYPCIB 1151 TACIHHA JIICOBOI HOKEXKI
3ACOBAMM ABIALII

Anomauin. B cmammi nponoHyeEmuvcs GUPIUEHHs HAYKOBO-NPUKIAOHOI 3a0ayi
asmomamu3ayii NIOMPUMKU RPUUHAMMS PileHb Wo00 GUIHAYEHHS PecypCHO20
3a0e3nedentss Cuil YUBLIbHO20 3aXUcmy npu 2acimui aicoeux noocedc. Jlana
memMamuxa Mac 3HAYHy AKmyanbHicmb AK OA MUPHO20 YAcCy, MaK i 68 yMoseax
nomounoi 36pouinoi azpecii Pociticokoi @edepayii npomu Yxpainu. Po3e’szana
3a0a4a € BaAXNCIUBUM eNleMeHMOM BUPIWEeHHA Oinbll KOMNIEKCHOI npobiemu
ONepamusHO20 peazyeanHs HA HAO36UYAUHI cumyayii 6 eKoAo2IuHill ma
mexHoeenHill cgepax. [[na supiwienus 0anoi 3a0aui 3anponoHo8ane NpocpamHe
cepedosuuje agmMoMamu308aHol NIOMPUMKY NPUUHAMM PileHb eKcnepmamu Ha
OCHO8I  iHme2payiiHo2o Memody, w0 3abe3neyye CMmpyKmypy8aHHs OAaHUX,
RIOMPUMKY eKCHEPMHUX CYONCEeHb MA 8I3)aNi3ayito NPOYecie NPUUHAMMS PilieHb.
DYHKYIOHATBHICMb Yb020 NPOSPAMHO20 CEPedO08UUA PO3STAHYMO HA NPUKIAOL
BUKOPUCTNAHHA  THMESPAYitiHo20  eKCNEPMHO20  Memody ma  8iON0GIOHUX
iHGhopMayitinux MexXHON02I OJis GUSHAYEHHS PeCypCié asiayiliHuX yepynyeanv 3
Memow opmMy8aHHs NAAHY ONepamueHO20 peasyeanHs HA NiKei0ayilo Nico8ux
noacedic. Hagedeno iepapxiuny mooens 3a0aui y 8i0n08ioHOCMi 00 8UMO2 MEMOOY
ananisy iepapxit. Taxooic 0 nioguwenns egexmy 8i0 nposedeHux Mooem08aH s
Ma pandiCcy8anHs AnbmMepHAmue 3anponoHO8aH0 UKOPUCMAHHS Mepedxcesoi Mooeii
3a0aui ma 3acmocy8amHHs Onsi RIOMPUMKU NPUUHAMMS  PIUEHb  Memooy
AHATIMUYHUX Mepedic, KU € PO36UMKOM Memoody auanizy iepapxiiu. Peanizayis
Memooy aHanimuyHux Mmepedc npoimocmposana 3 euxopucmanusam CIITIP
SuperDecisions, wo 8iibHO po3noscoddicyemvcs. Po3pobaeni naykoeo-npakmuuni
nioxo0u ma IHCMPYMeHmapii NpusHayeHi 015 QYHKYIOHY8AHHA 6 ONEPAMUBHUX
niopo30inax 0epicagHoi Cayscou 3 HAO3BUUAUHUX CUMYAYil, OOHAK MOJICYMb
3acmocogysamucy Ul 6 IHWuUX cunoeux cmpykmypax. OmpumaHi pe3yiomamu
CHPAMOBAHI HA NIOBUWEHHSl DIHS eKON02iuHol be3nexku 6 Jicosux apeanax ma
MOdICYymb Oymu GUKOPUCMAHT 0151 RIOMPUMKU NPUPOOOKOPUCIYBAHHA 8 DI3HUX
pecionax.
Knwuoei cnosa: memoo ananisy icpapxiii; Memoo aHarimuyHux mepexc; cXeaibHe
20710CY8aHHA, 8I3yanizayis; epagu, exonoziuna besnexa.
https://doi.org/10.32347/2411-4049.2023.2.109-123
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Beryn

OpnnuMm 3 poOIeMHUX NUTaHb y cdepi pearyBaHHs Ha Haa3BuuaiiHi curyanii (HC)
€ TIOUIYK palliOHAJBHHUX DIMICHb IIOJ0 BU3HAYCHHS 1 TUIaHYBaHHS BiIOBIAHUX
pecypciB UId OCHAIIEHHS HUMH aBapiiHUX (OpMyBaHb 3 METOIO 3a0e3nmedeHHs
HeoOximHuX crpomoxkHocTel [1]. OcoOMuBO 11e CTOCYEThCS JKBifalli JTiCOBHX
noxex (JIIT), siki ocTaHHIM YacoM SBISIOTH HAHOLIBLTY HeOe3MeKy B MPUPOAHUX
€KOCHCTEMAaxX 1 € OTHAMH 3 BUKIUKIB 21 cTomiTTs [2].

Cydacaum edextuBHUM criocodom raciHas JIII € 3amydenHs asiamii, sike
nependavae ckugaHHs pinuHU 3 noBiTpsHuX cyneH (I[IC) Ha oxoruieHi BOTHEM
nistakd. Yemix y racigai JIIT cyTTeBo MOB’s3aHW# 3 HAAAHHAM Y PO3MOPSKEHHS
HeoOXimHOT KiNBKOCTI pecypciB (JliTakiB Ta BEPTONBOTIB) Ta BHOOpOM
«HaWKpamoro» BapiaHTa Jii aBiaii nmpu GopMyBaHHI MOJIOCH JIOKATi3aLlii TTOKEXKI.
Jns BU3HAYEHHST TAaKOrO BapiaHTa HEOOXiTHO BPaxoOBYBAaTH 3HAYHY KUIBKIiCTh
YMHHMUKIB, a CaMe€ MicleBicTh (TipChKa, PIBHHHHA), XapaKTep MOXEXi, BHI Ta
IHTEHCUBHICTh TOXEXi, TUIOUTY OXOIUICHHS MOXEXKer, KOHQIrypaliro mnajardoi
KpalKky, BHCOTY IMOJyM’s, 3aJUMJICHICTh, METEOPOJIOTIYHI YMOBH BHMKOHAHHS
MOJILOTHHX 3aBJIaHb Ta iH., a TAKOK HASBHUW CKJIA]] aBialliiHUX 3ac00iB, aepOIpOMHU
ix 0a3yBaHHS, PO3MIIIEHHS BOJOWMUIN 3a00py Boaum Ta iH. HeoOXigHO Takox
3a3Ha4nTH, 1o Aii [1C npu racinHi moB’s3aHi 31 3HAYHUM PiBHEM PU3UKY HEOE3IEKH,
ampke JIII cynmpoBOMKYIOTECS BHCOKOIO TEMIIEPATypOIO TOPIHHS, IHTEHCHBHOIO
TypOYJICHTHICTIO TIOBITPS Ta 3aJUMIIEHHSM [3].

TakuM YMHOM, 3 METOIO PO3paxyHKy cHa i1 3aco0iB mns miksimamii JIII,
PO3pO0JICHHS Ta JOBEACHHS JI0 YUYACHHUKIB raciHHS IJIaHOBOT Tabuili monboTiB [1C
B paiion JII1 kepiBHHK TaciHHS IOBHHEH OIEPYBAaTH 3HAYCHHSMH OaraTbox
PI3HOMAaHITHUX JaHUX 33Ul BUOOpPY aJbTEPHATHUB CKJIAJy IMOBITPSHHX CYIEH Ta
crnoco0iB ix 3acrocyBanHs. Lle 3aBaaHHs pecTaBisie CO00K0 OaraToKpUTepiaibHy
3a7a4y 3 MHOXMHOIO albTepHATHB, a CaM TPOIeC TNPHUHATTS pPIMICHHS
CYIPOBO/UKY€ETHCS MPOXO/KCHHSIM BEJIMKUX 1H(QOpMALIHUX MOTOKIB, SKHM
MpUTaMaHHa 3HaYHa YUCENIbHICTh aCIIEKTiB/BIIACTUBOCTEH, 1110 BIUTMBAIOTH HA SKICTh
MPUAHATOTO pillieHHs. B cyuacHHX ymMoOBax pO3BUTKY TEXHOJIOTiH Ipoliec BUOOPY
pamioHalbHOTO BapiaHTa CKJIAAy 1 CTPYKTYpPH pecypciB 3a3Bu4ail mependadae
BUKOPUCTAHHS BIJIOBIIHOTO aHAJTITHYHOTO I1HCTPYMEHTapito, 0 3ale3neuye
MOJISJIIOBaHHSI Pi3HUX BapiaHTIB CIleHapiiB po3BUTKY Haja3Bu4aiiHoi cutyarii (HC)
Ta BU3HAYCHHS OCHOBHHX 3aBJIaHb, BUKOHAHHS SKHX T'apaHTyBaTUME JiKBiZaIliio
Hacniakis HC.

Oraspn jgiteparypu

Kpu3zoBi moxii Ta cTUXIilHI JMXa OCTaHHIX POKIB IMiJKPECIIOIOTh TOH (hakT, 1110
NPUAHATTS PINICHb JUTSL YIPABIiHHS 3aJUIIAETHCS BHKIUKOM JIISI MEHEIDKEpiB.
HesBaxkaroun Ha Te, 0 3a OCTAHHE OECATUIITTS 3’ IBHJIMCS HOBI Ta 1HHOBAIIMHI
MeTo i1 300py AaHUX Ta iX aHaJi3y, MOIIHUPEHHS 3aCTOCYBAaHHS IITYYHOTO IHTEIEKTY
Ta CyYaCHHMX 3acO0iB KOMYHIKAIliif, sIKi BCE YacTillle BUKOPHUCTOBYIOTHCS Ha BCIX
eTanax yOpaBJiHHSI pU3UKAaMH CTHUXIHHMX JIMX, HpOT€é MDK HAyKOBUMH
JOCHIDKEHHSIMY, OTIEPaTHBHUM LHUBUIBHUM 3aXHUCTOM 1 MIATPUMKOIO TPHUHSATTS
pileHs Bee IIe ICHYIOTh pO3pHBH [4].

JlJis moofiaHHS UX HEBIANOBIIHOCTEH MOCIIAHMKH Ta (axiBli IMPOIOHYHOTH
HU3KY MiIXOAIB OO MIATPUMKH TPHUHAHATTSA pilieHb y OaraToKpuTepialbHOMY
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CEPEIOBHUII, 30KpeMa CIHUPAIOYNCh Ha EBPUCTHUYHI 1HTCPAKTHBHI Ta EKCIIEPTHI
MeToau. B po6oTi [5] mpencraBieHo METO0IIOT 10, pO3pO0IIeHY AJIsl OLIHKY PH3HKIB
1 HACHJKIB Ha paHHIX CTagifX HAA3BHYAHHUX CKOJIOTIYHMX CHUTYalid JuIst
MiATPUMKH IUBUTFHOTO 3aXHCTy KpaiH €Bpometickkoro Coro3y. 3BaxkaeThCs Ha Te,
0 3AaTHICTh INBHAKO OINIHUTH TOTCHMIiHI pw3wkd 1 Hacaigkn HC wmae
MEPIIOYEProBe 3HAUCHHS, OJHAK 310paTH HEOOXiHI JoKa3u Ha paHHIX cragisx HC
€ cepiio3HOI0 TpobiemMoro. Y i CTAaTTi 3alpOMOHOBAHO OHIAWH-IHCTPYMEHT
IIBUIKOI OIIHKKM PU3WKIB 1 HACTIAKIB JUTsI CIOPHUSHHS TOTJIMOJICHIH CITIBIIpaIii Mix
eKCIepTaMu, SIKi MPaLioloTh BiJJaJeHO, BPaxOBYIOUM BIUIMB KaTacTpopu Ha
HABKOJIUIIIHE CEPEAOBHUIILIE.

Jia 3abesmneyeHHs MIATPUMKH TPUHHATTA pIlIeHs aBTOPH MPOTOHYIOTH
pi3HOMaHITHI miaxoau g0 MoaenoBanHs HC. B po6ori [6] po3risaaeThes npodieMa
OpPUAHATTS pilieHb IOJ0 TIJIAHYBaHHS TaciHHS JICOBHX IIOXKEXK B YMOBax
00MeXEeHHUX PecypciB Ha OCHOBI IIUTOYMCENEHOT MOJIENI JIIHIHHOTO MPOrpaMyBaHHS
Ta HeuiTKkoi Joriku. B crarri [7] mnpencraBieHO ONTHMI3aliifHy MOMAETH
30aJIaHCOBAHOT'O TPAHCIIOPTYBAHHS JJIsl BHOOPY aepopoMy sIK 0asu s JTadbHUX
amapariB, SKi eKCIUTYaTYIOThCS IS TACIHHS TPUPOJIHUX 1 JIICOBHUX MOXKEK.

Cepen MeTOIB MIATPUMKH TPUHHATTS pillleHh B HAA3BUYAMHUX YMOBAX, SIKi
XapaKTEepU3YIOThCS BUCOKOIO CKJIAJHICTIO Ta BHYTPIIIHBOIO HEBU3HAYEHICTIO,
3HAYHOTO TIONIMPCHHS 3HAMIIOB SKCHEPTHUH MeToj aHaizy iepapxiii (MAI), 3a
3apyOikHOIO JiTeparyporo Bimommii sk AHP (Analytic Hierarchy Process).
VY crarti [8] 3a3Hada€eThCs, IO BEIMYE3HA KUIBKICTh iH(pOpMAIli, MoB’s3aHol 3
yIpaBIiHHIM, 3a3BU4ail TOCTYHA y (OPMi EKCIIEpTHUX 3HAHB 1 MOKe OYTH IIIHHUM
JOKEpENIOM JUIA TiNBUINEHHS e(pEeKTUBHOCTI MPOIECIB MPUHHATTS pimieHb. ToMy
3arporoHoBaHo BUKopuctanHsa MAI ans iHTerpartii ik HayKOBHUX, TaK 1 eKCTIEPTHUX
3HaHb Y MPOLEC MPUUHATTS PIIEHb JUIS PAH)KyBaHHS HANHOUIBII MMiAXOJSIINX
3axO07iB JUI OOPOTHOU 3 aBapIHHUMH CUTYAIISIMU, & TAKOXK JUIS SIBHOTO BKITFOUEHHS
JESIKAX KPUTEpiiB, SKi € IyKe aKTyadbHUMH Iijl 4ac KpHU3, alleé 4acTo iX BAXKKO
BpaxoByBaTd. Y AochijpkeHHI [9] 3BepTaeThcs yBara, IO JUISL  YIPaBIiHHS
MPUPOAHUMH pecypcaMy KOPHCHUM ISl HaJlaHHS pillleHb € OaraTOKpHUTepialbHUI
aHaii3 pimeHs. Ha mpukiani omiHIOBaHHA TakOTO Pecypcy, K KallTaHOBUH IIic,
3actocoBytoThcs Meromonorii A'WOT ta SWOT-anani3y, ge 00’€KTHBa KiJIbKiCHA
OIlIHKa TapaMeTpiB 3AiMCHIOEThCS 3a mornomoror MAI Takox y crarti [10] 3
BUKOpHUCTaHHAM MAI mOCHiKYy€EThCSI IPOCTOPOBUI OaraTOKpUTEpiaTbHAN aHaNi3
pIllIeHb Ha OCHOBI SIK KUIbKICHHX JaHUX, TaK 1 €KCIEPTHUX OI[IHOK, mo0 MaTu
MOJKJIUBICTh 17CHTU(IKYBATH MICIS, 1€ aKTUBU 3HAXOIATHCS IIiJ] HAWOIIBIIAM
PHU3UKOM Yepe3 MOMKIIUBICTh OYTH MOCTPaXKIAIUMH BiJl JICOBUX MOXKEK.

Cepen 3aco0iB MATPUMKH NPUHHATTS pilleHs Ha0YBa€e 3HAYHOI MOMYJISIPHOCTI
Bi3yaJri3allis MpoleciB Ta faHux. Bizyaizaiii 10CiipKy0ThCS PI3HUMH CII0OCO0aMH,
MMOYMHAIOYM BiJl ONPAIIOBAHHSA OCHOBHUX IPHHIIMIIB CTBOPSHHS Bi3yallizaiiil 10
BUBYEHHSI KOTHITMBHUX IPOLECIB, IO JIeKaThb B OCHOBI ix BuKopucTaHHs [11].
Bisyamnizauis mae HeaOusike 3HaUYCHHSI 0COOIMBO TPU MPUUHATTI IPYINOBUX PillEHb,
KOJM JBO€ a0o Oijabllle eKCIEePTIiB MaioTh KOJEKTHBHO 3po0OWTH BHOIp 3
KOHKYPYIOUOro Ha0opy ajbTepHATHB HA OCHOBI BIIACHHMX 1HIMBiIyalbHUX
ynoao0aHb. Y TaKUX CUTYalisIX eKcliepTaM MOXe OyTH KOPHCHUM MOJEIIOBAHHS Ta
Bi3yaJIbHE TIOPIBHIOBAHHS CBOiX YII0I00aHb 3 IHITMMH, III00 Kpalie 3p03yMiTH TOUKH
30py OJMH OJHOTO. Y cTatTi [12] mpoTOTHII, IO TPOTIOHYETHCSI AaBTOPAMH, Y PEIKUAMI
MOPIBHSHHS aNbTEpHATHUB BiJoOpakae rpadik MapanelbHUX KOOPAWHAT, SIKUH
JIEMOHCTpPY€E TIepeBaru ekcrepTiB. llpm mepeMuKaHHI B PEXUM IMOPIBHSIHHS
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OIIIHIOBadiB (EKCHepTiB) HATOMICTh BimoOpaxkaeTscsi miarpama. Jlms anamizy
BEIMKHX HAOOpiB JaHMX «Ha JBOTY» BUKOPHCTOBYIOTbCA TEIUIOBI KapTH, IO
BJIAIITOBAHI y BUTIISAL CITKH SK TaOJMYHI TiCTOrpaMu 3 KOJIPHOIO MO3HAYKOIO.

Jutsa cimy»x0 UBLTBHOTO 3aXMCTY Ta IHIUX CIIYX0 pearyBaHHS, 1[0 PO3TOPTAIOTh
pecypcH Ha MicIISX, BUHATKOBY Bary Ma€ Bizyalli3ailis Ha OCHOBI KapTorpadyBaHHS,
30KpeMa JUil BHM3HA4YEeHHS 30H 3 CYTTEBUM PU3MKOM BHHUKHEHHS KiTBKOX
OJTHOYACHUX HeOEe3NeK, HANPHKIA IOKEKHOI HEOE3MeKH Ta TEIUIOBOTO CTpecy.
B crarrti [13] mpencraBieHO BUKOPUCTAHHS ITPOCTOPOBUX IMIapiB, SKi BiIOOpaKaroTh
CYKynHy HeOe3leKky, Iid NPUHHATTS pilleHb B KOHTEKCTI NPOTHO3YBaHHS 1
PaHHBOTO MOTIEPEIKEHHS PO Pi3HI HeOe3MmeKy.

Boxe maBenmeHmil orisa miTepaTypd CBIAYUTH MPO BaXKIUBICTH iH(pOpMamiiHOT
OIATPUMKA TOpUHHATTS pimeHb. CydaCHMM TiJXOJOM JO CTPYKTYpYBaHHS
pizHOMaHITHOI iH(pOpMaLii € 3acTocyBaHHsI OHTOJIOTIH [14]. OHTONOTIYHMHI MiAXixa
JIO3BOJISIE IHTETPYBATH €KCIIEPTHI 3HAHHS HA OCHOBI 1€papXidHOI CTPYKTYPH JaHUX
Ta BIHOIIEHb MDXK MOHATTAMH Ta 00’ €KTaMH MpeAMETHOI 007acTi s 3aratbHOTO
PO3yMiHHS 1H(QOPMALIMHUX CTPYKTYp, 3a0e3reuye OaraTokpaTHE 3aCTOCYBaHHS
3HaHb, HaJa€ 3aco0W JUIA aHawi3y 3HaHb. [Ipu IbOMY Ba)XJIMBO, IO OHTOJOTIiS
3a0e3rnedye MITPUMKY MPUHHSITTS PIllleHb 32 PaxXyHOK MOXIIMBOCTI MPOTPaMHO-
IHTEPIPETOBAHOTO ~ KOMIT'IOTEPHOTO  TOJAHHSA 3HaHb. BpaxoByrouwW, IO
OaraTokpuTepialibHa 3a71a4a MoyKe OyTH HpeACTaBICHOIO IEpapXivHOI0 CUCTEMOIO, a
METOJl aHami3y iepapxXii moOpe MAXOAUTHh M i€papXidHUX CTPYKTYp HAaHUX, B
0aratbox poOOTaxX MPOMOHYETHCS 3acTocyBaHHsAM MAI pa3om 3 oHtomorisimu [15].

[lpoBeneHuit  aHaymiz  CBiqYMTH, MO JJIA HOPUHHATTS  pilleHb B
OaraTokpuTepiaTbHOMY cepeoBHIIi OTPiOHO 3aCTOCOBYBATH
MyJIbTU(YHKITIOHATBHI METOJIOJIOTIT ATPUMKH, sIKi O BpaxoBYBallu iH(POpMAIIiifHY
ckianHicth 3amad [16]. Ha ocHoBi Takoi meromosiorii B pobortax [17, 18]
3allpONIOHOBAHO Ta OOTPYHTOBAHO EKCIIEPTHUH METOoJ, L0 IHTErpye 3aco0u
CTPYKTYpYBaHHS JaHHWX IPEAMETHOI 00JjacTi Ha OCHOBI OHTOJIOTiH, METOJIB
CXBaJIbHOTO TojiocyBaHHs Ta MAI, a Takoxx IHCTpYMEHTapiro OpieHTOBaHHX rpadis
JUIS  Bi3yallizamii  MpOLECIB  NPUHHATTS  pIllleHb. 3 BUKOPHUCTAHHAM
eKCIIEPUMEHTAIBHOTO 3pa3Ka MPOTrPaMHOTO 3aCO0Y IIbOTO IHTErPaliiiHOTO METO/Y,
po3pobisieHoro B YKpaiHCBKOMY HAyKOBOMY LEHTPI PO3BUTKY iH(pOpMaLiiiHuX
TEXHOJIOT1#, BUKOHAHO HU3KY anpobaiiiii B chepi 000pOHU Ta IUBIIIBHOIO 3aXKCTY.

Marepiauu i MmeTogu

PosriisHeMo ofHy 3 ampoOaiiiii BUICHA3BAHOIO IHTETPAIifHOIO METOAYy Ha
OpUKIaAl OLIHIOBaHHSA BapiaHTIB CKJaly aBialllfHOTO yrpyIyBaHHA, SIKe
3anmydaeTbes i racinas JIII. Y mpukiaai BUKOPUCTAHO MOZEHL Y CKIIAIi
5 aNbTepHATHB SIK BapiaHTIB CKJIAJY TOBITPSHUX CYJICH, HANpPHKIAI, 3 JITaKiB
OJTHOTO THITY, 3 JIITAaKiB OJIHOTO THITY 1 BEPTOJHOTIB OJHOTO THITY Ta iH., @ TAKOXK
JBOPIBHEBOT 1€papXidHOI CTPYKTYPH KPUTEPIiB.

3acmocysannsa iepapxiunoi mooeni. 3 METOI CIPOIICHHS BUKOPHCTAHHSI
pe3yabTaTiB  eKCIEPTHOI'O OLIHIOBAaHHS BapiaHTIB opradizalii IOJBOTIB Ta
3MEHILIEHHSI 00CSTy eKCIIEPTHOI AiSTIbHOCTI MEPENiK albTePHATHB Y TaHOMY IPUKIIAM]
obMexxeHHH BapiaHTamMu (OPMYBAaHHS CMYTH JIOKaji3amii JCOBOi TOXEXi Ta
BapiaHTamMu (OPMYBaHHS CKJIaAy aBiallifHOrO yrpyryBaHHSI, IO 3aJy4YaeThCs 10
racinas JIII, ouiHIOBaHHSA SKUX BHUKOHYETHCS Ul KOKHOTO THITY JIICOBOI TOXKEXKi
(mpuKITa;m TUTIOBOT JIICOBOT MOXKEXi: TipChKa MiCIIEBICTh, BEPXOBa MOXKEXKa, CKJIaIHA
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JIiHIS KpalK¥ TTOXKEXKi Ta iH.). Y Tabn. 1 HaBeaeHo Iepeltik aIbTePHATHBHUX BapiaHTiB
($hopMyBaHHsS CMYTH JIOKaNi3alii JicoBOi MOXexXi (albTepHATUBU 1-rO PiBHA), 1A
KOXKHOTO 3 SIKHX MOJIIMBI AEKIIbKA aJbTEepHATUB 2-Tr0 PIBHS MOJ0 (HOpMYBaHHS
CKJIa[ly aBiamiifHOTO yrpymyBaHHS, 10 3arydaeThes 1o racinas JII (tabum. 2). Takum
YUHOM, MOZIEJb AJIbTEPHATUB MIPEJCTABIISE ABOPIBHEBE IEPEBO, HAaBECHE HA pHC. 1.

Tabmuns 1. AnprepHaTWBHI BapiaHTH (OPMYBaHHS CMYTH JIOKaji3alii JicoBoi
TTOeXi (aTbTEPHATHBH 1-TO PiBHS)

. ITo3naueHns
HasBa anprepHaTuBu 1-ro piBHS
IbTEPHATHBU
[ocnigoBHO M0 QPOHTY Naaryoi Kpaiku All
OpHouYacHo 1o GPOoHTY i3 (IaHriB HaIaY0i Kpaku Al2
B onHili 30H1 3 pO3HECEHHSIM I10 MICIIIO MAJAI0YHX OCEPEIKIB Al3
Tabmums 2. Cknan aBiallitHOTO yrpymyBaHHS
. [No3naueHns
Ha3ssa anerepnaruBu 2-ro piBHA
IbTEPHATHBU
3 niTakiB OHOTO THITY A21
3 BEPTONBOTIB OJTHOTO THITY A22
3 BEpPTONBOTIB Pi3HUX THIIIB A23
3 IpyIH JIiTaKiB OJHOTO TUITY 1 BEPTOIBOTIB OHOTO THITY A24
3 JliTaKiB O/IHOTO THUITY 1 BEPTOJIBOTIB PI3HOIO THUILY A25

AnbTepHAaTUBU

@Hggfmlgﬁz?};[qooi Oxuouaco no ppoHTy 03H}gcg§$11/1{431(1)§ l1\/13i(: )
b Kgaﬁxn i3 duanris nanaiouof pnanaloqnx ocepe):[KiL:s
(A11) kpaiiku (A12) (A13)

A21 1 |A25 A21 A25 A21 1 A25

Puc. 1. Moaens ansTepHaTHB

Sk yXe 3a3HavajoCh BHIIE, METOIO YYacTi aBiallii y racinHi JIiCOBOT MOXKEXi €
JIOKamizamiss (3yNMHEHHS TMPOCYBaHHS) Nalalyol KpauKh JICOBOI  MOXKEKi
BH3HAUYCHOI JOBXKHMHM 3a MIHIMAJIbHUA dYac, 3 MiHIMAIbHUMH (hiHAHCOBUMHU
BUTpaTaMyd B YMOBaxX NpPUHHITHOTO DPiBHA O€3MEKH MOJIbOTiB. TOMY KpuTepisMu
e(EeKTHBHOTO 3aCTOCYBaHHS aBialliifHOT TEXHIKH IS TaCIHHS JIICOBOI MOMXKEXI BCIX
TUMIB (KpUTEPIi MEPIIOTro PiBHS) MOBUHHI OYTH y MEPIIY Yepry Yac Ha JIOKaJi3allio
MoXexi, (PiHAHCOBI BHUTpaTH Ha JIOKAJi3allil0 IMOXEXi Ta Oe3neka BUKOHAHHS
noJboTiB (Tabm. 3). Ha npyromy piBHI BUKOPHCTOBYIOTBCSL 7 KpHUTepiiB (Tabdm. 4).

Takum 9rHOM, i€papXis KpUTEPiiB Ma€ TP KYIIi KPUTEPIiB 1-T0 piBHS, KOXKHUH
3 SIKUX Ma€ BIACHI TUIKM KpHUTepiiB 2-To piBHA (puc. 2). IloBHa iepapxis mozeni
MpUKIagy uid 3acrocyBanHs MAI HaBenena Ha puc. 3.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 115 ~

Tabmums 3. Kpurepii epexTruBHOTO 3aCTOCYBaHHS aBialliifHOT TEXHIKH ISl TACIHHS
JCOBUX MOXEXK 1-T0 piBHA

. . Ilo3nauenHus
Hasga kpurepiro 1-ro piBHS .
KPHUTEPIIO
Yac Ha JTOKaII3aLiIo MOXKEX] K11
@diHaHCOBI BUTPATH HA JIOKAII3AIII0 MTOXKEKI K12
Be3neka BUKOHAHHS TOJILOTIB K13

Tabmuus 4. Kputepii 2-ro piBHS Ta iX 3B'A30K 3 KpUTEpisMU 1-ro piBHA

Bignomenus
. . ITo3naueHHs .
HasBa kpurepiro 2-ro piBHI . JI0 KPUTEPItO
KpPHUTEPIo .
1-ro piBHA
KinpkicTh cKkuIaHh BOTHETaCHOI PiAMHY 32 OJIUH TOJIT K21 K11
TpuBaicth i K22 K11
VcenoroaHicTe K23 K11
3aJIeXKHICTh BiJl BACOTH HOJIyM 51 K24 K13
3anexHICTh Bill TypOYJICHTHOCTI IIOTOKIB K25 K13
3aIeXHICTD BiJT 3aIMMIIEHOCTI K26 K13
BapTicTs 3amy4eHHs MOBITPSHUX CYICH 3a 1 Tox K27 K12
Yac Ha JIoKaIi3anio ®DiHaHCOBI BUTPATH Ha besneka BHKOHAHHSI
MOYKEXK1 JIOKAJII3a1[iI0 IMOXKEXK] TOJILOTIB
(K11) (K12) (K13)
K21 K22 K23 K24 K25 K26 K27

Puc. 2. Kpurepii 1Box piBHiB

@ CKJIajly aBialliifiHOro yrpynyBaHHs

Puc. 3. lepapxis momemi 3amadi MAI i BU3HAYeHHs PEUTHHTY CKIIaIy aBialliiHOTO
YIPYIyBaHHs
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Y craHmapTHOMY BapiaHTI 3acTOCYBaHHS METOAY aHalizy iepapxiit
PO3TIISAAETHCS OAMH PIBECHD aIbTEPHATUB, SIKi MOXKYTh OILIHIOBATHCH BiTIOBITHO JI0
JeKIIbKOX PiBHIB KpuTepiiB. ToMy y Hamomy NpuKiIaii el MeTol Moxke OyTH
3aCTOCOBAHMH Ha IMEPIIOMY KpOIi MPOLEAYpH IS adbTepHATUB MEPIIOTrO PiBHH,
a TIOTIM Ha IPyroMy KpOIIi IS allbTEPHATUB 2-TO PIBHS IS KPaIoi 3 aJbTepHATHB
1-ro piBHsI.

[HImIMM crtoco6oM mprBeIeHHS 3aITPOIIOHOBAHOT MOIETI aTbTEPHATHB Y TTPHUKIIAIL
3aCTOCYBaHHS aBiamii JJIsi TaCiHHS JTICOBHUX TMOXKEX MOKe OyTH 3aCTOCYBaHHA Ha
I-My Kpomi MeToAQy CXBaJlbHOrO TosiocyBaHHA. MoaudikoBaHa aBTOpaMu
IHTErpaliifHOr0 METOLy BEpCisi METOLy CXBAJILHOT'O TOJIOCYBaHHS KOPOTKO OMHCaHa
B [18]. PesympTaTOM 3acTOCYyBaHHA IIHOTO METOAY TeX OyAe BigpaHKOBaHUI
MEpeiK albTepHATHB 1-ro piBHS.

Hwxdye HaBemeHa UTIOCTpallis OIHIOBaHHS BapiaHTIB CKJIaJy aBialliifHOTO
yrpymyBaHHsS, sKe 3amydaeTbes Juid  racimas  JIII, 3  BHKOpuCTaHHAM
eKCIIEPUMEHTAIBHOT0 3pa3Ka IPOrpaMHoTro 3aco0y, po3po0iIeHOro B YKpaiHCEKOMY
HAYKOBOMY LIEHTPi PO3BUTKY iH(OpMaliiHUX TEXHOJIOTIH, y SKOMY peai3oBaHuii
iHTerpamiitanii MeTo/l. JleTanbHUN OMHC €KCIIEPUMEHTAIBHOTO 3pa3Ka HaBeICeHU
B [18].

Ha puc. 4 naBenmeni ¢parmeHtn iHTepdeiicy mnporpamHoro 3acoly mpH
OLIIHIOBaHHI aJIbTEPHATUBHUX BapiaHTIB CKJIQJy TOBITPSHUX CyJieH AJsl BAOPaHOTO
BapiaHTa (OpMyBaHHS CMYTH JIOKaTi3aIlii JicoBoi moxexi, a came — «IlocmimoBHO
o (ppoHTY manarwo4oi kpakm» (All).

Puc. 4. ®parmenTu iHTepdeiicy nporpamHoro 3aco0y NpH OLIHIOBaHHI aJIbTEPHATHBHUX
BapiaHTIiB CKJIaJy HOBITPSHUX CyJIeH JUIs BapiaHTa (JOpMyBaHHs CMYTH JIOKaIi3alii JicoBoi
noxexi «IlociiioBHO 10 GPpOHTY Manardoi Kpankm»

3acmocysanna mepeicesoi moodeni. Jlns BpaxyBaHHA JOAATKOBUX (haKTOPiB,
MPUMIPOM, PU3UKIB 3aCTOCYBAHHS aBiallii, OB’ sI3aHUX 3 TYpOYJICHTHICTIO, piBHEM
3aJJUMJICHOCTI, HANpsMOM 1 IIBUJKICTIO BITPY, IHIIMMH METEOPOJIOTIYHUMH
yMOBaMU Ta peNbeOM MICIEBOCTI, TOOTO JIsi BHPINICHHS OUIBII CKIAIHUX
peCypcHHUX 3aad, SIKi € QyXe aKTyalbHUMH B Cy4YacHHX yMOBaX, 1€papXidHoOi
CTPYKTYpU B)K€ HEHOCTaTHBO. Y SKOCTI 0a30BOro METOAy y TaKUX 3a/1adax
3aCTOCOBYETHCSI METOJ aHATITHYHUX MEPEXK, SIKUM € PO3BUTKOM METONYy aHali3y
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iepapxii 1 SKWIl JOMyCKae HASBHICTh 3alIKHOCTEH MK 1i eleMeHTamm.
3acTrocyBaHHST MepekeBOi Mozenmi 3abe3leuye TaKoX TMOMIYK palioHaJIbHOTO
pilieHHs 3 BpaxyBaHHAM CHUIBHUX Ji  HA3eMHHX aBapilHO-PATYBAILHUX
MIOPO3IUTB 3 eKiMakaMHd TOXESKHUX NOBITpSHUX cydeH. OxpiM 3arambHOI
00CTaHOBKH, BpaxOBYIOTbCA OUTBII pI3HOMAaHITHE KOJO YHHHUKIB Ta iX
B3a€MOBIUIMBH, 30KpeMa 3a0e3MeyeHHs] MPUHHATHOI Oe3MeKH 3acTOCYBaHHS SIK
Ha3eMHUX ITiIPO3/IiJTiB, TAK i aBiarfii.

MepexeBy MOJENb JOIIIFHO OyAyBaTH HUISXOM ITOCIIJOBHOTO HApOIIyBaHHS
iepapXiyHOi MOJENi HOBMMH 3B’SI3KAMU MDK €JIEMCHTaMH/KOMIIOHCHTAMH, SIKi
3HAaXOAATHCS HAa OJHOMY piBHI a00 Ha pi3HUX (HEOOOB’SI3KOBO CYCiHIX) PIBHSIX
iepapxii. Taky MepesxeBy Mozieib (pHC. 5) TOMUTbHO OyAyBaTH IIISIXOM PO3LITUPEHHS
BKe M0OYJOBaHUX paHillle MOJIEIEH.

Yac Ha . .
i dinancoBi
JIOKaJTi3aIiio BUTDATH
MOKEXKI p
besneka Bmms
BHUKOHAHHS Ha3eMHHX
MOJILOTIB MAPO3IiIIB
/‘L’———— ----- ~‘~!’\
s N
( )
~ - - 14
S~eo_ AnbpTepHaTUBU .-

Puc. 5. Tlpukiam MepexkeBoi CTPYKTYpH /sl MOJICIIOBAHHS TaCiHHS JIICOBOI IOXEXKI
3aco0amu aBiallii i3 3aTyJYeHHIM Ha3eMHHX aBapiifHO-PATYBATBHUX IiAPO3ALITIB

Ha puc. 6 HaBeneHa mMozenb s 3a7a4i BU3HAYEHHS HEOOXIIHUX pecypciB JUIst
TaciHHA JIICOBUX TMOXKEXK 3aco0aMu aBiallii, y sSKiii BpaxoBaHUH peaslbHO ICHYFOUWi
BILTUB KPHUTEPIiB MiXk co00r0, a came, kpuTepiid «Yac Ha JIOKaNi3aIlii0 MOXKEKi»
(K11) BrnmuBae Ha kputepii «DiHaHCOBI BUTpATH Ha JIoKamizalito moxexi» (K12) ta
«besneka BukoHaHHS MONBOTIBY (K13).

PeliTnHrYBaHHS CKJIaAy aBiallifHOTO yrpyIyBaHHSI

Puc. 6. MepexeBa MoJienb ISl OLIHIOBAHHS BapiaHTIB CKJIAJy aBiallifHOTO yTPYITyBaHHS,
SIKE 3aTY9a€ThCS 10 TACIHHS JIICOBOT MOMXKEX1
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Hdus  posp’sizaHHs 3amad i3 3acTtocyBaHHAM MAM  pekoMeHIO0BaHO
BUKOPUCTOBYBAaTH OJHY 13 HalOLIbII mommpeHux Ha choroaHimHiid genp CIITIP
SuperDecisions, sika BiJIBHO PO3MOBCIOJUKYEThCS. PO3B’s3aHHS 3aja4 METOIOM
aHATITHYHUX Mepex B SuperDecisions BHKOHYEThCS B JIEKIIbKAa €TalliB:
(opMyBaHHS CTPYKTYpH 3aJadvi; OIliIHKAa eJeMEeHTIB iepapxii; GopMmyBaHHI
CylmepMaTpuilb 1 pPO3paxyHOK KOCQIIiEHTIB BaXJIMBOCTI €JICMEHTIB; aHali3
OTPUMAHHX PE3YIIbTATIB.

Ha puc. 7 npeacrapiena iepapxigHa MoIeIb IPeIMETHOT 00J1aCTi B CEpPeIOBHIII
Super Decisions, sika cknagaeTbes 3 KnacTepiB (MeTa, KpUTepii, miakpurepii (By3iu,
CJIEMEHTH), albTEPHATUBH) 1 3B’3KiB Mi>k HUMU. Ha puc. 8 BimoOpaxkeHa Mepexena
MOJIeTIh, IKa CTBOpEHa JoaaBaHHsAM 3B’ s13ky Mk K11 1 K12.

Puc. 7. lepapxiuHa MoI€/b MPEAMETHOT 001aCTI

Puc. 8. MepexeBa MoJienb MpeaAMETHOT 00J1acTi
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OriHka eneMeHTIiB MOJIeNli BUKOHYETHCS HUISTXOM ITOTAPHOTO TOPIBHSIHHS IS
Bcix HaOopiB By3miB. [lpudomy By3mu, siKki MiJIATaioTh MOMAPHOMY HOPiBHSHHIO,
MOKYTh 3HAXOAUTHUCH SIK B OTHOMY, TaK 1 B pi3HUX KiacTepax. Ha puc. 9 HaBenenmii
TIPUKJIIA]] IIOTIAPHUX MTOPIBHAHB AIBTEPHATHB TI0 miaKkpuTepito K27.

Puc. 9. [Ipuknax nonapHAX MOPIBHSIHP aJbTEPHATHB I10 MigKkputepio K27

[Ipu upomy BuKOpucTOBYEThCS IKana T. Caari, sika mepenbadae 3Ha9eHHS Bij |
(omHakoBa 3HA4YMMICTh) a0 9 (abcomroTHa mepeBara). AHAJIOTIYHUM CIOCOOOM
BUKOHYIOThCS TTOTIAPHI MOPiBHSHHSA MO BCiX 3B’S3KaX MOJIEI.

3rizgHo 3 MAM micist mpoBeIeHHS MOTApHIUX MOPIBHSIHB (JOPMYIOTHCS 3BaYKEHA,
He3Ba)KEHa 1 TpaHWYHA Marpulli. B pe3ynmsrari obumncinens mo anroputmy MAM
OTpUMY€EThCS TpadidHe TpeACTaBICHHS Ta 3HAYEHHS IPIOPUTETIB albTEPHATHUB
(puc. 10).

Puc. 10. I'padiune npeacTaBieHHs Ta 3HAYEHHS IIPIOPUTETIB AJIbTEPHATHB

Super Decisions Takoxx Hajae MOXKIJIHMBICTh PO3pPaxyBaTH PEUTHHI ANbTEPHATHB
mo KoXHOMY 3 KputepiiB. Ha puc. 11 HaBemeHO mNpHUKIaj PEUTHHTIB IS
nigkputepito K27.

JIis TIpakTUYHOTO BUKOPHCTAHHS KpaIllMX BapiaHTIB CKJIaAy aBiaIlifHOTO
YIPYHOBaHHS, IO 3aly4aeTbcs A0 TACiHHS JIICOBOI MOXKEXi (IbTEpHATUBU 2-TO
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piBHS), HEOOXiMHO pO3pOONATH IUTAHOBI TAOMWII TONBOTIB, Vy  AKHX
KOHKPETH3YIOTHCS TUIIH MOBITPSIHUX CYJIEH, AaHi PO eKinaxi, MOroJuHHUHN rpadik
MOJILOTIB, KUTbKICTh 3allpaBlieHb Ta CKUaHb, CYMapHHI HAJIIT Ta 3arajibHa BapTiCTh
3aTydeHHHS aBiallii 3 ypaxyBaHHSM BiIJaIEHOCTI aepOAPOMiB Oa3yBaHHS Ta BOJAOHM
Bomo3abopy Bix neHtpy JIII, cipomokHOCTI ¥ hopMyBaHHI CMyTH JOKamizallii Ta
PiBHS MIATOTOBKH i TOTOBHOCTI EKilaXiB MOBITPSHUX CYJCH.

Puc. 11. PeiiTunr ansTepHaTHB 10 migkpuTepito K27

[Ipy mpOMYy BHKOPHCTOBYIOTHCSI aTpHOYTHBHI OIMUCH OO0 €KTIB OHTOJOTIYHOL
Moxeni, a came “Ckiaj JbOTHUX eKinaxiB“ Ta “HopmaTruBHI 0OMEXeHHS
JlocTynHiCTh JTaHUX TaKUX OIHUCIB i  0ocoO0M, M0 TNpuiiMae pillleHHs,
3a0e3nedyeThes iX HasBHICTIO B 0a3i MaHWX iH(OPMAIIHOT CHCTEMH, SKa MOXKE
BHUKOPUCTOBYBATHUCH JJIS T ATPUMKH IIJIaHYyBaHHS MOJILOTIB.

BucnoBku

3a pesynbTaTaMu JOCHIPKEHb, HABEJCHUX B JIaHIi poOOTi, pO3IIAHYTO MUTAHHS
NIATPUMKH NPUHHATTA PilIeHb NPU BU3HAYEHHI PECYpCHOTO 3a0€3MEUYeHHS CUII
LUBUIBHOTO 3aXUCTY MPH T'aCiHHI JICOBHUX MOXKEX; BU3HAUYEHO OCHOBHI OCOOJIMBOCTI
MPUAHATTS PillICHh B YMOBaX 0araToKpUTepiaibHOCTI Ta iHhopMaIiiHOi CKIaIHOCTI
3aBJlaHb, [IOKa3aHO HEOOXIJHICTh 3aCTOCYBaHHSI MYJIbTH(YHKIIOHAIHLHOTO
IHCTpyMeHTapitl0 a1t 3a0e3NeveHHs] CTPYKTypyBaHHS JaHUX, MIATPUMKH
eKCIepTHUX CY/DKeHb Ta Bi3yamizamii MpoleciB NMPUAHATTS pillleHb; HaBEICHO
MIPUKIIA]I, IO IEMOHCTPYE MOXKITUBICTh BUKOPUCTAHHS IHTETPAIlifHOTO EKCIIEPTHOTO
METOAY Ta BIANOBIAHUX 1HQOPMALIMHUX TEXHOJIOTIH IJIi BU3HAYEHHS PECypciB
aBlalliifHUX yrpyyBaHb 3 METOIO (GOPMYyBaHHS IUIAHY ONEPATUBHOIO PEearyBaHHS 3
METOIO JTIKBLIAIIT JTICOBHUX TOXKEX, IO CHPUATHME PalliOHATEHOMY BUKOPHCTAHHIO
MaTepialbHUX, JIFOJICKKUX 1 (DiIHAHCOBUX PECYpPCiB, 3HIKEHHIO BTPAT Ta 30UTKIB Bij
HaJ3BUYAIHUX CUTYaIlil.
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Annotation. The article in historical retrospect considers the experience of
mapping and analysis of regional manifestations and risk of land overwetting in
Ukraine as a leading process of modern changes in the ecological state of its
geological environment. Since the importance of such monitoring increases in the
conditions of technogenic regulating of surface runoff (on more than 75% of the
riverbeds length as regional drains of soil aquifers), the impact of climate change,
and the need to take into account the activation of dangerous exogenous
geological processes during the implementation of post-war reconstruction and
infrastructure restoration programs. The results of works on the mapping in part
of updating the electronic "Map of the manifestation and development of
overwetting by causes in the territory of Ukraine for 2015" in the ArcGis 10.2
environment are outlined. The results of a GIS analysis of overwetting territorial
distribution in the territory of Ukraine and its changes for 2002-2015 are also
presented in relation to the risks of other dangerous processes activation,
especially on wetted loess rocks. These studies become an argument for the
greening of environmental management policy in areas of technogenic risk and
natural & technogenic risk of overwetting, especially in parts of irrigation
technologies, restoration of surface and underground runoff, reconstruction of
large reservoirs, modernization of water supply and drainage systems in
urbanized areas. It is especially emphasized that for the proper justification and
functioning of monitoring, it is necessary to fully restore periodic field surveys of
overwetting manifestation, primarily in the areas affected by mass flooding of
mines in mining areas.
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[HCTHTYT TenmekomyHiKaliii Ta rmobanpHOTO iH(pOpMamiiiHoTO TIpocTopy HAH Vkpainwy,
M. KuiB, Ykpaina

OHOBJIEHA EJIEKTPOHHA KAPTA ITPOSAABY TA PO3BUTKY
HNIATOIIVIEHHSA 3A IIPHMUHAMMU B YKPAIHI

Anomayin. Y cmammi 6 icmopuuniii pempocneKmusi po3enioacmucsi 00Ci0
Kapmozcpagiuno2o 8i000bpadicenHs U AHANIZY DeLiOHANbHUX NPOASI8 Ma PUSUKY
niomonyienHs 3emenb 8 YKpaini K nposiono2o npoyecy Cy4yacHux 3miH eKoi02iuHo2o
cmany il eeonoeiunozo cepedosuwya. OCKinbKu 8aiCAUBICIMb MAKO20 MOHIMOPUHEY
30IMbULYEMbCA 8 YMOBAX MEXHOSEHHO20 3apecyTI08aH s NOBEPXHEBO20 CMOKY (Ha
nonao 75% npomsasjicnocmi piukogux pycen AK peioHanbHUX OpeH IPYHMOBUX
B00OHOCHUX 20pU30HMIB), 6NAUSY 3MiH Klimamy ma nompedu 8paxysamHs
akmueizayii Hebe3neuHUx eK302eHHUX 2e0N02IMHUX Npoyecis nid uac peanizayil
npozpam NoeoeHHOI 6i00y0068uU Ui 6IOHOGNEeHHs [H@pacmpykmypu. Buxnadeno
pe3yabmamu pooim 3 Kapmozpapysanus niOMonieHHs 6 Yacmuni po3poOienHs
oHo81eHOi enekmpoHnoi « Kapmu nposagy ma po3eumxy niomonneHnHs 3a NpU4UHAMU
Ha mepumopii Yxpainu na 2015 p.» y cepedosuwyi ArcGis 10.2. Bukiadeno makooic
pesymomamu  T'IC-ananizy mepumopianbHozo po3noodiny niOMoNnJeHHs no
mepumopii Ykpainu i tioco 3minu 3a 2002-2015 pp. y 63a€m036 43Ky 3 pusuxamu
akmueizayii iHwux Hebe3NeyHux npoyecis, 0coOIUBO Y MACUBAX NIOMONTEHUX
necogux nopio. Li docniodxcenus cmaromos ap2ymeHmom 0 eKoa02i3ayii noaimuxku
NPUPOOOKOPUCMYBANHA Y  apedandax pusuky MexXHO2eHHO20 |  NpupooHo-
MEXHO2EHHO20 NIOMONIEHHA, O0COONUBO 8 YACHMUHI MEXHON02I 3POUleHHs,
BIOHOBNIEHHA NOBEPXHEB020 [ NIO3eMHO20 CHIOKY, DPEeKOHCMPYKYIi  8enuKux
68000CX08UW, OCYHYACHEHHS CUCmeM B000NOCMAYANHA 1 B0008i08e0eHHs 6
ypbanizoeanux paiionax. Hazonowyemocs, wo Ol HANEHCHO20 OOIPYHMYBAHHA I
@DYHKYIOHYBAHHSL MOHIMOPUHZY NIOMONAEHH HEOOXIOHO BIOHOSUMU Y NOGHOMY
00cA3i nepioouuHi noIbLO8I 0OCMeNCeH s 11020 NPOSBI8, NepedyCiMm Yy 30HAX 6NIUBY
MACOB020 3AMONNEHHS WAXM 8 2IPHUYO0BUOODYEHUX PATIOHAX.
Knrouosi cnosa: niomonnenns; npupoOHi i mexHo2eHHI (aKmopu, peioHanibHuUll
PUBUK,; HeDe3NeyHI eK302eHHI 2e010214HI npoyecu, 1ecosi NOpoou.
https://doi.org/10.32347/2411-4049.2023.2.124-137

Beryn

KinnesuM «1ernoy» i OLIBIIOCTI TEXHOT€HHUX BIUIMBIB Ha JOBKULIS € T€0JIOrYHE
cepenouie (I'C). Moro exomoriduuii cTaH iHEpIiifHMI, ane B pa3i 3HAYHOTO
MOTIPUIEHHS MPHU3BOAMUTH N0 JAerpajamii BCiX IHIIMX KOMIIOHEHTIB NPHUPOIHOTO
cepenoBua. B ymoBax nmoBHoMaciitaOHoT BifiHM B YKpaiHi OpYyIIEHHS IPHPOIHO-
TEXHOTEHHOI piBHOBar# exoinorignoro crany I'C 3pocrtae, K BHACHIIOK PYHHIBHHUX
0oiioBUX i}, TaK 1 Uepe3 3MEHLICHHS yBark 10 AOTPUMAaHHS IPUPOI00XOPOHHOTO
3aKOHOJABCTBA Yy TOCHOAAPCHKIM mismbHOCTI. BinmoBimHo 30inburyeTscs i
HETaTUBHHUHN BIUIMB PETiOHAIBLHOTO PO3BUTKY MPOIIECIB MiJTOIUICHHS 3€MElb, 10
aKTyali3ye 3aBJaHHA HOro CBOEYACHOI OLIIHKH i TPOTHO3YBaHHSI.

SBuie «miaToruieHHs» (wetting), ToOTO Mepe3BOI0KEHHS IPYHTIB 1 MAIPYHTS
BHACJTIJIOK BUCOKOTO CTOSTHHS IPYHTOBHX BOJI @)X JI0 X BUXO/y Ha JEHHY HOBEPXHIO,
9acTo € MPSIMUM HacTi koM «3arorieHHs (flooding), emizoauyHoro, IepioguIHOTO
abo mocTiiiHOro (B OCTaHHBROMY BHIAAKY BHACIIZAOK MiANOpPY MOBEPXHEBOTO i
ITiI3eMHOTO CTOKY), aji¢ HE € TOTOXKHUM HOMY.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 126 ~

BaxuBicTh MOPIYHOTO MOHITOPUHTY Ta KapTorpadidHOTO BiHOOpaKeHHS 1
(aKTHYHUX TPOSBIB MiNTOIUICHHS, 1 IIMPIIMX apealiB, A¢ iIMOBIpHI Taki MpOSBU
(TOOTO 11e icHY€ 3HAUHUH PU3MK 1X peatizailii), BUTUIMBAE 3 TOTO, 110 CaMe HasBHICTh
HiATOIUICHHS:

— CTa€ CTapTOBOIO JIAHKOIO JUIsl aKTUBI3allil 1HIIMX HeOe3MeuyHNX EK30TeHHHX
reoyoriuanx mporeciB (EI'Tl), takux sax: kapcty 1 cydosii (Ha xapOOHaTHHX i
TICOBUX MOPOJax), 3CyBOYTBOPEHHs (Ha CXHiax), MPOCAAKOBOCTI (Ha JIECOBUX
opoAax TIATPYHTS), 3MeHUleHHs MIYHocmi Ropio niorpywms Ta pPyHHIBHI
nedopmariii OyniBens y IpOMHICIOBO-MichKUX ariiomepaitisx ([IMA);

— TPU3BOAWUTH 10 30UTBIIEHHS IHTEHCHUBHOCTI CEHCMIYHUX CTPYIIyBaHb Ha
OOBOJHEHUX MIIIAHWUX, CYMIMAHUX 1 CYIIMHUCTUX CHA0ONPOHUKHHUX IPyHTaX
npubmuzHo ao 1-2 OamiB (3a mkanoro MCK-64) monan 30HanbHI (TpaH3UTHI)
3HAYCHHS,;

— CIPUYUHSE 2eomexHiuHy oOezpaoayito jecosux nopio TATPYHTS (depe3
MOPYUICHHS! BOJTHO-COJILOBOTO 0alaHCy) aX 1O iX THKCOTPOIHOTO PO3PiIKEHHS i
BTPATH HECYYOi 31aTHOCTI (BHACHIIOK CTPIMKOTO 3pOCTaHHsI TOPOBOTO THCKY B pasi
MOTY>KHUX CEHCMIYHMX CTPYLIyBaHb HPUPOIHOTO, TEXHOTE€HHOIO a00 BOEHHOTO
oxomkeHHs) [1, 2, 3].

Hamri cioctepeskeHHs 3aCBiUyIOTh, IO perioHaIbHUN PO3BUTOK MiATOMJICHHS B
octanHi 3540 pokiB 3HAYHOIO MipOI0 OOYMOBIIEHUI caMe TEXHOTEHHUM IIiATOPOM
pPiBHIB TPYHTOBHX BOJOHOCHHUX TOPH30OHTIB, CIPUYMHEHUM: MAaCIITaOHUM
3aperyJIOBaHHSAM TIOBEPXHEBOTO CTOKY B MeXaX NPaKTHYHO YCIiX PIYKOBUX
OaceliHiB YKpaiHW, HEKEpOBaHUM 3aTOIUICHHSM MIAXT B TipHUYOBHIOOYBHHX
paiionax Jloub6acy, Kpusbacy i Kapmarcekoro perioHy, a TakoX — €KOJOTi4HO
HEJIOCKOHAJIUM 3pOLICHHSM 3eMenb [IpudopHomMop’s 1 [IpuaHInpoB’s BiIKpUTUME
KaHaJIaMU ¥ BOJOTOHAMHU.

Po3po6iieHHsIM KapT apealtiB i yMOB IiITOIDICHHS 32 pe3yJIbTaTaMH BiMTOBITHAX
nepioguaHuX 00CTe)XeHb (MOHITOPHHTY) JOBTHE dYac 3aiimanacs [lepxaBHa
reosioriyna ciyx06a, Bracae JJHBII «[eoindopm Ykpainm». Hum mijg HaykoBUM
kepiBHULTBOM I.T.H. €.0. fIkoBneBa 3a yuacti QaxiBuiB [HCTUTYTY reosoriyHux
Hayk HAH Vkpaian akaxn. B.M. UlecromanoBa ta mnpod. M.I'. lemunmmna
CTBOpEHi, 30kpeMa: «KapTa migToruieHHs Teputopii Ykpainu ctanom Ha 1982 p.»,
«Kapta paitonuposanus Tepputopun Y CCP 110 yCIIOBUSM U CTETICHH TTOITOTUICHUSD
(1986), «Kapra omiHKM JUHAMIKH pO3BUTKY TiATOTUIEHHS 3a riepiof 1982-2002 pp.»,
«lmxeHepHO-TeoNIOTiYHa KapTa MpOsiBY Ta PO3BUTKY HIiATOIJIEHHS HA TEPUTOPIi
VYkpainu» (2002), Bci B M 1:1000000. Omnax miciast 2004 p., y 3B’s3Ky i3
CKOpOYEeHHSM (iHaHCYBaHHA POOIT 3 MOHITOPUHIY Ta PpETiOHATBHOI OLIHKU
po3sutky Hebesmeunux EI'TI, kaptorpadyBaHHs i aHanmi3 ¢akTOpiB MiATOIUICHHS
synuHWIMcs. OCTaHHBOIO CIPOOOIO X BIIHOBUTH OYB Movatok ckiaganns «Kaprtu
nigrorieHHs Teputopii Ykpaiam» (2015), sika Tak 1 He OyJa 3aBepiieHa, micist 40To
BCi poOOTH B IbOMY HalpsAMi OCTATOYHO NPUITHMHUIINCS.

TuM YacoM TIOCWJIEHHS TEXHOTEHHOTO BIUIMBY Ha JOBKULIA (30Kpema,
3aperyirOBaHHs IOBEPXHEBOI'O CTOKY 13 TPHUBAIOYUM 301IBIIEHHSIM KIUJIBKOCTI
craBkiB 1 mamux ['EC) ta npuckopeHHs IoOalbHUX 3MiH KiliMaTy (30Kpema,
HECTaOITFHOCTI CHIFOBOT'O MOKPHBY, 3MEHIICHHS NEepioy i IMOMHN POMEP3aHHS
TPYHTY, HECTAOULIBHOCTI OMaAiB i3 30UIBIIICHHSM IHTCHCUBHOCTI 3JIMB), IO SICKPaBO
MIPOSIBUJIMCSI CaMe TPOTIroM ocTaHHiX 20 poKiB, 00’ €KTUBHO aKTyalli3yIOTh MOTPEOy
B Cy4acHHX KapTorpaiuyHHX OLiHKaX PO3BUTKY MIATOIUICHHS B YKpaiHi, y T.4. Ha
perioHaTbHOMY PiBHI.
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OueBUIHO, IO IS TaKUX OLIIHOK HEJIOCTaTHBO THUX JaHMX, SKI MICTATh
«IHpopMariifini MOPIYHUKKA OO0 AaKTUBI3alii HEOC3MEYHUX CEK30TCHHUX
TCOJIOTIYHMX TPOLECiB Ha TepuTopii YKpainu 3a gaHnumu MoHiTopuHry EI'TD»
(BumaBamucs g0 2021 p. BKIIOYHO) i3 TEKCTOBOIO Ta TAOJIMYHOIO iH(OpMAIIiETO,
30KpeMa o0 TUTONT HOMHPESHHS MiATOILICHHS 1 KUTHKOCTI M ATOIUICHUX HAaCETICHUX
MYHKTIB Y po3pi3i aaMiHicTpaTUBHUX oOmacTeil. 3rigHo 3 nuMu nanuMu y 2013 p.
IUIOMIA TPOSBIB MiATOIUIEHHS B YKpaiHi BChoro cranosmia 79,44 tuc.xm?, y 2020 p.
BOHA JIEII0 30iIbmmiacs, 10 — 88,82 tuc.km>. KinbKicTh HaCeIEHUX MyHKTIB, B SIKUX
Big3Hauanocs miaromenss, y 2013 p. nopisHroBana 4702, a B 2020 p., HaBmakw,
smenmmiacs no 4315 [4, c. 55; 5, c. 66]. Ckopime 3a Bce, Taki CylepewIUBI
pe3yNIbTaTH OTpPHMaHI BHACTIOK HENOOONIKY depe3 HEJOCTATHICTh MEePBUHHHX
00CTEXEHb.

Tomy memoro Hamoro AOCHiIPKEHHS OyJIO 3aBEepIINTH CKIIAJAaHHS KapTH
MiATOIUICHHS TepuTopii YKpaiau cranom Ha 2015 p. i yAOCKOHAIWTH ii HA OCHOBI
BCIX JOCTYIHHX JaHUX JUIS 37iHCHEeHHS perioHanbHOI ['IC-omiHKM cydacHUX YMOB
(daxTopiB) pO3BUTKY MiATOTICHHS.

OcHOBHA YacTHHA

Pe3ynpratn BHKOHAHOTO HaMM aHalli3y HAIITOBXYIOTh Ha JYMKY, IIO TOJIOBHUM
(bakTOpOM TOpYIIEHAS PIBHOBAKHOI T€OIMHAMIYHOT B3a€MO/Ii1 TPYHTOBO-TIOPOAHUX
MacHBIB Ta ITOBEPXHEBOI i Mmia3eMHOI Tigpocdepu B ocTaHHI gecarupiyus (1985-
2020 pp.) € MaciuTabHe OyIIBHUIITBO CEPEIHIX 1 MAJIMX BOJAOCXOBHII] T CTABKIB, SIKi
MEPEBAKHO 30CEpPEeIKEeHI y OaceliHax MajMx pPIiYOK 3 HEBEIMKUMH IUIOIIAMHU
B0/10300piB [6]. Lle chopmyBaio mpocTOpOBO-4aCOBHIA MiAIIP MTOTOKY IPYHTOBUX BO/I.

l'onoBHMMHU HacHiIKaMHd KOMOIHOBAHOTO BIUIMBY TaKOI'O PO30CEPEIKEHOIO
MiAMOpY I'PYHTOBHUX BOJ 1 PIYKOBOTO CTOKY €:

— perioHalibHE MiIBUIIICEHHS PiBHS IPYHTOBOTO BOJIoOHOCHOTO ropu3oHTy (I'BI);

— 3MCHIIEHHS MiJ3€MHOI0 »HBJICHHS PIYKOBOTO CTOKY Y JIITHRO-OCIHHIO Ta
3MMOBY MEXEHi,;

— 3MeHIIIEHHS TOBIIMHY LIapy MOpiJ 30HU aepailii (HeHacuueHoi QinbpTparii) Ta
MOTIPIIIEHHS 3aXUIIEHOCTI MiI3eMHUX BOJ 30HH aKTUBHOTO BOJIOOOMIHY (IPyHTOBUX
BOJI Ta MEPIIOTO BiJl MOBEPXHi HAMIPHOTO TOPU30HTY);

— VYNOBUTGHEHHS TOBEPXHEBOTO  BOJOOOMIHY 3  TOTIpPIIEHHSM  HOTO
T1IPOEKOJIOTIYHUX ITapaMeTpiB;

— 30UIBIIEHHS BTPAT PIYKOBOTO CTOKY BHACIIJIOK BUIIAPOBYBAHHS 3 MOBEPXHI
BOIOCXOBHII i cTaBKiB (3 11,35 Trc.xM? 1ie CTaHOBMTH 10 12 Mupa M® Ha piK).

[Ipo 3pocTaHHS BOJHO-EKOJOTIYHOTO BIUIMBY INTYYHUX IOBEPXHEBUX BOJHHX
00’€KTiB B MeXaxX piBHUHHOI TepUTOPii YKpaiHU CBITUUTH CyTTEBE 301TBIICHHS TYT
3arajibHOI IUIOMII BOAHOTO J3epKalia yCiX BOJOCXOBHII Ta CTaBKiB 10 11,35 Tue.km?,
o B 1,6 pasa nepeBUIIye IIONLY BEIUKUX BOAOCXOBUI p. JIHimpo (6,95 Tuc.km?).
[Mpudyomy npocTopoBa po3ocepeKeHICTh (MO3aidHICTh) MACUBY CEPEIHIX 1 ManX
BOJIOCXOBHIII TA CTaBKIB Y PIYKOBHX CHCTEMax 00YMOBIIIOE CTIHKI periOHANIbHI 3MiHH
T1IPONIOTIYHOTO PEKUMY BCi€l piYKOBOT MEpEXi.

B ymoBax aHOMaJBLHOTO 3aperyilOBaHHS TIOBEPXHEBOTO CTOKY YKpaiHH
IHIUKATOPOM T AT PHOTO BIUIMBY BEIMKOI KUTBKOCTI CEPEIHIX 1 MATMX BOJIOCXOBHIIT
Ta CTaBKiB MOXHA BBa)KaTW pPETiOHANbHE 301NbIICHHS TEPUTOPiH CTIMKOroO i
THMYACOBOTO MigTorieHHs y nepion 1985-2020 pp. 3 9,92 tuc.km? 1o 88,82 Trc.xm?
(3poctaHHs Maibke y 9 pasiB).
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B wmexax piBHuHHOI Teputopii VYkpainm (Sps = 500°10° km?) numoma
mepumopianvra winenicmo cmaekie (P) 3a ix ximpkocti Tam y N = 50,810°
CTaHOBHTH:

P = Spis/ N =(500°10% / (50,810°%) = 9,8 km*/cTaB.

[Iprgomy BiTHOCHO PIBHOMIpPHHH MPOCTOPOBHHA PO3IMOMINI CTaBKiB A€ 3MOTY
OLIHUTH IX MiAMIPHUH BIUIMB Ha PiBHI I'PYHTOBOI'O BOAOHOCHOTO TOPHU3OHTY i3
BU3HAUCHHSIM  BEIHYUHH 2eonpocmopogozo  paodiycy (Ryp) 32 mmTomol
TEPUTOPIATHEHOI MITEHOCTI cTaBKiB (P):

Rup= (P/m)* =[(9,8°10°Mm%/3,14)]%° = 1,74+10°m.

3a yMOBHM 3arajibHOi IUIOII BOJHOTO J3€pKaja CTaBKiB 1 CEepeaHbO-MaJIUX
BOJOCXOBHUII y So = 5,24¢10° km? (Ta CyMapHOi KiJIbKOCTI CTaBKiB i BOJOCXOBHII
No=5,18-10%) ix opieHTOBHUI cepedniti padiyc 2idpoceohinbmpayitinozo
nionipnozo eniugy («BEIHKOTO KOJOJS3I0») Ha TPYHTOBHU BOJOHOCHUI FOPH30HT
MO’KHA OIIIHUTH 3a HACTYITHOI 3aJIC)KHICTIO:

I = (So/ weNo)> = [(5,24:10°/ 3,14+5,18:10%)]1%= 180 m.

3a (OHIOBUMH JaHUMH MOHITOPHHTOBHX CIIOCTEPEKEHb 3a 3MiHAMH PiBHIB 1
XIMIYHOTO CKJaqy TIPYHTOBOTO BOJOHOCHOTO TOPH30HTY TMOKAa3HHK HOro
PiBHEMPOBOAHOCTI (TiaporeodibTpaliiHOl IBUIKOCTI XBUJIi TOBEHEBOTO IMiIIOPY)
nopiBHoe ay =~ 10* M?/100y. 3a HUX YMOB IIijl 4ac MOBEHEBOIrO MiAHOMYy MOBEPXHi
BOJI y PIYKOBHX pyciax, CEPEAHbO-MAINX BOJOCXOBHUINAX 1 CTABKAX MPOTATOM Yacy
t = 100 ni6 opieHTOBHa gidcmaHb nionopro2o enaugy nogenegoi xeuni (R,) Ha
IPYHTOBUH BOJOHOCHUM TOPU30HT CTAHOBUTHME:

Ry = 1,5:(ay 1) = 1,5:(10%10%) % = 1,5-10° m.

Pe3ynbTaty BUILEHABEJCHUX PO3PAXYHKIB JIOBOIATh, IO ICHYFOUW MacCHB
CTaBKIB 1 CEpeJHbO-MAJMX BOJOCXOBHII Ma€ MPAKTHYHO OJIHAKOBI 3HAYCHHS
paxiycie reompoctopoBoro posnominy (Ry, = 1,74+10° M) Ta miamoporo
rigporeoinbTpaniiHOTO BIUIMBY TIOBEHI HA PIiBHI TIPYHTOBOTO BOJOHOCHOTO
ropusonty (R, = 1,5-10° m).

KisbkicHa OLiHKa T€0IPOCTOPOBOTO PO3MOIITY CEPEIHIX Ta MATMX BOJOCXOBHII]
(Neww = 1047) 1 craBkiB (Ner = 50793) Ta ix cepeanix miamopiB (hew = 3,60 M,
her = 1,33 M) J1ae Takox 3MOTY BUKOHATH OPIEHTOBHI PO3PaXyHKH MOB3/[OBXXHBHOTO
nopymieHHst — rigporyoriuHoro  npodimo  pivok  (L,) 3 ypaxyBaHHIM
Cepe/THbO3BAKEHUX PETIOHALHUX 3HAYCHb iX TifipaBiigHoro rpamienty (Ip): Ip =
0,5-107.

3araibHa CcyMapHa  008JICUHA  NOB3008XHCHLO2O  NIONOPHO20  NOPYUIEHHS.
eioponoeiunux npoghinie pivox YKpaiHM y 30HaX BIUIMBY CEPEOHIX 1 Maux
BOJIOCXOBHIII Ta CTABKIB BU3HAYA€THCSI HACTYITHOIO 3aJIEKHICTIO:

L.= NCHM'(hCHM/Irp) + NCT'(hCT/Irp) ~

~ (1047-(3,60/ 0,5-10%) +50793+(1,33/ 0,5:10%)) =
~ (7538+135109) = 142647 xm.

I3 BuIIeHaBeIeHUX PO3paxXyHKIB BUIUIMBAE, 110 34 3arajbHOI JOBXKHUHHU PIYKOBOI
Mepexi YkpaiHu y Liar = 203 tuc.xM vacmxa (A) pecionanbHo20 nog3008iCHb020
nopyuwienns Tigposoriaaoro npodiiaro pivok (L) A0piBHIOE :

A =L/ Laar = (142647 / 203000)-100% = 84%.

3a Takux 0OCTaBMH MOKHA AIMTH BUCHOBKY, IIO B MEXKaxX PIBHUHHOI T€pUTOPIii
Ykpaiam, ae 30cepekeHa IMepeBa)kHa OUIBIICTh CTaBKIB Ta CEPEMHIX 1 MaJHX
BomocxoBu, y XXI cr. cdopMmyBamuch yMOBM AN PErioHaJBHOTO
KBa3icTabiIpHOrO (AeCh CTIMKOrO, MeCh THMYACOBOrO) IIATOILICHHS 3EMEIb,
MICHKHX Ta CITBCHKUX HACEICHUX ITyHKTIB.
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B mipomy acrmiekTi mpuBepTae yBary OJU3bKiCTh BEIHYHHH CEPEIHBOTO MIAOPY Y
30Hax BIUIMBY MO3ai4HO PO3MOJiIEHNX CTaBKiB Ta 3HAUYEHb CepelHbO0araTopiYHmuX
KOJIMBaHb PiBHIB IPYHTOBOTO BOJOHOCHOTO ropu3oHTY (0,6—1,3 M), 110 MPaKTU4HO
BHUKIItOYaE (POpMyBaHHS TiIpaBIIYHOTO TPAMIEHTYy MOTOKY TPYHTOBHX BOX Yy
MIPUPYCIOBUX 30HAX Ta CIPHE PETIOHAIHLHOMY MiAHOMY iX PIBHIB 3 HACTYITHOIO
aktuBizamiero HeOesneunux EITL: miaroruieHHs 3emenb, eposii, ocimaHb 3eMHOL
MOBEPXHI, 3CyBO- Ta KAPCTOYTBOPEHHSI.

Jia perioHaIbHUX KapTOMETPUYHUX OLIHOK PH3UKY MIATOIUICHHS paHilie
JIOBOJIMIJIOCST BHKOPHUCTOBYBATH EIIEKTPOHHY BepcCilo «[HXEHEepPHO-Te0NoriYHo1
KapTH MPOSIBY Ta PO3BUTKY MiATOIUIEHHsS Ha Tepuropil Ykpainu» (M 1:1000000,
2002 p.), cBoro "acy omudpoBaHoi 1 HakIaaeHoi Ha TonoocHoBy M 1:200000 myst
notpe6 konmuimHasoro MHC Vikpainu. [Ipu 11boMy KOHTYpH apeaiiB MiJTOIUICHHS
3a3HaJIM BUMYIICHOT reHepati3allii, OCKUIbKH BIUIMB PEriOHAIbHOIO TEXHOT'CHHOTO
HiATIOPY PIYKOBOTO CTOKY SIK Ha PEriOHANBHY APEHY CYIIPOBOIKYETHCS TPOCTOPOBO-
YacCOBMMH 3MiHAMH TMapaMeTpiB MOJS PiBHIB IPYHTOBUX BOJOHOCHHX TOPHU30HTIB.
3a3HayeHa KapTa BigoOpakama pO3MOALT apealiB PEriOHAIBHOTO PHU3UKY
MiATOIUICHHS TaKUX Muni6 (3a yMOBaMH 1 IPUIMHAMA BUHUKHEHHS ):

1) Ilpupomne (TPUPOMHO-TEXHOTEHHE) I BIUIMBOM BHCOKOTO CTOSIHHA
IPYHTOBHX BOJ (Y HaMIpHO 3BOJIOKEHUX MPUPOAHUX 30HaxX [loriccs 1 piBHUHHOTO
3akapmarTs).

2) TexHoreHHe y 30HaX BIUIMBY BOJOCXOBHII (OCHOBHUI apean y CepeqHpoMy
[punninpos’).

3) TexHoreHHe y 30HaxX TiISHOK 3pOLICHHS (IIiBACHHI PETiOHN).

4) IpupomHe (MPUPOTHO-TEXHOTEHHE) Bij MEPE3BOJIOKEHHS BEPXHBOTO IIapy
rpyHTy (¥oro 3oHM aeparlii abo HeHacwuyeHOi QinbTparii) 4epe3 OCOOIHBOCTI
penbedy Ta rpyHTOBOTO MOKpUBY (B Jlicoctemnoriit i [liBHiuHii CTenoBiii 30Hax).

3a pesynbTatamu ['IC-anaii3y 11i€i kapTH, 3arajibHa IUIONIA apealliB PecioHANIbHOZ0
PpusuKy niomonnens BCix THIiB Ha noyatky 2000-X pokis craHoBmiIa 163 THC.KM?, 11€
27,3% Ttepuropii Ykpainu. LlinkoM 3aKOHOMIpHO, IO 33 IUIOIICK) CEpPel HHUX
nepeBaXkal 30HA MPUPOJHO BHCOKOTO CTOSHHS IPyHTOBUX Boj (tum 1, [Momices i
3akapnarts) — 58,1%. Ane # apeanu SBHO TEXHOI€HHOTO PU3MKY (TUnH 2 1 3)
CTaHOBWJIM TIOHAJ TPETHHY IUIONI perioHanpHOro miarormeHHs (35,2% Big ycix
miaToruieHux ). 11i 30HM 4y TiIuBI 10 aKTHBI3aIiT M ITOIJICHHS BHACTIIOK TTOCHIICHHS
B OCTaHHI JIeCATUPIYYsl BIUTMBY (haKTOpiB TIIOOATPHHUX 3MiH KIIIMaTy (TIOTEILTiHHS,
301JIBIIICHHS 3JIMBOBHX OIAJliB, BACOTH W YaCTOTH ITOBEHEH 1 MaBOAKiB ToINo). Jlo
BCIX apeaiB perioHalbHOrO PHU3WKY TMIATOIUICHHS YCIX THIB TOJI BXOJHIH
8534 naceneHi myHKTH (3 HEX 392 MicbKi).

3po3yMino, Mo 3HaYHa YaCTHHA UX HACEJICHUX IyHKTIB MMOTpAIUIse 10 apeatiB
PETiOHaTBHOTO PU3UKY ITiITOTUICHHS JIUIIE YaCTKOBO, YaCTO JIYXKE MAJIOI0 TUITHKOO
CBOE€T TuIOMI (OCOOJUBO 1€ CTOCYETHCS BEJIMKUX 32 IUIOMICI0 MICHKUX IOCEICHB).
[lepeBuiieHHs iX KiJBKOCTI Maif’Ke B /IBa pa3u MOPIBHSHO 3 KUIBKICTIO HACEJIEHUX
MYHKTIB, Jie 3a()ikcoBaHi NPOSIBU MiATOIUIEHHS 3TiAHO 3 naHuMH «lHpopmamiiinux
HIOPIYHMKIB...» [4, 5], TMOSCHIOETbCS THM, IO PH3WK peali3yeThcs IaleKo He
KOXKHOTO POKY 1 1aJIeKO HE B YCiX 3arPOKEHUX HACEIEHUX IyHKTax.

Ockinbku po3poOnenust «Kaprtu migroreHus tepuropii Ykpainu» 3a 2015 p.
(M 1:1000000) y JHBII «I'eoindhopm VYkpainm» He OyJI0 3aBEpIICHO dYepe3
OpraHi3amiiHi TpHIUHA, HaMHU OYJI0 3MIHCHEHO 11 JOOIPAIIOBAHHS SIK €JICKTPOHHOI
«KapTu nposiBy Ta po3BUTKY HiATOIUIEHHS 3a MPUYMHAMH Ha TepUTOpii YKpainu Ha
2015 p.» (pmc. 1) — Ha OCHOBI CKAaHOBAaHOTO IIAIIEPOBOTO OpPHTIHATY,
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reonpuB’ss3aHoro0 10 « TomorpadidHoi eIeKTPOHHOI KapTH YKpaiHnu 3 iHpopMalriero
JepxkoMcTaTy MpO YUCENbHICTh HAsBHOTO HaceleHHS Ykpaimm» (2004 p.,
M 1:200000), 3 mepenuCcHO YKCEIBHICTIO HACCIICHHS B HACCICHUX ITyHKTaX Ha
kigens 2001 p. KonTypu apeaiiB pu3nKy i MPOSBY MiATOIUICHHS KPECITHIIUCS BPYIHY
3TiTHO 3 pPacTpOBHUMH 300paXKCHHAMH CKaHOBAHOTO OpHTiHANY 3aco0amMu
incrpymenty Editor y cepemoBumi ArcGis 10.2 (B kaprorpadiuniii mpoexii
UkraineEquidistantConic). HeB’si3ku ckaHOBaHOTO OpHTIHATY /10 TOTIOOCHOBH HE
MIEPEeBUIIYIOTh 2—3 KM, IO Aa€ MiJCTaBy HAIaTH JOOMPAIbOBAaHIA KapTi MacmTad
1:1000000.

Puc. 1. JloonpanpsoBana «Kapra mposiBy Ta pO3BUTKY MiITOIUICHHS 3a NPHYMHAMH Ha
teputopii Ykpainu Ha 2015 p.»

B pa3i morpebu oOTpuMaHi KOHTYpHM YTOUHIOBAIWCS, IOMOBHIOBAJIMCA Ta
iHTEeprpeTyBanucs 3a «KapToro OIiHKN TUHAMIKH TEPUTOPIi PO3BUTKY i TOILICHHS
3a mepiog 1982-2002 pp.» (M 1:1000000) ta «CxemMaTHYECKOW KapTOM OIECHKH
pacnpocTpaHeHus] 1 MHXEHEPHO-T€0JIOTHUECKUX IMapaMeTpoB MOJO0B U OJIo/el Ha
tepputopun  Ykpausbl» (aBrop LI. Monogux, 1983 p.), ockinbku Ha
HEJ0pO0JICHOMY OpHUTiHAJI HaBeICHI, 30KpeMa, 3a00i0ueHi (00BOIHEHI) IISHKN K
103a 30HOI0 MPUPOAHO BUCOKOTO CTOSHHS PiBHIB IPYHTOBUX BOJ, BIacHE MOJH Ta
Omoaus i3 MiABMIIEHUM iHQIIBTPALiHHUM >KUBICHHSIM IPYHTOBUX BOJOHOCHHUX
TOPH30HTIB, 0COOJIMBO y MiBACHHUX perioHax YKpaiHu.

BusnaueHi y Takuii crocid KOHTYpH apeaiiB NOIMIMPEHHS PU3HUKY IiITOIUICHHS
nemudpyBaiics 3a THIAMH YMOB 1 (akTOpiB IeHe3ucy (3 pO3MOAUICHHSM Ha
BIAMOBIHI KapTorpadiydi mapu). Bramocsi BU3HAYUTH Taki munu YMOB PO3BHTKY
HIITOIUIEHHS:
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1) CXWIBHICTH A0 CE30HHOTO MPHUPOTHOTO MiATOIUICHHS (ITi]T BIUTHBOM ITPHUPOTHO
BHUCOKOTO CTOSHHS PiBHIB IPDYHTOBHX BOJ) — Y HQJMIPHO 3BOJIOKECHHMX 30HAX
Bonunacbkoro, XXuromupeskoro ta KuiBeskoro Ilomicesi, piBHHHHOTO 3akapnarts,
3araB HwkHIX [yHato, {Hinpa i {nicTpa.

2) CXWIBHICTE 10 TEPIOTUIHO-0AraToOpigHOrO MPHUPOTHOTO IMiATOTICHHS
3HWKEHUX JUITHOK penbedy (MiJ BIUIMBOM HAAJIHIIKOBOTO >KWUBJICHHS IPYHTOBUX
Box) — B JliBoGepexnomy Ilomicei Ta Jlicocremy, micoctenoBiii XKutomMupIuHi Ta
KuiBmmHi.

3) CXunpHICTH A0 MEPIOANYHO-0AraTOPiYHOTO MPHUPOAHO-aHTPOIIOTEHHOTO
MiATOIJICHHS 3HIDKEHHUX JISHOK penbedy (i BILIMBOM HaITUIIKOBOTO KUBJICHHS
TPYHTOBHX BOJI Ta MiIIOPY CEPEIHIX 1 MATHX BOAOCXOBHIII, CTABKiB) — B OCHOBHOMY
MiBJCHHI, CX1JTHI perioHu Ta J1iBoOepekHa YacTHHA Y KpaiHH.

4) PO3BUTOK TE€XHOTECHHOTO IMiITOIJICHHS i/l BIUIMBOM MiAIOPY BOJOCXOBHII] —
ocHOBHUII apean y Hmwxapomy Ta Cepenaromy [Ipuaninpos’i.

5) PO3BHTOK TEXHOT€HHOTO MiATOTUIEHHS MiJ BIUIMBOM 3pomieHHs ((imprparmii
3 KaHaJIiB) — MiBJIcHHI perion# i [IpuaHinpos’s.

6) PO3BHTOK TEXHOT€HHOTO MIATOIUIEHHS YypOaHi30BaHWX TepuTopiit (Tin
BILTMBOM (DiNbTpariii 3 Mepex i BOAOIM) — MPOMHCIOBO-MICHKI ariomeparii B
Cxinnomy i IlpuaHIIPOBCEKOMY perioHax.

Lli TUmu TOMITHO BIPI3HSAIOTHCS BiJ TakuX 3a «IHXKEHEPHO-TCOIOTIUHOIO
KapTOI TPOSIBY Ta PO3BUTKY MIiATOIUIEHHS Ha Tepuropii Ykpainm» (2002), ix
KUTBKICTh 3pOciia Ha JBa 3a PaxyHOK BBEICHHS «CXWJIBHOCTI /0 TEpioAUYHO-
0araTopi4YHOTO MPUPOJHOTO MiJTOTUICHHS 3HIKCHUX TUISHOK penbedy» (Tum 2) Ta
«PO3BUTKY TEXHOTEHHOTO MiATOIUICHHS ypOaHi30BaHUX TepHUTOpii» (Tur 6). Tumnm
«PO3BUTOK TEXHOTCHHOIO MIiATOIJICHHS MiJl BIUIMBOM 3pOIIEHHS» (THm 4) Ta
«PO3BUTOK TEXHOTCHHOTO MIATOIUICHHS ]I BIUIMBOM IiJIOPY BOJOCXOBHIID)
(tun 5) amHanoriuHi TakuM y «lHKEHEPHO-TCOJIOTIYHIA KapTi...». A THIH
«CXWJIBHICTB IO CE30HHOTO MPHUPOAHOrO MiATOIUIEHHS Yepe3 MPHPOIAHO BUCOKE
CTOSTHHS TPYHTOBUX BOA» (THI 1) Ta «CXMIBHICTH J0 MEPiOJUYHO-0araTOpivHOrO
MIPUPOIHO-aHTPOIIONCHHOT'O IMITOIUICHHS 3HM)KEHUX JUISHOK penbedy» (Tum 3)
BIJIMOBIIHI THUTIAM «IIPUpOIHE (TPUPOAHO-TEXHOTEHHE) Tif] BIUIMBOM BHCOKOTO
CTOSHHA TIPYHTOBHX BOI» Ta «IpUpPOAHE (IPUPOJHO-TEXHOTEHHE) Bix
MEPE3BOJIOKEHHS BEPXHBOTO MIAPY IPYHTY» Y «[HKEHEPHO-T€0JIOTiUHIN KapTi...».

3a pesynbratamu ['1C-anamizy enektponHOi «KapTu mnposiBy Ta PO3BHUTKY
MiATOIJICHHS 32 NPUYMHAMM Ha TepuTopil Ykpainu Ha 2015 p.» 3aranpHa miomnia
apeaJiiB PerioHabHOTO PU3MKY MiJITOIUICHHS BCiX THMIB B cepenuni 2010-x pokis
Oyna 162 T.xkm? (10 27% TepuTopii YKpainu) — 1€ Maiike CTIIBKH K, CKiIbKH Ha
noyatky 2000-x pp. 3a miomero cepel HUX MEePEeBaXKaroTh THIN: «CXHJIBHICTH JI0
CE30HHOT'O MPUPOJIHOTO MiITOMJICHHS Yepe3 MPUPOTHO BUCOKE CTOSIHHSI IPYHTOBUX
Boa» (tum 1: 36,1%) Ta «CXWJIBHICTH J0 MEPIOJAUYHO-0AraTOPIiuHOTO MPHPOIHO-
AQHTPOIIOTEHHOT0 TMiJATOIUIEHHS 3HW)KEHUX HOUIIHOK penbedy» (tum 3: 26,1%).
Apeanu SIBHO TEXHOTEHHOTO pw3uMKy (tumu 4, 5 i 6) cranoBwim 27,7% o
pErioHaNBHOTO MINTOIUICHHs, Tabmuist 1. B apeamn momupeHHS BCiX THUIIB
PEriOHaNBHOTO PU3MKY MIATOIUICHHS HoTpanuio 8639 HaceneHux myHKTIB (10 30%
BiJ ycix), 3 HUX 464 Mmicekux (34,5% Bix ycix Micbkux). Beix HaceneHuX MyHKTIB i3
PU3MKOM MITOIJICHHS BUSABWIOCA aemo Merme (Ha 1,5%), HDK Ha MOYaTKy
2000-x pp. (3a paxyHOK CITBCHKHMX), HATOMICTh MICBKHX ITOCEJICHb — ITOMITHO
oinbire (Ha 5,7%).
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Tabmumns 1. Ilmoma apeanmiB perioHANFHOTO PHU3UKY MiATOIDICHHS Ta KiJIBKICTh
HaceJIeHUX MyHKTiB 1 HaceneHHs y HuX (I'IC-ouinka Ha 2015 p.)

Tunu niaTorIeHHs
Tun 1 |Tun 2| Tun 3 | Tun 4 | Tun 5 | Tun 6

Bcroro

Tliowa apeastis perioHaHoro 584 | 164 | 423 | 225 | 21,4 | 0,96 | 161,9
MATONJICHHS, T.KM

% 3a Thmamu ymoB minromienas | 36,1 | 10,2 | 26,1 | 13,9 | 13,2 0,6 100

Bcix HaceneHUX MyHKTIB i3
PHU3HKOM MiITOIUICHHS

% 3a Tumamu ymoB minromwienns | 30,4 | 13,0 | 33,4 | 10,2 | 12,0 1,0 100
3 HUX MICBKHX 100 52 | 154 55 85 18 464
% 3a TMmamu yMoB migromienHsa | 21,6 | 11,2 | 33,2 | 11,9 | 183 39 100

2630 1124| 2885| 8&79| 1037| &4 | 8639

KinbkicTh HaceJIeHHs, 1110 3a3HaE
PHU3UKY IATOIUICHHS, MJIH. 0Ci0

% 3a THIIamM# yMOB minToruieHHs | 20,7 791 21,3 | 22,6 | 26,6 0,9 100
3 HUX MICBKOI'O 1,04 | 0,56 | 1,52 | 2,08 | 2,47 | 0,08 7,76
% 3a THIIaM¥ yMOB TixToruieHHs | 13,5 721 19,6 | 26,8 | 31,8 1,1 100

2431093 | 2,50 | 2,66 | 3,13 | 0,1 11,76

[laoua apearis mxronieHix 2,21 | 9,71 | 31,93| 13,13| 17,03| 0,49 | 74,5
JIECIB, T.KM

% 3a TMmamMu yMoB minromienns | 2,97 | 13,03| 42,86 17,62 22,86| 0,66 100

HaceseHux myHKTIiB Ha
MiATOINIEHUX JIECAX

% 3a Tumamu yMoB migTorutenns | 4,7 | 15,9 | 48,3 | 11,7 | 18,4 | 1,04 100
3 HUX MICBKHX 17 41 | 127 37 69 11 303
% 3a TMIIaM¥ yMOB Tigromienns | 5,6 | 13,5 | 41,9 | 12,2 | 22,8 3,6 100

KinpkicTs HaceneHHs, 1110 3a3Hae
PH3HKY Ha MiJTOIUICHUX JIeCcax, MITH

225 765 | 2317 560| 882 50| 4800

0,31 | 0,46 | 0,14 | 0,86 | 2,36 | 0,06 5,39

% 3a THIIaM¥ YMOB TiATOIDICHHA | 5,7 8,6 2,51 16,0 | 43,7 1,1 100
3 HUX MICBKOIO 0,15 | 0,28 | 0,08 | 0,55 | 1,87 | 0,05 3,71
% 3a ThmamMu yMoB migromienns | 4,0 7,5 22| 148 | 50,4 1,4 100

Licepeno: aBTOPCHKI pO3paxyHKH.

3a3HayeHa CHTyallis B MicTaX KOPENIOE 3 TPUPOCTOM BOJHUX BTpaT i3
BOJIOTIPOBITHO-KAHATI3AMIMHINX Ta TEIUIOCHEPIreTHYHUX Mepexk (OpIEHTOBHO
mopiyHo Ha 0,5-1,0% BHaC/IiJOK KOPO3ii Ta 3pOCTaHHS arpeCUBHOCTI MiATOIIICHUX
rpyHTiB). Tak, BUKOHaHI OLIHKK OallaHCy BOJOKOpHCTyBaHHS B Mexax [IMA Ha
OCHOBI CTaTUCTHYHOI 3BITHOCTI Iiipo3 i MinOyy, JlepkBoarocmny Ta iH. Jar0Th
3MOTY JIiIHTH BUCHOBKY, 110 B 0cTaHHi 25—3(0 pOKiB Ma€ MicCIie 3pOCTaHHS BTPAT BOJU
3 BOJIOTIPOBITHO-KaHATI3AIHHUX Ta TEIUIOEHEpreTHYHUX Mepexk 3 15-20% no
35-45% i GinpIre.

[Ipo 3Ha4YHMI BOJHO-TEOTEXHIYHWI BIUTUB TAKUX MEPEK B MICTaX 1 CEIHIIax
(3aranpHa MPOTSHKHICTH BOJOMPOBIIHUX, KaHATI3AI[IMHUX Ta TEIUIOCHEPTeTHIHUX
Mepex, Bignosimuo, 127,4, 37,6 ta 40,8 tuc.km mpu 35-40% aBapiliHux) Ha
ImKeHepHO-Teonorigyanii crad I'C cBimUNTh iX 3arajbHa cepedHs MIIIBHICTH, SKa
nocsrae 11,0 km/km?. TIpudoMy JOCIIIKEHHS MPOCTOPOBO-YaCOBOI JAMHAMIKH
3poctanHs riony migromieHHs [IMA VYkpainu 3 BukopuctaHHsaMm manux J[33
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(MM, Xepcow, uinpo, 3amopixoxs, Oneca Ta iH.) Ta BETHYWHA JIOKATLHUX IT1THOMIB
PiBHS IPYHTOBHUX BOJ B iX MeKax 3aCBIIUMIIO QOPMYBaHHS LEHTPAIbHUX MIEPEBAKHO
KYHOJBHUX CTPYKTYP («sAep») TEXHOT€HHHUX AUISTHOK T0JATKOBOTO BOAOHACHYCHHS
moping 30HM aepamii. Bce 1me BigOyBaeTbcs TOMy, IO 3HAaYHa YacTKa
eHeprocrioxkuBanHs B IIMA moB'si3aHa i3 3a0e3nedeHHsSM (YHKIIOHYBaHHS
BOJIONPOBITHO-KAHAMI3AIIHUX Ta TEIUIOCHEPTCTUYHUX MEPEXK, IMiABHUILNEHI BOJHI
BTPATH 3 IKMX BHACIIIOK HE3aJ0BUTHHOI T1APO130JIAIiT BINTHBAIOTH HA: ITi IHOM PiBHSA
TPYHTOBHX BOJ, MTOJATKOBi Aedopmarii MOBEpXHI Ta MPUCKOPEHHS CTapiHHS 1
3HOMICHOCTI OyniBens [7—10].

[pu cydacuux Brparax Boau B Mexax [IMA mo 1,3 mupa m*/pik, nogaTkose
TEXHOTCHHE JKMBJICHHS TIPYHTOBOTO TOPH30HTY Ha TEPHUTOpii MICT 1 CeJHI]
(19,6 Tvc.xM?) cranoButh y cepennbomy: (1,3:10° M%/pix) / (19,6:10°-10° m?) =
0,067 M = 67 mm/pik (abo 2,1 n/cex-km?), mo Maiike B 2 pasu IIEPEBHUIIYE
Oararopiuni perioHanbHi 3Ha4eHHs (~1,0 1/cek-KM?) i TOMy CIpHS€E MOMANBIIOMY
MiTOIUICHHIO TEPUTOPIT MICT 1 cenw.

3 orIsAay Ha BCE BHILECHABEACHE, MOXHA 3pOOUTH MPUIYIICHHS, 10 B OCTaHHI
2-3  jmecATUpIUYs HE3aJOBUIBHHMN CTaH BOJONPOBIJIHO-KAHATI3AIIMHUX Ta
TEIUIOCHEPTeTHYHNX MEpEX IIePEeTBOPUBCS Ha TOJOBHUH (DakTOp pO3BUTKY
MIATOIUICHHS W TOTIPIICHHS CTIMKOCTI Ta COIiabHO-CKOHOMIYHUX TOKa3HHKIB
XKHUTIOBUX 1 MPOMUCIOBHX cOpyA B Oinbiocti [IMA Ykpainu.

[Ipy 1boMy HEOOXiTHO BpaxOBYBAaTH, IO BOJHO-TEIUIOBI BTpaTH 3
BOJIOTIPOBITHO-KAHAMIZAMIMHAX Ta TEIUIOEHEPTETUYHUX MEPEX y MexaxX MICT i
CeNUINl MaloTh IUJIOPIYHMHA XapakTep, IO BHACTIIOK (ilbTpamiiHoi aHizoTpormii
HalimommpeHimux B YKpaiHi iecoBux nopif (iXx BepTHKaIbHa MIPOHUKHICTB 110 5—10
pa3iB i Oinpllle TMEpEeBUIYE TOPU3OHTAIbHY) OOYMOBIIOE JOBTOCTPOKOBHUI
KyHoJIOnoAiOHMIA TiIHOM piBHIB I'pyHTOBHX Boj (Y M. JIHimIpo — 10 35 M) i3 cTilikum
MEPE3BOJIOKEHHSAM CXUIIOBHX TEPUTOPiit B Mexkax [IMA.

Kpiwm toro, i gac rijpoMeniopaTuBHAX 3HOMOK B J{HITTPOTIETPOBCHKIN 00IaCTi,
OyJI0 BCTaHOBIIEHO, IO BEJIMYHMHA CTATUYHOrO HampykeHHst 3pymeHHs (CH3)
HEPE3BONIOKEHUX JIECIB JOPIBHIOE aci; = 100-150 wmr/cm?, mo pobuts ix
IUIMBYHO3AATHAUMH 1 Pi3KO 3MEHIINY€E CTiHKICTh CXWIiB. BiAmoBimHO, Kpumuuna
cmpimkicms cxuny (ag) U JAHUX YMOB TEXHOTEHHHMX 3MiH TE€OMEXaHIYHHUX
MOKa3HMKIB Ta CEPEeIHBOT IIITBHOCTI BOJJOHACHYCHUX JIECOBO-CYTIIMHUCTHX TIOPiJ Y
p ~ 1,8 r/cM® Ta npupocTy TOBIIMHEK po3pimkenoro mapy (dh) 6yne nopiBHroBaTH:

axp = arctg [acws / (p-dh)]. (1

Po3paxyHku 3a BHILIEHABEACHOI 3AJICXKHICTIO 3 BUKOPHUCTAHHSAM (haKTUUHUX
reOMEXaHIYHUX MapaMeTpiB JIECOBO-CYIJIMHUCTUX MOPiA IIIKOM 30iraroThes 3
(aKTHYHUMH JaHUMH LIOA0 3POCTAIOYMX BUMAJKIB CY4acCHOIO 3CYBOYTBOPEHHS B
Mexax [IMA Ha cxunax 31 CTpIMKICTIO 5°—7°, a TakoX 111010 Cy(PO31HHUX OCiIaHb
MOBEpXHi O1J1s1 OyAiBEIb, MiCI[b CKYITYSHHS TPAHCIIOPTY, KaHAITI3aI[lTHUX KOJIOIS31B,
Jle Ma€ Miclle IHTEHCHBHA TEXHOTe€HHA iH(UIbTpalis Ta aKTHUBHI AMHAMIUHI 3MiHH
MOPOBOTO THCKY, T€OMEXAHIYHOTO Ta (PI3UKO-XIMIYHOTO CTaHy IMOPiA MiATPYHTS
OyxiBenb 1 BepxHboi 30Hu ['C MicT Ta cenui B oMy [8—12].

OpnHak OULITBIIICTE HACETICHUX IYHKTIB B YKpaiHi 3a3HAa€ PEriOHaIbHOTO PU3UKY
MiATOIJICHHS y 30HaX MEepiOJUYHO-0araTOpidYHOrO MPHUPOAHO-aHTPOIIOTEHHOTO
MIATOIUICHHA 3HIKEHUX AUITHOK penbedy (tum 3) — 2885 (33,4% Bim ycix
MiATOIJICHUX MOCEJNEHb) Ta CE30HHOIO MiJATOIUICHHS dYepe3 MPHPOJHO BHCOKE

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 134 ~

cTosHHSA IpyHTOBHX BoA (T 1), 2630 (30,8% Bix ycix miaTomieHux moceneHs). [1ig
PU3UK SBHO TEXHOTEHHOTO MiATOIUICHHs (TUmu 4, 5 i 3) motpanuno numre 2000
HaceJeHUX MyHKTIB (23,2% BiJ yciX MiATOIIEHUX MOCETICHB), 30KkpeMa 158 Michkux
(34,1% Bin ycix MATOTUIEHUX MiCHKHX TIOCEJIEHB).

PerionanpHOrO pH3WKy BCiX THMIB TiATOIIEHHS 3a3Hae no 11,76 mumH ocibd
(24,3% Bcporo HacesneHHs1 Ykpainu). [Ipuyomy Oinbla 4acTHHA TaKOTO HACENICHHS
repeOyBae i1 3arpo3010 IBHO TEXHOT€HHOTO MiATOTUIeHH: (T 4, 5, 6: 50,1% Big
YCBOTO MiATOIUIEHOTO HACENIEHHS), MEPEBAYKHO BHACHTIIOK 3POIICHHS Ta MiANOPY
BOJOCXOBHII. B yMoBax 3pocTarouoro BIUTUBY 3aperyibOBaHHS HMOBEPXHEBOTO
CTOKY Ta IJIO0aNbHUX 3MiH KJIIMaTy IIe 30UIbIIye 3arpo3y HOTipIIeHHS Oe3meKku
KUTTEISUTBHOCT] y OUTBIIOCTI perioHiB YKpaiHu. binplry gacTWHy 3arpoXKeHOTO
HACEJICHHS CTAHOBUTH Michke — 7,76 MitH 0cib (24,1% BChOro MiCBKOTO HaCEJICHHS).
SIBHO TEXHOTEHHOTO PHU3UKY 3a3Ha€ OUThIIICTh (59,7%) MiATOIIIEHOTO MiCHKOTO
HAaCEJICHHS, TIEPEeBaYKHO BHACIIIOK 3pPOIIEHHS Ta MiAIOpY BoxocxoBuil. HaTtoMicTs
3arpoKeHe CUTbChKE HACeNeHHS 3/AeOUThIIIOT0 3a3HAa€ PHU3UKY CE30HHOTO
MPUPOAHOTO MiATOMJICHHS MiJ] BIUIMBOM BHCOKOTO CTOSIHHS PiBHIB I'PYHTOBHX BOJ
(34,8%), a TakOX — TEPIOAUYHO-0AraTOPIYHOTO MPHUPOJHO-TEXHOTCHHOTO
MiATOIJICHHS i BIUIMBOM HAAJIHMIIKOBOTO >KUBJICHHS I'PYHTOBHX BOJ Ta MiANOPY
craBkiB (24,5%). Pa3om 1i Tumu miproruieHHs Oynu xapaktepHumu i 59,4%
3arpo’KEHOT0 CIJIbCHKOTO HACEIICHHSI.

Po3po0ieHHs HaMHU OHOBJIEHOT €NEKTPOHHOI KapTH Aajio 3MOTY aKTyasi3yBaTH
teputopianbiuii  ['IC-anani3 BmimBY (akTopy MiATOIUIEHHS Ha PO3BHTOK
HeOesmeunnx EITl Ha HeCTIMKMX A0 Tepe3BOJOKEHHS NOpOAax IiAIpyHTS,
0c00JIMBO Ha Jiecax, IUIOIIA MMOIUPEHHs AKUX nepeBuinye 60% tepurtopii Ykpainu.

Tak, moemHaHHS KapTorpadiyHUX IIapiB KOHTYPIB PETIOHAIBHOTO PH3UKY
MiATOTJICHHSI 1 KOHTYpPIB TOMIMPEHHs JecoBux mopin (3a «Kaproto mommpeHHs
JIECOBUX TPYHTIB 32 POCAAKOBICTIO HA TepUTOpii YKpainm», 1995 p., M 1:1000000,
JHBIT «l'eoindopm VYkpainu) iHcTpymeHToM Intersect BusiBUIO apeanu
HEPE3BONOKEHUX (IIATOIUIEHNX) JIeCiB (3aralbHOIO IUIomer 74,5 T.KM?, TOHAn
12,4% TtepuTopii KpaiHu), a iX mojanblie MOEIHAHHS 3 KapTorpadiyHUM MapoM
«HaceneHi myHKT» TonokapTd M 1:200000 — ciibcbKi 1 MICBKI TTOCETICHHS, IO
NoTparwisiIoTh y HuX. HaiiGinema yactka (42,9%) nepe3BoioKeHUX JIECiB 3a3Ha€
PU3UKY TIATOIUIEHHS 3a TunoM 3  (mepiogn4yHO-OaraTopiyHe MPUPOTHO-
AHTPOTIOTEHHE TMIATOIUICHHS 3HWKEHHUX UITHOK penbedy), HACTYITHA TO3HIIISA
(22,9%) — minroruieHHs 3a THIOM S5 (TiJ BIDIMBOM 3pOIICHHS). Pu3mky 4mcro
TEXHOTeHHOro miaromenHss (tumm 4, 5, 6) 3aznae  41,1% Ttepuropii
MEPE3BOJIOKEHHX JIECIB.

Hacenennx myHKTIB Ha Iepe3BOJIOKEHHX Jiecax BusBuiocs 4799 Beworo i 302
MICBKHX, IPUUOMY HalOinbma yactka 3 HUX (48,3% 1 41,9%, BiIMOBIIHO) TaKOX
3a3Ha€ 3arpo3H MiITOTUICHHS CaMe 3a TUIIOM 3. 3arpo3H TEXHOTEHHOTO T ITOTUICHHSI
(tumu 4, 5, 6) 3a3H2ae 31,2% HaceneHUX MyHKTIB, 30kpema 38,9% MiChKUX MOCEIeHb
Ha MiATOIVIEHMX JiecaX. HaromicTe HaiOinplia YacTka BCHOTO HACENICHHS Ha
MEPEe3BOJIOKEHUX  JIecax, OCOONMBO MICBKOTO, IIJJIAEThCS 3arpo3i  came
TEXHOTCHHOTO ITiITOTUICHHS 3a TUTIOM 5 (i1 BIutMBOM 3poteHHs) — 43,7% i 50,4%,
BIJIOBIZHO (3a paxyHOK MicTa-MiJbiioHHHKa Ozxecu). [Ilpuuomy pusnKy BCiX THIIB
TEXHOTCHHOTO miaAToIUIeHH (4, 5, 6) miggano 60,8% Bcboro HacenmeHHs 1 66,6% (1B
TpeTuHHU!) MICHKOTO HACEJICHHSI, 10 MEIIKAE Ha TEepPEe3BOJIOKEHHUX Jecax. To0To
caMe TEXHOTCHHHUH (akToOp € NPOBIIHUM y T€HEpyBaHHI PU3MKY HiATOIUICHHS Ha
TIePE3BOJIOKCHUX JIecax B YKpaiHi.
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BucHoBku

Po3pobienns oHOBIEHOT eneKTpoHHOI «KapTu mposiBy Ta po3BUTKY MiATOIJICHHS 3a
nmpuduHaMu Ha Teputopii Ykpaimm Ha 2015 p.» mepenyciMm fgamo 3Mory
akTyanizyBaTu Tepuropianpauii ['1C-aHami3 po3noainy miATOIIIEHHS 10 TEPUTOPIi
VYkpainu y B3a€M03B’sI3Ky 3 pU3MKaMH aKTUBi3alii iHmmx HeOesneunanx EI'TI.

OpHax i1 QyHKIIIOHATBHICTh HE BUUEPITYETHCS M. BoHa Moxe OyTH OJHIE0 3
MiACTaB (CTapTOBOIO MO3MINE0) IS TMeperiany OymiBelTbHHX HOPM 1 IMpaBwHi,
30KpeMa B YacTHHI OLIHKM TEOTEXHIYHOI CTIHKOCTI MIATPYHTS (QyHAaMEHTIB i
HECYYMX KOHCTPYKLiH OyJiBeNpHHX CIOpYJ Yy HampsMi IiX TIOCHJICHHA Ha
3arpO’KCHUX TEPHUTOPISAX, OCOOIMBO Ha MIATOIUICHHX JECOBHX IOpomax. Takuid
neperyisii Ha0yBae  3pOCTaOuoi  aKTyaJbHOCTI B KOHTEKCTI  MalOyTHIX
IIMPOKOMACIITAOHUX TIpOrpaM BiAOYJOBU/PEKOHCTPYKIII HACEICHUX ITyHKTIiB Ta
iH(PACTPYKTYpH, TOIMIKOHKEHUX/3pYHHOBAHUX B XOZl POCIHCHKO-YKpPaiHCHKOT
BiifHH.

Kpim Toro, 3a3HaueHa xapra € apryMeHTOM JUIs 3MiHHM TOJITHKU (H 3araiom
MiIXO/TiB) 10 IPUPOJOKOPHUCTYBAHHS y apeasiaX PU3UKy TEXHOT€HHOTO 1 TPUPOTHO-
TEXHOT€HHOTO ITiITOTIEHHS, OCOOJIMBO IIOA0 €KOJIOTi3allii TEXHOIOTIH 3pOIIeHHS
(mns miHimizanii (iabTparii 3 KaHaJiB TOIO), BITHOBJCHHS IOBEPXHEBOTO 1
MiA36MHOTO CTOKY PIYOK (JiKBifamis 3alBUX CTaBKiB, PEKOHCTPYKIIisS BEIHUKHX
BOJOCXOBHUII 13 3HIKEHHSIM iX HOPMAIBHOTO IIiIMOPHOTO PIiBHS TOIID),
OCYYaCHEHHS CHCTEM BOJIOTIOCTauYaHHA 1 BOJOBIJIBEICHHS B ypOaHi30BaHUX palioHaX
(X peKOHCTPYKIIsI 13 3aCTOCYBaHHIM KOPCTKUX €KOJOTTUHIX HOPM).

Lls xapra Moke OyTH TaKOXX OJHUM 3 €JIEMEHTIB HayKOBOT'O OOIPYHTYBaHHS
IIporpaM eKoJIOTiuHOi peabiniTawii 3pyHHOBaHUX BIHHOIO perioHiB YKpaiHu.

3BiCHO, IO Ui HAJEKHOI peanmi3allii BChOro MBOTO BOHAa TMOTpeOyBaTHME
MOJJAJILIIOTO JIOOMPAIIOBAaHHS 332 OHOBJICHWMH JIaHHUMH TOJBOBUX OOCTEKEHb
MOHITOPHHTY MPOSBIB MiATOTIEHHS, IKUH CJIiJT BITHOBUTH y IOBHOMY 00CsI31 Ha BCiit
teputopii Ykpainu y nepioguyrocti xoua 6 1 pa3 Ha 3 pokH.
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TESTING A NUMERICALLY-ANALYTICAL METHOD

FOR PREDICTION DESIGN MAXIMA DISCHARGES OF FLOODS
USING PLOTTING POSITION FORMULAS: THE RIVER UZH CASE,
THE “UZHHOROD” GAUGING STATION DATA

Abstract. There are a lot of analytical probability distributions that might be used
to predict peak discharges of floods. However, there is no proper theoretical or
another similar justification for choosing an appropriate parametric probability
distribution to predict peak discharges of floods by using observed data. As a
permissible hypothesis, any of recommended probability distributions can be
considered providing it meets the given statistical criteria and other considerations
for the adequacy of simulation are taken into account. In turn, more than seventeen
plotting position formulas have been proposed. They provide a non-parametric
means to estimate the observed data probability distribution. Using a plotting
position formula, a plot of the estimated values from a theoretical parametric
probability distribution can be compared with the observed data.

The choice of a better plotting position formula for fitting the different probability
distributions has been discussed many times in hydrology and statistical literature.
However, no specific criterion for choosing these formulas has been proposed yet.
Perhaps there is no need for such a criterion. Maybe, the diversity of estimates that
can be obtained due to these formulas matters more. Due to the diversity of the
different plotting position estimates, from the point of view of informational entropy,
different plotting position formulas enable revealing epistemic (non-stochastic or
subjective) uncertainty in predictions of hydrological extremes.

Results of calculating empirical annual probabilities of exceedance observed
maxima discharge employing various plotting position formulas show that
increasing the predicting horizon toward low probable and more extreme events
increases the divergence between the estimates obtained using the different plotting
position formulas. Therefore, it is reasonable to assume that this divergence may be
extrapolated to predict design maxima discharges of floods based on empirical
estimates of plotting position probabilities.

This paper proposes a numerically-analytical method using such an extrapolation.
It is based on using different plotting position formulas, numerical calculations of
plotting position probabilities, and extrapolation of the divergence between the
obtained estimates. The method is tested in predicting the maxima discharges of
0.5% and 1% annual probability of exceedance for the Uzh River flowing in the
Transcarpathia region, the hydrological station “Uzhhorod” data.

Keywords: Annual probability of exceedance; divergence indicator; extrapolation;
floods; numerically-analytical method; plotting position formulas; probability
distributions; prediction, return period.
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1. Introduction

Among natural disasters, riverine floods are the most common in terms of frequency,
area of distribution, and losses in Ukraine [1, 2]. Annually, floods in rivers challenge
people in the country because of damage to the infrastructure, losses of resources,
and economy, personal property, crop losses, and threats to human health and life
[3,4].

Statistics show the annual average flood losses in the country in 1995-1998
amounted to more than UAH 900 million, in 1999-2007 more than UAH 1.5 billion,
and in 2008-2010 — about UAH 6 billion [4]. From the year 2000, more than 280
emergency flood events occurred in Ukraine. Specific losses per one flood reached
UAH 6,203,750 or EU 228,079; expenses for liquidation adverse consequences of
one flood event — UAH 65,419,925 or EU 2,405,144 [4].

Most often, disastrous floods occur in the western regions of the country. In
particular, on the Carpathian rivers [3, 5], floods are considered a common natural
phenomenon [6]. So, one of the most destructive floods occurred in the Ukrainian
Carpathians at the end of July 2008 [7]. The flood covered areas in Ukraine,
Moldova, and Romania causing 47 fatalities and the evacuation of about 40,000
people. Then, over 40,000 houses and 33,000 ha of farmland were flooded in Ukraine
[4]. It should be noted [8] the Ukrainian Carpathians and the Tisza River, Dniester,
Prut, and Siret basins are among the most flood-prone regions in Europe and in the
world. In addition, there is a threat of an increase in flood hazards in Ukraine in the
future. In particular, it is associated with global and local climate change [6, 9],
which is one of the topical problems in the country [10].

River floods will continue to challenge people harmfully [3]. They are the most
common among repeatedly occurring natural disasters in the world [11]. However,
river flooding is a natural hazard against which precautionary measures are most
effective compared with other natural hazards [11, 12]. For centuries, people have
managed river flood risks using specialised infrastructures, such as dams, river dykes
and levees, drainage systems, and others, including so-called nature-based solutions
[12-15]. In 2007, recognizing this, the European Union (EU) implemented the EU
Flood Directive (Directive 2007/60/EC [16]). This Directive alleges that “Floods are
natural phenomena which cannot be prevented”, as well as that “It is feasible and
desirable to reduce the risk of adverse consequences, especially for human health
and life, the environment, cultural heritage, economic activity and infrastructure
associated with floods”. Nowadays, there are a lot of world and European regulatory
practices in flood risk management, which have enabled the reduction of flood
hazards using the reliable control of floods, infrastructure protection, and mitigation
of the risk of adverse consequences [17]. Numerous data confirm the efficiency of
the implementation of different flood control measures and flood risk management
procedures [18-21]. In particular, the share of insured flood losses has become more
notable in recent years. If only 12% of losses caused by flood events in 1980-2019
were insured [11], yet in 2021 some 22% of such losses were insured [22]. It should
be noted that many flood losses relate to public infrastructure — roads, railways,
dykes, riverbeds, and bridges, which are usually uninsured. Moreover, even in
highly-developed industrial countries, the comparatively low share of insured flood
losses has been partially due to a limited range of insurance covers in some regions
and low demand, including locations well-known to be at risk of flooding [22].
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However, the fixed rise in the share of insured flood losses may indicate more
confidence from insurance companies in the quantitative assessment of flood risks
and modern flood risk management procedures [23]. As a result, the overall trend in
flood losses (after adjustment for increases in values) has fallen in Europe — despite
repeated severe floods, such as those in 2002 and 2013 [24]. There are also
indications in North America and China that protective measures have reduced
adjusted flood losses [11, 23].

Today, Ukraine is at the stage of legal approximation to the EU Flood Risk
Directive [4, 5]. In particular, according to the EU-Ukraine Association
Agreement, the preparation of flood risk assessment procedures and flood hazard
mapping should have been done by November 2020, and the Flood Risk
Management Plans — by November 2022 [25]. However, these works are still not
to be completed [4, 5, 25, 26].

Admittedly, in any field of human activity, one of the critical implementation
challenges of effective risk management is an information problem [27]. More
uncertainty is more risk. Savage (1954) argued that all uncertainties can be reduced
to risk, converting risk assessment to the assessment of probabilities [28]. Therefore,
the quantitative flood risk assessment will require the analysis and quantitative
assessment of the probabilities (frequencies) of adverse or disastrous floods.
Returning to the problem of flood risk management, it should be reminded that
Directive 2007/60/EC [16] defines flood risk quantitatively as “the combination of
the probability of a flood event and of the potential adverse consequences for human
health, the environment, cultural heritage and economic activity associated with a
flood event”.

In practice, according to Directive 2007/60/EC [16], the flood risk management
projects’ development and implementation requires estimating predicted flood water
levels h, corresponding to certain design annual probabilities of exceedance

P (year) or return periods 7, b = P! (years). For example, the design annual

exceedance probabilities in terms of prediction of maximum water levels and
possible inundation zones because of floods may be established at 0.005, year!
(or 0.5%, year™), 1%, 2%, 5%, and 10%, or something else; the corresponding return
periods of the design floods — 200, 100, 50, 20, and 10 years, etc. In hydrological
investigations relating to river floods, these estimations are usually done by
statistically analysing the frequency of flood peak discharges [29-33]. Practically, it
is done in such a way. Direct annual maximum water levels’ /4 (m) measurements
at a near-located gauging (hydrological) station are converted into maxima annual
discharges QO (m?/s) by using a rating curve Q = f(h) [7, 33]. As a result of long-

term (not less than 30-40 years) uninterrupted hydrological measurements, time
series of annual maximum water discharges of floods are formed. Gathered data are
statistically analysed, and, in the frame of the stationary hypothesis, a relevant
maxima annual discharges’ probability distribution is chosen, which has to fit the
observed data [29, 34, 35]. This probability distribution is used to derive a predicted
peak discharge corresponding to a chosen design return period 7, , or a chosen

design annual probability of exceedance P [33]. In the next step, the established
peak discharge of a chosen design annual probability of exceedance may be used as
the input value for the hydraulic modelling to derive the corresponding design flood
level [33, 36], taking into account the current conditions with hydromorphological
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characteristics of the river channel and floodplain [37]. As a result, possible
inundation zones because of floods with different annual probabilities of exceedance
(return periods) may be identified. This will allow providing measures to prevent
and/or mitigate the flood hazard in flood-prone locations, to build or retrofit dams,
dikes, levees, polders, and other hydraulic works, to assess the possible adverse
consequences of flooding due to different floods, to carry out flood hazard mapping,
and to assess the risks of damages as combinations of the probabilities of different
flood events and the potential adverse consequences associated with these floods.

2. What can be wrong with the framework of this study?

Many unsolved problems in hydrology can impact flood risk management policy
[38]. One of these is the problem of how to take into account the non-stationary in
hydrological predictions [39-42]. In current flood risk management projects, the
observed hydrological data are considered and analysed in the frame of the stationary
hypothesis. To take into account in the probabilistic modelling of flood frequency
the non-stationary in hydrology, only some trivial corrections are usually proposed
for the standard probability distributions. For example, this is the incorporation of
trends in the parameters of the distributions, the incorporation of trends in statistical
moments, or using the quantile regression method and the local likelihood method
[40-42].

However, among different challenges and issues that can complicate the
quantification of flood risks, there is a problem of recognising and overcoming two
basic kinds of information uncertainty relating to hydrological predicting in the
frame of the conventional stationary hypothesis in hydrology and water
management: natural (stochastic) uncertainty and epistemic (non-stochastic or
subjective) uncertainty [43]. It is quite possible that the increasing effort to develop
and apply non-stationary models in hydrologic frequency analyses under changing
environmental conditions can be frustrated if the additional uncertainty related to the
non-stationary model complexity is accompanied by the sampling information
uncertainty [44].

The natural or stochastic uncertainty stems from the essential variability of the
river runoff stochastic process [43]. Available data can be insufficient to define the
risk of extreme events more precisely [28]. Hydrological maxima are specific
extreme events. In theory, they are not limited to the upper limit. Usually, time series
of observed pick discharges hold an essential positive asymmetry (skewness);
sometimes — strong outliers [29]. Often, expanding the observation periods increases
the time series asymmetry (skewness) [29, 45]. That can complicate the choice of a
relevant theoretical probability distribution.

Epistemic or non-stochastic uncertainty results from incomplete knowledge about
the river runoff phenomena. Hydrologists are aware that the true probability
distributions of maxima discharges of rivers are not being identified [28]. Different
probability distributions can be fitted to the observed time series of annual maximum
discharges, and these distributions can forecast various discharge values for a chosen
annual probability of exceedance. Vice versa, the same water discharge value,
depending on different probability distributions, can have various annual
probabilities of exceedance [43, 45-49]. For example, as is shown in Fig. 1,
depending on the probability distributions, the same annual exceedance probability
of 1% corresponds to different values of water discharge maxima: 2425 m%/s for the
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Three-parameter Krytskyi-Menkel ~distribution (KM3), 2622 m’/s for the
Logarithmic Pearson type III distribution (LP3), and 3633 m?/s for the Logarithmic
Extreme value type I distribution (LEV1) (Gumbel type I distribution for logarithms
[47]). As is seen in Fig. 1, taking into account the observed outlier (2645 m?¥/s) using
the LEV1 distribution affected prediction results significantly. The prediction
uncertainty in predicting the discharge of 1% probability of exceedance ranged from
2425 m’/s to 3633 m’/s (relative prediction error up to 50%). In terms of annual
probabilities of exceedance, the prediction uncertainty ranged from 1% to 2.5%
(relative prediction error up to 150%).

~ 3000 o~ 4000 o Observed data
m\E 2500 ?Outher ME \\ —_—
= i =< 3000 S ———
<! 2000 o oo T8
1500 2000 { X, T 3
: Rago
1000 : 2
1000
500 :
1950 1960 1970 1980 1990 2000 1 10 100
(@ Years (b) P (1/year, %)

Probability distributions: 1 — KM3 (C, = 0.6, C4=5C,); 2 — LP3; 3 — LEVI;
Observed data - obtained using the Weibull plotting formula

Fig. 1. Time series (a) and probability distributions of peak discharges (b)
(The Stryi River, the Verkhnye Syn’ovydne gauge station, Ukraine) [47]

Many analytical probability distributions might be used in predicting peak
discharges of floods [29, 34, 35, 50-52]. In the national standards regulating
hydrological calculations, different countries recommend using different parametric
probability distributions. Some of the most known standardized probability
distribution function types adopted for frequency analysis of peak discharges in
different countries are shown in Table 1.

Table 1. Standardized probability distribution function types used in frequency
analysis of peak discharges of floods in different countries [53]

Recommended probability distribution function types Country
Pearson type III distribution (P3) China, Switzerland
Logarithmic Pearson type III distribution (LP3) The US, Canada, India
Generalized extreme value distribution (GEV) Great Britain, France
Two, Three parameters log-normal distribution (LN2,

Japan
LN3)
Extreme value type I distribution (Gumbell type I, EV1) Germany, Sweden, Norway
Extreme value type I, type III distribution (EV1, EV3) Great Britain, France
Kritskyi-Menkel three-parameter distribution (KM3) Ukramp, S e
countries
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In general, there is no proper theoretical or another similar justification for
choosing an appropriate probability distribution to predict peak discharges of floods
using observed data [49]. Therefore, any of them might be considered a permissible
hypothesis. For any probability distribution, which meets the given statistical criteria
and other considerations for the adequacy of simulation [47, 54], it will hardly find
a sufficiently weighty reason to reject it as a possible option indisputably.

However, there is one more challenge relating to the above question. The
challenge is the choice of an unbiased empirical formula to plot the observed data.
The attitude that the criterion for the choice of a desirable plotting position formula
may be arbitrary is rebuked easily [55]. It should be noted, to date, more than
seventeen different plotting position formulas have been proposed by hydrologists
and statisticians [56].

As it is known, plotting position formulas provide a non-parametric means to
estimate the observed data probability distribution. Using a plotting position
formula, a plot of the estimated values from a theoretical parametric probability
distribution can be compared with the observed data. In particular, probability plots
allow a visual examination of the adequacy of the fit provided by alternative
parametric probability distributions. For example, empirical probabilities of the
observed peak discharges of the Stryi River at the Verkhnye Syn’ovydne gauge
station, which are shown in Fig.1 to examine the adequacy of the fit provided by
three alternative parametric probability distributions (KM3, LP3 and the Gumbel
type I distribution for logarithms), were calculated using the Weibull plotting
position formula:

p =" (1)
n+l1

where P, is the empirical probability of exceedance of the m -th order observed

value, m is the rank of the observed value, where the highest one being “1”, and »
is the number of observed statistics.

Probability papers and probability plotting positions to estimate observed data
probability distributions were used by hydrologists as early as 1896 [57]. The first
plotting position formula used in hydrological investigations was probably one
proposed by Hazen (1914) [57]:

p, =" )

Lebedev (1952) and Chegodaev (1965) proposed the use of

_m—0.3
" n+04°

)

which is approximately the median position advocated by Johnson (1951) [57].
In turn, Blom (1958) suggested
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_ m-a
n—-2-a+1’

(4)

m

where a is a constant (usually 0< a < 1), which defines possible plotting positions
as special cases [57].

In this study, we took into account thirteen well-known plotting position
formulas. They appear the most frequently in the hydrological literature [29, 55-62].
These formulas are shown in Table 2.

Table 2. Plotting position formulas used in the study

Recommended
No Author (year) Formula to calculate P, probability
distributions
m—0.5 GEV, Gumbell
1 Hazen (1914) " type T (EV1)
. m—0.44 GEV, Gumbell
2 Gringorten (1963) 1012 type T (EV1)
3 | Neguyenetal. _ m-042 , C is skewness P3, 3=Cs =3,
(1989) n+03Cg +0.05 and 5<n <100
m—0.4 GEV, EV3, P3,
4 Cunnane (1978) 102 LP3
m—3/8
5 Blom (1954) LN2, LN3, LP3
n+l1/4
. m—0.35 Some 3-parameter
6 Hosking (1990) n distributions
-1/3 o
7 Tukey (1962) ~ All distributions
n+1/3
8 | Goel (1993 m - 0.02Cs —0.32 GEV
oel (1993) n—0.04C, +0.36
-0.3175
9 | Beard (1945) moroll All distributions
n+0.365
m—0.32
10 | Kim et al. (2012) 2 GEV
n+0.0149C¢™ —0.1364C¢ +0.3225
1 Lebedev (1952), m—0.3 GEV, EV3, P3,
Chegodaev (1965) n+04 LP3, KM3
Adamowski m—0.25
12 (1985) 05 EV1, GEV, EV3
13 | Weibull (1939) IZI All distributions
n

Table 2 also shows which plotting position formula can be the best to fit different
parametric probability distributions. It should be noted that the choice of the best
plotting position formula for fit to the different probability distributions has been
discussed many times in hydrology and statistical literature [55-62]. However, a
more worthwhile criterion for choosing plotting position formulas might be based
on obtained empirical estimates of plotting position probabilities. It might be better
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than a comparison of empirical plotting position probabilities with the theoretical
probabilities to test individual probability distributions. Eventually, we will know
which theoretical probability distribution is better in a contest of obtained estimates
of future events only after these events happen. However, in terms of decision-
making, we may consider all recommended plotting position formulas as admissible
options to test each of recommended theoretical probability distributions and choose
the best one.

This paper proposes a new numerically-analytical method to predict the design
maxima discharges of floods using empirical estimates of plotting position
probabilities obtained by different plotting position formulas. The proposed method
is tested on a fragment of a time series of the maximum discharges of the Uzh River,
the Tisza River basin, Transcarpathia region, observed at the hydrological station
(HS) “Uzhhorod”.

3. Case study and objectives of this paper

The Uzh River belongs to the Tizsa river basin, originates in the mountains in the
northwest of the Transcarpathia region of Ukraine, and flows into the Laborec River
in eastern Slovakia. The major part of the Uzh basin is in Ukraine (Fig. 2). The river
length is 132.4 km, and its catchment area is 2,790.9 km? [63] (in Ukraine 112.8 km
and 1,970 km?) [64, 65]. In the upper reaches, Uzh has a pronounced mountainous
character (slopes of the river channels 5-20 m/km). Its lower parts belong to the
lowland (bed slopes of 2-0.3 m/km or less [63]).

Fig. 2. The Uzh River watershed and catchment topography;
coordinates are in UTM, 34 N zone (taken from [64])
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In the lowlands, Uzh flows within the city of Uzhhorod — the administrative
centre and the largest town (125,000 inhabitants) of the Transcarpathia region. The
river width is mainly 15-30 m; near Uzhhorod, it reaches up to 135 m. The river
valley width varies from 15 m in the upper reaches to 100-300 m in the downstream,
and in the lowlands, it reaches 2-2.5 km. The river banks are steep, 1-2 m high,
sometimes up to 6-8 m, the river bottom in the upper and middle reaches is rocky,
and in Uzhhorod and downstream, it is silted up [65].

The runoff of the Uzh River is very variable. It is only about 29.6 m*/s of the
mean annual water discharge near Uzhhorod [65, 66], a minimum 7-day summer-
autumn flow can decrease below 2 m?/s [67], but a maximum peak one can exceed
1,000 m3/s and more during floods. The Uzh River is known for its heavy snowmelt
and rain flash floods, which can occur 3-8 times per year. Admittedly, catastrophic
floods are an inherent element of the hydrological regime of rivers in the
Transcarpathia [68] and the Uzh River basin is one of the most flood-prone river
basins of Ukraine [64]. Floods in the Uzh basin were recorded in all seasons of the
year and can be showery, snowy and snow-flurry by origin; the most significant
floods are formed in the cold seasons (late autumn, winter, and early spring) but they
occur also in the summer season, the phenomenon is being influenced by the
moisture intake brought by the air masses [25]. Among months, the richest ones for
water are January, March and November [25].

Six hydrometeorological gauging stations are in the Uzh basin on Ukrainian
territory. Measurements have taken place for more than 10 years [64]. These gauging
stations belong to Joint Ukrainian-Hungarian Automated Information-Measuring
System for flood forecasting and management in the Tisza River basin in the
Transcarpathian region (AIMS TISZA) [69, 70]. They measure precipitation,
temperature, water levels, and discharges [64]. Additionally, the Zhornava station
measured flood discharges from 1952, the Zarichevo station — from 1947, and the
Uzhhorod hydrological station (HS “Uzhhorod”) — from 1947.

This case study relates to peak water discharges measured at the HS
“Uzhhorod”. The objectives of this paper are: (1) to develop a numerically-
analytical method for prediction of design maxima discharges of floods using
empirical estimates of plotting positions; (2) to test the method when making
predictions of maxima discharges of 0.5%, and 1% annual exceedance probabilities
using a fragment of a time series of the observed data for the Uzh River, the
hydrological station (HS) “Uzhhorod”.

4. Materials and methods

A time series of maximum discharges of the Uzh River, which were observed at the
hydrological station (HS) “Uzhhorod” from 1947 to 1999 (Fig. 3), was employed in
this study. The data were taken from the Hydrological Yearbooks of the Central
Geophysical Observatory named after B. Sreznevsky [71].

The data sample length is 53 years. The maximum observed peak discharge value
within the data sample is 1680 m*/s (1957); the minimum value is 146 m*/s (in 1961).
The mean peak discharge within the data sample is 689 m?¥/s; the sample standard
deviation — of 364 m>/s. The coefficient of variation of the time series C, is 0.53,

the skewness Cy— of 0.52, and the C;/C), is 0.99.
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Fig. 3. Time series of annual maximum water discharges, the Uzh River, HS “Uzhgorod”,
the data sample of 1947-1999

In the study, the following methods were used: (1) generalised scientific methods
of theoretical and empirical research, analysis and synthesis, expert evaluation and
comparison, formalization and modelling, and extrapolation methods [45, 72];
(2) fundamental methods of probability theory and mathematical statistics, and risk
theory [28, 55, 57], in particular, regarding risk assessment and management [27, 31,
32]; (3) specific statistical methods in hydrology [29, 34, 35, 50-52, 59]; (4) utility
theory methods [73, 74] and decision making methods under risk and uncertainty
[43, 45,75, 76].

Thirteen plotting position formulas were used in the study. These are shown in
Table 2. The plotting position formulas were considered in terms of possible expert
suggestions for assessing the annual empirical probabilities of exceedance of
observed maxima discharges. As possible theoretical alternatives for predicting
design maxima discharges of the Uzh River at the HS “Uzhhorod” considered were
five probability distributions (Fig. 4): 1) the Kritskyi-Menkel three-parameter
distribution (KM3) (C, =0.53, C; = C, ); 2) Pearson’s type III distribution (P3)
(Cs =0.52); 3) the Extreme value type I distribution (Gumbell’s type I distribution,
EV1); 4) the Logarithmic Pearson type III distribution (LP3) (C; = —0.44); and

5) the Two parameters logarithmic-normal distribution (LN2).
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Fig. 4. Alternative parametric probability distributions of annual maxima discharges
of the Uzh River at the HS “Uzhhorod” for the data sample of 1947-1999

The population parameters of the parametric probability distributions (Fig. 4)

were estimated from the sample statistics by the method of moments; the sample
characteristics were equated to the population parameters.
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5. Data pre-analysis and several preliminary summarising remarks

The data

pre-analysis included calculating empirical annual probabilities of

exceedance P, observed maxima discharge employing various plotting position
formulas depending on the rank m =1,...,n of the observed value, where the highest

one has the

rank m =1, and n =53 is the number of observed data. Fig. 5 shows the

results of the calculations using the six most-cited formulas (Hazen, Gringorten, Blom,
Tukey, Chegodaev, and Weibull). Fig. 6 shows the Hazen, Chegodaev, and Weibull
plot positions in comparison with the chosen alternative parametric probability
distributions. Below, Table 3 shows the results of the calculations of empirical
probabilities of exceedance for the six maxima discharges (m =1, 2, 3, 5, 6, and 12)
employing all taken into account (thirteen, See Table 2) plot position formulas.

- 2000 O Hazen @
E 1500 o Gringorten Coen 4 ma
\& ® Blom ®AGAg,
1000 & Tukey
500 4 Chegodayev
A Weibull
O T T T T T T T T T T T T T T T T T T
0,1 1 10 P, (1/year, %) 100
2000 7 OHazen (b)
oé 0 Gringorten
=) ® Blom O 0 eaA A
< 1500
a Tukey e A
A Chegodayev Cn A OnA @A
A Weibull
1000 + . .
0,5 5 P, (l/year, %)

Fig. 5. Empirical probabilities of exceedance P, according to plotting positions:

(a) within 0.

1-100%; (b) within 0.5-10%; annual maxima discharges

of the Uzh River, the HS “Uzhhorod”, the data sample of 1947-1999
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Fig. 6. Hazen’s, Chegodaev’s, and Weibull’s plot positions in comparison
with the chosen alternative parametric probability distributions
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Table 3. Empirical probabilities of exceedance P, for the observed maxima

discharges of 1680, 1400, 1280, 1210, 1120, and 1050 m*/s (m =1, 2, 3, 5, 6, and 12)
depending on the different plotting position formulas

Plotting P, (1/year, %)
No 1;(‘)’:;11012 m=1| m=2| m=3| m=5| m=6| m=12
(author) 1680 1400 1280 1210 1120 1050
1 Hazen 0.94 2.83 4.72 8.49 10.38 21.70
2 Gringorten 1.05 2.94 4.82 8.58 10.47 21.76
3 Nguyen et al. 1.09 2.97 4.85 8.61 10.49 21.76
4 Cunnane 1.13 3.01 4.89 8.65 10.53 21.80
5 Blom 1.17 3.05 4.93 8.69 10.56 21.83
6 Hosking 1.23 3.11 5.00 8.77 10.66 21.98
7 Tukey 1.25 3.13 5.00 8.75 10.63 21.88
8 Goel 1.26 3.13 5.00 8.75 10.63 21.88
9 Beard 1.28 3.15 5.03 8.77 10.65 21.89
10 Kim et al. 1.28 3.15 5.03 8.79 10.67 21.93
11 Chegodaev 1.31 3.18 5.06 8.80 10.67 21.91
12 Adamowski 1.40 3.27 5.14 8.88 10.75 21.96
13 Weibull 1.85 3.70 5.56 9.26 11.11 22.22

It can be easily noted that increasing the predicting horizon toward low probable
and more extreme events increases the difference (or divergence) between the
estimates of probabilities obtained using the different parametric probability
distributions and the different plotting position formulas.

For estimates calculated employing the different plotting position formulas
(Table 3), we tried to quantify this difference using the parameter, which was named
the divergence indicator d,, :

g B0 T )
P, (H) T, O7)

where m =1, 2, 3, 5, 6, and 12 is the rank of the observed maxima discharges of
1680, 1400, 1280, 1210, 1120, and 1050 m%/s; P, (W), P,(H) are the empirical

probabilities of exceedance, and 7, ,, (W), T,, (H) are the return periods of the

observed maxima discharges calculated using the Weibull (1) and Hazen (2) plotting
position formulas, correspondingly.

The results of the divergence indicator calculations are shown in Table 4 and
Fig. 7. In particular, Fig. 7 shows two dependencies relating to the indicator d,, :
(a) between the discharges’ return periods calculated using the Weibull and Hazen
formulas and the divergence indicator; (b) between the indicator d, and the

observed peak discharges.
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Table 4. Divergence indicator d,, values for empirical probabilities obtained

by the Weibull and Hazen plotting position formulas

Plotting 0, (m’/s); P, (1/year, %) \ T, =100-P, ! (years)
position — — — — — —
formula m=1 m=2 m =3 m=35 m==6 m =12
(author) 1680 1400 1280 1210 1120 1050
Weibull 1.85\54 3.70\27 5.56\18 9.26\11 11.11\9 | 22.22\5
Hazen 0.94\106 | 2.83\35 | 4.72\21 8.49\12 10%8\ 21.70\5
dy 1.96 1.31 1.18 1.09 1.07 1.02
220 3 y=0,94420082 y = 1,016¢20063 2,50 3 y=2E-06x2- 0,0048x + 3,5695
= 500 R>=0,9929 R>=0,994 = R>=0,9981
5~ ’ 2 5
5 1,80 g 2,00
o / ,” "5
g 1,60 7 o R=
8 /’ ’I’, 8
g) 1,40 /‘/’9/ o Hazen % 1,50
2 120 ] 4o ® Weibull =
2100 ——— 2 1,00
0 50 100 150 1000 1200 1400 1600 1800 2000
Return period 7)., (years) (b) 0,, (m’/s)

Fig. 7. Dependencies: (a) between the discharge return period 7, ,, and the divergence

indicator d ,, ; (b) between the observed peak discharge Q,, and the indicator d,,

Summarising, several preliminary remarks can be made.

The first remark concerns the events with short return periods. The different
plotting position formulas provide nearly similar results. These events have return
periods of 5 years or less in this case study. The annual probabilities of exceedance
are 20% and more. The same conclusion applies to the chosen alternative parametric
probability distributions (Fig. 4).

The second remark relates to the difference in the empirical estimates of the
probability of exceedance provided by different plotting position formulas. This
difference increases as the frequency of the occurred events decreases (See Fig. 5, 6,
and Table 3). The same conclusion applies to the probabilities of exceedance for
future events, the estimates that the alternative parametric probability distributions
predict (Fig. 4).

The third remark concerns choosing a better parametric probability distribution
among possible alternatives. Plot position formulas can influence the decision and,
accordingly, the prediction of the design peak discharge value of a given small
probability of exceedance. For example, visually (See Fig. 6), the Hazen plotting
position formula compels us to pay attention to the Kritskyi-Menkel three-parameter
generalised gamma distribution (KM3) and Pearson’s type III distribution (P3); the
Chegodaev formula indicates the Extreme value type I distribution (Gumbell’s type
I distribution, EV1); eventually, the Weibull formula does not exclude employing
the Logarithmic Pearson type III distribution (LP3).
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The regressions d,, = f(7,,) (See Fig. 7a) indicate that further enlarging of the

return period of the observed peak discharge may correspond to an increase in the
divergence in plotting position estimates the different formulas provide. This
divergence depends on the plotting position formulas chosen to be compared. The
regression d,, = f(Q,,) (See Fig. 7b) indicates that further enlarging of the observed
peak discharge may also correspond to an increase in the divergence in plotting
position estimates the different formulas provide. By estimating the divergence
indicator and building these regressions, we can provide predictions based on
extrapolation. In the first step, the prediction is implemented using the direct
dependencies between the divergence indicator values and the design discharge
return period values. In the second step, it is used the dependence between the
discharges and the divergence indicator values. Predicting design discharges is made
using an iterative calculation method.

6. Developing and testing the proposed method

6.1. Technique to apply the method

Fig. 8, and Table 5 show results of predicting the design maxima discharge of 1%
and 0.5% annual probability of exceedance for the Uzh River, the HS “Uzhhorod”.

These predictions were based on empirical probabilities obtained by the Weibull and
Hazen plotting position formulas.

:,16,00 y= 0,944260’0132X ,l' .@kl 6,00 ’/
< 2 — / /
E.é R*=0,9929 IX ,@% # + Observed
5 / 5 / X Predicted
11003 o weibull g11,00 /
8 o Hazen /! & ,',
5] ’ [)) _ 2
2 : = 0,0063x S y = 2E-06x? - 0,0048x +
i 6.00 % Predicted ) Yy =1,016e §0 6.00 y 3,569(5) N
5 5 / R2= 1
> < >
5 = X
1,00
0 50 100 150 200 250 1000 2000 3000 4000 5000
Return period 7, (years) 0 (m/s)

Fig. 8. Predicting the design maxima discharges of 1% and 0.5% annual probabilities of
exceedance for the Uzh River, the HS “Uzhhorod”

Table 5. Results of predicting the design maxima discharges of 1% and 0.5% annual
probabilities of exceedance for the Uzh River, the HS “Uzhhorod”

P T, =100-P! Design maxima discharge Q (m?/s) according to:
(1/year, %) (years) Hazen Weibull
1 100 1670 2080
0.5 200 2090 3323
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Fig. 9 shows the predicted values of the design maxima discharges of the 1% and
0.5% annual probabilities of exceedance. The prediction results are compared with
the chosen alternative parametric probability distributions.

3500 7 e  Weibull .
'é 3000 ] — KW
3 1—--P -
2500 § — —EVI ~..
]-.=1p3 ~a o
2000 ] = = =LN2 LAS-RR & S~
] — - - S e
{1 © Hazen i« i e I
1500: i ) -h&..__:\-s.:\
{1 & Predicted (Weibull) '6“:? -~
1 © Predicted (Hazen) ™ =
1000 : —_— . ———
0,1 1 10

P, P, (1/year, %)

Fig. 9. Predicted values of the design maxima discharges of the 1% and 0.5% annual
probabilities of exceedance in comparison with the chosen alternative parametric probability
distributions (the Uzh River, the HS “Uzhhorod”)

It is suggested the following technique to apply the proposed numerically-
analytical method for prediction design maxima discharges of floods using empirical
estimates of plotting positions.

Stage 1: Preparation of a time series of maximum water discharges;

Stage 2: Reviewing different plotting position formulas;

Stage 3: Calculating empirical annual probabilities of exceedance P, (1/year, %)
of observed maxima discharges employing chosen plotting position formulas
depending on the rank m =1,...,n of the observed discharge values, where the
highest one has the rank m =1, and n is the number of observed discharges;

Stage 4: Choosing a plotting position formula (formulas) for prediction design
maxima discharges;

Stage 5: Choosing a counterparty plotting position formula (formulas) to
calculate the divergence indicator d, values; the counterparty plotting position
formula may be chosen as an arbitrary one; it may be one of the formulas providing
marginal (maximum, minimum) plotting positions (for example, Hazen’s or
Weibull’s formulas);

Stage 6: Computing the divergence indicator d,, values;

Stage 7: Choosing a population of plot positions (m =1, ... ) for which 4, > 1
and building the regression d, = f(7,,); predicting the divergence indicator
d, = f(T.) for the chosen design return period 7, of the design maxima discharge
by using the extrapolation method;

Stage 8: Building the regression d, = f(Q,,); predicting the design maxima
discharge for the chosen design return period 7, = 100- P~', where P is a chosen

design annual probability of exceedance (1/year, %), by using the extrapolation and
iterative calculation methods.
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6.2. Using the Fishburne rule

Results obtained by using different plotting position formulas may be considered
expert estimates. These expert estimates may be given different importance in
making decisions under uncertainty and risk [73-76]. For example, in flood
management strategies, the plotting position estimates obtained using the Weibull
formula contribute to choosing more cautious decision options. However, more
cautious solutions may be associated with higher capital costs. In turn, the plotting
position estimates obtained by Hazen’s formula contribute to choosing decision
options with lower capital costs. However, these less costly decision options may
inflict increasing in future flood losses.

Accordingly, making decisions, different plotting position formulas can be
considered indicators of the predisposition to more cautious or less expensive
decision options. In other words, different plotting position estimates obtained using
different plotting position formulas can acquire their weight level in a system of
indicators’ importance under the decision-making process.

An optimal distribution of the weights of the indicators from the point of view of
informational entropy is referred to as Fishburne’s rule. The Fishburne rule considers
that the level of indicators’ importance is determined only by arranged in descending
order of importance.

According to the Fishburne rule, the “weight” w; for the i -th plotting position

estimate P, ; obtained using the i -th formula can be calculated as [73, 74]:
2(k—i+1
w, = 20k—i+]) , (6)
(k+1)-k
where i is the rank of the i -th plotting position estimate obtained using the i -th
formula taking into account the level of the formula importance; the highest estimate
gets the rank i = 1 when there is a predisposition to more cautious options, and vice-
versa, when there is a predisposition to options with lower capital costs, the smallest
one has the rank i = 1; & 1is the total number of the ranked-set plotting position
estimates (formulas).
Then, the rank-weighted estimate of the annual plotting position probability 7, ,
depending on the selected significance option of the different plotting position
formulas

k
Pm,w :ZPm,i 'Wi ’ (7)

where m is the rank of the observed peak water discharge Q,, (m?/s).

Using the Fishburne rule enables getting two possible rank-weighted estimates of
the annual plotting position probability P, , depending on the selected significance
option of the different plotting position formulas: the rank-weighted upper bound
estimate (sup) P:"", the rank-weighted lower bound estimate (inf) P’ . The rank-

m,w m,w

weighted upper bound estimate P."? corresponds to the predisposition to more

m,w
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cautious decision options. The rank-weighted lower bound estimate

corresponds to the predisposition to less expensive decision options.

For k£ =13, the following weights of the i -th different plotting position estimates
(formulas) were obtained depending on their rank: (i =1, w, =0.143); (2, 0.132);
(3, 0.121); (4, 0.110); (5, 0.099); (6, 0.088); (7, 0.077); (8, 0.066); (9, 0.055);
(10, 0.044); (11, 0.033); (12, 0.022); (i =13, w;; = 0.011).

Table 6 shows the calculated parameters, where the divergence indicator d,, =

v/ P,,‘fi , the return periods: 77,7 =100/ P,V T, nt =100/ Pnlqnfv .

mw > “r.m

Pinf

m,w

Table 6. The rank-weighted upper bound F,,> and lower bound P,,l,“va estimates for
empirical probabilities of observed maxima discharges

Observed maxima discharge O (m%/s)
Parameters

1680 1400 1280 1210 1120 1050
m 1 2 3 5 6 12
P (%) 1.35 3.22 5.09 8.84 10.71 21.95
P (%) 1.15 3.03 491 8.67 10.55 | 21.82
d, 1.168 1.061 1.036 1.019 1.015 1.006
T;.Y (years) 74 31 20 11 9 5
T (years) 87 33 20 12 9 5

Below, Fig. 10 and Table 7 show the predicted values of the design maxima
discharges of 1% and 0.5% annual probabilities of exceedance for the Uzh River, the
HS “Uzhhorod”. They were obtained according to the data in Table 6. Fig. 11

compares the obtained prediction results with the chosen alternative probability
distributions.

1800 1 = 0,95430100% 1800 3 y-= 3E-o7§22 - 060909087; +1,3537
~ E ’_ , = =9, /
3 ] RE-09995 /%
5 1.600 1 o Observed (sup) x" - 5 1,600 x"
2 0 Observed (inf) ,"/X'/ & x'
g 1400 1 xPredicted g 1,400
gn ] /’:/3;: 0.9980:0018x gl) x// + Observed
& ] PGl 2 B X Predicted
2120 ] GRT Tr=0sms 51200 X

0 50 100 150 200 250 1000 1500 2000 2500

Return period 7, (years) 0 (m¥/s)

Fig. 10. Predicting the design maxima discharges of 1% and 0.5% annual probabilities of
exceedance for the Uzh River, the HS “Uzhhorod”, according to data in Table 6
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Table 7. Results of predicting the design maxima discharges of 1% and 0.5% annual
probabilities of exceedance for the Uzh River, the HS “Uzhhorod”, using the
Fishburne rule

100. p-! Design maxima discharge Q0 (m3/s) obtained using the
1/ el': L %) I, =100-# Fishburne rule
b 0 .
Y (years) inf sup
1 100 1738 1805
0.5 200 2113 2222
3000 1 ®  Observed (Sup)
I ] — - KM3 ~
E2500 ] —--P3 S. o
< ] — —EVI g S~
2000 { == LP3 e R
-==LN2 = < ~
] == C - -~
1500 ©  Observed (Inf) Qll‘ = i <~~~
1 &  Predicted (Sup) o ""Q;\:\‘&
] ¢ Predicted (Inf)
1000 T T T T T T —————
0.1 ! P, P, (I/year,%) 10

Fig. 11. Comparison of the obtained prediction results (Table 7) with the chosen alternative
parametric probability distributions

It is worth noting the goodness of fit of the peak discharges of 1% probability of
exceedance obtained by extrapolation of plotting position probabilities using the
proposed method to the Extreme value type I distribution (Gumbell type I, EV1).
The design discharge of 1% probability of exceedance obtained using the EV1
distribution is 1832 m?/s. The upper bound estimate (sup) of such a discharge using
the proposed method and the Fishborn rule is 1805 m?/s. The relative prediction error
is less than 1.5%. The lower bound estimate (inf) of such a discharge using the
proposed method and the Fishborn rule is 1738 m¥/s. The relative prediction error is
5.4%. However, it is worth noting the goodness of fit of the peak discharges of 0.5%
probability of exceedance obtained by extrapolation of plotting position probabilities
using the proposed method to the Logarithmic Pearson type III distribution (LP3).
The design discharge of 0.5% probability of exceedance obtained using the LP3
distribution is 2130 m?/s. The upper bound estimate (sup) of such a discharge using
the proposed method and the Fishborn rule is 2222 m?/s. The relative prediction error
is approximately 4.2%. The lower bound estimate (inf) of such a discharge using the
proposed method and the Fishborn rule is 2113 m*/s. The relative prediction error is
less than 0.8%.

7. Some discussion remarks
Is epistemic or non-stochastic uncertainty a challenge in predicting extreme

hydrological characteristics? Yes, it is. It can be a challenge. However, at least, the
multi-model approach may promote revealing epistemic uncertainty.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 156 ~

To answer this question, an original method of prediction was developed. The
method was called a numerically-analytical method. It is based on using different
plotting position formulas, numerical calculations of plotting position probabilities,
and extrapolation of the divergence between the obtained estimates.

This method may support to choice of a better parametric probability distribution.
There is no proper theoretical or another similar justification for choosing an
appropriate probability distribution to predict peak discharges of floods using
observed data. This method may promote such a justification.

The estimates predicted by this method are also noteworthy. In terms of
predicting accuracy, these estimates are no different principally from estimates that
can be obtained using parametric probability distributions.

Conclusions

1. Plotting position formulas provide a non-parametric means to estimate the
observed data probability distribution. Using a plotting position formula, a plot of
the estimated values from a theoretical parametric probability distribution can be
compared with the observed data. It allows a visual examination of the adequacy of
the fit provided by alternative parametric probability distributions.

2. There are more than seventeen different plotting position formulas to fit
theoretical parametric probability distributions with the observed data. The issue is
the choice of an unbiased empirical formula to plot the observed data. Any plotting
position formula can be an option for fitting parametric probability distributions.

3. Results of calculating empirical annual probabilities of exceedance observed
maxima discharge employing various plotting position formulas show that
increasing the predicting horizon toward low probable, more extreme events
increases the divergence between the estimates obtained using the different plotting
position formulas. It is reasonable to assume that this divergence may be
extrapolated.

4. An original numerically-analytical method is developed to predict design
maxima discharges of floods using empirical estimates of plotting positions. It is
based on using different plotting position formulas, numerical calculations of
plotting position probabilities, and extrapolation of the divergence between the
obtained estimates. The method is tested in predicting the maxima discharges of
0.5% and 1% annual probability of exceedance for the Uzh River, the hydrological
station (HS) “Uzhhorod”.

5. Among the practically significant results of the study, the following ones
should be highlighted. The upper bound estimate (sup) of the design peak discharge
of 1% probability of exceedance obtained by extrapolation of plotting position
probabilities using the proposed method and the Fishborn rule is 1805 m?/s. It fits
the estimate of 1832 m?/s derived from the Extreme value type I distribution
(Gumbell type I, EV1). The upper bound estimate (sup) of the design peak discharge
of 0.5% probability of exceedance using the proposed method and the Fishborn rule
is 2222 m¥/s. 1t fits the estimate of 2130 m*/s derived from the Logarithmic Pearson
type III distribution (LP3). Thus, depending on different design probabilities of
exceedance, the proposed method may support the choice of a better parametric
probability distribution to predict peak discharges.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 157 ~

REFERENCES

1. Ukraine — Vulnerability. Climate Change Knowledge Portal. Available from
https://climateknowledgeportal.worldbank.org/country/ukraine/vulnerability.

2. Flood protection of territories. United Nations Development Programme. UNDP in
Ukraine. Available from https://www1.undp.org/content/dam/ukraine/docs/EE/Flood.

3. Stefanyshyn, D.V. (2022). What could we have learnt from the previous flood data to
predict losses caused by the 1980, 1986, and 1998 catastrophic floods in Ukrainian
Transcarpathian? Environmental safety and natural resources, 43(3), 81-109;
https://doi.org/10.32347/2411-4049.2022.3.81-109.

4. Ryabchenko, O., Snizhko, S., and Trypolska, G. (2020). Ukraine. Technology needs
assessment for climate change adaptation. Barrier analysis and enabling framework. Report.
Project: Technological Needs Assessment under the United Nations Framework Convention
on Climate Change (UNFCCC), 171 p.

5. Danko, K., Nabyvanets, Yu., Filippova, Yu., Korniienko, V., Lobodzinskyi, O., Surai, K.,
Malyshev, A., and Kostiantyn Sokolchuk, K. (2019). Steps to implement Directive
2007/60/EC in Ukraine and preliminary flood risk assessment. Available from
https://uhmi.org.ua/conf/danube_conference 2019/presentations/.

6. Didovets, 1., Lobanova, A., Bronstert, A., Snizhko, S, Fox Maule, C, and Krysanova, V.
(2017). Assessment of Climate Change Impacts on Water Resources in Three Representative
Ukrainian  Catchments Using Eco-Hydrological Modelling. Water, 9, 204;
https://doi.org/10.3390/w9030204.

7. Stefanyshyn D.V., Korbutiak V.M., Stefanyshyna-Gavryliuk Y.D. (2019). Situational
predictive modelling of the flood hazard in the Dniester river valley near the town of Halych.
Environmental safety and  natural  resources, Issue 1 (29), 16-27;
https://doi.org/10.32347/2411-4049.2019.1.16-27.

8. Susidko, M.M., and Lukyanets, O.1. (2004). Zoning of the territory of Ukraine according
to the degree of hydrological danger. UkrNDGMI, Issue 253, 196-204. (In Ukrainian)
[Cycinko M.M., JIyk’auenp, O.1. (2004). PaifonyBaHHsS TepuTopii YKpaiHu 3a CTyleHEM
rigposnoriunoi HeOezneku. YkpH/AI'MI, Bun. 253, 196-204].

9. Didovets, Iu., Krysanova, V., Biirger, G., Sergiy Snizhko, S., Balabukh, V., and
Bronstert, A. (2019). Climate change impact on regional floods in the Carpathian region.
Journal of Hydrology: Regional Studies, 22, 100590;
https://doi.org/10.1016/j.ejrh.2019.01.002.

10. Climate Landscape Analysis for Children (CLAC) in Ukraine. (2021). UNICEF,
Hydroconseil, 156 p. Available from https://www.unicef.org/ukraine/media/15766.

11. Munich Re’s NatCatSERVICE — The natural catastrophe loss database. Data on natural
disasters since 1980. Available from https://www.munichre.com/en/solutions/reinsurance-
property-casualty/natcatservice.html.

12. McBain, W., Wilkes, D., and Retter M. (2010). Flood resilience and resistance for critical
infrastructure. CIRIA C688. London, 134 p.

13. Joyce, J., Chang, N. Bin, Harji, R., Ruppert, T. (2018). Coupling infrastructure resilience
and flood risk assessment via copulas analyses for a coastal green-grey-blue drainage system
under extreme weather events. Environ. Modelling Software. 100, 82-103;
https://doi.org/10.1016/j.envsoft.2017.11.008.

14. Sahani, J., Kumar, P., Debele, S., Spyrou, Ch., Loupis, M., Aragdo, L., Porcu, F., Rahman
Shah, M.A., and Di Sabatino, S. (2019). Hydro-meteorological risk assessment methods and
management by nature-based solutions. Science of The Total Environment, Vol. 696,
133936; https://doi.org/10.1016/j.scitotenv.2019.133936.

15. Debele, S.E., Kumar, P., Sahani, J., et al. (2019). Nature-based solutions for hydro-
meteorological hazards: Revised concepts, classification schemes and databases. Env.
Research, Vol. 179, Part B, 108799; https://doi.org/10.1016/j.envres.2019.108799.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 158 ~

16. Directive 2007/60/EC on the assessment and management of flood risks. (2007). Official
Journal of the European Union, L288/27, 8 p. Available from https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32007L0060&from=EN.

17. Effectiveness of flood management measures. (2015). Integrated flood management tools
series, Issue 21. World Meteorological Organization and the Global Water Partnership, 66 p.
Available from https://www.floodmanagement.info/publications/tools.

18. Salazar, S., Francés, F., Komma, J., Blume, T., Francke, T., Bronstert, A., and Bloschl, G.
(2012). A comparative analysis of the effectiveness of flood management measures based on
the concept of “retaining water in the landscape” in different European hydro-climatic
regions. Nat. Hazards Earth Syst. Sci., 12, 3287-3306; https://doi.org/10.5194/nhess-12-
3287-2012.

19. Hudson, P., Botzen, W.J.W., Kreibich, H., Bubeck, P., and Aerts, J.C.J.H. Evaluating
the effectiveness of flood damage mitigation measures by the application of propensity score
matching (2014). Nat. Hazards Earth Syst. Sci., 14, 1731-1747;
https://doi.org/10.5194/nhess-14-1731-2014.

20. Kron, W., and Miiller, O. (2019). Efficiency of flood protection measures: selected
examples. Water Policy 21(6), 449467 https://doi.org/10.2166/wp.2019.023.

21. Tarig, M.A.U.R., Farooq, R., and van de Giesen, N. (2020). A Critical Review of Flood
Risk Management and the Selection of Suitable Measures. Appl. Sci., 10, 8752;
https://doi.org/10.3390/app10238752.

22. Munich Re. Flood risks on the rise. Underestimated natural hazard, devastating damage.
Available from https://www.munichre.com/en/risks/natural-disasters-losses-are-trending-
upwards/floods-and-flash-floods-underestimated-natural-hazards.html.

23. De Ruig, L.T., Haer, T., de Moel, H., Brody, S.D., Wouter Botzen, W.J., Czajkowski, J.,
and Aerts, J.C.J.H. (2022). Climate-proofing the National Flood Insurance Program. Policy
brief, Climate adaptation; https://doi.org/10.1038/s41558-022-01502-6.

24. Paprotny, D., Sebastian, A., Morales-Napoles, O., and Jonkman, S.N. (2018). Trends in
flood losses in Europe over the past 150 years. Nature communications, 9:1985;
https://doi.org/10.1038/s41467-018-04253-1.

25. Flood issues and climate changes — Integrated Report for Tisza River Basin. (2018).
Danube Transnational Programme JOINTISZA. Deliverable 5.1.2. project co-funded by the
EU (ERDF, IPA funds), 136 p. Available from https://www.interreg-
danube.eu/uploads/media/approved_project output/0001/36/49d50d0b2429884b0alf2eafc8
c158b70bc31679.pdf.

26. Climate Landscape Analysis for Children (CLAC) in Ukraine. (2021). UNICEEF,
Hydroconseil, 156 p. Available from https://www.unicef.org/ukraine/media/15766.

27. Kikwasi, G.J. (2018). Critical Success Factors for Effective Risk Management. From the
Edited Volume “Risk Management Treatise for Engineering Practitioners”. Edited by
Ch.F. Oduoza. Chapter 4, 73-94; https://doi.org/10.5772/intechopen.74419.

28. Savage, L.J. (1954). The foundations of statistics. New York: Wiley, 294 p.;
https://doi.org/10.1002/nav.

29. Stedinger, J.R., Vogel, R.M. and Foufoula-Georgia, E. (1993). Frequency Analysis of
Extreme Events. Chapter 18. In Maidment, D.R., Ed., Handbook of Hydrology, McGraw
Hill, New York, 18.1-18.66.

30. Schroter, K., Falter, D., Nguyen, D., Kreibich, H., Vorogushyn, S., Hundecha, Y.,
Apel, H., and Merz, B. (2014). Is probability of peak discharge a suitable proxy for
probability of damage in flood risk analysis? International Conference “Analysis and
Management of Changing Risks for Natural Hazards”, Padua, Italy, Abstract code: D02.

31. Integrated flood risk management. Bulletin 156. (2014). CIGB, ICOLD. Commission
Internationale des Grands Barrages, International commission on large dams. Paris, 288 p.
32. National Disaster Risk Assessment. Governance System, Methodologies, and Use of
Results. (2017). Words into Action Guidelines. Consultative version. United Nations Office
for Disaster Risk Reduction (UNISDR), Geneva - Switzerland, 101 p.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 159 ~

33. Okoli, K., Breinl, K., Mazzoleni, M., and Di Baldassarre, G. (2019). Design Flood
Estimation: Exploring the Potentials and Limitations of Two Alternative Approaches. Water,
11, 729; https://doi.org/10.3390/w11040729.

34. Statistical distributions for flood frequency analysis. (1989). World meteorological
organization. Operational hydrology report No. 33, Geneva, Switzerland, 128 p.

35. Maity, R. (2018). Statistical Methods in Hydrology and Hydroclimatology. Springer
Transactions in Civil and Environmental Engineering, 451 p.; https://doi.org/10.1007/978-
981-10-8779-0 1.

36. HEC-RAS River Analysis System. User’s Manual V. 6.0. (2021). US Army Corps of
Engineers. Inst. for Water Resources. Hydrologic Eng. Center. Available from https:/www.
hec.usace.army.mil/software/hec-ras/documentation/HEC-RAS 6.0 Users Manual.pdf.

37. Stefanyshyn, D.V., Khodnevich, Y.V., Korbutiak, V.M. (2021). Estimating the Chezy
roughness coefficient as a characteristic of hydraulic resistance to flow in river channels: a
general overview, existing challenges, and ways of their overcoming. Env. safety and natural
resources, 39(3), 16-43; URL: https://doi.org/10.32347/2411-4049.2021.3.16-43.

38. Bloschl, G., Bierkens, M.F.P., Chambel, A., Cudennec, Ch., Destouni, G., Fiori, A.,
Kirchner, J.W. , McDonnell, J. J., Savenije, H. H.G., Sivapalan, M., Stumpp, Ch., Toth, E.,
Volpi, E., and al. (2019). Twenty-three unsolved problems in hydrology (UPH) -
a community perspective. Hydrological Sciences Journal, 64:10, 1141-1158;
https://doi.org/10.1080/02626667.2019.1620507.

39. Milly, P.C.D., Betancourt, J., Falkenmark, M., Hirsch, R.M., Kundzewicz, Z.W.,
Lettenmaier, D.P., and Stouffer, R.J. (2008). Stationarity is dead: whither water
management? Science, 319, 573-574.

40. Lopez, J., and Francés, F. (2013) Non-stationary flood frequency analysis in continental
Spanish rivers, using climate and reservoir indices as external covariates. Hydrol. Earth Syst.
Sci., 17, 3189-3203; https://doi.org/10.5194/hess-17-3189-2013.

41. Debele, S.E., Strupczewski, W.G., and Bogdanowicz, E. (2017). A comparison of three
approaches to non-stationary flood frequency analysis. Acta Geophys., 65, 863-883;
https://doi.org/10.1007/s11600-017-0071-4.

42. Villarini, G., Taylor, S., Wobus, C., Vogel, R., Hecht, J., White, K.D., Baker, B.,
Gilroy, K., Olsen, J.R., and Raff, D. (2018). Floods and Nonstationarity: A Review, CWTS
2018-01, U.S. Army Corps of Engineers: Washington, DC, 88 p.

43. Apel, H., Merz, B., Thicken, and A.H. (2008). Quantification of uncertainties in flood
risk assessments. International Journal of River Basin Management (JRBM), Vol. 6, No. 2,
149-162; https://doi.org/10.1080/15715124.2008.9635344.

44. Serinaldi, F., and Kilsby, Ch.G. (2015). Stationarity is undead: Uncertainty dominates
the distribution. Advances in Water Resources, 77, 17-36;
http://dx.doi.org/10.1016/j.advwatres.2014.12.013.

45. Stefanyshyna-Gavryliuk, Yu.D., and Stefanyshyn, D.V. (2013). The use of fuzzy measure
to overcome the uncertainty of long-term predictions based on extrapolations. System
Research and Information Technologies, No. 4, 99-110; https://ela.kpi.ua/handle/
123456789/7021. (in Ukrainian) [Credannmmua-I'aBpumok FO.Jl., Credanummun /[I.B.
(2013). BukopucTaHHS HEYITKOI MipW I TOAOJaHHS HEBHU3HAYEHOCTI JOBTOCTPOKOBHX
MIPOTHO3iB Ha OCHOBI ekcTpamoniid. CHcTeMHI TOCTiKeHHS Ta iH)OpMaIliifHi TeXHOJIOT11,
Ne 4, 99-110].

46. Apel, H., Thieken, A.H., Merz, B. and Bloschl, G. (2006). A Probabilistic Modelling
System for  Assessing  Flood  Risks. Natural Hazards, 38, 79-100;
https://doi.org/10.1007/s11069-005-8603-7.

47. Stefanyshyn, D.V. (2018). On the use of the type I Gumbel distribution to assess risks
given floods. Mathematical modeling in economy [MaremaTiyHe MOAENIOBaHHI B
exoHowmii], Nel, 74-83.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023


https://doi.org/10.32347/2411-4049.2021.3.16-43

~ 160 ~

48. Korbutiak, V., Stefanyshyn, D., Lahodniuk, O., and Lahodniuk, A. (2020). The combined
approach to solving issues of the flood hazard assessment using water gauge records and
spatial data. Acta Sci. Pol. Architectura 19 (1), 111-118;
https://doi.org/10.22630/ASPA.2020.19.1.12.

49. Stefanyshyn, D.V. (2021). Probability assessment of the Kyiv reservoir overflow.
Environmental safety and natural resources, 40 (4), 73-99; https://doi.org/10.32347/2411-
4049.2021.4.73-99.

50. Extreme Hydrological Events: New Concepts for Security (NATO Science Series: IV:
Earth and Environmental Sciences). (2007). Paperback: Editors: O. F. Vasiliev,
P. H. A. J. M. van Gelder, E. J. Plate, M. V. Bolgov. Springer; 1 edition, 480 p. Available
from https://link.springer.com/book/10.1007%2F978-1-4020-5741-0.

51. Koutsoyiannis, D. (2008). Probability and statistics for geophysical processes. National
Tech. University of Athens. Available from https://www.itia.ntua.gr/en/docinfo/1322/.

52. Review of Applied-Statistical Methods for Flood-Frequency Analysis in Europe. (2012).
Editors: Castellarin, A., Kohnova, S., Gaal, L., Fleig, A., Salinas, J.L., Toumazis, A.,
Kjeldsen, T.R., and Macdonald, N. NERC/Centre for Ecology & Hydrology, 122 p. Available
from https://nora.nerc.ac.uk/id/eprint/19286/.

53. Ren, M., He, X., Kan, G., Wang, F., Zhang, H., Li, H., Cao, D., Wang, H., Sun, D., Jiang, X.,
Wang, G., and Zhang, Z. (2017). A Comparison of Flood Control Standards for Reservoir
Engineering for Different Countries. Water, 9, 152; https://doi.org/10.3390/w9030152.

54. Stefanyshyn, D.V. (2008). Application of risk analysis to support safety of dams and
flooded territories against floods. Proc. of Int. Scientific School “Modelling and Analysis of
Safety and Risk in Complex Systems”. June 24-28, Saint-Petersburg, Russia, 371-376.

55. Cunnane, C. (1978). Unbiased plotting positions — A review. Journal of Hydrology,
Vol. 37, Issues 3-4, 205-222; https://doi.org/10.1016/0022-1694(78)90017-3.

56. Ahmad Shukri Yahaya, Norlida Md. Nor, Nor Rohashikin Mat Jali, Nor Azam Ramli,
Fauziah Ahmad, and Ahmad Zia Ul-Saufie (2012). Determination of the Probability Plotting
Position for Type I Extreme Value Distribution. Journal of Applied Sciences, 12, 1501-1506;
https://doi.org/10.3923/jas.2012.1501.1506.

57. Harter, H.L. (1984). Another look at plotting positions. Communications in Statistics — Theory
and Methods, Vol. 13, Issue 13, 1613-1633; https://doi.org/10.1080/03610928408828781.

58. Shabri, A. (2002). A comparison of plotting formulas for the Pearson type III distribution.
Jurnal Teknologi, 36(C), 61-74.

59. Makkonen, L. (2006). Plotting Positions in Extreme Value Analysis. Journal of Applied
Meteorology and Climatology, Vol. 45, 334-340; https://doi.org/10.1175/JAM?2349.1.

60. Mehdi, F., and Mehdi, J. (2011). Determination of Plotting Position Formula for the
Normal, Log-Normal, Pearson (III), Log-Pearson (III) and Gumble Distributional
Hypotheses Using The Probability Plot Correlation Coefficient Test. World Applied Sciences
Journal, 15 (8), 1181-1185.

61. Ologhadien, I. (2021). Study of Unbiased Plotting Position Formulae for the Generalized
Extreme Value (GEV) Distribution. European J. of Eng. and Technology Research, Vol. 6,
Issue 4, 94-99; http://dx.doi.org/10.24018/ejers.2021.6.4.2468.

62. Ologhadien, I. (2021). Evaluation of Plotting Position Formulae for Pearson Type 3
Distribution in Three Hydrological Stations on the Niger River. Int. Journal of Environment
and Climate Change, 11(9), 117-128; https://doi.org/10.9734/IJECC/2021/v11i930485.

63. Miklanek, P., and Pavla Pekarova, P. (2009). 100-year Flood Event Scenario and Flood
Risk Assessment for Uzh River at Lekarovce (Slovakia). International Symposium on Water
Management and Hydraulic Engineering. Ohrid/Macedonia, Paper A108, 749-760.

64. Kovalets, 1.V., Kivva, S.L., and Udovenko, O.I. (2015). Usage of the WRF/DHSVM
model chain for simulation of extreme floods in mountainous areas: a pilot study for the Uzh
River Basin in the Ukrainian Carpathians. Natural Hazards, 75, 2049-2063;
https://doi.org/10.1007/s11069-014-1412-0.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 161 ~

65. Ecosystem services and hydropower: pilot application of European tools in the river basin
of the EaP countries. (2021). Policy paper / compiled by: R. Havryliuk, O. Cazanteva,
I. Trombitsky [et al.]. Chisindu: Eco-TIRAS, 68 p.

66. Velychko, S., and Dupliak, O. (2021). Hydrological Assessment of the Water
Replenishment Possibility of the Uzh River Urbanized Floodplain on the Example of
Bozdosky Park, Ukraine. Ecological Engineering and Environmental Technology, 22 (4),
30-38; https://doi.org/10.12912/27197050/137871.

67. Obodovskyi, O.G., Surai, K.S., Pochayevets, O.0. (2018). Estimation of the minimum
water flow of the rivers of the Uzh sub-basin (the Tisza river basin). Hidrolohiia,
hidrokhimiia i hidroekolohiia, 2 (49), 6—15. (In Ukrainian) [O6omoBckkuii O.I'., Cypaii K.C.,
[Mouaeenp O.0. (2018). Ouinka MiHIMaJILHOTO CTOKY BOJIM PiuOK cyObaceiiny Yxa (baceitn
piuku Tuca). Iigposoris, rizpoximis i rigpoekooris, 2 (49), 6-15].

68. Stoyko, S.M. (2002). The causes of catastrophic floods in the Transcarpathian region and
the system of ecological prophylactic measures for their prevention. TISCIA monograph
series, 6, 17-28.

69. Babych, M. (2009). Flood management in Transcarpathia Region of Ukraine. State
Committee of Ukraine for Water management. Available from
https://unece.org/fileadmin/DAM/env/water/meetings/flood/workshop%202009/presentatio
ns/session%202/Babich.pdf.

70. Balint, M.Z. (2017). Multilateral efforts towards basin wide flood control along the Tisza
River: The Hungarian-Ukrainian joint Upper-Tisza flood development program. Hungarian
Journal of Hydrology, Vol. 97, No. 3, 73-80.

71. Central Geophysical Observatory named after Boris Sreznevsky. Available from
http://cgo-sreznevskyi.kyiv.ua/index.php?lang=en&dv=main.

72. Brezinski, C., and Redivo-Zaglia, M. (2020). Extrapolation and Rational Approximation.
The Works of the Main Contributors. Springer Nature, Cham, Switzerland, 406 p.;
doi:10.1007/978-3-030-58418-4.

73. Fishburn, P.C. (1970). Utility Theory for Decision Making. New York, John Wiley &
Sons, Inc., 234 p.

74. Fishburn, P.C. (1989). Non-transitive measurable utility for decision under uncertainty.
Journal of Mathematical Economics, Vol. 18, Issue 2, 187-207; https://doi.org/10.1016/0304-
4068(89)90021-9.

75. De Rocquigny, E. (2012). Modelling Under Risk and Uncertainty: An Introduction to
Statistical, Phenomenological and Computational Methods. Wiley series in probability and
statistics, 484 p.

76. Kochenderfer, M.J. (2015). Decision-making under uncertainty. Theory and Application.
With Ch. Amato, G. Chowdhary, J.P. How, H.J. Davison Reynolds, J.R.Thornton,
P.A. Torres-Carrasquillo, N. Kemal Ure, and J. Vian. Massachusetts Institute of Technology,
The MIT Press, Cambridge, Massachusetts, London, England, 323 p.

The article was received 07.02.2023 and was accepted after revision 24.05.2023

J.B. Crepanummn

ATIPOBAIISI YUCEJIBHO-AHAJITUYHOI'O METOAY MHNPOTHO3YBAHHS
PO3PAXYHKOBHUX MAKCHUMAJIBHUX BUTPAT IMABOJIKIB 13
BUKOPUCTAHHSIM ®OPMYJI EMIIIPUYHOI MMOBIPHOCTI: TIPUKJIAJI
PIUKH YK, TAHI TTIPOJIOTTYHOI CTAHIIIL «YKTOPO/I»

AHoTanifa. IcHye Oarato aHANITHYHUX PO3MOAUTIB HMOBIPHOCTI, SKi MOXHA
BUKOPHCTOBYBATH ISl NPOTHO3YBaHHS IIKOBMX BHTpaT MoBeHeld. OJHAaK, HaIEXKHOTO
TEOPETHYHOTO 4YHM IHIIOrO TMOAIOHOrO OOIpyHTYBaHHS Uit BHOOpY BiANOBIIHOTO
rapaMeTpUYHOI0 PO3IOALTy HMOBIPHOCTI JUIs IIPOTHO3YBAaHHS MIKOBUX BUTpPAT IOBEHEH Ha
OCHOBI JIaHMX CIOCTEPEXEHb HE IiCHy€. DBynb-ikni 13 pEKOMEHJOBaHUX PO3IOJLIIB
WMOBIPHOCTI MOKHA BBaXXaTH JOIMYCTUMOIO TillOTE30F0, SKINO BiH BIJMOBIa€ 3aTaHUM
CTAaTUCTHYHUM KPUTEPISIM i TP IIOMY BpaXOBYIOTHCS 1HIII MipKyBaHHS MO0 aJeKBaTHOCTI
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MOJICTIIOBaHHS. Y CBOIO 4Yepry, JJs HOPIBHSHHS TEOPETUYHHX MapaMEeTPUYHUX PO3IIOJLITIB
HMOBIPHOCTI 13 CHOCTEpE)XyBaHUMH NaHUMH OyJO 3alpOIOHOBAHO IOHAJ CIMHAIIITH
pizHEX (OpMYT IUII PO3paxyHKY EMITIpHYHHX HMOBipHOCTEH moxid, mo BigOymucs. I, 3
TOYKH 30py MPHUHAHATTA DillleHb, YCi mi (GOPMYIH TaKOX CIII PO3TIAAATH SK OITyCTHMI
BapiaHTH IPH MiATOHII TEOPETUIHUX PO3IIOALIIB HMOBIPHOCTI Ta BHOOPi cepe HUX Kpamoro
B SIKOCT1 MOJIETI.

HesBaxarouu Ha Te, 1110 BUOip Kpamoi popMyIn eMImipuaHoi IMOBIPHOCTI JJIS M ATOHKH
i TOpIBHAHHA pI3HUX PpO3MOAUIIB HMOBIpHOCTEH OaraTto pa3iB 0OOTOBOpIOBaBCA B
T1IPOJIOTIYHIN Ta CTATHCTHYHIN JIiTEpaTypi, A0C1 He 3alPOIIOHOBAHO YKOIHOT'O KOHKPETHOTO
KpHTepito i1 BUOOpPY cepen X popmyin. MoXIMBO, TaKMi KpUTEPii B3arani i He TOTpiOeH.
MosxiuBo, Oiiblie 3Ha4YCHHS MaE€ DPI3HOMAHITHICTH OIIHOK, SIKIi MOKHAa OTPUMATH 3a
JonoMororo 1ux gopmyi. Sk Bizomo, Gopmynu emmipudHOi HMOBIpHOCTI 3a0e3NeuyroTh
JOCTaTHBO TIPOCTI HemapaMeTpu4Hi 3aco0M Uil OLIHKM pPO3NOJUTYy HMOBIpHOCTEH
CIIOCTEPE)KYBAaHUX NAHUX, TOMY 3 TOUYKH 30py iH(POpMamiiHOiI eHTpoIii Il pi3Hi OIHKH
JIO3BOJIAIOTH BUSIBUTH CIICTEMIUHY (HECTOXacTHUHY ab0 cy0’€KTHBHY) HEBU3HAYCHICTH y
MIPOTHO3aX TiIPOJIOTIYHUX EKCTPEMYMIB.

PesynpraTit  po3paxyHKY eMIIpHYHHMX pPIYHMX HMOBIPHOCTEH  IEpEBUILCHHS
CIOCTEPEKyBaHNX MAaKCHMAIBHIX BUTPAT BOAM MABOJKIB i3 32CTOCYBAHHSIM Pi3HUX (HOPMYIT
eMIIpUYHOI WMOBIPHOCTI MOKA3yIOTh, IO 30UIBIICHHS TOPU3OHTY INPOTHO3YBAaHHSA B OiK
MaJIOWMOBIPHHUX, OUIbII EKCTPEMAIbHUX MOAIH 3011blIye pO30DKHICTE MiX OI[IHKaMH,
OTPUMaHUMH 32 JOTIOMOTOI0 Pi3HHMX (HOPMYII, IO NPH ILOMY BUKOPHCTOBYIOThCS. Takum
YMHOM, PO3YMHO IpPHUIYCTUTH, IO LS PO3ODKHICTE MOXe OyTH €KCTpamoibOoBaHa JUis
MPOTHO3Y PO3PaXyHKOBOI MaKCHMMAJIbHOI BHTpaTH Ha OCHOBI OTPUMaHHX €MITiPHYHUX
OLIIHOK HMOBIPHOCTI BUTPAT, L0 CIIOCTEPIirayucs.

Y wiifi crarti OpONMOHYETHCS OPHTIHAIBHUA YHCENbHO-aHAJTITUYHUNA MeETon i3
BHKOPHCTAHHAM Takoi eKcTpamosidii. BiH 3acHOBaHW Ha BUKOPUCTaHHI Pi3HUX (OPMYIT
eMIipUYHOi HMOBIPHOCTi, YHCEIFHUX pPO3PAaXyHKaX eMIIPUYHAX HMOBIPHOCTEH Ta
eKCTpanoismii po30KHOCTI MK OTpHMaHWMH OLiHKaMH. Meron ampo0OoBaHO TpH
MIPOTHO3yBaHHI MakcUManbHUX BUTpaT 0,5% Ta 1% pidHOi HIMOBIPHOCTI NEPEBUIIEHHS IS
piukx Yk, IO TMpoTikae B 3akapmarcbKii o00JacTi, 3a JaHUMH CIIOCTEPEXCHb Ha
TiAPONOTIuHIH cTaHMii «YKTOpoI».

KarouoBi cioBa: piuHa HMOBIPHICT MEPEBUILIEHHS; IOKa3HUK PO301KHOCTI;
eKCTPAIoJIsILis; TMaBOJKH, YHCENIbHO-aHAJNITUYHUI Meron; QopMmynn  eMmipuuHOl
HWMOBIPHOCTI; PO3MOAIIM HMOBIPHOCTI; IPOTHO3; MEPi0JI TOBTOPEHHSI.
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PARALLELIZATION OF NUMERICAL SOLUTIONS OF SHALLOW
WATER EQUATIONS BY THE FINITE VOLUME METHOD FOR
IMPLEMENTATION ON MULTIPROCESSOR SYSTEMS AND
GRAPHICS PROCESSORS

Abstract. An overview of approaches to parallelization of grid-based numerical
methods for solving shallow water equations for multiprocessor systems and
graphics processors is presented. A multithreaded approach for shared-memory
computing systems implemented on the basis of the OpenMP programming
interface and a geometric decomposition approach with message-passing using
the MPI library for distributed-memory computers are described. Multithreading
for programming GPUs based on the OpenACC software interface is considered.
For the COASTOX-UN system of two-dimensional modeling of hydrodynamics,
sediment and radionuclide transport in river systems and coastal areas of the seas,
the parallelization of its hydrodynamic model COASTOX-HD was carried out. In
the developed numerical model, the shallow water equations are solved by finite-
volume numerical methods on unstructured computational grids with triangular
cells of variable size. The parallelization is implemented using a hybrid
MPI+OpenACC approach targeting multiprocessor systems and GPUs. For
multiprocessor computers, geometric decomposition and MPI-based messaging
are used, and for GPUs, multithreading is implemented using OpenACC
directives. The performance of the developed parallel hydrodynamic model was
evaluated during the calculation of typical problems of hydrodynamics of shallow
water bodies, river flood, and tsunami wave run-up on the coast on a Dell
Precision Workstation 7920 multi-core workstation with two 20-core Intel Xeon
Gold 6230 processors and NVIDIA Quadro RTX 5000 and NVIDIA GeForce RTX
3080 graphics cards. It is shown that the developed model has significantly
accelerated the simulation on the considered multiprocessor system and the
considered GPUs. The acceleration on GPUs depends on the size of the
computational grid, increasing to saturation with an increase in the number of
grid cells. It is established that for the developed parallel model, whose numerical
schemes are related to algorithms with low computational intensity, the memory
bandwidth of the NVIDIA architecture GPUs is a more important limiting factor
of acceleration than their performance.

Keywords: river modeling; coastal modeling; shallow water equations, finite
volume,; unstructured grid; parallel computing;, GPU computing, MPI;
OpenACC.
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[HCcTHUTYT MpOoGem MatematnaHuX MarmuH i cucteM HAH Ykpaian, m. Kuis, Ykpaina

PO3IAPAJIEJTIOBAHHS YU CEJIBHUX PO3B’A3KIB PIBHSIHD
MULJIKOI BOJIM METO/IOM CKIHYEHHUX OB’€MIB JIJIS1
PEAJIIBAIIL HA BATATOIIPOIIECOPHUX CUCTEMAX I
I'PA®IYHUX ITPOIECOPAX

Anomauisn. Ilpeocmasneno 0210 nioxodie 00 pO3NAPANETIOBAHHS CIMKOGUX
YUcenbHUX Memooie po36a3yeanHs PiHAHbL MIIKOi 600u Ol 6azamonpoyecopHux
cucmem ma epagiunux npoyecopis. Onucano 6azamonomoxosuil nioxio 0s
006UUCTIOBAILHUX CUCIEM I3 3a2allbHOI0 NAMSMMIO, Peanizo6aHuti Ha OCHOBI
npoepamuoeo inmepgpeticy OpenMP, ma nioxio eeomempuunoi Oekomnosuyii 3
nepeoayelo nogioomiens 3 gukopucmanuam 6ioniomexu MPI Ons komn'tomepis 3
posnodinenoro nam'asmmio. Poszenanymo bazamonomoxogicms 01 NpOSPaAMySaHHs
epaghiunux npoyecopis Ha ocHosi npocpamnozo inmepgeticy OpenACC. /[na cucmemu
COASTOX-UN 06068umipH020 MOOeN08aHHA 2I0POOUHAMIKU, NEPEHOCY HAHOCIE |
PAOIOHYKNIOI8 Y PIUKOBUX CcUCeMaXx | NpUubepedCHUX patioHax MOpi8 Npo8edeHo
posnapanenosanus i eiopoounamiynoi mooeni COASTOX-HD. B pospobneniii
YycenvbHitl Mooeni piGHAHHA MIIKOI 600U PO38'A3yI0mMbCs  CKIHUEeHHO-00 " eMHUMU
YUCETbHUMU  MEMOOaMU HA  HeCMpPYKMYPOBAHUX —OOYUCTIOBATbHUX —CIMKAX 3
MPUKYMHUMY  KOMIpKAMu 3MiHHO20 po3mipy. Posnapanenenns peanizosamno 3a
odonomoeoro  2ibpuonozo  nioxody — MPI+OpenACC,  opichmoeanoeo  Ha
bazamonpoyecopui cucmemu i epagiuni npoyecopu. Qua Oazamonpoyecopmux
KOMN'1omepie  GUKOPUCMOBYEMbCS  2eOMEMPUYHA — OeKOMNo3uyis i oOMiH
nogioomnenusimu Ha ocnosi MPI, 0ns epaghiunux npoyecopis — baeamonomoxosicms,
peanizosana 3a oonomoeor Oupexmug OpenACC. Ilpedcmagieno mecmysamnHs
NPOOYKMUBHOCMI pO3POONIeHOI napanebHOi 2I0pOOUHAMIYHOT MOOeNT npu 0OUUCTIEeHHT
Xapakmepuux 3a0ay 2iOPOOUHAMIKU MIIKOBOOHUX 6000UM, pIuKO80i NoGeHi I
HabieanHs X6uni yyHami Ha y30epedccs, Ha bazamosdepnill pobouit cmanyii Dell
Precision Workstation 7920 3 deoma 20-a0eprumu npoyecopamu Intel Xeon Gold
6230 i epaghiunux kapmax NVIDIA Quadro RTX 5000 i NVIDIA GeForce RTX 3080.
Iokasano, wo pospodnena mooenb 3HAYHO HPUCKOPIOE MOOEMO8AHHs 3a0a4 HA
posanAnymux bazamonpoyecopuii cucmemi i epagiunux npoyecopax. IIpuckopenns
00UUCTIEHHSA 3a0aY HA SPAPIYHUX NPOYECOPAX 3ANEHCUMDb 8i0 POIMIDY POPAXYHKOBOT
cimKu, 3pocmarouu 00 HACUYEHHs. npu 30L1bUeHHI KIIbKOCMI KOMIDOK CIMKIL.
Bcmanoeneno, wo 0 po3pobrenoi napanenvbHoi MoOeni, 4uceibHi cxemu SKOi
BIOHOCAMBCA 00 ANCOPUMMIE 3 HEBUCOKOIO OOYUCTIOBATLHON [HMEHCUBHICTIO,
NponycKHa 30amuicme nam’ami epaghiunux npoyecopie apximexmypu NVIDIA e
OLbUL BAACTUBUM OOMEINCYIOUUM PAKMOPOM NPUCKOPEHHSL, YUM IXHS NPOOYKIMUGHICTD.
Knrwouoei cnosa: mooentoganms piukosux cucmem; MOOEI0BANHS NPUOEPENCHUX 30H
MOps, PIBHAHHA MIIKOI 800U, CKIHYEHHI 00 ’e€Mu;, HeCmpYKmMypO8aHi CImKu,
napanenvhi ooyucienns, oouucrenns na GPU, MPI, OpenACC.
https://doi.org/10.32347/2411-4049.2023.2.163-193

1. Beryn

UncenbHi MOzeli, 3aCHOBaHI Ha JABOBHMIPHUX PIBHAHHIX MuIkoi Bogu (PMB),
BHKOPHUCTOBYIOTHCS JJIsI MOJAEIIOBAHHS IMTUPOKOTO CIEKTPa 3a1ay TiAPOTUHAMIKH 1
TIepEeHOCY 3a0pyIHEHD Y pidKaX, BOAOCXOBHUIIAX, 03epax 1 MpUOSpEKHIX 30HaX MOPIB,
KOJIM XapaKTepHUH TOPU3OHTAJIbHUI po3Mip 30ypeHHs Habarato OiiblIe TITMOMHH
BOJIOVMH.
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[Ticas aBapii mHa YopHoOunbcekiit AEC, mns oOrpyHTYBaHHS BOJOOXOPOHHUX
3axomiB 'y YopHOOMIBCHKIM 30HI BiAUYKEHHS 3 YpaxyBaHHSIM IEPEHOCY
pamionykmiais (*°Sr ta '¥’Cs) y 3amnasi p. Ilpurn’sth Ta Bogocxosuiax p. Juinpo
B [HCTHTYTI TIpobNeM MatemarnyHmx mamuH 1 cucteM HAH Ykpainu (IIIMMC)
rmoJagach po3po0ka CHCTEMH MOJEIeH pi3HOI PO3MIPHOCTI, IO BKJIOYAa
noyatkoBy Bepcito aBoBuMipHOi Mozaeni COASTOX, 3acnoBanoi Ha PMB [1-3].

Ha tenepimaiit vac COASTOX-UN — e cuctemMa MOICTIOBaHHS T1IpOTHHAMIKA
(COASTOX-HD), Ttpancropty HaHociB (COASTOX-SED) i1 pamgioHyKiIimiB
(COASTOX-RN) y piukoBHX cHcTeMax 1 NpUOEpPEeKHHX paldoHaX MOpIB 3
ypaxyBaHHSIM BIUIMBY PiYKOBOI'O CTOKY, aTMOC()EPHOrO THCKY, BITPY i BITPOBHX
xBWIb. PiBHSHHA Mozeni BkmoudaioTe PMB, nBoBUMIpHI piBHSHHS TEpEeHOCY
HAHOCIB Ta PaJiOHYKJIIJiB i PIBHSHHS OOMIHY MiXK BOJHOIO TOBILEIO i BEPXHIM
IIapoM JHa, 110 PO3B’SI3YKOTHCS 32 JOMOMOIOI YHCEIBHMX METOJIB CKIHUYCHHHUX
00’eMiB Ha HECTPYKTYPOBAaHUX PO3PaXyHKOBUX CITKaX 3 TPUKYTHUMH KOMipKaMH
3MIHHOTO po3Mipy [4].

COASTOX-HD € anamoroM BiIOMHX i IIMPOKO BHKOPHUCTOBYBAaHUX CHCTEM
MOJIeTIIOBaHHs, Takux sK mporpamamii komruiekc MIKE 21 po3poOku marcekoi
kommanii DHI [5], cuctemnm wmopemoBanas TELEMAC Big KoHCOpIiyMy
TELEMAC-MASCARET [6], cuctemu CMS, po3pobienoi Koprycom iHxeHepiB
Apmii CIHA [7]. COASTOX-HD BukopucToByBanacs y BEIHKiIH KiJIBKOCTI
mpoekTiB y CLIA, [nnonesii, Cinramypi, AAnonii ta Yxpaini [§—-13]. COASTOX-HD,
pazom COASTOX-SED i COASTOX-RN BkIOYEHO B MOJIYyJb JIBOBHMiPHOTO
MOJICTIIOBAaHHS JUCIEPCil PaliOHYKIIAIB y BOJHOMY CEPEIOBHILI JUIS CHCTEMHU
niaTpuMku npuiHATTS pimens (CIIIP) — 6araromnnardopMHOI cUCTEMH SAEPHOTO
aBapiiiHoro pearyBanHsi JRODOS [14]. Ha ocroBi COASTOX-HD po3po06ieno
nexinpka CIITP y Bunanky katacTpoQiuHUX MABOJKIB: CUCTEMH MPOTHO3YBaHHS
3aroruieHHs oeperis p. Jninpo y m. Kuis [15], cuctemu MOIeIIOBaHHS MMOBSHEW Ha
p. Huicrep y M. Morunis-lloginbcekuii [16], cuctemu nepenOavyeHHs MAaBOJKIB B
VYkpaincbkiii yacTuHi OaceiniB pidok [IpyT ta Ciper [17].

BukopucrtanHss MOAIOHMX cHCTEM MoOjeield JUisi PO3B’SI3KY KOMIUIEKCHHX
TiApOIMHAMIYHUX 33/1a4 y BOJOWMaX BEIIMKOTO PO3MIPY, 3 BUCOKOIO JETalli3alli€lo,
Ha TPUBAJIMX YaCOBUX Iepiosiax MOTpeOdye 3HAUHUX 00UNCITIOBAILHUX PECYpCiB.

OCHOBHMM  HampsMKOM TIPUCKOPEHHSI PO3pPaxyHKiB € BHUKOPHCTAHHS
napanelbHIX METOJIB PO3B’S3Ky OCHOBHHUX PIBHSHB MOJIEJNICH, OpI€EHTOBAaHHX Ha
napanenbHi obuucmoBanbHi cuctemMu (IIOC): OaraTomponecopHi KoOMIT IOTEpHI
CHCTEMH i3 3arajbHOI0 a00 pO3MOAUICHOI IaM’ ATTIO, Kiactepw, rpadivHi
nporecopu (GPU).

Tomy pazom i3 pospobOkoro cucremu wmogmeneii COASTOX B IMIMMC
Bepcist COASTOX-UN jy1st 6araTonpoIieCOpHUX CUCTEM: 0araTosiIcpHUX poOOUHX
CTaHLil Ta KJacTepiB, HA OCHOBI FTEOMETPUYHOI IEKOMITO3HLIIT pO3paXyHKOBOI CITKH
3 BukopuctanasaM texHosorii MPI [18]. Iiznime — Bepcit COASTOX-UN mist GPU
Ha OCHOBI nporpamuoro inrepdeiicy OpenACC [19].

VY @il cTarTi BUKIAAAE€TbCA METOA PO3MapajellOBaHHS YHCEIBbHUX CXEM
po3B’s3ky PMB rigpopunamiunoi moxeni COASTOX-HD, 3 cucremu mopeneit
COASTOX-UN, 3a gomomoror ribpumHoro miaxomy MPI+OpenACC.
[Ipencrapieni pe3yabTaTd TECTYBaHHSA i MPOMYKTUBHOCTI Ta €(DEKTHBHOCTI MpH
pO3B’sI3aHHI  pI3HWX 3a7ad  TiAPOJAMHAMIKM  MIUIKOBOJAHHMX  BOJOWM  Ha
0araTompoleCOPHUX CHCTeMax 1 rpadivyHMX MPOIECOpax, BUKOPUCTAHHS SKUX

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 166 ~

JO3BOJIMIIO Ha [IBa TOPSAAKKA 30UIBIINTH IIBHAKICTE OOYHCIIOBAaHb, IO /A€
MO>KJIMBICTh BHKOPHUCTOBYBATH PO3PAaXYHKOBI CITKH 3 Iy>K€ BEIUKOIO KUIBKICTIO
BY3JiB Ha JOCTYNMHHUX IMIHPOKOMY Koiy kopuctyBauiB [1IOC. HaBeneni nmpukiagu
YHCENBHOTO PO3B’SI3aHHS 337124, 110 BUMArajiu BEJIUKUX PO3PAXYHKOBHX CITOK, Ta
MPOAHANI30BaHO BIUIMB TeXHIYHMX xapakrepucTuk [IOC Ha TpPOAYKTHUBHICTH
napaneibHUX 00YHCIICHb.

2. Orasa miaxoAiB 10 po3napaJiesIiOBaHHA Pi3HULEBHUX MeTOAIiB PO3B’fI3KY
PIBHAIHb MIJIKOI BOIH

Hnst uncenbHOro po3s’sisky PMB HaiOumbll moImMpeHi METOAM CKiHYEHHHX
pi3HHII, CKIHYCHHUX 00’€MiB a00 CKIHYCHHUX €JICMCHTIB, peali30BaHi Ha
PO3PaxyHKOBUX CITKax Pi3HOI CTPYKTypH. PO3paxyHKOBI CITKM MOXYTh OYyTH K
npoctuMu npssMoKyTHUMHU (MIKE 21), Tak 1 OibIl CKJIaQJHUMU: TEICCKOIMIYHUMU
JeKapTOBUMH, 3 IPSIMOKY THUMH KOMipKaMH, 1110 JIOKaJbHO 3ry1ryioThes (CMS), abo
HECTPYKTYPOBAaHHMH 3 TPUKYTHUMH eneMeHTaMu 3MinHoro po3mipy (TELEMAC,
MIKE-21).

OCHOBHUM  HampsMKOM TMpHCKOpeHHs po3B’si3ky PMB Ha cywacHux
00YHCITIOBATIBHAX CUCTEMAX € BUKOPUCTAHHS MTAapaJIeIbHUX METO/IIB.

PizHumeBi mMeromu po3B’SA3Ky pIBHAHD JWHAMIKM MUIKOBOAHHX BOJOWM €
MEPCHEKTHBHUMHE JUIsl pO3MapajellioBaHHs Yepe3 HAsBHICTh y HUX BHYTPILIHBOTO
napajenizmMy, Mpu SKOMYy y MOYaTKOBOMY aJITOPUTMI JIETKO BUAUTUTH HE3AJICHKHI
OJIMH BiJl OTHOTO OOYHCIICHHS.

BiamoBigHo 10 UX METOJIB, HEMIEPEPBHI 3MIHHI JUCKPETHO allPOKCUMYIOTHCS Y
mpocTopi (Ha po3paxyHKOBI# ciTii) Ta yaci. AudepeHiiansHi piBHSIHHS IPH IOMY
MPECTABISIIOTECS anreOpaiyHMu pi3HUIICBUMH, IJISI PO3B’S3KY SIKMX HE0oOXinHa
00poOKa TUCKPETH30BaHMX 3MIHHUX 1 KOEQIIlieHTIB pIBHAHHS ITepalliiiHo 3a
4acoBUMHU Kpokamu. [Ipu 1mpoMy Ha KOKHOMY KpOIi Ui OKPEMHX €JICMEHTIB
PO3paxyHKOBOi CITKM BHKOHYIOThCS OJIHI i Ti cami omepaii. SIkmio npu npomy
o0YHCIIeHHS e W JIOKaIbHI, TOOTO JJIs pO3PaxyHKY 3MIiHHOI B SIKOMYCh €JIIEMEHTI
HEOOXiIHI JJaHi TiIBKH 3 CYCIIHIX €IEeMEHTIB, TO pPO3MapaieifoBaHHs MPUPOJTHUM
YHHOM OYJYETbCS Ha PO3MOALTI PO3PaXyHKy OKPEMHX €JIEMEHTIB CITKH 3a
OKPEMHMH NPOLIECOPHUMH MIPUCTPOSIMU TAPaIEIbHOI KOMITFOTEPHOI CHCTEMH.

Konkperne popMytoBaHHS anropuTMy Ta BUOip MPOrpaMHOro iHCTPYMEHTY IS
Horo peaiizanii 3aJ€KUTh BiJl apXiTEeKTypH OOYMCIIOBAIBHOI cucTeMu. MorHa
BUIIATH JBa ocHOBHUX Kiacu [1OC, mo BiApI3HAIOTHCS OpraHizalli€ro nam'sTi, Ta
BiJNOBIiIHI iM TEXHOJIOTI] MapajeabHOTO MPOrpaMyBaHHs Pi3HULEBUX METO/IIB.

[Mepmuii — 11¢ OOYHMCIIOBAJIBHI CHCTEMH 13 3arajbHOI0 IIAM’ATTIO, Y SKHUX
MPOLIECOPHI TPUCTPOI PO3AUIAIOTh €AMHHUN NPOCTIp aapeciB mam’sti. g ix
MporpaMyBaHHs BHKOPHCTOBYETHCS MapagurMa moTokiB. CHpOILEHO 1€ MOKHA
MPEICTAaBUTH TaK — MAWCTEP MOTIK CTBOPIOE MCSIKY KIJIBKICTh HOAATKOBUX IOTOKIB,
10 BiamoBigae yuciay 3anisaux mpoiecopiB [TOC, moToku oOpoOISIFOTh OKpeMi
iTepalii B MK 3a €IeMEHTAMH CITKU 1 IEPEXOAATh A0 HACTYMHUX iTepaliil, TOKH
He OyJe BHKOHAaHO PO3pPaxyHOK BCix enemeHTIB. Ilepen HacTynmHUM LMKIOM 3a
€JIEMEHTaMH BUKOHYETHCSI CHHXPOHI3aIlisl TOTOKIB.

Hpyruii — cucteMu 3 pO3NOAIICHOIO MTaM ITTIO, Y SIKUX KOXKEH MPOLIECop pa3oM
i3 JoKanmbHOIO mNam’ATTIO yTBoproe By3on [IOC, a oxpemi By3nu o00’emHaHi
KOMyHIKaliiiHum  cepemoBumeM. Jlasd  mporpamyBaHHST  TakuX  CHCTEM
3aCTOCOBYETHCS ~ TapagurMa TapajieTbHAX  TPOIECiB, IO  OOMIHIOIOTHCS
MOBIIOMJICHHSIMH. Y IIbOMY BHIQJAKY IMapaieibHI MPOLECH IHIiami3yIOThCs
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BIJIMOBITHO 10 4YHCIIa BUKOPHCTOBYBAHUX IIPOIECOPIB, PO3paxyHKOBA CiTKa
po30uBaeThCS Ha Mmigo0nacTi (reoMeTpuyHa JEKOMIIO3HINiS), TPOIeCy/IpoIiecopy
CTaBUTHCS Y BIAMOBIAHICTD MiJOOIACTD Ul PO3PaxXyHKY €JIEMEHTIB B Hil, BIICYTHI
JaHl y3[OBX TpaHUIl mimo0racTell Tpoliecn OTPUMYIOTH B Pe3yabTaTi OOMiHYy
HOBITOMJICHHSIMH.

Haii0inpm nomynspHi TeXHOJOTI] MapajielbHOr0 MpOrpaMyBaHHS Pi3HUICBHX
meroxiB mist I1OC i3 3araapHOIO Ta PO3MOMIJICHOIO ITaM ATTIO — II€, BiAIIOBITHO,
nporpamuuit inTepdeiic OpenMP Ta inTepdeiic mepenadi mosigomiens MPI.

Texnomnoriss OpenMP Hagae HaOip IMPEKTUB AJISt BUAUICHHS JUISTHOK allTOPUTMY,
HaTNpUKIa] [UKIIB 38 eJIeMEHTaMH, AJIS SKUX KOMIIUIATOP TOBHMHEH 3reHepyBaTH
rmapajenbHUA 0araTomoTOKOBHH Kox. BoHa opieHToBana Ha SMP-cucremn
(Symmetric Multiprocessors), kiac KOMI'IOTEpiB, Y SKUX OIHOPiIHI Mpolecopu
MaroThb OJIHAKOBHH J0CTyI o 3arajabHOl mam’Ari. Hanpuxnan,
3aranbHOAOCTYITHUMH SMP-cuctemMamMn € TepcOHaNbHI KOMIT IOTEpH, poOoUi
cTaHmii, cepBepu 3 OaratosmepHUMHU mpoliecopamu Intel Ta AMD, mo MOXyTbh
MICTUTH JI0 KIJIbKOX JIECATKIB Jep — CAMETPUYHUX Iporiecopis. Hapasi migxoau 10
po3mapanenioBaHHsl PI3HUIEBUX MeTOAiB 3 BuKopucTanasMm OpenMP mobGpe
pPO3BUHEHI Ta po3pobiieHO Bke AocuTh Oarato OpenMP peamizamiii Mopmeneit
rigpoauHamiku Mikoi Boau [20-24]. 3ragani Bumie cuctemu moxaeieit CMS Ta
MIKE 21 Takox posnapaneneHi 3a fornomoror OpenMP.

Texnonoris MPI peanizoBana y Burmsizi 6i0mioTeku QyHKIIN, A TPAAUIIIHHAX
MoB nporpamyBanus. Otxe, MPI pyHKIii cimyxath s iHimianizamii napaneinbHuX
MPOLIECIB, epe/Iayi MOBiIOMIICHb MiXK HUMH, X KOJIEKTUBHOI B3a€MO/Iii, & aJITOPUTM
JUIl KOXKHOTO MPOLECY HANMCAaHUW TpaamUiiiHOW MoBowo. IIpu npomy s
Pi3HHULIEBHX METOIB 3a3BU4ail BUKOpUcTOBYeThcst SPMD minxin (Single Program,
Multiple Data), Tak 1o A1 OCHOBHOT YaCTHHU OOYHMCIICHb, IIUKJIIB 32 €JIEMEHTAMU
CBOIX MiI00JIACTEMH, MPOIIECH BUKOHYIOTh OJTHAKOBHUM aJIrOPUTM. X04a TEXHOJIOTis
npuzHaueHa B mepury uepry i [IOC 3 posnozinenoro mam’sittio, MPI Takox
miaTpuMye aeski tanu SMP-cuctem, Hampukiam cepBepd 3 0OaraTosiepHUMH
nporecopamu. Y IbOMY BHITQJIKY B3a€EMO/Iisl MiXK IIPOIIeCaMH BUKOHYETHCSI HE Yepes
KOMYHIKaIliiiHe cepeioBHINe, a uepe3 3araibHy mam’stb. MPI Takox miarpumye
Takuii Kimac BucokonponykTuBHHX IIOC, sk kmactepu, y SKHX CEpBEpH 3
0araTosICPHUMU MPOIIECOpaMu 00’ €JHaHI BUCOKOIIBUIKICHOIO MEPEKEI0. 3aBIsIKH
upoMy TexHojyoris MPIl monmymsipHilma uis  po3napasientoBaHHS Pi3HULEBUX
MetoniB, Hixk OpenMP, a MPI mozneni quHaMmiky MiTKOBOJHUX BOJONM HaOyIH
OUTBII IIMPOKOr0 PO3MOBCIOKeHHA. lle, Hampukiaz, MOJENi TIiJIpPOAMHAMIKH
npubepexxHoi 30au Mopst ADCIRC-2DDI [25] Ta SLOSH [26], nporao3y noBeHeit
Ta TigpoauHaMiky piukoBux cucteM RMA2 [27] ta TRENT [28]. 3a3naunmo, 110
BuieHa3Bana cuctema mojeneit TELEMAC po3snapanenena 3a gormomororo MPI, a
cucrema Mike 21 mae, kpim OpenMP, takoxk MPI Bepcii cBoix 00UMCITIOBaTBHUX
MOJTYJIiB.

BigHOoCcHO TOrO, sIKa TEXHOJIOTISl pO3MapajeNioBaHHS [O3BOJIAE IIBUALIE
MOJISJTIOBATH 33/1a4i Ha cepBepax 3 0araTos/IEPHUMH TPOLIECOPAMHU, Y JTepaTypi €
MOBiToOMJICHHS Tpo Oibiy edexTuBHicTs 5K OpenMP [22], tak i MPI [29] Bepcii
anroputMiB mogeneil. Lle oOyMOBIIEHO THM, HACKiNIBKM KOXXHAa TEXHOJIOTIS Ta
BIAMIOBIMHUNA TApaJICIFHAN QJITOPUTM IMIXOIUTh IO KOHKPETHOTO IIpoIiecopa.
Tomy, mmst OimeI THYYKOi amamrarlii Mogeneld auHaMmiku Mikoi Bogu mo I10C,
HacamIlepes KJIacTEpHOrO THUMY, TMEPCIEKTUBHUM € TiOpUAHWN miaxix 1o
mapanenizarnii — MPI+OpenMP, i3 6araTormoToKOBICTIO BCEPEAMHI By3Jia KilacTepa
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ta MPI xomyHikamiero Mix Bysnamu. Tak posmapalnieneHa, HaIpUKIaA, MOIENb
rigponunamiku miskoi Bogu TELEMAC-2D [30].

[Nounnatoun 3 2000-X POKiB I TMPUCKOPEHHS PO3PaxyHKiB, Y TOMY YHCIi
PI3HHIIEBUX METOIB, IT0YaB BUKOPHUCTOBYBATHCS IlIe OJMH THN oOumcmoBadiB. Lle
rpadigai mpomecopu (GPU — graphics processing unit): BimeokapTh Ta
npuckoproBadi Ha ocHOBI GPU. Cyuacuni GPU wmicTaTh THCSUI sifep — CKaIIpHUX
MPOIIECOpiB 1 MAalOTh CyMapHy OOYHCIIOBAIbHY TIOTYXHICTh OUTBIIY, HIK
OaraTosmepHi mpomecopu. ['pymu sigep i3 KemieM Ta 3arajdbHOI0 IaM’ SITTIO
YTBOPIOIOTH TOTOKOBI MYJBTUIPOLIECOPH, IO PO3IUISIOTH 3arajbHy TrI00anbHY
nam’ste GPU. Ii nmpomyckHa 37aTHiCTh BMINA, HIX IIMHA OOMiHY NaHMMH Mik
LEHTpaJbHUM IPOLIECOPOM Ta 3arajpbHOI0 IaM sATTio. lle nonaTtkoBuil pecypc A
MPUCKOPEHHSI PI3HUIIEBUX METOIB, IO BIJHOCATHCS J0 aJITOPUTMIB 3 HEBUCOKOIO
00YHCITIOBATILHOIO IHTCHCUBHICTIO, JJISl IKUX YHCIO apuMETHYHUX Olepaliil Ha
0aifT mepeaHnx NaHuX MeHIre onuHuti [31].

GPU moxHa, B geskoMy ceHci, BBakatu [IOC i3 3aranmpHOr0 mam’artio. s ix
MpOTpaMyBaHHsI TaKOXK BUKOPUCTOBYEThCA OararomoTokoBuid miaxia. Omun i3
IHCTpyMEeHTIB Horo pearizamii — po3mmupeHHas cranaaptaux MoB CUDA C/C++ Ta
CUDA Fortran. Bonu € 3aco0amMu HH3BKOPIBHEBOTO IPOTpaMyBaHHSI, IO
JIO3BOJISIIOTh  MaHIMYJIIOBATH TMOTOKOBUMH MYJBTHIIPOIIECOPAMH Ta Pi3HUMHU
piBasimu mam'siti GPU 1 pocsratm Bucokoi mpoxykrusHocti GPU  mporpam.
Henoniku CUDA Fortran i C — e Te, 1110 BOHM IOTPeOyIOTh 3HAYHHUX 3yCHIIb Ta 9acy
Ha po3po0Ky, a OTpUMaHa NapajenbHa IporpaMa Moke OyTH BUKOpUCTaHa JIHIIE Ha
GPU Bix xommamii NVIDIA. Tum He MeHII, Ha CHLOTOJHIIIHIM IE€HL II€
Haily’)kMBaHiIIa TEXHOJOrisl posnapanentoBanHs aiaroputMiB ainst GPU. 3a ii
noriomororo creoperi GPU Bepcii mogeneit rinpoauHamiku Minkoi Bogu CCHE2D
[32], TUFLOW [33], Iber [34], TRITON [35].

OcTaHHIM YacOM TOIYJIIPHUM 3ac000M, 1110 crpoiiye po3pooky s GPU, crana
Monenp mapanensHoro mnporpamyBaHHi OpenACC. Iloxmiono no OpenMP,
OpenACC e HabopoM qupekTuB KoMmiissitopa st MoB C i Fortran. 3a momomororo
HUX MOXXHa BKa3aTH JISHKU aJrOpUTMY, HANpPHKIAA, UKW, 3 HE3aJIe)KHUMH
iTepamissMu, SKi MOXYTh OyTH 0OpoOJeHi OaraTosiiepHHMH IIPOLECOPAMH B
OararonotokoBoMy pexumi. OpenACC mae Hm3ky nepesar. Kpim GPU Bin
NVIDIA, OpenACC miarpumye apxiTekTypu OaraTosiepHHX Mpoiecopis Intel,
AMD, POWER Tta Arm. /lo3Bojsie peamizyBaTH Napayieni3M, IO MICTHTHCS B
anroputmi, 0e3 Horo ictroTHoro mepepoOsieHHs. Jlomyckae —moeramHe
posnapanemoBanHsi. Hammcanuit Ha ocHoBi OpenACC mporpaMHuil KOJl 3HAYHO
koporimid 3a koj MoBamu CUDA. Ilpu msomy OpenACC 3abesmneuye, xoua i
menmy, Hbk CUDA, ane Bce  Takd MOpPIBHSHHY NPOXYKTHBHICTH Pi3HHUIIEBUX
meroniB Ha GPU (Big 50% mo 98% 3rigno 3 [36]). Tomy Bce Oiibine Mojaenei
JUHAMIKH MIJIKOBOJAHHMX BOJOMM po3mapajieitoerscsi 3a gornomoror OpenACC
[22, 37, 38].

Jus apmantamii mMozeneidl mim nexiabka TpadivHMX TPOIECOpiB, CEpBEpU 3
kimpkoma GPU abo kmactepu, By3nmu skux Mictate GPU, BHKOpUCTOBYeThCS
ananoriuanii MPI+OpenMP ri6puanuii minxin — MPI+CUDA ([33, 35] abo
MPI+OpenACC [39, 40].

Came OCTaHHI BHKOPHCTaHO MJsI PO3MApaJe/IIOBAaHHS UHCEIbHUX CXEM
po3B’si3ky PMB rigpoauaamiaaoi moxeni COASTOX-HD.
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3. OcHOBHi piBHAHHA MoaeJi

INapomunamiuni piBasHHS Moneni COASTOX-HD — ue PMB, 110 yTBOproroThCs
IHTETpyBaHHSAM TPUBUMIPHHUX PIBHAHB MO TIMOMHI IIapy BOAM 3 BUKOPUCTAHHIM
KiHEeMaTHYHUX I'PAaHUYHUX YMOB, SIKi ONMHCYIOTh aJIBEKIII}0 BOJHUX Mac 3a 3aJ[laHuM
penbehoM Tixm miero TpaBiTamii 3 ypaxyBaHHSAM TiAPOCTaTUYHOTO THCKY,
npurMBHUX cuil, cunn Kopiomica, atMocepHOTo THCKY, Aii BITPY, XBHJIBOBHX
HaIpyXeHb, JOHHOTO TepTs 1 TypOyJIeHTHOT B’ SI3KOCTI:

S+ VF=S5+TVF, (1)
ne U — Bektop 3minaux, F = (E,G)- BEKTOp KOHBEKTHBHOTO IIOTOKY,

F¢ = (Ed,Gd) — BekTop au(ysiitHoro motoky (E i G — KOMIOHEHTH B X Ta y
HamnpsMKax), S — BEKTOP BUIBHUX WIEHIB, IO BU3HAYAIOTHCS 32 (OPMYTIaMHU:

q o o0 1.5
1 2 v d D Zax d Dy—x
U=|dx|,E = |uqy +59h*|,G = T | E¢=|"ox |6 ="V o)
q u vq, + = gh? 9ay day
g O IvT29 Dy dx Y oy
0
—ahn o  1( &, s _ .1 __hop,
S = gh6x+gh6x+p(Tx+Tx Tx)+fqy x|, @)
—_aqndn W 1( &, s _ _m)_ _hopg
l ghay+ghay+p(1y+1y ‘L'y) fay P

Tyt n(x,y,t) — piBers moBepxHi 3emii; (x,y,t) — piBeHb BIIbHOI IOBEPXHI BOJIH;
h — rimbuHa Bogu (= &€ —1); U, ¥ — X Ta Y KOMIIOHEHTH OCEPEIHEHOT 110 TIHOUHI
IIBUJIKOCTI OTOKY; (y, §, — KOMIIOHEHTH BUTPATH BOJIM YEPE3 OJIMHUYHY IIMPHHY;
g — TIPHCKOPEHHS BUTBHOTO MaiHHS; p — I'YCTHHA Bojau; 01/dx, 0n/0dy — moxunn

; . - sare 1 1
PIYKOBOIO /IHA B X Ta y HANIPSIMKAX; Y — NPHUILIMBOYTBOPIOKOYHH IOTEHIIAIL, Ty, Ty —
. . & & . . .
JOTHYHI HANPY)XCHHS HA JHI B X Ta y HANPIMKAX; Ty, Ty — BITPOBI JOTHYHI

HAIpyXeHHS Ha TOBEPXHi BOIM; Ty, Tf; — XBWJIBOBI JIOTUYHI HamNpyXeHHs; [ —

napametp Kopiomica; B, — arMochepuunii THCK Ha BUIbHIA 1OBepxHi; Dy, D) —
KOMIIOHEHTH KoedillieHTa TypOyJIeHTHOT B’ I3KOCTI.
JloHHE TepTs alpOKCUMOBAaHE KBAAPATUYHOIO 3aJIEKHICTIO BiJ] IIBUJIKOCTI Teii:

/p = cyul, T;Z/p=cva,U=\/u2+v2, 3)

1
3 KOe(illiEHTOM TePTS Cp, WO 3a/1a€Thes popMynamu Mawira ¢, = gn?/h3 (n —
xoedimieHT mopcTkocTi Maninra) a6o Illesi ¢, = g/c? (¢ — koediuieHT
mopcrkocti [1le3i).
BitpoBi moTH4HI HanpyXeHHS BU3HAYAIOTHCSI HACTYTHUM YHHOM:

8 = Cyp W?sin®, Tf; = Cyp W?cosb, 4)

ne Cy — xoediuieHT TepTs BITpY 00 BiNbHY MOBEPXHIO BOAM, P, — T'YCTHHA TOBITPA,
W — mBuIKicTh BiTpY, 8 — HAaNPSMOK BITPY B IEKapTOBil CHCTEMI KOOpPIWHAT.
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XBUJIHOBI JOTUYHI HAMIPYKEHHS PO3PaXOBYIOTHCA 32 (hopMyIIaMu:

S 1 390\ S 1 (% , 35) )
p p\ ox ay  p p\ ox ay )’
4epe3 KOMIIOHEHTH XBUIIbOBHX pAialliiHUX HAMPYKEHb, Syy, Sxy, Syy, WO

o0uncaoThes 00’ eananor 13 COASTOX-HD xBHIL0BOIO MOIEILIIO.
[Tapametp Kopiomica maeTscst BUpa3zoMm:

f =2Qsing, (6)

() — kyTOBa yactoTa 00epTaHHs 3eMJli, ¢ — IUPOTA.
[MpunnuBoyTBOprOOUMII MOTEHIIaN BU3HA4YEHO, siK Y Moaeni ADCIRC [25]:

710(/1' Y, t) = Zj,n Sj,nAj,nf}',n (tO)Lj (§0) COS[Zn(t - tO)/Tj,n +jl + Vj,n(to)]a (7)

J€ & p — KOEDIUIEHT 3MEHIICHHS aMIUTITY U NPUILIMBY 3aBISKH NPYXKHIA peakiii
3emIli Ha IPUTUTMBH; Aj ;, — AMILTITy/1a NPUILTHBHOI KOMITOHEHTH M, HPUILIABY BUTY J;
fjn(to) — By3noBuii koedilieHT, Mo BpaxoBye BIIMB 18.6-piyHOr0 NPUILIMBY HA
KOPOTKOCTPOKOBUH npumuus; j = 0, 1, 2 — Bug npumiusy: j = 0 — TOBrOCTPOKOBHIA,
j=1 — nobGosuii, j =2 — mamiBao6osmii; Ly(¢) = 3sin?(p) —1, L (p) =
sin(2¢), L,(¢) = cos*(¢); A — nosrora; T, — nepiox NpUILIHBY; Vj,(ty) —
ACTPOHOMIYHHMI apryMeHT; t, — dac Bimiky. HeoOXimuuii Habip NpUTUITMBHHUX
KOMITOHEHT 3aJIeKHTh Bijl pO3TAlllyBaHHS JIOCIIPKYBaHOT BOJOHMHM Ta MOTPIOHOT
TOYHOCTI ITPOTHO3Y.

4. YuceJabHi aJIropuTMu Moaei

UucenpHi cxemu piBHSHB TigponuHamiuaoi moaeni COASTOX-HD, orpumani
Ha OCHOBI METOAY KOHTPOJbHMX OO0’€MIiB, BIJIIOBIIHO JO SKOI0, 00JACTh
MOJICJTIOBaHHS JTUCKPETH3YEThCS HA HECTPYKTYpOBaHY PO3PaxXyHKOBY CITKY i3
TPUKYTHUMH KOMipKaMH — KOHTpoibHMMU o00’emamu (Puc. 1a). Koxken
KOHTPOJBHUH 00’€M OTOYY€E TOYKY, PO3TAIIOBAaHY Yy IEHTPI TPUKYTHHKA, B SIKHI
BH3HAYAIOTHCS BCI TipOJMHAMIYHI 3MiHHI pPiBHSHbB, PIBEHb JIHA 33/1aHO Y BYy3Jax
CITKH — BepIIMHAX TPUKYTHHKIB, IOTOKM Yepe3 TPaHULi MK KOMIpKaMH 33JaHO Yy
cepennHax pebep TpukyTHHKIB (Puc. 16). Bicb z BBaxkaeTbcsi HalpaBICHOIO
MPOTHUIIEIKHO BEKTOPY CHJIM TSDKIHHSL.

(6) f::/ - KOHTPO/IbHUIA 06’em

O - UeHTpu obemis -
riApoANHaMIUHI 3MiHHI

O - BY3JIM CiTKM - piBHi AHa

1 - cepefuHm pebep - NOTOKM

Puc. 1. a) Ilpuxmang wectpykTypoBaHoi citku momemi COASTOX-HD mns Yophaoro i
A30BChKOr0 MOpiB. 0) 30ULIbIICHE 300pa)KCHHS KOHTPOJBHOTO 00’€MY 13 3a3HAYCHHSIM
MIPUB’ 3K 3MIHHUX
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Juckpernzailis piBHSHb MOJENI 3IIHCHIOEThCA MIITXOM IHTETPYBaHHS iX IO
KOHTpOJbHUX 00’eMax. IHrerpytoun PMB (1, 2) mo koHTponbHOMYy 00’eMy A i3
TpaHHLEIO L, OTpUMYy€EMO PiBHSHHS:

[, (Z+v-F-v-Fi-s)da=o. (®)

BukopucroBytoun Teopemy OCTpOrpaichbkoro, iHTErpall IO KOHTPOJBEHOMY
00’eMy BiJ OUBEpreHUil KOHBEKIIMHOTO MOTOKY MEPETBOPIOEMO HA iHTErpan Mo
WOTO rpaHuIli:

[,(5-5)dA+§(F-n—F* n)al=0. 9)

B pesynbrati auckperusanii piBHAHHS (9) iHTETpay IO KOHTPOJIBLHOMY 00’ €My
aNpPOKCHMYIOTBHCS CEepeIHIMY 3HAYSHHSIMHU BEKTOPIB B 00’ €Mi, a IHTErpat o rpaHuili
aIPOKCHMYETHCSI CyMOIO IO HOTo pedpax:

AA% = —Xi=1 Fi - Al + T3o Ff - mdly + AAS, (10)

ne At —4acoBUii KpoK, AA — miiola KOHTPOIBHOTO 00’ €MY, Ny, — OJMHUYHA HOPMAJIb
1o pebpa k (n = (nx, ny)), Al — noBxuHa pedpa k.

Anroput™m po3B’sizanHs piBHsAHB (10) ocHoBaHMit Ha cxemi SEA [41] Ta psnai
Moaudikariii, omrcanux y [42]. Po3B’s130k BiOyBaeThCs 3a SBHUM J[BOETAITHUM
MeToioM PyHre-KyTTa THITY NPEIUKTOP-KOPEKTOP 13 BUKOPUCTAHHSIM JIBOX Pi3HUX
MeTO/iB 00paxyHKy MOTOKIB Ha eTamax MpeAHKTOpa Ta KOPEKTOpa, 3aBISKH YOMY
JOCATAETHCA 2-H TOPSIIOK y Yaci i mpocTopi.

JInst  po3paxyHKy TIOTOKIB BHKOPHCTOBYEThCS TIJXiZ, 3aCHOBaHUH Ha
BJIACTUBOCTI 00epTanbHOI iHBapiaHTHOCTI ABOBUMipHUX PMB. 3rinHo 3 Hero

FU)-n =Ty E(T, U), (11)
ne T,, — MaTpuIls IOBOPOTY BEKTOPIB JI0 JIOKAITLHOI CHCTEMH KOOPIWHAT 13 BiCCIO X

y3/I0BK BEKTOpa HOpMalli M 110 rpaHulli Mix komipkamu (Puc. 2), T, — mMatpuus
MOBOPOTY JI0 TOYATKOBOI CHCTEMH KOOP/IUHAT:

1 0 0 1 0 0
T,=(0 n ny|T;'=(0 n, -ny| (12)
0 —ny, ny 0 n, mny

Puc. 2. JlokanbHa cucTeMa KOOpIMHAT, 3aCHOBaHA Ha TPaHUIl MK KOMipKaMu
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TakyuM 9rHOM, KOHBEKTUBHHM MTOTIK MOKe OyTH 00YHCIIEHO B JIOKAIBbHIN CUCTEMI
KOOpAWHAT, i3 BUKOPHCTAHHAM TiIbKM KOMMOHEHTH E, a moTiM BigTBOpEeHO B
MOYATKOBIH CHCTEMi KOOPAHHAT 3a JOMOMOToI0 niepeTBopeHHst (12).

Jlns po3paxyHKy kommoHeHTH EP Ha eTami mpeIuKkTopa BHKOPHUCTOBYETHCS
cxeMa OOYMCIEeHHS MOTOKY [ OJyHOBCHKOTO THIY i3 HAOMMKEHHMH METOJaMH
po3B’s3anns 3aaaui Pimana: HLLC [43] uu Poy [44].

Ha erami kopekTopa IOTOKH paxylOThCs Oe3locepesHbo, BHH3 32 MOTOKOM,
BHKOPHCTOBYIOUX CTaHHU 3afadi PimaHa:

E(Uy),if (@i, +1ig) = 0

ES(T,-U) = _ ,
" E(D,),if 5 (i, +1ig) < 0

(13)

ne U, U — BexTOpH 3MiHHHX Ha TiBiif i mpaBiii CTOPOHAX IPaHMII, MPOTHO30BAHI
Ha eTari MPeANKTOpa, IMePEeTBOPEHI 10 JIOKAIBHOI CHCTeMH KOopauHaT; iy, tig —
MPOTHO30BaHI MBUIKOCTI TOTOKY HOPMAJIbHI 10 T'paHMIli (MIO3UTUBHUA HANPSMOK
BiJ] JIiBOT KOMIpPKH JI0 MTPaBoi).

Jus  MonenroBaHHS Tedid 13 PI3KOI0 3MIHOIO TapaMeTpiB, 3aralbHUM
KOHBEKTHUBHUH IMOTIK Yepe3 peOpo KOMIPKHU Ha eTari KOpekTopa (OpMYIIOEThCS 13
BukopuctanHsaM TVD oOMexyBaya MoTOKY:

FTVP = FP 4 ¢(r) - 6F, 6F = %(FC — FP), (14)

ne FP — motik npemukropa, F¢ — noTik kopekropa, ¢(r) — oOMexyBad MOTOKY
(minmod, superbee abo Van-Leer), r — BifHOmIEHHS Bapiailii BBEpX 3a IIOTOKOM JI0
JIOKQJIHOT Bapiallii MOTOKY, SIKE OOYUCIIIOETHCS OKPEMO ISl KOYKHOI KOMITOHEHTH
BEKTOpa MOTOKY a0, M0 TeX came, sl KOXKHOTO 3 TphOX piBHSIHb PMB.

Jnis TpUKYTHOT KOMIPKHM BiJTHOIICHHS 7 JUIS KOXHOT KOMIIOHEHTH BEKTOpa
MOTOKY BU3HAYAETHCS HACTYITHUM YHHOM:

—(8F - A~ - ¥2_ | 8F; - AL ,if Ff = 0

- 15
"Tl6F a1 32 8F AL P <0 (15)

Jie cyMa 1o [ — cyMa 10 JIBOX iHIIMX peOpax JIiBoi KOMipKH, CyMa MO j — CyMa I10
JBOX 1HIIMX peOpax mpaBoi KoMipkH. [0Tik HO3UTUBHUH, KOJIK HampaBieHUH 311iBa
Hanpaso, 3rigHo 3 Puc. 2. F,If — mepiia KOMIIOHEHTA IIPOTHO30BaHOro MOTOKY FP.

Brecok augys3ii y 3MiHy MOMEHTIB BpaXxOBYEThCS Ha eTari npeaukropa. s
nudy3ifHUX TMOTOKIB 4Yepe3 TpaHMLi KOHTpoiabHOro o6’emy y (10)
BUKOPUCTOBYIOTHCS IEHTPAJIbHI Pi3HULII.

Bekrop BinbHUX 4iieHIB S B piBHAHHIX (1, 2) BpaXOBYEThCSI HACTYITHUM YHHOM.
BinbimicTh HOro CKIaJOBHX TOJAETHCS 10 BEKTOpa 3MIHHHX IMICIS MPEAUKTOPA-
KOpEKTOpa MOTOKIB y BHINIAAI H00yTKy AtS, OKpiM OBOX IOJAHKIB: YacTHHH,
00YMOBJIEHOT IOXUJIOM JIHa S}, 1 IOHHOTO TEPTA S

Hnst yacTuHM, OOYMOBIECHOI TOXHJIOM [JHA, A Y3TOJLKEHOCTI, TaKoX
BUKOPHUCTOBYEThCA ABOeTanHui Metox Pynre-Kyrra

1 1
Sp =5(pr +5,°) =5, +E(Sbc_sbp), (16)
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e SpP obuncIoeThes 3a 3HAYEHHAMM 3MiHHMX, OTPUMAHMX MiC/Is aBEKIIIT Ha eTari
npeauKkTopa, S,  — 3a 3HAYEHHAMYU 3MiHHHMX, IPOTHO30BAHUMH HA €TaIi KOPEKTOPA.

Jus BpaxyBanHs moHHOro Tepts B (1, 2), 3 ypaxyBaHHAM KBaJpaTHIHOI
anpokcumaii (3), BAKOPUCTOBY€ThCS HAIlIBHESBHA CXEMA, 32 IKOKO MOMEHTH (y, (.
PO3pPaxOBYIOTHCS 3 PiBHSHB!

~ At . A At
Qx — Gx = —Cp 5 Qx /q§+q§, Qy = qy = —Cp 3y /q%+q§, (17)

Jie IUTSITKA [T03HaYa€ BEJIMUMHY Ha HACTYITHOMY YacOBOMY KPOLIi.

Ha o0ox eramax 4mcenbHOI CXEMH MOXKE BUHHKHYTH CHTYallisl IEPEBUTPATH,
KOJIM 3 KOMIPKH BHUTIKA€ OUIbINE BOIMU, HIX B Hill €. B cXeMi BUKOPHUCTOBY€ETHCS
JIBOCTAlHA KOpEKIiiiHa mpoleaypa, 3a SKOI, CHOYaTKy, IUIsl KOXKHOI KOMIpKH
O0YHCITIOEThCSI KOPEKIIHHUHN KoeilieHT R,,; Ha OCHOBI MOPIBHAHHS 3arajibHOTO
MOTOKY BOJH, IO 3aJIMIIAE KOMIpKy uepe3 yci ctopoH:u F,,;, 1 MakCHMalabHO
MOKJIMBOI'O TIOTOKY Fpy¢ max:

Rout — {Fout,max/Fout ’ lf Fout > Fout,max’ (18)
1, if Fout < Foutmax
Fout = Zi:lmax(o: Fh,k ’ Alk): Fout,max = hAA/At-

Ha papyromy erami [ KOXHOrO pebpa pO3paxoBYHOThCS KOPEKLIHHMI
koedinieHT € i3 BUKOPHUCTaHHSIM KOPEKIIMHUX KOe(illi€HTIB CYCiHIX KOMipOK
(RL,:» RR,,) 1 Binkopurosanuii norik Macu Fj, :

RL ifF, >0

Fi=CF,, C= :
h " RR . if F, <0

(19)

Ockinbku yncenbHa cxema PMB sBHa, 11 cTa0inbHICTh 00YMOBIIOETHCSI BUOOPOM
4acoBOT'0 KPOKY TakK, 11100 BuUKoHyBasnacs ymoBa Kypanra-®pinpixca-Jlesi (CFL):

At = Cr - min 244

2
i f
Alpay, i-( u?+vi+ ghi>

i€ MIHIMYM 3HaXOJMTHCA 1O BCiX KOMIpKax, a Al .y ; — HalinoBLie pedpo okpemMoi
KoMipku. J[nsi CTIMKOCTI JBOBUMIpPHHX CXEM JIPYroro TMOPSAKY y 4aci, YuCIo
Kypanta Cr mnosunHO nexarn B iHTepBanmi 0 < Cr < 0.5. [Ins OGinbmocTi
MPaKTUYHUX 3aCTOCYBaHb Y MOJIEN BUKOPUCTOBYEThCS 3HaueHHs Cr = 0.4.

I'paHnuHi yMOBH 3aCTOCOBYIOTBCS Ha 000X KpOKaxX 4YHCEIBHOI CXEMH
po3B’si3anHs PMB, sik Ha erami mpeaukTopa 3HaueHb 3MIHHHX, TaK i Ha eTarli
KopekTopa. [impoguHaMidHi 3MiHHI Ha TpaHUISMX PO3PaXyHKOBOI CiTKH abo
3aJIal0ThCS, BAKOPUCTOBYIOUM BCTaHOBJICHI 3HaU€HHs, a00 anpOKCHUMYIOTHCS, UM
31 3HaYCHb 3MIHHHX y MPUJIETIINX IO TPAHUIThF KOMipKax, 9¥ 31 3HaUYCHb ITOTOKIB HA
peOpax TpaHMYHUX KOMIPOK, Y 31 3HAUCHB iHBapiaHTiB PiMaHa Ha TpaHMILX, 110
JO3BOJISIE  XBWIISIM, 30y/KEHHUM BCEpENMHI, BIIBHO 3ajuIIaTH  00JacTb
MOJIETIOBaHHS.

(20)
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J1g TpaHunp 13 yMOBaMH, He BU3HAYEHUMH Y BXiTHUX (ailnax riapoaanHaMigHol
mogneni COASTOX-HD, rpanuuni ymoBu 3amaioTecs aBToMatmyno. [ns PMB
3aJaI0ThCSl TPAHWYHI YMOBH 13 HYJIbOBOIO KOMIIOHEHTOIO HOPMAaJbHOI 0 TpaHUIi
IIBUIKOCTI.

Onmcani dYuCeNbHI CXEMH pealli3oBaHO B IMPOTPaMHOMY KOZI MOZenl 3a
nornomororo MoBH nporpamyBaHHst FORTRAN.

5. Mapanenizauis aaropurmiB MoaeJi

5.1. Ilapanenvnuii anzopumm 0as 0azamonpoyecopHux Komn’romepie Ha
ocnoei MPI

Sk mokazaHO y TOINEPeAHLOMY PO3MiJi, YMCENbHI cXeMu po3B’sizaHHsS PMB
rizpomuaamigaoi moxeni COASTOX-HD sBHI, CKiHY€HHO-00’€MHI, IO MAalOTh
BJIACTUBICTP JIOKaJbHOCTI. TOOTO, 3HaUEHHS 3MiHHOT Ha HOBOMY YacOBOMY KpOIIi B
KOXXHOMY €JIEMEHTI PO3paXyHKOBOi CITKHM OOYHCIIOETHCSI Ha OCHOBI 3HAuCHb
3MIHHHX Ha MOTePEeTHHOMY YaCOBOMY KPOIIi 3 CYCIIHIX 0 JaHOTO €JIeMEHTIB.

Tomy mms  mapamemizamii ~ YHUCENPHHUX  QITOPUTMIB  MOJENi IS
0araTonpoIeCOPHUX KOMII FOTEPHUX CUCTEM 00pEe MiTXOAWTh METOJ] Ha OCHOBI
T€OMETPHYHOI JEKOMITO3UIIT pO3paxyHKOBOI 00JIACTi Ta OOMiHY TOBIIOMIIEHHSIMHU
Ha ocHOBI TexHouorii MPI.

[licns nexoMmo3uilii mo4yaTKoBa PO3PaxyHKOBa 00J7acTh PO3AUISIETHCS Ha
migooaacTi BignoBigHo mo umcia nporecopiB [TOC. [lami koxeH mporecop
00YHUCIIOE TiPOJWHAMIYHI 3MiHHI TUIBKH B eJeMeHTax cBOe€i mimobnacti. Jms
pO3paxyHKy 3Ha4YeHb B CJIEMEHTAax, IO JIeXKaTh Y3JI0BXK TI'paHUIlb Migo0iacTi,
HEOOXIJHI 3HAYCHHS, IO OOYHUCIIIOIOTHCS B TPAHMYHUX EJIEMEHTAaX 1HIIUX
Mi100IacTel IHMMU TporiecopaMu. J[71s boTro y370BK ITpaHUIh BBOAATHCS halo-
CTPYKTYpH — QIKTHBHI €1eMEHTH CiTKH, KOMIpKH/BY311/pedpa, 0 BiAMOBIIAI0Th
JNIACHAM TpaHUYHUM eJIeMEeHTaM IHIUX TporecopiB. [lepen obuucieHHAME Ha
HOBOMY YacOBOMY KpOIli 3Ha4eHHsI 3MiHHUX B halo-eneMeHTaX OHOBIIOIOTHCS
3HAYCHHSIMH, PO3PAaXxOBaHUMH Yy CyCimHIX mimobnactsx. OOMIH 3HAaYCHHSMHU
peanizyeTbcss 3a JONIOMOIo Oi0mioTeku mnepenadi mosigomienb MPI, sxa
J03BOJISIE  OOMIHIOBATHCS JaHUMHU MK HpoliecopaMu abo uepe3 MepeKeBe
3’equanHs Ha [1OC i3 posmoxineHoo maMm’ATTio, abo yepe3 mam'sate Ha [1OC i3
3arajbHOIO TaM’ SITTIO.

leomerpuuna nekommnosumiss po3paxyHkoBoi citku 'y COASTOX-HD
pearnizoBaHa Ha OcHOBI 0i0miotekn posniny rpadis METIS [45]. Bona mpocrto
interpyerbcsi B FORTRAN kopx moneni. Ha ocHOBI MacuBy, 1o 3a1a€e st KOKHOL
KOMIpPKH CITKH 1HIEKCH 11 CYCiJIiB, TeHEPY€EThCS NyanbHU rpad, SKHHA po3aiIs€ThCS
3a JIOTIOMOT'OI0 METOy 0araTopiBHEBOTO K-TIOJIOCHOTO PO3OHTTS, PEasli30BaHOTO Y
¢ynkuii METIS PartGraphKway(...). Ha Puc.3 mpogemoHcTpoBaHO npHKIazn
JIEKOMITO3HIIIT pO3paxyHKOBOi ciTku Mojieni YopHoro 1 A30BCBKOTO MOpIB, 10 Oyia
noka3zana Ha Puc. 1. METIS Takox 3a0e3neuye OanaHcyBaHHS HaBAaHTAXCHHS MK
nponecopamu [10C, 3a paXyHOK pO3/iJICHHS CITKM Ha YaCTHHH, 110 CKIAJAI0ThCA 3
MPHUOIM3HO OTHAKOBOI KUITBKOCTI KOMIPOK.
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Puc. 3. Tlpuxman posnineHHs 3a momomororo Puc. 4. Po3paxyHKoBa ciTka Ha rpaHUIII

0i6miotekn  METIS po3paxyHKOBOI CITKH MiX migobmacTaMu. CrpinkamMu
Momemi YopHOro i A30BCBKOTO MOpIB Ha TO3HAYCHO iH(POpPMAaMidHI 3aJeKHOCTI
8 minobnacreit JUIL OCHOBHHX IHIa0JIOHIB YHCEIbHOT
cxeMH. TeMHO-CIpUM Ta CBITJIO-CIpUM
KOJIOPOM BUJIiICH] ¢bikTHBHI

€JIEMEHTH ISl HU)KHBOI Mi001acTi

Crpykrypa halo-eneMeHTIB BH3Ha4YaeTbcs MIAOJIOHAMH YHCETBHUX CXEM
PO3paxyHKY TiApOJWHAMIYHUX 3MIHHUX. [H(OpMAaIlifiHI 3aJeKHOCTI I11a0JIOHIB
npencraBieHo Ha Puc. 4. Tam ke mokasaHi BiAMOBIMHI UM 3alexHOCTSM halo-
CTPYKTYpH.

1) 115t po3paxyHKy MOTOKY Kpi3b TPAHHUIIO MK KOMipKaMi BUKOPUCTOBYIOTHCSI
3HAYCHHSI TIAPOJAMHAMIYHHUX 3MIHHHX, 33JaHUX Y IICHTPaX 1uX KoMipok. OTxke, s
PO3paxyHKy IOTOKY y pedpax KOMipoOK, IIO0 JIe)KaTh Ha MIXKIIPOLIECOPHUX TPAHHIIAX,
BBOJSTHCS (PIKTUBHI KOMIpKH, sIKi 0O€3MOCepelHhO 10 HUX MPHIAraloTh. BoHU
MO3HAa4YeHI TEMHO-CIpUM KOJIBOpOM Ha Puc. 4.

2) Jlnst KOpekIii MOTOKy Kpi3h Oy/b-sike peOpo BUKOPHUCTOBYIOTHCS 3HAUSHHS
MOTOKIB 3 JIBOX IHIIMX pedep KOMIpKH, 0 MPUMHUKAE A0 Iboro pedpa (3miBa abo
crpaBa, B 3aJIeXHOCTI BiJl HANPSMKY TOTOKY). BinTak, mist KOpekIii MOTOKY Y
pedpax KOMIpOK, II0 JIeKaTh HAa MIKIIPOLIECOPHUX TPAHUIIX, HE0OXiHI QIKTHBHI
pebpa — pebpa HIKTUBHUX KOMipOK, TO3HAYEHUX TEMHO-CIpUM KObopoM Ha Puc. 4.

3) Jlst oO4HCIIeHHs TiApOMHAMIYHUX 3MIHHHUX Y IIEHTpax KOMipOK HEOOXifHi
3HA4YEHHS IMOTOKIB KPi3b peOpa KOMIPKHU Ta 3HAUYEHHsI I[i€1 3MIHHOI i3 TIOTIEPEHBOTO
erarmy. ToMmy, s uporo mabjgoHy BBEOCHHA (IKTHMBHUX €JEMEHTIB CITKH
HEMnoTpioHO.

4) 3HavyeHHs 3MIHHHX Y By3JIaX CITKM OTPHUMYIOTHCS OCEPEIHEHHSIM IO BCiX
KOMipKax, 10 OTOYYIOTh AaHuil By3oul. sl ocepeAHEeHHs y By3Jax, IO JIe)KaTh Ha
MDKIIPOLIECOPHUX I'PaHMLISX, HEOOXiAHI (DIKTUBHI KOMIpKH, 10 OTOYYIOTh I BY3JIH
3 30BHIIIHBOI CTOPOHH. BOHM MOBHMHHI BIANOBIIATH IIHCHMM KOMIpKaM IHIIMX
migo6nacreii. OcKibKU BXKe BBEJICHI (DIKTHBHI KOMIPKH JIJISl PO3PaxyHKY IMOTOKIB,
JOJAaTKOBO BBOZISTHCS (DIKTUBHI KOMIPKH, IO iX JOMOBHIOIOTH AJIsl OCEPEAHEHHS Y
TPaHWYHUX By3/1aX. BOHM TI03HAYEHI CBITIIO-CipUM KOJLOpOM Ha Puc. 4.
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3aBAsIKM TOKATbHOMY XapaKTepy YHCEIhbHOI CXeMH MOeli HeOOXiTHUH TUTbKI
OIUH psiA (QIKTHBHUX €JIEMEHTIB Y3[OBXK MUKIIPOLECOPHUX T'paHulb. BiamoBinHo
00’€M JaHWX, SKUM OOMIHIOIOTHCS MPOIECOPH, JOPIBHIOE, i3 TOYHICTIO [0
MHOKHUKa, KIJTBKOCTI eIeMeHTIB y onHoMy halo-psiay mimobmacTi.

[IporpaMHO OOMIHM [OaHUMH BHUKOHYIOTBCS 3a JIOTIOMOTOI) BHUKJIHKIB Yy
FORTRAN «koami Mopmeni HeOJIOKOBaHMX (YHKLIH BiANPaBKH Ta OTPUMAaHHS
moBizomnenb MPI ISEND(...), MPI IRECV(...) cymicHo i3 ¢yHKIi€O
3aBeprieHHsa BUKIUKiB MPI WAITALLY(...). Ilicisa po3aineHHs CITKH TSI KOXKHOTO
MPOIIECOopa BU3HAYAIOTHCS CYCIIHI MPOIECOPH, & TAKOXK — JIIMCHI SJIEMEHTH CITKH,
3HA4YeHHS 3 SKUX OyAyTh A0 HUX BIANPABIATHCA, 1 (IKTHUBHI €IEMEHTH CITKH,
3HaUCHHS B SAKHX OyIyTh 3allOBHIOBATHCS OTPUMAaHHUMH BiJl HHUX JaHHMH.
BinmoBigHicTh  BiANpaBJICHHS 1 OTPUMaHHS 3HAYCHb BCTAHOBJIIOETHCS 3a
noroMorow moxigaux MPI TumiB maHux ans KOMipok/By3iiB/pedep, Ha OCHOBI
MacHBiB ix IHIEKCIB, 3a JIOTIOMOT OO byHKI#T
MPI TYPE CREATE INDEXED BLOCK(...)i MPI TYPE COMMIT(...).

Hns omepamiii Ha BCid PO3paxyHKOBIH CITIi, SK-TO MOIIYK MakCHMyMy a0o
MIHIMyMy TI0 BCiX €JEeMEHTaX pPO3PaxXyHKOBOI CITKH, 3HAXOIKEHHS CYMH,
BHKOPHCTOBYETHCS TIoOanpHa peaykiis. KoxkeH mporiecop BHKOHY€E BiIMOBIIHY
oreparliro Ha CBOil IMijg001acTi, a MOTIM 3HAYCHHsI JJIs BCIi€l CITKU OTPUMYETHCS 3i
3Ha4YeHb s TmigoOmacteld 3a gomomMororo (yHKmii rio0anbHOI  pemyKmii
MPI_ALLREDUCE(...).

BuBin naHux 3miCHIOETHCS OAHMM mMmaster-rporecopoM. J[as mporo Bci iHII
MPOIIECOpH BiACHIAalOTh HOMY 3HAUEHHS Yy BCiX €JeMEHTax CBOE€i MigobiacTi, 1o
peanizoBano 3a gornomororo ¢ynkuiit MPI ISEND(...), MPI IRECV(...), cymicHo
i3 MPI WAITALL(...), i NOXiAHUX THIIIB JaHHX.

3araom cxema pobotu mnapanensHoro anroputMy COASTOX-HD ans
0araTonpolecOpHUX KOMIT FOTEPIB 13 PO3MOIIICHO0 MaM ITTI0 HACTYITHA!

e Ha nouarky inimianizyerscst MPI i cTBOpIOIOTHCS apaiesbHi MPOIecH.

e Jlam Bci CTBOpeHI mapajenbHI MPOIECH YHTAIOTh BXIiJIHI MapaMeTpH,

TPaHWYHI YMOBH, TIOYATKOBI YMOBH Ta penbed 3 BXiMHUX (aiimis.

e Jlns Bciel po3paxyHKOBOi CITKH 1HIMIaNi3yIOThCS TJIOOANbHI 3MiHHI Ta
CTPYKTYPH, L0 33J]al0Th CYCIAIB JUUIsl KOXKHOTO €JIEMEHTY CITKH.

e BinOyBaeThCs JEKOMITO3UINS CITKM Ha Mig00IacTi, BU3HAYAIOTHCSA CYCiAHI
MPOLICCOPH, 3a1al0Thesi halo-CTpyKTypH 3a JOMOMOION MOXITHMX THIIB
nmannx MPI.

e [Himianmi3yroTbes rizpoJuHaMivHi 3MiHHI 1O MiT00IaCTsIX.

e Craprye iTepaliifHuiil mporec 3a 4acom:

0 PospaxoByerbcss dwacomii kpok 3a ymoBoro CFL. Jlns momyky
MIHIMaJIBLHOTO KPOKY IO BCIX IMiJOOJIACTSIX BUKOPUCTOBYEThCS TTI00aTbHA
omnepauis peaykuii MPI_ MIN.

0 Po3sB’sa3yrotecs PMB:

= ETtan npegukropa:
- Po3paxoByroThcs TpaHUYHI TiJpOIUHAMIYHI BETHYNHU.
- PozpaxoByroTbcs alBEKTHBHI MOTOKH.
- BukoHyeTbCS KOPEKIIisi HepeBUTPATH.
- PospaxoByeTbcs 3MiHa BEIMYWH 33 PAXYHOK aIBEKITii.
- BpaxoByroTscs BiTbHI WieHH 00yMOBIIEHI TOXUIJIOM JIHA.
=  OHOBIIOIOTHCSA TiAPOJUHAMIYHI 3MiHHI B halo-komipkax.

ISSN: 2411-4049. Exonoriuna 6e3neka Ta IPHPOJOKOPUCTYBaHHS, BHIL 2 (46), 2023



~ 177 ~

= Eramn kopekTopa:
- PozpaxoByroTbcs TpaHAYHI TiApOIMHAMIYHI BETHYHHU.
- PozpaxoByroTbcst alBEKTHBHI MOTOKH.
- OHOBIIOIOTHCS aIBEKTHBHI MOTOKHU y halo-pebpax.
- Bukonyerscs TVD kopekiist TOTOKIB.
- BuxoHyeTbcs KOpeKIisl IepeBUTPATH.
- Po3paxoByeThbcs 3MiHA BETHYHH 32 paXyHOK aJBEKIIii.
- BpaxoByrTbcs BiTbHI WieHH, O0YMOBJICHI TOXMJIOM JIHA.
= BpaxoByeThCs TOHHE TEPTSI.
=  OHOBIIOIOTHCS TiAPOJUHAMIYHI 3MiHHI B halo-komipkax.
O JSIkmio yac IOpIBHIOE Yacy BUBEICHHS JaHUX:
= BukoHyeThcs 30ip JaHMX 31 BCiX Mijo0OaacTeil Ha master-mporeci.
=  Master-mpoliec 3arucye qani y BUXigHi daium.

0 IlepeBipsieTbcs UM MOTOYHMIT Yac MEHILIE Yacy MOJETIOBAHHS, SKIIO
MeHIIIe — BinOyBa€eThcs MEPEeXil A0 HACTYIHOI YacoBOl iTeparlii, SKIIo
OinblIe — BUXIJ 3 iTepaliiiHoro mporecy.

o @inanizyerbcs MPI, 3HUMIIYIOTBCS TapanenbHI MPOLECH, 3aBEPIIYETHCS
poboTa mporpamu.

5.2. Hapanenvnuii anzopumm 0na zpagiunux npouecopie Ha O0CHOGI
OpenACC

UucensHi cxemu w™omeni COASTOX-HD peamizoBaHo B MpOrpaMHOMY
FORTRAN konui Mozeni y ¢popMmi IUKITIB 0 €JIEMEHTaX CITKH — By3JiaX, KOMipKax,
pedpax komipok. Itepairii OUIBIIOCTI IMKIIIB HE3aJCKHI 3aBIIKA TOMY, 110 CXEMH
SIBHI, 2 OOYHCIICHHS JIOKaIbHI. Po3paxyHOK 3Ha4eHb y OYb-SIKOMY €JIeMEHTI CITKH
HE 3aJIe)KUTh BiJl 3HAU€Hb Y 1HIIMX eJIEMEHTaxX Ha MOTOYHOMY 4acoBOMY Kpoui. Bin
3aJIeKUTh BiJl 3HAYCHb 3 TONEPEJHHOI0 YACOBOT'O KPOKY y €lIeMEHTaX CiTKH, IIO
pO3TalIoBaHi B IEIKOMY OKOJIi JJaHOTO.

Bignosigno, B anroputmi COASTOX-HD GaratonotokoBe po3napaietoBaHHs
st GPU moxe OyTu pearnizoBaHo 06e3 CYyTTEBUX 3MiH HOro cTpyKTypu. KoskHOMY
CIIEMEHTY CITKH, UM TPYIi €JEeMEHTIB, CTaBUTHCS Yy BIANOBIIHICTh TapajielbHUN
MOTIK, M0 MOXe OOpOONATHUCS He3aleXHO Bif IHmMUX mOTOKIB. I[loToku
o0pobmsrorbest stapamu GPU napasniensHo, TOKH, MOpLis 3a MOpLi€ro, He OyayTh
oMpaIbOBaHi BCl €JIEMEHTH CITKH.

Bararonorokosicte peamizyerbcsi B COASTOX-HD 3acobamu OpenACC.
HupextuBun OpenACC BcraBisitotecsi y FORTRAN kox mopneni, mokasyroouu
KOMIIUISATOPY IMKIU TI0 €JIEMEHTaX CITKH, JUIS SIKMX HEOOXiJIHO TeHepyBaTH
0araTormoTOKOBUH KO/, TaK 1100 iTepallil [UKIIIB 00POOIISIIUCS MapalieibHO SApaMu
GPU. BcepeanHi UMKIIIB CHHXpOHI3yBaTH MOTOKM He mnoTpiOHO. I[loTokm
CHUHXPOHI3YIOThCS 10 3aBEPIICHHIO IIHKIIIB.

OxpiM 1HOro, HEOOXIAHO SBHO KOHTPOJIIOBATH 3aBaHTAXCHHS JaHUX BIJ
neHTpainbHoro mnpouecopa Ha GPU Ta BuBaHTaxkeHHs pganux 3 GPU 1o
LEHTPaIBLHOr0 MpoLecopa Al iX nmonansuioi 00pooKu.

PosnapanentoBanHsi 4YuceNbHUX cxXeM po3B’sisky PMB  peamizoBano B
COASTOX-HD 3a gonomorow OpenACC nHactynHuM uuHOM. [lceBmokon, 1o
BinoOpaxae ctpykrypy FORTRAN koay mozmeni COASTOX-HD i3 aupexktuBamu
OpenACC, naBeneno Ha Puc. 5.
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Program COASTOX-UN Subroutine ComputeFluxFV()
1$ACC DATA PRESENT(EC,V,FV,..)
1$ACC DATA COPYIN(V,FV,..) 1$ACC KERNELS
Do while(Time<TimeMax) 1$ACC LOOP INDEPENDENT PRIVATE(C,icL,icR,..)
call ComputeTimeStepCFL(DT) do ie=1,NE

icL = EC(1,ie)

Time=Time+DT N - .
icR = EC(2,ie)

call ComputeFluxFV() call ComputeCoefficientC(..)
call ComputeVariableV() FV(ie) = C*(V(icL) - V(icR)) ..
If(Time==0OutputTime) Then enddo
I$ACC UPDATE HOST(V,..) 1$ACC END KERNELS
call Output(Vv,..) I$ACC END DATA
Endif End subroutine
Enddo !Time Subroutine ComputeVariableV()
1$ACC END DATA I$ACC DATA PRESENT(CE,A,L,V,FV,..)
I$ACC KERNELS
End program 1$ACC LOOP INDEPENDENT PRIVATE(k,ie,tV,..)
. . do ic=1,NC
Subroutine ComputeTimeStepCFL(DT) I$ACC LOOP SEQ
1$ACC KERNELS PRESENT(..) o k=1,3

1$ACC LOOP REDUCTION(min:DT) ie = CE(k,ic)
3

do ic=1,NC tV = tV + FV(ie)*L(ie) ..
BT = min(DT enddo
= win(DT,..) V(ic) = V(ic) - DT*tV/A(ic) ..
enddo enddo

I$ACC END KERNELS

. 1$ACC END KERNELS
End subroutine

1$ACC END DATA
End subroutine

Subroutine ComputeCoefficientC(..)
I$ACC ROUTINE SEQ

C=.

End subroutine

Puc. 5. TlceBmokona, 1o BimoOpaxkae crpykrypy koay woxaeini COASTOX-HD i3
mupextuBamu OpenACC. NE — kimbkicte pedep (edge) y pospaxynkosiit citmi; NC —
KimpKicTh KoMipok (cell); EC(2,NE) — macuB, o 3a1a€ uist KOXKHOTO pedpa iHIEeKCH CYCIIHIX
komipok; CE(3,NC) — macuB i3 ingekcamu pedep st koxHoi koMipku; L(NE) — macuB i3
noexuHaMu pedep; A(NC) — MacuB i3 Turomamu KOMipox

Ha camoMy mowaTtky UeHTpaJpHHI TpOLECOp iHINiadi3ye MacUBH
TiAPOIMHAMIYHUX 3MIHHUX, MTOTOKIB Ta JOTOMIXXHHX BEIMYMH HA PO3PAXyHKOBii
ciTii.

Ilepen crapToM iTepaliifHOrO IMKIY 3a 4YacoM IHIIIadi30BaHi MaCHBH
3aBaHTAXKYIOTHCS B NaM'ATh TrpaidHOro Mpolecopa 3a JIOMOMOTOK JUPEKTHB
ISACC DATA COPYINC(...).

BararomotokoBa 00poOka LWKIIB 1O KOMipKax/By3nax/pedpax  CITKH
BU3HAYAETHCS JIUPEKTHBAMH:

I$ACC DATA PRESENT(...),

I$ACC KERNELS,

!$ACC LOOP INDEPENT PRIVATE(...),

I$ACC END KERNELS,

ISACC END DATA .

HupextrBa !$ACC KERNELS Bu3Haua€ moyaTok mapajaeibHOl YaCTHHH KOy .

Hupextra !$ACC LOOP INDEPENT PRIVATE(...) Bka3ye nuki, 1mo Oyne
00pobmsTrcs y OararomoTokoBoMy pexumi. IIpu npomy, yrounenHs PRIVATE
BU3HAYA€E JIOKAJIbHI 3MIHHI JJIs BC1X IOTOKIB.

HupexktuBa !$ACC END KERNELS Bu3Hauae 3aBeplICHHsS MapayiesibHOT
YaCTUHH KOy Ta CHHXPOHI3allif0 MOTOKIB.
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Jls BKa3iBKM MacHBIB, BKE 3aBaHTAKCHUX B MaM’SITh TpadigHOTO IIpOoIecopa,
nepen uukiioM BerapisieTbest qupektuBa [SACC DATA PRESENTY(...). lupexktuBa
I$SACC END DATA Bu3Hauae 3aBepIICHHS YaCTUHU KOIY, JJIS SKOI aKTyalbHi IIi
MAacCHBH.

SK1o B okpemiii iTeparii mapaneiabHOro MUKITY € KOPOTKHU IIUKII, HATPUKIIAL B
OUKIT 10 KOMipKax — BHYTPIIIHIA HUKJI MO TPbOX TPaHUYHUX peOpax, BiH He
pO3MapajeNoeTbCsl MO TOTOKaX, @ BHUKOHYETHCSI OKpeMHM IOTOKOM. lle
yTouHIOEThCs 3a gomnomororo mupektiBu !$SACC LOOP SEQ mepen KOpOTKUM
LUKIJIOM.

Hnst 6araTonoTOKOBOI omepamii MOIIyKy MiHIMaJbHOTO 4YacOBOTO KpPOKY 3a
ymoBoto Kypanra-®pinpixca-JIeBi BUKOPHUCTOBYETHCS NUPEKTHBA IAPaICIHHOTO
ukiy i3 penykuiero — '$SACC LOOP REDUCTION(min:...).

Sxmo y UMK NOpUCYTHIM BUKIMK (GYHKLIT, 08 (yHKOiS TOBHHHA OYyTH
OTOJIOIIEHA TAKOIO, 110 BUKOHYETHCS Y MapaneIbHOMY PEXHMI OKPEMUM HOTOKOM,
3a nonomoroto aupektusu !$ACC ROUTINE SEQ.

[lepm Hixk BUBOIUTH 3MiHHI y 30BHIIIHI (Qaiiii, MACUBHU 3MiHHUX KOTIIOIOTHCS 3
GPU 1o LEHTPAJIILHOTO npoiecopa 32 JIOIOMOIOO JUPEKTUB
!$ ACC UPDATE HOST(...).

6. Pe3yJibTaTH TeCTYBaHHA

B izeanbHuX yMoOBax, 3a Bi/ICYTHOCTI HAKJIAAHUX BUTPAT Ha JIOCTAaBKY OIEPaHIiB
70 TPOLECOPHHUX NPHUCTPOiB, PO3poOIEHUH MapajeIbHUH aJrOpuTM HOBHHEH
MPUCKOPIOBATHCS  JIHIHHO,  MPOMOPIIHHO  KUIBKOCTI  BHUKOPHCTOBYBaHUX
nporecopiB. TouHile, MPUCKOPEHHS TIOBUHHE 3pOCTAaTH 3a 3aKOHOM Ampana [46],
TOMY L0 JedKa KUIbKICTh apU(METHYHHX OIEpaliil aJropuTMy 3aIHIIAETHCS
HEepO3IapalieNICHO0.

B peanpanx [1OC TpuCKOpEeHHS 3a€XKHUTh BiJI XapakTepy B3aeMOJil Mix
mam’ATTI0 CHCTeMH 1 Tmporecopamu. B 0OararosjepHUX KOMIT'IOTEpax dHac
BUTPAYa€ThCs HA 3aBAHTAKCHHS JIAHHMX 3 3arajbHOI Mmam’sTi 10 OOYHMCITIOBAITBHUX
saep. B T1OC i3 po3noaineHoro maM’siTTio 00’ €M JTaHUX, 3aBaHTaKEHUX 3 MaM STl 10
Mpolecopa, Ha BY3Ji 3MEHINYEThCS (3aBASKH YOMY MOXKIIMBE CYIEpIIiHiiHE
MPUCKOPEHHS), ajle J0Ial0ThCsl BUTPATH HAa OOMiH JaHUMH Mixk By3inamu. B GPU uac
BTPAYa€ThCsl Ha 3arpy3Ky OMNEpaHAiB 3 TaM’sATi 70 MyJIbTUIPOLECOpIB, aie
MPOIYCKHA 3JIaTHICTh MaM’ATi BHINA, HDK y OaraTosS/IEPHUX KOMIT IOTEpiB, IO €
JOJAaTKOBUM (HPaKTOPOM MPUCKOPEHHS.

Hns tecryBanns mnpuckopeHHs wmoneni COASTOX-HD na IIOC pisnoi
apxiTekTypH ii TOYHOCTI 1 eeKTUBHOCTI Oyio OOpaHO JeKiIbKa THIIOBHX 3a]ad
JUHAMIKHA MIJKOBOIHHUX BOJIOWM.

TectyBaHHS! MPOBOAMIIOCH HA HACTYITHOMY O0JIa/IHaHHI:

e JlBompouecopHa pobGoua cranmiss Dell Precision Workstation 7920 3
20-snepaumu nporecopamu Intel Xeon Gold 6230, i3 TakToBot0 gactororo 2.1 I'T,
i onepatuBHOIO nam’sTTI0 96 I'B. Onepariitna cucrema cranmii — Windows 10 Pro
for Workstations. [y kommimauii Ta 36ipku Bukonysanoro ¢aitny COASTOX-HD
BukopuctoByBaBcss Komminarop Intel Fortran Compiler 19.0.4.245 pazom i3
0i0miorexoro Intel MPI Library 4.0.

e ['padiuna maara NVIDIA Quadro RTX 5000, apxitektypu Turing, mo mae
3072 sgpa i3 wacrororo 1.815 GHz Tta 16 GB omepatuBHoi mam’srti. IlikoBa
npoayktuBHicTh — 11.15 TFLOPS Ha omunapwiii Tounocti i 348.5 GFLOPS nHa
MOJBIMHIA TOYHOCTI, NIPONYCKHAa 37aTHiCTh mam’sti — 448.0 GB/s. Ilnara
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BcTaHOBIIeHA Ha pobouiit cranmii Dell. s 36ipku BukonyBanoro ¢aitmry mins GPU
BukopuctoByBascsi Kommisarop PGI Fortran Compiler 19.10 Community Edition,
o miarpumye OpenACC nupextusu mig Windows.

o ['padiuna kapra NVIDIA GeForce RTX 3080, apxitrekrypu Ampere, i3
8704 ssmpamu gactororo 1.71 GHz T1a 10 GB omepatuBHOi mam’sti. IlikoBa
nponykruBHicTh — 29.77 TFLOPS na ogmnapHiit Tounocti i 465.1 GFLOPS nHa
MOJBIMHIM TOYHOCTI, NpomyckHa 3aaTHicTh mam’sati — 760.3 GB/s. Kapra
BcraHoBieHa Ha [IK i3 omepariiiHoo cuctemoro Linux Ubuntu 20.04 LTS. s
30ipkn  BuKoHyBaHoro (¢aimy mnas GPU mig Linux BHKOpHCTOBYBaBCs
niarpumyrounii OpenACC komminstop NVIDIA Fortran 22.1-0.

6.1. Ilynami

Jlabopamopnuil excnepumenm 3 Hakamy yyHami Ha ckaaOHutl nasic. Jlonuna
Mownaii.

Tounictes Mmogeni COASTOX-HD y nporHo3yBaHHI IIyHami mepeBipsuiack Ha
nmaboparopHoMy TecTi [47], o BinTBOpIoe yMOBH myHami 1993 poky, sike Bpa3uiio
octpiB OKycipi i CypOBOIKYBaJIOCh EKCTPEMAaIbHOIO BHCOTOIO 3aruiecky 30 M y
OyxTi qomuHN MoOHAaI.

JlaboparopHe HamamTyBaHHS BiANOBiZae peanbHill OaTUMETpii y MPSAMOKYTHii
o0acti po3mipom 5.448 m Ha 3.402 m (Puc. 60). Bximna xBuis 3 rmbunu 13.5 cm
sBisie coboto N-moniOHy XBHIIIO i3 BeIy4MM MOTJIMOJCHHSAM -2.5 MM 1 rpeOHeM
1.6 cm nozany Hboro (Puc. 6a). Bucora xBuii BumiproBanacek mpotsrom 200 ¢ y
TPbOX TOukax 3 KoopauHatamu (x,y) = (4.521,1.196), (4.521,1.696), i
(4.521,2.196) m (Puc. 60).

Hnst MonemoBaHHs Oynia moOyaoBaHa PO3paxyHKOBa CiTKa, IO CKJIaJa€ThCs
3 12 989 By3miB i 25 553 xomipok po3mipom Bix 20 cMm Ha rmOuHI A0 2.5-3 cM Ha
y30epexoki  (Puc. 60). JlowHe Tepts 3amaBanioch 3a ¢Gopmysoro Ilesi i3
koediumiearom 180 m"%/c.

MopnentoBanuce miepmi 60 ¢ maboparopHoro excrepumenty. llopiBHSHHS
PO3paxoBaHOI BUCOTH XBHWIII IlyHaMi 1 BUMipiB y Toukax 1-3 HaBeneHo Ha Puc. 7.

(a)m Input wave (6)

0.015
0.010
0.005
0.000
-0.005

-0.010

Wave height (m)

-0.015

-0.020

0.0 5.0 10.0 15.0 20.0 25.0
Time (s)

Puc. 6. a) Ilpodins BxXimHOI XBWII EKCHEPUMEHTy 3 IyHami B JoiuHi MoHail.
0) Po3paxyHkoBa 001acTh €KCIIEPUMEHTY

BumHo, 1m0 Mojens TpOXu 3aBHINY€E BHCOTY i IIBHIKICTH BIOWTOI XBUWII, ajie
nmo0pe BIATBOPIOE XBHUTIO, IO MimxoauTh a0 Oepera. Tomy COASTOX-HD moske
BUKOPHCTOBYBATHCS B 3a]]auaxX HaKaTy I[yHami Ha Oeper.
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Gage 1 — Experiment
—Model

Gage 2 — Experiment
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Puc. 7. IlopiBHSIHHS BHCOTH XBHJIi, BUMIpSIHOI XBHIIeMipaMu 1-3 mix 4ac eKCIiepuMeHTY
3 IyHaMi B onuHi MoOHaH, i po3paxoBaHOT MOJEILUTIO B TOUKAX PO3TAIIyBaHHSI XBHIEMIpiB

Toxoxcovxe yynami 2011 poxy.

Jus tectyBanHs mapanensHoi mpoayktuBHOCTI COASTOX-HD Oyma obpana
3ajjaya HaKaTy LyHaMmi, BUKIMKAHOIO BeIMKUM CXiZHO-SINOHCHKUM 3E€MIIETPYCOM
11 Gepesns 2011 poky, Ha y30epexoks periony Toxoky.

HocnimpxyBaHa obnacte oOMexena 3aTokoro CeHpaid, y30epexksaM npederTyp
Misri 1 @ykycima (Puc. 8a). Jlnsg rmmOWH 3aTOKM BUKOPHCTOBYBAIUCH BiJTbHI
oarumerpuuHi nani ETOPO1 po3ainbHOO 31aTHICTIO 1 KyTOBa XBHuHa [48], s
BiATBOpEeHHS penbedy y30epexoks — ThnobanbHi Tomorpagiuni gaHi SRTM
PO3AUTEHOIO 3/IaTHICTIO 3 KyTOBUX ceKyHau (mpubmuzHo 90 m) [49].

Ha ocHoBi 00’eqHanoro penbedy Oyino moOymoBaHO PO3PaxyHKOBY CITKY, IO
cknagaethbest 3 980 190 By3miB Ta 1 960 133 komipok. Po3aMip KOMipok 3MiHIOEThCS
Bix 90 M B mpubepexHil 301 10 1850 M Ha BiAKpuUTiii MOpchKiil rpanuti. [loHHe
TEpPTA 3aJaBaJOCh OJHOPIAHMM MO BCid oOmacti 3a Gopmynoro Manidra 3
koedimientom 0.025 ¢/m'3,

VY sKocTi Kepena IyHami po3risganack Monenb Myxapi Ta iH. [50]. Po3moain
ot nedopMariii TOHHOI MOBEpxHi, oTpuMaHuii B [50], BUKOPHCTOBYBABCS st
MUTTEBOI TIepeadi egopMarlii Ha TOBEPXHIO BOJM JUIs 11 30ypeHHS y TIOYaTKOBIH
(a3i po3MOBCIO/KEHHS IyHaMi. 30ypeHHs TpaHC(HOPMYBAJIOCh ¥ XBHUILOBY YMOBY
Ha MOPCBKil rpaHulll MoOYI0BaHOI PO3PaXyHKOBOI CITKH.

MonentoBanuchk 100 XBUITMH AMHAMIKH XBHJI IIyHaMi BiJl 4acy MiIX0Ty XBHII 10
rpaHuili 00JacTi JOCTIPKyBaHHS. Pe3ynbTaTd MOJIENIOBAHHS IIPEJCTABIICHI Ha
Puc. 80, 8B.

3 TOpiBHAHHS BUCOTH XBWJ, BHUMIpSAHOI Ha CTaHLii CHOCTEPEKEHHsS 3a
npuruimBamMu Coma Mereoposoriunoro ympaeninas Anonii (37°50" mmuporw,
140°58" nosroTm), mig gac Toxokcekoro myHami [S51], 1 3MiHM BUIBHOI TIOBEpPXHI
BOJIM, PO3paxoBaHOi MOJEILIIO B Miclli po3ramryBaHHs cTanuii (Puc. 80), Burnusae,
0 MOJIeNb BIPHO TPOTHO3YE aMILIITyAy XBHJI IyHami 1 4ac i1 mpuUXomy.
[TopiBHSHHS MPOMOICTHFOBAHOT 30HH 3aTOTUICHHS 1 30HH 3aTOIUICHHS, ITO0YI0BaHOL
IO pe3yJIbTaTax MOJIbOBUX JOCTIKEHb ToBapuCTBOM TeoiHpopmaTuku AmoHii [52]
(Puc. 8B), moka3sye, mo MoOJENb TaKOX aJCKBATHO BiATBOPIOE HAaKaT LyHaMi Ha
y30epexoks nmpedekTyp Misri 1 dykycima.
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Puc. 8. a) Penbed po3paxyHKOBOI 00JacTi MOETIOBaHHS HakaTy TOXOKCHKOro IyHami
2011 p. mHa y30epexoks mnpedekryp Misri 1 DykyciMa i3 3a3HAYCHHSM  CTaHIT
cnocrepexeHHs 3a npuruimBamMu Coma. 0) TTopiBHSHHS BUCOTH XBUIII, BUMIPSTHOT Ha CTaHILT
ComMa i po3paxoBaHOi MOJIEJUTIO B MicIIi 11 po3raimryBaHHs. B) [lopiBHSIHHS POMO/IEIbOBAHOT
30HM 3aTOIJICHHSI 1 30HU 3aTOIUICHHS, MO0y JOBAHOT [0 Pe3yJIbTaTax MOJbOBUX JIOCITIKEHb

Jiist TecTyBaHHS PUCKOPEHHS MapajiellbHOi MOJIENl PO3paxyHKH MPOBOJIUINCH
Ha OararosiiepHUX nporecopax podouoi cranmii Dell i rpadiuniit kapTi Quadro RTX
5000. Yac monenroBaHHS IfyHaMi Ha poOouiii ctanii Dell 6araronponecopaoro MPI
Bepcieto COASTOX-HD nopisHioe 6.54 xBunuH, mo y 20.44 pasiB mBuaie, HiX
OJIHOMPOIIECOpHA Bepcist 13 yacoM MojeimtoBanHs 133.6 xBuiinH. Po3paxyHok Ha
Quadro RTX 5000 OpenACC Bepciero 3aiimae auimie 2.91 XBUIMH y MOABIHHIM
TOYHOCTI 1 1.47 XBUNMH y OAMHApPHIA TOYHOCTI, IO LIBHJIIEC OJHONPOLECOPHOI
Bepcii y 45.86/90.79 pasi Ta mBuamie OararomnporecopHol y 2.24/4.44 pasis,
Bianoeiano (Tabs. 1, Puc. 9).

Tabmuus 1 — Yac po3paxyHky Ta npuckopeHHs pizHux Bepciiit COASTOX-HD npu
monentoBanHi 100 xBunuH Hakaty Toxokcekoro iryHami 2011 p. Ha y30epexxs
npedextyp Misri 1 Dykycima

# of Time, | Speedup | Speedup
Model Facilities processors min vs Serial | vs MC
Serial Dell Workstation 1 133.6 | -
Multi-core MPI  [7920 40 6.54 20.44 1
GPU OpenACC DP | Quadro RTX 1x3072 291 45.86 2.24
GPU OpenACC SP | 5000 1.47 90.79 4.44
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Puc. 9. IlopiBHAHHA YaciB po3paxyHKy (a) Ta nmpuckopenss (0) pizaux Bepcit COASTOX-HD
nipu MonemoBanHi 100 xBuuH Hakaty Toxokcekoro myHami 2011 p.

3amexXHICTh TPHUCKOPEHHS IMapalieNbHOl Bepcii Moxmeni Big  po3mipy
PO3paxyHKOBOI CITKH JOCITIPKEHO Ha MPUKJIA/i 3a/1a4 3 MOJICIIIOBAHHS TOBEHEH.

6.2. ITogino

3aBASIKM HECTPYKTYpOBaHIN pPO3paxyHKOBIH CITII 3 KOMipKaMH 3MiHHOTO
po3Mipy i CTiiKiil urcenbHil cxemi ["omyHoBchkoro tuny moaeins COASTOX-HD
3/1aTHA BiJTBOPIOBATH XapaKTepHI OCOOJUBOCTI TEYil MijJ Yac panTOBHX MOBCHEH,
BUKIIMKAaHUX TPHUPOJHUMH TNPUYHHAMU a00 pyHHYBaHHSIM aaM0 YU Tpedels.
30KpemMa, PO3MOBCIOKCHHS (POHTY 3BOJOXKEHHSA-OCYIICHHS Ha CKIaIHOMY
penbedi, yapHi XBUIli, B3aEMOJIIIO TeUii 3 MEpeIKoaaMHu.

JInst OCHiDKEHHST BIUIMBY PO3MIPY PO3pAaxyHKOBOI CITKM Ha HPUCKOPEHHS
napalenbHol Bepcii Mofeni Oyna oOpaHa 3aqada 3aToruieHHs OeperiB p. [Hinpo B
M. Kuegi i yac BecHsiHoro Bogonimis 1979 p.

Becusine Bojomiuis y OaceiiHi J[HInpa HEOMHOPA30BO CYIPOBOIKYBAIOCH
BHCOKMMHU TIOBeHssMH Yy M. KueBi, i3 3aTOIUIEHHAM HOTO OeperiB Ta MIiChKOI
3a0ynoBu. Jlns mporHosy HacuinkiB KuiBchkux mnoBeHed B IIIMMC Oyna
po3pobJieHa cUCTEMa MOJICITIOBAHHS MAaBOAKIB Ha p. JIHINPO Ha MIISHIN BiJ THUpIa
p- Hecna ta rpe6ui Kuiscskoi 'EC no rpe6ni Kaniseskoi ['EC [15].

O6’ennana uudpoa moxpens penbedy (LIMP) mna pivok i OeperiB Kuesa
po3auibHOO 3maTHICTIO 10 M Oyia ctBopeHa neHTpoM «I' IC AHamiTHK» Ha OCHOBI
JIAHWUX eXOJOTHOI 3iioMkH rubuH J{Hinpa i Jlecan 2006 p., pacTpoBoi CTaTHCTUYHOT
MOBEPXH1 3 po3pi3HeHHsM mikcenst 10 M, oTpuMaHoi 3a JaHUMHU aepodOTO3HOMKH
teputopii Micta 2010 p., 1 aKkTyanbHUX JaHUX Mickkoro penbedy M. Kuesa 3
PO3PI3HEHHSM TIKCEIIs 5 M 3a pe3yibraTamu JiigapHoi 3iomku 2020 p. Bei 3HaueHHs
npuBenieHi 1o banritickkoi cucremu Bucot (BC).

Ha 1i ocnoBi Oyna nobynoBana po3paxyHkoBa ciTka, 3 77 111 By3miB ta 152 112
KOMIPOK, 1[0 BapilOOThCS 3a po3mipamu Big 50 M Oinst pycen pidok mo 300 M Ha
cyxux rpanuix oonacti (Puc. 10a). Cirka nmoOymoBaHa 3 yIIIJIbHEHHSIM B PaiioH1
pycna JlHinpa Ta ocTpoBiB, B Hel TaKO)X BHECEHI OCHOBHI OCOOJMBOCTI penbedy
OeperiB: 3aXMCHI 1aMOH, HACHITH 3aJII3HUYHMX IIIJISXIB Ta aBTOAOPIT.

3naveHHs KoedilieHTa TepTs MaHiHra B pO3paxyHKOBIil 00J1acTi 3a/1aBAIUChH Bijl
0.015 c¢/m'? y Kaniscbkomy Bacx. g0 0.026 ¢/m" y Bepxniit wactuni Jninpa, Toxi
AK Ha cyxooii — B gianasoni 0.1-0.15 ¢/m"? (Puc. 10a).
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Puc. 10. a) Penbed pospaxynkosoi odxacti (B BC) i po3monin xoedirienra Manidra s
3aja4i 3atorieHHst OeperiB p. Juinmpo B M. KueBi mig yac BecHsiHoro Bopomiuist 1979 p.
0) Bumipsini Butpatu piuok JIninpo i JlecHa mix yac Bomomisuist 1979 p. B) Pigni Boau (BC)
O0ims  Tpedbnmi Kwuiscekoi T'EC, wmocty Metpo, VYxkpainku, Kaniscekoi I'EC 3a
CIIOCTEPEKESHHAMH Ta B MOJEII

Hani mo rigporpadax pidok Ta piBHSIX BOIM Ha TiApomocTax OyiaM HagaHi
YkpaiHchbKuM rigpomereoposoriuauM nentpom (Puc. 106, 10B). [l MoaeroBaHHS
Ha TPaHUIIX 33aBallUCh, Ha BXimHuX — BuTpata JecHu i ckun Kuiscekoi 'EC, Ha
BUXI1JHiH — piBeHb Boau y BepxHbOMY 0’edi KaniBcbkoi 'EC. Y sikocTi mouyaTkoBHX
YMOB piBEHb BOAM Y3JIOBXK BCi€i HinsHKU JIHiMpa MpHUpiBHIOBABCS MOYATKOBOMY
piBHio KaniBcbkoro Bogocxopuia — 90.91 m.

3 nopiBHAHHS IPOMOAEIBOBAHUX 1 cIocTepekeHNX piBHIB Boau (Puc. 10B) ciinye,
1110 MO/IEJTb BIPHO BIZITBOPIOE €BOJIIOLIIO piBHA J{Hinpa mix yac moeHi 1979 p. y3m0Bk
BCI€T IOCHIKYBaHOT TUISHKY, Bij rpedsti Kuiecbkoi 1o rpedmi Kaniseskoi I'EC.

Jnst 1ocmipKeHHS! BIUIMBY PO3MIpY PO3PaxyHKOBOI CITKM Ha e(EeKTHBHICTh
napanenbHoi Bepcii Moaeni 3 6a30B0i po3paxyHKOBOI CITKH OyJIO CTBOPEHO LIE TPH
CITKH TIOCITIJIOBHO OUIBIIOTO PO3MIPY IILIIXOM PO3ZUICHHS KOXHOTO pedpa CITKH
HAaBIILI 1 KO’KHOT TPUKYTHOT KOMipPKH Ha YOTHPH TPUKYTHUKH. CTBOPEH] YOTHPH CITKU
MaroTh JIOBXHHY pebep 0a30BMX TPHUKYTHHKIB y310BX pycna Huinpa 50 m, 25 M,
12.5M 1 6.25 M Ta poamipu: 77 092/152 074, 306 257/608 296, 1 220 809/2 433 184,
4 874 801/9 732 736 By31iB/KOMIPOK.

TectyBaHHS TPOBOAMIOCH HA OaraTosaepHUX npouecopax podouoi cranuii Dell
i rpadiuaux kaprax Quadro RTX 5000 i GeForce RTX 3080. [Ins Bcix crieHapiis,
OKpIM OIHOTO, OIIHIOBAaBCS dYac MoOJCMOBaHHA 1 mHs moBeHi 1979 p. s
HaMOLIBLIOI CITKM Yac MoOZeIoBaHHA Ha | siapi pobodvoi cranuii 3aBenukuil. Bin
OLIIHIOBABCS 32 YacOM MOJENOBaHHS | roguHu TMoBeHi. Pe3ynbTaTé TecTyBaHHS
3i06pani B Taour. 2.
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Tabmumg 2. Yac obuncienns 1 gas naBoaky 1979 r. y m. Kuesi Ha 6ararosaepHiit
poOouiit cTaHmii 1 rpagiuHuX Npouecopax, s PO3PaXyHKOBUX CITOK pi3HOI
netamizanii. [lpuckopenns mnapanensHux Bepciii COASTOX-HD mnopiBHsHO 3
HemapanensHoro. [Ipruckoperrs GPU Bepcii Ha rpadgidHuX mporiecopax MopiBHIHO
3 MPI Bepcieto Ha poOoUiif cTaHIIii

Speedup vs
Al # of MC

m Cells Dell 7920 | RTX | RTX | Dell | RTX | RTX | RTX | RTX
Serial| MC | 5000 | 3080 | MC | 5000 | 3080 | 5000 | 3080

50 152074 | 1.25|0.055|0.037 | 0.020 | 22.63 | 33.57 | 62.72 | 1.48 | 2.77
25 608296 | 10.88| 0.50| 0.19 | 0.092 | 21.72 | 57.54 |118.33 | 2.65| 5.45
125 |1 2433184 | 113.9| 5.28| 1.23 | 0.65| 21.58 | 92.77 |174.49 | 430 | 8.09
6.25 | 9732736 | 972.5]50.04| 10.23 | 5.38 | 19.43 | 95.03 |180.64 | 4.89 | 9.29

Time, h Speedup vs Serial

00
(a)o0o [=pen7920 (0w [ —
o | Dell 7920 MC = 160 | Dell 7920 Md
—‘—Ei gg(g)g '5 140 | —&—RTX 5000
- —— | ——RTX 3080
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- > 100 |
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cells Cells

Puc. 11. a) [TopiBusaHHS gaciB po3paxyHKy pisHHX Bepciit COASTOX-HD npu moaemoBaHH1
1 maa maBomky 1979 1. y M. KueBi Ha OaratosaepHiii poOodiii cTaHmii i rpadidaHx
mporecopax. 0) [Ipuckopenas MPI ta GPU Bepciit COASTOX-HD mopiBHSIHO 3
HemapajelbHOI BepCiero

Yac obuucneHHs 3aaadyi HAa poOOYiil cTaHIi, SK y mMapaieilbHOMY, Tak 1 y
HemnapaselbHOMY PeXUMi, Mae ONU3bKY 10 CTETIeHEeBOI 3aJeKHICTh Bif po3Mipy
po3paxynkoBoi citku (Puc. 11a). lle mom’s3aHO 3 TUM, [0 4YHMCEIbHA CXeMa
po3B’sisky PMB B Mozieni siBHa, 4acoBuii Kpok o0upaeThes 3 ymoBu Kypanra, Tomy
KUTBKICTh 004HCIIeHb 00epHEHO NPOoNopLiiiHa A0 KyOa JTiHIHHUX pO3MipiB KOMIPKH.
A OCKUTBKM KUIBKICTH KOMIpPOK OOEpHEHO MpOMNopLiiiHa KBagpaTy JiHIHHHX
PO3MipiB, KUTBKICTh 00YHCIIEHB 1 Yac PUOIM3HO MPOTOPIIiiHI KITBKOCTI KOMIPOK y
creneni 3/2.

3anexxHICTh Yacy MOJENIIOBaHHs Ha rpadiyHUX mpolecopax BiJ po3Mipy CITKH
JIelo MOBUIbHIMIA 3a creninb 3/2. CaMe MOJeNoBaHHs Ha 000X BUKOPUCTAHUX Y
TeCTyBaHHI rpadiuHUX Mpolecopax IIBUIIIE, HDK HAa poOouiii crauilii. HaeiTe ajs
camMoi BENUKOI CiTKH, 3 Onmu3pko 10 MinbiiOHAaMU KOMIPOK, Yac MOJICITIOBAHHS
MEHIIUI peaJbHOr0 4acy i MOJellb MOXXe OyTH BHKOPHCTaHA MJIsi MPOTHO3Y
KHUIBCHKHX ITOBEHEH B OTICPATHUBHOMY PEXKUMI.

[Ipuckopenus MPI Bepcii Mozeni cinabo 3aneXuTh Bifl PO3Mipy CiTKH, TPOXH
3MEHIIYIOUUCh MIPH 3pOCTaHHi KinbkocTi komipok (Puc. 110). [Tpuckopenns GPU
(mexinbpka MUTBHOHIB KOMIpOK), AaJli 3piCT YIOBUTBHIOETHCS, JOCSITAIOUN HACUUCHHS
(Puc. 116).
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GeForce RTX 3080 na Bcix ciTkax mpuoOIn3HO B 2 pasu mBuama 3a Quadro RTX
5000. TlopiBHsHHSA NpOXYKTHBHOCTI Bigeokapt, 29.77 TFLOPS mnporm 11.15
TFLOPS, i mpomyckHoi 3matHocti mam’sati, 760.3 GB/s mpotu 448.0 GB/s,
MIATBEPDKYE TPUITYIIEHHS, 0 UIT po3po0JieHol HmapanenbHOi MOJeli, YHCenbHI
CXeMH SKOI BITHOCATBCS [0 aJTOPUTMIB 3 HEBHCOKOIO OOYHCITIOBAILHOIO
IHTEHCHBHICTIO, TPOIYCKHA 3[aTHICTh MaM’ STl € OUIBII BaXKIIMBUM OOMEXYIOUHM
(hakTOpOM MPUCKOPEHHS, YNM MTPOTYKTHBHICTb.

7. BHCHOBKH

Po3pobniena mapanenbHa MOJENb  TiAPOJAWHAMIKM  MIiJIKOI  BOOU  Ha
HecTpykTypoBaHux citkax COASTOX-HD, 3 kommnekcy moneneit COASTOX-UN,
JO3BOJISIE  OOYMCITIOBATH BEIMKI 3adadi TIAPOAWHAMIKM PIYKOBUX CHCTEM 1
npubepekHoi 30HM MOpsS Ha 0araToNmpoIeCOPHUX KOMII'IOTEPHUX CHCTEMax i
rpadiyHUX Tpolecopax y AECSATKH pa3iB MIBUALIC MOPIBHSIHO 3 HEMapaielbHOO
moznesto. [Ipyu npoMy MonenoBaHHS Ha Cy4acHHUX rpadidHHX MpOLEcopax MOXKe
OyTH y [eKkimpbKa pa3iB MIBHAINE, HDK Ha OaratosaepHid poOodiil cTaHIl.
B migcymky, o0uncieHHs 3a1a4 3 po3paxyHKOBUMH CITKaMH 3 JEKIIbKOX MiJIbIHOHIB
KOMIpOK MO>ke OyTH B pa3u MIBUIIAM, HiXK peallbHAH Jac. TakuM 4uHOM, CTBOPEHa
napalenbHa TiIpoAnHaMIYHa MOJIETh MOXKEe OYTH OCHOBOIO CHCTEM OIEPATUBHOTO
MPOTHO3Y HAA3BUYAaWHUX CUTYyaIlill, IOB’S3aHMUX i3 TIPOAMHAMIKOIO TTOBEPXHEBHX
BOJI, TAKHUX, HAITPUKJIAJ, SIK BUCOKI BOJIOIIJUISA, AOIIOBI MABOJKH, IITOPMOBI HArOHU
a6o myHawmi. Taki cucreMu He TOTPeOYIOTh HASBHOCTI CYTIEPKOMIT FOTEPIB 1 MOXKYTh
OyTH PO3BEpHYTI Ha MEPCOHAIBHHX KOMIT FOTepax ab0 HOyTOyKax, oO0JiaJHaHUX
CY4aCHUMH BUCOKOTIPOYKTUBHHMH rpaiyHIMHU KapTaMu.

Po3BuHeHMiT mapanenbHUl CKIHYEHHO-00 €MHHM anroput™ po3B’si3ky PMB nHa
6a3i riopunnoro minxoxy MPI+OpenACC TakoX € OCHOBOIO po3MapajesieHHs
YHCENBHUX CXEeM PO3B’s3Ky piBHsAHB iHIUX Mojeneit cucremu COASTOX-UN:
MOJIeJTi IEPEHOCY HAHOCIB 1 MOP(HOIUHAMIKH Ta MOJIENI TPAHCTIOPTY PaIIOHYKIIiIiB
1 pamioakTUBHOTO 3a0pyIHEHHS OHa BOJOWM. PesymbraTm po3mapaieneHHS LUX
Mojenelt i cTpykrypa B3aemonii Bcix mouenei cucremu COASTOX-UN OynyTh
MpeCcTaBjeHi Y HACTYIHUX ITyOJTiKaIlisix.

Po3Bunenuit riopunanit  MPI+OpenACC  anroput™, 3 TIE€OMETPUYHOIO
JEKOMIIO3HIIIEI0 PO3PaXyHKOBOI CITKM Ha Mimobnacti Ta 0araTormOTOKOBICTIO
BCepenuHI Mmifo0nacTeii, Moxke OyTH aJanTOBaHUN 10 BUKOPHCTAHHS JCKLIBKOX
rpagiuHuX TpOLECcOpiB, 10 MOB’s3aHi yepe3 3arajbHy MaM'siTh a00 MEpEeKEBUM
3’enHanHAM. Lle Oyae HanpsIMKOM IOAANBLIOTO JOCHTIHDKEHHS Ta PO3BUTKY CUCTEMH
mozeneit COASTOX-UN.

IMopsikn

JocnimkeHHss 4YacTKOBO minTpuMaHo HarioHanbHUM (QOHIAOM JOCIIIKESHb
VYkpainu, mpoekt Ne 2020.01/0421.

ABTOp IIMPO BISYHHMII HAyKOBOMY KepiBHMKY, mpodecopy XKemesnsxy M.I.
(Institute of Environmental Radioactivity, Fukushima University, Japan) 3a
3alpOTIOHOBAHUH HAMpPSIMOK JIOCII/PKEHHS, IUTiIHE OOTOBOPEHHS pe3yNbTaTiB
po0OTH, 3ayBaXKEHHS Ta TIOPAJIH ITij] Yac MiATOTOBKK MaTrepiany CTaTTi.
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STUDY OF NON-LINEAR OSCILLATIONS OF THE HIGH-RISE
BUILDINGS

Annotation. Seismic calculations are based on the hypothesis that maximum seismic
horizontal displacements of inelastic systems are equal to displacements of elastic
systems of equivalent frequencies.

Analysis of strong earthquakes of recent years (San Francisco, USA, 1971, Spitak,
Armenia, 1988, Kobe, Japan, 1995 and others) led scientists to the conclusion that
this hypothesis cannot be recognized as acceptable. In a number of cases, the
maximum horizontal displacements turned out to be 2—3 orders of magnitude higher
than the maximum displacements of elastic systems. For example, a displacement
graph based on the 1985 Mexico City earthquake shows that the actual plastic
displacements are 100 times the expected plastic displacements. In the case of other
earthquakes, there are hundreds of subtle inconsistencies. The quantitative results
concluded that the intensity of building vibrations exceeded 1.5 times the 9-point
design seismic intensity =2.5 and that a special approach, including the need to
consider impact effects, is needed and is particularly serious in such zones. This
should also be taken into account. Inelastic deformations are indicated. The new
calculation is used to study non-linear oscillations caused by impulsive actions of a
continuous system. In the case of elastic vibration, changing the mass gives very
different results. Reducing the lower mass by a factor of 3 reduces the displacement
by a factor of 2.2 for the upper mass and =~2.4 for the second mass. The same
impact was applied to a 16-story building and the stiffness distribution of the rods
was studied in different ways. The stiffness was constant everywhere, constant
within 4 stories, where it varied linearly and parabolically with height.
Displacements during the course of the pulse shock were greater in the stiffer
buildings. Furthermore, the vibration decreases in amplitude by a factor of 3 or
more for the upper mass and by a factor of 4 for the lower mass. The force on the
upper rod is reduced by a factor of 4 and the force on the lower rod is reduced by a
factor of 6. This will make it possible to perform calculations for a small time scale,
which is necessary to take into account high-frequency oscillations that occur in the
epicentric zone.

Keywords: building, seismic; epicenter zone, impact depends; discrete-continual
system.
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Introduction

It is known that the nature of seismic impact depends on the distance from the
epicenter zone. Ground displacements are of pulsed nature in the direct vicinity of
the epicenter zone [1, 2]. Provide analysis of both, the case of impacting the building
located directly at the fissure area and the records of locations near the joint fissure:
Taiwan, Kobe, Loma Prieta, Northridge and Whittier (USA).

On the basis of the analysis the conclusion was made that in quantitative respect,
intensity of the building oscillation exceeds 1.5+2.5 times the intensity provided
9-point design seismicity pointing to the fact that in such zones construction requires
special approach, including necessity of taking into consideration of the shock effect
and this is particularly severe in such zones.

It should also be taken into consideration that the recommendations for design of
the high-rise buildings emphasize necessity of calculation of non-elastic
deformations and their restriction.

Thus, the issue is provision for non-elastic work of the building structures caused
by shock effect in the high-rise buildings.

Work provides consideration of the issue of study of non-linear oscillations of the
carcass building as discrete-continual system, where the building is exposed to the
pulsed displacement of the ground and the rods binding the localized masses work
only for shift, according to Prandtl scheme.

Study area and methods

Let us consider oscillation of several masses resulting from horizontal pulse YF shift
of the ground (Fig. 1).

Fig. 1

At the same time, let us assume that S force is applied to the center of gravity of
the mass. Hence, movement of the mass is conditioned by S force only, being the
counteraction of the rod, which, depending on the condition of the rod (elastic or
plastic), could depend on linear displacement of the rod end (in case of elastic
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condition) or any unknown relationship (in case of plastic condition) S = F(y). Let
us divide oscillation time into small A sections and assume that S is constant in
each section, i.e. S = z S. [3, 4]. Let us take any mx mass. Differential equation of
its movement will be:

2

d
i_‘_Skl_Sk =0 -

m, )
Lodr

If we present each of the forces in a form of sum:

1-1
S, =28
i=1
and integrate with zero initial conditions, we shall obtain:

N

As we have noted earlier, the rod works only in case of shift and therefore, elastic

displacement of its end, taking into consideration the shear deformation, will be St
GF

where G is the displacement modulus and F — rod crosssection. It is clear that in the
oscillation process, where S achieves its limiting value St (Fig. 1), the rod end will

. L S, !/ L
have maximal elastic displacement & and some more plastic displacement A p;.

Condition of continuity between my and my1 masses, for the first section A¢, could
be recorded as follows:

AP (A AP l At?
+ + 18k — Sk =0
2m, 2m,, GF " 2m,

c+1

For the second step:

2 2 2 2 2 2
g A _S/Hl(zAz) +(At Y +GZF}S"~2{(2AZ) L (2a) +Z}Sm—

T 2my, T 2m, 2m, 2m,,, 2m, 2m,,, GF

At? (2A¢)
- Sk+1,2 -~ Sk+1,l ——=0

2my, 2my,

For any I step:

-1 2
1 1 l
Sy —— Skll—)+Sk, At* + +— |+
PR 2m, ’ 2m, 2m,,) GF

S 1 1 )i Af? I-1 t—t )
+Zsk*’|:(t[_ti1)2( + j+_:|_Sk“*’7_ZSk+l,i(Izml 1) -0

i=l 2mg 2my,
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This expression is valid if the rod is elastic but if it is in the plastic condition, the
following component will be added:

/-1
Ak,Pl = Ak,[ + ZAk,i .

i=l1

If we add and move to the left side only the components containing S, , and

A, ; » we obtain:

1 1 I ! (t, -t )
S,C{At{ + j+ GFj|+AkJ =,Z::‘S"‘”T_

2m, 2my, k
-1 1 1 / -1 (l‘ —t,_ -1 .
-N's @ -t ) + + +> S A
P k1 |:( 1 -1 ) {2mk 2mk+1 j GF:| ; k+1,i 2mk+1 = ki

Taking the following designations into consideration:

At)’ Aty
i, (n) = (nx At) N (nx Ar) T - (nAt) L’
2m, 2m, GF 2m,  GF

Dim(n) = tmy (n)- Sy, +tm,(n=1)S,, + ...t tm, (2)S,, , —t,(1)S,, ~t, (1 =1)S,, =..~,(2)S,,,,

Tlm(n) = YF (n) +tm,(n)S,, +tmy(n -1)S,, +....+tm,(2)S, , | —tl,(n)S,, —tl,(n-1)S,, —....— t,(2)S, .,

2 2
m, (n) = (’;At) o, (n) = 20" FL=GF .

b
m, m

We shall have:

S ltm, () +mm, () + FL]+ A, =S, tm (1)+ S, ytm, (I =1)+ ..+ S, tm, (1)~
— 8, [tm,(1)+tm,,(I)+ FL]- S, ,[tm, (I 1)+ tm,,, (I - 1)+ FL]-
- Sk,[—l [tmk (2)+ my (2) + FL] + Sk+1,1tmk (1)+ Sk+1,2tmk+1 (I - 1)+ et

I-1

+ S tm (1) - Z A

i=1

Equation recorded for the lower rod will contain additionally the ground
displacement YF.

Obtained system of equations could be solved by the method of sequential
approximations. For each DT interval, in the right side, we give some (zero) values
to the values subject to calculation and compare with the values of previous
approximation, when the difference falls below the required accuracy, we move to
the following time interval. At the same time, for each interval, each rod there is
checked whether the obtained force exceeds its limiting value. If it exceeds, than the
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force increment is assumed to be zero and instead, the plastic displacement is
calculated by means of the above formulas.

Calculation results

Calculations were made to study non-linear oscillations of the structures where as
the bearing structures of the building, at each level, the metal piles located with 6 m
intervals are used in both directions [6—10]. The piles are made of two N20A channel
bars, covered with 20x20 m reinforced concrete slab of 16 cm thickness. Height of

the piles is 4 m, displacement yield point 7,=1600 kg/cm?, aggregate crosssection

of the channel bars is 800 cm?, and weight of the reinforced concrete slab is
15.000 kg. As a result of the earthquake the base of the building is subject to pulsed

displacement W = ate ” , where a is initial velocity and ! time, when displacement
B
is maximum.
Calculations are made for two-, five- and sixteen-storey buildings.
In case of two-storey buildings, the effect of change of the masses on the values
of elastic and plastic displacement, as well as the values of the caused forces is
studied (Fig. 2, 3).

Ne129
102 m

a=25 2 7

hes " 10
0 AT A A /\ T T ) "
41 \/\(yfv\@o 600 800 1000 [ Ne129
-2 A
3

Fig. 2. Displacements of the elastic-plastic system
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Fig. 3. Plastic displacements
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In case of five-storey building, effect of the repeated pulse is studied (Fig. 4, 5).

In case of sixteen-storey building, effect of change of the stiffness with height on
the elastic-plastic displacements and force values is studied (Fig. 6 and 7).

Fig. 6 shows the building with the constant stiffness for whole height, while Fig. 7
shows the one with the stiffnesses constant within four storeys, decreasing from
bottom to top. Note, that in case of two-mass system, the oscillations of the upper
mass commences on the abscissa, point 0, while lower mass — from the point 400.
Drawings for five and sixteen points were developed in the similar way.

102 m
2
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=8 1 .
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0 : ‘ 1072 sec
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Fig. 4. Plastic displacements in case of five storeys
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Fig. 5. Plastic displacements for repeated pulse
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Fig. 6. Plastic displacements for constant system
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Fig. 7. Plastic systemns for variable system

Conclusions

1. In case of pulse impact, the displacements of the elastic-plastic system are smaller
than the ones of elastic oscillations (where there is no plastic section) [5].

2. In case of elastic-plastic system, after completion of the impact oscillation
takes place in relation to the residual plastic displacement.

3. In case of pulse impact one and the same acceleration may be caused by
different velocities and values of displacement and force correspond to them. Hence,
in the area adjacent to the joint fissure, where the impact is of pulsed nature and it
would be reasonable to take velocity for seismic zoning, rather than acceleration.

4. In case of the repeated shock, depending on the moment of oscillation when
the repeated shock takes place, the results will be different. Given physical laws,
applicable to the material, the force cannot exceed the limiting value, while it can
decrease significantly. In case of unrestricted displacement they can increase
significantly.

5. In case of two-mass system, decrease of the lower mass three times caused
insignificant change of displacement of the upper mass, while it reduced plastic
displacement almost three times, where oscillations continue. Displacement of the
lower mass increased by ~30% and plastic displacement reduced almost two times.
In case of reduction of the upper mass three times the displacement increases almost
three times for both masses.

In case of elastic oscillations, change of the masses provides substantially
different results. Decrease of lower mass three times causes reduction of
displacement ~2.2 times for the upper mass and ~2.4 for the second mass. Further
oscillation is with the amplitude decreased three and more times for the upper mass,
while for the lower mass, amplitude decreases 4 times. Forces in the upper rod
decrease 4 times, while in the lower one — 6 times.

Decrease of the upper mass three times, at a time of pulse impact, the maximal
amplitude decreases three times for the upper mass and 2 times — for the lower mass.
Further oscillation takes place with the four times decreased amplitude for the first
mass and five times decreased amplitude for the second one. Force in the upper rod
decreases approximately two times and four times in the lower one.
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6. In case of five-storey building, where o = 50 and 3 = 8, in all five rods there
are plastic displacements. Maximal displacement is in the lower rod (1.62 c¢m), in
two upper ones — much lower (0.37 cm) and even lower in the third and fourth rods
(0.11 and 0.14 cm). Maximal displacements in three lower rods are almost equal
(2.3 cm) and slightly lower in the upper two rods (1.9 and 1.8 cm).

Comparison of these values with the elastic oscillations provides dramatically
different results. Maximal displacements are in two upper rods and they are two
times greater than for the elastic-plastic displacements.

7. Repeated pulse impact is much more significant for the elastic oscillations,
compared with the elastic-plastic ones.

8. Sixteen-storey building was studied for the same impact, with different
stiffness distributions of the rods. Where stiffness is constant everywhere, constant
within four storeys and changes with height linearly and parabolically. Displacement
in the process of pulse impact process was greater in the buildings with higher
stiffness.
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I'esia Kiniani, Enina Kpicreciamsini, Anna TabaTtanze, 3a3a :xanrinze
JOCJIJIKEHHA HEJIHIMHUX KOJJMBAHb BUCOTHHUX BY IIBEJIb

AnoTtanis. CelicMiuHI po3paxyHKH 0a3yrOTbCS Ha TilOTE3l MpO Te, MO0 MaKCHMAalbHi
celficMiuHI TOPH3OHTANBHI MEPEMIMIeHHs] HeTIPYKHUX CHCTEM IOPIBHIOIOTH NEpPEMIIICHHIM
MIPY’KHUX CHCTEM 3 €KBIBAJICHTHOIO YaCTOTO0. AHAII3 CHIIBHUX 3eMJICTPYCiB OCTaHHIX POKIB
(Can-O®pannucko, CHIA, 1971 p., Cmitak, Bipmenis, 1988 p., Kobe, Anonis, 1995 p. ta
iHIII) TPUBIB BYEHHUX IO BHUCHOBKY, IO ITF0 TilMOTE3y HE MOKHA BH3HATH NPUIHATHOIO.
VY psni BUnankiB MaKCUMallbHI TOPH30HTAIBHI MEPEMIIIeHHS BUABILSUINCS HA 2—3 TOPSIKA
BUIIMMH 33 MaKCHMallbHI TIepeMillleHHs MpYyXHUX cucreM. Hampukian, rpadik
nepeMillleHHsl, 3aCHOBaHUH Ha 3emuieTpyci B Mexiko 1985 poky, mokasye, mo QakTHyHi
ractuyHi 3MimeHHs B 100 pasiB mepeBHINYIOTh MPOTHO30BaHI IUIACTHUYHI 3MILEHHS.
VY BUNaJKy iHIIMX 3eMJIETPYCIB TaKOXK MPUCYTHI COTHI HEBIANOBiIHOCTEH. 3a KiJIbKICHUMH
pe3yipTaTaMu CTaTTi OyJo 3pOOJICHO BHUCHOBOK, IO IHTCHCHUBHICTh KOJHMBaHb OYAiBI B
1,5 pa3a nepepuinia 9-0anbHy MPOCKTHY CEMCMIYHY IHTCHCHUBHICTh +2.5 1 10 B TaKHX
BUIJKax MOTPiOEH OCOOMMBHMH MiAXiA MO MPOTHO3YBaHHs, IO BKIIOYAE HEOOXIAHICTH
BpaxyBaHHS ynapHUX BIUIMBIB. Ha me takoxx Tpeba 3BepHyTH yBary. bymm BpaxoBaHi
HerpyxHi gedopmariii. HoBuif po3paxyHOK BHKOPHUCTOBYETHCS M JIOCHIIPKCHHS
HENiHIHHNX KOJHMBaHb, BUKIMKAHUX IMITyJIbCHUMH HisMH Oe3mepepBHOI mii. Y BUHAaIKy
NPY’KHUX KOJIMBAaHb 3MiHA MacH Jia€ 30BCIM IHINI pe3yJbTaTH. 3MCHIICHHS HIXHBOI Macu
3arajioM B 3 pa3u 3MEHIIIy€e epeMilneHHs (B 2,2 — U1 BepXHbOi OymoBH i 2,4 — I HIDKHBOT
OyznoBwu, BianoBigHo). Takuii caMuii BIDITHB OYIIO 3aCTOCOBAHO 110 1 6-TIOBEpXOBOTO OYIMHKY,
JIc PO3IMOJLT JKOPCTKOCTI CTPIIKHIB OYJIO JOCTIIKEHO pi3HUMHU crocobamu. JKOpCTKICTh
OyJa OCTIHOIO BCIOIM B MEXKaX MepIInX 4 MOBEPXiB, a Jai BOHA 3MIHIOBaJIaCs JIIHIHHO Ta
napaloJIivyHO 3 BUCOTOK. 3MILIEHHS il Yac IMITyJIbCHOTO yaapy Oy OUIBIIMMU B OLIBII
XKopcTkuX OyaiBiiax. Kpim Toro, aMmrutityaa Biopaiii 3MeHIIyeTbes B 3 a00 Oiiblie pasiB s
BepxHbOi OyJOBM Ta B 4 pasu sl HWKHBOI OyZOBH. 3yCHJUII Ha BEPXHbOMY CTPHIKHI
3MEHIIYETBCS B 4 pa3d, a Ha HIDKHbOMY CTpIKHI — B 6 pasiB. Lle mae MOXIMBICTBH
BUKOHYBATH PO3PaxXyHKH JUI1 MaJoro Macumraldy 4acy, sSKMi HEOOXITHUH AJIsl BpaxyBaHHS
BUCOKHMX YacTOT KOJHMBaHb, 10 BUHUKAIOTH B 30HI EIILEHTPY 3EMIIETPYCY.

Kurouosi ciioBa: OymiBis; ceficMika; 30Ha CMIIIEHTPY 3eMIIETPYCY; 3aJICKHICTh Bi Aii;
JMCKPETHO-KOHTHHYaJIbHA CHCTEMA.

Cmamms nadiuwna 0o pedaxyii 08.03.2023 i nputinama 00 OpyKy Riclisi peyeH3V8aHHs
31.05.2023
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10 YBAI'M ABTOPIB 35IPHUKA

3MicT MarTepiaiiB, IO HATPABISFOTHCS O PEOaKIlil, MOBHHEH BinnoBigaTtu mpodimio ta
HAYKOBO-TEXHIYHOMY DiBHIO 30ipHHUKA.

Ko’xHa HaykoBa CTAaTTs MOBMHHA MaTy BCTYII, PO3/1JIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TaKOX AHOTAIII 1 KIIFOYOBI CloBa (HE MCHIIE I1’ATH) IBOMa MOBaMH (YKpalHCHKOIO Ta
AHITIHCHKOIO).

[ligroroBka cTaTTi 3MIHCHIOETHCS B TeKCTOBOMY peaakTopi MS WORD for WINDOWS,
3 BukopuctaHHsM mpudrty Times New Roman, Cyr, ke 11, oauHapHuil iHTEpBad,
moJisiMu 2,0 CM 3 KOKHOTO OOKY, 3alaHMM PO3MIpOM CTOPIHOK 17x26 cM.

VYeci popmymu marote 6yt Habpani B pegakTopi MathType.

Imroctparii moBHHHI 0OOB'I3KOBO HyMEpYBAaTHCS, MAaTH KHI)KKOBY OpI€HTAIil0 i HE
MOXYTh TNEPEBHIIYBaTH 3a PO3MIPOM 3a/laHy CTOpiHKY (mapamerpu cropiHku 17x26 cm
3 mossivu 2,0 cm). Ilepenik miTepaTypHHUX JKepeln MepeKIafacThecsl aHTIIIHCEKOI0 MOBOIO
(abo TpaHCHITEpYETHCS B pOMaHChKOMY aI(haBiTi) 1 TOJAE€THCS BIAIIOBIAHO A0 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux mnyOmikamiii APA  (American Psychological
Association) style 3araisHUM CIIMCKOM Yy KiHII CTaTTi 32 YeProko MOCHJIAHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBiAKA MPO aBTOPIB, /¢ BKA3yHOTHCS Mpi3-
BHILE, TOBHE iM’s Ta IO 0ATHKOBI aBTOPIB, HAYKOBUIA CTYIiHb, BUCHE 3BaHHsI, 110CaJa, Ha3Ba
migpo3ainy (kadeapu) Ta oprasizailii, 0OCOOMCTI JaHI KOXXHOTO 3 aBTOPIiB (aapeca, MICTO,
KpaiHa, koHTaKkTHUi Tenedown, e-mail), ORCID ID.

OO00B'I3KOBO CITiJ] HAJATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpexncTtaBiaeHi B peNakililo PYyKONHCH TPOXOJATH peTelbHE OaraToslaHKOBE
pelcH3YBaHHS BIiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELIEH3EHTIB MEHIIIa 32 BCTAHOBJICHUH MOPIT, PYKOINCH BiAXHUIISIOTHCS.

3MicT cTaTTi Ta SKICTh HamMCcaHHsA abo mepekiany (yKpaiHChKOIO a00 aHIIIHCHKOIO
MOBaMH) HEPErJISIAl0OThCsl KOpeKTopaMy 30ipHHKA, IPOTE BiIIOBIANBHICTE 32 3MICT Ta
AKICTP CTAaTTI HECyTh aBTOpH Marepiamy. Jlo craTri MOXyTh OyTH BHECEHI 3MiHH
pelaxiiiHoro xapakrepy 6e3 3rojiu aBTopa.

Posnin 306ipHuka, 1m0 sikoro Oyae BigHECEHA CTaTTs, BH3HAYAETHCS PEAAKINIETO,
Y3rOJIKY€EThCSI — TOJIOBHUM DPEAAaKTOPOM abo Horo 3acTynmHUKOM. OcTaTouyHHN BHCHOBOK
10710 My OJTiKaIlii MaTepiaiB CXBAIIOE pelakiliiiHa Koeris 30ipHuKa.

Enextponna Bepcis 30ipHUKa, MpaBmiia oGOpPMIICHHS Ta BUMOTH JI0 CTaTe MiCTATHCS
B IHTEepHeTI Ha caliti http://www.es-journal.in.ua, sIKMif CHCTEMaTHYHO OHOBIIFOETHCH.

30ipHUK HayKOBHMX Mpallb TakoX NpelcTaBiIeHHi Ha caiiti HamionanbHoi 6i0mioTexu
VYkpainu im. B.I. Bepraacekoro, Ha caifti [HcTHTYTY TenexkomyHikamid i1 rio6aibHOrO
iHpopmaniitHoro mnpocropy HAH Vkpainm http://itgip.org/ y posnimi «BumaBHnua
JISIBHICTBY» Ta Ha caiTi 0i0miorekn KHiBChKOTroO HalllOHAIBHOTO YHIBEPCUTETY Oy IiBHULITBA
i apxitektypwu http://library.knuba.edu.ua/node/883.
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