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PERIODICITY OF EARTH DEVELOPMENT FOR FORECASTING
THE NEXT MANIFESTATIONS OF DISASTER FLOODS

Abstract. Catastrophic floods on the rivers of the Western region of Ukraine occur
with a frequency of 6-12-19 years. The last two floods of 2008 and 2020 caused
significant damage to landscapes, economic infrastructure, and the population. In
2008 and 2020 alone, more than 20,000 houses were destroyed in 420 settlements
in lvano-Frankivsk, Lviv, Chernivtsi, Ternopil, Zakarpattia and Vinnytsia regions.
More than 300 km of roads, 600 km of fortifications and 350 bridges were washed
away. In 2008, 19 people died, including 5 children. Similar floods occurred in
1911, 1927, 1941, 1955, 1969, 1980, 1988. Therefore, it is important to study the
causes of floods, the possibility of forecasting and warning to prevent and overcome
the devastating effects. Therefore, on January 1, 2021, a separate structural
subdivision was created at the Ivano-Frankivsk National Technical University of
Oil and Gas (IFNTUOG) - the Center for Forecasting and Prevention of
Technogenic and Hydroecological Danger of Prykarpattia (CFPTHDP). Materials
and research methods were developed even earlier, since 2008, at the Dniester
Engineering-Ecological Research-Training-Production Anti-Flood Landfill
IFNTUOG by the staff of the Department of Ecology under the guidance of the
author of the article. This is a systematic analysis of geological structure,
geophysical fields, geomorphological and paleographic features, taking into
account the data of archeology, dendrochronology, chronicle, historical and
instrumental epochs of observations for 1881-2020. Forecasting, ie what area will
be covered by the flood; prediction of its activity, ie at what maximum height the
water will rise; and the weather forecast — when it will happen. The first two parts
of the triad are predicted with a probability of 75-80%, but the third — so far, only
50%.

Key words: flood; flooding; landfill; periodicity; forecast triad
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O.M. AjamMeHKoO

Lentp mnporHo3yBaHHS Ta TOMNEPEMKEHHS TEXHOTEHHO-TIIPOEKOJIOTIYHOT Hebe3nekn
[puxapnarrs IBaHO-PpaHKIBCHKOTO HAI[IOHAIBHOTO TEXHIYHOTO YHIBepCcHUTETy HaTH i
ra3dy, M. [Bano-®pankiBcbK, YKpaina

HNEPIOAUYHICTD PO3BUTKY 3EMJII JIs1 IPOT'HO3YBAHHSA
HACTYIHHUX ITPOSABIB KATACTPO®IYHUX ITABOJKIB

Anomauin. Kamacmpoghiuni nasooxku na piukax 3axionozo peciony Yxpainu
siobysaromuvcs 3 nepioduunicmio 6—12—19 poxie. Ocmanni déa nagsooxku 2008 i
2020 pp.  3ae0anu  3HauHux — pYUHYSaHv  JNAHOWADMAM,  20CNOOAPCHKIU
ingppacmpyxmypi, nacenennto. Tinoxu y 2008 i 2020 pp. 6yno spyiinosano Oinvuie
20 000 6younxis, y 420 nacenenux nynxkmax leano-@panxiscoxoi, Jlbsiecvkoi,
Yepuiseywvkoi, Tepnoninvcovroi, 3axapnamcovrkoi ma Binnuyvroi obnacmeil. byno
posmumo 6invue 300 km asmomobineHux Ooopie, 600 km Oepezoykpinnens, 350
mocmis. 'V 2008 p. zacunyno 19 ocio, ¢ momy uucai 5 oimeii. I[100ioni nasooku
siobysanuce y 1911, 1927, 1941, 1955, 1969, 1980, 1988 pp. Tomy sascrusum €
BUBUEHHSI NPUYUH 800ONLIb, MONCIUBOCMI NPOSHO3Y8AHHA [ NONEPeO’CeHHs O
3anobieanna i nooonawHs pyuwnienux Hacaiokie. Tomy 1.01.2021 e Isano-
DpanKigcbKOMy HAYIOHATBLHOMY MeXHIYHOMY VHigepcumemi Hagmu i 2aszy
(IOHTYHI) 6ysé cmeopenuii okpemuti cmpykmypruil niopozodin — ILlenmp
NPOCHO3Y6AHHA MA HNONEPEeON’CEHHS MeXHO2eHHO-2I0pOoeKono2iunoi Hebe3neKu
Hpuxapnamms (ITTHII). Mamepianu i memoou 00cnioxHcens po3pooisiiuce uje
paniwe, 3 2008 p., na Jnicmposcokomy iHIICEHEPHO-EKOLOSITYHOMY HAYKOBO-
HABYANbHO-8UPOOHUYOMY NpPOMUNABoOK0B8OMY NOJi2OHI IOHTYHI'
cniepobimuukamu Kageopu exonoeii nio xepisnuymeom aemopa cmammi. [le
CUCMeMHULL AHALI3 2e0102TYHOT 6)Y008U, 2e0pi3UUHUX NOIE, 2e0MOPPONOSTUHUX ma
naneoepagpiunux — ocobrueocmell 3 6pPAXYBAHHAM — OAHUX — APXeonoeii,
0eHOPOXPOHONO2IT,  NIMONUCHOL,  ICMOPUYHOI mMa  [HCIMPYMEHMATbHOI — enox
cnocmepedicenv  3a  1881-2020 pp. B pezynemami Oocniddcenv npobdrema
NPOCHO3Y8AHH KAMACMPODIUHUX NABOOKIE PO32NA0AEMbCA K E€OHICMb MPbOX
CKIA008Ux (mpiada): mepumopianbHo20 NPOSHO3Y8AHHS, MOOMO SKY HIOWLY
0Xonumv NaBOOOK,; nepeddayeHHs U020 aKMuHOCMI, MOOMO HA SIKY MAKCUMATLHY
8UCOMY NIOHIMEMbCA 8004, | 4ACOBUL NPOSHO3 — KOU Ye 8i00yoemuvcs. Tlepuii 061
yacmuny mpiaou npocHosyromscs 3 umosipuicmio 15-80%, a oco mpems — noxu
wo, minvku 50%.
Kniouogi cnosa: noginv; nagoooK; noiiecon; nepioouyHicms; mpiada npocHo3y
DOI: https://doi.org/10.32347/2411-4049.2022.2.5-22

IMocTanoBka nMpod.1emMu

HocmimxkeHo, 1110 YacoBHUHM NPOTHO3 CKIaa€Thes 3 13 CHHYCoi pi3HOTO HOPSAKY — BifJ
I mopsiaxy — 240 MJIH p. KOCMIYHOT TIEPIOIMYHOCTI TATaKTHYHOTO POKY, yepe3 175,
165, 41 1 14 mutH p. reonoriunoi nepioauanocti I1, 111, IV i V mopsikis, 45 1 10 MiH p.
reomopornoriunoi nepioguyrocti [V 1 V nopszakis, 9 Tuc. p. naneoreorpadiusoi
nepioguanocti VI mopsinky, 1830, 800 p. 1eHAPOXPOHOIOTIYHOI NEPIOANIHOCTI Ta
ernox 3BosioxkeHHs1 A. B. IlInitHikoBa — VIII mopsaok, 650, 600 p. nepiogndHOCTI
Mi3HBOTO TWieiicTorieHy Ta rojoueny VIII i IX mopsakis, 500 p. apxeomorigaHoi
nepiogn3anii X nopsaky, 300 p. nepiogndyHOCTI po3BUTKY HMBimizanii XI nopaaky,
33 p. mitormucHoi repioaumanocTi XII mopsaky g0 11 + 1 p. mepiogudHOCTI CydacHOTO
norerninas XIII nopsaky. [aTerpyroun cuHycoiny ycix 13 mopsakiB y miacyMKOBiH

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponokopuctysanss, Ne 2 (42), 2022
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MEPIONIHOCTI, OTPUMYEMO HAHOLIBITY WMOBIPHICTH TIPOSBY HEOE3MEUHHUX BOTHIIX
cruxii. [ligkpecneHo, mo HEBaKINBO, KOJH 1€ BinOyaeThes, uepe3 6—12—19 pokis,
BaXXJIUBO, 110 BOHO 000B’SI3KOBO BiJIOYACTHCS 1 IO IOTO TOTPIOHO OyTH TOTOBUM.

VY IBano-®paHKiBCHKOMY HaIllOHATFHOMY TEXHIYHOMY YHIBEPCHTETI HAPTH 1 Tazy
(IOGHTYHI') 1 ciuas 2021 p. OyB crtBOpeHuii okpemuit mimposmin — LleHTp
MPOTHO3YBAaHHS Ta TMOMEPEKEHHSI TEXHOTCHHO-T1IPOCKOJIOTIUHOT HeOe3MmeKu
[Mpukapmarts (LUIIITIHIT) mis  mepembadeHHS Ta  ITOMOJIAHHS — HACIIIKIB
katacTpodivHUX NMaBoAKiB. TibKH 32 OCTaHHI POKH TaKUX BOJOMLTE OyIo jBa: y 2008
ta 2020 pp. OcranHili 0yB nporro3opanuii me y 2014 p. aBTopom [7] Ha OCHOBI
ICTOPHKO-T€ONIOruHOI, TeoMOop(doJoriyHoi, mnaneoreorpadiuyHoi, apXeoNorivHoi,
JITOMICHOI Ta IHCTPYMEHTAIBHOI MTEPiOANIHOCTI HEOE3MEUHNX T1IPOSKOJIOT IHIX Ta
THIINX eKcTpeMalibHUX mporeciB. Came Ui pO3BUTKY IbOTO HampsiMKy Hayk mpo
3emJIr0, EKOJIOTIT, apXeoJIorii, KiimMaroorii i 0yB crBopenwuii LITITITTHIT.

Hakonmmuena mnpupomoszHaBya iH(opMamis [O3BOJHMIA aBTOPY BHAUTUTH
Mpo0JIeMH TTePIOAMYHOCTI PO3BUTKY 3eMJIi Sk 00’ ekTa BeecBiTy, HamIoi rajJakTHKH
Uymanpkoro nuisixy, COHSYHOT CUCTeMH SK CyOCTpaTy, Ha SIKOMY 3 SBHIIOCA 1
PO3BUBAETHCS KHUTTS, i Ha SKOMY JIIOACTBO BIUIMBAa€ Ha Horo 30epexenHs. Lle
BHJIMIIOCH ¥ PO3POOKY CHCTEMH TIEPiOAMIHOCTI PO3BUTKY 3EMITI.

Yomy mepiofuuHicTh, a He Tiepioan3amis? ToMy 1o 11e — NPUPO/IHI, a He MTYYIHO
BU/IIJICH] BIITUHKH PO3BHUTKY HAIIO1 IUTAHETH 1 BCHOTO, IO HA Hill yTBOPHIIOCH.
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The slopes of the Dniester river valleys of TI-VII terraces

o = ==  KOHTYPW paioHis
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* Haceneki NyHkTH

riapomepexa

-

Hamri ixei mpo nepioguuHicTh PO3BUTKY 3eMJIi HAPOAMIKUCH JABHO, IIE Y TEPioj
po0OTH HaJ IOKTOPCHKOIO nuceprauiero B 70-Ti pOKM MHUHYJIOTO CTONITTS. Bonu
PO3BUBAIMCH 3aBISIKH TEOMOP(OIOro-Te0TEKTOHIYHIM JOCTiIKeHHSIM Ha CHOipchbKil
mwiatdopwmi, y Cassaax, Monroutii, Ha Anrai, y Kazaxcrani, Kupruscrani, Y30ekucrani,
Tamxukucrani 1 Typkmenii. [licis Moro moBepHEHHS B YKpaiHy BOHH YKPIITHAINCH
npu BuBYeHHI CxigHo-€Bpomeiicbkoi Mmatgopmu Ta Kapnarcekoi ripchko-
CKJIQI9aToi CUCTeMH. [nel mepiouaHoCTi PO3BUTKY 3eMJIi 3HAXOMATh PO3YMIHHS Ta
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miarpuMky 3 0oky kepiBHunra IOHTYHI', 30kpema pekropa akamemika HAHY
€scraxis KpmxkaniBebkoro, nepiioro npopekropa Onera Mannpuka Ta iH. Hami igei
(dopMyBaNUCh y Tapauux IAHUCKYCisiX Ha YOPHOTIPCHKOMY CTallioHapi Ta OMOPHUX
po3spizax antpororeny Ilepeaxapnarts, [Toxins i [lomices, 3a o Mu BAS9HI KOJeram
ApocnaBy KpaBuyky, Amngpito borympkomy, Mukom IIpuxompky, SApocnaBy
AnameHnky ta GarathboM iHIMM [6, 7, 9, 20].

[Ticns katactpodiuamx maBomkie 2008 1 2020 pp. BUHHKIA HEOOXiTHICTH
MIPOCITIAKYBATH PO3BUTOK WX HEOE3MEUHHX SBUIII B ICTOPUIHOMY IUTaHi, CIpoOyBaTH
nporHodyBatn  ix. IlpoGmema mporHo3yBaHHs — KaTacTpo(iuHUX  MaBOAKIB
pO3TISAETEC HAMM SIK Tpiaja i3 TppoX wyacThH. llepmia — 1e MporHo3
TEPUTOPIATTbHII, TOOTO Ky TEPHUTOPI0 OXOMHUTH HACTYITHHI MaBOAOK (puc. 1), apyra —
e AKol aKTHUBHOCTI OOCsATHE HeOe3leuHe BOJOMUIISA, TOOTO 10 SIKOI BUCOTH
miHIMETbCA MABOJOK (pUC. 2), 1 TpeTs — I YacoBHH NPOTHO3, TOOTO KOIU e
BimOyaethes. [lepiri 1Bi acTHHY BXKe JOCTATHRO MIOBHO OMICaHI HAMH y TIOTIEPETHIX
nyOsmikarrisx [2-5], a TpeTiii — 4acoBOMY IPOTHO3Y — MPUCBSYCHA I15 CTATTS.

800

—
IV VAATRATYYA

=
E
£

-_
—]

ggmcjmﬁﬂﬁﬁimggﬁmﬁﬁﬁm%m

o R R 88 EE5 & S 3%

g g egeegsgaege
Poku

Puc. 2. Cepenupopiuni Butpatu Bomu piku Jrictep y M. [Nammy

I'Iporuolaosauvw“l
nasogok 2020p.
3

YacTora NoBTOPIOBAHOCTI NOBEHEH

S N [ IS S E— 1 1 ! 1 - L N N S IS W S— S E— — —
a4 5 6 7 8 9 10 11 12 13 14 5 16 8 20 21 23 25 26 36 41 48 78
InTepsan nosroproBaHocTi (8 pokax

Puc. 3. YacoBuii mporHo3 — rpadik 4acTOTH MMOBTOPIOBAHOCTI KaTacTPO(IUHMX MABOAKIB
yepes iHTepBAM B 1, 2, 3,...16, 18, 21, 23, 25, 26, 36, 41, 48, 78 pokiB
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OTxe, aKTyalmbHICTh MPOOIEMH YacOBOTO MPOTHO3YBaHHS 0€3 CYyMHIBY OyXe
BaknuBa. L[bOMy MUTaHHIO 1 MpUCBSYEHa Hala poOoTa.

3B'A130K po0OTH 3 HAYKOBUMH NMpoOrpamMamMu, JiaHamMu, TeMamu. Bukmangaui
kadenpu exomnorii IDHTYHI' BuKOHYIOTh HayKOBO-IOCITiAHI POOOTH 3a paxyHOK
CBO€1 OCHOBHOT po0OTH, 110 (hiHAHCYETHCS 3 AepKaBHOTO OI0/pkeTy YKpainu. Lle —
biznec-mman LIIIIITIHIT na 2021 p.: m. 5. IcTOpHKO-T€OJIOTiYHI PETPOCIIEKTUBH
MepiOJUYHUX TIPOSBIB MABOJKIB y MPOCTOpi 1 Haci, mo mepeadadeHo TaKoX y
Crparerii Ha 2021-2023 pp. Ta I[Tonoxenni npo LITITITIHIIL.

I3 icropii ocramnix pocaimxkenr Ta myoOaikaniin. Hemae cency mnmcatu
YOTUPBOXCOTJIITHIO  ICTOpir0  JochijpkeHb [amuuumnum, pomuaun  JlHicTpa,
JuicTpoBchkoro KaubiioHY, Bin borurana (1650 p.) mo HesamexHOi YKpaiHu
(1991 p.), Tomy 110 TIPO IIe BXKE OaraTto HAMMCAHO 1 aBTOPOM CTATTi, i Garatbma
iHmmMHu gociigaukamu [2-5, 7, 10, 13, 15, 16, 18-20]. Biggamo 1many 4ucieHHUM
(bpaHIly3pKHM, aBCTPIHCHKHM, YTOPCHKUM, CIOBAIlbKAM, PYMYHCBKHM, ITOJIBCEKAM
Ta YKpailHCBKUM TIPHPOJO3HABILIM, SKi /Al BCECTOPOHHIO XapaKTEPHCTHKY
reojiorii, reomopdodorii, reorpagii, mangeoreorpadii, a 0coOJHBO JIICOBOMY
rocrnonapcTBy. MUHyNIH TONBCHKUH, paisHCHKUI eTamu mociikeHb. OCHOBHI
MOJIO’KEHHST IPUPOO3HABYOI Taly3i Mepe MOYaTKOM CY4acHOTO — yKpaiHCBKOTO
erarry gociuimkedb omyomikyBamm . C. Kpasuyk [9], 1. II. Koampuyk [8],
A. B. Boryupkuii [20], M. Lanczont [27], St. Alexandrowich [19], M. Kotarba [3],
O. M. Mapunnu [11], C. A. Mopos [12], XK. M. Marsiimmna [10], . O. 3opin
[6,7,18], T. 1. Pyaeko [15], SI. O. Amamenko [6], B. M. Tynymak [3, 7],
O. M. Tpodpumuyk [16], JI. M. Apxunosa [7], C. FO. bopruuk, B. I1. Ilanienko,
@. /1. 'amop Ta Oararo-06araro iHmux. YecTs im i xBaa!

Ane HaM Ui BU3HAYEHHS NEPIOJUYHOCTI PO3BUTKY 3eMJili HEOOXiaHI CydacHi
JOCTDKEeHHS 1 myOuikamii reogi3uKiB, TI'eOXiMIKiB, METPOJIOriB, apXeoJIoriB,
acTpo(i3uKiB i3 3araJibHUM OaueHHSIM 3eMJIl B MIJIOMY SIK KOCMIYHOTO 00’€KTa, TaK
1 TEpMOSIIEPHOTO PEaKTopa, BCEPEIHI SIKOTO «KHUILIHUTHY BEIETCHChKA EHEepris, 1110
00’eJIHyEe BCIO Hamly TUIAaHETy B €auHe Iiie. ToMy MU 3BEpHYJIUCH IO TIpallb
CMITCOHIBCHKOTO 1HCTUTYTY y Bammarroni, My3seto ictopii mpupoau y Hero-
Wopky, Bpurancekoro mysero B JIOHIOHI, IHCTUTYTY TAN€OHTONOrI JNIOAMHH Yy
[Napmwki Ta IHIUX aBTOPUTETHUX IHCTUTYHIH [23] 3 METOW OTpUMaHHS
HAHOBITHILIMX CBITY€HB NPO iCTOPif0 3emJi. 3HAYHUIN POPHUB y IbOMY HAJIECKHUTh
«BCECBITHBOMY OKY» — KOCMIYHOMY Teneckorry Xab0Oma (puc. 4), Skuii 3HA49HO
po3mmpuB 3HaHHs Ipo Beecsir, ranaktuky Uymanpkuit nuisix, COHsIUHY cucTeMy, il
okonuti — xMapy Oopta Ta nosic Koliniepa, a Takoxx BiZIKpUB JlajieKi CBITH. B miboMy
IUTaHI MiATBepAWIKCh o0y moBu Mojeii Beecpity Trinh Xuan Thuan [31].

3HauHO 3HM3WIACH KatacTpodiunicTs aeskux npoueciB (Hadac Emil, [26]), 3a
PaxyHOK  «BCTaBOK»  C€BOJIOMIHHHMX  MOJMI  CIHPOCTHINCH  MDKperioHaibHi
crparurpadiuni  kopensmii  (H. Maruzak [28]). 30umbmmiaack  KUIBKICTh
naneokmMaTnaHux gociipkens (M. ®@. Bexmuu [10], W. 1. Gates [22]) sk y
3araJlbHOMY IUIaHi, Tak 1 ocoOumBo Me30301icbkoi epu (Juan Karlos Alonso [33, 34])
IPU  ACTAJIbHUX JIOCHIDKCHHSAX JMHO3aBPiB. YTOYHEHA ICTOpIsS IMBUII3AIlii,
MOXO/KEHHsI JIIOAWHU BuKJIaneHa B podorax O’Reilly Billy Dugart Martin [29],
S. Wells [32], Xapenbepra bomo, M. Epoe, K. Ecenepa Ta in. [17], Y. Harary [24],
D.Clark [21]. Oco0muMBO BHM3HAYHUM € JOCIIKCHHSA Treodi3nKa-reoxiMika
R. M. Hazen [25], axuii po3kpuB JeTajii HaHTaBHININX €OHIB I'€OJOTIYHOI icTOpii
3emni — ragest Ta apxes. LlikaBumu € #ioro BinTBOpeHHs BUrsay 3emii i3 KocMocy
y pi3Hi eTanu po3BUTKY: YopHa 3emis, bnakutaa, Cipa, Pyna, CHixkaa 3emirs.
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I3 3arampHOrO oOmmcy 3emii SK 00’€KkTa TEONOTii BIAMITHMO MOHOTpadiro
. ITanmepa 3a pen. Hxeiimca Jlepa «3emisa» [14].

i pobotu € cydacHUM QyHAaMEHTOM, Ha sKOMy OyayBajach cUcTeMa
MEePiOMIHOCTI PO3BUTKY 3eMITi.

Puc. 4. Kocwmiunnit
kopabenms  «JluckaBepi»
Ha NUIXYy Yy BIAKpUTHH
KOCMOC 3 KOCMIYHHAM

TelgeckomoM  «Xabom»
(HST)
(Poto HACA / €KA)

BukJiag 0CHOBHOT0 MaTepiary

[lobynoBana aBTopoM CucTeMa MEpiOAMYHOCTI PO3BHTKY 3emuti (Tabmurms 1)
PO3KpHUBAE yCi MOXIIMBI Taly3eBi MEPiOAMYHOCTI, SIKi MOKHA BUKOPUCTATH JUIS
Y4acOBOTO TIPOTHO3Y.

Kocmiuna nepiognuHicTb. | mopsmok nepioAndHOCTI — ralakTUYHUHN PiK — Le
cuHycoina 3 JMoBkuHOK XBwii y 240 miH p. Yke BinOysochk 19 rajakTHYHHUX
(KOCMIYHHUX) POKIB. 3 JaBHIX-TaBEH HaIllll MPEAKH I[IKABUIMCH 30PSHUM HeOOM,
cKiIafgany MiidHi MOSICHEHHS NpUpPOAHUM sBulaM. OKpemi YSBIEHHS YBiHILIH
HaBiTh y biOmiro Ta iHmm pemniriiiai moctynatu. HaykoBi qociimkeHHs 3’ IBUIIHCS B
enoxy BinpospkeHHst i Oyim OOrpyHTOBaHI IOSIBOIO TellecKOoNa Ta MOOYIOBOO
MaTeMaTHYHOro amapary ¢opmanizauii mucierss. Y XIX-XX cTomiTTsx, B mepioxa
IHCTPYMEHTAJIbHUX CIOCTEPEKEHb, OCOOIMBO MICHA KaTacTpoiuHUX MaBOAKIB
1911, 1927, 1941, 1955, 1969, 1980, 1988, 2002 ta 2020 pokiB, KOCTIIKEHHS 1
myOJTiKallii OXOMWIM MIMPOKE KOJIO HAYKOBMX NPOOJeM: rio0alibHi KIiMaTU4HI
3MiHH B OIK MOTEIUIiHHS, OaJaHC Telia — XOJIOIY, 3BOJIOXKCHHS — apHau3allii,
37€JIeHiHb — MDKJIBOJJOBUKIB S Ta iH.

CrBopeHHs1 BeeciTy Oyo mepexo/ioM i3 HiYOTo y II0Ch, 110 3aTHINAETHCS 11032
paMKamu cy4acHoi Hayku. € KiJlbKa aJlbTepHATHB 100 1osBu Beecsity: 1) e nqokas
icHyBanHs bora-TBopiyt; 2) me mpouec caMOpo3BUTKY; 3) 1€ BTPYYAHHS SIKMXOCH
CYTHOCTEH 13 iHmoro (He Hamoro) BeecBity, siki «3amycTiim» MexaHisM Benwkoro
BUOYXY 1, HapemTi, 4) e Brpydanns HJIO i3 inmux BceecBiTiB, SkuM 3arpoxyBaia
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3aru0esb, 1 BOHH MPUIETIIM y TOYKY Bemukoro BHOYXy i BKIFOUHIIM HOTO, MO0
CTBOPUTH HOBUH CBIT A CBOro cmaciHesa. Ham 3maerhcs, mo mnepmni JBi
aIbTepPHATHBY HaHOLIbII KMOBIPHI, ajle JOKa3iB y HAC HEMAaE 1 MOXKHA JIUILE BIpUTH.
Barato pokiB ToMy BHIATHHHA HIMelbKHHA HarypamicT i ¢inocod Immanyin Kant
ckazaB: «Haitbinbie mere nuBye BeecBitT HaBko1o MeHe i KocMoc BecepenHi MeHe».

Tabmums 1

o
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I'eonoriuna nepionumuuicTs (Tadmn. 1) BupakeHa 9O0THpPMA MTOPITKAMHU CHHYCOIL
IL OI, IV i V — 1750, 1650, 41 i 14 muH p., SKUMH TPOSIBIAIOTECA TEKTOHO-
MarmMaTH4Hi (re0TeKTOHIYHi ) IIMKIIM, EMOXH, €TaH i (asu. IX BHyTPIILHIO CTPYKTYpY
poskpuB R. M. Hazen [25]. Buepme oxapakTepu3oBaHUN TaneHChKH €OH,
aHAJIOTOM SKOTO B YKpaiHCHKifl HAayKOBiH JiTepaTypi € TIanOoKuilt JokeMOpiid abo
panHiii apxei. Ha3pa «rajelicbkuii» MOXOAMUTH BiJ iMEHI aBHBROTPEIBKOro Oora
mig3eMHoro cBity ['azmeca, Bimomoro sk Ain, Ainone#t, y pumisia — [Imytos [25].

Ha py0esxi ramero Ta apxero 3’ IBUIHCH TEPII KAB1 OPTaHi3MH — OTHOKJIITHHHI
npokapiotu (puc. 5). LlikaBi maHi oTpuMaHi 3 TMPOOJEM CITIBBIIHOIICHHS CTaJii
TEKTOHO-MarMaTHYHHUX LHUKJIIB 3 sIpycaMd TeOXPOHOJIOTIYHOI MIKaiu. TeKTOHO-
MarMaTU9Hi OHKJIA TPUBATICTIO 175 MITH p. BHOUIAIOTH HA OCHOBI NMPOXOIKCHHS
yCiX CTafiii TEOTEeKTOHIYHOTO PpO3BUTKY — OKEaHiyHOi, T'COCHHKIIIHAIBHOI,
CKJIa[4acTO-TOPOYTBOPIOBAIBHOT i Matdopmosoi. Ix Tpusamicts — Big 30 1o
50 MiH p., 3a BHHATKOM CHIypiiicbkoi rmiardopmoBoi (13 mmH p.) i Momommx
MaJIeOreHOBUX — reOCHHKIIIHANBHUX (21 MitH p.) 1 tiratdopmosoi (11 miH p.).

Kancyna

KniTunna crinkg
Irasmanema

[lnronnasma

Pubocomu
[Mrasmina

ITim (pimbpid)

Jixrymix
Hyxneoin
(xusuesa JIHK)

Puc. 5. HalinaBHiun MikpoopraHi3aMu — OJTHOKJIITHHHI OaKTepii MPOKapioTH.
36inbiieHo y 100 pasis. [aneit, 2,8—3,0 miapa pokiB Tomy, Kanana

Spycu (BikM) BHIUIAIOTBCS Ha OCHOBI 3MiH (payHiCTUUHMX KOMIUIEKCIiB, IO
BeneThes mie 3 XIX cr. (M. Heiimap, 1902) [13]. Lle BinOyBaeThcst He TUTBKH 3TiIHO
31 3MiHAMU ICTOPUKO-TE€OJIONTYHUX YHHHHMKIB, a ¥ 3a 3aKOHAMHU T€HETUKHU. SIK muiiie
Bimomumii cydacHuii HaykoBeunb S. Wells [32], cnowarky y JHK BimOyBaeThcs
MyTamis (3MiHU KOAY, TIOMMJIKA, HECTIOAIBaHUH BIUIMB 30BHILIHIX MPUYUH Ta iH.).
Takux 3MiH y KOXHOI ocobu OyBae 10 30 mporsaroM >KUTTS. SIKIo MyTarfist
3aKpITUIETBCS, TO BiJOYBA€THCS HAKONMWYEHHS iX 1 TAKHUM HUISIXOM 3’ SIBIISTIOTHCS
HOBI (DayHICTHYHI KOMIUIEKCH.

I3 Tabnuri 1 BUAHO, MO TPUBAIICTS sIpycy (BiKY) 3 KepiBHUMHE (opMamu (ayHU
uyu, piame, ¢uopu ckiamgae Big 5—6 mo 9-11. Illo Moxe BIUIMBATH Ha TakKy
nepioanuHicTh? CKoOpille BChOro — 1€ 3aKOHOMIpHI 3MiHM MAarHiTHUX MHOJIOCIB:
MiBICHHUH TepeMillyeTbcs Ha Micle MIBHIYHOTO, a TOW — HAaBIaKW.
[TameomMarHiTONOTH HapaxyBald NECATKH TaKWX 3MiH TPUBAJICTIO BiJl KiTHKOX
MUTBHOHIB 70 COTEHb THCAY POKiB. MM >xuBeMO B emoxy bproHec (octaHHi
700 tuc. p.). Ilepen Hero Oymna mnaneomarHiTHa emoxa MarysMa TPHUBAJIICTIO
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2-3 mutH p. [onrocu nepeMilyoThes JOCUTh MOBUTEHO — 10 THCSY poKiB. SIKIIo e
MPOLIEC TPUBAE KiJIbKa MUTLHOHIB POKIB, TO II€ 1 Mpu3BoaAUTH 10 MyTamii B JJHK i
3MiH OJHUX (PayHICTUYHUX KOMILICKCIB iHITUMH, TOOTO HOBUMHU. 31a€ThCS, 10 MU
HaOJIM3WIINCH [0 PO3TAIKH IHOTO ICTOPHUKO-TEOJOTIYHOTO SBHINA, X04Ya «3aBica»
JIUTI TIPHUBIAKPHUTA.

I'eomopdonoriuna nepioguunicts — e 1V (45 mau p.) 1V (10 MaH p.) nopsiaku
MepioUIHOCTI, OOYMOBIIEHI 3MiHaMHU €TI0X BHPIBHIOBaHHS pelbedy Ta ermoxamu
oro TAMOOKOTO PO3wWIEHYBAaHHS IIiJ] 9ac TOPOYTBOPIOBAIBHHUX TIPOIIECIB, SIKi
KEPYIOTbCSl PyXoM JiTocepHux miuT. ['MuOOKi KimiMaTH4HI 3MiHA TPH LBOMY
CIpUSIOTh BHBITPIOBAHHIO TipCBKUX TOpiA HA IOBEPXHIO BUPIBHIOBAHHS JI0
TiApOCTION, KAaOoNiHITIB, MOHTMOPIOHITIB, mnaTepuTiB. lle mopomxye Oararo
PI3HOMAHITHUX POJOBHI KOPHUCHHX KONAJIMH — PO3CHITHOTO 30JI0Ta, AIMas3iB,
IJIATHHHU, OOKCHTIB Ta 1H.

I'eomopdornoriunuii eram po3BuTKy 3emiui OyB OaraTuM Ha Pi3HOMaHITHY
POCIUHHICTD — apayKapii, TiHKr0, TAallOPOTHUKOBI, CaroBi Ta iH., 0 IO BEIIUKY
Macy POCIHMHHOI 1K1 AJis TIraHTiB CyIIi — TUHO3aBPiB (pHC. 6), IKUX HAPAXOBYIOTh
1o 1000 BuxiB. Okpemi gocsararots 1oBxkuHA 30 M, Bucotn 10—15 M i Baru Gubine
100 tonH. Enoxa nuHO3aBpiB MOKJIaja MOYaTOK €Moci NTaxiB, KPOKOAMIIIB, BOJHUX
iXTi03aBpiB 1 T. iH. A y MiAJICKY, 30BCIM CKPOMHO, 3’SIBHJIHCH II[E€ Y TPiacOBOMY
nepioi HaII JaneKi mpamypu — ccapii (puc. 7). BoHH Mamu BUTIISLI 3eMIIEPHIAOK,
MUIIIeH 1 HivnM cebe He BUIaBajy MOpyY 3 TPI3HUMH 3BipOSIIEPAMHU.

OnHi€r0 i3 TONOBHHUX MOAINA TeoMopdoIoridyHol mepioandHoCTI (Me303010) OyB
posnan eauHOro MaTepuka IlaHrei, B3OBX PO3KONY SIKOTO y 30HI CIPEIiHTY
(hopMyBaIHCh 1Ba HOBUX KOHTUHEHTH — MiBHIUHMA JlaBpasis 1 miBaenHuii I'onnBana.

Y Me3030i — naneoreHi — cepeITHLOMY IITIOLEHI 3eMIIs IEPekniIa HU3KY KPYITHUX
KOCMIUHHMX KaracTpo( — 3iTKHeHHs 3 actepoimom [lomuraii Ha miBHOYI SKyTii y
paHHil Kpeiiai Ta actepoinoM Yykcymy0 y mi3Hii Kkpeiai — 65 MIIH pokiB ToMy, Ha
niBoctpoBi OkaraH, naneoneH-eoUeHOBUI TepMIUHUI MakKCUMyM — 52 MIIH POKIB
TOMY, CHaJaxW HAJHOBHX 3ipOK, MPOJIOBKEHHS y PaHHbOMY Tpiaci MEepMCBKOTO
rI1o0aIbHOTO BUBEPXKEeHHs TparliB y Cubipy sik HacliIOK aHTUIIOAHOTO eEKTy Bij
3iTKHEHHs 3eMJli 3 AHTapKTUYHUM acTepOiIoM.

Puc. 6. [1i3HROOPCHKUIT OPOHTO3aBP. .
AmepukaHChKHi My3eit icTopii npupoau y Heto-Hopky [14]
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Shenshou lui

M went _/\.ﬂowu,w

Maca mina: 10 yruid (03 rinowpasa)

Puc. 7. Hami maBHi npamypu — niepimi ccasii. Tpiac Kurait [33]

VYce me mpu3BOAMIO A0 MacOBOTO BHMHUpPaHHS YChOTO JKHBOrO Ha 3eMii —
MPOSIBUJIOCH BHMHUpAHHS Ha pyOexi Tpiacy 1 IOpH, CIPOBOKOBaHE CHAJIaXOM
HaJHOBOI 3ipKH.

Mes3030iicbka 4yacTHHA reoMOP(OJIOTIYHOIO eTamy nposiBuiack IV (45 miuH p.),
a najeoreH-cepeaHboMioneHosa — V (10 MiH p.) mopsaKamH.

IIaneoreorpagiuni mepioguyHocti (tabn. 1) cepex ycix iHIIMX SBUINCH
HaMOLIBII MOBHUMHU, 3 KiJIbKOMa pO3MipaMH CepelHbOI JOBXHUHU XBHIII CHUHYCOI,
SIK1 X BIITBOPIOIOTH. Ma€eMo BIKOBI MiAPO3AUIN — SIKi JO3BOJISIOThH BIJIHOBUTH MOJIIT,
BiJI KiJTbKOX JECATKIB 1 COTEHb THCSY POKiB 710 | pOKy.

Puc. 8. Mammuthus primegenius i3 CrapyHi, 1907.
[Ipupono3naBumii my3ei, JIpBiB. PectaBpoBanmii y 2019 p.
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VI mopsimok maneoreorpadiuHoi mepiogumgHocTti ¥ 9000 poOKiB BUSBICHO
R. Stephanowich-Rybka [30] y pospizax OioreHHMX HamyiqiB, TJIUH i TOpQiB
CTapyHCBKOr0 TaJCOHTOJOTIYHOIO MiCIe3HaXO/DKeHHs: MamoHTa Mamunthus
prinigenius Blum (puc. 8) i BosoxaTux HocoporiB Rhinoceros antiquitatis Blum

(puc. 9) [3].

Puc. 9. Hocopor Nel i3 Crapyni. Bicninceke 3neneHinns, 45-15 Tuc. pokiB ToMmy.
[Mpupono3nasumii myzeiit HAHY, JIbBiB

VIl nopsinox mnaneoreorpadiunoi nepioguunHocti — ne 1830-piuni emoxu
3BosioskeHHst A. B. IlniTtHikoBa Kacmilicbkoro Ta A30BCBKOTO MOpIB,
TUTIOBi1aJIbHUX Ta apinHux emox y Caxapi, Cepenniii Ta LlenTpanbhiil A3ii.

VIII nopsinok naneorpadiunoi nepiogusauii (800 p.) — 11e AEHAPOXPOHOIOTiYHA
nepiogu3anisa 1o piYHMX KUIBIHMX Ha croBOypax naepes [1]. Haitmosmri nepiogau
BigHOBieHI 1o cocHax Kamidopnii (Crexxka Madycaina, cocan IlBernii) Ta mo
«CTPIYKOBHX TJIMHAX» MIiCISUIbOIOBUKOBUX 03ep ocTpoBa ['otnann y banrificekomy

MOpi.
VIII i IX mopsiaku (650, 600 p.) naneoreorpadivuHoi MepiouIHOCTI IEPEXOIAThH
y MmikpouukJaiuny mnepiogumyHicth rojoneny (XIII mopsmok — 11+), sika

0OIpyHTOBaHA MATCONEOTIOTIYHIUMHU Ta MAJCONATiHOMOTIYHUMH KOMIUIEKCAMHU T10
0araThOXx PO3pi3ax IPYHTOBO-TICOBHUX Cepil. ABTOp, SIK 1 MepeBakHa OUIBIIICTh
JOCIITHUKIB TOJIOLEHY, JOTPHUMYETHCS TOYKH 30py, IO TPHUPOJA TOJOLEHOBOI
MIKPOITUKJIIYHOCTI MOB'SI3aHA 3 KOCMIYHUMHU MPUYMHAMH: KOJUBAHHIMHU COHSYHOT
akTHBHOCTI 3 mepiomom 11 (+1,6) pokie, 3miHamMu mapamerpiB opOitu 3emmi —
SKJIINTHKH, BIIXWJICHHSM i 0Ci, MOnIepeMiHHMM OOMIHOM ITOJIFOCAMHU.

JIeHAPOXPOHOJIOTIYHA TEPIOANYHICT Ja€ MOCUTh JCTANBHUI MaTepian ax a0
OJHOPIYHHMX KOJIMBaHb KJIIMaTy, ajic BUBYCHA HEJOCTaTHBO. B YkpaiHi € Hemana
KibKicTh THCSAYONMITHIX AepeB y Kapmatax, Ha CroGoxanmuni, IToxainpost. Ix
CTOBOYpPH MOXKHA BHBUATH, BifOMpArOud KEpHH, 30BCIM HE CIMIIIOIOUH JAEpeB. IX
TUCSYOIITHIO ICTOPiF0 MOYXKHA HAPOIIyBATH IIE Ha KiJIbKa COTEHb POKIB 32 PAXyHOK
JiepeB'sTHUX OpPYCiB, IEPEKPUTTIB, OTOPOXKOK aBHIX oprenp y Tycrani, Kam'siHels-
[oxinecrkomy, XotuHi, binropoa-/IHicTpoBCHKOMY Ta iH.
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ApxeoJioriuna nepioguunictsb (Tadn. 1) — X mopsmok nepiomuanocti (500 p.) —
1Ie MOosIBa 1 PO3BUTOK AaBHBOI moaunH (puc. 10) [17].
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Puc. 10. Ponosin nroauau

UodiHesaL| |

saLiuouedloay
eLIWS eHUTOH
ehtoxowsdu
analreldaiiHeay
qhaHouaHewod

JertanbHi TOCTIKEHHS! ME3030HMCHKOI €ph JIO3BOJISIIOTH 3HAYHO «IOHU3UTH)
1I0YaTOK JIIOACHKOT icTopii. [i MOTpiGHO MOYMHATH He 3 OJIrOLEHOBUX JEMYPIB,
a 3 MOSIBU CCaBIlB IIe y TpiacoBomy mepiozi, 200 miH pokiB Tomy. Lli ManeHbki
TBapUHKU YK€ Maji IUIAleHTYy 1 HapO/DKyBald JAITOK >KUBHUMH, IO Oylo Iyxe
MPOTPECHBHOI0 TEHETUYHOIO O3HAKOW, IMIOPIBHSAHO 3 JUHO3aBpaMH, SKi
PO3MHO>KYBAJIMCh BiAKJIQJIAHHSIM SI€LD.

Benuky poins 17 mepiofUHOCTI iCTOPIT JIFOICTBA MAJTH apXEOJIOTIYHI PO3KOTIKU
JIABHIX CTOSHOK €IOX OJIyBes, JOIIes, INelisi, MYChTe, OPHHBSKY, COIIOTpE,
MajseHa. JlocsrHeHHs! TeHeTHKH J103BOJIMIIN 3HAYHO CKOPOTUTH KUIBKICTh BUIB, AKi
BHUSIBWJINCH PET1I0HAIIEHUMH, IO €AMHOTO BUay Homo erectus [17].

XI nmopsimok mepioguunocti (300 p.) — e icTopia wmBiti3zamiii, 110 pPO3BUBAIUCEH
Ha TepuTopii HUHIMHBOI YKpaiHW, MPOTATOM JBOX THCSY POKIB BiJ| KIMMEpIHIIB
OpoH30BOI 100M, cKiiB 3ami3HOT 100H, capMmariB 10 cioB’siH Kuiscbkoi Pyci.

[loemHaHHs 3ycHiIb apXeoJIOTiB Ta iICTOPHKIB BIIKPHUIO HE TUIBKH ITOAPOOHII
ICHYBaHHS HaIlIUX TIPEJIKiB, a i MPUYMHY 1X Mirpaniii i3 LlentpansHoi A3iily €Bporry.
Takoro TUPUYMHOIO CTald NEpPIOAWYHI 3MIHM KJIIMary, MO0 pPyXaldd BeIHKi
nepecesieHHs HapOoIiB 31 CXOAy Ha 3axil.

XII mopsinok nepioguanocTi (33 p.) — e JiTonucHa nepiognyHicTh (Tadn. 1)
ocranHix 1000 pokiB: CrIo4aTKy TEPMIYHUI OITUMYM KiHI[SI TUCSYONITTS 10 Pi3nBa
XpucroBoro y XII cT. H. €. 3MiHMBCA MaJIUM JILOJOBUKOBHM IEpPioJIOM, a B KiHIII
XVIII — na mouatky XIX cT. — Cy4acHUM MOTETUTIHHSIM.

XII mopsimok niepiouunocti (11 £ 1 pik) —11e cydacHi 3MiHU COHSYHOT aKTHBHOCTI
(11-piuni yncna Bonkda), 110 cBig4aTh NPO BILIMB KOCMIYHUX YHHHHUKIB.

B ocranHi poku akTHMBi3yBaJMCh KaTtacTpo(idHi MaBOAKH, CIEKOTHI MEpiony,
MOBEPHEHHS XOJIO/IB BIIITKY, MacOBI 3CyBHI TPOILECH, IO € PEe3yJLTaTOM
rJ100JILHOTO KIIIMATUYHOTO TMOTEIUTiHHS, TOB’SI3aHOTO SIK 3 NMPUPOJHMMH, TaK 1
TEXHOT€HHUMH TNpUYMHaMu. UM BUHMKaIM Taki CUTyalii paHime B Te0JIOTidHid
ictopii 3emi? Uu MokHa 1X niepe0adnT B MaiOy THHOMY, 1100 3ar00irTd MacoBii
3arubeni Jomelt abo BChOro JrOnCTBA.  Taki THTaHHS — MPOLTIOCTPOBAaHI
MiZICYMKOBOI0 CHHYCOI0K0 — SIK pe3yJIbTaT HakJaJaHHs yCiX 13 mopsakiB CHHYCOIx
(Tabm. 1).
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AHaN3yl04d YHACIEHHI JOCHI[DKCHHA TJO0OANbHUX KIIMAaTHYHHAX  3MiH
3apyODKHUX Ta BITUYM3HSHMX BYCHHX, aBTOp MNOOyAyBaB rpadikd Ti100aIbHUX
KJIIMATHYHUX 3MiH, SIKi MOSICHIOKOTHCS K KOCMIYHMMHU (TaTaKTHYHI POKH), TaK i
3eMHHMH NIPUIHHAMHU — TEKTOHO-MAarMaTHYHUMH €M0XaMH PO3BUTKY 3€MHOI KOpH.
OcTaHHI TTOYMHAIOTHCSI AKTUBHUMH PyXaMH JITOCPEpHUX IUIAT 1 3aKiHIYIOTHCS
CKJIaJYacTiCTIO Ta TOPOYTBOPEHHSM, IO IPU3BOAMUTE JI0 MOXOJIOAAHb 1 31IeICHIHb.

OTxe, y IpOTHO3yBaHHI MMAaBOJAKIB € TPW CKIAJOBI: MepIIa — A€ BOHU MOXYTh
MPOSIBUTHCH, IPyTa — MAKCUMAJIBHO MOXIIMBHH M1THOM BOJH 1 TPETS — KOJIM HACTaHe
4yeproBuii karacTpodiynuii maBogok. llepmri ABI MM MOXXEMO HpPOTHO3YBaTH 3
HimoBipHicTIO 75—-80%, a TpeTIo — MOKH IO TIIBKH 3 HMOBipHicTIO 50%.

OO0roBopeHHs pe3yJbTATIiB Ta BUCHOBKHU

OcHOBHI mpo0yieMH, 10 BUCBITJICHI y i CTaTTi, IPYHTYIOThCS Ha JETaTbHOMY
aHamizli KOCMIYHOi, TeoloriuHoi, reoMopdonoriyHoi, mnaneoreorpadivHoi,
apXCEOJIOTIYHOT, JTITOMMUCHOI Ta IHCTPYMEHTANBHOT iH(pOpMAIlii.

1. KocmivHa TepioAWYHICTh 3aKiIafa€ OCHOBH YCIM IHIIUM TepepaxOBaHUM
BHIIlE PUTMIYHAM TIPOSIBAM KOJHMBAaHb MPHUPOJHUX IMPOLECIB, Y TOMY YHCIHI 1
KatacTpoiYHUM MaBOJKAM, Yepe3 sKi i MoYauch Hallll TOCiPKeHHs. Baxkko B 11e
MOBIpUTH, aje depe3 OOepTaHHS HAMIOl rajakTHKH UyManbpbKOro MUIIXY HaBKOJIO
CBOTO WEHTPY KOXHI 225-250 MIH pokiB (KOCMiuHI a00 TaJaKTU4HI POKH)
(OopMyBaNKCh TaJaKTUKU 13 Ta30BO-TIHJIOBUX XMap-TyMaHHOCTEH, craiaxyBali
HA/IHOBI 3ipKH y TallaKTHKax, 3MIHIOBAJICh MOJIOCH MarHiTHoro mons CoHus 3
OJTHOTO TIOJIOXKEHHSI Ha 1HILE, BiI4yBaBCsl BILIMB BEJIETEHCHKOI utanetn HOmiTep Ha
acTepoimd 1 KOMeTH, W0 TPSMYIOTh IO 3eMii, aje IIiJ CHJIOK TpaBiTamii
BIIXWJISIFOTBCS, @ 1HOJII 3HHUIIYIOTHCS, HIOUTO IPUKPUBAOYM» HAC Bifl KOCMIYHHX
OoMOapyBaHb, — yce 1€ «3allyCKae» CKJIAIHUA MeXaHi3M B3aemojii 3emiti 3
Kocmocom.

BaraTto HOBOro Oyio BIIKPUTO B OCTaHHI JIECATHIITTS 3aBISKA KOCMIYHOMY
Tejeckory Xa00J Ta YMCICHHUM KOCMIYHMM KOPaOJsiM 1 CTaHIisM Ha Micsiib,
Mapc, Benepy, B oxomuui HOmitepa, Carypna, Ypana, Hentyna Ta Ilmyrtona, mo
xmapu Oopra Ta nosicy Koiinepa. Lle 3nauno posmupuno mexi BcecBity Ta
BiJJKPHJIO HOBI KOCMI4HO-3€MHi 3B’ S3KH.

2. llepiognunicTh mporeciB Ha 3emiti 6araTo B YOMY 3alI€)KHUTh HE TUIBKH Bij
BIUIMBY KOCMI4YHOi NMEPiOANYHOCTI, a ¥ HApOLKYEThCs Ha Hawid ma”eri. Lle —
SHJIOTEHHA TEOJIMHAMIKa, SIKY 3YMOBJIOIOTh TNTMOWHHI IIapu PO3PIIKEHOT Tapsayoi
(o xiIbKOX THCSY TpamyciB 3a LlenabcieM) pedoBHHHN Y 30BHIIIHEOMY sIpi, mapi [
HWXHBOI MaHTii, 3BiIKK Bropy /10 36MHO1 KOPH ITiIHIMAIOTHCSl KOHBEHIIIHHI Tedii Ta
IUTIOMH, 10 CTBOPIOIOTH 30HU CIPEAWHTY — PO3CYBaHHS MiX JiTochepHUMHU
TUTMTaMH, SIKI pyXaroTbcs 31 MBHAKICTIO 0 10—20 cM 3a pik, CTBOPIOIOYHM HOBI
okeaHu. ['eonoriyHa nepiogUUHICT OOYMOBJIEHA MOCTIHHOIO 3MIiHOIO PO3MOILITY
CylIl 1 OKeaHiB, BIUINBOM Pi3KUX KJIIMaTUYHUX KOJKBaHb BiJl apUIHUX ITYCTEIbHUX
JI0O BOJIOTH TPOIYHUX 1 MATEPUKOBUX 3JICACHIHb. YC€ 1€ YCKIAJIHIOETHCS
BUMNAJKOBUMH yJapaMH IO HaIliil TJIaHeTi acTepoiiB, METEOPHUTIB, MAIUX TIJIAHET,
criajlaxaMH Ha/IHOBHX 31pOK, KOJMBAaHHSIMH napamMeTpiB opOiT UyManpKoro nuisxy,
Consa4HOI cucTeMHU Ta camoi 3emJli.

3. Y mMe30301, majgeoreHi 1 HEOoreHi BIOOYJOCh KUTbKA €MOX BUMHUPAHHS:
MIPOIOBXKYBAJIOCH BEJIMKE IEPMChKE BUMHUPAHHS, PYyTe MPOsSBUIOCH HAa pyOesKi IopH
1 Kpeiam, TpeTe — B KiHIIl KpeWIH, KOJIU 3arvHYIN TUHO3aBPH Bia ymapy mo 3emii
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UnkOcynakchkoro acrepoimy Ha Oepe3i MeKCHKaHCHKOI 3aTOKH, a YeTBepTe —
MaJICOLIEH-COICHOBUH TEPMIUYHMN MaKCHMyM HE3PO3yMiJOro moxokeHHs. [loku
o MpobJeMaTHYHUM 3aJIMIIAETHCS APYre BHUMHUPAHHs, a MepIe — MepPMChKE —
MOB’SI3YIOTh 3 YAapoM AHTapKTHYHOTO acTepoifa, aHTHIOAOM SKOTO CTalH
pO3ILIaBU CHOIPCHKUX TPAIIiB.

4. HaiiGinpln mMOKa30BOI, HACHYCHOK (QakTamu, Oyna mnaneorcorpadivyHa
MePiONYHICTh, TOMY IO BOHA 0a3yBaslaCh Ha BENMKIA KiJTHKOCTI Pi3SHOMAaHITHHX
rmapaMmeTpiB, a came TII00abHI KITIMAaTHYHI 3MIHU BiJl CyOTpOIIiKiB 10 3J7I€ACHIHb,
€TMOXH 3BOJIOKCHHS BHYTPIIIHBOMATEPHUKOBUX ITyCTEIb, BUBUECHHSI JOBIOPOCTYUHX
JICPeB JICHIAPOXPOHOJIOTIYHUM METOJOM, MIKPOKIIIMAaTU4HI (a3 ToJoUeHy i
MI3HBOTO TUICHCTONCHY, BIAKIAICHHS CE30HHUX CBITIIO- 1 TEMHOCIPHX «CTPIYKOBHX
[JIMH» MICISUTbOJOBUKOBUX 03ep Ta iH. [lanmeoreorpadu BIajio BUKOPUCTOBYIOThH
PO3MAITTS IMX MapaMeTpiB VISl CBOIX PEKOHCTPYKIIHM 1 TOMY JOCSATIIN ACTAIBHUX
MOAPOOUIL Y PEKOHCTPYKIISAX 3MiH JaHAmadTiB, KIIMaTiB, POCIHHHOTO i
TBAPUHHOTO CBITY MPOTITOM IaneoreorpadiyHoro erairy.

5. HacrymHa — apxeoJioriyHa nepioJuuHiCTh BXXKe He Ma€ Takol IeTaisallii, K y
MoTIepeTHRO1 — maneoreorpadivHoi, are Mae cBoi mikasi mocsrHeHHs. ['onoBHE — 118
BJIAJIOCH «3arJIMOWTI TEOJIOTIYHUH BiK HAIIVX MPEAKIB — CCABIIIB, Bi TPAIUITHIX
oJrironieHoBHX JeMypiB (20 MiH p.) Maibke y 10 pa3iB — 10 TpiacOBUX «MOPCHKHX
Mam» — MPUMITHBHUX CCABIiB TUIY HUHINIHIX MHUIICH, SIKi BKE MajH IUIALCHTY i
BHHOIITYBAJIA CBOiX HiTel B yTpoOi, Hapokyroun ix >xuBumu. Ilicas 3armbeni
JMHO3aBPiB, 65 MITH POKiB TOMY, 1li IPUMITHBHI CCaBIIi IIBHKO 3aBOIOBAIIM CYHIY 1
JIaJIA 5 MJTH POKIB TOMY CIUIBHOTO MpeKa MUMIIaH3¢e 1 JFOANHH.

[HIIMM  [OCSATHEHHSM  apXeoJIOTiYHOI MepioAWYHOCTI Oynmo  00’emxHaHHS
YHCIIEHHUX «BHUIiB» Homo, siki HacmpaBai Oynu perioHANIEHUMH, Y €IUHUA BUJ
Homo erectus.

Icropiss po3BuTKYy 1uBiIMI3aliii Ha TepuTopii YKpaiHW, sKa BHBYalach y
PO3KOTMKaX apXeoJIoriB, OyIia JOMOBHEHA ICTOPHKAMH, 0 3POOIIO 11 GBI TOBHOIO
Ta pizHOMaHiTHOW. [Ipu 1IbOMY 3’sCYBaNIOCh, IO 3MIHM LMBLII3AIINA KiMMEpPIHIiB
ckipamu, ckiiB capmaramu, a IOTIM CJIOB’SHaAMH BiJOYBaJIKMCh IiJi BIUIMBOM
KIIIMaTHYHUX KonuBaHb. KokHa apumuzanis kimimary y LlenTpanpriin  Asii
3MyIllyBajia IUIeMeHa KOUiBHUKIB MIrpyBaTH Ha 3axiJ, 3aBoioByroun €BpoIy.

Takum 4MHOM, apXeoJioriuHa MEepioJUYHICTh CTa€ BAXKJIMBUM IapaMeTpoM 3MiH
JIOBKLJIIS HA 3eMIIl.

6. JliTomucHi cBizonTBa PO 3MiHM AOBKLLIA poanaiizoBani 3 VIII no mouatky
XIX cromiiTe. B HUX 30eperiuch myxe MiHHI 3alMCU HE TIABKHU PO IIKaBi JJIs HAC
KaracTpo(ivyHi MAaBOJKH 1 MOBEHI, a ¥ mpo iHMI KaTtacTpo@ivHi SBUIIA — MTOCYXH,
MOBEPHEHHS XOJIOAIB BIITKY, paHHI OCiHHI Mopo3u, Oypi Ta BiTpOBajiM, TOJOJHI
poku. Tomy moOymoBaHa TaOIUISI MAJOr0 KIIMATUYHOTO ONTHMYMY, MaJoOro
JLOJIOBUKOBOTO TIEPIOJly Ta HACTYITHOTO CYYacHOTO MOTEIUIIHHS 3 BHYTPIIIHIMH
JeTasIMA [MX KIIMaTHYHAX €MOX MAa€ BAaXIJIMBE 3HAYEHHS AJISl PEKOHCTPYKIIT
BiJIMTOBITHUX 3MiH MPUPOJIH.

7. Ane HaliBaxmBimma iHdopmaliss Mae Miclie y Tepiojl iHCTPYMEHTaIbHUX
cnocrepexenb, 3 1881 poky i mo ceorogenHs. Buseneno, mo g0 1940-x pokis
MPOIOBXKYBAJIOCH MOTEIUTIHHS, TOTIM, Yy 1940-1970-x pokax BinOynack crabimizamis
KJIIMAaTHYHUX 3MiH, a INCIS IBOTO 1 JOTelep BiAOyBa€ThCS 3POCTAHHS TEMIIIB
r100aIbHOT0 MOTEIIIHHSA, OCOOJMBO B OCTaHHI JiBa JECATHIITTA. 3a OCTaHHI CTO
POKIB Bi0yJI0Ch BiCiM MaBOAKIB 3 MEPIOANYHICTIO Bl 6 10 19 pokiB, y cepeaHbOMY
11 pokiB. Ile TMBHUM YHHOM CIHIBIIaJa€ 3 TEPioaMH COHSIHOI aKTUBHOCTI (3HOBY
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BILTUB KOCMIYHOI MMEPIOUIHOCTI), & BIAXUIEHHS MOXKYTh OYTH K TPUPOTHUMH, TaK
i anTpornoreHHuMH. Lli 11-piuni muknu (uncna Bonbda) BrumMBaioTh Takox Ha
COIIiaJIbHI MPOIIECH 1 HABITh HA OCHOBHI IMOJIT 13 XKUTTS OKpeMux mrojei [ 10].

[IpoanamizyBaBm MaKCHMAIIbEHO MOXIJIMBHI MTEPEIiK OKPEMHUX MEPioANIHOCTEH,
Oyno BcrtaHoBieHO 13 ix mopsnakiB. OO6’emHaBmIM yCi y €AWHY CHUTBHY
MEePiOINYHICTB, OyJI0 pO3pO0IEHO CHHYCOINY, sIKa JO3BOJIMIIA PO3paxyBaTH MPOTHO3
naBoaKy 2020 poky, SKHid TiATBEpAUBCS Yepe3 6 poKiB Big omyOmikyBaHHs [7].

PesynpraromM yciX AOCHIKEHb CTalla «CHUCTeMa MEepioANYHOCTEH PO3BUTKY
3emIti», SIKOI0 MOKHA KOPUCTYBATUCH IS TTIOAAJBIINX Iepe10ayeHb.

Ane Ha 3aBepIICHHS € pa3 MiJKPEeCIUMO, MI0 HE Ma€ 3HAYCHHS, KOJIHU
BiIOYIEThCSI HACTYITHUH MaBoI0K, ¥ 2028, 2032 uu iHmomy pori. Baximso, mo BiH
00OB’SI3KOBO  BiIOyAEThCS 1 J0 HBOTO TMOTPIOHO HAyKOBO OOTPYHTOBAHO
MiATOTyBaTUCH!
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PECULIARITIES OF IMPLEMENTATION OF THE NETWORK
OF ECOLOGICAL MONITORING OF COMBAT ACTION
FOR THE ARMED FORCES OF UKRAINE

Abstract. The current ecological state of Ukraine's natural environment is largely
determined by the consequences of hostilities taking place almost throughout its
territory. The article considers the peculiarities of the implementation of the concept
of a single network of environmental monitoring of hostilities for prompt response
and preventive measures to prevent irreversible damage to the components of the
environment, personnel and the population living in the vicinity of hostilities.

The analysis of the structural and logical model of the system of ecological
monitoring of military-man-made objects and its adaptation to the monitoring of
hostilities is carried out. A structural and functional scheme of the environmental
monitoring system of hostilities has been developed, which allows to obtain detailed
information from all four levels of subordination for the Armed Forces of Ukraine.
The types and nature of environmental information processed in the system of
environmental monitoring of hostilities are determined. The architecture of the
information-measuring system of ecological monitoring of combat operations and
the peculiarities of the interaction of its components through the information-
communication system of the Armed Forces of Ukraine have been developed.
Requirements to the information-measuring system of ecological monitoring of
military operations are formed and the architecture of ecological-information
systems on the basis of the effective concept of a data warehouse which generalizes
all ecological information on influence of military actions on an ecological
condition of environment of Ukraine is offered.

The structural and functional scheme of the information-analytical system of
ecological monitoring of military operations is offered, which will allow to
successfully implement the tasks listed in the article and to achieve high efficiency
of ecological information use.

Key words: ecological monitoring; ecological military information; environment;
armed forces; information and measuring system
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! HanionansHuii yHiBepCUTET XapuoBUX TexHomnorii, M. Kuis, Ykpaina

2IHcTUTYT TeseKOoMyHikaliil i rio6ansHoro iHgopmaniitnoro npocropy HAH Vikpainu,
M. KuiB, Ykpaina

3Ekcnepr 'O «®yHjallisi PO3BUTKY €KOJOTiYHUX Ta €HEPreTHMYHUX PHHKiB», M. JIbBiB,
VYkpaina

4 MinicrepctBo o6oponn Ykpainu, M. Kuis, Ykpaina

OCOBJIMBOCTI PEAJII3AIT MEPEXKI )
EKOJIOTTYHOI'O MOHITOPUHI'Y BOMOBUX Alil
JIJIS1 3BPOMHUX CUJT YKPATHU

Anomauisn. Huniwinitl exo102i4HUll CMAaH HABKOIUUHBO20 NPUPOOHO20 Cepedosuya
Yrpainu 6 snauniii mipi susnavaemocs Hacaiokamu 60108ux Oitl, U0 NPOBOOIMbCSL
matixce Ha 6citl it mepumopii. B cmammi pozenamymo ocobausocmi peanizayii
Mepedci eKoI02IYH020 MOHIMOpUH2y O0U08UX Oitl 0151 ONEePAMUBHO20 Peazy8aHHs |
npoGedenHs NONePedN’Cy8ANbHUX 3aX00i8 U000 HeOONnyueHHs 0e3n080POMHO20
VPadsCeHHs CKIA008UX HABKOTUUHBO20 NPUPOOHO20 Cepedosuiyd, 0c0b08020 CK1A0Y
Mma HAceNeHH s, WO NPOACUBAE HA NPULE2TUX 00 30HU OOUOBUX Oill.

Ilposedeno amaniz  cmpyKmypHo-102iyHOi  MOOeni cucmemu  eKOJI02IYHO20
MOHIMOPUHSY 80EHHO-MEXHOLEHHUX 00 '€xmie ma adanmayis ii 00 MOHIMOpUH2y
botiosux Oiu. Po3pobneno  cmpyKmypHO-@QYHKYIOHAbHY — CXeMy — CUCmeMu
€KONI02IYH020 MOHIMOPUHZY 0O0UO0sUX Oill, SIKA 003601 OMPUMAMU OEMATLHY
iHghopmayito 3 ycix yomupwbox pisHie nionopsaokysanus oas 3opounux Cun Yrpainu.
Busnaueno suou i xapaxmep exonociunoi inghopmayii, wio obpobasiemovcs 6 cucmemi
eKON02IYH020  MoOHImopuHey  6ouosux  Oiu.  Pospobreno  apximexmypy
IHGOPMAYIIHO-BUMIPIOBANLHOL cCeMU eKOJI02IYH020 MOHIMOpUH2y 60tioux Oiil
ma ocobausocmi 63aemooii il cK1a008ux uepes IHGOPMAYIIHO-KOMYHIKAYIUHY
cucmemy 3opotinux Cun Yxpainu.

Cehopmosano eumoeu 00 iHGOPMAYIUHO-BUMIDIOBATLHOI CUCMEMU eKOL02IYHHO20
Mouimopuney — 6otiosux Oili ma 3aNPONOHOBAHO  APXIMEKMYpy  eKol020-
iHGhopmayitinoi cucmemu Ha OCHOSI eeKmMusHOI KOHYenyii cxo8uwa OaHux, o
V3a2ANbHIOE 6CI0 eKOJI02IUHY IHpOpMayilo npo éniue OOUoeux Oill HA eKONOIYHUU
CMan HABKOIUUHBO20 NPUPOOHO20 cepedosuya YKkpainu.

3anpononosano cmpykmypHo-@QyHKYioHaIbHy cXemy iHGopmMayitino-ananimudnol
cucmemu eKo102iuH020 MOHIMmOpuHey 00toux Oil, W0 00360AUMb VCHIUHO
peanizygamu nepeniveni 6 CmMAmmi 3a60aHHS MA  OOCASHYMU  BUCOKOT
eexmusHOCmI GUKOPUCMAHHS eKOI02IYHOI IHpopmayii.

Knwowuoei cnosa: exonociunuii MOHImMoOpuHe, eKONO2IiYHA GiicbKosa iHgopmayis;
HABKONUWHE cepedosuuye; 30potiHi cuiu; iIHopMayiliHO-8UMIPIOBANIbHA CUCTeEMA

DOI: https://doi.org/10.32347/2411-4049.2022.2.23-34

Beryn

AKTyaJIbHiCTB. YcilHa peasizaiiis 3aBaanb 30poiHux Cuil YKpainu 3 000poHH
JIEp’KaBd B yMOBax HEOroJjiomieHoi BidiHH 3 Pociiicbkoro denepaliiero ChbOrojHi
MOJKJIMBA JIMILE 32 paXyHOK HAayKOBO OOIPYyHTOBaHOI Ta 0ajaHCOBOI omTuMi3arii
BUKOPDHUCTAHHS HAsABHHUX JIIOJCBKHX, MaTepialbHUX Ta EKOJIOTO-TIPUPOIHUX
pecypciB. B ymoBax eckanariii 30poiHOT0 KOHGIIKTY 3 Pociero HeoOXigHMI TeMI
JNOCSTHEHHS 1 WIATPUMKUA piBHI OOOPOHHOI CIPOMOXKHOCTI BH3HAYA€THCA
aKTHBHICTIO BeJleHHs OoiioBuX Aiit 30poitnnx Cun Ykpainu (3CY). OgHouacHo npu
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BHPIIIEHHI i€l 3aa91 BHHUKAE TPOTUPITYS MK 3a0€3MIEICHHSIM JOCTATHHOTO PiBHSA
IHTEHCUBHOCTI 0O0MOBMX [iif vacTwH 1 migpo3auniB 30poitnnx Cun Ykpainu i
HEOOXiAHICTIO 3a0e3MeUeHHs BiAMOBITHOTO PiBHSI €KOJIOTTYHOI OE3MEeKH, SIKUI MOXKe
OyTH TOCSTHYTHH TUTBKH 332 PaXyHOK BIATIOBITHUX 3aXOiB MO0 ii 3a0e3reueHHs y
BiiicbKax 3 ypaxyBaHHSIM AaCHUMUIALIHHOTO TIOTEHIIAlly HaBKOJIWIITHHOTO
MIPUPOJTHOTO CEPEIIOBUINA JIJISl TeaTPy BOEHHUX it [1].

Ha TenepimmHiit uac cucteMa aepKaBHOTO €KOJIOTITHOTO KOHTPOIIO Ma€ HU3BKY
iHQopMariiiHy MOBHOTY, BPaXOBYIOUM BEIUKY HACHUYEHICTh TepUTOpii YKpaiHu
noTeHIiiiHo HeOe3nmeunumu o0’exktamu ([THO) Ta 3arposy karactpodidHOro
30i7bIIEHHS] EKOJOTIYHMX HACHiAKIB Tpu iX pyikiHyBanHi. Hezxocrtatne
(hiHaHCYBaHHS TPHUPOIOOXOPOHHUX 3aXO/iB Ta Maibke MOBHA BIACYTHICTH iX
¢inancyBanHs 3 2014 poky He T03BOJISIOTH B IOBHIH Mipi OTpUMYyBaTH BipoTiIHi
CKOJIOTIYHI OIlIHKM Ta NPOBOJAUTH 3aXOAM 31 30C€peKEHHS Ta BIJIHOBICHHS
HaBKOIUIITHKOTO mpupoaHoro cepenosuina (HIIC) B ramysi exonoriuaoi Oe3mnekm.
B imx ymoBax 3Ha4HO 3p0OCTa€ poJib EKONOTi9HOTO MOHITOpHHTY (EM), siK mieBoro
3aX0Ay I TOTEPE/DKCHHS Ta JKBimamii HaA3BHMYaWHUX CHUTYyalliii BOEHHO-
TEXHOTEHHOTO TOXO/KEHHS 1 KOHTPOJIO 3a0pyAHEHHS TEPHUTOPiH B paiioHax
BeJCHHSA OOMOBHX i [2, 3].

AHaJi3 ocTaHHiX myOsmikamid BITUYM3HSAHUX Ta 3apyOibKHMX aBTOpiB [3-9],
MPUCBSYCHUX MPOOIEMAaTHIII YIOCKOHAICHHS CUCTEMH €KOJOTIYHOTO KOHTPOIIO Ta
MOHITOPHHTY JOBKULIS  TOTEHIIHHO HeOe3meyHnX  O0'€KTiB  KPUTHUYHOI
iHppacTpykTypH (i, 30kpema, B 30poiiHnx Cuiax), He I03BOJSE TOBHOIO MipOIO
MIPOBECTU CUCTEMAaTHU3AIliI0 TPOOJIEMHUX METOJOJIOTIYHUX MUTaHb MO0 MOOYI0BH
ennnoi Mepexi EM B 3CY.

3 TOYKM 30pY CHCTEMHOTO WiAXOAY 10 3MEHILEHHS BOEHHO-TEXHOT€HHOI'O
HABaHTa)XCHHSI HAa TEPUTOPISX BEJCHHs OOHOBMX i MOXYTh OyTH 3aCTOCOBaHI
3aX0fl 32 HACTYNMHUMH HampsSMKaMH: 3aKOHOJaBYMM; HOPMAaTHBHO-TIPABOBHUM;
(hiHaHCOBO-EKOHOMIYHUM; aJMIHICTPATHBHUM, MOHITOPHHTOBO-TIPOTHOCTHYHHM;
TEXHOJIOTIYHUM MpodiIaK THYHO-TIONEPEIKYBAUTLHUM; TEXHOJIOTTYHUM
JIKB1IAII HHO-3aXICHUM; HAaBYJIbHO-TIPOCBITHUIIBKUM.

Pi3HOMaHITHICTh BHWIIIEHABEIEHUX HANPSAMKIB IOJO0 PO3POOKH 3aXOMiB IS
3MEHIIEHHSI TEXHOT€HHOTO HAaBAHTa)KEHHS TEPHUTOPi BeneHHsS OOMOBHX il
noTpedye PO3pOOKU KOMILJICKCHUX METOJMUK, JUIS BIIIPAI[IOBAHHS SIKUX HEOOXI1IHO
MaTH JJOCTOBIpHY 1H(OPMAIIiIO PO €KOJOTIYHUNA CTaH UX TEPUTOPil. ToMy MeTOI0
ui€i my6Jikauii € po3risig MUTaHb, OB’ I3aHKUX 3 TOOYA0BOIO MEPEKi €KOJIOTTHHOTO
MOHITOPHHTY ITiJ] Yac BeaeHHs OovoBux mii ms 3CY.

OcHOBHHUI 3MicCT

Ha choromuimHii JeHb B paMKax peaiizamii 3axoJiB 13 IONEPEIKEHHS
Haj3BUYaiHUX ekojoriuanx cutyaniid (HEC) BOEHHO-TEXHOT€HHOTO MOXOKEHHS
npu HasBHOCTI 00’exTiB migBumieHoi HeOezneku (OITH) Ta 00’ekTiB KpUTHUHOI
iHppactpykrypu (OKI) B paiioHax BemeHHs OOHOBUX Jil iCHY€ HANPSIMOK IOJI0
PO3POOKHU E€KOJIOTIYHOTO TOPTPETY 30HU BEACHHS OOMOBUX Iild, METOIO SKOTO €
CTBOpEHHS 0231 TaHUX JIJISl CHCTEMH €KOJIOT1YHOTO0 MOHITOPHHTY, BU3HAUYCHHS PIBHS
€KOJIOTIYHUX 3arpo3 BiJ O0HOBHUX il Ta po3poOKa 3aX0IiB IS 3MCHITICHHS PU3UKY
BunnkHeHHsT HEC BO€HHO-TEXHOTEHHOr0 moxomkenns [11, 12].

BinmoBigHO 3 MOKJIaNeHUME HAa HBOTO (PYHKIISAMHU (IUB. pHC. 1) exonociunuil
MOHIMOpuHe 301U 8e0eHHsL OOU08UX Jill BKIIOUAE 6 cebe MPu OCHOBHUX HANPAMKU —
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cnocmepedicentsi 34 (PAKMOpamu  B0EHHO-MEXHO2EHHO20 6NAUGY 1 CMAHOM
HABKOIUWHBLO20 Cepedosua 8 paoHax edenHs 6ouosux Oill, eKon02iuHy OYIHKY
haxmuuno2o cmamy HABKONUWHBO20 Cepedosuyad nio Yac eedeHHs 6oUosux Jiti ma
NPOCHO3 | OYIHKY NPOSHO308AH020 CMAHY NIC/S iX 3AKIHYEHHSL.,
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Puc. 1. CrpyKTypHO-JOTiYHa MOJENb CHCTEMH EKOJIOTIYHOI'O MOHITOPHHIY BOEHHO-
TEXHOTCHHHX 00’ €KTIB

CTpyKTYpHUMH OAWHUIISMH, IO MiJUIATal0Th 0€3M0CepeIHbOMY EKOJIOTTUHOMY
MOHITOPHHTY, € BiHiChKa, 1110 MepeOyBalOTh B palioHaX JUCIIOKAIl], 30CEPE/HKCHHS,
Ha Mapiili, Ha BUX1THUX, CTAPTOBHUX i BOTHEBUX MTO3UIIISX, Ta iHII BIICHKOBI 00'€KTH:
aepoAPOMH, BiiCEKOBO-MOPCEHKI 1 BiICHKOBO-TIOBITPsIHI 0a3u, BIHCHKOBI KOpaoOmi i
TPaHCHOPT, MYHKTH yNPaBIiHHS, BY3JIH 3B'S3KY, paJiOTEXHIYHI CHCTEMH BHSBJICHHS,
HaBeJIeHHs 1 KepyBaHHs 30pO€I0, OpraHu JIOTiCTUKH, BY3JH JOPIT, TiIPOTEXHIYHI
CHOpYIHU, TPyOONpoBOIM, 00 €KTH KPUTHYHOI iH(MPACTPYKTYpPH, IIiIIIPUEMCTBA,
MOB'sI3aHi 3 BIHCHKOBUM BUPOOHHUIITBOM TOIIIO.

Hnst 3a0e3nedeHHs BUCOKOI e()eKTUBHOCTI CHCTEMH €KOJIOTIYHOTO MOHITOPUHTY
B3CY pos3pobka ii KoHUemnuii MOBMHHAa Oa3yBaTuUCS Ha CHCTEMHUX HPHHLMIIAX
parioHaBbHOI IeIieHTpalTi3ailii, KepOBAHOCTI, IIBUIKOTO iH(GOPMAIiHHO-aHAIITHIHOTO
pearyBaHHs Ta aBTOMaTH3aIlil ycix mporiecis 300py 1 00poOKH eKOJIOTTYHOT iHpopMaIrii.

Jy1s po3mo/iily piBHIB CEHCOPHOTO TOJIS B CUCTEMI €KOJIOTTYHOTO MOHITOPUHTY
exonoriunux mapameTpiB HIIC 30HM iHTEHCHBHOIO BOEHHO-TEXHOTCHHOT'O
HaBaHTa)XEHHS! HEOOX1THO BUXOJMTH 13 QYHKINH i€papXiqHOI CHCTEMH yIIPaBIiHHS
exoorignoro 6e3nekoro 3CY Ha BiAMOBITHUX PiBHSX.

V3arajgpHeHa CTPYKTypHa CX€Ma BiZJOMYOrO €KOJOTidHOro MoHitoputry 3CVY,
mo B TMeBHI Mipi 3ale3neuye 1i BHUMOTH, MOX€ OYTH TNpencTaBiieHa
YOTHPHOXPIBHEBOIO IEPAPXIYHOIO CTPYKTYPOIO, HABEIACHOIO Ha PHC. 2.

OpnuMm i3 kmouoBux kommoHeHTiB CEM e iHdopmauiiiHO-BUMiprOBaIbHA
cucremMa ekosioriydoro Moditopunry (IBCEM), ska Ha ChOrofHi SBIS€THCS
€IMHUM  JDKEpEIIOM MPOCTOPOBO-4acoBOi iHQoOpMamii Tpo JUHAMIKY 3MiH
€KOJIOTIYHOI'0 CTaHy [OBKULIS B paldoHaX BeJeHHs OoloBux nii. Bowna
MpeNCTaBlIsge COOOI0 PO3MOJIINIEHY CHCTEMY KOHTPOJIO KIIOUOBHX HapaMeTpiB
HaBKOJIUITHLOTO mpupomHoro cepemopumma (HIIC) y pi3HEX #Horo ckiamoBux
(3a0pymHEHHS TPU3EMHOTO TIOBITpsl, TIOBEPXHEBHUX Ta TIPYHTOBUX BOJ,
naHamadTiB) 1 00'€eKTax EKOCHCTEMH 3 METOI 300py, oOpoOKHM JaHuX
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MOHITOPUHTY 1 MPEACTABICHHS PE3YIbTaTIB A 0COOW, MO MpHIMAaE PIIIeHHS
B CUCTEMI yIpaBJiHHs eKonoriunowo Oesnexoro 3CY.

CHUCTEMA EKOJIOI'THHOI'O
MOHITOPHUHI'Y (CEM)

1-it piens CEM

3 ~ . MiHieTepeTEO 0bopoHI VEpaiHD K "
dCO0H KOCMIMHOTO QHTAKTHHH KOHTPO.1b
© Tenepanernil mrad 36poiimmx Cun APM CYB:‘:[ i po

0a3y BaHHA HABKOJIMLIHBOTO CepeJoBHLIA

2-i pinens CEM

JUCTaHUiiiHe 30H1Y BAHHA

HABKOIHIIHBOIO CCPCI0BUIL 3aco6 .
Konanaysanms wuzin (cun) | CVB]] CVB], 3ac00H NOBITPAHOTO
Oasy BaHHs

3aco0n MOpPCHROTO

3acodu asiauiiiHoro 3-ii pinenn CEM .

Oa3vBAHAA
Oasy BaHHI
OnepaTHeHi (MOBITPAHI) APM APM
Komanuysanns C%H CYB,I[

3aco0H HA3EMHOTO
0a3vBAHAN

-

4-ii pisens CEM

Bifichkori yacrinuu

APM APM
CVYB] CVB]

Jarauim

Veranosm

Puc. 2. CtpykrypHO-()yHKI[IOHAIbHA CXeMa CHCTEMH eKoyioTiyHoro Mouitopunry (CEM)
3CY

IBCEM mpu3HaueHa Ajsl CIOCTEPEKEHHS 3a MapaMeTpaMHu eKOJOTiYHOI
00CTaHOBKH, TIOTIEPETHROT 00POOKH OTPHUMAaHUX JaHUX 1 epejadi iX B YpaBIiliHHS
€KOJIOT14HOI 0e3MeKH Ta MPOTUMIHHOI JisUTbHOCTI MiHicTepcTBa 000pOHU YKpaiHH
it GpopMyBaHHSI y3aralbHEHHX BiHCHKOBO-EKOJIOTIYHMX BIiZIOMOCTEH 3 METOIO
PO3POOKH PEKOMEH AL ISl BUILIIOTO KEPIBHOTO CKJIaIy.

IBCEM ckiafiaeThest 3 CHCTEMH 30BHIIIHIX CIIOCTEPEIKEHD 30HU BEJICHHS OOHOBHX
i, KaHaJIiB 3B 513Ky, aBTOMATH30BaHO1 iH(OPMALIIHO-aHAII THIHOI CHCTEMH.

Jia BupileHHs nocTaBieHuX Juig Hel 3aBnans IBCEM noBuHHa!

— OXOILIIOBATH BCl TEXHON€HHO-HEOE3MEUHI 00'€KTH;

— BUSBIATH 1 BUMIPIOBaTH IHTEHCHBHICTh YCiX 3HauMMuX 4uHHUKIB BTH,
[TOB'I3aHUX 3 OOMOBHMH IiSIMH;

— MaTH MIiHIMATRHUNA dYac JOBeIeHHS iHGopMamii Tpo BHHUKHEHHS
3akputuyHoro BTH;

— 3a0e3meuyBaTd JOMYyCTHUMI IMMOXHOKHM BHMIpIB mapameTpiB ctany HIIC 3
METOIO pO3Mi3HaBaHHS CIa0KUX, CHIBHUX 1 Ha3BUYaiHO CHIbHUX YMHHUKIB BTH.
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IHDOPMALIIAHO-
BHUMIPOBATIEHA CHCTEMA
EKOJOMYHOTO MOHITOPUHIY

CHCTEMA ABTOMATH30BAH
30BHIIIHIX KAHAJH 3B'SI3KY A THOOPMATIIAHA
CITOCTEPEJXEHDb C]/ICTEI\/TA
ABTOTIOMITT CHCTREMIT N N TUJACHCTEMA
EKOJIONTHHOLIO BI | ) > OBPOBKH
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JIABOPATOPII L / Migcucrema

Puc. 3. Apxitekrypa iH(hopMalifHO-BUMIPIOBAILHOT CUCTEMHU €KOJIOTTYHOT0 MOHITOPUHTY [9]

CyuacHi TeHAEHUiI pO3BUTKY iHGOPMALIAHUX  TEXHONOTIH  POOIATH
HepalioHAJILHUMHU TPYAOBUTPATH KOKHOI'O KOHKPETHOTO KOPUCTYBaya Ha pO3pOOKY
BnacHux Bepciii CYBJ/], I'lC abo mpukiiagHOro MPOTpaMHOTO 3a0e3MEeYeHHS,
OCKUTbKM Ha PHHKY ICHYIOTh YHCJICHHI BapiaHTH BiANOBIJIHUX TMaKeTiB 1
IHCTPYMEHTAIBHUX CEPEIOBHUII, MO0 PO3PI3HIIOTHCH TUTBKH (DYHKIIOHATBHICTIO,
TEXHIKOI0 BHYTPIIIHBOI peami3amii 1 BapTiCTIO. biNbIIICTh TepepaxoBaHUX
MPOAYKTIB Ma€ BHYTPIIIHI MOBH NpOrpaMyBaHHS 1 I1HCTPYMEHTalIbHI 3aco0u
Bizyauizaii iH(opMarii, iMIoOpTy/eKCcropTy JaHUX, TOMY TEXHOJOTis CTBOPEHHS
exonoro-iHdopmaniitnoi cuctemu (EIC) 3BomuThecs 10 BHOOpPY HalOinbIn
BIJIMOBIIHUX TPOTPAMHUX TPOAYKTIB, X NpuAOaHHSA 1 mojamplioi amanTamii 3
METOI0 CTBOPEHHS JiiicHO iHTerpoBaHoi cuctemu st 3CY. Ha choroaHimHii 1eHb
OJTHIEIO 3 CaMHMX Ba)XKO BHUPIIIYBAaHUX MPOOJEM MPHU po3poOIli iHTEIEKTyaIbHUX
nonatkiB, noxioaux EIC, € ¢opmarizamis HaouHOi obOnacti y BUTsAmi N-MipHOT
iHpOpMAaIiTHOT MOIeTi.

[ToeHa apxitektypa EIC Ha ocHOBI e(eKTHMBHOI KOHIEIIli CXOBHINA JIaHUX
nokaszaHa Ha puc. 4.

HaBenena apxiTekTypa MOSICHIOE MicCIle 1 POJIb PI3HUX TEXHOJOTIH OOpOOKH
exostoriuaux gaHux B APM exkosora 3CY.

AnantuBHa cucTeMa eKoJoriyHoro Mositopunry 3CY Ta BHU3HaueHHsA
napametpiB i QyHkuionyBanHs y ctpykrypi HIIC morpeOye cTBOpeHHsS €auHOi
iH(pOpMaIi fHO-aHANITUYIHOI CHCTEMH Ha OCHOBI PO3MOILICHOT i€papXiqHOi CHCTEMH
ynpaBiiHHs 0a3aMU JaHUX €KOJIOTIYHOTO MOHITOPUHIY pailoHiB BeAeHHS 00HOBUX
TN,

OCHOBHHMMH 3aBJIaHHIMH 1HPOPMAITi THO-aHATI THYHOI CHCTEMH €:

— 00K eKOJIOTiYHO HeOe3MEeYHHX JKepels 3a0pyJHEHHs BiiICHBKOBUX 00'€KTiB
(ITHO, nomironn TOKCHIHUX BIIXOIB 1 T. 1H.);

— IIPOTHO3YBaHHS 3HA4Y€Hb MAacOBOTO BUKHIY 3a0pYyIHIOIOUMX PEYOBHH Bif
MOTEHLIHHO HeOe3neyHnX OO0 €KTIB KPUTHYHOI 1H(QPACTPYKTYpH Ta [pKEpenl
3a0pyTHEHHSI 3a BiATOBITHHN ITepioT eKCIUTyaTarlii;
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— BU3HAYeHHs (POHOBOTO CTaHy HABKOJMUIIHBOTO MPHUPOJHOTO CEPEAOBHILA Ha
mepio]; MOYaTKy MOHITOPHHTY B pailOHI PO3MIIIEHHS BIHCHKOBHX OO0’ €KTIB Ta
BEJICHHS OOHOBHX Iili;

— OIliHKa TUIOIII IEPBUHHOTO Ta BTOPHHHOTO 3a0py IHEHHS;

— CKJIAJJaHHA CTIEKTPIB OCHOBHUX 3a0pyIHIOBAYIB 32 TpyNaMu HEOE3eKH;

— aKkTyam3armis 0a3u JaHWX BUKUIIB 3a0pYyIHIOIOYMX PEUOBHH Bif] THIIOBHUX
JOKEpeI 3a0pyAHCHHS;

— 3aificHeHHs aHallizy Ta NMPOTHO3YBaHHsS BEIMYMHU 3a0pyAHEHHS 1 COLio-
€KOJIOT0-eKOHOMIYHOTO 30MTKY Ha TEPUTOPISX BEJACHHS OOMOBHUX Miil.

Cipepa seransunx eroaoriunnx sannx Cepa arperopannx nokasuikis npo cran Cdepa BUABRRHEA HKOHOMIPHOCTE
€KO.10TIHHOT DesneKkn WOAO IMIHN CTAHY SROI0TTHHET De3neKn

Teweparopn 3anwtis, in{opaauiiino- Cucreun oneparnsHoi
oMY KOBI CHCTCAH CROIOTIMHOI AHATITHHOT 00PODKN
inopyagi EKOIOTTHHIXTAHHN

CHCTEMI IHTRICKTY ANLHOTO AHATITY
EKONOTIMHIY JAHHX

Indpopmaniitaa crctena | /1
DATPHMKY MPHAHATIA |,
EKOIOrHHNN PilneHs

CXOBIIIG JAHIX

S T _—

1 301p. (pLIBTPALILA. 370 LKCHEN TAHHX I3 BIECHFKOBIN TUCTHH Td 30BHIMHIX TRCPEL

DVHKIIOHATBHI SOHI BEACHHN TNprermiii perion
Goiiosnx aiii

Puc. 4. 3aramsHa apxitextypa EIC 3CY

CucrtemMa €KOJIOTIYHOTO MOHITOPUHTY J0 30HM BelIeHHS OOMOBUX il sIK
BilicbKOBOI npupoaHo-TexHoreHHoi reocucteMu (BIITI'C) ("komruieke BilicbKOBUX
00’ektiB — HIIC”) rpyHTYyeThcs Ha iH(OpMaIiiHO-aHATITHYHIA CUCTEMI, IO
00’elHye 1 y3araJbHIOE PO3LIMPEHY EKOJOriyHy iHQopMamilo mpo CTaH BCiX
MOTEHLIHHO HeOe3NeYHUX OO0’ €KTiB KPUTHYHOI iHPPACTPYKTypu Ta BOEHHO-
TexHOreHHHX 00’ekTiB 3CY, MPOBOJANTH CTATHCTHYHHI aHAJ3 €KOJIOTIYHOTO CTaHy
00’€KTiB, sIK TIOOJIUHIII, TAK 1 TI0 perioHax Ta B IIoMy 3a 30poiini Cuiy, 32 paxyHOK
BOYZJOBaHOI CHCTEMH JIOTiIKM Ta MaTeMaTHUYHUX HpPOLEAYp NPOrHO3YBaHHS A€
MOJIMBICTh (OPMYBaTH 3alUTH 1 3BiTH JUIs 3a0e3MEeUeHHS CBOEYACHOTO Ta
0OIPYHTOBAHOTO MPUUHSTTS PIlIEHb 3 €KOJIOTIYHUX MTUTAHb.

B npoueci ¢pyHKIIOHYBaHHSI CHCTEMHU €KOJIOTIYHOTO MOHITOPHHTY MOIIOBHEHHS
0a3 IaHMX MPOBOIUTHCA OE3MOcCeperHbO Yepe3 Mepexy OOMiHy iHopMariiHux
JaHUX BIAMOBiJAIbHUMHU oco0aMu B cdepi exosoriuHoi 0e3neku 3CY, sKi MalTh
JIOCTYTI JTO 3aIIOBHEHHS KOHKPETHOI aHATITHYHOI iH(QOpMaIlii TUTBKY BiATIOBIAHO 10
CBOT'O PiBHS i€papxXii.
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Puc. 5. CrpykrypHo-QyHKIIOHaIbHA cXeMa iH(OpMaIliiiHO-aHATITHYHOT CHCTEMH
€KOJIOTiYHOTO MOHITOpHHTY 3CY

Opranom iHdopMatiifHO-aHATITHYHOT CHCTEMH €KOJIOTHHOTO MOHITOpHHTY 3CY
Ma€ OyTH CTPYKTYPHHUH MiAPO3/1ii, OCHOBHUMH 3aBJJAHHSMH SIKOTO €:

— KOHTpPOJIb CBOEYACHOCTI Ta TMOBHOTH 3allOBHEHHS BiJIOBIIHUX 0a3 MaHUX
€KOJIOTIYHOT'0 MOHITOPUHTY, OIliHKa HOTo iH(OpMAaIliitHOT TOBHOTH Ta BipOTiAHOCTI;

— aHANITUYHO-CTATHCTUYHUM CYIIPOBiA iHpOpMaIlii;

— posmnojin iHpopMaIiitHIX JOCTYIiB, 00MEKeHb, TIepeapecallii B CHCTEMI,

— JIO3BiJl HA CTBOPEHHS HOBUX iH(OpMaIiiHUX PECypciB;

— HarmpaBJICHHs 3aIllUTIB MO0 1H(POpMAIIITHUX pecypciB;

— kibep3axucT iHQOpMaIIHHUX PeCypciB.

CucreMa aHaizy Ta IPOrHO3yBaHHS TEXHOTEHHOT'O Ta BiIHCHKOBO-TEXHOTEHHOTO
3a0pyIHEHHS — 1€ CUCTEMa CIICIiaIbHOIO MaTeMaTHYHOTO 3a0€3IeUeHHS 1 JIOTIKH,
sKa 3a PaxyHOK THYYKMX JITOPUTMIB OOpoOKM iH(opMarii 103BOJSIE OTPUMATH
cUCTEMaTH30BaHy iH(QOpMAIil0 NpO CTaH SK OKPEMOro JpKepena 3a0pyaHEHHs
BIMCHKOBOIr0 00'ekTa, Tak 1 3aranbHuil ekojoriunuii craH y 3CY 3a HHM3KOIO
napaMeTpUYHIX YNHHUKIB OIIHKA BOEHHO-TEXHOTEHHUX BIUIMBIB OOHOBUX Jiif Ha
noBkiurs. Ha ocHOBI iX MaTeMaTHYHOi OOpOOKHM Ta OTPUMAaHHS KOMILIEKCHUX
napamerpiB crany HIIC reHepyroThCs MPOIMO3MINI 00 peaiizaliil BiAMOBIIHUX
HaTPSMKIB €KOJIOTTYHOT Oe3IeKr B pi3HUX JlaHKax yrpasiiaasa 3CY.

OCHOBHMMH 3aBJaHHSMH CHCTEMH aHali3y Ta HPOTHO3YBaHHS EKOJIOTi4HOTO
3a0pyTHEHHS €:

— (¢opMyBaHHSI aHATITHYHUX BHOIPOK 3a OOpaHUMH KpHUTEpiIMH Ta
KaTeropisimMu;

— BHUOIpKa BXIIHUX JAHUX JJI TPOBEACHHS aHATITHIHUX PO3PAXyHKIB;

— PpO3paxyHOK CTYIICHIB 3a0pyTHCHHS TIEBHUX TCPUTOPI BUOPAHUMH 31 CITUCKY
rpynamu 3a0pyAHIOBaYiB;

— PpO3paxyHOK KOMIIEKCHOTO TTOKa3HHUKa exoyorignoro crany BIITI'C;
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— po3poOka 3a JIONOMOrOH TEOIH(POPMAIIHUX CHCTEM KapT EKOJOTiYHOTrOo
3a0pyqHEHHS TEPUTOPIN BeIeHHS OOHOBUIX Jiif;

— TIPOTHO3YBaHHS MOJJIMBOTO 3a0pyTHEHHS Ha TII€BHHX TEPUTOPIsAX 3a
BHU3HAUYCHUI MEPio] Yacy;

— PO3paxyHOK €KOJOro-eKOHOMIYHOTO 30MTKY Ha BH3HAYEHHUX TEPHUTOPISIX
BEZCHHS O00MOBUX HiH.

JoBinkoBa cucrema ©6a3m maHux exoiyoriyHoro Mouitopuary 3CY nae
MOIHMBICTb JOCTYNMY A0 HeoOXimHoi iHdopMamii mnpo BaloBi BHKHIH
3a0pyQHIOIOYMX PEYOBHH BiJl THIIOBUX BIHCHKOBHX O00’€KTIB, IOCTYyH JIO
AHATITUIHUX MaTepiajiB, JO3BOJECHUX aaMIiHICTpAaTOPOM cHCTeMH. OCHOBHHUMH
3aBJJaHHSIMHU CUCTEMH € JOCTYII J0:

— iHdopMarlii Mpo eKOJOTiuHI BIACTHBOCTI THUHOBHX OO’€KTIB — Kepemn
HEeTaTHUBHUX 3MiH ekojoriyaux napametpi HIIC ta BIITT'C;

— JIOBIZIKOBHX JJAHUX IPO 3a0pyAHIOIY] PSUOBHHH;

— iH¢opmaniiiHo-HOpMaTHBHUX AaHuX ['JIK 3a0pyIHIOIOUNX PEUOBHH;

— aHaJITMYHUX JaHUX BIZJOMYOi CHCTEMH €KOJIOTiuHOro MoHiTopuHry 3CY 3
ypaxyBaHHAM CTYIIEHS JTOCTYITY BiJIIOBIIHUX KOPHCTYBAYiB;

— iadopmamii Mpo METOAMKH, METOAW Ta 3aXOAHW 3HMKEHHS TEXHOT€HHOTO
3a0pyIHEHHS TEPUTOPiH BIICEKOBHUX 00'€KTiB;

— 0a3u JaHWX HOPMaTUBHO-TIPAaBOBOI iH(OpMaITii;

— PpO3CHIKH HOBOi aHANMITHYHO! iHoOpMAaIii A0 BIAMOBITHUX aOOHEHTIB
CHCTEMH.

Cucrema GopMyBaHHSI CTaHJAPTHUX MPOIO3UIIH, pEKOMEHIAIlill Ta pillleHb 3a
PaxyHOK alrOpUTMIB HEUITKOI JIOTiKH, COPMOBAHHUX TAOIHUIh BUXITHUX JaHHUX Ta
3aJJaHUX IHTEPBAJiB 3HAUCHb JJIsI MOJCIIOBAHHS CTYIEHIB 3a0pyaHEHb BHOUpace
CTaHJIAPTHO 3aKJaJIeHI MPOMO3MINi Ta pekoMmeHnarii i3 6a3u 3HaHb. [Ipomo3umii
BiJIITPANbOBYIOTHCS Ha 0a31 aHAITHYHUX 1 eKCIIEPTHUX JIOCIIHKEHb, 3 YpaXyBaHHIM
BIUTMBY Ha HABKOJHIIHE CEPEJOBUINE YNHHHUKIB €K30T€HHOTO Ta aHTPOIIOTEHHOTO
xapakTepy, KiacudpikyoThcs y Oamax. KoxHI 3 HUX TNIPUCBOIOETHCS CBIH
cnenudiuauit koja. B komi mmdpyroThes  BIANOBITHOCTI MPOMO3HUIK 10
knacuikaliiHux ~ BigHOWIEHb  (Tpynu  3a0pyIHIOBAYiB,  arpecMBHOCTI
3a0pyIHIOBaYiB, CTYTIEH] 3a0pyIHEHHS TOIIIO).

BucnoBku

Hnst  (yHKUIOHYBaHHS CHUCTEMH €KOJOTIYHOTO MOHITOPUHTY HEOOXiZHUM €
BUPILLICHHS HACTYITHUX 3aB/aHb:

— po3po0Ka METOIMKY BH3HAYCHHS CTYTICHsI 3a0pY/JTHEHHS TEPUTOPI BiJl TIEBHUX
JOKEpeIT 3a0pyAHEHHS CHCTEM 30pO1 1 BIHCHKOBOT TEXHIKH;

— 3aKOHOJIaBY€ BM3HAUEHHSA CTYICHIB piBHS 3a0pyIHEHHS PEYOBHHAMHM MJIS
cnenuiYHUX TEPUTOPIH, i yac 60HoBHX Aiii 3 HacTynmHUM dopmyBaHHsM BITTI'C
Ta 3arpo3or KpUTHYHUX 3MiH Oe3neku ¢yHkmionysanas OITH (OKI) Ta
KUTTENISITBHOCT] HACEIICHHS;

— MoOy/0BH aJrOPUTMIB BUPILICHHS 3a/a4 MPOTHO3YBAaHHS Ta MOJCITIOBAHHS
piBHA 3a0pyXHEHHS 3 ypaxyBaHHSIM aHTPOIIOTEHHUX Ta €K30I€HHUX YNHHUKIB.

Jns moJanemioro JOCTiIKEHHS HEOOXiAHO MPOBECTH MOHIYK ONTUMAabHHX
METOAIB MPOEKTYBAHHS CKJIAIOBHX BiJOMYOI CUCTEMH €KOJOT1YHOI'O0 MOHITOPUHTY
3CYVY ta ii GyHKIIOHAIBHOIO Y3TOKCHHS 3 CHCTEMOIO JEP)KaBHOI'O €KOJIOTIYHOIO
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MOHITOPHHTY,  pO3POOKY  eKCHepTHO-MOJENIOI0YAX  CHUCTEM  OIIHKH  Ta
MPOTHO3YBaHHS CTaHy JOBKUUISI Ha TEPUTOPISX BEACHHA OOWOBUX M.
[Ipobnemuo0 3amadero € po3poOKa METOTUKH MPOBEIEHHS OLIHKM BIUIMBIB Ha
HaBKOJIWMIIHE cepenoBuine OoioBux miid. Lli HaykoBi 3amadi moTpeOyrOTH
HaNOITBIIOI yBard i TEPMIHOBOTO BHPIIIEHHS y Tally3i BOEHHOI €KOJIOT1i.
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MONITORING OF RADIOACTIVE POLLUTION OF THE SITE
AND ELIMINATION OF THE CONSEQUENCES
OF NATURAL AND TECHNOGENIC DISASTERS

Abstract. The article proposes an urgent task to increase the level of environmental
safety of radioactively contaminated areas. The main tasks are to develop new
methods of environmental monitoring; study of migration processes of radioactive
elements in the soil cover in order to develop predictive models for timely
identification of areas at risk of contamination; establishing the relationships
between the state of soil contamination by radionuclides and their genesis and
identifying patterns of pollutant distribution in the study environment. The urgency
of the topic is due to the requirements of advanced automated systems for
monitoring the radiation situation and ACS to reduce the processing time of data on
radioactive contamination of the area and increase the reliability of the results of
radiation detection. The aim of the work is to separate the tasks that are allocated
in the development of a unified system of methods and algorithms for processing
information about radioactive contamination in automated radiation monitoring
systems, dangerous in terms of radiation. The paper formulates the problem of
eliminating the consequences of natural and man-made disasters in Ukraine. The
analysis of problems of management of technogenic safety where the emergency
situation is fixed is carried out. A formal description of the studied system and its
environment is obtained, based on the principles of the systems approach. The
classification of sources of emergencies based on the causes, different types of
objects of damage depending on the nature of behavior in extreme conditions,
different types of protection resources that implement the necessary protective
measures. The direct and inverse problems of finding the optimal plan are
considered. The selection of objects for a direct task is carried out in order
according to their priority. When solving the inverse problem, the selection of
objects is carried out until the specified level of system effect, which accumulates in
the selection process. Information on sources of radioactive contamination and
meteorological information are used in forecasting.

Key words: natural disasters; man-made disasters; target efficiency
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[HCTHTYT TenekoMyHikamid i riobanpHOTO iH(OpMariiiHoro npoctopy HAH Vkpainwm,
M. KuiB, Ykpaina

MOHITOPHUHT PAJIOAKTUBHOI'O 3ABPYJJHEHHSI MICLIEBOCTI
TA JIKBLIALIT HACJIIAKIB IPUPOJHUX
TA TEXHOTEHHUX KATACTPO®

Anomayin. Y cmammi 3anpononogano axkmyaibhe 3a60aHHA NIOGUWEHHS PiGHS.
eKoJI02iuHOI be3neku padioakmueno 3abpyoneHoi micyegocmi. OcHo8HI 3080aHHs
noas2a0ms y po3poOieHHI HOGUX MeMO0i6 eKOJI02IUHO20 MOHIMOPUHEY,; O0CHIONCCHHI
npoyecie micpayii padioaxmueHux eiemMeHmie y IPYHMOGOMY NOKDPUGL 3 MemOoio
DO3pOONEeHHsA NPOSHO3HUX MoOenell 015l CBOECUACHO20 BUABNEHHA MePUMOpil, AKi
nepebyeaiomv y 30Hi PUZUKY 300DYOHEHHS, GCMAHOGNEHHI 3ANeHCHOCMEl Midic
CMaHom 3a0pyOHeHHs. IPYHMI8 PAOIOHYKIIOamMu ma ix 2eHe3ucom i GUABNEHHI
3aKOHOMIpHOCIEU NOWUPEHHA NOMOMAHMA Y OOCHIOHCYBAHOMY  CePedOBUI.
Axmyanvuicms memu 00yMOBNEHA GUMO2AMU NEPCHNEKMUBHUX ABMOMAMUZOBAHUX
cucmem Kowmpoaro paodiayitnoi oocmanosku i ACY no cxopouennto uacy oopooxu
Oanux npo padioakmugue 3a6pYOHeHHs Micyeeocmi i NiO8UeHHIO 00CMOBIPHOCI
pe3yrbmamie eusAeieHHa padiayitinoi obcmanosku. Mema pobomu nonseae 8
PO30ineHHi 3a80anb, AKI BUOLIAIOMbCA NPU po3poodyi €OUHOI cucmemu Memooux i
aneopummy 006podxu ingopmayii npo padioaxmusHe 3a0pPYOHeHHs Micyesocmi 6
a8MOMAmMU306anHUX Ccucmemax KOHmponio paodiayiunoi obcmanosku. B npoyeci
00CHIOHCEHb BOOCKOHANEHO MEMOOUKY (DOPMYSAHHS OYUPPOBAHO20 300PANCEHHS
noas  paodioakmueHo2o 3a0pYOHeHHS MiCYe8oCmi, WO BUKOPUCTNOBYEMbCA O
8i000padicents 301 3a0pYOHEH S, UABLEHHS PAUOHIB, Hebe3neuHux 6 padiayiinomy
gionouwenni. Y pobomi cghopmynvboeana nocmanoska 3a0ayi aikeidayii HacaioKie
NPUPOOHUX MaA MeXHO2eHHUx Kamacmpodh na mepumopii Ykpainu. IIposedenuii
aHaniz npobiem ynpasiinHi MexHo2eHHO Oe3neKor Ha mepumopii, Oe 3agikcosana
Haozguuaiina cumyayis. Ompumanuil popmanvHutl onuc 00CIIOHCY8anoi cucmemu i
0mMouyI0Y020 ii cepedosuya, BUX00AYU i3 RPUHYUNIE CUCMEeMHO020 nioxody. Hasedena
Kaacugpixayis odcepen HA036UYAUHUX CUMYAYil, BUXOO0AYU i3 NPUYUH GUHUKHEHHS,
PIBHUX 6U0I8 00’€cKMI8 YPANCEHH 6 3aledCHOCMI GI0 Xapaxmepy HOBeOIHKU 6
EKCMPEeMATbHUX YMOBAX, PI3HUX 8UI8 pecypCié 3axucmy, AKi peanizyioms HeoOXiOHi
3axucHi saxoou. Pozenawymi npama ma obepHena 3a0aui NOWYKY ONMUMANbHO20
naawny. Biobip 06'ekmie 01 npamoi 3a0ayi npoeooumvcs y 8ionogioHocmi 00 ixHvoi
npiopumemnocmi. Ilpu gupiwenni obepuenoi 3adaui 8i00ip 06'ckmis nPosoOUMbCs
00 0ocscHeHHs 3a0aH020 PiBHA CUCTEMHO20 eqheKmy, Wo HaAKONUYYEMbCA 8 NPoyeci
6i0bopy. Ilpu npocHo3y8aHHi BUKOPUCIOBYIOMbCS 36€0€HHS Npo  Odicepend
PadioakmueHo2o 3a0pyOHeHH s | Memeoponociuna iHpopmayis.

Knrwouosi cnosa: npupooui xamacmpogu; mexnoeenni xamacmpodpu; yinbosa
egpexmusHicmo

DOI: https://doi.org/10.32347/2411-4049.2022.2.35-46
Beryn

[MuranHs Ge3nepepBHOrO KOHTPOIO pafiamiiiHoi oocrtanoBku (PO) i cBoeuacHOTo
BUSIBJICHHS pPaJlioaKTUBHOTO 3a0pymHeHHs wMiciieBocTi (P3M) mpomoBxyroTh
3aUIIaTUCS aKTyanbHUMU 1 HuHi. lle 00yMOBICHO JBOMa YWHHUKAMH:
30UTBIIIEHHSAM KiJTBKOCTI OO'€KTIB SIEpHOI €HEPreTHKH, SIK DKEpelia IEMIeBIIOol
EHepTii, 1 aKTUBI3aIlI€I0 CHIT MDDKHAPOIHOTO EKCTPEMI3MY, IO 3IHCHIOIOTH MaCOBaHI1
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TEPOPUCTUYHI aKTH 110 BChOMY CBITY. Y pasi 3aroCTpeHHs MI>XKHAPOJHOTO CTaHy He
MO>KHa YHEMO>KJIMBUTH MacoOBY aTaKy TEpPOPHUCTIB Ha 00'€KTH aTOMHOI €HEPreTHKH,
MiANPUEMCTBA SACPHOTO MATMBHOTO IUKIY, a TAKOXX MOTHIBHHKH PaiOaKTHBHUX
BiIXOZiB. SIK TMOKa3ye mNpakTWKa, MPEBEHTWBHI 3aXOJM 3aXHCTy HE 3aBXKIU
BUSIBIISIIOTECS €(DEKTUBHUMU. TakuM YMHOM, MOXKJIMBE BUHUKHEHHS CUTYaIlil, KOJIH
3HAYHI TEpUTOPil 3a3HAIOTh PAJI0OAKTHBHOTO 3a0pyJHEHHS OJHOYACHO BIJ
JIEKITBKOX Kepen. BusBneHHS pamioakTHBHOTO 3a0pyAHEHHS MicIeBOCTI Oyne
MIEePIINM 3aBIaHHSIM JIKBITaIil HACTiAKiB MOAIOHNX CHUTYaIliH.

Huni Businenns P3M moke 3iilicHIOBaTHCS 3a JTOMIOMOTOK) MPOTHO3Y 1 Ha
OCHOBI ()aKTHUHUX JaHUX pajialiiiHol po3BiIKH i criocTepeskeHHs [1].

Ilpy  mporHO3yBaHHI  BHKOPHCTOBYIOTBCSI ~ 3BEICHHS  IpO  JDKepena
PaaioaKTUBHOTO 3a0pyaHEHHS 1 MeTeopoJioriyna iHdopmaiis. Ilel nmpouec nocuTh
nobpe dopmarizoBaHuii 1 HOro MpaKkTUYHA peajtizallisi He MPEACTABISE BEIUKUX
TPYIHOIIIB B aBTOMATH30BAHWX CHUCTEMaX KOHTPOJIO paiariiiHoi 0O0CTaHOBKH
(ACKPO). Ilpore pmocToBipHICTh TOMIOHOTO TPOTHO3Y 3alie)KaTUME Bif
BIJIMOBITHOCTI BXXMBAaHOI MaTeMAaTU4HOI MOJICNI I KOHKPETHIM aBapii 1 Bif
TOYHOCTI MOYATKOBHX JaHMX. SIK TMOKa3ye MpakTHKa, JaHi MPOTHO3Y HE 3aBXKIH
3aJIOBLIBHO BiAMIOBIAAIOTH peasibHIN pajialiifHii 00CTaHOBIII.

UMHHUMH KEPIBHUMH JOKYMEHTaMHU MPOIOHYETHCS OOOB'SI3KOBE YTOYHEHHS
MPOTHO3Y JaHUMH pO3BiAKH. lIpoTe HMHI BIICYTHE MPAKTHYHO peari3oBaHe
mporpaMHe 3a0e3rnedeHHs UIsi aBTOMAaTH30BaHWX CHCTEM KOHTPOJIO padiamiiHOl
ob0ctaHoBkr 1 ACY, 10 D03BOJSIOTh KOMILICKCHO BHPIIIYBAaTH 3ajJady IIOJ0
BUSIBJICHHS 1 OI[IHKM pajiamiifHoi 0OCTaHOBKU. B mepiny depry e CTOCYeThCs
CHTYyAIliif, KOJIM IIUTbHICTh TOYOK KOHTPOJIIO HWKYa HOpMaTHBHOI. Ha cyuacHOoMy
piBHI e(deKTHBHO BHpINIyBaTH TakKi 3aBJaHHS MOXKHA TUTBKA CHHPAIOYUCHh Ha
eKCIEepTHI  CHUCTeMH, M0 OyAyloTbcs Ha 0a3i CydaCHHX MPOTPaMHO-
00YHCITIOBATIBHAX KOMILIEKCIB, SIKi JJO3BOJISIIOTH MMPOTHO3YBATH MOBEIIHKY 00'€KTIB,
II0 BUBYAIOTHCS, B PEAIBHOMY peXHMi 4acy. Taki KOMIUIEKCH, SK MpaBHIIO,
CTBOPIOIOTBCSL Ha ©0a3i poO0OYMX KOMITIOTEPHUX CTaHIId 3 pO3raxyKeHUM
NpU3HAYEHUM I KOpHCTyBada iHTepdelcoM BXIIHUX 1 BHXIIHUX JaHHX.
HeonMiHHOIO yMOBOIO YCITIITHOT pOOOTH KOMIUIEKCIB € IX peajbHe HalOBHEHHS
MMOYATKOBUMH JJAHUMH JIO MOMEHTY iX aKTHBAIii i Jalti IpoTsIrom aBapii. HaiGimpm
CY4acHO 1 eeKTUBHOIO Ui BHUPINICHHS [IHOTO 3aBJaHHS Ha 00'€KTOBOMY piBHI
saBisieTbesl  iHQopManiiHo-BumiptoBaibHa cuctema (IBC) «Kimbme», sxa €
CKJIaJIOBOI0 YAacTUHOIO cucTeMu pagiamiiHoro kontpomo (CPK) na AEC i
Mpu3HaueHa i Oe3MepepBHOro KOHTPOIIO paaiaiiiinoi ooctanoBku. Y 2001 porri
3aKiHYeHa JOC/IiIHA eKcIuTyaTalis miei cuctem, a 3 2002 poky BOoHa pUKHATA Ha
030poenHs 3anopizskoro AEC.

VY pasi BHSBICHHS Pa/iiloaKTUBHOIO 3a0pyAHEHHS MICIIeBOCTI 3a (paKTHYHUMHU
JaHUMH Yepe3 BIACYTHICTh MPAKTUYHO PEeajli30BaHOTO MPOTPAMHOTO 3a0e3MeueHHs
JUIl OUX CHUCTEM MO)KHa TOBOPHUTH JIMIIE IPO TIEBHI HAYKOBI OINpPAaLOBaHHS
3aBaaHHs. [lesKi 3 IpUUMH TaKoro CTaHy clpaB oueBUAHI. Lle HeBiAMOBiAHICTB, TOO
yi iHIIOK Mipor, MK (aktnuanM P3M 1 MojenbHHM, HENOBHA i HETOYHA
iHpopMaLiss Tpo JKepena PadioaKTUBHOTO 3a0pyAHEHHs, 3HA4YHI ITOMUJIKH
BU3HAYEHHs MOTYXHOCTI 1034 BunpomintoBanHs (I1/IB) npunagamu paniamiinoi
PO3BIIKH, BEJIUKHH 00'€eM OOpOOJIOBAHUX MAaHUX, IO MalOTh PO3KH[ 3a 4acoM
BHMIpIB, 1 TaK JaJi.

HasiBHe MaTemarmuHe 3abe3meueHHS s oOpoOku iHpopmarii mpo P3M B
ABTOMATHU30BaHUX cHCcTeMax KOHTpoIrto PO, Ha HaI MOTIIST, MAa€ iICTOTHHH HEIOJIIK.
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Amapart orminku P3M B ACKPO ctBOproBagcs micis aBapii Ha HopHoounmbscrkiit AEC
1 TOMy 3HaYHOIO MipOIO OpPiEHTOBaHMH Ha crenr(iky 3aBAaHb, 0 BUPIIIYIOTHCS B
CUCTEMax KOHTPOJIIO paianiiHol 00CTaHOBKH.

PizHi 32 miMpOBMM TpH3HAYEHHSIM aBTOMATH30BaHI CHCTEMH YIIpaBIiHHA [2],
koHTpomo PO [3] i €nuHa aBTOMAaTH30BaHA CHUCTEMa BHUSBIECHHS 1 OIIHKH
MacIITabiB i HACTIIKIB 3aCTOCYBaHHS 30p01 MacOBOTO ypakeHHs [2] mependadaroTh
00pob6Ky marmx mpo P3M i BiamoBigHy iHpOpMaIliiiHy B3aeMOit0. Y 3B'S3KY 3 ITUM,
MaTeMaTH4JHe 1 mporpaMHe 3abe3mnedeHHs oOpoOku iHdopmarii npo P3M B mux
cucTeMax TOBMHHI OyJM pO3pOONSTHCS Ha €QUHIA KOHLENMii, mo 3abesnedye
TOTOXKHICTh OTPHUMYBaHUX pe3ynbTaTiB. Ha *ainb, 1p0ro He craiocs.

TakuMm 4YHMHOM, BHUHHKA€ HOBE HAYKOBE 3aBJaHHS PO3POOKH METONUK 1
anroputmiB 00pooku nanux mpo P3M B ACKPO i ACY nipu Maitiii IiiibHOCT1 TOYOK
KOHTPOJIIO.

Buxkjaa ocHOBHOT0 MaTepiaay X0CTiIKeHHsI

[MuTanas mpo HEOOXiAHY MIUTBPHICTH TOYOK KOHTPOIIO pafiamiifHol 0O0CTaHOBKH
3aCIyTOBYE OKPEMOTO po3Tisiay. Tak, MociKeHHs, POBeACHI B [3], moKa3aiu, o
ontuMmanbHui 00'em iH(opmanii mpo dakrtuuny pamiauiiiny obcranoBky (PO)
3a0e3MeuyeThCs 38 HASIBHOCTI OJTHOTO BUMIpY Ha 3—6 KB. KM Ha PErioHAIbHOMY PiBHI
i Ha 25-30 XB. KM — B JepaBHUX opraHax ympaBmiHas. Ui mocmimkeHHS
MPOBOAMJINCS Ha 0a3i TUX, MO0 TOBHICTIO BIANOBIJAIOTh MOJICIBHUM, 1 HE
BPaxoBYBaJIM MOTPIITHOCTI pOOOTH JATUUKIB. [HII HOCmipKkeHHs B mild odmacti [3],
NpOBEACHI BXKE 3 ypaxyBaHHSAM NoMwiIok Bumipy I[1JIB, mokaszamm, mo Ha
perioHaNbEHOMY PiBHI HEOOXiAHA MIUIBHICTE ckiane 2,3-2,9 KB. KM, a B MaciTadi
nepxasu — 3,2—4,0 KB. KM Ha OJIHy TOUKY.

Huwni npwuitasrto [4], 1110 pu BeIeHHI paianiiHol pO3BiIKH OMH BUMIp IIOBUHEH
mpoBOAUTHCS Ha 1iomi 3—6 kB. kM. Crig 3a3HA4MTH, 1110 BU3HAUCHHSA HEOOXiIHOT
HIUTEHOCT] TOYOK KOHTPOJIIO MPOBOJIMIIOCS 3 PO3PAXYHKY HA BUKOPHCTAHHS METOLY
iHTEepNOALii. 3acTOCYBaHHS IHIIMX METOAIB [4] /Uil BIIHOBIICHHS XapaKTEPUCTHK
pamgianmifHOro TMoJsl, TOMHOJIOTISL SIKOro OJM3bKa 110 MOJEIBHOTO, IT0Ka3ajo
MOJKIIMBICTh BUSIBIICHHS (akTnyHoro P3M 3a HasgBHOCTI OJHOrO BUMIpY Ha
10 xB. kM. [0 TakMX METOAIB BIZHOCHUTHCA METOM JIHIHHOI ONTHMAILHOI
inrepriorsii (MJIOI), mo mo3Boisie MiABUIYBaTH TOCTOBIpHICTH iH(opMalii B
nporeci 00poOKH.

Huni gocute mo0pe ompaiioBaid METOTH IMPOTHO3YBaHHS PajioaKTHBHOTO
3a0pyIHEHHS MICIIEBOCTI MpH sifiepHUX BuOyxax. [Ipote, 11l MigX01u HENPUIHHATHI
IpY BUHUKHEHHI HAJ3BHYAMHUX CUTyalill Ha 00'eKTax aTOMHOI EHEPreTHKH 1
MiANPUEMCTBAX SIEPHOTO ManMBHOTO IWKIy. Lle moB's3aHo 3 TuM, mo HaOip
PalioOHYKIIIB, SIKi 3a0pYJHIOIOTH HaBKOJUINHIN mpocTip npu asapii Ha AEC,
ICTOTHO BiIpi3HATUMETBHCS Bij iX CKiagy mpu siaepHoMy BuOyxy. Tak, mpu aBapii
SICPHOTO EHEPreTUYHOI0 PeaKTopa I0OBroKUBYUHX padioHykiIiaiB Oyae B 100—2200
pasiB Ouiblie, HXK MPH BUKOPHCTaHHI siiepHOi 30poi [5]. KpiM Toro, mpuHIMTIOBO
iHIIMM OyJe Mmpolec NOMUpPEHHs MPOAYKTiB peakii. Lle o0ymoBiieHo:

— PI3HOIO BUCOTOIO MiTHOMY Pai0OaKTUBHHUX XMap 3 aBapiifHOTo peakTopa i Bij
SIIEPHOTO BUOYXY;

— MYJbCYIOUMM  XapaKTepOM BHUTIKaHHA paJiOaKTUBHUX PEYOBHH 13
3pyHHOBaHOT 30HU SAJIEPHOTO PEAKTOPA;
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— HecTaOUTBHICTIO MeTeomapaMeTpiB B TMPH3EMHOMY (ITOTPaHUYHOMY) MIapi
atMochepu B TIOPIBHSHHI 3 BHCOKMMH IapaMu atMocqepu, e BiIOyBaeThCS
MOLINPEHHS PaAi0aKTUBHOI XMapH SACPHOTO BUOYXY.

3 ornsay Ha BUIIECKa3aHe, MOXKHA 3pOOMTH BHCHOBOK MPO T€, IO METOJIUKH
MIPOTHO3YBaHHS PaliOaKTUBHOTO 3a0pyTHEHHS MICIIEBOCTI, SKi 0a3yloThcs Ha
BHKOPHCTAaHHI MOJIENBHUX YSBJICHHb NMPO (HOpMyBaHHS CIiAy SAEpHOTO BUOYXY,
HEeTpUAaTHI BIAHOCHO pafialliiHUX aBapili, a0 BUMAararoTh iCTOTHOI MEpPEepOOKH.
Iami Merommku, pu 06poOIIi iHGOopMaIii TTpo aBapii Ha SAEPHUX CHEPTECTHIHHX
YCTaHOBKAaX, NMOBHHHI BpPaxOBYBATH PAJiOHYKIITHHUN CKJIaJd MPOAYKTIB pPEeaKiii.
Kpim Toro, 3acrocyBanHsi koedimienta crnany I1JIB, BHKOpHUCTOBYBaHOTO JIst
sIepHUX BUOYXiB, B JAHOMY BHIIAKY HETIPHUITYCTHUMO.

OCHOBHMMMU 3aBJaHHSIMH BUMIPIOBaIBHOTO MOHITOpUHTY HaBkono AEC € [5]:

— CITOCTEPEXKEHHS 3a PiBHAMHU Pa{i0aKTHBHOTO 3a0pyTHEHHS JOBKIJIIS;

— OIliHKa pIBHIB pPaliOaKTUBHOTO 3a0pyIOHEHHS 3 METOI0 IONepeKeHHS
MOKJIMBHX HEraTHBHUX HACIAKIB;

— BWBYEHHS TEHJCHIII MPOCTOPOBO-YACOBHX 3MiH pajialiifHOl 0OCTaHOBKH;

— TPOTHO3 Pa/Ti0aKTUBHOTO 3a0pyAHEHHS 00'€KTIB JOBKIILIS,

— po3pobOKa peKOMEHAAIIN Io/I0 Aii Ha JKepelia paioaKTUBHOTO 3a0py THEHHS
Ha OCHOBI iH(OpMaIlii, OTpUMaHOI B pe3yIbTaTi BAKOHAHHS MOTIEPEIHIX 3aBAaHb.

Hesxi AEC dacTkoBo oOnajgHaHi HaTYMKaMHU, SKi, JOCATIIN IOTYXHOCTI JO3H
raMMa-BHIIPOMIHIOBAaHHS OPOTOBOTO 3HAYEHHS, ABTOMATHYHO BKJIIOYAIOTh
OpWwiagd, 0 BUMIPIOIOTH CYMapHy akTHBHICTh 130TOMiB HOAy, 1HEPTHHX
panioaktuBHuX rasiB (IPI') i moTyxHicTs n03u OeTa-BunipoMiHioBaHHsA. OTpuMaHa
TaKUM YMHOM iH(OpMalis HepefaeTbes M0 APOTIHUX 3aco0ax 3B'A3Ky. OcHaIEeHHS
MOTEHIIHHO HeOe3MeyHnX B pajiiallifHOMy BiJHOIICHHI 00'€KTIB MpHUIIaJaMH, 110
JIO3BOJISIIOTh  BUMIPIOBATH aKTHBHICTh OKPEMHX 130TOMiB (Tpym 130TOIiB),
BHUKIIMKAHO TUM, IO Pi3HI PaiOHYKIIIN TPEACTaBIAIOTh Pi3HY HEOe3MeKy s
JKUTTS 1 3/I0OPOB'SL JIFOMHH.

JaT4uKe po3TamoBYIOThCS, B OCHOBHOMY, piBHOMipHO HaBKkoJio AEC, 3 nesikoro
MIEPEeBaroi0 y HamnpsiMi MaHyIOUYHX BiTPiB 1 BEJIMKUX MICT (cenui). 3 HaBiTPSIHOTO
ooky Bim AEC nHa Bimcranmi 40—60 kM Bim Hei BCTaHOBIIOIOTH KOHTPOJBHHIA
JO3UMETPUYHUM MTOCT, BBAXKAIOTh, 10 BiH PEECTPYE TUTBKU MPUPOJHHN (OH.

Mopenps mommpeHHs paaioaKTUBHOI XMapH B MOTPAaHUYHOMY IHapi atMocdepu
JI03BOJISIE PO3pPaxyBaTH MOTYKHICTh 03U BUIIPOMIHIOBaHHS HA CIili pafioaKTUBHOI
XMapy TpW aBapii sSAEpHOro peakropa. B OCHOBY Mojeii MHOKIaJCHI HACTYIIHI
3aJIeXKHOCTI.

il 1-0.9t 8w, nR K

2
X1 Y
VvBxY

, 1)
2632/

X

ne X1 — MOTYXKHICTH JO3M BHIPOMIHIOBAHHS Ha CIii paaiOaKTHBHOI XMapH 3a
roauny micis aBapii Ha AEC, P/q;

T — TPUBAJIICTh KOMMaHii, 100a. CtaHnapTHa KoMnaHis siaepaux peakropiB PBMK i
BBEP na Teputopii Ykpainu 0J113bK0 TpboX pokis ado 1100 mi0;

Wai — enekTpuyHa MOTYXHICTh siIEpHOTO peakTopa, MBT;

T — A0JIA BUKUAY PaZiOaKTMBHUX PEUOBHH 3 SAEPHOTO peakTopa, %. SKimo nois
BUKHIY HEBijoMa (THIIOBa CHTyalis B IOYaTKOBId craaii aBapii), TO BOHa
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npuiiMaeThes piBHOIO 10%, mpuaomy mis simepaux peakropisB PEMK 25% Buxumy
BBaXKa€ThCsI XMapolto, a 75% Bukuny — crpyminb. s saepuux peakropis BBEP
75% Bukuny — xmapa i 25% — cTpyMiHB;

R — koedirieAT, BeMUYMHA SKOTO 3aJIEKUTH BiJ] TUITY SIEPHOTO peaKTopa i Kareropii
cTifikocTi atMocdepn. 3HadeHHs R HaBeneri B Ta0ui 1.

Tabmums 1 — 3nauennas koedimienta R

Tum simepHOTO Kareropis criikocTi aTMochepu
peakropa Konsekrist (A) I3oTepmist (D) IuBepcis (F)
PEMK 0,01104 0,11435 0,17282
BBEP 0,00644 0,01421 0,03044

V — mBuAKicTh BiTpy B mapi 0-200 M, M/c;

X — BIICTaHP BiJ aBapifHOTO SAEPHOTO PEAKTOpa IO HAIMPSAMY BITPY, KM;

K — koedimiedr, mo BpaxoBye 3MEHIIEHHS MOTYKHOCTI J03M HA MOYATKOBii
JUJISTHITL CITi Ty

K = 0.5[1+ erf (/Ky In(X/Xs0))| @

Ja xateropii ctiiikocti atmocdepu A i D K = 1, ane iforo BennanHy He00XiTHO
BpaxoBYBaTH JJIsl KaTeropii criikocti armocdepu F;

erf (1/ Kl In (X/ X50) — iHTerpan BiporigHocti (QyHkuis Jlamnaca);

Xso— BigcTtanb Big AEC 10 TOUKH, B SKiH MOTY)KHICTh JI03W BUIIPOMIHIOBAHHS B J[Ba
pa3u MeHIIe MAKCUMAITLHOI Ha OCi CITIJY, KM;

Y — Bi/ICTaHb TOYKH BiJ] OCi CIIJTY, KM;

Oy — auctiepcis 01YHOTO BiXWIICHHS CTily Ha BifctaHi X kM Big AEC

Gy = _GaX 3
v1+0.1X

ne C3 — xpurepiii [lackBinia, BeaTUUMHA SKOTO 3aJICKHUTh BiJl KaTeropii CTIMKOCTI
atMocepu.

BiiicbkoBi JpKepena TOB'S3aHI 3 BHKOPHUCTaHHAM 3aco0iB  30pOMHOTO
MPOTHOOPCTBA il Yac MPUKOPJIOHHUX KOHQIIIKTIB 1 B JIOKAILHUX BilHAX, a TAKOXK
y CcTpaTeriyHMx IUiaHax rio0anbHOi KoH(poHTarii. Cepenq mmx 3aco0iB
PO3PI3HAIOTHCS TaKi:

- 3BHYaliHa i BUCOKOTOYHA 30pOsi;

- Ooempunacu 00'eMHOro BHUOYXY, 3amaibHi, (yracHi, OCKOJKOBI, KyJbKOBI,
KyMyJISITHBHI 1 0eTOHOOIiiHi;

- spaepHa 30pos;

- XiMiuHa 30pos;

- OakTepionoriyna 30pos.

VY 3araibHOMY BUTIAAKY MOXKJIMBHM B3a€MO3yMOBIICHUN KOMOIHOBaHHH IPOSB
PI3HHUX JpKepel HeOe3eK .

3a HeCHpUATAMBHMHU Haciiakamu pospisHatoTecs HC, mo mnpusBoaars a0
JIOACHKUX JKEPTB, 30UTKIB TOCIOAAPCHKUM 00’€KTaM Ta ypakeHHsI MPHUPOTHOTO
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cepenoBHIa. 3alie)kKHO BiJ XapakTepy IMOBEHIHKH B EKCTPEeMalbHUX yMOBax
CTHIOCTEPIraloThCs Pi3Hi BUAM 00’ €KTIB YPaXKEHHSI.

Cepen HaceneHHs PO3PI3HSIOTHCS:

— Hempale3aaTHi, BKIFOYAI0UH TITEeH, CTApUX 1 TSHKKOXBOPHX;

- TIpamiBHUKA BUPOOHWUOT chepu;

- TpauiBHUKH cepu TOCIyT;

- HEBOEHI30BaHi (hOpMyBaHHS;

- BoeHi30BaHi (opmyBanHs (30poitHi cumm Ykpainu, HamionanpHa TBapmis
VYkpainu, [lpuxopmonHa ciyx0a VYkpaiam, J[lepkaBHa ciyxba YkpaiHu
3 HaJ3BUYAMHUX CUTYaIIii).

Cepen rociofapchbKux 00’ €KTiB MOYKHA BUIUTATH TaKi:

- 00’€KTH KpUTHYHOI iHPPACTPYKTYpH;

— 00’€exTH BUPOOHUYOI Chepu;

- 00’exTH cepu IOCHyT;

- 1CTOPHKO-KYJIBTYPHI MIHHOCTI;

- HAYKOBO-TEXHIUHY JOKYMEHTAIIiIO;

— KOILTOBHE TEXHOJIOT4HE 00JIaIHaHHS.

Y npupogHOMY CepeoBHIII BUPI3HAIOTHCS:

- TpEeACTaBHUKH TBAPWHHOTO CBIiTY ((ayHa);

- TPEACTaBHUKH POCIMHHOTO CBIiTY ((Iiopa);

- BOIHI JDKepena;

— KOPHCHI KOTIaJIMHU;

— 3arloBiJHI 30HU.

3a MPOTHIIIOYMMH YWHHMKaMu po3pisHstoreess HC, mo copuuuHSIOTH
BUKOPHCTaHHS PI3HUX BUJIIB PEeCypCiB 3aXUCTY, SKi peaizyroTh He0OXiIHi 3aXUCHI
3aXO/IH.

Po3BigyBaIbHO-KOHTPOIIIOIOY] pecypcH TMpH3HAYEH! IS BEJCHHS PO3BIIKHU 1
KOHTPOJIIO 32 CTaHOM 1 3MiHOIO OOCTAaHOBKM B 30HaX MOXJIMBOIO UM PEAIHHOTO
MPOSIBY ypaKalourX BIUIMBIB 3a JIOTIOMOTOI0 BiliCEKOBUX ()OPMYBaHb:

- 1HKeHEepHOI PO3BIJIKY JIS BUSIBICHHS MEX 1 CTYNCHS PyHHYBaHHS )KUTIOBHX
OYIMHKIB 1 BUPOOHUYNX CIIOPYJ, BU3HAYCHHS BTOPMHHHUX HACHIJIKIB ypaKarounx
BILTMBIB, 3HAXO/DKEHHS Micllb Iepe0yBaHHS MOTEPIIUTUX 1 TAXOIIB 0 HUX;

- XIMiYHOT PO3BiIKH JJIsi BUSBJICHHSI MEK XIMIYHOTO 3apa)KCHHs, BU3HAYCHHS
KOHIIEHTpaLii OTPYHHUX PEUOBHH 1 HANPSAMKY MOLIMPEHHS 3apa)kKeHOIro IMOBITPS,
CIOCTEPEXEHHS 1 1a00paTOPHOr0 KOHTPOITIO 33 3MIHOK XiMiYHOI 00CTaHOBKH,

— pamiamiiHOl PO3BIAKM I BHSBJICHHS MEXK 1 PIBHIB paaioaKTHBHOTO
3a0pyIHEHHS, BCTAHOBIICHHS PEXUMIB PajiallifHOrO 3aXHCTy, CHOCTEPEKEHHS 1
JIO3UMETPUYHOTO KOHTPOJIIO 32 3MIHOIO PajlialliitHOi 00CTaHOBKH;

- MEIWYHOI PO3BIAKH JJISi BUSBICHHS TOCTPXKIAIUX IOAEH, BU3HAUYCHHS
iXHBOTO CTaHy i YMOB HaJaHHS MEPIIOi MEJTUYHOI 1 JIIKAPCHKOT IOTTIOMOTH;

— BETEpUHAPHOI Ta arpoTeXHIYHOi PO3BIAKM ISl BUSIBICHHS MOCTPAKIAATUX
TBapyH 1 POCIMH, BU3HAYEHHS iXHBOTO CTaHy W yMOB HaJaHHS BETEpUHAPHOI i
arpoTeXHIYHOT JOTIOMOTH.

[IxeHepHO-TEXHIYHI ~ pecypcH  COpSAMOBaHI Ha  3MEHIIEHHA  30HTKiB
rOCHOAAPCHKUM 00'€KTaM (3aXHCT TeXHOC(hepH) 3a TOMOMOror (GopMyBaHb:

- 1HKCHEPHOTO 3aXHUCTy JUIS MIABUINCHHS (Bi3MIHOI CTIHKOCTI BHPOOHHUIHX
CIOPY/[ 1 JKUTJIOBUX OyIWHKIB, OyIiBHUIITBA i 00CIyroByBaHHS 3aXMCHUX CIOPYI,
PO3UHILEHHS MPOXOiB 1 Po30MpaHHs 3aBaiiB, 0ONAITYBaHHS MiA'I3HUX HMUIAXIB 1
MapIIpyTiB €BaKyarii,
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- XIMIYHOTO 3axXWCTy Ui 3a0e3nedeHHs] HACelIeHHS IHAWBIIyalbHUMHU
3aco0amMy 3axUCTy, JIOKadi3amii BOTHHUII BUKHAY N OOBAJOBKH MiCIb PO3JIUBY
OTPYWHUX  pPEYOBMH, Jerasaiii MPWIATar4ol  MICHEBOCTI, MPUMIIICHb,
YCTaTKyBaHHS, OJATY 1 IPOIYKTIB XapuyBaHHS;

- pamiamifHOTO 3aXUCTy A 3a0e3MeYeHHs HACeIeHHS MPOTHPadialliiHUMHU
CXOBHIL[AMH, OpraHizauii HoaHoi npodinakTuky, 300py 1 MOXOBaHHS HEOE3MEYHUX
PaTiOaKTUBHUX OCKOJIKIB, IE3aKTUBAIIIT MIPHIIATAI0U0] MiCIIEBOCTI;

- TOXKEXHOTO 3aXHCTy IS 3a0e3MedeHHs] TOCMOoIapChKuX 00'€KTiB 3acobamu
aBTOMATHYHOI CHTHaji3alil 1 IMO)KEXKOraciHHs, JoKam3amii 1 JIKBiOamil MOXKEX
y KHUTIOBUX OyTMHKAX 1 BAPOOHUYHX CHOPYAaxX, OOpOTHOU 3 TiCOBHUMH, CTETIOBUMH,
TOpd'THAMH 1 TI3EMHUMH TTOXKEKAMM,

— TEXHIYHOTrO 3aXUCTY JUIS MiJBUIICHHS OC3IEKU TEXHOJOTTYHOTO 001 THAHHS
3a JONOMOTOI0 3acO0iB aBTOMATHYHOTO KOHTPOJIO 1 BiIKJIIOUEHHsI, BUKOHAHHS
Mpo(iTaKTUYHAX 1 PEMOHTHO-BIAHOBIIOBATHHUX pOOIT Ha KOMYHaJIbHO-
CHEPreTUYHUX MEpeXax, a TaKOX I PEMOHTY TPAaHCIIOPTHOI, iHKEHEpHOT,
MIPOTHUIIOKEIKHOI Ta 1HIIIOT TEXHIKH.

Menuko-610J0Ti9HI pecypcH CIpsSMOBaHI Ha 3MEHIIICHHS HEraTUBHUX HACHIIKIB
JUTSL HACEIIEHHSI, TBAPHUH 1 POCIHH (3aXHCT 6iocdepn) 3a JOmOMOror GOopMyBaHb:

—  MEIUYHOTO 3aXUCTY JUIS HaJlaHHS MEPIIol MEIUYHOI 1 JIIKAPChKOT JJOIOMOTH
MoCTpaXxaanuM Oe3rocepe]HO B 30HAX ypPaKEHHsI, MOCAAKH iX Ha TPAHCIOPT i
CYTIPOBOY TIi/T Yac eBaKyarlii;

— JIKapChKOTO 3aXWCTy JUIA HaJlaHHS CIEI[iali30BaHOT MEAMYHOI JOMOMOTH 1
CTAIllOHAPHOTO JIIKYBaHHS MOTEPHUIMX 3a MEXaMH 30H YPaKCHHS B KIIHIKaX,
JKapHSX 1 MIMATANAIX;

~  emiZeMIOJIOTIYHOTO 3aXHMCTy JJIsl CAHITApHOTO OYMILIECHHS 30H YpPa)kKeHH,
MpoQIAKTUKY 1 JTIKYBaHHS iIHPEKIIIHNX 3aXBOPIOBAHb;

— BETCPUHAPHOTO 3axHCTy JIsi CaHITapHOI OOpOOKM 1 JIKyBaHHS TBapuH,
JIOKaJji3arii 1 JiKBigamnii emi300Tii;

— arpoTeXHIYHOTO 3aXHUCTY JJIs 3HE3apaKyBaHHS POCIHH 1 Ppypaxy, JIoKaizamii
1 mikBigamii emigiToTii.

TpaHCIOpTHO-KOMYHIKaIiHI pecypcHu 3a0e3NeuyroTh MepeMillleHHs 00'€KTiB
0io- i TexHOC(hEpH ycepearHi i 103a 30HAMH ypaXKeHHS 32 JIOTIOMOTO0 Pi3HUX BUIIB
TPaAHCIOPTY 1 3aC001B 3B’ 513Ky. [Is 1IbOr0 3aTy4aroThesi JOPMYBaHHS:

- 3a0e3meyeHHs eBaKyallii HOTEPITLINX;

- 3a0e3neyeHHs nepeauciokalii popMyBaHb;

— 3a0e3MeyeHHs MiBO3y MaTepialbHO-TEXHIYHUX 3aC00IB;

- 3a0e3MeyeHHs MiJBO3y BOJHM, NMPOAYKTIB XapuyBaHHsS 1 MPeIMETIB Mepurol
HEOOXITHOCTI;

- 3a0e3MneyeHHs eBaKyallii yHiKaJIbHOTO 00JIaTHaHHS 1 KYJIbTYPHHUX [IHHOCTEH.

MartepiajibHO-IPOAOBOJIBYI  pecypcr  3a0e3MeuyloTh MPOLECH  BUKOHAHHS
3aXHICHUX 33aXO07iB HEOOX1THUMH MaTepiallaMHy i 3ac00aMu 3a JOOMOT 00 (DOpMyBaHb:

— MarepiajgbHOro 3ade3neveHHs Ajsl 30epiraHss 1 po3NOAISIHHS Oy/iBebHUX,
JerazaiiiHuX, MEIMYHUX Ta IHIIMX MaTepialiB i 3ac00iB;

— eHepro3abe3neveHHs Ui 3alpaBlieHHs] TPAHCIIOPTY TOPIOY0-MaCTHILHUMHU
MaTepianamMu, WiA3apsaKd 1 3aMiHM aKyMyJIATOpHHX OaTapeil, opraHizamii
aBTOHOMHOT'O €JIEKTPOKHBIICHHS,

— pedoBOro 3abesrnedeHHs st 30epiraHHs 1 pO3MOIUISIHHS CIELOAATY Cepel
ocoboBoro cknaxy ¢GopMyBaHb 1 TpeAMETIB MepHioi HEeOoOXiTHOCTI cepex
€BaKyHOBaHOI'O HACEJICHHS;
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- KOMYHAJIFHOTO 3a0e3MedeHHs IS PO3CENeHHS 1 KOMYHAJIbHO-TIOOYTOBOTO
00CITyTOBYBaHHS €BaKyHOBaHOT'O HACEICHHS;

- TPOAOBONBYOTO 3abe3medeHHs Uit 30epiraHHs 1 pO3MOAUISHHA MPOAYKTIB
Xap4yBaHHS cepell popMyBaHb 1 HACEIECHHS.

[Ipu momryky ONTHMaNbHOTO IIIAHY 3aCTOCYBaHHA CHJI 1 3acO0IB cHCTEMH
TEXHOreHHOI Oe3mekn Ha eraml JnkBigamii  Hacaigkie HC  gomiiabHO
BUKOPHCTOBYBAaTH IPOTPaMHO-IIUIBOBUI MiIXid A0 TIaHyBaHHS. [loyaTkoBHM
eTaroM IMKIY IUIAHYBaHHA € pO3poO0Ka MeTH Mporpamu (LiJIeTOKIa aHHs).
l'onoBHOIO CHCTEMHOIO METOI0 mporpamu poOiT 3 mikBiganii Hacmigkis HC
BBaYKa€EMO MIiABUIICHHS iXHBOT WiAbOBOI epeKTHBHOCTI. [lepmyM NOKa3HUKOM
edexkTUBHOCTI € F — 3HaueHHS OYIKyBAaHOTO CHCTEMHOTO e(eKTy (3MEHIIEHHS
30utky Bix HacmigkiB HC) mporpamu po0it 3 mikBiganii nacuigakie HC. [dpyrum
MOKa3HUKOM e(EeKTHBHOCTI MporpaMu Tpeba BBaKaTH BUTPATH OIOKETHUX
pecypciB B, SKUMH JOCSTHYTO 3HAUEHHS IEPIIOro Moka3HUKa. Tofi eheKTUBHICTh
1JTFOBO1 IPOTPAMH OIIHIOETHCS 5K

esi =F/B . @)

[locranoBka 3ajgaui po3poOKM ONTHMAIBLHOI MpOrpaMH poOIT 3 JiKBimarmii
HacniakiB HC: Ha MHOXHMHI TU1aHIB BUKOpHCTaHHs OtokeTHUX pecypeiB R = {R;},
JIe KOXKHUH 3 elNeMeHTIB R; 3a70BOJIbHSE cHCTEMi OOMEXKEHb Ha 3aCTOCYBaHHS
pecypciB (TOOTO HaJIEKUTh OOJIACTI MPUITYCTUMUX PIIlICHB):

G(Ri)<Go, (5)
3HAWTH Takuii (ONTHMAaIBHUI) TIaH Ro, 110 MakcuMi3ye eekTHBHICTE porpaMu

esi (Ro)= TR0)_ e €oi ©)

B(Ro )

[MoOynyemo obnacte mpunmycTUMHX pimeHb Ha [lapero-dyHkuii cucremu
(puc. 1).

Ha puc. 1 nmo3naueno: BS — GromxeTHi BUTpaTu Ha mporpamy, FS — minsoBuit
edexT, 1o nocarayTo Burparamu BS. [puponHo, 110 icHye MHOKHHA MOKJTHBHX
1aHiB R, KOXKHUAHK 3 €IEMEHTIB KOTPOi MPEACTABISIETHCSI TOUKOIO 3 KOOPIAMHATAMU
R(F, B).

O4eBHTHO, IO 7S KOXKHOI TOYKU 00JacTi MPUITyCTUMUX pimeHs F mmanom R
LIJIKOM BU3HAYAETHCS PiBEHb BUKOPUCTAHHS pecypciB B. MHoxuHa "edekTuBHUX"
IUIaHiB, JUiss KOTpux criBBinHomenHs (F/B) € Halikpamum, — jiBa BepXHS Meka
o0JIacTi TPUIYCTHMUX IUIaHiB, 00 KOXHHH e(eKTUBHHHU IIaH repeBaxae 3a F
piBHOLIHHI KoMy IUTaHu 3a B abo mocTynaeTscs 3a B piBHOLIIHHUM IJ1aHaMm 3a F.

MHoxuHa e(peKTHBHHX IUIaHIB CKiIamae MHOXWHY Ilapero, mo yTBOpIoe
¢yuxiro [Mapero F(B).

OcCkinbkH TparHeHHs MiABUILEHHS €()EeKTUBHOCTI CHUCTEMH OOMEKYETHCS
Toukoro R™(F™, B™) gk mmaHoM "aOCONIOTHOI JOCKOHAJOCTI" CHUCTEMH, TO
MOTPIOHMX I LHOTO OIOHKETHUX KOMITIB B™* MOke He BUCTAUUTH 1 Tpeba TPOXHu
"moctynuTHCcsA" UiIMbOBUM edexToM F.
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Puc. 1. O6nacte npunyctumux pimens Ha [Tapero-dyHkuii cucremu

SAxmmo moxnmBi Butparu B, To iMm Bignosinae 3HadeHHs [lapeto-dynkii F7,
0 € Pe3yJbTaTOM BHpIIICHHS "MpsAMoi" 3a7avi ONTUMAIBHOTO IUIaHYBaHHS
BUKOPHCTaHHS OOMEXEHUX PECYPCiB, IO MAKCHMI3y€ eeKT.

ko 3HaueHHs F7 He 3a10BOJIBHSE 1 HOTO MOKHA TIABUIIUTH 10 F*°, TO HOBOMY
F* BinmoBisae HOBe 3HAUYEHHsI BUTpPAT O0pKeTy B, 1110 € pe3ynbTaToM BUPILICHHS
"oOepHeHOT" 3aJadi ONTHMAalIbHOTO BHUKOPUCTAHHS pECypciB, IO MiHIMI3ye
noTpiOHmM OrokeT. Takuili mimxix BU3HAYa€ KOMIPOMICHHU DPiBEHB IIJIHOBOTO
edexTy nporpamMu i OJKET 1Jis HOro JOCSATHEHHS.

BucnoBku

VY crarti chopMysibOBaHa MMOCTAHOBKA 3aj1adi JIKBIIAIlil HACIIAKIB IPUPOIHUX Ta
TEXHOTeHHUX KaTtacTpod Ha Tepuropii Ykpainu. llpoBenenmii anani3z mpobiem
YIPaBIiHHS TEXHOTEHHOIO OE3MEeKOK KOHKPETHOTO perioHy, jae 3adikcoBaHa
Ha/13BUYaiiHa cutyaris. OtpuManuil GOpMaNbHUI OMUC JTOCIIKYBaHOI CHCTEMH 1
OTOYYIOYOIO 1l Cepe0BHUIIA, BUXOSMYH 13 MPUHIIMIIB CUCTEMHOTO ITiIX0/Y.

HaBenena knacudikaris mpxepes HaJ3BUYalHUX CUTYaIlild, BUXOASYH 13 TPHYUH
BUHUKHCHHS, PI3HUX BHIIB OO0 €KTIB Ypa)KCHHS B 3aJIE)KHOCTI BiJl XapakTepy
MOBEJIHKM B EKCTPEMAIbHUX YMOBaX, PI3HHX BHJIB pECypCiB 3aXHCTYy, SKi
pearnizyroTb HeoOXimHi 3axucHi 3axoad. J[nsg mouryky ONTHManbHOTO IUIaHy
3aCTOCYBaHHSI CHJI i 3ac00iB CHCTEMH TEXHOTEHHOI OE€3MeKM Ha eTarli JIKBijamii
HacniakiB HC BHKOpHUCTaHWU NpOrpamMHO-NIITBOBUE MiAXiJ N0 TUTaHYBaHHS
3 BUKopuctanusaM [lapeto-QyHKIii cuctemu.

PosrnsiHyTi mpsima Ta oOepHeHa 3a/avi MOLIYKY ONTHMAalbHOrO IUlany. Bindip
00'eKTiB JIIsI IPSIMOT 3371241 POBOUTHCS Y BIJITIOBIAHOCTI JIO IXHBOT IPIOPUTETHOCTI
(paury). Ilpu BupimeHHI 00epHEHOI 3amaui BiAOIp 00'€KTIB MPOBOIUTHCS [0
JOCSITHEHHSI 33JaHOTO PiBHS CUCTEMHOTO e(eKTy, 10 HaKOMUYYeThCS B MpoLeci
BiOOpY.
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MAIN TASKS OF IMPLEMENTATION
OF INTERNATIONAL LABOR PROTECTION REGULATIONS
IN THE LEGAL FIELD OF UKRAINE

Abstract. The paper analyzes the legislative regulation in the field of labor
protection in Ukraine and identifies the main directions of work to improve it. In
connection with Ukraine’s move towards EU membership, it is advisable to focus
on EU regulations. It is shown that such acts are both general in nature and consider
certain aspects of labor protection (certain factors of harmful effects). The
advantage of the European directives on occupational safety is that they contain
mandatory annexes that quantify the permissible harmful effects. The joint work of
experts of the EU and the International Labor Organization on the draft Law of
Ukraine on labor protection is analyzed. Due to a number of shortcomings, these
materials are generally in line with the international level and require minimal
harmonization with current national regulations. The advantage of the Project is a
clear modern definition of "employee™ and "employer". The same applies to the
definition of the rights and responsibilities of employees and employers. For the first
time in Ukraine, a risk-based approach to possible dangers for workers has been
recognized at the legislative level. It is advisable to detail its requirements in bylaws
for certain industries, taking into account the significant achievements of domestic
scientists. This need is due to the lack of clearly defined methods of calculating
occupational risks. The advantage of the Project is also targeted regulation of
penalties for non-compliance with the Law. The implementation of the law, with
some modifications, will contribute to the safety and health of workers.

Key words: labor protection; health of workers; employee; employer; risk-oriented
approach
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B.I'. 3nanoBcbkuid, B.A. I'muBa, H.b. Bypaeiina
KuiBchkuii HaiOHATHHUN YHIBEpCUTET OYIIBHHUIITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

OCHOBHI 3AJIAUI IMILIEMEHTALIT
MI’KHAPOJHHUX HOPMATHBIB 3 OXOPOHM MPAIII
Y IIPABOBE MOJIE YKPATHH

Anomauin. Y pobomi npoananizosano 3axKonooasye HOPMYSAHHS YV 2any3i
oxoponu npayi 6 YKpaini i GU3HAYEHO OCHOBHI HANpiMu poobim wooo U020
800CcKoHanents. Y 36’s3ky 3 pyxom Yxpainu 0o unencmea y €6pocoiosi doyitbHum
€ opicumayin na Hopmamueni akmu €C. I[lokazano, wo maxi axkmu maroms 1K
3a2anvHull xapakmep, maxk i po32aa0aiome OKpeMi acnekxmiu OXOpOHU Npayi
(okpemi gaxmopu wkionueozo enausy). Illepesazor 3a2arbHOEBPONENCLKUX
Oupekmug 3 b6e3neKu npayioyux € me, Wo 0HU Micmams 0008 'A3K08I 000amKu,
AKI  Hadalomv  KiIbKICHI  3HAYEHHs  OONYCMUMUX — WKIOIUBUX — BNIUBIE.
Ipoananizosano cnineni Hanpayrwsawna gaxisyie €C ma Mixcuapoornoi
opeanizayii npayi woodo npoekmy 3axkony Ykpainu 3 numatns oxoporu npayi. 3a
HU3KU HeOOIiKi8, yi mamepianu y Yiiomy 8iOnosioaomes MidDCHAPOOHOMY DIGHIO I
nompebyioms — MiHIMAIbHOI  2apMoHi3ayii 3  YUHHUMU  HAYIOHAAbHUMU
nopmamugamu. Ilepesazoro Ilpoekmy € uimke cyuacHe BU3HAUEHHS NOHAMb
CApayisHUK» ma «pobomooaseyvy, Wo HaA CbO2OOHIWHIU OeHb 6 YKpaini mae
pisnouumanus i y 6a2amvox unaokax € npeomemom puousHux npoyedyp. Lle
JHC CMOCYEMBCSL BUBHAYCHHS. Npas I 0008 '3Ki6 NpayisHUKie i pobomooasyis.
VYnepwe ¢ Yrpaini na 3axkonooasuomy pieHi 8uSHaHO pusuK-opieHMo8anuti nioxio
w000 ModCIUBUX Hebesnek 0 npayowyux. Joyinteno Oemanizyeamu 1020
8UMOcU Y NIO3AKOHHUX aKmMAax OJs OKpeMmux 2ediy3eli NpOMUCIO80CMI 3
VPAXYBAHHAM 3HAYHUX HANPAYIO8AHL SIMUYUHAHUX Haykosyis. Taxa nompeba
00yMo8NieHa  GIOCYMHICMIO — YIMKO  GU3HAYEHUX  MemOOUK  pPO3PAXVHKI8
npogeciinux  pusuxie. Ilepesacoro Ilpoexmy € makodc OpIiEHMOBAHA
pecnameHmayis NOKApaHs 3a HeBUKOHAHHA 8UMO2 3aKOHY. BnpoeadsiceH s 3aKOHY
3a 0esiKuMU 00ONPAYIOBAHHAMU chpusmume des3neyi ma 30epediceHnIo 300pos s
npayionyux.
Kniouoei cnosa: oxopona npayi; 300po8’s  npaywwyux,; NpaAyieHUK;
pobomodaseys; pusuUK-opPIEHMOBAHUL NIOXIO

DOI: https://doi.org/10.32347/2411-4049.2022.2.47-58

Beryn

3axoH Ykpainu «IIpo oxopony npati», npuitaatuii y 1993 p., To6To maitxke 30 pokis
TOMY, Y 3Ha4Hid Mipi 3acrapiB sk 1o (GopMmi, Tak i 10 CyTi, Ta He BiAMOBIIAE
CydacHOMY Oa4eHHIO TeOopii 1 MPaKTUKU Oe3reku mpaii. [Ipo 1e cBigyaTh YUCIICHHI
HAyKOBI JJOCHIKEHHs Ta Iy OJTiKaIlii, a TaK0X BUCHOBKH Ta PIIIICHHS KOMITETEHTHUX
JICp’KaBHUX OPTaHiB.

VY 3B’A3Ky 3 mpocyBaHHSIM YKpainu o wieHctBa y €C, mpu po3poOri i
BIIPOB/KCHHI HOPMATHBHUX aKTiB 3 OXOPOHHM Mpali [IOUiJIbHO KepyBaTUCS
odiniiHuMu n1OoKyMeHTamMH €Bpocoro3y 3 wiei mpobnematuku. Lle morpedye
PETEILHOTO aHaJl3y CTaHy IMUTaHHA 1 pO3POOJEHHS IITICHOI KOHIIEMIT
HaIlOHAJILHOT TOMITHKH Y chepi OXOpOHU Mpatii.
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AHaJTi3 HOPMATHBHHX JKepeJ

Konmnenist momo crparerivaux 3aaay €C y ranysi 3aXUCTy 30pOB’s MpalliBHUKIB
Ta O€3MeKHu Mpaimi MICTUTbCA y AOKYMEHTi, MPEACTaBICHOMY IO BiIOBiTHUX
ycTanoB €Bpocoro3y [1]. Bin BUCBITIIIOE cTpaTerivHi 3a1a4i i HAMPSIMHA TisTTBHOCTI
y Taay3i OXOpPOHU Tpalli. Y 3B’SI3Ky 3 Pi3HOMaHITHICTIO MOXJIMBUX HECTPUSATIMBUX
BIUTMBIB Ha TpaIiooynx, icHye Hu3ka dupexktuB €C, sSKi perJaMeHTyIOTh OKpeMi
BIUIMBH, Hanpukiazn [2-5].

3araJbHOBU3HAHMK MDKHApOIHUH HOpMatuB [6] MICTHUTh BHUMOTH JO YCiX
(i3nyHUX Ta XIMIYHUX YMHHUKIB cepenoBuina. Ha cboroaHimHii neHs B YKpaiHi
pO3po0IeHO CydacHWH MiIXia M0 BU3HAYEHHS PHU3UKIB y Tpoleci BHPOOHUYOI
nisibHOCTI  [7]. Pusuk-opieHToBaHuil miaxig y cdepi OXOopoHM mpaii €
00OB’SI3KOBOIO  CKJIAJIOBOI0 OYy/Jb-IKOrO HOPMAaTHBHOTO JOKYMEHTa Yy Tamy3i
nuBinbHOI Oesmeku. lle Tpeba ypaxyBaTu y TpoIleci IMiITOTOBKH HAIllOHATHHUAX
HOpPMaTHUBHUX akTiB. HampamtoBanHg y IIbOMYy HampsMi HOTPEeOYIOTh PETEIHHOTO
aHaii3y 1 BU3HAUEHHsI MPIOPUTETIB Ta TOJIOBHHUX CKIAJOBUX, SKI MOXYTb OyTH
BHECEH1 y BiNOBiTHUI 3aK0H YKpaiHu.

BukJiag 0CHOBHOT0 MaTepiary

IMpoextom 3akony «IIpo Ge3meky Ta 3A0poB’s mpamiBHUKIBY (mami — ITpoexT),
CTBOPEHOTO y CHiBApPYKHOCTI peacTaBHuKaMu €C Ta Mi>KHapOJHOIO OpraHi3ali€eto
npaui (MOII), npornoHyeTsCst B3ATH HOTO 32 OCHOBY JJIsl CTBOPECHHS BiIIOBIIHOTO
3aKOHONPOeKTy Ykpainu. 3mict IlpoekTy BukmageHo Ha 78 CTOpiHKax Yy
16 pozainax. Bin € BHeckom €C-MOII y crnpusiHHS €pEeKTUBHOMY Y3TOIKECHHIO
3aKOHOJIABCTBA Y KpaiHU 3 OCHOBHUMH YHHHUMH MI>KHAPOJHAMH Ta €BPONIEHCHKUMH
cTaHmapraMu y cdepi mpaiii Ta yCIilIHO0 MPAKTUKOIO iX 3aCTOCYBaHHS. ABTOpaMu
CTaTTi, 5IKi € HayKOBISIMA KHiBCHKOTO HAIlIOHATBHOTO YHIBEPCUTETY OY/IiBHUIITBA
Ta apXiTeKTypH, MpoaHaIi3oBaHO BiAMoBiAHICTh [IpoekTy HactaHOBaMm [locTaHOBM
KabGinery MinictpiB Ykpainu Big 12.12.2018 p. Ne 989-p. «IIpo pedopmyBaHHS
CHCTEMH OXOPOHH Hpali B YKpaiHi», a TAaKOX JOLUIbHICTh IMIUIEMEHTYBaHHS HOTO
y 3akoH Ykpainu. Kpim Toro, mae cenc mopiBHATH IIpoekT 3 HampaitoBaHHAMH
HAyKOBIIIB YKpaiHM II0JO0 IMX NMUTaHb Ta BPaxyBaTH OCOOJMBOCTI CTBOPEHHS Ta
3a0e3neueH s Oe3NeyHNX 1 3J0pOBUX YMOB Ipaui B Ykpaisi [7]. SIk 6aunmo, koo
NUTaHb JOCUTH LIMPOKE 1 BHMarae TIJIMOOKOro BHUBUEHHS Ta 3 sSCYBaHHS.
Bibmiorpadiunmii orisy CBIIYUTE — J0CI MyOJIiKallii 3a i€l TEMaTHKOI He 0YJIo,
IO CBIYUTH PO aKTYaJIbHICTh IIi€] CTATTI.

VY 1poMy aHai3i po3riasHyTO MUTaHHS OXOPOHU Hpali (Ha JaHui yac uel TepMiH
€ BU3HAYAILHUM SIK Y HOPMATHBHO-TIPaBOBHX aKTaX, TaK 1 y 0araThb0oX HayKOBHX
JOCIHIJDKEHHSIX 1y BUPOOHMYIH JisutbHOCTI B YKpaiHi). Y TIpoexTi mpornoHyeThes
3aMiHUTH HOro TepMiHOM «Oe3meka mpaui Ta 3740pOB’S NPALiBHHUKIBY, AK 1€
MOPUIAHATO y CBITOBiH npakThui. Takuil TEepMIHOJIOTYHUI TIepeXif] He € IPOCTUM 1 He
MOKe OyTH cyTO (POpMaATEHIM.

[lo-nepiie, 3MiHIOETBCS CBITOTMISIAHE PO3yMiHHS TpoOseM, siki y IIpoexti
BUPILIYIOTBCS HE B KOHTEKCTI aOCTPakTHOrO TEPMiHYy «OXOpOHa Ipaii», a
MaKCUMATbHO HaOIMKEHO 10 pobiieM Oe3meuHoi 6e3TpaBMaTiIHOi Ta KOM(pOPTHOT
BUPOOHHUYOT TisSUTBHOCTI JIFOIUHHU-TIpaliBHUKA. [1o-Apyre, 1151 3MiHA OHATH Ma€ OyTH
YCBIJIOMJICHA CYCHIJIBCTBOM, BKITIOYalOYH HEOOXiHICTh Ta HACTIAKH TAKOT'O KPOKY.
I, mo-Tpete, MaOyTh, HAMCKIAAHIIIE, — TpeOa 3aMiHUTH 3acTapijie OHATTS B yCiX
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3aKOHAaX, HOPMaTHBHO-IIPAaBOBHUX [IOKYMEHTaX, MOJOXKEHHsIX. He nuensunce Ha
Ha4ueOTO YSIBHY IPOCTOTY, LEH TepMiH € HapihXHMM KameHeM pedopMyBaHH:
MPaBOBUX 1 COLIaJbHUX BiAHOCHH y cdepi MaTepiallbHOTO BHPOOHMITBA Ta
cycmijsCcTBa B miomy. Ha e motpiben dac i momaTkoBi marepianbHO-(piHaHCOBI
BuTpatd. HeoOXiqHO y3aKOHUTH HOBY TEPMIiHOJIOTIIO.

[Ipobnemaruka Ta 3ax011, 3anponoHoBani y [IpoekTi, mociipKyBanucs y Till uu
IHIIIM Mipi y TIparsix MPOBiTHIX HAYKOBUX OpraHizamiil YKpaiHu, cepen sKuX CIia
BimHauntn Y «HHAIIBOIl», Hamionansamii yHiBepcureT «KuiBChKuit
noJiTexHiyHui iHCTUTYT iMeHi Irops Cikopcbkoro», HamionanpHuil aBialiifHuiz
yHiBepcuTeT, KuiBchkrii HalliHaTbHUH YHIBEpCUTET OYAIBHULITBA Ta apXiTEKTYpHU Ta
inmri. Ha »xaimb, CyTTEBOIO BIIMIHHICTIO HAYKOBUX JOCHIKEHb B YKpaiHi € Te, 10
BOHM NPaKTUYHO MaJI0 BHUKOPUCTaHI JJsl YIOCKOHAJICHHS 3aKOHOAaBcTBa. Lle
3HAYHOIO MIpOI0 OOYMOBJIIOE BiJICTABaHHS OCYyYacHEHHS METOJOJOTIi yIpaBiiHHS
CUCTEMOIO OE3MeKH Ta TirieHH Tpaii B YKpaiHi.

3a 6e3yMOBHOI MiATPUMKH HeoOXiTHOCTI MpuiiHATTA 3akony Y kpainu «IIpo
Oe3meky mpaui Ta 310pOB’Sl NMPAUiBHUKIB» 3 BHKOPUCTAHHAM OCHOBHUX
noJioxkenb IIpoexkty €C-MOII HeoOXinHO BpaxyBaTu HaCTyIHe:

1. IlpononoBanwmii IIpoexkT cmnpsmoBano Ha moraHOIeHE pedopMyBaHHS
CHCTEMH OXOpOHHU mpami. 3 orisay Ha 1e, 3akoH Ykpainu «[Ipo oxopony mpari»
HEOOXIZTHO IMOBHICTIO MEperisHyTH, (PaKTUYHO HAETbCS TPO CTBOPEHHS HOBOTO
3aKOHY.

2. HeoOximHO 3mIMCHUTH Ha MPaKTHUII 3aMiHy MOHATTS «OXOPOHA Mpaii» Ha
«Oe3meka mpari Ta 3J0pOB’Sl MPAIiBHUKIB», a TAKOX HHU3KH IHIIMX MOHSITH, IO
3aCTOCOBYIOTBCS Y HAC 1 IKUX HEMA€E y CBITOBIN MPAKTHII.

3. Y cBow uepry, llpoekt morpeOye pemaryBaHHA Ta E€KCHEPTHOI OLIHKH
KOMIIETEHTHUMH (haxiBIIMH, OCOOJIMBO IIOJI0 BPaxyBaHHS MiCIEBHUX YMOB, SIKi
O0arato B 4YOMY BIJPI3HSIOTBCS Bij 3apyOiKHUX y cdepax BHUPOOHUITBA i
SKUTTETISUTBHOCTI.

4. Tpyntyrounck Ha pochimkenusx JIY «HHIITIBOII», me dinmbHe Micue
HAJIC)KUTh HAYKOBO-METOJIMYHUM PO3p0OOKaM CTOCOBHO PU3HK-OPIEHTOBAHOI MOJIE
Oe3nexu mparli, AoniIbHO monoBHUTH po3ain VII Ilpoekty momo mertomosorii
BIIPOBA/IKEHHSI PU3HMK-OPIEHTOBAHOI MOZENI SIK OCHOBH peOpMyBaHHS Oe3MEKH
npati B YKpaiHi.

5. baxaHO pO3MIAHYTH, HACKUJIBKM HPAaBOMIPHO B OJHOMY 3aKOHOIIPOEKTI
CyMillIaTH NHUTaHHs Oe3neku mpaui Ta crenuivHi MUTaHHS TPYAOBOTO IpaBa Ta
TeHJEPHOI poOIeMaTHKH, sIK 11e 3pobiaeHo y [Ipoekti €EC-MOII.

O0'em cTaTTi HE O3BOJISIE BUCBITIUTH yCi pO3JIUIH Ta cTaTTi [IpOEKTY, TOMY BOHH
npeacTaBieHi BUOIPKOBO, BUXOSUH 3 TOTO, 10 HEOOX1IHO 3BEpHYTH OCHOBHY yBary
Ha:

e HaiOUIBII aKTyabHI B yMOBax YKpaiHH acleKTH, 10 3aiiMaloTh YiJIbHE MicIle
y IIpoexTi;

® HOBI TIOJIOKEHHS, SIKI BIZICYTHI Y 3aKOHO/IaBCTBI Y KpaiHu;

® HOBI TEPMIHOJIOTiYHI BU3HAYCHHSI.

VY crarrax [Ipoekry €C-MOII BuKIIaIeHO TPAKTUYHO BCi ACTIEKTH CKIJIATHOI Ta
OaraTorpaHHoi AiSIILHOCTI 3 TpoOsieM Oe3MeKH Mpatli Ta TPyI0BOTO IIpaBa.

Po3rasHyTO HaMOLIBIT aKTyalIbHI AJI HAIIOTO CHOTOJCHHS PO3IUIH Ta CTATTi, III0
yBiOpanu B cebe BaXXIIMBI TEOPETHYHI Ta MPAaKTU4HI HagOaHHs Oe3MeKu Ta TirieH:u
mpati, BizoOpaxeHi y 3akoHax eBporeiicbkux kpaiH i CILIA, a TakoX y YuCIEHHUX
HupextuBax €C, M0 MOCTYIIOBO IMITIEMEHTYIOTHCS Y 3aKOHOIaBUE TTOJIe YKpaiHH.

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponokopuctysanss, Ne 2 (42), 2022



YacTHa pO3IUIIB € MOCTaTHHO TPAMUIIMHUMH 1 CIIBIAMAIOTH 3 BIiATIOBITHHMH
BITYM3HSHUMH HaNpaIIOBaHHSMH, OJHAK TOCUTH 0arato crareid MoOXyTh OyTH TOIO
YW IHIOIOK MIpPOI0 BUKOPUCTaHI OE3MOCEpPeHbO y TEKCTI HOBOTO 3akoHy. Lle
cTocyeTbes po3niny I, a Takok wactkoBo pozminy Il momo oxpeMux enemMeHTIB
MIOJIITUKA B Tally3l 0XOpoHH mparti, po3airy Il B vacTuHi 000B’s13KiB MPaliBHUKIB,
po3niniB IV 1 V cTOCOBHO HaB4aHHS, KOHCYNbTAllii Ta 3aly4eHHs MPaliBHUKIB,
po3aimy VII momo opranizarmii cimyx0u oxoponm mpami, po3airy XIV BimHOCHO
aHamizy HemacHWX BHMaAKiB. Taki po3minu, sk XV — «CHpusHHA, KOHTPOJIb i
3a0e3neyeHHs BUMOTr Oe3neku Ta 370poB’s», XVI — «AnMiHicTpaTuBHA
BIJIMOBIMABHICTE)  MICTATh  CTATTi IMOAO0 OOOB’SI3KOBOCTI  MEPCOHAIBHOT
BIAITOBIAILHOCTI Ta MipH TOKapaHHS 32 HEBHKOHAHHS THUX YH 1HIIHUX ITOJOKEHB 1
CTaTell 3aKOHO/ABCTBA MOCAIOBUMH O0CO0aMU Ta, OCOOJIMBO, pPOOOTONABIIIMH, IO
TaKOX MalTh YBIHTH y 3aKOHOAABCTBO YKpaiHU 3 MUTaHb OE3IEKH MpalliBHUKIB.

Po3nin I Bu3zHawae mpaBoBi, opraHizamiliHi, €KOHOMIYHI Ta COIliabHI 3acaiu
Oe3mnexu Ta TririeHu mpatli B YKpaifi i Mae CBOIM 3aBIaHHSIM 3a0e3MeueHHs Oe3eKn
MPaIiBHUKIB 1 MONEPE/PKCHHS HeIACHUX BUIAJKIB Ta MPOeCiiHIX 3aXBOPIOBAHb.

ITpoeKTOM IMITIIEMEHTYIOTBCS Yy TTPABOBY CHCTEMY YKpPaiHH BaXKITUBI JUPEKTUBU
€ponelicekoro Coroasy.

3a0e3neuyeThcsi TMOJANbIIE HAOMMKEHHS HAI[lOHAJIBHOTO 3aKOHOJIABCTBA 3
MUTaHbh OE3IEKW Ta TIri€HW Mpaimi A0 MDKHApOJHUX CTaHIAPTiB, BCTAHOBJICHUX
MixnHapomHoto opranizariero npari (MOIT).

[IpoekToM  3abe3meuyeTbcss — mojanblie  HAONMKEHHS  HAIlOHAJIBLHOTO
3aKOHOJIABCTBA 3 THTaHb OE3MEKH Ta 3J0pOB’S Ha POOOTI 10 MIKHAPOIHUX
CTaHNapTiB mpari, BctaHoBIeHnXx MOIT:

1. Kongenuist 2006 poky mpo OCHOBH Oe3reku Ta 310poB’st Ha poboti (Ne 187);

2. Koupeniiiss npo Oe3rneky Ta TirieHy mpaii Ta BUPOOHHMYE CEpEOBHUIIEC
(Ne 155);

3. Iportoxon 2002 poxy no Kousentii mpo Oesmeky Ta 310poB’s Ha poOOTi
1981 poky;

4. KoHBeHIIis Ipo cy>k0u ririenu mnpari 1985 poky (Ne 161).

Hist [TpoexTy mommproeThes Ha BCiX MPAIiBHUKIB 1 pOOOTO/1aBIIiB, HE3aJIEKHO Bil
iXHBO1 (pOpMH BIACHOCTI Ta BUAY AisUTHHOCTI.

Tepminu 111010 TpalliBHUKA Ta pOOOTOMABIISI BYXUBAIOTLCS Y TAKOMY 3HAYCHHI:

I[paniBHuK — Oyab-sKa Qi3udHa 0c00a, KA, HE3AIEKHO BiJl HASBHOCTI ODiliHHO
YKJIaZCHOTO0 TPYAOBOTO JOTOBOPY, 3000B'SI3YETbCA 32 BHHArOpoJly BHKOHYBaTH
IHTETIeKTyallbHy 4M (I3UYHYy IisUTBHICTH HAa KOPHCTh 1HIIOL ocoOu, mij i
KEpIBHHIITBOM, HAIIISAOM, KOHTPOJEM Ta VYIPaBIIHHAM, a TaKoX OCOOH, IO
MPOXOJATh HABYAHHS, CTa)XXyBaHHS 4YH BHUPOOHHWYY TMPAKTUKYy, CaMO3aWHSTI
MpaIiBHUKH, SKI 32 3aKOHOJABCTBOM BBKAIOTHCSA CKOHOMIYHO 3aJICKHUMHM BiJ
IisIbHOCTI OeHedimiapa; 0coOH, sIKi BAKOHYIOTh POOOTH a00 HaJar0Th MOCIYTH Ha
KOPHUCTB 1HIIOI 0cOOU 3a pilIeHHSM CYIY.

PoGoTonaBenns — Oyap-sika QisuuHa abo opuandHa ocoba, sika mepedyBae y
TPYJOBHMX BiJHOCHHAX 13 MPAIIBHUKOM 1 HECE BiANOBIIAIBHICTh 32 IiAIPUEMCTBO
Ta/ab0 ycTaHOBY, a TAKOXK IIPUIIMAaE CTa>KepiB, IPAKTUKAHTIB Ta yUHIB; KA OTPUMYE
BUTOJly BiJ MiSUTBHOCTI €KOHOMIYHO 3aJIe)KHOTO CaMO3alHSATOrO IPalliBHHKA,
OTPUMYE BUTOY BiJ poOOTH, BUKOHYBaHOI 0COOaMH Ha ITiZICTaBi pillIeHHS Cyay; a0o,
y BHITaJIKaX, epeadadeHuX MM 3aKOHOM, HECE BiMIITOBINAIBHICTE 32 MPUMIIICHHS,
B SIKOMY BHKOHYIOTBECSI pOOOTH.
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Li 1Ba TEpMIHONOTIYHUX BH3HAYEHHS ITPUHIIUTIOBO BiIPI3HAIOTHCS BiJl ICHYFOUAX
y HallloMy 3aKOHOJABCTBI, Jic Yepe3 HeJOCKOHANICTh, & TO i YMUCHE BUKPUBIICHHS
TUX YM IHIIUX TOJOKEHb Ma€ Miclle YTHCK MpaB MpaliolounX. TakuM YWHOM
CTBOPIOBAJIOCS MIATPYHTS aisi Oe3KapHOCTI HEZOOpPOCOBICHUX POOOTONABIIB Yy
BUIIAJIKaX TPAaBMaTU3My Ta HEBIJIIKOAYBAaHHS 3a HBOTO.

[Ile omHIM Ba)KIIMNBUM TEPMiHOM LIOTO PO3JILTY € IIOHSTTS PU3HKY, sIKE B YKpaiHi
He € ogHO3HaYHNM. Lle HeoOXiqHO MoI0NIaTH 1 MepeiiTH 10 OTHO3HAYHOTO TEPMIiHY,
10 BUKOPHUCTOBYETHCS B TIOKyMeHTax €C: «mpodeciiinuii pu3nk — e noeAHaHHA
HMOBipHOCTI HACTAHHA He0e3Me4YH Ol MOo/ii, 10 BUHMKAE BHACIIIOK BUKOHAHHS
po0oTu 200 B X0/1i ii BUKOHAHHS, TA TSKKOCTi TPABMU UM IIKOAM /IS 3[10POB'sl
npaniBHUKIB, 0 TAKA MOAis CIIPUYHHSIEN.

BaxmBuMH € TOHATTA, TMOB’sI3aHI 3 PU3HUK-OPIEHTOBAHOIO MOAEIUIIO Oe3MeKu
Tpaili, a came:

— ympasniHHs TpodeciiHIMU pU3NKaMU — CHCTEMAaTHYHHI 1 TOCTIHHUI Tpotiec
MOHITOPHHTY, KOHTPOJIIO Ta TIEPerIs Ly TpodeciiHuX PU3UKiB, 30KpeMa, BUSBICHHS
(hakTopiB HEOE3MMEKH, aHAII3, 3BAXKYBaHHS Ta OIliHKA MPOo(heciHHNX PU3HKIB, a TAKOXK
3IIACHEHHS 3aM001KHUX 1 3aXMCHUX 3aXO[iB Uil YCYHEHHS podeciiHuX pH3HKiB
YM iXHHOTO 3MEHILIEHHS 10 NPUUHATHOTO PiBHS;

— 0Oe3meyHi yMOBM Mpaii — CTaH yMOB Ipali, 3a SKHX HECTHPHATIHBI YU
IIKi/UTABI IpoQeCiiiHi YMHANKH BiJICYTHI a00 IXHil piBeHb He MIEPEBHIIY€ TPAHUIHO
JOMTyCTUMHX 3HAYCHB;

— omiHIOBaHHS TNpo(eciiHUX PHU3HKIB — CHCTEMaTHYHUI Ta Oe3mepepBHUI
MPOIIEC BHBUEHHS BCIX aCIEKTIB, MOB’S3aHMUX 13 POoOOTOI0, 3 METOK BHU3HAUCHHS
npodeciiHux Hebe3mek 1 aHami3y (K SIKICHOTO, TaK i KUJIbKICHOTO) Ta OIlHKH
npodeciiHuX PU3KKIB 1151 OE3MEKH 1 37J0pOB’sI MPAIliBHUKIB Ha pOOOTI.

[HIIi TepMiHU BXXMBAIOTHCS Yy 3HAYCHHSX, HaBeleHUX y Kojekci 3akoHiB mpo
mpamo  Ykpainu, 3akoHax Ykpainun «lIpo 3aranbHOOOOB’S3KOBE JIepiKaBHE
couiaiibHe cTpaxyBaHHD», «IIpo OCHOBHI 3acaan AEp>KaBHOTO HAMIIAAY (KOHTPOJIIO)
y cepi rocriogapchKoi MisiIbHOCTI.

Y pozaini Il BukiIageHO MOJIOKEHHS MO0 TMONITUKA Ta CHUCTEMH OE3MeKH i
310POB’4.

3anobiranns npodeciiHuM pH3MKaM Ma€ IPYHTYBaTHCS Ha OINHIN PH3MKIB 1
PO3pOOIIATHUCS BiJIOBIHO 10 MPUHIIUIIIB, MTOJITHUKK, CTAHJAPTIB 1 Mporpam, SKUMHU
3a0e3nedyeThcsl po3poOka Ta peamizamis HamioHameHOi cTparterii Oe3meku Ta
3n0poB's. Bona mae OyTu cripsMoBaHa Ha peartizaliio mpaBa Ha Oe3MeKy Ta 340POB's
Ha poOOTI HUIAXOM 3a0e3IeUeHHs Y3rOKEHOCTI 3aX0/iB Ta e(pEeKTHUBHOCTI il 3
OOKy IepKaBHHX, IPUBATHUX 200 KOOMIEPATUBHUX CTPYKTYP, SIKi B ILOMY KOHTEKCTI
BUKOHYIOTH OOOB'S3KM Yy c(epax peryiroBaHHS, JiLEH3yBaHHs, cepThdikarii,
CTaHJapTH3allii, JOCTiUKeHb, HAaBUaHHSA, I1H(QOPMYBaHHS, KOHCYJbTAIllid Ta
3aJydeHHs, a TAKOX TEXHIYHUX cIykO0 3amobiranHs, Harsay y chepi 310poB's Ta
1HCTIEKTyBaHHSI.

CraructuyHa iHdopMalliss TOBHMHHA JaBaTH MOXJIHMBICTh BECTH OOJIIK
HEeNIaCHUX BHUMAJKIB Ta MpoQeciiHNX 3aXBOPIOBaHb 3 METOK CIPHUSHHS
JOCITI/DKEHHSIM, TUM CaMHM 3a0e31edy0ud MOKIIUBICTh IPUIHATTS BiAMOBITHUX
KpUTEpiiB 1 MeTONOJIOTiH AJs PO3pOOJIEHHS 3arajJbHOIACPXKABHUX 1 Tally3eBHX
IporpaM Ta 3axOMiB 3amo0iraHHs, a TaKOXX BEACHHS PETYJSIPHOTO KOHTPOIIO
pe3ynbTaTiB.

BaxauBoro B ymoBax Hamoi kpainm € crarra 11 IIpoekty mono
3a0e3meyeHHs] YMOB Uil MiIBUIIEHHS PiBHS JOCTiT:KeHb y rajy3i 0e3meku Ta
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310pOB'sl HA POOOTI, AKA He Ma€ aHAJIOrIB Y BITYM3HAHOMY 3aKOHOABCTBI NMpPo
oxopony npami. HaBenemo 1o cTarTio 3 He3HAYHUMH CKOPOUCHHAMHU:

1. 3aoxouyeHHsI [ep:KaBOI0 AOCTiI:KeHb y c¢epi Oe3mexku Ta 370poB's
NOBMHHO 31iliCHIOBATUCH 32 TAKMMHU BEKTOPAMM:

— MATpUMKa  CTBOPEHHS  JOCHIJHUIBKHX  CTPYKTYp 1 CTPYKTYp
MMCAAIUIUIOMHOIO HaBYaHHS JJIsI CIIELIIaIICTIB 1 JOCIIIIHHMKIB;

— TOMHMPEHHS HAYKOBO-TEXHIYHOI iH(OpMaILlii, IO CIpHse MPOCYBaHHIO 3HAHBb
Ta IOCATHEHHIO MPOTPECY Y NOCTIIKCHHSX;

— 3a0XOYECHHS BHUBUYEHHs IEPEAOBOTO AOCBiAYy y Taily3i oprafizauiiHux i
OTICPAaTHBHHUX CHUCTEM IPEBEHTHBHOI MIsTHHOCTI.

2. HaykoBi agociaigxkeHHsi 3 NUTaHb 0Oe3MeKH Ta 310poB'ss Ha poboti
(pinaHCYI0TbCA 32 paxXyHOK OIO’KETHUX KOIITIB, AKI BUALIAIOTHCS 1JIs chepH
HAYKHM Ta OCBIiTH.

3. HaykoBi gociaix:keHHsl 3 TUTaHb 0e3l1eKH Ta 310POB'st HA Po0OTi MOXKYTh
OTPUMYBATH (PiHAHCYBAHHSA Bil OyAb-AKUX IOPHIAUYHUX YU GiznuHHMX 0cid ado
Bi/l HeypsIIOBUX OpraHizailii, i3 0yab-sIKHX J:Kepe, He 3a00pOHEeHUX 3aKOHOM.

Y mpoMy pO3Iimi TakoXK aKIEHTYEThCS yBara Ha MpoOiieMax, TOB'A3aHHX i3
0e3meKor0 MalIiH i podoyoro o0IaTHAHHS.

Pozain |11 Bu3Hauae mpasa i 3000B’s13aHHs po0OTOAABIIB i MpaniBHUKIB.

VY Hamumx yMoBax NpiOpUTETHUMH 1010 B3a€EMOBIIHOCHH Y BUPOOHHYHMX yMOBax
Ta y 3aKOHOJABCTBI IIPO OXOPOHY Ipalli € MMTaHHs MPaB MPaIliBHUKIB i 000B’A3KH
(BimmoBimankHICTB) poboTonaBLiB. PosrisHemo ix 3rigHo 3 opurinanom [Ipoekty 3
HE3HAYHNMU KYMIOPaMHu.

Crarra 17. 3aranbHi 3000B's13aHHA po0oTOAABLIB

1. TlocriiiHo Ta Ge3nepepBHO 3a0e3MeuyBaTH Oe3MeKy Ta 3J0POB’ sl MPAlliBHUKIB
y BCIX acmekraxX, IIOB’s3aHHX 13 pPOOOTOI, 3aCTOCYBAaHHSIM Ta IIOCTIMHUM
MPUCTOCYBAaHHSAM JI0 3MiH B OOCTaBMHAaX HEOOXiMHWX 3amOODKHHX 1 3aXUCHHUX
3axoMiB [yt 3a0e3meueHHs] Oe3lMeKw Ta 3JI0pOB’sl MPAIliBHUKIB, i3 CYBOpUM
JOTPUMAHHSM MPUHIIMIIB 3a1100iraHHS

1) VHHUKHEHHS PU3HKIB.

2) TlnanyBaHHs 3aM00KHUX 3aX0iB K CHCTEMH, Y SIKY IHTETPOBaHi TEXHIYHI
pO3po0OKH, cXxeMa opraHizaiii mparii, yMOBH poOOTH, COIiaJIbHI BiJHOCHUHH
Ta BIUIMB (DaKTOPiB HABKOJIMIIHBOTO CEPEIOBHIIIA.

3) Busnauenns (hakTopiB HeOE3MEKH Ta OIliHKA MepeadadyBaHUX PU3HKIB y
BCIX BUJIaX JisUTBHOCTI IiITPUEMCTBA 3 METOIO YCYHEHHS PH3HKIB.

4) TlomosaHHs PU3MKIB Y [DKEpeITi IXHbOr0 BUHUKHEHHSI 3 METOK0 YCYHCHHSI.

5) 3abe3mnedyeHHs BiICYTHOCTI PH3MKY BiJl BIUIMBY XIMIYHHUX, (i3WYHHX Ta
O10JIOTIYHHX areHTIB 1 ICUXOCOLiaThHUX (PaKTOPIB.

6) TIpucrocyBanHs poOOTH IO MpalliBHHKa, BUOOPY poOOUOro oOagHaHHS,
METOJIIB POOOTH Ta BHUPOOHHUIITBA 3 METOI IOM'SKIICHHS HaCIIiIKIB
MOHOTOHHOI POOOTH Ta 3HWKEHHS IICUXOCOL[IaTbHUX PU3HKIB.

7) AnpanTtarisi 10 HOBUX (hopMm oprasizaifii Tpari, HUISIXOM IOCTIHHOTO
KOHTPOJIIO Ta 3aCTOCYBaHHS TEXHOJIOTIYHUX JOCSTHEHb.

8) 3amina HeOe3meyHOro Ha Oe3MeYHe YM MEHII HeOe3revHe.

2. PobGoTogaBenb OBUHEH PEECTPYBAaTH Ta PO3CIiAyBaTH OyAb-iKi HEIAcHi
BHITAJKKM Ha poOOTi, HEMmAcHI BHITANKKM Ha poOOTi, M0 TNPHU3BEIH JIO
HeTpane3laTHOCTI TPUBAIICTIO MOHAJ TpH poOOYi AHi, a TaKOoX MiIO3pU Ha
npodeciiiHi 3aXBOPIOBAHHS.
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3. PoGoronaBenp HOBHMHEH 3alpOBaJUKyBaTH 3aXOAWM Ta HAJaBaTH BKa3iBKH,
BIJTNOBIZTHO /0 SIKUX Yy pasi cepilo3HOoi Ta MpsAMOi 3arpo3d MPAaLiBHUKUA MOXYTb
HETaiHO 3aJIMIIATH Miclle pOOOTH Ta HE BiJHOBIIOBATH POOOTY, MOKH TaKa 3arposa
TpHBaE.

4.V Bumamkax, mepeadadeHUX 3aKOHOMABCTBOM, POOOTOHABINl 3000B’s3aHi
OTPUMYBATH JIO3BLIbHI TOKYMEHTH BiJl KOMIIETEHTHHX OPTaHiB.

Crarrsa 19. IIpaBa npaniBHuKiB

1) Ha 3abe3neueHHs poOOTOAABIIEM OE3MEYHUX Ta 370POBUX YMOB TIpalli;

2) Ha BiZICyTHICTh HEOOXiTHOCTI HECTH Oyab-sKi (piHAHCOBI BUTPATH, OB’ 3aH1
3 0E3MeKOoI0 Ta 37J0pOB'sIM Ha POOOTI;

3) Ha iHpopmamiro 1momo HpodeciiiHuX PH3MKIB, AKI Ha HHMX BILIMBAIOTH ab0
MOJKYTh BIUTUBATH, a TAKOXK MPO 3amo0iHi Ta 3aXMCHI 3aX0/IH;

4) Ha OTpUMAaHHS BiAMOBIIHOT MATOTOBKH 100 OE3MEKH Ta 310POB's Ha poOOTI,
sIKa BiJIMIOBiIa€ XapakTepy poOOTH Ta PU3UKaM i SKa IOBUHHA MTPOXOIUTH B POOOUHIA
qac;

5) Ha IPOXOHKEHHS MEIUYHOTO 0OCTEIKEHHS 3 METOIO OIIIHKH CBOET (hi3UYHOT Ta
TICUXOJIOTI9HOT MiATOTOBICHOCTI 10 POOOTH;

6) Ha BiZCYTHICTH Oy/Ib-SIKMX HETaTHBHUX 1 HECIIPABEUTUBHUX HACIIIKIB ISt ceOe
Ta Ha 3aXHUCT BiJ HUX;

7) Ha BiAMOBY BiZl poOOTH Y BUIAJKy CEPHO3HOI Ta MPSMOT 3arpo3u sl CBOTO
JKUTTS Ta 300POB'S;

8) Ha 3axMCT BiJ HEOOTPYHTOBaHHWX YTHCKIB ab0 AMUCIMILIIHAPHUX 3aXOJiB 3a
MOBiTIOMJICHHSI TIPO HEIIACHUH BHUMAAOK, npodeciiiHe 3aXBoproBaHHs, HeOe3MeuHy
MOIIIO;

9) Ha 3axwucT BiJ (aKkTOpiB HEOE3MEKH, Ki CTOCYIOTHCS HOro O6e3MmocepeIHbo;

10) Ha mojaHHS CcKapr 10 I[EHTPAJbHOTO OpraHy BHUKOHABYOI BIIAJH, SKHUil
BUKOHYE (yHKIII 1HCHEKIii mpami, WION0 He3a0e3MeueHHs poO0ToAaBIEM
0e3nevyHrx Ta 3[0POBUX YMOB Ipalli, a TAKOXX Ha MOJAaHHS CBOIX 3ayBaKEeHb ITiJl 4ac
THCTIEKIIHHKX BiJIBilyBaHb IEHTPAJILHOTO OpraHy BUKOHABYOI BIIA/IH, 110 3A1HCHIOE
¢dyHKLiT iHCTIeKIiT mparti;

11) Ha oTpuMaHHS KOMIIEHCAINI BIAMOBIIHO 10 3aKOHY 3a OY/Ib-SKY IIKOLIY,
CIPUYMHEHY HEIIACHUM BHUITaJKOM Ha poOOTI uu podeciiHIM 3aXBOPIOBAHHSIM.

Po3nin IV. HaBuanua Tta indgopmyBanns i Po3min V. Koncynasramii Tta
3aJly4eHHsl MPAiBHUKIB — MPHHIWIIOBO MaJIO BiAPI3HAIOTHCSA BiJl aHAJIOTIYHHX
BUMOT BITYM3HSHOTO 3aKOHO/IaBCTBA.

Po3nin VI. Opranizaunis 6e3nexu Ta 310poB’°sl — CKIAIAETHCS 3 TPHOX YaCTHH,
JIBl 3 SIKUX MAlOTh BaXKIIMBE 3HAYCHHS 1 MArOTh OYTH IMIUIEMEHTOBAaHHMH Y Hallle
3aKOHOAABCTBO. isTBHICTE CiTy>k0H Oe31eKH Ta 310pOB'sl Ha poOOTi CIIpSAMOBaHa Ha:

1. CtBopeHHsT yMOB Tmpaili, mo 3a0e3nevyloTh Oe3MeKy MpaiiBHUKIB, TXHE
(di3uuHe Ta NCUXIYHE 310POB’sL.

2. 3ampoBa/UKCHHS TEXHIYHMX YMOB, SfKi 3a0e3[euyloTh 3aCTOCYBaHHS
3aII00KHUX 3aXO0/1B.

3. IndopmyBaHHs, HaBYAHHS TMPAIiBHUKIB 3 IMHUTaHb OE3MEKU Ta 3J0POB'S Ha
po0ori.

VY crarTsix 31 i 32 BuKiIageHO OCHOBHI HAIIPSMU AisUIBHOCTI CITy:KOHM Oe31eKH Ta
31I0pOB’sl, SIKI NPAKTHYHO IIOBTOPIOIOTH T€, L0 BUKIAJEHO Y OKPEMHX CTaTTAX
posmimis 11 1 I11.

V crarsax 33-36 yactunu 11 Po3ainy VI iinerscs npo ¢yHKUiOHYBaHHS CITy:KO
OE3ITeKH Ta 3I0POB'S, BKITFOYAI0YH MEIUYHI aCTICKTH.
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Y Pozaiai VII. Po6oTa 3 ninBUIIEeHUM PU3HKOM — Yy CTaTTIX 45 1 46 po3risHyTO
BUJYU JISUTBHOCTI, IO TIOB'S3aHi 3 MiJBUINCHUM PHU3UKOM, Ta CICLialbHI YMOBH
BUKOHAHHS TaKUX po0iT, HABEJEHO YMOBH JIILICH3YBaHHS, OpraHizalii miAroToBKH
HeOe3MmeyHnx poOiT 1 BHMOTH Ta HACTAHOBH IMOMO iX BHUKOHAaHHA. BoHm
3aCIyTOBYIOTh Ha yBary 3 OrJIsiAy Ha npodeciiHuil, IOpUANYHUA Ta COI[iabHUI
miaxig go 3a0e3nedyeHHs Oe3MeKH Mpami Ta 340POB’Sl MPALIOIYHUX Y CKIATHUX
BHPOOHUYMX YMOBax 3 ypaxyBaHHsM Hu3ku upextuB €C. OcobnuBicTio cTaTTi 46
IHOTO PO3ILTY € T€, IO BiIMIY€HO, Y IKMX BUTAAKaX 3a00pOHIETHCS BUAa4a JiIeHs3ii
Ha PU3UKOBaHi BUIIU POOIT.

Po3piimn: VIII. 3axucr rederumuynoro cmnaaky; IX. JisabHicTh, ska
3a0opoHeHa ado sika 3ilicHIOETHCA BiamoBinHO 10 nmeBHUX yMoB; X. be3nexa
npani Ta 3a0poB’s BariTHuX npauiBHunb; XI. PodoTra HemoBHOJITHIX 0Ci0;
XII. IlpauniBaukH 3 00Me:keHUMH (i3 MIHUMHU MOKJIMBOCTAMHU Ta XPOHIYHUMH
3axpopoBanaamu; XIII. IlpaniBHukH, 1m0 MawTh TPYIOBi BigHOCHHH 3
(ikcoBaHUM TepMiHOM, — MafOTh OyTH PO3TJISHYTI B CEHCI X BUKOPUCTaHHS y
HOBOMY 3aKOHi.

Pozain XIV. Hemachi Bunagku Ha podori Ta npodeciiini 3aXxBopioBaHHs — B
OCHOBHOMY BiJIOBi/Ia€ BITYN3HAHOMY [10JI0’KEHHIO TIPO PO3CITiIyBaHHS HEIIACHUX
BUIIAJKIB, TpoQeCciiHNX 3aXBOPIOBaHb Ta apapid, ske OyJl0 NeperisHyTo 3
ypaxyBaHHSM 3apyOi’KHOTO JIOCBIY JEKUIbKAa POKIB TOMY. 32 HEOOXiTHOCTI, HOro
MO>KHa Oyie BiIpeaaryBaTH 3 ypaxyBaHHAM OKPEMHUX YTOUHEHb 11010 TEKCTY IIbOTO
po3airy. OcoOMBO 116 MOXKE CTOCYBAaTHCS BilOOpakeHHS i Ta MEepCOHAIBHOI
BIJIMOBITaIbHOCTI pOOOTOABIIS.

HanBaxinBo 3BepHyTH yBary Ha BiIIIKOAYBaHHA 30UTKiB OTEPIUINM, Y 3B’ 3Ky
3 YUM BIJIIOBiHY CTAaTTIO HABEICHO IMOBHICTIO.

Crarra 84. BigmkoxyBanHs 30MTKiB, CHPHYMHEHHMX HEIIACHUMU
BUNAIKAMHU HA po0oTi Ta mpodeciiiHuMM 3aXBOPIOBAHHIMH.

PoGoromaBenr  3a0e3meuye  3aranbHOOOOB'S3KOBE — JepKaBHE  COIiaJIbHE
CTpaxyBaHHS MPAIliBHUKIB BiJIMIOBIAHO JJO 3aKOHO/IABCTBA.

Po3znin XV. CnpusiHHg, KOHTPOJb i 3a0e3neyeHHS AOTPUMAHHA BMMOT
O0e3nmexu Ta 3A0poB’si. llopsin 3 BHKIAAEHHSM IMOBHOBAa)KEHb LEHTPAJIbHOTO
OopraHy BHWKOHABYOI BJaJW y CTATTi 86 BiIOOpa)X€HO MisIBHICTH IHCIEKTOPIB
mpaiti, sKi 3a0e3Me4yI0Th peaizaiilo JepKaBHOI MOJMITHKU 3 MUTaHb OE3MEKU Ta
3nopoB's. Lli muTaHHS MaroTh OyTH cPOpPMYIIbOBaHI YiTKO 1 OJHO3HAYHO, IO
JaJieKko He 3aBk1u Mae Micue. CKiIaIHiCTh BAKOHAHHS IOBHOBA)XEHb iHCIIEKTOPIB
MOJISATA€ TAKOXK Y TOMY, IO BiJMOBITHUMH I1HCTAHIISIMA MOXYTh BBOJUTHCS
oOMe)KeHHs Ta 3a00pOHHM Ha BUKOHAHHS TUX Y 1HIIUX 1HCIIEKTOPCHKUX (PYHKIIIH,
4Oro He TTOBUHHO OYTH.

CratTsa 87. IloBHOBakeHHSA iHCTIEKTOPIB npami

1. Jlisg HaleXHOTO BUKOHAHHS CBOIX OOOB'SI3KIB IHCHEKTOPH Ipalli MaroTh
MTOBHOB)KEHHS:

1) BiaBigyBaTH 6€3 MOMEPEAHLOTO MOBITOMIICHHS, Y OY/1b-sIKHi Yyac BACHB 1 BHOUI,
Oyab-sIKy poOouy 30HY, 30KpeMa BHPOOHHWYI, CITY»KOOBI Ta aJMIiHICTPATHBHI
NPUMIILEHHS IOPUINYHAX OCi0 Oyab-s1Ko1 ()OPMH BIIACHOCTI, AiSUIBHOCTI YU
TOCIIOAAPCHKOrO TUIY, Ta (i3MYHMX OCi0, SIKI BUKOPUCTOBYIOTH HaMaHy
TIPAITIO, 3 TTUTAHb, SIKi BXOAATH JI0 iIXHHO1 KOMIICTCHITIT;

2) mpoBeneHHs OyIb-AKOl €KCIIEPTU3H, IHCIIEKI[il UM PO3CITiAyBaHHs, HaIaHHs
JOKYMEHTIB, SIKi BBKAIOTbCS HEOOXIAHUMH Ui HEpEeBIpKH AOTPUMAHHS
3aKOHOJIaBCTBA PO OE3IMEKy Ta 30POB'S 3T1IHO 3 TOCAT0BOIO IHCTPYKITIEIO;
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3) mpu mpoBeAeHHI IHCIEKINI BKHBATH HEOOXINHHX 3aXMCHHX 3aXOIiB Ha
3aro0iraHHs 3HUIIECHHIO, 3HUKHEHHIO X 3MiHi JJOKYMEHTIB, 1HIITUX 3aIUCIB
1 IOJIIOHMX CUTYaIlii;

4) momaBatd poOOTOMABIISIM MMHUCHMOBY BHMOTY, 1[0 Ma€ OOOB'SI3KOBY CHITY,
Ta/ab0 MPHUMHC MPO YCYHEHHS MOPYIIeHh 3aKOHOJABCTBA MPO Oe3MeKy Ta
30POB'sl, IPUYMH Ta YMOB, AKi iX BHKIUKAIOTh, B TOMY YHUCIi 3 METOIO
YCYHEHHSI HEIONIKIB OOJamHaHHS, YCTaTKyBaHHA 4YH METOJIIB poOOTH,
CTOCOBHO SIKMX ICHYIOTH ITiJICTaBH BBa)KAaTH X TaKUMHM, IO CTaHOBIATH
3arpo3y 3J0pOB’10 4K OE3Ielli MpalliBHUKIB;

5) ckiagaTé MPOTOKOJH MPO aJAMIHICTPATHBHI MPABOMOPYIICHHS, PO3IJIsaTH
CIIpaBH TMPO Taki TNPaBONOPYIICHHS Ta HaKIaJaTH aJAMiHICTPATHBHI
CTSATHEHHS Ta mrpadu.

Po3nin XVI. AnminicTpaTnBHa BianmoBinajbHICTH 3a mopyumeHHs: y cepi
0e3MeKH Ta 310POB’sl — 0COOJIMBO BaYKJIMBHH JJIs 3aCTOCOBYBAHHS Y HAC, TOMY IIIO
aHayora y 3aKOHOMABCTBI YkpaiHum Hemae. Lle crtocyerscs, B mepury uepry,
po0OTOIABIIIB, BiAMOBIJABHICTH SIKHX 32 MOPYILIEHHS Y Taly3i 0€3MeKH Ta 310POB’ s
ab0 po3MuTa, 200 BUXOJIOIIECHA i (PaKTUIHO € ACKIIAPATUBHOIO.

Cy0'ekt, BIAMOBINANIGHWUN 3a TPYAOBI NPOCTYNKHA Ta CIUIATy BiJMOBITHUX
mrpadis:

e poboTomaBels HeCEe BiAMOBIAANBHICTD 3a TPYIOBI MMPOCTYIIKH, HABITH SKIIO 1X
JOTMYCTHITM HOTO MPAaLliBHUKK [TPU BUKOHAHHI CITy>kOOBUX 00OB'S3KIB,;

® BiAMOBIJANBHICTh TpAaliBHUKA, SKUH BUMHHUB TOPYIICHHA, [OBHWHHA
OLIHIOBATHCA B paMKax JUCHUIUTIHAPHOTO  TPOBA/UKEHHS,  PO3MOYATOrO
poboTojaBIeM BIAMOBIIHO 70 3aKOHy. SIKIIO 3a pe3yibTaTaMd TaKOTO
MPOBA/DKCHHST OyJie 3pOo0JIEHO BHCHOBOK IIPO BiAMOBIAQJIBHICTh MpaI[iBHUKA 1
3aCTOCYBaHHS CaHKIIH /0 HBHOro, poOOTOMAaBElb MOXKE 3aCTOCYBATH 0 TaKOI'o
TMIpalliBHAUKA BiATIOBIIHI CAHKIIi1, Tepea0avYeHi 3aKOHOM;

® SKIIO MOPYIITHUK € IOPUINIHOIO 0CO00I0, CITUTBHY 3 HAM BiMOBIJALHICTH 32
cruiaty mrpady HecyTh BiAMOBIIHI aIMIHICTPAaTOPH, KEPIBHUKHU Ta IUPEKTOPH.

®dinancoBi cankuii (mrpadu) 3aaexathb Bia:

1. OGopoty/piuHOro OIOmKeTy.

2. PiBHA TSDKKOCTI TPYIOBHUX TPOCTYIIKIB. 3aCTOCOBYEThCS HACTYITHA

knacugikarist TpyJ0BUX MPOCTYTIKIB:
® JIErKi;

® cepiio3Hi;

® JIy’KEe CepHO3HI.

3. CryneHs npoBHHHU NOPYIIHUKA — IIPY BU3HAYEHH] 3aCTOCOBHOTO MITpady Ta
3 ypaxyBaHHSAM il MOPYIIHWKA 3aCTOCOBYETHCS HACTYIHA Kiacuikaiis
PIBHIB POBUHMU:

o Hen0aiCTh;
e HABMMCHI YM 3JIOBMHUCHI [ii.
4. Cywma mtpady MOXe CKIaJaTu:
— 3a serki npoctynku/mopymerss Big 200 qo 1500 eBpo;
— 3a cepiio3ni npoctynku/nopyiierns Bix 500 qo 10000 espo;
— 3a Iy’Ke cepito3Hi Ta HEOAHOPA30BI MPOCTYIIKH/TIOPYIICHHS CYMH MTpady
3HAYHO 301IBITYFOTHCS.
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Po3nin XVII. 3akaiouni Ta nepexinni nono:xkenns. Llum posainom Ipoexty
€C-MOII nepeadayaernes, moO:

1. Hoswii 3akon Ykpainu «IIpo 6e3neky Ta 370poB’s MpaliBHUKIB» Ma€ HaOyTH
YUHHOCTI 4Yepe3 pik Mmicis Horo mpuiHATTS BepxoBHor Pamoro Ykpainm Tta
OITyOJTIiKyBaHHSI.

2. 3akon Ykpainu «lIIpo oxopony npaui» (Bigomocti Bepxosnoi Pagu Ykpainu,
1992 p., Ne 49, (31 3MiHaMH Ta JOTIOBHEHHSIMH) BH3HAETHCS TAKUM, II0 BTPaTHB
YHHHICTb.

3. BHocutbes pan 3min go Konekcy 3akoHiB mpo mpamio YKpaiHM Ta iHIIMX
3aKOHOJIABUUX aKTiB.

BucHoBku

1. V 3B’a3ky 3 mpocyBaHHSM YKpaiHW 0 WIEHCTBA Yy €BpOCOIO3i, 32 OCHOBY
OHOBJICHHX HAIIOHATHHUX HOPMATHBHHUX aKTIB y cdepi OXOPOHH Tparli JOIIBHO
y3sTH BianoBiaHi fokymenTn €C. KpiM HOpMaTHBIB y OKpeMux cdepax AisiIbHOCTI
(YMHHUKIB HECHPHUATINBOTO BIUTUBY), HEOOXIMHO pPO3POOUTH 1 BIPOBAIUTH
KOHLIETITyaIbHUI JIOKYMEHT, IO PErJIAaMEHTY€E MiIXOIu 10 Oe3NeKH IpariiBHUKa
(3akon Ykpaiun).

2. O0OB’S3KOBOI0 CKJIQJIOBOIO BIiJTIOBITHOTO JTOKYMEHTY € YiTKE BU3HAYCHHS
MIOHSTh «IPAIBHUK» Ta «POOOTOAABENbY», IO YHEMOXXJIMBUTHh PI3HOYHTAHHS 1
CIPOCTHUTH IOPUINYHI MPOLETYPH.

3. BaxnuBuM € 3aKOHOJABYE PETYJIOBAaHHS Ta 3a0XO0UYEHHS HAayKOBUX
JIochipKeHb y cepi muBiLIBHOT Oe3nexn (OXOPOHU Tpalli), 0 HiSKUM YHMHOM He
pETJIaMEHTY€EThCS Y YNHHUX HOPMAaTUBHO-TIPABOBUX aKTaX.

4. HaliBa)IMBIILIIOK CKJIAJ0BOIO MPOEKTY 3akoHy Ykpainu «[Ipo Oesmeky Ta
3M0pOB’Sl TpamiBHUKa» € oQiliiiHe BH3HAYCHHS NpPOQECciiHUX pPH3HUKIB Ta
3aCTOCYBaHHS PH3UK-OPI€EHTOBAHOT'O IMiAXOY.
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DATA ARRANGEMENTS TO TRAIN AN ARTIFICIAL NEURAL
NETWORK WITHIN SOLVING THE TASKS FOR CALCULATING
THE CHEZY ROUGHNESS COEFFICIENT UNDER UNCERTAINTY
OF PARAMETERS DETERMINING THE HYDRAULIC
RESISTANCE TO FLOW IN RIVER CHANNELS

Abstract. Hydraulic calculations and mathematical modelling of open flows in river
channels keep still being among the most topical hydro-engineering today’s
problems in terms of practice. While solving them, independently on the research
topic and purpose, and methods used, a number of simplifications and assumptions
are usually accepted and applied. Moreover, there is a range of methodological,
structural, and parametric uncertainties, which to be overcome require complex
empirical pre-researches. First of all, these uncertainties relate to assessing
hydraulic resistances and establishing numerical characteristics of them, which
depend on many factors varying spatially and temporally.
One of the most frequently used integral empirical characteristics expressing the
hydraulic resistance to open flows in river channels is the Chézy roughness
coefficient C. However, despite a large number of empirical and semi-empirical
formulas and dependencies to calculate the Chézy coefficient, there is no ideal way
or method to determine this empirical characteristic unambiguously. On the one hand,
while opting for an appropriate formula to calculate the Chézy coefficient, we need
to take into account practical experience based on comprehensive options analysis
considering different empirical equations used alternatively to represent the
hydraulic resistance to open flows. On the other hand, the fullness and
comprehensiveness of field researches of numerous hydro-morphological factors
and parameters characterizing various aspects of the hydraulic resistance to open
flows can also have an essential role. In particular, the accuracy assessment of the
Chézy coefficient computing based on field data, despite methods and formulas,
indicates that the accuracy of field measurements of the parameters included in
selected formulas largely determines the relative error of such calculations.
This paper deals with the problem of data arrangements and the development of
general rules for the formation of training and test samples of data to train artificial
neural networks being elaborated to compute the Chézy coefficient taking into
account the parametric uncertainty of data on the hydro-morphological factors and
parameters characterizing the hydraulic resistance in river channels. The problem
is solved on the example of an artificial neural network of direct propagation with
one hidden layer and a sigmoid logistic activation function.
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1. Introduction

The concept of hydraulic resistance is widely used to solve numerous practical
hydro-engineering and fluid mechanics tasks, in particular, those relating to open
flows in river channels [1-4]. Among them, first of all, we need to note common
hydraulic calculations of the river channels’ capacity and the position of the free
water surface of open streams [1, 3, 4]. The notion of hydraulic resistance is also
used while solving the special tasks of mathematical modelling of streams with free
surface in canals and river channels within one (1D) and two-dimensional (2D) flow
models of shallow water (non-linear de Saint-Venant equations) describing unsteady
open channel flow [5-10]. For instance, the above-mentioned models are applied in
numerous modern computational modelling systems, such as the HEC-RAS River
Analysis System supporting steady and unsteady flow water surface profile
calculations, sediment transport computations, and water quality analyses, etc. [11].
The shallow water models keep successfully competing with more advanced today’s
hydrodynamic solutions based on the Navier-Stokes equations of the real fluid
motion and Reynolds’ averaged equations of turbulent water flow, which describe
the behaviour of an unsteady three-dimensional flow. Applying them, we avoid
assumptions and simplifications that are connected with the hydraulic resistance
concept usage. However, results obtained from traditional hydraulic calculations and
flow modelling due to 1D and 2D shallow water models may be used as boundary
conditions for the next computations based on the Reynolds and Navier-Stokes
equations [12-14]. Such an approach can essentially simplify solutions to complex
real-world case study tasks of hydrodynamics [13]. Some additional examples of
recent pieces of literature relating to the use of 1D and 2D flow models of shallow
water are also highlighted in [15-18].

Relying on hydraulic resistance concept when performing traditional hydraulic
calculations and mathematical modelling of open flows in river channels, we keep
repeatedly dealing with the complex challenge relating to determining numerical
characteristics of hydraulic resistance in spite of this problem has long been
considered by hydraulic scientists and engineers. Regarding practice, it has still been
discussed even in terms of a friction factor (namely, the Darcy-Weisbach friction
factor) [19-23] or a roughness coefficient [24-33] usage as appropriate hydraulic
resistance numerical characteristics. In the last case, in term of a roughness
coefficient, there are also two options, namely, which of them, the Manning
roughness coefficient or the Chézy roughness coefficient might fit better.

Admittedly, there are three practically equivalent empirical equations (or
appropriate empirical models) linking mean flow velocity V to the hydraulic
resistance numerical characteristics. They are the Chézy, Manning (Gauckler-
Manning or Gauckler-Manning-Strickler), and Darcy-Weisbach equations, which
may be summarized as [1, 3, 4, 30-33]:

89-R-S
V=C/R-S; =—R3 [s; = g =t )

where C is the Chézy roughness coefficient (m¥?/s), n is the Manning (Gauckler-
Manning) roughness coefficient (s/m*?), and 4 is the Darcy-Weisbach friction
factor; V =Q/ A is the depth-averaged or cross-sectional averaged velocity (m/s),
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Q isthe water discharge (m3/s), A= B-h isthe cross-sectional area of the flow (m?),

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

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

Usually, the Chézy roughness coefficient C and the Manning roughness
coefficient n are used in calculating the averaged velocity of open flows; the Darcy-
Weisbach friction factor 4 is more common in calculating the averaged velocity of
water movement in pipelines [1, 3, 4]. However, there are no formal restrictions on
the use of one or another numerical characteristic of hydraulic resistance,
independently on whether it is an open flow or a water movement in a pipeline. The
Darcy-Weisbach formulation of hydraulic resistance is used for open flows either
[6, 9, 19-23, 26].

Formally, if we take into account the equivalence of equations (1) the following
simple relationships between the roughness coefficients C , n, and the friction factor
A may be established:

the Chézy roughness coefficient C will relate to the Darcy-Weisbach friction

factor 1 as[3, 4, 33]:
89 89
C=.=2,1=-"1; 2
5 = ©)

the Gauckler-Manning roughness coefficient n will relate to the Darcy-Weisbach
friction factor 4 as [15, 19, 33]:

/l-Rm 8g-n?
n= , A= X 3

and, eventually, the Chézy roughness coefficient C will relate to the Manning
(Gauckler-Manning) roughness coefficient n as:

1w . C
C_HR ,n_w. 4

Practice shows, it does not matter what the kind of characteristic of the hydraulic
resistance to open flow in river channels we use, whether it is the friction factor 4
or one of the two roughness coefficients, either the roughness coefficient C or n.
More important is how fully it can characterize the hydraulic resistance in a real-
world case study, as well as how accurately we can calculate numerical values of the
appropriate characteristic relating to this case study.

It should be noted that historically the first empirical equation linking mean flow
velocity V to the hydraulic resistance was the Chézy formula, which was obtained
by the famous French hydraulic engineer Antoine de Chézy in 1775. It concerned

the velocity of pipe flows, but in the modified form V =C,/R-S; Chézy proposed

to use this dependence for open channel flows as well. In general, Chézy’s equation
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can be considered as the most generalized empirical model in open-channel
hydraulics [1, 3, 4]. We tried showing it in Fig. 1.

( 1775 w
Chézy's equation

¥=C [R-5;
il 3 3 +
1845 1867
Darsy-Weisbach’s Gauckle r—lI.anning’s
equation c_ %8 o 1gus equation
A ] 1.2
K- V=—gr3|S
F= m & Y - r
i
3g-n’ A-p3
> A= = -
a3 Bg

Fig. 1. Flow-chart to explain relationships between the Chézy, Gauckler-Manning, and
Darcy-Weisbach equations in the context of empirical models of the hydraulic resistance to
open flows in river channels

The next empirical equation was the Darcy-Weisbach formula. It was first
proposed by Julius Weisbach in 1845 and relates the head loss Ah due to friction
along a given length L of pipe with diameter D to the average velocity V of the
fluid flow for an incompressible fluid as [1, 3, 4, 23, 34]:

2
Ah:ﬂ.L.V_, (5)
D 2g

where the dimensionless friction factor A is regarded as a function of relative
roughness and the Reynolds number (Re) characterizing flow regime.

At present, in hydraulics, there seems to be no formula more accurate or
universally applicable than the Darcy-Weisbach equation (5) supplemented by the
Moody diagram or Colebrook equation [34]. Therefore, a lot of modern formulas
and dependencies proposed to calculate the Chézy resistance coefficient are derived
from the relationship (2), which links the Chézy coefficient with Darcy-Weisbach’s
friction factor [19, 20, 23, 33]. The latter one, in turn, is also determined due to
various empirical formulas [20, 22, 28, 29, 35].

The third, Gauckler-Manning’s formula was first presented by the French
engineer Philippe Gauckler in 1867 and later re-developed by the Irish engineer
Robert Manning in 1890 [1, 3, 4]. This equation can be obtained by use of
dimensional analysis. Moreover, in the 2000s the Gauckler-Manning formula was
derived theoretically using the phenomenological theory of turbulence [36, 37].

The Gauckler-Manning formula is not so universal one as the Chézy and Darcy-
Weisbach equations. It can only be applied to streams that have a free surface, such
as an open channel, etc. This formula can be considered as a kind of approximation
of the Chézy formula, namely, as a partial case of Chézy’s equation, when the Chézy
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coefficient values relate to the Gauckler-Manning roughness coefficient n values
according to the relationship (4). In addition, in contrast to the Darcy-Weisbach
friction factor 4, the Gauckler-Manning roughness coefficient n does not depend
on the Reynolds number and flow regime, which needs being taken into account
while analysing hydraulic resistance.

To sum, in term of quantitative presentation of the hydraulic resistance to open
flows in river channels, the Chézy roughness coefficient C can be thought to be the
most complete empiric numerical characteristic compared with the Darcy-Weisbach
friction factor 4 and Gauckler-Manning roughness coefficient n. This is because
natural watercourses like rivers are characterized by a significant variety of hydro-
morphology conditions changing in space and time. Usually, the hydro-
morphological changes occur constantly, although stochastically, seasonally, and
regularly. Sometimes, they occur sporadically on large scales. The hydraulic
resistance to open currents in river channels can depend on manifold elements of
roughness such as bottom ridges, dunes, and riffles, turns and bends of a channel,
heterogeneity of size and shape of a river channel along its length, including
suspended sediments and bottom deposits, vegetation, ice, and others. In some parts
of a river, at local scales, essential hydro-morphological changes can occur due to
compressions of river channels and floodplains because of temporary formations,
such as ice gorges, rubbish of logging, recent alluvial deposits, etc. As a result,
similar water levels in rivers can be observed at different water discharges, and vice
versa [38]. Human activity can also change dramatically the hydraulic resistance
within a river channel and within its floodplain. Herewith, errors, oversights, and
flaws in determining the hydraulic resistance, especially when it comes to
forecasting flood danger, can result in catastrophic consequences (Fig. 2).

The Halych town inundation A flooded solar power plant

Fig. 2. Consequences of the June flood of 2020 on the Dniester River near the Halych town
(from www.pravda.com.ua)

Thereby, the comprehensive pre-studies relating to estimation of the hydraulic
resistances in river channels can be thought an urgent need. In particular, the current
comprehensive research of integral empirical numerical characteristics of the
hydraulic resistances would open up significant opportunities to prompt flood risk
management on rivers. Considering the variety of hydro-morphology and hydrology
of rivers, the Chézy roughness coefficient C seems the fittest numerical
characteristic to present the hydraulic resistance to open flows in river channels
comparing with other integral empirical characteristics, namely, the Darcy-Weisbach
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friction factor 4 and Gauckler-Manning roughness coefficient N. The Chézy
coefficient seems to be the most holistic and dynamic numerical empirical
characteristic comparing with others. The Chézy coefficient enables to control more
factors and parameters determining the hydraulic resistance to open flows in river
channels. Using it, we can take into account features of individual river sections and
their hydraulic regimes. Eventually, the friction factor 4 and roughness coefficient
N are often included to formulas and dependencies to calculate the Chézy roughness
coefficient C just as needed components.

2. Generalization of the problem. The research aim and objectives

Currently, there are a lot of different empirical and semi-empirical formulas and
dependencies in order to calculate the Chézy roughness coefficient values within
solving real-world tasks of hydro-engineering calculations and mathematical
modelling of open flows in river channels. In the previous study [33], we examined
and systematised some well-known of those presented in the literature on open-
channel hydraulics, in reference books, tutorials, manuals, and articles highlighting
the results of original research on analyzing the hydraulic resistance to flow in open
channels. Moreover, numerous publications on mathematical modelling of uniform
and non-uniform water flow within 1D and 2D flow models of shallow water were
reviewed. In total, we gathered 43 empirical dependencies to compute the Chézy
coefficient values, as well as 13 empirical dependencies that can be used to calculate
the Gauckler-Manning roughness coefficient values. Based on these dependencies,
near 250 empirical equations can be compiled to compute the Chézy coefficient
values taking into account hydro-morphology peculiarities of river channels, various
flow regimes, specific application limits of the formulas, etc.

We divided all examined empirical formulas to compute the Chézy coefficient
into five groups [33]. The four groups are represented with explicit dependencies,
which allow calculating the Chézy coefficient values directly due to values of the
parameters included in those formulas. The fifth group consists of implicit formulas,
which need applying a trial-and-error procedure (iterative calculation).

The first group of explicit formulas, those we analysed and systemised [33],
consists of thirteen dependencies the Chézy coefficient C on the Gauckler-Manning

roughness coefficient n and the hydraulic radius R :
C=f(nR), (6)

where the Gauckler-Manning roughness coefficient n characterises the roughness
of the banks and bottom of river channels and floodplains; the roughness coefficient
n values can be obtained in different ways, in particular, due to selecting them from
published in the literature on open-channel hydraulics n-value tables [1, 3, 4, 24, 25],
or using special empirical formulas; some of them (thirteen dependences) we gave
in [33].

Provided that the average flow width B >> h and R = h, instead of the hydraulic
radius R, the dependencies (6) may include the average flow depth h: C = f(n, h).

Some dependencies entering the group (6) may also include the water surface slope
S+ as an additional parameter.
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Among the formulas of the type of (6) used to calculate the Chézy roughness
coefficient values we have to mention the well-known and frequently cited in
literature pieces the Manning, Guanguillet-Kutter, Forchheimer, and Pavlovskii
formulas [1, 3, 4, 29, 33]. These formulas are now the most common to compute the
Chézy coefficient C in various applications. They can be applied for both mountain
and plain rivers, both small and medium or large rivers, rivers with earthen or
indelible channels. Most of them are considered to be acceptable when values of the
Gauckler-Manning roughness coefficient n range from 0.011 (for example, these
are closed conduits flowing partly full uncoated or concrete culvert with bends,
connections, and some debris, lined or built-up channels with a smooth concrete
trowel finish, etc. [1]) to 0.04 (including excavated or dredged and not maintained
channels with a clean bottom and brush on the side, as well as natural plain streams,
mostly clean, but with some weeds and stones, including floodplains with light brush
and trees in summer, and mountain streams, no vegetation in channels with gravels,
cobbles, and few boulders in their bottom [1]), and values of the hydraulic radius R
range from 0.1 to 5.0 m [33]. Some dependencies may be used even in cases where
the roughness coefficient n values reach as much as 0.2 (for example, these are
mountain rivers with extremely high resistance with channels composed of boulders
or floodplains with trees, dense willows in summer [1]), and the hydraulic radius R
values up to 20.0 m [33]. In turn, when estimating the roughness coefficient values,
if necessary, it may be taken into account river channel geometry features including
meandering and cross-section shape; water-surface profile; roughness because of
friction within river bed and due to bank sediments, debris and sediment transport;
roughness attributable to vegetation, ice cover, natural and artificial obstructions,
and other flow-retarding factors in channels and floodplains.

The second group of explicit formulas, those we defined and systemised, consists
of fourteen dependencies in which the Chézy roughness coefficient values are
determined based on the relationship (2) between the Chézy coefficient C and the
Darcy-Weisbach friction factor 4.

In general, there can be two sorts of roughness influencing the Darcy-Weisbach
friction factor 4 as the integral characteristic of hydraulic resistance to flows in river
channels [33]. The first sort of roughness in terms of the hydraulic resistance to flows
in river channels relates to the micro-roughness characterised by the height of
protrusions of roughness A depending on the size of the bottom fractions of
sediments. With taking into account this sort of roughness, the Chézy roughness

coefficient C, is established, which is determined as a function of the height of
protrusions of roughness A and hydraulic radius R :

C, = f(A,R). )

In particular, among the formulas of the type of (7) used to calculate the Chézy
roughness coefficient C, values it should be noted the Strickler, Colebrook-White

and Williamson formulas [19, 20, 23, 28, 33]. The formulas of the type of (7) are
usually used to compute the Chézy roughness coefficient for mountain and foothill,
mostly small and medium-sized rivers, which have practically non-erosion gravel-
pebble, pebble-boulder channels.
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The second sort of roughness in terms of the hydraulic resistance to flows in river
channels relates to the macro-roughness characterized by the size (the height h, and

length 1, ) of the bottom ridges (riffles, dunes, etc.) and other similar channel
formations. With taking into account this sort of roughness, the Chézy roughness
coefficient C, is established, which is determined as a function of the height h, and

length |, of the bottom ridges, and hydraulic radius R :
C, =f(h,,I,,R). (8)

Among the formulas of the type of (8) used to calculate the coefficient C, values

it can be noted the Knoroz, Snischenko, and Sterenlicht-Polad-zade formulas
[33, 39-42]. However, the formulas of the type of (8) have been developing mainly
for large canals and plain rivers, where there are conditions to exist of the bottom
ridge phase of sediment movement.

In exceptional cases, if we need to take into account the micro- and macro-
roughness simultaneously the Chézy coefficient can be written as [33, 39, 40, 42]:

1 1 1
e ®

Instead of the hydraulic radius R, the dependencies (7), (8) may include the
average flow depth h: C, = f(A, h), C, = f(h,,I,,h). The height of protrusions of
the roughness A of a channel is usually equated to the average diameter d of soil
particles making up the bottom and banks of a river channel: A = d [33]. It should

also be noted that formulas of the types of (7) and (8) do not include the hydraulic
slope S ¢ ; however, some formulas of the type of (7) include the Reynolds number

Re.

In general, the dependencies of the type of (7) and especially ones of (8) do not
have wide applications in practice. However, they can be successfully used for
estimating hydraulic resistance within gauged river sections, where detailed field
research is conducted on a regular basis [33, 45].

The third group of explicit formulas, those we singled out and analysed [33],
involves six special dependencies to compute the Chézy coefficient values taking
into account the effect of the water surface slope S; and hydraulic radius R :

C=f(S¢,R). (10)

Practice shows that it is especially important to pay attention to the hydraulic
slope while assessing the hydraulic resistance characteristics in the case of unstable
river channels and variability of floodplain morphological characteristics. Usually,
the hydraulic resistance to flow in open river channels keeps changing due to the
variability of seasonal hydraulic and hydro-morphological conditions. Sometimes,
these changes occur unpredictably. At the same time, the purposeful monitoring of
the water surface slope enables taking into account the influence of various hydro-
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morphological factors on hydraulic resistance within river sections where conditions
change dynamically. Altogether, the hydraulic slope may be considered a kind of an
indirect integral hydraulic resistance characteristic. In particular, the main feature of
formulas of the type of (10) is that they contain neither the Gauckler-Manning
roughness coefficient n, nor micro- and macro-roughness parameters used to define
the Darcy-Weisbach friction factor 4. On the contrary, the water surface slope S ;

is often used as one of the key parameters in some empirical formulas to calculate
the roughness coefficient N (Bray’s, Jarrett’s, Sauer’s formulas [25, 33]).

Among the formulas of the type of (10) used to compute the Chézy coefficient
values it should be noted Matachievitch’s, Winkel’s, and Altshuhl-U-Van Thein’s
formulas [33, 44]. As well, provided that the average flow width B >>h and R=h,
instead of the hydraulic radius R, the dependencies (10) may include the average
flow depth h: C = f(S¢,h).

Currently, formulas of the type of (10) do not have wide applications in practice.
Their usage scope is limited to partial cases, mostly such as earthen canals and
canalized rivers, small and medium, foothill and plain rivers with relatively stable
self-regulating channels. There are also some restrictions relating to values of the
hydraulic slope S, hydraulic radius R (or average flow depth h), and average

flow width B . However, we consider using the dependencies of the type of (10) as
a promising approach to computing the Chézy coefficient in gauged rivers, including
monitored rivers by means of modern GNSS technology applications. One of key
advantages of the approach seems that the accuracy of the water surface slope
determination depends mostly on the accuracy of water level measurements being
carried out instrumentally and, usually, with relatively high accuracy [33]. This can
minimise the influence of human errors while monitoring the water surface slope.
Accordingly, being the simplest element in terms of direct measurements of the river
flow [33], the ongoing water level measurements can provide a quite reliable
underpin to compute the Chézy coefficient properly with using dependencies of the
type of (10).
The fourth group of explicit formulas we generalized as:

C=f(B,R), (11)

where R is the hydraulic radius, B is the average flow width.

These are formulas, where the ratio (B/R) is used to take into account the shape
of a river channel cross-section in terms of determining the hydraulic resistance to
open flow [39, 42]. Therefore, these formulas can also be summarised as [33]:
C = f(B/R). We found only four similar formulas that can be attributed to the
group (11). Often, in practical applications, a uniform open flow with an arbitrary
cross-sectional shape is reduced to a flat flow with the average flow depth h. Then,
instead of the hydraulic radius R, the dependencies (11) may include the average
flow depth h: C = f(B,h).

Among the implicit formulas, those we analysed and systemised [33], the most
common are formulas of the type of C, = f(A, R,CA). In particular, these are the
Colebrook-White [23, 46], Thijse [47], and Powell [1, 29] formulas. Being derived
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from the Darcy-Weisbach friction factor 4, these dependencies involve also the
Reynolds number Re as an additional parameter. Among the implicit formulas,
where the Gauckler-Manning roughness coefficient n and hydraulic radius R are
used, we might recommend the Agroskin-Zheleznyakov equation [39]. It is a
formula of the type of C = f(n, R,C). Moreover, provided that the average flow
width B >>h and R = h, instead of the hydraulic radius R, the average flow depth
h may also be used: C, = f(A,h,C,), C=f(n,h,C).

Below, Fig. 3 shows the results of our examination of relationships between the
Chézy roughness coefficient C and main parameters needed to compute it.

Parametiers needed to compute the Chézy roughness coefficient €

Explicit formulas Implicite formulas

|

c=flnR.C)

-

Cy=FlA. R)
C, = fik,.1,.R)

Qe =
O ® | & ®O ®

R,andif B>»h then R=h

C= fin R) ‘

L

Parameters: n is the Gauckler-Manning roughness coefficient; S¢ is the water

surface slope; R is the hydraulic radius; B is the average flow width; h is the
average flow depth; A is the height of protrusions of roughness; h; is the height and

[, is the length of the bottom ridges (riffles, etc.); Re is the Reynolds number

Fig. 3. Flow-chart showing the relationships between the Chézy roughness coefficient C
and main hydro-morphological parameters needed to compute it

According to Fig. 3, the different parameters needed to compute the Chézy
roughness coefficient may be divided into two characteristic groups. The first group
consists of special parameters presented in formulas of a certain type. These are, for
example, the Gauckler-Manning roughness coefficient n, height of protrusions of

roughness A , water surface slope S, and the average flow width B . In the flow-

chart (Fig. 3), the circles highlight the key parameters presented in all formulas of a
certain type, the pentagons — additional ones, which are only used in some formulas
of a certain type. The second group includes the hydraulic radius R or, provided that
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B >> h, the average flow depth h. One of these parameters is required in all
formulas to compute the Chézy coefficient, regardless of their type.

While choosing an appropriate formula for calculating the Chézy roughness
coefficient, we should take into account the availability and quality of information
about all parameters and focus on the formulas with special parameters whose values
are less questionable. Further, depending on flow conditions and factors affecting
hydraulic resistance in the river channel section under study, we can choose the best
formula of a certain type. If necessary, we can also focus on more detailed research
on a special parameter fitting most to solve the task.

In general, as practice shows, regardless of area research, methods and tasks, in
modelling and making decisions under data uncertainty, it is important to consider
all available information [7, 48-53]. This allows you to implement a comprehensive
and holistic approach to solving the problem. Taking into account all available
information can be especially useful at the stage of preliminary research, when
priorities have not been yet sufficiently identified. Engaging all available
information can be useful in data analysis and their arrangements, as well as in
modelling, computing of model parameters, and in decision-making processes,
including final decision-making stages.

Supporting the comprehensive and holistic approach to hydraulic resistance
research, we propose performing the Chézy coefficient calculations using an
artificial neural network (ANN). Among the priority tasks needed preliminary
solving to achieve that we consider the problem of correct data arrangements to train
an ANN. In this research, we tried solving the problem of correct data arrangements
to train ANNSs being elaborated to calculate the Chézy coefficient on the example of
an ANN of direct propagation with one hidden layer and a sigmoid logistic activation
function. The main purpose of the study was to develop general rules for the
formation of training and test data samples when creating ANNs to compute the
Chézy coefficient under parametric uncertainty. To achieve the aim of the study, the
following main objectives were set and carried out: (1) generalization of the problem
relating to computing the Chézy roughness coefficient, including defining and
studying of the subject area; (2) data processing and analysis relating to key
parameters defining the Chézy roughness coefficient values; (3) modelling of the
ANN to compute the Chézy roughness coefficient, opting of the ANN components
and its structure; (4) supervised learning (training and testing) of the proposed ANN
with processing examples based on using sets of paired inputs and desired outputs
learning; (5) analysis of obtained results with detecting challenges and difficulties
relating to computing the Chézy roughness coefficient values by means of the
proposed ANN, and outlining ways of their overcoming.

3. Materials, methods, main assumptions, and constrictions of the study

This study keeps a continuation of our previous work [33]. There, on the basis of
different pieces of literature, we reviewed, analysed, and systematised a wide set of
the well-known and frequently cited empirical and semi-empirical formulas and
dependencies, which might be used to compute the Chézy roughness coefficient in
cases of open river channels taking into account application limits in term of hydro-
morphological conditions. In order to clarify some of the problematic issues related
to the use of the reviewed formulas, we have more carefully revised pieces of
classical literature on open channel hydraulics [1, 3, 4], reference books, tutorials,
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and manuals [24, 25, 39-42], articles highlighting the results of original research on
estimating hydraulic resistance [2, 19-23, 26, 27, 30-32, 34, 36, 37, 43, 44], including
materials of articles devoted to the peculiarities of computing the Chézy roughness
coefficient values [28, 29, 35, 46, 47], as well as publications on mathematical
modelling of uniform and non-uniform water flow in open channels [7-14, 16-18].
In total, we analysed more than 40 different formulas that can be used while the
Chézy roughness coefficient calculating, and revealed the specifics of the use of
different formulas depending on the available data, limitations and conditions of
their practical applications. In addition, there was studied the problem of the origin,
propagation, estimation, and overcoming of the uncertainty of the parameters
included in these formulas and hydraulic models [48, 49, 51, 53, 54]. In particular,
this research allowed clarifying the tasks of defining and studying the subject area
(1), and data processing and analysis relating to key parameters defining the Chézy
roughness coefficient values (2).

When researching, we used different methods within the holistic approach to the
problem under study [55-59]: historical method; method of dialectical cognition and
generalised scientific methods of theoretical and empirical research; heuristic
methods; methods of analysis and synthesis; methods of expert evaluation and
comparison; methods of formalization and modelling. Moreover, we used modern
methods of intelligent data analysis [60, 61], methods of decision making under
uncertainty [7, 49, 50, 52, 62], as well as methods and models of artificial
intelligence, including ones relating to development and application of ANNs to
solve various application problems [63-72].

This article is devoted to solving the problem of correct data arrangements and
the development of general rules for the formation of training and test samples of
data to train ANNs being planned to be elaborated to compute the Chézy roughness
coefficient taking into account the parametric uncertainty of data on the hydro-
morphological factors and parameters characterizing the hydraulic resistance in open
river channels. The problem is solved on the example of an ANN of direct
propagation with one hidden layer and a sigmoid logistic activation function. The
training of the ANN and its testing is planned to be carried out taking into account
the following hydro-morphological parameters: the Gauckler-Manning roughness
coefficient n and water surface slope S ; the average flow width B and depth h;

the height of protrusions of roughness A and hydraulic radius R . It is assumed that
multicollinearity between the parameters n, Sy, B, A, h,and R is absent or can

be neglected. Taking into account the relationships between the Chézy coefficient
and the defining parameters (Fig. 3), samples of input variables (x;, x,) are
prepared. Using them, the ANN, according to the algorithm shown below in Fig. 4,
calculates the Chézy coefficient C = f(xl, xz) as a dependent variable, where,

Xq e{n,A,Sf,B} and x, € {h,R} are considered as independent variables. As a

result, the ANN of direct propagation with one hidden layer and a sigmoid logistic
activation function performs approximation of continuous C = f(xl, x2) functions.

The training of the ANN is carried out on the learning samples (xl, xz,C) using the
method of inverse error propagation [65].
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Fig. 4. Flow-chart showing the algorithm of computing the Chézy roughness coefficient C
values by means of the ANN under study

To train and test the ANN, a limited amount of field data on hydro-morphological
characteristics was used. They related to two channel sections on the Dnieper River
(within the city of Kyiv and downstream of Kyiv), the Desha River section near
Chernihiv, and the Pripyat River section near the town of Turiv. These areas are
characterized by a straight earthen channel with a simple cross-sectional shape and
calm current (the Froude number, Fr << 1). Training and testing the neural network
was carried out within the following limits of change of hydro-morphological
parameters: the water discharge Q = 48.8 +~ 3665.0 m®/s; the average flow velocity

V =Q/A =0.336+0.968 m/s, where A is the cross-sectional area of the flow (m?);
the water surface slope S; =0.000036 + 0.00016; the average flow depth h =1.0 +
6.2 m; the average flow width B =122.0 + 611.0 m; the Gauckler-Manning roughness
coefficient n = 0.027 + 0.045; the Chézy roughness coefficient C = 27.0 +~ 48.1
(Table 1). Field data regarding these hydro-morphological parameters were taken

from the Hydrological Yearbooks of the Central Geophysical Observatory named
after Boris Sreznevsky [73].

Table 1 — Hydro-morphological data used in the ANN training and testing

Q A B h S 108 n C

(m¥s) | (m?) | (m) | (m) (s/m™) | (m*fs)
545.1 | 1125 | 375 | 3.0 | 0.045 0.029 41.8
Dnieper, Kyiv (training) 1433 | 1768 | 393 | 4.5 0.067 0.028 46.7
1842 | 1988 | 398 | 5.0 | 0.074 0.027 48.1
1082 | 1551 | 388 | 4.0 | 0.060 0.028 45.2
787.2 | 1336 | 382 | 3.5 0.052 0.028 43.6

Rivers, channel sections

Dnieper, Kyiv (testing)
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Q A |'B | h g q| N c
(m¥s) | (m?) | (m) | (m) (s/m™) | (m2/s)
657.4 | 1956 | 575 | 3.4 0.046 0.045 27.0
1123 2403 | 586 | 4.1 0.054 0.040 314
3665 | 3787 | 611 | 6.2 0.079 0.031 43.7
Dnieper, downstream of | 1763 | 2858 | 505 | 4.8 | 0063 | 0036 | 356

Rivers, channel sections

Dnieper, downstream of
Kyiv (training)

Kyiv (testing) 2601 | 3320 | 604 | 55 | 0.071 | 0.033 | 39.7

188.0 | 501.8 | 125 | 4.0 | 0.036 | 0.041 | 311
Desna, Chernihiv 2494 | 580 | 129 | 45 | 0.040 | 0.040 | 322
(training) 403.7 | 742.4 | 135 | 55 | 0.046 | 0.039 | 34.2

4975 | 826.3 | 138 | 6.0 | 0.049 0.038 35.1
Desna, Chernihiv (testing) | 321.2 | 660.3 | 132 | 5.0 0.043 0.039 33.3
48.8 122 | 122 | 1.0 0.16 0.032 31.6
Pripyat, Turiv (training) 89.0 | 1954 | 130 | 1.5 0.128 0.033 32.9
248.6 | 437.3 | 146 | 3.0 | 0.087 0.034 35.1
136,3 | 273 | 136 | 2.0 | 0.109 0.033 338
189.7 | 3538 | 142 | 2.5 | 0.097 0.034 34.5

Pripyat, Turiv (testing)

In order to correctly use the actual data for training and testing the ANN, they
were normalised. Numerical data were converted in such a way as to obtain their
model values varying in the range between 0 and 1. In particular, for the purpose of

normalization, the parameter B was replaced with a ratio S -B-h71[74]. Instead

of parameters V., h, C, model characteristics V -102, h-.102, C -102 were
considered. Parameters S; and n remained unchanged. Training data samples

consisted of normalized values of the characteristics obtained with uniform linear
interpolation in the vicinity of the observed values of parameters. The observed
values that were used as test examples were not included in the training samples.

4. The ANN used in the study
4.1. The ANN architecture

Usually, a multilayer direct propagation ANN (a multilayer perceptron) with a
nonlinear activation function to approximate continuous functions is used. Such a
neural network is considered as a hierarchical structure in which neurons are
structured in layers. In a fully connected ANN, each neuron in one its layer is
connected to all neurons in its next layer. Neurons of the input layer in such networks
transmit input signals to the first hidden layer without converting them. In hidden
neurons, sequentially, layer by layer, there is a nonlinear conversion of signals. Each
network neuron produces a weighted sum of its inputs, passes this value through the
activation function and gives the output value. Signals from the last hidden layer
arrive at the neurons of the output layer, which eventually form the ANN response
[63-65, 67, 71, 72].
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In practice, it is often used one or two hidden layers [64, 65]. It is known that the
perceptron with even one hidden layer is a very powerful computing system [63]. In
turn, an additional hidden layer can significantly increase the complexity of
calculations, processing time, and the risk of the ANN retraining [71, 72, 75].

The ANN we used to compute the Chézy roughness coefficient C = f (%, X, )is
a fully connected direct propagation neural network with one hidden layer. The
network has 2 inputs, 4 neurons in its hidden layer and 1 neuron in its output layer.
Examples of similar networks are given in [63-65, 71, 72, 75].

Fig. 5 shows the neural network architecture as a set of such blocks: the input
layer that receives the parameters (x;, X,) values and transmitting them (without

conversion) to the next layer neurons; the weight matrix W* = {ijl) i=12, =1_4}

containing the weight values of inputs for the all hidden layer neurons; the hidden
layer containing four neurons, each of which calculates the weighted sum

2 _

sj=2% -wfjl) . j=14 of its inputs, conducts the sum value through the activation
i=1

function F(sj ) and transmits the resulting value to the next layer; the weight matrix

W2 = {vvsz), i=14, j =1} containing the weight values of relationships of the each

hidden layer neuron with the output neuron; the output layer containing one neuron
in which the weighted sum of its inputs is calculated and the Chézy roughness

4
coefficient value is determined: C =Y F(s;)- ngz) ,j=1.
i1

Output layer [ C= iF(si)-w(__z) ,j=1 ]
i-1 y

. 2 . - Fig. 5. Flow-chart
Hidden layer F(sj) 5, =2X WE ) J=L showing the
izl architecture of the

ﬁ ANN under study

Input layer [ (x], xz): X, € {n,A,Sf,B}, X, € {k,R}]
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The ANN uses a direct propagation network model with a linear source neuron;
the sigmoid (logistic) activation function is applied to the neurons of the hidden layer
[64, 65]:

1
- , 2
F6) 1vePs (2

where the parameter £ influences the steepness of the transition.

The advantage of the function (12) is a quite convenient expression of its first
derivative [64, 65]:

F'(s)=B-F(sN1-F(s)), (13)

that allows effectively using different algorithms for the ANN learning, where, in
turn, parameter £ (in our case study g = 1) allows amplifying weak signals and

adjusting the learning speed of the network.
4.2. The ANN algorithm to compute the Chézy roughness coefficient values

According to the proposed ANN architecture (Fig. 5) and the recommendations [65],
the following algorithm for computing the Chézy roughness coefficient C was

developed. It consists in gradually calculations of the outputs of all neurons yj(l)
and y@ in the network in the direction from the first to the last layer of neurons

performed by parameter (x,, x,) values and weight matrices W*, W?; the neuron
of the output layer forms the result of the network work as [65]:

2 . —
y;®=F(s;) s =%, j=14, (14)
i=1
4 .
Y@ =2y w?  j=1, Clx, %)= y®, (15)
i=1

where yj(l), j =14 are output values of the hidden layer neurons, F(sj) is the
neuron activation function (12), x; is an input parameter, ngl) are weight

coefficients of connections of each input layer neuron with all neurons of the hidden
layer, ijz) are weight coefficients of connections of each hidden layer neuron with

the neuron of the output layer, y(z) is the ANN output value.
4.3. The ANN training
The Python object-oriented programming environment [70-72, 76] was applied to

build and train the neuron network (Fig. 5). The ANN training was carried out by
adjusting the weights of connections between neurons of all its layers using the
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inverse error propagation algorithm [64, 65]. The learning factor was assumed to be
0.01. The software implementation of the computational algorithm for learning of
the ANN being created to predict the Chézy coefficient C is given in [77].

The ANN weight coefficients were adjusted on a series of real case examples of

the parameters (xl, xz) values, where x; e {n,A,Sf , B} ,and x, e {h, R}, in such a
way as to achieve a reduction in the error between the predicted (computed) C, and

observed (reference) C, values of the Chézy coefficient C . The Chézy roughness

coefficient reference C, values were calculated on actual data of hydrological
observations with the Chézy formula as:

Co=— B (16)

A-JR-S;

where Q, is the observed water discharge (m%s), A is the cross-sectional area of

the flow (m?), R is the hydraulic radius: R=h as B>>h, B is the average flow
width (m), h is the average flow depth (m), S is the water surface slope.

The initial values of the weight coefficients were set randomly, near to zero. At
each iterative step (epoch in learning), at the ANN entrance, in turn, training
examples were input and the output values of the neural network were computed,
which were further compared with the reference values with error estimating. The
network error was also calculated for the hidden layer neurons. The obtained error
values were used to recalculate weight coefficients according to the inverse error
propagation algorithm [64, 65, 71, 72]. Then, the transition to the next learning epoch
was made or, when the required number of epochs was performed or the
computational error amounted to an acceptable value the algorithm was stopped.

The ANN learning algorithm includes the following sequence of steps
implemented in the program code of the Python module C_ANN_training.py [77]:

1. Initialization of the ANN parameters.

2. Direct course of calculations.

3. The reverse course of calculations.

4. Checking the ANN training adequacy.

5. Storage of the ANN learning outcomes.

The proposed computational algorithm implements the classical approach to
learning multilayer neural networks using the method of inverse error propagation
[63-65, 67, 72, 78]. Herein, the number of learning epochs, the value of learning
speed, the amount of learning error, the number of neurons in the hidden layers of
the network, etc. are selected by the developer (expert) empirically applying a trial-
and-error procedure. Further, the ANN training results are used in predicting the
values of the Chézy coefficient C by means of a computer program developed on
Python (See, the Python module C_ANN_calculating.py [77]).

4.4. The ANN testing

The ANN testing was carried out according to the actual data of hydro-
morphological observations (Table 1), which were not used in the network training.
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The testing procedure consisted of a comparison of the actual (observed, gauged)
Q, and forecasted (predicted) Q, water discharge values:

Q,=C,-AJR-S; (17)

where C, is the predicted (computed by means of the ANN) Chézy roughness
coefficient value (Table 2).

Table 2 — The identified (observed) and computed (predicted) Chézy coefficient C
values

The Chézy roughness coefficient values (m*/?/s):

Rivers, channel sections C,, calculated (identified) Cp , computed by

with the formula (16) means of the ANN
Pripyat, Turiv 45.0308 36.8622
Pripyat, Turiv 35.4731 36.8624
Desna, Chernihiv 33.1753 36.8632
Dnieper, Kyiv 33.8147 36.8623
Dnieper, Kyiv 39.6453 36.8624
Dnieper, downstream of Kyiv 43.6760 36.8622
Dnieper, downstream of Kyiv 34.4313 36.8623

Table 3 shows the actual (observed, gauged) and forecasted (predicted) water
discharge values, as well as absolute and relative errors of discharge forecasts
performed using the tested ANN.

Table 3 — The actual (observed) and forecasted (predicted) water discharges

Discharges (m?s) Absolute | Relative
Rivers, channel sections observed, | predicted, | errors errors
Q, Qp (m3s) | (per cent)
Pripyat, Turiv 136.3 148.0 11.7 8.6
Pripyat, Turiv 189.7 203.8 141 7.4
Desna, Chernihiv 321.2 356.7 35.5 111
Dnieper, Kyiv 787.2 664.9 122.3 155
Dnieper, Kyiv 1082.0 886.3 195.7 18.1
Dnieper, downstream of Kyiv 1763.0 1830.8 67.8 3.8
Dnieper, downstream of Kyiv 2601.0 2419.9 181.1 7.0

To assess the forecast (predictive) skill of the ANN the Nash-Sutcliffe model
efficiency coefficient (NSE) was used [79]. At present, this criterion is widely
applied for assessment of the predictive power of hydrological models [80].

In our case study, the NSE coefficient was calculated as:
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7
> (Qoi —Qpy)’?
NSE =1—|:17—_ y (18)
2.(Qo,i — Qo)

i=1

where Q,;, Qp; are observed and predicted values of water discharges for a river

channel section i, i =17; Q, is the mean of the observed discharges Qy,i -

It is thought, in the situation of a perfect model with an estimation error variance
equal to zero, the resulting Nash-Sutcliffe Efficiency equals 1 (NSE = 1). Values of
the NSE nearer to 1, suggest a model with more predictive skill.

In our case study the NSE = 0.9818. It can signify the forecast (predictive) skill
of the ANN is quite high.

Moreover, we used an application of NSE in regression procedures (i.e. when the
total sum of squares can be partitioned into error and regression components).
Herein, the Nash-Sutcliffe efficiency (NSE;) is considered equivalent to the
coefficient of determination (R?). Fig. 6 shows the graphical illustration of the NSE,
assessing. Its value confirms the high predictive skill of the ANN as well.
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Fig. 6. The graphical illustration of the Nash-Sutcliff model efficiency criterion NSE,
assessment

It should be noted, the NSE coefficient is sensitive to extreme values and might
give sub-optimal results when the dataset contains large outliers. Usually, some
subjective threshold indicating that the model can be objectively accepted or rejected
based on the Nash-Sutcliffe model efficiency coefficient is the NSE = 0.3.

5. Discussion
Predicting the Chézy roughness coefficient values to present the hydraulic resistance
to open flows in river channels is a complex challenge burdened by parametric

uncertainty of data relating to hydro-morphological parameters. There is also the
methodological uncertainty connecting with opting for an appropriate empirical
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dependency among lots of different empirical and semi-empirical formulas
involving various parameters. One of the most promising approaches to overcome
such a kind of uncertainty might be the use of artificial neural networks (ANNS).
However, this approach needs preliminary solving of the problem on correct data
arrangements to train ANNs being developed, taking into account all available
information on influential parameters determining the hydraulic resistance,
especially in cases as the necessary data are not reliable enough, as well as
incomplete, and ambiguous ones.

To study the problem of applying neural networks to predict the Chézy coefficient
values using empirical and semi-empirical formulas and dependencies taking into
account the parametrical uncertainty of the necessary data, we examined an ANN of
direct propagation with one hidden layer and a sigmoid logistic activation function.
The ANN testing results indicate the prospects of using such networks in predicting
the empirical characteristics of hydraulic resistance to open flows in river channels
within certain limitations and applications.

First of all, they confirm that the proposed (not overtrained) neural network of
direct propagation with one hidden layer and a sigmoid logistic activation function
computing the Chézy coefficient C = f(xl, x2) in terms of input variables (x;, x, ),

where x; e {n,A, St, B} ,and x, € {h, R}, can forecast (predict) only some averaged

values of the C within a chosen subject area (including rivers, channel sections, and
variation of hydro-morphological parameter values) (Fig. 7).
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Fig. 7. The Chézy coefficient C values: predicted (computed) by means of the ANN, and
identified (calculated) with the formula (16) according to data of hydrological observations
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Herein, according to the results of the ANN testing, the prediction relative error
of the Chézy coefficient C values depending on the river and the channel section
varied from 3.9 to 18.1 percent. Its average value was 10.3 percent.

It should be noted, similar values of the prediction relative error were also
recorded for water discharges computed by means of the ANN (See above Table 3).
It ranged from 3.8 to 18.1 per cent, and on average was 10.2 per cent. At the same
time, the predictive skill of the ANN checked according to the Nash-Sutcliffe model
efficiency coefficient (NSE), occurred to be high enough (NSE = 0.9818). In general,
this may indicate that the proposed neural network is able to predict the Chézy
coefficient values with sufficient accuracy in terms of practice, provided the correct
arrangements of data relating to the subject area. For example, an appropriate
hierarchy of data arrangements may include a certain type of a river, its separate
channel section with a certain type of fluvial-morphological process [74] and other
hydro-morphological peculiarities of river channels [1-4], as well as acceptable
variation of hydro-morphological parameter values including seasons, etc. There are
also wide opportunities to advance to further improve the neural network. For
example, it is possible to apply an ANN with more hidden layers [65-68, 75], as well
as combinations of different activation functions for different layers of neurons,
including genetic algorithms for approximate computing of initial values of weight
matrices, etc. [64-72, 75]. In addition, an ensemble of neural networks can be used
to increase the approximation accuracy of the Chézy roughness coefficient output
values in conditions of parametric uncertainty of data relating to hydro-
morphological characteristics [65, 67], combining several separate neural networks
into an ANN with a common architecture.

Conclusions

1. Developed were general rules to the arrangements and the formation of training
and test samples of data needed to create ANNs aimed to compute the Chézy
roughness coefficient taking into account the parametric uncertainty of findings
regarding the hydro-morphological factors and parameters characterizing the
hydraulic resistance to flows in river channels. The study was performed on the
example of an ANN of direct propagation with one hidden layer and a sigmoid
logistic activation function. The training of the ANN and its testing was carried out
on the actual data related to several channel sections on the Dnieper River (within
the city of Kyiv and downstream of Kyiv), the Desna River channel section near
Chernihiv, and the Pripyat River channel section near the town of Turiv.

2. To achieve the aim of the study, the following objectives were set and carried
out: (1) generalization of the problem relating to computing the Chézy roughness
coefficient, including defining and studying of the subject area; (2) data processing
and analysis to provide correct their arrangements in computing the Chézy roughness
coefficient values by means of ANNSs; (3) modelling of an ANN to compute the
Chézy roughness coefficient, including opting of the ANN components and its
structure; (4) supervised learning (training and testing) of the proposed ANN by
processing examples based on using a set of paired inputs and desired outputs
learning; (5) analysis of obtained results with detecting challenges and difficulties
relating to computing the Chézy roughness coefficient values by means of the
proposed ANN and outlining ways of their overcoming.

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponokopuctysanss, Ne 2 (42), 2022



3. The algorithm of calculating the Chézy coefficient C as a dependent variable
C=1f(x, %) was developed, where, x, ein,A,S¢,Bf and x, e {h,R} were

considered as independent variables (predictors) representing such parameters as the
Gauckler-Manning roughness coefficient n, height of protrusions of roughness A,
water surface slope S ¢, average flow width B, average flow depth h, and hydraulic

radius R . The training of the ANN was carried out using the method of inverse error
propagation.

4. The ANN testing was performed on a comparison of the observed (gauged)
Q, and computed (predicted) Q, water discharges. To assess the forecast

(predictive) skill of the ANN, the Nash-Sutcliffe model efficiency coefficient (NSE)
was used. We suppose the value of NSE = 0.9818 might signify the quite high
predictive skill of the ANN. The prediction relative error of water discharges ranged
from 3.8 to 18.1 per cent; on average, it was 10.2 per cent.

5. According to the results of the ANN testing, the prediction relative error of the
Chézy coefficient C depending on rivers and channel sections varied from 3.9 to
18.1 percent. Its average value was 10.3 percent. Thereby, it was established that the
proposed (not overtrained) neural network of direct propagation with one hidden
layer and a sigmoid logistic activation function computing the Chézy coefficient

C= f(xl, X2) can forecast (predict) only some averaged values of the C within a

chosen subject area (including different rivers, channel sections, and variation of
hydro-morphological parameters). It was shown that the proposed ANN is able to
predict the Chézy coefficients with sufficient accuracy for practice, provided the
correct arrangements of data relating to the subject area.
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A.B. Xonnesuy, 1.B. Crepanummx

HIITOTOBKA JTAHUX JIJISI HABUAHHSA IITYYHOI HEMPOHHOI MEPEXI
IOPU PO3B’SI3AHHI 3AJJAY PO3PAXYHKY KOE®IHIEHTA HIOPCTKOCTI
HIE3I 3A YMOBU HEBU3HAYEHOCTI NAPAMETPIB, 10 BU3HAYAIOTH
T'IAPABJIYHUI OIIIP TEYIi B PYCJIAX PIYOK

Anomayisn. I'iOpasniuni po3paxynku ma mamemamuyme mMo0enr08anHs iOKpUMUX meyii
Y pycaax pivok 00cCi 3anuuiaromuvcsi OOHUMU 3 HAUAKMYATbHIWUX 2I0POMEeXHIYHUX 3a0ay
cyuachocmi 3 mouku 30py npakmuxu. Ilpu ix po3e 'sa3yeanti, He3anexicHO 8i0 memu ma memu
00CNi0dICEeH S, BUKOPUCTAHUX MeMMO00i8 MOWo, 3a36U4all NPULLMAEMbCS MA 3ACMOCOBYEMbCS
pAao cnpoujens ma npunyuens. Kpim mozo, icHye HU3Ka Memooon02iYHUX, CIMPYKMYPHUX |
napamempuyHux He8UsHayeHoCcmel, NOOONAHHA AKUX BUMA2AE CKIAOHUX eMNIPUYHUX
nonepeowix oocniodcensv. Ilepw 3a 6ce, yYi HeBUSHAUEHOCMI CMOCYIOMbCA  OYIHKU
2I0pasNIYHUX ONOPI68 MA CMAHOBIEHHS IX YUCENbHUX XAPAKMEPUCIMUK, SKI 3a1eHcams 8i0
bacamvox haxmopie, w0 3MIHIOIOMbCS 8 NPOCMOPT MA 8 HACL.

OOHiew 3 Haubitbwi NONYIAPHUX [HMESPANbHUX eMRIPUYHUX XAPAKMEPUCMUK, WO
sUpadNCarOmy 2IOPAsLiYHULL ONIp BIOKPUMUM NOMOKAM Y PYCIaX pIYoOK, € KoeiyicHm
wopcemrxocmi  ILle3i C. Ha Oanuti momenm iCHye 6enuxa KilbKiCmb eMnipuyHux I
HanigeMnIpuyHuUxX opmyn i sanedxcHocmetl 01s po3paxyHky koegiyienma I[llesi. Oonak,
HEe36a4CAI0YU HA BENUKY KITbKICNbL eMNIPUYHUX I HANIBeMIIPUYHUX hOpMYA § 3anedcHocmel
0151 11020 PO3PAXYHKY, 10€eaNbH020 CROCOOY YU Memody 0/ 0OHO3HAUHO20 GU3HAYEHHS Yicl
eMnipuunoi xapaxmepucmuku e icnye. 3 00H020 OOKY, wob eubpamu 8i0n08ioHy Gopmyny
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ons pospaxyuky koegpiyicnma Illesi, mu nosunni npuiimamu 00 yéazu NPaAKmMuyHU 00C6Ii0,
3ACHOBAHULL HA KOMNJIEKCHOMY AHALI3I 6APIAHMIE, PO32N0amu Pi3Hi eMNIPUYHI DIGHAHHS, SKI
anbmMepHAMUEHO BUKOPUCMOBYIOMBCS 01 NPEOCMABIeH s 2i0paAsIiuHo20 ONOpYy GIOKPUMUM
nomokam. 3 iHuo2o 60Ky, Cymmegy poib Modice idicpasamu no6HOMa ma KOMNIeKCHICHb
NOALOBUX O0CHIONCEHb YUCTIeHHUX 2iopomopghonoziunux gakmopie i napamempis, wo
Xapaxkmepu3syloms pi3Hi acnekmu 2iopasniuHo2o onopy eiokpumum nomoxam. 3o0kpema,
oyinka mounocmi oouucnenns koegiyicuma Lllesi 3a nonvosumu OaHUMU, HE38AXHCAIOUU HA
Memoou ma Gopmynu, ceiouums npo me, Wo MOYHICIb NOALOGUX GUMIPIOGAHb NAPAMEMPIE,
Wo 6x00Amb 00 00paHux GopMyn, 3HAYHOIO MIpOIO BU3HAYAE GIOHOCHY NOXUOKY MAKUX
PO3PAXYHKIE.

YV yitt cmammi poszensioaemocs npodrema ynopsioKyeanHs OAHUX ma po3pooKu 3a2albHUX
npasun QopmysanHs HAGUANLHUX | MeCcosux 6UOIpOK OaHux OAs HAGUAHMA WIMYUHUX
HeUpOHHUX Mepedic, AKI po3poOAAIOMbCs 0as 0Ouucienns koegiyienma Llesi 3 ypaxyeanusam
napamempuyHoi He8UHAYeHOCMI OAHUX NPO 2i0poMophoN02iuHT hakmopu ma napamempu,
Wo xapaxmepuzyroms 2i0pagniunull onip y pyciax pivok. 3aoaua supiuyemoscs Ha npuKiaoi
WMYYHOI HEeUPOHHOI Mepedci NpAMO20 NOWUPEHHS 3 OOHUM NPUXOBAHUM WAPOM I
CUSMONOOIOHOI TO2ICIUYHOI DYHKYIEID aKMUBayii.

Knrwuosi cnosa: wmyuni Heuponui mepedci; Koegiyicnm wopcmxkocmi Lllesi;
nio2omosKka 0anux, 2i0pagniukull Onip y pyciax pidoK; napamempuyHd HegUHAYEeHICMb
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HYDROSTATIC PRESSURE IN GRANULAR ENVIRONMENT

Summary. The problem is that to date there is no general theory of the granular
state of matter in a closed form. However, there are some well-developed models
that use, for example, the representation of a continuous environment. Typical bulk
material is a large conglomeration of micro-mechanical particles of different sizes
and shapes that interact with each other and the walls contain containers by mainly
repulsive forces in direct mechanical contact (by nature it is forces of
electromagnetic origin — dry and viscous friction forces, as well as traction).

In the proposed work to study the pressure in a multiparticle micro-mechanical
system, a model of a lattice gas in a gravitational field is considered. Analysis of the
determination of free energy and entropy allowed us to establish the corresponding
equilibrium density profile, which is described by a Fermi-type function. The Fermi
profile in the form of a density field was used to find the vertical hydrostatic pressure
for which the analytical expression was obtained. Hydrostatic pressure was
different from the known relations derived from the theory of condensed matter. The
obtained results are confirmed by experimental observations, which indicate a
complex, anisotropic significantly different from the known from the theory of
condensed matter distribution of even vertical pressure in large conglomerations of
discrete micro-mechanical particles. Which really repeats the Fermi distribution.
The obtained results stimulate the revision of typical ratios of hydrostatics of
continuous media, such as Pascal's laws. Torricelli, Archimedes and Bernoulli in
the case of discrete micro-mechanical (granular) systems. The conclusions of the
work can be significant in the design and evaluation of operating parameters of
storage, release and transportation of bulk cargo, which consist of discrete micro-
mechanical conglomerations with different degrees of compaction and compaction.
Keywords: conical slot hopper (silo); pressure in granular systems; lattice gas in
gravitational field; density field; configuration entropy; hydrostatics of granular
medium
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O.1. I'epacumos, JI.M. Cigneubka
Opnecrkuii nepkaBHUNA €KOJIOTIYHIH yHiBepcureT, M. Oneca, Ykpaina

TIPOCTATUYHUM TUCK B TPAHYJIBOBAHOMY CEPEJTOBHIII

Anomauyin. Ilpobrema na cv0200HI, WO 3a2albHOT MEOPIl SPAHYILOBAHO2O CINAHY
PEUOBUHU 8 3AMKHYMOMY 6uensioi He ichye. Tum He meHwt, ichylomb i documo
po36uHeni 0eaKi MoOeil, Wo SUKOPUCMOBYIOMb, HANPUKAAOD, YSGIEHHS CYYLIbHOZO0
cepedosuwa. Tunosuii cunkuil mamepian A8IAE COO0I0 GeNUKY KOH2IOMePayiio
MIKDOMEXAHIYHUX YACMUHOK DI3HOI 8euyunu i opmu, wo 63aEMOOIOmMb MidxHC
co0010 I cminamu BMIWaloYoi EMHOCMI 3a OONOMO20I0 20JI0BHUM HUHOM CUT
BIOWIMOBXYBAHHS NPU NPAMOMY MEXAHIYHOMY KOHMakmi (3a npupoooio ye cuiu
eIeKMPOMACHIMHO20 NOXOONCEHHS — CUNU CYX020 I 8'513K020 mepms, a MaKoic
3UenyienHs).
Y mponomnoeaniti pobomi Ons  eusyeHms mucky y 6aeamouacmuHKo8iu
MIKPOMEXAHTYHIN cucmemi po3eTIAHYMa MOOelb IPAMKO8020 243 Y epasimayiiiHoMy
noni. Ananiz 6usHauenHs GiNbHOI eHepeii ma ewmponii 003601U8 BCMAHOBUMU
BIONOGIOHUL PIGHOBANCHUL NPOPINL 2YCMUHU, KU ONUCYEMbCSL QYHKYIEID MUny
Depmi. 3navidenuii pesyiomam y euenioi @epmi-npogino noas eycmunu 6yno
BUKOPUCMAHO OISl 3HAXOONCEHHS BEPMUKAILHO20 2i0POCMAMUYHO20 MUCKY, O/
AK020 OMPUMAHO AHAATMUYHUL 8upa3. I idpocmamuunutl muck 6UABUBCs BIOMIHHUM
8I0 8I0OMUX CNIBGIOHOWIEHb, AKI BUNIUBAIOMb 3 MeEOPii KOHOEHCOBAHO20 CMAHY.
Ompumani pe3yromamu niOmMeepOAHCYIombCsl eKCnepumMeHmantbHUMU
cnocmepediceHHAMY, AKI  c8i0uams Npo  CKIAOHUU, AHI30MPONHUL, CYMMEBO
BIOMIHHULL 610 GI0OMUX 3 Meopii KOHOEHCOBAHUX CUCMeM pPO3NOOLL HAGIMb
BEPMUKANLHO20 MUCKY Y BEUKUX KOHSIOMEPAYIAX OUCKPEMHUX MIKPOMEXAHIUHUX
YacCMuHOK, KUl OIICHO NOBMOPIOE pucu po3nodiny @epmi. Ompumani pezyiomamu
CMUMYTIOI0Mb  nepeaia0  Munogux CniegiOHOWeHs 2i0pOCMamMuKy  CYYilbHUX
cepedoguuy, makux, Hanpuxiao, ax saxouu Ilackans, Toppiuenni, Apximeda ma
Bepuynni 'y 6unaoky ouckpemuux MIiKpOMeXauiuHux (2panyibo8aHux) cucmem.
Bucnoexu pobomu mooicymv Oymu cymmesumu npu KOHCMPYIOSAHHI 1 OYiHYI
pobouux napamempie eMHOCmel 30ePedHCenH s, UBLIbHEHHS Ma MPAHCHOPILY8AHHSL
CUNYYUX 8AHMAJICIB, AKI CKIAOAIOMbCA 3  OUCKDEMHUX — MIKDOMEXAHIUHUX
KOH2NIoMepayill i3 pi3HUMU CIYREeHAMU YWITbHEeHHS Ma KOMIAKMU3ayii.
Kniouosi cnosa: muck 6 2panynbo6aHux cucmemax; IpamKosuti 2as 8
2pasimayitHoMy noji; nojie 2yCmuHuy, KOHQI2ypayitiHa eHmponis

DOI: https://doi.org/10.32347/2411-4049.2022.2.86-95

Beryn

I'panynboBani wmarepiamu (I’M) BHKOPUCTOBYIOTBCSI B IPOMHCIOBOCTI, B
TEXHOJIOTISIX 13 Pi3HMX Taiy3eil MPOMHCIOBOCTI, a TAKOXK 1 B MOOYTI Mail’ke B THX
camMHX TIIO0LHUX Macmitabax, sk 1 piauau. [IpukinagoM Takux MatepiaiiB €
3BHYAWHUI MICOK 3 WOTO Pi3HOMAHITTSAM MPaKTUYHUX 3aCTOCYBaHb. Bpaxae, 1o
HE3BaXKalOUM Ha MaciuTaOHe MpUKJIagHe 3HA4YeHHs, BiacTHBOCTI ((i3uuHi,
MeXaHi4Hi, CTPyKTYpHi) rpaHy/IbOBaHUX MaTepialliB 10 HEAaBHBOIO YaCy CHCTEMHO
MPaKTUYHO HE BUBYANHCA. AJe, Bke NpuOmu3Ho pokiB 20-30 Tomy, ¢izuku
"panToM" YCBIIOMWIH, IO 3BHYAWHUN IMCOK € aOCOTIOTHO BPa)KAIOYHMM, 3 TOYKH
30py HOro HE3BHYaWHUX BIACTUBOCTEH, MaTepiaioM. A came, 3a JIeSIKUX YMOB BiH
MOX€E TTOBOJMTHCS 1 SIK TBEPIE TUNIO, 1 K pimuHAa, 1 gk ra3 [1-4]. [Ipudomy KokHa,
YMOBHO Kaxky4H, "¢aza" Mae yHIKaIbHI BIIACTUBOCTI, IO CYTTEBO BiAPI3HSIIOTH
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TpaHylbOBaHI MaTepialid BiJl BIIOMHX arperaTHUX CTaHIB KOHJIEHCOBAaHOI
pedoBuHHU. YsBIMO co0i, € KOHTEHHep 3 MICKOM, KUK 30ypIOETHCS 30BHIIIHIM
moJieM, CKa)xXiMo, BiOpONpPUCKOPIOBaHb HE3HAYHOI aMILTiTy1u. EHeprist nporo pyxy
NEepenaeTbCcsl uepe3 TpaHHULll KOHTEHHEpY OKPEeMHMM 4YacTHHKaM-TpaHyJaM.
B pesynbTaTi pu KoCsATHEHHI IEBHOTO PiBHA 30YKEHHS BCSI Maca TpaHyJIbOBAHOTO
MaTepially MpUXOJUTh O CTaHy PyXy i MOYMHAE PO3BUBATH BIACHY CIeUU(iuHY
OUHAMIKyY. SIKII0 rpaHyThOBaHAN MaTepiajd pO3MICTUTH Ha MOXWIIIN TUIONINHI, TPH
JEeSIKOMY KyTi HaXWIy pe4OBHHA IIOYMHAE TEKTU, JEMOHCTPYIOUH, TaK OM MOBHTH,
BIacTUBOCTI piguHu. [Ipy npoMy B3aeMoii rpaHys Mixk cO00K0 MalOTh a0COTIOTHO
BIIMIHHY BiJl BUIAJKy PiAMHH MpHUpoAy. Mixk rpaHylaMu B3arajii HE AilOTh CHIIH
IPUTSATAHHS, @ CWIM BIAIITOBXYBAaHHS, K1 CHPAIllbOBYIOTH JIMIIE IPU KOHTAKTAX
YaCTUHOK, B 3aTaIbHOMY BUIAJIKY, € HEMPYKHUMU (IUCUNIATUBHAMHU 1 HETIHIHHUMHU
3a IPUPOJIOIO, SIK, HAIIPUKJIIA], CHUIIa TEPTS).

Cepen Oarathox crnenu(iyHMX BIACTHBOCTEH, SKi MMOKa3yIOTh TpaHyJIhOBaHI
MaTepiaiy, MOMITHE MICIe 3aiiMae PO3MOALT THCKY B HuX. lle mutaHHs, 30KkpeMa,
BiJlirpae BayKJIMBY POJIb B TEXHOJIOTISIX KOHIYHMX OYHKepiB 30epiranHs Ta J03yBaHHs
I'M (maBaHTaXX€HHA Ta pPO3BaHTAXECHHSA), TaK 3BaHUX CHIO, SKi IIHPOKO
BUKOPHUCTOBYIOTHCS B TEXHIUHUX rany3sx. [Ipu KOoHCTpyoOBaHHI pi3HOTO BUIY TaKUX
OpUCTPOiB HEOOXIMHO 3HATH PpO3MOALT THCKY, SIK B3IOBX IXHIX CTiHOK
(rOpU3OHTANBHHUN THCK), TaK 1 B HANpsAMY BHUIIYCKHOTO OTBOPY (BEpTHKAIBHHI
TuCK). s po3poOKM BIAMIOBIAHUX TEXHIYHWUX 3aco0iB MaHimymroBaHHS ['M Ta
TEXHOJIOTIH IX BUKOPUCTaHHS Ba)KJIMBO MAaTH Pa3oM i3 YHUCEIHLHUMH PO3B’SI3KAMU
3aJ1a4i TAKOX 1 ii aHAJII THYHUH PO3B’A30K.

Hapasi npo6iiema monsirae B ToMy, 1110 JJOCI HE iCHY€E MOCTiAOBHOI Teopii I'M,
ska O JJO3BONIMJIA TIPOBECTH HEOOXiAHI PO3paxyHKH 1 3OIHCHUTH OIHKU
BIJIMOBIIHUX MapaMeTpiB TPaHyIbOBAHUX (CHITyYHX) CEpPelOBHI. TOMY PO3TIIs
AQHAIITHYHUX Mojeneil (QopMyBaHHS THCKY B TaKMX CHUCTEMax 3aJIUIIA€THCS
aKTyaJIbHOIO 33Ja4elo.

Ha TenepimHiif yac MOMIMPEHOI0 Y BUKOPUCTAHHI MOJICIUTIO PO3IOAITY TUCKY Y
CUIY4YMX CEpPEIOBHUIIAX MPUIHATO BBAXATH BigioMy Mojieinb SHcena [1]. eTanbuuit
aHali3 IOTO MiIXOAY, SKHHA Oa3zyeTbcs Ha (PEHOMEHOJIOTIYHOMY BH3HAYEHHI
BEPTUKAIBHOIO 1 TOPU30HTAIBHOTO THUCKY Ta iX MOCTYJIbOBaHOI MPOIOPLIHHOCTI,
HaBeJICHMI, Hanpukiaa, B [2]. B Hamnii po6oTi MU 30ceperMOcs Ha BU3HAYCHHI
BEPTUKAIBHOTO TUCKY B MIKPOMEXaHIYHMX CHCTEMax 3 HeOOJbIIMaHiBCHKUM
npodisiemM N0 TyCTHHU. 3 Li€0 METOI0 Oy1e BAKOPHCTaHa MOJIEIIb IPaTKOBOTO ra3y
y TpaBiTallilHOMY TIOJi, SKa JIO3BOJISIE OTPUMATH BIIMOBIAHUN MPOQIIL MO
T'YCTHHHU B aHATITHYHOMY BHTJISIIL.

1 'iapocTaTnyHMii THCK B TPaHyJIbOBAHUX CHCTeMAaX

VY naniit po0OOTi MiZ rpaHyILOBAaHUM MaTepiaioM 0yJ1eMO PO3yMITH PEUOBHHY, L0
CKJIQJIA€EThCSI 3 BEMKOT KOHIJIOMepaLil AUCKPETHUX YACTHHOK Pi3HUX PO3MIpIB i
dbopMH, SKi B3aEMOJIIOTH MK COOOK 1 CTIHAMH EMHOCTI 3a JOIOMOTOK
€JIEKTPOMArHiTHUX Ta CHJI CyXOro i B'A3KOro TepTs. SIKIIO K eleKTPOMarHiTHi Ta
CWJIM B'SI3KOTO TEPTA BiJICYTHI, a MPOSIBIAIOTHCS JIMIIE CHIM CYXOTO TEpTs, TO
Takuil CTaH PEeYOBHMHM OyIeMO Ha3HMBaTH i€aJbHUM CTAaHOM TI'PaHYyJIbOBAaHOTO
Marepiaiy.

PosrnsiHeMo Hacum igeaabHOTO rpaHyILOBAHOTO MaTtepiaiy, Ieskoi Bucotu H |
10 3HAXOIUTKCS B IMUTIHAPHUIHIN €MHOCTI, K ITOKa3aHo Ha puc. 1.
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B mpoMy Bumanmky MoKHa BHIUTUTH JBa YMOBHHX XapaKTepPHUX HANpPsIMKH:
BEPTUKAIBHUH, 0 30iraeTbes 3 HAMPSIMKOM il CHJIM TSDKIHHS, i TOPU3OHTAIBHUM,
NEepIEHINKYISIPHUIN O CHIIH TSDKiHHS.

[1ix piBHOBa)XKHUM CTaHOM TPaHyJIFOBAHOTO MaTepiary OyJeMo PO3yMITH TaKuH,
B SIKOMY BCi HOTO YaCTHHHU 3HaXOJSATHCS B PIBHOBA31 1 CIOKOT (IMITyJIbC OYy/Ib-SKOTO
BUJIIJICHOTO €JeMEHTa JopiBHIOE Hymo). [lig cramioHapHuM craHOM OyaeMo
PO3YMITH TaKHi CTaH, TPU SIKOMY BCi HOTO YacCTWHU PyXalOThCSA 3 TOCTIHHOIO
IIBUJIKICTIO, 3AJIMIIAI0YUCH TIPH IEOMY B PIBHOBa3i i3 OTOYEHHSIM (IMIyJIbC OyIb-
SIKOTO BUJIIJIGHOTO €JIEMEHTA He 3aJIe)KUTh BiJl 4acy).

Y

Puc. 1. Ckerd-cxema BU3HAUYCHHS MMapaMeTpiB 3aqadi

3rifiHO 13 KOHCTPYKILEO 3a/1a4i, B Maci rpaHy/IbOBAaHOI'0 MaTepialy iCHy€e pO3IOIiiI

TUCKY Ha BEPTHKAIbHY 1 TOPU3OHTAIbHY KOMIIOHEHTH P, i P,, sKi y BHIaJKy

IpaHyJbOBAaHOTO MaTepiaiy anpiopi He JOPIBHIOIOTH OJMH OJJHOMY, SIK Y BHIAJKy
imeansHO1 pimmHM (3akoH [lackamst). Mu cdokycyemocs HIKYE Ha PO3IIsi
KOMIIOHEHT THCKY, sIKi 3aJIeKaTh BiJ] KOOPAUHAT Z 1 HE 3aJIeXKaTh BiJl KOOPAWHATH ¢ .

Binpmie cromitrss Tomy Oyna 3ampornoHOBaHA €JEraHTHAa MOJENb JUIs OIHCY
PO3MOMITY THUCKY Y BEPTHKAaIbHOMY KOHTEWHEpi, 3allOBHEHOMY TPaHyJbOBAHUM
MaTepiajioM, SKMH 3HaXOAMUTHCS y CTaHi crokor. CKOpOYeHO OMHMIIEMO MOJEIb,
3arponoHoBaHy B [1]. 3HOBY poO3IiisiHEMO BEPTHKAJIBHUN HWITHIDP pagiycoMm R,
3allOBHEHUI YaCTHHKaMU-TPaHYJIaMH y CTaHI CIOKOK (1uB. puc. 1). Merorw €
BU3HAYEHHs TUCKY BCEPEIUHI MaTepialy, SKUi BUKIMKAHUH JI€I0 CUIIM TSDKIHHS, B
3aJIeKHOCTI BiJ NIMOMHU X (€ BiCh X — BiCh LWJIIHAPA, OPIEHTOBaHA BEPTUKAIBHO
JOHU3Y). 3ayBaKUMO, 110 BU3HAYEHHSI «TUCKY» y I'PaHyJIbOBAaHOMY CEPEIOBHUIII €
came 1o co0i CKJIaaHOK 3amaveto (auB., Hanpukian, [2]). Pedpaxiifina TexHika
MOJIBIHHOTO 3aJIOMJICHHS JIO3BOJISIE 3/IIMCHIOBATH CIIOCTEPEKECHHS 32 PO3IIOJIIOM
cJ B 00’€Mi CTHCHYTOI'O TPaHyJIbOBAaHOTO MaTepiany. 3a JOMOMOTOI0 TaKoTO
IHCTPYMEHTApil0 BCTAHOBJICHO, 110 PO3MOiN TUCKY € BEJIbMH CKJIAAHUM i CYyTTEBO
HeomHopigauM. B [1] Oyiio 3ampormoHOBaHO BBECTH MOECIHb, SKa OIEPYE ITBOMA
XapaKTepHUMH THCKAMH, SIKi JIOTh y BEPTHUKAJIHHOMY Ta y TOPH30HTAIBLHOMY
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HampsMax (MK JIBOMa TOPU3OHTAIBHUMU Ta BEPTUKAIGHUMH IUIOIIWHAMH,
BianoBiAHO). Cripouiyrouu 3aaady, 0yso 3po0iIeHO NMPHUITYIICHHS, IO 1l Ba TUCKH
MPOTOPITiAHI OAMH OJHOMY. 30CEPEIUMOCS Ha BU3HAYCHHI THUCKY, SIKUH i€ Mix
JIBOMa FOPU30HTAILHUMH TUIONIMHAMH. J[JIs1 IIbOTO MOYKHA PO3TIITHYTH OallaHC CHI,
SIKl JiFOTh Ha TOHKHH IIMAaTOYOK PEYOBMHM TOBIINMHOK dX 1 Ha INIMOHHI X, KUK
nepeOyBae y cTaHi Crmokoro. [Ipm BuW3HAYeHHI TaKWX CHJI 3a3BHYail MIUTHHICTH
CUCTEMH TIOKJIQJIA€ThCS TMOCTiIHHOI. MK iHIIMM, y BHIAAKy TpPaHYJIHOBaHOTO
CepeIOBHILA LISl YMOBA, SIK BXKE 3TaJyBaJIoCs BUILE, BOUEBUIb TIOPYIIYETHCS.
[loknagemMo, 10 BepTUKanbHAa KOMIIOHEHTa THCKY P, i, BIAMOBiAHO, TPamgi€eHT

i€l KOMIIOHEHTH B370BXK oci OZ 3anexath Bin pazgiyca. Omxke, Ha CycigHi
eJleMeHTapHi Kbl (puc. 1) mo BepTukami OynyTs Aisity pisHi cuin. Lle npussene
JI0 TOTO, 10, HATIPHUKIIA, CYCiHE 10 BU3HAYEHOTO 30BHIIITHE eleMeHTapHe KibIle
Oyze 3MillyBaTHCSl BHU3, a CyCiJJHE BHYTpILIHE Kijblle Oyae 3MinryBaTucs (11010
PO3TIISIHYTOTO €JIEMEHTAPHOTO KiJbIIsl) BTOPY.

Tomy cumm cyxoro TepTsd, IO AIFOTh HA BHYTPIIIHIO 1 30BHIMIHIO Oi4HY
MTOBEPXHIO PO3TIITHYTOTO eIEMEHTAPHOTO KiNbIls, OyAyTh CIIPSMOBaHI B pi3HiI OOKH
1 pe3ynbTyroua cuia Oyne BHU3HAYATHCA TPaJi€HTOM KOMIIOHEHTH THCKy P . Ha

IiJICTaBl BUIICHABEACHUX HeXal i SKICHUX MIpKyBaHb MOXXHa 3pOOUTH BHCHOBOK
po Te, MI0 B CUIyYWX (TpaHyJbOBAaHHMX) Marepianax, 30KpeMa, He BUKOHYETHCS
3akoH [lackais, skuii € TUTIOBUM JIJIsI 3BHYAHHUX PiUH.

2 BnakyBaHH# I'PaHyJ1bOBaHUX MaTepialiB

Benuky kinbkicth cBoixX cnenmgiuamx BractuBocTed ['™M 3maTHI TIOKa3yBaTH,
30KpeMa, 3aBASKH MOXKJIMBOCTI 3MEHIIYBaTH 00 €M, SIKUM BOHM 3aiMaiOTh IIPH
30BHIIIHIX 30ypeHHsX. YiniabHeHHS ['M, sike BiIOYyBaeThCs 3aBASKH PI3HOMAHITHUM
30BHIIIHIM BIUIMBaM, HaJIHHO CIIOCTEPIraeThes SIK Y YUCEIbHUX EKCIIEPUMEHTAX, TaK
1 y TeOopeTHYHHX IOCHiIKeHHSX [3, 4]. 30ypeHHs IrpaHylIbOBaHHX CHCTEM MOXKE
IIPU3BOJIUTH HE TUIBKH JI0 YINIJIBHEHHSI, TOOTO JI0 3MEHIICHHS 00’ €My, KM 3aiiMae
CHCTEMA, a TAKOXK JI0 CHMETPH3aIlil pO3MOALTY YaCTUHOK y cucteMi. [Tpukmaan Takoi
cUMeTpHr3allii HaBeIeHi Ha puc. 2 (IMToBaHO 3 [2]).

+
AT PR L 22
s + e e .+ ‘., R O R I I R A R
30 * * . . " +
.. . * * LR A N IR T R B N
3 *r o, + @ hd
28' * L.t + A +2le s 460000 0e00s00000
L .. .+ *
b * * . ".o . IR I I I I I
+
26,”’ .t ".‘ . 1A R SR IR I R SR SR I I I R R
+ ., . + +
- * “ - L B L N I N L B B
* . * T +*
24 + 4, et * . . 1Eoovootoovooooovooo
+ + +
P * .t e, MRS I T I
+ " * + *
2L+ * R P S D I I I
R "’ . + R . N
3 . ., + o+
a0 ., + ‘. * D I I
., L . ~
. & A A LI bl I A R S R A
* - -
18' +* e L I I I R T N S A A A
* + .,
.ot * * EEE I S TR S SR S R S S S R S R
T R A 10
15 ~ * "0 . I I I A A AR Y
+ + .
+ + *
U eI ., A R R R T
. *
14 ¢ * ¢ » ‘A‘ P + . .‘vavovo'ovovvvov'v'vo
10 15 20 25 30 10 15 20 25

Puc. 2. Ctpykrypusailis y JBOBUMIPHHX CUCTEMaX TBEPIUX JUCKIB i/l BIUIMBOM 30BHIIIHIX
30ypeHb (TOYKaMH IIOKa3aHi LEHTpW IUCKiB). JliBOpyd — HEBHOpSIKOBaHa CTPYKTYpa;
MIPaBOPYyY — CTPYKTYpa 13 XapakTepHUMHU O3HAKaMHU CUMETpHU3allii Ta yIliTbHeHHS [2]
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Ha puc. 3 mpexacraBneni CcTpyKTypu, SKi 300paxeHi Ha pHC. 2 Ta
napaMeTpu30BaHi B TepMiHaxX Tak 3BaHUX MoOynoB Boponoro (mus. [3]). Metox
Boponoro, sk 0aynMMo, TakoX J03BOJISIE, OKPIM OI[IHKK CTYIICHS YIIiIBHCHHS,
HAOYHO CIIOCTEPIraTH CHUMETPH3AII0 y PO3IOMALT YaCTHHOK, SK MPO IIe CBiAYaTh
JlaHi, HaBEJICHI Ha puC. 3.
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Puc. 3. IlobynoBu BopoHOro misi CTPYKTyp, SIKI CHOCTEPIraloThCs Y TIpaHyJbOBaHHX
cucTeMax Mijl BIUIMBOM 30BHIIIHIX 30ypeHb. JIiBOpyd — MOYATKOBUI HEBIOPSIKOBAHHN
CTaH; NPaBopyY — KiHIEBUI CUMETPU30BaHUI CTaH, CPOPMOBAHHI B OKOJIi MAKCUMAaIBHOTO
BIIAKyBaHHs

HaBeneni Ha puc. 2 1 3 maHi HAIITOBXYIOTh Ha AYMKY TIPO MOXIIUBICTB
BUKOPHUCTAHHS IPATKOBUX MOJEIIEH sl BUBUCHHS, 30KpeMa, TI0JIsi TYCTHHH (THUCKY)
y I'paHyJIbOBaHUX Matepiaiax. TeopeTHuHHi aHai3 TaKKuX MOJIeJIeld Ta BU3HAUCHHS
IUBIXIB 1X 3aCTOCYBaHHS 1O MapaMeTpu3ailii (EHOMEHOJIOTIYHHX JaHHUX PO
pO3MOMINA CTAaTHYHOTO THCKY B TIPUPOJHO aHI30TPOMHHUX MIKPOMEXaHIYHHX
(rpaHyJIbOBaHHMX) MaTepiajax CTAHOBUTB, K BKE 3Ta/yBajoCs BUIIE, HAIIY 331ady.

3 BiabHa eHepris, eHTpomis i Npogiib TyCTHHH B TIPAaTKOBOMY Tra3si
y rpasiTauiiiHoMy moJii

B pamMkax KBa3icTaTUCTUYHOTO MiXOY (UB. [3]) 3amuimemMo 3arajJbHUAN BUpa3 JUIs
BUTHHOT €Heprii cucTeMu, ska Oyne 00’ €KTOM pO3TIIsAy Y BUTIISAI (PYHKIIIOHAITY:

F(p)=E(p)-B~S(p), 1)
JIe eHeprist CHCTEMH B TpaBiTariitnomMy o E(p) IaeThest BUPa3oM:

E(p)=mg(£ )Zp(F)dF : 2

TyT Z — BepTHKaJIbHA KOOPAMHATA, P — 3BOPOTHHII MacmTab eHeprii, p —

TyCTHHA, S — €HTPOIIisl CACTEMH. 3 YpaxyBaHHSAIM BHKJIAJICHOTO B PO3I. 2, B SKOCTI
Bupasy s S(p) CKOPHCTAEMOCS BiIOMHMM CITiBBIOHOINEHHSM JUIS €HTPOIIl

rpatkoBoro rasy ([4]):
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S(p)=-JdriLmL +a-Lyma- Ly, 3)
)y (Po  Po Po Po

TYT p, — MaKCUMaJIbHA I'yCTUHA CUCTCMHU.

. . [ .
Po3paxynok BapiamiiiHOi MoxigHOi 86_(17) 3 (1)~(3) mopomxye piBHOBa)KHUI
/4
po(istk TycTHHU Y (hOpMi PO3MOALTY, IKAN OMHUCY€ETHCS PyHKIEr0 Depmi:
Po mghy
p(2)= Y= ; (4)
1+e"” B

Ie B — BU3HAYa€ MaclTad eHeprii B CHCTEMI.

Hwxdge mm mpoaHamizyeMo BEPTHKATBHHNA THCK, SKHH 3IIHCHIOE CTOBIYHK
IpaHy/IbOBaHOT PEYOBHUHHM, 'YCTHHA KO ONUCYETHCS OTPUMAHUM CITiBB1IHOLIEHHIM
(4) s Mozeni TPaTKOBOIO Ta3y y rpaBiTalliiHOMY IO,

4 BeprukaabHuii rigpocTaTuuHuii THCK B cucremax 3 ®epmi-npodinem
ryCTHHHU

Beprukanpuuii Tuck P B cuctemi 3 @epmi-ipodisieM rycTHHU p(z) OMHCYEThCS
byukuiero (4), ska TpancopmyeThbest B (5):

_ Pomgz (5)
S lte”

PiBustHHA (5) BU3HaYa€ BEPTHKAIBHUH TUCK, SKUI CTBOPIOETHCS HAJl CTOBITYMKOM
IpaHyJIbOBAHOT PEYOBHHHU BHCOTOIO Z 13 DepMi-po3no/IiioM TYCTHHH.

TakuM 9YMHOM, B PO3IJISAHYTIM MOJENI TUCK aCHMITOTHYHO 3MEHIIYETHCS 13
301IBLICHHSM BEPTUKAIBHOI KOOPIMHATU Z 33 3aKOHOM:

~ pomgze 7, (6)
SIKUM BOYEBHJIb € BiJIMIHHUM BiJl BIIOMOTO 0apOMETPHYHOIO 3aKOHY:
p=pomge . ()

3ayBaxkumo, 10 po3moain (5) MicTUTh THIOBY st Depmi-cucreM jeralb,
a caMe, MiJIKOMaciTabHy CTaJlit0 3pOCTaHHs THCKY (TYCTHHH) ISl z <z, 1€ Z, —

KOpPiHb TPAHCIEHACHTHOTO PIBHAHHS
—log(yzo ~1) =12, (8)

ExcriepuMeHTanbHi  TOCHI/PDKEHHS  PO3MOJIy THCKY B TPaHYJhOBAHUX
Matepianiax (IuB. orisim B [5]) MOCTOBIpHO (iKCYIOTh BIIXHMICHHS, 30Kpema y
pO3IOAUTI THCKY, BiJ KJIACHYHHUX 3aKOHIB OpPOYHIBCHKOTO pyXy (V PO3PIIKEHUX
CTaHax).

Sk Bxke 3ramyBainocs, 30ymKeHe, CKakKiMO, BHACTIZAOK BiOpaIlifHOTO BIUIMBY
rpanyiasoBaHe cepemouiie (M) meMOHCTpye BENUKY KiIBKICTh 1HTPHTYIOUHX
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¢i3munnx BiactuBocter [3, 4]. Ilpumuomy, Tak SK eHeprisi BIUTUBY IOCTIHHO
JIOJA€ThCSI B CHCTEMY, B TaKiii HEPIBHOBaXKHIM CHCTEMI TOCATA€THCS CTAliOHAPHUM
ctad [3, 4]. B [S] nocmikeHi CieKTpaibHi BIACTHBOCTI BiOpamiiHo 30ymxenoro ['M
i giero cru TsokiHHEA. [lokasaHo, mo B pesknMi crabKoro 30yIKeHHS THHAMIKY
YaCTUHOK-TPaHYJl HEMOXKIJIMBO OIHCATH SIK TIPOCTHH PyX OpPOYHIBCHKHMX YACTHHOK B
JIOCTaTHRO PO3pPI[KCHOMY cTaHi. Ha mijgcTaBi OCTaHHBOTO aBTOPH POOJIATH
BHUCHOBOK IpO T, MO JUII TOTO, 100 OMUCATH KOOIEPATHBHY JIUCUTIATUBHY
OUHAMIKY TpaHyJIhOBaHOI KOHTJIOMEparii YacTWHOK, HEeOOXigHO pO3BHUBATH
IBTEpHATHBHI MiAXOIW, HANPHKIAA, 32 JOMOMOTOI0 KOHLEMIIi y3aradbHEeHUX
4aCTUHOK JIaH)KeBeHa.

B excnepumenti [5] BEepTUKIBHHHA PO3MOMIT 2-MUTIMETPOBHUX KyiIb 31
CTaOLIi30BAaHOTO OKCHJIy ITUPKOHIIO JOCIIPKYBaBCS 3a JOIOMOIOK JIa3epHOrO
obnagHaHHs y Mo i cviaM TsoKiHHSA. BigmoBiaHi BepTHKambHi 3MimeHHs Z(t)
BUMIPIOBAJIMCS BiJl BEPXHBOI YACTUHHM KOHTEWHepa IIISIXOM HallallTyBaHHS BiKHA
BUMIpPIOBaHHS B HaNpsIMKY [ii CHJIM TsDKiHHS. Byno BcTaHOBJIEHO, 1IO BiAMOBigHA
CTaTUCTHKa (MapaMeTpH30BaHa B TePMiHaX QYHKIIT KOHPIrypaiifHOTO pO3MOALTY
N 4acTHHOK — ¢ ) 3a/10BOJbHsIE 3aKoHY Depmi (nuB. puc. 4 3 [5]).

1.0

< o5

=N

0.0 . ; .
18 20 22 24 z(mm)

Puc. 4. Pe3ynbTarT €KCHEpHUMEHTAIBHOTO JIOCHTI/PKEHHSI PO3MOJUTYy 3a BEPTHKaJIbHUMHU
MOJIO)KEHHSIMH YaCTHHOK T'paHyJIbOBaHOI KOHrJomepamii Bucororo h = 21 mm i
iHTeHCcuBHICTIO 30y KeHHs [T = 10

Jani, HaBeneHi Ha puc. 4, HAOYHO CBiUaTh NP0 DepMi-xapakTep BEPTHKAIBHOTO
pO3MOTy YaCTHHOK-TPAaHYNl Yy pO3piPKEHIH cUcTeMi 1, TaKUM YHHOM, IIPO
MOPYLICHHS 3aKOHY OpOYHIBCBKOTO PYXY.

Entponiitnuii anainiz rpaTkoBoi MOJIeTi TpaHyJIbOBAHOI CHCTEMH, MPOBEACHUI
BHIIE, CBIIYUTH MPO Te, L0 Po3moAil PDepMi € TaKoXK THIIOBUM 1 JJIs T'yCTO
BIIAKOBAHOI IPaHyJbOBAHOI KOHIJIOMeEpalii, I0 MOPYIIye TaKOX BiJOMi 3aKOHH
T1IPOCTaTUKY (HAPHUKIIAI, 3aKoH [lackars).

Tomy po3poOieHuil BUIlle TEOPSTUIHUH TIIX1JT € MIPYHTSIM JJIs [TOJATBIIOTO
MOTIMOICHOTO BUBUCHHS MUTAHHS MPO PO3MOJLUI TUCKY 1 BCTAaHOBJICHHSI aHAJIOTiB
TiIPOCTaTUYHUX 3aKOHIB B TPaHyJIbOBAHUX CEPEIOBHIIAX.

BucHoBKH Ta nepcrneKTUBYU MOAAJbIINX T0CTiIKEeHb
3a 0IOMOI0I0 aHai3y BiIbHOI €HEeprii Ta eHTPOIIi y KBa3iCTaTHYHOMY HaOIM)KEHHI
JUTSL MOJIEJI TPaTKOBOTO Ta3y y T'paBiTAIlifHOMY IO, SIKa MOJETIOE HAHTIPOCTIITY

MIKpOMEXaHIUHY CHUCTeMy, 3HalJeHHWH BepTukanbHui @Depmi-npodins mons
TYCTUHH, KW € BiJIMiHHUAM Bif] BiZIOMOT'O 0OJIBIIMaHIBCHKOTO.
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BukopuctoByroun 3HaiAeHU BHpa3, A N0 T[YCTUHU PO3PAXOBAHUMI
BEPTUKAIBHUN TiAPOCTATUYHUN THCK, SKUH Ma€ BIIMIHHOCTI Bifl KJIACHYHOTO
3akony [lackains y (hi3uili KOHACHCOBAHOTO CTaHY.

OtprMaHi pe3yibTaTH JO3BOJSIIOTH BpPAaXOBYBaTH BHIIEONMUCAHUH e(eKT
B KOHCTPYKIIISIX EMHOCTEH 30epeKeHHS Ta JO3yBaHHS CUITYUHX MaTepialliB, a TAKOXK
B TEXHOJOTiSX  TeoMOp(OJOriYHOIO  MOHITOPUHTY  MIKpPOMEXaHIYHHX
(rpanymnpoBaHuX) cepenoBwuiy [6].

[lopiBHSAHHS OTpUMaHUX pe3yJbTaTiB 3 HJaHWUMH EKCIIEpUMEHTIB [5] 3
JOCIIDKEHHS BEPTHKAIBLHUX PO3IOALUIIB YACTHHOK B PO3PiHKEHUX I'PaHyIbOBaHUX
KOHIJIOMEpallisiX CIOHYKAaTh A0 TMONEPEIHHOI0 BHCHOBKY PO YHiBEpCAIbHUIM
XapakTep po3MOoJITy BePTHKAIbHOI TYCTHHHU (THCKY) y BUTIsiai depmi-po3noainy
JUISl pI3HUX CTYIEHIB BIIaKyBaHHS JUCKPETHUX MiKPOMEXaHIYHMX CHCTEM.
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INTERACTION OF GRAVITATIONAL WAVES
WITH PERMEABLE BREAKWATER

Abstract. A method for calculating the parameters of gravitational waves that
interact with vertical permeable breakwaters, based on potential theory, has been
developed and presented. The wave motion of a fluid was described by the velocity
potential that satisfies the Laplace equation. The shape of the wave surface and the
components of the velocity vector were determined. Numerical analysis of the
influence of permeability of the vertical wall on wave energy adsorption was carried
out. The propagation of surface gravitational waves in the linear formulation of
problems in a channel with a vertical permeable obstacle was analyzed. The
dependence of the wave reflection coefficient as a function of the wave transmission
coefficient in accordance with the law of energy conservation was given.
Experimental studies have been conducted to determine the features of the
hydrodynamic interaction of sea waves and coastal protection structures of the
permeable type. The experiments were performed in the laboratory in a wave
channel with models of vertical slotted walls of different permeability. Visual and
instrumental studies have shown the features of the interaction of the wave field with
permeable breakwaters, the formation of reflection and transmission waves through
the breakwater. It is established that vertical slotted walls, depending on the
permeability, significantly affect the wave field, generate reflected waves and waves
passing through the breakwater, as well as lead to a significant dissipation of wave
energy. The dependences of the reflection and transmission coefficients of the wave,
as well as the dissipation coefficient of the wave energy depending on the
permeability of the slotted breakwater and the relative depth of the water area were
given. It is shown that with increasing permeability of the breakwater the wave
reflection coefficient decreased, and the wave transmission coefficient on the

© LT. Cenesos, B.A. Bocko6iiinuk, O.A. Bocko6oiinuk, A.I'. Xapuenko, A.B. BockoGiitnuk, 2022
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contrary increased. It was found that the reflection coefficient of the wave was
increased with increasing relative depth, and the coefficient of wave propagation
was decreased. The dissipation coefficient of the wave energy had the maximum
value, which was observed for greater permeability of the breakwater, when the
relative depth compared to the wavelength was increased.

Key words: gravitational wave; permeable breakwater; numerical simulation;
experimental research; high wave sensors; reflection and transmission waves; wave
energy dissipation

L.T. Cene3oB, B.A. Bocko®diiinuk, O.A. Bocko0oiiHUK,
A.I'. Xapuenko, A.B. Bockobilinnk

IactutyT rinpomexaniku HAH Ykpainn, m. KuiB, Ykpaina

B3AEMO/IS IT'PABITALIIMHUX XBUJIb
3 TIPOHUKHUM XBUJIEJIOMOM

Anomauin. Pospobrena ma euxiadena memooukda pO3PAXYHKY NaApamempis
2pasimayitiHux Xeuiv, SAKi 83AEMOOIIOMb 3 BEPMUKAIbHUMU NPOHUKHUMU
Xeuneromamu, Ha 6aszi nomeHyiuHoi meopii. Xeunvosuil pyx piouku onucyemocs
nomenyianlom weuokocmet, AKUll 3a0060abHAc pisHannio Jlannaca. Busnauena
Gopma x6uUIb06OI NOGEPXHI MA KOMHOHEHMU 8ekmopa weuoxkocmi. IIposedeno
YucerbHUll aHAi3 6NAUEY NPOHUKHOCMI BEPMUKATbHOI CMIHKU Ha adcopoyiilo
Xeunvoeoi  emepeii.  Ilpoamanizosano - po3N0BCIOONCEHH  NOBEPXHEBUX
2pasimayiiHux Xeuieb y JIHIUHIUL NOCMAHOBYI 3a0ay y KAHANL 3 6ePMUKAILHONO
NPOHUKHOW nepeuikodorw. Hasedeno 3aneaxcnicme koe@iyienma 6i0oumms xeui
AK  QyHKYito Koeiyienma npoxoodxcenHs Xeuii y 6i0N0BIOHOCMI 00 3AKOHY
30epedicenns enepeii. [Iposedeno excnepumeHmanbHi 00CAIONCEHHS 3 BUSHAYEHHS
ocobausocmeti 2iOpoOOUHAMIYHOI 83AEMOOTI MOPCHKUX X8Ulb I Oepec03axucHux
cnopyo nporuknozo muny. Excnepumenmu npooounucs é 1a6opamop Hux ymosax
8 XBUNbOBOMY KAHANI 3 MOOENAMU BEPMUKANbHUX WINTUHHUX CMIHOK pi3HOT
npoHukaueocmi. Bizyanvni ma incmpymeHmanbHi 00CNIOHCEHHA NOKA3ANU
ocobueocmi  63a€MO0ii  XBUNLOBO2O NOASL 3 NPOHUKHUMU  XGULETOMAMU,
Gopmyeanns 6i0OUMUX MA NPOHUKHUX Yepe3 XEULENIOM X8Ulb. Becmanosneno, wo
B6EPMUKANILHT WINUHHI CINIHKU 3ATIeJICHO 810 NPOHUKHOCMI CYMMEBO GNAUBAIOMD
Ha X6UNbOGE NoJle, 2eHepYIomMb I0OUMI XU MA XGUJL, WO NPOXOOMb XEULEIOM,
a makodc npu3go0samsb 00 3HAYHOI Oucunayii xeurvogoi ewnepeii. Hagedewi
3anexcHocmi  Koe@iyicumie Gi0OUMMs Ma NPOXOOICEHHs X8Ull, A MAKOIC
Koeghiyicuma oucunayii Xeuib080i eHepaii 3a1elHCHO 8i0 NPOHUKHOCMI WITUHHO20
xeunenromy ma GIOHOCHOI enubunu akeamopii. Ilokasano, wo 3i 30inbUIEHHAM
NPOHUKHOCMI — XGUAELOMY  Koegiyienm  6i0oumms — X6uiai  3MeHULY8asCs,
a xoeiyichm npoxoodicenHs Xeuai Hasnaxku 30inbuiysascs. Buseneno, wo
Koeghiyieum 8i0OUmMmsL X8uUi 30i1buly8ascs 3i 30iNbUEeHHAM GIOHOCHOI eIUOUHU,
a koeiyichm npoxoodicenuss Xeuni Hagnaku 3meHwysascs. Koegiyicum
oucunayii xeunvb080i enepeii Mas MaKcumaibhe 3HA4eHHs, AKe CNOCmepieanocs
01 6inbwoi NPOHUKHOCMI XBUNEIOMY, KOIU BIOHOCHA 2AUOUHA 6 NOPIGHAHHI
3 008IACUHOIO XBUT 301TLULYBANACA.

Knrwuosi cnoea: cpasimayitina X6uns, NPOHUKHUL  XGUILENOM,  YUCEIbHE
MOOENOBAHHSA, eKCNEPUMEHMANbHI O0CTIONCEHHS, OAMYUKIU GUCOMU XEUTb, 8I0OUMI
ma NPOHUKHI XU, OUCUNAYIL XBUTbOBOT eHep2il
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Beryn

I'moGanpHi 3MiHM KJIiMaTy, TOTEIJIiHHSA, MiTHOM piBHSA OKeaHy 3000B’3YIOTbH
JIONCTBO  MIABUIIUTH BUMOTH 0 CKOJIOTIYHOI O€3mekW, 10 OXOpPOHH
HaBKOJIMITHBOTO CEPEIOBHINA, 30KpEMa MOPCBKOTO Y30epeickss Ta CYCHUIBHO
KOPHCHOI TPUMOPCHKOI iH(QPAaCTpyKTypu. 3axuct OeperoBoi IiHiI, 00’€KTiB
KUTTEISUTBHOCTI, TIAPOTEXHIYHUX CIIOPYA, MOPCHKOi (pitopu Ta (ayHH BUMAararoTh
HEyCTaHHOI MOJIepHi3allii 0epero3axucHUX CIopy/I, o 00yMOBIEHO KIIIMATHIHAMHA
3MiHaMH Ta 30UIBLICHHSM XBWJIbOBOi eHeprii Mopsa. [IpuGepexni oGmacTi
BiJIIrpatoTh BaXKJIMBY POJIb B EKOHOMIYHOMY PO3BHUTKY OaraThbox KpaiH cBiTY. Y mux
00JacTax 3MIHCHIOETHCS OYAIBHUIITBO 1 €KCIUTyaTallis BETUKOI KUTBKOCTI JKUTIIOBHX,
KOMEpLIMHUX 1 MPOMHUCIOBUX OYyZiBeNb, TiAPOTEXHIYHUX CHOPYZ, NpHYATIB,
raBaHeH, ki 00’ €JHYIOTh BHYTPIIIHI Ta 30BHIIIHI TOProBi NUISXK KpaiHu. OCHOBHA
mpo0OyieMa PO3BUTKY IUX TEPHUTOPIA Ta MPHOEPEKHUX aKBAaTOPid — Ie 3aXUCT Bif
PYHHIBHOTO BIUIMBY XBWJb, BHKIMKAaHHX INTOPMaMH i yparaHaMmu, ITOBEHSMH,
IHTEHCUBHICTB 1 MEPIOMUYHICTD SIKUX 3pOCTAE B 3B’A3KY 3 KINIMATHYHHUMHU 3MiHAMH.
3acobu 3axucTy iHPPACTPYKTYpH IOBUHHI MaTH BUCOKY €()eKTUBHICTB, ITiIBUIIECHY
eKOJIOTiuHy Oe3reKy, HafiifiHicTh Ta AoBroBiuHicTh [1]. 3rimHO 3 MoOpCEKOIO
JOKTpUHOW Ykpainu Ha mepiox mo 2035 poky [2] mpo po3poOieHHS IiiIbOBOT
nporpaMu OeperoykpirieHHS MOPCHKOTO Y30epesoks, HacamIiepe]] y paifoHax ioro
IHTEHCHBHOTO BHWIKOPHCTaHHS, ICHy€ HarajibHa TOTpeba y MpPOEKTYBaHHI Ta
OymiBHAITBI €PEKTUBHUX 3 MOPEroCloAapchKoi, MaTepialbHOi Ta EKOJOTidHOi
TOYOK 30py Oepero3axucHUX CHOPY/ B YMOBaxX IJI00aJIbHUX 3MiH KIIiMaTy.

Icaye Gararo TumiB npubepexxHuX 3axucHUX criopyn. Lle nam6u, 6yHu, 6epmu,
XBWJICJIOMH Ta INTY4YHI IUIDKI, OyxTu, raBani Ta iHmi. Cy4acHi KOHCTpPYKILi
Oepero3axicHUX CHOPYA TaKOX TOEIHYIOTh OCHOBHI ()YHKIi 3axucTy Oepera 3
MOJKJIMBICTIO X BUKOPHCTAHHS B pEKpEaIlifHNX, TPAHCIIOPTHUX, 010 TEXHOIOTIYHHX
Ta iHMMX [UIX. Bubip Ty 3aXUCHOI CIOpY/TU 3aJIEKUTH Bl MiclIeBUX (Pi3UIHUX
YMOB, BKJIIOYAIOYM KIIMAaTHYHI YMHHHUKH, XapakTep XBUIbOBOI'O HABaHTaKEHHS,
npubepexHi Teuii, mepeHeceHHs TBepaoi Pppaxiii npudepeKHUMU TEUisIMU, €PO3ir0
Oeperis [3, 4].

Ha mesxi Bosia — cymia HerepepBHO MPOXOIATh IPOIIECH PO3MHUBY, IEPEMIIICHHS
Ta aKyMyJslii HaHOCIB, SIKi B MPHUPOJHUX YMOBaX NPHUBOJSTH JO MPHUPOTHOTO
Mepepo3MNOIiTy TBEPAOI peHOBUHH. [H)KeHEpHA NisIBHICTh B OEpETOBiii 30HI 3MIHIOE
Oepery Ta HaPSIMOK PYXY HaHOCIB, MOXKE MIPU3BOAUTH 10 PyHHYBaHHS NPUPOTHOT
piBHOBaru Ta nedopmailii 6epera. ToMy Jyke aKTyallbHHM € HE TUTBKH pO3po0Ka Ta
YAOCKOHAJIEHHSI METO/IIB 3aXHUCTy OEperoroi JiiHii, aje i MPOrHo3 JTOBrOTPUBAJIOrO
BIUIMBY Oepero3axucHOi CHOpPYAM Ha CTIHKICTh OeperoBoi JiHiI Ta €KOJOrilo B
paiioni 3axwucry. [lepcrieKTHBHI KOHIEMIii Oepero3axucHUX CIOpYJ IOBHHHI
BPaxOBYBaTH KJIIMATHYHI 3MiHH, MTOB'sI3aHi 31 3MiHOFO PiBHSI MOPSI, SIKE Y CBOIO Yepry
BIUIMBA€E Ha MpuOepexHi Teuii, epo3ito O6eperoBoi cMyru. IcHyroui Geperosaxucui
CHOPYAX B JESKMX MICISIX BTPAaTHJIHM CBOIO 3aXHCHY BJIACTUBICTH TOMY, IO OyJH
pO3paxoBaHi Ta 30yA0BaHi JJIs 1HIINX KIIMATHYHUX YMOB.

B ocranHi poku y po3BHTKY OEpero3axmcHHMX CHOPYA HaMiTWIacs TEHAEHLIsS
BUKOPUCTAHHS MPOHUKHUX KOHCTPYKIiH, MepeBara SKUX IOJIArae B IOJIIIICHH]
€KOJIOTii 3axWIeHoi akBaTopii, ekoHoMil OymiBenpHUX MarepiamiB [1, 5].
VY HpoTOYHIi BOJI HE HAKOITUYYETHCS CMITTS 1 3a0€311€Uy€EThCS BiIbHA MIrpaliis IS
MOpCBHKMX MemKaHliB. KOHCTpyKIil NpPOHUKHUX OEpero3axucHUX CHOPYA
BIIPI3HSIOTHECS IIUPOKUM PO3MAITTAM. lle MOXyTh OyTH OJHM3BKO PO3TAIIOBaHI
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KpyroBi Tmaji, MPOHUKHI CTIHKH, IO CKIAJalOThCA 3 TOPU3OHTAIBRHUX abo
BEPTUKAIBHUX INIIMH, pO3TAIIOBAaHUX Ha TeBHIHM TiauOuHi. Kpurtepiem ix
e(peKTHBHOCTI € Koe(illieHTH MPOMyCKaHHs, BIAOMTTS Ta AWCHMALil eHeprii sk
PETryJISIPHUX, TaK 1 OMHHOYHUX XBUIIb [4, 5].

[TpoexTyBaHHS TPOHHKHUX OEPero3axicHUX CIIOPYA BUMAarae po3paxyHKy i
EKCIEpPUMEHTAIBHOrO AOCIHIPKEHHS XBWJIBOBHX 1 YAapHUX TiAPOJUHAMIYHUX
HAaBaHTa)XEHb Ha €JEMEHTH NHX CIopyA. Po3pobiieHi 1o TemepimHBOro dYacy
MaTeMaTH4YHI MOJIeNi TPYHTYIOThCS, SK MPaBWUJIO, Ha JiHIHHIA Teopil XBHIb 1 ix
B3aeMomii 3 mepemnikonamu [6, 7]. Crogu BiTHOCATHCS METOJU PO3KIAJaHHS 3a
BIacHUMH (yHKIisIMM, KBa3imiHIHHI MeTOOW, SKi BpaxOBYIOTb HENiHiHHI
XapaKTePUCTUKHU JIOKATLHUX oOyacTel mpoHUKHOI cTiHk| [1, 8]. Tak sk icHyroui
MaTeMaTH4YHI MOJIeIli BAKOPUCTOBYIOTH CYTTEBI CITPOILIEHHS, BaXKIMBOIO CKIIaJOBOO
€ IX eKkcrnepuMeHTalbHa mepeBipka [5, 9]. EkcrnepuMeHTanbHI IOCHIIKEHHS
MPOBOMATHECS B JIAOOPATOPHUX 1 HATYPHHX YMOBaX 3 BUKOPHUCTAHHSAM Cy4acHOTO
BHCOKOTOYHOTO OOJNaTHAaHHS Ta 3ac00iB OOpOOKHM 1 aHANi3y MaHWX, BKIFOYAIOUH
CTaTHCTHYHI METOIM TeOpil HMOBIPHOCTI Ta MaTeMaTH4HOI cTaThcThku [10-12].

MeTta pod0TH — BUBUEHHS OCOOIMBOCTEN T1POAMHAMITHOT B3aEMO/11 MOPCHKUX
XBHWJIb 1 O€pero3axmucHuX CIOpy/l MPOHUKHOTO THUITY Ha OCHOBI PO3POOKH YHCETHHUX
MoOJIeJIeH Ta eKCIIEPUMEHTAIBHUX JTOCII/IKEHb.

ITocTanoBKa 3aaa4i Ta MEeTOAMKA JOCTIIKEHb

PosrnsiHeMo HecTHUCTUBY B’S3KY piAMHY, sika 0OOME)KeHa BUIBHOIO MOBEPXHEIO0 Ta
JHOM, SIK TOKa3aHO Ha pHC. |. BUkopucTaeMo NmpsSMOKYTHY AEKapTOBY CHCTEMY
KoopauHat X,Y,Z . Po3B’s30k 3amadi 3HaiineMo y mepepisi Y =0, gk mokazaHo Ha

cxemi. [lepenbaunmo, 1110 Ha PiAMHY JIFOTH MAcCOBI CHJIM T'PaBITalliiHOTO OIS
F = pg€,, 1e p — MiIBHICT pivHK; § — IMPUCKOPEHHS BUILHOTO MAIiHHS; €, —

OJMHUYHUH OPT.

ffc S —

Puc. 1. 'eomerpis 3amaui

VY He30ypeHOMYy PiBHOBXHOMY CTaHi BiJIbHA TIOBEPXHS PiJMHM, IO TOKOIThCH,
3aliMae nonoKeHHs Z =0, a IOBEpXHsl IHA ONHUCYEThCs piBHSHESIM Z =—H (X,Y).

VY HampsMKy KOOpAMHAT X, Y piguHa MOXe OyTH Oe3MeXHOI0, YacTKOBO abo
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MOBHICTIO 0OMexeHoto. [Ipunmyctumo, mo pyx pianau 0e3BUXpOBUH, a Ha BUTBHIHM
MOBEPXHI HE BPaxXOBYIOThCS CHJIM MOBEPXHEBOTO HATATY. SIKIIO Ha TOBEpXHi
piAMHY, IO CTIOYATKy € HEPYXOMOIO, BUHUKAIOTh XBHJI, TO 31 3HEXTYBaHHSIM CHII
B’S3KOCTI XBHJII MOXKHA BBaXXaTH OE3BUXPOBHMH 3 JIOCTATHIM CTYIIEHEM TOYHOCTI.
Ile BumnuBae 3 Tteopemu ['enpmromnbia, a caMe, MUPKYJSILIA B3JOBX 3aMKHEHOL
KPHBOI € MOCTIIHOIO B Yaci.

3a 3a3HAYCHUMH TPUNYIIEHHSIMH XBHJIBOBI PYXH pITUHH OIHCYIOTHCS
TTOTEHITIAIOM IIIBUAKOCTEH, SIKUH 3aJOBOJIbHSE piBHsHHIO Jlammaca

2 2 2
vz(p:a‘g’+af+ag’=o, V=Vp, 1)
ox® oy° oz

B obmacti Q maemo X°(y,t)<x<o, —co<y<w, —H(x y)<z<n(x, y,t).
[ToTeHNian MBUAKOCTEH ¢ MHOBHHEH 3aJ0BONBHATH HACTYIHUM TDAHHYHHM
YMOBaM Ha BiIbHiil noBepxHi 2 =7(X, Y, t):

KiHEeMaTH9HIi yMOBi

dpon dpon_dp on_ @
X ox oyoy o ot

JVUHAMIYHIA YMOBI

2 2 2
99 1i(op) (¢ (02 |_
gn+ at+2 (axj J{&y] J{azj F(x, v, 1), (3)

yMOBI Ha jHi Z =—H (X, y)

9pH SpH dp_g

o o (4)
oy oy oz
IIOYaTKOBUM YMOBaM
o(x, Y, 1, t)|t:0 = f1(x, y,2),
p(X Y, 2,1) ()

= (X, v,2).

ot t=0

Tyt t —yac; n(x, Y, t) — BIIXUIJIEHHS BiIbHOI IIOBEPXHi; V — BEKTOP IIBUIAKOCTI;
V — omeparop rpamienta V = € —+E€ —+
OX oy

BLIbHOI OBepXHi pizunu 3 Geperom; F (X, Y, t), f1 (x,y,2)1 f2 (X, y, z) —3anani

éza; X (y,t) — minis nepernay

ynxuii. @ynkuis F(X, y, 2)=0 Bcroau, kpim obnacti Q, e 3axaHi HOBEpXHEBI

30ypeHHS.
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HaBenena mocranoBka (1)—(5) BiTHOCHTHCS 10 BHUMAJAKY, KOJM B MOMEHT 4acy
t=0 BuHMKalOTh 30ypeHHS Ha TOBEpXHi pimuHM B obmacti D 1 morpibHO
BU3HAYUTH TOJAIBIINA pyX PiAMHU, 30KpeMa, MOBWHHI OyTH BH3HAYeHi ¢opma
BiIBbHOI IOBepXHi Z =77(X, Y, t) Ta KOMIOHEHTH BEKTOPA IIBUIKOCTI V .

[MpumyctuMo Temep, 110 KOMIIOHCHTH BEKTOpa IIBHAKOCTI V , BiIXHJICHHS
BUTBHOT ITOBEPXHI 7 Ta BIAMOBIIHI MOX1IHI € MATUMU BEJTUYMHAMH, KBaJApaTaMU Ta

IOOyTKaMH SKMX MO’KHA 3HEXTYBATH IMOPIBHSHO 3 JIHIHHUMHU YiIeHaAMH. Y I[bOMY
BUMNAJKY piBHAHHSA (2) Ta (3) cpolyoThesl Ta HA0yBalOTh BUTIIALY

on Op op
a2 o +-——=0 npu 2=0. 6
ot oz 915 P ©

SIKI0 3 IMX PIBHSHb BUKJIIOYUTH 7] , MOKHA OTPUMATH YMOBY

2

op 10
Ly=P-0 npuz=0. @)
az g ot

HaBenena mocranoBka 3aadi Moke OYTH TiJIbKH HAONIKEHOKO BiMOBIIIIO JI0
pearbHUX XBUIILOBUX MPOLIECIB, aJKE PO3B’ 130K KOHKPETHHX 3a1a4 Y MEeXKax MOJIeN1
(1)—(5) cTaHOBUTH BENUKI TPYIHOIIII.

Po3moBclO/KeHHST XBWIb Y MIUIKOBOIHIM YacTHHI HE pO3MIIAIAETHCS, a
3aCTOCOBYIOTBCS HAOMIDKEHHs, SKi 3aCHOBAaHO Ha MAJIOCTI  BiJHOIICHHS
BepTUKaIbHOro Macmrady riambuan H = Hp,y 10 ropusonTansioro macirady |
(y pasi peryispHux XBHIb 1€ H0BKuHa xBuii | = 4) [13].

CepenHili TOTIK eHeprii XBWJIb Ha OJMHHUINIO JIOBXKHHH TPEOHS XBWJI, IO
NPOXOANTH 4Yepe3 (DiKCOBaHY BEPTHKAIbHY IIOBEPXHIO, IMapalielibHy T'peOHIo,
nopiBHioe [14]

t+T

1
=

2

Vv
J' P+ P+ PG udzdt, (8)
—d

abo 3 ypaxyBaHHsM DpiBHsHHS bepHywri, B sikomy f(t) mnepexbauaerscs

BKITIOYEHOIO B TIOXigHy O¢ /ot , 3 (8) oTpumyemo

t+T

j j 9 J¢ —Cdzdt. 9)

Ls ¢opmyna mpumatHa anst Oyap-sKOro O€3BHXpPOBOTO XBHIBOBOTO PYXY,
JHIHHOTO YW HeNiHIHOTOo. Y BUMAJKY JiHIKHOI MEepioNnYHOI TPOrPECHBHOT XBHIII
MaEMO

o chk(d+z)
P £ —kx) . 10
= g o) 10)
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[incrasmsroun (10) mo (9) 1 HEXTyOUM NESKUMH YiICHAMH BUIIHX TOPSIIKIB,
OTPUMYEMO Y pa3i HECKIHYCHHO IIHOOKOI BOIU

1 ,gT
Fo |d_m=ng77 o

a y BUNAAKY MIiJIKOI Boan

1
Feo Idﬁo=§p9772\/9d :

BinmoBigao 10 3aKk0oHY 30epexeHHs eHeprii, B yMOBaX BiJCYTHOCTI AMCHIIAI]
XBWJIBOBOI €Heprii BEePTHKAIHFHOIO MPOHUKHOKI CTIHKOIO, €Hepris Habirarodoro
XBWJIBOBOTO TIOJSL JIOPIBHIOE CyMi €Heprii BiIOMTHUX XBHJIb 1 €HEprii XBHJIb
MIPOXO/UKEHHSI uYepe3 NPOHUKHY CTiHKY. lle xapakTtepusyerbcs KoediLieHTaMH
Binourrs K, ta mpoxomkenns Ky xsuii. Koediuienr K, npencrasise coboro
BiJIHOIIIEHHS €HEeprii BiAOUTOI XBUJI O €Heprii HaOirar4oi XBWJi, a Koe(ilieHT
npoxopKeHHst Ky sBIise OGO BiHOLIEHHS €HEPTii IPOXOKEHHS XBHUJIL JI0 €HEPTii
Habirarouoi xsuii. [Ipu npomy KoedilieHT MPOXOIKEHHS XBUIII XapaKTEPU3YE OIIip
abcopOyrodoro marepiany. I3 3akoHy 30epeKCHHS €HEprii BHUIUIMBAE, IO

Jkrz + ktz =1 3a BiAMOBIIHOTO HOPMYBAHHSI.

a 0

Puc. 2. ExciepuMeHTanbsHUN CTEH (a) Ta I’ €30PE3UCTHBHI TaTYMKH BUCOTH XBUIIB (0)
IIporpama Ta MeTOAMKA eKCNIEPUMEHTAJBHUX T0CTIIKEHb

ExcriepuMeHTasbHI JTOCHIPKEHHS! TIPOBOAMIIACS Yy XBHJIBOBOMY KaHAIII JIOBKHHOIO
0su3bK0 S50 M, MIUPUHOIO Ta TIMOMHOK 1 M. PiBeHb BOIM B KaHaJll 3MIHIOBABCS Bij
0,5 ™ o 0,7 m. Kanan OyB obnaiHaHHi IIUTOBUM T€HEPATOPOM XBHJIb Ta IITHHHUM
MOXWINM TIOTJIMHAYEeM XBHIb (B KIiHII KaHaly). YcepeauHl KaHally Ha BiJCTaHi
6m3bpko 40 M BiJI TeHepaTopa XBWIIb BCTAHOBIFOBAJIMCS HA IUIOCKY TII[AHY OCHOBY
TOBIMHOKO 0,2 M MPOHUKHI XBHJICIOMH Y BHUTJISII BEPTUKAIBHUX MIUTHHHUAX CTIHOK
(puc. 2a). TakuM YUHOM, DPiBEHb BOIM B MICIi PpO3TaIlyBaHHS IOCIiIKYBaHHX
MPOHUKHHUX XBUJICJIIOMIB 3MiHIOBaBcs Bij 0,3 M 1o 0,5 M. biuHi cTiHku kaHary Oynu
BUTOTOBJICHI 31 CKJIa JUIS IPOBEICHHS Bi3yadbHHUX JOCI[KCHb.
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ExcnepumenTtansHuid cTeHn OyB OONQHAHWA KOHTPOJIBHO-BUMIPIOBATHHOIO
arnaparypor, CUCTEMOI 00pOOKM Ta aHaJi3y €KCIICPUMEHTAIBHUX NaHuX. B3aoBxk
MO3JOBXKHBOI OCi KaHally Tepel 1 TMo3aly IIUIMHHOI CTIHKM PO3TalllOBYBAIHCS
IT’€30pPE3UCTHBHI  TATYMKKA BHCOTM XBWII. B  ekcrmepMMeHTax OJHOYacCHO
BUKOPHUCTOBYBAJIHCSA N0 8 MATYUKIB BHCOTH XBHJI, Cepel SIKUX 3aCTOCOBYBAINCS
TPaJUIIiliHI €MHICHI JaTYMKH, a TAaKOX CICIialbHO PO3pOOJICHI Ta BUTOTOBJICHI
1’ e30pe3ucTuBHI natunku (puc. 26) [15, 16]. Lle BucokouyTnuBi audepeHIiaIbHi
BiOpO- Ta TEPMOKOMIICHCOBAHI JATYMKH THCKY. Y IUX AATYAKAX TyTIIMBI €IIEMEHTH 32
JIOTIOMOTOF0 TEXHOJIOTi1 MiKPOENIEKTPOHHOI TEXHIKH HAHOCHITUCS Ha TOHKY KBapLOBY
MeMOpaHy, IO MiJ BIUIMBOM THCKY 3rUWHAajacs, a I €30pe3UCTHBHI EIEMEHTH
3MiHIOBaJH CBiH ormip. [locuieni enexTpruyaHi CUrHaIN T01aBaInCs Ha 6araToKaHaIbHi
aHayoroBo-1QpoBi nepeTBoproBadi. L{i 1aTYMKK BCTAaHOBIFOBAIUCS B TOHKOCTIHHUX
TpyOKax (puc. 20), HUKHI KiHII SIKUX TOMiIanucs y Boay. [1if Ti€ero XBUIILOBOTO PyXy
CTOBII BOM B TPYOKax 3MIiHIOBABCS 1 BUKJIMKAaB OCHWIALIT TUCKY BCEpeAnHI TPyOOK,
AKI ~ PEECTPYBAIMCS  IT €30PE3UCTHBHHMH  JaTyukamMud. B ekcrepuMeHTax
3aCTOCOBYBAJIUCS JAaTUMKHU, SIKi Mald po3aAutbHY 3matHicth A0 0,2 ITa a6o 0,02 mm
BoAsHOTO cToBMa. Lli qaTumku peecTpyBaiy K CTaTUYHUMA, TaK i JUHAMIYHUNA THCK.
KaniOpyBanHs Ta TapyBaHHS I1'€30p€3UCTHBHMX JATYUKIB BHCOTH  XBWII
MPOBOAMIIOCS SIK A0COTFOTHUMHU, TaK 1 BIIHOCHUMH METOJIaMHU.

5

a

Puc. 3. OgHOpsAaHI TWITIHAPUYHI MOZIEN XBHIEIOMIB mpoHUKHICTIO 20% (a) Ta 50% (0)
BCEPEIMHI XBHIHOBOTO KaHATY

ExcriepuMeHTH MPOBOMWIMCS 3 OJHOPSIHUMH IMITMHHUMH CTiHKAMU Pi3HOT
MPOHHUKHOCTI, SIKi PO3TAIIOBYBAUCS BCEPEINHI XBIILOBOTO KaHAY MapaielIbHO JI0
dpoHTy peryisipHux XBuib (puc. 3). CTIHKH OyjIM BUTOTOBJICHI 13 BEPTHKAIBHUX
numiHapiB giamerpoM 0,05 M, MiXK SKMMH 3aJTAIIATUCS IUTHHY. [[pOHUKHICTh TaKUX
CTIHOK (BiJHOIIICHHS IUTOINI IIITWH JO INIOMII CTiHKHK) 3MiHIoBamacsa Big 0%
(cyminpHa BepTUKaNbHA cTiHKa) 10 60%.

Bisyauizaliiss XBUJIOBOI'O Pyxy Ta 0COOJUBOCTEH (POpPMyBaHHS CTPYMEHEBOI Ta
BUXpPOBOi Tedwii MiX HWIHAPAMU IIIJIMHHOI CTIHKM Ta B OKOJII CaMoi CTIHKH
MPOBOJMIACS 3@ JOMOMOTOK KOJBOPOBHX OapBHHKIB Ta YOpHWI. YopHHIa
BBOJWJIMCS B TOTIK 3a JOMOMOIOI MIHIATIOpHUX TpyOok. Tpaexropii pyxy
CTPYMIHIIIB ~ 4YOpHWJI  peecTpyBayimcs  1mdpoBumu  (oToamaparamu  Ta
Bigeokamepamu. Bineo- Ta ¢oTomarepian momaBaBcs Ha CIELIAIBHO CTBOPEHY
KOMIT I0TepHY TpadivHy CTaHIIito, Jie 3a CreI[ialTbHUMH [TpoTrpaMaMu 0OpoOIIsIBCsI Ta
anamizyBascs [ 17-19].
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Pe3yabTaTu AocaigxeHHs

Pesynbprat Bi3yanpbHUMX JOCHI/DKEHb Jalld MOMJIMBICTH OI[IHUTH OCOOJIHBOCTI
XBHJILOBOTO PyXy, HOTO B3aeMoOJii 3 MPOHUKHUMHU XBHJICIIOMAMHU Ta OI[IHUTH
MIPOCTOPOBO-YACOBI XapaKTEPUCTUKH 3BOPOTHO-TIOCTYHAIBFHOTO PYXY PIAMHU MiX
HWTIHIPaMH IITMHHOT CTIHKYU. J[OCIIHPKEHHS TOKa3aiH, 10 3aJeKHO BiJ peKUMIB
XBWJIBOBOTO PyXy, KOHCTPYKIll Ta MPOHUKHOCTI XBHJIENOMIB Tepel IIITMHHUMHI
cTiHKaMu (HOPMYy€EThCS IHTEHCUBHUHM XBHIILOBHM PyX, a 32 CTIHKAMH BUCOTH XBUJIb
3HAYHO MEHIII, HiX nepel HuMHU. [Ipu iboMy Ha XBUJIBOBIl MOBEPXHi B Pi3HI 4acoBi
iHTepBasM crocTepirainucs HaOirawodi, BiIOWTI, CTOSYI XBWJI Ta XBWII, IO
MIPOXOAVIIN Yepe3 IIUTHHHI CTIHKHM. XBHJII, SIKi B3aEMOJIISITH 3 TIPOHUKHOIO CTIHKOIO,
TCHEepPYBaJIM XBWJIbOBI THCKM Ha OOTIUHIA TOBEPXHI XBHJEIOMY 1 3HaKO3MiHHI
HABaHTA)XCHHS Ha BEPTUKAIBHY CTIiHKY.

Bimomo, 1m0 edQeKTUBHICThP XBWIENOMIB a00 BEPTHKAIBHUX CTIHOK, IO
eKCIUTYaTYIOThCA 5K OEpero3axucHi CIOpyAH, BHU3HAYAETHCS OCOOIMBOCTIMHU
(hopMyBaHHSI BiIOUTHX XBUJIb Ta XBUJIb, 10 TPOXOJATH KPi3b XBUJICIOM, a TAKOXK
3IaTHICTIO MOTJIMHAHHSA a00 JAWCHMAI] eHepril XBWIb XBUIerIoMoM. EdeKkTuBHICTh
TaKHMX CIIOPY/l BH3HAYA€THCS KoedimienTaMu BinouTTs XBWib (K, ), IpoxomKkeHHs

xBuwib (K,) Ta qucunanii xBuiboBoi eneprii (K, ). BusHaueHHst qux KoedillieHTis y

JOCTIDKEHHSIX TPOBOAMIIOCA 3a JOMOMOTOI0 BHUMIpPY BHCOT XBHIIb TEpen
MIPOHUKHUM XBHJIEIIOMOM 1 32 HAM.

2,0m rad 2,5

Puc. 4. Cxemu BH3HAYEHHsI BUCOT XBWJIb JBOTOYKOBHM METOAOM (@) Ta OJHOTOYKOBUM
MeToioM (0)

Bucora BimOuToi xBWIII BH3Ha4ajacs gBoMa criocodamu. Ileprmii Merom — 1ie
BU3HAYEHHS BHUCOTHU BiOMTOI XBWIIi 3a JIOTIOMOTOIO JIBOX JIATYMKIB BHCOTU XBWIII,
OJIVH 3 SIKUX 3HAXOJMBCS Ha BiJICTaHi JTOBXHHHU XBHI (A ) BiJl XBUJICTIOMY, @ IHIIIHI —
Ha Bigcrani 1,254 Bin xuenomy. Ilepimii gatunk BumiproBas Bucoty xsuii ()
B ITyYHOCTI CTOSYOT XBUITI, sika (hopMyBajIacs B pe3yJibTati inTepdepeHilii Hadirarouol
XBWJII Ta BizOuToi XBuii. Jlpyruii naTuuk Bumiproas Bucoty xBui (h,) y Bysmi
cTosyoi XBUI (puc. 4a).

Bucota Habirarouoi XBuIIi BU3HaYanacs sk
_ h,, +h,

i > (11)

h
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a BHCOTAa BIIOMTOI XBUJII BU3HAYAJIACH SIK

h,, —h
h= an n. 12
=k (12

3BizicH Koe(imieHT BiIOUTTS XBHJII BU3HAYABCS 5K
h han - hn

k =—t=_m"Th
h h, +h

(13)

Pa3oM 3 JABOTOYKOBMM METOJIOM 3aCTOCOBYBAaBCS METOJ BHU3HAYCHHS BHCOTH
BiIOMTOT XBWJIi 3 BUMIPIOBaHHSM BUCOTH CTOSIYOI XBWII JTaTYMKOM BHUCOTH XBUIII,
KW PO3TAIIOBYBaBCSA 1O OCI XBWJIBOBOTO KaHaly TMepe] XBHJICIOMOM Ha
BiJlJaJieHHI Ounblie ONHIET NOBKWHU Habiraro4yoi xBwii. [Ipy mpoMy BHCOTa
HaOirarouoi xBuiIi OyJia BUMIpsiHA B TECTOBUX JIOCIIDKEHHSAX pOOOTH reHepaTopa
XBWJIb B yMOBaX BiJICYTHOCTI XBWJICIOMY BCEpPEIMHI XBHIHOBOTO KaHalIy Ta
abcopOrrii xBuIb. Bucora BimONTOT XBUIII BU3HAYATIACS 32 TIOTIOMOTOK) BiTHIMaHHS
BUCOTH Ha0Irarouoi XBHJII 3 BUCOTH CTOSYOI XBHJI, SIK CXEMATHYHO IOKA3aHO Ha
puc. 46. Take mpeacTaBICHHS MOXIIMBE, KOJMH CTOSYA XBHJIS € CYIEPIO3HIIIEI0
HaOiraro4oi i BiIONTOI XBUIIL, SKi MAalOTh OJTHAKOBUH TIEPioJl 1 IMBUAKICTh TIEPEHOCY
(WBUAKOCTI MPOTHUJIEKHO CIPsIMOBaHi). B pe3ynbraTi MIBHAKICTH MEpeMilllCHHS
CTOSTYOT XBUJII B TIO3JJOBKHBOMY HAIIPSIMKY JIOPIBHIOE HYJIIO 1 CTOSYa XBHJISL pOOUTH
TIJIBKY BEPTUKAIBHI KOMWBaHHS. J[J1s1 TaHOTO METOMy BU3HAYEHHS BUCOTH BiIOUTOT
XBWJII KOSQIIIEHT BiIOMTTS XBUJII BU3HAYABCS K

k = (14)

Ha 3naueHHs koedimieHTIB BiAOWUTTS Ta TPOXOKEHHS XBHJII, a TaKoX Ha
CHIBBIJHOIICHHS. MK HMMH BEJIMYC3HUM BIUIMB MarOTh (Hi3MYHI IMPOLECH, IO
BiIOYBalOTBCA T Yac B3aEMOii XBWJIb 3 TPOHUKHAMH O€pero3axmuCHUMHU
ciopyaamMu. Konm XBUIIEIOM BCTaHOBIIOETHCS Y MOPCHKOMY CEpPEIOBHINI, TO
BiJOYBaIOTBCSl CYTTEBI 3MiHM XBHIILOBOTO ToJisi. CriocTepiraeThesi iHTepdepeHtiis,
mudpaxmis Ta TpaHcoOpMaIlis XBHIIb, 3’ SBISIOTHCS BiJOWTI, CTOSYI Ta MPOHUKHI
XBWII, BUHUKae oOBaneHHs XBuib [20, 21]. OpOiTambHi MIBUIKOCTI XBUIHOBOTO
PYXy 3a3HalOTh 3MiH, 30UIBIIYETHCS TYpOYIEHTHICTh, TMEpPEe] XBUIICIOMOM 1
OMOPHUMHU MAJISIMU TEHEPYIOTHCS TiJIKOBOMOIOHI 1 CIIJHI BHXOPH, a TaKOX
CTpyMEHeBi Teuil MK NamsAMHu, IO NPHU3BOAUTH 1O 3OUIBLICHHS TEPTS MK
MOBEPXHEIO XBHJIEJIOMY 1 PIJMHOIO, IIO PYXA€ThCA, a TaKOX PO3CilOBaHHA abo
JUCHITALIIT eHepril XBUIII.

3akoH 30epe)KeHHsT eHeprii BUXiJHOI TpaBiTaIlifHOT XBWII, IO B3aEMOJIIE 3
MIPOHUKHHUM XBUJIEJIOMOM, BUPAXKA€ETHCS TaK:

E.=E +E +E,, (15)
ne E, — enepris HaGirarouoi xsuni (E, = pgh?/8); E, — enepris Binburoi xpumi
(E, = pgh? /8); E, — enepris nponnkuoi xsunenom xsuii (E, = pgh?/8); E, —

eHepris qucunauii xsuii. ITincrasmsroun B piBusiHes (15) 3Hauenns E., E, 1 Eg,

a TaKOX PO3LTHBIIHN CKJII0BI ILOTO PiBHAHHS Ha E;, oTpumyemo:

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npuponokopuctysanss, Ne 2 (42), 2022



~ 106 ~

1=(h /h)*+(h /h)*+E, /E, (16)

abo
k., =1- (kf + ktz) . a7

KoeginienTn BiOUTTS i NPOHUKHEHHS XBUJIb, @ TAKOXK KOC(IIiEHTH TucUNaiii
XBHJILOBOI €Heprii 3aJekKHO BiJ MPOHUKHOCTI IIUTMHHUX CTIHOK Ta BITHOCHOI
TIHOMHY TIpeACTaBlieHi Ha puc. 5. Pesynpratn BUMIpIOBaHHSA HHUX KOe(ili€HTIB
HaBEIEHO [UI Pi3HUX TIMOMH, ki HopMoBaHi moBxuHo xBumi (H /1), Kpusa 1
BuUMIpsHa s BigHocHoi rmmbuan H / A =0,03; kpusa 2 sumipssa g H / A =0,06;
kpuBa 3 — H/A=0,11; xpua 4 — H / 1=0,16; xpusa 5 — H / 1=0,22; xpuBa 6 —
H/4=0,30 i xpuBa 7 — H / 1=0,42. Pe3ynbTaTi AOCIiKEHHS, SIKi HABEICHO Ha
puc. 5a, TOKa3ymTh, IO 31 30LTBHICHHSIM MPOHUKHOCTI MIUIMHHOI CTIHKH
KoeilieHTH BiIOWTTS XBWJII MOHOTOHHO 3MEHINYIOThCsA. [lpm 1mpoMy Temn
3MEHIIEHHS KOE(IIieHTIB BUINWK JUIS CTIHOK Majoi MpOHHUKHOCTI. CymimpHU
XBUJIEJIOM TTOBHICTIO BiiOMBae Habirarouy XBIUTIO 1 KOS(DIli€HT BiAOUTTS XBUJII IS
takoro xsuienomy K, =1. 3i 30inbmenuHsm 6e3posmipuoi Timbuau (H/A)

Koe(ili€HTH BiIOUTTS XBIJIi 301TBIITYIOTHCS, SIK TTOKa3aHO Ha pHC. Sa.

1,0 T T T T T
k|
0,8- ! i ’_'_--“"’—_:;’_f
0,65 Pl R s
i Bt 5 e ! —
b s 3
04k [ /ot . g
5
L e 6 ..
7
0,0 g i i i i I
0 10 20 30 40 50 A,% 60

30 40 50 A, % 60

Puc. 5. KoediuienTr BinouTT () i pOHUKHEHHS (0) XBIIIb Ta IUCHUIIALT XBHIbOBOT €HEprii (B)
B 3QJIC)KHOCTI Bl IPOHUKHOCTI XBUIICIIOMY
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Sk mokazanu pe3yibTaTh JOCHIHKEHHS MPOHUKHOI XBWJII IMO33/1y IIIJIHHHOTO
XBUJIEIIOMY, XapakTep 3MiHH Koe]illieHTa MPOHUKHOI XBWI K, Mae MpoTHIIEKHY

TEHICHIIIIO BiTHOCHO 3MiHU Koe(ili€eHTa BiIONTTS XBWIi (IMB., pUC. 5a Ta puc. 50).
3i 30UTBIOICHHAM TPOHUKHOCTI Ta 3MCHIICHHSIM TIHOMHU a0o 30UTBIICHHIM
JOBXMHU XBUJII KOe(illi€HT MPOXOHKEHHS XBIII 301JIbITY€ThCA.

Sk mokazamu pe3yabTaTd JOCHIKEHHS (pHC. 5B), MaKCUMalbHa AWCHIIALis
XBHJIBOBOI €HEPTii crocTepiraiacs Ipu OUTBIIIH MPOHUKHOCTI XBUJIETIOMY TOJIi, KOJIH
BiTHOCHA TTTOMHA 301TBIITyBasIacs a00 KOJIH JOBXKIHA XBHUITI CTaBaa MEHIIIOKO.

TakyM YMHOM, BUMIpIOBaHHS OCOOJMBOCTEH XBHUJIBOBOI'O IOJISI Ta BUXPOBOTO
THUCKY TOONN3y MPOHUKHOTO XBHJIEJIOMY ITOKa3ajH, IO MPOHUKHHN XBHUJIEIOM
3MEHIIIy€ BHCOTY XBHII Yy 3aXWIIEHI XBHJIEIOMOM aKBaTOpii 3alle)XKHO Bif
napameTpiB XBHJIb Ta KOHCTPYKIIii XBHJenoMy. BucoTta XBuiii mepe] XBUICIOMOM
BHIlAa, HDK 3a XBHJICJIOMOM, IO IiATBEPIXYy€e e()EKTHBHICTh POOOTH TaKOIo
MPOHUKHOTO XBUJICIIOMY.

BucHoBku

[IpoBeneHo dwncenpHHUI aHANi3 BIUIMBY MPOHHUKHOCTI BEPTHUKAIBHOI CTIHKH Ha
ajcopOIit0 XBHILOBOI eHeprii. [IpoaHanizoBaHO PO3MOBCIOKEHHS MOBEPXHEBUX
rpaBiTallifHUX XBHJIb Y JHIAHIN MMOCTaHOBI 3a1a4 y KaHall 3 BEPTHKAILHOIO
MIPOHUKHOIO TepemKkoo. HaBeneHo 3amexHicTh koedilieHTa BiZOUTTS XBUIIL K
¢dyHK1i0 KoediieHTa TPOXOKEHHSI XBUIII Y BIIMOBITHOCTI 10 3aKOHY 30epeKEeHHS
eHeprii.

BceranoBiieHo, 10 BepTHKaiIbHI MIUIMHHI CTIHKU 3aJIEKHO BiJ] MPOHUKHOCTI
CYTTEBO BIUIMBAIOTh Ha XBHJILOBE I0JIE, TEHEPYIOTh BiJIOMTI XBWIJII Ta XBWII, IO
MPOXOJISATh XBHJICJIIOM, a TaKOX MPU3BOIATH JIO 3HAYHOI JUCHMAILi XBUIBOBOI
eHeprii. [IpeacraBneni 3arexHOCTI KOeIIiEHTIB BIIOUTTS Ta MPOXOHKEHHS XBHIT,
a TakoX KoedimieHTa AWCUNAIl XBHUJIHOBOI €HEprii 3ajie)kKHO BiJ MPOHUKHOCTI
II[IJITMHHOTO XBUJISJIOMY Ta BiJHOCHOI INIMOMHM aKBaTOPIi.

[Nokazano, 110 3i 301MBIICHHSIM POHUKHOCTI XBHJIEIIOMY KOe(illieHT BiIOUTTS
XBWJII 3MEHIITYBaBcs, a KOe(Dilli€eHT MPOXO/PKEHHS XBHJII HABIIAKU 30LTBIIYBaBCS.
BusiBiieno, 110 koe(ilieHT BIXOUTTS XBHJII 30UIBIIYBAaBCS 31 30LIbIICHHSIM
BIJIHOCHOT TVIMOMHM, a KOS(DIII€EHT NMPOXOKEHHS XBHJII HAaBIAKH 3MEHIIIYBABCS.
KoeginienT mucumanii XBHUIBOBOI €HeEprii MaB MaKCHUMallbHE 3HAYCHHS, SIKE
criocTepiranocs Ass OibIIOT MPOHUKHOCTI, KOJIM BiTHOCHA TTIMOMHA B MOPIBHAHHI 3
JIOBJKMHOFO XBHITI 301JIbIIIYBaJIaCs.
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FORECASTING OF DISASTER FLOODS IN DNIESTER VALLEY

Summary. In recent years, two catastrophic floods have occurred in the Carpathian
region and in Podillya: one on July 23-28, 2008, and the other on June 20-24,
2020. Both caused enormous damage to the environment and the population, which
was widely reported in the media. To be prepared for natural disasters, you need to
learn to predict them, that is, to know in what area they occur, what will be the
height of the rise of water and when it will happen. From this triad, the first two
components have already learned to predict, but the third has not yet. The article
considers the possibility of a weather forecast, which was confirmed during the flood
of June 20-24, 2020. O.M. Adamenko and D.O. Zorin plotted global climate change
over the period of the Earth's history from its birth 4.567 billion years ago to the
present. It turned out that the warm and cold periods alternated periodically, from
the Galactic Year (225-250 million years), of which there were 19, to the current
11 summer cycles of solar activity. A total of 13 orders of cycles were identified,
which interfere in the form of sinusoids, determining the periodicity of geological
events. Geotectonic epochs of the 2nd order (50-70 million years) are superimposed
on the cyclicity of the 1st order — galactic years — these are Karelian, Baikal,
Caledonian, Hercynian, Pacific and Alpine tectonic-magmatic epochs, which are
divided into parts of the 3rd (30—40 million years) and 4th (10-15 million) orders.
The following cycles — 5 (3-5 million years), 6 (150-140 thousand years) and 7
(10-20 thousand years) are associated with a large Cenozoic cooling, which ended
with the Quaternary glaciation. 8 (1-4 thousand years) and 9 (500-600 years)
cycles reflect changes in warming and cooling in the quarter. And then the analysis
of events is reconstructed on the basis of archaeological and chronicle data: from
the beginning of our era to the XII century. Warming of the I1X cycle continued —
a small climatic optimum and a small ice age (XIlI — XVII centuries). Since the
X1X century modern warming began with clear 33-year fluctuations of the X cycle.
Since 1881, instrumental observations have appeared at meteorological stations
and hydro posts. XI (20-15-11 years), XIl (5-6 years) and XIlI (3—4 years) cycles
appeared. Against the background of 33 annual fluctuations in the global climate,
11 annual cycles and catastrophic floods of 1911, 1927, 1941, 1955, 1969, 1980,
1988, 2002, 2008 appeared, and the catastrophic flood of 2020 predicted by
0O.M. Adamenko and D.O. Zorin. Thus, it is possible to learn to predict the time of
the next catastrophic flood.
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Introduction

Problem statement in general and connection with important scientific and
practical tasks. For many centuries, the population and environment of the
Carpathian region and Podillya have suffered from catastrophic floods. Only the
penultimate floodplain on July 23-28, 2008 flooded the valley of the Dniester, Prut
and their tributaries to a height of 10 m, covering 70% of the territory of lvano-
Frankivsk, Lviv, Chernivtsi, Zakarpathian, Ternopil and Vinnytsia regions. According
to the State Committee for Water Management of Ukraine [1], only in Ivano-Frankivsk
region 417 settlements, 24 905 houses, 20 600 hectares of agricultural lands were
affected, 602,6 km of shores were washed away, 25,445 km of fortifications were
destroyed, 10,645 km of protective dams were damaged, 66 were damaged and 4 were
damaged. 9 km of roads, 347 bridges, 24 water intakes were destroyed, 19 people died,
including 5 children. Losses caused more than UAH 4,2 billion [2].

The catastrophic flood of 2020 occurred in several stages in different areas.
Initially, on June 2024, Ivano-Frankivsk, Lviv and Ternopil regions were flooded.
Later, on June 29 — early July, the flood repeated in the Lviv region and "went" to
Volyn. July 4-5 — again some regions of lvano-Frankivsk and Ternopil regions, and
July 7-9 — Volyn, Vinnytsia and Odesa.

Selection of previously unsolved parts of the overall problem. Previously
studied the state of forests, flora and fauna, and other components of the
environment, such as pedosphere, hydrosphere, air, were ignored, which negatively
affected the strategic environmental assessment of nature reserves, ignoring the
procedures of environmental audit and monitoring, reducing the level environmental
safety of these important areas [1, 7, 11].

Thus, the aim of this article is a more complete coverage of all components of the
environment and the development of a methodology for ecological assessment of
soil and vegetation, water resources, air, and the impact of the technosphere on them.

The study was performed by the Department of Ecology of Ivano-Frankivsk
National Technical University of Oil and Gas under the leadership of
0.M. Adamenko, with the participation of M.l. Mosyuk, D.O. Zorin, K.O. Radlovska,
N.O. Zorina and master's students — future ecologists. Field environmental studies
on the monitoring network at 78 observation points [1] were performed from 2012
to 2019, and their analytical and computer processing — in 2015-2019 [1, 11, 16].

From the history of research. Since the northeastern border of the Dniester RLP
is the Dniester River, its valley, especially the canyon. researchers have long been
attracted. The first cartographic document was the General Map of Podillya at a scale
of 1: 800,000, which was presented in 1650 by the French military cartographer
W. Boplan under the Polish King Wladyslaw IV [17]. Since 1772, after the transition
of Galicia to Austria-Hungary, the future territory of the Dniester RLP was several
times "covered" by topographic surveys at scales of 1:28 800, 1:75 000 and 1:25 000.
The maps are still stored in the Vienna Military Archives. In 1794-1805, the Slovak
cartographer Jan Lipski made a map of Hungary, including Galicia [12].

The first published works belong to Polish geologists V. St. Staszic (1815), whose
name is now the Krakow Academy of Mining and Metallurgy, J. Push (I. Push,
1830), E. Eichwald (E. Eichwald, 1846), N.P. Barbot-de-Marne (1867) [3, 15, 16].
Among the geological information of these authors there is a lot of data on the state
of soils, waters and vegetation.
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Systematic study of the nature of the former Galicia began with the removal of
the scale of 1:75 000, which resulted in the publication in 1887-1907 "Geological
Atlas of Galicia" [2, 17]. After the First World War, Polish researchers W. Zych
(1930) and R. Kozlowski (1929) divided the sediments in the Dniester Valley into
tiers and horizons by studying fossil fauna and flora. The study of Transnistria was
conducted by the Romanian geologist G. Vascaucanu (1931) and the Russian
specialists R.R. Virzhikovsky (1929, 1932) and G.F. Lungershausen (1941) [13].
Yu. Polyansky made a significant contribution to the study of terraces, fossil soils,
forests and archeological monuments. His "Podolsk Etudes™ has not lost its scientific
significance until now [15]. After the annexation of Galicia to the USSR in 1939,
work began on generalizing the previously collected material, which was reflected
in the book "Geology and Minerals of the Western Regions of the USSR" (1941)
edited by N.A. Behovera. After the Second World War, beginning in 1947, in the
Western region of Ukraine began large-scale geological surveys, exploration and
exploration with large volumes of seismic, magnetometric, electrical and other
geophysical works, accompanied by large volumes of drilling with depths from
hundreds to thousands of meters. This made it possible to study in detail the
Quaternary sediments and geomorphology [5-8].

In 1959-1960, G.P. Shramenko, G.M. Padalko and P.G. Lazarenko performed a
comprehensive geological survey at a scale of 1: 200,000 sheets of M-35-XXVI
Volyn-Podolsk series, which directly relates to our research area [5-8, 10].

A large amount of natural material was collected by the expedition of the Lion
Society, which worked on the Dniester in the 90s of the twentieth century. Its task was
to develop a system of land, water and forest use on a landscape basis in the transition
to a market economy. The research involved German colleagues (G. Plachter and
others) from the Universities of Marburg, Dortmund, Frankfurt, and from the
Ukrainian side — lvano-Frankivsk National University of Oil and Gas, Institute of
Ecology of the Carpathians, Lviv National University Ivan Franko, Institute of
Environmental Monitoring, etc. (O.M. Adamenko, I.P. Kovalchuk, V.M. Stetsyuk,
V.G. Omelchenko, O.M. Zhuravel, D.O. Zorin, etc.) [1, 10, 11, 14, 16].

In recent years, expeditions of the Lviv National University named after lvan
Franko (A.B. Bogutsky, A.M. Yatsyshyn), Maria Curie-Sktodowska University of
Lublin, Poland (M. Lanchont), I. Krepyakevych Institute of Ukrainian Studies
NASU (O.S. Sytnyk), Geological Institute of the Polish Academy of Sciences
(T. Madeyska) [4, 5-12].

The ecological state of the geological environment, geomorphosphere, water
resources, atmospheric air, soil and vegetation of the Dniester canyon was studied in
the candidate’s dissertation of D.O. Zorin, whose materials are partially published in
his textbook [11] and ecological-tourist essay "Dniester Canyon". The works of
D.O. Zorin we will use in the future, with component-by-component
characterization of the natural environment of the Dniester Regional Landscape
Park.

The main material

The first part of the triad is the territorial forecast. DILI has an area of 1460 km? —
which is divided into 72 squares with an area of 20 km? on a scale of 1: 10000. The
study involved 52 students of future masters, who assessed the ecological situation
in each square, took soil samples and others. Thus, the landfill was mapped at a
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scale of 1. 10000 and maps of Quaternary sediments, geomorphological and
landscape. Their joint analysis allowed to distinguish hypsometric levels of low
(+ above the water edge in the Dniester and its tributaries), medium (+ 3 m), high
(+5 m) floodplain and floodplain (+ 10-12 m) terraces [7, 10]. On this basis the
Map of ecological risk of flooding of territories by catastrophic floods is
constructed. This allows not only to perform spatial forecasting, i.e. which areas
will be covered with water, but also to determine for each settlement, which will
be flooded and which will remain "dry", from which it will not be necessary to
evacuate the population.

According to geological (stratigraphic, paleontological, lithological, tectonic,
radioisotope, and other studies of James Lehr, Douglas Palmer, Clare Peterson,
Charles Walcott and Louis Alvarez, developed by the Smithsonian Institution in
Washington, DC, New York Museum of History, the Institute of Human
Paleontology in Paris [1], in the geological history of the Earth there are several
elements of different orders (epochs, periods, cycles) of development [13-17] the
path together with the solar system and the Earth around its (galaxy) center. There
were 19 such revolutions since the birth of the Earth (4.567 billion years ago).

The cycle is an alternation of tectono-magmatic stages with a length of 50—
70 million p., when geosynclinal depressions were transformed into mountain-
folded systems, "soldered" by magmatic bodies. There were several such cycles not
yet established in the Gadean, Archean, and Proterozoic eons — Karelian, Baltic,
Caledonian, Hercynian, Pacific, and Alpine. Phanerozoic tectonic-magmatic stages
are divided into 111 (30—40 million years) and IV (10-15 million years) orders —
substages.

IV cycles are complicated by ecological catastrophes — collisions of the Earth
with other space bodies (Wertford meteorite in the Proterozoic, Chixulub asteroid at
the end of the Pacific tectono-magmatic stage — 65 million p. with a diameter of
300 km near Antarctica and the Permian extinction of biota), etc.

The closer to the present, the more detailed are the periodic cycles of historical
and geological events. So, for example, according to archeological and
paleontological researches of M.F. Veklych from the Kiev Institute of Geography of
NASU, for the period from emergence of our ancestor Homo habilis 2,3 million p.
therefore, 16 paleoclimatic changes took place in Kiev Rus (V — 3-1 million p., VI —
130-140 thousand p., VIl — 10-20 thousand p.). At the end of each, there were
extreme situations with climate change [5, 12] from warm and humid conditions to
dry, cold and even glaciation. These are the Aidar, Kryzhaniv, Berezan, Azov,
Martan, Sul, Lubny, Tiligul, Zavadov, Dnieper, Kaidak, Tyasmin, Pryluky, Uday,
Buz, and Black Sea stages [6]. They were accompanied by extreme catastrophic
phenomena.

Climatic optimum from the beginning of the new era until the XII century, when
it was replaced by a small ice age (IX cycle) (X1l — XVIII centuries), followed by
warming of the XIX — early XX centuries (X cycle). Interesting is the graph of
climate change over the last millennium, when against the background of global
climate fluctuations appeared 33 summer cycles of 1911, 1921, 1941, 1955, 1969,
1980, 1998, 2002, 2008 and 2020. This is the XI order of cycles with a frequency of
19-15-11 years, which is divided into XII (5-6 years) and X111 (3—4 years) cycles.

The resulting curve of climatic fluctuations throughout the history of the Earth is
the superposition of sinusoids of the following order, which make it possible to
compare the frequency of catastrophic floods after a certain number of years. Thus,
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we obtained the date of the flood of 2020 12 years after the previous flood of 2008
with a probability of 30%. This means that we are on the right track in predicting
when this will happen, but it is not the main thing. It does not matter when it happens,
in 4, 8, 12 or 1 year, the main thing is that it will happen and you need to be ready
for the next one.

Yacrora NnoBTOPIOBAHOCTI NOBEHER

|
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Fig. 1. The climate changes of Earth (4560 bil.y. — 14 thousand years)

What are the causes of catastrophic floods? There is a shift of 200-300 km of
latitudinal climatic zones to the north — from temperate continental to Mediterranean.
It is necessary to restructure the strategy of agriculture, forestry, water management
in the new climatic conditions; unauthorized deforestation, which delayed 10 to 30%
of precipitation [8-10, 13] on their way from watersheds to the main valley. It came
to the point that the "bald spots" in the Carpathian forests became water reservoirs,
from which streams dig their own way to the main valley. It is necessary to make an
inventory of all "bald" according to space images and to oblige the relevant
forestry’s, united territorial communities and districts to afforest what has been cut
down; stray selection of sand-gravel mixtures from riverbeds — to prohibit highways
should not be built near rivers, but should be removed from the zone of influence of
possible catastrophic floods at elevated levels Il and higher floodplain terraces or
slopes between rivers; in the construction of bridges, pillars should be described to
the bedrock so that they do not "hang" in the alluvium, as can be observed now in
the Middle Ages.

Thus, the above materials allow us to confidently (75-90%) predict the two parts
of the triad — the scale of the future manifestation of floods, i.e. their spatial
distribution and intensity of manifestation, or the height of water rise. The third
component — when this will happen is still predicted with a low probability (up to
30%).

The recurrence of floods each year is a common occurrence when the snow melts.
In 3-4 years there are summer floods, sometimes catastrophic. In 5-6 years they can
recur, but reach maximum intensity in 11-15-19 years.
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Discussion of the obtained results. The causes of catastrophic floods are natural
and anthropogenic (man-made).

The natural ones are:

» western Atlantic cyclones, moving to the east, after crossing the Carpathians as
an orographic barrier, "swirl" and fall with heavy rains (up to 3 monthly norms in
one day), i.e. excessive rainfall;

* deeply dissected steep terrain promotes rapid descent of rainwater from the
interfluves and slopes to the tributaries, and then to the main river, the level of which
rises by several meters in a very short period of time;

» high moisture saturation of the soil substrate from previous rains, which reduces
the water absorption capacity;

* seismic instability of individual blocks of the lithosphere;

» weak engineering-geological and physical-mechanical properties of bedrock —
forests, loess-like loams and sandstones, menilitic argillites and siltstones, which
spill quickly, form subsidence, which leads to siltation of tributaries, as well as
landslides, mudslides, etc.;

» reduction of the protective capacity of forest vegetation, especially tall trees due
to early cessation of vegetation, tree disease, drying of grass leaves in meadows;

* high water power, which causes high flow rates of water and others.

Anthropogenic (technogenic) factors include:

» mismanaged (illiterate) activities;

» planned and poaching deforestation of the Carpathian forests, the emergence of
more and more "bald spots"”, and the forest cover could reduce the intensity of water
elements by up to 30%;

* unsystematic plowing of watersheds without anti-erosion measures;

» construction of river floodplains, especially water protection zones and water
protection strips;

« unauthorized extraction of sand-gravel-pebble mixtures from riverbeds, which
intensifies bottom erosion and "entails” the intensification of force processes —
landslides, mudslides, screes, landslides, etc.;

» construction of highways along riverbeds, and they need to be moved to higher
levels;

* construction and restoration of bridges destroyed by floods without sufficient
deepening of supports (piles) to the bedrock;

» destruction of Polonyn meadows, Polonyn forests and long periods of cattle
grazing in the same areas, etc.

Conclusions

To overcome the consequences of the catastrophic floods of 2008 and 2020 and their
possible prevention, it is necessary:

1. To instruct the Dniester Basin Department of Water Resources (here in after
DBUVR) to develop a "State Program for Protection against Catastrophic Floods
and Floods in the Western Region of Ukraine” (here in after SE) with the
involvement of SES in Ivano-Frankivsk region, Department of Ecology and Natural
Resources of lvano-Frankivsk Regional State Administration, National Space
Agency of Ukraine (NSAU), Space Information Reception Center in Dunaevtsi,
Khmelnytsky Region, Ivano-Frankivsk National Technical University of Oil and
Gas (IFNTUNG), Kyiv National University T.G. Shevchenko, Lviv National
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University I. Franko, NTU of Water Management and Nature Management of Rivne,
Institute of Telecommunications and Global Information Space of NASU in Kyiv,
Institute of Hydraulic Engineering and Land Reclamation of NAAS and other
organizations.

2. To support the initiative of IFNTUNG, which at its own expense created the
Center for Forecasting and Prevention of Technogenic and Hydroecological Danger
of Prykarpattia (CPPTGNP), approve its Regulations, Strategy for 2021-2023,
Business Plan for 2021 and resolve issues of financing CPPG.

3. IFNTUNG to perform Strategic Environmental Assessment (SEA) of
economic development in the prepared areas and 2-3 standard, Environmental
Impact Assessment (EIA) of individual enterprises in Halych, Tlumach and
Horodenka regions.

4. CPPTGNP to continue the development of AVIPS —an automated information
and measurement flood control system taking into account similar systems on the
Prut River in Chernivtsi, the Tisza River in Transcarpathia and the Danube River in
Vienna (Austria).

When developing a SOE, take into account the solution of the following
problems:

1. To substantiate the network of observations for constant monitoring of the
environment and ecological audit of flooded areas.

2. CPPTGNP perform retrospective analysis of historical-geological, space,
geomorphological, paleogeographic, archaeological, chronicle and instrumental
methods to create a system of periodicity of extreme processes, in order to predict
and prevent catastrophic floods.

3. To propose solutions to alternatives for the protection of the left bank of the
Dniester in the Halych district: construction of a protective dam along the left bank
of the Dniester from the village of Stary Martyniv to the village of Dubivtsi;
construction of a bypass road from Halych through the village of Tustan and
Bolshivtsi to the town of Burshtyn; organization of a spare polder between the dam
and the road for loading flood water; increasing the height of the road and railway
from Halych to Burshtyn.

4. To consider the issue of additional discharge of flood water of the Dniester by
building a canal on the left bank between the villages of Nyzhniv and Dibrova.

5. Design the transfer of roads to non-flooding.
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0.M. Aagamenko, 11.0. 3opin, K.O. PapnoBcbka
IPOTHO3YBAHHS KATACTPO®IYHUX MOBEHEM B JIOJIMHI THICTPA

3a ocranHi poku B KapmatcekoMy perioni Ta Ha [lomimm BigOymwcs nBi katacTpodivHi
moBeHi: oxHa — 23-28 ymmHs 2008 p. Tta npyra — 20-24 gepHs 2020 p. OOuaBi 3aBHamu
BEJIMYE3HOI MIKOJIW JOBKULIIO Ta HaceJeHHIo, mo Oyio mupoko BucBiTiIeHO B 3MI. 1106
OyTH TOTOBUM J0 CTUXIHHUX JIUX, MOTPiOHO HABYUTHCS iX MependavyaT, TOOTO 3HATH, B SKIH
MiCIIEBOCTi BOHH TPAIUISIFOTHCS, SIKOIO Oy/Ie BUCOTA M IHOMY BOJIU 1 KOJIH 1€ CTAaHEThCA. 3 €T
Tpiagu mepiri 1Ba KOMIIOHEHTH B)K€ HABUIIINCS rependavat, a TpeTi — me Hi. Y cTarTi
PO3TIITAETECS  MOMJIMBICTH TPOTHO3YBaHHA, SKE MIATBEPIMIIOCS TMiJ dYac IOBEHi
20-24 yeprus 2020 p. O.M. Axamenko ta [1.0. 30piH oKpeciuiu riodanbHi 3MiHE KJIIMaTy
3a mepiof icropii 3emui Bix ii HapomkeHHsS 4,567 Minbapaa poKiB TOMY J0 ChbOTOJEHHS.
BusiBuitocs, o TeMuiA 1 X0M0IHUHN Mepiou MepioaUIHO depryBanucs, Bia ['anakTuaHoro
poky (225-250 muH pokiB), sikux Oyno 19, mo HuHImHIX 11-piYHMX LWKIIB COHSAYHOT
akTHBHOCTI. Bcworo Oyno BuaineHo 13 mopsakiB HUKIIB, SIKI iHTEp(hEpYyIOTh Y BUIIIAIL
CHHYCOill, 10 BU3HAYAIOTh IEPIOANYHICTE TE€OJOTIYHNX MOAIH. ['€OTeKTOHIYHI emoXu 2-T0
nopsiaky (5070 MIH pOKiB) HaKJIaJarOTHCS Ha LUKIIYHICTD 1-TO MOPAIKY — raJlaKTHYHUX
pokiB — ne Kapenbceka, baiikanscbka, Kanenoncoka, I'epuunchka, TuxookeaHcbka Ta
AIbmificbKa TEKTOHIKO-MarMaTHYHI €IOXH, SKi IOMUISIOTECS Ha YacTHHH — 3-TO
(30—40 mun pokiB) i 4-ro (10—15 mun) nopsakis. Hactymui mukmu — 5-if (3—5 MiIH pokiB),
6-i1 (150-140 turc. pokis) i 7-it (10-20 TuC. pOKiB) MOB'sI3aHi 3 BEIMKUM KaHHO30MCHKHM
MTOXOJIOZAHHSM, SIKE 3aBEPIITUIIOCS YETBEPTHHHUM 3JeeHIiHHAM. 8-i1 (1—4 THc. pokiB) i 9-i
(500-600 pokiB) UK Bi10OpakarTh 3MiHK HOTEILUTIHHS 1 IOXOJIOJaHHS B KBapTaii. A naii
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aHaJi3 MO PEKOHCTPYIOEThCS HA OCHOBI apXEOJIOTIYHUX Ta JITOMHCHUX NaHWX: BiJ
novarky Hamoi epu 1o Xll cr. Tpuano noremminHHs X nukiny — Maiauil KIiMaTU4HUNA
ontumyM i Manuit meomoukoBuit epion (X — XVII c1.). 3 XIX cT. cygacHe moTerumiHHSA
moyayiocs 3 WiTkux 33-piyHmMX KoimBaHb X mukiay. 3 1881 3'sBunmcs iHCTpyMeHTabHI
CIIOCTEpPEXEHH Ha MeTeocTaHmisx i rigpormocrax. 3'seumucs XI (20-15-11 pokis),
X1 (5-6 poki) i X1l (3—4 pokn) mukmu. Ha Ti1i 33-pidHuX KOJMBaHb TI00AIEHOTO KIIIMATY
BuHUKIMH 1 1-piuni nmukm 1 katactpodiuni moseri 1911, 1927, 1941, 1955, 1969, 1980, 1988,
2002, 2008 pp., sk i katactpodiuna moeias 2020 p., mepexbadena O.M. AnaMeHKOM Ta
J.0. 3opinuM. OTxe, € MOKIIMBUM TIepea0dadaTy 4ac HacTYITHOT KaTacTpodi4HOT TOBEHI.
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10 YBAI'M ABTOPIB 35IPHUKA

3MicT MarepiaiiB, IO HAIPABISFOTHCS IO PEOaKIlil, MOBHHEH BimnoBigatu mpodimo ta
HAYKOBO-TEXHIYHOMY DPiBHIO 30ipHHUKA.

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

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

VYeci hopmynu matoTs OyTn HaOpaHi B penaktopi MathType.

Imroctparii moBUHHI 00OB'I3KOBO HyMEpYBAaTHCS, MAaTH KHI)KKOBY OpI€HTAIII0 i HE
MOXYTh NEPEBHILYBATH 32 PO3MIpOM 3aJaHy CTODPIiHKY (mapamerpu cTopiHku 17x26 cM
3 moisamu 2,0 cm). [leperik niTepaTypHUX pKepen MepeKsafacThesl aHTITiHChKOK MOBOKO
(abo TpaHCHITEpYETHCS B pOMaHCHKOMY aI(haBiTi) 1 TOJAE€THCS BIIIIOBIAHO A0 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux mnyOmikamiii APA  (American Psychological
Association) style 3aranbHuM CIIMCKOM y KiHII CTAaTTi 3@ YEPTOO MOCHIIAHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBIAKA MPO aBTOPIB, /1€ BKA3yHOTHCS Mpi3-
BHIIE, OBHE iM’s Ta IO 0ATHKOBI aBTOPIB, HAYKOBUIA CTYIIiHb, BUCHE 3BaHHsI, 110CaJa, Ha3Ba
migpo3ainy (kadeapu) Ta oprasizailii, 0OCOOMCTI JaHI KOXXHOTO 3 aBTOPIB (aapeca, MICTO,
KpaiHa, KoHTakTHH# Tenedon, e-mail), ORCID ID.

OO00B'I3KOBO CITiJT HAATH ENEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpeAcTaBieHI B PEAAKIiI0 PYKOMUCH MPOXOMAATH peTelibHe OaraTollaHKOBE
pelCH3YBaHHS BiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELIEH3EHTIB MEHIIIa 32 BCTAHOBJICHUH MOPIT, PYKOINCH BiAXHUIISIOTHCS.

3MicT cTaTTi Ta SIKICTh HamMCaHHsA abo mepekiany (yKpaiHChKOIO a00 aHIIIHCHKOIO
MOBaMH) HEperJISIAl0OThCsl KOpeKTopaMy 30ipHHKaA, IPOTE BiJIOBIIANBHICTE 32 3MICT Ta
AKICTP CTAaTTI HECyTh aBTOpH Marepiamy. Jlo craTri MOXyTh OyTH BHECEHI 3MiHH
penaxiiiHoro xapakrepy 6e3 3rojiu aBTopa.

Posnin 36ipHuka, 1m0 sikoro Oyae BigHECeHAa CTaTTs, BH3HAYAETHCS PEAAKINIETO,
Y3rOoJIKY€EThCSI — TOJIOBHUM DPEAAaKTOPOM abo Horo 3acTynmHUKOM. OcTaTouyHHN BHCHOBOK
10710 My OJTiKaIlii MaTepiaiiB CXBAIIIOE pelakiliiiHa Koeris 30ipHuKa.

EnextponHna Bepcis 30ipHUKa, MpaBmiia oGOpPMIICHHS Ta BUMOTH JO CTaTeH MiCTATHCS
B [HTepHeTi Ha caidTi http://www.es-journal.in.ua, sikuii cucTeMaTHYHO OHOBIFOETHCSL.

30ipHUK HayKOBHMX Mpallb TakoX NpelcTaBiIeHHi Ha caiTi HamionanbHoi 6i6mioTexu
Vkpainu im. B.I. Bepnaacekoro, Ha caifti IHcTHTYTY TenexkomyHikamid i riiobasbHOTO
iHpopmaniiinoro mnpocropy HAH Vkpainm http://itgip.org/ y posnimi «BumaBHnua
JISUIBHICTBY» Ta Ha caiTi 0i0miorekn KHiBChKOTro HalllOHAIBHOTO YHIBEPCUTETY Oy IiBHULITBA
i apxitextypu http:/library.knuba.edu.ua/node/883.
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