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AN ANALYSIS OF THE INFLUENCE OF THE BIOFILM
HETEROGENEITY ON THE EFFECTIVENESS OF ORGANIC
POLLUTION REMOVAL IN BIOREACTORS

Abstract. A mathematical model of biological purification of wastewater from
organic pollutants in the conditions of an aeration tank with a fixed biocenosis
(biofilm of microorganisms) is presented. At the same time the peculiarities of the
formation and modeling of a complex heterogeneous stratified structure of a biofilm
with variable processes and parameters along its thickness are considered and
taken into account on in particular the processes of mass transfer and concentration
of microorganisms. It shown that the treatment processes in heterogeneous stratified
biofilm are designated by the effective diffusion coefficient which is depended on the
pollutions concentration. Owing to that the pollutions concentration is changing of
along the biofilm thickness and increase from the surface to the biofilm bottom the
decreasing of the effective diffusion coefficient is observed. On the base of the
provided experimental investigations the change of the effective diffusion parameter
along the biofilm thickness may be specified according to linear law. The quantity
criteria of the first and zero order kinetic and Monod equation were used in the
practical calculations. Ascertain that the substrate removal have a place on the
early part of the biofilm which amounts to 20-25% from the its full thickness. On
the base of the created biofilm model of the heterogeneous-stratified structure the
comparative analysis and valuation of the different investigations of the pollutions
removal during the treatment processes at using of the homogeneous and
heterogeneous structure of the biofilm were treated. It was designated that the
pollutions removal effectiveness depends on the biofilm features. So at the some
main parameters the homogeneous and stratified biofilms indicate almost the same
microbial activity and the difference depends on the effective diffusion coefficient

© 0O.41. Oniitnuk, C.B. Tenuma, 10.1. Kanyrin, €.0. Oniiinuk, 2023
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on the biofilm output. In the dependence on the hydrodynamic conditions of the
treatment processes the homogeneous biofilm activity may be lower, higher or
similar one of the stratified biofilm. Heterogeneous biofilm has the lower activity
near the biofilm bottom at the high values of the effectiveness coefficient than the
homogeneous one at the average values of this coefficient and the substrate against
of the which the microorganisms growth is depended on to penetrate more in depth
in stratified biofilm than in homogeneous one.

Key words: stratified model; biofilm; organic pollution; concentrations; treatment;
effectiveness.

0.41. Ouaiiinuk, C.B. Teauma, 10.1. Kaayrin, €.0. Oailinuk
IactutyT rinpomexaniku HAH Ykpaian, M. KuiB, Ykpaina

AHAJII3 BIVIMBY 'ETEPOI'EHHOCTI BIOIIVIIBKH
HA E®OEKTUBHICTDb BUJIYYEHHS OPTAHIYHUX 3ABPYJHEHD
B BIOPEAKTOPAX

Anomauia. Haseoena mamemamuuna mooeiv 6iono2iunol 0uuCmKu CmivHux 600
8I0 OpeaHiuMux 3a0pyOHeHb 8 YMOBAX AepomeHKa 3 3aKpinienum OioyeHo30Mm
(6ionniexkoro  mikpoopeanizmie). Ilpu yvomy poszensoaiomecsi I 6paxoeami
ocobnueocmi  opmysanms I MOOENO8AHHS — CKIAOHOI  HEOOHOPIOHOT
cmpamu@ixosanoi cmpykmypu 6ionieKuy 31 3MIHHUMU RPOYeCcamu [ napamempamu
no il moswuHti, 30Kpemda, npoyecu MaconepeHocy i KOHYeHmpayii Mikpoop2aHizmie.
Hokaszano, wo yi npoyecu 6 ecemepocenHiti cmpamughikoganit 6Oionnieyi
susHauaromvca Koegiyicumom egekmuenoi Ougysii, AKull 3anexcumv  8i0
KOHYenmpayii 3a0pyonens. B 363Ky 31 3MiHOW KoHyewmpayii 3a0pyOHeHb no
moewjuHi 6bionnieku i3 30L1bUeHHAM 6I0 NOo8epXHi 00 OHA CHOCmepieacmvcs
3MeHUeHH s 3HauenHs Koeiyienma echexmusnoi oughysii no it moswuni. Ha ocnosi
NPOBeOeHUX eKCNEePUMEHMANbHUX O00CHI0dNCeHb 3MIHA napamempa egexmusHol
Ouhysii no moswuni GIONNIBKU MOJICE NPULMAMUCH NO JEHIUHOMY 3akony. Hasedeno
KIMbKICHI Kpumepii 3acCmocy8anusa KiHemuKuy nepuio2o ma Hyib08020 NOpsoKie 6
NPAKMUyHUXx pe3yiomamax ma euxopucmauHsa pieHauua Mono. 3’acoeano, wo
sUNYyHeHHs cybcmpamy 8i00Y8ACMbCs NEPeadCHO HA  NOYAMKOSIl  OLIAHYI
CMBOpeHoi MoOdeni 2emepo2eHHo Ccmpamugikosanoi cmpykmypu OioniexKu
BUKOHAHO NOPIGHAbHUL AHAE3 | OYIHKY PISHUX 00CHIONCEHD GUILYYEHHS 3a0PYOHEHb
6 npoyeci OYUCMKU NPU 2OMOSEHHIU Ma 2emepoceHHill cmpyKkmypi OIonnieKu.
Busnaueno, wo egexmusnicme sunyuenus 3a0pyoHeHsb 3anexiCUumb 6i0 OCHOBHUX
xapaxkmepucmux 6ionnieox. Tax, npu OesKUx 3HAYEHHAX OCHOBHUX Napamempis
20MO2eHHa | cmpamu@ikosana OIONIIEKU NOKA3VIOMb MAlidice 0OHAKOBI 3HAYEHHs
MIKpOOHOI axmuenocmi i ysi pizHuys 3a1edcums 8 OCHO8HOMY 8i0 Koegiyienma
eghexmugnoi oughy3ii na euxodi i3 6ionnieku. B 3anescnocmi 6i0 2iopoounamiynux
VMO8 Npoyecy OYUCMKU AKIMUBHICTNb 20MO2eHHOI OIONIi8KU Modce Oymu HUxCyda,
suwa i ananociyna akmusHocmi cmpamughikoganoi oionniexu. Cmpamughikosana
Oionnieka npu BenuKux 3HAYeHHAX Koeiyicuma egexmusnoi oudysii 6 Kinyi
OiONNIBKU MAE MeHWy aKMUBHICMb, HINC 20MO2EHHA NPU CEPeOHbOMY U020
3HayeHHI, a cybocmpam, 6I0 5AK020 3aledCUmb 3POCMAHHA MIKPOODP2AHIZMIS,
npoHuKac enubuie 8 Cmpamugiko8anitl OGIoNieYl, HIdC 8 20MO2EeHHIL.

Knrouosi cnosa: cmpamucghikoeana moodens; 6ionnieka; opeaniune 3a0pyOHEeHHs;
KOHYeHmpayii; ouucmia; eqreKmusHicme.
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Beryn

Sx  Bimomo, oONamITYBaHHA JOAATKOBOTO 3aBaHTAXKEHHS 13 3aKpilUICHUM
0ioneHo30M Ha HOro MOBEPXHI 3 BHCOKOK KOHIEHTPALEI MIKpPOOPTaHi3MiB
(6ioTUTiBKOIO) TIOPSAT 13 3aBUCIMM 010TIEHO30M (aKTHBHUM MYJIOM) MIPH O10JIOTIYHIN
OYHCTII CTIYHHX BOJ B OlOpeakTopax-acpOTEHKax A03BOJISE 3HAYHO IMiJBUILUTH
e(eKTHBHICTh BUIIyUEHHs OpTraHiuHuX 3a0pyaHeHb OionoriyanMu Metogamu. [Ipu
OMY B TOTEPEAHIX AOCTIKEHHSIX aKTUBHI YaCTHHU O1OTUIIBKH MPUAMAIHCH SK
OJTHOPITHI, TOMOT€HHI CTPYKTYpH, a TapameTpH, Siki B OCHOBHOMY BH3HAYarOTh
BUIIy4YCHHSI 3a0pyIHECHb, MPUUMAIKCh MOCTIHHUMH TI0 TOBIIUHI OiorutiBku [1-3].
IIpore, B peampHnX yMoOBax OiOIUTIBKA Mae€ HEOJHOPIAHY TETEPOTEeHHO
cTpaTudikoBaHy CTPYKTYpy 31 3MiHHUMHU OCHOBHHMH [TapaMeTPaMH I10 i TOBIIHHI,
IO TOBEJCHO OaraThbMa eKCIepUMEHTAIbHUMH JTOCITIDKEHHIMH.

TakuM 4MHOM, TIPU AOCIIIKEHHI B peajbHUX YMOBaX OYMCTKH CTIYHUX BOJ B
OiopeakTopax 3 3aKpilieHHM 0i0IeH030M (O1OTITIBKOIO) OMHOPIAHICTE CTPYKTYPH
0i01UTiBKM IOTpedye MOJaNBIIOTo OOTPYHTYBaHHS Ta BpaXyBaHHs HEOAHOPIIHOT Mo
il ToBUIMHI CTpaTu(iKOBaHOI CTPYKTYpH, SKa B OCHOBHOMY 3aJIeXKHTh BiJ 3MiHH

KOHIIeHTpaliil (miapHocTi) MikpooprauizmiB X | (XIIK) mo ToBmuHI GiommiBKH.
[Ipy 1bOMy BBaXKa€ThCs, IO KOHIEHTpamiss X, 1 mapamerp edeKTuBHOI qudy3il
D, Oyayrs ocHoBHHME ()aKTOpaMH CTOCOBHO OLIHKH €(pEKTHBHOCTI POOOTH

OiomniBku. [lpu BumydeHHi cybcrpary B OiopeakTopax (OPMYEThCS TeTeporeHHa
cTpaTudikoBaHa CTPYKTypa OIOIUIIBKH i3 3MIHHOIO KOHIIEHTpAMi€lo (IIUTEHICTIO)
MIiKpOOpTaHi3MiB 1o 11 TOBIIWHI, sika Oyxe OiTbII HIiJIbHA 01 JHA 1 MEHII HIiJIbHA
Ol moBepxHi, Yepes sIKy TMocTymae cyOcTpar B Oi0mumiBKy i3 Oiopeakropa uepes
MTOTPaHUYHUH map piguHw. | B Takiii 010TUTIBIII IPX BUPIIIEHH] 33/1a4 OYUCTKH Oy e
TaKOXX 3MIHIOBAaTUCH eheKTHBHA AU(DY3is, KA B 3aralIbHOMY BUTIAJIKY 3aJISKUTh Bij

winbHOCTi GiomriBku X | .

Meta poGoTn

Merta poboTH ToJsirae B po3poOdili 1HKEHEPHUX METOJIIB PO3PaXyHKY BHITYUCHHS
opraniunux 3abpyaneHs (O3) OiommiBKolo B OlopeakTopax Ha OCHOBI
3arporIoHOBaHOT MoJeNi cTpaTudikoBaHoi OiomutiBku. [Ipy koMY BpaxoBYIOTHCS
ocobiHBOCTI 1 hakTopu GOpMyBaHHS CTPYKTYpPH Ii€l O10TUTIBKH, SKi € OCHOBHUMHU
napamMeTpaMy B po3paxyHKax.

Pe3yabTaTi gocaigxeHnb

[IpoBeneHi MOCHIHKEHHS MMOKa3aiM, 1[0 OCHOBHUMH (haKToOpaMH 1 mapameTpamu
e(eKTUBHOCTI poOOTH Takoi OIOIUTIBKM SBISIOTHECA 3MiHHA KOHIICHTpAIIis

MikpoopranizmiB X | i3MiHHHUI napameTp edexruHOl qudysii D, , skuit popmye
[0 KOHIICHTPAI[F0 1 3aJeKUTh BiJ HEl 3riHO 3 PIBHAHHIM, OJIEPIKAHUM
€KCIIEpUMEHTAIBHUM IIJIsIXOM [1, 2]:

0,48 X % (1)
D, =Dy|l-—————+ |
- W[ 1119+0,27 X 2%

ne Dy —xoedimient edexrunoi qudysii cydeTpary B piIHHHOMY CEpEIOBHIL.
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I3 piBustaas (1) BuIHO, mo mpu 36imboieHH] KoHIEHTpanii X | BigOyBaeThCs
3MEHIIEHHsI PiAuHHOI (a3, TOOTO, MOPHCTOCTI MO TOBIIMHI OiOTIIBKH, IO
HPHU3BOAUTS J10 3MeHIIeHHs Koedinienta qudysii D, . Tomy B neskux podorax mpu
BH3Ha4eHHI koedimienTa qudysii D, mpuiimaeTses ioro 6e3mocepeiHs 3aIeKHICTh
Bij mopucTocTi &, 06710, D) = f(¢) -

Ha ocuosi mozeni (1) koeditient audysii D, Oyzne smenuryBatuch no ToBumHi

OIOILTIBKY 1 332 JAHUMU ICHYIOUUX €KCIICPUMEHTAIBHUX JTOCII/DKEHb 1€ 3MEHIIICHHS
MO>KHA IPUHAHSATH TI0 JIIHIHHOMY 3aKOHY, a CaMe:

D (z)=D, -D,z, 2)

a HeBiZIoMi KoedilieHTn DLo i D,_i BU3HAYAKOTHCS 3 IPpUiHsTOT Moaeri npu Z = 0

Peaizarist 3amporoHOBaHUX PiBHSAHB 3 BH3HAYEHHS 3MiH mapamerpa D| mo

TOBIIMHI OIOIUTIBKM 0a3yeThCsl Ha IIJACTaBl BUKOPUCTAHHS JaHUX JOCHIJIB,
HaBeJIeHNX B poboTax [3, 4]. Y manomy BHUMaiKy piBHSHHSA (2) MOKHA 3aIMCaTH y
HACTYITHOMY BHTJISII:

D, (z)=D,, —0,001z =0,6-0,0015 . (3)

Ax mpuxitag po3paxyHky B Tabnumi 1 HaBeneni maHi BenndnHH e()EeKTUBHOT
JuQy3il B 3aJIEKHOCTI BiJI TOBIIUHHU O10TUTIBKH.

Tabmuns 1. 3HaueHHs koedinieHTa eeKTUBHOI qUQy3ii B 3a71€KHOCTI BiJ] TOBIIUHU
O10ILTIBKH

0 0 50 100 150 200 250 300
MKM
5|_ 0,60 0,55 0,48 0,44 0,40 0,36 0,30

_ D _ D
e DL(Z):¥, DLO :D—LO.
W W

[Ipu owminui pobotu GiopeakTopiB 3 OiOMIIBKOIO, KpiM KoediuieHTa audysii,
BaXJIUBUM MapaMETPOM SBIISETHCSA IIIIBHICTh (KOHLEHTpALis) MIKPOOPraHi3MiB
X . B ymMoBax HeoqHOPiAHOI cTpaTH()IKOBAHOI CTPYKTYpH OIOILTIBKH, Ha BiAMIHY
BiJl TOMOTEHHOI CTPYKTYpH, KOHIIEHTpalist X | 3aleKuTh Bl koedimieHTa qudysii
D i 0 , 3MIHIOETBCS 1O TOBLIMHI G10MIiBKY i Oy OinbLI yIiapHeHa Oins ii 1Ha
Opu Z=0J 1 3HAYHO MEHII YIIUIbHEHa Ha TMPOHHWKHIH MOBEpXHi, Ha K BOHA
¢dopmyetbes (2 = 0) 1 uepes siKy cyOcTpar nocrynae B 6i01utiBky. BukopucroBytoun
JUIs BU3HAUYEHHS KOHIEHTpauii 3amexHicte (1), micis AeSKuX MepeTBOPEHb
OJICP’)KUMO HACTYITHE PiBHSIHHS:

)—0,7782

X, =-38856+38976(D, , (4)
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SIKE JIJ1S1 TIOAJTBIIIOTO 3aCTOCYBAHHSA AOIUTHHO TIEPENICaTH Y HACTYITHOMY BHUTJISII:

zZ

1 I
X, =-38856-+38,976 T"’ , )

D — D D
ﬂez:i’ (//: LO, L:_L’ K:_W
5 oD, D Do,
co . . v X L
Tak ax B 3aIllpOIIOHOBAHIN MOACJI1 BUKOPUCTOBYIOTHCSA BIJITHOIICHHA X L= X y
Lcp

TO Ul BU3HAYEHHS CEPEIHBOTO 3HAYEHHs KoHueHrpawii X, g, B Olomwrisui
IpUIMAEMO, 110

0,2218
1

o
X e :% [ X (z)dz = —38,856 —175,7258yk > "% - 1—; ~1]. (6)
0

Sx yxe 3a3HaYaNOCh B TMOIEPENHIX AOCTIIKEHHSX, e()eKTHBHICTh BIITyYeHHS
3a0pyIHEHb PI3HOTO MOXOKEHHsI OIOIIIIBKOIO B 3HAYHIN Mipi Oy/ae 3aiexaru Bij
HpHIHATOT B po3paxyHKax TOBIIMHHU Oiommtikn O [5, 6]. ¥V Bumagky omHOro
cyOcTpaTy TreTepoTpopHHMH MiKpoopraHisMamMu (POpPMYEThCSI OIHOPIAHA TIO
BIIACTUBOCTI 6i0LIEHO3y CTPYKTypa aKTUBHOI OiOILIiBKM TOBIIMHOK O . Kpim Toro,
Ha (opmyBaHHS OIOIUTIBKM BIUIMBAIOTH Pi3HI TPOIECH, SKi BPaxOBYIOTHCA B
NPUHHATHX KIHETHYHHUX PEAKIisX OYMCTKH, 30KpeMa MoHO, 1 JONOBHEHI 32 pPaXyHOK
BpaxyBaHHS TaKMX BAXIMBHX (aKTOPiB, [K 11 po3nan i Biipus [6]. B po3paxyHkax
TOBIIMHU OiOTUTIBKY AOIITHPHO BU3HAYATH TAKOXK Yac, KOJIHM HACTYIIA€E CTaIllOHAPHUH
pexuM poOOTH OIOMJIIBKM TOBHIMHOKW O . Ha BigMiHy BiJ IHIIUX MPOIIECIB,
JIOCATHEHHSI Jii CTAIliOHAPHOTO CTaHy JUIsl MIKPOOPraHi3MiB BCepeauHi O10TUTIBKU
OyJie CKlaJaTu Bij ACKUIBKOX 110 70 TwkHIB. Tak, B poOoTi [6] i XapaKTepHUX
napaMeTpiB KiHeTHYHHX Mojejer ouuctku O3 OiomutiBkoro Ha puc. 1 HaBemeHi
rpadiky 3 BU3HAYEHHS TOBLIMHU OiOMJIBKH Ipu BuiaydeHHi O3 B cTauioHapHUX
yMOBaX, a Ha puc. 2 — popMyBaHHs TOBLIIMHU OiOTJIIBKM B HECTALIOHAPHUX YMOBAX.

1000 5 » MM
A e ]

900 Ky =10 M2l =
800 / y -~ —-'/
700 1 /(2
600 ’/ e
500 / / /{é _.’-""-’#{4
400 / // ‘/ _—-‘-/—"
300 f A L
200 / //5/
w00 LS

. ~

0 10 20 30 40 50 L ,m2/1

Puc. 1. I'padpiky 11 BU3HAYCHHS aKTHBHOT TOBIMHY OiOIUIIBKYM O B CTAl[iOHAPHUX yMOBAX
s pisHux 3Hagens D, rox™: 1—0,01; 2—0,02; 3—-0,03; 4 — 0,04
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Puc. 2. I'pacdixu popMyBaHHS TOBIIMHH OiOTUTIBKH B HECTALIOHAPHHUX YMOBaX MpPHU Pi3HUX
smauenmsax [ =D

3 esskuM HaOMMKEHHSIM 3alIPOTIOHOBAaHI pEKOMEH/Iallil 3 BU3HAYESHHS TOBIIMHU
0 MOXyThb OyTHM NpHUIHATI 1 BpaxoBaHi B MOJAENAX 1 PO3paxyHKaX OYHUCTKU
crpatudikoBaHoo OiorutiBkoro. Jlnsi BU3HAUEHHS aKTHBHOI TOBIIMHHU O10IUTIBKU
MO>KHA TaKOX CKOPUCTATUCS JaHUMH, HaBeleHUMHU B Ta0mmi 2.

B TaOuumi 2 noka3aHa 3MiHA TOBINMHU aKTHUBHOI OIOILUIIBKM B 3aJIEKHOCTI BiJI
3MiHHM KOHIEHTpauii cybcrpary L., sikmit mocrtymae B GiommiBKy mpu pisHiit
minpHOCTI (KoHUeHTpauiil) X| B GiomtiBii. Tak, npu 3HauHii KoHUEHTpamii X |
TOBINMHA O10TUTIBKY 301IBIIYETHCS, ajie MOBIIBHO, HIX MPH MEHIIH KOHICHTpaIlii

X mpu oJHAKOBOMY 30iblIeHHI KOHIeHTpauii cydcrpary L, , skuit mocrynae B
Oi01UTIBKY.

Tabmuns 2. 3HaueHHs ToBIIMHM OiomtiBku O = f (L 510 X L)

X, L; =0,01| Ly =0,02| L; =0,04| L; =0,06] L; =0,08| L; =01
o|  mr/em® mr/em® mr/cm® mr/em® mr/cm® mr/cm®
mrfem 0 ,cM 0 ,cM 0 ,cMm 0 ,cM 0 ,cMm 0 ,cM
5 0,045 0,055 0,068 0,072 0,078 0,083
15 0,022 0,028 0,034 0,038 0,041 0,043
25 0,014 0,018 0,029 0,025 0,030 0,028
50 0,010 0,08 0,013 0,014 0,016 0,017

ITpu po3paxyHKax TOBIIMHHU GiOTUTiIBKM BUKOPUCTAHO criBBigHOmerHs 100 Mxkm = 0,01 cm = 10 M
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B mpoBegennx mocnmimKeHHSX MpW BIITyYeHHI 3a0pyqHEHb OiOIUIIBKOIO, SKa
YTBOPIOETHCA Ha OOJAIITOBAHMX 3aBaHTKEHHSIX B pi3HUX OiopeakTopax, mpodiib
BWJIyYEHUX KOHIIGHTpAIiii M0 TOBIIMHI OiOmWIiBKM 1 i OCHOBHI MapaMeTpu
BH3HAYAINCH TIPH YMOBI, IO KOHIIEHTPALlisS MOCTYA0UnX 3a0pyTHEHb B O10TLTiBKY

Ls, JOPIBHIOE KOHIIGHTpALlii 3a0pyaHeHp B 00’emi piamHu B Oiopeakropi L.

CTpyKTypa TiZipOAMHAMIKK TOTOKY Npu Bu3HaueHHi L, B pisHuxX Giopeaktopax

Oyria pi3HOIO 1 He mpuiManach N0 yBard B JOCIHipKeHHsX. [Ipore, HaBiTH mpH
MMOBHOMY TI€pEeMIITyBaHHI piAMHA B OiopeakTopax 3 OiOTUIIBKOIO CITOCTEPIranoch
YTBOpEHHsI Ha i 30BHIIIHIA MOBEPXHI MOTPaHUYHOTO MIAPY Y BUTILSAL PiTUHHOL

TUIBKM TOBIIMHOKO O, i3 SKOT 3a0py/IHEHHS MOCTYNaloTh B GiomiBky. Tomy npu

peamizanii OiOIUTIBKOBUX MOJIENEH OYHMCTKM 1CHYE€ HEOOXiJHICTh BpaxyBaHH:
3a3Ha4eHUX IMPOIIECIB MACONIEPEHOCY 3a0pyTHEHD B OIOTUTIBKY Yepe3 MOTpaHuYHui
map, sSIKMA 3HaYHO BIUTMBAE HA OJEp)KaHI pPe3ysbTaTH OYHCTKH. JlesKi muTaHHS,
MoB’si3aHi 3 (QOpPMyBaHHSM MOTPAHWYHOTO IMIApy 1 HEOOXIMHOCTI MPHU IHOMY
BpaxyBaHHS MOYJIMBUX Pi3HUX TiAPOJUHAMIYHUX PEXKUMIB PYXy PIIMHH B HHOMY,
CTPYKTYpU TOTPAaHWYHOTO IIapy, 30KpeMa B yMOBax Horo (opMmyBaHHS Ha
KPHWBOIIIHIWHIN TOBEPXHi, PO3TIISIHYTI B MomnepeaHix podorax [5, 6, 10]. B mimomy,
AKTUBHICTh TOMOT'CHHOI OIOIUTIBKM MOXe OyTH HWK4Ya, BHINA 1 JOPIBHIOBATH
aKTUBHOCTI cTparudikoBanoi GiommiBku. CtpaTudikoBana OioruIiBKa 3i 3HAYHUM

koedinientom edexruBHoi mudpysii D, (B kiHmi OiOITIBKM) Mae MeHIIy

aKTHBHICTh, HDK TOMOI€HHA 13 cepelHIM 3Ha4YeHHSM KoedimieHta audysii
D - D,+D
L - 5

L1 'a cyOcTpar, Bijl IKOTO 3aJI€KHUTh 3pOCTaHHS MIKPOOPraHi3MiB,

2om

MpOHUKae TaudIe B cTpaTudikoBaHill 0i0TUTIBII, HI’)K B TOMOTEHHIH.

HaBenenwii mopiBHJIbHUIA aHAIi3 BAKOHAHO HA OCHOBI BUKOPHCTAHHS KIHETHKU
peakuii HyJIpb0BOT0 MOPSAKY. B momanpmiomy nouiieHO Oyzie IpOBECTH 3a3HAUEHUI
aHaJIi3 JUIsi yMOB BUKOPHCTaHHS HENHIHHOI KIHETUYHO1 peakiii MoHo.

VY 3aragbHOMY BUNAJKy BEJIHMYHMHA IMOTOKY 3a0pyIHEHb, SIKi MOCTYIAIOTh B
0i01UTiBKY uepe3 1l MOBepXHIO, BU3HAYAETHCSI TpH Z = 0 sIK:

dL
I, =-D-—. (7)
dz
PiBusians (7) CBiq4MTh MPO TE, M0 MACOIIEPEHOC 3a0pyAHEHb B MOTPAHUYHOMY
mrapi BiIOYBaEThCS 32 PaxyHOK Mudy3ii.
s BukopucTanss (7) y MOAANBIIAX PO3paxyHKaX HOTO JOLIIHHO IMEPETHCaTH
Y BUTJISIL:
Ls, —La 1
: :Kép(La_Lﬁo):R_(La_Lﬁo): 8)

5[) p

a B SIKOCTI TPAaHUYHOI YMOBH TIpH pealtizalii 3alpornoHOBaHUX MOJAEIeH HACTYIHUH
BHpa3:

dL _Ka

— = L-L,)
oo (L)
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B HaBeneHNX PIBHSHHSAX TaKOXK MPUHHSATO
Ky = s C))

ne Ks, — KoediieHT MacoIrepeHocy, SKAK 3aJIeKUTh BiJ TOBIIMHU PiTUHHOI TUTIBKH
(morpannuHoro mapy) 6, i koediuienta audysii B pinuuniii mwiisni Dp. B nponeci

JIOCITIKEHD OYII0 IPOBEIEHO OOTPYHTYBAHHS 30BHIIIHBOTO onopy R koediuienTa
maconeperocy Ky, B 3a1€KHOCTI Bifl IipOAMHAMIKH [IOTOKY B PiAMHHIH IUIiBL,
sika (popMmyeThest Ha pi3HUX (OpMax eIeMEHTIB 3aBaHTaKeHHS 3 OiomriBkoro. Tak,
Ha pHC. 3 SIK TNPUKIAA JUIS OI[IHKH BIUIMBY 5p HaBesleHo Trpadik || = f(La,5 p),
nmoOymoBanuii st Bumangky o =200 MkM 3a kiHeTnkoro MoHO B OiopeakTopi-
3mimryBadi, 0610, ipu L = const [5, 6].

0
20
15
100
S 200
113 10
“|%
r-..::'
5 500
0
0 10 20 30 40

e XTIK )

La( I

Puc. 3. I'padix 3anexnocti motoky |, = I L, 3a kinernkoro Mono npu 6 =200 Mk

Sk BUHO 3 rpadika, MPU 3HAYHINA TOBIIMHI OrPAHUIHOTO APy O p =500 MKM,
notik O3 3meHmyerscsi Maibke Ha 70%. 3HauHi 1 JOCHTH TIPYHTOBHI
eKCIIepUMEHTAIIbHI JOCITiKeHH s napamerpa || mpu dopmyBaHHI piquHHOI MITiBKH

MpOBeJieH] B TpyOYaTOMy peakTopi, B SKOMY y TIOPIBHSIHHI 3 iHIINUME OiopeakTopamu
OlTBII TPYHTOBHO ONHCaHi riApoAuHamiuHi mponecu [6, 7]. BruuB i aHami3 nux
npouecis Ha oOrpyHTyBanHs mnapamerpa K, i ToBmmMHM J, mNpoBenEHO B

nonepenHix podorax [7, 8]. B pesynbraTi qociimkeHs moOya0BaHI PO3paxyHKOBI
rpadiky 3 BU3HAYEHHS TOBIMHH NIOTPAHUYHOTO Mapy O, & B OKPEMHUX BHMA/IKAX i

OiomiBkM O TIpH Pi3HUX 3HAYEHHSX 3aBaHTAKEHHs B, 1 rizpoguHamMiunux ymMoBax
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B morpaHuyHoMy mapi Ry i B TpyGuaTomy peakropi Re;. Ha puc. 3 B skocti
2

— -

M 00b6a

[TpoBenenmii anami3 oOJep)KaHWX MJOCTIUKEHb MOKa3aB, MIO IPH HHU3BKHX

NpUKIIay HaBeJIeHI pe3yIbTaTH IUX Jociimkens npu B, =10

3aBaHTaXeHHsIX B, > 2,5 TiIpoAMHAMIYHI YMOBH B MOTPaHUYHOMY HIapi

Mm006a

Maiike He BIUTMBAIOTh Ha 3pOCTaHHS HOT0 TOBIIUHHA O b

MeTtou po3paxyHKy OYHCTKH 3a0pyIHEHB PI3HOTO MOXOKEHHS B OiopeakTopax
3 GIOIUTIBKOIO 3 BUKOPHCTaHHsIM mapamerpa B, HaBeneni B poborax [2, 9]. B mux

poboTax pO3rISHYTO CHPOOH BH3HAYEHHS TOBIIUHHA O o 1 koedinienta K,

TEOPETUYHUM IIITXOM Ha OCHOBI  BiIOMHX TapaMmeTrpiB  (4ucen), fKi
XapaKTepU3YIOTh PEXKUM MOTOKY B TIOTPAaHHYHOMY LIapi.

Cnig 3ayBakuTH, 110 B 0aratboxX po0OTax TOBIIKHA 5p MPUIMAETHCS IeCh B

MeKax O o= 100-300 Mxm 6e3 HOCTATHBOTO OOIPYHTYBAHHS 1 PO3IIIANAETHCS

MepeBaKHO JaMiHAPHUHM PEXUM MOTOKY B PIAWHHIN TUTIBII.

Sk mpaBuio, 6iorutiBKa GOPMYETHCS HA HEMPOHUKHOMY 3aBaHTaKEHHI 1 B KiHII
0101UTiBKY MIBUAKICTH 3pOCTaHHS MIKPOOPT'aHi3MiB Pi3KO 3MEHIITY€EThCS 1 MPAKTUIHO
BIJICYTHsI yTHIIi3allisl cyOcTpaTy, TOOTO, Ha HUKHIN TOBEPXHi OiOMITIBKY MOAANbBIIE
BHJIyYeHHsI CyOCTpaTy He BilOyBaeThCs 1 AUQY31HHAN MOTIK AOPIBHIOE HYIIO, IO i

. . dL
HNPUHHATO B TpaHW4HIM ymMoBi npu Z =0 — =0. B pobotax [6, 8] npoBeneHo

BU3HAUCHHS MiHIMaibHOI KoHmeHTpauii L;,, Hmkde sikoi morik cyGcrpary

JOPIBHIOE HYJIO 1 BHIIE SIKOi BifOyBaeThCs HOPMAaJIbHHH IMO3UTUBHHUHA IIPOLEC
OYHCTKH:

Linin = Ll_b (10)
YL Hmax — b

TakuM YMHOM, B pEAIbHMX yMOBaxX IpPU OYHUCTII CTIYHUX BOJ, 30Kpema

OpraHivHOTO TTOXOJDKEeHHS, B OiopeakTopax 31 3BaKeHUM 01011eHO30M OYHCTKA Oy/1e

BiZOyBaTHCh, SIK NPaBWIIO, TE€TEPOreHHOIO CTpaTH(iKoBaHOIO OiomiiBkow. B

3a3HaYeHUX  yMOBax JUIsI  TeTepPOreHHOi  cTpaTtu(ikoBaHoi  OIOTUTIBKH

BUKOPUCTOBYEThCS PIBHSHHS, SIKE OMUCYE YTUI3AIliI0 OPraHIvHUX 3a0pYAHEHb MPH

OJMHOYHOMY JIIMITYIOUOMY CyOCTpaTi B CTAlliOHAPHUX YMOBax i Ma€ HAacCTYNHHH
BUTJISI:

d?L dL  u. . X L
D Z——D Y= _ Mmax L. :0.
L()d22 Y4z Y K +L

mg

(11)

Jane GanaHcoBe piBHSHHS OMKCYE IIBUAKICTh YTHITI3aIil cyOCcTpaTy B yMOBax
HEJIHIHHOT KiHeTHKH peakiii MoHno. [To3HaueHHsT MPUHHATHX BEJIWYHMH B PiBHSHHI
(11) naBomuThcs B poborax [1-3].

B 3ampononoBaniii MaremaTtnuHii Mogjeni crpatugikoBaHOi  OiOMITIBKH
npuiimMaeTres [4]:

1. 3B's130K Mik KoedinienToM edextrBHOI mudy3ii D 1 minbHICTIO GioTUTiBKH X,
3TiIHO 3 PiBHAHHAM (1) y HACTYITHOMY BHUTJISII:
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0.93
Dy, 11.19+0.27X°

2. Koedimienr D; B sikocti (yHKIii, siKa 3aMeXuTh Bif KOoHIeHTpamii L 1o
TMiHIHHOMY 3aKOHY,

D (z)=Dyo ~ D12, (13)
ne Hesigomi koediuientn Dy i D ; mpuitmMaroTscs 3riaHo 3 BUpazamu:
D, (z)=Dyo —Dyf, (14)

10610, ipn Z=0 D =Dy, anpu Z=06 maemo D, =D, —D ;0.

Hwxue, B Tabnuui 3, HaBeneHi 3HaUeHHs e(eKTHUBHOT qUQYy3ii B reTeporeHHii
cTpaTudikoBaHiil GiomIiBIl 5Lz mo 11 toBumai Z g O = 300mxm, omepikani
EKCIIEpUMEHTAIBHUM IIIIXOM [4].

N DLz

ls = , ofiepkani mo TopuuHi OiommiBku & = 300mKm

Tabnuus 3. 3HaueHHs

w
CKCIICPUMCHTAJIbHUM HIJIIXOM

Z, KM 0 50 100 150 200 250 300
D, 065 | 060 | 056 | 048 | 044 | 037 | 030

Buxopstun 3 qanux Tabnumi 3, onepkaHa HACTYITHA 3aJI€XKHICTh JJ1s1 BU3SHAYCHHS
xoediuienta qudysii D\, no Towmsi Giomwnisku z npu D, = 0.65:

D, =0.65-0.001z. (15)

Crnig BigMiTHTH, 1O B TNPUHHATIH 1 peami3oBaHii Mozeni 3a0pyAHEHHS
MOCTYNAaTh B OIOMIIIBKY i3 OiopeakTropa dYepe3 MOTPaHWYHUI map (piIUHHY
TUTIBKY).

VY upomy BUNanKy 3Ha4eHHs KoedinieHTa ehekTUBHOI Au(y3il peKOMEHIy€ThCS
npuiimat B cepenabomy D o =0.8D,, [1, 2]. Ilpu peanizauii moxeni Oyiio
MPUAHSITO HACTYITHE BiJJHOIICHHS:

D
k=—%=1.25. (16)
Dos

3anumiemo piBHAHHA (11) B 6e3po3mMipHiii popMi y BUTTISAL:

d?L 1 dE_:umaxé‘zxLﬁa)?L‘ L

3 + — — — — —=0, (17)
dz® Z-y dz yL,b,b, K, +L
B SIKOMY MIPUUAHSITO
z:E E:L KL:KmL )?L: XL SLZi l//:—DLOI
5 La La x Lcp DW é[)Ll
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J1a mo1anpIoro aHaizy npuiMaeMo:

Dy, DW K v Do

I3 BpaxyBanHsM piBHSHHA (17) micist nesSKMX MEPEeTBOPEHb Ui BU3HAYCHHS
KOHILICHTpALiil X, OfepKUMO:
-0,78

1- =
X, =-3885+ 38,98 T"’ . (19)

BukopuctoByroun 3anexHicth (19), MoXHAa BU3HAYUTU CEPEAHE 3HAYCHHS
KOHIeHTpawii B 6ioriBLi X ;5 32 HACTYIHOIO (hOPMYJIOLO:

0.22
X ep = jx z)dz = -38.85— 17573%078(—3 -1, (20)

ne K — xoedimient maconepeHocy 3a6pyaHeHb B PiAHHHIH TLTiBII.

Ha mizcraBi onepikaHux pe3ysbTariB 3 BH3HAYCHHS KOHIEHTpamiin X, i X
X L
X

[Micns peskux mepeTBOPeHb OCHOBHE PIBHSHHS JUIsl BUPILIICHHS 1 aHaIizy Oyje
MaTH B 0€3p03MipHii (OpMi HACTYITHUI BUTIISI:

Lep

MOYKHA BU3HAYMTH 3HAYEHHS KOHLIEHTpaliit X = B OCHOBHOMY piBHsHHI (17).

Lcp

- —
oL, 1 d—'j—q>2|:(z)_ —=0, (21)
dz Z-y dz K,+L
N
ne F (Z) = 5— a Bimomuit moxyie Tile Oyme Bu3HAYaTHCH 328 (HOPMYIIOIO:
L
X 0
Himax Lcp . (22)
YLD,
Pimenns piBasHHS (21) BUKOHYETHCS IPU HACTYTHUX MPAHUYHUX YMOBaX:
mpu Z =0 dL —=—p.0-L) (23)
dz
npu  Z=1 d—|: =0 (24)
dz
g kK5 Ky (25)

Dy Dy

ne K| — koedinient Maconeperocy 3a0pyIHEHb B PiUHHI ILTIBIi.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023



B pesynprari pimenHs piBHSHHS (21) ymcensHUMEH MeTOJaMH TMOOYIOBaHi
pPO3paxyHKOBI rpadiku 1 TaOnui JJIs BU3HAYCHHS KOHICHTpAIili Ha 30BHIIIHIH

noBepxHi OiomniBkn L, = 50(2 = 0) Ta Ha BHYTPIIIHIM IOBEpXHI OlOILIIBKU
L, =L 51(2 =0 ), a TakoK Tpadiky 1 TaOIULI A7 BU3HAYECHHS 3MiHM KOHIIEHTpALii

L, no ToBmuHui OiomniBku Z (puc. 4). HaBemeni Ha rpadikax i TaOmHIpsix

pe3ynbTaTH  pPO3paxyHKIB OJiepKaHI I TPUAHSATHX PI3HUX, JOCTAaTHBHO
oOrpyHroBanux xapakrepuctuk f,,D,a, i . Tak, npu BU3HAYEHHI mapameTpa
nepeHocy 3a0pyAHeHb PIAMHHOIO TUIIBKOIO [ MPUIMAaock 3riTHO 3 BUpa3oM (25),
SIKUM TakoXX XapaKTepH3ye 3HAYeHHS TOTOKY 3a0pyIHEHb, SKi Oe3mocepeqHbo
MIOCTYNarOTh B OIOIIIIBKY HA OYMCTKY, a TpW BU3HA4eHHI momyns @ mpuitHiITO

X\ 0 .
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Tabmnuus 4. Pesynbratu po3paxyHKy KOHLIEHTpaIil Eo s 1 E51

_ K
K, =—*% 20 10 5 1 05 01
L La
Los 0,87 0,80 0,78 0,57 050 | 040
L, 0,65 0,32 0,18 0.03 0,01 0,0
Los 0,57 0,47 0,40 0,25 018 | 0,10
Ly, 0,04 0,01 0,00 0,00 000 | 0,00

Tak sik mapametp S, (GOpMyeTbCs 1 3aJI€KUTH Bijl CKIIAJ0BUX, SKI BU3HAYAOThCS

CTPYKTYPOIO 1 XapaKTepUCTHKaMH PiJHHOI IUTiBKH (TIOTPaHUYHOTO 1Iapy), TO BiH HE
Oyzne 3amexard Bim CTpykTypHu OiorumiBku. Tomy miast 060X CTpykTyp OiOIDTiIBKH
3HauyeHHs Koedinienra epextnsHOI 1udysii D, , , sxuil BU3HAUa€ IOTOKH 3a0pyIHEHD,

IO MOCTYNAIOTh B Pi3HI M0 CTPYKTYpi O10ILTIBKY, MpUMaEMO siK [2, 3]:
D,=08D, . (26)

[Ipu noOynoBi HaBemeHWX BUIE TpadikiB Oyl10 BHKOPHUCTaHO 1 BpaxoBaHO
niamasoH 3Min mapamerpa K, B mexxax K =0-+20, 3HaueHHS sKOro BU3HAYA€E
MeXi MPUAHIATHX B MOJENSAX OYMCTKU CTIYHHX BOJ PI3HUX PIBHAHb KiHETHYHHX
peaxiiiii, 30KpeMa HyJIbOBOTO 1 IIEPIIIOTO MOPSIIKIB.

Tak, kiHeTWKa peakiid Mepmoro i HYyILOBOIO TOPSIKIB B TMPAKTUIHUX

K

po3paxyHkax ~Moxe Bigmosizatn  BigHomennsm K =—T"->2+3 |

a
K, <015+0,2, T00T0, feck B Mexxax 0,15< K| <3 i mpu pospaxyHKax MOKHA
npuiMaTy BijloMe HelniHiliiHe piBHSHHA MoHo. Takox Ha pe3ynbpraTi BruurydeHHs O3
010TITIBKOIO Ma€ BIUTMB KOMIUICKCHUI TapaMeTp ¢, , IKHH MOB'I3aHHH 3 BIZIOMHM B

niteparypi moxynem Tins & =./1,25¢, . binbii 3HaueHHS ¢ TOKa3ylOTh, IO
mpolecu peakii OiyblIe BIVIMBAIOTh, HIXK MpouecH Andys3ii, 1o B HiIOMY CYTTEBO
00yMOBIIIOE CKJIQJIHICTh OIIIHKM mapameTpa ¢, . llpouecu macomepeHocy B
reTeporeH i crpaThudikoBaHiil OIOMIIIBII 3aJie)kaTh TAaKOX B KoedilieHTa
edexrtuBHOT udy3ii D, 1 Bix koHmentpamii X, , IO BpPaxoBaHO, SK BXKE
3a3HAYAJIOCh BULIE, 1APAMETPOM 1/ = Dy

L1

.IIpu w >1,5 B 3MiHI KOHIIEHTpAaIill Ha

BHXOJI 13 GiomniBku Ly, CyTTEBHX 3MiH He CIIOCTEPIranoch.

BucnoBku
IIpoBeneni  TeoperwuHi  mochifpkeHHs  BuiydeHHs O3 HEOJHOPITHOIO

(cTpaTrdikoBaHOK) TETEPOTCHHOIO OiOTUTIBKOI JTO3BOJWIA 3pOOWTH HACTYIIHI
BUCHOBKHU:
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1. B peampHuUX ymoOBax BWIIy4YeHHs 3a0pyJHEHb OlOJOTIYHHMMH METOAAMH B
pi3HUX OiopeakTopax 3a paxyHOK 3aKpilUIeHOro O0iomeHOo3y BigOyBaeThCs
MEPEBAKHO OiOTLIIBKOIO CKIIaTHOI HEOTHOPIAHOT CTPYKTYPH.

2. Jlna omiHka poOOTH Takoi OIOIUIIBKM HEOOXIMHO MOCTIIUTH (DAKTOPH Ta
BH3HAYUTH MApaMeTPH, IO XapaKTEPHU3YIOTh i aKTUBHICTH 1 CTPYKTYpPY, a came:
MPOLIECH MAacOIEePeHOCY 3a0pyJHEHb B 00’eéMi OIOIUIIBKM Ta aKTHBHICTH 1X
BHJIY4YEHHSI 3MIHHOIO MIUTEHICTIO MIKPOOPTaHI3MiB IO TOBIIHHI OiOTITiBKH.

3. Tlpomecu wmacomepeHocy B TeTeporeHHild cTpaTudikoBaHiil OiomiBIi

BH3HAYAIOThCs Koedirientom edpektuBroi mudysii D, skwuit 3anexuts Bix
minbHOCTI (KoHIeHTparii) X | . B 3Bs13Ky 31 3MiHOIO KOHIIEHTpalii X | MO TOBIIHHI
OlOTUTIBKK 13 30UTBIIEHHSM BiJ TMOBEPXHI O JHA CIOCTEPITAETHCS 3MEHITICHHS
napamerpa D, no ToBmmui OiormiBkn. Ha  0ocHOBI  mpoBeaeHHX

eKCIIEPUMEHTAIBHUX JOCII/DKEHb 3MiHa mapamerpa D| mo toBumui Giommisku

0

D, &

npuiiManach 1o JiHIHHOMY 3aKOHY 1 BpaxoByBaJlaCh HapaMeTPoOM |y =

bOMY 3HauHe 3MeHIIeHHs Koedinienra D| mo ToBumui GiomniBku xapakrepusye
BiJIMTOBiTHE 301MbIIeHHS TapameTpa i . Ciix 3a3HaunTH, 10 TIpH 3Ha4YeHHi i >1.5,
3TiTHO 3 OJEpKaHUMH 3HAYSHHSIMH KOHIIEHTpAIlii Ha BUXOJi i3 OiOTUTIBKH L51,

CYTTEBUX 3MIiH B OUMCTII HE BiIOYBAETHCS.
4. 3HauHuil BIUIMB Ha pe3ybTaTi BriIydeHHs O3 0i0I1iBKOI0 Ma€ KOMIJIEKCHUHN
napamerp ¢, SKMH TOB's3aHMi 3 BigomMuM B JiTepaTypi Moxmyiem Tims

@ =,/1,25d, , 1o BHKOPHCTOBYyBaBCsl Ipu peanmizanii mozpenei. Tax, Oinmbmi
3HAUCHHS MapamMeTpa & TOKa3yIOTh, IO MPOLECH PeaKIlii OIbIIe BIUINBAIOTH, HIXK
npouecu nudysii. IIpore, ckiagHicTh TPOBEACHHS OLIHKU BIUIMBY IapamMerpa o
MOJISITAE y TOMY, IO MPOIECH PEaKIlii 3a1ekaTh Bia mijibHocTi X | B Giorumisii, B
cBot0 uepry koedimient mudpysii D, rtakox 3amexwuts Bifg mimeHOCTI X |,

3MEHILYIOYUCH 31 30UtbIeHHsM X | .

5. 3rigHO 3 TMpPOBEIEHHMH TMONEPEAHIMU AOCHIIKCHHAMH 3 JESIKUM
HaOMIDKEHHAM MOXKHA BBaXKaTH, L0 KIHETHMKA PEaKLii Meplioro Ta HyJIbOBOTO
MOPSIKIB B NMPAKTHYHUX PO3paxXyHKAaX MOXKE BUIMOBIIATH  BiJIHONICHHSIM

KmL

Kml_ = >2+3 i |Zm|_<0,15-0,2, T00TO, B Mexax 0,15< KmL<3 1 npu

a
po3paxyHKax KiHeTHK peakiiii R, HeoOXimHo mpuitmMaty piBHSHHI MOHO.

6. IlpoBeneHuil aHaji3 TEOPETHUHUX MOCITI[HKEHb MOKAa3aB, IO IEPEBaXKHE
BUITYYEHHsI CyOCTpaTy BiI0OYBAEThCS Ha TIOYATKOBIH TUISHII O10TUTIBKH, SIKa CKIIaJ1a€
HabmkeHo 20—25% Bif 3arajibHOT TOBIIMHY OiOTLTIBKH O .

CrtBopeHa MoJeNlb TETEPOreHHO CTPaTu(ikoBaHOI CTPYKTYpH OlOILTIBKH
JI03BOJIMJIA IPOBECTH MTOPIBHSUTLHUH aHANI3 1 OLIHKY Pi3HUX JIOCHIKEHb BUITYYCHHS
3a0pyHEHb B MPOIECI OYMCTKH B TOMOTCHHIM IO CTPYKTypi OlommiBmi 1o i
TOBIIMHI.
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BceranoBiieno, mo eQeKTHBHICTh BWIyYeHHS 3a0pyAHEHb B 3HAYHIA Mipi
3aJIeKHUTh Big mapamerpa . Tak, MpuW BHCOKUX 3HAYCHHSAX | TOMOTEHHA i

cTpatu(dikoBaHa OIOIUIIBKM TOKa3yIOThb Mai’ke OIHAKOBI 3HAYEHHs MIKpOOHOI
aKTUBHOCTI, TOOTO, NpH CTpaTU(iKOBaHIA OIOIIIBLI 3 HU3BKUM 3Ha4deHHAM D,

3arajgpHa i1 aKTUBHICTH HAOIMKAETHCS IO aKTUBHOCTI TOMOTEHHOI, a MPH HU3LKHUX
3HAYEHHSX y TOMOTEHHA i cTpaTu(ikoBaHa O10TUTIBKH MOKA3yIOTh Pi3Hi aKTUBHOCTI

1 1s pi3HMLS 3aJEeKUTh B OCHOBHOMY Bia KoedimieHTa edektuBHOi nudysii Ha
BUXOJI i3 OlomniBku D, .

B minoMy akTHBHICTH TOMOTEHHOI OIOIUTIBKM MOXe OyTHW HIDKYa, BHINA 1
JOPIBHIOBATH aKTHBHOCTI cTpaTH(dikoBaHoi OiomiBku. CTpatudikoBana GiorumiBKa
31 3HaYHMM Koe(iieHToM epeKTHBHOI 1udysii D), (B KiHLI O10MIIIBKM) MA€ MEHIILY

aKTHBHICTh, HDK TOMOI€HHA 13 cepelHIM 3Ha4YeHHSM KoedilieHta audysii

:M a cyOcTpaT, BiJ SIKOTO 3aJIEXKUTh 3POCTAHHS MIKPOOPTaHi3MiB

L com 2 ! ? ’
MPOHMKAE TIHOIIE B cTpaTU(iKoBaHil O10ILTIBII, Hi)K B TOMOTEHHIH.

HaBenenwii mopiBHAIBHIA aHANI3 BUKOHAHO HA OCHOBI BUKOPHCTAHHS KiHETHKU

peaxiiii HyJIbOBOTO MOPAIKY. B mepcrekTuBi qoniasHO Oy/ie IPOBECTH 3a3HAYCHU I

aHaJi3 115l yMOB BUKOPHCTAHHS HEJiHiMHOT KiHeTHYHO1 peakiii MoHo.
CIIMCOK JIITEPATYPU

1. Beyenal H., Lewandowski Z. (2005). Modeling mass transport and microbial activity in
stratified biofilms. Chemical Engin. Science. Ne60. P. 4337-4348.

2. Elenter D., Milferstedt K., Zhang W., Hausner M., Morgenroth E. (2007). Influence of
detachment on substrate removal and microbial ecology in a heterotrophic/autotrophic
biofilm. Nat.Resour. 41. P. 4657-4671.

3. Henze M.M.,, van Loodsdresht M., Ekama G.A., Brdjanovic D. Biological Wastewater
Treatment (2008). IWA Publishing. 511 p.

4. Lee MW, Park .M. (2007). One-dimensional mixed-culture biofilm model considering
different space occupancies of particle components. Water Res. No. 1-41-1-44. P. 4317-4328.
5. Onmiitauk O.41., AiipanetsH T.C., Kypraaceka C.M. (2016). AHami3 i qestki pekoMeHaarii
JI0 pO3paxyHKy KHCHEBOTO PEXKHIMY B aepOTEHKAX MPU OYHCTII CTIYHUX BOJI BiJ OPraHIYHUX
3a0pyIHEHD 3BaKEHUM 1 3aKpiuieHnM OiorneHo3oM. Hayk. BicHuK OynmiBHUITBa, XHYBA,
Ne3 (15). C. 177-184.

6. Wanner O., Ebert N.I, Rittman B.E. (2006). Mathematical modeling of biofilms.
Scientifical Technical Report, Nel18. 208 p.

7. Henze M., Harrenoes P., Jansen C., Arwin E. (2002) Wastewater Treatment. Springer:
Berlin — New-York, 430 p.

8. Oumiitauk O.51., Aipanersia T.C., Kanyrun FO0.1. (2019). MonenroBanHs i po3paxyHKd
OYHCTKH CTIYHHX BOJ B aepPOTCHKAaX-3MIIlyBa4ax 3aBUCIUM 1 3aKpiIUleHUM OiOIIEHO30M 3
BUKOPHCTAaHHSIM HelliHiHHOI KiHeTuk MoHo. HaykoBuii BicHUK OyaiBHUIITBA, XapKiB, T.97,
Ne 3. C. 113-122.

9. Beyenal H., Tanyolag A. (1994). A mathematical model for hollow biofilm reactors.
Chem. Engin. Journal, 56. P. 853-859.

10. Wasche S., Horn H., Hempel D.C. (2002). Influence of growth conditions on biofilm
development and mass transfer at the bulk/biofilm interface. Water. Res., vol. 36. P. 4775—
4784,

Cmamms naditiuna 0o pedakyii 21.02.2023 i npuiinsima 00 OpyKy NIl PeyeH3V6anHs
19.06.2023

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023



REFERENCES

1. Beyenal, H., & Lewandowski, Z. (2005). Modeling mass transport and microbial activity
in stratified biofilms. Chemical Engin. Science, 60, 4337-4348.

2. Elenter, D., Milferstedt, K., Zhang, W., Hausner, M., & Morgenroth, E. (2007). Influence
of detachment on substrate removal and microbial ecology in a heterotrophic/autotrophic
biofilm. Nat.Resour., 41, 4657-4671.

3. Henze, M.M., van Loodsdresht, M., Ekama, G.A., & Brdjanovic, D. (2008). Biological
Wastewater Treatment. IWA Publishing.

4. Lee, MW., & Park, .M. (2007). One-dimensional mixed-culture biofilm model
considering different space occupancies of particle components. Water Res., 1-41-1-44,
4317-4328.

5. Oliynyk, O.Ya., Airapetian, T.S., & Kurganska, S.M. (2016). Analysis and some
recommendations due calculation of the oxygene regime in aerotanks at the treatment of the
waste waters with organic pollutions by the suspended and fixed biocenosis. Scient. Visnyk
of Building. Kharkiv, 3(15), 177-184 [in Ukrainian].

6. Wanner, O., Ebert, N.I., & Rittman, B.E. (2006). Mathematical modeling of biofilms.
Scientifical Technical report. Ne18. 208 p.

7. Henze, M., Harrenoes, P., Jansen, C., & Arwin, E. (2002). Wastewater Treatment.
Springer: Berlin - New-York.

8. Oliynyk, O.Ya., Airapetian, T.S., & Kalugin, Yu.l. (2019). Modeling and calculations of
the waste waters treatment in aerotanks-mixers by suspended and fixed biocenosis using of
the nonlinear Monod Kinetic. Scient. Visnyk of Building, Kharkiv, 3 (97), 113-122
[in Ukrainian].

9. Beyenal, H., & Tanyolag, A. (1994). A mathematical model for hollow biofilm reactors.
Chem. Engin. Journal, 56, 853-859.

10. Wasche, S., Horn, H., & Hempel, D.C. (2002). Influence of growth conditions on biofilm
development and mass transfer at the bulk/biofilm interface. Water.Res., 36, 4775-4784.

The article was received 21.02.2023 and was accepted after revision 19.06.2023

Ouiiinuk Ouexcanap SAxoBu4

4jieH-KopecnoHieHT HarionansHol akaiemii Hayk YKpaiHH, JOKTOp TEXHIYHHX HayK,
npodecop, 3aBiAyrOUNid BIAIIIOM NPUKIAAHOI TiAPOAWHAMIKM [HCTUTYTY TiApOMeXaHiKu
HAH VYxkpaiau

Anpeca po6oua: 03057, Ykpaina, m. Kuis, Byin. M. Kanuicr, 8/4

Teaunma Cepriii BacunboBuu

KaH/IW/JaT TEeXHIYHMX HAyK, CTapIINil HayKOBHMH CHiBPOOITHHUK IHCTHTYTY rizpomexaHiku
HAH Vkpainu

Anpeca po6oua: 03057, Ykpaina, M. Kuis, Bysn. M. Kannict 8/4

ORCID ID: https://orcid.org/0000-0003-0109-0696 e-mail: sertelyma@gmail.com

Kanyrin IOpiii IBanoBuy

KaHAuAAT (i3.-MaT HayK, CTapIINi HAYKOBUH cHiBpoOiTHUK [HCTHTYTY Tinpomexaniku HAH
VYkpainu

Anpeca podoua: 03057, Ykpaina, m. Kuis, Byn. M. Kannicr, 8/4

ORCID ID: https://orcid.org/0000-00030720-0665 e-mail: forkalugin@ukr.net

Ouiiinuk €Bren OQekcaHAPOBHY

npoBigHMH iHxeHep [HcTuTyTy rigpomexaniku HAH Ykpainu
Anpeca po6oua: 03057, Ykpaina, m. Kuis, By;n. M. Kamnnicr, 8/4

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023


mailto:forkalugin@ukr.net

UOT 631.4

Mustafa G. Mustafayev?, Doctor of agricultural sciences
ORCID ID: https://orcid.org/0000-0003-2071-3078 e-mail: meliorasiya58@mail.ru

A.I. Hajiyev? doctor of philosophy in agrarian sciences
e-mail: aslan.haciyev@gmail.com

A.Kh. Hasanova?, doctoral student, assistant
e-mail: arzu.rzayeva.1980@mail.ru

IMinistry of Science and Education Republic of Azerbaijan Institute of Soil Science and
Agrochemistry, Baku, Azerbaijan Republic
2Azerbaijan Architecture and Construction University, Baku, Azerbaijan Republic

THE POTENTIAL DEVELOPMENT WAY OF AZERBAIJAN'S
MELIORIATION AND WATER MANAGEMENT AREA

Summary. The article is devoted to improvement of the agriculture of the Republic
of Azerbaijan, creation of an abundance of crops, solution of the reliable supply of
food products to the population, provision of efficient use of water resources in the
country, improvement of water management, etc. The ways of development of the
country's reclamation and water management by summarizing the results of multi-
year data and scientific-research works were examined and noted, the reforms
carried out in this field, major construction works, the potential development of
grain growing, cotton growing, tobacco growing, cocoon growing and other fields
in the country, as well as new information on the melioration measures performed
as a result of the implementation of the tasks related to the creation of agroparks
and large farms was examined, as well as information was given on the works being
carried out on the improvement of the melioration potential, and the improvement
of the water supply and melioration condition of the irrigated lands with the
implementation of the measures planned for the future, the improvement of the newly
irrigated lands as a result of its commissioning, reliable provision of bread and food
products to the country's population at the expense of domestic production;
Information about the implementation of various projects for the protection of
buildings and other infrastructure objects from the harmful effects of floods and
floodwaters, and for their more efficient use due to the regulation of water resources
of rivers has been mentioned.
Key words: Agriculture; water resources; land reclamation; arable land;
groundwater;, main canals; collector-drainage network.
https://doi.org/10.32347/2411-4049.2023.3.21-28

Introduction

The Republic of Azerbaijan is located in a zone with very complex natural and
geographical conditions and is a country with ancient irrigation agriculture. As the
territory of the country is located in a dry and arid zone, it is impossible to grow
agricultural products here without irrigation, reclamation and development of water
management. It is difficult to harvest agricultural crops without irrigation in the
arable Kura-Araz plain of the area. Despite the fact that the history of irrigation dates
back to ancient times, the construction of engineering irrigation systems in this zone
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began at the beginning of the 20th century. Research conducted in this zone shows
that there is no natural flow of drain water. Therefore, it is very important to build a
collector-drainage network along with the irrigation network in this zone.

As a result of the implementation of these measures, the improvement of the
water supply and melioration condition of the lands in our republic, the reliable
provision of food products to the country's population as a result of the use of newly
irrigated lands, the protection of residential areas, agricultural fields, hydrotechnical
facilities and other infrastructure facilities from the harmful effects of flood and
flood waters, rivers due to regulation of water resources, it will be possible to use
them more efficiently.

Research object and methods

As a research object, water physical and chemical properties of irrigated lands of the
Republic of Azerbaijan, their modern meliorative condition were studied and
analyzed based on literature data. Methodological study of the specified research
object is evaluated based on the accepted methods in the study of land reclamation
issues. For this, a systematic approach and systematic analysis methods were used
in the study of the issues.

Analysis and discussion

In our republic, which is an ancient irrigation farming country, the development of
reclamation and water management, which plays an important role in the rise of
agriculture, the creation of crop abundance, and the reliable supply of food products
for the population, the reforms carried out in this field, large-scale construction
works, the creation of a wide reclamation potential and the adoption of prospective
programs are part of world politics. It is related to the tireless activity, hard work and
visionary policy of Heydar Aliyev, a well-known leader, a wise and visionary
politician, the national leader of the Azerbaijani people [1].

This area has been in the spotlight in recent years. Thus, the organization of the
normal operation of the reclamation and irrigation systems, the repair and restoration
works in the required volumes, the improvement of the water supply and reclamation
condition of the irrigated lands, the continuation of the fight against floods and
floodwaters and other relevant measures were implemented. So, at the expense of all
financial sources, in 2004-2021, construction, reconstruction and restoration of
4.6 thousand kilometers of irrigation canals, 3.4 thousand kilometers of collector-
drainage networks, water supply of lands on 483 thousand hectares and 307 thousand
hectares of land improvement of the land reclamation was completed,
204,000 hectares of newly irrigated land areas were included in the crop rotation.
More than 800 kilometers of existing soil protection dams have been substantially
raised and strengthened, 203 kilometers of flood protection measures have been
implemented in rivers, 3,061 subartesian wells have been dug and put into use to
improve the supply of irrigation water to agricultural fields, as well as to meet the
population's need for drinking water. 4 reservoirs with a total water capacity of
456 million cubic meters (Takhtakorpu, Shamkirchay, Tovuzchay, Goytepe) were
built, as well as 3 reservoirs with a total water capacity of 15.5 million cubic meters
(Pirsaatchay, Zogalavachay, Lavain) were repaired and restored [2].
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The construction of the Khanarkh canal included in the "Reconstruction of the
Samur-Absheron irrigation system™ project in 2006, the restoration of the main
intake facility located on the Samur river, the construction of the main water drain
near the Samur river, the length of the first 50 kilometers of the Samur-Absheron
canal and the length located in this section Reconstruction works of 185.7 kilometers
of inter-farm canals were completed in 2007.

The construction of the 3rd part of the Main Mil-Mugan collector, which ensures
the discharge of saline groundwater from 500 thousand hectares of irrigated areas of
the republic to the Caspian Sea, was completed in 2006 and connected with the
Mil-Karabakh collector [3, 4, 5, 6].

In order to transfer water from the 50th kilometer of the Samur-Absheron canal
to the Takhtakorpu reservoir, the construction of the 32-kilometer-long Valvalachay-
Takhtakorpu canal, which was started in 2008, and the Takhtakorpu reservoir with a
total water capacity of 268.4 million cubic meters (with a Hydroelectric Power
Station with a total capacity of 25 MW together) and the construction works of
Takhtakorpti-Ceyranbatan canal, which is about 108 kilometers long, were
completed in 2013.

On November 15, 2014, the opening ceremony was held in the presence of
Mr. Ilham Aliyev, the President of the Republic of Azerbaijan. The construction
works of 60.5 kilometers long highway canals, which will provide the construction
of the Tovuzchay reservoir with a total water capacity of 20 million cubic meters
was completed in 2016.

In order to fulfill the tasks given by the President of the Republic of Azerbaijan
regarding the development of grain growing, cotton growing, tobacco growing,
cocoon growing and other fields in the country, as well as the creation of agroparks
and large farms, the Joint Stock Company organizes the normal operation of
reclamation and irrigation systems, improves the water supply and reclamation
condition of irrigated lands, expands the fields, fighting against floods and
floodwaters and other directions, continued its successful activities in 2021, as in
previous years [1].

In order to create agroparks, large-scale grain growing, cotton growing and other
farms, the works of increasing the pumping capacity of the pumping station of the
Shamkir machine channel and installing the 1202 pogonometer sections of the
3775 pogonometer pressure pipeline for the repair and restoration of its first turn
have been completed. In order to provide irrigation water to 6,955 hectares (of which
1,582 hectares are newly irrigated areas) of Goranboy region, construction of
15,413 pogonometer long concrete-lined inter-farm distribution canals was carried
out in the zone of the second turn of the Shamkir machine canal. Works on the
construction of 9,506 square meters of reinforced concrete lined distribution
channels and 12,000 square meters of emergency drainage channels with facilities
for irrigating 9,461 hectares of new land located on the left bank of the new tributary
canal of Araz have been completed. 25,335 pogonometers of closed drains and
108,032 pogonometers of closed drains were built to improve the melioration of
3,500 hectares of winter pasture land in Sabirabad region.

With the completion of irrigation water supply works for 2960 hectares of land
belonging to the agricultural park in Yevlakh district, construction of 1 reserve water
pool with a volume of 100 cubic meters, installation of mechanical and electrical
equipment of the pumping station, external power supply and laying of pipelines
with a pressure of 13114 pogonometers were carried out. In order to create an
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agropark of 12,300 hectares in Sheki and Oguz regions, joint construction works
with 4,820-meter-long closed collector and water coolers were carried out, and
3,860 hectares (of which 560 hectares are new irrigation gas fields) were provided
for Agsu region. 3775 pogonometers of the channel are being reconstructed [2, 3].

Distribution of 4150 pogonometers of reinforced concrete distribution channels
to improve the water supply of 1496 hectares of land in Mughanli of Aghstafa region,
and | level pumping station, 4006 pogonometers of pressure pipeline, 1617 meters
long pipeline to improve the water supply of 865 hectares of Ikinki Shikhli village
of Gazakh region. work has been done. In order to improve the water supply of
agricultural crops on the Absheron peninsula, 256 pogonometer sections of the
Absheron main canal were reconstructed and the construction of the
885 pogonometer closed construction in the Binisi part of the canal was completed.
By the Decree of the President of the Republic of Azerbaijan, 3,600 hectares
(of which 450 hectares are newly irrigated areas) in 177 settlements of 38 cities and
districts of the Republic of Azerbaijan are provided with irrigation water for
agricultural fields and yard plots used for cultivation, to improve water supply, and
to meet the population's need for drinking water. Project-estimate documents of
20 subartesian wells are prepared and drilling works are being carried out. At the
same time, drilling works in the remaining 71 subartesian wells from 2020 were
completed and put into operation. Delivery of irrigation water from the Kura river to
the land belonging to the agricultural park in the territory of Hajigabul region with a
pumping station with a consumption of 3.0 m*/sec.

The results of long-term experiments show that the compaction of the subsurface
layer can be eliminated by plowing to a depth of 60 cm and deep-loosening to a depth
of 1.0 m. In places where deep plowing and loosening has already been carried out, it
IS necessary to use crop rotations: here are the main agricultural crops (cotton, cereals)
must necessarily be replaced by alfalfa for three years. In order to obtain high yields
from loosened soils, it is necessary to apply two-tiered organic and mineral fertilizers
(to the arable and sub-arable horizons separately). Such a system of agriculture mixed
with cultivated plants creates a powerful highly fertile layer in the soil for three years,
the thickness of which reaches 50-60 cm or more [7, 8, 9, 10, 11].

Retaining walls 1863 pogonometers long were built in the rivers passing through
the territory of Balaken, Gakh, Sheki, Gabala Guba, Khachmaz, Aghjabedi and
Lankaran regions of the republic for strengthening the banks and eliminating the
emergency situation in the rivers due to flood and flood conditions.

Improvement of water supply to crops in Tovuz, Aghstafa, Gazakh, Oguz, Zardab
and Saatli districts, provision of water to livestock complex in Shamakhi district,
protection of border posts in the territories of Gakh and Gusar districts and the
territory of Viravul village of Lankaran from floods and flood waters of the
Viravulchay river is ensured. the preparation of project documents for the work has
been completed.

At the same time, in accordance with the implementation of the projects included
in the "Measure Plan for 2020-2022 on ensuring the efficient use of water resources"
approved by the relevant Decree of the President of the Republic of Azerbaijan, the
length of 29.5 kilometers, with a consumption of 12 kbm/sec, the Kyzylarkh Canal,
22.4 kilometers long, with a consumption of 20.2 kbm/sec, and the length of the
Tartar Left Bank, for providing irrigation water to 29,660 hectares of land in Tarter,
Goranboy, Yevlakh and Barda regions. Work on the technical and economic
justification of the reconstruction of the Xanarkh canals with a length of
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12.6 kilometers and a consumption of 10 kbm/sec, and the Upper Zeykhur canal with
a length of 42 kilometers and a consumption of 4.5 kbm/sec, which provides
irrigation water for 6091 hectares of cultivated land in Gusar region, has been carried
out [2, 3, 4].

Thanks to the projects implemented by the society in 2021, the water supply of
9.5 thousand hectares of land and the reclamation condition of 3.5 thousand hectares
of land were improved, and 2.1 thousand hectares of new land was provided with
irrigation water. Management and affiliation of the Commission established by the
Decree of the President of the Republic of Azerbaijan dated April 15, 2020
"On measures related to ensuring the efficient use of water resources"” with the aim
of ensuring the efficient use of water resources in the country, improving the
management of water management and coordinating activities in this area with the
participation of institutions, in the conditions of last year's severe drought and water
shortage, appropriate preventive measures were taken to ensure the supply of
drinking and communal water to the population, water supply to agricultural fields,
and electricity production, working regimes for water reservoirs and main canals
were prepared in an efficient manner and proper distribution of water, efficient and
economical use of water was ensured [4, 5, 6].

As is known, the yield on irrigated lands is higher than on non-irrigated ones. In
light of this, one of the main conditions for creating food abundance is to increase
the area of irrigated farmland. To do this, reservoirs should be created and irrigation
channels should be built taking into account the relief conditions and water resources
of the country. The creation of such a system will increase yields on non-irrigated
areas, while at the same time restoring the fertility of these soils [10, 11, 12].

In order to improve the water supply and melioration condition of the irrigated
lands, 58.0 million cubic meters (14,200 kilometers of irrigation, 1,900 kilometers
of collector-drainage network) of irrigation and collector-drainage networks were
desilted, 53 kilometer part was covered with concrete, 5250 hydrotechnical devices,
6100 subartesian wells, 330 pumping stations were fundamentally and currently
repaired. 16.3 million cubic meters of sewerage works were carried out in river
channels, 6.5 thousand cubic meters of rock-stone and fashin, 2.1 thousand cubic
meters of gabion dams were installed, and 25.7 thousand cubic meters of repair
works were performed on stone-concrete dams.

Reinforcement works were carried out on the 107.9-kilometer section of the earth
protection dams built along the Kura, Araz and mountain rivers that meet them, and
embankment works with 44,130 cubic meters of stone and concrete products were
carried out.

As a result of the measures taken, the irrigated land areas were mainly supplied
with irrigation water. All agricultural plants in the republic were irrigated 3 times on
average in the area of 1 million 443 thousand hectares. At present, the Society is
continuing to implement relevant measures in order to further improve the water
supply and melioration condition of agricultural fields. For the purpose of accurate
accounting of water resources, 18 modern water measuring devices were installed in
the main irrigation canals, and at the same time, an automated control system
(SCADA) was installed in 694 subartesian wells. At present, work is being done in
the direction of creating a centralized electronic accounting system for the Society,
an electronic database of reclamation and water management facilities, a single
electronic accounting database for human resources, financial and accounting, and
organizing electronic document circulation [1, 6].

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023



Construction of distribution canals for supplying water from the new branch of
the Araz River to newly irrigated lands, reconstruction of the Gazanarkh canal to
improve the water supply of farmlands in Agsu region, water supply to the
farmlands of Khanlig, Kemarli, Aslanbeyli, Gaimagli and Ikini Shikhli villages of
Gazakh region. restoration of pumping stations and underground irrigation
networks (on the Second Shikhli farm), increasing the pumping capacity of the
pumping station of the Shamkir machine channel and repair and restoration of its
turn 1, design and construction of inter-farm distribution channels in the zone of
the second turn of the Shamkir machine channel are planned. Also, carrying out
amelioration measures in the winter pastures located in Sabirabad and Salyan
regions, improving the supply of irrigation water to agricultural fields
(in Hajigabul region), designing and digging subartesian wells in order to improve
water supply in the regions, fighting against the harmful effects of flood and flood
dangerous rivers, and eliminating the emergency situation. measures, preparation
of technical and economic justifications and project documents of Hekarichay and
Bargushadchay reservoirs, repair and maintenance of Sugovushan (with
a 5.2-kilometer main canal), Khachinchay (with a 7-kilometer canal), Ashagi
Kondalanchay, Kondalanchay-1 and Kondalanchay-2 reservoirs. restoration,
preparation of the feasibility study and project documents for the restoration and
development of the melioration and water management complex in the liberated
territories of Agdam, Fuzuli and Jabrayil regions, reconstruction of the Tartarchay
Left Bank canal, Maiden Castle water Various measures are being taken by
preparing the technical and economic justification of the construction of the main
canal from the warehouse and project documents [1, 3].

Results

With the implementation of these measures, the improvement of the water supply
and melioration of irrigated lands, the reliable supply of bread and food products to
the population of the country due to internal production as a result of the use of newly
irrigated lands, the harmful effects of flood and flood waters of residential areas,
agricultural fields, hydrotechnical facilities and other infrastruc-ture facilities. there
will be ample opportunities to protect them from their effects, to use them more
efficiently due to the regulation of water resources of rivers.
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M.T'. Mycradaes, A.L. 'axxies, A.X. I'acanoBa
HOTEHIIMHUMI HIJISAX PO3BUTKY MEJIIOPAIIIL TA BOJOTOCIIOJAPCTBA
A3BEPBAMIKAHY

AHoTanig. Y craTTi po3MISHYTO HIISXH BJOCKOHAJICHHS CUIBCBKOTO TOCIIOJIapCTBA
AzepOaitkancbkoi  PecmyOmniky, WiABHINEHHS BPOXAWHOCTI CLIBCHKOTOCIIONAPCHKHIX
KyJIbTYyp, BHpIOIEHHS MpoOJeMH HaAIHHOTO TOCTa4aHHS HaceleHHS NpPOJYKTaMu
XapuyBaHHs, 3a0e3neyeHHs e(EeKTHBHOIO BHKOPUCTAHHS BOJIHHX PpECypcCiB KpaiHH,
yIIOCKOHAJICHHST YNpPaBIiHHSA BOJHOrO ToOCIoJapcTBa Touo. IIpoaHani3oBaHO ULISAXH
PO3BUTKY Metiopallii Ta BOJHOTO TOCIIoapcTBa KpaiHu 3a MiZicyMKaMy 0araTopiyHuX JaHUX
Ta HAYKOBO-JOCHITHHX pPOOIT, pedopMu, 10 MHPOBOMITHCA B Iil Taoy3i, KamiTalbHI
OymiBesabHI POOOTH, MEPCIEKTUBH PO3BUTKY 3€PHOBHX, OAaBOBHMIITBA, TIOTIOHHHUIITBA,
KOKOHIBHHIITBA Ta IHIIUX Taiy3ei, a TakoK HOBI BiJOMOCTI MPO TPOBEJCHI MEIIOpPaTUBHI
3aX0AM B pe3yJbTaTi BUKOHAHHS 3aBJaHb LIOA0 CTBOPEHHS arpomapkiB Ta BEIMKHX
(depmepcbkux TocrogapcTB. Takok HajgaHo iHQopMamilo NMpo poOOTH 3 IOKpAIIEHHS
MEJIiOpaTUBHOTO TIOTEHIiATy 3eMellb, MOJIMIIEHHS BO03a0e31eYeHOCT] Ta MeJIOpaTHBHOTO
CTaHy 3pOIIYBaHMX 3eMeIb 3 BAKOHAHHIM 3aXO0/IiB, 3aIUIAaHOBAaHUX Ha TIEPCIIEKTHUBY, HA/lilHE
3a0e3reueHHs] HaceJIeHHs KpaiHKu XJ1i00M 1 MpoyKTaMH Xap4yyBaHHS 32 PaxyHOK BJIACHOTO
BUPOOHMIITBA B PE3yJbTaTi BBEJCHHS B KOPHCTYBaHHS HOBHX 3pOIIYBaHHX 3EMellb,
HacelleHWX MyHKTiB. HaBenmeno iHdopmariito mpo peamizaiito pi3sHOMaHITHHX NPOEKTIB i3
3axucTy OyAiBenb Ta IHMMX 00’€KTIB iHPPACTPYKTYpH BiA IIKI[UTMBOI Iii MaBOJKIB Ta
MaBOJKOBHUX BOJ, 1X OLIbII €pEeKTUBHOTO BUKOPUCTAHHS 332 PAaXyHOK PETYJIIOBaHHS BOJHUX
pecypciB pivok.

Ki1r040Bi ci10Ba: cigbcbke rocmoapcTBO; BOIHI PECYPCH; MENiopaltis; pijuls; mia3eMHi
BOJIY; MaricTpajbHi KaHaJIH; KOJIEKTOPHO-IPEHAXHA MEpexKa.

Cmamms naditiwna 0o pedaxyii 22.03.2023 i nputinama 00 OpyKy nicia peyeH3y8aHHs.
26.06.2023
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PROBLEMS OF SAFE OPERATION OF ZAPORIZKA NPP
IN THE CONDITIONS OF WAR IN UKRAINE

Abstract. Among the specified types of terrorist threats, the most dangerous today
is the nuclear threat, which has moved from the realm of the probable to a real
military-terrorist attack on the Zaporizhzhia NPP and its capture by the occupiers.
Therefore, the issue of determining the level of nuclear and environmental safety of
Ukraine's nuclear power plants in extreme war conditions, using the example of the
situation that developed at the Zaporizhzhia Nuclear Power Plant (ZNPP), the
largest in Europe, is extremely urgent, precisely because of the station's location in
the war zone.

During the period of the full-scale war, there have already been dozens of warheads
hitting the objects of the critical infrastructure of the ZNPP, the external and
emergency power supply of the ZNPP (transformer equipment, power supply
systems to consumers, the premises of diesel generators, the industrial site of the
station, and others). There have been corresponding emergency shutdowns of the
power units of the ZNPP due to the blackout of the station and due to the forced
disconnection of consumers as a result of the destruction of various objects in the
power grid systems. These events cause great alarm and concern of the world public
regarding the possibility of new global nuclear-ecological disasters due to nuclear-
radiation accidents at the ZNPP. Many years of global experience in the operation
of nuclear power reactor facilities (NPRF) and their safety regulation, as well as
lessons from the largest nuclear and radiation accidents at NPPs, have revealed the
insufficient validity of traditional probability indicators and safety criteria for
NPPs, including the Zaporizhzhya plant. Probabilistic approaches to assessing the
objective level of safety of the Zaporizhzhya NPP in extreme conditions of war are
insufficiently substantiated, taking into account, among other things, the need to
predict the possibility of the occurrence of unlikely emergency events and their
combinations, which will have catastrophic consequences.

Therefore, conducting an objective assessment of the level of nuclear and radiation
safety at the ZNPP due to the station's location in the war zone, as well as
substantiating practical recommendations for preventing nuclear and
environmental disasters at the NPPs of Ukraine, is an extremely urgent issue for the
entire nuclear energy industry of Ukraine.

Keywords: Zaporizhzhia NPP; nuclear energy of Ukraine; nuclear and
environmental safety of ZNPP; extreme operating conditions of ZNPP in war
conditions; prevention of serious nuclear and environmental accidents and
disasters.
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MisxBigoMunii HaykoBUil LeHTp (QyHIAMEHTAJIBHMX AOCIIIKEHb 3 MUTAHb €HEPreTHKH i
exororii, M. Oneca, Ykpaina
2KuipchKuil HALIOHANLHMI yHiBepcUTET OyNiBHMIITBA i apXiTekTypu, M. Kuis, Ykpaina

IMPOBJIEMHU BE3NEYHOI EKCILTYATAIII 3AITIOPI3BKOI AEC
B YMOBAX BIMHH B YKPATHI

Beryn

Anomauin. Ceped GuU3HAUEHUX MUNIE MEPOPUCMUYHUX 3A2PO3, HA CbO2OOHI,
HaliHeOe3neyHiuow € 0epHa 3azeposd, sIKa nepeuuiia 3 obnacmi UMOGIPHUX 6
peanvHy 8o€HHO-mepopucmuuny amaky Ha 3anopizeky AEC ma ii 3axonnenms
oxynaumamu. Tomy, HAO36UYAUHO AKMYANLHUM € NUMAHHA BUSHAYEHHS DIiGHA
s0epHo-exonoeiunoi besneku AEC Vkpainu 6 excmpemaibHux ymMoeax GillHu Ha
npuxnadi cumyayii, wjo ckranacs Ha Haubinowin y €eponi 3anopisexi AEC (3AEC)
came 3 NPUYUH PO3MAULYBAHHS CMAHYIL 8 30HI O0UI08UX OIll.

3a nepioo nosnomacwmabHoOl 8iliHU JHCe CMANUCA OecAMKU NONAOdHb OOUOBUX
cHapAdie no o06'ekmax Kpumuuuoi ingpacmpykmypu 3AEC, 306niwnvoc0 ma
asapitinoco  enexkmponocmauanus 3AEC  (mpancdopmamopne obaadnanus,
cucmemu eleKmponoCmMadaHHs CRONCUBAYAM, NPUMILEHHS OU3elb-2eHepamopis,
HA NPOMUCTIOBUL MAUOAHYUK cmanyii i iHwi). BioOyauca 6ionoeioni asapitini
synunku enepeoonokie 3AEC uepes snecmpymnenns cmanyii ma uepes gumyuieHe
BIOKIOYEHHS CHOJICUBAYIB 8 Pe3YIbmami PyUHy8anHs pizHux 00 ekmie 6 cucmemax
enexmpomepedic. Lli nooii sukiuxaromos eiuxy mpueozy ma 3aHenoKOEHH s C8Imosol
2POMAOCLKOCMI U000 MONCIUBOCI BUHUKHEHHS HOBUX 2100ANbHUX A0EepHO-
EKOJI02IUHUX Kamacmpog) 6HACIIOOK A0ePHO-PAdIAYIUHUX 3aNPOEKMHUX a8apiil Ha
3AEC. Bacamopiunuii c@imosuii 00C8i0 eKChiyamayii s0epHux eHepeemudnHux
peaxkmopnux ycmanosox (FAEPY) ma pecyntoganms ix Gesnexu, a maxkoxic ypoxu
Haubinvwux a0epHux ma padiayitunux aeapiti nHa AEC seuasunu Hedocmamuio
00OIPYHMOBAHICMb MPAOUYITIHUX UMOGIDHICHUX NOKA3HUKIE ma Kpumepiie Oe3nexu
AEC i 6 momy wuucni 3anopisekoi cmanyii. IMOGIpHICHI nioxo0u OYiHKU
00'ekmuenoco pigus besnexu 3anopizvkoi AEC y excmpemanvhux ymoeax eiiHu
HEOOCMAamub0 OOIPYHMOBAHT 3 YPAXYBAHHAM, 6 MWOMY HYUCH, HeoOXiOHoCmi
nepeodoauamu MOACIUBICMb GUHUKHEHHST MATOUMOGIDHUX ABAPILHUX NOOJIU ma ix
KOMOIHAYIL, IKI MAMUMYMb KAMACMPOPIUHI HACTIOKU.

Tomy npogedenusn 06'ekmugHoi oyinku piens s0epHoi ma padiayilinoi be3nexu Ha
34AEC 3 npuyun po3mawyganus cmawnyii @ 30HI Oouogux Oill, a MAaAKoHC
00TPYHMYBAHHS ~ NPAKMUYHUX — PEeKOMeHOayili wodo 3anodicanns  A0EpHO-
exonoeiunum kamacmpogpam na AEC Vkpainu € Hnads3suuaino axmyaibHum
NUMAHHAM 07151 6CI€T I0epHOl enepeemuky Yxpainu.

Knwowuoei cnosa. 3anopisvka AEC; sadepna enepeemuxa Ykpainu, sdepho-
exonoeiuna besnexa 3AEC; excmpemanvhi ymosu excniyamayii 34EC 6 ymosax
BIUIHU, 3aN0DI2AHHS BANCKUM S0EPHO-EKOL0STUHUM A8APIAM ma Kamacmpogam.

https://doi.org/10.32347/2411-4049.2023.3.29-38

Tepopusm, SK COLIaJBHO-TIONITHYHE SIBULIE, Y PI3HOMaHITHHX (opMax CBOTO
nposiBy Hanpukinii XX Ha noyatky XXI cTomiTTs HaOyB CyTTEBO HOBHX SIKICHUX
puc. VY cepenuni 90-x pokiB Tepopu3M oxomnus noHaxa 100 kpaiH CBITY, a KiJIbKICTh
TepakTiB nepeBuimmia 25 tucsa [1]. Cepen BU3HAYCHHX THUIIB TEPOPUCTHUHHUX

3arpos,

Ha CLOFO,Z[Hi, HaMHEOE3MEUHIIIOI € AACpHa 3arposa, fKa nepeﬁmna 3

06JacTi IMOBIPHHX B peajbHy BOEHHO-TEPOPUCTHIHY aTaky Ha 3amopizbky AEC Ta
11 3aXOIJIEHHA OKYTIaHTaMHU.
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Meta podotu. O0'ekTHBHA OITIHKA PiBHA saepHOI Ta pazmiartiiinoi 6esmeku 3AEC
B EKCTPEMaJbHUX YMOBAaX BOEHHOI'O Yacy, a TaKOXX OOIPYHTYBaHHS MPAKTUIHUX
PEKOMEHIAIIH 1010 3am00iraHHs €KOJOTYHUM KaTacTpodam.

IlocTanoBka 3aaa4 i AocaigxkeHnb. TpaguIliifHO oIiHKa cTaHy (PiBHS) SAAEPHOL
Ta pagiariiinoi 6e3nekn AEC 3acHoBaHa Ha IMOBIPHICHHX Ta JAETEPMIHICTCHKUX
nokasHukax oesmeku [2—13].

OcCHOBHI IMOBIpHICHI TIOKa3HWKHA O€3MeKH y CBITOBIH SAepHIA eHepreTwuil
HACTYIIHI:

— IMOBIPHICTP BUHUKHCHHS SICPHOI (BaXKKOi) aBapii 3 IOMKOHKCHHIM
simeproro nanusa (UITA3 — yacToTa MONIKOIKEHHS aKTUBHOT 30HH PEaKTOPa):

UIA3 ~ IP,; (1)
— IMOBIpHICTh BUHUKHEHHS TPAaHUTHO JIOIYCTUMOTO PaIi0OaKTHBHOTO BUKUIY:
UIIAB ~ UIlA3 - P, @)

ne | — iMoBipHICTH BUHHKHEHHS BUXiMHOI aBapiitHoi moxii (BAII); PS — moxxmuBicTh
BIZIMOBM KPUTHYHUX 3MiH CHCTEM O€3IEKH SICPHUX EHEeproycraHoBok; Pb —
IMOBIpHICTh BIIMOBM 3aXUCHUX Oap'epiB Oe3MekH, IO 3amobiraroTb yMOBaM
PamioaKTUBHUX BUKHIIB.

B sxocti BAIIl pernaMeHTYIOThCSI TOi1/iHIMACHTH/IOPYIIEHHST HOPMaJIbHUX
YMOB €KCILTyaTallii, 110 IPU3BOIATH JI0 aBapiiiHOT 3yIIMHKH peaKTopa:

— Tedi/po3puBH TpPyOONMPOBOMIB Ta MAPOMPOBOJIB CHCTEM, BaXKIUBUX IS
Oe3neku saepHux eHeproycranoBok (CBb SIEY);

— 3HeCTpyMJICHHsS eHeproOiyiokiB; BiamoBu CBB HopmalibHOT ekcIuTyaTariii;
eKCTpeMalibHI TPHUPOIHI SBHIIA (3EMIIETPYCH, 3aTOIUICHHS, TOPHAIO, yparaHu
TOIIIO); MAJiHHsI BEJIUKUX 00'€KTIB HA CHEProOJIOK Ta iH.

3okpema, aBapiiiHi 3ynuaku eneproosiokiB AEC Fukushima-Daiichiy 2011 pomi
CTaINCSl aBTOMAaTHYHO 3a 3apEECTPOBAHMM CHTHAJIOM BHHUKHEHHS ITOTY>KHOTO
3emiieTpycy (3 eminieHTpoM y Tuxomy okeani Ha Biacrani monax 100 kM Bifg
y30epexOKs CTaHIII).

ImMoBipHicHI KpuTepii simepHoi Oe3neKu:

10* 1/ : - i SEY;
UITAS = 5 (peakrop - Tox) - I MIOYUX V; @)
10 1/(peaxrop - roxn) - it HOBUXSEY.

ImoBipHicHI kpuTepii pagianiiiHoi Oe3nexu:

UIIA3 = 10'573 1/(peaxrop - ron) - it girounx SEY; @
10" 1/(peakrop -ron) - it HoBuX SEY.

Bararopiunuii cBiToBuit n0cBin exciutyatauii AEY Ta perymoBanHs Oe3neku, a
TaKOX YPOKH HAHOUIBIINX SIACPHUX Ta pajialliiHUX aBapiii BU3HAUYMIN HEAOCTATHIO
OOIPYHTOBAHICTh TPAJWIIIHUX IMOBIPHICHHX TOKa3HUKIB Ta KpUTEpiiB Oe3meku
(1)—(4). 3oxpema, Bci eneproomoku AEC Fukushima-Daiichi wa wmomeHT
BUHHUKHEHHS BeiMkoi aBapii y 2011 poui BignoBigady BCTaHOBICHUM KpUTEPisM
siepHO1 Ta pamiariiitHoi Ge3meKu.
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[Hmi mpukTagy MOXyTh OyTH TIOB'SI3aHi 3 pe3yabTaTaMy IMOBIPHICHOTO aHaJi3y
oesneku (IAB) yxpaincekux SEY 3 peakropamu Tuny BBEP, B sikux BBaxanocs, 1110
BuHUKHEHHS! BAII 3 MOBHMM TpHBajiuM 3HECTPYMIICHHSM €HEProOJIOKIiB (aHaior
BAIl ma AEC Fukushima-Daiichi) abo TopHamo (cMepd) OyIb-sIKOTO Kiacy
IHTEHCUBHOCTI OAHO3HAYHO IPHU3BOAWUTH A0 BIIMOBH KPUTHUYHHUX Ui O€3MEKH
cucreM (Ps = 1). Ognak imoBipHOCTI nux BAII € 1ocHTh Manolo BEIWYHMHOIO, IO
3aJIOBOJIFHSIE BCTAHOBIEHUM KpHUTEpisM Ta ymMoBaM Oe3nexu. OIuH i3 OCHOBHHX
ypokiB dykyciMCchKoi aBapii — HEOOXiqHICTH MependadaTH MOXIINBICTh BAHUKHEHHS
ManoimoBipHux BAIIL, siki MaroTh KaTacTpodiuHi HACTIIKH.

TaxkuM 4yMHOM, 3aCTOCYBaHHs HMOBIPHICHHMX MiJXOJiB Ta METO/IB OLIHKU CTaHy
SIIEpHOI, pafiariiaoi Ta exoryoriynoi 6e3nexku 3AEC B ekcTpeMalbHUX YMOBax
BOEHHOTO Yacy HEJIOCTaTHHO OOIPYHTOBAHO 3 TAKUX NPUYWH:

— HEJOCKOHANICTh IMOBIPHICHMX METOJIiB OLiHKH piBHA Oesreku SEY;

— BiliceKkOBlI [nii He mepeadadyBaHi 1 MiAMOPAIKOBYIOTECS CTOXAaCTHYHUM
3aKOHOMIPHOCTSIM.

Binbm o0rpyHTOBaHUMU 111 00'€KTHBHOI OIIIHKK O€3MEeKH € JAeTepPMiHICTUYHI
METOMW Ta TMAXOAW, IO O0a3ylOThCS Ha AETEPMIHICTHYHOMY MOJETIOBaHHI
aBapiitHux nociigoBHocTeit BAIL.

JleTepMiHICTCBKUME KpUTEPISIMHA SIAEPHOI Ta paiaiiiiHoi Oe3nmeku 3a3Buyait
BHU3HAYEHO: TPaHUYHO IOMYCTUMI TEMIIEpaTypH SIEPHOTO MajiuBa Ta OOOJOHOK
TBEJNIB; TPAHUYHO JIOMYCTUMI TUCKH B PEAKTOpl Ta repMoo0’eMi (KOHTAHHMEHT);
TpAaHUYHO JIOMyCTHMa KOHIIGHTpAIlisl BOAHIO; TPAaHUYHO JIOMYCTUMI JIO3M
PanioakTHBHOTO OIIPOMIHEHHSI IEPCOHATY, HACEJICHHS Ta JOBKIJIIS.

VYpoku YopHoOminbebkoi Ta DyKyciMCbKOi aBapiii BH3HA4alOTh AKTYalbHICTh
JOJIATKOBUX JETEPMIiHICTCBKUX KPHUTEPIiB O€3MeKH: IPaHUYHO JOMYCTHMI yMOBH
BUHUKHEHHS MAapOBHX EHEPreTUYHMX BUOYXiB; TPaHUYHO JOMYCTUMi yMOBH
EKCTPEMaJIbHUX 30BHIIIHIX BIUIMBIB (3€MJIETPYCH, TOPHAI0, YparaHu, 3aTOIUICHHS
MIPOMHUCJIOBUX MalJlaH4YMKiB, BTpara KIHIIEBOIO IMOTJIMHAYA TeIJia, IaJliHHS
MOTY>KHUX 00'ekTiB Ha mpomMmMaiganunk AEC) Ta iH.

SAEY 3 BBEP MmawoTe y CBOeMy pO3NOpS/IKEHHI HEOOXiJHI CHUCTEMH [yis
3aro0iraHHs SAepHUM 1 pajiallifHUM aBapisiM MpH BpaxoBaHUX mpoekToM BAITI
(Teui TpyOOIPOBOMAIB, 3HECTPYMIICHHS eHeproOyoky, BiqmMoBu CBB HopmanbhOl
eKCIUTyaTallii, HeHaBMHCHI ITOMIJTKOBI JTii IepCOHAITy, 3eMIIETPYCH Ta iH.).

B exctpemanbHHX yMOBax BiHCbKOBOTO dacy ekcruryaTauii 3AEC BuxigHuMU
MOJISAMY SIICPHUX Ta PajiallifiHUX aBapiii MOXKYTh OyTH: pyWHYBaHHS 3aXHUCHHX
Oap'epiB O6e3nexu SIEY BHacHijok HABMHUCHOTO YU BHIIAKOBOTO BIIYYCHHs 00HOBUX
3apsiB; pyWHYBaHHS UM BiAMOBH KPUTHYHUX OO'€KTIB iH(pacTpyKTypH, fKi
3a0e3Meuy0Th 30BHIIHE YH aBapiifiHE eJIeKTPOCIIOKUBaHHs eHeprooiokie 3AEC;
3arorieHHs1 npomMaiinanunka 3AEC BHaciiok pyiiHyBaHHS Tpebii KaxoBcbkoro
BOJIOCXOBHIIIA; MOMAaHHS MOTYKHUX OOHOBUX 3apsiB Y CTaBOK-OXOJOKYBay Ta
1HIII.

Ho nepmioi rpynu BAIT B ekcTpeMallbHUX yMOBaX €KCIDTyaTallii BiliChKOBOTO
gacy 3AEC BimHOCATBCS: TOMKOMKEHHA a00 pyHHYBaHHS 3axHCHUX Oap'epiB
oesneku SIEY (3axucHa oGosnonka repmoob'emy — 30 'O, kopmyc peakropa,
TerI0BUALISIOUl 30ipku — TB3, 00010HKH Ta MajvBHA MATPHIISA, TBEJ) BHACIIIOK
30BHIIIHBOTO BIUIMBY OOHOBUX 3apsiB.

BignosigHo mo mnpoektHOi gokymeHTamii 3AEC rpaHuyHO momycTHMUMR
HajuumkoBui THCK y ['O cranoButs 0,5 MIla. Ile rpanndyHe 3HAaYCHHS TUCKY MOKE
OyTH B3ATO KOHCEPBATHUBHO 3a OCHOBY OIIIHKH TPAaHUYHOI MOTYKHOCTI OOMOBHX
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3apsagiB  pyiayBanHs 30 ['O. Ilpum mpoMy HEOOXiIHO BpaxoBYBaTH, IO
eKCIUTyaTaliiHi BumpoOyBaHHs Ha repmeruuHicth 30 ['O mpoBoasThCA mpH
HaanumkoBux tuckax 0,07 Mlla. Ipote, Tinbku pyiinyBanns 'O He Moxke OyTH
0e3mocepeTHROI0 MTPUIHHOIO SISPHOT aBapii (3 MOMTKOKEHHSIM SIISPHOTO TTAJINBA).
Juig iporo moTpiOHA mojanbpina pyiHHaLis 3aXUCHUX Oap'epiB Oe3mexu.

I'pannyno gomycTUMUH THCK (32 YMOBaMH CIpalbOBYBaHHsS iMITYJIbCHO-
3amoODKHUX KIIamaHiB) Ha Koprmyc siaepHoro peakropa BBEP — 17,0 MlIla. Lle
IPAaHUYHO J[OIyCTUME 3HAYEHHS HANpPyrd y MeTall KOpPIyCy peakTopa IpH
30BHIIIHIX AWHAMIYHUX HABAaHTAXKECHHSIX MOXKe OyTH KOHCEPBATHBHO MIPUHHATHAM 3a
OCHOBY OLIHKM TPaHWYHO JOMYyCTUMOi MOTYKHOCTI OoioBOro  3apsmy
MOIIKOKEeHHsT abo pyhHyBanHa Kopmycy BBEP. Ilpum mpomy HeoOxigHO
BpPaxoBYBaTH, 1[0 OCHOBAa KOPIYCy peakTopa — I CTalb TaHKOBOi OpoHi. Tomy
OLTBII peanicTHIHUMH YMOBaMH TOMIKOKEHHS a0o pyiiHyBaHHs koprycy BBEP e
00MOBI 3apsan, 3MaTHI TpoOuTH OpOHIO CydacHHWX TaHKiB. Kpim Toro, HeoOXimHO
BpaxoBYBAaTH, III0 JUIIE TOPYIICHHS MUTICHOCTI KOPIYCY peakTopa He MOXe OyTH
JOCTaTHBOI0 YMOBOKO JJISl TIOYATKy siAepHOI aBapii. PeanpHO nuime mopymieHHs
LLTICHOCTI KOPITyCY peaKkTopa BiAIMOBiAae yMOBaM MaKCHMAIbHOI MTPOEKTHOI aBapii
(MITA) — TiTPHOTHHHUI PO3PWB TOJOBHOTO NHPKYIALMIAHOIO TpPyOOMPOBOILY
PEaKTOpPHOTO KOHTYPY.

Uucnenni pesynstaTd  MojentoBanHs MITA BBEP-10000 ma  ocHoBi
JETEPMiHICTHYHUX KOMiB BCTAHOBWIIM, IO 32 YMOB 30€peKeHHS MPalne3JaTHOCTI
KpUTHYHUX (17151 3a0e3medyeHHs] Oe3nekn) KoHQirypalii cucreM Oe3leku yMOBH
Moyatky siepHoi aBapii (IpU AOCSTHEHHI TPaHUYHO JOMYCTHMOI TEMIEpaTypH
00OJIOHOK TBENIB JUIsl TOYATKY IHTEHCH(IKalii MapOIMPKOHIEBOI peakIlii mpu
1473 °K) He BUHHUKAIOTH NIPH MaKCUMaJbHil MpoekTHil aBapii (MIIA).

TakuMm YMHOM, Ha OCHOBI Pe3yJNIbTaTiB MPEJCTABICHOrO aHalli3y BCTAHOBIECHO,
0 HeoOXiJHa /Uil BUHHUKHEHHS SJIEPHOI Ta pajiamiiHol aBapii MOTYXHICTbH
30BHINTHKOTO OOMOBOTO 3apsiAy MOBMHHA OYTH 3/1aTHa 3pyHHYBaTH BCi 3aXHCHIi
Oap'epu Oesnieku SIEY Ta cucremu Oe3neku, Mo 3a0e3MeUylOTh YNPaBIiHHS
aBapiiHUMHU MporiecaMu. Taky IMOTYXKHICTb MOXYTh MaTH aTOMHI 4YM BOJHEBI
ooMOw.

Ho apyroi rpynu BuxigHux aBapidHux nogiit (BAII) npu excrutyartanii 3AEC B
EKCTpEMallbHUX YMOBaX BiHH BiJJHOCATBCS TIOMIKO/DKEHHS abo pyHHYyBaHHS
30BHIMIHIME OOMOBUMHU 3apsiiaMd KPUTHYHHX OO'€KTiB iH(PACTPYKTypH, WIO
3a0e3neuyloTh 30BHIIIHE Ta asapiiiHe enekrponoctadanHs AEC. Baxmuso
3a3HAYMTH, II0 CaMe TIIOBHA BIJIMOBAa CHCTEM 30BHIIIHROIO Ta aBapiHOIO
CJIEKTPOIOCTaYaHHs BJIACHUX HOTPeO BHACIIAOK CIUILHOTO BIUIMBY 3€MJICTPYCY
(moTyxkHicTIO OnHM3bKO 9 OalliB B eMIEHTPi) Ta 3aTOILICHHS IMPOMHUCIOBOTO
Maiinanunka AEC ®dykycima-1 1myHaMi 3 BUCOTOIO XBWIII OIS y30epesoks MOHa
14 meTpiB cTaja OJHIEIO 3 OCHOBHHMX aBapiii Ta KaTacTpo(iYHHUX EKOJOTTYHUX
HacniakiB Pykycimebkoi aBapii y 2011 poi.

Jlume 3a ocranHii mepioa moBHoOMacIuTaOHOI BiiiHM B YKpaiHi cTanocs KibKa
JIECATKIB TIOMIKO/PKEHh KPHUTUYHUX OO0'€KTIB 1HPPACTPYKTYp 30BHINIHBOIO Ta
aBapiiiHoro enekrporocradanas 3AEC (tpancdopmaropae oOnagHaHHS, CUCTEMH
€JIEKTPOIIOCTaYaHHS CIIOKMBayaM, HMPUMILICHHS AM3EIb-TeHEepaToOpiB Ta iHII) Ta
BIAMOBIHI aBapiitHi 3ynuHKN eHepro0okiB 3AEC uepe3 3HECTpYMIICHHS CTaHIIII.
AmHanoriuHi aBapiiiai 3ynuakn Tpanwimcs i Ha iHmux AEC Ykpaiau. Ilpu msomy
HEOOXiZHO 3a3HAUMTH: TPOLEC aBapiiiHOI 3yNHUHKU SAEPHOTO PEAKTOPHOTO
CHEProOJIOKY 3HIKYE 3arajbHHH pPiBEHb SACPHOI Ta pajiaimiiHol Oe3meku 3a
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MIPOEKTHUMH AOIMYCTUMHUMHM IUKJIAMH TEPMIUHUX Ta JTUHAMIYHUX HABAHTaKCHb HA
cucremu Bakiusi 1y Oesneku SIEPY 3 BBEP; aBapiitni 3ynunku AEC cyTteBo
BIUTMBAIOTh Ha HAAIMHICTH Ta Mpale3/1aTHICTh yCiel eHepreTHYHO1 CUCTEMH Y KpaiHu.

HacrtymHoro momiHaHTHOIO Al Ge3MeKd TPYTOK BHUXIAHUX aBapiiHUX TOAIH
(BAII) B ekcTpemampHHMX yMOBax BiiicbkoBoro dacy ekcroryatarii 3AEC e
3aTOIICHHS! MTPOMUCIOBOTO MalaH4YHMKa CTaHIIil BHACIIJOK MOMagaHHs OOHOBHX
3apsdiB y Tpebmo Ta B akBaTopito KaXxoBCHKOTO BOJOCXOBHINA (BHCOTa Tpedi
moran 50 MeTpiB Hax piBHEM BOJOCXOBHINA), B CTaBOK-0xoJomkyBad 3AEC
KacKagy BOJOCXOBHIL], B IKOMY 3HaXOJHUTHCS TMOHAJ] 2 MJIH TOHH BOJH.

Hacnigkamu 3atorienHs mpomuciioBoro Maiiganunka 3AEC MoxyTs OyTu:
BAII nmoBHOTO 3HECTpYMIIeHHS eHeprobiokiB (ananor BAII dykycimcpkoi aBapii);
MOPYUICHHS! YMOB TEIJIOOOMiHY y CyXMX CXOBHWIIAX BiAMPalbOBAHOTO SAEPHOTO
nanusa (CBAII).

TakuMm yrtHOM, HAWOLTBIT aKTyaJdbHE JUIS SIIEPHOI Ta padiamiiHoi 6e3mexn BATL
B eKcTpeMalbHuX yMoBax ekcinryatanii 3AEC B ymMoBax BilfHU € TIOBHE TpHBalie
snectpymieHHs (I1T3) BHacHiIoK pyliHYBaHHSI/TIOMIKOIKCHHSI KpUTUIHUX 00'€KTIB
iH(PaCTPYKTypH  €NeKTPONOCTAa4aHHS Ta/ad0  3aTOIUIEHHS  MPOMHUCIOBOTO
maiiganuuka (BAII TIT3 — ananor mouaTKy SAepHUX Ta pajialiiifHuX aBapiit
dykyciMchKol KaTacTpodu).

BigmoBigHo 0 SAAEPHOrO  3aKOHOJABCTBA YKpaiHW odimiiiHa OIiHKa
KpuTHYHOCTI cTaHy Oe3nekn AEC Ta mpuitHATTA pilieHs MIOA0 MOXIHBOCTI
nojaneioi  ekcruryaramii  abo  HEoOXiJHOCTI  3YNUHEHHS  €HEproOJIOKiB
MOKJIaJIa€Thes Ha JleprkaBHY 1HCIICKIIIIO SICPHOTO peryiitoBanHs Ykpainu ([IISPY).
[Ipore ekcTpemanbHa CHUTyallisi B YIpaBIiHHI, eKCIUTyaTalii Ta peryJroBaHHI
Oe3rnekn BHACHIZOK TEPOPUCTHYHOTO THMYacoBoro 3axoruieHHs 3AEC Bkpaii
YCKJIaIHIOE IPUAHATTS Ta peanizaiii JJISIPY anexkBatHux piiieHs.

Ouinku cTaHy 0e3neKkH siIepPHOI eHepreTMKH YKpaiHu B eKCTPeMaJbLHHUX
ymoBax Bilinu. Huni B YkpaiHi, Ik 1 B CBITOBIH fepHIi eHEpreTuli, LIMPOKOTO
nomupeHHs npu MojepHizauisx SEY HaOyB NpUHIMT «IOMYCTHMOCTI 3HWKEHHS
piBas Oesneku ([I3PB)» [1]. BigmoBigHO 10 HBOTO MPUHIUIY 3HWKEHHS PiBHS
oesnexu SAEY nomyctume 3a yMOBH

AUIIA3
——<

<1, (5)
UI1A3,

ne UITA3, — 6a3oBa iMOBIpPHICHA OIlIHKA YaCTOTH IIOIIKOJKCHHS aKTHBHOI 30HHU
(UITA3); AUITA3 — naBmucHe ab0 HeHaBMUCHE 30inbineHHs YITA3.

B excrpemansaux ymoBax ekcruryaTaunii 3SAEC AUITA3 moxe OyTu nos'szaHe 3i
30ibIIeHHSM iMOBipHOCTI BATL, 1 SIKIIO NOAIT/iHIMACHTH/TTIOPYIICHHST HOPMaJIbHOT
eKCIUTyaTallii, [0 BHHHUKAIOTb, 3aJ0BOJBHAIOTH YMOBI (5), To 30epiraerbcs
iMoOBipHicTh mopymenHss yMoBu (5). KpiMm Toro, sik 3a3Hauanocs BUILE, YPOKU
BIJOMUX SJIEPHUX aBapiii CTaBIATh PiBEHb OE€3MEKH Ta JIOMYCTUMY MOJaJbIIy
EKCIUIyaTallil0 eHepProOJIOKIB Y MOTOYHUH MOMEHT 4Yacy. Takui MiAxia 10 OL[IHKH
piBH: Oe3nexu excrutyatanii 3AEC B ekcTpeMalbHIX YMOBaX BilfHH € HEIOCTATHBO
OOIpYHTOBaHMM 3 HACTYNHHMX @pHYMH: Y Jo(yKyciMCbKMii Tmepiog B
eKCIUTyaTaIiitHuX 3BiTax 3 iIMOBipHiCHOTO aHani3y 0e3neku (IAb) ykpainceknx AEC
3 BBEP-1000 Baxkka simepHa aBapis Majia OyTy oqHo3Ha4HUM Haciiakom BATT TIT3.

Opnnak, imoBipHicTh BuHUKHEHHs BAII IIT3 moknamanack TOCHTH MAalolo
(mopsinky 107 peakrop/pix). Tomy BHecok BAIl IIT3 (moBHe TpHBaje
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3HEeCTpyMIIeHHA) y 6a30oBe 3HaueHHs UIIA3 OyB HECYTTEBHM 1 yMOBa IOIYCTUMOCTI
3HmkeHHs piBHs Oesneku (A3PB) (5) Bukonysanacs; a aBapii 3 BAII I1T3 manu
HU3BKUH TpiopuTeT IUIs Oe3leKu Ta PO3pOOKH MPEBEHTHBHUX MPOTHABAPIMHUX
3axomiB. Omuak micmss @ykycimcekoi aBapii BAII IIT3 orpumanu BucOKuit
MIPiOpUTET AT OS3MEKH Ta PO3POOKH NMPEBEHTUBHUX MPOTHABAPIHHUX 3aXO0IiB.

Orxe, HaAWOUTBII aKTyalbHE IUIS sACpHOI Ta pamianiiiHoi Oesmeku BAIL B
eKCTpeMaJbHIX BOEHHMX yMoBax ekcruryaranii 3AEC — me moBHe TpuBaie
3aectpymierns (I1T3) BHachinok pyitHyBaHHS/TIOMIKOKEHHSI KPUTHIHHAX 00'€KTIB
iHQPACTPYKTypH  €NEeKTpOlocTayaHHs Ta/abo  3aTOIUIEHHS  MPOMECIOBOTO
Mmaiinanunka (BAII IIT3 — anajor moyaTKy SA€pHMX Ta pajiallifiHUX aBapiii
dykyciMchKo1 KaTacTpodn).

B ekcrpemanbHuX ymMoBax BiiiHM O0#OBi [1ii € He mependadyBaHHMHU i He
MiAKOPSIFOTBCS CTOXaCTUYHUM 3aKOHOMipHOCTSIM. KpiMm Toro, Sk 3a3Hadanocst BUIIIE,
YPOKH BIIOMUX SIIEPHUX aBapiil CTABIATH MiJ CYMHIB OOTPYHTOBaHICTh 3arajiom
yciei wmetomonorii IAB mias 0O0'ekTHBHOI OIHKKM CTaHy O€3MeKd SAepHUX
eHepreTHYHNX ycTaHoBOK (SIEY) i B TOMy 4MCIIi IPUHIMIT ZOTYCTUMOTO 3HUKEHHS
piBHs Oe3nexn (JI3PB). Takwii miaxix go ominku piBHs 6e3neku excruryararii SAEC
B EKCTPEMaJbHUX YMOBaX BifHM € HEJOCTaTHHO OOIPYHTOBAaHHM 3 HACTYIHUX
MIPUYWH: 1€ HE BUKJIIOUAE MOXKIIUBOCTI MOsiBU HOBUX BAII, 110 cTaBUTSH Mifi CyMHIB
0OIpyHTOBaHICTh 3aranoM yciei metoposorii IAB s 00'€KTUBHOI OLIIHKH CTaHy
oesnexu SIEY (y Tomy uncmi # npuniun /I3PB).

Binbin oOrpyHTOBaHMM JUIs OO'€KTMBHOI OINIHKM CTaHy (piBHs) Oe3leku €
JETCPMIHICTCBKUI MiXiJl, B OCHOBY SKOTO TIOKJIAJCHO MOJCIIOBAHHS BIUIUBY
KOHKPETHHX €KCTpeMaJIbHUX MOiH Ha yMOBHU Oe3nexku. OHUM 13 TaKUX aKTyaJbHUX
MUTaHb MOXe OyTH OLIHKa yMOB 3aTOIUIEHHS IPOMHUCIOBOro Manganunka 3AEC
BHACJIIJIOK TIONaaHHs 00MOBUX 3apsiiB y rpedio un B KaXxoBChbKe BOJIOCXOBHIIIE,
Yl B CTaBOK-OXOJIO/DKYBad. 3aTOIUICHHS HpoMHUcCIoBoro wmaiimanunka AEC
Fukushima-Daiichi y 2011 pori 1ryHami 0yji0 BU3HAYaIbHOIO MPHYMHOK TOBHOT'O
tpuBajoro 3HectpymieHHs (IIT3) eHeproOiokiB, sjaepHHX aBapid Ta
KaTtacTpo(iYHUX SKOJIOTIYHUX HACIJIKIB.

VY crpec-tectax 3 nepeouinku 6e3nekn AEC Ykpainu 3 ypaXxyBaHHSM YpOKIB
®ykyciMchkoi aBapii Oyll0 MpPOBENEHO METEPMIHICTCHKAN aHalli3 MOXIIUBOCTI
3aTOIICHHs] poMuciioBoro Maimanunka 3AEC BHacniiok pylHyBaHHs rpedeib
JIHIMPOBCBKOTO KacKaly BOJOCXOBHMII IiJi 4Yac 3alpO€KTHOTO 3eMIIETPYCY.
BHaciiok 11poro 0yJ10 BCTAaHOBIJICHO BiJICYTHICTh MOKIIMBOCTI/PU3UKY 3aTOILICHHS
npomuciioBoro Mmainanunka 3AEC. OpHak 1npu  MOMAEIIOBaHHI  IPOILIECIB
3aTOIUICHHS Y CTpEC-TecTaX BUKOPUCTOBYBAJMCS CIPOIICHI KBasicTallioHapHi
ripaBiivHi MOZENI, a TAKOXK HE BPaXOBYBABCSI BIUIMB TAKMX €KCTPEMAIbHUX SIBHILL,
K 3EeMJIETPYCH, TOpHAJO Ta yparaHu Oe3mocepeqHh0 Ha 00’€éMH BOIU B
KaxoBchbKkOMY BOJIOCXOBHIII Ta B CTaBKYy-0x0J10mKyBaui 3AEC.

Y poborti [2] Oyna po3poOieHa BIOCKOHAJEHA TiIpPOAMHAMIYHA MOJIENb
MOJKJIMBOTO 3aTOIUIEHHS MpoMHcioBoro MaiinaHunka 3AEC BHaciigoK BIUIMBY
O3HAYCHUX EKCTPEMAaJbHUX SIBUIIl HAa TpeOio Ta Ha akBaTopiro KaxoBchkoro
BOJIOCXOBHIIIA TA CTABKA-0XOJIOMKyBada cTaHlii. EkcTpamosnsiis pe3ynbraTiB 1boro
MOJICJIIOBaHHsI Ha EKCTpeMajbHI BOEHHI yMoBM ekciutyatauii 3AEC mo3Bomse
BB@)XATH, IO 3aTOIUICHHS MPOMHCIOBOTO Maiimanunka 3AEC MoxiauBe mpH
ronagadHi 00HOBUX 3apsAiB y Tpeditio, B akBaTopito KaxoBCHKOT0 BOIOCXOBHIIA T
CTaBOK-OXOJIOJKYBAu 3 IMOTY>KHICTIO 3apsilliB, 34aTHOIO 3pyHHyBaTH moHan 30%
rpebii abo eKBIBAJICHTHOIO 3eMIIETPYCY 3 BIATYKOM NPUCKOPEHHS Ha IOBEPXHI
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IpyHTy Oimbire sk 1,2 g, abo TopHamo Oinmble 2-r0 KJIACy IHTEHCHBHOCTI, abo
yparaHy 3i IIBUAKICTIO BiTpy moHaxa 80 KM/ro.

3 ypaxyBaHHSIM BHUILECHABEACHUX PE3yJIbTAaTiB YMOBH 3aTOILICHHS IIPOMHUCIOBOTO
Maiinanunka 3AEC 3a moTyxHOCTI 60H0BOTO 3apsay i3 CHIIO0 BILTUBY F:

F>12pHS;g (6)
i/abo

F > APR,S, (")
i/abo

F > 0,305, ®)
i/abo

F>v.pHS, /L. 9

Jie p — miibHICTh Bomu; H — Bucora mpomucioBoro Maiinanunka 3AEC Hax piBHeM
CTaBKa-0XOJOKyBada; S1, S2 — myroma moBepxHi CTaBKa-0X0JI0pKyBada Ta Tpedii
KaxoBcpKkOro BOJOCXOBHINA BiJNIOBIHO; g — MPUCKOPECHHS CUIIM TsDKiHHS, AP, —
THUCK PO3PIIPKEHHS y TOPHAJO 2-TO KJIaCy iIHTEHCHBHOCTI; G — TPaHUYHO JAOMYyCTHMAa
Hampyra pyiHyBaHHS 06eToHY rpebm KaxoBchKOro BOIOCXOBUINA; Ve — TPAHUIHO
JOIyCTAMA IIBUAKICTh YparaHHOTO BiTpy; L — exBiBareHTHUH (HaBeIeHMI) pO3Mip
CTaBKa-0XOJIOKyBaya.

VY nmoctdykyciMChKHE TIepiof TakoK Oyiu po3poOieHi MpOoTHaBapiiitHi 3axoau
s ykpaiHebkux AEC, mos's3aHi mepeBakHO 3 KBali(iKalli€l0 CUCTEM IHU3€Ib-
TCHEpaTopiB, BCTAaHOBJICHHSIM TMOTY)XKHHX OaTapedl  MOCTIHHOTO  CTpyMmy,
PO3IIMPEHHSIM MOMJIMBOCTEH TIACHBHUX CHUCTEM O€3MeKH, BIPOBAIKCHHSIM
eKCIUTyaTallifHUX 1HCTPYKIIiI/MOCIOHUKIB 3 YIpaBIiHHSA aBapisiMH 3 IOBHUM
tpuBanuM 3HecTpymiteHHs M (I1T3) ta in. Ilpore edekTHBHICTH BCIX LUX 3aXOAiB
IOZI0 TIOAOJIAaHHS HACHIJKIB 3aTOIUICHHS HEJOCTaTHBO OYEBHJIHA, OCKUIBKHA Ha
momeHT aBapii Ha AEC Fukushima-Daiichi Bci 3a3HadeHi Buie 3axomu Oynu
peasizoBaHi, ajie 3armo0irTy sIIEPHUM aBapisM, pyHHIBHAM M1apora30BUM BHOyXaMm i
KaTacTpo(iYHUM €KOJOTIYHAM HACIIIKaM 3PEIITOI0 HE BJAOCs.

Kpim Toro, HeoOxiHO BpaxoByBaTH, 10 Ha MpoMucIoBoMy Maiiaanduky 3SAEC
pO3TaIIoBaHi CyXi CXOBHWIIA BiAmpabsoBaHoro sepHoro nammsa (CBAII), B sxwx
OXOJIO/PKEHHS SIZICPHOTO MMAIHBa 3/ CHIOETHCS IPUPOTHOO MTUPKYIISIIEIO TOBITPSL.
VY pasi 3aTorIeHHsT Pa3oM 3i CMITTSAM MOXYTh OyTH MOPYIIEHI YMOBH HEOOX1THOTO
oxonomxerass CXBSII, mo cTBoproe noaaTKoOBI BUXijHI aBapiiai moxuii (BAIT).

TakuM 4YMHOM, KPUTHYHUMHM HACHiJKaMH 3aTOIUICHHS IPOMHCIOBOTO
Mmaiinanunka 3AEC mMoxyTth OyTu HactynHi BAIL: moBHe TpuBase 3HeCTpyMIICHHS
€HEepro0JIOKy; MopyIIeHHs: yMOB Teriooominy B CXBJAIL.

B po3pobnenux y mocr-¢pykycimcekuii nepion COAI/IKAA BBEP-1000 mii
ONIEPAaTUBHOTO TMEPCOHANy 3 VYIPaBIiHHSA aBapisMH 3 TOBHHM TPHBaJIHM
sHectpymiieHHsM (I1T3) ¢akTU4HO 3BOIAATHCS 1O 3aXOIiB 3 BiJHOBIICHHS
CJIEKTPOIIOCTaYaHHSI Ta MiAKIIOYEHHS BCIX JOCTYMHHX 3aCO0iB OXOJOMIKEHHS
aKTHUBHOI 30HHM pEakTopa i B TOMY YHCI aKyMyJISITOPHHUX OaTtapeil MocTiifHOTO
CTpyMy mJisi 3a0e3MeUeHHs Ipare3aTHOCTI €JICKTPOHACOCIB aKTHBHHX CHCTEM
Oe3neKH.

Crnin 3a3HauWTH, 00 chpoOu pearnizamii BCiX 3a3HAUYEHUX 3axoliB Oyiw i B
yMmoBax DykycimMCchKoi aBapii. [IpoTe YHHKHYTH SIACpHHX aBapiid, pyWHIBHUX
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BHOYXiB Ta KaTacTpo(iyHMX EKOJOTIYHMX HACIHiAKIB He Baaloci. Tomy He icHye
mifcTaB MIOA0 €PEeKTUBHOCTI IUX 3aXOMiB Y €KCTPEeMaJbHUX YMOBAX 3aTOILUICHHS
npomMucioBoro Maiianunka 3AEC.

g 3amo0iraHAs MOXITHBOMY 3aTOIICHHIO MTPOMUCIIOBOro Maiinanunka 3AEC
MoOke OyTH epeKTHBHIM OyIiBHUIITBO AaMO0 Ha Oepe3i CTaBKa-0XO0JIOKyBaya.

BucHoBku

1. AKTyanpHUM NOHWTaHHSIM OLIHKMA CTaHY/piBHS O€3MeKH SACpPHOI EHEpreTUKH
VYkpainu B eKcTpeMalbHUX yYMOBax BiMHM € CUTyalis Ha HalOineid y €Bpomi
3amopizekiit AEC 3 npudwH i THMYacOBOTO 3HAXOKCHHS B 30HI OOMOBHX Iili Ta
TPYAHOILIB B yNpaBliHHI Ta €KCIUTyaTallii, a TaKoX pPeryJroBaHHS OE3MeKH Ha
OKYIIOBaHi# cTaHIIil.

2. ImoBipHIicHI miaX0au OLIHKA 00'€KTUBHOTO CTaHy/piBHS Oe3rmeku 3armopi3pbKoi
AEC y excTpeMadpbHHX yMOBax € HEIOCTATHRO OOTPYHTOBAaHWMH 3 ypaxyBaHHSIM
YPOKIB HalOINBIINX SAEPHUX Ta paialliiHUX aBapii.

3. Ha ocHOBi meTepMiHICTCHKOTO TiAXOAYy BHU3HAYEHO YMOBH KPUTHYHOTO
3aTOTUIEHHS 17151 O€3MeKu MPOMHUCIOBOTO Malianunka 3amopizpkoi AEC BHacTiIoK
eKCTpeMaIbHUX O0HOBUX JIiH.

4. 3aromieHHss mpomuciioBoro Maimanunka 3AEC moxke OyTH NPHYMHOIO
BUHHUKHEHHS BOX BUXIJHHMX aBapiHUX MOAIN: MOBHE TPHUBAJE 3HECTPYMJICHHS
CHEProOJIOKiB,  TOPYIICHHS yMOB  TEIUIOOOMIHY Y  CYXHX  CXOBHIIAX
BiNPaIbOBAaHOTO SJCPHOTO MaJIHBA.

5. 3ano0biraHHs 3aTOIJICHHIO HPOMHUCIIOBOrO MaigaHumka 3amopisbkoi AEC
MOJK€ TPYHTYBaTHCS Ha OYAIBHHUIITBI 3aXMCHHUX Oap'epiB BiJl 3aTOIUICHHS Ha Oepesi
CTaBKa-0XOJIOKyBaya.
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ENVIRONMENTAL ASPECTS OF USING ARTIFICIAL
PHOTOSYNTHESIS TECHNOLOGY FOR ENVIRONMENTAL
DECARBONIZATION

Abstract. The increasing levels of carbon dioxide (CO,) in the atmosphere have been
recognized as a major contributor to global climate change. As a result, there is a
pressing need to develop sustainable and eco-friendly methods for mitigating CO;
emissions. CO; recycling has emerged as a promising solution, aiming to convert CO,
into valuable products while reducing its impact on the environment. This work uses
the CO; recycling approach, which involves the conversion of CO; emissions into
useful organic compounds. An experiment with artificial photosynthesis is carried out
with the help of a special installation, where CO; undergoes photochemical reactions
that contribute to the formation of organic compounds. Photocatalytic conversion of
CO; is environmentally friendly as it uses light energy and renewable raw materials
to produce valuable chemicals without producing harmful by-products or waste. It
has been established that TiO- in the form of anatase and rutile is the most common
CO; photocatalyst. As a result of the experiment, the main output products were
methanol, acetate aldehyde and acetone. The use of ultraviolet radiation and an
electric field significantly affected the synthesis of organic substances and their
quantity. It can be used in various industries such as fuel, chemical and
pharmaceutical industries. In particular, methanol, acetate aldehyde and acetone are
promising substances for the use and production of biofuels.

Key words: recycling; carbon dioxide; climate change; artificial photosynthesis;
processing of CO; atmospheric air; organic substances.

O.M. Tuxenko, K.C. Jleiinexa
HamionansHuii aBianiinuii yaiBepcutet, M. KuiB, Ykpaina

EKOJIOI'TYHI ACIIEKTU BUKOPUCTAHHSA TEXHOJIOT'TI
ITYYHOI'O ®OTOCUHTE3Y JIJIsI JEKAPBOHI3AIIIL TOBKLJLIIS

Anomauisn. Iliosuwenns pisus eyenexucioeo 2asy (COz) 6 ammocghepi eusznano
20/I06HUM haxmopom 2nobanvhoi 3minu kiimamy. AK HAcmioox, iCHye Ha2anvHa
nompeba y po3pooyi CmilKux ma eKoa02iuHO YUCIUX MemOo0i6 3MeHIUeH S BUKUOIE
COs,. Iepepobra CO; cmana nepcnekmusHum piuteHnsim 015 nepemsoperts CO2 na
YiHHI NPOOYKMU, OOHOUACHO 3MEHULYIOUU U020 8NIUE HA HABKOIUWHE cepedosulye.
Yyiu pobomi euxopucmosycmucs nioxio peyuxniney CO», saxuii nepedbauae
nepemeopenns guxuoie CO2 8 KopucHi opearniuni cnonyku. Excnepumenm 3 wmyunum
Gomocunmesom 30MCHIOEMbCA 30 00NOMO2010 cheyianvhoi ycmanoeku, 0e CO>
niooaemuvcst (POMOXIMIYHUM PeaxyisiM, Wo CAPUSIOMb YMEOPEHHIO OP2aHIYHUX
cnonyk.  @omoxamanimuune nepemeopenns COz €  eKOA02IYHUM, OCKITbKU
BUKOPUCMOBYEMBCSL CEIMII06A eHepeis ma BIOHOBNII08ANA CUPOBUHA Ol BUPOOHUYMEBA
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YIHHUX XIMIMHUX PeqoGuH 0e3 YMEOPEHHs WKIOAUBUX ROOIYHUX NpOoOyKmie abo
8i0x00i6. Bcmanosneno, wo TiOz y ghopmi anamazy ma pymuiy € HAUROWUPEHIUUM
gomoxamanizamopom COy. B pesyismami nposedenHs eKCRepUMeHny 0CHOGHUMU
NPOOYKmMamu 8uxo0y 0yau Memawo, ayemam anpoe2io ma ayemon. Bukopucmanms
VILMPaghionemoso2o UNPOMIHIOBAHHs MA eAeKMPULHO20 NOJSL SHAYHO GNIUHYIO HA
CUHME3 OPLAHTUHUX Peyosur ma iX KiIbKicmb. B nooarwuwomy eonu mosicyms oymu
BUKOPUCMAHI 6 PISHUX 2AY35X, MAKUX K NAIUGHA, XIMIYHA ma hapmayesmuina
npomuciosicms.  30kpema, Memanon, —ayemam — anboecio ma  Ayemow €
NePCREKMUSHUMU PEHOBUHAMYU OISl UKOPUCIAHHS Ma 8UPOOHUYMEA Dionanueq.
Kiwuosi cnosa: peyuxnine; eyenexuciuu eaz, 3MiHA KIMamy, WmMy4HUll
@omocunmes; nepepooxa CO7; ammocghepre nogimpsi, opeaniuni pewosuHu.
https://doi.org/10.32347/2411-4049.2023.3.39-48

Beryn

3i 3poctanHaM piBHs Byriekucioro razy (COz) B atmocdepi, 3MiHa KITiMaTy cTaja
OJIHI€I0 3 HaWBaXXITUBIIINX MPOOJIEM, SKi CTABIATH Mij 3arpo3y iCHyBaHHS HAloi
raneT. [IIBUIKICHMIA PO3BUTOK MPOMHUCIOBOCTI, CHOKMBYOTO CYCHIBLCTBA Ta
BUKOPHCTAHHS BUKOITHHUX MAJIUB IPU3BENH JI0 3HAYHOTO 30ib1eHHs BUKUIIB CO2.
VY 3B'I3Ky 3 MM, Ha CHOTOIHIIIHINA /IEHh HAraJlbHOIO CTalla MoTpeda y po3poOIri
CTIMKHX Ta €KOJIOTIYHO YMCTUX MeToaiB 3MeHIneHHs BUKUAIB CO2. OauH 3 Takux
MetoniB — peruiimiar CO»2. 32 paXyHOK 3aCTOCYBaHHS I[LOTO TPOIIECY MOKHA HE
numre 3MeHmuTH BB CO. Ha ximiMat 3emili, ane W MepeTBOPUTH WOTO B IiHHI
pecypcu.

dotokartaniTiuHa koHBepcist CO» B OpraHiuHi PEYOBHHH € Ba)KIIMBOIO Ta
aKTyaJIbHOIO 3 KIIKOX IPUYHH:

1) CO; € ronoBHUM (hakTOPOM 3MiHH KJITIMaTy, i HOTO MEpeTBOPEHHS Ha XiMiuHi
PEYOBHHHU 32 IONIOMOT010 (POTOKATAIII3y MOKE JOMTOMOTTH 3MEHIIUTH KiIbKicTh CO»
B atMoc(epi Ta oM’ IKITUTH HACTIIKHA 3MiHU KJIiMaTy;

2) BUPOOHULTBO opraHiyHUX pedoBHH 3 CO2 MOXKE 3MEHILIHUTH 3aJIKHICTh Bil
BHUKOITHOTO TAJIMBA Ta IHITUX HEBIHOBIIOBAHUX PECYPCIB, [0 POOUTH HOTO CTAIUM
IIJIX0/IOM JIO XIMIYHOT'O CHHTE3Y;

3) dorokaramituune neperBopeHHs CO; €  EKOJOTIYHHM,  OCKIIBKH
BUKOPHUCTOBYEThCS CBITJIOBA €HEPTisl Ta BiHOBIIOBaHA CUPOBHHA IS BAPOOHHIITBA
MiHHUX XIMIYHUX PEYOBHH 0€3 yTBOPEHHS WIKIUIMBUX MOOIYHUX MPOIYKTIB abo
BIIXO/IB;

4) neperBopents CO; Ha OpraHi4Hi peYOBUHH MOYKE CTBOPHTH HOBI €KOHOMIYHI
MOJKJIMBOCTI Ta JPKEpelia JI0X0y IPH 3MEHIIIEHHI BUKOPUCTAHHS BYTJICIIIO;

5) BuBYeHHs (oToKaTamiTHIHOTO nepeTBopeHHss CO2 BUMarae po3poOKH HOBUX
MaTepialiiB, KaTaai3aTopiB 1 peakLiiHUX CUCTEM, 1110 MOXKE ITPU3BECTH 10 HAYKOBOTO
Mporpecy B raly3i MaTepiaio3HaBCTBA Ta KaTalli3y.

Merta podoTH 1noJsirae y J0CiKEHHI eKoJoriyHuX nepesar peuukiinry CO»
JUTS eKkapOoHi3allii Ta 3a0e3nedeHHs €KOJIOTIYHO CTIHKOT0 PO3BUTKY JOBKIILIS.

AHaJi3 Jitepatypu
Hexap6onizauis — ne 3MenmenHs BukuaiB CO; 3a paxyHOK BUKOPHCTaHHS KEPE

€Heprii 3 HU3BKUM BMICTOM BYIJICIIIO, TOCATHEHHSI MEHIIIOTO BUKHTy MTAPHHUKOBHX
rasiB B atMmocepy.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023



OCHOBHUMH TIPHUKJIAIaMHA METOIIB JeKapOoHi3allii €:

1. inimiaTiBa oOMeXeHHS BUIOOYTKY KOPUCHUX KOMAIUH, OCHOBHI MOJIOKEHHS
SKOi BUKJIaeH] B [1] Ta 6a3yloThCsl HA PO3paxyHKaxX MIKHApOIHHUX eKCIEepTiB [2],
SIKi BBO)KAIOTh, IO JJIS YITOBLIBHEHHS TI00ATFHOTO OTEILTIHHA HeoOXiaHo 1o 2030
POKY CKOPOTUTH BUI0OYTOK By (61%), Hadtr (36%) i mpupoaHoTO razy (32%);

2. BiIMOBa BiJ JABWUTYHIB BHYTPIIIHBOTO 3ropaHHs. 3MEHIIEHHs IepeBe3eHb
TPAHCIIOPTHUX 3ac00iB  HAa OCHOBI JBUTYHIB BHYTPIIIHBOTO  3TOPSHHS
MiATPUMYETHCS WIeHaMU AJBSHCY 3 AekapOoHizamii TpaHcnopTy [3] Ta AnbsHCY 3
HYJILOBUMH BUKHJIaMHU TPAHCIIOPTHUX 3ac00iB [4], siki 00’ e1HYIOTH ToHaM 20 KpaiH.
3rigHo 3 aHaNli3oM BiAKpUTHX HaHUX [5], mo 2025 poky yacTKa MpoAaKiB HOBUX
aBTOMOOUIIB 3 JBUTYHAMH BHYTPILIIHBOTO 3TOPSIHHA 3HHU3UThCS 10 23%.
[IponopuiiiHO A0 LFOTO 3HU3UTHCS 1 MOMUT HA MPOIYKTH HadTomepepoOKHy;

3. TexHosoris npsmoro 3axomienus mosiTpsa (Direct-Air-Capture, DAC), o
3acHOBaHa Ha Bumy4deHHI CO» 3 aTMochepH 32 TOTTOMOTOFO TITaHTCHKHUX TFIIOCOCIB.
QinbTpytounii mMarepiaql MICTHTH aMiHM — CHeIiadbHI XIMiYHI pPEYOBWHH, SKi
BIIOBJIIOIOTH BYTJICKUCIIHIA Ta3 [6];

4. mryuHuil QOTOCHHTE3 — L€ MPOLEC BUKOPUCTAHHS LITYYHUX CHUCTEM MJIS
BUPOOHUIITBA €HEPTii 3 BUKOPUCTAHHAM COHSYHOTO cBiTia. llITyynnii poTocuuTe3
BiZIOYBaeThCs MOAIOHO 710 MpUpoaHOTro poTocuHTe3y B pociunax [7]. TexHonoris
mryqHoro ¢orocuHTesy Ajst peuukiainry CO; y opraniyHi crojlyKd Ma€ MOTeHIian
IUIl 3MEHIUEHHS BHMKHIIB NapHUKOBHUX Tra3iB Ta CKOPOYCHHS BUKOPUCTAHHSI
BUKOMHMX mTanuB. OJHAaK, Tepel BIPOBAKEHHSIM Yy MPOMHCIOBUI Tpolec
HEO0OX1IHO BIOCKOHAJIEHHS KaTajizaTopis, oInTuMi3alis E€HePreTUYHOL
e()eKTUBHOCTI Ta O3B’ A3aHHS NMPAKTUYHUX TEXHIYHUX IPOOIIEM.

MeTOI[HKa MPOBEACHHSA JIOCJ'IiZIHCeHHﬂ

VY 1abopaTOpHUX YMOBax IPOBEICHUI EKCIEPUMEHT IO perukiIiHry. Jlms
MPOBECHHS JIOCIIDKEHb BUKOPUCTOBYBAIKCS [1Ba 3pa3ku (oTokaranizatopa 1102
y BUTIISIII PYTHITY Ta aHaTazy.

[TuroMa MOBEpXHS JOCITIPKYBaHHX 3pa3KiB OILIHIOBAJIAcsS 3a BUMipIOBaHHIMU
ancopouii/necop6uii azoty npu 196 °C 3a monomororo npuiaanay Sorptomatic 1900
(CarloErba, Minaw, Itanis). [Tepen BUMiproBaHHSIMH 3pa3Ky HOPOIIKY JieTa3yBakCcs
y Bakyymi nipu 300 °C.

Cnextpu Auy3HOTro BiAOUTTS 3pa3KiB MOPOIIKY BUMIPIOBAINCS 33 JOIIOMOTOIO
cnekrpodoromerpa Cary 5000 UV-VIS-NIR 3 inrerpyrouoro cheporo (Agilent,
Canra-Kiapa, Kamigopnis, CIIIA) B miamazoni ao0BxuH XxBuwib 200—800 HM.
CrexTpu BinOUTTS ikcyBaucs 31 CIEKTPAIBHOIO PO3AUIBHICTIO 1 HM.

Mopdoitoris moBepxHi 3pa3KiB JOCHIIKYBajacs 3a JOMOMOIOK CKaHYHUYOTro
enektponHoro wmikpockona HITACHI (HitachiHigh-Tech, Tokio, Smonis),
ocHamieHoro eneproaucnepciiaum cnektpomerpom EDS (Thermo Noran, Worona
Road Madison, W1, USA) .

doTokaTamiTHYHI BUMIPIOBAHHS MPOBOJIMIKCS B Oe3MepepBHOMY MPOTOYHOMY
peakropi (puc. 1), Mo cKIIagaeThCs 3 JBOX YaCTUH: HUKHBOTO HWITIHPA, SKUil OYyB
o0NafHaHUI HAarpiBaJbHUM €JIEMEHTOM 1 CHCTEMOIO OXOJIOJDKEHHS, a TaKoX
BEPXHBOTO MLWIIHApPA, BCEPEOUHI SKOro MoMimiaBcs (OTOKaTami3aTop 1 KyIu
BBOJIMJIN PEAKITIHY CyMiII.

Bepxus wactmna Oyna 3akpuTa KBapLIOBHM CKJIOM 1 VIIIbHEHa XiMi4HO
IHepTHUMH TIPOKIanKamMu. SIK DKEpesno eJIeKTPOMArHiTHOTO BHIIPOMIHIOBAHHS
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(365 M 1 465 HM) BUKOPHCTOBYBaJacs IioJHa MaTpuipl. ILmorma MmoBepxHi
¢doTrokaramizaropa, MiIaHa €IEKTPOMArHITHOMY BHUIPOMIHIOBAHHIO, CTaHOBHJIA
10,18 cM?. YmoBu mpouecy OyaM HAacTyIHMMH: Temieparypa peaktopa 30 °C,
peakuiitaa cymimt — 5% 06. H.O — 95% 06. CO; ; 3aranspnaa BuTpaTa razy — 0,8 Mi/xs,
Maca (poTokaTamizaTopa — 10 mr.

Bonoruit CO; ©OyB orpumaHuii mnpomyckaHHsIM cyxoro CO; uepe3
TepMocTaToBaHW OapOoTep, HAMOBHEHWH (iIbTpOBaHOIO BOzO0. Temmeparypa
OapboTepa BCTAaHOBIOBAJAcs TAaKUM YHHOM, MO0 mocsartd 5% BOAM B Tasi.
HonatkoBo BiaOyBaBcs MiAirpiB ra300poBOAY, 00 YHHUKHYTH KOHIEHCALil BOIH.
[epmi BuMiproBaHHS MPOBOJMIMCS LIOHAWMEHIE 4Yepe3 2 TOAWHU Ha TOTOII.
AHami3 TpPOAYKTIB peakilii TPOBOIWBCA 3a JOMOMOror on-line rasoBoro
XpomMaTorpada, OCHAIIEHOTO MOJyM STHO-10HI3aI[ifHUM JIETEKTOPOM 1 KamiJIIpHOO
kononkoto HP PLOT/Q. Bynu BukopucTaHi Taki yMOBH aHaji3y: ra3-HOCIH — Teli,
Temrieparypa aerekropa 220 °C, remnepatypa imkekropa 120 °C.

Hedinvrposane critio
non-filtered light
Ontuunnit dinwt ans

optical  "oA"
— water filter

Buxija Boan
water outlet

Bxijx Boau

water inlet wlp>

ITposope kBapnose
CKJ10
transparent

quartz glass

Bxiz razosoi cymimi

Buxia razorol cyminmi
gas mix inlet

gas mix outlet

1 reactor bed Map peaxropa ai
with sample “Pa3xoM

Puc. 1. Cxemaruune 300pakeHHs: (HOTOKATATITHIHOTO PEaKTOpa
Pe3yabTaTi 10CaigKeHHS

Jlns excriepumeHTy oOpano aBa 3pasku Ti10z. [lepmii 3pazok 6yB 00poOieHui mpu
500 °C, inmmii — 700 °C. Tlicns Takoi TepMidHOT OOpOOKM 3MIHIOETHCS MHUTOMA
noBepxHs (puc. 2). [lepuiuii 3pa3ok ckiaamaetses 3 87,8% anarasy i 12,8% pyruiny,
npyruii — Ha 100% cknamaeTbes 3 pyTUILy.

Byno nposeneno mocmimkenHs 3 permkiiary CO; 3a JIOMOMOror MITyYHOTO
dboTocuHTE3y.

tyynnii $oTtocuHTE3 BUKOPHCTOBYE (HOTOKATANI3aATOPH — PEYOBUHH, SKi
MOXYTh TOIJIMHATH CBITJIOBY €HEPril0 1 BUKOPUCTOBYBATH ii Ui CIOHYKaHHS
ximMiuHHX peakiiiii. KaranizaTopom B faHiii peakiiii puctynae TiO..

VY mpoueci ¢orokaramiThyHO peakuii, miJg Ai€l0 CBiTNIA, (OTOKATAII3ATOPH
CTalOTh aKTUBHUMH 1 3JaTHUMH iHILIIOBATH XiMiuHI epeTBOpeHHs. BOHN MOXyTh
B3aEMOIIATH 3 PEaKI[IHHUMH peUOBHHAMU (HAPUKIIAJ, OPTaHIYHUMH CITOJTYKaMH) i
cripusaTH (hOpMyBaHHIO HOBHX 3B's3KiB a00 po3puBY icHyroumx. llei mporiec Moxe
MPUBECTH 0 CHHTE3Y CKJIAJAHUX OPTaHIYHUX CTIONYK.
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.
I um ‘A"J‘:J,y‘«,”

10 um

Puc. 2. Burnsaz 3paskis TiO; miciis TepMiaHO 00poOKH

Merta nepuoro eKCnepuMeHTy — NepeBipUTH, UM BiIOYAETHCS CUHTE3 PEUOBUH
0€3 BUKOPUCTAHHS yJIbTPa(ioNeTOBOro0 BUIIPOMIHIOBAHHS.

Pesynbrati mpoBeneHOro JOCHIDKCHHS CBiguaTh, 110 CHHTE3 BiOyBaBcs,
HaiOl1ble yTBOPIOBAJIOCS aleTaT aJbAErily, METaHOJ 1 alleTOH YTBOPIOBAJIUCS B
Jy’Ke Madii KUTbKOCTI 1 JIMIIEe 3a OAWH NPOMDKOK Yacy MOpPIBHAHO 3 alerar
anpaerigom (puc. 3).

m Methanol m Acetate aldehyde Acetone
0,120
0,100
E 0,080
¢ 0,060
£ 0,040
0,020
0,000 . ] . . ; .
30 min 60 min 90 min 120 min 150 min

Yac peaxirii

Puc. 3. Pe3ynbpraTi yTBOPEHHS KiJIbKOCTI MIKPOMOJICH OpraHiYHUX PEYOBHH, IO YTBOPHIIUCS
Ha | rpam KaTasizaropa 3a 1 ToJiHy 0€3 eJIEeKTPOMAarHiTHOIO BUIIPOMIHIOBaHHS

ExcriepuMeHT 3 aHara3oM M i€l  yiabTpadiosieTy, HOTYKHICTh SIKOTO
craHoBuia 50% 0e3 eNeKTPUYHOTO IO, MTOKa3aB, M0 KUTBKICTh aleTaT alberiny
3 yacoM 30iIbLIyeThCcS. MeTaHo MoYaB yTBOpIOBAaTUCS Jiuiie depe3 90 XBHIIMH.
ANETOH yTBOPHUBCS 3 CaMOT'0 TIOYATKY, B HEBEJIHKIN KIIBKOCTI (puc. 4).
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® Methanol m Acetate aldehyde Acetone
0,120
0,100
E 0,080
g 0,060
£ 0,040
0,020 . I L
0,000 : . . .
30 min 60 min 90 min 120 min 150 min

Yac peaxiii

Puc. 4. Pe3ynbraTi yTBOPEHHS KiJIbKOCTI MIKPOMOJIEH OpraHi4YHUX PEYOBHH, IO YTBOPHIIUCS
Ha 1 rpam Kkatamizatopa 3a 1 romuHy 3a jonomororo Y@ (inTeHcuBHICTE 50%)
BHIIPOMIHIOBaHHS 0€3 eIeKTPUYHOTO OIS

[Tpu 30inbmeHHI iHTeHCUBHOCTI Y@ 110 100% KINBKICTh YCIX MPOIYKTIB 3pocia
B MiBTOpA pa3a, METaHOJ [104YaB yTBOPIOBATHCA 3HOBY 3 90 xB. OTXe, IHTEHCUBHICTb
Y@ BrmBae Ha BUXiA npoxykuii (puc. 5).

= Methanol m Acetate aldehyde Acetone

0,250
0,200

ey J 1l

30min 60 min 90 min 120 min 150 min 180 min 210 min 240 min

Yac peaxmit

MKMOJIB/T

Puc. 5. Pe3ynbraTi yTBOpEHHS KUTBKOCTI MIKPOMOJIEH OpraHiYHUX PEYOBHH, 1110 YTBOPHIIUCS
Ha | rpam katamizaropa 3a | roguHy 3 BukopucTaHHsM Y@ (inrencuBHictb 100%)
BUIIPOMIHIOBaHHS 0€3 JICKTPUYHOTO OIS

IIpu Buxopucranni 100% inTeHcuBHOCTI Y®-BUNPOMiHIOBAaHHA 1 JOAaBaHHI
CJIIEKTPUYHOTO 1o (prc. 6) Biapasy BUIHO, IO PEaKIlis MpOoMIia Kpalle, HiX B
MoTepeIHbOMY BapiaHTi. Bci NpoayKTH IOYajid YTBOPIOBATHCS 3 IOYATKy
eKCIIEPUMEHTY. 3 4YacoM BCi TpHM NPOAYKTH IOYaJIH 3HWKYBAaTHCS dYepes3
JI€3aKTHBAIIII0 KaTali3aTopa.

[TopiBHIOIOYM CHHTE3 PEUYOBHHH 3a JIOMIOMOIOI0 YJbTpadioieTOBOrO CBiT/Ia Ta
CJIEKTPUYHOTO TIOJISI, MOYKHA YITKO MPOCTEIKHUTHU, IO KiJbKICTh PEUYOBUHH 3HAYHO
301bIIMIACS TOPIBHSHO 3 TUM, KOJIU €IICKTPHYHE 10JIe OYII0 BiJCYTHE.
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® Methanol m Acetate aldehyde = Acetone

0,350
0,300
0,250
0,200
0,150
0,100 -
0,050 -
0,000 -

MKMOJIB/T

30 min 60 min 90 min 120 min 150 min 180 min
Yac peaxkmii

Puc. 6. Pe3ynpTaTtn yTBOpEHHS KiJIBKOCTI MIKPOMOJIEH OpTraHI9HUX PEUOBHH, IO YTBOPHIIHCS
Ha | rpam kartamizatopa 3a 1 roamny 3 BukopucTaHHAM Y@ (100% iHTEHCHBHOCTI)
BUIIPOMIHIOBAHHSI 3 EJIEKTPUYHHUM I10JIEM

Excnepument 3 pytwiom npu BuxopuctanHi 100% yneTpadioneroBoro
BUIIPOMIHIOBaHHS, 0€3 eJNEeKTPUYHOTO MoJis (puc. 7) TOKa3aB, IO HaWOLIbIIe
YTBOPIOETHCSI alleTaT ajbJeTiqy, alleTOH MMOYMHAe YTBOproBatucs 3 60 XBHIJIMHH,
a MeTaHous — 3 120 XBUIMH y HaMEHIIiH KITBKOCTI.

= Methanol m Acetate aldehyde = Acetone

0,500
0,400
0,300
0,200
0,100

0,000 .

30 min 60 min 90 min 120 min 150 min 180 min
Yac peakmii

MKMOJIB/T

Puc. 7. Pe3ynbraTit yTBOPEHHS KiJIbKOCTI MIKPOMOJIEH OpPraHiYHUX PEYOBHH, 1[0 YTBOPUITUCS
Ha | rpam katamizaropa 3a 1 roauHy 3 BukopuctaHHsM Y@ (inrencuBnictb 100%)
BUIIPOMIHIOBaHHS, 0€3 €JIEKTPHIHOTO MOJISI

[Ipu nogaBaHHI €NIEKTPUIHOTO TOJIS (PHC. §) AIETOH i aleTaT ajibAeril moYalu
YTBOPIOBATHUCS 3 CAMOT'0 TIOYATKY €KCIIEPUMEHTY, METaHOII — 3 90 XBUIIMHH.

JocnijpkeHHsT 3 JTOJABaHHSAM PYTHIY TIOKa3aid, M0 OUIbIIa KiUTBKICTh
alleTaTHOTO  ANBJIETily YTBOPIOETHCS 32 JIOTIOMOTOH  YJIBTPadioIeTOBOro
BUTIPOMIHIOBAHHS Ta €JIEKTPUYHOTO IMOJIs. BiNblia KijdbKiCTh METAHOMY 1 alleTOHY
YTBOPIOETHCSI €3 BUKOPUCTAHHS €TIEKTPHUYHOTO TIOJIS.

[TopiBHIOIOYM OMHAKOBI YMOBH CKCIICPHUMEHTY, BUKOPHUCTAHHS pPYyTUITY
BUSIBWJIOCH OLJTBIN €(DEKTHBHHUM IO BiTHOIICHHIO JIO aHATA3y.
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® Methanol m Acetate aldehyde Acetone

0,600

0,500
0,400
0,300
0,200
0,100 I -
0,000 e : . : : .

30 min 60 min 90 min 120 min 150 min 180 min
Yac peaxmii

MKMOJIB/T

Puc. 8. Pe3ynbraTi yTBOpEHHS KiJIbKOCTI MIKPOMOJIEH OpraHiYHUX PEYOBHH, IO YTBOPUIIUCS
Ha 1 rpam karamizaropa 3a 1 roauHy 3 BukopuctaHHsM Y@ (100% iHTEHCHBHOCTI)
BUIIPOMIHIOBaHHS 3 CJICKTPHYHIM ITOJIEM

BucHoBku

@®orokatanmitnaae mneperBopeHHs CO. 3 yTBOPEHHSIM OPraHiYHUX PEYOBHUH €
BaXTUBUM, OCKUTbKM CO2 € OCHOBHHM MapHUKOBHM Ta30M, HQJIHIIOK SKOTO B
atMocdepi npu3BoAuTh 10 3MiHM KiiMmary. [leperBoprotoun CO; Ha iHII XiMidHI
PEYOBHHM, MOKHA ITOM’SKIIMTH HOTO BIUIMB, 3MEHIIHMBIIM HOTO KOHIIEHTPALIIO B
aTMmocgepi.

B pesynbTari npoBeieHHs eKCIIEPUMEHTY OCHOBHUMH TPOTyKTaMHU BUXOLy OyIn
METaHOJI, alerar ajbJerii Ta aleToH. BuKOpHCTaHHA YIbTPadioNeTOBOrO
BUIIPOMIHIOBAaHHS Ta €JIEKTPUYHOTO ITOJISl 3HAYHO BIUIMHYJIO Ha CHHTE3 OpraHiqYHUX
PEYOBHH Ta iX KUIBKICTb.

MeTaHOoJ1 yTBOPIOBABCS B HAWOLIBIIIH KITBKOCTI 31 3pa3KOM aHaTasy, i3 CepeaHiMm
BuxogoM 0,040 MxMoap/Ton. Y HaWOIIbLIIH KUIBKOCTI aleTaT ajblerif
YTBOPIOBABCA 31 3pa3koM PYTHIY, cepenHiil Buxin cranosuB 0,334 MKMOJB/TOI.
AIIETOH TaKOX YTBOPIOBABCS B HAMOLIbININM KITBKOCTI 31 3pa3koM pyTHIy, i3
cepeaHiM BuxoaoMm 0,124 MKMOIIB/TO]I.

3a paxyHok (otokatamituaHoro mneperBopeHHs COz MOXIMBE BUPOOHHUIITBO
BiJIHOBJIFOBAHOI'O TaJIMBa Ta XiMikartiB. Beranorieno, 1o TiO; y ¢hopMi aHaTasy Ta
pyTwily € HainommupeHimmMm ¢orokaramizatopom COz. B o00ox Bumaakax
¢dorokaranitnune neperBopeHHs CO. mependavae MOrIMHAHHS CBITJIOBOT eHEprii
JUIsL CTBOPEHHSI €JIEKTPOHHO-JIIPKOBUX Tap, SKi MOTIM MOXYTh pearyBatu 3 COz 3
YTBOPEHHSIM Pi3HUX MIPOAYKTIB.

Peruxuinar CO2 3a 10MOMOT010 MTYYHOTO (POTOCHHTE3Y MA€E KijIbKa €KOJIOTTYHUX
ACIICKTIB, sIKI € MEPCIIEKTUBHUMU JIJIs IeKapOOHIi3allii JOBKIJIIS:

— 3MEHILIEHHI BUKUAIB MApHUKOBUX Ta3iB;

— BUKOPHUCTaHHS BiTHOBJIIOBaHOI €HEprii;

— 3MEHILEHHS 3aJIeKHOCTI BiJj BAKOITHUX PECYPCiB;

— 3HWKEHHS 3a0pyIHEHHS JOBKLJIIS;

— 3aKpHUTTA I7I100aJbHOTO BYTJIELEBOTO IUKITY.
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VYTBOpeHi pEeYOBHHU — METAHOJI, alleTaT aJbJeTi/ Ta alleTOH € MePCIIeKTHBHUMU
pEUOBMHAMH JJIS BUKOPUCTAaHHS Ta BUPOOHMITBa OiomanuBa. MeTaHON MOXKe
BUKOPUCTOBYBAaTHCh SK MpsME MAJWBO Ui CIELiaTi30BaHUX [BUTYHIB a00 SK
CHUpPOBHWHA JJI1 BUPOOHUIITBA 1HIINX MATMBHUX MPOIYKTIB, TAKUX SIK JTUMETHI edip
(DME) abo rigporeH. AnieTart anp/eri Moxe OyTH epeTBOPEHUil B OyTaHOI, SIKHIA
MOJKE CITYKHTH SIK 3aMiHHUK OeH3WHY. ByTaHON Mae BUCOKHI BMICT €Heprii i Moxe
OyTH BUKOPHCTaHHUH y CTAaHIAPTHUX JBUTYHaX 0e3 3HaUHUX Moaudikamiid. ATieTon
€ TIEPCIIEKTUBHOIO PEYOBHHOIO JUISI BHPOOHHIITBA IIPOIIAHONY, KU MOXe OyTH
BUKOPHUCTAHUH SIK allbTepHAaTHBa OEH3MHY a00 T0aTKOBE MAIMBO IS 3MillyBaHHS
3 OCH3MHOM.
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RAINWATER MANAGEMENT BY “GREEN” ROOFS ON THE
EXAMPLE OF TRADE-BUSINESS CENTRE “PEREKHRESTIA”,
DNIPRO CITY

Abstract. The densification of urban building causes the replacement of urban green
areas with negative environmental impact. Therefore, it is necessary to move to the
concept of combining living plants with building structures. The concept of green
construction is a universal approach that allows not only to reduce the negative
impact of construction on the environment but on the contrary, to ensure a positive
impact on the environment. This concept can be applied at all levels — from a single
building to neighborhoods or settlements. One of the serious problems of cities is the
management of stormwater runoff. They carry trash, bacteria, heavy metals and other
pollutants through storm drains into local waterways. The most common means of
managing urban runoff are storm sewer systems, which have the conventional name
of "grey infrastructure.” These systems are ageing and require expensive repairs. Due
to climate change, the amount of runoff is increasing, which leads to exceeding the
carrying capacity of the systems. The development of territories significantly disrupts
the water balance. The sponge city allows effective solving of these problems thanks
to the maximum approach of the functioning of built-up areas to unbuilt ones. In this
work, a "green" roof is being developed on the roof of the "Perekhrestia” shopping
and business center in Dnipro city. To do this, the volume of precipitation in the city
for 2022 was analyzed. The "Roof Garden™ system from the Zinko-Ukraine company
was adopted. This system currently has a margin of 50% retention of precipitation
falling on green areas. To dispose of water from pedestrian areas, it is necessary to
install water storage tank(s). It is advisable to use this water for watering green areas
or for toilet needs. Two toilets in the public toilet ensure the emptying of the tank(s) in
15 days. Increasing the number of sanitary devices simplifies the water supply system
and increases the resilience of objects to climate change.

Keywords: "green construction”; "green" roof; rainwater; stormwater runoff;
sponge city; rainwater management.

P.O. I'nymenko, T.M. TkaueHko

KuiBcbkuii HalioHabHUH yHIBEpCUTET OYIIBHUITBA 1 apxiTekTypH, M. KuiB, Ykpaina

KEPYBAHHS JOIIOBUMH CTOKAMMU «3EJIEHUMMW» ITIOKPIBJISIMHU

HA IMTPUKJIAAI TOPT'OBEJIBHO-AIJIOBOI'O KOMIIVIEKCY
«IIEPEXPECTS» B M. JHIITPO

Anomauin. Ywinvuenns 3a0y006u MICI CHPUHUHAE 3AMIUEHHS MICOKUX 3€/1eHUX 30H
3 He2amueHUM GNIUGOM HA 006KLLIA. Tomy HeoOXiOHO nepexodumu 00 KoHyenyii
NOEOHAHHA HCUBUX POCIUH 3 OyodisenvbHuMu KoHcmpykyiamu. Kowyenyis senenoco
6yOieHUYMBA € VHIGEPCANbHUM NIOX000M, WO 003605€ HE NPOCMO 3MEHUWUMU

© P.O. I'nywenko, T.M. Tkauenko, 2023
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He2amusHUil 6naue OyOI6HUYMEA Ha O0BKINIA, A HAGNAKY, 3a0e3neumy no3UumueHui
6NIUE HA HABKONIUUWIHE cepedosuye. Lio Konyenyito ModCHA 3aCmMOco8ysamu Ha 8CIxX
pisuax — 8i0 okpemoi Oyoieni do keapmanie abo HaceneHux nyHkmie. OOHi€0 3
ceplio3Hux npodaem Micm € Kepy8anHs 3MU06UMU cmoKamu. Bonu nepenocamo
cmimms, bakmepii, 8ajxcki Memanu ma iHwi 3a0pyOHI08aui uepe3  31UB08Y
Kauanizayiro 8 micyesi 800Hi wiiaxu. Haubinew posnogcrodocenum 3acobom
VYNPAGTIHHA MICOKUMU CIMOKAMU € CUCIMEMU 3TUBOB0T KAHANI3AYii, AKI MAIOMb YMOGH)
Has3gy «cipa ingppacmpykmypay. Lli cucmemu cmapitoms i 8umazaroms 00po2ozo
pemonmy. Yepes 3minu knimamy o0cse CMOKI6 3pOCMAc, WO HpU3Bo0Ums 00
nepesuuerHs NPONYCKHoi cnpomodcHocmi cucmem. 3a6yo0oea mepumopiti Cymmeeo
nopyuiye 600Huti Oanaumc. Micmo-eybra 0036016 egekmuro eupiuysamu yi
npobnemu 3a60AKYU MAKCUMATLHOMY HAOIUINCEHHIO QYHKYiOHYysanHA 3a0)y008aHux
mepumopiii 0o nesadyodosanux. Y oaniii pobomi pospodiaemoca «3e1eHay NOKpiGs
Ha 0axy mopeoeenvHo-0in08o2o komnaekcy «llepexpecmay 6 m. [uinpo. [ns yvoeo
npoauanizosaro 06 ’emu onadie 8 m. [uinpo 3a 2022 p. Iputinamo cucmemy «Cao Ha
oaxy» 6i0 komnanii 3inko-Ykpaina. Lla cucmema na cvo2oomi mae 3anac 50%
VMpUMAHHA ONaodie, wo NOMpanuny Ha 3eieHi 30nu. [na ymunizayii eoou 3
RIWOXIOHUX 30H He0DXIOHO 6cmaHosoeamu Oax(u) 0na HakonuderHs 600u. Lo 600y
O00YINbHO BUKOPUCIMOBYBAMU HA NONUG 3eNIeHUX 30H a0 05l hompeb myanemis. /lea
VHIMA3U 2POMAOCLKO20 myaiemy 3abe3ne4yioms CnopodcHenHs baxa(ie) 3a 15 0i6.
3binvutens Kinbkocmi canimapHux npuaadié CNPouwye cucmemy 6000NOCMAYAHHSL
ma nidguwgye cmiukicmo 06 €kmie 00 3MiH KIIMANY.
Knrouogi cnoea: «3eneney 6y0ieHUymeo, «3eieHa» NOKpPIisis; 00u08i 600U; 31UB06I
CMOKU; Micmo-2yOKa; Kepye8auHs 00Uj08UMU CHOKAMU.
https://doi.org/10.32347/2411-4049.2023.3.49-58

Beryn

3 moyaTKy TeXHOJIOTi4HOi peBomonii ypoaHizaris Ha0ysa TaBUHHOTO XapakTepy. Lle
MIPU3BOJIUTH J0 3HUIICHHS MPUPOJHUX JAaHAMAPTIB. YIIiIT-HEHHS 3a0yI0BU MIiCT
CIpUYMHSIE 3aMilllCHHS MICBKHX 3€JeHUX 30H, TOOTO BTpaTy peKpeamiiHux
MOKIIMBOCTEH, OiOpI3HOMAHITTS, NMPUPOAHUX 3aco0iB OYMIICHHS JOBKULIS Ta
HACHYCHHS KUCHEM. ToMy HEOOX1THO IEPEXOJUTH IO KOHIICTIIIIT MOEAHAHHS KHUBUX
pociuH 3 Oy liBeTbHUMH KOHCTPYKITISIMH.

SKIO He BXKHMBATH 3aX0JliB, BHHUKAIOTh HEOE3MeuHl sABUIa — e()eKT MiChKOTO
TEIJIOBOTO OCTpOBY (pisHMLS Temmepatypu csrae 10°C), moripiieHHsl SIKOCTI
MOBITPSI Uepe3 TEXHOTEHHE HABAHTAKEHHSI, MPOOJIEMH 3 BiIBEJICHHSM MTOBEPXHEBOT'O
CTOKY dYepe3 3pOCTaHHS IXHBOrO 00’€My Ta 3HOIIECHHS CHCTEMH JIOIIOBOI
KaHaJi3alii, comiaabHi MpoOJeMH — HecTada MICIlb JUIsS peKpearlii, MoripIiIeHHs
CTaHy 3/IOPOB’sl, BiJIEOEKOJOTi4HI MpoOieMu (TIOTIPIICHHS €CTETUYHUX SIKOCTEH,
CTBOPEHHS IICUXIYHO arpECHBHOTO CEPEOBUINA) Ta OaraTo HIIHX.

Komnremniist 3ejieHOro OyAiBHHUIITBA € YHIBEPCAIbHUM ITiIX00M, IO J03BOJISIE HE
MPOCTO 3MEHIIUTH HETaTUBHMN BIUIMB OYyJiBHHUILITBA Ha JOBKIJUIS, a HAaBIIaKH,
3a0e3MeYnTy MO3UTUBHHUN BIUIMB Ha HAaBKOJHMIIHE cepenosuile. L[ koHIemio
MOJKHA 3aCTOCOBYBATH Ha BCIX PIBHSIX — BiJI OKpemoi OyJiBii JI0 KBapTamiB abo
HAaCEJICHUX MYHKTiB.

O0’ext BBaxaeTbcss 00’€KTOM  “3eieHOro” OyHMiBHHUIITBA, SIKIIO HOTO
CIIPOEKTOBAHO, MOOYIOBAHO Ta BiH €KCILTyaTy€eThes 3 3a0e3mneueHtsM [1]:

e c(eKTUBHOTO BUKOPHCTAHHS PECYPCIB;

e  3aXUCTYy IOBKULIS Ta 3MEHIICHHS 3a0pyIHEHHS;

e 3JIOPOBOTO, 3pyYHOT0 Ta €(PEKTUBHOTO BUKOPHCTAHHS IIPOCTOPY;
e TapPMOHIMHOTO CITiBICHYBaHHS 3 IPHUPOIOIO.
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Texnonorii 3eneHoro OymiBHUIITBA BiAIrpalOTh BAXKIUBY POJIb y 3HIKEHHI
BUKHJIIB ByIJICIl0. BupoOHUIITBO OETOHIB Aae 10 5% CBITOBHMX aHTPONOICHHUX
BUKHJIIB I[LOTO TapHUKOBOro Ta3y [2]. ToMy 3MEHINECHHs 3arajibHOro 00’eMy
0eTOHy, AKH BHUKOPHUCTOBYETHCA MMiJ Yac OyMiBHHIITBA, BiIIMOBigae KOHIEMIIii
“3ereHoro” OyMiBHHIITBA.

VY 3eneHux OyAiBIsSX BHKOPUCTOBYIOTHCS Pi3HI TEXHOJOTII Ta MaTepiaiu, moo
3MCHIIINTH BIUIMB Ha HABKOJMWIITHE CEpPEOBHINE Ta/ad0 BUTPATH Ha EHEPTIIO.
Takumu € onTUMizaris opieHTamii OyaiBii [3], BUKOPHCTAHHS €KOJOT1YHO YHUCTHX
Ta eHeproeeKTHMBHUX MaTepialliB MPOTATOM YCHOTO JKUTTEBOTO IMKIY OyniBmi
[3, 4], eneproedekTuBHE MiATPUMAHHS MapaMeTPiB MIKPOKJIIMAaTy OMAJCHHSIM Ta
KOHIWIIIOHYBaHHSAM TOBITPA [5], 30KpeMa MPaBHIBHUM TIOBITPOPO3IMOAITICHHIM
[6, 7], ynpaBniHHS OCBITIEHHAM [5], BAKOPUCTAHHS MPUPOTHOTO OCBIiTICHHS [5],
BUKOPHUCTAHHS BiTHOBJIIOBaHUX JIKepel eHeprii [5], HaBuaHHs Jr0JIei MpaBUIIbHIH
ekcruyaraiii OymiBenb [5], TexHosoris posymHoro wmicra [8]. Lle mo3Bossie
ONITUMI3YBaTH PEXXUMHU POOOTH Pi3HUX CHCTEM KUTTe3a0€3IMeueHHs Ta CIIOKUBAHHS
pecypciB, a TakKoXXK BIPOBAJUTH “3eJIeHI KOHCTPYKIII”, 1110 TOEAHYIOTh Oy liBeNbHI
KOHCTPYKIIiT 3 )KuBUMH pocirHamu [9-15].

OpHi€ro 3 cepio3HUX MPOOIIEM MICT € KepyBaHHS 3TMBOBUMH CTOKaMu [16], o
€ OCHOBHOIO TIPUYUHOIO 3a0pyTHEHHS BOJIU Ta IPYHTY B MicTaX. BOHH nepeHoCsTh
CMITTSI, OaKkTepii, BaKKi METaJIM Ta 1HINI 3a0pyAHIOBaUl Yepe3 37MBOBY KaHAIII3aIlii0
B MicleBi BojHI uisixu. CHIbHI 3IMBA MOXKYTh CIPHYMHHATH TIOBEHI, SIKi 3aBIayTh
IIKO/IM MaitHy Ta iH(ppacTpykTypi [17].

Haii6inbm1 po3noBCIOKEHNM 3aC000M YIIPABIiHHS MiCBKUMU CTOKaMH € CUCTEMU
3ITMBOBOi KaHAmi3allii, sKi MalOTh YMOBHY Ha3By «cipa iH(ppactpykTypa» [18]. Lli
CUCTEMH CTapilOTh 1 BUMararoTh JOPOTOro peMoHTy. YUepe3 3MiHM KiiMary oOcsar
CTOKIB 3pOCTa€, 110 PU3BOIUTS 10 TIEPEBUIIICHHSI TPOITYCKHOT CLIPOMOXKHOCTI CHCTEM.

Buxomom € niepexin 10 «3eneHoi» iHppacTpykTypH [19] 3a KOHIIEMITIERD «MICTO-
ryoka» [20]. OCHOBHUM IPHHIIMIIOM € TIOTJIMHAHHS JIOIIOBOT BOJIH SIKOMOTA OJIHKYe
1o il maaiHHS.

VY 2019 poui Konrpec Crnomyuenux IllrariB AMepuku npuiiHsB «3aKOH PO
MOKpalleHHss  BOAHOI  iH(pacTpykTypu» [21], skuii BuU3HAYae  3elCHY
iH(bpacTPYKTYypy SIK «HAOIp 3aX0MiB, SKi BUKOPHUCTOBYIOTh CHCTEMH POCIHH abo
IPYHTY, BOJIOTIPDOHUKHE MOKPHUTTS a00 i1HIII BOJIONIPOHKKHI TOBEPXHI Y CyOCTparHy,
30ip Ta MOBTOpPHE BUKOPHCTAHHS JIOIIOBOI BOAM a00 O3elleHeHHs Ul 30epiraHHs,
MPOHUKHEHHS a00 BUIIAPOBYBAHHS 3JIMBOBOi BOJAW JJIsl 3MEHIICHHS HAIXOJDKEHHS
JI0 KaHaJ3aI[lifHUX CUCTEM a00 TIOBEPXHEBUX BOJDY.

Konmenmiss Micta-ry0ku Tiependayae MakKCHUMallbHE BHKOPUCTAHHS HASBHHX
MOBEPXOHb JJISl TOTJIMHAHHA JOIIOBOI BOOM — «3€JIEH1» MOKPiBIIi, JOIIOBI caju,
BOJIOTIPOITYCKHI TOKPUTTS JIOPIr Ta JOpiKOK Tomio [22]. BomocToku mokpiBesb
MOXKYTh O0JIaZIHYBaTHCS pe3epByapaMu JUisd 30MpaHHs JOIIOBOI BOJU HA TEXHIYHI
i [23]. OcobmuBo eheKTUBHO 30MpaTy BOAY Micist PiIbTpaLii B apax «3eIeHUX)
nokpiseb [23].

3a0ymoBa TepuTopiit [24] cyTTeBO moOpyllye BogHHE OamaHc (puc. 1), 110
HETaTUBHO TIO3HAYAETHCA Ha MOBKULI. 30Kpema, 3MEHIIEHHS BHIApOBYBAaHHS
MPU3BOJIUTH JI0 3HMKEHHS BiJJHOCHOI BOJIOTOCTI TMOBITPA. A BiJICYTHICTH MOTOKY
IPYHTOBHX BOJ IPU3BOJUTH JO IOPYIICHHS BOJHOTO OalaHCy BOJOHOCHHX
TOPH30HTIB, 30KpeMa, poOOTH KOJIOAS3IB Y MPUIIETIIUX TEPUTOPIIX. MicTo-ryoKa
n03BoJIsi€  €(DEeKTUBHO BHPIIIYBATH LI MNPOOJEMH 3aBASKH MAaKCHMalIbHOMY
HaOJIMKCHHIO (DYHKIIIOHYBaHHS 3a0y0BaHUX TEPUTOPIH 10 He3a0yTOBaHUX.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023



Onaau BunapoByBaHHsA Onagu

320 mm/pik 200 mm/pik 320 mm/pixk BunapoByBaHHA
20 mm/pik

>

BopocrTik
, 300 mm/pik

a 1;00 MM/piK 0
Puc. 1. Bonuuii 6ananc tepurtopiii [24]: a — He3a0ynoBaHoi; 0 — 320y 10BaHOT

Takum  umMHOM, «3eleHa»  iHQpAacTpyKTypa — e aJanTUBHUHA 1
OaraTo(yHKITIOHATBLHUH MiJXi]1 IO YIPABIIHHS 3JJMBOBUMHU BOJIAMU Ta IiABUINCHHS
KJIIMATHYHOI CTIHKOCTI 3 OaratbMa mepeBaraMu JJis TPOMa;

® T[OKpamlye SIKICThb CTIiUHMX BoJ Ta 30epirae iX [uii TOBTOPHOTO
BUKOPHCTAHHS,

®  TIABHIIYE CTIHKICTh CIIIFHOTH Ta iHOPACTPYKTYPH;

® 3MIIHIOE MiCIIEBY €KOHOMIKY Yepe3 3MEHIIIEHHS BOJIOCIIOKIBAHHS, BUTPAT
Ha JIONIOBY KaHali3allilo, OUIbII HalIiliHy JIOTICTUKY dYepe3 BiICYTHICTh
3aTOTUIEHHS aBTOILISXIB, BiZICYTHICTh BTpAT 4epe3 3aTOIUICHHS IIi/(BalIiB,
IIOKOJIEHUX TTOBEPXiB, MiJ3eMHUX MIEPEXO/IiB TOIO.

OfHHMM 3 SJIEMEHTIB «3€JICHOT0 OYIBHUIITBAY, SKUI BUKOHYE (YHKIIIO I'yOKH, €
3eJIeHI MOKPIiBIi Ha OYMAiBISAX, TOOTO MOEJHAHHS TIOKPIBIi 3 KHUBHUMHU POCITHHAMH.
OCoONUBICTIO «3€JIEHUX MOKPiBENb» € HE JIMILE 3aTPUMYBAaHHS 1 BiJBEeIEHHS
JIOIIIOBOI BOJIH, ajie i 11 iibTpalis 3 MOJANBIIO MOXKJIMBICTIO 3aCTOCYBaHHS IS
rocrofapcbkux moTped. ToMy mocrae 3ajadya CTBOPEHHS TaKHX «3EICHUX)
MTOKPiBEITb.

Marepiaau i MeTogu

VY naniit po6oTi pO3pOOISETHCS «3€IeHa» TOKPIBISA Ha 1aXy TOProBeJIbHO-A1IOBOTO
komriekcy «llepexpectsi» B M. Juinpo. Ilpu 1mpomMy HEOOXiJHO BpaxyBaTH
KJTiMaTH4YHI YMOBHU 3a ganuMu [25]. JIHimporeTpoBchka 00NACTh 3HAXOAUTHCS B
MOMIPHUX IMIUPOTaX 1 Ma€ IMOMIPHO KOHTHHEHTAJIbHMI KiiMaT [25]. V ciuHi
CIIOCTEPIraeThesl HAlHIWKYA Temreparypa — Minyc 5,5 °C. Y numnHi crioctepiraeTbes
HaiBuIIa Temneparypa — miroc 26,7 °C. Pidna kinbkicTh onamiB 513 mm. Bomni
pecypcu 00acTi B cepeiHiii 32 BOAHICTIO PiK CTaHOBJIATH 52,8 mupa M3, 3okpema,
MicueBHit cTiK, mo (GopMyeThcs B Mexax obmacti, cranosuth 0,825 mupn m® i
0,381 mutpx M — 3amacu TiA3eMHUX BOJ. B003a0e3NeueHicTh B CEPENHBOMY 10
o6nacti cranoBuTh 0,57 THC. M® BOIM Ha yllly HAceIeHHs Ha piK. B mopiBHsHHI nei
TNIOKa3HKK 10 YKpaiHi cranoutk 1 THc. M3 Ha pik, y €Bpori — 4,6 Tnc. M3, B Kanasi —
99 tuc. M3, y cBiti — 8,2 THC. M.

Orsiz Ta aHani3 HassBHUX CHUCTEM BOJIONIOCTA4YaHHs Ta BOJOBIABEAECHHS 00J1acTi
MOKa3ye, 10 BOHM 3HAXOIATHCSA IMEPEBAXHO B HE3aJOBUILHOMY CTaHi, OYMCHI
CIOPYAX TPaLIOIOTh HESPEKTHBHO Ta MOTPEOYIOTH PEMOHTY Ta PEKOHCTPYKIIIi.
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VY minomy, mepeBaHTa)XKEHHS OUIBIIOCTI OYHUCHHUX CHOPYJ HE CIIOCTEPIraeThCs.
OpnHax, SIKiCTh OYMLICHHS CTIYHUX BOJ] HE3aI0BUTbHA, HU3KA TOKA3HUKIB MEPEBHUIILYE
HOPMAaTHUBHU TPaHUYHO-IOMyCTUMOTO ckuny 3abpyantoBadiB (I'JIC) i He mo3Bomsie
JIOCATHYTH KaTeropii ‘“HOPMaTHBHO-OYHIICH] .

1 cTBOpeHHS «3eNeH01» MOKPIBII Ha 1aXy TOPTOBEIBbHO-IJIOBOTO KOMILIEKCY
«[lepexpectss» B M. IHiIIpo npoaHanizyeMo 00’ eMu onafiB B M. JHinpo 3a 2022 p.
(puc. 2). MakcumManbHuil 00’eM omnaiiB Bianosigae O, = 34 MM y KBIiTHI (KUTBKICTb
nuiB z = 30).

Ciu ot Bep Ksi Tpa Yep Jlun Cep Bep Xos Jluc lpy
2022 2023

Puc. 2. O6’em onais 3a TaHUMH apXiBy MOTOH

Po3po0enHs «3esieHOD» MOKPIBJIi 3 GyHKIIEI0 BOAOYTPUMAHHA Ta IOBTOPHOIO
BHKOPHMCTAHHS BOAM

3anms MaKCUMaITbHOTO YTPUMYBAaHHS BOAM OyII0 pOaHaTi30BaHO HAsBHI HA PUHKY
pimeHHst i mpuiiHiATO cucremy «Caa Ha naxy» Big Kommadii 3iHko-Ykpaina
(puc. 3, 4). Lle — cucrtema 3i crieniajabHO MiiOpaHUM IS IIbOTO HA0OPOM POCIIUH,
BOJIOTOYTPUMYIOUMMH MaTaMH 1 JpeHa)XHUMHU eneMmeHTamu Tuiy Floradrain® FD
40 [26]. Bucota cuctemu 160 Mm, maca 180 kr/m?, BojoHakonudeHHs 68 qm®/m? abo
H =68 MM, cniBBigHomenHst ctoky C < 30. [Inoma maxy THK «Ilepexpects»
S, = 1192 M? ckafaeThes 3 IO 3€IEHUX 30H Sy, = 544 M2, 10 yTPUMYIOTH BOLY,
Ta IO MIIIOXiTHUX 30H Ss = 648 M? 3 BOIONPOITYCKHMM MOKPHUTTSAM, 3BiIKH BOJIa
BIJIBOJIUTHCS.

A
N ""4"\' 1 '4;/ ’}/ 7
INVANL Vol oA
NS A
-I.-“/v /;‘)/l ’/I/,
IS8 1485 i g
M=/
b ”./'-/’ ()
)

Puc. 3. Cxema cuctemu Floradrain® FD 40 [26]: 1 — 6araTopiuHi pociauHu; 2 — CHCTEMHHI
cyOcTpar «3amamiHi TpaBw»; 3 — cucreMHuilt ¢inetp SF; 4 — npeHaxkHHME eleMeHT
Floradrain® FD 40-E, FD 40-R (pynon), FD 40-RV (pynon i cucremHuil QinsTp);
5 — BomoroyrpuMyBanbHul 3axucHui MaT SSM 45; 6 — nporukopenesuii map WSF 40;
7 — KOHCTPYKIIiS Aaxy
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Puc. 4. TIpoekt «3eneHoi» NoKpiBIi:

— MOHTYBaHHA JApeHaxkHoro Mata Floradrain® FD 40 y mimoxigHUX 30HaX OTBOpaMHd
JOHU3Y JUTS IIBHIIIOTO BOAOBIABENCHHS (Sq = 648 M2);

— MOHTyBaHHs JpeHaxxHoro Mara Floradrain® FD 40 y 30Hax Haca[keHb OTBOpamu
JIOTOPH [ yTPUMYBaHHs BojM (S = 544 m?)

[Ipu MmakcumanbHil 3muBi Ha piBHI O, = 34 MM 3amac CTAaHOBUTh
3=100-(H - O.)/H = 50%.

TakuMm 4YWHOM, KIIMATH4YHI 3MiHU 1 MOB’s3aHE 3 HUMHU 3POCTAHHS KiJIBKOCTI
OTa/IiB HE MOBMHHI BUCHAKUTH MOKJIMBOCTI BOJIOYTPUMAHHS 3eJICHUX 30H MTOKPIBIi.
JlomoBa Bosa Oyie OBHICTIO yTpUMaHa 3€J€HHUMHU 30HaMH 0e3 HaBaHTa)KeHHS Ha
3JIMBOBE BOJIOBIABEIEHHS.

Teopernuna MakcUMajbHa KUIBKICTh ONAJiB, SKa YTPUMYETHCS 3CICHHUMHU
30HAMH JIaHOI MOKPIBIIi, e,

W, = SO (D)

3a popmyioro (1) W,, = 18496 nm®.
IMotpe6a y Boai Ha moauB 3a [27] craHoBUTH 3...6 am%/(M%*7100y). Sxio
ACOPTUMEHT POCJIMH BIJINOBIA€ BiJHOCHO HEBEIMKIH KIJILKOCTI OmajaiB 00JacTi,

npuiiMaemo notpedy ¢ = 3 am*/(mM%106y). Toxi moTpeba y MOJMBI 3€NEHUX 30H
CTaHOBHTHME, IM°/100Y,

Qn = Sey'q- (2)

3a gopmyioro (2) Q, = 1632 am®/m06y. Toxi KinbKicTh 1i6, AKi IOKPIBIIIO HE CITif
TOJIMBATH IMiCJIsl MAKCUMAJILHOT 3JIUBH, CJIil BU3HAaYaTH 332 (HOPMYJIOH, JIi0,

n=W, /Q,=0O./q. @)

3a ¢dopmyrnoro (3) mokpiBmo MoxkHa He monmBate N = 11,3 ni6. [lpu npomy

3QJIMMIAETHCSA HEBUKOPUCTAHMI PECYpC JO0IIOBOT BOIY 3 HMIIIOXITHUX 30H 00°€MOM, M°,

ng = Sgg' Oc . (4)
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3a popmynoro (4) Wy, = 22032 am®. Llro Boxy nomineHO 30upati 10 Gaka(iB)
JUTS TIOJANIBIIOT0 BUKOPUCTaHHS. JI1 MakCUMambHOI yTHIi3alii JaHOTO pecypey
00’em ©Oaka(iB) mae Bimmosimatu W, 3 3a0KpyrieHHAM Yy Oinblinid Oik —
ZWa =23 M3.

OnTuMaapHUHR Jac 30epiraHHsa BOIW 3a TOCBIOM CTAHOBHUTH 2...3 TIDKHI, TIiCIIA
YOro SIKICTb BOAM 3HAYHO IMOTIPIIYETHCS Yepe3 O10JMOTiYHI Ta XiMidHI MPOIECH.
BuxopucranHs HakomM4YeHOTO 00’ €My Ha TIOJHB BiIOYyBaTUMETHCS MPOTATOM N, /110
3a (hopmMyIr0r0

N = Wao 1Qu = (Sue/ i) (0c/ Q) = (Sua/ Sup) 1. ()

3a 3anexHicTio (5) Mmaemo N, = 13,5. Skmo nounHaTH MONMUB 3 Oaka(iB) micis
BUYEPITyBaHHS YTPUMaHOI BOJH, 30epirati Boy B OaKy mpuiineTbes N + n, = 24,8
nHi. OcranHi 3,5 AHI 70 CyOCTpaTy MOTPAILIATUME BOJA HEHAIEKHOI IKOCTI.

MosxHa cripoOyBaTH CTpATETiI0 MOTIOBHEHHS 3aMaciB yTPUMAHOI BOJIU IIISIXOM
OUTBIII IHTEHCUBHOTO TIOJMBAHHs], HIX mMOTpiOHO. [lpu 1LOMY BOJa 3HOBY
MIPOXOJUTHME CYyOCTpaT 1 KOPEHi POCIHH, [0 Ma€ OYHUCTHUTH ii BiJf MIKpOOPTaHi3MiB
1 yTBOpEHHUX XIMIYHHX 3a0pyaHIOBadiB. MOXIUBICTh Takoi Oiopememiamii Bomu 3
MIPOIOBXKEHHSIM CTPOKY 30epiraHHs BHMAarae JOJAaTKOBOTO EKCIIEPHUMEHTAJILHOTO
MiATBEPIKCHHSI.

3 immoro Ooky, Oak(u) Oyme po3TalIOBaHO HIKYE pPIBHA MOKPIBIi, IO
BAMaraTHMe 3aCTOCYBaHHS HACOCIB ISl MiJHATTS 11 Ha monuB. [HIIOO cTpaTerieto €
BUKOPUCTAHHS BOAM JJs TyasjeTiB Ha HIDKYMX [IOBEpXaxX, IO J03BOJISE
CKOPHUCTATHCS TAPOCTATUYHUM THCKOM JUIsl CaMOIUIMHY. 3a [27] cepeaHs 3a TOAUHY
motpeba y BOJI Ha OAWH YHITa3 1 MiCyap TPOMAaJICHKHX TyaJleTiB CTaHOBHWTH,
Bignosigno, 90 i 20 am*/rox. Ilpu BOCEMHMIOAMHHOMY poGOYOMYy [HI 1000Ba
norpeba cTaHOBUTHME, BinosigHo, 720 i 160 qv®/ron. Takum 4MHOM, [Ba YHITa3H
CrIopOXHATH Oak(u) 3a 22032 / (2-720) = 15,3 106w, 110 BiAMOBi1a€ ONTUMATBHOMY
pexuMy ekcrutyarainii. Bukopucranus OakiB Juisi OLIbIIOT KINBKOCTI CaHITaApHUX
MPUIAJiB 3ATUINAETHCS BUIIPABIAHUM 31715 CIIPOILIEHHSI CHCTEMH BOJIOIIOCTAYaHHS
BIJIMOBITHUX TyaJleTiB. AJke CHOpoXHEeHHS Oaka(iB) mBuiiie Hik 3a 14 mi0o He
TMIOTIPIITY€E SKICTH BOJIH.

OcCKiNbKkH 3MiHM KIIiMaTry MOXYTh 30UTBIIMTH KUTBKICTh OMajiB, TO Oak(u)
PEKOMEH/IY€EThCS TIPOEKTYBAaTH 3 3armacoM. Ha ChOrogHi METOAMKM BHU3HAYCHHS
3aracy BiJCYTHi, a IPOrHO3M 3aJIMIIAIOTHCS HEAOCTaTHHO OOIPYHTOBAaHMMH. Tomy
MPOTIOHYEThCST NMPUHMATH 3aracu 3 YpaxyBaHHSIM MOXIIMBOCTEH 3aMOBHHKA Ta
OyMiBeTbHUX KOHCTPYKINH. Y TakoMy pa3i 30UIbLICHHS KUTBKOCTI CaHITapHUX
OpUIafiB, MO OOCIYTrOBYIOTBCS, CTAE BUIIPABIAHMM 3715 MiJBUILEHHSA CTIMKOCTI
00’€KTIB 10 KJIIMAaTUYHUX 3MiH.

BucnoBku

3esieHi HOKPIBJIi € MEPCIEKTUBHUM HAIPSMKOM IiJIBHIIECHHS BOJIHOI CTIHKOCTI MiCT
y paMKax KOHUeMNLii «Micta-ryOku». 3a0y0Ba TEpUTOPIN MOTipiIye IXHINA BOIHUMA
peXuM depe3 MOpYIIeHHS BOAHOTO Oamancy. Ilepexim g0 micta-ryOku o3BOIISIE
MaKCHMaJIbHO BIIHOBHUTH Liell Oananc. Ha npukiami «3ejeHOoD» MOKPIBIl Ha Jaxy
TOProBeNbHO-/II0BOro Komiiekcy «[lepexpects» B M. JIHinmpo moka3aHo, IO
3eJieHI 30HU 3/IaTHI HAKONHMYYBAaTH BeCh 00’eM omafiB O0e3 ckumanHs. [limmoxigHi
30HU 30MpaIOTh CYTTEBHM 00’€M BOIH, SKHH TOLIILHO 30upatd B Oaky(ax) mjs
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MTOIaJIBIIIOTO BUKOPHUCTAHHS Ha MONWB abo Tyanetd. [lomanpmi mocmimkeHHs Oyie
CHPSIMOBaHO Ha BpaxXyBaHHS MPOTHO30BAHUX KIIMAaTUYHUX 3MiH IPU MPOEKTYBaHHI
CUCTEMH yTHJIi3allil BOJIU Bijl ONaJiB.

IMogsaikn

Jana poboTa € YacTHHOIO MPHUKIATHOTO MOCTIDKEHHS 3 JePKOIOKETHUM
¢inancyBanHsM « CTBOPEHHS MEPCIEKTUBHUX TEXHOJIOT1H popMyBaHHS 6€311eYHOTO
cepenmoBuIa OyAiBeNs TMOEIHAHHAM '3€IEHWX KOHCTPYKHiH"', QiTomm3aiiHy Ta
IKEHEPHUX CUCTEMY, HOMep nepkpeectparii 0122U001197.

[lyOmikamito MiArOTOBIEHO B paMKax MNpoekTy «bararopiBHeBa Miclesa,
HalllOHaJIbHA Ta 3arajbHOPETiIOHANbHA OCBITa Ta HABYaHHS B Tajly3i KIIMaTHYHUX
MIOCITYT, aJlanTaIlii Ta oM’ IKIIIeHHS HACJIIIKIB 3MiHH KiIimMaTy 619285-EPP-1-2020-
1-FI-EPPKA2-CBHE-JP». IlinTpumka €BpOIEHCHKOI0 KOMICIEI0 BHITYCKY i€l
myOumiKallii He O3Ha4a€e CXBAJICHHsI BMICTY, SIKWH BiioOpaskae JHIe TyMKH aBTOPIB,
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EVALUATION OF THE OCCUPATIONAL RISK INDEX
OF THE FOREST FALLER

Abstract. The purpose of the work is to assess the professional risk index of a forest
feller, taking into account: ergonomic, psychosocial and hygienic factors and
individual parameters, with the development of practical recommendations for
reducing diseases of the musculoskeletal system, taking into account the adaptive
capabilities of a person.

To estimate the occupational risk index, methods were used to determine the danger
from the working posture, the influence of psychosocial factors, and individual
indicators. The assessment of the index of occupational risk of injury/disease of the
musculoskeletal system was determined on a scale from 0 to 1. To determine the
adaptation capabilities of forest loggers to resist physical exertion, we used the
method proposed by R.M. Baevsky.

A procedure has been developed for the assessment of the occupational risk index
during the performance of various logging operations of a forest logger based on
the assessment of ergonomic posture, the influence of psychosocial, hygienic
factors, and individual parameters. It was determined that the work related to the
technological process of harvesting wood and cleaning trees from branches and
knots has the highest degree of risk. It is shown that the greatest influence on the
value of the occupational risk index is caused by an uncomfortable ergonomic
posture and a psychosocial factor, while when whipping whips and their loading —
psychosocial and hygienic factors. It has been established that the greatest influence
on the adaptive capabilities of a forest feller has an uncomfortable working posture
and a psychosocial factor.
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The relationship between adaptation possibilities and the discomfort of the working
posture, psychosocial and hygienic factors has been established.

It is shown that for the felling of trees and sawed off branches, it is necessary to
provide workers with high adaptability, while it is desirable to involve workers with
low adaptability in the trawling of whips and their load.

Keywords: risk; forest faller; ergonomic risk; uncomfortable posture; psychosocial
factor.
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'Hanionanbuuii Texuiunuii ynisepcureT "JIninposchka nonitexuika", M. JIninpo, Yxpaina
2KuiBchkuil HallioHaNbHKI yHiBepCHTET Oy MiBHMIITEA 1 apXiTekTypH, M. Kuis, Ykpaina

OLIHKA IHIEKCY IPO®ECIHHOI'O PU3UKY BAJIbHUKA JIICY

Beryn

Anomauin. Mema pobomu — oyinka inoexcy npogheciiino2o pusuKy 8aibHUKA JiCy 3
6DPAXYBAHHAM E€P2OHOMIYHO020, NCUXOCOYIANbHO20 1 2ICIEHIYHO20 YUHHUKIE Mda
iHOUBIOYANLHUX NAPAMempié 3 PpO3pOOKOI0 NPAKMUYHUX DPEeKOMeHOayiti 0as
SMEHWIEHHSI  3AXB0PIOBAHL ~ OHOPHO-PYX06020  anapamy 3  YPAXyB8aHHAM
aoanmayiiHux MOJICIUBOCMeEN IIOOUHU.

Ina  oyinku iHOexcy npo@ecitinoco pusuKy CKOPUCMATUCL Memodamu Ois
BU3HAYEHHs HeDe3neKu 8i0 pobouoi no3u, 8NIUGY NCUXOCOYIATbHO2O hakmopy ma
iHOugioyanvHux  nokasHuxie.  Oyinky  iHOeKcy  NpogecitiHoco  pusuKy
MPABMYBAHHS/3AXE0PIOBAHHS ONOPHO-PYX0B020 ANAPAMY GUSHAYANU 34 UKAO0I0 810
0 0o 1. /{nsn eusnauenHss adanmayiiHux MONCIUBOCMEU BANbHUKIE JIiCY U000
cynpomugy Qizuunum HABAHMAIICEHHAM CKOpUCManucy Memooom,
sanpononoganum P.M. bacscokum.

Pospobreno npoyedypy ons oyinku indexcy npogeciiinoco pusuxy npu 6UKOHAHHL
PI3HUX  1iCO3a20MiGeNbHUX  POOIM  BANLHUKA JIICY HA OCHOBI  OYIHIOBAHHS
E€P2OHOMIYHOI NO3uU, 6RAUBY NCUXOCOYIANbHO2O [ 2ICIEHIYHO20 YUHHUKIE ma
iHOugioyanvHux napamempis. Busmaueno, wo pobomu, AKi nos’sazani 3
MEXHONIO2IYHUM NPOYeCcoM 3000VMKY Oepesuru ma ouuljerHs oepes G0 2iioK ma
CyuKis, Maoms Haubinbwuli cmynins pusuxy. Ilokazano, wo Ha 8eruyuny iHOeKcy
npogheciinoeo pusuKy HaubLIbWl GNIUBAIOMb HE3PYYHA ePeOHOMIYHA Nno3d ma
NCUXOCOYIANbHUL YUHHUK, MOOI K NPU MPeT08ANHI XAUCIIE Md IX HABAHMANCEHHT —
NCUXOCOYIANbHUL Ma 2ICIEHIYHUT YUHHUKU. Bemanoesneno, wo naubinbuiuil 6niue na
aoanmayiuni MOJNCIUBOCMI BANbHUKA JICY MAE He3pyyHa poboya nosa ma
NCUXOCOYIANbHUL YUHHUK.

Bcmanoeneno — 83a€mM038’A30K  MidC  a0ANMAYIUHUMU — MONCIUBOCAMU  ©
He3pYUHICMIO pOOOUO0I NO3U, NCUXOCOYIATLHUM | ICICHIYHUM YUHHUKAMU.
Tlokazano, wo 015 36a1106aHHs Oeped i OONUIIOBAHHS 20K He0OXIOHO 3anyuamu
NPAYi6HUKIG 3 GUCOKUMU A0ANMAYIUHUMU MONCIUBOCHIAMU, MOOI AK NPAYIGHUKIE 3
HUZbKUMU AOANMAYIUHUMU MONCTUBOCMAMU OANCAHO O00LyHaAmU 00 MPeNO8aAHHs
XAUCMIB MA IX HABAHMANICEHHS.

Kniouosi cnoea: pusuk; 6anvHux nicy; epeoHOMIMHUL pPU3UK, HE3PYYHA No3a,
NCUXOCOYIANbHUL YUHHUK.

https://doi.org/10.32347/2411-4049.2023.3.59-74

[Ipodecis BampHUKA JTiCYy XapaKTEPU3YETHCS HAMOUTBITIO TPaBMOHEOES3EUHICTIO B
TEeXHOJIOTIYHOMY TIporieci 3100yTKy nepesunu [1, 2]. Lle mop’s3ano, mepi 3a Bce,
HE3pYYHUMU BUPOOHUYUMHU [T03aMU Ta 3HAYHOIO KUTBKICTIO MOTOPHO-PYYHOT MpaIli,
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BUKOPHCTaHHSM B TEXHOJIOTTYHOMY ITPOLIEC] 3100y TKY JEPEBUHN BaKKUX OCH3OITHIL.
Kpim toro, pobota mpoBOIUTHCS B MPUPOJHUX YMOBAX — y BiIaJICHUX pallOHaX Ha
MepeciuHiil (4acTo KpyTii) MiCIIEBOCTI, 1[0 BUMAara€ MOCTIHHOI 30CEPEKEHOCTI i
KOHIIGHTpaIii yBaru. Brmime 3rajaHux HeOe3NeYHUX YWHHHKIB MPH3BOAMTH JIO
HaWpO3MOBCIOLKEHITIONO MPOoeCiHHOTO 3aXBOPIOBAHHS BaJIbHUKIB ICPCBUHH —
MOPYLICHHS OTIOPHO-PYXOBOTO anapary. 3BiCHO, 1ie BUMAarae 3apoBaPKeHHS HOBUX
TEXHOJIOTIYHUX PIMIeHb A PYYHOI pYyOKH Iicy, sKi 0a3yroThCs Ha PO3yMiHHI
MeXaHi3MiB (opMyBaHHS BIANOBIMHUX BHUPOOHHYHMX 03 3 «HEHTPATHHIM»
MOJIOKEeHHSAM XxpebTa [3, 4]. 3BifCH BUCBITICHHS HANOLIBII TpaBMOHEOE3MEUYHUX
pPYXiB TIpH BHKOHaHHI BUPOOHMYMX oOmepauid 3 MOJaNbIIMM IX aHaIi30M Ta
pO3pOOKOI0 BIMMOBITHUX PEKOMEHMIAIlIA IMOM0 3MEHIICHHS PiBHSA MPOQeCciiHOro
PHU3UKY TPaBMYBaHHS SBISETHCS aKTyaJIbHOIO 3a/1a4€lO0.

Orasig JgiTepaTypHHX JAxKepel

AHani3 JiTepaTypHHX JDKEpeN MOKa3aB 3HA4HY 3alliKaBJICHICTh (axiBIiB 3 Oe3MeKH
Tpalli MpoOIEMOI0 3MEHIIIEHHS TPABMaTH3MY Y POOITHHKIB JIICOBOT TaiTy3i SIK B HAIII i
KpaiHi, Tak i 32 KOpIOHOM. Tax, y OLIBIIOCTI BITYM3HSIHUX ITyOJIiKaIlii BKa3y€ThCS, IO
OCHOBHMMH TPUYMHAMH TPaBMYBaHHS € HEBHKOHAHHS TIPAlliBHUKAMH BHUMOT
THCTPYKIIiH 3 OXOPOHH Tpalli; HECBOEYacHe Ta HESKICHE TPOBEICHHS iHCTPYKTaXIB 3
OXOPOHHM TIpalli; HeTOTPUMAaHHsS BUMOT O€3IeKH TIPH 3BANIOBAHHI JIEPEB, JIICOCIIHUX
poboTax (3BaJIFOBaHHS JAEPEB, 0Opi3yBaHHs TiJIOK, TPEIIOBAHHS Ta HABAaHTAXKCHHS
nepesunu) [5, 6]. Ilpu mpomy JUIs 3HIKEHHS TpaBMaTHU3My pEKOMEHIYEThCS
3abe3neuyBaTH e(heKTUBHY POOOTY CIy»KO OXOpOHH Ipaili yCixX piBHIB, MOCHIUTH
KOHTPOJIb 33 HASBHICTIO JTO3BUTHHHUX JOKYMEHTIB Y Cy0 €KTIB rOCHOJapIOBaHHS, SIKi
BUKOHYIOTh POOOTH TiJBHINCHOI HEOE3MEeKH, a TaKOX 3allpOBaJUTH TIOETAIHY
MeXaHi3aliio (aBTOMAaTU3allil0) BCHOTO KOMILIEKCY JIiCO3aroTiBeIbHUX POOIT, TpH
[IFOMY BUKOPHUCTOBYFOUH KpaIIuii CBITOBHI TOCBiT [7].

Hait6inpmmii iHTepec 1uisi SMEHILIEHHS TPaBMaTH3MYy NIPE/ICTABIISIE 3aCTOCYBAHHS
KpaIoro CBITOBOTO JOCBiAy. Ha 11boMy HarojomyoTs aBTOPH JOCTIHKeHHS [§, 9],
JIe BKa3YEThCS HAa HEOOXIAHICTh aHaNi3y TEXHOJOTIYHUX KapT POOIT, O SKUAX
BKJIFOYAIOTH yCi acleKTH BUPOOHUYMX OTepalliii, y TOMy YMCIIi 3 OXOPOHH TIpalli Ha
OCHOBI TiepeIoBHX Oe3NeuHuX MpakTHK. B TOH ke 4ac J0 MOMMpPEHHX MPAaKTHUK
BiTHOCSTH (pOpMyBaHHS BiqNOBiIHOI poO0UYO0T 103, siKa 3a0€3MeUnTh MiHIMAIIbHUI
pusuk TpaBmyBanHs [10]. Tak, y nocmimxenni [11] aBTopamu Oyi0 BCTaHOBICHO,
o poboda 1o3a IiJ] Yac BaJIKU JiepeB OSH30IMUIIOI 3 HAXUIICHUM BIIEpE]] TIJIOM y
MOJIOXKEHH] CTOSIYM O1IbIIIE BILTUBAE HA POOOTY cepllsl, HiX MMOJIOKESHHST HABITOYITKH
a0o Ha KoyiHax. B iHIIOMY JOCITI/PKEHHI WAEThCS MPO HanpyXeHHs M si3iB [12].
30Kkpema cka3aHo, 1110 PY 3TUHAHHI TyJTy0y aKTHBHICTH M’ SI31B JIIBOTO TEePe LTSI
3HAYHO 301JbIIYEThCS y TOPIBHSAHHI 3 MpaBuM. ToJi K y MOJIOKEHHI Ha KOJIHAX
Takoi acuMeTpii y HaBaHTaXEHHI He Big3Hadanoch. [lommpeHor pekoMeHAaLiEro
Il 3MEHIIEHHS ()i3MYHOT0 HABaHTAXKEHHs Mifl yac PyOKH JiCy € 3aCTOCYBaHHS
crieriajbHuX MexaHizoBanux komiuiekciB [13]. Omnak iX 3acrocyBaHHsS Xo4Ya i
3MeHIye Bi3uuHe HaBaHTAXKEHHSI, aje 301JIbIYy€ piBEHb HANPYKEHOCTI Mpaili 4epes3
PO3yMOBE MepeBaHTAKEHHS, HEOOXiAHICTh 3a0€3MEUEHHS B1IOBITHOIO KOHTPOJIIO
3a CTAaHOM MEXaHI30BaHWX CHCTEM Ta iHime [14]. Pe3ynprar aHamisy JiTepaTypHHX
JUKEpell T0Ka3aB, Mo MpoliieMa TMiABUINCHHS OE3MEKH TPH JIiCO3arOTiBEIBHHIX
poboTax chOroHI € akTyanbHOI. JlJis ii BUPIIICHHS 3aCTOCOBYIOTH 3/ICOUTBIIIOTO
nBa nuraxu [15]. Tlepmmit — BimmparroBaHHs OE3MMeYHNX TEXHOJOTIYHUX OTepariii

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023



i3 peami3alli€fo  BIANOBIIHOTO HAaBYaHHS, 3aCTOCYBaHHSAM O€3MEYHOTrO i
KOMQOPTHOTO PYYHOIO I1HCTPYMEHTY, 3aCTOCYBaHHS OHJIalH [iarHOCTUKU 3a
PHU3UKOBHMH T03aMH BaJbHHKIB Jicy [16]. Hpyruii nepeabadae aBToMaTu3aliio i
MeXaHi3aIlo poOiT i3 3aCTOCYBaHHSAM NUCTAHIIIHUX TEXHOJOTIH Ta OE3JTF0THOI0
micozarotiBieto. OmHaK 1 B mepmioMy i B APYroMy BHIIQAKy ICHYIOTh IMTUTAHHS
OLIIHKK €PrOHOMIYHOTO pU3MKy [17] 3 Bu3HaueHHs Oe3neuHoi pobodoi mo3u abo 3
OIIHKM HAIpY)XeHHA Ta IHTEHCHBHOCTI Mpari NMpH KepyBaHHI POOOTH30BAaHUMHU
KOMILJICKCAMHU.

AHamiz JiTepaTypHUX JDKepel MiATBEPIUB aKTyalbHICTh OOpaHOi TeMu
JOCHIDKEHHSI CTOCOBHO OI[IHKM EProHOMIYHMX PHU3HUKiB, fKa JO3BOJHUTH SK
oOTpyHTYBaTH 3aN001KHI 3aX0/H, TaK 1 3SMIHUTH TEXHOJIOTiI0 pyOKu AepeBUHH, 100
YHUKHYTU TPaBM OIIOPHO-PYXOBOTO anapary.

Meta poGoTn

Oninka iHmekcy mnpodeciiiHOro pH3HMKY BajbHHKA JICYy, 3 BpaxyBaHHSIM
€PrOHOMIYHOTO, TICHXOCOIIaThHOTO Ta TITiIEHIYHOTO YMHHHUKIB Ta iHIAWBITyaIbHUX
mapaMeTpiB 3 pPO3POOKOI0 TMPAKTHYHUX PEKOMEHIAIN Ui  3MEHIIEHHS
3aXBOPIOBaHb  OIMOPHO-PYXOBOTO amapary 3 ypaxyBaHHAM aJanTaliifHuX
MOXKJIMBOCTEH JIIOJTMHH.

MeTtoau noCaiKeHHA

Juis omiHKM iHAEKCY TPOQECiiHOTO PHU3HKY CKOPHUCTAEMOCH ITiXOJaMU IS
BU3HAYCHHS:

— eproHomiunoro pusuky — wmeromom “Rapid Entire Body Assessment
worksheet" (REBA) [18, 19], sikuit npezactaisie co0OH YEK-JIMCT 3 OI[IHKOIO
HE3pYYHOCTi pO3TallyBaHHS TynyOy, IIWi Ta HIr MpaliBHUKA, JOCITIHKEHHSIM
HECIIPUATIMBOTO PO3TAIyBaHHS IUICYEH, JIKTIB Ta 3aIl SICTS;

— TICHXOCOMIAILHUX PH3HKIB — Ha OCHOBI onmTyBanbHKKIB "The Copenhagen
Psychosocial Questionnaire” (COPSOQ; COPSOQ I) [20, 21], 3 sxux Oynu BuOpaHi
HaHOUIBII BIUIMBOBI YMHHMKH Ha POOOTY BaJbHUKA JIICY, IO XapaKTePU3YIOTh
PiBEHB CKJIaTHOCTI, TEXHOJIOTIIO 1 HASIBHY OpTaHi3aliiiHy KyJIbTYpY;

— 1HIUBIIYaJbHOTI'O 3J0POB’S JIFOJWHU — HAa OCHOBI PO3pPaxyHKY Oi0JOrIYHOTO
Biky [22, 23] 3a WoTMpma mNOKa3HHKAMH: apTepiaibLHUM THUCKOM, Macor Tija,
3aTPUMKOIO TUXAHHS, YACTOTOIO CEPIICBUX CKOPOUCHb.

B pe3ynbrati noenHaHHA JaHUX MigXO0/AiB OYB OTPUMaHUH crieiaabHINA YeK-JIHCT
(puc. 1) nmns BuU3HA4YeHHS iHAEKCY npodeciiHOro pu3uKy SIK CyMu Oaris,
po3paxoBaHOi 3a KOXKHOIO CKIajioBot. [Ipudomy iHzekc mpodeciiiHoro pusnky
BH3HAYAETHCS 32 GOPMYIIOH0:

LS, . —S
_ max EPi
Rep =1— [ [ e —eei )
i-1 max
ne Sgpi — cyma OaiiB 3a ©PrOHOMIYHOIO, IICHXOCOIIaJIbHOK, TITi€HIYHOK Ta

1HAMBIAYaJIbHOIO CKIIaJOBUMH 1HAEKCY MPOGECITHOTO PU3UKY; Smax — MaKCUMaJIbHA
cyMa 0aJiB, sika BU3HAUCHA 32 OJJHUM 13 KpUTEPiiB IHIEKCY IPOodECIHHOTO PU3HKY.
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Koxna ckmamoBa iHmekcy mpoeciiHOTO PHU3HKY CKIIAJA€Tbes 3 AEKLUTBKOX
HeOe3MeYHNX YMHHUKIB, SKi XapaKTepU3yIOTh HAPSAMKU PyXy CYTio0iB, BETUUHHY
3yCWJb, HABAaHTAXCHHS, CTaH IICHXOCOLabHOI aKTHUBHOCTI, JAUCKOM(OpT,
IHAWBIIyalbHUN piBEHb 3M0POB’S, SIKI OIIHIOBAJINCH 3a IMKamom Bix 1 mo 3
(1 — mimiManpHEI BIUIMB, 3 — MaKCHMajbHMI BIUIMB Ha IPalE3JaTHICTh YK
BUKOHAHHS BHpPOOHMYMX 3aBAaHb). Kpurepii ingekcy mnpodeciiiHoro pusuxy
BH3Hadannch y BignosimHocti mo Bumor JICTY 2293:2014 "Oxopona mparii.
TepMiHM Ta BH3HAYCHHS OCHOBHMX IOHATH'": HenpuiusaTaui — g0 0,35 Oana;
npuiiHsaTHUI 3 epesipkoto — 0,35-0,75 Gana; mpuiiHsaTHUI — Oinbiie 0,75 6ama. s
BU3HAYCHHS KPHUTEPiiB OyI0 MpoaHaTi30BaHO HU3KY HAYKOBUX POOIT 3 MOOYyZOBH
IIKaJT [T OOTpYHTYBaHHS piBHIB podeciiiHoro pm3uky [24, 25]. Tak, ISO 73:2018
"KepyBanust puznkoM. CIOBHHK TepMiHIB" BH3HA4a€, 0 HMOBIPHICTh — 1€ Mipa
MOKJIMBOCTI BUHUKHEHHS, sIKa IoJaeThes urciaoM Mixk 0 1a 1, me 0 — HeMOXKIIUBICTD,
a 1 — a0comroTHA BIEBHEHICTB.

OuiHKa KOMMNJIEKCHOro iHAeKCy nNpodeciiHoro pu3nKy BanbHUKa nicy

1. EproHomiuHmit unHHmK | 3. IHQNBIAYanLHUA YMHHWK
AHania NonoXeHHA Wwui 1.41331(:+1 Ouixka
R Ouiika 46-55: +2 —_—
. ” — >55: +3
KHopuzyeanns: .
< o iun capieua: +T P - 2. InaeKc Macy Tina:
—ﬂmmzmunv;zxumwvﬁu. +f Mlcue pOSMIu.l,eHHﬂ e -
AHani3 nonoxeHHsa Tynyb6a
X - ‘hOTO"an’" IMT 25-29,9: +2
() -6h 1. S =y pobouoi noan IMT>30: 43 —
e oo+ npauieHyKa ik
AWANT NONOKEHHS Hir 3-ngggpianmlmﬁ THEK:
| OuiHka 1 o+
P - [ ] 130/90:  +2 -
L i 140/100:  +3
.‘a;ycvmnﬂ HaE’aHTF)KeHHH . 4. YacToTa cepueBHx
BRI e _ opoem:
2. NMcnxocouianbHMN YMHHUK SEER:CHEY _—
Banu Ana ouiHKu: >85 43
MiHiManbHWiA BRNMB - 1 6an 5'432;12’:‘_““‘3 ﬂ:‘;‘“"““:
Ouixka cepenHin Bnnue - 2 6anu e
[ ] MiHiManbHWiA BNNME - 3 6ann gﬂjg?:e"; e I% —
1. HampyxennicTe npaui Miacymxosa oujinka (cyma) -

AHani3 nonoxeHHa Nnepegnnivy4A 2. BaskicTb mpaui

IHoekc

o (8 Ouixka 3. Emouiiina nanpyra
lendl™ . o
B 4. Temn poGoTH npOdJECIVIHDFO
AHanis nonoxeHHs 3an’;|c-r;|0 . 5. HeaafioBoIeHHICTS Npaleio PU3UKY
= = UiHKa 6. KniMaTHuHHit guckoMdopT
m— bop I+ N+ .=

R A——— 7. AkycTruaui JuckoMbopT
BepXHi 3ax ICTPYMEHTY: 8, Bipaniiinuii auckompopt
5 - y ) 9. EcTeTHYHHH AHCKOMpOPT
“Ponma olacymon +3; TR - 10. CeHcopHHuii AuckoMbopT

MincymkoBa ouinka (cyma) [ Iliacymkosa ouinka (cyma)

Bia 0 no 23 6anis - pU3MK NPUAHATHUIA
Bif 24 no 46 6anie - PU3INK NPUAHATHUIA
3 nepeBipKoo
Bin 47 no 69 6aniB - PU3UK He NPUAHATHUA
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I
.
.
.
.
|
[
[
.
]
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Puc. 1. 3aranpHuii BUTTIA YeK-JIMCTa BU3HAUYEHHS PO eciitHoro pu3uKky

Jlis BU3HAYEHHS WMOBIPHOCTI BHHHUKAHHS 3aXBOPIOBaHb OINOPHO-PYXOBOIO
anapaty BUKOPUCTAJIU METOJMKY 3 OLIHKH aJanTallifHUX MOJIMBOCTEH CHCTEMH
KpOBOOOIry, MO JO3BOJS€E€ OI[IHUTH 3JaTHICTh TpaIliBHUKA BHTPHUMYBaTH
HEBIIIOBIIHICT POOOYHUX 1103, BIUIMB ICHXOCOI[AIbHUX 1 CaHITAPHO-TITEHIYHUX
HeOe3MeYHNX YHHHUKIB [26]:

AM =0,0119CC+0,01447C+0,0084 7/{+0,0145+0,009M-1,57, (2)

ne AM — apmanTamiiiai MmoxknuBocTi; YCC — yacTtoTa cepueBux ckopoueHb; A7C —
apTepialbHUI THUCK CUCTONIYHHMH (MM pT. ctr.); AT/ — apTepiaqbHHi THCK
TiacToNYHU# (MM PT. CT.); B — Bik; M — Maca Tijia, K.
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PiBeHs aganTamiitHIX MOKITHBOCTEH BU3HAYAETRHCS 3a TaOI. 1 [26].

Tabmung 1. PiBeHs aganTamiiHuX MOXKINBOCTER

Owigka aganTaliiaux MoKIuBocTei ATl 3HaueHHS
3a10BibHA afanTalis <2,10
Hanpy>xeHHs MeXaHi3MiB afanTarii 2,11-3,20
HesanoBinpHa aganranist 3,21-4,30
3puB amanTaii >4,31

J7ist BU3HAUEHHS MacH TiJla 3aCTOCOBYBAJIM Baru. ApTepiallbHUI TUCK Ta YHCIIO
CEpIEBUX CKOPOUYCHb OLIHIOBAJIM 32 JOIOMOTOI0 TIPOBEIEHHS MEIOTIISILY
MpaLiBHUKIB, 5IKi Opaiu y4yacTh B JociiukeHHI. OTpuMaHi pe3yapTaTu 3aHOCHIN Y
(hopMyJIIpH KOHTPOJIIO ICHYFOUOI'O CTaHy 3/I0pOB’Sl.

JlJis TpoBEeNEHHS IOCIIKEHHS KOMIUIEKCHOTO MpOoQ)eCiiHOro pu3MKy OyIio
B3STO JEKUIIbKa OCHOBHMX BHPOOHMYMX OIEpaliii TEeXHOJOTIYHOTO MpOoLECY
30100yTKY JEpEBUHHU: 3BANIOBAHHS JI€PEB, OUMIICHHS JOEpPEB BiX TiJIOK Ta CYUKIB,
TPENOBaHHA XJIMCTiB, HABAHTAXXYBaHHsI XJIUCTIB (puc. 2).

Puc. 2. OcHoBHI BHpOOHHMYI omepaiii TEXHOJOTIYHOTO TMpolecy 3700yTKY IepeBHHH:
3BaJIFOBaHHS JiepeB (&), OUMIICHHS IepeB Bijl I'JIOK Ta cyukiB (0), TpeItOBaHHS XJIUCTIB (B),
HaBaHTAXXyBaHHS XJIUCTIB (T)

Jlisi BCTaHOBIICHHSI BIUTMBY pPo0OOYOi TO3M Ha I1HIWBIAYallbHI ITOKA3HUKH
MPaIiBHUKIB Ta BEJIMYMHY BTPATH NpaIe3JaTHOCTI B JOCHTIHKEHHI Opaiy y4acTb
10 BanbHUKIB JIiCY, OCHOBHI ()i3W4HI XapaKTEPUCTHUKH SIKMX HaBeACHI B TaOmui 2.
Bci y4acHUKHM €KCIIEPUMEHTY IOOPOBUIBHO MOTOJMIMCH OpaTH y4acTb, HE Malld
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BIAMOBIMHUX Banx (PI3MYHOrO 1 TICHXIYHOTO 3A0pOB’s. llomepeaHpo MPOXOIMMITH
BU3HAUYCHHS OCHOBHUX TIOKAa3HHKIB CEpICBO-CYIUHHOI cucreMu. OpHieo 3
OCHOBHUX YMOB OYyJIO 3HEOCOOJICHHSI OTPUMAHUX JaHUX CTOCOBHO iHIUBIAYyaTbHHUX
JAaHUX PIBHS 3I0POB 4.

Tabmums 2. XapaKkTepUCTHKH YIACHHUKIB €KCTIEPUMEHTY

Yacrora
NC— Bik, | Crax, Maca AprepianbHuit CEpLEBUX 3aTpuMKa
POKM | POKM | Tina, KT | TUCK, MM PT.CT. | CKOPOYEHb 3a | JAUXaHHS, C
1 xB. (yn./x8.)
1 26 2 78 120/80 75 45
2 32 3 76 120/80 84 55
3 35 5 82 125/90 82 35
4 40 10 85 130/90 74 44
5 43 8 84 135/90 88 38
6 46 12 93 120/80 79 48
7 48 10 94 130/90 86 32
8 50 12 89 130/90 91 34
9 51 13 96 125/90 86 46
10 53 15 91 130/90 87 35

Pe3yabTaTi 10CaigKeHHS

Ha mepmomy eTarri mociipkeHHS TPOBOAMIIH OIIHKY 1HAEKCY MpogeciitHOTO pU3UKY
BUKOHAaHHS pOOIT BambHUKaMHU Jicy (puc. 3), a pe3yibTaTd pO3PaxyHKY
OCEPETHEHOTO KOMIUIEKCHOTO MPOQECiHHOTO PU3UKY TPHU PI3HHX BUPOOHUYMX
oreparlisix TeXHOJIOTIYHOTO MPOIIeCy 3100y TKY IePEBUHH HaBEACHI B TaOMuIl 3.

Tabnuns 3. Pe3ynbTaT OLiHKY iHACKCY MPOQeciiHOTO PU3HUKY BaJbHHUKA IEPEBUHH
MIPH Pi3HUX BUPOOHUYMX OMEPAllisiX TEXHOJIOTTYHOro Mpolecy 3100yTKy JIepeBUHH

OriHKa CKIIaIOBUX HAEKCY, .
Oan 25 >
0 & =]
< S B 22 s 3
) T E = = a = E=IS i
BupoGHuya oneparis 2 gl s E £33 s
= c = > 0 5 L= 2
S =9 SE= 5 S a i
es) o K E‘ < = Qo =
o M =Y 2, 5
= 5 = = S s = o
53 2 = e = m
3BaFOBaHHS JIEpEB 19+0,5 16+0,3 9+0,6 0,31 Henpuiiastauii
OuuiieHHs AePEB Bi . .
MICHHA ACPEB BT | 19105 | 16£0,9 | 104£0,7 | 0,36 | Hempwitrsrauit
TiJIOK Ta CYUKiB
. ITpuiinsaTHHI 3
TpeoBaHHs XIHCTIB 1240,6 | 13£0,7 | 10+0,5 0,5 DHHHS
EPEBIPKOIO
HasanraxyBanus ITpuiinsaTHHI 3
y 12£0,8 | 15+0,7 | 10+0,7 06 PHHH
XJIMCTIB MIEPEBIPKOIO
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Tabmumg 4. Oninka aganTaniiHAX MOYKIIHBOCTEH MPAIiBHAKIB Mics po00Y0i 3MiHU

YyacHuk UCccC ATC AT/ AM
1 78 124 85 2,7
2 88 125 90 2,9
3 90 130 90 3,1
4 86 135 98 3,3
5 96 140 95 3,5
6 85 126 90 3,3
7 92 136 95 3,6
8 96 135 94 3,6
9 93 133 96 3,6

10 96 140 96 3,7

LlikaBUM Tako)X € BH3HAYEHHS BIUIMBY BHUPOOHHWYOI ormepamii Ha 3MiHYy
aJanTalifHuX MOKJIMBOCTEH MpariBHUKIB. [JIs 1IbOT0 0YJ10 PO3/1JICHO MPaIliBHUKIB
3a Tpynamu, pe3yiIbTaTy OILiHIOBAHHS HaBeACHI B Tabmwi 5.

Tabmuns 5. Pe3ynpTaté OLIHKM afanTalliiHUX MOMKJIMBOCTEH MpalliBHUKIB 3a
TEXHOJIOTIYHUMU OTEPALiSIMU

BupobHnya oneparrist

TToxa3HuKH OunnieHHs
. 3BaaroBaHHS .. TpentoBaHHs HaanrtaxyBaHHs
AM 3a BikOM JIEPEB BiJ T'JIOK . .
JiepeB Ta cyuKis XJIMCTIB XJIACTIB
< 35 pokiB 2,81 2,83 2,52 2,63
35-45 pokis 3,38 3,45 3,02 3,1
> 45 pokiB 3,61 3,68 3,22 3,41

VY Tabnuni 6 HaBeACHO Pe3yIbTaTH OLIHIOBAHHS 3MIHU €proHOMIYHOI CKJIa10BOT
iHAekcy npogeciiiHoro pu3MKy BajbHHMKA AEPEBHHM IPU 3aCTOCYBAHHI Pi3HHX

BUPOOHHUYHMX 1103 TEXHOJOTIYHOTO TPOIIECY IPH CIHJIIOBAHHI JIePEB.

Tabnuus 6. BennunHa eproHOMivHOI CKJIag0BO1 BaJIbHUKA JEPEBUHHU IPH Pi3HUX

BI/Ip06HI/I‘lI/IX no3ax mnpu CIIHITIOBAaHHI ACpEBa

Bun pobouoi
03U TIPH
3BATFOBAHHI
Jepesa

e

Haxwnnena

Hasnouinku

Ha xomninax

Bemumanaa
€proHOMIYHO1
CKJIaJI0BO1
y Oaax

19

16

13
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OOroBopeHHs pe3yJIbTATIB A0CTiIKEHHSA

AHami3 gaHuX TaOIUIi 3 J03BOJISIE BCTAHOBUTH BEIMYMHY 1HACKCY NpOQeciitHOro
PU3WKY IIPH BUKOHAHHI PI3HHUX JICO3aroTiBeIFHUX POOIT MpaliBHUKAMHA Ha OCHOBI
KOMIUTIEKCHOTO OI[iHFOBAHHSI BIUTMBY Pi3HUX YHHHHKIB BHPOOHUYOTO MPOLIECY: TTO3H,
MICUXOCOLiaTbHOTO (PaKTOPY, Tiri€HIYHOTO Ta iIHAWBIAYATBHOTO TapaMeTpa.

MoskHa 3poOUTH BUCHOBOK, 110 pOOOTH IIPH 3BATIOBAHHI IEPEB Ta OUMIICHHI BiJl
TUIOK Ta CydYKiB MarOTh HAUOUIBIINI CTYIIHB iHAEKCY TpodeciitHOro pru3uKy depe3
HE3py4yHy poOouy TO3y Ta TCHXOCOI[aIbHUH (hakTop. 3BaKarO4M, IO I
BU3HAYEHHs TICHMXOCOLIAIBHOIO (DakTopy 3acTocoByBanach Cy0O’€KTHBHA JyMKa
YYaCHUKIB EKCIepUMEHTY depe3 CyO’€KTHBHE BH3HAYEHHS IHTEHCHBHOCTI Ta
Ba)XKKOCTI Tipatli, Oysio 3anmporoOHOBaHO MPOBECTH MEPEBIPKY CHEPTETHYHUX BUTPAT
JlicopyOiB ITpy BUKOHAHHI JAHUX BHJIIB POOIT 32 JOIMTOMOT'OIO OIIIHKH 3MiHHM YaCTOTH
CEepIIEBUX CKOPOYEHB Ta apTEPIaIbHOTO THCKY.

Jani pe3ynpTaTiB AOCTIKEHHS 3a3HAYCHUX IIOKA3HUKIB TICIs 3aKiHUEHHS
poboTH, sKi HaBeJeHO B Tabnwuili 4, y pe3ylibTari MOPIBHSIHHS 31 BCTAHOBICHHUMH
MMOKa3HUKAMH JI0 I0YATKY POOOTH JO3BOJISIFOTh CTBEPKYBATH, IO JIICO3aroTiBeNbHI
poboTr BimHOCATHCSA M0 BaXKuX. [laHWil BHCHOBOK OyB 3poOJjeHMII 3TiTHO 3
PEKOMEHIAIIAMHU IIIOJI0 OLIHKH 3HIDKEHHS TPaIe3aTHOCTI JIOAWHH Ha OCHOBI
JOCITIDKEHHS 3MiH CepIieBO-CyAMHHOI cuctemu [27]. KpiMm Toro, icHYIOTh JeKiabKa
HayKOBUX POOIT, B AKUX 3BAJIIOBaHHS JEPEB 1 OMIIIOBAHHS TUIOK BU3HAYAIOTH SK
Ba)kKKi poOOTH i3 3aTpatamu eHeprii nonan 290 Br [28, 29].

HacTtynHuMm Ba)KJIMBUM BUCHOBKOM JaHOTO JTOCIIPKEHHS € OlliHKa HAHOIBIIOro
BIUTMBY Ha BEJIMYMHY I1HIEKCY TNPOQEciifHOTO pU3WKY TP BHKOHAHHI
mico3aroTiBenbHuX poOiT. Tak, pe3ymprath mMOKa3ywTh (Tabm. 5), mo Ha
3BaJIIOBaHHS JIEPEB Ta OOIMWIIOBaHHS TUIOK HAaWOUIbIE BIUTMBAIOTH HE3pydHA
€proHOMIYHA 032 Ta TICUXOCOIiaIbHII YHHHUK, TOJI SIK P TPEIIOBAHHI XJIMCTIB
Ta iX HaBaHTAXXYBaHHI — IICUXOCOIIaJIbHIA YNHHUK. 3BiJICH BUHHUKA€E HEOOXiTHICTh
Meperyisily TEXHOJIOTI1 3BaIFOBaHHS IePEB, BU3HAUYEHHS pOOOYHX 103 3 MiHIMAIBHUM
CpProHOMIYHUM pHU3UKOM. [Ipu I1[bOMY NPOBEACHUN aHaJi3 J03BOJISE 3POOUTH
BUCHOBKH, II0 poOoya mo3a Ha KOJIHAX /IS 3BAJIIOBAHHS JEPEB Ma€ MEHIIHA
€proHOMIYHUH PU3UK, HIXK HaxuiieHa (Tadi. 6). Cxoxuil BACHOBOK OyB OTpHMaHHMA
iy pobori [10].

[Ipu mocmimkeHHI amanTalifHUX MOXKIMBOCTEW BaJbHHKIB JICY TaKOX
BU3HAYEHO, IO HEe3py4yHa poOoya Mmo3a Ta ICHXOCOLiaNbHUHA (aKTOp MAaloTh
HaiOpmmii BB, ONHAK, TPU [OMY Yy pOOIT 3 TpeNOBaHHS XJIHCTIB Ta iX
HAaBaHTa)KCHHs HAHOIJbIIe BIUIMBAIOTH ICUXOCOMIAIbHUM (akTop Ta hakTop
nuckoMdopty. Lle moscHIOETbCS TUM, 0 POOOTH BUKOHYIOTBCS CHISTYH, & TAKOX
HAWOINBIIMI BIUIMB BiJIrpa€ HE BaXKICTh IMpalli, a IHTEHCHBHICTh Yepe3
HEOOXIJIHICTh KOHTPOIIO 3a mpuianamu. KpiM Toro, Ha ¢axTop AucKoMpopTy
BILTMBA€E 3HAYHA KUTBKICTh OIEpaIliif, sIKi MOBTOPIOIOTHCS, i p0OOTa HA BIIKPUTOMY
mpocropi. B pesynbpraTi mpoBeeHHMX OLIHOK MOXHA 3pPOOMTH BHCHOBKH, IO
HalKpanli ajanTanidHi MOMJIMBOCTI, HaBiTh NMPH HE3py4YHIH poOodild mo3i Ta
MICUXOCOWiabHUX (aKTopax, MAalOThb MOJOAI MNpPaliBHUKH, IO JO3BOJSIE IM
MpaLioBaTH NpU 3BAIIOBAHHI JepeB 1 OONMJIIOBaHHI TiIOK, TOMi SIK CTapIIUX
MpAIiBHUKIB 0a’kaHO 3aCTOCOBYBATH Ul HABAHTAKCHHSI.
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BucHoBku

1. 3anpomnoHoBaHO HOBWH MiAXiJ AJs BU3HAYCHHS iHAEKCY MPOodeciiiHOro pu3uKy,
SIKAW BKITIOYAE BILTUB €PrOHOMIYHOTO, TICHXOCOIIATFHOTO Ta Tiri€HIYHOTO YHNHHUKIB
Ta IHAWBITyaIbHUX TTapaMEeTPiB MPaIliBHUKIB.

2. llpoBeneHo OWIHKY iHIEKCY MPOQECiHHOTO PHU3UKY BaJbHUKIB JICy IpH
BHKOHAHHI PI3HMUX JIICO3arOTiBEIFHUX POOIT HA OCHOBI OIIHIOBAHHS €PrOHOMIYHOL
TI03H, BILUTUBY IICHXOCOMIaIhHOTO YHHHUKA Ta 1HIUBIIyaTbHUX TTapaMeTpiB.

3. Buznaueno, mo poOotu 3i 3BarOBaHHs JCPEB Ta OUUIICHHS JICPEB Bif IiJIOK
Ta CYYKiB MalOTh HaHOIIBIINIA CTYIIHB iHAEKCY MPOQECIHHOTO PUHKY.

4. TlokazaHo, MmO HaWOUMBIIMII BIUIMB HA BEIUYHMHY I1HIEKCY MpOdeciitHoTo
PU3UKY TIpH 3BajIOBaHHI JepeB Ta OOMHWJIOBAHHI TiIOK YWHHTH HE3py4Ha
€proHOMIYHA 1032 Ta TICUXOCOIiaIbHII YMHHUK, TO/I SIK P TPEIIOBAHHI XJIMCTIB
Ta X HABAaHTAKYBaHHI — IICHXOCOIIaTbHII YNHHHUK.

5. BcranoBneHo, mo HaiOiNbIIe Ha aJanTalliifHi MOXIIMBOCTI BAJIbHUKIB JTiCy
BIUTMBAa€ He3py4YHa poOoua 1mo3a Ta iHAUBIIyabHI apaMeTpH.

6. BcTaHOBNEHO B3a€MO3B’SI30K MDK aJaNTalilHUMH MOJIHMBOCTSAMH 1
HE3pYYHICTIO po00Y0i IM03H1 Ta MICUXOCOMiaThHIM YHHHAKOM.

7. Tloka3aHo, 10 JyIS 3BaJIOBAaHHS JICPEB 1 OOMMIIIOBAHHS TiJIOK HEOOX1JIHO
3aJlyyaTH TPAI[iBHUKIB 3 BUCOKMMH aJaNTalliiHUMU MOXJIMBOCTSMH, TOMI SIK
MPAIiBHUKIB 3 HU3BKUMH aJaNTaliiHUMU MOMJIMBOCTSIMH OakaHO JOJyYaTH JIO
TPENOBAaHHA XJIUCTIB Ta iX HABAHTAXKCHHS.
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INFORMATION TECHNOLOGIES OF APPLICATION
ARCHITECTURE'S IT SERVICES

Abstract. The development of the System Architecture of the IT infrastructure
focused on the usage of modern Data Centers is considered. The purpose of the
research is to develop a strategy for the development of the System Architecture of
the IT infrastructure based on the usage of advanced methodologies and concepts
of leading manufacturer’s hardware and software. The following principle of IT
infrastructure construction is formulated: 1T infrastructure architectures define a
set of services. IT services are provided to three groups of clients. IT services and
clients are connected by 5 implementation scenarios. The integration of IT services
is determined by 5 architectures. As IT services, we understand information
technologies aimed at maintaining the following elements in technically good
condition: network devices, computing equipment, data storage devices, automatic
software deployment services, network services, perimeter protection services,
directory services, file and print services, data management services, business
application services, IT management services, archiving and recovery services,
certificate management services, integration services. Architectures define the
fundamental principles of building IT services and their relationship. One of the
most important architectures is the architecture of software applications. The
architecture of software applications is determined by the business needs of the
corporation and the approaches, methods of creating applications by a specific
developer. It defines the execution environment for applications, mechanisms of
communication between applications and components, tools for controlling the
application and managing its state, as well as storage for structured and
unstructured data types. Tasks of the architecture: to provide an environment for
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the execution of application components; support dispatching mechanisms for
communications between application components; implement tools for monitoring
the level of services and diagnosing problems; provide storage of structured and
unstructured information. Standardization of the application architecture allows
you to minimize costs associated with the support of several types of architectures,
each for a specific type of business application.

Keywords: information technologies; system architecture; IT infrastructure; data
centers.
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TH®OPMALIIITHI TEXHOJIOTTi IT-CEPBICIB APXITEKTYPH
JTOJATKIB

Anomauin.  Posensmymo  poszsumox  Cucmemmnoi  Apximexmypu  IT-
inppacmpykmypu, OpieHMoSaHoi HA GUKOPUCMAHHA CYHACHUX Jlama-yenmpis.
Memoio docnidacens € supobnenns cmpamezii pozeumxy Cucmemnoi Apximexmypu
IT-ingppacmpykmypu Ha O0CHO8I 3aCcmMOCY8aHHA NepedosuUx Memooonocil ma
KOHYenyiti NposioHUX BUPOOHUKIE ANAPAMHO20 MA NPOSPAMHO20 3A0e3NedeHHs.
Chopmynvosano  nacmynnuii  npunyun  nobyoosu  IT-ingppacmpykmypu:
apximexmypu IT-ingppacmpyxmypu eusnauarome Habip cepgicie. I1T-cepsicu
Hadailomvcss mpvom epynam  kiaicumie. IT-cepsicu ma xiienmu nog'azami
5 cyenapismu peanizayii. Inmeepayiio IT-cepgicie eusnauaroms 5 apximexkmyp.
B sixocmi IT-cepsicie mu po3ymiemo iH@OpMAayiini mexHono2ii, cnpsimMo8ami Ha
NIOMPUMAHHA 68 MEXHIYHO CHPAGHOMY CMAHI MAKUX eleMEeHMIB: MepPedCHi
npucmpol, 0OHUCTIOBANbHA MEXHIKA, Npucmpoi 30epicanHs OaHUX, CIAYHCOU
ABMOMAMUYHO20 PO32OPMAHHA NPOZPAMHO20 3a0e3neuents, Mmepedcesi ciyicou,
CILYIHCOU 3aXUCTY NepUMEMPA, CLYHCOU Kamanozy, ciyxcou aiinig i OpyKy, ciyrcou
VNPAGNIHHA OAHUMU, CAYoHCOU Oi3Hec-000amkie, ciyxcou ynpaeninus IT, cuyacou
apxigy8anHs ma GIOHOGNEHHSA, CAYXHCOU YVAPAGIIHHA cepmughikamamu, cayicou
inmeepayii. Apximexmypu euzHauaome GyHoaMeHmanbHi npunyunu no6yooeu IT-
cepsicig i ix 83aemo36's130k. OOHIENW 3 HAUBANCIUBTUIUX APXIMEKMYP € apXimeKmypa
npocpamuux 000amkie. Apximexmypa npocpaMHux O000amKi8 GU3HAYAEMbCs
Oi3Hec-nompebamu Kopnopayii ma nioxooamu, mMemooamu CmeopeHHss 000aAmKie
KOHKpemHUM po3pooHuKom. Bona susnauac cepedoguuje BUKOHAHHSA 0151 000AMKIE,
MeXauizMu KOMYHIKAYill Midc 000amKamMu i KOMHOHeHmamu, IHCmpymenmapii
KOHMpOo 000amKa i YNpaseniHHs U020 CMAHOM, d MAKOJC cxoguuje Oas
CMPYKMYPOBAHUX | HECMPYKMYPOBAHUX MUNié OaHux. 3a80aHHA apXimeKmypu:
3abesneuysamu  cepedoguuge 0Nl GUKOHAHHS —~ KOMNOHEHMI6  000amKis;
niompumyeamu — Mexawizmu — Oucnemuepuzayii 01 KOMYHIKAyill — Midic
KOMNOHEeHmamu 000amKie,; peanizyeamu iHCmpymMenmapiii 01 MOHIMOPUH2Y Di6Hs
cepsicig i diazHocmuku npobiem, 3abe3neuysamu 30epicanHs CMPYKMYypOGaHol i
Hecmpykmypoeanoi  ingopmayii. Cmanoapmusayis —apximekmypu 000amKie
00360/1€ MIHIMIZy6amu 6UmMpamu, noe's3ani 3 NIOMPUMKOK OeKLIbKOX Munie
apximexmyp, KOACHA 0451 BUSHAYEHO20 MUny 0i3Hec-000aAmKis.
Kniouosi cnoea: ingopmayiiini mexnonozii; cucmemna apximexmypa; IT-
ingppacmpyxkmypa;, oama-yeHmpu.
https://doi.org/10.32347/2411-4049.2023.3.75-93
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1. BCTYII

BpaxoByroun cydacHi BUMOTH 10 iHPOpMAIifHO-KOMYHIKAIIHHUX TEXHOJOTIH,
MpH  peatizamii TPOEKTIB IS KPYHMHHUX IiIMPUEMCTB, €KOHOMIYHO JOILITHHO
BHKOPHUCTOBYBaTH «XMapHi TexHOjdori». CyJacHHM TpeHAOM TMpH IThOMY €
noOyaoBa e€nxuHOro  iHQOpMamiifHOrO MmpocTopy [UIA  MiATNPHUEMCTBA 3
BUKOpHCTaHHSAM cydacHoi IT-iHpacTpykrypu, opieHToBaHOi Ha Jlata-TieHTpH
[1-22]. OcHOBHMMH CKJIaJOBHMH €IHHOTO iH(GOPMAI[MHOIO MPOCTOPY €: €IMHE
TpaHCHOPTHE cepeaoBuiie (TporpaMHo-KoHbpiryposani mepexxi SDN (software-
defined networking)); cepBicHo-opieHTOBaHa apXiTeKTypa iHPOpPMALIHHUX CUCTEM;
iHpacTpykTypHi Ta QyHKIiOHANBHI cepBich JlaTa-1ieHTpis [23-25].

OcHogoto cepBicaux Jlata-nientpis € Habip IT-cepsicis. B sikocti [T-ceppiciB mu
PO3YyMiEMO KOMILIEKC POOiT, CIPSAMOBAHUI Ha MiATPUMAaHHS B TEXHIYHO CIIPABHOMY
CTaHi TakWX eJEeMEeHTIB: Mepexa; naHi; [T-iHppacTpykTypa; iHpacTpykTypa
indopmarniitnux cucteM; Oesmneka [26-28].

Y miit crarti posrnmsgatumMeMo po3BUTOK CucremHoi Apxitekrypu IT-
iH(hpacTpyKTypH, OPIEHTOBAHOI HA BUKOPUCTAHHS CydacHHX JlaTa-mieHTpiB.

MeTor0 MaHUX AOCHIIKEHh € BHPOOJNEHHS cTpaterii po3BUTKY CucteMHOi
Apxitekrypu [ T-iHppacTpyKTypH Ha OCHOBI 3aCTOCYBaHHS IEPETOBUX METOIOJIOT I
Ta KOHIICTILIN TPOBIIHUX BUPOOHUKIB anapaTHOTO Ta MPOrPaMHOro 3a0e3MeYCHHS
(HP, SUN, EMC, CISCO, Microsoft, ORACLE, Veritas).

2. KOHIENUIIA PO3BUTKY IT-IHOPACTPYKTYPH

Peanizamiss xonuenmii po3Butky IT-iHbpacTpykTypu 3a paxyHOK mMoOyIOBU
Jara-nieHTpiB TIoKazaHa Ha puc. 1.

BararopiBHeBa
S apxiTekTypa
Koucoaizamia migcucrem P yp Koncouizania janux

3MEHIIEHHS KiTbKOCTI 3MEHIIeHHS KiJlb-

iHCTAJISIH KocTi incTamsmii bJ]

Koncomizanis nnargopm
3MEHILCHHS . _—
KiTb-Ti IIaTgop: Bipryanizani
®@iznyHa KOHCOJiIais

- IenTpamnizoBaHi
(ueHTpaisanisi) SAN / NAS

3MEHIICHHS Kilb-Ti
Jara-ueHTpis

Limicue ynpaBmiHHSL Iimicue ynpaBimiHHS

Beunka KilbKiCTh J10/[aTKIB, allapaTHAX Benuka KinbKicTh cucTeM 30epiraHHs
mwiatdopM, ONepaLifHuX CHCTEM, nanux DAS, cucrem pesepBHOro
JIaTa-IIeHTPIB, CHCTEM YIPaBIIiHH: KOMiIOBaHHS

Po3noxinene
cepeioBHIIe

Puc. 1. Konnenmist po3sutky IT-indpacTpykTypn
Takuii miaxin mo3BoJIge NpoaHamizyBaTH icHyrouy IT-iHbpacTpykrypy Ta

BH3HAYHTH NMUIBIXH TTOOYI0BH HOBOI Ha 0a31 MPOTECTOBAHOI, €TAIOHHOT apXiTEeKTypH
MSA [29].
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IIpn 1BOMY CTBOPIOETBCS CHCTEMa KOMIIOHEHTIB, IO OIKCYIOTh: 3arajbHi
miaxoau moOyI0BH CUCTEMHOI apXiTekTypu; IT-cepBicH — TEXHOJIOTIUHI CHCTEMH,
SIK1 BUPILIYIOTh 3aBAaHHs KOpIopaiii; goriuny mozaens [T-inppactpykrypu.

Chopmymoemo  Hactymamit  npuHiun — modyzoeu  IT-indpactpykrypu:
apxitektypu IT-iHdpacTpykTypnn Bu3HaudaroTh Habip cepsiciB. [T-cepsicu
HaJar0ThCs TPHOM TpyIaM KinieHTiB. IT-cepBich Ta KIII€HTH MOB'SI3aHi 5 CIICHApisIMU
peamizamii. [arerparito [T-cepBiciB BU3HA4atOTh 5 apXiTEKTYP.

B saxocri IT-cepBiciB Mu po3ymieMo iH(opmamiiHi TEXHOJOTII, CIIpsIMOBaHI Ha
OiATPUMaHHS B TEXHIYHO CIIPaBHOMY CTaHI TaKMX €JIEMEHTIB: MEPEXHi HMPUCTPOI,
o0uYKCIIOBaJbHA TEXHIKa, MPUCTPOi 30epiraHHs AaHUX, CIY>KOM aBTOMAaTHYHOTO
posropranus I3, mMepexeBi cmyx0Ou, ciayxOn 3axUCTy MEpUMETpa, CIyXOu
KaTajory, ciy:xou (aiiiB i ApyKy, CIIy>KOU yIpaBJIiHHS JaHUMH, CIIyXOu Oi3Hec-
JoaatkiB, ciyxOu ynpasminas [T, coyxOu apxiByBaHHS Ta BiTHOBJICHHS, CITY>KOH
ynpasiiHHs cepTrdikaTamu, ciayx06u interpamii [30-32].

Bci ximienTH miampreMcTBa AINATHCS HA TPH OCHOBHI rpynu. [Ipu HEoOxigHOCTI,
KIIIEHTH JUIATHCS BCEPEIMHI KOXKHOI KaTeropii OKpeMo: CHiBpOOITHUKH, MapTHEPH
Ta TTAPTHEPCHKI OpraHi3allii, 30BHIIIHI CITOKHBaYi.

Cuenapii peamizamii: Jlata-mieHTp, JemapTaMeHT, BigaaneHuid odic, eKCTpaHeT,
InTepuer [lata-ueHtp.

ApXiTeKTypu: Oe3MeKH, ynpaBliHHs, 30epiranHsl AaHUX, MPOTPaMHHUX IOJATKIB,
MepexeBa.

APpXITEKTypH BU3HAYaAIOTh GyHAaMEHTabHI NpuHIUIH moOynosu I T-cepsici i
ix B3aeMo3B's130K. Takox, Ha 0a3i apXiTeKTypu (POPMYIOTHCS BAMOTH JI0 CTBOPCHHS
IT-cepsicis.

3. APXITEKTYPA TIPOI'PAMHHUX JOJATKIB

OnHi€ro 3 HAUBKIHMBIIIMX APXITEKTYp € APXITEKTypa MPOrpaMHHX JOJATKiB.

ApXITeKTypa porpaMHHX JTOJATKIB BU3HAYAEThCS Oi3HEC-TIOTpedaMu Kopriopariii
Ta MIJXOJaMH, METOJAaMH CTBOPEHHS JIOJATKIB KOHKPETHMM po3poOHHMKOM. Bona
BU3HAYAE CEPEOBHUINEG BUKOHAHHS JIJIS JIOJATKIB, MEXaHI3MH KOMYHIKAIlid MK
JI0JIaTKaMH 1 KOMITIOHEHTaMH, IHCTPYMEHTAapii KOHTPOITIO J0/IaTKa 1 YIpaBIiHHS HOTO
CTaHOM, a TAKOK CXOBHILE JUISI CTPYKTYPOBaHHX 1 HECTPYKTYPOBAHHUX THITIB JAHHX.

3aBlaHHS apXITEKTypH:

1. 3abe3mne4yyBaTy cepeIOBUIIIE )i BAKOHAHHS KOMIIOHEHTIB JI0aTKIB.

2. IlinTpuMyBaTd MeEXaHI3MM JUCIETYepH3alii A KOMYHIKamii —Mixk
KOMITIOHEHTaMH JI0/IaTKiB.

3. PeamizyBaru iHCTpyMEHTapiii JJs MOHITOPUHTY PiBHS CEPBICIB 1 JIarHOCTHKH
npodieM.

4. 3abe3neuyBaty 30epiraHHs CTPYKTYpOBaHOI 1 HECTPYKTYpOBaHO1 iHpopmalLlii.

CrangapTH3aliis apxXiTeKTyPH T0JATKIB I03BOJISIE MiHIMI3yBaTH BUTPATH, MOB'sS3aHi
3 MATPUMKOIO AEKUIBKOX TUITIB apXiTEKTYyp, KO>KHA JUIsl OJHOTO THITY Oi3HEeC-0/IaTKiB.

30KkpeMa, apXiTeKTypa SIK OJHO-, TaK 1 OaraTOpiBHEBUX AOJAATKiB miatdopmu
BKJIIOYAE B ceOe (puc. 2):

1. Onepariifiny cucTemy.

2. Cepenosuiiie BUKoHaHHS — Framework.

3. Cepsep noxpatkiB — Internet Information Server.

4. KommnonentHe cepenoruine — COM +.

5. Cny»0y acHHXpOHHOT0 00OMiHY MmoBigoMiIeHHIMU — MSMQ.
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Enementn IH(pacTpykTypm [MomaTkiB, SKi € OCHOBHHMH KOMIIOHEHTaMH
apxiTeKTypH, He BKJIIOUAIOTh caMi goaaTku. Kopmopariieto ekcruryatyeThes 3HaUHa
KIJTBKICTH OI13HEC-IOJATKIB, KOXEH 3 SKHX BHMMAra€ CBOIX THINB CHCTEM 1
KOMITOHEHTIB Ha KOXKHOMY piBHI, 1 HaBiTh pIi3HY KiNBKICTh piBHIB. JlOIiTBHO
pPO3TIAAATA MOIEPHI3AIlil0 OTOYHUX OI3HEC-CHCTEM 1 BIPOBADKEHHS HOBUX HE
TIIBKH 3 OOKy HeoOXigHOro (GpyHKIioHay, ane 1 3 00Ky MepCrHeKTHBH HEOOXiaHOI
IUTS HUX apXITEKTypH.

dopwmarizamis apxXiTeKTypH JOJATKIB TO3BOJIUTH BPaXOoByBaTH HEOOXiTHI 3MIHI
IT-inppacTpykTypu B 1iJIOMY, 8 TAaKOX MiHIMI3yBaTd BUTPaTH Ha BIPOBAKCHHS
HOBOT TEXHOJIOTiT IIJISIXOM BUKOPUCTAHHSI BXKE ICHYFOUMX KOMIIOHEHTIB (0a3 1aHuUX,
cepBepiB J0AaTKiB, BeOCEpBEPiB).

Hist hopMyBaHHS BUMOT 10 apXiTEKTYpH MOTPiOHO PO3TISTHYTH TUIOBI PiBHI Ta
KOMITOHCHTH JIOAATKiB. THUIOBHIA Oi3HEC-IOJATOK BKJIIOYAE B ceO€ 10 YOTHPHOX
PiBHIB 1 OMHA/IIATH OCHOBHHX KOMITOHEHTIB (pHc. 3).

PiBHi:

1. PiBeHb naHUX — BIAMOBIAA€E 32 YIPABIiHHS JaHUMH i JOCTYII J0 HHX.

2. PiBenp mofaTKiB — BiAMoBiae 3a O6i3HEC-IOTIKY MPOTpaMHu.

3. PiBenp Web — BinnoBigae 3a inTepdeiic Mik JOAATKOM i KOPUCTyBaueM abo
MDK JOJATKOM 1 IHIIIHUM JOJATKOM.

4. PiBeHb KIIi€EHTA — BIIMTOBIAA€ 32 BCTAHOBJICHHS iHTEp(ENCy Ui KOPHCTYyBaya.

MpuKNagHi Nporpamm 3araibHOro NPU3HaYeHHs

MpuknagHi
nporpamu
sQL BizTalk Commerce Content
cepsep cepsep Management
cepsep
MepexHa X ]
cnyw6a Active DNS DHCP EnemenTv

. IIS COM+ MSMQ UDDI .
Directory iHppacTpyKTypn
NpuknagHux

nporpam

Mnatdopma Framework

AnapatHe
3abe3neyeHHs

MepexHa
iHbpacTpyKTypa

Puc. 2. ApxitekTypa 10/1aTKiB

JlomaTKu CTaBIATH TaKi 3aBJaHHs Hepel] iIHhpacTpyKTyporo:

1. Matu MOXIMBICTh B3aEMO/IIT 3 KJIIEHTAMHU — IHTEPAKTUBHUMHU KOPUCTYBa4aMu
a0 iHIMMHU web-cepBicaMH.

2. OTpumaru pecypcH Juist 00CITyrOBYBaHHS 3aIUTIB Bijl KITIEHTIB.

3. Matu MOKJIMBICTB JUIsl IPOTPaMHOT B3a€MOIIi 3 IHIINMH JI0JaTKaMH.

4. Matu mictie s HaiHoTo 30epiraHHs TaHuX.
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S0 e B

KomnoHeHTu iHTepdeiicy Kopuctysaya

KomnoHeHTH npouecis iHTepdency Kopucrtysaya

PiBeHb NogaHHA
‘ Apyc Beb ‘

CnyxboBi iHTepdericu

bisHec- bisHec-

bisHec-cyTHOCTI
NMOTOKMN KOMMOHEHTHU

bisHec-piBeHb

KomnoHeHTu norikun

Cny»60Bi areHTH
AOCTYNY 40 AaHUX

1

fipyc NpuUKNagHUX Nporpam

Apyc aaHux

[xepena aaHuUx Cayx6bu

1

KopnopaTuBHUIM faTaLeHTp

Puc. 3. Tunosi piBHI Ta KOMIIOHEHTH JTOJIATKiB

Po3sropranns nogarTkis

TexHousorii po3ropraHHs IOJATKIB MOBUHHI 3a0€3MEUNTH HEOOXIIHHI PIBEHb
JIOCTYITHOCTI, O€3IeKH, KEPOBAHOCTI.

HocTynHicTh

KommoHeHTH piBHSI mporpamu, IO BUMara€ HANBHINOTO PiBHS JOCTYITHOCTI
(Oinbire 99,90%), pO3MIIIYIOThCS B KjacTepi 3 OalaHCYBaHHSM HaBaHTAKCHHS
(Load Balancing Cluster). JlaHa TexHOIOTisI NPUHHATHA U1 KOMIIOHEHTIB 3 OJTHUM
cTaHoM (stateless) a00 JOCTYIHUX TiNBbKM JJI1 YUTAHHA, BIAKIIOYCHHS B Oy1b-SIKUHA
MOMEHT 4acy He MPUBOIMTH 10 BTPATH iHpopMariii abo qaHuX.
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KomroneHTH piBHSI TpOTpaMH Ta PiBHS TaHHX, IO BUMAaraloTh HAWBUIIIOTO PiBHS
noctynHocTi  (Oumbiie  99,95%), posmimyroThest B Failover-xmacrepi. [lana
TEXHOJIoTisl 3abe3nmevye HAAMIPHICTh CHCTEMHHUX PECYpCiB 3 MOMJIUBICTIO
MepeMimaT J0JaTOK 3 By3Jia, SKUI BiIMOBHB, Ha Pe3epBHUI.

3axuieHicThb

Kommonentn mporpamMu MoxyTh OyTh (i3MYHO po3HECEHI Ha Pi3HI By3IH
Mepexi. OguH 10JaToK, OmMuH web-cepBic, MOJKe MAaTH OIWH, ABa adO TPH PiBHI.
TaxyuM 9HOM pi3HI AOAATKH MOXKYTh TIepeOyBaTH B PI3HUX 30HaX OE3MEKH.

Koxna nporpama mae HagaBaty iH(GOPMALIiIO PO CBOIO MiATPUMKY TEXHOJIOTIH
KJlacTepu3allii Ta B3aEMO/ii CBOiX PiBHIB.

Tunu kiieHTiB

OCHOBHI TUIH KJII€HTIB, 10 BUKOPHCTOBYIOThCs Kopriopalii€ro, BKIIO4aOTh:

1. Tonkwuii kieHT (Opay3ep). Jlorika i qaHi 30epiraroTbes Ha cepBepax.

2. Tosctuii xmieHt (Excel). Yactuna Oi3Hec-NOTiKH 1 Tpodiidh HACTPONKHU
KOpHCTyBayda 30epiraroThCs Ha KITIE€HTI.

3. [IporpamHuuii KIi€HT, IKUH OTpUMye JocTyn 10 Web-cepBicy 3a JOMOMOTOI0
mporokorry SOAP. OmuH MOmaTOK € KIIEHTOM IHIIOTO, MPU oMY iHTepdeiic
KOpHCTyBava BiJICYTHIH.

IndpacTpyKkTypa JKUTTEBOTO HUKJIY

JonaTtok TMpoTSIroM CBOTO JKUTTEBOTO IMKIY BcepeauHi JlaTa-ueHTpy
pO3TOpTaEThCs B M'SATH iHPPACTPYKTYPHHUX CEPEAOBHUIINAX AOAATKIB (puc. 4):

1. CepenoBuimie po3poOKH — BHUAJICHE CEPEIOBUINE, BCEPEOUHI SKOTO
CTBOPIOIOTHCS JI0AATKH. MeHekep po3poOKH BiIMOBIAa€E 3a poOOTY B 1iid 30Hi i 32
3MiHH 1 MOIU(IKAIi CUCTEMH.

2. CepenoBuiie iHTerpauii — JaHa 30Ha MpU3HAa4YeHa s 3i10paHoro 1oJarTka, B
Hill TUTIQYIOTBCS MEXaHi3MHU KOMYHIKaIild Mi>k KOMIIOHEHTaMH MPOTPaMH.

3. TecToBe cepeoBUIlEe — 30HA BIAMOBITAILHOCTI MEHEKEepa TECTyBaHHS abo
MeHe/DKepa NpHUHAMaHHS B eKCIUTyaTalito. Y JaHiil 30HI NPOBOIATHCS HaOOpH
(dyHKIIOHATBHUX, HABAHTXXYBAIGHUX 1 IHIIMX TECTIB HA TOJATKY. 3MiHHU J0AaTKa
HE JIOMYCKarOThCS.

4. Tlepen-ekcrulyaramiiiHe CepelOBHINE — 30HA «30epiraHHs» TOTOBOTO [0
BIPOBA/KEHHS pellizy JoAaTKa. 3MiHU He JIOIyCKaloThesl. JlaHa 30Ha BKe BXOIMTH
y BIAMOBIAAJIbHICTh MEHEDKEPa eKCILTyaTallii.

5. CepenoBuiie eKcIiIyaraii — cepeJOBUILE 3 HAWBUIUM PiBHEM KOHTPOJIIO.

S

Cepegosuuie IHTerpauinHe ecTyBa/ibHe B
po3pobku cepesoBuie cepesosuile cepeaosuile cepesosuile

Po3pobka TecTyBaHHA IHbpacTpyKTypa
niagTBepaXKeHHA
AKOCTI

Puc. 4. IndpactpykrypHi cepenoBuina nogarkis Jlara-nenrpy

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023



Jloriunumii nu3aiin nogaTkis

Crangapr 1: /IBopiBHeBHii 101aTOK /IJIsl BHYTPilIHIX KJIi€HTIB (puc. 5 a)
XapaKTepUCTHUKH:

1. ITpocTi Mi>KKOMIIOHEHTHI 3B'SI3KH.

2. [Ipocta cxema po3ropTaHHs IPOrPaMH.

3. IlpocTi MexaHi3MU KOHTPOJIIO TOCTYMHOCTI.

4. Bci monaTtku 3HaxoAsThcs y BayTpimniit 3oni besnexu.

SOAP - HTTP (80)/HTTPS (443)
PUBLIC

INTERNET

SOAP - HTTP (80)/HTTPS (443)

Internal Trust Zone
—

SOAP - HTTP (80)/HTTPS (443) HTTP (80)/HTTPS (443)

Load Balanced
Cluster

I3

SQL (1433)

Web/App - UI/SI/BC/DA/SA

Internal SQL

RDBMS

RDBMS

Puc. 5 a. JIBopiBHEBHil 101aTOK AJIsl BHYTPIIIHIX KITi€HTIB

Cranaapr 2: TpupiBHeBMii 10AaTOK 1J1s1 BHYTPilIHIX KJIi€HTIB (puc. 5 6)

XapaKkTepUCTUKU:

1. Hezanexxne mMaciitabyBaHHs piBHIB O13HEC-TIOTIKH 1 YSIBJICHHSI.

2. liarHOCTHKa PO0JIEM CKIIaiHa.

Cranpapr 3: /IBopiBHeBHI 10JATOK JJIsl 30BHIIIHIX KJII€HTIB 3 BHYTPIIHIM
JKepesioM TaHMX (puc. 5 B)

XapaKTepUCTHKH:

1. CucteMu KOHTPOJIIO IEPUMETPIB 3a0€31eUyI0Th JOAATKOBHI PiBEHB 3aXHUCTY.

2. Po3ropTaHHs CHCTEMU CKIIAJIHE.

Crannapr 4: TpupiBHeBHIi 10AATOK /I 30BHIIIHIX KJII€HTIB 3 BHYTPillIHiM
AKepesioM JaHuX (puc. 5 1)

XapaKkTepUCTUKU:

1. HeoOximHa HacTpoOka KOMYHIKAIIii Mi>kK piBHSIMH O13HEC-JIOTIKH 1 YSABIICHHS.

2. HeoOxinHuii cepBic XOCTUHTY KOMIIOHEHTIB.

3. liarHocTuKa nmpobieM CKiIagHa.

4. Po3ropTaHHs foJlaTKa CKJIaHe.
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~ 83 ~

PUBLIC <

SOAP - HTTP (80)/HTTPS (443)

INTERNET

Yo Internal Trust Zone

SOAP - HTTP (80)/HTTPS (443)

Load Balanced
Cluster

IR

Web - UI/SI

Internal SQL

HTTP (80)/HTTPS (443)

'NET Remoting HTTP(80)

SOAP - HTTP (80)/HTTPS (443)

Load Balanced
Cluster

App - BC/DA/SA

SQL(1433)

Puc. 5 6. TpupiBHEBHIA JOAATOK U BHYTPIIIHIX KIIIEHTIB

Web Service
Client

HTTP (80)/HTTPS (443)

SOAP - HTTP (80)/HTTPS (443)

Firewall

SOAP - HTTP (80)/HTTPS (443)
PUBLIC

INTERNET

SOAP - HTTP (80)/HTTPS (443)

Perimeter Trust Zone | |

SOAP-HTTP(80)/HTTP(443)

HTTP (80)/HTTPS(443) —

Load Balanced
Cluster

Web/App - UISI/BC/DA/SA
] ]

Firewall
Internal Trust Zone

SQL (1433)

DTC (rpc ports)

sQL

RDBMS

a-

RDBMS

Puc. 5 B. JIBopiBHEBHI 10JaTOK ISl 30BHILIHIX KIIIEHTIB 3 BHYTPIIIHIM JPKEPEJIOM JIaHUX
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HTTP (BO)HTTPS (443) .9 . SOAP - HTTP (80)/HTTPS (443)
<
INTERNET

HTTP (BO)HTTPS (443) r\l:SOAP-HTTP (BOMHTTPS (443) /70 o

I\J Client

Firewall
Perimeter Trust Zone N
v SOAP - HTTP (80)/HTTPS (443) SOAP - HTTP (80)/HTTPS (443)
Load Balanced Load Balanced
Cluster Cluster

A

JI3 (33

.NET Remoting HTTP(80) \

Web - UI/SI App - BC/DA/SA
SQL (1433)
DTC (rpc ports)
Firewall
Internal Trust Zone -
SQL Internal SQL
RDBMS RDBMS
RDBMS RDBMS

Puc. 5 r. TpupiBHEeBHI OAATOK LIS 30BHIIIHIX KIIIEHTIB 3 BHYTPILIHIM JPKEPEIOM JTaHUX

=S SOAP - HTTP (80)/HTTPS (443)
INTERNET

Web Service
Client

HTTP (80)/HTTPS (443)

PROXY
SOAP - HTTP (80)/HTTPS (443) A
Firewall
Perimeter Trust Zone

Load Balanced

Cluster
SOAP-HTTP(80)/HTTP(443)

L
— g G §
HTTP (80)/HTTPS(443)
Web - UI/SI

NET Remoting HTTP (80)  S0AP - HTTP (80)/HTTPS (443)
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Crangapt 5: TpupiBHeBHil 10AaTOK JIs1 30BHILIHIX KJIi€HTIB 3 BHYTPilIHIM
JKEPeJIOM TaHuX i JomaTkoM (puc. 5 )

XapaKTepUCTHUKH:

1. bizHec-norika i 1aHi pO3MIIIYIOTHCS B OLTBIIT 3aXUIEHIN 30Hi.

2. JliarHocTHKa Ipo0OJIeM CKIIaaHa.

3. PosropTanHs nogatka cKiaaHe.

ApXiTeKTypa [OJATKIB pEaNi3yeTbCcd y BUTISAAI HACTYITHHUX EIIEMEHTIB 1
CTaHAAPTIB.

Ta6n. 1. Enementu it cTangapT apXiTeKTypH J0JATKiB

Enement XapakTepucTHKa

.NET Framework 3abe3neuye BUKOHYBaHE CepeloBHINE i 0i0mioTeKH
kiaciB ast NET kony

COM+ CepenoBuiiie  OOCIIyrOBYBaHHsS  Ta  3aXHUCTY
KOMITOHEHTIB JJOAaTKa

Message Queuing TexHOIOTISA YIpaBIiHHSA YepraMd MOBITOMIICHB i
ACHHXPOHHUMH KOMYHIKAI[iIMI Mi>K KOMITOHEHTaMH
JoAaTKa

Web Application Services Oo6cnyroByBanus (hosting) Web-cepgicis

Data Services OO0cayroByBaHHS IOCTYITY A0 AaHUX

File Services 36epiranns kKoH(irypamiiinux daiinis (global.asax
abo Web.config, Harpukian)

Networking Services 3abe3neueHHs] MepeKEeBUX KOMYHIKawii

Certificate Services 3abe3neueHHss ayTeHTH(]IKamil, aBropu3amii Ta
kpunTorpadigyHoro mudpyBaHHS

Infrastructure [HCTpyMeHTapiii MOHITOPHHTY Ta  yIpaBIIHHS

Management Services JIOJTATKOM 1 HOTO KOMIIOHEHTAMU

Mepexesi crangaptu: TCP / IP; UDP / IP.

V sixocTi Mepeski OyneMo BUKOPHCTOBYBAaTH MIPOTPaMHO-KOH(]IrypoBaHi Mepexi
(software-defined networking SDN). SDN — 1ie miaxij 10 ympaBiiHHSI MEpPEeKero,
SAKUH 3a0e3nedye JUHAMIuHY, MPOrpaMHO €()eKTUBHY KOHQIrypaiilo MepexeBHX
CJIEMEHTIB 3 METOI0 IMOKpAIIEHHs MPOAYKTUBHOCTI MEPEXi Ta MOHITOPHHTY, IO
poOUTS i OijbIle CXOXKOI0 HAa XMapHi OOYKCIICHHS, HK Ha TPaIUIiiHEe KepyBaHHS
mepexkero [33]. SDN mnpusHadeHa sl CTBOPEHHS CTAaTUYHOI apXiTEKTypH
TpaguuiiHux Mepex. SDN HamaraeTscsl LEHTpali3yBaTH JaHi IPO MEpEeKy B
OJHOMY MEPEKEBOMY KOMIIOHEHTI, BIJOKPEMJIIOIOUH MPOLEC MEPEeCUIIaHHS
MEpEeKEeBHUX MakeTiB (TUIONIMHA JaHWX) B TpOIeCy MapiipyTH3amii (IUIomuHa
kepyBanHs) [34, 35]. IlromuHa ynpaBiiHHS CKIIAA€THCA 3 OJHOTO ab0 KiTBKOX
KOHTpOJIEPIB, SKi BBAXKAIOThCI MO3KoM Mepexi SDN, B skili 00’€IHAHO BeCh
inTesiekt. OHaK IEHTpaIi3allis Mae CBOT HEIOMIKH, KOJIH MIeThes po Oe3mnexy [36],
MacIITabOBaHICTh Ta THYYKICTh [33], 1 11e rosioBHa npobdsiema SDN [36].

SDN 3a3Buuaii acoritoBaigace 3 mnpotokonom OpenFlow (mist BigmanmeHoro
3B'A3KY 3 €JIEMEHTAaMH MEpEKeBOi IUIOIIMHU 3 METOI BHM3HAYECHHS UUIIXY
MEpEeXKEBUX TAKETIB Uepe3 MEPEKEBlI KOMYTaTOPH) 3 MOMEHTY ITOSIBH OCTAaHHLOTO B
2011 pomi. Omnak 3 2012 poky mel TepMiH TaKOXXK BHUKOPHCTOBYBAJIM BIIACHI
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cuctemu [37, 38]. Jlo HMX HajekaTrh BimKpuTe MepexeBe cepemopuimie Cisco
Systems i mnatdopma BipTyamnizauii Mepexi Nicira.

Web-cranmapt: HTTP / HTTPS; XML; SOAP / WSDL; WSE (WS-Security,
WS-Routing, WS-Coordination, and WS-Transaction).

CYB/ crarmaptu: SQL.

4. IHTEI'PALISA IHOPACTPYKTYPU JOJATKIB

Bynp-sxuit koMnoHeHT iHQPacTPyKTypH AOAATKIB MOBUHEH HAJAAaBaTH PillICHHS,
sIKe AO03BOJISIE HOrO 1HTErpyBaTH 3 IHIIMMH KOMITIOHEHTaMH. [HTerpauis HeoOXinHa
Ha piBHI MepeXeBUX KOMYHIKaIliil, Ha piBHI 0a30BHX cepBiciB (qocTym 10 (aimoBux
CHCTEM), Ha PiBHI JOCTYIy JI0 JpKepell JaHUX, Ha piBHI B3aeMonil mogatki. Kpim
TEXHOJIOTIYHOI CKJIQJHOCTI 1HTETpallii pi3HOPIAHUX CHCTEM, 3HAYHO MiABHIIYETHCS
CKJIQ/IHICTh YIIPABIIiHHSA TAKUMU KoMmIuiekcamu [39].

OCKiNbKH B pealbHUX YMOBAaX HEMOXIIMBO 1 4acTO HEIOIIFHO 3a0e3MeYnTH
MOCTaBKy BCiX KOMIIOHEHTIB iH(PACTPYKTYpH BiJl OJHOTO BHPOOHHKA, MUTAHHS
iHTerpamii Moxke OyTH BHpIIIeHe TPhOMa IDISIXaMH: BHKOPUCTAHHS CTaHAAPTIB,
BHKOPHCTaHHSI MPOMDKHUX CEpelNOBHUII-«IepeKinanadiBy (application integration
services), caMOCTiiiHa po3poOKa KOHEKTOPIB.

Bukopucrannsi cranaapris

KitrouoBot0 XapakTepUCTUKOIO B3AEMO/III 3 OTIepaIliiHUME CHCTEMaMH 1 CITyK0aMu
iHmmx BUpoOHUKIB € minTpumka cranaprtie TCP / IP, IPX, Kerberos, PKI (X.509,
PKCS), LDAP, HTTP, WBEM, DNS, DHCP, XML, UDDI, SOAP i inm.

NetWare
— T
Cnyx6u
channis Ta E)ﬁ()‘\:lsgnl\;llz&
K \
Macintosh v UNIX NIS,
. Active ‘ iPlanet,
Directory | Novell Groupwise,
Cnyx6m IPX | Lotus Notes
ans
Macintosh TCPiP B Kerberos
\
/ Cryx6n |
| / PKI- | wmetaka- |
‘ [ \ Tanoris |
DHCP | | LDAP
‘\ \ \ / nyK6M }\‘
\ 3acTocyBaHb: |
\ Host HTTP / OLE DB, ADO]
\ Integ?:tion T ODBC, XML,/
Server DNS XML SOAP
WBEM Biz Talk | SQL Server,
_ / | Oracle_,
IBM, T | Informix,
Amdahl Cnyx6u ans ) IBM DB 2
Hitaohi UNIX Interix XML/SOAP
Web Services
- -

Sun Solaris, HP/UX,
Linux, Tru 64, IBM

Puc. 6. [TinTpumka cTaHmzapTIiB
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Kpim cTammapris, Tpeba 3abe3nmedynTH TOAATKOBUMHU TEXHOJOTISIMH 1HTETparlii,
SIK HANpUKIQA Mmijacuctema Interix, sika 703Bois€e BUKOHYBaTH moaatku UNIX

cepeaoBuUIla.

Tabm. 2. [lomaTkoBi TEXHOJIOTI1 iHTETpartii

[Tnarhopma Mepexa Hani Honatku

UNIX Services for Services for UNIX, Microsoft
UNIX Microsoft Interix Interix

IBM Host Integration Host Integration Server ~ Host Integration
Server Server

Macintosh Services for Services for Macintosh N/A
Macintosh

Cepsic-opienToBana apxitekTypa moxatkiB (Service Oriented Architecture)
cupaeThest Ha Web-cTaHmapTi i 103BONSIE CTBOPUTH 1HPPACTPYKTYPY AOAATKIB,
3IaTHUX J0 OE3IIOBHOI iHTErpartii.

Cranmaptu  Web  Services Enhancements (WSE) onmcyore cxemu
MapuipyTu3aiii, I[TOCHJIANbHUX 3B'SI3KiB, I1HCHEKIIl, O€3MeKu, TpaH3aKI[iHHIX
MEXaHi3MiB Ta iHmI KomnoHeHTH iHpacTpykTypu SOA. [HdpacTpykrypa fogaTkiB
MOBHHHA MiATpUMYBaTu HaOip ctanaaptie WSE.

Tabn. 3. [lintpumka cranpaprie WSE Windows Server

Bumora [Tpuxiran peamizamii

besnocepenus 3abe3neueHHs Oe3nocepeHbOI  MIATPUMKH —CTaHAAPTiB

migtpumka XML XML Web service, Bkimodaroun XML, SOAP, Universal

Web Services Description, Discovery, i Integration (UDDI), i Web
Services Description Language (WSDL).

ITinTpumka Bxutouae Enterprise UDDI Services, iuHaMidHy Ta THYYKY

Enterprise UDDI  iadpactpykrypy mis XML  Web-cepsiciB.  [lanwuit
KOMIIOHEHT  JIO3BOJISIE  KOMIIAHISIM ~ OTPUMATH  CBOIO

BHYyTpimHIO UDDI cityx0y.
[ligTpumMka XML Web-cepsicu interpoBani B Windows Server; icHyroui
yCHaIKOBaHUX komrmoHeHTH COM + 1 Message Queuing MOXYTb
CHUCTEM npaitoBat crinbHO 3 Web-cepicamun. COM + nomatku

MOXyYTh BUKopuctoByBatd XML / SOAP. Message Queuing
BukopuctroBye SOAP 1 XML B sKocTi OCHOBHHX
MIPOTOKOJIIB.
®DenepaTtuBHa XML Web-cepBicu 3abe3mneuyiorh GyHAAMEHT ISt
Iadpactpykrypa  Oe3mIOBHOI iHTErpamii JOAaTKIB.

Buxopucranns cepsiciB inTerpamii

Ceppicu iHTerparii J03BOJNISIOTH TpaTh POJIb TPAHCIOPTY 1 Tepekiajaada
inpopmanii. Cepsic iHTerpanii Mae OyTH CTBOPEHMH y BHIVISAI €IWHOI IIWHH,
Opokepa, IHTErpyrouoro CUCTEMH BIAMOBIAHO A0 PO3pPOOJICHUX Oi3HEC-TIPOIIECIB.
Cepgic iHTerpaiii Moke BUKOPHUCTOBYBATH BJIaCHY Oi3HeC-JIOTIKY 1 3abe3medyBaTu
IHTeTpallifo B OMH Oi3Hec-TIporiec 6araTbox (OUTBIIE ABOX) OJATKIB.
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BUCHOBKHU TA IIEPCHEKTUBHA NOJAJIBIIUX JOCIIAKEHb

1. Posrmsinyto po3Butok Cucremnoi Apxitekrypu IT-iHdpacTtpykTypH,
Opi€EHTOBaHOI Ha BUKOPUCTaHHS cydacHUX JlaTta-ieHTpiB.

2. TlpencraBnena ctparteriss po3suTky CucremHoi  Apxitekrypu [T-
iHGPaCTPYKTypH Ha OCHOBI 3aCTOCYBaHHS MEPEJOBUX METOHOJOTIH Ta KOHIICIIIIH
MPOBIAHUX BUPOOHHKIB amapaTtHoro Ta mporpamuoro 3abesneueHHs (HP, SUN,
EMC, CISCO, Microsoft, ORACLE, Veritas). s cHCTeMHOI apxiTeKTypu
MIpeICTaBIeHI KOMIOHEHTH, IO OMMMCYIOTh: 3arallbHi MiAXO0I1 TO0YJOBH CHCTEMHOT
apxitektypy; IT-cepBicM — TEXHONOTiIYHI CHUCTEMH, SIKi BUPILIYIOTh 3aBAaHHS
Kopropartii; Joriany moaens [T-iHppacTpykTypH.

3. ChopmynsoBaHo HacTymHuE mnpuHIHUN no0ymoBu IT-iHdpacTpykTypu:
apxitektypu IT-iHdpacTpykTypn BHU3HauyaroTh Ha0ip cepsiciB. IT-cepicu
HaJarThCs TPHOM TpyIaM KiieHTiB. IT-cepBich Ta KIII€HTH MOB'SI3aH1 5 CIICHAPIAMU
peamizarii. [arerparnito IT-cepBiciB BU3HA4aIOTh 5 apXiTEKTYP.

4. B skocti IT-cepgicis npeacrapneHi iHdopMalliitHi TeXHOJOTI1, CIpAMOBaHI Ha
MiATPUMAaHHS B TEXHIYHO CHPaBHOMY CTaHi TaKHUX E€JIEMEHTIB: MEPEXKHI MPUCTPOI,
o0YHCcITIOBaIbHA TEXHIKA, MPUCTPOi 30epiraHHs MaHWX, CIYKOW aBTOMATHYHOTO
posropranus I3, MepexeBi cmyx0Ou, CiayxOM 3axXUCTy MEpUMETpa, CIyXKOU
KaTajory, ciy:xou (aiiiB i JpyKy, CIIy>kKOU yIpaBIIiHHS JTaHUMH, CIIy>KOU Oi3Hec-
JoaatkiB, ciyxOu ynpasminas [T, coyxOu apxiByBaHHS Ta BiTHOBJICHHS, CITY>KOH
YIpaBIiHHS cepTU(iKaTaMu, CIIy>KOU iHTerparii.

5. ApXiTeKTypH CHCTEM BH3HA4YaIOTh QyHIaMEHTAbHI IpUHIXIHN 100y a0BH [ T-
CEPBICIB 1 iX B3a€EMO3B'SI30K.

6. Ha 6a3i apxitektypu (opMyrOThCsi BUMOTH 0 cTBOpeHHs [ T-cepBicis.

7. OpHi€ro 3 HAMBAKIIMBIIIMX apXITEKTYP € apXiTeKTypa NPOrpaMHUX JTOJATKIB.

8. ApxiTekTypa MpoOrpaMHUX JOJIATKIiB BH3HA4Ya€eThcs Oi3HEC-MOTpedamMu
Koproparii Ta miIXOZaMH, METOJaMH CTBOPEHHS JOJAaTKiB KOHKPETHHM
po3poOHIKOM. BoHa BH3Hauae cepeoBHIe BUKOHAHHS JUIS IOJATKiB, MEXaHi3MU
KOMYHIKaIliil MK JI0aTKaMH 1 KOMIIOHEHTAMH, THCTpyMEHTapii KOHTPOITIO JT0JIaTKa
1 yOpaBlIiHHA ¥OTO CTaHOM, a TaKOXX CXOBHIIE JJSi CTPYKTYPOBaHHX 1
HECTPYKTYpOBaHMX THIIB JaHUX. 3aBJaHHA apxXiTeKTypH: 3a0e3medyyBaTH
CEPEJIOBHIIE IS BUKOHAHHS KOMIIOHEHTIB JOJATKIB; MiATPUMYBAaTH MEXaHi3MH
JUCTIeTYepU3allii JUIsi KOMYyHIKalid MIiX KOMIIOHEHTaMU JOJIaTKIB; pealli3yBaTh
IHCTpYMEHTapid Uil MOHITOPHHTY PIiBHS CEpBICIB 1 MAiarHOCTHKU IpoOieM;
3a0e3mneyyBaTH 30epiraHHs CTPYKTYPOBaHOI 1 HECTPYKTYypoBaHoi iH(popMarii.

9. Crannmaprusaiisi apXiTeKTypu IOAATKIB JIO3BOJISIE MiHIMi3yBaTH BHUTpPATH,
MOB'A3aHI 3 MIATPUMKOIO NIEKIIBKOX THIIB apXiTEKTyp, KOXHA JJISI BU3HAYEHOTO
TUIy Oi3HEC-I0/IaTKiB.
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SPACE MONITORING OF VIOLATION OF THE ECOSYSTEM
CONDITION OF THE BLACK SEA BIOSPHERE RESERVE
AS ARESULT OF MILITARY ACTIONS

Abstract. This work is devoted to the study of the impact of military actions on the
environment of Ukraine based on the materials of remote sensing of the Earth. The
authors proposed a methodology for determining the scale of fires and the degree
of damage to nature conservation objects using the example of the Black Sea
Biosphere Reserve. In particular, fires are identified with the help of the FIRMS
service, which subsequently allows establishing the causes of their occurrence and
predicting their direction of spread, as well as estimating the affected areas. The
paper presents the results of satellite monitoring of the determination of thermal
anomaly centers, their dynamics and extent of damage; a study of the areas flooded
due to the lowering of the reservoir is presented; an approach to comprehensive
monitoring of the disturbance of the state of ecosystems of nature-protected
territories of Ukraine is proposed. The research was conducted in the period from
February 2022 to February 2023. Temperature activity was determined in the Black
Sea Biosphere Reserve and its adjacent territories, and areas of disturbance of the
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surface layer of the soil as a result of military operations were identified. The facts
of fires, the presence of enemy military equipment, the construction of various
fortification structures (trenches, trenches, shelters for equipment), the presence of
firing positions, the location and movement of automobiles and other large vehicles
have been proven. The proposed research can be used to monitor and document
environmental crimes caused by military actions. The obtained results provide
information to state authorities for decision-making regarding the preservation and
restoration of valuable natural reserves and objects, and also allows forecasting
changes in environmental risk due to military actions.

Keywords: impact of war; nature-protected areas; russian invasion; fires; remote
sensing data.
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UncturyT TenexoMyHikamii i riobansHoro ingopmamniiaoro mpoctopy HAHY, Kuis, Vkpaina
2PaxynbreT reorpadii Kembpumkcskoro yHisepcutery, Kembpumx, Benukodpuranis
JlepxaBna ycTtaHoBa «HaykoBuii LIEHTp aepOKOCMIYHMX HOCHIMKeHb 3eMii IHCTHTYTY
reoJIoTiyHUX HayK HarioHanpHOT akajgemii Hayk Ykpaiamy», KuiB, Ykpaina
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KOCMIYHHUMA MOHITOPHUHI TOPYIEHHA CTAHY EKOCUCTEMHA
YOPHOMOPCBKOI'O BIOC®EPHOI'O 3AITIOBITHUKA
BHACJIIJIOK BIMCbKOBUX JIIA

Anomayin. [ana poboma npucesuena 6USUEHHIO 6NIUGY BIUCbKOGUX Oill Ha
HABKOMUWHE cepedosuue YKpainu Ha OCHO8I Mmamepianie OUCMAHYIHOZ0
30HOY8aHHA 3emiui. Asmopamu 3anponoHO8aH0 MemoOUKy BU3HAUEHHS MACUmMaoie
nooicedc ma CmyneHs wKOOU NPUpOOOOXOPOHHUM 00 €Kmam HA NpuKiaoi
Yopromopcbkozo biocpeprozo 3an08IOHUKA. 3okpema, noocexnci
idenmudixyromscs 3a 0onomozor cepsicy FIRMS, wo 6 nodarvuiomy 003601s€
6CMAHOBUMU NPUYUHU IX BUHUKHEHHS MA CNPOSHO3Y8AMU IX HANPAM NOUIUPEHHSL, |
oyinumu naowi ypaxcenus. Y pobomi npedcmasneno pe3yibsmamu CynymHuKo8020
MOHIMOPUHEY BU3HAYEHHS 0CepeOKi8 MeNni08ux aHOMANil, ix OuHamiky ma
mMacwumabu ypajcenHs, NPeoCmasleHo OOCHIONCEHHS Mepumopiti 3amonieHb
BHACIOOK CHNYCKY 6000CX08UWA;, 3ANPONOHOBAHO NIOXI0 00 KOMNIIEKCHO20
MOHIMOPUHEY NOPYUIEHHS CMAHY eKOCUCHEM HPUPOOOOXOPOHHUX Mepumopii
Yxpainu. [locrioscenna nposodunucs 6 nepiod 3 nomozo 2022 poky no momu 2023
POKy. Busnaueno memnepamypry axmusnicms y Yopromopcvkomy biocghepromy
3an0GIOHUKY mMa U020 NPULe2IUX Mepumopisnx, 6UseieHO OLIAHKU HOPYUIeHHS
NOBEPXHeB020 Wapy IPYHMY 6HACTIOOK 8IlicbKoux Oill. [Jogedeno ghaxmu nooicedic,
NPUCYMHOCME  80POJICOL  BILICLKOBOI  MeXHIKU, 0YOieHUYmMEa pPi3HOMAHIMHUX
dopmupixayitinux cnopyo (mpanuieii, oKonis, yKpummsi 0Jis. MexXHiKu), Has6HOCMi
B02HeBUX MNO3UYIL, 3HAXOO0JCEHHs | Nepecy8amHs aA8MOMOOITbHUX MA THUUX
2a6apumHux MpaHcnopmuux 3aco0ie. 3anpononHosami O00CAIONCEHHS MOICYMb
O6ymu euxopucmawni Oas MOHIMOPUHZY Ma OOKYMEHMYBAHHA 310YUHIE NPpOmMuU
006KINIA, CHpUYUHeHux Gilcbkogumu Oismu. Ompumani pe3yibmamu HAOAOmMs
iHGhopmayiro OepoicagHum opeanam Oist NPUUHAMMS PIUEeHb 000 30epedcents ma
BIOHOBIIEHHS YIHHUX NPUPOOHUX 3ANOBIOHUKIE I 00 €KMI8, a MaKodic 00380JAI0Mb
NPOSHO3Y8AMU 3MIHU €KOJIOIYHO20 PUBUKY BHACTIOOK GIlICbKOBUX Oill.

Knrouosi cnosa: ennug GitiHu; NPUPOOOOXOPOHHI mepumopii; pocilicbke
BMOPEHEHHS; NOJCENHCI, OaHi OUCMAHYITIHO20 30HOYBAHHSL.

https://doi.org/10.32347/2411-4049.2023.3.94-112
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Beryn

Biiina, sika TpuBae B YKpaiHi, cTaja HailOinbIiM 30pOHUM KOH(QIIIKTOM Yy CBITi 3a
OCTaHHE JECATWIITTSA, MO0 CIOPUYMHUB O€3Mpele/eHTHI pyWHyBaHHSI Ta
CIIyCTOIIEHHS MPUPOAHUX JMaHAmAa(TIB KpaiHn. BukoprcTaHHs Bakkoi apTuiepii,
aBiauiifHoro 6omOapayBaHHs Ta iHIIOI 30pol miJ Yac iIHTEHCHMBHUX OOIB MPHU3BEIO
JI0 3HUTICHHS IHHUX PUPOIHMX 3aIIOBITHAKIB 1 cepeoBHIl icHyBaHHA. Hapasi, Ha
TepuTopii YKpaiHu € MOTEHIIHI T100ambHI eKOJIOTIYHI KaTacTpodu, SKi MOXYTh
MaTH JOBrOTPUBAJI HACTIIKM Ta IPU3BECTH A0 MOTIPIICHHS CTaHy HABKOJIHUIIHHOTO
cepeioBHIA B MaHOyTHHOMY Ta 3HWIICHHS LIHHUX YHIKaIbHUX E€KOCHCTEM, SIKi
BIJIITPalOTh BUPIMIANBHY POJb Y (DYHKITIOHYBaHHI MPUPOTHUX CHCTEM.

Biiina B Ilepcpkiit 3aToui mik Ipakom i KyseliTomM Oyna oxmHi€ro 3 mepHimx
BEIMKOMACIITa0HUX EKOJIOTIYHUX KaTacTpod), SAKi PETENBbHO CIOCTepiraaucs 3a
JIOTIOMOT'O0 TEXHOJIOT1H TUCTaHIIHHOTO 30H yBaHHA, TakuX sk AVHRR, Landsat i
mani SPOT, mo0 OWIHWTH BIUIMB PO3BUTKY MICT, POCIMHHOCTI, MPUOEPEKHUX
BOJHO-OOJIOTHMX YTiJb 1 MICKy, 3MIiHM IOHH. Y CBITJII IBOTO, JOCIIPKCHHS
€KOJIOTIYHMX HACTIIKIB TTOTOYHOTO KOH(IIKTY B YKpaiHi Ta BUHECEHHS YPOKIB 3
BiifHM B [lepchKili 3aTOIli € Ha[3BUYATHO BYKIMBUMH TSI 3a1I00ITaHHS MallOyTHIM
EKOJIOTIYHUM KaTacTpodaM, CIPUIMHEHUM 30poitHuMU KoHGTikTamH [1]. OgauM 3
HaAMOLIBII MOMITHUX HACHIJAKIB 30pOWHOr0 KOH(IIKTY € pamnToBi 3MiHHM 3€MHOTO
MOKpHBY. PO3BUTOK epo3iifHMX MpOIECiB BHACIHIIOK BIUIMBY JIICOBUX MOXEX Ha
MPUPOAOOXOPOHHUX TEPUTOPISAX BHUKIUKAE BEJIWKE 3aHEMOKOEHHs. Taki 3MiHH
MOXYTh TPHU3BECTH 0 3MCHIICHHS OI1OPi3HOMAaHITTSI Ta BTPaTH NPHPOJHHUX
pecypciB. Kpim Toro, 30poiHWI KOH(QUIKT MOXX€ MaTH HETaTUBHUI BIUIMB Ha
3[I0pOB's JIIOJIEH Ta TBAPHH, a TAKOXK HA CTAH IPYHTY Ta SKICTh BOJIHU. 3Ba)KAlO4YM Ha
e, HEOOXIJHO NPUIIIATH OUIbIIe YBard €KOJOTIYHUM HACHiJIKaM 30pOHHUX
KOH(JIIKTIB Ta pO3po0JiATH cTparerii 3amobiraHHs MaWOyTHIM €KOJIOTIYHUM
karactpodaM Ha CBITOBOMY piBHi. Lle Mo>kHa 3p0OWTH IIISXOM 30iIbIIEHHS YBaru
JI0 €KOJIOTIYHHX TpoOiieM B MpoIeci MPUUHATTS pillleHb 3 MHTaHb HalliOHAJIBHOL
0e3neku Ta Po3pOoOKH MIKHAPOIHHMX JOTOBOPIB, CIPSIMOBAHMX HA 3MCHIICHHS
BILTUBY 30pOMHMX KOH(IIIKTIB HA HABKOJUIIIHE cepeioBUIlle. BHacminok 30poitHrX
KOH(TIKTIB panToBi 3MIHM 3€MHOTO TIOKPHUBY € OJHHMH 3 Halpi3Kimmx
MOBTOPIOBAHKX MOTPSICIHb B MDKHAPOTHOMY MacIuTaoi.

Orasia JgitepaTypHux Jukepes. 3ryOHUH BIUIMB JIICOBHX IOKEX Ha OLIBIIICTD
eKOCHCTEeMHHX HOCIYT BHCBITICHO B myOdikauii [2]. B myOmikanii [3] mocumimkeno
TeMy THWTaHHS 30epeKeHHs O10pi3HOMAHITTS B 30HaX OOHOBUX i, MOTEHIian
HAYKOBOI Ta MPHUPOJ0O0XOPOHHOT JiSUTEHOCTI JIJIsl 3MEHINIEHHSI HEraTUBHOTO BILUIUBY
Ha HbOTO. 3a opiuiiHMMHU JaHUMH MiHICTEpCTBA 3aXHUCTY JOBKULIS Ta MPUPOAHUX
pecypciB [4] depe3 BidicbkoBi aii 900 3amoBigHUX TEPUTOPIH YKpaiHW ChOTOJHI
nepeOyBaroTh B HeOe3neri. Croau yBiknum 1,2 MitH ra abo 0au3sko 30% ol Beix
MPUPOAOOXOPOHHUX TepuTopii Ykpainu. Ilim 3arpo3oro 3HUILEHHS Hapasi
3HaxonAThCs 14 Pamcapcekux o00°ekTiB 1wiomero 397,7 Tuc. ra, OIM3BKO
200 repuropiit CmaparmoBoi Mepexi miolieo 2,9 MiH ra, 0iocdepHi 3armoBiTHUKH
[5]. OcobamBo0O MPUPOIOOXOPOHHOK TEPHTOPIEIO, SKA 3a3HAE BIUIMBY BilfHH, €
YopHoMopcekuil  OiochepHuil 3amoBiAHUK, IO € YHIKaJIbHOI HaIMOPCHKOIO
TEPUTOPIEI0 Ta HAUOUTBIITUM MPUPOTHUAM 00’ €KTOM, SIKUH 1epeOyBae ITiJl 0XOPOHOIO
B Ykpaini. Y 2014 porti pocis anekcyBaiia Kpum, 1m0 mpu3Beso 10 3MiHH TePUTOPIi
YopHoMopcrkoro OiocdepHoro 3amoBigHuka. KOCMIYHME MOHITOPUHT 3MiH
TEpUTOpPIii 3aMOBITHUKA BHACHTIMOK BIHCHKOBHX il TMPOBOMWIM Pi3HI HAYKOBI
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oprasizamii Ta ycranoBu. MixHapomuuii coto3 oxoponu npupoau (IUCN) mposis
OLIIHKY cTaHny YopHOMOpPCHKOTO GioctepHOro 3amnoBiiHUKA, B sIKiii Oyi0 3a3Ha4YeHO,
IO TEPUTOPIsl 3allOBiIHMKA 3a3HANAa 3HAYHUX 3MiH BHACTIJIOK BIMCBKOBHX Jiil Ta
He3aKOHHO1 3a0yz0BHU [6]. 3 TOYaTKOM NMOBHOMACIITaOHOTO BTOPTHEHHS POCii Ha
TepuTopiro Yipainu YopHoMopchKuit 6iochepHuUil 3aIMOBIIHAK 3a3HAE ITIe OUTBITHX
pyliHyBaHb Bix BiliHH. brmuspko 86% TepuTopii 3amoBigHMKA 3HAXOAMTHCS B
akBaTopii HopHOTO MOPSI, sIKa TAaKOXK 3a3HA€ HETATUBHUX HACIAKIB BifiHHU. Y cTaTTi
[7] aBTOpamMm 3a3HAYEHO, MO BifHA Mae CEpHO3HUI BIUIMB Ha MPHUPOIOOXOPOHHI
o0'ekTn YKpaiHW, BKIIOYalOdn YOPHOMOPCHKHIA 3alOBiJHHK, 30KpeMa, BOHHU
HABOJATH MPUKJIaIU 3a0pyAHEHHS BOJAHUX PECYPCIB Ta 3HIKECHHS PiBHS IPYHTOBUX
BOJ Y 30HI KOHQIIKTY.

[TyOnikarist [8] BHCBITIIHOE Pe3yJIbTaTH COLATLHO-CKOJIOITYHOTO MOHITOPUHTY
mig yac OoioBuX Aid B YKpaiHi 3 BHKOPHCTaHHSM CYIyTHUKOBOI iH(opmariii.
VY mybnikariii [9] HaBeneHO BUKOPUCTAHHA NaHUX J[33 miisi BUBYEHHS €KOJIOTITHIX
HACNIJIKIB POCIMCHKOTO BTOpPTrHEHHS B Ykpainy y 2022 pomi. lloxexi, 1mo
BUHHKAIOTh Y MPUPOJHHUX CHCTEMaX, € SBUIIEM 3 TIEBHUMH BIACTHBOCTSIMU, CEPE]T
SIKUX TIIBHINEHHS TEMIepaTypH MOBEPXHI Ta HASABHICTH (y OUIBIIOCTI BHITAIKiB)
mumy. Taki TemmepaTypHi aHOMAaJii MOJKHA BiZICTEXKYBaTH 3a JOIIOMOTOI0 METOIIB
JUCTaHIIMHOTO 30HAyBaHHs [10]. Hampukiian, TouHe BUSBICHHS aKTHUBHOI MOXKEXKI
i i xaprorpadyBaHHS Ha CYIMyTHHKOBHX 300paKEHHSIX BCE IIE € CKJIaTHUM
3aBOAHHAM JUIS CHUIBHOTH JAWCTaHLIHHOIO 30HAYBAaHHS, fKa B OCHOBHOMY
BUKOPHUCTOBYE TPaAMLiiHI MeToau. MeToau TiIMOOKOT0 HaBYaHHS JAlld MOTYXKHI
pe3yJIbTAaTH B 3aCTOCYBaHHI JUCTAHIIIITHOTO 30HyBaHHs [11].

OTxe, MeTor pOOOTH € [OCHIIKEHHS EKOJOriYHOro CTaHy TEpPHUTOpil
Yopaomopcbkoro 6iocepHOro 3amoBiHUKA, 3a JIOMOMOIOI0 CYIYTHHKOBOTO
MOHITOPDUHTY 3 BHUKOPHCTAHHSM OINTHYHUX Ta paIiOJIOKAIMHUX JaHUX
JUCTaHIIHHOrO 30HAyBaHHS 3emii. OCHOBHUM 3aBJaHHSAM JIOCHIKCHHS €
OTPUMAaHHS BHCOKOSIKICHUX TEMaTH4YHUX KapT, SKi JO3BOJATH OLIHHUTH
EKOJIOTIYHHI CTaH MPUPOJHO-3aMOBIIHUX TEPUTOPIH, iMeHTU(DIKYBATH MOMKIINBI
3arpo3u Ta PO3POOUTH PEKOMEHJIAlli II0A0 iX 30epeKCHHS Ta BiJHOBJICHHS.
ABTOpaMH 3alPOIIOHOBAHO BUKOPHUCTaHHS TIeoiH(GOpPMaLiiHUX TEXHOJIOTIH.
Takoxx mpONMOHYETbCS BHUKOPUCTOBYBAaTH iHCTpyMeHTH ArcGIS ArcMap 3
MonynsiMu - Spatial  Analyst. EdexTuBHHM € BpaxyBaHHS CTaTHCTHYHHUX
aTpuOyTUBHUX JaHUX Y TAOJIHMYHOMY i TEKCTOBOMY (popMaTax Ha JOCIHIKyBaHii
o0xacrti. Pesynbpratu qociiakeHHs MOXKYTh OyTH BUKOPUCTAaHI JIsl IIaHyBaHH Ta
NPUUHATTS PIlICHb IOJ0 YIPAaBIiHHS MPUPOJHUMH pecypcaMu Ta OXOPOHH
JIOBKLIIJIS.

Tepuropis aocainkeHb. ABTOpH IOCTIIKYIOTh TEpUTOPil0 YOPHOMOPCHKOTO
OiocepHoro 3amoBigamka (mami YB3), skuil posramoBaHWi Ha TEPUTOPIi
XepcoHChKOT Ta 4acTKOBO MuKoJIaiBChbKoi 00JiacTel Ta akBaTopii HopHOro Mopsi.
Ub3 € ogHUM 3 HAWOULIBIIMX Ta HAWBaXIIMBIIIMX 3alOBiTHUKIB YKpaiHW, IO
3HAXOAUTHCS B 30HI KOHPIiKkTY. Lle HaiO1MbIINil MOPCHKUI 3aNOBITHUK YKpaiHy,
OJIMH 13 HaWCTapilMx 1 HAWIIHHIIIMX B HAlId JepikaBi, SKHA Mae CTaTyc
OiocdepHoro i BkmoueHH a0 BceecBiTHROI Mepexi OiocepHux pesepBariB
FOHECKO. YopHoMopchkuii 3amoBimHuK OyB cTBOpeHuit y 1927 poui 3 MeTor
BUBYEHHS T4 OXOPOHM IPUPOJHOIO CEPENIOBUIIA, 30KpEMa MacOBOIO T'HI3yBaHHS
Ta Mirpamii nraxis. Ha MOMEHT cTBOpEHHS 3alOBIIHHK 3aiiMaB IUIONTy 27 THC. Ta.
Ho 1976 poky muioma 3pocna mo 64 806 ra. Hapasi, 3aranpHa Imioma CKJIanae
109 254 ra [13, 14]. Tepuropis 3amoBiZHHKA OXOIUIIOE IBHIYHE Yy30epexKs
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YopHoro Mops, IesKi OCTPOBH Ta aKBaTOPIIO Ta CKIANAETHCS 3 TPHOX UITHOK:
JCOCTenoBoi, MpudepexkHoi Ta ocTpiBHOI. Hesenuki octpoBu B TeHIpiBCbKil Ta
Aropnunpkiii 3aTokax, Taki sk Opnos, Cmanenuit, badun, [loBruii ta iHmm,
YTBOPIOIOTh yHIKaIbHI BOAHO-O070THI yrimas (puc. 1). Ha tepuropii YB3
3HAXOATHCS BOJHO-OOJOTHI YTiams MibKHapogHOro 3HadeHHS «TeHmpiBchka
3aToKay, «Sropiuipka 3aToka», a TakoK Teputopii CMaparaoBoi Mepexi €Bponu
UA0000017  «Yopuomopchkuit  Oiochepuuii  3amoBigauk»,  UA0000097
Hamionansauit mpupomuuii mapk «bimobepexxs CarocnaBa» ta UA0000215
«KinOypHcbka koca». OKpiM 3a3HaueHUX MPUPOIOOXOPOHHUX 00’€KTIB, B MEKax
Ub3 po3ramoBaHo OOTaHIYHI 3aKa3HHWKH, 3araJbHO300JIOTIYHUN 3aKa3HUK,
HamionansHuN 1CTOPUKO-apXECOJOTIYHUN 3aITOBITHUK, JAHAMAPTHI 3aKa3HUKH,
JCOBI 3aKa3HWKH, OPHITOJOTIYHMKA 3aka3HMK. Ha pucCyHKy 2 mo3HaueHO
po3sranryBanHs Bcix 00'ekTiB [13® B Mexkax UB3 Ta Ha mpuiiernux TepuTopisx.
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Puc. 1. ®ynkuioHanbHe 30HyBaHHs YopHOMOpPCHKOTo OiocdepHOoro 3amnoBiHUKa

YB3 — yHiKaJIbHUI TPUPOIOOXOPOHHHUI 00'EKT, 110 € MEKEIO CTEIy 1 MOpsl, A
3HAXOAATHCS IMIIaHI Ky4dyrypd, INpajlich Ta HaiOumblil conoH4aku. B3momx
MiBJCHHOTO Y30epexiKsi 3pyHHOBaHOT BIHHOO KPaiHU, Y KOJIKChH 3aXHUIEHOMY MiCITi,
BimoMoMy sik biocthepa UopHOro Mopsi, €KOJOTIYHI BTPaTH BiHHM BBaXKAIOTHCS
MPUTOJIOMIIUIMBUMH Ta, MOXIIMBO, HaWripmumu. barato BunaiB ¢uopu ta dayHu
3HAXOMATHCS IiJ 3arpo3or0 3HMKHEHHs. Y YB3 Memikae monan 3 THC. BUIIB
0e3xpebeTHux, 6mu3bKo 80 BUIB pul Ta Oinbm sik 60 BUAiB TBapuH. OCOOIUBY POJIb
3aIOBITHUK Bifirpae y 30epexeHHi nraxis, skux 306 BUAiB. 3aNIOBITHUK HE TiITHKU
3HAYHUH NYHKT Ha IUIIXY MIrpanii, aje i Miclie THi3lyBaHHs AJIs TAKMX YHIKaJIbHUX
BH/IIB, SIK IPOXBA, OPJIaH-O1JI0XBICT, XOXIiTBA Ta 1HIII.
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Puc. 2. Kapra posramyBanus o0'ektiB [13® B mexxax YB3 Ta Ha MpHUIETINX TEPUTOPISX.
Hudpamu Ha KapTi HO3HAYEHI HacTymHI 00'extn [130:

1. boraniunmii 3aka3HuK «[11abm»

. Boraniunmii 3akazHuk «Xpecrosa Cara»

. Boraniunnii 3akasuuk «lllupoka 6amka

. boraniunmii 3akazuuk «CodiiBcbKuii»

. 3araJpHO300JI0TIYHUH 3aKka3HUK «bakalcbkuil k051005

. HanionansHuit icroprko-apxeosioriuHuii 3anoBiiHUK «OIbBisD)

. JlanmmadtHuit 3akazuuk «boopose 03epox»

. Jlangmad A 3aKka3HuK « CTaHICIaBCHKUI)

9. JlanpmadtHUi 3aka3HUK «ONeKCaHAPIBCHKUID

10. JlicoBuii 3aKka3HUK 3aralbHOICPKABHOTO 3HaUCHHS «bepe3oBi KOIKMm»
11. JlicoBwmii 3aka3HUK «bakaiChKuiD»

12. OpHiTonoriyHni 3aKa3HUK «SATOpIHAIBKAI

13. HamionaneHu#t npupoaamii napk «bimobdepexoks CarocnaBay

[e BN e NV, I - UL I \O]

BiiicpkoBi i1 MOXYTh MaTH IIUPOKHN CIIEKTP HETATHMBHHUX HACTIJKIB, fKi
CTOCYIOTBCSI SIK TIPSIMOTO, TaK 1 HEMPSMOro BIUIMBY Ha €KOCHCTEMY 3aIlOBiJIHUKA.
[psmuit BrumB BiliHM Ha YB3 BKIfOYa€e MOMIKOKEHHS MPHPOJHHUX TEPUTOPIH,
BTPaTy POCIMHHOCTI, 3HUILIEHHS )KUTTEBUX MPOCTOPIB Ul TBapHH Ta PyHHYBaHHS
eKOCcHCTeM. AKTHUBHI O0HOBI i1 MOXKYTb IPU3BECTH /10 O€3M0CEPETHHOTI0 3HUIIEHHS
pi3HOMaHITHUX (OPM KHTTS Ta IPUPOAHUX O10TOIIB, IO € HEBII'€EMHOI YaCTHHOFO
OiocdepHoro 3anoBigHrka. HenpsMuii BIjiMB BiiHU MOXKe BKIIFOUATH 3a0pyIHEHHS
HaBKOJIMIIHBOTO CEPEIOBHIIA Yepe3 BUIMBU HAPTH, XIMIYHUX PEYOBUH a00 1HIINX
HebOe3neuHnX pevoBHH. Lle Moxe TpU3BECTH /10 Cepio3HOT0 3a0pyIHEHHS IPYHTY,
BOJHHX JDKEpENl Ta MOPCHKOro cepemoBuiia. KpiM Toro, BIMCHKOBI [Iii MOXYTh
CIPUYMHHUTH TE€PEPUBAaHHS NPUPOAHUX MPOLECiB, TAKUX SK Mirpaiis NTaxiB Ta
MOPCBHKHX CCaBIIiB, TOPYIICHHS OallaHCy Xap4yBaHHs, 3pYHHYBaHHS THI3OBUX
MiCIIb T2 MICIb PO3MHOKEHHS pPi3HHX BHUIIB. Uepe3 pociiickky okymariito Ub3
HaiOlIplIe cTpaXkaae BiJ MOXKEX, UI0 BIUIMBAIOTh HA THi3AyBaHHs NTaxiB B TOMY
gucni. [ITaxu 3Mymeni nrykatu iHmi micus Uis TPO’KUBAHHS 1 THI3AYyBaHHSA, a 1€
IIPU3BOAUTH JIO CYTTEBUX €KOCUCTEMHHUX 3MiH. [HIIOI0 Bpa3/IMBOIO IPYIIOIO NTaXiB
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Bil BIICBKOBUX Iili € BHIH, IO THI3OATHCS B jicax. HallOLmbmuMu pu3uKaMu B
TaKUX EKOCHUCTeMax AJisl NTaxiB € pO3NSAKYyBaHHS B pe3yibTaTi OOHOBUX miH,
BUPYOYBaHHs JIiCy, TOXKeX1 (BHACIIAOK OOCTPiIIB Ta CBiJOME MiANaT0BaHHS) TOLIO.
Bracnigok obctpimi y 2022 pori Ha tepuropii KiHOypHCHKOiI KOCH TEpioTUIHO
BHHUKAJIHN TIOXKeXi. 3a mepiox 3 OepesHs mo yepBeHb 2022 poKy BOTOHb 3HHIINB
1640 rexTapiB HacaKeHb y Mexax HalioHanbHOTO MPUPOAHOTO MAPKY
«bimobepexoks CpstocnmaBa» Ta 200 rTekrtapiB Ha TepuTopii PerionamsHOrO
nmagamadTHoro mapky «KinOyprcpka koca» [14]. Yepes migpuB pocissHaMH
6 uepBHst 2023 poky Kaxoscekoi 'EC mig yaap noTpanuiu TEpUTOpii, 0 MAIOTh
MiXKHApOAHI MPHUPOAOOXOPOHHI CTaTyCH, 30Kpema Pamcapceki yrimns, 00’ €KTH
CwmaparmoBoi Mmepexi. Oxpim YB3, mocrpaxkmanm Tpu HaIliOHAIBHI MPHUPOIHI
napku — HwxHbomHIIpOBChKUH, «bimobepexoks CesarocnaBa» Ta OJEMIKiBCbKi
micku. Y 0iai # Benuka KinbKicTh ManuxX 00’ €KTiB: 3aKa3HUKH, IaM ITKU MPUPOAH i
Ca/IOBO-TIAPKOBOTO MHCTEITBA, perioHanbHui maHmmadTanid mapk «KiHOypHChKa
kocay» [15]. Hocmimkennst [9, 16] minTBepkyroTh TO# (hakT, mo BificbKOBI il
MaloTh 3HAYHHUI BIUIMB Ha Teputopiro HopHoMopceKoro GiocepHoro 3anoBiqHUKA
Ta MPUPOJIHI pecypcH B misomy. s 3aiiiCHeHHS SIKICHOTO MOHITOPHHTY, KOHTPOJIIO
Ta OMNEPAaTUBHOTO MPHUUAHATTS pillleHb HEOOXiTHO MaTH JOCTOBIpHY, TOYHY Ta
CBO€YacHY iHOpMaIilo MPO BUHUKHEHHS HA/JI3BHYAMHUX CUTYyalild. 3 TOUKU 30pY
oTpuMaHHs yHipikoBaHOI Ta 6a30Boi iH(opMalii, HaOIIBII MEPCIEKTUBHAM Ta
e(eKTUBHUM € CIIOCTEPEKEHHS 32 MPUPOAHUMH TEPUTOPISIMH 3 KOCMOCY.
Kaprorpadiune monmentoBanHs Ta reoiHQOpMaIiiiHi IHCTPYMEHTH NO3BOJISIOTH HE
JuIIe BigoOpaskaTH BXKE BiIOMI MPOCTOPOBI 3aKOHOMIPHOCTI, aje i MpOBOAUTH
aHali3, BUSBIISTH Ta Bi3yalli3yBaTH B3a€EMO3B'I3KH MiX JpKepelaMu 3a0pyJHEHHS Ta
SIKICTIO TPYHTIB 1 BOJ, BH3HAuUaTH JDKepela 3a0pyAHEHHS, 3IiHCHIOBATH IOMLI
TepuTopiil 3a akropamm iX 3a0pyIHEHHS, B TOMY YHCII B yMOBaX HEIOCTAaTHHOI
KinpKkocTi manux [17].

Metonu pocimkenb. CynyTHUKOBI 300payKeHHS IIMPOKO BUKOPUCTOBYIOTHCS
JUIsL aKTHBHOTO BUSIBJICHHS IOKEXK depe3 ix riiobanbHe MOKpUTTs. [Ipore TouHe
BUSIBJICHHS TIOYATKY JIOKATi3allil akTHBHOT TOXEXI i yac 1i kapTorpadyyBaHHsS Ha
CYNyTHUKOBHX 300paXEHHSIX BCE IIe € CKIaJHUM 3aBIAHHAM Ul
HAyKOBIIIB/JIOCITITHUKIB, SIKI B OCHOBHOMY BHKOPHUCTOBYIOTH TPaIHWIiiHI METOIH.
VY cBiTi HalOUTBII €PEKTUBHIM € MOHITOPHHT TeMIlepaTypHuX sBuIL [ 18] Ha OCHOBI
JaHUX PO MiCLIe3HaXO/HKEHHS MTOKEX, OTPUMaHMX 3a JonomMororo cepsicy FIRMS
(Fire Information for Resource Management System), po3poOieHoro B
VuiBepcureri Mepinenna i miarpumyBaHoro HaiioHanbHEM yHpaBIiHHAM 3
AepOHABTHKH 1 gociipkeHHss kocMmivyHoro npoctopy CIIA (NASA). Ils cucrema
(https:/firms.modaps.eosdis.nasa.gov/) Hamae paHi PO TOXKEXKi, BHABJIEHI
cynytHukoBuMH jgatankamu MODIS ta VIIRS 3a morouny no0y abo 3a ocraHHi
24 romyHM, HA BUOIp KOPUCTYBaua, sl Oyb-1KOT YaCTHHU CBiTy. BuiesasznaueHi
CHCTEMH 3a3BHYail BUKOPUCTOBYIOTH iH(oOpMaLito 3 KOCMIYHMX amnapartiB: Sentinel-2
(MSI), NOAA (AVHRR), TERRA/AQUA (MODIS), SUOMI NPP(VIIRS),
Landsat (TIR) [19-20]. CymyTHHUKH TpOXOMIATH HaJ KOKHOIO TOUYKOH 3E€MHOI
MOBEPXHI JIBi4i Ha JIEHb, 1 iXHi iHppauepBOHI JATUYMKH MOXKYTh BHSIBHUTH JDKepesia
teruia Ha wionti nmpubnusHo 400 Ha 400 metpiB. laHi MOKHA OTPUMATH B PI3HUX
dbopmarax, Brmodaroun ¢Gopmar KML, skwii € HadmpocTimmM mjis OiIbIIOCTI
kopuctyBauiB. OnepatuBHi Ta apXiBHi gadi 3 2000 poKy mpeAcTaBICHI HA CaWTi 1
JOCTYIIHI JUIs 3aBaHTaXEHHI B Pi3HUX (popmarax, iX TaKoX MOYKHA OTPUMATH Yepe3
enextporny momry [19]. Jlami 6aratocmekrpansroro mpmiany Sentinel-2 (MSI)
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JEMOHCTPYIOTh BEJNWMKHH IOTEHIall PO3IIMPEHOTO MPOCTOPOBOTO 1 YACOBOTO
MOKPUTTA A7l MOHITOPHHTY TOpiHHA 0ioMacH, IO MOKE TOMOBHUTH iHIII TPyOi
OPOAYKTH AaKTUBHOTO BWSBJICHHS IOXKEX. TakuM YHHOM, CYIyTHUKOBHM
MoHiTopuHT Teputopii UbB3 3miiicHIOBaBCS 3 BHKOPHUCTAHHSM ONTHYHHUX TaHHUX
QUCTAHIIMHOTO 30HAYBaHHA 3€MJIl BHCOKOi Ta HAIBHCOKOi IPOCTOPOBOI
pospizaerocti — Sentinel-2A (10 M), SkySat (0,5 M), WorldView 01-03 (0,5 wm),
pamiomokamitinnx mauux /133 — Sentinel-1A, Capella, CSM, RCM1, ICEYE.

MeToan NETEKTYBaHHS IOXEXK O0a3ylOThcs Ha BUKOPHCTAHHI aHOMAIbHHX
TEIUIOBHX XapaKTePHCTHK MOBEPXHI, siKki BU3HaueHo piBHAHHAM (1). Tomy, MmeToau
neTekTyBaHHS 3a ganumu [I33 maroTe 0OasyBaTHcss Ha aHajii3i TeMIepaTyp
SICKPaBOCT1 B OKPEMHUX CIIEKTPAbHUX KaHalaxX. TeMrepaTypa moBepxHi, BiAIOBITHO
70 KamiOpyBaJbHAX YMOB OUIBIIOCTI CYIMYTHHKOBHUX CEHCOPIB, BH3HAYA€THCS 3
Bupasy [21]:

hc 1
Tk In(2hc2A-5L71+1)¢; ' @

ne h — mocriitna ITnanka (JDx-c);

C — MIBUJIKICTB CBITJIa y BakyyMmi (M/C);

k — razoBa koncranra bonbimana (Jx/K);

A — DOBXHWHA XBUII (M);

T — sickpaBicHa Temneparypa (K);

L — sckpasicte ainsaku (Br-mZctepm?), sika BusHauaeThes koedilieHTOM
BIIOUTTS I;.

BaxxiuBum nokasHukoM 11t 00pooku nanux /133 € remnepatypa HaCHUEHHS, 110
€ MaKCHMAaJIbHO MOKITUBOIO TEMIIEPATYPOIO, SIKY MOJKHA IPAKTUYHO 3a(iKCyBaTH Ha
MIEBHIH JOBXHHI XBWIIi. He MEHIII BayKITMBUM YHHHUKOM € TeMITEpaTypa sICKPaBOCTi,
sKa BiJIOBia€ yMOBaM TOpiHHA 1 Moxe OyTu 3adikcoBaHAa B OKPEMHX
CHEKTPATbHUX KaHaJax.

Hnst 06poOku ganux JI33 BHKOPUCTOBYIOTH HACTYIHI METOJU BHU3HAYCHHS
MOKa3HHMKIB TEMIIEPATYPHHUX SIBUIIl 3 METOO BU3HAUCHHS OCEPEJIKiB Mokexk [21, 22]:

1) Kaydmana (1991 pik):

T3> 316, T3-T4>10, T4 > 250, )

ne 13, T4, T5 — sickpaBicHa TeMnepaTypa B 3-, 4- i 5-My kananax anaparypu AVHRR
BiJIIOBIHO;
2) ®panca (1993 pik):
T3> 320, T3-T4>15,0< (T3 —T4)<5, A1> 9%, (3)

ne Al — 3HaveHHs anp0eno B 1-My KaHai;
3) Kenneni (1994 pik):

T3> 320, T3-T4>10, A2< 16% , (4)

ne A2 — 3HaueHHs anb0eo B 2-My KaHali.
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ANTOpPUTM BUSIBICHHS TOXeXi 0a3yeThCs HA 3HAYHIN PI3HHUII TEMIIEpaTyp Mix
MOoBepxHEr0 3eMiti (3a3Buuaii He Buie 10-25°C) i mxepenom noxexi (300-900°C)
[22].

BiusHaueHHS MeX

e DopmMyBaHHS 30HH iHTEPECY

3HIMKH HaJIBHCOKOI IPOCTOPOBOT PO3PI3HEHOCTI TlinGip nap 3HIMKIB BHCOKOI HPOCTOPOBOT
(WorldView, GeoEye, SkySat, EROS-B...) pospizrenocTi (Sentinel 2)

Puc. 3. Cxema MeTOI0I0T1T JOCIIIPKEHHS

TakuM 4MHOM, y JIOCHI/PKEHHI 100 BUSBICHHS MOPYIICHb CTaHy €KOCHCTEMHU
YB3 BHAcHiIOK BIHCHKOBUX il OyJO 3aIy4e€HO METOAM KOCMIYHOTO MOHITOPHUHTY
3a METOJOJIOTIEr0, IO MPE/ICTaBIeHa Ha PHCYHKY 3. ABTOpaMu OyJIO TPOBENICHO
MOHITOPHHI CTaHy MIiJCTWJIbHOI TIIOBEpXHI Ta BHUSBICHO 30HH IOPYLICHHS
MMOBEPXHEBOI'0 APy IPYHTY BHACIIJOK BIHCHKOBHX JIiii Ha TEPUTOPIl 3aMOBIIHUX
30H 33 HACTYITHOK METOOJIOTIETO:

1. BuzHauuTH 30Hy MOHITOPHUHTY:

BU3HAYEHHS MEX 3alOBIHOT 30HM TaKUX IPUPOAOOXOPOHHUX 00 €KTIB, SIK

UB3 ta HIIII «binobepexoks CBaTociiaBay;

— BHM3HAYCHHS THILY TIOBEPXHI ISl MOHITOPUHTY — CYXOJIiIT;

(hopMyBaHHSI 30HU HTEpeECY.

2. 3aMOBJICHHSI 3HOMKH!
HAJIBUCOKOT MpocTopoBoi po3pizHeHocTi (WorldView, GeoEye, SkySat,
EROS-B...);
miabip map 3HIMKIB BECOKOI IPOCTOPOBOI po3pizHeHocTi (Sentinel-2).

. O6pobnenns nanux J133.

. ®opMyBaHHS KiHIIEBUX 1HQOPMAIIHUX TPOJIYKTIB Ta BIJANOBIAHOT 3BITHOT
JIOKyMEHTAIli1.

Bukopucrana MeTofoioTisi Hajae 3MOTy aHalli3yBaTH IPUPOIOOXOPOHHI
TEPUTOPIi, SKI HOCTpaXkaaau Bia BiMCbKOBUX iii. BoHa 3a0e31eunTh MOXIIUBICTh
orpuMaHHS JaHuX JI33 i3 HHU3BKOIO Ta CEPEIHBOIO MPOCTOPOBOIO IHCIEPCIEIO 3
NEBHUMHU TEMIIEPaTYpHUMH aHOMAaTisIMU Ta HeraHoi ix oOpoOku. Otpumani
iHpOpMaIliiiHI pe3yJbTaTH HAJAIOTHCS KOPHCTYyBayaM B 3pY4YHHX QopMaTtax Ta
3a0e3Meuy0Th MOXKIIMBICT OTPUMAaHHS JeTalbHuX aaHux J[33. 3a ix momomororo

N W
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MOXkHa (pikCyBaTH 4M iAeHTH(IKYBaTH 3MiHH Y JIICOBUX HACa/KEHHSX, OB’ s3aHi 3
MOKEKaMH, BUSBUTH AIISTHKH MOPYIICHHS TIOBEPXHi IPYHTY BHACHIIOK OOHOBUX [iit
Ta CTBOPUTH TEMaTHYHI KapTH.

Pe3yabTaTi Ta iX 00roBopeHHs

Juis mocTipkeHHs TeMIIepaTypHOi aKTUBHOCTI Ha TEPUTOPii YKpaiH! 3a OTHCAHOI0
BHIIIE METOANKOIO0 aBTopamu Oynu BukopucTaHi naHi FIRMS 3a mepion 3 mroTtoro
2022 poky mo motuit 2023 poky. CynyTHHKOBUI MOHITOPUHT 3IiHCHIOBAaBCS 3
BUKOPHCTAaHHAM ONTHYHUX JAaHuX /33 BHCOKOi Ta HaJABHMCOKOI IMPOCTOPOBOT
pospizaenocti — Sentinel-2A (10 m), SkySat (0,5 m), WorldView 01-03 (0,5 m),
pamiomokaniiiuux manux 133 — Sentinel-1A, Capella, CSM, RCM1, ICEYE. 3a
pe3yabTaTamMH MpoBeeHoi poboTu Oyio chopMoBaHO 2 TEMAaTUYHUX KapTh Ta 38
CUTyaliiHMX KapT. HasBHiCTP Takoi KUTBKOCTI CHUTYaIllifHUX KapT Hajae
MOJKJIMBICTh TPOBOAWUTH SIKICHUA MOHITOPHHI Ta BH3HAYUTH CTaH 3a3HAYCHUX
TEPUTOPiH, MpHU 1IBOMY O0BECTH (PakTH MOpymeHb ekocuctemMu YB3 BHaciimok
BIMICBKOBUX Mii.

YmosHi noswayennn:

0 301 moniropunry ©2022.06 - 229
) Al 3riano Cuaparaosol wepex| Ypali © 2022,07 - 236
TomnoparypHi anomanit © 202208567 3arankHa KinbKicTh

PIK. MICAUb - KINLKICTS © 202208-26 TOMNOPATYPHUX aHoMANIH - 1865

® 202202-4 © 2022.10-1

® 202203-25 © 202301-4 0 5 10 20 30 40
© 202204 -42 © 2023.02-3 - - KM
© 202205-728

Puc. 4. TemaTnuHa KapTa TeMIEpaTypHHX aHOMaTii Ha TEPUTOPii 30HHM MOHITOPHHTY
B XepcoHchKiit Ta MukonaiBebKii oonactsix y nepioa 3 02.2022 no 02.2023

Ha pucynky 4 mnpenctaBieHO po3TallyBaHHS BHSBICHUX TEMIIEPATypHUX
aHoMaJlii Ha TepUTOPil TOCHIIKEHHS, a caMe IMPUPOJOOXOPOHHUX TEPUTOPIAX Ta
akBaropii YopHoMopcekoro OiocepHoro 3amoBimHMKa Ta HamioHansHOTO
MpUPOIHOTo napky «biobepesxoks CsTociiaBa» y XepCOHChKIN Ta MuUKOIaiBChKIH
obnacTsax. BusHaueHo Micllsi BHHUKHEHHS TOXKEXK, 30KpeMa B MeXax 3aroBiIHOI
30HM Ha Teputopii KiHOypHCEKOTO MiBOCTPOBA, LIEHTPalbHa YacTHHA SIKOi Oyna y
BOT'HI TepII MICSI[i MOBHOMACIITA0OHOrO BTOprHeHHs. Y TpaBHi 2022 poky Oyiio
BUSIBJICHO HaWMacIITaOHIII ITOKe)ki Ta HaWOuIpma IX KIIBKICTB, a caMe —
728 TemnoBux anomaniii. Ilpotsrom mita Ta oceni 2022 poky TepHUTOpialbHUA
po3MoAia TeMIepaTypHUX aHoManid OyB pIBHOMIpHMM 1O BCii TepuTOpii
JOCIIDKEHHSL.
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3a JaHWMU CHCTEMH MOHITOPHHTY TEMIIEPATYPHUX aHOMAiH 3 BUKOPUCTAHHIM
nannx /133 Ha Tepuropii Ykpainu B 30Hi MOHITOPHHTY (pHc. 4) 3a mepiof 3 JIOTOTO
2022 poky no mrotuii 2023 poky Bchoro 0yio 3adikcoBaHo 1865 TemmepaTypHHX
aHOMAUTI 1 BU3HAYEHO iX KITBKOCTI BIAMOBIAHO 1O MicsAmsax. /liarpama BHSBICHHX
WMOBIpHUX TIOXKEX (pUC. 5) TOKa3ye PO3MOIIT TEIJIOBUX aHOMAJIH 3a MICAIIMHU
3 mrotoro 2022 poky mo motuit 2023 poky, MakcuMalibHa KiJIbKICTB SIKUX Oyna
3adikcoBana y mepioa 3 TpaBHA o ceprenb 2022 poky. Tak, y tpaBHi 2022 poky
3aikcoBaHo 728 TEIUIOBUX aHOMAIiH, y YyepBHI — 229, y numHi — 236 Ta y ceprHi
BiMOBIHO 567 TeruioBux aHoMmaniit. lle cBiquuTh mpo akTuBHI 0OWOBI aii Ha
TepUTOPii AOCHiIKEHHS caMe B ImepioX 3 TpaBHs Ho cepreHb 2022 poky. JliTHii
mepio]] CHprsB MacIITaOHOMY TMOIIMPEHHIO TOXKEX, 3a0JIOKOBAHHWNA TOCTYH /IO
OCEpeIKiB BOTHIO Ta HEMOKJIMBICTH BYACHO 3YNUHHUTH TOIIMPEHHS TOXKEXI
BIMOBITHUMHU CcIy)k0aMl KaTacTpo(iyHO BIUIMHYJIHM Ha CTaH CKOCHUCTEMH
JOCTKYBaHOI TepuTOopii. B pe3ynbraTi BTpaueHo OCepeIKu PiKICHUX €KOCUCTEM,
ITi]] 3aTPO30F0 3HUIICHHS 3HAXOIUTHCS BEJIMKA KUTBKICTh PIKICHUX BHJIIB POCIHUH i
TBapHH, 10 HACENSIOTh 3a0BiAHUK.

KinbKicTb BUABNEHMUX TENNOBMX aHOMAnNIN

Momwi 2023 83
023

CiveHs 2 44

WoeTens 2022 H 1

Bepecenn 2022 &9 26

Cepnexs 2022 & # 567

Nunexs 2022 SRS 736

Yepeentw 2022 S 029

TpaeeHs 2022 & » 7218
KeiTens 2022 S 42

Bepeseqn 2022 @@ 25

NMoTui 2022 # 4

0 100 200 300 400 500 600 700 8OO

Puc. 5. [liarpama TernyioBux aHoMaltii B 30HI MOHITOpUHTY 3a TanuMu FIRMS 3 mortoro 2022
poky no stotuit 2023 poky

Bci BusBneHi TeruioBi aHoOMalii IMpoaHa i30BaHO Ta BCTAHOBJIEHO iXHi
koopauHatu. Otpumano KML-(aiin akTHBHUX MOXKEXK, 3HAWJCHO Ta 3aBAaHTAXKECHO
cynmyTHUKOBI 3HIMKH (Sentinel-2, WorldView 03 Ta Landsat 9) Ha Tepuropito 3a
BCTAaHOBJICHUMH KOOpJWHATaMHU TEIIOBUX aHOMATil, M0 3pO0JieHi y BHU3HAUYEHI
natu. HactynHuM KpokoM OyJio onpaitoBaHHs OTPUMaHUX KOCMIYHHX 300paKeHb.

Tak, ans BU3HAYEHHS JMHAMIKH TIONIMPEHHS HaMacmTaOHINIO MOXexi y
TpaBHi 2022 poky Ha Tepuropii YopHOMOPCHKOTO OiochepHOro 3amoBiTHIKa OyII0
MpoaHai3oBaHo KocMiuHi 3HiMKH Landsat 9 3a 5.05.2022, Sentinel-2 3a 9.05.2022,
Sentinel-2 3a 12.08.2022, Sentinel-2 3a 23.06.2023, 300pakcHHS SKHX
MIPEACTABIICHO HA PUCYHKY 6. B pe3ynbTaTi 00poOKH 3a3HAaYCHIX KOCMIYHHAX 3HIMKIB
OpOBENEHO  OWIHKY  mocTpaxaanux  tepuropiii  Comoo3epHOl  AiNSHKH
YopHoMopcekoro 0OiochepHOro 3amoBigHMKa. BHACIiTOK TOXEXKi, siKa cTallacs
5-9 tpaens 2022 poky, Ha aistHI «Comoo3epHuity YopHOMOpPChKOTro 0iochepHOro
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3amoBigHUKA 3ropiyio 12 kM? piakicHOI ctermoBoi pociawHHOCTI. Cepen BUTOPLIOL
pocnuHHOCTI AyO 3BMUaiiHuMid, Oepe3a AHINIPOBChKA €HIIEMiuHa, rpylla 3BHYAiiHA,
3apOCTi CTENOBUX 4YarapHUKiB. 3arajoM Yy TPaHCKOPAOHHIK 30HI 3aKa3HUKa
BTpadeHo O;m3bKo 35 KM? JIicy.

Puc. 6. Ilpuknaau nommpeHHs noxexi Ha Tepuropii YopHOMOpchKoro OGiocdepHoro
3aMOBIIHUKA, J€ CBDKOBHIOpiJa CTEMOBAa POCIUMHHICTE MAa€ KOPUYHEBHHA KOJIp, Ha
(parmMeHTax KOCMiYHHX 3HIMKIB: @ — Landsat 9 3a 5.05.2022; 6 — K3 Sentinel-2 3a 9.05.2022;
6 — Sentinel-2 3a 12.08.2022; 2 — Sentinel-2 3a 23.06.2023

OxpiM BUSIBIICHHSI TETUIOBUX aHOMAJIil Ha CYITyTHUKOBUX 3HIMKaX, IO CBIIYUTH
PO YUCIICHHI [TOXKEKi, aBTOpaMH OyJI0 IPOaHaIi30BaHO KOCMiUHi 300paKeHHS IS
BUSIBJIEHHS IPUCYTHOCTI BOPOXOi BiliCEKOBOI T€XHiKH, Oy1iBHUITBA Pi3HOMAHITHUX
doprudikaniiHux crnopyn (TpaHIied, OKOIB, YKPUTTS IJIs TEXHIKH), HassBHOCTI
BOTHEBMX TIO3WLIHM, 3HAXOMKEHHS 1 IepecyBaHHS AaBTOMOOUIBHMX Ta 1HIINX
ra0apuTHUX TPAHCHOPTHHUX 3aco0iB, a TAaKOXX HAJABOJHHX Ta 3aTOIUICHHX
IJ1aB3aco0iB JiIsl BCTAHOBJICHHS JIOKa3iB BIUIMBY BIHCHKOBHX [ Ha IPHPOIHO-
3anoBigHy Teputopiro Ub3.

Tax, OyJ0 mpoaHali30BaHO JaHi CyMyTHUKOBOI 3HOMKHM 3 KOCMIYHOTO arapary
WorldView 03 ctanom Ha 14:41 rog. (3a kuiBcbkuM yacom) 3 uepBHs 2022 poky Ha
nistHky  teputopii  KinOypHcbkoro miBoctpoBa (puc. 7). B 30HI 3lioMKH
inentudikoBano Oinbire 2100 ra 3HHUIEHOI TOBEPXHI MPUPOIHO-3AIIOBITHOI 30HU
BHACIiZIOK OyIiBHHUILITBA pi3HOMaHITHUX (opTHdikauiiHUX cHopyA (TpaHIuei,
OKOIIIB, YKPUTTS JUIS TEXHIKH), BOTHEBUX MO3UIIIH, BUPB, 3pyHHOBaHUX Oy/iBEIb Ta
srapuil. B pesynbTari 00poOKM JaHWUX JMCTAHIIHHOTO 30HIYBaHHsS 3emii Oymu
BUSIBIIEHI (pakTh mpUCYTHOCTI BiicbkoBOi (499 on.) Ta aBTOMOOINBEHOI (45 on.)
TEXHIKHM Ta YUCIECHHI 03HAKH 11 IepeCcyBaHHS MO MePecideHii MiCI[EBOCTI.
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OBT 6 oa. Ta hopTHddiKauiiHi cnopyan
: A -

Puc. 7. Bussrmenns QoprudikamiiiHux crmopyx i BIiHCHKOBOI TEXHIKM Ha TepUTOPil
KinOyprcpkoro miBoctpoBa. CymyTtHukoBi 3HiMKE WorldView 03, cranom Ha 14:41 ron.
(3a xkuiBcbKHM 9acom) 3 gepBHs 2022 poky

Jns BU3HAYCHHS TUHAMIKA BIiMICBKOBOTO BIUIMBY Ta BHSIBICHHS 3MiH Ha
JOCTDKYBaHIi TepuTopii OyIio TpoaHami30BaHO KOCMi4HI 3HIMKH, 3pOOJIeHI y
Oepesni 2023 poky. 3a JaHUMH CYNyTHHUKOBOI 3HOMKM 3 KOCMIYHOIO amapary
WorldView 03 cranom Ha 10:58 (3a kuiBchkum vacom) 13.03.2023 B 30HI 3HOMKH
Oyno inentudikosano 22,2 kM Tpanmeii, 21 km? srapuim, 159 BupB Bijx cHapsais
3aranpHOK0 Mwiomelo 6 406 M2 Ta 60 Ox. BilfiCBKOBMX TPaHCHOPTHUX 3acO0iB.
3arasioM, 3a HasBHUMH JIAaHUMU CYITy THUKOBOT 3OMKH MO0 IM3Y TEPUTOPIT CyX0a0ITy
YopHOMOpPCHKOTro 0ioc()epHOro 3amoBiHUKA OYJI0 BHUSBICHO PO3TallyBaHHS
1751 on. pi3zHOMaHITHUX BiCBKOBHX 00’€kTiB, 3 Hux: 3paskiB OiBT — 499 ogx.,
doprudikaniioux cnopya oOnamHaHHsS MicieBocti — 1189 om;., 3aco0iB
aBTOMOO1JIbHOT Ta rabapUTHOT TeXHIKH — 45 0j1., BorueBux no3uiiii OiBT i, 30kpema,
PC3B—-11 on.

Po3ramryBanHs 3Ha4HOT KIJTBKOCTI OKyMaLiiiHOT BiICbKOBOI TEXHIKH Ta 0COO0BOT0O
CKJIaJy BifiCbK y TIPHUPOJIHO-3aIIOBITHUX 30HAX BEJIE JIO MPU3YITHHEHHS THi3lyBaHHS
PIAKICHUX BUJIB MTaXiB, MPU3BOJIUTH JIO MOPYIIECHHS MICIh 1X OCEJICHHS, 3HUIICHHS
MPUIOPHOMOPCHKUX JaHAMADTIB 1, SIK HACIIZOK, KOPMOBOi 0a3u AJs PIIKICHUX Ta
YepBOHOKHW)KHUX BH/IIB TBAPUH, KOMaX, MTAyKOMOAIOHUX TOIIO.

OxynamifHUMHU CHIaMH pociiicbkol deaepartii 0au3bko 2:50 Houi (32 KHIBCHKHM
gacom) 6 uepBHS 2023 poky Oyiio 3miHCHEHMI YEprOBUIl aKT EKOLMIY, a caMme
3HUIIeHHS rpedii KaxoBcbkoi rimpoenekrpoctaniii [15]. B 30Hi mixroruieHHs
ommmaMIOC M. ['oma Ilpucrans, me 3Haxomuthes aamiHicTpamis Ub3. Ilmoma 3
MiABUIICHUM piBHEM BOIM B Mexax KiHOypHCBHKOI Kocw Ha 9 TpaBHS CTaHOBMIIA
omazeko 23 km?  (puc. 8), 30KpeMa TEXHOTEHHOTO BIUIMBY —3a3Hala
npupoooxoporHa ninsaka Yb3 «BomkuH micy.
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Puc. 8. Burmsag YopHOMOpcEKOro 06iochepHOrO 3amoBiIHMKA HA KOCMIYHHX 3HIMKaxX
Landsat-8-9 mo, 3a 01.06.2023 (a), ta mig 4ac, 3a 09.06.2023 (0), ciycky KaxoBcbkoro
BOZOCXOBHIIA

[TinpuB KaxoBcbkoi rpebiii MaTuMe HeTaTHBHI HACHiAKH i st YopHOTO MOpSI.
B mMope moTpamuisie Benmwka KiNBKICTh TPICHOI BOAW, 3a0pyJHEHO! ITaJMBHO-
MaCTHWJILHUMHU MaTepialiaMu, JOOpUBaMH, CTIYHUMH BOJAMH 13 3aTOIUICHHUX
HACeJIeHUX MYHKTIB Ta moiiB. Jl0AaTKOBO pKEpeaoM BTOPHUHHOTO 3a0pyaHEHHS
MOXYTh CTaTh i JIOHHI Binkiagun KaxoBCHKOTO BOJOCXOBHINA, /i€ ACCATHIITTAMHU
HaKONMUYYBAINUCS BHUKHIM TPOMUCIOBUX MiAnpueMctB [22]. Bce me HeratuBHO
BIUIMBaTME Ha BCi JKHBI OpraHisMu B YOPHOMOPCHKOMY pETiOHI, 3MiHIOIOYH
eKOCHCTEMH 1 TMOPYIIYIOYM XapdoBi JaHmiord. Hipkde 3a Tewi€ro 3HAXOISTHCS
TEPUTOPIi 1 aKkBaTOPIi, III0 OXOPOHSIOTHCS HA HAIlIOHAILHOMY PiBHI Ta € TEPUTOPIIMHU
MiXKHapOJHOTo 3Ha4yeHHs: JIHimpoBchKko-by3bkuit numan, KinOypHCchka Koca,
HaI[lOHaJILHI TipupoHi napku «binodepexoks CeiatociaBay, «ONCIIKIBChKI MTiCKI»
Ta iHMIi.

Ha ocHOBIi oOTprMaHUX y CTATTi pe3yJIbTaTiB aBTOPAMH JIOBEICHO €(PEKTUBHICTD
3aCTOCYBaHHS METOJIB JTUCTAHI[IHHOTO 30HJyBaHHS 3eMJIi JUIS MPOBEICHHS
MOHITOPHHTOBUX JIOCIIJKEHb 3 BHSBICHHS MIITHOK IOPYIICHHS ITOBEPXHEBOT'O
mapy IPYHTY BHACHIZOK BiichbkoBuX miil. IlomiOHI mocmimkeHHS BKa3ylOTh Ha
HEOOXIIHICTh 30UIBIIUTH MEPIOJUYHICTh JOCIIHKCHHS 3a3HAYCHUX TEPHUTOPIM.
[ocTiliHuii MOHITOPUHT OyA€ CIIPHUITH SKICHOMY aHalli3y BIUIMBY BiHCHKOBUX Iil
Ta JOBOAMTH (HaKTH MPHUCYTHOCTI BOPOXKOi BIMCHKOBOI TEXHiKM, OyIiBHUIITBA
pi3HOMaHITHUX QOpTH(DIKAIIHHUX CHOPYA, HAsIBHOCTI BOTHEBUX IIO3HIIIH,
3HAXO/DKCHHST 1 TepecyBaHHS aBTOMOOUIBHMX Ta IHIIMX Ta0apuUTHHX
TPaHCIIOPTHUX 3ac00iB. Y mpencTaBiieHid myOiikauii 0co0nIMBY yBary npuaijieHO
JOCTIKEHHIO TPUPOAHO-3aMOBIIHUX KOMIUIEKCIB 3 ypaxyBaHHSAM LIHHOCTI
3aMmoBiHOT TepuTopii. ABTOpamMH OyJIO JOCHIJPKEHO TEPUTOPIIO OJHOTO 3
MOCTPpaKJAINX 3aIOBIIHUX PErioHiB YKpaiHu. A caMme, JOCIIKEHO TEpUTOpii Ta
akBaropii YopHomopcekoro OiochepHoro 3amoBigHuka Ta HamionaiabHOro
npupogHoro mapky «bimoGepexxksi  CesitocnaBa» y  XepcOHChKiH — Ta
MuxkonaiBchKilt 001acTAX.
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BucHoBku

BB BiiiHu, sika TpuBae B YKpaiHi, Ha WiHHI IPUPOJOOXOPOHHI 00’ €KTH, TaKi K
YopHOMOpCcrkuit OiocepHmii 3alOBIMHUK, BHUKIUKAE CEPHO3HI 3aHEITOKOECHHS
00 MOXKJIMBOCTI 30€peKeHHs MPUPOIH Ta OIOJIOTIYHOTO Pi3HOMAHITTI. 3a
pe3yinbTaTaMH  CyIyTHHKOBOTO  MOHITOPUHTY  3alOBIIHMX  TEPUTOPIH
YopHOMOpPCHKOro 0Oioc(epHOTO 3amoBiAHUKA Ta HAIIOHAIHLHOTO MPHPOITHOTO
mapky «binobepexxs CsiTocnaBay y XepcoHChKii Ta MHUKOIAiBChKil 00IacTsX,
y mepiox 3 mjrotoro 2022 poky mo mrotuii 2023 poky 3adikcoBano 1865
TEeMIIEpaTypHUX aHOMAalii, MaKCUMalbHa KUTBKICTh SIKUX 3adikcoBaHa y TpaBHi,
BIIITKY Ta Ha Mo4aTKy oceHi 2022 poky. 3arajgoM B 30HI MOHITOPHHTY 32 HASIBHUMHU
CYIyTHUKOBUMHM 3HIMKaMH BCTaHOBJICHO MicIlie3HaXo/pkeHHs 1751 omuHuUIl
PI3HOMaHITHUX BIHCBKOBHX OO0’€KTiB, Yy TOMY 4YHCIi: 3pa3KiB 030pO€HHS Ta
BilficbkoBO1 TexHikH — 499 omuHUIb, QopTUdikamiii MicIeBOi TEXHIKH —
1189 onuHUIB, TPaHCIOPTHOI Ta BeNWKOrabapuUTHOI TEXHIKH — 45 OJWHHIIG,
BOTHEBUX TIO3MIIiHi 030pOEHHS Ta BIMCHKOBOI TexHikM 1, 30kpema, PC3B —
11 omuuune. [loBeneHo, MO po3B’si3aHa POCIEI0 BilfHAa 3aBJA€ BEJIHKOI IIKOIH
MPUPOAOOXPOHHUM  TepuTopiaM  YkpaiHu. JlocmimkeHHS  MiATBEPIKYE
HEOOXIHICTh BXKUTTSA HEBIIKIAIHUX 3aXOMIB IS 3aXucTy YOPHOMOPCHKOTO
Oioc¢epHOTO 3aMoBiAHNKA Bij BIICHKOBHX Aiil. BaxIMBIMH € MOHITOPHHT CTaHy
MIPUPOAHUX TEPUTOPiil Ta O1I0PI3HOMAHITTS, BCTAHOBJICHHS 3aXO0/IiB KOHTPOIIO 3a
3a0py/IHCHHSM Ta PEKOHCTPYKIS MOIIKOJKEHUX ekocucTteM.  OIliHKH
CYNyTHUKOBUX CIIOCTEPEKEHb CBIiIYaTh MPO Te, IO CHUTYyalis 3 LUX MHTaHb
3MiHIO€ThCS Ha ripuie. Ockinbky B YKpaiHi TpUBa€ BiliHa, IPOBEIEHHSI KOCMIYHOTO
MOHITOPHHTY JUIS BUSIBICHHS NOpYIIEHb CcTaHy ekocuctemMun Ub3 BHacmimok
BIMICHKOBHUX JIi#l € HaJ3BUYAHO aKTyaJlbHUM Ta BKpail HeoOXimuuM. Hagpaxinuso
OILIIHIOBATH IIKONY, SKy 3aBJalia i TPOJOBXKYE 3aBJaBaTH poOCilickka apMmis
BHACJIIOK MOBHOMaciuTabHOi BiHM Ha TepuTopii VYkpainu. IlpencraBneni
pe3yNbTaTH JIOCIiPKEHHSI CIPUSIOTh €(PEKTUBHOMY IJIaHYBaHHIO BiJIOBiTHUX
3axXO[IiB JJIsl OLIHKH 3MiH y HABKOJIMIIHHOMY CEPEJOBHUIII Ta MPUHHATTS PillleHb
1010 MOTO 3aXMCTy Ta BiJHOBIICHHA. B MaiiOyTHROMY 1 naHi OyayTh HeoOXimHi
JUTsL peKpealiiHol Ta TOB'SI3aHOI 3 HEI JIOJAaTKOBOI MisUTBHOCTI 31 30epexeHHs
JOBK1JIJIS.
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ON SECURITY OF GIS SYSTEMS WITH N-TIER ARCHITECTURE AND
FAMILY OF GRAPH BASED CIPHERS

Abstract. Discovery of g-regular tree description in terms of an infinite system of
quadratic equations over finite field Fg had an impact on Computer Science, theory
of graph based cryptographic algorithms in particular. It stimulates the
development of new graph based stream ciphers. It turns out that such encryption
instruments can be efficiently used in GIS protection systems which use N-Tier
Architecture. We observe known encryption algorithms based on the
approximations of regular tree, their modifications defined over arithmetical rings
and implementations of these ciphers. Additionally new more secure graph based
ciphers suitable for GIS protection will be presented.

Algorithms are constructed using vertices of bipartite regular graphs D(n,K)
defined by a finite commutative ring K with a unit and a non-trivial multiplicative
group K*. The partition of such graphs are n-dimensional affine spaces over the
ring K. A walk of even length determines the transformation of the transition from
the initial to the last vertex from one of the partitions of the graph. Therefore, the
affine space Kn can be considered as a space of plaintexts, and walking on the graph
is a password that defines the encryption transformation.

With certain restrictions on the password the effect when different passwords with
K*)2s, s <[(n+5)/2]/2 correspond to different ciphertexts of the selected plaintext
with Kn can be achieved.

In 2005, such an algorithm in the case of the finite field F127 was implemented for
the GIS protection. Since then, the properties of encryption algorithms using
D(n, K) graphs (execution speed, mixing properties, degree and density of the
polynomial encryption transform) have been thoroughly investigated.

The complexity of linearization attacks was evaluated and modifications of these
algorithms with the resistance to linearization attacks were found. It turned out that
together with D(n, K) graphs, other algebraic graphs with similar properties, such
as A(n, K) graphs, can be effectively used.

The article considers several solutions to the problem of protecting the geological
information system from possible cyberattacks using stream ciphers based on
graphs. They have significant advantages compared to the implemented earlier
systems.

Keywords: Stream ciphers; GIS protection; Multivariare Cryptography; Graph
Based Cipher; graphs given by equations; regular tree approximations.
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1. Introduction

Graph Based Cryptography (GBC) area is moving with great speed into the main
stream of computer design, Information sciences, Information and Computer
programming, Artificial Intelligence and design, Artificial Intelligent and various
field of research. Application of GBC is in diverse area such as Data structures,
Communication networks and their security. A Graph-based approach centres on
conserving the environment of security events by breaking down factors of
observable data into a graph representation of all cyber vestiges, from all data
aqueducts, counting for all once and present data. For secret communication, Ciphers
can be converted into graphs. The Application of Graph Theory plays a vital role in
various field of Engineering and Sciences. GBC is used for the key exchange,
development of Multivariate Public Keys, key dependent message authentication
codes and algorithms of Noncommutative Cryptography (see [30]-[47]).

Especially Graph theory is commonly used as a tool of symmetric encryption.
First cryptographical applications of Graph Theory appeared in the areas of
Symmetric Cryptography and Network Security. This paper reflects some results in
the area of applications of families of algebraic graphs of large girth of Extremal
Graph Theory to the development of fast and secure encryption tools to process Big
Data files. The vertices and edges of algebraic graphs form algebraic varieties
defined over the field. The girth is the length of the minimal cycle in the graph. This
parameter defines the size of the key space of corresponding cipher. The girth of
several known families of algebraic graphs of large girth is not computed. It just
evaluated via the lower bounds.

Observed and presented new ciphers have a multivariate nature. The space of
plaintexts is an affine variety K" defined over finite commutative ring K. Bijective
encryption map F can be given by nonlinear multivariate polynomials fi, fo,..., fn
from the multivariate commutative ring K[x1, X, ..., Xn]. It acts on the affine space
accordingly the rule (X1, X, ..., xn)—(f1(X1, X, ..., Xn), f2(X1, X2, ..., Xn), ..., fa(X1, X2, ..., xn)),
where f; are given via corresponding list of monomial terms. Trapdoor accelerator
(see [27]) is a piece of information A such that the knowledge of A allows to compute
the reimage of F in time O(n?).

In presented ciphers correspondents Alice and Bob shares file A (the password)
and encrypt according to the robust procedure in time O(n) or O(n?). The adversary
does not have a password he/she can intercept large amount of pairs
plaintext/corresponding ciphertext and try to approximate maps F* and F. So degree
of F is an important parameter for the cryptanalytical studies. The most important
(active) part of password are is the information about the walk in the algebraic graph.

Section 2 is dedicated to discussion of the applications of algebraic graphs to
protection of Geological Information Systems. We discuss the known successful
example [2] of such application in 2005. It was based on idea of usage walks on
regular graphs approximating infinite 127-regular. In fact the first description of
selected graph based stream cipher based on approximations of g-regular tree where
g is a prime power was presented at the beginning of 2001. During last twenty years
many new results on the construction of new encryption tools and there cryptanalysis
were obtained. They lead to understanding of multivariate nature of these algorithms
and necessity of usage of infinite algebraic graphs defined over infinite commutative
rings of kind Fq [X1, X2, ..., xn] Or more general K[xs, Xz,..., xn] where K is a finite
commutative ring. Implemented in [2] encryption map is a polynomial map of
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degree 3 such that their inverse is also cubical transformation. So, adversary can use
linearisation attacks and after the interception of O(n®) pairs of kind
plaintexts/corresponding ciphertext he/she can approximate the encryption map in
time O(n'%). So, Section 2 is dedicated to observation of ciphers based on algebraic
graphs and resistant to such linearisation attacks.

The general scheme of flexible encryption algorithm based on special family of
algebraic graphs defined over commutative ring is presented there. The theory of
approximations of regular trees is presented in Section 3 which contains description
of g-regular forest approximation D(n, ¢), n—oo and tree approximations CD(n, q)
and A, q), n=2,3,... Analogues of these families of graphs over an arbitrary
commutative ring are presented there together with the known results on their
properties and applications.

Precise description of observed graph based algorithm is given in the Section 4
together with evaluation of the degrees of encryption map and its inverse.

The special case of A(n, 256) defined over the finite field Fass is selected for an
implementation. Parameters of corresponding computer simulations are given at the
end of Section 4.

Last Section 5 is the conclusion.

2. On GIS and approximations of infinite regular trees

Security aspects of using geospatial data and Geographical Information Systems
(GIS) are vital topics for current research. A number of publications on applications
of GIS to Cybersecurity, National security, and Intelligence operations are rapidly
growing (see [1], [2], [3]). Currently, GIS is an essential instrument of Decision
Making. Despite these facts, questions on the security of GIS are relatively
unexplored topics. Grows in the community of GIS users and the area of GIS
applications search for new security solutions, a critical research direction. One of
the first surveys [1], [2] with analyses of the quality and efficiency of such solutions
published in 2005. The authors suggested using N-Tier GIS architecture.

This paper observes the application of the primary database security categories for
managing spatial data. These categories are analyzed from the point of view of
application within GIS in the Global Information Space. A File System within a
Database (FSDB) with traditional and new encryption algorithms has been proposed
as a new GIS Security solution. An FSDB provides more safe and secure storage for
spatial files and supports centralized authentication and access control mechanism
in legacy DBMS. Cryptography solutions, as a topic of central importance to many
aspects of network security, are observed in detail.

The paper describes several traditional and new symmetric, fast and nonlinear
encryption algorithms’ implementation with fixed and adjustable key sizes, which
uses methods of graph-based cryptography. This article is well cited during 2005-
2018 (see proceedings of conferences on Geographical Information Systems Theory,
Applications and Management — GISTAM). Several authors agree on the
effectiveness of N-Tier architecture [2] and suggested methods of its usage. They
implemented one case from the family of graph based stream ciphers defined in [4].
It is the case of finite field F 127.

This is a family of graph based ciphers based on the well-known algebraic graphs
D(n, q) of Extremal Graph Theory (see [5], [6]) defined over the finite field F, where
g is a prime power. The space of plaintexts is a vector space (Fg). Used in [1], [2]
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case of q =127 demonstrated that corresponding DBMS is capable enough to
provide sufficient security to spatial files. This encryption procedure can provide
additional security to confidential and sensitive GIS information. Oracle Advanced
Security of the Oracle DBMS supports industry-standard encryption algorithms,
including RSA’s RC4, DES and 3DES and can be used for spatial data encryption
with graph based algorithms.

Custom external encryption algorithms can be integrated into that security schema
as well. The data encryption can significantly degrade system performance and
application  response time. For performance testing, the Oracle
DBMS_OBFUSCATION.TOOLKIT was investigated [2]. Different key length
gives different time results, e.g. difference in time between 16 and 24-byte keys is
about 10-20%, but the time difference between 24 and 32-byte keys is only about
5%. It means that the new graph based stream cipher for GIS has to be compared
well with ciphers DES, 3DES, stream ciphers RC4. Particular approaches were
developed to encrypt large files in Oracle DBMS for the GIS objects.

The procedure splits the data into smaller binary chunks to encrypt large data
objects, then encrypts and appends them back to the large data object (LDO). Once
the encrypted spatial data files have been allocated into LDO segments, they can be
decrypted by chunks and written back to LDO. Additional LOB objects, once
encrypted, should always be kept for the read-only spatial data files. It will save time
for the encryption procedure during log-off. The decrypted spatial data files will be
replaced by read-only encrypted spatial data files in the permanent primary storage
during log-off. The implanted cipher gives a more robust binary and text file
encryption algorithm than DES, 3DES.

We have to report that the implemented case of D(n, q) based encryption E(n, q)
is far from being optimal. As it was showed in [7] the increase of parameter ¢ leads
to faster encryption of files of the same size. Noteworthy that the usage of loaded
multiplication tables makes immaterial the difference between case of prime g and
composed prime powers. Such tables allow to use q=128 corresponding to the
alphabet ASCEE with the essential speed increase comparably to implemented in
[1], [2] g=127, where operator of taking modulo 127 is used cn times where constant
¢ depends on the length of the password. The multivariate nature of D(n, q)
encryption was noticed in [7] (see also [28] for the case of arbitrary ring K), described
their symbolic computations turned out to be cubic.

This fact was mathematically proved in [8] for arbitrary parameters n and g. The
standard usage of multivariate transformation E(n, q) with two affine transformation
T, and T, in the form T1 E(n, g)T. allow us to improve drastically the mixing
properties of the cipher. Noteworthy that in the implemented case of E(n, 127)
encryption the change of single characters of the plaintext leads to the change of
48-52 percents of characters of corresponding ciphertexts. The experiment with
special linear transformations T, and T, was described in [9, Ustim Kotorowicz]. To
preserve linear time O(n) of the encryption we have to select sparce transformations,
i. e. those with O(n) nonzero entries of corresponding matrices. Special sparce
transformations allow us to improve drastically mixing properties of E(n, q)
encryption. For selected in [9, Ust Kotorow] cases the single change of a plaintext
character leads to the change of more than 98 percents of characters of
corresponding ciphertext. As it was shown in [ust linguistic] transformation E(n, q)
with the password of length less than [(n+5)] has no fixed points. This property
holds for the case of ciphers of kind T1 E(n, q)(T1)™.
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More general graphs D(n, K) defined over arbitrary commutative ring K can be
obtained via simple change of F; for K (see [10]). Investigation of dynamical
systems corresponding to these graphs showed the similarity of general graphs
D(n, K) of the graphs defined for the case of fields (see [11], [12] and [13]). If
passwords corresponds to tuples of characters from the multiplicative group K* of
the ring K then different passwords of length < [(n+5)/2] produce distinct ciphertext
from the selected plaintext. It means that case of arithmetic rings Zn of integers of
modulo m is attractive for the implementations.

Noteworthy that the cases of fields Fgq, q = 2™ of characteristic two and rings
Z4, q=2" are most convenient for implementations because of files in the computer
are presented in the form 0, 1-sequences.

Recall that the girth of a graph is the length of its minimal cycle. The connected
components CD(n, g), n=2, 3,... of algebraic graphs D(n, q), g>1 form a family of
tree approximations, i. e well defined projective limit of them is an infinite g-regular
tree. Graphs D(n, q) are edge transitive. So, their connected components are
isomorphic. The system of quadratic equations which defines CD(n,q) were
presented in [14]. The union of these equations gives an algebraic description of
g-regular tree. Existence of such description is very important for Computer Science
because a g-regular tree is the deterministic part of branching process.

Noteworthy that the plaintext and the ciphertext of E(n, q) encryption are located
in the same connected component of D(n, q). Graphs CD(n, q) have a natural
analogue CD(n, K) defined over arbitrary commutative ring K with at least two
elements, CD(n, K) is an induced subgraph of D(n, K) (see [10]). The description of
CD(n, K) in terms of the system of recurrent quadratic equations is given in [10]
together with the description of CD(n, K) based encryption CE(n, K).

It works with the space of plaintexts K™, m=3/4n +c where ¢, c<3 is some
nonnegative integer constant. It is important that group of transformations of
CE(n,K) corresponding to various passwords acts transitively on the space of
plaintexts while the group generated by various transformations of kind E(n, K) is
intransitive. It leads to better mixing pro"perties of CE(n, K) in comparison with
those of E(n, K). In fact we have to use T:CE(n, K)(T1)™* where Ty is a special sparce
transformation of AGLn(K).

Another g-regular tree approximation A(n, q), q=2,3, ...were defined in [15]. It
has some advantages in comparison with graphs CD(n, ). For instance the graphs
are defined by simple homogeneous equation with two linear and one quadratic
monomial terms. Finite field Fy can be substituted by general commutative ring K
and graphs A(n, K) can be obtained this way (see [15] or Extremal [13]). The girth
g(A(n, q)) of the graphs A(n, g)=A(n, Fy) can be bounded from below via inequality
g(A(m, q))=[(n+2)/2] [16]. The computer simulation support the conjecture that
A(n, Zn) based encryption with passwords from ((Zm)*) {, m>2, t is an even
parameter <[(n+2)/4 is such that different passwords produce distinct ciphertext
from the selected plaintext. We will use notation AE(n, K) for the A(n, K) based
ciphers.

To summarise written above we discuss some properties of three graph based
steam ciphers E(n, K), CE(n, K) and AE(n, K) defined in the case K=F,, g>m and
K=Zmn, m>2. All of them can be used for GIS protection with described above N-tier
architecture. For practical implementation case of large finite fields and arithmetic
rings Zi, t=2" is preferable.
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The families of graphs D(n, K), A(n, K) defined over arbitrary commutative ring
K are bipartite graphs of type (1, 1, n-1) with partition sets which are two copies
of K" (see [17] or [11]), i.e. graphs with the incidence I=1(K)="I(K) between
points (X1, X2, ..., xn) and lines [y, Y2, ..., yn] given by the system of equations azx.-
boya= fa(X1, Y1), @3Xs-Dsys= f2(X1, X2, Y1, Y2, ..., @nXn-bnyn= fa(X1, Xz .., Xn1, Y1, ¥z ..., Yn-1)
where parameters ay, as ,.., an1 and by, bs .. bna are taken from the multiplicative
group K* of the commutative ring K. Parameters p((Xi, Xz ..., xn))=X1 and
p(IY1, Y2, ..., yn])=Yy1 serve as colours of the point and the line. The following
linguistic property holds. Each vertex of the graph has a unique neighbour of the
chosen colour.

Graph CD(n,K) after the elimination of computed recurrently parameters also can
be written as linguistic graphs of type (1, 1, m-1) where m=[3/4n]+c.

In fact the architecture require a partition of information into blocks of the same
size. So, parameters n and m equals to some selected constant. the length of the
password is another even constant which has an impact on the speed of encryption.
Other option to increase speed of execution is the increase the cardinality of the
ground field or ring. Let us consider the general scheme of creating the cipher based
on the family of linguistic graphs "I(K), n=2, 3, ...

Noteworthy that we can expand defined above I(K) to the infinite linguistic graph
I(K[X1, X, ..., xn]) defined over the ring K[Xx1, X2, ..., xn] Of all multivariate polynomials
with coefficients from K and the variables x;, i=1,2,..., n. So points and lines of this
graph are X=(X1(X1, X2, ..., Xn), X2(X1, X2, ..., Xn),..., Xn(X1, Xz, ..., xn) @nd Y=[Y1(Xa,
X2, ...y Xn), Y2(X1, X2,..., Xn), ..., Yn(X1, X2, ..., Xn)]. The incidence of this bipartite graph
is given by equations a2X2—b2Y2 = fz(Xl, Y1), 33X3-b3Y3: fz(xl, Xz, Yl, Yz), . aan—bnYn:
fa(X1, X2 ..., Xn1, Y1, Y2 .., Yn1), Where parameters ay, as ,..., an-1, b2, b3 ... bna and
polynomials fi, i=2, 3,..., n with coefficients from K are taken from the equations in
the definition of the linguistic graph 1(K).

We define the polynomial map F from K" to K" via the following scheme (see
[29]). Take the special point X=(Xu, Xz, ..., xn) Of I(K[X1, X2, ...xn]) and consider the list
of colours gi(x1), g2(X1), ..., gi(X1). We compute the path volvilv,...Ivi where vo=X and
vi+1 IS the neighbour of v; with the colour gi(xy), i=1,2, ..., t and I=I(K[X1, X2, ..., xn]).
Then the destination point v; of this path can be written as (g«(X1), Fa(X1, X2), ..., Fn(X1,
X2, ..., Xn)). The map F is given by the rule x;—gi(X1), Xo—=F(x1, X2), ..., Xo—F(x1, X2, ...,
Xn). It is easy to see that F=F(g1, g»..., gi) is a bijective map if and only if the
equations of kind gi«(x:)=b have unique solutions for unknown x; for each b from K.

So family of linguistic graphs "I(K), n=2, 3,... together with family of affine
transformations TheAGLn(K) can be used as a cipher with the space of plaintexts K"
and the password g1(X), g2(x), ..., g«(x) and the encryption map Tn(F(g1, Gz, ..., g)(Tn)™

Correspondents Alice and Bob share the password given by gi, 9a,..., gt and the
sequence of transformations Tn, n=2, 3,... We assume that inverse maps (Tn)* are
computed and presented explicitly. For the encryption of potentially infinite plaintext
(P)=(P1, P2 ..., pn) they will use transformation TaF(g1, G2,..., £)(Tn)™. One of them
creates the plaintext (p) and computes the ciphertext To(F(Q1, Gz...., 2)(Tn) (p)=CcC
recurrently. The procedure is the sequence of the following steps.

S1. He/she computes (Tn)2(p1, P2. ..., pn) =(r(1), ¥(2), ..., ¥(n))=(r).

So. He/she computes  a(1)=gi(r1), a(2)=g2(r), ..., a(t)=g(r.).
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Sa. Let Na(X1, X2,..., xn) be the operator of taking the neighbour of point (X1, Xz, ..., xn)
with the colour a in the linguistic graph "I(K) and ®N(y1, Y2,..., yn) be an operator of
taking the neighbour of line [yi, y>,..., ya] with the colour a. He/she executes the
following operation. Computation of vi=Nau)(r), Vo= *®N(v1), Va=Na)(V2),
Va=2ON(v3), ..., Vea= Na1)(Ve2), Vim*ON(Vea) =U=(us, Uz ..., un).

S4. He/she computes ciphertext as T(u)=c.
DECRYPTION PROCEDURE.

Assume that one of correspondents received the ciphertext c. He/she decrypts via the
following steps.

D;. Computation of u as (Tn)(c)=u and getting the solution x=r(1) of equation
g(x)=u.

D,. Computation of parameters a(1)=g1(r(1)), a(2)=g2(r(1)), ...,a(t-1)=gw1(r(1)) and
the completion of the recurrent procedure Vei=Naw1(U), Vio= *2N(ve),
Vi:s=Nag-3)(Ve-2), Vea=2*IN(Vea), ..., Vi= Naay(Ve-2), "ON(Vaea)=r.

Ds. Computation of the plaintext (p) as T(r).
OBFUSCATION OF THE ALGORITHM.

Let us consider the colour jJump operator J. which transforms point (ps, p, ..., pn)
of the graph 1(K) to the point (a, pz, ps, ..., pn).

We can change the encryption map TaF(g1, G2,..., g0)(Tn)™ for the TaF (g1, Ga....,
91)Jg(Tn)", Where Jq is a colour jump operator acting on points of 1(K[X1, X, ...xn]
with the colour g(x1y)eK(x1) such that the equation of kind g(xi)=b has a unique
solution for each parameter b from K.

After this change assumption the bijection of g: on K is immaterial.

Encryption procedure requires computation of (Tn)™(p1, p2...., pn) =(r(1), (2), ...,
r(n))=(r), the computation of u accordingly step S,. the computation of Jy(z)=u"and
application of affine transformation T, to the tuple u".

For the decryption of ciphertext c the user has to compute u’=(u’y, u’s, ..., u’n) as
(Tn)™(c), solve for x the equation g(x)=u "1, use the solution x=r(1) of this equation
for the computation of a(1)=0i(r(1)), a(2)=gx(r(1)),..., a(t)=g«(r(l)), compute
Ja(t)(u’)=(u)=(uy, Uy, ..., un) in the graph 1(K) and execute procedures Dz and D4 to
get the original plaintext.

3. On families of algebraic graphs of large girth

3.1. General remarks

Girth and diameter of a graph are the minimal length of its cycle and the maximal
distance of the graph. We can consider girth indicator Cind(v) of vertex v of the graph

I" as the minimal length the cycle through v and introduce cycle indicator Cind(T) of
the graph as the maximal value of Cind(v) for its vertices.
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The constructions of finite or infinite graphs with prescribed girth and diameter is
an important and difficult task of the Graph Theory. Noteworthy that the incidence of
classical projective geometry over various fields is a graph of girth 6 and diameter 3.
J. Tits defined generalised m-gons as bipartite graphs of girth 2m and diameter m.
Feit and Higman proved that finite generalised m-gons with bi-degrees > 2 exist only
in the cases of m=3, 4, 6, 8 and 12. Geometries of finite simple groups of rank 2 are
natural examples of generalised m-gons for m=3,4,6, 8. Classification of flag
transitive generalised m-gons of Moufang type were obtained by J. Tits and
R. Weiss.

Infinite families of graphs of large girth of bounded degree are important objects
of Extremal Graph Theory which were introduced by P. Erd6s’. He proved the
existence of such families via his well-known probabilistic method. Nowadays few
explicit constructions of such families are known. The concept of infinite family of
small world graphs of bounded degree turns out to be very important for various
applications of graph theory.

Noteworthy that only one family of small world graphs of large girth is known.
This is the family X(p, q) of Ramanujan graphs introduced by Gregory Margulis [18]
and investigated via the computation of their girth, diameter and the second largest
eigenvalue by A. Lubotsky, R. Phillips and P. Sarnak [19].

We have to admit that studies of families of graphs 75 with well defined projective
limit I, which is isomorphic to infinite tree, is well motivated.

We refer to such family as tree approximation. There is only one approximation
by finite graphs which is a family of large girth. This is the mentioned above family
of CD(n, q) defined by F. Lazebnik, V. Ustimenko and A. Woldar. The question
whether or not CD(n, q) form a family of small world graphs has been still open
since 1995.

In 2013 the tree approximation by finite graphs A(n,q) which is a family of small
world graphs was presented (see [15]). It was proven that the graph from the family
has maximal known cycle indicator (in fact Cind (A(n, q))>2n+2).

One of the main statements of this paper is A(n, g) where n=2, 3,... is a family of
large girth.

We generalise these results in terms of the theory of algebraic graphs defined over
arbitrary field and consider properties and applications of above mentioned graphs.

3.2. On graphs A(n, q), their properties and generalisations

All graphs we consider are simple, i. e. undirected without loops and multiple edges.
Let V(I") and E(I") denote the set of vertices and the set of edges of I, respectively.
The parameter |V(I")| is called the order of I, and |[E(G)| is called the size of I". A path
in " is called simple if all its vertices are distinct. When its convenient we shall
identify 7"with the corresponding antireflexive binary relation on V(T"), i.e. E(T") is
a subset of V(I") xV(I"). The length of a path is a number of its edges. The girth of a
graph I, denoted by g=g(T"), is the length of the shortest cycle in I'. Let >3 and g>3
be integers. The distance between vertices v and u of the graph " is a minimal length
of the path between them. The diameter of the graph is maximal distance between
its vertices.

Graph is connected if its diameter is finite. Graph is k-regular if each vertex of the
graph is incident exactly to k other vertexes. A tree is a connected graph which does
not contain cycles.
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(1) An infinite family of simple regular graphs I of constant degree k and order
vi such that diam (T;) < c logk-1(vi), where ¢ is the independent of i constant and diam
(T7) is diameter of 17, is called a family of small world graphs.

(2) Recall that infinite families of simple regular graphs I of constant degree k
and order v; such that g(7i) > ¢ logk-1(vi),where c is the independent of i constant and
g(Ti) is a girth of 75 are called families of graphs of large girth.

Let I" be a simple graph. Assume that Cind(x) is the minimal length of cycle
through vertex x of the graph I". Let Cind(G) stand for the maximal value of Cind(x)
via all vertices x of 7. We refer to parameter Cind(G) as a cycle indicator of 7.

One of the main purposes of the paper is to present a special interpretations of
g-regular tree (g-regular simple graph without cycles) in terms of algebraic geometry
over finite field F,.

Theorem 1 [16]. For each prime power g, q >2 there is a family of g-regular
graphs 77 satisfying following properties
(i)  Iiis afamily of small world graphs,

(i)  Iiisafamily of large girth,
(iii)  Projective limit of graphs 73 is well defined and coincides with g-regulat tree T,
(iv) Cind Ii>2 logq(vi/2)+2.

We refer to family of graphs 7; satisfying condition (iii) as tree approximation.
The prove of Theorem 1 is given via explicit construction of graphs I =A(i,q), i >2
satisfying requirements of the statement. Noteworthy that A(i,q) is a unique known
example of the family satisfying conditions (i), (ii) an (iii).

In fact, there is exactly one other known construction of the g-regular family
satisfying (i) and (ii), i.e. explicit construction of the family of regular simple small
world graphs of large girth and with an arbitrarily large degree g.

This family X(p, q) formed Cayley graphs for PSL»(p), where p and g are primes,
had been defined by G. Margulis [18] and investigated by A. Lubotzky, Sarnak and
Phillips [19]. As it is easy to see the projective limit of X(p, ) does not exist.

The construction of A(n, ).

Let K be a finite field Fq. We define A(n, K)=A(n,q) as bipartite graph with the
point set P=K" and line set L=K" (two copies of a Cartesian power of K are used).
We will use brackets and parenthesis to distinguish tuples from P and L.

So (p)=(p1, P2, ... , pn) € Prnand [1]=[l4, I2, ..., [n] € Ln.

The incidence relation 1=A(n,K) (or corresponding bipartite graph I) is given by
condition p I l'if and only if the equations of the following kind hold.
p2 - |2=|1p1,

Pz - ls=p1ly,
Pa - la = l1ps,
Ps - I3 = p1 lag,

Pn - In = p1 | for odd n and pn - I = I1 paa for even n.

We can consider an infinite bipartite graph A(K) with points
(p1, p2,..., pn,...)and lines [li, l2,....0n, ...].
Proposition 1 [16]. If K=F4 g>2 then A(n, Fg) is a family of small world graphs and
tree approximation with Cind(A(n, Fq))>2n+2.

Let K be an arbitrary field. We define A(n, K) via simple change of F, on K and
announce the following statement.
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Proposition 2 [16]. Let K be a field. Then the girth of A(n,K) is > 2[n/2]+2.
Symbol [x] stands for the flow function from x. Theorem 1 follows from
propositions 1 and 2.

3.3. On homogeneous algebraic graphs of large girth

Let F be a field. Recall that a projective space over F is a set of elements constructed
from a vector space over F such that a distinct element of the projective space
consists of all non-zero vectors which are equal up to a multiplication by a non-zero
scalar. Its subset is called a quasiprojective variety if it is the set of all solutions of
some system of homogeneous polynomial equations and inequalities.

An algebraic graph ¢ over F consists of two things: the vertex set Q being a
quasiprojective variety over F of nonzero dimension and the edge set being a
quasiprojective variety ¢ in Q x Q such that (X, x) is not element of ¢ for each
X € Q and xpy implies ypx (xpy means (X, y) € ¢). The graph ¢ is homogeneous (or
M-homogeneous) if for each vertex v € Q the set {x | vpx} is isomorphic to some
quasiprojective variety M over F of nonzero dimension. We further assume that M
contains at least 3 elements.

Theorem 2 [20]. Let I" be homogeneous algebraic graph over a field F of girth g
such that the dimension of neighborhood for each vertex is N, N > 1. Then
[(g — 1)/2] <dim(V)/N.

The following corollary is an analog of Even Circuit Theorem by Erdés’ for finite
simple graphs.

Corollary 1. Let I be a homogeneous graph over a field F and E(T') be a variety
of its edges. Then dim(E(I)) < dimV(I)(I1 + [(g — 1)/2]™.

We refer to a family of homogeneous algebraic graphs ¢, for which dimension of
neighborhood for each vertex is independent constant N, N >/ as a family of small
world graphs if diameter of each graph ¢, is bounded from above by linear function
on +f defined by constants « and f.

We refer to a family of homogeneous algebraic graphs ¢, for which the dimension
of neighborhood for each vertex is independent constant N, N > 7 as a family of large
girth if girth of each graph ¢, is bounded from below by linear function an+p defined
by constants a and .

We refer to a homogeneous algebraic graph as algebraic forest if it does not
contain cycles. Their term algebraic tree stands for the connected algebraic forest.

We say that family of homogeneous algebraic graphs ¢, is a forest (tree)
approximation if projective limit of ¢, is an algebraic forest (tree) and formulate
thaw following statement.

Theorem 3 [16]. For each field F, F+ F> there exists a tree approximation which
is a family ¢, of small world algebraic graphs of large girth with the vertex set of
dimension n and cycle indicator > 2n+2.

Family of graphs ¢.=A(n, F) provides explicit construction of objects described in
the theorem. As it follows from Theorem 2 homogeneous algebraic graphs A(n, F)
form a family with maximal possible girth indicator.

Remark 1. Graphs A(n, ) are disconnected. So they are disjoint union of cycles.
Graph A(Fz) is 2-regular forests with trees presented on the following diagram

---------- *-----*._- ... Girth indicator of A(n, F,) coincides with its girth of
size>2n+2. So, formally A(n 2) are algebraic graphs of large girth. Noteworthy that
cycles can be defined via the system of equations.

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023



~ 123 ~

3.4. Graphs A(n,K) as homomorphic images of D(n,K)

Graphs A(n,q) obtained as homomorphic images of graphs D(n,q) which defines
projective limit D(q) with points

(P)=(po1, P11, P12 » P21, P22, P'22, ..., P iy Pii+1, Picti » Pritli+l ... ),

lines

[|]=[ |1o, |11, |12 , |21, |22, |'22 Y eeey Z’ii, |ii+1, |i+1,i , |+i+1,i +1 ... ] and incidence
relation given by equations

li-pii=l1o Pi-vi ;

Ui — p’ii = lijia Pos;

lijs1 — Pii+1 =i Po1;

listi - Pissi = lopii -

This four relations are defined for i>1, (p '11= p11, '11= l11).

Remark 2. You can see that indexes of vectors correspond to coordinates of
positive roots of root system A; with a wave.

Historically graph D(q) is not the first example of description of g-regular forest
in terms of Algebraic Geometry. Geometries of buildings (see [21] and further
references) corresponding to extended Dynkin diagram A; as incidence structures are
g+1-regular trees or g+1-regular forests. As a result we get a description of a tree in
group theoretical terms.

In [22] it was noticed that the restriction of this incidence relation on orbits of
Borel subgroup B acting on maximal parabolics are g-regular bipartite graphs. So
we get a description of a g-regular tree in terms of positive roots of A; with a wave.

In [5] authors proved that D(n,q) defined via first n-lequations of D(g) form a
family of graphs of large girth. The general point and line of these graphs are
projections of (p) and [I] onto the tuples of their first n coordinates.

Unexpectedly it was discovered that these graphs are disconnected if n > 6. So
forest D(q) contains infinitely many trees and the diameter is an infinity. F. Lazebnik
conjectured that connected components of graphs D(n,q), n =3,4, ... form a family
of small world graphs. This conjecture is still open.

In 1994 it was found out how to describe connected components CD(n, q) of
graphs D(n, q) in terms of equations (see [14], [6]).

Graphs A(n, q) were obtained in 2007 as homomorphic images of graphs D(n, )
([11]). Corresponding homomorphism 7 is a procedure to delete coordinates of
points and lines with indexes (i+1, i) and (i,i)".

The self importance of these graphs have been justified in joint research with
U. Romanczuk (see [13] and further references) and M. Polak [23] via applications
to Cryptography and Coding Theory.

In the case of families of graphs of large girth we would like to have "speed of
growth" ¢ of the girth "as large as it is possible”.

P. Erdos' proved the existence of such a family with arbitrary large but bounded
degree k with c=1/4 by his probabilistic method.

In the case of families X(p,q) and CD(n,q) the constant c is 4/3. In the case of
A(n,q) we just get inequality 7<c¢<2. So exact computation of the girth is the area
of the future research.

There are essential differences between family of graphs X(p, q) and tree
approximations. Recall that the projective limit of X(p, g) does not exist.
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It was proved that bipartite graphs A(n,q) are not edge-transitive and not vertex
transitive (transitivity on points and intransitivity on lines). Noteworthy that their
projective limit T (the tree) is obviously an edge-transitive infinite graph.

The usage of generalizations and modifications of graphs A(n,q) allows us to
construct postquantum cryptosystem of ElI Gamal type with encryption procedure for
potentially infinite vector from Fq with the execution speed O(n**?") (see [24]).

In fact the diameter of A(n,q) is growing slower than diameter of X(p,q). So, A(n,q)
are the best known small world graphs among known families of large girth. Recall
the girth of A(n,q) is not yet computed precisely.

So, the comparison of growth of the girth for A(n,q) and X(p,q) is the interesting
task for the future research.

In the case of finite fields both families are expanding graphs, the second largest
eigenvalue of A(n, q) tends to 292, they are not Ramanujan graphs for which the
second largest eigenvalue has to be bounded above by 2(g-1)”.

The family X(p,q) is formed by Ramanujan graphs, so they are better expanding
graphs than A(n, K).

Families X(p,q), CD(n,q) and A(n,q) can be used for the constructions of LDPC
codes for noise protection in satellite communications. D. MacKay and M. Postol
[25] proved that CD(n, q) based LDPC codes have better properties than those from
X(p,q) for the constructions of LDPC codes.

Together with Monika Polak we proved that A(n,q) based LDPC codes even better
than those from CD(n,q) (see [23]).

Cayley nature of X(p,q) does not allow to use these graphs in multivariate
cryptography. Various applications of graphs D(n,q), CD(n,q) and A(n,q) have been
known since 1998.

The most recent postquantum cryptosystem based on noncommutative
multivariate group associated with A(n,q) is described in [24], IACR e-print Archive
2021/1466.

3.5. On the equations for graphs CD(n, K)

Let K stand for an arbitrary commutative ring. Noteworthy that graphs A(n, K) and
D(n, K) are defined over arbitrary commutative ring K have been already presented.

To facilitate notation in the future results on ”’connectivity invariants” of D(n, K),
it will be convenient for us to define p.1o = lo-1 = p1o = lox = 0, poo = loo = -1,
ploo = loo = -1, p11 = pl11, i = 1’11 and to assume that our equations are
defined for i > 0.

Graphs CD(k,K) with k£ > 6 were introduced in [11] for as induced subgraphs of
D(k,K) with vertices u satisfying special equations a,(u)=0, as(u)=0,..., a(u)=0,
t=[(k+2)/4], where u = (Ug, U11, U12, U1, ..., Urr, U rr, Uttt U1, Urstr,...), 2 < <t,
a€f(1,0), (0,1)}is a vertex of D(k, K) and a; = ar(u)=Zi=o,r(Uii U' r-, r-i-U iji+1 U r-i,ri-1)
for every r from the interval [2,t] for every r from the interval [2,t].

We set a=a(u)=(ay, as, ..., a) and assume that D(k, K)=CD(kK) if k=2,3,4,5.

As it was proven in [11] graphs D(n, K) are edge transitive. So their connected
components are isomorphic graphs. Let YCD(k,K) be a solution set of system of
equations a(u)=(V2,vs, ...,v)=V for certain v ¢X**. It is proven that each YCD(k,K) is
the disjoint union of some connected components of graph D(n,K).
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It is easy to see that sets of vertices of YCD(k,K), v ¢K'* form a partitions of the
vertex set of D(n,K).

The concept of quasiprojective variety over commutative ring K can be introduced
via simple substitution of K instead of field F. It leads to concepts of homogeneous
algebraic graphs over K, forest and tree approximations and families of graphs of
large girth over K. It was proven that for the case of commutative ring K with unity
of odd characteristic graphs CD(n,K) are connected (see [26]). So graph
CD(n,q)=CD(n, Fg) for odd q is a connected component of D(n,q).

As it follows from definitions the image of restriction of homomorphism 7 from
D(n, K) onto CD(n, K) coincides with A(n, K).

So graphs A(n,K) are connected for the case of K with unity of an odd
characteristic.

Theorem 4 [16]. For each commutative integrity ring K the families of graphs
CD(n, K), n=2,3,... and A(n, K),n=2,3,.. are forest approximations and families of
graphs of large girth.

4. On the description of selected algorithms based on algebraic graphs of large
girth

To achieve linear speed O(n) of the encryption described in Section 1 functions
gi, i=1,2,..,t are selected in the form Xi+c(i), c¢(i)eK and the parameter t will be
selected within the interval [2, [(n+5)/2]) when I1(K)=D(n, K) or I(K)=CD(n, K) and
interval [2, [n/2]+1) in the case when I(K)=A(n, K).

Additionally we take parameters b(1), b(2), ...,b(k) , a(l), a(2),...,a(K), k=t/2 from
K* to construct c(i) recurrently via the following rules c(1)=b(1), c(2)=a(l),
c(i)=c(i-2)+b(i) if i, >3 is odd n and c(i)=c(i-2)=a(i) if i, >4 is even. We refer to
the tuple (b(1), b(2),..., b(k), a(l), a(2),...,a(k)) as active password and affine
transformation T as passive password.

Our choice insures that in the case of constant passive password the single change
of a single character of active password leads to a change of the ciphertext produced
from the selected plaintext.

We choose an affine transformation T in the form of linear map given by the
following rule

T(x1)=x1+m(1)Xo+... +m(n-1)Xn.1 Where m(i), i=1,2, ..., n-1 are elements of K*,
T(x)=xi for i=2,3,..., n. SO T (X1)=X1-M(1)X2-M(2)Xs-...-m(n-1)xn. T (x))=x; for
i=23,..., n.

Recall that explicit description of linguistic graphs D(n, K) and A(n,K) is given in
the previous section and general encryption algorithm is described in section 2. So,
ciphers T E(n,K) T*and TEA(n, K) T have full description.

In the case of graph CD(n, K) we will use in fact the induced subgraph "CD(n, K),
h=(h2, hs,..., &), t=[(n+2)/4] of D(n, K) of all points and lines u=(ug, U11, U1z, Uz, ...,
Urr, #rr, Utees Urr+1, Uresr, ...) Satisfying conditions ai(u)=h;.

Linguistic graph "CD(n, K) can be thought as bipartite graph with points

(P)=(po1, P11, P12, P21, -y, Piiet, Pitti  Pritti+l ... ), 1=2,3, ..., t-1
and lines

=1 ho, la, bz, log, Lo, oo, iy lissi ) leivsien oo/, i=2,3, .., -1 of length
n-t.
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Their incidence is given by the following system of equations

li-pii=l1o Pi-i ;
lii+1 — Pii+1 =lii Pot;
listi - pissi = hop'ii,

where p’ 2 is defined by the equation az(po1, P11, P12, P21, P22 p 22 )=h2 and can
be written as p 2> = a2(Po1, P11, P12, P21, P22, p 22)-hat+p 22 = ba(Po1, P11, P12, P21, P22),
other parameters are p 3= as(Poz, P11, P12, P21, P22, P 22, P2,3, P3,2, P33 p '33)-Ns +p a3
=bs(Por, P11, P12 P21, P22 P22, P23 P32, Pl33)..., p v=ai(Po1, P11, P12, P21, P22,
P'22,..., ptitt, Prit, Pret, Pre, ptt )= e +p 't =be(Pos, P11, P12, Pa1, P22, P22, .o,
Pttty Pen 6 Pret, Prt)-

The computation of symbolic expressions p’ii recurrently and their explicit
substitution in the system of equations give us the equations of the linguistic graph.

We assume that corresponding cipher has the space of plaintexts K™'. We use
active passwords (b(1), b(2),..., b(k), a(l), a(2),...,a(k)) an linear transformations T
of K™ constructed via described above rules. We assume that parameters hy, hs, ..., s
will be considered as part of active password and denote the cipher as
TCE(n, K)T'TaF(g1, 92, ..., g)Jg(Th)".

We will use presented in Section 2 obfuscation scheme for each cipher
TE(n, K)T* TAE(n, K)T*and TCE(n, K)T? in the case K=Fq, q>2. We use special
disturbance function g of Iy selected as x—x*+b where beFy, ecZs, d=q-1 and
(e, d)=1. So, the notations DE(n, K) =TE(n, K)IgTand DA(n,K)= TAE(n, K)I,T*
and DC(n,K)=TCE(n, K)IgT* will be used for these encryption schemes with the
disturbance.

Algorithms with the encryption maps TE(n, K)T™ and TAE(n, K)T* independently
on the choice of active and passive passwords have multivariate encryption and
decryption functions of degree 3. In [45] the linearisations attacks on these ciphers
with the interception of O(n®) pairs plaintext/cipheretext are presented. They can be
executed in polynomial time O(n™°).

The ciphers DE(n, K) and DA(n, K) use cubical encryption maps as well but the
usage of disturbance map D: x—x® lead to the increase of the degree r of inverse
maps. Parameter r can be evaluated from below by the polynomial degree of
transformation D™ acting on the elements of multiplicative group K*. So, if K=F,,
q=2% then the order of polynomial decryption map is at least 2*. It justifies that
direct linearisation attacks are not feasible.

Case TCE(n, K)T™ is principally different. As it follows the results of [46] the
encryption function corresponding to selected active password has degree
[(n+2)/4]+2. Recall that active password is formed by tuples (b(1), b(2),..., b(k),
a(l), a(2),...,a(k)) and (hy, hs, ..., i) where h_i are internal parameters of subgraph
"CD(n, K). If k is less than half of the girth then different active passwords produce
distinct ciphertexts.

High degree of the transformation insures that a generation of standard form for
the encryption function can not be done in polynomial time.

So the directed linearisation attacks are theoretically impossible. Principle
difference of DC(n, K) and TCE(n, K)T* is the fact that the usage of disturbance
implies the fact that the degree of inverse function is essentially higher than those
for encryption function.
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The implemented case

For the first implementation we select the case of encryption function of
DA(n,K)= TAE(n, K)I,T™ for finite field Fzss with g of kind g = x?+b. In this case
the degree of encryption map will be at least 128 (see [27]). The linearisation attacks
by adversary requires the interception O(n®) pairs of kind plaintext/ciphertext. After
that he/she need approximate the map of degree > 128 with the possibility to choose
the plaintext an get corresponding ciphertext. In practical case of n > 64 such
linearisation attacks are unfeasible.

CRYPTALL 4 software is written in C++ programming language and therefore it
is portable and runs in many platforms such as Unix/Window. Thecontext diagram
is depicted in Fig. 1. The interface is friendly. It allows users to enter active and
passive password of selected length. The program is supported by key exchange
protocol based on Eulerian transformations of (F 2ss). It allows the elaboration of
tuple of nonzero field elements of sufficient length to form both passwords.

User ] The encrypted file > User 2
\ The name of the The name of the
rord
Pa551< \ original file encrypted file
\ / The name of the
The name of the ord
passwor ]

encrypted file decrypted file

/

CRYPTALL
SYSTEM

Fig. 1. Context Diagram of CRYPTALL 4

Experimental Measurements. To evaluate the performance of our algorithm, we
use with different size of files. We denote by t (k, L) the time (in millisecond) that is
needed to encrypt or decrypt (because of symmetry). The file size is in kilobytes for
passwords of length L. Then the value of t(k, L) can be represented by the following
matrix (Fig. 2).

L\k | 3000 4000 5000 6000
4 1143 1535 1755 2120.75
8 2162.25 | 2999.75 | 3452.5 | 4150
12 | 3070.5 | 4108 5061.25 | 6053
16 | 4090.5 |5429.25 | 6673.5 | 7945.75
20 | 5131.75 | 6778.75 | 8303 9873.75
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Fig. 2. Run time for CRYPTALL 4 System

Computer experiment justifies that in implemented case the speed of execution of
decryption or encryption procedures are essentially higher than in the case of stream
cipher of [2] used for GIS protection. New algorithm has essentially better mixing
properties (see [47]).

5. Conclusion

The main theoretical result of the paper is explicit construction of the family of
multivariate map of affine maps F, with the trapdoor accelerator of linear degree cn,
c=3/4 acting on affine space K" defined over arbitrary commutative ring K with at
least 3 elements. Corresponding cipher has execution speed of kind % n*+O(n)
which is proportional to the length of active password of size 0(1). The decryption
procedure takes the same time with the encryption process. In the case of choice of
special linear conjugation T it has nice mixing properties: change of single character
of the plaintext or active password leads to the change of > 98% of characters of
corresponding ciphertext.

So F, based cipher can provide essentially better security than the cipher selected
in [2]. The disadvantage of F, is speed of encryption O(n?) but not O(n). So the usage
of F, will drastically improve the security level of GIS protection but essentially
slow down of speed of spatial information processing.

Noteworthy that speed of processing is very important parameter. That is why we
suggest usage of ciphers DE(n, K) and DA(n, K) for GIS protection which are more
robust in the comparison of cipher chosen in [2], they have essentially better mixing
properties and practically resistant against linearisation attacks. Ciphers DE(n, K)
and CE(n, K) can be chosen in the case of tasks where security aspects are more
important than the execution speed.
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B.O. Ycerumenko, O.C. ITycToBiT
PO BE3NEKY TIC-CUCTEM 3 N-PIBHEBOIO APXITEKTYPOIO TA
CIMEMCTBA AJITOPUTMIB IIIU®PYBAHHS, BUBHAYEHHUX 3A TPA®AMHU

AHoTauis. Bigkpurts onucy g-peryyisipHOro JiepeBa B TepMiHaX HECKIHUEHHOI CHCTEMH
KBaJIpaTHUX PIBHSHb HaJ CKIHYEHHMM TosieM FQ Maio BIUMB Ha po3BUTOK [HDOpMaTHKH,
30KpeMa Teopii KpunrorpadidHHMX alrOpUTMIB, IO BH3HAYAIOThCH 3a rpadamu. Lle
CTHMYJIIOBAJIO PO3BUTOK KOHCTPYKIIi OE€3MEYHMX IMOTOKOBMX AJITOPUTMIB HIM(pPYBaHHS.
BusiBuiniocs, mo Taki iHCTpyMeHTH mM(pyBaHHS MOKHA €(pEKTHBHO BHKOPHCTOBYBATH B
cucremax 3axucty ['IC, mo BxuBarote N-piBHeBy apxirtekTypy. Mu orisiHemMo Bimomi
ITOPUTMH MIN(PYBaHHsI, 3aCHOBaHI Ha alPOKCHMAlisAX peryIsipHUX AEpeB, ix Moandikamii,
BU3Ha4YeHI HaJl apu(METUUHIMH KUIBISIMH, Ta ITPOTrpaMHi peaizarii nux aaropurmis. Kpim
TOro, OyAyTh MpEICTaBICHI HOBI OiNbII Oe3MedHi aJrOpUTMH MMOTOKOBOTO HIM(pyBaHHS,
npunatHi g 3axucty T'IC.

ANropuT™Mu  OYAyIOTBCS 3 BUKOPDHUCTAHHSIM OJyKaHb Ha BEpIIMHAX JIBOJOJIBHUX
perymsipaux rpadis D(n,K), Bu3HAueHHMX 3a CKiHYCHHMM KOMYTATHBHUM KinbieM K 3
OIMHUIICI0 Ta HETPHUBIAIFHOIO MYJIBTHUILTIKATUBHOIO Tpymoro K*. Jlomi Takmx rpadis €
N-BUMipHIMH apiHHUMHU IIPOCTOpPaMH HaJ KiblieM K. birykaHHS mapHOi JOBXHHU BU3HAYAE
NIEPETBOPEHHS TIEPEXO0/Ty Bijl OYATKOBOI /10 OCTAHHBOI BEPIIUHHU 3 OJHI€T 3 monel rpady.
Orxe, adinauii npoctip KN MoXHa po3riisiaaTH SK MpOCTip BIAKPUTUX TEKCTIB, a OIyKaHHS
Ha rpadi naposem, KU BU3HAYa€ NepEeTBOPEHHS, 10 MIH(PPYE.

ITpu neBHUX OOMEKCHHSIX Ha TIAPOJIi JOCIATAETHCsI €EeKT, KON pi3HUM mapoiisim 3 (K*)2s,
s <[(n+5)/2]/2 BianoBinaroTk pizHi wHdporpamMmu 06paHOro BiAKPUTOro TeKeTy 3 Kn. Y 2005
POIIi TAKUH aJTOPUTM Yy BUMAJAKY CKIHYEHHOTO 1Mot F127 BUKOPUCTOBYBABCS IJISl 3aXUCTY
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I'IC. 3 uporo yacy BIaCTHBOCTI alropUTMiB IKH(pyBaHHs 3 BuKopuctanusaM rpadis D(n, K)
(WBUIKOISI, BIACTMBOCTI 3MIiHHM, CTEMiHb Ta T'yCTHHA IOJIHOMIalbHOTO IEPETBOPECHHS
mmdpyBaHHs) OyITH peTeNFHO MOCTiKeHi. byio oIiHeHO CKIagHIiCTh aTak JIiHeapu3alii Ta
3HaleHo Moau(iKaIlil IUX aITOPUTMIB i3 CTIMKICTIO 10 aTak JiHeapu3anii. BusBumocs, mo
pasom 3 rpadpamu D(n, K) MoxHa eeKTHBHO BUKOPHUCTOBYBATH ¥ iHII anreOpaidsi rpadu 3
MOMIOHNMH BIaCTUBOCTAMH, Taki sk rpadu A(n,K).

VY cTaTTi pO3rIAOAa0ThCS KijbKa O3B’ A3aHb 3aaui 3aXUCTY Te0JIoTiuHOi iHpopMamiiHOl
CHCTEMH BiJI MOKJIMBHX KibepaTak 3a JOIIOMOTOIO IIOTOKOBHX aJITOPUTMIB, IO CIIHPAIOTHCS
Ha Tpadpu. BoHM MalOTh iCTOTHI mepeBarn B MOPIBHSHHI 3 peali30BaHUMH paHille
AITOPUTMaMH.
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METHOD OF ADAPTATION OF CASCADE CODES
TO ENSURE RELIABILITY OF INFORMATION TRANSMISSION
OF WIRELESS DATA TRANSMISSION SYSTEMS

Abstract. The article proposes a method of structural adaptation of cascade codes,
designed to ensure the specified reliability of information transmission of wireless
data transmission systems in the event of interference, due to the dynamic synthesis
of combined structures of cascade codes under conditions of a priori uncertainty.
The essence of the method is to identify the internal structure of the code, due to
which the structure of the component codes of the turbo code is determined. It was
developed using the gradient method due to the implementation of a multi-step
iterative procedure for finding optimal system parameters. Implementation of the
method allows to ensure the reliability of information transmission of wireless data
transmission systems. To check the effectiveness of the method of structural
adaptation of cascade codes, a simulation model was developed in the C++
programming language in the Visual Studio 2019 software environment, and
wireless data transmission systems were simulated. The simulation results show that
the combined structure of building cascade codes together with OFDM technology
allows you to independently adapt the coding rate of each of the coding stages
depending on the results of the analysis of the reliability of information in this
cascade, which leads to the provision of the specified reliability of information
transmission, while the BSPD bandwidth is reduced by 4-12% against 20-35% of
known results. The use of Reed-Solomon codes in a sequential cascade scheme with
turbo codes due to the adaptation of the coding rate of this cascade design allows
obtaining an energy gain of 0.5-0.7 dB without increasing the bandwidth of the
transmission system compared to systems that use only turbo codes. The obtained
results are of significant relevance and can be implemented in the development of
information transmission systems to ensure the reliability of data transmission, both
in peacetime and in conditions of armed aggression of the Russian Federation
against Ukraine.

Keywords: a priori uncertainty; gradient method; OFDM; Reed-Solomon codes;
turbo code; coding rate; simulation.
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ucTutyT TenekomyHikauii i rmo6ambHoro indopmaniitnoro mpoctopy HAH Vkpainu,
M. KuiB, Ykpaina
’[lenTpanbHuii HayKOBO-HOCiAHUH iHCTUTYT 36poiinux Cun Ykpainu, M. Kuis, Ykpaina

METOJ ATANTAIIIT KACKATHUX KOJIB AJIS1 3ABE3ITEYEHHST
JOCTOBIPHOCTI IEPEJIAYI IH®OPMAIII BE3ITPOBOJJOBUX
CUCTEM HEPEJAYI JAHUX

Anomayin. Y cmammi nponoHyemscsi Memoo cmpykmyphoi adanmayii KackaoHux
K0O0i6, npusHauenutl Ois 3a6e3neueHHs 3a0aHoi 00CMosipHOCmi  nepedaui
iHghopmayii 6e3npo6odosux cucmem nepedaui dawux npu Oii 3a6ad, 3a PAXyHOK
OUHAMIYHO20 CUHmMEe3y KOMOIHOBAHUX CMPYKMYP KACKAOHUX KOOI8 6 YMOB8ax
anpiopuoi  Hesusnauenocmi. Cymuicms Mmemody nonseac 6 idenmugbikayii
BHYMPIWHLOI CMPYKMYPU KOOy, 3a PAXYHOK Y020 GUSHAYAEMbCA CMPYKMypd
KOMROHEHMHUX K00i8 mypookody. Bin 0y8 po3pobreHuti 3 GUKOPUCHAHHAM
2PAdiEHMHO20 Memoody 3a PAXyHOK iMnieMeHmayii 6aeamokpokogoi imepamusHoi
npoyeoypu ROWYKYy ORMUMANbHUX napamempis cucmemu. Peanizayis memooy
00360/15€  3abesneuumu 00CMogipHicmy nepedayi ingopmayii 6e3npoodosux
cucmem nepedayi oamux. s nepesipku eexmusnocmi memoody cmpyKmypHoi
aoanmayii Kackaouwux xoodie 6yna po3pobiaena imimayiina molenb HA MOGi
npoepamyeannsi C++ y npoepamnomy cepedosuwi Visual Studio 2019 ma
nposedeHo MOOenio8anHs 6e3npogodosux cucmem nepedadi danux. Pesynomamu
MOOENI0BAHHS NOKA3VIOMb, W0 KOMOIHOBAHA CMPYKMYpa noOY008U KACKAOHUX
k00is6 pazom 3 mexuonocicio OFDM 0doszsonse nesanescno aoanmysamu weuoxicmo
KOOYBAHHS KOJMCHO20 3 KACKAOI8 KOOYBAHHS 3ANIEIUCHO BI0 pe3yibmamis auanizy
docmosipuocmi iHgopmayii 8 ybomy KAckaoi, wo npueooums 00 3aOe3neyeHHs
3a0anoi  docmogipnocmi  nepedaui  iHgopmayii, npu  YLOMy NPONYCKHA
cnpomoodicnicmo  BCI smenwyemvcs na 4—12% npomu 20-35% 6idomux
pe3ynomamis. Buxopucmanus xo0ig¢ Pioa-Conomona 6 nocrioo@iil KackaoHii
cxemi 3 mypooxodamu 3a paxyHox adanmayii weuoKocmi KOOY8anHs Yici KAcKaoHoi
KOHCmMpYKYii  0036015€  00epoicamu  enepeemuynutl euepaur 0,5-0,7 06  be3
30iMbUWEHHS NPONYCKHOI CHAPOMOJICHOCME cucmemu nepeoavi 8 NOPIGHAHHI 3
cucmemamu, K BUKOPUCMOBYIOMb Minbku mypookoou. Ompumani pesyromamu
Maioms Cymmegy aKmyaibHiCms ma Moxcyms 6ymu 8npoeaoxceri npu po3poodoyi
cucmem nepeoaui ingopmayii 015 3a0e3neyenHs 00CMOBIPHOCMI nepedayi OaHuXx,
AK Y MUpHUU Yac, max i @ ymosax 30pouinoi aepecii Pociticokoi @edepayii npomu
Yxpainu.

Knrouosi cnosa: anpiopna negusnauenicmo; epadienmuuii memood; OFDM; xoou
Pioa-Conomona; myp6oxoo; weuoxicms K0Oy8aHHs; MOOENOBAHHS.

https://doi.org/10.32347/2411-4049.2023.3.133-143

Beryn

Apnanramiero  GesnpoBojioBux cucrteM nepenadi ganux (BCIIJ]) € 3mina ii
napameTpiB Ta CTPYKTYpH JJIsi JIOCATHEHHS O4YiKyBaHOTO e(deKkTy B YyMOBax
anpiopHOi HEBU3HAYEHOCTI.

3agadeto amanramii BCIIJ] € mpomec momryky mapaMeTpiB CHCTEMH TS
MIATPUMKH HOro e(peKTUBHOCTI Ha 3ajaHoMy piBHI. [locTiiiHMI TpoIieC MOILIYKY B
yMOBax anpiopHoi HEBHU3HAYEHOCTI MOTpeOy€e BBEACHHS MPOLEIYypH afanTamii st
3MiHH TTapaMeTpiB ado cTpykTypu [1-3].
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HinpoBa ¢yukmis amanrtarii bCIIJ 3anexxuTh Big mapamerpiB Ta CTPYKTypH
cuctemu. [lapaMeTpryHi Ta CTPYKTypHi BIACTHBOCTI BUPA3MMO Y BUIJIsIIL BEKTOpa Y
CYKYIHICTb YIPaBJISFOUMX 3MIHHUX — Y BUTJISI/II BEKTOpA yrpaBiiHHs U , a CyKyIHICTh
(pikcoBaHMX MapamMeTpiB — y BUTIsAi BekTopa W .

3amava ajanTarii HoJsATae y MoNrykKy BEKTOpa CTPYKTYpH Ta TapaMeTpiB CHCTEMHU

Y i ynpasninas U , mo 3a6e31eayroTh eKCTPeMyM HilboBoi GYHKIIT IPH 3a1aHOMY

BekTOpi W Ta oOMekeHHsx gi i Gj:

Q = extr Q(y, U, w)

yeY,ieU -
gi(y,U,Co)zo, i:]-, NigNu , (1)

G, (y,u, W)z, <}, j;1, N,

ne Ny — uncno nezanexnnx komnonent U, gi i Gj— 3amani ynkuii.

Hns pimenns 3agadi (1) HeoOXiTHO BUKOPUCTATH aHAJITHYHI 3aJICKHOCTI IS
PO3paxyHKy HMOBIPHOCTi 6ITOBOT TOMMIIKH JUTS BiATIOBITHUX KOJTOBUX KOHCTPYKIIIH
B YMOBaX BIUIMBY HaBMHCHHX 3aBa/l.

Mera po6oTu. Po3poOka mMeromy CTPYKTYpHOI amanTaiii KacKaJHUX KOJIB,
MPU3HAYEHOTO I 3a0e3MeueHHsT 3aJaHoi JOCTOBIPHOCTI mepemaui iHdopMarrii
0e3nMpOBOIOBUX CUCTEM Iepe/iavi JaHUX MpH il 3aBaj, 32 paXyHOK TUHAMIYHOTO
CHHTE3y KOMOIHOBaHHUX CTPYKTYp KacKaJHHX KOAiB B YMOBax ampiopHOi
HEBU3HAYCHOCTI.

Buxiaa ocHOBHOro MaTepiajty 10C/iIsKeHHs
Hexail Xo — Aesika 1ouaTkoBa TOYKAa MHOXKHMHM 3HaueHb A, C AJA C Ay, B

AKHX JI0CATAEThes ekcTpeMyM Linbosoi pynkuii f(X) [1, 4].
301KHUI iTepaTUBHUH MPOLEC MOUIYKY €KCTPEMyMY — L€ IIPOLEC iTepaTHBHOIO

PO3paxyHKy 3Ha4eHb (TOYOK) x° ,Xl yenes X" ,
nepeTBopenHio [1]:

k+1 ‘o
5o ooy IO 3AIMCHIOETHCA 3aBIAAKHN

K+ K (oK
Xt =@ (x"), 2
1 3aJI0BOJILHAETHCSI BUMOT'OXO 3015KHOCTI:
p(x*, A") — @ (x*)npu K — .
[puknanom iTepaTHBHOTO NPOIIECY € TPATIEHTHUHN CITyCK, IPE/ICTABICHUH SIK:
ki _ oK K oK
Xt =x" —a "V (x"), ®3)
ne Vf (x*) — BEKTOp TpaJi€HTa, KU MOKa3ye HAPAMOK HAHIIBHIIIOTNO 3pOCTAaHHS
3HAYeHHs 1iTb0BOT DYHKIIT, a 0 — KPOKOBHil MHOYHHUK, 110 BU3HAYAE JTOBKHHY

BekTopa 3Mimenns — o Vf (X*) B HanpsiMKy, mpoTHIIEKHOMY TpatieHTy.

Bunukae HeoOXimHiCTh iMIieMeHTalii 0araToKpoKoBOi NpoLERypH, B SKid
KOPHUT'YETHCS HAITPSAMOK MEPEMILLICHHS, JIe Ha KOXKHiH iTeparii KpoK KOpeKLii HOBUHEH
3MEHIITYyBAaTHCA, a 11 9acToTa 30UIBIIyBaTHCS Ha TpaHUIl ekcTpemymy. Ha puc. 1

TIOKa3aHi Jinii piBHs ABOX QyHKUid f, (;() i fz(;() TPAEKTOPii PyXy B HAIPIMKY
EKCTPEMYMY.
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I'pamieHTHUIT METOA 3aCTOCYEMO IUINE Y BHIIQJKAX MOMYKY O€3yMOBHOTO
ekcTpemyMmy  audepeHmiiioBanoi  ¢yHkmii. Y 3aBOaHHAX ~— HeNiHIHHOTrO
MpOrpaMyBaHHs, KOJM IJIbOBA (DYHKINS 3aJa€ThCsl HAa O€3Mivi JOMyCTHMHX

JIBTEpHATHB AB , IIOIIYK €KCTPEMYMY YCKJIaIHFOETHCSI, OCKUIBKU J€sIKa MPOMDKHA

k . . .
Toyka X' 0araTOKpOKOBOI'O MPOLECY MOKE BUSBUTHCS Ha I'PAHUIIL AB 1 TpajileHT

MOXe OyTH HalpaBICHHU# 3a MeXi gomyctumoi obuacti [1].

Jlinii piBHs Jlinii piBHs
JULSL f,(i) UL fz(;)
a ) 6 Vi, (x)

Puc. 1. Jlinii piBHs 1BOX (DyHKLIH 1 TpaekTOpii pyXy B HANPSAMKY €KCTPEMYMY

—_—

k
B Takomy Bunaiky mis 3a0e3neueHHS BUOOPY MOXJIMBOIO HampsMKy Y B

s o . .
Touni X' , AKUH BiIMIHHMH BiX HampsMKy rpafieHTa a0o aHTUIPali€eHTa,
BUKOPHCTOBYETHCS MOJU(IKOBaHMA TpaficHTHUN MeTon. Bubip Takoro HampsMKy
MEPEeMIIIEHHS TPU3BOAUB OW O 30iNbIICHHS (3MEHIICHHS) 3HAYCHHS IIJIHOBOT
¢yskmii f(X) i3a0e3medyBaB Ou He BUXiJ 32 MEXi MHOKHHH.

Y 11bOMy BWIIAJKy CIIBBIIHOIICHHS (2), SKE BHU3HAYA€ 3aKOH ITEPATUBHOTO
MPOLIECY, 3aIIMCYETHCS B TAKOMY BUTJIISIIIL:

X< =X —afy. (4)
Ha puc. 2 mpencraBneHuii MOImyK eKCTpeMyMmy B 3ajadi 0e3 oOMexeHb 1 3
obmexenHsmMu. besniu nomyctnmux pitiens V; NMPECTaBIEHO 3aITPUXOBAHOKO
o0sacTio. 300paXkeHi Ha PUCYHKY JIHIT PiBHS BiAIMOBIAIOTh JCSIKAM HOCTIHHHM
3HAYEHHSM LiIbOBOI QYHKIIT f(;(), MPUYOMY Fl > F2 > > FO.
3 JaHOro pUCYHKAa BUIUIMBAE, IO Yy pasi 3aBAaHHS 0e3 OOMEXEHb PIllICHHS

3HAXOMUTBCs B Touni X , ge f(X') = F, (rnobGanbhuii 6e3yMOBHUE MiHIMyM).

—_—

3 MoyaTKkoBOi TOYKH, MOTPIOHO 3HAXOAMTH TaKl HAMPAMKU PyXy Y “ , AKi O He
nopyuryBaii  oOMEXeHb 1 TpaekTopisi 0araToKpOKOBOTO TpOIECY IOBHHHA
MPUBECTH B TOYKY, BI/IMOBITHY YMOBHOMY €KCTPEMyMY HiJIbOBOT QYHKIIT (Y IbOMY
npuKIai ue Touka X ).

3aBASKM BHPIIICHHIO JIOTIOMIKHOI OJHOBUMIpPHOI 3amavi MiHiMmizamii Ha
KO’KHOMY KpOIli BUKOHYEThCSA OOUHCIIEHHS MHOKHHKA O

—

X* =argmin f (x - aVf (x)). 5)
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Puc. 2. [Tomyk ekcTpeMyMy B 3a71a4i 6€3 00MEXKEHb 1 3 00MEKECHHIMH

BiAmoBiIHO 10 BUMOTM JOCITHEHHS f(x") MIHIMAJIEHO MOKJIMBOTO 3HAYEHHS,

—_— _

. k . . k+1 k
nmpu pycit 3 TOYKH X B3IO0BK HAIPsAMKY AaQHTUTpAJl€HTAa B TOYIIl X ! (08

1
- . . o0 X_f K ke
HiIAMAETBCA. Y MIICYMKY, TPAEKTOPIs CIyCKY, Yepe3 Touku X-  X° - X" X

yeees
€ 3Ur3aronoAioHoI0, MIPUIOMY KOKHHNA HACTYITHUN HAIIPSIMOK PYXY OPTOTOHAIBHHUM
MOTIEPEHBOMY .

Meton  CTpyKTypHOI ajanTailii KacKaHMX KOJIB TMPU3HAYCHHUU  JIJIS
3a0e3nedeHHs 3ajaHoi JocToBipHOCTI iepeaadi iHdopmartii BCII mpu nii 3aBaj 3a
PaxyHOK AMHAMIYHOTO CHHTE3y KOMOIHOBaHMUX CTPYKTYp KAacKaZHUX KOZIB B
yMOBax anpiopHoi HEBU3HAUEHOCTI.

CyTHicTh MeTOMy TOJsIrae B ifeHTU(IKAI] BHYTPIIIHBOT CTPYKTYPH KOIY, 3a
PaxyHOK 4OT0 BU3HAYAETHCS CTPYKTYPa KOMIIOHEHTHHUX KOZIB TypOOKOIY.

Jnsi BU3HAUCHHS CTPYKTYPU BHYTPIIIHBOTO KOJY 3aJar0ThCs IOYAaTKOBI
XapaKTePUCTUKM: KITBKICTh CyOKaHAJIB Ta BUIU MOAYJISIIT CUTHAITY B CyOKaHamax
curnainy OFDM, kinpKicTh KacKafiB KoTyBaHHs L Ta mapameTpu BHYTPIIlTHIX KOMIB

s koskuoro 3 |-ro xackanmy, ne | €1, L, a came: kimekicts 6iT y Omomi N, Buau
YTBOPIOKOYHX MOJNIHOMIB KOMIIOHEHTHHX Koai Typbokoxny (1, 9,/0,, ..., 9,/09,),

TUI TIEpeMeXyBaya, KiIbKICTh iTepauiidl JnexoayBaHHs |, MIBUAKICTH KOIyBaHHS
TypOokonmy Ry, KiNBKICTh KOMIIOHEHTHHX KOJAEpiB (IEKOAEpiB), allTOPUTM
nekoxyBaHHS —TypOokomy (Map, Log-Map, Max-Log-Map), mapamerpu
30BHIIIHBOTO KO 11 KO3KHOTO 3 |-ro kackany, | €1, L, a came: 3aranbha KinbKictb
OiT y 670111 N, KibKicTh iH(OpMariitaux OiT y Oromti K, BUTpaBHa 34aTHICTH KOy

t:Ln;kJ, KUIBKICTB OIT y CHMMBOJII M, HMIBHAKICTH KOAYBaHHS Rz, AMOBIpHICTH

01TOBOT TOMUJIKY 30BHILITHBOTO KOAY P), IMOBIpHICTH GITOBOT MOMUJIKH JIOITyCTUMA

PHOM. JOTI1.

Takos, npuiimMaroThes Taki oomexenns: R, > R, >R L<L

1 — 1aomn.’ 21 — 2 nomn.’
kem, ne7,63, me3,7, '[E].,TO.

‘non.’
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Bubepemo kBagpar moxuOKH (BiIXIIIEHHS PeryIbOBaHOI BETMYMHHU BiJ 33aHO1)
3a MOKa3HUK ONTUMAJILHOCTI MPOLIECY aanTallii:
2
J=e",
e e = PHOM. - PHOM.,ZLO]'L'
Jlis peanmizamii NpUHIUIY CaMOHACTPOIOBAHHS B METOI 3aCTOCYEMO IIiJXi/l,
BIJIMTOBITHO JT0 SIKOTO OYZI€MO 3HAXOINTH TPAJI€HT, 1[0 BU3HAYAETHCS BUPA30OM:

a3 a1 @
)= 6)

o, au, 7 auy |

Po3B’s13anHs piBHSAHHS (4) MOJISTaE Y TIOUIYKY BEKTOPA yIPaBIiHHSL:

UK —UX — gV (U")

Je O — CKaysp, IKWH BU3HAYA€ BETMUNHY HACTYITHOTO KPOKY.
Bubepemo Takmii KpuTepiii 3YNMUHKH I1TEPaTUBHOI MPOIEAYPH IOIIYKY
exkcTpemyMmy (DyHKITiOHama J (U ):

V3 0¥)-valo k*l) <g.

Enementamu BexTopa peryiorodoi aii U e: Ui — nosxkuHa iHdopmamiiHoi
MOCIOBHOCTI, Uz — KUIBKICTh OIT y CHMBOJI M, Us — JOBXHHA KOZOBOI
KoMOiHamiI N.

VYV Bumagky, KoM OOYMCIEHHS TpajaieHTa (yHKIIOHATA J(U) motpebye
3HAQYHOTO OOYHCIIOBAIBHOTO PECypCy, TOAI MOXEMO TMPEACTaBUTH IPOIEC
iTepaTUBHOI POLIETyPH TOIIYKY HACTYITHUM YHHOM.

[Ticnst mpuiiomy B 6nokiB manux posmipom N 6it, a1 koxHOro I-ro xackamy
nepeBipsAETHCS BUKOHAHHS YMOBH:

1 21 2" 1 ) Com
F)| nom. = 2m 1 z J H p|l (1_ p|J )2 ' : S PﬂOM.HOl‘l», (7)
— AL j=t+1 J

ne P, — iMOBIpHICTb OITOBOT TOMMJIKH JIeKOTyBaHHs TypOokoiB I-ro kackany.

3a ymoBM HeBUKOHaHHs Bupasy (7) ms |-ro kackajy, iHKpeMeHTy€eMO apaMeTpu
k, n, m 3oBHimHK0ro0 kKoxy Pina-Conomona: K=K +1, n=n+1, m=m+1. 1l

BIUTMBAE HA NIBMJKICTH KOdyBaHHA Roi. SIkmio B pesysbrati sminu R, <R TO

2 nom.»
BCTAHOBJIFOEMO TIOYATKOBI 3HAYCHHs JUisi napameTpiB koxmiB Pima-Conomona i
BUOMpAaEMO HOBE 3HAYEHHS MIBUAKOCTI KoayBaHHA TypOokomy Ry [Hami
BiZOyBa€THCS BiANOBIIHA 3MiHA CTPYKTYPH KOMIIOHEHTHUX KOJiB TypOOKOIY.

V 1abm. 1 mpencrasieni mapamerpu koxiB Pima-Comomona mist |-ro kackany, siki
OyJni OTpHUMaHIi 3a JOTIOMOTO0 pireHHs 3ana4i (7).
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P, P m t k n
1072 4 4 7 15
10? 1073 4 5 5 15
104 5 10 11 31
10 3 1 5 7
10+ 3 2 3 7
-2
10 10° 4 3 9 15
106 4 4 7 15

Hnst mepeBipkr e(peKTHUBHOCTI BWU3HAUEHHS CTPYKTYPHU KOHKAaTEHamii KOMiB
mpoBeneHo imitamniiHe wmogemoBanHs bBCIIJ. Ha pumc. 3 mpencrasneni
XapaKTePUCTUKH 3aJICKHOCTI WMOBIPHOCTI OITOBOI TOMUJIKH BiJ{ BiJIHOIICHHS
CUTHAJI-3aBaJia.

I[Ipu wmopemoBanHi BuKOpucTOBYBaBcs curHan OFDM-2048, xinbkicTh
MapaeNbHAX KacKaaiB KomyBaHHS L = 4, BHyTpimHI TypOOKoau (KUTBKiCTh OIT B
omomi N = 6144, NCeBIOBUIAIKOBUN IepeMEKyBay, R, =4/5, Rllm_:ll 2,

nostinomu (1, 13/11), n1Ba KOMIIOHEHTHUX Kojepa (JeKoaepa), MeTO IEKOAyBaHHS
Log-Map, xinbKicTh iTepaniéi aekonyBanHs | = 8) 1 aHajoriuHi TuM, SIKi
BUKOPHUCTOBYIOThcst B cucteMi 4G LTE-Advanced, Ta 30BHimHI komu Pinma-
Conomona (ke311, ne7,63, me37, tell0d, R,=4/5 R, . =1/2).
BinHomenHs curHan-mym npuitHiaTo 9,58 nb. YV meprnoMy kackaji KOJyBaHHS JTi€
[IyMOBa 3aBaja B 4acTuHi cmyru (koedirient nepekpurts Y = 0,25), npu skii

HMOBIpHICT OiTOBOI MNOMMWIIKM J€KOAyBaHHsA JopiBHioe P = 10?2
BifHONIEHHS curHan-3asaza E, /N, =115 nb. ¥ npyromy, TpeThoMy i ueTBEpTOMY
KacKaJax HaBMUCHI 3aBajiu BifcyTHi — P, =Py, =P, .. =107

JormyctrMe 3Ha4eHHS HMOBIPHOCTI OiTOBOI TOMUJIKHU TOpPiBHIOE P =10".

TOM. 1OTI.
TakuMm 4YmHOM, y mepumioMy KaHami Oyne 3MiHIOBaTHUCS HIBHIKICTb KOIYBaHHS
KacKaJHOro KOAY, a IIBHAKOCTI KOJIYBaHHS B IPYrOMY, TPETHOMY Ta YETBEPTOMY

KaHaJaX 3ajIMIIaTecs He3MiHHMMH, ToOTO R, =3/4, i€ ﬂ IBuakicTs
KOJLyBaHHsl 30BHIIIHBOIO KOy IIEPIIOTO KacKamy 3miHeTbess 3 R, =4/5
(cymMapHa NIBHIKICTh KOAYBaHHS CTAHOBUTh R, =16/ 25) Ha R, = 3/4 (RZ =3/5),
anorimHa R, =5/8 (R, =1/2). Ilpu 1boMy pOITyCKHA 3aTHICTh 3MEHIIY€THCS
3 C=1279 6ir/cumbon no C=1184 6ir/cumBon. Pesymbraté MomenrOBaHHS

CBimuaTh, mo B momiOHIA cutyamii B cucremi 4G LTE-Advanced mBuakicTs
KOJyBaHHS TypOokomy 3minmmack 6u 3 R =2/3 ma R =4/9 (puc.4),

a mpomyckHa 3parHicTe 3menmmuack om 3 C=1332 Gir/cumson 0
C =0,888 Oit/cumBo.
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Brex | i i i i i j j

E R, -1/2-05 E,/N,=9.58
" C=LI3 Gir/cvpon =025

b

0.1

\\ BN R,=4/5 ic24
0.01=% S ’
3

R,

—
—
(=]

[

A

L Es/N,
. 15

0 0.5 1 L5 2 2.5 3 3.5 4 4.5

Puc. 3. I'padik 3anexkHOCTI cepeHbOi HWMOBIPHOCTI OITOBOI MOMHJIKH JCKOTYBAaHHS BiJ
BiZ[HOHIeHHSI CUTHAJI-IIYM  JJIA CUCTEMHU 3 HapaHeHI)HO-HOCHi[[OBHI/IM KaCKaagHUM
KOOYyBaHHAM

PBnex 1E i ' = I I ! 1
E | = E,/N,=9.58 o ]
- C=0.888 git/cumBOT — y=0,25 |
0.1F — :
= ——
I R =2/3
RN
0.01 \ =S < —
\ —
\ +—~—> R =3/5
1.10_3 iy "/\\
\\ - ‘\‘
\\ : \\
) '._ R = 4/9
110 : =
AN E ~
110 ° A\ .

0 05 1 15 2 25 3 35 4 45 sEb/NJﬂB

Puc. 4. I'padik 3a1eKHOCTI cepenHbOT HMOBIPHOCTI OITOBOT MOMIJIKH JIEKOAYBaHHS Bij
BimHOIEHHs curHan-3aBazna 1 cuctemu 4G LTE-Advanced
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Tomy, BUKOpHCTaHHS 3aITPONOHOBAHOI CXEMH CTPYKTYPHOI afjanTaiii KacKaJHIX
KOJiB MPHUBOAMUTH A0 3a0e3MeveHHs 3a7aHoi TOCTOBIPHOCTI mepenadi iHpopmalii,
npu poMy npomyckHa cupoMoxkHicts BCIIJ 3menmyerscst Ha 4—12%, Tomi 5K y
cucremi 4G LTE-Advanced ua 20-35%.

301TBIICHHS MIBUAKOCTI KOTyBaHHS B MEPIIOMY KacKai Aa€ 3MOTY IiIBHITUTH
JIOCTOBIpHICTh Nepenadi inpopmaiii. Ha puc. 5 nmokazaHa 3aexHICTh HMOBIPHOCTI
0iTOBOI ITOMHWJIKH Bijl BiZHOIICHHS CHUTHAJ-3aBa/ia, 3MOJACIIbOBAaHA 3 TTapaMeTPaMH,
AQHAJIOTIYHIMH THM, SIKi BHKOPHCTOBYBAJIUCH JUII OTPUMAaHHS 3aJIe)KHOCTEeH puc. 3.

BuHo, 1m0 101aTKOBA 3MiHa IBUAKOCTI KoayBanus 10 R,, =1/3 npusomuts 1o

OJIepKaHHSl €HEepPreTMYHOro Burpamry koxyBanua 0,5 nb, mpu npomy cymaphHa
MpOITyCKHA 3[aTHICTh 3HWKY€EThCs He Habarato i nopiBHioe C =112 Git/cumBou.

PB}JEK 1_ i i — t T =
f R, =4/15=026 = E,/N,=958 ]
- C=L12 Gir/enmBon T y=025 ]
0.1F ) I e . =
\\'. —
L R, =4/5 ic2a
0.01=k -
\\ T T T
A = R, =3/4
1-10 3 \\ - /\
RS — —
3 AY * )
\ N R, =5/8
110 * P4 e —
N — R, =1/3 —
N . N |
- TN\ MON
1-10
0 05 1 15 2 25 3 35 4 45 5 EJ/N,

> /:[B

Puc. 5. I'padik 3amexkHOCTI cepeqHbOi HMOBIPHOCTI OITOBOT MOMHIIKHM JCKOIYBaHHS Bif
BIIHOIICHHS CHWTHajd-3aBaja Il CHCTEMHM 3 [apajelbHO-TIOCTIJOBHUM KacCKaJIHUM
KOAyBaHHIM

[Momanbina 3MiHa MIBUAKOCTI KOAYyBaHHS 30BHIIIHLOrO kKoxy Pima-ConmomoHa
CHpHUATHME iABUILEHHIO JOCTOBIPHOCTI nepenadi ingopmarnii. Ha puc. 6 nmokazano
rpagik 3a1exHOCTI cepeAHboi MMOBIpHOCTI OiTOBOI MOMMIIKM BiA BiJHOIICHHS
CHUTHAJI-3aBa/JIa I/l YaC BUKOPUCTAHHS TLTBKH ITOCIIOBHOTO KACKAIHOTO KOJTyBaHHS
Ta KOojyBaHHsl, aHaoriudoro cuctemi 4G LTE-Advanced.

Ananiz rpadiuyHHX 3aJeXHOCTeH CBiTUMTh, IO AJs HMOBipHOCTEH OiTOBOI

-3 .
nomuikn nexomysanns P, >10" kpami xapaktepucTukm mokasye cxema 3

o . . . -3 .
OJIHUM KOJIEKOM, TIpu HMosipHocTsx Gitosoi mommiku P, <107 kpami

XapaKTePUCTUKH JOCTOBIPHOCTI Ma€ KacKalHa MO0y0Ba KOJICKIB.
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P ) 1
B mex o 4G LTE TK(ISII)
- - . TK(13,11) R=122
0.1 TK(13,11)+PC(7.5) []
mmm TK(13,11)+PC(15,12)
it [+ TK(13,11+PC(1.23) | |
2]
1x10”3 3
.
1x107* >

1x10”°

» RE
I

-8
1x10
“T_06 -0215 005 0375 07 1025 135 1675 2 E,/N; .

b

Puc. 6. I'padix 3amexxHOCTI cepeqHbOi HMOBIPHOCTI OiTOBOI MOMWIIKH JEKOAYBaHHS Bif
BIJHOIIICHHS CHT'HAJ-3aBa/Ia ITijl 9aC BUKOPHCTAHHS KAaCKaIHOTO KOTYBaHHS

. ) .. . s
Taxk, ayst KMOBIPHOCTI OITOBOI MMOMIIIKH JIEKOTyBaHHS PB e =10" kackagHa

moOyoBa Ko/IeKiB 3a0e3neuye eHepreTnyanid Burpar koayBanas 0,8 nb 6e3 3minu
LIBUKOCTI KOJYBaHH, TOOTO MpH 0JIHaKOBil npomyckHii 3patHocTi BCIL/I.

BucHoeku

1. ¥ crarti NpOMOHYEThCS METOA CTPYKTYPHOI aianTailii KacKajHUX KOJIIB,
Mpu3HaueHui Juisi 3a0e3redeHHs 3aJaHoi JOCTOBIpPHOCTI mepemadi iHdopmarii
0€3MpPOBOIOBUX CHUCTEM Mepejadi JaHUX IMPH il 3aBaj 3a PaxyHOK TUHAMIYHOTO
CHHTE3y KOMOIHOBaHUX CTPYKTYp KacKaJHHX KOJiB B YMOBax ampiopHOi
HEBU3HAYCHOCTI.

2. KoMm0iHOBaHa CTPYKTypa NMOOYZOBH KacKaJHUX KOJIB pa3oM 3 TEXHOJIOTIEI0
OFDM no3Bojisie HE3aJeKHO ajanTyBaTH IIBHIKICTh KOJYBaHHS KOXXHOIO 3
KacKaZiB KOJyBaHHS 3aJIS)KHO B Pe3yJIbTaTiB aHaJi3y 1OCTOBIpHOCTI iHpopMallii B
OMY KacKaji, 10 MPUBOIUTH 0 3a0e3MeueHHs 3a/IaHO0i JOCTOBIPHOCTI mepenadi
iHpOopMallii, mpu oMY nporyckHa cripomMoxkHicTs BCIT/l 3mentnyetbest Ha 4—12%
npotu 20-35% BiOMHX pe3yibTaTiB.

3. Buxopucranns koxmiB Pima-ConomMoHa B TMOCHIZOBHIA KacKagHIA cxeMi 3
TypOOKOJaMH 3a paxyHOK ajanTaiii IIBHIKOCTI KOJyBaHHS Ii€l KacKaaHOi
KOHCTPYKIIIT JIo3BOJIsiE  onepxaru eHepretwunmid  Burpam  0,5-0,7 nb  6e3
301IBLICHHS] TPOIYCKHOI CIIPOMOXHOCTI CHUCTEMH Iiepenadi B IOPIBHSAHHI 3
CHCTEMaMH, SIKi BAKOPUCTOBYIOTh TITBKH TYPOOKOIIH.
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INFORMATION TECHNOLOGIES OF SIMULATION OF BEAM
STRUCTURES USING MULTISPECTRAL SPACECRAFT MATERIALS

Abstract. The work is devoted to solving the scientific and practical task of modeling
beam structures based on the materials of multispectral space images based on
aerospace and contact measurements. The effectiveness of the use of space survey
materials for the study of soil cover largely depends on the time of the survey. The
linear forms of erosion (waterholes, ravines) are deciphered on space photographs,
which are displayed only on images with a spatial resolution of 1-2 meters in the
form of narrow, clearly delineated contours that have a jagged shape.

The developed clustering algorithm makes it possible to more clearly identify beam
structures on satellite images in combination with data from digital terrain models
(DRM). A number of experiments were conducted on some set of remote sensing
data of Boryspil and c. Panchevo, Novoukrainsky District, Kirovohrad Region. The
experiments consisted in determining the spectral and other features of the beam
structures (for example, the shape, soil types, etc.), which are located in different
places of the territory that was investigated.

On images with a spatial resolution of more than 10 meters, ravines are usually not
displayed, but networks of beams with elongated wavy tree-like shapes are clearly
visible. In the course of the study, data from multispectral imaging from the Sentinel-2
satellite (MSI scanner) and DEM (Digital Elevation Model, DEM) data obtained
through the SRTM 3 archive were used.

The research results showed that automating the process of highlighting beam structures
on multispectral images with a spatial resolution of 30 m is very difficult. First of all,
this can be explained by the fact that the beam consists of vegetation that is also present
outside the beam. In addition, the number of channels of the ETM+ scanner and its
spatial ability are not enough for a clearer separation of the "beam" class.

Key words: information technologies; ecosystem; soils; topography; spectral
channels; remote methods; contact methods.

B.M. TpucHuiok, B.O. lllymeiiko

IHcTuTyT TenexomyHikamiid i riobanbHoro iHdopmaniiiHoro mpocropy HAH VYkpainw,
M. KuiB, Ykpaina

TH®OPMAIIIMHO-TEXHIYHE MOJEJIOBAHHS BAJIOYHUX
CTPYKTYP 3A MATEPIAJTAMU MYJIbTUCHHEKTPAJIBHUX
KOCMO3HIMKIB

Anomauin. Pob6omy npucesaueno po3e’sa3aHHIO HAYKOBO-NPAKMUYHO20 3A60AHHS 3
MOOeno8antss  OANOYHUX CMPYKMYp 3d mamepianamu MyTbmMUcheKmpanibHux
KOCMO3HIMKIE HA OCHOBI AEPOKOCMIYHUX mMaA KOHMAKMHUX  SUMIDIOBAHD.
Egexmusnicmo 3acmocyeanus mamepianié KOCMIuHOI 3UOMKU 075 6UGHUEHHS

© B.M. TpucHrok, B.O. llymetixo, 2023

ISSN: 2411-4049. Exonoriyna Ge3rneka Ta IpupogoKopucTyBanHs, Bui. 3 (47), 2023


mailto:shym1983@ukr.net

~ 145 ~

IPYHMOBO20 NOKPUBY 6 3HAYMIU Mipi 3a1edxcums 6i0 uacy nposedenns suomxu. Ha
KOCMO3HIMKAX Oewugpyiomovcsi NiHiUHI opmu  eposii (6000poinu, sapu), Ki
8I000pax;CarOMvbCs MINLKU HA 3HIMKAX 3 RPOCMOPO8UM po3pisHenHam 1-2 mempu y
8U2nA0I 8Y3bKUX, YiMKO OKPeCleHUxX KOHmYpis, SAKi Maoms 3a3yopeHy ¢opmy.
Pospobnenuii arcopumm knacmepuszayii 0036014€ Oinbul YimMKO BUABTIAMU HA
KOCMO3HIMKAX OANOYHI CMPYKMypU y KOMNIEKCi 3 OaHumMu yugposux mooenel
penvedpy (LUMP). Byna nposedena HU3KA eKCHEPUMEHMIB HAO 0esKOI0 MHOMCUHOK
Odanux oucmanyitnoi suomxu m. bopucnine ma . Ilanueso, Hooykpaincovkozo p-Hy
Kiposoepaocvkoi 06a. Excnepumenmu noasieaiu y 6U3HAYEHHI CHEKMPATbHUX Mda
iHwux ocobausocmell 6ANIOUHUX CMPYKMYp (HANPUKIAo, Gopmu, munié IpyHmMie
ma iu.), SIKL pO3MAUOBati y PIHUX MICYsX mepumopii, wo 6yia 00cniodceHa.
Ha 3nimkax 3 npocmoposum pospiznennsm o6inouie 10 mempis apu, sk npasuio, He
8i00Opadcaromocs, aie 006pe UOLISIIOMbCS MePedici DALOK, W0 MMy GUIMACHYMI
xeunsicmi Oepesonodioni opmu. B x00i Oocnidoicenns Oyau suxopucmawi Oaui
Myrbmucnexmpanbioi siomku 3 cynymuuxa Sentinel-2 (ckanep MSI) ma oani DEM
(Digital Elevation Model, [[MP), ompumani uepes apxie¢ SRTM 3.
Peszynomamu  docniosxcens nokasanu, wo asmomamusayisi npoyecy GUOiLIeHHs
OanoOUHUX CMPYKMYD HA MYIbMUCNEKMPATbHUX 300DANCEHHAX 3 NPOCHOPOBUM
pospisuenHam 6 30 m Oyace ckraoua. Ilepus 3a 6ce ye MONCHA NOACHUMU UM, WO
banKa ckadaemvcsi 3 pOCIUHHOCI, AKA NPUCYmHs i 3a mexcamu oanxu. Kpim moeo,
Kinbkocmi kananie ckanepa ETM+ i 11020 npocmopoeoi 30amnocmi HedocmamHibo
05 6ibwt wimko2o0 eudinents kiacy “oanxu’”.
Knwuosi cnosa: ingopmayitini mexnonoeii; exocucmema, IPYHmMu, peivbeQh
Micyegocmi, CneKmpanbhi Kanaiu, OUCManyitini Memoou, KOHMaKmui Memoou.
https://doi.org/10.32347/2411-4049.2023.3.144-153

Beryn

I3 30imbIIEHHSM aHTPONIOTEHHUX HABaHTAXEHb TMOPYIIYIOThCA — 30araHCcOBaHi
TIPUPOTHO-EKOJIOTIYHI 3B’S3KH, TPOTPECYIOTh IPOIECH JAerpanamii (eposis, 3CyBH,
KUCJIOTHICTb, 3200JI0YEHICTh, 3aCOJICHHSI, 3a0pyAHeHHs TPYHTIB). KocMiuHiI 3HIMKH He
TIJBKH JO3BOJISIOTH CYIUTH PO PO3BUTOK Ta IHTEHCHUBHICTH MPOIECIB BOAHOI €po3ii
Ta BITpOBOi aedusAwii rpyHTIB, ajle W BiAOOpakarOTh arpOTEXHIYHI 3aXOJH, IO
HaIpaBJieH! Ha 3ano0iraHHs MM TpoliecaM. [HIMIA BUI arpOTEXHIYHUX 3aX0IB —
BUWJIYYEHHSI 3 CLIBCHKOTOCIOJAPCHKOTO BHKOPHCTAHHS Ta 3aJliCEHHs BEpXiB’iB Ta
cxuiB 6anmok. MeTofiB, SKi JO3BOJIIOTH aBTOMATHU3YBaTH IPOILIECH BHUIUICHHS
JMHIHHUX CTPYKTYyp, HebaraTo. Hampukiaj, BiloMUM € iHCTpyMeHTapiii cHCTeMH
Geomatica, sKuii JIO3BOJISIE 32 JAHUMHU paJlapHOi 3HOMKH OyyBaTH BEKTOPHI KapTu
po3nojiny JiHiaMeHTiB. BimomMuM MeTOqOM, IO I03BOJIsSE€ BU3HAYATH IIiHIHAHI
CTPYKTYpHI €JIeMEHTH 300paXkeHsb, € neperBopeHHs Xada [1]. Ane oOuucioBaibHi
METOJIH, 5IKi I03BOJISIFOTH €(DEKTUBHO BCTAHOBUTH PO3TAITyBaHHS 0aJlOK Ta BUJISATH
iX y okpeMi KJ1ac, IpakTHYHO HeBifoMmi. ToMy 151 mpobieMaTHKa € HaJA3BHYAHHO
aKTyaJbHOIO, OCKUIBKM po3poOKa MeToAy IIoJ0 aBTOMaTH3alii mmporecy
ineHTudikaiii 0aoYHUX 00’ €KTIB Ha 300paKEHHSX € JTy’KEe KOPHCHOIO 1 MOKe OyTH
y MOJajIbIIOMY 3aCTOCOBaHa MPH MOOY0BI TEMATUYHUX KapT MICIIEBOCTI, a TAKOXK
JOCIIDKEHHSX penbedy.

AHaJi3 ocTaHHIX A0CTiAKeHb i myOJikaniii. EkciepuMeHTanbHi JOCITiKEeHHS
TEXHOTCHHUX YHWHHHKIB, TIOB’S3aHI 13 MOJICIIOBAHHAM OajJOYHUX CTPYKTYp 3a
MaTepialaMi MYJIBTHUCIIEKTPaIbHUX KOCMO3HIMKIB TEPHUTOpiH, IPYHTYIOTHCS Ha
BUKOPUCTAaHHI METOIWKU EKCHEepPTHOI OLiHKM Ta iH(opMmamiifiHux TexHoiorii. B
Ykpaidni OCHOBHMMH HAyKOBIIMH B 00JIACTI KOCMIYHHMX IOCHIKEHb IPYHTIB €.
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JIsmpko B.1. — ciekTpanbHi XapaKTepUCTHKH pOCIUHHOTO MokpuBy; [lomos M.O. —
MTPOTHO3YBaHHS BPOXKAHHOCTI 36PHOBUX KYJILTYP 32 0araTOCIEKTPaIbHUMHU JaHUMHU
133 [2], Tpodumuyk O.M., Kpacoecekuii ['.4., I'pexos JL.J[. — kocmiunuit
MoHiTOpHHT 3a0pyaHenHs 3emend [3], Ilamac P.M. — xocmiuHHMH MOHITOpPHHT
nerpanartii rpyHTiB [4].

Meta po6oTu. MeToro pobOTH € po3po0Ka Ta yIOCKOHAICHHS 1H(hOpMAIliitHO-
TEXHITHOTO MOJICITIOBAaHHS OaToIHIX CTPYKTYP 3a Marepiaramu
MYJIbTUCTIEKTPAIHHIX KOCMO3HIMKIB.

Bukax ocHOBHOT0 MaTepiay 10CTiZKeHHS

B 0CHOBI TUCTaHIIIIHOTO 30HAYBaHHS €PO3IHHUX MPOLIECIB 1 ABUIIL JIGKUTh CUITBHUN
BIUTHMB €po3ii Ha ONTHYHI BIACTUBOCTI IPYHTIB. Llel BIIMB Mae Miclie 3aB/ASKH TOMY,
0 epo3isi TPYHTIB MPHUBOIUTH JO 3HIDKEHHS BMICTY B HUX TEMHO-KOJIBOPOBHX
YaCTUHOK T'YMYCY 1 IMIMHAHUX (pakuiid TpaHyJIOMETPUYHOrO CKJany, 110, B CBOIO
4epry, IPUBOJUTH 10 OCBITIICHHS (30UIBIIEHHS SICKPABOCTi) IPYHTOBOTO MaTepiaty.
Jo Toro x, 1e SBUIIE MiJCHITIOETECS B PE3YNIbTaTi BUXOMY Ha MOBEPXHIO OLTBII
CBITJIMX TEPEXiAHUX TOPH3OHTIB 1 TOPOJM BHACTIOK 3MHBY BEPXHIX TOPHU30HTIB
IPYHTIB (Ile CTOCY€ETBHCS TUX IPYHTIB, BEPXHI TOPU3OHTH SKHX i3 CAMOTO IMOYATKY
SBIISIIOTbCA OB TEMHMMH B TOPIBHSHHI 3 mMOpoot0). Ha KocMiyHHX 3HIMKax
3HAXOJUTh BiOOpaKEHHS Taka BaKJIMBa JWHAMIYHA BJACTHUBICTH IPYHTIB, SK
€POJ0BaHICTh, PO3BUTOK SKOI YACTIIIE OB’ I3aHUH 3 HECTIPUATIMBUMU HACIIAKAMU
TOCHOAAaPCHKOI AisTTBHOCTI.

EponoBanicth 1pyHTIB MOKe OyTH HacmigkoM abo BOTHOI epo3ii, abo BiTpOBOi
nedursmii. Ha kocMo3HiMKax nemm@pyroThes JiHiiHI popMu epo3ii (BOIOPOiHH, SIPH),
SIKi BiJOOPaYKAFOTHCS TIIBKY Ha 3HIMKAaX 3 MPOCTOPOBUM PO3pi3HEHHsIM 1-2 MeTpH y
BUTJISIII BY3bKHX, YITKO OKPECICHUX KOHTYPIB, SIKi MAIOTh 3a3yOpeHy Gopmy.

Ha 3niMKax 3 mpocTopoBuM po3pizHeHHM Oinbiie 10 MeTpiB apH, SK MpaBUIIo,
HE BioOpakaroThes, ae J00pe BUIUISIOTHCS Mepexi OaloK, 1110 MaloTh BUTATHYTI
XBWISICTI AiepeBonofiOHi ¢opmu. [IHuma Ta cxuiam OanoK 3BHYAWHO 3alHATI
MIPUPOTHOIO POCIMHHICTIO, O1BIII TYCTOI Ta BOJOTOIIOOUBOIO Y HIDKHIX YaCTHHAX
cxuiiB Ta mo pHUmax. PaxiBusgMu [HCTHTYTY TeleKkoMyHIKaliid i TI00aIbHOTO
iHpopmarniitHoro mnpocropy HAH VYkpainm OyB po3poOneHuit anroputm
KJIACTepu3allii, M0 TO3BOJISE OUIBII YiTKO BHUSBJIATA HAa KOCMO3HIMKax OajmouHi
CTPYKTYpH y KOMIUIEKCI 3 maHuMu IudpoBux mozeneil penbedy (LIMP). Byna
MpoBe/ieHa HU3Ka EKCIEPUMEHTIB HaJ JESKOK MHOXXKHHOIO JAHWX JTUCTaHIIIHHO
siiomkn M. Bopucnine ta €. [TanueBo, HoBoykpaincekoro p-Hy KipoBorpaackkoi
o6n. ExcnepuMeHTH monsraiM |y BU3HAUCHHI CIEKTPaIbHUX Ta IHIIUX
0co0IMBOCTEH OATOYHUX CTPYKTYp (HAnpuKiaj, popMu, THUIIIB IPYHTIB Ta iH.), sKi
pO3TalllOBaHl y PI3HUX MICIAX TepuTopii, mo Oyia mociimkeHa. Takox OyB
JOCIIDKEHUH 1HCTpyMEHTapiil MOJeTIIOBaHHS, 10 BXOAUTSH A0 CKJIaly MPOrpaMHOro
3abe3neuenHs nakety ERDAS Imagine, 1 po3po6ienuil anroputM Kiacrepu3sanii
nomaTtkoBux ganux 3 [IIMP [5].

JuHamiKy 3MiH MICLIEBOCTI BIACHIIKOBYEMO Ha OCHOBI Pi3HOYaCOBHX
KOCMO3HIMKiB. Hampukinan, Ha pucyHKy 1 npencTtaBieHi ¢pparMeHTH KOCMO3HIMKIB
3 cynytHuKiB Landsat-5 ta Landsat-7, oo orpumani y 2004 (puc. la) Ta y 2022
(puc. 16) pokax BimmoBigHo. Ha 300paskeHH] mpeacTaBieHo Micto bopucmins. Ha
PHUCYHKY 2 moka3aHi oun(poBaHi yMOBHI MeXIi MicTa, SIKi 3a3HaJIM 3HAYHUX 3MiH 32
rriepion 3 1990 mo 2022 pokwu.
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Puc. 1. Kocmiunnii 3HiMok M. Bopucmine: a — 3ifomka Landsat-5 (2014 p.); 6 — 3iiomka
Landsat-8 (2022 p.)

Puc. 2. 3minn y mexax M. bopucminb: 1 (3enenuii koiip) — cran Ha 2014 p.; 2 (depBoHHit
Koutip) — crad Ha 2022 p.

AJe nsi aBTOMAaTH30BAHOTO BCTAHOBJCHHS OaJlOYHUX CTPYKTYp, sK Oyne
MOKa3aHo Jalli, TAKUX 3HIMKIB HEJOCTATHHO. Y PI3HUX Mpaisix, HAMPUKIAMI, JJIs
JIOCHI/PKEHb BHKOPHCTOBYIOTH JIaHi pajapHoi 3ioMKH. OCHOBHOIO BiJIMiHHICTIO
Takoi 3MOMKM € caM NpPUHIMIT peecTpaulii CKaHepoM iHQopMalii mpo 3eMHY
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noBepxHio. OmHUM 3 0araThOX 3aralbHOJOCTYIHHX apXiBiB pajapHOi 3HOMKH
(2010 p.) € apxiB SRTM (Shuttle Radar Topography Mission).

B xoxi mocnimkeHHsS Oyau BHKOPHCTaHI JaHi MYJIbTUCIEKTPAIBLHOI 3MOMKH 3
cynytrauka Sentinel-2 (ckanep MSI) Ta nani DEM (Digital Elevation Model, IIMP),
otpumaHi uepes apxis SRTM 3 (puc. 3).

a A §)

Puc. 3. Kocmosnimku C. [TanueBo, KipoBorpasceka 0011.: a — MyJIbTUCIIEKTpalIbHA 3HOMKa;
0 — pamapHa 3iioMKa

CydacHi mporpamHi 3aco0u s 0OpoOKH KOCMO3HIMKIB € TIOTY)KHUMH Ta
BKITIOYAIOTh BEJIMKY KUTBbKICTh pi3HUX (yHKHiH. Jlo Takux mporpamMHHX 3aco0iB
BimHOCSATE ERDAS Imagine, ENVI, PCI Geomatica Ta inmmi. Y Xozi [ociimKeHHs
BUKOpUCTOBYBaBcs iHcTpyMeHTapiii ERDAS Imagine Bepcii 8.4. {nst qocmimkeHHs
CIEKTpAIbHUX  BJIACTUBOCTEW oOjHiEl 3 Benwkux Oanmok C. [laHdeBo,
KipoBorpaacbka 00:1. oOym0BaHi OMUHAIISTE CIIEKTPATBHUX MPOQLIIB 1O TOUKAX,
1o OyJiu po3TaIIoBaHi y3/10BXK Oanku (puc. 4).
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Puc. 4. CnexrpanbHi npodiiai TOYOK, IIO PO3TAIIOBAHI Y3[OBX OajKM Ha KOCMO3HIMKY
3 cynytHuKa Sentinel-2 (MSI)
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Binomo, mo cynytauk Sentinel-2 o6iaananuii ckanepom MSI. [lani 2021 poky
3WOMKH, 1[0 OTPUMaHi 3 apxiBy €BpONEWCHKOr0 KOCMIYHOTO areHTCTBA, MICTAThH
12 xananiB. Kanamu 2, 3 ta 4 — 1¢ KaHaIW CHUHBOTO, 3CJICHOTO Ta YEPBOHOIO
MiIiana3oHiB BUAUMOTO CIIEKTpPY; 5, 6 Ta 7 — KpaiiHiii yepBOHUIA; 8 — OIMKHBOTO
iHppavepBoHOro; 9 Ta 10 — MpeACTaBIAIOTh PO3OUTHIA TETIOBUN KaHaN CKaHEepa;
11 ta 12 — cepenHniii indpayepBonnii; 1 — maHXpOMaTHYHUN KaHAT 3HOMKH.

SIK TOKa3aNM JOCTI/DKEHHS, NMPH PO3TAIlyBaHHI KOHTPOJIBHUX TOYOK Y3ITOBK
0aku OTPUMYEMO KOJHMBAHHS 3HAYEHb MPAKTUYHO IO BCixX KaHanax. Kpim Toro,
OCKIUTbKM Oalika MOKPHUTa TYCTOIO 3eJICHOI0 POCIMHHICTIO (Yac 3MOMKH — MICSIb
CepIIeHb), TO CHEKTPaIbHI XapaKTePUCTUKU OyIyTh Iy’Ke MOAIOHUMH 10 3BUYaiHOT
I'yCTOl 3€JIEHOT POCIMHHOCTI, 10 POCTE 3a MEKaMu OalKu (HApUKIAI, Y MapKax)
[6, 7].

OpHak ciij] BiI3HAYUTH, 110 3HAYCHHS y KaHaJli 8 OiIbII HU3bKI, HIXK Y BHIIAIKY
MapKoBOi POCIMHHOCTI. Lle MOXKHa MOSCHUTH HAsBHICTIO Y AHUINI OajKu BOAM Ta
HasBHICTIO O1MbLI TyCcTOi TepacoBOi POCIMHHOCTI. Byno Takox BCTaHOBIEHO, IO
3HAUYEHHS Yy TEIUIOBMX KaHajlaX 3HA4YHO MEpPEeBHUIIYIOTh Y POCIUHHOCTI, sKa
3HaXOJHUTHCS 032 MEXaMH OalKy, HANpHKIA] POCTE HA BYJHUIAX HACEIECHOTO
MYHKTY.

ToOTo Maemo mpocrimmmii KiacudikaTop. Sk mokasaiu ITOCIiPKEHHs, HaBECHI
YMOBU OYyAyTh TPHU3BOJUTHA 1O MOSIBU Yy TEMaTHYHOMY 300pa)KeHHi BEIHMKOI
KUJIBKOCTI MTOMMJIKOBUX IIKCEJB 1 TOMY CJiJl CKOPUCTATHCS OifbI 3BYKCHUMH
Me)XaMHU 1HTepBaliB Kiacudikalii, HANpUKIaJ HACTYITHUMH, SIKi MPUBEIYTH IO
OLTBII YiTKOTO BiJJTHECCHHS TIKCENIB 10 00’ €KTa OaiKu:

60 < f4(x,y)<T70
140 < f6(x,y) <150
160 < f7(x,y) <170’
40 < 8(x,y) <55

f(x,y) =Red, sxwo inaxwe T(x,y)=G0Cray . (1)

Sk 10BeNN €KCIIEPUMEHTH, JKOJIHI BiJOMI METOIM KiIacudiKallii, 1110 MPUCYTHI B
ERDAS Imagine 8.4, He 103BOJISIIOTH 3p0o0UTH Ki1acH(pikawito 0e3 3HaYHOT KiJIbKOCTI

TIOMUJIOK.
Posrnsiremo Bumanok 3acrocyBanns nannx SRTM. Ha pucynky 5 npezcrasieHi
BitoOpaskeHHs1 kKocMo3HIMKY Ta DEM 3a nanumu SRTM.
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Puc. 5. [udpposa Moaens peabedy i3 KOCMO3HIMKOM: a — B 3BepXy; O — BHI 3 TIOBEPXHI;
B — 0aJika, 10 JOCIIiHKyBaIach

Hexait maeMo MHOXHHY TOUOK [j (X, Y, Z) , TAKHUX, 11I0 NOKPUBAIOTH IUISTHKY
f (X, y) 3 JIeSKUM KPOKOM, Ta MAa€EMO MESAKY AIISTHKY g(x, y), sKa IOKPHUBAE

Oanky. Bimomi 3HaueHHA ZmijnTa Zmagx M4 f(X, y). Hexali ocHOBHHUM

KpUTEpiEM BiIHECEHHS JI0 KacTepy Oy/ie BUKOHAHHS HACTYITHOT YMOBH:
pi(x,y,z)eCluster, ko (D (xy.2).p(xy.zmin) < RIA(Prpi(xyz) <Pr), (2)

ne D — Bigcranb Mixk JBOMa TOUKaMU, IO HE TIEPEBUIIYE pajiiyc MOMyKy R;
Pr — BLICOTOK, IO BHM3HA4Ya€ BHUCOTY TOYKH BIIHOCHO Zmin Ta HE MOXe
HePEBHUIIYBATH 3a/laHe 3HaYeHHs Pr'.

Anroput™m BinHeceHHs P (X, Y, Z) o 9(X,y) Oy/le HACTYITHUM:

Kpok 1. KopucryBauem 3agarorsest R Ta Pr'.
Kpok 2. Cteoproetbest HoBuit kinactep Clusterl.
Kpox 3. 3maxomutses P(X, Y, Zmin) Ta 3aHocuthes go Clusterl.

Kpok 4. 3uaxomatecs P;j(X,Y,Z), mo 3ag0BonbHse (3) Ta 3aHOCHTHCS 10
Clusterl.
Kpok 5. fIkmo e me Pj (X, Y,2), sxi ue ysiituum go Clusterd, To nepesipserses

Prpi (x,y,z) Ta crBoproeThes Cluster2.

Kpok 6. IToBroproetbes kpok 4 miist Cluster2.
I Tak fani, moku He Oy/e BUUEPIIAHO MHOXKHHY BCiX MoxkimBHX Pj (X, Y, Z) .

{06 Oinmpmn wiTkO 3’sicyBatu (opMy OalKU Ta 3HAYEHHS BHCOT, MOXIUBO 3
ERDAS Imagine Bukonatu excriopt aanux DEM y ¢dopmar cucremu Surfer. Ha
PHUCYHKY 6 IPE/ICTaBIEHO MOJEINb penbedy Oanku, mo nodyaoBaHa B il cUCTEMI.
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VY cepenosumi MS Visual Studio moBoro C++ Oyma po3pobieHa mporpama, sika
peaiizyBaja 3alpolOHOBAaHUM aITOPUTM KiacTepuszalii. BXigHumu mxaHuMu
cmyxumn  Pi(X,Y,2z), #axi 3umTyBammcs 3 Qaitny ¢opmary Surfer GRD.
B pesynpraTi OyB OoTpmMaHWii Habip TOYOK, IO MOKPHUBAIOTH CTPYKTYPY Oanku
(puc. 7). Bincorok monaganHs y 30Hy 0anku ckias 49%.

5399500

5399000 -

53985004

53930004

5397500

5397000

5396500

5396000

1088500 1089000 1089500 1090000 1090500 1091000 1091500

Puc. 6. Mogens penbedy Oankw, sika nodynoBaHa y cucremi Surfer

Crin 3a3Ha4MTH, IO PE3yIbTATH KiIacTepH3allii CHIBHO 3aJIeXaTh Bif BHOOpY
3Ha4yeHb napamerpis Pr’ ta R.

& T

Puc. 7. Pesynbrar poGoTu anropurMmy kinacrepusanii (mapamerpu R = 300 u, Pr'= 10%
(BuyTpimasoknactepuuit), Pr'=50% (MixknactepHuii))
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BucHoBku

Pesynpratn pmocnmimkeHp MOKaszand, IO aBTOMATU3allisl MPOLECY BHIICHHS
0aJOYHUX CTPYKTYP Ha MYJIBTHCIIEKTPAIbHUX 300paKCHHAX 3 IPOCTOPOBUM
pospizHeHHsM B 30 M nyxe ckiagHa. Hacammepen me MOKHA TIOSCHUTH THM, IO
0aJKa CKJIaJaeThCsl 3 POCIMHHOCTI, SIKa MPHUCYTHS 1 32 MexxaMu Oanku. Kpim Toro,
KUTBKOCTI KaHaiB ckanepa ETM++ 1 fioro mpocTopoBOi 3aTHOCTI HEAOCTATHRO IS
O1ITBII YiTKOTO BHUIIIJICHHS KJacy “‘Oaiku’”.

HopaTtkoBi maHi mpo penbed JO3BOJSIIOTH YiTKO BHU3HAYMTH MicCIsl Oaliok, ae
HampsiMy IX BHKOPHCTaHHS Yy Tmpomecax Kiacudikamii MyJIbTHCHEKTPaTbHIX
300pakeHb 0€3 JT0IaTKOBHX OIepalliii yckiiagHeHo. Takow T0IaTKOBOIO OTEparliero
MoOXe OyTH 3aIllPOTIOHOBAHMI allrOPUTM, a00 HOro pisHi MOIUQIKaLil, IKHiA T03BOJISE
OTPUMYBATH TiBKU Ti €IEMEHTH 3 IU(POBOi Mozenm penbedy, siKi BITHOCATHCS /10
Oanoyanx cTpykTyp. Omepyroun koopauHaTamu X Ta Y 3 OTPHUMaHOI MHOXXHHHU
TOYOK, iX MOYKHAa BHKOPHCTaTH SK MAacKy Ui orepariii BUAUJICHHS Oalok Ha
MYJIBTUCTIEKTPATIbHUX KOCMO3HIMKaX. TPUKYTHUKH — TOYKH, IO € KOHTPOJIbHUMHU.
[IpSIMOKYTHHKH — TOYKH, 10 OTPUMaHi y TIPOIIeCi KIIacTepH3allii.
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SEARCH FOR AN EQUAL-STRENGTH CONTOUR INSIDE
A VISCOELASTIC RECTANGLE

Annotation. Irregularity of geometric and physical parameters in thin-walled
structures leads to significant concentrations of stresses and creates dangerous
zones for the spread of cracks or plastic deformations. Under the influence of a tense
state, they are similar to gills. Stress concentration zones in areas of irregularity
have a significant impact on the tensile strength and durability of thin-walled
structures. Traditional analytical and numerical methods known at this time are less
effective in investigating the stress-strain condition of corrugated thin-walled
structures. It is, therefore, necessary to develop new effective methods for solving
the tasks of this class. Currently, for engineering calculations, there is virtually no
comparison of simple and convenient formulas for determining the critical
compressive load taking into account the peculiarities of the design. The scientific
novelty of the paper is that to achieve the set goal, it will be used for the first time
in the general theory developed for the calculation of buildings and structures,
known as the "Theory of elasticity in ordinary differential equations." The paper
will show that the accuracy of this new theory is adequate to the classical elongation
theory and at the same time dramatically simplifies the solution of any problem in
the calculation of tiles, which is achieved by converting them to conventional
differential equations. The general methods of compiling differential equations, the
methods of its simplification, for the calculation of membranes with cross-sectional
incisions, and the calculation of plates under conditions of nonlinear deformation
are discussed. Methods for solving differential equations with variable and
momentum coefficients are specified. An algorithm and a program for the analysis
of the stress-strain state of spatial structures and their elements are developed. The
practical value of the paper lies in the possibility of using developed methods and
programs for the design and construction of buildings, as well as for the stability
tasks of slabs with holes, and panels used in construction as typical assembly
elements. The given mathematical algorithm and program for specific tasks, which
are distinguished by simplicity, can be used by design and research organizations
in the calculation and design of plates and membranes.

Keywords: Kelvin-Voigt model; Kolosov-Muskhelishvili formulas; Riemann-Hilbert
problems; Volterra equation.
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1. Problem Statement

Let S be a doubly connected region whose outer boundary is a rectangle A1, Az, As,
A4, whose sides are parallel to the coordinate axes, and whose inner boundary is a
smooth closed contour (an unknown part of the boundary of the region S). It is
assumed that normally compressive stresses with Known principal vectors act on the
sides of the rectangle (or constant normal displacements are given V,(c) = contst),
and the inner part (the desired equal-strength contour) is free from extrenal forces.
The equal strength of the desired contour lies in the fact that the tangential normal
stress acting on it at each point of the contour takes the same value depending only
on time t, i.e. 9(z,t) = Ky(t). The viscoelasticity of the S region as understood by
the Kelvin-Voight model.

To solve the problem, methods of complex analysis are used (methods of the
theory of conformal mappings and boundary value problems of analytic functions),
and the equation of the desired contour is written in an analytical form.

Similar problems of the plane theory of elacticity, plate bending and extended
systems are considered in [G. Kapanadze (2003, 2007), S. Shavlakadze,
G. Kapanadze, A. Gogolauri (2019)] and Ukrainian scientists [16-22].

2. Problem solution

Let us present some results from [9] and monograph [10]. In particular, the boundary
conditions of the second main problem of the plane theory of viscoelasticity acording
to the Kelvin-Voight model can be written in the form [R. Banrsuri (2006, 2007),
R. Banrsuri, G. Kapanadze (2013), D. Gurgenisze, G. Kipiani (2020), M. Mikeladze
(2018), R. Tskedadze, D. Tabatadze (2019), G. Kifiani, G. Akhalaia, V. Beridze,
G. Gegenava (2012)].

ae*e g (g, 1) +

+(p(0,7) —0¢'(0,7) —Y(0,7)) (1
2u(u +iv),o € L

N

Or
t
f[ae*ek(f‘t) + 2e™ O] @ (g, 7)dT —
0 )
- fotem(f_r)(fb(a, 7) + ®(0,7))dt = 2p* (U’ + iv');
®(o,7) = ¢'(0,t), 0 EL
And the first boundary condition of the main problem has the form [10]:
p(o,t) +0¢'(0,7)+¢Y'(0,7) = ifOG(Xn + i¥,)ds .

oc€L ©)
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Or
®(o,t) + ®(0,t) + 0®'(0,7) + +¥'(0,7) = N(0,7) +iT(0,t) . 4)
g€EL
Where

L=L ULy L= U,§=1L$cl), Lg{1) — the sides of the rectangle, Lo — the boundary of
the holes, and by t we will always mean the time parameter.
Taking into account (4), condition (2) can be written in the form:
[®(o,t) — M[N(o,t) +iT(o,t)] = 2u* (' +iv"). (5)
Where I" and M are time operators t:
[®(o,t) = fot[ae*ek(f_t) + Zem(r_t)]q)(a, 7)dt ; (6)

MIN(0,t) +iT(0,t)] = [, €™V [N(o,t) +iT(o,t)ldr. (D

Given that (u + iv) = (V, + iV,)e'*(?), (a (o) the angle between the ox axis and
the outer normal to the contour L, at the point ¢ € L), V,,(0) = const, V(o) = 0,

ocel,V(0) =V(0)=0,0 € Ly; T(0,t) =0,0 € Ly;

N(0,t) =T(0,t) = 0,0 € Lo, Re® (0,t) =220 =10 5 e )

from (5) we obtain

Rel ®(o,t) = 'K(t),0 € L, ;
[y [®(0,t) =0,0 €L, . ®

Where K (t) = KOT(t).

From (8) we obtain the Riemann-Hilbert boundary value problem:

Re[l®(0,t) —TK(t)] =0, 0 € Ly;

(€))
Im[l®(o,t) —TK()] =0, 0 €L;.

Let the function z = w({) conformally map the domain S onto a circular ring
D = {1 < [{] < R} and introduce the notation [ = [, U l;, where [, = {|{| = 1} and
l; = {|¢| = R} are line samples Lo and L; under the mapping z = w({).

From (9) after mapping the area Sto D, we obtain the Rienmann-Hilbert
boundary value problem for the circular ring D.

Re[I'®,(n,t) -TK()]=0, nely;

(10)
Im[T®(77,t) -TK(t)]=0, nel.

Where @,(&,t) = Dlw(S),t].
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Problem (10) has only a trivial solution, and thus to determine the function,
®,(&,t) we obtain

@, (S ) -K(t)]=0. (11

It is easy to show that equation (11) has only a trivial solution and, thus for the
function, ®(z,t) we obtain the formula:

d(z,t) =K(t), z=S . (12)

Therefore, for the complex potential @(Z,t), taking into account the equality
¢'(z,t) = §(2,t) we will have:

o(z,t) =7-K(t). (13)

Taking into account the equality X +Y, =(N +iT)e'”, and taking into
account (13), from (1) and (3) we obtain:

e “r[oK(t)]= 24V, (c) + MC(0) (14)
oel, I'[oK()]=0, oel,.

Where C(0) = i f; N(¢p)e!leCoa®lag, = 37_, [ ;) N({o) sin[a; — ay] dsy =
1
C,, =const,oel, r=14.
Boundary condition (14) after mapping the domain S onto D differentiating along

the arc abscissa, taking into account the piecewise constancy of the right side of (14),
can be written as:

Re[e “inQ(7,1)|=0, nel; (15)
Im[inQ(n,1)]=0, nel,

Where
Q(n,t) =T[K(t)w'(17,1)]. (16)
Consider the function:
2 2

10 = (-3 T(-m2) - (1-7%)

j=1
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It is easy to show that T (&) we satisfy the condition:

T =nTm), nel:; T =T@). nel,.

And consequently, the boundary conditions (15) with respect to the function

Q(n,1)

x(n,t) = ——=, can be written in the form:

T (1)

Re[ine*i“(”);((n,t)] =0, nel;
Im[ix(n,1)]=0, nel,.

(18)

4 (a2
The solvability condition for problem (18) hass the form H(—J] =1, and the

j=1
solution of this class problem itself hy (for this class, see [10]) is represented by the
formula:

26 ) =E(). (19)
Where

1 1

E@) =K They (1= %) 7 M2 s (1 - ) *-(1-222) . (20)

(K° — real constant)
Thus, from (16) and (19) we finally obtain:

T[K®)@'(7,)]=T()-E() . 21

Where T (<) and E(¢) are deifned by formulas (17) and (20), respecivally.
Thus, the definition of a conformally mapping function, and thus the definition
of the equation of the desired equal-strength contour, is reduced to solving an

equation of the Voltaire type (21).
Introducing the notation:

K)a'(£,1) = QL) T(OE) = FK (<) . (22)

From (6) and (21) we obtain the equation:

[ae*ek("” + 2em"’”] Q) =F(2) . (23)

[ S
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Differentiating (23) with respect to t and adding the resulting equality with (23)
multiplied by m, we get:

(m-—k)e"® .I[ekTQ(g“, r)dz + (@ +2)e“Q(< 1) = mF,(&)e. (24)

From (24) by differentiation with respect to t we obtain a differential equation of
the first kind

QD) +aQ(c ) =F(C) . (25)
Where

(26)
mae +2k (g)_kmF (4’)
® +2

(in the expression Q(é’ 1) the dot means the derivative with respect to t).

Based on the consideration that in the Kelvin-Voight model, the deformations
(hence, the stresses) change exponentially, in the future we will assume that the
function K(t) has the form:

K(t)=o,l+e) . 27)

Where 0, and & —are positive constants.
The solution of equation (25) has the form

Nt :e‘at-[ﬂ({,o)+#-(aat—1) (28)

From (22) and (24) we have 2({,t) = K(0o)w'({,0) = KF({) and thus for the
conformally mapping function, we finally obtain the formula:

W' (1) =—8 1+ (ak—1)-e"%]. (29)

aoy(1+e~¢et)
Where o.and F({) — are defined by formula (26).
After determining @'(¢,t) the equation of the desired contour, it will be written
in the form
ina'(n,t
o = M2’ (n.1)

’ ,oel,,nel,.
|'(7,1) |

3. Conclusion

The condition of equal strength of the desired contour is that the tangential normal
stress on it takes a constant value. Note that the mentioned voltage is a function of
point and time. To solve the problem, methods of the theory of conformal mappings
and boundary value problems of analytic functions are used, and the equation of the
desired equal-strength contour is constructed efficiently.
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I'. Kanananze, B. bBanaBanse, JI. Kpicreciamsini, B. ApuBanse
MNOomyYK PIBHOMIIIHOI'O KOHTYPY BCEPEJIMWHI B’SI3KOIIPYKHOI'O
NPAMOKYTHHUKA

AHoranis. HepiBHOMIpHICTh T€OMETPUYHUX 1 (I3UYHUX MApaMeTPiB Y TOHKOCTIHHHX
KOHCTPYKISIX IPU3BOANTH JI0 3HAYHOT KOHIIEHTpallii Halpy>KeHb 1 CTBOPIOE HeOe3 ey Hi 30HH
MOUIMPEHHS TPIlMH abo rmiacTHyHuX aedopmanii. [lig BIVIMBOM HaNpyKEHOTO CTaHy
TOHKOCTIHHI KOHCTPYKLiT Ha0yBalOTh PEOPUCTOTO BUIIIALY.

30HU KOHIICHTpAIIil HAITPY>KSHb B 30HAX HEPIBHOCTEH iCTOTHO BIUTMBAIOThH HA MIIIHICTh Ha
PO3pUB 1 JOBrOBIYHICTh TOHKOCTIHHUX KOHCTPYKLiH. TpaaumiiiHi aHANITHYHI Ta YHACENbHI
METONH, BIIOMI Ha JaHWKA dYac, MEHII e(QeKTHBHI [UIT JOCTIKCHHS HaIpy>KeHO-
ne(pOpMOBAaHOTO CTaHy TO(pPOBaHMX TOHKOCTIHHMX KOHCTpYKIii. Tomy HeoOXimHO
po3poOuTH HOBI €EeKTHBHI METOMU BUPIMICHHS 3aBAaHb IIhOro Kiacy. Ha cporommi mis
IEKEHEpHUX PO3PaXyHKIB MPAKTUIHO HE ICHY€E MOPIBHAHHS MPOCTHX 1 3pyYHHUX (PopMyIT IIist
BU3HAYEHHs] KPUTHYHOTO HABAHTAKCHHS HAa CTHUCK 3 YypaxyBaHHSAM OCOOIMBOCTEH
KOHCTpyKILii. HaykoBa HOBM3HA pOOOTH IMOJISIrae B TOMY, IO JUIS IOCSATHEHHS ITOCTaBICHOT
METH BOHA BHeplle Oy/e BUKOPHCTaHA B 3arajibHii Teopii, po3poOiieHil sl po3paxyHKy
OynmiBenb 1 cropya, Bimomiii sk «Teopiss mpyXHOCTI B 3BHYalHMX JudepeHIiaIbHUX
PIBHSHHSX». Y poOOTI MOKa3aHO, 1110 TOYHICTH 11i€] HOBOT TeOpil ajieKBaTHA KIACHYHIN Teopii
TIO/IOBXKEHHSI 1 B TOH ke 4ac pi3K0o CHpOILIy€ BUPINICHHS OyIb-SKOi 3a/a4i IpU pO3paxyHKy
TUTHT, IO JOCATAETHCS MIUITXOM iX MEPETBOPCHHS B 3BUYANHI TU(EepEHITiaTbHI PIBHIHHS.

Po3risiHyTO 3aranbHi MeTOAM CKJIQJAHHA AW(pEepeHLiANbHUX PIBHSAHb, METOIM iX
CHPOLIEHHS /ISl PO3PaxyHKy MeMOpaH 3 MONEePEeYHUMH PO3pi3aMH, pO3paxyHKy IUIACTHH B
yMOBax HeNiHiliHOro nedopMyBaHHS. Y TOYHEHO METOAM PO3B’SI3yBaHHS AH(epeHIiaIbHIX
PIBHSHB 31 3MIHHUMH Ta IMIyJILCHUMH KoedinieHTamu. Po3poOiieHo anroputm i mporpamy
JUISL aHAJIi3y HaIpy>KeHO-1e(h)OPMOBAHOTO CTaHy ITPOCTOPOBUX KOHCTPYKIiH Ta TX €JIEeMEHTIB.
[IpaxTuyHa iHAICTE POOOTH TOJIATAE B MOXKIIMBOCTI BUKOPUCTAHHS PO3POOJICHUX METO/IB i
MpOoTrpaM ISl MPOEKTYBAHHS 1 OyiBHUIITBA OymiBelb, AJIs 3a/1a4 CTIHKOCTI TUTUT 3 OTBOPaMH
i pebpamu, maHeeH, 10 BAKOPUCTOBYIOTHCS B OYIiIBHUIITBI SIK TUTIOB1 CKIIQAAlIbHI €IEMEHTH.
Hageneni MmaremMaTuaHU alrOpuTM 1 Mporpama ajisi KOHKPETHUX 3aBIaHb, 10 BiAPI3HAIOTHCS
MIPOCTOTOI0, MOXYTh OyTH BHKOPHCTaHI TPOEKTHUMH Ta  HAyKOBO-JOCHITHUMU
OpraHi3alliiMH TIpH pPO3PaxyHKy Ta TMPOEKTYBaHHI IUTacTMH 1 MeMmOpan. Hayxosi
JOCITIIPKEHHS TPOBOIMIINCS IIJISIXOM YHCEIBHUX 1 IPAKTHYHUX EKCIIEPUMEHTIB.

Karouosi ciioBa: moznens Kenbpina-®oiirra; popmynu Konocosa-Mycxeninisiii; 3anay4i
Pimana-I'ins0epra; piBHsHHS BonbTreppa.

Cmamms naditiuna 0o pedaxyii 15.03.2023 i npuiinama 00 OpyKy RiClsi peyeH3V6aHHs
22.06.2023
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10 YBAI'M ABTOPIB 35IPHUKA

3MicT MarepiaiiB, IO HAIPABISFOTHCS IO PEOaKIlil, MOBHHEH BimnoBigatu mpodimo ta
HAYKOBO-TE€XHIYHOMY PiBHIO 30ipHHUKA.

KosxHa HaykoBa CTaTTs MOBUHHA MaTH BCTYII, PO3/1JIM 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, xerne 11, oxnHapHuil iHTepBad,
moJisiMu 2,0 CM 3 KOKHOTO OOKY, 3alaHIM PO3MIpOM CTOPIHOK 17x26 cM.

VYeci hopmynu matoTs OyTn HaOpaHi B penaktopi MathType.

Imroctparii moBHHHI 00OB'I3KOBO HyMEpYBAaTHCS, MAaTH KHID)KKOBY OpI€HTAIil0 i HE
MOXYTh NEPEBHILYBATH 32 PO3MIPOM 3aZaHy CTODPIiHKY (mapamerpu cTopiHku 17x26 cM
3 moisamu 2,0 cm). [leperik niTepaTypHUX pKepen MepeKsafacThesl aHTITiHChKOK MOBOKO
(abo TpaHCHITEpYETHCS B pOMaHCHKOMY aI(haBiTi) 1 OJAE€THCS BIAIIOBIAHO A0 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux myb6mikaiiii APA  (American Psychological
Association) style 3aranbHuM CIIMCKOM y KiHII CTAaTTi 3@ YEPTOO MOCHIIAHb Y TEKCTI.

HanpukiHIi cTaTTi HABOJUTHCS KOPOTKA JIOBIJIKa PO aBTOPIB, /i€ BKA3yIOThCS MPI3BHIIE,
MOBHE iM’sl Ta MO 0aThbKOBI aBTOPIB, HAyKOBMH CTYIiHb, BUCHE 3BaHHS, I10Ca/a, Ha3Ba
migpo3ainy (kadeapu) Ta oprasizailii, 0COOMCTI JaHI KOXXHOTO 3 aBTOPIiB (aapeca, MICTO,
KpaiHa, KoHTakTHH# Tenedon, e-mail), ORCID ID.

OO00B'I3KOBO CITiJT HAJATH ENIEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

VYci mpeAcTaBieHI B PEAAKLiF0 PYKOMUCH MPOXOMAATH peTelibHe OaraTolaHKOBE
pelCH3YBaHHS BiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELIEH3EHTIB MEHIIIa 32 BCTAHOBJICHUH MOPIT, PYKOINCH BiAXHUIISIOTHCS.

3MicT cTaTTi Ta SKICTh HamMCaHHsA abo mepekyany (yKpaiHChKOIO abo aHIJIiHCHKOIO
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 306ipHuka, m0 skoro Oyae BigHECEHAa CTaTTS, BH3HAYAETHCS PEIAKINIETO,
Y3rOoJIKY€EThCSI — TOJIOBHUM DPEAAaKTOPOM abo Horo 3acTynmHUKOM. OcTaTouyHHN BHCHOBOK
10710 My OJTiKaIlii MaTepiaiiB CXBAIIIOE pelakiliiiHa Koeris 30ipHuKa.

EnextponHna Bepcis 30ipHUKa, MpaBmiia oGOpPMIICHHS Ta BUMOTH 0 CTaTed MiCTATHCS
B [HTepHeTi Ha caidTi http://www.es-journal.in.ua, skuii cHCTeMaTHYHO OHOBIFOETHCSI.

30ipHUK HayKOBHMX Mpallb TakoX NpelcTaBiIeHHi Ha caiTi HamionanbHoi 6i6mioTexu
VYkpainu im. B.I. Bepraacekoro, Ha caifti [HcTMTYTY TenexomyHikamid i rio6aabHOTO
iHpopmaniiitnoro mnpocropy HAH Vkpainm http://itgip.org/ y po3umini «BunaBHuua
JISUIBHICTBY» Ta Ha caiTi 0i0miorekn KHiBChKOTro HalllOHAIBHOTO YHIBEPCUTETY Oy IiBHULITBA
i apxitextypu http:/library.knuba.edu.ua/node/883.
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