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MODELING AND CALCULATIONS OF PARAMETERS

OF THE JOINT TREATMENT OF ORGANIC CONTAMINATIONS (OC)
AND NITROGEN (N) COMPOUNDS IN BIOREACTORS WITH USING
OF THE FIXED BIOCENOSIS (BIOFILM)

Abstract. The mathematical models and the parameter calculations of the
simultaneous waste water treatment from the organic contaminants and ammonium
nitrogen compounds in the bioreactors-aerotanks with additional fixed biocenosis
as a biofilm in their volume are proposed. The questions connected with
heterogeneous structure of biofilm from different bacteria and the substantiation of
the balance equations system with kinetic reactions for following their realization
which are describing of the simultaneous removing organic contaminations (OC)
and nitrogen (N) in biofilm taking into account on the oxygen regime O, are
considered. Detailed analysis of aerotank operation with additional fixed biocenosis
shown about the possibility of creation of the new conditions for simultaneous
removing of the OC and nitrogen by the suspended and fixed biocenosis. At the same
time the arrangement of the aerotank-mixture from the three sections where the
simultaneous treatment have a place is recommended taking into account on the
theoretical substantiation of these sections in one reactor. It is shown that on the
different loads the complex heterogeneous structure of the biofilm is formed which
consist of from different bacteria. So near the biofilm surface it consists of the
heterotrophs during the removing of OC and at during of removing of nitrogen from
the autotrophs. At the same time more active heterotrophs may to grow as in
anaerobic as in anoxic conditions and the processes that have a place in the biofilm
at the simultaneous treatment are connected with the growing of the competition
between the heterotrophs and autotrophs in the fight to oxygen. Heterotrophy that

© O.41. Omiiiank, C.B. Tenuma, FO.1. Kanyrin, €.0. Omniitauk, 2022
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are situated are near surface of the biofilm are using of more oxygen than
autotrophy that are in the lower part of one. As a result of realization of the created
models taking into account on the influence of the different factors on the
simultaneous waste water treatment from OC and N processes the recommendations
to parameter calculations are proposed. Besides of the boundary conditions of
necessary bacteria presence at which the simultaneous removing of the OC and N
are occurred and at which conditions some of substrates will limit the waste water
treatment processes are determined.

Key words: simultaneous waste water treatment; organic contaminations (OC), N,
0O, compounds; model; biofilm; concentration; bacteria; bioreactor-aerotank

0.4. Ouaiiinuk, C.B. Teauma, 10.1. Kaayrin, €.0. Oaiiinuk
IacrutyT rinpomexaniku HAH Ykpaiau, M. Kuis, Ykpaina

MOJIEJTIOBAHHS 1 PO3PAXYHKH IAPAMETPIB
CYMICHOI OYNCTKH OPTAHIYHUX 3ABPYJIHEHb (03)

I COJIVK A30TY (N) B BIOPEAKTOPAX 3 BAKOPUCTAHHSIM
3AKPIIVIEHOIO BIOLIEHO3Y (BIOILJIIBKH)

Anomauyin. 3anpononosano mamemamuyni MoOeni ma po3paxyHKu napamempis
CYMICHOT 0I0NI02IYHOI OYUCMKU CMIYHUX 600 6i0 OpP2aHIMHUX 3a0pYyOHeHb |
AMOHIUH020 a3omy 6 6iopeakmopax-aepomenKax 3 000AmMKOSUM 00IAUMYEAHHIM
6 ix 00’emi 3axpinienozo Gioyenosy y euensoi bionniexu. Pozensinymo numanns,
no8 's3aHi 3 (POPMYBAHHAM 2emepOo2eHHOI cCmpYKmypu OIONIIEKU i3 pI3HUX bakmepili,
i 0brpynmosano 011 nooanvwioi peanizayii 6araHco8i PIBHAHHA 3 KIHEMUYHUMU
peaxyiamiu, uo ONUCYIOmMs CyMIiCHe 8UIYUeHHs OpeaHiunux 3a0pyonens (03) i azomy
(N) 6 bionnisyi i3 8paxysantam KucHeso2o pedcumy O-. Jlemanvhuii ananiz pobomu
aepomenKie 3 000aMKOBUM 3AKPINIeHUM OIOYEeHO30M NOKA3A8 MONCIUBICMb
CMBOPEHHST HOBUX YMO8 cymicHozo eunyyenna O3 ma azomy 36adceHum ma
sakpinienum  bioyenosom. Ilpu yvomy pexomeHOyembCsa 006IAUMOBYEAMU
aepomeHKu-3mMiuy8adi y 8ueisadi mpbox cekyii, 8 KOJICHIU i3 AKUX 8i00y8acmbcs
CyMicHa ouucmka 32i0HO 3 OOTPYHMOBAHUMU MPbOMA CMAJIAMU 8 OOHOMY
peakmopi. Tlokazano, wo Ha pi3HOMY 3A8AHMANCEHHI DOPMYEMbCA CKIAOHA
2emepozeHHa CmpyKmypa OionieKu, wjo ckiadacmvcs 3 pisnux baxmepiu. Tax,
onudxcue 0o nogepxwi Oionnieku npu eunyuenni O3 Gona cxnadaemvcs i3
eemepompoguux baxmepiil, a npu GUIYYEeHHI a30my — i3 ABMompodHUX 6axmepiil.
IHpu yvomy Oinbw axmueui cemepompo@ui daxmepii Modcyms 3pocmamu 5K 8
aepobHux, max i 8 AHOKCUYHUX YMO8AX, I npoyecu, wjo 6i00y8aromvcs 8 Oionnisyi
npu  CYMICHIL — ouucmyi, NOG8’A3aHI I3 3POCMAHHAM  KOHMKYPEHyii  Midc
eemepompogamu ma asmompogamu 6 6opomwvbi 3a Kucewv. Ilpu yvomy
cemepompodu, wo 3HAX00AMbCA Y 6EPXHIU YaAcmuHi OiONaieKy, 3HAYHO Oilblue
BUKOPUCMOBYIOMb KUCEHD, HIdHC a8mompodu, wo 3Haxo0amsvCs 8 HUNCHIU 4acmuHi
oionnisku. B pesynomami peanizayii po3poodnenux mooenei iz 6paxysanHim pisHux
¢axmopie enausy na npoyecu cymicnoi ouucmxu O3 i N 3anpononosani
peKomeHOayii' 3 pO3PAxXyHKY Napamempis CyMicHOI OYUCKU, 30KpeMd, 8CTNAHO8IEH]
SPAHUYHI  YMOBU ICHYBAHHS NOMPIOHUX Oaxmepiu, npu AKUX Bi00Y8AEMbCs
oonouacue eunydenna O3 i N, i axui i3 cyocmpamie — O3, N uu O — 6yde
AIMIMyeamu npoyec OYuCmKu.
Knrouosi cnosa: cymicna ouucmka; cnoiyku opeaniynux 3aopyouens (03), N, Oo;
MoOenv; bionniexa; KoHyenmpayii; baxmepii, biopeakxmop-aepomenk
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Beryn

B ocranHi pokM B TpPaKkTHUKy OYHMCTKM CTIYHMX BOJ Bix 3a0pyAHEHb Di3HOTO
MTOXO/KEHHSI IHTEHCHUBHO CTaJIM BIIPOBAXYBATHCH CYYaCHI TEXHOJIOTI1, Cepell TKUX
HAWO1IBIIOrO MOMIMPEHHS HaOy M Gionoriuni MeToan ounucTku [1-4]. OcobnuBicTh
Takoi OYHMCTKM B ICHYIOUMX OlOopeakTopax IOJIsiTa€ B TOMY, IO BHIIYYEHHS
3a0pynHens, 30kpema O3 i a30Ty, BigOyBaeTbes sk okpemuid mporiec. [Ipu mpomy
OKpeMe BWIIYYeHHA [UX 3a0pyqHEHb 3BAXEHHM Oi01EHO30M (aKTHBHUM MYJIOM)
BiZOyBa€ThCS B aepOTEHKax-3MilllyBayax 1 aepoTeHKaX-BUTHUCKyBauyaxX. AHami3 ixX
po0OTH MOKa3aB, MO eEKTHUBHICTh OYMCTKU B HUX MOKHA 3HAYHO 30UIBIIMTH 3a
JOTIOMOTOI0 JIOAATKOBOTO OOJAIITYBaHHA B iX 00’€Mi 3aBaHTaKEHHS Y BHTIIAML
pI3HUX CITOK, HAaCaAKiB 1 T. iH., HA TOBEPXHI SKHX YTBOPIOIOTHCS OIOTUIIBKU 3
BHCOKOIO KOHI[CHTPAITIEI0 MIKpOOPraHi3MiB (3aKkpiruieHuii 6iorienos) [3—6].

B crarti posrmsiHyTO Ta OOTPYHTOBAaHO JOIIBHICTH 3aCTOCYBaHHS 1HIIMX
e()eKTUBHUX TEXHIYHUX CIIOCOOIB OYMCTKH B HAHOLIBII MOUIMPEHUX HA MPAKTHII
OiopeakTopax-aepoTeHKax MNUIIXOM cyMicHoro BuiaydeHHS O3 i N 3BakeHHM
1, TOIIOBHE, 3aKpIIUIEHUM 01011eHO30M. [[JIsi TAKHX YMOB 3alpOTIOHOBAHO TEXHIYHO
00J1aITOBYBaTH a€POTEHKU-3MINIYBavi y BUTIIAI TPHOX CEKIIii, e B KOXKHIH 13 HAX
BiiOyBaeThcs ourctka O3 i N 3rigHO 3 00IpyHTOBaHUMU TPhOMa CTalissMu (puc. 1).
[Ipu upOMy, TOJIOBHUN TEXHIYHHN MPOLEC OYMCTKH IOJISATAE Y TOMY, IO CyMiCHE
BunydeHHss O3 1 N BimOyBaeThCs B OJHOMY PEaKTOpi MpW 3HAXOKEHHI B HOTO
00’eMi TaKoXX 3Ba)KEHOTO 010IICHO3Y (aKTUBHOT'O MyIy). Po3risiHyTo oco0nmMBoCTi
(hopMyBaHHSI TETEpOTeHHOI CTPYKTYpH O10TUTIBKH 13 pi3HUX OaKkTepiil, mpencTaBieHi
0asaHCOBI PIBHSHHS 3 KIHETHYHUMH PEAKI[ISIMH, [0 OMHUCYIOTh CYMICHE BHITYyUYEHHS
3a0pyAHEHb i3 BpaxXyBaHHSAM KHCHEBOT'O PEXKHMY B OiopeakTopax, a TAKOXK HaBEJICHO
peKOMeHIaIiT MO0 pO3paxyHKy HapamMeTpiB CyMiCHOI OYMCTKHU Ta BIUIUB KOKHOTO
13 HUX Ha JIaHWH TpoIiec.

I cexyia (cmaodia) I cexyia (cmadia) 11T cexyia (cmadia)

I T | T I [ T T T |
Lo X | ‘ | \ I v | ; |
Jl_['—” ‘ | | ‘ L X
Ng1, Xy \ | ‘ 82> 4L Lga, X
I o Mgl e o
A gz N Nz, Xy L. Xio
Loy ' J \ N X
: ‘ . ' ' & ANa
L,
XIIK
\__“_;
N,
NH;

Puc. 1. TexHomoriuHa cxemMa aepoOTEHKa i3 3aKpiluIeHNM OIOIEHO30M IpHU CyMiCHIH
ourcrii Bix 3a0pynHens O3 Ta N (mpu nocratHbOMy 3a0e3NedeHHI KHUCHEM Y BCIX
CEKIIisX)
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Pe3yabTaTu AociaigKeHb

[lpu HamxomxeHnHi B OiopeakTop 3a0pyJHEHHUX OPraHIYHUMH PEYOBMHAMHU Ta
CIOJyKaMH a30Ty CTiYHHX BOJA KOHIEHTpamis 3abpyanens (O3) L Oyme, sk
MIPaBHUIIO, 3HAYHO OLITBIIOI0, HIXK KOHIIEHTpamis a30Ty N. B 3B 43Ky 3 UM 3 pi3HUX
OpUYHH, sKi OyIyTh 3a3Ha4yeHi HIKYE, B MEpLIii cekuii OiopeakTopa-3milryBaya
npu L >> N Bunydennst asory N (wirpudikauist) He BimOyBaerTbcst. Hesenuka
yactuHa HeBuiydeHoro O3 pa3oM 3 a30ToM N HaAXOIATh B IPYTy CEKII0, B SIKii
napaneibHO BinOyBaeThcst oqHouacHe BuirydeHHs N 1 O3. B TpeTiii cexuii peaktopa
O3 mpakTUYHO MOBHICTIO BWJIYYEHO 1 MPOXOIUTHh TUTBKH TPOLEC BHIy4YeHHS N
(aitpudikaii). [pu upomy nponecu GionoriuHoi ounctky Bix O3 i N maibxke y Beix
BHIIaJKaX MOBUHHI OyTH 3a0e3mneueHi kucHeM Oy B OCTaTHIN KiTbKOCTi. BigmMiTUMO,
10 OCHOBHI OOTPYHTOBaHI HAyKOBi PE3yJNBTAaTH 3 PO3POOKU METOJIB PO3PaXYHKY
TEXHOJIOTIYHUX TapaMeTpiB OKpemoi ouncTkd Bix crmonyk O3 i N B aepoTeHKax-
3MilllyBayax, ska BiJOyBaeTbcs B CeKIisfX 1 1 3, HaBeIEHI JETAIBHO B HAIIUX
pobotax [4-6].

[Ipu cymicHomy BmiayderHi O3 i N 3akpimieHHM OiOII€HO30M Ha pi3HOMY
3aBaHTAXXCHHI (DOPMYEThCS CKJIQJHA TIETEPOTreHHA CTPYKTypa OIOILUTIBKH, IO
CKJIaJaeThes 13 pizHUX Oakrepiil. Tak, Onmkue 10 moBepxHi OiOMJIIBKY, a came, IpH
BrrydeHHI O3, BOHA CKJIaac€ThCs 13 reTepoTpodHUX OakTepii, a mpy BruTydeHHI N —
i3 aBToTpodHHX OakTepiil. [InTaHHs, OB’ s3aHi 3 BUBYCHHSIM TEMITIB iX 3pOCTaHHS,
pO3TalIyBaHHs i MPOIECiB B3aEMOJIT B YMOBax aepoOHUX MPOLECIB OUUCTKH i T. iH.,
noTpeOyIOTh MPOBEACHHA OKPEMHUX JOCTIKeHb. CIlif] 3a3HaUYUTH, 10 KOHLIEHTPALlis

aBroTpodHux Oakrtepii Xy Oyae 3HAYHO MEHIIOKW, HDK KOHIEHTpAILis

rereporpoduux Oakrepiii Xy, | 3 Pi3HUX MPHYUH aBTOTPO(GHU PO3TALIOBYIOTHCS B

HWKHIN yacThHI Ol0TITiBKH.

VY Bcix Bumaakax mnpouecd oducTkd Big O3 1 N moBuHHI OyTH 3a0e3mneucHi
kucHeM O B J0CTaTHIM KiibKOCTi. [IpoTe, Ha BiMIHY BiJ okpeMoro BuiyueHHs O3
i N, po3TIISIHy TOT0, HAPUKIIAA, B poboTax [5, 6], B mepIiii i TPETii CEKIisAX Mporecu
cymicHoro BuinydeHHss O3 i N B yMoBax TeTepOreHHOi CTPYKTypH OI1OIUTIBKH i3
pizHUX  OakTepili  XapaKTepH3YIOTbCA CYTTEBUMH  OCOOJIMBOCTSAMH  IIOJO
3a0e3neueHHss OYMCTKH KucHeM O, mo norpedye JOAATKOBOIO BUBUEHHS B
OOIpyHTYBaHHI HaJilHUX OLIHOK 1 HEOOXimHMX KpuTepiiB. OIHUM 13 Ba)KIMBUX
MUTaHb B [IbOMY BUIAJKY Oyjie BCTaHOBIICHHS, sikuii i3 koMnoHeHTiB (O3, N uu Oy)
1 B IKHX yMoOBax OyJie JiMiTyBaTH LeH npouec o4ucTku. ToO0To, MOTpiOHO OLiHKUTH i
BpaxyBaTH B3a€EMOJII0 TPbOX CyOCTpaTiB, a came: pO3YMHEHOro KHcHIO O,
PO3YMHEHUX OpraHiyHuUX pedoBuH 1 amoHito N. [Ipu mpomy, sk Oyje MmokazaHo
HUWKYe, OUTBII akTUBHI reTepoTpodHi OakTepii MOXKYTh 3pOCTaTH MPH JIBOX Pi3HHUX
yMOBax B CeKLii 2, a came, B aepoOHMX 1 aHOKCHMYHHMX yMoBax. [Ipu upomy, mis
OLTBIIOCTI reTepoTPOPHUX OaKTepiid IS iX 3pocTaHHs npu BuurydeHHi O3 KUCEHb €
OCHOBHHUM 1 IpU HOTO HAsBHOCTI B JOCTaTHIM KIJIBKOCTI aHOKCHJIHOTO MPOIECY
(menitpudikanii) npu BumyueHHi O3 maibke He BinOyBaeTbcsi. Tak, BCTAHOBJIEHO,
IO CHOYATKY Y BEpXHiil AisiHLI GioTutiBKH BiOyBaeThes BuuryueHHS O3 3a paxyHOK
KHCHIO, 2 B HW)KHIN IUISHI OUtst 11 ocHOBU popMyeThes O€3KHCHEBA 30HA, B SIKIH
BrrydeHHsT O3 BimOyBaeThcs 3a paxyHOK HiTpaTiB NOs. Ciaig 3a3HaYWTH, IO IJIS
yTBOpeHHsI HiTpaTiB kuceHb O, SK JOHOp, 3a3dajerigp 3abesnedye mpolec
neHiTpudikanii B peakTopi.
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TakuM guHOM, TIpOIIECH, IO BiAOYBalOTHCSA B O1OTUTIBIN NP CYMICHIN OYMCTII,
MOB’si3aHI 31 3pOCTaHHSAM KOHKYpeHLil MK Oaktepisimu rerepoTpodamu i
aBTOTpodaMu B 00poTHOi 3a KuceHb. ToMy reTepoTpodu, sIKi po3TalIOBYIOTHCS Y
BEpXHIA 4YacTWHI OIlOIUTIBKH, 3HAYHO OuIbIIE BHUKOPHCTOBYIOTh KHCEHb, HIXK
aBTOTPO(H, SIKi BUKOPHCTOBYIOTh HE3HAYHY YACTHHY KHCHIO, IIIO0 TPOKUINIOB Yepe3
map rerepoTpoHUX OakTepiil, i ABa BUAM OakTepii MOXKYTh ICHYBaTH IIpH
He3HAYHHUX KOoHIeHTpamisx O3.

Sk mokazaB MPOBEAEHHWH aHai3, pPo3poOKa METOIB pO3paxyHKy IapamerpiB
CYMICHOI OYMCTKH CTiYHHX BOJ 3aKpiIuIeHMM OioreH030M (OiO0IUTiBKOI0) HaWOiIbII
npeAMETHO Mo)ke OyTH 3ilicCHeHa Ha MiJCTaBl JIMIIE 3arallbHUX MaTeMaTHYHHX
moneneit. [Ipu ckimaganHi Takux MOIesIeid, B IepIILy 4epry, HeoOXiHO 3BEpHYTH yBary
Ha OOTPYHTYBaHHS CKJIaJJHOT TeTEPOreHHOI CTPYKTYpH OIOIUTIBKH 13 Pi3HUX OaKTepii,
X reoMeTpUYHHX PO3MIpIB 1 po3TamryBaHHs B 00’ eMi OlommiBku. Jlesiki pekoMeHmanii
3 BU3HAYEHH:I 3a3Ha4eHuX (haKTOpiB MOKHA 3HAWTH B podoTax [2, 7, 8].

Ominka egpeKTUBHOCTI POOOTH Takux OIOIUTIBOK HAa OCHOBI MaTeMaTHYHUX
METO/IiB MOJIATAE Y peatizailii 0aJaHCOBUX PIBHSHB 3 KIHETUUHUMH PEAKIisIMH, SKi
omucyoTh cyMicHe BuurydeHHS O3 i N B OiormimiBIl i3 BpaxyBaHHSIM KHCHEBOTO
pexxuMy. B mux piBHSHHAX MOBHWHEH OyTH BinmoOpaskeHWH 1 BpaxOBaHWN MacOBUI
Oananc 3minu pedoBud O3, N i O, B GiormTiBIL.

B 3aranpHOMy BHMaAKy KiHEeTHKa (IIBHIKICTh) pEaKmid MpU CyMiCHOMY
BHJIy4eHHI T€TEPOTEHHOIO OiOTUTIBKOO 3 pi3HUM OioreHo3oMm 3abpyareHs O3 i N
mpu 3a0e3MeUeHHi Mpolecy KUCHEM B CEKIil 2 Ma€ HACTYITHUN BHUTJIS;

1) Aepobue 3pocTanHs rerepoTpodHUX MiKkpoopraHizmis (BuirydeHHst O3)

L C N
Ve U K. +C Ko+ N
L cL N

Ry XL =V PL 1)

JIe 3HAYCHHS BIJIMOBIIHUX CTEXIOMETPUYHHMX KOCQIIIEHTIB V,_i MpY BU3HAYCHHI

pospaxyukosux Konuenrpauiii L, C, N, X, mupuiimaerscs: npu R, =L wmaemo

vV, :—i; npu Re =C maemo V. :—b'; mpu Ry =N maemo Vy =—iy;

L c
mpu Ry =X maemo Vy =1.

2) AHOKCHUJIHE 3pOCTaHHS TeTepOoTPOGHIX MiKpoopraHi3MiB (BuirydeHHs O3)

K Nno

Ra, = . 3 Vo, s 2

a, = PL C Kyo, +Nyo, 7.V No, (2

ae NNoa — KOHLEHTpAIlil HITpaTy, NpU BU3HAYCHHI SKOi BHKOPUCTOBYETHCS
PiBHSIHHS

Y -1
V. =—+t 3
0 = 355, 3)

1. = 0,5 — anokcuanuil (3MeHMIy0Unit) hakTop.
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3) AepobHe 3pocTaHHA aBTOTPOPHUX MIKPOOpraHi3MiB  (HiTpHQIKAIis
BWIydeHHs amoniiinoro asory N —NH, asrorpouumu MikpoopranizMamu
koHuenrpaiiero Xy )

N C
N =Vy Hmy,
Ky +N Ko +C
N

Ry Xy- (4)

Sk 1 B momepeaHbOMY BHUMAJAKY, IPH BU3HAYEHHI BiJIIOBIAHUX PO3PAXyHKOBHX

1

koHnenTpauii mpu Ry  maemo V=-iy——; mpu R; maemo
YN
YN _3,43 1 .
Ve = —Y—; npu Ryo, Maemo Vo, =g TpH Ry, mpu Bu3HAueHHI
N YN
KOHIIEHTpALii aBTOTPO(GHUX MIKPOOPraHi3MiB KOHLEHTpalico X NpHiMaeMo
VXN =1

[IpoBenenmii anani3 HaBeJCHNUX PiBHSIHD KIHETUYHUX peaKilid Mokas3as, 0 MpH
BUKOHAHHI 1H)KEHEPHHUX PO3PaxyHKIB IX MOXKHA JETIO CIIPOCTUTH 1 JUTSI TOAATBIINX
PO3paxyHKiB i aHaJIi3y 3aCTOCOBYBATH Y HACTYITHOMY BUTJISIIL:

L C
R, =V . X, 5
Vi X/umaxL KL+L KC+C L ()
1 . (1_YL02) .
e Vx =V|_ = — npu BusHauenHi L; Vy =V, =—————"- npu BuU3HaUYEHHI
L ? Yo
2
kucHio C,
L Nno Ke
R, =V . 3 . L X, 6
a = VyHmax KL +L Kyo, +Nyo, KCL+<:77L - ©)
1 . (1_YL)
neV, =V, =—— npususHauenHi L; V, =V =7
y = Va ] p y NOs 2.86-Y,

[Ipu BUKOpHCTaHHI 3a3HAYEHHWX BHINEC KiHETUYHUX PIBHSIHBb 0€3MOCEpEeTHBO
HEOOXIJHO BpaxOBYBaTH 3MEHIIICHHS OioMacH B OIOILTIBII 3a paxyHOK 1i po3naay
(imakTuBamii i eHJOreHHoi pecmipamii auxanns). Tak, B poOorax [8-10] mus
BH3HAYEHHs I[bOTO IMPOLECY NpH cyMmicHOMY BuiaydeHHi L i N B mpaxTuunumx
pO3paxyHKax IPOTOHYIOTHCS HACTYITHI 3aJIeXKHOCTI posmany rereporpodis R

Big X
R, =b X, (7)

posnany asrotpodiB Ry Bim Xy,
Ry =by Xy, (8)
Jie 3Ha4YeHHs KoHcTanT b i Dy maBomaTses B poGotax [1, 2, 8].
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VY pob6ori [2] y sKoCTi MpUKIIaay HaBeICHI pe3ysIbTaTh CyMiCHOT 0urcTKH Big O3
i N B cekmifix peakTopa 3 KpymHHUMHU Ouckamu (tabmuus 1). B mepmriit cekmii
HiTpudiKkamis Maiike He BiZOyBa€eThCs B 3B’ 3Ky 3 HASIBHICTIO 3HAYHOT KOHLIEHTpaIlii
O3 1 3a wac 11 BHIy4YeHHs 3aJHIIAETHCS 1€ HACTUTPKA 3HAYHOIO, IO TPOILECH
HiTpudikamii me He MOXyTh BimOyBatuch. B apyriit cexmii Burydernns O3 i N
BigOyBaeThCs mapaienabHo. TyT aist 3a0e3neueHns npoueciB BuiTyyeHHs sk O3, Tak
i N moTpi6HO 3a0e3meunTi HeOOXiIHUM KUCHEBHHA pexXuM. B TpeTiit cekiii peakTopa
O3 mpaKkTHYHO MOBHICTIO BHIYY€HO, IPOXOAUTH TUTHKH MPOIEC HITPUPIKAIIT, SIKHI
MOke OyTH OOMEXKEHHWH KHUCHEM 1 TOMy NOBHHEH OyTH 3a0e3leYeHud HUM
MOBHICTIO. MOKIIHMBE iCHYBaHHS TOJAaTKOBO1, YeTBEPTOI CEKIIii, B AKiil KOHIIEHTpALIist

amonito NH,; — N Gyze HacTibKM HE3HAYHOIO, 10 MIBUIKICTH IPOLIECY BiKE Oy1e
JMMITYBaTHCh HE KICHEM, a aMOHIEM.

Tabmuus 1 — Pesynbratu npoBeieHUX po3paxyHKiB MPOLIECIB CYMiCHOTO BUITyYEHHS
03 i N B 4 cekuisx npu 3aBantaxenni B = 5rBIIK/mM?106a

Q BuTpara, 3 Cexmii
PEeLUPKY AL M*/noda | 40000 1 2 3 4
06’em M Criuma 100 100 100 100
BOa

[Tno1ma nosepxHi M2 30 000 30 000 30 000 30 000
K ,a 1/m00a 600 600 600 600
Kucens O3 /M3 2,0 6,3 7,4 7,7 9,3
XIIK po3unHeHe /M3 150 34,7 7.9 2,1 1,5
NH; — N /M 25,0 20,1 11,8 2,7 0,6
NO, - N r/M® 0,5 0,5 05 03 02
NO; —N /M3 1,0 0,6 79 17,2 19,8
HCO 3 MoJIB/M3 6,0 57 4.6 3,3 2,9
XIIK iHepTHE /M3 30,0 32,9 34,2 35,3 30,1
Tereporpogna o/ 120 107 1751 | 1706 | 163.0
Oiomaca

Nitrosomonas r/m® 0.0 0.1 0.1 0.1 0.1
Nitrobacter r/m® 0.1 0.0 0.0 0.0 0.0

Takum yuHOM, B HaBeneHUX yMoBax cyMmicHOi ouncTkd O3 i N KoHIeHTparis

aMOHiro 3MeHImiIack 3 25,0 10 0,6 T NHZ — N /M3, a xoHLEHTpalis HITpaTy NO;

36inbmmnace 3 1,0 go 19,8 r NOj3 — N /m3. Kpim Toro, B 1-i cekuii maemo

L L . NN

pimHomenus —22X > 5 a B 2-if cekuwii — 22K >5 | —4 504, B 3-if —
N

NH .
—2>0,4, a B 4-if cexuii —

0, 0,
BUKOPHUCTaHI Jalli IpW aHaji3i, KU 13 KOMIIOHEHTIB JIIMITY€ MPOLEC OKUCICHHS
(BIIK = 0,80 XTIK).

NH .
* <0,4. HaBeneni BimHOmEHHS OymyTh
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B 3zarampHOMy BHIIQZKy HAa TIPOIECH 1 MEXaHI3MH OYHCTKHA CTIYHHX BOJ
3aKpiIUIeHUM Oi0IIeH030M 3HA4YHO BIUMBalOTh PH  (myxHicTH), TemmepaTypa i

HasBHICTh B CTIYHIN BOJI TOKCHUYHHUX 1 iHIINX PEYOBHH, sIKi iHT10YIOTb (TaIbMYIOTh)
rporec OYUCTKH. [lesiki MuTaHHA, TTOB’3aHi 13 BpaXyBaHHAM 3a3Ha4eHUX (PaKTOpiB
IpHU peartizanii piBHAHb KIHETUYHHUX PEaKILil IPH CyMICHIN OYMCTII CTIYHUX BOJ Bif
031 N, HaBeneni, Hanpukiaja, B podorax [2, 7, 10].

B oxpemux Bumagkax npy CyMiCHi# OYHCTIII KOMYHaJIBHHUX CTIYHUX BOJ MOXYTh
3HaXOJHUTUCHh PEYOBHHH, 30KpEMa OPTaHiYHOTO NOXO/DKEHHS, fKi 3a CBOIMHU
po3MipamMu He MOXYTh AWYHAyBaTH (TocTynatd) B OiomniBky. ToMy ymoBHI
BIITy4eHHS HeIU(yHIOBAaHUX PEUOBHH MOTPIOHO MPOBECTH PO3KIAAAHHAM iX 10
pEeYOBHH, SIKi MOXYyTh MU(GYHIYyBaTH BCEpenuHy OIOIUIiBKH, J€ BOHU OYAyTh
BUJTY4YEHI TiJl 4ac OKUCJIEHHs. Take BHYTPIIIHBOKIITUHHE PO3KIIaAaHHsI HA3UBAIOTh
3araJlbHUM TEePMIHOM «rimposi3y» [1]. Ciix 3a3HaYUTH, MO ICHYIOTH OCOOJIMBOCTI
BpaxyBaHHS TPOIECY TiAPONI3y 3BaXKEHUM OiONEHO30M (aKTHBHHM MYJOM) i
3aKpilICHUM Oi0oIleH030M (0i0IUTIBKO), IO MOKa3aHo B poborax [9, 10]. Ilpu
HEOOXIHOCTI MPOIECH TiAPOIi3y MOXKYTh OyTH BpaxoBaHi MPH CyMiCHIH OYHCTII
ctiuamx BoA Bix comyk O3 i N mpu okpemiii ouuncTi B cekmisx 113 [2, 10].

B pesynprati mpoBefeHOro aHalizy MOXKHA KOHCTAaTyBaTH, IO B CEKIii 2 mpH
CYMICHOMY BWJIy4€HHI OpraHiyHux 3a0pyIHEHb 1 CIIONyK a30Ty BiIOYyBarOThCS
3HAYHO CKJIAIHINI KOHBEPCIHHI TpOIEecH y TOPIBHSAHHI 3 MpolecaMu IpH iX
okpeMoMy Buiry4eHHi B cekmisix 1 i 3. Tak, mpu cymicHiii ouuctmi O3 i N mns

3poctanns rereporpodnux ( X ) i aBrorpoduux ( X,) Gakrepili B 3araabHOMY

BUIIAJKy TIOTPIOHO OIIIHUTH 1 BpaxyBaTH B3a€EMOJII0 TPhOX CyOCTpariB, a came:
po3unneHoro kucHio Oz, PO3ZYMHEHUX OPTaHIYHUX PEYOBUH KOHIEHTpariero L i
aMOHIO KOHIIeHTpartiero N.

Jesxi pe3ynpTaTH NHX JOCHIHKEHb, OJEpKaHI HAa OCHOBI MOJIEITIOBAaHHS
MPOIIECiB PO3MOBCIO/PKEHHS KHCHIO 1 6ioMacH 1Mo TOBIIMHI OiOTUTIBKH MPU Pi3HUX
3HaYeHHSX 1X KoHueHTpamiid Xy, X, Xi 1 Ipu pi3HUX 3HAYCHHSIX KOHIIEHTpAIlii
cyoctpatiB Lxnk, LnH 4, Loz B peakTopi 3rifHO 3 HaBeIeHWMH B TaOmuUIl 2
BapiaHTaMH, PeJICTABIICHI Ha pHC. 2.

Tabnuns 2 — Pe3ynbTaTé MOJEIOBAHHS PO3MOBCIO/DKEHHS KHUCHIO 1 0ioMacH Mo
TOBIIMHI O10IUTIBKA

Bapiantu A B C D

. 2 13,0 13,0 13,0 13,0
Lenn 4™,

M
LGXHK(COD). ZXHK(COD)/M?’ 0 3,0 13,0 30,0
In 2N 3,2 2,3 0,8 0
m2006a

Ixrik, 2XTIK/M? 006a 0 1,3 7,2 13,2
lo, 2XTIK/Mm? 00ba 13,8 11,0 7,9 8,3

Ha ocHOBi aHamizy TpoOBEACHUX MOCHTIKCHb 3’5COBAaHO, IO TETEPOTPOQHE
3poctanus i BrrydeHHss O3 (XIIK, COD) miMiTyeThCs aBTOTPOGHAM 3pOCTAHHM 1
1110 aBTOTPOGHE 3pOCTaHHs Ta OKMCICHHS aMOHIIO OB’ sI3aH1 3 HECTAYCH0 KHUCHIO, 1110
BiIOMparoTh OakTepii rerepoTpodu.
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I3 posnoniny 6iomacu BUIHO, M0 TeTEPOTPOdH i aBTOTPO(DH MOXKYTH ICHYBaTH
JMIIe y TOMY BHIAAKY, Konu koHueHTpanis O3 (COD) B peaktopi Oyzne MeHie
30 mr/n, To6TO, IPM KOHLEHTpawii Oibine, Hix 30 MI/1, HUWXKYe reTrepoTpodHOTO
mapy KHCHIO Ui aBTOTpoHOTO Imapy Bxke He Oyae (puc. 2). Takum 4duHOM,
iCHyBaHHA TeTepoTpoHUX 1 aBTOTPO(HUX OaKTepii MOXKIIMBE JHIIE TOMi, KOJH
okuciienHs O3 oomexyeThes 3HaueHHAM XIIK (COD), a He xucHeM [ 1]. Ananoriuni
JlaHi OTPUMAaHO BiHOCHO KpuTHYHUX 3HaueHb XI[IK (COD) Takox mpu JOCTiKEeHHI
cymicHoi ounctkn O3 i N B pisHEX peakrtopax. [Ipm 1mpoMy OLIBII aKTHBHI
rerepoTpodHi O6akTepii MOXKYTh 3pOCTaTH MPH JBOX PI3HUX yMOBax B CEKIii 2,
a caMme, P aepoOHUX 1 AHOKCHIHUX YMOBAX, X04a JUIsl IX 3pOCTaHHs MPY BUITyYEHHI
O3 oCHOBHY poOIb BiJlirpa€ KUCEHb 1 MPU HOTO HASIBHOCTI B JOCTATHINA KLIBKOCTI
AQHOKCHJIHOTO TIpolrecy (neHiTpudikariii) maixe He BinOyBaeThcsa. SIK BHIHO i3
pHc. 3, Ha SKOMY TOKa3aHO MPOIECH MacOOOMiHy, IO BiJOYBarOTHCS BCEpEIUHI
OiomtiBku npu BuirydeHHI O3 3a paxyHOK KHCHIO, IPM OKHMCIICHHI BinOyBaeThbcs
TakoX 1 neHiTpudikamis [1].
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Puc. 2. KoHmeHTpamiss KHCHIO IO TJIUOWHI OIOIUTIBKM 1 BIANOBIAHUN PO3IOALT
rereporpodHux 6akrepiit (Xn), aBroTpodHNX Gaktepiit (Xa) i iHepTHOI Oiomacu (Xi) st
pisHuX KoHIEHTpaltii cy6erpaty O3 (COD) B peakropi (0(A), 3(B), 13(C) i 30 mr/n (D)).
KoHnrieHTpaliis KMCHIO 1 aMOHII0 B peakTopi ckiaaae Biamosimguo 8 mr Oy/mi 13 mr N/ mis
MIPUHHATHX BapiaHTiB [12]

3rigHo 3 puc. 3, CHOYATKy Ha BEpXHIM OUIAHLI Oi1OIUIIBKM BigOyBaeThCs
BrtydeHHs O3 3a paXyHOK KHCHIO, a Ha HIDKHIH i O1ist 11 ocHOBH hopMyeThes

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogoxopucrysanss, Ne 3 (43), 2022



Oe3kucHeBa 30Ha, Ae BuiydeHHs O3 BinOyBaeThes 3a paxyHok HiTpatiB NOs. Crin
BIIMITHTH, LIO IJ1s1 yTBOPEHHSI HITPATiB KUCEHB, SIK IOHOP, 3a3/aJIeriap 3ade3mnedye
npoliec AeHiTpudikauii B peakTopi.

TakuM guHOM, TIpOIIECH, IO BiAOYBaIOTHCSA B O1OTUTIBIN IIPHU CYMICHIN OYMCTI,
Yy IIbOMY BHIIQJAKy B OCHOBHOMY IIOB’SI3aHI 13 3pPOCTaHHSM KOHKYPEHIlT MiX
OakTepisiMu reTepoTpodamu i aBToTpodamu B 60poTHOi 32 KUCeHb. TOMY CyTTEBUM
MMUTaHHSIM, TIOB’S3aHUM 3 MITPAIli€l0 KHICHIO BCEPEOUHI CKIAJHOI CTPYKTYypH
OIlOILTIBKM, € BUBYCHHS TEMITIB 3POCTAaHHS 1 PO3TallyBaHHS TeTEPOTPOPHHX i
aBTOTpodHUX OakTepiil B 00’ emi OiomniBku. Tak gk rerepoTpodHi GakTepii 3HAUHOIO
KOHIICHTpAI[ier0 X | pO3TAIIOBYIOTBCS y BEpXHill 4YacTHHi GiOIUIIBKH, TO BOHH

BUKOPHCTOBYIOTh 3HAYHO OiJbIlIeé KHCHIO, HDK aBTOTPO(GH 3HAYHO MEHIIO0
KOHIIEHTpAI€Er0 X, siKi OyIyTh BUKOPUCTOBYBATH JIUIIIE HE3HAYHY YACTHHY KHUCHIO,
[0 TPOWIIOB Yepe3 map rerepoTpodHux Oakrepiit (puc. 3). OCKUIbKH KHCEHb
BUTpAYa€eThCcA TMEpeBaXHO Ha okucieHHs O3, To icHyBaHHS retepoTpodHuX i
aBTOTpOo(pHUX OakTepii MOXIMBO TINBKK TOMAI, Koimu BuiaydeHHs O3 Oyze
00MeXyBaTUCh TiepeBaXkHO KoHIeHTpaltiero O3, a He kucHeM Op. Takwuii Brutus O3
npu cymicHomy BuurydeHHi O3 1 N B GiopeakTopi 3 610TUTiBKOIO B OCHOBHOMY MOKHA
MOSICHATA THUM (PaKTOPOM, IO KIIBKICTh KHCHIO, SKHA TPOXOIUTH dYepe3 MIap
reTepoTpodiB, 3MEHIIYEThCs 31 301bIeHHsM O3 B peakTopi i Bce MeHIIe KucHio O
3aJIMIIAETHCS A aBTOTpodHUX OakTepidd, ToOTO, mpH cymicHii ouncti O3 i N
npottec BrrydeHHs N Oyne mimityBaruck Oz 1 O3 i mpu Bucokux KoHIEeHTpamisx O3
BHIy4eHHsI aMoHilfHOTO a3oty N BimOyBatuchk He Oyzae. Tak, BCTaHOBIEHO, IO B
yMOBax JOCTaTHBOTO 3a0e3rleueHHs mporecy okucieHHs O3 KHCHEM TIpaHH4HI
3HauYeHHs KoHIeHTpaliii O3 Ha moBepxHi OIOIUIIBKM HAOIMKEHO BIAMOBIIAIOTH

BiJTHOIICHHIO L—5 > 5. [Ipu xoHueHTpalii B OiOMIiBII MEHIIE TPAHUIHUX MOXKYTh
B

icHyBaTi TerepoTpodHi 1 aBTOoTpodHi OakTepii 1 BiIOYBaE€ThCS OJHOUYACHE

BuinydeHHss O3 i N. Tak, B poborax [1, 2, 8] rpaHuuHi 3HA4YCHHS KOHICHTpaIlii L

npuiiManuch Binmosigao 30, 33, 35 MrXIIK/m.

[Ipu cymicnomy Bumyuenni O3 i N moroku 3abpymmens |, i |y, sxi
MOCTYNAIOTh B O10TUTIBKY, Y 3arajlbHOMY BHTIAJKY 3aJIeKaTh BiJl IX KOHIEHTpaii Le,
T00TO, 3Ha4eHHs MOTOKY || B GiorutiBky Gy/e 3anexary Bia 3HaueHHs notoky |y
B OIOIIIBKY, TPO IO CBIYATh PE3yJNbTATH EKCHEPUMEHTAIBLHUX JIOCHI/[KEHb,
IPEJCTaBIIEH] Ha puC. 4, le 3HaueHHs KoHueHTpauii Ly 3Haxomunmuch B Mexax

L, =420 2N
J

Cruig BIAMITHTH, IO 3HAYEHHS IIOTOKIB |N i | oxmepxano 3a ymoB

BUKOPHUCTAHHS KIHETHKH Peaklii HyJIbOBOTO NOPSIKY PH BiJICYTHOCTI JTiMiTyBaHHS
KHCHEM 1 HEeBpaxyBaHHI TPH BH3HAYEHHI MOTOKIB 30BHIINIHHOI'O MAaCOIEPEHOCY
cyOcTpariB yepe3 nmorpaHuyHuH map (piJUHHY TUTIBKY).

Ane i B IbOMY BHIT3JIKy, HA OCHOBI pHUC. 4, MOXHA 3pOOUTH BHCHOBOK, IO MOTiK
aMOHII0 B 010TUTIBKY 3HAYHOIO MIpOI0 OLTbIIIe KOHTPOIIIOETHCSI KOHIIeHTpatieo O3,
HiK MOTOKOM aMOHir0 |, 0cOGNMBO TpH KOHIEHTpAILlii MOCTYNAYOro aMOHIK0

mrN

OuIbIe HIDK 55— .
I
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Opraniuniii cyGeTpat OpraniuHiii cydcTpar
O3 Bury4daeThes 3a O3 Buny4daeThcs 3a
MOIIOMOIOI0 HITPATIB JOTIOMOT 00 KHCHEO

Opr.za6. O3
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HiTpatu NO;

__// Bigmans s

0 & cyGeTpartiB (z)

Puc. 3. 3minu KoHUEHTpawii opraniyHux 3a0pynHeHs (O3) 1Mo TOBIIMHI O10IUTIBKY MpH 1X
BUJTy4eHHI 3a qormomororo kucHto O i HiTpaTie NO3

Ha mixcraBi mpoBeneHWX EKCIIEPUMEHTANBHUX [OCTI/DKEHh IPH 3HAYEHHI

6mMrO, . . .
KoHueHTpauil kucHio C, =-———= i Ipu 3HaueHHi NOTOKY y BUIILAI aueTata
I, = (7,5+8,0)ﬂ , MOTIK aMOHII0 B OioImIiBKY CKJIaJaB

M2H06a
. rXIIK
Iy = (1,5 +1,7)22—N , & IPU 3HAYEHHi IIOTOKY |, = 152— BUITY4YEHHS a30Ty
M“100a M“100a

Maitke mpUIuHIIoCH [8].

Tak sK, 3rigHO 3 HaBEJICHUMH KIHETHYHUMHU PIBHSAHHSIMH, 3POCTaHHS
rerepoTpodiB Moxke OyTH 0OMeKeHe KUCHEM 1 TOMY MPOLIECH BUITyYEHHS a30Ty TpH
cymicHii ounctii O3 1 N, sxi 3HauHO oOMmexeni O3, OyayTh TaKoX OOMEXKEHI
kucueM O,. Tlpu 1bOMY BenMYMHY OOMEKEHHS KHCHEM HAa 3pOCTAHHS

retepoTpodHUX OakTepiii MOXKHA BH3HA4YNTH 3a (opmyioro [9-11]:

)i Ls , (9)

Vo, = (1_7/HETT002 C
0, “0,5
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1e ¥ pprro o, — ACpoOHMil reTepoTpodHMil mpupicT GiOMITiBKH, D i Do, -
xoedinientu mudysii i 031 O, B Giorwmismi, L; i Ly, — konmentpanii 031 O,
Ha mosepxHi Oiommiekn. Tak, 3HauenHns 7., >1 cBigants mpo Te, wo icHye

0OME>KEHHS 110 KUCHIO 7S TeTepoTpodHUX OAKTEPild 1 BIICYTHICTh KOHKYPEHIIIT 1Ist

HiTpudikatopis. Ilpu 3nagenni O3 Bignosiguo 10 i 35ﬂ< 3HAYCHHS J;

I
BimmoBimHOo Oyaytes 0,3 1 1,1, sKi BIONOBIMAIOTH 3HAYCHHAM, OJEP)KaHUM
eKCIepuMEeHTaIbHO [ 1, 2].

A) 20

Puc. 4. Ilotokm opranigHoro 3a0pynHeHHs (A) 1 amonito (B), Bu3Haueni uyepe3
koHueHTpauioo O3 B peakTopi [2]

Y Bumagky  naudy3iiHOrO  MEpeHoCy  BCepelduHi  OIOIUIBKH  TPH
CTEXIOMETPHUYHOMY 3B’SI3Ky Ta YTHIII3allii OJHOTrO i3 eNeKTpOHHHX JoHopiB O3

(cexirist 1) un N (cekist 3) B mprCyTHOCTI eekTpoHHOro akienropa (Oz), 38’5130k
MiX HUMH MOXXHa BU3HAUUTH 33 HACTYITHUM PiBHAHHSM [1, 2]:

||_/V|_=|c/Vc, |N/VN=|c/Vc . (10)
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. . 1
Hampuknan, crexiomerpuunuii xoedinient g O3 V| = —Y—, a 17 KUCHIO

Vv __YC -1
cTTTy
c
Takum uyuHOM, HEOOXimgHMK MOTIK KUCHIO |c mpu BuimydeHHi O3 MokHa
BH3HAYUTH 32 (POPMYIIOIO:

|c = (Vc/VL) ||_ = (l- Y) IL, Y = 0.4, (11)
a B yMoBax HiTpudikamii (BUIy4eHHS aMOHII0) Ma€MO:
lc = (Vc/Vn) In= (4.57- Yn) In, YN=0.22. (12)

Crig BiAMITHTH, 110 OCHOBHOIO YMOBOI BUKOpPHUCTaHHS piBHsAHHA (10) € Te, 1m0
BCI MpoliecH B OiomiBI OyAyTh cTexioMmeTpuyHumH [1].

B 3aranpHOMYy BUNanKy TOTOKM B OIOIUTIBKY 3ajieXaTh BiJ KOHIIEHTpAIii
cyOcTpaTiB, SKi MMOCTyHarOTh B OIOILTIBKY, TOMY 3HA4€HHS IOTOKY aMOHIIO B

Giommisky | Takoxk Oyme 3amexaru Bim 3HaueHHs 1moTOKY |, B Giorumisky,
a 3HauuTh, 1 Bix KoHmeHTpanii O,, npo MmO cBiAYATH pe3yIbTATU
eKCTIIepUMEHTALHIX TOCHIKeHb, HaBeaeH] B Tadm. 3 [1, 2].

Tabmus 3 — Oninka BIUTMBY HAa 3HAYEHHS TOTOKY B O10TUTIBIN PY CyMiCHIM OYHCTIN
03, O, i N B ymoBax nimityBanns mnpouecy konuenrpamismu 031 O,

I, /YN, | 2,0(095]085|070 055045030 |025|015] 0

(1_ )DLL,s
7/|_o2 —D C 0 011020304 |05|061]07] 09110

B poGoti [12] HaBemeHO pe3yibTaTH TEOPETHYHUX OCIHIIKEHb CYMICHOTO
utydeHHst O3 (XIIK) i amonito N GiorutiBkoro B 6iopeakTopi-3MillryBadi B yMOBax
HECTaL[iOHAPHOTO PEXHUMY OYHMCTKU. 3a3HAYMMO, IO BUIIYYEHHS MPOBEICHO INPH

XIIK r N
r_3 , N5:30F’ 8o =10mxm,

M

BXigHux KonueHtpanisx O3 L, =30

XIIK XIIK
X\, =8700~"5—, X, =400"——.
M ° M
B yMmoBax cramioHapHOro pexxumy, sKHi HacTynae HaOmwkeHo micisa 10 mi6,

Maemo: X =13000@<, X, =7000ﬂ.

M M
Sx BugHO 3 TaOmMUi 4, CTalliOHApPHUI peXUM B OIOIUIIBIN (OPMYETBCS TPH
BrrydernHi O3 micist 5 116, a nmpu Brrydenni N — Habmmkero micist 10 116 podotn
peakTopa. B nboMy BHIIaIKy 3HAYCHHS JIJIs IOTOKIB Oye:
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rXIIK N
I =27——, | =-830———,
LXK M2 n06a N NF, M2 1062
N rO
I =-830——, | 12— ~"2 .
N MO M2 1062 L0 M2 1062

Tabmuus 4 — Pe3ynbTaTi poBeACHUX PO3PaXyHKiB CYMICHOT OYMCTKH CTIYHHX BOJ
Bi opraHiuHuX 3a0pynHerp O3 1 CIOJYK aMOHIHHOTO a30Ty 3 BUKOPHCTAaHHIM

KIHCTHYHOI peakuii MOHO py KOHIEHTpalii KUCHIO C, =8 Mr?z
2
M
0 , MKM 10 30 50 70 85 100 120 150 200
Jac t, 100a 0 1,0 2,0 3,0 4,0 5,0 6,0 8,0 >10
L5 30 27 20 7,5 55 4,0 3,2 3,12 3,10
N NH, 30 295 | 23,0 | 23,0 | 20,0 | 18,0 | 13,0 8,0 55
N no, 0 | 005| 20 | 70 | 100 | 120 | 180 | 17,0 | 225

Takum  YUHOM, pe3yJbTaTH MPOBEACHOTO  aHalli3y TEOPETHYHHX 1
CKCIIEPUMEHTAIBHUX JTOCTIDKEHb CYMICHOI 010JIOTIYHOT OYMCTKY CTIYHHMX BOJ Bij

opraniunux 3abpyanens O3 (XIIK) i cnomyk amoniiinoro azory N (NHj)

JIO3BOJISIIOTH 3pOOWTH HACTYIHUWI BHCHOBOK, IO TPW 3HAYCHHI aMOHIMHOTO a30Ty

om3eko N < 40 MmN

1 TIpU JIOCTaTHROMY 3a0e3MEeUeHHI MPOIECY BUIIyUCHHS
b

kucaeM O, , KOIM MPOLEC OYMCTKH HE JIIMITYEThCSI KHCHEM, TOOTO, MEPEBAKHO MPH

MrO, .
YMOBax C02 >6+8 , TpOIEC OYUCTKH a30Ty Oyne JiMITyBaTUCh

b)
opraniunumu pedoBuHamu O3, a BumiydyeHHs a3oTy N B OiommiBui mouHe
BiOyBaTHCh NIpW BXiJHUX KOHIEHTpalisx O3 B GiOIUIBKY MpH 1X 3HaYEeHHSX Ha ii
mr XITK

bi§
OxpiM TOrO, CIi 3ayBa)KUTH, IO NPU CYMICHOMY BHIIyY€HHI OPraHi4HOTO i
azoTHoro cyoctpatis (O3 i N) 3rifHO 3 KIHETHKOIO PEaKIlii B 3arajbHOMY BHITAIKy
Py OpraHiyHOMYy CyOCTpaTi B yMOBax TIeTEPOreHHOi OIOMJIIBKM BHCOKOI
KOHIIEHTpaLii, el mpoiec Moxke BiAOyBaTHUCh 32 PaxyHOK JBOX EJIEKTPOHHHX
aKUEeNnTopiB KUCHIO 1 HiTpatoM (HiTpuTOM). B mimomy nma Oinmbrocti
rerepoTpoHUX OakTepii, SK Ii¢ OyJ0 IMOKa3aHO BHIINE, KHUCEHb € OCHOBHUM
aKIEeNnToOpoM 1 B Horo mpucyTHocTi BuiydeHHs O3 3a paxyHOK cmonyk azory N,
TOOTO AeHiTpUdiKalis, MOXe HE BiIOyBaTHUCh.
Sk Bizomo, 3arayibHe piBHSHHS MarepiajgbHOro Oamancy 3abpymnens O3 i N B
CeKIIii 2 aepoTeHKa-3MilllyBaya Ma€ HACTYITHUH BUTIISL:

NOBEPXHi B Mekax L ; < 30+35

Va?j—f:Qa(So—Sa)—A lc—PV,. (13)
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Tak sKk BuiydeHHS CyOCTpaTiB B IbOMY BHIIQJKy MEPEBAYXKHO BiMOYBa€THCS
3aKpiruieHuM OioneHo30M, TO piBHsAHHS (10) MOXHA CIIPOCTUTH 1 AJIST OJATBIIOTO
BUKOPHUCTAHHS 1 aHAJI3y MPUHHSITH Y HACTYITHOMY BUTJISIL

Qso_lsAF =QSa, (14)

ne S, — KoHIEeHTpalis cybeTpary y BXimHil pinuHi, S, — KOHIEHTpallis cyOcTpary
Ha BUXxoxi, A — 3araipHa IUIOLIA MOBEPXHi OIOMIIBKY B CEKIil 2 aepPOTEHKa, | s —
MOTIK cyOcTpary B OiOILTIBKY.

st BU3HAUEHHS 3HaYCHb MOTOKIB CyOCTpaTy Ha MOBEPXHi OIOIIIiBKH i3 00’ eMy
piauHu, 1Mo BinOyBaeThbcd uepe3 PIAMHHY IUTIBKY (NOTpaHMYHHMK IHap), A

momaibiroi  ix peamizamii  3akpituieHHM  OiorleHO30M  (OiOTUTIBKOKO) MOYKHA
BUKOPUCTOBYBaTH HACTYIIHE piBHSHHA [4, 5, 7]:

o5
IS=—DSE=KC(Sa—S|Z=O) S|, =Ss mpu z=0.  (15)

Jiist yMOB MPUAHATOT KIHETHYHOT peaKii HyJIbOBOTO MOPSIIKY AJIsi BU3HAUYCHHS
norokis | i | mpu cymicHiii ouncTii 3a6pyaHeHb, KOJHU JTIMITYI0YUM (HaKTOPOM

OyJe KOHIIEHTpAIlisl OPraHivHOTO CyOCTpaTy, peKOMEHIY€EThCS BUKOPHUCTOBYBaTH
HaBeJIeHl Ha puc. 4 naHi po3paxyHkis motokiB | mwis O3 i N, a Takox mapamerpu

OIOILTIBKH S s JUIA IHIIMX KiHETHK peakuid. JleTaapbHO MeToOuKa 3acTOCYBaHHS

MOJICTbHUX PO3PaXyHKIB MpecTaBiaeHa B podorax [3—7].
BucnoBku

B pesynbrati mpoBeneHNX AOCHIIPKEHh MOXKHA 3pOOMTH HACTYIIHI y3araibHIOWYi
BHCHOBKH: OOTPYHTOBaHa MOJJIMBICTh 1 TEXHOJOTIYHA JOUUIBHICTH CYMiCHOTO
BUWJIy4eHHsI opraHiuHux 3abpyanens O3 i ciosyk amoHito N muisixom 6iosorignoi
OYHCTKH B OlopeakTopi-3mimryBadi 3akpimieHuM OionieHo3oM (6iomtiBkoro). [pu
bOMY, OlopeakTop-3MilllyBay HEOOXiJHO KOHCTPYKTHBHO OOJaIlITOBYBaTH
y BUIJISINI KUTBKOX CeKIid, B sKuX BimOyBaetbcsi oumctka O3 1 N, 3rigHo
3 OOIPYHTOBAHMMHU TPbOMa CTaISIMH.

3anpornoHOBaHO KpUTEpialibHI MapaMeTpy Ta IHKEHEPHI METOJH PO3paxyHKY
3 BU3HAUEHHsI KOHIIEHTpaLiil opraniyHux 3adpyaHens O3, amoniliHorO a3oty N 1 ix
norokis | i |, mpu sikux BinGysaersest cymicue Bunyuenns O3 i N B 2-if cexurii
OiopeakTopa OIiOILTIBKOIO CKJIQAHOI TETEPOreHHOI CTPYKTYpH 13  PIi3HHX
MIKpOOpTaHi3MiB.

[IpoBenena ominka pizHKUX (HAKTOPIB Ta MPOLIECIB, y TOMY 4uci, cyocrpatiB O3,
N, O,, ski BILIMBAIOTH Ta JIMITYIOTh TPOLECH CYMIiCHOI OYMCTKH OPraHiYHUX

3a0pyIHEeHb 1 a30Ty.

Po3pobiieHa kKoMITIIEeKCHa METOAMKA KUTBKICHOT OIIHKY TIPOIIECiB MacOIIepeHOCY
B O10TITiBKAX MPH OYHCTIN CTIYHUX BOJ BiJl OpTraHIYHHUX 3a0pyIHEHB Ta CIIOIYK a30Ty
B OiopeakTopax-aepoTeHKax Ta OiopeakTopax-3MillyBadax.
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ENERGY-SAVING TECHNOLOGY
FOR PROCESSING OF EXHAUSTED ETCHING SOLUTIONS
WITH OBTAINING OF FERROMAGNETIC COMPOUNDS

Abstract. Exhausted etching solutions are the waste of industrial enterprises and
contain toxic pollutants that have a detrimental effect on the environment.
Currently, the processing of these solutions to obtain marketable products is
important. The paper presents the results of research on the application of the
ferritization method for processing of exhausted etching solutions of steel surfaces.
Energy-saving activation of the process by alternating magnetic fields was used,
which has undeniable advantages compared to traditional thermal activation. The
influence of the initial concentration of iron ions in the reaction mixture of
ferritization process and the methods of its activation on the treatment quality of
exhausted etching solutions was studied. It was established that the best degree of
extraction of heavy metal ions from exhausted etching solutions by ferritization is
achieved when the reaction mixture is activated by alternating magnetic fields at an
initial concentration of iron ions of 6.6 g/dm®. At the same time, the residual
concentration of iron ions in purified solutions does not exceed 0.03 mg/dm?, that
corresponds to degree of purification of solutions of 99.999%. Those solutions can
be reused in situ. The qualitative and quantitative composition of ferritization
sediments was studied. Phases of ferroxygite 0-FeOOH, magnetite Fes04 and
maghemite y-Fe,O3 were detected by X-ray phase analysis in the sediments. It was
established that at the initial concentration of iron ions of 26.6 g/dm? with thermal
activation of the reaction mixture and 16.6 g/dm? with alternating magnetic fields
activation, the sediment exclusively contains the magnetite phase. The results of the
study indicate the possibility of further use of sediments for the production of
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important industrial products and materials containing ferromagnetic compounds.
The implamitation of improved ferritization process in industrial enterprises will
allow to achieve decrease of energy consumption compared to known technologies
of exhausted etching solutions processing.

Keywords: exhausted etching solutions; waste processing; ferritization; alternating
magnetic fields; magnetite
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EHEPI'OOIINATHA TEXHOJIOI'TA
HEPEPOBKHU BIAIIPAIIbOBAHUX TPABUJIBHUX PO3YNHIB
3 OJEP)KAHHSAM ®EPOMATI'HITHUX CHIOJIYK

Anomauin. Bionpayvboani mpasuibhi po3uuHu — GIOX00U NPOMUCTOBUX
nionpuemcme — MIiCmsAmMb MOKCUYHI 3A0pYOHeHHs, AKI 32YOHO 6NIUAlOMb HA
doskinna. Hapasi easxciugoro € nepepoOxa yux po3uunis 3 OmpuMaHHAM MOBAPHUX
npodykmie. B pobomi npedcmasneni pe3yibmamu 00Caiodicelsb i3 3aCmMoCy8anHs.
Memody Gepumuzayii 01a nepepodKu GiONPAYLOBAHUX MPABUILHUX DO3UUHIG
cmanesux nogepxons. Buxopucmosysanacsy emepeoowaona akmueayis npoyecy
SMIHHUMU MASHIMHUMU NOJAMU, SIKA MA€E be33anepeyni nepedazu 6 NOPiGHAHHI 3
mpaouyitinolo mepmiunoio akmusayicio. Bugueno 6naue uxionoi Konyenmpayii
ioHie epymy 6 peaxyitiniti cymiwi npoyecy pepumusayii ma cnocooie 1oco
akmueayii Ha AKICMb OYUWEHH MPABUIbHO20 pO34uuHy. Bcmamnoseneno, wo
HAUKpawull Cmyninb 8UyYeHHs I0HI6 BAJCKUX MEMANi8 3 MPAGUIbHUX PO3UUHIE
Gepumusayiero docsaeaemuvcs Npu 3aCMOCY8AHHI akmueayii peakyiiHoi cymiuii
SMIHHUMU MAZSHIMHUMU NOIAMU NpU BUXIOHI KoHyewmpayii ioHie ¢gepymy
6,6 /oM. IIpu yvomy 3amuwiKoeéa KoHyewmpayis iowie epymy 6 oOuuujeHux
poszuunax He nepeeuwye 0,03 m2/om®, wo 6idnogidae cmynewio ouUUjeHHS
posuunie 99,999%. Taki po3uunu MOJICHA NOBMOPHO SUKOPUCHOBYBAMU HA
supooruymei. Jocniodceno axicHuul I KIIbKICHUU cK1ad ocadie gepumuzayii
mpasunbHux posyunie. Memooom penmeenopazoso2o ananiszy 8 ocaoax eusasieHi
Qasu gepoxcucimy 6-FeOOH, macnemumy Fe3sOs ma maczcemimy y-Fe0s.
Bcmanoeneno, wo npu euxiouiti xouyemmpayii ionie gepymy 26,6 2/om® i
mepmiuniti akmueayii peaxyitinoi cymiwi, a maxoxc 16,6 2/om® i axmusayii
SMIHHUMU MASHIMHUMU NOAAMU OCAO MICMUMb BUKIIOYHO ¢ha3y MazHemumy.
Pesynomamu  docnidoicennss  cgiduamv  npo  MOJNCIUGICMb  NOOAILULOZO
BUKOPUCAHHS 0CA0I8 OJIsi GUSOMOGIEHHS BANCIUBUX NPOMUCTIOBUX 6Up00i8 |
mamepianie 3 BMICMOM pepomacHimHux cnonyk. Bukopucmanns y0ockoHanenozo
Gepumuzayitinozo npoyecy HA BUPOOHUYMSEL 00380IUMb OOCASHYMU MEHUIUX
eHepeosumpam 6 HNOPIGHAHHI 3  GIOOMUMU  MEXHONO2IAMU  nepepoOKu
8IONPAYbOBAHUX POZUUHIG.

Kniouoei cnosa: mpasunvhi po3uunu, nepepooxa 8i0xoois, hepumusayis, 3mMinHi

MASHIMHI NONSA,; MASHemum
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Beryn

B 11eif yac ocobnrBa yBara nNpuAiII€THCS 3aX0JaM 3 IEPEPOOKH Ta 3HEIIKOPKEHHS
pinkux (epoBMICHUX BIAXOAIB TalbBaHIYHUX, METATYPTiMHHX 1 XIMIYHUX
BHPOOHMIITB 3 OTPUMAHHSM TOBapHUX MPOAYKTiB. Ll[opiuHO Ha TPOMHUCIOBHX
nignpuemctBax CxinHOI €BpONHU YTBOPIOETHCS COTHI MiJIbIIOHIB TOHH TOKCUYHUX
BiAIpaIibOBaHUX BHCOKOKOHIIEHTPOBAHUX TPABHJIBHUX PO3UYHHIB, SKi IMJIATAIOTH
3HEMIKOHKeHHIO Ta TiepepoOiri [1]. Taki 3axoan H03BOIATH BUPIIIUTH OJHOYACHO
IBi TpoONeMH: EKOJOTiYHYy — YTWIi3alilo BiAXOAiB 1 CHPOBHHHY — JUIA
BUPOOHHMIITBA LIHHUX MaTepiaiiB. Jlo epoBMiCHHX BiXOHIB MOXXHa BiTHECTH
BiAIpariboBaHi CIpYaHOKHUCIOTHI PO3YMHHU TPABJICHHS CTAJICBUX IOBEPXOHB, SKi
MPaKTHYHO HE YTHIII3YIOTHCS Ha BUpOOHUITBI. Lle mpu3BoANTH 10 IX HAKOMTUYEHHS
Ta 3aBAa€ 3HAYHOI WIKOJAM HABKOJIMIIHBOMY CepeloBHINY. B pesymbraTi i3
HEAOCTaTHbO OYMIICHUMH IIPOMHUCIOBUMH CTIYHUMH BOAAMU y BOJAHI OO'€KTH
IIOPOKY MOTPATUISIOTh THCAYl TOHH TOKCHYHUX CIIONYK, SIKi MICTATh 10HU Qepymy
Ta IHIIMX BAaXKKUX MeETamiB. TakUM YMHOM, B PE3yJibTaTi TPaBICHHS CTali i3
CTIYHIMH BOJaMH O€3ITOBOPOTHO BTPAYAETHCS 3HAYHA KUTBKICTh IIUX CIONYK. loHI
(dbepyMy BOJOMiIOTH BHCOKOI MITPaliifHOI0 pPYyXOMICTIO Ta 3JaTHICTIO
aKyMYJIOBaTHCS B KMBOMY OpraHi3Mi Ta BUKJIHMKATH Pi3HOMaHITHI ¢izionoriui
MOpYIIEHHS, B TOMY YHCIIi Ha TeHETHYHOMY piBHi [2]. Hamnumok coneit pepymy B
KUBOMY OpraHi3Mi MOK€ MPU3BOANTH 10 TOCTPUX KUIIKOBUX OTPYEHD 3 HYIOTOIO
Ta MoripuieHHsM po6oTu iMmyHHOI cuctemu [3]. Kpim Toro, coii BaXKUX METaiB
MEPEIIKOKAIOTh 0I0JIOTTYHOMY CaMOOYHMIICHHIO BOJOWMHMII, IO IOB'S3aHO 3
MOPYIICHHSIM Oi0JIOTI9HOT PIBHOBAarn MIKPOENEMEHTIB 1 KHUCHEBOTO PEXUMY
Bojoiimu [4]. Exonoriuna HeOe3neka BiANpambOBaHWX TPABWIBHUX PO3YUHIB
nokazaHa B Ta0u. 1.

Tabnuus 1 — [HTepBany 3HaUEHHS €KOJIOTTYHOI HeOe3NeKH TPaBUIbHUX PO3UHHIB

. . [HTepBas 3HAYEHHS
HaiiMeHyBaHHS TEXHOJIOTTYHOTO TIPOLIECY S
€KOJIOTiuHOT HeGe3nekn
TpaBJIEHHs ‘ )
TEXHOJIOTIYHUX PO3UHHIB
CraneBux CIUIaBiB 0,2 -103+ 11 -10°
KoposiiiHo-cTilikux cruiaBis 0,3-10%+1 -10°
XPOMUCTHX Ta XPOMHIKEJIEBUX CILIABiB 8 -10%+70 -10°
AJTIOMiHiIO 1 HOT0 CIUIaBiB 0,1 -10%+3 -10°
Mini 1 1i crimaBiB 1,5-103+27 -10°

Tomy noctae 3aBganHs po3poOKH €PEeKTUBHUX METOIB OUYMCTKU UX TOKCHYHHUX
CTIYHHX BOJI, IO MICTSTB CIIONYKH GepyMy. [ToBTOpHE BUKOpUCTAHHS BUITyUSHHX i3
TPaBHJIBHUAX PO3YHMHIB MaTepiaiiB JIO3BOJIUThH IMiJIPHEMCTBY 3HU3UTU ITUIATY 3a
30epiraHHsl HeOE3MEeYHNUX BiXOJiB, OTPUMATH IOJATKOBY €KOHOMIYHY BHTOIY Bij
peamizanii HOBOi NpOAYKWii Ta 3HU3UTH HABAHTAKEHHS Ha EKOCHCTEMY.
AKTyalbHUIMH € JOCHIDKCHHS, CHOPSAMOBaHI Ha OTPUMaHHSA BHCOKOSKICHOL
CHPOBHHH 3 IPOMUCIIOBUX CTIYHUX BOJ, IKi MiCTSTh i0HH (hepyMy, 3 pallioHATEHUM
BUKOPUCTAHHSIM BOAM, CHPOBHHHM Ta €HEprii B CHCTEMI MPOMHCIOBOTO
BHPOOHMIITBA.
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AHaJi3 ocTaHHIX J0caikeHb i myO/ikanii

Amnanmiz poOiT BYeHHMX 3 TepepoOKHM (epoBMICHHX CTIiYHMX BOJ IIOKa3aB
aKTyaJBHICTh 1 JOIIBHICTH MOCHIIPKEHb B HANPSIMKYy OTPUMAaHHS MaTepiamiB 3
HaHOPO3MIPHOIO CTPYKTYporo. Oco0IHBY 3aIiKaBIE€HICTh MPEACTABISIOTH MArHITHI
HAHOYACTHHKH IMOJIBAJICHTHUX OKCHIIB (epymy [5]. BoHH BUKOPUCTOBYIOTHCS
B OioTexHOMOTIi [6], MpW BUTOTOBJIICHHI MAarHiTHMX HOCIiB [7], marumkiB [8],
copOeHTiB [9], KOJNOIMHMX IONMOMDKHHMX pPEYOBHH JiKapchkux 3aco0iB [10],
karamizaropis [11], ckna [12], mirmenTiB [13], OyaiBensaux marepiaiis [ 14, 15] Toro.

IcHyIOTH OBa OCHOBHHMX HAaNpsSMKU TIEpepOOKH BiINpPalbOBaHUX PO3UMHIB
TPaBJICHHS CTAJIEBUX MOBEPXOHB: PereHeparlisl X PO3YMHIB Ta BIIIYYCHHS 10HIB
dbepyMy y BUrIsAni TBepAoda3zHUX XiMiUyHO CTiHKMX crmonyk [16, 17]. OxHum i3
MEPCIEKTUBHUX METOMAIB pereHepaiii BiANpambOBaHUX TPaBUJIBHUX PO3YHHIB €
Meton rigpodasznoi dpepuruzarii [18]. CyTh IbOT0 METOIYy TOJATAE Y CTBOPEHHI ¥
BIANPAIbOBAaHUX CIPYAHOKHCIOTHUX TPABWIBHHX PO3YMHAX YMOB, SIKi CIPHSIOTH
MIBUIKOMY (OPMYBAaHHIO NUCIIEPCHUX PEYOBHH 3 MArHiTHUMH BIIACTHBOCTSMHU.
CyTTeBUM HenoiikoM rifpodasHoi (epuTHsalii € TpuBajie HarpiBaHHS 3HAYHHUX
00’eMiB BUXITHUX PO3UYHHIB IIpu TemMiieparypi sute 75 °C. Y pobori [19] mokazano,
IO ajNbTEPHATHBOIO TEPMidHINM TigpodaszHid QepuTH3anii € akTUBaLisl Mpolecy
3MiHHUMH MarHiTHEMU Tomsmu (3MID) mpu kimHaTHIM Temmeparypi. B mwmx
nociimkeHHsX [19] orpumyBanmcs dhepoMarHiTHi HAHOYaCTHHKHU Pi3HOTO (Pa3oBOTO
CKJIaJly, B CTPYKTYPI SIKUX MICTATHCS 10HH HIKEIIO, IIMHKY Ta Mifli.

[epebir npouecy rinpodasznoi Gepuruzariii 3aaeKuTh BiJl HACTYNHUX (DAKTOPIB,
II0 BU3HAYAIOTh THIT NEPBHHHUX 3aPOJKOBHX (PEpPOBMICHUX CTPYKTYp, iX mojasblie
(opMyBaHHS Ta PO3BHUTOK 3 YTBOPEHHSM CTIHKHMX CIIOJYK: BHXiJHA KOHIICHTPALLiS
ioHiB Baxkkux MetanmiB [20], 3nauennss pH [21], Temmepartypa [22], TpuBaiiCTh
nporiecy [23], BUTpaTh OKMCHUKA [24] Ta crocid akTuBallii peakiiiiiHol cymiri [25].
Kpim toro, nepepaxoBasi Buile (pakTOpy BILTUBAIOTH 200 HA CTIMKICTH Ti€l uu iHIIOT
Mo Tu(iKaIlil MOHOT1IPATIB Ta OKCUIB BAXKKHX METAJIB B [IUX YMOBAX, a00 1HIIIIOI0Th
ix TpaHchopMmallito B iHII OUIBII CTIHKI CIIOMYKH B JIy>KHOMY CEpeIoBHILI [26].

Mera wi€i po60oTH TIOISATAE B TOMY, ITOOM BU3HAYNTH BILTUB BUXiIHOI KOHIIEHTPAITi1
ioHIB QepyMy B peakliiHii cywmimni mponecy ¢epuTHsalii Ta crnocoOiB HOro
aKTWBaIlii Ha CTYyMiHb BWIyYEeHHS [WX I1OHIB 3 BiANpaibOBaHUX TPABUIBHHUX
PO34HHIB, @ TAKOXK HA CTPYKTYPY OTPUMAHUX OCaiB.

MeToauka q0CTiIKeHHA

B poboti nmocnimkyBanack mepepoOka MeToqoM (epuTH3aIii BigIparboBaHOTO
CIPYaHOKHMCIOTHOTO PO3YMHY TPABJICHHS CTAJICBHX ITOBEPXOHb, SKHH OTPUMAHO Ha
OJTHOMY 3 IPOMHCIIOBHX MMignpueMcTB M. Kuera. KoHIeHTpaIlist OCHOBHUX XiMIYHUX
CHOJIYK y IbOMY pO34uHi, sikuii Mae BenuuuHy pH = 1,41: FeSOs — 126,5, H2SO4—
21,0 r/am3. TIpouec (pepuTH3aLii MPOBOAMBCSA NPH BUXiJHUX KOHLEHTPALiAX 10HIB
(GepyMy B po3uMHi, 0 3MiHIOBAIKChL B Mexkax 6,6 + 46,6 r/am®. s nocaraenHs
HEOOXiIHWX HaM 3HAauYeHb KOHIICHTpPALId TpPaBUJIBHHUIA PO3YMH PO30ABISIBCS
BOAOMPOBigHOIO Bogo0. Kopurysanus Bemnunan pH mpoBagmnu 25% po3drmHOM
rigpokcumy Harpito a0 3HadeHHs 11,5. TpuBamicTe NpoOBEACHHS MPOIECY
(epuruzanii cranosuna 15 xs. YactkoBe okucienns Fe?* B Fe®' snilicHioBanock
aepariero peakLiiHoi cyMimi KucHeM noBitps 3i mBuaxkictio 0,15 m/roz.
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HocmimkyBaBcss mporiec  (GepUTH3AIIWHOT  MepepoOKH  BiIIparbOBaHHUX
TPaBWIBHUX PO3YHMHIB 3 OTPUMAHHSIM KPHCTAIIYHUX ()EPOBMICHUX CHONYK, SIK 3
TPaJULIHHOI0 TEPMIYHOIO aKTHBALIIEI0 PeakUiifHol cyMimn npu Temneparypi 75 °C
[19], Tak i 3 aKTHBAIli€I0 PEAKIIHHOI CyMilli B 3MiHHOMY MAarHiTHOMY TIOJ TIPH
KiMHaTHIE Temmepatypi [25]. B excmepuMeHTax BHKOPHCTOBYBABCS PEAKTOp 3
poGounm 06’emom 1 am3. Jlns CTBOPEHHS 3MIHHOTO MArHiTHOrO IOJs OYJI0
pO3pobIeHO KEepOBaHUI TEeHepaTrop NPSAMOKYTHHX IMIYJBCIB Ha OCHOBI IDIaTH
MikpokoHTposiepa ATmega328p. Buxigna Hampyra iMmynbciB Ha 8 1mudpoBUX
BHXO/aX IUIaTH KOHTpoJiepa cTaHoBWIA 5 B, Makcumanbauit ctpym — 20 MA.

3MiHa aMIutiTyau MarHiTHOI iHaykuii BenmmuwmuHoro 0,1 Tm B pobouiit 30HI
ycTaHoBKH mpoBoamiacs 6okom skupieHHs UTP3305C uepes intepdeiic RS-232.
Cranmumu OynM TakoX 1HINI TapamMeTpud TeHepalii 3MiHHOIO MAarHiTHOTO MOJIS:
yacrora iMmynbciB 1 ', mepiog mix iMmmynbcamu 100 Mc, TPUBANICTh IMITYJIBECY
1000 wmc.

KoHmentpariito i0oHIB ¢epyMy BiIIparbOBaHOTO TPABHILHOTO PO3YHHY
Bu3Hauanu Ha cnektpodoromerpi DR3900 (Hach, CHIA). Benmumna pH
peakuiitHoOi cymimn B mporeci gepuTusalii BuzHadanach Ha pH-metpi PL-700AL
(ITompmma).

Ocan ¢epurusamiiHoi NepepoOKU TPABHILHOTO PO3YUHY 3HEBOJHIOBABCS
npoTsiroM 2 xB Ha HerTpudysi CM-5 (Micromed, Ykpaina) 3 pakropom po3aineHHs
3600 Tta BucymyBaBca mnpu Temmeparypi 105 °C  mporsrom mobu B
enekrpocymwibHil madi CHOJI 67/350 (Ykpaina).

da3oBuii aHami3 MOPOIIKY BUCYIIEHUX OCAJiB 3/IHCHIOBABCSA METOIOM
pentreniBeekoi andpakuii Ha nudpaxkromerpi Ultima IV (Rigaku, Anownis) 3
BukopuctanHsM Cu-Ko BunpomiHtoBaHHS. 3HOMKa MPOBOAMIACH B iHTEPBaIi KYTiB
20 Bix 6 10 65° 3 kpokoM ckanyBaHHs 0,05° Ta yacoMm eKcIo3uilii B ToUIli 2 C.

Jiisi BUBYEHHSI MIKpPOCTPYKTYPH 3pa3KiB 0cajliB BAKOPUCTOBYBAIM CKaHYIOUHIA
eJIEKTPOHHUH Mikpockon-aHanizatop PEMMA-101A (SELMI, Ykpaina).

PesyabTaTi gocaigxeHHs

Pesynbrat JoCHiPKEHHS BIUIMBY OJHOTO 3 KIIOYOBHX IapaMeTpiB MpOIECY
(depuTH3amii TpaBUIFHUX PO3YMHIB, a came, BUXIIHOI KOHIIeHTparlii 10HiB hepymy
Ha CTYNiHb BHIyYeHHS IUX 10HIB MOKa3aHo B Tabmuipsix 2 Ta 3. OTpumani naHi
(deputnzaiii 3 Bukopuctanusam 3MIT akTuBallil MOPiBHIOBAIH 3 BIAMOBITHUMH IS
TpagMUiliHOT TepMiuHOi. SIK BUIHO 3 Tabl. 2, 3aIMIIKOBI KOHIEHTpawill ioHiB Fe?",
Fe3* B po3uuni micas (epuTH3aii 3 TEPMiYHOK aKTHBALIEI 3HAXOAATHCSA B MEXKaX
0,26-2,20 wmr/mm®. Tlpu Buxopucranni 3MII akTuBamii peakmiiHOT Ccyminn
BiNOBiHI 3HAYeHHs KOHIEHTpauil cTaHoBaTh 0,03-2,80 mr/mm® (Tadm. 3). Crix
BigMiTHUTH, 0 1pu Geputnsauii 3 3MII akTHBaLi€l0 PO3UNHY 3aJUILIKOBHHA BMICT
i0HIB (epyMy Mae OiNbII 3HAYCHHS B TOPIBHSAHHI 3 TEPMIYHOIO aKTHBAIIEIO MPH
BHXiJIHi} KOHLIEHTpalii peakuiiinoi cymimi > 20 r/am®. OueBuaHO, 1€ 06YMOBJIEHO
THUM, IO TPU BUCOKUX BHXIMHUX KOHIEHTpAUisx (epyMy B peakmiiHill cymimi
€JIEKTPOMArHITHUX PO3PSAAIB 13 BUBYAEMUMH XapaKTEPUCTHKAMU HEAOCTATHBO IS
(dhopMyBaHHS IIiJIBHOI NIMTIHENBFHOI KPUCTATIYHOI CTPYKTYpH (epuri. B mporeci
(hepuTH3alii CroCTepiracThCs 4aCTKOBE YTBOPEHHS B AUCIIEPCIHHOMY CEpEIOBHIII
MPOMIKHUX HECTIMKMX TBepIOo(a3HUX CHOIYK MOHOT1IPATiB BAXKKUX METAIIB.

B pesynbraTi gocnigpkeHHST BCTaHOBIIEHO, IO Tpolec deputusaiii 3adesnedye
BHCOKHH CTYIIHb BHIIyYEHHS 10HIB (pepyMy B €KOJIOTIYHO O€3MeuHi HEPO3UHMHHI
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cnonyku. BiH csrae 3Hayens O6u1bi HiX 99,992%. Takum unHOM, HalKpall yMOBU
MPOBENEHHs IMPOLECy OCATAIOTHCS MPH BUXITHIM KOHIEHTpauii 10HIB Qepymy
6,6 r/nm?® i3 3MII aktuBamicro. [Ipy oMy 3aIMIIKOBI KOHLIEHTPALlii i0HiB (hepyMy
MaroTh 3Ha4eHHs MeHm Hixk 0,03 mr/ave. OueBUIHO, 1€ 00YMOBIEHO THM, IO TaKa
BHXiJIHa KOHIICHTpAIlis 10HIB BAXXKHX METANiB B peakmiiHiil cymimri (epurmsamii
CHpUsi€ yTBOPEHHIO MEPEBAKHO CTIMKUX (pepoMarHiTHUX YaCTHHOK [27].

Tabmuns 2 — BunydeHHs i0HIB GepyMy 3 BiIIMpallbOBAaHUX TPAaBUIBHUX PO3YMHIB
(hepuTH3aIi€eI0 3 TEPMIYHOIO aKTUBAIIEI0

KonueHntpauis ionis gpepymy, mr/am3
Ne cepii CTyniHb BUTYYCHHS

OCITiIiB " . PO3YHH MiCs (o), %
peakuiiiHa cymimn (beputnzaii

1 46 600 2,20 99,995

2 36 600 2,01 99,994

3 26 600 1,63 99,993

4 16 600 0,84 99,994

5 6600 0,26 99,996

Tabnmuns 3 — BunydeHHs i0HIB GepyMy 3 BiINpanbOBaHUX TPAaBHIBHUX PO3YUHIB
(hepuTH3aIIi€I0 3 AKTUBAITIEID 3MIHHUMHU MarHiTHUMH TIOJISIMH

Konuentpauis ioHis pepymy, mr/am®
Ne cepit CrymiHp BUITyYCHHS

IOCITiIB .o . PO34YuH miciist ((1)’ %
peakuiitHa cymimn (beputsani

1 46 600 2,80 99,993

2 36 600 2,62 99,992

3 26 600 2,04 99,992

4 16 600 0,78 99,995

5 6600 0,03 99,999

Cnin 3a3Ha4uTH, IO TPU BUXiAHIA KOHUeHTpamii ioHiB ¢depymy 6,6 r/am®
OUHIIIEHY BOAYy Iicist (epuTh3allii mpu 3acTOCYBaHHI 000X CIOCOOIB akTHBALIil
MO’KHa TIOBTOPHO BHUKOPMCTOBYBAaTH Ha BHUPOOHHMIITBI B MPOMHBHHUX OIEpallisx,
OCKIJIbKM BOHA 33JJOBOJIBHSIE IIFOYMM BUMOTaM JI0 BMICTY B Hiif 10HIB (epyMy (MeHII
nix 0,3 mr/am®). Kpim toro, mpu deputnsanii 3 3MII akTHBaLi€0 DOCATAETHCS
e(eKTHBHICTb BUIY4YEHHs 10HIB hepyMy, 110 BiAMIOBiIa€ BUMOTaM BOJIH 2 KaTeropii
JUIl TaJbBaHIYHOTO BHUPOOHMITBAa. Taka BoJa MOXE 3aCTOCOBYBATUCH SIK B
MPOMHBHHUX OTEpaIisix, TakK 1 JUisi MPUTOTYBaHHs TexHoyoridyHnX po3unHiB ([JIK
ionis pepymy — 0,1 mr/mm3).

Pesynbratu cTpyKTYpHUX IOCHi/KeHb ocaliB (Tabm. 4 Tta puc. 1, 2) mobpe
Y3TOKYIOTHCS 3 JIAHUMH XIMIYHOTO aHaji3y PO34HHIB Miciis niporiecy (epuru3zariii
(tabm. 2, 3), mI0 Ja€ MOXKIUBICTH OUIBII MOBHO 3PO3YMITH TPOLECH, SKi
BiIOYBatOThCs Tipu niepediry deputusartii. [Ipu qociimkeHNX crocodax aKTUBAIl
peakmiiiHoi CcyMmilli Ta BHMXiIHMX KOHLEHTpaUisix 1oHIB (epymy QopmMmyeThes
JMCIIEPCHA YOpHA CYCIIEH3is, SIKa B IOJAIBIIOMY KPHUCTATI3YEThCS 3 YTBOPEHHSM,
TOJOBHUM  4YMHOM,  LIIBHUX  (epoBmicHMX  cTpykTyp.  [IpoBemenwmii
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penTreHoda3oBuit aHaji3 3pasKiB 0cajliB MEPEPOOKH BiANPABOBAHUX TPABUILHUX
po3uuHiB (eputnzaiicro (Tadi. 4) mokasye, Mo KUIbKiCHUH (pa30BHii CKIIaJ Ocamy
3HAYHOK MIpOIO 3aJICKHUTH BiJl BUXIJHOI KOHIICHTpAIlii 10HIB METally Ta CHOCO0Y
aKTUBAIlll peaKIiifHOI CyMilIi.

Tabmuns 4 — ®a3oBuii ckiax ocaniB pepuTH3aiii

Buxigna ®dazoBwuii ckaag ocauis, %
KOHLICHTpAList TepMmiyaa aKTHBAaIis 3MII akTuBaris
10HIB (epyMmy
B p03lII/IHi, 6-FeOOH FesO4 Y-FEzO?, 6-FeOOH FesO4 Y-FEzOs
/nm®
46,6 29,2 70,8 - 55,8 44,2 -
36,6 14,1 85,9 - 35,5 4,5 -
26,6 - 100 - 10,9 89,1 -
16,6 - 81,1 18,9 - 100 -
6,6 - - 100 - 50,8 49,2

B pesynprari mocmimkeHHs (a3oBoro ckmagy 3paskiB ocanmiB (tabm. 4)
inenTudikoBaHo pepomarniTHi Gazu epokcurity — 6-FeOOH, maruerury FesO4 Ta
marremity y-Fe,O; 3 mapamerpamu pemtitku 2,95; 8,36 i 8,34 A, sianosigno. Crin
BimMiTuTH, 110 11pu 3MIT akTHBaIii 3 BUXiTHOIO KOHIIEHTpaIli€ro pepymy 46,6 /oM
B peakuiifHiii cyMmilIi B 0caji MiCTATECS TBepAOGha3Hi MPOMIXKHI TPOAYKTH, 30KpeMa
(hepoKCHUTIT 13 3HAYHOK MAaCOBOK 4YacTKOK Iii€l ¢asu Oinbm HiK 50%. Ile,
BipOTiTHO, 00YMOBIIEHO HIU3BKHUM CTYTIEHEM KPHCTAIIYHOCTI CTPYKTYypH. Kpim TOTO,
Uit (hOpMYyBaHHSI B AMCTIEPCHOMY CEPEIOBHIII MATHETHUTA TIPU TEPMIivHIN aKTUBAIIi]
HeoOXi/IHA BHXi/IHA KOHIEHTpallis i0HIB GepyMy B peakuiiiniii cyminn 26,6 r/mm°.
Hns 3MII akTuBanii KOHUEHTpalis i10HIB (epyMy, NpH SIKiil YTBOPIOEThCA
BUKIIIOYHO (ha3a MarHetury, ckimamae 16,6 mr/nm®.  KinneBumu MPOIYyKTaMHU
npouecy (pazoyTBOPEHHs TIPY BUXiAHIN KOHUEHTpalii ioHiB depymy 6,6 r/am® €
¢dasu marremity (100%) 3 TepmiuHoro akTuBamico ta MarHetuty (50,8%) Ta
Maraetuty (49,2%) 3 3MII akTuBariero.

- " — Fes0q; .
_ 5 o 3
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= by 2 g T e ;
- Py = - ) '
- 1 - " ]
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| i ! 1 ‘ :
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Puc. 1. Pentrenorpamu 3pa3kiB Maruetuty: 1 — kBamigikamii «u» Ta ocaaiB epuTu3saii:
2 —3MII, 3 — TepMiyHa aKTHBAIis
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B pesynbrati aHamizy ¢a3zoBoro ckiagy AOCTIHKEHHUX 3pa3KiB ocamiB (Tabm. 4)
Oyny BH3HA4YEHO 3pa3KH, SKi MalOTh BUKIIOYHO a3y marHeTtuTy. Lle 3pasku 3
BHXiJJHOKO KOHLIEHTpalli€lo ioHiB (epymy B posumni 26,6 i 16,6 r/mm® mus
dbeputmzamii 3 TepmiuHoro 1 3MII aktuBamiero, BimmoBigHO. IlopiBHSHHS
mudpakTorpaM ITMX 3pasKiB i3 MarHETHTOM KBauriikallii «9» CBiT9aTh Mpo Te, M0
BOHM 1JICHTHYHI 33 CTPYKTYPHUMHU TlapameTpamu (puc. 1).

Hani ¢pazoBoro anamizy 3paska ocamy (puc. 1) modpe KopemrooTs 3 pe3yibTaTaMu
CKaHyIO4Ol EJIIeKTPOHHOI MIKpPOCKOMii 3pa3ka, SKHHA OTPUMAaHO B pe3yNbTaTi
¢deputuzanii i3 3MII aktuBamieto (puc. 2).

3 mm s Mag = 50.00 K X

Sample ID = QL 687 Photo No.

Puc. 2. Mikpodotorpadist 3pazka ocagy MaraeTuty, orpumanoro 3MII akTuBari€ero mpomecy
(bepuTm3amii

Lleit MIKpOMOPUCTHII 3pa30K MICTHTh KPHCTAJIH MAarHETUTY HENpPaBUILHOT
KyOiuHO1 popmu, siKi po3mimieHi xaoTudHO. Taka CTpykTypa 3a0e3redye BHCOKY
COpOIIiifHy 37aTHICTh IUX MaTepiajliB fAK 0 10HIB BaKKUX METaNiB, Tak 1 J0
OpTaHIYHUX PEYOBHH.

BucHOBKH Ta NEPCNEKTUBU MOJAJTbIINX ZIOC.]'Ii}])K('EHB

B pesynbraTi npoBeaeHrX OOCTIDKEHb BU3HAUCHO BIUIMB BUXIJHOI KOHLIEHTpAii
10HIB (epyMy B peakUiiHii cyMilli A nmepepoOKH BiANpalbOBaHUX TPABUIBHUX
po34nHIB (hepUTH3AIIIEI0 Ta CIIOCO0IB ii aKTUBAIlT HA CTYMiHb BUIYYCHHS [IUX 10HIB
3 PO3YMHY Ta CTPYKTYPHHH CKJIaJ OTpPHUMaHHX ocaliB. BcraHoBieHO, 110
HallKpalmuil CTyMHiHb BWIIyYEHHS 10HIB BaKKMX METATIB 3 TPaBHJILHHUX PO3UMHIB
(depuTH3aLier0 T0CITaEThCs MPHU 3aCTOCYBaHHI ii aKTHBAIlil 3MIHHUMH MarHiTHUMH
NOJIAMH TIPM BUXIiJHIH KOHIEHTpauii ioHiB depymy 6,6 r/am®. Ilpu upomy
3QJIMIIKOBA KOHIIEHTPaLis ioHiB Gpepymy He nepesuirye 0,03 mr/ame, mo Bianosigae
CTYICHIO OYHIICHHS po3ukHiB 99,999% Ta 1ae 3MOTY X TOBTOPHOTO BUKOPUCTAHHS
Ha TaJbBaHIYHOMY BUPOOHHMIITBI 3TiJTHO 3 HOPMaMH JIIFOYUX CTAHAAPTIB MO0 10HIB
epymy.

Ha ocHoBi nanux peHTreHo(a30BOTO aHai3y BU3HAUCHO SKICHUH 1 KiNbKiCHUH
CKJaa OcadiB, SKi OTpUMaHi B pe3yibTaTi (epUTH3AIINHOI MepepoOKH
BiANpalbOBAaHUX TPAaBWIBHUX PO3YMHIB TMPH PIi3HUX 3HAYEHHSIX BHXIiAHOI
KOHIIEHTpAaLii 10HIB ¢epyMy B peakLiiHii cyMmimi Ta criocobax akTUBALil mporecy.
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@da30BWif aHANI3 3pa3KiB OCa/iB BHUSBHB IPUCYTHICTh Y CTPYKTYpi (hepyMBMiCHUX
cnonyk 8-FeOOH, Fe3O4 Ta y-Fe;03; Bu3HaueHo 3Ha4YeHHS BUXITHUX KOHIICHTPAIiH
ioHiB (epyMy B po3umHi (epuTH3alii, Opu SKUX AOCSATAETbCA (OPMYBaHHSA B
omHO(Ma3HKUX 0Camax MarHeTury: 26,6 i 16,6 r/qm® 3 repmiunoro i 3MII akTuBamicro,
BIJIIIOBITHO.

Pesynpratu wiei po6otn cBiguate mpo Te, mo 3MII akTuBamiss B NOpiBHSHHI 3
TEPMIYHOIO YIIOBUTHHIOE TIepe0ir mporecy Tpanchopmarii MpoOMiKHUX (HepOBMiICHHX
(a3 B OibI cTiiiKi (epuTHi cnomyku. [Ipore Bukopucranas 3MII aktuBaii cyTTeBo
BIUIMBA€E HA TEXHIKO-CKOHOMIYHI MIOKA3HUKU OTPUMAaHHS (PepOMArHiTHUX CHOIYK 3a
paxyHOK 3HayHOI €HEpProoIIaJHOCTI iHIiIOBaHHA peakuii ¢eputoyTBopeHHs. Llei
cnoci®é akTuBarmii ma€ MOXJHBICTE OUThII HiK Ha 60% 3MEHIIUTH BHTPATH
eJIEKTPOEHEepril B MOPIBHSHHI 3 TPAAWIIMHOIO TEPMIYHOIO, a OTXKE, 3POOUTH IO
TEXHOJIOTII0 1HBECTHIIIHHO NprBa0MBor0. KpiM TOro, Taka eHeprooiaaHa akTHBALIis
MpoIiecy MpHU AOTPUMAaHHI TIEBHUX TEXHOJOTIYHHX MapaMeTpiB GepuTusallii crpuse
YTBOPEHHIO Ocaty IiHHOT )epoMarHiTHOI a3y MarHETHTY.
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MONITORING OF DNIESTER WATERSHED POLLUTION BY REASON
OF FLOODING AND OTHER ENVIRONMENTAL DISASTERS

Abstract. The work is about the solution of the scientific and practical task of
substantiating the construction of geomodels of zones of probable flooding of the
Dniester River on the basis of aerospace and contact measurements. In order to
localize flooded areas and predict the dynamics of changes in geometric
characteristics, natural and man-made factors that cause the rise of the
groundwater level were analyzed. The main types of activity and load on the water
resources of the Dniester basin are: residential and communal economy, industry,
agriculture, including fisheries, hydropower and flood protection. Among the main
cross-border problems typical for the Dniester River are: pollution by organic,
biogenic and dangerous substances; hydromorphological changes; pollution by
plastic and other household waste of the coastal strip of the river; spread of invasive
species. The transboundary Dniester river is used for electricity generation.
Dubossar hydroelectric power plant (HPP) (1954) in Moldova and Dnistrovsk HPP
(1987) and Dnistrovsk HPP-2 (2000) in Ukraine were built on the river. Their
activities led to hydromorphological changes of the river and its regulation.

The main role in the pollution of the waters of the Dniester basin by biogenic
substances on the territory of Ukraine and Moldova belongs to diffuse sources of
agricultural origin. Water management activities and intensive chemicalization of
agricultural land significantly affect the water quality of the Dniester River. The
possibility of using available satellite images makes it possible to reduce the time
and material costs of conducting additional contact measurements when
determining zones of probable flooding, without reducing the accuracy of forecast
parameters. The developed cartographic geomodels of areas of probable flooding
make it possible to determine and visually assess the degree of flooding under
different modes of operation of pressure horizons that have a hydraulic connection
with groundwater.

Keywords: environmental safety of the territory; cartographic-graphic model; man-
made load; remote methods; contact methods
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!Ipano-@paHKiBCchbKUi HALiOHANLHME TexHiuHMil yHiBepcuTeT HadTu i rasy, m. IBaHo-
OpaHKiBCBHK, YKpaina

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

MOHITOPHHI 3AEPY/ITHEHHSI BACEWHY JHICTPA .
BHACJILAOK HIATOIIVIEHD TA IHIINX HA/ZIBBUYAUHUX CUTY AU

Anomauin. Pobomy npucesueno po3e’si3auHI0 HAYKOBO-NPAKMUYHO20 3A60AHHS 3
00TpYHMY8aHHA NOOYO08U 2eomooenell 30H UMOGIDHUX NiOomonieHsb piuku /[nicmep
HA OCHOBI AEPOKOCMIYHUX Ma KOHMAKMHUX 6uMipioganv. [lnsa jaoxkanizayii
niOmonieHux 301 i NPOSHO3YE8AHHS OUHAMIKU 3MIH 260MEMPUUHUX XAPAKMEPUCTNUK
NPOAHANIZ308AHO NPUPOOHI U MEXHOSEHHI akmopu, wo CHpuyuHsIIOMs NIOUOM
pisnst ipyumosux 600. OchosHUMU 8UOAMU OISLTbHOCII MA HABAHMAICEHHS HA 600HI
pecypcu  baceuny p. [Huicmep €: cUMI080-KOMYHANbHE 20CNO0APCMEBO,
NPOMUCTIOBICMb, CilbCbKe 20CN00ApPCME0, 6KAIUAIOUU pubHe 20Cn00apcmeo,
ciopoenepeemuka  ma  npomunagookosuti  3axucm.  Ceped  OCHOBHUX
MPAHCKOPOOHHUX npoOiemM XapakmepHumu 01a p. [wicmep €: 3a0pyOHeHH
OpeaHiuHUMU, OIOCeHHUMU Ma HeDe3NeUHUMU peyosuHami, 2i0pomMopgonoziuni
3MIHU;  3a0pYOHEHHA NAACMUKOM MA  [HWUMU  NOOYMOSUMU  8i0X00aMU
npubepexcroi cmyeu piuKu, NOWUPeHHs IHBA3UBHUX 6udie. TpanckopOoHHa
p. Anicmep suxopucmosyecmvcs 018 8upobHuymea eaekmpoenepeii. Ha piuyi
cnopyodoicerno yboccapcoky TEC (1954 p.) 6 Monoosi ma [nicmposcoxy I'EC
(1987 p.) i Quicmposcoxy TEC-2 (2000 p.) 6 Yxpaini. Ix disnsnicms npuseena 0o
2iopomopghonoziunux 3min piyky ma ii 3apecynbo8anocmi.

Ocnosna ponv 8 3a6pyoHenti 600 baceuny /uicmpa OiocenHumMu peuosuHamu Ha
mepumopii  Vkpainu ma Mondosu  Hanexcumo  OugpysHum  Odicepenam
CIIbCbK020Cn00apcbkoeo noxodocenns. Cymmeeo 6naueace Ha AKICMb 800U
p-Auicmep  600ococnodapceka  OisinbHicmb — ma — [HMEHCUBHA  Ximizayis
cinveocnyeiob. Modciugicms UKOPUCMARHS OOCMYNHUX KOCMO3HIMKIB 0d€ 3M02y
SMEHWUMU 4acosi 1l MAamepianbHi UMPAmu HA HPOBEOeHHS O00AMKOBUX
KOHMAKMHUX SUMIPIO8AHb NpU GU3HAYEHHI 30H UMOBIDHUX NIOMONIeHb, He
SHUNICYIOUU  NpU  YbOMY MOYHOCMI NPOSHO3HUX napamvempis. Po3pobneni
Kapmozpapiuni 2e0mo0eii 301 UMOBIPHUX NIOMONIEHb OAIOMb 3MO2Y SUSHAYUMU T
8I3VANLHO OYIHUMU CMYNIHb NIOMONIEHHSI NPU PI3HUX DEeNCUMAX eKCNIyamayii
HANIPHUX 20PU3OHMIB, WO MATOMb IOPABNTUHULL 36 130K i3 IDYHMOBUMU BOOAMU.
Knwouoei cnoea: exonociuna Oesneka mepumopii; xapmoepagiuno-epaghosa

MOOE/Ib, MEXHO2EHHE HABAHMANCEHHS, OUCMANHYIUHI Memoou, KOHMAKMHI Memoou
DOI: https://doi.org/10.32347/2411-4049.2022.3.35-42

Beryn

Y nanwii dac piuka JlHiCTep € CyTTE€BO aHTPOMOTEHHO TPaHCHOPMOBAHOK Ta
3HAXOJUTHCS TiJ BIUIMBOM CKJIQJHOTO KOMIUIEKCY MPUPOJHUX Ta aHTPOIOICHHUX
¢daktopiB, a came: 3a0pyJHEHHS BOJA, 3MiHAa TiIPOJIOTIYHOTO PEKHMY,
TpaHcQopMallisi IPUIETIINX TEPUTOPIN TOIIO. 3 OTJISAY Ha BaXIUBICTh J[HicTpa sk
JUKepesla TIUTHOI BOIW JUIS BEIMKHX MICT, Hampukian Opjecw, CHTyallis, II0
CKJIajacs, 3arpoKy€ He TITbKH HABKOJIMIITHBOMY CEPEIOBHIILY, a i 3J0POB'TO JIFOICH.
JHicTep — 11e TpaHCKOPIOHHA pivka, JApyra 3a po3Mipamu B YKpaiHi Ta AeB’sTa B
€Bporri, sIKa HAJICKUTH IO BAXKIIUBUX BOJHUX apTepiid YKpainu, a s PecryOmiku
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MonoBa € TOJOBHOIO BOIHOIO apTepiero. Pika mepeTWHae TEpHUTOPIO IICCTH
obnacterr 3aximHoi Ykpainu (JIbBiBcbkoi, IBaHO-®DpaHKiBcbKOI, TepHOMINBCHKOT,
UepHniBelpkoi, XMeIbHUIIBKOT, BinHUIBKOT), MonoBy Ta Ha piBHHHAX OJCIIUHU
po3nuBaeThcs JIHICTPOBCHKMM JTMMAHOM, depe3 SIKHi CIoy4aeTscs 3 MopeM. Ha
Teputopii Ykpainu posramoBaHo 73% 3arampHoi momii Oaceiiny [mictpa, Ha
tepuropii MonmoBu — 26,4% [1]. JlocmipkeHHS EKOJOTIYHOTO CTaHy Ta
TEXHOTCHHOTO HaBaHTaKEHHS ITOKAa3Ye, 110 BCE YACTIIIE aKTHUBI3yIOThCS HeOe3meuHi
MPOIIECH TABOJKOBUX SIBHIN. 3 METOI CBOEYACHOTO NPHUHHATTS PillleHb IIOMO0
3amo0iragHa  abo  JiKBigamil MOMJIMBHX HEraTHMBHMUX HACHIAKIB  aKTHBHO
BUKOPUCTOBYIOTHCSl JAUCTAHLINHI aepokocMiyHi metonu. Po3pobieHHsT HOBUX 1
BJIOCKOHAJICHHA HAasSBHUX METONIB MOOYAOBH TeoMojeleld, BHU3HAYECHHA 30H
MOTEHLINHNX MIATOIIEHh € MOXJIMBAM TIIBKM Ha OCHOBI KOMIUIEKCHOTO
BUKOPUCTAHHS JaHUX a€POKOCMIYHHMX 1 KOHTAKTHUX JOCITI/DKEHb 3 ypaxyBaHHSIM
PI3HOMAHITTSA TiIPOTE€OJIOTIYHUX YMOB 1 cCrenudiku MINSHKHA, 10 BHUBYAETHCA.
[{opoky 3arocTproeTbcsi MpoOiieMa MiATOIUIEHHS MiA3€MHUMH BOJAMH HOBUX
TEPUTOPiH, IO TPU3BOIUTH OO MOTIPUICHHS CaHITAPHO-EIiIeMiONOTIYHUX YMOB,
3MIHH XIMIYHOTO CKIJIQAy IJ3€MHUX BOJ 1 IPYHTIB, MiJBUIICHHS iX KOPO3iiHOI
AKTUBHOCTI BITHOCHO (YHIAMEHTIB IHXEHEpHUX CHOpPYJd Ta KOMYHIKAIIii,
aKTUBI3alil HeOE3MEUHUX Ie0JIOTIYHUX SIBUII TA 1H.

AHaJi3 ocTaHHIX J0CTiTKeHb i myOikamii

ExcriepuMeHTabHI  JOCHIJDKEHHSI TEXHOTCHHHUX UYWHHHKIB, TIOB’S3aHUX 13
MiTOIUICHHAM TepuTopii piuku J{HicTep, IPYHTYIOThCS HA BUKOPUCTAHHI METOINKH
€KCIIepPTHOI OLiHKH Ta iH(popManiiiHuX TexHojorii. Ha maniit Teputopii B poborax
O.M. Anamenka, O.M. Mannpuka, JLM. ApxuroBoi, AM. Suummna,
C. Pynuunskoro, E. Pomepa nipoBeeHo reoMopdoIioriuHi TOCIiPKEHHS, BUBUCHHS
icTopii po3Butky monuH JlHicTpa, OCHOBHHX eTamiB (opmyBanHs Tepac [HicTpa.
CyuacHa eKoJIoTiYHa cUTyalist Ha Teputopii JHICTPOBCHKOTO MPOTHUIIABOAKOBOTO
MOJIITOHY PO3riIsAaaeThesi B podorax 5. Anxamenka, /1. 3opina, 5. Cemuyka Ta iH.
Hayxomerpuynuii orisiz mokasas, o Ha JaHii TEPUTOPIi ICHYE HU3KA eKOJOTIYHIX
po0uieM, siKi TOTpeOyOTh BUPIIIICHHS.

Merta po6oTu. MeTo10 poOOTH € €KOJIOTIYHA OLIIHKA AKOCTI BOAM piuku JIHicTEp
Ta aHaJi3 BIUIMBY OKPEMUX ITPUPOTHHUX Ta AHTPOIIOTCHHUX JUKEPEL.

Buxiaa ocHOBHOr0 MaTepiajy T0C/TiIKeHHS

OpauM 3 HANOLTRII HEOE3MEeUYHUX MPOSBIB MIKIAIMBOI Mii BOA B 3aximHiil YkpaiHi
CTaii KaTacTpo(iuHi MaBOJKH, MOBEHI Ta MiATOIUIEHHS TepuTopii. ColianbHO-
C€KOHOMIYHI 30UTKHU BIJI I[UX SIBUIII 33 CEPEAHBOCTATUCTUYHUMU JJTAHUMH CTAHOBJISTh
O6mu3pk0 220 MITH TPH, a €KOJIOTiuHI — OMM3bKo 77 MIJIH TPH Ha PiK. 3a OCTaHHI
30 pokiB HaA3BHUAIHI CUTyalii, OB’ sI3aHi 3 MiATOIUIEHH:M, BigOyBamuca y 1979,
1985, 1998, 2003, 2008, 2020 pokax. IlomiOHi sBHIa TPaIUBUIACSA 1 PaHIIIE,
OCKUJIBKM TOJIOBHOIO MNPHUYMHOIO LBOTO Ipolecy € KIiMaTHYHUK (akrop i
MePiOIMYHICTh, aHOMAaJIBHHUX OIAJ(iB, IO MOB'SI3aHa i3 COHIYHOIO akTUBHIiCTIO. CItij
3a3HAYUTH, M0 TPIOPUTCTHUMH TEMAaTHYHMMH HampsMamMu poOiT y 1kt cdepi
MOXYTh OYTH: MOHITOPHHT PYCIIOBUX Ta €PO3IMHUX MPOIIECIB, MOHITOPHHT TIOBCHEH
Ta MIATOIUICHHS, CKIaJaHHs HU(PPOBUX KapT OaceiHiB pidoK pi3HOro macmraoy,
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MOHITOPHHT 3a0pyJHEHHS TPYHTIB Ta BOIHUX OO'€KTIB, OIIHKA €(QEeKTUBHOCTI
BUKOPHUCTaHHS BOJAHUX PECYPCIB Ta CHITOBOI'O 1 ILOJOBOTO PEKHMIB.

3a yMOB BiIMOBH BiJl peryitoBaHHsS pycen piuku JlHicTep Ta 30epekeHHs Li€l
TEPUTOPIi MMiJT BUCOKUM TPHPOJOOXOPOHHHUM CTaTyCOM, MOXYTh BIiIOYTHCS Y
BHIIAJKYy TPOXOKEHHS KaracTpo(idHMX TMaBOJAKIB HE3BOPOTHI  PyCIOBi
nedopmarnii, mos's3aHi 3 po3MUBOM OeperiB (0cOOMMBO Ha 3rHHAX 1 mepex
MOCTOBUMH TEpexojaMH), 3aMyJleHHAM ab0o pyHHyBaHHSM MeEIIOpaTHBHHUX
3aIlJIaBHUX KaHajiB, IMOMIKOMKEHHIM 1aMO, MOCTIB, aBTOMOOUIBHUX 1 3aII3HUYHHUX
nopir. Pa3zoM 3 THM Taka cuTyallist Mo>ke OyTH 3arpo3IMBOIO IJIsl HACEJIEHUX ITYHKTIB,
PO3TalIOBaHMUX B MOTEHIIHHUX 30HAX 3aTOTUICHHS.

3a BiIMOBH BiJ PO3YMIICHHA pPyClia BHUIIE MOCTOBHX II€PEXOJiB BHCOKOIO €
HMOBIPHICTh PO3BUTKY CKJIaJHHUX PO3TalIyKeHb (B Pe3ybTaTi aKyMyJIsllii HAHOCIB)
1 3pocTaHHsS OOKOBOrO PO3MHBY KOpiHHMX OeperiB. lle B cBOw dYepry Moxe
TIPU3BECTH A0 30UTBIICHHS MIOPCTKOCTI pycia Ha IUISHIN, [0 3MEHIIUTH HOTO
BOJOMPOMYCKHY 3[JaTHICTh, OCOOJIUBO i Yac MPOXOKEHHS aKTUBHUX IaBOJIKIB.
Taxka cuTyallis MO>xe HEraTUBHO TIO3HAYUTHCh Ha TEXHIYHOMY CTaHI 3aXMCHUX J1aMO0.

3a BiIMOBH BiJl pO3MIUPEHHS MiXKJaMOOBOTO BOAOMPOITYCKHOTO KOPHUAOPY iCHY€E
BHCOKa WMOBIPHICTh pyWHAIlli NEBHUX JUISHOK ICHYIOYMX 1amM0 Tix dac
MPOXOJKEHHS BUCOKHX MaBOJIKIB. AKTHBHO MPOSIBISITUMYTHCS SIK BEPTHKAJIbHI, TaK
1 TOpU3OHTAIIBHI PYCIIOBI edopmariii.

Sk mokasye MAOCBi, B TaKWX CHUTyallifX BUHHUKAIOTH 3HAYHI EKOJOTidHI
(3aTomieHHs TUIOL, 3MHB IPYHTIiB, 3CYBH), €KOHOMIiYHI (pyHHaIisl 1HXCHEPHUX
copyn 1 KOMyHIKaiif) 1 comiambHi  (BTpara  KWTJA, BHIYYCHHS
CLTBCBKOTOCITOJIAPCHKUX YTib) 30UTKH.

TexHOreHHE HABAHTAKCHHS Ta TMPUPOTHE CEPEJOBHUINE 3aleXKHUTh  BiJ
TPaHCKOPAOHHHX, PET1IOHABHHX 1 JJOKATBHUX TOTOKIB 3a0pyTHIOIOUNX PEYOBHH.

Bonni pecypcu ©OaceiiHy JlHicTpa 1HTEHCHMBHO BHMKOPHUCTOBYIOTHCS B
€KOHOMIYHIH JisSUTBHOCTI, 10 3HAYHO BIUIMBAE HA CTAH BOJHOI €KOCHCTEMH PIUKH.
HadTroxiMmiuna, Uem0N0O3HO-TIAllepOBa Taly3i Ta MiJIPUEMCTBA  XapyoBOi
MPOMHUCIIOBOCTI € HalOIIbIl BeTMKHUMHU 3a0pyaHioBadamu. Ha Geperax [Inictpa Ta
HOT0 MPUTOK PO3TAIIOBaHI TakKi MPOMHUCIIOBI MiIPHUEMCTBA, K JIporoOuiibkuii Ta
Hansipasacekmii  HadromepepoOHi  3aBomu,  Kamycekuit  «XIopBiHLDY,
JKuasaiBcbKHE 11€TH0I03HO-TIanepoBruil  koMOiHat. Kpim Toro, y B0m030ipHOMY
OaceiiHi piuku (QYHKIIOHYIOTH BENHKI I[yKpOBapHi Ta M’ SICOKOMOIHATH.
3a0pyAHEHHS OpraHiYHMMH PEYOBHMHAMH BiJl NMPOMHUCIOBHX TOYKOBHX JDKEPE
ckimamu 0,095 tuc. T 3a BCK (3 Hux 0,082 tc. T — Ykpaina Ta 0,013 tc. T —
Mommosa) ta 1058 tuc. T 3a XCK (3 HUX 606 THC. T — YKpaiHa Ta 452 THC. T —
Monnosa) [6]. 3arampHuil 00’eM BOAOBiABeAcHHS y Oacelini [lHicTpa ckiaB
24250 mma M3, 3 Hux 89,4 i M mpumazac Ha PecnyGiiky Mongosa Ta
153,1 mun M3 — Ha Ykpainy. Cepes ranyseil eKOHOMIKH HaIXOIKEHHS CTIYHHX BOJ
po3moaijeHe HACTYITHUM YHHOM: KOMYHallbHE TOCHOAAapCTBO: YKpaiHa — 56%,
MongoBa — 44%; npomucioBicTe: YkpaiHa — 84%, MongoBa — 16%; cinbChke
rocrogapcTBo: VYkpaina — 71%, Mommgoa — 29% [6, 7]. 3HauHy dYacTHHY
3a0pyIHEHHS OpPraHiYHUMH CIIOJYKaMH TEHEepyIOTh BeNHKi Micta MOIZoBH Ta
Ykpainu 3 HacenennsaM Oibine 100 Tuc. 9omoBik, a came: Kam’siners-Iloainbchkui,
JIsBiB, IBanO-®pankiBchbK, TepHomias B Ykpaini Ta benwii, Kumunuis, Copoku,
Kam’saka, Pubnuia, Jyb6occapu B Mommosi. Bcei 11i HaceneHi IMyHKTH MaioTh
3acTapili OYMCHI CIOPYIM, WIiCNsS OYHCTKA Ha SKUX CTOKM HOTPAIUISIOTH
oesmocepenubo  y Jmictep. UYepes 1e piBeHb aHTPOIIOTCHHOTO BIUIMBY Ha
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€KOCHCTEMY PIUKH{ BiJl BUTOKIB /IO THPJIA JIy’K€ BHCOKWH. 31 CTIYHUMH BOAAMH IIAX
MICT HaaXoauTh 10 60% opraHiyHUX crionyk 3a nokasHukoM BCK ta 70% —3a XCK

(puc. 1) [3].
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Puc. 1. Kapra 3a0pytHeHHs Ha Bipi3Ky piuku [JuicTep

Exonoriuna HeOe3neka MaBOJKOBHX SBHI Ma€ Micue y JaHImadTHUX
MICIIEBOCTSIX TEPaCOBAHUX JHMII PIYKOBHUX JOJMH y BUIJISAI pyHHIBHOI OeperoBoi
epo3ii, a y mepeArip’ax y Meax MiCIIeBOCTEH 3aIliaB i HU3bKUX Tepac — y BUTIISAII
MaBOJIKOBOTO 3aToruieHHs. Cepes reoMOpdOJIOTIYHUX MPOIIECIB 3HAYHUM CTYIIEHEM
EKOJIOTiYHOi  HeOe3NeKHW XapaKTepH3yIOTbCS 3CYBHI  SIBUILA, MPUTaMaHHI
MICIIEBOCTSIM €pO31HHO-3CYBHUX MEXKHUPIY 1 MOJIOTOCXHUIIOTO HU3BKOTIP s, 00Bany i
OCHTIHIIA — B KPYTOCXHIIOMY cepenHborip’i [4].

XimiuHe 3a0pyqHEHHS TepUTOpii HE Mae YiTKoi JaHMmadTHOI MPUYPOUEHOCTI i
TSDKIE JI0 JIOKQJIBHUX JDKEpEeN BIUTMBY, HAaBKOJO SIKHX (DOPMYIOTHCS TEXHOTCHHI
reoxiMivyHi anomaii. Bcboro B perioni JIHiCTPOBCHKOTO KaHBHOHY, 1110 IPOXOIUTH 110
Mexi TepHoninbChKOI 001aCTi, HApaxOBY€ETHCS OJIM3BKO 18 TEXHOTeHHUX aHOMaJTiil.

KoHTakTHI METOIM JaI0Th 3MOTY 3 BUCOKOKO TOYHICTIO BUMIPIOBATH TIIMOWHY
3aISATaHHs [iI3EMHUX BOJ, ajle MaroTh MICIl€ ITOXMOKH ITij Yac BCTAHOBJIEHHS iX
Mex. Ll MeToau noTpeOyIoTh 3HAYHNX MaTepialibHUX 1 TPYIOBHX BUTpAT [5].

BukopucTaHHs iHTEpBaJIbHHX OLIHOK TPH BU3HAYEHHI CTYNEHS PU3UKY JUIS
(dbopMyBaHHS 1€EpapXivyHOT CTPYKTYPHU reoMojiesieil poOUTh MOKIIMBHM TPHHHSATTS
OMEpaTHBHHUX PIllICHb II0J0 3arlo0iraHHs HAcaiAKaM HeOe3MeYHHX 1HKEHEPHO-
TeOJIOTIYHMX MPOLECIB B yMOBaX HEBU3HAYEHOCTI. Yce 1€ MOTpedye BCTAaHOBICHHS
3aJIeKHOCTEH MIDK HapamMeTpaMu MOAEJeH, sIKi XapaKTepu3yIOThb pPi3HOMaHITHI
MOJIMBI CTaHU JOCHI/DKYBaHUX JIUITHOK MICIIEBOCTI, 13 BHUKOPUCTAHHSIM
EKCIIEPTHUX OI[IHOK 1 CTATHCTUYHUX MaHUX. Takuil MifXiJ CIpUsE ITiBUIICHHIO
TOYHOCTI JIOKaJTi3aIlii MATOTIEHUX 30H i3 Pi3HUMH CTYIIEHIMH HEOC3IEKH.
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I'eoindopmariiiiHi cucTeMu JOCHTIHKYBaHOI TEPUTOPIi BKIIFOYAIOTH TTPOCTOPOBY
NOpUB’SI3KYy TiAPOJIOTIYHUX €JIEMEHTIB 1 TOYOK CHOCTEPEKEHHsI, MiArOTOBKY
uudpoBoi Mozedi perabedy, BUIUICHHS OaceliHiB BOg0300py, MOAETIOBAHHS IO
miaToTuIeHHs (puc. 2).

YMOBHi NO3HauyeHHs

- CinbcbKoOrocnogapcbki repuropii

- NpupogHi nanpwadpTv YMOBHi no3HauyeHHA
27777} - Niconocapkosa cMmyra Ta YarapHuUKm (1) - KonekTopHi Touku 360py Boan
/ - ImoBipHi 30HM NigTonnexHb ~» - Hanpsm pyxy sBoaun

EEEEEE - Pycro piku | -Pyeno piuku

[1] -Touku cnocrepexens

Puc. 2. KaprorpadiuHo-rpadoBa Moenb B3a€EMOIIi MiATOIUICHh T€OCHCTEM TPHU JOIIOBIH
moroai Ha BiApi3Ky piuku [HicTep: a) kapTrorpadidHe NpEACTaBICHHS IiATOIUICHB,
0) rpadoBe mpeacTaBICHHI MO

3anpornoHoBaHe KapTorpadiuHe TNpeACTaBICHHS IMiJATOIUICH, Ta TpadoBe
MIPENICTABICHHS MOJIENi JOCHIKYBAHOTO pEerioHy 0a3yeThCsi Ha BHKOPHCTaHHI
AepOKOCMIYHOTO Ta HA3€MHOT'0 3HIMaHHs, BKJIIOUae 0OpoOKy marepiaiiB 3 METOIO
OoTpHMaHHs TomnorpagiuHux abo creuialbHUX KapT, NoO0yJI0BY U(pOBOI Momeni
penbedy.

[loOymoBanuit rpad BigoOpaXkae TOYKHM JOCHIDKEHHS Ta OCOOJIMBOCTI
pO3ranyKeHocTi Box0300piB  Teputopii. KiHIIEBOIO METOH 3alpOrOHOBAHOT
METOJIMKH € OLIHKA Ta PO3IJIA[ 3aXOiB IMPOTH/IIi MOBEHEBUM Ta Ae(opMaiiiHuM
SBULIAM pyca.

Jis  nokamizaiii  MIATOIUIGHWX 30H 1 TMPOTHO3YBaHHS JUHAMIKH 3MIHH
TreOMETPUYHHX XapaKTEPUCTUK YCTAHOBIICHO MPHUPOJHI 1 TEXHOTeHHI ()aKTOPH, 110
CIPUYMHSIIOTH MiJHOM PiBHS IPYHTOBHX BOJ. BU3HaueHO MOXIMBI HECIIPHUATINBI
MPOLIECH B MIATOMJICHUX 30HAX 3aJI€KHO BiJ MpU3HaYeHHs TepuTopii. OOrpyHTOBaHO
BUJJIEHHS YOTHUPHOX KAaTeropiii TMiATOIUIEHh 3aJeXHO BiJ| PIBHSA 3alsiTaHHs
Mi3eMHUX BOJ, (aKTOpiB, MO0 iX CIPUYMHAIOTH, 1 MOXKIMBUX HachiikiB. I Ta II
KaTeropisi BIANOBIJAIOTH TEPHUTOPISM 13 TIMOMHOIO 3aisiraHHS IPYHTOBHX BOJ
MeHIe 2,5 M, I¢ BUHUKAIOTh HeOesmeuHi sBuma, III kaTeropis — MOTEHITIHHO
MIATOIUIFOBaHI TepuTOpii 3 ruOuHo0 2,5...4,0 M, e ICHY€ TSHASHIIA 10 MiaioMy
piBHA rpyHTOBHX BOA. Jo IV kaTeropii «HemiATOILIIOBaHI» HalleXaTh IUISHKHU 3
PIBHEM IMI3eMHUX BOJ TIHOIIE 3 M, JI¢ HEMa€e MepeayMOB 0 ITiITOTUICHHS.
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BucHoBku

B pesymbraTi nmoCHipKEeHh 3a3HAYEHO, IO ICHYIOTH HEBUPINIEHI MHTaHHS
YAOCKOHAJIEHHS MOHITOPUHTY 1 YTIPAaBIiHHS MPHPOJOOXOPOHHUMH CHCTEMaMH,
30KpemMa BIACYTHS iH(pacTpyKTypa OIEPaTHBHOTO MOHITOPUHTY TUHAMIKH
AHTPOTIOTCHHUX Ta pPEHATypalli3alliiiHUX TMpPOIECiB Ha OCHOBI  HOBITHIX
iH(hopMariitHIX TexHomorii. JJocmimKyBaHi TepuTOpii MOAIIAIOTECSA Ha 3 KaTeropii
B 3aJI&KHOCTI BiI HEOOXITHWUX CTaOUT3aIifHUX 3axomiB: 1) TepuTOpii, IO
3HAaXOAATHCSI B HOPMAJIBHOMY €KOJIOTIYHOMY CTaHi 1 TOMy HE HOTPeOYIOTbH
BTPyYaHHs, a BHMAaraimTh JIHIIE TPOBEICHHS JIOKAIBHOTO EKOJOTIYHOTO
MOHITOPHHTY JJIsl IPOTHO3YBAaHHS MOXKIIMBUX €KOJIOTIYHHUX 3MiH; 2) TepuTopii i3
3aJIOBLIBHUM €KOJIOTIYHUM CTaHOM, JIe HEOOX1THO JisITH 3TiHO 3 JOBTOCTPOKOBUMU
EKOJIOTTYHUMH MIPOTpaMamMH; 3) TEPUTOPIT 3 HANPYKEHNUM i CKIIaJHIM €KOJIOTIHHUMH
CTaHaMH, SIKi TOTPeOYyIOTh TEPMIHOBHX 3aXOJiB, MO0 3amo0irTH MOJANBIIOMY
pyWHYBaHHIO JOBKUUIS 1 BHHAKHEHHIO HaJ3BWYalHWX cHrTyarii. Ha ocHOBI
pOo3pobsIeHOi Mol opraHizaiii iHhpOpPMAIitHOT CHCTEMHU MPUPOIHO-3AIOBITHIX
TEPUTOPIA Ta pEKpeamifHuX pPecypciB 3ampONOHOBAHO CHUCTEMY YIIPaBIiHHSI
€KOJIOTI9HO0 O€3IEeK0I0 TTPUPOTHO-3aIMIOBITHIX TEPUTOPIH B yMOBaxX iHTEHCHBHOTO
3a0pyJHCHHS HaBKOJUIIHBOTO CEPE/IOBHINA, sKa 0a3yeThCs Ha BHUKOPHCTaHHI
iHpOpMaLiHTHUX TEXHOJIOTIH.
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INVESTIGATION OF THE MAIN PROPERTIES OF REVERSE
OSMOSIS MEMBRANES AND THEIR INFLUENCE ON CHANGES IN
THE PHYSICO-CHEMICAL COMPOSITION OF AQUEOUS SOLUTIONS

Abstract. The article discusses the relevance and features of the use of reverse
osmosis when adjusting the physico-chemical composition of aqueous solutions
and especially the composition of drinking water. The main element of any reverse
osmosis plant is a semi-permeable membrane, which is a polymer composite
material of uneven density. It has been shown that reverse osmosis membranes
must meet certain requirements, the main of which are selectivity to the
components that are removed at this functional stage, compliance with a high level
of permeability, i.e. stable physical and chemical properties during their
operation. The main physicochemical properties of membranes (selectivity,
specific productivity, concentration reduction factor, separation factor) and
methods for their calculation are described. The effect of temperature on the
change in the selectivity and specific productivity of a semipermeable membrane
for MgCl, and CaCl; salts has been experimentally studied. It has been proven
that an increase in the temperature of the solution leads to an increase in the
selectivity of the membrane and a linear decrease in the specific productivity.
Experimental studies were carried out on model solutions to study the effect of
pressure on the change in membrane selectivity. It is shown that the shrinkage of
the membrane structure is especially noticeable in the first hours of its operation,
which leads to a decrease in the selectivity of the membrane. A practically steady
state in terms of selectivity usually occurs in 4-5 hours. It was studied that with
an increase in the concentration of salts in the initial solution, a decrease in the
specific productivity of the membrane and an increase in selectivity occur. It is
shown that the selectivity of the studied membrane in the presented range of
concentrations is higher for electrolytes of the 2:2 type than for electrolytes of the
2-1 type. The parametric dependences of the change in selectivity and the
concentration reduction factor of the Filmtec TW30-1812-50 membrane over time
for the components of a “model multicomponent solution” at a pressure of P =18 atm
are given.

Keywords: aqueous solution; reverse osmosis; membrane; membrane properties;
selectivity; specific productivity; concentration reduction factor; osmotic
pressure; temperature; aqueous solution concentration; dependence
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KuiBchkuii HaiOHATHHUN YHIBEPCHTET OYIIBHHUITBA 1 apXiTekTypH, M. KuiB, Ykpaina

JOCHIIKEHHA OCHOBHUX BHACTHBOQTEﬂ
3BOPOTHOOCMOTHYHHUX MEMBPAH TA IX BII/IUB
HA 3MIHY ®I3UKO-XIMIYHOI'O CKJIAAY BOJHUX PO3YUHIB

Beryn

Anomauia. B cmammi po3enanymo axmyanbHicms ma 0cooIu80cmi GUKOPUCANHS
360POMHO20 OCMOCY NPU KOPUSYBAHHI I3UKO-XIMIUHO20 CKAAJY 6OOHUX PO3YUHIG I,
0cobnueo, ckaady numuoi 600u. OCHOGHUM elleMeHmOM 0)0b-5KOI YCMAHOBKU
380POMHO20 OCMOCY € HANIBNPOHUKHA MeMOPAnd, wo s6siE cO00I0 KOMNOZUMHUL
noaimMepHuil mamepian HepieHomiproi winbnocmi. Ilokaszano, wo membpanu Ois
380POMHO20 OCMOCY NOBUHHI 3A0080IbHAMNU NEGHUM BUMO2AM, OCHOBHUMU 3 AKUX €
CeNeKmugHicmy 00 KOMNOHEHMIB, SKI 8UOANAIOMbCA HA OAHOMY (DYHKYIOHATbHOMY
emani, GIONOBIOHICMb BUCOKOMY DIBHIO NPOHUKHOCHI, MOOMO Mamu 6UCOKY
RUMOMY NPOOYKMUBHICMb Md 80A00IMU  CMIUKOK CMPYKMYpo, Qi3utHow0
MIYHICMIO § XIMIUHOIO CMIUKICMIO 00 cepedosuiya ma Cmitikumu Qi3uKko-XiMiyHumu
enracmusocmamu 6 npoyeci ix excnayamayii. Onucano OCHOBHI (DI3UKO-XIMIYHI
61aCmMuBoOCmi MemMOpan (CelekmuHiCmy, NUMoOMAa NPOOYKMUBHICMb, KoepiyicHm
SHUDICEHHsT KOHYeHmpayii, Koe@iyieHm po30ileHHs]) mMa HABEOeHO Memoou ix
pospaxyuky. ExcnepumenmanbHo 00CRiONHceHO Naue memnepamypu Ha 3MiHy
cenekmugHOCmi | NUMOMOT NPOOYKMUBHOC HANIBNPOHUKHOT MeMOpaHu 05 coneu
MgCl, ma CaCly. Joseoeno, wjo 30inviuenns memnepamypu po3duny npuszgoounts
00 3DOCMAHHS CeNeKMUBHOCMI MeMOpanu ma NIHIUHO20 3MeHUeHHs i1 numomor
npodykmusHocmi. IIposedeno excnepumenmanbHi OOCHIONCEHHS . HA MOOENbHUX
PO3UUHAX 3 GUBYEHHA GNJAUGY MUCKY HA 3MIHY CeleKmMUGHOCMI MeMOpaHu.
THokasano, wo ycaoka cmpykmypu mMemopanu ocooauso NOMImHa 6 nepuii 200UHU
iT pobomu, wo npu3800umb 00 3HUICEHHS celeKmusHocmi memopanu. Ilpakmuuno
CMAnuil pexicuMm 3a CeleKmuHICIIO 3a38uyatl Hacmae yepes 4—5 200. [ocnidxcero,
wo 30 30iibUlenHIM KOHYEHMpayii coael y BUXIOHOMY PO34uHi B8i00Y8aAEcMbCs
SHUIICEHHSA NUMOMOI NPOOYKMUBHOCI MeMOPAHU MA 3POCMAHHI CeNIeKMUBHOCTI.
Ilpeocmasneno, wo cenekmuenicms 00CIIONCYBAHOT MEMOPAHU 8 NPEOCNABLEHOMY
Jianasoni KoHyeHmpayiu € euworo O elekmponimie muny 2:2, Hidc 011
erekmponaimie muny 2-1. Hagedeni napamempanvui 3anedicHocmi  3MiHu
celekmugHocmi ma Koeqiyicnma 3HudiCeHHs. KoHyenmpayii memopanu Filmtec
TW30-1812-50 3 uacom Ons KOMNOHEHMIE «MOOENbHO2O OALAMOKOMNOHEHMHO20
po3uunyy npu mucky P = 18 amm.
Knrouosi cnosea: 600Huil po3uur; 360pOMHUNL OCMOC, MeMOPAHA; 61ACMUBOCHI
MeMOpaHu; CeneKmueHICmb; RUMOMA NPOOYKMUBHICHb, KOeMIYIEHM 3HUNCEHHS
KOHYyeHmpayii; OCMOMUYHUL MUCK, MeMnepamypa; KOHYEHmMpayis 00H020
DO3UUHY; 3ATIeAHCHICMb

DOI: https://doi.org/10.32347/2411-4049.2022.3.43-55

B sikocTi craaii qemidepaizaiiii B cUCTeMax IMiAroTOBKY IUTHOT BOZM, OCOOJUBO Ha
JIOKaJbHOMY piBHi, MeMOpaHHI TexHoiorii HaOyBalOTh BC€ OUIBII LIMPOKOTO
BUKOPHCTaHHS K B CBITOBiM mpakTuil, Tak 1 B Ykpaiui. [lepir 3a Bce mpobGiiema
BOJIOMIATOTOBKH Ta BOJOOYHCTKH Ha0yBa€ aKTyaJIbHOCTI B yMOBaX BOEHHOT'O CTaHy
Ta BiTHOBJICHHS KpaiHU IJ1s1 ONepeIKeHHS HiI01 HU3KM 1HQEKUiHHUX 3aXBOPIOBAaHb
(BipycHuil rematut A, 4yepeBHUH TH(, TU3EHTEPIs, XOJiepa, poTaBipycHi iHeKMii,
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JIETITOCHIPO3 TOIIO) 1 XBOPOO, IO TOB’s3aHi 3 XIMIYHHM 3a0pyIHCHHSIM BOIH
(BoAHO-HITpaTHa METreMOrI00iHeMisl, (IIOOpO3H, OTPYEHHS TOKCHMHAMH CHHBO-
3eJICHUX BOJIOPOCTEH TOMIO).

MeMOpaHu € OCHOBHHMH €IIeMEHTaMH MEMOpaHHUX YCTAHOBOK, Y
KOHCTPYKTHUBHI OCOOJHMBOCTI SKMX BXOAWUTH HAMIBIPOHHWKHA IEPETOPOIKA, IO
3a0e3neyye MpH CTBOPEHHI PYMIIHHOI CHIM (OCMOTHYHHMHA THCK) PO3IiTCHHS
MTOYaTKOBOI CYMIIIIi Ha J[Ba MMOTOKU — nepmeam, adbo GiabTpaT (TOTIK pEYOBUH, 10
MIPOMIILTN Yepe3 HaIliBIPOHUKHY MEMOpPaHy) 1 koHyenmpam (MOTIK pEYOBHH, IO HE
MPOMIUIK Yepe3 HAiBIPOHUKHY MEMOpaHy B MPOLECi PO3AIICHHS).

Haiibinpmoro mommupeHHs HaOyJlIn MeMOpaHHI MPOLECH, IO MPOTIKAIOTh Mif
niero THCKy (GapomeMOpaHHI Tporiecw). 3a pO3MIpOM 3aTPUMyBaHHUX YaCTHHOK
OapoMeMOpaHHI TPOIECH PO3MIISIOTHCS HA: 3BOPOTHHM OCMOC, HaHO(IIBTpaIlis,
yinpTpadineTpamis, MikpodinbTpauis. [pynu BiApi3HSAIOTbCS OOWUH BiJ OIHOTO
BEITMYHMHOIO pOOOYOT0 THCKY, iIHTEpBAjIOM PO3MIpiB TIOp Y MeMOpaHi, BETHIHHOIO
MMUTOMOT IPOTyKTUBHOCTI MEMOPaH.

Enepris A B ux mpoliecax po3JiICHHS CKIaJaeThes 3 POOOTH CTUCKAaHHA A, 1
poGOTH NPOAABIIOBAHHSA Ay

A=A+ Ay, . 1)

PoGoTa cTHCKaHHS PifIMHM Jy)KE Malla i HEKO MOXHA 3HEXTYBaTH. Ay, MOKHA
3HAWUTH 32 POPMYJIOIO;

Ay = AP -V, (2)

ne AP — nepenai THCKY Ha MeMOpaHi;
V — KibKiCTh piAWHY, IO MTPOAABIIOETHCS.

MemOpaHHi METOIM B OCTaHHI POKM MOYaIH IIMPOKO BUKOPUCTOBYBATHUCS B
HU3LI po3BHHEHHX KpaiH, Takux sk CLIA, Snonis, @panumis, CayaiBcbka Apasis,
Kyseiit, inm kpainm bmmspkoro ta Cepemnboro Cxojy, SK B MPOMHCIOBHX
Macmrabax, Tak i Ha T0OyTOBOMY PiBHI.

[Tpu BUOOPiI MEMOpaHHOTO METOJy OYMCTKH BOJOIPOBIZHOI BOAM B JIOMAIIHIX
yMOBax BaXXIIMBY pOJb BiJlirpac 3HAYCHHS THCKY BOJHU y BOJONIPOBIIHIN Mepexi,
SKHH B MicTax YKpaiHu B cepennboMy He nepesuiye 0,05-1,5 MlIla [1].

Mixkpo- 1 ynbrpadinerpauis (pobdoumii tuck 0,05-0,5 MIla) ta yacTKOBO
HaHo(dinbTpamis (pobouunit Trck 0,4-1,0 MIla) BiAmoBiAalOTh I[UM BUMOTraM i
MOXXYTh OyTH BUKOpPHUCTaHiI 0€3 JT0JIaTKOBUX MPUCTPOIB (HACOCIB) IUISl JTOOYUCTKH
BOAOMNPOBiTHOI BOAM. OCKUIBKH BHACHIZOK MIKpO(IBTpallii BOIa OYUIIYETHCS
TIJIBKHM BiJl MEXaHIYHHX 3a0py/JHEHb 1 3aBUCIMX YaCTHHOK, TO JUISI OYUCTKU BiJI
MOJIIMEPHUX CIOIYK, KOJIOi[IB, BAXKKHX METANIB, COJIEH YKOPCTKOCTI e(heKTUBHUMHU
€ yJIbTpa- 1 HAHOQITBTPALIiAL.

3BOPOTHOOCMOTHYHI YCTAaHOBKH Ta arapaTH, SKi MPaIolTh MPU 3HAYCHHSX
trcky 1,5-2,0 MIla, BugansroTh i3 BOAM BCl JOMIIIKH, B TOMY YKCII 1 Pi3Hi COJIi,
KOPUTYIOUH THM CaAMUM CKJIaJl HUTHOI BOJU Ha (Pi3UKO-XIMIYHOMY PiBHi.

[Ipornec 3B0poTHOTO OCMOCY — Iie Tporiec QiTbTPyBaHHS PO3YHMHIB MiJ THCKOM
4yepe3 HaIliBIPOHUKHI MEMOpaHH, SKi MPOIMYCKAIOTh PO3YMHHKK (BOAY) 1 TIOBHICTIO
ab0 94acTKOBO 3aTPUMYIOTh MOJIEKYJTH a00 i0OHM PO3YMHEHUX PEUOBHH. B OCHOBI
OBOTO0 MEMOPaHHOrO TPOLECY JICKHUTh SBHIIE OCMOCY — CaMOBIJIBHOTO
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IIPOHUKHEHHS PO3UYMHHMKA Kpi3b MeMOpaHy B pO34MH. THCK, 3a 5KOro
BCTaHOBIIIOETHCS AMHAMIYHA piBHOBara MOTOKY PO3UYMHHMKA Kpi3b MeMOpaHy,
BIJNIOBiZ]a€ OCMOTHYHOMY THCKY PO3YHMHY JAaHOi KOHIeHTpauii. Skmo 3 Ooky
PO3UMHY INPUKIACTH THCK, SIKUH HNEPEBUILYE€ OCMOTUYHUI, TO IEPEHIC POZYMHHUKA
Oyne 3miACHIOBATHUCS y 3BOPOTHOMY HAmpsIMKY, IO 1 Jall0 Ha3By IPOIECy
3BOPOTHOTO ocMocy [2].

I3 Takoi cipoiieHoi cXeMH BUILIMBAE, 110 PYIIIHHOIO CUIIOK0 3BOPOTHOTO OCMOCY
SIBISIETBCS. PI3HHUIT MDK TPUKIAICHUM TiIPOCTATHIHHUM THCKOM 1 OCMOTHYHHM
THUCKOM PO3YHHY, SIKa € HACIIIJJKOM Pi3HHLI KOHLEHTpawiil 3 000X 00KiB MeMOpaHH,
10 MPUBOAMTS JI0 sIBUIIA AUQY3ii.

Ha Bigminy Bing iHmwx TumiB ¢igbTpiB, MoOyTOBa YCTaHOBKA 3BOPOTHOTO
0CMOCY — e()EeKTUBHUH 1 TPAKTUYHUA METOJ] JOOYMCTKHA MUTHOI BOJAM B JIOMAIIIHIX
yMOBaX, SIKy MOXKHa MPHEAHATH Oe3MOCepeNHBO J0 BOJOIMPOBIAHOTO KpaHy abo
BCTAaHOBWTH TIi1 MUHKOIO, Ha CTiHi, B madax oo [3].

3a3BHuyail y KOMIUIGKTAI[ll0 3BOPOTHOOCMOTHYHOI MOOYTOBOI YCTaHOBKH
BXOZSTh: (IBTPU MONEPEeTHbOI OYUCTKH, 3BOPOTHOOCMOTHYHA MeMOpaHa, (QiinbTp
(biHIIITHOT OYMCTKH Ta HAKOITMIYBaJHHUHA pe3epByap.

QinbTpu  TOMEpPEeNHBOI  OYHUCTKA  JO3BOJSIOTH  3BUIBHUTH  BOAY  BIiX
rpyOOqUCTIEpCHUX JOMIMIOK, BiJI PO3YMHEHUX PEYOBHH, SKi MOXYTh abo
MOLIKOIUTH MeMOpaHy (aKTHBHUI XJIOp), a00 CTaTH MPUYUHOIO BiAKIaAeHb Ha ii
MOBEPXHI OpPraHIYHUX PEYOBHH, IO € HeOaKaHWM T MEMOpaHHHUX MPOIECIB i
MOKE TPU3BECTH JI0 OTPYEHHS, PO3MaLy i BUAIJICHHS OPraHiYHUX PEYOBHH B TUTHY
Boly (3HaueHHsS TEPMaHTaHATHOI OKHCIIOBAHOCTI BOAM, SKa TIOAA€ThCA Ha
MeMOpaHy, A0mycKaeTses 10 3,0 mrOz/nm®).

Y TunoBux nOOYTOBUX CHCTEMax 3BOPOTHOIO OCMOCY HaiyacTiie
BCTAHOBJIIOIOTHCS TPH €JIEMEHTH IS TIOTIEPEAHBOT OUUCTKH BOJIH:

1. ®inpTp MexaHiyHOl GinbTpamii Ui BHUIAJCHHS KPYIMHUX MEXaHIYHUX
CYCIICH3iH 1 IOMIIIOK, pO3MipOM OiJTbIIIe 5 MKM.

2. @inbTp ancopOIiiftHOT OYUCTKH 3 BAKOPUCTAHHSM BYTUILHOTO HAIIOBHIOBAYA,
0 BHJAISE 3 BOJAM 3aIHMIIKOBUH BMICT XJIOPY, HHU3bKOMOJIEKYJISPHI OpraHiuHi
PEYOBHHH 1 MECTULIUIH.

3. Enement nns BumaneHHs ApiOHUX MEXaHIYHUX JOMIIIOK, PO3MipOM MEHIIIE
1 MKM.

Crazist nonepegHb0i OYMCTKU MA€ BAXKIIMBE 3HAYCHHS I YCTAHOBKH B 1I1JIOMY,
TOMY IO 03BOJISIE 3HAYHO 301JIBIINTH TEPMIH OCHOBHOTO IIUKJITY poOOTH MeMOpaHu
JI0 LUKJTY i1 BITHOBJICHHS.

BimoMumu  BHpOOHMKaMH Yy CBITOBOMY PEUTHHTY 3BOPOTHOOCMOTHYHHX
moOyTOBUX yCTaHOBOK Ha choronHi €: Ecosoft (Ykpaina), Fito Filter (I3pains),
BlueFilters (Himeuunna), Puricom (Icnanis), Aqualine (TaiiBanb), BWT (ABctpis),
Zepter (IlIBetinapis).

OCHOBHUM  €JIEMEHTOM OyJib-IKOI yCTAaHOBKHM 3BOPOTHOTO OCMOCY €
HamiBIPOHUKHA MeMOpaHa, 1110 sBJIsiE COO00 KOMIIO3UTHUH MMOJIIMEPHUI MaTepial
HepiBHOMIpHOT mIiibHOCTI. lle#l mosiMep yTBOpeHWH 3 JEKUIBKOX IIapiB, IO
HEpO3pPUBHO IMOB’si3aHi MiX coboro. MemOpaHa i€ sk mepemoHa sl BCiX
PO3UYMHEHUX COJICH, OPraHIYHMX 1 HEOPTaHIYHUX MOJIEKYJ] 3 MOJEKYJSAPHOIO
Macoro Oinbie 100, ajie MOJISKYJIM BOAM BUILHO MIPOXOAATH KPi3h HEl, CTBOPIOIOYU
TOTIK [4].
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MeMOpanu s 3BOPOTHOTO OCMOCY TOBHHHI 33OBOJIBHATH HACTYITHHM
OCHOBHHUM BHUMOTaM [5]:

— MaTu OCHOBHY BIIACTHBICTH MeMOpaH — CEJIEKTUBHICTh /0 KOMIIOHEHTIB, fIKi
BUAATSIOTECA Ha JaHOMY (yHKIiOHaIbHOMY eTami, 1 JO3BONIATH 30epiratu
CIIBBIAHOIIICHHS KOMITOHEHTIB B OOpOOJIIOBaHiif BOAI IPM BHUKOPHCTAHHI IX IS
MATOTOBKH IIUTHOI BOJX 3aJaHOI SIKOCTI;

— BIANOBIAATH BHCOKOMY PIiBHIO IPOHWUKHOCTi, TOOTO MaTH BHCOKY MUTOMY
MPOAYKTHUBHICTE;

— BOJIOJITH CTIHKOIO CTPYKTYpPOIO, (Di3UYHOI0 MIIHICTIO i XIMIYHOIO CTilKICTIO
JI0 CEpeIOBHUINA Ta CTIMKUMH (I3MKO-XIMIYHHMH BJIACTHBOCTSMH B TpOIieci iX
eKCIUTyaTartii.

o6 matu 3Mory epeKTHBHO BUKOPHUCTOBYBATH METO]] 3BOPOTHOT'O OCMOCY IS
KOPUT'YBaHHsI CKJIaJy BOJHUX PO3YMHIB 1, OCOOJMBO, MUTHOI BOJU, HEOOXiTHI
3HAaHHS IIOJO PO3PaxyHKYy OIHOTO i3 OCHOBHHX IMapaMeTpiB IUX MPOIECIB —
OCMOTHUYHOTO THUCKY Ta JOCHIUKCHHS OCHOBHHX (Pi3MKO-XiMIYHHMX BIACTHBOCTEH
MeMOpaH 1 1X 3aJIe)KHOCTI BiJl pi3HUX YHHHUKIB.

B pobGori [6] HaBemeHO METOAWKY TEOPETHYHOTO PO3PaxXyHKY KoedimieHTa
AKTUBHOCTI Y B IMIMPOKOMY Jiala30Hi KOHIIEHTpPALIN IJIs BCi€i TaMi KOMITOHEHTIB,
SKi TIPUCYTHI Yy BOJax JDKEpen BOAOMOCTAYaHHS, IO JIO3BOJSIE 3HAYHO
BJIOCKOHAIMTH 1 PO3MIMPUTH 3aCTOCYBaHHA OapoMeMOpaHHHX METOMiB, 30KpeMa
METOJy 3BOPOTHOTO OCMOCY, TIPH KOPUT'YBaHHI CKJIa{y BOAHUX PO3YHHIB.

TeopeTnuHmii po3paxyHOK KOe(illiEHTIB aKTHBHOCTI BiJIKPHBA€ MPHHIIUIIOBO
HOBi, €EKTHBHO Ta €KOHOMIYHO BUTIPaBAaHi, MOKJIMBOCTI B 00JacTi PO3paxyHKY
MapaMeTpiB YCTAHOBOK 1 BUKOPUCTaHHS OapoMeMOpaHHHWX METOJIB B IpOIECi
KOPUTYBaHHS CKJIa[y BOJHHMX PO3YMHIB B IIUPOKOMY Jialma30Hi KOHIEHTpALil i,
0c00JIMBO, B 00J1aCTI BUCOKHMX KOHIICHTpAIlii [6].

Jlo ocHOBHUX (hi3MKO-XIMIYHUX BJIACTHBOCTEH MEMOpaH BiIHOCATH HACTYIIHI.

Cenexmugnicms — 31aTHICTb MEMOPaHH MaTH Pi3HY IPOHUKHICT I10 BiTHOIIEHHIO
J0 PI3HUX KOMIIOHEHTIB CyMillli, IO PO3IUIETHCS. MiIpOI  CEIeKTHBHOCTI
3BOPOTHOOCMOTHYHUX MeMOpaH € KOe]illieHT 3aTpUMKA pPEYOBHHH @, IO
XapakTepu3ye 3MiHY CITiBBiIHOIIEHHS KOMIIOHEHTIB CyMIIlli 110 i TTicis MeMOpaHu.

CenextuBHicTh @ (%) mpoliecy po3AUICHHS uYepe3 HamiBIPOHUKHI MEMOpaHU
BH3HAYAIOTh HACTYITHHM YHHOM:

= (%) . 100% = (1 —CC—) -100%, (3)

BX BX

e Cex — KOHIEHTpAIlis CyMimni (KOMIIOHEHTa CyMillli) Ha BUXOML 13 MeMOpaHu
(xoHUEHTpAaIlist QiTBTpaTy 200 TIepMeary);
Cex — KOHIIEHTpAIIiS CyMilni (KOMIIOHEHTa CyMillli) Ha BXoJli B MeMOpany [5].

Ha mexani3M cesleKTHBHOT IPOHUKHOCTI MEMOpaH BIUIMBAIOTh Taki (GakTopH, siK
THUCK, TeMIeparypa, TiIPOAMHAMIYHI YMOBH, €JEKTPUYHI 1 MAarHiTHI TOJH,
YJIBTPa3BYKOBI XBUIII Ta iH. BuOip po00oY0oro THCKY 3alleXXUTh BiJl BUAY TpOIIECY,
MPUPOAM 1 KOHLIEHTPALii pO3UMHY, IO PO3AUIAETHCS, TUILY MEMOpaHH, KOHCTPYKIIii
amapary, TiIpaBiIiyHOro ONOpy Mi>KMEMOPaHHOTO KaHaly 1 ApeHaxy i T. .

Jlmst memOpaH, SKi  3aCTOCOBYIOTbCS B OapoMeMOpaHHUX  IpoIlecax,
BUKOPDHCTOBYIOTb ~ TaKy XapaKTepUCTHKY, K AUMOMA  NPOOYKMUBHICb
(nponuxnicme membpanu) — 00’€MHHI TOTIK, IO TPOXOIUTH Yepe3 OAWHHIIIO
MTOBEPXHI MeMOpaHU 3a OIUHUITIO YacCy 1 YUCETHHO BUPAKAETHC:
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G=—, (4)

ne V — KinpKicTh (QinbTpary, OTpUMAHOTo 3a OJWHHIIO Yacy 7 3 OAMHUII poOodoi
nosepxui F mem6panu (B av*/(M?Ton), am¥/(mM? 106y), kr/(M2-Tox)).

Taka BIACTHBICTH HAMBIPOHHKHUX MEMOpaH, SK Koe@iyicHm 3HUNCEHHS
KOHYyeHmpayii, pO3paxoBYETHCS HACTYITHIM YHHOM

CBX
K3k = —. (5)

CBPIX

Koegiyiecum po3zoinenns (hakTop pO3IiICHHSI) PO3YMHCHHX PEUOBHH Uepe3
HaIiBIPOHUKHY MEMOpPaHy PO3pax0oBY€EThCS:

k=) G2 ©

ne Cyq1, C4p, Cgq, Cpp — KOHIIEHTpAII] KOMIIOHEHTIB A 1 B y po3unHi Ha BXO#i B
MeMOpaHy 1 Ha BUXO/li 3 MEMOpaHH.

Topucmicms (00’eMHA dYacTKa TOp) B 3araJbHOMY BHIAJKy € BaKIUBOIO
XapaKTepUCTUKOI0 MEMOpaHH, TaK sIK TiApOJUHAMIYHA TPOHUKHICTH THM BHIIA, YUM
Oimpima mopucTicts. HailOinpll BakIMBUE poO3Mip TOp, Tak SIK BiH BH3HAYAE
CEJICKTHBHICTS 1 B 3HAYHI Mipi IPOHUKHICTh MeMOpanu. [IpoTe, He muie cepeqHiit
PO3Mip TOp BIUIMBA€E HA CENEKTUBHICTh. SIK Teopisl, TaK i eKCIEPUMEHT MOKa3yIOTh
Ha MOJIMBICTH 30€pe)KeHHs BICOKOI CEIEKTUBHOCTI ITPH 30UTBIICHH]I PO3MIipiB TIOP
3 OJHOYACHUM HA/IaHHSM MeMOpaHi eNeKTPUIHOTrO 3apsy i rigpodimsHocTi. Jms
XapaKTepUCTUKU I1i€l MOKJIMBOCTI HEOOXiJHO pO3IIISIATH 3BOPOTHHH OCMOC 3
MO3UIIIT TEOPETUYHOT eJIEKTPOXiMii MmeMOpaH [7].

MeTtoro mpezncraBieHoi poOOTH € JIOCHIPKEHHS OCHOBHHX XapaKTEPUCTUK
(MIPOHUKHOCTI,  CEJEeKTHBHOCTI,  Koe(illieHTa  3HIKECHHS  KOHIICHTpAIIil)
3BOPOTHOOCMOTHYHHMX MEMOpaH, 3aJIeKHICTh IX BiJl pi3HUX YNHHHKIB Ta BIUIUB Ha
3MiHY (i3UKO-XIMIYHOTO CKJIaly p0o30aBIeHIX BOJHUX PO3UMHIB.

EKCHepHMeHTaJ’ILHa yacTuHa

Jnst eKcepuMEeHTaNbHUX JOCHIKeHb Oyld BHKOPHUCTaHI 3BOPOTHOOCMOTHYHI
memOpann BupoOHuiTBa CIIA ¢ipmu Filmtec tumy TW30-1812-50. Ile
3BOPOTHOOCMOTHYHA MeMOpaHa Ha OCHOBI ToOJdiaMmigy, 3 poOOYMM THUCKOM [0
2,0 MIla (makcumanpHuii Tuck — 6 MIlla), MIKpO3HIMOK CTPYKTypH SKOi
npesacTaBiIeHui Ha puc. 1.

Temnepamypa € oTHIM 3 OCHOBHHX TIapaMeTpiB, IO BILUTUBAIOTH HA TIOKA3HUKU
Oyab-SIKOro IMpolecy NepeHoCcy MacH, 30KpeMa i y Mmpoleci 3B0pOTHOIO OCMOCY.

AHai3 JaHuX TpO BIUIMB TEMIEPAaTypHd Ha CEJIEKTUBHICTH 1 NPOHUKHICTH
HAMIBIPOHUKHUX MeMOpaH TpW pO3AUICHHI PO3YHMHIB HEOPTaHIYHUX PEYOBUH
Mokasye, 10 3 MiABHIICHHSAM TeMmrepatypu 1o 50°C npoHUKHICTH MeMOpaHH
3MeHIIyeTsest [8]. OmHak mnpu PO3AUIEHHI PO3YMHIB OpPraHiyHUX pPEYOBHH
I IBUIIICHHS TEMIIEPaTypH MPU3BOIUTE IO 301IBIICHHS PYXJIMBOCTI MOJIEKYJI BOIH
1 He BIUTMBAE HA IUCIIEPCIHHI CHITH, 0 TPU3BOANUTD JI0 3POCTAHHS CEJIEKTUBHOCTI.
Le € pe3yapTaTOM MiABHUIICHHS TEMIIEPATypH 1 301IbILEHHS HMOBIPHOCTI 31TKHEHHS
HETNONAPHUX MOJEKYJ, L0 € HAcHiJAKOM YTBOPEHHS BEIHMKHX MOJEKYISIPHUX
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KOMITIEKCIB BHACIIIOK JOAATKOBOI TiApodoOHOI B3aeMoii. Y TBOPEHI KOMITIEKCH,
MIIIHO 3B'I3yIOUUCH 3 MMOBEPXHEIO MONIMEpPY, OJOKYIOTh [TOPH, 3MEHIIYIOUH B HUX
MONIEPEYHUH Tepepi3 MOTOKY PiIMHY i TUTOMY MPOHUKHICTH MEMOpaHH.

Puc. 1. Mikpo3nimok cTpykrypu mMemOpanu Filmtec TW30-1812-50: Bepx memOpanu (a);
Hu3 MeMOpan# (0); pedpo MmemOpanu (B)

BrivB Temmeparypu Ha 3MiHY CENEKTHBHOCTI MEMOPaHH MOXKHA TOSCHHTH
B3a€EMOJIIEI0 TPHOX CKJIAJOBUX MACOMEPEHOCY B MPOIECI 3BOPOTHOTO OCMOCY —
KOHBEKTHBHO-(NBTpaliiiHO1, TU(y3i1HHOI Ta eNeKTPOCTaTHYHOI.

Jlns BUBYEHHS BIUTUBY TEMIIEPaTypd Ha 3MiHY CEJICKTHBHOCTI 1 MHUTOMOI
MPOJAYKTUBHOCTI HAMiBIPOHUKHOT MEMOpaHU OyJi0 MPOBEICHO EKCIEPUMEHT JUIs
conieit MgCl, ta CaCly, pe3ysibTaTH SKOro 300pakeHO Ha puc. 2.

a) 0)
o 85 =224 -
O\ei 80 O/o/O’M/O NE 22 1
75 2= 207
D/D/D/D’D’D 5 18
70 5 16 -
65 0 14
60 T T T T T T T T T T T T 1 ]_2 N

20 24 28 32 36 40 0 +—T"F—

20 24 28 32 36 40

t, °C t, °C

—o—1-—0=2 —o0—1—0—2

Puc. 2. 3anexuicts cenextuBHOCTI (¢, %) (¢) Ta turomoi npoaykrusHocTi (G, amM%/(M?-Top))
(6) nonimepHoi mem6panu Filmtec tuny TW30-1812-50 Bin 3minu temnepatypu (t, °C) Ha
npuKiaai MoAenbHux posumuis a): 1 — MgCly; 2 — CaCl,. C(Mg?*) = 3 mr-ske/am3;
C(Ca?") = 3 mr-sks/am® npu po6ouomy Tuckosi P = 1,8 MIla
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301IbIICHHS TEMIIEPaTyPU PO3UHNHY TPU3BOUTH J0 3MECHIIICHHS TOBIIUHHM IIAPY
«3B'SI3aHOT» BOJM Ta MOPYILICHHS YIOPSIKOBAHOCTI ii MOJNEKYN y CTPYKTYpi LbOrO
mapy, a Tako 3011bIICHHS! KOHBEKTHBHOTO IIOTOKY Yepe3 MeMOpaHy, 10 BUKJINKAE
3pOCTaHHSl CeNeKTUBHOCTI MeMOpaHu. 30inmbIryerbes KoedimieHT audysii Ta,
BIJIMTOBITHO, TPOHHKHICTH KaTiOHIB depe3 MemOpaHy 3poctae. Kpim Toro, 3i
301IBLICHHSIM TEeMIIEpaTypy 3MEHINYEThCS LIUIBHICTh MOBEPXHEBOTO 3apsdy, IO
poOuTh MeMOpaHy OLITBII MPOHWKHOIO JJIsl PO3YMHEHUX Yy BOJII i0HIB. SIK BUAHO i3
puc. 2, TUTOMa MPOAYKTUBHICTE MEMOpaHU 31 3pOCTaHHSAM TEMIIEpaTypH JiHIIHO
3MEHIIY€ETHCS, IO TAKOXK HE CYNEepeunTh JIiTepaTypHUM AaHuM [8§].

TakuM YMHOM, BIUTMB TeMIIEpaTypH Ha MeMOpaHHE PO3AUICHHS 3aJIeXKUTh Bif
MPUPOAM PO3YUHEHUX KOMIIOHEHTIB, MPUYOMY MIIBHIKICTH NPOHUKHEHHS IIUX
KOMIIOHEHTIB 4epe3 MeMOpaHy, B TOPIiBHSHHI 31 MIBHKICTIO TeYil BOJIH, 31 3MiHOIO
TeMIIEpPaTypy MOXKe BiapizHATHCA. Lle sSBuUIlle MOXHA BUKOPUCTOBYBATH JJIs OLIBII
MOBHOTO PO3MIJICHHS CyMillled Ha IX CKIIAZOBI KOMITOHEHTH. 3 OISy Ha IIe,
3BOPOTHHH OCMOC JIOWIJIBHO MPOBOJUTH TPU TeMIepaTypi HABKOJIUIITHHOTO
cepenoBuiia (3Bugaitno 20-25°C) [8].

BaxxmmeuM (akTopom, 10 BIUTMBAE HAa MPOIIEC 3BOPOTHOTO OCMOCY, € poOOUuit
muck, SKuii 3a0e3redye 3BOPOTHOOCMOTHYHY (inmbTpamito. [3 30iiabImIeHHIM
po0OOYOro THUCKY 30LIBIIYEThCS PYIIiHA CHJIA MPOLECY 1, BIAMOBIAHO, 3POCTaE
BeMMYMHA €(EKTUBHOI MPOHMKHOCTI MEMOpaHU MO BiJHOLICHHIO 10 PO3YMHHHKA
(mepmeary). Y THX BUNaIKax, KOJIA MEMOpaHa HE 3MIHIOE CBOET CTPYKTYPH i €0
TUCKY, TO il MPOHUKHICTH JIHIKHO 3pocTae i3 30UTBIIEHHAM THUCKY, i, OCKIJIBKH
MPOHUKHICTh MEMOpaHM Ml PO3UYMHEHOI PEUOBMHM Maia MOPIBHAHO 3 i
MPOHUKHICTIO Ui  pO3YMHHWKAa  (BOAM), TO  3arallbHa  IPOHUKHICTh
3BOPOTHOOCMOTHYHOI MEMOpaHH JOOPE OMUCYETHCS PIBHIHHSM:

G=A-(P—An), )

ne G — NPOHUKHICTh MEMOpPaHU JIJISl BOJIH;

A — KOHCTaHTa JIj1sl CUCTEMH «MeMOpaHa — pO34rH» MPH IIEBHUX 30BHIIIHIX YMOBAX;
P — BenmunHa poOOYOTO THCKY;

AT — pi3HHLT OCMOTHYHUX TUCKIB PO3YUHIB 110 00MIBa OOKH MEMOpaHHU.

Ale TIpu MiABHIICHUX THCKax IMoJiMepHi MeMOpaHu He 30epiraroTb CBOET
MEPBICHOT CTPYKTYPH 1 YIIUIbHIOIOTHCA. [le BinOMBaeThCs Ha BEIMYMHI KOHCTAHTH
«A» y piBasgaHI (7). ToOTo, mpu MmoOCTIHHOMY BIUIMBOBI THCKY Ha TMONIMEpHi
MeMOpaHU CIOCTEPIraloTbes 3HAYHI 3ajUIIKOBI Jedopmanii. 3i 30iNbLICHHSIM
nepenanxy pobodoro THCKY 4depe3 MeMOpaHy 3pocTae pylliiHa cuiia 3BOPOTHOTO
ocMOCy 1 30UIBLIYETBCSI MUTOMA MPOAYKTUBHICTE MeMOpaH. OJHaK NpPU BUCOKUX
TUCKaX TMOJIMEpHI MeMOpaHW MiANAlOThCA YIIJIBHEHHIO, IO NPU BH3HAYEHOMY
3HA4YeHHI THUCKY, SIKUH 3aJIeXHUTh BiJl CTPYKTYPH MEMOpaHU, MOXe HEUTpati3yBaTH
edeKT, MoB'I3aHuH 3 IBUIIICHHSM pyIIiiHOT crii. KpiM Toro, MpH BUCOKHX THCKaX
MeMOpaHH MBHIIIE MiAJAIOThCS 3a0pyIHEHHIO 3BaXCHHMH B  PO3YHMHI
MIKpOYaCTHHKAMH, OCKIJIBKM B IIMX YMOBax 3a0py/JHIOIOUYMM 4YacTKaM JICTIe
MPOHUKHYTH Yepe3 OpH MeMOpaHH, a Ha TIOBEPXHI MEMOpaH! YTBOPUTHCS OLTBIII
LITBHUNA 0Cajl 3aTPUMaHUX MIKPOYaCTHHOK.

SIK MOKa3yloTh EKCIIEPUMEHTANIbHI AOCIIIKEHHS, YCaaKa CTPYKTypUu MeMOpaHu
0COOJIMBO TTOMITHA B TIEPIIi TOAWMHH ii poOOTH, MO MPU3BOIUTEL IO 3HIKCHHS
CEeNIEKTUBHOCTI MeMOpaHu. [IpakTHYHO CTaiuidi pexUM 3a CEIEKTUBHICTIO 3a3BHYai
HacTae 4yepes 4-5 rox (puc. 3).
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Puc. 3. 3anexHicTh cenekTUBHOCTI (¢, %) nonmiMepnoi memOpanu Filmtec tumy TW30-1812-50
Bin 3Minu Tucky (P, MIla) Ha mpuknani MoaensHux posuunie: 1 — NaCl (5,0 r/am®); 2 —
Na;CO3 (4,0 r/mm3); 3 — Mg(NO3)2 (4,0 r/am®); 4 — CdCl2 (4,0 T/mm°)

Ha pobGoui xapakrtepuctukun wMemOpaH (IUTOMa TPOAYKTUBHICTH 1
CEJICKTHBHICTh) BIUIUBAE KOHUEHMPAUIa po3UUHeHUX peuoguH. 31 301IbIIEHHIM
KOHIIEHTpAIll cojJedl y BHUXITHOMY pO3YHHI BilOYBAa€ThCS 3HWKEHHS MUTOMOL
MPOAYKTUBHOCTI MeMOpaHu. Lle TOSCHIOETBCS 3MEHIICHHSM PYIIiHHOT CHIH
Mpolecy PO3IiICHHs BHACIIZOK 3pOCTaHHS OCMOTHYHOTO TUCKY B po3unHi. BHecok
Yy 3HIKEHHS NHUTOMOI NPOAYKTHBHOCTI BHOCHTH 1 e(eKT KOHIEHTpauiiiHol
nonsipuzanii (KIT). Brums koHIeHTpaliiHoi mossipu3allii Ha mporecu MEMOPaHHOTO
PO3AUICHHS HEraTUBHUM, TOMY IO IIIJBUIICHHS KOHIEHTpAIl PO3UYMHEHOI
pevYOBHUHU OiNisi TIOBEPXHI BUKIHMKAE 30UIBIICHHS OCMOTHYHOTO THCKY PO3YHMHY 1
3HIKYETHCS PYIIiAHA CHJIa MPOLECY Po3aiaeHHs. BiqoMo, 10 y KOHIIECHTPOBAHHUX
po3unnax possutok mapy KII BinOysaeTbcs mBuime i edekt OIOKyBaHHS TOP
cunbHimmi [9].

KpiMm TOro, mpum BHCOKMX KOHLEHTpALisIX BHUXIZHOTO PO3YMHY 3POCTAE
OCMOTHYHHUI THUCK 1 3MEHIIYEThCS YacTKa BIJILHOI BOJU O1Jisl TOBEPXHI MEMOpaHH.
Tomy npaBuibHUN BHOIp POOOYOro IHTEpBaTy KOHIIEHTpAIlid — HaWBaXKJIMBIIIA
nepeayMoBa HOPMaJIBHOI eKcIUTyaTalii MeMOpaHHuX amapatiB. KpuBi, 1m0
XapaKTePU3YIOTh 3aJICKHICTh CEJIIEKTUBHOCTI IOJIMEPHOI 3BOPOTHOOCMOTHYHOI
MeMOpaHHU Bijl KOHIICHTpAIlil PO3YMHEHUX PEYOBHH, HABEJCHO HA puc. 4, 3 SIKOTO
BUIUIMBAE, 10 B OOJIACTI HEBHCOKUX KOHIICHTpAIlil CEJIEKTUBHICTh MEMOpaHU
3aJMIIAETHCS TPAKTUYHO MOCTIHHOIO, a MOTIM 13 3pOCTaHHSAM KOHLEHTpauii —
3HMKYETBCS. B mimomy, sIK Jjsl colledl Kalbllifo, TaKk 1 MarfHilo MUTOMa
MPOAYKTHUBHICTE MEMOpPaHH 3MEHLIYETHCS MPAKTUYHO BIBIYI 31 30UIBIICHHSIM
KOPCTKOCTI BHXiJIHOTO PO3uMHY Bijt 2 10 50 Mr-eks/am>.

B pesynbraTi mpoBeleHMX EKCIIEPUMEHTIB IIOJ0 BIUIMBY KOHIIGHTpAIii Ta
MPUPOAM COJIi Ha CENEKTUBHICTh 3BOPOTHOOCMOTHYHOI MemOpanu Filmtec Tumy
TW30-1812-50 (puc. 4, a, 6) BCTaHOBIIEHO, IO CEIEKTHBHICTH 110 BiTHOIICHHIO JI0
KaJIBINIO HIDKYA, HK TI0 COJIIX MarHiro. Taky 3aKOHOMIpPHICTh MOXKHA TIOSCHUTH 3
TTO3UIIA KanisIpHO-(GiIbTpaIliifHOl CKIaI0BOI Ipolecy nepenocy. Karion marsiro
Mg?" Mae Ginbll BHCOKY €HTANBIIIO Tifparaiii MOPiBHSAHO 3 10HOM KalbIIilo
Ca?* (AH(Mg?") = 1955 xJlx/monb; AH(Ca?") = 1616 xJIx/Moinb), 0TxKe, TigpaTHa
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000JI0HKa KaTiOHy Marfif0 MinHima. TakuM YHHOM, KaTiOH KaJbIil0 JIeTIIe
MPOHMKAE B IIAp 3B'I3aHOI BOJW HA MOBEPXHIi 1 BCEpeaUHI MOp MeMOpaHu, TOMY i
CENIEKTUBHICTh 00 HOTO COJei HIKYA.

Sx mpencraBieHO Ha pHUC. 4, CENEKTUBHICTh OCITIPKYBaHOI MeMOpaHU B
MIpeICTaBICHOMY Jiana30Hi KOHIEHTPAIli/ € BUIIOO IS €JIEKTPOIIITIB TUITY 2:2, HIX
JUIsL eNeKTpoiTiB Tumy 2-1. Lle# gakT MoXkHa MOSICHUTH SIK 13 TO3ULIN KaIliIIpHO-
GbinpTpariiiHoi, Tak 1 eNeKTPOCTATHYHOI CKJIaI0BOi MEpeHOCY (B3aeMOMIS Mixk
MeMOpaHO 1 po3unHOM). Paniyc cynpdar-ioHy Oinblie, HiX paaiycw HITpaTy Ta
XJIOPHUTY, 3aBISAKH YOMY, BiH Kpallle 3aTpUMyeThcst MemOpanoro (r (SO42) = 0,230 nw;
r (CI) = 0,181 um). 3apsan SO4% BuIle, HiK y HITPaTy Ta XJOPHJLY, & BU3HAYAILHY
poONb y 3aralibHy 3aTPUMYIOYy 3[aTHICTH HAIIBIIPOHUKHOI MeMOpaHH BHOCHUTH
CJICKTPOCTATUYHUN MEXaHi3M, 3TiJHO 3 SKMM YMM OUIBIIMIA 3apsiJl i0HA, TUM BHIIA
CENIEKTUBHICTh MEMOpaHH.

a) 0)
X
- 100 o 105
S 95 > 100
90 S 95
85 90
80 85
75 80
70|-|-||||||||||||||||| 75|||||||||||||||||||||
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50

: 3
C, Mr-exB/mm C, mr-exs/nm3

——1 —0—2 —0—3 ——1 —o0—2

Puc. 4. 3anexHicTh ceneKTUBHOCTI (¢, %) nonmiMepnoi memOpanu Filmtec tuy TW30-1812-50
BiJl BIUIMBY MPMPOJAM aHioHy Ta 3MiHu koHueHrpauii (C, mr-exs/amM®) coni Ha npuKai
MojenbHuXx po3unHiB: a) 1 — CaCly; 2 — CaS04; 3 — Ca(NOs)2; 6) 1 — MgCly; 2 — MgSQyq;
3 — Mg(NOs),, pu poGouomy Trckosi P = 1,8 MIla

Takox MOXKHA BIJJ3HAYMTH, 110 CEJCKTUBHICTH IOJI0 HITPAT-10HIB HIDKYA, HIXK
010 XJIopua-ioHiB. He3paxkarouu Ha Te, 1110 aHioHu Cl” Ta NO3z” MaroTh 0JIHAKOBUI
3apsin, paniyc Hitpar-ioHy Oinbmmid. OTxe, minbHICT 3apsangy NOs HUKYE, HIX Y
xyopuza. Buxoasun 3 1boro, 3HWKYETHCS €IEKTPOCTaTHUHE BiMITOBXYBaHHSI NO3
BiJl TOJBIHHOTO EJIIEKTPUYHOTO IHapy, IO TIIOSICHIOE 3HMKEHY CEJCKTHBHICTD
MeMOpaHH 3a HITpaTaMH.

[TapameTpanbHa 3aeKHICTh CENEKTUBHOCTI MeMOpanu (@) Bix uacy (1) (puc. 5, a)
NepeNacThCsl BUXIHMMU KPMBHMH 3i 3MiHOIO psamay: Mg? > HCOs > Ca®* > CI.
BuxinHi KpuBi mporiecy, B 3a€KHOCTI BiJl 3Ha4€Hb KOHIICHTpAIlil pO34nHY, HOCSTh
NiHifiHuii xapakrtep (xkpuBa i1 Mg %), abo 31 cnazarouMM NEpiOAMYHMM
CTyIiHYaTUM iX 3HWKeHHAM B yaci (kpusi HCO3', Ca?*, CI).

AHarnorivHa JI0 BHIICONHMCAHMX TapaMeTpaibHa 3aJIeXHICTh KoedillieHTa
3HMKEHHS KoHIeHTpauii Kx3, po3paxoBaHoro 3a piBHSHHAM 5, 3 4acoM T (puc. 5, 0)
3 TOI pI3HUIICI0, HIO PsAA aHIOHIB 1 KaTIOHIB NpUHMae HACTYNHUI BHIJISA:
Mg?* > HCO3 > Ca?" > Cl" i na mapamerpanbHa 3anexsicts 114 ionis HCOs', Ca?*i
Cl- HocuTh nimiliHmii xapakrep, a a1a Mg?" — pi3Ko CTyNeHEBHH, IO JOBOIHTH
HEOOXiZHICTh, MpPH PO3AUICHHI CTafil 3BOPOTHOTO OCMOCY Ha €Tald IIo
KODUTYBaHHIO KOMIIOHeHTa Mg?', minOupat BimmoBimni MemOpanm, ski 0
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BHUPIBHIOBATN 3alCKHICTP Kk3 BiX T 1 JO3BOISLIA BIOIMOBIAHO TEXHOJOTITHO
odopMITIOBATH TIEH TTpOIIEC.
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Puc. 5. 3mina cenextuBHOCTI (@, %) (a) Ta KoedinieHTa 3HIKeHAS KoHIeHTparii (Kks3) (0)
MemOparn Filmtec TW30-1812-50 3 gacom (1, rom) I KOMIIOHEHTIB «MOJEIBHOTO
0araTOKOMIOHEHTHOTO PO3YMHY» Ipu TUCKy P = 18 atm: 1 — Mg?*; 2 — Ca?*; 3 — HCOgs;;
4-CI

BucnoBok

VY pe3yiibTaTi IPOBEACHUX EKCIIEPUMEHTAIBHUX JIOCIIPKEHb BU3HAYCHO 3aJICKHICTh
OCHOBHUX XapaKTEPHUCTUK (CEIEeKTHBHICTh, MTUTOMA MPOMYKTHUBHICTH, KOe(DilieHT
3HIDKCHHS KOHIIGHTpAIli) HamiBIIPOHUKHOI 3BOPOTHOOCMOTHYHOI MeMOpaHH
Filmtec TW30-1812-50 Bix Takux (akTopiB, SIK 3MiHA TEMIIEpaTypH PO3UHUHY,
THCKY, KOHIICHTpAIlii pO3YMHY Ta 4acy.

Heo0OxinHo 3a3HaumTH, M0 (QUTBTpaIlifHI IPOIeCH N3ePKATBHO BiTOOPaXYyIOTh
BIUIMB CEJIEKTUBHOCTI MeMOpaH B OapoMeMOpaHHHX Ipoliecax, a MpH BU3HAYEHHI
MeXaHI3MiB MpoIiecy Ta METOJy IX pO3paxyHKy OJIepXaHi pe3ylbTaTh JOCHTiIKEHb
MOKa3ajy, M0 Ha HHUX BIUIMBAIOTHh Taki ()aKTOpH, SK OCOOIHMBOCTI SKICHOTO i
KUTBKICHOTO CKJIaJy BHXIJIHUX PO3YHMHIB, 3MiHa POOOYOTr0 THCKY Ta TPUBAIICTbH
(GiTBTPYBAILHOTO MPOLIECY .

JoBezneHo, 0 MiABUILEHHS TEMIIEPaTypH PO3YMHY MPHU3BOJAUTH A0 3POCTAHHS
CEJIEKTUBHOCTI MEMOpPaHH, IpH IbOMY IUTOMA MPOAYKTUBHICTh MEMOpPaHH JIHIHHO
3MEHIITY€ThCS.

SIK mokazaim eKCIEpUMEHTANIbHI OCIIKEHHs, MiABUIIEHHS POO0YOTr0 THCKY
MPU3BOAUTE JI0 YCalKd CTPYKTYpPH MeMOpaHH, sfKa, OCOOJMBO, MOMITHA B MepIIi
roguHu 1i poOOTH, MO0 € HACHIIKOM 3HH)KCHHS CEJCKTUBHOCTI MeMOpaHu.
[MpakTH4HO cTamuii pexM 3a CEJICKTUBHICTIO 3a3BHYail HAacTae yepe3 4—5 roj.

[IpakTuka 3acTocyBaHHS 3BOPOTHOTO OCMOCY IIOKa3ye, IO B YMOBaX TPUBAJIOL
eKCIUTyaTallii ONTUMAILHUHA Iepernaj TUCKY JUIsS HAMMBIPOHUKHHX TOJIMEPHUX
MeMOpaH cknangae 1,5-6 Mlla, a ans meMOpaH y BHJII TOPOXHIX BOJOKOH —
2-3 MIla.

Bracninok 301IbIIEHHS KOHIIEHTPAITiT COJIeH Y BUX1THOMY PO3UHHi BiI0YBa€ThCI
3HIDKCHHS IIMTOMOI MPOAYKTHBHOCTI MeMmOpanu. B  00macTi HEBHCOKHX
KOHIICHTpAIfl CEeJICKTUBHICTh MEMOpPaHHU 3aJIMIIAETHCSA MPAKTHYHO IOCTIHHON, a
MOTIM 13 3pOCTaHHSIM KOHLIEHTPALi — 3HUKYETHCS.
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ExcniepuMeHTanbHi TaHi JO3BOJISIIOTH 3pOOUTH BUCHOBOK ITPO T€, IO B O1IBIIOCTI
BUMAJKIB 3BOPOTHHH OCMOC MOKHa €(EKTUBHO BHUKOPHUCTOBYBAaTH IIpH
KOHIICHTpALi eJIeKTPOITIB, 0 He nepeBuinye 5—10% U1 OAHOBaJICHTHUX COJICH,
10-15% — mnst noBaeHTHUX 1 15—-20% — ny1st GaraToBaJICHTHUX COJICH.

BaxmBUM BHCHOBKOM € Te, IO JUIi Mapyd TakuxX (yHIAMEHTabHUX
KOMIIOHEHTIB, sk Ca?* Ta Mg?*, cenextuBHicT MeMOpanu Filmtec no BigHomeHHO
0O MarHil0 3HAYHO BUINA, HDK IO KaJbLi0, PE3yJIbTATOM YOTO € Ty>Ke BaKINBUI
BMCHOBOK IIPO 3MiHy IIPUPOHOTO CIIiBBiZHOMIEHHs B MTHUX Bogax Ca?*: Mg? 3
2:1 Ha 3HaveHHs 1:2 BIAMOBIAHO, IO PI3KO BIUIMBAa€E HA SKICTh PO30ABICHOTO
BOJHOTO PO3YHMHY Ta BUMAarae oOIpyHTYBaHHS 1 BIOCKOHAJICHHS IUKITy 3BOPOTHOTO
0CMOCY Ha PO3MOJIT HOTO Ha eTany 3 OKPEMUM PETYJIIOBaHHIM BHIAICHHS 13 BOIH
Ca?* ta Mg?" i moBeieHHsAM HOro 0 NPUPOIHOI HOPMH, TOOTO CIIiBBiJIHOIIEHHS
KOHIIEHTpaIli sk 2:1.
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ASSESSMENT OF DEGRADATION OF SEMIDESERT
AND ARID STEPPE FIELD LANDSCAPES AND PASTURE LANDS
UNDER THE CONDITION OF MODERN CLIMATE CHANGE

Abstract. It was determined that degradation of pasture soils in semi-desert and
arid field landscapes of the Kur depression intensified under the condition of
modern climate changes. Temperature rose 1,2°C, the precipitations amount was
65,7 mm in 1995-2015 in comparison with 1970-1994. These changes are resulted
in landscape desertification and soils degradation. Main criteria were adopted for
degradation assessment, and plant cover degradation, water erosion, defilation and
salinization are concerned here. The features of these processes were defined
depending on desertification degrees. The pastures were divided into 3 parts: useful,
limited useful, useless. The relief of the useful zone occupies the zones with
unchanged morphological signs less than 7° of inclined degree, and not exposed to
negative processes, with the precipitations amount more than 300 mm. The limited
useful pastures are: morphological signs changed to a mean degree (inclination of
soils is 17-15°), exposed to changed negative processes to a weak and mean degree,
precipitation number is 300-250 mm. The useless soils are: inclination is more than
15°, morphological features are fully disturbed, strongly exposed to negative
processes, the precipitation number is less than 250 mm.
Key words: climate changes; arid landscapes; semi-desert and dry field climate;
soil degradation; soil usefulness

DOI: https://doi.org/10.32347/2411-4049.2022.3.56-63

Introduction

In the last half century the natural complexes were mostly exposed to transformation
under the condition of the arid climate. Especially the quantitative and qualitative
indicators of the pasture areas mostly weakened depending on climatic changes. But
the traces of the anthropogenic impacts can show itself in the pastures prominently
in arid climate. Under these effects, especially intensive grazing intensified the
negative transformation of soil and grass cover [1, 2].

Intensive grazing in the natural pastures under the arid condition intensified
erosion, defoliation and salinization processes in the soil, weakened botanical
composition, density of grass cover and covering the soil surface, intensified
degradation [3]. Taking into account these processes, the assessment of soils
degradation in arid landscapes under the climate changes is one of the main problems
in its utilization and protection. Study of these processes, definition of its
mechanism, assessment of degradation under the climate changes condition are
scientifically and empirically very actual.

© E.A. Qurbanov, M.G. Mustafayev, 2022
ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogoxopucrysanss, Ne 3 (43), 2022



mailto:meliorasiya58@mail.ru

After the 90s years of the last century in our country the climatic changes affected
some areas, including pastures, fertility of soil cover [2]. Taking into account these
conditions we conducted assessment of pasture soil degradation in the physical-
geographical province of the Kur depression in the semi-desert and arid field
Landscapes.

Material and Methods

The researches were conducted in the physico-geographical province of the Kur
depression in the Azerbaijan Republic. Bioclimate of this country is mainly arid and
it is one-third of the territory. The areas of the unirrigated tillage soils are used as a
pasture in the zone, these soils are in the state property. An area of these soils reaches
740 000 hectares in general. These pasture areas are situated in Jeyranchol, Ajinohur,
Bozdagh-Gazanbulag, Shirvan, South-Eastern Shirvan and Mughan plains.

Sedimentary rocks of the Cenozoic period are superior in the research zone. An
age of the rocks rejuvenates towards the East. The surroundings of the Kur river,
including rivers flowing into it in all directions are covered with alluvid deposits, the
rocks in the high areas are covered with deluvial and proalival, but the zones near
the Caspean Sea are covered with the rocks of marine origin [4, 5, 6].

The plains dominate in the relief, but it is selected by its complexity, the absolute
height changes by 28-1000 m. Inclination is from west to east. The west and north-
west of the province becomes shattered by a ravine-gorge network. The ancient river
valleys in the Kur-Araz lowland and pools near them are characteristic. Ajinohur
massive is concerned the lowfront mountainous around water storehouse of
Jeyranchol and Mingachevir [7, 8].

The climate of the research zone is semi-desert-arid field [4]. In general it is
characterized as arid subtropics. An average annual temperature is 13,1-14,5°C. An
average annual temperature is 13,1-14,5°C. A quantity of the annual rainfalls
vibrates by 250-400 mm [1].

The plant-cover of the zone is worm-word-ephemeral, blackberry, saline grass,
concubine-wormwood formations dominate and they are considered a main forage
base for animals in the winter months.

Gray-brown, grey, gray-brown, meadow-grey and different salinities are character
is tic for arid landscapes. Zonality takes a main place in soils expansion [4]. Durability
of these soils against erosion is weak and very sensible against salinity [5]. The modern
methods have been used in researches performance. The geographical comparison and
half-stationary research methods were applied during the field work.

The mathematic-statistics and GIS were used in collection and analysis of the
data. The aridical index of the climate was calculated with the formula of

a;, = P|T + 10 a according to Marton. Here, P —a quantity of rainfalls is
measured by cm, T-average annual temperature — by % [9].

Results and Discussion

The climate changes show themselves in quantitative indicators of the temperature and
rainfall. These indicators of the climate are different in 1970-1994 and in 1995-2015.
An analysis of the temperature was performed on the basis of the meteorological
stations in the physico-geographical province. It is known from the analysis that
increase of the temperature in the winter is observed in all other stations (Table 1).
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Table 1 — Difference between the temperatures on seasons in 1970-1994 and
1995-2015

Ne Metrol_oglcal Height, Winter Spring Summer | Autumn Annual
station m
1 Kurdamir 2 +1,1 -0,5 +1,6 +1,8 +1,1
2 Mingachevir 93 4.4 -0,5 -0,1 +1,1 +1,2
3 Imishli -3 -0,1 -0,1 +1,8 +1,9 +0,9
4 Beylagan 55 +1,0 -0,2 +1,8 +1,8 +0,9
5 Goychay 94 +0,5 -0,1 +1,1 +1,7 +0,8
6 Zardab -5 +1,1 -0,4 +1,7 +1,9 +1,1
7 Bilasuvar 4 +0,6 -0,2 +1,2 +1,6 +0,8
8 Salyan -22 +0,8 +0,2 +1,3 +1,8 +1,0
9 Shamkir 165 +0,9 -0,1 +0,9 -1,0 +0,2
10 | Ganja 309 +0,8 -1.2 +1,2 +1,3 +0,6
11 | Aghstafa +0,9 -0,2 +1,1+ +1.2 +1,0

Increase of the temperature is 4,4°C in Mingachevir, the least one is 0,5°C in
Goychay. The temperature gets decreased 0,1-1,2°C in all other stations of Salyan
in the spring months. The temperature gets increased in all other stations except
Mingachevir station in the summer season.

The temperature is high in all the stations in autumn except Shamkir. The most
temperature increase is observed in the autumn season [10, 11].

An average annual increase of temperature is noted in all the stations in autumn.
The highest indicator was 1,2°C in Mingachevir, the least one was 0,2°C in Shamkir.
We can come to such a conclusion that the temperature which is a main element of
the climate rose in the zone.

Increase of the temperature is 4,4°C in Mingachevir, the least one is 0,5°C in
Goychay. The temperature gets decreased 0,1-1,2°C in all other stations of Salyan
in the spring months. The temperature gets increased in all other stations except
Mingachevir station in the summer season.

The temperature is high in all the stations in autumn except Shamkir. The most
temperature increase is observed in the autumn season.

An average annual increase of temperature is noted in all the stations in autumn.
The highest indicator was 1,2°C in Mingachevir, the least one was 0,2°C in ShamKir.
We can come to such a conclusion that the temperature which is a main element of
the climate rose in the zone.

Table 2 - Difference between the rainfalls on seasons in 1970-1994 and 1995-2015

Ne Metrol_oglcal Height, Winter Spring Summer | Autumn Annual
station m

1 Kurdamir 2 -7,0 +30,9 -18,5 -20,1 -14,7
2 Mingachevir 93 -12,6 +25,6 -3,3 -65,8 -65,7
3 Imishli -3 +5,3 +43,0 -18,2 -19,9 +10,2
4 Beylagan 55 +12,3 +36,5 -19,4 -29,3 -0,1
5 Goychay 94 +5,1 +17,6 -22,7 -36,6 -30,5
6 Zardab -5 +5,8 +6,2 -23,5 -20,1 -31,7
7 Bilasuvar 4 +10,5 +34,6 -12,1 -39,6 -6,6
8 Salyan -22 +1,5 25,7 -19,3 -24,6 -16,7
9 Shamkir 165 -12,1 +0,1 +7,6 -44.7 -49,1
10 | Ganja 309 -1,6 +27,3 -1,9 -19,8 +4,0
11 | Aghstafa 340 -13,4 +21,2 -18,9 -23,5 -34,6
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It is seen from Table 2 that reduction of average annual quantity of rainfalls was
observed in all the stations except two stations (Imishli and Ganja). Reduction of
rainfalls happened in summer and autumn. A quantity of annual reduction of rainfalls
was 4,0-65,7 mm (Table 2). The change indicators of the temperature and rainfalls
are a reason for natural degradation development for the semi-desert and arid field
landscape.

At present the bioclimate parameters of the semi-desert and arid field landscape
zones in the Kur valley were shown on Table 3.

Table 3 - Bioclimate parameters of the semi-desert and zones with arid field
landscape

Annual Average temperature of air, Aridi-
Metrological |Height,| number °C tion Type of natural plant
station m of rainfall, . cover
mm January | July Annual | index
Kurdamir 2 308 3,2 25,8 145 1,25 | wormwood-ephemer
Mingachevir 93 289 2,5 249 13,7 1,22 | wormwood-ephemer
Imishii 3 | 306 38 | 253 | 145 | 125 |Wormwood-
blackberry-saksual
wormwood-ephemer,
Beylagan 55 321 2,7 24,8 13,8 1,35 |wormwood-
blackberry
Zardab -5 305 3,2 25,2 14,2 1,26 | wormwood-ephemer
Salyan 22 285 2,8 251 | 140 | 119 |Wormwood-ephemer-
sirkan
Bilasuvar 4 312 2,7 247 | 137 | 131 |Wormwood-ephemer-

blackberry-concubine
arid bushes, mountain
Goychay 94 466 2,6 24,2 13,4 1,99 |xerophytes, ephemer

concubine-wormwood
mountain xerophytes,

Shamkir 165 384 3,0 23,8 13,4 1,64 | ephemer concubine-
wormwood
arid bushes, mountain

Ganja 309 287 3,1 24,1 13,6 1,21 | xerophytes, ephemer-
concubine

Aghstafa 340 363 2,3 239 | 131 | 157 |fhinaridforest,

bushes, ephemers

Here, an annual number of the rain-falls changes by 285-466 mm. The average
annual temperature vibrates by 13,1-14,5°C. The highest temperature is observed in
Kurdamir and Imishli (14,5°C), the lowest one (13,15°C) in Aghstafa. Addition index
is1,19-1,99. A type of the natural plant cover in the zone is wormwood-ephemeric,
wormwood-ephemer-blackberry, concubine, arid bushes and mountain xerophytes
(Table 3).

Criteria of the soil degradation assessment is defined in connection with
landscape desertification in the Kur valley. The results are shown on Table 4. Change
of the plant cover degradation was analyzed depending on desertification degree.
The weak changes of the local and corresponding plants happen under the climate
changes, slight transformation of the plants in mild desertification, transformation of
the plants in mild desertification, transformation of a great part of the plants in strong
one, transformation of all the plants in the strongest one except ephemers. Covering
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of plant cover the soil surface in this criterion and forage loss of the pastures were
shown as a criterion.

Table 4 — Assessment criteria of soil degradation in connection with landscapes
desertification in the Kur depression

Modern state Desertification rate
of the assessment weak mild strong very strong
criteria
[ Degradation of plant cover
Character of plant cover | Plant conforming Plants are A great part All the plants
to climate slightly of plants is except ephemers
condition weakly | transformed transformed are transformed
changed
Change of local plants 5 75-50 50-25 25
according to climatic 25 25-50 50-75 »75

conditions, %
Plants cover the
surface, %

Fodder loss of pastures, 25 25-50 50-75 »75
%

1 Water (rain erosion)
Erosion type Weak surface Surface Surface Strong surface

washing washing washing, washing,
formation of formation formation of
furrows of ravines ravines, hollows,
furrows

Washing of a horizon, % 25 25-50 50-75 75-100
Turf layer spilling in the 25 25-50 50-100 100
pastures, %

I Defoliation process
Defoliation Very weak Zone is 25-50% of Plants cover
development, (for development of exposed to the zone is spoiled surface
general zone), % defoliation defoliation deflated was covered with

10-25% absorbed sediment

Change of Clayey and Mean and Sandy Covered with sand
granulometric heavy loamy light loamy
composition on the soil
surface

v Salinization process of the soil
Salinity of the soil up to 0,5 0,5-1,0 1,0-2,0 »2,0
0-10 cm, %
Middle depth of subsoil »200 150-200 100-150 <100
waters, cm
Mineralization of subsoil 1,0 1,5-5,0 5,0-10 »10
waters, g|l

The main indicators of degradation are erosion, defoliation and salinization
processes in the soil. These factors are also degradation criteria as desertification
degrees. A ratio of the areas to total area included in the criteria as a percentage.

Prolonged drought and intensity of sudden precipitation intensify erosion under
the condition of climate change. Weak soil surface cover increases amount of the
washed soil. The development degree of defoliation process has a great role in soil
degradation assessment. The winds in the arid condition blows away a thin part of
the soil and reduces fertility and pasture production. The main criterion is the
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percentage of the area where deflation develops and its effect on changes in the
granulometric composition. The indicators of these changes depend on development

rate of desertification is taken into account.

Table 5 - Assessment of pastures fitness based on main morphological features

Morphological features of soils and Fitness rate of pastures

main indicators of landscape Useful Limited useful Useless

Inclined indicators of 0,0-7° 7-15 )15

the zone and slopes

Granulometric composition Mainly light and Sandy and heavy Clayey and
mean loamy loamy sandy

Thickness of humic layer, cm 50-70 30-50 30

Humus amount, on the upper 1570 10-15 1.0

horizon, cm

Structural index-amount of water- 28-30 18-28 18

resistant aggregates, 8 8-12 12

calcareous, CaCO, %

Upper horizon of salinization, cm no 10-25 »25

Amount of precipitations, mm »300 300-250 250

Production of grass 7.0 7.0-15 a5

cover (dry mass), cenjha

Salinization process is one of the main reasons of degradation of the Kur
depression soils. There is no need for proof that the modern climate changes, i.e.
increase of temperature and evaporation, reduction of rainfalls intensify salinization
process. From this point of view, we can say that a main criterion of soils degradation
is salinization under the condition of the climate changes.

The pasture soils assessment was performed depending on abovementioned
indicators. The results of this assessment have been given on Table 5. We divided
the suitability rates of pasture soils into 3 degrees based on morphological characters:
useful, limited useful, useless.

a) Useful pasture soils.

The surface of the useful pasture soils must be higher than inclined 7°. Erosion
accumulation process is weak in such surface. In suitable pastures with disturbed
morphological features of the soil, the granulometric composition of the soil is
required to be light and medium clayey. Thickness of humic horizon can't be less
than 50 cm and humus content is required to be 28-30% and carbonate content to be
less than 8%. Salinization of such soils mustn’t be more than 7,0 centner as a dry
mass in a hectare. The useful pasture soils are situated in Jeyranchol, Ajinohur,
Mughan.

b) Limited useful pasture soils.

The soils concerning this usefulness rate are on the slopes with 7—15° inclination.
Potential riskiness of the development of erosion-accumulation process is higher in
this inclination. They are distinguished with sandness and heavy loamness of
granulometric composition. Thickness of humic layer is 30-50 cm, humus amount
is 1,0-1,5% on upper horizon, a quantity of water-resistant aggregates is 18-28%,
calcareous 8-12%, upper horizon of salinization is 10-25 cm. Production of grass
cover is up to 7,0-1,5 in a hectare with the amount of precipitation 300-250 mm.
Limited useful soils widespread in Shirvan, Mughan, South-eastern Shirvan,
Ajinohur and Jeyranchol.
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c) Useless pasture soils.

The slope of such plots of land covers areas with complex relief conditions of 15°
high fragmentation. Granulometric composition is sandy and clayey. Thickness of
humic horizon in soil profile is less than 30 cm, humus amount on the upper layer is
less than 1,0%. Its quantity is less than 18%, calcareous is higher than 12% on water-
resistant upper horizon. Upper border of salinization is 25 cm. Precipitations are less
than 250 mm in such zones. Such soils are in Jeyranchol, Ajinohur and south-eastern
Shirvan.

Conclusion and Recommendation

We can come to such a conclusion that the pasture soils in the Kur depressions lose
their usefulness under the condition of modern climate changes and under
anthropogenic effect. This is a reason for desertification and soils degradation.
A development level of these processes was shown to prepare fight measures against
soil degradation-desertification. The criteria of soil degradation assessment in the
pasture soils was defined depending on climate changes. They are divided into
3 rates according to degradation development in pasture soils: useful, limited useful,
useless.
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E.A.T'yp6anoB, M.I'. Mycradaen
OIIHKA JEIPAJIAIIII  HAMNIBOYCTEJBHUX TA MNOCYULIMBUX
MMOJbOBHUX JAHJAIIA®TIB TA IMACOBUIl 3A YMOB CYYACHHUX 3MIH
KIIIMATY

AHoTanis. BcranoBmeHo, mo perpajgaiis IPyHTIB TMACOBHIN y HAIIBITyCTEIbHHX 1
MOCYIIIMBHX MOJIBOBUX JaHAmadTax Kypunacekoi 3amaguan AsepOaikaHy HOCHIIOETHCS
3a YMOB Cy4JacHHX 3MiH KiimMaTy. Temnepatypa 3pocna Ha 1,2°C, KinbKicTh onaniB y 1995—
2015 pp. B mopiBastEHI 3 1970-1994 pp. cranoBmia 65,7 mm. Lli 3MiHE Tpu3BENTH A0
oIycTeNtoBaHHs JanamadTy Ta nerpaganii rpyHTiB. [ oninku nerpanauii 6yio npuitHATo
HHU3KY OCHOBHHX KpHUTepiiB. Jlo yBaru OepyTbcs Aerpajaiisi pOCIMHHOTO MOKPHUBY, BOJHA
epo3ist Ta 3acoiieHHS. Bu3HaueHO OCOOMMBOCTI IMX MPOILECIB 3aJIE)KHO B CTYMEHS
omycrenmtoBanHs. [lacoBuina MOAIISAIOTECS Ha 3 BHIM: NPWAATHI, OOMEXEHO INpPHIATHI,
HermpuaatHi. Jlo MPUAATHUX HaJekaTh 30HU 3 BIACYTHICTIO MOP(OJOTIYHHX 3MiH (HAXHI
IPYHTIB MeHIIIe Hixk 7°), He Bpa)keHi HEraTUBHUMH IPOLIECAMH, 3 KUIBKICTIO OMaiB Oijblie
300 mMm. OOMeXeHO MpHUOAaTHI MAalOTh Taki O3HAKM: MOPQOJIOTiIYHI 3MiHH CEPEIHBOTO
CTYIEHs BUPaXKEHOCT1 (Haxui rpyHTiB 17-15°), BpaskeHi HEraTHBHUMH MPOIECaMH CIIA0KOF0
i cepeTHpOI0 Mipoto, KiTbKicTk onaniB 300-250 mm. HempunaTai rpyHTH: Haxmi Oinmbire 15°,
MOp(hOIIOTiUHI 03HAKH TOBHICTIO MOPYIICHI, CHJIBHO BPa)XCHI HETaTUBHUMH IIPOICCAMHU,
KUIBKICTH omaaiB MeHme 250 Mm.

KarouoBi cioBa: 3MiHM KiiMary; NOCyUUIMBI JaHAmadTH; HamiBOyCTEIbHUH 1
MOCYUUTMBHI KIIIMAT; IeTpajialisi IpyHTY; IPUAATHICTh IPYHTY
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FORECAST OF CHANGES IN CLIMATE FACTORS OF THE CITY
OF KYIV AND THEIR IMPACT ON THE LIFE CYCLE OF BUILDINGS

Abstract. The problem of global climate change is one of the most important
problems of society. Such relevance is due to the fact that the change in climatic
parameters has a significant impact on the economic sphere, the ecological
situation, social and political life, and the construction industry. The change in
the parameters of climate systems has long been beyond doubt. In recent years,
due to the perceived threat of global climate warming, interest in long-term
interannual climate fluctuations has increased significantly. Therefore, one of the
unquestionably relevant tasks is the monitoring of trends in changes in climatic
indicators at the local (regional) level. It is these observations on a regional scale
that allow us to detect cyclical fluctuations in meteorological values and further
judge the change in the Earth's climate in general. When building urban quarters
in difficult natural and climatic conditions, along with urban planning and
architectural and planning methods of organizing residential structures, one of
the key points is the correct selection of fencing materials and structures. Special
attention should be paid to their physical properties, thermal conductivity, specific
resistance, optical reflectivity, etc. It is also necessary to take into account the
location of the construction site, because due to macro- and micro-scale climate-
forming factors (radiation conditions, wind regime, form of meso- and microrelief,
vegetation, soil, close proximity to the sea, surrounding buildings, etc.) and their
due to joint influence in different areas of the city, the difference in temperature
and humidity can be significant. The article examines the peculiarities of the
manifestation of climatic changes for the city of Kyiv in the context of engineering
and construction adaptation and the selection of building materials to create more
comfortable living conditions for the residents of the metropolis. It was
established that during the last decades in the city the average annual air
temperature increased by 0.7—7.2°C, compared to the climatic norm. The most
significant increase in the average monthly air temperature in the modern period
in the city is observed in the winter and summer months. According to
calculations, the average annual temperature will rise gradually and increase by
an average of 2.0-2.5°C. On the basis of this, the necessity of conducting further
research, creating scientific and practical recommendations, especially in the
conditions of modern megacities, which are a factor in climate formation, has
been proven. The article analyzes the impact of changes in climatic factors on the
life cycle of buildings.

Keywords: climate change; manifestations of climate change; climate; air
temperature; urban environment; metropolis; building materials
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O.I'. ’Kykosa, H.B. Heroga
KuiBchkuii HaioHAIHHIN YHIBEPCHTET OYIIBHHUITBA 1 apXiTekTypH, M. Kuis, Ykpaina

ITPOI'HO3 3MIH KNIIMATUYHHUX ®AKTOPIB MICTA KUIB
TA IX BIIJIUB HA ) KUTT€EBUU IIUKJI BY IIBEJIb

Anomauin. Ilpodrema 2no6anvHoi 3Minu KAiMaAmy € OOHI€EN 3 HAUBANCIUBTUIUX
npobnem cycnitecmea. Taxka axmyanvbHicms 3yMOGNeHA MUM, WO 3MiHA
KAIMAMUYHUX RAPAMEmpPI8 Mae Cymmesutl 81118 HA eKOHOMIUHY chepy, eKoN02iuHy
cumyayiro, coyiaibHe ma noximuyHe Jcumms, OYOIGeabHYy 2any3b. 3MiHa
napamempis KiiMamudyHux CUCMeEM 6Jice OAGHO He GUKIUKAE JICOOHUX CYMHIBIE.
B ocmanni poxu y 36's13Ky 3 nepedbauysanoro 3a2po30i0 2100a1bHO20 NOMENITHHSA
KAimMamy 3Ha4HO 3pic inmepec 00 MIdCPIUHUX MPUBAIUX Koaueanv kiimamy. Tomy
OOHUM 3 be3nepeuHo aKmyaibHUx 3a80aHb € MOHIMOPUHZ MEHOCHYIU 3MiHU
KAIMAMUYHUX NOKA3HUKIE HA JIOKATbHOMY (pecionanvuomy) pieui. Came yi
CHOCMEPEdCeHHs Pe2iOHAbHO20 MACWMAby O003601810Mb  GUAGUMU  YUKILTYHI
KONUBAHHST MEMeopOoNOSIYHUX 8eIuyUun I 0ani cyoumu npo 3miHy kiimamy 3emii
saeanom. Ilpu 3a6y008i MiCbKUX K8ApmManie y CKAAOHUX NPUpPOOHO-KIIMAMUYHUX
YMOBAX NOPAO0 3 MICMOOYOIGHUMU MA APXIMEKMYPHO-NIAHYBATbHUMU MEMoO0amu
OpeaHizayii HCUma08Ux CMPYKmMyp OOHUM 3 KIAHOYOBUX MOMEHMI8 € NpasuibHull
niobip o2opooicysanvrux mamepianie ma koncmpyxyit. Ocobausy yeazy HeoOXioHo
npuoLIsIMU ix QI3UYHUM 61ACMUBOCTNIM, MENAO0BIL NPOGIOHOCMI, NUMOMOM) ONOpY,
onmuuniu pegrexmusnocmi ma m.n. HeobXiono maxodic 8paxosyeamu pauoH
posmiwennss 06'ckma  6yO0iHUYMBA, OCKINbKU 3AB0AKU  KAIMAMOYMBEOPIOIOYUM
gaxmopam makpo- ma mikpomacwumaoby (padiayitini ymMosu, GIMposutl pexncum,
Gopma me30- ma mikpopenvehy, poCIUHHICMb, [PYHM, 6e3nocepedns baU3bKicmy
Mops, HagKoauwiHs 3a0y006a i m.0.) ma ix CniibHOMY NJAUGY V DISHUX PAUOHAX
micma pisHuys memnepamypu ma 0a020Cmi Modce Oymu 3HauHow. B cmammi
00CIOACYIOMbC 0COOAUBOCMI NPOABY KAIMAMuyHux 3min 0 micma Kuesa 6
KOHmMeKcmi adanmayii [HO¥CeHepHO-KOHCMPYKMUBHUX Mad 8ubopy 0yoieerbHux
mamepianig Onisl CMBOPeHHs Oinbl KOMMOPMHUX YMO8 HCUMMEDIATIbHOCIE
Jrcumenie mezanoaica. Bcmanoeieno, wo npomseom oCmaHtix 0ecamunime @ Micmi
cepeonss piuna memnepamypa nogimps 3pocia ua 0.7-1.2°C, y nopisnauni 3
Kiimamuynoro  Hopmolo. Halicymmegiwe 3pocmanus — cepednvboi  MicAYHOL
memnepamypu nogimps 8 CyyacHull nepiod y mMicmi cnocmepieacmucs 8 3uMHi ma
JIMHI Micayi. 32i0H0 3 pO3PAXYHKAMU CePeOHbOPIUHA meMnepamypa 3pocmamume
nocmynoeo i 30inbuumscs 6 cepeonvomy na 2.0-2.5°C. Ha ocnosi yb02o 006edeno
HeOOXIOHICMb  NPOGEOeHHs NOOANbWUX — OOCHIONCEHb, CMBOPEHHA HAYKOBO-
NPAKMUYHUX DEeKOMeHOayill, 0COOIUBO 8 YMOBAX CYYACHUX Me2anonicie, sKi €
gaxmopom opmysanus knimamy. Cmamms AHANIZYE GNAUE 3MIHU KIIMAMUYHUX
gaxmopis Ha dcummesutl yuxka Oyoigenv.

Knrouosi cnosa: smina knivamy; npossu sMiHu KiimMamy; Kiimam, memnepamypa
nosimpsi; ypoanizoeane cepedoguiye; Me2anouic; OyoieenbHi mamepianu
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Beryn

[Mpobnema rioGanbHOI 3MIHM KIIIMAaTy € ONHIEK 3 HAaWBAXKIHMBIIIUX MPOOJieM
CycmiabcTBa. Taka aKTyalbHICTh 3yMOBJCHA THM, M0 3MiHa KJIIMaTUIHHUX
rapaMeTpiB Ma€ CYTTEBUU BIUIMB Ha €KOHOMIUHY cdepy, €KOJOTIUHYy CHUTYyaIlilo,
COIiaJIbHE Ta TIONMITHYHE IKUTTSA, OymiBENbHY Taly3b. 3MiHa IapaMeTpiB
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KIIIMATHYHUX CHCTEM BXE JIaBHO HEe BUKJIMKAE JKOMHWUX CYMHIBiB. BimmoBimHo 1o
JOCHIPKEHb CBITOBUX BUeHUX ocTaHHi 30 pokiB y IliBHIUHIN YacTHHI 3eMHOI Ky
BBaXAIOTHCSl HaWTerUlimmMMu. 3MiHa KIIMAaTHYHUX [apaMeTpiB Mae JOCUTb
HETaTHBHI HACIIKH, SIKi 3 4aCOM OyIyTh ITOCHITIOBATHCE.

B ocramHi pokn y 3BSI3Ky 3 TIependadyBaHOK 3arpo30l0 TII0OATBFHOTO
MOTEIUTIIHHS KJTIMaTy 3HAa4YHO 3piC IHTepeC N0 MDKPIYHHX TPHUBAJIMX KOJIWBAHb
kiiMaty. ToMy omHUM 3 Oe3repedHo aKTyalbHUX 3aBJIaHb € MOHITOPWHT TEHICHII I
3MIHHM KJIIMAaTHYHUX TMOKa3HUKIB Ha JIOKAJIFHOMY (perioHambHOMY) piBHI. Came 1Ii
CTIIOCTEPEKEHHS PETiOHATBHOTO0 MaclTady JO3BOJISIIOTH BHSBUTH — IMKIIiYHI
KOJIMBaHHSI METEOPOJIOTIUYHUX BEJMYHUH i Jali CYAMTH Mpo 3MiHY KiiMary 3emii
3arajoM.

TemmnepaTypHUil peXUM XapaKTEpU3y€EThCS HHU3KOI IMOKA3HHKIB, Cepell SKHUX
HaOLIBII 3HAYHUMH € CepeIHi Ta eKCTpEeMallbHi 3HAUCHHS TEMIIEPaTypH MOBITPs Ta
JaTH TIEPEX0y CepPeIHBOI JOOOBOI TEMITEpaTypH depe3 eBHI MEXi.

TemnepaTtypa HOBITPS € OHIEIO 3 HAWBAXIUBIIINX METEOPOJIOTIYHIX BEIHYHWH,
10 HaHOUTBII TTOBHO XapaKTepU3yIOTh MOTOAY Ta KiiMaT. TeMIiepaTypa MOCTiiHO
3MIHIOETBCS B TpocTopi Ta 4Yaci. Jlo perymsipHHX 3MiH TEPMIYHOTO PEXUMY
BIIHOCHTHCS PiYHHN Tepedir Temmeparypu. Uepe3 MUPKYISAMIAHUA (dakTop, 110
MPU3BOAUTH A0 ABEKIIIi Teria abo X0JI0ly, BAHUKAIOTh HEPETYJIISIpHi (arepioAnyHi)
3MiHHU TeMIIEpaTypHu.

3 MPaKTUYHOTO TOTJISITY HAHOUTBIINN iHTEpEC MPECTABIISIOTh KOPOTKOIIEPiOAH]
KOJIMBaHHS KJIiMaTy, TOOTO Taki, III0 HE MNEPEBHUIIYIOTh COTHI POKIB. Y I[bOMY
BUIIAJKy 3aJHUIIAEThCS HE TaK BXKE U 0araTto KIiMaTOYTBOPIOKOYUX (HaKTOPIB:
BYJIKaHI3M, CKJIaJ aTMOc(epH, BEIMKOMACIITA0HI MPOIECH B3a€MOJIi OKeaHy Ta
atMocepu, aHTPONIOTeHHA JisUTbHICTh. BakiuBo, mo i (akTopH, SK MPaBHIIO,
MOB'sI3aHi MK CO0O0I0, B Pe3yJIbTaTi YOr'0 JIOCHTh CKJIaJHO BU3HAYUTH CIPABIKHI
MPUYHHY 3MIH KIIiMary.

[Tpu 3a0y/10Bi MICEKHX KBapTalliB y CKJIATHUX IMPUPOJTHO-KIIMATUYHUX YMOBaX
Mopsi/T 3 MiCTOOYIIBHUMH Ta apXiTEeKTYpHO-TUIAaHYBaJIbHUMH METOJIAMH OpTaHi3allii
KHUTJIOBUX CTPYKTYp OJHHM 3 KJIFOUOBHX MOMEHTIB € TpaBWIBHHHA Mmig0ip
OTOpOKYBAJbHUX MaTepialiiB Ta KOHCTpyKUiH. OcobnuBy yBary He0OXiTHO
MPUIIIATH iX (PI3UYHUM BIACTUBOCTSM, TETLIOBIH MPOBITHOCTI, IUTOMOMY OMOPY,
ONITHYHIHN peQIeKTUBHOCTI Ta T.II.

HeoOximHO TakoX BpaxoByBaTH paiOH PpO3MIIEHHs 00'€kTa OYIiBHUIITBA,
OCKIUJIBKM 3aBJASKH KJIIMaTOyTBOPIOIOYMM (DaKTOpaM Makpo- Ta MiKpomaciuTaly
(pamiariiiai yMOBH, BITPOBHI peXuM, GOopMa Me30- Ta MiKpOpeIbe]Y, POCITHHHICTD,
IpyHT, Oe3mocepenHst OJM3bKICTH MOps, HaBKOJNMIIHS 3a0ymoBa 1 T.O.) Ta iX
CHUIFHOMY BIUIMBY y Pi3HMX pailOHaX MicTa Pi3HMIS TEMIIEpaTypH Ta BOJOTOCTi
MOKe OyTH 3HAYHOIO.

VY nyOmikarisix Ta MDKHApPOAHHMX IPOEKTaX OCTAHHBOI'O Yacy IIiIBHICHHS
MPU3EMHOI TeMIepaTypyu IOBITPsl TOSCHIOETHCS BHUKIIOYHO HAKOIMHMYEHHSM B
aTMocdepi aHTPOIIOTeHHOT'O BYTJIEKHUCIIOro Ta3y. B pe3ynbprati AisinbHOCTI MI0ACTBA
B aTMocdepy mopoKy notparuisie 6% BYTIIEKHCIIOTO Ta3y, pemra 94% mpumnagae Ha
MPUPOAHI INI00aNIbHI MOTOKHU. PeryssipHi cioctepexenHs 3a konueHtpauieio CO2 B
arMocdepi BenyThes 3 1957 p. V IliBHiUHIN TIBKYJIi ICKpaBO BUPAXKEHUH CE30HHUN
xig 3mia CO; Hax JicaMH TTOMIpHUX MUPOT. HamXxomKeHHs BYTICKHUCIOTO Ta3y
3MIHCHIOETHCS B PE3yIbTATI T€OXIMIYHUX MPOIIECiB IEPETBOPEHHS Ta METaMOpdhi3My
TIpCBKUX TOpiA, a TaKOXK LUIAXOM HAaIXOMKCHHS 3 aHTPONOreHHHX JKEpen
(tabm. 1).
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HocnimkeHass riobampHOr0 NUKITy Kojoobiry CO. mokasamu, 0 BHHOC
BYIJIEKHCIIOTO Ta3y 3 IMIMOMH 3eMHOI KOpH TPHUBA€ i 3apa3, 0e3 MOCTIHHOrO HOro
HAAXOKEHHS 3 HaJlp 3eMIli KoJIoo0ir Byriielo OyB O po3ipBaHHid, IO B KIHLEBOMY
MACYMKYy TIpU3BeNO O J0 TNPUNUHEHHS  SKUTTEMISUIBHOCTI OioTH. Bwict
BYTJIEKHCIIOTO Ta3y B aTMocdepi ominoeTses B 3080 mipa T (y mepepaxyHKy Ha
Byrieup ne craHoButh 840 mupa T). [Ipu ckopouenHi cywacHoro Bmicty CO:
(0,039%) B armocdepi mpudausno 10 0,015% TemmepaTypa Oist 3eMHOI MOBEPXHI
BITajie, 3a po3paxyHkaMu (axiBIiB, HA KilbKa IECATKIB TPaaycCiB Ta HACTaHYTh
YMOBH I IOBHOTO 3aJI€JICHIHHSL.

Tabmuns 1 — ['mobanbHi MOTOKK BYTJIEKUCIIOTO Ta3y B atMochepy

Joxepena | CO2, muipa T/TOJ
[Ipupomani
BuisieHHs npy po3KJIaaHHI TyMYCY Ta KOPiHHIM POCITUH 200
JInXaHHS POCIMH, TBAPHH Ta JIFOJACH 65
BigmupaHHs Ta po3KiIalaHHs POCIHH 50
BuBepkeHHs BYJIKaHIB 3
AHTpPOTIOTEHHE
CriarroBaHHSL BUKOITHOTO TTAJIMBA T4 BUPOOHHUIITBO IIEMEHTY 8
BuisieHHs py cHaIfOBaHHI pOCIIMH B IKOCTI MaJIMBa 7
JlicoBi moxexi 3
3MiHa BUKOPUCTaHHS 3€MENIbHHUX pecypciB (BUpyOKa JepeB Ta iH.) 2

JocnipxeHHst 3MiHU TEMITEPaTyPH Ta BOJIOTOCTI MOBITPS, @ TAKOK BITPOBUX YMOB
€ BHUXigHOW iH(oOpMaIi€l0 TpH po3paxyHKy (i3UYHHX MmapaMmeTpiB, IO
3aCTOCOBYIOTBCSI B YMOBAX I'apsid0ro MIKpOKJIIMAaTy OropoKyBaJIbHUX MaTepiaiiB
KOHCTPYKIIi# O6e3 iX nedopmariiit Ta pyliHyBaHHs B X0/i ekciutyaraiiii. [Ipu npomy
HeOOXiTHO BpaxoOBYBaTH piBeHb KOMQOPTY IS JIFONEH, SIKi MPOXXKHUBAIOTh y IHX
OyIiBIIsIX.

OcHoBHUI 3MicT

Jus  anmamizy HacmiIkiB 3MiH KIIMAaTHYHHX IapaMmerpiB micta KwueBa Oyio
BUKOPHCTAHO PE3yJbTATH CIIOCTEPEKEHB 38 TEMIIEPATypOIO TOBITPS Ta KiIBbKICTIO
OMajiB 3 METEOPOJIOTIYHMX CTaHIid Micta 3a mepiox 18812020 pp., a Takox
BIIXWIEHHS BiJl HOPMHU CEPEAHBOI MICSIYHOI TeMIepaTypd HOBITPS Ta MiCAYHOI
KUJIBKOCTI OaJiB.

Jist  mporHo3yBaHHs 3MIH OCHOBHHX KIIMaTHYHHX TlapamerpiB  OyIio
BUKOPUCTAHO CTATUCTUYHUN METO]| MPOTHO3yBaHHs. CyTTIO BUKOPHUCTAHHS METOLY
€ MaTeMaTUYHUH OMHC 3MiHM OCHOBHUX KJIIMAaTHYHUX MNapaMeTpiB MPOTITOM
[IEBHOTO MPOMDKKY uacy. Omnuc 3aiHCHIOETHCS 3a JIOMOMOIOK  YacOBUX
(IMHAMIYHHX) PSiB, PIBEHD SIKUX PO3TIISAJAETHCS SK CyMa YOTUPHOX CKIIAJIOBHX.
YMOBOIO BUKOPUCTaHHS KIIMAaTUYHUX JAHUX JUIA TNOOYAOBH YacOBHX PSMiB € iX
OJHOPIHICTH, SIKa 3araJioM BUKOHYETHCS, SIKIIO PE3yJIbTaTH aHali3y MpOBEleH 3a
€IMHOI MeToauKkoro. Jlist mociipkeHb OyJid BHKOPUCTAaHI JaHi IIOPIYHHUKIB
TeMIIepaTyp Ta ormaiB sl MicTa Kuesa.

OcepenHena cepefHs MicsiuHa, piuHa TeMIepaTypa MOBITPs, BIOXWICHHS Bix
HOPMH CEpeaHBOI MICSIYHOI TeMIIepaTypH IMOBITPS Ta MICAIHOI KiJIBKOCTI OTaiiB
M. KueBa 3a mociimKyBaHW# TIepio]] IpeICTaBICHO B Ta0HIIX 2, 3.
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Tabmums 2 — OcepenHena cepeHs MicsidHA 1 pidHa TemnepaTypa moBiTps M. Kuesa
3a JOCIiIKyBaHUH Mepion

XapakTepucThka
A g =
= g g &2 = g = = 2 =
Q @) E ,,E s s

| -5,6 3,9 -15 1942 2,7 2007
I -4,2 3,3 -15,9 1929 3,7 2002
1l 0,7 3 -6,9 1942 6,9 1990
v 8,7 1,9 2 1929 12,9 1950
V 15,2 1,9 10,4 1919 19,4 2003
VI 18,2 1,7 13,9 1887 22,6 1999
VIl 19,3 1,4 16,9 1935, 1979 25,5 1936
VI 18,6 1,2 15,5 1884, 1926 24,6 2010
IX 13,9 15 10,2 1894 18,4 1909
X 8,1 15 2,2 1920 12,4 1935
Xl 2,1 2 -6 1993 8 2010
Xl -2,3 2,3 -11,9 1890 2,8 1960
Pik 7,7 1 51 1942 9,9 2007

Tabmuns 3 — BimxuneHHs Bif HOpMH cepeTHbO1 MiCSIYHOI TeMITepaTypy MOBITPs Ta
MICSYHOI KUTbKOCTI onaiiB y KueBi 3a 1ociipKyBaHMiA TIEpioj

— | = = | =| = = | = z
XapakTepucTHKa -1 == 2|>5|3 S XX X| x| &
a Hfg)évjl_a Ol N| N~ ~| NN QO D A A O~
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Z 3 1990)
=
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8 <t |~ o | | W0 o
i &9 2020 2 el it B PN (RS e ) I N T e g o
L E% N OO gl | | | A | @ T —
3 &
o O
o E
O S Bi < | ~| 0|l N| R0l ©| | n| | ~] 0| o
e IIXHICHHA | 6 | S | 6| A | N | 0 | & | & | F| | | | o3
HOpMa °
A 0| || | Ol m|lo|l o N 0] A
5 (1961- S| S| o | wW|N|o|o| | ™| ;| o] 8
'E ’g 1990)
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55
Q
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Jst IporHo3y 3MiHM CTaHy KJIIMAaTHYHUX HapameTpiB Hamu Oyio oOpaHo Ti
MOKa3HWKH, SKi MaroTh JIMITYIOUMH XapakTep Ta HaWKpalle MiAXOAITh s
MIPOTHO3YBAHHS CTATHCTHYHUM METOIOM: TEMIIEpaTypa MOBITPsI, KITBKICTh OTIaIiB.
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Jis mporHO3yBaHHA 3MiH CTaHy KIIMaTHYHUX TAapaMeTpiB MOXYTh OyTH
BUKOPHUCTaHI JIMIIE Ti PIBHSHHS, B SKUX 3B’S30K MK O3HaKaMu AyKe TiCHUM
(3HaueHHs KoedinieHTa KopesLii I Ommkye 10 1) Ta SKIIo po3paxyHKOBE 3HAUCHHS
t-kpuTepito mepeBuIIye TaOIMIHE 3HAYSHHS (II€ CBITYNTH PO iICTOTHUH 3B'SI30K MK
MapaMeTpoM Ta 4acoM).

BpaxoByroun, mo o0car iHdopmamnii, 3a SKAM BHKOHYBaBCS IPOTHO3,
oOMexxeHnid 1 TapaMeTpyd TPEHIIB HE BUIbHI Big MOXHOOK, OynaM BH3HAYEHi
IHTEpBaJIN TOBIPH, NP SIKUX XapaKTEePHUCTHKA TPCHIY YTOUHSIEThCS (PUCYHKH 1, 2).
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=@ Cepe/Hs KUIBKICTh OMaIiB 3a JOCIIKYBaHUHN 1TepioJt

--------- Jlinitina (CepeHs KiJdbKICTh OMaJIiB 32 JIOCTKYBaHUH TIepioT)

Puc. 1. Cepenns KiNBKiCTB OMAAIB 33 JOCIHIDKYBAaHHN TIEpio]] Ta IPOTHO3 ii 3MiH
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=—&— CepeHbOpIYHA TEMIIepaTypa MOBITPS

--------- Jlinilina (CepetHpopiuHa TeMIepaTypa noBiTps)

Puc. 2. CepennbopiyHa BeJMYMHA TeMIlepaTyp HOBITPS 3a JOCTIDKYyBaHMH mepion Ta
IIPOTHO3 11 3MiH
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Kimpkicte omamiB € opHi€l0 13 HaWBAXIIMBININX XapaKTePUCTHK KIIiMary,
BIJIMTOBITHO 3a TIEPioJT AOCIIHKCHHS ii BeTMUMHA 3MiHIOBajIachk B Mexax £10%. Jlns
Kuesa cepennpopiuHa KiibKicTh omafiB (y MOPIBHSIHHI 3 KITIMATHYHOIO HOPMOIO)
3MEHIIIIACh Ha Maibke 8%. BimmidaeTscs X mepepo3mnoIis BiAIOBIAHO 10 CE30HY:
B3MMKY CIIOCTEpIraeThcs 3MEHILICHHS Maixe Ha 18%, BoceHn — 301IbIeHHS Maiixke
Ha 20%. BumaganHs omamgiB Bce dacTillle CYNPOBODKYETHCS HEOE3MEUHUMHU
TTOTOTHUMU SIBUIIAMU (3JTMBH, TPaJI, ITKBAJLHUN BiTEp, CMEpdi).

Mexi HammxX IOCTIPKEHbh OOMEXKEHI TEPHUTOpPIEI0 MicTa, M€ 3pOCTaHHS
TEeMIIepaTypH 3a JOCIiIKYBaHUH Mepio]] 3HAYHO BUTIEPEHKAIO TEMITH 11 301TbIICHHS
B ychoMy CBITi B cepenHpoMy Ha 0,25°C 3a 10 pokis. Y Kuei TemnepaTypa moBiTps
3a mocmimkyBaHui mepion 3pocima Ha 0.7-1.2°C y mOpiBHSAHHI 3 KIIMAaTHYHOIO
HOPMOIO, aHOMAJIl CEepPelHbOPIYHOI TEMIICpaTypH 3a JOCHIDKYBaHHN TEepioj
nepeuiytorh 3°C. [lpn mpoMy citig 3a3Ha4YMTH, IO 3POCTaHHS TeMIIEpaTypH
CTIIOCTEPIraeTbcss B yci MICAIl 3 PI3HOIO I1HTEHCHBHICTIO. Hampuknan, cepemHs
Temneparypa noBitTps B KueBi Haitbinbme 3pocna B ciuni (ra 2,5°C) ta numHi (Ha
2,1°C), a naiimenmie — B rpyasi (Ha 0,2°C) Ta >xoBtHi (Ha 0,4°C). Ilpum Oimbix
JeTaTbHOMY JTOCTI/DKEHHI CE30HHHUX 3MiH CIiJ| 3a3HAYUTH, 110 HANCYTTEBINI 3MiHU
TEeMIepaTypy MOBITPS CIIOCTEPIrar0ThCS BIITKY Ta CTaHOBIATH 1,5°C, a HaiiMeHt —
B3UMKY.

Taxi 3MiHU 3yMOBHJIM 3pOCTaHHS KOHBEKTUBHO JOCTYIHOI MOTEHIIHHOI eHeprii
atMochepu, MBUAKOCTI BUCXIAHUX TMOTOKIB, IMiABUINEHHS PiBHSA KOHAEHCAINI Ta
piBHS KOHBEKIii Ta Tpu3Benu 10 30iMblIEHHS HecTidkocTi arMocdepu Ta
IHTCHCHBHOCTI KOHBEKIIii. BHACIiIOK Takux 3MiH Ha TEPHUTOPIi MicTa 3pOCTaE
MOBTOPIOBAHICTh TA IHTEHCUBHICTh KOHBEKTHUBHHUX SIBHUIL [TOTOJIH, 3JIMBOBA CKJIA/10Ba
omafiB. [IpakTnyHO HE BUKIMKae CYMHIBIB 1 30LIBIICHHS YHCIa JHIB 3 TPO30¥0,
3IUBOIO, TPAJIOM, IKBAJIOM MPOTATOM OCTaHHIX TPHOX JECATHPIY.

1. 3aranbHe m100anbHE MOTEILIIHHS.

2. 3HavHa BPa3JIMBICTh TEPUTOPIT 10 3MiH KJIIMATHYHHX [TAPAMETPIB.

3. Brmus npotiecis ypOani3arlii 3 TEHISHII€I0 JO YTBOPEHHS HAJAMIpHOL
KUIBKOCTI TEIUIa, 1110 TMOB'A3aH0 3 HACTYITHUMHU (aKTOpaMHu:

- 3abpyOHenHs ammocghepu, wo npuzeoouUmv 00 GUHUKHEHHS
NapHUK0B020 epheKmy,

- CKOpOYeHHs BIOKPpUMUX npupoduux (tpynmosux) OinaHoK ma
VWibHeHHS dopooicm,o eyﬂulmoz MepedxCl, o 6 pe3ylbmami npuseede
00 30inbUieHHs KilbKOCMI NO2NUHEHOI COHAYMOI padiayii, npu ybomy
sUMPAmMa menia Ha GURAPOBYBAHHS 3MEHULYEMBCS, WO NPU3BOOUMDb 00
3pOCMAanHs Menio8o2o b6ANancy;

- 30inbUleHHs. THMEHCUBHOCMI GUKOPUCMAHHA —mepumopii ma
winbHocmi 3a0y008uU, 6cepeOuni Koi Yymeopioemvcs 3acmiii Nogimps ma
VCKAAOHIOEMbCSA BUHIC HAOMIPHO20 Menid,

- 30i1bUleH sl KIIbKOCMI NOMOKIE MEXHO2EHHO YMBOPEH020 Mmenida,
wo cnpusc  30iIbUEHHIO  eHep2OBUKOPUCHIAHHA 3 HOOANbUIUM
30LIbUEHHAM SUOLIEHO20 Menia HA 3HUWEHHA 810X00i6 T m.O.

Puc. 3. ®akropm 3MIHM KIIMATHYHWX [MapaMeTpiB, SAKi TIOB’sA3aHI i3 PO3BUTKOM
yp0aHi30BaHOT TepUTOPIi
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BucHoBku

Taxum yrHOM, OYJI0 BCTAaHOBJICHO, IO 3MiHa KJIiMaTy MicTa KueBa moB’s3aHa siK i3
rI00aTBPHIMHE 3MiHAMH, TaK 1 3 PO3BUTKOM ypOaHI30BaHOI TEPUTOPIi Ta MOETHYE B
co0i HU3KY (axTopiB (puc. 3).

[HTeHCHBHICTh YTBOPEHHX OCTPOBIB TEIUIA, SIKi YTBOPIOIOTHCS Hall MiCTamu,
3aJeKUTh BiA IX BEIUYMHM, TYyCTOTH HAaceJIeHHS Ta 3a0yaoBH, IMPHPOIHO-
KJIIIMATHYHUX YMOB MicrieBocTi. Uum Oinblie MicTo, TUM Oinbla MMO3WTHBHA
TeMIlepaTypHa aHOMaJis MOBITps B HbOMY. Hampukian, pi3HULS TemmepaTyp B
MPOMHUCIIOBO HAaBaHTAXEHOMY paiioHi MicTa a00 3 BEIWKUM TPaHCIOPTHUM
MTOTOKOM Ta MPUMICEKIUMH TepuTopisiMu B paniyci 7o 100 kM Moke HaOIIKaTUCh
1o 10°C.

Takox ciij 3a3HAYMTH, 110 HEJAOCTATHIM OOJIIK, BUKOPUCTAHHS 3aXOJiB Ta
METOJMK 3MEHIICHHS HETaTHBHOTO BIUIMBY 3MiH KIIIMaTy MOXKE IPH3BECTH JI0
301BIIEHHS KUTBKOCTI pyHHYBaHb OYAiBENb B MiCTi, IO MOB'SI3aHO 3 KOHKPETHUMH
MPUIHHAMHU:

— y 3B'3Ky 31 30UIBIICHHSAM KUIBKOCTI IMKIIIB BIJUIMT Ta 3aMep3aHHs
JIOBTOBIYHICTH HasIBHUX OYiBEIIb MOXKE 3MEHIIIUTHUCH JT0 2 Pa3iB;

— BHACHiZIOK MiJBHUILIECHHS TEMIIEpaTypyd 3MEHIIWIACh MOTpeda B oOmaneHHi
MPUMIMIEHs TiJ Yac XOJOAHOTO TMepioAy pOKy Ta 30iLmpmrmiack morpeda B
o0JaJJHaHHI CUCTEM KOHJMIIIIOBaHHS B TEIUTHH MEPioJ POKY;

— mpu OararopazoBux Imepexomax dyepe3 Mexy B 0°C mpoTsAroM poky
MiXKIaHEeNbHI CTHKHA OyJiBeNb HACHYYIOTBCS BOJIOTOIO, B PE3YJbTaTi dOro
pO3MIMPIOIOTECA  Ta  JeOpMyrOThCS. [Ipu  IBOMY CYTTEBO 30UIBLIYIOTHCS
TEIUIOBTPATH, 30UIBINYEThCS WMOBIPHICTh YTBOPEHHS TpUOKa, MPOHUKHEHHS
XOJIOTHOTO TIOBITPSI B IPUMIIICHHS Ta 1H.;

— BHACJIJIOK 3MiHU KJIIMATHYHUX MOKA3HUKIB 3MEHIIIYETHCS OMOPHA 3IaTHICTh
TPYHTIB Ta TMJCHIIOETECS WMOBIPHICTP BHHHUKHEHHS KapCTOBUX IIPOIIECIB,
MOTIPIIYEThCS  MINHICT,  (PyHAaMeHTiB OyniBenb Ta cropyn. BinmoBimHo
MIPUCKOPIOETHCS IBUAKICTB MPOIECIB CTAPiHHS OYAiBEIb.
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Abstract. The article discusses the basics of development and production of
materials for shielding electromagnetic fields in a wide range of frequencies. The
purpose of these materials is to cover large surface areas. The basic requirements
for these types of materials have been established. The main ones are: the front
surface must have electrophysical properties (dielectric and magnetic
permeability) to ensure the lowest possible reflection coefficient of
electromagnetic waves. At the same time, it is mandatory to simultaneously ensure
the characteristics of strength, fire resistance, non-toxicity, etc. The content of
radio-absorbing particles and effective dielectric (magnetic) permeability in the
interlayer of the layered structure in the direction of growth of the substrate
should ensure broadband and efficiency of the material. The dispersion
dependence should ensure uniform absorption of electromagnetic energy and its
passage from the input surface to the substrate in a given frequency range. Based
on the maximum and minimum wavelengths of the shielding field, permeability
and thickness of individual layers, calculations of the required thickness of the
gradient material for a given reflection coefficient are given. Thanks to heat
treatment of the surface of the material in the manufacturing process, the
possibility of manufacturing monolithic metal-polymer screens with surface layers
of low dielectric permeability is shown. The possibility of creating monolithic
metal-polymer screens from ferromagnetic finely dispersed substances with an
adjustable gradient in the direction from the front surface to the bottom is
demonstrated, and a technical solution is given. This material can be used to
control the ratio of shielding factors for high-frequency electromagnetic fields,
ultra-low-frequency electric and magnetic fields, as well as concomitant shielding
from natural magnetic fields.
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Introduction

For many years, the main goal in the development of materials for shielding
electromagnetic fields and the design of shielding structures was to obtain the
maximum shielding coefficients by any physical mechanism. Recently, in
connection with the growing awareness of the harmfulness of the hypogeomagnetic
field (artificially reduced natural magnetic field), the need for stable functioning of
wireless communication devices with a simultaneous decrease in the intensity of
man-made fields of other origin, there has been a need to develop protective
materials that at an acceptable level satisfy these requirements. But solid metal
structures with regular metal structures and most composite materials do not meet
the requirements. This is due to high reflection coefficients of all solid metal
(crystalline and amorphous) materials, shielding of narrow-band high-frequency
fields with lattice and mesh materials, high shielding coefficients of ultra-low-
frequency and high-frequency fields with composite metal-containing materials.

To solve the problems of rationalizing the degrees of protection against electric,
magnetic and electromagnetic fields, based on theoretical considerations, it is
advisable to consider protective materials of the gradient type - multi-layered and
heterogeneous continuous with a gradient of electrophysical and magnetic properties
in the body of the material.

Analysis of recent research and publications

Sufficient attention is paid to the development and research of protective properties of
non-homogeneous materials [1, 2]. But the technologies developed by them relate to
the solution of electromagnetic compatibility problems, that is, the reduction of fields
of previously known amplitude-frequency characteristics [3] is also intended for
electromagnetic compatibility problems in the aviation industry, therefore, along with
the fixed requirements for protection in a defined frequency band, in this material,
many attention is paid to increasing strength characteristics and reducing weight.

In a thorough survey work [4], it is shown that gradient properties can also be
found in materials intended for individual protection and not very suitable for facing
surfaces. Research [5] shows that it is possible to obtain a gradient of physical
properties in a heterogeneous material.

The task of calculating and predicting the protective properties of materials or
preliminary calculation of a possible design based on the required functionality is
important [6, 7]. But in the first publication, although it is about the optimization of
protection, the optimization problem was not solved either analytically or
graphically. In the second, the developed material, especially in terms of moisture
content, although it has high functional qualities, is prone to degradation and is not
acceptable for lining large areas.

Materials [8] present modern approaches to the design of facing surfaces, the
parameters of which can be calculated. And work [9] shows a fundamental
possibility to rationalize the degrees of protection against the influence of magnetic
and electromagnetic fields of heterogeneous sources, which is the basis for further
research.

The purpose of the work is to develop basic algorithms for the design of
gradient-type cladding materials and to determine the possibilities of their
application for the controlled reduction of electromagnetic field levels.
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Presenting main material

Modern facing materials must meet a number of requirements — general and special.

The general requirements for mechanical properties — strength, specific weight,
reliability (absence of material degradation in the process operation), reliability of
fixing on working surfaces, as well as high fire resistance and minimal release of
harmful substances.

The special requirements include high shielding coefficients in a wide frequency
range (with the possibility of controlling the absorption coefficients of
electromagnetic energy) and the minimum possible reflection coefficients of
electromagnetic waves.

Unambiguous provision of all the above requirements in one material at an
optimal level is practically impaossible, therefore there is a wide range of protective
and facing materials that solve local problems of electromagnetic safety. But there
is an opportunity to rationalize the ratio of degrees of protection for different critical
frequencies or frequency bands of magnetic, electric and electromagnetic fields. It is
necessary to achieve a compromise between the desired and technically feasible
effect for each individual electromagnetic influence, taking into account other
influences, approaches to shielding of which may contradict each other. For
example, by reducing the levels of man-made magnetic fields of ultra-low
frequencies (industrial and its harmonics), we can, under certain conditions, shield
the natural magnetic field, which is harmful to people and is regulated by the relevant
standard.

In general, the simplest task is to reduce the levels of electromagnetic fields of
very high, ultrahigh and extremely high frequency fields, inherent radiations of
communication means and parts of industrial and household equipment. The
building or individual rooms can be shielded with metal or composite flat material,
taking into account the short length of the electromagnetic wave and minor
diffraction phenomena at the edges of the protective structures. But a significant
contribution to protection against high-frequency radiation comes from the reflection
of electromagnetic waves, which is undesirable due to reflection towards other
building premises, the increase of the electromagnetic background due to
re-reflection inside buildings and premises.

Avoidance of this effect is possible due to the use of gradient shielding materials
(multi-layer and continuous). Despite the fact that the method of reducing reflection
coefficients by creating a gap between two surfaces with a thickness of a quarter of
the length of the incident wave is well-known, in many cases it is applied incorrectly
(the electrophysical and magnetic properties of the upper and lower layers are not
taken into account). In addition, this design has narrow-band protection.

The electromagnetic wave reflection coefficient is uniquely determined by the
electrical and magnetic properties of the surface. For example, the reflection
coefficient of an electromagnetic wave during its normal incidence on the surface:

1-\em
Ky = ) (1)
1+ \Em
where ¢ is the dielectric constant of the surface layer of the material on which the
wave falls.
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To ensure the broadband of the material, the quarter-wave gap (or gaps) should
be filled with one of the many developed radio-absorbing elements based on ferrites,
carbon compounds, etc. When developing material for shielding high-frequency
fields, it is necessary to proceed from the following principles:

— the front surface must have the minimum dielectric constant possible to meet
the specified requirements for the material (strength, non-flammability);

— the content of the radio-absorbing substance in the layer (layers) and the
regularity of its change in thickness should ensure a gradual increase in the
equivalent (effective) dielectric constant (mainly the imaginary part of the
complex dielectric constant) in the direction of the surface of the incident wave —
the substrate;

— dispersion dependence should ensure uniform absorption of electromagnetic
energy during its passage from the input surface to the substrate and in the
opposite direction.

The required thickness of the material can be estimated based on the ratio [10].

|InRr|(7“max_7‘min)<ZHidi, (2)
i

where R, —maximum reflection coefficient by power; Xpax s Amin — Maximum and
minimum wavelengths of the frequency band; p; — relative magnetic permeability

of each i-th layer; d — its thickness. For non-magnetic materials, the full thickness of
the material structure is taken instead of the sum in the right-hand side of the
expression.

In general, the loss (absorption) of energy of electromagnetic waves in the
environment is determined by the complex nature of the values of its dielectric and/or
magnetic permeability.

If complex permeability:

8:8'+i8l',uzui'+iun, (3)

where ¢', u' —gums; ¢", p" —imaginary components of the complex permeability,
then the loss (absorption) coefficient is defined as:

o=(yen)". @

At the same time, the attenuation of the energy of the wave that has passed
through the medium is the distance:

—4mod
e A, ®)

where 1 — the length of an electromagnetic wave in free space.
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But the production of multilayer structures, at least those that require the
connection of layers, is associated with a number of technological problems
(ensuring long-term adhesion of layers, accurate maintenance of gap sizes, etc.). In
addition, it requires the use of materials with the lowest possible values as a front
layer and to minimize reflection coefficients. At the same time, a mandatory
condition is the presence of a metal substrate in a multilayer structure, which can
completely block mobile signals.

The use of composite materials — metal-polymers can solve the problem of
simultaneously reducing the levels of electric and magnetic fields of ultra-low
frequencies — industrial and its harmonics. But most polymers have significant
dielectric constants. For example, latex, which was used as a matrix in work [11],
has € = 24, which automatically provides high reflection. At the same time, iron ore
dust, which was used as a shielding filler, has € ~ 1,5. Studies show that during heat
treatment of metal latex material, metal-containing iron ore particles accumulate in
the near-surface layer. That is, it is possible to reduce the reflection coefficient of the
material by creating a concentration gradient of filler particles during heating and
vulcanization of the surface layer (Fig. 1).
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Fig. 1. Cross-section of a heat-treated metal-polymer material sample

As can be seen from the figure, the thin near-surface layer is mostly saturated
with iron ore particles, which brings the dielectric constant to the minimum values
possible for such compositions.

At the same time, the metal-polymer composite itself has, due to the content of
iron and its oxides, high shielding properties in relation to low-frequency magnetic
and electric fields.

Experimental data and theoretical considerations indicate that it is possible to
obtain a gradient-type protective material from a metal-polymer mixture without
applying separately produced layers. For this, it is necessary to create a concentration
gradient of the shielding substance in the body throughout the body of the
matrixpolymer matrix. This is realized due to the use of iron ore dust of different
dispersion and weight of individual particles, which settle at different speeds in the
liquid mixture (Fig. 2).
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Fig. 2. Concentration gradient of iron ore particles in the polymer matrix

This method can be used in a gradient material without a metal substrate.

The practical implementation of this method is possible due to the processing of
the finished initial mixture, which is poured onto a flat surface with a constant
inhomogeneous magnetic field, which will create a gradient of shielding particles
with compaction in the lower part of the cuvette with the solution, where the magnets
are located. But in this case, it is necessary to use a filler with higher magnetic
properties, for example, iron ore concentrate, which has a dispersion of 150-200 pm
and mixes well with liquid polymer. But simultaneously obtaining the upper layer,
saturated with iron ore dust, and the gradual compaction of the distribution of
particles in the direction of the lower side of the material is quite difficult, therefore,
in each specific case, it is necessary to determine the priority factor of influence on
the electromagnetic environment and choose constructive solutions regarding the
introduction of shielding.

Conclusions

1. The requirements for modern cladding materials for shielding electromagnetic
fields are defined. The main ones are: shielding of electromagnetic fields of
frequencies (frequency bands) inherent in most sources of man-made
electromagnetic fields, the most critical from the point of view of human safety,
mechanical strength, adhesion to the base, fire resistance, non-toxicity.

2. It is shown that shielding of fields of very high, ultrahigh and extremely high
frequencies is expedient to be carried out by a gradient multilayer structure, and the
principles of its design are provided. The main criteria for ensuring the necessary
level of protection, in particular for the front layer of a multi-layer structure, are
provided. Estimated prediction of the effectiveness of the protective structure is
proposed, based on the electrophysical and magnetic properties of the shielded
materials and the frequency band of the electromagnetic field.
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3. A method of obtaining a surface layer in a solid material with low dielectric
constants is presented. It consists in surface heat treatment of a liquid metal-polymer
mixture.

4. A method of obtaining a concentration gradient of metal and metal-containing
particles in a composite metal-polymer material is proposed, which allows the
production of high-efficiency facing materials in a wide range of frequencies. The
advantage of such a material is low weight and cost, monolithicity, which reduces
the probability of delamination and degradation under the influence of physical and
chemical factors.
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A1 Bipyk
MNPOEKTYBAHHSA O340BJIOBAJIBHUX MATEPIAJIIB 3 TPAJIEHTOM
EJEKTPO®I3UUYHUX BJACTUBOCTEM

AHoOTalisAg. Y cTaTTi PO3MITHYTO OCHOBH PO3POOKH Ta BHPOOHHWIITBA MaTepiaiiB IJis
eKpaHyBaHHS €JIEKTPOMATHITHUX TOJIB y MIHPOKOMY Jiama3oHi 4acToT. IIpu3HadeHHs uX
MaTepialiB — HOKPUTTS BEITUKUX IIIONI MTOBEpXHi. BCTaHOBICHO OCHOBHI BUMOTH J0 JaHUX
BuAiB MarepiamiB. OCHOBHI 3 HHX: JHMIIbOBA IMOBEPXHS IOBHHHA MAaTH EJIEKTPOQi3WdHi
BJIACTHBOCTI (Hi€JICKTPUYHY Ta MarHITHY POHUKHICTH), 100 320€3MeUnTH IKOMOTa MEHIINI
Koe(ilieHT BIIOUTTS €IeKTPOMArHITHUX XBWIb. [Ipyn 1boMy OOOB'SI3KOBMM € OJHOYACHO
3a0e3MeUeHHsT XapaKTePUCTUK MIIHOCTi, BOTHECTIKOCTI, HETOKCHYHOCTI Ta iH. BwmicT
palnionorIMHAIOYNX YAaCTHMHOK 1 e(eKTHBHA [ieJeKTpUYHa (MarHiTHa) NPOHUKHICTH Y
NpOILIAapKy MIapyBaTol CTPYKTYPH B HAIPSMKY POCTY MiAKJIAJIKW MOBHHHI 3a0e3nedyBaTH
HIMPOKOCMYTOBICT 1 edekTuBHICTH MaTepiaiy. JlucmepciiiHa 3aleXHICTh NOBHUHHA
3a0e3meuyBaTu piBHOMipHE ITOTIMHAHHS €IeKTPOMArHiTHOI eHepril Ta ii MPOXOIKeHHS BiJ
BX1THOT MTOBEPXHI 70 MiAKIAAKH B 3aJaHOMY Jiarra3oHi 9acToT. Ha migcraBi MakcCHMaTbHIX
1 MiHIMaJBHHUX JOBXWH XBWJIb €KPaHYIOUOro IOJs, HPOHHUKHOCTI Ta TOBIIMHH OKPEMHX
I1apiB HABOJSTHCS PO3PaxyHKH HEOOXiTHOT TOBIIMHM I'PalieHTHOTO MaTtepiany Uil JaHOTO
KoedimieHTa BigOWUTTA. 3aBHSIKH TEepMidHIA 00poOIi TOBepXHI MaTepially B Iporeci
BUTOTOBJICHHS TIOKAa3aHO MOXJIMBICTH BHUTOTOBJICHHS MOHOJITHHX METaJONOTIMEPHUX
€KpaHiB 3  [OBEPXHEBUMH  IIapaMH  HU3bKOI  JIENEKTPUYHOI  MPOHHKHOCTI.
[TponeMOHCTPOBaHO MOXKJIMBICTH CTBOPEHHS MOHOJITHHX METAJIOMOJIMEPHHUX EKpaHiB i3
(epoMarHiTHUX APiIOHOAMCIIEPCHUX PEUOBHH 3 PETYJIHOBAHUM I'PAJIEHTOM Y HAIPSIMKY Bill
JIMIBOBOI MOBEPXHI J0 HIDKHBOI Ta HaBEeIEHO TexHiuHe pimieHHs. el martepian MokHa
BUKOPHCTOBYBAaTH MJsi KEpyBaHHs CITIBBIJHOIICHHSAM KOE(DILIEHTIB eKpaHyBaHHS JUIs
BHUCOKOYACTOTHHUX EJIEKTPOMAarHiTHUX TOJIB, YJIbTPaHM3bKOYACTOTHUX ENEKTPHUYHUX 1
MAaTrHITHHX TIOJIiB, @ TAKOXX CYITyTHBOT'O €KPaHyBaHHS BiJ MPUPOJHUX MarHiTHUX TOJIB.
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WHAT COULD WE HAVE LEARNT FROM THE PREVIOUS FLOOD
DATA TO PREDICT LOSSES CAUSED BY THE 1980, 1986, AND 1998
CATASTROPHIC FLOODS IN UKRAINIAN TRANSCARPATHIAN?

Abstract. This paper explores some aspects relating to retrospective predicting the
confirmed monetary losses caused by the disastrous floods of 1980, 1986, and 1998
in the Tisza River basin within the Transcarpathian region of Ukraine. The research
was based on two time series — the losses because of past floods and the maxima water
discharges gauged at the hydrological station near the village of Vylok, Vynohradiv
district. The main aim of the research was to make out whether it had been the
possibility to predict the losses due to those floods in advance.

In solving the task, there was revealed and modelled the dependence of the risk of
losses due to the floods in Transcarpathia on the maximum water discharges of the
Tisza River gauged at the “Vylok” hydrological station. Predicting was based on the
hypothesis of the stationary random process for maximum water discharges, which
allowed using an empirical distribution function of a random variable regarding flood
water discharges assessing the risk of flood losses.

Retrospective predicting of the losses caused by the floods of 1980, 1986, and 1998
was carried out by means of a combined situational-inductive predictive modelling
method (CSIPMM), being an original author’s development. The method relates to
predicting the behaviour of complex dynamic systems based on monitoring findings
presented as time series data reflecting evolutions of a resulting (dependent) variable
and an explaining (independent) variable (predictor). The method uses extrapolation-
regression type models. According to this method, the prediction task is performed in
two stages. The first stage realises the retrospective situational modelling task aiming
to obtain a set of simple regressions (situational models) built on data of sample time
series. The situational models are accepted to be adequate or relevant ones only within
certain periods of time determined as situations. In the second stage, based on the
generalization (on an ensemble) of the obtained retrospective situational models,
inductive “levels” models are built, which reflect the behaviour of a controlled
parameter of the system or process (a resulting variable) at several fixed values of a
predictor in time. The inductive models are used in extrapolative predicting situational
models belonging to future periods (situations).

In total, three predictions were made: (1) taking into account the annual maximum
flood discharges from 1954 to 1979 (before the flood of 1980); (2) the same from
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1954 to 1985 (before the flood of 1986); (3) the same from 1954 to 1997 (before the
flood of 1998). The study found that there had been a possibility to predict the
confirmed monetary losses inflicted by the flood of 1986 and 1998 (relative
predicting errors of 7.2-8.7% and 6.0-12.8% depending on the prediction options).
Keywords: combined situational-inductive predictive modelling method; floods;
flood losses; risk of losses; maxima water discharges; prediction; time series
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1. Introduction

Floods are considered one of the key natural risk factors for human life and activity.
Each year, they challenge people because of damage to the infrastructure, resources,
economy, losses of personal property and crops, and threats to human health and life.
In terms of the number of catastrophic events that occurred during 1998-2017 in the
world, floods outweigh any other natural disasters, including storms, earthquakes,
heatwaves, landslides, droughts, forest fires, volcanoes, and more. The number of
disastrous floods in the world in that period exceeded 3,000 (3,148 or 43.4% of all
loss-related natural catastrophes), and the number of people affected per them in
1998-2017 was near 2.0 billion (45% of all injured through natural disasters) [1].
Overall worldwide losses caused by flood events 1980-2019 reached US$ 1,092bn,
and only 12% of these losses were insured [2]. The number of worldwide deaths
because of floods in 1998-2017 exceeded 142,000 (11% of all-natural disasters) [1].
According to the Red Cross for the period 1971-1995 the flood events have killed
annually on average more than 12,700 people worldwide, affected 60 million others,
and caused 3.2 million people to become homeless [3]. Generally, according to
estimates [4], floods were responsible for about 6.8 million deaths in the 20th
century. In turn, annual economic worldwide losses from floods have already
reached US$ hundreds of millions [5]. Since 1990, there have been over 30 floods,
in each of which either the material losses exceeded one billion USD, or the number
of fatalities was greater than 1,000, or both [5].

Floods are specific natural disasters. They occur because of water overloading
landscapes as a result of “the overflowing of the normal confines of a stream or other
body of water, or the accumulation of water over areas that are not normally
submerged” [6]. However, in addition, floods happen when areas used by humans
are flooded and losses occur. The problem is that, these landscapes (valleys of rivers,
sea coastal areas, lakeshores, etc.) have been considered traditionally by humans as
an especially priced land resource for settlement, urbanization, and using in
economic activity. Properly, human settlements were formed historically on lands
surrounding water bodies [7]. In total, nowadays, about 1.47 billion people, or 19%
of the world population, live in flood-prone locations, whereas their area is only
about 3 million km? [8]. Moreover, people have challenged floods too. For centuries,
people have managed flood risks by using specialised infrastructures, such as dams,
river dykes and levees, dunes, drainage systems, and others [9, 10], as well as
applying so-called nature-based solutions mitigating floods [11]. This may be
explained not only by the increase in the general deficit of land resources in the
world, in particular, due to declining soil fertility in large areas of the globe,
increasing soil erosion processes of various etiologies, etc. [12]. The unique
combination of land and water resources gives special value to flood-prone areas.
Therefore, floods are happening and intensifying through the accelerated
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urbanization of landscapes prone to be submerged by floods, despite people fearing
floods [13], albeit accepting flood risk, doing it consciously because intending
benefits of using valuable land resources.

Floods can belong to various event types; they can have various origins, causes,
triggers and driving mechanisms, space-time dynamics, trends, etc. [11, 14-16]. For
example, in terms of flood-prone area location, they can be broadly categorized as
coastal floods, inland floods, and compound floods [16]. Coastal floods [16-19] arise
along the coasts of oceans, seas, lakes, reservoirs, and in river deltas [20]. They are
caused by (a combination of) tidal waves, storm surges, heavy rainfall, and strong
onshore winds [11, 14-16]. Inland floods can be categorized into riverine floods, urban
floods, and so-called flash floods [11, 14-16]. Riverine (river or fluvial) floods occur
within fluvial (river) catchments [14, 15, 21, 22]. They can be caused by excessive
rain, often from oceanic storm systems such as tropical cyclones [23], as well as
because of rapid snow-melting and heavy rainfall supplemented by snowmelt. Urban
(or pluvial) floods come about within urban settlements due to heavy rainfall or rapid
snow melting combined with poor urban planning and the insufficient capacity of the
drainage systems to control inundation [11, 16, 24-26]. Flash floods are associated
with high and steep topographic relief, high magnitude and short duration precipitation
and rapid concentration of streamflow in channel networks [27-31]. Finally,
compound floods, according to [16], occur within coastal areas and can have attributes
of different floods: coastal, riverine, urban, flash ones. They occur due to the
interaction between physical drivers from multiple sources including terrain features,
hydraulic, hydrological, and meteorological processes [32, 33]. Totally, anthropogenic
warming and climate change, sea level rise, and increased impervious surface area due
to urbanization have led to a significant increase in compound flooding over the last
century, especially in major coastal cities [16, 32, 33].

Flooding origins depend on the water source and on the reasons and processes
causing the water level to rise including spatial patterns and characteristics of flood
seasonality (warm or cold periods etc.) [22, 34-36]. In particular, in terms of origin
and drivers, riverine floods can be triggered and developed by hydrometeorological
conditions through precipitation, temperature, evaporation, snow accumulating and
melting processes, and high soil moisture [11, 16, 21, 22, 35, 36]; coastal floods —
by high tides, combined with low atmospheric pressures and strong winds inducing
a storm surging [16-19, 37]. There are also many unusual flood cases [2], including
groundwater flooding caused by high seepage through permeable, river-connected
alluvial aquifers [38-40], tsunamis flooding [41], floods because of dam disasters
[42-44], dike and levee breaches [45, 46], floods caused by landslide dam collapses
[47] and glacial lake outburst floods [48], backwater floods [49, 50], debris flows
and mudflows floods [51, 52], etc.

Floods challenge often people harmfully, but flooding is regarded as a natural
hazard against which precautionary measures are most effective compared with other
natural hazards [2, 9-11]. The best world and European practices on flood
prevention, protection and mitigation stimulated the Directive 2007/60/EC [53]
being developed, which alleges: “Floods are natural phenomena which cannot be
prevented. However, some human activities (such as increasing human settlements
and economic assets in floodplains and the reduction of the natural water retention
by land use) and climate change contribute to an increase in the likelihood and
adverse impacts of flood events”. It signifies that flooding hazard may be managed.
Numerous data indicate the efficiency of different flood control measures [54-58].
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As well, special scientific studies promote to their global implementation, in
particular, due to more reliable flood forecasting [59-61], hydrological and hydraulic
modelling for flood management [62, 63], as well as flood emergency planning,
flood mapping, and resolving flood early warning issues [64-66], because of more
detail flood risk analysis and assessing [67-69], diversification of flood risk
management strategies [70] and implementing integrated flood risk management
[71, 72] including nature-based solutions [11, 69, 73], accounting for local socio-
economic and cultural differences when designing flood risk strategies [74-78], as
well as supporting decision making in flood-prone zones [79, 80] and exploring
methodological approaches for strengthening the resilience of flood protection
systems [81], etc. As well as, different practical tools and guidance on flood
management issues have been developing. For example, promoting the concept of
Integrated Flood Management (IFM) as a new approach to flood management and
providing guidance and advisory materials to realise it, the World Meteorological
Organization (WMO) and the Global Water Partnership (GWP) have developed
Integrated Flood Management Tools Series within the Associated Programme on
Flood Management [82]. We have mentioned some of the tools [64, 65, 71]. Totally,
the tools [82] cover majority of flood management issues.

In addition, flood risk management programs and plans within selected river
basins are being developed and kept up to date, internationally, nationally, and
locally. In Europe, these are, for example, the Flood Action Programme and Flood
Risk Management Plan for the Danube River Basin [83, 84], Sub-Basin Level Flood
Action Plan for the Tisza River Basin [85], Internationally Coordinated Flood Risk
Management Plan for the International River Basin District of the Rhine [86], Flood
Risk Management in Austria [87], the Kent Local Flood Risk Management Strategy
[88]. As a result, in Europe, the overall trend in losses (after adjustment for increases
in values) has fallen — despite repeated severe floods, such as those in 2002 and 2013
[2, 89, 90]. There are likewise indications in North America and China that
protective measures have reduced adjusted losses [2].

Ukraine also suffers from floods in a harmful way. Among natural disasters,
floods are the most common in terms of frequency, area of distribution, and losses
in the country [91]. The area of lands affected by floods in Ukraine is almost
165,000 km? (more than 27 per cent of the country’s territory), and about a third of
Ukraine’s population lives in the flood-prone areas [92, 93]. The most threatening
flood types in Ukraine are riverine floods [92]. However, increasingly, flash and
urban floods occur as well, especially regionally, due to climate change, high-
intensity land use, and urbanization [94, 95]. The brief characteristic of disastrous
floods in the most flood-prone country’s regions is shown in Table 1.

Especially often disastrous floods occur in the western regions of the country, on
the Carpathian rivers [91-97]. Catastrophic floods in the Ukrainian Carpathians are
an inherent element of the hydrological regime of local rivers [97]. They can cover
large areas and inflict large losses. In general, the territory of the Ukrainian
Carpathians (Tisza, Dniester, Prut, and Siret basins) is one of the most flood-prone
regions in Europe and the world [96].

This article deals with flooding in Ukrainian Transcarpathia. In Ukraine, the
Transcarpathian region seems to be characterized by the highest risk of catastrophic
floods [85, 96, 97]. There have been at least 26 of them since 1779, including about
17 in the 20th century. In particular, since 1970, the most devastating floods in
Transcarpathia have been marked in 1970, 1978, 1980, 1986, and 1998. In general,
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the flood load in the Transcarpathian region within the Upper Tisza basin is
estimated to be 2-3 times higher compared to the adjacent areas of the Tisza basin
belonging to neighboring countries: Romania, Hungary, and Slovakia [85].

Table 1 — The brief characteristic of disastrous floods in Ukraine [96]

Recurrence | Maximum runoff modules

Regions River basins Features of floods of floods of 1% exceedance
(years) probability (m%/s - km?)
Spring, autumn- 2.0-2.5 from an area of
Trans- Tysza basin winter thaw-rainy 3.7 100-200 km?;
carpathia floods; summer 1.0-2.0 from an area of
rainy floods 250-400 km?
Spring thaw-rainy
Right bank of floods; summer 2.5-32 fromz'an area of
Pry- Dniester; Prut rainy floods 3-7 100-200 km?,
karpattia and Siret, basins | Summer flobds 1.0-2.2 from an area of
200-500 km?

exceed spring ones
Spring thaw-rainy
floods; summer
rainy floods. 7-14
Summer floods are
near spring ones

Right bank of
Polissya, Pripyat; Western
Podillya Bug basin; left
bank of Dniester

0.2-0.6 from an area of
400-600 km?

The aim of the article was to explore whether it had been the realistic possibility
to predict confirmed monetary losses caused by the floods of 1980, 1986, and 1998
in the Transcarpathian region based on available monitoring data, in particular,
regarding losses through previous floods, as well as of maxima water discharges
gauged at the hydrological station (HS) near the village of Vylok, Vynohradiv
district. It should be noted the proper organization of flood monitoring [98] with a
comprehensive assessment of flood losses [99, 100] has been considered an
important component of modern, holistic flood management strategies [11, 70-72,
75-81]. In turn, predicting possible flood losses across monitoring data is expected
to contribute to effective decision-making within these strategies in order to prevent
and minimise the losses in future.

2. Case study

The Tisza River Basin is the largest sub-basin in the Danube River Basin, covering
157,186 km? (19.5%) of the Danube Basin [85]. The drainage area of the Ukrainian
part of the Tisza catchment is 9,530 km? [94] (about 6% of the Tisza basin). It is the
upper, mostly right bank part of the Tisza basin (Fig. 1), which is totally located
within one Ukrainian administrative unit — the Transcarpathia region.

The hydro-net in Transcarpathia includes 9,426 rivers and streams with a total
length of 19,793 km long [85, 97]. Of these, 153 rivers have an overall length of
3,555 km, and four of them — Tisza, Borzhava, Latorica, and Uzh — are each over
100 km long [85]. The average river network density is 1.7 km/km?, which is the
highest density of rivers in Ukraine [85, 97]. About 80% of the Transcarpathia area
is mountainous terrain and 20% is flatlands. The altitude of the Upper Tisza
catchment ranges between 90-95 m above sea level (a.s.l.) at the outlets and
2,100 m a.s.l. in the headwaters. The percentage of area with an elevation above
600 ma.s.l. is over 70% [94]. The steepness of the mountains and the impermeability
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of the underlying bedrock contribute to high surface runoff rates. On contrary, in the
flatter parts of the region (Transcarpathian Lowland connecting Ukraine with
Hungary and Slovakia), the land is so flat that dense networks of drainage ditches
are needed to drain shallow water after floods [85]. Generally, much of the
Transcarpathia population of approximately 1.2 million lives in flood-prone areas,
in particular, in the flatter parts of the region.

Fig. 1. Map-scheme of the Ukrainian part of the Tisza River basin (taken from [85])

The hydrological regime of the Tisza catchment is snow-melting, rainfall-driven,
and combined thaw-rainy [94, 96]. Most floods occur in autumn-winter and spring
(cold) seasons (in recent years the majority of floods occurred in November-
December and spring months) and are generated by a combination of rapid increase
in the air temperature, causing snow melt, and heavy rainy or snow-rainy
precipitation events [94]. In particular, catastrophic floods in Transcarpathia — in
cold periods (November-May) — occurred in 1957, 1970, 1978, 1986, and 1998.
Among disastrous floods, which occurred in summer, it should be noted probably
one, the unique destructive flood of 1980 (late July) [101]. Generally, it should be
noted that the Carpathians are situated in the semi-humid and humid climatic zone.
In Chop (102 m as.l.), it falls 700 mm of vertical precipitation per year, at the
meteorological station Ruska Mokra (640 m a.s.l.) in Gorgan Mountains it reaches
1600 mm. To this quantity it may be also added about 200 mm of horizontal
precipitation from moisture condensation of fog and hoar-frost in the forests [97].
Often heavy rainfall cover the entire region at the same time, and in just one-three
days an amount of precipitation can reach 2-3 monthly norms — as much as 150-
250 mm and 34 mm in just two hours [102]. Although, hydrometeorological
phenomena last usually for 12-24 hours only, but due to the characters of catchment
surface they may trigger floods repeating 3-8 times per year [96].

3. Materials and input data. Data analysis and making assumptions

When researching, the different available information on floods in the
Transcarpathia region was used. First of all, those were available historical data on
the relatively recent floods that occurred in the region from 1955 to 1998. It was
reviewed and analysed a wide range of different facts relating to those floods,
including data on their drivers and consequences (losses). The basic information on
those floods was obtained from scientific publications and regulatory documents,
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which are presented in the references [91-97, 101, 102]. As well, it would like to
apologize to authors whose works were not mentioned in the references. Useful
information, after its proper verification, was obtained also due to the Internet, from
relevant information and analytical notes and reviews, etc. Hydrological data
concerning the maxima water discharges of the Tisza River at the hydrological
(gauging) station (HS) “Vylok” were taken from the Hydrological Yearbooks of the
Central Geophysical Observatory named after Boris Sreznevsky [103]. As well as,
Table 2 shows the available data on confirmed monetary losses due to floods
occurred in the Transcarpathian region in 1955-1998.

Table 2 — Summarised data on floods occurred in the Transcarpathian region from
1955 to 1998: Q is maxima water discharges of the Tisza River gauged at the
HS “Vylok”, and L is confirmed monetary losses due to floods

Years | Q(m%s) | L (UAH millions) Years Q (m%s) | L (UAH millions)
1955 2742 43.7 1973 783 235
1957 2410 21.3 1974 2 560 33.6
1958 2 600 9.8 1975 1500 87.9
1965 2070 14.2 1976 1350 60.1
1967 1860 10.9 1977 1860 85.2
1968 2930 10.4 1978 3060 115.8
1969 1420 34.4 1979 2720 64.4
1970 3650 237.0 1980 2070 325.0
1971 1310 35.5 1986 2050 127.9
1972 1790 24.0 1998 3150 810.0

Input data regarding the monetary losses by UAH, which are shown in Table 2,
were calculated in prices for 2010. The hydrological time series includes also the
years 1954, 1956, 1959-1964, 1966, 1981-1985, 1987-1997, and 1999.

Fig. 2 shows the visualization of the time series presenting the monitoring data:
(A) for the maxima water discharges gauged at the HS “Vylok” from 1954 to 1999;
(B) for the confirmed monetary losses due to floods in the Transcarpathian region
from1955 to 1998 (in logarithmic coordinates).
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Fig. 2. Visualization of the available monitoring data as time series
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Trend analysis shows the selected time series of losses due to floods (Fig. 2A) is
non-stationary. It can be characterized by a growing exponential trend with the
coefficient of determination R? = 0.5609. On the contrary, a trend in the selected time
series of the observed maxima water discharges of the Tisza River is practically
absent. This time series (Fig. 2B) can be assumed to be stationary.

Assuming the stationary of the selected time series of data regarding maxima
water discharges allows applying the hypothesis of a random variable to analyse
them. In particular, for a maxima water discharge value observed in the past, an
empirical probability of exceedance P,, may be attributed, namely, the probability

(or risk) that the water discharge value could have been exceeded within a certain
period of time. It can also be assumed that if the maxima water discharges of floods
that caused losses in the past had appeared greater than they really observed, the
losses would have been greater too.

The above-mentioned assumptions allow determining risks of losses R(L)
caused by past floods as products of empirical probabilities of exceedance P,, of

the observed maxima water discharges and confirmed losses L :
R(L)=P,,-L. 1)

In this study, the probabilities P,, were calculated with two formulas:
according to Chegodayev formula

m-0.3

Pl(m) = ’ (2)

and for Weibull formula (known also as Kritsky-Menkel’s formula)

Po(m) = ©

where m is the ordinal number of a member ranked in descending order of variation
series; n is the total number of members of the variation series.

The values of empirical probabilities of exceedance obtained with formulas (2),
(3) were averaged so that P,, = (P, + P,)/2. Fig. 3 shows results of P,, calculations
for three time intervals of hydrological observations of the Tisza River maximum
water discharges gauged at the HS “Vylok”.
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g. 3. Curves of empirical exceedance probabilities of the gauged maximum water discharges
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Trend analysis of the time series of the calculated risks of confirmed monetary
losses due to floods of 1955-1998 (See below Fig. 4) indicates this time series is non-
stationary as well. However, its non-stationary appears to be weaker compared with
the non-stationary of time series of the losses (Fig. 2B). In addition, some sample
time series of the calculated risks of losses, for example due to the floods of
1965-1969, 1970-1974, 1970-1979, may be considered as nearly stationary ones.
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Fig. 4. Visualization of the time series of the risks of confirmed monetary losses

Comparing the results of trends analysis in the selected time series of losses
(Fig. 2B) and risks of losses (Fig. 4) due to floods in Transcarpathia, it may be
assumed the amounts of confirmed monetary losses are more time-dependent than
the corresponding values of risks of losses. On the contrary, the values of risks of
losses are more dependent on values of maxima discharges of floods than amounts
of losses depend on them. Fig. 5 clearly reveals these patterns.
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Fig. 5. Visualization of the L = f(Q) and R(L) = f(Q) regressions
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It should be also noted the regression dependence of the risks of losses due to
floods on the maxima water discharges gauged at the HS “Vylok™ can be the most
substantive within time intervals of 4-10 years. So, in the intervals of 1965-1969 (the
index of 3), 1970-1974 (4), and 1975-1979 (5), the R? coefficients of determination
for the regressions of R(L) = f(Q) (Fig. 5D) were 0.9416, 0.867, and 0.9542,
correspondingly. It may be assumed while predicting the risk of flood losses in
Transcarpathia in the time intervals of 4-10 years, the time factor may not be
accounted for. As predictive models at such intervals simple exponential regressions
can be used, where the risk of flood losses is considered a dependent variable, and
maxima water discharge of the Tisza River an independent variable.

4. The research objectives and methods

In order to figure out whether there had been the realistic possibility to predict the
monetary losses caused by the destructive floods of 1980, 1986, and 1998 in
Transcarpathia based on the available information and monitoring data (Table 2), the
following research objectives were set: (1) to review the available information on
floods in the Transcarpathian region and perform the time series analysis of available
data, namely, the time series of the maxima water discharges gauged at the
HS “Vylok” from 1954 to 1999, and the confirmed monetary losses, which were
caused by floods in the region from1955 to 1998; (2) to make scientific assumptions
on the problem and choose a basic predictive model and its variables; (3) to apply
the combined situational-inductive predictive modelling method (CSIPMM) to solve
the problem of predictions for the losses due to floods in the Transcarpathian region;
to assess its predictive efficiency within the available data on the floods that preceded
the disastrous floods of 1980, 1986, and 1998, and perform the three retrospective
predictions for the losses caused by floods of 1980, 1986, and 1998, namely, taking
into account data on the annual maximum flood discharges from 1954 to 1979
(before the flood of 1980), from 1954 to 1985 (before the flood of 1986), from 1954
to 1997 (before the flood of 1998); (4) to analyse the findings of the performed
predictions and assess their relative errors.

Different methods within the holistic approach [103] to the problem under study
were used: historical method; method of dialectical cognition and generalised
scientific methods of theoretical and empirical research; heuristic methods;
methods of analysis and synthesis; methods of expert evaluation and comparison;
methods of formalization and modelling; as well as specific methods for time series
analysis [104], intelligent data analysis [105, 106], and applied predictive
modelling [107, 108] methods of modelling and decision making under risk and
uncertainty [43, 109-111].

The basic research method was the combined situational-inductive predictive
modelling method (CSIPMM), which is an original author’s development. The main
provisions of the CSIPMM are set out in [112-114]. Moreover, in practice, this
method was used in situational predictive modelling of the flood hazard in the
Dniester river valley near the town of Halych [115] and prognostic modelling of
piezometric levels based on seepage monitoring in an earthen dam [116].

The method of the CSIPMM is oriented to use extrapolation-regression type
models to predict the behaviour of complex dynamic systems or processes under
non-stationarity, data incompleteness, as well as structural and parametric
uncertainty. The main idea of the CSIPMM is a purposeful decomposition of
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a complex prediction problem based on monitoring data presented as time series to
apply relatively simple predictive models.

According to this method, the complex prediction problem is solved in two stages
(Fig. 6). The first stage (A) realises the retrospective situational modelling task
aiming to obtain a set of simple regression-extrapolations built on data of sample
time series [112-116]. Fig. 5 shows an example of such retrospective situational
modelling in the frame of the problem under study. The obtained situational models
assume to be adequate or relevant ones only within certain periods of time being
determined as situations. That is, the evolution of the dynamic system (process) is
modelled in the context of its “movement” through a series of situations resulting
from various reasons or actions. A complete description of the infinite set of all
possible situations the system functioning is replaced by a certain finite set of
generalized model situations that reproduce to a certain degree its possible states
[117-119]. These model situations (by R. Reiter [118]) do not determine literally
appropriate states of the system; they are presumed to show only the history of
certain real events as completed sequences of actions in certain periods of time. Since
real situations cannot be described totally, and it is possible to consider only some
of their aspects, the non-monotonic output rule is used to describe the evolution of
the dynamic system (process). Thereby, it is assumed (by J. McCarthy [117]) that on
the basis of past facts, with which past model situations are described, and on using
some general rules or assumptions, according to which actions and events within
those situations take place, it is possible to predict some similar situations that will
appear in the future.

A. Retrospective situational modelling

Preliminary modelling A Situational modelling N
I Time series analysis. Intelligent data analysis ‘ I Fragmentation of data series info situations ‘
! !
| Basic regression model type choosing I I Sets of situational models I
A v
B. Inductive modelling and prediction
Prediction A Inductive modelling A
I Situational models of future periods ‘ I Inductive model type choosing ‘
! + !
| Prediction of dependent variable value I I Models of “levels™ I
A i

Fig. 6. Flow-chat representing the CSIPMM

It should be mentioned, situational modelling is popular today in economics,
medicine, military affairs, forensics, politics, and other similar spheres, as well as in
artificial intelligence, where the development of a logical approach to modelling the
behaviour of complex dynamic systems and processes led to the creation of the
special situational calculus theory [119].

In many applied studies relating to natural and man-made systems and processes
situational models being built on sample data and adapted to limited time periods
may be presented as simple (single-factor) regression models [112-116]. To realise
this, unknown and uncontrollable factors being capable affecting the structure and
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parameters of a situational model are considered a peculiar relatively unchangeable
predictive background. Thereby, in fact, the predictive background reflects certain
stable conditions in which the system (process) develops in a certain period of time,
and, accordingly, determines the only specific situation and the only specific
situational model [112-116].

The second stage (Fig. 6) realises the inductive modelling and prediction tasks.
The inductive modelling task is reduced to generalization of the findings of
retrospective situational modelling in the form of an inductive model of “levels”
corresponding to some fixed predictor values (Fig. 7A). The inductive model of
“levels” (Fig. 7A) is further considered as a tool for performing an extrapolation
prediction of a future situation (or a set of situations), thereby predicting possible
situational models of future periods. Actually, the main task of predicting based on
monitoring data according to the CSIPMM is to solve the problem of extrapolation,
which consists in establishing the most probable situational model matching up with
a certain expected situation in the future (Fig. 7B).
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+ 2500 cubic m/s a 3150 cubic m/s 01986 (in fact) 01998 (in fact)

Fig. 7. Results of inductive modelling and establishing the prospective situational model
R(Ls)

Ultimately, the obtained prospective situational model is used to predict the
values of the resulting variable.

5. Results

In total, three options for the prediction were made: (1) taking into account the annual
maximum flood discharges from 1954 to 1979 (before the flood of 1980); (2) the
same from 1954 to 1985 (before the flood of 1986); (3) the same from 1954 to 1997
(before the flood of 1998). It should be noted the exceedance probability empirical
estimates of the discharges vary with the duration of hydrological observations (See
Fig. 3). Therefore, it can be expected that the obtained results can differ depending
on the selected predicting options.

In order to assess the predictive (forecast) skill of the retrospective situational
models (3), (4), (5), and the prospective situational model (6) taking into account the
choice of the dependent (risk of losses) and independent (maximum water discharge)
variables, as well as the structure of the situational model (one-factor regression) and
the regression type (exponential function) the Nash-Sutcliffe model efficiency
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coefficient (NSE) was used [120]. It is widely applied for assessing the goodness-
of-fit and predictive power of hydrological models [121].
The NSE coefficient value was calculated as:

n

> (Lo —Lpi)?
NSE =1-5—n——, (4)
Z(Lo,i - E0)2

i=1

where L,;, L,; are observed and predicted values of losses because of a flood i,

p,i
i =1,_n; n is the number of floods being analysed to predict losses; EO is the mean
of the observed losses L,; .

Predicted values of losses were calculated with the formula

_ R(Lp,i)
piTTp

ex,i

()

where R(L;) is the predicted value of the risk of losses because of a flood i and
Pexi is the empirical probability of exceedance of an observed (gauged) maxima
water discharge Q; of the flood i causing the losses L, ; .

It is thought [120] that values of the NSE nearer to 1 suggest a model with more
predictive skill. An application of the NSE coefficient in regression procedures
(NSER) was also used, which was equivalent to the coefficient of determination R?
of the simple linear regression L, = f(L,).

5.1. The results of predicting taking into account the annual maximum flood
discharges from 1954 to 1979 (Prediction 1, before the flood of 1980)

The retrospective situational models of the risks of monetary losses caused by the floods
of 1965-1969 (situation 3), 1970-1974 (situation 4), and 1975-1979 (situation 5) taking
into account the annual maximum water discharges from 1954 to 1979 (before the
flood of 1980) are shown in Fig. 5D. In turn, Fig. 7 shows the results of inductive
modelling carried out to establish the prospective situational model (situation 6),
which was used to predict the risks of monetary losses caused by the floods of 1980,
1986, and 1998. Inductive modelling was performed for “levels” that corresponded
to the fixed values of maximum water discharges amounting to 1600, 1800, 2050,
2070, 2500, and 3150 m®/s. Note, that the discharges of 2070, 2050, and 3150 m?/s
included in the ensemble of “levels” were observed in 1980, 1986, and 1998,
respectively.

Below, Table 3 comprises the numerical results of the retrospective prediction of
the monetary losses due to the floods that occurred from 1965 to 1979. In particular,
they were used to assess the quality, and predictive skill of the retrospective
situational models (3), (4), and (5).

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogoxopucrysanss, Ne 3 (43), 2022



Table 3 — The numerical results of retrospective predicting the monetary losses
due to the floods of 1965-1979

vears | Q(ms) | Pex(Llyear) rﬁ ﬁhﬁ)ngfy@;) Ir;wpi |(|L|f)/:g rl;loi |(|L|JoAn;
1965 | 2070 0.44 5.50 12.4 142
1967 | 1860 0.48 8.25 17.1 109
1968 | 2930 0.11 1.05 9.8 10.4
1969 | 1420 0.71 19.29 273 34.4
1970 | 3650 0.03 7.08 222.9 237.0
1971 | 1310 0.78 20.30 26.0 355
1972 | 1790 0.59 16.35 275 24.0
1973 | 783 0.97 2573 26.6 235
1974 | 2560 0.29 11.56 39.3 336
1975 | 1500 0.63 50.19 795 87.9
1976 | 1350 0.74 59.37 79.9 60.1
1977 | 1860 0.48 33.54 69.7 85.2
1978 | 3060 0.07 8.75 126.3 115.8
1979 | 2720 0.18 12.80 705 64.4

The check revealed the NSE coefficient to be 0.973. The NSEr coefficient
(See below Fig. 9A) is 0.974. So, the predictive skill of the retrospective situational
models (3), (4), and (5) shown in Fig. 5D is quite good.

Table 4 comprises the modelled (predicted) values of the risks of monetary losses
caused by the floods of 1965-1969 (situation 3), 1970-1974 (situation 4), and 1975-
1979 (situation 5). They were computed on the set presenting six “levels” of the fixed
values of maximum water discharges amounting to 1600, 1800, 2050, 2070, 2500,
and 3150 m*/s by means of the situational models shown in Fig. 5D. Further, these
modelled values of the retrospective situational risks were used to build the inductive
model of “levels” with extrapolation one step forward (to the next situation 6)
(Fig. 7A) to get the prospective situational model 6 (Fig. 7B).

Table 4 — The modelled values of the retrospective situational risks of monetary
losses R(L,) depending on the fixed values of water discharges Q

Situations R(Lp) (UAH millions/year) computed for Q (m?3/s)
(situational models)
N =3,4.5(years) | 1600 | 1800 | 2050 | 2070 | 2500 | 3150
3 (1965-1969) 1363 | 926 | 572 | 550 | 240 | 068
4 (1970-1974) 1781 | 1628 | 1455 | 1442 | 11.88 | 887
5 (1975-1979) 44.87 35.87 27.11 26.51 16.38 7.91

The numerical results of inductive modelling to get the prospective situational
model 6 (Fig. 7B) are given in Table 5. The prediction results of the monetary flood
losses caused by the floods of 1980, 1986, and 1998 taking into account the annual
maximum flood discharges from 1954 to 1979 with the comparison with their
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observed (confirmed) values are given below in Table 6 and Fig. 8. The predicted
values of the losses were calculated with the formula (5).

Table 5 — The numerical results of inductive modelling to get the prospective
situational model 6 (for the situation with the number N = 6)

“Levels” | Equations for the chosen “levels” of | Coefficients of R(Lp) (UAH

of the inductive model depending on a determination millions/year),
Q (m¥s) situation with the number N R? N=6
1 600 R(L) = 2,0452g0:5958N 0.908 72.99
1800 R(L) = 1,1714g06768N 0.991 67.97
2 050 R(L) = 0,5836e%778N 0.987 62.14
2070 R(L) = 0,552¢0786N 0.983 61.71
2500 R(L) = 0,1665%960%N 0.871 52.93
3150 R(L) = 0,0272¢1:2235N 0.715 41.95

The check of the predictive power of the combined situational-inductive
predictive modelling method (CSIPMM) for modelling and predicting the losses
caused by floods in the time interval from 1965 to 1998 revealed the NSE coefficient
to be 0.939. The NSEr coefficient (in regression procedure, see below Fig. 9B) is
0.943. The NSE and NSEr coefficient values confirm the quite high predictive
efficiency of the CSIPMM to solve the presented problem.

Table 6 — The observed and predicted losses due to the floods of 1980, 1986, 1998

Vears Q Pex Lo (UAH | R(L) (UAH millions/year) | | (UAH E,
(mfs) | (1/year) | millions) | Actual Predicted millions) | (%)

1980 | 2070 | 0.44 325.0 144.24 62.65 141.2 56.6

1986 | 2050 | 0.46 127.9 58.83 63.09 137.2 7.2

1998 | 3150 | 0.05 810.0 40.50 42.93 858.6 6.0
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Fig. 8. Visual comparison of time series of the observed (confirmed) and predicted values of
monetary losses because of the floods from 1965 to 1998
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Fig. 9. Visual illustration of the CSIPMM goodness-of-fit check to predict losses using the
Nash-Sutcliffe efficiency coefficient in regression procedure (NSER)

The relative prediction errors E; (%) were calculated with the formula

Lo -

E ——Lp‘-looty 6
r= 0, (6)

where L, is the observed (conformed) and L, is the predicted values of losses.

The results of predicting the monetary losses caused by the floods of 1980, 1986,
and 1998 in the Transcarpathian region according to the time series of the losses due
to floods of 1965-1979 and the maximum water discharges gauged at the
HS “Vylok” from 1954 to 1979 indicate that there was the possibility to predict the
losses because of the flood of 1986 (a relative error of the prediction E, = 7.2%)

and the flood of 1998 (E, = 6.0%) with good accuracy. With regard to the losses
due to the flood of 1980 ( E, =56.6%), it should be noted that the prediction in total
(L, = UAH 141.2 million, in the maximum water discharge Q = 2,070 md/s)

indicates that they would have exceeded eventually the losses due to the flood of
1978 (L, = UAH 115.8 million, Q = 3,060 m?s). The main factor most likely

affected the prediction accuracy was that the flood of 1980 occurred in the warm
season (summer), which is a rather atypical phenomenon in Transcarpathia [101]. It
can be assumed that the predicted value of the losses caused by the flood of 1980
corresponds more to the hypothetical situation of the cold period flood.

5.2. The results of predicting taking into account the annual maximum flood
discharges from 1954 to 1985 (Prediction 2, before the flood of 1986) and from
1954 to 1997 (Prediction 3, before the flood of 1998)

Below, Fig. 10 summarises the results relating to Prediction 2 and Prediction 3 in
graphical form. These predictions were also performed on the basis of the time series
of the confirmed monetary losses due to the floods that happened in the interval from
1965 to 1979. There were considered the same situational time intervals 1965-1969
(situation 3), 1970-1974 (situation 4), and 1975-1979 (situation 5), and similar
situational-inductive models by type and structure.
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Fig. 10. Visual presentation of predicting monetary losses according to Prediction 2

and Prediction 3
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Compared with the previous Prediction 1 (See its results in the section 5.1 of the
article), only the parameters (coefficients) of the accepted situational and inductive
models were subject to clarification taking into account the new values of the
empirical exceedance probabilities (See Fig. 3) determined for the extended time
series of the maximum water discharges: from 1954 to 1985 (Prediction 2), from
1954 to 1997 (Prediction 3).

In particular, in Fig. 10, there are the retrospective situational models of the risks
of monetary losses caused by the floods of 1965-1969 (situation 3), 1970-1974
(situation 4), and 1975-1979 (situation 5), where (A) refers to Prediction 2, and (B) —
Prediction 3. Next, there are the results of inductive modelling carried out to establish
the prospective situational model 6 (for the situation with the number 6) to predict
the risks of losses due to the floods of 1986, and 1998, shown as (C) and (D), (E)
and (F), correspondingly. Finally, there are presented visual comparisons of time
series relating to the predicted and observed (confirmed) values of monetary losses
because of the floods from 1965 to 1998 according to results of Prediction 2
(Fig. 10G), and Prediction 3 (Fig. 10H).

The check of the predictive power of the developed models revealed the Nash-
Sutcliffe model efficiency coefficient (NSE) value in the case of Prediction 2 varied
from 0.972 (retrospective situational modelling) to 0.932 (including prospective
modelling); the NSEr coefficient value — from 0.972 to 0.958, correspondingly. In
the case of Prediction 3, the NSE coefficient value varied from 0.957 (retrospective
situational modelling) to 0.93 (including prospective modelling); the NSEr
coefficient value — from 0.959 to 0.94, correspondingly. Totally, the obtained NSE
and NSEg coefficient values confirm the good predictive efficiency of the CSIPMM
to solve the considered problem.

Table 7 summarises the numerical data for the comparison the observed
(confirmed) and predicted values of the monetary losses due to the floods of 1980,
1986, and 1998 according to the accepted prediction options.

Table 7 — Comparison the observed and predicted values of the monetary losses due
to the floods of 1980, 1986, and 1998 according to the accepted prediction options

R(L)
% 1/Pex LO_I(IL_JAH (UAH millions/year) L".I(IL.JAH E/r
(m S) ( year) mi IOnS) Actual ‘ Predicted m IonS) ’

Prediction 1 taking into account the annual maximum flood discharges from 1954 to
1979 (before the flood of 1980)

Years

1980 | 2070 0.44 325.0 144.24 62.65 141.2 56.6
1986 | 2050 0.46 127.9 58.83 63.09 137.2 7.2
1998 | 3150 0.05 810.0 40.50 42.93 858.6 6.0

Prediction 2 taking into account the annual maximum flood discharges from 1954 to
1985 (before the flood of 1986)

1986 | 2050 0.44 127.9 56.8 61.18 139.0 8.7

1998 | 3150 0.05 810.0 40.50 35.30 706.0 12.8

Prediction 3 taking into account the annual maximum flood discharges from 1954 to
1997 (before the flood of 1998)

1998 | 3150 | 003 | 8100 | 2430 | 268 | 8952 |105
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Analysing the findings given in Table 7, it can be concluded that all three
predictions, which were based on the different duration of hydrological observations,
showed fairly good reliability in predicting the monetary losses caused by the 1986
and 1998 floods. Moreover, there had been a good chance to predict the losses related
to those floods or other similar floods in 1980-1998 by the results of the first
Prediction 1 considering the losses caused by the previous floods that occurred from
1965 to 1979.

6. Discussion

Is it possible to predict the flood losses in the Tisza River basin in the Ukrainian
Transcarpathia based on the long-term time series data presenting the flood losses
and the gauged maximum flood water discharges at HS “Vylok™? Provided that
proper monitoring is implemented? This research showed such a possibility existed
at least regarding the disastrous 1986 and 1998 floods.

In order to answer these questions, in the study, the original method of prediction
was used, which is an original author's development. The method was called as the
combined situational-inductive predictive modelling method (CSIPMM). It was
shown the CSIPMM allows implementing the main ideas of the adaptive approach
to predictive modelling according to flood monitoring data, in particular to ensure
effective adjustment of applied predictive models as new monitoring data become
available.

Regarding the problem under study, it is wanted to assume the CSIPMM allows
performing different types of predictions of the monetary losses caused by future
floods. These can be long-term predictions, for example, in the form of perspective
situational models (models of future situations), or operational predictions — within
defined situations, with using temporary situational models. The CSIPMM can be
also used to retrospectively predict losses that may have occurred in the past (within
the procedure of restoring lost data in time series), which have not been confirmed
or have been avoided due to flood control measures. To illustrate it, Fig. 11 shows
some results of retrospectively predicting monetary losses that might have come due
to the 1960-1964, and 1966 floods, for which data regarding credible losses are
missing (See Table 2, Fig. 2B).
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Fig. 11 — Visual illustration of the CSIPMM applying to retrospectively predict flood losses
within the procedure of restoring lost data in time series
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In particular, Fig. 11A shows the retrospective situational model 2 to predict the
possible (unconfirmed) risks of losses caused by the floods of 1960-1964, for which
data regarding credible losses are missing. These risks may be obtained due to the
results of inductive modelling (See the inductive models of “levels” in Fig. 7A and the
corresponding equations in Table 5) with extrapolation one step back (to situation 2
preceding assumingly the situations 3, 4, 5). In turn, the “missed” value of the risk
of losses due to the flood of 1966 (Fig. 11A) may be restored by the retrospective
model 3. The “missed” losses that might have been caused by the floods of 1960-
1964 and 1966 are shown visually in Fig. 11B.

It should be noted that flood losses are almost inevitable. Eventually, the
worldwide practice shows that only 12% of these losses were insured [2]. Often,
even obvious losses are neglected. In any case, predicting adequately the probable
flood losses that have been avoided can be seen as a powerful tool to justify spending
on flood-suppressing measures. Thereby, solving the problems of perspective and
retrospective predicting of flood losses will allow us to more adequately justify the
measures aimed at flood management in order to minimize the negative
consequences associated with floods.

A challenge probably is the flood of 1980. However, in this case, the main factor
most likely complicated predicting was that the flood of 1980 occurred in the warm
season (summer), which is an atypical phenomenon in Transcarpathia [101]. Herein,
this is an outlier case, something like a “black swan” according to Nassim Taleb.
The possibility of such “outlier” data on floods being has been mentioned earlier in
the example of the Dniester River near the town of Halych [115].

Conclusions

1. The main aspects of flood hazards in the world and in Ukraine were analysed. It
was noted that proper organization of flood monitoring with a comprehensive
assessment of flood losses could be an important component of modern, holistic
flood management strategies internationally, nationally, and locally. Purposeful
monitoring creating the reliable groundwork for predicting losses can contribute to
effective decision-making within different flood management strategies in order to
prevent and minimise flood risks.

2. In order to emphasize the importance of targeted monitoring of flood losses in
conjunction with the usual hydrological monitoring of river runoff, there was
performed a retrospective prediction of the confirmed monetary losses due to
destructive floods that occurred in the Tisza River basin in the Transcarpathian
region of Ukraine in 1980, 1986, and 1990 using available monitoring data on the
floods in the region from 1955 to 1998. The main aim of the research was to reveal
whether the confirmed monetary losses caused by the floods of 1980, 1986, and 1990
could have been predicted in advance.

3. Input data comprised the time series on maxima water discharges gauged at the
hydrological station (HS) “Vylok” from 1954 to 1999 and confirmed losses due to
floods in the Transcarpathian region from1955 to 1998. While solving the problem,
there was revealed and modelled the dependence of risks of flood losses on the
maximum water discharges of the Tisza River gauged at the HS “Vylok”. Predicting
was based on the hypothesis of the stationary random process for maximum water
discharges, which allowed using an empirical distribution function of a random
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variable regarding observed flood water discharges for numerical computing of the
risks of flood losses.

4. Predicting was carried out by means of the combined situational-inductive
predictive modelling method (CSIPMM) of an original author’s development. The
method is based on the use of extrapolation-regression type models. According to
this method, the prediction task was performed in two stages. The first stage realised
the retrospective situational modelling task aiming to obtain a set of simple
regressions (situational models) built on data of sample time series. Those situational
models assumed to be adequate and relevant ones within certain periods of time
determined as situations. In the second stage, based on the generalization (on
ensemble) of the obtained retrospective situational models, inductive “levels”
models were built to reflect the behaviour of risks of losses as a resulting variable at
fixed values of the predictor in time. Next, the inductive models were used in
extrapolative predicting situational models belonging to future periods (situations).

5. In total, three prediction options were made: (1) taking into account the annual
maximum flood discharges from 1954 to 1979 (before the flood of 1980); (2) the
same from 1954 to 1985 (before the flood of 1986); (3) the same from 1954 to 1997
(before the flood of 1998). In order to assess the predictive skill of developed
predictive models the Nash-Sutcliffe model efficiency coefficient (NSE) and its
application in regression procedures (NSEg) were used. The check revealed that the
NSE coefficient value for all three prediction options was over 0.93, and the NSEr
coefficient value — 0.94. It confirmed the good predictive skill of the used predictive
models and the CSIPMM as a predictive modelling method. The study found that
there had been a realistic possibility to predict the confirmed monetary losses caused
by the flood of 1986 and 1998 (relative predicting errors of 7.2-8.7% and 6.0-12.8%
depending on the prediction options).
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nrPO IO MU MOIJIA AI3BHATHUCSH 3 NONEPEJHIX JAHUX ITPO IIOBEHI,
IO  NEPEJBAYUTH  3BUTKH, 3ABJAHI KATACTPO®IYHUMHU
TMTOBEHAMM 1980, 1986 TA 1998 POKIB B YKPATHCHKOMY 3AKAPIIATTI?

AHoTanis. Y miit cTaTTi TOCTiIKYIOTECS AEAKi aCIeKTH, OB’ I3aHi 3 PETPOCIECKTHBHAM
MIPOTHO3YBAHHAM MiATBEPIKCHUX TPOMIOBUX BTpAT (30MTKIB) B MaBOAKIB, CIIPHYMHEHUX
karactpodiuammu moBersiMu 1980, 1986 Ta 1998 pokiB y Oaceitni piuku Tuca B
3akapnatcekiii obmacti YkpaiHu. J[oCHiIKEHHS NMPOBOAMIOCS HA OCHOBI JBOX HYaCOBHX
pAmiB — 30UTKIB BiJi MUHYJIHMX NaBOJKIB Ta MaKCHMaJbHHX CKHUJIB, 3a(DiKCOBaHMX Ha
rizposnoriyniii cranuii nobausy cena Bunok Bunorpazgiscbkoro paiiony. OCHOBHOIO METOO
JociipkeHHs: Oyno 3'acyBaTH, 4u Oyja peajbHa MOXJIMBICTb 3a3jalierigb mnepeadaunTH
30MTKH BiJ LIUX IIOBEHEM.

[Tpu BupilIeHHI TOCTABICHOTO 3aBAaHHs OYyJIO BUSIBICHO Ta 3MOJIEIBOBAHO 3AJICKHICTh
PHU3HKY BTpaT BHACTIJOK MTAaBOAKIB Ha 3aKapmHarTi BiJ MAaKCUMaJIbHUX BUTPAT BoIM p. THca,
3aMipsSHHAX Ha TiIpONOTiuHil cTaHIii « Buinoky. [IporHo3yBaHHS IPyHTYBAJIOCS Ha TiMOTE3i
CTaIL[lOHAPHOTO BHIIAIKOBOTO IPOIECY AT MaKCHMAJIBHHX BHTpPAT BOJIH, IO JO3BOJIIO
BUKOPHCTOBYBAaTH E€MIIPHUYHY (YHKIIO PO3IMOJUTY BHUIAJKOBOI BEIMYMHHU IIOAO BHUTPAT
BOJIY JIJIS OIIIHKY PU3UKY BTPAT BiJ MaBOJKIB.

PerpocriektnBHE TporHO3YBaHHS BTpaT Big moBeHedr 1980, 1986, 1998 pp.
3MIACHIOBAIOCS 3@ JIOTIOMOTOK0 KOMOIHOBAaHOTO CHTYAI[lfHO-IHIYKTHBHOTO METOIY
MIPOTHO3HOTO MOJICIIOBAHHS, SKHA € OPHUTiHAJBHOI aBTOPCHKOIO pPo3poOKoro. MeToxa
CTOCY€ThCS TPOTHO3YBAaHHS MMOBEMIHKMA CKIAJHUX JWHAMIYHHUX CHCTEM Ha OCHOBI
pe3ysbTaTiB  MOHITOPUHTY, INPEICTAaBICHHX Y BUIJIAAI 4YacOBUX pAIIB, JaHI SKUX
BiJ10OpaXar0Th CBOJIIOIIIO PE3YIbTYIOUOT (3aICKHOT) 3MIHHOT Ta TOSCHIOI0YO0T (HE3aJICHKHOT)
3MiHHOT (TIPOBiCHHKA). MeTO/1 BUKOPUCTOBYE MOJIEI €KCTPAIOILiHHO-PErpeciifHOro TUITY.
3rifiHO 3 MM METO/IOM 3aBJIaHHS IPOTHO3YBaHHSA BUKOHY€EThCS B JBa eranu. Ha meprmomy
eTami peai3yeTbcsl 3aBIAaHHS PETPOCIIEKTHBHOTO CUTYalifHOTO MOJICNIIOBAaHHS 3 METOI0
OTpUMaHHS HabOpy MPOCTHX perpeciii (CHTyaliifHUX Mojeleil), ToOyAOBaHUX 3a JaHUMHU
BHOIpKOBUX YacoBHX psanaiB. CHTyamiifHi MoIeni BHU3HAIOTBCA aJIeKBaTHHUMH abo
pENeBaHTHUMHY JIMIIE B MEXaxX MEBHUX INPOMIKKIB yacy, BH3HA4eHHX K curyauii. Ha
JpyroMy eTalli Ha OCHOBI Yy3aralbHeHHA (3a JesIKHUM aHcaMOlieM) OTpHUMaHUX
PETPOCIIEKTUBHUX CHUTYAlIMHUX MoJieliell OyayloThCsl 1HIAYKTHBHI MOJEN «piBHIB», SKi
Bi[OOpakat0Th MOBEIIHKY KOHTPOJHOBAHOTO IMMapamMeTpa CHCTeMH abo mpoiecy
(pe3ynbTyr040i 3MIHHOT) MPH KiJIBKOX (DIKCOBAHMX 3HAYCHHSIX MPOBICHUKA B 3aJICKHOCTI Bijl
yacy. [HOYKTHBHI MOJeNl BHUKOPHUCTOBYIOTHCS JUIs €KCTPAINOJSLIHHOIO IPOrHO3YBaHHS
CUTYyAIITHUX MOJIeNiell MaOyTHIX HepioiB (cuTyarriii).

Bcroro Oyno BukoHaHO TpH BapiaHTH MporHo3yBaHHS: (1) 3 ypaxyBaHHSIM JaHHX IOA0
LIOPIYHUX MaKCHMAaJIbHUX BUTpPAT BOAM NMaBoJKiB 3 1954 o 1979 pp. (o moseni 1980 p.);
(2) Te came 3 1954 mo 1985 pik (zo moBeni 1986 poky); (3) Te came 3 1954 mo 1997 pik (1o
noBeHi 1998 poky). ociipkeHHs moKasaio, mo Oyna peajbHa MOKIUBICT TepeadauynuTu
IiITBEpKEH] TPOLIOBI BTpaTH, 3aB/aHi noseHsMu 1986 ta 1998 pokis (BigHOCHI TOXHOKH
porHo3iB 7,2-8,7% 1 6,0-12,8% 3anexHo Bia BapiaHTIB).

KuarouoBi cjoBa: KOMOIHOBaHMH CHTYallifHO-IHIYKTHBHHH METOJ TIPOTHO3HOTO
MOJICTTIOBAHHS; TOBEHi; 30MTKM BiJl TIOBEHi; PU3WK 30WTKiB; MaKCHMallbHi CKUAM BOJM;
MIPOTHO3YBaHHSI; 4aCOBI PsAN

Cmamms naditiuna 0o pedaxyii 03.05.2022 i npuvinama 0o OpyKy niciis peyeH3yeanHs
15.09.2022

Credanummn JImutpo Bosoaumuposny

JOKTOP TEXHIYHHMX HayK, IPOBIIHUI HAyKOBUI CHIBPOOITHUK [HCTUTYTY TenekoMyHIiKamii i
riobaneHOTO iH(pOpMariiHoro mpocropy HAHY

Anpeca po6oya: 03186 Ykpaina, M. Kuis, HokouniBcbkuii Oynbsap, 13

ORCID: https://orcid.org/0000-0002-7620-1613 e-mail: d.v.stefanyshyn@gmail.com

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogoxopucrysanss, Ne 3 (43), 2022



~ 110 ~

YK 004.9

Denys O. Zorin, PhD, Associate Professor of Ecology Institute of Natural Sciences and
Tourism, Department of Ecology, IFNTUOG
ORCID ID: 0000-0002-3519-8171 e-mail: denzor@gmail.com

Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine

ELECTRONIC CARTOGRAPHIC GIS-MODELS
OF THE ENVIRONMENTAL STATE OF THE DNIESTER CANYON

Abstract. The Dniester Canyon is a deep gorge, 100-120-140 m, between the Podil
Upland on the left bank and the Carpathian and Prut-Dniester Uplands on the right
bank. The canyon is famous for its classic geological sections of the Silurian and
Devonian systems, between which there is a gradual transition. There are only four
such incisions in the world: ours, as well as in the Czech Republic, Scotland and the
United States. Great geomorphological attractiveness of the canyon: two Upper
Pleocene supra-canyon and five Quaternary intra-canyon river terraces; caves,
waterfalls, travertine formations, bizarre rocks of physical and chemical
weathering. The rocky flora and fauna are protected by natural monuments,
reserves, regional landscapes and natural national parks. These objects are listed
in the Red and Green Books. Therefore, the Dniester Canyon was chosen as one of
the seven wonders of nature. That is why it is necessary to preserve this national
heritage for present and future generations. To do this, environmental safety systems
are developed by GIS mapping methods.

The electronic cartographic material in geoinformation systems are digital or
vector maps. The Vector maps are created based on the registration of raster
scanned map material or satellite images. Vector layers can be interpolated or
created from thematic maps using databases.

Most often, measuring operations in GIS packages are implemented in the form of
special functions and presented as a separate menu item. Such functions include:
measurement (determination) of point coordinates; measurement of distances
between two specified coordinates (with or without taking into account the three-
dimensional coordinate system); measuring the length of a straight or broken line;
measuring the length of the perimeter of the polygon; measuring the area of the
landfill; measurement of volumes using the surface and cutting plane. Selection
operations help the user to get exactly the information he needs at the moment of
working with GIS. The selection of the necessary part of information from one or
more cartographic databases is carried out using queries.

Keywords: Canyon; Silurian and Devonian system; rock vegetation; GIS mapping
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IBaHO-®paHKIBCHKUH HaI[lOHANBLHUI TEeXHIYHWI yHiBepcuTeT HadTH 1 Traszy, M. IBaHo-
®paHKiBCBHK, YKpaiHa

EJIEKTPOHHI KAPTOI'PA®IYHI I''C-MOJAEJIT
EKOJIOTTYHOI'O CTAHY JJHICTPOBCBKOI'O KAHBMOHY

Anomauin. Kanviion npocraguecs KIACUYHUMU — 2€O0N02IYHUMU  PO3pi3amu
CUTYPIUCLKOT Ma 0eBOHCHLKOI cucmem, MidiC SIKUMU CROCIEPI2AEMbCs NOCMYNOBUU
nepexio.  Bemuxa — ceomopgponociuvna  npugabnausicmv  KaHublUoHy:  08Q
BEPXHLONICOYEHOB] HAOKAHLUOHHI ma n’smo yemeepmuHHUxX
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BHYMPIUHLOKAHBUONHUX PIUKOSUX mepac, neuepu, eodocnaou. [nicmposcokuil
KaHblioH 00panutl 0OHUM i3 ceMu uydec npupoou, momy HeobXiOHo 30epezmu ye
HayioHanvHe HAOOAHHA OAA CYHYACHUX mMa MAtOymuix noxoniHe. Jus yboeo
Ppo3pobaeHi exonoiuno besneuni memoou I'IC-kapmoepaghysanus.

Enexmponnuii kapmoepaghiunuii mamepian 8 2eoiH@opmayitinux cucmemax — ye
yugposi abo eexmopui Kapmu. Bexmopui Kapmu Ccmeopwiomes HA OCHOSI
peecmpayii  pacmpogozo  8i0CKaH08ano20 Kapmozpagiunozo mamepiany uu
CYNYMHUKOBUX 3HIMKI6. Bexmophi wapu moocymv Oymu inmepnonvosaui abo
CMBOPEH] Ha OCHOBI MEeMAMUYHUX KAPM 3 BUKOPUCHAHHAM 0A3 OAHUX.

Haiibinow wacmo eumiprosanvhi onepayii ¢ I'lC-nakemax peanizosani y euensoi
cneyianbHux QYHKYIU | NOOaHi K OKpemull nynkm MeHio. Jlo maxux @yHryii
GIOHOCAMb:  BUMIDIOBAHHA  (8USHAUEHHS) KOOPOUHAM MOUKU; GUMIPIOBAHHS
giocmanell Midic 0860Ma 3A3HAYEHUMU KOOPOUHamamu (3 ypaxyeauuam abo 6e3
VPaxy8anHs, cucmemu mpueUMIpHUX KOOPOUHAM), UMIDIOBAHHS O0BIHCUHU NPAMOT
Yy 1aMaHoi NiHIL; GUMIDIOBAHHS OO0BXCUHU NepuMempa NONIOHA, GUMIDIOGAHHS.
nIOWi NONi2OHA, BUMIDIOBAHHS 00'€Mi6 3 BUKOPUCMAHHAM NO8epXHI 1 CiuHOT
naowunu. Onepayii eubopy odonomazaioms KOPUCIMYBAUY 00EpPIUCAMU came My
iHgopmayiro, sKka HeoOXioHa uomy 6 Oawnutl momenm pooomu 3 I'IC. Bubip
HeoOXiOHOT yacmunu iHopmayii 3 00HI€el uu 0eKinbKoX Kapmoepaghiunux 6a3 Oanux
301UCHIOEMBCSA 3 O0NOMO2010 3aNUMI8.

Knwuosi cnosa: Kawuviion; cunypiliceka ma 0eBOHCbKA CUCMeEMU;, HACKETbHA

pocaunnicms;, I'IC-kapmoepaghysanmsi
DOI: https://doi.org/10.32347/2411-4049.2022.3.110-118

Beryn

Exonoriuna Oe3mexka — 1e icHyruuii ab0 MPOTHO30BaHWI CTaH AOBKIJUISL —
Te0JIOTIYHOTO CepeIOBHUIIA, Te0(i3NIHIX TOJIiB, PENBEPY, TOBEPXHEBOI, IPYHTOBOL
Ta MiA3eMHOI Timpocdepu, atMoc(hepHOro TOBITPs, IPYHTOBOTO Ta POCIWHHOTO
MOKPUBIB, TBAPHHHOTO CBITY, colliocdepu Ta TexHochepH, SIKy CTBOPHIIA JIFOANHA 1
sKa THUCHe Ha Bci momepenHi cdepu. ExonoriuHa Oesleka Mae BiIIOBimaTH
MDKHApOJHUAM CTaHJAapTaM 30€peKeHHS MPHUPOIU Ta OE3MEeKH >KUTTEMISITBHOCTI
HaceneHHs. CKJIaJOBUMU €KOJIOTIYHO1 Oe3MeKHn € OJOKU: CTPATeriyHoi eKOIOTiIHOT
OIIiIHKH, €KOJIOTIYHOTO ayAUTY, BINTUBY TEXHOT€HHUX 00’ €KTiB Ha A0BKULIA (OB/]),
MOHITOPUHTY, MOJEIIOBAHHS Ta MPOTHO3YBAaHHS CTaHY Ta 3MiH HAaBKOJMIIHBOTO
cepenosuiia. Bee 11e 00’eiHy€eThCs B €UHY reorpadiuny iHdopMalliiny cucreMmy
(TIC) [1, 2, 4].

Marepiajiu Ta MeTOAU

Jnist BU3HAUEHHS €KOJIOTO-T€OXiMIYHMX 3aKOHOMIPDHOCTEH Ta €KOJOTIYHOIO CTaHy
TEOJIOTIYHOr0 Ta CYMDKHHMX cepefoBuil JlHicTpoBcbkoi nonuHuM Oyna oOpaHa
MOJIeJIbHA TEPUTOPIs, HA MPHUKIIALI SIKOI MOXKHA BCTAHOBUTH Il 3aKOHOMIPHOCTI Ha
Pi3HI YaCTHHU piuKOBOrO Oaceiny.

Jist BUpilIeHHsST NOCTaBJICHUX 3aBJaHb Ha MOJENBHIM Tepuropii [2, 8, 9, 13]
3aKJIQJICHO MEPEXKY CIOCTEPEKEHb, sIKa OUTBII-MEHII PiBHOMIPHO OXOILUTIOE€ BEChH
nonirod. PobGounit macmrad monwoBux gociimkens 1 : 50 000. Teorpadiumni
KOOpAWHATH TOYOK (TEOEKOJIOTIYHMX MOJITOHIB) BH3Ha4YeHi 3a gomnomoroio [IC
MAP INFO 3 mudposoi kaptu macmtaly 1 : 100 000. Buxonsuu 3 ocobiamuBocTeit
reojoriynoi O0yJa0BH, reoMop(oJIorii, PO3MOBCIOKCHHS IPYHTIB Pi3HMX THIIIB,
na"amadTHOI CTPYKTYPH TEPUTOPIT Ta ICHYIOUMX BUMOT JI0 MaclITady IOCHiKEHb,
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Oyio Bu3HaueHO 136 TreoeKOJOTIYHHWX TONITOHIB — TOYOK CIIOCTEPEkKEHb, e
BigOupanu nmpoOu Ui pi3HKUX aHaui3iB. Toukn oOMpanich TaKUM YHHOM, II00 BOHH
XapaKTepu3yBaliu yci JaHmmadTH, reoMop@ororiuHi €JIeMEHTH Ta TEOJIOTiuHi
CTPYKTYpH, TOOTO Mepeka Te0eKOJIOTIYHIX CIIOCTEPEKEHb BHKIIIOUAE MOKIHBICTh
MPOIYIIEHHS SIKOICh BAaXJIMBOI TE€OEKOJOTIYHOI CMYTH YH IHIIOI CTPYKTYpHOI
OJIMHUILII.

PoszranryBanHST T€0€KOJIOTIYHMX TOIITOHIB U BiIOOpY MpoO 37ifICHIOBAIOCH
piBHOMipHO, uYepe3 0,5-1 kM. OCHOBHMUM BH3HAYaIbHUM YHHHHKOM VIS
«TIPUB'SA3KI» MOJITOHY A0 Ti€l UM iHIIOT TOUKH Ha KapTi i MicieBOCTi OyJia HassBHICTb
na"amadTHAX OJUHULb, TUIIB IPYHTIB, pelbedy, TITOT€HHOT OCHOBH, TOBEPXHEBUX
BOJIOTOKIB i KOHTYpiB IpyHTOBHX BOA [9, 13]. HeobOximHo Oyno oxomuTu yci i
0CO0JIMBOCTI TakK, 100 HA KOKHIM OAMHUII TaHAA(Ty PO3TANIyBaJOCh HE MEHIIE
10-12 reoexomoriuaux momironis [1, 5, 6-8, 10, 12]. 3a momomMorow MapIpyTiB
OyJ10 BUBUEHO O1IBIII-MEHII PIBHOMIPHO BCIO MOJIETTFHY TEPHUTOPIFO J{HICTPOBCHKOTO
KaHbOHY. Jl7s1 0OpOOKM Ta y3aralbHEHHS OTPUMAaHHX JAHHX 3aCTOCOBYBAJIHCH
MaTeMaTHYHI METO/M Ta KOMIT IOTEPHI TEXHOJIOTII.

Pe3yabTaru

Marepiagamu ciayryBajiii 0a3u JaHUX ekoJioriuHoi iHdopmarii (tabn. 1) mo
KO>KHOMY JTOCHIDKYBaHOMY KOMIIOHEHTY MPHUPOJHOTO CEPEIOBHUILA.

Kapra cydacHoi ekosoriuHoi cutyamnii € pe3yabTaToM EKOJOTIYHOTO ayJIuTy
BiaNoBiAHOT TepuTopii. st moOynoBu ii OyJio OLIHEHO EKOJOTIUYHMIA CTaH KOXKHOI
I€0EKOCHUCTEMH IIJISIXOM 1IHTETPOBAHOI OLIHKHY il CKJIaJJOBUX T€OKOMIIOHEHTIB, TOOTO
Teo0JIOTIYHOTO cepeoBHIa, Treomopdochepr, BOIHUX pecypciB, aTMochepHOro
MOBITPsI, IPYHTOBOTO Ta POCIMHHOTO TIOKPHBIB, TBAPHHHOTO CBITY Ta BIUIMBY Ha HUX
texHochepu [6, 7].

Exonoriunuii cran reoexkocucreMn JIHICTPOBCHKOrO KaHbHOHY BH3HA4YECHO
pamwKyBaHHSIM CcyMapHHUX Tmoka3HuKiB 3abpyanenns (CII3) 1pyHTOBOTO Ta
POCIIMHHOTO TIOKPHBIB, arMoc(epHOro MOBITPS 1 IpyHTOBUX BoJ. KokHOMY
€KOJIOTIYHOMY CTaHy BiJIIOBiJla€ TOW YH IHIIMKA KOJIp Ha KapTi Cy4acHOi
eKxoJioriuHoi curyauii. J{s BUSIBIEHHS CIIJIBHUX aHOMAJIbHUX 30H 3a0pyIHEHHS
3aCTOCOBaHI METOJM KOMIT FOTEPHOTO MPO30pPOro HakiajgaHHs (OHOBUX 1
AHOMaJIbHUX BMICTiB 3a0pyIHIOBaJIbHUX peuoBuH (puc. 1-4).

N
V)]

EKONOriyHi ¢

8 0 8 16 24 32km
MacmTad

49° 49°

Puc. 1. HaknamganHs i3001iHi# ()OHOBUX KOHIIEHTPAIlIH XIMIYHAX €IEMEHTIB Y IPyHTaX
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Tabmuus 1 — KinbkicHa OIliHKa TEXHOTEHHOTO HAaBAaHTAXXCHHS Bijl 3a0pyJIHEHHS
Ba)XKHMH METaJlaMU IPYHTOBOT'O IOKPHUBY Y PO3Pi3i F€0SKOIOTIYHUX CMYT

49°

TeoeKomoriumi Bwicr (ToHH) y TPYHTOBOMY TIOKPHBI +/70HepeBI/IH.IeHH5[
omyrn TE0EKOJIOTIYHUX CMYT (%) (1)9H9BPIX
As Cd Pb Cu Zn \Y BMICTiB
I 0,12 0,26 | 1321 | 1,03 2,16 0,13 -0,2
I 0,16 0,22 0,67 0,72 1,14 0,15 -03
I 0,18 0,16 2,43 2,14 4,13 0,17 -0.2
v 0,36 0,42 0,54 0,66 1,32 0,42 -04
\Y 0,12 0,14 0,92 1,24 2,48 0,13 +0,1
VI 0,41 0,63 0,61 1,02 2,01 0,24 -0,2
VII 0,08 0,16 0,88 0,96 1,81 0,09 +0,2
VIII 0,33 0,54 0,36 0,46 0,96 0,66 -03
1X 0,15 0,16 1,42 1,13 2,44 0,31 +0,4
X 0,32 0,66 0,85 0,64 1,29 0,64 -03
Xl 0,16 0,18 1,66 1,44 2,88 0,31 +0,3
Xl 0,22 0,49 0,94 0,72 1,42 0,43 -04
Xl 0,08 0,21 1,24 1,64 3,16 0,16 +0,5
X1V 0,21 0,56 0,67 0,59 1,64 0,42 -01
XV 0,11 0,17 2,41 1,29 2,36 0,22 +0,6
XVI 0,29 0,61 0,67 0,61 1,12 0,34 -03
XVII 0,16 0,21 1,42 1,24 2,19 0,19 +0,3
XVIHI 0,33 0,22 0,54 0,66 0,96 0,29 -0.2
XIX 0,14 0,19 0,84 0,41 3,06 0,16 -03
XX 0,47 0,72 2,22 2,16 8,19 0,54 +1,6
XXI 0,19 0,16 0,36 0,73 2,13 0,22 -01
XXII 0,31 0,84 8,14 | 1243 | 5,64 0,66 +21
XX 0,22 0,29 0,19 0,55 0,86 0,24 -0,3
XXIV 2,66 416 | 11,29 | 7,89 8,77 0,17 +25
Bcboro 6,22 | 12,36 | 42,48 | 38,46 | 6422 | 8,16 -04
8 0 8 16 24 32w
1 1 1 1

MacmTad 26° EkonoriuHi

CTaHn
CIPUATIHBHIT
HOpMaTbHHIT
3a/10BITBHII
HanpyKeHuii
CKJIaAHMI

o 49°

25()

Puc. 2. TIpo3ope HakimagaHHs CyMapHHUX MOKAa3HUKIB 3a0pyAHEHHS IPYHTIB, IPYHTOBHX BOJI,
aTMOC(EpHOTO MOBITPS 1 POCIMHHOCTI J{HICTPOBCHKOTO KaHBIOHY
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: : - KOHTYpH paiioHiB
Sepe»(cht.Kwov'i i a ~———— - KOHTYpH o0acteit
: 25 4 ¢ - Timpomepexa

POraTUHCBKARA LTI : e ) W5 - HaceneHi nyHKTH

- Jricu
Ekonoriyni

2 CTaHu
MYCATUHCLKMIA COPHATIIHBHI
X 0 H(\pME!JTbHHi"I
2 6 3a7I0BITRHHIT
HanpyxeHnH
CKIaHATT

8 0 8 16 24 32km
L1111
Macmrab

CHATUHCLKMIA

Puc. 3. Kapra 3a0pyqHeHHS IPYHTIB, IPYHTOBUX BOJI, aTMOC()EPHOTO MOBITPS 1 POCIUHHOCTI
JIHICTPOBCHKOTO KaHEHOHY

8 0 8 16 24 32km
| N S - —

26’

Kuracu i kareropii sKoCTi OBEPXHEBHX BOJ
amcTi i gocuTs uueri (2-3, 1) ——— nyxe 106pi i 106pi (2-3, 1)

cnabko i nomipuo 3abpyaueni (4-5, I1I) —— 3a/10BLIBHI i nocepeani (4-5, 111)

Opyani (6, 1V) T — norasi (6, IV)

Puc. 4. KapTa cy4acHO1 €KoJIOTiuHOI cuTyarlii.
‘YMOBHI TO3HAaYCHHS A0 pUC. 4 — Ha HACTYTHIN CTOPIHII.
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ExoJ0riYHMi ¢TAH 0CHOBHHX F€OKOMIOHEHTIB 10BKi/1If

Teostoriune ceperosuie

Cyyacni aKTHBHI Teo/lHaMI4HI 30HH CTHCHEHH (a) 1 po3rarnents (0) 3eMuol kopy,

a
¥ 471
0 71OKaIbHI 3BT Ta iHIIIi TIPOSBH HEOTCKTOHIKH
IOy po3siomMu JokeMOpiiicbkoro (yHjaMenTy — 30HH Cy4acHol TeKTOHI4HOT
aKTHBHOCTI, BUSABICHI TCO(DI3HUHUMH MCTOAAMH

BpaxianTHkIinanbi CTpyKTYpHU B [1aJ1€030HCHKOMY HOX!Ti,
1[0 MPOSABIAIOTH CYUaCHY TCKTOHIUHY aKTHBHICTH (32 AaHumu [33)

- . :
\ \ Tlopymentis reomorivoro cepe;ioBHiia IPHPOHIMHI KaPCTOBHMH TPOLECAMI — ILIOLI]
‘<.~ PO3MOBCKUKCHHSA TICUCp Ta MOBEPXHEBHX KAPCTOBUX (hopM

BH100YTKY KOPHCHHX KOTIATHH
I'eomopdocdepa
[Topy1ueHst penbedy TPUPOIHHMH MPOLECAMH — 3CYBAMHU Ta IHIINMH €K30T€OHHAMIYHIMH
SBUIIAMH (CeNAMH, 00BaNaMHU, OCHITHIAMH, cy(o3ielo, epo3iero Ta iH.)
C Menochepa
¢~ = ==233 Cymapui NOKa3HUKH 3a0pyHEHHS (3 — 33 10BIIBHHUI, H — HAIIPYKEHHUI,
€ — CKIaTHHii CKOMOTIYHI CTAHN) TPYHTIB
< O —— Apea pajianiiioro 3aGpyanerns rpynTis (1-2 ku/kr)
liapocdepa
Ipynmosi s00u

‘z l'IopymeHHx TeoNoriyHOro CEpEIOBHILA TEXHOTCHHUMH TPOLIECAMH — kap‘eparvm 3

If[ CymapHi mokasunki 3adpysenns (H - nanpyskermuit, C - cKaHuit €KOTOTivHI CTaHH)

- Atmocdepne moBiTpst
R :)\ - CymapHi nokassuki 3a0pyaHenHs (3 - 3a10BiabHui, H - HanpyxeHwid,
== Q- CKJIa/IHHH CKOJOTIUHI CTaHH)

Pocmnnicts
CymapHi moKa3HUKH 3a0pyTHEHHS 301 JYIHOTO Pi3HOTPAB's (3 - 3a70BITBHHI CKONOTIUHHI CTaH)

Exosoriunmii cTan reoexo0riynux (eKo10ro-1aH1magpTHX)
30H Ta CMYT

CHPUSATIIMBHIE
HOpMAJTbHUI

3a10BITBHHIH
HANPYKCHHH

CKIIaIHHIT

BUOER &

A, b, B — T'eoekomnoriuni 301
I, 1 HI... XXV —T'eoekonoriuni cMyTu

VY pesyibTaTi Ha KapTi Cy4acHOi eKOJOriyHoi cuTyamii (puc. 4) BHIUISIOTHCS
KOHTYpPHU PO3IOBCIOJKEHHSI PI3HUX E€KOJIOTIYHMX CTaHIB, Y3TOKEHI 3 KOHTypaMH
nanamadTHUX MicieBocTtedl Ha nanmmadTHiH kapti. [Ipum 1pomy, Tam, Je
TEXHOT€HHE HaBaHTa)KEHHS HE3HayHE, T€OCKOJIOTIYHI 30HH 1 CMYTH BiAIOBiAalOTh
KOHTypaM Janamadri ta tanamadTHIX MmicueBocteil (nonuna JHicTpa Ta #Horo
JBUX JIOIUIMBIB), a e 3a0pyIHEHHs NepeBUIye (OH 1 CTBOPIOE aHOMAJIi, Tam
T'€OEKOJIOT1YHI 30HHU 1 CMYTH HE CITiBIAIAI0Th 3 JaHIIAPTHOO CTpYKTypoto [IpyT-
JIHiCTPOBCHKOTO MEXHPITHsL.

Honuna JlgicTpa no kanbiony (Big M. ['anmya 1o c. HwkHiBa) B MeXkax 3aIjiaBu
Ta HM3bKuX HamzamnaBHux (I-111) Tepac nepedyBae y HOpMaIbHOMY €KOJIOTTUHOMY
CTaHi, a JCsKi JOJNWHUA JIBUX JOIUIMBIB «HECYTh» 3a0pyJHEHHS i3 CYCIJIHBOTO
[anumpkoro paioHy, e BiadyBaeThes BB bypmtuacekoi TEC [13-17].
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Y Mexax KaHbHOHY MH BHIUTIIIM HOBUH Uil TepuTopii 3axXigHOTO pErioHy
VYkpainu — cpUsTIMBUI €KOJOTIYHUN CTaH, SIKUH BiAPI3HIETHCS Bl HOPMAJIBLHOTO
MIKPOKJIIMAaTOM, BUCOKHM BMICTOM KHCHIO B aTMOC(HEPHOMY IOBITPi, IO CHPUSIE
O37IOPOBJICHHIO HacelleHHs. Jlumie B palioHi M. 3amiIUKA  CIIPUSTIABUH
€KOJIOTIYHHUI CTaH MOpyIIeHUH 3a0py THEHHIM aTMOC(EpPHOTO TMOBITPSI.

VY nmonunax niBux gomnuBiB Juictpa — 3omortoi Jlumm, Kopomus, bapua,
Crpurm, Tymnoi, Cepeta, HiumaBu — eKoNOTiYHUHI CTaH CIPUSTINBAN 1 HOPMAIbHUH,
a Ha TOpPOOTIPHMX XBHWJIACTUX pIBHUHAX, IO PO3AUISIOTH 3a3HAYCHI PIUYKH —
3aJI0BUILHUI €KOJIONIYHUN CTaH.

Y wmexax Ilpyr-/JIHICTpOBCHKOI JaHAMAPTHOI 30HU EKOJOTIYHUN CTaH TEX
3aJIOBUTBHAHN, alle Ha MOT0 T BHIJICHI IUIONI CKJIAJHOTO 1 HANPYXEHOTO CTaHy,
3YMOBJICHOTO HAsBHICTIO TYT aHOMalliii 3a0pyAHEHHsI IPYHTOBOTO i POCIMHHOTO
MOKPUBIB, a TAKOX I'PYHTOBHX BOJ Ta aTMOC(HEPHOTO TOBITPSI.

Ha xapTy cyuyacHOi eKoIoridyHOi CUTYyallii BHHECEHO MOPYIIEHHS T'€0JI0Ti9HOTO
CepeloOBHINA, SK TMPHUPOMAHI (CydacHI aKTHUBHI TeOAMHAMIiYHI 30HM CTHCKAaHHA i
PO3TATHEHHS 3eMHOI KOPH, JIOKAIbHI 3/IBUTH, OpaxiaHTUKIMHAII B I1aT(HOPMOBOMY
4OXJ, sKi OyJM aKTHBI30BaHI B HEOTEH-YETBEPTUHHUN 4Yac 1 SKi MOXYTh
MPOBOKYBATH 3EMJIETPYCH, a TaKOXX PO3BUTOK KAapCTOBHX TWPOIECIiB), TaK i
TEXHOTeHHI (Kap’€pu 3 BHUAOOYTKY KOPHCHHX KOMAIHMH), a TaKOXX MOPYLICHHS
reoMmopdochepu (penbedy) 3cyBamu, o0OBaaMu, CEIIIMH, OCHUITHINIAMH, €PO3IEl0,
cydoszieto Ta iH. [Ipu oMy mopyIIeHHS penbedy B OCHOBHOMY € TIPUPOAHUMHU, ajie
4acTO BOHU MiJICUJICHI FOCIOIAPCHKOIO JisUTBHICTIO JTFOIUHHU.

25

8 0 8 16 24 32km
| W K S S - |

49°

\I1 » Bosoainsni (Mikpitkosi)
- FEOCKOIOrIMHI CMYTH Ta HOMEpA
4 XXT™ JIoAMHHI TCOCKOIONHi CMYTH Ta HOMEpa

B [eockosorimi 30n1

/ Ipoekrui npodii Ta reoeKoI0ri4HI 10AIroHH
0
26

Puc. 5. T'eoexomnoriuni 30HH, T€OEKOJOTIYHI CMYyTH, X HOMEpH Ta po3polieHa aBTOPOM
MIPOEKTHA Mepe)ka MOHITOPHHTY JOBKIJIIS

Ha oxpewmiii Bpi3Li A0 KapTu MOKa3aHi KaTeropii sIKOCTi Ta €KOJOTIYHOTO CTaHy
moBepxHEeBUX Box (puc. 5). CyKymHICTh yCiX BHSABICHHX KOHTYPIB €KOJIOTIUHHX
CTaHIB OCHOBHUX T'€OKOMITOHEHTIB JOBKULISA JIHICTPOBCHKOTO KAaHBHOHY Ta CYMI>KHUX
TEpUTOpiil JO3BONMIIO TPOBECTH T'€OCKOJIOTIUHE parOHYyBaHHS JOCIIHKYBaHOTO
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paiioHy Ha maHmmadTHIH OCHOBI. 3riAHO 3 MaHMMAaGTHUM Ta ¢i3uKo-reorpadivHnM
paiionyBanassM O.M. Mapunnua Ta ILI. llumenka [11], BiH BigHOCHUTBCS 10
€Bporeiicbkoi piBHUHHOI JaHAmAa(THOI KpaiHW, 30HM HIMPOKONUCTSHHX JICiB,
3axigHo-YKpaiHCBKOTO JTaHAMA(THOTO Kpar 3 JIaHAMA(QTHAMH O0JacTSIMH:
Omninscpkoto, 3axigHo-IToainsebkoro i [IpyT-AnicTpoBebkoro [8] (puc. 5).

IIpu reoekonoriunomy paiionyBanHi JI.B. Mimenko [12] 3ampomonyBana
BHIIUIATH T'€OCOKOJIOTIUHI 30HHM, SKi BIMIOBIAAIOTH JaHAmAadTaM, 1 T€0eKOIOTiuHI
CMyru, IO € aHajoramu JaHamadTHUX MicueBocTe. Tomy B Mexax
MoHacTHpHCHKOI Te0eKOIOTi4HOT 30HH (A) MU BUALIIIIM TaKi T€OCKOJIOTIYHI CMYTH:
JuictpoBcbka monunHa (1), [HicrpoBcbka kanbitonna (I), 3omoromunceka (I11),
I'onuapisceka (1V), Kopomnenpka (V), Ozepsuceka (VI), bapumesceka (VII).

BucHoBku

OTxe, KapTa Cy4acHOi €KOJIOTiYHOI CHTYyalii CBIIYUTH MPO Te, IO MPOCTOPOBHM
PO3MOIi TeOCKOJIOTIYHUX 30H 1 CMYT' 3 Pi3HUM EKOJIOTIYHMM CTAaHOM JIO3BOJISIE
pPO3pOOMTH ISl HUX 1HAMBIIyalbHI 3aX0IM 3 ONTHMI3allil Ta MOKPALICHHS CTaHYy
IOBKiWIA. Y Mexax JIHICTpOBCHKOrO KaHBHOHY IIell CTaH HOpPMAaJbHUH Ta
CUPUATINBHMA, 2 HA CyMDKHUX TEPHUTOPIAX BiH 33JOBUIBHUHN 1 JHIIE B OKPEMHX
AHOMAJIBHUX KOHTYpax — HAIIPYKEHUH Ta CKJIAIHUN.
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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 CTAaTTs MOBUHHA MaTU BCTYII, PO3/IJIM OCHOBHOI YaCTHHU Ta BUCHOBKH,
a TaKOX aHOTAI[iI0 1 KJIOYOBI ClIoBa (HE MEHINE IT'ATH) ABOMa MOBaMH (YKPaiHCHKOKO Ta
AHITIHCHKOIO).

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

VYci hopmynu matoth OyTi HaOpaHi B penaktopi MathType.

Imroctparii moBHHHI 00OB'I3KOBO HyMEpYBAaTHCS, MAaTH KHID)KKOBY OpI€HTAIil0 i HE
MOXYTh NEPEBHILYBATH 32 PO3MIpOM 3aJaHy CTODPIiHKY (mapamerpu cTopiHku 17x26 cM
3 moisamu 2,0 cm). [leperik niTepaTypHUX pKepen MepeKsafacThesl aHTITiHChKOK MOBOKO
(abo TpaHCHITEpYETHCS B pOMaHCHKOMY aI(haBiTi) 1 OJAE€THCS BIAIIOBIAHO A0 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux mnyOmikamiii APA  (American Psychological
Association) style 3aranbHuM CIIMCKOM y KiHII CTAaTTi 3@ YEPTOO MOCHIIAHb Y TEKCTI.

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

OO00B'I3KOBO CITiJT HAJATH ENIEKTPOHHY BEepCito cTaTTi B pemakropi Microsoft Word.

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

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

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

EnextponHna Bepcis 30ipHUKa, MpaBmiia oGOpPMIICHHS Ta BUMOTH JI0 CTaTed MiCTATHCS
B [HTepHeTi Ha caidTi http://www.es-journal.in.ua, sikuii cucTeMaTHYHO OHOBIFOETHCSL.

30ipHUK HayKOBHMX Mpallb TakoX NpelcTaBiIeHHi Ha caiTi HamionanbHoi 6i6mioTexu
VYkpainu im. B.I. Bepraacekoro, Ha caifti [HcTHTYTY TenexkomyHikamid i1 rioGaibHOTO
iHpopmaniiinoro mnpocropy HAH Vkpainm http://itgip.org/ y posnimi «BumaBHnua
JISUIBHICTBY» Ta Ha caiTi 0i0miorekn KHiBChKOTro HalllOHAIBHOTO YHIBEPCUTETY Oy IiBHULITBA
i apxitextypu http:/library.knuba.edu.ua/node/883.
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