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3ArAllbHI METOAWYHI ACNEKTU OOCNIOXEHb

DOI: https://doi.org/10.17721/2306-5680.2022.4.1
Y[OK 626.81

Xinb4yeecbkuli B.K.
Kuiecbkuli HauioHanbHUU yHisepcumem imeHi Tapaca LLlegueHka

OCOBNUMBOCTI MNAPOrPA®Ii EBPOMU: PIYKWU, O3EPA, BOOOCXOBULLA

€spona mae 2ycmy eidpoepachiyHy Mepexy, Wo Hanexums nepesaxHo 0o baceliHy AmnaHmMuU4YyHO20 OKeaHy.
lNeeHa yacmuHa pivok CxiOHOI €sponu Hanexums 0o bacelHy 6e3cmiyHo2o Kacnilicbkoeo mopsi-o3epa. Jluwe
Hebazamo pidok Hecymb cg0i 800U 8 mops [ligHiyHo20 JIboOo8umozo okeaHy. Tak, 43 eenuki piyku 3 nnoujero
8000360py noHad 50 muc. K po3modinsgrombcsi HacmyrnHUM YUHOM: a) bacelH Kacnilickkoeo mopsi-o3epa — 9 pidok
(Bonea, Ypan, Kama, Oka, bina, Bamka, Y¢a, Cypa, Mokwa); 6) 6acelH [ligHi4Ho20 JIbodosumozao okeaHy — 3 piuku
(Meuopa, ligHidyHa [eiHa, Me3eHb); 8) b6aceliH llisHidyHOT AmnaHmuku — 9 piyok (PelH, Enbba, Bicna, 3axioHa [eiHa,
Himan, Odpa, Bapma, CeHa, Hapes); 2) baceliH niedeHHoi AmnaHmuku — 6 pidok (Taxo, Jlyapa, Hyepo, eadiaHa,
eadarksisip, MapoHHa); 0) baceliH Ceped3emMHo20 mMops (pasom 3 YopHum ma A308cbkum mMopsimu) — 16 pidok
(Ebpo, Pona, AdyHau, AHinpo, HoH, AHicmep, HecHa, Cigepcbkuli JoHeub, Xonep, Tuca, Casa, KybaHb, liedeHHuUl
Bye, lMpum’ams, Mo, Mapuys); e) ceped ubo20 nepeniky 8enukux 8000MokKie — 8 piyoK NMoe’a3aHo 3 mepumopieto
YKkpaiHu. Baxnueor ocobnusicmio pidok €eporiu € ixHsa mpaHCcKopOOHHIcmb. Ceped enuKux PidoK 3 mnraoujero
8000360py rnoHad 50 muc. KM mpaHCcKOPOOHHI piuku cmaHoensimb 51 %.

B €sponi Haniuyembcss 6nusbko 16 muc. o3ep, siki Maromb oWy rnoeepxHi, wo nepesuwye 1,0 KM, Tpu
ysepmi geslukux 03ep poamawosaHi y Hopeeeii, LLiseuii, @iHnsHOIi ma Kapeno-Konbcbkili YacmuHi Pocii i matomb
JTIbOO0BUKOBO-MEKIMOHIYHE MOXOOKEHHS.

B €sponi cmeopeHo b6nusbko 7000 senukux sodocxosuly, i3 cymapHoro nnoweto noHad 100 muc. KM?, 3 SIKUX
50% cmaHosumeb nnowa eodocxosuw esporieticbkoi yacmuHu Pocii. Ceped 13 egponelicbkux 8000CxX08UL, M1/10WEH0
roHad 1000 km* decsimok 3Haxodumscsi 8 Pocii, dea (KpemeHyyubke i Kaxoecbke) — 8 YkpaiHi, 00He (Eliccenmep) — 8
HidepnaHdax. Halibinbwe sodocxosuuy, 8 IcnaHii (briusbko 1200) ma Ykpairi (651. 1050).

Knrouoesi cniosa: cidpoepadpisi, pidyku, o3epa, sodocxosuwa, €spona.

BcTyn. YkpaiHOO npoxoguTb YacTuHa [ONoBHOrO €BPONENCHLKOro BoaoAiny. onosHuin
€BpONEncbKUin BOAOAIN - NiHifA, Wo Bigokpemnoe bacelHn pivok, ski BnagaoTb B ATNAHTUYHUIA
OKeaH i Mopsl NiBHIYHOT ATNaHTKKK, Big TUX, Wo XmnBnate CepepnsemHe, AgpiatnyHe ta YopHe
mops. BiH npocTtaraetbea Big lNipeHencekoro nisoctpoa B lNbpanTapi Ha niBAeHHOMY 3axogi
yepes BClo €Bpony Ao 6e3cTiyHoro 6acernHy Kacniicbkoro Mopsi-o3epa Ha niBHIYHOMY CXOf;.

BiaTnHOK ATNaHTMYHO-YOPHOMOPCBLKOrO BOAOAINY MNPOXOAMTb TpbOMa obGnacTaMu Ha
3axofi Ykpainu. Y 3akapnatcbkin obnacTi BiH MPOXOAWUTb MIHIED AEepXXaBHOMO KOPAOHY MiX
Monbleto Ta YkpaiHow, gani JlbBiBCbKOW i BonuHCcbkow obrnactamu (nogindtoum 6acenHu
3axigHoro byry Ta lNpun'ati 3 Buxogom Ha LWWaubki o3epa i gani Ha binopyck). NepeBaxHa
GinbLWicTb pivyoK YKpaiHnm Hece cBoi Boan B YopHe Ta A3oBCbke mops, npudomy 70 % cTOKy
dopMyeTbCS 3a Mexamu KpaiHu. 13 TepuTopii 65M3bko 2,5 % YkpaiHu, cTik piyok 6acenny Bicnn
yepes NMonbLy cnpsimoBaHo B banTiicbke mope (p. 3axigHuin byr, p. Can) [4, 7].

Takum 4YmMHOM, TepuTopia YKpalHM [OTMYHa A0 CKhagHoi rigporpadii €Bponencbkoro
KOHTUHEHTY, OCHOBHOK OCOBNUBICTIO AKOT € TPAHCKOPAOHHICTb PiYKOBUX BacenHiB.

AHani3 BUKOHaHuX paHiwe pocnimxeHb. OKpiM AoCnigpKeHb, NPUCBAYEHUX rigporpadii
OKpeMMX KpaiH, B €Bponi BuMAaAHO [OesKi y3aranbHIOK4i npaui 3 XapaKTepUCTUKOK BOOHMX
006’eKTiB KOHTUHEHTY. 3okpema, B 2021 p. BUNLLINO Aapyre BUOAaHHSA MoHorpadii «Pivku €sponuny»
3a pepakuieto Tockner K., Zarfl C., Robinson C. [12], B akii HaBefeHO rigponoriyHi Ta 6ionoriyHi
xapaktepuctnkm noHag 180 Hanmbinbwmx pivok €sponn. OO6paHi BOOOTOKM BKMAKOYalOThb
HaMbINbLW pivkM Ta Ti, WO 3HAYHO MOCTpaxdanwu Big AisnbHOCTI noguHu. MNMpaus cnpsiMoBaHa
rigponoram Ta ekosioram Ans BUKOPUCTAHHA B yNpaBMiHHI BOOHMMW pecypcamMu Ta AOCATHEHHI
uinen BopgHoi pamkoBoi aupektmeun €C. Y 2012 p. 6yno BuaaHo «EHUmknonegito osep i
BoAocxoBuL» (3a penakuieto Bengtsson L., Herschy R.W., Fairbridge R.W.), B sikin y cBiTOBOMY
KOHTEKCTi MpuAaineHo yeary o3depam i Bogocxosuwam €sponu [3]. Buxoaste cneuianisoBaHi
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npadi, 3okpema nyb6nikauis D. Markovinovi¢ Ta iH., NpucBsAYeHa HasIBHOCTI Ta OOCTYMHOCTI
NpocTopoBMX AaHuX 3 rigporpadii Ta rigporeonorii B €Bponi yepe3 cuctemy INSPIRE [10].
lNgporpadhivyHi Ta rigporeonoriyHi gaHi MICTATb NPOCTOPOBI MPUB'A3KM Ta € YaCTUHOI
iHpaCTPYKTypM NPOCTOPOBUX AaHUX. Ha eBponencbkoMy piBHI AaHi € YaCTUHOK €BPONENCHKOI
iHpacTPyKTypu NPpOCTOpoBMX AaHuX, Bigomoi sk INSPIRE. 3aBaaHHs Uiei cuctemm — 3pobunTu
3aranbHi NPOCTOPOBI AaHi AOCTYMHUMMW AN LMPOKOro Kora KOpUCTyBadiB MNpOCTUM Ta
edeKkTUBHMM cnocobom.

Mema 0OaHozo docnidxXeHHsI — OXapakTepuayBaTu rigporpadiyHi ocobnueocTi TepuTopii
cyxogony €Bponu 3a OCHOBHUMUW BOAHUMM 06’ekTamm (pivkM, 03epa BOAOCXOBULLA) Ta OLHUTK
ponb BOoAHMX 06’€KTIB YKpaiHW sk CKNagoBOoi YacTuHM rigporpadii EBPONENCbKOro KOHTUHEHTY.

Mamepianu ma memodu OocnidxeHHs. BukopuctaHo martepianu 3 odQilinHOro cawnTty
€BpONENCcbKOro areHTCTBa 3 HaBKONULWHLOIO cepegoBuwia [1, 2], perictpa MiKHapogHMX
piukoBux GacewnHis €sponu [13], gaHi 3 nnatgopmu WorldAtlas [8, 9], iHdopmauia 3 iHWNX
Dxepen [6, 14, 15].

Buknag ocHOBHOro marepiany

1. Piukn
Ha Tteputopii €Bponu HasBHI YncneHHi Bogo3bopu pidok (puc. 1).
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Puc. 1. TonoBHMI eBponenMCbKM BOAOAIN Ta piukoBi 6aceriHn €Bponu
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PiukoBi ©acelHn nepeBaHO € BIQHOCHO ManumK (KpiM TepuTopii CXigHOI YacTUMHM
€Bponu), a cami piukn - KOPOTKUMK. BapTo 3a3HaunTk, WO B nNiTepaTypi He 3yCTpivaloTbCs OaHi
Npo 3aranbHy KiNbKICTb piYOK Ha TepuTopii €Bponu.

Ha 3emni B mopsa Bnagae 34 pivyku gosxumHoto noHag 2000 km. B €Bponi Takux pivok
yoTupu. B T1abn. 1 HaBegeHO AaHi nNpo HambGinbwi pivkM €Bponn, nnowa 6acerHy SKux
nepesuLye 50 Tuc. km2. Ix HapaxoByeTbes 43, cepeq Akux 8 — NoB’sA3aHi 3 TepuTopieto YkpaiHu.
[yHan npoTikae TepuTtopieto 10 kpaiH, a we 9 — npu4eTHi 4O Noro BacemnHy.

Tabnuus 1. Hanposuwi piukn €Bponu (nnowa 6acenHy asknx nepesuwye 50 Tuc. KM2)

DoBxuHa Mnowa Cepenus KpaiHa, sikoto npoTikae
Ne Piuka Kynn Bnapae ’ | GacewnHy, | BuTpara, T
KM 2 3 piyKa
TUC. KM m/c
1 2 3 4 5 6 7
1 | Bonra Kacnincbke mope- 3530 1360 8060 Pocis
03epo
2 | Oywan YopHe Mope 2840 817 6700 HimeyuunHa, ABcTpis,
CnoBa44uHa, YropLimHa,
Xopsaris, Cepbis,
PymyHis, Bonrapis,
MonpgoBa, YkpaiHa
3 | Ypan Kacnincbke mope- 2428 231 400 Pociqa, KazaxctaH
03epo
4 | Owinpo YopHe mope 2201 504 1670 Pocisi, Binopyce, YkpaiHa
5 | OoH A3soBcbke mope 1870 422 680 Pocisa
6 | Neyopa BapeHuoBe mope, 1809 322 4380 Pocis
7 | Kama Bonra 1805 507 4100 Pocis
8 | MiBHiyHa [OBiHa- bine mope 1803 357 3490 Pocisa
Buyerpa
9 | Oka Bonra 1500. 245 1258 Pocis
10 | bina Kama 1430 142 950 Pocis
11 | OHictep YopHe mope 1362 72 310 Ykpaina, MongoBa
12 | BaTtka Kama 1314 129 890 Pocis
13 | PeitH MigHiuHe Mope 1233 185 2315 UWeenuapis, JTixTeHWwTenH,
ABcTpis, HimevunHa,
dpaHuiqa, Higepnangm
14 | [decHa p. OHinpo 1130 88,9 360 Pocisi, YkpaiHa
15 | Enbba/llaba MiBHiYHe Mope 1094 148 861 Yexig, HimeuunHa
16 | CiBepcbkun [oH 1053 99 190 YkpaiHa, Pocis
[oHeub
17 | Bicna banTiicbke mope 1047 194 1090 MonbLa
18 | 3axigHa [OgiHa/ BanTilicbke Mope 1020 88 678 Pocisi, Binopycs, JlaTsis
[ayraBa
19 | Taxo/Texy ATRNaHTUYHWUIA KeaH 1077 81 1670 Icnanis, MopTtyranis
20 | Nyapa ATnaHTU4HMM 1006 117 835 DdpaHuia
oKeaH
21 | Xonep p. [oH 980 61,1 150 Pocis
22 | MeseHb bapeHuoBe mope 966 78 866 Pocia
23 | Tuca p. OyHaii 962 157 800 YkpaiHa, PymyHis,
YropuwuHa, CnoBavuinHa,
Cepbis
24 | HimaH/HamyHac banTiicbke mope 937 98 678 binopycis, Jlutea, Pocis
25 | E6po CepefsemHe mope 930 86 618 Icnanisa
26 | Yda p. Bina 918 53 388 Pocis
27 | Casa p. OyHan 900 96 1722 CnoseHis, Xopsaris,
BocHis i MepuerosuHa,
Cepbis
28 | Oyepo/Oopy ATNaHTUYHUI 897 97 675 Icnania, MopTyranis
oKeaH
29 | Ky6aHb A30BCbKe Mope 870 58 425 Pocis
30 | Omep/Onpa ATNaHTUYHUN 854 119 480 Yexig, MNonbLa,
oKeaH HimeuunHa
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lNpodoexeHHss mabi. 1

1 2 3 4 5 6 7

31 | Cypa p. Bonra 841 67,5 260 Pocis

32 | 'BapgiaHa ATNaHTUYHUN 818 68 80 Icnanis, MopTyranis
oKeaH

33 | PoHa CepepnsemHe mope 812 96 1710 LLiseruapis, ®paHuis

34 | Baprta p. Ogpa 808 54 215 Monbwa

35 | NisgeHHwn byr YopHe mope 806 64 108 YKkpaiHa

36 | MNpur'aTte [OHinpo 775 114 450 Ykpaina, binopycb

37 | CeHa npoTtoka Jla-MaHL 775 79 560 ®dpaHuid

38 | MBapanksisip ATnaHTU4HWUIA 657 57 164 IcnaHis
oKeaH

39 | Mokuwa p. Oka 656 51 95 Pocis

40 | Mo AppiaTnyHe mope 652 75 1460 ITanis

41 | MapoHHa ATRaHTUYHUN 647 56 650 OpaHuis, Icnanis
oKeaH

42 | Mapuusi/EBpoc Ereicbke mope 525 54000 200 Bonrapis, peuis,

TypeudnHa
43 | Hapes p. Bicna 484 75,2 320 Binopycs, MNonbLa

MoHag 70 pivok €Bponu MatoTb MroLly Boao3bopy, o nepesulye 10 Tvc. km?. Jlnwe
piykn, Wwo 6epyTb NoyaTok rMMbOKO BCepenuHi KOHTUHEHTY, MalTb BiAHOCHO BEMWKI PO3MipMW.
€Bponericbka piBHUMHaA MNpopi3aHa 6araTbMa BaxnMBMMK piykamu, Takumu sk Jlyapa, PeinH Ta
Bicna Ha 3axogi (LeHTpanbHo-CepeagHboeBponenicbka piBHuMHA); MiBHiYHA [BiHa Ta 3axigHa
[OeiHa (Jayraea), Wwo Te4yyTb Ha niBHiY y CxigHin €sponi; Bonra, JoH i [HiNpo, Wwo TedyTb Ha
nisoeHb No CxigHOEBPONENChKI PiBHUHI (EBponencbka YacTuHa Pocii Ta YkpaiHa).

Tpwu HangoBLwi pivyku €sponu - Bonra, OQyHan Ta [OHINpo OpeHyTb YBEPTb KOHTUHEHTY.
OpHak 3a CBiTOBMMM MipKamMu BOHU BiZHOCHO HEBENWUKI; iXHi BOg036opu 3anmatotb 14-e, 29-e Ta
48-e micLga Yy CBITOBOMY PEUTUHTY.

AKWo po3rnaaaTy pivkm 3a BOOOHOCHICTIO, To Bonra i [lyHan 36epiratoTe CBOI no3udii, a
Ha 3-e micue BnxoguTb p. Nevopa, Ha 4-e — [MiBHi4uHa OBiHa i T. 4.(Tabn. 2).

Tabrnuys 2. PaHXXyBaHHA pivok EBpONu 3a BOAOHOCHICTIO

Ne Piuka BuTRaTa, | No Piuka BUTRATA, | Ne Piuka Butpara,
1 | Bonra 8060 11 Mo 1460 21 3axigHa [BiHa 678
2 | OyHan 6700 12 | Oka 1258 22 | HimaH 678
3 | MNeyopa 4380 13 | Bicna 1090 23 | Oyepo 675
4 | Kama 4100 14 | bina 950 24 ["apoHHa 650
5 | MNiBHiyHa [BiHa 3490 15 | MeseHb 866 25 EGpo 618
6 | Heea 2490 16 | Enbba 861 26 | CeHna 560
7 | PeiH 2315 17 | Jlyapa 835 27 | Taxo 500
8 | CaBa 1722 18 | Tuca 800 28 Ogep 480
9 | PoHa 1710 19 | Nomma 709 29 Mpun’atb 450

10 | OHinpo 1670 20 | HoH 680 30 Ky6aHb 425

[Hinpo 3anmae: 4-e Mmicue ceped pidok €Bponu — a) 3a OO0BXWHOW; 0) 3a nnoLweto
H6acenHy; 10-e micLe — 3a BOOOHOCHICTIO (auB. Tabn. 1, 2).

HanbinbLui piuku €ponu, Bogo3bipHi 6aceitHn skux nepeBuLLyoTb 50 TUC. KM2, OpeHyoTh
NPUBNM3HO OBi TPETUHN KOHTUHEHTY i BKIOYAOTh PiYKK, LLUO:

- BnagawoTb Ha cxig — y Kacnincbke mope-o3epo (Bonra, Ypan ta Kypa);

- BnagawTb Ha niBHi4 — y bapeHuose Ta bine mopsa (MMiBHiyHa [BiHa, [levopa), y
BanTiicbke mope (Heea, Bicna, Ogpa, HimaR);

- BnagatTb B ATnaHTM4HUI okeaH Ta [MiBHiYHe mope (PenH, Ensba, Jlyapa, [lyepo Ta iH.).

- BnNagawTb Ha niBgeHb — y YopHe mope (dyHawn, OHinpo, OHictep, MNiBoeHHun byr) Ta
A3zoBcbke Mope ([oH);

- BNagarTb Ha niBgeHb — y CepepnsemHe mope (Pona, EGpo, o).
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BapTo Big3HaunTh icHytO4y CYTTEBY Pi3HULIO B Knacudikauisix pidok 3a nnowleto bacernHy
Mk BogHum kogekcom YkpaiHu (BKY) Ta BogHoi pamKkoBOK AMPEKTMBOK E€BPOMNENCHKOro
Cotosy (BPL €C). Knacudikauis BP €C BUpi3HAETLCA CYyTTEBO MEHLUMMWU rpagauismMum nnoLy
BOA0300piB, HiX NpunHaTO y BKY.

Piukv 3a nnowueto 6aceiiHy y Boaniit pamkosiit anpektvsi €C (km?):
mani - 10-100; cepegHi — 100—1000; Benuki — 1000—10 000; gyxe senuki > 10 000.

KnacudikaLis pidok 3a nnoueto 6aceiHy y BoaHomy koaekci Ykpainu (km?):

Mani < 2000; cepeaHi — 2000-50 000; Benuki > 50 000.

€Bpona Mae TrycTy rigporpadidyHy Mepexy, WO HanexuTb MnepeBaxHo 6bacenHy
ATnaHTu4yHOro okeady. [leBHa 4acTuHa pidok CxigHoi €Bponn HanexuTb [0 6GacenHy
bescTiyHoro Kacnivicbkoro Mmopsi-o3epa. Jlvwe HebGaraTo pivOoK HecyTb CBOi BOgM B MOpS
MiBHiYHOrO JIbogoBMTOrO OKeaHy. Mpu 3Ha4HIN BogHOCTI pivkK lNiBHIYHOI, 3axigHoi Ta NiBaeHHOI
€Bponn BMPI3HAIOTLCA HEBEMMKOI OOBXMHOW Ta nnowieto 6acenHy. Lle nos’sisaaHo 3 BiAHOCHO
Manow nnowet Teputopili €Bponn, i CUNTbHOK FOPU3OHTANbHOK PO3YNIEHOBAHICTIO | YacTuM
YepryBaHHAM Tip i PiBHUH. Y OiNblIOCTI BENUKNX i CepedHiX pivoK nopsag 3 AindHkamu pycna,
pO3TalLOBAaHUMM Ha PIBHUHAX, € QiNsHKK, WO APeHYTb ropu. CknagHicTb Mopdonorii piykoBnx
BacelHiB JONOBHIOETLCS CTPOKATICTIO KMNiMaTUYHUX YMOB, PEXUMY KUBJIEHHS Ta CTOKY.

Ha npoctopax CxigHo-EBpoOnencbkoi PpiBHMHM PiYKA  OTPUMYIOTb MOXIMBICTL  AJIS
pO3BUTKY BOOO036GipHOI nrowi Ta pycrnoBoi Mepexi. ToMy cepen Hambinblmnx pidok €sponu,
nnowwa baceiiny akux nepesuLlye 50 Tuc. kM?, piukn CxigHoi €Bponun cTaHoBNATL noHag 60 %.

Y reorpagiyHoMy po3nogifii TUNiB pivoK 3a mXXepenamu XUBSEeHHsS BUABNAETLCA 30HaNbHa
3aKOHOMIpHICTb. 3aranom 3 niBHOYI Ha NiBAeHb €BPONN Y XMBMEHHI PiYOK 3MEHLLYETBCA YacTka
Tanunx BOA NbOAOBUMKIB Ta CHIriB Ta 30iNbLIYETLCA pOSb AOLLOBMX BOA. A€ Y rpCbKMX panoHax
LS 3aKOHOMIPHICTb nopywyeTbca. HagiTb Ha niBaHi €Bponn y 3B'sI3KYy 3 HAKOMWYEHHAM Yy
HiBarlbHOMY MOSACI CHiry Tani BoAW HaBECHi € OoAaTKOBUM, a AN OesKUX PIYOK i CYyTTEBUM
DKeperioMm XUBMNeHHS. Y LibOMy NPOSBNAETLCA BEPTUKANbHa NOSICHICTb CTOKY.

Piuku nbodoeukoeo20 xuerneHHs nowmpeHi Ha LUniubepreHi, y MiBaeHHin lcnangii Ta y
HamBMLWMX paroHax CkaHAMHaBCbKMX rip Ta Anbn. 3aranbHO OCOBNMUBICTIO PIYOK LLbOro TUMNY €
NPUYPOYEHICTb X OCHOBHOINO CTOKY OO Mepiogy McoBMX TemnepaTtyp, WO 3yMOBIIOKTb
TaHEHHS NbOAOBUKIB. 3 LIET NPMYMHM Ha BCiX pivykax 3 OCHOBHUM SIbOAOBUKOBUM XUBFIEHHAM MiK
BUTPaATW BOOU Npunagae Ha nuneHb — cepreHb. Banmky X BCTAHOBMOTLCA Ay>Ke HU3bKI PiBHI,
a B OKpeMux Bunagkax CTiK NpunuHAeTbea 30BciM. Ha Anbnincekux pidkax LUsewnuapii mogyni
CTOKY Y JUMHi - CeprHi - BepecHi nepeBuLLytoTb 250 n/c Ha 1 kKM%, a B nepiof 3 rpyaHs A0 KBIiTHS
BOHM NagaloTb A0 Kinbkox n/c.

Piuku 3 dowj08UM XUBMEHHSIM, WO 8UPI3HAIOMbLCS 8€/1UKOI0 80OHICMIO MPOMS20M YCb020
POKY, XapaKTepHi ONnd MOMIPHOr0 MOPCBLKOro KniMaTy 3 BeSiIMKOK KinbKiCTio onafis Ta ix
PiBHOMIpHMM po3noginom no ce3oHax. OcobnuBo GaraToBOAHI BOHM B3WMKY, KONMW 4Yepes
HU3bKY, ane [JoAaTHI TemnepaTtypy noBiTPA BUTPaATM BOAM Ha BUMNAPOBYBAHHA HE3HAYHI.
Hesknin cnag BuTpaT BOAM BHacnigok 36inblUeHHS BUNApoOBYBaHHSA NPUYPOYEHUI OO NiTHLOro
ce3oHy. [lo uboro Tvny Hanexatb pidkM BpuTaHCbKMX OCTPOBIB, PIBHMHHOI Ta HWU3bKOFIPHOI
®paHuii, 3axigHux TepuTopin CepegHbOEBPONENCLKOI PIBHUHM aX OO0 HM30BUH Enbbu Ta
KOTnaHgcbkoro niBoctpoBa Ha cxofi, CeBepH, Tem3a, Comma, LapaHTa, piBHUHHI AiNSHKK Teuil
Jlyapun, CeHun, PenHy. BinblicTb pivoK LUbOro Tuny Teye B fobpe po3pobneHnx MeaHapyrumx
OONIMHAX, Ma€e He3HauYHi yXunu pycna, posranyxeHy Mepexy nputok. baratoBoAHICTb pivyok Ta
Teputopii Npyv HEeBENWKin BUCOTI BOAOAINIB Crpuse 3'€AHAHHIO PIYOK pi3HMX 6acenHis
CyoHOMNaBHMMK KaHanamu. Y ripCbKnx panoHax 3 NOMipHUM MOPCLKUM KMiMaToOM PEXUM PidvoK
Jelo YCKNagHIETbCA 3a pPaxyHOK A0OAaTKOBOro HaAXOMKEHHS HaBECHi Tanux CHIroBUX 4n
NbOJOBMKOBUX BOL Ta KOPOTKOYACHNX NaBOAKIB.

Piyku, wo marwomb 8 OCHOBHOMY OOWI08E XXUBIEHHS, al/leé 4acmKoeo | CHizose, 3
MakKCcUMyMOM CMOKY HaB8eCHi ma MIHIMyMOM HarpukiHUi fiima — Ha No4YaTKy OCeHi, TMnoBi Ans
panoHiB 3 MOMIPHMM MepexigHMM KniMaToOM Bi MOPCBLKOro A0 KOHTUHEHTanbHOro. Pexum
aTtMocepHUX onagiB y UMX panoHax MeHLU PiIBHOMIPHUW, 9K i B pariOHax MOPCLKOro KrimMary,
yHacrnigok 4oro BOAHICTb PiMOK Ma€ YiTKO BUpPaXKeHy CEe30HHICTb. BECHAHUI MakCMMyM CTOKY Ha
UMX pidKax MOB'A3aHUN i3 TaHEHHAM CHIriB Ta BeCHsHMMM fgowamu. Bnitky Garato Bogu
BUTPAYaETbCH HA BUNAPOBYBaAHHSA. 3a3Ha4YeHUA TUM PIYOK NOLIMPEHU Ha niBaHI PeHHocKaHAil,
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cxoni CepeoHbOEBPOMNENCHKOI PiIBHUHU, | HABITb Ha NpuayHaANCLKNX piBHUHAX. |3 BENUKUX PivOK
00 Hboro BigHocaTbea Ofgpa, Bicna, niei nputokun [yHato.

Piyku 3 4imko supaxeHUM pieHeM 800U y 3UMOB0-8ECHSHUU rnepiod i mak camo 4Yimko
BUPAXEHOK HU3BbKOKO MEXeK 6M1imKy i 68 nepuwil rosio8UHi OCEHi, KON BOHW XMBRASATbLCA
FOSIOBHUM YMHOM 3a paxyHOK Mig3eMHOro CTOKy, BfacTuBi panoHam i3 CcyOoTponiYHUM
cepeas3eMHOMOPCBKMM KiiimaToM. ButpaTtn Bogu BRiTKY Y HUX Y Kiflbka OECATKIB pasiB MeHLui,
H>X Y3MMKY. HeBenuki pidkn BRiTKy nepecuxatoTb abo Ayxe MinitoTb. Y MeHLWi i mipi 4o cnagy
PiBHS CXWUNbHI BeNUKi pivkn CepeaseMHOMOP's, WO MOYNHAIOTLCA B ropax, Ae BiTKY IpyHTOBeE
XXUBJIEHHA OOMOBHIOETLCS AOLWOBUM 3a paxyHOK oporpadiivyHmx onagiB. HaBecHi y XXUBREHHi Lnx
pivoK BepyTb ydacTb TaKoX Tani BOAW MPCbKMX CHIriB. 3 BENMKUX PiYOK OO0 3a3HA4YeHOro Tuny
BigHocaTbest EOpo, dyepo, Taxo, MBagankeisip, MBagiaHa, Tubp, OpuH.

Piyku MiwiaHo20 XUBJIEHHSIM 3 [1epesazor0 CHi208020 3 PIi3KO BUPAKEHOK BECHSAHOH
MOBIHHIO | HW3bKOK MaroBOOHOK MEXEHHIO (CXiAHOEBPOMEWCbknin Tun). BecHsHa noBiHb
noB'A3aHa 3 TaHeHHsIM CHiry. BniTky Ta B3WMKy BMpa)keHi MeXeHHi piBHi. [1o uboro tuny piyvok
Hanexatb pivykn CXigHOEBPOMEWCbKOI piBHUHW. Hanpuknag y p. Bomra: cHiroBe >XMBMEHHS -
60 % cToky, rpyHToBe - 30 %, gowose - 10 %. Ons p. [Hinpo: a) y BepxiB'i: CHIroBe XUBNEHHS -
50 % cToKy, rpyHToBe - 30 %, gouwoBe - 20 %; 6) y NOHU33i (CTENOBa 30HA): CHIrOBE XUBMEHHS
— 85-90 % cToky, rpyHTOBE — 10-15 %, AowoBe — Mamxe BiACYTHE.

2. O3epa

Barato eBponencbkux o3ep yteopunucs 10-15 Tuc. pokis Tomy, chopMyBaBLUUCH Mig Yac
OCTaHHbOro NbOAOBUKOBOroO nepiogy. JIbOAOBUI WMT NOKPUBAB yCto NiBHiYHY €Bpony. OgHak y
LeHTparnbHil Ta NiBAEHHIN YacTUHI €Bponn NbOgOBUK OOXOAMB NLLIE A0 ripCbkux XpebTis. Tomy
0Ccob6nMBO BNMMB NbOAOBMKA BigYynvM pamoHW, O HWHI MatoTb BENWUKY KiNbKICTb NPUPOSHUX
o3ep. Hanpuknag, Hopseris, WBeuisa, ®iHnaHaia Ta Kapeno-Konbcbka yactuHa Pocii matoTb
YMCINEHHI 03epa, YacTKa NnoLi AKnx ctaHoBuUTb A0 5-10 % ix HauioHanbHOI TepuTopii. Benvka
KinbKicTb 03ep Oyna yTBOpeHa i B iHWKUX KpaiHax HaBkomno banTicbkoro mMopsi, a Takox B
Icnanail, IpnaHgii, niBHiYHIA Ta 3axigHin YacTuHax Benukoi BputaHil.

Y UeHTpanbHin YacTMHi €Bponu BinbLICTb NPUPOAHNX O3€ep 3HAXOOAUTLCS Y TPCbKUX
panoHax. O3epa Ha BENWKIN BUCOTI BIAHOCHO HEBENWKi, ToAi AK Yy OONMHAX BOHM OGinbui,
Hanpuknag, »XeHescbke, boaeHcbke, apaa, Komo Ta Mamxkope B Anbnax, a Takox o3epa
MNpecna Ta Oxpuacbke 03epo B AuHapcbkmx Anbnax. [1Ba BMHATKM CTaHOBMATb BENUKI 03epa,
LLO NexaTb Ha YropcbKin HM30BKWHI, - BanaTtoH Ta Honsignep.

€Bponencbki KpaiHu, TepuTopis SKMX Nvwe 4YacTKOBO Migganacd BnAuBY 3MneOeHiHHS
(MopTtyranis, Icnanisa, ®paHuia, benbria, niBgeHb AHMIT, UeHTpanbHa HimeuunHa, Yexis,
CrnoBa4uynHa Ta uUeHTpanbHa eBponencbka YactuHa Pocii) He MaloTb Takol KiMbKiCTIO BEMKUX
NPUPOAHNX 03ep. Y LMX panoHax LUTYYHI 03epa, Taki ik BOAOCXOBULLA Ta CTaBW, 3yCTpivaloTbCS
yacrTiwe, HiX NpupoaHi osepa.

Y 1abn. 3 HaBeaeHO CNMCOK 3 27 €BPONENCHKUX NPUPOAHMX 03ep, NIoLwa NoBEpPXHi AKNX
nepesuLLye 500 km?.

Oszepa €Bponu MalTb Pi3HOMaHITHE MOXOAKEHHS: NbOJOBUKOBE, TEKTOHIYHE,
NbOAOBMKOBO-TEKTOHIYHE, BYIKaHiYHe, KAapCTOBe, 3araTHe, 3anfaBHe.

JI60808UKOBO-MEKMOHIYHI 03€pa — 03€pPHi YNIOTOBUHWN YTBOPEHI TEKTOHIYHUMU TPILLMHAMM
HeoreH-aHTPOMNOreHoBOro 4acy i 06pobneHi 4aBHIM NbOAOBUKOM, MalOTb HENpPaBUibHI KOHTYpU
Ta 3HauyHi rMmMbnHn. [1o Takoro TuNy HanexaTtb HanbinbLi o3epa €sponu: Jlagosbke Ta OHesbke,
BeHepH, BeTttepH, MenapeH, Canmaa, lNansHHe.

3aczamHi MOpeHHi 03epa - 3yCcTpivalTbCa Yy BUMMAAI CKynyeHb B Mexax banTtincbkoi
03epHOi rpaau.

JIbodosukosi 03epa - ocobnmeo xapaktepHi Ana Anbn. KOTNoBMHU BCECBITHLO BigOMUX
anbnivicbknx o3ep (PKeHeBcbke, bopgeHcbke, Lltopixcbke) 3aknaganucd B TEKTOHIYHUX
3anaguMHax HanpukiHui HeoreHy, a noTim 6ynn o6pobneHi Ta nornmMbneHi MNOTY>KHUMUK
NbOAOBMKaMM, LLIO CNYCKaTLCS 3 Tip.

KapcToBi 03epa - yTBOpeHi B pe3ynbTaTi BUNyroByBaHHs BanHAKOBUX nopig. Lien Tvn osep
nowmpeHni Ha bankaHcbkoMy MiBOCTPOBI, 3yCTpivaeTbCsl HA BonuHi B YKpaiHi.

BynkaHiuyHi 03epa - YTBOPIOKOTLCS 3@ paxyHOK HanMOBHEHHA BOAOK KpaTepa 3racroro
BYNnkaHy. XapaktepHi ans lcnaHgii, ayctpivatotbca B Itanil, HimeydunHi.
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Tabnuus 3. MopcdomMmeTpUUHI XxapakTepUCTUKN HanGinbLNX NPUPOAHUX 03ep EBponu

mubunHa, m
Ne HasBa osepa Mnowa 2 0665" ’ MaKcu- KpaiHa
Asepkana, kKm KM cepeaHsi
MasbHa

1 Napo3bke 17700 908 230 51 Pocis
2 OHesbke 9720 292 120 30 Pocis
3 BeHepH 5519 153 106 27 LBeuis
4 Yyacbko-IckoBecbke 3555 25 15,3 7,1 EcToHis, Pocis
5 BeTtepH 1886 73,5 120 39,5 Lseuis
6 Canmaa 1377 14,8 85,8 10,8 QiHnAnAis
7 Burosepo 1143 6,5 18 57 Pocis
8 Enccenmep 1137 53 55 4,6 Higepnangu
9 bine 1130 6,2 34 5,5 Pocis
10 | MNanaHHe 1118 18,1 95,3 16,2 dinnaHaina
11 | MenapeH 1090 14,3 66 12,8 LLBeuis
12 | Inapi 1084 15,5 92 14,3 diHNARAiA
13 | Tonosepo 986 14,9 56 15,2 Pocis
14 | InbmeHb 982 2,9 10 3,5 Pocis
15 | Cerosepo 906 23,4 103 26 Pocis
16 | lMieniHeH 894 9,0 61 10,1 QiHNAnAiA
17 | Oynysipsi 887 6,7 35 7,6 DiHnaHaia
18 | Imangpa 876 11,2 67 12,8 Pocis
19 | MixnasiBeci 713 8,07 72 11,3 QiHnAnAiN
20 | Mapkepmep 700 2,1 5 3 HinepnaHgm
21 | lMNsao3epo, 659 10,1 49 15,4 Pocis
22 | KoBposepo 608 3,7 56 6,1 Pocist
23 | Opigeci 601 5,51 74 9,2 diHNARAiA
24 | banatoH 592 1,9 12,5 3,3 YropLimHa
25 | XKeHeBcbke 580 89 310 153 Lsenuapis, ®paHuis
26 | XaykiBecCi 562 511 55 9,1 dinnaHaina
27 | bopoeHcbke 536 48,4 251 90 HimeuumHa, LWeenuapis,

ABCTpis

AHMPpPonoz2eHHi o3epa - A0 Ui€i KaTeropii B A4esKNX KpaiHax BiAHOCATb BCi BOAOWMMMU, SKi
Oynu CTBOPEHi BHACMIQOK AisSNbHOCTI NioguMHM (BOAOCXOBULLA, CTaBW, BignpauboBaHi Kap'epw,
LLIO 3aMOBHUMMCA BOAOHD).

3a paHnmu E€BpOMENCBHKOro areHTCTBa 3 HaBKOMULIHLOIMO cepefoBulla, B E€Bponi
HaniyyeTbea nonan 500 Tuc. npupoaHUx o3ep nnoweto noHag 0,01 km? (1,0 ra). Brmasbko 80-90
% 3 HUX € HEBENMUKMMM 3 nnoLueto nosepxHi 0,01-0,1 km? Toai sk 6nn3bko 16 TUC. MatoTb nnowuy
nosepxHi, Lo nepesuiye 1,0 km? . Tpu usepTi 03ep posTawwosani y Hopserii, Lseuji, PiHnaHaii
Ta Kapeno-Konbcbkin yactuHi Pocil [8]. Hanrnmnbwum B €Bponi € 03epo XopHiHAanbcBaTHET
(Hopserist) — 514 m.

Hanbinbwi B €sponi Jlagosbke (nnowa 17700 km?) Ta OHesbke (9720 km?) o3epa
pO3TalLUOBaHi B NiBHIYHO-3axigHi“ yacTuHi Pocii (CxigHa €spona). ObuaBa o3epa 3Ha4HO OinbLui
3a iHWi eBponencbki o3epa. Ane BOHU nocigaloTb nuwe 18-e Ta 22-e micue y CBITOBOMY
PENTUHTY.

LUle 21 npupogHe o3epo nnowieto noHag 500 kM? 3HaxXoOATbCS y UWeedii, ®iHNaHAail,
EcToHii (MNiBHiYHa €Bpona) Ta Ha niBHIYHOMY 3axoai Pocii, a Takox ogHe B YropLimHi — banaTtoH
(CxipHa €spona); pnBa B Higepnanpax - Enccenmep, Mapkepmep; ogHe B LBenuapii Ta
®paHuii — XeHescbke; ogHe B HimeuwuwnHi, LBenuapii Ta AscTpii - BogeHcbke (3axigHa
€spona).

Axkwo paxyeBaTtn mani osepa i3 nnoweto go 0,001 KM?, TO Todi KinbKiCTb o3ep B €Bponi
3pocTae 10 1,5 MnH i3 3aranbHoto nnoweto noHas 200 Tc. Kv>.

Ona uinen cyyacHoro BOAHOrO MeHeMKMeHTy Yy BopaHin pamkosin gupektusi €C
pO3po6IIEHO TMNI3aUilo 03ep 3a NMOLE BOOHOMO A3epkarna Ta rmmounHoto.

3a BogHow pamkoBok gupektmBod €C 3a nnolwie BOAHOrO [f3epkana o3epa
noainawTbcs Ha (KMZ)Z ayxe senuki > 100; Benuki - 10-100; cepegHi - 1-10; mani - 0,5-1,0;
ayxe mani < 0,5.
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3a BogHoto pamkoBolo anpekTnBoto €C 3a cepegHboo rMMOMHOK 03epa NoAinsioThCs Ha
(m): rmnboki > 15; cepegHbOi rMNbuHM - 3—15; minki < 3.

B YkpaiHi ogHe 03epo BigHOCUTLCS OO0 KaTeropil gyxe Benukux 3a nnoweto (Annyr — 149
km? B rpyni MpuayHancbkux o3ep), oaHe 03epo MOXHA BiAHECTU A0 rMnbokux ([JoHyanas — 16 m
y Kpumy).

3. BopocxoBuwia

CnopygeHHss BogocxoBul, Yy €Bponi Mae [AaBHKO iCTOpito. Y iXHbOMY CTBOPEHHI
Hacamnepen Oyno 3auikaBneHe cinbcbke rocnogapcTeo. [leplui BiQHOCHO BEMWKI ipurauinHi
BoAOCXoBMLWa Oygyeanuca B lcnaHil B puMcbkui nepiod, y Il cT. go. H. e., a noTimM - B cepeHi
BiKW. ICTOTHO po3wmpunucs nnoLli spoyBaHmx 3emene y XIX cT., Todi ipyrauinHi Bogocxosuila
3'asunucs B Icnawil, ITanii, Ha niBaHI PpaHLii.

[MeBHY ponb y CTBOPEHHI BOAOCXOBMLL Y [Oesikux KpaiHax Bigirpano 6yaiBHMLTBO
CyOHONMaBHUX KaHanie; Hanpuknag, we XVl c1. y ®paHuii nobyaysanu bpiapcbkuii kaHan, Lo
3B'azaB CeHy 3 Jlyapoto, i MiBaeHHUN kaHan, wo 3'egHas (Y4epes NapoHHy) CepensemHe mope
Ta bickancbky 3aToky. Hanbinblwi BogocxoBuwa Ha uboMy kaHani — Cen-lNepponbe T1a CeToH.
'ycta mepexa kaHanis i3 Hesenuknmu Bogocxosuwamun 3 kKiHua XVIII go noyatky XX CT.
nobynosaHa B AHrnil, Benbrii, Hinepnangax, Ha lNiBHIYHO-HIMeLbKi Ta [onbCbKin HU30BUHAX.

3 kiHUga XIX cT. HacTana HoBa enoxa Y BUKOPWUCTaHHI eHeprii Boan - 6yaisHuuTteo MEC i3
CTBOPEHHAM BeNMKMX Bogocxosumw,. A B XX cT., ocobnmeo nicns Opyroi ceiToBoi BiiHM (1939-
1945 pp.), CTBOPEHHS BOAOCXOBULY, BiABYyBanoca BeNUKMMM Temnamu, ocobnmeo Ha TepuTtopii
konuwHsoro CPCP, oe 6yayBanncsa BogocxoBuLa 3Ha4HNX po3MipiB.

Hanbinbwmm BOOOCXOBULLEM | TPETLOK 3a BEJIMYMHOK EBPOMNENCHKOK MPICHOBOOHOM
Bogonmoto € KynbuweBcbke Bogocxosuile Ha p. Bonra (tabn. 4). A B AeCATKY €BPONENCbKUX
npiCHOBOAHMX BOAOWM 3a nnouwet BxoasaTb PubiHcbke, Bonrorpaackke, LlMmnsHcbke,
HwxHbokamcbke, Yebokcapcbke (Pocist) Ta KpemeHuyubke (YkpaiHa) Bogocxosuua.

Tabrnuysi 4. MopcomeTpuyHi XxapakTepuCcTUKMN HanbinbLNX BogocxoBul, €EBponu

Ne Hassa BOAOCXOBMLLA, Mnouwa, O6G’em, FnuGuna, u Pik cTBO- Koai
2 Ha AKIN piyul KM2 KM3 MaKCu- cepe- peHHs paiHa
po3TawioBaHe ManbHa LOHA

1 2 3 4 5 6 7 8

1 Kytbuwescbke 6450 57,3 34 8 1957 Pocis
(Ha p. Bonra)

2 PubiHcbke 4580 25,4 28 5,6 1947 Pocis
(Ha p. Bonra)

3 Boneoepadcbke 3320 31,5 41 10,1 1961 Pocis
(Ha p. Bonra)

4 LumnsiHcbke 2700 23,9 35 8,9 1955 Pocis
(Ha p. [loH)

5 HuxxHbOKaMcbKe 2650 4,2 20 3,3 1979 Pocis
(Ha p. Kama)

6 Uebokcapcbke 2270 13,9 21 6 1982 Pocis
(Ha p. Bonra)

7 KpemeHuyubke 2252 13,5 28 6 1961 YkpaiHa
(Ha p. AHinpo)

8 | Kaxoscbke 2155 18,2 26 8,4 1958 YkpaiHa
(Ha p. OHinpo)

9 Eticcenmep (6ac. 2000 51 9,5 55 1932 Higep-
MiBHi4YHOrO MOpS) nasgm

10 | Kamcbke 1915 12,2 30 6,3 1954 Pocis
(Ha p. Kama)

11 | Capamoschke 1831 12,9 28 7 1968 Pocis
(Ha p. Bonra)

12 | Fopbkiecbke 1591 8,7 22 3,7 1957 Pocis
(Ha p. Bonra)

13 | BomkiHcbke 1120 9,4 28 8,4 1964 Pocis
(Ha p. Kama)
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lNpodoexxeHHss mabin. 4

1 2 3 4 5 6 7 8

14 | Kuiecbke 992 3,73 8 3,8 1966 YkpaiHa
(Ha p. OHinpo)

15 | BepxHbomyriomMcbKe 745 11,5 50 15,4 1965 Pocis
(p. Tynoma, HoTto3epo)

16 | KaHiecbke 675 2,62 19 3,9 1976 Ykpaina
(Ha p. OHinpo)

17 | MiHesidesipcbke 605 16,1 75 27 1954 Asepban-
(p. Kypa) [KaH

18 | Kam'aHcbke 567 2,45 15 4,3 1964 YkpaiHa
(Ha p. AHinpo)

Ce30HHa Ta MiXpiYHa HepiBHOMIPHICTb CTOKY pidYOK, HeoAHakKoBa 3abe3neyeHicTb CTOKOM
Ta onagamu pisHUX PanoHIB BU3HAYMNKN NOTPeOY perynioBaHHs CTOKY PiYOK LUMAXOM CTBOPEHHS
BoAOCXoBML,. BoHM HeoOXxigHi ons 6opoTbbu 3 NOBEHAMM i 36iNbLUEHHST CTIMKOTO MEXEHHOro
CTOKY, HeobxigHoro ansa ctabinibHOro BOAONOCTa4YaHHs.

3a pgaHumMm EBPOMEnNCbKOro areHTCTBa 3 HaBKONULIHBOIO cepegoBuwa, y €sponi
HanivyeTbcsa 6nuabko 7000 Benuknx BogocxoBuu,. Kpim Toro, iCHy0Tb TUCSIMI LUTYYHUX BOAOWM
MEHLUOro po3mipy. 3aranbHa nowa €BpPONenCbkMX BOAOCXOBML, cTaHoBWUTb noHag 100 000
kMm%, 3 siknx 50% CTaHOBUTL MMoLLa BOJOCXOBULL, €BPOMNENCHKOT YacTuHu Pocii [11], xoua ix
BiHOCHO N HebaraTo LUbOMY PETiOHi, ane BOHM Ayxe Benuki. LicTb HanbGinbwWmx BOOOCXOBULL
posTalloBaHi Ha p. Bonra. I3 13 eBponencbkux Bogocxosuly, nnoweto noHag 1000 kM? necsTok
3Haxoautbea B Pocii, aBa (KpemeHuyubke i KaxoBcbke) — B YkpaiHi, ogHe (Enccenmep) — B
HinepnaHngax.

[epxaBamn 3 HaMGINbLIOK KiNbKicTio BogocxoBuw, € lcnaHia (6nuabko 1200), YkpaiHa
(6n. 1050), TypeuunHa (6n. 610), Benuka Bputania (6n. 570). IHWUMKM KpaiHamu 3 BENUKOKO
KinbkicTio Bogocxosuw, € Itania (6n. 570), ®paHuia (6n. 550), Hopseris (6n. 360), Pocis (6n.
250) Ta WBeuis (6n1. 190).

Bopocxoeuia YkpaiHm ctaHoBnATb 15 % Big KiNbKOCTI BogocxoBuL y €Bponi, a nnowa
YKpaiHCbKuX BOAOCX0BULL, — 2,3 % Big cymMapHOT NSoLli €EBPONENCbKMX BOAOCXOBULL,

Ekonoeiyni npobnemu eodocxosuw. CTBOPEHHS BOOOCXOBMLL NPWU3BOAUTL OO HU3KK
€eKonoriyHMx npobrnem €k nig 4ac OyaiBHMUTBA, Tak i nicna 1KMoro 3aBeplleHHsd. [licns
CMOpPYKEHHA rpebni piBeHb BOAM Y BOLOCXOBWLLI MigHIMaeTbcs. BHacnigok uboro B 30Hi
3aTONSIEHHA BOAOK YacTo BiaOyBalTbCs CEPUO3HI 3MiHW. Hanpuknag, MoxyTb B6yTuM BTpayeHi
CiNbCbKOrocnogapchbki yrigasi, 3aTonfieHo TepuTopii, Ha SKkMX OynyM HaceneHi NyHKTW, MigHATO
piBEHb 'PYHTOBUX BOA, Ha NpUrernnx TepuTopisx.

Micns cTBOpEHHSA BOOOCXOBMLLA BUHUKAKOTb ABaA TUMW €KOMNOTriYHMX Npobnem:

- MOTipLIEeHHNA AKOCTi BOAM Ta AOBEeAEHHS BOAOWMM [0 HenpuaaTHOro CTaHy 3a CBOIM
NPU3HA4YEeHHAM, Hanpuknag 3a paxyHOK PO3BMTKY BOOOPOCTENW Ta HAKOMUYEHHSA TOKCUYHUX
pPevyoBMHM Y BOAOCXOBULLIAX, SIKi BUKOPUCTOBYHOTLCS A5 MUTHOMO BOAOMNOCTAYaHHS;

- 3aranbHe eKOororiYHe MoripWeHHs Pi4KOBOI CUCTEMU, OCOBITMBO HUXKYE BOAOCXOBMLLA.

Ockinbkn rpebni nopyLwyoTb NPUPOAHY 6e3nepepBHICTb PivkM, a BOOOCXOBULLA 3MiHIOHOTb
rAPONOriYHUA  LMKMA, €KOMOriYHi  Hacmigkm MoXxyTb OyTu  pisHOMaHiTHUMK. Hanpuknag,
3aKpUBAETLCA AOCTYN A0 HEPECTOBMLL, NPOXigHMX pub, WO cTaHOBUTL 0cobnusy npobnemy ons
Taknx pub, 9K nococb, dopenb, Byrop Ta oceTp. [lpn uUbOMYy, HaBiTb HeBenuki rpebni
BUKMNMKaOTL Npobnemu, OCKIfbKM € HenpoxigHuMu nepelwikogamun angd GinbwocTi Bugis puo.
Hesenuki rpebni (meHwe 10-15 m y BucoTy), ski 3yctpivatoteca B 10-100 pasiB vacTiwe, Hix
BEMNVKi, YNHATb CEPMO3HUIA HECMIPUATAMBUI BNNIMB Ha nonynsauii pnb. Kpim Toro, Bogocxosuwa
3aTPMMYIOTb 3aBMWCIli PEYOBWUHMW, LLO HAKOMUYYKTbLCS B HUX (NepeBakHO nicok). Lle 3Hmxkye
HaOXOLXKEHHS1 HAHOCIB Ha OiNSAHKN HWXKYe 3a Tedieto .i, 3peLuToro, 40 MOop4, A€ BiACYTHICTb MiCKy
npun3BoanTb A0 6eperoBoi epoasii.

BucHoBku

1) €Bpona mae rycty rigporpadiyHy Mepexy, WO HanexuTb NepeBaxHO A0 bacenHy
ATnaHTu4Horo okeaHy. [leBHa 4yacTuHa piyok CxigHol €Bponu Hanexutb [o 6acenHy
GescTiyHoro Kacniicbkoro mopsi-o3epa. Jluwe Hebarato pivyok HecyTb CBOI BOAM B MoOpS
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MiBHiuHoro JIbogosuToro okeany. Tak, 43 BenuKi piukv 3 nroLueto Bogosbopy noHaa 50 Tvc. km?,
cepeq gkux 8 NoB’A3aHi 3 TEpUTOPIED YKpaiHK, po3noginatoTbCsa HACTYNMHUM YNHOM:

a) 6acenH Kacnincbkoro mops-osepa — 9 pidok (Bonra, Ypan, Kama, Oka, bina, Batka,
Yda, Cypa, Mokwa); 6) 6aceiiH lNiBHiyHoro JlbogoButoro okeaHy — 3 pidku (Mevopa, liBHIYHA
[BiHa, Me3seHb); B) 6acelH lNiBHi4yHOT ATnaHTmkm — 9 pidok (PeiH, Enbba, Bicna, 3axigHa [IBiHa,
HimaH, Oppa/Opep, Bapta, CeHa, HapeB); r) GacenH niBAeHHOI ATNaHTUKM — 6 pidoK
(Taxo/Texy, Jlyapa, Oopa/Oyepo, BagiaHa, BaganksiBip, MapoHHa); a) 6acenH CepenseMHoOro
mMop4 (pa3oM 3 YopHum Ta A30BCbkUM MopsamK) — 16 pivok (E6po, PoHa, OyHan, OHinpo, [oH,
OHrictep, OecHa, CiBepcbkun JoHeub, Xonep, Tuca, Caea, KybaHnb, iBaeHHnn byr, MNpun’aTs,
Mo, Mapuug).

2) lMpwn 3Ha4Hin BoAHOCTI pidkmM [iBHIYHOI, 3axigHoi Ta iBaeHHOT €Bponn BUPI3HAIOTLCA
HEBENWKOK [OOBXWHOW Ta nnouweto bGacerHy. Lle noe’A3aHO 3 BiAHOCHO Marow MoLlelo
TepuTopil €Bponu, i CUIBHOK rOPM3OHTANBHOK PO3YSIEHOBAHICTIO | YAaCTUM YepryBaHHsSM Tip i
piBHUH. Ha npocTtopax CxigHO-EBPOMNENCHKOI PIBHUHU PiYKU OTPUMYIOTb MOXIIMBICTE AriS
poO3BUTKY BOOO36GipHOI nriowi Ta pycrnoBoi mepexi. Tomy cepen HanWbinbwmx pivyok €sponu,
nnowwa 6aceiiHy skux nepesuLLye 50 TUc. kM?, piukn CxigHoi €Bponun cTaHOBNATL noHaz 60 %.

3) Baxnusotw 0cobnmMBICTIO piYOK €Bponu € TpaHCKOPAOHHICTb ixHiX 6acenHis. Cepef
BESIMKMX PIYOK, 3 MroLleto Boao3bopy noHag 50 Tuc. kM, TPAHCKOPAOHHI PiYKM CTaHOBMATbL
51 %.

4) B €Bponi Haniyyetbcs O6nm3bko 16 TUC. 03ep, AKi MaloTb NAOLWYy MOBEPXHi, WO
nepesuwye 1,0 km?. Tpu YBepTi 03ep KOHTUHEHTY posTalioBaHi y Hopserii, LLBewii, PiHNARAIT
Ta Kapeno-Konbcbkin YacTuhi Pocii, MaloTb NbOAOBMKOBO-TEKTOHIYHE NMOXOMXKEHHA. HanbinbLwi
B €Bponi Nago3bke (nnowa 17700 km?) Ta OHesbke (9720 km?) o3epa po3TalloBaHi B CxiaHiil
€sponi (niBHiYHO-3axigHa 4acTnHa Pocil) i 3Ha4YHO nepeBuLLyOTb 3a pPO3MipaMy  iHLi
eBponencbki o3epa. Hanrnnbwum B €Bponi € 03epo XopHiHaanbceaTHeT (Hopserist) — 514 m.

5) B €sponi ctBopeHo 6nmsbko 7000 BENMKUX BOOOCXOBULL, i3 CyMapHOIO NfoLlelo noHazg
100 TMC. KM?, 3 sikUX 50% CTAHOBWTbL MAOLLA BOOOCXOBWLL eBponencekol YactmHm Pocii. Cepen
13 eBponeiicbknx BOJOCXOBULL nrolieto noHan 1000 km? gecsTok 3HaxoamTbest B Pocii, asa
(KpemeHnuyubke i KaxoBcbke) — B YkpaiHi, ogHe (Enccenmep) — B HigepnaHgax. KpaiHamu 3
HanbiNbLUOK KiNbKiCTIO Bogocxosuly € IcnaHia (6nmsbko 1200) Ta YkpaiHa (6n1. 1050). IHWwumMun
KpaiHaMmu 3 BENMKOK KinbKiCTio Bogocxosul, € TypeyunHa (6n. 610), Benuka BputaHnia (6n.
570), Itania (6n. 570), ®paHuis (6n. 550), Hopeeria (6n. 360), Pocis (6n. 250) ta LWeeuia (65.
190).
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Features of the hydrography of Europe: rivers, lakes, reservoirs

Khilchevskyi V.K.

Europe has a dense hydrographic network, mainly related to the Atlantic Ocean basin. A certain part of the
rivers of Eastern Europe belongs to the basin of the endorheic Caspian sea-lake. Only a few rivers carry their waters
to the seas of the Arctic Ocean. Thus, 43 large rivers with a catchment area of more than 50 thousand km2, among
which 8 are connected with the territory of Ukraine, are distributed as follows:

a) the basin of the Caspian Sea-lake - 9 rivers (Volga, Ural, Kama, Oka, Belaya, Vyatka, Ufa, Sura, Moksha);
b) the basin of the Arctic Ocean - 3 rivers (Pechora, Northern Dvina, Mezen); c) North Atlantic basin - 9 rivers (Rhine,
Elbe, Vistula, Western Dvina, Neman, Oder, Warta, Seine, Narew); d) the basin of the South Atlantic - 6 rivers
(Tagus, Loire, Douro, Guadiana, Guadalquivir, Garonne); e) the Mediterranean Sea basin (together with the Black
and Azov Seas) - 16 rivers (Ebro, Rhone, Danube, Dnieper, Don, Dniester, Desna, Siverskyi Donets, Khoper, Tisza,
Sava, Kuban, Southern Bug, Pripyat, Po, Maritsa ).

With significant water content, the rivers of Northern, Western and Southern Europe are characterized by a
small length and basin area. This is due to the relatively small area of the territory of Europe, its strong horizontal
dissection and the frequent alternation of mountains and plains. On the expanses of the East European Plain, rivers
get the opportunity to develop a catchment area and a channel network. Therefore, among the largest rivers in
Europe, whose basin area exceeds 50 thousand km?, the rivers of Eastern Europe account for more than 60%.

An important feature of European rivers is the transboundary nature of their basins. Among the huge rivers,
with a catchment area of more than 50 thousand km? , transboundary rivers account for 51%.

In Europe, there are about 16 thousand Iakes with a surface area exceeding 1.0 km?. Three quarters of the
continent's lakes are located in Norway, Sweden, Finland and the Karelian-Kola part of Russia, and are of glacial-
tectonic origin. The largest in Europe Ladoga (area 17700 km? ) and Onega (9720 km? ) lakes are located in Eastern
Europe (north-western part of Russia) and significantly exceed other European lakes in size. The deepest lake in
Europe is Lake Hornindalsvatnet (Norway) - 514 m.

In Europe, about 7,000 large reservoirs have been created with a total area of more than 100 thousand km?,
of which 50% is the area of reservoirs in the European part of Russia. Among the 13 European reservoirs with an
area of more than 1000 km?, a dozen are located in Russia, two (Kremenchug Reservoir and Kakhovka Reservoir)
are in Ukraine, and one (IJsseImeer) is in the Netherlands. The states with the largest number of reservoirs are Spain
(about 1200) and Ukraine (about 1050). Other countries with a large number of reservoirs are Turkey (610), Great
Britain (570), Italy (570), France (550), Norway (360), Russia (250) and Sweden (190).

Key words: hydrography, rivers, lakes, reservoirs, Europe.
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FUNCTIONALITY OF SPATIAL ANALYSIS IN THE ASSESSMENT OF THE IMPACT OF
LAND COVER ON THE EROSION PROCESS PREDICTION

Erosion is a process shaping the earth's surface, responsible for supplying sediment to the fluvial system.
Identification of areas vulnerable to erosion is a critical element of sediment management in the catchment, enabling
the assessment of the degree of its degradation. The research was based on the use of spatial data, Digital Terrain
Model (DTM), and Corine Land Cover (CLC) on the example of two sub-catchments located on the lower Brda River.
The main aim of the research was to assess the impact of land cover on the spatial prediction of the erosion process
at the catchment scale. The Maximum Entropy Method was used to determine the spatial probability distribution of
environmental variables related to the erosion process. Results showed the greatest predictive power of relief-related
environmental features, associated with specific types of land cover. Predictive models can be successfully used to
predict areas potentially exposed to erosion.

Keywords: erosion; Maximum Entropy Model; prediction; Corine Land Cover (CLC); spatial analyses; Brda
River catchment

Introduction. As is commonly known, erosion is a natural process that modifies the relief
of the Earth surface. The second component of the changes is the transformations of the terrain
resulting from human activity. Erosion and sediment yield depend on several factors, related to
geological, lithological, topographic, climatic, etc. conditions (Guerra et al., 2017). Hydrological
responses related to erosion processes in the catchment scale also depend on land use and
vegetation (Siriwardena et al., 2006). Understanding the erosion process enables sustainable
sediment management at the catchment scale.

Geographic Information Systems (GIS) tools enable remote control of environmental
processes, including the erosion process. In addition, the use of models enables a better
understanding and forecasting of processes taking place in the environment. Soil erosion
prediction models are classified into two groups: empirical and physical process-based models.
The most commonly used are The Universal Soil Loss Equation (USLE) (Wischmeier and
Smith, 1978), The Revised Universal Soil Loss Equation (RUSLE) (Renard et al., 1997), and
Erosion Potential Method (EPM) (Amiri, 2010), etc. They achieve the best results on small
scales, while their wider application for large areas is difficult (Merritt et al., 2003). Stochastic
models based on presence/absence factors with environmental variables are not commonly
used in erosion process research. It is a user-friendly tool, using the ROC (receiver operating
characteristics) curve, enabling the study of a large area in a relatively quickly.

The main aim of the research was to assess the impact of land cover on the prediction of
the erosion process on the example of two sub-catchments of the lower Brda River. In the
research, spatial data were used: a Digital Terrain Model (DTM), and a database of the
European land cover system - Corine Land Cover (CLC). The primary research hypotheses
were: (i) relief in connection with the type of land cover, mainly determines the probability of the
erosion process, (ii) local conditions strongly modify the sources of supply, transport paths, and
deposition of eroded sediment in the catchment; (iii) predictive models enable a qualitative
assessment of the erosion process at the catchment scale. To verify the assumed hypotheses,
the Maximum Entropy Model tool was used, to determine the predictive power of environmental
variables. The conducted research is significant from the point of view of the possibility of using
new tools in the qualitative determination of the circulation of sediment in the catchment scale.
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Study area. The Brda River catchment amounts to 4661 km? and a length of 245 km
(Map, 2007), which is a lowland tributary of the Vistula River (Poland). The geomorphological
genesis of the catchment is related to the accumulation stage of the last glaciation (Galon,
1953). The Brda valley is built of different-grained sands, surrounded by moraine uplands. The
Brda River catchment is intense modified by hydrotechnical structures: dams — Mylof Reservoir
in the middle course of the river, and Lower Brda Cascade (Koronowo, Tryszczyn, Smukata
reservoirs) in the lower course (Szatten et al., 2018). At the same time, the hydrological regime
of the estuary section of the Brda River, due to hydrotechnical works started in the Middle Ages
- weirs, sluices, and canalization, is strongly transformed (Szatten, 2022).

The study area is two sub-catchments located in the lower part of the Brda River.
Considering the physical-geographical regionalization of Poland (Solon et al., 2018), the Z1
catchment is located in the Southern Pomerania Lakeland macroregion (314.6-7), on the border
of two mesoregions: Southern Krajna Lakeland (314.74) (western part), and the Brda River
Valley (314.72) (eastern part). However, the catchment area Z2 is located within the Southern
Pomerania Lakeland macroregion (314.6-7) (the northern part of the catchment), the
mesoregions: Brda River Valley (314.72) and Swiecie Upland (314.73), and the Torun-
Eberswalde Ice Marginal Valley macroregion (315.3), mesoregion Torun Basin (315.35). Their
choice results from intense morphometric and land cover diversity. In the case of the C1
catchment, 9 types of land cover were distinguished, while in the C2 catchment, 15 types of
CLC were defined (Figure 1). The C1 catchment area — Brda River below the Koronowo
Reservoir, amounts to 29.38 km?. The area is dominated by non-irrigated arable land (type CLC
2.1.1) covering 20.31 km? of the catchment area (69%). The C2 catchment area — the estuary
part of the river within the city of Bydgoszcz, amounts to 111.79 km?. The land cover of this
catchment is dominated by coniferous forest (type CLC 3.1.2) 42.91 km® (38%), and
discontinuous urban fabric (type CLC 1.1.2) 24.33 km? (22%) (Fig. 1).

A B

~P

Y

Fig. 1. Corine Land Cover (CLC) of the Brda River sub-catchment area: C1 (A), and C2 (B).

Materials and methods. The input data was a Digital Terrain Model (DTM) obtained from
the resources of the Head Office of Geodesy and Cartography in Poland. Data in ASCII format
file in the 1992 coordinate system, with a horizontal resolution of 1 x 1 m, and a vertical pixel
accuracy of 0.1-0.25 m. The Corine Land Cover 2018 data was obtained from the resources of
the Copernicus Land Monitoring Service (CLMS). According to technical assumptions, CLC
uses a Minimum Mapping Unit of 25 ha for area phenomena and a minimum width of 200 m for
linear phenomena (Heymann, 1994).

Spatial analyzes in QuantumGIS (v.3.4.12), and SAGA software (Conrad et al.,, 2015)
were performed. Based on the Map of the hydrological division of Poland (2007), a sub-
catchment for further research was identified. DTM was preprocessed using the Fill Sink
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formula (Planchon and Darboux, 2002), and then selected geoprocessing tools to determine 4
basic spatial parameters were used: LS-Factor - LSF (Moore et al., 1991), Melton Ruggedness
Number - MRN (Marchi and Fontana, 2005), Stream Power Index - SPI (Moore et al., 1991) and
Topographic Wetness Index - TWI (Serensen et al., 2005).

The spatial probability distribution for the four environmental variables for the analyzed
sub-catchments was determined using the Maximum Entropy Method (Phillips et al., 2006). The
method is based on the Gibbs distribution and has been successfully used in environmental
research (Kornejady et al., 2017; Bosino et al., 2020; Szatten and Wiectaw, 2021; Brzezinska et
al., 2021). The dependent variables for the two studied sub-catchments were 10,000 random
presence/absence background points, according to the basis defined by Phillips and Dudik
(2008). The model was randomly validated, using it as a training sample (80% of data) and test
sample (20% of data). The results define the percentage share of environmental variables in the
model, using the AUC (area under curve) values, which determine the model's effectiveness.
According to the criterion introduced by Hosmer and Lemeshow (2000), AUC>0.7 indicates
acceptable model results, 0.8<AUC<0.9 indicates an excellent probability, and AUC>0.9
indicates an outstanding prediction.

Results and discussion. Results of spatial analyses of environmental variables allow for
characterizing the study area in terms of the erosion process. The first one, the slope-length
factor (LSF) is a commonly used indicator of erosion, proposed by Wischmeier and Smith
(1978) in the USLE model. For C1 it assumes values in the range from 0.00 to 7.22 (average
0.29), and for C2 in the range from 0.00 to 18.49 (average 0.17). In the case of both analyzed
catchments, the LSF maximum values are related to the area of the river valley edges, for C1 -
the Brda River valley, and for C2 - the marginal zone of the moraine plateau (Fig. 2). A similar
spatial distribution for the second analyzed index MRN (Fig. 2) is observed. Index described a
flow accumulation index, related to terrain relief (Melton, 1965). For C1 it assumes values in the
range from 0.00 to 2.75 (average 0.21), and for C2 in the range from 0.00 to 2.39 (average
0.28). The research of Saha et al. (2019) also shows that relief variability is strongly related to
susceptibility to soil erosion in the catchment. The next indicator is SPI, which determines the
erosive power of flowing water (Moore et al., 1991). For C1 it assumes values in the range from
0 to 45979 (average 796), and for C2 in the range from 0 to 171003 (average 41). Linking the
value of the SPI with the water surface slope makes it possible to characterize the ability to
sediment transport, indicating that C2 has a much lower potential (Fig. 2), due to the regulated -
canalized water regime of the river channel (Szatten, 2016). The SPI index was also included in
the research of Pournader et al. (2018), where the prediction results of the Maximum Entropy
Method indicated it as significant in the preparation of erosion susceptibility maps. The last
indicator — TWI describes a potential generation of runoff (Sgrensen et al., 2005) and indicates
a potential area of sedimentation. This indicator has been successfully used in determining the
potential erosive power of the surface runoff in the small catchment (Bosino et al., 2022). For
C1 it assumes values in the range from 5.29 to 20.88 (average 9.46), and for C2 in the range
from 4.49 to 23.17 (average 10.21). The spatial distribution of the maximum TWI values for the
C1 catchment indicated the upper areas as potential areas of supply of eroded sediment, and
the bottom of the Brda River valley as an area of sediment accumulation (Figure 2). However, in
the case of the C2 catchment, the environmental variable indicated the potential path of the
sediment transport associated with surface runoff (Fig. 2).

Depending on the type of CLC, the percentage share of the tested environmental
parameters in the Maximum Entropy Model had a unique distribution. The dominant
environmental variable identified by the model was the MRN for both analyzed catchments (Fig.
3). Depending on the type of CLC, the maximum percentage in the model was 88.01% for CLC
2.1.1 (catchment C1), and 96.59% for CLC 3.2.4 (catchment C2). The average MRN value in
the model was 49.03% for the C1 catchment, and 63.81% for the C2 catchment. The other
three environmental variables had significantly smaller contributions to the model results (Fig.
3). The average model shares for LSF, SPI, and TWI were respectively 19.70% (C1) and 12.62
(C2), 11.66% (C1) and 9.28% (C2), 19.61% (C1) and 14.29% (C2).
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Fig. 2. The spatial image of morphometric characteristics of the study area catchment: C1,
C2 — analyzed sub-catchments; a— LSF, b — MRN, ¢ — SPI, d - TWI.
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Fig. 3. Percentage of the dominant parameter in Maximum Entropy Model in the examined
sub-catchments (C1 - A, and C2 - B) for selected CLC types.

In the case of the C1 catchment, the spatial distribution of the model results indicates
that the areas with AUC>0.9 are the edge zone of the Brda River valley (type CLC 3.1.1), and
the fragmentarily sandur area (type 2.3.1) (Fig. 4). The total area of the C1 catchment
corresponding to the value of AUC>0.9 is 0.64 km? Areas with lower predictive power
(0.7<AUC<0.9) are unevenly distributed for other types of CLC, most concentrated for CLC
2.4.3 located in the bottom of the Brda River valley.
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Fig. 4. Spatial differentiation of AUC values for Maximum Entropy Model in examined
catchments: A-C1, B - C2.

For the C2 catchment, the spatial distribution of the model results indicates that the
areas with AUC>0.9 are fragmentary edge zone (southern) of the moraine plateau (type CLC
1.4.1), fragmentary edge zone (north) of the moraine plateau (type 2.4.3) and partly the edge
zone (northern) moraine plateau covered by forest (type 3.1.1) (Fig. 4). The total area of the C2
catchment corresponding to the value of AUC>0.9 is 2.56 km?. Areas with lower predictive
power (0.7<AUC<0.9) are unevenly distributed for the remaining types of CLC, most
concentrated within the narrow valley of the Brda River.

Conclusion. Based on the results of the conducted research on the assessment of the impact
of the catchment area land cover on the prediction of the erosion process, using the Maximum
Entropy Method, the following conclusions can be drawn:

1. The lithological, and hydrological characteristics of the catchment determine its erosion
potential to a large extent. In the case of the studied catchments, the diversification of the
terrain relief showed the highest predictive power in the model. Among the studied indicators,
the MRN showed a positive correlation with the potential sources of sediment supply from the
catchment. The impact of local morphological conditions of the catchment, which intense modify
the sources of supply, transport paths, and deposition, should be taken into account.

2. The modeling results related to the types of CLC: 1.4.1, 2.3.1, 3.1.1, link with the local
characteristics of the independent environmental variables (LSF, MRN, SPI, TWI) showed the
highest predictive power, illustrated by the value of AUC>0.9.
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3. The conducted research showed the need to implement predictive models, including the
Maximum Entropy Method, in the qualitative assessment of the erosion process and the
circulation of sediments at the catchment scale. These tools can be successfully used to predict
areas potentially exposed to denudation, considering the variable land cover, to determine the
directions of anti-erosion protection in the catchment. It is a tool for sustainable sediment
management in the catchment.
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®yHKUiOHanbHIi 3Ha4YeHHs NPOCTOPOBOro aHanizy B OuiHUi BAAMBY FPYHTOBOrO MNOKPUBY Ha
NpPOrHo3yBaHHA npouecy eposii

CxxammedH []., N'epman O., TeHzoecbka H.

Eposia — ue npouec, wo ¢hopmye 3eMHy No8ePXH!o, 8idnosidanbHUll 3a HaOX0OXeHHsI HaHocie 00 PiYKo8ol
cucmemu. BusieneHHsi 30H, gpasnusux 00 eposii, € KoUMUYHUM erleMeHmomM yrpaerniHHs HaHocamu y 800036ipHomy
bacelHi, wo dosgonsie ouiHumu cmyniHb ix Oeepadauii. [ocnidxeHHs [PyHMYye8arnocs Ha UKOpUCMaHHI
npocmoposux OaHux, yugposoi modeni penvegpy (DTM) i Corine Land Cover (CLC) Ha nipuknadi d8ox 800036ipHuUX
baceliHie, po3mawiosaHux Ha HUXHIU medyii piyku Bpda. OcHoeHOW Memor OocnidxeHHsT bynno ouiHuUmu ennue
rpyHmMoB020 [roKpugy Ha [pOCmMopose po2HO3y8aHHs rpouecy eposii 8 macwmabi eodo3bopy. Memod
MakcuMarsnbHOi eHmponii eukopucmosgygagcsi 0O 8U3Ha4YeHHs1 po3nodify npPocmopoeoi UMosipHOCMI  3MIHHUX
HasKoNnuwiHbo20 cepedosuuja, os8's3aHux 3 Mpouecom epoasii. Pe3ynsmamu rnokasanu Haubinbwy rnposHOCMUYHY
dito  ocobrnusocmell HaBKOMUWHbLO20 cepedosuwja, 08’a3aHUX 3 pPenbehoM, ma 3 KOHKpemHuMmu murnamu
rpyHmMoegozo rokpusy. [poeHocmuyHi Modeni MOXHa ycriuwHO 8ukopucmosygsamu Orsi Mpo2HO3y8aHHs mepumopi,
MoOMeHUjtHO cxunnbHUX 00 epoasil.

Knroyosi cnosa: eposis; modesnb mMakcumarnbHOi eHmponii; nepedbaqyeHHs, MOOesib 2pyHMO8020 MOKpUBY
(CLC); npocmoposuti aHani3; 800036ip piuku bpoda.
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WATER EROSION POTENTIAL OF THE CONGO RIVER IN THE STANLEY-POOL BAY

In this paper, a scientific study on the understanding of the erosion and transfer processes of suspended
solids or sediments from the Congo River into the Stanley-Pool Bay was conducted. For this purpose, a treatment of
rainfall data over three decades (1990-2020), parameters influencing the process of erosive dynamics leading to the
realization of the water erosion map using the Universal Soil Loss Equation (USLE), was done. Using open access
spatial data and GIS, this USLE model allowed quantifying the rate of material transported over the three decades: a
spatialization of erosion risks on the right bank of the Congo River, notably in the Stanley-Pool Bay, a topography
dominated by steep slopes up to 10%, a high erosivity and erodibility and a low soil protection were revealed.

Finally, the results of the study show that about 40% of the study area is subject to soil loss. The erosion risk
is very severe despite the vegetation cover.

Key words: Solid transport, sediments, modelling, models, Stanley Pool, Congo River.

Introduction. The Congo River is the longest river in Africa (4,700 km) after the Nile, the
second longest in the world after the Amazon in terms of flow (41,000 m?s™) and has a basin
area of 3.7 million km? at its mouth. It serves as a border in its upper part between the Republic
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of Congo (Brazzaville side) and the Democratic Republic of Congo (Kinshasa side) and in its
lower part between Angola and the Democratic Republic of Congo (Boma and Matadi) in Bas-
Congo. Understanding how it works is therefore crucial in the 21st century when water is a
major issue for Africa.

Despite the proliferation of agreements and conventions on the environment (RIO+20 in
Brazil), it is difficult, especially for African countries, to follow up on the implementation of the
decisions of these conventions at the local level; for example, the desilting of large basins such
as the Congo River basin.

Upstream of the two capital cities of the Republic of Congo and the Democratic Republic
of Congo, Brazzaville and Kinshasa, lies the Stanley Pool (Mbamou Island), a vast depression
21.4 km long and 12.6 km wide on average, marked in the dry season (from June to August,
sometimes until September depending on the year) by imposing sandbanks. Recent scientific
hypotheses in the field also highlight the accentuation of erosion problems of an anthropic
nature that affect the slopes and banks around the Stanley Pool and in the vicinity of
Brazzaville. These problems considerably aggravate the silting up of the navigation channels of
the Brazzaville River Port.

Numerous studies carried out at the Stanley Pool in Brazzaville and other scientific
documents have shown that the Congo River is increasingly experiencing, in the middle part of
its course, active sedimentation due to a significant transport of suspended matter, the volume
of which seriously disrupts, in the dry season, port activities at the level of the Ubangi and also
at the level of Brazzaville in the bay of the Stanley Pool, and more specifically at the
Autonomous Port of Brazzaville. Studies have revealed that river navigation on the Ubangi
River has become almost impossible for more than 200 days per year since 2002 due to a
longer annual low water period.

In Brazzaville, in the Stanley Pool, at the Autonomous Port, since the extension works
undertaken in 1975, this port has been confronted with the problems of sediment deposits
(imposing sandbanks) like those of the Oubangui, thus disrupting its river traffic, the only means
of transporting people and goods to connect the cities and countries drained by this vast
hydrographic network (the Congo River basin). Indeed, solutions must be found because the
economic, social and cultural impacts on the local activities of the Port, but also on the hydric
and biological balance of the Congo River, are very considerable. Water and soil are a
necessary capital for human beings. Solil is a resource that renews itself very slowly (even on a
millennial scale) and in semi-arid areas the soil is washed away by water, this is called water
erosion [1]. The combined action of rain and runoff sometimes leads to irreversible soil loss, and
water erosion is considered one of the causes of soil degradation [2]. On the right bank of the
Congo River, for several years silting has disrupted port activity and caused economic
disruption. Until now, the Maintenance Joint Service of Waterways of the Autonomous Port of
Brazzaville has been dredging in some places to temporarily facilitate traffic.

With a view to finding sustainable solutions, several studies have been carried out: the
quantification of matter in the Congo River by Spronck [3], the first to quantify matter in solution
(82mg/l), i.e. an export of 106x10° tons/year. Symoens [4] quantified the transport of dissolved
mineral substances on an annual basis at 46.5x10° tons/year in 1968, then 35.5x10° tons/year
in 1980. In order to refine certain results, during a five-year period (1987 to 1992), the solid and
dissolved matter transport of the Congo River was measured monthly at the surface, making it
possible to evaluate the solid flow of the river [5]. During this study period, the Congo River had
a flow of 37700 m¥s, allowing an average export of 91.8 x10° tons of material distributed as
7.9x10° tons of dissolved matter (DM). The 12% of TSS is made up of particulate organic matter
(POM) and 29.5% of dissolved matter (DM). The rest of the load corresponds respectively to
particulate mineral matter (88% of TSS) and dissolved matter (70.5% of DM). Compared to the
world's major rivers, this interannual average concentration of these transports (76.2 mg/l) is
low. Laraque and al. [6] estimate that in this year the Congo River transported 26.3 ton/km?
lyear with an average runoff of 120 mm [7] and a liquid flow of 41,700 m?® /s [8]. The total
distribution of this solid transport at the main station of Brazzaville, which controls more than
95% of the total basin area, shows that 30.6x10° tons of solids are transported per year. All
assessments made on the Congo River at the Stanley Pool were made in a global and sporadic
way. Kinga-Mouzeo [9], reiterating earlier results, estimates that the average annual tonnage of
suspended exports is 40.56x10° tons. Molinier [10] carried out a series of monthly samples from
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January 1978 to February 1979. At the same time he tried to diversify the sampling points on
the measurement sections. The results of his work are very interesting since they show that the
values of the contributions in suspension vary in a significant way between the surface and the
bottom, contrary to the dissolved contributions which are approximately identical along a
vertical.

Several studies are being conducted to solve this problem without taking into account the
relationship between various phenomena, namely (i) water erosion which carries the material
into the Congo River, (ii) the different materials transported by the river current according to
three modes of transport, (iii) as well as the interaction between the minor bed which is the
place of deposition of the suspended material which, when the flow velocity decreases in certain
places, is deposited to form sandbanks, and the major bed which transports the material.

This study is a contribution to sustainable solutions for the silting problem in the
Autonomous Port of Brazzaville. Using satellite data from the Djiri, Tsieme,Lifoula, la Lefini and
BRAZZAVILLE stations, the study uses hydrological modelling (Fig. 1) to estimate the rate of
material transported by the Congo River on the right bank over three decades (1990-2020).

MATERIALS AND METHODS

Presentation of the study area. The Congo Basin (Fig. 1), with a length of 4700 km,
drains a watershed with a surface area of 3,700,000 km? covering a large part of Central Africa,
with a high density hydrographic network and a slope of about 0.033% allowing water runoff.

Several projects have been initiated to understand the hydrological, hydrogeological and
hydroclimatic functioning of the Congo Basin [11]. The Stanley Pool at its entrance constitutes a
control threshold for the Maluku limnimetric station.

At this point in the river, the flow undergoes a variation due to the widening of the straight
section of the river. A second natural sill can be observed at the exit of the rapids which controls
the scales of the Brazzaville Beach. The surroundings of the Stanley Pool are very permeable
to water infiltration, thus characterizing the rich potential of the groundwater in the vicinity of the
Stanley Pool; the increasing distribution of clays from the mainland to the river increases a
decrease in the permeability of the soil in the vicinity of the Stanley Pool. In the area around the
Stanley Pool, where the slab is absent, the sandy plateau and the Stanley Pool sandstone form
a thick, permeable mass, which is favorable to the deep infiltration of rainwater.
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Materials: data and software used. The data (Table 1) are processed in a multi software

platform (Arc Gis 10.4.1 and MS Excel 2010), in order to elaborate a very rich database
allowing the manipulation, the update of these data, as well as the visualization.
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Table 1. Data and software used

N° Documents and download platforms Software Logiciels
Digital Terrain Model, Image Shuttle Radar Topography Mission (SRTM) of 30 m | Arcgis

1 | resolution of 2014 10.4.1.
Obtained from the website : http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp. MS

Carte numérique du sol du monde « Digital soil maps of the world (DSMW),
2 | Obtained from the website:
http://www.fao.org/geonetwork/srv/en/metadata.show?id=14116

LANDSAT 8 OLI satellite image of 14/08/2019 with 30 m resolution Excel
3 | Precipitation recorded at the Brazzaville station between 1990 and 2020 2010
Obtained from the website: https://gis.ncdc.noaa.gov/maps/ncei/cdo/alltimes

Presentation of the model. Erosion is a multiplicative function of rainfall erosivity (the R-
factor which is the potential energy) multiplied by the resistance of the environment, which
includes the K-factor (soil erodibility), LS (the topographical factor), C (the vegetation cover and
cultivation practices), P (takes into account the anti-erosion practices) These different factors
control: climatic aggressiveness, soil erodibility, slope inclination and length, land use and
erosion control practices [12 , 13]:

A=RxLSxKxCxP, 1)

where: A is the annual rate of soil loss in ton/halyear, R is the rainfall erosivity factor, K is the

soil erodibility, LS is a dimensionless factor representing slope (S in %) and slope length (L in

m), C is a dimensionless factor representing the effect of vegetation cover, P is also a

dimensionless factor that accounts for erosion control techniques such as contour ploughing.
RESULTS

R-factor. The R-factor (Erosivity in ton/ha/year) is calculated as follows:

R=0.5xPx1.73 )

With: P: Annual precipitation in (mm). Using average annual precipitation in (mm) from different
regions in and around the study area.

HN
JA
4

Fig. 2. Rerosivity factor Map

Soil erodibility factor K. The soil erodibility factor K expresses the sensitivity of the soil
to water erosion. We evaluated the K index of the different soil types using the equations of
WILLIAMS [15] and using the Digital Soil Map of the World (DSMW). Processing this map in
ArcGis gave us the rates of different soil types; sand, clay, silt and organic matter. The soil
erodibility factor was calculated by the formula of WILLIAMS [15]:

csand

FACTORK = f o % f g% fooe X Fricana » (3)
. is a factor that lowers indicator K in soils with high coarse sand content and

csand *

higher for soils with some sand, f

where: f
: gives low soil erosion factors for soils with high rates of

cl-si

: lowers the K-

hisand *

silt clay, f, . : reduces K values in soils with high organic carbon content, f
values for soils with extremely high sand content.
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These three equations allowed the calculation of the K-factor, the results are
represented.The calculated K values were interpolated using an IDW interpolation method on
ArcGis 10.4.1 The values of the K index in the study area (Fig. 3) range from 0 to 0.1, showing
the fragility of the soils susceptible to erosion. The map obtained shows that more than half of
the study area represents a high erodibility than the others. The rest of the area has relatively
low values of the soil class showing almost no erodibility caused by the forest reserve.

Fig. 3. Erodibility factor Map K

Topographic factor LS. The topographic factor combines the effects of slope length (L)
and slope steepness (S) on erosion. These two factors are calculated from the digital terrain
model in Arcmap (Eq.4).

4
constant )

where: Slope = slope inclination (%), Slope length (m), Constant = 22.1 in Sys. Metric (72.5 in
Imperial units), NN: see Table 2.

NN
LS =[0.065+ 0.0456x(s|ope)+0.006541x(s|0pe)2]X(Mj

Table 2 : NN Values

Slope <1 1<slope<3 3 <slope <5 25

NN 0,2 0,3 0.4 0,5

The LS factor represents a ratio of soil loss under given conditions, the higher the slope, the
greater the risk of erosion. In fact, upstream of the right branch of the Stanley Pool, the slope
varies up to 0.1. At these locations, the risk of erosion is very noticeable (Fig. 4).

>z

sl T Fig. 4. Topographic factor map LS

B

Vegetation cover factor C. Vegetation represents the effects of plants, soil cover, soll
biomass and soil destructive activities in erosion processes. The determination of this factor is
developed from the mapping of vegetation density on a satellite image (LC08 Landsat 8 OLI of
14/08/2019 of 30 m resolution), the latter was analyzed on the Arcgis software platform (version
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10.4.1) by calculating the NDVI (Normalized Difference Vegetation Index). Afterwards, we used
equation (9) of Van der Knijff et al., [16]:

FactorC = exp(z_ NDVI)

 —— 5
1-NDVI ®)
The C-factor map, presented in Fig. 5, shows variant values between 0.407 and 1.097.

These results show that these values correspond to a better protection of the soils and are
favorable for forest formations where anthropic activities are low.

Legend
@ swvocs

<VALUE>

I o.007 0829

Fig. 5. Vegetation cover factor
Map

Factor of anti-erosion practices P. In the case of the watershed, there are some anti-
erosion practices. Thus the factor P, referring to the reality of the field thanks to satellite images
and the map in Fig. 6, has been assumed to be equal to 0.8. This map (Fig. 6) shows that about
60% of the study area is relatively protected while the rest is exposed to very high water erosion
risks.

Fig. 6. Map of erosion control
0 . o practices

Kilomatras

[ e e e e T T

Water erosion rates. The multiplication of the different USLE parameters under ArcGis
software is given by:

Water erosionrate = R factor x K factor x LS factor xC factor x P factor . (6)

The simulation yielded the erosion risk map (Fig. 7), informing on the erosion potential in
t/halyear per spatial unit (DTM pixel) at a few points of the watershed with values ranging from 0
to 1381 tons/hectares/year. This map shows a clear spatial variability of water erosion risks
within the study area. The right branch of the Congo River, which is a final spillway of the
hydrographic network of the city of Brazzaville, is one of the causes.
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Conclusion. This study is based on the use of open access spatial data and GIS for a
spatialization of erosion risks on the right bank of the Congo River, particularly in the Stanley-
Pool bay which is the study area. It showed that in this area of the Congo River, the topography
is dominated by steep slopes up to 10%, the erosivity is high, the erodibility is high and the soil
protection is low. In addition, the existence of an urban and agricultural area in the steep slope
zone accentuates the risk of erosion at this location. The results of this study show that
approximately 40% of the area is subject to soil loss. The risk of erosion is very severe despite
the vegetation cover.

The good management of the hydrographic network, the methods of soil survey by the
installation of grass strips are better adapted to face the risk of erosion in this zone, the
afforestation of the zones with weak vegetation cover and the support of the efforts undertaken
by the population will make it possible to protect in a durable way this territory.

The use of the USLE model, GIS techniques and open access multi-source data can be
applied at a reasonable cost to map the risk of erosion at the territorial scale, the analysis of the
variability of erosion intensity and the identification of priority areas for soil conservation in the
Republic of Congo.
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MoTteHuian BogHOI epoasii piuku KoHro B 3aTtoui CteHni-nyn

BoHep M H., Mapmens O. O., KpicmiaH T., bedoHH M. H. I"., BepHap M.

Y yiti cmammi nposedeHo Haykoge OOCIOXeHHSI PO3YMIHHSI rpouecie eposii ma rnepeHeceHHs1 3asuciiux
meepdux peyosuH abo ocadis i3 piuku KoHeo 6 3amoky CmeHni-llyn. 3 uieto memoto 6yno 8ukoHaHO 06pobKy daHux
npo Kinbkicmb onadie 3a mpu Oecamunimms (1990-2020), napamempis, siki ennueamp Ha MPOUEC epo3itHol
OuHamiku, wo 06yMO8uU/I0 CMBOPEHHS Kapmu B00HOI epo3ii 3a OOMOMO20K0 yHieepcasibHO20 PIBHSIHHS empam
rpyHmy (USLE). Bukopucmosytodu ripocmoposi OaHi eidkpumozao docmyrny ma [IC, uys modenb USLE doseonuna
KiflbKICHO 8U3HaYumu weudKicmb mpaHcropmyeaHHs Mamepiasy npomsi2oM mpbox decsmunime: po3nodin pu3ukie
epo3sii Ha npasomy bepesi piyku KoHzo, 30kpema 6 3amoui CmeHnni-l1yn,e penbechi SKOI nepesaxkarompe Kpymi cxusnu
00 10%, susisrieHo 8UCOKY epo3iliHicmb ma epo0o8aHicmb ma HU3bKY rpyHmMo3axuuw,eHicmea.

Hapewmi, peaynbmamu docnidxeHHs1 noka3ytoms, wo 6rusbko 40% docnidxysaHoi mepumopii niddaemscs
empami rpyHmy. Pu3uk epoasii € Oyxe 8esluKuUM, He3gaxkatoHu HaHasi8HiCMb POCITUHHOZ0 MOKPUBY.

Knrouyoei cnoea: nepeHoc meepOux peqosuH, 8ioknadeHHs1, ModestoeaHHsl, Modersi, 6aceliH CmeHri, piyka
KoHeo.
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APPLICATION OF HEC-RAS MODEL TO ANALYZE OF SEDIMENT TRANSPORT DYNAMIC
PRE AND POST CONSTRUCTION OF FALL STRUCTURES
AT LOWER NARA CANAL OFF-TAKING FROM UPPER NARA CANAL,
SUKKUR BARRAGE, INDUS RIVER, SINDH, PAKISTAN

This paper presents the research study using the HEC-RAS model to evaluate sediment dynamic problems in
lower Nara canal pre and post-construction of fall structures at RD-77 and 101 respectively which is a major tributary
of upper Nara canal that off-takes from Sukkur barrage on the left bank of Indus River. As a result, the hydraulic
model has computed longitudinal and cross-section, velocity, water surface profiles, and sedimentation dynamics.
Sediment transportation without fall structure is aggradation (5.75 ft and degradation (4.50 ft) and with fall structure
aggradation (4.25 ft) and degradation (2.75 ft) respectively. Sediment transportation without fall structure is
aggradation 500,000 tons and degradation 225,000 tons and with fall structure aggradation 155,000 tons and
degradation 125,000 tons. Sediment transportation without fall structure is degradation 600,000 tons and with fall
structure is aggradation 110,000 Tons and degradation 165,000 Tons. Sediment transportation without fall structure
is aggradation 1,750,000 Tons and with fall structure is aggradation 1,300,000 Tons. Hence the results of the model
revealed that aggradation at u/s and degradation at d/s of fall structures that is a true representation of the behavior
of fall structures. Whereas, the section is wider than aggradation occurred and degradation is experienced in narrow
sections in both scenarios (with and without fall structures). The positive impact of constructed fall structures was
analyzed on the morphology of the canal. Hence, the construction of fall structures are essential at the change of
country/steeper slope to avoid unnecessary erosion.

Key words: HEC-RAS model, lower Nara canal, Indus River, fall structure, sediment transportation,
aggradation degradation.
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Introduction. Large Rivers of World have been receiving Average suspended load
annually, Amazon (1200 MT), Huanghe (Yellow) (1080 MT), Ganga-Brahmaputra (1060 MT),
Changjiang (Yangtze) 480 MT, Mississippi, 400 MT, Irrawaddy, 260 MT. Indus, 259 MT with
delta 29524 km 2 . Indus River receives sediment Load material from two origins: catchment and
its banks and bed. It changes behavior and location with temporal, spatial varying channel
dimension and pattern and frequently flooding. Morphology of Indus braided with high to low
meanders, Reach of the river, where Sukkur barrage is located, has great variability of
sediment. Prior to construction of barrages and dams the annual sediment load ranged from
270 to 600 MT (Kimani,1993). Estimated Heavy Sediment load is about 200 MT per year in
Tarbela reservoir. And about average 330 MT at Kotri d/s of Sukkur barrage (Karim, A. et
al.,2000). Average annual sediment load in the Indus River at Sukkur was 360 MT during 1902
to 1960. Average Sediment Load 0.715 MT per day, Thus approximately 260 MT per Year
(Feasibility of Study Sukkur, 2006). Rivers are affected by natural and human factors; rivers
usually undergo severe erosion on bed or banks, sedimentation and sectional movements.
These factors caused dramatic changes to rivers in long run leading to what is known as
geomorphological changes. One of the key topics in river engineering is to investigate river
morphology that describes the river geometry, bed shape and longitudinal profile, cross-
sections and changes of river shape (Van Rijn, L.C., 1993, Graf, W.H., 1984). Sediment
deposition is a culprit in the slow reduction of aquatic habitats and increased water velocity,
which changes the morphology of rivers (Ehteram, Ghotbi et al. 2019)

Silting of reservoirs and rivers is another important aspect of sediment transport, the
storage capacity of reservoir is reduced by its silting, thereby, reducing its use and life. The
design and execution of a flood control is chiefly governed by the peak flood levels, which in
turn, depends on the scour and deposition of sediment. Firstly, the bed levels may change by
direct scouring of deposition of sediment; and thereby changing the flood levels. Secondly, the
scouring and silting on the river banks may create sharp and irregular curves, which increase
the flow resistance of the channel, and thereby, raising the flood levels for the same discharge.
The phenomenon of sediment transport causes large scale scouring and siltation of irrigation
canals, thereby increasing their maintenance. Many poorly designed artificial channels get silted
up so badly, then they soon become inoperable, causing huge economic loss to the public
exchequer. The artificial channels should, therefore, be properly designed, and should not fail to
carry the sediment load admitted at the canal head works. Sediment transport, thus, poses
numerous problems, and is a subject of great importance, and possesses enough potential for
further research and development. The sediment in a canal is a burden to be borne by the
flowing water, and is therefore designated as sediment load. The sediment may move in water
either as bed load of as suspended load. Bed load is that in which the sediment moves along
the bed with occasional jump into the channel. While, the suspended is the one in which the
material is maintained in suspension due to the turbulence of the following water
(Santosh,2007).

Lane’s principle provide visual approach to the interaction b/w the main variables of a
river/canal water discharge, slope, and sediment load and sediment size. In this simplified
qualitative the river tries to achieve its dynamic equilibrium by adjusting these four main
variables. When reduction in water discharge (due to diversion, the river/canal will try to restore
its equilibrium by deposing the excess of sediment load (aggradation) Lance’s Balance
(Raudikivi, 1993).

The sediment particles’ movement incorporates two key dreg transport modes, bed and
suspended load. The bed load which moves very near to the bed is of main concern. The
sediment is transported by flowing water and/or it slides along the bed or bounces instantly over
the bed. The bed load transport is accumulated when there is low velocity with stream heavier
grain sizes. While suspended load occur more at higher stream smaller/lighter grain size moves
along the bed and are kept in suspension with moving water (Susana, et al., 2011).

Sediment transport capabilities have been added to the Hydrologic Engineering Center’s
River Analysis System (HEC-RAS). HEC-RAS can be used to perform sediment routing and
mobile bed computations. The existing in HEC-RAS to compute a series of steady flow
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profiles used to develop hydrodynamic parameters for sediment transport. The result is a
continuous simulation of the change in cross sections as sedimentation processes adjust to
the hydraulic conditions imposed by the inflowing water- sediment hydrograph and the base
level control boundary conditions.

Sediment routing and mobile boundary simulations are commonly employed in
support of various U. S. Army Corp’s of Engineer missions. However, many of the core
capabilities of HEC-6 have recently been incorporated into HEC- RAS, leveraging the robust,
existing, hydrodynamic capabilities in RAS and providing helpful user interfaces for one
dimensional sediment transport modeling. The study by Ghimire and De Vantier used a one-
dimensional HEC-RAS numerical model integrated with Arc-GIS to develop a sediment
deposition model at the Olmsted Locks and Dam area (Ghimire GR et al., 2016). When flow
velocity increases gradually over a sedimentary bed, the motion of sediments occur if the bed
shear stress (available shear stress) induced by the flow exceeds a certain critical value of
shear stress (Ahmad et al., 2011). Flow regime is mainly impacted by interactions of diverse
hydraulic and hydrodynamic forces. This leads to a dynamic river system and changing cross-
sections due to periodic sedimentation and erosion (Delphi, M., et al., .2010)

Most of the canal network on Indus Basin Irrigation System (IBIS) is directly fed from
rivers that may carry heavy sediment particles; heavy silt particles may settle down in canal
beds which create serious operation and maintenance problems. Sediment flow in natural
channels and rivers varies in several ways in irrigation canals. Though irrigation canals and river
both are much similar at the same time there are also many variations such as the width ratio,
sediments load, the hydraulics and dynamics (Galappatti, 1983). The design system of canals is
adopted in such a way that most of sediment particles remain suspended and being distributed
into off-taking canals to reach in irrigation fields. Despite this, these particles tend to settle down
and become problem in canals’ operation and maintenance. Thus, frequent canals’
maintenance and de-siltation is required to keep the canal operational that cause an additional
burden on national economy (Munir, 2011),

Nara Canal off-takes from left bank of Sukkur Barrage located on Indus River. This canal
reaches its tail after traversing a distance of about 119 canal miles (595RDs) from its head
regulator. The Jamrao Weir/Head Regulator controls the flows into the Lower Nara Canal. Two
canals namely Jamrao Canal and Jamrao Twin Canal off-take from the right side, as well as the
Ranto Canal (which also feeds Chotiari Reservoir) off-takes from the Nara Canal on the left side
at the Jamrao canal (SIDA report 2015).

The bed load logically is dependent on the local properties of the channel so that the most
of sediment discharge formulae predict bed-load discharge. The bed load formula was chosen
mainly because the forecast of suspended sediment transport is more difficult. Most of the
sediment discharge formulas predict bed and suspended load discharge, because bed load is
logically dependent on the local properties of the channel. The prediction of suspended
sediment transport is more difficult since the transport at any cross section depend on the
balance between the particles in suspension and their deposition from suspension over a long
up stream reach.

Irrigation canals receives high silt load directly from Indus River. Beside this, erosion in
canal banks, scour bed as well as non-cohesive bed material further increase the problem.
Design of canals’ system is made to sustain and maintain regime conditions as most of
sediment particles remain in suspension and being distributed into tertiary canals to reach in
agricultural fields. Sediment particles tend to settle down in canals due to wider sections having
low velocity which create severe silt deposition resulting to reduce the water carrying capacity
system. Canal requires de-siltation to keep section capable for taking design discharge which is
very costly. To analyze dynamic sedimentation behavior and morphological conditions of the
Lower Nara Canal. To analyze dynamic sediment transport impact on Lower Nara Canal profile
after construction of Fall structures at RD-77 and RD-101

Study Area and methodology of Using HEC-RAS Model. Study was carried out on
Lower Nara canal which receive Water from main Nara canal which off-takes from Sukkur
barrage on its left bank. Nara is the largest canal in Sindh, having length of 364 kilometers with
its designed capacity of 13,602 cusecs. It behaves like a river and about two million acres of
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agricultural land is irrigated by this canal. The Upper Nara canal exhibits varying hydraulic
gradient with wider and narrower sections at a number of locations. The major problems of the
Nara canal are excessive quantities of silt delivered through the system due to erosion from the
canal prism as a result of scouring at upstream or silt fed into the Nara canal system at the head
regulator of upper Nara canal, and the reduced discharge provided to the lower Nara canal. The
currently three fall structures were constructed (as shown in fig.1) along the Nara canal to
stabilize the flow regime and curb the menace of silt deposition. One of these three fall
structures is located at RD 550 of upper Nara canal, second and third at RD 70 and RD 110
respectively of lower Nara canal. The study has also been carried out to find out and analyze
dynamic sediment transport impact on Lower Nara Canal profile after construction of fall
structures at RD-77 and RD-101.

L

SAMRAD MBADY /(o Mn= 50 g ”
w  GENERAL ARRANGEMENT e

)
-

B

\
]
.‘_T__.
uZow

W ow o

Fig.1. Shows Study area

Sediment Transport. Used for calculation related to geomorphological changes in long
run, erosion and sedimentation on river and canals bed, changes of roughness factor in
floodplain in sediment management (Smadi-Boroujeni, et al. 2008).

HEC-RAS Model. Sediment computations in HEC-RAS utilize one dimensional, cross-
section averaged, hydraulic properties from RAS’s hydraulic engines to compute sediment
transport rates and update the channel geometry based on sediment continuity calculations.
This Hydrodynamic HEC-RAS model has been developed by Hydrologic Engineering Center of
the US Army Corps of Engineers (USACE) which can perform: i) Unsteady flow analysis in
Rivers/Channels; ii) Water Quality analysis, iii) Sediment Transport analysis, iv) Hydraulic
Design functions regarding (barrages, bridges, spillways, culverts, weirs and drops) (Manual
HEC-RAS, 2017). Geospatial capabilities have been added to the Hydrologic Engineering
Center's River Analysis System (HEC-RAS) to allow the hydraulic engineer to more efficiently
develop hydraulic models through visualization of model results and refinement of model
geometry within a consistent modeling environment.

Method for computing process using HEC-RAS Model: The fig.2 reveals that at initial
stage data should collected for preprocessing. This data sets have been used/applied for
running the Model for hydraulic simulation and further model has been calibrated and validated
with Manning N values and computed the results.
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Fig.-2 Shows computing process for application of HEC-RAS Model

Input to the Model. Geometry Data: i) Design parameters of Hydraulic structures ii)
longitudinal and cross-section survey of Canal. iii) Remotely sensed freely available Digital

Surface Model (DEM) The Digital Surface Model (DEM) has been downward and Cross-section
Longitudinal section has been digitized as project area (sea fig.3).

Fig.3. Shows Canal Profile and L-Section of Lower Nara RD 01-165

Sediment Data: i) Initial conditions and Transport Parameters; ii) size distribution; iii)
Gradation Curve.

The data of sediment samples taken from the canal reach with discharge including grain
sizes of canal bed and D50 as shown in table 1.

34

Tablel. Shows Discharge and sediment Concentration
High Flow (July, 2014) Measurements Data
Canal _ Sgdiment Concentration
Location Q Clay Silt Sand Total
RD Cusecs ppm ppm ppm ppm
lower Nara 8+200 6,043 252 764 168 1184
Location Low Flow (April, 2014) Measurements Data
Sediment Concentration
Q Clay Silt Sand Total
(RD) Cusecs ppm ppm ppm ppm
Lower Nara 8+200 2,882 41 303 166 510
ISSN:2306-5680 Hydrology, Hydrochemistry and Hydroecology. 2022. Ne 4 (66)




Six different transport functions are currently available in RAS including Ackers and White
(1973), Englund- Hansen (1967), Laursen (1958), Myer-Peter-Muller (1948), Toffaleti (1968),
and Yang (1972). Total transport capacity is calculated by invoking the similarity hypothesis
(Armanini, 1992 and Vanoni 1975 after Einstein, 1950) by dividing the sediment gradation
curve into discrete size classes, independently computing a transport potential for each size
class and then weighted by the relative abundance in the active layer.

piate:  [EEECRNEN - [ 45 % B Enter Multiple Gradations in a Table.
Finer 100

%

Finer
\\\

Fig. 4. Bed Material Gradation Curve

Boundary Conditions. i) U/s Condition (Flow Series) ii) D/s Condition (Normal Depth)
and iii) Gate Openings. Flow specification for sediment transport computations currently follows
the “quasi-steady” flow approach of HEC-RAS. An event or period of record is approximated
by computing a series of steady flow profiles (Fig. 1). Each of these each steady flow profiles is
then associated with a duration and transport parameters are generated at each crosssection.
Usually, however, bathymetry updates are required more frequently than the flow increment
duration, so a computational time step is specified. The geometry file is updated and new
steady flow hydrodynamics are computed at the beginning of each computational time step.

Results and Discussion. The Geometry data, Hydraulic Data and Sediment Data have
been given to HEC-RAS of Model for computing hydraulic and discharge parameters such as
total discharge maximum and minimum velocity water surface elevation flow width and Froude
No. (see Fig.6) and Model has computed sediment transport.

=] Flow Series for Nara Lower 157153
CRiREN Table |

Hydrograph Data

o2 /2015 091,
RSN N T

Fig.5. Hydrograph as boundary condition
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Table 2. Shows hydraulic parameters
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The fig.6 shows the water level/computed flow at RD-01. This figure reveals the visual
phenomenon regarding water level in cross section of channel.
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Fig.6. Computed Flow at RD-01

The fig.7 shows the outflow in Lower Naran at Fall Structure (RD-77). While fig.8: 3-D
view of Fall Structure in Lower Nara at RD-77. These figures are representing the flow behavior
at fall structure in 1-D and 3-D. Hence, result of model are nice as technical and other
stakeholders can understand easily phenomenon flow passing through hydraulic structures.
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Fig.7. Computed Out Flow in Lower Fig.8. 3-D view of Fall Structure in
Naran at Fall Structure (RD-77) Lower Nara at RD-77
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Fig. 9. Profile of L-Section, without Fall Fig. 10. Profile of L-Section, Fall
Structures at RD-77 and Impact of Sediment Structures at RD-77 & 101 and Impact of
Load Sediment Load

The Fig.9 Profile of L-Section, without Fall Structures at RD-77 shows that there is no any
hydraulic drop in the channel before construction of fall structure, hence there is no any Impact
on velocity and Sediment transport Load. Fig.10: Profile of L-Section, Fall Structures at RD-77 &
101 which reveals the drop/cut off between upstream and downstream of fall structures. Hence.
This phenomena has reduced velocity and sediment behavior in channel.

The fig.11, 12 and 13 exhibit that there aggradation and degradation at upstream and
downstream of fall structures. This development of aggradation and degradation is true
representation of results of model. The Fig.14 Profile shows the maximum velocity without Fall
Structure which is 6 ft /sec. The high velocity remained cause of erosion and scouring banks
and bed respectively.
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Fig.11. Cross-section at u/s and d/s of Fig.12. Cross-section at u/s and d/s of Fall-
Fall-Structure- at RD-77 showing aggradation Structure- at RD-77 showing degradation
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Fig.13. Cross-section at u/s and d/s of
Fall-Structure- at RD-77 showing aggradation
and degradation

Fig.14. Profile (without Fall Structure)
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The fig.15 shows the maximum velocity has been reduced due to construction of fall
structure from 6 ft/see to 3.75 ft/see. The construction of fall structures which have developed
drop and reduced flow velocity and improve the sediment transport. Hence, model is giving
good result regarding simulation flow at fall structures.
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Fig.15. Velocity Profile (with Fall Structure)

The fig.16 shows the water surface in channel before construction of fall structures. The
Water surface is changing with increasing discharge in the canal from RD-01 to 115.
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Fig.16. Water Surface (without Fall Structure)

The fig.17 shows that water surface after construction of Fall structures. The Water
surface in canal showing drop between fall structures which were constructed RD-77 and RD-
101. These structures have reduced water surface and maintenance the velocity of canal for
developing the regime conditions.
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Fig.17. Water Surface (with Fall Structure)
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Fig.18 shows Invert Change (Ft) Sediment transportation without fall structure is
aggradation (5.75 ft and degradation (4.50 ft), while fig.19 reveals with fall structure aggradation
(4.25 ft) and degradation (2.75 ft) respectively.

Creopec Cum
Spcmve Ducs

PO v BANDICANM con B0 sdFavorim | Oles Favonse | | =

Profile Plot

= — rvert Change 14MARDD 1S 000000
Aggradation (5.75 ft) — Ivert Crange JOAPFI01S DO0000
IOMAYZDTS S0000

QAINDOTS 000000
500

vert Change [Foet|

RR

SoATEE
,

RRARAR
RERRRE

o

et
IAQTTS
]

=

4.

28

a
v

Degradaton ( 2150 ft)

T ¥ T T T T
- 000 2000000 4000000 SO00000 2000000 NO0OOCO0 12000000 14000000
Stason %)

Fig.18. Invert Change (Ft) due to Sediment transportation (without Fall Structure)
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Fig.19. Invert Change (Ft) due to Sediment transportation (with Fall Structure)

Fig.20 and 21 show Mass Bed Change Cum (Tons) Sediment transportation without fall
structure is aggradation 500,000 tons and degradation 225,000 tons and with fall structure
aggradation 155,000 tons and degradation 125,000 tons respectively.
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Fig.21. Mass Bed Change Cum (Tons) due to Sediment transportation (with Fall Structure)

Fig.22 and 23 show that Long Cum Mass Change (Tons) Sediment transportation without
fall structure is degradation 600,000 tons and with fall structure is aggradation 110,000 Tons

and degradation 165,000 Tons respectively.
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Fig.22. Long Cum Mass Change (Tons) due to Sediment transportation (without Fall
Structure)
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Fig.23. Long Cum Mass Change (Tons) due to Sediment transportation (with Fall Structure)

Fig.24 and 25 exhibit that Mass in Cum (Ton) Sediment transportation without fall
structure is aggradation 1,750,000 Tons and with fall structure is aggradation 1,300,000 Tons.
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Fig.25. Mass in Cum (Ton) due to Sediment transportation (with Fall Structure)

The results of hydraulic parameters and sediment transport that HEC-RAS now has basic
sediment transport capabilities. RAS utilizes quasi-steady hydrodynamics and one of several
transport equations to solve the sediment continuity equation. Sediment surpluses and deficits
are modified with temporal and physical constraints and translated into bed aggradation
and degradation. After each computational time step the RAS geometry file is updated based
on bed elevation changes for the hydrodynamics and sediment potential computations to use
during the next time step. RAS includes a convenient user interface to specify the necessary
data for a sediment analysis and a wide range of available outputs for analyzing a simulation
(Stanford Gibson, et al.2006).

Conclusion. As a result, Model has computed longitudinal and cross-section, velocity and
water surface profiles and sedimentation dynamic. Further Model results show the
sedimentation dynamic computation in Invert Change (Ft) Sediment transportation without fall
structure is aggradation (5.75 ft and degradation (4.50 ft) and with fall structure aggradation
(4.25 ft) and degradation (2.75 ft) respectively. Mass Bed Change Cum (Tons) Sediment
transportation without fall structure is aggradation 500,000 tons and degradation 225,000 tons
and with fall structure aggradation 155,000 tons and degradation 125,000 tons. Long Cum Mass
Change (Tons) Sediment transportation without fall structure is degradation 600,000 tons and
with fall structure is aggradation 110,000 Tons and degradation 165,000 Tons. Mass in Cum
(Ton) Sediment transportation without fall structure is aggradation 1,750,000 Tons and with fall
structure is aggradation 1,300,000 Tons.

Hence the results of Model revealed that aggradation at u/s and degradation at d/s of fall
structures that is true representation of behavior of fall structures. Whereas, section is wider
that aggradation occurred and degradation is experienced in narrow section in both Scenarios
(with and without fall structures). Positive impact of constructed fall structures was analyzed on
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morphology of canal. Hence, the construction of fall structures are essential at change of
country/steeper slope to avoid unnecessary erosion.
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3actocyBaHHA mogeni HEC-RAS ansa aHanisy AMHaMiku nepeHoOCy HaHOCIB A0 Ta nicns 6yaiBHMUTBA
BogockuaHux cnopya Ha HwxHbomy kaHani Hapa, wo BiaBoautbcA Biao BepxHboro kaHany Hapa,
3aropomxeHHs Cykkyp, piuka IHg, CiHa, MakuctaH

TyHio I. A.

Y uiti cmammi npedcmasneHo docniOHUUbKe O0CiOKeHHST 3 sukopucmarHaM modesii HEC-RAS 0ns ouiHku
OuHamiyHux rpobrem 8idknadeHb y HUXHIU YacmuHi kaHany Hapa, 0o ma nicnsi 6ydisHuymea 8000CKUOHUX criopyd
Ha RD-77 ma 101 8i0nogiOHO, siki € OCHOBHOK [MPUIMOKOI B8EpXHbOI YacmuHU KaHany Hapa, wo eumikae i3
3azopodxeHHss CyKkKyp Ha nieomy 6epesi pidku IHO. 3a eidpasniyHoo modeno pospaxysaHi no3008XHi ma
ronepeyHi nepepisu, weudkicme, rpoghini 800HOI NoeepxHi ma OuHaMiKy ocadOHaKonuyeHHsl. TpaHcrnopmyeaHHs
ocady 6e3 8000CKUOHUX criopyd 3 empykmypu nadiHHs € azpadauieto (5,75 cbymis) i deepadauis (4,50 cbymis) i 3i
cmpykmyporo nadiHHs, azpadauieto (4,25 coymis) i deepadauiero (2,75 gpymis) 8idnosidHo. TpaHcropmyeaHHs1 ocady
6e3 sodockudHux criopyd 3i cmpykmyporo nadiHHsA € agpadauieto 500 000 moHH | deepadauieto 225 000 mMOHH i 3i
cmpykmypoto nadiHHs agpadauis 155 000 m i deepadauis 125 000 m. TpaHcrnopmysaHHs ocady 6e3 8000CKUOHUX
criopyd 6e3 cmpykmypu nadiHHsa € 0egpadayiero 600 000 m, a 3i cmpykmypoto nadiHHs1 € agpadauiero 110 000 m i
Oeepadauieto 165 000 m. TpaHcriopmysaHHsi ocady 6e3 8000ckudHUX criopyd 6e3 cmpykmypu nadiHHs € azpadauicto
1 750 000 moHH, a i3 8000cKUuOGHUX criopyd € aepadauicto 10 300 m. Pesynbmamu modeni nokasanu, wo azpadauis
npu u/s i deepadayis npu d/s cmpykmyp naliHHS € crpasxHiM ei0obpaxxeHHsIM Mo8ediHKU cmpykmyp nadiHHS.
Bpaxosyrouu, wio dinsiHka € wupworo, Hix eidbynacsi aspadauis, a Oeepadayiss criocmepicaembCsi Yy 8Y3bKUX
dinsiHkax 8 060x cueHapisx (3 ma 6e3 crnopyd). lNpoaHanizoeaHo erniug 36ydogaHuUx B8000CKUOHUX criopyd Ha
mopgbosnoeito kaHany. Omxxe, bydisHuumeo criopyd 015 nadiHHS € 8aXXKIUBUM rPU 3MiHI Micyesocmi/ 3 Binbuw Kpymum
CXUJIOM € 8aX/iueum, wob yHUKHymu HebaxkaHoi epoail.

Knrouoei cnoea: wmodens HEC-RAS, pidka [HO, HUxHIiU kaHan Hapa, eo0ockudHa criopyda
mpaHcrnopmyesaHHs HaHocie, azpadauisi, Oeepadauis.

Haditwna do pedkonezii 19.11.2022
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HYDRODYNAMIC FUNCTIONING OF THE LOBO RIVER RESERVOIR,
West-Central of Cote d’lvoire

Built to improve water supply for the populations of the city of Daloa, the Lobo River reservoir is no longer
functioning properly due to human activities near its reservoir. This study, based on a 2D hydrodynamic model,
carried out with the Mike21 HD software, allowed the reconstruction of the flows in the Lobo River reservoir. The
results of the simulation indicate that the hydrodynamic model could reproduce the variation of water levels at the
free surface of the reservoir. Also, the results are very sensitive to the boundary conditions of the model but also to
the initial conditions. The results of the influence of pumping on the dynamics of water levels in the Lobo River
reservoir showed that water levels are not significantly modified by pumping (less than 1.3 mm). Therefore, pumping
has little impact on the hydrodynamics of the Lobo River because the pumped flows are much less than the inflow to
the reservoir.

Key words : Hydrodynamics; Modeling; Reservoir; Lobo River.

Introduction. Artificial water storage, created by the construction of water reservoirs, is
essential for the sustainable health and well-being of populations as it provides water for human
consumption, irrigation, fishing practice and energy production. In addition, water retention
reservoirs are also used for recreational activities, flood and drought control (Buyukyildiz et al.,
2014; Luis and Cabral, 2021).

Like other African countries, Céte d'lvoire is not immune to eutrophication phenomena
(Koffi et al., 2020b; Kouassi et al., 2013). The advanced eutrophication of some water reservoirs
used to supply drinking water to the population sometimes makes it difficult to treat these waters
due to siltation at the water intakes. Built to improve the supply of drinking water to the people of
the city of Daloa, the Lobo River reservoir has been subject to all kinds of anthropogenic
pressures for several years. Despite the efforts made by the competent authorities, recurrent
problems of water supply are still observed in several districts of the town of Daloa. However,
the water reservoir used to supply drinking water to the population has not yet been the subject
of hydrodynamic studies to understand its functioning in order to adopt management strategies.
Moreover, the combined effect of climate change, the absence of protection perimeters around
the water reservoir, rapid urbanization and agricultural activities could affect the morphology
and quality of the water. It is in this context that this study was initiated to understand the
hydrodynamic functioning of the Lobo River reservoir.

Material and Methods

Study area. Located in west-central Cote d'lvoire between longitudes 6°36' 0" and 6°36'
36" West and latitudes 6°57' 0" and 6°57' 30" North, the Lobo River impoundment is located 25
km from the town of Daloa (Fig. 1). This river is one of the tributaries of the Sassandra River
(Koffi et al.,, 2020a; Yao et al., 2012). The Lobo River impoundment is the main source of
drinking water supply for the people of the city of Daloa.

Hydrometric data. Hydrometric data from the Adjoukrou station located upstream of the
reservoir were used in this study. These data cover the period 2019-2020. All hydrometric data
used in this study are at daily time step.

Bathymetric survey. Bathymetric surveys were conducted using a Lowrance Elite Ti 9
echo sounder. This device consists of three parts. Bathymetric measurements were made at a
frequency of 450 kHz to allow the waves emitted by the echo sounder to not penetrate the
sediment (Lowrance, 2019). The development of a quality hydraulic model is highly dependent
on good bathymetry. To this end, the areas covered by the bathymetry take into account the
fluvial and lacustrine portion of the Lobo River impoundment reservoir. In order to obtain a
regular grid of points, all the data were interpolated by the nearest neighbor method using the
MIKE 21 software.
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Hydrodynamic model. The distribution of currentology and water levels in the Lobo River
impoundment were evaluated through the development of 2DH numerical modeling, performed
using MIKE 21 FM software (DHI, 2020). This is a software package that simulates the variation
of water levels, flows and sediment transport in two dimensions (2D). It solves the classical
two-dimensional Saint-Venant equations by the finite volume method on a flexible mesh grid.
The vertically integrated conservation of mass and momentum equations used by the MIKE 21
model are used to describe the flow and water level variations (DHI, 2020). A triangular mesh
was used to generate the 2D model topography. Next, the mesh is smoothed to achieve the
largest possible angles and feature area. After this step, the mesh is interpolated with the initial
bathymetry using natural neighbor interpolation. When generating the model mesh, a correction
is made to ensure good mesh quality. The domain mesh consists of 8125 nodes and 14628
elements (Fig. 2).

Boundary and initial conditions. Two boundary conditions were imposed in the
hydrodynamic model. The flows are imposed as boundary conditions upstream of the domain.
For the upstream boundary conditions, we positioned ourselves far enough (4.2 km from the
weir) from the lake area to be able to parameterize the model with the river flow. As for the
downstream boundary of the model, a constant water level (-1 m) and the spillway of the
reservoir allowed to control the hydrodynamic model. In this study, a water level (-1) was
imposed as an initial condition. This value represents the initial elevation at the surface of the
Lobo River impoundment.
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Fig. 2. Meshing of the study area
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Results

Calibration and validation model. The results of the calibration of the steady-state
model show a good synchronization between the observed water level-discharge curve and the
one simulated by the model in periods of low water and high water (Fig. 3). Although the model
is able to reproduce the water levels correctly, there are some discrepancies between the
observed values and the simulated values for flood flows between 20 m*/s and 47 m*/s. Also, it
should be noted that during the various simulations, the time to reach the steady state for very
low flows (0.98 m?/s), observed in dry periods, is quite long. On the other hand, for a maximum
river flow of 55 m®/s, the time to reach the steady state is quite short. In other words, the lower
the flow, the longer it will take to reach the steady state.
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Fig. 3. Calibration and validation model

Velocity distribution. The results of the velocity current distribution are shown in Fig. 4.
There is a large variation in velocity currents in the reservoir. The velocities decrease from
upstream to downstream. The maximum velocities are observed upstream of the reservoir. The
speeds are between 0.054 and 0.76 m/s. It is noted that the maximum speeds are observed at
the entrance of the reservoir, where they can reach 0.76 m/s. The currents are directed from
East to West. However, in the reservoir, the simulated velocities are relatively weak and
included between 0,0051 and 0,36 m/s. They remain relatively weak at the banks. In the vicinity
of the spillway of the reservoir, we observe that the flow is accelerated by the presence of the
weir and the currents are between 0.04 and 0.40 m/s. A hydraulic load allows the water to
create a phenomenon of hydraulic jump downstream of the spillway with an increase of the
speeds of the order of 0,45 m/s.
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Fig. 4. Velocity current distribution in the Lobo River impoundment (a). In the area of the old
(b) and new (c) water intake
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Impact of pumping on the variation of water levels in the reservoir. The
hydrodynamic model took into account the water intake in the Lobo River impoundment. This
intake corresponds to a pumping of 675 m*h, or 0.1875 m*/s continuously. The results show
that the water levels from the models of the situations without pumping are very close to those
of the situations with pumping. During the driest month of the year (February), the water levels
in the Lobo River reservoir are not significantly modified by pumping (less than 1.3 mm).
Pumping has little impact on the hydrodynamics of the Lobo River (Fig. 5).
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Fig. 5. Water level in the situations before and with water intake during the dry period
(February 2020)

Discussion. Simulated current velocities in the Lobo Reservoir, using MIKE 21 FM
software, range from 0.051 to 0.72 m/s. The currents decrease from upstream to downstream of
the reservoir. This result correlates closely with the work of Giovanni (1994); Kouassi et al.
(2013); Teal et al. (2015); Guertault et al. (2018); Tang et al. (2021) who report that when a river
enters a reservoir its velocities decrease significantly. However, near the inlet and after the weir,
current velocities are observed to be higher than in the open ocean. This increase in current
speed at the new water intake is due to the pumping carried out by the water distribution
company of Céte d'lvoire (SODECI) for the supply of drinking water to the town of Daloa. After
the weir, the currents are of the order of 0.28 m/s. This phenomenon could be explained by the
hydraulic load that allows the water to create a hydraulic jump downstream of the weir. It is also
noted that the water intake has very little impact on the variation of levels in the Lobo River
reservoir. This weak influence of the water intake on the variation of the water levels in the
water reservoir could be due to the fact that the water inflow is largely superior to the pumping
flow of the water intake.

Conclusion. This study provided an understanding of the hydrodynamic functioning of the
Lobo River impoundment. The results of this study showed that water levels are not significantly
modified by pumping (less than 1.3 mm). The pumping has little impact on the hydrodynamics
of the Lobo River because the pumped flows are much lower than the inflow to the reservoir.
For a better management of the reservoir, this study must continue by updating the bathymetry
data and the realization of a sediment transport model in order to quantify and determine the
preferential zones of sediment deposition in the Lobo River reservoir.
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FippoavHamiyHe chyHKULiOHyBaHHA BogocxoBuLa pivku Jllo6o B 3axigHo-ueHTpanbHomy KoT-a’IByapi.

Kogppi B., Anekcic b. J1., AneH K. C., Onig'e K. K. XK., Kyaci K. J1.

CmeopeHe 0515 nokpaweHHs1 8000rocmadaHHs1 HacesneHHs micma [anoa, sodocxosuuje pidku Jlobo binbwe
He (bYHKUIOHYE HanexHuMm YUHOM 4Yepe3 irodckbKy OisnbHicmb nobnusy uyboeo pe3depsyapa. Lle docrnidxeHHs, sike
3acHogaHe Ha 2D 2i0poduHamiyHili modesi, sukoHaHe 3a O0rMoMOo20K rpozspamMHozo 3abesnedeHHss Mike21 HD,
00380/1UMI0 PEKOHCMpPYyo8amu Momoku y eodocxosuwi pidku Jl1o6o. Pe3ynbmamu modertoeaHHs cgid4ampb rnpo me,
wo eidpoduHamiyHa MoOenb Moxe ei0meopumu 3MiHy pieHi8 800u 8inbHOI nosepxHi sodolimu. Kpim moeo,
pesynbmamu Oyxe 4ymnugi 8o epaHUYHUX yMO8 Modesi, a makox 00 nodyamkosux ymos. Pe3ynbmamu ennusy
gi0kayyeaHHs 800U Ha OuHaMiKy pigHie y eodocxosuwi p. JIobo nokasanu, U0 80HU Cymmego He 3MIHIOIMbCS Yepes
giOkayyeaHHs (MeHwe 1,3 mm). Tomy eidkadyyeaHHsi criabko ernnueae Ha e2idpoduHamiky pidku J1060, OCKinbKu
repekayysaHi Nomoku Habazamo MeHwi, Hix rnpuriue o 8o0ocxosuLa.

Knrouoei cnoea : cidpoduHamika ; modesoeaHHs1 ; godocxosuwie ; piyka J1060.
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'MpAT «Ykpeidpoerepao»
2IHcmumym eiopobionoeii HAH YkpaiHu

OUIHKA 3MIHEHOI O rapPoIOryHoro PEXXMmMy OHICTPA
AK OCHOBA AnAd BU3BHAYEHHA MAPAMETPIB EKOJIOINYHOIO CTOKY

Y pobomi posensiHymi npakmud4Hi acriekmu enposadXeHHs KOHUenuy,ii ekonozaiyHo2o cmoky 8 YKpaiHi 32i0Ho 3
BodHoro Pamkosoro Jupekmusoro. Ha npuknadi [Hicmpa 3acmocoeaHo 2idposiozidHuli MemoOd, sikuli criyaye nepuwum
KDOKOM 8CMaHOBJIEHHST rapamempig eKosnoaidHuUx eumpam eo0u. [lpoaHanizogaHa mpaHcgopmayiss 800HO20
pexuMy eHacriOoK 3apeaynogaHHsi CMoOKy 3a O0rMoMoeoto iHOuKkamopig 2idponoeiyHux 3miH. Anpobauyis makoz2o
nioxody nidmeepduna Moxrnusicme (1020 3acmocysaHHs Ha piykax YKpaiHu 3a ymosu HasieHocmi mpusasnux psidie
2idponoaiyHux crnocmepexeHb. OmpumaHi pe3yrnbmamu MOXymb Ccrly2yeamu OCHO80t0 Orisi po3pobKu npospamu
2idpoekornoaidyHux 0ocridxXeHb Orid 8CMAaHOBMEHHS  €KOMo2iYHO  0brpyHmMosaHo20 pexuMmy eKcrinyamauii
sodocxosuly.

Knroyoei cnoea: ekonoeiyHul cmik, iHOUKamopu eidporoaidHux 3MiH, eumpama eo0du, 2i0posioaiyHi
Xapakmepucmuku, [Hicmep.

AKTyanbHicTb gocnimkeHHA. Ha cborogHi y MiKHApOAHIA NpakTuLi eKONOriYHWM CTiK
BMKOPUCTOBYETBLCS ANA AOCATHEHHs 4OOporo ctaHy BogHUX OG’EKTIB Ta BNPOBaLXYETbCA AN
BUPILLEHHS NPAaKTUYHUX 3adad WOoA0 BCTAHOBIEHHSA MiHIManNbHUX MOXMAMBUX Ta ONTUManbHUX
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BUTPAT BOAW HWx4Ye rpebenb Ta Bogos3abopiB. Y BpucbeHckbkin Hdeknapauii 2018 poky [1]
MICTUTBCA TEPMIHOBWI 3aKNUK OO0 AiN WOoAO0 3axXWUCTy Ta BiAHOBIIEHHS €KOJSIOr4YHOro CTOKY Ta
BOAHUX €KOCMUCTEM 3 TOYKM 30pYy iX OiOpi3HOMAHITTS, BHYTPIWHBbOI LiHHOCTI Ta €KOCUCTEMHUX
nocnyr K UeHTpanbHOro efieMeHTy KOMMIIEKCHOro ynpasniHHS BOOHMMW pecypcamMu Ta K
OCHOBM ynpaBniHHA BOAHUMM pecypcamu i CTanoro po3sBuTKy.

BaxnuBiCTb 3anpoBakeHHS1 €KOMOriYyHOro CTOKy B ynpasBRiHHSA BOAHWMW PIYKOBUMM
bacenHamMu MigKPECOETLCA BBEOEHHAM OKPEMOro KepiBHOro AokymeHTy Ne 31 «EkonoridHni
cTik» y BogHy PamkoBy Oupektuy €C Ne2000/60/€C (BPA) [2]. Lle, B cBotO 4epry, 3060B’A3ye
YKpaiHy po3rnaaatv cydacHUn cTaH HauioHanbHOro HagbaHHs 3 npobnemaTvku Ta NepcnexkTuB
PO3BUTKY KOHUENUii eKOMNoriYHoro CTOKY, a TakoX apanTtyBaTu BnacHe 6adeHHs [o
EBPONENCbKUX CTaHgapTiB. 30KkpeMa, eKONoriYHUi CTik Mae 6yTn BU3HAYEHU B HaLiOHANIbHOMY
3aKOHOOABCTBI 3 Y3rOMKEHHAM [O 3aranbHOro pPO3yMiHHS €BPOMENCLKUX AUPEKTMB Ta
000B’sI3KOBO BKITOMATUCS Yy MNaHW ynpaeniHHA pivKoBMMK OacenHamu, npaBuna ekcnnyatauii
BOOOCXOBMLL, TigpOEeneKkTpocTaHuin, a TakoX B Npouec OTpUMaHHA [O3BifbHOI Ta
nepeanpoekTHOI AOKyMeHTauii. Peanisauis KoHUeNUii eKonoriMHoro CTtoky Mae Bigbysatucs,
Hacamnepes, WNAXoM perfameHTauii Ta onTumisauii poboTu rigpoTEXHIYHUX Cropya, PeXnmis
po6oTtun NEC, cTaHuin Bogosabopy, ToLLO.

AHanisa BuKOHaHUX AochimKeHb. [INs OUIHKM €eKOMOriYyHOro CTOKY MiKHapOLHO
HayKOBOI CMiNIbHOTO po3pobneHo gocuTb Garato nigxogiB Ta meTtogiB [2—7]. Ha npaktuui
Taka Pi3HOMAaHITHICTb NEBHOIO MipOKD MOXE CIyryBaTu NepernoHor, OCKINbKWU BOAHI MeHeoxepu
nocTalTb nepen CKNagHUM MUTaHHAM BUOOpPY HaWbinblw ONTMManbHOrO MeTody, SKWM
Havkpalle BignoBigaTMMe HasiBHMM yMOBaM Ta iCHytodi iHdopmauii. Y 3B'A3ky 3 uMm OyB
3anponoHOBaHUM MOKPOKOBUN TPbOXPIBHEBUN iEpapxiyHUA nigxia, SKMM O03BOSISIE OUiHOBATU
€KONOriYHMI CTiK Npu Pi3HOMY PiBHI OOCTYMHOCTI pecypciB Ta gocnigkeHb [2, 8]. o neporo
no4YaTKoOBOro PiBHSA, 4Yepes MPOCTOTY 3acTOCYBaHHA Ta HU3bKY BapTiCTb, BIOHOCATb TaK 3BaHi
«HacTinbHi» metoamn (“hydrologic desktop methods”), wo 6a3ytoTbCa Ha rigponoridyHMX nigxonax.
B 6inblOCTi OOCTYNHMX TigponoriYyHMX nigxogax aHani3yloTbCs M'siTb OCHOBHMX KOMIMOHEHTIB
riApOnoriYHoro pexumMmy (BennumMHa BOOHOCTI, CE30HHICTb, TpuUBanicTb, MNEPIOAMYHICTE Ta
MIHMMBICTb (3MiH@ TiAPOMOriYHUX XapaKTepuUCTMK Yy 4aci)), Wo noB’A3aHi 3 pPO3yMiHHAM
€KOMOoriYHoI peakuil Ha rigponoriyHi 3MiHW, Ta BPaxOBYHOTb BHYTPILWHbOPIYHI Ta GaraTopiyHi
KonueaHHs cToky [9-13]. Lli meTtoam Onsi BM3HA4YeHHA NapamMeTpiB €KOSOoriYHOro CTOKY, SK
npaBumno, aBTOHOMHO He BWKOPUCTOBYIOTb, BOHW CIyryloTb OCHOBOKW [Ans MOAanbLUOro
3aCTOCYBaHHSA KOMMNEKCHUX MeTOO0rOrii.

BukopucToBytoun pekoMmeHaauii KepiBHOro JOKYMEHTY [2] B uii poboTi MU pO3rnsaHynu
MOXITMBICTb 3aCTOCYBaHHA MeToAy iHAuKaTopiB rigponoriyHmx 3miH (IHA) Ha piyui HicTep. BiH
6yB 3anponoHoBaHui Richter et al. [9] ansa ouiHkn TpaHcdopmauii enemeHTiB rigponoriYyHoro
peXmMmy PpiYOK Ta 03ep, WO nMoB'dA3aHi 3 aHTPOMOreHHUM HaBaHTaXeHHAM. binbLwicTb
€BPOMNENCBHKNX KOMIMIEKCHUX METOAIB OLHKM eKOMOriYyHoro CTOKY IPYyHTYHOTbCS came Ha IHA
[10]. B VYkpaiHi IHA WKWpOKO He BUKOPUCTOBYETLCS, OAHaK € MNpUKNagu NOro 4acTkoBOro
3aCTOCYBaHHA AN CTATUCTMYHOIO aHanidy MakCMManbHOro CTOKY Ta adanisy BnnvBy
Bogocxosuu, [14, 15].

OTmxe, meTorw pJaHoi nybnikauii € ouiHka TpaHcdopmauii BogHoro crtoky [HicTpa
BHACNIQOK 3aperysitoBaHHs i3 BUKOPUCTAHHAM TigpoSioriYHOro MeToay SIK MEepLUoro KpoKy npu
BU3HAYEHHI NapameTpiB eKOMNoriYHOro CToKy.

BuxigHi aaHi Ta meToaM gocnimXeHHs.

Ak 3asHaveHo B Jopatky Il 1.4 go BP[, ouiHka 3MiH rigpOonoriYHOro pexmmy noBUHHA
NMOYMHATUCS 3 iHBeHTapu3auil BCboro 6acenHy pivku. Taka ouiHKka NeBHOK MipOK BMKOHAHa B
pamkax po3pobku [MnaHy ynpaeniHHA pidkoBuMm GacenHom [Hictpa [16] Ta cneuianbHOro
TEMaATUYHOrOo 3BIiTY LWOAO BMIIMBY AHICTPOBCLKMX BOOOCXOBULY Ha cTaH [HicTpa [15] — gogaTky
A0 TpaHCKOPAOHHOrO AiarHOCTUYHOro aHanidy GacenHy pidkv [HiCTep y pamkax npoekTy
ME®/MPOOH/OBCE/EEK  OOH  «CnpusiHHA  TpPaHCKOPAOHHOMY  CniBpOGITHMUTBY  Ta
KOMMNIEKCHOMY YMpaBmiHHIO BOOHMMU pecypcamu y bacenHi pidkm [Hictep». 3rigHo 3 [16]
3abopn BOOM, NPOTUBOMABOLKOBUA 3aXUCT, KONMUBAHHA PiBHIB BoAM Hmkye rpebenb
riapoenekTpoCTaHLUin, peryntoBaHHs CTOKY LUIAXOM CTBOPEHHS BOAOCXOBULL, Ta CTaBKIB B Ti UK
iHLWWIin Mipi HEraTUBHO BNAIMBAOTb HA NPUPOAHUIA MAPONOMNYHUA PEXNUM PIYOK.

Ha [OHicTpi Hanbinbwmmmu Bogocxosuiamu € JHicTpoecbke Ta [ly6ocapcbke. IX OCHOBHI
MOPOMETPUYHI XapakTeEpPUCTUKM HaBedeHi B [15, 17]. BogocxoBuiwa mawTb GaraTtouinboBe
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npusHa4vyeHHs Ta 3abesnevyoTb NOTPedbn 3poLLeHHs, BOgonocTavyaHHs, 60poTbbn 3 NoBeHAMMU
Ta naBogkamu, BUPOGEeHHs1 eNeKTpoeHeprii, CyaAHONMNaBCTBa, pekpeauii Ta iH.

[lybocapcbke BOOOCXOBMLIE, WO po3TalloBaHe Ha BigctaHi 351 km Big rmpna (puc. 1),
3[IACHIOE Y MeXeHWI nepiof - PakTUYHO TUXKHEBE, @ B NOBEHI — Ao060OBe perynioBaHHA CTOKY.
[HicTpoBCbke BOAOCXOBULILE, LLIO poO3TalloBaHe Ha BiAgcTaHi 677,7 kM Big rmpna, 34iNCHIOE
Ce30HHE 3 MepexofoM Ha piYyHe perynioBaHHA CTOKY — OTXKe € FOSIOBHUM pPerynatopoMm Ha
[OHicTpi, noTpebye GinbLUOi yBarn 3 TOYKM 30pYy HaABAHTAXXEHHA Ha TiAPONOriYHUA PEXUM Ta €
00’eKTOM HaLloro JOCHiAYKEHHS.

[Hicmposceke Lybocapceke
godocxosuue godocxoauLye
o B 2upno Quicmpa
_—-'/’ _/_,—/)7, 1
| o A |Benaepn maﬂxu
3aniwmkn B Morunie-Moginbcbkuit

Puc.1. INininHa cxema po3MilLleHHs1 pyCNOBUX AHICTPOBCbLKUX BOAOCXOBULL

3 MeTow OuiHKM TpaHcdopMadil TrgponoridyHOro pexumy B pobOTIi  BMKOPUCTaHI
MOHITOPUHIOBI  pagu LWOAEHHUX cepefHboaoboBMX BUTpaT BOoAWM nocTiB [igpoMeTueHTpy
YkpaiHn 3 1990 no 2020 poku. OuiHKy MPUPOAHOrO CTOKY 3AiACHIOBANM Ha OCHOBI AaHUX
rigponoriyHnx cteopiB y pycni OHictpa (r/n 3aniwmku) Ta noro nputokax Cepet, 306pyuy,
YKeaHuuk, CmoTpud, CtygeHuus, Ywnud, Hiunaea, Kantoc Ta Jlagoea. AHania 3aperynb0BaHoOro
CTOKY MPOBOAMMAN I'PYHTYHOUMUCb Ha BUTpaTK Boau B cTBOpi Morunis-MNoaginbcbknin. B npoueci
BUKOHAHHSA aHanisy 34ifCHIOBann MNpOCTOPOBE MOPIBHSAHHS NPUPOAHOro Ta 3aperyriboBaHOro
CTOKy. Takmn nigxig pfaB MOXIMBICTb BUKIIKOYUTM  KNIMATUYHWA  BANMB Ha CTOKOBI
XapaKTEPUCTUKK PivKK.

Po3paxyHOK CTaTUCTUYHUX [JAHWX, KOMMOHEHTIB Ta MOKA3HWKIB PIYKOBOr0 CTOKY
NpoOBOAMNK i3 3aCTOCyBaHHSM MeTody iHAMKaTopiB rigponoriyHux 3miH (IHA) 3a gonomoroto
BigNOBiAHOro nporpamHoro 3abesneyeHHs IHA v.7.1 [18]. na CTaTUCTUYHOT OLIHKN peXunmy
BoAHOro crtoky Metoa IHA Bkmwoyae 33 rigponoriyHi XapakTepucTuku, SKi € eKororiyHo
3HauYyWuMM Ons yHKLiOHyBaHHSA BOAHWX Ta HAaBKOMNOBOAHWMX cucTem (Tabnuusa 1) [9, 19].
lNepeBaroto meToay € Te, WO 3a AOMOMOIOK LUUX XapakTepUCTUK MOXHA 34IMCHUTU geTarnbHuUn
NOPIBHANBHUI aHani3 rigponoriYyHUX AaHnxX «40 BNAMBY» i «NiCNA BAAMBY» Ta OUHUTK CTYNiHb
3MiHW pexumy npupogHoro cToky. [lporpama IHA possonse oTpuMmyBaTuU pesynbTaTu
napameTpudHOl (CepeaHE 3HA4YEeHHs) Ta HenapameTpudHol (MegiaHa/MpPoLEHTUIb) CTaTUCTUKMN.
OCHOBHOK BUMOrOK 3acTOCyBaHHS METOAY € HadABHiCTb GaratopiyHoro ctokosoro psagy (20
POKiB i BinbLue).

Tabrnuys 1. EKonoriyHo 3Ha4yLwi rigpornorivyHi xapakrepucTukm [9]

Mpynun
rigponoriyHnx FigponoriyHa xapakrepucTuka ExonoriyHa 3HauvyLwicTb rpynum
XapaKTepucTUK
BenununnHu IHA, | ButpaTta Boam y ciuHi (M°/c) - 3abe3neyYeHHst HanexHUX yMoB
MiCHYHUX IHA, | ButpaTa Boau y notomy (M3/c) iCHYBaHHS A1151 BOOHWX OPraHi3mis;
XapakTepucTuk [ |4A, | Butpata Boau y 6epesHi (MS/C) - NigTpMMKa rpyHTOBOI BONOrv Ans
(cepep_,Hl a_60 IHA, | ButpaTta BOAW Yy KBITHI (MS/C) POCNH,
MediaHHi —— 3abe3neyveHHs BOAO Ha3eMHUX
3HAUEHHS) IHAs | ButpaTta Bogu y TpaBHI. (MB/C) TBAPUH;
rpyna 1 IHAs | Butpata Boau y 4epsHi (M°/c) - MOKpAaLLEeHHS KOPMOBVIX YMOB AN
12 nokasHukis | IHA; | Butpara Boau y nunki (m°/c) XVKaKiB Ta iH.
IHAg | ButpaTta Boau y cepniHi (M°/c) - (bopMyBaHHA HEOBXiAHOrO
IHAy | BuTpaTa BOAM y BEPECHI (MS/C) TemMrnepaTypHOro 1a KNCHEBOro
IHA;o | ButpaTta Boau y %o0BTHi (M°/c) PeXNMIB;

- cTabinisauis npogykuinHo-

IHA;; | ButpaTta Bogu y nuctonagi (M°/c) Ly : . _
[ECTPYKLINHUX NPOLIECIB Y BOAHI MaCi.

IHA1, | ButpaTta BOAM y rpyaHi (M°/c)

ISSN:2306-5680 ligponoris, rigpoximis i rigpoekonoris. 2022. Ne 4 (66)

49




lMpodoexeHHs mabn.1

Benuuunun ta IHA;3 | 1-geHHa MiHiManbHa BuTpaTa (M°/c)- 3abeaneyeHHs 6anaHcy
TpuBanictb IHA1, | 3-AeHHa MiHiManbHa BUTPaTa (M°/c KOHKYPEHTOCNPOMOXHUX, pyAepanbHuxX
criocTepexeHb | '|4A.. | 7-genHa MiHiManbHa suTpaTa (Mo/c) | CTpeCOCTIl7IKIVIX POCIVH;
eKcTpeManbHNX  Mn’ T30 neina MiHiManbha suTpara (M CTBOPEHHS MiCUb ANt PO3BUTKY
BUTpaT BOAM — 3,] POCIVH;
rpyna 2 IHA;; | 90-geHHa miHiManbHa BuTpara (M°/ hOPMYBAHHS! MEXaHiaMiB
12 nokasuukis | IHA1s | 1-A€HHa MakcumansHa BuTpaTa MOCYXOCTIIKOCTi POCIINH 33 YMOB
(m°/c) BOAHOrO AediLmTy;
IHA 1o 33-D.9HH3 MaKkcumarnbHa BUTpata | goopMyBaHHs pycna pidkv Ta isuyHoro
(m°/c) CepenoBuLLA iCHYBaHHS;
IHA2o | 7-AeHHa mMakcumarnbHa BuTpaTa - 3abGesneyeHHs 06MiHy NOXXMBHUMMU
(mM°/c) peyoBMHaAMU MK PyCrioM Ta 3annasoto;
IHA,; | 30-geHHa MakcumanbHa BuTpata |- NiATPUMKA PO3BUTKY NEBHUX BUAIB
(mM*/c) POCINH Ha TEPUTOPISAX 3annasu;
IHA,; | 90-AeHHa MakcuMarnbHa ButpaTa [ 30IMbLISHHS nowy NpUpoaHNX
(m3/c) HepecToBML, Ta 3abe3nevyeHHss yMOB
IHA,3 | Yucno gnis 6e3 cToky AN PO3MHOXEHHS pnb; .
IHA,4s | IHOEKC Ga3NCHOTo CTOKY? - 0OMEXXeHHSA PO3BMTKY iHBa3INHMX BUAIB;
- MOKpaLLeHHsi KOPMOBUX YMOB 1S
XWXKaKiB Ta iH.

Jatun IHA,s | KaneHpapHa gata crioctepexeHHs - 3abesneyeHHs Joctyny Ao
CMNOCTEPEXKEHHS 1-AeHHOI MiHIManbHOI BUTpaTH cneujianbHMX MiCLb NPOXMBAHHSA Nig
EKCTpeManbHnX | |HA,; | KaneHpgapHa Aata cnoctepexeHHs | 1aC POSMHOXEHHA, _

BUTPaT BOAM 1-[eHHOT MaKcUMarbHOi BuTpaT |- BCTAHOBMEHHS HeoOXxigHoT noBefiHKK

rpyna 3 ANns Mirpytounx pud B nepiog, HEpPeCTY.

2 nokasHuka

TpuBanictb Ta IHA,; | KinbkicTb nepiogiB 3  HM3bKOKW |- POPMYBaHHA MEXaHi3MiB
nepiognyHicTb BOLHICTIO NOCYXOCTIMKOCTi POCMNH 332 YMOB
crnoctepexeHb | [HA,g | TpuBanicTb ManoBoAHOro | BOAHOO AediuuTy;

HU3bKUX Ta nepioﬂy, OHIB y poui - 30iMbLUEHHS NNOLL npupoaHnX

BUCOKMX BUTPAT ["|HA,o | KinbkicTs nepiogis  y poui 3 | HepecTosuw Ta 3abe3neyveHHst yMOB

BOAM BICOKOIO BOAHICTIO ONS PO3MHOXEHHS pub; _

. nrgl)(/::H:IKa IHA | TpusanicTs BaraToBOnHOM | Ei(;:'}TMHO)KeHI-IFI BOAOMNIaBato4MX MTaxis;
nepioay, HiB y poui - PUMKa Pi3HOMAHITHOCTi POCINH y
BOAHO-00MOTHMX yrigasnx;
- YTPUMaHHS! Ta HaKOMUYEHHS MOXUBHUX
PEYOBUH;
- bopmyBaHHsA cybGecTpaty pycna;
- NiATPMMKa CONbOBOIO PEXMUMY
rMProBUX OiNAHOK Ta NIMMaHIB;
- KOHTPOJTb PO3BUTKY NPUBEPEXHOI
POCINMHHOCTI Ta iH.
YacToTa Ta IHA3; | IHTEHCUBHICTL 36inbLUEHH BUTpaAT |- POPMYBaHHS BOLHOIO CTPECy Y POCIUH
iHTEHCUBHICTb BOOM - (M3/c)/p,o6a npw 3HWXKEHI piBHS BOAY;
3MiHU IHA3, | IHTEHCMBHICTb 3MEHLUEHHa BMTpaT [ YTPUMaHHA  TBapuH 'y Mnactkax Ha
rinponoriq"ﬂo'l' Boau - (M°/c)/no6a ocTposax Ta B'O,EI,-HO-6OJ'IOTHI/IX yrinoax
chtyaul IHA3; | YacTota  amivm  rigponoriunoi | MPY MIABULLEHHI PIBHA BoAW;
rpyna 5 cuTyauji - OCYLLUEHHS  MpUOEpPeXHUX  AiNsHOK,
3 nokasHuka 3arnbenb Manopyxommx BOLHUX
OopraHiamis.

13-, 7-, 30- i 90-aeHHi MiHIMYMM Ta MakCMMyMU PO3PaxoBYOTbLCS METOAOM KOB3HMX CepeHixX BignoBigHOI TpMBanocCTi
ANS KOXHOro MOXIMBOIO nepioAy, KU NOBHICTIO 3HAXOAUTBLCS Y MeXax BOGHOIO POKY.
% |lnpekc 6a3MCHOrO CTOKY OTPUMAHMWIA LUNSIXOM BiAHOLIEHHS BENWYMH 7-AeHHOTO MiHIMyMy [0 CepeaHbOPIYHOT

BUTpaTn BoAU

ISSN:2306-5680 Hydrology, Hydrochemistry and Hydroecology. 2022. Ne 4 (66)

50




HopatkoBo IHA nponoHye po3paxyHOK 34 XapaKTepuCTUK Ansi MEaTW pisHUX Tunis
€KOJTOrYHOro CTOKY: eKCTpeMaribHO HU3bKWIA CTiK, HU3bKWUIA CTIK, MiABULLEHWIA CTIK (CTiK B MeXax
pycna oo BMxod4y BOAWM Ha 3annaBy), HE3Ha4dHi MoBeHi (MaBoaku) Ta KaTacTPOdiYHi NOBEHI
(naBogkmn) [9, 19]. TobTo, bakTMyHO rigporpac CTOKY pPO34YSIEHOBYKOTb 3@ EKOJSOriYHO
peneBaHTHUMK ha3amu BOOHOIO pexmnmy. BOHM xapakTepusytoTb MOBHWUA CHEKTP YMOB, SKi
HeobXxigHo niaTpumyBaTn Ans 30epeXXeHHs1 eKONOrivyHOI LiNiICHOCTI pivKy.

3aranom npu aHanisi 3MiHEHOro rigponoriYyHoOro pexumy BUKOpUcToBYytounm metog IHA
MOXHa KopucTyBaTuca 67 xapaktepuctukamu. OgHak meton IHA, He3Baxaroum Ha nepesaru
30IACHEHHA TakKol TOYHOI OULiHKM 3MiH TigpOnoriMyHOro pexmnmy, He Oa€e XOOHUX MNOPOroBMX
3HayeHb Ta PEeKOMEHAOBaHUX MOKa3HMKIB €KOMOrYHOro CToky. B aeskux HaykoBumx mnpausix
3anponoHOBaHO 3MiHM paHXyBaTu Ha Tpu knacu: 0-33% — BigcyTHi abo He3HauHi, 34-67% —
cepeHi, 68-100% — 3MiHK BUCOKOro CTyneHto [9].

Buknag ocHoBHOro martepiany. Pe3ynbTatv AOCNiAXKEHHS aHanidy 3MiH rigposioriyHmnx
XapaKTepuCTUK 3 BUKOPUCTAHHAM NapamMeTpUYHOl CTaTUCTUKM NpeacTaBrieHi no rpynax 3rigHo 3
Tabn.1l. 3aranom, cepegHi BuTpaTtM BoAM 3a 31-piyHMA nepiog npupogHoro Ta
3aperynLoBaHOro CTOKy Mario BiApisHSIOTLCA | cTaHoBNATL 265 mM°/c Ta 253 m*/c BignosiaHo.
3MeHLWeHHs1 pidHOro ctoky [lHicTpa Hwxkye [HICTPOBCBKOrO KOMMIIEKCHOrO rigpoBy3na B
cepedHboMy Ha 4,8 % ckopiw 3a Bce 06YMOBMEHO BEMMYMHOK LOAATKOBOIO BMMAPOBYBAHHSA 3
NMOBEPXHi BOAOCXOBULLA Ta HASsIBHICTIO Ha Ui AiNSHUI pivkn BoAo3abopie MmicT Kam'sHeub-
Moginbcbkun Ta XOTWUH, a TaKoX, WMOBIPHO, HEOOCTATHbOK TOYHICTIO O0OniKy CTOKY
perynsipHMMm crnoctepeXeHHsiMmn B cTBopi Morunis-lMoginbcbkunin 4epes Noro BHyTPiLLHLOA00O0BI
KonvBaHHs [15].

BHYTpIWHBOPIYHUI nepepo3noain CToKy npeacraBneHu B Tabnuudi 2. lNMpakTuyHO BCi
3MiHW TigponoriYHMx xapaktepuctuk B cTBopi Morunis-logineCbkMin BIAHOCATBCA A0 Knacy
He3Ha4yHMX. €OuHUN Micsaub, KM NoTpebye yBarnm 3 TOYKM 30py MNepepo3noginy CTOKy ue
GepeseHb. BiH xapakTepunsyeTbCca 3MEHLLEHHAM CTOKY Ha 34,3 % Big NpUpOAHOro i BigHOCUTLCA
00 kracy cepefgHix 3MmiH. Lle nos’dA3aHo, nepw 3a BcCe, 3 akymyrnBaHHAM BOAU Y
[HIiCTpOBCbKOMY BOAOCXOBMLLI [0 HOPMasnbHOro MignipHOro piBHA 3 METOK MNpPOBEAEHHS
€KOMOoriYHOro Nomnycky y KBiTHi-TpasHi [20].

Pesynbtatn ob4mcneHb 3MiH cepefHiX 3Ha4YeHb XapakTepucTuK rpynu 2 npencraBneHi B
Tabn. 3. MNMopiBHAHHA gaHUX rigponoriyHux psgis 3a nepiog 1990-2020 poku BKasye Ha Te, WO
nicns CTBOPEHHSA BOL4OCXOBMLLA MiHiManbHUIM CTik 36inbwmBCs, 0ocobnmneBo Le cTocyeTbes 3- Ta
7-peHHoro — Ha 30,3% T1a 32,1% BignosigHo. OQHOYACHO CMOCTEpPIraeTbCA 3MEHLLEHHS
MakcumanbHol cepeaHbofoboBoi BUTpatM BoaM — Ha 32%. Cepep rpynu 2 HambinbLunx
TpaHcopmauii cepefHbOro CTYMEHK 3a3Hae iHAeKC 6a3ncHOro CTOKy, BiACNIAKOBYETbCSA MO0
30inbLleHHs Ha 41,9%.

Tabnuuys 2. CepepHi 3HaYeHHS1 MiCAYHMUX BUTPaAT BOAU NPUPOLHOrO i 3aperyfiboBaHOro CTOKy
Ta BiACOTOK BigXUNeHHA 3MiHEHUX rigponoriYyHnX XxapakTepucTuk

MpupoaHum cTik — npuTik | 3aperynboBaHui
I'pygna 1 Boau Ao [HicTpoBCbLKOro |CTik (BVIT.paTVI BO.AM BiaxuneHHs,
(m°Ic) BOAOCXOBMLUA BKNOYaloum | B ctBopi Morunie- %
60KOBY NPUTOYHICTb MNMoainbcbkun)
(1990-2020 pp.) (1990-2020 pp.)
IHA; | Butpata Boau y CidHi 189 175 -7,3
IHA, | ButpaTta Bogu y notomy 223 186 -16,6
IHA; | Butpata Bogu y 6epesHi 359 236 -34,3
IHA, | ButpaTta BOAW y KBIiTHI 431 397 -7,8
IHAs | BuTtpaTta Boau y TpaBHi 317 310 -2,2
IHA; | Butpata Boau y YepBHi 332 331 -0,3
IHA, Butparta Bogu y nunHi 297 317 6,9
IHAg | ButpaTta Bogu y cepnHi 225 268 19,0
IHAy | ButpaTa BOAM y BEPECHI 208 219 51
IHA1o | ButpaTta BOAW y XOBTHI 201 207 3,0
IHA,; | ButpaTa Bogm y nucronagi 210 202 -4,0
IHA;, | ButpaTa BOAW y rpyaHi 191 183 -4,0
CepeaHs wopivyHa BUTpaTa Bogm 265 253 -4,8
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Tabruys 3. CepegHi 3Ha4YeHHA eKCTpeMarbHUX BEfIMYUH NMPUPOAHOro i 3aperyrboBaHOro
CTOKY Ta BiAiCOTOK BiAXWUneHHs1 3MiIHEHUX FiAPONoriYHMX xapakTepucTukK

MpupoaHi EkcTpemanbHi
Mpyna 2 eKcTpeManbHi BeNUYMHM Binxunenns, %
BEeNIUYUHMN 3aperysibOBaHOro CTOKy
(1990-2020 pp.) (1990-2020 pp.)

IHA 3 | 1-geHHa MiHimanbHa BuTparta 87,5 108 23,1
IHA 1, | 3-4eHHa MiHiManbHa BUTpaTta 90 117 30,3
IHA 5 | 7-OeHHa MiHiManbHa BuTparta 93 123 32,1
IHA s | 30-geHHa MiHiManbHa BuTpaTa 110 136 24,2
IHA {7 | 90-geHHa MiHiManbHa BuTpaTa 151 159 5,06
IHA1g | 1-0eHHa MakcumanbHa BuTpara 1873 1275 -32,0
IHA 19 | 3-OeHHa MakcumMarnbsHa BuTpaTa 1586 1177 -25,8
IHA,o | 7-0eHHa MakcuMarnbHa BuTpaTta 1190 1030 -13,5
IHA,; | 30-geHHa makcumMarnbHa BuTpaTa 690 632 -8,4
IHA,, | 90-geHHa MmakcuManbHa BuTpaTta 454 419 -7,8
IHA,3 | Ymcno gHiB 6e3 CTOKy 0 0 —
IHA,, | IHOeKc 6Ba3nCHOro CToKy 0,36 0,51 41,9

XapakTtepucTukm rpynu 3 BKa3yloTb Ha KanengapHi nepiogn, KOnu npoTArom pPoKy
BiAMIYAETbCA MiHiManbHa Ta MakcMmaribHa BenMYMHW BUTpaTM Boau. Tak, 3a nepiog
OOCNiIKEHHS, NpupoaHa MiHiManbHa BuUTpaTa BOAW, SIka KONMMBAETbLCS B MeXax Big 55 go
127 m/c, nepeBaxHO NpuMagae Ha 3MMOBWIA nepiog abo Ha KiHeub niTa-novaToK OCEHi.
MiHiManbHa BUTpaTa BOAM 3aperynbOBaHOro CTOKy 3 BennunHamm 95—133 m%/c maiike TpeTuHy
BMNAAKIB crnocTepiraetbca y 6epesHi. B iHWI nepiogn KinbKiCTb cCnocTepexeHb MiHiManbHUX
3HayeHb B POLi 3MEHLLYETbCS, OCOBMMBO B NiTHLO-OCIHHIN CE30H. 3aranbHe BigXWNEHHS
NPOXOMKEHHST MiHIManbHOI BUTPaTK CTaHOBUTL 59 %, LLO BiQHOCUTLCS OO0 Kracy cepegHixX 3MiH.
Ce30Hun, KoM NpoxoasTb MakCUMarbHi BUTPaTKM BOAW Ha OiNSAHUI pivkn HKYe [HICTPOBCLKOro
BOOOCXOBMLLA, 3aNULWNIIUCA NPaKTUYHO aHanoriYHMMM 3 NpUpoaHMMM ymMoBaMn — Le nepioau
3HaYHUX BECHSAHMX NOBeHeN abo NniTHIX NnaBoakKiB.

pyna 4 cknagaetbCa 3 XapakTepuUCTUK, AKi ONUCYTb TPUBANICTb | NepioanYHICTb
KonuBaHb BOAHOCTI Ta BM3HayaloTb TpPUBAanicTb MaroBOAHOro Ta GaratoBOAHOro nepiogis B
poui. B skocTi noporoBoi BuTpaTuM BOAW [Af9 BCTAHOBSIEHHS ManoBOAHOrO nepiogy Hamu
BMKOPUCTAHO MOKa3HWK MiHIManbHOro nonycky 4epes OydepHuin rigpoBy3on 3 BEMUYUHO
104 m*/c srigHo 3 popatkom 5 [Mpasun ekcnnyaTtauii [17]. Ans Bu3HayeHHa GaraTtoBOAHOro
nepiogy 3agaHa noporoBa BuTpaTa Bogu 405 m3/c, sika €, Ha Hawy AYMKY, €eKOOoriYHo
3HaYYyLLOH, OCKINTbKM B HWXKHIN Teuii [JHiCTpa Ha Oesknx AinsHKax NOYMHAETbCs BMXig BOAW Ha
3annasy [15]. PesynbTati wWono xapakTepuctuk TPMBanoCTi MarnoBOAHOro Ta GaraToBOOHOMO
nepiogis NpMPOAHOro Ta 3aperynboBaHOro CTOKY HaBedeHi B Tabn. 4.

Tabrnuys 4. CepeAHi 3HaYeHHs1 TPUBANOCTIi Ta NepPioAUYHOCTI KONMMBaHb MarioBOAQHOrO i
6araToBogHOro nepioAiB NPMPOAHOro Ta 3aperyfiboBaHOro CTOKY, BifCOTOK BiAX1UNeHHA 3MiHEHUX
rigponoriyHnX xapakTepucTuk

pyna 4 Ilﬂ‘:_g;?rz' MpupogHum cTik 3_aperynboaa|-mﬁ BioxuneHHs,

Boav (1990-2020 pp.) |cTik (1990-2020 pp.) %

IHA,, Eg-;-ﬁlg:; nepiogis 3 HN3bKOIO 37 21 43,2

IHA, Tpm_BaniCTb_Manosq,quro 104 89 05 941
8 nepiogy, AHIB y poui ! ' '

3arankHa TpuBanicTb _ 33 1 -96.9
ManioBOAHOro nepioay B poui '

IHA KinbkicTb nepiofis y poui 3 76 94 197
2% | BYICOKOIO BOAHICTIO ' ' '

TpuBanicTb 6araToBogHOro

IHAz ng biony. A y pou 405 7.1 5,3 -25,4

3aranbHa TpuBarnicTb 54 50 74
©araToBOAHOro nepiogy B poui ’
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CepefHsa TpmBanicTb ManoBOgHOIO Nepiogy B NPUMPOAHMX YMoBax cknagae 33 gHi y poui,
HwkYe [HICTPOBCLKOrO BOOOCXOBULLA Le 3HAYEeHHA CTaHOBUTb B CepedHbOMY OOUH [EHb.
To6T0, cnocTepiraeTbCa CyTTEBE CKOPOYEHHS K TpuBanocTi (4o 94,1%), Tak i nepiogu4HOCTI
CMOCTEPEXEHb HU3bKMX BUTPAT BOAW, LWO TMOB'A3aHO 3 BUKOHAHHAM  [HICTPOBCHKUM
KOMMSEKCHMM rigpoBy3noM (yHKLUii Bogo3abeaneveHHs. Hanbinbw manoBogHum (3a nepiog 3
1990 no 2020 pp.) Busasmecsa 2015 pik, oe Ginbwe TpeTnHN poky (138 OHIB) MEXEHHI NPUPOAHI
BWTPaTV CTAHOBUMM MeHLLIe Noporosoi BenuumnHn 104 m*/c. Huxue 3a Teuieto, B ctBopi Morunis-
Moainbcbkuii, ua TpmBanicTe B nepiog rigponoriyHoi nocyxm 2015 poky, cknana BCbOro nuie
ABa [OHi. 3aranom B OCTaHHi POKM ANA NPUPOAHOro CTOKY NPOCHIAKOBYETbCA TEHAEHUis A0
36inbLUeHHA TpMBanocTi manoBoaHoro nepiogy. CepeaHa 3aranbHa TpuBanictb 6aratoBOAHOrO
nepiogy B NpUPOAHNX YMOBax ckragae 55 OHiB y poui, Hk4e [HICTPOBCLKOro BOAOCXOBULLA Lie
3HAYEHHA NPaKTUYHO He 3MIHIETBCS | CTaHOBUTbL B cepegHbomy 50 AgHiB. 3MiHM Wwogo
TPMBAroCTi i nepiognyHoi 6araTtoBOAHOro nepiogy KnacudikyroTbCa K HE3HAYHI.

lpyny 5 npeacrtaBnsalTb XapakTepUCTUKKW, WO BUSABMAKTb 3MiHM  IHTEHCUBHOCTI
nigBULLEHHA BUTPaT BOAM Ha NignMoMmi rigporpada Ta 3HUMXKEHHSA Ha cnagi (no3uTuBHWUX abo
HeraTMBHMX NOCMIAOBHMX OOOOBMX Pi3HMLb), @ TakoX 4YacToTy uUMX 3MiH. Pe3dynbTtat aHanisy
OTPMMaHNX CepeHix 3Ha4YeHb XapaKkTepUCTUK rpynn 5 HaBeaeHi B Tabn. 5.

Tabrnuysi 5. CepegHi 3Ha4yeHHs iHTEHCUMBHOCTI i YacToTM 3MiHM [O060BUX BUTpaT BoAMU
NPUPOOHOro Ta 3aperynboOBaHOrO CTOKy Ta BiACOTOK BiAXWIIEHHA 3MiHEHMX TrigpPoNoriYHnx
XapaKTepucTuK

MpupoaHi BennunHu
Mpyna 5 BeNMYuHU 3aperynboBaHoro ctToky | BiaxuneHus, %
(1990-2020 pp.) (1990-2020 pp.)

IHA3; |IHTEHCMBHICTL  36inbLUEHHS i

BUTpaT Boau, (M°/c)/noba 531 46,3 12,7
IHA3, |IHTEHCMBHICTb 3MEHLUEHHSA ) )

BUTpaT Boau, (M°/c)/noba 30,0 42,8 424
IHA 33 L-IaCTOT??! 3MIHU TIAPOSIOrYHOI 101 199 97.2

cuTyauii

CytTeBux nepetBopeHb (97,2 %) 3a3Hana 4yacTtoTa rigponoriyHnx 3miH (KonueaHb BUTpaT
BOOM), WO, CKopiwe 3a BCe, [MOB'SI3aHO 3 MPOXOMKEHHAM XBWib MOMYCKIB  BOAM

HwxHbogHicTpoBcbkoi TEC B panoni r/m Morunis-lMoginecekun. He 3Baxatoum Ha Te, WO
nporpama He BpaxOBYE BHYTPIWHbOAOOOBI  KOMMBAHHA, MpUM  OUCKPETHMX  BUMipax
cepeaHboao0b60BMX KONMMBAHBL LIINIKOM MOXIMBE BUNAOKOBE MOTPANMsiHHA Ha pisHi dasn. Cnig
3asHaunTn, Wo 3 BigaaneHHam Ha 80 Km Big [HICTPOBCHKOro rigpOeHepreTUYHOro KoMMeKcy
MOMyCKOBI XBUIi TPAHCOPMYIOTBLCS i IX BNIIMB Ha €KOCUCTEMY CyTTEBO 3MeHLYeETbCS [21].

MigcymoBytoun macwtabu 3miH 33-X rigponoriYyHNX XapakTepucTuk, MoXHa nobyayBatu
ricTorpamy, paHxylum ix 3a KaTeropissMu: amMmiHaMn BUCOKOIO CTYMNEHK, CEPEHIX Ta HE3HAYHUX
3MiH (puc. 2).

100

50

o
]
]
]
]
]
]
i

-50

-100

Puc. 2. Tictorpama posnoainy 3MiH rigponoriyHux xapakTepucTuK (y BiAcOTKax) BHacnigokK
3aperynioBaHHs CTOKY (YOPHUM KOJIbOPOM MO3Ha4e€HO 3MiHU BMCOKOro CTYMEHI0, TEMHO CipvM Ta
CBITNO cipum — cepefiHi Ta He3Ha4Hi 3MiHM BiANOBIAHO)
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OTXe, aHani3 aMiH 33-x rigponoriYyHMx xapakTepucTmK Nokasas, LLO 3aperynoBaHHS CTOKY
[IHiCTpOBCBHKMM BOOOCXOBULLEM MPU3BENO A0 pAAy TpaHcdopmalin y BoOOgHOMY pexumi. [1o aMiH
BWCOKOIO CTYMNEHIO BiAHOCUTLCA:

— 30inblWeHHA YacToTh 3MiHWU rigponorivyHoi cuTyauii (IHAz3) Henoganik [HiCTpOBCbKOro
KOMMEKCHOTO rigpoBy3na;

— 3MEHLUEHHS TpMBanocTi ManosoaHoro nepiogy (IHA.g).

[lo cepefHix 3MiH BigHOCATLCS MOKA3HMKM, LLIO BKA3ylOTb Ha:

— 3MiLLEHHS criocTepeXeHb 1-0eHHOT MiHIManbHOI BUTPaTX Ha GinbLU paHHi TEPMIHU;

— 3MEHLLEHHS NepiognYHOCTI CNOCTepPeXeHb MaroBo4HOro nepioay;

— 36iNbLUEHHS IHTEHCMBHOCTI 3HWXXEHHSI BUTPAT Ha cnagi rigporpada;

— 30inbleHHsa 3HaYeHHs iHaekcy 6a3nCHOro CToKy;

— 3MEHLLEHHS CEPEOHBOMICAYHUX BUTPAT Boaun Yy 6epesHi.

MMig 4yac aHanisy TpaHcdopmauin 34 xapakTepucTuk Ans m'saTu PisHUX TUMIB €KONOriYHOro
CTOKY OeTanbHO BMBYanucsa crocobwu noginy rigporpady Ha eKcTpeMarbHUIA HU3LKUA CTiK,
HU3bKWI CTiK, MIOBULWEHWA CTiK, HE3HaYHi NOBEHi (NaBOAKW) Ta KaTacTpodpiyHi nasBogku. BiH
MOXe OyTu 34iCHEeHUMNn aBTOMaTU4YHO nporpamoto, abo KopucTyBadem. Tak, Hanpuknag npu
nogini rigporpacpa ana pidkm lMiBgeHHnn byr aBTopu pocnigxeHHa [14] nig 4yac aHaniay
MaKkcMMasnbHUX BUTPAT BMKOPMUCTOBYBannM anroputm, KM 3anponoHOBAHO po3pobHukom IHA
[9]. OagHak, Ha Haw nornsd, ana [HicTpa BiH € HegoOCUTb BAAnuM, OCKINTbKM HE BpaxoBYE BCHO
crneundiky rigpomMopdonoriMHUX NPUPOAHMX YMOB pivku. 3anponoOHOBaHI rpaHMYHI MOKa3HUKK
ANs NoAiny Ha pisHi TUNM eKONoriYHOro CTOKy HaBeadeHi B Tabn. 6.

Tabrnuys 6. FpaHUYHi NpUpPoOAHI NOKa3HUKKU Ans noginy rigporpacga Ha TMNM eKONoriYHoro
CTOKY

Twun ekonoriyHoro 3Ha4YeHHA rpaHNYHNX
OOGrpyHTYBaHHS
CTOKY BUTpaT BOAU

ExkcTpemanbHui - .

cTpema HWxye 104 m%/c XapaKkTepucTuka MiHiManbHOro CToky 3rigHo 3 [17]
HU3bKWI CTOKY
Hun3bkuin CTiK Hkde 189 m°/c* 50-11 NpOLUEHTUIb 5K 3anpornoHosaHo IHA
MigBuLLEHNN CTIK BULLEe 302 m°/c 75-U NPOLUEHTUIb SK 3anponoHoBaHo IHA
He3HauHi noBeHi MakcumaribHa BUTpaTa .

3 XapaKTepUCcTUKa BU3HAYeHa 3rigHo 3 [22]
(naBoaku) 486 m°/c i BinbLue
. . HebeaneyHa BigMmiTka Ha r/n Morunis-MoAinbcbkui

EkcTpemanbHi NoBeHi MakcumanbHa BuTpaTa cknanae 600 CM, (110 3MHO 3 KPUBOK KOOPAUHAT
naBOAKM 2190 m*/c i BinbLue . . P
( Akm) Bignosigae sutpati 2190 m/c

* — 3HaYeHHs1 nid8uUW,EHO20 CMOKY POo3roYyuHaembcsi modi, Komnu wjo0eHHi eumpamu e00u 3pocmarmb
binbwe Hix Ha 25% 3a deHb i 3aKiHYyembCs, KONu 8i0bysaembCsi 3HUXEHHST W,00eHHUX sumpam 800U MeHWe HiX Ha
10% 3a doby.

Mpuknag noainy rigporpada ctoky 3a 2020 pik gns r/n 3aniwykn Ha pisHi TN
€KOMOoriYHOro CTOKy HaBegeHo Ha puc.3.

PesynbTaTu gocnigkeHHs aHanisy 3aMiH OesaKUX XapakTepuCTUK Pi3HUX TUMIB eKOMOriYHOro
CTOKY 3 BUKOPUCTaAHHAM MapaMeTpUYHOI CTaTUCTUKN NpeacTaBreHi B Tadn. 7. [1o 3MiH BUCOKOTO
CTYMEHIO BIiQHOCUTBCS CYTTEBE CKOPOYEHHSI TPMBAMNOCTI CMOCTEPEXEHHS eKCTpeMarnbHO
HW3bKOro CTOKY Ta 36inblUeHHA BinbLue HiX Yy ABa pa3u nepioanyHocTi dasun nigBuLLIEHOrO CTOKY
npy ogHOYaCHOMY HE3HAYHOMY CKOPOYEHHi noro TpusanocTi. [Jo cepefHix 3MiH HanexuTb:
3MEHLLEHHS MEePIOAMYHOCTI eKCTpEMAarbHMUX MaBOAKIB Ta AesAKOoro 36iNnbLUeHHS IHTEHCUBHOCTI
3MiHW BUTpAT Ha cnagi rigporpada asu nigBULLEHOrO CTOKY.

OTpurMaHi 3Ha4YeHHS XapaKTepUCTUK MOXYTb MaTh NPaKTUYHWUIA iHTepec Mpu BCTaHOBIEHI
pernaMmeHTiB LWTY4YHUX rigporpadiB. Hanpuknag, y pekomeHgauigx pobotn [20] 6yno
3anponoHOBaHO Mepernsg Aiynx BUMOr Woao 4o00BOro NpupocTy BUTpaT BOAWM Ha nignomi
rigporpada nig vac 34iMCHEHHs BECHSIHOMO NOMYCKY, SKMKA Hapasi Ha MiKBigoMyin Komicii no
BCTAHOBMNEHHIO PEXUMIB pOBOTU AHINPOBCLKMX Ta AHICTPOBCbKMX BOOOCXOBULL B NEPEBAXKHIM
BiNbLLIOCTI Y3romKyeTbea Ha piBHI 50 M3/c. Ak BUOHO 3 OTPUMAHMX JAHUX, Mif Yac POPMYBaHHS
He3Ha4yHMX MOBEHEWN [HTEHCUBHICTb 30iNblUEHHS MPUPOAHUX BUTpPAT BOAM CKMajae B
cepeaHboMy 186 M*/c Ha noby (aue. Tabn. 7).
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Puc. 3. Mopain rigporpacha CTOKy Ha TMNM €KOMOriYHOro CToky B cTBOpi r/n 3aniwmkn Ha

npuknaai 2020 poky

Tabrnuysi 7. 3miHa cepefHiX 3Ha4YeHb OEsKUX XapaKTepPUCTUK Pi3HMX TUMIB eKomnoriyHoro
CTOKY

MoubonHi 3HayeHHA
Tunu eKONoriYHOro CToKy Ta ix 3|-|pafe|-ﬁ-|ﬂ 3aperynboBaHoro | BigxuneHhs,
0,
XapaKTepucTUKu (1990-2020 pp.) (1990?12'%% o) %
cepefHsi BUTpaTa, M/C 91,7 99,2 8,2
EkcTpemanbHuin | TpymBanictb, AHIB Yy poui 11 14 -87,3
HU3bKUIA CTiK ;iﬂliogmqmcm, KifbKiCTb pas y 3.9 28 28,7
Hu3bkuin CTik cepeaHs BuTpaTa, M°/c 179 169 -5,6
cepefHsi BUTpaTa, M/C 325 288 11,1
TpuBanicTb, AHIB Y poui 53 3,4 -37,2
. ) NepioANYHICT, KinbKiCTb pa3 y 71 15,6 118
MiosuLLIEHMI poui
CTiK iHTEHCMBHICTb 336IJ‘IbLLIeHHF| 73,7 74.6 1.2
BUTpaT Boau, (M°/c)/noba
iHTEHCMBHICTb , 3MEHLLEHHS 32,9 54.6 66,0
BUTpaT Boawn, (m°/c)/goba
cepefHs BuTpara, m/c 885 785 -11,3
TpMBanicTb, OHIB Yy poui 18,7 18,2 -2,7
_ | NepioanYHICT, KinbKicTb pas y 40 37 6.5
Hes3HauHi noBeHi | poui
(naBoaku) iHTEHCUBHICTb 336IJ‘|bLIJeHH$| 186 123 33,9
BuTpaT Bogwn, (m°/c)/goba
iHTEHCUBHICTb , 3MEHLLEHHS 61,0 72,2 18.4
BUTpaT Boawn, (m°/c)/goba
cepefHsi BUTpaTa, M/C 3389 3280 -3,2
TpyBanicTb, AHIB y poui 44,9 39,7 -11,7
. NepioaNYHICTb, KinbKicTb pas y 0.26 0.01 62,5
EkcTpemanbHi pouj
noBeHi (NaBoAKW)| IHTEHCUBHICTb 336IJ‘IbLIJeHHFI 310 233 24,9
BUTpaT Boawn, (m°/c)/goba
iHTEHCUBHICTb , 3MEHLLEHHS 152 -140 7.8
BUTpaT BoaM, (M°/c)/noba
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BucHoBkK. B po60Ti BU3Ha4eHi OCHOBHI 3MiHM rigpororiyHoro pexumy [HicTpa BHacnigok
3aperynoBaHHA CTOKY Ha OCHOBIi aHanisy 33-X T[igposioriyHnx XapakTepuctuk Ta 34-X
XapaKTEPUCTUK Pi3HMX TUNIB €KOMOriYHOro cToky. 3aranom cyTTesi abo cepefHi TpaHcdhopmadii
rigposioriYHOro peXxmnmy 3aperynboBaHOro CTOKY MOXHa pO34inuTM Ha Aekifbka KaTeropin.
Mepwa, Wo nos’a3aHa 3i 3MiHAMM eKCTpeMaribHUX BENWYUH, CTOCYETbCSH BaXKIMBWUX MUTaHb
BoAo3abe3nevyeHHs Ta 3axuCTy HaceneHHsa Bif MaBoakiB. B Ui kaTeropii npy BCTAHOBMEHHI
NeBHUX pernamMeHTiB BUTpaT BOAU Ta AOCArHeHHi uinen BPL HeobxigHO MposiBRSATM NEeBHY
FHYYKICTb NPW yNpaBniHHi, i YiTKO pO3yMiTK €KONOriYHi Hacnigkn. B gpyry kateropito BigHOCATLCS
XapakTepuUCTUKK, LLO BU3HAYalOTb YacCTOTy 3MiHW [igpPONoriYHOI cuTyauil Ta iIHTEHCUMBHICTb
3MEHLLEHHS BATPAT BOAM Ha cnagi rigporpada y dasi niasuweHoro ctoky. Lli xapaktepucTukm
nepeBaXkHO MNoB’A3aHi 3 goboBuM pernameHTom ekcnnyatauii F'EC. Okpemoi yBarn, Ha Haw
nornsig, notpebye ouiHka HacnigkiB 3MEHLWEHHs1 BUTpaT BoAu y 6epesHi, 0cobnmBo B rMpJioBil
ainaHui OHictpa.

OpHak, BM3HauYeHi BULLEBKasaHi rigponoriyHi 3MiHM Mano WO roBopsATb MPO CTYNiHb
BNAMBY Ha 6ioTy Ta GionoriyHi npouecn. 3anuwaeTbca cknagHa poboTta 3 iHTepnpeTadii Ta
OOKYMEHTYBaHHA crieundivHMX Anga opraHiaMiB i yrpynoBaHb peakuin Ha Ui rigponorivyHi 3MiHu.
BucyBaHHs rinotes, nobygoBa i nepesipka Moaenen BiaOyBaeTbCsi Ha HACTYMHUX PiBHAX
iepapxiyHoro nigxoay 3 OUiHKM i BNPOBaAXEHHS1 €KOMOriYHOro CTOKY.
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Analysis of altered hydrological regime of the Dniester river as basic for ecological flows assessment

Huliaieva O.0. Usov O.Ye.

The theoretical and practical aspects of implementing the concept of ecological flow in Ukraine in accordance
with the Water Framework Directive and CIS guidance document n°31 “Ecological flows” are examined in the article.
On the example of the Dniester, a hydrological method has been applied which is the first step in a three-tiered
hierarchy approach to accommodate ecological flows applications. The transformation of the water regime owing to
flow regulation has been analyzed using hydrological alteration indicators.

With the help of the specific IHA v.7.1 software, a spatial comparative analysis between the average daily
discharges water in hydrologic sections Zalishyki, including the lateral tributaries, and Mohyliv-Podilskyi from 1990 to
2020 has been carried out. In the article 33 hydrologic parameters which characterize attributes of the flow regime
relevant to the ecosystem functioning and 34 parameters for various types of ecological flow have been analyzed
using parametric statistics. As a result, we came to the conclusions that duration, pick flow, timing of extreme values
(minimum and maximum flow) and characteristics that determine the frequency of changes in the hydrological
situation and fall rate of high flow pulses are subjected to the greatest changes due to regulations flow.

As a result of the intra-annual redistribution of runoff by the reservoir, the discharge water on March is suffered
the greatest transformation. It is related with the accumulation of water in the Dniester reservoir to the normal water
level for the purpose of carrying out ecological release on April-May. The obtained values of the characteristics may
have a keen practical interest in establishing regulations for artificial spring hydrographs of release.

Approbation of IHA method confirmed the possibility of its application on the rivers of Ukraine, provided long-
term series of hydrological monitoring are available. The obtained results can serve as a basis for the development of
a hydroecological monitoring programs for establishment an ecologically justified mode of operation of reservoirs. But
there is still a lot of work of investigating and documenting organism- and community-specific responses to the
above-mentioned hydrological alterations.

Key words: ecological flows, indicators of hydrological alteration, hydrological parameters, discharge of flow,
Dniester river.
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Cokonbyyk K.1.
IHemumym  eidponoeii Crosaubkoi akalemii Hayk, Croeaubkuli CinbCbKo20CrnodapchbKull
yHigepcumem & Himpi

3ACTOCYBAHHS PI3HUX METO/IB NPOCTOPOBOI IHTEPRONSALi 10
FIAPONONYHUX AAHUX HA NPUKNALI BACENHY PIYKW NPUM'ATh
(B MEXXAX YKPAIHM)

Cmamms npucesiieHa ornucy ma rMopieHSIHHIO Memodig pocmoposoi iHmepnonsayii 2idponoeidyHuUxX OaHuX.
Posanadarombcss yomupu memodu rpocmoposol iHmeprnonayii: memod 380pOMHUX 38axeHuUx sidcmaHel (IDW),
mpiareynayis (TIN), cnnalH-inmeprionsauis ma Kriging. [xeperom OaHux € rnpomipHa eidporoeciyHa mepexa,
posmawosaHa Ha mepumopii bacelHy [Mpur’smi ma npuneanux pidkosux bacelHie, 8 Mexax YkpaiHu. Byno
CMBOPEHO KapmocxeMu pocmopo8oao po3rnodifly cepeOHbOPIYHO20 MOOY/II0 CMOKYy ma OUIHEHO MOYHICMb
ompuMaHuUx 3Ha4YeHb. BcmaHoeneHo, wjo memod IDW dae kpauwji pe3ynsmamu Onsi y3asaribHEHHSI 2i0posioeivHUX
OaHux no docnidxysaHil mepumopii. HacmynHum 3a HaditHicmio € memol crnalH-iHmeprnonsayii, 3 rniasHuUMuU
nepexodamu. BiH makox Moxe eeaxamucb O00HUM 3 Haubinbw nepcriekmusHux Ons ernposadxeHHs. Kriging
8iOpi3HIEMbCA HesenukuMmu noxubkamu, arne 00807 3HAYHUM HerpupOOHUM BUKPUBIIEHHAM pe3yrbmamie ma
Kinbkicmio apmecghakmis. HalimeHw HadiliHum ceped docridxysaHux memodie cmas memod TIN.

Knroyoei cnoea: npocmoposa iHmepnonsuis, eeoiHghopmauitiHi cucmemu, IDW, TIN, Kriging, Spline, Mmodynb
cmoky, lMpur’asmeb

Betyn. [JaHi iHCTpyMeHTanbHMX BUMIpHOBaHb Ha MepeXi rigposioriyHnX CrocTepeXeHb €
OCHOBOI TigpOonoriYyHMx po3paxyHKiB Ta NporHosiB. [lpocTopoBa penpeseHTaTUBHICTbL JaHUX
3anexuTb Bif LWiNbHOCTI rigponoriyHol mepexi, saka O0ByMOBMOE rigponoriyHy BUBYEHICTb
TepUToPIl, TOYHICTb BU3HAYEHHS BOOHUX peCypCiB.

[ns oTpuMaHHA HEPO3PUBHOI KapTWU PO3MOAINY XapakTepPUCTUK CTOKY MO AOCHIgXKYyBaHUX
TepuTopiax HeobXxigHO 3acTocoByBaTW PisHi MeToAM MpPOCTOpPOBOI iHTepnonauii. Bubip
ONTUManNbHOro MeToay 3anexuTb Big BUOIPKM AaHuX, LWiNbHOCTI Mepexi cnoctepexeHb, i3nko-
reorpadidHnx ymMoB TepuTOopii Ta 0COONMBOCTEN MPOCTOPOBOrO PO3MNOAiINTY KOXHOI KOHKPETHOI
xapaktepuctukn [5]. Ha cborogHiwHin geHb Hambinblwl 3pyyHi MeToam  iHTepnonsuii
nepenbadatoTb BUKOPUCTAHHA reoiHdopMauinHux cuctem (MC). TMNC € Heobxighumn Ta
KOPUCHUMMU IHCTPYMEHTaMU B YMpaBriHHI NOBEPXHEBMMU BOAAMM, OMUC X MOXIUBOCTEN
nepesar BukopucTtaHHs NC MoXHa 3HanTK B Npausax yKpaiHCbKMX Ta MDKHAPOAHUX AOCHIOHUKIB
[2,7,8,9, 10, 11].

O6G’ekTOoM pocnigkeHHA € Teputopia GacenHy pivku [pun’ate B Mexax YkpaiHw.
Hes3Baxalwum Ha HM3KY pOOGIT, MPUCBAYEHUX iHTeprnonauil TigponoriyHNX OaHuX Yy Mexax
6acenHy [lpun'ati, NOBHOLIHHI MOPIBHAHHA PiI3HMX METOAIB IHTepnonsAuii Ha npakTuui He
npoBOAUNUCH. AHani3n Takoro Tuny NpoBOAATLCS ANA piYKOBUX BacerHiB No BCbOMY CBITY, ane
X pesynbTat HEMOXNMBO TOYHO EKCTpanosnoBaTM Ha TEpUTOpIl 3 IHWUMKW NPUPOAHUMM
ymoBamu. BapTo Takoxk 3asHaumnTy, wo 6acenH p. MNpun'ate Mae HEQOCTATHLO LUINIbHY Mepexy
CMOCTEPEXHUX MYHKTIB | HEPIBHOMIPHMI PO3MNo4in rigposioriyHUX NocTiB Mo BCbOMYy 6acenHy
[15]. Ue Haknapae popaTKoBi OOMEXeHHs Onsi NMPOCTOPOBOI iHTepnonsauii Npu BUBYEHHI
piukoBMX HGacelHiB Ta ynpaBniHHA piYkoBUMM BGacenHamu.

MeToto paHoi po6oTu € nopisHAHHS edpekTmBHocTi meToais TIN, IDW, cnnaiiH Ta Kriging
npy NPOCTOPOBIN IHTEpPNONALil rigPONOriYHMX OAHUX, BUCBITIIEHHA OCOGNMBOCTEN pesynbTaTiB
iHTepnonAuii Ta oNTMManbHMX HanalwTyBaHb A9 KOXXHOro MeToay.

BuxigHi paHi Ta metoam gocnipxeHb. [laHe gocnigXeHHs NpoBoaMTLCA Ha 6asi gaHux
crnocTtepexeHb 3 HacenHy pidku Mpun’atb, B Mexax YkpaiHu. [pun'ate — piyka B YkpaiHi,
po3TalioBaHa y BonuHcbkin, a Takox 4acTkoBo B PiBHeHcbki i KuiBcbkin obractsax Ta B
Binopyci. HanGinbwa pidyka cepeq npaeux nNputok [Hinpa, Bnagae B KuiBcbke BOLOCXOBWULLE.
3aranbHa nnouwa 6aceiiHy piuku ctaHoBuTb 121 Trc. kM. Binopycbka yactuHa 6aceiiHy 3anmMae
nNpnbnnsHo 43% nnotui Bogo3dopy, ykpaiHcbka — 6nmn3bko 57% [14].

BaceiH MNpun'aTi 3anmae maixe BCHO MiBHIYHO-3axigHy YacTuHy YKpaiHu. MocTiiHi noctn
rigponoridyHoOl BMMIpOBaNbHOI Mepexi poaTawoBaHi Ha npaBomy ©Oepesi lNMpun'ati. baceiH
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Mpun'ati mae pobpe po3BMHEHY rigporpadivyHy mMepexy, 6nmsbko 10,5 TUC. pivoK i CTPYMKIB.
Hanbinbw 3HadyHMKn npaBobGepexHumn nputokammu € Typia, Ctoxig, Ctup, MNopuHb, CtBura,
Y60pTb, CrioBeyHa, ConoHb, Y.

KnimaT Ha TepuTopii gocnigkyBaHOro 6acenHy MOMIPHO KOHTUHEHTaNbHWUA 3 TEMMUM i
BOSIOrMM MiTOM | JOCUTb M'SIKOKO 3UMMOI0. BecHa TpmBana i HecTilika, 3 4acTUM YepryBaHHAM
XONnoAHuX i Tennux nepiodiB, NiTo Tenne i gouwoBe. PiyHa KiNbKiCTb onagiB Ha TepuTopii
GacenHy konueaeTbca Big 550 go 600 mm [4].

[na BooHOro pexunmy xapakTepHi TpMBana BeCHAHa NoBiHb, KOPOTKOYACHA NiTHA MEXeHb,
sika NopyLIYeTbCA AOWOBMMW NaBOogKaMN Ta MalXe LLOPIYHUMW OCIHHIMK NiABULLEHHAMMW PiBHSA
Boan. Ha BecHy npunagae 65% pivHoro cToky [16].

binbwa u4actnHa 6GacerHy [lpun'aTi posTawoBaHa B Mexax [lonicbKoi HM30BUHM,
niBoeHHo-3axigHa 4acTuHa 6GacenHy — Ha BonuHcbkin BucouunHi. Penbed nepeBaxHo
PiBHUHHO-XBUNACTUX HU30BUWH i piBHUH. BacenH Mpun'aTi € ogHieo 3 HanGinbL 3a00N0YEHUX i
nicuctux Teputopin YkpaiHn. Penbed ogHopigHwin, naHawadT i MeTeoponoriyHi  ymoswu
3MIHIOIOTLCS MNaBHO, L0 A03BOSIIE PO3paxoByBaTU Ha OOCTOBIpPHI pes3ynbTat NPOCTOPOBOI
iHTepnonauii. BpaxoBytoun nopfibHi  hisnko-reorpadivHi yMOBM CyCigHiX Bogoainis, Ans
OTpMMaHHs 6inbl OOCTOBIPHUX pe3ynbTaTtiB Byno BMKOPUCTAHO TakoX AaHi 3 GacewHy p.
TeTtepiB Ta p. liBaeHHUN byr.

B SAKOCTIi OCHOBHOI TrigponioriYyHOI XapakTepuUCTUKM ANA OaHOro OOChigXeHHss obpaHo
cepedHin HaraTtopidHMn MoAdynb CTOKY. BiH pospaxoBaHWi Ha OCHOBI AaHWX CTauioHapHMX
rigponoriyHnx nocTiB. Llg XxapakTepucTvka LWUPOKO BUKOPUCTOBYETLCA AN CTBOPEHHS
KapTorpadivyHmMx martepianis, NopiBHAHHS Bogoginie towo. 3a gonomorot NC pospaxoBaHo
LeHTpU ans BOJ0360piB, BU3HAYEHMNX
rigponoriYyHMMK noctamu, iX npencraBreHoO Ha
puc. 1. DocnimkeHHss 6a3yeTbcst Ha gaHux 33
NOCTINHMX TiOPONOriYHNX MOCTIB CNOCTEPEXEHD,
28 y mexax 6acenHy [Npun'ati Ta 5 3a noro
Mexamu.

Puc. 1. Mopgin 6acenHy Mpun’aTi Ha okpemi
BOAQO360pU

MakcumanbHe 3Ha4yeHHss MOoAymn CTOKY
cTaHoBUTbL 5,94 n*cl*km?, MiHimanbHe 2,1 n*c
M2, a cepegHe no pgocnigxyeaHin Teputopii 3,84 n*c M km2. CepegHsa TpuBanicTb
crnoctepexeHb 3a CTOKOM BOAM CTaHOBUTL nMoHag 60 pokiB. BpaxoBywouuM neBHY
HEepiBHOMIPHICTb PO3BUTKY MepeXXi rigponoriyHMx cnocrepexeHb, Ans nofanblioi OUiHKM Ta
ycepeaHEHHS1 JaHMX BMKOPUCTOBYBANMCSA BCi HasiBHI AaHi 3 Oilo4MX rigponoriyHmMx nocTis. 3a
BiJCYTHOCTI [daHWX B OKpeMi pOKW BOHM 3anoBHIOBanncs 3a [OOMOMOrow KopensuinHnx
3anexHocTen. Cepii cnocTepexxeHb AOCTAaTHbO penpes3eHTaTyBHI, a NapameTpu CTOKY B LinoMy
HafdinHi Ta HeynepemkeHi. LIa 3akoHOMIpHICTL NopyLUyeTbCa Ans ABOX PSAiB JaHMX: Ha noctax
Mpun'atb - Piunus Ta HopuH - CnaseHwuHa [15]. IMoBipHO isunko-reorpadidHi ocobnmeocTi iX
BacenHiB i aHTpoOnoreHHa AiANbHICTb BRAUMHYAN HA CEpPeaHbOPIYHMI CTIK Ha UMX CTaHUisx.
OpHak, BpaxoBykuM, WO iHTepnonsuisa BiabyBaeTbCs Big LeEHTpiB Bogo3bopiB, a MMOBIpHI
NPUYMHK Pi3KNX 3MiH CEpPeaHbOPIYHOrO CTOKY € cneundivyHnMmM ans TepuTopil umx Bogo3bopis
3aranom, Ui AaHi Takox 6ynmn BUKOPUCTaHi B AOCHILKEHHI.

MopiBHIOBanNM 4OTMpPM MeToaM NPOCTOPOBOI iHTEprnonsuii, a came TpiaHrynsauito, meToq,
3BOPOTHOrO 3Ba)XXyBaHHSA BigcTaHen, Kriging Ta cnnanH. 3a HeobXxigHOCTI Ta 3 MeTol
NOPIBHAHHS BUKOPUCTOBYBANMCb TakoX Pi3Hi 6a30Bi HanawTyBaHHS.

Mepwwun meTop - Tpianrynauia (TIN), 3acHoBaHMI Ha NiHIAHIA iHTepnonAuii i 6nM3bkMA 0o
PYYHOI MiHINHOI iHTepnonsauii. MoYaTKoBI TOYKM 3'€OHYIOTBCS TakMM YMHOM, WOO6 oTpumaHa
noBepxHA Byna nokputa TPUKYTHUKaMMU i )KoOHa 3i CTOPIH TPUKYTHMKA He nepeTuHana CTOPOHU
IHWKWX TPUKYTHUKIB. 3HA4YEeHHs MOBEPXHi B TOYKaxX CiTKW, WO 3HaXoOATbCA BCEpeauHi
TPUKYTHMKA, PO3PaxoBYOTLCA BUXOASAYN 3 TOrO, LLIO BOHM HanexaTb NMOLUHI, KOTpa NpoXoauTb
yepes3 BEPLUMHN KOHKPETHOro TpUKyTHUKa [17]. OTpumaHa noBepxHs OGOB'A3KOBO MPOXOAUTb
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yepes ycCi MoYaTKoBI TOYKWU, B SIKMX 3HAYEHHSA MNOBEPXHi BXe 3adaHi. HegoctaTHA KinbKiCTb
BUXiOHMX TOYOK NPU3BOAUTbL OO0 NOSIBU Ha KapTi BEMUKUX NPAMOMIHINHMX Bigpi3KiB; pes3ynbTar,
OTpUMaHWin y LbOMY BMNagky, 6yae nomunkor metoay [3].

MeTon 3BOPOTHUX 3BaXKEHUX BiAcTaHen 6a3yeTbCsl HA OBYUCIEHHI BAaroBuX KoedilieHTIB,
3a [JOMOMOrol SKUX “3BaXylOTbCs” 3HAYEHHS MOBEPXHiI Y BUXIAHWX TOYKax npu nobyaosi
iHTepnonauinHol ¢yHkuUii. MobyaoBaHa yHKUIA BUMKOPUCTOBYETLCA B MogarnbLioMy Anis
po3paxyHKy 3HayeHb noBepxHi y Byanax Grid-ciTkn. BaroBun koediuieHT, WO HagaeTbcs
OKpEeMIiln BUXiOHIA TOuLi ONst po3paxyHKy 3Ha4YeHHS noBepxHi y By3ni Grid-ciTku, nponopuinHni
CTerneHi 3BOPOTHOI BIiACTaHi Big BUXIOHOI TOYKM OO0 po3paxyHkoBoro By3na Grid-ciTku.
CTteniHb 3BOPOTHOI BiACTaHi Ta KpuTu4Ha BigcTaHb (abo KinbKiCTb BMXiOHWMX TO4YOK), Mpu
nepeBuULLEHHI AKOT B3aEMHW BMNNMB TOYOK MNpW BIiOTBOPEHHI MOBEPXHI CTAe HECYTTEBUM,
3agarTbes gocnigHMkoM. Mpu 064YmMcneHHi 3HaueHHsa noBepxHi y By3ni Grid-ciTku (npu nobyaos.i
iHTepnonALINHOT (PyHKLIT) Cyma BCiX BaroBux KOEQIUIEHTIB BMXigHMX TOYOK, WO MpU LbOMY
BUKOPUCTOBYIOTHCH, AOPIBHIOE OAMHUL, @ BaroBMn KoemiLlieHT KOXXHOT BMXIQHOI TOUKM € Aoneto
Liei 3aranbHOi OAMHMYHOI BaruM. AKWO BuxigHa Touvka crniBnagae 3 Bysnom Grid-ciTkn, TO
BaroBun koedilieHT uiei BUXiOHOI TOYKM NPUMAMAETLCA PIBHUM OAMHWULI, a ANs BCiX iHLWNX
BUXIOHUX TOYOK — Hymo. B Takomy pasi 3HayeHHs y By3ni Grid-CiTkv MOBHICTIO cniBnagae 3i
3HAUYEHHAM MOBEPXHi y BUXIOHIM Toyui, TOOGTO MeTod npaule SK TOYHWUA IHTEpnonATop.
Heponikom meTogy 3BOPOTHUX 3BaXKEHWX BiOCTAHEW € reHepauis CTPYKTypu i30MiHIA Tuny
“‘Ou4aye OKO” HaABKOMO TOYOK 3 BENUKMMU abo Mannmu 3HaYEHHAMU BENUYMHU NOBepXxHi. Ong
3MEHLUEHHA BMAMBY 3rajaHnx TOYOK Mpu peanisauil Metogy MOXHa 3adaTv 3HaJYeHHS
napameTpy, WO 3rnamKye iHTeprnonsuinHy dyHkuito. OgHak 4uMm Oinblie napameTp, LWo
3rnagkye, TUM MEHLUMIA BNAIMB MaeE KOXHAa BMXigHA TOYKA HA PO3pPaxyHKOBE 3HAYEHHS Y BY3ni
Grid-ciTkn. [13]. Ons uboro gocnigaxeHHa 6yno BUKOPUCTaHO ABa 3Ha4YeHHs, P=2 ta P=5, BoHu €
OPIEHTOBHUMM Ta B MEXax AKUX pe3yrnbTaT € BiAHOCHO Ha4iNHUMUW ONA HAsgBHUX AaHUX.

CnnanH — TpeTin MeToa iHTepnonsuii, AKAA OUHIOE 3HA4YeHHsA 3a [OO0MOMOroH
MaTemMaTU4YHOI (YHKUiT, KOTpa MiHIMI3ye 3aranbHy KpvBU3HY noBepxHi. MeTod nigraHse
MaTeMaTU4Hy YHKLi0 00 3a4aHoi KiNbKOCTi HAaNGnMXK4YMX BXiOHUX TOYOK, NMPOXOAA4YM 4epes
Toukn Bubipkn. Lleid meTon AyXe KOPUCHUA ONA TeHepyBaHHA BENUYMH, WO MNJIABHO
3MiHIOHOTbLCS, TakuX SK BUCOTA, BUCOTa I'PYHTOBMX BOA abo KOHUEeHTpauis 3abpygHeHHs. MoxHa
3 3Ha4YHMM CTyneHem OOCTOBIPHOCTI NPUNYCTUTK, WO FigpororiyHa XxapakTepuctvka Bogoainis
Mag€ CXOxXi 0COBNMBOCTI po3noginy.

BapTto 3a3HaunTh, WO B YKPAIHCbKIN HAyKOBiM nNiTepaTypi CnNfanH He € BUYEpPnHO
npeactaBneHMMm Angd rigponorivyHoi iHTepnonduii. Lle moxe ©yTn nos’a3aHo 30kpema 3
BIACYTHICTIO LbOro MeToAy B CTaH4AapTHOMY Habopi iHCTPYMEHTIB ogHi€ei 3 HannowmpeHriwmnx MNC
(QGIS), To6T0 HeobxigHO 3actocoByBaT SAGA [C-mogynb B QGIS, um iHWe nporpamHe
3abesneyeHHs.

Kriging — 4eTtBepTuin meton, sikmi OyB obpaHun Ons nopiBHAHHA. BiH npunyckae, wo
BiaCTaHb abo HanNpsaAMOK MiXX TouYKamu BUGIpkM BigoGpaXkae NpOCTOPOBY KOPENSLito, sika MOXe
OyTn BUKOpUCTaHa ANns NOSACHEHHS 3MiHM NoBepxHi. IHCTpyMeHT Kriging nigbupae matematuyHy
GYHKUII0O ANA BU3HAYEHOI KiNbKOCTI TOYOK abo BCiX TOYOK Yy Mexax 3afjaHoro pagiyca, wob
BU3HAYNTUN BUXIOHE 3HAYEHHS AN KOXHOro micus [3].

IDW Ta cnnaH HasuBaloTb MeTodamMu LeTepMiHOBAHOI iHTEpnonsuii, OCKIfIbKM BOHM
OesnocepeaHb0 0asyloTbCA Ha HABKOSMLUHIX BUMIPSHUX 3HAYEHHAX Ta Ha BU3HAYEHMX
MaTteMaTuyHux dopmynax, 4Ki BuM3HavyaloTb [MNagkicTb OTpuUMaHOoi noBepxHi. Kriging
npeacTaBnsie B JaHOMy OOCHIMXKEHHi re0OCTaTUCTUYHI MeToan, ki 6a3yoTbCs Ha CTaTUCTUYHNX
MoZensax Ta BKMYaTb B cebe aBTOKOpensLito, CTaTUCTUYHI 3B’A3KM MK BUMIPAHUMU TOYKaMMU.
3aBasKM LIbOMY reocTaTUCTUYHI METOAM He TiflbKM MalTb MOXIUBICTb CTBOPKOBATU MNOBEPXHIO
NPOrHO3yBaHHsI, ane TakoX 3abe3neyvyoTb NeBHY Mipy AOCTOBIPHOCTI Ta TOYHOCTI NPOrHo3iB [3,
12].

OUiHKY BUKOPUCTAHMX METOAIB MPOBOAMNN LUNSAXOM BU3HAYEHHS BIAMIHHOCTEN MiX
akTUYHUMKU 3HAYEHHAMU MOOYMNIO CTOKY Ta 3HAYEHHSAMMW, 3HATUMMU 3i CTBOpPeHUX kapT. OuiHka
nposoaunacst ggoma crnocobamu. Nepwnin — Le ouiHKa BiAMIHHOCTEN TOYOK CMOCTEPEXKEHHS,
BUKOPUCTAHUX AN npouenypy iHTepnonsauii (22 "HEeKOHTPOMbHI TOYKWM” CMOCTEPEXEHHS i3
3aranbHMx 28 To4oK). Llem Tvn ouiHku HeoOXigHUM Ona BM3HAYEHHS TOYHOCTI npoueaypwu
iHTepnonauii Woao iCHy4MX (3agaHux) TOYOK CMOCTEPEXEHHS. [Ins apyroro Tuny ouiHIOBaHHS
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Oyno BigibpaHo 6 To4ok i3 28 y Mexax OOCNia)KyBaHOI TEPUTOPIT Ta BUKMNIOYEHO 3 BUXigHOI 6a3un
AaHux npoueaypw iHTepnonsauii (“kKOHTponbHiI Toukn”). OuiHKY NPOBOAUNN HA OCHOBI MOPIBHSHHS
BUMIpSIHMX (pearnbHUX) Ta iHTePnoNbOBaHMX 3HA4YeHb Y LIMX KOHTPONbHMX Touykax. Lle Gyno
3pobneHo Onsl NepeBipkM OOLINBbHOCTI BUKOPUCTAHHSA KapT, OTPUMaHMX Nig 4Yac AOoCHioKeHb,
ONS BMBYEHHSI TigpONnoriYyHO HeBMBYEHMX Boao36opiB. Touku Bubupanucs 3a MNPUHLMNOM
piBHOMIpHOro posnoAiny no Teputopii. [aponoriyHi noctn Bogo3dopis, npunernnx oo 6acenHy
Mpun'aTi, B WK ouiHLi He BpaxoByBasucs.

Wo6 obumcnutn cepepHio abcontoTHy noxmbky (MAE) oTpumaHux pesynbraTiB, YCi
iHOMBIiAyanbHi BIAMIHHOCTI 3BOAATbL Yy KBagpaT, MiOCYMOBYIOTb i CyMy AiNsATb Ha 3aranbHy
KiNbKIiCTb NepeBipeHnx Tovok [1].

MAE D> (?/]i -yl o

ae yi - (*)aKTVI‘-IHe 3Ha4Y€eHHA, OTpuMaHe i3 CMNOCTEpPEKEHDb, yp - MPOrHo3oBaHe 3HA4YEeHHA4,

OTPUMAaHE LUAAXOM iHTepnonsuil, N - KiNbKICTb TOYOK.
KBagpaTHUI KOpiHb i3 LUbOro 3Ha4yeHHsa nosHavaetbca sk RMSE (cepeaHbokBagpaTuyHa
NOMWIKa):

AMAE — Zw_y) 2

BioxmneHHs1 TakoX NpeacTaBrieHO Y BiACOTKaX LUSAXOM AifleHHs cepedHboi abCcomnoTHOI
NOXMBKM Ha cepefHin peanbHUN (BUMIPSIHUIN) MOAYIb CTOKY.

lMopiBHAHHA Takoro TUNy He Moxe 0asyBaTMCsd nuve Ha MaTeMaTWMuYHIA  OuiHLi
pesynbTaTiB. byno ouiHeHO TakoX bopmy i30MiHIA, HAsBHICTb MOMWIIOK Ha iHTEPNONbOBaHIN
NMOBEpPXHi, AKi HasuBalTbCA apTedakTtamm — HebaxaHnmmn edekTamu, SKi € pe3ynbTaToMm
BUKOPUCTaHHS BUCOKOTOYHMX [IC ana o6pobknM HU3bKOTOUYHMX MPOCTOPOBMX AAHUX, MO3MLINHNX
NOMWMOK, NomMunok aTtpubyTiB Towo [6]. Takox Oyno BpaxoBaHO 3aranbHy BiAMNOBIAHICTb
po3noginy cepeaHboro 6araTopiyHOro MOAYIIO CTOKY B MeXax A0CHioKyBaHOI TEpUTOPII.

PesynbTatn. [1na gocsarHeHHs uinen gocnigXeHHst 6yno CTBOPEHO Manu NpoCTOPOBOro
posnofiny cepefHix 6araTtopiyHMX MoOAyrniB  CTOKYy 3 3aCTOCyBaHHAM pPi3HUX MeTOAiB
NPOCTOPOBOI iHTEpRONALUIl.

PesynbTaTn NOpIiBHAHHA (PAKTUYHUX Ta iIHTEPNONbOBaHMX 3HAYEHb HAaBEAEHO B Tabnumui 1.
B abconoTHMX 3HaYeHHsX HaMeHLLY NoxXnbKy Mae MeTop ekcroHeHuiansHoro metoay Kriging,
ApyrMMm 3a TouHicTio € meTog IDW. Hanbinblwi noxmbkun 4eMOHCTPYOTb 3HAYEHHs, OTPUMaHI 3
ponomoroto niHinHOT TIN i cdepuyHoro Kriging. Mpyn uboMy B cepedHbOMYy BCi OTpMMaHi
3HAYEHHS BIOXUNAKTLCA Bigd PaKTUYHMX 3HAYEHb CepefHbOPIYHOro GaraTopivyHOro MOAYIo
CTOKY MeHLUE HiX Ha 6%, ToOTO BCi MeToau AaloTb pesynbtar, Onu3bkun OO BUMIPSHUX
3HayeHb.

Tabnuus 1. OuiHka meTogiB iHTepnonauii

[MopiBHSAHHSA
HEKOHTPOJSIbHUX TOYOK KOHTPOIbHMX TOYOK
lMoxubka lMoxubka
. ) CepegHe ) CepeaHe
MeToa iHTepnonsuii cepelGHbOPIYHO20 . cepedHbOPiHHO20 .
BiAXWNEHHS BiAXVNEHHS
MOQYI1H0 CMOKY MOQYIIH0 CMOKY
MSE RMSE % MSE RMSE %
0,14 0,38 4,03 0,55 0,74 15,13
Kriging cdhepnyHmm 0,17 0,41 4,78 0,35 0,59 9,70
Kriging ekcnoHeHuianbHun 0,08 0,29 2,25 0,31 0,56 8,42
TIN ky6iyHa 0,15 0,38 3,85 0,43 0,65 11,63
TIN niHinHa 0,18 0,43 5,07 0,36 0,60 10,20
IDW, P=5 0,11 0,33 3,02 0,42 0,65 11,66
IDW, P=2 0,10 0,31 2,73 0,18 0,43 5,43
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OuiHKa TOYHOCTI OTPMMAHUX KapT Mig Yac NnepeBipkn AN paHile BUOINEHNX KOHTPOMbHUX
TOYOK, SIK i odikyBanocsi, nokasana 6inblwi nNoxmbku, ane 3aranbHi TeHOeHuii 30epiratoTbes.
Kriging nokasye HamTOuYHiWi pe3ynbtath, 3a akumu nocnigoBHo vayte IDW, TIN i cnnawH.
OcTaHHIN MeToa OEMOHCTPYE 3HAYEeHHS NOXMOOK, wWwo nepesuwlye 15% ons ouiHku 6acerHiB y
MeXax OOCnigXyBaHOi TepUTopil.

3 yciX 4YoTMpPbOX BUKOPUCTaHMX MeToaiB nuwe IDW gae MOXMMBICTb NPOBOAUTU TaKOX
ekcTpanonsuito gaHux (puc. 2). Lle go3sonsie ouiHnTK 3Ha4YeHHsa ans 6inbLioi YactnHm 6acenHy
Mpun'ati B mexax YkpaiHn. OgHak Yepes BiACYTHICTb CMOCTEPEXHUX MYHKTIB OLjiHKA IX TOYHOCTI
Yy HamBigaaneHiwmnx Big BUXIOHMX TOYOK YacTuMHax ycknagHeHa. Ha puUCYHKY TakoX BWMAOHO
dopmyBaHHs edbekTy “Omyaumx oven”, To6TO iHpopMaUia He IHTEepPrnonETLCA PIBHOMIPHO MO
BCi TepwuTtopii, ocobnueBo npu 36inblweHHi koediuieHTa BiacTaHi. [lpoTe, BpaxoBykuM
iHTepnonsauito Big LEeHTpiB BOO0300piB, NepeBaXKHO MNOBiSNIbHY 3MiHy di3nko-reorpadiyHnx ymos
dopMyBaHHS CTOKY Ha AOCHiOKYBaHI TepuTopii, WO ONOCEepeaKoBaHO MNiATBEPAXYETHCHA
HEeBENMKNMN NOXMbkamMm, 3aCTOCYBaHHSI METOAY € 4OCUTb BUNpPaBaaHUM.

Puc. 2. 13oniHii npocTtopoBOoro posnoainy mMoaynto CToKy no 6aceinHy lMpun’aTti B mexax
YkpaiHu, ctBopeHi metogom IDW, 3 P=5

dopma OTpMMaHMX i30MiHIN JOCTATHLO
nnasHa, ogHaK MOXYTb (POPMYBATUCEL OKPEMI
AiNsgHKW 3 OCUTb rocTpuMn Kytamu. MNpuknag
uboro npegcraeneHo Ha puc. 3. He 6yno
NMOMIYEHO YTBOPEHHSA apTedakTiB.

Puc. 3. I3oniHii, oTpumaHi 3 gonNomorow
meTtoay IDW (P=2)
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IHTepnonauii iHW1MK TpbOMa MeToA4aMM Aal0Tb pe3yrnbTaTh Nue B Mexax, aBToOMaTU4HO
BM3HAYEeHUX BXiAHMMW AdaHuMu. Lle He [03BONSA€ MNOBHOK Mipol OUiHUTM  BOJ0360pw,
HeJOCTaTHbO YN HEPIBHOMIPHO OXOMSIEHI Mepexero rigponoriyHmx cnoctepexeHb. KoxkeH i3
MEeTOAiB Mae CBOI nepesary, HEAOMNiKKU Ta 0COBNMBOCTI, 3yMOBMEHI 5K MExXaHi3aMamu ix poboTu,
Tak i ocobnmeocTaAMM MexaHiamy pobotn QGIS.

Mpwn iHTepnonsauii meTogomM Kriging nepexoan Mk 3HayeHHAMU Binbll MMAaBHi, BiACYTHS
npobnema “buyadnx oden”. OgHak Binbl AeTanbHUI aHani3 OTPUMaHUX PacTpPOBMX LUApPIB Ta
BUAINEHMX i3 HAX i30S1iHIA NOKa3aB, WO B AEeSKMX TOYKaX i30S1iHil Pi3KO 3MIHIOKOTE HanpsiM i30MiHIN
i YTBOPHOETBLCS MOPIBHAHO 3HA4YHa KiNbKiCTb apTedakTiB. [JaHi edekTn npeacraBneHo Ha puc. 4a
— 4p. MNpn UbOMY HEe Ma€ Pi3HUL MK eKCNOHeHUInHUM Ta cdepuyHum Kriging, BUKOpUCTaHHS
060x MexaHiamiB 4ae 3HauHi BUKPUBIIEHHS.

Mpn UbOMY BUKPUBAEHHA Ta apTedakTM nowupeHi BiQHOCHO pPIiBHOMIPHO MO BCin
TepuTopil, WO MOXe O0OaTKOBO CBIQYMTM NPO CUCTEMHICTb HedonikiB MeTtoay. BukopuctaHHs
Kriging Ana peTtanbHOro BMBYEHHS MICLEBOCTI MOXe BuMMaratm [oOaTKOBMX ofepadin 3
O4YNCTKM, BiACiIlOBaHHS apTedakTiB Ta XMOHMX pe3ynbTaTiB, WO NMOBIPHO 36iNnblMTb 3aranbHi
NOXMOKHN.

i\‘\
)

0 10 znnu/"
— )

Puc. 4. ApTtedaktn Ta CNOTBOPEHHA i30MiHIN NMPOCTOPOBOro pPoO3nNoAiny MOAYJIK CTOKY,
oTpuMmaHux metoaom: a) Kriging exponential; b) Kriging spherical.

Mpun iHTepnonauii 3a gonomoroto metody TIN i3oniHii Takox He € rnmagkumm (puc. 5).
MoxHa nobaunTu OKpeMi BenuKi NPSAMOKYTHI 06nacTi 3 OQHaKOBUMW 3HAYEHHSMM MOLYIHO
CTOKy, TOGTO MeTo4 MOXe AaTu HeTouHi pesynbtatu. OKpiM UbOro, pesynbTatM Ha Mexi

OTpMMaHOl AiNdHKM  iHTepnonAuii Ha NiBHOYI

CWMBbHO  CMOTBOPKOKOTLCA  MPU  BUKOPUCTAHHI \/

KyGiyuHoro TIN 4epe3 0cobGAMBOCTIi MexaHi3amy

iHTepnonauil B QGIS. [Ina nepeBipkn HEMOXNUBO

apTedakTiB Ha NMOBEPXHI. .
Puc. 5. I3oniHii, oTpumaHi 3 ponomoroto \\ //ﬂﬁ ///

meTony IDW (P=2) :

OcTaHHIM 3 3acTOCOBaHUX MeTOAiB NPOCTOPOBOI iHTeprnonduii OyB MeTon CchnawH.

PesynbTaTu iHTEpnonauii npeacTtasneHo Ha puc. 6.

po3paxoByBaTu Ha  OOCTOBIpHI 3Ha4YeHH4d
rPaHNYHMX TOYOK, LLO TakoX Oyro BpaxoBaHO npwu
po3paxyHkax gns tabn. 1. Bapto 3asHauntn, wo
3actocyBaHHa TIN He npu3Beno A0 YTBOPEHHSA
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Puc. 6. I3oniHii npocTOpoBOro pos3nojiny Moaynk CToKy no 6acerHy Mpum’ATti B Mexax
YKpaiHn, cTBopeHi metogom Spline

Mepexoon MiX 3HaYeHHAMW Ta i30MiHil € AyxXe nnaBHUMU, apTedakTiB Hemae. 3 ycix
NPeAcCTaBneHnX MeTodiB ChnnavH eauMHun He noTtpebye nocT-ob6pobknm Ana 3acToCyBaHHSA
KapTOCXEM 3 MeTOl BidyanbHOro cynposogy. HeobxigHnmu € noganblii aHanian 3 iHWumm
BUXIAHUMU SaHUMW O115 OLLIHKM NEPCNEKTMB 3MEHLUEHHSA NOXMBOK OTPUMaHUX 3HAYEHb.

BucHoBku. 3a pesynbtatamu poboTun, BPaxoBYOUN K NOXMOKW, Tak i BidyanbHY OLHKY,
Jinwnn BuUCHoBKY, Wwo Metog IDW e kpawum ans iHTepnonsauil gaHux no AocnifgkyBaHin
TepuTopii. I3oniHil goBoni nnasBHi, He Gyno NoMiyeHo apTedakTiB, mMani NOXMBKU OTPUMAHUX
3HayeHb. [lepeBaroto Moxe ByTn TakoxX obMexeHa ekcTpanonauis gaHuX.

HacTynHum 3a HaginHicTioO € meToq cnrarH. ICTOTHMMK nepeBaramy € HaubinbL NIaBHi
i30MiHii ceped ycCix iHWWMX METOAIB, BIACYTHICTb apTedakTiB, WO, pasOM 3 HEBENMKUMMK B
abcontoTHOMY BUMIpi Noxubkamu, O03BOMNSAE FOBOPUTM MPO 3HAYHY MNEPCNEKTUBHICTb WNOro
3aCTOCYBaHHS.

MeTog Kriging gosBonsie oTpyumaTtu pesynbTatv 3 BiGHOCHO HEBENMUKMMWU MOXMOKaMU;
OfHaK IiCHye HeobXigHICTb NOCT-06pOBKM UM BAOOCKOHANEHHs BUXIOHUX nporpam, SKi
3a6e3neyvyloTb iHTEpPNoNsLito.

MeTtog TIN B >xogHOMy 3 BapiaHTiB He Moxe OyTM 3acTocoBaHWMiA [Ofs TOYHOro
AOCnipKEeHHsT MeX Bogo30opy Ta [AiNsHOK 3a Mexamu BU3Ha4veHOoi Teputopii. Bpaxosyroun
HEMOXNMBICTb LUBUAKOrO 306iNbLUEHHSA KiNIbKOCTI penepHUX TOYOK Ta 3as3HayeHi BULLLE acnekTw,
OaHUn MeTod MOXe peKoMeHAyBaTUChb Nulle ANS YTOYHEHHS AaHUX Y UeHTparibHiA YacTuHi
npaBobepexoks bacernHy p. Mpun’'ate.

OTpumaHi pesynbTatMu MOXYyTb OyTM BUKOPUCTaHI Ans  aHanisy 3akoHOMipHOCTEW
NMPOCTOPOBOr0 pO3noainy riaponoriYyHnX xapaktepuctuk y GacenHi lMpun'ati Ta nonepeaHix
aocnimpkeHb BOA0300piB, HEQOCTAaTHLO OXOMJIEHMX CTaHLUiSIMM CMOCTepeXeHb. Lli BMCHOBKK
MOXHa 3 0OepexHICTIO 3acTocyBaTh 40 BOAO30OPIB iHWMX PiYOK 3i CXOXUMKU yMOBaMu, TOGTO
AN PiIBHUHHUX BOAO360pIB 3 NNaBHOK 3MiHOK YMOB (DOPMYBaHHSA CTOKY i3 CepeHbO0 MMoLLeto
Bogo36opy Big 1000 o 10 000 kM. BpaxoBylouu MOBHY BiACYTHICTb Yy 6a3i AaHWX piyoK 3
nnoweto Bogosbopy MeHwe 100 KM?, OTpWMaHi BUCHOBKM NOTPebyloTb  OKPEMOro
NigTBEPIKEHHS IX NPMAATHOCTI AN aHanisy manumx pidok.

Lis cTtatTs Takox moxe OyTn BUKOpPUCTaHa SK iNtOCTPATUBHUIA NPUKNaA BigMIHHOCTEN MiXK
Pi3HUMM MeTodaMM iHTeprnonau,il.
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Sokolchuk K.1.

Application of different spatial interpolation methods to hydrological data on the example of the
Pripyat river basin (within Ukraine)

The article is devoted to the description and comparison of methods of spatial interpolation for hydrological
data. Four spatial interpolation methods are considered: inverse distance weighted interpolation (IDW), triangulation
(TIN), spline interpolation and Kriging. The data source is a permanent measuring hydrological network located on
the territory of the Pripyat river basin and adjacent river basins, within the borders of Ukraine. Based on them, maps
of the spatial distribution of the average annual specific discharge were created. Relief, physical and geographical
conditions are changing smoothly, allowing spatial interpolation with sufficiently reliable results.

The accuracy of the obtained results was assessed by mathematical and visual comparison. According to both of
them was established, that IDW method gives better and results for the interpolation of hydrological data on the
studied territory. The isolines are quite smooth, no artifacts were noticed, the errors of the obtained values are small.
IDW is also easy to use, changing inner settings, such as distant coefficient, could significantly decrease negative
effects. A certain extrapolation of the data can also be an advantage.

The next most reliable method is the spline interpolation. The smoothest transitions between values and
correspondingly extracted isolines, lack of artifacts make its results closer to the expected nature of changes in
hydrological parameters. It can also be considered one of the most promising for implementation.

Kriging is characterized by small errors, but rather significant unnatural distortion of the results and the
number of artifacts. It is valid for both spherical and exponential versions.

The TIN method was the least reliable among the studied methods. If it is necessary to clarify the data in the
central parts of the territory over which the values are interpolated, it is better to use the linear version, which
demonstrated slightly less distortion.

Key words: Spatial interpolation, GIS, IDW, TIN, Kriging, Spline, specific discharge, Pripyat.
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Kanycma T.51., Cusuti M.A., Buuyropa J1.0.
TepHoninbcbKul HauioHabHUl nedaezoeiyHull yHisepcumem imeHi Bonodumupa MHamioka

AHATNI3 CTAHY BUBYEHOCTI PIYOK BACEWHY OHICTPA
B MEXAX TEPHOMIIbLNHHN

Mema OocnidxeHHs1 ronsieae y aHanisi sug4yeHocmi piykoeo-baceliHo8UX cucmeM nigux npumok [Hicmpa,
posmauwiogaHux 8 mexax TepHoninbcbKoi obracmi YkpaiHu. HasedeHo iHghopmauito cmoco8HO 8UKOHaHUX paHiuie
y3azalbHeHb Wodo sus4yeHocmi pivok bacelHy 8id npaub XIX cmopidysi 00 cydacHUX MOHozpagiyHux eudaHb ma
OoKpeMux cmamedl.

AHaniz cmaHy sus4yeHocmi pi4oK pezioHy ma ix baceliHie cgid4umb Mpo me, W0 ceped MpPbOX OCHOBHUX
Hanpsimie 0ocridxeHb: 2i0posnoaiyHo20, 2i0poxiMiyHO20 ma @hi3uko-2eoepaghidHo20 Halbinbwe ysazau y npaysix
8imyu3HsHUXx e4eHux XIX — nouyamky XXI cmopiqus npudineHo came aHarnily pi3HUX acriekmie 2iOposio2iyHo20
pexumy piyoK pezioHy: bascamopidHUX KorueaHb iX CMOKY, 6HYMmPpiWHbOPIYHOMY po3rodiny, Xapakmepucmukam
MaKkcuMarnbHuUx eumpam 800u rnogeHeli ma dowoeux MasooKie, aHasnidy MEXEeHHO20 CMOKY, OUHaMiIyi pycrosux
rpouecie, cmokKy HaHoci8 ma iH. 3Ha4yHO MeHWy yeaay rpueepHynuU O0CIOXeHHS 2iOpPOXiMiYHO20 pexumMy ma ssikocmi
800u, 2idpoekorioaiyHa cknadosa.

Ceped 8im4u3HsHUX HayKosyig, Wo Marome Halbinbwi 3006ymku y sug4eHOCMi pidkoeo-baceliHo8UX cucmem
lModinns cnid eid3Ha4umu npedcmasHuKie YkpaiHcbkoz2o eidpomemeoporiozidyHozo iHemumymy JCHC YkpaiHu ma
HAH YkpaiHu, Kuiecbkoeo HauyjoHanbHo20 yHieepcumemy imeHi Tapaca LllesuyeHka, Odecbkoz20 OepxxagHO20
ekosoaiyHoeo yHigepcumemy, JlbgigCcbKO20 HauioHanbHO20 yHieepcumemy iMeHi leaHa ®paHka, BiHHUUbKO20
OepxxasHo20 rnedazo2iyHo2o yHieepcumemy imeHi Muxatina KouytobuHcbk020, TepHOMiNIbCbKO20 HaujoHannbHO20
nedazoziyHo20 yHisepcumemy iMeHi Bonodumupa Hamioka.

Knrouoei cnoea: icmopis Oocnidxenb, [Hicmep; TepHoninbcbka 0651.; piykogo-baceliHosi cucmemu;
gugYeHicmb, OCHOBHI rybnikaujl.

Bctyn. Teputopis TepHoninbcbkoi obnacti ctaHoBute 13,8 Tnc. kM? (2,3 % TepwuTopii
Ykpainn). BoHa poaTawoBaHa B GacenHax [Hinpa (piukn lNopuHb Ta IkBa) (18 % Teputopii
obnacri) Ta AdHictpa (pivku 3onota Jlvna, Koponeub, Ctpuna, IxypuH, CepeT, Hiunaea, 36pyy)
(82 %) [14]. Oo 6acenHy pivkun [OHicTep B Mexax TepHoninbcbkoi obnacTi HanexuTs 1174 pivok i
CTPYMKIB 3aranbHoO AoBXuWHOW 5195 km, B T. 4. ABi cepefgHix piukn Cepet Ta 36py4, 16
BOAOCXOBULL, 3arafibHOK MIoLLe0 BogHoro nneca 2348 ra, o6’emom Boan 52,7 mnH m* Ta 927
CTaBKiB, BOLOVM 3aranbHO NIOLLE BOAHOMO nreca 4764 ra, 06’emom Boam 45,5 mMnH m* [51].

[HicTep € HanGinbwoto B obnacTi pivkoto. 3aranbHa OoBXMHA pivykn 1362 kM, B Mexax
Ykpainm — 705 km, B Mexax TepHoninbCbkoi obnacti — 262 km; 3aranbHa nnowa Bogo3bopy
72100 km?, B Mexax YkpaiHu — 52690 km?, B Mexax obnacti — 11307 km? [51].

MeTol Haworo OOCNIMXKEHHs € aHani3 BMBYEHOCTI piykoBO-6aCENMHOBUX CUCTEM JiBUX
nputok [HiCTpa, po3TaloBaHUX B Mexax TepHoninbcbkoi obnacti YkpaiHn. baceiHu
3a3Ha4YeHnx pivoK BigHOCATbCA A0 [MoainbCbKoi, HaMbINbLWOI 3a nnowieto, YacTuHu BacenHy
[HicTpa, postawosaHol Ha BonuHo-lMoginecekomy nnaro.

AHanisa BUKOHaHMX paHiwe pocrnigkeHb. Piyka [HicTep gpyra 3a [OOBXWHOKW Ta
BOOHICTIO piyka YKpaiHW, s£Ka BiOPI3HAETLCA HEOOHOPIQHICTIO Ta pPi3HOMaHITTAM YyMOB
dopMyBaHHS CTOKY BOAU 9K BnacHe camoro [IHicTpa 3a Moro AOBXUHOK, Tak N YNCEeNbHUX NOro
npuToK. TOMY MUTaHHK BMBYEHOCTI GacerHy Uiei pidkn Ta OacenHam T1i NPUTOK 3aBXau
npuginsanacs yesara HayKoBLiB.

Mepwnin, fOCTaTHBO AeTanbHUIN aHani3 iCHy4Ool Ha KiHeub 30-X POKIB MUHYMOMO CTOMITTA
Mepexi cnoctepexeHb B Mexax 6acelHy, BWBYEHOCTIi WMOro MpuUpOAHUX YMOB Ta
rocnofapCbkoro BUKOPUCTaHHS HaBoauTbes B npaui A.M. JJomaHiubkoro [26].

HacTynHi y3aranbHeHHs o4O BUMBYEHOCTI pivoK H6acerHy 3’aBndATbCA B Npausx BYEHUX
KONMULWIHBbOrO iHCTUTYTY rigponorii Ta rigpotexHikn AH YPCP (Ha3Ba TenepiwHboro iHCTUTYTY
rispomexaHikn AH Ykpainm B 1944-1964 pp.). Cnig Big3HaunT KONEKTUBHI npaui cniBpobiTHMKIB
IHCTUTYTY 3a pefakuismn Bigomux rigpornoris Toro yacy — A.B. Orieecbkoro, I.l. LWBeusa, M.I.
Opo3pga, M.C. KaraHepa T1a iH. [13,36,55,59] BoHM wmMicTaTb geTanbHi BiQOMOCTI LWOOO0
rigporpacbiyHOi Mepexi GacenHiB piyok — npuTok [HicTpa, X OCHOBHUX MOPGOMETPUYHUX
XapaKTeEPUCTUK, Onunc (hisuko-reorpadivyHmMx yMOB, y3ararbHEHHS pe3yrbTaTiB CNoCcTepeXeHb Ha
rigposioriyHnx noctax. o Mipi HakonNMYeHHs MaTepianis CnocTepeXeHb 3a BOAHUM PEXMMOM
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piyok 6GaceriHy Ta 3pOCTaHHAM TPMBANOCTI pPsAiB  gaHuX, 34iMCHIOBanucs noganblui
y3aranbHEHHS1 CTOKOBMX XapaKTepUCTMK pPiYOK, WO 3HAXO4MNO CBOE BidOOpaXeHHa y
AoBigkoBnx BuaaHHsX KiHug 80-x, noyaTky 90-x pokiB XX cTtopivus [35,56]. BnpoaoBXk oCcTaHHIX
OBOX AecaTuniTe 3’ABNAIOTLCA MOHOrpadivHi Ta [OBIAHMKOBI BUOAHHSA, O MICTATb Cy4YacHy
iHbopMaLito CTOCOBHO MPUPOAHMX YMOB BOLO0300pIB, iX KNiMAaTUYHMX XapaKTEPUCTUK, OKPEMUX
€1EMEHTIB TiapONOriYHOro pexuMy Ta aHTPOMOreHHOro HaBaHTaxeHHs. Cnig BiasHauuTu OBa
OOBIOAKOBNX BMAAHHA 3a pepakuieto B.l. BuwHeBcbkoro i3 cniaBTopamu [11,12], WwWo MICTATb
y3aranbHeHi JaHi cnocTepexeHb No pidkax 6acenHy, BignosigHo, no 2000 ta 2020 pp. OaHi
wono ob’ektiB BogHOro doHay TepHoMinbCbkoi 06MacTi MOXHaA 3HAWTM Yy BWOAHHI 3a
asTopctBoM M.M. Manamapuyka Ta H.B. 3akop4yeBHoi [43], opyre BugaHHA aKkoi Bunwno B 2006
p. YsaranbHeHi Mmatepianu [lepxaBHOro areHTcTBa BOOHUX pecypciB YKpaiHu BigHOCHO
HasBHOCTIi B MeXax obnacTi Ta OKpemux ii paloHIiB BOOOCXOBWLL i CTaBKiB HaBedEHO Y
A0BiOHWKY 3a pepakuieto B.K. XinbueBcbkoro Ta B.B. pebeHs, onybnikoBaHomy B 2014 p. [14].
Huska ny6nikauin, wWo MICTATb aHania BUBYEHOCTI PivYOK - nNpuTok [HicTpa B Mexax
TepHoninbCcbkoi 06GNAacTi, BWWLWINA NPOTArOM OCTAHHIX [OBOX OeCATUNiTb Npu NigroToBLi
ancepTauinHnxX OOCNigpKeHb BYEHUMM YepHiBELBbKOro HaLioHanNbHOro yHieepcuteTy iMeHi HOpis
degbkoBmya, J1bBIBCbKOro HauioOHaNbLHOro yHiBepcuteTy iMeHi IBaHa ®paHka, KuiBcbkoro
HauioHanbHOro yHiBepcuteTy iMeHi Tapaca LUesyeHka, Ogecbkoro gepXaBHOMo eKOSoriYHOro
yHiBepcuTeTy Ta iHWux ycrtaHosB [7,20,37,38,42,46]. 3Ha4yHO MeEHLUY KinbKiCTb ny6nikauin
NPUCBSYEHO Yy3ararbHEHHIO SKICHUX XapakKTepUCTUK MOBEPXHEBUX BOA PIYOK perioHy Ta IX
riopoximiyHomy pexunmy. Cepen oOCTaHHiX nybnikauil MOXHa BiO3HAYUTU  KONEKTUBHY
MoHorpadgito 3a pepakuieto B.K. Xinbyescbkoro Ta B.A. Crawyka [19], Wwo BuAwna pYKOM B
2013 p.

HesBaxalum Ha [OCUTb BENWKY KiNbKiCTb Mybrnikauin, ocobnuBo 3 aHanisaoM AaHux
riaposioriYHOro pexmmy pivok TepHoninns, Ao UbOro Yyacy He iCHye KOMMMEKCHUX OOCMioXeHb
came pivykoBO-DacenHOBMX CUCTEM PErioHy. YBara nepeBaxHoi BinbLUOCTi BYEHNX 30cepeKeHa
Ha aHanisi ymoB (QOpPMYBaHHA CTOKY Ta XapaKTepUCTUK FigpOonoriYHoro Ta rigpoxiMiyHoro
pexunmy BnacHe [HicTpa. BupilweHHa 3aBAaHHS aHanisy rigpoekosnoriyHuX Ta rigpoXiMiyHmnx
XapaKTEPUCTUK NOro NPUTOK € METOK HALLIOrO AOCHIIKEHHS.

Buknaga ocHoBHoro martepiany. [HicTep 3 [JaBHiX 4aciB BUKOPUCTOBYBaBCH SIK
TpaHCNoOpTHa apTepisa ans cnonyyeHHs anunyumHu 3 Mongosoto Ta [MpuyopHomop'sm. Came
notpebu cygHonnaescTBa OOYMOBMMM MPOBEAEHHS MepluMx rigporpadivHmx [ocnigkeHb Ha
[OHicTpi Ta cknagaHHAa noro rigporpadivHoi kapth (gpyra nonosuHa XVIII cTopivyda), a Takox
noyaTtok (y cepeauHi XIX ctopiyys) perynsapHux cnoctepexeHb 3a piBHsamMu sBoaun [19].

Po3eumok mepexi cnocmepexeHb. B 1850 p. 6yno Bigkpunto nepLui 4 BOOOMIPHI MOCTH
Ha BepxHbomy [OHicTpi. Bnpogosx 50-70-x pokiB XIX cTOpivY4a KinbKiCTb BOOOMIPHUX NOCTIB Ha
BepxHbomy [HicTpi gocsarae 11. lMpotarom 70-90-x pokiB XIX cTopivyy4a po3noyvmHaloTbes
cnoctepexeHHs Ha CepegHbomy Ta HwxkHbomy [HicTpi. 3okpema, y 1877 p. posnoyato
CMOCTEPEXEHHA 3a piBHAMM BOAW Ha BOAOMIpHOMY nocTty p. [AHictep — M. 3aniwukm, wWwo
3HaxXoOUTbCA B Mexax cy4dacHoi TepHoninbcbkoi obnacti. Ha noyatky XX crtopiyus [HicTep
BiQHOCATb OO0 OAHiel 3 HaWbinbll BMBYEHUX Y BIOHOLUEHHI PIBHEBOro pexumy pivok [26].
CnocTepexeHHst 3a CTOKOM BOAM Ha pidkax 6acenHy noynHaTbes AeLlo nisHiwe — 3 80-x pokis
XIX cTopiyuda. 3okpema, iCHyoYi OOBIOKOBI mXepenia MICTATb iHOpMaLilo No CTOKY BOAM Ha
nocty p. OHictep — m. bengepu 3 1881 p. Xoua y poboti B.M. JloxTiHa [34] MiCTATbCA MiCAYHI
Ta piyHi BennuuHM cTtoky [Hictpa 6ing M. MorunboB 3a 1854-1885 pp. 3 90-x pokiB XIX
CTOPIYYS CMOCTEPENKEHHA 3@ CTOKOM BOAW PO3NOYNHAKOTLCS LLe Ha KiflbKOX BOAOMIpHMX NocTax,
pO3TaLlOBaHNX, NepeBaxHoO, Y BEPXHi YacTuHi 6bacenHy. Ha BogomipHomy nocty p. [Hictep —
M. 3aniwmku perynapHe BUMIpHOBaHHA BUTpaT BoAuM po3snoyato Big 1895 p.

Ha noyaTok nepuwoi cBiToBoi BinHM (1914 p.) B 6acewnHi [HicTpa (Ha ronosHin pidui Ta ii
nputokax) dyHkuioHyBano 6nu3bko 100 BogomipHux noctie [38]. BincbkoBi gji, Wo oxonunu
3Ha4yHy YacTuHy 6acenHy Bnpogosx 1914-1918 pp., npusBenu 4o KaTacTpodiYHOro 3MEHLLEHHS
KiNbKOCTi MOCTIB Ta MOripWEHHS SKOCTi OoTpuMaHux gaHmx. Ha 1919 p. B mexax GaceMHy
dyHKUiOHYBano nuwe 4 BOAOMIPHI NOCTW. Hacnigkom BIMCbKOBUX Ai cTana BTpaTa 3HAYHOI
YacTUHWM MaTepianiB CNoCTEPEXeHb Ha pivykax GacenHy, nepeBaxXHO NO NOro aBCTPO-YrOpPChKin
YacTuHI.

BigHoBneHHsa Mepexi posnovanocsa y 20-x pokax MuHynoro ctopivysa. MNepwwummn 6yno
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BiHOBNEHO CMOCTEpPEeXeHHs Ha TUX nocTax, WO Aisnn padiwe, 3rogoM BigKkpuBanu HOBI.
3okpema, y 1920-x pp. aKTMBHO 3pOCTAaE KiflbKiCTb MOCTIB Ha MOAINbCbKUX NpuToKax [HicTpa.
CraHom Ha 1939 p. B mMexax GacenHy (o TepuTopianbHO OyB pO34iNeHUMIN MK KOMULIHIM
CPCP, MNMonbcekoto pecnybnikoo Ta PymyHieto) HanivyBanocsa noHag 140 BogoMipHMX MOCTIB.
[pyra cBiToBa BillHAa Ta MOLUMPEHHS BINCLKOBMX A1 HA BCK TepuTopito 6acenHy npmssenu o
3aKpUTTSA NepeBaxkHOiI BinbLIOCTI MOCTiB, @ MO TUX NOCTax, WO (yHKUiOHYBanM B LEW 4ac, B
HaABHOCTI nuvwe HenoBHi AaHi. 3HOB BMABWUIIACS BTpPaYeHOK 3Ha4yHa 4YacTuHa Matepianis
cnocTepexeHb No nocTax, Wo npauBany B Mexax nonbCbKoi Ta PYMYHCLKOI YacTuH BacernHy y
MDKBOEHHUN 4vac (20-30-Ti poknm XX ctopivud). OTke, iICTOTHUM HeOoniKOM CTauioHapHUX
riApOMEeTPUYHMX CMOCTEPEXEHb ¥ Mexax BacenHy 3a nepiof Big ix nodatky 0o cepeuHu XX
CTOpIYYSA € NEPEPBHICTb PAAIB CNOCTEPEXKEHDb NPAKTUYHO MO BCiX NOCTax.

Mo 3aBepLleHHi [pyroi CBITOBOI BiHN Mepexa cnocrepexeHb B 6acelHi BigHOBMNIOETLCS
Ta [gocsarae MakCuMMarbHOro poO3BWUTKY HanpukiHui 60-X, y nepwuin nonoBuHi 70-x pokiB
MUHYIoro cropivys. KinbkicTb rigponoriyHux (K ctanu HasmeaTW KOMULLIHI BOAOMIPHi) MOCTIB
pocarna 110 ogmHuub. CKOpOYEHHST MepEeXi cnocTepexeHb (Mig npyMBogoM 1i onTuMisau,ii, Wwo
He 3aBxau Oyna obrpyHToBaHOW) HanpukiHui 80-x pokiB XX CTopiy4si NpM3Beno 4O 3HAYHOro
(6nmn3bko 20%) 3MeHLEeHHs KiNbKOCTi rigponoriyHmx nocTiB. [potarom ocTtaHHix 30 pokiB
iCHyl0o4a Mepexa crocTepexeHb 3MiHoBanacs mano. Ha ceorogHi (2022 p.) B Mexax
yKpaiHCbKOT YacTuHu BaceriHy [HicTpa dyHKUioHye 67 rigponoriyHux noctiB (Ha 63 3 HuX
BUMIpIOIOTBCS BUTpaTn Bogw). e 27 rigponoriyHnx nocTiB B 4aHWMM Yac HamidyeTbCsl B MeXax
MONAAaBCbKOi YacTMHM BacenHy Ta 1 — B MeXax Moro HeBENUKOT MOSbCbKOT YaCTKu.

CuTtyauiq, onncaHa BuLLe, € TUMOBOKD | AN rigpooriYyHMX NOCTIB, PO3TaLLOBaHMX B MeXax
nisobepexHoi, NoainbCbkoi YacTnHn Bacenny [HicTpa Ha TepuTopii TepHoninbCcbkoi obnacTi. B
Pi3HMIM 4Yac Ha piykax perioHy npaurBano (4acTkoBO Mpaule 3apas) onmsbko 20 nocTiB —
Tabn.1.

Tabnuuysa 1 TMepenik rigponoriyHnx
BATpaTaMu BOAM Ha HUX

nocTtiB Ta nepiogn cnocrtepexeHb 3a pPiBHAMU Ta

Ne Piuka FipponoriyHumn HasiBHi MaTepianu cnoctepexeHb (POKU) 3a:
n/n nocr piBHAMKU BOAU BATpaTaMu BoAun
1 3onora Jlvna M. BepexaHu 1940,1941,1945-2020 1940,1941,1945-2020
. 1902-11, 1913, 1914,1925-
2 3onoTta Jlnna c. 3apapis 20, 1940 1941.1945-2020 1955-2020
LinHiiBka i i
3 (3onoTa Muna) c. MoTyTopu 1940,1945-76 1953-77
4 Koponeub M. MNigranui 1940,1946-2020 1945-2020
5 Koponeub cmT Koponeup 1948-2020 1948-2020
6 Koponeub c.aTb 1947-58,1961-69 -
7 Koponeupb c. Benuka JobpaHb | 1955-69 -
8 Ctpuna X. KannnHui 1945-2020 1945-2020
9 Ctpuna M. Byyay 1963-2020 1912,1913,1923-29,1963-2020
1897-1900,1902-06,1908-11,
cmT Benuka 1913, 1920-22,1924-29,
10| Ceper BepesoBuus 1940,1941, 1945-60,1962- 1961-2020
2020

1898-1911, 1913, 1923-
11 | Cepert M. YopTkis igjg’_l;(;lzld 29,1940,1941,

1944-2020
12 Cepert c. lopogunuwe 1945-64 1945-64
13 | MHisHa (CepeT) | c. Mneb6aHiska é224-29, 1940,1941,1944- | 1954-88
14 | HiynaBa c. CTpinkiBui 1945-2020 1955-2020
15 | 36pyv M. Bonouncbk 1944-2020 1957-2020
16 | 36pyv c. 3aBanns 1972-2020 1971-2020
17 36py4 3aeannisceka lEC | - 1960-71
18 36py4 c. BitkiBUji - 1933-43, 1945, 1946,1956-61
19 MHuna (36pyy) | c. Nlndkisui 1946-88 1962-88
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Mepwi BOOOMIpHI MOCTM (3 BUMIPOBAHHSIM PIiBHIB BOAM) Ha IiBODEPEXHUX MpUTOKax
[HicTpa B Mexax perioHy Oyno BigkpuTo 3a 4acie ABcTpo-YropwmHu — y 80-90-x pokax XIX
cTopivysa Ha pivkax 3onota fluna, Koponeub, Ctpuna, CepeT. BumiptoBaHHA BUMTpaT BOAU Ha
okpemMux noctax (p. Ctpuna — m. byyau, p. Cepet — M. YopTkiB) po3noyanocs Big novatky XX
cTopivyda. AKWwo MaTtepiann CnocTepexeHb 3a CTOKOM BOAWM MO 3a3HayeHUMX MNOCTax € B
HasIBHOCTI, TO 3Ha4Ha KiNbKICTb AaHMX NO PiBHAX BOAW 3a nepiog Ao [lepuloi cBiTOBOI BillHM €
BTpayeHow. 3b6epernuca nuwe padi BUMIpiB piBHIB BoaM no noctax p. 3onota Jluna — c.
3apapiB (3 1902 p.) Ta p. Cepet — cMT Benuka bepesosuus (3 1897 p.). 3Ha4yHa yacTuHa gaHux
CMOCTEPEXEHb 3a MIKBOEHHU nepiog (1920-1939 pp.), Konu TepuTopis LOCHiOKEHDb
nepebyBana y cknagi lNMonbcbkoi pecnybnikv, Takox € BTpadeHon. Ocobnmeo «npoBanbHUMMY
€ 1930-Ti pokn, AaHi 3a sKi NpakTUYHO BiACYTHI. BnHsaTKkOM € nocTt Ha p. 36pyy — c. BiTkiBUi, No
KoMy 36epernuca gaHi 3a nepiog 1933-1943 pp. YactnHa nocTiB BigHOBWUNA CMOCTEPEKEHHS
Bin 1940 p., ane ix 6yno nepepBaHo 6GowoBuMK fidmu nig yac [pyroi CBiTOBOI BilHW.
3BiNbHEHHs TepuTopii o6nacTi Big HIMEUbKMX OKynaHTIB CNpuUsNO BIOHOBMEHHIO Mepexi
riapoOMETPUYHNX CNOCTEPEXEHD Ta BIAKPUTTIO HOBUX NMOCTiB. HanpukiHui 40-x pokiB XX cTopivys
Ha nputokax [JHicTpa B Mexax obnacTti npautoBano 15 rigponoriyHmx noctis. MakcumarnbHOK iX
KinbkicTe 6yna y 1960-x pokax — 18 nocrtiB. 3 KiHUA 80-X POKIB MUHYIOro CTOPIYYS KifbKiCTb
MOCTIB Ha MOAINbCbKMX MpuTokax [HicTpa B Mexax TepHoMinbCcbkoi 06nacTi NMaeTbes
He3MiHHOW i cTaHOBUTL 11 oguHUUb. Mo 2 po3TalwoBaHo Ha pivkax 3onoTa Jluna (M. bepexanu,
c. 3apapis), Koponeup (M. lMigranui, cmt Koponeus), Ctpuna (x. KannuHui, m. byya4), Cepert
(cmT Benuka Bepesosuusa, m. Yoprtkie), 36pyy (M. Bonouncek, c. 3aBannga) Ta 1 noct Ha p.
Hiunaea (c. CtpinkiBui) — gme. puc.

75 & 3 )
- 87070 {
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| YMoBHi nosHauenHs:

1 kopaoH YkpaiHn

[] paiioH 6aceiHy pivku AHictep

H rinporpacdiuHa Mepexa

[ sonocxosuwa

@ rinponoriuui noctv

A NyHKTW MOHITOPWHIY AIKOCTi BoAN

Puc. Kaptocxema po3sTawyBaHHA Aitoumnx (Ha 01.01.2022 p.) rigponoriyHnx NocTiB Ta NYHKTIB
MOHITOpUHry fkocTi Boau [epxBogareHTcTBa YKpaiHM Ha npuTokax [HicTpa B MeXxax

TepHonNinbCcbKoOi 06n.

BinbwicTe NOCTIB OXonnoTh NoLy Bogos3bopy Ao 1 Tuc. km?. Jlnle B cTBOpax 2 NocTiB
(p. CepeT — M. YopTkiB Ta p. 36pyy — c. 3aBanns) nnowa Boao3topy nepesuilye 3000 kw2,
BigHOCHO penpe3eHTaTMBHOCTI JaHUX CMNOCTEPEeXeHb Chif BiA3HAYUTU, WO NPaKTUYHO MO BCIX
AiloYnx noctax € nepepeu y CNOCTEPEXEHHAX 3a nepiog Ao Apyroi nonosuHu 40-x pokiB XX
cronitTa (tabn.1).

[itoya Ha cborogHi (Ha 01.01.2022 p.) Ha pivkax TepHoNiNbCbKOi 06S. Mepexa MyHKTIB
MOHITOPUHIY $KOCTi BoAWM [lepXaBHOro areHTCTBa BOAHWMX pecypciB YKpaiHu Bknoyae 14
cTBOpiB — AuB. puc. Ha xanb, Ginbwicte 3 HMX Oyno Bigkputo nuwe 3 2019 p., OCKinNbKn
MocTtaHoBow KabiHeTy MinicTpie YkpaiHu Ne758 Big 19 BepecHs 2018 p. NpUMRHATO HOBUMA
NopsAo0K 34IMCHEHHS OEPXXaBHOMO MOHITOPUHTY BOA. 3 TUX MYHKTIB MOHITOPUHrY, IO O LbOro
npautoBanu Ha pivykax perioHy, nuwunoca nvwe 5. BoHW poaTalloBaHi y CTBOpax MUTHUX
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BOA03abopiB Ta MaloTb OOCTATHLO OOBri Mepiogn crnocTepexeHb — Tabn.2. Bci BoHM obpaHi
HamMmn gna adanisy. Kpim TOro, sany4deHo iHopmauio we no 4 nyHKTax MOHITOPUHrY, WO
npautoBanu go 2019 p., ane matTb TpmBani Ta 6eanepepBHi Nepiogn CNOCTEPEXEHD.

Tabruyss 2. MNepenik CTBOPIB MOHITOPUHIY SIKOCTI

o6paHux ans aHanisy, Ta nepiogu cnocTepeXxeHb Ha HUX

Boan [epxBogareHTCcTBa YKpaiHu,

. . Mepion
Ne . Po3MilWeHHA MOHITOPUHIoBOro Mpu3HayeHHA
Piuka cnocTepexeHb,
n/n cTBOpY Bogo3abopy
POKM
1 3onota Jlvna M. Bepexanu CiNlbCbKOrocnogapcubkni 1995-2018
cmT Kosise, . o
2 Koponeub Kosi CinbCcbKorocnogapcbkum 1994-2018
03iBCbCbKE BOJOCXOBULLE
3 Crtpuna M. Byyay NMUTHUIA 1999-2020
4 | Ceper ¢. I'opiluHb0-lBavie, AUTHIIA 1995-2020
opilHboIBaYiBCbKke BOAOCXOBULLE
5 Cepet M. TepH.O”'nb’ NMUTHUIA 1993-2020
TepHOoNiNbCbKe BOOOCXOBULLE
6 Cepert c. Kacngplsu,l, CinbCbKOrocnoaapcukni 1994-2018
KacnepiBcbke BogoCXoBMLLE
7 HiunaBsa M. bopuiis MUTHUN 1994-2020
8 36pyd M. MNigBonovmcbk NUTHUN 1993-2020
9 36pyy cmt Ckana-loginbcbka TEXHIYHUI 1995-2018

Y3aezanbHrorui npaui. MNepLi y3aranbHOK4I Npaui CTOCOBHO NMPUPOAHMUX YMOB BacenHy,
rigporpadivyHoi mepexi, 3okpema i MoAinbCbKoi NOro 4YacTuHu, 3'9BnsATbCS y cepeauHi XIX
ctopivys. Lle 6ynu sik MmoHorpacpivHi BuoaHHs, Tak i npaui eHumnknoneanyHoro xapakrepy [2,62].
HanpukiHui XIX cTopiyysa 3Ha4YyHMI BHECOK Y AocnigkeHHs [HiCTpa BknaB BigoMui rigposior ta
rigpoTtexHik B.M. JloxTiH, wo Bnpogoex 1884-1892 pp. kepyBaB poboTamu MO MOKpaLLEHHIO
cygHonnaecTBa Ha [HicTpi 3a po3pobrieHoto HUm cxemoto. Y BugaHin B 1886 p. noro npaui [34]
MICTATLCA y3aranbHEHHSA NepLlunx pesynbTaTiB cCnocTepeXeHb 3a BOAHUM pexnmom [HicTpa Big
cepeauHn XIX cTtopivysa, HagaeTbCs AeTanbHa rigporpadiyHa cxema 6aceiiHy, NponoHYTLCA
3axo4M LWoao NoKpaLleHHst YMOB CyAHOMMaBCTBa.

MepebyBaHHA oOKpeMmx 4YacTuH ©OacenHy [HicTpa B Mexax pi3HuMx KpaiH (ABCTpo-
YropuwmHu, Pocincekoi imnepii, PymyHii, nisniwe — y cknagi konuwHeoro CPCP Ta lMonbcbkol
pecnybniku CyTTEBO YCKMagHOBanuM MOsiBY MNpaub y3aranbHIOYOro Xxapaktepy Mo TepuTopii
OacenHy. MNepLioo Takow MOXHA BBakaTu 3ragaHy Buwe npauto A.l. [lomaHiubKkoro, BugaHy
HanepenonHi [pyroi CBITOBOI BiMHM, WO MICTUTb aHania Mepexi ChocTepexeHb B Mexax
bacenHy Ha KiHeub 30-x pokiB XX cTopiv4si, geTanbHO OMUCYE BUMBYEHICTb MOr0 MPUPOOHUX
YMOB Ta rocnoaapCbKoro BUKOPUCTaHHSA [26].

Mpaui BYEHNX KOMULLHBLOIO IHCTUTYTY rigponorii Ta rigpotexHikn AH YPCP, wo nocigas
NPOBIAHI NO3uUii y rigPONOriYHMX OOCHIMKEHHSAX PivOoK YKpaiHu, 30Kpema i pivyok GacenHy
[HicTpa, y noBoeHHI pokn (gpyra nonosuHa 40-x — cepeanHa 60-x pokiB XX cTopivyst) MiCTATb
aetanbHi BigOMOCTI wWwono rigporpadivyHoi mepexi 6acenHiB pidok — nputok [HicTpa, iX
OCHOBHUX MOP(OMETPUYHNX XapaKTepUCTUK, OonuUc isnko-reorpadivyHNX yYMOB, y3ararbHEHHS
pesynbTaTiB CNOCTEpeXeHb Ha rigponorivHnx noctax [13,36,55,59].Takox AgocnigkeHo
napameTpu PiYHOro CTOKY PiYOK GacenHy, BHYTPILHLOPIYHUI PO3N0oAin iX CTOKY 3a CE30HaMMW i
MicAUAMM, HaJAHO aHani3 JaHUX CNoCTepeXeHb 3a PiBHAMU BOAWM Ta pesynbTaTiB pPO3paxyHKy
cToKy. BupgaHa HanpukiHui 1960-x pokiB rpyHTOBHa npaus [49] € 6Garato B 4omy
HernepeBepLUeHo [0 UbOro 4acy B ONUCI KNiMaTUYHUX Ta i3nko-reorpadivyHnUX YyMoB
dopMyBaHHS CTOKY pivyoK BGacenHy. Xoya, 3BUYaMHO, aHamni3 OCHOBHUX XapakTepUCTUK CTOKY
BOJOTOKIB perioHy € He akTyanbHUM, OCKifNlbKWU OXOMME paamM cnocTepexeHs nuwe no 1965 p.

I3 peopraHisauieto iHCTUTYTY rigponorii Ta rigpotexHikn AH YPCP OinbliicTb BYEHMX-
rigposorie 3 OCTaHHBOro MNEPEnLLNIo A0 YKPAiHCLKOro rigpoMeTeoposioriyHOro iHCTUTYTy. Tomy
He AMBHO, LLIO OCHOBHI pe3ynbTaTtu iX AOCNigXeHb CTOCOBHO pivok 6acerHy [Hictpa y 70-x, 80-x
pokax XX cTopivuys onybnikoBaHO came y 30ipHMKax HayKoBMX Mpaub CamMe LbOro iHCTUTYTY.
Cnig Big3HaunTtn pobotu M.I. KoHoHeHko, M.M. Cycigka, M.I". ManyweHka, A.l. LLepeleBcbkoro
Ta iH. [15,30,31,53,54,60].
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HacTynHi 0oBigKoBi BMAAHHS, LLO BUXOAMAM HanpukiHui 80-x, Ha nodaTky 90-x pokiB XX
cTopivya [35,56], MiCTUAM OHOBMIEHI ONA TpuBaniwmMx pPsgiB CNoCTepeXeHb XapaKTepUCTUKn
riApOnoriYHOro pexmmy pivok 6acenHy [HicTpa. Xoya B OCTaHHbOMY BMAAHHI JOCUTb 3Ha4Ha
yBara npuainsnacsa came mManum pidykam OacelHy Ta aHTPOMOreHHOMY HaBaHTAXEHHK Ha iX
BoAo3bopu. Onuc pidok OacenHy, goxuHot noHag 10 kM micTate ToMu «[eorpadpivHoi
eHumknoneaii YkpaiHuy», LWo Buxoaunu apykom snpogosx 1989 — 1993 pp. [16].

Y cBoI Npaui «PerioHanbHWUin eKoNoro-reoMopdosioriYyHUIN aHanisy, Wo BUXOANUTb APYKOM
B 1997 p., L.IN. KoBanb4yKk BUKIagae OCHOBHI 3acagu KOMIMMEKCHUX €KOMOoro-reoMopdonoriyHnX
DOCNigKeHb PIYKOBMX CUCTEM PIBHUHHUX perioHiB [28], Aki cTaloTb OCHOBOK HOBOrO HayKOBOIO
HanpsIMKy — AOCNIAXEHHs pivykoBO-b6acenHoBux cucteM. Noganblunii po3BUTOK LIEW Hanpsm
oTpumye B poboTax yyHie Koeanbuyka — J1.I1. KypraHesud, A.B. MixHoBuua, T.C. [NaBnoBCLKOI,
O.B. MNMununoswny Ta iH. Cnig 3as3HaunTK, wo geski podotn O.B. MNunmMnoBuY CTOCYOTHCA PivOK
BEPXHbOT YacTnHn 6acenny [Hictpa [44,45].

OcTaHHi oBa OecATUNITTS XapakTepuaylTbCs 3POCTaHHAM iHTepecy A0 pivok HaceinHy
yepes OLiHKY aHTPOMNOreHHOro BNSMBY Ha IX BOOHUI PEXMM Ta BNSIMBOM CyYaCHUX KNiMaTUYHUX
3MiH Ha napamMmeTpu rigponoriyHoro pexumy. lNepwnin 3 UMX HaNpAMIB OTPUMaB PO3BUTOK Y
pob6otax B.l. BuwHeBcbkoro [9,10], wo MicTunn aHania CTOKOBMX XapakTepucTuk [HicTpa:
BENMUYMHM  cepedHboro  GaraTtopiyHOro CTOKy, WOro MNpPOCTOPOBO-4aCOBOI  AUHAMIKW,
0COBGIIMBOCTEN BHYTPILLHBOPIYHOIO PO3MNoainy, XapakTepUCTUK MaKCUMarnbHOro Ta MiHiMarnbHOro
CTOKY pidku. ABTOp AOCHigKYye BOOOrocnogapcbke BUKOPUCTaHHA pivkn [HicTep, 3okpema ans
notpeb rigpoeHepreTukn. 3Ha4yHy yBary nNpucBsiMeHO BMnvBY [HICTPOBCBHKOro rigpoBy3na Ha
€KOCUCTEMY Ta CTaH HWXHbLOI YacTUHM [HiCTpa, a caMe Ha TEPMIYHUA PEeXUM PiYKM Ta CTiK
HaHoCiB. AHani3 BNMMBY rocno4apCbKOro HaBaHTaXXEHHs1 BO40300piB HA XapakTepuCTMKN CTOKY
HaHoCIB pivoK perioHy fobpe BUCBITNEHO Y 3radaHin Buwe moHorpadii ogecbknx ByeHnx C.B.
MenbHuka Ta H.C. Jlo6oawm [38]. MNMuTaHHa pycnoBux npoueciB pivok [Noginns T1a ix po3BUTKY Ha
¢OHi aHTPONOreHHoOi MnepeTBOPEHOCTi BOAO3060pIB, 3aperynbOBaHOCTI CTOKY PO3MMSHYTO Y
po6oTtax O.I'. O6ogoscbkoro, 3.B. Posnava Ta iH. [42], HO.C. KOweHka [61]. Bogorocnogapcbko-
eKonoriyHe panoHyBaHHA ©acenHy [HicTpa 3a piBHEM aHTPOMOreHHOro HaBaHTaXEHHSA
3gincHeHo y poboti M.A. babuya [3].

Bnnue cyyacHux kniMaTU4HMX 3MiH Ha BOOHWA pexum niBobepexHux nputok [OHicTpa
BrnepLe 6yno ouiHeHo y poboTi B.B. NpebeHs [21], wo Buniwna B 2005 p. ABTOPOM 3A4iNCHEHO
aHani3 3MiH CTOKY BOAM i HAHOCIB PiYOK perioHy 3a ABa XapaKTepHi nepiogn. Bnnme knimaTuyHUX
3MiH Ha napameTpu TrigporioriYHOro pPexuMMmy pivoK perioHy 3 ypaxyBaHHAM  BMIMBY
nangwacdpTHO-rigpoNoriMyHUX napameTpis Bogo300piB aBTOPOM OLUIHEHO Yy BigOMIi MoOHorpadii
[22], wo BuaaHo y 2010 p. Husky nybnikauin B4eHMx KMiBCbKOro HauioHanbHOro yHisepcuteTty
imeHi Tapaca LLleB4eHka NpMCBSMEHO aHari3y CydacHUX XxapakTepUCTUK pivok GacerHy [HicTpa,
3MiHi enemMeHTiB Noro BoAHOro 6anaHcy B ymoBax 3MiH KniMaTy, NPOrHO3yBaHHIO 3MiH BOOHOTO
pexunmy pidok baceriHy Ha manbyTHe [8,23,29,40].

OcTaHHE OecATUnITTA BiA3HA4YeHO HWM3KoK nybnikauin BY4eHMX OQEeCcbKOro Oep)KaBHOro
ekonoriyHoro yHiBepcutety (H.C. Jlo6oan, B.M. Jopodeeroi, C.B. MenbHuka, €.[1. NonyeHka,
B.A. OBuapyk Ta iH.), NPUCBAYEHMX OLHIOBAHHIO CTOKOBWUX XapaKTEepUCTUK pivyok BacenHy,
napameTpiB BECHAHOrO BOAOMINMSA, iX 3MiHAM Mig BNSMBOM rno6anbHOro NoTensiHHS KnimaTty
[32,33,38,41].

Cnig Big3HauMTh cyyacHi npaui BYeHUX YKpaiHCBLKOro rigpoMeTeopornoriYyHOro iHCTUTYTY
AOCHC Ykpainn ta HAH Ykpainm (B.A. banabyx, C.B. Kpakoscbkoi, J1.O. Nop6ayoBoi Ta iH.),
BUKOHAHI B paMKax OKpeMmx MDKHapOAHWX MNPOEKTIB, Ta MPUCBSYEH| OUiHKaM Cy4acHuX Ta
nepcnekTMBHUX 3MiH KniMaTy B Mexax 6acenHy Ta ix BNAnBY Ha BOOHUA pexuMm pivok [4,5,27].

Mopsg 3 OOCNIDKEHHAM KiNbKiCHUX XapaKTepucTUMK BOOHUX pecypciB, ocobnvBa yBara
NpUOINAETbCA BMBYEHHIO SAKICHOTO CKragy MoOBeEpXHEBMX Bog 6GaceliHy. BuBYeHHIO XimMi4yHOro
cknagy Boau pivkm [HicTep npucesveHO HU3KY pobiT. Ha BigMiHy Big rigponoriyHmx
CMOCTEPEXEHb, CUCTEMATUYHI CMOCTEPEXEHHSA 3a TigpoxiMiYHMM pexumom [HicTpa Ta noro
NPUTOK NoYanucs 3HayHo nisHille.

lMeBHi xapakTepuCTUKM XiMiYHOrO Cknagy BoAuM piYoK OacenHy 3HaWWwnM CBOE
BinoOpaxeHHs y gosigHukax [35,56], wo HagpykoBaHO HanpukiHui 80-x, Ha noyaTky 90-x pokis
XX cropivya. [Jo uporo 4acy BigHOCUTbCA | nybrnikauis MoHorpadii BYeHUX [HCTUTYTY
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rinpobionorii HAH YkpaiHn, ge aHanisyeTbCa BMAMB XiMiYHMX BraCTUBOCTEN piYOK OacenHy
[HicTpa Ha roro rigpobionorivyHnin pexxum [18].

[eTanbHnin aHania rigpoxiMiyHOro pexmmy Ta SKOCTi NOBEPXHEBUX BOA PivYOK BacenHy
[HicTpa MIiCTUTbCA Yy KONEKTUBHI MoHorpadii B4eHMX KMIBCbKOro HauioHanbHOro yHiBepcuteTy
imeHi Tapaca LleBuyeHka Ta dpaxiBuiB [lep>kaBHOro areHTCTBa BOLHMX PECYpCiB YKpaiHu 3a
pepakuieto B.K. XinbyeBcbkoro Ta B.A. Ctawyka, wo nigdbveae neBHU NiACYMOK TigpoXiMiYHUM
AocnigxkeHHam pivok 6acenHy ydHsmu npod. B.K. Xinbuescbkoro — C.[1. Akcbomom, O.M.
Monuvap [1,19]. JocuTb iHOpMaTUBHOLO LLOAO aHanidy Cy4acHUX XapaKTepUCTUK SIKOCTi BOAW Ta
aHanisy rigpoxiMiyHOro pexummy Mo OKpeMux asax BHYTPILHbOPIYHOIO pPO3Noaisly CTOKY €
MOHoOrpadisi aBTOPCbKOro KOMnekTuBy BYeHUX KWIBCLKOro HauioHanNbHOro YHiBEpCUTETY iMEHi
Tapaca LeB4yeHka Ta YKpaiHcbkoro rigpomeTteoporsioriyHoro iHctutyty ACHC Ykpainn ta HAH
YkpaiHu «PerioHanbHa rigpoximis Ykpainny [58]. IHdopmauito woao sSKocTi Boan pivok 6acenny
MicTuTb i BugaHunm B Pecny6niui Mongosa «Ekonoriynmi atnac 6aceriHy» [6]. e y 2007 p. B
pamkax [Nporpamn gi WOAO BAOCKOHANEHHA TPaHCKOPOOHHOro cniBpoBIiTHULTBA Ta CTIMKOro
ynpaeniHHA 6acenHom piykn [HicTep 3a nigTpumku Opranrisadii no 6eaneui Ta cniBpobiTHNLTBY
B €Bponi (OBCE) Ta €Bponencbkoi ekoHoMivHoi komicii OOH (EEK OOH) 6yno ctBopeHo
KoMmicito Mo CTiMKOMYy BUKOPUCTAHHIO Ta OXOPOHi p. [HiCTep, canT AKOi TakoX MICTUTb BaraTo
iHjpopMauii CTOCOBHO TrigpoNioriYyHOro Ta TiAPOXiMIYHOTO  peXumiB  piYoK  BaceiHy,
BOAOrocnofapcbkoi cuTyauii, MPOrHo3iB 3miH Knimaty ta obcAriB BOOOKOPUCTYBaHHS B MeXax
6acenny [50].

Takox cnig 3ynMHUMTUCA Ha TUX npausix, Ae Hanbinbl geTanbHO aHani3ytTbCA MPUPOAHI
ymMOBM Bogo36opiB pivok Moginns wo MaTb BNAKB Ha (GOPMyBaHHA CTOKOBMX XapaKTepPUCTUK
pivok. Cnig 3ragatn knacuyHy npauto BYeHMX JIbBIBCbKOrO HauiOHANbHOrO YHIBEPCUTETY iMEHi
IBaHa ®paHka 3a pepakuieto K.l epenuyka, 1979 p. BugaHHa «[pupoga TepHONINbCHKOT
obnacti» [47]. Huska nyb6nikauin wopno npupodHux ymoB CepegHboro [MpuaHicTpoB’'ss Ta
aHTpornoreHHnx naHawadTis lMoginna (3okpema, i BOAHMX) HanexuTb BiAOMOMY i3nKo-
reorpacpy I'.l. eHucunky, npeactaBHuKy BiHHMLBKOrO AepxaBHOro negaroridyHOro yHisepcuteTty
imeHi Muxanna KoutobuHcbkoro [24,25,52]. MNpoTarom oCTaHHbOro AeCATUNITTS BUALINW 3 APYKY
Kinbka TIPYHTOBHMX MOHOrpadiyHMX BuAaHb BYEHUX TEpHOMINbCbKOro HauioHanbHOro
neJaroriyHoro yHisepcuteTy iMeHi Bornogmmupa lMHaTtioka 3a pegakuieto M.A. Cwusoro, J1.I.
Llapuka Ta iH. [17,48,57].

BucHoBKKU. AHani3 cTaHy BMBYEHOCTI Pi4KOBO-6AaCEHOBMX CUCTEM NiBUX NpUTOK [HicTpa,
po3TallOBaHUX B Mexax TepHoninbcbkoi obnacTi YKpaiHu, CBig4MTb Npo Te, WO cepes TPbOox
OCHOBHUX HanpamiB JocnifXeHb: rigponoriYyHoro, rigpoxiMmidyHoro Ta disunko-reorpaddivyHoOro
HanbinbLe yBaru y npausax BiTYM3HsaHMX BYeHUX XIX — noyaTtky XXI ctopivyysa npugineHo came
aHanidy pisHUX acrnekTiB rigponoriyHoro pexumy pivyok perioHy: GaraTopidHMx KOnMBaHb iX
CTOKY, BHYTPILUHBOPIYHOMY PO3M0Ainy, XapakTepUCTUKamMm MakCuManbHUX BUTPAT BOOM MOBEHEN
Ta [JOLWO0BUX NaBOAKIB, aHanidy MeXeHHOro CTOKy, ANHaMiILi pycnoBux NpoLeciB, CTOKY HaHOCIB
Ta iH. 3HA4YHO MeHLLY yBary NpMBEPHYNN OOCHIMKEHHS MAPOXiMIMHOIO pPeXnmy Ta SIKOCTi BOAM,
rigpoekosioriyHa cknagosa.

Cepepn, BITUM3HAHUX HAYKOBLIB, O MalTb HanbinbLi 3000yTKM Y BMBYEHOCTI PiYKOBO-
©acenHoBuxX cucTtem Moainns cnig BiA3HAYUTU npeacTaBHUKIB YKpaiHCbKOro
rigpomeTeoponoriyHoro iHcTutyTy ICHC Ykpainm Ta HAH Ykpainu, KuiBcbkoro HauioHanbHOro
yHiBepcuTeTy iMeHi Tapaca LleByeHka, Ogecbkoro gepaBHOMo €KOMOriYHOro yHiBepcuTeTy,
JIbBIBCbKOrO HauioHanbLHOro YyHiBepcuTeTy iMeHi IBaHa ®paHka, BiHHMUBKOMO OepxaBHOro
negaroriyHoro yHisepcuteTy iMeHi Muxanna KoutobuHcbkoro, TepHONiNbCbKOro HauioHanbHOro
negaroriyHoro yHisepcuteTy imeHi Bornogumupa HaTioka.

HesBaxalwunm Ha [OOCUTb BENUKY KinbKiCTb nybnikauin, ocobnuBo 3 aHanizaom AaHux
rigposiIoriYHOro peXxmmy pivok TepHOoNinns, 4o UbOro Yyacy He iCHye KOMMSIEKCHUX OOCHigXEHb
came piykoBO-DacerHOBUX CUCTEM perioHy. BupilweHHs AaHoro 3aBoaHHA € METOH Haloro
JocnigkeHHs.
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Analysis of the State of Study of the Rivers of the Dniester Basin in Ternopil Region

Kapusta T., Syvyj M., Bytsyra L.

The purpose of the study is to analyze the study of the river basin systems of the left tributaries of the
Dniester, located within the Ternopil region of Ukraine. Information is provided regarding previously made
generalizations regarding the study of the rivers of the basin from the works of the 19th century. to modern
monographic publications and individual articles.

The study of the first publications summarizing the regime of the rivers of the basin and their use shows that it
was the needs of shipping that determined the beginning (in the middle of the 19th century) of regular observations of
water levels on the Dniester, when the first four water measuring posts were opened. The first water measuring posts
on the left-bank tributaries of the Dniester within the region were opened during the times of Austria-Hungary - in the
80s and 90s of the 19th century. Measurement of water consumption at individual stations began at the beginning of
the 20th century. Since the end of the 80s of the last century, the number of posts on the Podil tributaries of the
Dniester within Ternopil Oblast has remained unchanged and amounts to 11 units. A significant drawback of
stationary hydrometric observations within the basin for the period from their beginning to the middle of the 20th
century. there is an interruption in the series of observations at almost all posts, since a significant part of the
materials of observations at posts that worked within the boundaries of the former Austro-Hungarian (before the First
World War), Polish and Romanian parts of the basin in the interwar period (20-30s of the XX century. ) turned out to
be lost.

The analysis of the state of study of the rivers of the region and their basins shows that the greatest attention
in the works of domestic scientists is devoted to the analysis of various aspects of the hydrological regime of the
rivers of the region. Research on the hydrochemical regime and water quality, the hydroecological component,
attracted much less attention. Scientists of the Ukrainian Hydrometeorological Institute of the State Emergency
Service of Ukraine and the National Academy of Sciences of Ukraine, Taras Shevchenko Kyiv National University,
Odesa State Ecological University, Ivan Franko Lviv National University, Mykhailo Kotsyubynsky Vinnytsia State

Pedagogical University, Ternopil National Pedagogical Volodymyr Hnatyuk University.
Keywords: track record; Dnister; Ternopil region; river-basin systems; vivacity; main publications.
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Jlaepoea T.B., Kopu4yeHcbkull K.O., Botyexoeu4 O.B.
YkpaiHcbkul 2idpomemeopornoeiyHut iHcmumym JCHC ma HAH Ykpaitu, m. Kuie

OUIHKA BATATOPIHYHHUX NMPOCTOPOBO-YACOBUX 3MIH XIMIYHOIO CKNnALoy
MIASEMHUX BOA Y 30HI BIMJIMBY KONULLIHBLOI'O YPAH-NEPEPOBHOIO
nAanPUEMCTBA BO «MPUOHINPOBCbKUU XIMIMHUX 3ABO»

Y cmammi HadaHo aHanis OaHux 6ascamopiyHux (2005-2021 pp.) criocmepexeHb 3a XiMiHHUM cKriadom
nid3emMHUX 600 30HU MUy KOMUWHbO20 nidnpuemcmsea 3 nepepobku ypaHosux pyd (BO [lpudHinposchbkuli
XimiyHUU 3a800 («[1X3») y M. Kam’siHcbke, 30Kpema OinsIHOK MpurnoeepxHes8o20 ympuMaHHs 3arulikie rnepepobku
ypaHosux pyd y xgocmocxosuujax («3axiOHe», «lleHmpanbHul Sp» ma iHwux). Bci xeocmocxosuwa Ha
matidaHyuky konuwHboeo BO «[1X3» 6ynu 36ydosaHi 6e3 obnawmysaHHs1 npomucbinsmpaduitiHux bap’epis, a momy
nid ennueom ammocgepHuUx 800 3abpyOHeHi 800u, W0 GOPMyrMbCS Yy Mifi X80CMOCX08UW, i Marmb BUCOKI
KOHUeHmpaujii padioHyknidig ypaHo8020 psdy, @ maKoX 3anuwikie XiMidHUX peazeHmie MoXymb HadXxo0umu y 8epxHi
8000HOCHI 20pU30HMU MiO3eMHUX 800, 3 SKUMU 80HU PO3M0BCIOOXYHMbLCS 3a MexXIi ix mexHonoaiyHol nokanizauii y
xgocmocxosuwax. Kpim mozo, ecsi mepumopisi KOAUWHbO20 MPOMUC/I08020 MalldaHyuKka 2ipHUYO-XiMiYHO20
supobHuymea «[1X3» npedcmaense cobow KOMIIEKC KOMUWHIX nidnpuemcms, eidcmiliHukie, MaldaH4uKie
ympumaHHsi 8idxodie supobHuumea, cknadie XiMiYHUX pea2eHmis | 3anuwiKie KonuwHb020 8upobHUUMea, sIKi maKox
€ Oxepenamu mexHO2eHHO20 3abpyOHeHHs1 mepumopil i ennuey Ha XpoHiyHe 3abpyOHeHHSs nid3eMHuUx 600. Tomy
npoepamu MOHImMopuHay OOBKirsi y 30HI 6rnu8y X80CMOCMOCX08UW, BK/OYaniu HEe MINbKU CrIOCMepPEXeHHs 3a
rokasHuUkamu emicmy padioHykridie ypaH-mopiegoz2o psidy 8 enemeHmax npupoOHo2o cepedosuwia, ane i BUBHEHHS
OuHamiku 2idpoximiyHo20 cknady 800. AHani3 0aHUX criocmepexeHb pomsaom nepiody criocmepexeHsb 3 2005 no
2021 pp. 8UKOHAHO 3 Memor OUiHKU OanbHOCmi rowupeHHs1 3abpyOHeHuUx 600 3a Mexi po3mauwlyeaHHs
X80CMOCX08UW, BUSIBIEHHSI MpIOPUMEeMmMHUX MaKpoioHie y cknadi nid3emMHUX 600, sK iHOUuKamopie 3 OUiHKU
nowupeHHs1 opeosny 3abpydHeHux 600 3a Mexi X80CMOCX08UW, & MmakKoX BUSBEHHS 3aKoHOMipHocmel
opmysaHHs AKocmi rid3emMHUX 800 y Mexax malidaH4yuka rid ernnueoM MEXHO2EHHUX i MPUPOOHUX ¢hakmopis.
lMokaszaHo, wo no mipi giddaneHHs micus 8idbopy npob 8i0 x80CMOCX08UW, CymmMeBO 3MIHI08aIUCS MiHepasisauis
nid3emMHuUX 800, @ MaKoxX ii xiMidHUU ckrnad. 3miHuU xiMidHo20 ckrady 800 i GOMIHYHUU 8MiCm OCHOBHUX MaKpOIiOHI8
Ha pi3Hil eidcmaHi 8i0 xeocmocxosuwj 00380MUMU  8U3HAYUMU  BIOMIHHICMbL  Xapakmepucmuk ernnugy
iHgbinbmpauitiHux 800 i3 Oxeperia HaOXOOXEHHSI Yy X80CMOCX0o8UWax i pO3CigHUX Oxepesl 3abpyOHEHHS y Mexax
matdaHyuka «[1X3» no niHii moky nid3eMHuUx 600. [loka3aHO OCHOBHI ¢bakmopu Heeu3HadyeHocmi 8 OujiHKax
popmysaHHs1 XimMiamy nid3eMHUX 800 y 30HI MPOMUCIIOB020 KOMIIMEKCY, siKi MompibHO epaxosyeamu Onsi pO38UMKY
MepexXi MOHIMOPUH208UX CITOCMEPEXEHb.

Knroyoesi cnoea: maliGaHyuk crnaduwjuHU ypaHoeo20 eupobHuUumea, xeocmocxosuwa, nid3emMHi eodu,
XiMidHUU cknad, i3omonu ypaHy, ouiHka skocmi, 6azamopiyHi 3MiHU.

Bctyn. 3abpygHeHa Bopo3bipHa TepuTopis y Mexax NpOMWUCIIOBOro MarpaH4vvka
KONMULWHBbOro BUpPOBHMYoro ob’egHaHHsa «[MpugHinpoBcbkuin XimidHuA 3aBog» (BO «[MX3») 3
nepepobkn ypaHoBux pya y M. Kam’siHCbke npoTarom 6GaraTbOX pPOKiB MiCAs MNPUNMHEHHS
ekcnnyaTauii nignpuemctea y 1992 p. 3anuwaeTbCca 3Ha4yHO 3abpygHEHOK pafioHyknigamu
ypaHoBOro psigy Yy TEXHOreHHO-NIABULLEHMX KOHUEHTpauiax, a TakoX iHWWMKM pevyoBMHaMu
PYOHOro i TEXHOSTOMNYHOrO0 NOXOMKEHHH, 30KpeMa, 3anuliKaMu KUCIIOTHUX PO3YMHIB Ta iHLINX
XiMIY4HUX peareHTiB, WO BWKOPUCTOBYBANUCH Yy T[iPHUYO-XiMIYHOMY BUPOOHMUTBI. XiMidHi
CKNadoBi TaKNX peareHTiB, OCHOBHUMMU i3 sIKMX € cynbdaTtHi, KapOoHaTHI, HITpaTHI, aMOHINHI Ta
iHWi KOMMneKcu, acouinoBaHi i3 pyaHUMM 3anuuikamy martepiany TexXHONOrYHUX XBOCTIB,
HaKoOMMYeHNX Yy XBOCTOCXOBMLAX Ha MangaHumky konuwHboro BO «[1X3», 30kpema, y
xBocTocxoBuiax «3axigHe» i «LleHTpanbHui HAp», a TakoxX Ha npunernin  teputopii
niBobepexHoi 3annasu p. KoHonnsHka (xsoctocxosuwe «[Hinpocbke») [1] (puc.1).

XBOCTOCXOBMLLA, [€ HaKOM4YeHO MiflbMOHM TOH PYAHWX 3anuvLlKiB  YpPaHOBOIO
BMPOOHULTBA, € KOHLEHTPOBaHUMWU [KepenamMu HaOXOMXKEHHS pagioaKTUBHUX | XiMiYHUX
pPeyvYoBMH Yy Mig3eMHi BOAW Nig BMAMBOM aTtmocdepHux onagiB (iHdinbTpauiiHe >XUBMNEHHS),
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OCKINIbK/M BOHM HE MatoTb HaAiMHOIo NOKPUTTS Ta rigpoisonsuinHnx 6ap’epi. Y AeskMX BUNaaKax
3anexHO Big4 CE30HY i BOOHOCTI POKY HWXKHI LUapM XBOCTOBOrO Marepiany MOXyTb OyTu
NigTONNEeHo, a y Tifni XBOCTOCXOBULY, (pbopMyBaTUCH NiH3M TEXHOMEHHO 3abpyaHEeHuX BOA, SKi
MalTb OOBroTpuBanun BMIIMB Ha 3a0pyOHEHHS MiA3eMHUX BOA4 BEPXHBLOrO artoBiarnbHOro
BOAOHOCHOIO FOPU3OHTY.
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Puc. 1. Kaptocxema npommangaHuuka kKonuwHboro BO «[X3» (m. Kam’siHCbke) 3
po3noAinoMm BU3HAYEHOro 3a OKpPeMMMU nepiogaMu CnocTepexeHb Knacy 3abpyAHeHHsA mno
cBepAfloBUHAM.

OCKinbKkn y SIKOCTi OCHOBHOIO PO3YMHHWMKA ANS BUNYTOBYBaHHSA ypaHy i3 poO3MeneHux
pyoHux Mac Ha «[X3» npoTarom nepiogy 3amnoOBHEHHS XBOCTOCXOBMLL «3axigHe» i
«UeHTpansHuin Ap» 3acTocoByBanu cipyaHy KACNOTY (Y CyMiLli i3 @30THOK KUCMOTO), a TaKoX
KapboHaTHi OpraHiyHi PO3YMHHUKK, AN OYMLLEHHS MPOAYKTIB YpaHOBOrO BMPOOHMUTBA
BMKOPWUCTOBYBAIN Y 3HAYHIN KiNbKOCTI xnopua Hatpito. [Ang HenTpanisauii KUCIOTHUX PO34MHIB Y
cknagi maTepiany TEeXHOMOrYHUX XBOCTIB BUPOOHULTBA, Ha MOYaTKy BUPOOHMYOT AiSNbHOCTI,
BUkopucToByBanu HitpaT amoHito (NH.NO3), a Takoxx cogoBi pO3YMHU HA OCHOBI KanbLMHOBAHOI
coan (Na,COjz). Tomy y xBOCTOBOMY MaTepiani i rigpoxiMiyHOMy cknagi Bopg TEXHOreHHOro
FTOPU3OHTY, WO dopmyBanuca Yy Tifni XBOCTOCXOBULL, i Bodax anioBianbHOMO FOPU3OHTY
HaMbNMX4oi 30HM BNMMBY BMHECEHHSA iNbTpauilHMX BOA, MOXHA CNOCTepiraTu CKnagHuin
KOMMNJIEKC PIi3HUX XIMIYHMX CMONyK, Yy CKMadi SKMX y T 4M iHWIiKW Mmipi OyayTb OOMiHyBaTK
cynbdaTHi, kapboHaTHI, XNOPUAHi, HiITPaTHI Ta aMOHIVHI komnnekeu [1].

BMiCT [OMiHYOUMX KOMMOHEHTIB XiMiYHOro cknagy nig3eMHuX BOA antoBianbHOro
rOpM3OHTY BigoOpaxae TexHoNoriYHi ocobnuBOCTI i XiMiaM BoA, SAKMM  (POPMYETLCS |
nepeMillyeTbCH Bif, XBOCTOCXOBWLL, 3 NoYaTKy i 4O 3aBepLUEHHS iX eKkcnnyaTauii Ta npoTsarom
OCTaHHix maixe 70 pokiB.

3 iHworo 60Ky, NoTpibHO BpaxoByBaTW, WO NEBHI MAKPOIOHM (HATPIN, aMOHIN, Xnopuaw,
HITPaTX Ta MEHLLIOK Mipoto cynbdaTu), Ha BiAMIHY Bif IHLLMX Makpo- Ta MIKpO-iOHIB (cepen siKux
pagioHyKnian ypaHoBOro psgy), MOXyTb MIrpyBaTth i3 Nig3eMHUMU BOA4AMU MO HAMPSIMKY iX TOKY
6e3 CyTTEBOro BMAMBY Ha HUX reoXimidHMx copbuiiHnx 6ap’epis. Opeonu po3noBCOAXEHHS BOA
i3 MigBULEHNUMM KOHLUEHTpauisMM UMX iOHiB (BigMOBIAHO i3 NiABMLWEHOK MiHepanisauieto)
MOXYTb MOLUMPIOBATUCH Ha BinbLuUy BiACTaHb 3 YAcOM Yy NiA3EMHUX BOOAX.

BigHoweHHs XiMiyHOro cknagy nig3eMHuX BOA antoBiasibHOr0 BOAOHOCHOTO FOPU3OHTY Ha
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Pi3Hi BigCTaHi MO NiHIT TOKY Bi XBOCTOCXOBWLL, OO (POHOBOro CKnagy 3a Mexamu BhanBy
XBOCTOCXOBMWLL, JO3BOJSISIE BU3HAYUTU JiNSHKM BNNUBY AXKepen NOoB’A3aHnX 3 MUHYNIUM YPaHOBUM
BUPOBHNLTBOM Ta AiNAHKM 3 NepeBa)KHO NPUPOLHMM BMAMBOM Ha (POPMYyBaHHSA IXHBOFO cKnagy.

AHania xiMiYHOro cknagy Bo4, B AKMX OAHOYACHO BM3HA4YaBCA BMICT i30TOMIB ypaHy, K
OCHOBHOIO napamMeTpa pagioeKosioriYHOro KOHTPOSO Ha MalOaHYMKy YpaHOBOI ClafliuHW, B
poboTax [2], AO3BOMMB BU3HAYUTU, LLO NPUCYTHICTb CynbdatiB i rigpokapboHaTiB y BoAi 3a
NEBHUX reoXiMiYHMX YMOB (popMye KOMMMEKCHI cnonyku ypaHy Taki sk UO,SO, UO,COs;,
UO,(CO3),* Ta iHLi, WO 3MEeHLlye 3AaTHICTb ypaHy A0 copbuii y reornoriyHoMy cepefoBuLLi i
cnpusie Noro NPUCKOPEHHOMY MOLUMPEHHIO 3a MEXi XBOCTOCXOBWLL,

HasBHicTb y xiMiYHOMY cknagi nig3eMHUX BOL4 OCHOBHMX MAaKpOIOHIB, LLO Y 30Hi BNAMBY
XBOCTOCXOBMWLL, CMOCTEPIralTbCHa Yy AYXe BUCOKUX KOHUEHTpaUuisX, AKi CYyTTEBO NEpeBULLYIOTb
MOXIMBI Bapiauil XiMiaMy nig3eMHUX BOA4 MPUPOAHOrO MOXOMKEHHs. [licna HagxomKeHHS i3
XBOCTOCXOBML, BOHW, MPOTAroOM AyXe TpuBasnoro 4acy (OeCATKM i COTHi pOKiB), MOXyTb
nepebyesatn y nig3eMHMX BOAAX 30HU BMMAMBY MPOMUCIIOBUX MangaH4YMKiB YpaHOBOro
BUpobHMUTBA. Lle CBig4MTb Npo HEOOXigHICTb NIATPUMKN AOBrOTPMBANMX NporpaM MOHITOPUHTY
XiMIYHOro cknagy nig3eMHMX Bog Y 30Hi BNAMBY XBOCTOCXOBMLL, HA MangaHumnky konuwHeoro BO
«MX3», y TOMy 4ucni 3 METOK KOHTPOIO eKkomnoriyHoi 6e3neku i, 3okpema, skocti Boa. Came
Taki MUTaAHHA BMBYaNMCA Ha OCHOBI aHanidy AaHux GaraTopiYHMX CrnocTepeXeHb 3a XiMi3MOM
nig3eMHNX BOg Ha MargaH4ymky konmwHboro BO «[MX3» i po3rnagatoTbes y AaHin cTarTi.

MocTtaHoBKa 3aBAaHHA Ta BUXigHi maTepianu. MeToo OaHOro AOCNIOXKEHHS € OuiHKa
TeHAeHUIn y dopMyBaHHI XiMIYHOro cknagy nig3eMHUX BOA Y 30Hi PO3MOBCIOAXKEHHS Opeony
3abpygHeHux BO4 i3 XBOCTOCXOBMLY 3alMLWIKIB YypaHOBOro BMpoOHMUTBa «3axigHe» i
«UeHTpanbHun Ap», a TakoX BU3HAYEHHS Yy 4Yaci 3MiH XiMiYHOro cknagy nig3emMHux BoA Ha
TepuTopil Ta y 30Hi BNAMBY konuwHboro BO «MX3» 3a gaHumn 6aratopiyHMX crocTepexeHb
(2005-2021 pp.). CnoctepexeHHsa 3a XiMiYHUM CKNnagom nig3eMHUMX BOA BWKOHYyBanucs B
pamkax nporpam O6’€KTOBOrO MOHITOPMHIY NPUPOOHOro cepefoBulla y 30Hi  BNAuBy
MarngaHuymka cnagwunHmn ypaHosoro supobHuutea BO «[MX3» npotarom nepiogy 3 2005 p. no
2017 p. [3, 4]. PaHiwe aHani3 BMICTY pagioHyKnigiB ypaHoOBOro psiay, a TakoX XapakTepUCTUK
BMICTY XiMIYHHUMM eneMeHTaMn Nig3eMHUX BOA4 Ha MangaHuyuky KonuwHboro BO  «IMX3»
BUKOHaHoO y poboTax [5, 6, 7, 8].

O6’ekT pocnimkeHHs. B gocnigkeHHi aHanisyeTbCca XiMidHWUIA cknag Bo4 antoBianbHOro
BOJOHOCHOIO rOPU30HTY, LLO Ma€ MOLUMPEHHSA Y 30HI po3TallyBaHHSA MangaHyYMKa KOMULLIHLOMO
BO «[MX3».

lgporeonoriyHi ymMOBM B paloHi OOCHILXKEHHS XapaKTepusyrTbCA HasIBHICTIO OBOX
BOJOHOCHMX TOPU3OHTIB: anioBianbHOrO Yy YeTBEePTUHHWX BigKnagax cknageHux nickamu,
cynickamy Ta CYIMWHKaMKW, Ta BOOOHOCHUIA TFOPU3OHT 30HM TPILLMHYBATOCTI OOKEMOPIACHKMX
KpucTaniyHmx nopig.

3a pesynbTaTamu nonepeaHix JocnifXeHb OCHOBHUMW FOKanisoBaHUMU [dxepenamu
dopmyBaHHs 3abpyAHEHHS NiA3€MHUX BO4 H8 OCHOBHOMY ManOaH4YMKy KOMULWIHLOMO ypaHOBOMoO
BMpPOOHMUTBA Oyno BM3HayYeHO XxBocTocxoBuwla «3axigHe» | «LUeHTpanbHuin HAp», ski
po3TallOBaHi y MeXax TpaHCcesntoBianbHoro Tuny naHawadTy Ha npaBobepexHOMYy CXuni
BEPXHbOI Tepacu gonuvHum [Hinpa Ha okonuui M. Kam’siHcbke. [lig3emHi Boau BepPXHLOro
anoBianbHOr0 BOAOHOCHOIO TOPM3OHTY Yy MeXaX KOSMMLWHLOrO MNPOMMUCIIOBOrO MangaHyuka
pyxalTbCa Yy HanpsMKy 30HU HWKHbOI Tepacu TpaHcakBanbHOro naHgwadTy [o  iX
po3BaHTaxeHHsa y 3annaei p. KoHonngHka, dka npoTikae Ha BigctaHi 800-1000 m Big
XBOCTOCXOBML,. BOOOHOCHMIA TOPM3OHT y Mexax Tepacu i CxuniB MopdonoriyHoi 6ynosu
npaBobepexcka p. [OHINPO xapakTepusyeTbCs  BIQHOCHO  BUCOKMMM  dpinlbTpaLuiiHUMK
BNAacTMBOCTAMMW, WO CTBOPE YMOBM ANA  BIiAHOCHO LUBWAKOrO MOLIMPEHHS opeony
3abpyOHIoYNX PEYOBUH Yy HanpsamKy p. KoHonnsiHka (6-10 m/pik) [5, 6].

BenuuuHa iHdinbTpauinHOro xXverneHHa Nig3eMHNX BOA 3a paxyHOK aTMocdepHMX onagis
AN pisHUX TUNIB I'PYHTIB Ha AOCHIgKYBaHIN TepuTopil Npu BiACYTHOCTI POCHIMHHOIO MOKPUBY i
NOBEepPXHEBOro CTOKy ctaHoBUTb 150-220 mm/pik (28-40% pivHOT cymn onagis), Npu HaAsABHOCTI
pocnuHHoro nokpmsy — 110-150 mm/pik (20-28% pidHoi cymu onagais) [9].

Ha wnaxy pyxy nig3eMHuX BOA BiJ XBOCTOCXOBULY, Y HarnpsiMKy PO3BaHTaXXEHHS MOXHa
BUOINUTU [Ba OCHOBHUX [Xepena HaOXOMKEHHS MiHepanbHUX pPeyvyoBUH, sKi (PopMyoTb
XiMiYHMI cknag nig3emMHol Bogu, a came:

ISSN:2306-5680 ligponoris, rigpoximis i rigpoekonoris. 2022. Ne 4 (66)

83



- BMCOKOMiHEpanisoBaHi BOAW TEXHOMEHHOIro ropM30HTY Y TifNli XBOCTOCXOBULL i Y MeXax opeony
IX MOWMpPEHHN (TUMOBUIM XiMIYHMIA CKNag BoO4 Moka3aHo y Tabnuui 1), ski 3 dinbTpauinHUm
NMOTOKOM B antoBianibHOMY BOAOHOCHOMY FOPU3OHTI PyXatoTbCs Y HaNPsIMKY iX PO3BaHTaXEHHS
i XapaKTepu3yrTbCs BUCOKOK MiHepanisauieto i3 4oOMiHyBaHHSM CyrbdaTHUX, XITOpMaHNX abo
HITPATHUX 3anuLWKIB peareHTiB y XiMIYHOMY CKragi BOA TEXHOreHHOro ropu3OHTY, LWO
BUKOPUCTOBYBANnUCS y TEXHOMOMYHOMY UMKMi BUPOOHMLTBA (ANA TakMX BOL XapakKTepHUM
TaKoX € BUCOKUI piBEHb BMICT ypaHy);

- nig3emMHi  Bogu 3a Mexamum 06e3nocepedHbOro  MOLWMPEHHA  CydacHoOro  opeony
PO3MOBCIOOKEHHSA BUCOKOMiHEparizoBaHUX BOA, XiIMIYHWIA cKnag, SKUX ChOpMOBaHO NPOTSrom
TpuBanoro 4yacy ix pinbTpauiHOro pyxy, nepeBaxHO dakTopamMu NPUPOSHOro MOXOLKEHHS
(aTMochepHUMKM onagamu, iX XiMi3MOM, a TakoX BUIYAXYyBaHHAM NPUPOAHMX MiHEpanbHUX
enemeHTiB) abo B yMOBax NepeBaXXHOro BNIMBY hakTopiB 3abpyaHEHHSA NPOMMCIOBOro hoHy
MangaH4uKka, aKi Ha JaHUM Yac He BU3HAYEHI.

AKWO NPURHATK cnpoLLeHy MoAaeNb OPMYBaHHS XiMIYHOMO cknagy Mig3eMHUX Bo4 Y 30Hi
akTMYHOro i MnoTeHuinHoro (y ManbyTHbOMY) BMNMBY BUHOCY 3abpygHeHMX Bog i3
XBOCTOCXOBMWLLA, BUHUKAE MPAKTUYHE NUTaHHSA, SKUA MOKa3HWUK XiMIYHOro cknagy BOA4 AOUiNbHO
npunmMaTn y SGKOCTi  KpUTepilo BNnvBY 3abpygHIOMUX PEYOBUH, HAKI  HaKOMUYeHi Yy
XBOCTOCXOBMLWAX. Y OinblWOCTi AocnigpKeHb, AKi BUKOHAHO paHille Ansd AaHoro MamgaH4duka,
OCHOBHVMM KpUTEPIEM pPU3MKY [OOCATHEHHS opeony 3abpyaHeHuMX BOA i3 XBOCTOCXOBWLLA
npuinManu piBeHb rapaHTOBaHOIo AOCArHEHHSA KOHLIEHTpaLi i30ToniB ypaHy y BOAI Ha OingHLUi ix
po3BaHTaxeHHs y p. KoHonnsHka Ha piBHi 1 i 10 Bk/am®. Ockinbku piBeHb 1 Bk/am® € 6nmabkum
[0 OOHOBUX PIBHIB 3aBpyAHEHHS HA MaidaHuuKy, To nokasHuk 10 Bk/am® mMoxe 6yt obpaHo
LinkoM OBrpyHTOBaHO HMKHLOK MEXEH Opeosly PO3MOBCIOIKEHHSA BMICTY i30TONIB ypaHy y BOAI
(oo Toro x ue piBeHb 6e3nekn HPBY-97) [10].

BignoBigHO OO0 MaTeMaTMYHOro MoAerntoBaHHSA B poboTi [11] Taki piBHi 3abpyaHeHHs BOA
Ha MeXi X po3BaHTaXeHHA y p. KoHoNnsiHka MOXYTb MaTh MiCLEe He paHille HixX Yyepes Kinbka
COTeHb poOkKiB. HaTomicTb, 4Yac pyxy BoA inbTpauiiHOro MOTOKY Bid4 XBOCTOCXOBWLL i3
XapaKTepucTukamu rigpaenidHoi NpoBigHOCTI 6-8 M/pik, OO3BONSE NPUNYCTUTU, WO XiIMIYHWNA
cknag Bogu y cBepanoBumHax Ha BigctaHi 500 m i Ginbwe Big xBocTocxoBuwa Oyro
ccopmoBaHO We [o nepiogy OyaiBHMUTBA CaMMX XBOCTOCXOBWULL, Ha noyaTtky 50 pokiB
MWHYIIOro CTONITTA. Ane OCHOBHi MakpoiOHW BOA, 30KpeMa cyrbdath abo xropuau y cknagi
BOAN MOXYTb MirpyBaTu 3 BOAOK 06e3 cyTTeBO BMIMBY COpOUii, i TOMYy O4iKyBaHi TEpPMiHM
OOCSKHOCTI 30HM PO3BaHTAXEHHS BOA, XIMIMHMIA CKnag skux cOpMOBaHO nMig BNSMBOM
GinbTpaUinHOrO BUHOCY i3 XBOCTOCXOBMLL, € CyTTEBO Oinbll KOPOTKMM. Y SKOCTI KpuTepil
ineHTudikauii Takmx BoL Yy AaHOMY AOCHIAKEHHI MPOMOHYETLCS BUKOPUCTATU KOHUEeHTpauii
cynbdariB i xropnaiB y BoAi Ha piBHIi (POHOBUX KOMMBaHb BMICTY iX Y CBEPASIOBMHAX 3@ MeXamMu
BMAMBY XBOCTOCXOBWLL (deTani obrosopltoloTbea fani i HaesegeHi y Tabnuui 2). Take
NpunyLLEeHHa OO03BOMSE NokasaTu, WO nepeBuLLEHHS BMICTY CynbdarTiB i Xxnopuais y niasemMHux
BOJAxX € O3HaKOoK TOro, LLO Opeosl BUCOKOMiHEpasi3oBaHUX BO[ i3 XBOCTOCXOBWLLA LOCATHYB
neBHOI BiACTaHi Big gxepena ix hopMmyBaHHS.

3anponoHoBaHUM nNigxia A03BOMMB, BUKOPUCTOBYIOUM OLIHKM MOPIBHAMBHOMO aHanisy
OAHUX MOHITOPUHIY BU3HAYUTU MEXi 30HM NEPEMILLLEHHS OCHOBHOIO opeony 3abpyoHeHuX Bof i3
06’eMHUMK KOHLeHTpaLiamn ypaHy Buule 10 Br/am®, a Takox wneiidy 3abpyaHeHHs, AKuil
chopmMoOBaHO MakpoioHaMm XiMIYHOrO cknagy BOA Y TEXHOreHHO MiABULLEHUX KOHLEeHTpauisax,
BUOKPEMIIOKYN BMINB XBOCTOCXOBULL, i (0aKTOPU iHLLOro reHe3ucy.

Ona TepuTopin 3a MeXamu NepeMillleHHss OCHOBHOrO Opeosly 3abpyAHEHHs! Mig3eMHUMX BOA

ypaHOM MO JiHil TOKY NiA3eMHUX BOA, akTyarbHMM TaKOX CTae BMKOHYBATW OLHKY SIKOCTi BOA

(pesynbTaty i 06roBopeHHs HaBeaeHo y TEKCTi aani i Tabn.. 2).

MaTepianu Ta mMeTtoau p[ochigXeHb. Bu3HayYeHHA BMICTY TOMOBHUX MaKpOIOHIB Yy
nia3eMHMX BOAax BUKOHAHO 3a CTaHAAPTHUMW XiMIYHHUMW MeToAMKaMu, OeTanbHUW ONnC AKMX
HaBedeHo y poboTi [12]. [ns iHTerpoBaHol OLiHKM AOMIHYHOUYMX MaKpOIOHIB y XiMiYHOMY cknagi
nig3eMHUX BOQ i3 CBEPASIOBMH Ha PI3HIN BiACTaHI Big mpkepena 3abpyaHEHHSA (XBOCTOCXOBMLL)
BUKOPUCTOBYBAsu po3ropHyTy doopmyny Kypnosa [13].

[lns ouiHKM AKOCTI Nia3eMHMX BOA i3 CBEPANIOBUH Ha BigdaneHux OinsiHkax cnocTepeXeHsb,
ONa  aKuX  po3rnaganncs MOXIIMBOCTI  BIAHOBMEHHS  TEXHIYHOro  BOAOMOCTayvaHHS,
pO3paxoByBanMCb KOMMIIEKCHI iHOEeKcn 3abpygHeHHs Bog [14], siki peKoMeHOOoBaHi Yy
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KepiBHMUTBI [15] 3 OUiHKM SIKOCTI Nig3eMHUX Bo4 Ha MangaH4dmMkax QOHOBOro 3abpyaHeHHS
BM/MBY i3 BU3HAYEHMMW NOPOroBmx 3Ha4veHb ([13) 3abpygHEHHS.

[na ouiHkn piBHA 3abpygHEHHsA NiA3eMHUX BOA TEXHOreHHOro BOAOHOCHOMO FOPU3OHTY
BUKOPUCTAHO MOKA3HUK MUTOMOI BENMYMHU KOMBiHaTopHoro iHaekcy 3abpyaHeHHs (MKI3), akui
paHiwe B poboTi [14] Oyno pekomeH4OBaHO Afs aHanidy 3abpygHEeHHS BUCOKO MiHEpani3oBaHUX
nig3eMHNX BOA4 B paloHax BMnvBy npomucnosux nignpuemcts, ge MNAK ana nutHux Bog 3a
OKpeMUMK NokasHrkamm Moxe nepesuLlysatumcs y 10-100 pasis.

MeToau i npouenypwv ouiHoBaHHs NokasHukiB M3 i KoMBiHAaTOpHMX iHOEKCIB 3abpyaAHEHHS
LUMPOKO 3aCTOCOBYKTbLCS B TiApPOMETEOPOSONiyHi MpakTuLi. 3acToCcyBaHHA MeTodiB 3
OUiHIOBaAHHS iHAEeKCiB 3abpyaHEeHHst BOA MO BiAHOLLIEHHIO 4O NEBHOrO PiBHS NOPOroBMX 3HAYEHb
06e3ne4yHoro BMKOPUCTaHHSA NiA3EMHUX BOA, SIKi pekoMeHAoBaHi y [15] Takox € BunpaBaaHnm y
SIKOCTi OAHOro i3 enemMeHTiB npoueaypu OUiHKM ©Oe3neku nnsi nnaHyBaHHS NPOMMUCIOBOI
OiSNbHOCTI HA MangaHuMKy nicns npuBegeHHs noro y 6esneyHun cTtaH. Ha BigmiHy Big
MOXMUBOCTI OYMLLEHHSA TEPUTOPIT i KONMULLHIX iHXXeHepHMUX 00’eKTiB Ha MargaH4ymKax KOMULLIHIX
ypaHoBMX BUPOBGHMUTB, 3anuiiku nepepobku ypaHOBMX pyd Yy XBOCTOCXoBMWaAx 6yayTb
3bepiratmca B HWUX [Oyxke TpuBanuin dac. BignoeigHO, HaOXOMXKEHHA Ta pyxX A0 30HU
pO3BaHTaXeHHs 3abpyaHIOIUYUX PEYOBUH, SKi BXe Haginwnu 3 dinbTpauintHUMuM NoTokamu y
nig3eMHi BOOOHOCHI rOPU30OHTK, € AyXe TpuBanum npouecom (COTHi pokiB). Tomy HaBiTb nicna
MOXIMBOIrO CMOPYIPKEHHS HEOOXiAHWMX iHXeHepHuX inbTpauinHnx 6ap’epi, 3abpygHtotoui
PEYOBMHM, L0 BXEe Haginwnm y nig3emHi sBoan 6yayTb TYyT TakoX 3anuiaTncsa AeCATKU i COTHI
POKiB MPOTSArOM 4acy iX MOBHOIO CaMOOUULLEHHS.

Y Takmx ymoBax 3rigHO i3 MDKHapOOHOK MNPaKTUKOK CTPUMYKOYMM (akTopoM Ans
3BiflbHEHHA Big PerynaTtopHOro KOHTPONK i BUOBIp onTuManbHUX ONUii nepenpodintoBaHHA
BMPOOHULUTBA Ha 06’eKTax i TepUTOPIi MaaaH4YUKIB CNaAaLMHN YPaHOBOIrO BUPOOHMLTBA MOXYTb
CTaTM HEBU3HAYEHICTb rapaHTii Oe3neKkn rinoTETUYHOrO BOAOKOPUCTYBAHHSA i HEOOXigHICTb
3axofiB KOHTPONI 3abpyAHEHHS nig3emMHux Boa [14,15].

3a BENMYMHOIO MOKa3HWKIB MMTOMOro kKoMbiHaTopHoro iHaekcy 3abpyaHeHHs (MKI3) soam
ANA CBEPANOBUH 30HM BMSIMBY XBOCTOCXOBMLL, Byno BM3HaYeHO BIiAMOBIAHICTb iX 4O NEBHOrO
Knacy sIKOCTi, siKi 3a aHanorieto 3actocyBaHHs y KepiBHnuTBi [15] 4ng iHTepnpeTauii pesynbTaTiB
MOHITOPUHIY SIKOCTi Mig3eMHMX BOA Y 30HAaxX TEXHOreHHOro 3abpyAHEHHHA MO BigHOLUEHHIO 00
pekomeHgoBaHoro MK ons nMTHOro BogonocTavyaHHSA BU3HAYanu 3a NpUHanexHicTio 4o n'aTtn
knaciB sikocTi Bogu: | knac cnabko 3abpyaHeHa (1), Il knac 3abpygHeHa (1-2), 1l knac 6pyaHa
(2-4), IV knac gyxe 6pyaHa (4-11), V knac ekctpemansHo 6pyaHa (>11) [14, 16].

[na cnpoweHoi OuiHKM aKoCTi Bogu Ana obpaHux XiMiYHMX nokasHukiB (N=8)
po3paxoByBanu iHOekc 3abpygHeHHsa (I13), WO xapakTepuadye YycepeoHEeHY BEITMYUHY
nepeBuLLEHHS NoKasHMKa 13 ans obpaHoi KifIbKOCTi MOKa3HMKIB.

13 14 C
BZ_ZKKH,?I':HZC_I

n i=1 i=1 Y3

B rigpomMeTeoponoriyHii  NpakTuui CcrnocTepexeHb 3a XiMi3aMOM BOA, MNOKasHuK 13
BUKOPUCTOBYETLCA A5 OLHKM CTaHy NOBEPXHEBMX BOA 3a NEBHMMU 6 MOKasHMKaMK, ONa 9KNX
Oyna pospobrieHa BignoBigHa knacudikauis.

Onsa  XiMi4HMX NOKa3HWKIB Mig3eMHMX BOA Ha MPOMMUCIIOBUMX MangaHuukiB - i3
BUKOPUCTAHHSAM BU3HA4YeHUX BOCbMMW MOKa3HMWKIB XiMiaMy BOA, OeLo MOOEepHi3oBaHUW nigxig
cniscTaBneHHsa nokasHukie 13 ta [MKI3 go3sonvnu TakoX BCTAHOBWUTWU rpajauilo gianas3oHiB
KonueaHb |13 ansa nig3emMHMx BOA MPOMMCIIOBOro MawnaaHdmka X3 BignoBigHO OO0 KaTteropii
piBHS1 3abpyaHEHHs, ki HagaHo y Tabn. 1.

Tabnuys 1. Knac sikocTi Bog 3a BenuuuHoto MNKI3 i I3

Knac I Il 11 v \Y
po3psa a 6 a 0 B r

KaTeropis 1 2 1 2 3 4

IMKI3 1 1-2 2-3 3-4 4-6 6-8 8-10 10-11 >

I3 <05 | 0510|1015 ] 1525 ]| 25-35 | 35-6,0 | 6085 | 85-11 | =211
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[lns ouiHKKM 3MiH y Yaci i NpocTopi NokasHMKIB MiHepanisauii Bog BigHOCHO BCTaHOBIEHOIO
cepeaHbOoro 3HayYeHHs 3a nonepenHi pokM BUKOPUCTOBYBaNM koedilieHT ranuHHocTi [17].

[na HaodHoro 306paXkeHHs AaHWX NPo XiMIYHWUW CKnagd MPUPOAHUX BOL BUKOPUCTAHO
Jewo MofepHisoBaHUM nigxia 3actocyBaHHs dopmynu KyproBa, sikMii OO3BOSISIE BUpaXaTu
XiMiYHMA cKknag BoAu Yy BuUrMsAgi nceegogpoOly, AN 9KOro y YMCEnbHUMKY 3fiBa Hanpaso
3anncyroTb aHIOHM Y NOPSAAKY 3MEHLLEHHS iX KiNbKOCTi (B %) pe4YOBUHN, @ Y 3HAMEHHUKY — Taknm
Ke YMHOM 3anuUcyloTbCA KaTioHW. 3HAYEeHHS Y BiACOTKaXx LLOAO KaTiOHIB i aHIOHIB OKpYrnsTLCA
Ao uinux yvmcen. JliBopyd Big opoby gaeTbca 3aranbHa MiHepanisauis Bogu. MogepHisoBaHui
nigxig, KM BUKOPUCTAHO Yy AaHOMY OOCHIMXKEHHI, Wo y Burnagi nceesgoapoby HagalTbCa He
abconoTHI BENMYMHU BU3HaYeHi y %, a y BUrnagi nepeBuLeHHss (0akTUYHOro BMICTY MakpOioHiB
XiMisaMy Bog Hag (bOHOBUM PiBHEM iX BMICTY 3a MeXXamu BMNNMBY XBOCTOCXOBMLLA abo obpaHnmum
noporoBMmn 3HadeHHsmu (M3), ski MaTb OyTUM BCTAHOBMEHI AN KOXHOIMO MPOMWUCIIOBOrO
MangaH4mKa.

[na cnpoweHHa HagaHHa Ta aHanisy ysaranbHow4oi iHopmauil npo  OCHOBHI
MaKpOIOHIB, L0 CKNagatTb MOTOYHWUA piBEHb 3abOpyAHEHHS BOL, 3a aHaIorielo i3 dhopMyIior
conboBoro cknagy Kypnoea, ©ynu pospaxoBaHi OopMynn MNEPEBULLEHHA BMICTY OCHOBHUX
MakpoiOHIB y BOAi Hag BU3HAYEHWMW MOPOrOBUMM 3HAYEHHAMU ANA OaHOro MangaHduka i
(POHOBMMM KOHLIEHTPALiAMM (32 MeXaMu BNIMBY XBOCTOCXOBULL).

Y AKOCTi npuknagy Takuin nigxig pos3kpuTo Yy OpMyrbHOMY 3anmcy FinoTeTUYHOro
XiMiYHOro cKknagy BO4 Y CBEpASIOBUHAX HMXKYEe MO MOTOKY B4 MicUus HaOXOOKEHHS
BMCOKOMIHEparni3oBaHUX BOA Y BEPXHIN antoBiaribHWUIA FOPU3OHT Y BUNAAKY OLiHKM MPOCTOPOBOI
3MiHW NOKa3HWKIB 3a0pygHEHHS BOA.

S04%4,8 CI'2,2 HCO31,5 NO30,9
Na*2,3 Mg?*1,8 Ca**0,9 HN**0,9

Kcl,0

ne Kg — KoedilieHT ranvHHOCTI, S0,* cynbart-ioH, CI" —xnop-ioH, HCO3" — rigpokapboHaT-ioH,
NO5;— HiTpaT-ioH, Na'— HaTpiit-ioH, Mg? — marHin-ioH, Ca? — kanbuiit-ioH, HN**— ioH amoHito;
YMCNOBI 3HAYEHHA — KiNbKICTb pasiB NepeBuLEHHA Hag BU3Ha4YeHMM OHOBMM BMICTOM
OCHOBHUMX MaKpoioHiB y Boai abo npunHatumm M3.

TunoBi xapakTepUCTUKM BMICTY OCHOBHUX MaKpOIOHIB Yy BOAi antoBianbHOro ropnsoHTy, a
TakoX OOpPMYJIM iYHOTO CKNady Bog HaBendeHi y Tabn. 2 3.

PesynbTaTtn pocnigxeHHsA Ta ix 06roBopeHHA. Y BignoBigHOCTI 40 PO3rnsiHYTOro BULLIE
MeTOoAYy NepLUMM eTanom OUiHKM Byrno — BU3HAYMTU NeBHi OHOBI YMOBU hOPMYBaHHS XiMIYHOIO
cknagy nia3eMHuX BOA4 Ha NPOMUCAOBOMY MavdaH4uKy, i3 SkuMm moxHa 6yno 6 nopisHoBaTH
OCHOBHI XapaKTepUCTUKM i TeHAeHUiT popMyBaHHS XiMIYHOrO cKnagy BOL Yy Mexax BnvMBY
3anuLLKIB yPaHOBOIO BMPOOHMLITBA Y XBOCTOCXOBULLAX, SKi pO3rNsagalTbCs Y SKOCTi OCHOBHOIMO
axepena opmyBaHHs 3abpyAHEHHS NiA3eMHUX BOA.

Y AKOCTi Takux AaHMX BUKOPUCTAHO pe3ynbTaTu CriocTepexeHb y ceepanoBuHi 1-3I1 ans
anoBianbHOro BOAOHOCHOIO FOPU3OHTY MNiA3EMHUX BOA 3a MEeXaMu BMMBY BOL TEXHOMEHHOTO
3abpyaHeHHs y Tini XBOCTOCXOBMLL, sika po3TalloBaHa BULle MO MiHii TOKy nNig3eMHUX Bo4 3a
MeXaMu po3TallyBaHHA XBOCTOCXoBuULWA «3axigHe» (Tabn.. 2).

Y Tabn. 2 HaBegeHo pesynbtaty BUBIpkK MiHiManbHUX (10% kBaHTUNL) i BUCOKMX (90%
KBaHTUMb) 3HayeHb [aHMX CMOCTepeXeHb XiMIYHOro cknagy BO4 3a MeXamMu BhnnuBy
xBocTocxoBuwa «3axigHe» (csepgnosuHa 1-3[1). 3a pesynbTatamu CTaTUCTUYHOI OBPOBKU
OaraTopiyHMX [daHWX CMoCTEepPeXeHb, 3HAYEeHHs1 MiHIManbHUX KOHLEHTPAUii MakpoiOHIB
(10% kBaHTMNb) Oyno obpaHo Yy 4HKOCTi (POHOBOrO piBHA Ans [aHOro  MargaHyuka
(oBymoBneHoOro Aieto, rosioBHMM YMHOM, NpPUMpPOAHUX akTopiB). BepxHa mexa daHux uiel
BMbBipkn (90% KBaHTWMb) Aa€ ysaBNEHHs Npo Bapiauii 3abpyaHeHHs Bo4 06yMOBNEHOro BMMBOM
iHWKUX pakTopiB (30KkpemMa, NPOMMCIIOBOrO MandaHyMka i  4iafbHOCTI  NPOMMCNOBUX
nignpmemcte). Tak, 3Ha4yHO BUWi 3a OHOBMI piBeHb BMICT HiTpaTiB NO3; Moxe 6yTu
pe3ynbTaToM BuNagkiB 3abpyaHEHHS Npunernoi OO CnoCTepeXHUUbKoi ceepanoBuHu 1-3M1
BiACTiMHUKIB konMWHbOro nignpuemctea AMO®OC, wo 3anmanocs BUPOOHULTBOM HiTpaTHUX
no6pus [1].
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Tabrnuys 2. OuiHKka TUNOBOro BMICTY FONMOBHUX iOHIB y BoAi antoBianbHOro BOJOHOCHOIrO
rOpuM3oHTy 3a MeXamMu BMNJIMBY XBOCTOCXOBWLY, 30HAaX OpPeosyly PO3NOBCHMKEHHA 3abpyaHeHux
BopA i noporoBux 3HaveHb (M3), mr/igm®

CBepanoBuHa _ 2. . ) o4 P + .
(KBaHTUNL BUGIPKMN) HCO3; | SOq4 Cl NOs Ca Mg Na NH,4 >
Mig3emHi Bogu 3a MexamMu BNnBY XBOCTOCXOBULLA «3axigHe»
1-3M (10% «B) 450 198 43 31 37 87 135 0,2 980
1-31 (90% kB) 680 330 120 975 200 150 270 15 2740
Mig3emHi Boau 30HM BNMBY XBOCTOCX0BML, «3axigHe» i «LleHTpanbHun ap» (90% kB)
2-3I1 (3X) 700 1650 51765 80 25 225 34025 200 88670
3-3I1 (3X) 3175 1721 780 6160 742 486 3040 25 16125
6495 (LUA) 680 2260 330 41 225 470 320 185 4510
Moporosi 3HaveHHs ([13) BMicTy MakpoioHiB Anga npomucnoBoro MangaHymnka BO «MX3»
n3 | 680* | 500 | 350 | 50 | 130 | 80 | 200 | 20* | 1500

TMpumimku: * - sepxHsi mexa (90% keaHmMusb) emicmy kapboHam ioHie y 800i 30HU MPOMUCII08020 8r/iU8y 3a
Mexamu xeocmocxosuuja «3axioHe», ** - pieeHb 0orycmumoao ckudy rMpoMUCIo8ux 800

3rigHo 3 KepiBHuuTtBoM [15], y SIKOCTi (DOHOBMX pIBHIB TakoX po3rngganucsa gadi 3i
ceepgnoBmH 110 i 36D, ki 3Ha4HO BigganeHi Big Micua po3TallyBaHHA OCHOBHWUX
XBOCTOCXOBML, BUPOGHMYOrO MamgaHyuka, a TakoX XBocTocxoBulla «[HinpoBcbke». Ane vy
BOAaxX UUX CBepAnoBuH Oynu BU3HAYEHO 3HAYHO BULLi 3a POHOBI PiBHI BMICTY cynbdaT-ioHiB
(1100-1500 mr/am°®) i KanbLito, KOHLEHTpALIs SKOro Maixe BTPUYi nepeBuliyBana hOHOBMIA
BMIiCT KamnbLin-ioHy Yy BOAi MPOMWUCIIOBOrO MawngaHuvka. Taki BWUCOKI KOHUEHTpauil uux
MOKa3HMKIB XiMiYHOro cknagy nig3emMHuUX BOS BEPXHbOro BOAOHOCHOMO rOPU30HTY, BIpOrigHoO, €
pesynbTaToM BrnunBY hocdorincoBOro MOKPUTTA Ha MOBEPXHi XBOCTOCXOBULLA «[HINPOBCHKE»
[18]. CknagoBoto MiHepanbHOro ckragy ocdorincy sKkoro € cynbdat KanbLito, SKUA NPOTATOM
AecaTunite nig BAAMBOM BOAHOI i BITPOBOT epo3ii NOLWMPIOBaBCA Ha NpUNerni TepuTopii i Takox
y BUrNAAi NpoAyKTiB BUNYroByBaHHA y NiA3eMHi BOAW MiCUA po3TallyBaHHA XBOCTOCXOBULLA.
MNpo ue cBiguMTL | NIABULLEHWA, MOPIBHAHO i3 iHWMMM MYHKTAMW CrOCTEPEXEHb, BMICT
cynbarie i kanbUito y Nig3eMHUX BoAax B YCiX CBEpASIOBUHAX 30HW CMOCTEPEXEeHb HaBKOJIO
xBocTocxoBuwa «Hinposcbke» [7]. ToMy pe3ynbTaTu CNOCTEPEXEHb 3a XiMIMHUM CKNagoM BOA
ceepanosvH 110 i 36D He BpaxoByBanu Ha eTani OuiHKM (POHOBMX MOKa3HWUKIB 3a0pyAHEHHSA
Teputopii NPOMUCAOBOI 30HW, 30KpPema ANA TEeXHOreHHO-NIABULLEHMX KOHLEHTpauii BMICTY
cynbaris i Kanbuito.

Y T1abn. 2 TakoXk HaBedeHO OOpaHi noporoBi 3Ha4yeHHst (3rigHo 3 KepiBHuuTtBOoM [15])
BMICTY MaKpOiOHiB BOAM Ha MPOMMUCIIOBOMY MangaHuunky, SKi 403BOMIUAN BUKOHATUN NOPIBHANBHY
OLiHKY SIKOCTi BOA 3a nokasHukamu iHgekcis 3abpygHeHHs Bog (I3 i MMKI3). Ona Bu3HaveHHA
MOPOroBMX MOKa3HWKIB 3abpygHEHHs BUMKOpUCTaHO nokasHukn [OK ana ocHoBHuXx 6-Tn
MOKa3HMKIB MaKpOIOHIB y BignoBigHOCTI i3 [19]. [LNs1 30H NPOMMCNOBOro BNAMBY Y AaHi poboTi y
sKoCTi nokasHuka M3 ans BMicTy kap6oHaTiB y BOAi NPWItHATO 680 Mr/AM®, L0 € BEpXHiM piBHEM
(90% kBaHTUIb) NPOMMUCITOBOrO (YOHY Ha MaraaHunky y ceepanosuHi 1-3I1, a ona BMICTY iOHY
aMOHIl0 Ha piBHI 4O3BOMEHUX CKUAIB MPOMUCIIOBUX NIANPUEMCTB Y OoBKinng (20 MF/D,Mg). Taknin
nigxig O03BOSIMB OXapakTepusyBaTu BiQHOCHUIK BMSMB HaOXOMKEHHs inbTpauinHmMx BoA i3
XBOCTOCXOBML, i BUKOHATM OLIHKY iX SKOCTi 3a BCiM@ OCHOBHMMW KOMMOHEHTaMu XiMiYHOro
cknagay.

PesynbTaTn xiMiyHOro cknagy nig3eMHUX BOL TEXHOTEHHOrO rOPU3OHTY (MOpPOBi BOAM) i
BOAW arntoBiaflbHOrO BOAOHOCHOIO TFOPU3OHTY Mig XBOCTOCXOBWLLAMW, MpPeAcTaBneHi y
Tabnuui 3, ceigyaTtbh Npo Te, WO Taki BUCOKOMiHEpani3oBaHi BOAM MOXYTb MaTU Pi3HWA cknag
AOMIiHYHOUMX iOHIB CONbOBOro cknagy. HaHi y Tabn. 3 ceig4aTtb Npo Te, WO HAKOMUYEHI Y Pi3HUX
XBOCTOCXOBMLUAX 3anWLWKN TEXHOSMOMYHMUX XiMIYHUX PO3YMHIB, HAKi MICTUNMCA Yy XBOCTax
ypaHoBOro BnpobHMUTBA, BiAMOBIOHO OO MEBHOI TEXHOMOrIT rigpomMeTanypriiHoi nepepobku, y
Pi3Hi MPOMIKKM Yacy iX 3arnOBHEHHS, MalTb Pi3HUMM XiMiYHMI cknad. Tak y conboBOMY cknagi
BO/J, TEXHOIEHHOro ropu3oHTYy XBOCTOCXOBMLLA «3axigHe» (cBepanoBuHa 2-3[1) AOMIHYOTb iOHM
xnopugy Ta HaTtpito. Y CBepAfioBUHI antoBianbHOrO ropu3oHTY Mig xBoctocxosuwem (3-3[1)
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AOMIiHYIOTb HiTpaT-, cynbdart- i rigpokapOoHaT-ioHM, a y KaTioHHOMY CKrnagi Bof ioHM HaTpito. Y
TEXHOreHHOMY TOPU3O0HTI NiA3eMHUX BOA XBOCTOCXOBMLWA «LleHTpanbHUn 4Ap» OOMIHYHOTb
cynbaT-ioHn Ta ioHM MarHito. Taki BigMiHHOCTI Cknagy XBOCTOCXOBWLL, BNAIMBAKOTb Ha XiMiYHUN
cknag nig3eMHnx Bog (y pisHMX Nponopuisix) y 30Hi iX BAMBY Ha Pi3Hii BiACTaHI MO MiHilo TOKY.

Tabnuus 3. OuiHka dopMyn XiMiYHOro cknagy BOA, a TaKOX iHAEKCIiB ix 3abpyAHeHHs ans
(pOHOBOrO PiBHSA i ANA 30HM Opeosny PO3NOBCIOAXEHHA (DPOHTY 3a6pyAHEHHSA, Wo cchopMyBanucs
y Tifli XBOCTOCXOBMLY, 3a5MLUKIB NepepodKn ypaHOBUX pyAa

XimiyHnm cknag OuiHka 3a6pygHeHHA

Ne
cBepa MDA DK 13, n=8 MKI3, n=8

MpupoaHui i NpoMUCNoBUIA OOH XiMIYHOrO CKnaay BOA 3a MeXaMu BrIiMBY XBOCTOCXOBULLA

HCO5 56 SO,°30 CI'9 NOs 4
Mg”* 48Na’ 36 Ca”*16 HN*'0,1

1-3M (10% «8.) Crdts M1,0 0,6 1,6

HCO541S0,20CI'7NO532
Mg“"39Ca”"34Na*28 HN**0,1

1-3M (90% «8.) cMotaNa M2,3

118_2,3

2,4 3,2

XiMiYHWI cknag i NoKasHMKW iHOEKCiB 3abpyaHeHHs BOA Y 30Hi BNnuBy xBocTocxoBuwy, (90% kB)

Cl96 SO, 2HCO;1 7NO5 1

2-3M Cliffuonr | MBBT e mur Coe i 36,4 8,9
] o HCO, 25 CI'1 50,7 17NO, 47
3 3|-| CIIB,16,1 M1 5,3 Na+ 62Mgz+19CaZ+17,HN4+l 20,5 8,6
- = . =

Mg®* 52Na’19Ca”* 15,HN*" 14

Mpumimku: M®A - mogepHisoBaHa cdopmyna AnbokiHa, PK - popmyna Kypnosa, I3 — iHgekc 3abpyaHeHHs,
MKI3 — nuToMMiA KOMBIHATOPHWUI IHOEKC 3abpPYyAHEHHS, N — KiNTbKICTb NMOKa3HMKIB

[ianazoH Bapiauil MOXMIMBUX KOHUEHTpAaLid MakpOIiOHIB y XiMiYHOMY cknagi Bog no
BiOHOLWEHHI0 A0 noporoBux 3HadyeHb (MM13) y Burnsagi nokasHuKiB iHOEKCIB 3abpyaHeHHs Y
Tabnuui 3 Takox cBigyaTbh, WO Y 30HaxX POHOBOMO i NPOMMUCIIOBOrO HaBaHTaXKEHHSA 3a MeXaMu
BMHOCY XBOCTOCXOBMLL, MOKA3HUKN iHOEKCY 3abpyaHEHHS BOA 3HAXoOATbCs Ha PiBHI (OOHOBMX
abo Buwe (oo 2,6 pasiB), Togi K y MiHEpanisoBaHUX BO4ax OCHOBHOIO OPEeoly BMHOCY BOf i3
XBOCTOCXOBML OLiHEHO nepeBulleHHs ao 20-40 pasiB, a 3a mnokasHWMkamum M[UTOMUX
KOMGIiHAaTOpHUX iHAOEKCIB 3abpyQHEHHS BOOW MOXHA BIOHECTW OO0 PIBHA «eKCTpeMarnbHO-
3abpygHEeHUX».

KoMnnekcHi OUiHKKM nepeBuLLEeHHA OOMiHYYMX IOHIB y BOAi Hag POHOBUMM, LUO
XapakTepu3yloTb BMAMB Ta MOLMPEHHSA opeony 3abpyOHEeHHsi, MokasaHi i3 3acTOCYyBaHHAM
MoAepHizoBaHoi dopmynu KyprnoBa, a TpaHcdopmauia XiMiYHOro cknagy Bog - i3
3acTocyBaHHSAM MogepHizoBaHol dopmynu AnbokiHa (Tabnuusa 4 i 5). B umx xe Tabnuuax
HaBedEeHO po3paxOoBaHi iHOeKCH i knacu 3abpyaHeHHs BOA i BIOHOCHI KoedilieHTn ranvMHHOCTI,
LLO cBig4aTb NPO 3arasnbHi TeHAEHUT 3MiHKM MiHepani3auii BoA.

Y SAKOCTi CynyTHbOrO napameTpy, L0 BU3HA4ae MOLUMPEHHS Opeosly 3abpyaHEeHHs Big
XBOCTOCXOBMLY, 3anuLKIB YypaHOBOro BMPOOHMUTBA, Yy LbOMY JochigXeHHi obpaHO piBeHb
CymapHoi akTUBHOCTI i3oTonis ypaHy (****?%*'U), wo Takox HasoguTbcs y Tabnuusax 4 i 5. BmicT
i3oToMiB ypaHy y BOAi BEPXHbLOrO astoBiasibHOro ropuM3OHTY BULLE 3a MOTOKOM Mig3EMHUX BOA
30HM BMMBY XBOCTOCXOBULY, «3axigHe» i «LleHTpanbHuin Ap» Bu3HavaeTbcs y gianasoHi 0,4-0,8
Br/am®, SKkuii MoxHa BBaXaTU (HOHOBMM NS MPOMUCIIOBOrO MaiiAaHuMka KonuwHboro BO
«MX3».

XBocTtocxoBuLe «3axigHe» i 30Ha BNIMBY. Pe3ynbTaty CNOCTEpEeXeHb Nokasanu, Lo
B TifMi XBOCTOCXOBMLIA MakCMMarbHy aKTUBHICTb i30TOMIB YypaHy BW3HA4YEHO Ha PiBHI
1290 Bk/am® (y 2005-2009 pp. ceepanosuHa 2-3M1). (tabn.. 4)

Y opeoni po3noBCIOAXKEHHS Bif Tifla XBOCTOCXOBMLLA, WO CHOpMYBaBCS 3a Nepiog Mamxe
70 pokiB Big no4yaTky 3anoBHeHHsi xBocTocxosua (1951-1954 pp.), Boau i3 MakcumManbHUMK
piBHSIMM 3abpyaHeHHs i3oTonamu ypaHy B nepiog 3 2005 p. no 2009 p. NOCTyNnoOBO pyxakTbCa Y
30HY pPO3BaHTaXEHHS i 3a OCTaHHi 15 pokiB nepemicTnnucs Ha BigcraHb Ao 60 m (cBepanoBuHa
3-301) i3 NOCTYNOBMM 3pOCTaHHAM aKTUBHOCTI ypaHy Y AaHii ceepanosuHi 3 750 Bk/am® no 1070
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Br/am®. Ha Bigctani 240 m — go 70-80 Br/am® (2015-2021 pp., cBepanosuHa 105). Ha Bincrani
520 m i gani Big XBOCTOCXOBMLLA BMICT ypaHy Yy BOAiI BEPXHbLOrO asntoBiaribHOrO rOpU30oHTY
3MiHIOBaBCS BiA (OHOBKX piBHIB (Ha piBHi 6ina 0,40 Bk/am®) y 2005-2009 pp. Ao 1,7 Br/iam® y
2021 p. Taki gaHi ceBigyaTtb, WO Opeos BUCOKO3abpyaHEHMX BOA YpaHOM MOKM LLIO He OOCsrae
30HU PO3BaHTaXEHHS 3a NoKasHUKaMy BMICTY ypaHy, a nigsuLleHi piBHi ypaHy Hag hOHOBUMU Y
Mexax 3annaeu p. KoHonnsHka MOXyTb OyTn pes3ynbTatoM po3TallyBaHHS TyT A0OCI He
BUSIBMEHUX OOAATKOBUX Kepern 3abpyoHeHHs Bog ypaHoMm i cynbdatamu. Mpo MOXNUBICTb
iCHyBaHHs y 3annasi p. KoHonngaHka 0oOaTKOBMX AXKepen HaOXOMKEHHSA ypaHy i cynbdartie y
nig3emHi Bogn HaBegeHO y poboTi [1], 4e nokasaHo, WO 40 CNopyaKEHHs1 XBOCTOCXOBULLA
«3axigHe» y 1951 p. xBoCTN BMPOBHULTBA ypaHy y nepLli pokn pyHKUiOHYyBaHHA «[1X3» nicns
1947 p. cknganucbk 6e3nocepedHbo y 3annaBHi o3epa p. KoHonnsiHka.

PesynbTatn npegcraeBneHi T1abn. 5 nokasanu, WO HaWMBULLI KOHUEHTpauii ypaHy Yy
nia3eMHin BoAi 30HM BNAWBY XBOCTOCXOBUL, Y3roLKYKTbCA i3 MPOCTOPOBMM PO3MNOAINoM
BUCOKMX i NigBULLEHMX PiBHIB MiHEpani3auii BoA.

MakcumanbHuiA  piBeHb MiHepanisauil i XiMi4HOro 3abpydHEeHHA nig3eMHUX BoOA
TEXHOrEeHHOro ropu3oHTy y Tini xBoctocxoBuwa «3axigHe» (cB.2-3[1) cnocTepirannca Takox y
nepioa 3 2005 p. no 2009 p. i cknaganu 87,5+16 r/am® i3 AOMiHYIOUMM BMICTOM Yy CONbOBOMY
cKknagi xnopuais HaTpito, KM y 3HaA4YHMX 06’eMax BMKOPUCTOBYBANM Ha eTanax eKcTpakuii i
OYULLEHHSA YpaHOBOro KOHLUEHTpaTy, a MoTiM pasoM i3 XBOCTaMW ypaHOBWUX Pyd ckuganu y
XBOCTOCXOBMLLE. Y SAKOCTI peareHTy HeuTpanisauil KMCAOTHUX PO3YMHIB BMKOPUCTOBYBAmu
HITPATX aMOHiIl0 i coOoBi po34MHU. Lle TakoX MOSICHIOE BUMCOKMIA BMICT HiTpaTiB i kapboHaTiB y
XBOCTax ChifibHO i3 xnopugamu i cynbcatamu. Xnopuaun y cknagi niag3eMHnx Bog AOMIHYOTb Y
BOAAax TEXHOreHHOro FOPM3OHTY i MOCTYMOBO KOHKYPYHOTb i3 cynbdaTtamu no niHii TOKy Ao
p. KoHonnsHka. Minepanisauis Bog no Mipi ix pyxy y cyTTeBo 3MeHwyeTbes go 10-11 r/am® Ha
BiacTaHi 60 M i 2,9-4,5 mr/om® Ha Bigctani 500-820 M Bin XBOCTOCXOBMLLA. 3MEHLUEHHS
MiHepanisauii 6inblle HXX y 2 pasy mano Micue y Bogax TEXHOrEHHOro ropu3oHTY NPOTAroOM
octaHHix 10 pokiB, ToAi SK y CBepASsIOBUHAX 3a Mexamu opeony Bof 3abpygHEeHUX ypaHoM,
NoKasHUKM MiHepanisauii 6ynu BiGHOCHO cTabinbHi y Mexax 2,9-5,5 mr/am°.

Y conboBOMY ckrnagi Bog 3abpyaHEHNX ypaHOM i3 XBOCTOCXOBULLIA AOMiHYHOUYMMM iOHaMM
Oynu xnopuaum i cynbdaTh, Toai K Ha BigcTaHi 520 M Big XBOCTOCXOBULLA Yy XiMIYHOMY CKnagi
BOAM [OOMiHylOuUMMM 3anuwanucs cynbdatn i kapboHatn. 3a nokasHMKamu BiOQHOCHOrO
3pOCTaHHs MaKpOIOHIB Y BOAI antoBianbHOMO rOPU3OHTY 30HU BMIMBY XBOCTOCXOBMLUA
«3axigHe», Hanbinbwunin HecTabinbHi Bapiauii pocTy MOPIBHAHO i3 POHOBUMM piBHAMM Byro
BM3HA4YEeHO ANS KOHLEHTpauin Crnomnyk HiTporeHy (ioHiB aMOHito i HiTpaT-ioHiB) siki B npoueci
TpaHcdopmauii BignoBiAHO A0 BiAHOBMOBANbHUX OKMCHO-BIAHOBHUX YMOB MOIMNU KONuBaTucs
BiZl OeCATKIB 4O TUCAY pasiB B OANHULSAX NepeBULLEHHSA (POHOBOMO PiBHA.

lMokasHuKM iHOEKCIB i BigNOBIAHOrO knacy 3abpyaHeHHs BOA TaKOX 3MeHLlyBanucs Bif
30HW BWCOKOI MiHepanisauii i3 ekcTpeManbHO BUCOKMM piBHEM 3abpyAHEHHSA [0 Knacy «ayxe
3abpygHeHi» y BignoBigHOCTI i3 Wwkanow y Tabn.1.

PesynbTaTn HaBegeHOro aHanisy gaHux CMOCTEPEXEHb 3a XapakKTEPUCTUKAMU XiMiYHOro
CKnagy Bof CBigyaTb, LLO Ha BCiM MiHi TOKY Big XBOCTOCXOBMLLA A0 30HW PO3BAHTAXEHHS Y p.
KoHonnsaHka (Ginbwe 840 M) nNOKasHMKM MNEPEBULLEHHS BMICTY OCHOBHUX MAaKpOIOHIB
nepesuLLyOTb (POHOBI (MPMPOAHI | NpOMUCNOBI). HaBiTb SAKWO MNpUNYCTUTK, WO Yy Mexax
3annaeu p. KoHonnsHka € HeBM3HadeHi OoAaTKOBI mpkepena noTeHuianbHoro 3abpyaHeHHs
ypaHoMm i cynbatamu, gaHi cnoctepexeHb y ceepanoBuHi 106 Ha BigcTaHi 520 M 3pocTaHHS
cynbdartie cnocrtepiranocs y 3-5 pasiB BuwuM, kapboHariB y 2-9 pasiB i HiTporeH-ioHie go 18
pasiB. Taki pesynbTaTi 4O3BOSIAIOTL BBaXaTu, WO BNANB BUHOCY BUCOKOMiIHEpanisoBaHMX BOL
i3 XxBOCTOCXOBULLA «3axigHe» 3a POKM Bif NovaTKy ekcrnyaTauil XBOCTOCXOBMLA Ha MoYaTKy
50x pokiB MMWHYSIOro CTOMITTA, BXe pocsarae p. KoHonnsiHka, NpuHanMHI 3a MOKasHWKamu
CYTTEBOrO NiABULLEHOrO BMICTY Y BOAiI TakMX MaKpPOIOHIB SK cynbdaTtu, kapboHaTh i HITporeHn
Hap X pbOHOBMM BMICTOM Ha NPOMWUCITIOBOMY ManAaH4YuKy.

3MeHLeHHs MiHepanisauii 3 4acoM O6yMOBMEHO 3MEHLUEHHAM MNPUCYTHOCTI CNOMyK
HiTporeHy (ioHiB amoHito i HiTpaTt-ioHiB). Cnig BigMITMTK, WO HITPaATHI OPMU 3HAXOOKEHHS
HITPOreHy nputTamaHHi gns 6numkHbLOI 30HM XBOCTOCXOBULLA «3axigHe», a aMoHiiHI — Ans
xBoctocxoBuwa «LleHTpanbHui Ap», WO 3yMOBMEHO MOLIMPEHHSAM TYT BiQHOBMIOBAIIbHUX
OKWUCHO-BiJHOBHUX YMOB.
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XBocTocxoBuule «LleHTpanbHun Ap». Lle xBocTocxosuwe 6yno nobygoeaHo y 1950 p.
LUSISXOM MEPEKPUTTS NPUPOLHOro sipy A4ambor Ha MangaHumky konuwHboro BO «MX3», kygu
Oyno opraHi3oBaHO CKMA 3anuLLKIB BUITYrOBYBAHHS i €KCTpakuii ypaHy i3 OOMEHHMX Lunakis
nepepobkn KpuBopi3bkux pya, ski mictunm go 0,7 % ypaHy. BigHOCHO HWU3bKWIA piBEHb BMICTY
ypaHy Yy LWnakax 3anisopygHoro BMpPOOHMLTBaA MOPIBHSHO i3 ypaHoBuMMu pydamu (0o 3-7%
BMICTY YypaHy), 3anuwkM nepepobKnm sKUX HaKonnvyBanmcs y XBOCTOCXOBULLI «3axigHey,
BiJOBPaXeEHO i Yy HMWXKYMX PIBHSAX aKTMBHOCTI i30TOMIB ypaHy Yy BOAi TEXHOrEHHOro ropuU3OHTY i
opeoni 3abpyaHeHNx Bog Big XBocTocxoBuLa «LleHTpanbHui Ap».

Haxkanb BCi CnocTepeXHULbKi CBEPAMOBUHN Y TEXHOTEHHOMY FOPU3OHTI XBOCTOCXOBMLLA
«LleHTpanbHun Ap» npotarom nepiog 3 2005 no 2021 p. BusBUNnCA cyxmmu abo 3 HU3bKOLO
BogoBiggayoto. CeepanoBuHa 1-LUA posTawoBaHa Ha Mexi BMIMBY BEPXHbOI YaCTUHU
XBOCTOCXOBMLA i Bigobpaxkae npakTM4HO POHOBMM yMOBaM 3abpygHEHHs 3a BMICTOM i30TOMiB
ypaHy, ane 3a XiMi4yHMM CKnagoM CroCTepiraeTbCAa BMSIUB iHLLMX, HiXK XBOCTOCXOBULLE, AXepen
3abpygHeHHsa. CeepgnosuHa Ne6593, posTawoBaHa B anioBiaribHOMY TFOPU3OHTI Mg Tifiom
XBOCTOCXOBMLLA Ha BigcTaHi npmbnuaHo 35 M Big MOro LieHTparbHOI YacTUHK, ane NpoTSromM
nepiogy cnoctepexeHb 2015-2021 pp. BoHa BMsIBUNAcsA Cyxol Yy Ce30H Bigbopy (iHWwi gaHi
BiACYTHi). TOMy MW He MaemMo [OOCTOBIPHWX AaHuMX MNPO Cy4acHUM BMICT i30TOMIB ypaHy i
XapakTePUCTUKM XiMiYHOro 3abpygHEHHs BOA TEXHOMeHHOro ropuM3oHTY Y Tini XBOCTOCXOBMLIA
«UeHTpanbHnn Ap». ToMy MOXEMO nuwie NPUNYCKaT, O 3 MOMEHTY OCTaHHbOro Bigbopy
npo6 y 2015 p. xiMiYHWMIA cknag BoAM Yy panoHi po3TallyBaHHS AaHOi CBEPAMNOBUHU i BMICT
i30TOMIB ypaHy CYTTEBO He 3MIHUNMUCA. AKWO NPUUHATM Take NPUNYLLEHHA MOXHa 3pobuTu
HaCTYNHI OLiHKM OO0 BMHOCY YpaHy i3 XBOCTOCXOBULLA i TpaHcdopmaLii XiMiYHOro cknagy Bof
Ha WNAaxy iX NepeMileHHs Yy HanpsIMKy po3BaHTaXeHHs y p. KoHonnsHka.

BpaxoByouM Hedosnikm  Mepexi  crnocTepexeHb i HEAOCTaTHI  KINbKICTb  JaHuUX
CMOCTEPEXEHb, MOXHA MPUMYCTUTKU, WO 3a Oinblie Hixx 70 pokKiB iCHYBaHHS XBOCTOCXOBMLLA
«LleHTpanbHuin fAp», opeon BoA i3 BIAIHOCHO BUCOKMM BMicTOM ypaHy (10 Bk/am® i Buie)
nepemicTMBCSA i3 30HM XBOcTOCXoBuWA Ha BigctaHe o 300 m. Bmict ypaHy y Bogax
antoBianbHOro BOAOHOCHOIO ropM30HTY 3MEHLLYBaBcs npoTtsarom nepiogy 3 2005 no 2014 p. no
NiHIT TOKY Big Tifla XBoCcTOCX0BULWA 3 nokasHukammn 30-20 Bk/om® go PIBHIB, siKi € 6NM3bKMMKN 00
YMOBHO (DOHOBOro 3abpyAHEHHs BOA NpoMucrioBoro MaiaaHumka 0,3-0,5 Bk/am® Ha BigctaHi
Ginbwe 500 m Big xBocTtocxoBuwa. [lewo nigBuLLEeHi piBHI BMICTYy i30TONiB ypaHy y Bogax
antoBianbHOro ropU3oHTY Yy Pi3Hi poku crnocTepexxeHb Ao 2-5 Bk/am® € pesynbtaTom BnnvBy
IHLLUMX MOXITMBUX Axepen [7] HaaXoOXeHHs ypaHy i CynbdaTiB Y Mexax HWKHbOI Haa3annaBHol
Tepacu p. KoHonnsHka (Taki X epekTn BUSBNEHO i A5 30HU BNUBY XBOCTOCXOBULLIA «3axigHe»
i onucaHo BuLle).

XapakTepHol OCOGMMBICTIO NIA3EMHUX BOL TEXHOTEHHOrO TFOPU3OHTY | HaWBNUXYoro
opeony antBianbHUX BOA XBocTocxoBuwa «LleHTpanbHui Ap» € nigBuweHi piBHi  ix
kncrotHocTi (pH=3-5) [8] Ha BigMiHY Bif iHLWIMX XBOCTOCXOBML, [€ KUCMOTHICTb BO4 Mae
nokasHmkn pH=6-8. OgHUM i3 MOSICHEHb TakKOi Pi3HUUI Yy FEeOXiMiYHMX YMOBaXx, SKi TaKOX
BMMBAOTb Ha (POPMYBaHHS XiMIYHOIO CKragy BOA MOXYTb OyTM OOCTaBWHWM 3aCTOCYBaHHS
Pi3HMX TEXHOMOrin BWUYrOBYBaHHA | HenTpanisauil wnamiB 3anuuikiB ekcTpakuii ypaHy i3
30arayeHnx ypaHoBMX pyA i WaKiB ypaH MICTKMX 3ani3HNX pya.

Y Bogax 30HM BrnmBy XxBocTocxoBuwa «LleHTpanbHuin  Ap»  Ha  BigMiHY Bifg
XBOCTOCXOBMLA «3axigHe» cnocTepiraloTbCa AOCUTb PIBHOMIPHUI PO3Mnogin no BCi AOBXMHI
NiHIT TOKY i y Yaci NokasHWKiB MiHepani3auii Bog y mexax Big 2,2 0o 5,5 mr/am3,

BigHocHO ogHopigHMM € i XiMiYHMA cKknag BOA i3 AOMiIHYBaHHAM Yy CKnagi KaTioHIB iOHIB
MarHilo i KansLito, a B aHiOHHOMY cKragi cyrnbgar- i Xropua-ioHis.

3a nokasHMKamMu SKOCTi BOA Y BCIX CBepASfioBUHAX Big TUX, WO pos3TalwloBaHi y Tini
XBOCTOCXOBMLLA A0 30HM pO3BaAHTAXEHHS, BOAM MoxHa BigHectn go Vi IV knacy 3abpyaHeHHs
(ekcTpemanbHO 3abpyaHeHux i agyxe 3abpygHeHWX) 3 TeHAEHUiel A0 3MEeHLWIEeHHS Knacy
3abpyaHeHHs y nepiog 2016-2021pp..

BucHoBku. B gaHomy gocnigkeHHi Ans ouiHkM 6araTopidHMX NpOCTOPOBO-4aCOBUX 3MiH
XiMIYHOro cknagy nig3eMHUX Bo4 Y 30Hi BNANBY KOMULIHBLOIO ypaH-nepepobHoro nignpunemcrea
BO «[X3» 6ynn BMKOPUCTaHi MeToaM OLiHIOBaHHS MOKa3HWKIB 3abpygHEHHA Ha OCHOBI
3aCTOCYBaHHSA KOMBIHATOPHMX iHAEKCIB 3abpyaHEeHHs. BUKoprcTaHHA MoaepHi30BaHNX METOAIB
3 OUiHIOBaHHA iHOEKCIB 3abpyAHEeHHs BOA MO BiOHOLUEHHIO OO0 MEBHOrO piBHS (POHOBMX abo
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MOporoBMx 3HavyeHb OEe3Ne4YHOro BMKOPUCTAHHS MiA3eMHMX BOA [OO03BONMIIO MPOMOHYBATK
MEeTOOMYHUI Nigxig ANS OUiHKM AKOCTI Mig3eMHMX BO4 Ha MangaHymkax cnaglivHn ypaHoBUX
BUPOBHMLTBA OS5 YMOB MOTEHLINHOMO 3BiNIbHEHHS iX Big peryntot4oro KOHTPOsHo.

AHania BmicTy cynbdat-, XNopua-ioHIB i CMOMNYK HITPOreHy TEXHOMEHHOrO MOXOKEHHS Y
XiMIYHOMY CKnagi Bog, antoBianbHOro BOOOHOCHOIO rOPM30HTY TEpUTOPIT AocnigKeHb JO3BONUB
3p00OMTM MpUNYLLEHHS LWOAO LWBWMAKOCTI MEPEMILLEHHA Opeosly PO3MNOBCIOKEHHS 3HAYHO
MiHepanizoBaHux i 3abpygHeHuX i3oTonamu ypaHy BOA4 Ta BUABUTU 30HU 3 MPUCYTHICTIO
NoTeHLianbHUX HEBUSIBNEHUX dXXepen 3a0pyaHEHHS.

Takui KOMNAEKCHUI Nigxia OO3BOMIMB BM3HAYMTW, WO Y antoBianbHOMY BOLOHOCHOMY
FOPU3OHTI B Mexax ManaaH4uuky «[MX3» y 30Hi BMAMBY XBOCTOCXOBWLLY 3a ocTaHHi 70 pokiB 3
yacy iX 3anoBHEHHS 3anuLLIKaMn nepepobkn ypaHOBMX pyd Opeon 3abpyAHEHNX BOA isoTonamum
ypaHy 3MICTMBCSl Big XBOCTOCXOBWULL Ha BigcTaHb 6inss 300 m. HaToMicTb 3a nokasHuMkamu
NepeBuULLEHHS OCHOBHMX MaKpOIOHIiB (cynbdatn, xmnopuau, HITporeHn i kapboHatn) Hapg
¢OHOBUMM pIBHAMWU 3abpyAHEHHS Mig3eMHMX BOL Y Mexax MNpOMUCOBOro MamngaHyuka 3a
Mexamu BnnvBy (pinbTpauiiHOro BMHOCY iX i3 XxBocTocxoBuL, «3axigHe» i «LleHTpanbHuin Apy,
MOXHa 3pOoOMTM BMCHOBOK, LIO Taki BOAN (PAKTUYHO BXEe OOCSIrMN 30HW PO3BAHTAXEHHS Y P.
KoHonnsaHka. OTpymaHi faHi 403BONATL KOPUryBaTu pesynbTaT MOLEMNbHUX PO3PaxyHKiB, SKi
Oyno BMKOHAHO paHiwe, i nokasanu CcyTTEBO Oinbll TpMBaNMA 4Yac [OOCATHEHHS OPEeony
PO3MOBCIOMKEHHS 3HaYHO 3abpyaHeHnx Bog ypaHoMm (10 Bk/am?® i Buwwe) p. KoHonnsHka.

PesynbTaTu OUIHOK nokasanu, L0 TEXHOreHHO 3abpyAHEeHWX MangaH4yuKiB YpaHOBOro
BUPOOHMLTBA KOMIMJEKCHE BUpilLEHHSA Npobnem ix 6e3nekM Mae BKMOYATM He TifbKM 3axogu
KOHTPOMO pagiauiiHoi 6e3nekn, a i eKonorivyHoi 6e3nekn, 3oKkpemMa 3a NoKasHMKaMu XiMiYHOro
3abpygHeHHa nig3eMHUX BOA, sSIKi HaBiTb MICAS MOBHOMO OYULLEHHSA TEpPUTOPIl i Ha3eMHUX
KOMMJIEKCIB KOMULIHBbOrO YpPaHOBOrO BMPOOHMUTBA, MPOTArOM AyXe TpuBasnoro 4acy (COTHI
pokiB) ByayTb 3anuwatuca akTopoM HeoOXiOHOro eKONOriYHOro KOHTPOSo, AKi NoTpebytoTb
MOHITOPUHIY 3abpyaHEHHS BOA.

PesynbTaTu OUIHKM TakoX nokasanu HeoOXigHICTb onTuMisauii i pO3LUMPEHHA Mepexi
CMOCTEPEXEHb 3a PpIBHAMW 3a0pygHEHHSs Mig3eMHUMX BOA 30HW BMNJIMBY XBOCTOCXOBWLL
ypaHoOBOro BMpPOOHMLUTBA Ha MamgaHuuky ypaHoBoi crnagwmHu BO «[MX3», aki gna sigbopy
npo6 Ha BMICT padioHyKnigiB ypaHoOBOro psay y BoAi MatoTb BUKOHYBaTUCSA NpuHaMHi 1 pa3 Ha
piKk, @ 3a nNokasHMkamu XiMiYHOro cknafy BoA He MeHLle OBOX pasiB Ha PiK (BECHAHO-MITHIN i
OCiHHBbO-3MMOBMUI Nepioan).
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Assessment of temporal and space-time changes of groundwater chemical composition at the
“Pridniproivsky chemical plant” uranium production legacy site

Lavrova T.V., Korychenskyi K.O., Voitsekhovych O.V.

This study provides an analysis of data from long-term (2005-2021) observations of the chemical composition
of groundwater in the impact zone of the former uranium ore processing enterprise (Production Union Prydniprovskyi
Chemical Plant (PU "PChP") in the city of Kamianske, in particular, areas of near-surface tailings of uranium ore
processed residues ("Zapadnoe", "Central Yar" and others). All tailings on the site of the former PU "PChP" were built
without installation of anti-permeable barriers, and therefore under the influence of atmospheric precipitation, the
water, formed in the tailings body, highly contaminated of uranium series radionuclides and residues of chemical
reagents, can penetrate to the groundwater aquifers, with which they spread beyond the limits of their technological
localization in tailings. In addition, the entire territory of the former industrial site of mining and chemical production
"PChP" is a complex of former enterprises, septic tanks, production waste holding sites, warehouses of chemical
reagents and residues of former production, which are also sources of man-made pollution of the territory and
influence on chronic pollution of groundwater. Therefore, environmental monitoring programs in the impact zone of
tailings impoundments included not only monitoring of indicators of the content of uranium series radionuclides in
elements of the natural environment, but also studying of the chemical composition of waters. The analysis of
observation data during the period from 2005 to 2021 was carried out in order to assess the extent of the spread of
polluted waters beyond the limits of the location of the tailings ponds, to identify major macroions in the composition
of groundwater as indicators for assessing the spread of the contamination plume beyond the boundaries of the
tailings ponds, as well as to identify patterns of formation the groundwater quality within the site under the influence
of man-made and natural factors. It is shown that the mineralization of groundwater, as well as its chemical
composition, significantly changed as the sampling site moved away from the tailings. Changes in the chemical
composition of water and the dominant content of the major macroions at different distances from the tailing’s ponds
made it possible to determine the difference in the characteristics of the influence of infiltration waters from the
source of the tailing’s ponds and scattered sources of pollution within the boundaries of the PChP site along the
groundwater flow line. The main factors of uncertainty in the estimations of the formation of groundwater chemistry in
the zone of the industrial complex are shown, which must be taken into account for the development of the network of
monitoring observations.

Key words uranium production legacy site, tailings, groundwater, chemical composition, uranium isotopes,
quality assessment, long-term changes.
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POTENTIAL REASONS FOR THE ECOLOGICAL CATASTROPHE
OF THE ODER RIVER IN THE SUMMER OF 2022

In July and August 2022, the largest ecological disaster in history occurred on the Oder River. The scale of the
catastrophe resonated widely in Poland and Europe. Over 700 tons of dead fish have been caught. Several reasons
can be considered as the main cause of the disaster, from extremely low flows lasting over 80 days to exceeding the
pollutant loads. The biggest surprise was the presence of biological organisms Prymnesium parvum in the water,
which secrete toxins during their death. In this work, one of the potential causes of the rapid deterioration of water
quality is presented. Sedimentological conditions that could potentially occur on the Odra River from June to August
2022 are presented. The main groups of pollutants that may be released from sediments to waters are indicated.

Keywords: ecological disaster, Odra River, sediment toxicity, hydrological drought..

Introduction. On July 26, 2022, information spread around Poland and its neighbor -
Germany that dead fish appeared in the Oder river in Lipki, which, as it turned out later, reached
Szczecin after 57 days (Fig. 1). At the very beginning of the catastrophe, an intensive search
was undertaken for the "culprit" of this phenomenon, harmful to the environment and the human
economy. This was to contribute to explaining the reasons for its creation, and then limiting its
effects to full elimination, inclusive. So far, in almost every situation of this kind, sampling and
chemical analysis of the Odra waters have been started, with simultaneous tracking of the pace
of movement of the front of the dead fish zone (Fig. 1). According to the media reports, just two
days after the disaster, the Provincial Inspectorate for Environmental Protection in Wroctaw
(WIOS), based on water samples taken in three places between Lipka and Otawa (Fig. 1),
assumed that a substance oxidative - which was determined on the basis of the high
oxygenation of the Oder River. Two weeks after the appearance of the dead fish in the river
(9.08), after the prosecutor was notified by the VIEP, it was reported that "so far no one has
been detained, no charges have been filed against anyone". At the same time, in order to obtain
information independent of Polish research units, chemical laboratories in Western countries
were asked to conduct an impartial analysis of the contaminated waters of the Odra river -
without the effect of explaining the cause of the disaster. The final version, which appeared on
August 18, and which dominates to this day, is that the indirect cause of poisoning the waters of
the river may be an invasive alga from the Prymnesium parvum haptophyte group, the so-called
"golden algae”. Their bloom, according to the Minister of Climate and Environment, may cause
the appearance of toxins that kill fish and mussels, but they are not harmful to humans. The
case of salty waters may result from their alimentation from reservoirs located above or the
waste reservoir of KGHM Glogéw - which, however, is not confirmed by Wody Polskie, which
believes that these discharges took place in accordance with the applicable water and legal
permit. At the same time, politicians on the airwaves emphasized that "natural causes are
crucial here." Nevertheless, among specialists, the assurance that nature itself led to the mass
extinction of fish in the Oder raises great doubts. At the request of the Government, a
preliminary report of the team for the situation on the Oder was prepared in September 2022
(Kolada, 2022). According to the report, the cause of the disaster was most likely an intense
bloom of Prymnesium parvum in the waters. The prerequisite for the formation of the bloom was
the mere appearance of Prymnesium parvum in the Oder and the movement of algae from the
foci of infection down the Oder River. The reason for the presence of algae can be considered:
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(1) discharge of a toxic substance into the river by one of the workplaces, (2) possible natural
causes, i.e. low water level combined with high temperature (increased concentration of
pollutants already present in the river) and (3) discharge large amounts of industrial water.
However, the above-mentioned report does not mention sediments, hence this topic will be the
subject of our consideration.

Szczecin

50 100 km
—,

Fig. 1. Map of Poland with selected towns and dates where the appearance of dead fish was
found in July and August 2022

Results . The phenomenon accompanying the ecological catastrophe of the Oder River in
the summer of 2022 was the appearance of dead fish in its waters. The process of fish death
(lethal threshold) is a physiological state in which the fish is still alive, but cannot return to active
biological life, despite the removal of harmful physicochemical factors (Kujawa 1986). The death
of fish may be caused by: low temperature (long-term icing of the surface of the water reservoir
together with snow deposits prevents photosynthesis and oxygen production by aquatic plants -
the so-called "winter fog" is created), high water temperature, lack of wind and low water level -
then there is little dissolved oxygen and "Summer rush”, and water poisoning or lack of oxygen
(summer rush). It is usually a mass phenomenon, although in a limited area. The negative
effects of oxygen depletion were probably intensified by the action of various toxic substances
contained in the suspension accumulated at the bottom (e.g. alarming amounts of arsenic,
mercury cadmium, as well as calcium, chlorides, sulphates were detected), because at low
flows the concentration of pollutants in water increases (Gizinski et al., 1986). However, the
situation that took place on the Oder River in 2022 does not result from a shortage of oxygen in
the water, but from its excess. The report prepared after the disaster shows that the examined
bodies of the dead fish showed no clinical changes. The histopathological picture of all the
examined fish showed acute damage to the organs most supplied with blood (Kolada 2022).

Initial investigations into the causes of the disaster do not include the study of bottom
sediments of reservoirs on the upper Oder and those in the fields between groynes. The death
of fish and fauna, mainly coastal, may be caused by chemical pollution of waters (dissolved
sediment) and/or re-suspension of suspended sediment - but not by "clean" dragged sediment.
Eliminating, among many factors affecting fish kills, chemical pollution of waters (this fact was
not clearly defined in relation to the sediment dissolved in the Oder in the summer of 2022 -
apart from the incidental appearance of Prymnesium parvum), is the only phenomenon among
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fluvial processes that could have caused a catastrophe ecological, is the appearance of excess
floating debris in the river. This phenomenon is schematically depicted in Figure 2 - situations a-
e. The condition for inclusion of the suspension (A) deposited for many years at the bottom of
the channel is its re-suspension caused by (B) lowering of the water table in the river to the level
allowing it to emerge (hydrological drought - summer 2022), then drying as a result of
evaporation (E) of the layer suspension formations (high air temperature - summer 2022) so
that they are formed from a continuous layer (A) (e.g. the current of the San River), fragmented
forms in the shape of polygons (B) (San and Biebrza) and with their further disintegration
resulting from drying of the ground, intensified by the lowering of the water table, separate forms
in the shape of "cup" are formed - very susceptible to fluvial transport (Fig. 2c). These forms,
after evaporation of water (E), are loosely located on the alluvium and after condensation of
long-term pollutants, they are so light that they deflate even with gusts of wind. In the case of
the Odra River, this was not the case, because these forms were lifted by a water wave from
torrential rainfall at the end of July in the Czech Republic and Southern Poland (Polish Waters
message), and then incorporated into the channel process (Fig. 2d) and along with the rivers
were fully resuspended (Fig. 2e, point 4 for the Rioni River - Georgia).
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Fig. 2. Development stages of the Odra channel processes (higher out-of-current levels) in
the summer of 2022 during: a - water levels preceding the drought / accumulation of fine-grained sediments (A),
b - hydrological drought with the water table at the contact of sandy alluvium / drying of sediments and ¢ - below
alluvial top/beginning of detachment of sediments from the bottom, d - phase of water level rise, flooding of dried
sediments and inclusion of dried polygon-shaped (B) or "cup-shaped" forms (C) into the trough process, e - full
resuspension of suspension formations; supplemented with photographs of the bottom of the San and Biebrza
riverbed during the drought in the summer of 2022 with forms depicting the drying process of the mud-clay layer in
the shape of "bowls". Explanations: 1 — river alluvia, boulders at the bottom; 2 — silt-clay formations (former
suspension) in three stages of development during: (C) detachment from the bottom and (D) transport; 3 —
suspension transport; 4 - suspension dissolved (in resuspension) - (R) in a catastrophic amount (killing fish); 5 - water
level in the river: E - evaporation, T - time, P - precipitation, V - water flow, D - distance.

Discussion. This sudden process in time and on a relatively long section of the river
(which is why it is elusive and difficult to determine, which results from the current ignorance
about the cause of the disaster), became the reason for the huge saturation of the water with a
toxic suspension, which released suffocation and lack of oxygen on an unprecedented scale. in
the water, and thus the tragedy of the fish being killed. The process, which was deadly for fish,
started in Lipka on the Oder on June 26, along with the runoff of post-rain waters (possibly and
reservoir waters) successively flooding these areas of the channel bottom in the form of a wave,
moved downstream until reaching the Oder delta zone, i.e. August 11, 2022 in Szczecin (Fig.
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1). It should be added that the phenomenon described above may occur in places where silt-
clay formations (originally suspended rubble) are emerging and subject to drying, because in
the current zone they are compact and resistant to erosion (Fig. 2, San current).

For a full explanation of the process of pollution of the Oder waters in the summer of
2022, presented in Figure 2, it should be stated that both the lack of field documentation of the
phenomenon of disintegration of silt-clay formations (there is no information or photographic
documentation on this subject - which was done, among others, on the river San, Biebrza - Fig.
2), as well as tests of water for suspension downstream to Szczecin, because almost
exclusively the focus was on chemical contamination of water. On the other hand, the situation
C presented in Fig. 2 was developed theoretically from field observations, the so-called post-
rain requirements, after which the forms in the shape of "cup"” remain. Regardless of the lack of
documentation of these forms in the Oder, phase B, supported by photographs of the San and
the Biebrza (Fig. 2), could result in the resuspension of suspension formations accumulated
over many years, but in the case of these rivers this phenomenon has not been found (lack of
information), because it should be presume that they were not completely dried and detached
from the alluvial substrate, which would have enabled them to be later included in the fluvial
transport. Finally, it should be added that the process of re-suspension of silt-clay formations
(killing of fish), which is harmful to the environment, also has its positive effects, because the
Odra river bed will be free of polluted sediments for a long time (the scale of the phenomenon is
unknown). In order to make this information credible, research should be carried out - to what
extent and on what sections of the Oder River is "cleaned" after this ecological disaster. In
addition, it should be noted that fish kill occurring in lakes and retention reservoirs has little to do
with the process of suspension resuspension, as it occurs almost exclusively in rivers. The
chemical composition of bottom sediments accumulated in reservoirs or ponds depends on the
properties of pollutants reaching the waters of the reservoir and on environmental factors.
Sediment contamination with toxic compounds is a serious problem for aguatic ecosystems. In
the case of strongly flowing reservoirs, e.g. during floods, the previously deposited sediments
are displaced (Achrem, Gierszewski, 2007). This may cause the release of toxic substances
accumulated in them and secondary water pollution. The research shows that it is the
suspended rubble that is the "carrier" of the most dangerous pollutants. Many publications draw
attention to the negative role played by suspensions and impurities adsorbed on them, mainly
heavy metals, in the aquatic environment (Barbusinski et al. 2012). Studies on the content of
heavy metals in suspensions in the Oder basin have been described in many studies
(Barbusinski et al., 2012; Adamiec, Helios-Rybicka, 2002a, Adamiec, Helios-Rybicka, 2002b;
Helios-Rybicka et al., 2005). They showed heavy metal contamination of suspensions in rivers
flowing through areas heavily anthropogenically transformed. Heavy metals transported in the
aguatic environment are subject to, among others, adsorption processes by clay minerals and
organic matter, which means that they can be transported further in the form of a river
suspension, and under favorable conditions, subject to sedimentation (Brekhovskikh et al.,
2001). Therefore, dam reservoirs are places of particularly intensive accumulation of suspended
solids. Hydrological conditions, including, above all, the reduction of the water flow velocity on
the section of the river dammed up by the dam, are an important factor influencing the
diversification of the concentration of heavy metals in the sediments of the reservoir
(Lenczowska-Baranek 1996). A particularly large accumulation of toxic substances, including
heavy metals, occurs in the sediments of reservoirs formed on heavily polluted rivers, such as
the Oder.

Conclusions.

1. Lack of confirmation of contamination of the Oder waters by dissolved sediment
(chemical compounds mainly from denudation, fields and industrial and municipal sewage) in
the summer of 2022 indicates that the cause of the ecological disaster (killing of fish) is the
excessive supply of suspension from the resuspension of toxic sediments accumulated over
many years silt-clay.

2. The process of activating suspension sediments accumulated on the bottom of the
channel (outside the current zone) in rivers is possible only when they are dry, i.e. during
hydrological drought (water table below the sediments) and high air temperature.
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3. The dried sediments are light, detached from the substrate (alluvial), which makes it
easier to collect them and move them downstream when water returns (precipitation, water
discharge from the reservoir, etc.).

4. Along with the transport of sediment sheets in the form of polygons (ultimately "cups"),
they are resuspended, resulting in a strong concentration of suspension in water and chemical
pollution, oxygen limitation, which, together with the accompanying suffocation, causes the
death of fish.

5. However, such a catastrophic situation in the transport of the Odra debris results in a
positive fact - cleaning the bed from toxic sediments accumulated over many years, which may
indicate that this process will not be repeated so quickly in time.

6. The environmentally catastrophic situation of the Oder River should not be related to
the frequent Killing of fish in lakes and artificial water reservoirs - unless such a process takes
place with the participation of humans, as was the case on the Wioctawski Reservoir in May
1986.
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MoTeHUiNHi NnpnYnHKM eKkonoriyHoi kaTacTpodum piuku Oagep BniTKy 2022 poky

Babiubcbki 3., Xabenb M.

Y nunHi ma cepnHi 2022 poky Ha piyui O8ep cmanacs Halbinbwa 6 icmopii ekonoeiyHa Kamacmpogba.
Macwmabu kamacmpogbu euknukanu wupokul pesoHaHc y [Monbwi ma €eponi. BunosneHo noHad 700 mMOHH
mepmeoi pubu. Kinbka rnpuduH MOXHa esa)kamu OCHOBHOK MPUYUHOK Kamacmpoghu, 8i0 Had3sudyalHO HU3bKO20
cmoky, wo mpueas rmoHad 80 OHig, 00 nepesuuweHHs1 ennuey 3abpyOHYUX pedosuH. Halibinbwe 30usysaHHs
BUKIUKasa HasieHicmb y 800i 6iono2iyHux opeaHismie Prymnesium parvum, siki ni@ 4dac 3aeubesni eudinsioms
moKcuHu. Y yiti pobomi nokazaHo O00HY 3 MOMEHUIUHUX MPUYUH WeUOKO20 rno2ipueHHs skocmi 8o0u. 3acgidyeHo
CceOUMEHMOIo2idHi yMo8U, SIKi MOMEHUIUIHO MOXymb 8UHUKHymu Ha pidui Odpa 3 4YepeHsi 1o cepreHb 2022 poOKy.
BkaszaHo 0CHO8HI epyriu 3abpyOHIKYUX PEYOBUH, SIKi MOXYmb Hadxodumu 3 OOHHUX gi0Kradie y 800y piuKuU.

Knrouoei cnoea: ekonoziyHa kamacmpodgba, piuka Odpa, MoKCUYHiCmb HaHocie, 2i0posioaiyHa rnocyxa.
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Msaceubka C.I.
YkpaiHcbkul 2idpomemeopornoeiyHut iHcmumym JCHC Ykpainu ma HAH YkpaiHu

HECMPUATNNBI ATPOMETEOPOJIOINYHI ABULLA HA TEPUTOPII YKPAIHU
NMPOTAIMOM 2006-2020 pp.

Cmamms npucesiyeHa 00CNIOXEHHIO M0200HUX YMO8 HECMPUSIMIUBUX a2poMemeoposioaiyHUX asuw, (3acyx)
Ha mepumopii YkpaiHu npomsicom n’smHadusmupiyys 2006-2020 pp. Mema pobomu — ecmaHosumu ocobniueocmi
memnepamypHO20 ma B80/102iCMHO20 pPexuMy y Micsyi mernno2o nepiody pPOKy Mpoms2oM OKPeEMUX POKie
0CMaHHb020 M’'AMHadUsAMUPIYYs, 38axkaroyu Ha 3acyxu, siKi crnocmepizanuce y uboMy nepiodi. [ns KoxXHo20 poKy ma
micsuyss docnidxysaHo2o rnepiody 6yno 30ilicHeHO aHari3 8idrnosiOHUX Mo200HUX YMO8, SIKi Cyrnpo8odxysarsnu 3acyxu
Ha mepumopii YkpaiHu. [JoeedeHo ennue memrepamypHUX yMo8 ma ocobnueocmel 3807/I0KE€HHS Ha
mepumopianibHe pPO3rOBCIOOXEHHSI ma mpusasnicmb 3acyx. 3aeamom rnpomsaoMm 00CiOXKyeaHO20 nepiody
8CMaHOB/1eHO, WO 3acywueux seuw He criocmepieanock nuwe y 2012, 2016, 2018 ma 2019 pp. 3acyxu moanu
po3arno4duHamuck y nosimpi, abo y epyHmi ma 3 4yacoMm nepepocmamu y MnosimpsiHo-2pyHmosi. Y10 pokax
docnidxysaHoz2o mnepiody criocmepieanuchb XOPCMKi M08IMPSHO-2PyHMO8I 3acyxu Ha 3Ha4yHUX mepumopisx
30ebinbwoego 3acyxu criocmepiganucb 3 KiHUs Y4epsHs 00 KiHUS IUMHSA, Npome 8 OKPpeMUuX poKax 3acyxu moamu
posrioyamuchk 3 K8iMHs ma criocmepicamuchb 3 rnesHUMu rnepepsamu 00 rnovyamky (cepeduHu) oceri. ¥ 2011 p.
criocmepizascs e8unadoK rnosimpsiHOI 3acyxu HarpukiHyi mromoz2o ma y bepesHi. Kpim moeo e okpemux pokax
rno8impsiHo-2pyHMOo8i 3acyxu Moa/u criocmepiecamuchb 80CEHU He MinbKu 3 i noyamky, a t 0o ii kiHys (nucmonad
2011, 2015 p.). 30ebinbwiozo mepumopianbHO 3acyxu npomszom 2006-2020 pp. crnocmepieanucb Ha cxoli,
niedeHHomy cxo0i ma nigOHi, Mpome Moesnu criocmepieamuck i Ha 6inbwili YacmuHi KpaiHu, 8KMoYa4u 4acmuHy
nigHiYHUX mepumopitl. B okpemi poku rnocywnusi sguua cyrnpogodxyearsnuck Cyxosismu ma rnuaosumu bypsamu.

Knro4oei cnoea: mepumopisa YKpaiHu, micsui mennoeo nepiody poKy, 3acyxa, nocywrsnusi seuwa,
memnepamypHi yMo8U, Xxapakmep 380/10)KEHHS.

BcTyn, akTyanbHicTb TeMu gocnimkeHHA. [na TepuTtopii YKpaiHu y Tennuin nepiog poky
TUNOBUM SABULLEM € BUHUKHEHHSA HECTNIPUATIIMBUX arpOMEeTEOoPOSIoNivYHUX ABULL Y BUIMA4I 3acyX,
CYXOBIiB Ta NnNoBux 6yp B OPHOMY LLapi rpyHTY. Taki NorogHi asuLLa € Aayxe HecnpuaTInsBMMu
He TiNbKM ANSA CinbCbKOrocnogapcbkoro BMpobHMUTBA, a M BOOHOrO rocnogapctea (piske Ta
TpMBarne 3MeHLLEHHSI PiBHA BOAM Y pivkax Ta rigpoTexHiyHux crnopygax). ig Yac BUHUMKHEHHS
3acyx NopyLyeTbCs BeretTauiiHin LMK BUPOLLYBAHHS CiflbCKOrocnogapcbKol NpoayKuiil. AKLo
BMHUKNA 3acyxa paHHbOBECHsHA, abo HaBiTb 3MMOBO-pPaHHbLOBECHSIHA, TO Lie NPU3BOAUTL [0
iIMOBIPHUX 3HA4YHO GinbLU Mi3HIX CTPOKIB CiBOWM SpMX KynbTyp BHACNiLOK HEAOCTATHbLOI KiflbKOCTi
BOJIOMN B FPYHTI, @ TaKoX MepeLUKOMKaHHS BereTauii i po3BUTKY O3MMWHK, SIKiK Ansa Beretauii
BKpan HeobxigHa Bosiora Ta nomipHe Tenno. B uinomy Anga nociBHOT kaMnaHil BUKOPUCTOBYOTb
AeKinbka CTPOKiB CiBOM — paHHsA, y CTPOK Ta Mi3HA ONsi BUKOPUCTAHHA sikomora bGinblue
CNPUATIMBUX YMOB Ta MOXNMBICTIO KepyBaTu NociBHMMK nnowamu. Ocobnmneo Le BaXnnMBo Ans
rocnofapcTs, siKi 3HAXOAMUTLCS Ha TEPUTOPISAX i3 NepeciYeHO MiCLEBICTIO, A€ NOTPIOHO NeBHNM
YMHOM MaHeBpyBaTM 3a4ns YCMILWHOrO MPOBEAEHHS Cinbckorocnogapcbkmx pobiT. lMpoTte
BUMYLLEHE BMKOPUCTaHHSA TifNbKi OOQHOro BMOY 3 HUX MOXe MOripnTX CUTyauito 3 noganbLlumm
BMpoLLyBaHHAM. J1iTHI 3acyxu, ocobnueo gosrotTpusani, HebesneyHi 3 To4KM 30py POPMYBaHHS
BpoXato GinbLiocTi KynbTyp. OcobnmBo Le BNMBae Ha (popMyBaHHSA BpOXak 3epPHOBUX, KOSK
BHacnigoK Mocyxu Ta BMCOKOro TemnepaTtypHoro )OHy BUHWKAE Tak 3BaHWWA 3anan 3epHa —
TOOTO hopMyBaHHS HEAOCTATHLO PO3BUHYTOI 3EPHIBKU i3 NogarnblUMM il BUCUXAHHSM, a TakoX
3pimKeHHAM nocisiB. Ha BMPOLLYBaHHA TEXHIYHUX KyNbTyp (LyKpoBUI BYpsIK, COHSIX, KyKypyAa3a)
NiTHA 3acyxa BMNAMBae TaKOX, 34e06inbloro B'sSSHEHHSIM MOCIBIB Ta MOLUKOMAXKEHHAM BpOXalo,
KM novaB opMyBaTUCh. Lle cToCcyeTbCs i NITHBO-OCIHHIX 3acyX, KOS BereTauis nocieiB Moxe
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3aBEpWNTUCb AOCTPOKOBO, @ TaKOX KOMWM CTBOPKOKOTBCS Hecnpuatnuei ymoBu Ans 36opy
BpOXat BHACNIAOK MEpecyLUeHHs TPyHTY, abo 34iACHEHHs1 MNOCIBHOI KamnaHii O3UMUHM.
BuginaioTe aTMocdeHy, rpyHTOBY Ta MOBITPAHO-TPYHTOBY 3acyxy. [JOCUMTb 4acTo 3acyLlunuvBi
SIBULLIA BMHMKAIOTb MOCTYMOBO, PO3MNOYMHAKYNCE i3 aTMOCHepHOT abo rpyHTOBOI Ta MOCTYMNOBO
nepepocTarydn y MNOBITPSHO-TPYHTOBY 3acyxy. Hanbinbw HecnpusatnMBMM Ta 3arpo3fnnBuM
SABULLEM [ONS CifbCKOrocnogapcbkoro BUPOBHULTBA € came MNOBITPSAHO TPyHTOBaA 3acyxa,
0COOMMBO KON BOHA CMOCTEPIraeTbCa Ha 3HAYHMX NIoLlax Ta CynpPOBOMAXKYETLCA CyXOBIAMU YN
nunoeumu Oypamn. Tpeba 3a3Hau4MTK, LLO Cy4aCHOK O3HAKOK 3acyX OCTaHHIX POKIB € iX
TpMBanicTb, IMOBIPHICTb AEKINIbKOX eTaniB il NPOTAroM MiCAUiB TENSIOr0 CE30HY Ta iMOBIPHICTb Ti
HacTaHHA 6e3 nonepeaHOro HapacTaHHA ABMLLIA.

3Baxaroum Ha BULLEBUKNAOEHE OOCIiAKEHHS 3acyX Ha TepuTopii YkpaiHM Ha cy4yacHoMy
eTanei 3aMiHW KniMaTy € Haa3BMYaMHO akTyarbHUM AN BU3HAYEHHSA CTaHy NOrogHMX YMOB Ha
TepuTopil YKpaiHm y Tennuin nepioq poky NpOTSAroM ocTaHHix 15 pokie Ta BUPOOMEHHs cTpaTerii
Cy4acHOi NpoaoBONbYOT Be3nekn KpaiHu.

MaTtepianu Ta mertoau. [Ans onpautoBaHHs Oyno BUKOPUCTAHO MaTepianu 3i CTaHy
norogHux ymoB npotsarom 2006-2020 pp., gki po3miweHo y wopidHnx «Ornagax norogu Ta
CTUXIMHUX TiOPOMETEOPONOriYHUX SBULL, Ha TepuTopii YKpaiHM», B HMUX TaKOX BUCBITIIEHO
HasIBHICTb HECMNPUATIIMBMX arpoOMETEOPOSIONYHNX SABULL Ha TEPUTOPIT KpaiHW, KON BOHU Manu
micue. Matepiann HagaHo LleHTpanbHol rediisanyHol obGcepBaTopieto imeHi Bopuca
CpesHeBcbkoro, M. Kuis. Bigainom LieHTpanbHOro ranys3eBoro apxisy.

MeToto po60Tn 6yno OuUiHUTK CTaH NOrOAHMX YMOB MO OKPEMMX MiCALSIX TENMOro nepiogy
POKYy NpoTArom ocTaHHix 15 pokiB (2006-2020 pp.) nig Yac BMHWKHEHHSI 3aCyX Ha TepuTopii
YKkpaiHM Ta BCTaHOBUTM Hambinblw HebesneyHi 3acyxu MPOTArOM Cy4yacHOro etany 3MiHu
knimaTy B YkpaiHi. O6’ekTomM gocnigkeHHs 6ynu norodHi yMOBM 3acyX MPOTAroM OCTaHHiX 15
pOKiB, @ NpeaMeToOM TUM Ta PO3NOBCIOIKEHHS 3acyX Ha TepuTopil YKpaiHM Y BU3HAYEHUI Yac.

Ha TenepiwHi yac HaranbHOK NoTpeboro € AOCNIMKEHHA CyHaCHOro CTaHy BUMHUKHEHHS
Ta PO3NOBCIOAXEHHS 3aCyX Ha TepuTopii YKpaiHuW, 3BaXKaroumn Ha NOTOYHI 3MiHM KrimaTy.

Ornap ctaHy npo6nemu. BuBYEeHHs MOrogHMX YMOB BWHWMKHEHHS 3acyX —
TeMnepaTtypHoro ¢OHYy Ta YMOB 3BOSIOXKEHHA 3aBXau Oynu npiopuTETHMMKM B MNpOLUECI
AOCNiAXeHHA MexaHi3aMiB yTBOpeHHSA 3acyx. CyyacHi JocnigkeHHs TemnepaTypu nositpsa Ta 1l
3MiH Ha TepwuTopil TMiBHIYHOI MiBKYNi BeOeTbCH BXe AeKinbka OeCATKIB pokKiB AoCrigHUKamu
baratbox gepxaB. [nsi TepuTopii YKpaiHM Takox NpoBOANTBCA Taki AOCHIIKEHHS HU3KOM
BYEHMX-KNiMATONOriB. Y LbOMY CeHCi, Hanbinblw OOKNagHMX nonepefHix pobiT, Ae BUKNageHo
OoKpeMi pesynbTaTv AoChigXeHb i3 Lboro nNutaHHs € MoHorpacdia «Knumat YkpauHbl» [9], ge
KOMMMEKCHO PO3rnsHYTO YCi CKNagoBi KniMaTy KpaiHW, 30KpeMa i NpoCTOPOBO-4aCcoBUIA PO3MOAIS
TemnepaTtypu noeiTp4. [JonoBHeHa Ta oHoBreHa iHbopmMaLis Woa4o0 Cy4acHOro Ha Tol Yac CTaHy
KnimMaTtn4yHoi cuctemm B YkpaiHi nogaHo y moHorpadii «MNpupoga YkpauHckon CCP. Knumat»
[26]. TMpoTe 6inbWw yHOAMEHTANbHO NWUTAHHA OCOGMMBOCTEN Ta AUHAMIKM PO3MOAiNny
TemnepaTtypu NOBITPS Ha Teputopii YKpaiHW, 9K OOHOrO 3 rofIOBHUX €ENEMEHTIB KnimaTy €
MoHorpadgois «Temnepatypa Bo3gyxa Ha YkpavHe» [1], B Akin nogaHo aHani3a matepianis
CMOCTEPEXEHb 3a TemnepaTyporo NOBITPSA 3 OCTaHHbOI 4BepTi XIX cTopiyus oo nodatky 80-x
pokiB XX cTopivusi. Byno BCTaHOBMEHO, WO HaWbINbLUi BiAXMNEHHS Big HOPMU CMOCTEpIraThCs
y 3umoBi Mmicaui. Cnupatoumce Ha pobotn K.T. JloreuHoBa Ta M.B. Bapabaw [4, 20, 21] ski
BUKOHaHi Ha emnipnyHoMy maTepiani TpueanicTio 80 pokis (1900-1980 pp.), BCTaHOBMEHO, L0
HanbinbLWi 3MiHM TemnepaTypu MOBITPA BUSIBUNUCH NiBAEHHIWe 49° nBH. L., 0COGMMBO SKLLO
posrnsgatu TemnepaTtypy MOBITPS 3a pik. |3 3MEHLWEHHAM LWMPOTU NOTENMiHHA KhiMaTty
nocnabnioetbca. Ak csigyatb pesynbtatu pobotn [20] BMKOHAHI Ha OCHOBI pPO3pobKM
eMMipMYHOi Mogeni cydacHUx 3MiH knimaTy [27], 3MiHM TemnepaTypu NoBiTpst Tpeba ouikyBaTh y
3MIMOBUWIA CE30H, 3a paxyHOK 4Yoro 3MiHMTbCA i piyHa Temnepartypa noBiTps. 3rigHo go [21] Ha
ocHosi gocnigpxkeHb M.l. Byauko [6] Ta emnipnyHoi mogeni K.A.BiHHikoBa [27] Byno 3actocoBaHo
aBTOKOpENAUiMHMI aHani3a Ta MeTOA CEeneKTUBHUX NepeTBOPEHb Ta BUSIBNEHO, WO iCHYHOTb
Jekinbka nepiogis 3MiH piyHOi TemnepaTypu nosiTpsa 9, 13-14, 18, 21, 26-27 pokis. PesynbTaTy
noganblmx LOCNiAXeHb, CTOCOBHO HOBWMX 3MiH Yy rnobanbHOMY Ta perioHanbHOMY KniMmarty
BUKNageHo y [4, 15], a Takox y MoHorpacii «Knimat Ykpainny» [10].

Ha ocHoBi aHanizy JOCTOBIpHUX eMMipUYHUX AaHUX NPOo NpU3eMHy TemnepaTtypy noBiTps
NPOTAroM ocTaHHiX 150 pokiB Ta i AMHaMiKy N0 OKpPEMUX YaCcoBUX iHTEpBasax 4Yacy 3a aHumu
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[14] icHye rnobanbHMn Ta CNPSMOBAHUIA Yy Yaci TpUBanuin BrfMB Ha KIiMaTUYHY CUCTEMY OBOX
UMHHUKIB — 30iNblUEHHA eMaHaLii NapHUKOBMX rasiB, sk CBigYUTb gocrigpkeHHs [7, 8, 19] Ta
3MiHa BEKTOPY KYTOBOI LUBMAKOCTI obepTaHHA 3emni. [nsa TepuTopii YkpaiHu 3anponoHOBaHO
CUeHapin 3MiHW KkrimaTy Ans YkpaiHu Ha Thi 3aranbHOro niaBuLLEHHS TeMnepaTypu 3pobneHo
B.M. Bornowykom [28] B.M. ta Bonouwykom i C.I'. BonueHko [29]. Ak cBiguyaTh pesynbTaTty
pocnimpkeHHs  [28, 29] Ha OCHOBIi MaTremMaTM4YHOro MOAEenioBaHHA Ta Martepianis
naneokniMaTUYHOI PEKOHCTPYKLIT MUHYNNX TeNnux enox nobyaoBaHo HaniBeMnipuyHy Moaens
LUMPOTHOro noTtenniHHA y [MiBHIYHIM niBKyni, sika CBig4YNTb NpPO Ginbll iIHTEHCUMBHE 3POCTaHHS
cepedHbOopiYHOI  TemnepaTypyu BIiAHOCHO rnobGanbHOro notenniHHA. Edekt nonspHoro
niacuneHHs rnobanbHOro noTensiHHA BUABNSAETbCA, $SK MNPOsIB  3aranbHOi  TeHaeHUil
NPOCTOPOBO-4aCOBOrO  BUPIBHIOBAHHA  KNIMaTUYHOrO MoNs  MpU3EeMHUX TemnepaTyp Ta
3MEHLUEHHS i amnniTygu npu 3aranbHoMy HarpiBaHHi 3ewmni. NMpo ue ceigyatb maTepianm
HaBefdeHi y Climate change 2007 [8]. MogenbHi po3paxyHKM | aHanmia KniMaTu4HuX
NnaneopeKkoHCTPYKUIN Ta CTaTUCTUYHMIW aHani3 HasedeHwn y [5, 27] ue nNiaTBepaXylTb Ta
MaloTb CXOXMWI pe3ynbTar.

BaxnuBMm nuTaHHaM Y OOCNIAXKEHHI 3MiH Yy  KITiMaTUYHING  CUCTEMiI  HaneXxuTb
nepeTBOpPEeHHD aTMocepHol uupkynauii. Lle nutaHHsa BUCBITAEHO Yy HuM3ui pobiT B.®.
MapTtasunHoBoi [22-24]. byno pgoBegeHo 3MiHM Yy BenMKOMAaclUTabHOMY NepeTBOPEHHI
aTtMocdepHin UMpKynauii Hag ATNaHTUKO-EBPONENCHKMM CEKTOPOM, Ska B CBOIO Yepry BMIIMBaE
Ha UMPKYNAUilo NoBiTpa Hag YKpaiHoW, a came po3TallyBaHHI LeHTpiB Ail atmocdepn (LIOA)
NPOTAroM pi3HUX 4YacoBMX iHTepBaniB. byno BCTaHOBMNEHO, WO (OpPMyBaHHS HaWbGINbLU
3arpos3nMeMx nocyx Yy cepeauHi XX cTopiyyss Bu3Hadanucb A3OPCbKMM Ta ApPKTUYHUM
MakCMMyMamu 3a YMOBMW IX OOHOYACHOT aKTUBHOCTI, MPOTAroM OCTaHHIX AecsaTupiv atMmocdepHa
UMpKynauia amiHMnach y 6ik aMeHLeHHa Ti 4acoBOil CTIMKOCTI Ta pi3koi TpaHcopmauii 3a akoi
nocywnMeomMmy atmocdepHoMy npouecy Ta BUCOKMMWM TemnepaTtypamu MNoBiTPA MoOXe
nepegyesatun Bonornin npouec. Cepen eTanoHiB GapudHux Monie, 4k BignosiganbHi 3a
YTBOPEHHS MOCYLUMMBUX YMOB BUAINATLCA HACTYMHI — MpU Pi3KOMY BTOPrHEHHI XOMNogHOro
noBIiTPA i3 nNiBHOYI (MiIBHIYHOrO 3axody, MNIBHIYHOMO CXO4y) 3 OcepenkiB BUCOKOrO TUCKY;
noTpannsHHA Ha TepuTopilo YKpaiHM aHOManbHO TEnsioro rnoBiTps i3 3axody, niBOHSA Ta CXOAY;
BTOPrHEHHS TENSIOro KOHTUHEHTanbHOro nosiTpA 3 Ypany. [Npote Hanbinbw HebesneyHum
NpOLECOM € MiBAEHHWUN, AKUN € HanbinbLl pPyMHIBHUM 3a CBOIMW Hacnigkamu. Ha Ttenep 3miHm
knimaty € rnobanbHuMmn reorpadiyHuMM npobriemamu, siki CyTTEBO BMIIMBAKOTb Ha CTanun
pO3BUTOK YKpaiHM Ta 3rigHO o gocnigxeHHam [12, 17, 25, 30] noBMHHI BpaxoByBaTUCL AN
0BrpyHTYBaHHA CXeM panoHyBaHHS TePUTOPIi YKpaiHW B KOHTEKCTi CTanoro po3BuTKy.

[o octaHHix nybnikauin 3i 3MiH knimaty, i B nepwy 4epry 3miHuW, siki BigbGyBaloTbCa Yy
NPOCTOPOBO-4acoOBOMY PO3MOoAini cepeaHbOi MiCAYHOT TeMnepaTypu MNOBITPS MOXHa BigHECTU
OOoCniopKeHHs, ake Bigobpaxkae 3MiHM TemnepaTypu NOBITPA Ha TepuTopii YKpaiHW HanpukiHui
XX Ta Ha no4vatky XXI ctopiyug [3], Ae ANg KOXHOro Micaus npoBefeHo MOpPIBHAHHA HOPMU 3a
45 pokiB (1961-2005) i3 cTaHAapTHOW KrimaTonoriyHot HopMoto 1961-1990 pp. Ta BU3HAYEHO
po3TallyBaHHs i30TepM Ha TepuTopil YKpaiHn. BctaHoBneHOo, Wwo y 3B’A3Ky i3 rnobanbHumm
3MiHamMu KnimaTy i B nepLly yepry noTenniHHA, ske TpmBano npotarom 1991-2005 pp. cepegHs
MicsiuHa TemnepaTtypa 3a3Hana Hanbinblw 3HavyHMX 3MiH. BoHa cTana Buwow gns OinbLIOCTI
MiCAILIB 32 BUHATKOM BepecHs, nucrtonaja Ta rpyaHsa. Ha ocHOBI BXe OoTpuMaHux pesyrbTaTiB
Ta BUKOPUCTOBYHOUM OCYyYacHEHi AaHi, 30Kpema i no temnepaTypi MOBITps, ANA Teputopii
YkpaiHm 6yno npoBegeHo Ginbli I'PYHTOBHE AOCNIAXEHHS CTOCOBHO 3MiH NONSA TemnepaTypu
noBiTpA y MoHorpadisx «Knimat Ykpainn» (2003) [10], «[datn nepexogy TemnepaTtypu MoBiTps
B YKpaiHi 3a cydacHux ymoB krimaTy» [11] Ta «[dnHamika TemnepaTypu noBiTpsa B YKpaiHi 3a
nepiog IHCTpPYMEHTanbHUX METeOopOorioriyHMX cnoctepexeHb» [2], a TakoX MoHorpadito
«MmobGanbHble U pernoHanbHble M3MEHeHna knumaTa» [16]. Baromum pocrnigpkeHHsM Ta
rpyHTOBHOI 62300 ANs HayKoBOro CYNpPOBOMKEHHSA CiNlbCbKOroCnoAapCbKoro BUMPOBHULUTBA
ocobnmeo ana pocnvHHMuTBa € MoHorpadia B.MM. OmutpeHka «[lloroga, knimat i ypoxau
nonboBux KynbTyp» [13], Oe y3aranbHEHO O0CBiA NPOrHO3yBaHHS BPOXak Pi3HUX KynbTyp B
3arneXHOCTi Big MOrogHNX YMOB Ha OKPEMUX TEPUTOPISX YKpaiHu.

Buknaa ocHOBHOro wmartepiany pocnigkeHHA. Buknag wmatepiany y crartTi
CKNadaeTbcs 3 2-X YaCTUH, NepLua 3 SKUX BUCBITMIOE CTaH rorogHUX YMOB MO OKpPeMUX MiCALSX
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TENnnoro nepiogy POKy Yy OOCMigXKyBaHi POKM OCTaHHbOro 15-u pivys, konm cnocrtepiranncb
3acyxu, a gpyra BignoBigHo 6e3nocepenHbO 3acyxu, iX TUN PoKKu, MicsLi Ta Micus iX nposiBy

1. MoroaHi ymoBM y Micsili Tennoro Ta nepexigHMX Ce30HIB POKY NPOTArom
2006-2020 pp. nig 4ac 3acyx B YKpaiHi

Ans pocnimkeHHs 3acyx HeobXigHUM € 3'dCyBaHHs MOrogHuWX YMOB (Temnepartypu,
3BOSIOXKEHHS, BUHWKHEHHS ), siki nepegysBanu abo CynpoBOAXyBanu iX MNPOTSArOM MEBHUX
MicsauiB. HaTenep HanGinbLl BaXKMBUM € AOCIIIKEHHSA TaKMX YMOB MPOTSArOM OCTaHHiX 15 pokiB
3 2006 no 2020 pp. Ona por3rnsgy 6yno 3anyyeHo iHpopmauito WOAO cepeaHboi MiCAYHOT
TemnepaTtypu MnoBiTpA Ta MICAYHOI KiflbKOCTi onagiB BiAHOCHO HOPMW Yy MicsaUi 3 KBITHA nO
KOBTEHb, MPOTAroOM sikux BigbyBanucb BUNAAKM YTBOPEHHS Pi3HOro BMAY 3acyx Ta siBUL, SAKi iX
cynpoBoaxyBanu (cyxosii, nunosi Oypi). [daHi woano umx ymoB nogadi y tabnuui 1. Tpeba
3a3HaunTW, WO 3acyxa pi3HOro Buay (aTtMocdepHa, rpyHTOBa, aTMOCHEpPHO-TPYHTOBA) Ha
TepuTopil YKpaiHM NpOTAroM OCTaHHbOIO MATHAZUATUPIYYA cnocTepiranack gye 4yacto, y 11-u
3 15 pgocnigxyBaHuMx pokiB. 3asHauummo, Wo uvacTiwe ue Oyna Hanbinbw HebesnedHa
aTMocdepHO-TPYHTOBa 3acyxa, fika € HaUTSHXKYOK Ta HarHebe3neyHiL oL i3 3acyx, Wo crnpuse
HanbinbWKnM BTpaTaM B arponpommucrioBomy komnnekci. Tinbku y 2012, 2016, 2018 ta 2019 pp.
3acyxa, ik HecrnpusTnMBe arpoMeTeoporioriyHe ABuLLEe He cnocTepiranach.

3 cepeavHM BECHAHOro Ce30HY Ha Nno4vaTKy OCHOBHOI NOCIBHOI KamnaHii y KBiTHi 2006-
2020 pp. cepegHsa MicayHa TemnepaTypa MNoBITPSA 4OCUTb YacTo Oyna BuLLE HOPMU NepPeBaXXHO
Ha 1-2(3)° C, y oKpemMunx pokax BoHa mMorna 6yTu 3Ha4yHo Buwot —y 2016 (2-5° C) ta 2018 (3-7°
C). Y 5 pokax — 2006, 2007, 2015, 2017, 2020 cepegHsa mica4Ha TemnepaTypa noBiTpsa Gyna
6nn3bka 0o Hopmu, abo MicusiMn Ha TepuTopii YkpaiHn 6ynu ii He3HaudHi konuBaHHS Yy OiK i
3pocTaHHs, abo 3HWXKeHHA. [na onagiB 6yno BCTAHOBMEHO, LLUO Yy MEBHi POKM X KINbKICTb
AO0CTaTHbLO ICTOTHO KonueBanack no tepuTtopii. Y 6 pokax (2007, 2009, 2010, 2013, 2018, 2019
pp.) onaais 6yno nepeBaxHO MeHLIe HOpMK (nogekyan 6nm3sbko Homu), y 5 pokax (2008, 2012,
2015, 2016, 2017 pp.) 6inbwe HopMK (NOAEKYAM 3HAYHO) i Y 4-X pokax GrvM3bko HOpMK (Ha
OKpeEMUX TEPUTOPIAX AELLO MeHLe). 3Baxaroum Ha Le MOXHa ckasaTu, Lo YMOBM AN NociBy Ta
noyaTky BereTauji
Oynun BinbL - MeHLW 3a40BINbHi.

Y TpaBHi NnepeBaXHO cepeaHs MicA4yHa TemnepaTypa noeiTps Gyna BULLOIO 3a HOpMY Y
7 pokax (2007, 2010, 2012, 2013, 2014, 2018, 2019 pp.), npuyomy Tpeba 3ayBaxuTu, LIO Y
2007, 2012 T1a 2013 pp. nepeBuLLLEHHS HOPMX CTaHOBMMO A0 4-5°. Bnuabko HopMK cepenHs
MicsiuHa TemnepaTypa noitTps 6yna y 6 pokax (2006, 2008, 2009, 2016, 2017, 2020 pp.), Ta 'y
2-X pokax 6rmM3bko HOpMW, ane Ha OKPeMUX TepuTopisax He3HayHo Bulle Hei (2011, 2015 pp.).
Onagis Bunano y 5 pokax (2006, 2010, 2014, 2016, 2019 pp.) 6inbwe Hopmu, y 2007 ta 2009
pp. 6inbwe HopMuK Ta Micusimu 6nmM3bko Hopmu, y 5 pokax (2011, 2012, 2015, 2018, 2020 pp.)
MeHwe Hopmu, y 2013 Tta 2017 pp. MeHLWwe HOpMK Ta MicuaMmmn 6nmM3bko Hel, y 2008 - 6rm3bko
Hei. To6TO hakTUYHO MOPIBHY PO3NOAINUIIUCE KiNbKICTb POKIB i3 BOMOrMMM Ta MOCYLUNMBUMU
ymMOBaMu y TpaBHi, KpiM Toro Oyno Aekinbka pokKiB, KOMW Ha TepuTopii YKpaiHu y un 4ac
cnocTepiranacb 3MiHa YMOB 3BOSIOXKEHHS.

Ha noyaTky nita y YepBHi OCTaHHbOro M'ATHAAUATUPIYYSA 30e6inblLIoro nepesaxanu poku,

KON cepegHsa MicsidHa Temnepartypa nositps 6yna suioto 3a Hopmy (2007, 2010, 2011, 2012,
2013, 2016, 2018, 2019, 2020 pp.). B okpemi pokn, Taki ak 2007, 2009, 2012, 2013 pp.
nepesueHHa Hopmu cTtaHoBuno 1-4° C, y 2019 p. cepegHa TemnepaTypa noBiTps
3gebinbworo 6yna Ha 3-5° Buwe Hopmu. LWe y 6 pokax (2006, 2008, 2009, 2014, 2015, 2017
pp.) BoHa 3aebinbworo OGyna 6nmM3bka OO0 HOPMKW, @ Ha OKPEMUX TepuTopiax Aewo
nepesuwyBana HopMy Ha 1-2°. BigHOCHO KinbKoCTi onagiB, Tpeba Haronocutn Ha Ayxe
HepiBHOMIpHMI iX po3noAin no Teputopii. Tak, SKWO Ha HW3Li TepuTopih crnocTepiraeTbes
npMbnmM3HO NOMOBMHA HOPMM ONadiB (HaBiTb MEHLUE), TO Ha iHWIN YacTUHI onagiB Moxe
BMNacTu Big Hopmu 0o 2-3 HopMm. Mo okpemux pokax nepiogy onagiB 3aebinbworo (8 pokis)
Oyno HegocTaTHHLO (2008 - 2010, 2012, 2013, 2015, 2017, 2019 pp.), y 4-x pokax onagis 6yno
Ginbwe Hopmu (2006, 2011, 2016, 2020 pp.), Ta We y 2 pokax cnocTepiranach KinbkicTb onagis
6nm3bka 40 HOPMK Ha BiNbLUiN YacTUHI TepUTOPIi Ta iX NepeBULLEHHS ab0 3MEHLLEHHS Ha iHLUI
YacCTUHI TepuTopil.
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Y nunHi micaui npotarom 2006-2020 pp. cepeaHsa MicsidHa Temnepartypa MoBiTpsS Mo
okpeMux pokax 3gebinbworo B 11 pokax (2007, 2009, 2010 - 2012, 2014, 2015 — 2019 pp.)
Oyna BuLle Hopmu, Wwe Yy 4-x (2008, 2013, 2020 pp.) 6yna nepeBaxHo 65mM3bka o HOpMuK, abo B
oKpemux perioHax Buwe HopMmu. OKpeMo 3a TeMnepaTypHUM PEXUMOM BUAINAETLCA NUMNEHb
2010 p., KONn NepeBuULLEHHA cepeaHboi Micsa4HOT TemnepaTypun 3gebinboro 6yno Ha 3-5°, a
Ha OKpemux TepuTopiax Ha YepHiriBwmHi Ta CymwmHi Ha 6,6°. Onagis 6yno 3gebinblioro
MeHwe Hopmu — y 10 pokax (2006, 2007, 2012, 2013, 2015, 2016, 2017 — 2020 pp.), Ginble
Hopmu onagie 6yno nuwe y 2008 Ta 2014 pp., we y 2009, 2010 pp. onaaie 3aebinbloro 6yno
OnM3bKO HOPMMU, MPOTE HA OKpPeMMUX TepuTopiax ix 6yno noHag Hopmy, a y 2011 p. Big 6nmM3bKo
HOPMM 0 MEHLLE HOPMU.

Y cepnHi NpOTArOM OCTaHHBLOrO M'ATHAOUATUPIYYSA NO OKPEMMX POKax CepedHsl MicayHa
Temnepartypa noBiTpsa 6yna 34e6inbLworo BMLLOK 3a HOPMY, NpY YoMy Yy HU3Li pokiB 2007, 2010,
2017 Tta 2018 pp. BOHa Morna nepeBuUNTN HOpMY He Ha 1-2(3)° sk 3a3Bunyan, a 4o 4-5°, a iHogi
B OKpeMux Micuax i Ha 7°. Onagu TakoxX Bunaganu HepiBHOMIpPHO, NpoTe y BGinbLIOCTi POKiB iX
Oyno 3gebinbworo meHwe Hopmu (2007 — 2011, 2015 — 2018, 2020 pp.), npn4oMy iHOAI AOCUTb
cyTTeBO. Y 4-x pokax (2006, 2012 — 2014 pp.) 3gebinbworo onagis 6yno Ginbwe HopMK, a Ha
OKpeMUX TEPUTOPISX HaBITb 4O 5 HOPM.

Y BepecHi 2006-2020 pp. 3gebinblioro cepegHs TemnepaTtypa MNoBITps 34e06inbloro
(2006, 2009, 2011, 2012, 2015-2020 pp.) 6yna BuLLoo 3a Hopmy, npudomy y 2011, 2015, 2017,
2018 ta 2020 pp. nepesuLLeHHs cTaHoBUMO 4 - 5°. Y 2008 p. cepeaHs Temnepartypa nosiTps
Ans nepeBaxkHoi GinbLOCTI TepuTopii Oyna 6nmnabka o Hopmu, a 'y - 2007, 2010, 2014 pp. BoHa
Oyna Gnm3bka gO HOpPMU, MPOTE Ha OKPEMUX TEPUTOPIAX AeLlo Buwe HOpMU TinbKu Yy BEPECHI
2013 p. BoHa 3gebinbLuoro 6yna Hux4ye Hopmu Ha 1-2°, abo Habnwxkanack 4o Hopmu. Onagm Ha
TepuTopil YKpaiHn BUNaganu HepiBHOMIpHO, npoTe y 7 pokax (2006-2008, 2010, 2013, 2017,
2018 pp.) 3pebinbLioro ix 6yno Buwe HopMK, a nogekyan 6nwkde oo Hei. e 8 pokax (2009,
2011, 2012, 2014-2016, 2019, 2020 pp.) onaagis 6yno HegoCTaTHLO, NOAEKYAN 3HAYHO HUXKYE
HOPMMU.

Y XOBTHI O0OCRiQKyBaHOro MATHAAUATMPIYYS NO OKPEMWUX POKax CcepeaHsl MicsyHa
Temnepartypa noBiTpA 34ebinbworo euwie Hopmu (2006-2008, 2012, 2014, 2018-2020 pp.)
npuyomy y 2018-2020 pp. gocuTb 3Ha4HO Ha 4-5(6)°. Y 2010 p. BoHa 34e6inbLuoro, OKpim
Kpumy 6yna Hwxk4oto 3a HopMmy Ha 1-3°. B peluTi pokiB cepegHsa MicavHa TemnepaTypa nosiTps
Oyna 6n1M3bka 4O HOpMU, MPOTE THA OKPEMUX TEPUTOPISX MOrfa OyTu OeLlo BULOK 3a HOpMY,
abo Haenaku gelo Hwk4yor. Onagis y XXOBTHI BUNagano nepeBaxHo binblue HopMK y 8 pokax
(2006, 2009-2012, 2016, 2017, 2020), npoTe y 7 pokax (2007, 2008, 2013-2015, 2018, 2019) ix
O6yno Hwxk4ye Hopmu. Tpeba 3a3HaunTK, WO B OKPEMi POKM Ha pSAi TEPUTOPIV KinbKiCTb onaais
MOX€e 3HA4HO BIOPI3HATUCL Big Ti€i IX KiNbKOCTi, sika BuMnana Ha OinblWii 4YacTuHi TepuTopii
KpaiHn. Take € [ocuTb TUMOBUM NS TepuTopil MiBAHA Ta niBAeHHoro cxogy, abo Aans
KapnaTcbKoro perioHy.

2. HecnpuaTtnuei arpomeTeoponoriyHi ABuwa (3acyxu) Ha TepuTtopii YkpaiHu
npoTtarom 2006-2020 pp.

Cepen, HeCnpusITAIMBMX arpoMeTeopOosioriYHMX $IBULL, OCOONMBUM YMHOM BUAOINANOTHCA
3acyxu. Li aBuwa MOXyTb CynpoBOOKYBATUCh IHLLUMMW HECNIPUATIIMBUMM SIBULLLAMU, TaKUMKU K
cyxoBii Ta nunosi Bypi. 3acyxu MoxyTb BigOyBaTUCb y MOBITPi — NOBITPSIHA 3acyxa, y rPyHTI —
rPyHTOBa 3acyxa (BMYepnaHHS BOSIOMM B OPHOMY LIApi FPYHTY Ta KaninspHii kaumi), npote
HanHebe3neyHilWow 3a CBOIMW  HacnigkamMy €  MNOBITPAHO-TPYHTOBa  3acyxa, Konu
cnocTepiralnTbCsl HaMbINbLL KOPCTKI yMOBWM ANS  CiNlbCKOrocnogapcbkoro BMPOBHWUTBA Ta
o0’ekTiB BOAHOro rocrnogapcTea. epenik 3acyx, ix Bug ta nokanisauist nporsrom nepiogy 2006
-2020 pp. HaBegeHo y Tabnumui 2.

3aranomM npoTAromMm ocTaHHiX 15 pokiB Ha TepuTopii YKpaiHM OOCUTbL 4acTo MPOTAroM
BECHW, BMiTKy abo y NiTHbO-OCIHHIA nepiog cnocTepiranuch 3acyxu (2006-2011, 2013-2015,
2017, 2020 pp.). Y UinoMy npoTdArom BM3HAYEHOro nepioay vacy 34ebinbLuoro cnocrepiranmcb
NOBITPAHO-TPYHTOBI 3aCyxM, SKi € HanBINbLL HECNPUATAMBUMU. TiNbKM Y OKpemux pokax (2012,
2016, 2018, 2019) 3acyx 9K HECNPUATAMBUX arpOMeTEOPOSIONiYHUX SBULL, HE CnocTepiranocs.
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Tabrnuys 2. HecnpuaTnuBi arpoMeTeoponoriyHi ABuLa Ha TepuTopii YKkpaiHu npoTtsarom 2006-
2020 pp. (3acyxwu, cyxoBii, nunosi 6ypi). *

2006 2007 2008 2009 2010
Cyxosii 3 3 cepeavHu TpaBHs no | 2-3 gekaau KBiTeHb-1-a KBiTeHb1-a gekaga TpaBHSA
cepeaviHU KBiTHS Ki-HeLb ceprnHs Ha CeprHs 3a BU- nonoBuHa TpaBHS | - NOBITPAHO-rPyHTOBA
no 1-y NonoBuHy nisgeHHomy cxogi (9 HATKOM 3axoay Ta niBHOYI | 3acyxa, CyxoBii, NuWMoBi
Tpae-H4A. 3 3-i obnacTten) NoBITPAHO- | NOBITPAHO- rpyHtoBa 3acyxa | Oypi (B opHOMy wapi
[O€EK. YEPBHSA MO rpyHTOBa nocyxa rpyHTOBa 3acyxa | Ta CyXoBii. TPYHTY).
KiHeLb NUMHA Ha 3 KiHUs1 YepBHA 0 | YepBeHb — Ha cxodi Ta
niBaHi KiIHUS T§UNHSA  Ha | niBAeHHOMY cxofmi
NoBiTPsAHO- nisaHi Ta cxodi — | NOBITPAHO-rPyHTOBA
rpyHTOBa 3acyxa NnoBiTPsAHO- 3acyxa.
rpyHTOBa 3 2-i NoNoBUHM NUNHA A0
3acyxa. KIHUS cepnHa Yy niBHiY-HO
BepeceHb- 1-a | cxigHux, CXiaHUX,
AeKafa XOBTHSA Ha | LeHTpanbHMX 06-nactax —
niB-HiYHOMY NOBIT-PAHO-rPyHTOBa
3axofi — rpyHToBa | 3acyxa
3acyxa
2011 2012 2013 2014 2015
320.02 no 31.03 Hemae Hecnpuatnuemx | MepeBaxHo y KBiTeHb — noyaTok | 2-a nonosBuHa Gepe-3Hs,
Ha GinbLwin yac- arpoMeTeoporo-TiYHMX | CTEMOBIN YaCTWHI TpaBHs — paHHLO-BECHSAHA rPyHTOBA

TUHI YKpaiHu — ABULL, KpaiHn. KBiTeHb- I'pyHTOBa nocyxa 3acyxa, nunosi 6ypi Ha
noBITpsiHa 3acyxa. TpaBeHb — Ha TepuTopii NiB- [HinponeTpoBLUUHI,
320.05 oo NOBITPAHO- AHsa Ta Kpumy. [oHeyuuHi Ta JlyraHwuHi B
cepeauHN YepBHS rpyHToBa BepeceHb — OpHO-MY LLapi FPYHTY.
— NOBITPSAHO- 3acyxa. niBHIYHO-3axig-Ha | YepBeHb-cepneHb —
rpyHTOBa YepBeHb-nnneHb YacTUHa KpaiHu — | NOBITPAHO-TPYH-TOBA
3acyxa. — NoBITPAHO- r'pyHTOBa 3acyxa 3acyxa Ha ycini TepuTtopil.
3 2-i nonoBuHn rpyHTOBa 3acyxa BepeceHb — OB-TeHb —
CepnHsA A0 KiHus NOBITPAHO-rPyHTOBAa
nucronaga 3acyxa OKpiM MiBHOYI Ta
XKopcTKa 3axoay.
noBiTPAAHO- BepeceHb-nncTonag Ha
rpyHTOBa 3acyxa MNonTaBLWWMHI,
[HinponeTpoBLUMHI,
XapkiBLLMHi, 3ano-pixoki,
XepCOHLLWMHI,
MwukonaiBLMHI —
NOBITPAHO-rPYH-TOBA
3acyxa.
2016 2017 2018 2019 2020
Hemae KBiTeHb-TpaBeHb Ha Hemae Hemae BepeseHb - KBiTEHb
HecnpuaATNINBMX niBgHi  Ta UeHTpi — HeCnpuaATINBMX HecnpuaATINBMX NOBITPAHO-TPYH-TOBA
arpoMeTeoporo- | rpyH-ToBa 3acyxa. arpomeTeoporno- arpoMeTeoporsio- | 3acyxa Ha OinbLin YyacTuHi

MYHNX ABULL,

TpaBeHb-noya-ToK
YepBHS - ar-
MoccpepHa 3acy- Xxa,
1-a pek. YepBHS Kpim
3axoay- rpyH-ToBa
3acyxa, 3 2-i gekagm
YepBHSA  MO-BiTPsIHO-
rpyHTOBa 3acy-xa,
HavxopcT-Kilwa y
LLeHTpI KpaiHu, Ha Kuis-
LLMHI, Yepka-LumHi,
MNMonTaB-LWunHi Ta
KipoBo-rpagLuuHi.
JInneHb - 1l-a
norioBuHa Bepe-CHsA (3
2-I NO-NOBMHU CEpPNHSA
NOBITPAHO-TPY-
HTOBa) 0CO6-NMBO Ha
cxofi Ta niBAHi KpaiHwu.

rNYHUX ABULLL

MYHNX ABULL,

KpaiHu.

CepneHb - KiHeLb BepecHsi
NoOBIT-PAHO-TPYHTOBA
3acyxa. Ha cxopgi 3acyxa
TpuBana Ao KiHUSA XOBTHS.

lMpumimka. Y Tabnuui XupHUM WpPUGTOM BUAINEHO POKW, KONMU Ha TepuTopii YKpaiHu crnocTepiranucb
NOBITPAHO-TPYHTOBI 3aCyXu
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Tpeba 3asHaunTn, wo y 2006, 2009, 2010 Ta 2015 pp. 3acyxu CynpoBOOXyBaluCb
CYXOBIMHMMWU SBALLAMW Ta NOAEKyAM NUNOBUMK OypaMM B OPHOMY LWapi [PyHTY, WO
yCKNnagHoBano 3aranbHy cutyauito. 30e6inbLioro 3acyxv BUHUKaNM y NiTHiN abo NiTHbO-OCIHHIN
nepiod, a iHoAi HaBiTb OCIHHIN 3 BEpPECHS MO XOBTeHb Ta nuctonag (2009, 2015, 2020 pp.).
lNpoTe Tpannanucb POKM, KOMW CrnocTepiranacb BeCHSHa 3acyxa, sika BUHWKana y KBiTHI —
noyatky TpaeHa (2010, 2013, 2014, posnoynHanack sk rpyHtoBa (2009, 2014, 2015 pp.) i3
HasiBHICTIO cyxoBiMHUX sBuw, (2009) Ta nunoBumu Bypamu y HU3Li obracten nepeBaxHO
cxigHux abo niBaeHHux (2015). Y 2017 p. 3acyxa po3noyanacb SiK paHHbOBECHSIHA I'pPYHTOBA,
nepenLlna y BECHSHO-MITHIO aTMOC(epPHY, a Mi3Hile HanpuKiHLi nita y atMocdepHO-rpyHTOBY.
Takox Tpeba 3a3HauMTK, WO HaMPUKIHUI NiTa noYaTKy OCeHi, a iHogi i Ao i cepeanHn Ta KiHUS
(cepneHb-BepeceHb, CepneHb-XOBTEHb (NMcTonan), BepeceHb-XOBTEHb, BepeceHb-nmcTonasn)
MOXe TpvBaTW NOBITPAHO-FPYHTOBA 3acyxa.

CTOCOBHO TepuTOpIN Ha SKiN PO3MNOBCIOAKYBANMUCb 3acyxu, MOXHa CkasaTtu, LWo
34e6inbLoro BOHM cnocTepiranncb Ha NiBgHi, NiBAEHHOMY CXOfi Ta cxofi kpaiHu. B okpemi poku
nocyxa cnocrtepiranacb Ha 3axofi, NiBHOYi, NIBHIYHOMY 3axodi Ta CXOoAi KpalHW, a TakoxX Yy
OKpeMux LUeHTpanbHuMx obnactax (XapkiBwmHa. lMonTaBwmHa, [HinponeTtposwwmHa) (2009,
2010, 2014 pp.). HaBecHi 2020 p. (6epeseHb — KBiTEHb) MOBITPSHO-TPYHTOBA 3acyxa oxonuna
GinbLUy YacTMHY KpaiHW.

Cepep 6e3nocepegHix Hacnigkie 3acyx Tpeba Ha3BaTh TaKi - SKLIO Lie BECHSIHA 3acyxa —
HeCnpuATAUBI YMOBW NS MNOCIBIB O3UMWHKW, 3aTpUMKa POCTY, YCKMNaAHEHHA CiBOM paHix
3epHOBUX KyIbTyp Yepe3 gediunT BOMOrK y MoBITPI Ta rPyHTI HE3a4oBiNbHI YMOBM AN cxooy
Ni3HIX KyNbTyp Ta 3anuneHHs; NiTHS 3acyxa — B'SSHEHHS Ta 3pigKEeHHS MociBiB, 3anan 3epHa,
3armbenb YacTMHM POCIMH, CTPMMYBAHHA POCTY Mi3HIX KyNbTyp Ta KOpeHennoais, nepegyacHe
O03piBaHHA OKPeMUX KynbTyp i3 3MEHLUEeHHAM TX BpoOXalo, 3aBeplUeHHS BereTauii OKpeMux
KynbTyp, 5iTHbO-OCIHHS Ta OCIHHA 3acyxu — 3aTpuMMmKka ciBOM 03MMuHM abo noBHe i
YHEMOXMUBIEHHS, MOLUKOMKEHHS TEXHIYHUX KynbTyp Ta KOPEHEensofhiB i3 3MEHLUEHHAM
BpOXato.

BucHoBKK. 3 BULLIEBMKITAAEHOrO CTOCOBHO YMOB BUHUKHEHHS! 3aCyX Ha TepuTopii YKpaiHm
NpOTArom ocTaHHix 15 pokie (2006-2020 pp.) MOXXHa 3pOOUTU HU3KY BUCHOBKIB:

Y micaui Tennoro nepiogy poKy cepefHs MicadHa TemnepaTypa nosiTpsa 34e6inbloro
Oyna Buwie Hopmu Ha 1-2° C, npu YoMy B OKpPEMUX MICALSAX Ta pPOKax NEpPEBULLEHHS HOPMMU
Morno 6yTn 3HadHMM Big 4 go 7°. HaBecHi Take nepeBuMLLEHHS cnocTepiranock y keBiTHI y 2016,
Ta 2018 pp., Ta y TpasHi 2007, 2012, 2013 pp. Y niTHi Micsaui cepedHsa MicayHa Temnepartypa
MOBITPA Ha 3HAYHUX TepuTopiax Oyxe yacto Gyna Buwol 3a HopMmy, 3aebinbworo Ha 1-3°
npoTe B OKPeMi MiCALi Ta pOKM BOHA MOrna [OCUTb iCTOTHO BigXunaTUChb Big Hopmu y Gik
3pocCTaHHs, ocobnuBo y perioHanbHOMy nnaHi. Cepea micauiB BuainseTbca 4YepBeHb 2007,
2009, 2010, 2013, 2019, 2020 pp., KON cepedHsa MicsadHa TemnepaTypa MOBITPA
nepesuLLyBana Hopmy o 4-5°. Y nunHi suginaioteca 2007, 2010, 2011, 2012 pp. ae cepenHs
MicsiuHa TemnepaTypa MNOoBiTPS nepeBullyBana Hopmy Ha 4-5° (B 2010 p. Ha TepwuTopii
UepHirswmHm Ta CymuwuHn Ha 6,6°). Y cepnHi Buginatotecsa 2007, 2010, 2015, 2017, 2018,
2019, 2020 pp. (2010 p. Ha 4-7°). BoceHwn, y BepecHi 30ebinblioro cepegHs MicsdHa
TemnepaTtypa MnoBiTpA 3Haxogunacb y Mexax Hopmu, abo 6yna Buwe Hopmu Ha 1-3°, npoTte y
2011, 2015, 2017, 2018, 2020 pp. BOHa nepesuLlyBana HopMmy Ha 4-5° (2015 p. B okpemunx
Mmicuax go 13°). Y xoBTHi 30ebinblioro cepegHs MicayHa Temnepatypa nositps 6yna 6nusbka
A0 Hopmun abo gello Buwe Hei, npoTte y pokax 2009, 2018, 2019 Buwe Hopmu Ha 4-5° a y 2020
p. go 6° T[pote y 2011 p. B OKpeMux perioHax Ha TepuTopii YKpaiHM cepegHs MicsiiHa
TemnepaTtypa nosiTpsa 6yna gewo Hwkye Hopmu, a 'y 2010, 2015, 2016 pp. BoHa Gyna HaBiTb Ha
1-3° HMXYe HOpMMU.

Onagn npoTaroMm LOCRIMKyBaHUX MICALIB po3noginanuck No TepuTopii YKpaiHu Bkpaw
HepiBHOMIpHO. Y KBIiTHI 34ebinbworo Ha TepuTopil YKpaiHM Bunagano Hopma onagis, abo
6nmsbko Hei, a y 2008 p. HaBiTb 3Ha4HO Ginble. MNpoTe y HM3Ui pokis (2009, 2013, 2015, 2018,
2020 pp.) kinbkKicTb onagis 6yna Bkpan He4OCTaTHBLOW. Y TpaBHi onajis 34e6inbLoro Bunagano
OnM3bKO HOPMU i3 3HAYHUMK KOMNMBAHHSAMW NO TepuTopii (Big 3a40BINbLHOrO 3BOSIOXKEHHSA [0
HepocTatHboro). Y 2013 Ta ocobnueo y 2015 pp. KinbkicTb onagiB y TpasHi Oyna Bkpan
HeJoCTaTHLOK. Y 4YepBHi po3noAin onagis OyB we Ginbl HEPIBHOMIPHUM MO TepuTOpii — Ha
OKpeMMX YacTuUHax Bunagano oo 3-4 HopM, a Ha iHwux go 0,5 Hopmun. Hanbinbw nocywnmemMmmn
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BuaABUnmMCb YepsHi y 2007, 2008, 2009, 2010, 2012, 2015, 2017, 2019 pp. Y nunHi aHanoriyHo
00 YepBHSA PO3MoAin onagiB Ay)Xe HepiBHOMIPHWUA, B OKPEMi POKM CRocTepiranucb pPerioHun i3
3BOSTOXXEHHAM Bulle Hopmu abo 6nuabko Hei, npote y 2006, 2007, 2012, 2015, 2016, 2018,
2019, 2020 pp. 6yno nocywnmeo. Y ceprnHi Hanbinbw nocywnueumn susisunmck 2008, 2009,
2010, 2011, 2015, 2016, 2017, 2018, 2020 pp., npu 4Yomy 2015, 2016 Ta 2020 pp. Bynwu
0COBGMMBO MOCYLWUNUBMMM, HA OKPEMUX TepuTopiax onagu B3arni He Bunaganu. Bocenwu, y
BEpEeCHi KinbKiCTb onagiB 3pocna 34ebinbloro 4O HOPMKU Ta BULLle, NPOTE Yy OKPEMUX poKax
(2011, 2012, 2014, 2015, 2016, 2017, 2019, 2020 pp.) Ha GinbwocCTi TepuTopii YKpaiHu
crnocTtepiraBca gediumt onagis. Y XOBTHi 34e6inblwioro onagie Bunagano GrmM3bko HOMK, a
nogekyau i 6inbwe Hopmu (Big 1,5 oo 3 HopMm). HambinbLw nNocywnMBMMK XKOBTHI BUOANUCL y
2013, 2014, 2015, 2018 pp.

MpoTarom cyyacHoro nepiogy 2006-2020 pp. Ha TepuTopil YKpaiHN Mamke KOXHOro poKy
(3a BuknoyeHHam 2012, 2016, 2018, 2019 pp.) cnoctepiranucb NOCYWNMBI SABMLLA.
34e6inbLIoro 3acyxu cnocTepiranucb Y BECHAHO-MITHI abo NiTHLO-OCIHHIN (iHOAI Ni3HBOOCIHHIN)
nepiog, npote y 2011 p. nocyxa poanoyanacb 3aHaaTo paHO - HaMpPUKIHUI 3MMW Ta noyaTky
BecHW, a y 2015 p. 3 gpyroi nonosuHu 6epesHs. |Hoadi 3acyxu CynpoBOMAXYBanuUCb CyXOBisiMU
(2006, 2009, 2010), a 'y 2010 Tta 2015 pp. nunosumu Bypamu. B okpemi pokn JocCnigxyBaHOro
nepiogy 3acyxa posnoynHanacb Ak atmocdepHa abo rpyHToBa, MNpoTe 3 4YacoM BOHa
nepepocTana y HambinbL XOCTKY aTMOCHEPHO-TPYHTOBY 3acCyXxy, sika OXOmnsoBana Mamxe YCi
perioHn. Taki 3acyxu Ha TepuTopii YkpaiHu cnoctepirannce y 10 pokax, TepuTopianbHO
3a4e6inbLoro 3acyxm cnoctepiranuck y CTEMOBIN YacTuHi YKpaiHu, LeHTpi, Ha cxopdi, NiBageHHOMY
cxogi Ta niBgHi, npote y 2009 p. (BepeceHb - XXOBTEHb) FPYHTOBA MOCyxa crnocTtepiranacb Ha
NiBHIYHOMY 3axOAi KpaiHW.

MepcnekTMBU noganblUMX AOCAiMKeHb. Y noAanblioMy, CAMpalyucb Ha OTPUMaHI
pe3ynbTaTn MoXxe 6yTh Ginbll AOKNaAHO OOCNIAXKEHO YMOBU 3BOSIOXKEHHS HA TEPUTOPIi YKpaiHu
NPOTArOM OKpPEeMUX MICALIB AK XONOLHOro, Tak i TeNsioro nepiofis poky NpoTAroM OCTaHHbLOro
N’ATHaQUATUPIYYS.
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Adverse agrometeorological phenomena on the territory of Ukraine during 2006-2020

Pyasetska S.I.

The article is devoted to the study of weather conditions of adverse agrometeorological phenomena (droughts)
on the territory of Ukraine during the fifteen-year period of 2006-2020. The purpose of the work is to establish the
peculiarities of the temperature and humidity regime in the months of the warm period of the year during certain years
of the last fifteen-year period, taking into account the droughts that were observed in this period. For each year and
month of the studied period, an analysis of the relevant weather conditions accompanying droughts in the territory of
Ukraine was carried out. The influence of temperature conditions and features of humidification on the territorial
distribution and duration of droughts has been proven. In general, during the studied period, it was established that
drought phenomena were not observed only in 2012, 2016, 2018 and 2019. Droughts could start in the air or in the
soil and eventually develop into air-soil droughts. In 10 years of the studied period, severe air and soil droughts were
observed in large areas. Mostly droughts were observed from the end of June to the end of July, but in some years
droughts could start from April and be observed with certain breaks until the beginning (mid) of autumn. In 2011,
there was a case of air drought at the end of February and in March. In addition, in some years, air-soil droughts
could be observed in autumn not only from its beginning, but also until its end (November 2011, 2015). For the most
part, territorial droughts during 2006-2020 were observed in the east, southeast, and south, but they could also be
observed in most of the country, including part of the northern territories. In some years, droughts were accompanied
by droughts and dust storms.

It was established that in the months of the warm period of the year, the average monthly air temperature was
mostly above the norm by 1-2° C, while in some months and years the norm could be significantly exceeded,
especially in the summer months from 4 to 7°. In autumn, for the most part, the average monthly air temperature was
within normal limits, but in some years it was 1-3° degrees above normal. Precipitation during the studied months was
extremely unevenly distributed across the territory of Ukraine. In the spring, precipitation was mostly close to normal.
In the summer months, precipitation was often insufficient, sometimes less than half of the norm. In autumn, the
amount of precipitation increased mostly to the norm and above, but in some years a deficit of precipitation was
observed in most of the territory of Ukraine. At the end of autumn, mostly precipitation fell close to norm, and in some
places even more than normal

Key words: the territory of Ukraine, months of the warm period of the year, drought, arid phenomena,
temperature conditions, nature of humidification.
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norPAOOK
NMOOAHHSA | O®OPMITEHHSA CTATEMN
A0 NePIOANYHOIO HAYKOBOIO 36IPHUKA
“riaPonorid, rigpoximMisA | rigPOEKONOriA”

MepiognyHicTb: HaykoBuin 36ipHUK “ligponoria, rigpoximia i rigpoekonoria”, 3acHoBaHWUK y
2000 p., Buxoautb 4 pasu Ha pik. BiH roTyetbca Ao BuaaHHs Ha 6asi kadeapu rigponorii Ta
rigpoekororii reorpacivyHoro akyneteTy KWIBCbKOro HauioHanbHOro yHiBepcuteTy iMeHi Tapaca
LeB4yeHka.

HaykoBa Tematuka 36ipHuKa:
e TEOPEeTMYHI Ta ekcnepuMeHTanbHi rigponoriyHi, rigpoximMivyHi Ta rigpOeKoNorivyHi JOCMioKEHHS

BOAHWUX OO EKTIB;

BMAMB KMiMaTUYHMUX 3MiH HA €NTEMEHTM TigPOSIONiYHOMO PEXNMY;

OLiHKa aHTPOMNOreHHOro BNMBY Ha BOAHI 00’ekTy;

aHani3 katacTpoivYHUX rigpONOriYHMX SIBULL, Ta iXHIN BNMB Ha BOAHI 00 €KTY;

ynpasniHHS, BUKOPUCTAHHS Ta OXOPOHa BOOHUX PeCypCiB;

AKICTb BOOW B Kepenax BogonocTadaHHs;

reorpadivHi acnekTn gocnigXeHb rnodanbHOro rigponoriYHoOro LMKIy.
MpunmatoTecst 0o nybnikauii peueHsii Ha HayKoBi BMAaHHSA, iHoOpMaUia Npo LisanbHICTb
BiQOMMX BYEHMX B 06nacTi rigponorii, rigpoximii Ta rigpoekonorii, siki NpUCBsIYEHi OBINENHNUM gatam,
mMaTepianu npo daxoBi KoHepeHUii, Lo Biabynuca B YkpaiHi i 3a KopAOHOM, aHoTaLii MoHorpadin i
HaB4YanbHO-METOANYHUX BUAAHb.

CTpykTypa cTatTi - aBTOpaM HeoOXiOHO OpieHTyBaTUCA Ha HaCTynHy pyOpukauito npu
HanucaHHi cTaTTi:

* YK, npi3BuLe Ta iHiyianm aBTopa/ie, Ha3Ba yCTaHOBW, HAa3Ba CTaTTi;

* aHOTaLlis1 yKpaiHCbKOK (MOBO opuriHany);

* KINKOYOBI CNOBA;

* BCTYM, aKTyasbHICTb TEMU LOCNIAXEHHS;

* aHani3 BUKOHaHMX OOCHigXeHb 3a 03HAYEeHO TEMOIO;

* MeTa JOCHiOXeHHS;

* MaTepianu Ta MeToam JOCHIIKEHHS;

* BUKMa4 OCHOBHOro matepiany (B TEKCTi MOXIMBE BUAINEHHS MiANyHKTIB);

* BUCHOBKMU;

* CMWCOK nNiTepaTypu: opuriHanbHW/A Ta TpaHcniTepoBaHun (References) 3 aHrnincbkum
nepeknagom Hass;

e aHOTAaLisl aHTNINCBKOO.

MoBa nybnikauin — ykpaiHCbka, aHrninceka abo iHwi odiuinHi Moy €Bponencekoro Corosy
(cT. 22 3akoHy Ykpainu «[Mpo 3abe3neyeHHs YHKLIOHYBaHHSA YKPAiHCLKOI MOBM SIK AEPXABHOI» Bif
25 kBiTHA 2019 p). Y pasi nybnikauil aHrnincbkold MoBok abo iHWKMMKM OQIlinHUMKM MOBaMu
€sponericbkoro Colo3y cTaTtTa Mae CynpoBOKYBaTUCH aHoTauiel i nepernikoMm Kro4oBUX ChiB
YKpaiHCbKOK MOBO. TEKCT NoBuHEH OyTu BigpegaroBaHum i opopmrneHum 6e3 NoMMUIoK.

ETnyHi HOpMu — matepian, BuKnageHui y ctatTi mae OyTu opuriHanbHWM, paHilwe He
onybnikoBaHMM, NogaHMM 3 OOTPMMaHHAM akagemMivyHoi [oOpoyecHoCTi. ABTOPM HECYTb MOBHY
BiANOBIganNbHICTb 3a 3MICT | JOCTOBIPHICTbL BUKINAAEHNX Yy CTATTi MaTtepianis.

[na ogHoocibHMX cTaTen, nogaHux ctygeHTamm, 060B’A3KOBMM € BiAryK HaykOBOro KepiBHMKa.

PeueH3yBaHHA cTaTtem - BCi CTaTTi MPOXOAATb MpoLeaypy 3aKpuUTOro peueH3yBaHHSA LBOMa
peueH3eHTamu-crewianictamm 3a TeMOK AOCHiILKEHHA. ABTOpaM MOBIAOMISATECA pesynbTaty 3
METOI0 pearyBaHHs Ha 3ayBaXkeHHs peLleH3eHTiB. Pegkoneria 3anuvwae 3a coboo NnpaBo BigXWUNeHHSA
cTaTen, Wo He BignosigalTb BMMOram 4O HaykoBux nydnikauin abo y pasi HeraTMBHUX peLeHs3il.

OdopmneHHs pykonucy ctaTTi:

* obcar ctatTi - Ao 14 cTtop. (OCHOBHWI TEKCT, Tabmnuui, PUCYHKW, CMMUCOK IiTepaTypw,
aHoTau,iT); matepian ob6carom mMeHLwe 4 cTop. — HayKOBi NOBIAOMIEHHS;

* WpwndT Arial, kernb 11, Word 6-8;

* nons - Bci no 2.5 cm; iHTepean — 1, ab3auy — 1,00;
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* BUAINEHHS WpudTaMmn «TUTYNbHOT» YacTUHU CTaTTi:

YOK - kernb 11;

yepes iHTepBan - Npi3BuLLe, iHilianu asTopa — kernb 11, HaNIBXUPHWUIA, HaxuneHuu,
Ha3Ba yCcTaHoBW - Kernb 10, HaxuneHuu,

yepes iHTepBan - Ha3Ba cTaTTi (kernb 11, HaniBXUPHUIA, NTPONUCHUMN);

yepes iHTepBan - aHoTauis YKpaiHCbKOK (MOBO opuriHany) - Kkerfb 9, HaxuneHud;
Yyepes iHTepBarn - KNYOBI CroBa - Kernb 9, HaxuneHuu;

Yyepes iHTepBan — OCHOBHMI TeKCT cTaTTi (kernb 11).

OauHMUi BUMIpIOBaHHA BENWYUH | XapaKTepuUCTUK Yy cTaTtax Tpeba HaBoguTu 3rigHO
cuctemu Cl. 3okpema, KOHLIEHTPALLito XiMIYHIX KOMMOHEHTIB y Boai — B Mr/am® (a He B mr/n).

Cnucok nitepatypu - opuriHaneHui i TpaHcnitepoBaHun (References) 3 aHrNincbkum
nepeknagom HasB pO3TALUOBYETbCHA MiCNsi OCHOBHOIMO TEKCTY CTaTTi (BMCHOBKIB) 4epe3 OOuH
iHTepBan.

OpuziHanbHUl crucok nimepamypu. [locepeauHi ApykyeTbca niasaronoBok «Cnmcok
nitepatypu» (kernb 10, HaniBXMpHURN), a NOTIM Yy CTOBMYMK MOAAETLCHA OpUriHanbHUN nepenik
mkepen (takox kernb  10). Odopmngaetbea 3srigho 3 OCTY 8302:2015 «IHdopmauia Ta
OOKyMeHTauis. bibniorpadiyHe nocunaHHa. 3aranbHi MOMOXEHHA Ta npaBuna CKIagaHHS».
MocunaHHA Ha okepena y TEKCTi NogalnTbCA Yy KBagpaTHUX AYXKKax i3 3a3HadYeHHsIM NopsaKoBOro
Homepa.

TpaHcriimeposaHull crnucok nimepamypu - «Referencesy. lMicns opuriHanbHoro «Cnucky
nitepaTypu» HaBOOAMTLCSA TPaHCAITEPOBaHMI NaTUHULIEID CMMCOK niTepaTypu i3 3arofioBKOM
«References». lNpisBuLla aBTopiB — y TpaHcniTepadii 3rigHo 3 MNoctaHosoto KMY Big 27.01.2010 Ne
55 «[lMpo BnopsgkyBaHHA TpaHchiTepauii ykpaiHCbKoro andasiTy natuHuueto». Ona gpxepen He
aHrNINCbLKOK MOBOIO NicNsA Ha3BM PobOTU B KBaZpaTHUX OyXKKax A0AAETLCS i nepeknag aHrnincbKo
MOBOO, HaNpuKnaa:

Khilchevskyi V.K. Hidroekolohichni problemy revitalizatsii richok na terytorii miskykh ahlomeratsii —
mizhnarodnyi ta ukrainskyi dosvid [Hydroecological problems of rivers revitalization on the urban ares - international
and Ukrainian experience]. Hidrolohiia, hidrokhimiia i hidroekolohiia. 2017. Ne 2(45). S. 6-13.

AHoOTaLis aHMIiNCbKOI MOBOK po3TalloByeTbes nicna «References» yepes oguH iHTepsan.
AHOTAaLiA NogaeTbCcAa 3a CXEMOLO:

* Ha3Ba cTaTTi (Kernb 9, HaniBXUPHUIA),

* npi3BuLLe Ta iHiuianu aBTopa/iB (kernb 9, HaNIBXUPHWUIA, HaxuneHud);

* PO3LUMPEHNI TEKCT aHoTaUil aHrniicebkoto (2000 3HakiB 6e3 npobinis (kernb 9, HaxuneHud);

* KIMKOYOBI crnoBa - 40 5-6 cniB YM CroOBOCMNONYyYeHb, PO3AiNeHNX Kpankow 3 Komot (Kermnb 9,
HaxuneHuu).

Pecdepar cTatTi — pgopaetbCcs  aBTopoM/amu  Ofis PO3MILLEHHS B YKpaiHCbKOMY
pedepatmBHOMY XypHani «[xepenoy». PekomengoBaHun obcar — 850 3HakiB

lMpuknad oghopmiieHHs1 peghepamy cmammi:

YK 556.012 556.522

Tunisauia pivyok Ta 03ep YyKpaiHCbkOi 4YacTuHM OacewHy Bicnm Ta i y3romkeHicTb 3
pocnipkeHHamn B TMonbuwi / XinbyeBcbkunn B.K., 'pebivb B.B., 3abokpuubka M.P. Tigponoris,
rigpoximia i rigpoekonorisi, 2017. (Ne i cmop. - 6yde npocmasseHo 8 pedakuii).

3piicHeHa abioTnyHa Tunisauis pivok, ska 6asyeTbcst Ha Bumorax BPL €C i tunonorivHin
cucTtemi aganTtoBaHin B [Monblii, gossonuna suginutu: ans 6acenHy 3axigHoro byry B mexax
YkpaiHn 5 abioTuyHux TuniB pivok, B Mexax lMonbuwi - 7; ansa 6acenHy CaHy B mexax YkpaiHu - 4
MU pivok, B mexax Monbuwi - 10. 3rigHo BPL €C y bacenHi p. 3axigHuin byr oo gyxe Benukmx
pivOK HanexuTb, BrnacHe, 3axigHun byr, a 0o Benukux pivok - MNontea, PaTa, Jlyra i Pita. Y 6aceliHi
p. CaH g0 ayxe BENUKMX pPivYOoK HanexuTb, BracHe, CaH, a 40 BenMKUX pivok - BuwHa i 3aBagiska
(JTrobauviska). [ins BUkOHaHHA TuNi3auii o3ep y 6acenHi 3axigHoro byry Ha TepuTopii YkpaiHn 3rigHo
Bumor BP[1 €C HeobxigHO NMpOBECTM AOCMIAKEHHS 32 KOMMMNEKCOM MOKa3HWKIB (reonoriyHnx ymoB
BOAO300py, ChniBBigHOLWEHHSA nnolli Bogo3bopy Ao ob'eMy o3epa, BepTuKarbHOI cTpaTtudikauil
03epHNX BOA).

In. 2. Tabn. 3. bibniorp.: 12 Ha3B.

Knroyvosi criosa: 3axighun byr, CaH, BogHa pamkoBa gupektmBa €sponencbkoro Cotoay,
abioTnyHi TMNNK, pivka, 03epo
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BigomocTti npo aBTOpiB - NogawTbCA NPW HaacunaHHi cTatTi B pegkosneriio (OKpemmnm
dannom): npisBuLLe, iM’A, Mo 6GaTbKOBI, HAYKOBMWI CTYMiHb Ta BYEHE 3BaHHSA, Micue poboTtu, nocasa,
cnyxboBa agpeca, KOHTakTHUIA TenedoH, e-mail.

HapcunaHHa pykonucy cTtatTi Ha agpecy peakonerii 34iMCHIOETbCA B €/IeKMPOHHOMY
su2ziadi (3 Ha3Bow channy — Npi3BULLLE aBTOpPa NTATUHCBKMUMW fliTepamn), a TakoX Yy po30pyKosaHOMY

guensldi y 2-x npuMipHWKax (4ns peueH3yBaHHA), OAMH — 3 nignucamu aBTopiB; APYrMn — Konis
nepworo 6e3 nignucy.
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HaykoBe BuaaHHSA

rigrponorid, rigpoximMiA 1 rigPOEKOJNOrIA

MNMepiogn4yHun HaykoBuin 36ipPHUK
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3b6epexxeHo asmopcbkuli cmusib ma opghoepadito

Komn’totepHa BepcTka — MockaneHko C.O.

MignncaHo ao apyky 28.12.2022
dopmat 60x90/8. Manip odceTHUNA.
"apHiTypa Arial. Opyk pisorpad.
YwMm. gp. apk. 8,0. O6n.-eug. apk. 8,2.
Haknag 100 npum. 3am. Ne 52-014.

BuagaBHuuTBO reorpadivHoi nitepatypum “O6pii”
CeigoutBo [ep>xkoMiHopM YkpaiHu

OK Ne 23 Big 30.03.2000 p.

Kuig, Byn. Ctapokuiscbka, 10

e-mail: vgl_obrii@ukr.net
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