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Articles

The Features of the Formation of the Hydrological Regime of Mountain Rivers
on the Territory of the Sochi Black Sea Region

Nikolai A. Bityukov 2"
aSochi National Park, Russian Federation

Abstract

The article is devoted to the analysis of the formation of the hydrological regime of the
mountain rivers of the Sochi Black Sea region. Due to the peculiarities of the geomorphology and
relief of the region, as well as climatic conditions, the main zone of river flow formation is the high-
mountain and mid-mountain part of the river basins. Thus, the Mzymta river in the winter period
of the hydrological year (from November to March) has a minimum flow, and the average increase
in flow is 2 times in the warm season (from April to October). The remaining rivers of the region,
due to the predominant rain supply, are characterized by increased runoff in the cold season.

There are analyzed the features of the flow formation along the length using the example of
two main rivers of the region that have flow observations (the Mzymta and Sochi rivers). From the
graphs of changes in water flow rates and total runoff layers, it was found that the greatest water
content of rivers falls on the average flow of the river. At the same time, a third of the length of the
rivers, which fall on the low-mountain and low-hilly zones, significantly loses flow to the formation
of intra-pebble runoff. The most significant in this regard are the values of the runoff on the Sochi
River, which give a zero increase in water consumption from the 15-km estuary part of the basin
(58 kmz2is an increase in the catchment area).

Keywords: Sochi Black Sea region, geomorphology of the Caucasus, river network, Mzymta
and Sochi river basins, runoff volumes, change in river flow along the length, hydrological regime
of rivers.

1. BBegenue

PaccmaTtpuBaemass TeppuTOpUsA B aJMUHHUCTPATUBHOM OTHOIIIEHHMU XapaKTepU3yeTcs
CJIOKHBIM cTpoeHUeM, T7e ¢urypupyior CoUYMHCKUH HaUOHAJBHBIA TapK, ILJIOMAAb
MYHUITUTIAJIBHOTO 0o0beuHeHuss ropoa Coduu, IO aJAMUHUCTPATHBHBIM TpaHUIIAM 3aHUMAaeT
6osbIyto yactb CHII. Beicokoropbhsi mpuHAa IeskaT B OCHOBHOM KaBKa3cKOMY roc3amoBETHUKY U
HekoTopbiM OOIIT Gosiee Menkoro 3HaueHus. TeM He MeHee B T€0IKOJOTHYECKOM OTHOIIEHHH
n3ydyaeMasl TEPPUTOPHsS IIPEJICTABJISAET €IUHBIH IIPUPOJHBIA KOMILIEKC, U TpebyeT eIuHOTO
HazBaHUA. Takoe Ha3BaHNE HAMU PEJJIOKEHO KaK COUNHCKOe IIpruepHOMOpBE.

* Corresponding author
E-mail addresses: nikbit@mail.ru (N.A. Bityukov)
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OcoOeHHOCTPIO pErroHa B THAPOJOTHYECKOM OTHOIIEHWH SBJISAETCA TO, YTO pPatoH
IIpe/icTaBJIsIeT COOOU A/ 3aMKHYTHIX PEUHBIX 0ACCETHOB C OTUETINBO OUepUEeHHBIMH KOHTYPaMU,
BHYTPU KOTODBIX IIPOMCXOJUT MOUTHU IOJHOCTBIO BeCch IIpoIiecc KpyroBopora Bisaru. Ocaaxw,
BBIN3Jlafole B OacceifHaX pek B BUJE JOXKAA U CHera, 4acTUYHO YXOJAT HA HCIapeHue u
TPaHCIIUpANNIO, HO OOJIbIIel YacThI0O BO3BPAIIAIOTCS MOBEPXHOCTHBIM U IO/I3€MHBIM CTOKOM B
UépHoe Mope.

N3 anmanmsa  rugporpauueckodl  CceTH  HU3yYaeMOTrO PperuoHa  CJaeflyeT, BCIO
rugporpaduuecKyio ceTb ero MOXKHO Pa3/esIuTh Ha TPU YPOBHA. IlepBbIil ypoBeHb — OacceiHbI
PEeK, IMEIOIIe UCTOKH ¢ XpeOTOB B IIpezieiax BBICOKOTOPHOTO U CpeIHETOPHOTO pesibeda. OceBoe
M0JIO’KEHUe, HAWOOJIbIINE BBICOTHI U HauboJsiee JIpeBHUE IOPOABI COOTBETCTBYIOT I1aBHOMY
KaBkaszckomy XpeOTy W ero OTpPOroB, KOTOPBI IpOpe3aH A0JUHAMH peK. I'J1aBHBIN xpebeT B
npeziesiax CounHckoro IIpuuepHOMOpBA HMeeT BBICOTHI OT 1425 M Ha rope JIbIcoil 10 3257 M Ha
rope Ilceamxo. K stomy ypoBHI0O B mpenenax CoumHckoro IIpuuepHOMOpbs ciieflyeT OTHECTU
6 pek: Ilcoy, Maeimta, Coun, [1laxe, [Icedyarce u Arie, [Iiomasu ux Bogoc6OPOB KOJIEOTIOTCSA OT
896 kM2 (p. M3bIiMTa) 710 255 KM? (p. [Icesyarice).

BacceilHbI BTOPOro ypOBHSA pacloJiaraloTes B Ipefieyiax CpelHErOpHOTo pesbeda, a Majible
OaccelfHbI TPEThero YpPOBHS MPUYPOUEHBI K  HHU3KOTOPHOMY pesnbedpy  COYHMHCKOTO
IIpuyepHOMOpBA.

2. MaTepua/jibl 1 METOAbI

Ha PucyHke 1 mpejcTaBjieHa CXeMa pAacCIOJIOKEHHs HECKOJIbKUX XpeOTOB, HMEIOIIHNX
BOJIOpas/ieJibHOE 3HaueHWe. Tak, IMEemu TOp COCTaBAOT xXpeOThl: I[UtaBHBI KaBkasckwuid,
Bonmopasnenwsubiii, OkHBIN BokoBo#, Axiy, Amnerykckui, 1laxBoa, Aumrxo, Typsu ropsi, AJiek.
KT'naBHomy KaBkazckomy xpeOTy OTHOCATCA TOphI: JIbicas 1425 M Haj yp.Mops; ['padeB Benern
1544 M; Xyko 1900.6 M; @umit 2867.7 m; b3biin 2052 m; [Tmmxatixa 2120 m; Masnasa Uypa 2178 m;
Uyrym 3238.2 m; Accapa 2631.8 m; Ilceamxo 3256.9 m; Ckanucras 3157.8 M; llaxBoa 3345.9 M Haj,
yp.MOpHi.

Topbl BepxoBbeB peku MoapIMTa: U €€ NPUTOKOB BKIOUYAOT (cM.puc.1): 6.KapapiBau
(2960 Mm), 7. JIo106 (2000 M), 8. IuugsIixa (3139 M), 9. [Tuk CMmugoBHUUa-AkaparsapTa (3000 M),
ga. IlaxBoa (3345), 10. Arencra (3256 M), 11. [Iceamxo (3257 M), 12. Uyrym (3238 m), 13. Aubra
(2452 M), 14. Aunmxo (2391 m). T'opsl BepxoBbeB peku Couu: 15. Uypa (2250 M Haj yp. Mops),
16. Amyko (1918 m), 17. XpebeT AKcCK, 18. Meromr, 19. CaxapHasi.

YépHoe m

Puc. 1. Cxema rop u xpe6ToB CounHckoro IIpuuepHOMOpbs

B cooTBeTcTBMM C BBICOTHBIM pACIOJIOKEHHEM KaXKJoro Bojgocbopa ¢opmupyercs
TUAPOJIOTHYECKUI PEXUM U NMHUTAHUE PEK PerroHa. PeKyu MMeIOT NMaBOJOYHBIN BOJHBIM PEXUM,
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IIPY 5TOM IIaBOJKA MMEIOT B OCHOBHOM JIOJK/IEBOE M CHETOBOE MPOHUCXOKAeHHe. UHCI0 TaBOAKOB
COCTaBJIsSIET B CPEHEM 25-30 B rojl. [1aBo/IKH XapaKTepU3YIOTCS KPATKOBPEMEHHOCTHIO (B cpeHeM
JI0 5-6 CyTOK) ¥ OOJIBIION HWHTEHCHUBHOCTBIO IOJbEMAa YPOBHA BOABI (OT 1-2 70 4-5 M).
Pyciogopmupyioimiyie MaBOJAKHA BO3HUKAIOT IPH  BBINAJIEHUH WHTEHCUBHBIX JIMBHEH,
MpeBBIIIAOIINX 80 MM U OoJtee.

2529

[ 2448
]
[ 2610

2772

B 1881
B 1%
B 2043
B 2124
2205
B 2286
B 2367
] 2691
1

[ 2863
] 2934
1 3015
1 309
1 3177
[ 3268
1 3339
1 3420
3501
] 3582
I 3663
0 3744
3825
B 3906
T 3987
B 4068
B 4149
B 0230
B 41
N 439
Ml 73

H()L)Mbl 0CaKOB, MM
Bl 1800

Kpacnas ITonsina, n.Kemnm,
Kazaunit Bpox - myHKTEI
TUIPOMETPHY. HaOII0IeHHH

1:250 000

TR R ——

Tumcorpagmueckas Kprgas daceiina p.MsbiMra

Puc. 2. Kapra 6acceiina peku M3bIMTa ¢ THIICOTpaduuecKoi KpUBOI 6acceliHa 1
pacmpesieJieHeM HOPM OCA/IKOB 10 BBICOTHBIM 30HAM.
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B xkauectBe mnpumepa NOCTpoeHUs NUMPOBBIX Mojesell penbeda OaccelHOB peK Ha
Pucynkax 2 u 3 mpuBesieHbl cxeMbl OacceiiHOB pek MspimTa m Coum ¢ runcorpadudecKuMu
KPHUBBIMU (C IpIMeHeHHeM KoMIbIoTepHOU mporpammbl ARC-GIS).

BacceliHbI 5THX pek BHIOPAHBI, UCXO/ISI M3 OCHOBHOM IIPUYMHBI — HAJIMYHA OIMyOJIMKOBAHHBIX
JIAHHBIX 110 CTOKY PEeKHU B JIByX U 0oJjiee IyHKTaX, PACHOJIOKEHHBIX IO JJIMHE peKu. JTO JaeT
BO3MOKHOCTh MPOAHAIM3UPOBATh M3MEHEHUe DEeXUMa U BeJMYUHBl PEYHOTO CTOKA B CBA3U C
MPOTEeKAaHNEeM OT UCTOKA K YCTBIO.
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Puc. 3. Kapra 6acceiina pexu Coun ¢ runcorpaduieckoil KpUBO# bacceiiHa U pacupeeeHueM
HODPM OCa/IKOB I10 BBICOTHBIM 30HaM.

B cBA3U ¢ yka3aHHBIMU BBIIIE 0CODEHHOCTAMU TeoMOpQOJIOTHH permoHa OaccelHBI pek
MspiMta 1 COoYM HMMEIOT PEe3KO aCUMMEeTPHYHBIN B ¢GOpMBI OaccelHa ¢ OCHOBHOM YacThIO
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OacceiiHa B 30HE BBICOKOTODHOTO U CPEIHETOPHOTO penbeda, U KOPOTKUM Y3KHM YyUYacTKOM,
MIPOXO/IAIIlEM B HUBKOTOPHOM peJibede.

Pexa M3bIMTa UMeeT TpU IIyHKTAa HAOJIIO/IEHUH 3a peUHBIM CTOKOM — y noc. Kpacuas ITonana
B 41 KM OT yCTb4, y I1oc. Kemin — B 30 KM OT ycThs, 1 y noc.Kazauuii bpos — B 14 KM OT yCTh4.

Pexa Coun umeeT J0JIrOCPOYHbIE HAOJIIO/IEHUS 32 PEYHBIM CTOKOM B JIBYX THAPOCTBOPAX —
y c. [Imactynka (B 15 KM OT ycThsa) u y . Count (B 1 KM OT BIIa/IEHUS B MOpE).

B cBA3U ¢ HECOMHEHHOH 3aBUCHUMOCTBI0O PEYHOTO IMOBEPXHOCTHOTO CTOKA M IOAPYCJIOBOTO
BHYTPUTQJIEYHOTO CTOKAa Jlajiee IpUBeJleH aHaJN3 peXuMa IOAPYCIOBBIX BOJ, peku M3bIMTa.
ITo pesysibTaTaM pa3BeNiKH, MPOBeAeHHON JIa3apeBCKOUM THAPOTe0JIOTHYECKO mapTuei, B 1981 T.
Ha AXIITHIPCKOM y4YacTKe MPOAHATM3UPOBAH PEXKUM IIPECHBIX MO/I3€MHBIX BOJI, PACIIOJIATAIOIINXCS
B PaCIIMPEHHOU U TepeyryiyOJIeHHON NPHUYCThEBOM YacTH JOJWHBI p. M3sbiMTa. Ero ioknHas
TPaHUIA IPOXOAUT B 2,5 KM OT Oepera UepHOro Mops, a CeBEPHOM I'DAHUIEN CIIY>KUT Y4aCTOK
Cy’KeHU JIOJIUHBI B 9 KM OT YCThs peKH, 0011as MPOTIKEHHOCTD COCTABIIAET 6,5 KM (PUCYHOK 4).

ITon3zemHble BOJBI B IIpe/iesiaX yyacTKa MPUYPOUYeHbl K BAIYHHO-TPABUWHO-TaJIeYHUKOBBIM
OTJIO’KEHUAM QJUIIOBUAJIBHOTO TOJIOIIEHOBOTO BOJIOHOCHOTO TOPHM30HTA MOIIHOCTBIO OT 20 10
60 MeTpOB, CJaralluM Mepeyryy0jieHHOe JIoKe JIOJUHBI p. M3pIMTa B ee NPUYCTheBON 4YacTH.
C npubmkeHneM K KOPEHHBIM OOpPTaM JIOJMHBI MOIITHOCTh BOZIOHOCHOTO TOPU30HTA MTOCTEIIEHHO
yMeHbIIIaeTcs /10 MOJTHOTO BHIKJIMHUBAHUA.

I'nybuHa 3asieraHus 3epKajia TPYHTOBBIX BOJZ| B €CTECTBEHHBIX YCJIOBHSAX COCTABJISIET 1-5 M.
[ToBeMHBIE BOZBI AUTIOBHAIBHBIX OTJIOXKEHUU TIPEACTABJIAIOT COOOH TPYHTOBBIM IIOTOK,
HAIIpaBJIEHHBIN B CTOPOHY MOPS M MOJIyYAOIINH MUTAHKUE 32 CYeT WH(PUIBTPALINH TOBEPXHOCTHOTO
CTOKa, aTMOC(HEPHBIX OCAZKOB W B MEHBIIEH CTEleHW 3a CYEeT JIPEHUPOBAHHSA IIOA3EMHBIX BOJ
CKJIOHOBBIX OTJIOKEHUU. Pasrpyska Ux oCyIecTBIIAETCA B IIpefieiaX MOPCKOTO Iiesbga.

B mpemenax yyacTka TOA3EMHBIE BOJABI MPUYPOYEHBI K BAJIYHHO-TAJIEYHHUKOBBIM
OTJIO’KEHUAM AJUIIOBUIBHOTO TOJIOIEHOBOTO BOJIOHOCHOTO TOPU30HTAa. B IylaHe BOJOHOCHBIN
TOPU30HT UMeEET BUJI II0JIOCHI C TPAHUIIAMH, COBIAIAIOIINMU ¢ 60pTaMHU IepeyrryOaeHus JOJIUHBL.
AJUTIOBHATIBHBIE OTJIOXKEHHS 3aJIeTal0T HA MOIIHOH TOJII[E MPAKTHUECKH 0e3BOIHBIX OTJIOKEHUH
IaJleoTeHa, CIaraloIiuxX KOpeHHOe JIoXKe U 60pTa IOJIHHBI p. M3bIMTa.

I'my6uHa 3ajyieraHus TPYHTOBBIX BOJ, B €CTECTBEHHBIX YCJIOBUAX U3MEHAIACh OT 2,0-2,5 M JI0
6-7 M U IeJUKOM KOHTPOJIMPOBajJach HW3MEHEHHEeM IUIONIAQY IIOIePeYHOro CeuyeHUsd
AJUTIOBUAJIBHOTO TOJIOIIEHOBOTO BOJIOHOCHOTO T'OPU30HTA, YBEJIUYUBASACH HA yUaCTKaX Cy>KeHUs B
pe3yJibTare MOAIOpa IPYHTOBBIX BOZ, (PrcyHOK 4).

MakcumasibHasi MOITHOCTh BOJOHOCHOTO TOPU30HTA OTMeUaeTcsA B I03KHON YaCTU yJacTKa 1o
TJIbBETY MepeyIIy0sieHus, I7ie M0 Treo(PU3nUecKUM JaHHBIM JIOCTHTaeT 44-46 M. Ha ceBepHOM
rpaHHlle y4yacTKa B AXIITBIPCKOM YIIeJbe MOIIHOCTh BOJIOBMEIAIOIIETO AJUIIOBUA COCTABJIAET
30-32 M. C mpubsmkeHneM K KOPEHHBIM OOpTaM JIOJIMHBI MOIHOCTH BOJIOHOCHOTO TOPH30HTA
YMEHBIIIAETCS 10 TIOJTHOTO BHIKJTMHUBAHUSA.

[utanve aJTIOBHAJIBHOTO TOJIOIEHOBOTO BOJOHOCHOTO TOPU30HTA OCYIIECTBJIAETCA
IJIABHBIM 00pa3oM 3a cueT MHGWIbTPAIUU MOBEPXHOCTHOTO CTOKAa U aTMOC(EPHBIX OCAJIKOB.
B nuTaHuM a/UTIOBUAJIBHOTO BOJOHOCHOTO TOPH30HTA YYaCTBYIOT TaKXKe II0/I3eMHble BOJbI
BEPXHEMEJIOBBIX OTJIOKEHUU, KOTOPhlEe B MABOJAKOBBIE MEPUOJbI UTPAIOT CYIIECTBEHHYIO POJIb B
BOCITOJTHEHUU CPA0OTAaHHBIX 32 MEKEeHb SKCIUTyaTallHOHHBIX 3aI1aCOB.

B Tabsuie 1 npuBeZieHbl aHAJIM3UPOBAHHBIE JIAHHBIE 110 PAcXo/aM BOABI pek M3bIMTa U
Couu, ocpegHeHHbIe IO Ce30HAM (XOJIOZIHOMY — € HOAOpsS 1O MapT, TEIJIOMY — C ampessd IO
OKTAOph, U B IEJIOM 3a TUAPOJIOTHUYECKUH TOJ[) 3a IMEPUOAbI MMapasUleJIbHBIX HAOJIOIEHUNA Ha
OT/IeJIbHBIX TUAPOCTBOPAX YKa3aHHBIX PEK.
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Puc. 4. CxemaTuueckas SKOJIOTO-TUAPOreoJIornyeckKas kapTra HIDKHEH YacTH JOJINHBI

peku M3bimMTa
Artop: TocymapcTBeHHOe yHUTapHOe mpeanpuaTtHe « Kybanbreosorus» OTYET O HKOJIOTO-

TUZIPOTEOJIOTUYECKUX H3BICKAHUAX MO 00BHEKTY «CTPOUTEIHCTBO COBMEIIEHHOUW IOPOTH AJjtep-
HIKHSASA CTAaHITUS TOPHOJIBDKHOTO KypopTta «Po3a Xyrop»)
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Ta6mma 1. Ce30HHBIE U TOJIOBBIE Pacxobl Boabl p.M3biMta (y . Kpacuas [TossiHa, n.Kermmr u
Kazauwuii Bpon) u p.Coun (y c.Iltactyska u y r.Coun) ocpeHeHHbIE 3a apasliesIbHbIe IEPUO/TbI
HaOomeHui (M3/c)

Cp.pacxon 3a Cp.pacxozul BOZIBI 32 Cp.pacxgz: BOJIBI 34
FO]_II:I o XOJIOAHBIN. IIEPUO TEIVIbIU IIEPHUO/
TUAPOJIOTUYECKUU I'O/ Pacc. ot
Pexa, rapasuiesibH (HO516pPBH-MaPT) (amrpesb-oKTAOPH) eTist
TUAPOCTBOP BIX — MU y KM ’
Ha6)‘IIO,ZleHPIfI cpen MakKc M cpen MakKcC HHN cpen MakKc MHUHHN
M
P. MzbimTa- 10752002 10
noc. Kpacuas 975 34,3 44,4 24,0 16,9 23,6 ’ 46,7 63,5 29,6 41,0
(29 net) 8
Ilonsina
P. M3piMTa — 1975—2002 24,
Kasauuii Bpor | (29 7ter) 552 | 73,0 | 37,0 | 435 | 66,6 | "7 | 631 | 835 | 38,0 | 14,0
P. M3wiMTa — 1046-106 10
Kpacnas 946-1967 32,2 42,4 24,2 19,0 28,1 ’ 41,6 55,0 29,6 41,0
(24 roza) 0
ITonsna
P. M3piMTa — 1946—-1967 20,
oc.Kemmm (24 rona) 42,4 | 54,0 34,1 34,4 | 515 4 48,1 | 64,8 | 29,1 30,0
P. Coun — 1944—1991 10,
¢. Thnactynka (50 7te1) 16,1 23,0 9,3 18,9 28,0 8 14,1 25,6 6,0 15,0
P. Coun — 1944—1991
r. Count (50 e 16,1 22,0 9,4 19,7 29,9 | 11,5 | 13,6 22,0 5,2 1,0
P. Coun — 1944—2005 10,
c. IlnacryHka (86 ster) 15,9 23,0 91 18,4 28,2 8 13,8 25,6 6,0 15,0
P. Coun — 1944—2005
r. Count (86 71e1) 16,4 | 42,7 4,2 20,1 | 51,6 | 4,8 | 13,8 | 36,3 3,8 1,0
P. Coun — 1992—-2005
c. Tnacrynka (15 tet) 14,4 20,0 9,1 16,1 20,1 | 11,5 | 13,1 22,1 7.3 15,0
P. Coun — 1992—-2005
I Coun (15 nter) 17,6 | 26,3 10,3 21,6 | 37,9 | 13,5 | 14,8 | 21,6 8,0 1,0

[Tpu 5TOM IPUHSATHI CIIEAYIONIHE TIEPUO/IbI HAOTIOIeHUH:

1. Pexa M3piMTa — ruzpoctBophl y noc.Kpacuas IlosnsHa u y noc.Kazauuit Bpon — 1975-
2002 TU/IPOJIOTUYECKUE TOABI — 29 JIET.

2. Pexa M3piMTa — ruzpoctBophsl y noc.Kpacuas Ilonaxa u y noc.Kenm — 1946—-1967 rT. —
24 roja.

3. Peka Coun — ruzpoctBopbl y c.Ilimactynka u y r.Coun UMeIOT ITapaJsiieJibHble HaOJTI0ieHUs
3a IIepUoJ, 1944—2005 IT — 61 TO.

3. O6cy:kneHue

Hasiee mpuBOAUTCA aHAIN3 peKUMa PacxoioB BoAbl p. M3bimTa y noc. Kpacunas Ilonsana u y
noc. Kenmi  3a mepuoyi mapaUiesIbHBIX HaOMIOZIeHUd ¢ 1946 10 1967 THAPOJIOTUYECKUE TObl
(Pucynox 5, 6, 7). CpenHerosoBble pacxobl BOABI 32 3TOT MEPHOJ, B ruapocTBope M3biMTa-KpacHas
[MosnsiHA M3MeEHSINCH B IIPeJiesiax OT 25 710 40 M3/c, a B ruzipocTBope M3bpimTa — noc.Keri — ot 35 10
55 M3/c¢, T.e. IPUPOCT IUIOIIAIU BoJiocOopa Ha 288 KM2 aeT MpUPOCT CTOKA Ha 10-15 M3/c.
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Puc. 5. XpoHosiornueckuil rpapuk cpesiHero/IoBbIX Pacxo/i0B BO/bI p. M3bIMTa
y noc. Kpacuas Ilosssna u y noc. Kemm
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Puc. 6. XpoHoJsiornueckuii rpaduK CpeIHUX 3a XOJIOAHBIN EPHOJ, paCX0/I0B BOIbI P. M3bIMTa
y noc. Kpacnas Ilosssna u y noc. Ken
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Puc. 7. XpoHonoruueckuil rpaduk cpeHUX 32 TeIUIbIM Nepro/i pacxo/i0B BOABI p. M3bIMTa
y Kpacsoii [Tosnass! u y noc. Kem

CpenueromoBoii pacxoz Boabl y Kpacroit IosisiHbl paBeH 41,6 m3/c, a y moc. Kerr 48,1 m3/c,
CJIEZIOBATEIbHO pa3HUIlA COCTABIAET 6,5 M3/c. Pacuer mpupocra CTOKa € 3TOH IJIOMAAM /1aeT
BEJIMYHNHY 420 MM CJIOA.
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CpefHece30HHble pacxogbl Bogbl M3bimTa y KpacHoii Monsaxbl, m3/c

Puc. 8. 3aBucumocTts MeX/ly CpeiHeCE30HHBIMU Pacxo/iaMH BOJIbl p. M3bIMTa
y nnoc. Kpacuas ITonsna u y noc. Ker 3a X0J1I0{HBIN ITEpUOS,

Ha Pucynkax 8 u 9 mokasaHbl 3aBUCHMOCTH CPeJHHX 3a CE30HBI PacXoZ0B BOJABI Ha
ruapoctBopax kpacHas I[lossaxa u Kemnin, KOToOpble HMEIOT BBICOKYIO CTeleHb Koppessanuu (R2 =
0.72-0.91).
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Puc. 9. 3aBUCUMOCTD MEXK/Ty Cpe/IHe-CE30HHBIMU PACX0/IaMH BOABI P. M3bIMTa
y oc. Kpacuas Ilossana u moc. Keri 3a Teribiii ce30H

Crnenyoomuid 1epuoj; NapaUieJIbHbIX HAOJIOJEHUH 3a CTOKOM (1975—2002 THJP. TOJIbI)
CBSI3aH C IIEPEHOCOM THJIPOCTBOpA p. M3bIiMTa y moc. Kerir Ha OCT B 14 KM OT YCTbsl M3BIMTBI —
noc. Kazaumuii bpos. Ha Pucynkax 10, 11 ¥ 12 mmoKa3aHa JMHAMUKA CPEIHETOJIOBBIX U CE30HHBIX
pacxoioB BOABI Ha TUAPOCTBOpax p. MaeimmTa — moc. Kpacuas ITosstHa u M3sivTa — Kazauwnit Bpog.

CpenHeromoBoi pacxoji BOABI 3a Iepuof, 1975-2002 rr. y moc.Kpacuas IlossiHa paBeH
34,3 M3/c, a y moc Kazaumuii bpox — 55,2 m3/c. IIpu mpupocrte 1wiomaau Bogocoopa 839 kM2 —
510 KM2 = 329 KM2 IPHUPOCT PACX0/ia BOABI B CPETHEM COCTABIII 20,9 M3/C.
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I PasHocTb KpacHasa NonAaHa  ———Kasauwii bpog

Puc. 10. XpoHoJsiornueckuil rpaduK CpeTHETO/IOBBIX PACX0/IOB BOJIBI P. M3bIMTa
y Kpacuoii [Tossausr n Kazaunit bpog
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Puc. 11. XpoHonormyeckuil rpaduK CpelHUX 3a Ce30H pacxo/oB Boabl p.Msemvmra y KpacHoit
[Mosnstae! u y noc. Kazauuii Bpox 3a X0J10/1HBIN IEPHO/

Kak ciiestyer U3 nmpuBeIeHHBIX rpadUKOB, CpeAHNE 3a XOJIOAHbIN IIEPUOJ, PACXOAbl BOIBI 32
nepuos 1975—2002 rr. y noc.KpacHas ITonsHa cocraBwiu 16,9 m3/c, a y moc.Kaszauuit bpog —
43,5 M3/c. TIpupocT cpemHero 3a XOJIOAHBIM IIEPHOJ pPacxofa BOABI paBeH 26,6 M3/c, wWin
yBeJIMUeHne cToKa B 1,6 pasa. [Ipu sTtom Ha ruzpoctBope Kpacuas ITosisiHa B XOJIOAHBIN ITEPUO/
HaOsoz1aeTcs: OoJiee  BBIPOBHEHHBIA XOJT PacXoJ0B BOJABI, UTO OOBACHSAETCA IIpolieccamMu
CHETOHAKOIUIEHUs B BBICOKOTOPHOM yacTu b6acceiiHa peku M3bIMTa.

90
(=]
S,
o0 A /
= 80 / N /
3-‘ 70 \\ J /! A N A A\ A /
fe0 LM N\ |77 Al NAW4 4
- 4 N f
gSO \/ N \\/ \ } R ""\\ | AP 1/ pR.ad
N 4 NV NY; SN 7 N0 ¢ 7=
” ~ [

E Dl T S A 2\ V! ' See V’ W Na-T
°_40 [ ’ i ‘, L4
) N U
s 30 ¢
I
2 20 - EE BE
3 P l l l l
g . Al BN NN BN BN AN A |l
=
% 0 - 11 1l = 101 J -
& A =S > B B G SO B~ T TS~ ~ N - G S-S - =

s H o ® © @ 0 0 @ K 8 A G G d A G A A G D

~ 00 O © — o o = v O M~ 00 & Q@ —« o9 o < v O ™~

M~ I~ I~ 00 00 0 00 00 00 0 0 W 0 @ o O G & o @ G N

a G &y v &y v vy Oy v O v Oy O v O O O v O O O O

— N o~ N o~ - N o~ - N o~ N o~ -

Tmpponornyeckue rogbl HabnwaeHUA
s PasHocTb Kasau bpog  =-=--KpacHasa lNonsaHa

Puc. 12. I'paduk cBA3U Ce30HHBIX pacxoA0B BoAbl M3biMTa y noc.Kpacunas Ilonsana
u y noc.Kazaunii Bpoy 3a Tenisiii nepuos

Cpennue 3a TeIUIBIM IIEPHOJ PACXo/bl BOJABI 3a MEPUOJ 1975-2002 IT. y moc. KpacHas
[Tonsana cocraBmwin 46,7 M3/c, a y moc. Kazauuii bpoy — 63,1 m3/c. IIpupoct cpezHero 3a TeIIbId
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TIEPHOJT Pacxo/ia BOABI 16,4 M3/c, T.€. CJIOH CTOKA ¢ IMPUPOCTA IJIOMIAAU 319 KM2 paBeH 16,4%56,98 =
934,5 MM CJIOSI.

ITpu sTOM cBA3B cTOKa p. M3biMTa y 1toc. Kpacnas Ilosana u y noc.Kazauuit bpog 3a xonoqHbIi
IIEPHO/T MPAKTHYECKH OTCYTCTBYET (Y = 1,4394X + 19,2 ipu R2 = 0,21), a /711 CpeAHETO/IOBBIX PACXO/IOB
Bozbl R2=0.47 (PucyHok 13). 9TO sABJIsIETCA Pe3yIbTaTOM paclpeiesIeHHsT TEPPUTOPHH BogocOopa 1o
BBICOTHBIM 30HaM. Tak, Npu cpefHeld BbICOTe OacceiiHa MB3BIMTBI 1400 M HaJ[ yp. MOps K
BBICOKOTOPHOU 4vacTy (BbIlie 1800 M Ha/ yp. MOPsI) OTHOCATCA 32 % IUIOIIAN, K CPETHETOPHON —
oT 600 710 1800 M HYM — 56 %, K HU3KOTOPHOH YacTh — OT 200 10 600 M HYM otHocsaTes 10 %
TEPPUTOPHUH, U K IT0JIOTO-XOJIMUCTOMY pebedy TATOTEIOT TOIBKO 2 % IUIOIIaau Bojocoopa.
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Puc. 13. I'paduk cBA3U cpeHEroJOBBIX PAcX00B BObI peka M3bIMTa
y nnoc. Kpacuas ITonana u Kazauuii bpox
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Puc. 14. I'paduk cBA3U Ce30HHBIX pacxoAoB Bobl M3bpiMTa y oc.Kpacuas Ilonsana
u y noc.Kazauwuii bpog 3a Temipiii nepuo;t
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Puc. 15. CpeI[HI/Ie 3a CE€30HbI U TUAPOJIOTHUYECKHE I'O/Abl PACXOAbI BOAbI PEKU Coun

y ¢. [nactyHka 3a mepuo, HabTIoieHUH 1926-2011 TH/P. TOABI
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HeckoJibKO BBIIIE YPOBEHD CBA3U PACXO/IOB BOJIBI 3THX JIBYX THIPOCTBOPOB HAOJIIOAIOTCS B
TEIUIBIA MIEPUO/I, YTO CBA3aHO ¢ (JOPMUPOBAHHEM CTOKA PEKH B PA3HBIX BHICOTHBIX 30HaX OacceiHa
(PucyHok 14).

AHajiu3 MaTepuaJiOB IapaJUIeJIbHBIX HaOMofeHnii Ha peke CouW [JaerT Ccieaylolue
pesysbrarbl. HaOsronenuss 3a crokom peku Couu y c. IlmacTyHka OTHOcATCA K Hawnbosiee
MIPOOJIKUTETLHOMY CPOKY M3 Bcex MpoBoAuMbIX Ha YepHoMmopckoMm [To6epexbe KaBkaza — ¢ 1926
o 2011 THApPoIoTHYEecKHe roabl (86 jer). (PucyHok 15).

Atu HAOJIONEHUS XapaKTepU3YIOT PEXUM (OPMHUPOBAHUS PEYHOTO CTOKA HAa OCHOBHOM
BBICOKOTOPHOUM W CpeIHETOPHOM 4JacTu OacceiiHa peku (238 kM2 U3 00miel 1wiomaau bacceiiHa
296 kM2, IIpu cpemHel BbicoTe OacceliHa 850 M HAJT yP.MOPs K BHICOKOTOPHOM YacTu (BhImIe 1800
M HaJ YP.MOpPsI) OTHOCATCA 2 % IUIOIIA/IN, K CPeAHEeropHoO — oT 600 1o 1800 m HYM — 70 %,
K HU3KOTOPHOW YacTd — OT 200 A0 600 M HYM oTHOcATCA 20 % TEeppUTOPHH, U K IIOJIOTO-
XOJIMHUCTOMY peJibedy TATOTEIOT TOJIBKO 2 % ILTOIIaau Bogocbopa.
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Puc. 16. Hopmbl mecssunoro croka peku Coun y r.Couu u y c.Ilnactyska, m3/c

BesienictBre ocobeHHOCTe BHICOTHOTO pacoJiokeHus OacceitHa peku Couu BHYTPUTOZI0BOE
pacripefieJieHle CTOKa PEKH XapaKTepu3yeTcs NPeBAJIMPOBAaHUEM CTOKAa XOJIOJTHOTO Iepuoja Haj
CTOKOM TeIUIOTO ce30Ha (B cpe/iHeM B 2 paza) (PucyHok 16).

[TapannenbHble HabM01eHUA 32 cToKOM peku Couu (ruapoctBop p. Coun y r. Count — B 1 KM
OT YCThs1) UMEIOT 00JIee KOPOTKUH MEPUO — C 1944 1O 2005 Tuzp. rojbl (PucyHok 17). 3 ananmmusa
9TOTO TpadUKa CIEAYET, UYTO B MIEPHUOJT 1944—1991 IT. CPETHETO/IOBBIE PACXO/IBI BOABI 0OOUX IIOCTOB
MPAKTUYECKH COBMIAJAIOT, T.e. IPUPOCT IUIOMIAAU BojocOopa Ha ydyactke c¢. [Lnactynka — r. Coun
Ha 58 KM2 B CpeJTHEM paBeH O.
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Puc. 17. 'paduk cBA3M cpelHETOZIOBBIX pacxoioB BoAbl p Coun y c. [Inactynka u y r. Coun
3a Iepuoz 1944—1991 IT.
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Puc. 19. I'paduk cBsA3U CpeHUX CE30HHBIX PacxooB Boabl p. Coun y c. [Inacrtynka u'y r. Coun 3a

XOJIOJTHBIN TIEPUOJT 1944—1991 IT.

I'paduku CBA3U CpETHEr0/IOBBIX M CPETHECE30HHBIX PACX0/IOB BOBI 34 ATOT MEPHUO, HMEIOT
BBICOKYIO cTereHb koppessanuu (R2=0.81-0.86) — Pucynku 17, 19 u 23). Ha Pucynkax 18 u 21

IIpDHUBE/ICHbI

XPOHOJIOTHUYECKHUE rpa(bmcn AUHAMUKH CPEAHE3€30HHbIX PacXoJ0B BO/JbI

rugpoctBopax p. Coun y c. Ilnacrynka u r. Coun y r. Coun.
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Puc. 20. I'paduk cBA3U cpeiHECE30HHBIX pacxo/10B Bojibl p.Coun y c.Ilnactynka u y r. Coun

3a Mepuoj 1944—1991 IT. (TEIJIBIH CE30H)
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Puc. 21. XpoHoJsiornueckuii rpaduK CpeTHECE30HHBIX Pacxo10B Bobl peku Coun y c. [InactyHka
u y r.Couu 3a IepUo/, MapauIeTbHbIX HAOTI0IeHUH 1944—2003 TUAP. TO/bI (32 XOJI0/THBIH MEPHO/T)
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Puc. 22. XpoHosiornyeckuii rpaduk cpeiHece30HHBIX pacxoZoB Boabl peku Coun y c. Ilnactynka
u y r. Coun 3a epuo/i napasuiesIbHbIX HAOIIOAeHUN 1944—2003 TUAP. TOABI (32 TEIUIBIH TEPHO/T)
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IIOBBIIIIEHHE

CPeIHECE30HHBIX pacxonoB Bogbl Ha mocty p. Coum y 1. Coun W yMEHbIIIEHHE TOYHOCTH
B3auMocBszel (PrucyHok 23).
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Puc. 23. I'paduk cBsA3U CPeTHUX CE30HHBIX pacxoA0B Bojibl p. Coun y c. [Inacrynka u r. Coun
XOJIOAHBIN TTepUOo 1991—2004 TT.

Bo3MOkHO 5TOT HaKT 0OBSACHUTH U3BMEHEHUEM ITOBEPXHOCTH OacceifHa B BUle MHTEHCUBHOU
TOPO/ICKOHM 3aCTPOMKHU 3TOM YacTU BOAOCOOpA, MOBJIEKIEe yBeIUUeHHe KoddduimeHnTa croka ¢
3TOU YacTH Bojiocbopa.
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Puc. 24. XpoHosiornueckuii rpa¢puk JUHAMUKHU TOZ0BOTO CTOKA p. M3bIMTa

y p. . Kpacuas ITossiHa u y moc. Kazauuit bpog
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Ananu3s pe:xuma croka pek M3pimra 1 Coun. [ToMuMo npuBeIeHHOTO BHIIIE aHATN3A
peXuMa pacxoJIOB BOABI STUX PEK BBHINOJHEH AaHAIN3 pEeXUMa pPEYHOro CTOKa B BHJE
pacCUYUTaHHBIX CJIOEB CTOKA, OCPEIHEHHBIX IT0 IIJIONIA/IU BOI0CO0pa B MM.

B Tabsurne 2 gaHbl aHAJOTUYHbIE IPUBEJEHHBIM BBHIIE MaTepHajaM II0 PacXo/aM BOJIbI
(Tabnuma 1) (3a ykazaHHbIE IEPHUOABI) IO CyMMAapHOMY CTOKY — CyMMBbI CTOKa B MM CJIOSI 32
XOJIOAHBIN U TEIUTBIM Ce30HbBI, U B I[€JIOM CYMMBI 32 TUAPOJIOTHYECKUH TO/I,.

Tao6suna 2. Ce30HHBIE U TOZ0BbIE CyMMBI cTOKa p. M3bimTa (y moc. Kpacuas Iossina, noc. Kermr
u Kazauwnit bpon) u p. Couu (y c. [mactynka u y r. Coun) ocpeHeHHbIE 3a TIEPUO/IbI
MapauIeTbHBIX HaOTI0/IEeHUH (MM CJ105T)

c CTOK 3a XOJIOZHBIH. CTOK 3a TeIIbIi
TOK 32 TH/[POJIOTH- <
= ” niepuoy, (HosI6pb- niepuoy (ampesb- &
o 4ecKUH roj
B MapT) OKTAODB) S
— A & s}
Pexka, =85 % )
S K
THIPOCTBOP S5 E B % E 5 % E 5 % E ;
g5 5 s g & s = & s 5 S
= = = é
P. M3siMTa- 1075—2002
noc. Kpacnas 975 2228 2740 1626 528 752 312 1693 | 2300 | 1069 510
(29 neT)
ITonsgHA
P. M3pimTa — 1975—2002
Kasaumii Bpox (29 7tet) 2066 2747 1394 678 1041 | 324 | 1388 1844 835 829
P. MzpimTa — 1046-106
Kpacuasa 946-1967 1991 2361 1499 485 724 258 | 1506 1994 1073 510
(24 roza)
IlonsiHa
P. M3pimTa — 1946-1967
O — (24 rona) 1675 2134 1351 564 839 336 1111 1499 668 798
P. Counu — 1944-1991
¢. TlmacTyuKa (50 7teT) 2096 | 2896 1279 1029 1538 | 592 | 1067 | 1684 464 238
P. Couu — 1944—-1991
I Count (50 7teT) 1715 2326 1003 868 1325 | 514 847 1371 325 206
P. Counu — 1944—2005
¢. Thnactysxa (61 11eT) 1993 960 1041 960 1548 | 313 | 1041 1684 464 238
P. Couu — 1944—2005
I Count (61 7e1) 1747 2808 1002 863 1681 | 286 870 1371 325 206
P. Counu — 1992—2005
¢. Thnactysxa (15 7ter) 1801 2603 1206 886 1106 | 632 961 1655 547 238
P. Coun — 1992—-2005
I Count (15 ner) 1833 2809 1098 905 1681 461 956 1371 500 296

Ha Pucynke 24 npuBefieH XPOHOJIOTMYECKUH TpadUK JAUHAMUKH TOJIOBBIX CYyMM CTOKAQ
p. M3eimTa y p. . Kpacuas Ilonsana u y noc. Kazauunit Bpox MoXHO BUJIETh, YTO T'OJIOBOM CJIOM
croka B BepxHeM cTBope (Kpacuas IlosisHa) B OCHOBHOM O0o0Jibllle, UeM B HIKeJIeXKalleM
ruzpoctBope. CpegHUI rOZ0BOM CJIOM CTOKA 3a MEPUOoJ 1975-2002 roasl y moc. Kpacuas Ilonsna
paBeH 2228 MM, a y rtoc. Kazauuii bpog — 2066 mm. CiteroBaTesibHO, Pa3HUIA COCTABIISAET 162 MM
IIpU IIPUPOCTE IUIOMIAN BOAOCOOpA 329 KM?2.

Ha Pucynke 25 mokasaH XpOHOJIOTHYECKHUH TpadUK CE30HHBIX CYMM CTOKa p. M3bIMTa y TOC.
Kpacuas ITonsaa u Kazaunit Bpos 3a X0JI0JHBIA ce30H, I7le BeJIMUNHBI cToKa y Kazaubero bpoaa
Bhlllle, ueM y moc. KpacHasa IlossiHa. CiemoBaTesbHO, YMEHbBIIIEHHWE CTOKA B HIDKHEM CTBOPE
(Kazauuit Bpox) mpoucxout 3a cuer Temsioro nepuojia (PucyHok 26). Pazuura B croke p. M3bimTa
3a TeIUIBIA MepUoJi B cpeAHeM cocTaBisfeT okoso 300 MM (B Kpacnoil IlosisiHe cTtok 1680 MM
BhbIIIE, ueM B Kazaubem Bpoze — 1387 mm).
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Puc. 25. XpoHosorudeckuii rpaduk ce30HHOTO cTOKa peku M3bimTa y noc. Kpacuas [Tosnsana

u y toc. Kazauuit bpojt 3a X07101HBIN NTEPUOJ, 1975-2002 THAP. TOABI
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Puc. 26. XpoHosiornueckuii rpaguk Ce30HHOTO CTOKa p. M3bIMTa 3a TEIJIbIN EPUOJ,
y p. n. Kpacuas [TonsHa u Kazauuii Bpox (B MM ci1os)
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IIpx 5TOM B3aMMOCBSI3H CYMM CTOKa 3a XOJIOAHBIA M TEIUIBIH CE30HbI BTHUX [IBYX
ruapoctBopoB (moc. KpacHas ITossHa u moc. Kazaunit Bpon) xapakTepusyercst CpeiHel cTeneHbo
TecHOTHI (R2 = 0.58-0.65) (Pucynoxk 27 u 28)
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Puc. 27. CBA3b CyMM CTOKA 3a XOJIOAHBIN niepuos p. MaeimTa y Kpacuoit [1ossaHbl
u y Kazaubero bpoaa
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Puc. 28. CBa3p ce3oHHOTO cTOKa p. M3biMTa y Kazausero bpoza u y Kpacuoii Ilossaabl
32 TeIIbIN IEePUO/]

Ceasp croka p. M3emmra y noc. Kpacuas Ilongasa u y noc. Kenmn M0OXKHO XapakTepu3oBaTh
IIePHO/IOM TapaJJIeJIbHBIX HAOTIOAEHUH — ¢ 1946 rojia 1mo 1967 T (24 TUAPOJIOTHYECKUX T0/1a).
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Puc. 29. XpoHosornyeckuii rpaduk roJloBbIX CyMM cToka p. M3pimTa y moc. Kpacnas Ilonsana u
nioc. Kermr 3a nepuos Hab 10/IeHUN 1946—1967 TT.
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Puc. 30. XpoHonoruueckuii rpaduk cToka peku MabimTa y moc. Ken 3a Bech

repuo, HabIoIeHu 1926—1967 IT.

Maponoruyeckue rogbl HabnogeHwi
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B cpennem 3a ruzposiormyeckuil roz y moc. Kemmn crok MmeHble, yeM y moc. KpacHas
[Tonsana, Ha 1675-1991 = 316 MM (IIpH yBeJIMYEHUH IUIOIIAAN BOZOCOOpa HA 3TOM YYacCTKe B
288 km2). ITpu 3TOM B XOJIOZHBIH TTEPUOJ], CTOK Ha HIDKeJIeXKaIleM IocTy B moc. Kemnrn 6Gostbie Ha
484,9-563,6 = 78,7 Mm (Pucynku 29, 31). 3a TeIUIbIA IEPHUOJ pPa3HUIIA B CyMMe CTOKa 1506,5 —
1111,3 = 395,2 MM — B nioc. Kermr mensInie (PucyHok 32).
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Puc. 31. XpoHoJiornuecKui rpaduK Ce30HHOTO CTOKA 32 XOJIOTHBIN IIePHO/T
p- M3eimTHI y ioc. KpacHas IosssHa u moc. Kemnn
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Puc. 32. XpoHosiornyeckuil rpadrK CE30HHOTO CTOKA 3a TEIUIBIN epUo; p. M3biMTa
y oc. Kpacnas Ilossina u moc. Kenir 3a nepuo 1946—1967 ryjip. TOAbI
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Puc. 33. I'paduk cBA3M CE30HHOTO CTOKA 32 XOJIOAHBIH 1epuos p. M3sIMTa
y oc. Kpacuas Ilonsgaa u noc. Kenmr, MM cToka
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Puc. 34. 'paduk cBsA3U CE30HHBIX CYMM CTOKa p. M3biMTa y noc. Kpacuas ITosstHa
u nioc. Kemiir 3a Teniblil ce30H

Cnenmyer oOpaTuTh BHUMAaHHE HAa BBICOKYIO CTEIIEHb KOPPEJSANUU MEXJIy CE30HHBIMHU
cyMMaMu cToka p. M3bimTa y ntoc. Kpacuas ITosisiHa u y moc. Kermmr — R2 = .80-0.93) (PucyHoK 33 u
34), YTO MOXKHO OOBSACHUTH CXOJHBIMU YCJIOBHUAMHU (HOPMHUPOBAHHUSA CTOKA HA STOU YACTH
BOJIOCOOpA PEKH.
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OcobeHHOCTSIMU BHYTPUT'OJIOBOTO PEXHMa CTOKAa B 3TOU YacTH BojocOopa peku M3abiMTa
cJIeZlyeT OTMETUTD MPEBBIIIEHNE CTOKA TEIUIOTO NepUo/a HaJl XOJIOJHBIM CE30HOM IPAKTUYECKU B
2 pasa, 4YTo 00BbACHAETCA HATMYUEM CHETOBOTO IMUTAHUSA PEKU.
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Puc. 35. Hopmsl mecssuHOro croka p. M3simTa y noc.Kpacnas Ilonsana u noc. Ken
(cpennue 3a mepuoa 1946-1967 IT.)

Ananu3 pexuma croka pexu Coun y c. Iltacrynka u y r. Coun. Kak ykaspiBasioch
BBIIIIE, TIepHOJT HabmoneHu Ha peke Coun y c. [lnactyHka nMeeT HanOOIBITUH P/ HAOIIOIEHUH
(Pucynok 36). 113 mpuBeieHHOTO TpaduKa CJIeIyeT, YTO O0Ias TEHAEHIIUA T0/IOBOTO CTOKA NMEET
OTpUIaTeIbHBIN HAKJIOH, IIPDU 5TOM CE30HHbIE CYMMBI CTOKA IPUMEPHO O/IMHAKOBBI 32 XOJIOJHBIN
U TEIUTbIN TIEPUO/I.

Fogpl HabOmogeHW? 1930—1965 TIOKa3bIBAIOT MOBBINIEHHBIH CcTOK p. Coum, 3arem
HabJro/1aeTes Cnaj, CToKa B IepHuo/t , 1965—1977 IT. U Jlajlee cjie/iyeT HOBBIIIEHNE CTOKA ¢ 1978 1o
2003 IT.

Ha PucyHke 37 npuBe/ieH XpPOHOJIOTHYECKUHM TpadUK ToJIOBBIX cyMM croka peku Coum y
c. [Inacrynka u y r. Couu 3a mepHo/T ITapasuie/IbHbIX HAOTIOeHUN 1945-2005 TH/IP. TObI.

XpoHosorTu4YecKu rpaduk U3MeHEeHUsA roJloBou cyMmMMbl cToka p. Counm y c. Ilnmacrynka u
r. Coun 3a 1945—1991 IT. mokas3aH Ha Pucynke 38. Cpennue 3a iepuoj 1945—1991 IT. CyMMBI CTOKa
p. Coun y c. Ilnactynka =2095,5 MM, p. Coun y r. Coun — 1715,7 MM; Pa3HUIlA B CTOKE COCTABJIAET
380 MM 3a rUIPOJIOTHYECKUH TO/T.

XpoHosoruyeckuil rpaduk u3MeHeHUsA ce30HHOTO ctoka p. Coun y c. [nactynka u r. Couu 3a
XOJIOHBIA MEPUOJ B 1944—1991 THAPOJIOTHUECKHE TOAbI IIpUBeAieH Ha Pucynke 39. B cpeanem 3a
48 netr (1944—1991 1T.) cToK p. Coun y c. Ilnacrynka paBen 1029 M, a p. Coun y r. Coun — 868 MM 3a
XOJIOZHBIH NEPHUOJ; Pa3HUIA 161 MM COCTAaBJIAIOT B CPeHEM ITOTEPH CTOKA 32 XOJIO/IHBIN CE30H.

XpoHoJsornyeckuii rpaduk U3MeHeHUs ce30HHOTOo croka p. Coun y c. [Tnacrynka u r. Couu 3a
TEIUIBIM MIepHO/] B 1944—1991 rHAPOJIOTUYECKHe TO/Ibl IIpHBeZieH Ha PucyHke 40. B cpennem 3a stot
niepuof, (1944—1991 rr.) ctok p. Coun y c. [Ltactynka paBex 1067 M, a p. Coun y . Count — 847 MM 3a
TEeIUIbIHM NIepuoy]. Pa3HuIia 3a TEIUIbIHN CE30H B CPeJIHEM COCTABJIAET IIOTEPHU CTOKA 220 MM.
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Puc. 36. XpoHosornyeckuii rpaduk roJIoBbIX M CE30HHBIX CyMM CTOKa peku Coun
y ¢. [nactyHka 3a mepuoy, HabJIIoAeHUi 1926—2011 TUJIP. TOIbI
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Oco0bbIii HHTepec Ipe/icTaBiIsAeT pexxuM cToka p. Couu 3a nocsiennue 15 yet. Ha Pucyrke 41
IpejicTaBiieH TpadUK U3MeHeHHUs TO/I0BBIX CyMM cToKa p. Coum, KOTOPBIM IIOKAa3bIBae€T HEKOTOPOE
IIpeBBIIIIEHNEe TO/IOBBIX CYMM CTOKA B HIDKeJIesKallleM T'MJIPOCTBOpe: Cpe/iHee 3HaueHUe T'0/I0BOU
cyMmMBbl cToka p. Coun y r. Coun cocrasiiser 1853 MM, a p. Coun y ¢. Ilnmactynka — 1801 MM.
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Puc. 41. XpoHosiornueckuii rpaduk U3MeHeHHUs ToI0BOro croka p. Coun y ¢. IlmactyHka
u r. Couu B 1991—2005 THAPOJIOTUIECKHE TOTBI

3a XOJIOMHBIH ce30H TpadUK PHUC.42 TAaK:Ke MOKA3bIBAET HEKOTOPOE IIPEBBIIIeHNe cTOKa p. Coun
y r. Count (905 MM) Haf| cTokoM Yy ¢. [Timactyrka — (886 Mm), T.e. mpubaBKa B CTOKE ITOYTH 20 MM.
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Puc. 42. XpoHosoruyeckuii rpaduk u3mMeHeHHsA ce30HHOro ctoka p. Couu y c. Ilnmacrynka u
r. Coun 3a XOJIOZHBIN MTEPUO, B 1991—2005 TUAPOJIOTHYECKHE TO/IHI.
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Xoso1HBIY IEPHO],
AnanormyHas KapTHHa HabJI0/jaeTcs U B TEIUIBIN ce30H (PucyHok 43): cpefHue 3a mepuos
HabII0IeHUH 1991—-2005 IT. BEJIMYUHEI cToKa y ¢. [Imactynka = 950 MM, y r. Count = 956 MM.
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Puc. 43. XpoHosiornueckuli rpaduk nu3MeHeHus ce30HHOTO cToka p. Coun y c. Ilimactynka
u r. CouH 3a TEeIIbIN epuoj B 1991—2005 THAP. TOJIbI

Ha PucyHke 44 mokazaHa B3aMMOCBSI3b CE30HHBIX CyMM cToka p. Coum y c. [lnacTyHka u y
r. Coun 3a mepuoj HaOJIOEHUH 1944—1551 IT., KOTOpasg XapaKTepU3YyeTCs BBICOKOUM CTEIeHBIO
KOPPEJIAIUH.
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HaOJTIOZIEHUH 1944—1991 THUAP. TOABI
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4. 3axJaoueHue

1. B cwiy ocobenHocreii reomopdosiorudeckoro crpoenusi CouuHCKOTOo IIpuyepHOMOpPBS
ocHoBHbIe peku Teppuropuu (IIcoy, Mabmmra, Coum, Illaxe, Ilce3yarice u Allie) UMEIOT PE3KO
acMMeTpHUUYHYI0 popMy GacceitHOB ¢ mpeobsIalaHieM OCHOBHOM YacTH BOJI0COOPa B BHICOKOTOPHOM 1
CPeTHETOPHON YacTH TEPPUTOPHUH. DTO OKA3bIBAET BJIMSAHHE HA BOAHOCTH PEK, paclipefie/ieHhe CTOKA
BHYTPH T'H/IPOJIOTHUYECKOTO To7ja, Ha 0COOEHHOCTH MUTAHUA PeK U (POPMUPOBAHUSA CTOKA I10 JJTHHE.

2. Vi3MepeHHbIE BEJIMYMHBI HOPM CTOKA B PA3JIMYHBIX YacTAX 0acceHOB PEK B CPeIHEM
UMET 3HaueHUs B Ipefieyiax 1500-2100 MM 3a THAPOJIOTUYECKHH TOJ[ IPU H3MEPEHHBIX Ha
METEOCTAaHIMAX BEJIMYMHAX HOPM OCAJIKOB OKOJIO 1400-2200 MM. JTH 3HAYeHUS 3JIEMEHTOB
BOAHOTO OajiaHca He MOTYT XapaKTepU30BaTh CPEAHUM CTOK M OCAJKH TOPHBIX BOJOCOOPOB PeEK
pervoHa BCJIEACTBUE BIUSHUU Ha KJIMMAT BRICOTHOM 30HAJIBHOCTH TEPPUTOPHUH.

3. U3 nepeuuncienHpix Bbille pek CoumHckoro IIpuuepHOMOpbs TOJIBKO peku Ilcoy u
M3pIMTa UMEIOT COOTBETCTBEHHO 22 U 32 % TeppUTOpPUH OACCEHOB B BHICOKOTOPHOI 30HE (BBIIIIE
1800 M HYM), u 56 % — B cpegHeropHoi 30He (0T 600 10 1800 M HYM. OcrasibHble BOAOCOODHI B
OCHOBHOM pacIIoJIaraloTcs B CPeTHETOPHOM 30HE — OT 54 710 77 % IUIOIAiu 6acceiHOB.

4. B cBsI3U ¢ 3TUM OCHOBHOU 30HOU (hOPMHUPOBAHUS CTOKA PEK ABJISIETCS BBICOKOTOPHASA U
cpenHeropHasi 4yactb OacceiiHOB pek. Tak, peka M3bIiMTa B 3UMHHUU II€PUOJ, THPOJIOTHIECKOTO
rojia (c HOsIOPs 10 MapT) UMeeT MUHUMAJIbHBIN CTOK, U YBEJIMUEHHE CTOKA B CPETHEM B 2 pasa B
TEeIUIbIA ce30H (C ampesis Mo OKTSI0ph). OcTasbHBbIE PEKH PEervoHa B CBS3U C MPeo0JIaaonium
JIOZK/IEBBIM ITMTAaHUEM XapaKTEPU3YIOTCS YBETMYEHHBIM CTOKOM B XOJIOAHBIA CE30H.

5. Ha mpumepe 7ByX pek perroHa, MMEIOIUX HaOJIO/IEHNs 32 CTOKOM Ha MPOTSKEHUH PEKU
(pexn MsemvTa 1 Cour) mMpoaHAJIM3UPOBAHBI 0COOEHHOCTH (OPMHUPOBAHMSA CTOKA IO JJIMHE PEK.
W3 npuBefieHHBIX TPaUKOB M3MEHEHUsSI PACXOZOB BOJIBI M CYMMApPHBIX CJIOEB CTOKA CJIEAYET, UTO
HanOOJIbINIAsA BOJHOCTh PEK MPUXOAUTCA B OCHOBHOM Ha CpelHee TeueHHe peku. IIpumepHO ofHAa
TPETh JUIUHBI PEK, TPUXOAIIASACA Ha HU3KOTOPHYIO U ITOJIOTOXOJIMUCTYIO 30HBI B 3BHAUUTEILHON Mepe
TEPAIOT CTOK Ha (OPMUPOBAHUE BHYTPUTAJIETHOTO CTOKA PACIIUPSIONTUXCS K YCTHIO JIOJIUH PeK.

6. Haubostee mokaszaTesIbHBIMU B 5TOM IUIaHE SIBJIAIOTCA U3MepeHUs cToka Ha peke Couw,
KOTOpbIE JAIOT HYJIEBOH IMPUPOCT PACXOJIOB BOABI C IIPUYCThEBOH 15-KM YacTH OacceiiHa (Ipupoct
IUIOIAU BojocOopa 58 km2).

7. PacueTnl cpe/lHETO CJI0s1 CTOKA MO peke M3bIMTa JIalOT YMEHBIIIEHUE CTOKA HAa yJacTKe
Kpacnas I[Tonsaua — Kazauuii bpoy Ha 162 MM 3a THAPOJIOTHYECKUH TO/T, U HA 300 MM — 3a TEIUIbIN
CE30H.

8. Matepuasbl HabOAeHNUH 110 peke Coun 3a 48-7IeTHU ITepUO/I TOKA3bIBAIOT IIOTEPH CTOKA
Ha 15-KM IPUYCTHEBOM yUYacTKe B pazMepax 161 MM 3a XOJIOAHBIH CE30H, U 220 MM — 3a TEIUIbIH
nepuoz,. IIpu 3TOM H3MeHeHUs YCJIOBHN (POPMHPOBAHHA CTOKA HA 3TOM y4yacTKe BojiocOopa,
CBSI3aHHBIE C AKTUBHBIM OCBOEHHEM TEPPUTOPHUH, ITOBJIEKIIINM yBeJImdeHne Ko dHuIiimeHTa CToka,
HECOMHEHHO CKa3bIBAIOTCA HA (POPMUPOBAHUU PEYHOTO CTOKA TEPPUTOPHH.
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Being in the field required me to examine and reassess large areas of my life: my traits, my
intentions, how I thought about myself and how I related to others. Such self-reflexive contemplation
led to substantive questions about the appropriateness of my actions and how I was conducting the
process of fieldwork, paving the way for more thoughtful and concerned work, which served as a
reminder that research should be more than an extractive activity (Chacko, 2004).

Abstract

The rural settlement of Vranjestica is located in the northeastern part of Montenegro.
It extends in the zone 42 ° 47° 09 "north latitude and 19 ° 37" 35" east longitude. Except for the
road Andrijevica — Tre$njevik — MateSevo — Kolasin, no other important road intersects or touches
this rural settlement. The spatial distribution of the studied space is determined by natural and
social characteristics. The relief of Vranjestica was formed mainly in the Tertiary. Thus, high
mountains were created on one side, and hanging valleys and alluvial plains on the other.
The greatest importance in terms of hydrography is represented by Vranjesticka River and
Suvogorska River, which are still waiting for different possibilities of exploitation. With increasing
altitude, the productive ability of the pedological composition decreases. Diverse flora and fauna
have adapted to climatic, hydrographic and pedological conditions. When it comes to social
characteristics, our research records highlighted several evident problems: the first is related to the
population, ie its aging; others, that there is a pronounced migration of the population — whose
intensive processes and stratification have left behind an unfavorable age structure of the
population, which has all negatively affected the socio-economic development of the rural
settlement of Vranjestica.

Keywords: rural settlement, VranjeStica, natural characteristics, social characteristics,
geographical overview.

1. Introduction

Although the social needs for research of rural settlements in our country are indisputable,
we are not able to meet our own current and other needs in this area. In that respect, we lag behind
most European and even neighboring countries. Thus, we confirm the clearly formulated position
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of Ja¢imovi¢ (1985) "that this arises also because studies of large areas are more popular today,
in which the problems of those smaller spatial units — rural settlements — cannot be seen at all.
And there are problems (demographic, social and economic) in each of our villages, and some have
been so transformed under the influence of urbanization and de-agrarianization, that over time
they have lost their former agricultural function. These problems may arise from the general social
attitude towards agriculture and its current state, with a lot of problems and insecurities, and
hence, I guess, the underestimating attitude sometimes towards some work about only one, rural
settlement?!”. We hope that this will not be the case on this occasion.

The small number of relevant sources and the great lack of adequate (scientific and
professional) literature have objectively had a limiting effect on the quantity, quality and degree of
completeness of the treatment of the presented issues. Namely, there are only a few important
scientific papers in which the rural settlement of Vranjestica is mentioned only by the way. In that
respect, we should mention Vesovi¢ (1935), Dasi¢ (1986) ... Complex geographical researches of the
rural settlement of Vranjestica, relatively clearly individualized wholes, have not been conducted so
far. Therefore, the rural settlement of Vranjestica belongs to the underdeveloped rural settlements of
the municipality of Kolasin, both in the economic and social sense. That is, it is a rural environment
of hilly and mountainous character. Initiation of changes, which would lead the studied area to faster
inclusion in the modern system of production, economy and way of life, was the main motive we were
guided by when studying this rural settlement (Special inspiration for this text, author G.R. had for
the following reasons: Vranjestica. A village at the foot of Bjelasica. The village where my mother was
born. That is where one part of my childhood remained, my carefree and happy days ... Where the sky
has the most stars... Where the Suvogorska River has the most beautiful murmur ... Where
Wellspring Kojov heals the soul... Where the meadows have the most beautiful flower ... Where the
forests have the most beautiful shade... Where Katun Backo Brdo gives the greatest peace... Where
blueberries are most delicious... Where the house of Milo§ Kojov keeps the most beautiful memories
and emotions that remain in my dreams to last forever ... That is where I belong. My mother's
homeland is also my homeland).

Numerous studies confirm that without new jobs in rural areas, young people will not stay in
the villages. Despite that, there are more and more organizations of young farmers at the local
level, which advocate for greater participation in the development of settlements, that is, to earn
approximately similar incomes for the same work as residents of urban areas, to have a better
quality of life and working conditions. It is considered that generational renewal in the coming
period should be an EU priority, while allowing flexibility for member states to design and develop
tailored programs that reflect the specific needs of their young farmers, in terms of employment,
education, opening kindergartens and health facilities, improving transport, water and sewerage
infrastructure, in order to reduce the numerous risks to public health and safety of residents
(European Commission, 2017).

2. Methodology

Citing research by Brown and Schafft (2011) ande Stambuk (1991) Klempi¢-Bogadi et al.
(2015) emphasize that the definition of the concept of rurality can be approached with regard to
two dominant approaches. According to the first, rurality is determined by the social and
geographical characteristics of the area, above all population size, population density and/or the
dominant type of production — in the first place agriculture. At the same time, rural settlements are
almost always smaller and have lower population densities than urban ones, geographically and
socially isolated from power centers predominantly located in urban areas, with a predominant
natural environment as opposed to built-up urban space. The triangle village — agriculture — space
forms the basis for defining rurality, rural world, rural society, rural space and all other synonyms
that denote areas outside urban agglomerations, i.e. by breaking down the concept of rurality one
can start from the country, continue with agriculture, conclude with landscape. So, the core of the
methodological procedure used in this research is the geographical (spatial) method. The method
of observation was supposed to provide insight into the social environment, using the following
sources: oral, written, visual and biographical. Two methods were applied in the research
explanation: analytical and synthetic. The first discusses the individual dimensions of the research
subject, and the second the whole, the interrelationships between the research subject and the
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proposed measures that arise from it (see Woods, 2012; Lescheva et al, 2014; Gaukhar et al., 2019;
Bulatovi¢, Rajovi¢, 2021).

2. Analysis and discussion

The rural settlement of Vranjestica is located in the northeastern part of Montenegro
(Kolasin municipality). It extends in the zone 42 ° 47° 09 "north latitude and 19 ° 37" 35" east
longitude. It borders the rural settlements of Recine in the west, Gnjila Potok in the southeast and
Bare Kraljske in the south. It is located at an altitude of 1519 m and covers an area of
2,480 hectares. In 2003, 152 inhabitants lived in this area.

The traffic-geographical position of the rural settlement of Vranjestica is unfavorable,
because it is located far from the main roads. Except for the road Andrijevica — TreSnjevik —
MateSevo — Kolasin, no other important road intersects or touches this rural settlement.
Vranjestica is 44.6 km from Berane, 29.6 km from Andrijevica and 11.2 km from MateSevo. Isolated
traffic — geographical position adversely affects its economic and social development.
The gravitational zone of Vranjestica, seen from a spatial point of view, is not small, but the
population is really small. Without greater economic potential in this settlement, there is no wider
existential base of the population. Therefore, we should expect its further stagnation and
emigration of the population to the developed parts of Montenegro or going abroad.

Fig. 1. Rural settlement Vranjestica on google map (www.ekarta.me)

The relief of VranjeStica was formed mainly in the Tertiary. Thus, high mountains were
created on one side, and hanging valleys and alluvial plains on the other. The morphological
feature of the relief is the appearance of karst, covered with humus, red soil, clay land and grove,
which are used in agriculture. The flysch area is characterized by lush forest vegetation. The rocks
of the Sarmatian period have favorable hydrogeological properties, which is the basis for
settlement and agricultural activity. Quarterly alluvial and deluvial sediments are present in the
river valleys of Vranjesticka River and Suvogorska River. Colluvial soils (colluvium) are exposed to
leaching and belong to the group of autogenous undeveloped soils. Rendzina in the considered geo-
area above 1,200 m above sea level is of limited fertility. Of the other lands, the following are
represented: district brown lands in the Lisa area and district brown lands on eruptions (see
Bulatovi¢, Rajovi¢, 2018).
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Fig. 2. Rural settlement Vranjestica
Note: if you have ever wondered what it looks like when winding green hills, mountain streams,
unreal landscapes and very rare plant species come together - now is your chance to see it

The geomorphological view of the studied area is dominated by the mountain Klju¢ (1,973 m
above sea level). Some branches of Klju¢: Krstac (1,770 m above sea level), Ckala (1,804 m above
sea level), Klisura (1,827 m above sea level), Cupovi (1,885 m above sea level), Goveda glava
(1,897 m above sea level) are watersheds between the Lim and Tara basins. The geographical
position of the entire settlement gives it the characteristics of a mountain climate. So far, there
have been no special climate tests in this settlement, as well as no precipitation measurements.
However, individual observations of climatic elements of the Hydro meteorological Institute of
Montenegro (2001) indicate the following amplitudes of air temperature: the maximum
temperature during the summer can reach 34.1 ° C, and in winter it can drop to — 27.8 ° C.
The warmest month is July, with an average air temperature of 14.9 ° C, and the coldest January,
with an average temperature of 3.9 ° C. The average annual air temperature is around 5.2 ° C. Rain
is frequent and abundant, most often formed by clouds above Bjelasica, Lisa and Tresnjevik.
It should be noted that seemingly insignificant streams in the event of heavy rain caused real
devastation and great damage to farmers. The period with snow can be long, usually from the
beginning of November to March and April. Lately, snow has been falling more and more often in the
month of May. Maximum precipitation occurs in the period from September to March. The average
annual rainfall is 2105 mm. The maximum amount of precipitation is 318.5 mm in December, and
the lowest amount of precipitation is in July and amounts to 65.9 mm. The north, south wind and a
mixture of wind called "culprit" prevail. The highest relative humidity occurs in the winter and is
about 90 %. The average annual cloudiness is 6.1 h. The maximum cloudiness is in December and is
7.4 hours, and the minimum in August is 4.1 hours. The average insolation annually amounts to
about 167.4 h. It reaches its maximum in July (274.3 h) and the minimum in January (43.2 h).

" The photos in the text were taken from the Vranjestica site, our home (www.facebook.com)
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Fig. 3. Vranjesticka River
Note: Enchanting beauty where peace, silence and the laws of nature reign

The hydrographic network of the rural settlement of Vranjestica consists of the Vranjesticka
River and Suvogorska River with their flows. Vranjesti¢ka River springs below the mountain Kljuca
(1973 m above sea level) formed by three streams (Rastoka, Provalije and Taljigovina). The length
of River is about 9.2 km. Suvogorska River springs below the mountain Lisa, which in its source
part consists of two streams Odrtog and Zimovnik. The length of the river is about 4.3 km.
VranjestickaRiver and Suvogorska River meet in Medurije¢je and flow into the geo-area of the rural
settlement of Bare Kraljske in Drcka River. The waters of the Vranjesticka River and Suvogorska
River and their tributaries are suitable for irrigating agricultural areas. To supply the rural
settlement, several independent sources are used. The springs are quite abundant, they almost do
not dry out, and the water is cold and very pleasant to drink. Among them we single out: Vucicev
Wellspring, Paljevine, Livadak, Ledni Wellspring, Kojoviéa Wellspring, Zejov Wellspring, Ivanovi¢a
Wellspring...

In addition to plant crops on the territory of the rural settlement of Vranjestica (corn, rye,
barley, oats ...), fruits (apples, plums, pears, cherries, walnuts ...), vegetables (potatoes, cabbage,
onions, green beans, cucumbers, salads). ...), there are also forest fruits (strawberry, blueberry,
raspberry, blackberry ...), medicinal herbs (St. John's worth, mint, thyme ...), mushrooms (porcini,
spruce ...). Among domestic animals are grown mainly: cattle, sheep, goats, chickens ... On the
territory of the studied area there are katuns: Backo Brdo, Lisacki Katun, Vukiceva Staja, Krivi Do,
Katuniste ... In the mountainous hinterland, a variety of game has found its habitat: bears, wolves,
deer, chamois, wild boar, rabbits, grouse, partridges, wild ducks, eagles ... In Vranjesticka River
and Suvogorska River live fish — trout. The mentioned living world lets us know that there are
extraordinary conditions for the development of hunting tourism.
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Fig. 4. Agricultural plot
Note: Potato growing (Vranjesticki potatoes — the most famous potato in Montenegro).

The forest vegetation of the rural settlement of Vranjestica is difficult to single out. This is
primarily a consequence of climate and general ecological changes in the past (tertiary) and the
natural effort of plant communities to adapt to changes and preserve them. It is the lowest belt of
alluvial plains of Vranjesticka River and Suvogorska River, represented by hydrophilic forests of
willows and poplars (Sallcon Albae), alder (Alnion Glutinesae) ... Then follows the forest belt of oak
(Auercetum frainetto ceris), beech and beech — fir forests (Fagion moss). Some mountainsides of this
rural settlement are made up of pine forest stands. The basic orientation is to increase the area,
ensure permanent and more economical production of wood mass, rational use and increase growth.

Fig. 5. Bukova Poljana ( Church Lazarica)
Note: Where nature and history, culture and art, value and tradition meet
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Throughout the historical past, the rural settlement of Vranjestica has often changed its role
both culturally and economically. Until the Second World War, the most attention was paid to
cattle breeding and agriculture. A large amount of wool was used for the production of bedding and
clothes, and sheepskin and cowhide for footwear. The quality of meat products was enviable,
conditioned by various pastures and mountain meadows. Both livestock and agriculture developed
at the level of personal needs of the household. After the Second World War, Vranjestica had
opportunities and needs for change: a primary school was built, a library was formed, a large
number of modern residential buildings were built, then shop, many hamlets were connected by
local roads ... Through personal work and contribution, electricit ... However, after 1961 in
Montenegro, as well as in the whole of the former Yugoslavia, there was industrialization and
accelerated development of cities. This is the reason why the population of the settlement
emigrated to the economically developed centers of the former Yugoslavia or to temporary work
abroad. Based on field research, it was concluded that economic measures were delayed. It was the
beginning of the seventies of the last century a turning point. If it had started in that period with a
small economy, construction of roads, faster electrification of settlements, today Vranjestica would
not have provided the usual picture of the majority of underdeveloped rural settlements in
Montenegro (see Bulatovi¢, Rajovié, 2020).

Fig. 6. View of the northeastern part of Vranjestica
Note: A combination of mystical energy and magnificent nature

The analysis of the above points to the conclusion that the motives for leaving this rural
settlement were multiple. We will reduce them to the most important ones, in our opinion:

Provision of conditions for non-agricultural production in which higher productive work
could be achieved, and thus higher and more stable income. Regardless of whether it is a labor or
intensive economic activity, the company, naturally, within its capabilities provides the necessary
means of production and other working conditions that allow the employee to permanently employ
his labor force for which such opportunities on individual farms, in most cases , does not have;

Existential security, which arises from a high degree of certainty that by engaging in non-
agricultural activities, income-means of subsistence is achieved. In agricultural production, there is
uncertainty on individual property, which is still subject to the influence of external factors, both in
terms of yielding certain crops and the prices at which they will market their products, which
together leads to significant oscillations in the amount of income. Due to that, there is a fear in the
security of providing material conditions for maintaining one's own existence; by joining the
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employment, the individual agricultural producer, on that basis, acquires the right to health care
(himself and his family), as well as conditions for retirement, which is an important element of
social security.

General living conditions in the city provide far greater opportunities for education and
cultural life, full health care and other benefits that the city has, compared to the countryside,
which is a significant motive for migration or emigration, especially of young people (Bulatovig,
Rajovi¢, 2021).

The following data indicate the demographic picture of the rural settlement. Compared to
1948, the number of inhabitants in 2003 decreased by 322. The largest decrease was recorded in
the period from 1961 to 2003 (the number of inhabitants decreased by 341). In the period from
1991 to 2003, the decrease in population was 87. Based on field observations of Stamena MiloSeva
Raci¢ (married Rajovi¢), 89 inhabitants lived in the considered geo-space in 2012. From this data,
it follows that the total number of inhabitants in the settlement decreased in the period 1948 —
2012 by 81.2 % (385 inhabitants). Observing the data from the 2003 census, it is noticed that the
population is in the process of demographic aging. There are 131 adults living in the rural
settlement, and the average age of the population is 49.5 years (46.5 for men and 52.8 for women).
There are 57 households in the settlement, and the average number of members per household is
2.67. In the field in 2012, we noticed a large number of elderly households and households with one
member each. For example, in a settlement there are 9 households with one member each, while
there are 11 households with two members each. The decline in the total population, caused by
emigration and depopulation, have become the basic demographic problems of this rural
settlement Vranjestica (see Rajovié¢, Bulatovi¢, 2016; Bulatovié, Rajovi¢, 2020).

Our research records based on similar research by Rajovi¢ and Rajovi¢ (2010) indicate the
following;:

Rural settlement Vranjestica has favorable conditions for livestock development. Within
animal husbandry, especially those branches should be developed for which there are special
quality conditions. Natural conditions favor sheep breeding as the main — cattle breeding, and then
cattle breeding with a significant increase in the head to the optimum, which is determined in
cooperation with other branches. Reclamation of pastures would improve the conditions for cattle
breeding. In that sense, it is necessary to develop projects for the establishment of meadows and
amelioration of pastures. Establishment of meadows refers to appropriate agro-technical works
with the basic goal of forage yield. Pasture reclamation refers to agro-technical works related to
clearing the terrain, fertilizing and sprinkling grass seeds. By intensifying hay production, by
applying agro-technical measures (irrigation, fertilization of meadows and pastures ...), the number
of sheep and cattle can be significantly increased.
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Fig. 7. Beekeeping in Vranjestickom geo-space (Vranjesticki meadow honey)
Note: There is no greater joy than when you collect honey and give it to your loved ones to sweeten
and enjoy

Considering the natural conditions of the settlement and the shortage of labor, in the near
future the priority should be to stimulate the production of beef, primarily by increasing the
livestock of breeds suitable for grazing, i.e. by seasonal fattening of young cattle to a certain weight.
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Within this framework, the accompanying production of cow's milk can be successfully developed,
i.e. sheep breeding is mainly oriented to the market production of lamb. The chance of the rural
settlement of Vranjestica is in the untapped possibilities of extensive cattle breeding. First, here we
mean the project of forming sheep and cow farms. In addition to construction works, the
procurement of appropriate equipment, agricultural machinery intended for the production and
preparation of animal feed, as well as the procurement of a part of the basic stock (breeding cows
and bulls, sheep and rams), whose reproduction would gradually replace the existing castles. Such
households could then produce cheeses and other dairy products according to the obtained
standardized technology, with specific packaging. Over time, a sign or even a health food label
could protect the products (see Rajovié¢, Bulatovi¢, 2012).

Fig. 8. Meadows surrounded by forest complexes
Note: A real gift of nature

Fig. 9. A flock of sheep
Note: A rare picture, unfortunately in the Vranjestickom geo-space
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Successful operation of such mini farms implies perfect organization and coordination, and
in any case the existence of centers for milk, cheese ... "collection" character. The location of
sheep and cattle farms, if we add pig and goat and other farms is determined by the natural
conditions and the stability of the population in this rural settlement. In that sense, it would be
necessary to study the analysis of the specifics of rural settlements in Montenegro, from the
aspect of construction and location of mini farms, as well as the type of livestock production,
then recommended capacities and examining the possibilities of cooperative production for
larger capacities.

A very applicable concept and idea of fish production, primarily trout, is also interesting for
the rural settlement of Vranjestica. The settlement is extremely rich in water: Vranjesticka River,
Suvogorska River, Wellhead (recorded 126), Mountain Streams (recorded 36) ... The hydrographic
network indicates that there are extraordinary conditions for the development of small fishpond along
Vranjesticka River, Suvogorska River and their tributaries. As a limiting factor, we should keep in mind
the changing water level, then the danger of turbidity, because as it is known, it is torrential water.
In essence, it should be stated that the village is extremely suitable for mini fishpond, which, like mini
farms, should be examined by a special study, determine their possible number, then the results that
can be expected and other important parameters (Bulatovi¢, Rajovié¢, 2020).

There are very favorable conditions for farming in the settlement, which means the
expansion of areas under vegetables. On very modestly represented arable lands, with the
application of larger amounts of manure, the introduction of appropriate crop rotations and better
tillage, higher production of potatoes and fodder cereals can be achieved. In the rural settlement of
Vranjestica, in addition, appropriate measures are to be taken to stop the declining trend of arable
land, by increasing the level of equipment of households with modern machinery, especially for the
production, transport and conservation of roughage. The implementation of the consolidation
program, in order to eliminate the current state of high fragmentation and fragmentation of arable
land, is also one of the conditions for the recovery of farming. Fruit growing would be done on all
suitable plots, with the basic condition of providing efficient traffic connections, fast transport of
very sensitive products. Due to the differentiation of natural conditions, intensifying sheep and
cattle production can achieve optimization in the exploitation of production potential. It is
necessary to do a study and investigate the suitability of areas for the production of medicinal
herbs. However, an abundance of various medicinal plants has been noticed, which could be
imposed by organized production and -cultivation as a profitable branch of farming -
the cultivation of industrial plants.

Fig. 10. Wild strawberries
Note: A gift of nature, are not only a delicious dessert, but are also used as a medicine, and the
sweetness of wild strawberries is indispensable on the table of the Vranjestickog geo-space
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As it could be noticed earlier, the forests on the territory of Vranjestica have always been
either an integral part of the property and the backyard, or the immediate hinterland, i.e. the
source of materials, shelter, refuge, climate regulator, micro locations ... As a large present element
of life, forests will be a significant spatial component in future trends in the development of the
economy and construction policy. In the future treatment of forests, a larger volume of felling or
some other action that would be contrary to eco-agriculture and ecotourism should not be allowed.
The volume of felling should be adjusted to the condition of growing groups within the appropriate
class of forests, in order to ensure wood mass on one side, and preservation of forest quality on the
other. Due to the efficiency of planting, it is necessary to afforest purely forest terrains, especially
those created after felling. Therefore, erosive areas and other unstable soils should be afforested as
a preventive measure to protect the soil. The volume of felling should not be increased, and the
actions should be directed to sanitary felling, in the maximum volume. In general, forestry should
be integrated with eco-agricultural development. Analyzes would probably show that forests could
provide multiple incomes in the eco-agricultural concept compared to conventional management
(Bulatovi¢ et al., 2019).

Fig. 11. Forests Vranjestica
Note: Green oases of peace and quiet

In the rural settlement of Vranjestica, hunting should be viewed as an activity on the line of
demarcation between eco-agriculture and forestry and ecotourism. Special attention should be paid
to the constant care that the game in the mountainous hinterland of the village is well fed and fed
in winter, so that it can develop properly and reproduce naturally. The basic investment
recommendations in hunting refer to investment investments in landscaping and improvement
(feeding grounds for hairy and feathered game ...), as well as investment investments in
comfortable waiting rooms (for hunting in winter conditions and wolf hunting).

Fig. 12. Eagle crusaders
Note: Lords of the sky over rural settlement Vranjestica
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Suitable physical-geographical factors, and above all the abundance of water, provide
opportunities for the rural settlement of Vranjestica to develop into one of the most attractive
tourist villages in the municipality of Kolasin, i.e. Montenegro. Several preconditions for this
concept are necessary: the exceptional natural beauty of this rural settlement and orientation to
eco-agriculture, i.e. ecotourism, would increase the quality and specificity of the tourist offer (here
would require some education of hosts and organizers of eco-agriculture in terms of emphasizing
certain elements of the offer). Relying on the administrative center Kolasin, in organizational,
marketing and financial terms, with the help of obtaining clientele (which is demanding in terms of
landscape exclusivity, requires proximity to peaks, special natural sites, peace and not many
tourists, and not demanding in search of high comfort). An even more special type of tourist offer,
which is completely imbued with agricultural development, is ecotourism agricultural farms.
Tourism is a secondary part of the business here, complementary to the basic production.

Fig. 13. Municipality of Kolasin
Note: A chance in the development of rural settlement

If we take into account the natural conditions and projections of agricultural development in
the rural settlement of Vranjestica, we can see the possibility of developing ecotourism and
agricultural farms: sheep, cattle, goat breeding, and horse breeding and for breeding and selection
of hunting dogs. If the ecotourism character of production is built into investing in mini farms, the
interest of farmers and investors increases by several possible, and mostly economic-social aspects.
Revenue is significantly increased, by introducing exclusivity, with a minimum of additional labor
invested. Increasing communications for the population, by bringing tourists into the agricultural
environment. Mutual cultural and educational activities of farmers — hosts and tourists, on each
other. Removal and release of the farmer and his family from loneliness, isolation, which has been
proven by research to be unfavorable for the participants in agricultural production.

Partial increase of investments in additional accommodation facilities, which are not always
significant in terms of volume, are reduced to a reasonable and realistic measure, when we take
into account: Existence of infrastructure next to the house (water, electricity, somewhere and
sewage ...); The usual household chores are already being done, with now more attractive in front
of the audience, and food preparation is already being done (extension of this obligation is a
stimulus for the housewife and a chance for her even contribution to the household) (Bulatovi¢ et
al., 2019).
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Weaknesses and problems faced by rural areas in Montenegro are demographic in nature,
which is reflected in the intensive depopulation of rural settlements and unemployment.
Migrations, negative natural increase, small and elderly households are the image of the
Montenegrin village. There are also numerous infrastructure problems. However, the biggest
problem that rural agriculture faces is the lack or outdated agricultural mechanization, fragmented
property, abandoned land. Lack of financial resources for reconstruction, capacity expansion,
inability to obtain favorable loans are problems that characterize agriculture and rural tourism.
The weakness of the village is insufficient processing capacities that are no longer in function, and
used to be an integral part of cooperatives, which no longer exist. The largest number of
cooperatives represented the bearers of the development not only of agriculture, but also of the
entire rural economy. The purchase of agricultural products is usually insufficiently organized.
There is no contracted agricultural production, nor support to producers during production ... (see
Petrovi¢, Grujovic, 2015).

Therefore, Zaki¢ and Stojanovi¢ (2008) rightly conclude that a successful rural development
policy is considered to be one that achieves the following goals, ie enables certain rural areas to:

- maintain their population and the vital structure within it;

- diversify their economic base outside the primary sector by maintaining, or even increasing,
employment rates in order to absorb surplus labor in the primary sector;

- equalize rural and urban poverty and unemployment rates in an effort to provide priority
employment for women and youth;

- have as easy access as possible to basic services that make life in rural areas more attractive;

- expand property-ownership structures by initiating the establishment of small and
medium-sized enterprises on the basis of local financing;

- maintain the physical and mental health of the rural population at the same level as outside
rural areas;

- the main actors of the area work together to achieve common goals on the basis of an agreed
value system created according to a bottom-up approach;

- responsible for their own development not expecting someone else to do it for them.
Greater employment of young people in the place of residence and the establishment of their
families would revitalize villages and all other small settlements in Montenegro, including
Vranjestica. According to Lukié¢ (2016), such an endeavor requires a change in the economic
structure of the village, which implies action in two basic directions: (1) improvement of
agricultural production and business of private companies, (2) development of small and medium
enterprises in crafts, industry and various types of production services tailored to the villagers.

3. Conclusion

The traffic-geographical position of the rural settlement of Vranjestica is unfavorable,
because it is located far from the main roads. The gravitational zone, seen from the spatial point of
view, is not small, but it is from the population point of view. The depopulation of the population,
together with the strong process of demographic transition, slowed down the further demographic,
social, economic and general social development of this rural settlement. That is why it is necessary
to take a number of social measures for the revitalization of the settlement. Among the most
important are: the development of agriculture and tourism. We are of the opinion that with the
activation of the entire community, some progress is not only possible, but must be achieved.
Historical experience shows that rural settlements gave the city the best people, demographically
increased and refreshed them, in the villages, positive character traits, love for traditional values,
customs, habits, tastes are kept and respected for the longest time ... In the economic-geographical
analysis, it is not always easy to distinguish to what extent the objectively present limiting
conditions (mountainous character of the settlement) participate in the missed opportunities, and
to what extent they must be attributed to insufficient or inadequate economic organization and
incomplete information (see Bulatovi¢, Rajovi¢, 2020). Previous economic development programs
did not take into account specific geographical conditions, so they could not give adequate results.
In the end, the economic problems of the rural settlement of Vranjestica should be viewed
realistically, without excessive optimism, and even less pessimism. According to Petrovi¢ and Grujovié¢
(2015) the goal of the development of rural areas is their revitalization, which requires large financial
resources. The difference in the development of urban and rural areas is a consequence of economic
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policy after the Second World War, where agriculture was neglected at the expense of industry.
Experiences of developed and developing countries indicate that the development of rural areas is
achieved through the development of non-agricultural activities that are intertwined with agriculture.
Serious and active support of the state and local self-government is needed, along with incentive
measures that will give the expected effects in agriculture and rural tourism.
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Abstract

The expedition works were held in the territory of the Madneuli enterprise of Kvemo Kartli
region in 2020, where brown soils are spread. In order to study the migration of heavy metals in
the soil, taking into consideration the wind direction, the samples of soil was taken from 0-100
(0-10, 10-20, 20-40, 40-60, 60-80, 80-100) cm depths, in North from the source of pollution
direction (Background) — weak winds direction, 500 m from the enterprise and in the direction of a
strong wind in the West and 300 m from the enterprise. In the soil samples were determined
general forms of heavy metals Cu, Zn, Pb, Mn, Ni, Cd, Co, As, Ag, Cr, Fe by Plasma-emission
spectrometer at ICP-OES.

The quality of some heavy metal contamination of soil is revealed in connection with Clark;
In contaminated areas, the relatively high concentrations of heavy metals are observed in the upper
layers, which are due to the prevailing winds. in the samples taken from the north (background-
weakest wind direction) heavy metal content were less. Specifically, from the background and
contaminated areas the copper content with 0-10 cm layer 63.22 (1.4) and 324.13 (6.9) mg/kg;
80-100 cm depth decreases copper content and is 22.15 and 156.17 (3.3) mg/kg. Similar situation is
in case of zinc.

Migration of heavy metals is reduced by increasing depth and approximately 1-5 times
exceeding the relevant background importance.

In the samples taken from the background areas, some metals (cadmium, arsenic and silver)
are high content, which is due to their existence in the soils of the region. At the same time, it is
noteworthy that their Clark indicator is low and therefore 0.13; 1.7 and 0.07, which leads to
increasing the Ratio concentration of these metals in relation to Clark.

As it appears from the data, the soil meets in the categories of copper, zinc and arsenic in the
category of slightest pollution (<10) category; In cadmium and silver cases — in average pollution
(10-30); And the concentrations of lead, manganese, nickel, cobalt and chromium do not exceed Clark.

Correlation links are investigated between the concentrations of different metals in the upper
layers of the soil. The correlation coefficient is the largest between Cu and Zn concentrations. It is
positive and equals 0.77, determination Coefficient (R2?) is 0.58 among the Cu-Zn concentrations.
Correlation coefficient between Cu and Co concentrations are 0,62, determination coefficient of Cu-Co
concentrations is 0.38. In all other cases the correlation coefficient is negligible and can be neglected.

* Corresponding author
E-mail addresses: eelizbar @hotmail.com (E. Elizbarashvili)
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1. Introduction

In general, one of the most important sources of technological contaminants is mining
enterprises that can play a negative role in environmental pollution processes and therefore it can
be the risk factor in relation to the population's health.

For example in Georgia (Kvemo Kartli), in the Bolnisi municipality, is operating the
polymetal mining enterprise in the south-east of Thilisi.

Madneuli sulfide deposit is presented mainly in three types of ores — gold-copper-colachal,
gold-barit-polymetal and gold-quartzit, which is processed by the flotation method
(Gaphrindashvili et al., 2004). The works are carried out in an open career. This method is very
cheap and profitable, but it can cause an environment, namely, the forests can be destroyed,
the soils can be polluted and biodiversity. Priority pollutants of Madneuli enterprise are heavy
metals — Cu, Zn, Pb, Mn, Ni, Cd etc, in particular it can occure in the environmental facilities in
natural waters (Gvakharia et al., 1997, Shavliashvili et al., 2017) in soils (Vodyanitsky, 2017;
Urushadze et al., 2007, Bakradze et al., 2018, Vodyanitsky, 2013, Khubutia, 2004) and therefore in
food products. There is a threat to not only to the environment of the region, but also the health of
the population and certain cities.

2. Materials and methods

Chemical analyzes were conducted in the accredited laboratory of the atmospheric air, water
and soil analysis of the Environmental Pollution Monitoring Department of the National
Environmental Agency of the ministry of Environment Protection and Agriculture of Georgia. For
analysis, high tech equipment are used (soil depletion — Milestone — Start D Microwave System;
pH meters-Milwaukee-mi 150; Plasma-emission spectrometer-ICP-OES and others). All stages of
the monitoring is in accordance with the standards of the International Organization (ISO).

Features and statistical purposes of correlation coefficients between different metals
concentrations are assessed by stiudent criteria:

T
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Vn—2n~t, o

-

Y1—rt

Where the R-correlation is a coefficient, and n-observations. If the stiudent parameter
exceeds its critical importance at a specified level, or it is considered that the correlation coefficient
is noteable, and if the criterion of Stiudent is less than its critical importance, then the correlation
coefficient is not considered statistically and may be neglected.

3. Discussion

Wind rose of the Bolnisi municipality according to statistical materials of the
Hydrometeorology Department of the National Environment Agency.

As shown in the Bolnisi municipality, the windshields of the West and the East in the Bolnisi
municipality are less than the southern direction winds, and the winds of the north are negligible.
Therefore, we have selected places where the most powerful is Western (contaminated) and North
(Wallpaper) — weak wind directions.

It should be noted that as a result of drilling-explosive works on Madneuli deposit, large
amount of can dust occures in the air, along with various heavy metals content, which can affect the
territories of the villages, as well as the dust particles by the wind can distribute by long distances
(about 30 km) and they are absorbted in the soil. In addition, at the place of ore is located Oreking
devices and alkal squeres. Ore transportation is being carried out by cars which can cause Bypass
roads pollution of Kazreti and can create additional dust. The dust content in the air is especially
large in the summer season. Gold and copper mining enterprise works in continuous mode and
frequency of dust separation from the enterprise depends on the intensity of explosions. The dust
contains a large number of different kinds of harmful substances, including heavy metals that can
be in the air. After some time they can be precipitated on the surface of the soil and can migrate in
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deep layers of soil. Thus, the high background content of heavy metals in the can increase in
different depths.

Brown (Cambisoli) soils are widespread in study areas (Urushadze, 1997). In order to study
the migration of heavy metals in the soil, taking into consideration the wind direction, the samples
0-100 (0-10, 10-20, 20-40, 40-60, 60-80, 80-100) cm depths, from the source of pollution In the
direction of GPS N41°26'35 ", E-44°35'55 " (background), 500 m from the quarry to the N-41°22'60
", E-44°23'42 " (contaminated) carrier 300 m (once in a year). In The soil samples were
determined general form of heavy metals (Fomin, Fomin, 2001).

In Table 1 is given the background concentracions of heavy metals in contaminated areas of
the soil depth 0-100 ¢m in June 2020.

We have compared the concentrations of heavy metals with the corresponding Clark
(Bogdanov et al., 2013, Supatashvili, 2009) (Table 1). It is worth mentioning that all metal content
is high in the upper layers and their concentration decreases in the depths.

Copper in the soil, moves to organic masses and minerals and will be binded by them. As a
result, it is hardly shifted to the deep layers of soil and it is possible to appear in a small amount in
groundwater. As the results of the analysis show from the background and contaminated (ore)
place, the copper content in accordance with 0-10 cm layer 63.22 (1.4) and 324.13 (6.9) mg/kg; 8o-
100 cm depth decreases copper content and is 22.15 and 156.17 (3.3) mg/kg.

Zinc's background concentracions does not exceed the Clark value at any depth, and at the
door — 0-10 cm depth is 376.27 (4.5) mg/kg; 80-100 cm depth decreases its concentration and
equals — 231.32 (2.8) mg/kg.

Table 1. Determine heavy metals in the soil 0-100 cm in depth, June, 2020
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It should be mentioned the high content of some metal (cadmium, arsenic and silver) in the
samples taken from the background was observed, which is naturally in the region's soils. At the
same time, it is noteworthy that their Clark indicator is low 0.13; 1.7 and 0.07, which leads to
increasing the concentration of these metals in relation to Clark. In particular, the cadmium
content in the background is 2.25 (17.3) and career — 3.06 (23.5) mg/kg 0-10 cm depth, and in the
depths of 80-100 cm depth, its concentration is reduced to 0.45 (3.5) and 1.32 (10.2) mg/kg.

There is a similar situation in case of arsenic. Its content varies in the background ranges
15.13 (8.9) — 4.91 (2.9) to the entire depth of the mg/kg of the profile and 17.65 (10.4) — 5.31 (3.1)
within mg/kg. While silver in the upper horizon of the background plot is 1.16 (16.6) mg/kg,
gradually decreases in the depths and 80-100 c¢m is 0.10 (1.4) mg/kg; And near carier — 1.89 (27.0)
—0.54 (7.7) mg/kg.

Concentrations of lead, manganese, nickel, cobalt and chromium are not exceeding the values
of Clark.

Element concentracions were compered with Clarks. The soil is considered a slightly
contaminated, if the ratio is less than 10; On average, if the ratio varies from 10-30 pongs and
strongly contaminated, if this size exceeds 30 (Gvasalia, 2014).

As it appears from the data, the soil meets in the categories of copper, zinc and arsenic in the
category of slightest pollution (<10) category; In cadmium and silver cases — in average pollution
(10-30); And the concentrations of lead, manganese, nickel, cobalt and chromium do not exceed
Clark.
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Below are the concentrations of heavy metals mg/kg, and the ratio of Clark.

Figures 1-5 show change in heavy metals concentrations of soil (0-100 cm depth) and is
comparable to Clarks's. As shown from the figures, background indicators in the case of copper, zinc
and cadmium are much less than a career (contaminated). Their maximum concentrations are
recorded at 0-10, 10-20 and 20-40 cm depths. According to our opinion, this is due to the intimidated
wind And severe metals accumulation and migration in the upper layers of soils. Their concentration is
minimal in 80-100 cm depth. In the case of silver and arsenic, high concentrations of these metals in
the background area, as mentioned, are due to their relatively high content in the region's soils.
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Fig.1. Copper concentration change in the soil 0-100 ¢cm depth, 2020
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Fig. 2. Change of zinc concentration in the soil 0-100 cm depth, 2020
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Fig. 3. Change of cadmium concentration Soil 0-100 cm depth, 2020
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Fig. 4. Change of arsenic concentration Soil 0-100 cm depth, 2020
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Fig. 5. Change of silver concentration Soil 0-100 cm depth, 2020

Figures 6, 7 show change in the concentrations of heavy metals in the soil 0-100 cm depth in
2020, where it is clear that high concentrations of heavy metals are marked in the upper layers of
soil and in the background areas as well and near cariers.
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Fig. 6. Change of heavy metals concentration in the soil profile in background locations,
June 2020
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Fig. 7. Change of heavy metals concentration in the soil profile of the Career, June 2020

Correlation connections between the concentrations of different metals were investigated for
the top layers of soil. The results are in correlated matrix (Table 2).

Table 2. Correlation matrix

Cu Zn Pb Cd Co
Cu 1 0,77 -0.12 0.016 0.62
/n 0,77 1 0.098 -0.57 0.26
Pb -0.12 0.098 1 -0.10 0.28
Cd 0.016 -0.57 -0.10 1 0.45
Co 0.62 0.26 -0.28 0.45 1
Sample
10 10 10 10 10
amount

Table 2 shows that the correlation coefficient is the largest between Cu and Zn
concentrations. It is positive and equals 0.77, the connection between these two elements is directly
proportionate and high; There is also positive and high correlation between Cu and Co
concentrations and are 0,62.

That's the two couples Cu-Zn, and Cu-Co, meets Stiudents criteria P < 0.05. In all other cases
the correlation coefficient is negligible and can be neglected.

The Determination Coefficient (R2) is 0.58 among the Cu-Zn concentrations, which means
that Zn's concentracion change 58 % is due to Cu-concentracion change. The determination
coefficient of Cu-Co concentrations is 0.38, which means that the change of Co 38 % is due to Cu-
changes.

4. Conclusion

1. In the polluted areas of Bolnisi municipality, on the basis of 0-100 cm depth, the analysis
of samples revealed the relatively high concentrations of heavy metals in the upper soil layers,
which is due to the prevailing wind through the factory of heavy metals and accumulated in the
soil. And the northern (wind-weak, wind direction) areas in the samples heavy metals were much
less content.

2. Migration of heavy metals in the soil samples taken from the baseline and contaminated
place is reduced by increasing depth and approximately 1-5 times exceeding the relevant
background importance.

3. The quality of soil pollution is established in connection with Clark. As it appears from
the data, the soil is in a small pollutant category due to copper, zinc and arsenic; The content of
cadmium and silver is especially distinguished from the metals, which are significant in the
background locations. In terms of pollution they are in medium pollution category. And the lead,
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manganese, nickel, cobalt and chromium concentrations do not exceed Clark indicators and there
is no soil contamination with these elements.

4. Correlation connections are investigated between the concentrations of different metals
in the upper layers of the soil. The correlation coefficient is a noted between Cu and Zn, and Cu and
Co concentrations.
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Ecological Condition of the Rioni River
Nana Berdzenishvili -~
aJakob Gogebashvili Telavi State University, Georgia

Abstract

Water resources are one of the most important natural resources of Georgia. Rioni River
Imereti is a main artery of water. It is a left tributary of the largest river Imereti hills — Kvirila,
which is connected with Dzirula Chherimeloy, and the right side connects with the waters of the
Rioni Tskhenistskali. Rioni water used in production, and communal services the population.
On both sides of the Rioni are large industrial facilities that degrade water quality. The problem of
water resources protection Imereti and rational use of it, on the one hand has created increasing
demand for water by industry, and on the other side of reservoirs pollution. Water pollution in the
Rioni begins with the origins. From traditional polluting facilities should be noted Kvaisskoe,
Tutiyskoe businesses, a lot of Oni and Ambrolauri businesses that poured on the raw water in the
Rioni. And the most polluted river in the territory of Kutaisi.

Keywords: climate, energy, Imereti, Water, Rioni, Alazani.

1. Introduction

Georgia is a country in the Caucasus region of Eurasia. Located at the crossroads of Western
Asia and Eastern Europe, it is bounded to the west by the Black Sea, to the north by Russia, to the
south by Turkey and Armenia, and to the southeast by Azerbaijan.

Georgia's territory is divided in two main regions: Black sea basin and Caspian Sea basin. Total
natural river runoff from the territory of Georgia is 56.4 kms3 and to the territory (from Armenia and
Turkey) — 8.74 kms3 (Elizbarashvili, 2017). Thus, total water supplies amount for 65.4 kms.

The biggest river in Georgia is Rioni which annual runoff is 12.6 kms. There are large rivers in
Western Georgia like Inguri (5.9 km3), Chorohi (8.9 kms3), Kodori (4.1 km3), Supsa (1.4 kms3), Bzib
(3.0 km3) and others. In Eastern Georgia there are Kura (7.2 kms3), Alazani (3.1 kms3), Aragvi
(1.4 km3), Big Liahvi (1.4 km3), Khrami (1.0 km3), Lori (0.8 km3) and others.

Major issues are surface water pollution by wastes and irrational water use. Water pollution
is connected with human activity. It comes from point and non-point sources.

Point sources:

1. Municipal wastes from cities and settlements.

2. Industrial wastes.

3. Wastes from hospitals, recreation and other health centers.

Non-point sources:

1. Surface wastes from agricultural fields.

2. Storm runoff from cities and landfills.

* Corresponding author
E-mail addresses: nana.berdzenishvili@tesau.edu.ge (N. Berdzenishvili)
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1. Municipal wastes from cities and settlements pollute water with organic matters, nitrogen
and phosphorus compounds. Most polluted rivers are Kura, Vere, Alazani, Algeti, Suramula
(Caspian Sea basin) and Rioni (Black sea basin).

2. Industrial wastes bring oil products, phenols, heavy metals, etc.

Most polluted rivers in the Kura basin are:

- Kura within Thilisi and Rustavi (oil products, phenols, heavy metals);

- Mashavera (zinc and copper ions).

In the Black sea basin:

- Kvirila (oil products and manganese ions);

- Rioni and its tributary Ogaskura (oil products, zinc and copper ions);

- Tkibuli (mechanical pollution from coal mining industry);

- Kubiszkali (oil products);

- Luhumi (arsenic ion).

3. Presently, serious problem is water treatment from hospitals, recreation and other health
centers.

4. Agricultural wastes bring mineral fertilizers and pesticides. Major water consumer is
irrigated farming. According to data of 1987, there were 469.2 th.ha of irrigated lands including
409.2 th.ha in Eastern Georgia (Kura basin) and 60 th.ha in its Western part (Black sea basin).

In 9o-ies due to political and economic crisis in the country reclamation systems almost fully
came out of operation, pumping stations hydrostructures were destroyed. Funds allocated for O&M
are unsatisfactory for repair and rehabilitation that caused irrigated area reduction.

5. Storm runoff from cities and landfills also pollute surface waters. Landfills have not
treatment facilities and observation wells. They are mostly located on river banks. Landfills in all
cities are "burning points" and do not meet water protection requirements.

In accordance with Georgian legislation, water resources are property of state, which gives
licenses for water use. Major consumers are power engineering and irrigated agriculture. As it was
mentioned before, Georgia is rich in hydropower resources. There are about 100 large and small
hydropower stations with designed capacity lIObln.kwt.h or 20 % of economic potential.

2. Discussion

Climatic conditions variability dictates necessity of land reclamation. In Western Georgia
with humid climate and intensive precipitation drainage is expedient. In Eastern Georgia with arid
climate irrigation is needed.

Water quality assessment: The following categories of surface water bodies are established
based on water use purposes:

- first category — water bodies used for drinking purposes;

- second category — water bodies used for recreation;

- third category — water bodies used for fish breeding.

For each category five classes of quality are established:

First class — very good quality (blue color of water). Pure oligotrophic water in natural
conditions; insignificant anthropogenic pollution is allowed. Water is characterized by stable high
concentration of oxygen close to full saturation. Low concentration of bioorganic elements and
bacteria facilitates salmon breeding. Protective water potential is very high.

Second class — quality is good (green color). Insignificantly polluted mezotrophic water.
Certain amount of organic matters from wastes after treatment. Water bodies are well saturated
with oxygen all round year. Protective potential is well maintained. Inflows do not contain harmful
matters.

Third class — water quality is satisfactory (yellow color). Temperate eutrophic water
containing insignificant amount of organic matters and bioorganic elements. Sometimes lack of
oxygen is possible. Protective potential is weak. Pollution with harmful matters and microbes.
Harmful matters concentration varies from natural to toxic level.

Fourth class — water quality is unsatisfactory (orange color). Eutrophic water significantly
polluted. Contains organic, bioorganic and harmful matters. Sometimes lack of oxygen is possible.
Organic matters destruction and settling facilitate anaerobic processes and cause fish perishing.
Pollution exceeds protective potential. Microbes do not allow use water body for recreation.
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Harmful matters negatively impact fauna and flora. For fauna and flora harmful matters
concentration varies from permanent to highly toxic level.

Fifth class — water quality is bad (red color). Very highly polluted hypertrophic water. Main
problem is connected with oxygen regime, when lack of oxygen causes anaerobic processes.
Reducents exceed producents. Water has not protective potential. Harmful matters concentration
exceeds high toxicity level for fauna and flora.

The Rioni or Rion River is the main river of western Georgia (Adeishvili, Berdzenishvili,
2020). It originates in the Caucasus Mountains, in the region of Racha and flows west to the Black
Sea, entering it north of the city of Poti (near ancient Phasis). The city of Kutaisi, once the ancient
city of Colchis, lies on its banks. It drains the western Transcaucasus into the Black Sea while its
sister, the Kura River, drains the eastern Transcaucasus into the Caspian Sea. Rioni is the most
abundant river. Water pollution in the Rioni begins with the origins. From traditional polluting
facilities should be noted Kvaisskoe, Tutiyskoe businesses, a lot of Oni and Ambrolauri businesses
that poured on the raw water in the Rioni. And the most polluted river in the territory of Kutaisi
(Adeishvili, Berdzenishvili, 2020).

e

Fig. 1. Georgia. River Rioni

The investigated region is situated in the western part of Georgia, in the Rioni River delta.
Four municipalities share the Rioni River delta within the area of our interest: Khobi, Senaki,
Lanchkhuti and Poti regions with port city Poti. This is the populated region with developed
infrastructures. The south part of Rioni River floodplain towards the Black Sea is covered in
Kolkheti marshes and Lake Paliastomi. They represent the most extensive wetland areas within the
Black Sea region. Wetlands in Central Kolkheti have been designated as wetlands of international
importance by the Ramsar Convention and represent a national park of the Georgia. The area of
park is 28 940 ha (Jaoshvili, 2004). The total surface of our study area amounts to 350 km=.

3. Results

The Rioni River is the principal river of western Georgia. It originates from the Caucasus
Mountains, in the region of Racha and flows west to the Black Sea. The length of the river is
327 km, the area of the entire catchment amounts to 13 500 km?2. Fifty-one percent of the Rioni
drainage area is situated in a mountain region. Upstream from Kutaisi, the river flows along a wild,
narrow rift while downstream from Kutaisi it flows into extensive swampy lowland that abruptly
changes the character of the river’s flow to a meandering channel, forming numerous sand islands.
The Kolkheti lowland is an intermountain depression with near flat geomorphology and is covered
by marine and fluvial sediments (Maruashvili, 1971). It is tilted to the west where the altitude is less
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than 10m above sea level and to the east the heights gradually increases up to 150 meters.
The climate is determined by the Black Sea to the West and the amphitheatre of three big mountain
ranges (the Great Caucasus, the Likhi and the Meskheti), in addition to the surrounding Kolkheti
lowland (wetland) in the centre. Because of its geographic situation the Kolkheti lowland region
represents unique climate grouping. It combines a high annual temperature of 14,10 C with extremes
ranging from -150 C to +450 C. The annual amount of precipitation varies between 2,531 mm in the
south and 1,458 mm in the north of Kolkheti lowland. 29 % of the precipitation falls in summer.
Consequently, annual air humidity is high with values between 70 % and 83 % (Poti station).

Rioni River is the largest river of the Georgian Black Sea basin. An average annual water
discharge of the river is 430 m3/s with extremes ranging from 2480 to 3640 in the Rioni River
delta. Rapid warming, intensive snow melt and/or high precipitations are the cause factors of
raising the discharge in the Rioni River. Disastrous floods mainly caused by rapid warming and
intensive snow melt or by dike break, result in extensive damage. For example, the population in
Imereti was reduced by 30-35 % as a consequence of floods on the River Rioni in 1811-1812.
In 1982 inundated area made up 130 km and had cost US $ 12 million (Bondyrev, Tsereteli, 2009).

Table 1. Analysis of river Rioni master data

Physical and chemical | Rioni River until | Rioni River in | Rioni River after

indicators of water the entrance of | the middle of the | leaving the city
Kutaisi city

The total Water vapidity 2.2 21.3 3.1

Transparency (cm) 2 1 3

Reaction (PH) 8.1 8 8.45

particles 282 187 134

Solids 145 115 145

Permanganate oxidation | 4.13 1.04 3.4

permanganate oxidation

Oxygen in the water 10.3 9.38 9.5

ammonium Nitrogen 1.17 1.09 0.35

Petroleum products 0 5 3.14

chlorides Not detected Not detected 0.35

Chromium Not detected Not detected

Manganum Not detected Not detected

Iron 0.5 0.4 0.5

The total number of bacteria | 3000 11000 2350

Koli-index 18000 23000 23000

Koli-titer 0.06 0.04 0.04

4. Conclusion

Safe drinking water supply is major issue for Georgia. Presently, due to difficult economic
situation, critical situation takes place in most water supply systems. Water quality control is weak
and water quality sometimes does not meet standards. More dangerous situation occurs in
sanitation and treatment of industrial and municipal wastes in cities and settlements. Treatment
facilities mostly are out of operation and destroyed. Because of that, wastes are released to surface
water bodies. This is one of the reasons for infectious illnesses growth, carcinogenic and mutant
factors (Kereselidze, Trapaidze, 2012). As can be seen from the Table 1, the total number of
bacteria, Rioni River until the entrance of Kutaisi 3000, Rioni River in the middle of the city 11000,
Rioni River after leaving the city 2350. Rioni in Kutaisi is polluted by industrial enterprises.
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