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penbegpy Ha ocHogi MopghomempuyHUX daHux. 3acmocyeaHHsi OmpuMaHuUx e pe3ysibmami MopghoMempuYHO20 aHaslizy mo4yHux i dugpepeHuyiiio-
8aHuX KinbkicHUX daHux npo obpaHy mepumopito e naHlwagmHux docnidxeHHsix do3eoJsisie sukopucmoeyesamu yi MopghoMempuydHi NoKasHUKuU,
no-nepwe, siK iHOUKamopu eusiesIeHHs1 Hecmilikux naHOwagmie ma 3 Memoro 8cmaHo8s/IeHHs1 MeHOeHUyil i QuHamiKku ix po3eumky, no-opyae, sik
OaHi Ons KinbKicHO20 06r'pyHmMyeaHHs1 exe eudineHux naHowagmHux oGUHUYUb, MO-MPEMme, 3 Memor 8uUsI8/IeHHS IXHbO20 en/uey Ha 3MiHy i po3-
dpobneHicmb apeasie cy4acHux 2eocucmem. [IponoHosaHuli HaMu cucmeMHull aHani3 penbegy niedeHHozo cxuny Benukozo Kaska3y do3eornsie
8u3Hayumu MopghoduHaMi4Hy HanpyxxeHicms mepumopii.

Knro4oei cnosa: penbegh, Mopghomempu4Ha HanpyxeHicms, 2ipcbki 2eocucmemu, naHowagmHuli nomeHyian.
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SYSTEM ANALYSIS OF THE RELIEF OF THE SOUTHERN SLOPE OF THE GREATER CAUCASUS
AS AN INDICATOR OF THE ECOLOGICAL — LANDSCAPE POTENTIAL OF THE TERRITORY

Assessment of the eco-landscape potential of mountain regions requires a systematic study of all major landscape-forming components that
determine the direction and trends of development. A systemic view of the landscape allows us to reveal its structure, as well as the correlation
links of components in space and time, hence the possibility of searching for variants, principles and methods for coordinating the relationship for
different types of terrain. The object of our research is modern geosystems of the southern slope of the Greater Caucasus, characterized, like all
mountain landscapes, by instability and special sensitivity to both natural and anthropogenic loads. Here we see a complex geosystem structure
that depends on the altitude of the terrain, the exposure of slopes, the dismemberment of the relief, exogenous processes, the arrival and
consumption of solar energy, and anthropogenic impacts. Landsat ETM-8 satellite imagery, 1: 100,000, 1: 200000 topographic maps, route
research materials, literary sources and thematic maps of various content and scale, as well as a landscape map of Azerbaijan (2015) of scale
1: 250,000, compiled in the department "Landscape and Landscape Planning”. The main morphometric parameters of the relief, which have a
significant influence on the development and formation of geocomplexes and the leading components (characteristics) of the ecollandscape
environment are hypsometry, surface slope angles, slope exposition, vertical and horizontal relief decomposition, etc. Significance in the formation
of the eco-landscape environment of the listed morphometric characteristics is unequal, and they affect the intensity of the eco-landscape situation
to varying degrees. Based on the analysis of the obtained morphometric maps on the southern slope of the Greater Caucasus, one can distinguish
three large transverse segments. The first segment covers the territory located between the rivers Mazimchay and Kishchay. The second segment
covers the space that lies in the interfluve of the Kishchay-Damiraparanchay. The third section is located between the rivers Vandamchay and
Girdimanchay. The results of the morphometric analysis were taken into account in the general assessment of the morphodynamic tension and the
mapping of the landscape-morphometric tension of the southern slope of the Greater Caucasus. Analysis of the map showed that the area
surrounding the steep slopes within the height of 1800-3000 m, where the slopes are deprived of vegetation cover Intensive dismemberment of the
modern relief. They occupy a large area in the interfluve between Kurmukhchay-Dashagylchay, and also Tikanlychay-Girdymanchay.

The large morphometric tension of these regions is ensured by intensive mudflow processes and landslide processes, which causes an
increase in the area occupied by mudflow foci. The increase in the volume of materials ready for demolition creates favorable conditions for
mudflow and increases the likelihood of the frequency of passage of mudflows.

This region is characterized by unstable, unproductive nival-subnival and rock-meadow landscape complexes. Relatively less tension is
observed in the low-middle mountain zone, especially in the Zagatala State Reserve area, where relative preservation of the forest cover reduces
the rate of development of exotic processes, which enhances the dismemberment of the relief. In connection with the decrease in the relative and
absolute heights of the main watershed ridge in this sector of the forest belt, denudation processes are less developed — screes and placers are
less developed.

The proposed system analysis of the relief of the southern slope of the Greater Caucasus allows not only to assess its role in the formation and
spatial differentiation of modern landscapes, but also demonstrates that from the point of view of the sustainable functioning of landscapes, the
most favorable conditions for the development of regular relief-forming processes exist in the mid-mountain belt.
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NEPCMNEKTUBU BNPOBAIKEHHSA ®ITOPEMELIALLLI
AnA BIAHOBJNIEHHA FrEOEKOCUCTEMM TYJIbYMUHCBKOIO NOMNIroHY TnB

lpoaHanizoeaHo wnsxu mizpayii eaxxkux memarie y cknadi ¢pinbmpauyiliHux eod i3 TysIbY4UHCbKO20 MOJli20Hy meepoux no-
6ymosux eioxodie (TI1B) i3 3acmocysaHHsIM cCUCMEMHO20 2€0€eK0J/102i4HO020 aHani3y, naHOwagmHo-2eoxiMiYyHO20 Nidxody ma
6aceliH08020 NMPUHUUIMY OXOPOHU I'pyHmMosux e00. BusieneHo naHdwagmHo-2eoximiyHi 6ap'epu, sik iMogipHi Micys akymynsauii
8000PO34YUHHUX (hOPM 8aKKux memaris. [JocnioxeHo esponelicbKuli doceid 3acmocyeaHHs1 (himopemediayiliHux mexHosozil
OJ151 OYUW,eHHS1 Micub 3aXOPOHEeHHSI 8idxodie ei0 moKcu4HUX pe4yoeuH. HadaHo pekomeHOauii w000 enpoeadkeHHs1 himopeme-
diayitiHux 3axodie Ons peKkynbmueayii TyS1b4UHCbKO20 MOoJli2OHY, OYUWEHHS npusie2iux 3eMeslb CillbCbKo20cno0apcbKo20 npu-
3HaYyeHHs Ma 3MeHWeHHS1 Hebe3rneK NowupeHHs1 3abpyoHeHb MPOogiYHUMU STaHY02amu.

Knroyoei cnoea: pinbmpam, meepdi nobymoei gidxodu, 6aceliHoguli npuHyun, naHowagmHo-2eoximiyHul nidxid, gpimope-
mediauyisi, eaxkki Memansnu.

Bctyn. Mpobnema aHTponoreHHoro 3abpyaHEeHHs Te-
putopii TMNB, 30kpeMa ceniTebHMX 30H | 3eMenb CinbCbKO-
rocrofapcbKoro npusHadeHHs B YKpaiHi BigpisHAeTbCs
ocobnmBo MacluTabHicTio. IcHyto4a npakTuka po3MmilleH-
HSA BiOXOAIB Ha MoniroHax Ta CTUXIMHUX 3BanuLwiax 6es3 Ha-
NexHoi opraHisauii po3ginbHoro 36opy, iHXeHepHoro 06-
nawTyBaHHA Ta MOHITOPUHIY MiCLlb 3aXOpPOHEHHSs Bigxoais
nNpu3BOANTb A0 BUHUKHEHHS1 HeGe3nek Ans OOoBKinns i 300-
poB'a HaceneHHs [14]. 3a gaHnmu MiHicTepcTBa perioHa-
NbHOro po3BuUTKY, OyAiBHULTBA Ta XXMTIOBO-KOMYHaNbHOIO
rocrnogapcraa, B YKpaiHi  byHKUiOHYIOTb  MoOHapg
6000 neranbHux noniroHiB i 32000 HeneranbHUX 3BanuLy,

[9]. Y GinbwocTi BunagkiB Micus po3TallyBaHHS TaKuX
06'eKTiB 3HaxoasTbCA NOGNM3y Manux MICT Ha 3emMnsx, ae
TpaauLUiiHO BUPOLLYETLCH CiNlbCbKOrocnoaapcbka MpoaykK-
uisi. OCHOBHUM HeraTMBHUM YMHHMKOM BMMMBY Takux 06'ek-
TiB Ha OOBKINNsS € inbTpaT (ApeHaxHi Boau), sSiKUA yTBO-
ptoeTbcs B Tini 3Banuwa. Ha 3sanuwax, cnopymkeHmx 6e3
OPEeHaxHoI cucteMmn, inbTpaT NPOCOYYETLCH Y I'PYHTOBI
Ta nig3emMHi Boau. Lle npussBogmTe A0 3Ha4Horo 3abpya-
HEHHSI MPUNErnnxX TePMTOPIN TOKCUYHUMWU OpraHiyHMMK Ta
HEeOpraHiYHUMM CMoNyKamMu, 3HWXKEHHS AKOCTI 1 Be3neyvHo-
CTi CinbCbKOrocnogapcbkoi MpoayKuii Ta BUITYYEHHS 3e-
Menb i3 rocnogapcbkoro obiry. NMpobnema mae TeHAeHL O
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[0 MoripLUaHHs, OCKiNbKU XiMivHi 3abpyaHukn nerko Bbyno-
BYIOTbCS Y TPOIiYHI NAHLIOMM | KOHLEHTPYITLCA B OECATKN
i HaBITb COTHI pasiB.

OpHUM 3i LWNSIXIB 3MEHLLUEHHS BMICTY TOKCUYHWUX PEYOBUH
y Mexax reoekocuctem noniroHis TIB € ditopemeaiavis.
Llen MmeTon 6a3syeTbCA Ha BMKOPUCTaHHI POCIMH Ta acouiiio-
BaHMX 3 HUMMN MIKPOOpPraHi3miB, siki akymMmyrtoloTe 3abpyaHHoLo-
Yi PEYOBWHY | 3HAYHO 3HUXKYHOTb 3abpYAHEHHS I'PYHTIB.

AHani3 nitepatypu. [JocnigXeHHs WOoAO0 HeraTMBHOMO
BMMUBY BaXXKWX MeTaniB Ha I'PYHTM Ta, 30Kpema, Ha 3emni
CiNbCbKOroCNoAapCcbKoro MNpu3HavYeHHs npeacTaBneHi vy
poboTax BiTYM3HAHMX aBTopiB |. TpaxTteHbepra, J1. Mmpni,
B. CaBuubkoro, HO. Manuka, B. KyyepsiBoro. Y pob6oTtax
|. Koutobu BM3HAYeHO BNAMB 3BanuLL Ha rpyHT i BogHi 06'e-
KTM HaBkono cmitteapanuwa TMB M. XKutomumpa. OuiHui
€KOMOriYHOro CTaHy 3eMenbHUX AINSHOK, 3aNHATUX BigXo-
Aamu Ta 06'ekTaMu NOBOXKEHHSI 3 HUMM, NMPUCBSIYEHI poO-
6otn T. OpnoBoi. OcobnMBOCTI TEXHOrEeHHOro 3abpyaHeH-
HA TepuTopii HaBkono Kuiscbkoro noniroHy TIMB pgocni-
DxeHi B poboTi KO. KynnHudy. ABTOp 3ayBaxye, LLO Npouecu
B3aemogii inbTpaty i3 rpyHTOM B YKpaiHi Maxe He O0C-
nigpKyBanucb, MexaHiamy copOuii BaKMXx MeTanis He
BCTaHOBIEHO. Y poboTi 3apybixHNX aBTopiB [7] nokasaHo,
wo BMmicT ceuHuto (Pb), migi (Cu), Hikento (Ni), xpomy (Cr)
Ta UMHKY (Zn) nepesuLLye CaHiTapHi HOPMaTUBKU Y MicLsX
posTawysaHHa noniroHis TIB. Lle npussoauTs A0 norip-
LIEeHHS XiMiYHMX BracTMBOCTEN I'PYHTIB Ta BMMMBAE Ha Op-
raHiaMmu 4yepes pOCIVHW, BUPOLLIEHI Ha 3abpyaHEeHUX Nonsx
ANsi Xxap4yoBux NoTpeb 3anexHo Big Tuny rpyHTiB. OcTaH-
HiIMM pokamm TexHomnorii hiTopemepiauii akTMBHO NOLUK-
ptotoTbCs B KpaiHax banTincbkoro periony [2; 5; 8]. MNpoTe B
YkpaiHi citopemegiauia nepebyBae Ha noyaTkoBin cTagii
po3BuUTKy. PoBiT BiTUM3HAHMX aBTOpiB Noku HebaraTto. Mo-
XnmBoCTi diTopemegiauii 3emenb, 3abpyaHeHNx nectuum-
Aamu, BucBiTneHi B pobotax J1. Moknsayyk. BigHoBneHHs
3aconeHnx 3emenb ByrnenobyBHNUX panoHiB ditopemenia-
uieto gocnigxkeHo B pobotax M. JlaBpuka, A. MNMaBnnyeHko.

MeTtoro paHoi nybnikauii € BUSIBNEHHS MNOTEHUINHMX
Hebe3nek, MOB'A3aHMX i3 Mirpauielo BaXkkux MeTanis i3
TynbumHcbkoro noniroHy TIB, skuin nepebyBae y cragii
pekynbTuBaLii Ta AEMOHCTpaLis MOXIMBOCTEN dhiTopeme-
giauii ona BiQHOBMEHHA S$IKOCTI I'PYHTIB re0eKkocucTemu
noniroHy. BigHoBneHHs 3abpyaHeHux arponaHgawadTis —
cknagHa KOMMMEKCHa 3ajava, L€ CTUKalTbCH iHTepecu
OaraTboX CyMiKHMX Hayk — arpobionorii, rigporeonorii, iH-
YKEHEePHOI eKomnorii, EKOHOMIYHMX | coujianbHUX OUCLMMNIIIH.
KoxHa Mae BnacHi iHCTPYMEHTU MOM'SKLEHHS aHTPOMo-
reHHOro TUCKy Ha [OBKINns Ta 3gopos'a nogen. CTOCoBHO
reoekonorii aBTopy BBaXalTb AOUINbHUM MoKa3aTu MOX-
nuBocTi naHawadTHo-reoxiMmiyHoro nigxoay ta 6HacenHo-
BOrO MPUHUMNY ANS NPOrHO3yBaHHSA LUNSXiB Mirpauii 1 aky-
Mynsilin 3abpyaHeHb, BUSABIEHHST MiCLIe3HaXO4KEHHs "ra-
pAYMX TOYOK", SKi MignaratoTb BiAHOBMEHHIO.

BuknageHHs oCHOBHUX pe3ynbTaTiB. [JocnigxyBaHa
TepuTopisa 3HaXoAMTbCA B TYNbYMHCBLKOMY pPavioHi BiHHW-
LbKOT 06nacTi, YMCenbHICTb HaceneHHsA SIKOro CTaHOBUTb
55,9 Tnc. ocid [12]. 3rigHO i3 macnopTHOK AOKyMeHTaUieo
TynNbYMHCBKUIA MONIroH i3 koopauHaTamy 48°39'13.3" nH. L.
28°52'32.9" cx. o. 6yB 3aknageHun y 1990 p. i npuiimas
MyHiuMnanbHi Bigxoau i3 micta TynbyYuMH i TPbOX CYCIOHIX
cin: Maasypiska, HectepBapka i CysopiBcbke. KinbkicTb
XWTeniB, WO KOpUCTyBanucb nocryramy nomiroHy, cTaHo-
BuTb 23700 oci6. 3aranbHui obesar Bigxoais, WO Hagxoau-
nn Ha noniroH, ctaHoBuB 8 500 kr y pik. BupobHuya cipepa
MiCTa npeacTaBneHa Xap4oBOK i nepepobHO NPOMMCIIO-
BicTO (99,9 %). OcHOBHI NigNpMemMcTBa panoHy npaulTb
y cdepi nepepobneHHs Moroka, BUPOOHMLTBA MOJOYHMX
Ta M'ACHWX MPOAyKTiB, BuMpoLlyBaHHA nTuui [12]. MNoniroH
TMNB manu 3akputn y 2006 p., npoTe odilinHe 3akpUTTA
Biabynocs y 2017 p. y paMKkax LIBenLapCbKo-yKpaiHCHKOro
npoekty DESPRO [14]. Y npoueci ekcnnyaTadii Ha noniroH
nocTynann HecopToBaHi NobyToBi BiAXoaAMW, Y TOMY 4uchi 1
Hebe3neyHi Bigxoan 6e3 nonepedHboi 06pobku. [NoTpan-
NSIHHS Ha NOJIroH BiAXoA4iB NOOYTOBOI €NEKTPOHIKM, NTHOMIHE-
CLEHTHMX lamn, TEpMOMETPIB, akyMynsaTopiB i 6atapenok,
dapMaLeBTUYHMX Ta BETEPUHAPHMX NpenapatiB npu3Beno
[0 HAKOMUWYEHHST B TiMi MONIrOHy psily TOKCUYHUX PEYOBUH,
SKi MICTSITb pTYTb, KagMii, kobanbT, MonibaeH, antoMiHin,
LMHK, Migb 3ani3o, Hikenb Towo. [oniroH He Mae 3axncHoro
HaKpuTTH, TOMY BOMOTICTb BiAXOAIB NOCTINHO 36inbLUyeThCs
BHACMIAOK NOTpannsaHHA atmocdepHux onagis [12].

3a gaHMMM iHXEeHEepPHO rigponoriYHuX gocnigpKeHb (Ma-
Tepianu Moginbcbkoi rigporeonoriyHoi napTii) TynNbYMHCH-
KW MOMIrOH po3TalloBaHWiA Ha BOAOHENPOHUKHNX Nopoaax
(cyrnuHok neconopfibHui i cyrnmHok Baxkui). MpoTe, noni-
roH He obnagHaHui OpeHaxHow cucTemoto. Lle o3Hauvae,
Lo biNbTpaT Ha MaryyM MOXIMBOCTI MPOHUKHEHHS Y I'PYH-
TOBIi BOOM, Yepe3 "MigoLBy" MOMIrOHy pPO3BaHTAXYETbCS
BHU3 MO Cxuny A0 Hanbnvxkyoi Bogovmu [14]. ATmocdepHi
onagu, iNbTPyYMCb Yepes Tino MnoniroHy, BMMUBAOTb
Hebe3neyHi BOOOPO3YMHHI CMONyKKU, sKi 3rogom nocTyna-
I0Tb Y OOBKINNs. AKiCHWMIA Ta KinbkicHWIA cknag 3abpyaHio-
BarnbHWX CMOMYK, LLO BUBIMbHAETLCS i3 Tifla NoniroHy, mae
CBOI XapaKTepHi BiAMiHHOCTI, NOB'A3aHi i3 MOpOnoriYHUM
CKIaZloM HaKOMWYeHUX BIOXOAiB, CTPYKTYPU, YMCENBHOCTI
Ta couianbHO-€KOHOMIYHOIO CTaHy HacCeneHHs, MiCbKOi
iHppacTpyKkTypK, KnimaTy, KinbKOCTi onaais, penbedy To-
wo. Pasom i3 TumM, iCHye MeBHa CMOPIOHEHICTb TUMOBMX
XiMIYHUX 3a0pyaHMKIB, HAMPUKNaZ, aHIOHIB, BaXXKUX MeTa-
niB, OpraHiYHMX KUCMOT, 3BanuLWHKUX rasis. Baxki meTtanu
Cd, Cu, Fe, Hg, Ni, Pb € TnoBumn 3abpygHvkamu, xapak-
TEPHUMU ANs MyHiuunanbHWUX Bigxoais. [esiki i3 MOXIMBMx
[pKepen NoTpanssiHHA BaXKKMX MeTariB y JOBKINNSA y cknagi
inbTpaTy HaBeaeHo y Tabn. 1.

Ta6nuys 1. Dxepena noTpannsiHHA BaXKUX MeTaniB i opraHiyHMx 3a6pyaHUKIB Ta CTyNeHi iXHbOi TOKCUYHOCTi [6]

Mopdonoriui dpakuii Biaxoais CTyneHi TOKCMYHOCTI BaXXKUX MeTaniB Ta AeAKUX opraHiYHUX cnomnyk
Knac HeGe3neku 1 Knac HebGe3neku 2 Knac HeGe3neku 3
Zn (FOK 0,084 mr/m)
BygiBenbHi MaTepianu (LuemeHT, 3ani3o, nnacTMacu) gdb((rr,éllli(é)é); N“';m_?) Cu (F%K ?\10;\2 mr/n) Ca, Mg, Na
’ r, Ni As
dapmaLeBTUYHI 1 BeTepUHapHi npenapaTu Hg (F4K 0,0001 mr/n) Zn, As
MobyToBa TexHika (Tene-, pagioanapartypa, MOHITopu, Pb, Hg, Cd Zn, Cu, Ag, Bi Sn, Fe, Ni,
KOHAMLIOHEPU, XONOANIIbHUKKN, eNeKTPUYHI namnn) T Mo
XiMiyHi 3acobu 3axucty pocnuH (X33P) Hg, Cd, Zn, Cu, As, Sb Bi
dapbu, nakn Hg, Pb, Cd Cr, As, Sb, Zn, Cu, Ti
XimivHi [xeperna enekTpu4Horo CTpymy Pb, Cd, Hg, Zn, Cu, Ag, Cr, Li,
MonirpadiyHa npoaykuis Pb, Hg, Cu, Cr, As,
OpraHiyHi Bigxoam ( Sanuwkn X33P HenpugatHi ximikaTtn Tapa i ynakoBka
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3axopoHeHHs1 TakMx BigxodiB Mpu3BoaMTb A0 3abpya-
HEHHS He TiNMbKN MiCLb CKNaAyBaHHs, a i Npunernnx Tepu-
TOpin. DiNbTpaT € O4HUM i3 FOMOBHUX LUMAXIB NOLMPEHHS
3abpydHEHHs BaXKMMU MeTanamu, sikui yTBOPIOETLCA Ha
noniroHi TMNB i3 BonoricTio 6inbwe 55 %. Hanpsamok mirpa-
Lii dinbTpaTy nosa mexamu noniroHy Bu3Havae GaceriHo-
Ba CTPyKTypa TepuTopii. 3a 4OMOMOrol NporpamHoOro 3a-

6e3neveHHi SAGA (System for Automated Geoscientific
Analyses), BukopuctoBytoum gaHi LLIMB SRTM (undposoi
mogeni Bucot Shuttle Radar Topography Mission), Hamu
Oynn nobyanoBaHi BoAo30ipHi NnoLwi, BU3HaYeHi BOAOTOKM,
MicueBi Bogovimn, Bogo3bipHi 6aceiHu 3 yciva enemeHTa-
MU B6aceliHoBoi cTpykTypu [14]. TigponoriuHy 6yaoBy Tepu-
Topii TynbunHcbkoro noniroHy TIMB nogaHo Ha puc. 1.
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I Ty buMHCEKWIA noniroH TMNB
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Puc. 1. TipponoriyHa 6ynosa Teputopii Tynb4YnHcbKkoro noniroHy TrB [14]

3rigHo 3 rigponoriyHoto 0yLoBOW, (iNbTPAT, 3NMBOBI 1
Tani BOAM i3 MOMIrOHy poO3BaHTaxyloTbcst Yy  OikK
p. CenbHuug, sika HanexwuTb o 6aceliny lMiBgeHHoro Byry
[14]. Mirpauis ximiyHMX cnonyk i3 Tina MoniroHy B cknagi
GinbTpaTy  BU3Ha4YaeTbCA  NaHAawadTHO-reoXiMiYHUMK
YMOBaMu TEPUTOPIT, OCHOBHUMMW MOKaXKYMKaMM AKOI € pi3n-
KO-XiMiYHMI CKNad I'PYHTOBOrO MNOKPUBY Ta 3HaveHHsa pH
r'pyHTy. KaTioHOreHHi cnonyku (rigpaToBaHi ioHM meTanis,
MeTaro-KOMMIEKCU MaloTb HanbinbLly PyXNUBICTb Y KUC-
nomy cepenosuLi. AHioreHHi popmu — BaHagaTu, apceHi-
TW, apceHaTu, CeneHiTu, MonibaeHiTM, repMaHaTn TOLWo —
MIrpytoTb NEPEBaXKHO Y NYXHWUX cepedosuwax. HenTtpans-
He cepefoBuLLE CNPUSIE YTPUMAHHIO BaXKUX MeTanis y
KOMOIAHMX PO34YMHAX, HANTUMOBILLIMX ANS NPUPOAHMX reo-
cucteM. 3MiHa KMCIOTHOCTI Ha MeXi pyxoMoi Ta HEpyXoMoi
a3 npuBoanTb o ctabinisauii (cegumeHTauii abo agcop-
Ouii) pyxnueux ioHiB abo, HaBnaku, 4o nepexoay ix y py-
xomuin ctaH. Hanpwknag, 3aniso (Il) nepexoanTte B ocapg
npu nigBuwieHHi 3HaveHHa pH po 5,5 [10]. PesynbTatun
HOBITHIX AocnmkeHb [3] nokasyloTb, WO BaxKi MeTanu B
3abpyaHeHi nig3emMHMMM BodaMu [xepernax yTBOPHTb
CWIbHI acouiaTu 3 OpraHiyHMMKU KucrnoTamu, YTBOPHOHOYI
KOMOiAHI pO34MHU. ICTOTHA YacTMHa BaXKkux meTaniB y i-
nbTpaTti noe's3aHa i3 konoigHumu dpakuiamm (Cd: 38—
45 %, Ni: 27-56 %, Zn: 24—-45 %, Cu: 86-95 %, Pb: 96—
99 %). Takmm YMHOM, OMIKYETbCSH, LLO NOBEAIHKA BaXKMX
MeTanis y [OBKiNMi Bigpi3HATUMETbCA Big BMacTUBOCTEN
iCTUHHMX PO3YMHIB BaXXKNX MeTaniB.

Ona mopentoBaHHA naHAawadTHO-reoximiyHux 6Gap'e-
piB aBTOpPM CKOPUCTANMUCb pes3ynbTataMy BenmkomacLiTa-
OHoro obcTexeHHs r'pyHTiB CyBOPOBCbLKOI Cinbpagu, Bu-
KOHaHMX BiHHWLBKUM HayKOBO-4OCMHIOHUM | MPOEKTHUM
iHCTUTYTOM 3emneycTpoto [13]. KucnoTHO-nyxHi xapakTe-
PUCTMKU [PYHTIB AOCAiIOXyBaHOT TepuTopii nogaHo Ha
puc. 2. 3rigHo 3 6GacerMHOBMM NPMHUMNOM, TepuTopis

BMMMBY ApEHaXHMX Bog TynbYMHCBKOrO MOMiroHy Ha Ao-
BKiNnsa (reoekocuctemMa noniroHy) obMexyeTbcs B nepiuy
Yyepry GacelHOM MicueBOro BOAOTOKY. Y Mexax LbOro
6acenHy KUCMOTHICTb I'pyHTIB 3MiHIOETLCA Big pH 4,6 po
5,3. [14]. BukopucrtoBytoun metoauku [4; 11], y mexax
OaceniHy 6yno BuaineHo ABa nNaHAWagTHO-reoXiMiYHMX
Oap'epn: copOUiHO-NYXHWIA | copbuiHo-kncnum (puc. 3).
Cop6uiiHo-nyXHui Gap'ep MoXe aKkymyroBaTh PO3YMHHI
dopmu Baxkkmx metanis Fe (IlI), Cr (lll), Al Ta Cu, npu
LbOMY TaKoX YacTKoBo yTpumytkoTbes Ca, Mg, Pb, Zn, Cd,
Co, Ni, i Mn [14]. Pyxnusi cbopmu 3abpyaHioBanbHUx pe-
YOBWH, sIKi HE 3aTPUMYIOTLCS abo YacTKOBO 3aTPUMYOTb-
cs naHgwadTHO-reoximiyHuMm 6ap'epamu, MirpytoTe BHU3
no cxuny i notpannsATb y p. CenbHuus.

HetanbHa ouiHka BNAMBY MONIFOHY Ha rigpOXiMiYHYy
CKnagoBy TepuTopii HemoxnvBa 6e3 JoOaTKOBMX MOSMbOBUX
JocnigxeHb, sKi NNaHYTLCA ANS BUABMAEHHS "rapsymx To-
YoK" i hOHOBMX KOHLIEHTpaLi XiMiyHMX 3abpyaHuKiB. YBara
mMae ByTu 3ocepekeHa Ha BaXK1X MeTarnax, BigHECEHUX [0
11 2 kaTeropii Hebe3nekn (Tabn. 1) Ta ixHiX KinbKiCHMX Xa-
pakTepucTMkax Yy Micusx —3ansraHHa  nadHawadTHo-
reoximiyHmnx 6ap'epis. Lli 6ap'epy 3HaxogoaTbCA Ha BiACTaHi
800 m Big Tina noniroHy, Ha 3eMnsX Cinbcbkorocrnogap-
CbKOro NPU3HAYEHHs!, Ae BUPOLLYIOTECA POCIUHHI KyNbTypu.
OuiHka pu3uKiB NS 300pOoB'A Big BXMBaHHS BUPOLLEHOT
npoaykuii He BegeTbes, iHopMaLis Npo cTaH 3abpyaHEHHS
3eMeslb BaXKUMKM MeTanamu BigcyTHS. ABTOpPU BBaXaloTb,
WO BaxkKi MeTanu, HakonuueHi Ha Mexi naHawadgTHO-
reoximiyHoro ©Oap'epa, 3a nepiog ekcnnyaTauii MoniroHy
(27 pokiB) MOXyTb CTAHOBWTW Ceprio3Hy Hebeaneky ans 340-
poB'A cnoxwBaviB. [nsi 3MEHLUEHHs HEraTMBHOTO BNIMBY Ha
370pOB'A NoAen, OOUINBHO BUIYyYUTH Ui 3eMni i3 CinbCbKoroc-
NoAapCbKOro KOPUCTYBaHHSA | IPOBECTU hiTopemeaiaLio.
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Puc. 2. NanpwadTHO-reoximiyHi 6ap'epu Ha Teputopii TynbunHcbkoro nonirony TMNB [14]

TepMmiH "diTopemegiauia” cknagaetbca i3 OBOX CriB:
"chiTo" (i3 rpeubk. pocnuHa) Ta "pemegiauis” (i3 naTuH. 3mi-
HUTU 41 Buganutuh). diTopemepiauis — 3aranbHU TEPMIH
ONsi rpynu TEXHOMOTIN, WO BUKOPUCTOBYIOTL 34aTHICTbL po-
CNWH MNornuHaTh 3abpyaHIoYi PEeYOBMHWU Ta MPOBOAMUTU
OEeTOKCUKaLilo JOBKINNSA 3a AOMNOMOrOK Pi3HUX MEXaHi3MiB.
Lle BigHOCHO HOBi ekonoriYHO edEKTUBHI Ta eKOmnoriYHO
YMCTi TexHonorii. BoHW nigxoasaTb ANs OMULEHHS 3HaYHUX
nnoL, Ta He BMMarawlTb 3HAYHUX KaniTaroBKNageHb, cne-
LianeHoro obnagHaHHs, BUTpPAT Ha ekcnnyaTadito. ditope-
Megiauis Moxe KowTyBaTu MeHwe 5 % BapTocTi anbtep-
HaTMBHOro MeTody ouulleHHdA. Ha cborogHi ditopemesia-
Lis BUKOPUCTOBYETbCA ANS OYULLEHHS HaBKOMMULUHLOMO
cepenoBua Big OedKMX 3abpyaHIOYMX PEYOBUH, Y TOMY
yncni HadhTONPOAYKTIB, XNopy, nectuuugis, BUOYXOBKX
PEYOBVH, BaXKMX MeTaniB Ta pagiauiiHux isotonis. Ons
BUITyYEHHST TOKCUYHUX €NTEMEHTIB i3 FPYHTY 3aCTOCOBYHOTb-
¢ (piToakymMynsuisi, OCHOBHWUIA MPUHLUMM SKOT — HaKonu4eH-
HS 1 akymynsuist B Tini pocnuHu 3abpyaHIOYMX pevoBUH
6e3 pynHyBaHHSA CTPYKTypu I'pyHTY. [ns 3anobiraHHst noT-
pannsiHHio 3abpYyOHIOYNX PEYOBUH Y FPYHT MpW BigMu-
paHHi Ta po3nagy PocivH NPOBOAUTLCS craneHHs 6iomacu
pocnuH 3 abo 6e3 opepxaHHs eHeprii. 3anuwkoBa 3ona
Ma€ BWCOKMI YMICT aKkyMyrnbOBaHWX 3abpyaHIOIOYMX peyo-
BWH, Y TOMY YMCHli BaXKUX MeTarniB, TOMy BOHa YTUNI3YETb-
Cs1 SIK BiAXOAM NepLuoro ctyneHsa HebeanevHocTi [8].

OpHvM i3 NokasoBMX MPUKNaAiB 3aCcTOCYBaHHA TEXHO-
norii pitopemegiauii Moxe CryXvUTu BiQHOBMEHHA 3eMerb
nicna pekyneTusauii noniroHy TIMB Ha o. Caapema, Ecto-
Hif. [poekT peanisyBaBcs y cnisnpaui JliHHENCBLKOro yHi-
BepcuteTy (LUBeuis) Ta TapTycbkoro YHiBepcuTeTy Hayk
npo xutTs (EcToHif) i3 KniBCbkvM HauioHanbHUM yHiBep-
cuteToMm iMeHi Tapaca LeB4yeHka [1].

IHWuM npuknagoMm € wBeacbkuii npoekt PHYTECO,
AKUA Mae METOK PeKynbTUBaLilo NOMIroHIB CKMSHUX 3aBO-
aiB 'y micti EMmabopa, Lseuisa. Mepwumin ninotHWi dito-
napk, nobygosaHun y micti OpedopLl, Ha 3emnsx, siki Ko-
nucb 6ynu 3abpydHeHi CBMHUEM Ta apceHOM. [onoBHO
POCIUHOI-TINepPaKyMynaTOPOM TYT CTAB COHSILLIHUK.

Omxe, JocBig NpubanTiNCbKUX KpaiH CBigYMTb, WO giTo-
pemegiauis — OoBoNi ePeKTUBHUIA METOA OYULLEHHS Tepu-

TOpIi Bif TOKCUYHWUX pPevoBUMH. Lla TexHomoria Moxe OyTu
BMKOPUCTaHa AN BiOHOBIEHHS SKOCTi 3abpyaHeHWX Tepu-
TOpIN, Y TOMY Yncni reoekocncTeMu TyNbUYNMHCHLKOrO NOMIroHY
TrB. TMpaBunbHuin BMBIp pocnuH nepenbadae BUSIBIEHHS
MiCLb 3HaXOMKEHHS 3a0pyAHIOBaNbHNX PEYOBUH, X SKICHUI
i KINbKICHWIM cKNag, NPUPOAHI YMOBKM Ta CTaH noniroHy TI1B.
AHanisytoun TMnoBi xiMivHi 3abpyaHunkmn nonirowis TrB, reo-
ekocuctema TynbuuHcbkoro noniroHy TIMB  3abpyaoHeHa
cnornykamu pTyTi, CBUHLIO, KaaMmito, LMHKY 1 kobanbTy. Be-
py4u OO0 yBaru NpUpoAHi YMOBW TepuTOpii Ta CinbCbrocno-
0apcCbKy cneuianisauito npunernMx Teputopin, onTuMarnb-
HUMK pocnuHamMu Ang nNpoBefeHHs chiTopemeniauii MoXyTb
CTaTW COHSILLHWK Ta KyKypya3sa. CoHslWHMK abcopbye apceH,
KafMili, XpOM, CBMHELIb, MaHraH, UWHK Ta Migb, Kykypyasa —
apceH, kagmin, kobanbT, CBUHELb, Hikernb, MarHin Ta HaTpin
[8]. eTanbHuii aHani3 rpyHTY Ha HasIBHICTb BaXKKUX MeTani.,
BUSIBNEHHS "rapsayumx” TOYOK i POHOBUX KOHLEHTpaLin € He-
06xiaHOK YMOBOIO Ans CBiAOMOro BUOOPY POCIHUH i MOHITO-
PVHIOBMX CMOCTEPEXEHb.

BucHoBku: lMoniroHn TIB maloTb MNOTY>XHUA [OBro-
TpuBanui BNAMB Ha AOBKINNSA Ta 3gopos'a nogen. Cucrte-
MHUI re0eKOmOoriYHUA aHani3 4ae MOXIUBICTb NPOBEOEHHA
€KOIoriYyHOI OLHKM TepuTOpIi, Ha SKii 3HAaXOAWUTLCS CTauio-
HapHe [mxepeno 3abpyOHeHHs, MokasaTu Lnsxv mirpadii
BaXKKNX MeTaniB y cKragi I'pyHTOBMX BOA, BUSIBUTW NaHaLla-
THO-TeoxiMiyHi Bap'epn AK MOTEHLiMHI Micusa X akymynsuii.
BigHoBneHHs 3abpyaHeHWX AiNsHOK MONiroHy Ta npuvner-
nnX TEepUTOPIN MOXHa peanidyBaTu 3a AOMOMOrow ito-
pemMefialinHUX TEXHOMOriN, AKi € eeKTUBHUMU, He[opo-
MMM Ta He BUMaralTb creuianbHoro obnagHaHHs. lMpa-
BUIMbHUIA BMBIp POCNMH-akyMynsaTopiB 3anexuTb Big disu-
KO-XiMiYHMX BnactTuBocTen 3abpygHIoBanbHUX CMOMyK Ta
NPUPOOHUX YMOB, $SKi € CKMagoBumy naHawadTHO-
reoxiMmiyHoro awanisy. ®itopemegiauis € nNepcnekTUBHOK
TEXHOIOrIE Ana YKpaiHu | MOXe cTaTu BaXXMBUM iHCTPY-
MEHTOM Yy MOM'SIKLLIEHHI HEraTUBHOIO BMMBY 3aKPUTKX MO-
niroHie TIB Ha poBkinns.
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KueBckuit HaunoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpanHa

NEPCNEKTUBbI BHEAPEHUA ®UTOPEMEOUALINUA
anAa BOCTAHOBJIEHUA FTEO3KOCUCTEMbI TYJIBYMHCKOIO NMOJIUFOHA TBO

lpoaHanu3upoeaHbl NMymu Mu2payuu msKesibIX Memasnnoe e cocmase hubMPayUoHHbIX 800 u3 TynbYUHCKO20 nonu2oHa meepdbix
6b/moebix omxodoe (TBEO) ¢ npuMeHeHUeM cucmMeMHO20 2e03K0/102U4eCK020 aHalu3a, JaHowaghmHo-2eoxumuyeckoao nodxoda u bacceiiHoeoz2o
npuHyuna oxpaHbl 2pyHMoebix 800. BbisieneHbl naHOwaghmHo-2eoxumuyeckue 6apbepbl KaK eeposimHble Mecma akKymynsyuu eodopacm-
80pUMbIX (hopM msiKenbix Memasnos. UccnedosaH eeponelickuli onbim npuMeHeHuUsi humopemMeduayuoHbIX mexHoo2uli Ons1 o4YulWeHUss Mmecm
3axopOHeHUs1 omxo0008 oM MOKCUYHbIX eeuwjecme. [aHbl pekoMeHOayuu no eHeGpPeHUl0 mexHosio2uu ¢humopemeduayuu Onsi peKynbmueayuu
Tynb4uHckoz2o nonuzoHa TBO, oyucmku 3eMesib CesIbCKOX035UiCM8EHHO20 Ha3Ha4eHUsl U CHUXEeHUsI ONacHOCMU pacrnpocmpaHeHusi 3a2psi3HeHul
mpodpuyeckumu yensamu.

Knroveenle cnoea: ¢punbmpam, meépobie 6bimoebie omxo0dbl, 6acceliHoebIl NPUHYU, JaHOwaghmHo-2eoxuMmuveckuli Nnodxod, ¢gpumopeme-
Quayusi, mskenble Memasnnbl.

V. Mykhaylenko, PhD Chemistry, Associate Professor, A. Sholokhova, Msc
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

POSSIBILITIES OF PHYTOREMEDIATION FOR LAND RECOVERY
OF TULCHIN MSW LANDFILL GEOECOSYSTEM

The state of the Tulchin landfill was investigated. The impact of Tulchin municipal solid waste (MSW) landfill on the environment and human
health was analyzed by means of geo-ecological method based on the landscape-geochemical approach and basin-based migration of pollutants.
Typical for Ukrainian landfills hazardous waste and contaminants in their composition were described. Forecasted chemical pollutants in the
leachate from the Tulchin landfill are indicated. The hydrological structure of the territory around the Tuchin landfill was constructed. The ways of
migration of heavy metals in the composition of filtration waters from Tulchin MSW landfill to the environment was applied. Based on a large-scale
soil analysis, soil pH within the geocosystem of the Tulchin landfill was investigated. The dependence of the migratory ability of pollutants on the
pH value is considered. Landscape-geochemical barriers as probable places of water-soluble forms of heavy metals accumulation were identified
by means of landscape-geochemical approach and basin principle of groundwater protection. Heavy metals which are totally or partially
accumulating on the landscape-geochemical barriers are defined. Map of landscape geochemical barriers within the Tulchin landfill geoecosystem
was compiled. Land use within the geoecosystem of the Tulchin landfill and agricultural crops were determined using geodata and satellite images.
The experience of European countries in the use of phytoremediation technologies for land reclamation was analyzed. The advantages of
phytoremediation technology were showed and the most important criteria for the selection of plants for phytoremediation were noted.
Recommendations are given on the introduction of phytoremediation technology for cleaning Tulchin landfill, neighboring agricultural land and
reducing the risk of contamination of trophic chains. Plants that can accumulate the largest number of typical pollutants were identified. Sunflower
and corn were proposed like possible species for phytoremediation on the territory of Tulchin landfill geoecosystem.

Key words: leachate, solid household waste, basin principle, landscape-geochemical approach, phytoremediation, heavy metals.



