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Pedepar:

1. Incepraniiina po60Ta IPUCBIY€HA BUBYEHHIO OCOOGIMBOCTSIM BILJIMBY YNHHUKIB €KOJIOTO-TEXHOT€HHOI He6e3neKu
JIIKBiOBAaHUX IIAXT Ha MifCUCTEMY IIPUPOIHUX 00'EKTIB (I'PYHTH, [I0BEPXHEBI Ta if3eMHi BOJOMMHU, IIOBITps, 6ioTa)
Ta peHaTypaisalii NifcucTeMu LTYYHUX O0'€KTIB (I€BaCTOBaHi JaHIAQTH) 32 LOIIOMOTro0 (iTOMeTioOpaTUBHUX
MeTomiB. JJOCTIiIPKEHHS TeMITEPATyPHUX Ta BOJIOTICHUX PEKMMIB 3racaloyux TEPUKOHIB y BECHSIHUM I1epiof
1I0Ka3aJjy, o HalOIIbUMU TeMIIEpATYPHUMU pexkumami (+33°C-+39°C) xapakTepuayBanncs QijITHKUA Y MiCLISIX
rOpiHHS, 5Ki 3HaXO[ATbCS HA CEPEIHBOMY SIPYCi MiBIIEHHOI €KCIO3NULIii Cxuily. 3racaryi BilBajv BHACIIiLOK
IIPOLIECiB F'OPiHHS CIPUYMHSIOTh BUTOPAHHS KOPEHEBOI CUCTEMH POCJIVH, 10 CIIPUYMHSE YCKIIAAHEHHS
IIPOBEJIEHHS PEKYJIbTUBALIMHUX POOIT. BaskyimBUM (Qi3MKOXiMiYHMM IOKa3HUKOM BifIBaJIbHOI IOPOJU € 30JIbHICTD

(BMiCT y BilCOTKax 3aJIMILIKY, SIKU He 3ropae). CepenHsi 30JIbHICTb IOPOAY IiI0YMX BifiBasiB CTaHOBUTH 79,1- 79,4%.



HaiiBuina 3071bHiCTb, 3TiIHO 0O0CTEXEHb, TPUTaMaHHa Jil04oMY BifBasny maxTu «JlicoBa» Ta cTaHOBUTH 88,4%.
Hatinmxkua - maxtu «4epBoHorpancbkay (73,7%). BctaHOBEHO, 10 BMICT BaKKUX METaJIiB Y IIOPOJi HEOTHOPIIHUIA.
3a cepepHiM 3HaueHHsIM, nepesuilieHHs ['JIK Bussieno gis Pb, Ni ta Co (maxra «HepBOHOrpaichbKay).
CrnioctepiraeTbcsi aHOMaJIbHO BUCOKMM Ta HepiBHOMipHUM BMicT Co, IaHi 1171 SIKOTO KOJIMBAIOThCS Bif, 9,3 MT' /KT 11O
17100 mr/kr. Takuit HepiBHOMipHUI BMicT CO y MOpoZi Moke OyTH MOB'I3aHUH i3 TUM, 110 TIOPO/AA, SIKa 3 BUMHATA i3
IIaXTH Ha ramouHax Big 800 M 101100 M BizcunaeTbcs XaOTUYHO Ha Pi3Hi OisIHKY BifBasy. Y HalllOMy BUNAJKY,
OIIMCOBA CTaTUCTUKA Ta TecT KosmmoroposaCMipHOBa, lllamnipo-Binbka fae nigcrasy A1 BiIXUIEHHS IPUITYILIEHHS
IOZ,0 HOPMAJIbHOTO PO3IIOZiNTY BasKKUX METAJIiB Y IOPOLAHUX BinBasax, sIKi migjaranu nociinkenHo. Haib6inpm
OJIM3bKMMU O HOPMAJIBHOTO € pOo3Iofiny y BigBanax Cu ta Zn. 3arasom, B HAlIOMY BUIATKy KOpeJIsLifHNI 3B'S130K
MiX B&KKMMU MeTajlaMU B IIOPOJi HUXKYE cepefHboro, a'y 1/3 Bunaakax B3araji He IIPOCJIiKOBY€ETbCSI.
Henapamerpuynuii koedinient CriipmeHa (rs) BUSIBUB CEPEJIHIN PiBEHb KOPEeJIsLii BMiCTy BXXKUX METAJIiB B Iapax
Mn Ta Ni (rs=0,46), Mn Ta Zn (rs=0,52), Ni ta Zn (rs=0,58), Cu Ta Zn (rs=0,49). OLiHKy N0Ji6HOCTi MiCLIENIOJIOKEHD 3a
KOHILIEHTpallielo XiMiYHUX eJIeMEHTiB MU 3[IiliCHIOBaJIM HAa OCHOBI KJIaCTepHOro aHanisy (waxrta «Hapnis»). [Tpu npomy
MU BUKOpHUCTOBYBau MeTof, Yopaa (Ward's method), npu sikoMy BcepeyHi KyacTepiB ONTUMIZyeTbCsl MiHiMasbHa
IVCIIepCis, a B MiJICYMKY CTBOPIOIOTbCS KJIACTEPU MPUOJIN3HO OJHAKOBUX PO3MipiB. B SIKOCTI Mipu BiiMiHHOCTEN
BHUKOpHUCTOBYyBasu Bifctans EBkiina (Euclidean distances). ['010BHUM MiCYMKOM i€papXi4HOTo KJIaCTEPHOTO
aHasli3y e geHpporpama. TUIoBMN MiJXil 4O KIACTEPHOro aHaJli3y pO3NOiNy XiMiYHUX €JIEMEHTIB I10JISITaE Y
BMKOPHCTAHHI B SIKOCTi 00’€KTiB €JIEMEHTapPHUX JAiJITHOK TEPUKOHY. Ajle MU JOAATKOBO BUKOPUCTAJIN i
azbTepHAaTMBHUN Nifxia. Cami xiMidHi €JIeMEeHTH TaKOXK MOXKYTb BUCTYIIATH B POJIi 00'€KTiB aHai3y, O3HaKaMU SIKUX
€ iX KOHLIeHTpallii Ha eJleMeHTapHUX JiIsTHKax TEPUKOHY. 3aBASKY TaKOMY MiIXONy MU BU3HAUUIIY TIOLiOHICTD
XiMIYHMX €JIEMEHTIB BiITIOBIHO [10 ix pO3I0AiNy Ha TEPUKOHI, 30KpeMa BUAIIMIIM Taki acoujanii (rpynu) XiMivHUX
enemeHTiB: [ - Mg, Ca, S; II - Al, Fe, K, Si; Il - Cu, Ni, Zn, Cr; IV - P, Mn; V - As, Pb, Co; VI - Sn, Dy, Cd. [1n1a
KoHLeHTpauin Mg i Pb xoediuieHT xopesswuii r=0.95, Mg i Al - r=0.95, Ali K - r=0.96, Pi Fe - r=0.95, Cri Sn -
r=0.81, Fe i Co - r=0.95, Cu i Ni - r=0.92. Cnabkuii 3B's130K LEMOHCTPYIOTb TaKi apu XimMiuHux esnemeHTiB: CaiP -
r=0.28,SiiS - r=0.20, Fe i Ca - r=0.35, Ki Ca - r=0.29, Fe i C - r=0.21. Haiicna6muii 38’130K 1]0/10 KOHIeHTpaIii
XiMIYHUX €JIEMEHTIB JeMOHCTPYeE Si, 1151 IKOrO cepeiHe 3HaueHHs KoedinienTa kopensauii craHoButh 0.36, a TakoxX
Ca (cepepHe 3HaueHHs r=0.43). JlocizpkeHHs BaJIOBOrO BMICTy BaXXKuX MeTasiiB Mn, Fe, Co, Ni, Cu, Zn, Cd, Pby
ropusoHTtax 0-15 cMm i 0-20 cM OPOAHOrO BifjBaly MOKa3aB, IO iX 3HAaYE€HHSI He NIePEeBUILYIOTh T[PAaHUYHO-
IOITyCTUMI KOHLIEHTpaLlii, IKi BCTAaHOBJIEH] I€p;)KaBHUMU CTaHZAPTaMU YKpaiHy [J1s IPYHTIB. 3HAaYEHHM, SKe
IepeBUlly€e 'PAaHUYHOAOIYCTUMI KOHLIEHTpaLii BcTaHOBIEHO 1711 Cu (gocmimKyBaHa AinssHKa N24) 6ims migHIAOKS
IIOPOJIHOTO BiziBasy 3i cxony. [IpoTe, MOKa3HMKM BMICTY BaXXKUX METaJIiB y IIOPiBHSIHHI i3 QOHOBMMY 3HAUYEHHSIMU
(mocmimxyBaHa AingHKa N26) nepeBuILYyIOTh 32 OKPEMUMU €JIEMEHTAMU B [,eCITKU pa3iB. BctaHOB/IEHO, O
HaN6isbII 326pyAHEHOI0 BAXKKVMU METAJIaMU € [OCiIKyBaHa IinsiHka N°4 y ropusonTi 0-15 cM, siKa 30cepeiskeHa
i3 cxigHOro 60Ky 61181 MigHDKKS. [TOKa3HUKYM BMICTYy BaKKUX MeTasiB Ha (OHOBIN AiJsHL, SIKa 30cepeKeHa B
paziyci 3 KM BiJi TOPOJHOTO BifjBajly, € HAMHIKIUMU Y ropu3oHTi 0-15 cM. OCHOBHA 0COO/IUBICTb (POPMYBaHHS
€KOTOIIiB BifjBajly MOB'SI3aHa i3 3pOCTaHHSIM KOHLEHTpallii BCix 6€3 BUHSITKY XiMiUHUX €JIEMEHTIB y TIOPiBHSIHHI 3
npuposHUM ¢oHoM. Harbinbul TicHMI 3B'S130K 3 iHTEHCHUBHICTIO aHTPOIIOT€HHOT'O HaBaHTAXXEHHS JE€MOHCTPYIOTh
Mg, Pb, Sn, Fe, Al, Cu, P, Ni, Zn. BigMiHHiCTb Mi’K €KOTOIIaMU Pi3HUX €KCIIO3ULIil BifjBajy TIOSICHIOETHCS B

OCHOBHOMY piBHEM KoHLeHTpalii Ca i Al.

2. The dissertation is devoted to the study of the peculiar effects of environmental and technological hazards of
abandoned mines on the subsystem of natural objects (soils, surface and underground water bodies, air, and biota)
as well as the use of phytomeliorative methods for renaturalization of the subsystem of artificial objects
(devastated landscapes). The investigation of temperature and humidity conditions of dying waste heaps in spring
showed that the highest temperature regimes (+33°C-+39°C) were observed in the areas of burning located in the
middle tier of the southern exposure of the slope. Dying out dumps due to combustion processes lead to burnout
of the root system of plants, which makes recultivation work more difficult. Ash content (percentage of unburned
residue) is an important physicochemical indicator of waste rock. The average ash content of the waste rock of the
operating dumps is 79.1- 79.4%. According to the surveys, the highest ash content is inherent in the operating



dump of the Lisova mine and amounts to 88.4%. The lowest is at Chervonohradska mine (73.7%). It was determined
that the content of heavy metals in the rock is variable. According to the average value, the MAC is exceeded for
Pb, Ni and Co (Chervonohradska mine). An abnormally high and uneven Co content is observed, ranging from 9.3
mg/kg to 17100 mg/kg. Such an uneven Co content in the rock may be related to the fact that the rock removed
from the mine at depths from 800 m to 1100 m is randomly dumped in different sites of the dump. In this case, the
descriptive statistics and Kolmogorov-Smirnov and Shapiro-Wilk tests suggest that the assumption of a normal
distribution of heavy metals in the waste heaps in the study area should be rejected. The Cu and Zn distributions in
the dumps are closest to the normal distribution. In our case, the correlation between heavy metals in the rock is
below average, and it is not detected in 1/3 of the cases. The non-parametric Spearman's coefficient (rs) revealed
an average correlation between the content of 13 heavy metals in pairs of Mn and Ni (rs=0.46), Mn and Zn (rs=0.52),
Ni and Zn (rs=0.58), and Cu and Zn (rs=0.49). The assessment of the location similarity in terms of chemical
element concentrations was based on cluster analysis ("Nadiya" mine). We used the Ward's method, which
optimizes the minimum variance within clusters, resulting in approximately equal-sized clusters. The Euclidean
distances were used as a measure of differences. The main output of hierarchical cluster analysis is a dendrogram.
A typical approach to chemical element distribution cluster analysis is the use of waste heap elemental areas as
objects. However, an alternative approach was also used. The chemical elements may also be the objects of
analysis, characterized by their concentrations in elementary areas of the waste heap. That approach allowed to
determine the similarity of chemical elements by their distribution on the waste heap, particularly, the following
combinations (groups) of chemical elements were identified: I - Mg, Ca, S; II - Al, Fe, K, Si; Il - Cu, Ni, Zn, Cr; IV - P,
Mn; V - As, Pb, Co; VI - Sn, Dy, Cd. The correlation coefficient for Mg and Pb concentrations is r=0.95, Mg and Al -
r=0.95, Al and K - r=0.96, P and Fe - r=0.95, Cr and Sn - r=0.81, Fe and Co - r=0.95, Cu and Ni - r=0.92. The
following pairs of chemical elements demonstrate a weak connection: CaiP - r=0.28, Sii S - r=0.20, Fe i Ca -
r=0.35, KiCa - r=0.29, Fe i C - r=0.21. The weakest relationship between the concentration of chemical elements is
demonstrated by Si, having an average correlation coefficient of 0.36, and Ca (average r=0.43). An investigation of
the gross heavy metal content of Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb in the 0-15 cm and 0-20 cm horizons in the waste
heap revealed that their concentrations do not exceed the maximum permissible concentrations established by
the state standards of Ukraine for soils. Cu content exceeding the maximum permissible concentrations was found
at the foot of the waste heap in the east (study area No. 4). However, the content of heavy metals in comparison
with the background values (study site No. 6) exceeds the values for some elements by ten times. It was found that
the most contaminated with heavy metals is the investigated 14 area No. 4 in the horizon of 0-15 cm, located on the
eastern side at the foot. Heavy metal content in the background area, located within a radius of 3 km from the
waste heap, is the lowest in the 0-15 cm horizon. The main feature of the formation of the dump ecotopes is
related to the increase in the concentration of all chemical elements compared to the natural background. Mg, Pb,
Sn, Fe, Al, Cu, P, Ni, and Zn demonstrate the highest correlation with the intensity of anthropogenic load. The
difference between the ecotopes of various dump exposures is basically caused by the concentration of Ca and Al
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CorniasibHO-€KOHOMIYHA CIIPSIMOBAHICTb: NOJIINIIEHHS CTaHY HABKOJIMIIHBOTO CEPELOBUIIA

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagykeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH TeMaMH: 0121U113363

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ITonnoBu4 Bacuap BacunboBuu

2. Vasyl V. Popovych
KBasigikamis: 1. 1. u., npodecop, 21.06.01
InenTudgikarop ORCID ID: 0000-0003-2857-0147

JoparkoBa iHpopmanist: https://www.webofscience.com/wos /author /record /38110927,
https:/ /www.scopus.com /authid /detail.uri?authorld=57204495055;
https:/ /scholar.google.com.ua/citations?user=RNkMAtEAAAAJ&hl=uk&oi=ao

IToBHE HaﬁMeHyBaHHﬂ IOPUIUYHOL 0CO0H: JIbBiBCHKUIl [IepKaBHUIT YHIBEPCUTET G€3TEKN

KUTTENiSITIBHOCTI

Kopg 3a €IPIIOY: 08571340

Micue3HaxoaKeHHS: ByJ1. KnenapiBceka, 6ya. 35, JIbBiB, 79007, YkpaiHna
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: [lepkaBHa ciyx6a YKpaiHy 3 HAA3BUYaNHUX CUTYALii

InenTudikarop ROR:

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH

BaacHe IlpizBume Im'st I10-6aTbKOBI:



1. Ilerpymka Irop Muxannosuy

2. IThor M. Petrushka

KBasigikamis: 1. 1. u., npodecop, 05.17.08, 21.06.01
InenTudikarop ORCID ID: 0000-0003-3344-4196

JoparkoBa iHdopMawist: https://www.webofscience.com/wos/author /record /1742498;
https:/ /www.scopus.com/authid /detail.uri?authorld=6504340729;
https://scholar.google.com.ua/citations?hl=uk&user=_0D4broAAAAJ

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg, 3a €IPIIOY: 02071010

Micuesnaxo,rperHﬂ: ByJ. CrenaHa Bangepy, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKN YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. [TaBinyenko Aprem Bonogumuposuy

2. Artem V. Pavlychenko

KBasidikamis: 1. 1. 1., npodecop, 21.06.01
Imentudikarop ORCID ID: 0000-0003-4652-9180

JoparkoBa iHpopMamist: https://www.webofscience.com/wos /author /record /736291;
https:/ /www.scopus.com/authid /detail.uri?authorld=55522742000;
https:/ /scholar.google.com.ua/citations?hl=uk&user=72Zq-KEAAAA]

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuret "JIHiNpoBchka

MoJliTexHika"

Kopg 3a €IPIIOY: 02070743

Micuesnaxon)KeHHﬂ: npocnekt JImutpa SIBopHUIpKOTO, 6y, 19, IHinpo, [JHinposcbkuil p-H., 49005, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aThKOBI:

1. JlynboBa OkcaHa BonogyumupisHa

2. Oksana V. Lunova

KBasigikanis: n. 1. u., nou., 21.06.01
InenTudikarop ORCID ID: 0000-0002-2869-736X

JoparkoBa iHpopmanist: https://www.webofscience.com/wos /author /record /2175155;
https:/ /www.scopus.com /authid /detail.uri?authorld=57192427721;



https:/ /scholar.google.com.ua/citations?hl=uk&user=gZJvsTUAAAA]

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0Cc00H: JlepkaBHuii yHiBepcuTeT "YKutomupchbka nositexHika"
Kopg 3a €IPIIOY: 05407870

Micue3Haxoa KeHHS: By UyaHischbKa, 6y, 103, XXuromup, XXutomupcskuii p-H., 10005, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

PeuenzeHTn

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Tontitt Haranis [laHuniBHa

2. Nataliya D. Hotsii

KBasmigikamis: . c.-r. 1., 03.00.16
InenTudikarop ORCID ID: 0000-0002-6108-5963

HoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=57886851800;
https://scholar.google.com.ua/citations?hl=uk&user=LJaPTpQAAAAJ

IloBHe HaﬁMeHyBaHHﬂ lOpI/I,ZLH‘IHO'l' 0COOM: JILBiBCHLKMIA Ilep>kaBHUN YHIBEPCUTET G€3MeKu

SKUTTENiSIMbHOCTI

Kopg 3a €IPIIOY: 08571340

Micue3HaxoaKeHHS: ByJ1. KnenapiBceka, 6ya. 35, JIbBiB, 79007, YkpaiHna
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ JepkaBHa ciy>x6a YKpaiHy 3 HaI3BU4aHUX CUTYalill

InenTudikarop ROR:

VIII. 3akr04Hi BimoMocTi

Biacue IpizBume Im's I10-6aTbKOBI Kapa6un Bacusb Bacunbosuy
rOJIOBH pajgu

Bnacwue IpizBume Im's I1o-6aTbKOBI Kapa6un Bacuib BacunboBuy
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY ®eni IpuHa

00JIIKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




