AHOTAIA
Buxiscvka K.M.. PexynpTuBallisd TEXHOT€HHO MOIIKO/HKEHUX TEPUTOPI B Me)ax
Oiocdepnoro pesepBaty «Posrouus». - Kpamidikariiina HaykoBa mparsi Ha MpaBax

PYKOTHCY.

JlucepTariist Ha 3700y TTS HAYKOBOT'O CTYIIEHS JOKTOpa (isocodii 3 ramysi 3HaHb
10 «IIpupogandai Haykwm» 3a cuemianbHicTIO 101 «Exomoris». — HamionansHuit
yHiBepcuTeT «JIbBIBChbKa MOJIITEXHIKa» MiHICTEpCTBa OCBITH 1 HAykH YKpainu, JIbBIB,
2025.

B nuceprauiiiHoMy AOCHIKEHHI PO3B’si3aHE aKTyallbHE HAayKOBO-IPAKTUYHE
3aBIaHHSA: BIJHOBJCHHS €KOCHCTEMH  TEXHOT€HHO-TIOIIKOKEHOI  TepuTopii
JKBIJJOBAHOTO CIPKO BUJIOOYBHOTO IMiIMIPUEMCTBA.

JlocmipkeHl TEXHOTE€HHI acleKTH (DYHKIIIOHYBAaHHS XBOCTOCXOBHI CIPYaHOTO
BUpOOHMIITBA. BcTaHOBIEHO, 1m0 MacimiTa0HE BUPOOHHMITBO CIPKH (IOTALIHHUM
METOJIOM TIPU3BEJIO IO HAKOIMMYEHHS 3HAYHUX OOCATIB BIJIXOJIIB Y XBOCTOCXOBHIIIAX,
1[0 CTAHOBJISATH CEPHO3HY €KOJIOTIYHY 3arpo3y. OCHOBHUMU MpoOJeMaMu € XIMIYHE
3a0pyIHEHHSI BOAM Ta IPYHTY, YTBOPEHHS KHCJIOTHOTO JIPEHAXKY, BHUIUICHHS
TOKCMYHUX Ta3iB. [IpomwucioBa mismbHICTE ABopiBebkoro JI'XIT  «Cipkay
COPUYMHMIIA JEerpajaiilo IpyHTIB, 3a0pyIHEHHsS BOJHHMX PECYpCIB, (parMeHTauis
JICOBUX MAaCHBIB Ta CKOPOYECHHS O10pI3HOMAHITTS €KOCHCTEMHM, SIKi YBIUIUINA [0
61ochepHoro pezepBaty «Po3rouusi.

[TopiBHSUITbHUH aHAII3 MPUPOJIHUX Ta TEXHOTCHHUX €KOCHCTEM BKa3ye Ha pi3Ke
3HIDKCHHSI PIBHS €KOJIOT1YHOI CTIMKOCTI B 30HaX MPOMHUCIOBOTO BILTMBY. BomgHouac
JOCIIIJKEHHS! TTOKa3aJli HasiBHICTh MPUPOJIHUX MPOLECIB CYKIIECi, [0 CBIAYUTH MPO
MO>KJIMBICTh €KOJIOT1YHOI peaduiTalii TepuTopiii

[TokazaHo, 10 Y TEXHOTEHHUX E€KOCHCTEMax OIOTMYHWU MOTEHIAT € HU3bKUM.
3a0pyHEH1 Ta 3aCOJIeH] TPYHTH XBOCTOCXOBHIII, HECTa4ya MOKMBHUX PEUOBHH 1 BOJIH,
BUCOKHUI PIBEHb TOKCHYHHMX PEUOBUH CYTTEBO OOMEXKYIOTh MOXKIMBOCTI PO3BHUTKY
baopu Ta daynu. Ilpouecu mnpupomHOi CyKIiecii MPOXOAATh MOBLILHO, 1 03

IIPOBEJICHHS PEKYJbTUBAIlIT BIIHOBJICHHS €KOCUCTEMU MOXKE OyIM HAATO TPUBAIIM.



[IpoBenenuii anaii3 craHy pPOCIMHHOTO TMOKPWBY MOKa3aB, II0 HA TEPUTOPIi
XBOCTOCXOBHIIA CIOCTEPITA€ThCS 3HAYHA Bapiallis B CTaHI POCIUHHOTO TMOKPUBY
3aNeXHO B 30HU. LleHTpanbHa yaCTHHA XBOCTOCXOBHINA € HAHOUIBII 3a0pyIHEHOIO
Ta JIETPaJIoBaHOIO0, 3 HU3bKUM PIBHEM POCIMHHOTO MOKPUTTS Ta 3HAYHUMH O3HAKaMu
TOKCUYHOTO CTPECY B POCIIMHAX. B OKONMIISIX MpoIec BITHOBJICHHS e MOBUIBHO, a B
MepEeXiIHIM 30HI O MPUPOJHUX EKOCHCTEM CIIOCTEPIraeThCs 3HAYHE IMOJIMIICHHS
CTaHy POCJIMHHOCTI.

JocaiakeHHs: a0l0TUYHUX KOMIIOHEHTIB €KOCUCTEMH XBOCTOCXOBHIINA MTOKA3aJIN
3HAYHI BIAXWJICHHS BiJl IPUPOJHUX HOPM, XapaKTepHUX IS pe3epBaTy «Po3rouus.
30Kkpema, TpyHTOBUN MOKPUB XBOCTOCXOBHILA BIA3HAYAETHCS HU3BKOIO MOPHUCTICTIO
(41,56%), mo mnepemkomxae epheKTUBHOMY (HOPMYBAHHIO POCIMHHOTO MOKPHUBY.
[Toka3HUKH I'YCTUHU MTOBEPXHEBOrO MIapy CTAaHOBUTH 1,42 KI/M?, IO YHEMOMXJIMBIIIOE
PO3BUTOK J€PEBHOI POCIMHHOCTI. [IpakTWyHa BIJICYyTHICTb T'YMYCY CBIIYUTH PO
HU3BbKUW PIBEHBb POJIFOUOCTI IPYHTY. XIMIYHUHN CKJIA]l IOBEPXHEBUX MOP1JT IEMOHCTPYE
BHUCOKY KOHIIGHTpalito cipku (28,55%) 1 kamwiiro (68,83%), mo BKa3zyroe Ha
HEOOXIJHICTh TPOBEJEHHS PEKYJbTHUBAIIMHUX 3aXOMdIB JJIS TMOKpaieHHs (i3UKO-
XIMIYHUX BJIACTUBOCTEN I'PYHTY Ta BIJHOBJICHHS PUPOJIHUX €KOCUCTEM.

JIyist oIiHIOBaHHS BHUJIOBOT PI3HOMAHITHOCTI po3paxoByBanu iHjekc IllenHona
H=1,28 Ta xoe¢iuient cykuecii K=0,19 mnoka3amu, 1Mo [EHTpajdbHAa YacTHUHA
XBOCTOCXOBHIIIA Mae HaMHMKY1 MMOKa3HUKH O10TUYHOTO MOTEHITIATY
CaMOBITHOBJICHHS.

PexynbTuBariisi MOCTTEXHOTEHHUX TepUTOpid BignoBigae Llimsam cramoro
PO3BUTKY YKpaiHU, 3aKOHOJIaBCTBY Y KpaiHnu Ta €Bporneiickkoro Coro3y Ta Ma€ Ha MeT1
3a0€3IMeUeHHS] €KOJOTIYHOI Oe3IMeKH Ta BIJIHOBJICHHS JETPaJIOBaHUX 3E€MENb IS iX
NOJANBIIOTO  MPOAYKTHBHOTO  BUKOPUCTAaHHS.  YKpaiHChKE  3aKOHOJIABCTBO
PETYNIOEThCA PSAIOM aKTIB, BKIIOYAIOUM 3€MENbHUN KOJIEKC, 3aKOHU MPO OXOPOHY
MPUPOAM Ta BIAXOAW, IO BCTAHOBIIOIOTH OOOB'SI3KM IIOAO PEKYJbTHUBAIIL.
["apMmoHi3arltisi 3 €BpONEUCHKUMH CTaHAapTaMH, 30KpeMa uepe3 YToay Mpo acollialliio,

Crpusie YAOCKOHAJICHHIO 3aKOHOAaBCTBa Ta BITPOBAI’KCHHIO HpI/IHI_[I/IHiB



«3a0pyIHIOBaY IUTATUTHY», IO BAXKIMBO JUIS 3a0€3MEUEHHS CTAJOr0 PO3BUTKY 1
€KOJIOTTYHOI Oe3MeKHu.

st epeKTUBHOTO BIAHOBJICHHS EKOCHCTEMH XBOCTOCXOBHINA SBOPIBCHKOTO
JI'XIT «Cipka» BU3ZHaYWIN CKJIA] IEPBUHHUX MPOIYLIEHTIB, AKI 37aTHI BUKHUBATH 32
HU3BKUX 3HadeHb pH IpyHTY, COpUSIOTH HAKOMMWYEHHIO OPraHIYHOI PEYOBUHU Ta
MOKpPAIIEHHIO HOTO0 CTPYKTYpH, CTIHKI 10 3a0pyJHEHb BaXKUMH METalaMH M
3aCOJICHHSA, BHUKOHYIOTh Olopemeniaiiio Ta a3oTdiKcaiiio, a TakKoX (OPMYIOTh
CTaOUIbHUIM POCITUHHUMN MOKPUB, 110 3amolirae epo3ii Ta MATPUMYE TiAPOIOTTUHUIMA
pexum. lle xomOinarmiss Tpae’sauctux (Llyunuk aepaumctuit  (Deschampsia
caespitosa), Kocrpurs uepona (Festuca rubra), Mitiuns Tonka (Agrostis tenuis),
JIsnsenerr poratuii (Lotus corniculatus), Konrommua Oima (Trifolium repens)),
yarapaukoBux (OOinuxa kpymuHoBHaHa (Hippophae rhamnoides)) Ta nmepeBHHX
BuiB (bepesa mosucina (Betula pendula), Cocua 3Buuaitna (Pinus sylvestris)).

Ha ocHOBI poBeneHNX €KOCUCTEMHMX JOCHIIKEHb TEPUTOPIi XBOCTOCXOBUIIIA,
BUBUYEHHS CTaHy POCIMHHOCTI, yMOB TPYHTOBOTO CEPEIOBHINA Ta OIIHIOBaHHS
010TUYHOTO TOTEHIlaTy OyJI0 3aIPOIOHOBAHO MPOBOJAUTH PEKYJIHTUBALIIIO 32 TAKUM
ITOPUTMOM:

Eranm 1: I'eorexHiuHa miAroTOBKa: OOJIAIITYBaHHS JOPOTH depe3 namOy
XBOCTOCXOBHUIIIA JIJISI MOMKJIMBOCTI TIPOI3Y 1HKEHEPHOI TEXHIKH 10 MICISl TPOBEICHHS
poOIT; BUPIBHIOBAHHS MOBEPXHI Ta 3aCUMaHHS MPOBaJiB; (pOpMyBaHHS KaHAJIB [
BUCA)KyBaHHS JIEPEB.

Etan 2. ®opMyBaHHS peKyJIbTUBALIMHOIO MIAPY: MOKPUTTS MOBEPXHI1
POAIOYUM IIAPOM IPYHTY; O10J0TIYHA peMeiallis 3a JI0MOMOIor OakTepiid 1 rpuoiB,
10 COPUSIOTH MPUKUBIICHHIO POCIHH Ta X €(EeKTUBHOMY POCTY.

Etan 3: TlociB TpaB'SHUCTUX pOCIHMH: BUCIBaHHS TIOHEPHUX BHUIIB JIJIS
cTabini3anli IpyHTY Ta MOKPALEHHS BOJOYTPUMYIOUYUX BIACTUBOCTEN IPYHTY.

Etan 4: BucaxkyBaHHs JepeB.

ETan 5: MOHITOPUHT 1 KOPUTYBaHHS 3aXO/1B.



3anpornoHoBaHa METOMKa OyJia 3aCTOCOBaHa M1 Yac MPOBEACHHS PEKYIbTHUBAIIT
YAaCTHHHU XBOCTOCXOBHIIA BUPOOHUIITBA CIPKU (PJIOTALIHHUM METOJO0M JIIKBIJOBAHOTO
SIBopiBebkoro AI'XIT «Cipkay.

JIis MiABUINEHHS JKUTTE3AATHOCTI MEPBUHHUX MPOIYLEHTIB Ta MOJIMIICHHS
arpOTEXHIYHUX XapaKTEPUCTUK IPYHTY MPOBOAMIM 1HOKYJISALIIO POCIUH CyMIIIaMH
OakTepiaJbHUX MpenapaTiB MIKOBITal, MIaHPU3—010, a3oTdikcaTop, (ropadarmiiy,
MOJIOYHA CUpOBaTKa Ta J00pHBa «arpoOoJIiK yHIBEpca».

Ha Ttepuropii mmomero 6000 m? Oyna IpoBeleHa TIeOTEXHIYHA MiArOTOBKA,
dbopMyBaHHS peKyJIbTUBALIMHOTO MIapy Ta BucamkeHo 600 camxaniiB cocuu ta 400
cajkaHLiB Oepesu. Lle cTBoproe mepeyMoBH 171l HOBHOI'O BiIHOBJIEHHS IPUPOJHBOL
€KOCHCTEMH Ta TMOJAJBIIOI0 BUKOPUCTAHHS 3€MeNb Yy TOCHOAApChKikd abo
MPUPOJOOXOPOHHIHN AiSUTBHOCTI.

KuarouoBi cjoBa: xBocTocxoBullle, pekyiabTuBalis, SABopiBchkuit JI'XII

«Cipkay, 61ochepuuii pesepsat «Po3Touus»
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ANNOTATION
Vykhivska K.M. Reclamation of Technogenically Damaged Areas Within the

"Roztochchia” Biosphere Reserve. — Qualification scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy in the field of knowledge
10 "Natural Sciences,” specialty 101 "Ecology." — Lviv Polytechnic National
University, Ministry of Education and Science of Ukraine, Lviv, 2025.

This dissertation addresses a relevant scientific and practical issue: the
restoration of the ecosystem of a technogenically damaged area at a decommissioned
sulfur mining enterprise.

The study explores the technogenic aspects of tailings storage facilities from
sulfur production. It was established that large-scale sulfur production using the
flotation method has led to the accumulation of vast amounts of waste in tailings
ponds, posing significant environmental threats. Key issues include chemical
contamination of water and soil, acid drainage formation, and the release of toxic
gases. The industrial activity of the Yavoriv State Mining and Chemical Enterprise
"Sirka" caused soil degradation, water pollution, fragmentation of forest areas, and
biodiversity loss within the "Roztochchia” biosphere reserve.

A comparative analysis of natural and technogenic ecosystems shows a sharp
decline in ecological stability in industrial impact zones. However, the research
revealed signs of natural succession processes, indicating the possibility of ecological
rehabilitation.

It was shown that technogenic ecosystems possess low biotic potential.
Contaminated and saline tailings soils, lack of nutrients and water, and high levels of
toxic substances significantly hinder the development of flora and fauna. Natural
succession progresses slowly, and without reclamation, ecosystem recovery may take
excessively long.

Analysis of the vegetation cover condition showed significant variation
depending on the zone. The central part of the tailings pond is the most polluted and

degraded, with low vegetation coverage and clear signs of toxic stress in plants. In
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the surrounding areas, recovery is slow, while the transitional zone toward natural
ecosystems demonstrates notable improvement.

Studies of the abiotic components in the tailings ecosystem revealed significant
deviations from natural standards typical for the Roztochchia reserve. In particular,
tailings soil exhibited low porosity (41.56%), impeding effective vegetation formation.
The surface layer density was 1.42 kg/m?3, which prevents the development of woody
vegetation. The practical absence of humus indicates extremely low soil fertility. The
chemical composition of the surface layer shows high concentrations of sulfur
(28.55%) and calcium (68.83%), necessitating reclamation measures to improve soil
physicochemical properties and restore natural ecosystems.

Species diversity was assessed using the Shannon Index (H = 1.28) and the
succession coefficient (K = 0.19), indicating that the central part of the tailings area
has the lowest biotic self-recovery potential.

Reclamation of post-technogenic areas aligns with Ukraine's Sustainable
Development Goals, national legislation, and European Union standards, aiming to
ensure environmental safety and restore degraded lands for productive use. Ukrainian
legislation, including the Land Code and laws on environmental protection and waste
management, mandates reclamation efforts. Harmonization with EU standards,
particularly through the Association Agreement, promotes legal improvements and the
implementation of the "polluter pays" principle, which is vital for sustainable
development and environmental safety.

To effectively restore the ecosystem of the Yavoriv "Sirka" tailings pond, a set
of primary producers was identified—species capable of surviving low soil pH,
contributing to organic matter accumulation and soil structure improvement, resistant
to heavy metal contamination and salinity, performing bioremediation and nitrogen
fixation, and forming a stable vegetation cover to prevent erosion and support the
hydrological regime. This includes a combination of herbaceous species (Deschampsia

caespitosa, Festuca rubra, Agrostis tenuis, Lotus corniculatus,
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Trifolium repens), shrubs (Hippophae rhamnoides), and tree species (Betula pendula,

Pinus sylvestris).

Based on ecosystem research of the tailings area, vegetation condition, soil

environment, and biotic potential assessment, a reclamation algorithm was proposed:

Stage 1: Geotechnical preparation — constructing a road through the tailings dam

to allow engineering equipment access, leveling the surface, filling subsidence areas,
and forming channels for tree planting.

Stage 2: Formation of the reclamation layer — covering the surface with fertile
soil; biological remediation using bacteria and fungi to enhance plant survival and
growth.

Stage 3: Sowing herbaceous plants — sowing pioneer species to stabilize the soil
and improve its water retention properties.

Stage 4: Tree planting.

Stage 5: Monitoring and adjusting the measures.

The proposed methodology was applied during reclamation of a section of the
flotation-method sulfur tailings pond of the decommissioned Yavoriv State Mining
and Chemical Enterprise "Sirka."

To enhance the viability of primary producers and improve agrotechnical
characteristics of the soil, plants were inoculated with a mixture of bacterial
preparations (Mycovital, Planriz-Bio, Azotfixator, Florabacillin), whey, and the
fertilizer “Agrobolik Universal.”

On a 6,000 m? area, geotechnical preparation was performed, a reclamation layer
was formed, and 600 pine and 400 birch saplings were planted. This creates the
preconditions for full restoration of the natural ecosystem and further use of the land
for economic or conservation purposes.

Key words: tailings pond, reclamation, State Mining and Chemical Enterprise

Yavoriv "Sirka", Roztochchia biosphere reserve
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