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PEKOMEH/IAIIIT IIIOJ0 3ABE3NEYEHHS EKOJIOTTYHOI BE3ITEKA
IIPU BITHOBJIEHHI EKOCUCTEM HICJISA HOXKEXKI

Merta. Iomyk croco0iB MOKpAICHHs! BIACTHBOCTEH IPYHTY JIICOBUX €KOCHUCTEM ITiCHIs il MipOreHHOTO YHH-
HHKa: 3aIIPOMIOHYBATH TEXHOJIOTIUHI 3aX0/H 3 BITHOBIICHHS SKOCTEH Ta ITOKPAIICHHS BIACTHBOCTEH IPYHTY SKOCHC-
TEMH, JIOBECTH €(PEKTHUBHICTH BUKOPUCTAHHS TJIMHH B OYMIIICHHI IPYHTY B SIKOCTI COPOCHTY.

MeTomu. 3amporioOHOBAaHO BHECCHHSI TJIMHH, SIK TIOTEHIIIHHOTO COPOSHTY IS OYUINCHHS MPUPOIHUX TPYHTIB
B Baxkknx MetaniB (BM). MiHepanbHuii cKiia] sIkOi BUSHAYEHO 3a JIOTIOMOT'O0 peHTreHo(a3oBoro aHaiizy. Takox
BHUKOPHCTOBYBABCS METOT (hiTOpeMeTiarlii 3a JOTIOMOTor0 KyJIh0abu 3BuUaiiHol Juts KoHieHTpyBanHss BM. KonrieHT-
paitito ioHiB BM BH3Hauau aTOMHO-aICOPOLIIITHUM METOIOM.

PesysnbTaT. 3aBIaHHAM EKCIIEPHMEHTAJIBHOTO JOCTIIPKEHHS CTAJIO0 OOIPYHTYBAaHHS 3aCTOCYBAaHHS JICIIICBOL
MPUPOHOI TIIMHUCTOI CUPOBUHH 0€3 NomepeAHboi ii akTuBartii 1yt ButydeHHs BM 3 rpyHTOBOTO po3unHy. s npo-
BEJICHHS CKCIICPIMEHTY BHOpaHa TTiHa XapKiBChKOTO perioHy. JloBeIeHO e(heKTHBHICTh SK BUKOPHUCTAHHS TJIMHH B
OUMIIICHHI IPYHTY B SIKOCTI COpOEHTY, TaK i (itopemermiamii Kyap0a0u 3BUYAITHOI MO BiAHOIICHHIO 10 BKKHX METa-
JiB. 3ampOIOHOBaHI TEXHOJIOTIYHI 3aX0/H 3 BIHOBJICHHS SKOCTEH Ta TIOKpAICHHS BIACTHBOCTEH IPYHTY E€KOCHCTE-
MU BUKOHAHHSI IPOEKTHO-BUILYKYBAJIbHHUX POOIT, BKIIOYAIOYH MOJILOBI JJOCIIKEHHS; BUKOHAHHSI JIEPYKABHOTO €KO-
JIOTTYHOTO JOCIIKEHHS (MOHITOPHHIY); OYMIICHHS MMOCTPAKIAJIOl TUISTHKHI BiJl MOMIKO/PKEHUX JEPEB; PEeKyJIbTHBA-
1[I0 POIOYOCTI IPYHTIB BITHOBJIIOBAHHX TEPUTOPIH, IO NependayeHi MPOSKTYBaHHSM BiJHOBIICHHS, B 3aJIG)KHOCTI
BiJl XapaKTEPHUX OCOOIMBOCTEH YIKOPKEHbD AIISTHOK 1 ITOJATBIIIOTO 3aCTOCYBAHHS BiIHOBITIOBATLHUX TEPUTOPIH.

BucnoBkn. [Ipu noctniporenHiit penakcii ekocucreM, B yMOBaX TEXHOI€HHOT'O HABAHTA)XXEHHS, JIOBEACHO
e(peKTHBHICTh BUKOPHUCTAHHS TIIMHU SK cOPOCHTAa B OYHMINICHHI IPYHTY Ta (iTopeMe/ialii 3a T0MoMOrorw Kyib0adu
3BUYAMHOI 10 BiIHOIIEHHIO 10 BKKHX METAIIB.

KJIFOYOBI CJIOBA: Baxki MeTau, JIicoBI MOXeEXi, hiToekcTpakLis, pitopemesniartis, cCopOLis, TIIMHa
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RECOMMENDATIONS FOR ENSURING ENVIRONMENTAL SAFETY OF ECOSYSTEM
RESTORATION AFTER FIRE

Purpose. To find ways to improve the soil properties of forest ecosystems after the action of the pyrogen-
ic factor: to propose technological measures to restore the quality and improve the soil properties of the ecosystem;
to prove the effectiveness of using clay in soil cleaning as a sorbent.
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Methods. The introduction of clay as a potential sorbent for cleaning fertile soils from trace metals is
proposed. The mineral composition of the clay was determined by X-ray phase analysis. Clay materials can be
successfully used in adsorption cleaning technologies. The method of phytoremediation with the help of dande-
lion to concentrate trace metal was used also. The concentration of trace metal was determined by atomic
adsorption analysis.

Results. The task of the experimental study was to substantiate the possibility of using cheap natural clay
raw materials without its prior activation to remove trace metals from the soil solution. In the case of post-
pyrogenic relaxation of ecosystems under conditions of man-caused load, the soil in the restored area may be
contaminated with VM and other hazardous substances. The clay of the Kharkiv region was chosen for the ex-
periment. The experiment proved the effectiveness of the use of clay in soil purification as a sorbent, and phy-
toremediation of dandelion in relation to heavy metals. Thus, both technical and biological methods of VM sorp-
tion to prepare the soil for planting can be recommended for the restoration of the forest ecosystem after a fire.
The proposed technological measures to restore the quality and soil properties of the ecosystem include the im-
plementation of design and survey work, including field research; implementation of the state ecological re-
search (monitoring); cleaning the affected area from damaged trees; reclamation of soil fertility of regenerative
territories, provided by design of restoration, depending on characteristic features of damages of sites and the
subsequent application of regenerative territories.

Conclusions. At postpyrogenic relaxation of ecosystems, in the conditions of technogenic loading, the ef-
ficiency of using clay in soil cleaning as a sorbent and phytoremediation with dandelion in relation to heavy
metals has been proved.

KEYWORDS: heavy metals, forest fires, phytoextraction, phytoremediation, sorption, clay
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PEKOMEHJAIIMU 110 OBECIEYEHHMIO SKOJOIMYECKOW BE3ONMACHOCTHU IPHU
BOCCTAHOBJIEHUU SKOCHUCTEM IIOCIJIE ITOKAPA

Hean. [Tonck crioco0OB ymydnIeHUs! CBOWCTB ITOYBBI JIECCHBIX 3KOCHCTEM IIOCIIE BO3ACHCTBUS IIMPOTEHHO-
ro (haKTOpa: MPEIOKNUTH TEXHOJIOTHUECKHE MEPOIIPHUATHS 110 BOCCTAHOBJICHHUIO KA4ECTB M YIIyUIICHHUs] CBOWCTB
MOYBBI 9KOCUCTEMBI, 10Ka3aTh 3(P(hEeKTUBHOCTH UCIIOJIB30BAHKS TIIMHBI B OYHNCTKE TIOYBBI B KauecTBE COpOEHTA.

Metoasl. [IpeioxkeHo BHECEHHE TIIMHBL, KaK TOTEHIIMAIBHOTO COPOCHTA ISl OYMCTKH NPUPOJTHBIX TOYB
oT TshKeNIbIX MeTamioB (TM). MuHepanbHBINM cOCTaB KOTOPOH OMNpe/eNeH ¢ MOMOIIbI0 PEHTTeHO(]Aa30BOTro aHa-
m3a. Takxke UCTIONb30BaICs METO] (PUTOPEMETHANINH C TIOMOIIBIO OJyBaHUMKA OOBIYHOTO JUIsl KOHIICHTPUPOBA-
Hust BM. Konnenrpanuio nonos BM omnpenensinn aTOMHO-aACOPOIIMOHHEIM METOOM.

Pe3yabTaThl. 3agaueil SKCIIEpPUMEHTAIBHOTO UCCIIEIOBAHNS CTAJI0 00OCHOBAaHHE MPUMEHEHHUS JEHICBOTO
MPHUPOIHOTO TJIMHUCTOTO CHIPhS 0€3 IMpeABapUTeIbHON aKTUBAIMK A n3BJIeueHHss BM ¢ MOYBEHHOTIO pacTBoO-
pa. [lns mpoBeneHHs PKCIEpHMEHTa BBIOpaHa IMIMHA XapbKOBCKOTO perroHa. JlokazaHa 3(QeKTHBHOCTH Kak
WCIIOJIb30BAHUS TJIMHBI B OYMCTKE IOYBHI B KayecTBE COpOEHTa, Tak U (hUTOpeMealuy OTyBaHIUKA OOBIYHOTO
[0 OTHOIIEHHUIO K TSKEJBIM MeTayuiaM. lIpennoxeHHble TeXHOJIOTHUECKHE MEPOTIPHUATHUS M0 BOCCTAHOBICHHIO
Ka4ecTB M YJYYIIEHUS] CBOWCTB MOYBBI SKOCHUCTEMBI: BBINOJHEHHE MPOEKTHO-M3bICKATENLCKUX PadoT, BKIIOYas
MIOJIEBBIE MCCIIEIOBAHMS; BBINIOJIHEHWE TOCYJIAPCTBEHHOT'O S3KOJIOTHYECKOTO HCCIIEA0BaHUS (MOHUTOPHHIA)
OYMCTKH ITOCTPA/IABIIET0 y4acTKa OT MOBPEKACHHBIX JIEPEBLEB PEKYJIBTHBAIMIO IUIOJIOPOANS TI0YB BO3OOHOBIISI-
€MBIX TEPPUTOPUH, MPESYCMOTPEHHBIX MPOEKTUPOBAHMEM BOCCTAHOBIICHUS, B 3aBUCUMOCTH OT XapaKTEpPHBIX
0CcOOCHHOCTE! MOBPEKACHUH YUaCTKOB U JalIbHEHIIIET0 MPUMEHEHNS! BOCCTAHOBHUTEILHBIX TEPPUTOPHH.

BriBoabl. [Ipy nocTnuporeHHoON penakcHy 3KOCUCTEM B YCIOBUSIX TEXHOT€HHOH HAarpyskH, JOKa3aHa
3¢ (HEKTHBHOCTH MCIIONB30BAHMSI TJIMHBI B OYMCTKE MOYBHI Kak COpOEHTa U GUTOPEMENHANNN C TIOMOIIBIO OY-
BaHYMKa OOBIYHO 10 OTHOIIEHHIO K TSKEIBIM MeTaIaM

K/IIOYEBBIE CJIOBA: TspKenble MeTaulbl, JIECHBIE MOXaphl, (PUTOIKCTpaKuus, (GpUTOpeMeanarys,
copOIwsi, TIMHA

Beryn
[oxexxamn y eKocHCTEMax MOIIKOIKY- JaHIAQTHAX TIOXKEXK, BiJHOBJICHHS HACAIKEHb
IOTBCSl Ta 3HHUILYIOTHCS JIICOBI HACA/KEHHS, 3a- Ha Micli 3rapulll, a TaKOXX 3a PaXxyHOK BTPaTH
TOBIJIHI CTENOBiI 3eMJIi, CUIBLCBKOrOCHOAAPCHKI BpO’KaiB, 3aru0eni NpeicTaBHUKIB (ayHH, BU-
YTi[yIs1, BOIMHO-00JIOTHI KOoMIDTekcH. Ha raciHas TPaYarOThCS MaTepianbHO-(DIHAHCOBI pECypCH,
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SKi MOTJI O OyTH CIpsIMOBaHI Ha BUKOHAHHS HE
MEHIII BaXJIMBUX NPHUPOJOOXOPOHHUX 3aXOIIB.
IIpm BcTaHOBJICHHI BHCOKOI Ta HAI3BHYANHOL
HOXKEKHOT HEeOe3MeKH I0/ICHHO BUHUKAE 3HAUHA
KUTBKICTh TIOXKEXK B €KOCHICTEMaX (HacaMIepes, y
JICOBUX MAacCHWBaXx), SIKi y psiii BUMAIKIB PO3MO-
BCIOJUKYIOTBCSI 10 PIBHS Ha[3BHUYAHHUX CHUTya-
uiii (HC).

[pyHT, 1m0 3a3HaB BIUIUBY IPOTEHHOTO
YMHHUKA, TPUBAIMI 4ac HE BiJHOBIIOETHCS, a
POCTIMHHICTh Ha MICIAX MOXEX 3'SIBISETHCS JIU-
1Ie uepe3 TOBrOTPUBAJIMI Yac, TOMy MOBHE MpPH-
POIHE BIATBOPEHHSI €KOCUCTEMH MOXKE 3alHSTH
KiJbKa gecsatuiiTe. Hacammepen, tpeba Bci 3y-
CIUISL CIpPSMYBAaTH HAa BiJHOBICHHS SKOCTEH
IPYHTY Ta IMOKPAIIECHHS HOr0 BIACTUBOCTEM.

Ilepen THM SIK TOYaTH BUKOHYBATH BiJHO-
BITFOBAIBHI POOOTH, CITiI CTBOPHUTH 1 00MyMard
TUIaH BiJHOBJICHHS. B OCHOBHOMY BiH BHKOHY-
€TBCS Ha TIACTaBi HASBHHUX CaHITapHO-TITiE-
HIYHHX, JICOTOCTIONAPCHKUX, BOIOTOCTIONAPCH-
KX Ta IHIIUX HOPM 1 CTaHAapTiB, Oepydd O
0cO0JMBOI yBard MPUpPOJIHI 1 KITIMaTHYHI YMOBH,
a TaKOX MICIe3HAXO/DKEHHSI MOpYIIEHOI 3eMe-
JIBHOI JTUIAHKH.

[IutaHHAM IOCHIHKEHHS BIIHOBIEHHS JIi-
COBHX CHCTEM TICIISl TIOKEXKi MPUCBIUCHO Pt
poGit. Ha nmanuii MoMeHT poOiT, € poOOTH, 110
MIPUCBSYEHI TE€O0EKOJIOTIYHOMY aHali3y BIUIUBY
AHTPOIIOr€HHUX YMHHUKIB Ha BUHUKHEHHS JIiCO-
BuX noxkex. OnHa 3 HuX — pobota FO.A. Arnpe-
eBa [1], y sKili MiCTSTBCS pe3ysIbTaTH BUBYEHHS
3aKOHOMIPHOCTEH BUHHKHCHHS TEXHOI'CHHHX 1
TPUPOTHHX TTOXKeXK. MOJIEITIOBaHHSI 1 OLiHIOBaH-
Hsl ()aKTOPIB, SIK TEXHOr€HHOTO TaK 1 IPUPOTHO-
IO XapakTepy, € BUPIIAIBHUM Uil PO3POOKH
METOZIB MONEPEeHKEHHS BUHUKHEHHS HA/I3BU-
YalHOI CUTYallil MpOreHHoro Xapakrepy [2]. Psx
JOCTI/DKEHb TIPUCBSYEHO BHBUCHHIO IOCTIIPO-
TeHHHX 3MiH y JIicoBUX ekocucremax [3-7]. On-
HaK, MUTAHHSIM BIITBOPEHHS €KOCHCTEM IMicCis
Il TIPOTeHHOTO0 YMHHWKA HE TPUILIIETHCS JO0-
CTaTHBOI yBaru. Po3risiy exonorignoi HeOesre-
KU MPH BUHUKHEHH] JTICOBUX TIOXKEXK MPUCBIICHO

poboty [8], y sKiii BUBUYaIacsl TUHAMIKA BiJIHOB-
7ieHHsT O10TeOIeHO3IB HA TPYHTAX, SIKi 3a3HaIH
micoBoi moxkexki. Y pob6oti [9] aBropu mocii-
JUKYIOTh COIIANIbHI ACTIeKTH BiAHOBJICHHS Ha-
BKOJIMIITHBOTO CEPEIOBUINA ITICIS TIOXKEKi, PO-
OUTBCS aKLEHT Ha TOMY, IO HEJJOCTaTHHO 3HAHB
NP0 YMHHUKH, IO BIUIMBAIOTH HA EKOJIOTIYHE
BiZIHOBJICHHS. BuBUarOThCS gaHi 110710 30epe-
KEHHs1 OIOpI3HOMAHITTS, YNIpPAaBIiHHA BHAAMH
POCTIMH, YMOBH NPOKUBAHHSI SIKMX 0araro B 4o-
My 3a5exath BiJ yactux noxex [10]. ¥V pobori
[11] npencTaBneHu AOCBIA BiTHOBICHHS IUIAH-
TaIliii COCHM IMC/IS TOXEXKI, a B JOCIIIKEHHI
[12] — BinHOBNEHHS GonOTHHX ekocucTeM. Hay-
KoBa poborta [13] mprcBsueHa BUBYEHHIO TTOHST-
TSI 3HAYEHHS TEPMIHY «CTiHKICTB» U yIpaB-
JHHS Jlicamu 1 moxkexkamu. [Ipencrasnse Hayko-
BHI iHTEpeC nociimkenHns [14], y skomy aBTopu
BUBYAIOTH SIKICTh TPYHTY TICHS JIICOBHX TOXKEXK
3a JIOTIOMOTOI0 PO3PAaxXyHKY 1HIEKCY SKOCTI Ipy-
HTY Ha mifcTaBi (i3uUHUX, XiMIYHUX Ta 0i0J0-
TYHUX BIIACTHBOCTEH IPYyHTY. Y MOMEpeaHiX
JociipkeHssx [7, 15, 16] vamu po3pobieHo Ma-
TEMaTHYHI MOJEI JUHAMIKK ToBeainku BM, 1110
3aCHOBaHI Ha MOOYAOBI  KOHIEHTpALiHO-
JorapuMiYHUX Jiarpam, siKi 03BOJIAIOTH MPO-
THO3YBaTH 3/aTHICTh CIHOJYK XIMIYHHX CIOJYK
JI0 Mirpaiii a0 aKyMmyJisiii yHACHiJIOK 3MiHH
KHCIIOTHOCTI TPYHTIB TiJ €0 TPOreHHOTO
YUHHHKA.

OTmxe, MOCHTIPKEHHIO BiJIHOBIICHHS TPYH-
TiB JICOBUX €KOCHCTEM TPHIUIETHCS HEJIOCTAT-
HBO HAICKHOI YBaru, y TOW 4ac, sIK came ILeH
YUHHUK € BU3HAYQJIBHUM IIPU BUCAJDKYBaHHI
MOJIO/IUX POCIIMH JUTSL BiJTBOPEHHS JIICOBOI €KO-
CHCTEMH.

Meta AocCTizKeHHS — TIOIIYK CHOCO0IB
MOKpAILICHHS. BJIACTHBOCTEH TIPYHTY JICOBUX
€KOCHCTEM ITicHst i MipOreHHOro YMHHHKA: 3a-
MPOIIOHYBAaTH TEXHOJIOTIYHI 3aXO0[W 3 BiJHOB-
JIEHHS SIKOCTEH Ta IOKpAILEHHS BJIACTUBOCTEH
IPYHTY €KOCHCTEMH; JIOBECTH €(EKTHBHICTh BH-
KOPHCTaHHS TJIMHH B OYHIICHHI IPYHTY Y SKOCTI
COpOeHTY.

O0’ckTH 1 METOIH AOCTITKEHL

3anponoHOBaHO BHECEHHsI TJIMHHU, SIK
MOTEHI[IHHOrO COPOEHTY ISl OYHIIEHHS PO-
JIIOYHX TPYHTIB BiJl BaXKKHX MeTtauiB. st mpo-
BEJICHHSI EKCIIEPUMEHTY OOpaHo IMHU Xap-
KiBCBKOTO PETiOHY, TIIMHUCTI MaTepiaid sSKUX
MOYKHa YCIIIIHO BUKOPHCTOBYBATU B a/COpO-
HIHUX TEXHOJIOTISIX OYMILEHHS. 3aBIaHHAM
€KCIEPUMEHTAILHOTO JAOCIIIKEHHS CTallo 00-
IPYHTYBaHHS MOXJIMBOCTI 3aCTOCYBaHHS [ie-
1IeBOi NMPHUPOJHOI TIMHHUCTOI CHPOBHHHU 0e3
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MOMNEepe/IHbOI 11 akTUBalli Al BuiydeHHss BM
3 IPYHTOBOT'O PO3YHHY.

OO0'exToM JnOCHiKeHHST 0OpaHa TIMHA
[epeciunsHChKOTO  pojpoBHIa  XapKiBCHKOI
obacti. CopOmiliHa aKTUBHICTh 3pa3KiB oOpa-
HOI TJIMHU BHBYAajacs 1O BiJHOMICHHIO A0 i0-
HisB BM: Pb (II), Cu (II), Cr (VI). Ximiunwuii
CKJIaJ] TIIMHU 3 PO3MIPOM TNTHHUCTHX YaCTHHOK
O6mu3pk0 10 MKM mpencTaBIeHUH HACTYIMHHUMHU
okcuamu (tabum. 1).
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PentrenodaszHuM aHamizoM BCTaHOB-
JEeHO, II0 MacoBa YacTKa MOHTMOPHJIOHITY
(cripomena ximivna dopmyna: (Na, Ca)os(Al,
MQ)2[SisO10] (OH)2enH.O y nocmimkeHOMy
3pa3Ky IJIMHM HEBEJIMKA 1 CTAHOBUTH OJIHM3BKO
20 %. XapakTepHOI OCOOJIMBICTIO TJIMH i3
MOHTMOPHJIOHITOM € CWJIbHE HaOyXaHHS Y
NPUCYTHOCTI BOAH. MOHTMOPHJIOHITOBI TTIMHU
MAaIOTh Pi3KO BHPAXKEHI KOJOIHI, y TOMY YHCIi
copOuiitai BaactusocTi [17].
Y XapkiBCbKOMY perioHi JOCTaTHBO PO-
JIOBUIL, TJIMHA SIKMX, MOXKE CTaTH aiIcopOSHTOM
BM Ta iHIMMX TOKCHYIHUX KOMITOHEHTIB (Ta0I. 2).

series «Ecology» , 2020, Issue 23

Jlyis BU3HAUYCHHSI MIHEPAJILHOTO CKJIAay TJIMHU
BHKOPHCTOBYBAIIM PEHTTeHO()a30BUN aHai3,
SIKUH TIPOBOJIIIM Ha PEHTTeHIBChKOMY Am(ppa-
krometpi APOH-3.

s cop6mii BM MoHa Takok peKOMEH-
JIyBaT{ CAIlOHITOBI TJIMHM, IO BHUSBJIEHI B YKpa-
{HI Ha 3aXiJIHOMy CXWJIi YKpaiHCBKOTO IIHTA y
XMenpHULBKIKA o6nacti. CaloHIT — MPUPOIHUIA
copOEHT, BOJIOMIE€ BHCOKHMH aJCOPOITIHHNMHY,
10HOOOMIHHUMHY, KaTaTiTHIHUMH Ta (QUIETpa-
MIAHUMHE BIACTUBOCTAMHU. Ham3sBuuaiiHo BHCOKI
BJIACTUBOCTI COpOIIii MarOTh OCHTOHITOBI TJIMHH,
skux B Ykpaini 110 pomoswum [17].

Tao6auns 1
Ximiunmii ckiaan raunn [epeciunsinbkoro pogosuma, mace.%0 [7]
KomnoneHTt Bwmicr, % KommnoneHT Bwmicrt, %
SiOy 55,6 CaO 5,08
Fe203 59 MgO 2,36
K20 3,3 FeO 14
P20s 0,05 Na20 4,76
Aly,O3 15,4
Tabnuus 2
OcHoBHi pooBuIIa IiHHE Y XapKiBcbKoMy perioHi [17]

Poposuie Buxopucranus 3anacu
Bacuiiiceke 17151 GEeTOHY, CHJIIKaTHOI 1erny, 6y riBensHux cyMimeii | 24408 tuc. m®
Kamrumieke JUIsL CHITIKaTHOT Lieriu, Oy pO34MHIB 91053 Tuc. m*
IepeciyHsHChKE | ISl CHJTIKATHOT TN 10305 tuc. m*
CeMeHIBCbKE JUisi 0eTOHY, OYIiBEIBHUX CyMilei 15813 tuc. m*
ITeGennHChbKE JUTSL CHUTIKATHOI IeTJIH 749 tuc. M3
Cyxa Kam’sHKa TJIMHACTI (BOXpa KOBTa) 320,6 tuc. m*

Y po3BHHEHHX KpaiHax IIOPIYHO BUKOPHU-
CTOBYIOTH COTHI THCSIY TOH COPOCHTIB. Y Hammii
Jiep>kaBi IPUPOHI COPOSHTH TIOKH HE OTPUMAIIH
HaJEKHOTO BHU3HAHHA. binbliicTs pomoBuIn
TPUPOIHHUX COPOEHTIB JI0 IILOTO Yacy He 3HAMII-
T TIPOMUCIIOBOTO BUKOpUCTaHHS. Kpucraniuna
CTPYKTypa MiHEpalliB TPy MOHTMOPHJIOHITIB-
CAllOHITIB CKJIQJIA€THCS 3 JIBOX IApiB HEHACHYe-
HUX opM: 1BOX TeTpaenpuaHuX perriTok SiO; i
OfHi€] OKTAaeOpUYHOI PELIiTKH, PO3TAIIOBaHOI
MK HUMH, 1 IKa MIiCTHTh B OCHOBHOMY, Al, Mg,
Fe. Mixk MU TpbOMa IIapaMu KPUCTATIYHOT
pelnTku Moxke BinOyBaTHcs i3oMOpdHHUI 006-

MiH. ToMy MiHEpaam Tpynd MOHTMOPHWIIOHITIB
BOJIOJIIFOTh BUCOKHUMHU aJICOPOLIIHHIMYU 1 10HOO-
OMiHHMMH BiacTHBOCTMHU [17]. Po3umHeHi io-
Hu BM ancopOyroTbesi Ha MOBEpPXHI TBEPAOTO
TiJa y BUTIIsAL 10HIB (TOOTO BiIOyBa€eThesl i0HHA
ajcoportis).

st BU3HA4YeHHS aAcopOUiiHUX BIacTU-
BOCTeH rmHH, copOuito BM mpoBogunmu npu
noctiliniii Temrepatypi (20 °C) 3 po3umHIB,
110 MICTAThH IPYHT 13 3rapuiia ta riuay. Tpu-
BajicTe copOuii Oyna B Mexkax 60 XBHIIMH.
Konnenrpariito ionis BM Bu3Ha4aau METOI0M
aTOMHO-aJICOPOLIHHOTO aHami3y.

PesynbTaTu Ta 00roBOpeHHs

I'mrua TlepeciuHSAHCHKOTO POJOBUINA
XapkiBCbKOI 00JIaCTi HE Mae SICKPaBO BHpaxke-
HUX QJICOPOIiiHNX BIIACTHUBOCTEH. Ane pe-
3yJbTaTU CBIAYaTh, 10 HABIThH I [JIMHA MOXKE
OyTH pEKOMEHIOBaHA JIs MEJIOpaTUBHMX IIi-
Jied 1 BIHOBJICHHS TPYHTY ITICIIS JIICOBUX IIO-

44

KEXK, OCKUIBKH CIIOCTEPIra€ThCsl MOTIMHAHHA
BM. HaBite npu HHM3bKOMY CHiBBiJHOLIECHHI
IPYHTY Ta TJIMHHU CIIOCTEPIraeThCsl BHITyUCHHS
BM y o6c¢s131 27-52 % (puc. 1).

TakuM YMHOM, JIOBEIEHO, 1110 BUKOPHC-
TaHHS TJIMHU A1 BuirydeHHs BM e edextus-
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HUM. 3BUYAitHO, CJiJl BPaXOBYBaTH 1 €KOHOMIYHI
nokasHuku. Cirii BAKOPUCTOBYBATH JIUIIE TJIH-
Hy, [0 TEPUTOPIaIbHO 3PYYHO PO3TAIIOBAaHA JI0
TUISTHKY, KA TIOCTpayKAajia Bifl TTOXKEXI 1 TToTpe-
Oye peKyIbTUBALIIHHAX 3aXO/TIB.

OnuuM 3 e(DEeKTUBHUX METOJIIB BUIAJICHHS
BM 3 rpyHTY € Takok (piTOEKCTpaKiIisi, 3aCHOBa-
Ha Ha 3JIaTHOCTI JISSKUX POCIIH IOTJIMHATH TOK-
CHYHI KOMIIOHEHTH 3 TPYHTIB 1 HAKOIIMYYBaTH iX
y CBOiX TKaHMHAX i, TAKUM YHHOM, OYHIIATH
IPYHTH. 3 JiTEpaTypHHUX KEpeNn BiOMO, IO
HaWBHILIOIO IOITIMHAIBHOI 31atHicTIo BM Bo-
nomie  KynpOaba  3BuuaiitHa  (Taraxacum
officinale) [19].

JI1st o1iHKY e(peKTUBHOCTI IUX (PITOCKCT-
pPaKkTOpiB B yMOBax IMOCTIIPOr€HHOI peJaKcii,
MPOBEICHO  EKCIIEPUMEHTANIbHE  TOCHIKEHHS
akymyssiii BM B 6ioMaci pocinH, BUCAIKSHUX

80 A

Ha 3rapumii. [IpoOu pocmuH BuCyIIyBamucs 10
MOBITPSAHO-CYXOTO CTaHy, a MOTiM Oynu MiHepa-
7i3oBaHi y My(enbHIM medi mpu Temmepatypi
450°C. Ilicnms po3unHEHHS MiHEpaIbHOI TPOOH
BU3HaUeHO BMicT Yy HUX BM. [lochigni pocauHu
OyJIO BUPOIIIEHO HA CBIXKOMY 3rapuiili Ta Ha JI0-
JATKOBIM NUTAHIN, Ha Ky OYJIO OJAHO AOCITi-
JUKeHy IMHy Macoro 250 r/m% Pesysbratu joc-
JDKEHh TIOTJIMHAJIBHOI  37IATHOCTI  KyJIb0aOu
3BUYANHOI HaBeeHO B TalJI. 3.

Orxe, TPOBEICHUM EKCIEPUMEHTOM J0-
Be/ICHO e()eKTUBHICTh SIK BUKOPUCTAHHS TJIHHH,
Tak i Qitopemenianito Kyns0a0M 3BHYAHOI 110
BigHomenHo 10 BM. O6uaBa, 1 TEXHIYHHMHA 1
Oiosoriuanii Metoxa copOitii BM st miaroroBku
IPYHTY IUTSl BUCA/KEHHSI POCJIMH, MOKHA PEKO-
MEH/TyBaTH JUISl BIATBOPEHHS JIICOBOI €KOCHCTE-
MH TTCTIS TIOMKEXKI.

=1
=]

(=3}
[=]

/

Lh
[=]
&

— _
" et

=
=

CT1yniHb oYHILIeHHS, Yo

/Vf

(V5]
=

‘/

[ ]
]

1:200 1:100

1:50

1:20 1:10

CIiBBiTHOIMEHHS INHHH i TPYHTY

Puc. 1 — Crynine ouniienss OydepHoi BUTSHKKH 3 IpYHTY Bin BM rimHoro, % (Mac)

Taoéaunsa 3

EdexTuBHicTb piToekcTpakuii Ba2KKUX MeTaJliB 32 J0IIOMOI010 KyJb0a0u 3BM4aiiHOT

IMorauHaabHA 31aTHICTH, MI/KI' CyX0T0
vr — 3pa3Ky MacH pOCJIUH
. HTI micast
Baxki meraan | TJIK, mr/kr noize’mi, wmr/xr | Bupomeno | Bupomeno na srapuui
Ha 3rapuuti i3 JomaBaHHSAM TJIMHH
s copouii BM
Cu 3 1,9 1,7 0,82
Pb 20 6,1 4.9 2,6
Cr 0,05 0,44 0,32 0,11

3aBeplianbHUA eTan MOCTIIPOreHHOl pe-
Jakcii TPYHTIB TIpH JIICOBIHOBJICHHI IPOBO-
IUTBCS 3 METOK) BU3HAYUTH YW BIAMOBIIAE
CTBOPEHUI KOPEHEBMICHHH TOPU30HT BCTAHOB-
JICHUM BHMOTaM, YM TIPaBUJIBHO BHKOHaHI Me-
JOpaTHBHI Ta MPOTHEPO3iiHi podoT. Bractu-
BOCTI 1 CTPYKTypa BEpXHBOTO IPYHTOBOTO APy
BU3HAYA€THCS TUM, SIKMH caMe CIIOCIO OCBOEHHS

45

BiZITBOPEHOT TEPUTOPIi € IITHOBUM.

TexHos0riuHi 3axoad 3 BiTHOBJIEHHS
SIKOCTell Ta MOKPAIEHHsI BJACTHBOCTEN Ipy-
HTY €KOCHCTeMH. TEeXHOJIOTIUHI 3aX0/IU BKJIIO-
YaloTh B ceOe 1 psjl BUTPAT, SIKI BUKOHYIOTHCS
JUTS IIPOBEICHHS BiZIHOBJIFOBAJIbHUX POOIT:
BUKOHAHHS TPOCKTHO-BUIIYKYBAJIbHUX PO-
01T, BKJIFOYAIOYH I10JI60B1 JOCIIKESHHS;
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— BUKOHAHHS JICP)KABHOTO CKOJIOTIYHOTO JI0-
CIiPKEHHS! (MOHITOPUHTY);
— OYHMINEHHS MOCTPaXKJANOl IIISHKU Bijg IMO-
IIKOJIKCHHX JICPCB;
— PEKyJIbTHBALlisl POJIOYOCTI TPYHTIB BiHOB-
JIOBATBHUX TEPUTOPIH, 10 TIepeadadeHi mpoe-
KTYBaHHSIM BIJHOBJICHHS, B 3aJIEKHOCTI Bif
XapaKTepHUX OCOOJIMBOCTEH YIIKOHKEHb i-
JITHOK 1 MOJANIBIIIOTO 3aCTOCYBAHHS BiTHOBIIO-
BaHHUX TEPHUTOPIiil.

Hacammepen, cmim mpoBecTH MOHITO-
PHHT YPaXXCHOT MOKEKEIO TIISTHKY, HE3aJIEKHO
Yh I[€ CTENOBa E€KOCHUCTEMA, BOIHO-OO0JIOTHI
VTS 94 JIICOBUI MacHB, 1 JIMIIE TOTIM TPO-
BOJUTH PEKYJIBTHUBAIII0 MOCTPAKIAIUX BiJl
MIPUPOTHUX TTOKEXK JIISTHOK.

PexynbTuBallis BKIFOUAE KOMIUICKC CIIE-
LiaJIbHUX 3aXOJiB, COPSAMOBAHMX HA BiJHOBIICH-
Hsl TOCIIOAAPCHKOI LIHHOCTI i TPOAYKTHBHOCTI

series «Ecology» , 2020, Issue 23

3eMenb. BincyTHicTh Takoi poOOTH MPU3BOIUTE:
_ JI0 pyHlHYBaHHSI BEPXHBOTO POJIIOYOTO IIIa-
Py IPYHTY;
— YTBOPEHHIO HOBHX, INTYYHO CTBOPEHHX
¢dopMm penbedy, HE XapaKTepHUX I NaHOI
MICILIEBOCTI;
— 3HUKHEHHS 3 apeajy 3BHYHHUX BUIB (hayHH
1 hmopwu;
— 3MIHH TIAPOJIOTIYHOTO PEKUMY TEPUTOPIi;
— 3a0pynHEeHHS MPOIYyKTaMH TOPIHHS;
— axymymsmii BM Ta iHIIAX TOKCHYHHX CIIO-
YK, 10 HAAXOIATH y IPYHT i3 30JI010.

3 ypaxyBaHHSAM 3HA4YHOI IIKOIM Maco-
BUX TOXEX Yy JlicaX MPOMOHYEMO PO3KPUTH
TEXHOJIOT1YHHIA MPOIEeC 3 BiIHOBJICHHS IPYHTIB
Ha TPUKIAJl JTICOBUX €KOCUCTeM. PekynbTHBa-
I[IF0 JIICOBHUX MUISHOK CJIiJl POBOJUTH y JCKi-
JbKa eTamiB (puc. 2), a TAKOXX HaBOJUMO TOJIO-
BHI IPUHLUIH peKynbTUBaLii (puc. 3).

| PEKVJIbTHUBALLA JICOBUX AIJIAHOK |

}—>| MexaHiyHe OUYHIIEHHS MOKOMKEHOT JIITHKH |

BimHOBNICHHS IPYHTY (BHECEHHS OpPTaHiYHUX Ta MiHEpaJTbHUX JOOPHUB.
BrurydeHHs a00 He#Tpamizalliss TOKCHYHUX KOMITOHEHTIB i T.1.)

| 1 eran
v
2 eran | I
v
3 eran —

3aciBaHHS TpaBaMH i IepeBaMu (BUCAKCHHS CaKAHIIIB).
IIpoBeeHHs JTiICOHACAKEHb, OpPraHi3allii MociBy TpaB-CHICPATIB.

Puc. 2 — Eranu pexynbTHBaLiT JIICOBUX JUISHOK, 10 3a3HaJIN BILIMBY IIPOr€HHOTO YNHHUKA

| TIPUHUOWIINA PEKYJIbTUBAIL |

SIkicTh

HAWCKITA HIIIIAM BBAXKAETHCSI TIOBEPHEHHSI POJIFOUOTO HIAPY IPY-
HTYy Ha BEJHKId TEPUTOPIi, M0 MOCTpaXkaana Bif MPUPOTHOT
MOXKEK1

IIBuakicTs

v

MpOLIEC CAMOBITHOBIICHHSI € JOCHTh MOBIJIBHUM (JECATKH pO-
KiB). OnTuMi3allist i 3BeJICHHS 0 MIHIMyMy — BaKJIMBE 3aBJaH-
HS peKyJIbTHBAL]

MiHiMabHi BU-
TpaTH

v

XOJIIB.

BHOHPAIOTHCS HaWOITBII OFOKETHI CIIOCOOH, SIKi JaF0Th MaKCH-
MalibHI pe3yibratd. OLIHIOITh €KOHOMIUHY e(eKTHBHICTh 3a-

Puc. 3 — 'on0BHI NIpUHIMIN PEKyIbTUBALI] IPYHTIB, HOIMIKOPKEHUX P BILUTUBOBI MiPOT€HHOTO YHHHHUKA

BigHOBIIEHHST €KOCHCTEM — MPOIIEC TPH-
BaIWH 1 JJOCUTh TPYJOMICTKWH, TUM Oiiblle B
YMOBaxX TEXHOTCHHOIO0 HaBaHTaXCHHs. BiH
MOXKE TPOBOAUTHCS IPOTATOM JIEKIIBKOX pO-
KiB a00 HaBITh JeCATHIITE. IIpH 1ibOMy mpoIre-
JIypy PEKyJIbTHBAIll MOXHA PO3ILIUTH HAa TPH
€Tany: MArOTOBYMI, TEXHIUHHH 1 O10JIOrYHUI
(puc. 4).

IlizroToBumnii eram IOJSrae B OIpPaIlio-
BaHHI (pakTHYHOTO 00CITYy pOOIT, OOTPYHTY-
BaHH 1HBECTHUIIMHOI CKJIaI0BOI.

46

TexHIYHMA eTall € TOJIOBHOIO YaCTHHOIO
BCIX IPOBEACHUX 3aXOMiB, SKI BHKOHYIOTHCS
JUIA IIATOTOBKH 3eMJil 0 Ii HOZAJBIIOro 3a-
CTOCYBaHHs. Y JaHill ramy3i poOOTH BeLyThCs
3a JIEIKMMH CKJIAJIOBUMU: TEIUIOTEXHIYHi, Tif-
POTEXHiYHi, XIMIYHi.

BionoriuHa pexkynbTUBAIlS 3eMelb SB-
Js€ co00r0, KOMIDICKC 3aXOMIiB, y SKOMYy Oe-
PYTh y4acTh arpoTeXHiuHi Ta (iTomerioparu-
BHI IPOIECH, CaM€ BOHU MOBEPTAIOTh 0i0XiMi-
YHi, arpodi3uyHi 1 arpoxiMiuHi XapaKTepUCTH-
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KM IPYHTY. Y YacTHHI 0i0JIOTiYHOI peKyIbTH-
BaIlii Ma€eThCS Ha yBa3i MPOBEACHHS KOMILICK-
Cy Hii, CIIpIMOBAaHUX HA IOJIMIICHHS CTPYK-
TYpH BiTHOBIIOBaHMX 3eMenb. Cepen HUX 3a-
CTOCOBYETBCS: O3CJICHEHHS, Meiopallis 3e-
MeJb, O10JIOTIYHE OYHWINEHHS TPYHTY, JICOIIO-
CaJIKOBA JiSUTBHICTb.

Sk 3a3HavanoOCs, MpU BUSABJICHHI Y TPYH-
Ti miciad MOXEX1 HigBHIIEHOI KiUTbKocTi BM,
AKi1 OyqyTh CTBOPIOBATH (DITOTOKCHYHUHN eeKT
Ha MOJIOAI cajKaHIli 3aCTOCOBYIOTh TaKi METO-
JM peKyapTUBaIiii [7]:

ETAITU BITIHOBJIEHHS IPYHTY

|

\ 4

ITlinroroBumii eTamn

— BUJQJICHHSA 3a0pyIHEHOro 1Iapy;
_ iHakTUBaUig a00 3HMKEHHS TOKCUYHOI Aii
MIOJIFOTAHTIB 3a JOIOMOIOK 10HOOOMIHHHX
CMOJI, OpPTraHiYHHX PEYOBHH, IO YTBOPIOIOTH
XeJIaTHI CIIONYKH;
_ BamHYBaHHS, BHECEHHsI OpPraHiYHMX H00-
pUB, 0 COPOYIOTH IMOMOTAHTH 1 3HIDKYIOTH iX
HaJIXOIKEHHS Y POCIIHH;
— BHECEHHS MiHepaJlbHUX I0OpUB (HAmpH-
knaj ¢pocaTHUX, U0 3HIKYIOTh TOKCHYHY IO
CBHMHIIO, Mili, LMHKY, KaaMil0 3a paxyHOK
YTBOPEHHSI BaXKKOPO3UMHHUX (hocdaTiB);

orpaifoBaHHs (pakTUUHOro 00csATy podiT, 0OrpyH-
TYBaHHS iHBECTHUIIIHOT CKJIQJIOBO.

BHUIAJICHHS 3arHOJINX [epPEeB, CaHITapHI pyOKH;

BH3HAYCHHS HeOE3MeKU BiTpOBaJ’Iy;

npoBeeHHsI (Pi3UKO-XIMIYHHX JTOCTIKCHb IPYHTY;

BHATTA BEPXHBOIO LIAPy i3 3rapwuiia (3a Heo6x1mncno)

TexHiu"uil eran

\ 4

Biosoriunuii etan

\4

l

JIKBifanisa TIuO0KUX TOPOKHUH 1 BHIMOK, IIO
YTBOPHWJINCH TIPH BHUTOPaHHI Ta BUKOPYOBYBAaHHI
MOIIKO/PKEHHUX JI€PEB, METOJOM 3aCUIIaHHS HEUTpa-
JILHUMHM MiHEPAJILHUMH HOPOAaMu

MEPEHECEHHS POIIOYUX IPYHTIB Ha PEKYIbTHBOBAHY
JUJISTHKY

OYIIBHHUIITBO MEPEKi KaHAIIB 1 yJIaITyBaHHS MPO-
THEPO3iHHUX CIIOpY/L;

BHUPIBHIOBaHHS PeNbe(Y MICIEBOCTI 3 BUKOPUCTAH-
HSM BiJIXOJIiB;

pu 3a6pyz[HeHH1 IPYHTY HPOJyKTaMH, 1O YTBOPH-
JIUCH TIPH TOPiHHI 260 HaJZ[II/IIHJII/I Y IpyHT i3 301010 —
BUKOPHCTAHHSI COPOEHTIB Ta IHIIMX XIMIYHHX CIIO-
JYK s X HeHTpasi3aliii;

CTBOPEHHS 1 TJIaHYBaHHSI YKOCIB.

KOHCepBallis (K KpaiHii crocid), caMOBiTHOBIICH-
Hs TPYHTY (TpUBaJIHiA mpoiiec);

BHECEHHA TyMyCY:;

migbip 1 MOCIB KyJIBTYP, BIAMOBIIHUX KIIMATHYHUM
yMoBam 1 cTany IPYHTY, 31aTHAX 3pobuTH 6J1aroT-
BOPHHUI BIUIMB HAa BIJIHOBJICHHS KOPHCHOIO Iapy
3eMJII;

v

ditoinauKais i piToeKkCcTpakiris.

MOTIEPEKEHHS TOIMIKOPKEHHS TOCTPaXJAIUX BiJ
MTOKEX1 JepeB KOMaxaMHu.

Puc. 4 — Etanu pexynpTHBAaIlii 3 BiIHOBICHHS IPYHTY TICIIS JIICOBOT MOXKEXKI

_ BUPOIIYBaHHS KYyJbTYp, CTIMKHX JIO
3a0pyaHeHHS 1 37aTHUX 110 cop6biii BM (dito-
pemMemiartis.

VY pasi, SIKIo IPYHTH Ha BiIHOBIIOBaHIH
TepuTopii 3a0bpynHeni BM Ta iHmmmu HeGe3-
NEYHUMH PEYOBHHAMHM, BOHM TaKOX IiJIsAra-
I0Th TOTNIEPETHEOMY OUYHILEHHIO 32 JI0TIOMOT0I0
copOeHTiB. Bech mporiec BiJIHOBJICHHS MOXeE
3aiiMaTu Oarato pokis. IlpoBoauThcs BiH mix
HaIJISIIOM CaHITapHHUX CIYXO 1 (axiBIliB 3 pe-
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KyJIbTHBAIlll. Y IaHUi Yyac y CBITOBIM MPaKTHIII
JUIL  €KOJIOTIYHOTO padiHyBaHHS POIOYUX
IPYHTIB Bce Oiible 3acTOCYBaHHS 3HAXOISThH
MiHEpaJIbHI aIFOMOCHJIIKATHI aJICOPOCHTH: pi3-
Hi TJIMHHU, [IEOJIITH, IIEOTITBMICHI TOPOJH 1 T.i.,
SIKI XapaKTePU3yThCS BUCOKOKO TIOTJIMHAILHOO
3[IATHICTIO, CTIMKICTIO J0 BIUIMBY YMHHHKIB Ha-
BKOITUIITHHOTO CEPENIOBUINA 1 MOXYTh CIYKUTH
IIPEKPACHUMH HOCISIMH JIJIsl 3aKPIIJICHHS HA T10-
BEPXHi PI3HUX TOKCHYHMX CIIOIYK [7].
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BucHoBku

3anpornoHOBaHi TEXHOJOTIYHI 3aX0aH 3
BiJTHOBJICHHS SIKOCTEH Ta TIOKPAIICHHS BIIACTH-
BOCTEH I'PYHTIB €KOCHCTEM BKIIIOYAIOTh B cebe
BUKOHAHHS TMPOEKTHO-BUIIYKYBAJIFHUX POOIT,
MTOJIBOBI JTOCHIDKCHHS, IepKaBHOTO €KOJIOTid-
HOTO JTOCTiPKEHHS (MOHITOPHHTY); OYWIICHHS
MOCTPAKIAIO1 AUISTHKA BiJl TIOMTKOKCHHUX Je-
PEB; PEKYJIBTHBAIIIO POMIOYOCTI IPYHTIB BiIT-
BOPIOBAaHHUX TEPHUTOPIiH, IO mependadeHi mpoe-

KTYBaHHSIM BiJTHOBJICHHS, B 3aJIGKHOCTI BiJl
XapaKTePHUX OCOOJHMBOCTEH YIIKOMKESHUX i-
JITHOK 1 TIOJJAJTBIIIOT0 BUKOPUCTAHHS [TUX TePH-
topii. IIpu mocTmiporeHHIH peakcii eKocuc-
TEM, B YMOBaX TEXHOT'CHHOTO HABAHTAKCHHS,
JIOBEACHO €(PEKTUBHICTh BUKOPHUCTAHHS TIMHHI
B OYHIIEHHI IPYHTY K copOeHTa Ta diTopeme-
Jiarii 3a JOIMOMOTO0 KyJIh0a0u 3BUYAHOI 10
BiJIHOIIIEHHIO /10 BAKKUX METANTIB.

Konduikr inTepeci

ABTOpH 3asBISIOTH, IO KOHQIIIKTY 1HTEpECiB 100 MyOikamii 1boro pykonucy Hemae. Kpim

TOTO, aBTOPH TMOBHICTIO IOTPUMYBAJIMCh €TUYHUX HOPM, BKJIIOYAIOUH TUIATIAT, (pambcudikaiito TaHX
Ta MO/BIMHY MyOITiKaIIito.
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