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Ha npomueazy nosimpsnomy ma 600HOMY cepedosuuiam IPYHMU He Maioms 30amHoCcmi 00
WBUOKO20 OYUWEHHSA, MOMY MOKCUYHI PeYOBUHU, AKI NOMPANIAIOMb 00 HbO2O 3306Hi, MONCYMb
00620 30epicamuca. Ilpu yvomy moKcuxawmu, 6KIOUAIOYUCL V JIAHYIO2U JHCUBNEHHA IPYHM —
POCIUHU — HCUBULL OP2AHIZM, MONCYMb 00CAAMU BUCOKUX DIBHI6 Ma GIO3HAYAMUCA MPUBATICMIO
0ii. Bioomo, w0 HAKONUYEHHs BACKUX Memanie y IpYHmMi 8i00Y8aA€mMbCs 3a GNAUBY BUKUOIB
NPOMUCTIOBUX NIONPUEMCIS, NPU 3POUEHH] CINTYHUMU 800AMU, BUBE3EHHI HA CLIbCLKO2OCNOOAPCHKI
Velo0s MYy Nicis OYUUeHHSI CIMIYHUX 800, 3a HECEeHHs MIHEePAIbHUX MA OP2aAHIYHUX 00OPUB MOUO.
3a 0ii’ saxckux memanié na IpyHmu 6i00YBAEMbCA 3MIHA TPYHMOBO20 Cepedosuyd, BUHUKHEHHS]
epo3iUHUX Nnpoyecis, 3a0PYOHEHHs CLIbCbKO2OCHOOAPCLKOL NpoOYyKyii ma iH., wo 3YMOBII0E
HeoOXIOHICMb NOULYKY NPOOYKIMUBHUX MA De3NeUHUX Memooi8 iX OUULYeHHS.

Y ecmammi naseoeno pesynomamu 3 usuents eghexmuenocmi ghimopemeodiayii 3a0pyoHeHo02o
BANCKUMU MEMANAMU CIPO20 NICOB020 TPYHMY 3a 1020 YOOOPEeHHs NpU GUPOWYBAHHI PO3MOPONIUI
nasamucmoi 6 ymosax Jlicocmeny Ilpasobepesicnozo. 3a pe3ynomamamu auanisy nepuiooxceper
BU3HAUEHO CYYACHI npobaemu Oecpadayii IpYHmMis, 3a0PYOHEHHS iX 8ANCKUMU Memanamu ma poib
¢imopemediayii. Buseneno neeni 3miHu iHMEHCUBHOCMI BUHECEHHS 3 TPYHMY CEUHYIO, KAOMIIO Mda
YUHKY 34 11020 YOOOpeHHA MIHepanbHumu 0obpusamu. amiauna cerimpa (60 ke/2a), cynepghocpam
npocmuil (60 xe/ea), kaniti xaopucmuti (60 xe/ea), cymiww NPK oobpus (60/60/60 xe/ea) ma
opeaniuHumu 0oopusamu’ nepeznii (20 m/2a), oepexam (6 m/ea), cuoepam (2cipuuys,).

Bcmanoesneno, wo yoobpenus cipux nicosux ipynmie amiaunoro ceaimpoio, cynepghocgamom
npocmum, Kaniem xaopucmum, cymimumio NPK 0obpus cnpusno niosuwennio eunecenus 3
8e2emamusHoI0 Macow ma HACIHHAM po3moponuii naamucmoi: ceunyro y 2,14 paza, 54,3%, 52,2%
ma 87,5%, kaomio —y 3,5 paza, 41,9%, 71,1%, 2,2 paza; yunxy —y 2,8 paza, 22,7%, 20,1%, 2,6%
BION0BIOHO. 3a YO0OpenHs TPYHMI8 NepecHOEM, Oehexamom ma 3eieHum 000pusom (cudepam)
cnocmepieanocy ni0GUWEHHS BUHECEHHS 3 TPYHMY PO3MOPONULol0 nasmucmoro ceéunyro Ha 60,1%,
42%, 3,9%; xaomirw na 58,0%, 31,3%, 3,2%; yunxy y 2,03 pasza, 24%, 13,6% 6ionosioHo.

Kniouogi cnosa: posmoponwia nisimucma, IpyHm, MiHepaibHi 000pusa, opeaniyHi 0obpusa,
8ACKI Memanu, ceuHeyb, KaOMil, YUHK, 6e2emamueHa Macd, HACIHHA, KOHYeHmpayisl.

Taéa. 2. Jlim. 12.

IloctanoBka mnpobjemu. CpOTrOJHI OJHIEID 3 HAWOUIBIIUX EKOJOTTYHUX

npobisieM Ykpainu € 3a0pyaHeHHs 3emii. CuTyallist 3 IpyHTaMu HAJICKUTh BXKE HE J10
arpapHoOro MUTaHHs, a BIIHOCUTKLCS JI0 MPOOIeMHU €KOJIOTTYHOT O€3IeKn KpaiHu.
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Bizomo, 1o cydacHuii CTaH IPYHTIB 3a3HA€ HEraTMBHOIO BIUIMBY BHACHIAOK
iHTeHcHudIKaIlli raixy3i Ta TEXHOTEHHOI JISJIbHOCTI HACEJICHHS, 110 CYIPOBOIKYETHCS
3pOoCTalOYMM piBHEM 1i Jerpazgaiii, 30Kpema, 3HIKEHHSAM iX pOJIOYOCTI Ta
3a0pyIHEHHSIM PI3HUMU TOKCUKaHTaMH. «3eMenbHul GoH YKpaiHu ctaHOBUTH 60,4
MJIH. Ta Ta XapakTepHU3yeThCS HAA3BUYAWHO BHCOKHM pPIBHEM OCBOEHHS,
IHTEHCUBHMM BIUIMBOM aHTPOIO- Ta TEXHOTCHE3y HAa HAaBKOJIUIIHE TPUPOJIHE
CEpeoBHUIIe, 30KpeMa 1 Ha 3eMebHI pecypcH, CKJIaa 1 XapakTep MpOoIeciB, SKi
B1IOYyBAIOTHCSI TP BHKOPUCTAHHI 3eMelib. B YKpaiHi €KOHOMiKa MpEBaIO€ Haj
exosoriero: 10 70% 3eMens — po3opaHi ¥ MOTpeOyIOTh BIAHOBICHHS'", — CTBEPIKYE
Mocun Jopom, qupextop Incturyry 3emiuexopucrysanns HAAHY [1].

3a Takoro CTaHy IpPYHTIB IIOCTa€ HEOOXIJHICTh MOIIYKY 3aXOJiB II0JI0
3HWKEHHS 1X jgerpanamii. [Ipy mpomy ocoOauBOro 3HauyeHHsT HaOyBa€ 3HMXKCHHS
3a0pyJHEHHSI OpPHMX TIPYHTIB, IO TICHO IIOB’SA3aHO 13 OE3MEKOI IMPOJA0BOJIBUOT
CHUPOBUHU POCIMHHOTO TOXOKCHHS Ta 3/J0POB’sIM HACETICHHS.

AHaJIi3 OCTaHHIX AoCHiIKeHb Ta nyoaikamiin. OTHUM 13 ePEeKTUBHUX 3aXO0/1B
1010 BiJJHOBJICHHS JACTPAJOBaHUX IPYHTIB € pitopememianis [2, 3]. 3naunuii iHTEpeC
IUTSL HAYKH 1 IPAKTUKU MPEACTABISIOTh POCIMHHU, 30KpEMa 1 JIIKAPChKI, SIKI MOXYTh HE
TUIBKH TOJINIIUTH CTaH IPYHTIB, & i OYUCTUTHU iX BIJ TOKCHUKAHTIB, Y TOMY YHCIl U
BAXXKHX MeTalliB. Bakki MeTanmu MikpoeneMeHTH, 30kpema Zn ta CuU, € CKJIaJ0BOIO
YaCTUHOIO OaraThox O10JOTIYHO AKTMBHHUX CIOJIYK — OUIKIB, ()eépMEHTIB, TOPMOHIB,
ToIo. BcTaHoBIeHO, 110 Misl METaJiB Ha JIIKAPChKI POCIWHU 3aJCKHUTh B CKIIATy
IPYHTY, IPUPOJU XIMIYHOTO €JIEMEHTa, a TaKOX Bl 10HHOI ab0 1HIIOI KOMOIHOBaHO1
dbopmu, sika MOke OyTH BHIIy4YeHA 3 IPYHTY POCIHHOIO [4].

HanxomkeHHs: HaJIMIITKOBOI KIJIbKOCTI BaXKKMX METAJIIB Y JIKAPChKI POCITMHHU
MOpyIllye pIBHOBAary MiKpo- 1 MakpoeleMeHTiB. Tak, Npu MaKCUMaJbHOMY
3a0pyIHEHHI MIJTI0 y JIKAPCHKUX POCIMHAX 3HAYHO 3HIDKYETHCS BMICT KaJBIIIIO 1
marHito [5]. HajymmkoBuid BMICT y IPYHTI KaJMiO MPHU3BOIUTH 10 3MEHIICHHS Y
JTKApChKUX POCIHHAX KUTHKOCTI (ochopy, KabIlifo, MarHiro, 3aji3a, a IUHKY —
BUKJIMKA€ 3MEHIIEHHS (ocdopy, Kalbllil0, MarHito, 3ajii3a; CBUHII0O — 3MEHIICHHS
dochopy, Kanbiito, UHKY, 3aj1i3a, Miai [6-8].

Takox HEOOX1AHO BpaxOBYBATH, IO JIIKAPCHKI POCIWHU MO-Pi3HOMY 3aCBOIOIOTH
NesKl MeTad, HaIpHUKJaJ, CBUHEIb HaBITh NPH BUCOKIA KOHIIEHTpallli B IPYHTI
3HAXOJIUThCS B CIIAOOPO3YMHHUX 3’€JIHAHHSAX 1 TOMY PIBEHb HOTro B POCIHHI Oyje
MeHIIUM. [{UHK — CHJIBHO HAKOMUYYETHCA JIIKAPCHKUMH POCIMHAMU 1 YTPUMYETHCS B
HUX; Migb, 1 KaAMiid — c1ab0 HAKOMUYYIOTHCA 1 CUJIBHO YTPUMYIOTHCS; CBUHEIh —
cJ1a00 HAKOMIUYYEThCS 1 CJ1a00 yTPUMYEThCs B pociimHax [9].

Cepen nikapChbKUX POCIUH PO3TOPOIIIA MIISIMUCTA XapaKTEPUIYETHCSI BUCOKUM
piBHEM HAKONMMYEHHS BaKKMX METAJIIB Y CBOIM BereTaTuBHINA Macl, 10 HEOJHOPA30BO
JIOBEJICHO TIEPEeBaKHO Ha HEOKYyNIbTypeHuX yrimasax [10, 11]. BogHouac HenocTaTHRO
BUBYCHO BHUHECCHHSI BAXXKWX METANB 13 CIpUX JICOBUX TIPYHTIB 3a BUPOIICHHS
PO3TOPOIIIII MIIMUCTOI B YMOBaX Cy4yaCHUX CIBO3MIH Ha OKYJIBTYPEHUX YT1IsX.

MeTorw Hammx IOCHIKEHb OYyJO BHSBJICHHS €(PEKTUBHOCTI (iTopeMesialiii
CIpHUX JIICOBHX IPYHTIB IPU BUPOIIyBaHHI PO3TOPOIIIII TUIIMUACTOI 32 MIHEPaTbHOTO
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Ta OPra”HiyHOro ii yA0OpeHHs.

Marepiaau i MeTroguka a0cCaixKeHb. J[OCHPKEHHS TPOBOJWIA B yMOBax
Jlicocteny IlpaBoOGepexxkHOro Ha cipux JicoBUX IpyHTaXx. CxeMa JIOCHIIKEHb
BKJIFOYAsa JIBa HayKOBO-TOCIOAAPCHKI JAOCIIIN, TEPIINM 13 SKUX OyB CIPSMOBaHUI
Ha BHBUYCHHS BIUIMBY MiHepadbHUX Jn0OpuB: amiagnoi cemitpu (60 kr/ra),
cynepdocdary nmpoctoro (60 kr/ra), kamito xjaopuctoro (60 kr/ra) Ta ix cymimi NPK
noopus (60/60/60 xr/ra); npyruii — Ha BUBYCHHS BIUIMBY OpPTaHIYHUX JTOOPUB:
neperaoto (20 T/ra), nedekary (6 T/ra) Ta cumepary (Tipuulll) HA HAKOTTHMYCHHS
BAXKHX METATIB PO3TOPOMNIIOI MIAMUCTO0. KoKeH BapiaHT MOCHIKEHb BKIIIOYAB
YOTUPHU TTOBTOPHOCTI.

KonnenTpaltiito cBUHIIIO, KaJIMiI0, LIUHKY B IPYHTI, BEreTaTUBHIN Maci Ta HaCiHHI
pO3TOpONIIl IJISMUCTOI BU3HAYalIM aTOMHO-aOcopOuiiHUM MeTonoM. KoediiieHT
HakonueHHs (K, ) BU3HAUamm 3a popMyIoro:

(K )=KOHueHTpauiH Ba)XKKUX MeTaJliB y NPOAYKTI

Hak. KoHuleHTpallisl BaXKKUX MeTasliB y I'pyHTI

Hns mocnimxeHb Oysio B3sTO BHeceHuid 10 JlepkaBHoro PeecTpy copris,
OpUAATHUX A0 T[OHIMPEHHS B  YKpaiHi  COpT  PO3TOPONIIl  IUISMHUCTOI
BorikiBuanka [12].

Pe3yabTatH JociaizkeHb Ta iX 00roBopeHHsi. AHal3 1HTEHCHUBHOCTI
BUHECEHHS BaXXKUX METalliB 3 TIPyHTY Oe3 ix yJoOpeHHs 3a BHUPOIIYyBaHHS
postoporii mistMuctol (Tads. 1) mokasaB, 1m0 JaHU MOKAa3HHWK IO CBHHINIO OYB y
Mexax 262 r/ra, kaamito — 31,2 r/ra ta nuHky — 929,7 1/ra.

Yno0OpeHHsi TPYHTIB amiaqHOIO CEMTporo, cymepdocdaToMm mpocTum, Kaiaiem
xjopuctuM Ta cymimro NPK go0puB cnpusiio miBUIIEHHIO BUHECEHHS 3 HUX
PO3TOPOMIIIO0 IUIIMUCTOO CBUHINO Y 2,14 pa3a, 54,3%, 52,2% Ta 87,5%, kanmiro y
3,5 paza, 41,9%, 71,1% Ta 2,2 pa3a ta muHKy y 2,8 pasa, 22,7%, 20,1% Ta 2,6%,
BiJIOBIIHO, B TIOPIBHSIHHI 3 KOHTPOJIeM (0e3 100puB).

Tabnuysa 1
BuHeceHHsI Ba:KKHUX METAJIB 3 BereTAaTUBHOI0 MACOK) TA HACIHHAM
03TOPONIII IVIIMUCTOI 32 YI100peHHsI IPYHTIB MiHepaJIbHUMH J00pUBaMHU, I/ra

Bapiant yno6peHHs I;ég;ﬁ;;f;};:;e;lgif CBuHeEIb Kanmii Huak
KonTtposs (6e3 100puB) - 261,9 31,2 929,7
AMiagHa cemiTpa 60 560,7 111,5 2598
Cynepdocdat npoctwii 60 404,2 443 1141
Kauniit ximopucruit 60 398,7 53,4 1117

Cywmim NPK 60/60/60 491,2 70,8 2421,7

Jlicepeno: cghopmosaro na 0CHOBI 81ACHUX OOCTIONCEHD

HaiiBuiia 1HTEHCHMBHICTh BHHECEHHS BaXXKKUX METAJIIB IIPH BHUPOIIyBaHHI
PO3TOPOINII IUISMUCTOI 3a YJIOOpPEHHS IPYHTIB MiHEpaJlbHUMU JOOpHUBaMU
criocTepirajach NpPH BUKOPUCTaHHI amiayHOi CeNITpU. 30KpeMa, IHTCHCUBHICTD
BUHECCHHSI CBHUHINIO, KaJMII0, IIUHKY pPO3TOPOINIIOK IUISMUCTOI Oyjia BHUIA 3a
ya0OpeHHs IPyHTIB amiauHo0 cemiTporo Ha 38,7%, 2,51 pazai 2,27 paza na 40,6%,
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2,08 paza Ta 2,32 paza i Ha 14,1%, 1,57 pa3a ta 1,07 pa3a BiAnoBigHO, MOPIBHIHO 3
cynepdocdarom npoctum, kaiiem xjopuctuM ta cyMimio NPK 1o6pus.

CHiBBIHOIIEHHS 1HTEHCUBHOCTI BUHECEHHS 3 BEMETATUBHOIO MACOI0 1 HACIHHIM
PO3TOPOMII TUIIMUCTOI BaKKUX METaJlIB 3a YyJIOOpPEHHS IPYHTIB MiHEPAIbHUMU
nobpuBamu ckiagaigo 99,5 1 0,5 mo cBuHio, 99,3% — 99,6% 1 0,4% — 0,5% mno
kaamiro Ta 92,3% — 98,0% 1 2,0% — 7,7% 1o nuHKy.

AHai3 1HTEHCUBHOCTI BUHECEHHS BaXXKUX METAJIB 3 IPYHTY 0e3 iX yao00peHHs
3a BUPOIIYBAHHS PO3TOPOMIII TUISIMUCTOI (TabJ1. 2) 1mokasas, 10 JaHUN MOKa3HUK 10
CBUHIIO cTaHoBUB 251,3 r/ra, kaamito — 34,1 r/ra Ta mmaky — 1546,8 r/ra.
BcranoBneHo, 0 3a BHUPOIIYBaHHS PO3TOPOMIII TUISMHCTOI BHHOCHUTBCS OlIbINe
CBUHIIIO, KaJMII0 Ta IIUHKY 3 IPYHTY 3a Horo ymaoOpeHHs mepernoeM Ha 66,1%,
58,0%, 2,03%; nedexarom — Ha 42%, 31,3%, 24%; cuneparom — Ha 3,9%, 3,2%,
13,6% B1aMmOB1gHO.

Tabauys 2
BuneceHHs1 BAXKKMX MeTAJIB 3 BereTATUBHOK MACOI0 TA HACIHHAM PO3TOPOIIIIi
IVIIMUCTOI 32 YA0OpPEeHHS IPYHTIB OpPraHiYHMMHU J00pUBaMH, I/ra

Bapiant ynoOpenus CBuHeEIb Kanmii mak
Kontpoib (6e3 1o6puB) 251,3 34,1 1546,8
[leperHiii, 20 T/ra 402,5 53,9 3150,9
Jedexkar, 6 T/ra 356,8 44.8 1918,7
Cunepar 261,2 35,2 1757,2

IDicepeno: cghopmosano na 0cHO8I 81ACHUX OOCAIOHCEHD

V Xxoz1 DOCiiIKEeHb BUSIBICHO, 1110 HAMBUINA 1HTEHCUBHICTh 3HMI)KEHHS BAXKKHX
METaJlIB CHoCTepirajach 3a yAOOpPEHHsI IPYHTIB NEPErHoeM. Tak, 1HTEHCHBHICTb
BUHECEHHSI PO3TOPOMIIONI TUISIMUCTOI0 CBUHIIIO, KaJIMIIO, IIMHKY Ta MiJll 3 TPYHTY 3a
yA0OpeHHs Moro neperHoeM Oysa Bulla, MOPiBHAHO 3 aedekarom Ha 12,8%, 20,3%,
64,2% Ta 13 cuneparom Ha 54,1%, 53,1% ta 79,3% BiANOBIAHO.

CriBBITHOIICHHS IHTEHCUBHOCTI BUHECEHHS 3 BETE€TATUBHOIO MACOI0 1 HACIHHAM
PO3TOPONIII TUIIMHUCTOI BaXXKUX METalIB 3a YAOOPEHHS TPYHTIB OpraHIYHUMHU
nobpuBamu ckiagano 99,4% — 99,5% 1 0,5% — 0,6% no cunmro, 99,3% — 99,4% 1
0,4% — 0,6% 1o xaamito ta 97,8% — 98,3% 1 1,7% — 2,2% 1o nuHKYy.

BucHoBkH 1 mepcnekTHBM MNOAAJBIIMX JOCTiAKeHb. B pesynbrari
MPOBEICHUX JOCTI/PKCHh BCTAaHOBJICHO, IO YJAOOpPEHHS CIpUX JICOBUX IPYHTIB
amiauyHow cemitporo (60 kr/ra), cymepdocharom mpoctum (60 kr/ra), kamiem
xjopuctuM (60 kr/ra) ta cymimmo NPK mo6puB (60 kr/ra, 60 kr/ra i 60 kr/ra)
CIIpUsi€ MiABUILECHHIO BUHECEHHS 3 BEr€TaTMBHOIO MACOI0 Ta HACIHHSAM PO3TOPOIIIIL
IsIMUCTOI cBUHIO y 2,14 paza, 54,3%, 52,2% ta 87,5%, kaamito — y 3,5 pa3sa,
41,9%, 71,1% Ta 2,2 pa3a, uuHKy — y 2,8 pasa, 22,7%, 20,1% 1 2,6% BianoBigHO.

3a ymoOpeHHs IpPYHTIB TMEperHoeM, JnedexartoM Ta 3€JIeHUM J0OpUBOM
(cuaepaT) crocTepirajgoch ITABUINEHHS BHHECEHHS 3 TIPYHTY PO3TOPOIIIO
mIIMHUCTOO cBHHIIO Ha 60,1%, 42% Ta 3,9%, kagmiro — Ha 58,0%, 31,3% Ta 3,2% 1
uHKY —y 2,03 pasa, 24% Ta 13,6% BiamOBIIHO.
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ANNOTATION
EFFICIENCY OF PHYTOREMEDIATION OF SOIL CONTAMINATED BY

HEAVY METALS BY CULTIVATION OF SPOTTED MILK THISTLE

In contrast to air and water environments, soils do not have the ability to quickly clean, so
toxic substances that enter it from the outside can be stored for a long time. At the same time,
toxicants, being included in the food chain of soil - plants - living organisms, can reach high levels
and have a long duration of action. It is known that the accumulation of heavy metals in the soil
occurs under the influence of emissions from industrial enterprises, during irrigation with
wastewater, removal of sludge to agricultural lands after wastewater treatment, due to the
application of mineral and organic fertilizers, etc. When heavy metals affect soils, there is a change
in the soil environment, the occurrence of erosion processes, contamination of agricultural
products, etc., which necessitates the search for productive and safe methods of their cleaning.

The article presents the results of a study of the effectiveness of phytoremediation of soil when
growing milk thistle when it is fertilized in the conditions of the Right-Bank Forest-Steppe. Based
on the results of the analysis of primary sources, the current problems of soil degradation, their
contamination with heavy metals, and the role of phytoremediation are determined.

As a result of the research, certain changes in the intensity of the removal of lead, cadmium
and zinc from the soil were found when it was fertilized with mineral fertilizers - ammonium nitrate
(60 kg/ha), simple superphosphate (60 kg/ha), potassium chloride (60 kg/ha), NPK mixture
fertilizers (60/60/60 kg/ha) and organic fertilizers - humus (20 t/ha), sugar beet lime sludge
compost (6 t/ha) and green manure (mustard).

It was established that fertilizing gray forest soils with ammonium nitrate, simple
superphosphate, potassium chloride, and a mixture of NPK fertilizers contributed to the increase of
removal with vegetative mass and seeds of milk thistle: lead by 2.14 times, 54.3%, 52.2%, and 87.5
%; cadmium — 3.5 times, 41.9%, 71.1%, 2.2 times; zinc - 2.8 times, 22.7%, 20.1%, 2.6%,
respectively. Fertilizing the soil with humus, sugar beet lime sludge compost, green manure
increased lead removal from the soil by milk thistle by 60.1%, 42%, 3.9%; cadmium - by 58.0%,
31.3%, 3.2%, zinc - by 2.03 times, 24%, 13.6%, respectively.

Key words: milk thistle, soil, mineral fertilizers, organic fertilizers, heavy metals, lead,
cadmium, zinc, vegetative mass, seeds, concentration.
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