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EKOTOKCHUYHI BJIACTUBOCTI MIIHO-IUHKOBOTI'O I'AJIbBAHOILIJIAMY

Jauenko B.B., XHAJY

Anomauin. Memooom GiomecmysanHHs 6CMAHOBAECHO OCODIUBOCMI Miepayii MIOI Ul YUHKY 8 PI3HUX
munax ipyumis. 1100aHo eKcnepumenmanvHi OaHi Wooo GNAUBY BANCKUX MEMAie, Wo MICMSMbC 8
MEXHO2EHHO-3A0PYOHEHUX IDYHMAX, HA POCIUHHI 00 €KmuU 8 KOHMPOAbOBAHUX ymosax. Bcmanosneno,
Wo cymicHa Oist MiOI 1l YUHKY NPOSGIAEMbCA 5K 6 IH2IOY8aHHI, MAK [V CIMUMYTIOBAHHI POCOBUX NPO-
yecie mecm-poCciut i 6USHAYAEMbCSL PIGHEM A XAPAKMEPOM 3A0PYOHEHHS, 61ACMUBOCHISMU IPYHMY |

0i010214HOI0 CneyupiKoio camoi mecm-pociuHu.

Knrwouoei cnosa: miov, yunk, 2anb8aHOWIAM, IPYHM, MECTH-POCTUNA.

Beryn

OpHiero 3 HAMOUIBII aKTyaJIbHUX EKOJIOriu-
HUX TpoOJIeM MPOMHCIOBHX MiAIPUEMCTB, IO
MalTh y CBOEMY TEXHOJIOTTYHOMY IIMKJII Tallb-
BaHIYHI MpoIeCH, € MpodiiemMa JIIKBigamii rajab-
BaHiynux I1wiamip (L), Cnig 3a3HauuTH, IO
mpobJjieMa TMOBODKCHHS 3 HMPOMHMCIOBHMHU Bij-
XO/IaMU TallbBaHIYHUX BUPOOHUITB y KpaiHi, B
TOMY YHCITI ¥ iX yTWii3allisi, TOKH HE BHUPINIY-
€THCSl HA HAJIKHOMY HAyKOBO-TEXHIYHOMY PiB-
Hi. YTBOpEHI IICJS 3HEIIKO/HKCHHS TBEPIi ra-
JIbBaHIYHI BIXOJM HAIIPABJIAIOTHCS Y IUIAMOHA-
KormuuyBadi [ 1]. Bucoka minbHICTh pO3MINIICHHS
BIIXOMIB Ha IMPOMMCIOBHX MaiaHYMKaX 1 po3-
TalllyBaHHS Ha 3HAYHUX MPOCTOPaX MIChKOI Te-
pHUTOpii JO3BOINSIOTH OLIHUTH IX SK JKEPENo
BHCOKOI'0 TEXHOI'CHHOT'O BIUIMBY Ha KOMIIOHEH-
TH HABKOJHMIIHLOTO IPHPOTHOIO CEPEIOBUILA
(HIIC) [1-3]. Tomy BupilieHHsI TPOOIEMU €KO-
soriunoi Heoesneku ' € koMIIeKcHO: 3 0f1-
HOro OOKy, HEOOXIigHI BIIOMOCTI MPO MPOIECH
TpaHchopmallii cnoinyk Baxkux meranis (BM) 3
BIZIXOMIB y TIPYHTax; 3 iHIIOrO OOKY, Ba)JIUBO
JNOCTIIUTH JAWHAMIYHI OCOOJMBOCTI PO3UUHY
3a0pyHIOBAYiB, 1110 TPOHHUKAIOTh BIIIHO IPYHTY.

AHaniz myoaikanii

Mirpaitisi XIMIYHHUX €JIEMEHTIB, 110 MICTSTh-
cs y ckmanoBanux [, BinOyBaeThest B pe3yiib-
TaTi (I3UKO-XIMIYHHX MPOIECIB MiJ] BIUIMBOM
KITIMaTHYHUX 1 MOroAHUX (akTopiB. Y IbOMY
pasi 3a0pyqHEHHS MOXYTh IOIIUPIOBATHCS 3
iH}ITBTpalicto aTMocpepHUX OMaiB uepe3 map
BIZIXOMly y TPYHT IPWJIETIUX AUISHOK [4, 5]. VY
BITUM3HSHIN 1 3apyOiKHIl niTeparypi € myOumi-
Kallii, TPUCBSYCHI BUBYCHHIO IPOOJIEMH BILUIUBY

'l na HIIC i 3mopoB’st Hacenenns [3—11]. Ox-
HaK 1H(OpMAILis, 0 MICTUTBHCS B IUX MyOJTiKa-
1IiSX, HE B MOBHOMY 00Cs31 BijjoOpakae caHita-
PHO-TITi€HIUHI Ta EKOJOTIYHI XapaKTepPHCTHKH
3Hemkopkenux . ToMmy pe3ynapTaTu BHKIIA-
JIEHUX y poboTax JOCHiPKEHb HEMOXKIHBO BU-
KOPUCTOBYBATH JIJIsl 00 €KTHBHOI OI[IHKH iX €KO-
JioriuHoi Oe3neku. OIIHIOYH eKOJIOTrYHI Xapa-
KTEPUCTUKH MPOMHCIOBHX BIAXO/IB HEOOXITHO
BUBYATH 1X KOMIUJIEKCHUN TEXHOI'E€HHUW BILIMB
Ha HIIC: 3 omHoro 6oky, HEOOXiaHI BilOMOCTI
PO MPOLIECH Mirpamii CHojiykK i3 BiIXOMIB 0
IPYHTY; 3 1HIIOrO OOKY, BaXIIMBO JOCIITUTH
BIUIMB 3a0py/HIOBaYiB, IO MPOHUKAIOTH BIINO
rpyHty, Ha 06’extn HIIC [3-10].

Mera i nocTaHOBKA 3aBIaHHSI

Bu3HayaTH EKOTOKCHYHICTH IPOMHCIIOBUX
BIIXOMIB HaAHOUIbII €()EKTHBHO 3a JOMOMOIOI0
010JIOrYHUX METOJIIB aHaJI3y, SKi JI03BOJISIOTh,
KpiM 3arajbHOro Hecrnenu@iyHoro BIUIMBY Ha
OiloTecT, BUAUTUTH JesIKi crienndivdi peakiiii Ha
OKpeMi XIMiuHI pe4OBHHH a00 TPYNH pPEUOBHH
[6, 7, 9].

Mera poOOTH — BU3HAYUTH OCOOIMBOCTI Mir-
pauii MiJii i IWHKY y TpPYHTax MpH 3a0pyAHEHH]
I'Il 1 BcTaHOBUTH iX BIUIMB Ha MOKA3HUKH aKTH-
BHOTO POCTY 1 PO3BUTKY TeCT-pOCIIMH. Bimmo-
BITHO 0 MOCTaBJICHOI MeTH Oyiu CHOpMYJIbO-
BaHI Taki 3aBJaHHSA: B JaOOpaTOPHHX yMOBaXx
CKCIEPUMEHTAILHO ~ 3MOJCIIOBATH  CHUCTEMY
«"HI-rpyHT», BHUSBUTH OCOOJIMBOCTI Mirpartii
Mijli # IIMHKY B PI3HUX THUIaX I'PYHTIB, JOCIIJIH-
TH BIUIMB BM, IO MICTSATHCA B TEXHOI'CHHO-
3a0pyAHEHUX IPYHTaX, Ha POCIMHHI 00’€KTH B
KOHTPOJIbOBAaHUX YMOBAX.
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MeToam XOCTiTKeHHS

Y pamkax J1a00paTOPHOIO EKCIEPUMEHTY
JUIs. BUBYEHHSI Mirpamii y TpyHTi Oynu oOpaHi
meranu Cu i Zn, BuOip sikux OyB oOrpyHTOBa-
HUW iX HaWOUTBIIMMM KOHIIGHTpAISIMH Y IIPO-
mucioux ['Il, a Takok BUCOKHMM Ki1acoM Hebe-
sneku [2]. Jinst BCTaHOBJIEGHHS OCOOMMBOCTEH
Mirpaiii 0OpaHUX MeTalliB Ha MOJIENSX IPYHTO-
BUX TOPU3OHTIB BUKOPUCTOBYBAIIU 3pa3KH IPYH-
TiB — JCPHOBO-OMIA30JCHUM 3B’ SI3HOIMIIIAHUH,
JMYYHO-aJIOBIaIbHAN CYMIIIAHHH, JTy9HO-4OpHO-
36MHHI JETKOCYTJIMHKOBUM, YOPHO3EM THUIIOBUI
CEpEIHbO3MHUTHI BAXKKOCYTJIMHKOBHM. Kk 3a-
OpyIHIOBaY B YMOBax JJaOOpaTOPHOTO EKCIIePH-
MEHTY BHKOPHUCTOBYBAIlM MOJICIFHUI IIUIaM,
KU OyJ0 OTpHMaHO pPeaKIlie€l0 HelTpaizaril
Cynb(}aTHOrO  MiJHO-IIMHKOBOTO  PO3YUHY
BaITHOM.

Y nabopaTOpHHX yMOBaxX il CTBOPCHHS
MOJIeTli TPYHTOBHX IIapiB BHKOPHUCTOBYBAJIH
TUTACTHKOBI TpyOH JiamerpoM 35 cM i BUCOTOIO
100 cm. Beboro B mabopaTopHUX eKcIlepUMeEH-
Tax Oyno 3amisHO 4 TPYHTOBI KoNoHKH. Ha Bep-
XHI{ MMOBEPXHI KOXKHOI IPYHTOBOT KOJIOHKHU II0-
MillaTM TOAPIOHEHN MOJENbHHUN CyNbhaTHUHA
MIJHO-IIUHKOBHH ILIaM, SKUH MPOTATOM 6 Mi-
CSIIIB IPOMHUBAJH JUCTHIILOBAHOIO BOJOIO B pe-
KHMi, BIIMNOBITHOMY TNPHPOJHOMY 3BOJIOXKEH-
HI0. J[71s1 BCTaHOBJIEHHS OCOOMMBOCTEH Mirparii
Cu i Zn BinOupanu 3pa3kd IPYHTIB Yy pIi3HHX
mapax: 0-5 cm, 10-15 cm, 20-25 cm, 50—
75 em 1100 cm.

Jyis BUBUEHHS OCOOJIMBOCTEH Mirparitii Miai i
IUHKY Ta IX pO3MOJLTY Y I'PYHTOBHX mIapax Oy-
M po3risaHyTi Koedinientn HakonudenHs (K.)
€NIEMEHTIB, 10 TIOKA3YIOTh, Y CKUIbKH pa3iB 30i-
JBIICHAN BMICT JTAaHOTO eleMeHTa B 3a0pymHe-
HOMY TPYHTI B TIOpIBHSIHHI 3 He3a0pyIHEHHM
[8]. BusHayeHHs1 cTyneHs TOKCHYHOCTI 3pa3KiB
IPYHTIB TIPOBOJAWJIM 32 METOAMKOI OioTecTy-
BanHs [9, 10], o sBisie o000 AOCIIKCHHS
peakiii TecT-00’€KTIB Ha Iif0 3a0pyIHIOIOYNX
pEYOBHH 1 JO3BOJSIE OTPUMATH IHTErPAIbHY
OI[IHKY CTyNeHs iX (iToTOKCHYHOCTI. SK Tect-
00’€KTH BUKOPHUCTOBYBAIIM HACIHHS Kpec-callaTy
1 BiBCa, a K IMOKa3HMK TOKCHYHOCTI — CXOXKICTh,
SHEeprilo, JIPYKHICTh 1 TPUBAIICTh MPOPOCTAHHS
HACIHHA B pi3HUX mapax 3abpynaenux [ rpy-
HTiB. )i BUBYEHHS (DITOTOKCHYHOCTI MiJHO-
nuHkoBoro 'l Oye 3akiaaeHuii 1abopaTOpHUIA
MOJIETIBHAN JIOCHIJI: TOBITPSIHO-CYXy Macy J0C-
JHKYBaHUX MIAPiB IPYHTIB BHOCHJIM Y TUIACTHU-
KOBi CyJTMHH BHUCOTOIO 15 cM i miametpom 9 cm,
KyaY ToMilain 15 HaciHHs, MONepeIHbO 3aMO-
YEHUX y BOJI1 MPOTITOM JOOH, Ha TTIHOMHY | cM.

VY mporeci mpopolyBaHHs HACIHHS MiATPHMY-
BaJM IOCTilHY Temmepatypy +20 °C.

AHaJi3 MapoCcTKiB HACIHHS 3MIMCHIOBAIN Ha
30-ty noOy micist BUpOLTyBaHHS. Benwmuuny mo-
Ka3HUKa KOHTPOJbHUX (L¢) 1 THX, 1110 OYyJI0 J0C-
TKEHO (L jocy), OOUMCITIOBATIH SIK CEpPENTHE apHh-
¢mernune (Lcp) 13 CyKYNHOCTI JaHUX TPO JOB-
KUHY HaJ3eMHOI YacCTHHH a00 KOPEHIB MapocT-
KkiB [10]

L 2L : (1)

° n

e L; — noBXnHa MaKCHMaJIbHOI HaJg3eMHO]T Jac-
THHU a00 KOpEHS KOXKHOTO MapocTKa, CM; Y. —
cyMa; n — 3arajibHa KUIBKICTh MapOCTKiB, SKY
OyJI0 B34TO Y JOCIIIi.

Jiist OLIHKY BIUIMBY 3a0pyaHeHHs rpyHTy Cu
1 Zn Ha IPOPOCTaHHS HACIHHS BUKOPUCTOBYBAIIH
TaKi TOKa3HUKHU: CXOXKICTh, EHEPTis, APYKHICTH 1
TpuBajicTs mpopoctanns [9, 10]. Ilix cxoxicTio
PO3YMINTM YHUCIIO HACIHHS, IO Mpopociu 3a 7
10, BUpaXkeHe Yy BIJICOTKAaxX BiJ 3arajbHOI Kilb-
KOCTI HaciHHS, B3SITUX JJs npopouryBaHHs. [Tin
SHEepTi€r0 MPOPOCTAHHS — KUTBKICTh HACIHHS, 10
Mpopociy 3a mepur 3 Jo0HM y MpOIeHTaX Bix
3arajbHOI KUTBKOCTI HACIHHS, B3SATUX UIS IIPO-
poruryBanHs. Jist OUIBII TOYHOI XapaKTepHCTH-
KA MIBHJIKOCTI MPOPOCTaHHS TPOBOAWIH IIO-
JeHHUH OOJIK MPOpOCTIOro HACiHHS 1 po3paxo-
BYBaJIM JPYXKHICTh 1 TPUBAIICTh MPOPOCTAHHS.
[Tpu upoMy Opy>KHICTH IPOPOCTAHHS BH3HAYAIIH
3a popmyIior

I
A= 2

ne JI — npyxHiCTh TIpopocTaHHsl (CepeaHii Bif-
COTOK HACIHHS, 1110 MPOPOCH 3a 1-11y 100y), %;
I1 — 3aranpHa CXOXKICTh, %; A — 4ucio ai0 Ipo-
pOCTaHHS.

TpuBasicTh MpopocTaHHs — 3a GOPMYIIO0

:(al)+(b2)+(d3)+’ (3)

C
(a+b+d+..)

ne C — TpUBaJICTh MPOPOCTAHHS (CepemHs TPH-
BaJIiCTh MPOPOCTAHHS OJHOT'O HACIHHS), Hi0; a —
YHCIIO HACIHHS, 110 POpociu 3a -1y no0y; b —
YHCIIO HACIHHS, IO IPOPOCH 3a 2-Ty 100y; d —
110 IPOPOCIH 3a 3-Tt0 700y 1 T.1.

BioTecTyBaHHs MiTHO-UMHKOBOTO
rajbBaHoOILIaAMYy
OTpuMaHi eKCIIepUMEHTaabHI [aHi JOCIi-
JxeHb cucremu «'HII-rpyHT» HaBeaeHO Y
Tabm. 1.
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Tabnuus 1 — OcHOBHI OKa3HUKH J0ciikeHb cucteMu «[ IH-rpyHT»

n Kontponbauit [Iap rpyHTY, 1110 320pyaHeHUH BM, cM
OKa3HUK
3pasok 0-5 10-15 20-25 50-75 100
JepHoBo-onig3osena 3B’ si3HONINIAHA
pH 5,3 4,40 4,25 4,15 4,15 4,45
Ceo, MI/KT 2,24 21,53 4,16 5,05 5,03 5,92
Cz’', MI/KT 6,40 497,88 278,32 248,19 90,4 14,9
I'IK, iz (Cu) 0,75T 1K 7,18T'IK 1,36’ JIK 1,68TJIK 1,68TJIK 1,97T 1K
I'JIK, iz (Zn) 0,28’ IK 21,65T 1K 12,1TJIK 10,8TJIK 3,93I'/IK 0,65TJIK
JlyuHo-anwoBianbHui cynmimannii
pH 7,6 6,40 6,10 5,90 6,20 6,35
Ceo', MI/Kkr 1,71 23,08 3,24 1,59 1,66 1,73
Cz’', MI/KT 1,82 770,32 537,08 181,71 16,97 3,51
I'IK, iz (Cu) 0,57TJIK 7,7TIK 1,ITK 0,5T' 1K 0,6I'IK 0,6I' 1K
I'JIK, iz (Zn) 0,08TJIK 33,5I'IK 23,35T'JIK 7,9TIK 0,74’ JIK 0,15TJIK
JIy4HO-40pHO3eMHMIi JIErKOCYTJIMHKOBUIA
pH 6,9 5,15 5,45 5,8 6,0 6,15
Ceo, MI/Kkr 2,68 90,88 5,53 5,07 3,28 5,43
Cz’', MI/KT 4,01 2634,82 750,95 58,13 6,89 6,07
I'IK, iz (Cu) 0,89T'JIK 3,29I'JIK 1,84TJIK 1,69T IK 1,09T 1K 1,81T'IK
I'JIK, iz (Zn) 0,17TIK 114,6I'’TIK 32,65’ IK 2,53TJIK 0,3’ 1K 0,26I'JIK
YopHo3eM TUIIOBH cepeIHBLO3MUTHII BAXKKOCYTJIMHKOBUIA
pH 8,7 7,65 8,10 8,10 8,25 8,30
Ceo, MI/Kkr 21,30 109,70 16,61 17,25 14,62 21,24
Cz’', MI/KT 71,77 5274,88 173,22 36,66 55,07 39,88
I'IK, iz (Cu) 7,10I' 1K 36,57T 1K 5,54I'JIK 5,75 1K 4,87TJIK 7,08 1K
I'JIK, iz (Zn) 3,12I'’IK 229,3T'JIK 7,53I'IK 1,59T 1K 2,39T'JIK 1,73TJIK

*I' K, gz — PO3PaxoBaHi sIK CIIiBBiAHOMEHHsS KoHIeHTpawiit Cu’" u Zn®" y 3a6pynuennx rpynrax 1o ix [JIK;

BIJIIOBiAHO.

BuBuennss ocoOiauBocTel Mirpaifii mimi i
uuaky 3 T y po3riasHyTHX THIAX IPYHTIB
(Tabn. 1) mokasanu, IIO TEXHONEHHA MIrparris
Miai i nuHKY B cucteMi «['III-rpyHT» mosICHIO-
€ThCS B IEpIIy uepry XimMiunum ckmamom ['1I.
Ockinbku xkomrioHeuTHuil ckian I BusHayae
XapakTep B3a€MOIII ¥ MIIHICTb 3B’ SI3KYy €lIeMEH-
1iB y I'lll 3 MiHEepaabHUMH 1 OpraHIYHUMH KOM-
MOHEHTaMH TPYHTIB.

3HauyHe 30UTBIICHHS BMICTY MiJi Ta HUHKY
CIIOCTEPIraeThes M0 MIMOMHI B YCIX MIapax JI0c-
JHKYBaHUX TPYHTIB B YMOBaxX EKCIICPHMEHTY.
MakcuMabHe HAKOIUYEHHS Y IMOBEPXHEBOMY
mapi (05 cm) (K(Cu)=5,2-33,9 wu
K.(Zn)=73,5-657,1) 3HauHO TNEpEeBUIIlyE aHAIO-
riyHi moka3Hukd y HmwkHIX (50-100 cwm)
(K(Cu)=1,0-2,6 u K.(Zn)=0,6-2,3), o mnoe’s-
3aHO B MEPIIY 4YEPry 3 TEXHOI'CHHMM HaJIXoO-
JOKEHHSM 13 IUTaMy. 3a IHTEHCHBHICTIO Mirpariii
Migi # muaky 3 [ i Tpancdopmartii y moBepx-
HEBUH IIap JOCHIDKYBaHI IPYHTH MOXHA pO3-
TallyBaTH B Psij: YOPHO3EM TUIIOBHH CEPEIHBO-
3MHTUN Ba)KKOCYTJIMHKOBHH < JIEpHOBO-OIiJ-
30JICHUH 3B’SA3HOMIMIAHUN < JIy4HO-aJItOBialib-
HUH CcymimaHuii < JIydHO-4OPHO3EMHHU JIETKO-
CYTJIMHKOBUU.

BuBYeHHS 3MiHH KHUCJIOTHOCTI IPYHTIB IICIIS
3a0pyanenns ix ' (Tadn. 2) mokasaio, IO y
BCIX IlIapax JOCTIPKyBaHHX IPYHTIB 3a (hOHO-
BHMHU 3pa3KiB BiI0yBa€ThCsl 3HMXKEHHS piBHs pH
y 1,1-1,3 pazu. Kepyrouum daxtopom BHMHU-
BaHHs Mimi i nuuky 3 'l € peakitis cepenoBu-
ma: y KHCIOMY 1 CIa0OKHCIOMY CepelOBHIII
I'll 3paTHUE CTBOPIOBATH IMITAKTHI, yIapHI Te-
XHOTEHHI HaBaHTa)KEHHsS Ha TIpyHT. JlnHamika
3MIHM PIBHS KHCIOTHOCTI B JOCHIIKYBaHHX
IPYHTaX i3 MIMOMHOI 3yMOBJIEHA BHYTPIIIHBO-
IPYHTOBHMH TIIpoliecaMy (XiMIYHUMH peaKilisi-
MU, IO CYNPOBO/DKYIOTh BUJIYTOBYBaHHS IIUIa-
My 1 TpaHchopMallito peuoBuH y IpyHT): pH y
noBepxHeBomy mapi (0-5 cm) Ha 0,2-0,5 onu-
HUIIl HWKYa, HDK B mianoBepxHeBomy (10—
15 cm). Haiibinbme HakoMUYEeHHS! METAJIB CITO-
CTEpIraeThCsi B JIyYHO-YOPHO3EMHOMY Cepej-
wpocyriauauctomy  IpyHTi  (K/(Cu)=34 i
K«(Zn)=657), ne cepenoBuille IPyHTY Ma€ Hai-
OuTbIn iHTeHCHBHE 3MeHIneHHs pH 3 7,0 mo 5,0.
Bim3HaueHo, 1110 B AOCHIHKYBAHHX IPYHTax i3
miBHIICHHSM pH pyXmuBICTH Mil W IUHKY
3HUXKYEThCS: pyxJUBICTh Cu y KHUCIUX TPYHTaX
BHUIIE, HDK y HEWTpaldbHHX ab0 JyXHUX, a Zn
Ma€ MaKCHMaJbHY PYXJIUBICTh y IPYHTaX, peak-
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IS SIKUX € HEHTpaabHOI a00 HAOIMKAETHCA JI0
Hei. HalimMeHma Mirpaififina 3aTHICTh Mimi W
IUHKY BiJ3HaucHa B YOPHO3EMi THUIIOBOMY Ce-
PEMHBO3MUTOMY Ba)KKOCYTTTHHKOBOMY, CJIa0o0-
JY»KHI YMOBH SIKOT'0 MiACHIIOITH nepexin Cu i
Zn B HEpYXOMUH CTaH 1 CIPHUSIOTH 3aKPIiTUICHHIO
I'PYHTOBHMH YaCTHHKAMH X CIIONYK.

Jnist eKoJIOTiYHOl Ta caHITapHO-Tiri€HIYHOT
OI[IHKK 3a0pyAHEHHs JOCIiPKyBaHUX TPYHTIB
MIJJIFO 1 I[MHKOM TIiCJIA 3a0pyAHEHHS MIiIHO-
IIUHKOBUM IIUTAMOM OyIIM OTPUMaHi MOPIBHSIIb-
Hi gaHi (COK; i) Tpo BMICT Mini W IMHKY B
TecToBaHux rpyHTax (C, MI/Kr) 3 iX TpaHUYHO
JNONYCTHMHUMH  KOHLIGHTpAIlisIMA Yy TIpPYHTax
TAK(Cu) = 3 wmr/kr; TAK(Zn) = 23 mr/kr)
(tabn. 1). JocmimkyBani rpyHTH Ticis 3a0pya-
HEHHS MIiTHO-IIMHKOBUM MIJIaMOM, HE3aJIKHO
BiJl INIMOMHU APy, XapaKTEPU3YIOThCSI HU3bKIM
piBHeM 3a0pynHenHss mo Cu: y JepHOBO-
OIIJ30JICHOMY  3B’s3HOminianomy — 7,18-
1,36’ IK; y my4HO-aroBiaNbHil cymimanii 7,7-
0,5I'1K; y JIy9HO-4O0pHO3EMHOMY JICTKOCYTIINH-
koBomy 3,29-0,19T'JIK; y dopHO3eMi THIIOBOMY
CepEeIHbO3MUTOMY BaXKKOCYTJIIMHKOBOMY 36,57-
487 IK. Tlo umHKy xapakrep 3a0pyIHEHHS
BHU3HAYAETHCS TUIIOM IPYHTY 1 Y BOXKKHX TyMY-
COBaHMX TIPYHTaX CTYIiHb 3a0pynHeHHs 3i 30i-
JIBIICHHSAM TJUOWHU 3MIHIOETHCS BIiI AY)KE BH-
COKOTO Yy BEPXHBOMY IIapi, MO 3a3HAE TEXHO-
TEHHOTO HAaBaHTAXKEHHS, JIO JOMYCTHMOTO PiBHS
Yy HAXKHIX.

[IpoBenennii NOpiBHATBHUNA MOP(HOIOTTUHUI
aHalli3 JI03BOJIMB BCTAHOBUTH HASBHICTh 3aJICK-
HOCT1 MK aKTHBHICTIO POCTY 1 PO3BHUTKY TECT-
pociuH 1 BMictoM BM y rpyHTi, 110 nepeBuy-
1oTh X ['JIK; (Tabmn. 2). 3MiHU JTOBKUHHA KOpEHe-
BOI Ta HaJI3eMHOI YaCTUH TECT-POCIHH B 3aJIEXK-
HOCTI Bing mnepeBuineHHs mokasHuka [ JIK: g,
METaTIB-TOKCUKAHTIB y IPYHTax (KpiM JepHOBO-
OITIZI30JICHOr0  3B’SI3HOIIMIAHOIO JJIs  Kpec-
caJiaTy) BKa3ylThb Ha BIJICYTHICTb HECIPHSTIIH-
BOT (D ITOTOKCUYHOT Mil: Ljpc; HA3EMHOT YACTHHH
1 KOPEHEBOI CUCTEMH Maiike OJHAKOBI, a B Je-
SKHX [Iapax HaBiTh MEPEBHINYE MOKA3HUKH L B
KOHTPOJILHOMY 3pa3sKy.

Binznadeno, mo picT 1 PO3BUTOK TECT-
POCIIMH HE TUIBKH MAalOTh iCTOTHY 3aJIEKHICTh
BiJl THITy 3a0pyAHEHOTO IPYHTY, a ¥ BU3Haua-
10ThCsl  (Pi310JI0TiEI0 caMHX pociHuH. Tak Juis
IPYHTYy  JIEpHOBO-OIMIJ30JICHOTO  3B’SI3HOIMI-
IIAHOTO XapaKTEpHO JOCTOBIpHE MPHUTHIUCHHS
PO3BUTKY caljlaTy, /I¢ HACIHHS 31MIUIM TUIbKU B
HWKHIX mapax rpyHty (20-25, 50-75, 100 cm),
a Ha 20 100y 3aruHy/M BCi mapoctku. /i BiBca
K CIIOCTEPIraeThCsl JOCTOBIPHA TCHICHINS CTH-

MYJISIIIil POCTY B aHAJIOTIYHUX YMOBaxX IbOTO K
rpyHty. Tak, B HIkHBOMY 11api (100 cM) HaBiTh
BIJI3HAYCHO IEPEBUIICHHS JOBXHHH ITapOCTKIB
B 1,2 pasu 1 kopeHeBoi cucremu B 3,3 pasm, I1o-
PIBHSIHO 3 KOHTPOJBHUMU 3pa3kaMu. Lle MoxkHa
MOSICHUTH THM, IO Kpec-cajar € OUIbII YyTIIH-
BUM JI0O HasBHOCTiI ioHiB BM y rpyHTax, HiX
oBec. [HriOytova nist 10HIB-TOKCHKAHTIB Ha Kpec-
calaT He 3HMWXKYEThCS 3 4acoM, SK y BiBca. Y
pe3yibTaTi 1BOro, Yepe3 BUCHAKCHHS BIIACHHX
peCypciB HAIIMHOCTI, POCIMHHU cajiaTy CTaloTh
0CJIa0JICHUMH 1 THHYTb.

Cepen MOKa3HUKIB MPOPOCTAHHS HACIHHS B
YMOBaX MOJIENLHOTO 3a0pynHeHHs IpyHTiB BM
HaANOLIBII iH(OPMATHUBHUMHY BUSBUIIACS POCTOBI
noka3Huku [9, 10] — cxoxicTh, eHepris, ApYyX-
HICTb 1 TPHUBAIIICTh IPOPOCTAHHS (TA0I. 2).

AmHani3 MoKa3HUKIB MMPOPOCTAHHS HACIHHA B
YMOBaX MOJIENLHOTO 3a0pynHeHHs IpyHTiB BM
MoKa3as, 10 JI0 7 1i0 CTUMYIIOIOUYHH eeKT Mi-
Il i IMHKY Ha PICT JOCHIPKYBaHUX TECT-POCITHH
B CEpE/IHHOMY TIPOSIBUBCSl CHIIBHIIE, 8 TOKCHY-
Ha Jis — ciadine. 3a 30UIbIICHHS TEPMIHY 3pOC-
taHHs 10 30 1m0 xapakTep pPO3BUTKY POCIHH
3MiHIO€ThCA. [l Kpec-cajaTy 3a Ied mepion
4acy B CEpeIHBOMY JIOCTOBIPHO MPOSBIISETHCS
npuraidyrounii edekr aii meramis. [dns pociauH
BiBca 1€l BIJIMB B OCHOBHOMY TPOSIBIISIETHCS Yy
CTUMYJIIOBaHHI 3pocTaHHs. Taki 3MiHM B PO3BU-
TKY POCJIMH Y XOJli BUPOIIYBaHHs MOXHA MOsIC-
HUTH HE TUTBKH THIIOM 3a0pYJAHEHUX TPYHTIB i
¢izionoriero caMux pocivH, a i BiutiBoM BM Ha
JOCTIKYBaHl TecT-00’ekTH. OCKUIbKH BIIOMO
[11], mo Zn i1 Cu BiTHOCATHCS 10 TPYNU METaiB
CEpeHbOr0 CTYICHS TIOTJMHAHHS POCIHHAMH,
TO Ha MOYATKOBUX TEPMiHAX PO3BHTKY HACIHHS
TECT-KYJIbTYp MaJld JIOCTATHIM MOTEHI[ia] I0-
KUBHHUX PEUOBWH JUTS MPHUIYIICHHS HEraTHBHO-
ro BBy BM. OnmHak Ha Okl Mi3HIX TepMi-
HAaX PpO3BUTKY pyHHIBHA  Jisl  MeTajiB-
TOKCHKAHTIB TIOCHITIOETHCSI.

Amnaui3 1aHux eHeprii npopoctanHs (Tadi. 2)
JUTS. HACIHHS JIOCIIPKYBAHUX TECT-POCIIMH ITOKa-
3y€ JOCUTHh BHCOKI TOKa3HWKHA y BCIX Imapax
3a0pynHeHnx BM rpyHTiB. Y NOpiBHSAHHI 3 KOH-
TPOJILHUMH 3pa3KaMu, MePEBUIIICHHS TTOKa3HUKA
€Heprii mpopocTaHHsI JJIsl HACIHHS BiBca Bif3Ha-
YEHO TNPAKTHYHO B YCiX TECTOBAaHMX IPYHTax
(KpiM JTy4HO-4OpPHO3EMHOTO JIETKOCYTITMHKOBO-
ro). JIns kpec-canaTy aHaJIOTriyHE MEPEBUIIICHHS
BIAMIYEHO Yy  HWXKHIX  [apax  Jy4HO-
QITIOBI1aJIbHOTO CYMIIIAHOTO 1 YOPHO3EMY THIIO-
BOT'O CEPEHHO3MHUTOTO BaXKKOCYTIMHKOBOT'O, JIE
KpaTHICTh TIEPEBHINCHHS, BIINOBIIHO, CTaHO-
BuThH 1,3-3,411,4-1,8.
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TaGJ’II/IIJj[ 2 — 3Ha4yeHHs OCHOBHUX POCTOBUX IMOKA3HHKIB TECT-POCINH

Ioka3HUKH [Iap rpyHTY, 1110 320pyaHeHuit BM, cM
IDODOCTaH- 10— 20— 50- 10— 20— 50-
PO | 0 05| s | s | g5 [100] 0|05 | s | s | s | 100
pocnuH, % cajart oBec
JepHoBo-onig3oaennii 38’ I3HONIIIAHU A
Enepris 100 9 9 2,3 | 53,33 | 71,11 | 84,44 | 71,11 | 77,78 | 57,78
CXOXICTb 73 9 9 16 | 66,67 | 100,0 | 100,0 | 77,78 | 93,33 | 86,67
JpyxHICTh 25 1,3 1,3 1,8 | 13,33 | 16,66 | 20,00 | 20,00 | 25,00 | 12,5
Tpusamicts 16 0,3 1,2 0,7 | 2,82 4,32 3,65 3,13 3,82 5,91
JlyuHo-anwoBianbHui cynmimanmnii
Enepris 7 9 24 27 27 11 60,0 | 71,11 100 88,89 | 88,89 | 86,67
CXOXICTb 7 11 28 25 22 22 | 66,67 | 100 100 100 100 100
Hpyxuicts | 1,8 | 0,5 0,15 0,2 1,5 1,9 | 11,11 | 14,29 | 33,33 | 25,00 | 20,00 | 13,33
Tpusamicts 1 1,2 34 2,8 2,9 44 | 421 4,08 2,71 3,16 3,83 2,68
JIy4HO-40pHO3eMHMIi JIErKOCYTJIMHKOBUIA
Enepris 13 31 42 47 | 100,0 | 16,65 | 83,33 | 80,0 | 73,33 | 77,77
CXOXICTb 13 22 27 42 | 100,0 | 70,0 | 86,67 | 86,67 | 93,33 | 100,0
Hpyxuicte | 1,3 3,1 4.2 4,7 | 33,33 7,3 21,67 | 14,44 | 18,66 | 16,67
Tpusamicte | 1,2 1,9 5,2 24 | 2,48 5,57 3,14 3,03 3,63 3,17
YopHo3eM TUIIOBH cepeIHBLO3MUTHII BAXKKOCYTJIMHKOBUIA
Enepris 27 24 27 37 40 49 | 13,33 | 73,34 | 73,32 | 66,66 | 56,65 | 60,0
CXO0XKICTb 27 40 20 27 30 45 | 33,33 | 100,0 | 100,0 | 86,67 | 73,33 | 93,33
Hpyxuicte | 6,8 | 3,4 6,8 4 5,7 7 20,00 25 25 21,67 | 16,00 | 13,33
Tpusamicts 4 3,2 2,2 0,9 4 6 7,03 3,95 3,41 3,46 3,90 5,20

Crin 3a3HauMTH, IO €HEPTis NPOPOCTAHHS Y
HACIHHS BiBCa € 3HAYHO BHILOIO, HIK Y HACIHHSA
Kpec-canaty. Tak, y JepHOBO-OMiJ30JEHOMY
3B’SI3HOIMIIIAHOMY TPYHTI KpPaTHICTh TaKOro Ie-
PEBHIIEHHSI CTaHOBUTH 9-23, y JIy4yHO-aJIoOBi-
QIBHOMY CYITIIAHOMY — 4—6, Y Jy9HO-4OpHO-
3eMHOMY JIETKOCYTJIMHKOBOMY ¥ Yy YOpHO3eMi
TUTIOBOMY CEpPEIHBO3MUTOMY Ba)KKOCYTITHHKO-
Bomy — 2. lle Moxke OyTH TOB’si3aHO 3 OUTBII
TPHBAJMM TEPiOJIOM TMPOPOCTAHHS HACIHHS
Kpec-cajaTy MopiBHSIHO 3 HACIHHSM BiBca.

[Noka3Huk cxoxocCTi HaciHHS (Tabu. 2) mpak-
THYHO y BCIX BapiaHTaX TECTOBAHUX IPYHTIB
TAKOXX € JOCHTh BHCOKHM Ui 000X TeCT-
pociuH. Big3HaueHO HasSBHICTH IMOMITHOI 3alie-
KHOCTI MK BMicToM BM y rpyHTi, 1110 TIepeBu-
myroth ['JIK,, aKTHBHICTIO pPOCTY 1 PO3BHTKOM,
CHEPri€l0 MPOPOCTaHHS 1 CXOXKICTIO HACIHHS
TecT-pociuH. Tak, 3a 3MEHIICHHS IMOKa3HUKA
nepeBuieHHs BM B miapax TecTOBaHUX IPYHTIB
(Tabn. 1) MpOSBNSETHCS CTUMYIIOBAHHS HaJ3e-
MHOI i KOpEHEBOI CHCTEM MapOCTKIB JOCIIIKe-
HUX TECT-KyJAbTYp 3a MiJIBHIICHHS iX eHeprii
npopocTaHHs 1 cxoxocti (Tadin. 2). TobTo 3me-
HIICHHS KOHIICHTpAIll METaJliB MPHU3BOIUTH JI0
3HIDKEHHS TOKCHYHOI il MerajiB Ha TeCT-
pociuaH. 1le 0coOIMBO MOMITHO B HIJKHIX IIa-
pax rpyHTiB (20-25, 50-75, 100 cm), me BMicT
BM 3HIKYeTbCS, a CXOXKICTh 30UTBIIYETHCS B
MOPIBHSIHHI 3 KOHTPOJILHUMH 3pa3Kamu (KpiM

JEPHOBO-OIII30JICHOT0 Ul Kpec-canary). Ta-
KM YHHOM, MOJKHA BIJ3HAYWTH, IO TECTOBAHI
IPYHTH He € (BITOTOKCUYHHUMH, a ITIEBHE Tepe-
BHIIICHHS B HUX TNoka3HUKa ['JIK; i A1 Miml i
IUHKY B JESKid Mipi CIpHsi€ CTHMYJIIOBAaHHIO
MPOIIECIB POCTY 1 PO3BUTKY POCIIHH.

VY mepion crocTepexeHb 32 POCTOM 1 PO3BH-
TKOM TECT-POCIIVH TPU BHPOIIYyBaHHI Ha 3a0py-
JHeHuX BM rpyHTax BCTaHOBIIEHO, IO JIPYX-
HICTh 1 TPUBAIICTh MpopocTaHHs (Tabn. 2) Ha-
CIHHS IIMX POCIMH MalTh HH3bKI MOKAa3HHKH.
J1yis HaciHHSA BiBCa IMOKA3HUK IPYKHOCTI IPOPO-
CTaHHsI, B MOPIBHSHHI 3 KOHTPOJIBHUMH 3pa3Ka-
MU, Ma€ JOCTOBIPHO BHCOKi 3HAYECHHS MPAKTHY-
HO B YCIX IPYHTax, KpiM JIY9HO-4OPHO3EMHOI'O
JIETKOCYTJIMHKOBOTO TIPYHTY. A Ui HaciHHS
Kpec-cajary, HaBIaKH, JOCTOBIPHE TEpEBHUINCH-
HS1 Yy 2—4 pasu CIOCTEpiraeThCsl JUIIE Y TyIHO-
YOPHO3EMHOMY JIETKOCYTITHHKOBOMY TPYHTI.

TpuBamicTh MPOPOCTaHHS JJISI HACIHHS Kpec-
canaty B 2—4 pa3u BUIIE Y JYYHUX 1 YOPHO3EM-
HUX TPYHTax, y TIOPIBHSHHI 3 KOHTPOJIBHHUMH
3pa3kamu. J[71s HACIHHS BiBCa aHAJIOTi4HE Tiepe-
BUIICHHS BiIMIYEHO Y JIEPHOBO-OIIiI30JICHOMY
3B’SI3HOMIMIAHOMY TPYHTI y 2 pasd 1 Jy4HO-
YOPHO3EMHOMY JIETKOCYTJIMHKOBOMY IPYHTI — Y
1,3 pa3za.

3a3HayeHi BHINE BiAMIHHOCTI B PO3BHUTKY 1
3pOCTaHHI JIOCIIDKYBaHUX TECT-POCIHH
(Tabn. 2), BoueBHIb, 3ajexarh Bin (izionoro-
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010XIMIYHUX IMPOIIECIB, IO MPOTIKAIOTh Y CAMHUX
pociuHax. Cxoxe, MO OUTBII BUCOKI TTOKa3HUKH
CXOXOCTI, €Heprii, JPyXKHOCTI Ta TPHUBAIOCTI
MPOPOCTaHHS Y HACIHHS BiBCa, B TOPIBHSIHHI 3
AHAJIOTIYHAMH TOKa3HUKaMH Y Kpec-caJary,
MOSICHIOIOTBCSL OUTBIII BUCOKOK 30aiaHcoBaHic-
TIO B HHX 3aIlaciB MOXXWBHUX PEYOBUH 1 OUTBII
BHUCOKUM piBHEM (PITOrOpMOHAIBHUX TPOIECIB.
Kpim TOrO, BCTaHOBIICHO, 110 POCIMHU BiBCa
BHSIBHJIMCSL MCHIII YYTJIMBUMH JI0 TOKCHYHOT il
MiZi Ta IMHKY, I0, MOXXJIHBO, BH3HAYCHO IX
OUIBII BHCOKOIO 3JaTHICTIO MEPEBOJUTH CIIOJY-
K{ BXKHX MeTaNiB y (i3i00Ti9HO HEAKTUBHHUH
CTaH.

VY Xomi NpOBEIASHHS IOCIIIPKEHb BCTAaHOBJIC-
HO 3B’S130K MDXK POCTOBHUMH ITOKa3HHKaMH (CXO-
KICTB, EHEPTis, APYKHICTh 1 TPUBATICTH MPOPO-
ctanHs) (Ta0. 2) JOCHIIPKYBAHUX TECT-POCIIHH 1
3a0pynHeHnMu BM rpyatamu (tadm. 1). Ognak
151 3aJIKHICTh MPOCTEXKYETHCS TLTBKH B IIapax
OJTHOTO OKPEMO B3STOTO IPYHTY 1 HE 3aBXKIH Mae
OJIHO3HAYHE TPAaKTYBaHHS JUIs PI3HUX THIIIB
rpyHTiB. Tak, HanpuKian, y BepxHix mapax (5,
1015 cM) rpyHTY 4YOpHO3EMY THIIOBOTO Cepe-
HBO3MHUTOT'O Ba)XKOCYTTTMHKOBOTO 3 BHCOKHUM
BMicToM Cu i Zn (Tabn. 1) MOKa3HUKH CXOXKOCTI,
€Heprii, APYKHOCTI Ta TPUBAIIOCTI MPOPOCTAHHS
(Tabn. 2) 3HAYHO IEPEBUIIYIOTh aHAJIOTIYHI I10-
Ka3HHKH B IHIIMX THIAX TPYHTIB, Ji¢ TEpEBU-
meHHs 'K, ;i BM mmokue. [losicHeHHST MOXKe
OyTu moB’s13aHe 3 Qi3UKO-XIMIYHHUMH BJIACTHBO-
CTAMH caMoro IpyHTy. [TMHHCTI YOpHO3eMHi
IPYHTH 3a CBOIMH XapaKTEPUCTHKAMH BiJHO-
CATBCSL IO TPYHTIB, SIKi MICTATh BEJHMKHHA 3amac
MOXXUBHHUX PEUOBHH 1 MArOTh BHCOKI aJIcopOIliii-
HI BJACTMBOCTI, IO 3JaTHI MII[HO 3B’SI3yBaTH
BM 1, BiamoBigHo, obepiratu Bix 3a0pyaHEHHS
POCIMHHY HPOAYKILO [5].

[IpoBenennii MOpIBHAUIIBHUM aHaNi3 IOKa3-
HUKIB MIPOPOCTaHHS, POCTY 1 PO3BUTKY HACIHHS
TecT-pociuH 31 3HadyeHHAMH [ K, Miml i
IUHKY B YCIX TECTOBaHHMX I'PYHTaX IMOKa3aB, IO
HalJacTille 3MEHIICHHS KOHIIGHTpAIll MeTalliB
y mapax IpyHTiB IPU3BOIUTH 10 3HIKEHHS TO-
kcnyHoi i1 MeraimiB. OqHak He 3aBXIWA 1 3a-
JISKHICTh € OMHO3HAYHOI. Y JESIKHX BapiaHTax
JOCHIIB, K OyJIO 3a3HAYCHO BUIIE, ITiJABUILICH-
Hs nokasHuKa ['JIK, six Mil W IIUHKY Y TPYHTaX
MPHU3BOAUTEH JIO TOJIMIICHHS POCTY POCIHH.
Po3bixHOCTI y pe3ynbTaTax, MOXIHBO, MOSIC-
HIOIOThCS 103010 3a0pynHeHHs IpyHTiB BM.
Bizmomo, 1110 3aJIe)KHO BiJl KOHIIEHTpAIlii MeTay,
BaJICHTHOCTI HOTr0 i0HA, PO3YMHHOCTI Ta TpUBa-
nocti BIuBy, BM y Manmx no3ax CHpUsIOTH
3POCTAHHIO 1 PO3BUTKY POCIUH (OCKUIBKH € ISt
HUX HEOOXIJIHUM MIKpOEIIEMEHTOM), TpOoTe iX

BHMCOKI KOHIIGHTpAIIil 3/1aTHI IMPUTHIYYBaTH PICT
POCIIHH, TOPYIIYIOYH iX )KHTTEBO BaXKJIMBI QyH-
kiii [11]. Omke, mpoBeAeHI HAMU JOCITIHKCHHS
JIO3BOIISIIOTH MIPHUITYCTUTH, IO CePEIHI 3HAUCHHS
noka3HuKiB [TJK; gy A1 Mini # HUHKY Y TPYH-
Tax TPU3BOIATH 10 ePeKTy CTUMYMSAIMIi pocTy
HACIHHS DPOCJIHMH 3a PaxyHOK IIONIIIICHHS pe-
KUMY JKUBJICHHS.

Tak camo 3a3HaueHo, WO Jist Migl ¥ IHUHKY
Mae€ pi3Hy CIPSAMOBAHICTh HA aKTHBHICTh PO3BH-
TKY TECT-POCIUHU. 32 JaHUMH €KCIIEPUMEHTY, Y
npobax tecroBaHux IPyHTIB, A€ [ K, (Cu)
nepeBuiye ['JIK, ;i (Zn) (Tabn. 1), cnocrepira-
€TBCSl CTUMYIIAIiSE 3pOCTaHHS 1 PO3BUTKY TECT-
pociuH. Tak, OJHO3HAYHO BUCOKI TMOKa3HUKH
MPOPOCTaHHsI TECT-KYJIbTYPH BiJ3HAUCHI B YOp-
HO3EMHUX CYIJIMHKOBHX TPYHTaX, Jie¢ KPaTHICTh
NEPCBUIICHHA FHKT.Bi}lH (Cu) Haz FHKT.Bi}:[H (Zn)
cTaHoBUTH 2—7. OHAK Taka 3aJIeKHICTh € Xapa-
KTEPHOIO HE JUISl BCIX TECT-POCIIUH 1 TPOCTEKY-
€TbCS HE y BCIX MIapax IpyHTiB. HeomHo3zHau-
HICTh KOpeIsIii MK BMICTOM Mifi W IUHKY Y
IPYHTI, 0 nepeBuInyoTh ix ['JIK; i akTHBHICTIO
pPOCTY TECT-pOCIHH, MOXIMBO, TIOB’si3aHa i3
KOMITJICKCHOO Ji€f0 Mifi Ta uHKY. [Ipu crinb-
HOMY BIUIMBI ITUX JBOX METATIB y HECTPHUSITIU-
BHX JUISI POCIIMH JI03aX MOJXE BigOyBaTHCS sIK
IMOCHJICHHS, TaK 1 ociiabjJeHHs iX TOKCHYHOIO
edexry. CuHepriuny iro IMHKY i Mijli BU3Ha4Ya€e
pO3TalllyBaHHS IIHX EIIEMEHTIB Yy CYCIIHIX Ipy-
nax nepiognuHoi cucremu. [Ipuuomy, sk cTBep-
JDKYIOTh aBTOpU podiT [11], ocoOnmMBO BHCOKY
(ITOTOKCUYHICTh Ma€ MiJlb, MOCHUJICHHS TOKCHY-
HOTo e()eKTy SAKOI CIIOCTEPIra€Thes 3a HassBHOCTI
LUHKY.

BucHoBKH

Y nabopaTopHHUX yMOBaxX I dYac JOCIHi-
JOKEHHSI OCOOJIMBOCTEH Mirpariii Miai ¥ IUHKY B
pi3HUX THIaxX IpyHTIB npu 3a0pynaenHi 'l i
BHMBYCHHI 1X BIUIUBY Ha MOKa3HUKHU AKTUBHOTO
POCTY 1 PO3BUTKY TECT-POCIHMH E€KCIIEPHUMEHTA-
JILHO BCTAHOBJICHO:

— TEXHOT'€HHA Mirpailis Mifi i IUHKY B CHC-
temi «['LI-rpyHT» Xapakrepu3yerbes crerudi-
KOIO IPYHTIB 1 OSCHIOETLCS B MEPIILY Yepry Xi-
miyauM ckiagom 1. 3naune 301IbIIEHHS BMi-
CTY MiJi Ta IMHKY CIOCTEPIraeThCs MO TIHOMHI
B YCIX IIapax JOCTiHKYBaHUX I'PYHTIB B yMOBax
CKCIIEPUMEHTY;

— 3a IHTEHCHBHICTIO Mirpaiii Mii ¥ IUHKY 31
[HUIaMy 1 TpaHCIOKAIlil y BEPXHIiH Imap IPyHTY
JOCII/DKYBaHI TPYHTH MOXKHA PO3TAlllyBaTH B
pA: YOpHO3EM TUIOBUU CEPEIHbO3ZMUTUN BaXK-
KOCYTJIMHKOBHUH < JIepHOBO-OIiI30JICHUN
3B’SI3HOMIMIAHUN < IJIyYHO-aJIOBIaIbHANA CyTIi-
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MAHUK < JIyYHO-4OPHO3EMHUU JIErKOCYTJIMHKO-
BUI;

— PYXJIMBICTh BXXKHUX METaJIB 3aJKUTh Bij
KHCJIOTHOCTI TPYHTIB: pyximBicTh Cu B KHCIHX
IPYHTaX € BUILOK, HDK Y HEUTpabHUX a0o0 JIy-
KHUX, @ Zn Ma€e MaKCHUMaJllbHy PYXJIUBICTh Yy
IPyHTaX, peakilis AKUX € HeUTpaabHO0 abo Ha-
Onmmxaerses 10 Hel. HaliMenina mirpartiifina 31a-
THICTh Mifll ¥ IMHKY Bil3HA4Ye€Ha y YOpHO3eMi
THUIIOBOMY CEPEIHHO3MUTOMY Ba)KKOCYIJIMHKO-
BOMY, CIa0ONYXHI YMOBH SIKOTO MiJICHITIOIOTh
nepexig Cu i Zn y HEpyXOMHI CTaH 1 CIPUSIOTH
3aKPIIJICHHIO TPYHTOBUMH YaCTHMHKAMH IX CITO-
YK

— 3a Cu yci mapu JIOCHiPKYBaHHX TPYHTIB
MalOTh HU3BKWUH piBEHb 3a0pyIHEHHS. 3a IWH-
KOM XapakTep 3a0pyJHCHHS BU3HAYAETHCS TH-
IOM IPYHTY, 1 Y BaXKHX T'YMYCOBaHHX IPYHTax
CTYIIHb 3a0pyHEHHS 31 30UIbIICHHSIM TJIHOMHU
3MIHIOETBCSL BiJl Jy)K€ BHCOKOT'O Y BEPXHBOMY
mapi, 110 3a3Ha€ TEXHOI'CHHOT0 HaBaHTAKCHHS,
JIO0 TOITYCTUMOT'O PIBHS B HIDKHIX;

— I'PYHTH, 3a0pyIHEHI MU0 1 [IMHKOM, Ha-
Jal0Th KOMIUIEKCHUH (DITOTOKCHYHHMEA CS(EKT.
CHinbHMH BIUIMB Mifl W HUHKY IPOSBISETHCS SK
y OPUTHIYEHHI, TaK 1 y CTUMYJIIOBaHHI POCTOBUX
MPOIIECIB OCTIKYBAHUX TECT-POCIHH — Kpec-
cajiaTy 1 BiBca Ta BM3HAYA€ThCs, IEPII 3a BCE,
piBHEM 1 XapaKTepoM 3a0pyIHEHHS, BIaCTHBOC-
TSAMHU IPYHTY 1 O10JIOTIYHOIO CHEU(IKOI caMol
TECT-KYJIbTYPH;

— U1 IPYHTY  JEPHOBO-OITII30JICHOTO
3B’SI3HOIIIIAHOTO € XapaKTePHUM MPUTHIYCHHS
PO3BHUTKY TECT-POCIMHH, a I YOPHO3EMY TH-
MMOBOT'0 CEPEAHBO3MUTOTO Ba)KKOCYTJIMHKOBOIO
MPAKTHYHO y BCIX IIapax IPYHTIB BiI3HAYCHO
JIOCTOBIpHE CTUMY/IIOBAHHS;

— HAaCIHHSA BIBCa MalOTh OUIBII BUCOKI TTOKa3-
HHUKH aKTHBHOCTI POCTY 1 PO3BUTKY B IOPIBHSH-
Hi 3 aHAJIOTTYHUMH ITOKa3HHKAMHU y Kpec-canary.
Lle mMoOsSICHIOETBCS THM, IO HACIHHS BiBCa MarOTh
OITbII BHCOKY 30aJIaHCOBAHICTh MOKHBHUX pe-
YOBMH 1 OULTBII BHCOKHH piBeHb (DiTOropMoHa-
IBbHUX MpoleciB. TakoK pOCIMHH BiBCa BUSBH-
JINCSI MEHII YYTAUBHUMHU 110 TOKCHYHOI Aii Mimi
Ta LMHKY, [0 BU3HAYAETHCA iX OLIBII BHCOKOIO
3ATHICTIO TICPEBOIUTH CIIOIYKH BaKKHX METa-
JiB y (i310I0T1YHO HEAKTUBHHMA CTaH.
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3KOTOKCUYECKHUE CBOMCTBA MEJTHO-
OUHKOBOI'O I'AJIbBAHOIIJIAMA

Jauenko B.B., XHAY

Annomayua. Memooom  buomecmuposanus
VCMAHOBIEHO OCOOEHHOCTU MUSPAYUY MeOU U YUHKA
6 pasznvix munax nous. [Ipeocmaesnenvl sxcnepumen-
MaibHble OAHHbIE N0 GIUSHUIO MSAICETLIX MEMAILIOS,
cooepoicauuxcsi 8 MEXHOLEHHO-3A2PAZHEHHbIX NOY-
6ax, HA pacuupumenbivie 0ObEKmMbl 8 KOHMPOIUpPY-
eMbIX YCOoGUAX. YCMAHOBIEHO, HMO COBMECTNHOE
6030eticmeue Meou U YUHKA NPOSIGIAEMCS KaK 8 UH-
2ubuposanul, Max u CMUMYIUPOBAHUL DPOCTNOBbIX
npoYeccos mecm-pacmeHuil i onpeoesienics, npedic-
de 6ce20, YpOGHeM U Xapaxmepom 3aeps3HeHus],
ceolUCmeamu nousbl U OUONOSUYECKOU CneyuguKou
mecm-pacmenus.

Knwouesvle cnosa: medvb, yumk, 2a1b6aHOULIAM,
nousa, mecm-pacmenue

ECOTOXICITY PROPERTIES
OF COPPER-ZINC GALVANIC WASTES

Datsenko V., KhNAHU

Abstract. Problem. The problem of elimination of
galvanic sludge is one of the most pressing environ-
mental problems of industrial enterprises, which
have galvanic processes in their technological cycle.
Goal. Due to the high density of waste placement on
industrial sites and location on large areas of the
urban area they can be estimated as a source of high
technogenic impact on the components of the envi-
ronment. Methodology. To establish the peculiarities
of copper and zinc migration in soils contaminated
with copper-zinc galvanizing and to determine their
impact on the indicators of active growth and devel-
opment of test plants in order to solve some of the
above problems, the purpose of the research was
defined. Results. In the work the method of biotest-
ing, allowing to conduct research of behavior of test
objects on action of polluting substances, was used.
The specific features of the migration of copper and
zinc in various types of soils under contamination
with galvanic slime in laboratory conditions was
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investigated. Experimental data on the effect of heavy
metals contained in technogenically contaminated
soils on plant objects under controlled conditions
were presented. The comparative analysis of the
germination, growth and development indices of test-
plant seeds with values exceeding the maximum
permissible concentration in soils (MPC) for copper
and zinc in all tested soils was carried out. Originali-
ty. The joint effect of copper and zinc is manifested
both in inhibition and stimulation of growth process-
es of lettuce and is determined, first of all, by the
level and nature of the contamination, the soil prop-

erties and the biological specificity of the test plant.
Practical value. Scientifically grounded data in the
paper are of interest from the point of view of meth-
ods for biotesting contamination of environmental
objects due to the openness and topicality of this is-
sue at the present stage of the development of ecolo-
gy was presented. By the obtained results the necessi-
ty of conducting agro-ecological monitoring in order
to prevent possible negative consequences of anthro-
pogenic activity on the environment was confirmed.

Key words: copper, zinc, galvanic ash, soil,
test-plant.




