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TOPIA TA YPAH Y ®PAKIIAX IPYHTY TA OKPEMHUX BUJAX
MAKPOMIIETIB BOPEAJIBHUX JIICOBUX EKOCUCTEM

Hocuixxeno Bmict Topito (Th) Ta ypany (U) y dpakuisix rpyHTy exadocdepa, puzocepa, pusomnia-
Ha, MileJii rpudiB Ta ix miogoBux Tiax. Konnenrpauis Topiro y ¢ppakuii enagocdepa, pusocdepa ta mine-
Jiii rpuGiB cyTTeBo He Binpisuserses (0,74-1,45 mr/kr cyxoi Baru), Toai ik y ¢pakuii puzoniana Bmicr To-
Ppilo yueTBepo HUKYMIA, HiXK y 3araibHiii Maci IpyHTy — enadocdepi. Konuenrpauis ypany y gpaxuii enado-
cepa, puzocepa, pusoniiana Ta Miuenii rpudiB cyTreBo He Biapisusernes (3,11-9,36 mr/kr cyxoi Baru).
BwmicT 000X npupoaHux i30TomniB y N10A0BHX Tijiax rpudiB y 270 pasiB HUKYMIA, HiXK y 3arajbHiil Maci rpyH-
Ty: KoediieHTH 0i0JIOriYHOr0 MOIJIMHAHHSA YPaHy Ta TOPil0 IUIOAOBUMH TilaMH IpudiB y cepeHbOMY CTa-
HoBJATH 0,035 Ta 0,006 BinnoBigHo. BMicT TOpilo Ta ypany sik y Minedii rpudiB, Tak i y miogoBux Tijiax
3pocTa€ NpU MiABUIIEHHI IX BMicTy y IpyHTi. Y Minesii rpu0iB Bepxuboro (0-5 cM) mapy J1icoBoro rpyHTy
Mo:ke 0yTH 30cepemrkeno 2,0-5,0 ta 1,4-2,7 % Topilo Ta ypany Bin ix 3araipHoro BMicTy BinnoBiamo.

M. M. Bunnuyk

Illsedckuil ynusepcumem ceibCKOXO3UCMEEHHbIX HAYK, Ynncana, [lleeyus
JKumomupcruii 20¢cyodapcmeentblil mexHoaocsuyeckutl ynugepcumem, JKumomup, Yxpauna

TOPUI U YPAH BO ®PAKIIAAX IMTOYBBI ¥ OTAEJIbHBIX
BUJIAX MAKPOMUIIETOB BOPEAJIBHBIX JIECHBIX 9KOCUCTEM

HccnenoBano coaep:xanue topusi (Th) u ypana (U) Bo ppaxuusix noussi 3nadocdepa, puzocdepa,
pU30ILIaHA, MULEJUU TPH0OB H MX ILIOAOBBLIX TejaxX. KoHnenrpanusi Topust Bo ¢paxuusax sgadocdepa,
pusocdepa u muueann rpuéos cymecrBeHno He ormmyaercs (0,74-1,45 mr/kr cyxoro BerecTsa), TOraa KaKk
BO (hpakuuu pu3oILIaHA KOHLIEHTPALMs TOpus B 4 pa3a HUKe, 4eM B o0uieii Macce nmouBbl — 31adocdepe.
Konuentpanus ypana Bo ¢ppaxuuu sgadocdepa, pusochepa, pusoniaHa 4 MULEJIUU IPHOOB CyLIECTBEHHO
He orsmyaercest (3,11-9,36 mr/kr cyxoro Beniectsa). Comep:kaHie 060X MPHPOTHBIX H30TOMOB B MJIOA0BBIX
Tes1ax rpudoB B 270 pa3 Hi:ke, 4eM B 00LIeli Macce MOYBBI: KO3 (UIMEHTHI OHOJIOTHYECKOro MOrJIomeH st
YPaHa U TOpUs IUIOAOBbLIMM Tes1aMH IpudoB B cpeanem coctapiasiioT 0,035 u 0,006 coorBercTBeHHO. Conep-
JKaHMe TOPHUsSl M YpaHa KaK B MHUIEJIMH I'PHOOB, TAK M MJIOJOBBIX TeJaX BO3PAcTaeT NMPU MOBBILIEHHMH HX
KOHIIEHTpauuu B nouse. B Mmunenuu rpudos Bepxaero (05 cm) cJ10s1 JIecHOIi MOYBBI MOKeT ObITh COCPeE10-
To4eno 2,0-5,0 u 1,4-2,7 % Topust 1 ypaHa oT UX 061Iero COAEPKAHUS COOTBETCTBEHHO.

M. M. Vinichuk

Swedish University of Agricultural Sciences, Uppsala, Sweden
Zhytomyr State Technological University, Zhytomyr, Ukraine

THORIUM AND URANIUM IN SOIL FRACTIONS AND CERTAIN
MACROMYCETE SPECIES IN BOREAL FOREST ECOSYSTEMS

The content of thorium (Th) and uranium (U) in fractions of soil edaphosphere, rhizosphere,
rhizoplane, fungal mycelium and fruit bodies were investigated. The concentrations of thorium in edaphosphere
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and rhizosphere fractions and mycelia of fungi are not different significantly and vary in the range of 0.74-
1.45 mg kg dry matter. The concentration of thorium in the rhizoplane fraction is 4 times lower than in the
bulk soil — edaphosphere. The concentrations of uranium in edaphosphere, rhizosphere and rhizoplane
fractions and fungi mycelium are not significantly different and vary between 3.11 and 9.36 mg kg™ dry matter.
The content of the studied natural isotopes in fruit bodies of fungi is 270 times lower than in the bulk soil:
biological absorption coefficients of uranium and thorium in fruit bodies are on average 0.035 and 0.006,
respectively. The contents of thorium and uranium in fungal mycelium and fruit bodies increase with increasing
their concentrations in the soil. It is shown that in the fungi mycelium of the upper (0-5 cm) layer of forest soil
can be allocated 2.0-5.0 and 1.4-2.7 % of the total thorium and uranium soil content, respectively.

Beryn

ExromikopusHi Tpubu — XapakTepHi KOMIOHEHTH IPYHTIB JIICOBHX eKocHcTeM Oope-
TFHUX XBOMHHX JIICIB T JICIB IOMIpHUX IMHPOT. Millemii 1ux TpubiB Biirpae BUPIMIATLHY
POJb Y JKUBJICHHI BHIUX POCIHHM 3aBISKH (POpMyBaHHIO CUMOIOTHYHMX acorriarii. Miko-
pH3HI TprOH 30LTBIIYIOTh MOTTIMHATIBHY MMOBEPXHIO KOPEHIB POCIIUH 1 CHPUSIIOTH MOOLTi3aLii
MOKUBHUX PEUOBHH 3 OPraHIYHMX PEIUTOK YHACIIOK Aii TIAPONITUYHMX NO3aKIITHHHUX (e-
pmeHTiB [7].

Mineniit MIKOpU3HUX TPUOIB TAKOXK 3a0e3Ieuye MOTJIMHAHHS 3 IPYHTY IIHPOKOI'O CIIEK-
Tpa eJIeMEHTIB MiHepaJIbHOTO >KUBJIeHHS [11], y TOMy 4uciii MakpoesleMeHTiB, TakuX sIK ¢oc-
¢op [4], Ta winoro psiy MikpoeneMeHTiB [7]. [Ipu 1iboMy HOTIMHAIOTLCS SIK €CEeHIlaTbHI (KUT-
TEBO HEOOXIJIHI), TaK 1 MIKPOEJIEMEHTH, 5IKi, Oy/Tyur aHTPOTIOTeHHUMH 3a0pyAHIOBAYaMH, MO-
XKyTb TIPY MiZBUILIEHUX KOHIEHTpALisIX OyTH TOKCHYHUMH sl oaunH [ 15]. HaykoBwuid inTe-
pec 10 BUBYEHHS IPHOIB BUSBIAETHCS Y TOMY YMCII 1 Yepe3 34aTHICTh OCTaHHIX 10 BUOIPKOBO-
'O TIOTJIMHAHHS €JIEMEHTIB, HEOe3NEeUHUX JIs JFoauHH. JloOpe BioMa 34aTHICTh TpUOiB HAKO-
NMYyBaTH pamioHykIim [16]), y Tomy uucii i npupoasi pagioizoromnu [2]. [lnogosi Tina Oara-
THOX BHJIIB MAKPOMIIIETIB MOYKYTh MICTUTH BaXKKI METAITH, y TOMY YHCTI 1 KaJMiid, SIKUH HaKO-
NAYY€EThCsl TprOamMy HalfiHTeHcuBHie [9]. [eskuvu Bupamu rpubiB (Hacammepen iX Iiozo-
BUMH TiJIaMH) HaHOLIBIIO0 MipOIO TIOTTIMHAIOTHCS YpaH Ta TOPiit, Xoua pi3Hi BUIW €KOTOMIKO-
PU3HUX TPUOIB BIIPI3HSIOTHCSA 3MATHICTIO TOIIMHATH Ta HAKONMYyBaTH eieMeHTH [5; 14].
107108 Tijla €KTOMIKOPU3HKX TPHOIB CTAaHOBIIATH Jimiie Oymsbko 1 % (0,5 %) Giomacu ycboro
mirerito y 1pyHTi [13]. TlepeBarkna dactrHa Giomacu Tijia rpuba (MILeiii) MICTUTBCS Y BEPXHIX,
OaraTix Ha OpraHivHy PEYOBHHY IIIapax JIICOBOTO IPYHTY. 3IATHICT MIIIEITIO TPUOIB HAKOITIIY-
BaTW €NEMEHTH, Y TOMY YFHCII paJioi30TONH, MOCHiKeHa HernoctaTHho [16]. Bimomi mwmme
JICKUTbKA TIpallb, Y SKUX 3pOOJICHO CHpOOM MpoaHali3yBaTH BMICT MIKPOEJIEMEHTIB y MIleil
TpHOIB, IO 3POCTAIOTH y MPHPOIHUX YMOBax [3; 13]. OcTaTouHO HE BCTAHOBJICHO, SIKUM YHHOM
TIPUPOJTHI 130TOMH, TOTJIMHEH! MIIENIiEM eKTOMIKOPH3HHX TpHUOIB, HAIXOAATH 13 IPYHTY IO
Tpo(iYHKX JAHITIOTaX JI0 TUIOOBUX TiMl. BaxkiiBi 3 oMy po3yMiHHS X MporieciB HYHKILT
Takux (ppaxuiid IpyHTy sIK pr3ocdepa Ta pu30ILiaHa, B SKUX (HOPMYIOThCS HaOmmkdi Tpodiuni
B3aeMO03B’s3KH. CITIBBiTHOIIIEHHS KOHIIGHTPAITii €lIEMEeHTIB y Tprbax /10 X KOHIIEHTpAIlil y TpyHTI
Ta OKpEMUX iX (DpaKIIisix 1a€ YIBIEHHS PO aKyMYJISIIIHHY 3/aTHICTh OCTAHHIX.

Tomy MeTa 1aHOi pOOOTH — OLIHUTH TUHAMIKY 3MiHH KOHIIEHTpAIii TOPilO Ta ypaHy y
TpodiuHOMY JaHIO3i: emadocdepa, puzocepa, pU3OIIIaHA, MINETIH EKTOMIKOPH3HMX
rpu0iB Ta rooBi Tina. KpiM Toro, y po6oTi HaBeneHO BeTnInHH KOepillieHTiB 0i07I0TTHHOTO
MOTJIMHAHHA LUX TOPHPOIHHUX Paioi30TOMIB EKTOMIKOPU3HMMH TIpuOaMy Ta IOKa3aHO
3aJISKHOCTI MK TX KOHIIEHTpALIEI0 Y TPYHTI Ta BMICTOM Y TpHOax.

Martepiayiu i MeTou A0CTiIzKEHb

JocmimKeHHsT TPOBOAMIIN Y JTICOBUX €KOCHCTEMaX CXITHOTO y30epesxoks LlenTpamsHoi
[Isenii (60° 22" nu. nr., 18° 13" ¢x. a.). [pyHTH IIMHKUCTO-TIINAHI, Y TPaB’IHUCTOMY MOKPHBI
nepeBakaroth dopHust (Vaccinium myrtillus L.), opisik 3Buuaitamii (Pteridium aquilinum
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(L.) Kuhn), mig6in seuaaiiamii (Tussilago farfara L), xsor sicosmii (Equisetum silvaticum L.).
V Haca[UKeHHSX TIepeBaKaroTh suthHa eBporeiickka (Picea abies (L.) H. Karst.) Ta cocHa
3uyaitna (Pinus sylvestris L.) Bikom Ommspko 100 poki. JleranpHimmii —ommc
JIOCITKyBaHMX ekocucTeM HaseneHo y Lundin et al. [12]. 3pasku rpyHTY Ta IUI0J0Bi Tina
rpubiB BinOMpay mpoTsIroM BepecHs — auctomnana 2003 poky 3 AecsaTd TUITHOK (0u3pko 10
M? KOXKHa), PO3MIIleHNX Ha Bigcrani 20—50 M oxHa Bix iHmOi Ha wiom 6:m3eko 2,0 Ta. Ha
KOKHIM AUIAHII BIZOMpany YOTUPH 3pasKH IPYHTY 3a JONOMOTOI0 IITiHAPUYHOro Oypa 5,7
cM y aiaMeTpi 1o rirOuan 10 cM HaBKOJIO Ta OE3MOCEPETHBO YV MICIIIX 3pOCTaHHS II0A0BUX
i rpuGiB (3 mwiowi ~ 0,5 M%) y Mexkax KOKHOT AUBTHKIL. Y THX e MICIIX BiXiOpaitH mIofoBi
Tina 12 BUAiB rpubiB, BU3HAYAIM iX BHIOBY HAIEKHICTH, MICIS YOrO BUCYIIMIM iX HPH
Temmepatypi +35 °C 10 nocTiiHOT Bary s BusHaueHHs KoHreHTparlii U ta Th. AmikBoTHi
yacTuHU 3paskiB 1pyHTy (30-50 1), BimiOpanux i3 rmuMbuau 0-5 Ta 5-10 cMm, Oymu
BUKOPHUCTaHI1 JUIs XIMIYHOTO aHaJli3y Ta BUITy4YeHHs Milenito. ['pubHi cTpyKTypH BUIydad 3
IPYHTY il MiKPOCKOIIOM CepeAHbOro (x 60) 301IbLIeHHS 3 JOJaBaHHSIM HEBEIIMKOI KIJIBKOCTI
TUCTIITLOBAHOI BoAW. [IpUroToBIeHNH y Takuii CIIoci0 3pa30K MICTHB pi3Hi (hOPMH MILIEIIIO;
OKpeMi HHTKOIOIOHI BiATaIy)KeHHS TIpuOa, MilemalbHi TOKI, pU3OMOpP(H, OKpemi
CKJIEPOLii Ta HEBEIUKY KUIBKICTh 1H(IKOBAHMX MIKOPH3HHUX KiHUMKIB KOpeHiB. MeTon BHIIy-
YeHHs Mileio HaBeaeHo y Vinichuk & Johanson [16]. I3 rpyHTOBHMX 3pa3skiB BHIyYaId
(paxiii IpyHTy BIAMOBIAHO 10 METOaUKH, HaBeaeHoi y Gorban & Clegg [6]. ®pakiiiro ena-
¢ochepa onepKany NUIIXOM IMPOCIIOBAHHS JIICOBOTO IPYHTY, 3 SIKOTO MOMEPEJHBO BUITYUHIN
BEITMKI KOPEHi JiepeB 1 KaMiHHS Yepe3 CHTO 3 po3MipoM oTBOpiB 2 MMm. Dpakiiiro puzochepa
OZIepKali IUTSIXOM BJUIUICHHST BPY4YHY YacTOK IPYHTY, acOIiHOBaHOTO 3 JPiIOHUMH Ta cepeli-
HBOT'O PO3MIpPYy KOPEHSIMH, 110 3aJUIIIMCh Ha CHUTI Ticis NpocitoBaHHS. Dpakilis, 1m0 3au-
LIWIACh MICIs HOTo (OpiOHI KOPEHi POCIHH 1 YaCTKH IPYHTY Oe3Mocepe]HbO Ha HUX), OJlepKa-
Jla Ha3By pu30OILIaHa. Bchoro mpoananizoBaHo 9 3paskiB ¢pakiii exadocdepa Ta Mirenito,
12 3pa3kiB MI0I0BUX TiJI IpH0iB, 6 3pa3kiB (pakiiii pusochepa Ta 6 3pa3kiB pU30ILIAHA.

BwmicT opraniyHOi pedoBHHH IPYHTY BHU3HAYQIM IULIXOM CIATIOBaHHSA IPYHTY IPH
temriepatypi 550 °C, pH 1pynTy BuzHauamu y 1 © 5 «rpyHT : Boga» cycmensii (5 T rpyHTY).
KoHIieHTpaIlito eleMeHTIB y 3pa3sKkax BU3HAYAIH MaccrieKTpoMeTpranuM metoaoMm (ICP-MS)
y naboparopii ALS Scandinavia AB, Luled 3a metonukoro, HaBeneHoto y Rodushkin et al.,
[8]. Koedimient Gionoriunoro mormmHanHs (KOm) BH3HaYanM sk BiIHONIEHHS KOHIIEHTpAITii
ereMeHTa (MI/Kr cyxoi pedoBHHM) y Tpubax 4u QpaKifisx IPyHTY 0 KOHIICHTpAIIil eleMeHTa
(mr/xr cyxoi peuoBunn) B emadochepi mis mapy rpyary 0—-10 cm. Cratuctuuny 0OpoOKy
JaHUX TPOBOAWIM 3 BUKOPHCTaHHAM mucnepciiiHoro ananmizy (ANOVA) 1 koedilieHTiB
kopesii 3a [Tipconom. [Tporpamue 3a6e3nedenns Minitab (© 2010 Minitab Inc).

Pe3ysabTaT Ta iX 00roBOpeHHs

KucnotHicTh TpYHTY JOCHIIHUX IUISHOK Oysa JOBOJI BHUCOKOIO: y Imapi rpyHty 0—
5 cM mokazHuk pH ctaHoBuB 5,2 (miana3on 3,8—6,9), a B mapi 5-10 cm — 5,1 (miamason 3,6—
7,1). Jnst BCHOTO IOCHIHKYBaHOTO IPYHTOBOTO 1podisro (0—10 cM), HalBHII TOKa3HUKU pH
(6,5-6,9) criocrepiranuch Ha ainsHKax 1, 2 1 5. Y 3paskax IpyHTy IHIIHMX JUISHOK 3HAUYCHHS
pH BapiroBanmu y mexax Big 3,7 1o 5,1.

Bwict oprariyHuX pedoBHH y IPYHTaX JOCIHIHUX AUTTHOK TaKOXX BUCOKHIA: y tapi 0—
5 cM BiH cTaHOBUB 66,2 % (mianazon 36,4-97,7), a B mapi 5-10 cm — 52,9 % (mianazon 21,2—
96,6). Hnst Bceoro (0—-10 cm) mapy TIpyHTY BHCOKHH BMICT OpraHidHHX pPEUOBHH
crioctepirascs Ha aitsiakax S (84,0 %), 8 (85,9 %) ta 9 (97,7 %).

BwMict Topito Ta ypaHy y rpubax 3aleXdTh Bifi KHCIOTHOCTI IpyHTY. [lo3uTuBHMIT
Kopersiiaui 38’5130k (I = 0,91*** ta r = 0,50) icHye Mik BeTMYMHOIO pH Ta BMICTOM ypa-
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HY, a TaKO’K MK BemurHOI0 pH Ta BMicToM Topito (f = 0,33 ta r = 0,52) y Minenii rpubis Ta
X TUTOMOBHIX TUTaX, BIATIOBIIHO. BimoMOCTI 010 BIUTMBY BEIMYMHN KUCIOTHOCTI TPYHTY Ha
HaJIXOKEHHS TOPIiIO Ta ypaHy B eKTOMIKOPU3HHX Iprbax BiacyTHi. Pazom i3 TuM Bizomo, 110
Oiomaca 1BieBux rpudiB 3 pomy Penicillium ancopOye HaiOLIBII KUTBKOCTI ypaHy NpU
BemuuHi PH 3,0-7,5 [10]. Mixx BMICTOM OpraHiYHUX PEUOBHH Yy IOCHTIPKYBaHHMX IPYHTAX 1
KOHILICHTPAIEIO CIEMEHTIB y Millelil rpru0iB 3aIeKHICT, 00epHEHO mporopiiiiHa: r = —0,66*
Ta I =—-0,51 a7s Topiro Ta ypaHy BiANOBiAHO. Y IJIOAOBUX TiJIaX IPHOIB KOHIEHTPALIS ypaHy
cnabo 3aNeXuTh Bijl BMICTY opraHiuHuX pedoBuH (I = 0,42), Tomi SIK MiXK KOHIICHTPAIII€0
TOPIFO Ta BMICTOM OpPraHiKH IPYHTY 3aJIKHICTh B3araii BincyTHs (r = —0,17). IMoBipHO, 1110 Kpim
KUCJIOTHOCTI IPYHTY HAIXOKEHHS YpaHy Ta TOpilO y TPHOM 3alie)kaTuMe 1 Bi psay iHIIMX
(akTOopiB, 30KpeMa OKUCHO-BITHOBHOTO MIOTEHLIIATY TA KOHLIEHTPALIil €JIEMEHTIB Y IPYHTI.

V szarameHiit Maci TpyHTY BMicT Topito ckiamae 0,13-2,94, a ypany 0,07-36,7 mr/kr.
BwmicT Topito y 30H1 pu3ocdepy Aemo BUILLHI NOPIBHAHO 3 yMICTOM HOTO Y IPYHTI, aje Pi3sHHLIA
3HaXOOUTHCS y Mexkax Bapiauii. KoHeHTtparist Topito y miuenii rpubiB Oyia Ieo HIKYO0
BMICTy HOTO y TPYHTI, TOAII SIK BMICT HOT0 Y IUIOJIOBHX TiJIaX HA J[BA MOPSIKA HIDKYHMH, HIK Yy
rpyHTi. OCKIIBKH (paKIlis pHU30ILIaHa IO CYTi SIBISIE COOOKO APiOHI KOPEHi POCIIMH 13 YaCTKaMH
IPYHTY Oe31ocepeIHbO Ha HHX, MOYKHA CTBEPIDKYBATH, 110 KOPESHEBOIO CHCTEMOIO POCIIHH (11e-
PEB) OCIIKYBaHi IPUPOIHI 130TOIM TOTTIMHAIOTHCS, ajle He HAKOMMIyIOThCs. OcoONImBO 11e
CTOCYEThCS TOPIFO, KOHIICHTpAIlis SKOro y (pakifi pu3oIUiaHa BUSBHIACH CTATHCTUYHO
JIOCTOBIPHO HIDKYOIO TOPIBHSIHO 3 YMICTOM HOr0 Yy 3araibHiid Maci rpyHTY — efmadocdepi npu
piBHi 3HaunMocTi P < 0,026. IMoBipHO, 10 Y pOCIIMHAX BMICT IUX TPUPOIHHUX Pali0aKTHBHIX
CJICMEHTIB OY/IC 111¢ HMKYMM, OCKUTBKY METAJIH ITiCIISI TIOTJIMHAHHS iX KOPESHSIMH aKyMYJTHOIOTh-
cst octaHHIMU. KoHIIEHTparisi ypaHy y IpyHTI yIIECTepo BHIIA KOHIIEHTpAIIii TOPIFO 1 TaKOXK
BapiroBaia y JOCTKYBaHUX (DPaKIisxX IPyHTY Ta Milledii, ajie HecyTTeBo (Tabm. 1).

Bwmict ypaHy y II00BHX TijlaX BUSBHBCS TAKOXK Ha JIBA TIOPSIKA HIDKYNAM, HIX y efnado-
cepi. BmicT Topiro Ta ypaHy y IUIOMOBUX TiJIax TPUOIB JOCUTh J00pE 30Iira€ThCs 3 OIIHKAMHU
IHIMX aBTOpPiB. BMICT ypaHy Ta TOpIif0 y INIOIOBUX TiJIax TPpHOIB, IO 3pOCTay y He3a0pyaHe-
HUX JTiCOBUX ekocuctemax Yexii [14], 0ys Hrkumii 30 Ta 125 MKI/KT CyX0i Bard BiJIOBIIHO.

Tabnuys 1
Konuenrpauist Topito (Th) Ta ypany (U) (M = m, mr/kr cyxoi Baru) y ¢ppakuisix rpyHTy Ta rpuéax

Enemenru | Emadocdepa (n =9) | Pusocdepa (n = 6) | Pusorutana (n = 6) |Mineniii (n = 9) | ITomosi tina (n = 13)

Th* 1,10+0,30° 1,45+ 0,50° 0,28 +0,09° 0,74+0,23° 0,0041 +0,0009

U 6,85 + 4,02° 9,36 + 3,99° 5,79 +2381° 311+1,24° 0,026 + 0,016

MpumiTka: * — cepe/iHi 3HAYCHHS PsTy 3 PI3HUMH iHIEKcaMH (8, 0) € craticTHaHo BiamiaHIMH (D < 0,026).

Sk BUAHO 3 KoeilieHTiB O10I0rTYHOrO MOTJIMHAHHS ypaHy Ta TOpilo Y (hpakuisx IpyHTY
Ta rpubax 10 ix KoHUeHTparii B enadocdepi, KOHIIEHTpaIlis TOpiro Yy ¢pakiii pu3oIiaHa y 5—
6 paziB, a KOHIICHTpAIIisA ypaHy — YABIUl HIDKYA IX BMICTY Yy 3arajibHiii Maci IpyHTy — enadoc-
¢epi. Koediientn 6i0m0rivHOro NOrMHAHHS YpaHy Ta TOPIilO IJIOJOBUMH TUTAMU Y CEpeIHb-
OMY s AOCIIDKYBaHUX BUAIB rpr0iB ctaHOBIATH 0,035 Ta 0,006 BigmosinHo (Tadm. 2). Omxe,
BMICT jociimpKyBarux mpupoaanx (U Ta Th) pamioi3oToriB y IUIOA0BHX TillaX eKTOMIKOPH3HHX
rpu6iB y 30 Ta 140 pa3iB HIKUMH X KOHIIEHTpALLi Y IPYHTI BiAIIOBIJHO.

VYpaH 1 TOpii HAIXOIATh Yy IUIOJOBI Tijia TpHOIB, aje HAKOIMYEHHs iX HE CIoCcTe-
piraerbcst. AHAJIOTIYHMX BUCHOBKIB JIHIILIM 1 YEChKI JOCIIIHUKH, SIKI TPOAHATI3yBaIH BMICT
WX TIPUPOJTHUX 130TOIIB Y IUIOJIOBHX TilaX IPHOIB JIICOBUX €KOCHCTEM, IO HE 3a3HAIM aH-
TpororerHoro 3a0pyHeHHs [ 14]. KoedirieHTr 61010T19HOTO TIOTIIMHAHHS ypaHy Ta TOPil0 y
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IUTOJIOBUX Tij1aX JOCJIHKYBAaHUX BHUIIB IPHOIB BapiOIOTh y IIMPOKOMY Jiala30Hi, ajie 3HAaYHO
memHrre 1 (tabm. 3).

Tabnuys 2
KoediuieaTn 6ionoriunoro noraunannsi (M £ m) Topiro (Th) Ta ypany (U)
y dpakuisx rpyHTy Ta rpudax
Esnementu Pusocdepa Pusomiana Mirerniii ITnonosi Tia
Th 0,85+0,24 0,18 +0,04 0,64 +0,16 0,006 + 0,002
U 1,05+0,19 0,52 +0,18 0,99 +0,29 0,035 + 0,021
Tabnuys 3
KoediuienT Giosoriunoro Mormuuanusropiro (Th) Ta ypany (U) ais miiogoBux i rpubis
Micrist Bigbopy 3pa3KiB Bunu rpubis Th U
1 Lactarius deterrimus Groger 0,0044 0,0012
2 Suillus granulatus (L.) Roussel 0,0007 0,0008
3 Lactariuss crobiculatus (Britzelm.) Killerm. 0,0015 0,0103
4 Boletus edulis Bull. 0,0011 0,0296
5 Cortinarius odorifer Britzelm. 0,0100 0,0059
5-7 Sarcodon imbricatus (L.) P. Karst 0,0020 0,0049
6 Cantharellus tubaeformis Fr. 0,0029 0,0014
6 Lactarius trivialis (Fr.) Fr. 0,0029 0,0021
7 Cortinarius armeniacus Fr. 0,0059 0,0149
8 Cortinarius sp. 0,0119 0,2105
8-10 Hypholoma capnoides (Fr.) P. Kumm?® 0,0149 0,0429
8-10 Tricholoma equestre (L.) P. Kumm. 0,0224 0,0714
10 Collybia peronata (Bolton) P. Kumm® 0,0746 0,0857

Mpumirka: “ — canporpod.

s 6inbinocti BugiB rpudiB Kg, Topito < 0,01. KoedirienTrt 6i0JIOTIYHOTO HOIIH-
HaHHs ypaHy Maibke Ha TOPSIOK BUIL, aie He nepeBulyioTs 0,2. BMicT ypaHy y miogoBux
TiJlax Bapilo€ y MIMPLIOMY Jiana3oHi, Hik BMicT Hikemro. Koedinient Bapiawii Benmunan K,
ypaHy y IUIOJIOBUX TijlaX IpHOIiB Maiike yTpudi Buiui koedirieHra Bapiamii Kg, Topiro. Be-
mmanan K, ypaHy Ta Topito rprdaMu, ofepkaHi y IbOMY TOCIIPKEHHI, 30ITal0ThCs 13 TaHUMHE
IHIIMX aBTOpiB. Benmmunnu koedilieHTiB epexoay TOpilo Ta ypaHy y IUIOJOBI Tijia TpubiB,
IO 3pOCTAIN Y JIICOBHUX ekocucTeMax Icmanii, ckmamamu 0,03-0,62 Ta 0,04—0,49 BigmosinHo [2].
Bumu pomy Cortinarius moriuHaTh ypaH Ha OIHH — [Ba MMOPSAKH iIHTEHCHBHIIIE, HiK THIII
nociimpkysani Buan. logo Bmicty Topito y rpubax, camporpodni BuaM, Taki sk Collybia
peronata, xapakTepu3yoTbcsl HalBUIMME K, TaHOTO PafioakTHBHOTO XiMIYHOTO €IeMEHTa.
Bumn ponman xoprunapiesux (Cortinariaceae), sokpema Gymnopilus hybridus (Fr.) Maire,
BiIOMi AK Ti, JJIs SIKMX XapakTepHi MiIBHUIIEHI piBHI 000X IOCTIHKYyBaHHX MPHPOTHUX
palioaKTHBHUX €JIeMEHTIB [5]. 3riJHO 3 TaHMMH icTIaHChKUX y4eHHx Baeza & Guillén [2],
HaiiBuIIl KoedillieHTH Oi0JIOTIYHOIO MOIJIMHAHHS TOPIIO Ta YpaHy XapaKTEePHI Ui IHIIOro
TpeICTaBHIKA POAMHN KOPTHHAPi€BHX — ekToMikopusHoro Buxy Hebeloma cylindrosporum
Romagn., skuii yacTo 3ycTpidaeTbcsi Ha MILIAHMX JICOBUX IPYHTaX i3 HU3BKHUM BMICTOM
opraniuHoi pedoBrHH. Yepe3 BUHATKOBY 3/IaTHICTh MOTJIMHATH Pa/IiOAKTHBHI €JIEMEHTH Jia-
HHUI BHJ BUKOPHUCTOBYEThCS SIK OIOIHAMKATOP PaJi0OaKTUBHOIO 3a0pyIHEHHS IPYHTY. Xoda
BiZIOMO, 110 OOMiHHI IpOLECH y IprOax HaWiHTEHCHBHILE BiIOYBAIOTHCS y iX IUIOZOBHX
Tinax [1], Hami 1aHi TOKa3yIOTh, 0 KOHIEHTPALIis TOPIIO Ta ypaHy B Milenii rpudiB Oinbie
HDK Ha JBa TOPSAAKMA IIEPEBUILYE KOHIICHTPALID Y IUIOAOBHX Tilax. BigMiHHOCTI
KOHIICHTpAIIi €JIeMEHTIB y IUIOOBHUX TLTAX 1 Milelii TpubiB CBiqUaTh Mmpo Te, 0 0OWaBa
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CJIIEMEHTH TIOTJTMHAIOTHCS TPHOHUM MIIIEITiEM, ajie IO TUIOJOBUX Til TPUOIB HAIXOIUTH JIUIIIC
X HE3HAaYHA YaCTKa.

3a Benmuunnamu Kg, Topiro gociimKyBaHi rpuOu Ta (pakiii JicOBOro IPyHTY MO>KHA
PO3MICTUTH Y TaKWi cHagHUW psia: pusocdepa > emadocdepa > Miueniit > puzoruiana >
IUIOJIOBI Tia TpubiB. 3a BenmuunHaMu Kg, ypaHy HoCmimkyBaHi rpuOU Ta (pakiiii JiCOBOro
IPYHTY MOKHA PO3MICTHTH Y TaKuil criaiHui psia: pusochepa > eaadocdepa > pu3oiuiaHa >
MilleTiid > mIoAoBl Tina rpubiB. OmHAK CTAaTHCTHYHO BiJIMIHHOKO € JIUINE KOHIICHTpAIIiS
TOpIiI0 y (pakifisx pu3orriaHa ta enadocdepa.

Bwmict ypaHy Ta TOpiro y rpubax 3aJeKdTh Bill KOHIICHTpAIii MX 130TOMIB Y IPYHTI
(emadocdepi). CTaTUCTHYHO JOCTOBIPHOIO TaKa 3aIEKHICTh BUSBICHA MK BMICTOM ypaHy y
TUIOZOBHX TiNlax 1 KOHLIEHTpaLi€ero ioro y rpyHTi (I = 0,91%*%), a Takoxx Mi> BMICTOM TOpirO
y Mirenii rpudiB i KOHIIGHTpalti€ero #oro y rpynTi (r = 0,78**) (puc. 1, 2).
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Puc. 1. CniBBigHOILIIEHHSI Mi’K KOHIEeHTPAILII€I0 YpaHy y rpu6ax Ta IPYHTI, Y IKOMY BOHH 3POCTAJIN:
a — KOHIICHTpAIlisl ypaHy Y IUIOJIOBUX TiJIax TPHOIB 1 IPYHTI;
0 — KOHIICHTpaNis ypaHy B Milenii rpuois i rpysTi; *** — p < 0,001

Mix BMICTOM ypaHy y Milesii Tpu0iB i KOHIIEHTPALIEI0 HOr0 NPUPOIHOrO i30TOMy Y
IPYHTI, a TAKO)K MK BMICTOM TOPIO y TJIONOBHX TijJIaX TPUOIB 1 KOHIEHTpALI€0 HOro y IpyHTI
3B’S30K HEAOCTOBIpHWH (muB. puc. 1, 2). IMOBipHa IpHYMHA IHOTO — BapIFOBAHHS BMICTY
JOCIIKYBaHMX MPUPOJHUX 130TOMIB y IIUPOKOMY Jiana3oHi SIK y IPYHTI, TaK 1 y rpuodax.
KoHrentpartis ypay y rpyHTOBHX 3pa3kax 3MiHoBanach Bin 0,07 1o 36,7 Mr/kr cyxoi Barm.

biomaca wminenmiro y BepxHix (05 cM) mapax JOCHIIPKYBaHHX JICOBHX IPYHTIB
BapitoBaia Bix 30 no 60 Mr cyxoi Barm B OJHOMY Tpami IpyHTY. [Ipy mIIbHOCTI TpYHTY Y
paiioni nocmimxens 0,4 r/cM [12], nuToMuii BMICT MiLeNio y IbOMY Iapi craHoBuTHME 3—6 %0
3a 00’eMoM. [Ipu TakoMy BMICTi MILIETIFO Y IPYHTI Y HBOMY MOXKE OyTH 30CepeIDKeHa JIHIIe
HE3HAYHAa YaCTHHA 3arajbHOI KUIBKOCTI TOpito Ta ypaHy exadochepu. [Tpu koHIeHTpaltii Topito
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Ta ypany y miteiii 0,74 ta 3,11 Mr/kr cyxoi Bard B HbOMy MOske OyTH 30cepempkero 2,0-5,0 ta
1,4-2,7 % Topito Ta ypaHy Bij IX 3arajJbHOr0 BMICTY y IPYHTI BIiIIIOBITHO.
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Puc. 2. CniBBigHOIIIEHHSI Mi’k KOHIEeHTPAIi€I0 TOPil0 y rpudax i IpyHTi, y IKOMY BOHH 3POCTAJINU:
a — KOHIICHTpAIlisl TOPit0 y MUIOJIOBUX TilaX TpuOiB 1 IPyHTI;
6 — KOHIICHTpAIlis TOpifo B Minenii TpuoiB i rpyHTi; ** p < 0,01

(]
T
w

3.5

Haseneni oriHku tocuth 100pe 30iraroThCs 3 JAaHUMHM HIMX AociimkeHb. Berthelsen
etal. [3] mokaszaHo, 110 B Minemii rpuOiB, SIKi 3pOCTalOTh y IPYHTax JICOBUX EKOCHCTEM
Hopgerii, Moske 6yt 30cepemkeno 0mu3bko 2 % caumilo (Ph) Bix 3araibHOTO HOro BMICTY Y
IpyHTi. Pazom i3 1M Bimomo, 1o mineniii rpubiB Moke BMinryBatu y cobi 15,5-31,7 % 3a-
ranpHoro Bmicty kanmito (Cd) Bepxuboro (05 cM) mapy J1icoBOro rpyHTry (HeomyOmiKoBaHi
naHi aBTopa). Ciijl 3ayBaXKHTH, 110 MPSIMHIA METOJ OI[IHKK 010MAacH MIIIE/Iit0, BUKOPHUCTAHMI
HaMH, IMOBIpHO, He 3a0e3ledyBaB MOBHOIO BHIIydEHHS Milenito IpyHTy. OcoOimBo 1e
CTOCYETBCSI BEPXHIX, 30aradueHuX OpraHiKOK IPYHTOBHMX IIapiB, J€ TihuM MILETi0 TICHO
MEPEIUICTeHI 3 HAIBPO3KJIAJCHUMU OPraHIYHAMM peIlTKaMu. TOMy HaBeleHI aHi 00
BMICTY TOPIIO Ta ypaHy y Millesii rpiOiB IIBUJIIIIE HEMOOIIHEH], HIXK TIepEOIIiHEHi.

BucHoBku

KonuenTpartist Topito Bapitoe B Mexkax Binx 0,0041 mr/kr cyxoi Barul y IioIoBUX Tilax
rpudiB 10 1,45 mr/kr cyxoi Baru y ¢paxuii puzochepa. KoHneHTpallis ypaHy 3MiHIOETBCS BiJJ
0,026 mr/kr cyxoi Baru y IiiofoBUX Tinax rpubis 10 9,36 Mr/kr cyxoi Baru y ¢pakiiii pu3o-
ctepa. OOMIBa NPUPOJIHI 130TOIK HE HAKOIIMYYIOTHCS aHi MilleTieM rpuliB, aHi iX TUI0JOBH-
MH TilamMu: Koe(ilieHTH OG10JIOriYHOro MOTTIMHAHHS YpaHy Ta TOPilo IUIONOBHUMH TUIaMH y
cepeaasoMy ctaHoBisITe 0,035 Ta 0,006 Binnosiguo. BMicT nocmimkyBaHuX i30TOMIB TOPIiO
Ta ypaHy y IDIOJIOBUX Tilax rpu0biB y 270 pa3iB HIOKYKH, HiX Y 3aralibHill Maci IpyHTY — efia-
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(dochepi. BMicT Topiro Ta ypaHy K y Millelil rpu0iB, TaK 1 IUIOAOBHMX TilaX 3aIe)KHUTh Bil
KOHIICHTpAITI] IIMX €JIEMEHTIB Y IPYHTI: 31 30UIBIICHHAM KOHIICHTPAITIT ITMX €JIEMEHTIB Y Ipy-
HTI X BMICT y Tpu0ax TakoXX MiIBHILYeThCs. Y Minenii rpubiB Bepxusoro (0-5 cm) mapy Ji-
COBOTO TPYHTY MOKe OyTH 30cepemkeno 2,0-5,0 ta 1,4-2,7 % Topito Ta ypaHy BiJ iX 3araib-
HOTO BMICTY Y TPYHTI Bi/IITOBIJTHO.

Astop BrcnoBoe oKy mpod. K. HMoxancony, n-py 1. Hikonosa Ta A. Teiinop 3a IOHOMOrY Y NPOBEICHHI eKCIIEPH-
MCHTIB, a TaKOX CriBpoOiTHIKaM Jiabopatopii Analytica, ALSScandinaviaAB, Luled. ®DiHaHCOBY HMIATPUMKY MPOCKTY
oznepxano Bit SKB (AreHTcTBo 3 riTaHb siepHoi Oesnexu LBerii).
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