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I'ynoa I'., Ma3yp O. IHTeHCHBHICTh HAKONMYEHHS BAKKHX MeTAJIIB HACIHHAM Ta LIPOTOM COHSIIIHUKY

ChOro/ieHHs MTOKa3ye, M0 COHSIIHUK 3aJIMIIAETHCS OJHUM i3 MPUOYTKOBHX NMPOAYKTIB HAa BHYTPILIHEOMY PHHKY,
SIKAH, 32 PaXYHOK BJIACHOTO BHPOOHHIITBA, HACHUYYETHCS TOBHICTIO. POMIOYiCTh IPYHTIB BiHHUYYHHM J03BOJISIE BUPOIIYBATH
COHSIIHHUK, a ITUPOKUI CIIEKTP 3aCTOCYBAHHS HOTO CIIPHUSE TOCTYIIOBOMY 301JIBIIEHHIO TOCIBHUX TUIOMI.

3pocTaHHs MOCIBHUX IUIONI COHSIIHHUKY B YKpPaiHi CYMPOBOKYETHCS 30IMbIICHHSIM HOPM BHECEHHs MiHEpaJbHUX
JIOOpHB Ta NECTHLUIIB 1 MPU3BOIUTE 10 MiIBUIICHHS PH3UKY HAKONMYEHHS TOKCHYHHUX PEYOBHH, 30KpeMa BaKKUX METANIB, y
Horo HaciHHI Ta IPOJYKTax HEPepOOKH.

JlocmipkeHO BMICT TOKCHYHHX PEYOBUH Y IPYHTI ITPU BUPOIIYBaHHI COHSAIIHUKY. [IOpIBHSHO BMICT Ba)KKHX METaJiB
CBUHI[IO, KaJMil0, MiJii Ta IUHKY B HACiHHI ¥ IIPOTi COHALIHUKY 3 1X BMICTOM y IPYHTI. 3iCTaBJI€HO OTPUMaHi IIOKAa3HUKH 3
IpaHUYHO JOMYCTHMUMH KOHIIEHTpAIisIMU. Po3paxoBaHo Koe(DilliEHTH HAKOMUYCHHS BAXKKUX METAJIB CBHHIIO, KaJIMIik0, Mii
Ta IMHKY HACIHHSIM COHSIIHUKY. OOYHCICHO BEIMYMHH MEPEXOMy BaKKHX METaliB 3 IPYHTY B HACIHHS COHSIIHUKY Ta
COHSIITHUKOBHH LIPOT.

Cepen XiMIYHHUX TOKCHKAHTIB I'PYHTY, SKi MOTEHIIHHO MOXYTh HAKONMUYYBATHCh y HACIHHI COHSIIHHKY Ta HOro
LIpOTi, HAOUIBITY HEOE3MeKy CTaHOBJIATh CBUHEIb, Mijlb, IMHK, KaaAMil, 1e3iil Ta koOanbT. BogHodac pryrs, MomibaeH, 60p
Ta 3aJ1i30 32 HAsBHOTO BMICTY B JOCII[DKYBAaHOMY IPYHTI HE CTAHOBJATh HeOe3MekHu. 3a (pakTUUHOTO PiBHS 3a0pyIHEHHS
IPYHTY pyxoMuUMH (GOpMaMy CBUHIIIO, KaJMilo, Mini Ta nuuHky B Mexax 0,13-0,26 I'IK, ix BMicT y HaciHHI COHSIIHHUKY
cranoBuB 0,11-0,17 TJAK. V COHSAIIHHKOBOMY HIPOTi BMICT JOCHIKYBAaHMX BaXKKHX METAJIiB BiJIHOCHO HACIHHS COHSIIHUKY
HalibinbmIe 3pic: Mmini — y 2,9 pasa, ceunmio — y 1,49 pasa, kaamito — y 1,45 pasa, nunky — y 1,43 pasa. Ilpote daktuuna
YacTKa TAKOTO BMICTY BaKKHX METAJliB I0JI0 TPAHUYHO JOMYCTUMOI KOoHUeHTpamii ctanoBmia 0,03—0,09 T'JIK. HaiiBummii
Koe(]illieHT HAKOTTIMYEHHS BAXXKMX METANIB 3 IPYHTY B HACIHHI COHSIIIIHUKY BCTAHOBJICHHH 3a IIMHKOM — 1,81, Ta mimaro — 1,71,
TOJI 5K 3a CBUHIIEM Ta KaJMieM BiH cTaHOBMB Bixmosigao 0,06 ta 0,12.

KuarouoBi ciioBa: Baxki MeTanu, COHSIIHMK, BMICT, HACiHHs, WIPOT, IPYHT, KOHUIEHTpalis, 3a0pyAHEHHS,
MOHITOPHUHT, HeOe3IeKa, Cipui JIiCOBUM IPYHT.

Hutsol H., Mazur O. Intensity of the heavy metals accumulation by sunflower seeds and meal

The current situation shows that sunflower is still one of the most profitable products at the domestic market, which
is fully saturated by its own production. The fertility of soil in Vinnytsia region provide favorable conditons for frowing
sunflower, and its wide range of use contributes to a gradual increase in the area under sunflower cultivation.

The growth of sunflower acreage in Ukraine is accompanied by an increase in the application rates of mineral
fertilizers and pesticides and leads to the higher risk of accumulation of toxic substances, in particular heavy metals, in its
seeds and sunflower processing products.

The content of toxic substances in the soil during sunflower cultivation was investigated. The authors of the research
compared the content of heavy metals of lead, cadmium, copper and zinc in sunflower seeds and meal with their content in
the soil. The obtained indicators were compared with the maximum permissible concentrations. The accumulation coefficients
of heavy metals of lead, cadmium, copper and zinc by sunflower seeds were calculated. The amounts of heavy metal transfer
from the soil to sunflower seeds and sunflower meal were calculated.

Among the soil chemical toxicants that can be potentially accumulated in sunflower seeds and sunflower meal, the
most dangerous are lead, copper, zinc, cadmium, cesium, and cobalt. At the same time, the amount of mercury, molybdenum,
boron and iron in the studied soil does not pose a danger. At the actual level of soil contamination with mobile forms of lead,
cadmium, copper and zinc within 0.13-0.26 MPC, their content in sunflower seeds was 0.11-0.17 MPC. In sunflower meal,
the content of studied heavy metals more increased as compared to sunflower seeds, particulalry copper — 2.9 times, lead —
1.49 times, cadmium — 1.45 times, zinc — 1.43 times. However, the actual share of such heavy metals was 0.03-0.09 MPC in
relation to the maximum permissible concentration. The highest coefficient of accumulation of the heavy metals by sunflower
seeds from the soil was marked for zinc — 1.81 and copper — 1.71, while for lead and cadmium it was 0.06 and 0.12,
respectively.

Key words: heavy metals, sunflower, content, seeds, meal, soil, concentration, pollution, monitoring, hazard, grey
forest soil.

IHocTanoBka npoodJjeMu. OcranHIMU OJIIHHOT KYJIBTYPH — COHSIIIHUKY. [IpudnHaMu 11OTO
pokaMu B YKpaiHi CHOCTEPIracThCsl 3pPOCTaHHS SK € BHCOKa peami3allifiHa [iHA HACIiHHS], BEJIUKHU
MOCIBHUX IUIONI, TaK 1 BaJOBHX 300piB OCHOBHOI EKCIIOPTHUH MOTEHIa)I KyJIbTypH Ta JOCUTh
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Pozmin 1

OIIa/UINBA TEXHOJIOTIS BHPOIIYBAHHS COHSIIHUKY.
[IpoTe 3pocTaHHS TOCIBHUX IUIONI MiJ KYJIBTYPOIO
e Bpo3pi3 13 €KOJIOri4HO O€3NeUHNMU MPUHIUIAMU
BHPOIIYBaHHS KyJIbTYpH, KOIU COHSIIHHK MOXHA
MOBEpTaTH HA TIONEPEAHE MicClle He paHille, HikK
yepes CiM PpOKiB. 3a YacTIIOro IOBEPHEHHS
COHSIIHUKY Ha IMONEPEAHE MICIe BHPOIIYBAHHS
3pOCTa€ PH3HMK HE TUIBKH IEPECyIIeHHS IPyHTY, a i
HAaKONWYEHHs  IIKIAHUKIB, XBOpoO,  Oyp’sHIB,
BUYEPITYBAHHS MOXHBHUX PEUOBHH, IO TPH3BOJMUTH
JI0 3HIDKEHHSI YPOXKaHOCTI KyJIbTypH. ToMy 3a Takux
YMOB IOCUIIIOETbCA POJb MiHEpaJbHUX J00pUB 1
CHUHTCTHYHUX TIECTHIUAIB, HOPMH BHECEHHS SKHX
CYTTEBO 3pOCTAlOTh. A 1€ MOXE IPHU3BECTH IO
HAKONIMYCHHS TOKCHYHHX PEYOBHH Yy HACIHHI Ta
MPOJYKTax HOro nepepodku [5].

AHaui3 OCTAHHIX JOCJTIIKeHb i
ny6Jikamniii. [Tpu BUpoIyBaHHI HACIHHS COHSIIHUKY
Ta BUPOOHHLTBI MNPOAYKLii 3 HBOIO B YMOBax
3pOCTAlOYoOro  IMONUTY Ha OJIHHY MPOIYKIIIO
AKTyaJi3yloTbCS BHMOTH €KOJIOTIYHOI O€3MeKH SIK
COHALITHUKOBOTO HACiHHS, TaK 1 NPOAYKTIB HOro
nepepoOky. Bu3HaYalbHUMH —YWHHWKaMH — 3a0e3-
MEYCHHS  E€KOJIOTIYHOI  SKOCTI  MPOAYKIIi €
JOTPUMAHHS TEXHOJOTTYHUX MTPUHAOMIB BUPOIIYBaHHS
KyJIbTypH, 30KpeMa HOPM 1 CTpPOKIB BHECEHHS
MiHEpaJLHUX JOOPHB Ta IECTHIMIIB, JTOTPUMAHHS
BUMOT CiBO3MiHH [3].

HagxomkeHHs 10 TOCIBIB  COHSIIHHKY
BKKHX METaNTIB 3 TOOPHBAMH CTBOPIOE MEPEIyMOBU
iX aKyMyJIOBaHHA B HaciHHI Ta wMirpamii o
MPOAYKTIB ioro mepepoOku. Cepex TpymH BaXKKUX
METAaIiB CbOrOJIHI HAMOUIBII 00CATH X HAAXOIKEHHS
O TPYHTY Ta POCIMHHHUIBKOI TPOAYKIIi cIiocTe-
pIraroThes 3a CBUHIIEM, KaIMI€EM, MIJUIFO Ta IIHHKOM.
CaMe 11i €JeMEHTH MICTAThCS y HaWMOMUPEHIIIHX
MiHEpaJIbHUX JOOpWBaxX, IO 3aCTOCOBYIOTHCS B
MOCiBaX COHSIIHUKY, a MOTYXHA BEereTaTMBHA Maca i
KOpEHEeBa CHCTeMa KyJIbTYpPH Ta TPHUBAIHMN Iepiox
BereTalii 3yMOBIIOIOTh ITOCWJICHE IMOTJIMHAHHS IUX
TOKCHKAHTIB 3 TPYHTY 1 aKyMYNIOBAaHHS y POCIHMHAX
[7].

Cepen  3a3HaUYCHUX  BAXKKHX  METATIB
ocoONMBE  MICIE  HAJIEKUTh  KaaMmilo,  SIKHi
CIIPOMO>KHHMI OCOOJIMBO iHTEHCHBHO IOTJIMHATHUCS Ta
HAKOIMYYBATUCSI POCIMHAMH COHSIIHHKY dYepe3
IHAUBIAyaTbHI (i310JIOTIYHI OCOOIMBOCTI KYIBTYpH
aKyMyJIOBaTH KaJMid Yy 3HAYHO BHUINUX KOH-
LEHTPALisAX, HiXK 1HII TOKCUKAHTH [4].

Cepeq IHIIUX JDKEPET HAIXOMKCHHS BaXKKHIX
METaJiB 10 TIPYHTY, KpiM MiHEpaJbHHX I0OpUB i
MECTUIMIIB, € BHUKHAM AaBTOTPAHCIOPTY, MPOMHC-
JOBUX TINNPUEMCTB, BIUTUB 3BaJWII TBEPAUX
BIIXOZIB Ta iHIIOI rocmoaapchbkoi AismbHOCTI. [IpoTte
B YMOBaX arpapHoro BiHHMIIBKOTO perioHy OCHOBHA

HeOe3lmeka BiJ BaXKUX MeETAB UIT  CUIBCH-
KOTOCIOJITAPCHKUX TIOCIBIB 3arajioM Ta COHSIIHUKY
30KpeMa HaIXOIWTh Bix BHCOKHX Ta
He30aIaHCOBAHUX  HOPM  MIHEPAIbHHUX  JOOPHUB,

MECTUIIM/IIB Ta BAITHAKOBUX MaTepialis [6].
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Hebesmeka  croXuBaHHS — COHSIITHUKOBOI
MPOAYKLIi 3 MiJBUIIEHUM BMICTOM Ba)XKHX METaJiB
BU3HAYAETHCS  IX  TOTY)XKHUM  aKyMYJSIiHHAM
e(heKkTOM, BUHUKHEHHSAM 010XIMIYHUX, ITUTOJIOTIUHUX,
¢izioNoriyHNX TOpYIIeHb (DYHKIIOHYBaHHS oOpra-
HI3My, I1HTOKCHKAIli€}0, BUHUKHEHHAM MAaTOJIOTiH,
3aXBOPIOBaHb, OCIAOJCHHSAM OpTaHIi3My, TIOpY-
IICHHSM BIJTBOPIOBAIBHUX (yHKIIMH [10].

VYHacligok 3MIiHHOT BaJEHTHOCTI Ba)KKHX
MeTalliB, HU3bKOI PO3UYMHHOCTI, BHCOKOI 31aTHOCTI
YTBOPIOBATH HOBI KaTiOHW W KOMIUIEKCHI CITOJIYKH B
OpraHi3Mi BOHM MOXYTb 3aMill[yBaTH KOPHCHI
PEUOBMHU: MarHill Ta Kajbllii, 1 HAKONIMYYBATHUCS B
KicTKax. Benmki oOCSTH CIIOKUBaHHS OJIHHOBMIiCHOT
MPOAYKLii MOXYTh CIPUUUHSITU HETAaTUBHI HACTiIKU
SK Yy peaJlpHOMYy daci, Tak 1 Yy BigjaueHii
MEPCIIEKTHBI, TOXX IHTAHHA MOHITOPHHTY BMICTY
BRXKHUX METAJTIB y HACIHHI COHSIITHUKY Ta MPOIYKTaX
fforo nepepoOKH HaJ3BUYAWHO aKTyabHE [§; 9].

ITocTanoBka 3aBaanHsi. Hame 3aBmannsg —
JIOCTIUTH BMICT TOKCHYHHX PEUYOBHH Yy IPYHTI IIpH
BUPOIIYBaHHI COHAIIHUKY. JIOCHIDKEHHS TPOBOAMIN
BrpojoBxk 2021-2022 pp. y ®I' «30ps BacwumiBkm»
cenma BacwiiBka BiHHWIBKOTO paiioHy BiHHHIIBKOT
oOnacti. COHSIIHUK BHPOLIYBAJIM Ha CIPUX JICOBHX
CepeAHBOCYITTMHKOBUX  IpyHTaX  3a  3araib-
HOIIPUHHATOI0 TeXHOJNOoTiero. [lomepenHuk CcoHsI-
HUKY — KyKypya3a. BHocunu MiHepanbHe JOOpPHBO
HiTpoaMO(OCKy TMiJ TMOCIB COHSIIHUKY B HOpPMIi
N4sP4sKss y TiepennociBHy KyabTHBALIO PO3KUTHAM
criocobom. Jlormsm  3a  mociBaMH  Iepeadadan
MDKpSITHUM ~ MeXaHi4HUE 00po0iTOK, OmHOpa3oBe
BHECEHHsI TepOinuay, (QyHTIOUAY Ta TPOBEIACHHS
Jecukaii y nepens3oupanbHuii  mepiog. OOMo-
JIOYYBaJIM COHSIIHUK KOMOAtHOBUM CIIOCOOOM.

COHAIIHUKOBAN  MPOT, SK BTOPUHHUU
MPOAYKT TIPH BHPOOHWITBI  POCIMHHUX  OJIH,
olepKalmM |y TpHUBATHIM OMiHI 32 CXEMOIO
(doprpecyBaHHSA-eKCTparyBaHHsi 3 TOMEPEIHbO
00pO0JICHOT0 HACIHHS COHSIIHUKY i3 3aCTOCYBaHHSIM
BOJIOTO-TEIUIOBOTO 0OPOOIICHHS.

Y mpoueci  1abopaTOpHHX — JOCHIIKECHb
BiOMpany npoOu IPYHTY, ¢ BUPOIIYBAJIH COHSIIHUK
mo miaroHani mons. JlaGopaTopHuil aHami3 BMiCTY
TOKCUKAHTIB y TPYHTI 3a BMICTOM pyxomux (opm
CBUHIIIO, KaJMil0, Miai, IMHKY, PTYTi, 3aji3a,
KOOaNbTy, MONIONEHY, OOpy Ta LE3il0 IPOBOAWIU Y
Kurommpepkiit  ¢imii  JepxaBHoi  ycTaHOBH
«depxrpyaroxopoHa» (IHCTUTYT OXOpOHH TpPYHTIB
VYkpainu) 3a CTaHZapTHUMHM MeToaukamu [1].
OTpuMaHi TOKAa3HUKH TOPIBHIOBAIM 3 TI'PaHHYHO
JIOMTYCTHMUMH KOHIICHTPAIIiSIMH.

JlaboparopHi aHami3Ww Ha BMICT BaXKUX
MeTalliB CBUHINIO, KaJMir0, MiJi Ta IMHKY y HACiHHI
COHAIIHUKY Ta WOro IIPOTI TMPOBOJMIH Y
Kutomupepkiii  ¢imii  JlepkaBHOI  yCTaHOBH
«depxrpyrroxopoHa» (IHCTUTYT OXOpOHH TIpPYHTIB
VYkpainu) 3a CTaHJaApTHUMH METOANKaMH [2].



Exomnoris

Onepxani aHl MOPIBHIOBAIIH 3
HOpMaTHBaMH IPaHUYHO JOMyCTUMOI KOHLIEHTpAIlii, a
TaKoXK PO3PaxXOBYBalIM KOE(]ILi€EHT HAKOMMYEHHS
BKKHX METATIB Yy HACIHHI COHSIIHUKY BiTHOIICHHIM
(hakTHYHOTO X BMICTy B HACIHHI O BMICTY PyXOMHX
(bopM y IpyHTI.

Buxknag  ocHoBHoro wmarepiany. Ha
HAKONTMYEHHSI TOKCHYHUAX PEYOBUH, 30KpeMa Ba)KKUX
METaJliB y HACIHHI COHSIIHHUKY Ta COHSIIHUKOBOMY
HIpOTi, BIUIMBAE iX BMICT y IpPYHTi, Ha SKOMY
BHPOIIYBaJIH COHSIIHUK. YCi TOKCUKAHTH MiCTHIIHCS
y IPpYHTI B KOHLEHTpalifX IiXHIX pyXoMux ¢Gopm,

3HAQYHO  HIDKYMX 33  TPAaHWUYHO  JOMYCTHUMI
KOHIeHTpanii. 30kpemMa (aKkTHYHAa KOHIEHTpALis
pyxoMux GopM CBUHIIO Yy TIpyHTi craHoBmia 0,26
I'’IK, kagmito — 0,13 TAK, migi — 0,24 I'JIK, nuaKy —
0,15 TJK, mo e 6e3neunnm piHeM. Cepen iHIIHMX
3a0pyJqHIOBAYIB IPYHTY, $KI MOXYTh IOTEHLIIHO
MOTPAIUIATH 1  HAKONMYYBaTHCh y  HaCiHHI
COHSIIITHUKY, € PaJiOaKTHBHUHU Ie31i, YacTKa SKOTO
cranoputh 0,31 T'JIK, Ta kobampT 3 udactkoro 0,2
I'IK. He6e3neku Bif BMICTY Y IPyHTI pyXxoMux (opm
pTYTi, MOiOZCHY, OOpy Ta 3aii3a MPaKTHYHO HEMAE,
OCKUTBKH 1X yMICT qyKe HU3bKHi (Tabm. 1).

Tabnuys 1
Bwmict pyxomux ¢opM TOKCHMKAHTIB Y IPYHTI 32 BUPOIYBAHHSA COHSINIHUKY
Toxcukant @DaKkTU4HUI BMICT I'pannuHO-gomycTUMA Yacrka ['JIK
KOHIIEHTpAIlis

CsuHeIb, MI/KT 1,57 6,0 0,26
Kamgmiii, Mr/kr 0,09 0,7 0,13
Mins, MI/kr 0,73 3,0 0,24
IuHK, MI/Kr 3,37 23,0 0,15
PtyTh, MI/KT 0,005 2,1 0,002
3aii30, MI/KT 57,18 - -
KobaneTt, MI/kr 1,01 5,0 0,20
MoiibaeH, Mr/Kr 0,12 10 0,01
Bop, mr/kr 1,62 30* 0,05
Lesiit, Ki/km® 0,31 1,0 0,31

*[IpuMiTKa: BaJIOBHI BMICT.

OckinbKy TIOTEHIiiHa HeOe3leka MoTpar-
JISTHHS 'y HACIHHS COHSIIHUKY 3 IPYHTY MOXIIHBA
JIMIIEe BiJ] CBHHINO, KajMif0, MiIl Ta IUHKY, TO
MOJANBINNI aHaJi3 BMICTy TOKCHKAHTIB y HAaciHHI Ta
COHSIIIHMKOBOMY  IIPOTi  MPOBOIAMIM  JIMIIE i3
3a3HAYEHUMH eneMeHTaMyd. Hamn  JociigkeHHs
MOKAa3aJIy, [0 HAWBHUIIA YACTKA BiJ TPAHUIHO

JOITyCTUMOI KOHIEHTpAlil y HACiHHI COHSIIHUKY
croctepiraerbes 3a Bmictom cBuHIo — 0,17 TJIK, 3a
BmictoMm Migi — 0,13 TJK, muaky — 0,12 I'JIK,
kammiro — 0,11 T'JIK. Ile mocuTh HU3BKHI BMICT
3a3HAYEHNX TOKCHKAHTIB y HACIHHI COHSIIHUKY, IO
rapaHTye CKOJIOTIYHY O€3MeKy HAaciHHSA 3a IIHMHU
B)XKUMHU MeTajgamu (Tadim. 2).

Tabnuys 2
BMmicT pyxomMux (popM Ba:KKMX METAJIB y HACIHHI COHSIINHUKY, MI/KT
Baxxkwuit metan DakTUYHUI BMICT Tpamiro HOHyC.THMa Yactka I'/IK
KOHLIEHTpaLis
CBuHELb 0,087 0,5 0,17
Kanmiii 0,011 0,1 0,11
Mins 1,25 10,0 0,13
Huak 6,10 50,0 0,12




Pozmin 1

VY npoaykTi nepepoOKU HACIHHS COHSITHHKY
— HpoTi, (PaKTUYHUN BMICT AOCIIAXKYBAaHUX BAXKKHUX
METaJliB 3HAYHO BWIIWH, HDK Yy HaciHHI, aie,
BIIMIOBIHO,  3HAYEHHS TPAHUYHO  JIOIMYCTHMOI
KOHIIEHTpalii BaXKWX MeETalmiB Takok Bumie. Lle

CIPHUATIO OJCP)KAHHIO HE3HaYHOI YacTKH BMICTY
BaXKHUX METaJiB y COHSIIHUKOBOMY IIPOTiI ILIOAO
I'’IK. 3okpema HaiiBumyy uactky I'JIK BusiBuiam 3a
ceunneM — 0,09 I'JIK, 3a migmio 1 muHKOM — 110 0,05
'K, a 3a kagmiem — 0,03 TIK (Ta6u. 3).

Tabnuys 3
Bmict pyxomux ¢opm BaKKHX MeTaJliB Y COHSIIHUKOBOMY HIPOTi, MI/KT
Baxkuit meran DaKkTHYHUI BMICT T'panutso I[OHY(?TI/IMa Yactka I'/IK
KOHILIEHTpaLis
CauHelb 0,13 15 0,09
Kamgmiit 0,016 0,5 0,03
Mins 3,63 70,0 0,05
0071519 8,75 150,0 0,05

OTxe, BCTAaHOBJICHO, 1110, HE3BA)KAIOUH Ha Te,
10 BMICT B&XXKHX METAJIIB Y COHSIIHHKOBOMY IIPOTI
ICTOTHO 3pic MOPIBHSHO i3 IXHIM BMICTOM Y HaciHHi
COHSIIHUKY, 3pocia 1 IX TpaHHMYHO JIONYCTUMA
KOHIIEHTpaIlisl, 10 yOe3neuye oaepikaHy MpOayKILIO.

30KpeMa 100 HACIHHS COHALIHMKY HalOinblIe 3pic
y COHSIIHMKOBOMY IIPOTi BMICT Mimi — y 2,9 pa3sa,
cBuHIO — y 1,49 paza, kaamiro — y 1,45 pasa, HHHKY
—y 1,43 pasa (ta6m. 4).

Tabauys 4

HakonnyenHs pyxoMux (popM Ba)KKHX MeTaTiB COHSIIIHHKOBUM LIPOTOM
3 HACIHHS COHAILITHUKY

Baxxuit metan [HTEHCUBHICTh HAKOTTMUEHHS
CBuHELD 1,49
Kammiit 1,45
Mizns 2,90
[unk 1,43

BonmHouac TpaHMYHO JIONYCTUMAa KOHIIEH-
Tpalis CBUHINO i IHWHKY B COHSIIHMKOBOMY IIPOTi
MOPIBHSHO 13 HACIHHSIM COHSIIHHKY, 3pOClia Y TpHU
pasu, kaaMmito —y 2,9 pasu, Mifi —y 7 pasis.

Takoxk MM po3paxyBadm  Koe(illieHT
HaKONHWYEHHA JIOCHI/UKYBaHHX B@XKKHX METaliB
HACIHHSM COHSIIHHUKY 3 TIpyHTy. HaiiBummii koedi-

IIEHT HAKOIIMYEHHs BCTAaHOBJIEHUH 3a MHKOM — 1,81,
ta mio — 1,71. Ile Bka3ye Ha Te, M0 Mifb Ta LIUHK
MOTJIMHAIOTHCS 3 TPYHTY HACIHHSAM COHSIITHUKY O1TBII
IHTEHCUBHO, HDK (DaKTHYHUH BMICT LIUX METaliB Yy
rpyati. Tomy mnpm 30iIBIICHHI BMICTY Yy IpPYHTI
pyxomux (HopM Mii Ta HUHKY 3pOCTaTUME iX KOHIIE-
HTpALlisl y HACIHHI COHSAIIHUKY (Tabi. 5).

Tabnuys 5

KoedinieHT HakonnYeHHs] pyXOMHUX (OPM BaKKHX MeTaJiB
HACIHHSIM COHSIIIHUKY

Baxxkuii meran KoeimieHT HakOMUYeHHS
CBuHeLb 0,06
Kagmiit 0,12
Mins 1,71
unk 1,81




Exomnoris

Boanovac koedillieHT HAKOTTUYCHHST CBHHITIO
1 KaJMil0 HaCiHHSM COHALIHMKY 3HAYHO MEHIIHN 3a
OIUHUINO 1 cTaHOBHUTH Bigmosiguo 0,06 ta 0,12. Ile
BKa3ye Ha Te, [0 HAKOIMYCHHS CBHHIIIO Ta KaaMIIO
HACIHHSM COHSIITHUKY HE3HAYHEe: TMOPIBHAHO 3 iX
(akTHYHNM BMICTOM Yy TIPYHTI BiH CTaHOBHB Ta
CTAaHOBUTh 3HAYHO MeEHINy HeOe3leKy, HiK Milb Ta
[UHK.

BucnoBkn. Cepen XiMIYHMX TOKCHKAHTIB
IPYHTY, SKi TOTCHIIHO MOXYTh HAKOIMUYyBAaTUCH Y
HACiHHI COHAIIHWKY Ta WOTr0 IIPOTi, HAWOLIBITY
HeOe3MeKy CTAaHOBIISATh CBHHEIb, Miflb, ITUHK, KaMii,
1esii Ta kobansT. BorHowac pryTh, MoniOneH, 6op Ta
3aJ1i30 32 HASBHOT'O BMICTY B JIOCIIJDKYBAaHOMY IPYHTI
HE CTaHOBJIATh HeOe3neku. 3a (akTHYHOrO pIiBHA
3a0pyqHEHHS IPYHTY PYXOMHMH (pOpMaMy CBHUHIIIO,
KamMito, Mifi Ta muHEKY B Mexax 0,13-0,26 I'/IK ix
BMICT y HaciHHI coHSIHWKY ctranosuB 0,11-0,17
I'’IK. Y COHAIHMKOBOMY IIPOTI BMICT JOC-
JM/DKYBAaHUX BaXKKAX METAIB BIIHOCHO HACiHHS
COHAIIHWMKY HaiOimpime 3pic: mimi — y 2,9 pasa,
cBuHIIO — y 1,49 paza, xkaamiro — y 1,45 pasa, nuHKY
—vy 1,43 paza. [IpoTe (hakTHIHA YacTKA TAKOTO BMICTY
BaXKHX METaJiB IIOAO0 TPAHUYHO JOIMYCTUMOI
koHneHTtpauii cranosuna 0,03—0,09 I'’IK. Haiisummii
Koe(]ilieHT HAaKOMUUEHHS BXKKUX METAJIB 3 IPYHTY B
HACiHHI COHSIITHUKY BCTAaHOBJICHMI 3a ITMHKOM — 1,81,
Ta Migmo — 1,71, Toai SK 3a CBHHIIEM Ta KaJgMi€M BiH
cranoBHB BianosigHo 0,06 Ta 0,12.
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