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IIpencraBieHbl pe3yIbTaThl arPOXUMUUECKUX U DKOTOKCUKOJIOTUYECKUX UCCACAOBAHUN MAXOTHOTO CJIOS
pEerepHbIX YY4acTKOB JI€PHOBO-MOA30JUCTHIX TOYB CEJIbCKOXO3SIMCTBEHHOro Ha3dHayeHusi M BaHOBCKOM
00J1., KOTOphIE IMIPOBOIUIIN C LIEJIbIO YCTAHOBJICHUS YPOBHS IUIOAOPOAUS 10 OCHOBHBIM arpOXUMMNYECKUM
rokKazaTeJsisiM, COIePKaHUIO CEPbl U MUKPO3JEMEHTOB, 3KOTOKCUKOJIOTUYECKOTO COCTOSTHUSI — 110 BaJlO-
BBIM U MOJABVKHBIM (hOPMaM TSKEJIBIX METAJUIOB U MBIIIbSIKA. YCTAHOBJIEHO YXyIILIeHUE TAaKUX ITIOKa3aTe-
JIeii TUI0JOPOaUSI MOYB KaK 00eCIeYeHHOCTh aMMOHUIMHBIM M HUTPATHBIM a30TOM, TTOABUXKHBIM KaJIUEM,
CYMMO1 MOIVIOIIEHHBIX OCHOBAHUI U €eMKOCThIO KATUOHHOTO 0OMeHa. OTMEUEeHO yBeJIMYeHUEe COIepKa-
HUS TOABMXKHOTO (hocopa, 0OMEHHBIX KaJIbIIUS, MATHUSI U APYTUX MTONIOILIEHHBIX OCHOBAHUIA TTPU HEU3-
MEHHOM COJIep>KaHUM OpraHMYeCcKOoro BelecTBa. [IpousBeneHa olieHKA IUIOJOPOAUS U3YUYEHHBIX ITOYB I10
pacyeTy NOYBEHHO-3KOJIOTUYECKOTO NHACKCA. YCTaHOBJIEHA 00ECIEYeHHOCTh ITOYB MUKPO3JIEMEHTAMU U
MOIBMXHOM cepoii. ComepKaHue BaJIOBBIX Y MOABXKHBIX (DOPM METAJIIIOB B II0YBAX, 32 UCKJIIOUEHUEM MbI-
LIbSIKA B ITOYBAX OTAEJIbHBIX YYACTKOB, HE MPEBBILIAIM MPEAeTbHO JOMYCTUMBIX KOHLIEHTpALWid 1 KjIap-
KoB. MccaenoBaHHbIE TOUYBBI OTHOCSITCS K CJ1Ia003arpsI3HEHHBIM U HE SIBJISIIOTCS] OITACHBIMM IS KYJIBTYP-
HBIX paCTeHUM 1 310pOBbs yenoBeka. I1o koadbdunmreHtam koppesiuuu [Tupcona u CnupMeHa ycTaHOB-
JIEHBI XapaKTepbl B3aMMOBIUSIHUSI OOMEHHOI KUCJIOTHOCTH, COAEPXKAHUS OPraHUYECKOro BEIIeCTBA U
rpaHyJIOMETPUYECKOIO COCTaBa MOYB C COAePXKaHMEM JOCTYIHBIX (hOPM MUKPO3JIEMEHTOB, BaJIOBBIX U ITO-

JBU2>KHBIX (bOpM METaAJIJIOB XU MBIIIbAKA.

Karouesnie crosa: I1ogopoaue, 1€pHOBO-IMMOA30JIUCTad IMo4YBa, MUKPOSJICMCHTLI, TAXEIbIC METAJIJIbI, PC-

rnepHble yyacTku, MBaHOBCKast 06J1.
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BBEAEHHWE

B pesynpraTe BO3aeiiCTBUSI TEXHOTCHHBIX (PaKTO-
pOB, IPUBOISIINX K MPOSBJICHUIO HETATUBHBIX I10-
CJIENCTBUI B MPUPOIHOM cpene (TeXHOJIOTMYeCKue
BBIOPOCHI IIPOMBIIIIEHHBIX ITPOU3BOJCTB, BHIOPOCHI
IIpU aBapusx, OEITEILHOCTh TpaHCHOpTa U T.I1.) U
NIOOAJIBHBIX TE€OXMMWYECKUX MPOLECCOB IPOUCXO-
IUT 3arpsi3HEHUE IPUPOOHOM Ccpelbl pa3IMYHBIMU
SKOTOKCUKAHTaMM, TI0 3TOM MPUYNHE OXpaHa OKpPY-
KaloIel cpebl IBIISIETCSI OMHOMN U3 CEPhEe3HBIX ITPO-
6JeM COBpPEMEHHOTO UelioBeuecTBa. PallmoHanbHOe
KCIIOJIb30BaHMe 3eMenbHoro (hoHga Poccun He 00x0-
IIUTCS 6e3 OXpaHBI ITOYB U 3(PPEKTUBHOTO UCITONH30-
BaHUsSI UX TUIOAOPOIUS. 3arpsiI3HEHUE CEIbCKOXO03Sii~
CTBEHHBIX YTOJINiA MOXET OKa3bIBaTb HETATUBHOE BJTH-
STHUE Ha XKU3HEIesI TeIbHOCTh HACEJICHUSI CTPaHBL.

I[J'[H OLCHKM CTCIICHM M XapaKTCpa 3arpA3HCHUA
erZ[I/Iﬁ B LICJIAX COXpaHCHUA 1 BOCCTAHOBJICHUA I1JI0-
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JIOpOausl MOYB, YAyYILIEHWS IPUPOOHOI cpeabl U
OXpaHbl 300POBbSI YeIOBEKA BO3HUKAET HEOOXOOM-
MOCTb CUCTEMAaTUYECKOTO HAOJIOAeHWS 1 KOHTPOJIS
3a nx coctogaueM [1]. JIokambHBIIT MOHUTOPWHT 3€-
MeJlb CEeJIbCKOXO35IMICTBEHHOI0 Ha3Ha4YeHWUsI Ha pe-
MEePHBIX ydacTKax IIPEICTaBIIsIET COO0I cucTeMy Ha-
OJIIOAEHUII 32 COCTOSTHUEM CEIbCKOXO3SICTBEHHBIX
Yroauii OJjisi CBOEBPEMEHHOTO BBISIBICHUSI U3MEHE-
HU COBOKYITHOCTH IMOKa3aTeieii MOUBbI, BIUSIOLINX
Ha €€ IUIOJOpOAME, a TaKXKe MNPEAyNpPEXIACHUS U
yCTpaHEHUsI HEraTUBHBIX MPOLIECCOB, IIPOUCXOMISI-
ILUX B IIPUPOOHOIL cpele.

ATpoXuMHNYECKOEe U IKOTOKCUKOJIOTUYECKOE 00-
CJIeIOBAaHMS MMOYB 00ECTIEUNBAIOT 3€MJIETIONI30BaTE-
JIsT Bceil HeoOxoauMoii nH¢popMaleil mo coaepxKa-
HUIO MOABUXHBIX (DOPM TUTATENbHBIX 3JIEMEHTOB,
ryMyca, peaKinuy IMTOYBEHHOU Cpenbl, 00eCIeYeHHO-
CTH TI0YBBI OOMEHHBIMHU (pOpMaMM OCHOBAHWM, JIO-
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CTYOHBIMU MUKpo3jiaeMeHTaMu (MD) 1 IpUCyTCTBU-
€M B ITO9BE TOKCUKAHTOB M T.11. [2, 3].

BricokoadhdekTuBHOE BeleHUE CEIbCKOIo XO-
39iCTBa BO3MOXKHO TOJBKO IPHU COOJIIOACHUMU Ipa-
BUWJILHOTO MOAXOAa K IIpo0yieMaM, CBSI3aHHBIM C MC-
IIOJIb30BaHMEM, BOCCTAHOBJICHUEM M COXpaHEHUEM
MMoYBeHHOTO Iutonopoaus [4, 5]. B mocinennue necsi-
TUJIETHS B eBpomneiickoit vact HeyepHo3eMHOI 30-
HBI OTMEYaeTCs IOTePSI IUIOAOPOANSI MHOTUMU I10Y-
BaMU M MX IOCTEIIEHHBII IIepexXod B pa3psii Majo-
IUIOAOPOAHBIX 1 3arPsI3HEHHbBIX 3€MeJIb, UTO CO31aeT
yIpo3y BBIBOJIA UX U3 CEJIbCKOXO3SIMCTBEHHOTO 000-
pora [6—9].

CoBpeMeHHass U3MEHYMBOCTb MapaMeTPOB ILIO-
JIopoaus IepHOBO-NOA30INUCTHIX II0UYB MIBaHOBCKOIM
00JI. ¥ OlIEHKA MX 9KOTOKCHUKOJIOTMYECKOIO COCTOSI-
HUSI, B HAQYYHOM JIMTepaType OCBEIIEHBI HEIOCTAaTOU-
HO U TPeOYIOT AOMOJIHUTEILHOIO U3Y4eHHUSI, YTO MO~
BBILIIAET 1LIEHHOCTh M aKTyaJlbHOCTh MPOBEIEHHOIO
HCCJIETOBaHUSI.

Llenp pa®OTHI — OLIEHUTH CYIIECTBYIOIIMI ypO-
BeHb (P (HEKTUBHOIO IUIOAOPOIUS IePHOBO-IIOA30-
JIMCTHIX TOYB MIBAaHOBCKO#1 00J1. ITT0 OCHOBHBIM arpo-
XUMHAYECKUM IIoKa3aTedsaM U coiepxKaHuioo MO,
9KOTOKCHKOJIOTHYECKOE COCTOSIHUE IO COAEP>KaHUIO
MOABMKHBIX 1 BaJIOBBIX (DOPM COETMHEHUM TSKEIbIX
MmetauioB (TM): cBuHIIA, KaaAMUSI, MEIU, HUKES,
LIMHKA, XpOMa, PTYTU U METAJUIOUAA MBIIIbsIKA.

Oco60oe BHMMaHVE K U3yYeHHBIM 3KOTOKCUKAH-
TaM BBI3BAHO TEM, YTO OOJIBIUIMHCTBO U3 HUX OTHO-
curcda K I u 11 xitaccam XMMHYIeCcKOI OITacHOCTH, MX
CoeIMHEHUS 00/1aJaI0T BBICOKOM TOKCUYHOCTBIO IS
MHOTI'MX XXNBBIX OPTraHM3MOB.

METOINKA NCCIEJOBAHUA

OOBeKT ucciienoBaHUS — IEPHOBO-IIOA30JUCThIE
IOYBHI, 10JISI KOTOPBIX B IOYBEHHOM ITOKPOBE ITaX0T-
HBIX 3eMetb MBaHOBCKOiT 00:1. cocTasiseT 92% [10].
ITouBeHHO-arpOXMMNUYECKOE U 3KOTOKCUKOJIOTUYe-
cKoe o0cnenoBaHue 1ouB rpoBoawin B 2014 1 2021 rr.
B COOTBETCTBHMU C €KETOIHBLIM JIOKAJTbHBIM MOHUTO-
PUHIOM IIJIOAOPOAVS IOYB 3eMENIb CEIbCKOXO3SMi-
CTBEHHOIO HazHaueHUs Ha 11 permepHBIX ydacTKax,
pPACIONIOXKEHHBIX B OTIOEAbHBIX paiioHax MBaHOB-
CKoM1 00:1. (puc. 1), myTeM 3aKIagKy ITOYBEHHbBIX pa3-
pe30B U 0TOOpa 06Pa3LOB MTOYB U3 MTAXOTHOTO CIIOS
(0—20 cm) o1 aHAJIM30B.

PenepHble yyacTKM pacrojiarajiuCb B OCHOBHOM
Ha TIaxOTHBIX 3eMJISIX 1 KOPMOBBIX €CTECTBEHHBIX YTO-
IbsIX, TIpeoOanaroliasi pacTUTEIbHOCTb Y4acCTKOB —
KYJIbTYpHBIC PACTCHMSI, B PEOKUX CIydasXx — pa3HoO-
TpaBbe. OOIIast TUIoIIaah 0OCIIeTIOBAHHBIX TEPHOBO-
MMOI30JIMCTHIX ITOYB penepHbIX ydyacTKoB — 207.7 ra.
IMTouBenHo-3ko0n0rnueckuit uHaekc (ITON) onpene-
JSUTA TI0 MeTonmMKe, pa3padboraHHoit I[louyBeHHBIM
nHcTuTyToOM M. B.B. JlokyyaeBa [11].

BecHoi1 ¢ kaXa0oro penepHoOro yyactka B 3aBUCH-
MOCTH OT €TO IIJIOIIaaH C IIOMOIIBIO TPOCTEBOTO Oypa
OTOUMpaI HECKOJILKO CMEIIaHHbBIX 00Pa3110B MOYBHI.
OnuH cMelIaHHbI o0pa3zel, Maccoii =(0.5 Kr cocTaB-
Jsuiu 13 30 ToueyHBIX MPOO U B CpeIHEM OTOUpPAJIU C
KaxXIbIX 6—7 Ta TTOMAay perepHoro yJyacTKa.

AHaIM3bI TTIOYB OBLJIA BBITTOJHEHBI MO MPUHSITHIM
B arpOXMMUYECKOI MPaKTUKe METOAMKAaM: OOMeHHas
kucaoTHOCTb (pHg) — TOCT P 58594-2019, runpo-
qutndeckast kucinotHocth (H.) — T'OCT 26212-91,
nonBuxHbie pocdop (P,0;5) n kanuii (K,0) — TOCT
P 54650-2011 (mo KupcanoBy B Mmogudukauu LM -
HAO), ammuaunsrit azor (N-NH,) — TOCT 26489-
85 (mo LIMHAO), HutpatHbiii azor (N-NO;) —
I'OCT 26951-86, 0OMeHHBIE OCHOBaHUS KaJIbLISI U
MmarHus (Ca?™ u Mg?*) — TOCT 26487-85, opraHuue-
ckoe Beutectso (C,,,) — TOCT 26213-91 (1o Tropuny
B Momudukanuu IHMHAQO), cyMmma MOMIOIIEHHBIX
ocHoBaHuit (S) — I'OCT 27821-88 (nmo Kammneny),
noaBuxkHast cepa (S;,,,) — TOCT 26490-85 (1o LI -
HAO), noasuxusblii 6op (B) — TOCT P 50688-94 (110
Bbeprepy u Tpyory B momudukanuu L IMHAQO), no-
IBVKHBIN MommGaeH (Mo) — T'OCT P 50689-94 (1o
I'purry B mogucdukanuu LIMHAQO), oOMeHHbIi1 Map-
ranelr (Mn) — I'OCT 26486-85 (nmo LIMHAO), no-
nBmKHBIN KOOkt (Co) — TOCT 50687-94 (1o Ieii-
Be—PuHBKUCY), Dpakiny pu3ndecKoi NIMHBI U 1jia
(mo Kaunnckomy) — metoguka [12]. EMKOCTh KaTu-
onHoro ooMeHa (EKO) u creneHb HaCBIILIECHHOCTH
MOYBbI OCHOBaHUSAMMU (V) ompenensiii pacyeTHBbIM
CITOCOOOM.

OmnpeneneHune B MoYyBax MNOABMKHBIX ¢opm TM
MPOBOJIWIN B BBITSIXKKE alleTaTHO-aMMOHUIHOTO Oy-
depa nipu pH 4.8, BaoBbix ¢opm Hg — B BBITSIKKe
1.0 H. HNO;, MeronoM aToMHO-abCOPOLUUOHHOMI
cnekrtpoMeTpui [13—15], BamoBbie (hopMbl As — poTo-
METpUYECKUM MeToaoM B BhITsKke HNO; + H,SO,
(1:1)[16].

ITpu cratrcTrdeckoir 06pabOTKe MaHHBIX MTPOBO-
JIWJIU TIPOBEPKY 3aKOHA HOPMAaJIbHOTO pacIipeaeIeHUS
Mpu3Haka ¢ nomolbio Kputepust Illanupo—Yunka
(p > 0.05). CpenHue ypoBHM U3yYEeHHBIX ITOKa3aTelieit
B HCCJIEIOBAaHHbBIX 00pa3lax Mpu HOpPMaJbHOM pac-
MpeaeJeHUU CpaBHUBAIU MEXAY OO0 ¢ TTOMOIIbIO
BBIOOpOUYHOTO 7-KpuTepus CThIOACHTA IUIST 3aBUCH-
MbIX TiepeMeHHBIX (p < 0.05), mpyu HEHOpMaJIbHOM —
¢ mnoMmoublo kputepust BunkokcoHa (p < 0.05).
U1t BBISIBJIEHUSI B3aUMOCBSI3El TPU HOPMaJIbHOM
pacnpeneaeHUu TTpU3HaKa pacCuuThiBaiu Koaddu-
LUEHTHl NapHOM JMHeHOoN Koppesiuuu IlupcoHa,
MPU HEHOPMAaJIbHOM paclipeieleHUN — Ko3(hduLim-
€HTbl paHroBoit koppeysaiuuu CrnupmMeHa ¢ UCIOb-
30BaHUEM CTAaTUCTUYECKOM mporpaMmhbl “Statistica”
(Bepcus 10).

ATPOXUMUA

Ne 4 2023
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Puc. 1. Kapra-cxema MiBaHOBCKOIT 00J1. ¢ 0003HaYE€HUEM PEeNePHBIX YIaCTKOB MOHUTOPUHTA.

PE3VYJIBTATBI 1 UX OBCYXIEHHUE

3a 7 net HaOmoneHus (¢ 2014 mo 2021 1.), cpenHss
BeJIMYMHA OOMEHHOI 1 TMAPOJIUTUYECKON KUCIOT-
HOCTM TMOYB YYacTKOB cHu3mwiach Ha 0.2 em. wu
0.20 cMOJTB(3KB) /KT TIOYBbI COOTBETCTBEHHO (Tabim. 1).
Pacuer t-xputepust CTblofieHTa [IJIsl 3aBUCUMBbIX Te-
pPEMEHHBIX IMOKa3ajl, YTO OTMEUYEHHbIC M3MEHEeHUS
BeanYuH pHy 1 H,. 3a meprol MOHUTOPUHTA MTOYB
6butn goctoBepHBIMU (p < 0.05). TMouBbl GombLIEH
YacTU Y4acTKOB Mo BeanyuHe pHg octaBanucek npe-
UMYIIECTBEHHO HEUTpaibHbIMU, MO BeJU4YuHe H,
UMeJIM OYeHb HU3KYIO CTeTleHb KMCIOTHOCTU, UTO
SIBUJIOCH PE3YJILTATOM YBEJIMUEHUSI 00 bEMOB U3BECT -
KOBaHHUSI MCCIEIOBAaHHBIX TOYB 3a paccMaTpuBae-
MBI IEpUOA.

H3BecTtHO, 9TO Mpupona mposBieHust pHyq; Tec-
Ho cBs3aHa ¢ H.. [lonTBepxaeHne 3ToMy ObLIO OTME-
YeHO B HalleM ucciienoBaHuu. [IpociieskeHBl T0CTO-
BepHbIE (p < 0.05) KoppensILOHHbIE B3aUMOCBSI3H 3a-
metHoM cwibl B 2021 1.: (H,/pHg) = —0.65 1 BecbMma
BbIcOKOI cwiibl B 2014 1.: ¥ = —0.97 (ipu P=0.95).

CpegHue BeEJIMYUHBI O0ECIIEYEHHOCTH II0YB
y4acTkoB C,,. B 2014 1 2021 rr. 10OCTOBEPHO HE pa3-
JINYAJIUCh MEXIY COOO0I, OCTaBasiCh HA HU3KOM YPOB-
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He 00ecleuyeHHOCTH, KaK U 00eCre4YeHHOCTh TTOYB
OOJIBIIMHCTBA YYACTKOB.

Monsuxueie popmel N-NH, N-NO;, P,O5 un
K,O saBnsitoTcsl OCHOBHBIMU COENVMHEHUSMU TIUTA-
HUS PACTeHUl, M 3TUM OTPENessieTcs] BaXKHOCTh X
n3ydeHust B nouBax. Ciemyer OTMETUTh, YTO CONEp-
>)KaHUe B J€PHOBO-TION3OJIMCTHIX TTOUYBAX OOJBIITUH-
ctBa yyactkoB N-NH,; u N-NO; cooTBeTCTBOBaIO
OYeHb HM3KOI 00ECNeYeHHOCTH, YTO CBUIETENb-
CTBOBAJIO O HEOOXOMMOCTH yBEIMYECHUS MTPUMeEHE-
HUS 103 a30THBIX YIOOpEeHU OJisl oOecIiedeHUs 10~
TpeOHOCTU KyNbTyp. 3a 7-JIeTHUI NepuoJ MOHUTO-
puHra cpenHee conaepxanue N-NH,; u N-NO;
CHU3WIOCh Ha 5.9 1 59.1% cooTBeTcTBeHHO. BeposiT-
HO, UTO B OCHOBHOM MOTEPsSI HUTPATOB MPOUCXOAUTIA
O NMPUYUHE UX BEIMBIBAHUSI BHU3 MO NMPOMUIIIO MOY-
BBl U M3-3a BBIHOCA YPOXKAaeM KYJIbTYP.

Pacuer #-xkputepust CTblofeHTa IJIsi COnepKaHUS
N-NH, noka3zai, yto oHo ¢ 2014 rio 2021 r. u3MeHu-
JIOCh HE CYIIECTBEHHO, a pacueT Kputepus: Buikok-
coHa 1151 conepxanusi N-NO; ycTaHOBUII JOCTOBEP-
HOCTh Pa3uiusl BEIUYUH COAEPKaHUS HUTPATOB B
2014 n 2021 1T

C 2014 r. cpenHsii 0O6ecneyeHHOCTh JIEPHOBO-
MOJ30JUCThIX TTIOYB YYaCTKOB MOABMXHBIM P,0O5 13-



22

YTKHWH

Ta6mmma 1. Al"pOXI/IMI/I‘i@CKI/Ie CBOIMCTBA IMMaXOTHOTO CJIOS JCPHOBO-IIOA30JIMCTHIX ITOYB PECIICPHLBIX YYaCTKOB

Ei ®p2;<*um’ Z |2 S| Iw | g|x|% CRRE L§
89 Paiion ° > |z |~ X 3 = O | = oo % <
E é <0.001{<0.01 MT/KT [IOYBBI © = CMOJIb(3KB) /KT OYBBI g
1| MiBanosckuit 48 11831 1.7 | 3.1 | 186|156 | 2.1 | 5.2 [1.37 (59 | 2.1 |11.8|13.289.6 |53.1

19 | 1.4 [250 | 160 | 2.0 | 5.8 [0.89| 5.0 | 2.5 [10.8 | 11.7 [92.4 [71.2

6 | Myuexckmii | 2.0 | 93| 2.8 | 43203 | 66 | 2.1 | 5.6 |0.83] 7.9 | 2.6 [10.7 | 115 |92.8|48.5

2010|250 1|9 |17 |63 (1.13|46 |28 | 9.1 |10.2]89.0(55.3

8 | BepxHenanze- 35 116.01 2.9 [ 23|90 [ 130 | 1.9 | 5.0 [1.26 | 8.4 | 2.3 [12.5]13.8 [90.8 |45.6

XoBCKHii 13 |15(59 |62 |1.6]55[085|44|1.7]82|09.1]90.6|44.2

9 | Buuyrckuii 3.0 141 0.5 | 1.7 | 198 | 57 | 2.3 | 6.1 |0.67 | 7.9 | 2.5 |27.9]28.6 |97.7 | 62.9

26 | 1.3 225 75 | 2.1 | 6.2 ({047 | 7.6 | 3.4 |27.6|28.1|98.3|63.5

Il | Knnewemekuit | 5.5 12501 1.3 | 9.5 |39 | 76 | 2.4 | 5.5 |1.04 | 4.4 | 1.8 |16.0 |17.0{93.9|47.2

2512130 [ 75 [ 2.2 | 59 [0.75| 9.4 | 3.5 |16.2 |17.0 | 95.6 | 58.3

12| Komcomonbekmii| 5.7 120.0 | 2.2 | 1.7 {250 | 92 | 2.1 | 6.2 [0.46| 8.5 | 2.8 |17.0 | 17.5 [97.4 | 57.0

1.4 109 | 111 | 57 | 2.1 |6.2|031| 5.1 2.8 [20.7[21.0(98.5|52.0

14 | Ponnukosckuit | 5.2 |31.0| 16 | 59 | 56 | 87 | 1.8 | 5.1 [1.29| 6.1 | 1.9 |[12.2 |13.5[90.4 |47.1

0823|211 |54 205409579 3.0 [11.8(12.8|92.6|45.6

15 | TeiikoBckuit 23 1 90| 1.3 [12.5/228 [185|2.0 | 6.5(0.38| 7.6 | 2.8 |16.8 |17.2|97.8 [60.0

04 |41 |250|110 25|62 (051512199 |104]95.1|58.4

17 | anexckuit 33 116327 [ 2.1 |58 | 95 |22 6.0 [0.66| 5.5 |23 [12.5]13.2]95.046.9

2.7 25250 | 90 | 3.0 |68 [035(7.6 |20 |19.4]19.8|98.2|60.5

18 | Myiickmit 49 1162105 | 1.7 | 40 | 66 | 3.1 |57 [0.99] 4.6 | 2.2 |17.2]18.2|94.6|53.8

0.6 |15 40 | 62 | 3.0 | 57 [|0.80| 84 | 3.6 |20.3]21.1]96.2|56.7

21 |Ipusomkckmit | 5.1 | 1991 1.5 | 3.2 [ 147 | 60 | 2.8 | 6.4 [0.48| 6.2 | 2.6 |38.6|39.1[98.8|62.9
09 |19 |145| 57 | 2.6 | 6.5 (029 8.7 | 4.0 |30.8|31.1|99.1|67.5

M 41 11771 1.7 | 4.4 | 136 | 97 | 2.3 | 5.8 [0.86 | 6.6 | 2.3 [17.6 |18.4|94.4 | 53.2
1.6 | 1.8 [ 157 | 81 | 2.3 | 6.0 |0.66| 6.7 | 2.9 |16.8 |17.5]|95.1|57.5

+m 04 1 19103 (11|24 |13 01|02 [0.11|04]0.1|25]25]|10]20
03[03]28 | 9 [o01]01]009][06]02]23[23]11]25

ITpumevanus. 1. B Tabauiie npuBeneHbl cpeqHue apudMeTnIecKue 3HaueHUusT, M — cpemHee apudMeTHIeCcKoe, m — OIIMOKa CPETHETO
apudmerndeckoro. To ke B Tabi. 2, 3. 2. Han yeptoii — 2014 r., mox ueptoit — 2021 r. To ke B Ta61. 2—4.

*®pakuuio (%) onpenensyii HAa MOMEHT 3aKJIaK1 pa3pesa.

MEHMJIACH C MOBBIIIEHHOM A0 BEICOKOI, ITOABXKHBIM
K,0 — ymeHblIMIach, OCTaBIIUCH B Ipeaesiax TOM XKe
rpajgaiuu. YpeauueHue obecnedyeHHocTH oy P,O;
MOXHO OOBSICHUTB IIPUMEHEeHEM (pochopconepxka-
X ynobpeHuii, ymenoiieHue K,O — cokpailieHuem
BHECEHUsI Kanuiicomepxkamux ymooOpeHuit. Otme-
YyeHHble U3MeHeHus1 B cogepxanuu P,O5 u K,O B
2014 1 2021 rT. TOAYUHSJINCH 3aKOHY HEHOPMAaJIbHO-
Io pacrpenejieHus U ObUIM HeJOCTOBEPHBIMU.

JepHOBO-TIOA30IUCThIE  TIOYBBI  OOJILIIMHCTBA
yuacTkoB ¢ 2014 o 2021 r. mpenMyIIecTBEHHO UMe-
JIU CPEIHIOI U MOBLIIIEHHYIO CTeNeHb 0OecneyYeH-
HocTu o6MeHHBbIMU Ca?™ u Mg?" cOOTBETCTBEHHO.
C 2014 1. cpennee cogepxanue Ca>" u Mg?* ysenn-
yuioch Ha 1.5 1 26.1% cOOTBETCTBEHHO, HO TEM HE Me-

HEC MPOoaOoJKaJIO COOTBETCTBOBATH CpeﬂHeﬁ M I1OBbI-
IIIEHHOI1 CTENEHSIM 00eCIIeYeHHOCTH OCHOBAHUSIMMU.

Pacuer t-xpurepus CThIofeHTa [TOKA3al, 4YTO U3-
MeHeHus B cogepxanuu Ca’" u Mg?* B 2-x 3aBucu-
MBIX BbIOOpKax 3a 2014 m 2021 rr., ObUIM Hecylle-
CcTBEHHBIMU. CpeaHss 10 IPUCYTCTBUAA OOMEHHBIX
Ca?* u Mg?* B 06111eM COCTaBe MONIOLIEHHBIX KATUO-
HOB B 2014 1 2021 rr. cocrasnsia 63.4% (lim = 38.2—
92.4%) n 58.6% (lim = 22.8—97.7%) cOOTBETCTBEH-
HO, Y4TO CBUAETEILCTBOBAIIO O BAXHOI POJIM ITUX
5JIEMEHTOB B IpolieccaX XMMMU3Ma JEPHOBO-TOA30-
JIACTBIX TTOYB MIBaHOBCKOI 06J1.

EmxocTHO-copOumonHbie moka3atenu (S u EKO)
MoYB y4yacTKOB K 2021 1. cHu3mwinch Ha 4.6 1 5.2% co-
OTBETCTBEHHO, a CpeIHsIsI BeJIUUnHa V Bo3pocia Ha
0.7% no cpaBHeHUIO co moka3zarensimu 2014 r. Cpas-
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HEHUEe MeXAy CO0Oil BEIWYMH PAaCCMOTPEHHBIX IO~
KazaTejieii B 2-X 3aBHMCHUMBIX BBEIOOpDKax IOKasajlo,
YTO OTMEYEHHbIC U3MEHEHUS He ObLIM JOCTOBEPHBI-
Mmu (p > 0.05).

CpenHne BeIMIUHBI S 1 V cCOOTBETCTBOBAJIM T10-
BBILLIEHHO CTEIIEHU ITOIJIOLLEHUS U BBICOKOII cTelie-
HU HACBIILIEHHOCTH OCHOBAHMSIMM Ha IPOTSKEHUU
BCero nepuoaa HaOJIIoAeHsI, COOTBETCTBEHHO.

ComracHO Trpaganuy paclipeieieHrs] NIMHUCTBIX
YaCTUII, TTOYBHI OOJILIMMHCTBA YJYaCTKOB MMEIU Cy-
MecCYaHbIi W JIETKOCYINIMHUCTBINA TpaHyJIOMETpUUe-
CKMI1 COCTaB.

Pacuyet [19U no3Boans 00beKTUBHO OLIECHUTH CO-
CTOSTHME IIOYBHI IO arpOXMMUYECKMM CBOMCTBaM, a
TaKK€ y4eCThb Takue (PaKTOphI ITOYBOOOPA30OBAHUS
KaK KJIMMaTU4eCKMe YCJIOBUS U pejibed MECTHOCTH,
BBISIBUTb HETAaTUBHBIE IIPOLIECCHI, KOTOPBIE IIPUBO-
I K JOerpajalvMy M CHWXXKCHUIO ILIOJOPOIUS.
YcraHoBieHo, yto ¢ 2014 o 2021 r. B cpeaHeM Ha pe-
MEePHBIX y4acTKaxX OTMeYasiy MOBbIIIEHUE TToKa3aTe-
g [N Ha 4.4 6amna v Ha 8.2% K MCXOTHOMY
ypoBHIO (TabJ. 1). YBenuuenue 15U B 2021 1. MOX-
HO OOBSICHUTH TE€M, UYTO KIIMMATHUYECKHE YCIOBUSI
2021 r. 61K OoJiee 6JIaTONPUSATHBEIMU, Y€M YCIOBUSI
2014 r., KoTOpHIE CKa3aJuch HA (pOPMUPOBAHUM KTV~
MaTUYECKOIO IIOKa3aTelsl, a TakkKe YIydlIeHHeM
00€eCIIeYeHHOCTU MMOYB yYacCTKOB MOABUXHBIM P,O5 1
CHM>KEHMEM OOMEHHOM KMCIOTHOCTH 3a CUET yBEJIM-
yeHUss TpuMeHeHUs (OCPOPHBIX W M3BECTKOBBIX
ynoopeHmii. B To e BpeMs K HanboJjiee BEpOSITHBIM
npuynHaM cHikeHus T1DW oTnenbHBIX y4acTKOB
MOXHO OTHECTU YMEHBbIIIeHUEe 00eCie4eHHOCTU MO-
nBrkHbIMU opmamu K,O B pe3ynbraTe CHUXEHUS
MIPUMEHEHUS KAJIMUHBIX YIOOPEHUIA.

OnmHuM 13 pakTOPOB, BIMSIIONINM Ha TNIOOOPOANE
MOYBbI, YPOXAMHOCTb U KA4E€CTBO pPaCTUTEIbHOM
MPOAYKIIMU, SIBISIETCSI OOECHeYeHHOCTh MOYB J0-
CTynHbIMU ¢hopMamMu MO nutaHust pacteHuit [17].
ITpoBenu aHanu3 MaHHBIX COAEPKAHUSI B IEPHOBO-
MOA30JUCTHIX MOYBAX PEINEePHBIX YyYaCTKOB AOCTYII-
HbIX (popMm MD (Tabi. 2).

bop. CpenHee comepxaHue W Ipeaesbl U3MEHe-
HU BomopacTBOpUMBIX (popM B B mouBax ydyacTKoB
COMIaCOBAJIOCH C TaHHBIMU, MPUBEASHHBIMHA B MOHO-
rpaduu ITanacuna mist atTux nous (0.43—1.7 Mr/Kr)
[18]. CornacHo rpagaliuu o6ecne4eHHOCTH MOYB Ta-
€XXHO-JIECHOM 30HbI NOABMKHBIMU (popMamu B [19]
U UCXOJsSl U3 U3MEHEHUI ero coiepkaHusl B MouyBax
OOJIBIIMHCTBA peNepHbIX y4acTKOB B 2014 T., ero co-
Jiep>XKaHue MNPeuMYyILIECTBEHHO OTBeYalo CpeaHei
creneHu obOecneuyeHHocTu. K 2021 r. KoJuyecTBO
Y4acCTKOB, MMEIOIIMX BBICOKYI0 00eCcne4yeHHOCTb
noyB B, Bo3pociio.

B cBomx paborax HdoOpoBonbckuii, YepHoBa 1
Bekeukast oTMeuali, YTO OCHOBHBIMU (haKTOpaMHu,
BAUSIOIIMMHN Ha YPOBHU conepxkanuss MO u TM B
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MOYBAX, SIBJISIOTCS KOJIMYECTBO OPraHUYECKOIO Be-
LLIECTBA, peaKLs CPeAbl U TPAaHYJIOMETPUISCKUIM CO-
cTaB mouBHI [20, 21].

MexaHu3Mbl aacopOuuu B KOMIIOHEHTaMM TIOYB
ToKa U3y4eHbl HepocTaTtouHo. OnHako ajgcopoius B
B OIPENIEJIEHHON Mepe 3aBUCUT OT BeJIMYMHBI pHi(,
cozmepxkanusi C,p ¥ TSKEJBIX TPAHYJIOMETPUYECKUX
dpakuuii nouBbl [22]. Ha mepHOBO-IIOA30JUCTHIX
MOYBax perepHbIX ydacTKoB MBaHOBCKOI 00J1. MeX-
ny BenuuuHaMu pHc, conepxanuem C,, U CyMMBI
WINCTBIX U TJIMHUCTBIX YacTWUIl U coaepxkaHuem B
YCTAHOBJIEHbl HEIOCTOBEPHbIE KOPPEISLIMOHHbIE
B3aMMOCBSI3U, TIPEUMYILIECTBEHHO — C1aboii 1 pexe —
YMEpPEeHHOI cuJibl (Tabm. 2).

3a mepmon ¢ 2014 o 2021 1. conepxxanne B B n3y-
YeHHBIX IOYBaX YBEJIMUYMUIOCH Ha 25.9%, onHaKo, KaKk
MmokKasajl pacyeT Kputepusi BUIKoOKcoHa, oTMeueH-
HOe U3MEHEHYeEe He ObLIO JOCTOBEPHBIM.

Moaubden. CoaepkaHue ToABUKHBIX ¢opM Mo B
MOYBaxX y4aCTKOB COIJIacyeTcsl C MpeaejiaMUu ero co-
Jep>KaHUsl B I€PHOBO-TIOA30JUCTBIX JIETKOCYTJTUHU -
cthix mouBax (0.11—0.15 Mr/Kr), OTMEYEHHEIMU B pa-
oore [23]. I1o rpamanum oGecrie4eHHOCTU MOYB Mo
[19] GonbiivHCcTBO TOYB yyacTKoB B 2014 1. umenu
HHM3KYIO 00eCIIeYeHHOCTh 3yeMeHTOM, K 2021 1. Ko-
JIMYECTBO YYACTKOB, MMEIOIIUX CPEIHIO obecre-
YEeHHOCTb, YBEJIMYMIOCH.

IToBeneHrve MuHepaJbHbIX (OPM IOABUXKHOTO
Mo B nouBax 3aBUCUT OT ypoBHS pHg [22]. YcTa-
HOBJICHO, UTO MEXY COAepXKaHUEM MOABUXXKHOTO Mo
u BenuuuHoi pHyc B 2014 1. O6bl71a ycTaHOBJIEHA CY-
mectBeHHast (p < 0.05) koppedsuMoHHasT B3auMO-
CBSI3b 3aMETHOM cuJibl, B 2021 I. — HecyllecTBeHHast
yMepeHHasi. CopaepxkaHue TOABMXXHOTO Mo Xyxe
KOppeanpoBao ¢ conepxanuem C,, 1 CyMMBbl (hpak-
LI UJIMCTBIX U IJIMHUCTBIX YaCTHUII, YEM C BEJIUYU-
HOil pHg; (Tabn. 2), 4yTo HAUUIO TMOATBEPXKACHUE
MPU U3YYEHUU COAepKaHUS MOABUXKHOTO Mo B nep-
HOBO-IIOI30JIMCThIX moyBax KupoBckoii 00i1. [9].

CpaBHeHMe conepxkaHnusgd Mo B 2-X BBIOOpPKax C
nomMoielo 7-kputepust CTbIOJEHTa IOKAa3alo, YTO
colepkaHrue Mo B TTOYBax He CYIIECTBEHHO YBEIU-
yuoch Ha 15.4%.

Kobaaem. ConepxaHue noarkHoro Co B IoyBax
Y4aCTKOB COINIACOBAJIOCH C MpeieaMU ero CoAep>KaHuUs
B IEpHOBO-T0A30MCThIX ouBax (0.12—3.0 Mr/Kr), OT-
MeUYeHHBIMH B pabote [24]. B 2014 r. GOJBIIMHCTBO
TTOYB YYaCTKOB UMM HU3KYIO obecriedeHHOCTh Co,
K 2021 I. — cpemHIol0, YTO CKa3aJIOCh HA CPemHEl Be-
JIMYMHE 00€CeYeHHOCTU MOYB 3J1eMeHTOM [19].

Pacnpenenenne Co B rTouBe 3aBUCHUT OT colepKa-
HUsT (PUBUYECKOM IMHBI MU UIMCTBIX bpakuuit, C,p,,
OKCUJOB XeJie3a u BeMYuHbl pHy [22]. Mexny co-
nepxxaHueM noasuxxkHoro Co u nokaszareasimMu pHyc,
conepxanuem C,,, U MINCTHIX M NIMHUCTBIX YaCTHIL
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Ta6muna 2. Konuenrpaunn MO u S, B IEPHOBO-MIOA30IUCTHIX IIOYBAX, MI/KT

Penepupiid Paiion B Mo Co Mn Shons
ydacTok, Ne
1 WBaHoBcKuit 0.43 0.10 0.89 66.3 4.5
0.72 0.08 58.0 2.3
6 IMyuexckuit 0.44 0.11 0.81 60.0 4.2
0.56 0.09 1.63 73.0 4.2
8 BepxHenaHnexoBcKuit 0.53 0.10 0.62 60.5 4.0
0.52 0.17 0.79 70.0 2.3
9 Buuyrckuii 0.42 0.14 1.07 73.2 4.4
0.52 0.13 1.36 80.0 3.0
11 Kuneremckuii 0.56 0.15 1.01 78.4 3.9
0.66 0.08 1.55 67.0 2.1
12 Komcomorbekuit 0.41 0.14 0.93 51.3 4.1
0.55 0.14 1.70 71.0 3.0
14 PonHukoBckuii 0.47 0.12 0.95 70.0 5.2
0.74 0.21 1.69 58.0 1.5
15 TeiikoBckuit 0.69 0.13 0.90 65.1 2.8
0.81 0.23 1.22 65.0 1.8
17 [anexckuit 0.43 0.17 0.80 75.3 5.1
0.35 0.16 1.34 25.0 2.3
18 yiicknit 0.47 0.13 0.91 70.1 4.8
1.08 0.23 1.61 61.0 4.1
21 [puBokckuit 1.12 0.14 1.30 69.8 5.0
0.92 0.09 1.84 69.0 35
M 0.54 0.13 0.93 67.3 4.4
0.68 0.15 1.52 63.4 2.7
*m 0.06 0.01 0.05 2.3 0.2
0.06 0.02 0.10 43 0.3
7 (Copr/MD) 0.06* 0.34 0.52 0.35 0.30
0.37 —0.04 0.14 —0.39% 0.14
r (pHgc)/M3) 0.05* 0.60%** 0.53 —0.03 —0.25
—0.33 —0.31 0.09 0.19* 0.28
r (cymma <0.001 n <0.01/MD) 0.04* 0.13 0.31 0.25 0.50
0.16 —0.07 0.39 —0.34* —0.39
B _
Mo —0.06* —
0.29
Co 0.16* 0.39 —
0.39 —0.43 _
Mn 0.11* 0.49 0.35 -
—0.26* —0.25% —0.08* -
Shoms —0.19* 0.18 0.25 0.32 -
0.26 —0.23 0.26 0.51% -

*KoadduiimeHThl paHroBoii koppeasiiu CrnupMeHa.
**3HaynmMble Ko3ddbutmeHTs Koppesiuu npu P = 0.95. To xe B Ta6n. 4.
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B IEPHOBO-IIOA30JIMCTHIX MOYBAX YIYACTKOB YCTAaHOB-
JIEHbI HEOOCTOBEPHBIC KOPPEISIIUOHHBIE B3anMO-
CBSI3W 3aMETHOM, YMEPEHHOM 1 CI1ab0M CHUJIBI COOT-
BETCTBEHHO (Ta0:1. 2). OueHka cogepxanus Co ¢ mo-
MOIIBIO 2-BbIOOpOYHOTO f-KpuTepuss CThlOIeHTa
Imoxkasajia, 4YTo yBCJIMYECHUE €T0 IIPUCYTCTBUA B ITOY-
Bax Ha 63.4% ObUIO CYIIECTBEHHBIM.

Mapeaney. ns nepHOBO-IION30JMCTHIX II0YB
Poccuu xapakTtepHO HamnMune HAMOOJBIINX KOJM-
yecTB 00OMeHHBIX (popm Mn (50—150 Mr/Kr IOYBHI)
[22]. Cpennee conepxxaHue ooMeHHOTO Mn B 2014—
2021 IT. COOTBETCTBOBAJIO BBICOKOI1 CTeNIeHU obecTie-
yeHHocTH [19]. B cBoeit pabore butionkmii [22] oT-
MeUaeT, YTO KOHLIEHTpalMss Mn B MoYBax 3aBUCUT OT
peaKkliMM cpelibl U CoAepKaHUsl TyMmyca. 3bIpUH yKa-
3bIBaeT Ha TO, YTO 3HAUMUTEIbHAs YaCTh MOABUXHOTO
Mn moyB cocpedoTodyeHa B TOHKOIMCIIEPCHBIX Ya-
CTHIIAX U B CBS3SX C OPraHUYECKUM BEILIECTBOM [25].
B Hamem ucciaeqoBaHUM MEXIY CoIepxKaHueM 00-
MeHHoro Mn u BenimunHoil pHg, ycTaHoOBEHBI ca-
OBIe HEIOCTOBEPHEIC KOPPEIISIIINU, MEXIY COIepKa-
HueMm C,,, — KOppeIALry YMEPEHHOM CUIIbI, MEXIY
coIepxXKaHMEeM YacTUIl WA U IJIMHBI — KOPPeJIsIun
ciaboii m ymepeHHo# cwiabl (Tabm. 2). Ha orcyr-
CTBHME B3aMMOCBSI3EM YETKOIO XapaKTepa MeXIy CO-
Jnep>xaHueM ooMeHHOro Mn u pHg; B IepHOBO-TIO/I -
30JIMCTBIX TIouBax Yamyptun m KupoBckoii o0ur.
Poccun, benapycu ormedeno B paborax [9, 26, 27].
OTCyTCTBUE BBICOKMX M 3HAUMMBIX CBSI3eil MexXmy
pPacCMOTPEHHBIMU CBOMCTBaAMM JIEPHOBO-ITOA30JI1-
CTBIX IIOYB U COAEpKaHUEM ITOABMXKHOIO Mn B HUX
MOXKET OBITh CBSI3aHO C TeM, YTO 3HAYUTEIIbHOE BJIU-
SIHMEe Ha colaepKaHue IMOABMXKHOIO Mn OKa3bIBaeT
OKUC/IUTEILHO-BOCCTAHOBUTEILHBINA ITOTCHIIMAN IT0Y-
Bbl M COAEpXXaHUE JaOMIbHOTO OPraHMYeCKOTO Be-
mectBa [28]. Kak moka3zan pacyeT kpurepus Bui-
KOKCOHa, cogepxanue Mn B 2021 1. He CyIeCTBEHHO
CHU3UJIOCH Ha 5.8% K ypoBHIO 2014 1.

IpenmnosoxXuTenbHO, TIOBBIIIIEHUE 0OeCTIeYeHHO -
cTU noaBWXHBIMU ¢opmamu B, Mo u Co cBsizaHo
IIpPEXIe BCETO C ITOCTYIUIEHMEM B IEPHOBO-TIO30I1 -
CTBbIC IIOYBHI JOIIOJIHUTEJIbHBIX KOJIUYECTB ITaHHBIX
BJIEMEHTOB OT TEXHOT€HHBIX MCTOYHUKOB 3arpsi3He-
HUSI, a TaKXKe C yIOOpEeHUSIMU.

Cepa. OO011iee conepkaHue cepbl B IOYBE ONpelie-
JISIETCSl MOYBOOOPa3yoIIMMU MOPOIaMHU 1 coaepKa-
HUEM OPTaHUYECKOTO BEIIECTBA. YCTAaHOBJIEHO, YTO C
OpraHMYeCKUM BEIIeCTBOM ITOUBBI MOXET OBITh CBSI-
3aHo0 10 70—90% BaJloBBIX 3aI1acoB cepbl. MexXIy co-
nepxanueM C,,. ¥ CEpbl B €70 COCTaBE YCTAHOBJIEHA
psiMasi KOppesSLOHHAsI CBSI3b JIMHEIHONI 3aBUCH-
MocT. OIHAKO MEXAY CoAepKaHUEM BaJIOBBIX U IO~
IBIKHBIX (hOpM Cepbl B IIOYBAaX HE BCErma OTMedeHa
npsMasl JuHelHass Koppesauus [29]. B Hairem uc-
cinenoBaHuu Mexay conepxanueMm Co, u S, B 110U~
Bax OblIa BBISIBJIEHA YMEPEHHOM M CI1a00i TeCHOTHI
HEIOCTOBEpPHAsl KOPPEISIIIUMOHHAsT B3aMMOCBSI3b.
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Koppenauun mexny S, ¥ BemmanHoi pHyc;, MeX-
AY S o1 U COAEPXKAHUEM CYMMBI YACTULL WA U IMHBI
MIMEJI pa3HbIe HATIPABJIEHHOCTH, HO ONMHAKOBBIE TTO
cuJie B3aMMOCBSI3H.

Wcxons us cpenHero cogepxaHus S, ., 16PHOBO-
MOA30JUCTHIC TIOYBLI B TEUEHUE BCEro Mepuoaa Mo-
HUTOPUHTA UMEJIM HU3KUI YypOBEHb 0OeCIIeueHHO-
¢t S (<1 Mr/kr moussl) [30]. C 2014 r. cpenHee
colepxaHue S .. B ITOYBAX PEMNEPHBIX YYaCTKOB K
2021 r. TOCTOBEPHO CHU3UIOCH Ha 38.6%, 4TO MOXXHO
OOBSICHUTb YMEHBIIIEHUEM IPUMEHEHUsI OpraHuye-
CKMX U cepocoJepxKallliX YI00peH i, cucTeMaTuye-
CKMM €XErogHbIM BBIHOCOM D3JIEMEHTA M3 IIOYBBI
ypoxKaeM U BbIMbIBAHUEM CYJIb(PaTOB M3 MaXOTHOIO
CJIOSI TIOYB y4aCTKOB.

Mexny TOCTYITHBIMU popMaMU N3ydeHHBIX MO B
JIEPHOBO-TIOA30JIMCTHIX IIOYBaX OTMEYEHBI HEJOCTO-
BEpPHBIE KOPPEISIIIUOHHBIE B3aMOCBSI3U IIPSIMOI U
00paTHOI 3aBUCUMOCTH, U3MEHSIOIINUECS 110 ToIaM
(ta6a. 2). IMo-BuaguMomy, KOHLIEHTpALUU OOCTYII-
HbIX (popM MD B mouBax OoJIbIlIE 3aBUCEIU OT IPHU-
CYTCTBUSI APYTUX COITYTCTBYIOIINX XUMHUYECKUX 3JIC-
MEHTOB.

B Hacrosiiiee BpeMs 111 MUHEPaJIbHBIX MTOYB T10-
MpexXHeMy He pa3paboTaHbl BEJIMYMHBI MPEAETbHO
nomryctuMbix KoHueHTpauuii (IIIK) u opueHtupo-
BOYHO J0NMYyCTUMbIX KOoHLIeHTpauuii (OAK) n1s MHO-
rux TM, npu 3ToM BCTpevaroluecs: B Hay4HOM JIuTe-
paTtype (OHOBbIE TTOKa3aTe N COIepKaHUSI METAJLIIOB
B TMOYBaX CUJIbHO M3MEHSIIOTCS B 3aBUCHUMOCTHU OT
pPa3JIMYHBIX MOYBEHHO-KJIMMATUUYECKUX YCJIOBUN MX
o0pa3oBaHUs1, JeATEIbLHOCTY YesioBeKa U T.01. [ToaTto-
MYy, IUIs OlleHKM KoHLIieHTpanuu TM u As ucroib3oBa-
JIU METOJIUKY, IPUMEHSIEMYIO B TEOXUMMHU, 3aKTI0YaB-
ILIIYIOCIO B CPAaBHEHUU TTOJYYEHHbBIX BEJIMYMH BaJIOBbBIX
WA TIOABMKHBIX KOHIIEHTpAlUi 3KOTOKCUKAHTOB B
JIEPHOBO-TION30JMCTHIX MoYBax MBaHOBCKOI 00JI. C
UMEIOLIUMUCS BajloBbIMU U ToaBWKHbIMU TIJK 1
kinapkamMu TM B 3eMHoi1 Kope [31].

Banosrsie KoHueHTpauyu TM B mouBax AaroT MOJI-
HYIO XapaKTepUCTUKY IOYBbI OTHOCUTEJIILHO aKTy-
aJIbHOTO COJIepKaHUsI B HUX 9KOTOKCUKAHTOB. boee
OOBEKTUBHBIMU SIBJISIIOTCSI JAHHBIE MO COAEPXKAaHUIO
MONBWXKHBIX WJIM JOCTYIMHBIX Uil pacTeHUil ¢opm
MeTaJuioB. JIaHHBIE O KOHIIEHTPALIUSIX MOABUXKHBIX 1
BajioBbIX (popM TM u As B MmouBax y4yacTKOB Ipel-
CTaBJieHbI B Ta0J. 3.

B HacTosiiieM nccaenoBaHUU TaKKe PEIIIv Bbl-
SIBUTh B3aMMOCBSI3M MEXIY NOCTYIHBIMU COmepxKa-
HUSMU U3Yy4eHHBIX MD, BalOBbIMU U MTOABUKHBIMU
dopmamu TM u yKazaHHBIMU CBOMCTBAMHU IEPHOBO-
MOA30JUCTHIX MOYB, KOTOPhIE OLICHUBAJIM 10 BEJIU-
yyHaM KO3(OUIIMEHTOB JIUHEHHON Koppeassunn
ITupcoHa n paHrosoit Koppensinun CriupMeHa, IIpu
P=10.95 (Tabm. 2, 4).
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Taomuna 3. Konuenrpauuu popm TM 1 As B 1epHOBO-TMTOA30JUCTHIX TTOYBAX, MT/KT

PenepHbiii Paiion IMonBrxHbIE POPMBI Banosbie hopMbl

y4acTok, No Cu Zn cd Pb Ni Cr Hg As
1 W BaHOBCKMi 0.17 0.72 | 0.042 | 0.40 0.40 0.63 | 0.016 | 1.80
0.10 1.13 0.035 | 0.60 0.30 H/o* | 0.027 | 247

6 Tysexckmit 0.12 0.61 | 0.051 | 1.28 0.26 0.81 | 0.011 | 1.30
0.11 1.04 | 0.050 | 0.68 0.50 H/0 0.027 1.33

8 Bepxnenannexosckuii | (.10 0.69 | 0.048 | 0.37 0.60 0.93 | 0.008 | 1.70
9 Buuyrckuii 0.12 0.68 | 0.043 | 0.70 0.25 0.68 | 0.012 | 3.80
11 Kunememckuii 0.15 0.90 | 0.042 | 0.38 0.56 0.65 | 0.014 | 4.05
0.11 1.61 0.069 | 0.84 0.50 /o | 0.027 | 3.81

12 Komcomonbekmii 0.12 0.94 | 0.043 | 0.35 0.36 0.58 | 0.016 | 1.78
14 Ponunkosckuii 0.11 1.06 | 0.060 | 0.23 0.38 0.38 | 0.018 | 3.25
15 TeiikoBckuii 0.11 1.72 0.035 0.68 0.30 0.71 0.014 1.13
0.09 1.90 0.061 | 0.97 0.35 H/0 0.014 | 0.90

17 Manexckuit 0.15 1.79 | 0.035 | 1.25 0.42 0.84 | 0.017 1.83
0.15 0.75 | 0.079 | 0.69 0.36 H/0 0.027 | 0.86

18 Llyitcknit 0.19 1.08 | 0.063 | 0.52 0.47 0.52 | 0.014 | 2.90
0.11 1.75 | 0.047 | 1.16 0.60 H/0 0.027 | 2.37

21 ITpuBomxckuii 0.25 1.13 0.045 0.33 0.36 115 0.014 2.38
0.16 2.38 | 0.070 1.07 1.39 /o | 0.027 | 2.65

M 0.14 1.03 | 0.046 | 0.59 0.40 0.72 | 0.014 | 2.36

0.11 1.33 | 0.054 | 0.86 0.50 H/0 0.025 | 2.20

+tm 0.01 0.12 | 0.003 | 0.11 0.03 0.06 | 0.001 | 0.30

001 | 0.16 | 0.005 | 0.08 | 0.09 H/o | 0.002 | 0.31

MK 3 23 - 6 4 6 2.1 2
Kitapk MupoBoit 55 70 0.2 12.5 75 100 0.08 1.8

*H/0 — He onpenensu. To ke B Ta0II. 4.

Meods. CpenHee comepkaHUE TTOIBWIKHBIX (popM
Cu, nepexoggamux B BHITSKKY AADb pH 4.8, 3a Bech
nepuon HabJIIOAeHMS B OYBaX y4aCTKOB OTJIMYAIOCH
CYIIIECTBEHHO MEHBIIIMMMU I1Ka3aTeIsIMU 10 CpaBHEe-
HUIO C YCPEOAHEHHBIM COIepKaHUEeM, XapaKTepPHbIM
JIJIsl I€PHOBO-MOA30JUCTBIX MOYB €BPOIEHCKOM Ya-
ctu Poccum [32].

baiinuHa u VInbuH yKa3bIlBaJil, YTO OOBIYHO Hau-
OoJiblliee colepKaHue ImoaBukHo Cu HaXoguTCs B
BEPXHUX TOPU30HTAX IOYB, O0OrallleHHBIX OpraHu-
yecKMM BelecTBoM [33, 34]. B HalieM ciyyae oTMe-
YeHO IIOATBEpPXKIEHUE 3TOMY (hakTy, O 4YeM CBUIIE-
TEJILCTBOBAIN KO3(M(PUIIMEHTH KOPPEJISILIUYU 3aMeT-
HOI M JOCTOBEPHO BHICOKOI CHUJIBI B3aMOCBSI3H.

InxoBa m ErommHa orMeyanu, 94To coliep:KaHue
noaBikHoii Cu B ITaXOTHBIX TOPU3OHTaX JEPHOBO-

MOA30JIUCTHIX MOYB KUPOBCKOit 06II. HE 3aBUCEIIO OT
BemIUHBI pHy [9]. DakT Hanmmuwmst craboii B3auMo-
cBs3M Mexmy mnonBikHoi Cu v mokasatesieM pHyg
YCTAHOBJIEH U B HAIlIEM MCCIICIOBAHUU.

IMonBuxHbie dopMbl Cu TIPOYHO CBSI3BIBAIOTCS
IJIMHUCTBIMU U WJIMCTBIMU YaCTULIAMU CYTJIMHUCTBIX
Y TJIMHUCTBIX MoYB. OHAKO B BUAY TOTO, YTO J€PHO-
BO-MON30JIUCTHIC TIOYBBI YYAaCTKOB MMEIU HEOOb-
IIIYIO JOJIIO TIPUCYTCTBUSI B CBOEM I'paHyJIOMETpUYe-
CKOM COCTaB€ YKa3aHHbBIX YaCTUII, TO U B3aUMOCBSI3b,
OOBSICHSIIONIASI 3Ty 3aBUCUMOCTh, OTJIMYaach HU3-
KMMU U HEOOCTOBEPHBIMM BeJMUMHaAMHU (Tadm. 2).
Kak mokasan pacuet kputepuss BuiikokcoHa, 3a mc-
cJIelIOBaHHBIN Mepuod OTMEYEHO TOCTOBEPHOE CHU-
XKeHUe comepkaHud moaBrkHbIX dopMm Cu Ha 27.3%.

ATPOXMUMHUA Ne 4 2023



MOHUTOPUHT TINIOAOPOIUA U DKOTOKCHUKOJIOTUYECKOI'O COCTOAHUA 27

Taomuna 4. Koaddunments! ntuHeitHON napHOi Koppensiuu [lupcoHa u paHroBoii Koppensuuu CrimpMeHa MeXIy
CBOICTBaMU J€PHOBO-MOA30JMCTHIX ITOYB U KOHUEHTpaUMsIMU B HUX TM u As

™
CpoiicTBa nmouBbl/ TM
Cu Zn Cd Pb Ni Cr Hg As
1 (Copr/TM) 0.85%* 0.17* 0.28 0.19 0.10 0.19 —0.01 0.33
0.52 0.41 0.57 0.44 0.30* H/O 0.23 —0.20
r (pHgc/TM) 0.25% 0.48* —0.49 0.20% —0.55 0.32 0.15 —0.16
0.43* 0.18 0.73%* 0.24 0.25* H/O 0.23* —0.51
r (cymma <0.001 0.28* 0.21* 0.34 —0.79%* 0.41 —0.38 0.54 0.59
1 <0.01/TM) 0.40* —0.14 —0.14 —0.19 —0.05* H/O 0.49* 0.61%*
Cu _
Zn 0.27* -
0.05* -
Cd —0.03* | —0.32* -
0.48* 0.44 -
Pb 0.04* —0.15* | —0.30* -
0.14* 0.67** 0.53 -
Ni 0.12* 0.17* 0.14 —0.31* -
0.37* 0.40* 0.11* 0.28* -
Cr 0.01* 0.04* —0.41 0.25* 0.04 -
H/0 H/O H/O H/O H/O -
Hg 0.21* 0.59* —0.05 —0.32% —0.18 —0.48 -
0.65%* —0.15* 0.30* 0.22% 0.00* H/O -
As 0.38* 0.00* 0.30 —0.25*% 0.20 —0.35 0.14 -
0.07 0.27 0.06 0.24 —0.04* H/O 0.37* -

Hunk. CpenHee comepkaHWe MOABUKHOTO Zn B
HCCIeAOBAaHHbBIX TTOYBAX BO MHOTOM COOTBETCTBOBA-
JIo cpemHeMy coaepxaHuio TM B nepHOBO-TTOI30JI1 -
CTBIX TTOYBAX LIEHTPaJIbHBIX paiiloHOB HedepHo3eM-
HoIi 300l Poccum [35].

IMpupona B3aUMOCBSI31 TTOOBIKHBIX COETMHEHMI
Zn c conepxanuem C,,. u mokasarenem pHyc, 1o
HaOIIONCHUSIM MHOTHUX aBTOPOB, UMEET CIOXKHBIN 1
HEOQHO3HAYHBIN XapaKTep, YTO MOXET MPOSIBJISIThCS
B HEIOCTOBEPHBIX U HU3KUX Koppesuusix [9, 18, 22],
3aBUCS OT IOJIU IPUCYTCTBHUSI B OPraHMYECKOM Bellle-
CTBE TOYB JIAOUJBbHBIX (ppakinii, pexxuma yBIaKHe-
HUsI, OKMCJIUTEIbHO-BOCCTAHOBUTEIBHOIO MOTEH-
1uasa noussl u ap. Cyns 1o pacCYUTaHHBIM BeJIUYU-
HaM KO3(hHUIIUEHTOB KOPPENIsSILUii, TOABUXKHbIE
coenuHeHus1 Zn ciabo U YMEpEeHHO KOPPEeJIUpOBAIU
¢ conepxanueM C,,. u mokasarejeMm pHyc (tadi. 4).
Bo MHOrOM cxoxue ¢ HalllMMU BEeIMYMHAMU KO3(D-
(bUITMEeHTOB KOPpENISIUii, MEXIYy COIepKaHUSIMU
noasvkHoro Zn u C,,, GbUIM TNOJTyYeHbI B paboTe

ATPOXUMHUA  Ne 4 2023

InxoBoii u ErommHoii oyt 1epHOBO-TION30JIUCTHIX
nmoyB Kuposckoii 06is. (» = 0.30) [9]. Koppensius
MEXIY COAEPKaHUSIMU MOABUXKHBIX (hopM Zn U cyM-
MBI KOJIMYECTBA YACTULL IJIMHBI U Wia B U3YyYEHHBIX
MoyBax MMeJia pa3iMyHOe HampaBjieHUe U cJabylo
crerieHb cBsa3u. B 2021 r. cpegHee comepkaHUe MO-
IBIDKHOTO Zn B IToYBax HecyliecTBeHHO (p > 0.05)
yBenmamioch Ha 29.1% K yposHio 2014 1.

Kaomuii. OTMedyeHHBIE TIpenciibl M3MEHCHUMN U
CpelHVEe BeJIMYUHbBI COIEPXKaHUS MOABWKHBIX (hOpM
Cd B mouBax y4aCTKOB COOTHOCSTCSI C AaHHBIMU,
yKa3zaHHbIMU B MOHOTpaduu [9], moaydeHHbIMU A1
JIEPHOBO-TIOJ30JIMCTHIX ITOYB.

B Hakoruienuu noasikHoro Cd moyBaMu 00J1b-
IIyI0 POJb UTpaeT OPraHMYeCKOe BEIIECTBO U OCO-
OEeHHO ero JabWiIbHbIe (DOPMEI, COIEepPXKaHUE KOTO-
pPBIX B IEPHOBO-IION30JIMCTHIX ITIOYBAaX HEBEJIMKO |9,
36]. B cuiy sToro, uccieaoBaHHbIE ITOYBBI MMEIU
HEIOCTOBEPHYIO 3aMETHYIO U CJIA0YIO MOJIOXUTEIIb-
HYIO KOPPEISIIIUOHHYIO B3aUMOCBSI3b MEXIY COIEp-
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xanusamu C,,, 1 noaBrxHbIX popm Cd. Mexny co-
nepxxaHueM noasuxHoro Cd u nokasateneMm pHgc, B
2021 1. mpociiexXeHa OTYSTANBAasI MOJIOXUTEIbHASI J0-
croBepHasd Koppesius, B 2014 1. — oTpuareabHas
ciabas.

Andersson yrBepxnai, yro Cd akTUBHEe CBSI3BI-
BaeTCsl OPraHUYEeCKUM BEIIECTBOM, YeM TOHKOIMC-
MePCHBIMU YaCTULIAMU TJIMHUCTBIX MUHEPAJIOB, U €T0
KOHIIEHTpALIMS B MOYBE TTOJIOXKUTEITBHO KOPPETUpPY-
et ¢ conepxanuem C,,. [37], uyTo Hauwio cBOE MOM-
TBEPXXAECHUE B HAIIIEM MCCIICTOBAHUMU.

Pacnipenenenue noasmkHoro Cd B ITouBax y4acT-
KOB TTOQUYMHSIJIOCH 3aKOHY HOPMAaJILHOTO pacrpeie-
JIeHUs1. AHaIIN3 CpaBHEHUS 3aBUCUMBbIX BLIOOPOK I10-
KasaJl, YTO OTMEUECHHOE yBelIMUeHUEe CpeaHeil KOH-
LIEHTPALMU METAJUIMYECKOIO0 TOKCUKaHTa Ha 17.4%
He OBIIIO JOCTOBEPHBIM.

Cesuney. ConepxkaHue noaBukHoro Pb B n3yudeH-
HBIX TOYBaX OBIIO OJIM3KO K €T0 COAePKaHUIO B JIep-
HOBO-TOA30JMCTHIX MoYyBax Pycckoii paBHUHBI [9].
Cpeay MHOTUX BUIOB IMOYB CAMBIM BBICOKMM CPO/I-
CTBOM K TlomiolieHuio Pb obiagaioT rymycupoBaH-
HbIe TTOYBHI [36]. IlluxoBa 1 ErommHa oTMedatu, 4To
JUIST TOABVKHEIX (hopM Pb xapakTepHa mpsiMasti Kop-
pesLus ¢ BEIMYMHOM KMCIOTHOCTH MoYBHI [9]. On-
HAKO B HAIlIEM CJIydae JEPHOBO-II0I30JIMCThIC IIOUYBbI
MMeEIN C1aldyio M YMEPEHHYIO KOPPEJISIILIIO C BEIr-
unHOi pHyc u conepxanuem C,,.. Mnucrbie u -
HUCTBIE YaCTUIIBI IIPEUMYIIIECTBEHHO JIETKMX 110 Tpa-
HYJIOMETPUYECKOMY COCTaBy HCCJIEIOBAaHHBIX ITOYB
He NPUHUMAJM aKTUBHOIO YYacTUsl B CHIDKEHUU
KOHIIEHTpalluu MoABMKHOTO Pb, 0 4yeM cBUIETEIb-
CTBOBAJIM pacCYUTaHHBIC KO3(PDOULIMESHTHI KOPPEIs-
uu (tadi. 4). ComepxaHue ¢popM IoaBuzkHoro Pb B
MMOYBaX y4YyacCTKOB OTBeYaJO0 HEHOPMAaJbHOMY pac-
MpeaeaeHno, a aHaJIu3 CPAaBHEHUS 3aBUCUMBbIX Bbl-
OOPOK BBISIBUJI, UTO CHIKEHHUE CPEAHEN KOHIIEHTPA-
uuu Pb Ha 27.3% He OBLIO CYILIECTBEHHbBIM.

Hukens. KonnenTpauym moaBmkHBIX popM Ni B
U3YYEHHBIX OYBaX y4aCTKOB BO MHOTOM ITOBTOPSUIU
pe3yJibTaTbl, OTMEYEHHbIE IJIs1 TUX MOYB B padoTe
[9], rme ObLIO IMOKa3aHO, YTO PAcTBOPUMOCTb Ni B
JIEPHOBO-TIOA30JIMCTBIX MTOYBaX HaXOAUTCS B 00OpaT-
HOIi 3aBUCUMOCTH OT BeIMUUHBI pHy (. OqHako B Ha-
1IeM WCCIEI0BaHWUM BIUsSHUE BeJIUWYMHbI pHygc He
OIHO3HAYHO CKa3bIBAJIOCh Ha COJIEP>XKAHUU TTOABU K-
Horo Ni, 4YTO OYeBUIHO MOIJIO OBITH CBSI3aHO C pa3-
JINYUSIMUA B OKHUCJIUTEIbHO-BOCCTAHOBUTEILHOM CO-
CTOSIHUM TT0YB, KQUECTBEHHOM COCTOSIHUM rymyca u
peXume yBIaXXHeHUs TouB [38].

OTMeueHOo, 4TO colepKaHue moasuskHoro Ni cia-
60 KOppEeIpoBalIo C TPaHYJIOMETPUUESCKUM COCTa-
BOM JEPHOBO-MOI30JUCTHIX MOUYB KrpoBcKoil 061.
[9], ocobeHHO Torma, Koraa IOYBHI COAEPKAIM MaJIo
WINCTBIX M DIMHUCTHIX 4dactull. [loaTBepxXIeHue
aTOMY (haKTy MOKHO HAliTWM U B HallleM MCCIIeI0Ba-

HUM, T.K. Majoe NPUCYTCTBUE B MCCIIETOBAHHBIX
IMOYBaX TJIMHUCTBIX U OCOOCHHO WJIMCTBIX YaCTHIL
MMPAaKTUYECKU HE KOPPEJIMpPOBaJo C CoaepXXaHUeM
noasuxkHoro Ni (TadJ. 4). YBeandeHre coaepKaHus
noaBuzkHoTo Ni B ITOYBaxX y9acTKOB 3a ITepUOd MOHM -
TopuHra Ha 25.0%, Kak mokasaj pacuyeT KpUTEpHUs
BuskokcoHa, He ObLIO CyIIeCTBEHHBIM.

HaHHbIe o comepkaHuio moaBukHoro Cr B od-
Bax eBpoIeiickoi yactu Poccuu BecbMa pa3sHOpPOI-
Hbl. Hanmpumep, B CYNIMHUCTBIX AEPHOBO-IIOI30JIM-
cThIX NouBax Poccuu ero comepxkaHue U3MEHSETCS
oT 0.5 1o 4 mr Cr/Kr npu cpeaHeii KOHIEHTpaluu
2.6 mr/kr [9]. OO6cnenoBaHHbIE AEPHOBO-IOA30JIM-
CThle TIOYBbI MBaHOBCKOM 00J. He MpeBbIIAIN
yCpeIHEeHHBIC ITOKa3aTead W IIPeAeiibl COAepKaHUSI
noaBkHoro Cr B JIEpHOBO-IIOA30JIMCTHIX ITOYBaX
Poccun.

OtMeueHo, uTo I moaBuKHOro Cr xapaKTepHO
OTCYTCTBUE YETKHX 3aKOHOMEPHOCTEl ero momeze-
HUSI HE TOJIBKO B [TAXOTHOM CJIO€, HO U [0 BCEMY MPO-
$umo nepHOBO-TIOA30JUCTBIX TOYB, OTCYTCTBUE
cBsasu ¢ conepxanueM C,,. u BenmunHoi pHyg [9].
Paccuutannele HaMM KO03(hDGOULIMEHTHI KOPPETSILUU
MoKasasu ciaadyio B3aMMOCBSI3b MEXIY CONEPXKaHU-
em C,,, BenmuuHoi pHyc, 1 conepxkaHueM MmoaByIX-
Horo Cr. Bo3MOXHO, 4TO Ha conepXaHue MOIBUXK-
Horo Cr B OoblLIeli CTENEHU BIMSIET KaYeCTBEHHbII
COCTaB OPraHUYECKOro BEILECTBA, a HE €ro od1Iee Co-
IepXaHUe B JEPHOBO-TIOA30IMCTHIX Mo4yBax. Mexny
COIEPKAaHUSIMA TOHKOIMCIIEPCHBIX IMOYBEHHBIX Ya-
ctull U noasBuxkHoro Cr oTMeYeHa OTpULIATENbHAs
3aMeTHast KOppeJsiLiusl.

Pmymob. @oHOBEIE BajloBBle KOHIIeHTpauuu Hg B
He3arpsi3HeHHBIX JEePHOBO-IIOI30IMCTHIX II0YBaX OIle-
HuBaiorcsa npuoausutenbHo ot 0.04 mo 0.75 mr/kr
nouBbl [39]. Comepxanue BajoBoii Hg B mepHOBO-
MOA30IUCTHIX TTouBax M BaHOBCKOIM 00J1. OBUIO TTpU-
MEpPHO B 2 pa3a MeHbIIIe HIDKHETO Ipeaesa ee Couep-
xanwus. ITo maHHBIM psina aBTopoB [40, 41], opraHu-
YeCKOe BEIIECTBO MOYB 00J1agaeT BBICOKOM CIIOCO0-
HOCTBIO K norjolieHuto Hg, a cHuxkeHne oOMeHHOi
KUCIO0THOCTHU ¢ 3.0 10 6.0 IpUBOIUT K YMEHBIIIEHUIO
KoHUeHTpauuu Hg, T.e. ee mmmooOunuzamuu [42].
B MmecTe ¢ TeM BiaMsiHUE comepKaHusl OpraHUIeCKOTO
BELIECTBA U BeIUYUHBI pH g TpaKTUYECKU HUKAK He
CKa3bIBAJIOCh Ha coliepXaHUU BajoBoil Hg B nepHO-
BO-IOA30JMCThIX MMouBax KMBaHOBCKOH 00J. boiee
3aMeTHOe BIMSHHME Ha IoIomleHHe BajoBoil Hg
OKa3bIBaJIo comepxkaHue (ppaKuii ujia v IJIMHBI, YTO
MOATBEPKIACHO IMOJIO0KMUTEIbHBIMU KOPPEISILIUIMU C
3aMETHBIMU CUJIaMM B3aUMOCBSI3U (Ta0ia. 4). 3a me-
puoa MOHUTOPUHTA cofepaHue BajgoBoii Hg B moyu-
BaX y4aCTKOB, KaK MOKa3aJl aHaJIu3 CpaBHEHUS 2-X
BBIOOPOK, TOCTOBEPHO BO3pocio Ha 75.7%.

Mbuiubsak. Cpenaue ¢poOHOBBIE BaJJOBbIE KOHIICH-
Tpauuu AS B JE€PHOBO-TIOA30JMCTBIX CYIIIMHUCTHIX
MMoYBax olieHeHHI B 2.2 Mr/KT [43]. B meimom conepxa-
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HUe AS B BEpXHEM CJIO€ He3arpsi3HEHHOM ITOYBHI
O0OBIYHO MeHsIeTcs1 B uHTepBaie oT 0.2 mo 16 Mr/kr
[44], uTo BioHE oTBevaeT oneHke KoBmer [28], cum-
TaBIIMM HaKoIUJIeHUe AS B ITouBax B mHTepBae 2.0—
20 MI/KT OTHOCUTEIbHO 0€30MacHBIM.

YcTraHOBIEHO, YTO MaKCHUMAalbHBIE KOHIIEHTpa-
1 METAJUIONIA, KaK IMPaBUJIO, CBSI3aHEI C IIOYBaAMU
oborallleHHbIMU OpraHUYeCKUM BellecTBOM [36].
B Hamem wucciienoBaHUM MOATBEPXKICHUE 3TOMY
dakTy He 0OHAPYKMJIOCH, T.K. paCCUMTaHHbBIC KO3 -
(GULIMEHTHl KOppeJsSIiUM HMMEIU HEeIOCTOBEPHYIO
pa3HOHAMpPaBJICHHYIO CJ1a0YI0 M YMEPEHHYIO B3aUMO-
CBsI3b Mexay conepxanusamMu C, 1 As.

O BAUSIHUU KUCJIOTHOCTW TIOYBBI Ha TOJABUXK-
HOCTb COEIMHEHUU AS B JIMTEpATyPHbIX UCTOUYHUKAX
NpUBEIEHBI IIPOTUBOpPEeYNBLIC cBencHUs [44]. U3me-
HeHue ypoBHSI pHgc, J€pHOBO-TIOA30JMUCTBIX TOYB
MNBanoBcKOIT 00JI. UMEJIO OOpaTHYIO KOPPEJISIIIMOH-
HYIO B3aIMOCBSI3b CJIa00I M 3aMETHOI CUJIBI C KOH-
LIEHTpaluei BaJoBbIX (popMm As (Tadi. 4). Hauboinee
3aMeTHOE U JOCTOBEPHOE BIUSIHUE HAa U3MEHEHUE
colepKaHUsl BAJIOBOTO AS MPOSIBIISIIOCH CO CTOPOHBI
HEOOJIBIIOTO MPUCYTCTBUS B OUBAaX TOHKOAMUCIIEPC-
HBIX MMOYBEHHBIX YaCTUIl — Wja U DIMHBI, KOTOpHIE,
TeM He MeHee, 3(ppeKTUBHO ancopOupoBain As Ha
cBoeil moBepxHOCTU. CpefHsisi KOHIEHTpalus Bajio-
BBIX (popM AS B ITouBax y4acTKoB K 2021 r. Hecy1e-
cTBeHHO (p > 0.05) cHM3unach Ha 6.8% K UCXOTHOMY
ypoBHiO 2014 1. YBenmueHne KOHIEHTpallMM AS B
MOYBax arpoleHO030B CBS3aHO MIaBHBIM 00pa3oM C
MOCTYIJIEHWEM B HUX MOJUIIOTAHTA BMECTE C MECTH-
uuaamu [44], noaToMy oTMEYEHHOE HaM1 CHUXKEHUE
KOHIIEHTpAallM MeTaJJIOuaa MOXHO OOBSICHUTb OT-
Ka30M OT MPUMEHEHUSI MBILIbIKCOACPXKAIIUX TTeCTU-
LIMJOB, a TAKXKE €XKeroJHbIMU BbIHOCAMU AS ypoKasi-
MU KYJIBTYD.

Bo Bcex cayyasix KOHLIEHTpAllMM TIOABUKHBIX
¢dopM nzydyeHHbIXx TM u BasioBbix popm Hg B nepHo-
BO-TIOA30JIMCTBIX TTOYBAaX ObLIM 3HAYUTEILHO MEHb-
me [TJIK v BenuuuH kinapkoB. [IpucyTrcTBue Bano-
BbIX (pOpM AS B TTOUBaX MOJOBUHBI YYACTKOB ITPEBbI-
mrajao Kiaapk B 1.22—2.25 pa3a u BajJOBYIO BEJIMUYMHY
IMAK — B 1.10—2.02 pa3a, 4To co3maBajo OIIaCHOCTb
rnepexoja MeTaulouMJa U3 TMOYBbI B PACTUTEIbHYIO
MPOAYKIIMIO U Aajiee Mo TpoduUyecKoil 1ienu B opra-
HU3M 4YesioBeKka. B To ke Bpemsi, NprHUMasi BO BHU-
MaHue BeIUYuHy pHyc ¥ rpaHyJIoMeTpuUYeCcKuii co-
CTaB MOYB T€X YYaCTKOB, IIi€ MPEBbIIIAICS YPOBEHb
BanoBoii [THK,,, ObLJIO OTMEUEHO, UTO COJEpKaHUE
BaJOBOTO As HE MpPEBBIIAJIO BEJIWYUHBI BaJOBOI
OIK,, [45].

B GonblrHCTBE citydaeB MexXay (hopMaMu coaep-
XKaHUg HcciaeqoBaHHbIX TM B IepHOBO-ION30JIM-
CTBIX ITOYBAX OTMEYaIl B3aMOCBSI3H CIaboil U yMe-
PEHHOM CHWJIBI U peXe — 3aMETHOI. YCTaHOBJICHO,
YTO TOJIBKO MEXIY ColIep>KaHMEM MOIBIKHBIX (DOPM

opr
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Pb 1 Zn, BamoBoii popmer Hg 1 mogBizkHOIT OpMBI
Cu uMenach JOCTOBEpHAas MOJIOXUTEIbHASI B3aIMO-
CBs3b (Taba. 4), YTO MOXET CBUIETEIbCTBOBATH O
TOM, YTO MEXIY HMMU CYLIECTBYIOT HEKUE OOllue
MEXaHU3MBbl B3aMMOJCUCTBUSI C OPraHUYECKUMU,
MUHEpaJbHBIMU U OpPraHO-MUHEPaJbHBIMUA KOMIIO-
HEHTaMU JIePHOBO-MOA30JUCThIX ITOYB.

BBIBO/IbI

1. 3a mepuog MOHUTOPUHTIA PENePHBIX YIACTKOB
JIEPHOBO-IIOA30JIMCTHIX IIOYB OTMEYEHO ITOCTOBEp-
Hoe cHUXeHue BeanuuH pHyqo u H,, a Takxe conep-
kaHus N-NO;, HeIOCTOBEpHOE yBEJIMYEHUE COAEP-
XaHus noasrkHoro P,0Os, ooMeHHbix Ca?" u Mg?*,
V, HemOCTOBEpHOE CHIKEHUE COIEePKAHUS TTOIBIK~
Hbeix N-NH,, K,O, a rakxke S u EKO, nnpu HeusmeH-
HoM conepxaHuu C,,. OlLieHKa WCCIen0BaHHBIX
noyB ¢ 2014 mo 2021 r. mo cucteme DU BHIsIBUIIA
CJIa0yI0 TEHICHIIMIO K €T0 YBelImYeHuIo Ha 4.4 Oaa.

2. CpenHee comepxkaHue U Mpeaeibl U3BMEHEHU
conepxkaHust noaBMKHBIX GopM B, Mo, Co u Mn co-
OTBETCTBOBAJIM TUIIMYHBLIM IT0KA3aTeJIsSIM, XapaKTep-
HBIM I ASPHOBO-IION30JMCTHIX II04B Poccum.
B 2021 r. B moyBax pemnepHbIX y4aCTKOB OTMEYECHO
HEIOCTOBEPHOE YyBEIMYeHNE OOECIIeUeHHOCTH IIO-
IBIYDKHBIMU (hopmamur B 1 Mo 1 tocToBepHOE yBeIde-
aue conepxkanmst Co. C 2014 1. cpemHee conep:kaHUe
Mn B mouBax K 2021 1. CHU3MIOCHh HETOCTOBEPHO,
Siom — ROCTOBEpHO. Koppednun Mexny conepxa-
HueM MO B nouBax, BeJiuunHou pHy,, conepxxaHu-
em C,,;, HAIMYMEM TJIMHUCTBIX U UJIMCTBIX YACTUIL B
OCHOBHOM UMEJM HEIOCTOBEPHbIE 3aBUCUMOCTU
cJIa0oii 1 yMEPEHHOM CUJIBI.

3. CpenHee comepxXaHUE W IIpeaesibl M3MEHEHUIA
comepxkKaHMsI IIOIBUKHBIX 1 BaioBbIX ¢opMm Cu u Hg
COOTBETCTBEHHO OTJIMYAJIUCH 3aMETHO MEHBIIUMU
MoKa3aTeJIsIMU, IO CPAaBHEHUIO C YCPEOIHEHHBIM CO-
JIiepXXaHueM U MpenejaMu, XapakKTepHbIMU JJIs Aep-
HOBO-ITIOJ30JIMCTHIX TTOUB. KOHIIEHTpaluy TTOABUK-
HbIX hopM Zn, Cd, Pb, Ni, Cr u BajioBoro As B I1ou-
Bax Y4YaCTKOB BO MHOIOM COIJIAaCOBBIBAJIMCH C
MoKa3aTeJISIMU, XapaKTEPHBIMU [IJIST JISTKUX ACPHO-
BO-ITIOI30JIMCTHIX ITOYB. 3a IeproJ MOHUTOPUHTA B
II0YBaxX y4aCTKOB HEJOCTOBEPHO YBEINYMINCH KOH-
neHTpauun Zn, Cd u Ni, conepxanue Hg yBeanau-
JIOCh CyILIeCTBEHHO, Pb 1 As — cHU3WIMCh HecyIe-
CTBEHHO, 1Jis1 comepkaHus Cu ObLIO OTMEYEHO J0-
CTOBEPHOE CHIKECHUE.

4. KoHLIEHTpalluy HOABUXHBIX (DOPM U3YYEHHBIX
TM u BanoBbix ¢popM Hg B mouBax ObLIM 3HAYNTEIIb-
a0 MeHbine ITJIK n Bemumn kirapkos. ITpucyrcTBue
BaJIOBOTO AS B IMIOYBaX HEKOTOPKIX YUACTKOB IIPEBBI-
mayno kiaapk B 1.22—2.25 pa3a u Basioyto 11K, B
1.10—2.02 pa3a, 94TO co3maeT OITacHOCTh nmepexona As
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YTKHWH

M3 ITOYBBI B PACTUTCIIbHYIO ITPOAYKIINIO M1 OpraHM3M
YEJI0BCKa.

5. OueHKa KOppensiuuii MeXOy coaepXXaHuem

¢dopm TM, nokaszareneM pHyc, conepxanuem C,,,,
CYMMBI WIMCTBIX YU IJIMHUCTBIX YACTULL U MEXIY CO-
nepxaHusaMu camux TM B mouBax mokasana, 4To OT-
MEUYECHHbBIE B3AaUMOCBSI3Y UMENU TOBOJIBHO CIOXHBII
XapakTep MPOSIBJIEHUS 110 CUJIE, BO MHOTOM 3aBUCSI-
LM OT CE30HHOM JMHAMUKHU KAXKIOTO U3 HUX U OT
IPYTUX, HE U3YYaBLIUXCS B paboOTe, CBOMCTB MOYBHI.
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Monitoring of Fertility and Ecotoxicological Condition of Reference Sites
of Sod-Podzolic Soils of the Ivanovo Region

A. A. Utkin

D.K. Belyaev Ivanovo State Agricultural Academy, ul. Sovetskaya 45, Ivanovo 153012, Russia

E-mail: aleut@inbox.ru

The results of agrochemical and ecotoxicological studies of the arable layer of reference plots of sod-podzolic
soils for agricultural purposes of the Ivanovo region are presented, which were carried out in order to establish
the level of fertility according to the main agrochemical indicators, the content of sulfur and trace elements,
ecotoxicological state — by gross and mobile forms of heavy metals and arsenic. The deterioration of such in-
dicators of soil fertility as the availability of ammonium and nitrate nitrogen, mobile potassium, the amount
of absorbed bases and the capacity of cation exchange has been established. An increase in the content of mo-
bile phosphorus, exchangeable calcium, magnesium and other absorbed bases was noted with an unchanged
content of organic matter. The fertility of the studied soils was assessed by calculating the soil-ecological in-
dex. The provision of soils with trace elements and mobile sulfur has been established. The content of gross
and mobile forms of metals in soils, with the exception of arsenic in the soils of individual sites, did not exceed
the maximum permissible concentrations and clarks. The studied soils are slightly polluted and are not dan-
gerous for cultivated plants and human health. According to the Pearson and Spearman correlation coeffi-
cients, the characters of the mutual influence of metabolic acidity, the content of organic matter and the
granulometric composition of soils with the content of available forms of trace elements, gross and mobile

forms of metals and arsenic are established.

Key words: fertility, sod-podzolic soil, trace elements, heavy metals, reference sites, Ivanovo region.
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