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[Mpoucxonsiiue KInMaTu4ecKre U3MEHEHUsI OKa3bIBaIOT HAMOOJIbIIIEe BIUSIHUE HAa TPUPOIHBIC SKOCUCTEe-
MBI CEBEPHBIX IIIMPOT, TIOCKOJILKY MOTETUICHUE KJIMMaTa, a TakKe Bo3pacTalolliasi aHTPOITOTeHHAsT Harpy3-
Ka, CBSI3aHHAasI C OCBOGHUEM apKTUYECKUX TEPPUTOPUil, CTTIOCOOCTBYIOT Herpagaliii Mep3ibiXx TOphOB U
YBEJIMYEHUIO MOIITHOCTU CE30HHOTO-TAJIOTO CJI0ST MTOYB. AKTYaJIbHOCTb UCCIIENOBAHUS TOPDSIHBIX OJIUTO-
TpodHBIX TouB (Cryic Histosols) ceBepHbIX TeppuTopuii 3anagHoit Cubupu cBsI3aHa ¢ TeM, YTO MX Aerpa-
nanust odoraiaeT MpUPOIHbIE BOIBI OPraHO-MUHEPAJTbHBIMU BEILLIECTBAMU, COACPXKAIIMMMU OOJIBIIION Ha-
60p XMMUYECKHUX JIEMEHTOB, B TOM YHMCJIE TSKEIbIe METAJUTBI, CTIOCOOCTBYST MI3MEHEHUIO TUIPOTeOXUMM--
yecKoro o61mKa rnpuponHsix Bog CeBepa. OnrcaHbl OCHOBHBIE CBOMCTBa TOP(hOB, OTOOPAHHBIX U3 Pa3HbIX
TOPU30HTOB MOYBEHHBIX NMPOMUIIEii, 3aI0KEHHBIX Ha KJIIOYEBBIX YUacTKax, OXBAThIBAIOIIMX TEPPUTOPUIO
SAHAO c ceBepa Ha 10T U ¢ 3aItaga Ha BOCTOK. XMMUYECKUi1 coctaB mouB onpeneisiii B UTIA CO PAH
craHaapTHbIMU MeTonamu. CoaeprkaHus BaJOBbIX U TTOABUKHBIX (hopM MeTasuioB (Fe, Ca, K, Na, Mg, Cd,
Co, Cr, Cu, Mn, Ni, Pb, Zn) uccnenoBaau MeTOIOM ONTUYECKOM aTOMHO-3MUCCUOHHOM CIIEKTPOMETPUN
U TUIAaMEHHOM aTOMHO-a0COpPOIIMOHHOM CIMIEKTPOMETPUU COOTBETCTBEHHO. YCTaHOBJICHO, YTO XapaKTep-
HOIf OCOOEHHOCTBIO pacrnpeneyeHrs] KOHLEHTPAU UCCIeTyeMbIX XMMUYECKUX JIEMEHTOB B TOPMSHBIX
oMroTpodHBIX TToYBax ceBepHoii yactu 3anaaHoit Cubupu sBjisieTcsl HaIu4ue IByX MaKCUMYMOB B TIpe-
nesiax nmoyBeHHoro mpoduss. [TepBblit MpUypoUYeH K BEpXHUM TOPU3OHTaM, UMEIOIIMM MTPU3HAKU AeTpa-
TalluK, BTOPOIl — K BepXHeil YaCTU MHOTOJIETHEMEP3JIbIX MTopoa. CTaTUCTUYECKUIA aHAIU3 C UCITOTb30Ba-
HHEM METO/Ia TJIaBHBIX KOMITOHEHT IMoKa3aJl, YTO HU3Kasl 30J1bHOCTh, pH u mmpokoe otHomeHue C/N cBs-
3aHBbI C BEICOKOM noaBrkHOCTBIO K, Cu, Znu Mg. C ysenuuennem 3onbHoCcTH, pH 11 N5, B BEpXHEI 9acTn
MHOTOJIETHEMEP3JIbIX OPraHOT€HHBIX ITOPOJI, TTOBBIIIaeTcs moasukHocTb Fe, Mn, Pb, Cd u Cr.

Karoueeswie crosa: Topd, ApKTHUKaA, MAKPO- 1 MUKPOIJIEMEHTHI, TSKEJIbIE METAJLJIbI, IIOIBMXKHOCTh SJIEMEH -
TOB B mouBax, murpanusi, Cryic Histosols, MHOToeTHsII Mep3JioTa, OCTaTOYHAast 3yTPOPHOCTh

DOI: 10.31857/50032180X23600786, EDN: YYWLLN

BBEAEHHWE

®dopmupoBaHre OIUTOTPOGHBIX TOPHSIHBIX IOYB
MPOUCXOAUT B YCIOBUSIX MPEUMYIIECTBEHHO aTMO-
TEHHOM aKKyMYJISIHUM MUHEPaTbHBIX BellecTB. Mx
OTJIMYUTEIBHOI OCOOEHHOCTBIO SIBJISIETCS HaI4ue
MOIIHBLIX TOP(MSIHBIX TOPU30HTOB, XapaKTEPU3YIO-
IIUXCS HU3KOM CTEIEHBIO Pa3IOXEHUS PaCTUTEIb-
HBIX OCTaTKOB. H13Kasl MJI0THOCTH 1 BBICOKAS BJIaro-
€MKOCTh TOP(MSHBIX MMOYB, MPU OGOJBIION ILTOIIAIN
OOJIOTHBIX MaCCHBOB, OOYCJIIOBINBAIOT UX BEOYIIYIO
poJib B hOpMUPOBAHUM I'€OXUMMNYECKOT0 00JIMKA 10~
BEPXHOCTHBIX BOJ, psiga pernoHoB Poccun. OcobeH-
HO 3TO aKTyaJIbHO IS ceBepa 3amamHoili Cubupw,

rae TopdsiHble OJIMTOTPO(HBIE MOUBHI MpeobiianatoT
B cOCTaBe IMMOYBeHHOTO nMokposa [34]. Onuroropod-
HbI€ TIOUBBI XapaKTepU3YIOTCSI HUBKUM COep>KaHUuEM
30JIbHBIX 3JIeMEHTOB. [ Ipy 3TOM OHU cunTaroTCsi o6ora-
IIIEHHBIMU MeTa/UlaMU 110 TMPUYUHE HUX BBICOKOM
KOoHUeHTpauuu B 3oie [7]. TopdsHble MOYBBI Xa-
pPaKTepU3yIOTCS BBICOKUM COJEpXKaHUEM OpTaHuve-
CKHUX BEIECTB, a TakKXe BBICOKOU KMCIIOTHOCTHIO,
CMOCOOCTBYOIIECH YBEIUUYEHUIO TTONBUXKHOCTU XM-
MUuUYecKux ajieMeHToB (XD) [ 18], criocoOHBIX OKa3bl-
BaTh BIUSHNE HA COCTaB IMMOBEPXHOCTHHIX Boz, [40].

JaHHBIe cBOICTBA OOYCIOBIEHBI KaK MPUPOIHBI-
MU, TaK U aHTPOITOTeHHBIMU (pakTopamu. C ogHOM
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CTOPOHBI, HAOIIOMAIOIIMECS CEeTOOHS KIMMaThde-
CKUe U3MEHEHUsI, KOTopble HauboJiee ipKo Mpociie-
XKUBAIOTCS B ceBepHBIX mmporax Cudbupu, crnocoo-
CTBYIOT OTEIUICHMIO U AeTPamallii MHOTOJIETHEMEP3-
JIBIX TIOpox [44, 56]. B cBOIO ouyepenpb, yBeIMYEHNE
MOIITHOCTH CE30HHO-TAJIOTO CJIOSI TI0YB MOXKET IIpHU-
BECTU K BBICBOOOXIECHHWIO M3 MEP3JIbIX TOPU30HTOB
OpraHNYECcKOro BelecTBa U XD, B TOM YHCIIe TSXKe-
JIbIX MeTajuioB [ 12, 42, 48, 53]. C npyroii CTOpOHBI, Ha
ceBepe 3anamHoii Cnoupm cocpenoTOYeHBI OTPOM-
HbI€ 3aIlachl yIJI€BOJOPOIHOTO ChIPbsi, aKTUBHAS J0-
OBbIUa KOTOPBIX CIIOCOOCTBYET Pa3BUTHIO KaK IIPOU3-
BOICTBEHHOM, TaK U COLIMAIILHON MH(MPACTPYKTYPHI
(TpyOOIIPOBOAbI, aBTOMOOWJIbHBIE TOPOIrY, JUHUU
BJIEKTPOIIepEaadYy 1 T.4.). YBSINIUBAIOIIASICS C KaXK-
IBIM TOIOM AHTPOIIOI€HHAasl Harpy3ka, BbI3BaHHAas
MHTEHCUBHBIM OCBOEHHUEM apKTUUYECKUX TEPPUTO-
puit 3anagHoit Cubupu oKa3bIBaeT BIMSHUE Ha BCE
KOMITOHEHTBI OKPYKaIOIIeil Cpeabl, B TOM YMCJIe Ha
MOYBEHHBI MOKPOB U MPUPOIHBIE BOMABI, TAe HEPTh
(B TOM 4ncie HeTeIPOAyKTEl — (DEHOJIbI, II0JIMapPO-
MaTUYECKUE COCOIMHEHMUSI) SBIISIETCS OOHUM M3 OC-
HOBHBIX 3arpsiI3HUTEJIEN, MOCTYIJIEHUE KOTOPhIX
IIPOMCXOAUT MpPU aBapUMHBIX pa3jiMBax M3 TPyOO-
poBOIOB [2, 4, 9]. Takke K OCHOBHBIM ITOJITIOTAH-
TaM, XapaKTEePHBIM JJIsI TOPMSHBIX TOYB HedTerazo-
JIoOBIBaOIIMX Tepputopuii 3amagHoit Cubupu, oT-
HocsaT Metayuiel V, Ba, Cu, Pb, Cd, Ni, Cr, Zn,
BXOJISIIIIME B COCTAaB caMOil He(dTH, a TaKXKe COITyT-
CTBYIOIIUX €ii MJIACTOBBIX BOI 1 MCHOIb3YEeMbIX IIPU
OypeHUM pacTBOpOB [5, 21].

B mocnennee Bpemsl moBencHHIO XD B KOMIIO-
HeHTax JIaHamradToB BBICOKMX mmHMpoTr Cubupn
yaensioT 6oJblioe BHUMaHue [36, 44, 45, 47, 56].
Hecmotpsa Ha 3T0, MOXHO OTMETMTh, UTO OLIEHKAa
2JIEMEHTHOIO XMMMUYECKOT0 COCTaBa TOP(OB IIPO-
BOJIUTCS MO BAJIOBBIM KOHIIEHTPALIUSIM 3JIEMEHTOB,
B TO BpeMs KaK IMOIBMXHBIM (popMaM METaJJIOB U
X MMOBEIEHUIO yaessieTcss Majio BHUMaHus. Kpome
TOTO, OCHOBHASI YacCTh MPOBOAUMBIX UCCJIETOBAaHUI
HaIipaBjieHa Ha H3y4YeHHE BJIEMECHTHOTO XMMUYe-
CKOI'o cocTaBa TOP(MPSHBIX ITOYB B IMUPOTHOM WJIU
BHYTpMJIaHAIIA(pTHOM rpaiueHTax, a padboT, MOCBsI-
IIEHHBIX MEPUANOHAIBHBIM OCOOEHHOCTSIM, T.€.
BBISIBJICHUIO CIIEIU(pUKU DSIEeMEHTHOrO COoCTaBa
MOYB OTIEJbHBIX PETUOHOB, B HACTOSIIIIeEe BpeMs He-
JIOCTaTOYHO.

Lenp uccaenoBaHus — U3y4YeHUE COASPXKAHUS U
MMOBEASHMSI HEKOTOPHEIX METAJUIOB B TOP(STHBIX OJIV-
TOTpOMHEBIX TTOYBAX CEBEPHBIX TepPpUTOpHMiIT 3aman-
Hoii Cubupu, He IMOABEPKEHHBIX aHTPOIOTEHHOMY
BO3ICUCTBUIO. AKTYaIbHOCTb HAHHOIO MCCJIEOOBa-
HHUS OOyCJIOBJIEHAa TEM, YTO ITOYBBI CITOCOOHBI HE
TOJILKO aKKyMYJIUPOBATh TSKEJIbIC METaJUIbl, XapaK-
TepU3YIOIINEeCs MTHTEHCUBHOII OMOTEHHOI 1 BOTHOM
MUTpaleii 1 0Ka3bIBaIoIIe BIUSHUE Ha XKUBBIE Op-
raHu3Mbl [3, 24|, HO U caMUu MOTYT SIBJISIThCS UX J0O-
IMOJTHUTEILHBIM MCTOYHMKOM B YCIIOBUSIX JIerpana-
LAY MEP3JIOTHI.
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B kauecTBe 0OOBEKTOB HCCICOOBAHUII BbIOpaHBI
TOpSTHBIE OJUTOTPOMHBIC MOYBBI, CHPOPMHUPOBAH-
HbI€ Ha TPUO3E€PHBIX yYyacTKaX IJIOCKMX BOIOpa3/e-
JoB fImano-HeHeukoro aBToHOMHOro okpyra. Mc-
cliemyemMasi 9acTh peTMOHA OTHOCUTCS K CyOapKTHie-
CKOMY MOSICY U XapaKTepu3yeTcs CIIOpagudyecKuM
pacrpocTpaHEHWEM MHOTOJIeTHEN Mep3noThl [11].
JlutoreHHoit ocHOBOI1 TaHAIIA(Ta CeBEPHBIX TEPPU-
Topuii 3amagHoit Cubupu SIBISIOTCSI MOPCKUE, CO-
BpEeMEHHBIE O3EPHEIC, 03€pHO-00JIOTHEIE, OOJIOTHEIC
M aJmioBHaNIbHBIE oTioXXeHmWs [10], mpemcraBiieH-
HbIE, B OCHOBHOM, IJIMHAMU, CYIJIMHKAMMU, CYIIECSIMU,
rmeckaMu 1 Topdamu [6]. MommHOCT TOpHOB B MC-
cliemyeMoM palioHe BapbpupyeT B peneiax 0.5—4.0 m
[44, 50]. ITouBOoOOpa3yIOIIMMU MTOPOJAMM, KaK TIpa-
BUJIO, BBICTYIIAIOT MHOTOJIETHEMEP3JIble OPTaHOTCH-
HbIe Topoakbl. [1o 6oTaHnYeckoMy cocTaBy 1 MOpP(do-
JIOTUYECKUM CBOMICTBAM OHU OJIU3KU DYTPODHBIM Io-
pM3OHTaM HU3UHHBIX TOphoB. OnuUrorpodHbIe
TOPU30HTHI C TAKUMM IPpU3HAKaMM COIVIACHO KJiac-
cuduKallMy 1 IMarHocTuke noyB Poccru Ha3pIBaloT
ocTaTouHO-3yTpodHbIMU [13, 22].

B npoduinsix uccaeayemMplx MoYB ycTaHABIUBAIU
TeMIlepaTypHbIe OaT4uKu TepMoxpoH. 3a mepuon
HaomoneHuii (2020—2022 rr.) TemMnepaTypa HIKHE
yacTu ux npoduis He nomHuMaach Beiie 0°C. Co-
IJIACHO MEXIYyHapOOHOM KjaccuUuKalluM I10YB
WRB (World Reference Base for soil resources) [39],
HccaeayeMble TTouBhl ObLIM oTHeceHBI K Cryic Histo-
sols. KirroueBbie yuacTKy BBIOpaHBI TaK, YTOOBI MaK-
CUMAaJIbHO OXBaTUTb PETrMOH ¢ ceBepa Ha 1or (£1° ot
IMonsipHOTO Kpyra) M ¢ 3amama Ha BOCTOK OT 66° 10
79° E (puc. 1), u pacnonoxeHsl B npeaenax [Typ-Ta-
3oBckoro (T984, T989, T1166), Ilyp-HampiMckoro
(T1003, T1168), O6b-Hanbimckoro (T1015, T1016,
T1090, T1169) u IMaxymyp-AiiBacenarrypckoro (T1024)
MEXIypeunii, a Takke Ha jeBoM Oepery p. O6b B 5 u
12 xm 3amagnee 1. JlaberrHanTy (T1089, T1006). J1ormor-
HUTEIBHO MPOOBI IOYB OTOMpPAIN B IIpeaeiiax XaH-
ThI- MaHCUIICKOTO aBTOHOMHOTI'O OKpyTa B CEBEPHOIt
yacTu 6acceifHa p. AraH B 33 KM [0KHe€e OT rpaHUIIbI
¢ IHAO (T1033). Cxema orbopa 1po0 npeacTaBieHa
Ha puc. 1. OT6op nmpob npoBoanIn B ceHTsI0pe 2020—
2022 rr. C 1e/1b10 UCKIIIOYSHMUSI 3arpsI3HEHHBIX yUacT -
KOB MpoObl MOYB OTOMpAaIM Ha yIaJeHUU OT BUAU-
MBbIX aHTPOIIOTE€HHBIX MCTOUYHMKOB BO3IEUCTBUS, B
TOM UYMCJIEe SKCIUTyaTUPYEeMbIX HE(PTSIHBIX U Ta30BbIX
MECTOPOXIASHMI, a TAKXKE aBTOMOOMIBHBIX 1 3KeJIe3-
HBIX JIOPOT.

O06pas3usl TOpPSTHBIX TTOYB OTOMPAITN TTO TOPU30H-
TaM, C y4€TOM MPU3HAKOB OCTATOYHOM 3yTPODHOCTHU
U Jerpajallvu, BKJIoYasi BEpXHIOK YacTb-MHOTOJIET-
HeMepaJibix nmopo. [TpoObl oTOupaiin B MOJAMITUIIE-
HOBBIC MAKeThl U TpaHcnopTupoBanu npu (—18°C) B
Hucturyr nmouBoBenenust u arpoxumun CO PAH
(AIIA CO PAH, r. HoBocubupck) mist mpoBeaeHus
aHayuTuyeckux pa6ort. Iloaroroska mpo6 Topda K
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COKOJIOB u np.

Puc. 1. Cxema ot60opa npo6 Ha Tepputopun 3anaaHoit Cubupmu.

aHa/IM3aM BKJIIOYajla MX Pa3MOpPO3KY, BEICYILIMBAHUE
IO BO3IYIITHO-CYXOTO COCTOSIHUSI M M3MeEJIbUeHUE B
MEJIbHUIIE 10 COCTOSTHUSI ITYAPHI.

CBolicTBa MOYB, MPSMO WM KOCBEHHO OIpenessi-
IOlIKEe cofiepKaHue U MOABMXKHOCTb XD, oNpeaesisiiv
B Jlabopatopuu pekynbTuBauuu nous MITA CO PAH.
Benuuuny pH usMepsiiu B BOZHOI CYCIIEH3UM C UC-
noJyib3oBaHMeM KoHaykTtoMeTpa Hanna-213 B Kom-
mtekte ¢ anekrpogom DCK 1060/7 (TOCT 11623-89).
Conepxanue obuero yriepoaa (Cyg,,) Ma3zora (Ng,,)
onpenensyiu Ha CHN-ananuzatope Perkin Elmer
2400 Series II (CIIIA). 30J1bHOCTD ITOYB ONpPEACIsIA

no 'OCT 11306-2013. Coaep:kaHue yriepoaa, OK1Mc-
JIIEMOTO MPU MOKPOM CXKUTAHWU TMPU B3aMMOJIECii-
ctBum ¢ K,Cr,0, B 50%-HOM pacTBOpe CepHOI KHC-
notel (C,.,), ycraHaenuBasiiu o 'OCT 26213-21.
IIpyuMeHeHue JaHHOTO MeToda M3-3a He TTOJHOTO
CXKUTaHUsI OPTaHWYECKOTO BelllecTBa TOPPOB He pe-
KOMEHIyeTCsI UCTTOJIb30BaTh MTPU OLIEHKE 3aI1acoB YT-
nepoga [51]. Omnako orHomeHue Cyg, 1 Cy, IpU-
MEHSIeTCSl ISl pacyeTa CTENeHU BHYTPUMOJICKYJISIp-
HoM okmciaeHHocTu [1, 14, 23], a TakkKe cTeneHU
MeAO0reHHOM 3peJIOCTH OpraHUYeCKOro BellecTna [27],
kotopele Hapany ¢ C.s./Nog, MOTYT CIyXWUTb IS
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OLIEHKY KaYeCTBEHHOTO COCTOSIHUSI CUCTEM OpraHu-
yeckux BellecTB. CTeneHb MEJOTeHHOM 3peocTu
BbIpaxaeTcs B mpoueHTax C . oT Cys,\, MAKCUMAIb-
Hble 3HaUE€HMsI KOTOPOI XapaKTEPHBbI 1151 BBICOKOTYMY-
CHUPOBAHHBIX ITOYB, CHIKASICh [TO MEPE YBEJIMUYEHUS He-
CITeLIM(PUIECKOro OpraHrdecKoro BerectBa [26]. Ta-
KM 00Opa3oM, TieforeHHasi 3pelocTb KOCBEHHO
OTpaxaeT CTeNeHb T'YMYCUPOBAHHOCTU OPraHUYECKOTO
BelllecTBa TOPOB, a, CIea0BaTeIbHO, M HAJTMUKE Opra-
HUYECKUX COEAMHEHUM, OKa3bIBAIOIIUX BIUSIHUE Ha
MOIBMKHOCTH MeTajlioB [43, 53].

O61ee (BaJIOBOE) colieprKaHuEe METaJIOB OIIpeae-
JIsUn B 1abopatopuu ouoreoxumun noys UITA CO
PAH MeTomoM onTu4ecKoil aTOMHO-3MUCCUOHHOMN
CMEKTPOMETPUH C MCITOJIb30BAaHUEM AYTOBOTO apro-
HOBOTO JBYXCTPYMHOTO IUIA3MOTPOHA, CIEKTPOMETpa
(PGS-2) u MHOrokaHaJIbHOTO aHAJIM3aTOpPa SMUCCH-
OHHBIX crieKTpoB (MADC). IpenBapuTeabHO MPOOHI
030/1sIM B MydelbHON TMe4yud IIpU TeMIleparype
450°C.

KoHlLieHTpalMio MOOABMKHBIX (OPM MeETaJlJIOB
OIpeAessiu METOIOM TIaMEeHHOI aTOMHO-abcop0-
OMOHHOI crieKTpoMeTpuu Ha mpudope AAnalist400,
skcrpareHT — 1 M pactBop CH;COONH, ¢ pH 4.8
(AADB), cooTHollleHre TIOYBEHHbBIII oOpasell : pac-
TBOp coctasisuio 1 : 50 (ITHO @ 16.2.2:2.3.71-2011).
aHHBIN 3KCTpareHT XapaKTepU3yeTcsl CMEeIIaHHbIM
MEXaHU3MOM BO3IIefiCTBUSI, MOHBI MIEPEXONST B pac-
TBOpP B pe3yJibTaTe peakluii HIOHHOTo oOMeHa, TUJ-
poJiM3a HEKOTOPBIX JIETKOTUAPOIU3YEMBIX COEIUHE-
HUI1 1o IeliCTBUEM MOHOB BOAOpOAa, 0Opa3oBaHUs
pPacTBOPMMBIX alleTaTHbIX WJIU aMMOHMIHBIX KOM-
IUIEKCHBIX COeIMHEHUI U T.1. [Tpu 3TOM U3BIEKaIOTCS
JINIIIb HAaMMeHee MPOYHOCBSI3aHHbIE UOHBI, YTO 103~
BOJISIET XapaKTepu30BaTh 3anac X3, CIIOCOOHBIX Me-
pEXONUTh B COMpPENENbHbIE CPENbl, T.€. PACTEHUS U
MPUPOIHEKIE BOIHI | 16].

g KamOopoBKU IMTPUOOPOB M KOHTPOJST TOTHO-
CTU U3MEPEHUM KOHIIEHTpaluii XD HCIOJIb30BaAIU
cra"gaptHblie oopas3nsl mous (CAITC-1, CUT-3 [33],
CAIIIIT-08/6 OCO Ne 10902, CAYBII-05/7 OCO
Ne 21301) u pacrenunii (JIb-1 T'CO 8923-2007, Tp-1
I'CO 8922-2007). IMoayyeHHbIe pe3yabTaThl YKIaabl-
BaJINCh B aTTECTOBaHHBIC 3HAYCHUSI.

CraTucTNYeCcKyIo 00pabOoTKy TaHHBIX ITIPOBOIMIIN
MpU MOMOIIM MakeToB mporpamM Microsoft Office
Excel m PAST V2.17. Ina BBIIBIIEHUSI B3aMOCBSI3U
Pa3IMYHBIX CBOMCTB OJUTOTPOMHBIX TOPU3OHTOB U
WX U3MEHEHUI B IIIMPOTHOM T'paareHTe ObLT MTPOBEACH
KOPPEJSIVOHHBINA aHAIN3 C TIPUMEHEHEM PaHTOBOTO
ko3 puitmeHTa koppesasiuuu Crimpmena (p < 0.05 u
<0.01). IIpu mpoBeaeHNU CTATUCTUYECKOTO aHAIU3a
3HAUEHUSI KOHLIEHTpALUii MOABMKHBLIX dopM XD,
oTpefeJIeHHBIX HIKE Mpeaeiia OOHapyXKeHUsI, ObIITN
3aMeHEHbI Ha 3HAUYEeHUsI, paBHbIE MOJOBUHE HUXKHE-
ro mnpeaena ooHapyxeHus snemenrta (P 52.18.885-
2019). OueHKy CBSI3U TOABMXKHOCTU HCCJIECIYEMBIX
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XD co cBOMCTBaMU TIOYB, €€ OTpeaeISTIOIINMMU, TIPO-
BOJMJIM TIPY IIOMOIIM METOAA INIABHBIX KOMITOHEHT.

PE3VJIBTATHI 1 OBCYXIEHUWNE

CaoiictBa TopdsHbIXx nmouB. [IpoBeneHHbIE TMoJie-
Bbl€ MCCJIEIOBaHUSI MOKa3aiu, 4To Mopdosioruue-
CKUiT 00K TOPGSHBIX OJIUTOTPOMHBIX MOYB TI0C-
KOOYTrpMCThIX 0010T TeppuTopun AMano-HeHenkoro
ABTOHOMHOTO OKpYTa MPeACTaBJIEH COUeTaHUEM TOP-
(bSTHBIX TOPU3OHTOB PA3IUYHOI0 6OTAHUYECKOTO CO-
CTaBa C pa3HOM CTETNEHbIO PA3JIOKEHUSI PaCTUTEb-
HBIX OCTAaTKOB. B 11€710M Hccneayemble ouBbl Xapak-
TePU3YIOTCS CPAaBHUTEIBLHO HEOOIBIIIOI MOIIIHOCTHIO
TOP(MSIHBIX TOPM3OHTOB (B CpemHeM OKoJo 1 M).
MoUIHOCTb CE30HHO-TAJIOTO CJI0S1 B IEPUOJ, IPOBENIE-
Hus paboT coctapiisuia 50—85 cm. [uddepeHMpoBaH-
HOCTh TOP(SIHOM 3ajieXkn B OOJIBLLIMHCTBE MCCIIEaye-
MBIX TIOYB OOYCJIOBJIEHA OCTAaTOYHOM 3YTPO(HOCTHIO.
TopdsiHbIe 0MIUTOTPODHBIE OCTATOYHO-3YTPODHBIE T'O-
pu3onTH (TOte) ObUT chopMHUPOBaHBI HA HAYAIILHOM
aTare ToppOHAKOIUICHUS B TUAPOMOPMHEBIX YCIIOBU-
sx. TopuzoHtel TOte, Takke, KaKk U BEpPXHSISI 4acTb
MHoroJieTHeMep3ibIx mopon (TOtel), xapakTepusy-
JI0TCs1 OoJiee TEMHOM OKpacKoii M TmpeobiagaHueM
OCTaTKOB r'UIpOMUIbHON PACTUTEIbHOCTU — MYIIIU-
IbI, OCOKM, XBOIIIeil M ApeBECHBIX (hparMeHTOB [22].
B HacTosiiiee Bpemsi B mpeesiax Ce30HHO-TaJIoro
CJI0sl JaHHble TOPU3OHTHI MPUYPOUYEHBI K HUXKHE
HaIMep3JIOTHO# 4Jactu Tipodmrsa. DopMyrna MHoUB
BRIDIIAUT caenyomuM oopazom TO—TOte—TOte L.
I110THOCTH JaHHBIX TOPU3OHTOB BHIIIIE, YEM Y IPYTHUX
TOPU3OHTOB UCCIIeayeMbIX MOYB U BapbupyeT ot (.20
1o 0.25 r/em? [27].

B cocraBe pacTUTENbHBIX OCTATKOB TOPGSIHBIX
OJUTOTPO(MHBIX TOPU3OHTOB, HE UMEIOIIUX MPU3HA-
KOB nerpafganuu u ayrpocdHoctu (TO), npeobianaer
charaym. Takue ropu30HTHI OTJIMYAIOTCS 00JIee HU3-
KOM IMJIOTHOCTBIO, KOTOPas U3MEHSIETCSI B MHTEpBaJje
0.05—0.18 r/cm? ipu cpennux 3Hauenusx 0.09 r/cm?.
Kax npaBuio, BepxHsist 4acTh NpoGuIst OYB XapaK-
TepusyeTcsl HaJlM4ueM MeperHOMHOro Marepuana,
YKa3bIBAIOIIIEr0 Ha aKTUBHOE ITPOTEKaHMUE Mpoliec-
COB JIerpagaluy oJMroTpodHbix ropu3oHTOB (TOh)
[47]. Tem He MeHee, TIPU3HAKM JeTpagaliii, a TaKxKe
6oJiee BBICOKASI JOJISI B COCTABE OPraHUYECKOIO MaTe-
pHaja OCTaTKOB KYCTapHUYKOB CYIIECTBEHHO He
CKa3bIBAIOTCS HA TUIOTHOCTH MOYB, CJIATAlONINX JaH-
HbIe TOpU30HThI. DOpMyJia ITOYB C MPU3HAKAMU Je-
rpamauuy BRIISIAUT Kak TOh—TO—TOte—TOtel.
ITnotHOCTh ropu3oHTOB TOh ocTaercs OJM3KONM K
IUIOTHOCTU Topu3oHTOB TO U KojebeTcsa B mpeae-
nax ot 0.06 go 0.19 r/cM? npu cpenHUX 3HAYEHUSIX
0.10 r/cM3.

CBolicTBa NCCIeayeMBIX TOP(P OB, MPSIMO MJIN KOC-
BEHHO OIIpeAe/Isolie MOABMKHOCTh METAJIOB B
MoYBaX, OTJIMYAIOTCSI B PA3JIUYHBIX TOPHU30HTAX
(ta6u. 1). B uenom, Bennuuna pH BogHoI cycrieH3umn
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COKOJIOB wu np.

Tabomuna 1. OcHOBHBIE XMMUYECKUE U (PU3MKO-XUMUYECKUE CBOMCTBA OUTOTPOGHO-TOPGhSIHBIX TOPU30HTOB UCCIIeTy-

€MBIX ITOYB
TopuzoHT
ITapamerp
TOh (n =9) TO (n = 14) TOte (n = 18) TOteL (n = 15)
oH 3.7—4.5 3.0—4.5 3.6—4.4 3.6—4.5
4.1(4.1) 3.4(3.4) 3.8(3.7) 4.1(4.1)
2.5-9.9 1.1-3.9 1.5-8.6 1.9-7.6
3onbHOCTh, % - 7
5.7(5.1) 2.2(2.2) 5.4(5.5) 4.2(3.5)
41.6—48.4 44.4-50.1 46.9—52.7 45.8-55.4
Cona % _ - e T
45.7(46.4) 46.4(46.7) 49.6(50.2) 49.6(48.5)
. 31.1-37.0 32.7-39.2 30.4—45.9 37.3-48.9
voe 34.6(35.8) 36.1(36.1) 37.0(35.2) 42.0(40.9)
1.19-1.85 0.30—1.31 1.36—3.04 1.96—2.85
NOG]_L[’ % N - - < - <
1.56(1.60) 0.90(0.99) 2.13(2.03) 2.35(2.29)
/N 29.1-46.1 44.1-179.3 18.5-45.0 19.7-33.0
35.3(33.0) 70.6 (54.9) 30.1(29.9) 25.3(24.2)
Coun/Conx 100, % 74.7-76.5 68.8—83.9 60.3—-90.7 77.4-92.2
75.8(76.3) 77.8(77.9) 74.9(70.4) 84.8(84.7)

anMe‘{aHHe. 3nech U najee HaxL qepToﬁ — MHUHUMaJIbHbIC U MaKCUMaJIbHbIC 3HAYCHMUS, I1O/] qepToﬁ — CpC€aHMUE, B CKOOKax — MeIu-

AaHHBbIC 3HAYCHU .

HAXOAUTCSI B 0O0JAaCTU CUJIBHOKMUCJIBIX 3HAYCHUIA.
MakcuMaibHble CpENHUE U MEAMaHHbIE 3HAYEHUS
pH xapaxrepus! ni1st ropuzoHToB TOh 1 TOte L. T'o-
pusoHTsl TOte u TO GoJliee KHUCabIe, MAKCUMAJIbHBIN
pazobpoc 3HaueHuit ormeuvaetcs B TO. 3aBucuMocTu
3HaueHuil pH TopdoB OoT reorpaduyeckoii MMPOTHI
pacMoyIOXKEeHUs] y4yacTKa UCCIEI0BaHWs HE BbISIBIIE-
HO, OIHAaKO MpOsIBUJAch ciabasi KOppeasiMoOHHas
cBs13b 3HaueHnit pH TopdoB ¢ ux 30abpHOCTBIO (0.53
npu n = 33), KOTopasi YCWJIMBAETCsI B TOPU3OHTAX
TOte (10 0.72).

30JIbHOCTh 00OpPa3lOB MOYB WCCIEIYEMBIX TOPHU-
30HTOB He mnpeBbiaer 10%. MakcuManbHast 3071b-
HocTb (10 30% u Goee) ObUIa 3aDMKCUPOBAHA B TOPU-
3onTe TO ITyp-Tazosckoro Mexaypeubst (T1166). Kak
yKa3aHo B pabote [21], aHOMaJbHO BBICOKAsI 30JIb-
HOCTb BEpXHUX TOP(MSHBIX TOPU30HTOB JAHHOTO paiio-
Ha 0o0yCJIOBJIEHA BIUSTHUEM 3arojsipHOro Hedrerazo-
KOHAeHcaTHOro mectopoxnaeHus. [lo aToit nmpuuuHe
npo6a T1166 TOh Gbuta UCKITIOUEHA U3 CTATUCTUYE-
CKOi1 BbIOOpKU. MUHUMAJIbHBIMU 3HAYEHUSIMU 30J1b-
HOCTU XapakTepusyloTcs ropu3oHTel TO u npanee
yBeanuuBalorcs B psay TO < TOtel < TOte < TOh.
Crnenyer OTMETUTb, UYTO 30JIbHOCTb OCTAaTOYHO-
9yTpOGMHBIX TOPU30HTOB B IpeiesiaXx CE30HHO-TaJI0TO
CJI0sI BbIIIIE, YEM B aHAJIOTMYHBIX TOPU3OHTAX BEPX-
HEeil YaCTM MHOTOJIETHEMEP3JIBIX TTOPOII, UYTO, BEPOSITHO,
CBSI3aHO C HAJIUUYMEM T€OXUMUYECKOTO MEP3JIOTHOTO
Oapbepa [25, 57]. B ipocTpaHCTBEHHOM OTHOIIIEHUM
MaKcUMaJIbHasi 30JbHOCTh (DUKCUpYETCs B Ipobdax

MoYB, OTOOpaHHBIX 3a [ToNIpHBIM KPyroM B TIpele-
sax [Ilyp-Tazosckoro wmexnypeubst (1984, T989,
T1015), MuanManbHass — B mouBax Ilsakymyp-AiiBa-
cenanypckoro mexaypeubsi (T1024) u B ceBepHOit
yactu OacceiiHa peku Aran (T1033). ITomumo pH,
30JILHOCTh TaKKe JEMOHCTPHUPYET CIIabyio KOppesi-
nuto ¢ mupotoii MmectHocTH (0.50), KoTOopas ycuinm-
BaeTcsl B 00pa3liax MouB, OTHOCSIIMXCS K TOPU3OH-
tam TO (mo 0.65).

Conepxanust o6b1ero (Cg,,) ¥ yriaepona, OKUCIIA-
eMoro npu Mokpom cxkuranuu (C,,.), B TOpGhSIHBIX
MoYBax BapbUpPYIOT B uHTepBayiax 41.6—55.4 u 31.1—
48.9% cootBeTcTBeHHO. VX cpemHme 3HAYEHUST YBe-
mmuuBatored B pssay TOh < TO < TOte < TOte L. bo-
see BbIcokue KoHueHTpauuu C, 1 C, . OTMEYEHBI
B mouBax Ilyp-Tazosckoro (T989, T1166) u ITyp-Ha-
naeiMckoro (T1003, T1168) Mexmypeuuii.

Conep:xanue obuero azora (Nyg,,) MAKCUMAIBHO
B TOPU30HTAaX C IPU3HAKAMU OCTATOYHOMI 3YTpOdHO-
ctu (TOte u TOte L) — B 1.4 pa3a BbIllle, YeM B TOPU-
3oHTax TOh, u 6osee yem B 2 pa3a 0oJbllie 10 CpaB-
HeHMio ¢ ropu3oHtamu TO. Ilo Bceil BUAUMOCTH,
yBeJInYeHue conepkaHusi N, CBSI3aHO C MOBBIIEH-
HOIT MeTabO0JIMYeCKOI aKTUBHOCTBIO MUKPOOPTaHU3-
MOB, OTMEYaeMO Ha rpaHUlIe CE30HHO-TAJIOTO CJIOS
Y MHOTOJIETHEMEP3JIbIX TTopo [49]. 3HaueHUsI OTHO-
meHuss C/N o6paTHO MPOIMOPUNOHAIBHBI COASPXKa-
HUI0 a3oTa. Oba rnmokazaresisi AEMOHCTPUPYIOT KOppe-
JIILAOHHYIO 3aBUCUMOCTb C 30JIbHOCTBIO TOP(POB (r=
= 0.66 1151 Ng,,, ¥ = —0.65 s C/N), ycumpaony-
Ne 12
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COAEPXAHHUE U NMOJABNXKHOCTb METAJIJIOB

1ocst B ropu3oHTax TO (mo 0.67 m —0.73 cooTBeT-
cTBeHHO). KpoMe Toro, B JaHHBIX TOPU30HTaX COJEP-
xkaHue N5, 1 C/N KoppenupyoT TaKXe ¢ IIMPOTOoi
mectHocTH (0.74 1 —0.77 cooTBeTcTBeHHO). CTeIeHb
MeJOoTeHHOM 3peslocTu (KayeCTBEHHBIN MoKa3aTellb
OpraHMYEeCcKOTro BelllecTBa TOPGOB, XapaKTepU3yIO-
U YyCTOMYMBOCTh OPraHMYECKOIO BEIECTBA TOP-
¢$OB K OKMCJIICHUIO) MaKCUMaJibHa OJIsl TI0YB MeEp3-
JIOTHBIX TOPU30HTOB. Bce BhIIlIe0OTMEYEHHOE KOCBEH-
HO CBUIETEIBCTBYET O OOIbBIICH I'yMyCHPOBAHHOCTU
ropu3oHToB TOte l, caienoBarenbHO, U OOJIbIIIEM Ha-
JIMYUU B 3TUX TOPU30HTAX OPraHUYECKUX COCIMHE-
HUIi, OKa3bIBaIOIINX BIMWSHUE Ha YBEJIMYCHUE IIO-
JBUXKHOCTU MeTaylioB [43, 53].

Takum ob6pa3zoM, aHAJIM3 CBOMCTB MOYB, OINpEae-
JISTIOLIUX TTOABUKHOCTh METAJUIOB, IIOKA3bIBAET, YTO
HECMOTpPSI Ha pa3IM4YHbLIA TeHe3UC, TOPU3OHTHI C
MPU3HAKaMU JeTrpafgalluid U OCTaTOYHOM 3yTpodHO-
CTU OJIVKE MO CBOMCTBAM APYT K IPYTY, YEM K JIexKa-
meMy Mexay HuMu ropusoHty TO. BepxHsist yacTthb
ropu3oHToB TOte L oTanyaeTcss OT aHATOTMYHBIX TO-
PU3OHTOB CE30HHO-TAJIOTO CJIOSI, UTO MPOSIBIISISTCS B
kauectBe (cyas 1mo C/N u I13) opraHudeckoro Bele-
CTBa, HE3HAYNTEIILHOM yYBEJIMYCHUM 3HaUeHuit pH u
HU3KOM 30JbHOCTU. JlaHHBIE OTJIMYUSI CO3dal0T
YCA0BUSI IUISE MUTpay XD B BOTHYIO Cpeay MpU yBe-
JINYEHUUW MOIITHOCTY CE30HHO-TAJIOTO CJIOS.

OO1ee comepKaHue WCCIEeAyeMBIX MaKpoaJjie-
MEHTOB B MCCIICAYEMBIX TOPU30HTaX COOTBETCTBOBAJIO
3HAYCHUSIM, YCTAHOBJIEHHBLIM JPYTUMM MCCICAOBaA-
tesamu [17, 18, 21, 45, 56]. B meiaoM nmo peruony co-
JIepXKaHue MaKpo3JeMeHTOB B ropu3oHTax TOh BBI-
IIIe, 4eM B HinKenexxamux ropuzoHTax TO (puc. 2).
ITo Bceit BUAMMOCTH, 3TO CBSI3aHO HE TOJBLKO C JAe-
rpagalyeit BEpXHUX TOPU30HTOB TOPHOB, HO U C Ha-
JINYMEM FeOXMMUUYECKOTO OKMCIUTENIHLHOTO Oapbhepa
Ha rpaHuIle OTHOCUTEIILHO cyxoro ropu3onTa TOh u
yBIaXXeHHBIX OOJBIIYIO YacTh Tojga ropn3oHToB TO
[18]. B cpemnem otHomenue TOh/TO mo obmemy
comep:kaH1Io 37IeMeHTOB cocTaBiisgeT: Fe — 4.7, Ca— 1.1,
K — 1.5, Na — 1.6, Mg — 1.4, 111 TOABMXKHBIX (hopM
MeramwioB: Fe — 55.0, K— 3.4, Mg — 1.3, Cau Na — 1.1.
I1pu cpaBHeHNU cootHomeHuit TOte/TO dukcupy-
eTcsl YBeJIMYEHUE KOHLIEHTPAIUU TOJIBKO ISl BAJIOBOTO
u nonBikHoro Fe (coorBercTBeHHO B 2.5 u 3.3 pasa).
IIpu sTOM HauboJbIIMEe 3HAYEHUS comepxXaHus Fe
¢$UKCUPOBAINCh B TOPU30HTAX, MTOACTUIAEMBIX MU-
HepaJdbHBIMU T[JIEEBHIMU TOPU3OHTAMM, HAXOISIIIM-
MUCS B IIpeleliaXx ce30HHO-Tanoro ciost. [TogoGHoe
BIIMSTHUE HUKEJIEKAIIIUX TJIeeBbIX TOPU30HTOB B ITOY-
Bax AHAO otMeuanochk u apyrumu aBropamu [20,
41]. Kpome Toro, B padote [28] onmcaHO HalIM4ne B
BepXHEl 4acTu MpOodUs MOUYB OCTATOUHO-3YTPOP-
HBIX TOPU30HTOB, 00O0TallleHHBIX 30JIbHBIMU 3JIEMEH-
TaMH, KOTOPhIE TTOACTUIANNCH He MUHEPATLHBIMU, a
TOpGSIHBIMUA TOPU30HTAMM 0€3 TTPU3HAKOB 3YyTPOPHO-
cTh. JIOIMOTHUTEIFHO OTMEYaIOCh, YTO B TOP(SIHBIX
MOYBax, C(OOPMUPOBAHHBIX 0€3 YUaCTUSI MHOTOJIETHEIA
MEP3JIOThI, MUTPALIMOHHBIE IIPOLIECCHl HUBEIUPYIOT
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pasIuuusl BO BHYTPUIIPOMUIBHOM paclipeaesieHUN
coliepKaHUsI MaKpoO3JIeMeHTOB [28].

CTOUT OTMETUTD, UTO B UCCJIEAYEMbIX TOPU30OHTAX
comepxkanue Ca 0CTaBaJIOCh MPAaKTUIECKN HEU3MEH-
HBIM KaK IpHU CPaBHEHUM €ro IOABUKHBIX (hOpM U
BaJIOBOTO COAEpKaHUs, TaK U KOHILIEHTpalluii B pa3-
JIMYHBIX TEHETUYECKUX TOpU30HTax. B To Xe BpeMs B
npobax ropu3oHToB TOte L, oTOOpaHHBEIX B BEpXHEH
YaCcTU MHOTOJIETHEMEP3JIbIX TTOpo, ObUIH 3a(PUKCH -
pOBaHBI TTOBHILIIEHHBIE KOHIeHTpauu Ca (mo 5600—
8800 Mr/KT), 4TO, MO BCEIi BUAMMOCTH, CBSI3aHO C Ha-
JIMYMEM TeOXMMUYECKOro Gapbepa Ha TpaHUIIE Ce-
30HHO-TAJIOTO cjios [25, 41]. B aTux Xe ropm3oHTax
¢UKCHUPOBaAINCh U BEIOMBAOIIMECS M3 OOIIEro nua-
na3zoHa KoHueHTpauuu K.

OcCTaToYyHO-3yTpO(dHBIE TOPU3OHTHI BEPXHEI Ya-
¢t MHoroJyieTHeMep3iblx mmopon (TOtel) xapakre-
pU3YIOTCS OoJiee BHICOKMMM KOHIIEHTPALIMSIMU DJIe-
MEHTOB, MO0 CPaBHEHWIO C BBILICICKAIIUMU TOPU-
3oHTamu TOte. Ha ¢onHe Oosee HU3KMX 3HAYCHUI
30JILHOCTH UM MeHee Kucioit pH o0iiiee comepzkanue
Fe B TOte L yBenmmuuBaercs B 1.2 pasa, K — B 1.4,
Ca — B 2.9, Mg — B 3.1. KoHIeHTpay NOABMKHBIX
dopm B ropusoHTax TOte L Takke Bo3pacTaroT: s
Fe — 2.0, K — 1.5, Ca— 3.0, Mg — 3.1 paza.

Hanuuue Mep310THOTO re0OXMMHUYECKOTO Oapbepa
[25, 57] monTBepKOarOT TaKKe BBHICOKME 3HAYSHMUS
Ko duIreHToB Koppeasiuuu Fe ¢ 301bHOCTBIO 1151
OCTaTOYHO-3YTPO(HBIX TOPU3OHTOB, KOTOpHIE CO-
crapistioT 0.88 111 BAJIOBOTO COIepsKaHUs 2JIEMEHTA
n 0.94 nng KOHLIEHTpalMi ero MOABUKHBIX (opM
(mpu n = 15). Mexxny 30JIbHOCThIO M BaJIOBBIMUA KOH-
neHTpauusaMu K ycTaHoBJIeHBI c1abble KOppPesIsii-
oHuble 3aBucumoctu (0.63). Hdiasg oOpasioB, OTO-
OpaHHBIX U3 ropu3oHTOB TOte, OBLIM YCTaHOBJICHBI
OoTpuIaTeJIbHbIE KOPPEISILUOHHBIC CBSI3U MEXIY Ba-
JIOBBIMM COAEPXKAHUSIMM M KOHILIEHTpaLUsSIMU IO-
IBUKHBIX (popM antemeHTOB Mg 1 K ¢ comepxaHreM
o6uiero yriepona (—0.58 u —0.74). B ropmusoHTax
TOte L Brimeyka3aHHbIE CBSI3M OCIa0OeBaIN.

B ropuzonrax TO cuiibHast KoppeIsIMOHHas 3a-
BUCUMOCTh Fe U 301bHOCTH OblJIa OTMEYEeHa TOJIbKO
st BamoBoro copepxkanus (0.84). B maHHBIX Topu-
30HTAaX C 30JIbHOCThIO UMEJIV B3aUMOCBSI3b TaK3KE Ba-
JIOBbIE CONlep>XKaHUSI U KOHLEHTPALUU TOABVXKHBIX
dopMm Na (coorBerctBeHHO 0.96 11 0.93) 1 Ca (0.60 u
0.62). JlaHHble BJEMEHTHI IPOAEMOHCTPUPOBAIN
KOPpPEJSILIMOHHBIE 3aBUCUMOCTH C ITUPOTOI MECTHO-
ctu — Ca (0.751 0.87), Na (0.58 1 0.63).

B ropmzontax TOh cratucTuueckm 3HAYMMBIX
KOPPEJSIIUI MeXIy ColepKaHUEeM 3JIEMEHTOB U OC-
HOBHBIMU CBOCTBaMU TIOYB BBISIBJIEHO HE ObBLIO,
YTO, 10 BCeii BUIMMOCTHU, CBSI3aHO B OOJblIIe cTere-
HU HE C TEHETUYECKMMU OCOOEHHOCTSIMU TAHHBIX TO-
PU3OHTOB, a C JIOKAJbHBIMU YCJIOBUSIMU WX TPaHC-
dopMmanum [15] 1 JONOIHUTENLHBIM ITOCTYILIEHIEM
3JIEMEHTOB Ha TMOBEPXHOCTb TOYB BCJIEACTBUE BO3-
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Puc. 2. PacnipeneneHue BajoBOro conep:kKaHusi ¥ KOHLIEHTPALMi TOABMKHBIX DOPM MaKpO3JIEMEHTOB B MPOMOUISIX TOPOSHBIX
onurorpodHbix nous AHAO.

IyITHOTO MaccoriepeHoca [21], a takke moBepxHocT-  TTJIK m OJK (CaulluH 1.2.3685-21) u xapakrepusy-
HOTO CTOKA. IOTCSI CPaBHUTENIBLHO HU3KUMM KOHLEHTPALMSIMU,
WHOT/A JaXe HUXE NMpeesioB 00OHAPYKEHUS UCTIOJIb-

OueHka conep)aHusi METAJUIOB UCCIIENYEMbBIX TO~ 3yeMbIX MeTOlOB aHanu3a (puc. 3). Pacnpenenenue
PHU3OHTOB, IMOAJICKAILINX HOPMUPOBAHUIO, TTOKA3aJ1d,  BaJIOBOTO COAEPXKaHUA DJIEMEHTOB U UX IMOJIBUXKHBIX
YTO MX COAEPKaHUS He MPEBBIIIAIOT yCTAaHOBJIEHHBIE  (opMm Mexny ropuzoHTamu TOh u TO mo rmyOmHe
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Puc. 3. Pacnipenenenuve BaJloBOro cofepKaHusl U KOHLIEHTPALMi1 TOABUKHBIX (POPM MUKPOITIEMEHTOB B TPODUIISIX TOP(SHBIX

onurotpodHsix mou AHAO.

npoduIst XapaKTepU3yIOTCs ABYKPATHLIM CHYXKCHU -
eMm KoHueHtpanuii Co, Cr, Cu u Ni. ITogo6HEBIe pe-
3yJIbTaThl ObUIY MOJYyYEeHBI B padote [29] mist Topdsi-
HBIX OJIMTOTPOMHBIX MOYB ApXaHTEIbCKON 00JaCcTH.
OpHako TIpeacTaBlIeHHbIEe JaHHbIE B CUJIy CPaBHU-

TTIOYBOBEJEHUE  Ne 12 2023

TEJIbHO HU3KUX KOHLEHTPALMd UCCIEAYEMbIX MUK-
PO3JIeMEHTOB HeJlb3s1 CBSI3aTh C 3arpsi3HeM Topda Me-
TaJJTaMU, KOTOPOE XapaKTEePHO TSI CEBEPHBIX TEPPU-
TOpUii eBpoIrreiickoil yactu Poccuu [35] m mpyrux
crpaH [37, 38, 52]. I1o Bcell BUAUMOCTH, IJIST TIOYB
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3anagHoi Cnonpm yBenTudeHne coaepKaHus MeTal-
JIOB B BEpXHEU 4acTU TpOoduUJIsi CBSI3aHO HE C aHTPO-
IOTeHHBIM 3arpsI3HEHMEM, a C IIPOTEKAIOIINMU KTV~
MaTUYECKUMHU W3MEHEHUSIMH, CIIOCOOCTBYIOIIMMU
YCUJICHUIO €CTeCTBEHHOU TpaHchopMaluu Topdsi-
HBIX TOPU3OHTOB B TrpyborymycoBbie [15]. O6 aTom
TaK:Ke CBUIIETEIbCTBYET 00JIee HU3KOE COICpKaHIE B
ropuzonTtax TOh Cd, Pb u Zn, KoTopoe XxapakTepHO
IUIST aHTPOITOTEHHOTO 3arpsisHeHus [7, 31, 46, 54].
Taxke B mepepacrpeneieHMM MNOABIDKHBIX (HOpM
MUKPO3JEMEHTOB HEe MCKJIIOUYEHA POJIb KPUOTEHHBIX
npoueccoB. IIpennonaraercss, YTO MOPO3HOE HCCY-
II€HHE BePXHEM YaCTU TOPMSIHOI TOJIIM COIPOBOXK-
JIaeTCSl MPUTOKOM OXJIaXKIEHHBIX IMOPOBBIX PAacTBO-
POB 13 HIKEJIeXaIlX cJioeB Topda, oboraiiast Bepx-
HHE TOPM3OHTHI MUKposjieMeHTaMu [32]. OmHako
MUTpalYs MOPOBBIX BOM U3 CPEeIHE TOJIIU TOP(DOB,
KOTOpasl SIBJISIETCS 30HOM KPMOTEHHOIO BbIIIETIa4Y-
BaHMsI, IIPOMUCXOIUT IO HAIIpaBIeHMUIO K (DpoHTaM
IIpoMep3aHusl, T.€. U BBEPX, U BHU3, UTO TAKXKE CIIO-
COOCTBYET BHIHOCY I HAKOIUICHUIO 3JIEMEHTOB B HU-
Xenexaimux ropu3oHTax. Himke mo mpodumio B
0OCTaTOYHO-3yTpodHBIX ropu3oHTax (TOte) BasoBbIe
comepxkanust Mn, Ni, Cu, Cr u Co cHOBa yBeJIM4YMBa-
IOTCSI, OOCTUTAs MaKCUMAaJbHBIX KOHIIEHTPaluii B
rOPU30OHTAX BEPXHEW 4YacTU MHOTOJETHEMEP3IbIX
nopon (TOtel). B cpenHeM HaGaomaeTcsl yBeaude-
HUe BaioBOro comepxaHus Niu Zn — B 1.3, Cu u
Pb—B14,CduCo—B1.8, Mn —B2.5pa3za.

AHajiornyHasi TEHIEHIUSI OTMedaeTcsl B Ipo-
GuIBHOM pacIipeacIeHUN MTOABUKHBIX (OPM HCCIIe-
nyeMmbix XO. MckimrouyeHre B JaHHOM CJIydae COCTaB-
Jgsiet Cd, KOHUEHTpallui KOTOPOTrO B TOPU3OHTaX
TOte Boitie, uem B TO. [11st ToABUXKHBIX (hOPM TaKKe
XapaKTepHO YBEJIMYECHUE COIEepXKaHMsS METaJUIOB B
OCTaTOYHO-3YTPOMHBIX MEP3AOTHBIX TOPU3OHTAX
TOtel. Comepxanusa Cd, Ni, Cu B BepxHell 4yacTu
MHOTOJIETHEMEP3JIbIX Topox, BeIre B 1.2 pa3a, Cr, Pb
n Zn — B 1.4 paza, Co — B 1.6, Mn — B 3.4 pa3za, yuem
BHILLIEIEKaIIeM ropu3oHTe. CTOUT ITOBTOPHO OTMeE-
TUTh, YTO HAOJIOJaeMOe yBEIWYEHHUE COAEpKaHUE
MeTasioB B ropusoHTax TOte L ¢pukcupyercs Ha ¢o-
He oguHakoBoii ¢ TOte 30J1bHOCTBIO.

I1pu olieHKe B3aMMOCBSI3U BaJIOBOTO COIEPXKaHUS
U KOHLIEHTPALIMU TTOABUXKHBIX (hOPM HCCIEAYEMBIX
XD ¢ oCHOBHBIMU CBoiicTBaMu ropn3oHTOB TOte oT-
MeyJaeTcsl CUJIbHAS TTOJIOXKUTEIbHAsT KOPPEISLIUS IS
Cru Pb ¢ 3oabHOCTBIO (0.65—0.81). ComepxkaHue KO-
0ajpTa MPOAEMOHCTPUPOBAIO OTPULIATEIIBHYIO KOP-
peJISIIIHIO ¢ cofepkaHueM obrero yriepona (—0.65 —
BasioBbiit, —0.79 — moaBMXHBIN). laHHBIE 2/1eMeH-
Thl, a TakKxke Mn, UMEIOT CJIa0yl0 MOJIOXUTEIbHYIO
cBs13b ¢ BemuunHoM pH (0.61—0.70).

B ropmuzonTax TO cBs3b BaJTOBBIX KOHIIEHTpAITHIA
C 30JILHOCTHIO TTposiBUIIach B psiay Ni > Cu > Cd > Co >
> Mn (0.60—0.86), nckmouenue cocraBuu Cr, Pb u
Zn. Cnabast 3aBUCUMOCTb MEXIY IIOIBMKHBIMU (pOp-
MaMu XD U 30JbHOCThIO ObLIa oTMeueHa mist Cd u

COKOJIOB wu np.

Cu. B3anMocBs3b ¢ KOHIIEHTpaIllei a30Ta yCTAHOB-
JeHa s BajgoBoro coaepxkaHuss Co > Cu > Cd
(0.62—0.73), a Takxe moaBmxHBIX popM Ni u Co
(0.69 1 0.66). OTMeueHHas CBSI3b ¢ a30TOM YCUJIMBA-
JIach ¥ mpuoOpeTaia OTpULIATEIbHBIN 3HAK TTPU aHa-
mm3e xkoppemstuun ¢ C/N. C mMpoTOil MECTHOCTU
ObLj1a BEISIBJICHA CUJIbHAS TTOJIOKUTEIbHAS CBSI3b YBe-
JIMYMBAIOIIMXCS C FOora Ha CEBEp BaJIOBBIX COlepxKa-
Huii Cd, Co u moaBrKHEIX GOpM coenMHEeHnT Mn.

OTHoOIIeHNSI BAJIOBBIX COAEPKaHWI M KOHIIEHTPa-
LI MOABMKHBIX (hOPM HCceayeMbIx XD BapbUPYIOT
B LIIMPOKUX AWAIia30HaX 3HAYEHU KaK JJisl BHYTpU-
poMIBHOTO, TaK 1 IJIsl IIPOCTPAHCTBEHHOIO pac-
MnpeaesieHusT B OMMHAKOBBIX TOpU30HTax (Tadi. 2).
ITpuumnHOIi 3TOMY CIIYXKUT Pl PaKTOPOB, B TOM YHC-
JIe paCTBOPUMOCTDH 3JIEMEHTOB, MX OMO(MHWIBHOCTB,
30JIbHOCTh TOPU3OHTOB, (DU3UKO-XUMUYECKIE CBOI-
cTBa mouB u Ap. [8, 16, 19, 30]. Kpome Toro, Ha oT-
JIEJIbHBIX TEePPUTOPUSIX, COIAEpXaHWE HEKOTOPBIX
2JIEMEHTOB MOABEPKEHO BJIMSHUIO KaK MPUPOIHBIX
dakTopoB, HanpuMep, 6u3ocTh [lonsspHoro Ypana
I JeBobepexbs O6m [55], TaK 1 TEXHOTEHHBIX —
HaJInuMe JOKaJIbHOIO 3arps3HEHUsI, CBSI3aHHOTO C
JI00bIYeil yraeBogoponos [31], mociaeqHue U3 KOTO-
PBIX HE pacCMaTPUBAIMCh B JaHHOU padoTe.

CpenHue 3HaYeHUS! MOIBMXXHOCTU DJIEMEHTOB B
HCCJIENYEeMBIX ITOYBaX YBEJIMYMBAIOTCS B psay oT Fe
(2.7-7.8) mo Ca (71.1-87.1) u Pb (69.7—97.3). Mak-
cUMaJibHasl aMILUIMTYIa 3HAYEHUM (UKCUPYETCS ISt
Nau CrB TOh, Na, Cru Cd B TO, Na, Cr, Cd, Mg,
Mn u Zn B TOte. MuHUMAaNIBHEII pa30poC 3HAYCHUIA
orMmedaetcs y Fe, Ni m Cu. IIpu cpaBHeHUM ITOUYBEH-
HBIX TOPU30HTOB YCTAHOBJICHO, YTO METAJLJIbI B TOPU-
30HTax TOtel o06i1amarOT MakKCUMAaJILHOMN TTOIBUK-
HOCTBIO U XapaKTepPU3YIOTCSI HAaUMEHBIIIMM Pa3opo-
COM 3HAQUEHUM.

I1pu pacueTe TIpoLicHTA ITOABUKHOCTH 1O KaXKI0-
MY KOHKPETHOMY IPOMUIIIO IIOIy4aeTCsI, YTO B CPe-
HeM B ropusoHTax TOtel 3HauyeHUs BbIIIE, YEM B
TOte niss K Mn B 1.2 pasa, Fe — 1.4, Niu Cu — 1.6,
Na—2.0,Cdu Co—82.7 pa3 (puc. 4). [lonB1zKHOCTb
Ca, Mg, Cr, Pb u Zn ocTtaeTcst Ha TOM K€ YpOBHE.

PesynbTaThl aHaau3a JaHHBIX METOIOM IJIaBHBIX
KOMITOHEHT Ioka3aiu (Tadi. 3), 4TO TECHYIO MOJIO-
XUTEIbHYIO CBS3b C MEPBOM INIABHOM KOMITOHEHTOM
“MeeT MOABUXHOCTb TaKMX 3JIEeMEHTOB, Kak Pb, Mn,
Cru conepkaHue OKHUCIISIEMOTO, OTIPEIeIIeMOTO Me-
TOIOM MOKPOTO CXWUTaHUs. B MeHbIIel cTeneHu
[JIAaBHYIO KOMIIOHEHTY OIPEAEsIOT MOABUXHOCTD
Cd, Ca, comepxaHue OOIIEeTro yrjiepoia W CTEIIeHb
MEeIOTeHHOM 3pPEJIOCTM OPraHMYEeCKOro BEIeCTBa.
Bropast KoMITOHEHTa TECHO CBs3aHa C ITOJBMIKHO-
cteio Mg, Ca, Co, Cr, K 1 oTHolLIeHHIEM yIyIepoaa U
azota. OTpuIIaTeIbHO BBIPAsKEHHYIO CBSI3b CO BTOPOit
KOMITOHEHTOI MMEIOT 30JIbHOCTh U COiepXKaHHe a30-
Ta. TpeThsT KOMIIOHEHTa CJIab0 KOppeIupyeT ¢ I10-
NBUXXHOCTBIO Ni.

IMOYBOBEIAEHUWE

Ne 12 2023
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Ta6mmma 2. 10151 TOIBMKHBIX (DOPM METAJITIOB B TOPM30HTAX TOPMSIHBIX OJTUTOTPOMHBIX TOYB ceBepa 3amamHoit Cubupn, %

T'opuzoHT
XUMWYECKUNA 2JIEMEHT
TOh (n =9) TO (n =14) TOte (n = 18) TOtel (n =15)

Fe 2.9-6.1 0.2—13.0 0.9-26.8 1.6—14.9

4.4(4.4) 2.7(1.8) 7.8(3.9) 7.7(7.2)
Ca 42.9—100.0 58.6—100.0 39.3—100.0 62.7—100.0
71.1(70.7) 81.9 (82.6) 79.4(83.9) 87.1(92.8)
K 9.2—-59.5 29.4—77.3 6.0—83.2 81.3—-100.0
29.0(23.6) 49.3(47.0) 18.3(7.9) 14.6(12.1)
Na 6.7—100.0 10.1-100.0 10.2—100.0 62.7—100.0
56.1(58.8) 78.7(100.0) 43.4(39.6) 95.3(100.0)

Mg 44.2—66.5 33.5-97.2 10.5—100.0 26.5-93.6
52.8(50.3) 64.1(62.7) 45.7(50.0) 59.6(59.1)

cd 5.1-50.0 1.9-100.0 7.5—100.0 26.5-93.6
28.4(29.3) 46.2(51.5) 47.7(40.4) 59.6(59.1)

Co 7.4-37.1 3.1-47.6 2.4-52.4 9.5—-46.7
16.8(11.4) 29.0(37.7) 24.0(26.3) 30.8(33.4)
Cr 0.8—100.0 3.0-100.0 4.1-100.0 35.6—100.0
31.5(12.5) 48.0(51.7) 46.6(35.5) 75.6(83.4)

Cu 0.7—11.1 4.4—-61.2 1.4-19.9 3.1-24.1
8.0(10.2) 24.2(18.5) 11.0(12.2) 10.2(6.7)

Ni 6.2—12.3 0.7-16.4 1.9-25.3 3.2—-15.2

8.5(7.7) 9.5(10.2) 11.2(8.0) 7.8(6.3)
Pb 59.3—-100.0 27.1-100.0 30.3—100.0 89.2—100.0
76.4(73.1) 69.9(60.0) 76.6(84.1) 97.3(100.0)

Mn 5.9-64.8 3.5-65.1 3.1-100.0 25.8—96.8
25.5(15.6) 32.0(26.5) 46.0(44.6) 64.2(67.1)

7n 42.6—100.0 40.0—100.0 8.3—100.0 13.8—66.4
59.8(48.3) 67.1(69.9) 42.6(39.7) 31.4(22.6)

OueHuBasi pacroyioXXeHUe UcciaeayeMbix Topdsi-
HBIX TOPU30HTOB B IPOCTPAHCTBE ABYX IJIaBHBIX KOM-
MMOHEHT (pHC. 5), MOXKHO OTMETUTh 000CO0IEHUE TO-
PM3OHTOB, HE MMEIOIIMX MPU3HAKOB JeTrpaialuuu 1
octatouHoit ayrpodHocTH (TO). I'opuzontsr TO n0-
KaJIM3UPYIOTCS B 00J1aCTH, U151 KOTOPOIl XapaKTepHO
mpokoe otHouieHue C/N 1 MUHUMAaJbHbIE 3Haye-
HUs 30JbHOCTU U pH. B aTux ycioBusix Makcumalb-
HyI0 moABUXHOCTh npuodpetatoT K, Cu, Zn, Mg.

CBs13b 30J1bHOCTU U pH C MMOABUKHOCTHIO 3KeJie3a
OoJiee BBIpaxKeHa O IIpo0, OTOOPaHHBIX U3 TOPU-
30HTOB TOte. B JaHHBIX TOPM30OHTAX BMECTE C YBEJIH-
yeHuem conepxkanust Cyq, u C, . BO3pacraer mno-
mBmkHOCTE Pb, Mn, Cd n Cr. B 3T0i1 ke obnactn B
npeaeaax rpaHull, MAKCUMaJbHO TIPUOIVIKEHHBIX K
TO, pacnomararorcsd mpoOBI, OTOOpaHHBIE N3 TOPH-

TTIOYBOBEJEHUE  Ne 12 2023

30HTOB TOh. B 11e;10M 3HaYeHMS TTOABYXKHOCTH 3JIE-
MEHTOB B 9TOM TOPM30HTE HAXOASITCS MEXIy 3Haue-
HUSIMH, XapakTepHbIMU 111 Topn3oHTOB TO 1 TOte,
1 MMEIOT BBIPAaXXEHHYIO CBSI3b C 30JbHOCThIO. Mc-
kimoueHue coctapisoT Ca, Cd, Cu u Mn, noaBux-
HOCTb KOTopbIX B TOh MUHMMaJIbHA.

B ob6nactu npo6 ropuzoHToB TOtel BMecTe ¢
yBeaumdeHneM conepxkanus Cyg, 1 C,, .y, @ TAKXKE CTe-
neHu nenoreHHoi 3penoctu (C,,/Con X 100, %) 1
N IMEET MECTO YBEJIMYEHUE MUTPALIMOHHOM CITO-
coobnoctu Pb, Mn, Cd u Cr. I1pu aToM ciaenyer 3amMe-
TUTb, 4YTO (UKCUPYEMOE TOBBIIICHNE MUTpalUU
MPOMCXOAUT Ha (pOHE OMMHAKOBOI WJIM B HE3HAUU -
TeJIbHOM CTeNeHU CHUXalolecs 301bHoCcT. OTMe-
YEeHHbIE 3aKOHOMEPHOCTU TOBOPST, YTO U3MEHEHNE
KaueCTBEHHOI0 COCTaBa OPraHMYECKOTO BellleCTBa
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COKOJIOB wu np.
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Puc. 4. smeneHue noym rmoasrxHbIX hopm Cu, Ni, Fe, Co n Cd o ipodwtio TopdstHOI 0TUToTpo(HOM OCTaTOUHO-3YTpOdh-

Hoii mouBsl (T1169).

OCTaTOYHO-3YPOGHBIX MEP3JIOTHBIX TOPU3OHTOB CO-
MPOBOXIACTCS ITOBBIIIICHUEM MOOUJIBHOCTU MeETal-
JIOB, O0JTamaroIInX BHICOKOM CITOCOOHOCTBIO K KOM-
IUIEKCOOOPA30BaHUIO ¢ HU3KOMOJIEKYJISIPHBIMU Op-
rannyeckuMmu kwucigoramu [58]. Takum oOpaszowm,
BEPXHSISI YaCTh MHOTOJIETHEMEP3ILIX MOPOJ, SIBJISIET-
Csl TEOXMMUYECKUM OapbepoM, Ha KOTOPOM IIpOMC-
XOIUT aKKyMYJISILIVS TSDKEJIBIX METaJIJIOB 3a CYET 00-
pa3oBaHUs MX OPTaHMYECKUX KOMILIEKCOB, KOTO-
pbie, B YCIOBUSIX YBEJIUUCHUST CE30HHO-TAJIOTO CJIOS,
MOTYT 0Ka3aTh BJIMSHYE Ha XMMUYECKII1 COCTaB IIPU-
POIHBIX BOI TEPPUTOPUH.

3AKJIIOYEHHME

IIpoBeneHHbBIE NCCAEeAOBAHMS ITOKA3aId, YTO CIIe-
nndurKa TOPGSIHBIX OJIMTOTPOMHBIX IMTOYB CEBEPHBIX
tepputopuii 3amagHoii Cubupu, HEMmoaBEePKEHHBIX
AHTPOIIOT€HHOMY BJIMSIHUIO, IIPOSIBIIsIeTCS B mudde-
peHIMALIMU MOP(OIOrMIeCKOro MpouiIsi, CBSI3aH-

HOI HE TOJIbKO C O0TAHWYECKUM COCTaBOM Pa3IMYHbBIX
TOPU30HTOB, HO U C YCIOBUSMU UX (DOPMUPOBAHUS U
TpaHchopmanuu. B memom TopdsiHBIE OIUIOTpOd-
HbIE TTOYBBI UMEIOT HEOOJIBIITYIO MOIIIHOCTh CE30HHO-
tasioro cyost (50—85 cM). HukHss yacTh mpoduis
MMEET IIPU3HAKA OCTAaTOYHOM 3yTpOo(HOCTU (TOpH-
30HTBHl TOte), xapakKTepHOl U IS OpraHOI€HHBIX
MHOTOJIETHEMEP3JIbIX mopon (ropu3oHThl TOtel).
Bepxasisa yacTh npoduist UCcaeayeMbIX IIOYB YacTo
MMeEeT MPU3HAKU JeTpajaliui OJIUTOTPOMHBIX TOPU-
30HTOB (ropru30HTHI TOh).

CBoiicTBa TOYB, BIMSIOIIME Ha TOBEACHUE Me-
Ta/ioB, 1UddepeHIUPYIOTCS 110 IIOYBEHHOMY IIPO-
¢ummo. 3HauyeHnss pH BOTHBIX CyCTICH3WI HAXOISITCS
B 00J1aCTU CUJIBHOKMCJIBIX 3HAYEHUI U yBeJIMYMBa-
otea B psaay TO < TOte < TOtel < TOh. Maxkcu-
MaJibHas 30JIbHOCTh OTMEYAETCS B BEPXHUX TOPU30H-
Tax ¢ MpU3HAKaMUu Jerpajaliuu, HUXe Mo mpodUIio
YMEHBIIIAETCSI U BO3PACTaeT B OCTATOYHO-3YTPOd-
HBIX TOpM30OHTaxX. B BepxHeil yacTM MHOTOJIETHE-

IMOYBOBEIAEHUWE
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COAEPXAHHUE U NMOJABNXKHOCTb METAJIJIOB

Coﬁl.u/ Noﬁl.u

KommonenTa 2 (34.2% nucnepcun)

Kommonenra 1 (54.6% nucniepcun)

TOh

TO

TOte

TOte L

Puc. 5. PactipeneneHue vucciienyeMbix Tpo6 TOpGhsTHBIX TOPU30HTOB B IIPOCTPAHCTBE ABYX ITTaBHBIX KOMITOHEHT.
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Taomua 3. KoppensiuroHHast CBSI3b INIABHBIX KOMIIOHEHT U TIPOLICHTA MTOABMXKHBIX (hOPM UCCIIEAyeMbIX MeTa/UIOB (1 =41)

KomnoneHra 1

KomrmoneHTa 2

KommoneHTa 3

Hoxasares (54.6% nucnepcun) (34.2% nucniepcun) (11.1% mucriepcun)
Coom 0.59 0.24 —0.15
N 0.50 —0.62 —0.09
Cosu/N —0.38 0.59 0.16
Chiox 0.77 0.50 —0.12
Criox/Copu X 100 0.58 0.50 —0.05
pH 0.34 —0.44 —0.49
Ash —0.25 -0.77 0.26
Fe 0.31 —0.39 0.33
Ca 0.63 0.51 0.15
K —0.41 0.56 —0.12
Na 0.39 0.71 —0.01
Mg 0.40 0.81 0.18
Cd 0.67 0.48 0.04
Co 0.35 0.62 0.13
Cr 0.72 0.59 0.31
Cu —0.16 0.45 0.49
Ni —0.19 —0.12 0.72
Pb 0.84 0.36 0.03
Mn 0.74 0.25 0.10
Zn —0.38 0.12 0.10

anMe‘{aHHe. )KI/IpHLIM LHpH(I)TOM BbIACJICHBI CTATUCTUYECCKN 3HAYMMBIC BEJIMYMNHBI.

TTOYBOBEJAEHHUE

Ne 12 2023
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MEP3JIbIX TIOPOJ 30JIbHOCTh HVKE WM OCTaeTCsl Ha
YPOBHE 3Ha‘{€HI/1171, XapakKTEpPHBIX OJId OCTAaTOYHO-
3yTpodHBIX Topu3oHTOB. ConepkaHue 0OIIeTo U Y-
Jiepojia, OKUCISIEMOTO MOKPBIM CXXUTaHUEM B TOpdsi-
HBIX TOYBaX, YBEJIUYMBAETCS BHU3 IO Mpoduio u
nocturaet Makcumyma B TOte L, mpu 3TOM KauyecTBO
OpPraHWYEeCcKOTO BEIECTBA MEHSETCS 3a CYET YMEHb-
wenus otHoweHuit C/N u Cg,,/C, -

XapaKTepHOU OCOOEHHOCTbIO pacIlipelnesieHUs
MaKpO3JIEMEHTOB B HETOABEPXKEHHBIX TEXHOT€HHO-
MY 3arpsi3HeHU1I0 TOPMSHBIX OTUTOTPOGHBIX TOYBaX
ceBepHOI yacTu 3anagHoii CuOUpU SIBISISTCS HAIM-
yue ABYX MaKCMMYyMOB Mo riyouHe npodus. Ilep-
BBIIi MpuUypodyeH K ropu3oHtaM TOh, BTOpoif — K
TOtel. BanoBoe comepxaHue M KOHILEHTPALUU I10-
nBuxkHbIX ¢popMm Fe, Ca, K u Mg B BepxHeit yactu
MHOTOJIETHEMEP3JIBIX TOPOA  YBEJIUUMBAIOTCS IO
CPaBHEHUIO C HUXKHEN YaCThIO CE30HHO-TAJIOTO CJIOS
(TOte) B 1.2—3.1 pa3za. [laHHasi TEHIEHLIMS TaKXKe OT-
Mmevaetrcs 11t Cd, Ni, Cu, Cr, Pb, Zn, Cou Mn. Bme-
CTe C 9TMM Ha (POHE CHUXEHUS 30JIbHOCTU U KUCTIOT-
Hoctu pH B ropuzonTax TOte l yBenquumnBaeTcs 1051
noaBXHbIX K Mn — B 1.2 paza, Fe — 1.4, Niu Cu —
1.6, Na— 2.0, Cdu Co — B 2.7 pas.

CraTUCTUYECKUIT aHAJIN3 C UCITOJIb30BaHUEM Me-
TOa IJIAaBHBIX KOMIIOHEHT IIOKa3aj, 4YTO HU3Kas
301bHOCTh, pH 1 mmpoxkoe otHommeHue C/N cBsiza-
HbI ¢ MoOunm3anueit K, Cu, Zn u Mg, akTUBHO Ha-
KaIUIMBAIOIINUXCS. PACTUTEIBHOCTBIO, YTO 1 00yCJIaB-
JIMBAET UX BHICOKYIO TTOABMXXHOCTH B Topu3oHTax TO.
B ropuzonrax TOte u TOte L ¢ yBenmmueHneM 3071b-
HocTu, pH 1 00I1Iero a3oTa MOBHIIIAIOTCS MTOIBIIXK-
HocTb Fe, Mn, Pb, Cd u Cr. JlaHHBIE 3JIEMESHTHI UME-
0T MaKCUMaJIbHYI0 MUTPALIMOHHYIO CITIOCOOHOCTH B
BEPXHEM 4aCTU MHOTOJIETHEMEP3JIBIX OPraHOTeHHBIX
MopoJ, oopa3ysl ¢ OpraHMYeCcKUM BeEILECTBOM Opra-
HOMUHEpPaIbHbIE KOMITJIEKCHI.

Takum oGpa3om, pacCMOTPEeB OCOOEHHOCTU CO-
JIepXaHWs METaJlJIOB M OLIEHWB MX MOABWKHOCTH B
HE3aTPOHYTHIX TEXHOT€HE30M TOP(MSIHBIX OJMIO-
TpodHBIX MOYBax ceBepa 3anagHoii Cuoupu, MoOXXHO
cIeJiaTh BBIBOI, YTO YBEJIMYECHME MOIIHOCTH CE30H-
HO-TaJIOTO CJI0sI, OOYCIOBIIEHHOE IPOUCXOISIINMU
KJIUMaTUIECKMMU M3MEHEHUSIMM, TIOBJIEYET 3a CO-
00i1 BBICBOOOXIECHME U MOCIEIYIOIIYI0O MUTPALIAIO
psoa XO. OTMedeHHOe SIBISHUE MOXKET OTPa3uThCS
Ha XMMUYECKOM COCTaBe IIPUPOIHBIX BOI U (POHOBBIX
KOHIIEHTPALUIX T€X DJIEMEHTOB, YBEIMUYEHIIE MUTPa-
U1 KOTOPHIX B HACTOsIIee BpeMs (pUKCUpPYETCS B
ApKTUYECKUX 00JIaCTSIX B CBSI3U C aKTUBHBIM Pa3BU-
THEeM HedTera3ogo0sIBaloNiero KoMiuiekca Poccum.

OUNHAHCHUPOBAHUME PAGOTbI

O160p 1IP06 TOPGOB BHIMNOJIHEH NHpH (PUHAHCOBOM
noaAepxke rocymapctseHHoro 3aganus T MHIT CO
PAH (mmpoekt Ne 0266-2022-0016), XUMUYECKUI aHATU3
Mpo0 BBIMOJIHEH B paMKaX TOCYIapCTBEHHOTO 3alaHUs
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HITA CO PAH (mmpoekt Ne 121031700-316-9). MHTepmipe-
Talysl MOJIydeHHBbIX TaHHBIX BBHIITOJHEHA NIPY MOAIEPKKE
PH®, mpoekTt Ne 20-77-10084.
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Content and Mobility Metals in Oligotrophic Peat Soils of the Cryolithozone
of Western Siberia
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! Institute of Soil Science and Agrochemistry SB RAS, Novosibirsk, 630090 Russia
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The ongoing climatic changes have the greatest impact on natural ecosystems in high-latitude areas, as warm-
ing climate, as well as increasing anthropogenic load associated with the development of Arctic zone, con-
tribute to the degradation of frozen peatlands and an increase in the thickness of seasonally thawed layer of
soil. The relevance of studying peat oligotrophic soils (Cryic Histosols) of the northern territories of Western
Siberia is associated with the fact that their degradation enriches natural waters by organomineral substances,
which containing a large number of chemical elements, including heavy metals, contributing to changes in
the hydrogeochemical properties of natural waters of the North. The article describes the main properties of
peats sampled from different horizons of soil profiles laid down at key areas covering the territory of YNAO
from north to south and from west to east. The chemical composition of soils was analyzed at the IPA SB RAS
using standard methods. The concentrations of gross and mobile forms of metals (Fe, Ca, K, Na, Mg, Cd,
Co, Cr, Cu, Mn, Ni, Pb, Zn) were investigated by optical atomic emission spectrometry and flame atomic
absorption spectrometry, respectively. It has been determined that a characteristic feature of the distribution
of concentrations of chemical elements in peat oligotrophic soils of the northern part of Western Siberia is the
presence of two maxima within the soil profile. The first is confined to the upper horizons showing signs of
degradation, while the second is confined to the upper part of the permafrost. Statistical analysis using prin-
cipal component method showed that low ash content, pH and C/N ratio are associated with high mobility
of K, Cu, Zn and Mg. The mobility of Fe, Mn, Pb, Cd, and Cr is associated with an increase in ash content,
pH, and N, in the upper part of permafrost organogenic rocks.

Keywords: peat, Arctica, major and trace elements, heavy metals, mobility of elements in soils, migration,
Cryic Histosols, permafrost, residual eutrophicity
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