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Canponersb, 03epHbIvi O1OreHHbIN 0CaL0K, MPENMYLLECTBEHHO COCTOMT M3 OCTATKOB (OTOCUHTEINPYIOLUMX BOAHBIX PACTEHMM 1 ABNSET-
€A BAXHBIM XpaHunuLem yriepoga. [103ToMy uccnenoBaqme canponenesbix 03ep MMeeT He TONIbKO TeOpeTUYeckoe, HO U MpuKiaaHoe
(cenbckoe XO3AKCTBO, XMMUYECKas MPOMBILLIIEHHOCTb, MEANLIMHA) 3HaYeHMe.

Llenb pa6oTbi: 113y4nTb BELUECTBEHHBIN Y XUMUYECKMV COCTaB MATUMETPOBOrO KEpHa 03. MuHzennHckoe (Hosocnbupckas obnacts),
MOMY4EHHOr0 B LIeHTPanbHOW ero YacTy.

MeTopab! uccnepoBaHns: aTOMHO-abCopOLMOHHas CIEKTPOMETPUS, MACC-CNEKTPOMETPUYECKMV METOL C MHAYKTUBHO CBA3aHHOM M1a3-
MOW, PEHTTEHOQITYOPECLIEHTHBIN aHanu3, 31eMeHTHbIV Tepmmdeckmi CHNS-aHanms, noces 1 noAcqeT MMKpOOpraHN3mMoB, paaunoyrie-
PO#HOE AATVPOBAHWNE, CUMKATHBIN PEHTIEHOGITYOPECLEHTHBIN aHaN3, PEHTTEHOCTPYKTYPHBIN (PeHTreHOMa30BbIN) aHamm3, METoS Bbi-
COKO-pa3peLualoLLes MosynpoBOAHNKOBOV raMma-CrekTPOMETpUM C ucnonb3oBaHnem HPGe petektopa, noTeps npy npokanvsaHmm
(3071bHOCTb ), pacTBOpeHIie KapbOHATOB, TUTPUMETPUHECKIM, TYPOUANMETPUHECKIN 1 POTOMETPUYECKIN METOAbI.

Pe3ynbTatbl: YCTaHOBIEHO, YTO B TedeHue nocneqnux 6000 net (ronoleH) B 03epe MuH3enmHcKoe (opM1poBanicy opraHo-MuHe-
pasbHble OTIOXeHUs, COCTOAME U3 ABYX C0EB. MakpoguToreHHsii canponens (0=290 cM) v TOPQAHUCTBIV canponesnsb
(290-460 cm). O3epo pa3B1BanoCh B [Ba 31ana: OHO 06Pa30BbIBANIOCH Kak 3a60/I04eHHAs HU3MHA U Wb MO3AHee CTano 03epom. OT-
HOLLEHME OpraHuku K MuHepansHow Yactu coctasnser: 40 n 60 % B uHtepsane 0-25 cMm, 30 1 70 % — B uHTepsane 25-400 cm n 20 n
80 % — B uHTepBane 400-460 cm, cootserctBeHHo. 3a 6000 net HakorneHo 13,8 r/cM’ yrnepona: B MakpoguToBoM crioe ~ 6,7 1/,
B TOpsHMCTOM = 7,07 I/CM’, CO CpesnHer rofoBov CKOPOCTbIO HaKOMAEHMs yrnepoda 23 Mr/cv’. HeoayHakoBoe 0boralyeHye ropusoH-
TOB 0Cazka XMMUYECKAMY 3NIEMEHTaMU OTPAXAET U3MEHEHUS TUMOB PACTUTENbHOCTY 1 MPOXOAALUMX B HUX BUOXMMUNYECKMX PEAKLMI.
HecmoTps Ha pa3nn4us ClI0eB, nX XMMUYeCKuy COCTaB MOKa3biBaeT MPUroAHOCTL canpornenen 03. MuH3enmHcKoe 41s XO3MCTBEHHOMO
UCrIO/b30BaHNA.

Knroyesbie cnosa:
Cariponenb, MakpopuThl, TOPE, MUKPOISIEMEHTbI, OPraHN4eckoe BeLLecTBo.

BBepeHune

CamporieseBbIie OTJI0MKEHNA IPUBIEKAIOT BHUMAHYE
HCCIIef0BaTe el B CBA3K C BOSMOXKHOCTAMMY MX UCIIONb-
30BaHUA B IPAKTUYECKUX 1eNax [1, 2] u u3-3a TeopeTy-

OpraHM3MOB, HEOPTAHUYECKNX KOMIIOHEHTOB OMOTeH-
HOTO IIPOMCXOKAEHUS U TEPPUTeHHBIX MUHEPATIbHBIX
npumeceil. eHeTnuecKn OJIMBKY K CAIIPOIIETIAM TOP-
(a, HO campoIeNM OTIUYATCA OT TOP(HOB TOHKOMH

YeCKOT'0 MHTEpeca K STUM OPTaHOTE€HHBIM OCafKaM,
JaBIINM, 10 MHEHUIO PAfa YUEHBIX, B JaJeKOM IIPO-
IIIJIOM MaTepuas [Jis 00pasoBaHUSA YIIEPOAUCTBIX
0CaJI0uHBIX TOpof [3, 4].

Camporesi — 3T0 COBpeMEHHbBIE WK CYyO(OCCUITH-
HBIE, TOHKOCTPYKTYDPHBIE, KOJLUIOUAAIbHBIE OTJIOXKE-
HUSA KOHTHHEHTAJIbHBIX BOJ0eMOB [5]. OHU B OCHOB-
HOM COCTOSIT W3 MEJKOAMCIIEPCHOTO OPTaHHYECKOTO
BeIllecTBa 1M HEOOJBIIOr0 KOJHYecTBa cjaabopasJio-
JKMBIIUXCA OCTATKOB MUKDOCKOIMYECKUX BOTHBIX

CTPYKTYpoii. CyIIecTBYIOT TakiKe OMOTE€HHBIE OTJIO-
JKeHUd, TTePeXOfHbIe MKy TophaMu U Calpomes-
MU — TOP(AHUCTHIE CATIPOIIEIIH, XaPAKTEPHEIE JIJI He-
ray0oKoil 3apacramuieii MakpoQUTaMK JUTOPAIA
03ep U cofep:Kalie 3HAUUTEIbHOE KOJUUECTBO OC-
TATKOB He BIIOJHE PasJI0:KUBIIeiCS PACTUTENbHOCTH.

Hakomenwe canponesel ABIgeTCA XapaKTepHON
yepToil OecCTOUHBIX 03ep yMepeHHOro mosca [6, T].
®usuko-reorpaguuecKue ycaoBud iora 3amagaoi Cu-
Oupu Tak:ke 0JArOIPUATHEL IJs CAlPoIeIe00pasoBa-
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HUA: IJIOCKUI c1a00pacuseHeHHbIH pesbed), OTHOCH-
TeJIbHO TeILIBIN KJIMMAT, U30bITOK BJIard U HHTEHCHB-
HBIY TOBEPXHOCTHBIN CTOK. BOJIBIIMHCTBO camporneJie-
BBIX 03ep fora 3amanuoi CuOupu HeOOJIBIINX pasMe-
DOB, MEJKOBOJHbIE, CJIa00IPOTOUHbIE UM HEIPOTOY-
uere. B 70-80-e rr. XX B. OblLiIa IpoBeieHa reoIormye-
CKad CheMKA U Pa3BeJKa 3a1acoB TOP(AHBIX U CATIPO-
IeJIeBBIX MecTopokAeHui SanagHoi Cubupu [8]. Op-
TaHWYECKOe BEIEeCTBO ONEHWBAJIOCH KaK CEIbCKOXO-
3AMCTBEHHOE yI0OpeHWe M0 arpOXUMUYECKUM Tapa-
MeTpaM. Bompochl (popMUpOBaHMA CAMPOTIENEBBIX
3aJIeKell, MX Ire0JIOTUIECKON NCTOPUY U DJIEMEHTHBIN
XUMUAYECKUN COCTAB CAIIPOIeNell He paccMaTpuBa-
auck. Ha cerogusaMHuil 1eHb CYUIECTBYIOT HEMHOTO-
YUCJIeHHbIE TYOMUKAINHT TI0 UCCIOBAHUIO CATIPOTIE-
neit osep Bamaguoit Cubupu, MOCBAILIEHHBIE IIAJIEO-
KauMatnuyeckum mpodaemam [9, 10], a TakiKe reoxu-
MUH 03epHBIX camporneei [11-13].

Iensio mamHOW pPabOTHI ABUJIOCH WCCJIELOBAHIE
reOXMMUYECKON XapaKTePUCTUKHU MATUMETPOBOTO
KepHa canpornena 03. Munseannckoe.

06beKTbl U MeToAbI

Osepo MumHzemnHCKOE PacIoJIO:KeHO HA Teppace
JeBoro Oepera p. O6u (puc. 1) B ceBepo-BOCTOUHOI Ya-
ctu KospiBancKoro paitona HoBocubupckoii obnactu.
Inuna o3epa 12 km, HambosbImasa mupuHa 2,2 KM,
cpeguas riyouna menee 1 m (mambosbmiag 3,5 M),
mIomanb o3epa 12,5 KM?, 3amachl campoless OKOJIO
8159 tric. T [8]. IIuTaHMe 03epa OCyIIECTBIAETCI 3a

CUeT BECEHHUX IABOJKOB M aTMOC(EPHBIX OCALKOB.
ITpuTOKOB 03€PO HE UMEET, HO 13 HETO BBITEKAET PeKa
Kpyrumka, kotopas Buazaer B p. O0b. Ha Bomoc6op-
HOM TLIOIAZM PACIPOCTPAHEHBI Cephle JeCHBIE I0U-
BbI. 03eP0 PACIONOKEHO Cpei KeIPOBhIX, COCHOBBIX,
0epesoBhIX JIeCOB M OOMMPHBIX O0osoT. Tum 3apacra-
HUS BOJ0EMA CMeIIaHHBIN — COYeTaHMe CILIABUH U 00-
IIMPHBIX 3apocieil. [[HO 03epa IIOKPHITO KOBPOM MaK-
pouToB (B OCHOBHOM YPYTh), B HPUOPEKHOU 30HE
OOMIBHBI TEJIOpe3 aJ09BUAHBIN, THAPUIIA MyTOBYA-
Tas ¥ BOJOKpAC JATYIIAUNH, a BIOJb Oepera — TPOCT-
HUK, POT03 IXPOKOJIUCTHBIN, DA3IMYHBIE BUIBI OCOK.

B asrycte 2012 r. B 0o3epe mpobypeHa CKBAKUHA
(xoopguHaTH 5553’ c.11., 83°28’ B.1.) rryOuHOK 5 M
BUOPAIIMOHHBIM METOJOM IIOPIIHEBLIM ITPOO0OTOOD-
HuKoM. KepH nmamerpoM 7,5 CM HEOPEPHIBHBIA M
“MeeT HeHapyIIeHHYI0 CTPYKTYpy. IIpu orbope KepH
IpeiBapUTEIbHO ONMMCHIBAAU U (hoTOrpadupoBaIi,
VIIaKOBBIBAJIY B MOJIUATUJIEH U IJIACTUKOBBIE TIEHAJIBI
IIeJIUKOM, U B HEHAPYIIEHHOM COCTOSIHUM TPAHCIIOP-
TupoBasu. B 7a00paTOPHBIX YCIOBUAX BBIMOJHSIN
IeTaJbHOE ONMUCAHNE KePHA ¥ IOCIOMHEIN 0TO0D IPod
¢ IIaroM 5 ¢cM Ha PaJMOYyTJIEPOJHOE TaTUPOBAHUE U
Da3IUYHBIE BUALI AaHAJIM30B.

B mATrcaHTMMETPOBHIX MHTEPBAIAX KepHA OBLIN
oIpe/ieJieHbl Beca BIAMKHOTO U BBHICYIIIEHHOTO 00pasia
1 €0 30JIbHOCTE. [Ipo0y cymuiu B TeueHue CyTOK Ipu
remmeparype ~80 °‘C. OsosieHue IpPOBOAMIOCH IPH
remmeparype 450 ‘C B Teuenue 5 yacos. I[1a ompeze-
JIEHWS COMeP:KaHua KapOOHATOB CYXYI0 MPO0Y 3aJjIu-
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Banu 10 % HCI, ocraBisin Ha CyTKH, 3aTeM mpoba
(GuabTpoBanach, u (GuabTpaT BRICyIIHBaJICA. [laiee,
g yrnamenus ocratkoB HCl, mpoby sanuBanu gu-
CTUJLIUPOBAHHOMN BOJO, PUIBTPOBAJIY, BRICYIITUBAIN
u B3BemwuBan. Ilo pasHOCTH Mace mIPoOBI 0 U IOCTe
BaJIMBKY KHCJOTON OIPENENANIOCh COiepiKaHme Kap-
0OHATOB B Ipooe.

Ot6op mpob 03epHON BOABI AJIA OOIIEro XMMHUUe-
CKOTO aHAJIM3a MTPOBOJVIN ¢ IIYOMHBI 1 M B IJIaCTH-
KOBYyI0 mocyny oosemom 1 1. B mpobax Ha mecre mpo-
u3BOAMIM u3MepeHue pH, pacTBOPEHHOTO KUCI0PO/A,
TeMIepaTypsl npu momoinu pH-aHammsatopa
AHVOH 4100.

HNccmenoBanne MaKPOKOMIIOHEHTHOTO COCTaBa BO-
Il BBITIOJIHEHO B aKKPEJUTOBAHHOW J1abopaTopuu
KOHTPOJIA KauecTBa MPUPOJHBIX U CTOUHBIX BoJ Defe-
PaJBHOTO TOCyZapcTBeHHOTO yupe:xaeHus «BEPX-
HEOBBPEI'MOHBOIX03» (anamutur T.M. Byusi-
yeBa).

Onpenenenus makpo- (Na, Mg, Al, K, Ca, Fe) u
mukposiementos (Cr, Mn, Co, Ni, Cu, Zn, Sr, As, Cd,
Sh, Hg, Pb) mpoBezeno B 00pasiiax Cyxoro Campomeis
aToMHO0-abcopouronusiM MeTogoM (AAC) B 1abopato-
pUU Tre0XMMUY 6JIaTOPOJHBIX M PETKUX DJIEMEHTOB U
sxoreoxumuu UI'M CO PAH (ananuturu B.H. Unbu-
Ha, K.0. Bagmaesa, H.B. AunmpocoBa). dieMeHTHBIN
aHaIu3 OPraHUYeCKOT0 BEIECTBA CATIPOIe/IS BhITOJ-
HeH Ha aBroMaTudeckoM CHNS-anaausatope B jsa6o-
paropuu Mukpoanaiusa HOX CO PAH (amanutux
B.JI. Tuxosa). IloceB u mopcueTr MUKPOOPTAaHI3MOB
IIPOBOJUJICA IIOJ PYKOBOACTBOM J1.0.H., Ipodeccopa
JI.M. KouznparbeBoii (UHCTUTYT BOAHBIX ¥ 9KOJIOTH-
yeckux npobsiem [[BO PAH, Xabaposck). Ompeperne-
HUe OCHOBHBIX IOPOZ000PASYIOIINX OKCHUJOB BHITOJ-
HEHO PEHTTeHO-(IYOPECIIeHTHHIM aHAIM30M B JIabo-
DPaTOpPUM PEHTEeHOCIEKTPANbHBIX METOJOB aHAJIM3a

Crparurpagus  OpraHnveckoe BeliecTBo
KepHa 0 10 20 30 40
| | L

% 30abHOCTH
50 50 60 70 80
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WUI'M CO PAH (amamurux H.I'. Kapmanosa). Mune-
PaJbHBIA COCTAB CAMpOIeNs KCCAeT0BAaH PEHTIeHO-
CTPYKTYPHBIM aHANM30M B J1aOOPATOPUU TEOJOTUN
KafHo030sd, MAJEOKJUMATONOTHY ¥ MUHEPAIOTHue-
ckux umaguKaropos kaumara UM CO PAH (anamm-
tuk JI.B. Mupormranuenko). Bospact kepHa campore-
JIS OIIPeiesIeH MeTOZI0OM PafuO0yTIePOTHOTO TaTHPOBa-
HuA B paguoyriaepoaHo gaboparopuu ITKII CO PAH
«['eoxponosorusa kaitHozosa» (amaautuk JI.A. OpJo-
Ba). PammoakTHBHOCTL BePXHUX CJIOEB KEPHA CAIpPo-
IIeJis oIIpeiesieHa Ha HE3KO(OHOBOM raMMa-CIeKTPO-
MeTpe € KOJOJe3HBIM KOAaKCHAJhbHBIM IeTeKTOPOM
HPGe, o6bemom 200 cM® ¢ UyBCTBUTEIBLHOCTHIO OIIPe-
IeJleHns paguoHyKangos 2°Pb, *Ra, #2Th, **U, ¥Cs,
“K ua yposuu 0,05 Bx (amanutur M.C. MensryHos)
[14].

PesynbTaTbl UCCNEA0BaHUI M 0BCYXaeHNe

Bogsr 03. MuH3eIMHCKOE ABIAIOTCA THAPOKAPOO-
HATHBIMM KAJbIIMEBLIME, caadomienounbiMu (pH —
8,3), masmomuuepanusoBanabMu (0,23 /). Kormen-
TPaLKUK OCHOBHBIX AHHOHOB U KATHOHOB BOABI COCTA-
sastor: HCO,” — 158, Cl- - 24,4, SO* - 2,3, Ca* - 20,
Mg* - 8, Na* — 12, K* - 0,2 mr/1, comep:Kanue pa-
crBopennoro O, B Boge — 4,3 Mr/.

IeranpHOe w3yueHme KepHa (puc. 2) MOKasajo
HEOJHOPOJHOCTh BEIIECTBEHHOTO COCTABA €T0 CTPATH-
rpaQ)MuecKux TOPU30HTOB, O0YC/JIOBJICHHOE DPA3IUU-
HBIMJ MCTOUHUKAMU opraHmueckoro Bemectsa (OB).
Bepxuuit cioii 03epHBIX OTJIOMKEHUN IPEeICTABICH
MaKpO(DUTOTEHHBIM calpoleseM ¢ cogep:xanuem OB
20-44 % . Huke sajeraer pasjoKUBIINNACA TOPQS-
HUCTHIH campomneb, cogep:xanne OB B KoTopom name-
userca ot 24 1o 32 % . Ero mopcTumaer cjoit Topda,
MEPEXOAAIUN CHOBA B TOP(QAHUCTHIN CAIPOIENH C
0OJIBIIMM KOJIMUYECTBOM PAKOBUH OCTPAKOJ ¥ TaCTPO-

ILnoTHOCTH KapGonarst o, PacueTHasi 30IbHOCTh,,
CYX0I'0 B-Ba Yo Yo
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Puc. 2. Crpaturpagmsi v OCHOBHble KOMMOHEHTbI [OHHbIX OTAOXeHWV 03. MuH3enuHckoe: 1 = MakpopUTOreHHbIvi canpomnens
(0-290 cm); 2 — TopgpaHucTbivi canponens (290-310 cm); 3 = top (310-320 cm); 4 — TOPQAHMCTLIN canponesb

(320-460 cm); 5 — necok (460-500 cm)
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mop. Comepsxanusa OB B Topge u TOp(HAHMCTOM CATIPO-
IeJie U3MEHATCS B uHTepBajtax 31-44 u 15-33 %,
cooTBeTcTBeHHO. O3epHbIe OTI0MKEHNS TO/ICTIIAIOTCS
TIeCKOM.

ITo maHHBIM pPagMOYIJIEPOSHOr0 AATHPOBAHUA
JUIATENbHOCTh HAKOILIEHWS CAMpPOIE/IA OIeHMBAeTCs
B 6000 Jer.

OsepHBIE OTJIOKEHUS 00Pa30BHIBAINCH B PA3HBIX
YCJIOBUAX (CHU3Y BBEPX): MEJIKOBOJHOIO BOLOEMA TH-
ma 3a00JI0UEHHOI0 3aiMHUINA, HH3UHHOTO 00JI0TA,
IpuOPeKHON YacTH MeJIKOro o3epa U YAAJEHHOH OT
Oepera uacTu Oosiee ryboKoro osepa. Mx obpasosa-
HHe IIIJI0 C YYaCTHEM PAa3HBIX MCTOUHUKOB OMOTEHHOTO
BellecTBa: 00JOTHAIX ¥ IPUOPEKHOBOAHBIX PACTEHUI
rophoobpasoBaTeieis 1A TPeX HUKHUX CJIOEB, U BOJI-
HBIX MAKPO(UTOB IJis BepXHEro cios. Pasusie 61o10-
IUYeCKMe THUIBI CAmpomesad (Makpo(pUTOTeHHOTO 1
TOP(AHKICTOT0), OYEBUIHO, 00PA30BAINUCH IPU pas-
HBIX YCJOBUAX 00BOJHEHHOCTU 03ePHOM KOTJIOBUHBI,
YTO, BO3MOKHO, OTPAKAeT M3MEHEHUsS KJIMMATHYe-
CKHUX YCJIOBUM.

B nacrosiiee BpeMs B 03epe MaKpoQUTaMu IPOJY-
mupyercsa ot 1500 xo 1900 r/m* OB 8 rog. OcHoBHOI
BKJIaJ B IepBUUHYIO poaykuuio OB BHOCAT mOIyIIO-
I'PY’KEeHHBIE MaKpO(UTHI — TPOCTHUK, POT03, OT
1185 mo 1280 r/m*B rof. 3HAUUTENBHBIN BKJIAJ B 00-
pasosaune OB B BogoeMe BHOCHUT TaKiKe I'HIPUILIA,
XOTA ee TepBUYHAA MTPOAYKIMUSA COCTABJIAET
122 r/M*B rop, mOIIAaM, 3aHHKMAaeMble ee COooDIIe-
crBamu, coctaBagioT 20 % oT miomasu akBaTOPUU
o3epa. Bryag Tesopesa u BOJOKpaca COCTABJIAET IO
512 r/m*OB B rop [15]. Ha ocHOBaHUY 9THX NaHHBIX
MOKHO 3aKJIIOUKTH, YTO BEAYIIYIO POJIb B 00pasoBa-
HHUH CalpoIeei urparoT MaKpPO(QUTEI.

[I10THOCTE CYXOT0 BeIlleCTBA CAMPOIENA IIOCTe-
[IeHHO YMEHBINAeTcsd CHU3Y BBEPX, M3MEHHACH OT
0,5 mo 0,15 r/cm® (puc. 2), 4TO OTpasKaeT ecTeCTBEH-
HOe VILUIOTHeHME 0CafKa B HIKHNX ropusonrax. 06
YMEHBIICHNH COLePKAHNA MIHEPAIbHON KOMIIOHEH-
TBI OZIHO3HAYUHO CBUAETEILCTBYET U3MEHEHNE 30/IbHO-
ctu ot 84 ;o 61 % . Comep:xanue KapOOHATOB BBICO-
KOe I10 BCEH TOJIIIE 03€PHBIX OTJIOKEHUN 1 N3MEHAET-
ca B mpezenax ot 73 10 46 %.

Ha ocuoBe maHHBIX 10 cojep:kanuio Al, ompene-
JIEHHOTO METOJOM aTOMHO# abcopOuuu, paccuumTaHa
TepPUreHHAA 30JIbHOCTD COIVIACHO BEIPAKEHUIO:

B =(Alg, /AL, )x100 %, 1)
rzie 3, — 0JI TeDPUTeHHOT0 MaTepuasa B OTAeIbHOM
IATHCAHTIMETPOBOM obpasme kepHa; Alg, — cozmep-
JKaHVe ATIOMUHUS B 9TOM e obpasie; Al,, — comep-
JKaHMe aTIOMIHNSA B BepXHEH KOHTUHEHTAIbHON KOpe
[16].

Buorennas 301bHOCTh PACCUMTAHA COTJIACHO BBI-
PaskeHuIo:

36no=306p._31'ep.o6p.’ (2)
r7ie 3y, — OMOTeHHAasA 30/IbHOCTD;, 3,5, — 00IIAfA 30.b-
HOCTB; B, — 30TBHOCTD, IOJyUeHHAS U3 BRIpaske-
Hud (1).

PesynbraThl pacuera IpuBeleHHl Ha puc. 2 (pac-
yeTHAS 30JIbHOCTB).
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3uavenus sonbHOCTH 55—T5 % COMOCTABUMBI CO
3HAUEHUAMHU KapOoHATHOH cocrasisiomei 50...65 %
TI0 JAHHBIM PEHTTEeHOCTPYKTYPHOTO aHaju3a. B 30/b-
HOM BeITeCTBe CANpOIeas mpeodIafaoluM MIHepa-
noM saBasgerca Kanapuut (CaCO,), Ha KOTOPBIN IPHUXO-
qutess 80 % 30JILHOIO BEIIECTBA, Ha JOJI0 OCTAJbHBIX
MuHepasoB (aparoHut, Mg-KaabIuT, KBapIl, IJIaruo-
KJas, rumc, xaoput) npuxogurcsa 10-15 % . Paccun-
TaHHAS COTVIACHO BhIpaKeHuto (1) TeppuUreHHAS 30.Ib-
HOCTB COCTABJIAET CBEPXY A0 Tryomusl 250 cm 57 %,
amxe — 11 %, B mecuaHUCTHIX ropusoHTax — 10 60 %.
B ropdanucrom campomnese B unTepsaie 300-305 cm
3a(UKCUPOBAH MAaKCHUMYM TEPPUTEHHOU 30JBHOCTH
17 %, a B Topte B uuTepBane 310-315 cm — MUHEMYM
2,5 % . Buorennas 30J1bHOCTH, BHIUNMCJIEHHAS II0 BBI-
paskenunio (2), cocraBasger 80—-90 % oOuieit 30JabHO-
CTH, UTO COBIIAJAET CO 3HAUEHMEM 30JbHOCTH, COOT-
BETCTBYIOITIEH COMEPIKAHWI0 KaJbIIUTA, KOTOPHIA B
3HAUUTEJIHHOM KOJHYECTBe (PUKCUPYIOT MAKPO(DUTEHI:
ruapuiia u paect (tabi. 2).

Taxkum obpasom, mo cogep:xkanuio OB (cpemmee
~30 %) u Benuumue 3oapHOCTH (cpexmee ~70 %) oT-
JIOXKEHUS 03. MUH3eIMHCKOe OTHECeHBI K OPraHo-MHu-
HepaJbHBIM M3BECTKOBUCTHIM CAIPOIENSIM COTJIACHO
[5, 17].

Pacnpenenenne 0CHOBHBIX OMOTEHHBIX 3JIEMEHTOB
(C, H, N) mo paspesy campores ogHOpoaHo. CpenHue
X COMep:KaHWsa B MaKPO(UTOTEHHOM calmpoiese
(C 89,9+2,3; H 4,7+0,6 u N 2,7+0,4 %) Oausxu K
TakoBeIM B Top(sarucToM campomese (C 38,5+2,0;
H 4,2+1,6 u N 2,5+1,0 %), 4T0 MOKHO O00BICHUTHL
CXOZICTBOM MCTOUHUKOB (popmupoBanus OB — Boguas
7 OKOJIOBOJHAS PACTUTENLHOCTb. BBISBIEHBI OUEHb
HUBKHE COIePKAHM CepHI TI0 BCeMY paspesy — MeHee
0,2 % (ua mpepese o0HAPYKEHUA DIEMEHTHOTO aHa-
nusa). VMcKJIIOUeHWe COCTABJIAET MHTEPBAI KepHa
420-425 cm, rae cogepaxanne S cocrasumio 0,96 % .

Haxomnenue B 4,6-MeTpOBOM KepHE CATIPOIIEJIS, C
ocuoBanueM 1 cm*u obsemom 460 cm?®, yruepozga co-
craBuao 13,8 r/cM* B MaKpopUTOBOM CJIOE —
6,7 r/cm?, B Topdauuctom — 7,1 r/em?. Cpepusas cko-
PoCTh fenoHupoBanud yriaepoja 3a 6000 jet cocTaBu-
na 23 mr/cm®B rox. Hanpuwmep, B 2012 r. mepBuuHas
OPOAYKIAS yrjepofa MaKpo)UTaMM, M0 JAHHBIM
[15], cocraBuna 88,7 Mr/cm?.

3uauenud comep:xanuit U mo paspesy miecTumecs-
THCAHTUMETPOBO# KOJOHKN HAXOXATCA Ha YPOBHE
0,2 r/1, u auib B coe 50—55 cM ero copep:KaHud mI0-
Bormatores 10 0,37 v/t (rada. 1). Comep:xanus **Ra B
3TOM K€ TOPM30HTE OTHOCHUTEJIbHO MOBBLIIMIEHBI IO
CPaBHEHWI0 C BBINIEJEKAIUMYA TOPUBOHTAMHU:
11 Bx/xr na done 3—4 BK/Kr, u, BO3MOKHO, 9TO TO-
BBINIEHNE BBI3BAHO CABUIOM PaJHOAKTHBHOTO PABHO-
Becus 1o oTHomeHuio **U B cropony **Ra. He cBsazan-
HBI ¢ *Ra B ocagxe armoc(epusii 2°Pb Ha ropusonTe
50-55 cM (pakTHMUECKH pacHafaeTcsd IMOJHOCTBIO. AK-
TuBHOCTH (BK) ofo11BEI c10eB (06bemMom 192 cm® u ce-
yenue 38,4 cm?) paccunTaHa Ha OCHOBE V/IEJIbHBIX aK-
ruBHOCTel *°Ph, **Ra BK/KI' B OTI€IbHBIX IATHCAHTH-
METPOBBIX CJIOAX. ITY 3HAYEHUSA ABJIAIOTCS OLIOPHBIMHI
IS TIOZICUeTa BO3pacTa CJIoeB t(X) 10 BEIPasKeHUIO:
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t(x)= —AxIn(ZA,/ZA),

rie A — IOCTOAHHAA PajMOaKTHBHOrO pacmaga 2°Pb,
paBuas In2/T; T — nepuog noaypacmaga *°Pb (22,6 ro-
na); LA, — MHTerpaIbHAs aKTUBHOCTH HEPABHOBECHOTO
(armocdepHoro) *°Pb B paspese, mOACTUIAIOIIEM TATH-
pyeMblii cjoit; XA, — wHTerpajgbHas aKTUBHOCTDH He-
paBHOBecHOT0 *’Ph, cymMMupoBaHHAsd 110 B KOJOHKE
(aKTUBHOCTH TIOJOIBLI HYJIEBOTO cJios) [14].

Bospact ropusonTa 45—50 ¢cM Ha OCHOBe pacueToB
COOTBETCTBYeET KajieHaapaomy neproxy 1862-1907 ner.
B pacmpezgenenun *'Cs 1o c0AM KOJOHKHU KepHA He
00pasyeTcs HOBBIIIIEHU B CI0IX, (DOPMUPOBABIINXCS
B II€PUOJ AePHBIX UCIBITAHUI, T. €. B cjioe 25—30 cm
(1954-1965 rr.). Oxoso 50 % coxpauusierocs *’Cs
HaxoxuTes B BepxHeM caoe 0—5 cM, chopmMupoBas-
memcsa 3a mocaeguue 13 jer. Tpauchopmarusa *'Cs B
TIOBEPXHOCTHbBIE TOPM3OHTHI OPTAHOTEHHOTO OCAfKa,
(hopmupoBaBIIETOCA U3 MAKPO(PUTOB, ABIAETCA 3aKO-
HOMEepHBIM ABieHueM 1 *"Cs, KOTOPbIH yYacTBYeT B
(orocunTese, xak u K, Mg, Rb u 1p. CkopocTs Haxo-
IIeHus campornens B XX B. cocTaBuia 4 MM B ToJ, a B
mpensiayinue rogel (5600 smet) — 0,7 MM B rog.

Ha puc. 3 mpejcraBieHo pacupesieieHNe B CI0IX
CaIpoIe/a U MOACTHIANIINAX IIecKaX TPeX TPYIII 3JI-
emenToB: 1) Al, K, Na, cocTaBigioniux TeppureHHyo
(obsoMouHyI0) yacTh JoHHOTO ocanka; 2) Ca, Mg, Sr,
BXOJSAINIUX B cOCTaB KapboraTos; 3) Zn, Cu, Hg, cBa-
BaHHBIX C AHTPOIIOTEHHBIM BO3/IEHCTBIEM.

Cozep:raHue 31eMEeHTOB TEePBOIl TPYIITBI CTAOMIE-
HO B CaIpomeJie 1 CYI[eCTBeHHO YBeJIMUNBAETCS B IIe-
ckax. Al cocrasiser 0,5-0,8 % B MakpoUTOreHHOM
campomeine, 1,3 % B TophAHECTOM campomesie u
4,3 % B mecuammcrom ropusonte. Cogepaxanne K u
Na B campomese 0,1-0,3 u 0,08-0,15 %, a B mecke
1,5 11,6 % cooTBeTcTBEHHO.

Bo Bropoii rpynme coxep:xanus Ca B camporese
MeHATCA oT 15 10 24 % ¢ 9KCTPEMATBHBIM 3HAYEH-
em 38 % B ropusonte 70-75 cm. Cogep:xanus Mg u
Sr miaasHo yBeuuuBaiorea Kuusy ot 0,45 10 1,2 % u
or 0,07 mo 0,14 %, coorBeTcTBeHHO. B mecke cogep-
saaua Ca, Mg u Sr cumkaiorca 1o 3HaueHuit 1,6,
0,36 1 0,02 % cooTBeTCTBEHHO.

TpeTbs rpyImna sJeMeHTOB II0KAa3bIBAeT OOJIBIIYI0
HeoJHOPOJHOCTh B UX pacmpefenennu. Haubosee BbI-
cokue comep:kanusa Zn (824 mr/kr) u Cu (204 mr/xr)
OTMEUYAIOTCS B TPUIOBEPXHOCTHOM CJIO€ CATIPOIIENIA
(0-10 cm), ymensmasics 1o 300 u 58 Mr/Kr Ha rayoH-
He 90 cm. Huoke cofep:KaHusA 9TUX 9I€MEHTOB Ha [OPs-
oK MeHbIne, yeM B coe 0—10 cm. Mcexarouenue cocra-
BIsAoT uHTepBadbl 180-185 cM g1a Zn ¢ IMKOM B
354 mr/kr u 180-200 cm s Cu, rme HabmOmaeTCA
yBesmuenne fo 94,8-79 mr/kr. Kounernrpamuu Hg B
unatepsaje 0-125 cm cocrassaior 0,056-0,019 mr/xr,
HmKe KoumenTpauu nagaot g0 0,001-0,005 mr/kr,
a ¢ ypoBHs 260 cM OIIATH YBEINUYMBAIOTCA.

ITpuaumas Al B KauecTBe OIIOPHOTO IEMEHTA, CO-
Iep:;KaHue KOTOPOTO B BepXHel KOHTUHEHTAIbHOM KO-
pe cocrasiuser 7,74 %, aCa— 2,94 % mo [16], onenen
[IPOIEHTHBIH BKJIa] Teppurennoro Ca B camporesb 03.
MuH3eINHCKOE COTJIACHO BBIPAYKEHUIO:

Ca’rep=(Alo6pﬂseu/A13.1¢.)'Caa.x.’
rae Al — conepxanue Al B 0TZeIbHOM IOPH30HTE
campomesns; Al , — conep:xanue Al B BepxHeil KOHTH-
HeHTaTbHOU KOpe; Ca,, — comep:kanme Ca B BepxHEH
KOHTHHEHTAJIBHOH Kope [16].

Cpenuuii BKJIag Teppurensoro Ca B campoiiesie co-
craBager 1,2 % (puc. 3). MakcuMaJbHBIN BRJIAJ
2,82 % oOHapy:keH B TOP(QIHHUCTOM CaIlpoIee
(300-305 cm), munumanbubiit 0,35 % — B Topde
(310-315 cm). Huskuit BKJIag TEPPUTEHHOTO KaJh-
IIUA CBUIETEIBCTBYET O TOM, UTO OCHOBHASA €T0 UacTh
[IePeXOfUIa B CAIIPOIENb U3 BOABI MM OCBODOOMKIA-
JIACh TIPU PABJIOMKEHUU KaJbIuil-QUKCHPYIOIIUX ca-
mporeeobpasyoomux pacrenuii. Takum obpasom, oc-
HOBHAs MMHepalbHAsS Macca CAIpOIeNIsa IpeJcTaBIe-
Ha OMOTEHHBIM KapOOHATOM. YCpeIHEHHBIH COCTaB
BCETO CJI0A 03epHBIX oTao:KeHuit: 30 % — opranuka,
60 % - Oumorennsiii Kapbonar, 10 % —reppureHHas
KOMIIOHEHTA.

IIpoBesieHo CpaBHEHME YCPEIHEHHOTO DJIEMEHTHOTO
cocTaBa, MaKpo(GuTOB (MMAPIILIA, TEJIOPE3, BOJOKPAC)
MaKpO(MUTOTEHHOTO CATIPOIIeis (IBe BHIOOPKU: UHTEP-
Baax 0-90 u 90-290 cm), TOP(AHHCTOrO CAIpPOIEs
(290-460 cvm) u mecuanoro ocagxa (460-480 cm) c

Tabmmuya 1. PagnoaktBHoCTb BepxHux (0—60 cM) crioeB Cyxoro Belecta canponens 03. MuHsenmHckoe (?°Pb,,, — aTMOCQepHbIv

cBuHel)
PafnoakT1BHOCTb AKTVBHOCTb Kommyn. Hakonne-
rOpM' 0 zzsRa’ zwon‘ B7CS’ 0 - 0 Hak. Ka'J-'eHﬂap’ Hve,
30HT, cM | U, ppm | Th, ppm | K;0, % Bk | B/kr | Brjxr Pb, Bk Ra, bk PDa., BK wopp,, By | b BO3paCT /oM ron
0-5 0,20 3,14 0,26 33 |168,9| 57,6 4,9 0,09 4,81 4,81 2013-2000 | 0,058
5-10 0,13 2,84 0,08 | 3,0 | 895 | 20,3 2,22 0,08 2,15 6,96 2000-1993 | 0,093
10-15 0,21 2,36 0,20 | 2,8 | 785 | 19,8 2,17 0,09 2,08 9,04 1993-1983 0,076
15-20 0,25 1,78 0,19 28 | 541 | 19,2 1,46 0,08 1,38 10,42 1983-1975 0,088
20-25 | 0,25 1,50 0,19 3,0 | 45,0 | 16,0 1,30 0,09 1,21 1,63 19751965 0,063
25-30 | 0,24 1,25 0,18 41 | 39,2 | 13,8 1,13 0,12 1,01 12,64 1965-1954 | 0,069
30-35 | 0,22 1,45 0,17 3,7 | 31,0 | 10,0 0,90 0,09 0,81 13,45 1954-1940 | 0,058
35-40 | 0,20 1,69 0,15 34| 229 | 76 0,66 0,09 0,57 14,02 1940-1926 0,076
40-45 | 0,21 1,60 0,17 4,0 | 204 | 6,0 0,60 0,12 0,48 14,50 1926-1907 0,045
45-50 | 0,22 1,69 0,17 4,7 | 19,8 | 45 0,58 0,15 0,44 14,93 1907-1862 0,017
50-55 | 0,37 1,54 0,21 1,0 | 16,4 | 58 0,50 0,35 0,15 15,08 - -
55-60 | 0,23 2,91 0,09 6,7 6,0 <2 0,16 0,19 -0,03 15,05 - -

87



V13BecTva TOMCKOrO NOMMTEXHUYeCKOro yHuBepcuTeTa. 2014. T. 325. N2 1

I'pynma 1

I'pynna 2

I'pynma 3

K

0,01 0,1 1 10
| E—

Na

0,01 0,1 1

Ca
10 100 | 0,1

%
10

0 -
40
80

120

160

200

Sr

%
0,01 01 1

Zn
100

Mg

1 10

Cu Hg

100 1000 | 0,001 0,01

MI/KT

10 1000 | 10 011

N

240

»y

Topusont, cm

280
320
360

~

400

440

EE
%
|

]

480

T
T

‘\‘“’»/"

Vi

Puc. 3. Vi3MeHeHnA KOHLIeHTPALMI OCHOBHbIX 3/1eMeHTOB B canponene 03. MuHzenuHckoe no rpynnam 1-3 (0bbacHeHus B Tekcre).
J1ng Ca nokasaHbl buoreHHas (1) v TeppureHHas (2) KoHLeHTpaLmm

KJIaPKOBBIMU KOHIIEHTPAIIAAMH dJIEMEHTOB B BePXHei
KOHTHHEHTAJIbHOU Kope [16] ¢ mpegBapuTeIbHBIM HOD-
MUPOBAHUEM TI0 ATIOMUHUI0, KaK HauMeHee MOJBIIK-
HOMY 3JIEMEHTY B CHCTEMe «03epHas BoJa — 0CAIOK»,
corJiacHoO BeIpaskeHuio [18]:
EF:(Xi/XAl)uﬁpaaeu/(Xi/XAl)mcm

TZI€ Xiogpumer — COAEPIKAHME [-TO XUMUUIECKOTO 3JIeMeHTa
B 00'bEKTe HCCIeI0BAHNS; X, — COIEPIKAHIEe AJIOMHU-
HUS B 00BEKTE UCCICIOBAHNS; X,y — COMEPIKAHLE XU-
MUYECKOTO dJIEMEHTA B BePXHEW KOHTWHEHTAJbHOMN
KODE; X — COJEPIKAHNME ATIOMUHUSA B BEPXHEH KOH-
TUHEHTAJIbHOU KOpe.

OpranoreHssle CJI0K CYIIECTBEHHO 000OralljeHbI
MHKDPOSJEMEHTaAMH II0 CPABHEHHI0 C IeCKaMu
(puc. 4), koapdunuentsr oboramenus (EF) koropsix
OMU3KK K egunHuie, 3a uckaouenuem Na, Ca u Sbh.
OGoraieHHOCTh CYPBMOM OPTaHOTEHHBIX CJIOEB HAa
1 mopsoK BhIIIe, ueM meckoB. OGoraieHue Meabio 1
IIMHKOM CJIoeB 2 ¥ 3 MIPUMEPHO OJUHAKOBO W HAaXO-
mutca Ha ypoBHe EF 7-65. Bepxuuii cioit 0-95 cm
uMeeT oueHs Beicokue EF nna menu (35), nuuka (65)

u gaamud (9,5). [una cioeB 1-3 oTmeyaroTcsa BBICO-
Kue Koa(pduiuenTsl oboramenus Kaabnuem (EF
174-203). Cioit Topdhanucroro campomnend (3) umeeT
0oJiee Boicokue EF ny1a Marums, Mapraniia, MbIIIbs-
Ka, CTPOHIIUA 0 CPABHEHUIO ¢ MaKPO(QUTOTEHHBIM
camporneneM (1, 2). O6orarmeHHOCTb MeAbIO U IITHKOM
BEPXHUX TOPUB0HTOB CJI0A 1, MO BCell BePOSATHOCTH,
CBSI3AHO C 3aTPA3HEHHOCTHIO aTMocdepsl, KoTopas
Pe3K0 BO3pocja B MOCTEAHNE IBA CTONETHSA, UTO M-
JIIOCTPUPYETC rpa)uKaMu COJePIKAHU MeIH U IIH-
Ka B BepXHUX CJI0AX campomneia (puc. 3). B uHTepBa-
ae 0-10 cm comepsxkanue Zn 824 u Cu 204 mr/xr.
leoxumuueckas crmenuduKa OPTaHOTEHHBIX CATIPO-
meJsieli BRIpasKaeTcs B aKKYMYIAIUY TTOABUKHBIX 9JI-
ementoB — Mg, Fe, V, Co, Ni, Cu, Zn. Oboramien-
HOCTh MBIIIBAKOM O3€PHBIX OTJIOKEHUI, BO3pacTa-
fommasa cBepxy Buu3 ot EF 17 g0 EF 38, MbI cBsI3BIBA-
eM C TIOCTYILIEHMEM MBIIIbAKA B 03€PHYI0 BOAY W3
OKpy:katomux 60s0T. Tak:xe oboraiieHue CampoIens
dJIEMEHTaMHU MOKeT OBITh CBA3AHHO C PACTEHUSAMM Ca-
mporeeo0pasoBaTeIAMU, KOTOPbIe, OTMUpas, o0pa-

EF
1000
100 ——1
——2
X 3
10 --a--4
&.‘“,:Ms
1,
0,1 T T T T T T T I I T T T T I T I I T T 1
Li Be Al Na Mg K Ca Mn Fe V Co Ni Cu Zn As Sr Cd Sb Pb Hg

Puc. 4. KosgpuimeHTsl oboraterns (EF) xummaeckumm snemeHTamu: 1= Makpogutos (ruapunina, Tenopes, sogokpac), 2 (0—-90 cm)
n 3 (90-290 cm) — makpoguToreHHoro, 4 — TopgsHucToro canponens (290=460 cm), 5 = nec4aHUCToro ropu3oHTa
(460-480 cm) 03. MuH3enuHckoe. HopmiposaHie nposeneHo no Al v kiapKam BEPXHEN KOHTUHEHTabHOM Kopb [16]
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3YI0T OpPraHOTeHHBIN 0CaZioK, oboralas ero sjIeMeH-
TAMU, HAKOILIEHHBIMY [IPY MK U3HIH.

AxxymynupoBanusle pacreHuamMu Na um K
(EF ~41-22) me oboramiator ocafok. O60OTaIeHHOCTD
ocajgka TakuMu syaeMeHTamMu, Kak Cu, Zn, Ca, Beiaep-
JKMBaeTCSd Ha OJHOM ypOBHe ¢ Makpo(uramu. Bosee
BBICOKHE 3HAUeHUA K0d(D(UIMeHTOB oboramieHus As,
Sb 1 Hg y makpoduToB oTpa:KkaiT 3arpsS3HEHHOCTD
aTmoceps! (6,1130CTh KPYIHOTO Toceaka KosbiBaHb
1 OOCKOT0 MapoOX0ACTBa).

B xumMuueckoM cocrase campomnesis (Tadu. 2) mpeo-
onamaer oxcupx Kajabiua (CaO). Ero comep:kanue
Bapbupyet oT 18 10 40 % B OpraHOreHHOH YacTH OC-
anka (uurepBan 0-455 cm). Comepskanue oKcuaa
KpeMHus (TeppureHHas KOMIIOHEHTA) B OPraHOTeH-
HOH YacTy 3HAUUTENbHO HIKe, 0T 4 10 11,5 %, u yBe-
JInuuBaeTcd ¢ ray0uHoi. CTOUT OTMETHUTDH yBeJInye-
HHUe OKcuJa JKeyes3a B uHTepBasie KepHa 420-450 cm
104 % . B atom nHTEpBAaJIE [0 PE3yIbTaTAM PEHTTEHO-
(has3oBOTO aHAIM3a OTMEUYAETCS HAMNUMe IMPHUTA.

Tabnuua 2. [lopofoobpasyrolyme OKCHfbl B OTIIOXKEHUSX U pa-
CTeHnAx 03. MuHsenHckoe (Bce faHHble npusese-
Hbl B % CyXO¥ Macchl, 18 pacteHuii = B % B 30/1€)

g
foor- |E 1513|2228 |s|=
3T, M | | | | & | =2 |V |2 |[¥ &V g

2

PacteHuns

fwopwnna 32375 1,2 | 3,8 [3,0(322]|6,1(4,7(3,4[13| 6,1
Ppecr [37,3133(0,19]0,58|1,6|374(19(08(37(18|17,6
Tenopes | 24,11 4,9|0,27(0,4416,2| 17,1 |10,2|18,6/2,9|1,6 | 18,6

Ocapok
0-2 679(91| 17 12107(179(02|03]03(0,3[54
15-20 [63,5/ 51|10 11/09]273(02|0,2{0,2|0,3| 51
55-60 (60,390,808 |10]324(02|01({03|03|4,6
80-85 |58,5(33| 0,708 11(349(02|0,1|0,2(0,3|4,4
135-140 |53,1(3,6(08 | 11 [12(396(01(0,1|0,2(0,2|4,4
155-160 |61,7(53| 1,2 | 1,4 {09(28,2(0,2(0,2|0,2(0,3| 4,3
215-220 |56,2| 46| 11 [ 15 |15(341]0,2{0,1(0,2{03]| 4,3

255-260 |56,3|8,7| 10 | 1,8 [15(28,2]0,3]0,3|0,2|0,4]| 4,9
290-295 (5467516 | 1,7 | 17(314|03(02(02(0,3|4,9
300-305 |506| 16|23 |20]|18]294(04|03|03[0,3(5,0
305-310 |554| 57|12 | 15(19]327[03]02|02(04|4,38
315-320 (63,6(3,7(09| 18 [ 16]271(0,2|0,1({02(0,5| 41
350-355 [59,3{36 (09| 18 [21]310(02[0,1(02(0,6]| 41
415-420 |43,8{ 75| 16 | 40| 19(336(0,4(0,2|02[57| 4,6
450-455 |35,0(25,7| 3,6 | 3,6 | 1,2 |23,4[0,8|0,7|0,2|51| 71
455-460 | 9,2 (67,8| 72 | 24 |09 | 74 [ 1716 ]01|14] 94
475-480 | 1,7 {821 76 | 19 |06 23 [19(19]0,1(0,4{10,8

Comep:xanme SiO, Me:KIY OTIEIbHBIMU IATHCAH-
THMETPOBLIME CJIOIMHU MeHseTcd B 3 pasa (tabi. 2).
Oruomernue Si0, & Al,O, BeIiep:K1MBaeTCI HA YPOBHE
4,6+0,3, uTo OJIM3KO K OTHOIIEHWIO STUX OKCHJIOB B
BepxHel wactu semHOI Kopbl: Si0, — 65 %, ALO, —
15,1 %. Ha ocHoBaHMM 3TOro COBIAZEHUS MOXMKHO
cliesaTh BBIBOJ 00 MCTOUHWKE TEPPUTEHHOTO MaTepua-
JIa B camporeJie. ITO 50J10Bas TPAHCIOPTUPOBKA, IIPO-
MCXOAWBIIAA PaBHOMEpPHO B Teuenue Bcex 6000 jer
(hopmupoBanud ocaaka. Hatpuit n Kaauii mocrynaau
B 03ep0 TONBKO W3 TEPPUTEHHOTO HCTOUHUKA
(raba. 3). lllemouno3emenbHBIE KATBIWE M MATHUH, a
TaK:Ke MapraHell 1 jKeleso, IOCTYIIaIu He TOJIbKO 13

TEPPUTEHHOTO BEIeCTBA, HO ¥ MMENN UHOM MyTh I0-
CTYILIEHNSA B OCANOK: M3 BOALI Uepe3 aCCUMMUJIAILIMAIO
BOJHBIMY PACTEHUAMHU ¥ OCBOOOKIEHME IPU HX Pas-
no:xkenun. Cepa 1 pochop IMET aBTOXTOHHOE IIPOUC-
XOKJeHIe — OHM HAKAILUIMBAJINCH IIPH JKUBHU PacTe-
HUSIMU CAIIPOIeIe00pa3oBaTeIAMM, U IPH UX OTMH-
paHuu IMoCTymnaay B ocagok. OueHb HM3KA TEPPUTEH-
mas pous a1 Ca0 (oxomo 1 %), 4TO CBUIETEIBCTBYET
00 aBroxTorHOU Tpupoze CaO [17].

Tabnuua 3. bUOreHHbIV 1 TEPPUTEHHbIN BKaAbI OKCUAOB B 0Ca-
70k (cobctaerHo canponens, 0=420 cm) 03. MukHze-
JmHekoe (%)

CpeniHee
3Hayenue | SiO; |ALO;|Fe;05|MgO|CaO|Na;O|K;,0[P,0s[ SO; | =
BKNafoB
Cymmap-
HbIl

TeppureH-
HbIl

6,0(13 16 |141306]0202]02]0,7(42.2

54113040203 0,3]03/0,01)0,02| 8

BuroreH-

v 06| 0 (12131302 0 [0]0,2]0,7(34,2
HbI

OTHowwe-
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[Mpuaumasa Al,O, B KauecTBe OCHOBHOTO OKMCJA
TEPPUTEHHOTO MaTePHUasa 1 UCIIOIb3YA COOTHOIIEHIA
B HEM KaJbIUA U AJTIOMUHUA, CXOJHbBIE IJIA BEPXHEN
KOHTHHeHTaIbHOI Kopbl Al - 7,74, Ca— 2,94 % [16],
[OJTy4aeM BeJuuuHy Teppurensoro Bkjaaga CaO B ca-
mporee Ha yposue 0,21-0,65 %.

MunepanbHbIil coctaB campomens 03. Mun3eanH-
CKOe TI0 JAaHHBIM PEHTTeHO(A30BOTO AHAIM3A U3 OT-
IeJbHBIX MHTEPBAJIOB KePHA IIOKasaH Ha puc. 5. Ha
peHTTeHOrpaMMax B mHTepBase 55—60 cM, Kak u BO
BceM MakpoguTorerroM campomnee (0-290 cm), xopo-
110 BBIpasKeHa peHTreHoamopgHasa (hasa, OCHOBHYIO
ZOJII0 KOTOPO# COCTABIAET OPraHMYECKOEe BEIeCTBO.
IToMumo peHTreHOAMOPGHOTO BEIECTBA XOPOIIO JH-
aTHOCTUPYIOTCA MKW, COOTBETCTBYIOIINE KAJIBIUTY.
Ksapiia u mnarnokJiasa kpaiiae Maao. CXOIHBIN MUHe-
PAJIbHBIN cocTaB HaOIIOfAeTCS B TOPMAHUCTOM CATIPO-
mese (415-420 cv). B HeM MHOTO KaJIbIIUTa, B MEHb-
medt crenenu Mg-kanpiura. Maio ruimca, aparoHuTa
KBapua, nupura. B mecuanom cioe (475-480 cm) co-
IEPKUTCA MHOT'O KBapIla, COJEPIKaHNUe ILIaTHOKJIa3a
u xaaueBoro moJeBoro mmnata (KIII) cpexmee, xJ0-
puTa U KaJbIATa MAJIO.

Kaubmuii B camrpomiesie mprcyTCTBYET B BU/E KaJlb-
I[UTa, PeKe aparoHuTa, ¥ COCTABJIET OCHOBHYIO Mac-
cy (mo 90 %) 30mbHOTO BelecTBa, MOJTYYEHHOTO IPU
remmeparype 450 ‘C, me 6oaee 10 % or KoToporo co-
cTaBiseT TeppureHHas Kommonenrta (Si0,, AlO,,
Fe,0,, MgO, Na,0, K,0, P,0;, SO;). [IpucyrcrBue apa-
TOHUTA B HEKOTOPHIX TOPU3OHTAX KEePHA CBABAHO C Ha-
JIUYNEeM PaKOBMH TaCTPOTOM, KOTOPhIe HAOIIOJANNCH
B 9TUX TOPUBOHTAX IIPY IIpernapupoBaHuu KepHa. Ha-
JMYue APUTA B HUKHUX MOPUBOHTAX KepHA YKAa3bI-
BAeT Ha JeATeNbHOCTh CYIb(aT-peayIupyoIux 6aK-
repuii [19].
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Puc. 6. Pacripenenervie v obLjas 41CIEHHOCTE MUKPOOPraHM3-
MOB B canponene 03. MuH3enmHckoe

006bIuHO B paboTax M0 TEOXUMUY 03€PHBIX OPraHu’-
YeCKUX OTJIOMKEHUHN PeIKO IPUBOAATCSA TaHHEIE TI0 M-
KPOOpraHM3MaM, yIaCTBYIOITNM B fuarenese. Paccma-
TPUBAA CAIpOIeJab 03epa MUHBEIMHCKOe KaK cpeny
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00MTaHNsa MUKPOOPTaHN3MOB, MBI BLIIBILIN PABTMUMI
B pacmpe/ieJieHUH TPYIIUPOBOK MUKPOOPTaHU3MOB B
kepHe [20] (puc. 6). MakcumymMm 00IIieil YNCIEHHOCTH
mukpooprarusmoB — 130,1 maa KOE/r (Benuuumna,
ucymcaieMas B MIULIMOHAX KOJOHWEOODasyoIux
eVHUII Ha rpaMM) 3aQUKCHPOBaH B TOPHSHUCTOM Ca-
mpomenie (440-445 cvm). Ha atom Ke yuacTre 30Jb-
HOCTh MWHEDANbHOTO BelecTBa (IPeUMYIIeCTBEHHO
kanbiut) cocraBuaa 80 %, a opranuku — 20 %. Ilo
BCell BEPOATHOCTH, 371eCh MPOUCXOIUT WHTEHCUBHOE
DasJIOKeHIe OPTAaHUKY IO BIUSHUEM O0aKTepPHil i BbI-
CBODOKIAIOTCA MUKDO3NIeMeHThl. TaKKe MUKU KOH-
TEHTpaNUi MUKPOOPTAaHW3MOB WMEIOTCS B BepXHei
(0-5 cv) m HmzkHEH (255260 cv) wacTax MakpoduTo-
reHHoro campomens u Topde, 40,6, 52,4 u 73,2 MaH
KOE/r coorBerctBenno. Munumywm (3,3 man KOE/r)
OTMeYeH B CJI0e MaKPO(QUTOTEHHOTO CAMpPOIess Ha
yuactke 175—180 cM. MuHMMYMBI ¥ MaKCUMYMBI B
YHCJIEHHOCTH MUKPOOPTaHM3MOB MOTYT OBITH 00yCJIO-
BJIEHBI Pa3InUreM a0MOTUYECKUX YCIOBUN HA PASHBIX
rOPU30HTAX, B TOM YHCJE MPUCYTCTBUEM HEOOXOIU-
MBIX UCTOYHUKOB yrJiepoga u asora [20].

3aknoyeHune

Takum o6pasom, 03. MuH3eMHCKOE Pa3BUBAINCH
B 1Ba srana. OHO 00pa30BHIBAIOCH KAK 3a00I0UeHHAS
HUSWHA U JWIIb II03JHEe CTajo o3epoM. Ha mepBom
srane ocHoBHbIMU ucTouHHKaMu OB g4 hopmuposa-
HUS OTJIOMKEHUH OBLIY BOJHBIE, TPUOPEKHO-BOTHbIE 1
00JIOTHBEIE MAaKPO(UTHI, JABIINE LOBOJLHO IPyboe MO
CTEIEHN DABJIOKEHWUA OPTAHMUECKOE BEIIeCTBO.
Ha Bropom sTame ucrounukamu OB BeiecTBa ObLIz
BOJHBIE MAKPOQUTHI, (PUTO- U 300IJIAHKTOH CaAMOTO
osepa. Ha HavampHBIX cTaguax (JOPMUDPOBAHUA 03€pa
HAKAILIMBAJICA CJION TOPQIHUCTOTO CATIPOIENS C pa-
KOBHHAMU IacTPOTof 1 ocTpakof. OH, 0-BUAUMOMY,
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OTpaskaeT KPaTKOBPEMeHHY0 (Da3y MeJTKOBOIHOTO 9B-
TPO()HOTO BOZOEMA.

ITo pamubiM pacupegenenus “°Pb B KepHe, CKo-
POCTh HAKOILUIeHWS campomenasd B XX B. cocTaBmia
4 MM B rofm, a B mpexbigyiiue rogsl (5600 jer) —
0,7 MM B roz. 3a Bech mepuof (5700 yeT) HaKoOILIEHKE
B campoIese yriepoja cocrasmio 13,8 r/cM* B Max-
poduroBoM cioe — 6,7 r/cm®, B Top(AHUCTOM —
7,1 v/cm?. Takum 06pa3oM, CKOPOCTH JeTTOHNPOBAHUS
yIJiIepoja B 03epe B roJioneHe (BTopas I0J0BUHA) OIle-
HuBaeTcsa Kak 23 Mr/cm’B rof.

IlocTaTOYHO OHOPOIHBIN BEITIECTBEHHBIN COCTAB 1
COOTHOITIEHNUE YTJIEPOZa C a30TOM BBIIEP/KIBAETCS 10
BCEMY paspesy camporess 03. MuH3eInHCKOe, HeCMO-
TPs Ha TO, UTO er0 HUKHASI 4acTh 00pasoBhIBaJIACE B
0O0JIOTHBIX YCJIOBUAX (TOpdoobdpasyoInas pacTuTe b-
HOCTB), & BEPXHAA — B 03€PHHIX (BOZHAI MaKpO(UT-
Has PaCTUTENbHOCTD). 3aCeNeHHOCTh CAIIPOIIeNs OaK-
TepUaJIbHBIMU COO0IIECTBAMMY, II0-BHIUMOMY, CKasa-
Jlach Ha COJIepKaHNK 00'beMOB OPraHUYECKOr0 Bellle-
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Sapropel is biogenic lake sediment. It mainly consists of photosynthetic aquatic plants residues, and it is the important carbon storage.
Therefore, the study of sapropelic lakes has not only theoretical but also applied value (agriculture, chemical industry, medicine).

The main aim of the study: investigation of the matter and chemical composition of the five-meter long sediment core of Lake Min-
zelinskoe, Novosibirsk region, obtained in the central part of the lake.

Methods used in the study: atomic absorption analysis, atomic emission spectrometry with inductively coupled plasma, X-ray fluores-
cence analysis, CHNS elemental analysis, sowing and counting microorganismes, radiocarbon dating, silicate X-ray fluorescence and X-ray
diffraction analysis, high-resolution gamma-spectrometry a semiconductor using a HPGe detector, loss on ignition, dfissolution of car-
bonates, titrimetric, turbidimetric and photometric methods.

Results: It was ascertained that during the last 6000 years organic-mineral deposits of Lake Minzelinskoe have been formed (the Holo-
cene). They consist of two layers: macrofitogenic sapropel (0-290 cm) and peaty sapropel (290-460 cm). The lake developed in two
stages: first, it was formed as swampy lowland and then became a lake. The ratios of mineral to organic portions of the sediment are
40 and 60 % (interval 0-25cm), 30 and 70 % (25-400 cm), and 20 and 80 % (400—450 cm), respectively. For 6000 years
13,8 g/cnv’ of carbon was accumulated: in macrophyte layer = 6,7 g/cn?’, in peaty = 7,07 g/cn?’, with an average speed of carbon re-
ceipt 23 mg/cm? per year. Unequal enrichment of different sediment layers by chemical elements reflects the changes in vegetation ty-
pes and related biochemical reactions. Despite the layer differences, their chemical composition is rather stable, and it shows economic
usability of the Lake Minzelinskoe sapropels.

Key words:
Sapropel, macrophytes, peat, microelements, organic matter.
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