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I'eos0ro-na0THOCTHBIE MOAEINU I'JIYGI/IHHOI‘O CTPOEHUS B paﬁOHe JIOKAJIBHBIX
rpaBUTallMOHHbBIX aHOMAaJIUM ceBepa BOJIPO-VpaJIbCKOﬁ AdHTEKJ/IN3bI

H. B. KomaHnoBa

Wucrutyt reonorun ®UILL Komu HIT VpO PAH, CeikTbIBKap; konanova@geo.komisc.ru

Mpu npoBefeHnn AeTann3aLMOHHbIX Freonoro-reousnyeckmx nccnenoBaHui Ha tore Pecnybankn Komu obHapy»xeHbl MHTEHCHB-
Hble 10KaNbHble rpaBuMeTpudeckue aHomanuu (Oponosckas, YetanHckas, Jlokummckas, KbIHMEMTbINA U Apyrue), nepcnekTUBHbIE HA
npeameT o6HapyXeHus Ten 0CHOBHOO (Y1bTPaOCHOBHOIO?) cocTasa [8, 9].

B npepenax 3tx aHomManuin cozgara 6a3a AaHHbIX XYZ (CHATbIX U 3KCTPaNoAMPOBaHHbIX) B YCI0BHbIX AMHULIAX NOAS CUAbI TEXKECTH
M X NPSMOYrONbHbIX KoopauHat B nporpamme Microsoft EXCEL, HacuuTbiBatowas 6onee 1600 3HaveHuit, a co3naHve no HuUM $annos B
¢dopmarte grid coctaBuno 0CHOBY A1 NpoBefeHMs pacyeTos B nporpamme Golden Software SURFER c uenbto nocrpoeHns mogenen ry-
BMHHOrO CTpoeHUs. B pesynbrate MHTEpRpETaLMM NOAS CUIbI THXKECTU NOCTPOEHbI Fe0IOro-reoduUsnIeckne MoLenm rmyeuHHOIo CTPOEeHUS
(MponoBckoit, YeTAMHCKOM M JIOKYMMCKOM NOKabHbIX FPAaBUTALMOHHbIX aHOMaNMM NOBbILEHHOW MHTEHCUBHOCTH Pa3HOro 3HaKa.

KnioueBble cnoBa: aHOMabHOE NoJie Cubl maxecmu, 2/7y6UHHO€ CmMpoeHue, 0pmoeoHasibHble pa3/1IOMHbIE€ 30HbI.

Deep structure geo-density models in the area of local gravitational
anomalies in the north of the Volga-Ural Anteclise

N. V. Konanova
Institute of Geology FRC Komi SC UB RAS, Syktyvkar

Detailed geological and geophysical studies discovered intensive local gravimetric anomalies (Frolovskaya, Chetdinskaya,
Lokchimskaya, Kynmemtila and others) in the south of the Komi Republic, which were promising for the discovery of bodies of the
basic (ultrabasic ?) composition in the production of geological and geophysical works [8, 9].

Within them, a database of XYZ (recorded and extrapolated) in arbitrary units of the gravity field and their rectangular coordi-
nates was created in the Microsoft EXCEL program, with more than 1600 values, and formed grid files, based on them, formed the
basis for calculations in the Golden Software SURFER program for constructing models of the deep structure. As a result of the in-
terpretation of the gravity field, geological and geophysical models of the deep structure of the Frolovskaya, Chetdinskaya and

Lokchimskaya local gravity anomalies of increased intensity of different signs were built.

Keywords: anomalous gravity field, deep structure, orthogonal fault zones.

BeepeHune

Ha ceBepo-BOCTOUHOII OKpanHe Pycckoii IINTEI B pe-
3yJbTaTe MHTepIpeTaluu KapT NOTeHIMaIbHbIX T0J1eit
Pas3IMYHBIX MacIITab0B, KOCMOTEOJIOTMYECKUX KapT, KapT
Pa3JIOMHOJ TeKTOHUKY, a TAKKe MPU U3YUeHUM 0COOEeH-
HOCTeJi IITyOMHHOTO CTPOEHMUSI KOHCOMUAMPOBAHHOM KO-
pbI, iuTocepHOit U ToAIUTOChHEPHOI BepXHE MaHTUK
T10 TeOJIOTMYECKUM U Te0PU3UIeCKUM AaHHBIM UOEHTY -
GUIMPOBaHBI IBE CUCTEMBI IITYOMHHBIX OPTOTOHAIbHBIX
pasioMoB — MepuanoHanbHO-1MpoTHas (C-10, 3-B) u
nuaroHanbHag (CB-103, C3-10B) [8]. MakcuManbHO MH-
TEHCUBHO B reoJioro-reopu3nIecKux MoJjisix MposBsieT-
cs1 mMaroHayibHast 3MMHebepexXHo-KpacHoBuIepeKast Jin-
HejfHas cucTeMa rTy6MHHBIX pa3iomoB CB-103 mpoctu-
paHus, B rpeeiax KOTOPOI BbISIBJIEHBI Y3J/Ibl Ilepeceye-
HMSI OPTOTOHA/IBHBIX CUCTEM Pa3jioMOB: 3uMHero bepera,
BamkuHckoro u 3MMcTaHCcKoro (puc. 1), BO3MOKHO o6s1a-
JIaonX 6IM3KUMU MUHEPAareHMYeCKMMM XapaKTepUCT -
KaMu.

VHTeHCHBHBIE JJOKaIbHbIE IPaBUTAI[MOHHbIE aHOMA-
Jmn (Oponosckas, Yetamuckasi, JJokummckasi, KelHmeMTb1a
U Apyrye) o6HapykeHbl BOIM3Y 3MMCTAHCKOTO y3J1a Ie-

peceueHusI OPTOTOHAIbHBIX PA3JIOMOB B 00JIACTY TPOITHO-
ro COWwJIeHeHMs CTPYKTYyp mepBoro nopsiaka Kuposcko-
KaskmumMckoro npormu6a, Komu-IlepMsiikoro cesoma u
Berueronckoro mporu6a [10, 11, 15], oc/ioskHEHHBIX ITPU-
CYTCTBMEM BbICOKOHAMarHMueHHbIX TOpof, JIOKUMMCKOTO
«TPaIIoBOro» Mois [2, 16]. JIokanbHble rpaBUTALIMIOHHbIE
QHOMAJTMY MOTYT OBbITh ITEPCITEKTVBHbBI Ha IMpeMeT 0OHa-
PY’KeHUS TeJl 0CHOBHOTO (I[eJI0UHO-YIbTPAa0CHOBHOTO ?)
COCTaBa Mpu MPOU3BOACTBE T€0JIOr0-Te0hU3NUECKUX pa-
60T B 3TOM permone (puc. 2).

Hamu 6111 IpOBEIEHbI TT0JIEBbIE PEKOTHOCIIVIPOBOY-
HbIe reojIoro-reodusuvecke paboThl ¥ MUIMXOBOE OTIPO-
O6oBaHMe Ha BbISBIEHHOI PPOIOBCKOI JIOKATbHOI aHO-
Maauy OISl CUJBI TSDKeCTU. B pe3ynbTaTe MpoBeeHHbIX
MCCIIeIOBaHMT 0OGHAPYKEH KYCT JIOKaJIbHBIX MaTrHUTHBIX
aHOMaJIuit, 060raIeHHbI i HEOKATAHHBIMM XPOMIIITHE -
JIMIaMU UIeaIbHOTO OKTa3puuecKoro raburyca, comep-
kanue CryO; B HEKOTOPBIX M3 HUX IIpeBbILaeT 64 % [9,
12]. A Ha nepudepun MHTEHCUBHO YeTIMHCKOI rpaBu-
TalMOHHO aHOMAaJIUY B pe3y/ibTaTe pPeKOTHOCIIMPOBOY-
HBIX T10JIEBBIX r€0JIOr0-re0u3nuecKmuX M3bICKAaHUIT OT-
KpbiTa YeTOMHCKas pagoHOBast aHOMaJIbHas 06/1aCTh, CO-

Lns uutupoBanus: KoHaHosa H. B. Teonoro-nnoTHOCTHble Moaenu rybuMHHOTO CTPOEHUS B paitOHe IOKabHbIX FPaBUTALLMOHHbIX aHOoManuii cesepa Bonro-
Ypanbckoi aHTeknu3bl // BectHuk reonayk. 2022.10(334).C. 3—-10.D01:10.19110/geov.2022.10.1

For citation: Konanova N. V. Deep structure geo-density models in the area of local gravitational anomalies in the north of the Volga-Ural Anteclise.

2022, 10(334), pp. 3—10, doi: 10.19110/ge0v.2022.10.1
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Puc. 1. [lryGuHHbBIE CMCTEMBI Pa3JIOMHbBIX 30H 1 Y3JIbl UX Mepeceuenus Ha EBpomneiickom CeBepe Poccuu [4—S8, 10, 11, 13 u ap].

YcnosHble 0003HAUEHUS: TEKTOHMYECKYE TPAHNIIbI CTPYKTYP: 1 — HAATIOPSAKOBbIX; 2 — I Mopsiika; 3 — IMonepeuHbIX CTPYKTYp Ypasa;
4 — pa3JIOMHbIe 30HbI U Y3JIbI UX TlepeceueHmit (IMdPbI B KPYKKax): 1 — 3uMHeOpeskHblit, 2 — BalmkuHCKMIt, 3 — 3MMCTaHCKUA,
4 — Iskma-Iledopckuit, 5 — KopoTanxuHCcKumit

Fig. 1. Deep systems of fault zones and nodes of their intersection in the European north of Russia [4—8, 10, 11, 13, etc.].

Legend: tectonic boundaries of structures: 1 — supra-order; 2 — I order; 3 — transverse Urals; 4 — fault zones and nodes of their
intersections (numerals in circles): 1 — Zimnebrezhny, 2 — Vashkinsky, 3 — Zimstansky, 4 — Izhma-Pechora, 5 — Korotaikhinsky

1 N2 [Aexsl 3 @g) 4 L210B™

Puc. 2. Cxema pa3melieHus JOKaJbHbIX TPAaBUTAIMOHHbBIX aHOMaJTIIi Ha fore Pecrry6mmuku Komiut.

YcnoeHole 0603HaueHus: 1 — TyOGMHHBIE Pa3JIOMBbI U y3€JT UX TIepecevyeHnii; 2 — rpaBUTAlMOHHbIe aHOMavu [3]; 3 — mapameTpuye-
CKJ€e CKBaJXVMHBI, 4 — JJ0KaJIbHbIE aHOMAa/IUM TpaBMMETPMUYECKOIO IT0JIS

Fig. 2. Scheme of location of local anomalies of the gravity field in the south of the Komi Republic.

Legend: 1 — faults and node of their intersections; 2 — gravity field anomalies [3]; 3 — parametric wells; 4 — local anomalies
of the gravimetric field

4
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MOCTaBMMasl C JAaHHBIMY IO 0ObEMHOI aKTMBHOCTY Pasio-
Ha B IIpeJiesiax U3BeCTHOTO paAyeBOoro IMPoMbICia MocC.
BopnHblit YxTuHCKoro pajtoHa Pecriy6nuky Komu [14].

CoBepIileHHO 0YeBUHO, YTO CeBepHasi yacTb Bonro-
YpabCKOi aHTeK/IM3bl PYyCcCKOI IIUTBI B YCIOBUSIX ITPaK-
THUYECKM MTOJIHOTO OTCYTCTBUS ceficMUUecKux mpoduiei
TpebyeT MpOBeAeHMs ClIelanu3MPOBaHHbBIX KOMILJIEKC-
HBIX HAyYHO-UCCIIe0BaTeIbCKUX PabOT U IeTAIbHBIX I'e-
ornoro-reou3snyeckux u3bickaHmii. [[perMy1ecTBoO Ipo-
BeJleHMsI MCCIeloBaHMl 110 ITepeuHTeprIpeTaluy TpaBu-
METPUYECKMX AAHHBIX COCTOUT B TOM, UTO C UX TOMOIIIbIO
MOJKHO IIpeiBapUTENbHO, ITepe, IPOU3BOLCTBOM Ieoo-
ro-pa3BellOYHBIX paboT, M3BJIeKATh BasKHYIO reojornye-
CKyI0 MH(OpPMAaIMIO 0 IITyOMHHBIX CTPYKTYpaXx B T€X peru-
OHaX, Iie OTCYTCTBYIOT U He IJIaHMUPYeTCs IIpOBeieHYe
ceiicMmueckux rpodwieii. [Tosromy Hamu OblIa pep-
MIPMHSITA NONBITKA TPAaBUTALMOHHOTO 30HAUPOBaHMS ITy-
TeM I10C/IeJ0BaTeIbHOTO UCKIIOUEHMSI aHOMAbHBIX CO-
CTaBJSIIOIINX M3 HAGMI0@eHHOTO OIS C LIeJIbI0 TIOCTpOoe-
HMS [TyOMHHBIX TFIOTHOCTHBIX Pa3pe30B.

MeToauKa uccnepoBaHuin

[Tpu MHTEpNpeTaliy rPaBUTALIMOHHBIX AHHBIX MC-
MI0Tb30BaJIMCh IPaBUMeTpUYUeCKMe KapThl B peayKiuu byre
(ione cupl TsKeCcTU V,) 1 :200000 11 1 : 1 000 000 macira-
60B [3], M0 KOTOPBIM peIaTUCh 3a1a4M OOHAPYKEHMS TIIOT-
HOCTHBIX HEOJHOPOAHOCTEL B 0CaA0YHOM Uexyie U Bepxax
KOHCOMMIMPOBAHHO 3€MHOI KODPBI, @ TAIOKe CTPYKTYPHO-
TeKTOHMUYECKOT0 paliiloHMPOBaHMS UCC/IeqyeMOJi TeppUTO-
puun. PanioHanbHasi MeTOAMKA MHTepIIpeTaluy rpaBuUTa-
L[MOHHOTO MO/ 3aK/II0Yanach B CO3LaHUM CUCTEMbI B3au-
MOJOTIOMHSIIOIIMX BBIYMCIUTENbHBIX QYHKIINIA B TIPOrPaM-
me Golden Software SURFER, npuMeHeHM€e KOTOPBIX
MIPUBOJMT K U3BJIEUEHMIO MaKCMMyMa MHGopMatm 06 oco-
O6eHHOCTSIX NTYOMHHOTO CTPOEHMSI peTMOHA MCC/IeIOBaHMI
B BI/JI€ T€0JIOr0-IJIOTHOCTHOTO paspesa py MUHUMYME UC-
XO[IHBIX alIPMOPHBIX JAHHBIX (T1071€ CUJIBI TSKeCTH V).

B nepBy1o ouepenp NpuMeHsIach oniepaius NpocTo-
ro cpegHeapu@MeTHUeCcKoro ocpegHeHMsI € marom 1 km
B CKOJIb34111eM OKHe 11x11 miu 15%15 B LieHTpe majeTKu
ILISL BBIUMCIIEHMSI perMoHanbHOoro ¢oHa (V, pd)- Pasmep
OKHa IaJIeTKM OTpesiesisiyicsl pa3MepaMy 06beKTOB Mcciie-
JIloBaHUIA. Jlasiee BIYMUC/ISIIACD TIOKAIbHbIE TPaBUTALIIOH -
Hble aHoManuu (Vo) TyTeM UCKIIOYEHNS PETMOHAb-
HOJ COCTaBJISIIOIIE U3 MCXOLHOTO HAGIIOLEHHOTO TOJISI.
PasHuiia Mexxay HaG/IIOgeHHbIM 3HaUeHMeM 10711 B I1eH-
Tpe MaJIeTKU ¥ PETMOHAIbHBIM (POHOM U eCTb JIOKaTbHAas
aHOMaJusl, KOTopasi HIPUMeHSIaCh P OCTPOEHUM TIOT-
HOCTHOTO pa3pesa. B manpHejilemM ocTaTOuHble U peTruo-
HaJbHble aHOMaJIM} BHOBb [1O/IBEPrajiCh KOMITBIOTEPHOIA
06paboTKe M UCIIONb30BAIUCH JIJISI U3yYeHUsI bosee TIy-
OOKMX TOPU30HTOB. YBeJMueHMe TIIyOMHbBI MCCIef0BaHMit
MIPOMCXOINIIO 3a CUeT IPOBefeHMs onlepaliuii C 0CTaTou-
HBIMIM aHOMAJIUSIMM ITyTeM ITPOBefeHMsT aHATOTUUHbIX
pacyeToB MO BBIUMCIIEHMIO PErMOHAIBHOTO (OHA U JI0-
KaJbHbIX aHOMaJINI Ha ypoBHEe B 1—10 KM, 10 KOTOPBIM
MTOCTPOEHBI CeUeHMs] aHOMaTbHBIX 0ObEKTOB U ITPOU3Be-
JIeHO paliloHMpoBaHue Tepputopumn. Takum o6pas3om aB-
TOPOM OCYILeCTB/ISI/ICSI IPUHIUII [TOCIeA0BATEIbHOTO UC-
KJTIOUeHMS aHOMAJIbHBIX COCTaBJISIONIVIX M3 HAOMIOIEeHHO-
ro (OCTaTOYHOTrO) MOJSI IPU MHTEepIIpeTayy rpaBUTaLy -
OHHOTO MO/ IpY TOMOIM MaTeMaTU4eCcKoTo anmnapara
nporpaMmmbl Golden Software SURFER.

BepTukanbHble U TOPU30OHTA/IbHbIE IPOV3BOAHbIE
niepsoro (V,, u V,,) ¥ BToporo nopsgxos (V,,, 1 V,.,) pac-
CUMTBIBAIMCH JJIs1 OKOHTYPUBAHMS 6JI0KOB C pa3/INyUHbI-
MM 3HAUEHMSIMM [FIOTHOCTU MTOPOJ, 110 IJIOWAAK U B pas-
pe3se, UTO I103BOJIMIIO 60/lee KOPPEKTHO MHTEPIIPeTUPO-
BaTh rpaBUMMeTpUUECKMe JaHHbIE IPU PaiOHMPOBAHUY
TeppuTopum. Mi3BeCTHO, 4YTO TOUKM [1Iepexo/ia yepes HOJb
BTOPBIX IPOM3BOAHBIX X IKCTPEMYMBI I1€PBBIX IPOU3BOJ-
HBIX OTPaskaloT I'PaHMIIbI OJIOKOB M Pa3/IOMHbIe 30HBI.
ITpoBOAMIOCH MOCTPOEHME IIOTHOCTHBIX IPAHMI], 10 I'pa-
JMeHTaM I1epBOro ¥ BTOPOTO MOPSIAKOB, & TAKXKe 10 BbI-
Y CJIEHHBIM JIOKQJIbHBIM aHOMa/IMSIM, OGYC/IOBI€HHBIM
BAMSHMEM aHOMAaJbHBIX MacC C MTOBbIIIEHHBIMY Y [IOHU -
SKEHHBIMM 3HaYeHUSIMU IIJIOTHOCTH.

Pe3synbraTthbl uccneaoBaHUM U o6cyKaeHue

B reosiornueckom CTpoeHUM ceBepo-BOCTOUHO OKpa-
MHbI Bosiro-YpanbcKoi aHTeKIM3bl U IPUMBIKAIOLLEN K Helt
I0r0-3aIaJHoi YyacTy Beruerogckoro nporuda MeseHcKoit
CUMHEK/IM3bl YUACTBYIOT IBA CTPYKTYPHO-(POPMAaI[MOHHBIX
aTaxka. HYsKHMIT CTPYKTYpHO-(GOPMaIMOHHbIN 3TaK KPU-
CTAJINYECKOTO (PyHAaMeHTa PycCcKoii TUIMThI CJIOKEH Me-
TaMop(}1U30BaHHBIMM ITOPOAAMM apXest Y HYSKHETO MpOoTe-
po3sost. AR-PR; dpyHmamenT Ha Bonro-Ypanbckoit aHTeK/In-
3e 3ajieraeTr Ha rIyouHe 1.8—3.5 kM, a B cocegHeM
Boruerogckom riporube Me3eHCKO CMHEK/IN3bI — 3.5—
4.5 kM 1 60s1ee. BepxHnii CTpyKTypHO-(GOPMAalMIOHHBIA
3TaXk MPeACTaB/IEH OPOIAMM 0CaIOUHOT0 yexia pudeii-
CKO-BeH/ICKOTO, IeBOHCKOI'0, KAMEHHOYTOJIbHOTO U TTepM-
CKOTO BO3PacCTOB, ITePEKPHITHIMI UeTBEPTUUYHBIMU OTIIO-
skeHmsivu [1, 10, 11, 15]. IIpu mocTpoeHMM TeoI0ro-IioT-
HOCTHBIX Pa3pe30B Haubosiee IBCTBEHHO MPOSIBIISIETCS TPa-
Huna AR-PR; kpucramimdeckoro ¢dyHgaMeHTa, obnaja-
I011[as1 TIOBBINIIEHHBIMM 3HAUEHUSIMMU aHOMAaJIbHOJ TIJI0T-
HOCTH, @ B 0CaJIOUYHOM ueXxJjie He MeHee OTUeT/IMBO Mpocye-
SKMBAIOTCS ellfe IBe TPaHuIlbl, CBSI3aHHbIe C KpoBieit R—V
" MepMCKUX (?) OTIIOKeHU.

PaHee HamM ITpoBOAMIACH AeTaaU3aLMs TIOJISI CUITbI
TSKeCTU B peayKiiuu byre BOo/ib MpOCTUPAHUS HIUPOT-
HOTO pasjioMa U JIOKaJIM3alius MeCTOPaCIIoOXKeHUs
3uMcTaHCcKOro y3/1a. CyOIIMPOTHBIN Pa3jioM JOCTaTOUHO
YBEPEHHO TPaCCUPYeTCsI M0 reoPu3nIecKUM JaHHBIM I10-
TeHIMAJbHBIX T0JIeil, HO HaubojIee YeTKO JaHHbI pas-
JIOM TIPOC/IeXKMBAETCS 10 KOCMOTeo/IorMueckoii kapte. Ha
JeTaM3alOHHOI roioce ObTM 06HapYkeHbI PosoBCKas,
YeTnuHckas, Jlokummckasi, KeiHMeMTbl1a U IpyTye UH-
TeHCHBHbBIE JIOKaJbHble TPaBUTAIMOHHbIE aHOMAINUM Pa3-
HOTO 3HaKa, MMelollyie HeOOoJIbIle pa3Mepsl B MOIepey-
HUKe (2—4 kM) [8]. B mpenenax aHoMannit mpou3sBeneHa
MHTepIIpeTalus oSl CUbI TSKECTH, pe3yabTaThl MHTeP-
TpeTauyy MpyuBeAeHbl B JAHHO CTaThe.

dDponosckasn nokaabHas TpaBUTALIMIOHHAS aHOMAaJINS
pacrosiaraeTcst BOJM3u 3MMCTaHCKOTO y3J1a MepeceyeHnst
CUCTEM OPTOTOHAJIbHBIX TTyOMHHBIX Pa3joMOB. VIMEHHO
3/1eCb PUKCUPYETCS 00/1aCTb TPOITHOTO COWIEHEHMS CTPYK-
Typ Knposcko-Kasknmckoro nporuba u Komu-ITepMsikoro
cBoza Bonro-Ypanbckoit aHTeK/IM3bl ¢ Beruerogckum mpo-
rnbom Me3eHCKOI CMHEK/TM3bI, KOTOpasi ele 60see yCIox-
HSeTCs NPUCYTCTBMEM BbBICOKOMArHUTHBIX MOPOT,
JIOKYMMCKOTO TParIoBOro ossi. B 6;10Kk0BoOit CTPyKType
apXxeiiCKO-paHHEeITPOTEPO30iCKOr0 KPUCTALIINYECKOTO (yH-
nIaMeHTa Pycckoit Tl IIOIaAb yUacTKa paciioioskeHa
B 30He KpaeBbIX JMCIOKAIMi1 CeBepO-BOCTOUHO OKpauHbI
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Bonro-Ypanbckoit antexnmssl. [1o cTpykTypam ocagouyHo-
ro yexjia OHa MPUypoUeHa K I0ro-BOCTOUHOMY KPbLTY
Bbruerogckoro rmporu6a Me3eHCKOM CMHEK/INU3BI, pacIiosa-
rasicb Ha CeB€pPO-BOCTOUHOM 00pTY KripoBcko-Kaxkmmckoro
nporu6a 1y Ha ckioHe Komu-ITepmsiikoro cBoma (puc. 1).

®opma ®pos10BCKOVE aHOMaIMM HATIOMUHAET BUJ, TO]I -
KOBBI (3%3.5 KM) C IByMSI MHT€HCUBHBIMMU, 10 24 MI'aj1, MaK-
cumymamy (1x2 k). PassioMsl B Iipefiesiax aHOMaJIbHOM
30HBI IIPEJICTaBJIEHbI CYOIIMPOTHBIMM, CYyOMEpPUIMOHAITh-
HbIMU U InaroHanbHoi (C3-10B) cucTremMaMu paspbIBHBIX
HapylueHuit (puc. 3, a), HOJIy4eHHbBIMMU B Pe3yJIbTaTe KOM-
TIJIeKCHO MHTepnpeTaluyuy Mpou3BOAHbIX IIEPBOTO U BTO-
poro nopsakoB. [IoTHOCTHOJ pa3pes (puc. 3, b) mepece-
KaeT [IBa SMUIIEHTPA IOAKOBOOOPA3HO aHOMAaJIMY C MaK-
CUMAaJbHBIMM 3HAUEHUSIMU TTI0JISI CUJIBI TSKECTU CTPOTO C
3arajia Ha BOCTOK. [IJIMHa ero cocTasisieT 16 KM, a Tryou-
Ha ucciiefoBaHmii gocTuraeT 7 KM. PacueTsl IToKasanu, UYTo
@posoBcKas rpaBMMeTpuUecKkas aHoMasus pacronoxeHa
MEXAY ABYX CUCTEM Pa3IOMOB ITyOOKOTO 3a/I05KeHUST Cy0-
BEPTUKAJIbHOIO MTPOCTUPAHUS.

Voanoch UAEHTUPUIMPOBATD U MIPOCIEANTD BIOIb
poGwIs TIOBefeHNe TTOBEPXHOCTY KPUCTAIINYECKOTO
AR-PR,;bynnameHTa, KOTOpPBIit 3aj1eraeT 3/,eCh Ha [Ty6u-

He oT 2.1 10 3.5 KM. B 30He BOCTOUHOI1 CHCTeMbI pasJio-
MOB Ha6TI0aeTCs TOTepst KOPPeIsSIUy IpaHuLbl GyHaa-
MeHTa, BepOSITHO, MaTeMaTHUeCcKMii arapaT pacueToB
MIPOM3BOIHBIX HE CIIPABUJICSI CO CJIOSKHBIMM T'eoormye-
CKMMM YCIIOBUSMM Ha 3TOM y4acTKe Mpoduisi, MOCKOIb-
KY MMEHHO 3[IeCh pacliosiaraeTcsi 30Ha KpaeBbIX IMCIOKa-
uuit Bonaro-YpasnbCKoit aHTEKIM3bI U ee cOwIieHeHMe C
Boruerogckum mporn6om Me3eHCKOi CMHEKTU3BI.

AHoMasieo6pa3syiolye 00beKTbl PPOTOBCKO JIOKATb-
HOJi aHOMAaJIUM T10JISI CUJIBI TSDKECTH pacIojiaraloTcs B Ipe-
nenax 0CaJOYHOro yexja, OrpaHUuUMBAIOTCS BEPTUKAJIb-
HBIMM pa3j0MaMM KOPOBOTO 3aJI0KEeHMS ¥ TTIOBEPXHOCTSI-
MU JBYX BbISBIE€HHBIX T€OIJIOTHOCTHBIX TPaHUI] BHYTPU
0CaJOYHOTO UexJ/ia, CBSI3aHHBIX C KpoBJieii R—V u, Bepo-
SITHO, TIEPMCKMX OT/IOKeHUI. HO X MHBepCMOHHBIN Xa-
pakTep IMPOCTUpaHUs B paspe3e M He3HAUMUTe/bHbIE, IO
800 M, MOILIIHOCTH B 3MULIEHTPE OBYX MHTEHCUBHBIX
TTOJIOXKUTEIbHBIX TPaBUTALIMOHHBIX aHOMaIui TIPOTUB
1700 M B LIeHTpaIbHOM YaCTU «IIOAKOBBI» C TOHVOKEHHbI-
MM 3HAUEHMSIMU TI0JISI [TO3BOJISIIOT CAEeaTh BBIBOJ O TOM,
YTO 0CaJI0YHbIe TTOPOJIbl BHYTPU 3TOTO MHTEpBaja paspe-
3a, BepOSITHO, COJlep>KaT 37ieMeHThI ITOPOJ, OCHOBHOTO (YJlb-
TPAOCHOBHOI'0) COCTaBa.
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Puc. 3. Pe3ynbTaThl MHTepIipeTaluu mosus V,, ®posoBckuii y4acTok (a); reoTrIOTHOCTHO pa3pes mo auuuu mpodus Fq (b).
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Fig. 3. Results of interpretation of the V, field, Frolovsk area (a); b — geodensity section along the F; profile line (b).
Legend: 1 — faults, 2 — top of the AR-PR; basement, 3 — top of the R—V-deposits, 4 — top of the Py(?) complex
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Bupumo, nomMme3030/CK1II BHYTPUIUIMTHBIN Marma-
T13M BocTouHo-EBpormneiickoit maaTdopMbl, BbISIBJIEHHbII
paHee 110 pe3y/ibTaTaM BbICOKOTOYHOM a3pOMarHUTHOM
CbeMKM [2, 16], HAXOAUT OTpakeHue U I10 pe3yabTaTam
MHTepHIpeTaluy rpaBUMeTpMUUecKoro mnojis ®posoBcKoit
JIOKaJIbHOV aHOMaJIMM B 30HE TPOMHOTO COUIeHEHUS TeK-
TOHUYECKUX CTPYKTYDP.

YemouHcKas NOKaJbHAST M30METPUYHAS aHOMAaJINS
TI0JIS1 CWJIBI TSDKECTU PaCIIoioyKeHa B ImpejiesiaX BOCTOYHO-
ro 6opta Kuposcko-Kaxkumckoro rmporuba B 1oJie pa3Bu-
TUSI TIOJIOCOBBIX aHOMAJ/IMI TPaBUTALMOHHOTO I0JIs (pUC.
1, 2), BBITSIHYTBIX B MePUIAMOHAIBHOM HallpaBJI€eHUMN.
AHOMaus B IJIaHE MMEET rPyIlIeBUAHYIO popMy (4x4 KM)
C OHUM MHTEHCUBHBIM MakcMyMoM (1.5x1.5 km). PasmoMer
10 TpPaBUMETPUIECKMM JaHHBIM B IIpeJie/iaX aHOMalbHOM
30HBI ITPEICTaBIeHbI CYOIIMPOTHBIMU U CYOMeEPUIMOHAIb-
HBIMM CHCTeMaMM pPa3pbIBHBIX HApYIIEeHU (puUc. 4, a).

ITnoTHOCTHOI pa3pes (puc. 4, b) mepecexkaeT aHOMa-
JIMIO C I0TO-3al1a/ia Ha ceBepo-BOCTOK. [I/inHa ero cocTas-
sgstet 18.5 kM, a Iy6MHA MUccaemoBaHuii — 10 kM.
[ToBepxHOCTDb KpUcTaIMueckoro AR—PR-dyHnamenTa
3ajeraert 3/1eCh, 10 'PaBUMeTPUUECKUM JaHHBIM, Ha TIy-
6uHe oT 2.2 10 2.8 KM. YIajioch UAeHTUDUIMPOBATDb U
MpOC/IeOUTh BIOJIb ITPOGWIA ellje IBe MIOTHOCTHBIE Tpa-
HUIIbI BHYTPYM OCAJIOYHOTO Uexya, CBSI3aHHbIe C KpoBJeit
R—V u, BeposiTHO, MepMCKMX OT/IOKeHUI. B 30He 10r0-
3aI1aTHO¥ CUCTEMbI Pa3JIOMOB HaOIIOAaeTCs ITOTePS KOp-
pensiiuy 3TUX rpaBUMaKTUBHBIX IPaHUI] B BepxXHeit yacTu
paspesa.

AHoMajeo6pasymoiiye 00beKThI PacIioNaraloTcs 31ech
rTy6sKe, ueM B paiioHe @pOIOBCKOI aHOMAJIMM, B ITOJIE
pa3BuTUs prudeincko-BeHICKUX OTIOKEHMIT 0CaJ0YHOT0
yexJjia, OrpaHNUYNBAIOTCSI BePTUKAIbHBIMM Pa3/IoOMaMU ITy-
O6MHHOTO 3a/10keHMs1. UIMeHHO 3]1eChb, B 06/1aCTV HanboJIb-
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Puc. 4. Pe3ynbTaTbl MHTepIpeTaluy moss V,, YeTAMHCKUI y4acTOK (a); reoIIOTHOCTHO paspes 1o JuHuu rnpoduis Cy (b).
Ycnoeusle 06003HaueHUss — Ha PUC. 3

Fig. 4. Results of interpretation of the V, field, Chetdin area (a); geodensity section along the C; profile line (b).
Legend — in Fig. 3
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IIe#1 OTrPY>KEHHOCTY KPOBJIM KOHCOIMAMPOBAHHOTO (YH-
mamenTa (2.5—2.7 KM), B 30He BbICOKOI'O I'paJMeHTa rpa-
BUMETPUUECKOTO TO/IST HAXOIMUTCSI CUCTeMAa Pa3IOMOB TITy-
GOKOTO 3aJI0KEHUS CYyOBEPTUKAIBHOTO ITPOCTUPAHMUSI,
KOTOpasi U ompeJiesiseT, BePOSITHO, TEKTOHMUECKME T10I-
BWKKM B TAaHHOM peTuoHe. YIUBUTENIbHO, HO U B BepXHeit
YyacTy paspesa, B 30He pacIpoCTpaHeHMs TOPOJ BEpXHe-
ro CTPYKTypHOro 3Taxa (Vs — P,), 110 rpaBUTal M OHHBIM
IAHHBIM OTUYET/IMBO BbISIBJSIOTCS BepTUKaIbHbIE Pasyio-
MbI MTPOTSKEHHOCTBIO 10 1 KM, 3aTPyIHSS TpacCupoBaHue
OCHOBHBIX CTPYKTYPHO-(POPMAaIMOHHBIX Taxkeii. [To aTum
pasjioMaMm, BepOsITHO, MOXXHO ITpeJiroJiaraTb MIPOHUKHO-
BeHMe pa3IMYHOro poaa QUIMAMN3aTOB C JIEMEHTaMM OC-
HOBHBIX " Y/IbTPAOCHOBHBIX MTOPO/T 13 BbICOKOTIJIOTHOTO
pesepByapa B IPUIIOBEPXHOCTHbBIE YaCTU Ie0IOTUYECKO-
ro pa3pesa B JaHHOM peruoHe. BeposaTHo, pu cBOeM IIpo-
IBVOKEHUM HaBepX OHU PeTYIIMPYIOT 10 MCUe3HOBEHMS
CaMyI0 BepXHIOI0 TPaBMaKTUBHYIO IpaHuIly (puc. 4, b), ko-
TOpast JOCTATOYHO YEeTKO (PUMKCUPYETCS 110 TPaBUTALIMOH-
HbIM JaHHBIM Ha COCEIHMX YUacTKax.

Jlokuumckas cucteMa JOKaJbHbIX TPaBUMeTpUUe-
CKUMX aHOMaJMit pacrosjiaraeTcss Ha HIMPOTHOM pasjiome,
repecexaroliemM 3MMCTaHCKII y3€eJI IepeceueHust [TyouH-
HBIX Pa3jIOMOB, ¥ COCTOUT U3 IBYX OJIM3KO PaCIIONIOKEH-
HbIX MHTE@HCUBHBIX JTOKAJIbHBIX aHOMAaJIMII Pa3HOTO 3Ha-
Ka. B 6JIOKOBOJI CTPYKType apXeiicKo-paHHeIpoTepo30ii-
CKOTO KpUCTaJIIMyecKoro pyHgamMmeHTa Pycckoit manTel
TJIOIIAAb YYaCcTKa PacIiosokkeHa B 06/1aCTU COUIEHEHUST
Kuposcko-Kaxknmckoro nmporuba n Komu-ITepMsiKoro
cBoza Bonro-Ypanbckoit aHTek/n3bl. B cTpyKkType ocazou-
HOTO uexjia OHa IIpUypoueHa K 30He Tepexona oT Hamckoit
cryrneny Kuposcko-Kaxkmumckoro mporuda K JIOKUMMCcKOMY
nogHsaTuio Komu-Ilepmsikoro ceoga.

AHoOMasnus MOBBINIIEHHBIX 3HAYEHUI IO/ CUJIBI TSI-
KeCTM MeHee MHTeHCUBHAas U 6ojiee M30MeTpUYHAas
(2x4 kM), aHOMaJ/IMsI IOHMKEHHBIX 3HAUYEeHM I TpaBUTaAL -
OHHOTO OoJIS (2x6 KM) — rpafgueHTHas ¥ TOKaJbHO BbITS-
HyTasl B MEpUAMOHAIbHOM HallpaBjaeHuu. Pa3momel B Iipe-
Jlejlax aHOMaJIbHO¥ 30HbBI ITpeCTaBIeHbl IMPOTHBIMU U
MepUIMOHATbHBIMM CUCTEMaMM Pa3pbIBHBIX HapyIIeHUI
(puc. 5, a). IlmoTHOCTHOI pa3pe3 (puc. 5, b) mepecekaet
IBa 3MUIIEHTPA C MAKCUMAJIbHBIMUY ¥ MUHUMAaIbHBIMU
3HAUEHMSIMU T10JIsI CUJIBI TSDKECTM CTPOTO C 3araja Ha BoC-
TOK. /IyiuHa ero cocrasisier 14.5 kM, a ry6MHa McCcaeno-
BaHMi1 — 10 km. PacueTsl 1nokasanu, 4TO rpaBUMeTpuYe-
CKasl aHOMaJsus pacriojokeHa MeXIy ABYMS CUCTeMaMu
Pa3IoMOB INTyOOKOTO 3a/I0KEHMS.

Voanoch UAEHTUPUIMPOBATD U MIPOCIEANTD BIOIb
poGwIs TIOBeAeHMe TTOBEPXHOCTY KPUCTAIINYECKOTO
AR-PR;dyHmameHTa, KOTOPBIi 3aieraeT 3[ieCb Ha TIyoOu-
He oT 1.7 1o 1.9 kM. B 30He pa3ysioM0B Hab/IOmaeTCs Mo-
Tepsl KOPPEISIMY TPaHUIbl QYHIAMEHTa; BEPOSITHO, OH
MoABEeprajics mepepaboTKe BO BPeMSI CJIOXKHBIX T€0JIOTH -
YeCcKMX MPOLIeCCOB Ha 3TOM ydyacTke npoduiis. Ckopee
BCEro, MMEeHHO 3]IeCh pacIiojiaraeTcsl 30Ha KpaeBbIX IMUC-
JIoKaluit 1 ToJBWKEeK co cTopoHbl Komu-Ilepmsiiikoro
cBoga 1 ero couneHeHue ¢ Kuposcko-Kaxumckum mnpo-
rM6om Boiro-Ypanbckoit aHTeK/IU3bI.

AHoMajieo6pasyoliye 06beKTbl JIOKUMMCKOI JIOKaIb-
HOJi aHOMaJTUM TI0JISI CUJTBI TSDKECTH C TIOHVDKeHHBIMU 3Ha-
YeHMSIMU IJIOTHOCTY PacIioNiaraloTcs B pefesax 0cagouHo-
TO Uexsia, OTPaHMUMBAIOTCS pa3/IOMaMy KOPOBOTO 3aJI0Ke-
HMS U IOBEPXHOCTSIMU JIBYX BBISIBJIEHHBIX F€OTTIOTHOCTHBIX
TpaHull BHYTPU OCaZOYHOIO Yexsia, CBSI3aHHbIX C KPOBJIeit

AR-PR; dyHIameHTa 1, BEPOSITHO, TEPMCKUX OTIOKEHMUIA.
Boiencreie MmasiomMoniHOCTY prdeiicko-BEHACKUX OTIOKE-
HUI IV MX TIOTHOTO OTCYTCTBMSI HA JAHHOM yJacTKe cce-
IIOBaHMIA 110 TPaBMMETPUYECKIM JaHHbIM R—V-rpaHuiia Ha
JIOKUMMCKOM y4yacTKe He TOAAaeTcs UAeHTUOUKALIN.

OpHako HajaMYMe B BEPXHE 4acTy pa3pesa Hapyle-
HUI CIUIONIHOCTY PacIpoCTpaHeHus TPaHull CTPYKTYP-
HO-(OpPMaLVOHHBIX 30H BOJIM3M pa3pbIBHbIX HAPYIIEHWIA,
XapakTep MPOCTUPaHMs B pa3pe3e ¥ He3HAUUTETbHBIE, 10
1500 M, MOIIIHOCTY YKa3bIBAIOT HA TO, YTO OCAJOYHbIE T10-
PObI BHYTPU 3TOTO MHTEPBaJa pa3pe3a MOTYT COAEPKaTh
3JIEMEHTHI ITOPOJI, C OUeHb HM3KMMM 3HAYEHUSIMU TIJIOT-
HoCcTH (medmouan3aToB, TyPhU3UTOB U Ap.).

BbiBOAbI

B pesynbTraTe poBefeHHbIX JeTann3alMOHHbIX pa-
60T Ha CeBEpPO-BOCTOYHOI OKpanHe PyccKoii INIUTHI (10T
Pecry6imky Komu) J10KajiM30BaHO MECTOIIOOKEHME
3MMCTaHCKOTO y3Jj1a IlepeceyeHus IIyOMHHbBIX Pa3joMOB
1 BBISIBJIEHBI B €T'0 OKPEeCTHOCTSIX MHTeHCUBHbIe @posoBcKas,
YetnuHckasi, JJIokunmckas ¥ pyrue JOKa/IbHble TpPaBuMe-
Tpuueckue aHoManuu. B ux npenenax rnpoBeneHbl MHTEP-
TpeTalys rpaBUMeTpUUeCKUX JaHHbIX, pacueThl TOPU30H-
TaJIbHBIX I BEPTUKAIbHBIX TPOU3BOIHBIX IIEPBOTO U BTO-
POTO TIOPSIAKOB, JIOKATbHBIX, PETMOHATBHBIX M OCTATOUHBIX
a”HoMasuii. [Ipu peanusauyuy MHTepPIIpeTaluy IIPOUCXO-
IUT TIOC/IeloBaTe/IbHOE UCKITIOUeHMe aHOMaJIbHbIX COCTaB-
JITIOIVX U3 HabGII0e HHOTO IPaBUMETPUYECKOTO TTOJIS U
yBeIMUYMBAETCS INTy6MHA MCCaeL0BaHMIi. ITO TTO3BOIMIIO
MIpY MMHMMYMe aliPMOPHBIX JaHHbBIX (T10JIe CUJIbI TSKe-
CTMU) TIOCTPOUTD T€OTUIOTHOCTHBIE PAa3pe3bl 0 TITYyOMHbI
10 KM ¥ M3BJI€Yb MH(POPMALVIO 06 0COOEHHOCTSIX [ITyOUH-
HOT'O CTPOEHMS (J1ab0U3YUEeHHbBIX 0OBEKTOB.

Wctounnkom JIOKUMMCKOV aHOMAaJIUM SIBJISIETCS Tpa-
BUAKTUBHOE TeJIO C Ae(PULIMTOM IIJIOTHOCTY Ha IIyOuHe
B 1 KM, KOpHM KOTOPOTO YXOZAST Ha IMy6mHy 70 10 kM
B 110JIe pa3BUTUS Pa3yIJIOTHEHHBIX TOpof,. YeTaMHCKas
1 ®poJIOBCKAS TPAaBUMETPUYECKIE aHOMAINY 00YCIIOB-
JIEHBI T'PAaBUAKTUBHBIMY OObEKTAMMU C U30BITOUHBIMU
3HAUYeHUSIMU IIJIOTHOCTHU, PAcIIONOKeHHBIMU B Ipefe-
JlaX 0CaJOYHOro yexja Ha rIyouHe B 1 M 2 KM COOTBeT-
CTBEHHO B I10JIe pa3BUTUSI OTHOCUTEIbHO TJIOTHBIX T10-
POJI, KOPHM KOTOPBIX PaCIIPOCTPAHSIIOTCS Ha IIyOUHY J0
10 kM u Gostee.

MupareHnuueckasi crieriuduka YeTaMHCKOTO 06beKTa
110 pe3y/abTaTaM MHTEePIIpeTaly OJISI CUJTBI TSDKeCTH,
CKOpee BCEro, CBsi3aHa C 0COOEHHOCTSIMM (DOPMUPOBAHUS
R—V-niopon, Kuposcko-Kaskumckoro mporuba Bosro-
VpanbcKoit aHTeK/1n3bl, @PONOBCKOTO — BEPOSITHO, C J10-
Me3030JiCKMM MarmMaTmu3MoM (?) B palioHe KpaeBbIX IUC-
JIOKaLMI1 CeBepHOI OKOHEYHOCTU Bonro-Ypanbckoii aH-
TEKJ/IM3bI, B 00/1aCTY COWIEHEeHMs C BbIUuerogcKkum mporm-
60M Me3eHCKOJ CUHEK/IM3bI, a JIOKUIMMCKOro —
C MPOIyKTaMu AedIionan3anny pa3yryIOTHEHHBIX TTOPOJ,
B 30HE OTBETCTBEHHOCTY KPYTOTr0 3amagHoro 6opra Komu-
[Mepmsukoro cBoga Bonro-Ypanbckoi aHTEKIUSbI.
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YreBoaopoabI-OMoMapKephbl ¥ HAJIMHOJIOTMYECKasd XapakTepucTuka ropda
Me3eHCKO-BbIueroackom paBHMHBI

H. C. BypgenbHas, 10. B. Tonry6eBa, [I. A. ByiiiHeB

UncturyTt reonorun OUIL Komu HII YpO PAH, CeIkThIBKap
burdelnaya@geo.komisc.ru, yvgolubeva@geo.komisc.ru, boushnev@geo.komisc.ru

Topd pa3pesa YepHbii Ap Ha p. Bbluerge nccnenoBaH NanuMHONOMMYECKUM U FEOXMMUYECKMM METOLAMM. YCTAHOBIEHO, YTO Cpeay
anudaTUYecknx yrneBoAopoOS0B BUTYMOMAA MAKCUMAbHbIE KOHLLEHTPALMM XapaKTEPHbI A5 HEYETHbIX H-afKaHOB C NpeobnagaHueM
romonoros Cy7-Cz4, a Takke 18-HopabueTtaHa. ApomaTuueckue yrneBofopoabl NpeAcTaBNeHbl MPEUMYLLECTBEHHO CTPYKTYpamy,
06pasytowmmmnca npu Goccunm3aumm UTepneHoMLOB U TPUTEPNEHOMIOB BbICLLEN pacTUTENbHOCTU. Cpeay apoMaTYeCKUX AUTepPNEHOML0B
npucytcreytoT 18-Hopabueta-8,11,13-TpueH, 18-HOPCUMOHENNIUT U pETeH, SBNSIOWMECS MapKepaMM XBOWHBIX, Kak U 18-HopabueTaH
anudaTtuyeckon ppakumm. Cpean apoMaTMUYeCcKUX TpUTEPNEHOMAOB ONpeaeNeHbl MHOTOYMCIEHHbIE NPOAYKTbI NPeobpa3oBaHmUs
XapaKTepHbIX A5 NOKPbITOCEMEHHOM PaCTUTENbHOCTU COEAMHEHUI C YINEPOAHbIM CKENETOM JlynaHa, ofieaHaHa 1 ypcaHa. Hanpumep,
AnHoponeaHa(ypca)-1,3,5(10),13(18)-teTpaeH, anHoponeaHa(ypca)-1,3,5(10)-TpueH, neHtaHoponeaHa-1,3,5(10),6,8,11,13,17(18)-
OKTaeH 1 apyrue. [JaHHble 0 COCTaBe YrieBOAOPOAOB NMOATBEPXKAAOT MNANIMHONOrMYECKME AaHHbIE O MPUCYTCTBMM B COCTaBe Topda
MbINbLbl XBOMHBIX U IMCTBEHHBIX NOPOL. MI3MeHeHWe cocTaBa YrneBoA0pPOA0B MO pa3pesy NOATBEPXKAAET AUMArHOCTUPYEMYIO MO
MKUKPODOCCUNNAM CMEHY BMAOBOrO COCTaBa pacTUTENbHOCTM M3yvaeMoit Tepputopumn. ConocTaBneHne cocTaBa yrieBoaopoa0B-
6r1oMapkepoB Topda C NANMHONOTMYECKMMU AAHHBIMU BbISBUIO MX COTNTACOBAaHHOCTb MeXAY COBOM U BO3MOXHOCTb CONPSHPKEHHOTO
MCMO/b30BaHMS 3TUX METOAOB NP Naneoreorpaduyecknx PEKOHCTPYKLMUAX.

KntoueBble cnoBa: y2/1e8000p00bi-6uomMapkepsl, mopg, cpedHsisi Boiyez0a, H-aaKaHsl 8 mop@ax, apoMamudecKue mepneHouos,
naauHoN02US, Naneo2eoepaguyeckue peKoOHCMpyKyuU.

Hydrocarbons-biomarkers and palynological characteristics of peat
of the Mezen-Vychegda plain

N. S. Burdelnaya, Y. V. Golubeva, D. A. Bushnev
Institute of Geology FRC Komi SC UB RAS, Syktyvkar

The peat from the Cherny Yar section at the Vychegda river was studied by a complex of palynological and geochemical meth-
ods. We determined that among the aliphatic hydrocarbons of bitumen, the maximum concentrations were characteristic for odd
n-alkanes with a predominance of C,;-Cz1 homologues, as well as 18-norabietane. Aromatic hydrocarbons are mainly represented
by structures formed during the fossilization of diterpenoids and triterpenoids of higher vegetation. Among the aromatic diterpe-
noids, there are 18-norabieta-8,11,13-triene, 18-norsimonellite and retene, which are markers of conifers, as well as 18-norabietane
of the aliphatic fraction.Among the aromatic triterpenoids, numerous transformation products of compounds with the carbon skel-
eton of lupan, oleanan, and ursane, characteristic of angiosperms, have been identified. For example, dinorolean(ursa)-1,3,5(10),13(18)-
tetraene, dinorolean(ursa)-1,3,5(10)-triene, pentanoroleana-1,3,5(10), 6,8,11,13,17(18)-octaene and others. The data on the compo-
sition of hydrocarbons confirm the palynological data about the presence of coniferous and hardwood pollen in the composition of
peat. The change in the composition of hydrocarbons along the section confirms the change in the species composition of vegeta-
tion in the study area, diagnosed by microfossils. The comparison of the composition of peat biomarker hydrocarbons with palyno-
logical data revealed their consistency with each other and possibility of conjugated use of these methods in paleogeographic re-
constructions.

Keywords: biomarker-hydrocarbons, peat, Middle Vychegda, n-alkanes in peat, aromatic terpenoids, palynology, paleogeographic re-
constructions.

BeepeHune
HOBJIEHME YCJIOBUIA, IPU KOTOPBIX MPOUCXOINUIIO ero Gop-

YcTaHOB/IEHME YITIEBOJOPOAHOIO COCTaBa 3KCTPAKTa
Topda HapsIay C MPOBeAEHMEM JIMTOJOTMYECKUX U TTajie-
OHTOJIOTMUECKUX UCCIeN0BaHMIt TPeICTaB/IsIeTCs BecbhMma
TOJIE3HBIM IIPM BOCCO3AaHUY Tajeoreorpadmuueckmx yc-
JIOBMIT 0CaIKOHAKOTIIEHMSI, 00ecIieunBast KOMITJIEKCHBI
nopxon [29, 35]. B u3ydyeHuy reoXxMMuy opraHuyeCKoro
BerectBa (OB) TOphOB BakHOE 3HAUYEHME MMEET IO/ -
TBEP)KIEHME OCHOBHBIX BUIOB TOp(poobpasylolieii pac-
TUTEILHOCTY MOJIOIbIX TOPGOB U, KaK CJIe[CTBUeE, YCTa-

MupoBaHue [24]. B cryuae cunbHO rymuduLMpoBaHHOTO
(bonee npeBHero) Topda, Kak u Jist 6yporo yIiis, rae uieH-
TUGUKAIYS MaKpOhOCCHMINI OCTIOKHEHA, 6110MapKepHBbIi
TIOZIXO[, SIBJIsIeTCSI 6osee yHUBepCalbHbIM [31].
[TomyyeHHBbIE Ha OCHOBE aHaNM3a yrJeBoJ0POAOB-
61oMapKepoB CBeJeHMsI O BKJIaJe OnpeseaeéHHbIX BULOB
pacteHuit-topdoobpazoBaresneii 1al0T JOTIOTHUTENbHYIO
XapaKTepPUCTUKY, TOATBEPKAA0UTYI0 JaHHbIe aJINHOJIO-
TMYEeCKOro aHanusa. B Tex ciayvasx, Korga onpeneneHue

Dnsa umtupoBanusa: bypaensHas H. C.,Tonybesa 10.B., bywHes [1. A. Yrnesofoponbl-6MoMapkepbl M NannHonoruyeckas xapakrepucruka topdga MeseHcko-
Bblyeronckoit paBHuHbl // BectHuk reoHayk. 2022.10(334).C. 11-22.D01: 10.19110/geov.2022.10.2

For citation: Burdelnaya N.S., Golubeva Y.V., Bushnev D. A. Hydrocarbons-biomarkers and palynological characteristics of peat of the Mezen-Vychegda

plain.2022,10(334), pp. 11-22,doi: 10.19110/geov.2022.10.2
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BUJIOB, IIbIJIbLIA KOTOPBIX IIJIOXO COXPAHSETCS BC/IeCTBUE
MTOJTHOTO WJIM YaCTMYHOTO pa3pylieHus B mpoiecce doc-
cuau3alnuu (Hampumep, TMCTBEHHMIIbI Larix sp., OCUMHbI
Populus sp., MOKKeBeJIbHMKA Juniperus sp.), 3aTpyaHe-
HO ¥ MOXET OBbITh HE YUTEHO NP XapaKTEePUCTUKE pac-
TUTENbHOIO MTOKPOBA, FTe0XUMUYECKMIT aHaIN3 IKCTPAK-
Ta Topda MO3BOJUT YTOUHUTD COCTAB M1aIe0PacCTUTENb-
HocTu. COBMeCTHOE MCIIONb30BaHMe MaMHOIOINIECKO-
r'O ¥ TeOXMMMYECKOTO aHaIN30B 6yIeT Croco6CTBOBATh
PeLIeHNIO ¥ HEKOTOPbIX APYTUX METOAUYECKUX ITPOOIeM
CIIOPOBO-TIBUIBLIEBOTO aHaM3a [12, 13, 15]. HecooTBeTcTBME
COCTaBa CIIOPOBO-TbLUIbLEBOTO CIIEKTPa PealbHOMY CO-
OTHOLIEHUIO JpeBeCHbIX MOPOJ, AUKTYeT He0OX0AMMOCTb
TOMCKa OOMOMHUTEeIbHBIX KPUTEePUeB UX KOJIMNUeCTBEeH-
HOIJ1 olleHKH. [IpuumMHaMy TaKOTro HECOOTBETCTBUS SIBJISI-
I0TCSI PA3/IMYHBI 00beM IbLIbLIeBOI IPOAYKLIMU U pa3-
JIMYHAs JIeTy4eCThb IbUIbLbI [2, 11, 14]. IIpy nanuHomorn-
YyeCKOM aHaJlM3e 4151 yCTpaHeHUs TaKUX UCKasKeHUH yuu-
THIBAIOT ITOMpPAaBOYHbIEe KO3(DDUILIMEHTHI U JaHHbIE
M3yUYeHMsI TOBEPXHOCTHBIX MbIIbLIEBBIX CIIEKTPOB, XapaK-
TEePHBIX [ TOV UM MHOM pacTUTENIbHOM 30HHI [8, 9, 17
nap..

Llenpio faHHOI PabOTHI SIBJISIETCS U3ydeHUe YIIeBO-
JIIOPOLHOTO COCTAaBa KCTpakTa ToppoB Ha MpUMeEpPe TOP-
(stHmka paspesa YepHbii Sp Ha rore Me3eHCKoO-Bbrueromckoii
PaBHMHBI U COTIOCTaBJIeHME TOTyUeHHBIX JAHHBIX C pe-
3y/IbTaTaMy NMaJMHONIOTMUECKUX UCCAeS0BaHUIA.

MaTtepuanbl U MeTOAbI UCCIea0BaHUSA

V3yuyeH TOpDSIHUK, pacIioNOKeHHbI Ha ITpaBoM Ge-
pery p. Beruernpl, y gep. YepHsiii SIp, B 6 KM OT C. YCTb-
BbIMb BHM3 IO TeueHMIO peky (puc. 1). OObEeKT OTHOCUT-
Csl K OApaiioHy cpegHUX TOPHSIHBIX MECTOPOKAEHM
[Teuopo-Berueroackoii paBHMHBI C OBBIIIEHHON 3aTOP-
¢doBaHHOCTBIO [16]. TeppuTOpUS MOAPaioHa MPeCTaBIs-
eT co00Ji TVIOCKYI0 paBHUHY, CJIOXKEHHYIO ITeCYaHbIMM TOJ-
mamu. TopdsiHble MECTOPOXKIEHUS TPUYPOUEHBI TTPEN-
MYII[eCTBEHHO K PeUHBIM JOIMHAM.

TopdstHbIe 0CagKyM BCKPBITHI B 6€peroBoM oO0Hasxke-
HVMU, SIBJISIIOIIEMCST 00'bEKTOM I'e€0JIOTMYECKOTO HaCTeIusl,
TaK Kak IpeJCcTaBisieT co00i Kiaccuueckuit paspes aj-
moBus 1, 5]. B obHaskeHMM npoTsskeHHOCTHI0 500—600 M
Y BBICOTO 7 M MOYKHO HaO/IIOAATh MMOTHBIN Habop darumii
QJUTIOBMSI, TaK Ha3bIBaeMylo Lykiaoremy. JI. H. AHgpenueBoii
MIpOBe/ieHbI IMTONOTUUECKIE MCCefOBaHS Pa3pe30B pycC-
JIOBOTO ¥ CTaPMYHOTO JUTIOBYS U UX (haliMaibHOE pacuie-
HeHue [1]. Hamu 66U M3y4yeHbl TOPQSHBIE OTIOKEHUS U3
paspe3a CTapMuHOTO aJUIIOBMSI, B KOTOPOM OHM 3ajIeraioT
Ha CJIOSIX CpefHe3epHIMCTOr0 CBEeT/IO-CepPOoro mecka u ce-
poit rmubl. Coit Topda MoIHOCThIO 1.9 M MeeT ciemy-
Iolee CTPOEHME: B ITOMIOIIBE CI0sI TOP(D TEMHO-KOPUYHE-
BOT0, YEPHOT'O 1IBETa, XOPOIIIO Pa3IOKUBILIUIACS, TIepexo-
IS1IMI B CpeiHel YacTy C10s1 B CpeAHepa3I0KUBIIUIACS,
C PaCTUTEIbHBIMM OCTaTKaMM U TJIOXO Pa3/IOKUBILINUIACS,
carHoBblIit, C 6OJIBIIMM KOJTMYECTBOM PACTUTETbHBIX
ocTaTKoB. [1o BceMy CJI0I0 BCTpeUaloTCsl BETKM, CTBOJIBI Je-
peBbEeB.

s aHamM3a 6bUIM apoOMPOBaHbI CJION 13 BepXHEeil
(uHTepBas orbopa 4.6—5.3 M — npoba 1) u HUKHEN (MH-
TepBas otoopa 4.2—4.5 M — mpoba 2) yacreit TophsHOi TO-
i (puc. 1, 2). HaBecky npensapuTesibHO BbICYLIEHHOTO, U3-
MeJIbUEHHOTO0 Topda 3KCTParupoBajy XJaopoopmMmom B arm-
napate Cokciera B TeueHue 40 yacoB. ITonyyeHHBIN 3KC-
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Puc. 1. PacnonoxeHue u ctpoeHue paspesa 209-1:
CITA — ciopoBo-TibUIbLIeBOV aHamM3; XMC — XxpoMaTo-Macc-
CreKTpanabHbIN aHanu3; 1 — o6H. 209-1; 2 — rpaBuii;
3 — rmecok; 4 — muHa; 5 — Topd; 6 — OCTATKMU CTBOJIOB
IlepeBbEB; 7 — MOUYBEHHO-PACTUTEIbHBIN CJION

Fig. 1. Location and structure of section 209-1: CITA — spore-
pollen analysis; XMC — gas chromatography/mass spectro-
metry; 1 — outcrop 209-1; 2 — gravel; 3 — sand; 4 — clay;
5 — peat; 6 — remains of tree trunks; 7 — soil-vegetative layer
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Puc. 2. CokpaieHHas ClIOpOBO-ITbLIbIIEBas AyuarpamMma mo paspesy 209-1

Fig. 2. Short spore-pollen diagram for section 209-1
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TpakT yIllapuBaJyM M IIPOMYyCKaaM yepe3 KOJOHKY,
3anojHeHHyto cytvkaresnem (Fluka). [I71st BeIaeIeHUST aiiu-
(daTmueckoii ppakiyy B KAUECTBE TI0EHTA ObLT UCTIONb30-
BaH H-TeKCaH, JIJIT apOMaTUUYeCcKoil hpakuym — 6eH3071.
Anamms amudatudeckoii Gpakimm OCyIeCTBISIICS MeTO-
oM rasoBoii xpomatorpaduu (I'X) 1 xpomaTo-macc-
criekrpomeTpun (XMC), apomatuyeckoit — metogom XMC.
I'X-aHanM3 BBIMIOJHSIICS Ha ITpubope «Kpucrami-
2000M». Kosmonka HP-5, 30 m x 0.25 MM, TO/IIIMHA CI0S
HeToABMKHO ¢a3bl 0.25 MkM. TemepaTypa mporpaMm-
mupoBasachk ot 110 mo 300 °C co ckopocThio 5 °C/MUH.
TemnepaTtypa nHxxekropa u getrexkropa 300 °C.
XMC-aHanau3 BBITOJHSIJICS Ha Npubope pupmMbl
Shimadzu QP2010 Ultra. Komouka HP-5, 30 m x 0.25 MM,
TOJIIMHA C/I0S1 HEMOABYSKHOIE (ha3bl 0.1 Mkm. Temriepatypa
nporpammuposasach ot 110 mo 300 °C co cKOpOCTbhIO
5 oC/muH. Temnepartypa uuskekropa 300 °C, murepdeii-
ca — 250 °C, nonHoro ucrounmka — 200 °C.
JlabopaTopHYy0 06pabOTKY M CIIOPOBO-MbLIbIIEBOIA
aHa/mM3 06pa3sIoB oA MUKPOCKOTIOM ITPOBOAWIIN TI0 CTaH-
JapTHBIM MeTonyKaM [6]. ITanuHoMOpdb! U3ydamyuch mnop,
muKkpockornamy «BUOJTAM» U u Motic BA210 mipu yBesn-
yeHMsIx *400 u x600. CriopoBO-TIbUIbLIEBAS AMarpamma
MOCTPOEHA C MOMOILIbI0 KOMITBIOTEPHOM nporpaMmmabl TILIA
[27]. IIpoLieHTHBIE COOTHOIIEHMSI CIIOP U MbLIbIIbI ObUIN
MOACYMUTAHBI OT 06IIeli cyMMbl nTajimHoMopd. [Tpu
TOCTPOeHMM CIIOPOBO-TIbLIbIIEBOI AMarpaMmbl, Bbijesne-
HUU U XapaKTepUCTUKEe CIIOPOBO-TIbIIbLI€BbIX KOMIIIEK-
COB MCIONb30BaNuUCh onpepenenus H. A. Mapuesoii [10]
u 10. B. Tony6eBoii.
HOatupoBaHue Topda paauoyriepoagHbIM METO-
noM nposoaunoch B l'eosmornueckom mHetutyte PAH
JI. [I. CynnepxXKULKUM.

Maneoreorpadpunueckne o6cTaHOBKU
ocaAKoHaKomnaeHus

V3yuyeHne maaMHOMOP(® U AMaTOMEN U3 IIIMHUCTBIX
u TOpQSHBIX 0CcaaKoB (cyiou 3 u 4 Ha puc. 1) H. H. Ma-
puesoit u T. . Mapuenko-Baranosoii [10] nossonuin
PEKOHCTPYMPOBATh CMEHY YeThIpeX JIaHAMa(pTHO-KIN -
MaTUYeCKMX ITAMOB U CTaauu 6010T00O6pa3oBaHus Ha
MPOTSIKEHUY aTIIAaHTUYECKOTO U Cy6060peabHOTO Mepu-
0[10B rojolieHa. HakomneHue IIMHUCTOTO CJIOS TPOMC-
XOIMJIO B CpemHeit aTiauTuke (~7—6 Thic. 14C J1.H.) B yc-
JIOBUSIX MEJIKOBOZHOTO 60JIOTUCTOTO c1aboMMUHepain-
30BaHHOTO Boj0eMa (03epa My cTapulibl). B pacturens-
HOM ITOKpOBe Ha cpeaHeli Boiuerge mOMUHMPOBAIU
6epe30Bblie jeca, 6pIM Pa3BUTHI 32POCJIN U3 KYCTapHU-
KOBBIX Gepe3. KoHell 03epHOIi cTagum ocagKoHaKoILIe-
HMSI M BOSHMKHOBEHME 00J10Ta MIPUXOAUTCS Ha MO3JHe-
aTJaHTH4YecKoe Bpems (~6—5 Toic. 14C 1.H.). B pesyib-
TaTe 3apacTaHMs 03epa B HeM CHU3MIaCh MUHepaanu3a-
uus. B cocraBe iecoB 3HAUUTEIBHO YBEIMUMIACH OIS
eJIOBBIX ApeBoCToeB. [losiBieHMe B CIIEKTPaxX NbIIbIIbI
IV POKOJIMCTBEHHBIX MOPO/I (BsI3a, JIUIIbI, y0a U JIeIy-
HbI), COBpeMEeHHbII apeasl KOTOPBIX PacoioXKeH IKHee,
yKa3sbIBaeT Ha 6oJiee TeIlible YCJIOBUS IO CPAaBHEHUIO
¢ HacTosAumM BpeMeHeM. DopMupoBaHue TopdsaHOI
TOJIIM TIPOJIOJIKAIOCh BIUIOTH O cpefHero cyb6opeasna
(mo ~3.2 Teic. 14C 51.H.). B Hauane cy660peasbHOTO Iepu-
oga (~5—4.3 teic. 14C J1.H.) yBeIMYMINCH TUIOILAIMN,
3aHsITbie Oepe3HsIKaMy, COKPATUIOCh YUaCcTUe eJbHU-
KOB, BBITIA/IX U3 COCTaBa JPeBOCTOEB TepMOGUIIbHBIE TO-

POJIbI, YTO 6BIJIO0 BBI3BAHO MOXOJIOZAHMEM. B cpenHem
cy66opease (~4.3—3.2 Toic. 14C J1.H.) cequMeHTaLus IPO-
MCXOAWUIa B METKOBOZHOM 60IOTMCTOM CiaboMuHepa-
JIM30BaHHOM Bopmoeme. PacTuTebHbIi ITOKPOB BKITIO-
yaJt B ceOst TEeMHOXBOJIHbBIE eJI0BbIE JieCa, BHOBb MOSIBU-
JIVICh IIVIPOKOJIMCTBEHHbIE TOPOIBI (BSI3, IMIIA, Y0 1 Jie-
[[MHA) BCJIENCTBYME 3HAUMTEAbHOIO IOTEeIlIeHMS
KJIMMaTa.

Pe3ynbTaThbl U UX 06CYKAEHUE

VccnemoBaHMIo TTOIBEPIVIVCH ABE TPYIIITHI 06Pa3I0B,
COOTBETCTBYIOIIMEe CIIOPOBO-MNbLIbIIEBOMY KOMIIEKCY
(CIIK)-1 (uHT. BbIcOT 4.2—4.5 M) 1 CIIK-2 (MHT. BBICOT
4.6—5.3 ™M) (puc. 1, 2). B HUKHEI YacTu, 10 YPOBHS 5.2 M,
Topd cpemHepPasIOKUBIIMIACS C GOJBIIUM KOJIMYECTBOM
pacTUTeNbHBIX OCTAaTKOB (BETOK, CTBOJIOB JIepeBbEB), HAU-
6oJibIllee CKOTIJIEHME KOTOPbIX BCTPEUEHO B MHTEpBaje
5.2—5.45 M. Beile Topd CTaHOBUTCS IJIOXO Pa3IOKUB-
HMIMMCS, C paCTUTENIbHBIMY OCTaTKamMu. ITo o6pasiam Top-
(a mosryueHsl Tpu paguoyriaepoaHbie gaThi: 5200 £
* 40 14C 1. (TUH 10571) ¢ untepBanom 4.2—4.5 M,
4500 * 40 4C n.u. (TUH 10572) ¢ uHT. 4.6—4.7 M u
3820 = 50 4C y.u. ('MIH 10573) ¢ uaTepBasoMm 5.1—5.2 M.

Xapaktepuctuka CrK

B o611em coctase criekTpoB CIIK-1 mbliblia gpesec-
HBIX IMOPO]] 3HAUUTENIbHO IIPe00IaaeT U COCTaBIsieT 82—
89 %. Cpenu jiecooOpas3yIoOIMX IOPOJ, IePEBbEB JOMMU-
HUPYIOT eJIb U 6epe3a, 06pasysl MMKY Ha AuarpaMMe o
51 (30 %) 1 40 (33 %) OT O6LLeli CYMMBbI TIBUIBLIBI CO-
oTBeTCTBeHHO. Cpe/iHee MPOIleHTHOe cofepykaHe MblIb-
1IbI MEJIKOJIMCTBEHHBIX TepeBbeB (45 %¢p) B CIIK mpeBbI-
1IaeT J0JIM MbIbIIbI TEMHOXBOMHBIX (30 %Cp) U CBETJIO-
XBOJHBIX I€PeBbeB (9 %p). B HEOOMbIINX KOMMIECTBAX
MPUCYTCTBYET MbUIbLIA COCHBI (7—12 %) 1 IIMPOKOIN-
CTBEHHBIX MOPOJ, (B3, IUMa, Iy6 ¥ JieluHa, CYMMapHO
2 %). B rpyrmme npuiblibl TpaB (10—15 % ot ob61eit cym-
MbI) IpeobiaaeT mblablia ceMmeiicTB Cyperaceae (OCOKO-
BbIX) U Rosaceae (pO30LIBETHBIX), OTMEUEHO HE3HAUM -
TeJIbHOEe CcoAepykKaHye MbLIbIIbl IPOUero pa3HOTPaBbs
U eIVHUYHbIE 3epHA BOAHbBIX PACTEHUIT — KYOBIIIKMA
1 poro3a. Copsl ManmopoTHMUKOB U XBOIIeli BCTpeueHbl
equHUYHO (Tabi. 1).

CIIK-1 oTpaxkaeT pa3BUTHe HA TEPPUTOPUM UCCIIe-
IIOBaHUI eJIOBBIX 4 Oepe30BbIX JIecOB. bosee Teribie K-
MaTuUUYecKue yCJIoBMS, YeM ceifuac, CIiocoOCTBOBAIM pac-
MPOCTPaHeHUIO 110 TT0JiMe MIMPOKOJIUCTBEHHBIX ITOPOT,.

s CIIK-2 xapakTepHbl cxoxkue ¢ npenbiaymmm CITK
MTPOLIEHTHbIE COOTHOIIEHMS B OOIIEM COCTaBe MEXIY
rpyIiIiaMu ObLIbIIBI JlepeBbeB, TPaB U CIIOp. B rpymmne
TIBLIBIIBI APEeBECHBIX paCTeHU I HECKOIbKO YBeIMUMBaeT-
Cs y4acTye IblIbLbI TEMHOXBOMHBIX (39 %), IpencTaB-
JIEHHBIX €JIb10, 32 CUeT COKpallleHMs KoJu4yecTBa IMblJb-
LIbI TIPeJCTaBUTe e MEIKOIMCTBEHHDIX TIOPOZ (39 %,p):
IPEBOBUIHOM M KyCTAPHUKOBO Gepesbl, OJIbXU U UBBHI.
[IpolieHTHBIE COepP>KaHUS U BUOBO COCTAB ITbLIbIIbI
CBET/IOXBOIHBIX U IIMPOKOJIMCTBEHHBIX IepeBbeB COXpa-
HS10TCS. ['pyIIIbI MBUIBIIBI TPAB U CIIOP HEMHOTOUMC/IEH-
HbI, COCTaBISIIOT 5—9 % U eIVMHUYHbIE K3EMIUISIPBI CO-
oTBeTCTBeHHO. CpeAyt MbIIbIIbl TPAB BCTPEUEHbI OCOKO-
Bble, PO301IBeTHbBIE, TIIOTUKOBBIE U Ap. VI3 CITIOPOBBIX Ha-
POy C MAanoOpOTHMKAMM M XBOIIaMM OOHApPysKeHbI
TJIaYHBI U chaTHyM.
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Tab6auua 1. CocTaB MbLIbLBI U CIIOP B TOpde 06H. 209: 1 %.p — CpenHee NPOLeHTHOe cofiepxkanye mbuIbLibI Ayist CIIK-1
U3 HIKHEe yacTu ciios, 11 %Cp — cpelHee MPOIlleHTHOoe coAepskaHme nblablibl 415 CITK-2 13 BepxHelii yacTu c1os

Table 1. Composition of pollen and spores in peat of outcrop 209: I %,, — average percentage of pollen for SPC-1
from the bottom of the layer, II %,, — average percentage of pollen for SPC-2 from the top of the layer

I'nmyb6una, M / Depth, m 5.3 5 4.6 4.5 4.3 4.2

Oo6pazel1 / Sample M %e e
Taxcon / Taxon 47 41 33 11 %4y 31 27 25 1 %,y
Picea obovata 45.8 42.3 29 39 17.9 51.5 22.6 30.7
Pinus sylvestris 8.5 8.7 17.5 11.6 8.6 6.7 12.1 9.1
Betula sect. Albae 28.1 30.7 36 31.6 40.4 23.7 354 33.2
Betula sect. Fruticosae 2 1.7 6.4 34 8.3 1.7 8.3 6.1
Ulmus 1 0 0.3 0.4 2 0.7 0.3 1
Tilia 0.3 0 0 0.1 0 0.3 0 0.1
Quercus 1.3 0 0 0.4 0 0.3 0 0.1
Corylus 0.3 0.7 0 0.3 0 0.7 0.3 0.3
Alnus 4.9 5.7 0.6 3.7 8.6 2.7 3.2 4.8
Salix 0.3 0 0 0.1 2 0.7 0 0.9
Juniperus 0 0 0.3 0.1 0 0 0 0
Typhaceae 0 0 0 0 0 0.7 0.3 0.3
Nuphar 0 0 0.3 0.1 0.3 0 0 0.1
Cyperaceae 0.7 1 1.3 1 2.3 4.3 4.1 3.6
Poaceae 0 0 1.3 0.4 1.7 0.7 0 0.8
Thalictrum 0 0.3 0 0.1 0 0 0.3 0.1
Ranunculaceae 1 0 1.9 1 1 0.3 2.2 1.2
Asteraceae 0.3 0 0 0.1 0 0 0 0
Polygonaceae 0.3 0 0 0.1 0 0.3 0 0.1
Apiaceae 0 0 0.3 0.1 0.3 0 0.3 0.2
Fabaceae 0 0.3 1.3 0.5 0 0 0.6 0.2
Rubiaceae 0 0 0.3 0.1 0 0 0 0
Rosaceae 2 3.7 0.6 2.1 3.6 2 4.8 3.5
Chenopodiaceae 0.3 0.3 0.3 0.3 0 0 0 0
Artemisia 0 0.7 0 0.2 0 0 0 0
Varia 1.3 3 1.3 1.9 1 1.3 2.5 1.6
Polypodiaceae 0.3 0.3 0.6 0.4 1 0.3 1.9 1.1
Lycopodium sp. 0.3 0 0 0.1 0 0 0 0
Lycopodium annotinum 0.7 0 0.2 0 0 0 0
Lycopodium complanatum 0.3 0.3 0 0.2 0 0 0 0
Sphagnum 0 0.3 0 0.1 0 0 0 0
Equesetum 0 0 0.3 0.1 1 1 0.6 0.9
AP 92.5 89.7 89.8 90.7 87.7 89 82.2 86.3
NAP 5.9 9.3 9.2 8.1 10.3 9.7 15.3 11.8
Spores 1.6 1 1 1.2 2 1.3 2.5 1.9
Total pollen amount 306 300 314 302 299 314
Dark coniferous 45.8 42.3 29 39 17.9 51.5 22.6 30.7
Light coniferous 8.5 8.7 17.5 11.6 8.6 6.7 12.1 9.1
Small-leaved species 353 38 43 38.8 59.3 28.8 46.8 45
Broad-leaved species 2.9 0.7 0.3 1.3 2 2 0.6 1.5
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CIIK-2 yka3spiBaeT Ha MIpou3pacTaHe TEMHOXBOMHBIX
€JI0BBIX JIECOB C MPUMeChi0 6epe3bl M He3HAUUTETbHOM
Jloned MPOKONUCTBEHHBIX IIOPOS.

YrneBoAopoAHbIii COCTaB 3KCTPaKTa TOphoB

Anugpamudeckas ppakyus

OpHMMM U3 BaKHBIX B KAUECTBEHHOM U Kojuye-
CTBEHHOM IlJIaHe YI/IeBOAOPOIOB-61OMapKepOB, BXO S -
mux B coctaB OB TopdoB, ABASIOTCS LIMHHOLIEIIOUEY-
Hble H-a/IKaHbl [31]. CoequHeHMs C H-aIKMJIbHBIM yIJIe-
POLHBIM CKeJIeTOM B BMJI€ H-aJIKAHOB, SKMPHBIX KUCIOT,
KETOHOB M BOCKOB CMHTE3UPYIOTCS BHICIIUMMU (COCYyIU-
CTBIMM) PACTEHUSIMU ¥ MXaMM U COCTABJISIOT OCHOBHYIO
YacTh 3MUKYTUKYISIPHBIX BOCKOB, TOKQJIN3YIOIMXCS Ha
MTOBEPXHOCTU JIUCTHEB, Ilie IaBHas UX QyHKUMS 3aKITI0-
yaeTcsl B IIpeJOXpaHeHU N pacTeHysl OT IIoTepu Biaru [25,
31]. JOBOIBHO 4acToO paclipefie/ieHye ¥ COOTHOLIeHNe
H-aJIKaHOB UCIIOJIb3YeTCs 4151 OpefiesieHUs] pa3anunii
OTHOCUTEJIbHOJ 10N PaCTUTENbHBIX TAKCOHOB, a TaKKe
PEKOHCTPYKIUU KAUMATUUECKUX YCI0BUIA, BAUSIOMINX
Ha M3MeHeHMs BUI0BOro cocrasa [19, 32]. B nocnegunem
cyyae Haubosblliee 3HaUeHMe MMeeT aHalIu3 M3MeHe-
HMI1 U30TOITHOI'O COCTaBa H-aJIKaHOB [31]. OCHOBHBIMU
MoKasaTesiMi, HIMPOKO UCIONb3yeMbIMI B MHTEPIIpe-
Talyy yIJIeBOLOPOSHOTO COCTaBa TOPGOB, SBJISIOTCS MH-
[eKC HeuyeTHOCTU H-ajikaHoB (CPI), moka3saTrenn cOOT-
HOILIEHUST BBICIIEl PaCTUTEIbHOCTU M MaKpO(hUTOB
(Pags Pwax), @ TAK)Ke MHJ,EKC CPe/IHEe [IIMHDI H-alKaHOBO
uenu (ALC).

AHanmus amudaTtnueckoit Gppakuum mokasan, yTo B U3-
YYEHHBIX ITP06aX JOMUHUPYIOT BBICOKOMOJIEKY/ISIPHbIE
H-ankaHbl coctaBa Cy; — Cs3 (puc. 3). ngekc CPI (The
Carbon Preference Index), oTpaskaroinii cTerieHb Ipeoo-
JIafaHus JIMHHOLIENIOYeYHbIX H-aJIKaHOB C HEYeTHbIM
YJ(CJIOM aTOMOB yIyepoja Hag, yeTHeIMMU [20], paBeH 14.8
1 12.5 cCOOTBETCTBEHHO (Ta0I. 2), UTO MOATBEPKIAET BbI-
BOJI, 0 HM3KOJi mpeobpasoBaHHocTy OB. Kak npaBuiio, nya-
nma3oH CPI s «cBeskero» pactutenbHoro OB usmeHsieT-
csa 0T 4 10 40 [22] u cHMXKaeTCs B XO[e AyareHesa M Mu-
KpoOGMa/IbHOJ aKTUBHOCTU. Harpumep, B M3yUYeHHbIX
paHee HM3KO3peJbIX 6YPHIX YITIsIX HeueHCKOro MecTopoXk-
Ienus [ledopckoro yroiapHoro 6acceitHa KoauuyeHT
HeUYeTHOCTM BapbupyeT B MHTepBase oT 2 1o 5 [4]. B 60-
Jiee MeTaMOPGU3UPOBAHHBIX YIVISIX, HATIPUMED I0PCKUX
yrissx Pecriy6ivky ThiBa, 3HaUE€HMS JAHHOTO MHIEKCA He
npeBbimaioT 1.8 [3]. CPI akcTpakToB 60ee rymubuumpo-
BaHHBIX TOPHOB, OTOOPAHHBIX 13 TOPPSHOTO paspesa 60-
sora TéMHOe, M3MeHs/ICA OT 3.4 10 6.6 [7]. B Hawem ciy-
yae He3HauUNUTeNlbHble U3MeHeHMs B 3HaueHus X CPI ot me-
Hee ITyGOKO¥ yacTu pa3pesa K bosiee rimyboKoii cBUIe-
TeJIbCTBYET O MPOTEeKaHUM Caaboii TyMubuKanuu B
npotecce TopdoobpasoBaHus.

B MonekynsipHO-MacCcoBOM pacrpefielleHUI H-alKaHOB
B IIepBOJi Mpobe HabII0gaeM, YTO MaKCUMYM PUXOANT-
Cs1 Ha H-aJIKaH cocTasa Cyy, BO BTOPOil — Ha Cyq. MI3BECTHO,
YTO B COCTaBe JIMCTheB Ha3eMHBIX (BBICLINX) PACTEHUI U
XBO€, KaK IMPaBuiIo, Mpeobi1asaoT H-aJKaHbl COCTaBa OT
Cys o Css [24, 25]. BogHble MakpohuUThI, @ TaKKe MXU U
IpyTHe pacTeHus OMOCUHTE3UPYIOT MPEUMYIIECTBEHHO
H-aJIKaHbl cpefHeli IuuHbl nenyu [31]. B yactHoCTH, 10-
MMHMPOBaHMe H-aaKaHoB cocTaBa Cqyz 1 Cys MOKHO pac-
CMaTpMBaTh Kak MoKa3aTesb BKIaga charuyma, popmu-
pylolero Tak Ha3piBaeMble chaHroBbie 60mora [7, 26, 35].
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Puic. 3. Moeky/asipHO-MacCcoBO€e pacipe/iesieHe H-aJIKaHOB
yIJIeBOIOpOAHOI dpakuyy Topdos. C (4MCI0) — H-aIKaHbI,
1 — 18-HOpabueTraH
Fig. 3. Molecular weight distribution of n-alkanes in the
hydrocarbon fraction of peat. C (number) — n-alkanes,
1 — 18-norabietane

Takum 06pa3om, UCIOIb3Ys MHI,EKChI COOTHOIIEHMI BbIC-
1Ieii pacCTUTEIbHOCTY ¥ MaKpOMDUTOB MM 038 PHOIL pac-
TUTENBbHOCTY Py 1 Pyyy, MOXXHO OLIEHUTD BK/IAZ, OCHOB-
HBIX MICTOYHMKOB pacTeHui-ropdoobpasoBareeii B co-
craB OB TopdoB:

Pyq = (€23 + C25)/(C23 + C25 + C29 + C31);

Pax = (C27 + C29 + C31)/(C23 + C25 + C27 + C29 + C31).

[TonyyeHHbIe 3HAUeHMSI (TabJ. 2) CBUIETENbCTBYIOT
0 BBIPQ)XKEHHOM BKJIaJie BbICIIEl PACTUTENBHOCTU B CO-
ctaB ucxonHoro OB TopdoB — HabMOKaeMble 3HAaUEHUSI
P ax BbIIIE Py [18, 26], mpy 9TOM BKJIaJ, MOTPYK€HHBIX
MakpoduToB b0 charHyma CHMKAETCS BHU3 11O pas-
pesy, UTO MOXKeT yKa3bIBaTh Ha M3MeHeHMe BJIaskHOCTU
B TIpoiecce TOpdoo6pa3oBaHMSI MU YPOBHS BOIBI B TOP-
sanumkax [38]. Huskue sHauenus P, [aoT ocHOBaHMe
MIpeJnoJaraTh, YTO B YCJIOBUSIX TOHMIKEHHOM BJIAXKHO-
CTM MUKpOOManbHas nepepabotrka Topdpa MUMHMMU3K-
poBaHa.

OnHMM 13 XapaKTepHbBIX ITOKa3aTenei KiauMaTuie-
CKMX YCJIOBUIA, B KOTOPBIX MTPOTEKano Topdhoobpaszosa-
HUe, SIBJISIeTCS CPeHSIS JIMHA [[eNM BHICOKOMOJIEKYIISIP-
HbIX H-ankaHoB (ACL — Average Chain Length) [32, 36].
JlaHHbBIV ITOKa3aTeslb UCIIOAb3YIOT AJ11 PeKOHCTPYKU U
MajeoKAMMaTUYeCKUX YCJIOBU CyIleCTBOBAHMS TOP-
¢dboobpasywieit pactuteapbHoctu [18, 31]. B 6onee Te-
TUTBIX KIMMAaTUUYeCKMUX YCIOBUSIX BbICIINME PACTeHUS Ha-
YMHAIOT 6MOCUHTE3UPOBATh COeJMHEHMSI C boiee IJINH-
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Taﬁ]'[]/ﬂ.[a 2. [Toka3zarenu, pacCuMTaHHbIE ITO COCTaBy HOPMAJIbHBIX a/IKAHOB

Table 2. Indicators calculated from the composition of normal alkanes

IMTokasaTesb ITpo6a 1/ Sample 1 ITpo6a 2 / Sample 2
Index CIIK-2 /SPC-2 (33 + 41 + 47) CIIK-1/SPC-1 (25 + 27 + 31)
CPI 14.8 12.5
Paq 0.46 0.24
Prax 0.77 0.83
ACL 27.9 28.8

CpI = ¥2x((C25 + C27 + C29 + C31 + C33)/(C24 + C26 + C28 + C30 + C32

((C25 +C27 + C29 + C31 + C33)/(C26 + C28 + C30 + C32 + C34))

P, = (C23+C25)/(C23+C25+C29+C31);
P,ay = (C27+C29+C31)/(C23+C25+C27+C29+C31);

ACL = 3 ((27%C27) + (29%C29) + (31xC31))/ = (C27 + C29 + C31)

HOW H-aJKUJIbHO 1[€IbI0, YTO OOBSCHSIETCS YCUIEHU -
eM 3alUTHBIX QYHKIMI pacTeHuit, YTOObI CBECTU K
MMUHUMYMY McHapeHus: Boabl. MOXHO MPenIoa0XKnUThb,
yTo HU3KMe 3HaueHus ACL B HameM ciyvae (Tabm. 2)
MOTYT yKa3bIBaTh Ha OTHOCUTEIbHO XOJIOIHBIN KAMMAT,
6JIM3KMIT COBPEMEHHBIM YUIOBUSIM Ha TEPPUTOPUM UC-
cJleJOBaHUIA.

B 11e1oM MoieKyJISIpHO-MacCcoOBOe pacipepeneHue
H-aJIKaHOB He Ja€T OJHO3HAUHOT0 OTBETAa O KOHKpEeT-
HOM BUJ€e PaCTUTEIbHOCTU, yYaCTBYIOIIEM B TOP(O-
006pa3oBaHMM, TOCKOJIbKY MX COCTAaB OTPaskaeT COBOKYII-
HOCTb YIJIeBOAOPOJSHOI0 COCTaBa BCeil paCTUTETbHOCTH.
B u3yueHHbBIX MMpo6ax Hauboee TOMUHUPYIOLUIUMHU TO-
Monoramu sBa0TCcs Cyy  Cyg H-aJKaHBI COOTBETCTBEH-
HO (puc. 3). MOHOMOZAJILHOCTD pacrpeneieHns] MOXKeT
yKa3bIBaTh Ha BKJIAJ OOHOTUITHBIX TOPGHOOOPa3yI0Inx
pacTteHuit (ZOMUHUPYET OOVH U3 BULOB PaCTeHMIA), TN -
60 Ha BKJIaJ HECKOJIBKUX BUJIOB PaCTEHMIT, HO C OMHA-
KOBBIM COCTaBOM H-aJIKaHOB. BbIcOKMe comepxaHus
H-ankaHa cocTaBa C,; MHOILA CBSA3BIBAIOT C MHOTOYNC-
JIEHHOCTbI0 MUKpodoccunnit 6epésel [18, 37]. CoracHo
JIaHHBIM [23], comepskaHye JIVMHHOLeIIOUeUHbIX H-a/IKaHOB
B XBOJMHBIX 3HAUMTEIbHO HUKE, YeM B MOKPHITOCEMEH-
HbBIX pacTeHUsIX. XBOVHbIE, KaK IIPaBUJI0, XapaKTepu3sy-
I0TCSI BBICOKMM COZlepskaHueM OuTepreHounos [34]. Tak,
TIPUCYTCTBYE XBOIHOM PaCTUTENIbHOCTU B COCTaBe TOP-
(a, ycTaHOBJIEHHO CITOPO-TbUIBI[EBBIM aHAIM30M, IO -
TBepkaaercs uaeHtTudukaiueii 18-uopabuerana, npey-
CTaBJISIIONIETO MPOAYKT ITpeoObpa3oBaHys abMeTMHOBOI
KUCJIOTHI, HAXOAAIIeiicsa B COCTaBe CMOJI XBOMHBIX pac-
TeHuit [33] (puc. 4, crpykrypa 1). B mpo6e 2 ero KoHLleH-
Tpauys NpeBblllaeT CoAep>kaHue H-ankaHa Cyq. B Bepx-
HeM cioe (Tipo6a 1) comepskaHue 18-HOopabueTaHa cy-
IIECTBEHHO HIKE, YTO TOBOPUT O Oojiee HM3KOM BKJaze
XBOJ{HOJ paCTUTEIIBHOCTU B COCTaBE JaHHO MPOObI.

Apomamuuyeckas gppakyus

CorocTaBjieHMe COCTaBa apoMaTUdeCcKux Ghpakiuit
MccIeyeMbIX CJI0E€B TOP(OB MOKa3aa0 He3HAYMTETbHbIE
BapyMalyy apoMaTUieCcKux KOMIIOHeHTOB. Y B TOM u Apy-
TOM Cayuyae B He3HAUMTeNbHbIX KOHIIEHTpaLUsIX IIPUCYT-
CTBYIOT IUTEPIIEHOUIbI a6MeTaHOBOTO TUMA — 3TO
18-Hopabuera-8,11,13-TpueH, HOPCUMOHEJIJIUT
U peTeH (puUc. 5, CTpyKTypshI 2, 3 U 4 COOTBETCTBEHHO).
VuuTbiBas TOT (PaKT, YTO KOHIIeHTpaluus 18-HopabueTaHa

A
«&ﬂ&
S S5

oé“ oé” oo”

13 14

Puc. 4. OCHOBHbBIE TUIIBI CTPYKTYP, UAEHTUDUIMPYEMbIE
B coctaBe OB sKkcTpakTa Topda:

1 — 18-HopabueraH; 2 — 18-HOpcuMoHenT; 3 — 18-HOpa-
6uera-8,11,13-tpuen; 4 — pereH; 5 — des-A-guHO-
poneana-5,7,9,11,13-nenraen; 6 — des-A-guHOpypca-
-5,7,9,11,13-ntenraeH; 7 — des-A-guHopnyna-5,7,9,11,13-
-neHTaeH; 8 — des-A-TpuHopypca-5,7,9,11,13,15,17-renraeH;
9 — des-A-TpuHoponeana-5,7,9,11,13,15,17-renraeH;
10 — muHop-oneana(ypca)-1,3,5(10),13(18)-teTpaeH;
11 — npuHoOp-oneana(ypca)-1,3,5(10)-TpueH; 12 — neHTaHOP-
-oneana-1,3,5(10),6,8,11,13,17(18)-okTaeH; 13 — rneHTaHop-
-oneana-1,3,5(10),6,8,11,13,15,17(18)-HoHaeH; 14 — meHTaHOP-
-ypca-1,3,5(10),6,8,11,13,15,17(18)-HoTaeH; 15 — rekcaHop-
-o/leaHa-yHIeKaeH [28]

Fig. 4. Main types of structures identified in the composition
of the peat extract OM:

1 — 18-norabietan; 2 — norsimonellite; 3 — 18-norabieta-
-8,11,13-triene; 4 — retene; 5 — des-A-dinorolean-5,7,9,11,13-
-pentaene; 6 — des-A-dinorursa-5,7,9,11,13-pentaene;
7 — des-A-dinorloop-5,7,9,11,13-pentaene; 8 — des-A-
-trinorursa-5,7,9,11,13,15,17-heptaene; 9 — des-A-trinorolean-
-5,7,9,11,13,15,17-heptaene; 10 — dinor-olean(ursa)-
-1,3,5(10),13(18)-tetraene; 11 — dinor-olean(ursa)-1,3,5(10)-
-triene; 12 — pentanor-oleane-1,3,5(10),6,8,11,13,17(18)-
-octaene; 13 — pentanor-oleane-1,3,5(10),6,8,11,13,15,17(18)-
-nonaene; 14 — pentanor-ursa-1,3,5(10),6,8,11,13,15,17(18)-
-notaene; 15 — hexanor-oleane-undecaene [28]
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Puc. 5. XpoMmaTorpaMMbl apoMaTUIeCKO HpaKIuUm IKC-
TpakTa Topda, mocrpoeHHsle o TIC. HomMepa nMKoB cOOT-
BETCTBYIOT HOMEDPY CTPYKTYPbI Ha PUCYHKe 4
Fig. 5. Chromatograms of the aromatic fraction of the peat
extract, built according to TIC. The peak numbers correspond
to the structure number in Figure 4

B BEpXHEM CJI0e CYIIeCTBEHHO BbIllle, MOSKHO TOBOPUTH O
60JbIIIEM BKJIAZE TOJIOCEMEHHBIX (XBOWHBIX) PACTEHUI B
TIpollecc HaKOIIeHMsI HYDKHero c1ost Topda. Huskue KoH-
LleHTpaly apoOMaTUUeCKUX ITPOU3BOIHBIX MOTYT CBU/IEe-
TeJIbCTBOBATH O HM3KOi CcTereHu rpeobpasoanust OB
Topda. ITO IMOATBEPKIAETCS TIOJTHBIM OTCYTCTBMEM «Tpa-
IUILMOHHBIX» TIOJIMapOMaTUUECKMX YITIeBOJOPOAOB TUTIA
HadTaJaMHAa ¥ ero MeTuUI3aMelleHHbIX TPOU3BOIHBIX, (e-
HaAHTpeHa U ero MPOM3BOAHbBIX U T. [I.

Cpeny IOMUHUPYIOUIMX KOMIIOHEHTOB UCCaemye-
MOJi ppaKI Uy OTMEeUalTCsI apoMaTUUecKue TpuTepe-
HOMJIbI — IIPOM3BOJHbIE TPUTEPIIEHOUIOB BBICIIMX pac-
TeHUI C 0JleaHaHOBBIM, YPCAHOBBIM U JIYITAHOBBIM TU-
MaMu yIJIEpOAHOTO CKejieTa (puc. 5), BXoAsInye B COCTaB
BOCKOB MOKPBITOCEMEHHbBIX pacTeHuii. [Ipou3BogHbIE
TPUTEPIIEHOUIOB 06Pa3yIOTCs Mpy TpaHchopMaLuuu B
0CaikaxX CoeAMHEeHMII Tuma 6eTy/IMHa, o.- U B-aMUpUHa,
SIBJISIIOIIMXCSI IUTIMIHBIMM KOMIIOHEHTaMM ITOKPBITOCE -
MEHHBIX.

VneHTuduKkaius TaHHBIX COeIVHEHN IIPOMU3BOaM -
Jlach 10 MaccC-CIIeKTpaM U COIOCTaBJIEHUIO C y3Ke MMelo-
LIMMUCS IUTepaTypHbIMMU NaHHbIMMU [21, 28, 30]. Macc-
CIIEKTpBI ITpeicTaBUTeIel TPUTEPIIEHOUAHOTO psifa C ojie-
aHAHOBBIM, YPCAaHOBBIM U JIYIIAaHOBBIM TUIIAMU YII€POJ -
HOTO CKeJieTa COOTBETCTBEHHO IIpe/icTaBleHbl Ha puUC. 6.
B macc-criekTpax OCHOBHBIM SIBJISIETCSI MOJIEKY/ISIPHBIN
VIOH, mayibHelias dparmeHTal sl IPOMCXOIUT C paciia-
JIOM HaChIIIeHHbIX IIUK/IOB.

Pacnipenenenyue apoMaTuyeCcKuxX TPUTEPIIEHOUIOB
MPaKTUYeCKN UIEHTUYHO B 06eMX Mpobax, UTo SIBISIETCS
C/1eICTBMEM KaK OLHOTUITHOCTY UCXOLHOM pacTUTENbHO-
CTH, TaK U YCJIOBUIA, PU KOTOPBIX MpOTeKana TpaHchop-
Mauus JaHHBIX coeguHeHni. MakcuMaibHash KOHIIeH-
Tpauus s 06eux Mpob xapakTepHa [j1s1 IeHTaHOP-ypca-
1,3,5(10),6,8,11,13,15,17(18)-HoTaeHa coctaBa CysHyy
(ctpyktypa 14, puc. 4, 5). B pabore [28] 651710 1TOKa3aHoO,
YTO COOTHOIIEHME TPU- U TeTpaapoMaTUUeCKUX TPUTep-
MIeHOB TOJIOKUTEIbHO KOpPeJupyeT ¢ M3MeHeHueM Ia-
sneoknumara. Tak, Harmpumep, IIpU CyXOM WU TeIJIOM
K/IMMaTe TeTpaapoMaTuyecKye TpUTepIeHbl CTAHOBSIT-
cs1 MpeobaialouMu Haf, UX TpUapoMaTUUeCKUMU Ipo-
M3BOAHBIMMU. Bo BilaskHbIe WM XOIOAHBIE TIEPUOLbI, Ha -
060pOT, TpMapoMaTuyecke TPUTEPIIeHbI CTAHOBSITCS 10-
MUHMPYIOLUIUMU.

3akiloueHue

BrinosiHeHO 1Mcc/iefoBaHMe COCTaBa YIIeBOLOPOIOB
6uTymMoua qByx mpob Topda, oToO6paHHbIX 13 OOHAKe-
Hust YepHblii SIp B cpefHeM TeueHun p. Beiuerabl. CornacHoO
JIaHHBIM MaJIMHOIOTUYECKUX UCC/IeIOBaHMI, U3yUeHHbIE
MPOOBI XapaKTEPU3YIOTCS B I[€JIOM CXOXKMM COCTaBOM I1a-
JIMHOMOP .

Cpeny KOMIIOHEHTOB anudaTuueckoi Gpakimm GuK-
CUPYeTCSI IPUCYTCTBYE BbICOKOMOJIEKY/ISIDHBIX HeueT-
HBIX H-aJIKAHOB KaK OCHOBHBIX KOMIIOHEHTOB, a TaAKKe
3HAYMTEJbHOTO MO BbICOTE Muka 18-HopabueTaHa.
KoHIleHTpalus 3TOro AuTepleHousa — MpOou3BOAHOTO
abMeTVHOBOI KMCJIOThI, XapaKTEPHOTO JI51 XBOWHBIX CO-
eV HEeHN, IpeBbIlIaeT KOHIIEHTPaIM0 HOPMa/IbHBIX aJl-
KaHOB B ITpo0e Topda, cogepskaliero Cropo-IbuiblleBO
KOMILJIEKC TEMHOXBOITHOTO jieca. ApoMaTuueckue ppax-
Iy GUTYMOUIOB COIEPKAT MHOTOUYMCIIEHHbIE KOMIIO-
HEHTHI, ABJISIONMeCs TPOU3BOIHBIMY TPUTEPIIEHOU OB
C TYTIaHOBBIM, OJIeaHAHOBBIM ¥ YPCAHOBBIM YTJIEPOIHBIM
CKeJIeToOM, a TakXke apoMaTuueckyue Ipou3BOIgHbIE I1-
TepIIEHOWAO0B C a0MeTAaHOBBIM YIJIEPOJIHBIM CKEJIETOM.
[Tpou3BOgHbIE TPUTEPIIEHOUAOB 00PA3yIOTCS IIPU TPAHC-
dbopmanyuu B ocagkax coenMHEHMH TUIa OeTy/JIMHA,
o- ¥ B-aMUPUHA, SBASIOIUXCSI IUTTUAHBIMY KOMITOHEH-
TaM} MMOKPBITOCEMEHHBIX.

ITo maHHBIM MATMHOJIOTUYECKUX UCC/IeIOBAaHMIL B U3-
YUEHHOM y4acTKe pa3pe3a TOPQSIHMKA BbIIEISIOTCS CIIO-
ponbuibleBble KoMmIuiekcsl (CIIK-1 m CITK-2), xapakrepn-
3ylolMecs: IPUCYTCTBUEM MbUIbIIbI XBOMHBIX U TIOKPBITO-
CeMeHHbIX JlepeBbeB. Hamune B ciekTpax Irpeumyiiie-
CTBEHHO IbUIBIIbI €JIV ¥ OepE3bI OTpaKaeT pa3BUTHE HA
TEPPUTOPUM UCCIIENOBAHMIA €JIOBBIX U 6€pPEe30BbIX JIECOB. B
HIDKHEeI YacTy IIPOLIeHTHOe cofiep>kaHue IbUIbIIbI XBOJ-
HBIX [TOPOJ, €11 ¥ COCHbI MMeeT 60Jiee IMPOKUIA MHTEPBA
Bapualuy 1 U3MeHsIeTcs OT 26 10 58 %, cocTaBiisisl B cpef -
HeM 40 %,,,, @ B BepXHeil VIX OISl yBeIYMBaeTCsT (46—54 %;
51 %p)- YITIEBOAOPOAHBII COCTAB M3yYEHHBIX IKCTPAKTOB
TopdoB, coorBeTcTByrONMit CITK-1 1 CIIK-2, mogTBepkaa-
eT CyllleCTBeHHbIl BRI ONpelel€HHbIX BUIOB ITIOKPHITO-
CeMeHHbBIX pacTeHMIt PU yUacTUM XBOIHOM pacTUTETbHO-
cTH B Iiporiecce TopdoobpasoBaHus. [ obecrieueHmst KOp-
PEKTHOCTU UCC/IeN0BaHMl [JIs1 BbISIBIEHUST BEPTUKATbHO-
ro pacrpepnejieHus yrieBoJopoI0B-61MOMapKepoB U
cocTaBa NAIMHOMOP® B TOP(PSIHBIX TOMILIAX M3MEHEHMS BU-
IIOBOTO COCTaBa HeOOXoaMM 6oJiee MeTaabHbIN (Y3KUii) OT-
60p Mpo6, UTO NAET OCHOBaHMe IIJis Ja/IbHeiIiero, 6onee
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Puc. 6. Macc-CreKTphl psifia KOMIIOHEHTOB apoOMaTHUecKoit hpakiium sKcTpakta Topda. Homep CTpyKTypbl COOTBETCTBYET
HOMepY Ha pUCYHKe 4

Fig. 6. Mass spectra of a number of components of the aromatic fraction of the peat extract. The structure number corresponds
to the number in Figure 4

YIJIyOJIEHHOTO M3YYEeHMsI ¥ COTIOCTaBJIEHUS YIVIEBOJOPO. -
HOT'O COCTaBa C MaJMHOJIOTMYECKMMMUM JAaHHbIMMA.

TakuM 06pa3oM, MPOBEAEHHbBIE UCCAIOBAHMS I10-
3BOJIMJIM YCTAHOBUTh KAUECTBEHHBI COCTAB 3KCTPaKTa
Topda Beruerogckoro 6acceiiHa, obpasonasiierocst 5200—
4500 et Ha3am, ¥ OKa3aTh COIIOCTABMMOCTb T€OXUMM-
YeCKMX JAHHBIX C pe3y/bTaTaMy MMaJMHOIOTUUECKUX UC-
cnemoBaHmii. [lToka3aHbl BO3MOKHOCTY IMArHOCTUKU MO
COCTaBY YIVIEBOJIOPOOB BKIaAa Pa3JIMUHbIX IPYIIIT BbIC-
IIMX pacTeHuit B cocTaB TOp(dOB, a SHAUUT U ONpefee-
HMST 0COOEHHOCTE IpeBHUX OMOTOIIOB.
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9BOIIOLVSI MICTOYHMKOB 30/I0Ta B npoiecce GopMupoBaHus
30JI0TOPYAHBIX MeCTOPOXaeHun (Ha npumepe BocTouHoim AKyTun)

A. B. Kokunl, P. B. KpaBiosn2

110skHO-Poccuitckmiit MHCTUTYT yIIpaBjieHus: Poccuiickoi akageMuy HapogHOIo X0351iCTBa
U rocyaapcTBeHHoit cryk6sr (PAHXuI'C), PoctoB-Ha-loHy, avkokin.ru
2000 «CUB Uupyctpusi» 000 «DAPT», IKyTCK, kravtru@gmail.com

B oT/MuMe OT yCTaHOBMBLUMXCS NPEACTABEHUI O CBA3M 30/10TOMO OPYAEHEHMS C KAKUM-NMBO KOHKPETHBIM MCTOYHUKOM NpeanaraeTcs
MOAE/b 3BOIOLMMU PA3HbIX UCTOYUHMKOB NPU GOPMUPOBAHUM FEONOMMYECKMX CTPYKTYP BOCTOUHOTO 06pamneHns Cubupckoi nnatdopmsl.
Mopenb 0CHOBaHA Ha pacyéTe peroHanbHbIX KNApKOB 0Ca0UHbIX, U3BEPXKEHHBIX MOPOS, U MMHEPANIOB C BbIAENEHWEM CTPATUrPaGUUECKMX
YpOBHEI NepBUYHOro oboralleHus 3010Ta B 0CaA04HbIX MOPOAAX. YCTaHABIMBAETCS NOAMITANHOCTb U NOAUCTALUIHOCTb 3BONHOLMM
MCTOYHMKOB BC/IEACTBME NepepacnpeneneHuns 30/10Ta B COCTaBe 0CAA0UHbIX MOPOS U MUMHEPANIOB MOJ, BAUSHUEM Pa3HbIX SHAOMEHHbIX
areHToB TenjoMacconepeHoca. [naBHbIM YCOBUEM NIOKANN3aLMK 30/10TOFO OPYLEHEHUS B PETMOHE SBASETCS HaZMuMe YpOBHEN
NEepBUYHBIX HAAKNMAPKOBbIX KOHLEHTPaumii 30107a B Typbuantax Rz C3—Pq, T3 enbtoBbIX Gaumit NOABOAHbIX CKIOHOB. OCHOBHbIMM
KOHLEHTpaTopaMu 30/10Ta B 0CaAKaxX SBASKOTCA MAapKasuT U NUpUT. oL BAMSHUEM pasHbIX areHTOB TeMJI0MacconepeHoca 30/10T0
nepepacnpegensercs no GpoHTY TENA0BOro NoToka, GOpMMUPYs 30HbI PACCESHHON MUHEPaNU3aLMM C BbICOKUMU €r0 COAEPXKaHMSIMU
B NVMPUTE M apCEHONUPUTE. 3aTEM B YCIIOBUAX NO3AHMX HANOXKEHHbIX TMAPOTEPMaNbHO-METACOMATUYECKMX MPOLLECCOB 30/I0TOHOCHbIE
MUPUTBI U APCEHONMPHTLI 0CBOBOXAAKOTCS OT 6O/IbLLEN YaCTW 30/10Ta, KOTOPOE NOSIBASIETCS B COCTABE PYL NO3LHErO 3Tana pyaoobpa3oBaHus
B GopMe BUAMMbIX 30/I0TUH.

KntoueBble cnoBa: BocmoyHas gKmeﬂ, 380/10UUA UCMOYHUKOB 30/10ma, peeUoHa/1bHble KAapKu I’IO[JOO u MUHepasnoe-KoOHUeHmpamopos
30/10ma.

Evolution of gold sources in the process of formation of gold deposits
(evidence from Eastern Yakutia)

A. V. Kokinl, R. V. Kravtsov2

1 South Russian Institute of Management of the Russian Academy of National Economy
and Public Administration (RANEPA), Rostov-on-Don
2000 "SIB Industry" 000 "FART", Yakutsk

In contrast to the established ideas about the relationship of gold mineralization with any specific source,a model is proposed
for the evolution of different sources during the formation of geological structures in the eastern framing of the Siberian Platform.
The model is based on the calculation of regional clarkes of sedimentary, igneous rocks and minerals with the allocation of strati-
graphic levels of primary gold enrichment in sedimentary rocks. The poly-stage and multi-stage nature of the evolution of sources
is established through the redistribution of gold in the composition of sedimentary rocks and minerals under the influence of var-
ious endogenous heat and mass transfer agents, in particular, under the influence of carbonatites. The main condition for the local-
ization of gold mineralization in the region is the presence of levels of primary supraclarke gold concentrations in turbidites
Rs, C3—P4, T5 of the deltaic facies of submarine slopes. The main gold concentrators in sediments are marcasite and pyrite. Under
the influence of various heat and mass transfer agents, gold is redistributed along the heat flow front, forming zones of dispersed
mineralization with its high contents in pyrite and arsenopyrite. Then, under the conditions of late superimposed hydrothermal-
metasomatic processes, gold-bearing pyrites and arsenopyrites are released from most of the gold, which appears in the composi-
tion of ores of the late stage of ore formation in the form of visible gold particles.

Keywords: Eastern Yakutia, evolution of gold sources, regional clarkes of rocks and gold-concentrating minerals.

Hue
Beene 7,11, 12], u u3Bep)keHHBIX FTOPHBIX [1OPOZ, MeTamMophn3-

BbIsSICHEHME UCTOYHMKA 30JI0Ta MPU 06pa30BaHUNA
KOHKPETHOTO 30/I0TOPYLHOrO MeCTOPOXKIEHUS — 3TO HE
CTOJTBKO Hay4yHas MpobsieMa, CKOJIbKO MpaKTUyecKast, mo-
3BOJISIIONIAs 3(PEKTMBHO HAIIPaB/ISATh IIOVCKOBbIE pabo-
ThI U 1aBaTh OLI€HKY ITePCIIeKTUBbI U3y4YaeMbIX PYIHbIX
00beKTOB. OTHAKO MO3HAHME MPUPOIbI MCTOUHUKOB Me-
Ta/UIOB B PYLHBIX MeCTOopokaeHusx [8, 10, 14, 15] npex-
CTaBJISIET COO0VI UMEHHO KOMILIEKCHYIO HAYYHYIO ITpo6Iie-
MY, OXBaTbIBAIOLIYI0 UCTOPUIO HE TOIBKO re0IOrn4eCcKmx
CTPYKTYP, HO ¥ 0CalOYHBIX, BKJIIOUas yIieponucTsle [1, 4,

Ma, MeTacoMaTu3Ma U r’uIpoTepMajbHON NesaTelbHOCTH.
Ha npumepe BocTouHoti SIKyTUM aBTOPBI MOCTABUIIN 3a-
Javy MCCIef0BaTh MeXaHM3Mbl HEOLHOKPATHOTO Iepe-
pacmpeleneHus 30JI0Ta B [I0POJaxX ¥ MUHepajax B X0[e
BCet UCTOopuy 06pa30BaHMsI 30I0TOPYIHBIX MECTOPOXKIE-
HMi1. Tem cambIM IIpefiCTaBIISeTCA BO3MOXKHOCTD I10Ka3aTh
3BOJIIOLIVIOHHYIO IIPUPOLY MCTOUHUKOB 30JI0Ta, OXapaKTe-
p¥30BaTh 3aKOHOMEPHOCTU UX U3MEHEHMS BO BDEMEHM B
3aBMCUMOCTHM OT COCTaBa PyLOBMelaloleil cpeabl U Ha-
JIOYKEHHBIX IIPOLeCCOB TeIVIOMaccoIiepeHoca.

Lnsa umtnpoBaHusa: KokuH A. B., Kpasuos P. B. 3Bontoumns MCTOYHMKOB 30/10Ta B npouecce GOpMMpPOBaHMS 3010TOPYAHbIX MECTOPOXAEHUI (Ha npumepe
BocTouHoit fkytum) // BectHuk reoHayk. 2022.10(334).C. 23—35.D0I: 10.19110/geov.2022.10.3

For citation: Kokin A. V., Kravtsov R. V. Evolution of gold sources in the process of formation of gold deposits (evidence from Eastern Yakutia). 2022,

10(334), pp. 23—35, doi: 10.19110/geo0v.2022.10.3
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B nipepenax FOro-BocTouHoit IkyTun B reosiornye-
CKMX CTPYKTYypax (puc. 1) u3BeCTHbI CJiefylliye MuHe-
paJibHbIe TUIIbI 30JI0TOPYAHBIX MECTOPOKIEHMI, TTPOSIB-
JIEHUI U TOYeK MUHepaIn3alun: 30JI0TONUPUTOBBIN (3a-
YacTy0 Haubosiee paHHMIA B TOMMITATTHBIX M TTOMVCTAI NI -
HBIX MECTOPOXIEHMSX); 30/I0TO-TMPUT-aPCeHOTMPUTOBBIN;
30JI0TOCY/Ib(OTEJLTYPUIHBIN (30710TO-BOTbGPaM-BUCMYT-
TeJUTYPUIHBIN); 30J10TO-ChaepUT-raJIeHUTOBBIN; 30/10-
TOCYJIb(MPOAHTUMOHMUTOBBIN; 30JI0TOCEPEOPSIHBIA.
®opMMUpOBaHME ITUX TUIIOB TPAAUIMOHHO OOBSICHSIOCH
TeHeTUYeCKOit CBSI3bI0 WM C MTO30HEeIeBOHCKMMMU U3BepP-
SKEHHbIMM TIOPOJAMM OCHOBHOTO cocTtaBa (CeTte-JlabaHCKumii
aHTUKINHOPUIT), uau ¢ menoBbiMu (K;-K,) marmaTtura-
MM CpegHEeKNC/IOro COCTaBa, 3ajeraiMMy B TeppUTeH-
HOM U BYJIKAHOT€HHOM KoMILeKcax FO>kHo-BepxosiHCKoTro
CMHKJIMHOpYS. B mociegHee BpeMst 06CyXmaeTcs CBSI3b
30JI0TOTO OPYAEHEeHUs ¢ KapOOHATUTAMM, JTIOKAJIM30BaH-
HbIMMU B TepPUTE€HHOM BePXOSIHCKOM KOMILIEKCE.

IIpocTpaHcTBeHHAs 30HATLHOCTD paclpeneneHs Mu-
Hepa/IbHBbIX TUTIOB MECTOPOKAEHMI B HAITpaBIeHUM OT
KUCIBIX MHTPY3Mit BO BMellalolie 0cagouHble TOPOAbI
(1Ha mpumepe nuddepeHIpoBaHHOrO IBIOMHCKOTO Mac-
cuBa rpa"noanoputos K, —K,) onpenesnsercs cienyrouien
MOCJIeIOBATEbHOCTBIO: 30/I0TOCY/Ib(OTENITYPUIHBIN —>
30JI0TO-TIMPUT-aPCEHONMMPUTOBBIN — 30/I0TO-TaNeHUT-
chasepuToBBIii — CyIbPOAHTUMOHUTOBBIN. s
Kypymckoro nuddepeHupoBaHHOTO MaccuBa IpaHOM -
OPUTOB aHAJOTUYHAS 10C/AeN0BaTeIbHOCTh TUIIOB MMeeT
BI/JI: 30JI0TOBOJIb(PAMOBBIN — 30JI0TOCYTbMOTELTYPUT -
HBII1 — 30JIOTO-TIMPUT-ACPEHONTUPUTOBBIN. I[Togo6HbIE
MIPOCTPaHCTBEHHbIe HEOTHOPOLHOCTM 30/I0TOPYLHOM MU-
Hepanu3alu, COIpsHKeHHbIe ¢ C KMCIBIM MarMaTu3MOM,
MHOT'MMM T'e0IoTaMi OJJHO3HAUHO BOCIIPUHMMAIOTCST KaK
rapareHeTMUeCcKMe WIM JaKe reHeTUueckue. XOTs HeKOo-
TOpbIe MeCTOPOXIEeHMS U PYIOIIPOSIBIEHMS 30/10Ta B Uép-
HOCIaHLeBbIX Tonuax C;—Py B Amtax-lOHbCKOM 30710TO-
HOCHOM pajioHe, BK/II0Yast CTPaTUOUIIMPOBAHHYIO0 MaJIO-
CYbMUAHYIO 30/I0TOKBAPIIEBYI0 MUMHEPAIM3AIMIO HA Me-
cropoxnpenusix HOp, bynap, bpuugakut, OHouaxax u gp.
[7], He MMeIOT Jaxke OTAATIEHHO IPOCTPAHCTBEHHOM CBS-
31 ¢ MarmaTu3mMoM. He ycTaHaB/IMBaeTCs TakoKe IMPOCTPaH-
CTBEHHAas CBSI3b C MAarMaTM3MOM M /I 30JI0TOPYAHO MU-
Hepanu3aluyuy B HEKOTOPBIX MeCTOPOXAEHUSIX U TIPOSIB-
JieHussxX BepxHe-MIHOIUTMPCKOTO 30JI0TOHOCHOTO paiioHa,
JIOKaJIM30BaHHBIX B TypouauTtax Tz (MecTOpoxKaeHMne
banpan, TaHuMHCKOe U [Ip.). 30JI0TOPYLHASI MUHEpaIn3a-
uyst Ha Tepputopun Cerre-1abaHCKOTO aHTUKIMHOPUS
CBSI3aHa JIMIIb C MeJIOBBIMMU MTPOAYKTaMU TUAPOTEPMaIIb-
HO-MeTacoMaTUUeCKUX M3MeHeHMit Mo3aHeeBOHCKIX
nmosnepuToB. C IPyrMMu MarmMaTuyecKuMu 06pa3oBaHmsI-
MM Ha pacCMaTpuBaeMOit TeppUTOPUHM, 3a UCKITIOUeHMEM
BY/IKaHUTOB OXOTCKOT'0 KOMILJIEKCa, TPOCTPaHCTBeHHAas
CBSI3b 30JI0TOTO OPYAeHeHMs TAKKe He BbISIB/IEHA.

Bosee nospHue ucciaenoBaHms, OAHAKO, TOKa3aln,
YTO B CJIyyae MPUYPOUeHHOCTY IPAHUTOUIOB K TepPUTEH-
HbIM TonaM C;—P¢ B Annax-lOHbckoM uimm Tz B BepxHe-
VHaurupckoM paiioHax, OTIMUYAIONIMMCS OT BCeX APYIUX
yacTeil pazpe3a BepXOSHCKOr0 KOMIUIeKCa HaIK/IapKOBbI-
MU COLepKaHuIMMU 3010Ta [4, 7, 9], Bce-Taku NOABIISETCA
HEKOTOpas MPOCTPaHCTBEHHAs CBSI3b (COHAXOXKIeHMeE) 30-
JIOTOPYAHOJ MUHepan3aluiu pa3HbIX MUHEPATbHbIX TH-
TOB C MarMaTUTamMmu. ITO paclieHMBAeTCsS HaMM Kak Iia-
pareHeTuuUecKasi CBsI3b 30JI0TOTO OpyJAeHeHMs C TPaHUTO-
MOaMu, BO3HMKIIAS 3[eCh BCAEACTBME MOOMIM3ALINY 30-

Puc. 1. Teonoro-cTpyKTypHas mosuius pernosa: I — Cubup-
ckas riatdopma (CIT); II — [penBepxosiHCKUIT KpaeBoit IIpo-
u6; Il — Keutaxckoe mopusatue (KII); IV — CeTre-JabaHcKuit
a"TukanHopuii (CIOA); V — KOkHO-BepxosiHCKMIi CUHKIVHO-
puit (IOBC); VI — Bapaunckuit antukamuopuit (bA);
VII — Capranckuii cunkiamHopuii (CC); VIII — Oxotckuii Byi-
KaHOTeHHBIN 1mosic; [X — 06/1acTh pasBUTHUS TEPPUTEHHBIX
nopog, Cz—P ¢ HaAKIapKOBBIMMU COLEPKaHMUSIMU 30/10Ta:
1 — MITOKM, MacCUBBI YIbTPAOCHOBHBIX II€JI0YHBIX IOPOA, U
Kap60oHaTUTOB €—D3; 2 — cuIbL, AaliKy f101epuToB Ds;
3 — Amypckuit Kap6oHaTHbII WTOK (quanup) K;; 4 — 3050-
TOPYLHOE MeCTOPOXKIeHMe, TOKa/IM30BaHHOE Cpeiyt YePHO-
CJIaHIIeBOJi TOJNLIM MMOHEPCKOM cBUTHI Rz pn. [logo6GHbIe
3HA4YKM 6e3 HOMEPOB Ha PUCYHKE — 30JI0TOPYAHbIE MECTO-
POXIeHMs, T0KaAM30BaHHbIE B TEPPUTEHHOM BEPXOSIHCKOM
koMmIuiekce Cz—P; ¢ HaZIKIAPKOBLIMM COZIeP3KaHUAMM 30/10Ta;
5 — mMaccuBbl, ITOKM rpaHnToMA0B K;—Kj; 6 — cy6BYyIIKaHbI
Y ByJIKAHMUYECKMe KyI1oja Kucaoro cocrasa K;—Ky; 7 — xomi-
JIEKCHI paHHEA0KeMOPUICKOTO HyHAAMEHTa KOHTUHEHTAb-
HOJ1 36 MHOI1 KOPbI; 8§ — TMAPOTepMa/IbHO-MeTaCoOMaTUUeCKM
M3MeHEHHbIe 30JI0TOHOCHBIe aiiky 1oneputos Dz; 9 — nud-
dbepeHLMPOBaHHbIN IBIGMHCKMI MacCUB TPAHOOMOPUTOB
K;—Kj,; 10 — nuddepennypoBanHsblit Kypymckuit maccus
IrPaHOIVIOPUTOB

Fig. 1. Geological and structural position of the region:
I — Siberian platform (SP); II — Pre-Verkhoyansk marginal
trough; IIT — Kyllakh uplift (KP); IV, Sette-Daban anticlino-
rium (SDA); V — South Verkhoyansk synclinorium (SWS);
VI — Barainsky anticlinorium (BA); VII — Sartan synclino-
rium (SS); VIII — Okhotsk volcanogenic belt; IX — area of de-
velopment of C;—P; terrigenous rocks with supraclarke gold
grades: 1 — stocks, massifs of ultramafic alkaline rocks and
carbonatites €—Ds; 2 — sills, dolerite dikes D3; 3 — Amur car-
bonatite stock (diapirs) K;; 4 — gold deposit localized among
the black shale sequence of the Pionerskaya suite Rz pn.
Similar symbols without numbers in the figure are gold depos-
its localized in C;—P; terrigenous Verkhoyansk complex with
supraclarke gold grades; 5 — massifs, stocks of granitoids
K;—Kj,; 6 — subvolcanoes and volcanic domes of acid com-
position K;—K,; 7 — complexes of the Early Precambrian
basement of the continental crust; 8, hydrothermally-meta-
somatically altered gold-bearing dolerite dikes Dz; 9 — dif-
ferentiated Dybinsk massif of granodiorites K;—Kj; 10 — dif-
ferentiated Kurum massif of granodiorites
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JIOTa 113 HEKOTOPBIX TEPPUTEHHBIX TIOPOJ, BEPXOSTHCKOTO
KOMILIeKCa.

TepMIMH «COHAXOKIEeHME» aBTOP UCITOIb3YeT CO3-
HaTeJbHO, ONIMPAsICh HAa NpeCcTaBIeHNs akageMuKa
B. M. CeBepruna [13] 0 COBMeCTHOM IIPUCYTCTBUU MUHE-
pajnoB, IOPOJ, U PYJ, B COCTaBe Pa3IMYHBIX I10 COCTABY Tej
6e3 MX TeHeTUYeCKOM MPUBI3KU K UeMY-I1M60 KOHKpPeT-
HOMY [2]. B TakMX cuTyaumsix MOXXHO TOBOPUTD JIUIIb O
MIPOCTPaHCTBEHHOI CBSI3Y OPy[eHEeHMS C BMelaiol MM
1opozamy, a BOT (PakT reHeTMYECKO CBSI3M HAIO TOKa-
3bIBaTh. [loCenHsISI MOXKET 0Ka3aTbCsl pacCpesOTOUeHHOI
— IeTepMUHMPOBAHHOI BO BpEMEHH, T. €. GOpMUpYIOLIei-
Cs1 IOCTETNIeHHO B M3MeHSI0Ielicsl OKpYy>Kaloleli Teooru-
YecKoi cpefie MOJ BAMSHMEM HaJIOXKeHHBIX PU3UKO-XU-
MUYEeCKMX Y TeOXMMUYECKUX MMPOLLECCOB C Yepea0BaHu-
eM IIPOLIeCCOB paccesiHMsI M KOHLIEHTpaluy 30710Ta Ha
YPOBHE KaK FOPHBIX I10POJ, TaK ¥ MMHepaioB. Bo3Hukaromas
IIpM 9TOM TPOCTPAHCTBEHHAsI CBSI3b 30JI0TOTO OpyJeHe-
HMS C KOHKPETHBIMY IreoJIorMYecKMMHM cybcTpaTaMm Mo-
SKeT 0Ka3aThCsl BOBCE U He CBS3bI0, & CIyJaitHbIM COmmske-
HMEeM B IPOCTPaHCTBe — napacrepesucoMm o B. M. Ce-
BepruHy, a He napareHesucom 1o A. bperitraymnry [20].

MeToauKa uccnepoBaHuin

MeToayka OCHOBaHa Ha M3yuyeHUM KOHIeHTpaluit
XUMMWUYECKUX 37IEMEHTOB B OCa/IOUYHBIX M MarMaTuyecKux
TopoJaX OTHOCUTEIbHO KJIapKOB 3eMHOIi KOpbI, permo-
HaJIbHBIX KJIaPKOB, 00Pa30BaBIINXCSI B MICTOPUYECKMUX YC-
JIOBUSIX (POPMMPOBAHMS T€OIOTUUECKUX CTPYKTYP Permo-
Ha. C 3TOJ1 11eJIbI0 B XO/Ie re0JIOrMYeCKOT0 KapTUpPOBaHMUS
Y TOU3yUeHMsT B MaciITabe mMpoBOIUINCH IIETPOXUMUYE -
ckue, GpU3NKo-MexaHnueckue (TNIOTHOCTb, IOPUCTOCTbD,
00BEMHBIN BEC) U TEOXMMMUYECKIME UCCIeTOBAaHMS pa3pe-
30B 0CaJ0YHBIX, METAMOP(MUUECKNUX Y U3BEPKEHHBIX I10-
pon (KoJIMueCTBEHHbIN CIIeKTPaJIbHbIN, CIIEKTPOXUMUYE-
CKMI1 ¥ HEMTPOHHO-aKTUBAIIMOHHbBIN aHa/IM3bl TOPHBIX
MOPOI, PYA, U MMHEPAJIOB); TPOOUPHBII aHAIM3 30JI0Ta B
Tpoliecce reojioTMYECKOTO KapTUPOBAHMS U TOU3YUEHUS
B MaciuTabe 1 : 200 000 — 1 : 50 000. PaccunThIBaINCh pe-
TMOHaJIbHbIE KJIapKy (reo(dOH) 3/IEMEHTOB B TOPHBIX I10-
poliax 1 MUHepasiax B paMKaxX pa3HbIX 10 CTPOEHUIO U
BO3pacCTy pPermoHaJbHbIX T'€0JOTUYECKUX CTPYKTYP
BoctouHoi1 IkyTHu.

PesynbTaTthl MCCNeAOBaHUM

Ha ocHOBaHMM MOTyYeHHBIX PE3YIbTaTOB MOXKHO Clie-
JIaTh C1eAyolyie BbIBObI.

B paspes3ax HEKOTOPBIX OCAJOYHBIX ¥ U3BEPKEHHBIX
nopop, Ha Tepputopusix Keuutaxckoro nogHstusi, CeTre-
ITabaHCKOro aHTUKIMHOPUS U FOKHO-BepX0sSHCKOIO CUH-
KJIMHODPMS 110 CPaBHEHMIO C KJIapKaMy 3eMHOJ KOPBI yCTa-
HaBJIeHbI IOBBIILIEHHbIE KOHLIEHTPALM MHOTUX XUMKYe-
CKMX 37IEMEHTOB. 371eCh K OIpefie/ieHHbIM cTpaTurpaduye-
CKMM YPOBHSIM IIpUypoYeHa pyaHasi MUHepaau3anusi,
MIPSIMO KOPPEeNUPYIOIIasicsl 10 BayKHEMIIMM 37IeMeHTaM C
HaJIK/IApPKOBBIM 00OTallleHVeM 3TUMU JIeMeHTaMM BMelia-
IOLIVIX TOPU3OHTOB 0CaZOYHbIX IIOPOZ, (KOJIJIEKTOPOB). Tax,
MoJaBJisiiolee GOMBIIMHCTBO 30I0TOPYIHBIX MECTOPOsKIe-
HUI IPOCTPAHCTBEHHO TITOTeeT K TYpOUIUTaM WY TaK Ha-
3bIBa€MbIM UEpPHBIM CJIaHLIAaM Pa3HOTO BO3pacTa C IIPOCJIo-
SIMM KBapIl-TI0JIeBOIINATOBBIX ITecuaHyKoB (Tab. 1). [Ipu
3TOM 30JIOThbIe PY[bI B BUJ€ IIJIaCTOBBIX MJIM CeKYLIUX TeJl

yalire TATOTel0T K TPaHuIaM aJIeBPUTOBBIX U ITeCYaHUCTBIX
npocyioeB. CTpoeHue TYpOUANTOB COOTBETCTBYET ITOCIENO-
BaTenbHOCTU A. Byma [19]. ToHKOC/IOMCTBIE IpafaliiOHHbIe
aJIeBPOJINTHI OOBIYHO TTPE/ICTaB/IEHbI TOHKO3E€PHYUCThIMMU
TypOUAMTAMMU U TeMUIIeTIaTUTaMU TIOJBOSHOTO CKJIOHA U/
VM €T0 TIOTHOKMS [3] ¥ ONMMCBIBAIOTCS B €IMHUIAX M3Me-
peHus cToyH [21]. Kak nmpaBuiio, MOpoabl B 3TOM CJIydae Ipe-
BBIIIAIOT KJIAPK 3€MHO# KOpbI B 1.5—5 pa3 1 JOCTUTAIOT KOH-
LIeHTpalNii 30J10Ta OT 6 10 25 MI/T.

CpenHsst MpOOHOCTD 30JIOTUH B PYJax M POCCHIIISX,
JIOKQJIM30BaHHbBIX B TOMIIAX C HAAKIAPKOBBIMU COZepsKa-
HUSIMM 30J10Ta, 3aKOHOMEPHO MOHMXXAeTCs OT APEBHUX K
MOJIOABIM CKIaA4aThIM CTPYKTypam. ECTb, ogHaKoO, U UC-
KJIIOUEeHMST U3 3TOTO IMpaBuiia, KOrha 30/I0TO MPOCTpaH-
CTBEHHO CBSI3aHHO C KAPOOHATHBIM HMITOKOM (AMYpCKOe
30JI0TOPYIHOE U POCCHIITHOE MTPOSIBJIEHNE CpeAy Typoemu-
TOB paHHeIIepMCKOTr0 BO3pacTa), HO JJIOKaJU30BaHO B Tep-
pUTeHHOJ ToIIe paHHel mepMy C HaAKIapKOBbIMM KOH-
LEeHTpauyusIMM 30/10Ta. B aTux cyryyassx mpo6HOCTb 30J10-
TUH aHOMalbHO BbicoKast, 890—990 %o, NpOTUB 30/10Ta B
MecTopokaeHUsx Amnax-KOHbCKOT0 30I0TOHOCHOTO paii-
oHa ¢ T1po6oit 780—830 %o.

AHanu3 BbICOKMX PErMOHaIbHBIX MUHEPAIbHBIX Kaap-
KOB BBISIB/ISIET aHAJIOTMUHYI0 3aKOHOMEPHOCTh UX CBSI3U
MIPaKTUUECKM C TEMMU JKe HaJKIapKOBbBIMIM KOHIIeHTpaI/-
SIMJ 3JIEMEHTOB B 0Ca/IOYHBIX I10POJax [4], YTO MOXKeT CBU-
JleTebCTBOBATh O CXOAHO¥ IIpUUMHE MPOUCXOXKIEeHNS aHO-
manuii. I3 3Toro cienyer, 4To 30JI0TOe OpyJeHeHue umMe-
eT CJIOKHBIV MexaHM3M 00pa30BaHMsI, 00YC/IOBIEHHbIN SH-
IOTeHHO CTUMY/JIMPOBAHHBIM TEIVIOMaCCOIIEpeHOCOM B
YCIOBUSX JUTETbHOTO B3aMMOIeACTBMSI MarMaTU4eCcKmux
Y 0CaZIOYHBIX TOPHBIX TOPOJ, ITpU (OPMUPOBAHNM T'€0JI0-
ITMYeCKUX CTPYKTYP. [Ipy 3TOM OCHOBHBIM U CaMbIM pac-
MPOCTPaHEHHBIM KOHIIEHTPATOPOM 30JI0Ta B ITOPOAAX SIB-
JISIIOTCSI CTIOAbI, MApKa3UT, IUPUT, MUPPOTUH, a B pyJIax —
TpeuMyIeCTBeHHO MUPUT, apCEHOIIMPUT, B MEHbIIIel cTe-
TeH XaJIbKOMIMPUT, OJIeK/IbIe PyIbl, ChaTepuT, TaIEHNUT.
U3 HepyOHBIX (KMJIbHBIX) MMHEPAJIOB IJIAaBHBIM KOHLIEH-
TpaTOPOM 30J10Ta B COCTaBe Py, SABJSIETCS KBapll paHHUX
CTaAuii MUHepaau3aluum ¢ ocaeayouM pe3KUM YMeHb-
IIeHVEeM COfiepKaHMii 30/I0Ta U 30/I0TOCEPEOPSTHBIX OTHO-
IIeHMIi B 60Jiee MO3AHMX reHepausaxX KBapia.

B cocTaBe ocaf0uHbIX TTOPOJ, BEPXOSHCKOTO Teppu-
reHHoro komiuiekca (Cz—P;, Tz) perMoHaabHbIi KIapK
MapkasuTa (B 3aBUCMMOCTY OT BO3pacTa TOJMIIM MU Tay-
K1) Bappupyetcs ot 0.4 1o 4 r/T. B npouecce nmepexkpucrai-
JM3alMy MapKasuTa B MUPUT 3a TipefenaMu pyaHbIX IIPo-
SIBJIEHUI M MECTOPOXKIeHMI1 30/10Ta IO, BIUSIHMEM peru-
OHaJIbHOTO MeTaMopdu3Ma [1] TpoUCXOANUT ITepBUUHOE
oboraieHue 30JI0TOM TOHKO PacCeSTHHOTO B OCaOYHbIX
nopogax nupura no 12—34 r/t, usorga o 340 r/T (nopyxn-
Hasl ctagus). [IpyMepom 3TOro MOTYT CIAYXUThb
HesxxpgaHMHCKOe pygHOe 1one, pygHble mosig bagpaHa, FOpa,
bpunpaxura, Bynapa, OHouanaxa [6, 7, 9]. Takoit nupur
TIpY MepeKpUCTAIU3AIUY C YKPYTTHEeHMeM KPUCTA/LJIOB B
X0Jle KOHTaKTOBO-MeCTacoMaTUYeCKMUX M3MeHeHU oca-
IIOYHBIX TIOPOJ, B 30HAX APOOJIEHMS TEPSIET 30/I0TO IO CO-
IepskaHuit B ipegenax 10—35 r/T. BbicBOOOKIEHHOE 30-
JIOTO YKPYITHSETCS ¥ KOHLIEHTPUPYETCS] B HOBOOOPa30-
BaHHBIX XUIbHBIX Tenax. ComepskaHMs 30JI0Ta B IT034HEM
kBapiie cokpamiatoTtcs 1o 0.2 r/T npotuB 1.2—4 1/T B paH-
HeM KBapiie.

TakuM 06pa3oM, IBOTIOIMS 30JI0TOTO PyHo006paso-
BaHMS OXBAaThIBAET Pa3HbIE CTAANM Mpeobpa3oBaHMs BMe-
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HIAIOIINX OCAIOYHBIX OO, MCXOAHO OTAMYAIONIMXCS T10-
BBILIIEHHBIM PErMOHaJbHBIM KJIAPKOM 30JI0Ta 4 COOTBET-
CTBYIONIMM 00OTaIIEHMEM 30JI0TOM KBaplia U MePBUYHBIX
cyabbuI0B. BeicBOGOKAAIONIEECS B X0 € HATIOKEHHBIX 9H-
JIOTeHHBIX MPOLIECCOB 30/I0TO KOHIIEHTPUPYETCS B Oosiee
MO3IHUX KUIbHBIX TeIaX B CAaMOPOIHOV (opMe C pOCTOM
ero comepskanusi o 6—40 /T, a B 60HaHIIax 1 6ojee TOro.
CocraB 371eMeHTOB-IIpMMeceli B HOBOOOPa30BaHHOM Ca-
MOPOIHOM 30JI0T€e COBITaZiaeT C COCTaBOM CUIEepPOXaIbKO-
(OWIBHBIX 5JIEMEHTOB BO BMEINAIOIINX 0CAOYHBIX [TOPO-
Jax [18], uTo KOCBEHHO NOATBEPKAAeT CTAaTyC IMOCIeTHUX
KaK OHOTO 13 MepBOCTOYHMKOB 30JI0TA.

Tomnuu ¢ HagKIaPKOBBIMMU COJlEeP>KaHUSIMU B HUX 30-
JIOTa, MHOT/IA YIIepo/a, a Takke COMYTCTBYIOIMUX 30/I0TY
Meta/utoB: Mn, Fe, Ag, Cu, Pb, Zn, As, Sb — MmoryT 6bITb pa3-
HOTO Bo3pacTta — oT Rz (Kemaxckoe nopgustue) no Cz—P;
(YOxHO-Bepx0sIHCKMIT TepPUTeHHbI KOMILJIEKC) U ajee
1o Tz (CapraHckuit cuHKIMHOPUIL). Ho ux opmupoBanue
yalie BCero CBSI3aHO C TypOuaAMTaMy IMOABOISHOTO CKIIOHA
IebTOBbIX (aiii. CKBO3HBIM 3JIEMEHTOM 30JI0TOPYIHbIX
MeCTOPOXKIIeHMII SIBJISIETCSI MBIIIbSIK, 8 MUHepaJaMy-KOH-
LleHTpaTopaMu — IMIUPUT U apceHONUPUT. Dopma HaxoxkK-
IIeHUs 30JI0Ta B 0cajikax (0COGEHHO Ha TPaHUIlEe aleBpO-
JIUTOB U MECUYaHUKOB), CHOPMUPOBAHHBIX B BOCCTAHOBU-
TeJIbHBIX YCAOBUSX, OO CUX TOp IIJOXO M3yuyeHa.
[TpenrmosaraeTcsi, UTO TOHKOE 30JI0TO B OCAI0YHBIX [TOPO-
JlaxX CBSI3aHO OpraHUYeCKUM BellleCTBOM, a B ayTUTeHHBIX
MapKasuTe ¥ IMPUTE OHO JIOKAIM3YeTCsT Ha AedeKTax ux
KPUCTA/UIMUECKOI CTPYKTYPhI. B yC/IOBMSIX HAJTOSKeHUS Me-
TacOMaTUUECKUX U TUAPOTEPMaTIbHBIX CTAAUI 307I0TO
YKPYIHSIETCS U BBIAENSIETCST B GOpPMe COOCTBEHHBIX YaCTUI]
pa3HOTO pa3Mepa CHauajia B 3epHaX MepeKpuUcTaiin3o-
BaHHOTO MUPUTA, & 3aTEM B HOBOOOPA30BaHHbBIX CY/Ib(U-
Jlax — MpeuMYyIlleCTBeHHO B apceHonmpuTe. ITo3xe Takoe
30JI0TO TTeperpyInpoBbIBaeTCS B KBapIl MO3OHUX TUIPO-
TepMaJIbHbIX CTaaMIA.

Kak nmpaBmiio, aieBpolUThI COIEePsKaT TOHKOPaCCesiH-
HbIIi MapKa3uT, a HepeJKo U ero JIMH30BUAHbIe ITPOCIoN
¥ THE3Ha 10 5—7 cM pa3MepoM. MapKasuT TaKKe OT/IM-
YyaeTcs TOBbILIeHHBIM pPerMOHaIbHBIM KJIapKOM 30JI0Ta U
COITYTCTBYIOIIYX €MY 3JIEMEHTOB-ITPUMeCeii, BJusis Ha 00-
pa3oBaHMe HAAK/IAPKOBBIX KOHIIEHTpaIuii, Kak BO BMe-
HIAI0IMX TTOPOJax, Tak U B PyAax, KOCBEHHO MOATBEePXK-
[last BepOSITHOCTD MEPBUYHOTO MCTOYHMKA 30/I0Ta UMEH-
HO BO BMeI[aIINX 0CaJJOYHbIX TOPOJaX.

O6oraieHne 30JI0TOM 0CaZOYHbIX ITOPOJ, MOKET ObITh
00yCJIOBJIEHO AeHyaaIMeil 30I0TOCoAepXKalux cyocTpa-
TOB 60JIee APEBHMUX 3I0X, HAIPUMEDP KOHIJIOMEPATOB B CO-
CTaBe pa3HOBO3paCTHLIX TouL [14, 17]. 1o aTOM npuumHe
HeJIb3$51 OTPUIaTh BEPOSITHOCTD €ro IolagaHus B COCTaB
TypouantoB KOkHO-BepxostHCKOI cuHeKau3bl 1 Cap-
TaHCKOTO CUHKIMHOPUS (PUC. 1) 13 MOACTUIAIOMINX KOM-
TJIEKCOB paHHEI0KeMOPUIICKOTO GhyHIaMeHTa. 30/I0TO KaK
CUAEPOXaTbKOPUIbHBIN 3/1eMeHT [18] HakarBaeTcs B
ocajKax B BOCCTAaHOBUTENbHBIX YCIOBUSIX, CHAUaia KOH-
LeHTPUPYSCh B MapKa3uTe (pernoHaabHbIM KIapK 30/10-
Ta B MapKasute 4.5 r/T). 3aTeM B YUIOBUSIX PErMOHAIbHO-
ro MetTamopdusmMa MapKa3uT ePeXOIUT B TOHKO pacce-
SIHHBI} 30/710TOCOMepXKaluit TUPUT-1 (MeCTOpOKIeHUS
HexnpanuHckoe [16], IOp, Bpunpakut, OHouanax, KenHs,
Bagpan u np.). Kak 6bu10 BIiepBbie YCTaHOBJIEHO Te0JIora-
mu M. K. CunuueBsiM 1 H. B. Beno3sepiieBoit Ha
HexXXmaHMHCKOM 30/I0TOPYIHOM MeCTOPOKAEHUN, COfep-
SKaHMS 30JI0Ta B TAKOM ITUPUTeE yKe mocturaeTt 30—45 r/T.

B nmupure-2 n apceHonupuTe-1 13 HaJIO>)KEHHBIX TUAPO-
TepMaIbHO-MeTacoMaTHUueCKUX 00pa30BaHMil ComepsKa-
Hus 30710Ta JocturaioT 200—360 r/T u 6omee. B mupute-3
U apceHOmUpuTe 6osiee MO3MAHUX CEKYIIUX, TOJIOTOCEKY-
MIMX Y CyOCOITIaCHBIX MMHEPaJM30BaHHbIX 30H ApobIie-
HUS U TUIPOTEPMaIbHO- MeTacCOMaTUUYeCKUX M3MeHeHU
cofepykaHue 30/10Ta, HAIIPOTUB, CHOKAETCS TTOUYTH Ha 110~
pAIOK. BbicBOOOXKAEHHOE U3 CYTb(UI0B, OHO MOSIBJISIET-
cs1 B BuJe 000CO0OIEHHBIX 30/I0TUH B TOHKUX KBapPIIEBbIX
MPOKMIIKAaX ¥ 60Jiee MOIIHBIX XXWiaX (KBapii-1).

ITo GpOHTY ABVMKEHMST MarMaTUYeCKUX PACILJIaBOB
pa3HOTOo COCTaBa IO, BAMSHMEM (PU3UKO-XUMUIYECKUX
MPOILIECCOB ¥ KOHTAMMHAILIMM MOXKET ITPOUCXOIUTH 060-
raiieHue 30JI0TOM U3Bep>kKeHHbIX ITopo.. M3 3Toro cieny-
€T, UTO 30JI0TO B M3BEP>KeHHBIX ITOPOJax He SIBJIIeTCs mep-
BOMCTOYHMUKOM i pyA,. TakuM 1epBOMCTOUHMKOM MOTYT
BBICTYIATh MIEPBUYHO OOOralleHHbIE 30JI0TOM OCaZ0YHbIE
TOPO[Ibl, TOABEPTIIMECS S9HAOTeHHOMY SHepreTuyeCcKomMy
BO3JeiCTBUIO C TOC/IeyI0lllelt ITleperpynnmupoBKOii 30710-
Ta U NepeoTI0KeHNEeM er0 B MeTaCOMAaTHUThI U TUIPOTEeP-
MasbHbIe KUJIbI.

V3 BbIIIeM3/I05KEHHOTO CIeAyeT, UYTo 3ajaua onpese-
JIeHMSI ICTOYHMKOB 30J10Ta U COITYTCTBYIOIIMNX €My 3J1e-
MEHTOB He MOXET ObITh pellieHa OJJHO3HAUYHO OTOXK/IECT-
BJIeHMEM ero C KaKMM-TO OIHMM KOHKPEeTHbBIM reojiormye-
ckuM areHToM. @opmupoBaHMe Takoi CBSI3M — MHOTOCTa-
IOUIHBINA, @ MOXeT ObITh M MOJMUITANHbIN IpoIiecc
Mpeobpa3oBaHMs 0CAJOYHBIX ITOPOJ, M MMHEPAJIOB IO, BO3-
IeJICTBMEM HIOTE€HHBIX (PAKTOPOB B 30JIOTOHOCHBIE PY-
IIbl ITyTeM TeperpyrnmnupoBKM 1 BTOPUYHOTO KOHIIEHTPU-
poBaHMs M3HAYAJbHO HAJAK/IAPKOBBIX CONEpPsKaHMIA.
CrnemoBaTesbHO, MbI OTISITh BO3BPAIL[aeMcsl K ITpod/ieMe Tak
Ha3bIBaeMbIX ITIEPBUUHBIX OPEOJIOB B COCTaBe 30JI0TOPY-
HBIX MECTOPOXKAeHMI, KOTOpbIe MOTYT OKa3bIBaThCSI HE
opeoiamMmy paccesiHus, Kak 3To TpakToBain JI. H. OBUMHHMKOB
u C. B. T'puropsia, a opeonamMu HauaBIlIelics cerperamum.

[TpounnatocTpupyeM BbIABUHYTYIO UI€I0 IPUMEPOM
BHeJIpeHMsI AMYPCKOTO KapGOHATHOTO IITOKA MEeJIOBO-
ro Bo3pacTa B TeppureHHymwo tonmy P;hl;_,, oboramiéx-
HYI0 HaJKJIapKOBbIMM cofiepskaHusMu 30/moTa. Kak u3BecT-
HO, MHOTMMMU MCCJIef0oBaTesIMU IIPOCTPAHCTBEHHAS U T1a-
pareHeTnyecKasi CBsI3b 30/I0TOPYLHOTO OPYAHEHMS C STUM
HITOKOM oTpuiaetcsi. CuuraeTrcs, YTO B Ipeaeax
Kbuntoaxckoro rogHsatus u Cerre-1ab6aHCKOrO aHTUKIN -
HOPUSI C HUM IIPOCTPAHCTBEHHO CBS3aHbI TOJIbKO ocdart-
Has ¥ peJKoOMeTa//IbHO-peiKo3eMe/lbHas MUHepain3a-
LMY, TOKAJIM30BaHHbIE B OKPYKAIOIIUX TEPPUTEHHO-Kap-
GOHATHBIX, KAPOOHATHO-TEPPUTEHHBIX U TEPPUTEHHBIX
MOPOAaxX C BO3pacTOM OT MO3AHEro pudes A0 paHHEro Ia-
sieo30s. IIpu 9TOM cofepskaHue 30/10Ta B 3TUX MTOpoax
BapbMPYIOTCS B Mpeaenax 2—3.5 Mr/ T, UTO HUKe KiIapka
3eMHOI1 Kopbl. [IpoBeieHHbIe HAMM UCCIeA0BaHMS TIOKa-
3aJI1 Clleyrolee.

AMypckuit KapbOHATHBIN IITOK pacroyiaraeTcs B 6ac-
ceiiHe py4. AMypCKOTO Ha pa3BWIKe UCTOKOB pyd. Tum u
Tuk (6acceitH p. ThIpbl — IIPABOTO IIPUTOKA P. AJITIaH).
T'eonormnyecky sTa TeppUTOPUSI OTHOCUTCS K 30HE cousie-
HEeHUST CYyOMepUIMOHAIbHOTO U CEBEPO-BOCTOYHOTO pa3-
JIoMOB. IITOK BCKPBIT B CBOEN amMKaabHOM YacT (puc. 2),
rIe OH NMPUIIOAHMMAET U Pa3pbIBaeT 0CaJOUHbIe TOPOI b
OGOHCOTYAHCKO CBUTHI, 06pa3ys 1mopobye CUIbHOONCIIO-
LM POBAHHOM MeJIKOJ aHTUKINHaIN. [0 MHEHMIO aBTOPOB
CTaTbhM, ITO KJIACCUUECKMI KapOOHATHBII Tuanup [5], BHe-
IPUBIINIACS 10 30HE IJTYOMHHOTO CyOMEePUIMOHAIbHOTO
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Ta6nauma 1. [IpocTpaHCTBEHHAS CBSI3b 30/I0TOTO OPYIeHEeHMS B CKIaAUaThIX CTPYKTypax BocTounoit AkyTun
Table 1. Spatial relationship of gold mineralization in folded structures of Eastern Yakutia

MarmaTtuueckue
" 0CcafiouHble TIOPOJIbI
Igneous
and sedimentary rocks

Certe-[TabaHCKMIA
Koiimaxckoe 1 (COA
AHTUKIMHOPUI
nogsiTve (KIT) Sette—]gabafl )
Kyllakh uplift iclinori
anticlinorium

I0xHO0-Bepxosinckuii (FOBC)
n Capranrckuii cuHkinHopum (CC)
South Verkhoyansk and Sartang
synclinorium

VABTPAaOCHOBHbBIE
IIeJIOYHbIe MAarMaTUThI
€—D3, Kap6OHATUTDI
Ultramafic alkaline
magmatites €D,
carbonatites

[TpocTpaHCTBEHHAST CBSI3h MATMAaTUTOB C 30/I0TOM
MUHepanusalueit He HabIomaeTcst
Spatial relationship of magmatites with gold
mineralization is not observed

Ha6imomaeTcst mpoCcTpaHCTBEHHAS
CBSI3b 30/10Ta C KAPOOHATHBIM IITOKOM
pyubst AMypckoro, K;. Hagxnapkossie

koHueHTpauuu Ca, Mg, Fe, Mn, Co, Sn, S

HanknapkoBbie KOHIIEHTpaumu
Supraclarke concentrations
of Ni, Fe, Mn, Co, Zn, Cu, Ge, U, Th, Y, Ce, La

Spatial relationship of gold with the
carbonate stock of the Amursky stream, K,
is observed. Supraclarke concentrations
of Ca, Mg, Fe, Mn, Co, Sn, S

OCHOBHbIE MarMaTUTbI
Basic magmatites
R;—€

[TpocTpaHCTBEHHOI CBSI3M MarMaTUTOB C 3071
Spatial relationship of magmatites with

OTOJ MUHepanM3anyeil He HabIIOAAETCS
gold mineralization is not observed

HanknapkoBbie KOHIIEHTpaumu
Supraclarke concentrations of Ni, Fe, Zn, Cu, Ge, Hg

OCHOBHOJ1 MarMaTu3M OTCYTCTBYeT
No basic magmatism

OCHOBHbIE MarMaTUTbI
Basic magmatites
D;

HapakiapkoBble KOHIIEH-
Tpauyu B, Ni, Fe, Mn,
[Co, Zn, Cu, Au, Ag, [S,

Pb]. B ruzporepmanbHO-
MeTacoMaTUJIeCKy U3-

[TpocTpaHCTBEHHOM
CBSI3Y MarMaTUTOB
C 30JI0TOJ MMHEpaIu-

3alei He
HaGTIOnaeTCst MeHeHlei(X TonepuTax
Spatial relationship of Sgg;ico?% el\(I:iorlg(éerﬁZ;a_
magmatites with gold (Co, Zn A u’Ag )
mineralization is not b ’I i’l d’ h’ ) |
observed [S, Pb]. In hydrothermal-

metasomatically altered
dolerites

OCHOBHOJ1 MarMaTu3M OTCYTCTBYeT
No basic magmatism

CpenHye MarMaTUThI
Medium magmatites
J5—Ky

MarmaTusm OTCyTCTBYeT
No magmatism

[TpocTpaHCTBEHHASsT CBSI3b TOJIBKO TIPeIoa-
raetcs. HagkiapKoBbie KOHIIEHTpalym
Spatial connection is only assumed.
Supraclarke concentrations of
S, As, Pb

Kucrble MarmaTuThbI

MarmaTusm OTCyTCTBYeT

ITpocTpaHcTBeHHAsI CBSI3b 30JI0TOM MUHepa-
JIM3aLyM HabII0IaeTcst TONbKO C
TeppureHHbIMM ropogamu C;—P;.
HanknapkoBbie koHLleHTpauyuu B, Co, As, S,

Acid magmatites . Pb, Ag, Te, Bi, Sb
K;—K, No magmatism Spatial relationship of gold mineralization is
observed only with terrigenous rocks C;—P;.
Supraclarke concentrations of
B, Co, As, S, Pb, Ag, Te, Bi, Sb
CB$13b C YEPHBIMU CJIAHLIAMM Ha YPOBHE Rs,
a TaKke, BeposITHO, Ha ypoBHe €;. Hankinapkosbie Cpeny yepHOC/IaHLeBbIX TONM C3—P;y
YepHoc/aHIleBbie KOHLIeHTpauuy B nopogax Rz—Au, Cu, Pb, Zn,C; | ¢ HagkiapkoBbIMy KOHIeHTpauusmu Co,
(ymieponHble) TOMIIN B nopozax Cm; — Au, Co, Cu, Pb, Zn, (Hg), C, Pt Cu, S, As, Au, Pb, Ag
Black shale (carbon) Relationship with black shales at Rz level, Among black shale sequences C;—P;
sequences and probably also at € level. Supraclarke with supraclarke concentrations

concentrations in rocks Rz—Au, Cu, Pb, Zn, C;

of Co, Cu, S, As, Au, Pb, Ag

in rocks Cm; — Au, Co, Cu, Pb, Zn, (Hg), C, Pt

passioma ¥ IIPOpBaBIINii B TePUO, CKIag4aTOCTU Teppu-
TeHHYIO TOJIIY BEPXOSTHCKOTO KoMIiekca. ICTOUHUMKOM
ayanupa nocay>Kuiu NoACTUIA0LEe TepPUTEHHYIO TOJI-
Iy TOCTAaTOYHO IJIACTUYHbBIE TEPPUTEHHO-KapOOHATHbIE
1 Kap6OHATHbBIE ITOPOIbI JeBOHA-KapOoHa. B cocTaBe Kap-
OGOHATHOIO AMaINyMpa BbIE/SIOTCS paHHMe OpeKuMeBu/I -
Hble OT KPYITHO-CPeSHEe3ePHUCTBIX 1O TOHKO3EPHUCThIX
KapOOHATHBIE IOPOIbI U H0Jiee MO3AHNE TerMaTUTOBUI -
Hble KapOOHAaT-KBapLeBbIe KMUJIbI (TA0I. 2).
Kap6oHaTHbIe Topoabl mTOKa-auanupa [10] npex-
CTaBJIeHbl MAaCCMBHBIMM Pa3HO3€PHUCTBIMU JOTOMMUTO-
aHKepUTaMU, CoAepKalMMU pacCesTHHYIO BKPAIJIeHHOCTb

(mo 5—10 %) nupura, ¥ 6peKuUnsIMY KapObOHATHOTO COCTa-
Ba C BKPAIUIEHHOCTHIO 10 5—20 % MeIK03epHUCTOTO M-
puTa, 06pa30BaHHBIMM 3a CUET BMENIAIOIINX ITopo. Tero
IITOKA IIPOHM3aHO MO3THUMM KBapIl-KapObOHATHBIMU K-
JlaMM MOIITHOCTBIO JIO 2 M, B KOTOPBIX A0JISI BKpaIlJIEHHO-
ro nupurta moxet gocturatb 20 %. PegkuMmu MmmuHepasa-
MU SIBJISIIOTCSI TaJIeHUT U chaneput. Kapb6oHaTHBIE SKUITbI
comepskaT CyOKIapKoBbie comepkaHus Y (o 6 r/T)
1 Yb (o 0.8 r/T), a B 6perumsax ycraHosaeHbl Nb (1.9 1/T),
Ta (0.46 t/T), La (0.05 r/T) u nepwmit (22 r/T). HapkiapkoBbie
koHneHTtpauuu Ti, V, Co, Ni, Mn B mupuTe MeJIKO3€pHU-
CThIX MaCCUBHbBIX KapOOHATUTOB MOTYT CBUIETETHCTBO-
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Puc. 2. Kap6oHaTHBI MITOK (AMANMUP) CPeIy TEPPUTEHHBIX
nopop paHHel nepmu [10]. Bmemaruue nopoabl:
P;hl; — xanpimHCcKas cBUTA, HUKHSS oacBuTa; P1hl, — Bepx-
HSIS TIOJICBUTA, aJIeBPOIUTHI C IPOCIOSIMY IIeCUaHUKOB, C JIMH-
3aMM M BKpaIUIeHMsIMM TMPUTa-MapKasuta; P;bn — 6oHcosn-
YaHCKasi CBUTA, TOHKO3ePHUCTbIE [JIMHUCTbIE aeBPOIUTHI
C peKVIMMY TPOC/IOSIMY MECYaHUKOB. 1 — KapOGOHATHBII IITOK
(nyanup), J3—K;; 2 — nupuUTU3MPOBAaHHbIe KOHTAKTOBO-MeTa-
comatnyeckye o6pa3oBaHus 3a CYET 0CaJOYHBIX II0POJ, 060-
rauieHHbIe 30/I0TOM; 3 — ©1a6030/I0TOHOCHBIE KapboHAaT-
KBaplieBble XIJIbI B COCTaBe Kap6OHATHOTO MTOKA. CIIOIIHbIe
JVHUM — Pa3JIOMbl BePXOSIHCKOI Cy6MepuUAMOHaIbHOI
U CYHTapCKOJ CeBepo-BOCTOYHO CUCTEM

Fig 2. Carbonate stock (diapir) among terrigenous rocks
of the Early Permian [10]. Host rocks: P;hl;, Khalyin Formation,
lower subformation; P;hl, — upper subformation, siltstones
with sandstone interlayers, with lenses and inclusions of pyrite-
marcasite; P;bn, Bonsolchan Formation, fine-grained argilla-
ceous siltstones with rare sandstone interbeds. 1 — carbonate
stock (diapiric), ]; — weakly gold-bearing carbonate-quartz
veins within a carbonate stock. Solid lines are faults
of the Verkhoyansk submeridional and Suntar northeastern
systems

Ta6auua 2. PopMyJIbHbIN COCTAB JOIOMUTO-aHKEPHUTOBBIX KAPOOHATOB B AMYPCKOM IIITOKE M KJIIAPKU
MMUKPO3/IeMEeHTOB B IUPUTeE

Table 2. Formula composition of ankernite carbonates in the Amur stock and clarkes of trace elements in pyrite

PasHoBUOHOCTU Kap60HaTI/ITOB

Varieties of carbonatites Number of analyzes

KonnuectBO aHann3oB

Ammupuyeckue GopMysIbl Kap6OHATOB
Empirical formulas of carbonates

IMermaTonpaHblie / Pegmatoid 8

(Cag 9gMng ) (Mgp 79F€0,21)(CO3),

BpexuneBsbie / Breccia 10

(Cag 9oMnyg o1)(Mg gFeg 2)(Coy),

CpenHye KOHIEHTpaly 3JIEMEHTOB-TIpMMeceli B MUpUTe KapOOHATUTOB, T/T (n = 35)*
Average concentrations of impurity elements in carbonatite pyrite, g/t (n = 35)*

Ti A% Co Ni Cu n As

Mo Ag Pb Sn Cr Mn Au

556 7 35 52 16 47 45

1.1 0.12 16 60 3 558 0.4

PernoHaibHbIe MMHEpabHbIe KIapKu nuputa (n = 386)
Regional mineral clarkes of pyrite (n = 386)

300 | 5 | 20 | 28

| 100 | 125 | 1443 | 05 | 11

| 500 | 60 | 3 | 120 | 4 |

* CriekTpasibHbIi aHaam3. IIpo6upHbIi aHamms aaj 6osee 1 1/T BaJOBOrO COAEPsKaHMsI 30J10Ta, 110 JAHHBIM CIIEKTPOXMMMUYE-

CKOTo aHayim3a — MmeHee 1 1/T.

* Spectral analysis. Assay analysis gave more than 1 ppm of gross grade gold, according to spectrochemical analysis — less

than 1 ppm.

BaTh 06 yUaCTUM B UX COCTaBe INTyGMHHOTO BelleCcTBa.
OcrajbHble XaJIbKO(MUIbHbIE 3JIeMEHThI, YACTO aCCOLIM-
PYIOIIMecs C 30JI0TOPYIHBIMY MUHEpaIU3aIUIMM, B CO-
cTaBe MUpPUTa B KAPOGOHATHOM IITOKE e MOHCTPUPYIOT KOH-
LIeHTPaLVM HIKe PETMOHAIbHbIX KIaPKOB. OTO KOCBEHHO
CBU[IETEILCTBYET O TOM, UTO ITOPOIbI IIITOKA He MOIJIN ObITh
MCTOYHMKOM 30JI0TOTO OPYAEeHEeH M.

Kap6oHaTHbie 6peKuiit, Cyisl TI0 COCTaBY ¥ CTPOEHUIO,
06pa30BaINCh 3a CUET TEPPUTE€HHO-KapOOHATHBIX IIOPO/I,
MO CTU/IAIOIIMX TEPPUTeHHbIN BepXOSHCKII KOMILUIEKC. B
HUX B TEHEBBIX CTPYKTYpaXx MO MUKPOCKOIIOM MHOTA YCTa-
HaBJIMBAETCS MUKPOGDAYHUCTUUECKIMIT IETPUT, ITPEAIION0-
SKUTEIbHO KOHOIOHT, ¢ pasmepoMm yactuti ot 0.1 1o 1 mm.

BMmeIjaoiye IITOK TepPUreHHbIe ITOPOAbI PaHHeI
IepMy Ha KOHTaKTe C KapOOHATHBIM IITOKOM IIpeBpalie-

HbI B MEJIKO3EPHMCThIE aJIbOUT-KBaplieBble MEeTaCOMaTH-
ThbI ((PEHUTBI) C MEJIKO3EPHYUCTO-POTOBUKOBOI CTPYKTYPOit
Y IATHUCTO-CETYATOM TeKCTypoii. OHM OT/INYAIOTCS [TOBbI-
IIIeHHBIMM TIPOTUB PErMOHAIbHOIO KJIapKa comepsKaHmsI-
mu La u Ce. DTO CBSI3aHO C TeM, UTO eCUaHUCThIe ITPOC/ION
paHHel IepMM COiepsKaT IepeoT/IOKeHHbI MaTepua 3po-
IVPOBAHHBIX KAPOOHATUTOB. B oTHempHBIX paspesax P
copepskauye La u Ce mocturaet 3—3.5 knapkoB. CoueTaHue
CYOKJIapKOBBIX cofepykanuii La u Ce BO BHyTpeHHel ya-
CTM KapOOHATHOTIO IIITOKA C HEKOTOPBIM OboraIleHueM
STUMU 3JIeMeHTaMy (PPOHTAIbHOJ €0 YaCTU MOXKHO 00b-
SICHUTD ITpolleccamy o6MeHa BeIIeCTBOM MEXK/Y IITOKOM
1 ocagouyHbIMM Mopogamu. ComepskaHue 30/10Ta BO BMe-
HIAIOLIMX 0CAJOYHbIX IIOPOAAX COCTAB/ISIET 8—25 MI/T, UTO
TIpeBbIlIaeT PerMoHaIbHbINM KIapK B 1.5-3.2 pasa, a Kinapk
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3eMHOJi Kopsl 60j1ee ueM B 2—5 pas. B mepekpuctaminso-
BaHHBIX MapKasuTe U MUPUTE 0CANOYHbIX TIOPOJ, COAEePsKa-
HMe 30/I0Ta Bapbupyetcs ot 12 1o 206 r/T. Bo BHyTpeHHel
yacTy KapbOHATHOTO IITOKA COAEePsKaHue 30/10Ta, B OTJIN-
yye OT BMENIAI0IIMX OPOl, HAXOAUTCS Ha CYOKIapKOBOM
ypOBHe B 4—6 Mr/T, mOoBbIIAsICh 70 0.2—1.8 /T B MPUKOH-
TaKTOBBIX C HUM METAaCOMaTUYECKM IMpeoOpa30BaHHbIX
aJIeBpoIMTax OOHCOTUAHCKOI CBUTBI paHHE ITepMu.

V3 mpeacTaB/ieHHBIX JaHHBIX CIeyeT, YTO 06pa3o-
BaHMe KOPEeHHOTO 30JI0TOr0 OpyAeHeHUs 1 30JI0TOV poC-
CBIITM B paCCMaTpUBaeMOM 0OBEKTE, CKOpee BCero, o0y-
CJIOBJIEHO TIeperpynnmMpoBKoil HagKIapKOBbIX KOHIIEH-
Tpalii 30/10Ta BO BMeIAI X paHHEeIePMCKUX 0Cafou-
HbBIX MTOPOAaxX (XaJIbIMHCKasI ¥ OOHCOTYAHCKASI CBUTHI)
U comepsKalIMXcsl B HUX Cy/lbduaax 1Mo GpoHTY BHeApe-
HUS KapboHaTHOro auampa. OCHOBHAs 30JI0TOHOCHOCTb,
MPOCTPAHCTBEHHO TATOTEM0IAast K AMypcKOMY KapOoHaT-
HOMY LITOKY (OManupy), 00yCIOBJIeHa BOBCE HE CAMUM
IITOKOM. Bo-mepBbIX, OHa 06sI3aHa CBOMUM IOSIBJIEHMEM
BMeIlaIoUMM HITOK paHHEeIIepPMCKMM 0CafOUHbIM ITOPO-
JlaM ¥ aHOMaJIbHO 000TaIIeHHbIM B HUX 30/I0TOM CY/Ib(u-
IIlaM, @ BO-BTOPbIX, MEJIKO3EPHUCTHIM aJIbOUT-KBaPLEBbIM
MeTacoMaTUTaM, 00pa30BaBIIMMCS 110 OCAAOYHBIM ITOPO-
JIaM Ha (poHTe BHeApeHus IToka (quampa). ComepykaHue
30JI0Ta B COCTaBe MOHOMPAaKLMIi MMPUTA U3 0CATOUHBIX
nopog, (muput-1) BapeupyeTcst B rpeaenax ot 4 go 35 r/T
npu cpenHeM 3HaueHuu 29 r/T. Bo dbpakumsax nupura-2
13 METaCOMaTUTOB YCTAHOBJIEHBI O0JIee BbICOKME COHEP-
>KaHMS 30J10Ta, JocTUraome, 1o gaHHbiM M. K. CunnueBa
(1995 1.), 201 r/T Ipu cpegHeM 3HaYeHUU 42 T/T.

IaHHbIe 110 MPOdWIIIO, TepeceKaloieMy IITOK 4 BMe-
HIalolye MOPoAbl, OTPAKAIOT CIeAYIOIIYIO ITOC/IeI0BaTeNb-
HOCTb 00OTaleHs 30JI0TOM B IIPOCTPAHCTBE: BMEIIalo-
1IMe HeM3MeHEHHbIe MOPoabl ¢ comepkanmem Au o 0.2
" Ag 110 6.2 I/T — NMPUKOHTAKTOBbIE C1a600KpeMHEHHbIE
MOPOABI C CeTYATHIM KBapIIeBO-KapOOHATHBIM OKMJIKOBA-
HMeM U ¢ copepkanuem Au no 0.6, Ag 1o 7.6 r/T — mertaco-
MaTUThI C paBHOMEPHOI TOHKOJ BKPAIlJIeHHOCTbIO MUPU-
ta (1—5 %) u ¢ cogepskannem Au o 0.9, Ag mo 10.7 /Tt —
— MHTEHCUBHO MMPUTU3UPOBaHHbIEe (10 50 %) MeTacoma-
TUTBI C copepkanmeM Au 1o 1 r/T, Ag no 14 r/1. OcHOBHas
macca 30JI0Ta B X0Jle TleperpyIrmnmupoBOK COCpeIoTaunBa-

JIach BAOIb (DPOHTA MPOABIDKEHMST KAPOOHATHOTO IITOKA,
KOHIIEHTPUPYSICh B IITOKBEPKE 30JI0TOKBAPIIE€BBIX MaJIO-
Cy/Ib(OUIHBIX TPOKUIIOK. BBICBOOOKIEHYE 30710Ta U3 CYJlb-
b1moB c ero rocIeAyOIMIYM ITEPEOTIOKEHNEM B KBaPII
MO3[IHel CTafMy MUHepaIU3ali COTPOBOKAATOCH YKPYII-
HEeHMEM ero YacTull 0 00pa30BaHMs yKe B a/UTIOBUM Ca-
MOPOJKOB BecOM 110 16 1 (1o ga"HHbIM reosnora M. C. Illep-
6akoBa, 1974). [1o3ske 3TOT IMITOKBEPK OBLT 3POAMPOBAH
c 06pa3oBaHNEM aJITIOBUAIBHO POCCHINY, KOTOPAs B Ha-
CTosIIee BpeMsI OTpabaThIBaeTcs crapaTessmu. Kak rmoka-
3aHO Ha PUC. 3, 30JIOTUHBI B 3TOI POCCHITY KOJIEOITIOTCS 110
pasmMepy U CcTelleHM OKaTaHHOCTU. [Ipy 3TOM ueM MeHbIlle
pasmMep yacTull, TeM OHU Xy3Ke oKaTaHbl. MeJikie 30JI0TH -
HbI ITOCTYTIAJIY OOJIbIIIEH YaCThIO U3 METAaCOMATUTOB C 060-
raleHHbIM 30/I0TOM IUPUTA-2, UICTOUHMKOM OoJiee KpyIl-
HbIX 30JIOTUH B POCCHINY MTOCTYKUIM YIIOMSIHYTbIE BbIIIIE
KBapliieBbie MPOXUIKY U KUJbI IITOKBEPKA.

Takum 06pa3om, paCCMOTPEHHBI BbIIlIe PUMep ITPO-
CTPAHCTBEHHOJI CBSI3Y KapOOHATHOrO IITOKA C 30JI0TO-
PYIOHOI MUHepanu3alueii 4aéT oCHOBaHMe YTBePXAaTh,
yTO ObOTaleHne 30/I0TOM I10 (GPOHTY TEIUIOBBIX IIOTOKOB
He 3aBUCHUT OT COCTaBa SHIAOTeHHBIX UCTOUYHMUKOB, HO CUJIb-
HO 3aBMCUT OT 30JIOTOHOCHOCTM BMeUIaIoN[X 0CaOUHbIX
nopog,. Kpureprem nepepacrpeeneHus 3070Ta B HUX T07,
BJAUSHUEM TaKUX SHIOT€HHbIX (AKTOPOB SIBJISIETCST HAJIU -
yle rpageHTOB KOHIIeHTPalMii 30J10Ta, yCTaHOBIEHHbBIX
C TIOMOIIIbIO TeOXMMMUYECKUX MUCCIeN0BaHMit BCero paspe-
3a 0Ca/I0YHBIX TIOPOJ, MAarMaTUTOB C MOC/IeAYIOUIMM pac-
YETOM perMoHa bHBIX KIapKoB. Hamune HaaKIapKOBBIX
BaJIOBBIX COZlepskKaHMit 30/10Ta B OCAOUHBIX TOPOAAX U UX
oboraieHue 30JI0TOKOHIIEHTPUPYIOIIVMY MUHEpaIaMu
IaéT OCHOBAHMe He TOJbKO BBITY Ha KOHKPETHBDIN 30J10-
TOPYAHBII 00bEKT, HO ¥ Pa306paThCs C UCTOPUEI Iepe-
IPYIIMPOBOK 30/I0TA IO, BAMUSHMEM Pa3JIUMUHbIX Te0JI0-
IMYecKux (PaKkToOpoB U IPOIIECCOB.

BTopoii nmpumep IpencTaBiaseT coboii BepxHe-
Nuaurupckuii 30/10TOPYLHO-POCCHIITHOM palioH, pacio-
JIaraloImuiicst Ha JIbIMHCKOM CKIag4aTo-IJIbIOOBOM IO -
HATUU. 3[eCh IPOCTPAHCTBEHHAs CBSI3b C MarmMaTU3MOM
yaiie BCero TOXe OTCYTCTBYeT [6]. PynHble Tena B Buze cy6-
COTVIACHBIX, IIOJIOTOCEKYIIUX U CEKYIIUX 0Cal0YHbIe TOpo-
IIbl MAJIOMOIIIHBIX KBapIIeBbIX KM/ IPUYyPOUEHbI K MUHEe-

Puc. 3. I'panynometrpust 1 mopdo-
JIOTUSI QJUTIOBUAIbHBIX 30JI0THH.
WX pa3mepsl B rpaHyJIOMeTpuye-
CKMX paspspax (Mm): a— 8—4;
b—4—2;c—2—1;d—1-0.5;
e —0.5—0.25; f — menee 0.25
Fig. 3. Granulometry and morp-
hology of alluvial gold particles.
Sizes of gold grains in granulo-
metric grades (mm): a — 8—4;
b—4—2;c—2—1;d— 1-0.5;
e —0.5—0.25; f — less than 0.25
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pasM30BaHHBIM 30HAM APOOIeHMs OO K (iiekcypam, JIo-
KaJamM3ysiCh B HaiBUTax (30/I0TOPYTHOEe MeCTOpOXKAeHe
Bagpan), B36pocax mim UX KyJIMCaxX CEBEPO-3aItaJHOro
npocTupanus (pymomnposienenus Hagesknuuckoe, TaHMHCKOe
U IP.), OCJOKHSIIONMX KPbUIbsI METKO CKIag4aTOCTH.

PynoBmenaoiiye mopobl Mo3gHero Tpmuaca, nmpe-
CTaBJIeHHbIe Mepec1anBaIMMUCS aJeBPOUTaMU U TI0-
JIeBOIIIIaT-KBapLeBbIMMU [TeCYaHUKAMU, SIBSIOTCS TUTTNY-
HBIMU TYPOMANTAMU JeJIBTOBBIX (aluii MOABOAHOTO CKIIO-
Ha 1/unm ero nogHoxus [19, 21]. Ha creneHb MyuHepaiu-
32U CEeKYIIMX 30H APOOIEHUS C MaJOMOIIHbIMM
KBaplieBbIMU XMUIaMy OTPOMHOE B/IMSIHME OKa3bIBaeT JIu-
TOJIOTMYECKMIT cOCTaB BMellaouux nopog,. [Ipu mepece-
YyeHUM MJIaCTOB MeCUaHUKOB 30JI0TOe OpyAeHeHue pac-
TIPOCTPaHsSIeTCS Ha BCI0 MOIIIHOCTDb PyIOBMelatolei rmay-
Ky (TaHMHCKOE PYHOIpPOSB/IeHME), HO OYKBaJbHO «BSI3-
HEeT» B aJIEBPOJIUTAX, pa36MBasiCh B HUX HA MaJIOMOIIIHbIE
3o0J10TOCOMEep Kalnye cTpyu. [logo6Hast cuTyarust Habio-
nmaetcs 1 B Ajutax-FOHbCKOIT 30He pa3BUTHS CTPATUDULIN -
POBaHHOM 30/I0TOPYAHOV MUHepanusauuu [7, 9].

Bo3spact opyzeHeHMs], 10 Te0IOTMUeCKUM JaHHbIM,
pacTsHyT B auamnasoHe Jz—K,. IIpy 3ToM paHHwMii 3Tamn Mu-
Hepanusaluu BbIpaskeH paccessHHO 30/10TO-MapKa3uT-
TIMPUTOBOI U/WJTU 30/I0TOaPCEHONTMPUTOBOI (YCTAHOBJIEH-
HOJ Ha HU3KMX TOPU30HTaX MeCTopoxkaeHMs bagpaH B
HAJBUTOBOJ 30HE) MUHEpaM3aleiil, 06pa3oBaBIIeiics 110
3aBepIlIeHNI0 CKIauaToCT!. B npemenax 3010TOPYIHOTO
MecTopoxkaeHus: BagpaH 0oCHOBHOe MPOMBIIIIJIEHHOE OpY-
IleHeHVe HaXOAUTCS B 30He bagpaH-3re/sixckoro B36po-
COHaABUTA. 31eCh Pa3BMBAETCS KBaPIl-MaIOCYIbhUIHAS
MMUHepaau3alus ¢ MMPUTOM, apCeHOIIUMPUTOM, TaJIEHUTOM,
cdaneputom, GIEKIBIMY PyIaMu, aHTUMOHMUTOM. OHa 3a-
JieraeT COIJIACHO C BMeIllalolIMy ITOpojgamMu C rageHnuem
Ha ceBepo-3amaf mox yriaom 27—35°. Ha yuactkax 6omee
KPYTBIX 3ajleraHuit BMelalonimx MopoJ; HaJBUroBas 30Ha
TOXe IpuobpeTaeT 60siee KPyToe IMaeHne, KOHTPOIUPYS
TpeuMyIeCTBEHHO BKpaIlJIeHHYIO 30/I0TO-IIMPUT-apCeHO-
MMPUTOBYIO MUHEPaAM3aluio C MPOXUIKOBO-TOHKOCET-
YyaTbIM OKBapiieBaHueM. CaMa HaJIBUTOBasl 30Ha pacIiosa-
raeTcsl HeIoCpeACTBEHHO IoA, GUIeKCYPOil IiacTa rmecua-
HMKOB BEPXHEOBINTAXCKOI MOACBUTHI IO3IHETO TpUaca.
Bmenraromnye TypOoUInUTbI C MTPOCIOSIMY TIECYAHUKOB KBaPII-
I10JIeBOILIIATOBOrO M IOMMMMKTOBOrO cocraBa Ts 3a mpe-
IelaMu pyIHOTO MOJISI OT/INYAIOTCS TIOBBIIIEHHBIMU CO-
nepskaHMsIMM (B KjlapKaxX 3eMHO# Kopsl) Au (1.5—2),
Sb (2.5), Pb (2), As (4.5).

Ha npumepe mectoposkaeHnus: bagpaH MOXXHO yBU-
IIeThb, UYTO 30JI0TOE OpyJeHeHVe cOPMUPOBAIOCH B He-
CKOJIKO 3TalloB IeperpyniupoBKy 3jieMeHTOB-IIpuMe-
ceit, HAXOOSIINXCS B MMPUTE Pa3HbIX CTaANI MUHepaIn-
3anuu (Tabm. 3, 4). MakcuMasibHble KOHIEHTpauuu Au u
Ag ycTaHaBAMBAIOTCS B IUPUTAX U apCEHONIMPUTAX 30HBI
paccessHHOI MMUHepaiu3auyuu. B mpoiiecce mepeoTnoxe-
HUS CyIbMUAOB B KMUIbHBIE 06PAa30BAHMS 30JI0TO U3 HUX
BBICBOOOXKIAETCSI, YKPYITHSETCSI, 8 KOHI[EHTPAIMM €T0 B
MepeoTIOKEHHBIX CYTb(GMIAX COKPAIAIOTCS IOYTY Ha TO-
psimok. HoBooGpa3oBaHHbIE 30JI0TVHBI YKPYITHSIOTCSI, JIO-
KaJIN3YsICh B KMIbHOM KBapiie ¢ 06pa3oBaHMEM 30/I0TO-
MaJIoCcy/Ib(UIHO-KBapLeBbIX MUHEPAIU3ALMii U opyae-
HeHMI1. OCHOBHbBIMM IIPUMECSIMU B COCTaBe MOCIeqHNX
BBICTYIIAIOT Te K& MMUKPO3JIEeMEHTHI, UTO IIPUCYTCTBYIOT B
TeppUTreHHbIX nmopopax, — Co, Ni, Cu, Zn, As, Mo, Ag, Pb,
Sb, Au, Mn. ITupuT y4acTBYyeT B IIPOIECCE TTePETPYIITN-
POBKM 3TUX 37IeMEeHTOB pa3HOHAIIpaBJeHHO — CHava/ia Ha

MeTacoMaTU4YeCKOM CTaauy HakalIMBaeT, a 3aTeM Ipu
COOCTBEHHOM IE€PEOTIOKEHUM B TUAPOTEPMAIbHbBIE KU -
JIbI BBICBOOOXKIAET 30/I0TO U 3JIEMEHTbI-CITYTHUKHU B BUE
CaMOCTOSITEJIbHBIX MMHepaIoB (pa3oBas rereporeHmsa-
umsi). Baienctsue cioskeHMsI MMEHHO TakKMX pa3HOHAINpPaB-
JIEHHBIX TIPOLIECCOB ¥ 06Pa3yIOTCS MPOAYKTUBHBIE Ha Ca-
MOpPOZAHOE 30/I0TO MUHepaaIu3alum.

B 3akioueHme npoWIIIOCTPUPYEM TUITOTE TUIeCKUI
MeXaHM3M 3BOJIIOLMM VCTOUHMKOB 30JI0Ta MPU (GOPMU-
POBaHMM 30JI0TOPYAHBIX MECTOPOXKAEHUI B BocTouHOM
dxytuu (puc. 4).

CoracHo npepjiaraeMoi rurnoTese, peajin3yrTcs ue-
ThIPe OCHOBHBIX 3Tarna (GOpMUPOBAHNS TAKMUX MECTOPOXK-
IeHMI B X0[le MHOTOKPAaTHO MeperpynnmpoBKu epBo-
HAvyaJIbHO PacCesIHHOTO 30J/10Ta B 0CaJ0YHbIX MOPOAAX B
YCJIOBUSIX PETMOHAJIBHOTO MeTaMopdu3mMa, MeTaCOMAaTH3 -
Ma ¥ TUIPOTePMaJIbHbIX Ipeobpa3oBanmii. [IpuunHoIi Ta-
KX TIeperpymnimMpoBOK Ha pasHbIX cTaausIX GopMupoBa-
HUS 30/I0TOPYLHBIX MECTOPOKIEHUI MOXET BBICTYIIUTD
SHJIOT€HHBIN TEeIVIOMacCOIIEPEeHOC, MMEIOIINIA KaK IITy-
OVHHOE TIPOUCXOXKIEHNE, TAK Y BO3JEICTBYE CO CTOPOHBI
BOJIM3M JIOKAJIM30BaHHBIX MAarMaTUTOB JII0O0TO COCTaBa.

Au, cBsI3aHHOE
OPraHHYECKUM
BEILECTBOM /MM
cynbunamu Fe
Au bound by
organic matter
and/or sulfides Fe

HanxmapkoBble KOHIIEHTpaluH
Au, Fe, As, Co, Mo, Sb, Pb

B nopoxpax C;—P,, T,
Supra-clarke concentrations
Au, Fe, As, Co, Mo, Sb, Pb

in rocks C,—P,, T,

[lepBoe nepepacnpenenenue
HaJIKJIAPKOBBIX KOHIIEHTPALUi

Au U 3]1EMEHTOB-CIIy THUKOB Casi3aHHOE Au

IO/ BIUSIHUEM PETHOHAIBLHOTO B FeS, FeAsS
MeTamopduzma

The first redistribution of

supra-clarke concentrations Bound Au

of Au and satellite elements
under the influence of
regional metamorphism

in FeS, FeAsS

Bropoe nepepacnpeneneHue

Ilepepacnpenenennoe
AU ¥ 3]IEMEHTOB-CITY THUKOB
0J1 BIMSIHUEM MeTaMmopu3ma M YKpyIHCHHOE Au
o B FeS, FeAsS
The second redlstrlbutlon Redistributed and
of Au and satellite elements
enlarged Au

under the influence

of metamorphism in FeS, FeAsS

Tpetbe nepepacnpeneacHue Au
1 3JIEMEHTOB-CITy THUKOB

10 (OPOHTY THAPOTEPMAbHBIX
MTOTOKOB JIFO00H TIPUPOJIBI

The third redistribution of Au
and satellite elements along
the front of hydrothermal
flows of any nature

BricBoOoxnenue
Au u3 KBapIeBo-
SKUJIBHBIX TeJ

Release of Au
from quartz vein
bodies

Puc. 4. O60016HHAas cxeMa 3BOIIOLMM VCTOYHMKOB 30/I0Ta
B re0JIOTMYECKUX CTPYKTypax BocTouHoit SIkyTun

Fig. 4. Generalized scheme of the evolution of gold sources
in the geological structures of Eastern Yakutia
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Ta6nmuna 4. i3aMeHeHMe CpeIHUX COIepyKaHMii 30JI0Ta U 3JIEMEHTOB-TIPMMeECeN B COCTaBe MUpPuUTa
M MapKa3uTa B 30JI0TOPYLHOM MecTopoxkaeHuu baapad (r/T)

Table 4. Change in the average content of gold and trace elements in the composition of pyrite
and marcasite of the Badran gold deposit (ppm)

Ti A% Co Ni Cu Zn As Mo

CyMmma nipumecei

P A M
Ag b Sb u n Admixture sum

DNeMeHTBI-TIPUMECH B MapKasuTaxX PyoOHOCHBIX TOMII (N = 5). 30JI0TOMMPUTOBASE CTa AU
Elements-impurities in the marcasite of the ore-bearing strata (n = 5). Gold-pyrite stage

4500 | 9

| 102 | 32 | 72 | 24 [ 250 | 70 | 75 | 458 [ 1389 | 14 [ 150 | 7045

DNIeMEeHTBbI-IIPUMECH B HEIePEeKPUCTAIM30BAaHHOM IMPUTE 30HbI PACCESIHHOM MUHepanu3auum (n = 3).
30/10TO-UPUT-aPCEHOTTUPUTOBAST CTAINAST
Elements-impurities in non-recrystallized pyrite of the scattered mineralization zone (n = 3).
Gold-pyrite-arsenopyrite stage

5000 1 [ 5 [ 10 ] 70 | 50 [3000] 5

| 1126 | 15 | 50 [ 1491 ] 200 |

11023

DJIeMEHTBI-TIPMMECH B ITEPEKPUCTA/UIM30BAHHOM MMPUTE 30HbI A1 Y3HOI MMHepammu3auu (n = 5)
Elements-impurities in recrystallized pyrite of the zone of diffuse mineralization (n = 5)

4300 | 13 | 67 | 11 | 30 [ 217 |2860| 53 | 970 | 35 | 139 | 50 | 330 | 8759

[TpumMecy B MaCCBHOM IUpUTe 6e3 pasfeneHys Ha OCHOBE IepekpucTauimsalum (n = 13)
Impurities in bulk pyrite without separation on the basis of recrystallization (n = 13)

4600 | 2 | 20 | 16 | 33 | 23 |2840] 5

Hasnuite moBbIlIeHHBIX COMepsKaHMii 30/10Ta B MarMaTi-
YeCKMX MOPOIax B IIpeAesax pyaHbIX Mojelt emé He 03Ha-
YaeT, UTO 30JI0TO TeHeTUUECKM CBSI3aHO MMEHHO C HUMM.
[71s1 moKa3aTenbCTBa MOLOGHO CBSI3U MOTpeGyeTcs uc-
KITIOUMTh BO3MOKHOE HalM4ye MICTOUHMKA 30/10Ta BO BMe-
IIAIONIMX MarMaTu3M I1opofax.

3akiloueHue

Ha npumepe 13ydeHMsI KPYITHBIX 30JI0TOHOCHBIX paii-
OHOB CK/IaJUaTbIX CTPYKTYp BocTouHo SIKyTMM rokasa-
HO, YTO (hOpPMMUPOBAHME 30JIOTOPYIHBIX MECTOPOXKIEHUIA
TIpeICTaBJISIeT COOO0I AJINTEeNbHbII ITOMMITAIIHBINA U ITOIN-
CTaauITHBIN npouecc. [ocnoacTByoLMe BO33peHMs, B OC-
HOBHOM O MMapareHeTM4ecKoi Uayu reHeTUUeCcKoi CBSI3U
00pa3oBaHMsT 30JI0ThIX OPYAEeHEHUIT C TPAHUTOUIAMMU,
UMeIMUMY MU(PUUECKYIO «30JI0TYIO CIIeIIMaTN3aI[UI0»,
OJIroe BpeMsi He JaBaiu B YIIOMSIHYTOM PErMOHe 3Ha4M-
MBbIX Pe3y/IbTaTOB MOMCKOB. DTO MPOUCXOAJIO 10 TOM MO0-
Pbl, TIOKa Te0JIOTU B XO[le Te0JI0TUUeCKMX CbeMOK U MOUC-
KoB Macmita6a 1 : 200 000—1 : 50 000 He cTanyu KOMILIEK-
CHO MCCJIeIOBATh TeOXMMMUeCcKMe 0COOeHHOCTH KaK Mar-
MaTUYeCKMX, TAK U OCaAdOUYHBbIX mopon. TolbKoO
paccuMTaHHbIE B pe3y/IbTaTe TakMX PabOT perMoHaabHbIe
KJIaPKU [MO3BOJIWJIN TTIOJTYUYNUTD PeabHyI0 KapTUHY pacIpe-
IleJIeHMSI OTHOCUTEJIbHBIX COIepsKaHMIA Pya000pasyIommx
XUMMUYECKMX 37IeMeHTOB, BK/IIOUasl 30J10TO, B Teo/IoTuye-
CKOM TIPOCTPAHCTBE C BbIZIEJIEHUEM IPYIIT AePUINTHBIX
(IOKJIAapPKOBBIX), PABHOBECHBIX (CYOKIapPKOBBIX) U U30bI-
TOYHBIX (HaAK/IaPKOBBIX) 37IEMEHTOB KaK OCHOBBI J,J151 IIPO-
THO3MPOBaHMS.

WccnenoBaHye M3MeHEeHMI KOHLIEHTpaLuii 30710Ta U
€ro 3JIEMEeHTOB-CITyTHMKOB IOJT BO3/IeiicTBMEM (PaKTOPOB
MarmaTusma, MmetamopdusMa, MeTacoMaTM3Ma ¥ TUIPO-
TepMaJbHO AesSTeIbHOCTH JAJIM BO3MOXHOCTb BBISIBUTD
BasKHEIIIYIO POJIb [JIs1 PyI006pa30BaHMsI HaIKIapPKOBBIX
KOHIIeHTpalMii 30JI0Ta B TEPPUTEHHBIX ITOPOgax
Rz-BO3pacTta Ha TeppuTopuu KbpliIs1axCKOro nNogHATHS,

| 175.7] 34 | 141 |162.2] 370 |

8421.9

Cs;—P;-n T3z-Bo3pacta Ha TeppuTopun KOskHO-BepxosHCKOro
1 CapTaHOBCKOT'O CUHKIMHOPUEB. 307I0TOPYAHbIE MECTO-
POXIEeHUs 3[eCh, KaK MPaBUiIo, aCCOLMUPYIOTCS TPOCTPaH-
CTBEHHO C MarMaTuTaMMu, HO JIOKa/IU3yIOTCs TOJIBKO B Oca-
JIOUHBIX TOMIIAX C HAAKJIAPKOBBIMMU COePKaHUSIMU 3010~
Ta. BHe Takux TomL, faxke B IPOCTPAHCTBEHHOM CBSI3U C
TPaHUTOUIAMU, HU OJHOTO 30JI0TOPYLHOTO 0ObEeKTa He
BbIsIB/IEHO. [I0Ka3aTenbHO TakkKe, YTO eIMHCTBEHHAas 30-
JIOTOHOCHASI peuHasl poCChIIb, BbISIBIEHHAs 3[eCh B IIPO-
CTPAHCTBEHHOI CBSI3Y ¢ KAPOOHATHBIM IIITOKOM SHIOTEH-
HOT'O TPOUCXOXKIEHMS, TOXKe MTPMBsI3aHa K 0Ca0YHbIM I10-
ponam P, ¢ HaAKIapKOBBIMM BaJIOBBIMM COJlePXKAHUSIMU
30/10Ta. B Ipyrux reojormyeckux CUTyalusix — Ha
Kburmaxckom nogusiTvu U B Certe-JlabaHCKOM aHTUKIIU-
HOpPUM C JOKJIApPKOBBIMMU COAEPKaHUSIMM 30/10Ta B Oca-
JIOYHBIX ITOPOJAxX — aHAJOTUYHBIX POCCHINeli B accolma-
I[MM C TAKOTO pOJia KapOOHATUTAMM He BBISIBIEHO.

[TpoBeneHHbIe UCCAEA0BaHMS IPUBEIN K BBIBOLLY O
MIePBOCTEIIeHHO POV B 06pa30BaHMM 30JI0TOPYIHBIX Me-
CTOPOXKIEHMIT He CTOJIbKO COOCTBEHHO MarmMaTm3ma, CKOJb-
KO MeperpynmnyMpoBOK epBOHaUaIbHbIX COLEPSKaHMI 30-
JIOTa BO BMEUIAIIMX MarMaTUThl 0CaA0YHbIX TOPOHAX
1101, BO3JeiCTBMEM Pa3INUHbIX, B TOM UMCJ/Ie U SHJIOTEH-
HBIX, aTeHTOB TeIuioMaccornepeHoca. Takum 06pa3om, Bax-
HEeMIIMM KpUTepueM HaJauuus 30JI0TOPYIHOI MUHepaIn-
3allM B perMOoHe SIBJISIeTCS CylleCTBOBaHMe B HEM Oca-
JIOYHBIX TOJII C HAAKIApPKOBBIMM KOHIIEHTPALUSIMU 30-
JIOTa.

[TomyueHHbBIe JaHHbIE NaI0OT OCHOBAHME K [TIepecMo-
TPY NepPCIeKTUBHOCTH IUIOIa leil Ha pySHOEe 30JI0TO, 0CO-
6eHHO B M3BECTHBIX 30JIOTOPYLHBIX pailoHaX, HA OCHOBE
arpo6upoBaHHOI B BocTOUHOI SIKYTUM METOAVKY Bble-
JIeHY S YPOBHe IepBUYHOr0 HAKOIIJIEHUS 30/10Ta U ero
CITyTHMKOB C NTOMOII[bI0 PACUETOB PETrMOHANbHbIX KIap-
KOB 0Ca/IOUHBIX M MarMaTu4yecKkux MopoJI, a Takxke Kaap-
KOB JIJIs1 CKBO3HBIX MMHEPaJIOB, yIaCTBYIOIIMX B 06pa3o0-
BaHUM 30/I0ThIX OPYIeHEeHUIA.
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B cTaTbe npepacTaBieHbl pe3ynbTaThl U3YYEHWUS MEXMOPEHHBIX OTJIOXKEHUIA CPeAHEro HeonIenCcToLeHa NaIMHONOTMYECKUM
¥ IMaTOMOBbIM METOAAMU. MeXMOpPEHHbIe OTI0XKEHNS! OTHECEHbI K POAMOHOBCKOMY MEXeAHUKOBbIO. BbiaeneHo aBa KnMMaTuyeckmx
ONTMMYMa: B HWXKHEM ONMTMMYMe SOMMHUPYET Mblibua Pinus sylvestris, B BepxHeM — Picea sp., Pinus sylvestris. B uenom popmuposaHue
OT/IOXEHWI NPOUCXOAMNO B MENKOBOAHOM NPeCcHOBOAHOM BOJOEME.

KnioueBble cnoBa: MexuiedHUKOB8bE, NAUHO02US, OUAMOMOBbIl GHAIU3, naneoeeoepad)uquKue 0b6cmaHosKu.

Paleogeographic conditions of sedimentation in the Rodionov
interglacial period in the upper reaches of the Seyda River
(according to palynological and diatom methods)

T. I. Marchenko-Vagapova
Institute of Geology FRC Komi SC UB RAS, Syktyvkar
We present results of study of Middle Pleistocene intermorainic deposits by palynological and diatom methods. Intermorainic

deposits are assigned to the Rodionov interglacial period. Two climatic optima have been identified: pollen Pinus sylvestris domi-
nates in the lower optimum, and pollen Picea sp., Pinus sylvestris dominates in the upper one. The deposits were generally formed

in a shallow freshwater reservoir.

Keywords: interglacial period, palynology, diatom analysis, paleogeographic settings.

BeepeHune

YeTBepTUUHbIE OTIOXKEHMS Ha CEeBEpPO-BOCTOKE
ITeyopcKoit HU3MEHHOCTY MMEIOT OOJIbIIIOe PacIIpoCcTpa-
HeHue. B 6acceiiHe pexu Ceitbl X MOLIHOCTb COCTABJISIET
100—120 m. Hambosee XopoI1IO OHM TIPEeNCTaB/IeHbl B BEPX-
HeM TeueHMM peKu. Beperosbie pa3pesbl 0ObIYHO CIOKEHbI
BAJIYHHBIMM CYIJIMHKAMMU U pa3AesiomyMy U IepeKpbl-
BaIOLIVMMU UX OCaJKaMy BOOHOIO re”esyuca [7]. CornacHo
TIpOBeNeHHbIM paHee MCCIef0BaHUSIM B 9TOM pajtoHe, HIK-
HUIi TOPU30HT JIEMHVKOBBIX 06pa30BaHM JaTUPyeTCs Iie-
YOPCKUM (IHEMPOBCKMM) BpeMeHeM, a BepXHMi1 — BbIUe-
TOACKUM (MOCKOBCKUM) [1, 2], 4TO TakKe NIOATBEPKIEHO
cepueil ONTUKO-TIOMUMHUCLLeHTHBIX fat (OSL) nopsiaka
180—190 Tbic. 1eT. MeXXMOpeHHbIEe OT/IOKEeHMSI, B YaCTHO-
CTU ApeBHME TOPHSIHUKM, COTTIACHO JaHHBIM ypaH-TOpye-
Boro metoga (Th/U), umerot Bo3zpact 200 * 30 TbiC. €T [3],
YTO CBUIETEIBCTBYET 00 X (POPMUPOBAHUY B POAVOHOB-
cKoe (LIKJI0BCKOe) BpeMmsl. Llebio HaCTOSIIMX MCCIenoBa-
HMIi GbIJIa PEKOHCTPYKIMS Majieoreorpaduyueckmx yCIoBuii
HAKOILJIEHMS MesK/IeJHMKOBBIX 0CafKOB B 06H. CIi-3 B 6ac-
ceiiHe p. Ceiipl C MCMOJIb30BaHMEM MaJINMHOIOTMYECKOTO U

IIMaTOMOBOI'O METOZOB, KOTOpble Hanbosee 3¢ HeKTUBHBI
ILJIS1 BBISIBJIEHMSI MU3MEHEHMIA TPUPOIHOV CPEeIbl.

MaTtepuansl U MeTOAbI uccnenoBaHUM

O6H. Cn-3 pacnonoxkeHo Ha ieBoM Gepery p. Ceiiibl
(puc. 1) B 1.7 xm BblLe ycThd pyd. TeiHg-Cuiosa-Ilop.
[TpoTsskeHHOCTb O6HaskeHUsT 600 M.

B HMKHelT yacTy 0OHaXKeHUS 3aJ1eraeT BaTyHHBbII Cy-
IJIMHOK, CU3bI, TVIOTHBIN, BUAMMOI MOIIHOCTbIO OKOJIO
4.2 M. Ha HUM BCKPBIBAIOTCS JIEHTOYHbIE IJIMHBI OYPO-CH-
3bIe, MOIIIHOCTBIO 35 cM. Bbllile B MHTEpBaste ryouH 4.55—
4.70 M 3ajeraer I7iHa F'yMycoOBas YepHas, C [IITHaMU U 3a-
TekaMu oxkejie3HeHus. E€ mepekpbiBaeT Topd KOpUUHEBaA-
TO-BYPBbIii, C NIOKOIAHBIM OTTEHKOM, IJIOTHBI. MOIIHOCTh
Topda cocrassstet ot 0.3 1o 0.7 M. Boiire B uHTepBase 5.55—
5.95 M JIEXKUT CYIJIMHOK CBET/IO-CYU3bIA, C ITTPOC/IOSIMM CPeJI-
He- U KpPYITHO3epHUCTOro Mecka. Hag HMM BCKpbITa IMIMHA
CBeTJIO-CU3asl, BSI3Kas, BJIaskHas, C MSATHAMMU U 3aTeKaMu
oXXejle3HeHMs, HecioucTast, MoIHOCThI0 0.2—0.4 M, repe-
KpbITasl CyIlecbio CBETI0-KOPUYHEBO. MOIITHOCTD CJIOS

[nsa umtupoBanua: MapueHko-Baranosa T. W. Maneoreorpaduyeckne 06CTaHOBKM 0CAAKOHAKOMIEHUS B POAMOHOBCKOE MEX/IeAHUKOBbE B BEPXHEM
TeyeHun p. Ceiiapl (MO AaHHBIM NANMHONOTMYECKOrO M ANAaTOMOBOro MeToAoB) // BecTHuk reoHayk. 2022.10(334). C. 36—41.D0I: 10.19110/geov.2022.10.4

For citation: Marchenko-Vagapova T. |. Paleogeographic conditions of sedimentation in the Rodionov nterglacial period in the upper reaches of the
Seyda River (according to palynological and diatom methods). 2022, 10(334), pp. 36—41, doi: 10.19110/geov.2022.10.4
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Puc. 1. CxemMa pacroioxkeHust O6HaKeH ik
Ha U3y4yeHHOM oTpeske p. Cengpl [7]

Pgenybimka
Komu

Fig. 1. Scheme of location of outcrops on the
studied segment of the Seyda River [7]

1.15 M. DTM MeKMOpEHHbIE OT/IOKEHUS TOKPHIBAET BTO-
pOJ1 JIe[HUKOBBIV TOPU3O0HT, IIPEACTaBIEHHbI BAIyHHbIM
CYIJIMHKOM, CU3bIM, TVIOTHBIM, MOIITHOCTBIO 7.5 M.

MeXMOpeHHbIE OTIIOKEHMS B MUHTEepBajie ITyouH 4.2—
7.5 M M3y4eHbl TATMHOJIOTUYECKUM U AUATOMOBBIM Me-
TOIaMMU.

Xumuueckyo 06paboTKy Mpob AJis maanHoiornye-
CKUX MCCAeJ0BaHMIt OCYIIeCTBIIS/IM C MCIIOIb30BaHMEM
OOIIeNnpUHATHIX METOAMK: LIemouHoii JI. ITocTa, cenapa-
unonHHoi B. I1. I'puuyka, a Takke alleTOIU3HON MeTOAU-
ku I. X. OparmaHa [10]. Vi3yyeHue CIIOp ¥ MbLIBLBI TIPO-
BOIVJIV C TIOMOIIbIO 1IM(POBOI0 6GMOIOIMUECKOTO MUKPO-
ckora Motic BA 300 ripu yBennuenuu 420. CriopoBo-
MblJIbIl€BbIe AMarpaMMbl CTPOUJIUCH C MTOMOIIbIO
nporpaMmMbl TILIA. IHTeprnipeTanus u pacueT pe3yJbTa-
TOB CIIOPOBO-TIBIIBLIEBOT0 aHA/IM3a MPOBOAMIIACH TPYII-
TTOBBIM cI1oco60M. CIOPBI M ITbIIbIIA B CIIEKTPaX 00bea-
HSUTUCH B TPYTIIIBI (TIbLIbIIA JepeBbEeB U KyCTAPHUKOB, IbLTb-
11a TpaB, CIIOPbI), Aajiee oIpenessyiu IPOoIleHTHOe coaep-
’)KaHMe BUAOB CIIOP U IbIAbIeBbIX 3epeH oT 100 %
OTMEUeHHbBIX (OpM.

O06paboTKa 06pasLOB Ha AMATOMOBbIN aHAIN3 IIPO-
BOZIMJIACh IO OOLIENIPUHATHIM MeToayKaMm [4, 5]. CTBOpKu
M3y4yaanch C IIOMOIIbIO TOTO K€ MUKpOCKoTia. Tak Kak
OOMBIIMHCTBO IMATOMOBBIX BOIOPOC/IEii, OTMEUeHHbIX Ha-
MM B OTJIOKEHUSX, BCTPEUAIOTCS B COBpeMEHHBIX BOJIO€e-
Max, 9KOJIOT'MSI MX XOPOIIIO M3BeCTHA. XapaKTepUCTUKI IU-
aTomeit pacCMaTpUBAINCh C Y4€TOM JIUTEPATYPHBIX TaH-
HbIX [4, 8,9, 11] 0 yeTbIpeM NMpU3HAKAM: MeCTooOuTa-
HMIO, OTHOILIEHUIO K COJIEHOCT M, OTHOLIIeHMIo K pH cpepbl
u 6uoreorpaduu. PacyeTsl TPOBOIMUINCH 110 YMCITY BUIOB
U TIO KOJIMUECTBY 9K3eMIUISIPOB. Pe3ynbTaThl M3ydeHUs

9KOJIOTMYeCKO CTPYKTYDPbI AMAaTOMOBbBIX KOMIIJIEKCOB
npencTaB/Id/JINCh B B e auarpaMmbl.

ManuHonorMyeckuim aHanaus

Ha ocHOBaHMM MPOBEEHHOTO MaJMHOJIOTMUeCKOTo
aHa/IM3a BbIJle/IeHbI IeCTh CIIOPOBO-MIbIIbI[EBBIX KOM-
TJIeKCOB (puc. 2).

B o6miem cocraBe komnaekca I (MHT. Ty6uH 4.20—
4.55 M) vaine rpeo6saiaeT MbUTbIIA TPABSHMUCTBIX PacTe-
Huit (37.6—55.6 %), MbLIbIIA APEBECHBIX COCTABJISIET 6O-
nee 27.8—51.7 %. CiopoBsIx BcTpeueHo 7.6—24.1 %. Cpenu
OTMEYEeHHbBIX JPeBECHBIX (DOPM OCHOBHAS A0/ IIPUXO-
IUTCS Ha MeJIKOJIMCTBeHHbIe TIOPOJibl, B IEPBYIO OUepelb
3TO BuAbI popa Betula L.: Betula sect. Albae (mo 19.5 %),
Betula sect. Fruticosae (okomno 13 %), Betula nana (5o 7.6 %).
B rpynmne xBoitHbIX mopog: Pinus sylvestris (moutu 5 %),
Picea sp. mmb0 OTCYTCTBYET, MO0 yyacTye ee He3HAUM-
TeJbHO (I0 2 %). B HEO6OIBIIOM KOJIMYECTBE BCTPEUYEHBI
0/IbXa " OJIbXOBHMK. B cocTaBe TpaBSIHUCTHIX pacTeHUit
3HAUNUTEIBHO YUacTue MojbIHeli Artemisia sp. (mo 15 %).
OTMeueHbl OCOKOBbIE, GPYCHMUYHO-BEPECKOBbIE, 3JTaKM,
MapeBble, pa3HOTPaBbs ¢ IpeobaamaeMm Polygonaceae
(mo 22 %). Cpemy CTIOPOBBIX PacTeHMIT IPEBAIMPYIOT cdar-
HOBbIe Mx1. COCTaB CIIOPOBO-IIbLIbIIEBOTO KOMILIEKCA OT-
pakaeT yCIOBMS Havaia MesKJIeHMKOBbS U (popMupoBa-
HMe TYHAPOBOI U JIECOTYHI,POBOI PacTUTETbHOCTH.

B komnnexce II (uuT. ry6uH 4.55—4.8 M) Bo3pacra-
€T POJIb MbLIbLIBI I PEBECHBIX PACTEeHU (IO 73 %) 3a cueT
CHVDKEHMSI pOu TPaBSIHUCTBIX (8.7 1o 22.4 %). Cpenu npe-
BECHBIX (DOPM ITO-TIPEXKHEMY TPe0dIafaoT BUIbI poaa
Betula L.: Betula sect. Albae (mo 22.8 %), Betula sect.
Fruticosae (16 %), Betula nana (no 10 %). B rpyrmre XBoii-
HbBIX PaCTeHUII CyllleCTBEHHO YBeJIMumuBaeTcs goas Pinus
sylvestris (16 %), Picea sp. (mo 5 %). [TblIbIIa OJIbXOBHMKA
Alnaster sp. vcuesaer. I'pyrina TpaBsIHUCTBIX paCTeHMIA CTa-
HOBUTCSI MaJIOUMCJIEHHOI U MeHee pa3HOOOpa3HOiA.
BcTpeuena emMHMYHAs MbUTbIIA BIAromo6mBoit Nufaraceae.
Cpeny CrIopOBBIX pacTeHMii MpeobafaoT charHoBbie MXU
Sphagnum sp. (go 17.8 %). KomIiekc CBUAETETbCTBYET O
pacIpoCcTpaHeHUM JIeCHbIX JIAaHAIA(PTOB, HA HOHEe yIyU-
HIeHUS] KIIMMAaTU4eCKoii 00CTaHOBKHA.

B o6miem cocraBe komnaekca III (vHT. rmyouH 4.85—
5.2 M) IO-TIpesKHEMY JOMMUHMPYET ITbIIbIA APEeBECHBIX
pacTeHuit, Bo3pacraeT KoauuecTBo crop. Cpeau gpesec-
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HbIX (DOPM MPEBATUPYIOIIMMM CTAHOBSITCS BUIbI XBOW-
HbIX pacTeHMI : UNCIEHHOCTDb COCHBI Pinus sylvestris 3Ha-
YUTEeNbHO yBeIuunuBaeTcss — 1o 36 %, enu Picea sp. — 10
6—16 %. Yuactue 6epe3bl yMeHbIaeTcs. [lO/IsI TpaBsSTHY -
CTBIX PAaCTEeHUIA ele 6onblne cHIDKaeTcs. Cpeay Cropo-
BBIX pacTeHMi1 carHoBble MXM COXPAHSIIOT CBOE MPeos-
Jlajatolee 3HaueHue. [TaqnMHoIOrMyecKme CrieKTpbl CBU-
IEeTeJIbCTBYIOT O TOM, UTO B 3TO BpeMsl ObLIV Pa3BUTHI
XBOJHbIE COCHOBO-€JIOBBIE JIECA C yUYacTUeEM Oepesbl.

Komnaexc IV (vuT. tiry6uH 5.25—5.55 M) oTpaxaer
CHIDKeHMe POJIM IbUIbILIbI IPeBECHBIX pacTeHuit. YuacTue
XBOWMHBIX HEMHOTO YMeHbIaeTcsi: Pinus sylvestris —
o 23 %, enu Picea sp. — mo 7 %. ons pona Betula L. Bo3-
pacraeTt, ocobeHHO KosimuecTBO Betula sect. Fruticosae —
10 14.3 %. CocTaB TPaBSIHUCTBIX PaCTeHUI HEe MEHSIeTCS.
Vuactue Sphagnum sp. eie 6onee Bo3pacraet. CIIOpoBO-
MIbLIbILIeBbIe KOMIUIEKCHI YKA3bIBAIOT HA COKpallleHue po-
JIV JIECOB B YXYAIIAIOMIMXCS KIMMaTUUeCKUX YCIOBUSIX U
pacmpocTpaHeHMe 1eCOTYHAPHI.

B komnnexce V (vHT. Ty6uH 5.6—6.0 M) buKcupyeT-
s yBeJTMueHye I0/IM MbLIbLIbI IpeBeCHbIX pPacTeHMit (0KO-
g0 71 %). BHOBb JOMMHMPYIOT XBOVIHbIE paCTEeHMUS.
YucneHHOCTD eu Picea sp. focTuraeT mouTu 29 %, COCHbI
Pinus sylvestris — 30 %. CyIecTBeHHO CHMUKAETCS yuacTue
6epe3bl. CoCTaB MbUIbIIBI TPABSIHUCTBIX PACTEHMI JOCTA-
TOYHO pa3HoobpaseH. Bcrpeuatorest 3maku Poaceae, oco-
ku Cyperaceae, OpyCHMYHO-BepeCcKOBbIe Vacciniaceae-
Ericaceae, kcepodutsi: Artemisia sp. u Chenopodiaceae.
B cocraBe Me30(hMIBHOTO pa3HOTPaBbsI OTMEYAIOTCS MPeI-
craButenu Rosaceae, Ranunculaceae, Polygonaceae,
Apiaceae, Polemoniaceae, Brassicaceae, Menyanthaceae,
Polygonum amphybium v gp. Cpeiy CIIOpOBBIX pacTeHMit
MO-TpexkHeMY ITpeob/1afaloT charHoBble MXU, €IVHUYHbI
iayHbl Lycopodium complanatum, L. clavatum, L.pungens,
L. selago u Sellaginella selaginoies. ITanuHoMOrM4YeCKNE
CIIeKTPbI CBUAETENbCTBYIOT O TOM, UYTO B 3TO BpeMs Ipu
YIIYUIIEHUU KIMMaTUIeCKUX YCTIOBUIA pa3BUBaINCh XBO-
HbI€ eJIOBbIE Jieca C MPUMEeChI0 COCHBI U Gepesbl.

Komnnekc VI (vHT. Tny6uH 6.05—6.5 M) OoTpaskaeT
npeobsagaHye TPaBIHUCTBIX pacTeHuii (mo 61 %). Cpenn
OTMEUEeHHbIX JpeBeCHbIX (POPM Ha MMePBOE MECTO BbIXO-
IISIT MEJIKOJIMCTBEHHBIE TIOpOAbI ceM. Betulaceae. B rpyr-
Tie XBOJHBIX MTOPOJ, 3HAUUTETbHO COKPAIAeTCs N0ST TbLTb-
ubl Pinus sylvestris (18 %), Picea sp. (no 10 %). B coctaBe
TPaBSIHUCTBIX paCTeHMI1 3aMeTHO BO3pacTaeT yuacTue 3ja-
KOBBIX (0o 15.3 %), rmosnbiHeit (no 7.7 %) v pa3HOTpaBbs.
Cpeny CriopoBbBIX PacTeHMII MpeobIIaaoT Kak charHoBbie
MXM, Tak U ManopoTHUKU. COCTaB CIOPOBO-MbLIbIIEBOTO
KOMIIJIEKCA OTpaskaeT yXyallalliuecs KIuMaTuueckme
YCJIOBUSL, AeTpajaLiyio JIECHO 1 (OPMUPOBAHME TYHIPO-
BOI1 ¥ 1IeCOTYHAPOBOI PaCTUTETbHOCTH.

JAdunaTtomMoBbIi aHanu3

C rmoMoIbo AMaTOMOBOTO aHa/IN3a U3yUeHbl 23 06-
pasia. B 12 o6pasiax b0 OTCYTCTBYIOT BOJOPOCIN, MO0
0OHAPY>KEHbI MX 00JIOMKM WV eIUHIYHbIE POpMBIL. B ocTab-
HBIX BCTPeUYEH IYaTOMOBbII KOMILIEKC, KOTOPbIi BKIIOUA-
eT B ce0s 92 BuIa ¥ pasHOBUIHOCTEN, OTHOCSIIMXCS K 20
pomam B Kojuuectse oT 1890 mo 10 509 3Kk3eMIISIpOB Ha
nperiapar. BoiziesieHbl TpY I1aTOMOBBIX KOMILJIEKCa.

Iepeutii komnaexc (MHT. rnyouH 4.20—4.55 M) xapak-
TepU3yeTcsl HeGOMbIIMM pa3HO0OPa3UeM U UMCIEHHOCTBIO,
BKJ/IIOUAeT B ce6st Bcero 12 BUIOB M pasHOBUIHOCTEN UMC-

JIEHHOCTBIO 2828 3K3eMILIsIpoB. Hanbonee MHOTOUMC/IEH-
HbI 06pacraTes — BuIbl popa Fragillaria u Opephora martii,
OTMEUeHHbIe C OI€HKOI OOUINS «OUeHb YacCTO».
DKoJIorMYecKasi XapaKTepUCTVKa KOMITIEKCA 10 YMCTY BU-
IIOB (pUC. 3) CJIeqyIONIast: IO OTHOIIEHWIO K COJIEHOCTH J10-
MUHNUPYIOT HAMDbepeHThI; Tamodo0Obl U rayoduIbl OT-
MeueHbI B PABHBIX KOIMYECTBAX, BCTPEUYEH eIMHUIHBIN Me-
3arayiob Diploneis interrupta. I1o OTHOIIEHUIO K KMC/IOTHO-
CTY TOMMHUPYIOT aJIKaIMGIIbl, auyaoduibl COCTaBISIIOT
Bcero 8 %. [To 6uoreorpadyy AOMUHUPYIOT KOCMOIIOJIUTBL.

Bmopoti komniekc (MHT. T1youH 4.55—5.15 m). On
COCTOMT U3 59 BUIOB ¥ pa3sHOBUIHOCTEN UYMCIEHHOCTHIO
1o 10 509 sksemmisipoB. Hanbomee MHOTOUMC/IEHHbBI BU-
bl pona Fragillaria, oTMe4eHHbBIE C OLIEHKOV 00N «B
mMacce» 1 «0ueHb yacTo». Hanboee rpeacraBUTENbHbBI PO-
el Navicula (10 BumoB) u Eunotia (8 BUmOB). DKoOIOrMUecKast
XapaKTePUCTVKA KOMILJIEKCA IO YUCTY BUIOB CJIEAYIOIIAs:
10 MeCTOOOUTAHMIO MTpeodaaaloT oopacraTenu (55 %). [o
OTHOIIIEHUIO K COJIEHOCTY TajI0(Po0bI ¥ Taoduibl oTMeve-
HbI IPUOIN3UTETBHO B PaBHbIX KOIMYecTBax (1o 15 % u
20 % cOOTBETCTBEHHO), Me3arajaoosl He BcTpeueHsl. [1o oT-
HOIIIEHUIO K KUCJIOTHOCTY JOMUHUPYIOT aTKaIMOUIIbI, A0O-
BOJIbHO OOJIBIITYIO TPYIIITY COCTAB/ISIOT aliIOMUIIbI, UX YUa-
CTVe BBEPX 10 pa3pe3y yBeaumumBaeTcs no 32 %. ITo 6uo-
reorpaduu rpeob1agaloT KOCMOIIOIUTHI (44 %), HEMHOTO
MeHbIlle 6opeasibHbIX GopM (41 %), ceBepHBIX OTMEUYEHO
10 18 %. ITo KonuuecTBy 3K3eMIUISIPOB 10 OTHOILIEHUIO K
COJIEHOCTM rajopuUI0B OTMEUEHO 15 %, 10 OTHOIIEHUIO K
KUCIOTHOCTHU TOMUHUPYIOT MHAMDepeHTHI (98 %).

B mpemwem komnaekce (VHT. TiyouH 5.70—6.25 m)
OTMeuaeTcsl HeGOoJIbIIIOEe YBEIMUYEHME BUOBOTO Pa3HOO-
6pasug (mo 69), YUMCIeHHOCTb BUA0B KojiebmeTcs oT 1892
10 8635 3K3eMILISIPOB. Buibl OTMeUeHbI ¢ pa3HbIMM OLIeH-
Kamu oowmsi. Haubosee mpencraBuTenbHbl poasl Eunotia
(17 BumoB) u Navicula (16 B1IOB). DKOJOTMYECKAs XapaK-
TEePUCTUKA KOMILIEKCA CJIeAYIONIasi: KaK U B ITEPBBIX KOM-
IUIeKCax, MPeBaAJNPYIOT JOHHbIE BUIbI ¥ obpacTaTesin,
BCTpeuYeH edVHMYHbIN IIAaHKTOHHBI BuI Aulacoseira is-
landica, ckopee Bcero repeoT/IOKeHHbI. I10 OTHOIIEHUIO
K COJIEHOCTY IIPOVCXOINUT BO3PAaCTaHMe KOIMYECTBA rajio-
do60B (1o 30 % B 06p. 50, ry6. 6.25 M) U 3HAUMUTETBHOE
yMeHbIIIeHe rajiouioB; Mo oTHomeHuo K pH: yuactue
anumoduiIoB Bo3pacTaeT B 06p. 50 o 41 %. ITo 6uoreo-
rpadun: yBeIMUMBAETCS NOJSI CeBepHbIX GopM (28—40 %),
y4dacTue 6opeanbHbIX cocTaBisier 28—39 %. [To konuue-
CTBY 3K3eMIUISIPOB 3KOJIOTMYECKAST XapaKTePUCTUKA BbI-
IJISIOUT CIeAYIOMM 06pa3oM: IO OTHOIIEHUIO K COTIEHO-
CTY MO-TIpeXXHeMY TTpeobaaaioT MuaubdepeHTs! (77 %),
Ha BTOPOE MEeCTO BhIXOIAT ranodobsl (23 %), raaoduiis
1CYe3al0T; 110 OTHOIIEHMIO K KMCJIOTHOCTY ITPU JOMUHM -
poBaHUYM MHAUGGEPEHTOB 3HAUUTEIBHO BO3PACTAET JI0-
Ji auumoGuIbHbIX hopM (34 %); 1o 6uoreorpadum npe-
obmapgaioT ceBepHbie Gpopmbr (55 %).

06cyKAaeHUe pe3ynbTaToB UCC/IeA0BaHUM

Ha ocHOBe 1ony4yeHHBIX JaHHBIX CIIOPOBO-IIbLIbLIE-
BOTO ¥ IMaTOMOBOIO aHaIM30B ObliIa MTPOCIekeHa 3aK0-
HOMepHas I10Cae0BaTeIbHOCTD M3MeHeHMs 1aj1eoreo-
rpaguueckux 06CTaHOBOK.

YcioBus Hauala MeXXIeHMKOBbS (Komruiekc I) xa-
paKTepyU3yIOTCA paclpoCcTpaHeHueM TyHIpOBOI1 U Jieco-
TYHAPOBOJ paCTUTEIbHOCTU. B cocTaBe IpeBecHOi pacTu-
TeJbHOCTY B GOJIBLIIOM KOMYECTBE BCTPeUeHbl KyCTapHM-
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Puc. 3. DRomormnyeckast XapakTepPUCTIKA AMATOMOBBIX KOMITJIEKCOB B OTJIOKEHUAX 00H. CI-3 10 BUIOBOMY Pa3HO0OPa3uio.

VeitoBHBIE 0003HAUEHMS: MecToO6GMTaHKe (TNTaHKTOHHbIe — I1, TOHHbIe — [T, 06pacTaTesin — 0), OTHOIIeHMe K COJIEHOCTH (Tajio-

$o6s1 — 16, nuIMbDEepeHTh — U, Taa0pMIbI — IJ1, Me30TaI06b — M3), OTHOIIeHMe K pH cpenbl (auumoduibl — ail, nHAubde-

PEeHThI — U, anKanuduiIbl — aj, aaKaauOeMOHTbI — aJib), 61oreorpadus (ceBepHbie — ¢, KOCMOIIOJUTBI — K, GopeasbHbie — 6),
9KOJIOTHS He ofpefeneHa — H

Fig. 3. The ecological characteristic of the diatom complexes in Cn-3 deposits based on species variety. Legend: habitat

(plankton — 1, bentos — 1, overgrown — o), relation to salinity (halophobous — r6, indifferent — u, halophilous — i,

mesohalobous — m3), relation to pH (acidophilous — a1, indifferent — u, alcaliphilous — a1, alkalibionts — an6), biogeography
(norther — ¢, cosmopolitan — K, boreal — 6), ecology is not defined — u

KOBasl U KyCTapHUYKOBast 6epe3bl, B TPABIHUCTOM ITOKPO-
Be ITpeobs1aiaeT MojIbIHb. KiyMaT 10CTaTOYHO XOMIOIHbIIA.
B ocagkax, BeposITHO MPpWIEOHMKOBOTO, 03epa 0OHapyKe-
HO HeOOJIbIII0e KOJIMYECTBO CTBOPOK IMATOMOBBIX BOJIO-
pociieit, YTo MOXKHO OOBSICHUTD CYPOBOCTBIO YCJIOBUIA.

[MocnepoBaBiiee norervieHne (KOMIUIEKCHI 2 U 3) IpU-
BeJI0 K Pa3BUTHUIO Ha JaHHOM TepPUTOPUM XBOHBIX Ta-
©XKHBbIX JIECOB. B MX cocTaBe Bo3pacTraer, a 3aTeM U Ipeood-
JlajaeT cocHa Pinus sylvestris, TIOSIBJISIETCSI ¥ CTAHOBUTCS
TIOCTOSTHHOI1 efib Picea sp. 3HaunTeIbHO y4yacTue ApeBo-
BUIHOVI Gepe3bl. BiaronpusTHbIE YCIOBYMS TTOBIMSIIA U Ha
dbopMupoBaHMe IMaTOMOBBIX KOMILIEKCOB, UTO OTPA3M-
JIOCh Ha YBeJIMUEHUM YMCI€HHOCTY BUIOB U KOJMUECTBe
9K3eMILISIPOB. 3HAUUTETbHO KOJIMYECTBO OOpeabHbIX
dbopm. O6I111ee TOCIIOACTBO BMAOB ponoB Navicula, Eunotia
u Fragilaria — moHHBIX U obpacTareJieii, a TaKke BO3pac-
TaHMe y4acTys BUAOB-alUI0(PMIOB CBUAETENbCTBYIOT
0 MeJIKOBOJTHOM XapaKTepe BoJoeMa B Ipoliecce 3aboja-
YYBaHUS.

HanbHeliniee nmoxonoganye (KOMIUIEKC 4) XapaKTe-
pu3yeTcs COKpallleHueM poJiy 1eCOB M paclipoCTpaHeH! -
€M JIeCOTYHAPbI, UTO OTPa3UIOCh B 3HAUUTETLHOM YBeJIN-
YEeHUM POIU KYCTapHUKOBO 6epesbl. [IJisl CyIecTBOBa-
HUS IMAaTOMOBBIX BOJOPOC/Iel CIOKUINCDH, BUAUMO, He-
6/1arOMPUSITHBIE YCIOBUSI.

VayuieHue KiMMara (KOMILIEKC 5) Croco6cTBOBaIO
Pa3BUTHIO XBOMHBIX €JIOBbIX JIECOB, I7le Y’Ke B KauecTBe
MIPMMeCHU y4acTBOBa/IM COCHA M ApeBOBMUAHAs Oepesa.
TpaBSIHUCTHIN TOKPOB Pa3sHOOOpa3eH.

[MocnenoBaBuiee nmoxosnoganme (KOMILJIEKC 6) oTpa-
3WJIOCH B IETpafalyy JIECHO PacTUTEIbHOCTU U GOPMU-
pOBaHUU TYHAPOBOI U IECOTYHAPOBOI PaCTUTEIbHOCTM.

Ha mpoTspkeHMM Mpou3o1ieAiiero arama norermie-
HUSI-TIOX0IOAaHMs (KOMIUIEKCHI 5 U 6) GOpMUPOBaINCh
IOBOJILHO pa3HOOOpa3HbIe U UMC/IeHHbIE J/MaTOMOBBIE
KoMIUTeKChl. OHM OTPaskaloT GJIaronpusITHbIE YCIOBUS CY-

IIECTBOBAHMUS B METKOBOAHOM ITPECHOBOJHOM BOJIOEME,
e JOCTATOYHO BEJIMKY MPOIECChl 3a00/1auMBaHMSI, O UEM
CBUJIETETLCTBYET BHICOKOE cofepskaHMe arua0MuIbHbIX
dopm. YxynieHne KIMMaTUUECKUX YCIIOBUIA, TTPOM30LIeT -
IIee B 3TO BpeMsi, GUKCUPYETCS YBEIUMUEHMEM CEBEPHBIX
dhopM BBepx 110 pa3pesy.

3akloueHue

PaHee Mex/ieTHMKOBbIE OT/IOXKEHMSI POJMOHOBCKOTO
BO3pacTa B 3TOM paifoHe ObIIM M3yueHbl B 00H. Celiga-8
I. A. Oypsrunoii [1]. Exo 66111 Bife/IeHbI IBa TeIUIbIX I1e-
puoza, paszgeneHHble KPaTKOBPeMEHHBIM ITOXO00AaHMEM.
HwskHmnii KnMMaTnieckuii ONTUMYM XapaKTepu3yeTcs 40-
CTaTOYHO BBICOKMM COAEp>KaHMeM COCHbI 0ObIKHOBEHHOIA
U eIVHUYHBIM MIPUCYTCTBMEM IIMPOKOJUCTBEHHBIX I10-
pox: Bsi3a, rpaba, opelrHmKa. B BepxHeM KIMMaTH4eCKoOM
ONTMMYMe 3HAUYUTEIbHO yUacTHe eIy CUOUPCKOIL, COCHBI
0ObIKHOBEHHO, eqMHNYHO enu sect. Omorica, Bsi3a, Tpa-
6a 1 OpelrHuKa.

B cTparoTunuueckom paspese TopdSIHMKA, PACIIONO-
SKeHHOM B cpefiHeM TeueHuu p. Iledopsl, HDKe 1. PogyuoHoBO,
JI. A. KoHOBaJIeHKO ObLIM BbIZENIEHbI IBA ITepyuo/ia moTe-
wieHusi. KnuMmaTtuyeckue onTUMYMbI XapakTepU3yIOTCS
TOCITOICTBOM €JIY ¥ COCHbI OOBIKHOBEHHO, e IMHUIHBIM
y4yacTueMm 3K30TUUeCKUX Iopop enu sect. Omorica u co-
cHbI sect. Strobus, a TakKe IMMUPOKOIMCTBEHHBIMMU ITOPO-
Iamu: ;yboM, BI30M, JIUIIO, 'paboM, opeltH1uKoM. Takoe
BUIOBOE pa3HOOOpasye B IeJI0OM XapaKTepHO [IJIs MMajy-
HOJIOTMYeCKUX KOMIIJIEKCOB, TOTYYeHHBIX JJ151 POOMOHOB-
cKoTo ropusoHTa fora Komu Pecrry6imkmu [6].

Takum 06pa3oM, IIPOBEIEHHOE MATMHOIOTUYECKOE
UCCIeIOBaHe MEX/IEIHUKOBBIX OTJIOKeHM B 00H. Ceiina-3
U COTIOCTaBjIeHMe ero C JaHHBIMU IIpeAllleCTBeHHUKOB
MMOJTBEPXKAAIOT POAMOHOBCKOE BpeMst (OpMUPOBAHMS
oT/IokeHmii. [TosryueHHbIe (a3bl MU3MEHEeHUS PaCTUTENb-

40
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HOCTU B 11€JIOM COIJIaCYIOTCSI C KpUTEePUSIMU, BblIe/IeHHbI-
mu . A. Oypsrunoit u JI. A. KoHOBaseHKO IJ1s1 OTI0XKe-
HIJ 3TOTO BO3pacTa Ha ceBepo-BocTOKe Poccum [6].
Ocob6eHHOCTM (P/IOPBI YKA3bIBAIOT HA HAJMUME OBYX K-
MaTUYeCKMX ONTUMYMOB: HUKHero (koMmiiekcsl II u IIT)
¢ GOJTBIIMM yUaCTUEM IbUTBIIbI Pinus sylvestris v BepxHe-
ro (komruiekc V) ¢ mpeobiagaHueM ITbUTbLIbI Picea sp.
¥ 3HAUNUTENIbHBIM cofiepkaHueM Pinus sylvestris.
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IIpo6seMma acoecTa ¢ MO3UIIMHU MMPUKIATHON MUHEPATOTUN

B. E. )KykogBa, I0. M. ActaxoBa, H. A. CeiueBa, 0. H. lllyBanosa, O. A. SIkymunHa
@I'BY «<BUMC», MockBa, tm@vims-geo.ru

ﬂpo6neMa reoskonormm acbecra ocraerca aKTyaanoﬁ, €ro CYUTAKT NOTEHUMANTbHO OMACHbLIM, TaK KakK Npu paspylieHnn
ac6ecrco,u.ep>|<au.tmx MaTepuanos BbICBOOOX/AAKOTCS TOHKME YONMHEHHbIE BONNOKHA, KOTOPbIE NOBPEXAAIOT OPraHbl U TKAHW MIEKONUTAKOLWLNX
XMBOTHbIX U Yyenoeka. C ,u.pyroﬂ CTOPOHbI, YHUKa/IbHbIE OrHecTovikue TepMmnyeckune CBOMCTBa acbecTa aenarT HeobxoaAMMbIM ero
NPUMEHEHNE B NPOU3BOACTBE LeN0oro paga npoaykunu.

MeToaaMu ONTUYECKO MUKPOCKOMUMU 1 PEHTTEHOrpaMYECKoro aHaam3a NpoBeAEHO MUHEPANOTUYECKOE HU3yYeHUe acbecTOBOI
pyabl KuemMbaeBckoro MecTopoxaeHHS, LENOHUPYIOLWMX CPeL (Mbln) M NPOLYKTOB NPOM3BOACTBA, NPUMEHAEMBIX B CYA0CTPOUTENLCTBE.

YCTaHOBAEHO, YTO METO/bI ONTUYECKOM MUKPOCKOMMUM U PEHTTEHOrpatMYeCcKoro aHanusa, a npu HeobxoanMMOCTU UX KOMMNEKCMPOBaHUE
MO3BOISOT MNONYYNTb LOCTOBEPHYIO MHAOPMALMIO O MPUCYTCTBUU XPU30TUA-achbecTa 1 ero cofepXKaHuu B pasnnyHbIX 0bbekTax,
HeobXxoAMMYL0 ANs peLleHus 33434 He TONbKO reoNornieckom 0Tpacau, Ho v apyrx 0bnactern HapoaHOro Xo3aiMcTBa. [laHa konnyecTBeHHas
OLeHKa coaepxaHus xpu3otun-acbecta, amdubon-acbectos u acbectonoobHbix pecnmpabensHbiX BONOKOH (MPUPOAHBIX M MCKYCCTBEHHbIX)
B FOPHbIX MOPOAAX, TEXHOrEHHbIX 06pa30BaHMAX (MPeUMYLLECTBEHHO AEMNOHUPYIOLLMX CPeAaX), NPOAYKTaX NPOU3BOACTBA aHTPOMOreHHOMo
MPOUCXOXKAEHMS.

KnioueBble cnoBa: 2€03K0/102Us, MUHEpano2uyeckue 0c0beHHOCMU, KONUYeCmeeHHas oueHka acbecma, ampubon-acbecm, xpusomu-
acbecm, acbecmcodepxaujue Mamepuarnsi.

The problem of asbestos from the standpoint of applied mineralogy

V. E. Zhukova, Yu. M. Astakhova, N. A. Sycheva, Yu. N. Shuvalova, O. A. Yakushina
All-Russian Institute of Mineral Raw Materials (VIMS), Moscow

The problem of asbestos geoecology remains relevant. Asbestos is considered potentially dangerous, because when asbestos-
containing materials are destroyed, thin elongated fibers are released and damage organs and tissues of mammals and humans. On
the other hand, unique fire-resistant thermal properties of asbestos support using it in a wide range of products.

Mineralogical study of asbestos ore from the Kiembayevsky deposit, depositing media (dust) and production products used in
shipbuilding was carried out by optical microscopy and X-ray analysis.

We determined that the methods of optical microscopy and X-ray analysis, and, if necessary, their integration, allowed obtain-
ing reliable information about the presence of chrysotile asbestos and its content in various objects, which was necessary for solv-
ing problems not only in the geological industry, but also in other areas of the national economy. A quantitative assessment of the
content of chrysotile-asbestos, amphibole-asbestos and asbestos-like respirable fibers (natural and artificial) in rocks, technogenic
formations (mainly deposit media), and anthropogenic production products is presented.

Keywords: geoecology, mineralogical features, quantitative assessment of asbestos, amphibole-asbestos, chrysotile-asbestos, asbes-

tos-containing materials.

BeepeHune

CeronHs yaensieTcst 60IbIlIOe BHMMaHME KOJIornye-
CKMM acCIIeKTaM IepepaboTKy MUHEPATbHOTO ChIPbS
Y yTUIU3aLUM OTXOLOB [2, 9—11]. BoT yske MHOrO cTose-
TUI YeJIOBEUYECTBO MPUMEHSIET acOecT B pas3IMUHbIX 00-
JlacTsx. V3 Hero u3roTOBJIS/IV CBeTUMIbHUKY [IJISI XPaMOB,
«HEKHbIE TOPHbIE TKAaHM», TOHYaiiIe KpyskeBa. B HacTo-
siee BpeMsl HACUMTBIBAETCS 6oJiee TpeX ThICSTY HAMMEHO-
BaHMIi u3menuii u3 acbecra. B Tom unciie ocobbie copTa
6ymaru, butuan. B mepeBoje ¢ rpeueckoro cJI0Bo «achbecT»
03HauyaeT «Heyucuesalouii» Ui «Heropounii». Bropoe
HasBaHMe acbecTa — rOPHbIi JIEH.

Ha omacHble cBojicTBa acbecta 06paTuyi BHUMaHMe
ToJIbKO B 1970-X rogax, korga B AMepuKe MOJHSIaCh KaM-
MaHusI IPOTYUB UCIIOTb30BaHMs acbecTa. TepMuH «acbecT»
MpeCTaBIseT co00i He Ha3BaHME MUHEPAIBHOTO BU/IA,
a IMIpPOMBIIIIJIEHHO€e Ha3BaHMe [iJIs1 BOJIOKHUCTBIX MUHepa-
JIOB, MCITOJIb3YEMBIX B Pa3IMUHBIX U3aenusix. Bce acbecTsl

SIBJISTIOTCST PA3HOBUAHOCTSIMM JIMGO CepIIeHTUHA (XPU30-
Twi-acbect), 160 MUHEPATIOB TPYIITbI aM(1O0IOB (aH-
TOQWIINT, TPEMOJIUT, AKTUHOIUT, PUGEKNT, KPOKUIONUT),
KOTOPbIE XapaKTePU3YIOTCST Pa3HOI KPUCTALIOXMMUYUe-
CKOJi CTPYKTYPOIA, UTO OTpe/iensieT pasHble XapakTep pas-
PYILIEHUS U CTeIeHb TOTEHIMAIbHO OMacHOCTH acbecTta
U NIPOJYKLUUYU U3 Hero [7].

AcbecT oTMUaeTCcsi TOHKOBOJIOKHMCTOM CTPYKTYPOIA
arperaTos, 00J1aJaI0IIMX CIIOCOOHOCTBIO Pa3esiThCsl Ha
TOHKME BOJOKHA. OHY XapaKTePU3YIOTCS OIpe/eeHHbI-
MM PasaMuUSIMMU, B TOM YMC/IE TO-Pa3HOMY BO3IEICTBY-
0T Ha OpTaHM3M YeoBeKa.

Xpusotmi-acoect (6esblit ac6ecT) — pa3sHOBUIHOCTD
MMHepaJa CeprieHTMHA, TMIAPOCUIMKATA MaTHUST CJIOUCTOI
CTPYKTYPHI. Y XpU30THIA UMEIOTCS TOJUTHUIIbI, KOTOpPbIE
He PacCMaTPUBAIOTCS KaK CAMOCTOSITE/IbHbIE MUHEPATb-
HbI€e BU[bI: HaMOO/Iee YaCTO BCTPEYaeTCs] KITMHOXPU3OTIIL,
peske — OPTOXPU3OTMI U TTapaxpu30TiI. UHAMBIUYaIbHbIE

[nsa umtupoBaHus: Xykosa B.E., Actaxosa 0. M., CeiveBa H.A., llysanosa 0. H., AkywunHa O. A. Mpobnema acbecta ¢ no3uumMm NpUKNaLHON MUHepanorum

// Becthmk reonayk. 2022.10(334).C. 42-48.D0I: 10.19110/geov.2022.10.5

For citation: Zhukova V. E., Astakhova Yu. M., Sycheva N. A, Shuvalova Yu. N., Yakushina O. A. The problem of asbestos from the standpoint of applied

mineralogy. 2022, 10(334), pp. 42— 48, doi: 10.19110/geov.2022.10.5
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BOJIOKHA MOJT, 37IeKTPOHHBIM MUKPOCKOIIOM BBITJISIASIT KaK
TOHYajiIIMe TPYOOUKM, PYJIOHUMKYM C HAPY>KHBIMY U BHY-
TPEHHUMM IMaMeTpaMU B COTbIe — ThICSTUHBIE A0 MU-
KpoMeTpa.

Amduobom0BBIE acOeCcThl — CJIOKHBIE THIPOCUIN-
KaTbl, CXOKME MO (U3UKO-MeXaHUUYEeCKUM CBOJICTBAM C
XpU30TUI-acbeCcTOM, HO MMEIoIIJe CYIeCTBEHHbIE pas-
JIMYUST B KPUCTAIIMYECKON CTPyKType. BomokHa amdu-
6om-acbecra bosee rpyoOblie, He ITyCTOTENbIE. B oT/IMume ot
XpU30TUII-acobecToB, aM¢puboI-acoecTbl TPYIHOPACTBO-
PUMBbI UM HEPACTBOPUMBI B KMUCJIOTaX.

Han60s1bI1i1y10 0acHOCTD JJ1s1 370POBbSI TPECTaBJIsI-
10T amdubonbl. O61amass KUCIOTOCTOMKOCTbIO, aM(pubo-
JIOBBIJ ac6ecT MPaKTUYeCKy He BhIBOIUTCS M3 OpraHu3-
Ma. B HacTosIee BpeMsI ero J00bIua ¥ UCIOIb30BaHMe 3a-
IpelreHbl BO BCeM MUpe.

XPpU30TUIOBBIN acOecT MpenCcTaB/IseT HauMEeHbIIYIO
OITaCHOCTbD, TAK KaK OH JIETKO pasjiaraeTcs 1o JeiicTBIeM
KUCIIOT (Iaske CabbIX KMCIOT TKAHEBBIX SKUIKOCTEN) 1 T0-
3TOMY ObICTpEe BBIBOAUTCS M3 opraHm3ama. CorjaacHo Imo-
C/IeIHMM MCCIeIOBaHMSIM, XPU30THUII SIBJISIETCS CaMbIM 6e3-
OITaCHBIM BOJIOKHOM M3 BCEX Pa3HOBUIHOCTEN ac6ecToB,
Jlake TI0 CpPAaBHEHMIO C MICKYCCTBEHHBIMMU 3aMeHUTeISIMU
Y HaTypaJbHbIMM BOJIOKHAMMU (1I€JUTI0N03a), TaK KaK ObI-
CTpee Ipyrux BOJIOKOH BbIBOAUTCS U3 jierkux. [lepuop mo-
JIypacrazia BOJIOKOH XpU30TuIa (KOJIMYECTBO CYTOK, HE06-
XOOUMBIX 117151 yaanenust 50 % BOTIOKOH, OCTAIOIIMXCST B JIET-
KMX T10CJIe OKOHYaHMSI TIepuojia BO3/IeMCTBISI) COCTABISIET
ropsiaka 12 mHeit, BOJIOKOH aMdubosia — 536 qHelt, CTeKIo-
BOJIOKHA — A0 79 mHel, 1ie/uttoo3bl — 1046 gHeit. Tpemonut-
acbecT He BBIBOOUTCS U3 JIETKUX HUKOTaA [6]. VIMeHHO 1o-
3TOMY ITPY CChUIKAaX Ha BPEIHOCTb acbecTa HeOOXOAMMO
pasanuaTh ampubonI-acbect U Xpu3oTUI-acoecT.

Bompoc o 3ampeTe UCIO/Jb30BaHMS XPU3OTUII-acOe-
CTa OCTAeTCs AVUICKYCCMOHHBIM, HO ITyOJIMKYeTCS Bce 60JTb-
IIe JaHHBIX O TOM, UTO XPU3OTUIOBBII acOecCT SIBJISIeTCS
MaJioarpeCcCUMBHBIM U MTPU KOHTPOIMPYyEeMOM MpUMeHe-
HUM MeHee OTlaceH JJIsl UeJIoBeKa, YeM ero CMHTeTUUeCKMe
3ameHuremn. B 2004 romy 6buta npuHsaTa PoTTepmnamMckast
KOHBEHIIMs, ee TIOANINCaIN 72 rocymapcrsa, 161 crpaHa
patuduMpoBana. B pamkax 3TOro corjameHus yyacT-
HVKY PETYINPYIOT 060POT XMMMUYECKNUX BEIIECTB, 3a60-
TSICh O COXpaHeHUM IKOJIOTUM U 300POBbS Jitofei. Borrpoc
0 3alpeTe XpU30THIa MOTHUMAJICSI MHOTO pa3, HO BCS-
KUt pa3 peleHye OTKIaIbIBaIOCh.

CoriacHO penieHNI0 PoTTepaamMcKoii KOHBEHIIUM
2021 . XpMu30TWI-ac6ecT He BXOIUT B CIIMCOK 3ampelieH-
HBIX U CTPOTO OTPaHUUYEHHBIX XMMNUYECKMX BEIleCTB
(Crmcoxk PIC). OH siB/IsIeTCS e AMHCTBEHHBIM BUIOM acbe-
CTa, JONYILeHHBIM K MCIOIb30BaHUIO B POCCUIICKO
@epepaunn [1].

OdwuimanbHas MO3ULMs IpaBUTeIbCTBA Poccuiickoit
@enepalui: KOHTPOIUPYyEMOe IIpUMeHeHMe XPU30TUIIO0-
BOro acbecra 6e30IacHO JJ1s 3I0POBBSI JIIOZAEN U OKpYysKa-
1o11eii cpenpl. Micmonb30BaHue acbecTa JKeCTKO pernaMeH-
TUPOBAHO. YcTaHOBJeHbI [IIK 10151 Bo3ayXa HaceJleHHbIX
MecT, Bo3[Lyxa paboueii 30HbI [5]. YTunusauus acbecra u
acbecTcomepsKalMX MaTePMUAIOB IMTPOBOINUTCS CIIelallb-
HBbIM 06pa3oM — Kak matepuasos III, IV u V kimaccoB onac-
HocTH [12].

He meHee BakHbIMM paboTaMu B 00JIaCTU AMarHO-
CTUKU U OTIpeeeHMsT KOJIM4eCcTBa ITpexxie BCEero Xpnu3o-
TWI-acOecTa SIBJITIOTCS PaboThl, CBI3aHHbBIE C YTUIMU3ALIN-
et cymos. B 2010 romy 6611 puHAT MesKayHapOIHbIA CTaH-

nmapt ISO 30007:2010 «Cyma 1 Mopckue TexHoaoTUM. Mepbl
IO MPeNOTBPalIeHNI0 SMUCCHUM acbecTa Py yTUIN 3N
cynHa» [14], ycraHaBauBawonii 3 deKTBHbIE MeTOIbI
MWUHUMM3ALMM OTIACHOCTE, CBSI3aHHBIX C IPUCYTCTBUEM
acbecra, B MPOIeCCe YTWIN3AIMMU CYTHA, KOTOpPbIE COKpa-
IIAIOT KaK BbIJeeHe acbecTa B OKPY)KAIOIIYI0 CpeAy, Tak
¥ BO3IeiiCcTBME Ha pabOTHMKOB. DTOT CTAHIAPT IIOMOraeT
MPeATIPUSTUSIM TI0 YTUIU3AIMA CY[I0B BBITIOTHSTb TPeOO-
BaHMSI [OHKOHTCKOI MEXIYHAPOJHOI KOHBEHIIUMU T10 O6e3-
OTIACHOVI ¥ SKOJIOTUYECKM PALIMOHAIbHOM YTWIN3ALIUA CY-
noB 2009 roga. B cooTBeTCTBUM C JaHHOV KOHBEHLIME CY-
Jla MOTYT OBITb IEMOHTMPOBAHbI TOJIBKO HA TTPEATIPUSTHU-
SIX 110 YTUIM3ALUM CYA0B, KOTOpPbIE MMEIOT pa3pelieHue
U TIOJTHOCTBIO YIIOJTHOMOYEHBI OCYIIECTBJISITh BCE BUIbI
JIesITeTbHOCTY 110 YTU/IM3alUY CYI0B, yKa3aHHbIE B IUIa-
He yTuau3auuu cygHa. Hampasisiemoe Ha YTUIM3ALMIO
CYAHO TOJKHO MMETD CITMCOK achecTcomepikaimux MarTe-
pUaJIOB, MPUMEHSIEMBIX Ha 60OPTY.

Llenb paboThI — BhISIBIEHME, IMATHOCTMKA U KOJ/Ue-
CTBEHHAas OlLleHKa cofepskKaHMs XpU3oTua-acbecra, ampu-
60/1-acbecToB ¥ acOecTonomOOHBIX pecupadbe bHbIX BO-
JIOKOH (TIPMPOIHBIX U MCKYCCTBEHHBIX) METOIAMM OITU-
YeCKOoii MMKPOCKONIMU ¥ PeHTTeHorpadui B TOPHBIX MO-
poIax, TEXHOTe€HHbIX 06pa30BaHMSX (IIPEMMYIIECTBEHHO
IeTIOHMPYIOIIMUX Cpefax), MIPoayKTax IMIPOM3BO/ICTBA aH-
TPOIIOT€HHOTO IMPOVUCXOXKIEHMS.

O6beKTbl U METOAbI UCcCNenoBaHUs

Ilo mociegHero BpeMeHu M3yueHue Xxpu3oTui-acoe-
cra ¥ aMmdunboa-acbecTa MPOBOAMIIOCH TPEUMYIITECTBEH-
HO B IIPUPOIHBIX TOPHBIX TTIOPOAAX HA pPa3HbIX CTAOUSIIX I'e-
0JIOTO-Pa3BefOUHbIX padoT. [IpakTUUeCKMil MHTepecC Ipej-
CTaBJIS/IV 00bEKThI XpU30TMI-acbecTa, Tak KAk MUMEHHO
9TOT MUHEpPAJ UMeeT OCHOBHOE ITPOMBbIIIIEHHOE 3Have-
HMe U ero IIPOU3BOJICTBO AOCTUTaeT 98 % OT 061IeMupo-
BOTO IIPOM3BOACTBA ac6ecTOB. OCHOBHBIM IPOMBIIIIIEH-
HBIM TUIIOM MeCTOPOKIeHM Ha TeppuTopum Poccun siB-
JISIIOTCSI MECTOPOKIEHMSI HOPMa/IbHOTO XpU30TUI-acoe-
cTa 6a’kKeHOBCKOTO TUIIA, JIOKAJIM30BaHHbIE B MaCCMBax
YJIBTPAOCHOBHBIX MTOPOI, B KOTOPBIX OTMEUAeTCs OTHOCH -
TeJIbHO paBHOMEpPHOE paclipeesieHye BOJIOKOH acbecTa
[8]. K aTOMYy THITy OTHOCUTCS OIHO U3 KPYITHEMIINX OTe-
YyeCTBeHHBIX MeCTOPOKIeHMiI — KuembaeBcKoe, XOPOIIIo
M3y4eHHOe, B OCHOBHOM YPaJIbCKUMM CIIeLIMaTNUCTaMMU, U
IoaBHO paspabaTbhiBaeMoOe KapbepHBIM CIIOCOOOM.
MuHepasiormueckoe M3ydeHue Xpus3otTuia-acbecra c me-
JIbIO €r0 IMarHOCTUKM M KOJIMUECTBEHHOJ OLIeHKHU B Je-
TIOHUPYIOIIMX Cpefax, IPeuMyIleCTBeHHO TEXHOT€ HHOTO
TIPOUCXOKAEHMS, IPOBOIUTCS yKe HeCKOJIbKO JecsTuie-
Tmit [3, 11, 15]. B HacTosIee BpeMsi BbISIBJIEHVEM U OTIpe-
IeneHueM comepsKkaHus acbecta (XpMU30oTuI-acbecra) B
BO3myxe TnoMerienuit 3anumaercs AO «BHUWnpoekrac6ect»
(ExaTepuHOYpT), MMes B CBOEM apceHalie Heo6xXoaumoe
obopymoBaHMe, B TOM 4Mc/Ie 1 AJis 3a00pa Bo3ayxa, M Me-
TOOMKM aHaau3a. imeHTuduKalmein M KoJaudecTBeHHO
OLIEHKOJ Xpu30TuiI-acoecra u ampubo-ac6ecToB B TBEP-
IodasHbIX CUCTEMAX, B TOM YMC/Ie U MPOAYKTax MPOu3-
BOJICTBA, 3aHMMaeTcs PI'BY «BUMC». IsHauyaabHO pabo-
ThI B 3TOM HaIIpaBJeHUM ObLIM CBSI3aHbI C OIIpee/ieH/ieM
BJMSTHUS acbecta 1 acbecTcogepsKalleit MpogyKIMy Ha
3[I0POBbE HACeJIEHUS M OKPYKalolIyio cpeny. PaboTsl Ta-
KOTO IIJIaHa IPOBOAMIINUCH U paHee, HO, K COXKaJIEHMIO, Ha-
YYHOTO 0O0CHOBAHMS METOAMKM aHa/M3a He CYILIeCTBO-
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BaJ1o. [TosaTomMy pe3y/nbTaThl aHaJIM30B B OCHOBHOM He CO-
IIOCTaBMMbI U He TI03BOJISIOT ITOYYUTD JOCTOBEPHYIO MH-
dbopmanuio. O6beKTaMy MCCAeL0BAHMIT TTOCTYXKUIIA ac-
6ecroBas pyga KnembaeBckoro mecroposkaenus (FO>KHbIN
Vpain) (6onee 20 06pasiioB), crielMagbHble MaTepUAaIbI,
MpyMeHsieMble B CyJOCTPOUTENbCTBE (TIamy6HbIe TTOKPHI-
THUSI, TOPMO3HBIE JIEHTBI U JIP.), & TAKKe TeXHOTeHHbIe 00-
pa30BaHMS — MYCOD U IIbLIb YAMYHBIX IUIOLAL0K KPYII-
HbIX MeranonucoB UpaHa (Terepan, [llnpas).

C noMoIupio peHTreHOrpaduyeckoro KoamyecTBeH-
HOro ¢a30BOro aHaIM3a UCCIeNYIOTCSI, KaK IPaBUiIo, rop-
HbIe IIOPOABI, CoZepsKallue XpU30TuI-acbecT B 3HAUM -
TeJIbHOM KoinyecTBe. Takue Mpo6bl TPEOYIOT Cclienyaib-
HOJ1 IIOATOTOBKY M3-3a TEKCTYPUPOBAaHUA MaTepuaa.

Oco60 ciiegyeT OTMETUTD, UTO IPU U3YUEHUM KPYII-
HOBOJIOKHMUCTOTO acbecta peHTreHorpaguueckum MeTo-
IIOM TpebyeTcsi crielManbHasl MOATOTOBKa MaTepuana. 13-
33 HEBO3MOXXHOCTY IIOMECTUTh BOJIOKHA B CTAaHLAPTHYIO
KIOBETYy MX Hape3aloT HOKHUIIAMU Ha KOPOTKMe pparmeH-
ThI ¥ pa3MellaloT TOHKMM CJIOeM Ha Cllel[MajbHbIi KpeM-
HMEBBIN TJIOCKUIT nepskaTenb. O6pasel] GuKcupyeTcs B
HeM C [IOMOLIbIO CIIMPTa WK BadenyHa. OnTUMalbHbIM
B JAHHOM CJly4ae SIBJISIeTCSl KOMIIEKCUMPOBaHye peHTre-
HOrpadMyecKoro KoJam4ecTBeHHOro a3oBoro 1 ONMTUKO-
MMHEepPaJIOrn4eckoro aHaJIn30B.

ONTHUKO-MMHepanornyeckue MeTonbl MCCIeS0BaHus
IIO3BOJIFIOT YCIIELIHO IIPOBOAUTDH KaUeCTBEeHHYIO U KON -
YeCcTBEHHYIO IMarHOCTMUKY XpU30TUI-acbecta u ampuboin-
acbecra (puc. 1, a, b), a Takke MCKYCCTBEHHBIX U HATYPaJIb-
HBIX BOJIOKOH. MuHepanornyeckum orgesnom O®I'BY «BUMC»
pa3paboTaHa MeTOLMKA JUATHOCTUKM Y KOTMYECTBEHHO-
IO OIlpeJie/IeHs UCKYCCTBEHHBIX U IIPUPOJHBIX BOJIOKOH
B TBephoda3HbIX MaTepuanax, OCHOBAHHAS Ha Pas3inuu-
SIX B ONITUYECKUX CBOVCTBAxX Xpu3oTmi-acbecra, ambu-
6os-acbecTta 1 pa3IMUHbBIX MCKYCCTBEHHBIX U IPUPOLHBIX
BOJIOKOH. MaTepuasbl crieliMaabHbIM 00pa3oM M3MeJibyua-
10T, U3 HUX IIPUTOTaBIMBAIOT ONITUYECKUI IIperapar € uc-
II0/Ib30BaHMEM Pa3/IMUHBIX MMMEPCUOHHDIX KUIKOCTEN,
IIO3BOJIAIOLIVX OIIPeeINThb ITI0Ka3aTely IPeIOMIeHUs U
OIITMYeCKye CBOJCTBA UCCaeLyeMOoro Mmarepyuaia.

MwuHepasornyeckyue paboTbl BbITOJHEHBI B PI'BY
«BHMC» B cooTBeTcTBUM ¢ OCT-41-08-266-04 «Cranmapt
oTpaciy. YIipaBjieHye KaueCTBOM MMHepPaJIOrM4eckux pa-
60T. MeTOOVKM KOMMYECTBEHHOTO (ha30BOr0 aHa/IM3a rop-

HBIX IIOPO/I, Y, TEXHOTeHHBIX 06pa30BaHMi», a TAKKE C
MeTOLUYECKMMM PEKOMEHAALMSIMU HayYHOT'0 COBETA T10
MeTOoJaM MUHeDPaJIOrMyecKux UCcieJoBaHn, BKIIOUEeH-
HBIMM B OTpacjeBoii peeCTp METOAVK aHaAM3a, JOIMyLeH-
HBIX K IPMMeHEeHUIO IIPU MUHe PaJIOTMIeckoM obecrieye-
Huu I'PP Ha TBep[ible IONe3HbIe MCKOIIaeMble.
MuHepasibHbII COCTaB MPO6 TPUPOIHOI ac6eCcToBOI
PYZIbI ObLT M3yUeH ONTUKO-MUHEPATOTMYECKUM U ONITUKO-
neTporpaduyeckuM MeTOIaMM C TOMOIIbIO CTePEOMMUKPO-
cKora BeIcuero kinacca Leica MZ 125 (Tepmanus) u nons-
PU3ALMOHHOTO ONTHUYeCKOro Mukpockomna Olympus BX 51
(SImoHus1) ¥ peHTreHorpadIecK1M KOMMYecTBeHHbIM ¢a-
30BBIM aHAIM30M C UCIIOb30BaHMEM PEHTTEHOBCKOIO Iud-
pakrometpa X’Pert PRO MPD (PANalytical, Hugepnauzsr).
[TapameTpsl McC/Ien0BaHNSI: MOHOXPOMAaTMU3VPOBaHHOE
CuKa-usnyyeHne (rpadmToBbIii MOHOXpOMATOP Ha Audpa-
TMPOBAHHOM U3TY4YeHUM), PESKUM PabOThl PEHTT€HOBCKO
Tpyoku: V= 50KV, =40 MA, pexkuM 3armcy peHTTeHOrpaMm
HerpepbIBHBIN, miar 0.02 rpap 20, Bpemst HAO0pa VIMITY/IbCOB
1.0 c. MuHepaJbHbIi COCTaB TOPOICKO¥ bV OBLI OTIpeze-
JIeH peHTTeHorpadmMuecKuM KoamuecTBeHHbIM (pa30BbIM
aHanmM30M. MeTozbl ONITUYECKO MUKPOCKOMMY MT03BOJISI-
10T OIIHO3HAYHO AMAarHoCTMpoBaTh ambubomr-acbect umm
XpU30TUI-ac6ecT, CTEKJIOBOTIOKHO, pecIiMpabenbHble UCKYC-
CTBEHHbIE M HaTypaJbHbIe BOJIOKHA (puc. 3, a, b), T. e. Bo-
JIOKHA AJIMHHEee 5 MKM ¥ AyaMeTpoM He 6osiee 3 MKM Ipu
OTHOLLIEHUY JJIMHBI K AyamMeTpy He MeHee 3 : 1. Camo I110-
HATYE «pecrupabesbHbIe», TO €CTh BAbIXaeMbIe, YACTUIIbI
ropasfio 1upe, Tak Kak B JeTKye M0oMnaaioT BOTOKHUCThIE
M 3epHUCTBIE YaCTULIBI Y IPYTUX pa3MepoB. B 60mbLIMHCTBe
CTpaH MMpa HOpMUPOBaHKe acbecTcomepsKalluX MblIeit oc-
HOBAHO Ha OTIpefieJIeHMH Yycia pecripabenbHbIX BOTOKOH
B equHMIe 06bema (BOJIOKOH B MMJUTMIUTPE — B/MI) [5]) .

Pe3ynbTraTtbl 1 UX 06CYXXAEHUE

Ipupooduas pyda Kuembaesckozo MeCmopo#oeHUsl.
UccnepoBanue pyn KuembaeBCKoro MeCTOpOsKAE€HMUS IIPO-
BOJMJIOCh KOMITJIEKCOM METOJOB PEHTIeHOTrpadueckoro
U OTITUKO-MMHEPaJIOTMUECKOTO aHATMU30B /IS OTIpefee-
HUST UCKTIOUMTEIBHO UX KaueCTBa ¥ MOATBEPXKAEHMS BO3-
MOKHOCTY UCIIONb30BaHMS MX [JISI U3TOTOBJIEHUS HIbe-
pa. AcbGecToBas pyna MpeAcTaBieHa MPeuMyIeCTBEHHO
TIOTI€PEYHO-BOIOKHMUCTBIM XpU30TMI-ac6ecToM. [JTaBHbIM
DPYZHBIM MMHEDPAJIOM SIBJISIETCS KIMHOXPU3OTUI, COLEP-

Puc. 1. Xpusotui-acoecr (a); ambuboa-acéect (b). [Ipoxomsiiimit CBeT, HUKOJIN apaielbHbl

Fig. 1. Chrysotile-asbestos (a); amphibole-asbestos (b). Transmitted light, parallel nicols
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’KaHMe KOTOPOTo B IIopofe Konebnetcs ot 57.4 1o 86.0 %.
B 3HauMTENbHOM KOMMYECTBE MPUCYTCTBYIOT MUHEPAJIbI
TPYIIIbI CepIieHTMHA (IM3apOUT U aHTUTOPUT), UX COZlep-
skaHuMe cocrapisieT 2.8—31.7 %. OCHOBHbIE MUHEPAJIbI ObI-
JIY IMarHOCTMPOBAHBI IT0 CBOMM XapaKTePHbIM MEKILIO-
CKOCTHBIM paccTtosHusim (d, A): knuHoxpusotun — 7.36,
3.66, 2.45; mu3apout — 7.36, 3.64, 2.15; auturoput — 7.26,
3.63,2.52, 2.42. B noguMHeHHOM KOJIMYECTBEe OTMeYaloT-
CST MarHeTuT U 6pycuT. IIpy mpou3BoOCTBE JTI0ObIX BUIOB
acOecTOBBIX MaTepUAIOB BaXKHYIO POJIb UTPAET JJ/IMHA BO-
JIOKHA acbecTa, 3T0 OCHOBHO1 IMPU3HAK, T0 KOTOPOMY ac-
6ecT JeJiSiT Ha COPTa, B CBOIO OYepeIb OIpeAe/sioye
IPYIITY 060TaTMMOCTH, TEXHOJIOTUYECKME TT0Ka3aTeln
oboraimieHMsT M KayeCTBO TOTOBOW MNPOAYKIMU.
OpaKUMOHHBINM COCTaB (CogepKaHue JIMHHOBOTOKHUCTOM
(6onee 1 Mm) u ToHKOAMCIIEpCHOT (MeHee 0.14 MmM) pak-
1Mit) 3aBUCUT OT MMHEPAIbHOTO COCTaBa pyabl. Tak, Hau-
6oJiee BBICOKUM COiepKaHMEM IJIMHHOBOJIOKHUCTOM U
MUHMMaJIBHBIM COZlepyKaHMeM TOHKOAMCIIEPCHOI ppak-
LM XxapaKTepu3yeTcsl BOJIOKHO anolepug0TUTOBBIX PYI,
Kuem6aeBckoro mecropoxkueHust [4].

TexHozeHHble 00pa30eaHusl. B MpoaHaIN31POBa-
HbI MYCOP ¥ TIbUIb YIMUHBIX IUIOIIaA0K KPYITHBIX TOPOAOB.
[Tpu 5TOM YUMUTHIBATIOCh U HAJIMUMEe 0ObEKTOB, [IOTEHIIV-

aJIbHO CITOCOOCTBYIOMINX 3arpsI3HEHUIO TePPUTOPUIL
(Rapbepsl U Ipuiieraroue K HUM yJyacTKU, KaMHeIpo-
O6MIbHBIE TIPOM3BOLCTBA, 3aBObI, M3TOTABIMBAIOIIME ILIN-
¢ep, aBTOMacTepckme u 1p.). 3a MOCaeHME TISITh JIeT MPOo-
aHaAM3MpoBaHo nopsaka 300 o6pasuos. IIpyu HamMuun
JIOCTaTOYHOT'O KOJIMYeCTBa 06pasiia MbUIM UCIIOIb30BaI-
cst peHTreHorpadmyeckuit ananms. OqHaKo, Kak IIpaBuio,
B IIBLJIV IPUCYTCTBYET 3HAUMUTENbHOE KOJIMYECTBO PEHT-
reHoamMopdHO# (a3bl, IpercTaBIeHHO! UCKYCCTBEHHBIM
MaTepuanom, GpayHoit 1 Gpaopoii, a TaKKe TOHKOLMUCIIePC-
HBIMM MMHepaaaMy, pasMep KpUCTAIUTOB KOTOPBIX He
npesbiniaet 0.02 mxm. [TosTOMY ZOCTOBEPHBIM TaKOM aHa-
JIU3 CUUTATh HEKOPPeKTHO. Kak rmokasas Halll OIIbIT, B 3TOM
cTydae BCerga Heo6XoaMMOo MPUBIEKATD ONTUYECKYI0 MU-
KpocCKomnuio. B kauecTBe mpumepa pacCMOTPUM KOMIIIEKC-
HBIIi aHa/IM3 UK U cMeTOB c yiul, TerepaHa u lllupasa.
PenTreHorpaduueckum aHaJIM30M YCTAHOBJIEH MUHEPAITb-
HbI (ha30BbIiT) cocTaB Mbum. Ha J0/TI0 KpMCTa/uTMuecKux
(a3 TerepaHckoit mputu puxoautces 69.0—81.5 %. B mibI-
s lInpa3sa KOMMUeCTBO KPUCTAINUECKUX da3 coCTaBIs-
eT 48—65 %. ImaBHBIMM ITbIIEO6PA3YIONIMMIU MUHEpaIa-
MM SIBJISIIOTCS KBapll, KaabLIAT, NIMHUCTBIE MMUHEpaJbl, Ka-
JIMeBbIii TI0€BOJA 1IMAT, IIJIarMoK/Ia3, He IOBCEMECTHO
M 0OBIYHO B Pe3KO NMOSYMHEHHOM KOJIMYeCcTBe BCTpeya-

Puc. 2. Mem6panHbie GUIbTPHI [sopore Ajis onpeneneHus ac6ecta B BO3OYUIHBIX a3PO30JISIX (a); MCKYCCTBEHHOE BOJIOKHO
Ha TIPOCBeTIAeHHOM Bo3ayuriHoM ¢bunabTpe (b) (ITpoxonsiinii CBeT, HUKOIM MapajiesibHbl); CMETBI C TOPOACKUX YINYHBIX
iomanok Mpana (c, d)

Fig. 2. Isopore membrane filters for the determination of asbestos in airborne aerosols (a); artificial fiber on an anti-reflective
air filter (b) (transmitted light, parallel nicols); sweeping from urban street areas (Iran) (c, d)
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I0TCSI TUTIC, MOJIOMMUT, XJIOPUT. B MbLJIM 06HAPYKeHbI Xa-
TPYPUT ¥ aKEPMaHMUT, KOTOPbIE MMEIOT IBHO MCKYCCTBEH-
HOe TIpoMCXoXKaeHue. It TOJTHOTO IIpecTaBIeHus 06 u3-
yJaeMoit b 6bLT TPOBEIEH OMTUKO-MUHEpaIornye-
CKMit aHanmu3. [t oTipe/ieIeH s CYeTHOI KOHIIeHTpaluin
YaCTHll, T. €. COflepskaHysI BOJIOKOH B eHMIIe 06beMa BO3-
Iyxa, IPUMEHSJICS MUKPOCKOTIMUECKIIT aHa/IN3 CIIely-
aJbHbIX MeMOGpaHHbIX GUIBTPOB, KOTOPbIE MCIIOTb30Ba-
JIUCh Iy1s1 0T60pa pob b (puC. 2, a—d). ®UIbTPBI TPO-
aHa/IM3MPOBAHBI B IPOXOSIIEM CBETE OIITUUYECKOIO
MuKpockorna [13].

TakuM 06pa3oMm, B JOPOKHOI MbUIM ¥ CMETAX rOPO-
o Mpaka xpusotui-acoect 1 ampubon-ac6ect He 6bIIN
o6HapyskeHbl. XapaKTepPHbIM /)11 U3YUeHHbIX 06pa31ioB
SIBJISIETCST TIPUCYTCTBME CUHTETUUECKUX BOJIOKOH, BHEIII-
He [TOXOXMX Ha BOJIOKHA ac6ecTa, HO OTIMYAIOIMXCS OT
HMX 10 CBOMM OIITMUYECKMM CBOMCTBAM — IOKa3aTeio
IpeioMyIeHus] ¥ MHTephepeHIIMOHHBIM OKpacKaM.
PacTtuTenbHble BOJIOKHA, IPUCYTCTBYIONIME B HE3HAYUM-

TEJIbHOM KOJIMYECTBE BO BCeX MPoOax, 06/1a1al0T BbICOKM-
MU IIBeTaMy MHTePhEPEeHIIMM U XapaKTePHbIM BHYTPEH-
HMM CTPOEHMEeM BOJIOKHaA (puc. 3, b), O3BOJISIONIMM OT-
JIMUUTH UX OT BOJIOKOH acbecTa. AHAJIOTMYHbIE Pe3y/IbTa-
ThI OBLIY TIOTYYEHBI ITPU U3YUEHWUU ITBLIN C YauL, MOCKBbI
u ExaTepnHOypra, B KOTOPOJi TaKKe He ObLIM 0OHapysKe-
HbI XpU30TWI-acbect M aMpuboI-acoecTsl.

CneyuansHble Mmamepuansl, UCnoJib3yemMble 8 Cy0OCmpo-
umenscmee. B pamkax gekiapalum COOTBETCTBUS (KOH-
CTpYyKUMs 6e3 acbecTcomepskallXx MaTePUAIOB B COOT-
BeTcTBUM C IIpaBuiom 3-5 [nasel [1-1 COJIAC) u mporpam-
MBI YTUIM3ALUUN CYyLOB 1151 POCCUIACKOTO MOPCKOTO pe-
TUCTpa CYIOXOACTBA HEeOOXOAMMO BBISIBJIEHUE,
uaeHTUGUKAIMS U ompenesieHne cogepkanust acbecra
B CIIEIMAIbHBIX MaTepuaaax — 30/, TaaTyOHbIe 1Mo-
KPBITUS, MAaPOHUT (PUC. 4, a), TOPMO3HBbIE JIEHTBI, YIIOT-
HUTeIbHbIe Ha0MBKM. BUMC ceromHs MpoBOINUT OIITUKO-
MMHepaaorMuecKkuit ananus (C mpuBjieueHMeM UMMep-
CMOHHOI'0 MeTO/la) MaTepuaaoB, UCIIOIb3yeMbIX B Cy/IO-

Puc. 3. BosokHa B IPOMBILUIEHHO MbLIN: @ — UCKYCCTBEHHBIE (ONTUYECKUIA MpenaparT, IPOXOAsIIMii CBeT, HUKOJIN Napal-
JIeJIbHBI); b — pacTUTebHbIE (ONTUYECKUI TPEIapaT, MPOXOISIINiA CBET, HUKOIU CKPEIeHbI)

Fig. 3. Fibers in industrial dust: a — artificial (optical preparation, transmitted light, parallel nicols); b — natural (optical prep-
aration, transmitted light, crossed nicols)

Puc. 4. VIIJIOTHUTENbHBIN MaTepyas Tpy6oIpoBOIOB CyJHA (TAPOHUT) (a); XPU30TUI-ac6eCcT B MapoHUTe (OMTUYECKUIA
Tpernapar, MpOoXOASsIINI CBET, HUKOIN HapasienbHbl) (b)

Fig. 4. Sealing material for ship pipelines (paronite) (a); chrysotile-asbestos in paronite (optical preparation, transmitted light,
parallel nicols) (b)
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cTpoeHMU. Bosiee ThicIuM aHaIM30B, BHIITOJTHEHHBIX
B 2020—2022 ropax ro3BonmiIyn yCTaHOBUTb IIPUCYTCTBIE
Kak xpuzoTmi-acbecta (puc. 4, b) B pasinuHbIX Koinye-
ctBax (0T 0.1 70 98 %), Tak M UCKYCCTBEHHBIX U NIPUPOL -
HBIX BOJIOKOH.

3akloueHue

IIpoBemeHHbIe MUHEPAIOrMYeckye UCCaeI0BaHMs I10-
KasaJiy, YTO B 3aBMCUMOCTM OT MaTepuasa, ComepsKallero
acbecT, ¥ ero BUI0BOJ IPUHAIJIEKHOCTI MOXKHO MCIIOJIb-
30BaTh METO/bI OIITUUECKOI MUKPOCKOIINM M PEHTTE€HO-
rpaduyeckuii ¢ha3oBblil aHAIM3 WM KOMILIEKCUPOBaHIE
3TUX METOLOB. MuHepasornyeckye MeTOMbI MCCIeL0Ba-
HMSI TaKKe MTO3BOJISIIOT YCITeIHO TTPOBOAMTD KaueCcTBeH-
HYIO ¥ KOJIMYECTBEHHYIO OIIeHKY MCKYCCTBEHHbIX M HATY-
paJIbHBIX BOJIOKOH, MPUCYTCTBYIOIINMX B MCC/IEAyeMOM Ma-
Tepuajie  HepeaKo IMarHOCTUPYeMbIX KaK ac6ecT.

B pesynbTaTe MccieqoBaHuit ObIT OMIpeiesieH MiuHe-
pajbHBIi cocTaB ac6ecToBoit pyasl KmembaeBcKkoro me-
CTOPOKIEHMSI, TOPO/ICKOIA IBLIM U JOPOSKHBIX CMETOB 3a-
PYOEKHBIX TOPOZIOB, @ TAKKe CITelMalbHbIX MaTepuasos,
MCITI0/Ib3YeMbIX B COBPEMEHHBIX Cy/Iax.

B nenoHupyomux cpefax (buib, CMETHI), B KOTOPBIX
HepeIKO BCTPeYaloTCs CUHTETUUYECKME U IIPUPOSHbIE pe-
cripabesnibHble BOJIOKHA, XpU30TuUI-acbect u aMmduboII-
acbecThl He OOGHAPYKEHBI.

MuHepanornyeckuii aHaamus crielaabHbIX MaTepu-
aJI0B, MCII0/b3YEMBIX B CYIOCTPOEHNM, [TOKA3aJI, UTO CO-
Iep>kaHue Xpu3oTui-acbecta B HUX BapbupyeT B BeCbMa
3HAUMTENbHBIX Npefenax. OMHOBPEMEHHO C XpU30TUI-
ac6ecToOM B HUX MPUCYTCTBYIOT CMHTETUUECKIE Y PACTU-
TeJIbHbIE BOJIOKHA.

XpusoTtui-acoect, 06HapYKeHHbI B XOfIe MCCIeIoBa-
HUIA, OTHOCUTCS K HayiMeHee BpeQHbIM MUHEPaAIbHBIM pas3-
HOBUIHOCTSIM acbecTa I1o0 cpaBHeHMIo ¢ amdumbon-acoe-
cTtoM cornacHo cnucky PIC. TIpumeHeHue U yTuamnsauus
MaTepuaioB, COIepsKalX XPU3OTUII-aCOeCT, JOKHbI BbI-
TTOJTHATHCSI B COOTBETCTBUYM C HOPMAaTMBHBIMU JJOKYMEHTa-
MM U IIpY CTPOTOM COBTIONEH MM TEXHUKI 6€30IIacHOCTI.
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y4eTOM 06paTHbIX TPAEKTOPUIA NepeHoca BO3AYLLUHbIX Macc. YCTaHOBNEHbI MEXXCNI0eBble KonebaHus 3HaueHui 5180, BapMaTMBHOCTL
KOTOpbIX BO3pacTaeT B CNOSX, NPUYPOUEHHBIX K TepMoauddy3MoOHHOMY reoxummuyeckomy 6apbepy. BeickazaHo npeanonoxexue, 4to
BCNeACTBME re0XMMUYECKOW aKTUBHOCTM CHEra M ero ynsTpadyoneToBOi NPO3payHOCTH, a TAKKE NMPU HANUUMU XKeNe30CoAepXKaLLmX
MblNI€A3PO30/bHbIX YACTUL, B CHEXXHOW TONLLE BO3HMKAIOT YCII0BUS, MHULIMMPYHOLLME HOTOAKTMBMPOBAHHbIE CHEFOXMMUYECKME PeaKLnM.
Mx npoTekaHue MOXeT CONPOBOXAATbCS CBOOOAHOPAAMKANbHBIM OKUC/IEHMEM OCEBLUEr0 a3p0o30/IbHOrO BeLecTBa M 06pasoBaHueM
CTabunbHbIX NPOAYKTOB (HOTOPEaKLMK, O YEM, BO3MOXHO, CBULETENbCTBYHOT YCTAHOB/IEHHbIE MOCTCEAMMEHTALMOHHbIE MEXCI0EBbIe
pa3nnumns B U30TOMHOM CTPATUDUKALMU CHEXHOM TONLLM.

KnioueBble coBa: ak8akoMniekcol xesesa, aspo3o/iu, duHamuy4eckoe paccedgHue csema, usomonsl KUCﬂOpOOCI, KpUCmGﬂﬂOZUOpOmbI,
yﬂbmpaqbuonemosaﬂ npo3pavyHocme cHeea, CHeXHbil NOKpO8, CHecoxumu4eckue peakyuu, mpaeKmopr/EI adanus.

Geochemical activity of snow and layer-by-layer variability
of the isotope ratio (6130) in the snow mass under conditions
of the different surface atmosphere dustiness
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The layered distribution of the isotopic composition (5180) in the snow mass under conditions of different dust pollution of
the near-surface atmosphere was studied on the territory of two scientific test sites of the IAO SB RAS: the Fonovaya observatory
and the suburban BEK test site (Tomsk). Interlayer differences in isotopic characteristics and the activity of snow chemical reactions
were evaluated in conjunction with the analysis of the dispersed composition of the precipitated aerosol substance, the radiation
transparency of snow in the UV range, and taking into account reverse trajectories of air mass transfer. Interlayer fluctuations in 5§80
values were established, the variability of which increased in layers confined to the thermal diffusion geochemical barrier. We sug-
gested that due to the geochemical activity of snow and its ultraviolet transparency, as well as the presence of iron-containing dust-
aerosol particles in the snow mass, conditions arose that initiated photoactivated snow-chemical reactions. Their occurrence may
be accompanied by free radical oxidation of the precipitated aerosol matter and the formation of stable photoreaction products,
which may be evidenced by the established post-sedimentary interlayer differences in the isotope stratification of the snow mass.

Keywords: iron aquacomplexes, aerosols, dynamic light scattering, oxygen isotopes, crystalline hydrates, ultraviolet transparency
of snow, snow cover, snow chemical reactions, trajectory analysis.
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BeepeHue

U3BecTeH yCTOMUYMBBIN MHTEPEC K ITOCTCEAVMEHTALIVIOH-
HbIM M3MEeHEeHMSIM M30TOITHOTO COCTaBa BhITIABIINX TBEPABIX
0Ca/IKOB, KOTOPBII TIOKa HEIOCTATOUHO OCBelleH B COBPeMeH-
HBIX IyOrmKaumsix [3, 5, 39]. B To ke BpeMsI CyleCcTBYOLIVe
TIpe/iCTaBIeHMS XapaKTepu3yIoT BCe M3MeHeHMS M30TOITHO-
'O COCTaBa B BbITIABIIIeM CHere B OCHOBHOM JIBYMSI ITpoliecca-
mu: 1) cryiaskMBaHMeM Bapualinii MU30TOITHOTO CUTHasIa M3-3a
v dy3uy MoseKys B IOPOBOM ITPOCTPAHCTBE JIEMSTHOM Ma-
TpUIIBI 6e3 M3MEHEHMST CPETHET0 3HAYEHMST M30TOITHOTO CO-
CcTaBa JyIs Bcell CHesKHO-GMPHOBOI Tomim [28, 29]; 2) n3me-
HEeHMeM M30TOIHOI'0 COCTaBa B CHE)KHOM TIOKPOBE B pe3yilb-
TaTe (ha30BbIX IEPEXOIOB BOABI ITPY MACCOOOMEHE MEXKTY
CHEroM M BOISIHBIM Iapom atMocdepsi [39]. TIpyu aTom Bms-
HIM€e CHETOXMMMUYECKMX peaKiMii C ydacTyeM OCeBIIIero aspo-
30/IbHOTO BellecTBa Ha MOCTCeNMeHTalIOHHOe M30TOITHOoe
(paxkIMoOHMPOBaHYE He PaCCMaTPUBAETCSI.

Meskay TeM oceBliiee a3p030JIbHOE BeleCTBO YCUIIN -
BaeT IOIJIOIeHN e COTHeUHOTO U3TyueHMs B BUIVMOM M-
arasoHe 1, Kak CefCcTBIe, yBeJIMUMBAET TeMIIepaTypy I10-
BEPXHOCTH 3arpsi3HEHHOTO cHera [25, 27, 35]. Ipyrumu cio-
BaMM, MMHepaIbHast PpaKiysi a9p030/IbHOTO BEIIeCTBA, SIB-
JISISICb OCHOBHOJ pacceuBalolleit CcBeT KOMIIOHEHTO B
atMocdepe, Ha TOBEPXHOCTM CHETa CTAHOBUTCS MTOIVIONIA-
torieii. [Ipoiiecc COMpoBOXKAAETCs TTOBbIIIEHMEM TeMIIepa-
TYPbI TIOBEPXHOCTY CHEXXHOTO ITOKPOBA M YCKOPEHHBIM €ro
TasiHMEeM. B CBSI3M C 3TMM MOXKHO TIPeAIIoN0XUTh, YTO Ha
MOCTCeIMMEHTALIMOHHOE M30TOIMHOE (hpaKLMIOHMPOBaHME
B CHEXXHOM ITOKpOBE MOXeT BJIMSTh M a3P030JIbHOE Bellle-
CTBO, aKKYMYJIMpOBaHHOE B CHexKHOI1 Tosie. Ero BiausHue
B CHEKHO1 TOJIIIIE MOXKET KOHTPOIMPOBAThCS (DU3NUECKU-
MU CBOVCTBAMM CHESKHOTO TIOKPOBA U €ro re0XMMMUUeCKOoii
aKTUBHOCTBIO.

AKTYaJIbHOCTb MCCIEIOBaHMIT 0OYC/IOB/IEHA TEM, UTO C
pasBUTMEM ITPOM3BOACTBEHHO IeITeIbHOCTH MTOSIBUINCH
HOBbI€, HEMMPUPOAHbIE UCTOUHMUKM TOHKOIMCIIEPCHOTO MU-
HepaJIbHOTO BEIeCTBA, 10 aKTUBHOCTM COITOCTaBUMBIE C ITPU-
pOIHBIMMU. [JTaBHBIM MX OT/IMUMEM SIBJISIETCS TIOCTOSTHHbITA
POCT MHTEHCUBHOCTH, COTIPOBOXAAIOIMINIACS YBeTMUeHEeM
TbIJIea’po30/bHOI Macchel [12], 06beM KOTOpOIi 3a Toc/es -
HIe CTO JIeT B Tporocdepe BO3poc MOUTH B IBa pasa [31].

B cBs131 ¢ 3TUM 11€JTh JAHHOI pabOThl — OXapaKTepu-
30BaTh 0COOEHHOCTHU MMOCIOMHOM AMHAMUKY MTOCTCEIM -
MeHTal[MOHHBIX Bapuaiiui 8180 c yueTom busuuyeckux
CBOJICTB CHera, ero reoXMMUUeCcKoi akTUBHOCTH U CTpa-
TUrpadmIecKoit CTPyKTYpbl CHESKHOTO TIOKPOBa, GOpMU-
pylomerocs B ripefenax GOHOBOI U TOPOACKOM TePPUTO-
puii B yCJIOBUSIX pa3HO 3albUIEHHOCTY NIPU3EMHOI aT-
mocdepsbl.

MeToaMKa

3umoii 2021—2022 T. 6bLIM BBIIIOJTHEHBI CHETOMEPHASsT
CbeMKa ¥ ITPoB00TOOP CHEra ISt aHA/IM3a ITOCTIOHO M3MeH-
YMBOCTU MHTETPAIbHBIX TeOXMMUUECKMX TTOKa3aTesei 1 130-
TOITHOT'O COCTaBa CHera Ha KJII0YEBbIX YYaCTKaX, 3a/I0KEHHbBIX
Ha HayuyHbIX ntonmmroHax MOA CO PAH, pa3nnyarommxcst 1o
CBOEJi IbIJIEBOVE HArpy3Ke, — obcepBaTtopun «DoHOBas» (60
KM 3ariajiHee I. ToMmcka) 1 6a30BOM KCIIEPMMEHTATbHOM KOM-
riekce «bIK» (BocTrouHast okpanHa . Tomcka). 17151 OLieHKu
IVHAMVKY BbIIIAfIeHMsI CHETONa0B B Iepuox GopMupoBa-
HMS CHESKHOTO IMIOKPOBA Ha YKa3aHHbIX y4acTKax IpMBJIeKa-
JIUCh TaHHbIE, HAXOSIIMECS B OTKpbITOM Aoctyrie (https://
1p5.ru). ITpy ormicanmy crpaturpad@yy CHEKHOTO IIOKpOBa

YUUTBIBAJIOCh HA/IMYMe BeTPOBBIX YIVIOTHEHU B CHEXKHOI
TOJIIIE, CJIEOB OTTEIeNel, CyOMMalIOHHBIX IIpeo0pa3oBa-
HUI CHEXXHBIX 3€peH ITpU MTepeKpUCTaIM3alUn.

TIpo6oom6op ocyujecmeisiu ¢ NOMOWBbI0 CNEYUANLHOZ20
cHezoomoopHuka [20]. TlonrotoBKa Ipob K aHamM3y B JeHb OT-
60pa 3aK/II0YaIach B MX B3BEIVMBAHMY U pacyeTe INIOTHOCTY
cHera (p, T/cM3). 3aTeM MPOo6bI CHETa pacTaruIMBasI TPy KOM-
HATHOJ TeMriepaType. B rmosyuyeHHbIX Tpo6ax CHEroBOJi BO-
IIbI 3HAYEeHMSI BOIOPOIHOTO IToKasaTers (pH) onpenesisuim rno-
TEHILIMIOMEeTPUUECKMM, a YIeTbHYIO 3TeKTPOIIPOBOIHOCTD
(S, MkCM/CM) — KOHZYKTOMETPUYECKUM METOIAMMU.

Onmuueckyio n1omHocms (A g y) TPO6 CHETOBOI BO-
Ibl B YO-nyarnasoHe Onpefesisyiv Ha CIIeKTpogoToOMeTpe
Solar PB2201 (pacTBop cpaBHeHMUS — JEeMOHM3VPOBAHHAS
BoJa). [IJis corntocTaB/ieHMsT ONITUYECKOI TIJIOTHOCTU pas-
HbIX 00pasiioB BeIOpaHa JjiMHa BOHBI 210 HM, TOCKOJIb-
KY IIpM CpaBHEHUM ONITUUECKOIi TNIOTHOCTY B MHTepBaie
crnekTpa c 200 go 700 HM 0Ka3a/10Ch, UTO AMCIIePCHbIE Ua-
CTUIIBI U PACTBOPMMbIe KOMIIOHEHTHI JTyUllle pacceuBaloT
MMEHHO KOPOTKM€e BOJTHBI.

OueHKa onmuueckoti npo3pauHocmu cHeza 8 YD-duanaszoxe
BBITIOJTHEHA C TTIOMOIIBIO CIEIMAJIbHOTO MeTO/a YabTpadu-
osieToBo (Y®) nosuMeTpmn ¢ IpMMeHeHNeM UCKYCCTBEH-
HbIX HAHOKPUCTa/10B nepukiasa (MgO). MeTop, 3akitoua-
eTCs B 9KCTIOHMPOBAHMM B CHESKHOJ TOJIIIIE CIIel[MalbHbIX
(hOTOUYBCTBUTEIBHBIX 3IEMEHTOB YD-I03MMeTpa, Mpe -
CTaBJISTIOIIMX COOO0V KBaplieBble aMITYJIbI C ICKYCCTBEHHbI-
MM HaHOKpUCTa/yIaMM IlepuKiaasa, ¢ mocienylolleit
DIIP-perucTpanyeit B HUX GOTOCTMMY/IMPOBAHHOTO Mepe-
xoma Mn3*+ e~ — Mn2+*, BO3HMKAIOILEro 0[], BO3JeiCTBIeM
yabTpaduonera [21]. st MHTepKaIMOPOBKYU SKCIIEPUMEH-
TaJbHBIX PE3y/bTATOB 10 YP-MpOo3payHOCTH CHera, MoJTy-
YeHHBIX C moMoIbio JIIP-perucrpanyn, UCIOIb30BAINCh
pacyeTHble METO/bI.

TocnotiMbtii epaHyniomempuueckuti aHaiu3 a3po30abHOTO
Bell[eCTBa, aKKyMY/IMPOBaHHOTO B CHEXXHOI TOJIIE, BBITION-
HEH C NOMOWbi0 Memood AVHAMMUYECKOTO PACCesTHMS CBeTa
(OPC) ¢ ucronb3oBaHMeM Jia3epHOTO aHaimn3aTopa ZetaSizer
Nano ZS (Malvern Panalytical, Benmuko6puranmst). ITpu mpo-
BeZleHNY TPaHy/IOMeTPUUeCKOro aHa/in3a Mo KasKIoMY M3Me-
PeHNI0 06bEMHOT0 pacIipeneeHst YaCTHLI IT0 pa3Mepam OIl-
TUMAaJIbHOE BPeMSI HAaKOTIEHVSI KOPPEJISIIIMOHHO (QYHKIMU
OTIpee/IsUIOCh MPOTPaMMHBIM ObecriedyeHneM npubopa aB-
ToMatmaecku. O6beMHOe cofepykaHye paKiyii HAHOYACTHI]
B 00pasiiax pacCYMTaHO MHTETPAIBHO ITO COOTHOIEHNIO (%)
Iomaay (GUryp, ONMMChIBAIOIIMX JaHHbIE pacIipeneTeHys ya-
CTMUII, TIO pa3MepaMm B JIMHEHbIX KOOpAMHATAaX.

CpasHumenvHyio 0yeHKy 3anslleHHOCMU NPU3EMHO20
a’p030Jis1 Ha GOHOBOII ¥ TOPOICKOI TEPPUTOPUSIX TIPOBO-
IWIY TIapasiyiesIbHO CO CHETOMEePHOIi CheMKOIi C TIpUMeHe-
HUEeM a3po30JIbHbIX clieKTpomeTpoB Grimm 1.108
u Grimm 1.109 [38], ycTaHOB/IEHHBIX COOTBETCTBEHHO B 00-
cepBatopumn «DoHOBasI» U AKaieMropogke, 2 KM oT «b9Kn».
V3mepeHns: cueTHOV KOHLIEHTPALUM a3pO30/IbHBIMU CITEeK-
TpoMeTpaMM MPOU3BOAUINUCH eXkeuacHo B TeueHue 10 mu-
HYT C IpeaBapuUTeNbHOM NMPOAYBKOM 3 MMHYTHI.
KoH1ieHTpa1us Mpr3eMHOT0 a3p030J1s U3MepsieTCs B BO3-
IYIIHBIX TOTOKAX, U30OKMHETUYHO OTOMPAEMBIX U3 a3pO-
IVHAMUUYeCKMX BO30yX03a00pHbIX TPYyO HaA BhICOTE 4.5—
5.5 M. Pacxo[ BO3IyLTHOTO MTOTOKA B CITEKTPOMETPE COCTaB-
jsieT 1.2 n1/MuH. [I711 COOCTaBUMMOCTY M3MepsieMbIX JaH-
HBIX pacyeT CYMMapHOJ CUeTHOI KOHIleHTpaluu
YUUTHIBAIU OT HUKHETO ITOpPOTa M3MepeHUsT JUCIIePCHO-
ctu 0.3 MKM OoJiee rpy6oro criekrpomeTpa Grimm 1.108.




Vestuit of Geasecences, October, 2022, No. 10 &'

TpaekmopHblii aHanu3 nepeHoca 8030yuiHsix macc npu ¢hop-
MMPOBaHUY 3MMHEr0 a3pO30bHOTO IO/ Ha/l TOYKaMM Ha-
GITI0eHMST OCYIIIeCTBIISUICS C UCTIONb30BaHMEM MacCHMBOB
10-cyTOYHBIX 06PAaTHBIX TPAEKTOPWMIA, PACCUMTAHHBIX ITO Me-
ToOMKe [33] ¢ moMoIbI0 TpaeKTOpHOM Momenu NOAA
HYSPLIT 4 [24] u ceTounbiXx MeTeonosneil NCEP/NCAR
Reanalysis [30] mms cioeB 100—2100 m Hag, o6eMmu CTaHIIN-
My — «DoHOBOI» U «AKameMroponok-boK». BoccraHoBieHne
TIOJISI peTMOHaIbHO BepOsITHOCTHM ITepeHoca Bo3ayXa Haj 1o-
BEPXHOCTBIO K CTaHLAM, P [%], TIpOBOOMIIOCH 110 METOAYIKE
[34]. B pamkax naHHO MeTOAVKM IJ1 KaXK[0¥ U3 IBYX TOUEK
6bLTM paccunTalbl 10-CyTOUHbIE 0OpPAaTHBIE TPAEKTOPYM BO3-
IYIIHBIX YaCTHUIIL U TTOTy4eHbI AMarpaMMbl, XapaKTepu3yio-
1I1ie PeTMOHaIbHYIO BEpOSTHOCTD ITepeHOoca BO3IYITHBIX Ua-
CTUI], B IOTPAaHMYHOM CJI0€ Haf, [IOBepXHOCTbHIO ITPU JIBVIKE -
HUM K TOYKaM HaOIIoIeHus1, B JAHHOM CTy4yae K o6cepBaTo-
pun «®@oHoBasi» u . Tomcky. IIpu pacueTe YUUTHIBIUCH
TPaeKTOPUM TOJMBKO TeX BO3AYITHBIX YaCTUI], 11T KOTOPBIX
Haj, o6cepBaTopueli «DOHOBas» U MMPUTOPOTHBIM ITOIMTOHOM
«B3IK» oTHOCKTE/IbHAS BIAXKHOCTD BO3AyXa Iy > 90 % 1 Tem-
niepartypa Bosayxa T < 0 °C. Takux TpaeKTopuit 13 IiepBOHa-
YyaJIbHOTO MaccuBa okasanoch 19 000. ITpu BeIOOPE TPaeKkTo-
Ui [J1s TIOCTPOEHMST AyiarpaMm YUUThIBaIOCh TaKke, UTo ec-
JIV B TEUEHME TOCJIeHEr0 Yaca 10 MPMObITHUS Ha KOHEUHbIE
TOYKM (Ha «D@OHOBYI0» U «BIK») ynenpHas B1aKHOCTb BO3-
IIyXa, q [I/KT], yMeHbLIWIACh, TO, C/Ief0BaTe/IbHO, HaJl, KOHEeY-
HBbIMM TOYKaMM BbITIaaIY OCAAKH, U 3TU TPAeKTOPUY BKITIO-
Yyaach B Iy/1 pacyeToB. IIocKOmbKy ¥ B/ara, M a3po30J1b (Kpo-
Me a’3po3071si, 06pasyrolierocs: B armocdepe 13 maporasoBoii
(dpaxiym) 1MomagaioT B HIPKHIOW Tporocdepy n3 atmMocdep-
HOro norpannvHoro cos (AIIC), a OTTyzla — Ha IOBEPXHOCTD,
TO JJ1 KasKIIOTO BpeMeHHOro MHTepBasia CTPOMIach Ayarpam-
Ma BepOSITHOCTM TlepeHoca 10 TeM y4acTKaM TpaeKTOpui,
KOTOPbIE HAXOIMU/IVCh B PETYMOHAILHOM aTMOC(HepHOM T0-
TpPaHUYHOM CJIOe.

H3omonHulli aHaius Kuciopoda BbITIOTHEH Ha Macc-
cniekrpometpe DELTA V Advantage (Thermo Fisher Scientific,
bpemen, l'epmaHus). AHaIM3 TPOBOAMICS METOIOM MU30-
TOMHOTrO ypaBHOBewuBaHus ¢ CO,. PesynbTaThl yCTaHOB-
JIeHUsI KOHILIeHTpaluii Kuciopoaa-18 u3MmepeHsl B Bue
OTKJIOHEHMS OT CTaHAapTa CpefHelt OKeaHUUeCKOi BOJIbI
V-SMOW (Vienna Standard Mid-Ocean Water) 1 BbIpaske-
HbI B 3HaUeHMAX 3180 (%o): 5180 = [180/16046,051a —
180/1Ocrannapra / '0/160cranpapral * 1000 %o. L5t KOHTPO-
JIsI Ka4ecTBa M3MepPeHMS U KaIMOPOBKY MUCITOIb30BaJICS
cranpapt V-SMOW. CpenHsisi TOUHOCTh M3MepeHuit ~ 0.2 %eo.

Pe3ynbTaThbl U UX 06CYKAEHUE

OcobeHHOCMU HAPACMAHUSL CHEHCHO20 NOKPO8A 8 HA-
uane 3umol 2021—2022 2. Hauano GopMUpPOBaHUS CHEX-
HOTO IMOKPOBA Ha 060MX yyacTKax ObIJI0O MHTEHCUBHBIM.
O6WIbHbBIE CHEroTaabl 06eCIeYnsI ero ObICTPBIN TPU-
poct (puc. 1). Ho 3aTtem HacTynwio norervienme. CHer
YIJIOTHWJICST, BBICOTA CHEXKHO TOJIIM YMEeHbIINIACh.
CubHee 9TO IPOSIBUIIOCH Ha 06cepBaTopun «@OHOBAs».
HaumHas co BTOpoit AeKambl HOSIOPS 1 1O KOHIIA Mecsia
HapacTaHue CHESKHOTO ITOKPOBa BO300HOBM/IOCH. HO 110-
TOM BCIO IIEPBYIO IeKaAy JeKabpsi CHETOIaabl CTAIN PeJi-
KuMu. TeMIIbl HapacTaHMsI CHESKHOTO TTIOKPOBA CHOBA CHU-
3UAUCh. [Ipy 3TOM BbICOTa CHEXXHOT TOJIIIM 32 CUeT YILIOT-
HeHMSI CHera CHOBa HeCKOJbKO YMeHbIINIACh.

Cmpamuepagus cHexcHoti monyu. TIpexxe OTMeTUM, UTO
IJIaBHBIM TEKCTYPHBIM ITPU3HAKOM CHEKHO TOMILIM SIBJISIETCST

CJIOVICTOCTD, @ IEMEHTAPHO CTpaTUrpaguecKoii eIMHUIIEN
— CJIOi CHeroHaKorieHusl. Takoii cioit 06pa3yeTcst py UH-
TeHCMBHOCTY cHeroraa 6ormee 0.01 r/cm? 3a cyTKu. ITpy MeHb-
111eJf IHTEHCYBHOCTY BbITIa[IeHVS TBEPAbIX OCAIKOB (popmM-
pOBaHMe OTIeTbHOTO CJI0ST €1Ba I BO3MOSKHO, TaK Kak B 30He
C XOJTOAHBIM K/IMMATOM YKa3aHHOe KOIMYEeCTBO CBEKEBHITIAB-
11ero CHera ucIapsieTcsl MeHee yeM 3a CyTKu [6, 10].

JLns BbISIB/IEHUST CTPYKTYPHOTO CTPOEHMST CHEXKHO TOJ -
I ¥ BBITIOIHEHMSI ITPO600TOOPA Ha 060MX yuacTKax ObLIM 3a-
JIOKEHBI CHEXKHbIE pa3pe3bl. Heo6XoaMMo OTMETUTD, UTO BO
BpeMst pabot (06.12.2021 r.) BbIcOTa CHEKHOTO TIOKPOBA Ha CHe-
rOMEPHOM IYHKTe Ha o6cepBaTopuyt «@OHOBAsT» COCTaBMIIA
29 cMm, Ha rioraake «<bOK» — 32. Ha 06enx IIoIaaKax B CHEX-
HOM TIpodwie BbIAESIIOTCS TPU CTPATUTPahMIECKIX CIOST
(puc. 1). CaMmblii BEpXHMIA CJIOM XapaKTepU3yeTCsl HaTuumueM
TIEPBUYHOI TEKCTYPBI B BUJIE BHYTPEHHEN CJIOUCTOCTH, Chop-
MMPOBAaHHOJ B Pe3y/IbTaTe MOCTCeqMMEHTALIMOHHbIX ITPe0s-
pa3oBaHMii cTpaTUrpadIeckyl 3HaUMMbIX CHETOIIATOB.

B maHHOM ©J10€ B pe3y/ibTare CyoIMMaIyiOHHOTO MeTa-
Mop¢M3Ma MpoM301IIIa TpaHCPOPMALVS OT/IOKEHHBIX CHEXKM-
HOK (DFbk) c o6pa3oBaHmeM MeKux OKpyTIbix yactuil (RGsr),
KOTOpbIe MaJIo OT/IMYA/ICh OT CHESKHBIX 3€peH BO BTOPOM CJIOe.
I'paHuIIa MEXXIY ABYMSI BEPXHUMM CIOSIMU C/1a60 BbIpaykeHa.
TpeTwnii C10¥i TEKCTYPHO OSHOPOLHBIN U CJIOSKEH HENPO3pay-
HBIMM OKPYIVILIMM arperaTamu 13 CHeXXHbIX 3epeH (RGIr), pas-
Mep KOTOPBIX C ITYOMHOI yBeIMUMBAETCS OT 1 10 2 MM.

ITnomnocms cHexcHol moawu. 15 CHeroMepHbIX y4acT-
KoB «®DoHoBas» 1 «BIK» MHTepBa KoyiebaHuit 3HAUYEH I
motHocTy coctaBui 0.06—0.25 u 0.07—0.28 r/cm3 cooT-
BETCTBEHHO (pUC. 2).

CkaukooOpa3HOe U3MEeHeH e TNIOTHOCTY B BepxHel
YaCTyM CHEXXHOTO pa3pesa Ha «POHOBOII» MOXKET ObITb CBSI-
3aHO C BETPOBBIM YIUIOTHEHMEM CHEXHOT TTOBEPXHOCTU U
MOCTCEeAVMMEHTAIOHHBIMY IIPe0OPa30BAHMSIMY BEPXHEIH
YaCcTU CHEXKHOI TOJIIIM B TIepMOJ, MEXAY MOCTeIHUMM CHe-
roragamum, KOTopblit 1Jist «DoHOBOVI», B oT/IMumMe OT «bIK»,
0Ka3aJiCcs Npoao/KUTeNbHee Ha Ba gHs (puc. 1, B u D).

AnekmponposooHOCMb CHe20801i 800bl. AHAN3 TTOCTION-
HOTO pacIipefie/ieH!s1 3HaueHUi JaHHOTO MHTerpajibHOTO
reoXMMMYECKOTO TI0Ka3aTesIsl BbISIBMII B 060MX C/TyJasiX Ha-
JIMume MuKa, IpUypouyeHHOTO K TOPU30HTY C MeTKO3epHU-
cTbIM cHeroM. 11 «®oHOBOI» ero BeJInumHa coctaBuiia 13
MKCm/cMm (puc. 2, A), a g «<bIK» — 23 mkCm/cm (puc. 2,
B). IIpu aTom Koneb6aHust 3HAYEHU IEKTPOIPOBOIHOCTY
1St yuacTkoB «DoHoBast» 1 «<BIK» cocrasmm 5—13 n 6—23
MKCM/CM COOTBETCTBEHHO. [laHHOE 0O6CTOSITETLCTBO CBU-
JeTeJIbCTBYEeT O TOM, UTO CHEKHbBII IIOKPOB B Ipejeiax
momaaku «bIK» omimyaeTcst 6oee BBICOKMM COMlepsKa-
HMEM PacTBOPMMBIX COeAMHeHM1, ueM Ha «DPOHOBO».
ITpu aToM yBennueHMe CUTHAA B CpelHei 4acTu CHexX-
HOJ TOJIIY, KOTOpOe hMKCUPYeTCs Ha 060eux II0IagKax,
VHAVLVPYET MOI0KeHMe TepMoau(Gy3MOHHOTO reoX -
MMUUYECKOro 6apbepa.

MexaHu3sm ob6pasosarus mepmoougp@y3uoHHo20
2e0XUMuUYecKko20 6apbepa 6 cHexHol mouje

V3BeCTHO, UTO CHEXKHBI IIOKPOB B JIFOOBIX YCIOBUSIX, J1a-
>Ke TIPU CaMOoil HM3KOI TeMIlepaType, U31yJdaeT JJIMHHOBOI-
HOBYIO paiManmio (CO6CTBEHHOE TeIUIO), & TAKKe IMeeT BbICO-
KYIO CTIOCOOHOCTb OTpaskaThb COTHEYHYIO pagyanmio. [locientee
CITOCOBCTBYET CUITBHOMY BbIXOTXKMBAHMIO CHESKHOTO TIOKPO-
Ba ¥ BOSHMKHOBEHMIO MHBEPCUM TEMIIEPATYP («CHErOBast MH-
Bepcys» [17]). Kpome Toro, moBepxHOCTb CHEKHOTO ITOKPOBa
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Puc. 1. BpeMeHHOJi ps MHTEHCUBHOCTY HapacTaHMsI CHEXKHOTO IMOKPOBa 11t 06¢cepBaTopuu «PoHOBast» (A) ¥ IPUTOPOSHOTO

nonuroHa «b3K» (B) B CONMPSDKEHNUY CO CIOSIMY TEOXMMMUYECKOTO OITPOOGOBaHMST CHEXHOI Tonmy Ha «PoHoBOI» (C) u «BIK»

(D), xpoHOJIOTMUEeCK! MPUBSI3aHHBIX K JaTaM BblMageHUs cTpaTurpadmyecky 3HAYMMbIX CHEromnamoB (Mo JaHHbIM M/C
«BepemaruHo» aist o6cepBaTopuy «PoHOBas» U 10 JAHHBIM M/C «TOMCK» JI71s1 IPUTrOPOZHOro noiauroHa «bIK»)

YcnoeHole 0603HaueHus: H, cM — BbICOTa CHESKHOTO TTOKPOBA M BeIMUYMHA TPO6G00TOHOPA CHESKHBIX CJI0eB, F — hopMa CHEsKHBIX 3epeH

(kmaccudukanus gana o pabore [23]): 1 — HemaBHO oIOkeHHbIV cHer (DFbK) ¢ okpyribivMu 3epHamu (RGsr), 2 — MeIKO-

3epHUCTBIN cHeT (RGSr), 3 — MeNKO- ¥ CpeHe3epHUCTHIN CHET, CJIOKEHHBIV HelPO3PayHbIMM OKPYIVIBIMM arperaTaMy U3 CHEXXHBIX
3epeH (RGIr); E, MM — pa3mep CHEXXHBIX 3epeH

Fig. 1. Time series of snow cover growth intensity for the Fonovaya Observatory (A) and the BEC suburban test site (B) along

with the layers of snow mass geochemical testing at Fonovaya (C) and BEK (D), chronologically linked to the dates of strati-

graphically significant snowfalls (according to the Vereshchagino weather station for the Fonovaya Observatory and Tomsk
weather station for the BEK suburban test site)

Legend: H, cm — snow depth and snow layer sampling value, F — shape of snow greens (classification is given according to [23]):
1 — recently deposited snow (DFbk) with rounded grains (RGsr), 2 — fine-grained snow (RGsr), 3 — fine-medium-grained snow is
composed of opaque rounded aggregates of snow grains (RGIr); E, mm — size of snow grains

JIeT OTPaHMYMBATHCS BCTPEYHBIM AV dY31MOHHBIM Maccorie-
PEeHOCOM ITapoB ITOYBEHHOJ BjIaru. ATOT IIPOIlecC BOSHMKAET
B HIDKHEJ YacTV CHEXKHOTO PO B pe3y/IbTaTe BHyTPU-
CHEXHOJ TeMIepaTypHOJ MHBEPCUU (B MOLOIIBE CHEXKHOM
TOJIILIM TeMIIepaTypa BCceraa Bblllie, YeM B ee CpefHelt yacTi).
B0o3MOKHOCTD Pa3BUTHSI JAHHBIX ITPOLIECCOB B CHEXKHOM TOJ-
I1le TTOKa3aHsbl B pabotax [9, 13, 32, 36, 37]. B pe3ynbrare B 30-
He KOHTAKTa 3TUX BCTPEYHBIX [IOTOKOB 00pa3yeTcs TEPMO-
IuddysmoHHbIT reoxummuueckuit 6apbep. Ero dopmuposa-
HJ€e COMTPOBOXKIAETCS aKTUBM3aLMel CHETOXMMIUUYECKUX pe-
aKLMii, MpoTeKalluxX Ha GoHe TepMoMeTaMopdu3Ma
CHera, 0 YeM CBUeTeIbCTBYeT COBIIafieHNe MMKOB psifa re-
OXMMMYECKMX TTapamMeTpoB. IIpenmnonaraeTcs, YTO OHU UH-
IUIVPYIOT MOJIoKeHue TepMoanbdy3MOHHOTO reoXuMm-
YyeCcKoro 6apbepa B CHEXKHOI TOJILE. 3aMEeTHUM, UTO ITPaBU/Th-
HOCTb €T0 OIpefe/IeHNsT KOpPeTUpYeTcsl COBIaieH/eM MUKOB
reoXMMUUECKIX ITapaMeTPOB, UTO OTPakaeT peaibHbIe CHEro-
XMMMYECKIe TTPOLIECCHI, 00eCTIEUMBAIOIIME YCUIIEHVE KOHTPACT-

He TOJIbKO XapaKTepU3yeTCsl BbICOKOV OTPaskaTeTbHOM 1 13-
JIy4aTeTbHO CIIOCOOHOCTBIO [14], HO ¥ OKa3bIBaeT MCCYIIAI0-
1Iee BIIVSTHME Ha MIPY3eMHbII €107 Bo3ayxa [17]. B yoroBusix
Ha/IM4ys rpafieHTa TeMIIepaTyp U BAKHOCTM CHEXKHBIIA 110-
KPOB, BOMpasi B ce6s1 113 MIPUCHESKHOTO C/I0ST BO3TyXa M30bITOK
BJIaru, UHULIMMPYeT HACXOZISIIIYI0 MUTPaLMIo Bo3ayxa. B pe-
3ynbrate GOPMUPYETCs YCTOMUMBBII MaccoriepeHOC BOASIHBIX
M1apoB IO HAIIPaBJIeHMIO K CHEXKHOMY TIOKPOBY.
B T0 ke BpeMst MU3BECTHO, UTO B CyXOM CHere IpU Cpefi-
Helt iotHoCTM 0.28 ITyOMHA TPOHVMKHOBEHMS CYTOUHBIX KO-
JiebaHui TeMIIepaTypbl BO3yXa U CBSI3aHHbI C STUM Ipagy-
eHT Temriepatyp coctaniseT 30—40 cM; Ha mTy6uHe 50 cM Ko-
Jie6aHsI TTOTHOCTHIO 3aTyxaloT [14]. Ho B Hatiem cty4yae MoIi-
HOCTb CHE>KHOI'O IIOKPOBa Ha yJyacTke «DoHOBas» TONBKO
29 cMm, a Ha «<BIK» — 32. ITpenrmonaraeTcs, YTo IIyOMHA TIPO-
HUKHOBEHMSI CYTOYHBIX TEMITepaTypHbIX KolebaHuit BO3Mmy-
Xa U CBSI3aHHBIX C HUM TI0CTCENVIMEeHTALMOHHBIX IIPeobpa3o-
BaHMIi TBEPbIX OCAIKOB B CPeIHE UacTy CHeSKHOM TOIIM Oy-
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HOCTM CUTHaJIa FeOXMMUYIECKMX IoKa3aTesiein (puc. 2).
BodopodHulii nokazamens, XapaKTepU3YIOM Uit KUC-
JIOTHOCTb CHETOBOJ BOJIbI, MMeeT BaskHOe 3HaueHue s
MTOHMMAaHMS XUMUYECKUX ITPOLIeCCOB, MPOUCXOISIINX TP
Y4acTUM a3p030JIbHOTO BellleCTBa, aKKyMY/JIMPOBAHHOTO
B CHEXKHOVA Tosiie. [To pe3yabTaTaM OIpo60BaHMsSI CHETO-
Basl Boia 060X MCC/IeJOBAHHBIX YUaCTKOB MMEET KUCJIOT-
HOCTb, GIM3KYIO K HEITPalIbHOIi: cpemHee 3HaueHne pH
ns «@oHoBas» coctaBuiao 6.1 0.1 1 6.3 £0.1 gasg «bIK»
(puc. 2, B). ITpu atom Kosebauust pH cHeroBoit Bogbl J1s1
o6cepBaTtopun «@OHOBas» BapbMPOBAIN B AMana3oHe
KpaitHMUX BeJIMUUH 5.5—6.6 (puc. 2, A), TO eCTb B OJIM3KUX
K ()OHOBBIM 3HAUEHMSIM [IJIST peruoHa 5.5—6.5 egyuui]
[16], Torpa xax s npuroposHoro noaurosa «b3K» mno-
Kasareyb pH oka3ayicsi HeCKOJIbKO 3aBbIlieH — 5.9—6.8.
[Ipennonaraercs, YTO yBeJMUeHMe 3HAUE€HMIT BOOPO/I-
HOTO TTOKa3aTesiss 00YC/JI0BIEHO TTOAIeauYMBaHNEM U
606JbI1IeT 3aMBIJIEHHOCTBIO CHETa, BBI3BAHHBIMM JIESITEJTh-
HOCTBIO TOPOJCKUX IIPOMBIIIIEHHBIX IpeanpusaTuii [11,
18]. [TocienHee nonTBEpsKOaeTCs pesyjabTaTaMy aHaIN -

3a X0[la BpeMeHHO M3MeHUMBOCTHU U pacueTa CUeTHO
KOHILIeHTpaLyy 4YacTUIl B IpU3eMHOM (Jioe BO3JyXa Ha
o6cepBaTopun «®@OHOBasI» ¥ IIPUTOPOTHOM MOJIUTOHE
«B3K», KoTOpsIN MoKasan (puc. 3), YTO a3p0O30JIbHOE 3a-
rpsisHeHue B TomcKOM npuropoge (y4actok «b3K»)
B 1.3 pasa Bbillle, ueM B (P)OHOBBIX YCIOBUSIX (YUaCTOK
«DOHOBAs»).

B 11e710M, comocTaB/isis X0, KPUBBIX pacnpeneneHus
3HaUYeHMI1 MHTerpaJbHbIX reOXUMMUUYECKMX MToKasaTesneit
(pH ¥ 271€KTPONIPOBOAMMOCTH) B CHESKHOI TOJIIIE, MOKHO
3aMeTUTh, UTO 1151 «POHOBOI1» B TOPU30HTE, CJIO)KEHHOM
MEJIKO3EPHUCTBIM CHETOM, GUKCUPYETCS CHIUKEHME YKa-
3aHHbBIX BeJIMUMH, TOraa Kak gjs «bOK» — yBennuenune. A
MTOCKOJIBKY 3JIEKTPOIPOBOJHOCTb 00€CTIEUMBAETCS JIEK-
TPOIUTAMMU, TO, BEPOSITHO, BEPXHSIS YaCTh CHESKHOM TOJI-
Y B 000MX CIyYasix 3arpsisHeHa KMCIOTOCOAEPXKAIMMU
a’po30JIIMU HECKOJbKO CUJbHee, UueM HMXKHSSI.
[IpenmosaraeTcsi, YTO 3TO BbI3BAHO CYXMUM OCaKJIeHUEM
aspo30Jieil B Mepuoj, Mexay CHeronajgaMiu B MHTepBaJie
28.11—08.12 (puc. 1, B u D). I3BeCTHO, YTO B CyXUX a3po-
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Puc. 2. CpaBHMTETbHAS XapaKTEPUCTUKA PACIIPeNeeHMsI MHTErPaabHbIX [TOKa3aTesleii B CHEXKHOM ITOKPOBe: A — 06cepBaTo-
pun «doHoBast», B — nmpuropopHoro nonurona «bIK». YVenosHsie 0603HaueHus: D, HM — 4aCTOTHOE paciipejie/ieHue a3po30Jib-
HBIX YaCTHUII [T0 pa3MepaM: B CHEXKHBIX CJI0SIX, H, (M — BbICOTA CHEXKHOTO ITOKPOBA M BEIMUMHA ITPOO00T60PA CHEXKHBIX CIIOEB,
F — dopma cHeskHbIX 3epeH: 1 — HemaBHO OT/I0KeHHbIN cHer (DFbk) ¢ okpyribimu 3epHamu (RGSr), 2 — MeTKO3epHUCTBI CHET
(RGsr), 3 — MeKO- U CpefHe3epHUCTDIN CHET, CJIOKeHHbI HeITPO3pauHbIMM OKPYIVIBIMM arperatTaMim 13 CHeXXHbIX 3epeH (RGIr)
(mopdonormnyeckas knaccudurauys popm (F) 3epeH gana 1o padore [23]); E, MM — pa3mep CHeXXHbIX 3epeH. OG03HAUYeHMe UHTe-
rpaybHBIX TIOKa3aTeseii: p, I/cM3 — INIOTHOCTD cHera, 8180 %o — comepkanue 180, pH — 3HayeHMsI BOLOPOJHOrO ITOKa3aTents,
NS, MKCM/CM — yzielbHas 3/1eKTPOIIPOBOLHOCTb, Ay;( iy — ONTMYECKAs IVIOTHOCTb CHETOBOI BOAbI ITPY AJIMHe BOJIHBI 210 HM

Fig. 2. Comparative characteristics of the integral indicators distribution in the snow cover: A — Fonovaya Observatory,
B — BEK suburban test site. Legend: D, nm—frequency distribution of aerosol particles by size: in snow layers, H, cm—snow
depth and sampling rate of snow layers, F—shape of snow greens: 1—recently deposited snow (DFbk) with rounded grains
(RGsr), 2 — fine-grained snow (RGsr), 3 — fine-medium-grained snow composed of opaque rounded aggregates of snow grains
(RGIr) (the morphological classification of grain shapes (F) is given according to [23]); E, mm is the size of the snow grains.
Designation of integral indicators: p, g/cm3 — snow density, 5180 %0 — 180 content, pH — pH, 1S, uS/cm — electrical conductivity,
Ay10nm — Optical density of snow water at a wavelength of 210 nm
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30JIIX CofiepyKaHye 3arpsI3HSIONMX BelecTB Ha 25 % 60J1b-
1Ie, YeM B CBEKeBBINIAaBIIMX 0CaIKaX.

YacmomHoe pacnpedesieHue a3po307bHbIX Uacmuy no pas-
Mepam 8 CHexcHoLl monuje Ha o6cepsamopuu «PoHoeas» TIpe-
CTaBJIEHO Ha pUC. 2, A. XpOHOIOrMYECKYIO TIPUBSI3KY CJIOEB
orpo6oBaHus (puc. 1, A) OCYIIECTBISUIV TI0 BpeMEHY BbITIajie-
HUSI cTpaTUrpaguyecky 3HaYMMbIX CHErornazgos (puc. 1, B). ITo
XapaKTepy pacrpeneneHs YacTull, 1o pa3MepaMm YeTKo Bble-
JISTFOTCSI OMIMOIAIbHBIN (CI0M 1, 2, 6, 7) ¥ TpeXMOIATbHBIN (CJIOM
3,4, 5) turbl pacpenenenys (puc. 2). 06a TmIa xapakTepusy-
I0TCS 3HAUUTENbHOM aucnepcueii. Criemyet 3aMeTUTb, UTO I10-
SIBJIEHME IOTIOJTHATETbHOV (DPaKLMY a3p030/IbHOTO BELeCTBa
B 3,4, 5-M WIOSIX MPUYPOUYEHO K 30He TepMonmdPy3roHHOro
reoXMMIYECKOTO 6apbepa, Ha KOTOPOM (DMKCUPYIOTCSI OTHOCK-
TeTbHO pe3Kie M3MeHeHMsI 3HauUeHMit BceX ITpoaHaTM3POBaH-
HBIX [TApaMeTpoB (pUC. 2, A).

YacmomHoe pacnpedesieHue a3po30bHbIX Uacmuy no pas-
MepaMm 8 CHEXCHOLL mouje Ha NPu2opooHoM nonueoHe «bIK» ipen-
CTaBJIEHO Ha pUC. 2, B. XpOHOIOrMYECKYIO MPUBSI3KY CJIOEB OITPO-
60BaHs (puc. 1, C), Kak 1 B IIEPBOM C/Ty4dae, OCYILECTBIISIA
10 BpeMeHM cTpaTurpadmuecky 3HaUMMbIX CHErOTIafi0B
(puic. 1, D). AHanmM3 Ay HAMMKM MOC/IOHOTO pacIipenesieHus ya-
CTMII a3PO30/IbHOTO BelllecTBa 10 pa3Mepam IoKa3all, YTo CJIon
1—3, 5, 7—9 xapaKTepu3yIoTCst OMMOAAIbHBIM TUITOM pacIipe-
neyleHus1, TOTa Kak ¢Jion 4 u 6 — TpexmoaaibHbIM. U Tak Xke,
KakK B TIepBOM C/Ty4ae, TIOsIBJIEHNE TPeTheli (hpaKimy 3ahyKCy-
POBaHO B 30He TepMOMP(HY3MOHHOTO reOXMMMUIECKOTO Oa-
pwepa (puc. 2, B).

B 11€/10M MOKHO ITPEIONIOXKNTD, UTO TTOSIBIEHME TPeX-
MOZATbHOTO pacIpeieneHNs YaCTUIL B JBYX CHEXXHBIX pa3-
pesax MpOoM30IIIO 3a CUET JOTOJHUTEIBHOTO (OPMUPO-
BaHMS MEJIKOAMCIIEPCHOM DpaKImu YacTull B CpeIHel va-
CTY CHEeKHOJ Tommu. [IpMypo4eHHOCTh 3TOV 30HBI K Tep-
moandGy3rMOHHOMY TeOXMUYECKOMY 6apbepy MOXKET
YKa3bIBaTh Ha OMpefie/IeHHYI0 aKTMBHOCTh CHEroXmumumye-
CKMX TIPOLIeCCOB C yUacTyeM OCeBIlero a3p030bHOTO Be-
IIeCTBa, KOTOPbIe MPOXOAAT Ha (POHE aKTUBU3ALUU TEP-
MoMeTaMOpGh¥U3Ma CHEXXHBIX CJIOEB B 3TOI YaCTU CHEX-
Horo paspesa. [Ipu 3TOM CjiefyeT OTMETUTD, UTO B HUXK-
Heit YaCTy CHEXXHOI TOIIM M3MeHeHe COOTHOIIeHUS
(dpakumit UOeT 3a CUET YKPYITHEHMS YaCTUIL B PE3YJIbTaTe
arperanyy CpemIHeqMCIIePCHbIX YaCTUIL B pe3yyibTaTte aud-
(y3moHHOrO MaccorepeHoca IapoB ITOYBEHHOI BJIaru.
IlaHHBI MIPOIIeCcC BO3HMUKAET B HUXKHE YacTy CHESKHOTO
npoduist Ha rpaHMIIe «CHET — MTOYBA» M3-3a HAJIMYMUS BHY-
TPUCHEXKHOI TeMIlepaTypHOIl MHBepCUM. BO3MOXXHOCTD
TepMoavddy3un MOUBEHHO BJIaTY B CHEXKHOI TOJIIIE
BIlepBbIe [T0Ka3aHa B pabote [9] 1 monTBepkaeHa B pabo-
Tax [13, 32, 36, 39].

OnHOBpEeMEHHO C 3TUM COTIPSKEeHHbBIV aHa/INU3 TTOCTION -
HOJ M3MEHUYMBOCTY COOTHOILEHMS OUCITEPCHBIX (PpaKImii
a3p030JIbHOTO BEIleCTBa U O TMYECKOi TFIOTHOCTY CHETO-
BOJi BOABI (pUC. 2) TTIOKa3aJj, 4YTO MOCTCeAMMEeHTalMMIOHHbIe
Mpeobpa30BaHMsI CHESXKHO TOJIIIV COMTPOBOXKIAIOTCS PO-
CTOM copepsKaHMS IUCTIIePCHBIX YaCTUIL ¥ PACTBOPUMBIX
KOMIIOHEHTOB, aKTMBHO IOIJIOIIA0IINX U3JyueHne B YO-
IuarasoHe. JTO JlaeT OCHOBaHMe IpeaIionaraTh Hajauume
B 30He TepMoanG Py3MOHHOTO reoXMMUUIECKOro 6apbepa
YCJIOBMIA AJ1sI TPOTEeKaHMsT (POTOAKTUBUPOBAHHbBIX CHETO-
XUMUYECKUX peaKklyii MeXIy OCeBIIMM a3p030/bHbIM Be-
IIECTBOM ¥ CyOOXJIaKI€HHOV TTIOPOBOI KaNUISIPHOJ BJIa-
roit. Bo3sMOXXHO, MUMEHHO C JaHHbBIM IIPOIeCCOM CBSI3aHO
TTOSIBJIEHME [TOTIOTHUTEIbHBIX METKOAVCIIEPCHBIX (PpaKIyii
a3p030JIbHOTO BellleCTBa, TIOCKOJIbKY paHee MpoBeleHHbIe

MCCIef0BaHMs MTOKa3auu, UTO HeaBHO Npollefe CHe-
ronajpl XapaKTepuU3yTCs TONBKO ABYXMOAANIbHBIM pac-
npefeieHyeM 4acTUL, a3p030/IbHOrO BelecTtsa [19].

AKmueHocmb CHe20XuMUYecKux peaxkyudi
8 Y®-ouanasoHe

ONTUYeCKyI0 INIOTHOCTB (A1 ) TPOO CHETOBOIA BO-
IIbI, KaK TT0Ka3aJiv JabopaTOPHbIE UCTTBITAHMS, JTyUIlle OIpe-
IensiTb Ipy JviHe BoHbI 210 HM. Cyzis 10 BeM4yHe MoKa-
3aresieit, KOHIIEHTpaLys JYCIIEPCHBIX YaCTUIL Y PACTBOPUMBIX
KOMITOHEHTOB B CHESKHOM TIOKPOBe Ha ITPUrOPOSHOM ITO/H-
roHe «B2K» BaIllle, Heskenu B obcepBaTopun «PoHOBasT»
(puc. 2). Tak Kak oIrTyyeckasi IJIOTHOCTb 06eCIieuBaeTcs ya-
CTULIAMM U PaCTBOPMMBIMM ITOIIOIIAIOIIVIMM KOMITOHEHTA -
MM, a JNIeKTPOITPOBOTHOCTD — 3/IEKTPOIUTaMM, TO, BEPOSITHO,
POCT OIITUYECKOI IJIOTHOCTM P06 CHETOBO# BOJIbI CBSI3aH C
yBeJIMUeHneM cofepskaHus B Ipobax (OTOUyBCTBUTETbHBIX
3MEeKTPOIUTOB (TIPEATIONIOKUTETbHO XKejle30coaepskaliue Co-
eIVIHeHMs]), KOTOpbIe MOIIOLIAI0T U3TydeHue B YD-auamna3oHe.
V3BecTHa cxema CBOOOIHOPAIMKANIbHBIX Peakiuii [22] mpu
aKTUBM3aLMM MOHOB JIBYXBaJIEHTHOTO keJjle3a Iof, BO3/ieit-
CTBMEM KBaHTOB cBeTa. [I03TOMY Haume skene3ocomepska-
VX COeNVHEHMI B CHEXKHBIX C/IOSIX IaeT OCHOBaHMe MTperio-
JlaraTh BO3MOSKHOCTb IIPOTEKaHYst (DOTOAKTUBMUPOBAHHBIX CHE-
TOXVMMYECKMX PeaKIyii MEeKIy CyOOX/IaKIeHHON KaIyUIsIp-
HOJ BJIaroi M aspo30JbHBIM BellecTBOM. [Ipouecc
CONPOBOXKAAETCS TMOSIBJIEHVIEM HOBOOOPA30BaHHbBIX ITPOAYK-
TOB, O UYeM CBUIETEIbCTBYET MOsIBIeHME JOTIOTHUTETbHOM
MEJIKOAMCIIEPCHO (hpaKIyM YacTUI B CHEXKHOM TIOKPOBE Ha
ob6cepBatopuy «DoHOBasT» (C71oM 3—5: puc. 2, A) v Ha IpUTO-
ponHom monuroHe «b3K» (con 4, 6: puc. 2, B).

Yavmpadghuonemosast npo3pauHocms CHEXCHOUI MoIu.
CpaBHeHMe pe3y/IbTaTOB 9KCIIOHVPOBaHMS (DOTOUYBCTBUTEITh-
HbIX 37IeMeHTOB YP-IeTeKTopa, IpeICcTaB/ISIONIX OO0t KBap-
1LIeBble aMITyJTbl C MCKYCCTBEHHbIMM HAHOKPUCTA/IaMM TIepy -
K/1a3a, Ha IBYX ITPOCTPAHCTBEHHO pa3HeCeHHbIX paAyiOMeTpH-
YeCKMX IIOIaaKax (psiMoe paccTosiHMe Mexkmy «OHOBOM»
1 «BIK» coctasiser ~ 60 KM) IOKa3asio, YTo YIbTpaduoneTo-
Basi [TPO3PaYHOCTb CHETA B MpefiesiaX POHOBOTO yuacTKa OKa-
3aJ1ach HUXe, YeM Ha ropofckom (puc. 4, A, B).

Ecimu pomycTuTh, UTO 3KCIIepMMEeHT IOCTaB/IeH KOppeK-
THO, TO HaITpalIMBaeTCs MapagoKCa/IbHbINM BbIBOI, UTO Ha
«®DOHOBOJ», HECMOTPSI Ha TO, YTO MPUCHEXKHBIN CJIOV BO3yXa
MeHee 3arpsi3HeH a3p0o30/IIMM (UTO MbI TTOKa3a/M paHee), CHeSK-
HBI1 ITIOKPOB OKa3aJICsl MeHee POHULaeM 1151 Y O-U3TydyeHusl.
MesKmy TeM pacueT IpUIIIeAIIero COMHeYHOro U3IyueHns B Ay-
amasose aymH BosH 0.305...2.8 Mkm Q, BT/M2 3a BpeMst 9KCII0-
HMpoBaHMs1 YD-HeTeKTopa B CHETY IT0Ka3aJl, UTO pasHMUIIA MesK-
ny «®oHoBoM» U «B2K» nipessliiaet 40 % (puc. 4, C).
CremoBaTesIbHO, Pa3HUIIA B ITOKA3aHMSX JATUMKOB OOBSICHS -
€TCs1 He CTOJBbKO 3aITbUIeHHOCTBIO ITPUCHESKHOTO BO3/IyXa, CKOMb-
KO Pas/IMYHbIM YPOBHEM BO3IEMCTBUS YILTPa(MOIEeTOBOTO
u3mydeHus. JIpyrmu cioBamMu, Ha CHEXKHYIO TIOBEPXHOCTD IpH-
TOPOIHOTrO MOMroHa «b3K» mocTymmsio yabTpaduoneToBoit
pamuaryy 6oJbliie, YeM Ha CHEXKHYIO TIOBEPXHOCTb Ha 00cep-
BaTopuy «@OHOBAs». YUUTBIBAS, UTO CTEIIeHb 3aITb/IEHHOCTU
TIPUCHEKHOTO BO34yxa Ha IPUrOPOAHOM MonuroHe «<b3K» Bbi-
111e, yeM Ha o6cepBaTopyy «DOHOBasI», CIEAYET OKMUAATD, UTO
aKTMBHOCTb CHETOXMMIYECKMX PeaKiiyii B CHeSXKHOJ TOJIIIe Ha
TIepBOJA IUIONIAKe OyIeT BbIIlle, 8 MEKC/IOEBbIE BapyaLyy MH-
TerpaibHbIX TeOXMMMUYECKMX TIOKa3aTesieii — KOHTpacTHEIA.

Heobxoaymo OTMETHUTb, UTO IpafyeHT ocaabnenys JI1P-
CUTHAJIa B CHEXKHOJ TOJIIIIE B 000MX CITyYasiX (PUKCUPYeTCs 10
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Puc. 3. Xop cuetHo# KoHileHTpatnu (N, M~3) cyBMUKPOHHOTO 1 rpy6oayciiepcHoro aspo3oiist (d > 0.3 Mrm) ¢ 30 okTs6pst 2021 1.
o 8 mexkabps 2021 r. Ha nmpuropogHoM moaurore «BIK» (1) u o6cepBaTopun «PoHoBasi» (2) B ToMcKe 10 pe3yIbTaTaM exkeuac-
HbIX M3MepeHUI crieKTpoMeTpoB a3po30is1 GRIMM 1.109/1.108

Fig. 3. The course of the counting concentration (N, m~3) of submicron and coarsely dispersed aerosol (d > 0.3 ym) from October
30, 2021 to December 8, 2021 in the BEK suburban test site (1) and the Fonovaya Observatory (2) in Tomsk according to the
results of hourly measurements of aerosol spectrometers GRIMM 1.109/1.108
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Puc. 4. VI3MeHeHMe MHTEHCUBHOCTY ITPOHUKHOBEHUSI
VO-pagnanyu B yGh CHEXXHOM TOMIIY Ha yYacTKaXx:
A — «DoHoBasi»; B — «B9K»; C — cpaBHEHME UHTEH-
CUBHOCTH MPUIIENNIETO HA 06a YYaCTKa COMTHEUHOTO
MU3JTyYeHMsI Ha CHESKHYIO TIOBEPXHOCTh B AMaria3oHe
nvH BosH 0.305...2.8 Mkm Q, Br/M2 3a BpeMsi 9KCIIO-
HUPOBaHUS POTOUYBCTBUTENbHBIX /IeMeHTOB YO-10-
3MMeTpa B cHery. [lomn. o603HayeHus: 1 — yyacTok
«B3K», 2 — yuacTok «@oHOBas»

Fig. 4. Change in the UV radiation penetration inten-
sity deep into the snow mass in areas: A — "Fono-
vaya"; B — "BEK"; D — comparison of the solar radiation
intensity that came to both areas on the snow surface
in the wavelength range of 0.305 ... 2.8 uym Q, W/m?2
during the exposure of the photosensitive elements
of the UV dosimeter in the snow. Legend: 1 — BEK site,
2 — Fonovaya site
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14—15 cm (puc. 4, A, B), Hibke M3MEHEHMS ke He PETCTPUpPY-
10TCs1. MeXay TeM, eCyv COTIOCTaBUTh TO/I0XKeHMe 30H, K KOTO-
PbIM ITPUYPOYEHO OTHOCUTETLHO pe3Koe M3MeHeHMe HTe-
TpaJIbHBIX TEOXMMUUECKIX TTOKa3aTesieit, B YaCTHOCTY YBeJu -
YyeHue OITUYeCKOy INIOTHOCTY CHeroBol Boibl B YD-ayarasoHe
1 OTHOCUTEJTbHOE YTsSDKeleH)e M30TOIMHOTO COCTaBa KMCIOPO-
I1a (puc. 2), To IpaKTUUYeCKH BCS OHA pacIioNaraeTcs B CHESKHOM
TOPM30HTE CO CPABHUTETHBHO BBICOKMMM 3HAUEHMSIMM YIIbTPa-
(uoneToBoii MPo3pavyHoCTy (PUC. 4, A, B). [laHHOE 0OCTOSITEITD-
CTBO TI03BOJISIET MPEJTIONAaraTh, YTO B BEpXHE YacT CHEXKHOI
TOJIIIIY CYIIECTBYIOT YCJIOBMS 151 IPOTEKaHMST (hOTOaKTUBUPO-
BaHHbBIX CHETOXMMMYECKIX pPeaKiiyii MeKITy a3p0o30/IbHbIM Be-
1IeCTBOM M TTIOPOBOJ KalW/UISIPHOM Baroit. [Ipy aTom HTeH-
CUBHOCTb IIPOTEKAHNSI TAHHBIX PeaKiIuii KOHTPOIMUPYEeTCS MH-
TEHCMBHOCTBIO COTHEYHO pafyaliyiu, OCTYTIAkoIIel Ha CHEeK-
HYIO ITOBEPXHOCTD, IPUTOK KOTOPOI1 Ha ITPUTOPOTHOM HAyYHOM
TIOJTUTOHE, KaK ITOKa3a/Iu pe3y/bTaThl PACUeTOB, 0KA3aJICs Ha
40 % 6obllie, YeM Ha obcepBaTopyi. [IaHHOE 0OCTOSITETbCTBO
HAIIIJIO CBOe OTpaykeHMe B PasINuMsIX MaKCMMaJIbHbIX 3HauUe-
HII COIePsKaHMS «TSDKeJIOT0» KUCI0POoa, 3ahMKCUPOBAHHBIX
Ha TepMoydy3MOHHOM TeOXMMMUIECKOM Gapbepe: IS 10-
yuroHa «b2K» sHauenme 5180 cocraBmiio —22.3 %o, TOrma Kak
Iyt o6cepBaTopyy «@OHOBasT» TOMBKO —23.6 %o.

MocmceduMeHMAuUOHHbIE U3MEHEHUS U30MONHO20
cocmasa kucnopoda (5180) e cHexHbIX cnosx,
o6pazoeasuwiuecs npu esinadeHuU cmpamuzpaguyecku
3HAYUMbIX CHE20NAA06 8 CONPSIHEHUU

€ MPAaeKMOopHbIM AHANU30M NEPeHOCa 6030yLUIHbIX MACC

O6cepsamopus «PoHosas». Hauao cHerocraBa Ha «OHOBOI»
(31.10—15.11) mpoucxoguio 3a CUeT repeHoca Bjiaru co
CpenymzeMHoro Mopsi. B ator niepyion, chopMypoBaIach HYDKHSIS
YacTb CHEeKHOV Tomy. OMHAKO B 3TOM CJIOE U3-3a CWIBHOI He-
PPOBHOCTM ITOYBEHHOW TTOBEPXHOCTH (C ITeperafiaMy MKpPOBbI-
cor o 10—12 cm) mpo6oorbop cHera He rrpoBoawiics. [Tostomy
nepeas npoba Ha M30TOITHbII aHATM3 ObUIA B3SITa C TYOMHBI 12
CM 13 CJ10s1, ChOPMMPOBABIIIETOCS 32 CYET CHETOIA/I0B, CTeHEPY-
POBaHHbIX MOJISIPHBIMM BO3AYLIHBIMM MacCaMu, TIOCTYTIaBIIIN-
v ¢ BapeHtieBa Mops B riepyof, ¢ 15.11 o 19.11. Beyiunna 5180
B CJI0e orpoboBaHmst coctaBmuia —27.3 %o (Tabst. 1). Bo BTOpoit
po0e 3a CUEeT IPUPOCTa COOEPKAHMS «IETKOr0» KCIOPOIA 3TO
3HaYeHye HeCKOJIbKO BO3pocyio: §180 = —28.4 %o. Cr1oit, 13 KO-
TOPOTO B3$sITa 3Ta Ip00a, 00Pa30BasIC 3@ CUET CHETOMA0B, BbI-
MaBIIMX BO BpeMeHHO nHTepBast 19.11—24.11, korga Biara K
«®DOHOBO¥» ITOCTYTIAIa CO CTOPOHBI YepHOTO MOPSI ¥ OYeHb C/1a-
60 ¢ ATmanTukM (puc. 5, A). Bmopas 1ipo6a M30TOITHO JIErde nep-
8011 VI TSDKeJiee mpembveli: pasHuiia 3HaueHm 5180 Meskmy HumMmu
cocraBmwia—1.1m+1.1 %o cooTBETCTBEHHO (Tabi1. 1). Tpemes mpo-
6a B3sITa U3 1081, ChOPMMPOBABIIIETOCs B repyor, ¢ 24.11 1o
07.12, Torma BbIMageHyie CHErOIaI0B 00eCITeuBaIM BO3IYyIII-
HbIe MaCChl, TPUXOASIIIVE TIPEUMYIIIeCTBEHHO 13 YepHOMOPCKO-
Kacrmiickoro pernoHa (puc. 5, A).

Kak ciemyer u3 Tab1. 1, caMmble HU3KME 3HAUEHUST «JIeT-
KOTO» KUCI0poaa 3aMKCYPOBAHbI [IJIS uemaeepmoii u ns-
moti po6: §180 = -23.6 u —24.9 %o COOTBETCTBEHHO. DI
MPOOBI, TaK 5Ke KaK U mpempsi Ipoba, MPUypoYeHbI K CHEXK-
HBIM CJIOSIM, 00Pa30BaBIIMMCS 3a CUET CHeromnamos ¢ 24.11
o 07.12. 3ameTuM, UTO B 3TOT IIepMOJ, CHeTOHAKOIIeH e
1 Ha onuroHe «BIK», 1 Ha o6cepBaTOpuy «DOHOBAST» IO
3a CUeT CHeromnajioB B pe3y/jbTaTe pa3rpy3Ku BaaroHecy-
HIMX BO3YIIHBIX Macc, MOCTYIaBluX 13 YepHOMOpPCKO-
Kacnuiickoro pernosa (puc. 5, A). Ilpu 3TOM, MpoxXos ye-
pe3 cpefgHea3MaTCKMe IMyCThIHM, 3TU BO3YIIHbIE MaCChI

MOIJIM 3aXBaTUTh sKele30coepskaliye MmuHepasbl. VI3BeCcTHO,
YTO B YUIOBUSIX ITYCTBIHY a3p030J1b TeHepUpyeTCsl 3eMHOI
TIOBEPXHOCTBIO ¥ MOXKET MOAHUMATHCSI KOHBEKTUBHBIMU
M BUXpEBbIMU IIOTOKaMu B Tporiocdepy [1, 8, 9].

Bo3MOXHO, yBeMueHe ONITMYECKO TNIOTHOCTU B
V@-nuanasoHe B mpemoeli u uemeepmoii mpodax cHero-
BOJ BOABI (pUC. 2, A) KOCBEHHO CBUAETENBCTBYET O MPU-
CYTCTBUM >KeJle30CoAepXkaliux coeIuHeHuit B a9p030Jib-
HOM BellleCTBe, OCeBIlIeM B COCTaBe CHeromnasoB B epu-
of c 24.11 mo 07.12. Heo6xommMo OTMeTUTh TaKKe, UTO
wecmas v cedbmas MPoOBI ObLIN TOTEPSIHBI IIPU ITP06Oo-
TOATOTOBKE, II03TOMY M30TOITHbINM aHa/IN3 CHESKHO TOM-
1M B COMpPSDKEHUM C TPAeKTOPHBIM aHaJIM30M [JIs
«@DOHOBOI» OrpaHMYEH ISAThIO MPOOGAMM BO BDEMEHHOM
nmepuoge 31.10—07.12.2021 r.

TIpuzopooduetii nonuzoH «b2K». Hauasio cHerocrasa Ha Io-
suroHe «b3K» B mepnopm 01.11—06.11 nmpoucxogusio 3a c4eT
TepeHoca BjIaru, KoTopasi C HauboJIbINel BEpOSITHOCTBIO ITPU-
6b1Basia ¢ Barrruiickoro 1 BapeHiiesa Mopeit (puc. 5, B). B aTom
MHTepBaJie chOPMIUPOBAIACh HVDKHSS YaCTh CHESKHOM TOMIIHN,
13 KOTOPOI1 GbLIV B3SITHI TIEPBbIE ABE MPOOBI. [Tpy 3TOM 13-3a
MMUKPOHEPOBHOCTEV TOUBEHHOI ITOBEPXHOCTH Nepads ipoba
Ha M30TOIHbIV aHajM3 ObLIa B3sITa ¢ mTyouHbI 10 cv. 3HaUeHMe
3180 B Heit cocTaBmio —24.1 %o, TOLIA KaK BO 61M0pOLi IIpoGe OHO
0Ka3aJI0Ch HECKOJIBKO Jierde (—25.5 %o). Pasuuiia BemumH 5180
MeKIy hepeoli v emopoti ripobamu cocraBimia —1.4 %o (Tab. 1).
Tpemuws Tipo6a B3sTa 13 CJ10s1, CHOPMMPOBABIIErOCS ITPY CHE-
ronangax B nepuog, ¢ 06.11 o 16.11; Torga BaaroHecyiye Bo3-
IyIIHbIe Macchl ocTymany ¢ Kacrmiickoro Mopsi, B HECKOIbKO
MeHbl1leil Mepe ¢ bapeHiieBa MOpSI 1 COBCEM HE3HAUUTETbHO C
AtnarTiky (puc. 5, B). B 31031 11po6e 3ahMKCMpPOBaHO 3HAUYEHME
8180 =-28.5 %o (Tabu. 1). [Tpy 35TOM pasHMUIIA MEKITY 81MOPbLM 1
mpembum cosiMu coctaBuia (—3 %o), YTO CBUIETENIBCTBYET 00
YBE/IMEHVM IO «JIETKOT0» KVCIOPO/A B BBIILIEIEKAIIIEM Impe-
moem cioe. Yemeepmas vi nsamas po6bl B3SIThI U3 CJIOEB, 00pa-
30BaBILIMXCS 38 CYET CHEIOIIAI0B, BbINABILMX B MHTepBase 16.11—
23.11. B aTOT epuop, BiiaroHeCy1ye BO3IyIIHbIe MacChl ITOCTY-
T/ [peuMy1LiecTBeHHO ¢ bantuickoro, YepHoro 1 Kacrmiickoro
Mopeit. U3orornHble sHaueHus 5180 B 3tux rpobax cocraBmm
—-26.81—-23.6 %o COOTBETCTBEHHO (Tab1. 1), a pasHuIia Be-
muyH §180 Mexkay HuMM coctaBmia (+3.2 %o), YTO yKa3bl-
BaeT Ha CYIIeCTBeHHOe yTsoke/leHMe M30TOITHOTO COCTaBa
B nsimoti mpo6e. 1 3To HeCMOTpsI Ha TO, UTO 06e IMPOOkI CBSI-
3aHbI CO CHETOIaJaMy, BHIITABIIMMM U3 OJHO 0O0I1Ieii BO3-
IYLIHOV Macchl, puiieniiei n3 Yeppomopcko-Kacnmiickoro
peruoHa. CjiefoBaTeIbHO, B YBeMUEHUY COAePsKaHMS «TsI-
SKEJIOTO» KMCIOPOAA B MSITOV ITPO0e HeJTb3sT MPeATIONOXKATD
yuacTye pa3HbIX BO3IYITHBIX MacC ¥ MeXaHU3M M3MeHeHMs
M30TOITHOT'O COCTaBa KUCJIOPOAA, BOSMOXKHO, MMeeT IPYTYIo
nipupony. lllecmas, 6ocemas v desssmas mpoo6sbl (cedbMas po-
6a rmoTrepsiHa Mpu MPOOOITOITOTOBKE) B3SIThI 3 CHESKHOTO
rOpM30HTa, 06Pa30BaBILErOCs 3a CYET CHETOIa I0B, BbITIAB-
mmx B yHTepBase 23.11—08.12. Torma cuHONTHYECKast 06-
CTaHOBKA XapaKTepyu30Baiach lepeMellieHrieM BO3AYIIHbIX
macc 13 paitoHa CpeizeMHOMOpPbs yepe3 YepHOMOPCKO-
Kacrmiickuii permoH u cpeiHeasuaTCKue MyCTbIHU U Kpali-
He He3HAUMUTEbHO — C ATIaHTUKM (puC. 5, B).

Heobxomumo 3aMeTUTb, UTO B wiecholi ipobe 3aduKcu-
POBaHO caMoe BbICOKOe CofiepsKaHMe «TSKeIOro» M30TOoIa
kucmopoga (3180 = —22.3 %o). PasHuiia roxasaresneii 8180 mesk-
Ity nsamoti v wiecmoti ipobamu coctaBuIa (+1.3 %o), UTO CBU-
JeTelIbCTBYeT pocTe comepskanyst 3180 B wecmoti pobe. B 8oce-
Moti ripobe 3Hauenue §180 = —-27.9 %o. [Ipy 3TOM pasHuiia Be-
JmunH 5180 meskmy uiecmoti 1 6ocemoti I pobamy oKasanach
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Puc. 5. [InarpaMmbl perMoHaabHO BepOSITHOCTY IepeHoca B orpaHnyHoM cioe atMocdeps! (P, %) I/ BO3AYIIHBIX YaCTUII,
npu6biBaBLIMX B ¢yioit 100—2100 M Hag o6cepBaTopueit «®oHOBas» (A) U IPUTOPOAHBIM MmonuroHomM «bIK» (B) (cM. mmosicHe-

HUS B TEKCTE)

Fig. 5. Diagrams of the regional probability of transport in the atmospheric boundary layer (P, %) for air particles arriving in the 100—
2100 m layer above the Fonovaya observatory (A) and the suburban BEK test site (B) (see explanations in the text)

Ta6mmna 1. Mi3MeHUMBOCTH MEXKCIOEBO pasHMUIbI 3HaUeH M1 §180 B CHEsKHOM ITOKPOBE

Table 1. Interlayer difference variability of 5180 values in snow cover

Homep cioeB ormpo6osa-
HUSI ¥ UX MOIITHOCTh, CM
Number of sampling layers
and their thickness, cm

MexcioeBas pa3HALA
3HavyeHuii §180
Interlayer difference
of values 8180

ITocnoitHeie
3HayeHud 8180
Layered
values 5180

MexcioeBas pa3HALA
3HayeHwuii §180
Interlayer difference
of values 8180

Howmepa crnoeB onpobGosa-
HUSI ¥ UX MOIITHOCTh, CM
Numbers of sampling layers
and their thickness, cm

CHeroMepHas moinanka «PoHoBast», BBICOTa CHESKHOTO TTOKPOBa 29 cM

Fonovaya snow measuring site, snow depth 29 cm

5(2.0) -24.9 13 5(2.0)
4(2.5) 137 -23.6 4(2.5)
3(2.5) -27.3 ‘1 3(2.5)
2(2.5) 11 -28.4 2(2.5)
1(2.5) -27.3 1(2.5)

CHeromepHast miomagka «63K», Beicota CHEXXHOTO TIOKpoBa 31 cm
BEK snow measuring site, snow depth 31 cm

9(2.5) -31.2 33 9(2.5)
8 (2.0) Y -27.9 8 (2.0)
6(2.5) -22.3 413 6(2.5)
5(2.5) 3.9 -23.6 5(2.5)
4 (3.0) -26.8 1.7 4 (3.0)
3(3.0) 3 -28.5 3(3.0)
2(2.5) -25.5 14 2(2.5)

1(2.5) -24.1 1(2.5)

9l
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CaMo¥i 3HAUMTENTbHOM (—5.6 %o). Jleasimas mpoba 1o U30TOTI-
HOMY COCTaBY OKa3aJiach caMmoit «ierkoi» (5180 = -31.2 %o).
ITpu aTOM pasuuiia sHaueHuit 5180 meskmy 8ocemoli 1 Oessi-
moli mpobamMy OKa3a1ach TakKe 3HAUUTENbHO (—3.3 %o) (TaI.
1). B cBsI31 € 3TMM HEOOXOIMMO OTMETUTD, UTO BCE Pa3INUMS
BesnumH 8180 Mexmy cosMiu (PUKCUPYIOTCS B CHESKHOM TO-
PU30HTE, 00pa30BaBIIEMCS 32 CUET CHErOIa 0B IPU pasrpys-
Ke BO3[YILHO Macchl, puienei co CpeayM3eMHOro MOpst
yepe3 UepHomopcko-Kacnmiickuii perMoH U cpegHea3nart-
CKMe IyCTbIHY (pUC. 5, B). Y ety MpUHSITH BO BHMMaHME, UTO
B CHEKHBIX CJIOSIX AAHHOTO CHE)KHOT'O TOPU30HTA (hMKCUPYET-
Cs1 TIOBBIIIIEHHAsT ONITMYEeCKasl IVIOTHOCTh PacTBOPOB B Y-
JIMara3oHe, Tak >ke Kak 1 4Jis1 ¢710eB 3,4 Ha yuyacTke «DoHOBasI»,
TO OYEBU/IHO, UTO YBeIMUEHMe COIEePsKaHMS «TSDKeIOTO» KIC-
Jlopozia B 30He TepMoandQy3MOHHOTO reoXMMUIECKOro 6a-
pbepa CJIO’KHO OOBSICHATD YUaCTMEM Pa3/IMUHbIX BO3IYIITHbIX
Macc, Win yTsbkeleHyeM M30TOITHOTO COCTaBa TBEPIIbIX OCal-
KOB 32 CUeT JIOKAJIbHOTO MCITapeHMsI, WJI TOJIbKO TIOCTCenu-
MEHTALMOHHBIM KPYOTeHHBIM MeTaMOp(GMU3MOM CHera 3a
CuUeT M3MeHeHMsI M30TOITHOTO COCTaBa B CHEXKHOM TIOKPOBE B
pesybraTe (ha30BbIX IIEPEXOIOB BOIbI IIPY MACCOOOMEHE MEXK-
Iy JIeIsTHBIMM YacTUI[aMM CHEXXHBIX 3epeH U BOASHbIM IIapoOM
B CHEXKHOJ TOJIIIIE.

B 11es1oM, aHaIM3KUPys BEPTUKAIbHYIO IMHAMUKY pac-
npeneneHus sHadennit 3180 (puc. 2) B CHEKHOM ITOKPOBE
Ha MCCIef0BaHHbIX Y4acTKaX, MOKHO OTMETUTh, YTO Ha
000X Y4aCTKaxX M30TOITHO «TSDKEJTbIe» CHEXKHbIE CJIOU MPY-
YpOYeHbI K 30He TepMoA(pdy3MOHHOTO TeOXMMMUYUECKO-
ro 6apbepa. B 3T0i1 ke 30He 3a(MKCUPOBAHO OTHOCUTEIb-
HOe yBe/nueHue CoepsKaHms IUCIIepPCHBIX YaCTULL U U3-
MEeHEeHMe B COOTHOIIEHMY UX OUCITePCHbIX (pakimii. Kpome
TOTO, B JAHHO 30HE PETUCTPUPYETCS POCT ONITUYECKOI
IIOTHOCTM B IIpo6ax CHeroBoii Boasl B YD-nuamnasoHe,
YTO CBSI3aHO C YBeJIMUeHMEeM B HUX KOHLIEHTPAIM OIITH -
YeCKM aKTUBHBIX BelleCTB, ITPeIII0I0KUTeIbHO Keje30-
comepXkalux coenvHeHun (puc. 2). I ecsin yuectsb Halnu-
Yyye CpaBHUTEIbLHO BbICOKOM Y®-TIIpO3pauHOCTM CHera
B BEpXHEei1 4aCTy CHEKHOM Tomiu (puc. 4, A, B), ToO MOX-
HO TPeATIoI0KUTb, YTO B 3TOI YaCTH CYIIECTBYIOT YCJIO-
BUSI [IJIS1 pa3BUTHS (POTOAKTYBUPOBAHHBIX CHETOXMMMUYE -
CKMX peakIuii, UHUIIMMPOBAHHBIX CBOOOSHOPAINKAIb-
HBIM OKMCJIeHMeM a3p030JIbHOTO BelllecTBa C yyacTuemMm
MOHOB keje3a. [Ipoliecc cOmpoBOKgaeTCs M3MeHeHeM
M30TOIIHBIX COOTHOIIIEH B CHEXKHOI TOoJIIIIe.

Yuacmue onmuyecku akmueHbix ZuaPOKCUOOB
Jejie3a e CHe20XUMUYeCKUX peakyusax

[TpuHMMas BO BHUMaHMe HaIuuue yabTpaduoneTo-
BO¥ IIPO3PAYHOCTY CHEra, MOSKHO ITPeIIToI0KUTh, UTO T10-
MMMO KPMOTE€HHOI'0 M30TOIMHOIO PPaKIMOHMPOBAHMS B
MexaHM3Me peobpa3soBaHMsI U30TOIHbIX XapaKTePUCTUK
CHEXXHOTO TIOKPOBA, BO3MOXKHO, IPUMHMMAIOT yyacTue (o-
TOAKTMBMPOBAHHbIE CHETOXMMMYECKME peaKkn, MHULIN -
MPOBaHHbIEe CBOOOTHOPAAMKAIbHBIM OKMCIEHMEM as3po-
30JIbHOTO BelecTBa C yJyacTeM MOHOB MeTaJlJIOB C Iiepe-
XOIHOJ BaJIeHTHOCTbhI0. OCHOBaHMEM 151 JAHHOTO Mpe/I-
TIOJIOKEeHUS CIYXKUT cenyoliee.

ITb11eBOE 3arpsi3HeHMe CHESKHOTO TTIOKPOBa U ero pa-
IMalyOHHas MPo3payHoCThb B YO-muarasoHe JaloT OCHO-
BaHMe 10/1araTh, YTO OIITUUECKM aKTVBHbIE KOMIIOHEHThI 13
COCTaBa OCeBIIIEr0 a3p030JIbHOTO BellleCTBa MOTYT BbICTYTIATh
MpeKkypcopaMu (POTOaKTUBUPOBAHHBIX CHETOXMMMUUYECKUX
PeaxIuii B CHEXKHO TOJIIEe MEKIY CyOOX/IasKAEHHO KaTI-

JIIpHOIA BJIaroii ¥ 0CeBIIMM a3p030/bHbIM BellleCTBOM. DTU
(hoTOaKTMBMPOBAHHbIE PEAKIMI MOTYT OTIpeie/IeHHbIM 00-
Pa3oM BIMSITh HA TIOCTCEAMMEHTAIIMOHHOE (hPaKIMOHUPO-
BaHMe M30TOIOB KMUCJIOPO/Ia B CHESKHOM TTOKpOBe. B uacTHO-
CTU, CTOJTb OBICTPOE YTSDKEJIEHME M30TOITHOTO COCTaBa B BEPX-
Hell 4aCTy CHEXXHOM TOMIIM U TIPUYPOYEHHBIN K HEell pe3KO
BBIP&KEHHBI 3(DGEKT MEKCII0eBbIX KOJIeOaHMi1 3HAUEHMI1
5180 MOKeT 6bITh OTpaskKeHEM aKTMBIU3ALMAM CHETOXMMIYE-
CKMX peaxiinii, COIPOBOXKIAIOIINX MTOCTCeAMMEH TAI[MOHHbIN
TepMoMeTaMopdM3M cTpaTurpaduuecky 3HaYMMbIX CHETO-
TaJIOB C yYaCTMEM a3pO30/IbHOTO BeIllecTBa Ha TepMoanddy-
3MIOHHOM TeoX1MMUUeckoM 6apbepe. OCHOBaHMEM It JAHHO-
'O MPEeTIoNIOXKEHMSI SIBJISIETCSI POCT 3HAYEHUI OITTUYECKO
TUIOTHOCTY ITPOG CHETOBOJA BOJIBI U €€ 3JIEKTPOITPOBOAVMOCTI
B 30He TepMonhy3MOHHOTO re0XMMIUECKOro 6apbepa (puc.
2), KOTOPbIi OIVHAKOBO GUKCUPYETCS B BEPXHEN YaCTU CHEX-
HOJi TOJIIM KaK Ha ob6cepBaTopuy «DOHOBAsT», TaK Y Ha TTPU-
ropogHoM nonuroHe «bAK». U eciiv MpuHSTH BO BHUMAaHMe,
YTO BO3/YIITHbIE MACChl, TOCTYyTIas 13 paitoHa Cpeay3eMHOMOpDbSI
yepe3 YepHoMopcko-KacnmiicKiii pervoH, Ipy IMMPOXOsKAeHMN
HAaJl CpeHea3uaTCKMMM ITyCThIHSIMM MOTYT 000TaIIaThCs OIl-
TUYeCKM aKTUBHBIMU Kejie30CcoaepXkaliMmMy MyuHepasa-
MU, TO 3TU Xe KOMIIOHEHTHI MOTYT BBICTYNATh IIPEKypPCo-
paMu (DOTOAKTUBMPOBAHHBIX CHETOXMMUYECKUX PeaKIIit
MeXIYy CyGox/IaskaeHHOM KalIIIPHOI BJIaroit M oceB-
IIMM a3p030JIbHBIM BelllecTBOM. [Ipy 3TOM 06pasyoTcs
CTabuIbHbIE MPOAYKTHI (hoTOpeakimii. [Tpoiecc conpoBo-
SKOaeTcs yTsikeleHreM M30TOITHOTO COCTaBa CHera, Hau-
60s1e€ KOHTPACTHO MPOSIBJISIONIVIMCS B 30HE TepMOIud-
(ysmoHHOro0 reoxMmMmuueckoro 6aprepa. B To ke Bpemst
MeXaHM3M YyTsKeJIeHUS M30TOIMTHOTO COCTaBa B IMIPUIIO-
YBEHHOM CJI0€ CHera OKMJaeMo CBSI3aH C KPMOTeHHbIM
(dbpaxkuyoHMpoBaHMEM U 06ycioBIeH nubdy3ueir mapos
MTOYBEHHOI! BJIary B MIPUITOUBEHHBII ¢y1o¥ cHera [15, 26].

Takum 06pa3oM, 4yt 000MX YUaCTKOB OTMEYAETCST
YTSDKeIeHMe M30TOITHOTO COCTaBa cHera Ha Tepmoaudady-
3MOHHOM TeOXVMMUYECKOM OGapbepe, KOTOpoe B OOJbIIel
Mepe MHUIIMUPOBAHO (POTOAKTMBMPOBAHHBIMY CHETOXM-
MUUYECKMMU peakUsIMM MeXIY ITOPOBO Kau/uIsIpHO
BJIaroit ¥ OCEeBIIMM a3pP030JbHBIM BellleCTBOM, MPOTeKa-
I0IIMM Ha (GoHe yIbTpadoIeTOBOI MPO3PavyHOCTH CHe-
ra. I ey IpuHSTH BO BHMMaHMe pe3ylbTaThbl M3MepeHuit
OIITUYECKOV IVIOTHOCTYU CHEroBOJ BOAbI (pUC. 3) U pagu-
AIMOHHOM MPO3payHOCTM CHEeXXHOI To/u B YD-auamna3oHe
(puc. 4, A, B), To npekypcopoM, MHULIUUPYIOLIUM Pa3BU-
Tye GOTOAKTUBUPOBAHHBIX CHETOXMMMUYECKMX pPeaKLmii
Ha TepMoanddy3MOHHOM reoXMMUUeckoM 6apbepe, MO-
TYT BBICTYIIaTh aKBAKOMILJIEKCHI sKejie3a.

JKeneszo ¢ ammocgepe. VicTouHMKaMM ejie3a B at-
Mocdepe MOTYT CTYKUTb SKeJjie30CoIepKalye MyuHepa-
JIbl IVIMH, HanpuMep, xsoput [(Mg, Fe, Al);(Si, Al),04q
(Mg, Al)z(OH)z] ¥ MOHTMOPWIIOHUTOBbIE 06pa30BaHMs
[(Al, Mg, Fe3*)4(Si, Al)g040(OH), nH,0], Bxoxs1mne B co-
CTaB PBIXJIBIX OTJIOXKEHU . byayun 3axBauyeHHBIMH C OT-
KPBITOJ TOBEPXHOCTY BOCXOSIIVIMY TYPOYJI€HTHBIMMU U
KOHBEKTMBHBIMM MIOTOKAMM BO3yXa, INIMHUCTbIE MUHEe-
pasibl TOgHUMAIOTCS B aTMocdepy. IIpeamonaraeTcs, 4To
110 CBOMM pasMepaM 3TU MUHepalbHble YaCTUIbI HaXO0-
nsatcs B uHTepBane 0.001—10 MKM, UTO ITO3BOJISIET UM
HaXOAUThCSI B aTMOchepe 3HAUMTENbHO 0JIbIlle 00bIY-
HbIX MbIIE€BBIX YaCcTUIl. [IpyHMMaeTcs, 4To IpU B3aUMO-
IeiiCTBUM Xejle30coepXXaluxX NIMHUCTBIX MUHEPaIoB
C KaIuistMu 06/1aKOB 00pa3yloTCs rUApaTUPOBAHHbIE
MOHBI MeTa//IoB. HaxoAsich B pacTBOpe, IMIpaTUPOBAH-
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Hble VOHBI JXeJjle3a CoAepKaT B KauecTBe LIeHTPaJbHOTO
g1pa aKBaKOMILJIEKC — COeJMHeHYe, B KOTOPOM JIMTaH-
oM Beictymaer Bozia [Fe (H,0)4)%*.

B ycrnoBusix aTMmocdepsl py MOHMKEHUY TeMIlepa-
TYpbl aKBaKOMILJIEKCHI JKeJie3a [epexoisaT B KpUCTaJIIN -
yeckoe cocTosgHue. Haxonsach B HeM, OHM MOTYT yIep-
SKMBATh ¥ KPUCTANIM3ALMOHHYIO BOLY, 06pa3sys TeM ca-
MBIM KPUCTJIOIMIPATHL. I3BeCTHO, YTO KPUCT//IN3A-
I[MOHHAs BOJA He BXOIUT B COCTAB BHyTpeHHelt cdepbl
TUAPOKCUAHOTO KOMIIZIeKCa ¥ Takasi BOa MMeeT MeHee
IIPOYHbIE CBSA3Y, YeM KOOPIAVMHMPOBaHHAas. YKa3aHHOe
06CTOSITeIbCTBO IIpeioNIpeiesieT CBoeobpa3Hoe PhIX-
JIoe CTpOeHMe KPUCTAJIIIOIUIPATOB, KOTOPOe He CIIYXKUT
npensitctBueM ajist auddysun u BCTpauBaHUsI BHYTPU
KPUCTaJUIOrMApaTa MajblX ra30BbIX KOMIIOHEHTOB, a TaK-
ke 7151 GU3UKO-XMMUI€eCKOTO B3aVIMOAEMCTBIUS MEXIY
HYMM.

DomoakmueupoeaHHsle peakyuu 6 CHeXHOU moJiuje ¢
yuacmuem xene3a. V3BecTHa cienyolas cxema ¢oronysa
HeOopraHM4Yeckux MOHOB [22]:

FeOHZ* — hv — Fe2* + OH". (1)

ITosTomy oceBLIVe KPUCTAJIOIMAPATHI XKejle3a I10[,
BO3[eiiCTBMEM YIbTpaduoneTa MOTYT MHULIMMPOBATD 06-
pa3oBaHMe MepPBUYHbBIX KOPOTKOKMUBYIIVX PagMKaa0B, KO-
TOpBIE 3aTEM BCTYIAIOT B HEOOpaTUMble peakiy B3auMo-
ZIefcTBMSI, 3aKaHUMBAIOIIMecs] 06pa3oBaHMeM CTAOMITBHBIX
MIPOLYKTOB (hoTOpeakmu. YUacTBYs B KaueCTBe MHAYKTO-
pa, MHUIMUPYIOIETro 06pa3oBaHe KOPOTKOKMUBYIIMX CBO-
OOIHBIX PAIVKAIOB, Kele30 MOKeT UTPATh BAXKHYIO POJIb
B M30TONHOI TpaHchopManuu cHera. MexaHM3M TaKMUX
peaxkuuii c yuacTueM xejes3a JaBHO U3BeCTeH:

1) vHMUMKUpPOBaHME LIEIN:

H,0, + Fe2* - FeOH2* + OH*; 2)
2) poCT uenu:

OH* + H,0, - HO,* + H,0; 3)
FeOH2* + HO,* — O, + Fe2* + H,0; 4)
Fe2* + H,0, — FeOH2* + OH* (5)

(peakuyu (3)—(5) MOyT mapayiesibHO C MHAYLIMPO-
BaHHOJ peakumeii (6) pasyiokeHUs [IepeKUCH BOLOPOaa);

2H,0, — 2H,0 + 0,; (6)
3) 06pBIB LIETN:
OH-* + Fe2* — FeOH?2*. (7

CrexnomeTpuyeckasi peakuys (8) mokasbiBaeT KOJINU-
YyeCTBEHHbIe COOTHOLIEeHNS HavaabHO (1) M KOHEeYHO1
peakuuii (7):

H,0, + 2Fe2* — 2FeOH2*. 8

B nponomkeHne peakiyy 8 B aTMocdepe MOKeT pas-
BMBAThCSI IPYTOii MPOIecC — OKMUCIeHNe Kene3a ¢ obpa-
3oBaHueM deppuruapura (2.5 Fe,03xH,0). lanHOe coe-
IVHEHMeE SIBJISIETCS MPOAYKTOM okucienus Fe2+ [4].
QeppUrNIpUT — HEYCTOMUMBBIN KOJVIOULHBIA MUHEpPAJI,
SIBJISTIOILIMIACST K TOMY YK€ CUJIbHBIM MTOITIOTUTEIeM KOPOT-
KOBOJIHOBOVI COTHeuHoi paayauuu [1]. Ocemas Ha moBepx-
HOCTb CHera B COCTaBe TBepAbIX I'MIPOMETEeOpOB,
B IIOCJIeAYIOIIEeM OH MOXeT BBICTYIaTh PeKypcopom ¢o-
TOAKTMBMPOBAHHbBIX peaKklyii B CHEXXHBIX CJIOSIX.

CnenyeT 3aMeTUTh, YTO ITapaIeJIbHO peakusIM
(3)—(5) MOXXeT MaTH, HATTPUMEp, TPEXUACTUIHAS PeaKIMsI
o6pa3oBaHus 030Ha [2]:

0+0;—>0z*+M— Oz +Me, 9

B pe3y/ibTaTe KOTOPOi 06pa3yoTcsl XMMUYeCKM aK-
TUBHBIe (PparMeHThl, CIOCOOHBIE MHUIIMMPOBATD Pa3HO-
o6pa3Hble BTOPMUHbIE peaKIu CBOOOIHOPAIUKAIBHOTO
OKMCJIEHMS 29PO30/IbHOTO BeIeCTBa U Tak ke ObITh Ipe-

KypcopaMmy (DOTOaKTUBUPOBAHHBIX PEAKIMil B CHESKHOT
TOJIIIE.

TakuM 06pa3om, MOsIBJIEHNE B CYyOOX/TaKIeHHO Ka-
MIWISIPHOJA BJIare MOHHBIX (DOPM Kejiesa, a TakKe Halu-
yue pagykanos HO,*, OH® 11, BO3MOKHO, aTOMapHOT'0 KIUC-
JIOPOAA, CO3AI0T GJIATOIIPUSITHBIE YCIOBUS IJIS ITPOTEKA-
HMSI B CE30HHOM CHEXKHOM ITOKpOBe (hOTOaKTUMBUPOBAH-
HBIX CHETOXMMMYECKMX peakluit MeXay OCeBIIUM
asp030JIbHBIM BEIeCTBOM U CYOOXJIaKAEeHHO ITOPOBOii
BJ1aroii. [Tpoliecc compoBoOKaaeTCsl M3MeHeHeM pacrpe-
IIeJIEHMS M30TOIMHOTO cooTHOLIeHMs (5180) B CHEXKHOI TO-
111e, KOTOpoe Haubosiee KOHTPACTHO ITPOSIBIISIETCST HA TEPMO-
IndQy3MOHHOM reoXMMIUIECKOM Oapbepe.

3akiloueHue

TpaauiiMOHHO BCe U3MEHEeHMS M30TOITHOIO COCTaBa
KMCI0pOZa B BbIMIaBIllEM CHere XapaKTepu3yloTCs B OC-
HOBHOM JIByMS Mpolieccamu: 1) crimaxkuBaHueM Bapuauit
BEepPTUKAJILHOTO rpagMeHTa U30TOIMHOI'O CUTHa/Ia 13-3a
I dy3uy MOJIEKY/T B TTOPOBOM ITPOCTPAHCTBE JIEASHOM
MaTpUIIbl 03 U3MEeHeHMs CpeIHero 3HaueHus M30TOIMHO-
r'O COCTaBa ISl BCeil CHEXKHO-(MPHOBOJ TOMIIM; 2) U3Me-
HeHMeM M30TOITHOI'O COCTaBa B CHEXXKHOM ITOKPOBE B pe-
3y/abTare Ha3oBbIX IEPEXOIOB BOAbI TP MaccooOOMeHe
MEXIY CHETOM ¥ BOISHBIM ITapoM aTMocdepsl.

BMecTe ¢ TeM B Xofle MCC/IenOBaHMii BbISIBJIEHbI MEKC/IO-
eBble KomebaHust 3HaueHm 5180, KOHTPACTHOCTh KOTOPBIX BO3-
pacraet B 30He TepMoandy31I0HHOTO Ire0XMMMUYECKOTO Oa-
pbepa. [IpenronaraeTcst, UTO BCIENCTBIE paayaliiOHHOM ITpo-
3pavyHOCT cHera B YO-Iuara3oHe U Ipy HaJIM4uy B HEM 3Ke-
Jie30cofepsKalix KPUCTA/UIOTUIPATOB B CHESKHOI TOJIIIE
BO3HMKAIOT YCIIOBMSL, MHULIMUPYIOIIME (POTOAKTMBYPOBAHHbBIE
CHEroXMMmJecKye peaxiiym, COIpoBOKIALINECS CBOOOTHO-
paauKaIbHbIM OKMCIEHMEM OCEBIIIETO a3p030JIbHOIO Bellle-
CTBA, 3aKaHYMBAIOLIVECS 06pa30BaHMEM CTaOMIIbHBIX POTYK-
TOB poTopeakuyu. [Ipoliecc MoKeT COIPOBOKIATHCS U3-
MeHeHMeM M30TOITHOI'O COCTaBa CHera, 4To, B CBOIO oue-
penb, MOKET MPUBOAUTH K Pa3anUUMUSIM B U30TOITHOM
cTpaTduKaIMY CHEXKHOTO ITOKPOBA Ha ABYX MOJIMTOHAX,
dbopMupoBaHue 0caKOB Ha KOTOPHIX CBSI3aHO C OOIIMMU
MCTOYHMKAMM BOJISTHOTO rapa.

Asmopul 6nazodapsim U. B. Cmonesy (MI' @UIL] Komu
HI] YpO PAH) 3a HeoyeHUMY0 NOMOWb Npu npogedeHull u3o-
MonHo-zeoxumuueckux uccnedogaruii 8 LIKII «[eoHayka»,
Coikmoiexap. Hccnedosarue nposoouiocs 8 pamKax 20C3a0aHust
Hrcmumyma onmuxu ammocepot um. B. E. 3yesa CO PAH, npo-
exkm II. 10.3.2, pecucmpayuonHsiii N° AAAA-A17-117021310142-5;
MpaekmMOopHblii AHANU3 8bINOIHEH NPU (UHAHCO80T noddepicke
POOU u HHOU 8 pamkax HayuHozo npoekma N2 20-55-56028.
JlazepHas eparynomempus u YO-cnekmpockonust 00pasyos ma-
J1020 CHe2a 8bIN0IHEHDbL 6 LlenHmpe KonnekmueHo20 Nob308aHUs
«Xumust» Hncmumyma xumuu QUL Komu HLI YpO PAH.
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dotorpacdumu A. A. YepHoBa u B. A. BapcaHodbesoii B apxuse 4. M. [puropbeBa

The photos of A. A. Chernov and V. A. Varsanofyeva in the archive of D. P. Grigoriev

The short message contains photographs of famous
researchers of the Urals A.A. Chernov and V.A.Varsanofyeva
from the personal archive of D. P. Grigoriey, transferred
to him by M. V. Fishman. Attention is drawn to the
importance of personal archives in the study of the history
of science.

B cratbe M. C. AcTtaxoBoii «Bkiag npodeccopa
A. A.YepHOBa B M3y4YeHMe KapCTOBBIX SIBJIeHUI» (BeCTHUK
reoHayk. 2022. N2 7(331). C. 50—52) ony6nmkoBaHa ¢o-
torpadust A. A. YepHonsa (1877—1963) ¢ yueHUIIaMu U CO-
paTHULLamMu 1o usydyeHuto Ypasnaa: [I. M. Paysep-UYepHo-
ycoBoit (1895—1996), B. A. BapcanodbeBoit (1890—1976),
M. W. llyneroii-Hecrepenko (1891—1964) u H. A. Emesnbs-
HOBOJA. Ilesib 3TOro KpaTKOro COOOIIEeHNSI — 03HAKOMUTD
yyraTenei ¢ pororpadusiMu TOro Ke mepuona, HaigeH-
HbIMM aBTOpOM B imuHOM apxuBe [I. IT. 'puroprena (1909—
2003), xpaHsiemcs: B Komuccuu no ucropun PMO.

W3BecTHO, uTo /1. I1. Tpuropses codbupai dpotorpadun
MMUHePaJIoroB, B MeHbllleli CTelleH) re0IOTOB IPYTUX CIie-
LManIn3aluii, BHeCIIMX 3HAUMTEIbHbI BKIAJ, B HAYKy. 175
3TOr0 OH 06PAIIAICS K HUM HATIPSIMYIO WJIU K POICTBEHHM-
KaM. PesysbTaT — cCOTHM poTorpadmii, K coxkaIeHUIO BECh-
Ma pasynopsinoueHHbIx. He cekpert, uto [. I1. I'puropbes,
ponuBLIMiics B [lepMu, cMMIIaT3MUpOBal yPaJabCKUM reo-
Jioram. BeposiITHO, Tak 610 1 B CJTydae rpymrsl A. A. YepHoBa.
B 6oraroii nepemnucke /1. I1. 'puropbeBa HaMm He yOaa0Ch
HaJATU IICEM OT KOTO-JIMOO0 13 MIePEUNCIEHHBIX BBIIIE JIALI.

Ha omHoit n3 dororpacduii pykoii [I. I1. [puropresa
(TIoUepK TpyZAeH I MOHMMaHMsI, 3aTO OHO3HAUHO yKa-
3pIBaeT Ha aBTOpa) HAMMCAHO, YTO OHYU TlepelaHbl eMy
12 suBaps 1966 r. M. B. ®uimumanom (1919—2003), yueHn-
KOM A. A. UepHOBa, nMpekTopoM MHCTUTYTa reoorun
Komu ¢pmnmana AH CCCP (1961—1985) u ocHOBaTeieM B
ero creHax Myses um. A. A. YepHoBa (1968). KpaTkue o -
mycK Ha o6opoTax doTorpaduit caenaHbl UMEHHO PYKOIA
M. B. ®uiimaHa. 3TO YCTaHOBJIEHO I10 €ro Ae/I0BbIM (MUCh-

= = N
\ BT,

A.A.YepHoB. 1930-e / A. A. Chernov. 1930s.

B. A. BapcaHodbeBa 1 A. EpMuioB

V. A. Varsanofyeva and A. Ermilov

MO OT 26 mast 1964 r. pexropy JITU JI. H. Keutto ¢ mpockb-
60i1 0 komauguposauuu 1. I1. TpuropseBa B moc. Koxkmum-
pyaHMK ¢ 20 uiois 1o 15 aBrycra A1t KOHCY/IbTalyii 1o
MUHePaJIOTUM MeCTOPOKAeHMI TOPHOTO XPYCTasIs; KOTIUS
mucbMa JI. H. Kesio ¢ mpocb60it 00bIBUTH 061ar0IapHOCTh
[.I1. 'puropbeBy — HAyYHOMY KOHCY/JAbTaHTy MHCTUTYTA
reosiorv Komu pmnmana AH CCCP o mpobieMam MuHe-
pajioruu U TreHe3uca MeCTOPOKAeHMIi TOPHOTO XpyCTas
Ha [IpunonsipHoM Ypasie, 6e3 maThl; IpUIIalIeH e Ha T0-
nuuyHoe cobpanne Komu pmymana AH CCCP 17 suBapst
1966 r.; nucbMmo ot 13 Hos16ps 1981 1. pexktopy JITU
H. 1. EpeMmuHy ¢ mmpocb60ii 0 KOMaHOMPOBAHUM
I0. II. TpuropbeBa B yIoOHOe 1151 Hero Bpemst B IHCTUTYT
Te0JIOTY JJIsI UT€HMS JIEKIIVIA 110 aKTya/IbHBIM ITpo6yieMam
MUHepaIoTuy, MeTOOMUECKOM ITOMOIIIV ¥ KOHCY/IbTallnit)
U IMYHBIM (TT031paBiieHust ¢ 1 Mas, 6e3 naT) mucbMam,
HaiigeHHbIM B apxuBe [I. I1. 'puropbesa.

ABTOp obpamiaetT BHMMaHMe Ha BaXKHOCTh JIMYHBIX
apXMBOB B U3yUeHUM UCTOPUM HAYKU U HAZLLeTCs, UTo ITy-
6imKyembie ¢oTorpaduy NOMOMHAT QOTOTEKY My3est
uM. A. A. Yepnosa B UucTtutyTe reonoruy OULL Komu HIJ,
VpO PAH.

. 2.-m. H. FO. JI. Boiimexoeckuii
woyt@geoksc.apatity.ru
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XXXVI
YepHOBCKME YTEHUS

WHCTUTYT reonorumu
umMeHnu akagemuka H. IT. I0mkmuHa
@enepaabHOIO UCCIEA0BATENbCKOTO LIeHTPa
«KomMu Hay4yHblIi1 LIeHTp YpaabCKOTO OTe/IeHUS
Poccuiickoil akageMuy HayK»
COOGILIAET, UTO
XXXVI YepHOBCKME YTEeHMS,
MoCBsIeHHbIe 90-TeTUI0 CO IHS POXKAEHUS
IJIaBHOTO HAyYHOT'O COTPYOHMKA,
IOKTOpa reo/ioro-MyHepaJoTn4eckmx Hayk,
npodeccopa
JIbBA BACUJIbEBUUYA MAXJTAEBA
(1932—2012)

The 36th
Chernov Readings

Institute of geology
named after Academician N. P. Yushkin
of the Federal Research Center
"Komi Scientific Center of the Ural Branch
of the Russian Academy of Sciences”
announces that
the 36th Chernov Readings,
dedicated to the 90th anniversary
of the birth of the Chief Researcher,
Doctor of geological
and mineralogical sciences,
Professor
LEV VASILEVICH MAKHLAYEV
(1932—2012)

cocrositcst 14 mekabpst 2022 T.
B KOH(epeHI1I-3a1e MHcTuTyTa reomornu Kovm
HII YpO PAH, nio agpecy: CbIKThIBKAP,
yi. [lepBomatickas, 1. 54, 5 stax, 520 ay.
Hauasto 3acemanms B 15:00.

[TpurnaiiaemM MpMHSITh y4acTHe.
I[MPOTPAMMA
IIpodheccop Maxnaes — He jxcpey HayKu
I.T.-M. H. B. 1. Cunaes, A. C. Llyiickuii,
K.T.-M. H. A. ®@. Xa30B
IIpodpeccop JI. B. Maxnaee —
evldaroujuiics nedazoe eviculeti UKOMbI

K. I.-M. H. T. TI. MajiopoBa

Bbtcmynneuwl, 60CNOMUHAHUSA

will be held on December 14, 2022
in the conference hall of the Institute of geology
of the Komi SC UB RAS, at the address:
floor 5, room 520, 54 Pervomayskaya st., Syktyvkar.
The conference starts at 15:00.

We invite you to participate.
PROGRAM
Professor Makhlaev is not a priest of science
Dr. Sc. (geol.-mineral.) V. 1. Silaev, A. S. Shuysky,
Cand. Sc. (geol.-mineral.) A. F. Khazov
Professor L. V. Makhlaev —
an outstanding teacher of higher education

Cand. Sc. (geol.-mineral.) T. P. Mayorova

Speeches, memories

Pedaxkmopsl uzdamenscmea:
0. B.Ta6oBa, K. B. OpayH (aHIIMIICKIIT)

KomnosiomepHas sepcmka
T. B. Xa30Boit

Cauo. o pez. cpedcmesa maccogoti uHpopmayuu ITH N° @C77-75435 om 19.04.2019, evidanHoe PockomHadzopom. Omneuamaro: 30.11.2022. @opmam
Gymazu 60 x 84 1/¢. ITeuams RISO. Yen. n. 1. 6,5. Tupaxc 140. 3axa3 1194. Yupedumens: deepanbHOe rocyapcTBEHHOE GIODKETHOE YUPEXKIEHe HayKN

@enepanbHbIit UCCIEN,0BATENbCKII LIeHTDP «KoMy HayuHblt LIeHTp YpasbCcKoro oTaeneHus: Poceuiickoit akagemuy Hayk» (PUL Komu HIL YpO PAH).
Pedaxyus, usdamenscmeo, munozpagus: M3naTeabCKo-MHPOPMAaIMOHHBIN OTaeN MHCTUTYTA reonoryy uMenn akagemuka H. IT. FOmkmHa Komy Hayu-
HOTO I[eHTpa YpaabCKoro oTaeneHnst Poccniickoii akameMuy Hayk PeepaabHOTO TOCYIapCTBEHHOTO OI0KETHOTO YUpexkaeHust HayKu deiepaabHOTO
JCCIeN0BaTeNbCKOro IeHTpa «KomMy Hay4yHbIl LeHTp YpaabcKoro otaeneHus Poccuiickoit akagemun Hayk» (VI UL Komu HILL YpO PAH).

Adpec: 167982, Pecrry6rmika Komu, CoikTbIBKap, IlepBomarickast, 54. Ten.: (8212) 24-51-60. dn. nouma: vestnik@geo.komisc.ru




