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MAKTOPDI, BAMAWWNE HA TMHAMUKY COOEPKAHMS CO, B NPERENAN NOJ3EMHOTO NPOCTPAHCTBA
(HA PHMEPE KYHTYPCKOH NENAHOH NEUIEPbI)

A. B. Kpacuxkos, A. C. Kazanuepa
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MOHWTOPVHroBbIE HABNIOAEHNS 32 UBMEHEHNEM KOHLIEHTPALMM YIIEKMCNOro ra3a B KyHrypckoi neisiHoi newepe npoBoAu-
nunck B nepuop, ¢ ceHtsops 2017 r. no deepanb 2019 r. Yrnekucnblii ras sBAseTcst BaXHbIM KOMMIOHEHTOM MCCeA0BaHus ra3oBoro
coCTaBa MelLepsbl, MOCKOJIbKY Ero NMoBbILLEHHbIE 3HAYEHUSI MOTYT 0Ka3aTbCsl ONMacHbIMU A4J18 YesnioBeka. MoCTOsHHbIVE KOHTPOJb MO-
3BOJIAET n3bexaTb HeraTMBHbIX MOCAEACTBUIM U NPEANPUHATE MEPbI 419 X NPEfoTBPALLEHNS.

HacTtoswas paboTa npeacraenset 06006LLEHHbIN aHaM3 nokasaTenei, BAMSIOLMX Ha KOHLLEHTPALMIO YINEKMCNIOro ra3a B nog-
3eMHOM NPOCTpaHCTBE. B xoae nccnenosaHnii BbiaeneHbl OCHOBHbIE (TEMNepPaTypHbIA PeXUM Ha NOBEPXHOCTU U B NeLLEepe) 1 BTO-
pocTeneHHble (faBneHne B nellepe, TPELWMHOBATOCTb, MUHEpanu3aumsa Boabl) GakTopbl, BAUSIOWME HA ANHAMUKY COAEPXaHUS
YrNeKkncnoro rada B rpotax. [poBeaeHa KOppensumnoHHas oueHka Mexay sapuaumnsammn CO,, MUKPOKIMMATMHECKUMY NapameTpa-
MU (TemMneparypa Ha NOBEPXHOCTU U B MeLLepe, AaBIEHNE B NELLEPE) U MUHepanu3aumnein Boabl 03ep. B 3UMHUIA 1 NETHUI Nepuoabl
2019 r. B pa3HbiX MUKPOKINMATUYECKNX 30HAX MELLEPbI BbIMOJIHEHBI PA30BbIE 3aMepbl CKOPOCTEW BO3AYLLUHbLIX MOTOKOB, paccyuTa-
Hbl KO3 OULMEHTLI TPELLMHOBATOCTM MaccuBa JleAsaHoM ropel B Nnpeaenax passuTusg neLLepbl U pacxonbl Bo3ayxa A5 yCTaHoBe-
HNSA CBA3M MEXIY KOHLEHTpauuen yrnekncioTsl, pacxogoM BO34yxa 1 TPELLMHOBATOCTbIO MaccuBa.

KnioueBble cnoBa: KyHrypckas JleasHas newepa, yrnek1cnsivi ra, remneparypa Bosayxa, amHammka CO,, TpeLmHoBaToCTb
FOPHBIX 10POA.

FACTORS INFLUENCING DYNAMICS OF CO, CONTENT WITHIN THE UNDERGROUND SPACE
(THE CASE OF KUNGUR IGE CAVE]

A. V. Krasikov, A. S. Kazantseva
Mining institute UB RAS, Perm; Alexeykrasikov55@gmail.com

Monitoring of changes in carbon dioxide concentration in the Kungur Ice cave was conducted from September 2017 to February
2019. Carbon dioxide was an important component of the gas composition of the cave, since its elevated values during excursion
activities could be dangerous to human life. Constant monitoring allows to avoid negative consequences and take measures to
prevent them.

This paper presented a generalized analysis of factors that affect the concentration of carbon dioxide in the underground space.
In the course of the research, the main (temperature conditions on the surface and in the cave) and secondary (pressure in the
cave, fracturing, mineralization of water) factors influencing the dynamics of carbon dioxide content in the grottoes were identified.
A correlation estimate was made between CO, variations, microclimatic parameters (surface and cave temperatures, pressure in
the cave) and lake water mineralization. In winter and summer periods of 2019, one-time measurements of air flow velocities were
carried out in different microclimatic zones of the cave, fracture coefficients of the massif of Ledyanaya gora within the development
of the cave and air flow were calculated to establish a relationship between carbon dioxide concentration, air flow and mass fracture.

Keywords: Kungur Ice Cave, carbon dioxide, air temperature, CO,dynamics, fracturing of rocks.

BBepeHune

M3BecTHO, 9TO comep:KaHte YIJICKUCIIOTO ra3a B IO -
3¢MHOM IIPOCTPAHCTBE Ha MOPSIIOK OTINYIACTCS OT €T CO-
nepxanust B atMmocdepe (ot 250 g0 400 ppm). Hanpumep,
conepxanue CO, B newepe Hlynsran-Tam — no 400 ppm
[7]1, B HoBoadoHckoii remepe — ot 200 1o 5000 ppm [8],
B nemepe 3onyiika kojeoaercs ot 100 go 50000 ppm [1].

Panee wm3ydyeHmMeM Ta30BOTO COCTaBa BO3Myxa
B KyHrypckoii nensiHoii newepe 3anumanuch B. H. Jly6-
ggHckuit (1980-e rr.), H. JI. SA610koBa, A. b. Knumuyk
(1987, 1991) [5]. 1o pe3yabTaTaM uUX pabOT MOXHO Cle-
JJaTb BBIBOJ, YTO M3YYEHME ra30BOIO COCTaBa BO3IyXa,
0COOCHHO cofepXKaHWe U AMHAMMKA YIJIEKUCIOTo rasa,
MO3BOJIUT OMPEICTUTh YCIOBUS U OCOOCHHOCTU IIPOHUC-
XOXICHMSI M Pa3BUTHE MHOIMX IIPOLIECCOB (HampuMmep,
TUJIPOTEOXUMUIECKUX), TIPOUCXOISIINX B KAPCTOBBIX T10-
JIOCTSIX.

HabGnioneHus 3a comepaHueM YIJIEKMCIOIo rasa B
KyHrypckoii nensHoli neiiepe HeoOXOAUMBI, MTOCKOJIbKY
OHa SIBJISICTCST 0O BEKTOM MaCcCOBOTO TYpPH3Ma U TTOBHIIIIEH-
Hble KoHLeHTpauuu CO, (> 5000 ppm) MOTYT npeacTas-

JISITh OMACHOCTh IS KU3HU. C KaXIbIM TOIOM KOJIuYe-
CTBO TTOCETHUTENIeH yBenmmuamBaeTcs (Hampumep, B 2017 T.
niemepy nocetusio 105 teic. yen, B 2018 — 129 ThIc. uern.)
Y TIOBBIIIAETCSI KOJIMYECTBO BBIIBIXaeMON YIJIEKUCTOTHI.
Bompoc o BIMSHMM KOJWYECTBAa MOCETUTEIEH Ha M3Me-
HeHMe KoHLeHTpauuu CO, B nelepe pacCMOTPEH B Ipe-
Iplayiiein padore [4]. MakcuMalibHble KOHIEHTpaLUU
CO, B newepe (1o 1500 ppm) BO3HUKAIOT B JIETHUH TIe-
puon (MI0JIb) TIOCTIC TTOCEIIIEHMST OKOJIO 2 THIC. YEJIOBEK 3a
CYTKU. YTJIEKUCITBIN ra3 TsoKesee aTMOoCc(hepHOTo BO3/1yxa,
P OBIXaHUW OH KOHILIEHTPUPYETCS CHadala B BEPXHUX
CJI0SIX BO31lyXa rpoTa, rmyreM AudAdy3uu NocTerneHHO OITy-
CKaeTcsl M HaKaIlJIMBaeTCsl B HIDKHEW yacTu TpoTa. Takoe
IBIKCHME XapaKTEePHO IJISI BCEX IPOTOB TEIIEPHI.
Ilemepa mpencTaBiasieT CcO0OI CIOXHYIO CHCTE-
My TPOTOB U COEIMHSIIONINX UX 0OJiee Y3KUX IMPOXOIOB C
HECKOJIBKMMH BXOJaMU Ha Pa3HBIX BBICOTHBIX YPOBHSIX.
JBuxeHre BO3oyxa MPOUCXOAMUT IOA BIUSHUEM ecTe-
CTBEHHOM T4ITU, 3a CUET PA3HOCTEH ILUIOTHOCTEU HapyXK-
HOTO M TIelllepHOro Bo3ayxa. Ha ocHOBe cyiecTBytolie-
TO perjaMeHTa MpPOBEeTpUBaHUS [2] COTpyOTHMKAMM CTa-
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LIMOHAapa TMPOBOJUTCSl PEryJMpOBAHUE ECTECTBEHHOTO
BO3AYIITHOTIO TIOTOKA B TICIIepe M HMCHOJB3YIOTCS 2 pe-
KMMa TIPOBETPpUBAHUS M3 4 BO3MOXKHEIX. B 1eTHee Bpe-
MSI B TIEIIEpe UCITOIb3YeTC sl PEXXUM IIPOBETPUBAHUS, TIPU
KOTOPOM BO BXOJHOM M BBIXOJIHOM TOHHENSIX IITI030-
BbI€ JABEPU 3aKPBITHI. B 3UMHee BpeMsi MCIOJIb3YeTCsT pe-
JKMM IPOBETPUBAHMSI, KOTAA IBEPU BXOAHOIO IILII03a OT-
KPBIThI, @ JBEPUA BBIXOAHOM IIUIIO30BOM YaCTU 3aKpbI-
Tbl. MTHTEHCUBHOCTD BO3lyXa, IO JAHHBIM BO3AYILIHO-JAE-
MPECCUOHHON CheMKHM, 3aBUCUT OT Pa3HUIIBI TEMIIEPaTyp
Ha TIOBEPXHOCTH W BHYTPH TIELIEPHI, TaBJIEHUS B TPOTax,
OT pa3MepoB rajiepeil U CTPYKTYPHO-TEKCTYPHBIX OCOOCH -
HOCTeil MaccuBa, B KOTOPOM 3aJI0XKEHBI TPOTHI MeIephl
(tpemmHOBartocTh) [3]. s KyHrypckoii easiHoi Tele-
PBI XapaKTepHO 00pa30BaHMEe Ha TTIOBEPXHOCTH 03€p KaJlb-
OuTOBOIM TuieHKU. CpemHsSss MUHepaaIu3alus BOABI CO-
crapisier 2,2 r/mM3. CoctaB BOABI CYJIb(haTHO-KabIIK-
eBblid. B JieTHUII mepyoa nMpu MCHapeHUU BOAbI U3 03ep
YBEJIMUUBAETCSl 00111asi MUHEpaJn3alis BOAbl, a Ha MO-
BEPXHOCTH 03P PacTeT KOHIICHTpallMUsl pacTBOPEHHOIO
CaCO;. ®opMUPOBaHUIO KaJIbLUTOBBIX IJIEHOK CIIOCO0-
CTBYET BBIIeJICHUE YTJICKUCIIOTHI 3 BOJIEI.

Llenb paboThl 3aKiI04aach B aHAIM3E MPUPOTHBIX
(akToOpoB, BAUSIONIMX Ha JAMHAMUKY M3MEHEHUS] KOH-
LIEHTpaLMU YIJIEKUCIOro rasa B Ipeiesax IMOA3eMHOIo
npoctpaHcTBa KyHTIypcKoii JIesiHOM Mmelephl.

MeToauka pador

[na uccnenoBaHus usmeHeHus conepxaHusa CO,
6bu1 ycraHosisieH gatyuk CORA (U-Logger CO, 12/2011
SNr: 35; Austria) ¢ untepBajioM usmepenuit 60 mux. Ha
CeTOAHSIIHUI JeHb ycTpoiicTBO KoHTpoiass CORA —
OIWH W3 CaMBIX TOYHBIX ITpudopoB (£ 50 ppm, morpeir-
HOCTb B Ipeneiax 3 %), KOTOpbIil ObLI CIELMaJIbHO pa3-
paboTaH 1IsI MOHUTOPMHTA IBYOKKMCH YIJIepoaa B YCIIO-
Busix newiepsl [10]. MaTepBan usmepenust 60 MuH. (onvH
3aMep) NO3BOJISIET BECTU HenpepbiBHbIE 3aMepbl CO, B Te-
YeHHE MecsIia. YBeJIWYeHNEe KOIMYeCTBA M3MEPEHUM 10
YETBIPEX 3aMEPOB B UaC COKpaIlaeT paboTy Ipudopa 1o
OIHON-IBYX HEAEb.

C cents16ps 2017 r. mo despanb 2019 1. maTYuK 1151
U3MEpPeHHsI KOHLEHTpalMii YIJIeKUCI0ro rasa Obl1 ycTa-
HoBJieH B rpoTe dpyx06n1 Hapogos B 700 M oT BXomoBoii
JacTU (30Ha TOCTOSTHHBIX ITOJIOXKHUTEIBHBIX TEMIIEPATYP).
Br160p MecTa ycTaHOBKHM ITpHOOpPa CBSI3aH C TEM, UYTO TPOT
Hpyx0b1 HapogoB pacronoxeH B LIeHTpaJIbHOM YaCTH Te-
IIEpbl B 30HE MOCTOSTHHBIX TTOJIOKUTEIBHBIX TEMIIepaTyp
U € UBMEHEHHsI OT CpeHero 3HauyeHUs1 MUHUMaibHO. Ha
(boHe 3TOrO (hakTOpa BO3MOXKHO OLICHUTD BIUSHUE IPYTUX
mapaMeTPOB, KOTOPHIC BIUSIOT Ha IMHAMUKY YTICKUCIO-
THI HE TaK 3HaUnMoO. O3e¢po, PacIiooKEHHOE B TpOTe, TaK-
K€ TaeT HaM BO3MOXKHOCTb OLIEHUTh BIUSTHUE MUHEPAIU-
3allMM 03epHOI Bonbl Ha copepxaHue CO,. B nepuonsl
naBoaka u MexxeHu B 2017—2018 rr. ObLT BBITIOJHEH OT-
60p npod Boabl U3 03epa B rpote pyk661 Haponos.

B 2019 romy ObLIM TIpOBeACHBI U3MEPEHUST KOHIICH-
TpalUMii yIJIIEKUCIOTH B 3MMHHUN W JICTHUI TIEpUOILI B
Pa3HbIX MUKPOKJIIMMATUUECKUX 30HaX. 3aMepbl ObLITN BbI-
MOJIHEHBI B 12 rpoTax ¢ MHTEPBAJIOM 15 MUH B TeUyeHUE
6 yacoB. /laHHbIe MCCIeI0BaHYSI TTO3BOJIUIM TIPOC/IEANTh
nsMeHeHue koHueHTpauun CO, B Toukax 3amepa Mnpu
CMEHE TeMIIepaTypHOIO peXnMa M peXkruMa IpoBEeTpUBa-
HUS B IIeIepe.

Bo BpeMst HabM0aeHUIT (PUKCHUPOBATUCH OCHOBHbBIE
MeTeolapaMeTphl: TeMIlepaTypa Ha ITOBEPXHOCTH, TeMIIe-
paTypa M JaBJicHHE B rierepe. JlaHHbIe 0 TeMIIepaType BO3-
JTyxa Ha TIOBEPXHOCTH OBLIN TOJIyYEHBI C TIOMOIIIBIO METe-
octaHiuu Meteoscan pro 923 (Termometerfabriken Viking
AB, lIBemus), ycraHoBleHHO Ha 6a3e KyHrypckoii ja-
bopaTopuM-cTauMoHapa. TeMmepaTypa B IpoTax Melle-
DBl U3MepsUIach PTYTHBIMU TePMOMETPaMU M aBTOMAaTH-
yeckumu gatTankamu HOBO Water Temp Pro v2 (Onset
Computer Corporation, CILIA).

OlleHKa CBSI3M MEXIy TPElUIMHOBATOCTHIO MacCH-
Ba TOPHBIX IMOPOJ M KOHLEHTpalMei YIJIeKUCIOro ra-
3a MPOBOJMJIACH C UCIIOJb30BAaHUEM JBYX PACUETHBIX KO-
3 PULIMEHTOB TPEIIMHOBATOCTU (TIJIOIIATHON YAETbHOMI
TPEUIMHOBATOCTH U 00BEMHOTO KO3 (PHUIIMEHTa TpeIIn-
HoBaTocTH). [lepBblit KO3hGUIUEHT MPEeACTaBIsIeT CO-
0oli OTHOLIEHME O0LIEl MIUHBI TpelWH (M) K TIolIa-
M M3ydaeMoro ydactka (rpot, M2). Bropoii — orHoIie-
HUE KOJIMYEeCTBa BCEX TPELIMH rpoTa (IIT.) K ero o0beMy
(M3). i CTPYKTYPHOTO KapTUPOBaHUs ObUIM UCIIONb-
3oBaHbl TaxeomeTpbl Leica TCR800 m Sokkia CX 106.
TpemmHOBaTOCTP MaccWBa OIICHWBAJIACh IJIST KaXKIOM
TOYKM 3aMepa IyTeM KapTUPOBaHMS U TTOJICUETa KOJIMYe-
CTBa TPEIIMH Ha BCEW TUIONIAAM TPOTa U BBIYMCICHUS UX
00111e#1 TPOTSIKEHHOCTU B 3TOM rpoTe. [ToaydyeHHbIe 1aH-
Hble ObUTM 00paboTaHbl U TpeoOpa3oBaHbl B rpaduue-
CKMIi1 BUJI C TIOMOIIBIO CHCTEMbI aBTOMAaTHYECKOTO IIPOCK-
tupoBaHus u yepyeHust AutoCAD.

DuKCUpPOBATUCh TPEIINHBI, KOTOPEIE XOPOIIO BHI-
paXkeHbl B MAaCCUBE TOPHBIX IMOPOJ, MPOTSKEHHOCTHIO OT
0.15 10 HECKOJIBKUX N€CITKOB METPOB.

ITo pe3ynbraTaM BO3AYIIHO-ACTIPECCUOHHON CheMKU
MIPOBOAMJICST aHAIU3 3aBUCHUMOCTU KOHIICHTPAILIMHU yTJIe-
KHCJIOTO Ta3a OT pacxofa BO3MYIIHOTO MmoToka [2]. s
pacuéra pacripenejeHus Bo3ayXa U ONpeaeseHUs] CKOpo-
CTU BO3JYIIHOTO IOTOKA MCITOJIb30BAJIMCh aHEMOMETPBI
ATTP-2 u Testo 417. Pacxoa pacCuMThIBaJICS MMyTEM 3aMe-
pa CKOPOCTHM BO3AYIITHOTO MOTOKA, IMPOXOMSIIEro 4Yepes
CEUYCHME 3a ONMHY MUHYTY, B KOTOPOM TIPOM3BOIMIICS 3a-
mep coaepxaHust CO,.

B3auMocBsI3b  MeXIy — comepKaHUeM  YIJIeKHC-
JIOTO Ta3a W BbIACIEHHBIMU (hakTopamMu (TemIiepary-
pa Ha TOBEPXHOCTM M B Mellepe, AaBlIeHUE B Mellle-
pe, MMHepaau3alus BOIbl 03¢p) OLICHMBAJIACh IIy-
TeM pacuéta Koa(pdummenta Koppensgumu IlupcoHa
(r). Koppensamus ompenenseTcss KaK OYeHb CHJIbHAs
npu r > 0.8, cunbHag npu r = 0.6—0.8, ymepeHHast npu
r=0.4—0.6, ciabasg u oyeHb cinadas npu r < 0.4 [9]. da
OLIEHKU 3HAYMMOCTU KOPPEJSILIMUA pacCUMTaHHbIE 3HaUe-
HUS I' CPAaBHUBAJINUCH C KPUTUUECKUMU 3HAYCHUSIMU, CO-
OTBETCTBYIOIIIMMM YpPOBHIO 3HauuMmocTu o. = 0.05 mpu
yucie creneHei ceooboanl df = n — 2. YeM cusibHee Kop-
peJIILIMOHHAs 3aBUCUMOCTb Mexny dpakTopoM u CO,, TeM
BBIIIIE €r0 3HAaYMMOCThb. Ilo maHHOMY IapameTpy ObLIU
BbIZICIEHbI OCHOBHbBIE U BTOPOCTEIEHHbIE (DAaKTOPHI, BJIM-
g101l1e Ha AMHaMuKy cogepxanust CO, B neluepe.

PeSyJ'l])TaTbl n oﬁcmeﬂue

KoHieHTpanus yriekuciaoro raza B rpore pyxObl
HaponoB 3a nosyroparogoBoii epuoa u3MeHsiaach ot 255
1o 1367 ppm. MakcumaneHble 3HaueHuss CO, B meuiepe
(>1000 ppm) xapakTepHBI [UIsI JIESTHE-OCEHHETO IepHroaa
(110J1b — CEeHTSI0PD), MUHUMAJIbHbIE 3HAYEHUST — JIJISl 3UM-

4
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Ta6nuua 1. MunuMaiibHoe U MakcumaibHoe cogepxkanue CO, B rpore dpy:x0b1 Haponos

Table 1. The minimum and maximum CO, content in the Druzhby Narodov grotto

Tepron / Period KOHueHTpauHﬁ CO,, ppm / CO, concentration, ppm
min max
3umHuii / Winter 255 592
Becennuii / Spring 266 796
JletHuit / Summer 511 1269
OcenHuii / Fall 271 1367

Tabauua 2. Koppensuus Mexxay conepxkanuem yriekucioro ra3a (CO,) u remneparypoii (T)
Table 2. Correlation between carbon dioxide (CO,) content and temperature (T)

CO,T Koppemsimst COy-Tropepxroctn Koppesims
neteph! (cave) Correlation (surface) Correlation
n= 394 394
Torit = 0.105 0.105
r= 0.627 3HaunMmas / Valuable 0.723 3HaumMas / Valuable
R2= 0.39 0.52

IIpumeyanus: n — KOJIMIECTBO U3MEPEHUI, Ty — KpUTHUECKOE 3HaUeHus1 KoadduumeHta koppessitnu [TupcoHa, R? —

KO3 DULIMEHT JeTepPMUHAIIAN.

Notes: n — number of measurements, r.;, — critical value of the Pearson correlation coefficient, R2 — coefficient of deter-

mination.

Hero nepuoaa (300 ppm; ta6xa. 1). JluHamMuka u3MeHeHUsI
KOHIICHTpALIMi YIJIEKUCIOTHI COOTBETCTBYET XOOy HM3Me-
HEHUS TeMIIepaTypbl KaK Ha ITOBEPXHOCTH, TaK 1 B TIEIIIC-
pe (puc. 1). OTMeuaeTcst CHIbHAST KOPPEJISIINS KOJTMIeCTBa
YIJIEKUCIIOTO Ta3a KaK C TeMIIepaTypoil Ha TMOBEPXHOCTHU
(r=0.7), Tak u c TeMnepatypoii B rpote Hdpyx661 Haponos
(r = 0.6; Tabxa. 2). Mexay U3MEHEHUEM NaBJICHUs] BO3/IY-
xa B rpote U CO, 3aBUCUMOCTH He BbIsiBJIeHO (r = —0.2),
XOTS 10 rpachUKy BUIHO, YTO B TIEPUOIBI ITMKOBBIX 3HAUC-
HUI TaBJICHUS BO3IyXa KOJMYCCTBO YIJICKMCIIOTHI B TeUe-
HUe IBYX-Tpex IHel ymeHbluanoch. B siHBape 2018 1. ipu
MakcHMaJlbHOM 3HaueHuU aasieHus (1021 mBar) koHueH-
TpaLMsl YIJIEKUCIIOro ra3a coctaBuia 255 ppm, npu MUHU-
MaJIbHOM 3HaueHuu gasieHus (994 mBar) — 1337 ppm.

a
t'c
(noBepxHOCTL)
30

t'c

20

10

-20

(newepa)

52

51

5,0

4,9

438

4,7

4,6

4,5

44

43

PesynbraThl XMMMUECKOIO aHajJu3a O3€pHON BOJbI
B rpote Hpyx0bl HapogoB moka3zanu, 4To MaKCHMMAallb-
Hoe KonnuecTBo KanbuuTa (CaCOs) dpopmupyercs B JieT-
He-OCeHHUIT mepuon (puc. 2), Korma 3HauYeHUsT MUHepa-
mu3auuu Bomsl (2.1—2.2 r/nm3) m konuentpauuii CO,
(1300—1350 ppm) HOCTUTalOT CBOEro MakKCUMyma, UTO
MOATBEPXKIACTCS MPEAbIAYIIMMU UccaeqoBaHusIMU [6].
KoppensinonHas 3aBUCMMOCTb MEXIy OOIeil MuHepa-
JU3alueil BOAbl, a TaKXe KOHILEeHTpauueil noHos Ca2+t
u HCOj5-, conepxamuxcst B o3epe rpoTa, U KOHLEHTpa-
LIMeil YIIeKUCIoro Ta3a, cojepKallerocsl B IMOA3EMHON
aTMocepe, oueHb ciaabas (r = 0.21 nmpu R2 = 0.05) u cTa-
TUCTUYECKM He3HauuMasi mpu 1. = 0.63. [Ipu yBenauue-
HUM KOHILIEHTPALUU STUX MOHOB IMPOUCXOIUT MOCTEIICH-
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Puc. 1. UamMeHeHue KOHIIEHTpalMK yrieKucaoro raza (ppm) B rpore pyx6b61 Haponos ¢ ceHtsiopst 2017 r. mo deBpanb 2019 .: a — xon
TEeMIIEpaTyphbl B TPOTE M Ha TIOBEPXHOCTH; 6 — M3MEHEHUe TeMIiepaTyphl, JTaBJICHHs B TPOTe M KOHIIEHTpAIIUH YIJIeKHCIoro ra3a; 1 —
TemriepaTrypa Ha MOBEPXHOCTH; 2 — TeMIlepaTypa B rpoTe; 3 — KOHIIEHTpalMs YIJIEKUCIIOro ra3a; 4 — naBjieHue B TpoTe

Fig. 1. The change in carbon dioxide concentration (ppm) in the Druzhby Narodov grotto from September 2017 to February 2019: a —
the temperature course in the grotto and on the surface; b — change in temperature, pressure in the grotto and the concentration of car-
bon dioxide: 1 — surface temperature; 2 — temperature in the grotto; 3 — carbon dioxide concentration; 4 — pressure in the grotto
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Hoe yBennueHue yposHst CO, Torna Kaxk ¢ najieHueM 9Tux
3HAYEHUI — YMEHBILIECHUE.

Pe3ynbraThl aHanM3a KOHIEHTPAIUHT YITIEKUCIOTO Ta-
3a B 3UMHUI U JIETHUI TIEPUOIBI B pPa3HBIX MUKPOKJIMMA-
TUYECKUX 30HaX (puc. 3, 4) MO3BOJIWIM CAEIaTh BBIBOIBI,
YTO B 3MMHEE BPeMsI OT 30HbI OTPHULIATEbHBIX TEMIIEpaTyp

wr/ase

1600 2600
1400

2100
1200

1100

Puc. 2. V3smMeHeHMe KOHLEHTpAlMU YIJIEKMCIOro rasa (ppm)

B rpote Apyx06n1 Haponos B nepuon ¢ 2017 o 2018 rr.: 1 — ypo-

BeHb CO, B rpore; 2 — o0liast MUHepain3aLusi, Mr/am3; 3 — KoH-
uentpauust Ca2+, mr/nm3, 4 — xonuentpauus HCO;5-, mr/am3

Fig. 2. The change in carbon dioxide concentration (ppm) in the

Druzhby Narodov grotto in the period from 2017 to 2018: 1 — the level

of CO, in the grotto; 2 — total mineralization, mg/dm?3; 3 — concen-
tration of Ca2*, mg/dm3, 4 — concentration of HCO5-, mg /dm?
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Fig. 3. Measurement points for carbon dioxide concentrations in
the Kungur Ice Cave
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Puc. 4. I3MeHeHMe KOHIIEHTPAIIUK YTJIEKKUCIIOTO Ta3a B Pa3HbIX
TeMIlepaTypHbIX 30HaX B 3UMHUI (a) 1 ieTHU# (0) mepuonbl: 1 —
koHueHTtpauust CO, B rpote; 2 — naBieHue B rpote; 3 — TeM-
mepaTypa 3aMepa Ha MOBEPXHOCTH; 4 — TemriepaTypa B TPOTE;
5 — muHus TpeHna conepxkanus CO,; 6 — 30Ha OTpULIATENb-
HBIX TeMITepartyp; 7 — 30Ha TIepeXOIHBIX TEMIIEpaTyp; 8§ — 30Ha
TTOCTOSTHHBIX TIOJIOKUTEJIBHBIX TEMTIEPATYP

Fig. 4. Change of carbon dioxide concentration in different tem-

perature zones in winter (a) and summer (b) seasons: 1 — CO,

concentration in the grotto; 2 — pressure in the grotto; 3 — tem-

perature measurement on the surface; 4 — temperature in the

grotto; 5 — trend line of CO, content; 6 — zone of negative tem-

peratures; 7 — transitional temperature zone; 8 — zone of con-
stant positive temperatures

K 30HE TTOCTOSTHHBIX MOJIOXXUTEJIBHBIX TEMITePaTyp IMPOUC-
xoauT yBeauueHue cogepxanusi CO, (ot 234 no 309 ppm),
B JieTHee BpeMsi — yMeHblueHue (ot 1049 go 558 ppm).
PasznnuHple 3HaYEHUSI YIIIEKUCIOTHI B TIO36MHOM aTMOC-
(hepe rpoTOB yKa3bIBalOT Ha €€ HEpaBHOMEPHOE pacripesie-
JIEHHE 10 BCceMy 00beMy KapcCTOBOM MOJIOCTH.

B 30HE oTpulIaTeIbHBIX TEMIIEPATYP B XOJOMHBIN TIe-
pUON TIpU IBMKEHUU OT BXoma (IpoT BpwimmaHTOBEI)
B mIyOb memiepbl (rpoT KpecToBblil) Mo Mepe yBeanye-
HUST TeMITepaTypbl CHIKAETCSl KOHIICHTPAIUST YIJIEKUC-
JI0ThI ¢ 286 10 235 ppm (puc. 4, a). MuHUMAaIbHOE 3HA-
yeHue CO, B 310l 30He 3adukcupoBaHo B rpoxone 'ope
Tonctsskam m Beicokmm (234 ppm), MakCHMMaJabHOE —
B rpore bpuinantoBom (286 ppm). B Temuiblii iepron ot
rpota bpuinnantoBoro K rpoty KpectoBoMy u mipoxomy
Tope Toncrakam u Beicokum xoanuectso CO, u3MeHs-
etcs ot 920 mo 787 ppm (puc. 4, 6). MuHMMaIbHas! KOH-
ueHtpauus CO, Takxke 3adukcupoBaHa B npoxoze lope
Tonctsskam m Beicokum (751 ppm), MakcuMmaiabHas —
B rpote Jante (1049 ppm).
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B 30He mepexomHbIX TeMIlepaTyp 3UMOM M JIETOM
HaOofaeTcs He3HauuTenbHoe cHukeHnue CO, oT rpo-
ta Pyunsr (275 ppm/890 ppm) o rpota CKyJIbIITYpHOTO
(268 ppm/772 ppm) Ipu MHOBBILIEHUM TEMIIEPATYPbl Ha
1.2—1.3 °C u panee yBeJIWYMBAECTCS TMPU IBUXEHUU K
LlenTpanbHoMy rpoty (300 ppm/784 ppm). KoHueHTpauus
YIJIEKUCJIOTO ra3a MoBkbIlIaeTcs oT rpota CMeJIbIX K TPOTy
LleHTpanbHOMY KaK B 3MMHUI, TaK U B JIETHUI ITEPUO/I.

B 30HE MONIOXKUTETBHBIX TEMIIEPaTyp B 3UMHUI TIe-
puon npu nBvKeHuu ot rpota LlentpansHoro (300 ppm)
K BbIXOAy U3 meiepsl (rpoT Beimika — 309 ppm) otme-
yeHbl HU3KKe 3HaueHus CO, B rportax [dpyx6s1 Haponos
(276 ppm) u B rpote dnuaHoM (285 ppm). B neTHuii me-
puoa MaKCUMallbHas KOHIICHTpAIIMsSI YIJIEKMCIIOTO rasa
3acpukcupoBaHa B rpote Hpyx0sr Hapomos (818 ppm),
MWHUMaJIbHast — B rpoTe Benukan (558 ppm).

Takue Bapmaluy B pa3HOe BpeMs Tofia CBs3aHbl He
TOJIBKO C TEeMIIePaTypPHbIM PEKMMOM, HO U C UHTEHCUBHO-
CThIO BO3JlyXOOOMEHA MEXy MeNIepoil U MOBEPXHOCTHIO
U LHUPKYISILUMei BO3MYIIHBIX Macc B neliepe. B 3umHuit
¥ JICTHUI TIEPUOIBI OTIIMYACTCS HAIIPaBJICHHOCTD IBIKE-
HUS BO3OYIITHOTO TTOTOKA B Pa3HBIX TPOTAX MEIICPHI, CIIe-
JIOBaTEJIbHO, MEHSIETCS U KOHILICHTPAaLMS YIJIEKUCIOTO ra-
3a Ha 3TOM y4yacTKe.

B 3uMHee BpeMst TOTOKM TEIJIOro BO3ayxa IMOAHUMA-
JOTCS TI0 BEPTUKAJIBHBIM KaHajlaM 13 TPOTOB Ha MOBEpPX-
HOCTh 3eMJIHM, a XOJIOTHBIN 1 00JIee IUIOTHBINM aTMocdep-
HBIIT BO3IYX ITOACACBHIBACTCS B HUX II0 CUCTEMaM TOpH-
30HTAJIBHBIX TaJIepeil ¥ TIOCTyMaeT BHYTPb Ielephl Yepe3
BXOJTHOU TOHHEJIb. bojiee MolliHas CTpys Bo3ayxa oTMeyda-
eTcs Ha BxoJie B neuiepy. OHa hopmMupyeTcst mocpeacTBOM
TPEX OCHOBHBIX NPUTOKOB C MOBEPXHOCTU: M3 BXOIHO-
ro TouHens1, Craporo jaza u Tenssusero xoma. DTOT MO-
TOK NIBVZKETCST uepe3 rpoT JanTe mo pa3Bwiku Ha Masoe
u bosbllioe KoIbIIO, IIe pa3aesseTcs Ha 1Ba MOTOKa: Ofi-
Ha ero 4acTh ITPOJ0JIKAeT IBMKEHHUE B HATIPaBJICHUH IPO-
ta KpectoBoro no rporoB LleHTpanbHOro — DdupHoro,
npyrast (mpumepHo 60—70 % Bo3myxa) — B HalpaBiie-
HUM TpoTa 3aItagHoro 4epe3 Mpoxoa rope ToJcTsakam u
Boicokum o rpotoB LlenTpanbHoro — Jdpyx6a Haponos
1 XneOHUKoBbIX — JImuHHOr0. Co CTOpOHbBI rpoTa Beiliika
BO3MYIIHBINA TOTOK YCTpPEeMJIIeTCsl B TJIyOb Ielepbl 10
rpoTa JAnuHHOro 1 3anoBeaHo yacTu nemiepsl [5]. B ca-
MoM rpote 20 % Bo3myxa MpocayrBaeTcs Yepe3 3aKPhIThie
LLJTI030BbIE ABEPU BBIXOIHOIO TOHHesI, a 80 % cocTaBiisi-
0T TPUTEUKY U3 TPEIIMH MacCUBa.

JletoM Bo3yX MpocaynBaeTcs B MELIEepPy C TOBEPXHO-
ctu JleasiHOM TOpBI M pa3rpyXKaeTcst Yyepe3 TPELIMHbI Mac-
CHMBa y €ro MOJHOXMS, a TAKXKe Yepe3 BXOAHOM U BbIXOMI-
Hoii ToHHenu u Crapwiii Bxoa. Ot rporta Ipy:x6s1 Haponos
BO3IyX HAaYyMHAET CBOC MIBIMIKCHHE B IBYX ITPOTHUBOIIO-
JIOXKHBIX HAIPaBJIEHUSIX: B CTOPOHY TpoTa XJIEOHUKOBBIX
B HampaBJieHWW BBIXOAHOM INTOJBHM U B CTOPOHY TpO-
Ta DdpupHOoro B HampaBieHuu rpora LleHTtpanbHoro. B
rpote LleHTpaqbHOM IMOTOK NEAUTCS, OHA €ro YacTh Ha-
npapjsieTcs B rpoT Konuseii, apyrag — B CTOPOHY IpoTa
KopamnoBoro. IToTok, IBIKYIIIUIACS K BRIXOTHOMY TOH-
HeJI0, TAaKXKe pa3iBauBaeTcs: B CTOPOHY rpoTa [eosoros
u B rpoT JuuHHbIi. CTpysl Bo3ayxa, MpoXoAsiias yepes
rpoT [eosoroB, coeMHsETCS ¢ TTIOTOKOM, JABVKYIIUMCS
u3 rpota CMenbIX, U TPOIOJIKAET ABMKEHUE B HAaMpaBJie-
Huu rpota 3anagHoro. ITocae mpoxona I'ope Toncrsakam
3Ta CTPYS COCIMHSICTCS C TTOTOKOM, MIYIIIUM B HampaBJie-
HUU BXOJHOTO TOHHeJs U3 rpota Kpectosoro [5].

JaHHble, TOJy4YeHHBIC MPU MPOBEICHUU BO3MYIII-
HO-JIETIPECCUOHHOI CheMKH, a TaKKe pabOThI 10 KapTH-
poBaHUIO 30H TpeimmHHOBATOCTH B 2018—2019 IT. mMO-
3BOJIUJIM BBISIBUTh U TPOAHATM3MPOBATH 3aBUCUMOCTH
ypoBHst CO; OT TPELIMHOBAaTOCTU MOPOJ, UCMOJb3YSI KO-
3G GULMEHTHl TPEIIMHOBATOCTM M PacXoj BO3AYIIHOTO
noToka. 3HaueHHs IIOIIanHOTro Ko3ddUIleHTa Bapbu-
pytor ot 0.26 M/M2 (rpot CKyJIBITYpHBI) 10 2.12 M/M?2
(rmpoxon T'ope Toncrsikam m Beicokum). OO0beMHBIN KO-
spdunment usmensiercsa or 0.005 mr/m3 (rpor Brimika)
10 0.608 /M3 (mpoxox Tope TosctsakaM 1 BeicOKUM).
[To rpacduky BUgHO, YTO U3MEeHEHUE KOI(DGIUIIUEHTOB MO
OTHOWIEeHUIO K KoHUueHTpauuu CO, npakThuyecky WUAEH-
TyHO. C YMEHBIIICHUEM 3HAYCHUH TIIOIIATHOTO U 00b-
eMHOTO0 KO3 (PUITMEHTOB TPEIIIMHOBATOCTH B IPOTaX ypoO-
BEHb YIJIEKUCIOTHI Bo3pactaeT. Hanbosnbiiive 3HaYeHUS
KO3(DUITMEHTOB TPEITMHOBATOCT B OCHOBHOM Xapak-
TEPHBI U151 TPOTOB, PACTIONOXEHHBIX B ITPUCKIOHOBOI Ya-
CTU MaccuBa.

AHaJIoTUYHas CUTYalMsI TIPOCIICKMBACTCS U C PACX0-
JIOM BO3IYIITHOTO TTOoTOKa (puc. 5). Pacxom Bo3myxa MUHM-
MaJjieH B rpoTe CMeJIbIX ¥ COCTABISIET 25 M3/MUH, YTO CBSI-
3aHO C pa3leieHneM BO3IYIIHBIX MAacC Ha JIBa TIOTOKA I10-
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Puc. 5. U3aMeHeHUe KOHLIEHTpaLMK YIJIEKHUCIIOro ra3a oT Tpe-

IIMHOBATOCTH MAacCUBa MU CKOPOCTM BO3AYIIHOIO IMoToka: 1 —

koHLeHTpauus CO, B rpoTe; 2 — CKOPOCTb BO3AYIIHOTO ITOTOKA

(M/c); 3 — miowagHoi Koah@ULIMEHT UHTEHCUBHOCTHU TpelLln-

HOBaTOCTH (M/M2); 4 — 0OBEMHBIN KOIPOUIIMEHT TPEIIUHOBA-
TocTH (1rt/m3)

Fig. 5. Changes in carbon dioxide concentration due to massif
fracture and airflow rate: 1 — CO, concentration in the grotto;
2 — air velocity (m/s); 3 — areal coefficient of fracture intensity

(m/m?2); 4 — fracture volume coefficient (pcs/m3)
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clie rpota I'po3Horo. MakcuMainbHble 3HAUEHUST pacxoa
Bo3yxa 3aMKCUpoBaHbl B rpote Jlante — 443 M3/MUH —
3a CYET OObEAMHEHUS MMOTOKOB C BXOAHOIO TOHHEIS U
CTaporo BXOIa U YBeJIMYEHUS IUIOLIAAN CEUeHUs, Yepe3
KOTOPBIM MPOXOIUT Macca Bo3myxa. ITOCKOIBKY 3aMe-
PBI TIPOBOIVIIMCH B TeUEHKME KOPOTKOTO MEPHUOIa Bpeme-
HU, HEJOCTAaTOYHO KOJIMYECTBA JAHHBIX JIJI YCTaHOBJIE-
HUS KOPPEISILMOHHON 3aBUCUMOCTH MEXKIY KO3 PUIIN-
€HTaMM TPEIIMHOBATOCTH, PACXOIOM BO3IyXa U KOHIICH-
tpauueit CO,.

BbiBOAbI

BrisBeHBI M poaHAIM3UPOBaHbI (DAKTOPHI, BIUSIO-
e Ha KOHIIEHTPAIMIO YIJIEKUCIIOTH B TIeIepe, oXapak-
TeprU30BaHa B3aUMOCBSI3b M3MEHEHUS CONCPKAHUS yIIe-
KHMCJIOTO Ta3a OT MUHEPAIU3allUM TTOA3EMHBIX BO/I.

OCHOBHO MPUYMHOM pacIpeaeeHUs U TUHAMM-
ku KoHueHTpauuii CO, B atMocdepe mneluepsl sBIs-
eTCs TeMIIepaTypPHBI peXuM (ITOBEPXHOCTHBIM U TMOJ-
3eMHBII1), YTO TOATBEPKAACTCS BRICOKMMU 3HAUYCHUSIMU
koaddunmenta koppensuuu (r = 0.63—0.72) B rpoTte
Hpyx6sr Haponos. Xopolllo mpociexnBaeTcsi Ce30H-
HOCTh M3MEHEHUS YIJIEKUCIIOTH. B 3MMHUWIT Tiepnon
BpPEMEHM KOHLIEHTpaIMs YIJIEKUCIOro ra3a MUHUMaJlb-
Ha (300 ppm), 4YTO CBSI3aHO C BOCXOASIIEH LIUPKYSILIEi
Bo3myxa. B 1eTHMIA mepuomd, Koraa BO3MyX00OMEeH B TIe-
mepe MUHUMaJICH, PUKCUPYIOTCS MAaKCUMaIbHbIC KOH-
neHrtpauuu CO, (>1000 ppm). 3aBUCUMOCTb YIJIEKUC-
JIoTO Ta3a, comepxaiierocs B rpote pyxos Haponos,
OT MUHepaJIu3alluy BoJbl oueHb cinadas (r=0.21) u cra-
TUCTUYECKU He3dHaunMasg. KoadduumeHT nerepMuHa-
uyu R2 = 0.05 roBoput o ToM, 4to TosbKo 0.05 % usme-
HeHMst KoHLeHTpauuu CO, KOHTPOJUPYETCS U3MEHe-
HUEM MUHepanu3anuu. Mexiay u3MeHeHUeM JaBJIeHUsI
B rpoTe U KonnyecTtBoM CO, B3aMMOCBSI3U HE YCTaHOB-
JeHo (r=—0.2).

AHanu3 M3MEHEHUM KOHLEHTpPALUi YIJIIEKUCIIOTO
raza B 3UMHMI M JICTHUI TTIeproabl B 12 rpoTax Imokasai,
4yTo Bapuauuu copepxaHuit CO, 3aBUCAT OT MUKPOKJIU-
MaTUYECKHUX TTapaMeTpoB (TeMrieparypa B Iieliepe), pery-
JISIIMY CKOPOCTH IBVDKCHUS, HaIlpaBJICHUS BO3IYITHBIX
MOTOKOB 1 TPEIIMHOBATOCTU MaccuBa. B 3uMHuii nepu-
ol IpHY ABWXKEHUM BO3AYIIHBIX MTOTOKOB B IJIyOb Iellie-
PBI OT 30HBI OTPUIIATEIBLHBIX TEMIIEPATYP K 30HE ITOCTO-
STHHBIX TTOJIOKHUTEJIBHBIX TEMIIEPaTyp IPOUCXOIUT YBEIIH -
yeHue conepxanuga CO, (ot 234 no 314 ppm). B nernee
BpeMsI TP CMEHE PeXXKMMOB ITPOBETPUBAHMS 1 HATIpaBJIe-
HUSI BO3AYIIHBIX MacC MPOUCXOAUT CHUKEHUE KOHIIEH-
Tpauuu yraekucaoTsl (oT 1049 no 558 ppm) OT 30HBI OT-
pUILIATSILHBIX TEMIIEPATyp K 30HE TTOCTOSTHHBIX ITOJIOXKI -
TeJbHBIX TeMItepatyp. C yBeJInUdeHUEeM TPEeIINHOBATOCTH
MPOUCXOIUT yMeHbleHUe KoHueHTpaunu CO, B rpoTax
B pe3yJIbTaTe BOCXOSIIICH 3UMHEN [UPKYJISIIAM BO3AyXa
M BbIHOCA TEIUIOrO BO3IyXa Ha MOBEPXHOCTh Yyepe3 Tpe-
IIMHBI MacCUBa.

OCHOBHBIM (PAaKTOPOM M3MEHEHUS KOHIEHTpalluui
YIJIEKUCIIOTO Ta3a B KyHTypcKoi IeAsTHOI meliepe sSIBIIsi-
FOTCSI TIOBEPXHOCTHBIN U TTOA3EMHEBI TeMITepaTyPHBIN pe-
XKUMBI. BTOpocTenieHHBIMI (haKTOpaMU BBICTYIAIOT Tpe-
LIMHOBATOCTh MaccuBa, pacripelejieHue B TEUEHUE To-
Ja BO3MYIIIHOTO MOTOKa, KOTOPBIA CBsSI3aH C M3MEHEHM-
eM TeMIIepaTyphl Ha TIOBEPXHOCTH, 1 MUHEPAIU3aLIMsI BOI
MOI3eMHBIX 03€p.

Takum 00pa3oM, KOMILJIEKC MOJMYYEHHBIX pe3yJibTa-
TOB ITO3BOJISIET CAENaTh BBIBOM, UTO B KyHTypcKoOli jens-
HOW mellepe KOHIEHTpalus yriaekuciaoro raza (ot 200
no 1500 ppm) He TpeBbIIAET AOMYCTUMbBIX 3HAYECHUIA
(5000 ppm). Takue coaepkaHusl YIJIEKUCIOTHI B MOA3EM-
HOI aTMocdepe neliepsbl SBISIOTCS Haubosiee 6e3omac-
HBIMU TSI BEICHUS 9KCKYPCUOHHON NesSITeIbHOCTH, B OT-
JINYKe, HampuMep, OT Temepbl 30yIiKa, Tae KOHIIEeH-
tpauusi CO, nocturaer 50000 ppm. B ycnoBusix uHTeH-
CUBHOM 3KcIutyataiuu B KyHIypcKoil jensgHol neuepe
HEOoOXOJMM TOCTOSIHHBIIA KOHTPOJIb 32 TWUHAMUKOU CO-
JepXaHUsl YIIEKUCI0ro raza. MOHUTOPUHIOBBIE UCCIe-
JIOBaHUsI OyIYT MPOIOJIKEHBI.
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[EOXHMMS OPTAHMYECKOIO BEUIECTBA NOMAHMKOBbIX OTROMEHWH PA3PESA P. NbIMBAUOP,
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N3yyeH yrneBoOOpPOAHbIA COCTaB OPraHMY4eckoro BeLecTBa OOMAHUKOBLIX OTIOXEHUM W3 eCTECTBEHHbIX BbIXOAOB Ha
p. MNbiMBaLLIOP B CEBEPHOI YacTu rpsabl HepHbilwea. [okasaHbl pasnuyns B pacnpeaenieHnn yriesoopoaoB-0MoMapKkepoB B 3a-
BMCUMOCTW OT IMTONIOMMHYECKOr0 COCTaBa Nopos, 1 yCAOBUA HAKOMMIEHWS OPraHNYeCcKoro BelecTsa. butymonasl M3BECTKOBUCTbIX
aprunanToB OTAMHaloTCA npodunem pacnpeneneHns H-ankaHos (Makcumym npu n-Cy3—n-Cyg), NOBbILIEHHBIM OTHOLLIEHVEM Pr/
Ph 1 noBbileHHbIMK copgepxaHnamMu ronaHoB. KatareHeTnyeckas npeobpa3oBaHHOCTb OPraHMYeCcKOro BELLECTBA, OLLEHEHHas! Mo
OAaHHbIM CTEPaHOBbIX, FOMAHOBBIX Y aPOMAaTUYECKUX YrNeBOOOPOLOB, COOTBETCTBYET CEPEAUHE MaBHOWM 30HbI HedTereHepaumm
(Ry ~ 0.6—0.75 %). JaHHbIn ypoBeHb KaTareHesda Takxe NoATBEPXAAETCSH MHAEKCaMM OKPacKM KOHOAOHTOBLIX anemeHTos (MOK
2.5—3). YunTbiBas HEOOHOPOOHOCTb pacnpeneneHns 6MoOMapKePOB, FEHEPUPOBAHHbLIE OPraHNYeCKUM BELLECTBOM JOMaHUKOBBIX
OTNIOXEHMIN HedTaHbIE yrneBofopoabl 6yayT 06naaaTte pasnnyHbIMU NapaMmeTpamu.

KnioueBble cnosa: rpsaa "/eprILUGBa, opraHun4eckoe BeLllecTBo, JIOMaHWKOBbIN rF'OPUN3O0HT, 6I/IOMapKepr.

ORGANIC MATTER GEOCHEMISTRY OF THE DOMANIK SECTION ALONG THE PYMVASHOR RIVER,
GHERNYSHEV SWELL (TIMAN-PECHORA BASIN]

I. S. Kotik, O. V. Valyaeva, D. A. Bushnev, A. V. Zhuravlev
Institute of Geology, Komi SC UB RAS, Syktyvkar

The hydrocarbon composition of organic matter from outcrops of Domanik Formation along the Pymvashor river at the
Chernyshev swell was studied. The biomarkers distribution in the samples was variable. It depended on the lithological composition
of the rocks and depositional environment of organic matter. The extracted bitumens from calciferous argillite had differences in the
distribution of n-alkanes (maximum at n-C,3 _n-Cyg), higher Pr/Ph ratio and higher content of hopanes. Organic matter maturity was
defined based on sterane and homohopane biomarkers indicators and aromatic maturity parameters. All maturity indicators suggest
that the organic matter of Domanik Formation was in the peak stage of oil generation (R, ~ 0.6—0.75 %). This level of maturity is also
confirmed by conodont Color Alteration Index (CAl) values in the range of 2.5—3. Based on the differences in the biomarkers distri-

bution of the organic matter Domanik Formation, the oils generated by it would have different hydrocarbon features.
Keywords: Chernyshev swell, Domanik Formation, organic matter, biomarkers.

BBepeHue

JloMaHMKOBbIE OTJIOXEHMUSI SIBJISIIOTCSI OMHUMMU U3 OC-
HOBHBIX HehTeMaTepuHCKUX Tou1I B TumaHo-ITedopckom
HedTera3oHocHOM Oacceiine [2, 6]. [IpoBeneHHOe paHee
uszydyeHue yriaeponopoaHoro (YB) cocraBa HedTelt Bepx-
HEero JIeBOHAa, TEHETUYECKU CBSI3aHHBIX C He(pTeMaTepuH-
CKMMHU TOpOJaMHu OMaHMKa, MOKa3ajlo BapUaTUBHOCTb
UX TEOXMMUYECKUX MapaMeTpoOB, UTO CBSI3bIBACTCS C Jia-
TEpaTbHOW WM3MEHUYMBOCTHIO OPraHUYECKOTO BEIIeCTBA
(OB) u ycnoBusimu ero 3axopoHeHus |3]. [eoxmmuueckue
uccienoaHus OB 1OMaHMKOBBIX OTJIOKEHUI HA pa3inyd-
HBIX YJacTKax rpsiapl YepHblllleBa TakKe MokKa3aau pas-
Juuus B pacrnipeneneHun YB-ouomapkepos [3, 4]. Jnsa
ucciaenayeMoro paspesa Ha p. [IbiMBaliop usyueHue reo-
xumun OB TIpoBOSITCST BIIEpBbIE, MOITOMY TOJydeHHbBIE
HOBBIE JAHHBIE TIO3BOJISIT yTOUHUTH KaK JIATEPATbHYIO 13-
MEHYUBOCTb, TaK U cnielinduky ¥YB-coctaBa OB nomaHu-
KOBBIX OTJIOXEeHUH rpsiabl YepHbllesa.

PaiioH n 06beKT uccienosaHui

Paspe3 wuccieqoBaHHBIX JTOMAHUKOBBIX OTJIOXKE-
HUIA pacItoIoXeH B CEBEPHOM YacTH Ipsiabl YepHbIIIeBa,
Ile OHW BCKPBIBAIOTCSI B €CTECTBCHHBIX BBIXOAAX IIO
p. IlbiMBaiop, JaeBoro mpuroka p. An3bBbl (puc. 1).
W3y4yeHHbII pa3pe3 CIOXKEeH MPEeUMYILIECTBEHHO M3BECT-
HSKAMU, pexe KPEMHMCTBIMU M3BECTHSIKAMU U M3BECT-
KOBHUCTBIMU apTrwriutaMu. CpegHedpaHCKUil (ToOMaHM-

KOBBIi1) BO3pacT OTJIOXKEHUI OIpenesieH MO KOMILIeK-
Cy KOHOIOHTOB, BKIWuawIleMy Mesotaxis falsiovalis
Sandberg, Ziegler, Bultynck, Mesotaxis asymmetricus
(Bischoff et Ziegler), Mesotaxis bogoslovskyi Ovnatanova
et Kuzmin, Klapperina ovalis (Ziegler et Klapper),
Palmatolepis transitans Muller, Palmatolepis planus Ziegler
et Sandberg, Palmatolepis punctata (Hinde), Polygnathus
uchtensis Ovnatanova et Kuzmin, Polygnathus aff. timanicus
Ovnatanova, Ligonodina pectinata Bassler u Icriodus
symmetricus Branson et Mehl. Panee A. U. IlepmmHoii
JIOMaHUKOBBI BO3PACT 3TUX OTIIOKEHUI OTIPEIEISUICS 10
opaxuornonam [8].

MeTopabl uccnepoBaHun

Conepxanus oprannyeckoro yraepona (Cop, %)
B TIOPOJIe OTPEJIeNIsUIOCh Ha 9Kcpecc-aHanu3arope AH-
7529 MeTomOM CXHUTraHusl B TOKE KHUCJIOpoJa oOpa3loB,
MpeaBapuTeIbHO 00paboTaHHbIX 10 %-it COISTHOM KUCITO-
Toli. BelaeneHrne GUTYMOUIOB 13 TTOPO MTPOBOIMIN ME-
TOIOM TOpsiYeil 3KCTPAKIIMKU XJIOpochOopMOM B armapa-
Te Coxkcnera. IlomydeHHBIE 3KCTpPaKThl XJIOPOGOPMEH-
HbIX 6utymMounnoB (XBA, %) noaBepraiuch GhpakiMOHK-
POBAHMIO C BbIIEJICHNEM HACBIIIIEHHBIX 1 apOMaTUIECKUX
VB. Tl'azoxpomarorpacduueckuii ananu3 YB-cocraBa Ha-
CBHIILIEHHOM (paKLnU (H-aJTKaHOB U U30MPEHOUIOB) TIPO-
Boawicss Ha mnpubope «Kpucramn-2000M». Mzyuenue
MOJIEKYJISIPHOTO COCTaBa TMOJULIMKINYECKUX HACHIIICH-
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Puc. 1. O630pHas kapTa paiioHa McclenoBaHui (a) U TUTOJIOTMYECKAast KOJIOHKA M3yuyeHHOTo pa3pe3a (b)

Fig. 1. Schematic map of the investigated area (a) and lithological column of the studied section (b)

HBIX U apoMaTuyeckux YB MeromoM xpomaTo-macc-
CIIEKTPOMETPUHN BHITIOJNHSUIOCHh Ha Tipubope Shimadzu
2010 Ultra.

Pe3ynbTaTtbl nCCnenoBaHum
" nx oécyxpeHue

XHUMHKO-0MTYMHHOJIOTHYECKAST XAPAKTEPUCTHKA

Conepxanne C, . B UCCIIENYEMOM pa3pese JOMaHu-
KOBBIX OTJIOXKCHMI M3MEHSIETCA B IIMPOKUX Mpeaeaax —
ot 0.2 10 12.4 %. Konuentpaunu OB MeHSIIOTCST B 3aBH-
CHMOCTH OT JIMTOJIOTMYECKOIo cocTaBa nopoj. B u3Bect-
Hsikax comepxkanue C,,. Haxomutcs B mpeaenax 0.2—
1.9 %, a B usBecTkoBUCTBIX aprusutax Cgp. 10CTUTAET
7.7—12.4 %.

Brixon XBA n3MensieTcs ¢ Toit ke TeHueHen. B u3-
BecTHsKax XBA cocrapisier 0.019—0.129 % v noBbIIIaeT-
cs 1o 0.749—0.912 % B apriwuiuTax. 3HauYeHUs] OUTYMO-
unHoro koadouimenta (BXB, %) cocrapisor 7—11 %,
YTO yKa3bIBaeT Ha CUHI€HETUYHOCTb U3yYEHHbBIX OUTYMO-
HMIOB BMEILAIOIINM OTIOXEHUSIM.

VB-cocras ouTymMonIoB

Auukauueckue YB. H-ankanwt u uzonpeHouovt

DKCTparupoBaHHBIC M3 M3BECTHIKOB M apTWIJIUTOB
OUTYMOUIIBI OTJIMYAIOTCS MO COCTaBY W paclpeeeHUI0
HOpPMaJIbHBIX aTKaHOB. B OuTyMounmax apruyuiuToB — MO-
HOMOJAJIbHOE paclipeie/ieHre H-aJKaHOB C MAaKCUMYyMOM
B obnactu H-C3—Cyg (puc. 2, a). B obnactu BeIcokoMolie-
KYJISIDHBIX H-aJKaHOB HAOIIOMAIOTCS TMHMKHU TOJIUITUKIIN-
yeckux ¥YB. B u3zBecTHsikax HabtogaeTcst MHOM Npoduiib
pacnpeneneHusl H-aikaHoB. KOHIIEHTpallMOHHBIA Mak-
cuMyM cMmelleH B obnactb H-Cig — Cyy M yBeIMYEH Pl
JMAarHOCTUPOBaHHBIX Y B ¢ 0ojiee BLICOKMMU MOJIEKYJISIP-
HbIMU BecaMu 110 H-Csy (puc. 2, b).

ConepkaHNe M3OIPECHOMIHBIX aJTKAaHOB COCTABIISI-
eT 15—22 %. Cpeay HUX B HAaMOOJBIINX KOHLIEHTPALISX
OOBIYHO HAXOAUTCS TIpUcTaH. [1o BelMurMHE OTHOIIEHUS
npuctaHa (Pr) k ¢urany (Ph) cpeau usyyeHHbIX 0Opas-
LIOB TaKXXe yCTaHaBAMBAIOTCS pasanuus. B u3BecTHsIKax
otHoueHue Pr/Ph cocrapnser 1.10—1.73. Jlns apruiu-
TOB XapaKTepHbI OoJiee TTOBBIIIEHHBIEC 3HaUeHUsT — 1.52—
1.91. ITo cooTHOMICHNIO HOPMAJIBHBIX U ¢#30-aJIKAHOB 3Ha-
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yeHus Pr/u-Ci; u Ph/u-C,g nig uccienoBaHHbIX OUTYMO-
MIOB SIBJISIIOTCSL CXOXUMU (CM. Tabnuiy). MckinouyeHrnem
saBisgeTcst oopaserr I1111/7, mig KOTOpOro 3T IToKa3aTelIn
Hanbonee Hu3kue — 0.45 1 0.32 COOTBETCTBEHHO, 3a CUET
TOBBIIIEHHBIX KOHUEHTpauuii YB #-C; u #-Cyg.

[MonyvyeHHbIE JaHHBIE 11O PACMPEACICHUIO H- U U30-
aJIKaHOB B M3YYEHHBIX OUTYMOUIAX XapaKTepU3YIOT MOpP-
ckoe OB, NICTOYHUKOM KOTOPOTO SABISAICS (PUTOTIIIAHKTOH
u Oaktepun [8].

Toauyurxauveckue YB. Cmepanvt u mepnamvi
Pacnpenenenue crepaHoBbix YB cxomnHO BO Bcex Uc-
cliefoBaHHBIX oOpa3uax. Cpenu HUX B HAaMOOJbIINX KOH-

LIEHTpaLMsIX NpUCYTCTBYIOT XosecTaH (Cy7) U 3TUIIXOJIE-
craH (Cyg) (Tabnuua, puc. 2). x conepxxaHust cocTabiis-
10T COOTBETCTBEHHO 30—34 1 49—56 %, otHowmeHKe Cyg/
C,; Mensterca B npepenax 1.5—1.8. Cuuraercd, 4To oc-
HOBHBIM MCTOYHMKOM cTepaHa C,; SIBISIETCS MOPCKOM
¢dutoraHkToH, a Cy9 — BBICIIME HA3eMHBIE PACTEHUS
[10, 16]. YunuTsiBast, 4TO 0CagKOHAKOIJICHUE B UCCIIEIY-
€MOM paiioHe rpsiibl YepHbIleBa IPOXOAWIO B YCIOBU-
SIX OTHOCUTEJIbHO [JTyOOKOBOIHOM BIAAMHBI Ha Iuejibhe
[7], Boaimm OT UICTOYHMKOB CHOCA TYMYCOBOT'O OpraHNYe-
CKOTO MaTepuaia, yaactue takoro OB B pacnipeneneHun
cTepaHoB McKiItovaercs. [ToBbIIEHHbIE KOHIICHTPAIIUK
crepaHa C,g, BEPOSITHO, SIBISIIOTCS XapaKTepHOM «Ouo-

leoxumuueckasi XxapaKTepuCTHKA MCCIEA0BAHHBIX 00Pa3IoB

Geochemical characteristic of the studied samples

O6paszen Sample T111/4 TTI/8 ITI/13 T11/7 TT1/9 IT11/12
M3BECTHSIK ApTrULIAT ApPTYIIAT aApTYLIAT
Jlutonorust KPEMHUCTBIN | M3BECTHSAK | M3BECTHSK | U3BECTKOBUCTBIN | N3BECTKOBUCTHIN | NU3BECTKOBUCTBIN
Lithology siliceous limestone limestone calcareous calcareous calcareous
limestone argillite argillite argillite
Burymunosnorus / Bitumology
Copr % / TOC, % 1.9 0.6 0.2 8.2 12.4 7.7
XBA, % / CEB, % 0.129 0.070 0.019 0.912 0.895 0.749
BXB, % 7 11 8 11 7 10
H-aJIKaHbl ¥ M3onpeHouabl / n-alkanes and isoprenoids
Pr/Ph 1.10 1.28 1.73 1.91 1.52 1.91
Pr/u-Cy; 0.84 0.93 0.96 0.45 1.03 0.82
Ph/u-C g 0.80 0.73 0.67 0.32 0.78 0.55
Crepanbl / Steranes
o Cyy, % 33 33 30 31 34 30
ofp Cyg, % 16 17 14 17 18 15
offp Cy, % 50 50 56 52 49 54
Cy7/Cy9 0.66 0.66 0.54 0.59 0.69 0.55
Cy1—C5y/Cy 0.36 0.40 0.27 0.44 0.68 0.52
C,; mma/per (C,; dia/reg) 0.6 0.4 0.7 0.3 0.3 0.4
Cy920S/20S+R 0.45 0.47 0.47 0.43 0.45 0.45
Cyo 0fB/0fB + aoo 0,55 0,56 0,57 0,52 0,53 0,53
Tepnanwr / Terpanes
Cy4/Coz 0.70 0.72 0.59 0.85 0.94 0.68
C30/C31—Cs;s 0.76 0.68 0.65 0.85 0.91 0.99
C355/C4S 0.63 0.83 0.81 0.73 0.71 0.79
Cs3, 225/228+R 0.62 0.59 0.59 0.59 0.59 0.60
Ts/Tm 0.84 0.46 0.74 0.48 0.31 0.54
>, TpULIUKIINYECKUX /
2 ICHTALMKIMIECKUX 0.17 0.26 0.18 0.15 0.17 0.18
(2 tricyclic/2. pentacyclic)
(S:Tepa“"‘/ romaHb! 0.24 0.26 0.36 0.11 0.09 0.15
teranes/hopanes
TToka3zaTenu 3pesiocTH MO apOMaTUUECKUM YIJIEBOIOPOIaM
Maturity indicators by aromatic hydrocarbons
MPI-1 0.55 0.53 0.56 0.57
Ro (pacuér mo MPI-1)
(calculated by MPI-1) 0.73 0.72 0.73 0.74
MDR 2.04 1.62 1.56 1.58
Ro (pacuér no MDR
(Cal(culate The MDR)) 0.66 0.63 0.62 0.63

Tpumenanue. Xb = XBA/C,,.. Cy; mua/per = Cy; oo 20S+20R nnactepannr / Cy; o 20S+20R perynspHbie cTepaHsbl.
Ts/Tm = Cy; 170 (H)-tpucHopronan / C,7 18c (H)-TpucHopueoronan. MPI-1=1.5*2-MP+3-MP/P+1-MP+9-MP. MDR=4-
MDBT/1-MDBT.

Note. pXb= CEB/TOC. C,;dia/reg = C,; ofo. 20S+20R diasteranes / C,; aif 20S+20R regular steranes. Ts/Tm = C,; 170
(H)-trisnorhopane / C,; 18a (H)-trisnorneohopane. MPI-1=1.5*2-MP+3-MP/P+1-MP+9-MP. MDR=4-MDBT/1-MDBT.
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Fig. 2. Chromatograms and mass-fragmentograms showing distributions of alkanes, steranes (m/z 217) and terpanes (m/z 191) of the
saturated fractions in the extracts from calciferous argillite (a) and limestones (b)

meTKoi» OB nmopon u HedTelt hpaHCKUX OTI0XKEHUM 1T
Bcero Tumano-Iledopckoro HeTera3oHOCHOIro bacceri-
Ha [2—4].

B cocTtaBe TepnaHoB npeobianaloT rornaHbl, UX KOH-
LEHTpALU COCTaBIsIOT 79—87 %. OTHOIIEHNE TPULIK-
KJIaHOB K ronnaHaM Hu3koe — 0.15—0.18. Cpeay ronaHoB
B MaKCUMAJIBHBIX COAEpKaHUAX HaxomWTcsl YB cocrtaBa
Cs, coctaniisist 28—34 % oT cyMMBI TOMaHOB (puUc. 2).

Ilo coctaBy M pacrnpeneseHrIo MOJULUKINIECKUX
VB cpenu u3ydyeHHBIX OOpa3lioB TakxKe HaOJIoAaloTCs
pasinyusi B 3aBUCUMOCTU OT JIMTOJIOTUU Topoa. B Ou-
TYMOMIIaX M3BECTHSKOB TOBHIIICHO COAEpKAaHUE CTepa-
HOB, OTHOIIIEHUE CTEPAHOB K roraHaM JIs HUX COCTaBJIsI -
et 0.24—0.36 (puc. 3, a; Tabnuiia). B M3BeCTKOBUCTBIX ap-
TWJUIMTaX BeJMYMHA OTHOLIEHUS 3TUX rpynn YB He mpe-
Boimaet 0.15. YcTtaHOBIEHO, YTO OCHOBHBIM UCTOYHUKOM
TPUTEPIIAHOB SIBJISTFOTCSI JINIIUIBI, BXOISIIME B COCTaB
MemOpaH GakTepuii [11, 16], mo3TOMY HU3KUE 3HAYEHUS

OTHOIIIEHUST CTEPaHOB/TOTIAHOB CBUJIETEILCTBYIOT O TIpe-
obusafatoliieM BKJaae 6aktepuaibHoro OB.

W3yuyeHHbIe OUTYMOUIBI Takxke AUddepeHIIUupyIOT-
cs1 1o OMOMapKepHBIM MapameTpaM, XapaKTepu3yoluM
JINTOJIOTMYECKMI COCTaB OCAIKOB, B KOTOPBIX HaKarlIv-
Bajsioch OB. [ToBbIllIeHHbIE 3HAUEHWST OTHOIICHUSI TPUITU -
KJImyecKux TeprnaHoB Cyy/Cys M yBeIMUEHHUE OTHOLLEHUSI
romoromnaHoB Cj5S/C34S orpaxalor npeobnaganue Kap-
OoHaTHOro coctana nopoa, BMeniatomux OB [12]. Cpeau
WCCIIEIOBAHHBIX OMTYMOMUIOB OTKJIOHSIETCSI OT 3TOM 3a-
BMCHMOCTH TOJIBKO 00pa3ell KPEeMHMCTOTO H3BECTHSIKA
(puc. 3, b; Tabnuia).

JI1st OUTYMOUIOB, BBIACJIEHHBIX U3 apTUJUIMTOB, Xa-
pakTepHO HaJM4Me HECKOJIbKO 00Jiee BHICOKMX KOHIICH-
Tpauuit nperHaHoB C,;—C,, M0 CPaBHEHUIO CO CTepaHa-
mu coctaBa Cy;—C,g, a TaKKE OOJIEE BBICOKUE COAEPKa-
Hus ronaHos cocTaBa Cyg—Cs) 0 OTHOIIEHUIO K TOMOTO-
naHaMm C3;—Cs; (Tabnuua, puc. 2). Io HaleMy MHEHUIO,
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Fig. 3. Plots of biomarker-related parameters showing the composition of organic matter (a) and source rocks lithological characteristics (b):
1 — calciferous argillite, 2 — limestones

BO3MOKXHO, HAKOITJICHNE TaKMX CPaBHUTEIHHO KOPOTKO-
LETTOYCYHBIX IIPOM3BOIHBIX CTEPAHOB U TOITAHOB B apTHJI-
JIiTax o0yCJIOBJIEHO OoJiee BBICOKOI KaTaTUTUUYEeCKOM aK-
TUBHOCTbIO MMHEPAJIbHOM YacCTH MOPOJbI IIPU MIESHTHUY-
HoM ucxogHoMm OB. B nutepaTtype MmeroTcst cBeaeHus,
YTO BBICOKME KOHLEHTPALIMU IIPErHAHOB U MOHMXKEHHBIE
IUacTepaHOB XapaKTepHBI IJISI BOCCTAHOBUTEIBHBIX 00-
cTaHOBOK HakoruieHus OB, a moHMKeHHbIe KOHILIEHTpa-
LMY TPETHaHOB TPU MOBBIIICHHBIX KOHIECHTPALUSIX M-
acTepaHOB, HAIIPOTUB, XapaKTePHbI ISl OKUCIUTEIbHBIX
00CTaHOBOK C MPMBHOCOM TeppUTeHHOTO MaTepuana [15].

Kararene3 OB

Kararenernueckass npeoopasoBaHHocTh OB ycra-
HaBJIMBajach 1O MapaMeTpaM 3peoCTH, PaCCUYUTAaHHBIM
IS TIOJIUIMKINYECKUX OMOMapKepOB CTEPAaHOBOTO U T0-
[IAaHOBOT'O PSIIOB, a TAKKE I10 pacCIIpeae/IeHII0 apOMaTH -
yeckux YB. JlomonHUTEIbHO CTElEeHb KaTrareHesa ole-
HUBaJach 10 MHIEKCAM OKPACKM KOHOIOHTOBBIX 3J€-
MEHTOB.

Hns ouenku 3pesocty OB ncnonb3yoTcst 3HaUeHUs
crepaHoBbIX MHAEKCOB 20S/20S+R u of/aff+oco as
VB cocraBa C,g. [losnyuyeHHbIE 3HAYEHUS] ITUX WHJEK-
coB coctaBistor 0.43—0.47 u 0.52—0.57 COOTBETCTBEH-
HO (CM. TaGJMILy), YTO YKA3bIBA€T HA KATAr€HETUYECKYIO
nipeo6pazoBaHHocT OB 1o rpaganmm MK, (Ro ~ 0.60—
0.75 %) [12, 16]. Cteniens 3penoctr OB Takke KauecTBeH-
HO MOXHO OLICHUTb 110 COOTHOILEHUIO IMepPEerpyImupo-
BaHHBIX cTepaHOB (auacTepaHoB) Bo. Cy; K PETYISPHBIM.
IMomyuennsie 3HaueHus (> 0.3) (cM. TaOIMILY) XapaKTepH-
3y10T 3peioe OB, mocTuriiee riaBHO 30HbI HedTereHe-
pauuu [16].

Ouenka katareHeza OB mo romaHoBBIM Mapame-
TpaMm 3peJIOCTU COIJIacyeTCsl ¢ JaHHBIMU I10 CTepaHaM.
3HaueHus otHoineHust 22S/22S+R, paccunTaHHbIe WIS
Cs, aff-romoronaHa, JOCTUTAIOT PABHOBECHBIX BEITMYMH
0.59—0.62 (Tabauua, puc. 4), 4TO MOATBEPXKIACT CTCIICHb
npeodpazoBaHHOocTU OB 10 ypoBHS TJ1aBHOM 30HBI He-
¢drerenepauuu [11, 12].

Pacnpenenenne apomarnyeckux YB Takxke HeceT
MH(POPMALIMIO O CTEMeHN KaTareHeTU4YeCKOoi TpaHchop-
mauuu OB. Hanboiee mmpoko ncnonb3yeMbIMU TTOKa3a-
TEJISIMU [UIsI OTIPEAeICHUS YPOBHSI TEPMUYECKOI 3PEJIOCTU
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Puc. 4. Kararenetnueckas rpeoopazoBanHoctb OB 1o 6unomap-
KepHBIM napaMmeTpam [12]

Fig. 4. Maturity of organic matter by biomarker parameters [12]

OB saBnsercsa MetwideHaHTpeHOBbIM uHAekc (MPI-1),
OTpakalolIUil OTHOLIeHWE KOHLIEHTpaluii peHaHTpeHa
u ero romosioroB [12]. KoppensinoHHast 3aBUCUMOCTh
BeanuuHbl MPI-1 ¢ mokaszareneM oTpaxkeHUsl BUTPUHU-
ta (R,, %) mMo3BoJIIET MPOBOANTH TEOPETUUECKUIT pacueT
R,. ComnacHo npennoxeHHbIM GopMmynaM pacuera [14],
3HayeHue R, mis mccienoBaHHBIX 00pa3lioB COCTaBIISET
0.72—0.74 %.

CrenyommM rmapaMeTpoM, MO3BOJISIONINM OLIEHUTh
KaTareHeTU4YecKylo Tmpeobpa3oBaHHOCTL OB, gBisgercsd
MeTranoeH30TnoMeHoBRIN nHAeKC (MDR), BBIpaxkeH-
Helii otHOomeHueM 4-MJIBT/1-MJIBT [13]. Ha ocHoBa-
HUMU TIPeUIOKEHHBIX (hOPMYJI pacueTa Mo 3TOMy IToKa3a-
teso BenmunHa R, cocrasisier 0.62—0.66 %. Takum 06-
pa3oM, COIIAaCHO TMOJIyYeHHBIM TaHHBIM ITOKa3aTesei
MPI-1 u MDR, crentenp katarene3a OB coorBeTcTBYeT
rpagauuam koHua MK, — cepenunst MK,.

Karareneruueckass mnpeoOpa3soBaHHOCTb OMpe/e-
Jislach TakKe IO OKpacke KOHOJOHTOBBIX 3J€MEHTOB.
DKCIepuMEeHTaIbHO YCTAaHOBJICHHAsI 3aBUCUMOCTb U3Me-
HEHUSI OKPacKM OT TeMIlepaTyphl U UIMTEIBHOCTU Tep-
MaJIbHOTO BO3IEMCTBUS ITO3BOJISIET HMCIIOJIb30BaTh IIBET
KOHOIOHTOB, BBIPAXXCHHBIN 4Yepe3 WHACKCH OKPacKHu
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(MOK), nmnga npuOIM3UTENbHON OLIEHKM CTENEHU Tep-
MaJIbHOTO IIpeoOpa3oBaHusl BMeIIaomux mopon [9]. s
HCCIIeI0BaHHBIX 00pa3iioB 3HaueHUss MOK m3MeHsIOTCS
B TIpenesiax 2.5—3, 9TO COOTBETCTBYET TeMIIepaType I~
teJbHOro nporpena 120—150 °C [5]. Takoit ypoBeHb Tep-
MaJIbHOTO BO3JEHCTBUSI TaKXKe OTBEYaeT YCIOBUSIM KaTa-
reHesa Ha rpagauun MK; — MK, [1].

3aknioyeHue

[MpoBeneHHbBIE WCCIIEAOBAHUS TTO3BOJIWIN TTOTYYUTh
HOBBIe IaHHBIe MO reoxuMun OB TOMaHMKOBBIX OTJIO-
KeHuii rpsiabl YepHsbieBa. CTerneHb KaTareHeTUYeCKOM
npeoOpa30BaHHOCTHU, OlLIEHEeHHas 1o YB-mapameTrpam u
naHHbIM MMOK, yka3bIBaeT, 4YTO OTJIOKEHUS U 3aKJIIOUCH-
Hoe B HuX OB mocTuriio cepemnHbI IIaBHOM 30HBI HeTe-
renepauun (MK, — MK,).

PacripenesieHrie  ajqKaHOBBIX W MOJUIIUKINYECCKUX
VYB-6uomapkepoB CBUAETEIbCTBYIOT O pa3IMUYHOM COCTa-
Be OB B 3aBUCHMMOCTH OT JIUTOJIOTMU BMEILAIOIINX OTI0-
KeHU. BUTyMOMIBI N3BECTKOBUCTHIX apTAJUTMTOB OTJIM -
YalOTCS OT OMTYMOUIOB KapOOHATHBIX OTIOXEHUI MTOBBI-
IIEHHBIM BKJIAMIOM 0aKTepHaJIbHOTO MaTepuajia B COCTa-
Be ucxogHoro OB. YuutbiBasg HEOQHOPOAHOCTh COCTaBa
OB 10MaHUKOBBIX OTJIOKEHUM, HEPTIHbIE TPOAYKTHI €70
npeobpa3oBaHUsl OyayT MMETh pa3IMYHbIC MapamMeTphl
YB-0unomapkepos.

Ananumuueckue uccae0o8anus btnOAHANUC, 8 MHcmu-
myme eeonoeuu Komu HI] YpO PAH (I[KII «leonayka»,
2. Colkmuwigxap).
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HOBBIE HAXOOKM PEMKMX CYNb®UJOB Ni, In, Gr, Cu W V B KAPBOHATHTAX HKHOTO YPARA

B. I'. Kopuneckuii, B. A. Kotiapos, C. B. KommcHnueHKo
HNuctutyr Munepanorun FOY ®HII Mul ¥YpO PAH, Muacc; vgkor@mineralogy.ru
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BnepBble NpuBeaeHbl CBEAEHUS 0 HaxX0Ke B Aaike AONOMUT-KanbLUMTOBOro kapboHatnuta B CBETIMHCKOM 30/10TOPYAHOM Me-
cTopoxaeHun Ha KOxHom Ypane peakux cynbduaos Ni, Zn, Cu, Cr n V: BascuTa, KanMHUHNTA, CyNbBaHuTa 1 natpoHuTa. OHu nmeT
NOBEPXHOCTM OQHOBPEMEHHOIO POCTa APYr C APYrOM U C OKPYXatOLLMMK KpUcTannamm gonaomMmuTa u kanbumra. YpeasblvanHo Men-
Kne pasmMepsbl kpuctanno (MeHee 30 MKM) He Aat0T BO3SMOXHOCTU U3Y4nUTb GU3NYECKME CBOMNCTBA MUHEPANOB, AaTb UX PEHTIEHOB-
CKYIO XapakTepucTuky. JlJaHHbIE O XMMUYEeCKOM cocTaBe cynbdunaos nonaydeHsl Ha COM PEMMA-202 M. Cynbduabl (B TOM 4ucne
NMUPUT) BCTPEYEHbLI B BUE O4EHb MEJIKO pacCesiHHOW BKPAMNJeHHOCTM B TEMHbIX Mosiocax kapboHaTUTOB, 0O0raLLeHHbIX KpucTarn-
namu dTopdnoronnTa, CaMoOpPOIHOM CEPO U CEPOBOAOPOAOM, JIOKANIM30BAHHbLIX B MUKPOMOPUCTLIX Y4aCTKax KPUCTaNOB Kaslb-
uuta. MNMoayepkHyTa NPUYPOYEHHOCTb Takux CynbGUO0B BO BCEX MX MPOSBAEHUSAX NMPENMYLLECTBEHHO K KapOoHATHbIM NMOpPOoaaM.
MNoBcemMecTHas o6oralweHHOCTb MUHEpPasioB-NpUMecelt B Takux kapboHaTuTax GTopoM, XPOMOM, BaHAAMEM U HUKENEM MOXET CBU-
netenbcTBOBaThb 00 y4acTum B Ux GopMmpoBaHnm GaionaoB yibTPAOCHOBHOM-LLIENOYHON MarMbl. 3TOMY CNOCOOCTBOBASIO HAann4me
B HUX YINEKNCNOThI U CEPOBOAOPOAA.

KnioueBble cnoBa: BasCUT, KaIMHUHUT, CYJIbBAHWT, NaTpPOHUT, Kap60HaTI/ITbI, tOXHbIV Ypan.

NEW FINDINGS OF RARE Ni, In, Cr, Cu AND V SULPHIDES IN CARBONATITES OF SOUTH URALS

V. G. Korinevsky, V. A. Kotlyarov, S. V. Kolisnichenko
Institute of Mineralogy SU FRC MG UB RAS, Miass

For the first time, information is provided on the discovery of rare dolomite-calcite carbonatite in the dyke in the Svetlinsky gold
ore deposit in the South Urals, rare sulfides of Ni, Zn, Cu, Cr and V: vaesite, kalininite, sulvanite and patronite. With each other and
with the surrounding crystals of dolomite and calcite, they have surfaces of simultaneous growth. Extremely small sizes crystals
(less than 30 microns) make it impossible to study the physical properties of minerals, to give their X-ray characteristics. Data on the
chemical composition of sulfides was obtained by SEM REMMA-202 M. Sulfides (including pyrite) were found in the form of very fine
dispersed impregnation in the dark bands of carbonatites enriched with fluorophlogopite crystals, native sulfur and hydrogen sulfide
localized in microporous areas of calcite crystals. The confinement of such sulfides in all their occurrences mainly to carbonate rocks
is emphasized. The ubiquitous enrichment of mineral impurities in such carbonatites with fluorine, chromium, vanadium and nickel
may indicate the participation of ultrabasic-alkaline magma fluids in their formation. This was favoured by the presence of carbon

dioxide and hydrogen sulfide in them.

Keywords: vaesite, kalininitie, sulvanite, patronite, carbonatites, South Urals.

BBepeHune

B HemaBHeli pabGote [4] oxapaKTepu30BaH pPeAKUii
cyabdun Ni — Bascut, BiepBbie OOHAPYKEHHBIN B TOJIO-
MUT-KaJbIIUTOBOM KapOoHaTHUTE 13 Haiiky B CBETIIMHCKOM
30JIOTOPYIHOM MecTopoxaeHuu B IlinacToBckoM paii-
oHe YenabuHckoit obmactu Ha FOxHoM  VYpare.
HornonHuTeIbHOe U3yYeHe MUHEPAIbHOTO COCTaBa 3TO
MOpOAbl IPUBEIO K OOHAPYKEHUIO 3[1eCh €lIE TPEX CTOJb
XKe penkux cyibdunos Zn, Cr, Cuu V: KaIMHUHUTA, CY/b-
BaHWTA U TTATPOHUTA. DTO BHOCHUT CYILIECTBEHHBIN BKJIAI
B TOITOMIHEPAIOTHIO CITEHIM(DUIHBIX JOJIOMHUT-KATBIIATO-
BbIX KapOoHaTtuToB KOxxHoro Ypana.

Martepuan n metToabl UCCeaOBaHNS

M3 mnportosoyku KapOoHAaTWTa ObUTM OTOOpaHbI
OCKOJIKA, OTHOCUTEJbHO OOOTaliéHHbIE MEJIKON CyJib-
(uaHol BKparmaeHHOCTbIO. MHAMBUIBI OOJBIIMHCTBA
MMHEPAJIOB HACTOJIBKO MaJlbl, YTO TPYJHO PACMO3HAIOTCS
Jaxe moJ, OMHOKYJISIPHBIM MUKPOCKOMOM. XUMUYECKUN
cocTtaB MuHepaioB onpenensica B. A. KomisipoBbiM Ha
cepTuUIIMPOBAHHOM PACTPOBOM 3JIEKTPOHHOM MUKPO-
ckorle POMMA-202M ¢ 5HeproaucrnepcuOHHON Tpu-
craBkoii LZ-5 Link Systems ¢ Si-Li-nerektopom. Pabota
BEJIaCh Ha MOJMPOBAHHBIX 36pHAX B AMTOKCUIHON MaTpuUlle
C YIJIEPOJHBIM HaMbLJICHUEM TTPU YCKOPSIIOIIEM HaIlpsiKe-
Huu 20 kB, MajoM TOKe 2JIeKTpOHHOTO Iry4yka (3-10-10 a)
1 MUHUMAJTBHOM quaMeTpe mydka (1—2 Mxm).

Koppekiysi JaHHBIX MPOU3BOAMUIACH C TOMOIIBIO
nporpamM Magallanes u ZAF. B kauyecTtBe 3TajloHOB
CpaBHEHMSI MCITOJIb30BAIMCH IIAmKa craHmapToB No 01-
044 Mineral Mount 25—53 ¢pupmer ASTIMEX Scientific
Ltd., a Takxke 4YUCTBIe JEMEHTHI U UX COCIUHEHUS U3
cranmaptHoi mramku Ne 1362 dupmbl Micro-Analysis
Consultants Ltd. 1 npoaHanu3npoBaHHbIE paHee MPUPOI-
HbIe MUHEpaJbl. BOJBIIMHCTBO 3JIeMEHTOB OIPEAEIISIIOCh
o cnekTpaibHbIM TuHuIM K-cepun, a Pb, U, Hf — mo
mmHuSIM L-cepuu. CtaHmapTaMul UISI U3MEPEHHBIX 3Jic-
MeHTOB nocayxunu auoncuf (Mg, Ca, Si), xageut (Al),
ponoHuT (Mn), ansbut (Na), oproknas (K), coenvuHeHus
TiO, (Ti), Fe,05 (Fe), xanbkonuput (Cu), chanepur (S,
Zn), ranenur (Pb) n uncteie anementsl V, Cr, Cd, Ni, Co.
J11s1 GONBIIMHCTBA 3JIEMEHTOB HUKHUE TIpeiesibl OOHapy-
skenust cocrapistin 0.2—0.3 %.

OCc06eHHOCTN MUHEepPaJIbHOro
cocTaBa KapOGoHaTUTOBOI faiiku

OO0pasibl KPYMHO3EpHUCTOM KapOOHATHOI ITOPOALI
0TOOpaHbl Ha BEPXHHUX YCTYIIaX BOCTOYHOM CTEHKU Ka-
pbepa MECTOPOXKICHUS U3 MEPUINUOHAIBHOU NAaiiku Bep-
TUKAJIBHOTO 3ajieTaHusi MOIIHOCThIO 0.4 M M BUAMMON
NpoTsixkeHHOCThIo 6osee 20 M. KoopauHaThl 0OHaXKeHUSI:
54°17°38” ¢. 1., 60°25"21” B. n. Ilerporpacduueckas xa-
paKkTepUCTUKa ITOPOIBI, MTOKa3aTeIbCTBa €€ MarMaThye-
CKOTO TIPOMCXOXKICHUS TIPUBEICHBI B CTaThe [4], TaM ke
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Puc. 1. Tonocuaras TekcTypa cepocojepKaiiero (Gpioromuro-

BOTO JTOJIOMUT-KaJIBIIMTOBOTO KapOoHaTuTa u3 naiiku B CBer-

JIMHCKOM Kapbepe. TEéMHbIe 1o10Ckl 000TalleHbl (hJIOTOIMUTOM U
paccessHHOI MEJIKO BKPAIJIeHHOCTBIO CYIb(MOUI0B

Fig. 1. Striped texture of sulfur-containing phloglogitic dolomite-

calcite carbonatite from the dyke in the Svetlinskiy quarry. Dark

bands are enriched with phlogopite and dispersed fine impregra-
tion of sulfides

OTMEYEHO, UTO OHA COIEPKUT PACCESTHHYIO MEJIKYIO BKpa-
IUIEHHOCTb CYJIb(MUA0B, (DIOrOnuTa, TPEMOJIUTAa U KBap-
11a, MEJIKO3ePHUCTHIC JKEATHIC TTOJIOCOBUIHBIC BBIICICHUS
CaMOPOJIHOM Cepbl COBMECTHO € KaJIbLIUTOM. B aT0i1 naii-
K€ HaOJII0[aI0TCs TaKXKe MUAPOJIbl ¢ KPUCTAIJIAMU CEPHI,
KBapua u ¢aoopuTa.

OcHoBHasi Macca CyJab(GUIOB KOHLIEHTPUPYETCS
B TEMHBIX nosiocax (puc. 1). OnucaHHble paHee [4] uano-
MoOp(]HBIe KPUCTAJUTBI Ba3CUTa HEpaBHOMEPHO pa3Mellie-
HBI B KJIBIIUTOBOM MaTpHIle TOpoakl. Penkue cynbhumbl
Cr, Cu u V (KaIMHUHUT, CYJbBAaHUT U MaTPOHUT) HaXoO-
JATCSL B BUJE KCEHOMOP(MHBIX 3€PEH MPEUMYIIECTBEHHO
B IIpenesiax BbIACJCHUI 10J0MUTa WX BIOJb €TI0 TPaHuIl
¢ KpucTauiaMu Kanpiuta (puc. 2, b, ¢, d). B Takoit ke
CHUTYyallUM PACIIoNaraloTCs M OYeHb MeJIKMe 3€pHa pyTH-
Jla, KOTOPBIA MHOT/AA 3aMelllaeTCcsl TATAHUTOM (puc. 2, b).
HeoOblYHBIM BBITTISIAUT OOOTallleHWE pyTWUJa BaHaIW-
eM u xpoMoM. Mx coaepxxaHue B pa3HbIX 3€pHAX CUJIb-
Ho Bapbupyet: V,05 — o1 4.2 1o 20.58 mac. %, Cr,0; —
ot 2.79 no 7.11 mac. % (ta6a. 1, an. 9—12). B turanure
conepxurcs V,05 — 4.67 mac. %, Cr,0; — 1.61 mac. %
(Tabn. 1, an. 8). B aTux Xe TEMHBIX TTPOCTIOSIX B KapOO-
HaTUTe, MTOMUMO OOBIYHOTrO IS Hero (Qropdioronura
(Tabn.1, aH. 3), BCTpeueHbl MEJKKME BbIACICHUST ypaHU-
HuTa (Tabha.1, aH. 7), MyXMHUT, a TaKXKe HeXapaKTepHbIe
JIJIST TOJIOMUT-KaIbLIMTOBBIX KapOOHATUTOB aM(pUOOIIbI:

Puc. 2 . Penxue cynbdumb 13 1aiiku (hJIOTOIMMTOBOTO TOJIOMUT-KAJIBIIMTOBOTO KapboHaThTa 13 CBETIMHCKOTO Kapbepa:
a — Mnuaoo0pa3Hasi MHAYKIIMOHHAs I'paHUIa MMOBEPXHOCTU OJHOBPEMEHHOro pocta Bascuta (Vs) u monomura (Dol); b — Bwlaese-
Hus cyabBaHuTa (Sul), pytuna (Rt), Turanuta (Ttn) u nuputa (Py) pacrnosnaraiorcsi Ha KOHTAKTe WM BOJIM3U OT HErO 3€peH J0J0MUTa
(Dol) u xanbuura (Cal); ¢ — kpuctauisl KamnHuauTa (Kal) pacnionaraiorcst BHyTpu 3€peH aojomuta (Dol); d — BblaeneHus: matpo-
nuta (Pat) u pyrwa (Rt) pacrionaratorcst Biojib KoHTakTa 3€peH poomuta (Dol) u kanbiuta (Cal). @oTo B OTpak€HHBIX 2JIEKTPOHAX,
COM POMMA-202M

Fig. 2. Rare sulfides from the dyke of phlogopite dolomite-calcite carbononatite from the Svetlinskiy quarry:
a — sawtooth induction surface boundary of simultaneous growth of vaesite (Vs) and dolomite (Dol); b — the allocations of sulvanite
(Sul), rutile (Rt), titanite (Ttn), and pyrite (Py) are located at or near the contact of dolomite (Dol) and calcite (Cal) grains; ¢ — kalininite
crystals (Kal) are located inside dolomite grains (Dol); d — the allocations of patronite (Pat) and rutile (Rt) are located along the contact
of dolomite grains (Dol) and calcite (Cal). BSE images, SEM REMMA-202M

18



Vestunc |G Komi SC UB RAS, September, 2019 ., Ne 9

o

Ta6nuia 1. CocraB MunepaioB (Mac. %), aCCONMMPYIOIMX C CyJIbGHIAMM B IaiiKe J0JIOMUT-KAJIBIUTOBOrO KApOOHATHTA
B CBeTsmHCKOM Kapbepe (mpo6a CB-A)

Table 1. The composition of minerals (wt. %), associated with sulfides, in a dike of dolomite-calcite carbonatite
in the Svetlinskiy quarry (probe CB-A)

l\gfl‘flzfr’;‘f Cal | Dol | Phl | Mhb | Sdg Spl Urn Tin Rt
No aH. 1 2 3 4 5 6 7 8 9 10 11 12
SiO, 42.80 52.95 39.59 - 28.11
TiO, — - 0.68 - 33.70 92.23 90.54 76.54 73.37
ALO; 11.83 | 563 | 1873 | 6223 2.46
Cr,04 — - — 0.19 1.61 2.79 2.46 7.11 5.61
FeO — — 7.62 13.28 29.17 — — — 0.27 —
MnO — — — 0.13 0.12 — — — 0.26 —
MgO 2.04 21.24 | 26.45 19.42 10.07 7.63 — — — — —
CaO 53.29 30.81 — 12.17 12.25 28.94
Na,0 033 | 056 | 1.57
K,0 924 | — | 062
F 5.92
O=2F -2.49
Cl - 0.30
0=2Cl -0.07
PbO 4.16 — - — - —
SO, 044 | —
V,05 - — - — - — 4.67 4.20 6.38 15.04 | 20.58
Uo, 88.83
ThO, 0.80
Cymma 5577 | 52.05 | 94.08 | 98.35 | 97.15 | 99.34 | 93.79 | 99.49 | 99.22 | 99.40 | 99.22 | 99.56
Total ) ) ) ) ) ) ) ) ) ) ) )
Kpucrannoxumuueckue dhopmyinl / Crystal-chemical formulas:
1. Caj 944Mg0 05050 00sCO3 (Ha 1 katnon), 2. Cay (p; Mg 979 (CO3), (Ha 2 KaTnoHa),
3. (K .852Nag 048)0.9(M85 g51AIVg 102)2.953(Si3 094A1™0.906)4010(F 1 3540H 646)> (Ha 22 3apsina),
4. Nag o75(Cay go3Fe?y 159Nag g75)2(Mgyg gosFe 0; 44Fe%) 319A19 238)5 (Si7, 321A10 679)8022 ((OH)z)z (Ha 24 0),
5. (Nag 415Ky 117)9.520(Ca; 934Nag 37Mng g16Fe?) 13)2(Mg; 212Al gggFe? g35Fe3) 4aFe?) 536 Tio 075)4.999(Sis 835 Al 165)§02
((OH)l.77400.151C10.075)2 (Ha24 0
6. (Fey 66sMg0 311Cr0.004Mng 003)0.986A12.00804 (Ha 4 0), 7. (U 964Pbyg gs5™M 009)1 02802 (Ha 2 0),
8. Cay 071(Tig 834V°0.102C10.042)0.978(Sl, 925A10 095)1. 02005 (Ha 50),9. (Tigg31V20.037CT0,030)0. 99802 (Ha20),
10. (T 10 910 V0. osscro 026)0. 99202 (Ha20), 1 i9.773¥%0.133C10.076 Feg 003Mng 993)0.988 (Ha
12. (Tig 731 V3.180CT0,059)0.9700> (Ha 2 O)

Ilpumeuanue. Cal — xanvuut, Dol — nonomur, Phl — dnoronut, Mhb — marne3nobeppuropHOIeHIUT, Sdg — canaraHaur,
Spl — mnuHens (ruieoHact), Urn — ypaHuHuUT, Ttn — tutaHut, Rt — pytui. [lycrast KieTka — He Onpeaesisioch, MPoYepK — He
oOHapyxXeHbl. B oTaenbHbIX 3€pHax gonomuTta omnpezeneH (mac. %) SrO (0.26—0.53), a B xanbiure — SrO (0.58) n SO5 (0.36—
0.44). Ananusbl BeinosiHeHbI B. A. KotisipoBeim, COM POMMA-202M.

Note. Cal — calcite, Dol — dolomite, Phl — phlogopite, Mhb — magnesio-ferri-hornblend, Sdg — sadanagaite, Sp/ — spinel
(pleonast), Urn — uraninite, 7tn — titanite, Rt — rutile. Empty cell — was not determined, dash — not found. SrO (0.26—0.53)
was determined (wt. %) in individual Dol grains, while SrO (0.58) and SO5 (0.36—0.44) in Cal. The analyses were performed by V.
A. Kotlyarov with an electronic scanning microscope REMMA-202M.

MarHe3unodeppuropHoneHaut (tadma. 1, aH. 4) u camaHa-
raut (Tabmn. 1, an. 5) [10], xeme3ucras mmuHeb (TIJI€0-
Hact, Tabi. 1, aH. 6). CiaenyeT OTMETUTD, YTO MaJIOMOLIL-
Has (0.4 M) naiika kapboHaTUTa CONEPXKUT LIBETHBIE MTOJI0-
Chl C pa3HBIM HA0OPOM aKIIECCOPHBIX MUHEPAJIOB.
XKenras okpacka KpUCTa/UIOB KaJblUTa B OTAEJb-
HBIX ITOJIOCaX B KApOOHATUTE O0YCIOBICHA IIPUCYTCTBUEM
MUKPOTIOP TIOIIEPEYHMKOM B HECKOJIBKO MHKPOMETPOB
(puc. 3), B KOTOPBIX COAEPKUTCS CeEpa, a TAKKe CEPOBOIO-
pojI, 3armax KOTOpOro OTYETIMBO OTMeYaeTcsl Py 1pooIie-
HUM nopoabl. Hannuue cepbl nHOTIA (DUKCUPYETCS B CO-
cTaBe OTJIeJIbHBIX KPUCTAJIOB KalbluTa (Tadu. 1, aH. 1).
B3anmooTHoOILIIEHUSI MTHEpaIoB B KapOOHATUTE, OCO-
OCHHOCTH X MOP(OJIOTUHU U XapaKTepa pacIpeaeacHNs B

IOPOJIE MTO3BOJISIIOT CKa3aTh, YTO IJIaBHbIE IOPOI000OPA3y-
IOIIMEe MUHEPAJTBI (KAJbLUT U JOJIOMUT) M OCHOBHAST Mac-
ca akieccopueB o0pa3oBainuch oqHOBpeMeHHO [4]. bosee
TTO3IHSIST aCCOLMALIMS TTPEICTaBlIieHa CAaMOPOIHOM Cepoid,
KBapueM 1 (QII0OPUTOM.

Pepkune pna kap6oHaTUTOB CcyJibpuabl
Ni, Zn,Cu,CrunV

B onuckiBaeMbIX TEMHBIX TIPOCTIOSIX JOJIOMUT-KaIb-
LIMTOBBIX KapOOHATUTOB CYJb(MUIbI CllaraloT OYeHb MeJl-
KH€ BBIIEICHMS, TIPEUMYIIIECTBEHHO BHYTPU 3EpeH M0-
JIOMHUTa OO HAa KOHTAKTe MX C KPUCTA/UIAMU KaJIbIIUTa
(puc. 2). B oTHenbHBIX CayJasx MEXKIy HUMU MOXHO Ha-
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0J1I01aTh U3BUJIMCThIE TPAHULIBI TIOBEPXHOCTEH CUHXPOH-
HOTO pocTa. DTO SIPKO TPOSIBIEHO B BUJIE TTMI000pa3HOIA
TPaHUIIBI Ba3CUTA 1 COMPUKACAIONIETOCS ¢ HUM JTOJIOMHU-
Ta (puc. 2, a), TaKKe MIaBHO U30THYTOM TPaHULIBI CyJIbBa-
HUTa U nupuTa (puc. 4).

Bascum B TEMHBIX TPOCIOSIX BCTPEYAETCS 3HAYM-
TeJbHO Yallle, YeM BO BMellarlleii mopojae. Ero kpucran-
JIbI 00BIYHO KpymHee (1o 230 MKM), 4eM ApyTrue Cyiabhu-
JIbI, HO 10 MOP(hOJIOTUN OHU TIOMOOHBI TeM 3EpHAM Ba-
3CHUTa, YTO PACCESTHBI B KaJbIIMTOBOM Macce ITOPOIBL.
Hepenko Baacut obpasyeT CpoCTKM C IMPUTOM U CYJibBa-
HuTOM. CyIIECTBEHHBIX pa3ninii B XUMUYECKOM COCTa-
Be BadCcuTa U3 TEMHBIX MpocioeB (Tabdi. 2, aH. 2—5) u u3
KaJIbIIUTOBOTO arperara [4] He HaOmogaeTcd. ToT u npy-
roii cogepskat 0osbinoe konudectBo Cu (1o 9 mac. %),
oTHocuTesbHO Masio Fe (meHee 4.81 mac. %) mipu oTcyT-
ctBumn Co. CocTaB BadCcHUTa OJIM30K K €r0 CTEXMOMETPUYEC-
ckoii popmyie (Ni, Cu, Fe)S,.

Kasununum BcTpedeH B BUIE ABYX MEJIKUX KPUCTaI-
JIMKOB KBaApaTHOTO (8 MKM) U Iipu3Marndeckoro (3.6 x
10.8 MKM) ceueHMiT BHYTpH 3€peH HoJoMuUTa (puc. 2, c).
Onu conepxat Hebosbliryto ipumech V, Cd u Cu (Tadm. 2,
aH. 10—11) u xopo1io paccuuThIBaloTCs Ha (hopmyny (Zn,
Cu, Cd)(Cr,V),S,.

Cyaveanum B BUIE MEJIKUX KPUCTAIJIOB KBaapaTHO-
ro ce4eHus mornepeyHrukom 16 Mxm (puc. 4) nubo Gosee
CJI03XHOM (hopMEI (puc. 2, b), pazmMepoM 13 X 20 MKM 0OBIU-
HO BCTpedaeTcs KaK BKIIFOUCHUS B 3EpHaX mooMuTa. [1pu
3TOM OTMEYEHbI CJTyd4au ero CpacTaHusI C BA3CUTOM, TTUPU-
TOM U PYTWJIOM. XMMUYECKUI COCTAB OOJIBIIIMHCTBA BbI-
JeJIeHWii cynbBaHuTa (Tadj. 3, aH. 4—11) OGJ1M30K K TUIIO-
BBIM Pa3HOBUIHOCTSIM 3TOrO MUHEpasia, MHOTAA OTINJa-
sICh OT Hux npucyrcrBueM npumecu Fe (0.3—0.9 mac. %).
Hab6mogaeTcst xopoliree COOTBETCTBIE COCTaBa CyJIbBaHU-
Ta ero uaeanusuposaHHoii popmyiie (Cu, Fe);VS,.

Ilamporum ObLT BCTPEUEH JIUIIb OTHAXAbI B (hopme
VIJTUHEHHOTO 3epHa pa3mMepoM 3 X 23 MKM (puc. 2, d) Ha
rpaHulle MexXay 3€épHaMM JoJoOMMTa M KajibuuTa. [1pu-
Meceil B MuHepajie He 0OHapyKeHO, IO COCTaBy OH OJIv-
30K K narpoHuty us I[lepy [14] u otBeuaet hopmyine VS,.

06cyXxaeHue pe3ynbLTaToB

YrioMmsiHyTbIe BbIlle CylbhUIbl OTHOCATCS K OYEHb
peIKMM MUHEpasiaM, KOTOopble Ha Tepputopuu Poccun
ObLTU BBISIBJIEHBI BHavYase Ha JlanbHeMm Boctoke (kanmHu-
HUT) [8, 12], 3aTem B 3anoJisipbe (CyJbBAaHUT, TATPOHUT)
[3, 5], na Cpennem (kanuHuUHUT) [2] u KOxHoM Ypaie

Tabmuiia 2. CoctaB BadcuTa M KAIMHAHUTA (Mac. %) B 1aiiKe 10JOMHT-KAJbIUTOBOTO KAPOOHATHTA
B CBeTumHCKOM Kapbepe (npoda CB-A)

Table 2. The composition of vaesite and kalininite (wt. %) in a dike of dolomite-calcite carbonatite
in the Svetlinskiy quarry (probe CB-A)

I\l/{/ﬁﬁzlr) ;1'71 Bascur (Vs) / Waesite Kamuuaunaur (Kal) / Kalininite
No aH. 1 2 3 4 5 6 7 8 9 10 11
S 52.22 51.69 51.94 52.70 52.62 43.09 39.46 39.80 42.22 43.37 42.83
Cr 0.36 34.94 36.12 36.42 34.10 35.00 35.21
Fe 4.86 4.81 3.09 2.37 1.82 1.72
Mn 2.36 2.02
Ca - 0.24
Zn 21.97 18.06 18.40 18.89 18.90 19.18
Ni 47.78 33.81 33.78 36.91 36.94
Cu 8.66 9.09 6.84 7.43 2.73 1.32 1.09
Cd 0.83 0.60
\Y% 0.61 0.35 0.14
Sb 0.73
C%rla 100.00 | 99.02 | 99.62 | 99.54 | 99.72 | 100.00 | 97.82 | 98.60 | 99.28 | 99.77 | 99.05
Kpucramioxumuueckue dhopmyibl / Crystal-chemical formulas:
1. Nig 99855, 2. (Nig 7;3Cuq 169F€0.108)0.99052, 3. (Nig.709Cu0.176F€0.106)0.99152, 4. (Nig 764Cu 131F0_067)0.96252,
5. (Nig 766Cuq,142F€0,052)0.96052, 6 Zn 993Cr1 99784, 7. (Zn 896Mng 139F€( 106)1.141C12.25454,
8. (Zng 9psMng 113Fe( 099Ca0 011)1.133C12.25354, 9. (Zn876Cug 118V 0.036500.011)1.060CT1.989545
10. (Zng 853Cuq 061Cd 0,022Y0.020)0.956CT1.987545 11. (Zng 877Cug 051Cd 0,016 Y0.008)0.952C12.02454

Ipumeuanue. 1—5 — Bascut: 1 — [14], 2—5 — u3 maiiku kapooHatutos (rpoda CB-A); 6—11 — kanmuauHMT: 6 — [14],
7, 8 — U3 KaJbIIMTOBOrOo KapOOHATUTa B OCEBOK 30He maiiku Tarnokiasuta B KochbBUHCKOM kaMHe Ha CeBepHOM Ypaie
[2], 9 — u3 nuorncua-rpaHaToBBIX TOPOJ cpeau MpamopoB Kapbepa [lepeBan B FOxxHoMm [lpubaiikanse [8], 10, 11 — u3 naii-
ku kapoboHaTuToB (Tipoda CB-A). I[lycTast KjieTka — He ONpenesiioch, MPoOYepK — He OOHApYKeHbI. AHAJINU3bI BBITIOJIHEHbI
B. A. Kotisaposeim, COM POMMA-202M. Pacuer ¢.K. MuHepasIoB IIpou3BenéH Ha 2 aToMa S i aHanu3oB 1—5 u Ha 4 aTo-
Mma S i aHaau3oB 6—11.

Note. 1—5 — vaesite: 1 — [14], 2—5 — from a dike of carbonatites (probe CB-A); 6—11 — kalininite: 6 — [14], 7, 8 — from
a calcite carbonatites in axial zone of plagioclasit dike in the Kosvinskiy stone at the North Urals [2], 9 — from the diopside-gar-
net rocks among marbles of Pereval quarry at the South Baical area [8], 10, 11 — from a dike of carbonatites (probe CB-A). Empty
cell — was not determined, dash — not found. The analyses were performed by V. A. Kotlyarov with an electronic scanning micro-
scope REMMA-202M. Calculation of apfu of minerals produced on 2 atoms of S for analyses 1—5, and on 4 atoms of S for anal-
yses 6—11.
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Ta6nuia 3. CocTaB Cy/IbBaHUTA U NATPOHUTA (Mac. %) B JaiiKe J0JOMUT-KAJIBIIMTOBOTO KAPOOHATHTA
B CBeTumncKoM Kapbepe (mpoda CB-A)
Table 3. Composition of sulvanite and patronite (wt. %) in a dike of dolomite-calcite carbonatite
in the Svetlinskiy quarry (probe CB-A)

h{{/ﬁﬁ?ﬁ Slﬂ CynbBanut (Sul) / Sulvanite Ha%ﬁ?ggi t(ePat)
No aH. 1 2 3 4 5 6 7 8 9 10 11 12 13
S 34.68 | 34.68 | 34.40 | 34.31 | 34.20 | 34.50 | 35.05 | 35.31 | 34.68 | 34.43 | 35.02 | 71.57 | 7091
Fe — — — 0.91 0.72 0.34 — — — —
Cu 51.55 | 51.54 | 51.60 | 51.15 | 51.13 | 51.04 | 49.42 | 49.99 | 50.51 | 51.38 | 50.66 — —
\Y% 13.77 | 13.78 | 14.30 | 13.74 | 13.88 | 13.92 | 13.82 | 13.78 | 13.72 | 13.76 | 13.90 | 28.43 | 28.16
C%r(l)\gia 100.0 | 100.0 | 100.30 | 99.20 | 99.21 | 99.46 | 99.20 | 99.80 | 99.25 | 99.57 | 99.58 | 100.00 | 99.07

Kpucramnoxumuueckue dopmyisl / Crystal-chemical formulas:
1. Cuy 995V 99854, 2. CU3.994V0.99954, 3. Cuz 025V 045545 4. Cu3 004V 00784, 5. Cu3012V1.020545 6. Cuy981Vi.01454
7. (Cuyg41Feq 060)2.901 Vo.991545 8. (Cuy g5:F€0,047)2.899V0.981545 9+ (Cuz 934F€0,022)2.956V0.99454, 10. Cu3 097V1.00454,
Cu,.915V0.99854> 12. Vj 99554, 0.99854

Ipumeuanue. 1—11 — cynbBanut: 1 — [14], 2 — [3], 3 — [13], 4 — 11 — u3 naiiku kKapboHatutoB (1poda CB-A); 12—13 —
naTpoHuT: 12 — [14], 13 — u3 naiiku kapooHaTuToB (mpoda CB-A). [lycTasa kjieTka — He oIpenessuioch, IIpoYepK — He oOHa-
pyXeHbl. AHaM3bI BbiTToJIHEeHBI B. A. KotsipoBeiM, COM POMMA-202M. Pacuer ¢.K. MUHEpaJioB Tpou3BeieH Ha 4 aToma S.

Note. 1—11 — sulvanite: 1 — [14], 2 — [3], 3 — [13], 4 — 11 — from a dike of carbonatites (probe CB-A); 12—13 — patron-
ite: 12 — [14], 13 — from a dike of carbonatites (probe CB-A) Empty cell — was not determined, dash — not found. The analyses
were performed by V. A. Kotlyarov with an electronic scanning microscope REMMA-202M. Calculation of apfiz of minerals pro-

duced on 4 atoms of S.

Puc. 3. Mukpornopsl (TEMHbIE MISITHA) B KpUCTA/IaX KajlblUTa,
3aT0JTHEHHbBIE CAMOPOIHOI cepoii 1 yriaeBogopogamu. Moto Bo
BTOPUYHBIX 3J1eKTpoHax, COM POMMA-202M

Fig. 3. Micropores (dark spots) in calcite crystals filled with native
sulfur and hydrocarbons. Photo in secondary electrons, SEM
REMMA-202M

(kanuHUHUT, BascuT) |1, 4]. [IpumevaTesbHO, YTO BCE TU
HaxoOKU cAejaHbl B KapOOHATHBIX Mopoaax (MpamMophl,
MPaMOPM30BaHHBIE WM3BECTHSIKM, KBapll-KapOOHATHbIC
KWIIBI). BMemarorime mopoasl OMHO3HAYHO TPaKTYIOTCS
KaK KapOOHATUTHI JINIITh HEKOTOPBIMU MCCIICIOBATEIIMU
[7, 2, 4], B apyrux ciydasix ux MPUHATO CYUTATh TUIPO-
TepMajibHO-MeTacoMaThudeckumu |3, 5| wiu metramopbu-
yeckuMH [8, 12]. O6paiitaeM BHMMaHuUE Ha TO, YTO Mpa-
mopHble Toniu [Ipubaiikanbs, rae ObUT BCTpedYeH Kajlu-
HUHUT [8], BO MHOTMX CIIydasiXx coAaep>kaT B ceOe pByIIne
TeJia KPYIMHO3EPHUCTBIX KApOOHATUTOB [6], KOTOpLIE Ipe-
JBITYITUMUA UCCJIEIOBATEISIMUA TakKKe TMPUHUMAINCh 3a
MpaMopbl U Kanbludupbl. BeposiTHO, Takas ke cuTya-
1Ms uMeeT MecTo U B MtanbssHCKMX AJbliax, Ie Mpamo-
pBI comepxkaT pacCesIHHYI BKPaIlJICHHOCTb UAMOMOpP®d-
HBIX KpUCTaJUIoB BascuTa [11] u cynbpBanuTa [9], pocmmx
COBMECTHO C OKPYKAIOIINM UX KaJIBIIATOM.

Puc. 4. Cpocrok kpucrasuia cyabBaHuta (Sul) ¢ mupurom (Py)

cpenu 3épeH gosomuta (Dol). Sul umeer ¢ Py usBuiucryio rpa-

HUILy ogHOoBpeMeHHoro pocta. ®oro B BSE, COM POMMA-
202M

Fig. 4. A joint of sulvanite crystal (Sul) with pyrite (Py) among
dolomite grains (Dol). Sul has with Py a sinuous border of simul-
taneous growth. Photo in BSE, SEM REMMA-202M

Takass TIpUYpPOYCHHOCTb OIMCHIBAEMBIX CYIb(DOU-
OB K KapOOHATHBIM ITOPOJAM MOKET TOBOPHUTH 00 yda-
CTUU YIJIEKUCIIBIX, CEPOCOepXkalluX W YIJIeBOAOPOI-
HBIX PacTBOPOB M 3MaHAIWil B MEPEHOCE W OTIOKCHUU
Ni, Zn, Cu, Cr u V B Buze cyiabdpunon. B padote [3] oco-
00 MOAYEPKHYTO MPUCYTCTBUE B COCTABE PYAHBIX U KUJIb-
HBIX MUHEPAJIOB, B TOM YHCJIC CYJIbBaHUTA U TTATPOHMTA,
BKJItoueHu# Boabl, CO,, cepoBogopoja, a B ¢hioopure —
JIOTIOJTHUTEJIbHO OOJIBIINX KOJIMYECTB YIJIEBOAOPO/IOB.
DTO TIepeKIMKaeTcs ¢ HaJINJMeM B KaJbIIUTe W3 Haii-
k1 B CBETJIMHCKOM Kapbepe MUKporop (puc. 3) ¢ cepoit
1 CUJIbHBIM 3allaxOM CepOBOIOPOA, BOZHUKAIOIIUM MPU
JIpobIeHUN 3TUX MOopod. BeposiTHO, cyiabdumHas MUHeE-
panm3ainns B KBapll-KapOOHATHBIX XIJIAX CPEIN M3BECT-
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HsakoB Ha [laii-Xoe [3] u B kKapooHaTuTax CBETIIMHCKOTO
MmectopoxaeHnst Ha KOxxHoMm ¥Ypaie BO3HMKIIA TPU ydya-
CTHUH TICPEUMCIICHHBIX BBIIIE JIETYYNX KOMIIOHEHTOB.

3akJioyeHue

[MpuBeneHHble BbIlIE JaHHBIE O HAXOAKax B JAaii-
K€ JIOJIOMUT-KAJIbLIUTOBBIX KapOOHATUTOB B Kapbe-
pe CBETIMHCKOTO MECTOPOXIEHUSI PEIKUX CYIb(humos
Ni, Zn, Cu, Cr u V moguepKuBaioT CIlelin@uKy cocTaBa
STUX HETPUBUAIBHBIX UIST Ypajia KapOOHATUTOB U NIpy-
TUX XUJIbHBIX Mopo. JloMmoJHEH CMUCOK HalIeHHBbIX B
HUX TIpexae akleccopueB: (Topdioronura, BaHAAUI-
U XpOMCOJepKalluX TPEeMOJIUTA, Tapracuta, MYCKOBU-
Ta, pyTWjia, TATAHUTA W TypMaJuHa, OJIATOPOTHON IIITTH -
HeJlM, KOpyHIa, MUPUTA, YpaHUHUTA U MyXuHUTa. Bce
5TU MUHEpaJIbl HEPABHOMEPHO pacrpeneseHbl B Kapbo-
HaTHOI MaTpulle MOPObl, He OyayYu MPUYPOUYEHHBIMU K
TPEIIMHHBIM 30HaM, 4YaCTO UMEIOIIUMU TOBEPXHOCTHU O -
HOBPEMEHHOTO POCTa IPYT C IPYTOM U C OKPYKAIOIINMU
kapbonaramu. [ToBcemecTHasi 0060OTraleHHOCTh MUHEpA-
JIOB-TIpUMeCeil B TaKMX KapOoHaTuTax (pPTopoM, XpOMOM,
BaHaJIMEM W HUKEJIEM MOXET CBUIETEIbCTBOBATh 00 yya-
CcTUu B UX (HOPMUPOBAHUU (DJIIOUIOB YIBTPAOCHOBHOM-
LIEJOYHON MarMbl. OTOMY CIOCOOCTBOBAJIO HAJIMYUE B
HUX YIJIEKUCIIOTHI U CEPOBOAOPOIA.
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[PAHMTOMbI HAPTHHCKOIO BAOKA (NPHNONAPHBIA YPAN): HOBBIE JAHHbIE

O. B. Vaoparunal-2, M. A. Ko6:3, A. C. Ilyiickuiil, B. A. Kanuranosal
T Komu HII YpO PAH, CrikThIBKAp; udoratina@geo.komisc.ru
2TTY, 3Croudopackuit Yausepcurer, CILA

DOI: 10.19110/2221-1381-2019-9-23-32

YctaHoBneH Bo3pacT (U-Pb,SIMS),ocobeHHocTn pacnpenenenuns P33,Ti,Hf,Y B uMpkoHax rpaHUTONO0B HAPTUHCKOrO
6noka (MpunonspHblin Ypan),Bnepsble Nofy4eHbl N30TONHO-reoxuMmmieckne aaHHele (O,Lu-Hf),no3BonatoLime ycTaHOBUTb
N30TOMHO-reOXMMNYECKNE XapaKTeEPUCTMKK npoTonuta nopod. O6HapyXeHbl ABe BO3paCTHbIE rPyMMbl LLMPKOHOB OT/NYa-
lOLLIMECS CBOMM BO3PACTOM, reoxummuyeckummn (pacnpegenenme P33), Tepmuyeckumm (7 kpuctannnaaumm), USOTOMHbIMU
(Lu-Hf) xapakTepncTrkamm,a Takxe pacieTHbIMXU MOAESbHbIMIW BO3pacTaMu MpoTonuToB. LmpkoHsl ¢ Bo3pactom 619 MnH
neT KpucTannndosanuck npu temnepatype 702—684 °C,umeloT KOPOBO-MaHTUMHbIE 3HAYEHMS] M30TOMHOIO cocTaBa rad-
Hus (-2.09—+1.76) n mogenbHbIn BO3pacT npotoauta Tpye 1.48—1.29 mnppa, net. UypkoHsl ¢ Bodpactom 517 mAaH net
dopmupoanuck npu Ttemnepatype 795—737 “C,nmMeloT KOPOBbIE XapakKTEPUCTUKN N3OTOMHOro coctasa radHus (+3.58—
+5.16) 1 MopenbHbIl BO3pacT npotonuta Tpyo 1.03—1.11 mnppa net. MNMonyveHHble JaHHbIE NOATBEPXAAIOT,4TO MPOLLECChHI
rpaHUTU3auMM B LIEHTPANIbHOM YacTu HAPTMHCKOro 610Kka NposiBASANCE HEOOHOKPATHO ~620 n ~520 MnH neT.

KnioueBble cnoBa: S-rpaHuTsl, UMpkoHbl, U-Pb (SIMS), n30TonHO-reoxummyeckme xapakTpucTnku, MNpunonspHbiv Ypa.

GRANITOIDS OF THE NYARTA BLOCK (SUBPOLAR URALS): NEW DATA

0. V. Udoratinal-2, M. A. Coble3, A. S. Shuyskiyl, V. A. Kapitanova!
nstitute of Geology of Komi SC UB RAS
2TSU, 3Stanford University, USA

The age (U-Pb,SIMS),features of the distribution of REE,Ti,Hf,Y in zircons of granitoids of the Nartablock (Subpolar
Urals) were established,isotope-geochemical data(O,Lu-Hf) were obtained for the first time,allowing to establish the iso-
tope-geochemical characteristics of protolith rocks. Two age groups of zircons were found that differ in their age,geo-
chemical (REE distribution),thermal (t crystallization),isotopic (Lu-Hf) characteristics,as well as the estimated model ages
of protoliths. Zircons with an age of 619 Macrystallized at atemperature of 702—684 °C,have acrust-mantle hafnium iso-
topic composition (—2.09—+1.76) and amodel age of protolith TDM2 1.48—1.29 Ga. Zircons with an age of 517 Mawere
formed at atemperature of 795—737 °C,have crustal characteristics of the hafnium isotopic composition (+3.58—+5.16)
and the model age of the protolith TDM2 is 1.03—1.11 Ga. The dataobtained confirm that granitization processes in the

central part of the Nyartablock manifested themselves repeatedly~620 and ~520 Ma.
Keywords: S-granites, zircons, U-Pb (SIMS), isotope-geochemical characteristics, Subpolar Urals.

Introduction

In the Subpolar Urals, the central part of the Lyapinsky
anticlinorium (Khobeiz anticline, Nyarta block) is com-
posed of highly metamophysic rocks and granitoid massifs
developed among them.

The metamorphic gneisses and amphibole crystalline
schists enclosing granitoids are considered in the rank of the
Nyarta complex of the Proterozoic age [11—14 and links in
these publications], Nyarta suite of the Early Riphean age
according to other authors of the [4—5]. The entire volume
of rocks of the Nyarta complex (suite) is composed of high-
temperature zones allocated to the Upper Kozhim meta-
morphic complex; it is assumed that all the main events of
the metamorphic process (progressive phase) are limited in
time by the Vendian [5]. The complex is divided into sub-
complexes: 1. gneiss-amphibolite-crystalline shale, corre-
sponding to the field of epidote-amphibolite facies, and 2.
metabasite-mica-shale, corresponding to the field of de-
velopment of high-temperature subfaction of green-shale
facies. The previously occurred metamorphism of the am-
phibolite facies is reconstructed.

Massifs of granite gneisses and moderately alkaline leu-
cogranites developed among these metamorphic formations
are considered by some authors as part of the Nikolayshor
granite gneiss complex [9, 12—14], by others as part of the
first phase of the Salner-Manhambov complex [4—5].

Autochtonous and paraautochthonous granites are
formed during granitization and subsequent melting of a

substrate of a heterogeneous composition. They are found
in the area of migmatites.

Granite massifs, developed among these rocks
(Nikolayshorsky, Bazisny, Ambashorsky, Halmeryusky,
Palnikshorsky, Mansaranizsky, Zapadnosvobodnensky,
Lavkashorsky, Svobodnensky, Balashovsky, Ustnyartinsky)
are considered as melted on-site or slightly displaced small
granite bodies with transitional zones between the granite
and host metamorphites (Fig. 1, a).

Recent isotope-geochemical studies show that the
bulk of granite massifs inherit zircons from the substrate,
which confirms the minimum degree of melting. The cur-
rently known ages of zircons of the substrate involved in
melting vary in a wide range from 2127 to 327 Ma, howev-
er, the bulk of granite massifs was melted during the Timan
collision [3, 12 and links in these publications]. It was pre-
viously shown that under these conditions granitoids were
formed with various geochemical and isotope-geochemical
characteristics corresponding to S, I, and A types of gran-
ites [15].

Characteristics of granitoids of the Nicholashorsky
petrotypical massif are known because of many years of geo-
logical survey and thematic studies [4—5, 9—11, 17]. New
data relate mainly to detailed mineralogical studies and the
isotope-geochemical characteristics of granitoids, as well as
the analysis of accumulated data [1—3, 7—8, 10—13, 16].

Geochronological studies of granitoids and gra-
nitized rocks began long ago and went from the first dat-
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Puc. 1. a) Cxema pa3mellieHUs] TPAaHUTOMIHBIX MACCUBOB siapa X00eM3CKO aHTUKIMHAIU. 1 — oOpa3oBaHMs 3anagHo-YpaabCKOi
Mera3oHbl; 2—3 — obpa3oBaHus LleHTpanbHO-YpaabCcKOii Mera3oHbl: 2 — cpeaHero pudesi-BeHaa, 3 — HUXKHEro-cpeaHero pudes
(s1mpo X00en3cKoit aHTUKIIMHAN); 4 — KOMIUIEKChI TarnabCKoil Mera3oHbl; 5 — rpaHUTOMIHBIC MACCUBBHI siipa X00eU3CKOM aHTUKIIM -
Han; 6—8 — MHTPY3MBHBIE KOMITJIEKCHI MTO3IHETO pUdEsT-KEMOPHUS B 00paMIIEHUH siipa X00eNM3CKOM aHTUKIMHAIN: 6 — CaJbHEPCKO-
MaHbXaMOOBCKUIi, 7 — MaH3Yau3CKUii, 8 — mapHyKckuii; 9 — pasnomsl; 10 — HagBuru. Lludpamu Ha cxeme 0003HaUE€HbI MACCUBHI:
1 — Hukomnaiimopckuii, 2 — basucHbiit, 3 — AMbGapiopckuii, 4 — XanbMepblockuii, 5 — IManbHUKIIOpCKMii, 6 — MaHbcapaHU3CKUIA,
7 — 3anagHocBOOOIHEHCKMUI, 8§ — JlaBKaiopckuit, 9 — CBoOOMHEHCKUI (BBIAEICH IMyHKTUPHOI paMKkoii), 10 — banamosckuii, 11 —
YcTbHSApTUHCKMIA. b) [eonornyeckast Kapta ceBepHOTO 00paMIeHUST HIPTUHCKOTO THEHCO-MUTMaTUTOBOTO KoMIuiekca (1o [5]).
b) 1 — canbHepcKO-MaHbXaMOOBCKHU I KOMIUIEKC IPaHUT-JIEHKOTpaHUTOBbIH (Y—1YV,—€sl) (THelfico-rpaHuTbl); 2 — NMyiBUHCKas CBUTA
(Rypv); 3 — mokypbuHckas csuta (R,?8k); 4 — manbxobenHckas csuta (R,?mh); 5 — HapTuHcKas cButa (Rnr); BEpXHEKOXUMCKUI
MeTtamopduueckuit Komruieke (Vvk): daruu pernoHaibHoro MeraMopdusma: 6 — 3ejieHocaHIeBast (MeTaba3UT-CI0ITHOCIaHLIEBbI
«ToaKoMILIeKke» sVvk), 7 — anuaoT-aMdudonnToBas (rHeiico-aMbUOOIUT-KPUCTALIOCIAHIIEBbIN «ITOAKOMILIEKe» gaVvk); 8 — rpa-
HULIa MeTamopduUecKuX dauuii u cyodaiuii; 9 — rpaHUTU3MPOBAHHBIC TTOPOALI; 10 — 3JIeMEHTHI 3ajleraHus MeTaMOP(hUUECKON 1
KPUCTAUIM3ALMOHHOM CIaHIeBaTOCTH; 11 — 21eMeHTHI 3ajeTaHusl CJIOMCTOCTU: a — HAKJIOHOI0, 6 — OMPOKMHYTOro; 12 — Hecomiac-
Hoe 3ajeranue; 13 — Touka otoopa (06p. 800)
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Puc. 1. a) Layout of granitoid massifs of the core of the Khobeiz anticline. 1 — formations of the West Ural megazones; 2—3 — formations
of the Central Ural megazone: 2 — Middle Riphean-Wenda, 3 — Lower-Middle Riphean (core of the Khobeiz anticline); 4 — Tagil mega-
zone complexes; 5 — granitoid massifs of the core of the Khobeiz anticline; 6—8 — intrusive complexes of the Late Riphean-Cambrian
framed by the core of the Khobeiz anticline: 6 — Salnier-Manhambov, 7 — Panechaiz, 8 — Parnuk; 9 — faults; 10 — thrusts. The num-
bers on the diagram indicate the arrays: 1 — Nikolayshorsky, 2 — Basisny, 3 — Ambarshorsky, 4 — Halmeryusky, 5 — Palnikshorsky, 6 —
Mansaranizsky, 7 — Zapadnosvobodnensky, 8 — Lavkashorsky, 9 — Svobodnensky (highlighted with a dashed frame), 10 — Balashov,
11 — Ustnartinsky. b) Geological map of the northern frame of the Nyarta gneiss-migmatite complex (according to [5]).
b) 1 — Salnier-Manhambov granite-leucogranite complex (y—1lyV,—€;sl) (gneiss granites); 2 — Puyvinskaya Suite (R,pv); 3 — Shchokurinskaya
Suite (R,?8k); 4 — manhobeinskaya suite (R,?mh); 5 — Nyarta Suite (R;nr); Upper Kozhimsky metamorphic complex (Vvk): facies of regional
metamorphism: 6 — green shale (metabasite-mica shale “subcomplex” sVvk), 7 — epidote-amphibolite (gneiss-amphibolite-crystal-shale
“subcomplex” gaVvk); 8 — border of metamorphic facies and subfacies; 9 — granitized rocks; 10 — elements of occurrence of metamorphic
and crystallization schists; 11 — elements of bedding: a — inclined, b — overturned; 12 — dissonant bedding; 13 — sampling point (sample 80b)

ing of K-Ar, Rb-Sr, Pb-Pb methods, highlighted the
main stages of granite formation in this region based on
them for a long time [2]. Based on the ages established
in recent years for some U-Pb zircon massifs (SIMS):
(Halmeryusky (638 = 6, n = 10), Ambashorsky (520 + 7,
n=29), Lavkashorsky (327+3, n = 2; 48946, n=1; 560 =
4, n=3;1756 £ 19, n = 1;), Svobodnensky (476 * 11,
n = 5; 553 £ 8, n = 3), it is shown that granite forma-
tion processes in the core of the Khobeiz anticline (in the
rocks of the Nyarta complex (suite)) occurred repeated-
ly. Some of the zircons, as we believe, are inherited, some
reflect the time of formation of the melt, and some sub-
sequent processes, often of all ages (inherited, magmat-
ic stage and transformation stage) can be seen in one zir-
con crystal [3—5].

The age ofgranitoidsofthe petrotypical Nikolayshorsky
massif established by the U-Pb (SIMS) method is 640 £+ 6.7
[3], 606 & 3 [14] and correlates geochronologically with the
granites of the Salnier-Manhambov complex developed in
the frame of the Nyarta block.

The new isotope-geochronological data on granitized
rocks, composing the volume of the Nyarta block, allows
us to determine the isotope-geochemical features of melt-
ing protoliths and the crystallization temperatures and the
age of granitization processes more accurately.

Methods

The studieswere carried outatthe CCU “Geoscience”,
IG Komi SC UB RAS (Syktyvkar): petrographic, micro-
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probe, and chemical (classical method). The content of ra-
re, scattered, and rare-earth elements were measured at the
Geochemistry Institute of the Russian Academy of Sciences
(Moscow) using neutron activation methods and X-ray ra-
diometric methods. Zircon ages were determined using the
U-Pb, SIMS method at Stanford University, USA, the re-
search technique is given in [26]. The oxygen isotope com-
position in zircons was determined at the GIN SB RAS
(Ulan-Ude) according to the technique described in [6].
The hafnium isotopic composition was determined by the
authors at the Institute of Geology and Mineral Resources
(Tianjin, China) according to the [21].

Results and discussion

In the upper reaches of the Kozhim River, where the
most complete section of the rocks of the Nyarta complex
(suite) is revealed, samples were taken for research (the left

side of the Kozhim-Vozh stream at the confluence with the
Kozhim river). Here (65°00°13”’; 60°41°32”’) in the rocky
outcrop, alternating thicknesses of crystalline schists with
granite rocks are observed — the zone of migmatization
of the western contact of the Ambashora massif is exposed
(Fig. 1, b, a fragment of the geological map of the last gen-
eration is given).

The tested rocks are represented by white-gray col-
ored medium-grained gneiss-shaped albitized granite.
Mineralogical composition (vol %): Plagioclase (albite) —
30—40, quartz — 40—50, feldspar (microcline) — 25—30,
muscovite (up to 3). Accessory minerals: zircon, garnet, al-
lanite, titanite, secondary — sericite, calcite, ore — pyrite.
In thin sections lIepidogranoblast microstructures with the
rarely development of garnet porphyroblast are observed.

According to the Petrographic Code, rocks are clas-
sified as acid plutonic normal alkaline rocks (Fig. 2, a).
The silica content (wt %) is 77, alumina 13.2, sodium ox-
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Puc. 2. Tnarpammel (Na,0+K,0)—SiO, (a), Al/(Na+K)/Al(Ca+Na+K) — b, KoHLeHTpaLun HacbILLEHUs] LUPKOHUEM pacIulaBoB

pa3Horo coctasa (mapametrp M) U reHe3rca Mpu pasIMuHbIX TeMIepaTypax no [25], aKcrepuMeHTalbHble JaHHble — 110 [24] — ¢, nua-

rpaMMa a-b It peKOHCTPYKITMY TTEPBUYHOTO cCocTaBa MeTaMarMatudeckux rmopo o A.H. HeenoBy — d. KBanpat —1onoxxeHre TOUKI

coctaBa npoo6sl 800. HaHeceHb! 111 CpaBHEHUU: DJUTUIICHI — TOYKM COCTABOB MOPOJ MeTpoTunuyHoro Hukomnaiiiopckoro Mmaccuba

B3sThIe U3 paboT [7] (TeMHO cepoe 1oJie) U HeonmyoirKoBaHHbIe JaHHbIE A.A.CoboJieBoii — cepoe 1oJie, a TAKKe HaHeceHa TOYKa Cpeji-
HEro coctaBa rpaHUTOUIOB AMOaIIOpcKoro maccuna (pomo) [5]

Fig. 2. Diagrams (Na,O + K,0) —SiO, (a) and Al/(Na+K)/Al(Ca+Na+K) (b), The zirconium saturation concentrations of the melts

of different composition (parameter M) and origin at different temperatures (25]). Experimental data after [24] (c), diagram a-b for

reconstruction of the primary composition of metamagmatic rocks according to A.N. Neyelov (d) The square is the position of the sam-

ple composition point 80b. Ellipses, rock composition points of the Nikolayshorsky massif taken from the works [7] (dark gray field)

and unpublished data by A.A.Soboleva — gray field as well as a point of the average composition of granitoids of the Ambashora mas-
sif (rhombus) [5]
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ide 4.72, potassium oxide 1.44. The rocks are characterized
by a significant predominance of Na,O over K,O (Na,O/
K,0 — 3.28). The rocks with an agpaity index (0.71), an
alumina index ASI (1.29) and an alumina index (al ’— 5.9)
are related to those with a high alumina index. The posi-
tion of the composition point in the diagram Al/(Na+K)—
Al/(Ca+Na+K), indicates a significant contribution of
crustal (sedimentary) material to the melting substrate
(Fig. 2, b), as well as the location of the composition point
on the Zr-M diagram (Fig. 2, c). According to the petro-
geochemical characteristics of the rocks are S type granites.
Our data confirm earlier works, where it was shown that,
in their petro-geochemical characteristics, the granites of
the central part of the Nyarta block were comparable with
S-type granites [3, 10, 15].

On the diagram for reconstructing the paleosubstra-
tum (N. Neelova), the composition point falls into the un-
certainty field of arkosis and rhyolite (Fig. 2, d). Based on-
ly on chemical composition data, it is impossible to dis-
tinguish highly metamorphosed volcanics and terrigenous
sediments — arkoses.

The REE in rock content is 324.72 g/t; a slight pre-
dominance of light REE over heavy (Lay / Yby — 9.46) and
a clearly seen Eu minimum (Eu/Eu* — 0.38) are observed
at the REE distribution spectra (Fig. 3, a). On the multi-
element diagrams the large cationic elements predominate
over highly charged elements (Fig. 3, b). For comparison,
the profiles of the spectra of granitoids of the Nikolayshorsk
petrotypical massif are plotted on the charts; unfortunate-
ly, there are no data for the rocks of the Ambarshor mas-
sif. As can be seen in the studied rocks there are no negative
anomalies (Ta, Nb, P, Eu) characteristic of the rocks of the
petrotypical massif.

Zircons selected for research (sample 80b) are repre-
sented by small light yellow transparent grains saturated
with inclusions. There are (1) wide-prismatic (tabular) with
a well-developed prism and undeveloped pyramids crystals
(150—100 um, Ku 1:2), as well as (2) long-prismatic crys-
tals with well-defined heads (100 pm, Ku 1:3).
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Puc. 3. PacripenencHue P39 (a) u MynabTM3/IeMeHTHas aua-
rpamMma (b) B mopomax. Cepoe 1osie HeOmyOJIMKOBaHHbIE TaH-
uble A. A. CoboneBoit

Fig. 3. Distribution of REE (a) and Multi-element diagram (b)
in the rocks. Gray field unpublished data by A. A. Soboleva

Taomuna 1. Xumuyeckuii coctaB (Mac.%), conepkaHue 3JIeMEHTOB IipuMmeceit (1/T)
M MHIMKATOPHbIE OTHOIICHHSI B TIOPOJIE

Table 1. Chemical composition (wt. %), content of elements (ppm) and characteristic rations of the rock

Xumnueckuii coctaB /Chemical composition

SiO, | TiO, | AlLO; | Fe,O; | FeO | MnO | MgO CaO Na,O K50 P,O5 | TIIIT
806 | 77.11 | 0.001 | 13.17 1.07 1.07 0.03 0.2 0.5 4.72 1.44 0.02 0.21
WunukaropHeie otHomeHus / Indicative ratios
ASI | Ga/Al| K/Rb au. Ko al’ Fe* |Na,O + K,0| Na,O/K,0 |(La/Yb)n|Eu/Eu* S
800 1.29 1.86 135.2 0.7 0.91 5.9 0.8 6.2 3.28 9.5 0.4 324.7
Onementsl /Elements
Sr Rb Ba Ta Hf Ga 7Zr* Nb* Y* La Ce Pr
- 88.4 1165 1.83 9.72 13 230 90 100 64.4 128 14.2
800 Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Cs
55 14.1 1.9 16.7 2.28 12.8 2.52 6.65 0.9 4.59 0.68 0.044
Sc Cr Co Ni Zn Se As Sb Th U Br Au
4.61 21.2 1.06 - 270 5.65 26.4 1.25 20.8 6.65 0.62 -

IIpumeuanue: * — 371 MEHTHI OIIPeaeICHbI PEHTTEHO-PaIiOMETPUIECKIM METOIOM, OCTaIbHbIE METOIOM HENTPOHHOM aK-
TUBALIUU. «—» HIKE Tipefesa ooHapyxeHus, Fe* — xenesucrocts (FeO,,,/(FeO,,,+Mg0)), a. u. — armantoselit uHaekc (Na +
K/Al), ASI — [Al/Ca — 1.67P + Na + K], Kb = (FeO + Fe,05)/(MgO + FeO + Fe,05), al' = Al,03/(Fe,05 + FeO + MgO).

Note: * — the elements are determined by the X-ray radiometric method, the rest by neutron activation. «—» below detection
limit, Fe* — iron index (FeO,,,/(FeO,, + MgO0)), a.i — agpaitindex (Na+K/Al), ASI— [Al/Ca — 1.67P + Na + K], K¢ = (FeO +
Fe,03)/(MgO + FeO + Fe,03), al' = Al,05/(Fe,05 + FeO + MgO).
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data-point error ellipses are 2 sigma b
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Puc. 4. a — xaToA0MIOMMHECLIEHTHbIE M300pakeHUsI HUPKOHOB 13 rpaHUTOB (1mpoba 80B) ¢ HoMepaMu TaTUPOBAaHHBIX 36PEH, aHATM -
TUYECKUMM KpaTepaMu, BO3pacToM, b — KOHKOPIMsI, KOHKOpAaHTHbIN Bo3pacT 619 £5.4, CKBO 1.4,n=15

Fig. 4. Cathodoluminescence image of zircon from granites (80B) numbers dating grains and analysis of craters (a); Diagram for zircon
80B — (b). The coordinates of points — the center of the ellipse of error (26). Concordant age for coherent groups of 5 definitions —
619 £ 5.4 million years (20, MSWD = 1.4)

In reflected light, the crystal surface is smooth. In the The data, obtained for the first group of zircons, are
cathodoluminescent images of the group (1) a wide black close to the age of the petrotypical Nikolayshorsk massif
central zone (often fractured) and a narrow border with (640 £ 6.7, 606 = 3 Ma), and the age of zircons of the sec-
growth zonality (Fig. 4, a) is seen; crystals of the second ond group is close to the age of granites of the Ambashor
group are characterized by lighter, gray tones of the cen- massif (520 = 7 Ma) in the frame of which a sample was
tral parts and white edge zones. The surface of the crystals taken.
is smooth in reflected light. According to their morphology, The contents (g/t) of U vary from 210 to 320, Th
zircons belong to the 4th type identified by Yu. I. Pystina from 100 to 190 in the first group and from 35 to 235 and
[12], typical of the amphibolite facies (for migmatites), 25 to 160, respectively, in the second. The contents of im-
their formation is associated with the presence of a silicate purity elements in zircons of different age groups differ,
melt, i. e. in fact, they are magmatic zircons [12]. which confirms that zircons belong to different generations

U-Pb zircon age at 11 points was determined (Table 3, Fig. 5 a). On the diagrams U/Yb — Y and U/
(Table 2). We divided zircons in two age groups, the points Yb-Hf zircons, points fall into the field of derivatives of the

1.1, 2.1, 3.1, 7.1 were removed from the calculation. The continental crust (Fig. 5 b-c).
age range was 1) 642—617 (4.1, 5.1, 6.1, 9.1, 12.1, con- The model crystallization temperature calculat-
cordant 619 + 5.4 Ma, MSWD = 1.4); 2) 525—517 (11.1, ed from the titanium content [24] is in the range of 702—
8.1 —517.6 £ 10.2 Ma, MSWD = 0.05) Ma (Fig. 4, b). 684 °C for the first group and in the range of 795—737 °C
a 100.0 b 100.0 C
100 KOHTHHCHTAJIbHas
KOHTUHCHTaJIbHast § o
m Kopa = 1.0
0.10
la Ce Nd sm Eu Gd D’y Y B b xopa OKC&HW‘CQSZ
LI == 20 oo 30 4] —8— 510 00LT 100 1000 10000 0000 5000 15000 25000 35000
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Puc. 5. A-cniextpsl pacnpeneneHust P39 (HopMupoBaHHbIE HA XOHAPUT) B LIMPKOHAX, XXUPHbIE JMHUM — TOYKHM BO3PACTHBIX 3HAUE-

Huii (525—517 maH net). (b—c) nuarpammbl Y — U/Yb u Hf — U/Yb st nupkoHoB noss o [23]. He3akpalleHHBIH 11ap — 3Have-

Hus 1t Touek 4.1, 5.1, 6.1, 9.1 (619 £ 5.4), 3akpamieHHblii map — touku 8.1, 11.1 (517.6 £ 10.2), momy3akpallleHHBII I1ap — OCTallb-
Hble 3HAYCHUS

Fig. 5. REE distribution spectra (normalized to chondrite) in zircons (a), bold lines — points of age values (525—517 Ma). (b—c)Y — U/
Yb and Hf — U/Yb diagrams for zircon. Fields after [23]. Unfilled ball — values for points 4.1, 5.1, 6.1, 9.1 (6195.4), filled ball — points
8.1, 11.1 (517.610.2), half-filled ball — other values




Taomuna 2. Pesynabratel U—Pb M30TONMHBIX MCCIIEIOBaHMI IMPKOHOB
Table. 2. Results of U—Pb isotope studies of zircons

3epHo. 206pp, ConepxaHus, MKT 22T/ Bospact, miH net, £ M3oTonHbIe OTHF)LHCHMH, +

Kparep % ¢ Contents, mkg 238Y Age, Ma, + D. % Isotope ratios, + Rh,

Grain 206pp* U Th 206pp /238 207Pp,/206Ph 207}, /206 Ph 207pp/235y 206pp /238
11.1 0.02 17 237 161 0.70 517£5 523430 +1 0.0578%1.4 0.67£1.7 0.084%£1.0 0.6
8.1 0.03 3 35 23 0.66 525+17 737+128 +30 0.0639%6.0 0.75£6.9 0.085+3.4 0.5
2.1 0.04 18 219 87 0.41 595+4 573+34 —4 0.0592%1.6 0.79+1.7 0.097+0.7 0.4
5.1 —0.01 28 319 187 0.61 617+4 578+29 —7 0.0593+1.3 0.82*1.5 0.101+0.7 0.5
9.1 —0.07 19 222 111 0.51 618+4 588+31 -5 0.0596+1.4 0.83£1.6 0.101£0.8 0.5
6.1 0.01 24 269 160 0.61 628+10 605+51 —4 0.0601%+2.3 0.85+2.9 0.102*1.6 0.6
4.1 0.08 25 289 168 0.60 629+9 65123 +4 0.0614+£1.1 0.87£1.8 0.103£1.5 0.8
12.1 —0.17 19 213 98 0.48 642+16 563+34 —15 0.0589+1.5 0.85%3.1 0.105+2.7 0.9
3.1 —0.16 26 291 187 0.66 644+5 606+24 -7 0.0601%1.1 0.87+1.4 0.105+0.8 0.6
1.1 —0.25 13 139 48 0.36 651£6 597+40 —10 0.0599+1.8 0.88%+2.0 0.106%0.9 0.4
7.1 —0.30 25 268 178 0.69 66714 580+23 —16 0.0594=+1.1 0.89+2.4 0.109+2.2 0.9

TIpumeuanue. 206Pb, u 206Pb* — 0OGBIKHOBEHHBI U PAIMOTCHHBI CBUHELl. VI30TOITHBIE OTHOLICHUS U cofepkaHust 206Pb ckoppeKTUpoBaHsb 110 u3MepeHHoMy 204Pb. D — muckop-
naHTHOCTh: D = 100 x [Bospact (207Pb/296Pb) / Bo3pact (206Pb/238U) — 1]. Rh, — kK03 dUIMEHT KOPPESIUK MEXITY OLIMOKAMK OTNPEAETIEHNS H30TOMHbBIX OTHOLIEHUH 206Pb/238U 1
207Ph 235U,

Note. 206Pbc and 206Pb * — ordinary and radiogenic lead. The isotopic ratios and contents of 206Pb are corrected for the measured 204Pb. D — discordance: D = 100 x [age (297Pb /
206Pb) / age (206Pb / 238U) — 1]. Rho is the correlation coefficient between errors in determining the isotopic ratios 206Pb /238U and 207Pb / 235U,



Tabnuua 3. Conep:Kanusi UTTPHs, PeIKO3eMeJIbHBIX 3JIEMEHTOB, JKeje3a U TuTaHa (r/T) u Temneparypsi Kpuctam3anun (“C) B ucciie[0BAHHbIX IMPKOHAX
Table 3. Content of yttrium, rare earth elements, iron and titanium (ppm) and crystallization temperature ("C) in the studied zircons

3epHo / Grain Y La Ce Nd Sm Eu Gd Dy Er Yb Hf Fe 48Ti Ti t* (1.0/0.7)
11.1 891 0.02 25 1.7 3.4 14 25 84 147 270 9338 55 4.4 4.2 737
8.1 276 0.01 13 0.2 0.5 0.26 5 24 48 103 8896 11 8.1 8 795
2.1 1056 0.03 16 0.8 2.3 0.56 26 105 182 344 9144 33 2.5 24 686
5.1 1860 0.16 28 2.1 4.8 1.12 48 200 330 505 9055 35 2.7 2.6 694
9.1 1436 0.02 19 0.8 3.1 0.76 35 143 248 378 9307 26 2.7 25 691
6.1 2095 0.01 16 22 6.4 1.42 61 222 355 551 9352 34 22 2.1 674
4.1 1355 1.14 23 2.4 3.7 0.88 35 145 243 381 8912 42 3 2.8 702
12.1 1120 0.01 16 0.8 2.5 0.63 27 115 199 326 9404 28 24 24 684
3.1 2467 0.02 17 23 7.1 1.59 72 274 431 636 9617 37 23 2.2 679
1.1 844 0.05 10 0.4 1.4 0.37 17 85 155 265 9577 25 2.2 2.1 676
7.1 1723 0.02 21 1.9 4.5 1.71 52 200 302 462 8326 32 3.9 4.0 726

Ta6nuua 4. U3oronnblii coctas Hf B mupkonax
Table 4. Hf isotope composition of zircons

35?;? T(ﬁﬁgf” T6Yb/ITHE | 20 176Hf/1TTHE 2% 6Lu/ITTHE | 20 TDM%&%‘ eT) | ALu/HD) | eHRO) | eHR®) TDM#?‘&E? nier)
Il 653 0.018629 | 0.000061 | 0.00075 | 0.000003 | 0.282402 | 0.000018 1.193 N T13.081 | 091 135
2.1 596 0.029621 | 0.000042 | 000123 | 0000002 | 0.282421 | 0.000018 1.182 1 12425 | 015 1.34
3.1 645 0.051888 | 0.000153 | 0.00193 | 0.000002 | 0.282342 | 0.000018 1317 09 | -15214 | -1.90 1.49
4.1 629 0.043429 | 0.000317 | 0.00167 | 0000011 | 0.282452 | 0.000019 1.152 09 | 11331 | 176 1.29
5.1 618 0.033111 | 0.000129 | 0.00128 | 0.000005 | 0.282389 | 0.000017 1.228 1 (13.546 | -0.52 1.40
6.1 629 0.042037 | 0.000361 | 0.00160 | 0.000013 | 0.282412 | 0.000018 1.206 1 12744 | 038 1.36
7.1 669 0.043574 | 0.000099 | 0.00166 | 0.000004 | 0.282356 | 0.000020 1.287 09 | -146% | -077 1.45
9.1 618 0.028904 | 0.000199 | 0.00112 | 0.000008 | 0.282343 | 0.000019 1.288 1 15178 | -2.09 1.48
8.1 525 0.066620 | 0.000284 | 0.00280 | 0.000032 | 0.282620 | 0.000026 0.94 09 | -53789 | 5.16 1.03
1.1 517 0.015132 | 0.000081 | 0.00061 | 0.000002 | 0.282559 | 0.000024 0.971 1 75437 | 358 111
Ilpumeuanue:

eHE(0)= ((17HE/17HF ) /(TOHI/1TTH) ey o)1 ) X 1000;

eHf(t) = ((17®Hf/77Hf )g — (76Lu/"7"Hf )gx (e t — 1))/ (("6Hf/'"Hf) cpyyro — (76Lu/T"Hf )cyyr X (e t—1))) — 1 x1000;

TDM: 1/ % ln (1 + ((l76Hf/l77Hf)S — (176Hf/177Hf)DM /(176Lu/177Hf)S — (176Lu/177Hf)DM);

Tome= Tun — (Tua—1 (e —f5/(Fc—fom)s fryme= (76Lu/17TH)g/ (76Lu/V"HE) cyur —
e (176Lu/'77Hf)qu (176Hf/177Hf)susmepennbiesnadennsasoopasie (176Lu/177Hf) = 0.0332 u (76Hf/177Hf) g o= 0.282772 176H/177H) py= 0.28325 [19, 20]); (176Lu/17"Hf) )y =
0.0384 u (176Hf/177Hf) = 0.28325 [22]),  — BO3pacT KpUCTALTM3aLMK LUPKOHA U [1 = 1.867 x 10~ !lyr—1[18, 27]. Ty OnHOCTAIMIAHBII Bo3pacT Momeau 1 Ty, IBYXCTATMIAHBIA BO3-

pact/fc, fs, fomM4 fiu /Hf3HAYCHHUST KOPOBOTO MCTOYHMKA, oOpasua ¥ JeMIeTUPOBAHHON MaHTUM, COOTBETCTBEHHO. B Hammx pacuetax f-= —0. 72 (Mcnoyb3ys CpeaHEKOPOBYIO BETUUNHY
176Lu/177Hf = 0.015[18]) 1 fpp= 0.16 (176Lu/177Hf = 0.0384)[21].

Note: where (176Lu/!77Hf)g and (170Hf/!77Hf)g are the measured values of samples (17¢Lu/!77Hf)cyyr= 0.0332 and (V76Hf/177Hf)cyyg o= 0.282772 [19, 20]); (17Lu/17"Hf)py =
0.0384 and (176Hf/177Hf) = 0.28325 [22]),7 — is the crystallization age of the zircon, and [ = 1.867 x 10~!lyr—1 [18, 27]. Tpy and Ty, are single-stage DM model and two-stage DM2
model ages, respectively. fc, fs, and fpyare the /i, yvalues of the crustal source, the sample and the depleted mantle, respectively. In our calculations, o= —0. 72 (176Lu/177Hf = 0.015 in
average continental crust)[18] and fi= 0.16 (176Lu/177Hf = (0.0384 [22]).
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Fig. 6. The isotopic composition of Hf (a) and O (b) in the zircons
dated. Legend in fig. 5

for the second (Table 3). The obtained rather low crystalli-
zation temperatures of zircons (characteristic of low-tem-
perature magmatic zircons) are indirectly confirmed by
the weak luminescence of the crystals of the first group in
cathode rays. The temperature range obtained by satura-
tion of the melt with zirconium shows higher temperatures
(Fig. 2, c¢) of about 800 °C. The calculated temperatures,
based on the study of crystal morphology close to our val-
ues, were obtained previously for zircons of granitoids of
the petrotypical Nikolayshorsk massif 900—800, 700—650,
648—606, showing the complex history of the massif and
the presence of zircons fixing various stages [7, 8]. The au-
thor of these works also determined low-temperature and
higher-temperature zircons and made a conclusion about
the repeated granitogenesis of the rocks.

The isotopic composition of hafnium in zircons of the
first age group (point 4.1, 5.1, 6.1, 9.1, 12.1) varies from
—2.09 to +1.76 and indicates a crust-mantle source, the
model age of the protolith Ty, is 1.48—1.29 Ga (Table 4,
Fig. 6, a). The isotopic composition of hafnium in zircons
of the second age group (point 8.1, 11.1) is +3.58 to +5.16,
i. e. has mantle characteristics, the estimated model age of
the protolith Ty, is 1.03—1.11 Ga.

The oxygen isotopic composition (880, %o) of zir-
cons has positive (+7.31) crust values (Fig. 6, b). High
positive values of the oxygen isotopic composition are as-
sociated with the research method, since all oxygen of
the zircon sample is burned out, and the hafhium isoto-
pic composition was studied locally at the dated zircon
points.

Conclusions

The gneiss-shaped granites of the central part of
the Nyarta block, developed in the western frame of the
Ambashora massif in the zone of development of mig-
matites, were studied. The rocks belong to S granites and
are formed on primary sedimentary rocks, which is indi-
cated by the mineral composition of the rock and petro-
geochemical indices. Two age groups of zircons, 619 and
517 Ma, were found in the rocks. Zircons differ in their ag-
es, geochemical (REE distribution), thermal (t° crystalliza-
tion), isotopic (Hf) characteristics, as well as the estimat-
ed model ages of protoliths. The new data show that the
granitization processes resulting in the studied rocks oc-
curred in the central part of the Nyarta block in ~620 and
~520 Ma. The obtained time lines in the evolution of this
part of the Subpolar Urals correlate with suprasubduction-
accretion, collisional, syncollisional, and post-collisional
processes (640—520) during which the formation of vari-
ous types of granitoids, including S-granites, took place [1,
15]. We believe that zircons with an age of 619 £ 5.4 Ma
are inherited from the previous melting process. The heat-
ing of the strata was stronger in a later period, therefore zir-
cons of the second age group (517.6 = 10.2 Ma) had high-
er crystallization temperatures. Either a partial entry of a
deeper granite melt into this zone is possible, taking into
account more mantle characteristics of these zircons and
other model age of the source.
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MpoaHannanpoBaHbl MOLLHOCTU U HedTerazoMaTepuHCKne CBOMCTBA TePPUrEHHO-KAPOOHATHBIX TYPHENCKO-BM3ENCKIMX OTIO-
XEeHUN HxXHero kapboHa Kocbio-Poroeckoi BnaamHbl TumaHo-INevopckoi NpoBMHLMK. [TpoBeAEHHbIE FTEOXMMMNYECKME UCCIEL0BA-
HWSA OPraHMYecKoro BeLL,EeCcTBa KOMMJeKca nopos no3soanan YTO4HNTL OLLEHKY MX YIIEBOLOPOLHOMO NOTEHLMana n CTeneHb 3peso-
CTM 3aKJIOYEHHOTO B HMX OPraHMYeCcKoro BELLECTBA, a Takxke BblAEeNNTb 30HbI Hanbonee BEPOSTHbIX 04aroB reHepaLLmm yrneBsonopo-
[0B B HXKHEKAMEHHOYIO/bHbIX OTIOXEHUSAX.

KnioueBble cnoBa: opraHn4eckoe BeLeCcTBO, reHePaLnoHHbIV NOTEHLMAI, YriieBoA0POLAHbIV NOTEHUMan.

OIL AND GAS POTENTIAL OF LOWER CARBONIFEROUS DEPOSITS OF THE NORTH OF THE PREURAL FOREDEEP

N. N. Ryabinkina, S.V.Ryabinkin
Institute of Geology of FRC Komi SC UB RAS, Syktyvkar

The capacities and oil and gas properties of terrigenous-carbonate Tournaisian-Visean sediments of the Lower Carboniferous of
the Kosyu-Rogovskaya depression of the Timan-Pechora province are analyzed. The conducted geochemical studies of the organic
matter of the rock complex made it possible to clarify the assessment of their hydrocarbon potential and the degree of maturity of
the organic matter contained in them, as well as to identify the zones of the most likely foci of hydrocarbon generation in the Lower

Carboniferous deposits.

Keywords: organic matter, generation potential, hydrocarbon potential.

BBepeHue

Wzyuenue otnoxeHuii Kockio-Porockoit Bmaau-
HBI, OMHOM M3 CAMBIX CEBEPHBIX BITagnH [1pemypaibcKoro
KpaeBoro mporuba, BeCbMa aKTyaJlbHO B HACTOSIILIEE Bpe-
M B CBSI3M C TIEPECMOTPOM M JOU3YYCHHUEM MMEIOIIEro-
cs MaTepuaja I10 apKTUYECKOM 30HE €BPOIEUCKON 4Ya-
ctu Poccun, TOMCKOM HOBBIX MEPCIICKTUBHBIX CTPYKTYP
¥ BBEIIEJICHNEM Ha JaHHOI TePPUTOPUMN HOBBIX JIMIICH3H-
OHHBIX YYaCTKOB.

Jng oueHku yraeBogoponHoro (YB) nmorteHuumana
KOMILIEKCa HeOOXOIUM aHaJIu3 CBOICTB HedTerazomare-
puHckux nopon (HI'MII), momydeHne KauyecTBEHHBIX U
KOJMYECTBEHHBIX TOKa3aTeJIeii cocTaBa OPraHMYECKOTO
BeutectBa (OB), 3ak1I04UeHHOTO B HUX, BblAEJIEHUE TJ1aB-
Horo aTana HegTerazoodpaszoBaHus B aBomtouu HI'MIT,
YTO SIBJISIETCS OCHOBOMH IJIS OLIEHKU PECYpCOB YIJIEBOAO-
poaoB He(pTera30HOCHBIX 0ACCEHOB M HAYYHOTO 00O0CHO-
BaHMS He(PTCIIONCKOBBIX PadoT.

Kak ObL10 ycTaHOBJIEHO paHee [1], HMXKHEKaMeH-
HOyTObHBIE OTIOXeHUsT Kockio-Porosckoii Bmamm-
Hbl TumaHo-ITedyopckoit mpoBuHumu (TTIIT) comepkar
HedTeMaTepUHCKKE TTOPOIbI ¢ Pa3TIMYHBIMU KOHLIEHTpa-
musmu OB. Hareii 3agadeit Ob110 BbIEJIEHUE 30H pa3-
BUTHUS TJIMHUCTHIX OTJIOXCHWI B HUXKHEKAMEHHOYTOJb-
HOM KOMILIEKCe, KaK HanboJjiee MepCIeKTUBHBIX TS Ha-
korienust OB u reHepanuu YB, BoigBiaenue tuna OB u
CTEIeHU ero Mpeodpa30oBaHHOCTU, OLIEHKU UX YIJIEBOAO-
POIHOTrO MOTEeHIIMAaA.

OOBbeKT uccnenoBaHUiA,
00cyXaeHue pe3ynbTaTtoB

HixHeKaMeHHOYTOIbHBIN KOMITIIEKC OTJIOXEHUA B
npenenax Kocwio-Porosckoii BmaauHbl peacTaBaeH Kap-
OOHATHBIMM U TEPPUICHHO-KAPOOHATHBIMU TMOPOJAMM.
TeppureHHble MOPOAbLI B pa3pe3e BCTPEUYAIOTCS KpaliHe
penKo B BUIE OTIACIbHBIX MECYAHBIX IJIACTOB HEOOIBIION

MOIIHOCTH, TIepeclanBaloOIINXCs C aJeBPOJUTAMU, ap-
TUJUTUTAMA W TIIMHUCTHIMU M3BECTHAKAMU TTPHOPEKHBIX
danuii MeIKoBOIHO-MOpCKoro OacceitHa. OTIOXEHUS
CEpITyXOBCKOTO sIpyca MPEeUMYIIECTBEHHO KapOOHaTHbIE
U cyabdaTHO-KapOOHATHBIE, UTO CBSI3aHO C apuau3alneit
KJIMMaTa B CEPITyXOBCKOE BPeMsI.

Kiapkosoe conepxanune Cg,. ISl TOTEHUMATBHO
HI'MII cocrapisier B necuyaHukax u kapoonarax 0.2 %,
anesposmTax — 0.4 %, rmmHUCTHIX TTopomax — 0.9 % [2].
st mopoj ke, coaepxauux canpornenaeBoe OB, yctaHOB-
JileHbl Oonee Hu3Kue 3HaueHus C,p, pasrpaHUIMBAIOLINE
X Ha HeHedTerazoMaTeprmHCKHUE M HedTerasomMaTepuH-
ckue roposl: 0.1 % ninsa kapooHaTHbIX ropoa 1 0.2 % st
TEPPUTEHHBIX TIOPO/I.

Hamu m3ydeHBI TOJBKO TYpPHEHCKO-BU3EHCKUE T0-
poabl HUXXHEro KapOoHa, KOTOpPbIe MOXHO OTHECTU K
HI'MII, onu BxomgT B Tpu He(TEra30HOCHBIX KOMILIEK-
ca (HI'K) Tumano-ITeuopckoit mpoBunumu (TIIIT).
[Topomsl cepITyXOBCKOTO SIpyca MOXKHO pacCMaTpuBaTh B
KayvecTBe JIOKAJIbHOTO (hJTIOUI0YyTIopa.

JIist pelieHusT TTOCTaBJIeHHBIX 3a/1a4 ObLIM IpoaHa-
JIM3UPOBaHbl KapThl MOLLIHOCTU TypHeiickux (Cit) n Bu-
seiickux (Cv) OTJIOXEHUI Ha UCCIIEeayeMO TEPPUTOPUH,
HX TEOXUMUYECKIE TT0Ka3aTeIr, ITOCTPOeHA KapTa-cxema
pacrmpeneeHusT CpeaHeil TaMMa-aKTUBHOCTH B TypHEI-
CKO-BU3eCcKMUX nopoaax (puc. 1) u paccMOTpeHbl Mojie-
JIU MpOrpeBa Mo OTAEIbHBIM CKBOXKUHAM |[2].

Kapbonamusie mopoabl HUXKHEKaMEHHOYTOJIbHOTO
komruiekca Kocklo-Porosckotii BraarHbl B OCHOBHOM CO-
nepxat camporeneBoe OB ¢ HEBBICOKMM coaep:KaHUEM
Copr (01 0.03 10 0.1 %), TOrIa KaK IIMHUCTBIE PA3HOCTH
XapakTepusytorcst bonbunmu 3HadyeHussMu Cop (CM. Ta-
osmity). st BBISIBIEHMSI 30H MaKCHMMAaJIbHOTO Pa3BUTHS
(MOIIHOCTU M TUIOIIAAM) TIMHMCTBIX OTJIOXEHUU HaMU
HCIIONIb30BaJICSl paguoakTUBHBIN ramma-kapoTtax (I'K)
no uMeromuMmcs ckBaxxudam TIIII. ITo nanueiM 'K pac-
YUTHIBAJIUCH CPEIHNE 3HAYCHUS TaMMa-N3ITyYCHUS U BbI-
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JEIAJINCh UHTEPBAJIbI C HauOOJIbIIUMU 3HAYCHUAMMU, KO-
TOPBIE COTBETCTBYIOT HauOoJiee TIMHUCTBIM MHTEpPBaJIaM
pas3pesa. Onucanue IIopoJ;, HMXHCKAMCHHOYIOJIbHOI'O
KOMIIICKCa BEACTCA IO JaHHbIM OIMMCAaHUA KCpHa U MH-
TCpHIpETAallMM KapOTaXHbIX AUarpaMM CKBaXMH Kocnlo-

PoroBckoii BmaguHbI.

[Moponbl mypreiickoeo spyca TpencTaBieHbI CEPbI-
MM MEJIKO-TOHKO3ePHUCTHIMU TIIMHUCTHIMU U3BECTHSIKA-
MM, HEPAaBHOMEPHO TEPEKPUCTALIN30BAHHBIMU, MHOTIA

34

Puc.1. Kapra pacnipesneneHus cpeiHeil raMMa-aKTUBHOCTH B opojax C;t-v

Fig. 1. Average gamma activity distribution in C;t-v rocks

C aJIeBpOJIMTOBOM IpuMechio. B ocHoBaHMM pa3pe3a OT-
MEYalOTCs IUIACThI apTUJUIMTOB, IIEPEKPhIBAIOIINE BEpX-
HEIeBOHCKHUE CephIe BOMOPOCIIEBBIC N3BECTHSIKM, HEPaB-
HOMEPHO JOJIOMUTU3UPOBAHHEIC, MECTAMHU CIA0OTIMHM-
CThIe. YCJIOBUS, B KOTOPBIX ITPOMCXOAMIO HAaKOIICHUE
0CaJIkOB, MOXHO MHTEPIPETUPOBaTh KaK MEJKOBOIHO-
menbdonbie [3].

B noponax kocwsumcko2o eopuzonma BEpXHEro TypHe
IJIMHUCTOCTh pa3pe3a pe3Ko yBeanunBaeTcs. B 3amagHoi




TI'eoxumuyeckas XAPAKTEPUCTHKA OPraHMIECKOro BemecTsa mopoa

Geochemical characteristics of rock organic matter

ILromans / Area CxsBaxxuHa / Borehole | Bospact / Age Jlutonorus / Lithology Copr» % | XBA, % Tihax TGP HI PI
bepranTeiMbLIBKCKasT 3 D3 M3BeCTHsIK 1. / argil. limestone 0.29 0.16 449.5 1.33 362 0.21
Bergantymylskaya
bepranThMbLTbKCKaA 3 D3 M3BECTHSIK / limestone 0.29 0.04 | 4338 1.11 297 0.23
Bergantymylskaya
BepraHTEIMEIEKCKAs 3 D3 aprut. u3BecTHsIK / argil. limestone 0.23 0.02 439.2 0.9 296 0.24
Bergantymylskaya
P. Koxbim / Kozhym Riv. oOHaxeHue / outcrop Clt aprusuir / argillite 1.55 0.0102 357 0.51 16 0.51
P. KoxbiM / Kozhym Riv. oOHaxeHue / outcrop Clt apriuunr / argillite 1.15 0.011 378.2 0.54 25 0.46
P. KoxsiM / Kozhym Riv. oOHaxeHue / outcrop Clt aprusuir / argillite 1.5 0.01 551.6 0.41 14 0.49
P. KoxsiM / Kozhym Riv. oOHaxeHue / outcrop Clt aprusuiur / argillite 427.5 0.47 238 0.23
P. KoxsiM / Kozhym Riv. oOHaxeHue / outcrop Clv aprusuir / argillite 330.3 0.31 162 0.39
Koumec / Kochmes 3 Clv-t T/NHACTEI HBCCTHSK 0.6 0.32 451.2 1.81 238 0.20
argil. limestone
Koumec / Kochmes 3 Clv aprusuir / argillite 0.42 0.08 453.7 0.84 162 0.19
Koumec / Kochmes 3 Clv-t M3BECTHSIK / limestone 0.04 0.02 454.4 0.67 0.18
Koumec / Kochmes 3 D3fm W3BECTHAK LAMHHCTLIH 0.14 0.08 449 .4 0.86 507 0.17
argil. limestone
Koumec / Kochmes 3 D3fm VISBECTHAK ITMHMCTEIN 0.11 0.04 448.7 0.73 536 0.19
argil. limestone
Koumec Cp. / Kochmes Middle 2 aprwuut / argillite 1.59 0.02
ITerxbenbekast / Pyzhel 3 Clal M3BEeCTHSIK / limestone 0.74 0.32 434.3 2.48 269 0.20
[Tsexbens Boct. / Pyzhel East. 1 Clv aprusuir / argillite 1.34 0.16 438.1 1.41 85 0.19
TMbokbenb Boct. / Pyzhel East. 1 Clv M3BECTHSIK LIMHUCTDII 0.93 0.16 434.9 3.85 380 0.08
argil. limestone
[Merxwens Boct. / Pyzhel East. 1 Clv U3BECTHSIK / limestone 0.19 0.16 428.8 0.69 268 0.26
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YyaCTu BIIaAWHbI I'TMHUCTBIC ITIOPOAbI, BbIACIICHHBIC 110 ITH -

et ] kam 'K, nmeror mmpoxoe pazputue. B paszpese oHu 1mpo-
E - = | 1 CJICXKMBAIOTCS 1O M3BECTHSIKOB BEPXHETO BU3E, a CPEIHIE
2 s ji 3HAYEHUs] TaMMa-aKTUBHOCTU TIOPOIl B 3TOM WHTepBaje
E ¢ ,‘ JIOCTUTAIOT 10 5 MKp/4ac (puc. 2). MoIIHOCTh TypHei-
X g i CKUX OTJIOXKEHMI MO IJIOLIAAU 3HAYUTEbHO KOJeOaeTcs
= - (o1 50 110 350 M).
g g Teppueennuiii nuxcnesusetickuiti (Cv,) KOMIUIEKC UMe-
2 E o eT HeOOoIbIIyI0 MOITHOCTH (10 30—40 M B ckB. 3-Koumec).
5 “ OH mpejcTaBieH MepecianBaHueM TIeCUaHUKOB, aJIeBPO-
R JINTOB, apTWJITMTOB M TJIMHUCTBIX M3BECTHAKOB. K KOH-
" 11y paHHEBU3EMCKOro BpeMeH! 30Ha MEJIKOBOIHO-IIeJb-
S ‘UHMQA]; g (oBoro ocagkoHakoOIUIEHUs 3aHUMaja OOJIbIIYIO YacThb
S . < Kocpro-Porosckoit BnaguHel M CeIMMEHTaLUs UMea
& wedsog  |F8 X %5 f,; £ CMeEIIIaHHBIN TepPUTEHHO-KapOOHATHBIN XapaKTep.
S S IMosmHeBU3eiicKkoe BpeMsI O3HAMEHOBAJIOCHh HAKO-
& TUIEHWEM KPEeMHUCTBIX M CHUICPUTOHOCHBIX TIIMHUCTHIX
% .5 WJIOB BIOJb BOCTOYHOTO M CEBEPO-BOCTOYHOIO OOp-
E 3 ToB BraauHbl. [lo3xke, B MEJIKOBOIHO-IIEIb(OBBIX yC-
U = § JIOBMSIX, IIIJIO HAKOIUICHUE MOJUASCTPUTOBBIX U3BECTKOB.
:% E § = UsBecTHsiKM myasckoeo eopusonma (Citl) TeMHO-cepble,
g |E g §‘ ¢ OypoBaTBIM OTTEHKOM, OPTaHOTEHHO-AETPUTOBBIC U Op-
£ _5; & 2 TraHOT€HHO-00JIOMOYHbIE, KPUHOWIHBIE, MEJIKO-TOHKO-
3 : iy _QQ 20 3€PHUCTBIE, HEPABHOMEPHO IEPEKPUCTAIIIM3OBAHHEIE,
o= s g & C TJIMHUCTBIMU MPOCIOSIMU U YIie(UIIMPOBAHHBIM 11LjIa-
}‘ ! L i, W: i 2, MOM. MOIIHOCTB TYJIbCKOTO ropu3oHTa 10 250 M [3].
_ =11 - L ‘*WW:W "'O = S Hes3nauurtenbHoe oOMeaeHUE TeppuUTOpUN Ha pyde-
e g §.’ & g 2 g 2 K€ TYJIBCKOTO ¥ aJIEKCMHCKOrO BPEMEHM OTPA3WIOCh B
O aovdsog | %‘ 18l s 432 E %' HaKOIJIEHUM TIECTPOOKPAIIEHHBIX TIMHUCTO-aJeBPUTO-
° BBIX OCAJIKOB M TJIMHUCTBIX M3BECTKOBBIX MJIOB HEOOJIb-
. S g IO MOIIIHOCTH (MePBbIe METPHI) CO ClIeJaMU MEPEPHIBOB.
= } % 5 B Kockio-Porosckoit BnagyHe cpeay MoJauaeTPUTOBBIX U
oy S Z O61MOMOP(MHBIX M3BECTKOBBIX O0pa30BaHMII TPHUCYTCTBY-
° | - : z 8 10T 00JIOMOUYHBIE M3BECTKOBEIC OCAIKN U M3BECTHIKOBEIC
g |4 i 5 >T Opexkuru. MOIIHOCTh KapOOHATHBIX OKCKUX OTJIOXEHUN
g |2 ‘, ’E) g nocturaer 350 m.
g |z f & 2 B KOHIIe BM3e#CKOro Beka Hayajiach 4acTHYHas Tie-
= = § pecTpoiika CTPYKTYPHOIO TUIaHA MPOBUHIIMM, a B Hava-
i ! WWW "\,'mAhJ i E é Je cepnyxouBCKoro B€Ka IIPOM30ILIO O6OCO6JI€}£I/IC ce-
% WWT s §‘ 5 g u § % g BepHbIX pailoHoB TIIIl u obpazoBaHuMEe MOPCKOW jary-
& T VI‘N);E; Xr: ;‘ A 5 & HbI. ApUan3aius KinuMaTa B paHHECePITyXOBCKOE BpeMs
ogRR M F P 2 2 5 CIOCOOCTBOBAJIa HAKOTUJICHUIO CYJIb(aTHO-T0JIOMUTOBbBIX
é g* tonu (mo 100—150 m). B KOHIIe ceprmyXxOBCKOIO BpeMe-
i = 3 HU MOpCKasl JaryHa Ha ceBepe IepecTraja CylecTBOBaTh,
- O e 1 Ha Bceil Tepputoprn Kockro- PoroBckoii BmaguHbI ycTa-
';3 5 o &b HOBWINCH MEJIKOBOJTHbIE MOpPCKUE ycsioBusl. B 3akimoun-
g | g TeJbHYI0 a3y MO3MHECEPITYXOBCKOMN CENUMEHTALIUU yBE-
g |§ » A~ JIMYUJIACh J0Js1 JOTOMUTOBBIX UIoB [4]. Hemanyto posb B
E |2 (opMuUpOBaHUN OCANKOB CEPITYXOBCKOTO BeKa MEepUOIN-
E 2 4 YeCKU MTPajd M3BECTHSIKOBBIC OPEKYMU; MX MOIIHOCTh
= cocraBisgeT 10—20 M, a o0I1Iast MOIIHOCTH CEPITYXOBCKMUX

S

ob6paszoBanmii gocturaet 200—300 M.

3
&/ ‘ennoAr |
§ & s

&
S~ 1oedeogy

Fleoxnmuyeckasa xapakrepmucTmka
OopraHu4yeckoro eeujecTBa

108

,‘ B TypHeiiCKO-BU3EHCKUX M3BECTHSKAX COAepKa-
U HuUs opraHuyeckoro yraepona (Cop,) U3MEHSIOTCS B iMa-
A i nazone 0.04—0.1 %, Ttorma Kak B IIIMHUCTO-KapOOHAT-

. HBIX pa3pe3ax ero 3HayeHue ypeanuusaercs 10 0.3 % (cM.
‘ Ttabnuiy). [lo naHHBIM NUPOIU3a, BOAOPOIHBIN MHIEKC
(HI) oprannuyeckoro BeliecTBa MOPOa UMeeT HU3KUE 3Ha-
geHus (ot 40 no 138—380 mrYB/r C,,..), Bemmunna T,y
YBEJIMUIMBAETCS BHI3 110 pa3pesy oT 434 mo 453 °C, 4ro co-
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OTBETCTBYET KpaiiHUM 3HaUEHUSIM 30H KaTareHe3a: KOHILY
MK, — Havany MK; IIpuHATO cuuTarh, 4TO IIPU 3HAYE-
Husx T, 0T 435 10 445 °C creneHb cospesanust OB Oy-
JeT paHHel 3penocTu, a ripu 445—450 °C HacTynaeT nuK
HedTereHepaluy. 3HaAYEHUS OTpaXaTeJbHOU CIOCOOHO-
ctu BuTpuHuTa (R %) B moponax komriekca — ot 0.5 10
0.8 %. D10 HaeT BO3MOXHOCTb MPEANOoJiaraTh, 4To IOpPO-
Il HAXOIATCS B OCHOBHOM B 30He Me3oKarareHeza MK,,
T. €. B 30HE «HE(TIHOTO OKHA».

IMonyyeHHBle OaHHBIE MUPOJUTUYSCKOTO aHaIM3a
[t 3Hayenuit T, 1 BonoponHoro nuaekca HI ykasbisa-
10T Ha To, uTo OB npeumyllecTBeHHO canponenegoe i MO-
KeT ObITh oTHeceHo Ko 11 Tumy. ITo moaensim mporpesa 1o-
poxn [5] B ckB. 3-Koumec, ckB. 1-Tlagumeit u np. BUIHO,
yTOo TypHeicko-Bu3elickuii HI'K Bolien B 30Hy «HepTSIHO-
IO OKHa» TOJIBKO B TIEPMCKOE BpEeMsI I OCTaeTCs B 3TOM 30HE
1o cux rop. [Toponbl K HacTosIIieMy BpeMeHU, OY€BHTHO,
MOJIHOCTBIO PeAJIN30BAIA CBOW T€HEPALIMOHHbIN MOTEHLN-
aJl, 0 YeM roBOPSIT HU3KKUE 3HAYEHMS MHIEKCA MPOMTYKTUB-
nHoctu Pl (0.2), a Beicokue 3HaueHus By (OT 11 1 Gonee
40) MOTyT yKa3bIBaTh HA MUTPAIIMOHHBIN XapakTep ¥YB.

3akJiloyeHue

Takum 006pa3oM, Mo pacnpeaesieHUIo CpeaHei ramMa-
aKTMBHOCTH B HMUKHEKAMEHHOYTOJBHOM KOMILIEKCE OT-
noxeHnit Kochro-Porosckoit BITagnHbl HAMU BBIACICHBI
IIBE 30HBI HAKOIUICHUST TIMHUCTHIX OTJIOKEHWI KaK Hau-
OoJiee mepcreKTUBHbBIE 111 HakoruieHus OB u reHepauuu
VB: B LIeHTpaIbHOI YaCTH BITAAWHBI ¥ BIOJIb €€ 3aITaJHOTO
o6opta. OgHaKO MOPOAbI 3TUX 30H YXKe peaan30Baii CBOI
HedTereHepallMOHHBIN MOTeHIMAN, CIEI0BATEIbHO OHU
MorjM obpa3oBaTh 3ajieXu YB kak B Ouznexamux jo-
BYIIIKAaX B OMHOBO3PACTHBIX MIOPOIaX, TaK M B 00Jiee MOJIO-
IBIX BBIIIEJICKAIINX KapOOHATHBIX JIOBYIIIKAX BU3EHCKO-
HxkHenepMckoro HI'K (C,v,-P;ar). CepriyxoBckue Cyiib-
aTHO-I10JIOMUTOBBIEC TTOPOIBI MOTIJIU CYKUTh 30HATTBLHOM
MOKPBILLIKOM 1151 HEOOIbILIMX 3aIeXKe.

Ananrumuueckue uccaedosanus ObiAU BbINOAHEHLI 8
LIKII «leonayka», nuposumuueckuil aHaiu3 BbINOAHEH 80
BHHUTHHU.

Hccnedosarnus evinoanenvt 6 pamkax npoepammol HHP
«leonoeus, ycrosus gopmuposanus u Hegpme2azoHOCHOCHb

0CA00UHBIX KOMNAEKCO8 Ce8epo-60CMOKA e8PONelicKoll 4a-
cmu Poccuu, opeanuueckan eeoxumusa negpmeii u 0OMaHuKu-
moe», I'P Ne AAAA-A17-117121270033-6.
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W3 OMBITA MPEMONABAHMA. 11. OCHOBHAS TEOPEMA KPHCTAAMOIPADHAZ

1O. JI. BoiiTexoBckmii
Cankr-IlTeTepOyprckuii ropHblii yHuBepcuteT, Cankr-IlerepOypr
Voytekhovskiy Yul @pers.spmi.ru

CraTtbs NoCcBsLLLEHa OCHOBHOW TEOPEME KI1aCCUYECKON Kpuctannorpadum — 0 HEBO3MOXHOCTM OCEN CUMMETPUM N-ro NOpsia-
kanpun=5wun>6. OHa nMeeT GyHOAaMEHTAIbHOE 3HAYEHNE B ECTECTBEHHbIX HAyKax, PE3KO pasfensis MMHepanbHblie 1 buonoru-
yeckme CTPYKTYpbl. PAacCCMOTPEHbI [oKa3aTeNbCTBa TEOPEMbI B PSAE akaAeMUYECKNX MOHOrpaduii U YHUBEPCUTETCKUX Y4EOHNKOB
3a nocnegHue 170 net. O6palleHo BHYMaHME Ha METOAMYECKUE HIOAHCh! lOKa3aTeNbCTB.

KnioueBble cnoBa: 0CHOBHas TeopemMa KpucTaniorpapumn, ocu CUMMETPUY, KPUCTa/IIndyeckas peLuérka.

FROM TEACHING EXPERIENCE. 1. MAIN THEOREM OF CRYSTALLOGRAPHY

Yu. L. Voytekhovsky

Saint-Petersburg Mining University, Saint-Petersburg

The article is devoted to the main theorem of classic crystallography — on the impossibility of n-fold axes of symmetry withn =5
and n > 6. Itis fundamental in the natural sciences, sharply separating mineral and biological structures. The proofs of the theorem in
many academic monographs and university textbooks over the past 170 years are considered. Attention is paid to the methodologi-

cal nuances of proofs of the theorem.

Keywords: the main theorem of crystallography, symmetry axes, crystalline lattice.

BBepeHue

OcHoBHasl Teopema KpucTtauiorpagpuu — O HEBO3-
MOXHOCTHM OCeli CUMMETPUU A-TO TIOPSIIKA TIpU n = 5 1
n> 6 — MMeeT B eCTECTBEHHO-HAayYHOM 00pa3oBaHuH (110
MEHBbIIIEH Mepe, B 00pa30oBaHUU I'e0Jiora) MUPOBO33PEH-
YecKoe 3HauYeHUe, TaK KaK paauKaJbHO OTHEsIeT MUHE-
paJbHBIC CTPYKTYPHI OT OMOJIOTMYECKUX B TOM CMBICIIE,
YTO B TIOCJEMHUX yKa3aHHbIE OCM CUMMETPUU BO3MOX-
Hbl. [To3TOMY B YHUBEPCUTETCKMX Kypcax IoKa3aTellb-
CTBa 3TOI TeOpeMbl JOJKHBI ObITh CTPOTUMM U SICHBI-
mu. Mcropuueckuii 0030p MoKa3bIBaeT, YTO MpU HeMa-
JIOM pa3HOOOpa3uu OHM 0a3MpylOTCs, KaK MpaBUJIO, Ha
pemeéTyaToM (TPaHCISMOHHOM) CTPOEHUM KpPUCTal-
Jla M Yallle BCETrO BBITIOJHSIOTCSI METOJIOM OT MIPOTUBHO-
ro: «JlomyctuM, ochb CUMMETPMU S5-TO TIOpsiiKa B KpH-
cTajyie BO3MOXHa» — M CBOJSTCS K IPOTUBOPEUMUIO.
3aBeplialoTcss OHU OOBIYHO (hpa3oii: «HeBo3MOXKHOCTh
oCeil 1-ro NopsiIKa IpU A > 6 MOXKHO J0KAa3aTh aHAJIOT WY -
HO». DTO TUIOXOM METONMYECKUU TPUEM, MPUTIIAIIaio-
W B TOTEHIIMAIBHYIO OECKOHEUHOCTD U OTIMPAIOIITUIACS
0oJice Ha MHTYUIIMIO, YEM Ha JIOTUKY. A Bellb KPUCTAJUIO-
rpaust — NMocaeAHUIA OIJIOT CTPOrOTO MBIIIIEHUS B 00-
pazoBaHuU Teosiora. ECTh mokaszaTenbCcTBa, MOMIyYaroIme
pa3pelIéHHBIe TTOPSIKA OCeii CUMMETPHH B BHUJE pellle-
HUS TPUTOHOMETPHYECKOTo ypaBHeHUs. Ho 1 B HUX ecTh
BaXHBIE METOIMYECKUE HIOAHCHI, 3acCiy>KMBaloIIne 00-
CYKJICHMUSI.

BaxHoe 3ameuyaHue KacaeTcsl MIeXTMAaHUTOB — CILIa-
BOB, B KOTOPBIX €CTh JIOKAJTbHBIC YIOPSIIOYEHHBIE 00JIa-
CTU, HO HeT II00aJbHOI TPAHCIISIIMOHHON CTPYKTYpHI.
[MocnenHee MOMYEPKHYTO MPUCTABKON «KBa3u» («IIOUYTH»)
B X Ha3BaHUU — <«KBa3UKPUCTAIbI». OHM OBICTPO BOIII-
1u B cpepy uHTepecoB Kpucrtaiorpadon. UToOwl y3ako-
HUTH 3TO, B 1992 1. MexXIyHapOaHbIil COI03 KPUCTAILIO-
rpacdoB (MCK) nepeonpenenna KpucTaul Kak KOHIAEH-
CUPOBAaHHOE BEIIECTBO, KOTOpOE AAET AUCKPETHYIO AUD-
PaKIMOHHYIO KapTUHY PacCesTHUSI PEHTTEHOBCKUX JIyded.
Kraccuaeckuii KpycTaml CTajl YaCTHBIM CIy9aeM B MUpPE
KPUCTAJJIOB, a OCHOBHAS TeopeMa KpHcTaiorpaduu mo-
Tepsiia cBoii cratyc. Lar, npennpunsateiii MCK, metono-
JIOTUIeCKU HeKoppeKTeH. [ToHsITHe «KpucTaul» oaMeHe-
HO MOHSITUEM «OOBEKT KpUCTALIOrpacdum» WIM faxe «00b-
eKT, MHTEPeCHbI psimy Kpucramiorpadon». Ompenesss
MIPUPOIHBINA (DEHOMEH IO CYTH, CJICAyeT amne/IMpoBaTh K
Heil ke, a He K (DM3NIECKOMY METOMY ATUArHOCTUKU. YTO
KacaeTcs CYyTH, IIPU OTHECEHUU «ITOYTH KPUCTAJUIOB» K MU~
DPY KPUCTAJUIOB aKIEHT ObLT 3aMHTEPECOBAHHO CEaH Ha
JIOKQJIBHBIX TTOPSIIKAX, HECMOTPS Ha «3arpeli¢HHbIe» IS
KPUCTALIOB ocu cuMMeTpuu. C TeM Xe JOTMYECKUM OC-
HOBAaHUEM OH MOT ObITb CIIE€JIaH Ha «3aIMpPeLIEHHBIX» OCAX
CHUMMETPUM U OTCYTCTBUM TPAHCIISIIIMOHHOTO TTOPSIIKA.

Tema 3aciry>kuBaeT HaydHOU TUCKYCCMM MMEHHO Ha
CTpaHUIIAX «Beciznaca VIHCTUTYTA Teosiornn Komu HLL YpO
PAH» B mamsith 00 akan. H. I1. FOwkuHe, ctpemMuBiiemMcs

1 E. C. ®énopos [12, c. 8, 10] sameTwt: «bpass noaazaem Ha4ano HoBOMY HARPAGACHUIO, O KOMOPOMY KPUCHAAA02DADUSL ABASeMCA HA-
VKOII 0edyKmusHoll, umeroujeii mamemamuueckuii xapakmep. M3 eecoma HecogepuieHHbix o33penuil larou Ha cmpykmypy Kpucmanios, 8 mpy-
dax bpaes evipabomanace uzsiunas 0edykmugnas meopusi, He MOAbKO He CMPeMUBUIAsl 603PAJICEHUL, HO UMEBULAs C CAMO20 HaYana OMKAUK
6 lepmanuu 6 pabomax Ppanieneeiima, Hezasucumo u o0Hogpemento ¢ bpaes npuwedwieco k nekomopvim obwum ¢ HuM pesyrsmamanm. Kpome
meopuu cmpyKmypol kpucmannos bpaess noaojicun ocHoganue u meopuu CUMMempuy — 0OHOMY U3 8ANICHELIULUX 0MOeN08 COBPEMEHH020 YHeHUs!
o0 Queypax. <...> Dmo couuHeHue MOICHO CHUMAMb HAYAAOM 80300HO6AEHUS 8 HOBeliulee BDeMs 2eOMeMPU1ecKo20 yueHus o ueypax <...>, mak
Kak 6ce npeduiecmeosaguiuie padomst 3moii 00aacmu Obiau CAUWKOM OMPbIGOHHbL U KACAAUCH NOYMU 8Ce20a AUlb HeOOAbULOU SPYNNbI BONPOCOB».

2 Tak e€ Ha3BaJl BBIIAMOLIMIACS POCCUUCKUI KpHCTAIOrpad M KPUCTAIOMU3NK, HOBATOP-TIEAAroT W IMOIYJISIPU3aTop HayKu
10. B. Bynbd: «Credyrowas meopema s16a3emcsi OCHOBHOU 045 6Ce20 YUeHUs 0 Kpucmaniozpaguueckoii cummempuuy» [6, c. 176].
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MaKCUMAaJIbHO PaCIIUPUTh KPYI OOBEKTOB MMHEPAIOIMU
u kpucrajuiorpadun. Ho B 3Toii cTatbe moa KpUCTALIOM
MOHMMAETCS KJIACCUUECKUI KPUCTAJUI, KAK OH MOHMMAI-
CsI BCEMH J1ajiee YITOMSHYTBIMU aBTopaMu. «OCHOBHASI T€O-
peMa KpucTauiorpadgum» U aBTOpa CTaThH, KaK U JIJIsT Ha-
3paBuiero e€ 0. B. Bynbda, coxpaHsieT cBoii cTaTyc.

UcTopuyeckuii 0630p

O. Bpase (1849) mokaszanm OCHOBHYIO Teopemy B
«MeMyape o cucTeMax TOYeK, MPaBWJIBHO PACITOIOXKEH-
HBIX Ha TJIOCKOCTU WM B MpocTpaHCcTBe» [4, c. 83]. U3
npeaiecTByoomiero Tekcra (puc. 1): O — Touka nepece-
YeHUsI OCY CUMMETPUHU MOPsIIKaA  C IUIOCKOCThIO pUCYHKA
(cetkm), M — y3en cetku, MO — TeprHeHIUKYISIP K OCH
cummeTpuu, Q = 360°/q = MOM’ = M'OM” — aj1eMeH-
TapHBIA yroJ MoBOPOTA.

MII M,

Puc. 1. K nokazaresibcTBy OCHOBHOI TeopeMbl [4, ¢. 135, puc. 13]

Fig. 1. On the proof of the main theorem [4, p. 135, fig. 13]

«COBOKYITHOCTb [TOY€K, 00pa3yrouux MNPUMUTUB-
Hyio pemietky — FO. B.] MoxeT oGiagaTh TOIBKO IBOM-
HBIMU, TPOMHBIMU, YETBEPHBIMU U IIECTEPHBIMU OCSIMU
CHUMMETPUH.

Ha MM’, M’'M” ctpoum pom6 MM’'M”m. Touka
m OymeT y3J0M COBOKYIMHOCTH. JIerko Haxoaum, 4TO
Om = OM’ (I — 4 sin? Q/2). Ecim: q = 2, Q = 1807,
Om=-30M";q=3,Q=120°,Om = -2 OM’; q =4,
Q=90°, Om=—-0OM’; q =35, Q =72, Om = —35,2
OM’ ~ —0.382 OM”; g =6, Q =60°, Om = 0; q > 6,
Q <60°, Om < OM’. Peutenust = 5 u q > 6, O4EBUIHO,
HEBO3MOXHBI, 10O BCETAa MOXKHO TIPEIIOJIOXUTh, 4TO M
B3sTa HA HAUMEHbIIIEM PACCTOSTHUM OT OCU BpallleHUs U,
caenoBaresibHO, HepaBeHCTBO Om < OM’ HEBO3MOXHO,
HUCKIIIoYas cirydaii, korma Om = 0, u6o torga O Oyner y3-
JIOM COBOKYITHOCTH. CliemoBaTeIbHO, €CI COBOKYITHOCTh
00JIagacT OCbI0 CHMMETPHUH, TO TTOPSAKOBBIIT HOMEP CUM-
METPUM, CBOMCTBEHHON 3TOW OCU, MOXET ObITb paBeH
q=2, 3, 4, 6». Jloka3aTe1bCTBO TPeOYET MOSICHEHUIA.

1. XapakTep noBopoTHoii Touku O He oroBopeH. [1pu
q = 6 OHa COBIIaAaeT ¢ m, MO3TOMy — y3eJ ceTku. Ho ato
He obs3arenbHO [11, ¢. 38]: «B yactHOM cityyae O MOXeT
COBIIANATh C OAHUM U3 Y3710B». HeT nmosicHeHuii B y4eOHM-
kax [13, c. 39]: «Touka L, — BbIXOA OCH CUMMETPUU N-TO
nopsaka <...>. Touky L, npuHMMaeM 3a y3es1 KpUCTalIn-
YecKoM peléTKu». AHanoruuHo [ 15, c. 83—84]: «Bribepem
MPOU3BOJIbHYIO TOUKY A Ha OCU CUMMETPUU, KOTOpasl Tiep-
MeHIMKYJISIpHA IJIOCKOCTU uyepTtexa. <...> Bce Touku A, B,
C, D — y3nbI pemérkn». Kak A mipeBpaTuiiach B y3eil pe-
wétku? IosicHeHue ectsb [5, ¢. 67]: «OnepaLuu nepeHoca
t;, t, COBMEIIAIOT MEXy COOOM BCE TPAHCIISILIMOHHO PaB-
HbI€ TOYKH, B TOM YMCJIe U TTIOBOPOTHBIE TOUKU (OCH), CIIe-
JIOBaTEJIbHO, 3TU TOYKU 00Pa3yIOT CETKY».

Ono ectb n y O. bpase [4, c. 84] co cchlKoit Ha
0. Komm: «Korma B COBOKYITHOCTH CYIIECTBYET OCh CUM-

METpUH, He TIPOXOJsIlas Yepe3 Y3/bl, TO MpsIMble, Tapaj-
JIeJIbHbIE 9TOW OCU W TIPOXOJASIINE Yepe3 y3Jibl, 00Ia1aloT
TOii ke cummeTpueit. <...> MOXeT CIY4UTbCs, YTO HOBast
OCh OyIeT MMeTh OoJice BEICOKUI MMOPSIIOK, KOTOPBIIA BCerna
JIOJDKEH OBITh KPATHBIM TTOPSIIIKY CUMMETPUU paccMaTpy-
Baemoii ocu. <...> be3 HapylleHUsI CTPOTOCTU MOXKHO Orpa-
HUYMTHCS PACCMOTPEHUEM OCEil, MPOXOISIIMX Yepe3 Y3e».

2. Anrebpanueckoe BbIpaxkeHue 1t Om «JI1erko Ha-
XOOUM» M3 TIOHOOMST PaBHOOCIPEHHBIX TPEYTOJILHUKOB
mMM’u MOM’ ¢ yrnamu ipu ocHoBanuu (180°— Q) /2=
= 90° — Q/2. U3 npornopumu mM’ / MM’ = MM’ / OM
crenyer mM’ = (MM’)2 / OM. Ho MM’ =2 OM cos (90° —
Q/2) =2 OM sin Q/2. TTostomy mM’ = 4 OM sin2 Q/2.
OxkonuarenbHo Om = OM’ — mM’ = OM’ (1 — 45sin2 Q/2),
T.X. OM = OM".

3. lpu q = 2—5 cMyNIaI0T OTPUIIATENIbHBIE PACCTOSI-
aug Om = -3 OM’, =2 OM’, —OM’ n —0.382 OM’. Onu
O3HAYaoT, YTO TOYKK M U M’ JiexxaT 1o pa3Hble CTOPOHBI
ot O. Ho Henb3s TpeboBaTh OT CTyAeHTa (HemaTeMaTu-
Ka) CTOJIb aOCTPaKTHOIrO MBIIIJIEHUsT (boee TOro, Mera-
(opryueckoro, MOCKOIBKY OTPULIATEILHOE PACCTOSTHUEC —
HOHCEHC W B MareMaTuke), Kakum obOmaman O. bpase.
HcnpaButh cUTyanmio MOXHO, 3aKJIIOYUB TPUTOHOMETPH -
YeCKylo 4acTh (hopMyJIbl IO 3HaK MoayJist. Ho mist ciryya-
eB q = 2—6 pUCyHOK 1 ciieyer «pacrnakoBaTh». B taHHOM
BUJIE OH COOTBETCTBYET ITOPsIAKAM OCeil q > 6 1, KOHEYHO,
JIOKa3bIBaeT MX HEBO3MOXHOCTb, Tak Kak Ipu 0 < Q < 60°
nmeeM Om < OM’ = OM — npoTHUBOpeYME C MPEAION0-
JKeHHeM 00 OTCYTCTBUU Y3JI0B BHYTpU Kpyra paauyca OM.

4. Jloka3aTeabCTBO CBOAUTCS K MPOTUBOPEUUIO C pe-
IETYATBIM CTPOEHUEM KpHucCTa/la. DTO TOHSATHO, MO0
OHO OITyOJIMKOBAHO PSIIOM C BBIBOIOM 3HAMEHUTBIX «pPe-
meéTok bpase».

A. B. Tagoaun (1867) nam ncTopuuecKy MepBblii CTPO-
Ui BBIBOJ 32 KPUCTAUTMYECKUX BUIOB CUMMETPUU. DTO
ObLIO ObI HEBO3BMOXHO 0€3 JOKa3aTeJIbCTBa OCHOBHOM Te-
opeMmbl. OHO AaHO B pabote [7] B Buje psina yTBepKAeHUIA:
«HecKoabKo BO3MOXKHBIX KpHCTaLIOrpadMuecKrx OCei,
HampaBJIEHHBIX BIOJIb IO pE0paM MpaBUJIbHOM MTUPAMUIHI,
MOTYT CYIIECTBOBATh TOJBKO TOTIA, €CIM KOCHHYC IIeH-
TPaJILHOTO YIJIa OCHOBAHMSI 3TOM MUPaMUJIBI €CTh PaIvo-
HaJIbHasl BeJIMuuHa» (. 15). «[Ipu cyniecTBoBaHUU OCH CO-
BMEILIEHUS YTOJ COBMEIICHHUSI MOXET UMETh TOJIbKO HEKO-
TOpBbIE OIpeaeIEHHbIE 3HaUeHMsI, a UMeHHO 60°, 90°, 120° u
180°» (c. 17). IocnemHee cONEpsKUT IBE JIEMMBI: «yTOJI CO-
BMELLEHUST HEITPEMEHHO COCTABJISIET LEJTYIO YacTh OT 360°»
(c. 17) u «B ipunoxkeHuu B mokazaHo, 4TO LieJIbIe YacTU OT
360° MOTYT MMETb pallMOHaIbHbIE KOCUHYCHI TOJIBKO TOT/IA,
€CJTU 9TH KOCUHYChI UMEIOT OMHO U3 3HaueHwii 0, £1/,, +1»
(c. 18). 3ametum, uto npuioxeHue B (c. 66—69) — uccie-
JIOBaHME TPUTOHOMETPUIECKUX PSIOB, HETIOABEMHOE IS
OOJIBIITMHCTBA CTYACHTOB-TEOJIOTOB. B 11eJ10M moKa3aTeb-
ctBo A. B. lyoiauHa opurnHaabHO, HO MO CPaBHEHUIO C
TIPEeabITYIIMM OoJiee CII0XKHO. OHO MHTEPECHO TeM, UTO CO-
IJacyeT pa3peléHHbIe OCH CUMMETPUN HEMOCPEACTBEHHO
¢ 3akoHoM P. 2K. I'arou palimoHaabHOTO OTHOIIEHUS TTapa-
METPOB, IIpeAIIecTBOBaBIIMM pesyabrataM O. bpase.

1O. B. Byabd (1897) man cBoE moka3aTeIbCTBO OCHOB-
HOIl TeopeMbl, OTMeTHB. «[IprmBOIMMOE T0Ka3aTeIbCTBO
MpUHAIEXUT bpaBa, HO HECKOJIIBKO M3MEHEHO aBTOPOM.
OCHOBHOI1 3aKOH KpucTajiorpaduu AOMycKaeT MeXay
IJIOCKOCTSIMM CUMMETPUU TOJIBKO YIJIbl B 30°, 45°, 60°, 90°
n 180°» [6, c. 176]. «<HauGosee rmpocToe J0Ka3aTeaIbCTBO
5TOTO TOJIOKEHUS TTOJTYIUM, UCXOIs U3 TIOHSITUS O KPH-
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CTAJUTMYECKOI OMHOPOIHOCTH. <...> OIUHAKOBBIE 10 CBO-
UM CBOMCTBaM TOYKM KPUCTAJUIMYECKOM Cpeabl pacroia-
TaloTCs IO TIPSIMBIM Ha PaBHBIX PACCTOSTHUSX APYT OT APY-
ra, Ipu4IEM IIJIsT Pa3IMYHOTO HaIlpaBJICHUS MPSIMBIX pac-
CTOSIHUSI TOUeK BooO1Ie pa3ianuHbl» (Ibid.). FO. B. Bynabd
MOJIy4aeT COOTHONIeHUe, cxonHoe ¢ TakoBbiM O. bpase u
pa3penImMoe OTHOCUTEIbHO YIJIOB MEXIY IJIOCKOCTSIMU
cummetpun: 0 u 180°, 30, 45, 60 u 90°. [layee UCMOJIB30-
BaHa TeopeMa: «MBI JOJDKHBI IPUHSATH BO BHUMaHUE pe-
3yJIbTATHl JIEUCTBUS 00CUX IJIOCKOCTE CUMMETPHUH, T. €.
BpallleHre, BeJIMUHa KOTOpOro OyAeT 20, €CJIM Ha3BaTh O
yroj Mexny miaockoctssmu» (Ibid.). YaBoeHuem mosyya-
I0TCS 2JIEMEHTapHbIC YIJIbl BpallleHUsI, KOTOPbIM COOTBET-
CTBYIOT MOPSIIKY OCeil cuMMeTpuu 2, 3, 4 1 6.

AKIIEHT Ha TUIOCKOCTSX CHMMETPHH TIOHSITCH.
Nmenno 1O. B. By B momckax eIMHOTO OCHOBAHMUS
CBEN BCE AJIEMEHTHI CUMMETPUM K TUTOCKOCTSIM, TIOKa3aB,
YTO JIBe KOHEYHbIE (COBMECTHMO WJIM 3€PKaIbHO) paBHbIE
(GUTYphl MOXKHO COBMECTUTD He 0oJiee ueM TpeMsl OTpaxKe-
HUsIMU. M BCE xXe NPpeITOKEHHOE UM JOKA3aTeIbCTBO Ka-
JKETCST OTATOIIEHHBIM 110 cpaBHeHMIO ¢ TakoBEIM O. bpase.

A. K. Bommsipe (1926, 1930, 1931, 1934) B no-
Ka3aTeJIbCTBE OCHOBHOM TEOPEeMBbl IOJTHOCTBIO CIEIy-
et O. bpage. «I1pu nmomoiuu teopuu bpase jerko nmoka-
3aTh, YTO B KpHCTa/laX, KpOME OAMHAPHBIX, TBOMHBIX,
TPOMHBIX, YETBEPHBIX U LIECTEPHBIX OCEI, HUKAKUX IPY-
TuX OBITh He MOXeT. JIoKaxkeM 3TO ITOJIOXKEHUE TOJIBKO
IUISL TISSTEPHOIM TOBOPOTHOM ocu. JlJIsi ceMepHOl, BOCh-
MEpPHOU U T. JI. TOKa3aTeJbCTBO OyIeT aHATOTUYHO. <...>
[Mpeanosoxum, 4TO MATEpHasT MOBOPOTHAsE OCb CUM-
METPUM CYILECTBYET B IPOCTPAHCTBEHHOM peIIETKe...»
[2, c. 83—84; 3, c. 72]. I1lo-BuaMOMY, UMEHHO C y4eOHU-
koB A. K. bonmsipeBa Hagaoch rpeHeopeskeHne hopMy-
JIaMH ¥ aTieJUTMPOBaHNE K aHAJIOTUM, BO3MOXHO, TTOTOMY,
4TO OHU HamucaHbl 1Jis1 pad(aKOBCKO MOJTOIEXU U UH-
>KEHEPHBIX CITeLIMaTbHOCTE.

B. B. JlomuBo-/ToopoBoabckuii (1937) nmpuHuMaeT To
K€ ToKa3aTesbCTBO. BO3MOXHOCTD OUTUPHI, TPUTHUPHI U
TeTparupbl OH ITOKA3bIBACT Ha TIPUMepPe IIPUMUTUBHOM Ky-
OMYECKOit, reKcaruphl — Ha IIpUMepe TeKCcaroHaJIbHOM pe-
ETKU. DTO yaauHblil mpuéM. OcTtaétcs JoKa3aTh HEBO3-
MOXHOCTb Apyrux rup. «Teopema 10. Kpucramiuyeckue
pemeTKY, a caeaoBaTe/IbHO U KPUCTAJIIbI, HE MOTYT 00-
JnagaTh meHtarupamu. Ilpeamosnoxum mpotuBHoe <...>
Teopema 11. Kpucrannuueckue peméTku, a cjieJoBaTe b-
HO M KPUCTAJIIbI, He MOTYT 00JIafaTh TMpaMi HauMEHO-
BaHus n = 7, 8, 9 u Boie. Jloka3aTeJbCTBO COBEPIIEHHO
aHajiornyHo...» [10, c. 115—116].

E. E. ®munr (1937) orpaHM4YMBaeTCs CXEMOI J0Ka3a-
TEJIbCTBA, OTChUIAS K TIPEABIAYIIIUM TeopemMaM. «DTH T0-
JIOXKCHMST OTPAaHUYMBAIOT BO3MOXHBIC TTOPSIIKA IJIST T10-
BOPOTHBIX OCEil CUMMETPUM BCEro 4eThipbMst: L2, L3, 4
n L6 <...>. IIpuumnHa 3TOMy OYeHb rpocrasd. Ha ocHoBa-
HUU TeopeMbl 3 [BcsiKkas MI0CKOCTb, TPOXOAsIasl yepes
y3e]1 PelETKU MEePIeHAMKYISIPHO OCU CUMMETPUU pe-
IETKHU, eCTh ceTyaTas riockocTb — FO. B.] Beskuit y3en
MpY BpallcHUM OKOJO OCHM CHUMMETPHHU IIOJDKEH OCTa-
BUTb Ha CETYATOM IUIOCKOCTU CJieA B BUIE MHOTOYTOJIb-
HUKa, a corjacHo Teopeme | [Besikast mpsimast, mapasiiesib-
Hasi OCM CHUMMETPUHU 1 TIPOXOJISIIIasi yepe3 y3es pelieTKu,
€CTh OCh CUMMETPHUM TOT'O K€ MOpsAKa JAJIsl 9TOM PelieT-
ku — 0. B.], Bcs aTa ceTyarast maoCKOCTh JOJIKHA OBITh
MOKpPHITAa TAKUMHM MHOTOYTOJIbHUKAMU, TIJIOTHO TIpUJIera-
IOIIMMU JIPYT K IPYTy. DTO BMOJHE BO3MOXHO B TOM CITy-

yae, KOrjaa ceTKa COCTOMT U3 MapajulieiorpaMMoB (B YacT-
HOCTH, POMOOB, TIPSIMOYTOJBHBIX YETBIPEXYTOJIHHUKOB,
KBaJpaTOB) U MPaBWJIBHBIX TPEYTOILHUKOB. Ho 13 misiTiy-
TOJTEHUKOB CETKY ITOCTPOUTH YK€ HEJIb3s, CJICIOBATEIBHO,
L5 B kpucTauax HeBO3MOXHA. HeBO3MOXHEI TAKXKE U BCE
OCH ITOPSIKA BhILIE 6 110 TOM Ke puyuHe» [ 14, c. 33—34].

I'. M. Tlonos 1 U. U. Iladpanosekuii (1941, 1947,
1955, 1964, 1972) cnenyior A. K. BosanbipeBy u B. B. Jlonu-
BO-/100pOBOJILCKOMY, OITyCKasl BbIKJIAAKU. «B pemér-
YaThIX CHCTEMaX, a CJIeIOBaTeIbHO M B KpPUCTaUIaX, He-
BO3MOXHBI OCU IISITOTO TIOPSIAKA M OCH TIOPSIIKA BBIIIIE
mectu. JlokaxxeM 3TO MOJIOKEHUWE ISl MSTepHON OCH.
[Ipenmnonoxum, 4To MATEPHAsI OCh B KPUCTALJIaX BOZMOX-
Ha. <...> [larepHast ocb IPOTUBOPEUUT PACIIOJIOXEHUIO
aTOMOB B PEIIETYATHIX CHCTEMaX M TeM CaMbIM HEBO3-
MOHa B KpucTajuiax. [IomoOHBIM Xe ITyTéM JoKa3hIBaeT-
¢l HEBO3MOXKHOCTb CYIIIECTBOBAHMS B KPUCTAJUTMIECKIX
TeJlaX 0ceil CeMEPHOro, BOCBMEPHOTO U BBIIIIE MTOPSIIKOB»
[11,c.38—39].

O. M. Anmenec (1952) moBTOpsSIeT MPEABITYIINX aB-
TOpoB. «JloKaxkeM, 4YTO B IIPOCTPAHCTBEHHOMN pEIIET-
K& HEBO3MOXHBI OCH CUMMETPUH ITISITOTO TTOPSIIKa W T0-
psIIKOB BhIlIe 1ectoro. <...> [IpuMeHuM MeToa JoKa3a-
TEJIBCTBA, KOTOPBIM YaCTO ITOJIb3YIOTCS B TEOMETPUM U KO-
TOPBI HA3BIBACTCSl «I0KA3aTeJbCTBOM OT IPOTUBHOIO».
[Ipenrmonoxum, 4To MsATEpHAst OCh CUMMETPUM BO3MOXKHA
B ITPOCTPAHCTBEHHOM peéTke. <...> Takum oOpa3oM, cy-
IIECTBOBAHNUE TISITSPHOM OCH CUMMETPUU ITPOTHUBOPEUUT
CBOICTBaM MPOCTPAHCTBEHHBIX PEeIIETOK. <...> Takum ke
00pa3oM TOKa3bIBae€TCsl HEBO3MOXHOCTh CYIIECTBOBAHMS
B KpHCTaJlJIaX 0Ceii CHMMETPHMU N-TO MOPSIIKA, €CIIA N > 6»
[1,c. 88—90].

b. H. Jlenone, P. B. l'nmuyiun 1 M. W. Iltorpun
(1974) uznarator cxemy nokasareibcTBa 1o O. bpase B
IBYX TMpemioxeHusx. «Ilopsaok MoBOpOTHOW ocu, cO-
BMelllalollei peleéTKy ¢ co00ii, MOXKET ObITh TOJBKO 2, 3,
4 v 6. [11s1 moKas3aTeIbCTBa IIPUMEM 3a TOUKY M camylo
OJIM3KYI0 K OCH TOUYKY PEILIETKH, JIeXKAalyl0 B IJIOCKOCTU
P, meprieHauKyIsIpHOI K OCHM, HO He JIeXKalllylo Ha ca-
Moif ocu. [ BceX MpaBUIIbHBIX MHOTOYTOJIEHUKOB, KPO-
Me IBYYTOJIBHUKA, TTPAaBIILHOTO TPEYTOJbHMKA, KBagpaTa
U TIPaBUJILHOTO IIECTUYTOJbHUKA, OTKJIaIbIBasi COOTBET-
CTBYIOLIIMM OOpa3oM BEKTOpP, COSIMHSIIOIINI TBe Moce-
JloBaTeIbHBIC €r0 BEPIIMHBI, U3 KaKOi-HUOYIb €To Bep-
IIAHBI, MOXHO TIOJYYUTh TOYKY PEIIETKHU, JIEKAIIyIo B
IUTOCKOCTHU P, He JIexalnyro Ha OcH, HO JIEXKaIlyio K Heit
OommKke, 9eM TouKa M, 4TO MPOTUBOPEUYNUT HAIIEMY TIpelI-
MTOJIOKEHUIO 0 Touke M» [9, ¢. 314; 8, c. 62].

b. K. Baiinmreiin (1979) toxe ciaemyer O. bpase
(puc. 2). «PaccMOTpUM TUIOCKYIO CETKY M BO3MOXHBIC
ITOBOPOTHI TUIOCKOCTH, COBMEIIAIONINE CETKY C COOOIA.
[ToBOpOTHBIE TOUKM (OCH), €CIT OHU €CTh, CAMU SIBJISIIOT-
¢4 TOYKaMu 3Toi ockoctu. Onepauuu nepeHoca ty, ty
COBMeEIIAIOT MeXIy cO0Oil BCe TpaHCISILMOHHO paBHbIE
TOYKU, B TOM YMCJI€ U TIOBOPOTHBIE TOYKU (OCH), ClIe0-
BaTeJIbHO, 3TU TOUYKM 00pa3yioT ceTKy. Bribepem B ceTke
PSII TAKMX TOYEK, UL KOTOPOTO PACCTOSTHUE a MEXIY HU-
MU — KpaTyailiee, U pacCCMOTPUM JEUCTBUE KAaKON-TO
ITOBOPOTHOM TOUKM N M3 3TOTO psifia Ha IBe OJMKaiIme
touk N"u N”» [3, c. 67].

Hanee mokasaHo, uto oc N = 2, 3, 4 u 6 He IPOTUBO-
peyar, aocu N =5u N > 6 npornBopeyaT MUHUMAJIBHOCTU
paccTosgHuS a Mexay y3inamu. Ho aBTop o6xoautcs 6e3 mo-
CTPOEHMST poMOa, TTOPOKIAIOIIETO Y3€l CETKM, TTPOTHBO-

40
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Puc. 2. K 1okasarebcTBY OCHOBHOM TeopeMbl [5, ¢. 67, puc. 39]
Fig. 2. On the proof of the main theorem [5, p. 67, fig. 39]

pevammii gonyueHuto. [Ipu N = 5 moBopotsl Touek N’ 1
N” B pa3HbIX HAIIPABJACHUSIX JAIOT BEPILIUHbI IIPABUILHOTO
10-yronbHuka. IIpu N > 6 10cTaTOYHO OBOPOTOB OIHOM
n3 Touek N’ mmm N”. Bo Bcex 3THX ciydasx TIpOTUBOpPE-
qye co3gaéres TeM, uto mpu N > 6 CTOpOHA MPaBUIIBHOTO
N-yrosbHUKa MEHBIIIE panryca OIMCAHHON OKPY>KHOCTH.
E. B. Uynpynos, A. ®@. Xoxios, M. A. Pamaees (2006)
u C. K. ®unaros, C. B. Kpusosuues, P. C. Byonosa (2018)
TIPUBOJIST IBA CXOMHBIX TOKA3aTeIbCTBA, MHTEPECHBIX TEM,
YTO pa3pelI€éHHbIe MOPSIAKKA OCeil CHMMETPUH TTOJTyJatoT-
¢Sl U3 TPUTOHOMETPUYECKOTO ypaBHeHUS (puc. 3). «OnHUM

A’ B’
a . a
a a
a ) l:" “ a
A a a.
Bu'/\'a = o \/\_A "

Puc. 3. K mokasarenbcTBy ocHOBHOI TeopeMsbl [13, c. 39—40,
puc. 2.2]

Fig. 3. On the proof of the main theorem [13, p. 39—40, fig. 2.2]

M3 KPaCUBEHUIIINX CJSICTBUI PEIIETYATOTO CTPOSHUST KPH-
CTaJlIOB SIBJISIETCSI OCHOBHOM 3aKOH CUMMETPUU KpUCTa-
JIOB, YTBEPXKIAIOIIMIA, UTO B KPUCTAIaX BO3MOXKHBI TTOBO-
POTHBIE I UHBEPCUOHHBIE OCY CUMMETPUU JIUIIb 1, 2, 3,
4 u 6 nopsakos. lokaxkem a1y Teopemy. Ha pucytke tou-
Ka L, — BBIXOJ OCU CUMMETPUU N-TO MOPSIAKA C STEMEH-
TapHBIM yriioM moBopota 360 / n = o. Touky L, npuHu-
MaeM 3a y3es Kpuctaaandeckoii pemérku. CiaeBa u crpa-
Ba OT He€ Ha pacCCTOSIHUM @ PACIIONIOXKEHBI Y3JIbl PEIIETKI
A u B. [loBepHEM 3T Y3716l Ha YTOJI O, BOKPYT OCH CHM-
METPUM: TOUYKY A MO XOAY YaCOBOM CTPENIKUA, TOUKY B —
MPOTUB YaCOBOI CTpeSKHU (B 000MX CiIydasix pelueTka co-
BMECTHUTCSI cama ¢ cO00i B COOTBETCTBHMHU C OIPEIeICHUEM
ocu cumMmetpuu L,). [TonyyeHHble Touku A’ u B'nexar Ha
NpPSIMOM, MapasuIeIbHOM TPAHCSLUU @, CIAEI0BATEIbHO,
B KPUCTAJUIE MEXIY HUMU TOJDKHO YKJIAIbIBAThCS 1IEI0€
YUCJIO TpaHCISIUNi na. VI3 pucyHKa clleayeT TakKe, YTo
na=A’B’=2 acos a, otkyna n = 2 cos o.. B mpaBoii yactu
MOCJIETHETO PaBeHCTBA CTOMT LIeJIOYMCIIeHHAsT (PYHKIIMSI.
DTO BO3MOXKHO MpU 3HAYeHUsIX KocuHyca 1, 1/2,0,—1/2u
—1, 4TO OTBEUaET 3JIeMEHTAPHBIM yriiaM rmosopora 0°, 60°,
90°, 120° 1 180° COOTBETCTBEHHO, T. €. OCSIM CUMMETPHUH 1,
6,4, 3 1 2 mopsiakos» [13, c. 39—40].

IIepoxoBaTtocTu paccyxxaeHust oueBUIHBIL. 1. Touky
L, MOXHO NPUHATE 3a TOBOPOTHYIO, HO 32 y3€J PELIET-
KU — C TIOSICHEHUSIMU (CM. BBIIIIE). 2. BaskHO TTOMUepKHYTh,
41O y31bl A 1 B — Gimkaiimme x L, T. €. @ — anemeHTap-
Hasl TpaHCJISIINS, WHadYe B oTpe3ke A’B’ He 00s13aTeIbHO
BMeNIaeTCsl Le10€ YMCIIO TpaHcasui na. 3. [pu otpuna-
TeJIbHBIX 3HAUEHHSIX COS ¢ ITOJIyJaeM OTPULIaTeIbHOE YK C-
J10 TpaHcasanuii. CiaenyeT MosSICHUTh, 4TO Tpu yriuax 120 u
180° TpaHCcHSgLIMK B HanmpasieHUW AB ITpOTUBOMOIOXHBI
TpaHCIsILMSIM B HarnpaBiieHuu A'B’. 4. Cienyet yoenuthb-
Cs1, YTO JIJIST TIOJTyYEHHBIX YTJIOB O MEXIY 00pa3aMu TOYeK
A u B HeT paccTosiHUIA, MEHBLIMX @, KaK 3To caenaHo y b.
K. Baiinmreiina [5, c. 67].

O6GcyxaeHue

0O0630p moKa3zai, 4To B 1I0Ka3aTeJIbCTBE OCHOBHOM Te-
opeMbl MouTu Bce aBTopbl (Kpome A. B. IagonuHa) ot-
TaJKUBAIOTCS OT PEIIETYATOro CTPOECHUSI KpHUCTajia Io
O. bpase. U noutu Bce (kpome 1O. B. Bynnda) padota-
IOT TIPSIMO C OCSIMU CUMMeETpuU. YacTh aBTOPOB CTPOTO
caenyioT O. BpaBe, ToxyJast IByeOWHBIN pe3yabTaT: He-
MPOTUBOPEYMBOCTD MOPSIAKOB N = 2, 3, 4, 6 u, Ha000-
pOT, MPOTUBOPEYMBOCTh N = 5 u n > 6. [Ipu aTtom B. B.
HonnBo-J/100poBoIbCKU pa3pydaeT ropares y3eil, JoKa-
3bIBasi BOBMOXXHOCTb MOPSIAKOB N = 2, 3, 4, 6 penbsBie-
HHEM TIpUMEpPOB (puc. 4). 3aMeTHUM, YTO Ha HUX XKe yI00-

Puc. 4. Pemiétku ¢ ocsimu cummetpuu 6, 3, 2 (cieBa) u 4, 4, 2
(cripaBa)

Fig. 4. Lattices with symmetry axes 6, 3, 2 (left) and 4, 4, 2 (right)

HO TosiIcHUThL Teopemy Komn — BpaBe o cooTHolIeHUN
MOPSIIKOB OCEii CUMMETPUU, MPOXOASAIINX U HE IIPOXO-
JSIIKUX Yyepe3 y3Jbl peléTky. HeBo3MOXHOCTD IOPSIIKOB
n=>5wun > 6 neruye Bcero nokasath 1o O. bpase (puc. 1) ¢
YY€TOM C/IeJITaHHBIX OTOBOPOK. Bripouem, mocienHue aBa
JloKazaTeJbCcTBa (puc. 3) MPUBJIEKAIOT TEM, YTO MOJIY4aloT
pa3peléHHbIe TOPSIAKYA OCeil CUMMETPUU U3 YPaBHEHMUSI,
HE OCTaBJISISI MECTa PACCYKACHUSIM O 3alpell€HHBIX I10-
psiakax. Ho 1 31ech BaxkeH psii OTOBOPOK U IPEAbSIBIECHIE
PELIETOK C pa3pelIEHHBIMUA OCSIMUA CUMMETPUH.

3aksiloueHume

Emé pa3 momuepkHEM MMPOBO33pEHUECKOE 3Haye-
HHME OCHOBHOW TeOpeMbl KpHCTaUTorpacduu, pe3Ko pas-
JENSIONE MUHEpaJIbHbIE U OUOJIOTMYECKUE CTPYKTYPHI.
Bcriomunaetcs metadopa, npunucsiaeMas H. B. benoy:
«Ku3Hb 3amuuiaeTcss OT KPUCTAUIM3ALMU OChIO TISITOrO
nopsinka» 1 pedper M. U. Iladpanosckoro: «Kpernko 3a-
TIOMHHUTE He OBIBAaeT IMSTUYTOJBHBIX CHEXXMHOK!». UTO Ka-
caeTcs I0Ka3aTeJIbCTB TEOPEMbI B YHUBEPCUTETCKOM Kypce

M
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KpucTtajuiorpaduu, TperoaaBaTesib BOJIeH BbIOUMpATh, UC-
XOMS U3 IOATOTOBJICHHOCTH CTYJACHTOB M IMYHBIX TIPUCTpa-
ctuii. JIydire Bcero 1moKas3aTh CTyIeHTaM ((paKyabTaTUBHO)
BECh CIIEKTP JOKA3aTeIbCTB, PACIIMPSIST NX KPYro3op, IpH-
BMBasI JIIOOOBb K CTPOTOCTU MBIIIUIEHUST M UICTOPUW HAyKH.
MBI nocTapajvch OTTEHUTh OCOOCHHOCTU Pa3HBIX TOAXO-
noB. OcHOBHas1 TeopemMa KpucTajuiorpaduu He CJIoXHa, HO
He NpMMUTHUBHA. B 11000M 10Ka3aTeIbCTBE €CTh LIEJIbIA Psill
HI0oaHCOB. Kak Bcerna, «IbsIBOJI KPOETCSI B MEJTOYAX».

B cBsI31 ¢ 00BEKTUBHBIM paclIMpeHUEM Kpyra Kpu-
crajuiorpaduuecKux 00beKTOB MPodecCuOHATBHOMY CO-
0011IeCTBY CJIEIYeT ONPEAeIUTh MPUHIIUIIBI U TTPEIBUIETh
nociaeacTBus. KaxeTcs o4eBUOHBIM, YTO HE OTHOCHUT-
¢S K KpUcTaymorpaduu o0beKT, B KOTOPOM HET HUKAKO-
ro mopsinka. Ho MaremaTudeckoe ompenesieHIe MopsiaKa
BechMa IMpoko. [ToaToMy, pasperrast T1o0aabHbIC U JIO-
KaJbHbIe, CTPOTUE W HECTPOTHUE, KBa3W- M (hpaKTaabHbIC
(MacmTabHO-MHBAapUAHTHBIE) TIOPSIIKU, Mbl 3aKOHOMEP-
HO MpUAEéM K MHBapMAHTHOCTHM MPOM3BOJIbHON XapaKTe-
pucTuKM oObeKkTa. [psayiuit MeTomoJIOTMYeCcKu Mmociie-
MOBaTeIbHBIA pe3ysnbpTaT — 3eMJIsT KaK KPUCTAJUL: B TIPO-
CTPaHCTBEHHOI OpraHM3allii BUAUM OOOJIOYKHU, B UCTO-
PUM PEKOHCTPYUPYEM Mepruoandeckue mpoueccol... Ho He
CJIMIIKOM JIM MHOTO JUUTSI KpUcTa/utorpadum?

Brilie ckazaHo Bocien MHOTMM MpPEIIIeCTBEHHU-
KaM, YTO OCHOBHasl TeopeMa KpucTauiorpadun pe3Ko
pasmensieT MUHEpaJIbHbIE M OMOJIOTUIECKNE CTPYKTYPHI.
Drta hopmynnpoBKa Obiia ObI e11lé 6oJiee KOPPEKTHOIM, ec-
Jii ObI B OMOJIOTUU UMeEJIa MECTO CXOHAsl TeopeMa, IMyCcTh
He McUepnbiBamollasl BOMPOC, XOTs1 Obl ociabieHHas1, 3a-
npelarlias Kakue-Jau00 3J1eMEHTbl CAMMETPUM U X CO-
yetaHusl. PaspeliéHHbIe 3J1eMEeHThl CUMMETPUU U UX CO-
YeTaHMST U3BECTHBI MCKIIIOUUTEIHFHO 110 HAOIIONCHUSIM B
npupoae. Bo3MOXKHBI I TaKKMe TeOPeMBbI UTST OMOJIOTIIe-
CKMX 00beKTOB? OTMETUM 3Ty TeMY ISl IPYTOil CTaThU.

Aemop baaeodapum peuenzenmog 3a npogheccuoHans-
Hble 3aMeyanus, cnocoocmeogasiuie bonee ACHOMY U3N0Mce-
HUIO cmamou.
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Kponuka, coGbimus, thakmbl - Chronicle, events, facts

International Congress
for Applied Mineralogy

According to the decision of the Bureau of the
Council of the International Commission for Applied
Mineralogy (ICAM)

14-ii Mexqunapogubili Kowapece no npuknaguod Munepano2uu, beneopog, 2327 cenmafpa 2019 2.
14th International Congress on Applied Mineralogy, Belgorod, September 23-21, 2019

B cootBerctBUM ¢ peuieHueM Owopo Cosera
MexnyHapogHOi KOMUCCUM TIO0 TIPUKIIAAHOW MM-
Hepanorun (ICAM — International Commission on

of the International

Mineralogical Association ﬁ
(IMA), adopted in | |
November 2015, our
country was for the first
time elected to host
the 14th  International
Congress for Applied
Mineralogy — a very pres-
tigious scientific event in | |
the world. It should be
noted that this decision
for the Russian Federation
was adopted unanimously.

September 23-
27, 2019 in Belgorod
the V. G. Shukhov Belgorod State Technological
University hosted the 14th International Congress
for Applied Mineralogy (www.geo.komisc.ru/
icam2019) (ICAM 2019).

T'ysepuaTop
‘ Bearopoackori
0BAACTH

no npuxaadwoii muneparozuu (ICAM-2019)!

Applied Mineralogy)
MexayHapoaHOIM
MUHepaJloruue -
CcKOM accouurauuu
(IMA — International

e oo Mineralogical
Tayboxo ), 4MO CTMOAD it Hayunbiil gl
gy, ncpave npovadusent o Association),  mpuHSI-

pezuon, KOMOpUL CAGGUIICS. HE MOALKD YHURAAGHBLM

bozamcmeon

Hedp U GWCOKUMU MEMMAMU UX. 0COOCH, WO U YWUKGAGHGMU

uceaedosanus . 6 06AGCIL MUNEPANOZUI 1 20pHO20 derd.
Pewenue opexomumema o nposedenuu ICAM

- 2019 ma

Beazopoduune Mt pACCHaMpUSAEM RGK, 6HICOKYIO OUEHKY HAUL

yeuruil, uanp na

d06s

u

ToAEIHBIX.

uckonaexvix; B smoii cansu xomeaocs v ommemums eKAGd onopnozo

6ysa pezuona — BIIIY um. B.T. UUlyxoea, cosdasiiezo deiicmoentyio

cucmety

npoussodcmaa.

HayKu u

Hem comnenus, umo Konzpecc, obvedunusuui uccredosameaeii u
HPOMBIUAEHUKDS U3 PASHBLX CIUPaN, TOCAYSUM KOHCTIpYKIUGHOMY U
pesysomamusnomy duarozy 0 umn  ynpowewus  mosuyuil

npaxmuueckoil u

nomenyuara naanems.
Tlossoxsme  morgaams  eax  mpodyxmusoii

ducrycun,

u
6aaz0 poccuiicii u Muposoit nayKu!

60

TBIM B HostOpe 2015 T0-
Jla, Hallla CTpaHa BIEep-
Bble ObLIa BbIOpaHa
st mpoBeaeHust 14-ro
MexnyHapoaHOTo KOH-
rpecca I0 TPUKJIATHOMN
MHWHEPAJIOTU — BeCh-
Ma MTPECTHKHOTO B MUPE
HAy4yHOTO  MEepOIpusi-
Tusg. OTMETHUM, UTO YKa-

-

Yoaxarouuii Bac Wﬂmﬁ Casuenxo

3aHHOE pelleHUEe B OT-
HomeHun Poccuiickoit
®enepanu ObUIO TIPU-

The congress was organized by: International
Mineralogical  Association (IMA);  Russian

HSITO €IUHOTJIACHO.
23-27 CEHTSIOPS

Mineralogical Society (RMS); Ministry of Science

and Higher Education of the Russian Federation; Russian
Academy of Sciences (RAS); Government of the Belgorod
Region; Russian Academy of Architecture and Building
Sciences (RAABS); Belgorod State Technological
University named after V. G. Shukhov; Institute of Geology

=t =+ ~vrowiogwmM L0 JIET Hasag o,

id not become a

It particularly hap

ence has object
a hundred years

Academician A. M. Askhabov, member of National Program
Committee

Akanemuk A. M. AcxaboB, wieH HalmoHanibHOTO mporpamm-
Horo komuTteTa. [lieHapHOe 3acenaHue

2019 1. B benropone
Ha Tuiomanke belropoackoro rocymapCTBEHHOTO TeX-
Hosiornueckoro ynusepcutera um. B. I'. [llyxosa (BI'TY

Academician L. A. Vaisberg, Chairman of National Program
Committee

Axanemuk JI. A. Baiicoepr, npeacenaresnb HaunonanbHOTO rmpo-
rpaMMHOTO KOMUTETa

uMm. B. T. IlyxoBa) cocrosuicsa 14-it MexayHapomHbIi
KOHTpecC TII0 TMPUKIATHOW MUHEpaJIoruu (WWWw.geo.
komisc.ru/icam2019) (ICAM 2019).

OpranuzatopamMmu KOHTrpecca BBICTYTTUIIN:
MexnyHaponHasi ~ MUHepajoThdeckass — acCoIMalus
(IMA); Poccuiickoe MUHepaJOruuyeckoe OOIIeCTBO
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named after Academician N. P. Yushkin FRC Komi SC
UB RAS (IG FRC Komi SC UB RAS); Scientific and
Production Corporation «Mekhanobr-Technika».

The National Organizing Committee included from
Belgorod region: E. S. Savchenko — Governor of the
Belgorod Region, Corresponding Member of RAS;
S. N. Glagolev — Rector of V. G. Shukhov BSTU,
Professor; V. V. Strokova — Professor of RAS, member of
the RMS Academic Council. From the Russian Academy
of Sciences: Academicians of the Russian Academy
of Sciences D. V. Rundkvist, D. Yu. Pushcharovsky,
A. 0O. Glko; Corresponding Member of RAS
V. V. Maslennikov; from the RAS Department of Earth
Sciences — N. A. Zaytseva; from the RMS Commission
for Technological Mineralogy and IG FRC Komi SC UB
RAS 1. N. Burtsev and N. N. Timonina.

The National Program Committee was headed by
Academician L. A. Vaisberg. The Committee included rep-
resentatives ofleading scientific organizations of the Russian
Academy of Sciences, industry organizations, universities
and industrial associations — academicians of the Russian
Academy of Sciences: A. M. Askhabov, N. S. Bortnikov;
N. V. Sobolev; V. A. Chanturia; Corresponding members
of the Russian Academy of Sciences: S. V. Krivovichev,
Yu. B. Marin; Doctors of Sciences: T. N. Matveeva,
0. B. Kotova, E. G. Ozhogina, O. V. Frank-Kamenetskaya,
V. V. Shchiptsov.

(PMO); MuHUCTEpCTBO HayKM M BBICIIEr0 0Opa3oBa-
Hus Poccniickoit @enepauun; Poccuiickas axageMust
Hayk (PAH); IlpaButennsctBo Benropomckoit obmacTu;
Poccuiickast akameMust apXUTEKTYpPhl U CTPOMTEIBHBIX
Hayk (PAACH); benroponckuii rocynapcTBEHHbI TEXHO-
Jnornueckuii ynusepcuteta umenu B. I. Ilyxosa (BI'TY
uM. B. I'. IllyxoBa); MHCTUTYT re0n0TMM UMEHU aKaIeMU-
ka H. I1. FOmkuna ®U1L Komu HII YpO PAH (UT ®UL]
Komu HII YpO PAH); Hayuno-npon3BoacTBeHHAs KOp-
nopanus «MexaHOOp-TeXHUKa».

B coctaB HaumoHaibHOro OpraHM3aMoOHHOT0 KOMUTE-
Ta Bouuiu oT benropoackoii obnactu: E. C. CaBueHKO —
ryoepHatop benroponckoii ob6nactu, 4wi.-kopp. PAH;
C. H.TI'marones — pexrop bI'TY um. B. I'. IllyxoBa, mpodec-
cop; B. B. CrpokoBa — npocdeccop PAH, uinen YueHoro co-
Beta PMO. Ot Pocculickoii akaneMuu HayK — aKaeMUKHU
PAH J1. B. Pynnksucr, /1. FO. ITymaposckuii, A. O. I1ko;
yneH-koppecroHaeHT PAH B. B. MacnennukoB; ot OH3
PAH — H. A. 3aiiuesa; or Komuccum mo TexHoJIOrnye-
ckoit muHepasornu PMO u UI' ®UL Komu HL YpO
PAH — W. H. bypues u H. H. TumonuHa.

HaummonanpHblii mporpaMMHbIii  KOMUTET BO3IJa-
Bun akanemuk PAH JI. A. Baiicoepr. B KomuteT Bouwuiu
MpencTaBUTed BeAyLIMX HaydyHbIX opraHuszauuii PAH,
oTpaciieBbIX opranmzauuii, BY3oB u mnpousBoacTBeH-
HBIX o0benuHeHMi, akagemuku PAH: A. M. Acxa0os,
H. C. bopruukos; H. B. Cob6oneB; B. A. Yanrypus;

Dear Participants of the 14th International Congress
for Applied Mineralogy!

BEE

i XIV

KOHI1

On behalf of the Presidium of the Russian Mineralogical
Society, let us congratulate you with this important scientific
event and express our hope for the successful and productive work
at its sessions and symposia.

Challenges that will be considered at the Congress, which is
held in Russia for the first time, are exceptionally broad. They
coincide with many directions that were recently developed by the
Russian Mineralogical Society at its Commissionson technological
mineralogy, environmental mineralogy and geochemistry,
crystalchemistry and spectroscopy, and organic mineralogy.

In 2017, the Russian Mineralogical Society (RMS)
celebrated its 200th anniversary, and today, it unites more than twelve hundred members from different fields and disciplines.
RMS sections are present in many scientifically important cities and mining regions of our country. RMS members are actively
solving important problems of development and production of raw materials for nuclear, diamond, rare metal, and oil industries.

The continuing progress in microscopy (electron, tunnel, atomic force) brought mineralogical studies to the micro- and
nanolevels. Intervention into micro- and nanoworlds is an important new stage of development of modern mineralogy and
mineralogical crystallography. Due to the success in these fields, a range of new possibilities was opened for:

« prospecting and elaboration of novel types of mineral deposits,

* solution of the remediation problems for mining regions and the rational use of mine tailings,

* deeper understanding of the nature of oil fields, organic minerals and biominerals,

* creation of principally new geo-inspired materials with improved functional properties.

The methods of mineralogical sciences are still in the focus of problems that are faced by Earth sciences, rational use of
natural resources, conservation of natural diversity, and cultural heritage of the humankind.

We are sure that the Congress will demonstrate a broad spectrum of important scientific discoveries, will develop new directions
for research and exploration in applied mineralogy, and, last but not least, will provide a lavish basis for new professional contacts
and collaborations.

Wishing you great inspiration, new discoveries, and achievements.

MWH

Yury B. Marin

President of the Russian Mineralogical Society,
Corresponding Member of the Russian Academy of Sciences
Sergey V. Krivovichev

Vice- President of the Russian Mineralogical Society,
Corresponding Member of the Russian Academy of Sciences
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The International Committee included — from the
ICAM Council: Saverio Fiore, President of the Council,
Italy; Olga Kotova, Vice President of the Council, Russia;
Council Secretary General, Dieter Rammlmair, Germany;
from IMA-CAM Maarten
A. T. M. Broekmans,
Norway, Chair; Jan Elsen,
Secretary, Belgium.

The general spon-
sor of the Congress was
Management Company
Metalloinvest.

Information support 4
of the Congress was pro- Oféq,, %@\*
vided by the journals: Ore R
Dressing, Exploration
and Mineral Protection,
Building Materials, Bul-
letin of the Belgorod State
Technological University
named after V. G. Shu-
khov, Ores and Metals,
Vestnik of the Institute of Geology of Komi Science Center,
Ural Branch of the Russian Academy of Sciences, Vestnik
of the Department of Earth Sciences of the RAS.

The Congress target audience was researchers from
Europe, Asia, America, Australia and Africa, who for five
days presented their latest achievements and develop-
ments in research and application of the planet’s natural
resources. 122 reports of 340 authors were announced for
the Congress.

The opening ceremony of the Congress took place
on September 23 in the Shukhov congress hall of BSTU.
Welcoming speeches were made by representatives of the
Belgorod Region, BSTU, the International Mineralogical
Association, the Russian Academy of Sciences and the
Russian Mineralogical Society.

The speakers of the Plenary session reflected the most
significant problems of applied mineralogy. For example,

YyacTHUKaM
XIV-ro MexxayHapogHOIo
KOHTpecca 110 MPUKIagHOou
MVUHepPaJIorun

Shukhov Congress Hall. Opening Ceremony, conveners of plenary sessions
(from left to right) Olga Kotova, IF FRC Komi SC UB RAS, and Valeria
Strokova, Shukhov BSTU, Sergey Glagolev, Rector of Shukhov BSTU,

Olga Pavlova, deputy governor of Belgorod region

LllyxoBckuit KOHTpecc-3all, LIEPEMOHMS OTKPBITHSI, OPTKOMUTET TUIEHAPHBIX
3acenanuii (cieBa HarmpaBo): Onbra Kotosa, UT UL Komu HLI YpO PAH;
Banepust Ctpokosa, BI'TY um. B. I. lllyxosa; Cepreii [l1arones, pekrop
BI'TY um. B. I. lllyxoBa; 3amectutesb rydoepHatopa benropoackoit obinactu

Ongvra [1aBnoBa

YJIEHBI-KOPPECTIOHAEHTHI

PAH: C. B. KpusoBuues,

0. b. Mapun; nokropa Hayk: T. H. Marseesa,
0. b. Korosa, E. I'. Oxoruna, O. B. ®pank-Kamenenxkas,

B. B. IlIumnuos.

B coctaB MexXayHapoaHOro KOMUTETa BOIILIM — OT

Yuacmnuxam XIV-20
MesidyHapodHozo KoHzpecca
no npuKknaoHoti
MUHepanozuu

Yeasicaemole Opy3bsi u Konezu, 0amsl u zocnoda!

Om umenu OmadeneHus Hayk o 3eme Poccutickoli akade-
MUl HayK UCKpeHHe pad npusemcmeosams yuacmuuxos XIV
MesdyHapooHo20 KoHzpecca no npuKknaoHoli MuHepanozu,

i 0 8 Poccuu e pyc-

pbil np P
cKom 2opode Benzopode.

Hanp P Konepecca D =
uecKu 8ce 001ACMU NPUNONEHUS MUHEPAN02UU K NOMPeGHOC-
MM CO8PeMEHHOU IKOHOMUKU U HUSHU 06Ujecmea.

YeepeH, umo meponpusimue npotidem Ha 86ICOKOM YPOGHe
U yuacmuuku cmozym nuodomeopHo nopabomams u 06cyoums
cospemeHHble NPoONIeMbl NPUKIAOHOL MUHEPANo2ull, a make

5

1€ 00C mamu B Kol

obnacmu.

Cogsera ICAM Cagepuo
®uope (Saverio Fiore),
npe3uneHT Cosera, Uta-
nust; Onbra Korosa, Bu-
ue-nipe3ugeHt Cosera,

Poccus; reHepaib-
HbIN cexpetapb CoBeTa,
Hutep Pammnmaiip,

I'epmanusg; or IMA-
CAM Maptun bpyk-
maHc, Hopserus (nipea-
cenarenb); AH DceH,
benbrus (cekperapsb).

IF'eHepalbHB M
CIIOHCOPOM  KOHIpecC-
ca Beictymmia OO0O
«YTIpaBIIsIONIasl KOMIIa-

IIpoysemarus Haweti npekpacHoti nnaneme 3emns!
C Hauny4wWuMu noxMeaaHusmMu,

-cekpemapb Omo:

Poccutickoti akademuu Hayk
akademux PAH

Hayk o 3emne

o HUs MeTaIoOuHBECT».
t/@/// A, A.O.Inuxo

Nudopmannonnyio
MOJIEPKKY B OpraHu3a-
nuu KoHrpecca okazanu kypHaibl: «O0oraiieHue pya»,
«PasBenka u oxpaHa Henp», «CTpoUTeJIbHBIE MaTepua-
TBl», «BecTHUK Bearopomckoro rocymapcTBEHHOTO TEX-
Hosiornuyeckoro yHusepcutetra um. B. I. [llyxoBa», «Pymasl
u MeTabl», «BectHuk MHcTutyTa reonornn Komu HIL
¥YpO PAH», «BectHuk OtneneHust Hayk o 3emiie PAH».

Llenesoii aynutopueit KoHrpecca craiu y4eHble U3
EBponnbl, A3un, Amepuku, ABctpaiuu u A¢Gpuku, B Te-
YeHWE TISITU JHEU TPeICTaBIISIBIINE HOBEHMIIE JOCTIKE-
HUS ¥ pa3pabOTKM B UCCIICAOBAHUN W TIPUMEHCHUH TIPH-
POIHBIX OOTaTCTB IUTaHeTh. JIJIst yaacTusi B KOH(epeHIMT
ObL10 3asiB7IeHO 122 nokiana 340 aBTopoB.

Ilepemonns oTkpeiTHA KoHrpecca cocrosiiach 23 ceH-
T6ps1 B LllyxoBckom koHrpecc-3ane BI'TY. C mpuBert-
CTBEHHBIMHU CJIOBAaMM BBICTYITWJIA TIPEICTABUTEIIN
benroponckoii oonactu, bI'TY, MexayHapoaHoi
MUHepajJoruyeckoir accouvauuu, Poccuiickoii
aKajgeMUu HayK 1 Poccuiickoro MuHepaaoruyecko-
ro o0l1ecTBa.

OCHOBHBIC HayYHBIC HAIIPaBJIICHUSI, KOTOPBIC
oxBaTul KoHrpecc, KOCHY/IMCh COBPEMEHHBIX Me-
TOJIOB MCCJIEIOBAHMSI TOPHBIX TTOPOJ 1 MUHEPAJIOB,
MOJIE3HBIX MCKOIMAEMBbIX, TEOMETAITYPTUM M TIPO-
1IECCOB MepepaboTKU, OMOMUHEPANOTUN, (PYHKIIM-
OHAJIbHBIX MaTepHaJiOB, YIJIEBOIOPOIHOIO CHIPHS,
9KOJIOTMH, B paMKaX KOTOPBIX padoTanu 9 ceKImii.
CrnenaHo 16 mueHapHbix, 70 yCTHBIX U 36 CTEHI0-
BBIX IOKJIAJIOB.

JloKkIaguuKy TJIeHAPHOW CeCCHHM OTpa3uiu
HauboJiee 3HauMMble MPOOIEMbI TIPUKIIATHON MU~
Hepaysoruu. AkageMuk Acxab Acxa6os (MU' ®UI]
Komu HII YpO PAH, CeikTBIBKap) B CBOEM JI0O-
KJIage, TOCBSIICHHOM pe3yiabTaTaM U TIePCIeK-
TUBaM MUWHEPAJIOTUIECKOTO BTOPXKEHMSI B HAHO-
MUp, CPEIU MPOYETO OTMETHII MOSIBJIEHUE MPOTO-
MUHEPaJbHOIO MHpa B MOBECTKE THS MUHEPaJO-
TMYECKOI HayKU U CBsI3ajl MEPCIEKTUBBI Pa3BUTHS
MPUKJIATHON MUHEPAJIIOTUUEeCKON HayKu, B TOM
quCcyIe TIPUKIATHON MIHEePAJIOTUH, C TIPOTpaMMOit

43



& Beciinare T Komu HL, YpO PAH, ceHTaGpb, 2019 1., Ne 9

Delegation from the Institute of Geology (from left to right): Igor Perovsky, Aleksey Ponaryadov, Igor Burtsev, Natalia Timonina, Askhab
Askhabov, Olga Kotova, Dmitry Kamashev

Heneraunst MacTutyTa reojoruu (cieBa HampaBo): Mrope I[leposckuii, Anekceii [ToHapsimos, Mrops bypues, Haranes TumonuHa,
Acxab Acxabos, Oxnbra Korosa, JImutpuit Kamares

Academician A. M. Askhabov (IG FRC Komi SC UB RAS,
Syktyvkar) noted the appearance of the protomineral world
in the mineralogical science agenda and linked the develop-
ment of applied mineralogy with a program of priority ex-
periments to study nanobjects (in the range from individual
atoms and molecules to the first “nanoindividuals” of min-
eral substance) with the use of the European XFEL.

Researchers assign the further development of in-
terrelated problems of rational use of natural resourc-
es to a qualitatively new level of researches of the miner-
al and material composition of multicomponent ores, sug-
gesting their methods and approaches, for example, from
the perspective of complex and deep processing (Valentin
Chanturia, Tamara Matveeva | Institute for the Problems of
Integrated Subsoil Development of the Russian Academy
of Sciences, Moscow) or from the point of view of innova-
tion in engineering by the example of molybdenum-schee-
lite ores (Leonid Vaysberg, Oleg Kononov, Ivan Ustinov |
Mekhanobr-Tekhnika, St. Petersburg and Moscow State
University, Moscow).

By combining their scientific potential in the field of
technological mineralogy, Olga Kotova (IG FRC Komi
SC, UB RAS, Syktyvkar) and Elena Ozhogina (VIMS,

TMEePBOOUYEPEIHBIX SKCIIEPUMEHTOB IO M3YyYEHUIO Ha-
HOOBEKTOB (B IMAra3oHe OT OTACIBHBIX aTOMOB M MO-
JIEKYJ IO TIEPBBIX «HAHOMHIWBUIOB» MUHEPAIBHOTO
BellecTBa) ¢ MpuBiaeueHreM EBpomneiickoro jgazepa Ha
CBOOOIHBIX JIEKTPOHAX.

HanbHeiilliee pa3BUTUE B3aMMOCBS3aHHBIX TPO-
0JieM palMOHAJbHOIO MCITOJIb30BaHUs MPUPOIHBIX pe-
CYpPCOB YY€HBIC CBSI3BIBAIOT C KAUYECTBEHHO HOBBIM YPOB-
HEeM WCCIIeIOBaHWIT MMHEpPaJbHOTO U BEIICCTBEHHO-
TO cocTaBa MHOIOKOMIIOHEHTHBIX Py, Ipejiaras cBOU
METOJIbI U TTOAXOMbI, HAIIPUMED, C TIO3UIIMHA KOMILIEKC-
HOM U Tiyookoit mnepepadotrku (Banentun YaHTypus,
Tamapa MarseeBa | MHCTUTYT IpoGIeM KOMILIEKCHO-
ro ocsocHmsT Heap PAH, MockBa) uiam ¢ mo3uLMy WH-
HOBaLIMii B WHXWHUPHWHIE Ha IIpUMepe MOJUOICHO-
meeanToBbix pya (Jleonun BaiicOepr, MBan YcrtuHOB |
HIIO «MexaHnoop-Texnuka», CaHnkr-Ilerepoypr u Ojer
KonoHoB | MOCKOBCKMIA TOCyIapCTBEHHBI YHUBEPCH-
teT, MockBa). O0beAMHUB CBOII HAayYHBII MOTEHIIMAJ B
obiactu TexHojormyeckoit munepanorun Onbwra Korosa
(UT ®ULL Komu HIL ¥pO PAH, CeikteiBKap) u Enena
OxoruHa (BUMC, MockBa) mpoIeMOHCTPUPOBAIM aJl-
TOPUTM BOBJIEYEHHUSI BO BTOPMYHYIO TTepepabOTKy OTXO-

Here is the few words about Applied Mineralogy

As you know I use optical microscope (reflected one in particular) with EPMA, XRD and
Raman to resolve problems arising from mineralogical issues in a fairly broad areas from pro-
cess mineralogy to material science. Minerals are all around us since the early man. It appears
that the tendency towards natural materials and dependence on natural resources will definetely
continue. Thus importance and popularity of applied mineralogy will be increasing in the future.

Thanks for everything. I sure had a plesant time in Belgorod.

I enjoyed the Russian food as well. Organization was hastle free. All well organized. Congress
hall was also impressive. All in all, it was a privilege for me.

Prof. Emin Ciftci

Istanbul Technical University Faculty of Mines
Department of Geological Engineering,
Istanbul, Turkey
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Moscow) demonstrated the algorithm of involvement of
mining wastes (enclosing and overburden rocks, off-bal-
ance ores, dumps) and processing (slags, sludges, ash slags,
ashes) industries by the example of Ni- and Al-raw.

Chinese colleagues (Professors Fagin Dong, Qunwei
Dai and Shiyong Sun, Southwest University of Science
and Technology of China, Minyang) focused on the micro-
organism-mineral-pollutant systems as an innovative ap-
proach to increase control
of hydrogeological land-
scape conditions (traver-
tine of the main heritage
sites of Jiuzhaigou), envi-
ronmental pollution and
environmental rehabilita-
tion technologies.

Such a popular top-
ic as “minerals as proto-
types of advanced mate-
rials and mineral forma-
tion as the basis for the de-
velopment of nature-like
technologies” were al-
so reflected in the plena-
ry reports. We would like  Shukhov BSTU, Shukhov Hall.
to emphasize the presen-
tation of Corresponding
Member of the Russian
Academy of Sciences
Valery Maslennikov (Institute of Mineralogy, UB RAS),
who summarized the results of 15 years of work together
with Professor Ross Large (CODES — Center of Ore de-
posits research, Tasmania University) in the field of LA-
ICP-MS geochemistry of massive sulfide and orogenic
gold deposits. German colleagues emphasized the impor-
tance of the geochemistry and mineralogy of the tailings
of a copper mine in northern central Chile in the forma-
tion of the country economic potential and strategies to re-
duce environmental impact (K. Berkh, D. Rammlmair,
M. Drobe, J. Meima “Case study: Geochemistry and
mineralogy of Copper mine tailings in northern central-
Chile”). Corresponding Member of the Russian Academy

Iyxosckuii 3a1 BI'TY. 3acenanue Coseta ICAM. Onbra Korosa, Poccus;
Maptun bpykmanc, Hopserus; Qutep Pammnmaiip, [lepmanus

JIOB TOPHOIOOBIBAIOIINX M TlepepadaThIBAIOIIUX ITPOU3-
BoJCcTB Ha mpuMepe Ni- 1 Al- CbIpbsl.

Kwuraiickue xomnerm (mpodeccopa Fagin Dong,
Qunwei Dai 1 Shiyong Sun | FOro-3amanHblii yHUBEpCH-
TeT Hayku U TexHuku Kurtass, MuHbsHT) choKycupoBa-
JIU BHUMaHUE Ha CUCTEME MUKPOOPTaHU3M — MUHEpal —
MOJUTIOTAaHT, OCHOBE WHHOBALIMI TOBBILIEHUS BO3MOX-
HOCTEH B I10JI€ KOHTPOJISI TUAPOTECOJIOTNIYECKUX YCIAOBUA
nmaammadTa (Ha TIpu-
Mepe TpaBepTHHA OC-
HOBHBIX OOBEKTOB Ha-
cnenust L3touxaiiroy),
3arpsI3HEHUST  OKpYy»Ka-
IOLIEN Cpeabl U TEXHO-
JIOTUIA 3KOJIOTUYECKOM
peaduIUTaLIuH.

YneH-KoppecIoH-
neHt PAH Banepuii
MacnennukoB  (MH-
CTUTYT MUWHEPAJOTUH
YpO PAH) B pokina-
ne 0600mua  pesysib-
Tathl 15 neTHelt pabo-
Tbl COBMECTHO C TIpO-

ICAM Council meeting. Olga Kotova, ®eccopom Ross Large
Russia; Maarten Broekmans, Norway; Dieter Rammlmair, Germany

(CODES — Centre of
Ore deposits research,
Tasmania  University,
Australia) B o6jactu
LA — ICP-MS reoxuMuu MacCUBHBIX CYJIbMOUIHBIX U
OPOTr€HHBIX MECTOPOXKIEHUH 30J10Ta.

Hewmeukue xonneru nomuepkHyaIM BaXXHOCTb TEOXU-
MU U MUHEPAJIOTUU XBOCTOB MPU (DOPMUPOBAHUM KO-
HOMMYECKOTO TIOTEHIIMaNa CTPaHbl U CTpaTeruy yMeHb-
IIeHWS BO3ACHCTBUS Ha OKPYXXAIOIIYIO Cpely Ha MprUMe-
pe MEeTHOTro pyIHMKA Ha CeBepe LIeHTpaIbHOM yacTu Yunu
(K. Berkh, D. Rammlmair, M. Drobe, J. Meima «Case
study: Geochemistry and mineralogy of Copper mine
tailings in northern central-Chile»).

Unen-xoppecrionaeHT PAH Cepreit Kpuouuen
C COaBTOpaMU B TOKJIANE MPEIIOXWIN MypaTauT-IUpPOX-
JIOp TUTAHATHYIO KepaMUKY Ha OCHOBE OTXO/IOB, CI10CO0-

‘ | Fevepansinit cnowcop

T1: geometallurgy, thechnological mineralogy and processing of mineral raw

2 Section T1 appears to be central to Congress (not to mention, of course, plenary presentations).

KOHTPECCa no npuxnagwal

munepanori ICAM 2019

My view of the situation is that the dominant reports in the field of applied mineralogy
and metallurgy of ore deposits were studies of the material composition of finely disseminated
non-ferrous and ferrous metals, fundamental prerequisites for the use of combined processing
technologies for refractory ores and industrial wastes, as well as studies of promising types of ores
containing layered and clay minerals. That is, the topics of the reports were quite in the trend of
developing the fundamental foundations for improving the technology of tomorrow.

Among the outstanding reports at T1 section, I would like to mention a series of reports by
Emin Chiftci on the study of extremely finely disseminated polymetallic ores in the northern part of
Turkey, a report by Olga Kotova on the effect of accelerated electrons on the structure of minerals,
and a report by Andrey Gerasimov on the effect of layered silicates on the physicochemical
properties of ores and thermochemical control of these properties.

General impression. The work of the congress was well organized. At all stages of the preparation
and conduct of the Congress we felt a confident leadership of Professor Olga Kotova, and at the

stage of the Congress itself, the active positive influence of Professor Valeria Strokova. The genuine
hospitality of the receiving party was constantly felt. The friendly attitude towards the members of the permanent members of the
ICAM Council, as well as members of the organizational and program committees of the congress, was very noticeable.

Prof. Ivan Ustinov —

Research and Engineering Corporation Mekhanobr-Tekhnika, St.-Peterburg, Russia

a1
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of Sciences Sergey Krivovichev with co-authors suggest-
ed murataite-pyrochlore titanate ceramics as an attractive
form of wastes, which could immobilize flows of radioac-
tive wastes of complex composition, which would eliminate
chemical methods.

The report by Fernando Rocha with his colleagues
from the Portuguese University of Aveiro was devotet to
improving the proper-
ties of waste-based geo-
polymers  (“Properties
Improvement of
Metakaolin-Zeolite-
Diatomite-Red Mud
Based Geopolymers”
F. Rochal (&), C. Costa,
W. Hajjaji, S. Andrejko-
vicova, GeoBioTec,
Geosciences
Department, University
of Aveiro).

Natalia Timonina
(IG FRC Komi SC UB
RAS, Syktyvkar) re-

ported on the influ- Shukhov Congress Hall; ICAM Council meeting; Emin Ciftci, Past ICAM

HYI0O UMMOOMJIM30BaTh PaIMOaKTUBHbBIE OTXOMbI CJI0XKHO-
IO COCTaBa, 4TO MCKJIIOYAeT HEOOXOAMMOCTh MCIIOJIb30-
BaTh XUMUYECKIE METOIBI.

Hoximang PepHango Poya ¢ KoyuteramMu u3 mopTyTaib-
CKOTO YHUBEPCHUTETA I. ABEWPO OBLIT ITOCBSIIEH YTYIIIEHUTO
CBOICTB TeonoJIMMEpPOB Ha OCHOBe oTxoaoB («Properties
Improvement of Metakaolin-Zeolite-Diatomite-Red Mud
Based Geopolymers»
F. Rocha (&), C. Costal,
W. Hajjaji, S. Andrejko-
vicova, GeoBioTec, Geo-
sciences  Department,
University of Aveiro).

Hoknan  Haranbu
Tumonunoit (UI'" ®ULL
Komu HII YpO PAH,
CBIKTBIBKAp) ObLT MO-
CBSIIICH BJIMSIHUIO TJIM-
HUCTBIX MUHEPaJIOB
MeCYaHbIX ITOPOI-KOJI-
JIEKTOPOB TPHUACOBO-
ro BO3pacTa apKTUYe-
ckux paitoHoB TumaHo-
Ileyopckoii  HedTera-

ence of clay minerals of President (Stambul, 2012) and Fernando Roche, Vice President of the new  30HOCHOIl TIpPOBUHLIMKI

Triassic sandy reservoirs

of Arctic regions of the LyxoBckuii koHrpecc-3ai; 3acenanue Cosera ICAM OmuH Yuduu, npo- U
Timan-Pechora oil and uwuelit npesunent ICAM (Cram6ys, 2012) u ®epHanno Poue, Bulie-mpe-
3uaeHT HoBOro coctaBa CoBera

gas province on filtration
and reservoir properties
of the latter, assessment of quality of reservoirs and caps
to increase the efficiency of oil recovery and hydrocarbon
production.

Reports of BSTU scientists (Valery Lesovik et al.), as
well as French colleagues (Gwenn LE SAOUT, Rachida
IDIR, Jean Claude ROUX | IMT Mines ALES, Ales,
France; CEREMA, DIM project team, Provins, France
“Study of a calcium sulfo aluminate cement”) raised the
problems of applied mineralogy in the building industry.

The report by Olga Frank-Kamenetskaya et al.
(Dmitry Vlasov, Vera Rytikova, Vadim Parfenov, Vera
Manurtdinova, Marina Zelenskaya | St. Petersburg State
University, St. Petersburg, Russia; State Museum of
Urban Sculpture, St. Petersburg, Russia; St. Petersburg
Electrotechnical University “LETI”, St. Petersburg)
“Monitoring of the state of St. Petersburg stone monu-

staff of the Council Ha

(hunbTpanioHHBIC
€MKOCTHBIC  CBOM-
CTBa TIOCJICTHUX, OLICH-
K€ KavyecTBa KOJUIEKTO-
POB M MOKPBHILIEK C IIe-
JIbIO MOBBbILIEHUST 3P GEKTUBHOCTA He(TeOTaaun IjacTa
U YBEJIWUYEHUIO 00beMOB JOOBIUM YTIIEBOIOPOIOB.

Hoxumanpl yaenbix BI'TY (Banepus JlecoBuka u ap.),
a taxxke (ppanirysckux koyier (Gwenn Le Saout, Rachida
Idir, Jean Claude Roux | IMT Mines ALES, Ales, France;
CEREMA, DIM project team, Provins, France «Study of
a calcium sulfo aluminate cement») OAHSIU TTPOOIEMBbI
MIPUKJIATHOW MUHEPAJIOTUM CTPOUTEIbHON MHAYCTPUM.

B moxmame Ompru ®pank-KameHerkoit ¢ coaBTO-
pammu (Dmitry Vlasov, Vera Rytikova, Vadim Parfenov,
Vera Manurtdinova, Marina Zelenskaya | St. Petersburg
State University; State Museum of Urban Sculpture;
St.  Petersburg Electrotechnical University <«LETI»,
St. Petersburg, Russia) «Monitoring of the state of
St. Petersburg stone monuments and the strategy of their
preservation» OBUIM OTpaXkKeHBI MPOOJIEMBI, CBSI3aHHBIC

Applied mineralogy corresponds to theoretical mineralogy, both of which are important

components of mineral science and engineering. It is differentiated from the traditional branch
disciplines such as describing mineralogy and history of mineral science. It grew up on the
basis of the mutual penetration of mineralogy and related disciplines, the rapid development
of modern test and analysis methods, and the practical application of modern industrial and
agricultural production and scientific and technological requirements of mineralogy. Combining
modern mineralogy with traditional and emerging disciplines such as physics, chemistry,
computational simulation, agriculture, biology, mineral processing, metallurgy, materials science
and environment, many active interdisciplinary and applied mineralogy branches such as
nanomineralogy and computational mineralogy have been formed. Therefore, applied mineralogy
is a bridge and link between mineralogy and comprehensive utilization of mineral resources, solid
waste recycling and related disciplines. Its rise and development are the inevitable product of
modern scientific theory and technological progress, and will continue to play a greater role in
industrial and agricultural production, people’s daily life and national economy.

Prof. Shiyong Sun,

Director of Department of Geological Engineering of Southwest University of Science

and Technology of China




Vestnit |G Komi SC UB RAS, September, 2019 ., Ne 9 &

ments and the strategy of their preservation” reflected the
problems associated with the preservation of stone monu-
ments in the urban environment: identification of a stone
monument, development of methods for monitoring the
state of a stone and strategy for stone preservation.

The presentation by Emin Cift¢ci, Professor at the
Technical University of Istanbul, showed samples of
smoky quartz, blue chalcedony, emerald and other semi-
precious and precious stones from Turkish deposits. The
analytical capabilities of their study were demonstrat-
ed. Emin 3ift3i believed that with the increase of scien-
tific knowledge and technical capabilities, gemology as
a direction of applied mineralogy was experiencing its
golden age (Emin Ciftgi, Haluk Selim, Hiiseyin Sendir |
Istanbul Technical University, Istanbul, Turkey; ITICU,
Istanbul, Turkey; EOGU, Odunpazar, Eskisehir, Turkey
“Authentic semi-precious and precious gemstones of
Turkey: special emphasis on the ones preferred for prayer
beads”).

Sections worked during three days of the Congress.

The main scientific areas, covered by the Congress,
touched on modern methods of the study of rocks and
minerals, metallurgy and processing processes, biominer-
alogy, functional materials, hydrocarbon raw, ecology, in
which 9 sections worked, 16 plenary, 70 oral and 36 post-
er presentations were made. Section T1 “Geometallurgy,

C COXpaHEHHEM NaMSITHUKOB B TOPOJACKON cpene: UIAeH-
TUdUKaALMS TaMITHUKOB, pa3padoTKa METOIOB MOHUTO-
PUHTA COCTOSTHUS KaMHS U CTPaTeTUH eTO COXPAaHEHMSI.

B npesenTtanuu npodeccopa TexHu4ecKOro yHuBep-
cutrera Crambysna OvmuHa Yuduu ObuM TpeAcTaBICHBI
00pa3libl ABIMYATOrO KBaplla, CUHEro XajilleloHa, U3yM-
pyda Y OpYIUX IOJYAPAroleHHBbIX U JParoLUeHHbIX KaM-
Heii U3 MECTOPOXKIEHW TypIuu, MpoIeMOHCTPUPOBAHBI
aHAIMTUIECKIE BO3MOXKHOCTHA WX MCCIIEIOBaHUS. DMUH
Uudum cumraer, 4To CErogHs ¢ yBeJIUUYEHUEM HayIHBIX
3HAHWI U TEXHUIECKUX BO3ZMOXKHOCTEI TeMMOJIOTHS KaK
HanpapJieHWe NPUKJIAJIHON MUHEpaJOruu IepexXnBacT
cBoii 3osotoit Bek. (Emin Ciftgi, Haluk Selim, Hiiseyin
Sendir | Istanbul Technical University; ITICU, Istanbul;
EOGU, Odunpazar, Eskisehir, Turkey «Authentic semi-
precious and precious gemstones of Turkey: special em-
phasis on the onespreferred for prayer beads»).

Cek1MOHHbIE 3acelaHusl paboTaiu B TEUEHUU Tpex
nHeit Konrpecca. Cekuust T1 «[eomerammyprusi, Tex-
HOJIOTMYeCKash MUHEPAaJOrusl M TIPOIIECCHI IepepadoT-
K MHMHEPAJIBHOTO CHIPhsT» ObIIa CaMOM IIPEICTaBUTEIh-
HOI C aKIIEeHTOM Ha WCCJIE[IOBAaHUS BEIIECTBEHHOTO CO-
CTaBa TOHKOBKPAIJICHHBIX PY/I LIBETHBIX U YEPHBIX METaJI-
J10B. YyBCTBOBAJIOCH TOMUHHUPOBaHUE KOMOMHUPOBAHHBIX
TEXHOJIOTHI MepepabOTKK TPYAHOOOOTaTUMBIX DY U IIPO-
MBIIIUIEHHBIX OTXOA0B. BoJbIoit MHTepec BhI3BAIM JOKIA-

T6. 'Applied mineralogy’ of building materials
On aglobal scale, concrete is by far the most popular building material by volume, about 24Gt/a,

or roughly 10km3. The most commonly used binder is Ordinary Portland Cement (OPC), produced
by calcination of a mixture of limestone and clay in a rotary kiln at ~1350 °C to form clinker. Nearly
45wt % of the limestone is released as CO,. Compared to (virgin) building materials like glass, steel,
and especially alumium, production of OPC actually emits less CO, per unit weight (Hammond &
Jones 2008). However, this initial advantage is negated by the annual OPC production amounting
to >4Gt (four billion tonnes), of which nearly 80% is produced in south and east Asia, the remainder
roughly equally divided over the other continents (2017 data, Cem Bureau).

Conversely, even when the effect of low-CO, emission production methods for OPC-
alternatives may be limited if measured per unit weight, the reduction potential is gigantic if
sufficient OPC gets replaced by low-CO, alternatives.

A number of low-CO, emission OPC alternatives have garnered attention from mineralogists
in the past decades, eg. involving clays, zeolites, or sulfo-aluminates in the calcination to wholly or
partially replace limestone. The starting materials, the details of the metamorphic reactions taking
place during clinkering, the clinker products, as well as the hydration reactions and products fresh
and aged need characterization in adequate detail, to optimize production (ie. CO,-reduction potential) as well as performance
in real-life structures (eg. hydropower dams, nuclear plants, power lines, roads and railroads, coastal defense works, edifices and
residential dwellings).

The understanding of long-term performance of novel OPC-alternative clinker constituents has benefited greatly from
research on natural rock analogues, notably naturally combusted impure limestones and other lithologies intercalated with coals
seams, long ago ignited by lightning or bush fire.

Another issue (unrelated to cementitious binders) is the spontaneous failure of toughened glass caused by tiny spherical
inclusions of nickel-sulfide, contamination from glass production. The included metastable high-temperature polymorph slowly
transforms to its stable low-temperature form over 2- 10y, depending on detailed chemical composition and formation conditions,
expanding some 7vol%. Ultimately, the toughened glass shatters spontaneously but explosively from the internal growing tension,
damaging shower doors, salon tables, railway stations, pedestrian passage ways, facades on high-rise buildings, as well as their
human users. While improved quality control and post-manufacture heat-treatment have reduced spontaneous breakage cases,
better understanding of nickel-sulfide origin and behavior with temperature may still further enhance material use and user safety.

Above topics are just personal favorites from a much, much broader range of topics within ‘applied mineralogy of building
materials'. Regardless of topic chosen, and irrespective of what advanced instrumentation was used, however, the validity of
obtained results can only be verified by specification of all materials, experimental and/or analytical procedures, instrumentation,
settings and operating conditions, etc, in adequate detail. There is an unfortunate trend in reporting findings increasingly without
such specification, also in prestigious journals. When important details are missing, experiments cannot be repeated, and results
not reproduced, representing a demise of science fundamentals.

In summary, there is a clear demand for Applied mineralogy’ of building materials, whether glass, concrete, alternative
cementitious binders, or other materials used in construction, including teaching to students as much as ‘outreach to society'.

Dr. Maarten A. T. M. Broekmans, Norway
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technological mineralo-
gy, and mineral process-
ing processes” was the
most representative with
an emphasis on the study
of the material composi-
tion of finely disseminat-
ed non-ferrous and fer-
rous metals. The com-
bined processing tech-
nologies for refractory
ores and industrial wastes
dominated. The reports
on advanced types of
ores containing layered
and clay minerals were
interesting. The reports
presented at Section T2
“Industrial minerals,
precious stones, ores and
mining”

plied mineralogy in as-
sessing metals and industrial minerals, precious stones in
under fierce competition, raw materials deficit and envi-
ronmental risks.

Other sections also demonstrated achievements in
their fields involving mineralogical researches. It seemed
that the trend towards natural minerals and dependence on
natural resources would definitely continue. Thus, the im-
portance and popularity of applied mineralogy would in-
crease in the future.

The important result of the Congress was a book of al-
most 500 pages — Proceedings of the 14th International
Congress for Applied Mineralogy (ICAM2019), edited
by Professor S. N. Glagolev, Rector of Shukhov Belgorod
State Technical University, which were published by
Springer (Springer open https://link. springer. com/
book/10.1007/978-3- 030-22974-0), a part of the Springer
Proceedings in Earth and Environmental Sciences series.

Shukhov Congress Hall: member of National Program Committee Elena
Ozhogina, VIMS, and member of National Organization Committee Natalia
Timonina, IG FRC Komi SC UB RAS

demonstrat- LIyXoBckuii KoHrpecc-3ai: wieH HaunoHanbHOro nporpaMMHOIO KOMU- CBIPbSI U HKOJIOTMYECKHX
ed the importance of ap- tera Enena Oxoruna, BUMC u wien HauuoHanbHOro opraHu3alMoH-
Horo komuteTa Hatanbs Tumonnna, UT' ®UILL Komu HII YpO PAH

bl B 00JIACTU MCCJIENO-
BaHUS TIEPCIIEKTUBHBIX
TUIIOB pyd, CoaepKa-
IIUX CJIOUCTHIE U TJIM-
HUCTHIC MUHEpaIbI.
JloxJiaapbl, npeacTaB-
JIeHHble Ha cekuuu T2
«MHaycTpuanbHbie MU-
Hepajbl, JIparolicHHBIC
KaMHM, pyabl U IOOBI-
ya MOJIe3HbIX MCKOIae-
MBIX», TIPOJEMOHCTPH-
POBAIY BaXKHEMIIEE 3HA-
YEeHUE TPUKIIATHOU MU-

=" HepaJoTus TIPU OLICHKE
e

METAJUIOB U IIPOMBIIII-

JICHHBIX MHWHEPAJIOB,

JIparolieHHbIX KaMHel B
YCJIOBUSIX KECTKOU KOH-
KypeHuuu,  aeduumTa

PVICKOB.

OcranbHble CeKIIUU
TakKe JEMOHCTPUPOBAIN JOCTUXKEHMST B CBOMX 00JIaCTSIX
C TpUBJICYECHUEM MUHEPAJOTMUYECKMX MCCAEIOBaHUIA.
[Toxoxe, 4TO MCIOIb30BaHUE MTPUPOIHBIX MUHEPAIOB U
3aBUCHUMOCTD OT TIPUPOIHBIX PECYPCOB OIMPEISICHHO CO-
xpaHuTcs. TakuM 00pa3oM, 3HAYMMOCTD U TIOMYJISIPHOCTh
MPUKJIATHON MUHEPATIOTUM B OymyilieM OyaeT BO3pacTath.

BaxubiMm pesynsratom KoHrpecca crana KHura
B nmoutu 500 crpanun, — Tpynsl 14-ro MexxayHapoIHOTo
KOHTpecca 1o npukiagHoit muHepanoruu (ICAM2019),
rmon pemakmueil mpodeccopa C. H. [maronesa, pexropa
Benropoackoro TrocymapcTBEHHOTO TEXHOJIOTMIECKOTO
yHuBepcuteta um. B. I'. [llyxoBa, KoTopble ObUTH OTTyOIH -
KOBaHbI B u3nareabcTBe LmpuHrep.

CorjlacHO UTOraM BBIMYIIEHHOTO M3IaHUS U C y4e-
TOM BCEX 3aperMCTPUPOBAHHBIX [EJIeraToB B paboTe
Konrpecca npunsum yuactue 6osee 400 ydeHBIX U CITELIN -
AJIMCTOB B 00J1aCTU MPUKJIAAHON MUHepanoruu u3 21 crpa-

KOHrpecca no npuknaguoi
MuHepanoruu IC

T9: Cultural heritage, artifacts and their preservation

The reports presented in this area covered various problems associated with the conserva-
tion of stone monuments in the urban environment: identification of monument stone, the devel-
opment of methods for monitoring the state of the stone and strategy of stone preservation (Olga
Frank-Kamenetskaya, St. Petersburg State University, Russia). In addition, significant atten-
tion was paid to the study of stone collections represented in geological and mineralogical muse-
ums (Natalia Borovkova, | Mining museum of the Mining university, St. Petersburg, Russia) and
the problems of archaeological mineralogy: the study of historically important artifacts (Fernando
Rocha University of Aveiro, Portugal).

T7: Biomimetic materials on a mineral basis, biomineralogy

The reports presented in this area covered a wide range of fundamental and applied prob-
lems of biomineralogy and biomimetic material science. The reports of russian scientists were de-

voted fo the mechanisms of pathogenic mineral formation in physiological fluids of the human
body: in urine (Alina Izatulina, | St. Petersburg State University, Russia) and blood (Anatoly

Titov, National Research University, Novosibirsk, Russia). Chinese scientists from Lanzhou Institute of Chemical Physics pre-

sented their achievements in creating new biomimetic material: superhydrophobic cobalt blue/clay mineral hybrid pigments with

self-cleaning property (Bin Mu), ZnO/palygorskite nanocomposites for antibacterial application (Yuru Kang) and macroporous
adsorbent based on montmorillonite (Feng Wang).

Prof. Olga Frank-Kamenetskaya

Dept. of Crystallography St.-Petersburg State University

Vice-president of the St. Petersburg Society of Naturalists
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According to
the results of the
Proceedings and list

of all registered dele-
gates, more than 400
scientists and special-
ists in the field of ap-
plied mineralogy from
21 countries of the
world (Russia, China,

Portugal, Germany,
Japan, Turkey,
Uzbekistan,  France,
Chile, Kazakhstan,

Australia, Belarus, the
USA, Hungary, Spain,
Romania, Lebanon,
Cote d'Ivoire, Algeria,
Italy, Norway) took
part in the Congress.
The participants were
from 46 organizations,
29 delegates were rep-
resentatives of academ-
ic organizations, 44 —
higher educational in-
stitutions, 23 — repre-
sentatives of industrial
companies, scientif-
ic journals, including
8 Academicians of
the Russian Academy
of Sciences, 4
Corresponding mem-
bers of RAS, doctors
and candidates of sci-
ences, engineers, en-
trepreneurs, graduate

students and master students.

ICAM2019: Proceedings of the Congress

Springer Proceedings In Earthand Environmental Sdences

- ’

Sergey Glagolev Editor

14th International
Congress for

Applied Mineralogy
(ICAM2019)

&) SpringerOpen

Authors, Editors, Reviewers by Countries

i

The participants of the Congress were greatly fascinat-
ed by the field trip to Lebedinsky Processing Plant (the City
of Gubkin) — Russian largest enterprise for the extraction
and processing of iron ore and production of high-quali-

ty iron ore.

The last day of the Congress was marked by the
Scientific School “Role of Applied Mineralogy in the Study
of Industrial Minerals (experience of the RMS Commission
for Technological Mineralogy)”. During the Scientific

1ath

14th ICAM Organizers

25, MINISTRY
OF SCIENCE
AND HIGHER
\304  EDUCATION

General Sponsor

Information Support

{; Becimnucy Qf _.

osaraweHve B IR
Pryn s
TPOUTENBLHBIE /
M ATEPMATbI A Becrruk

ICAM

¢ [ ——

B Meramionnsecr

= Russia

= China

= Portugal
Germany

= Japan

= Turkey

= Uzbekistan

= France

= Chile

= Kazakhstan

m Australia

= Belarus

= USA
Hungary
Spain
Romania

= Lebanon

Cote d'lvoire

= Algeria
= Italy
= Norway

ICAM2019: Authors, Editors and Reviewers by Countries

Authors, Editors and Reviewers: 331

From abroad: 84 (25,4 %)
Rusia 207 Bewms 1
China 24 USA 1
Portugal 12 Hungary 1
Germany 7 Spain 1
Japan 7  Romania 1
Turkey 7 Lebanon 1
Uzbekistan 6 Cote d'Ivoire 1
France 3 Algeria 1
Chile 3 Italy 1
Kazakhstan 3 Norway 1
2

Australia

Hel  Mmupa (Poccus,
Kurait, Iloptyranusi,
Iepmanust, fAnoHus,
Typuus, ¥Y3bexkucras,
®paHuwms, Yunu,
KaszsaxcTtaH,
ABctpanus, benapycs,
CLIA, Benrpus,
WUcnanus, PywmbiHus,
Jluan, Kot na'Usyap,

Asxup, Wranus,
Hopsgerust), u3 46 op-
TaHU3aLIUA. Cpenu

YY4aCTHUKOB ObUTH 29
MpeACTaBUTEICH aKa-
IEeMUIECKUX OpraHU-
3anuii, 44 13 BBICIIMX
YYEOHBIX 3aBEICHUIA,
23 MpeacTaBUTENS
MMPOMBIIIIJICHHBIX KOM-
MMaHW, HAyYHBIX XKYp-
HaJIOB, B TOM 4YHCIIC
8 akaneMuKoB, 4 4i.-
kopp. PAH, nokropa u
KaHIWIAThl HayK, WH-
JKEHEPHI, MPEATTPUHN-
MaTtejid, acIIUpPaHThl U
MarucTpPaHTHI.
bonaboii WH-
Tepec YYaCTHUKOB
Konrpecca BbI3Ba-
Jla mojieBasi 3KCKyp-
cus Ha JleOGemgmHCKMiA
IOK (r. I'yokun) —
KpynHeiiee B Poccuu
NpeanpusiTue Mo 10-
Oblue M OOOraIleHUIo
JKEJIC3HOM PYIbI U IPO-

U3BOJICTBY BHICOKOKAUECTBEHHOTO XKeJIE30PYTHOTO ChIPHSI.
B nocnennuii nens KoHrpecca paboTana HaydHasi HIKO-
na «Posb npukianHoi MUHEPAIOTuy B UCCAENOBAHUM UH-
JyCTPUAJIbHBIX MUHEPAJIoB (OMbIT paboTel Komuccuu mno
TexHosiornuecko muHepanoru PMO)». Bo Bpemst mpose-
JIeHUsT HayYHOM 1IKOJIbI Tpodeccop Bramumup [nmiios —
npencenarenb KomMuccuu 1o TEXHOJOTMUYECKON MUHEpa-
Jorun PMO, 3aBenmyromuii oTaeioM MUHEPATbHOTO Chl-
pbst Muctutyta reoniorun KapHILL PAH — npencrasun pas-
BEPHYTBII OKJIa[ Ha PYCCKOM W aHTJIMICKOM $I3bIKax 00

The applied mineralogy has always been very important for the study of metals, industrial
minerals and precious stones. At the 12 section — Industrial minerals, precious stones, ores and
mineral mining — it was noted that knowledge is expanding and deepening through the use of
modern analytical methods, which allow re-estimating the industrial value of mineral raw.

Technologies and markets are extremely closely interrelated and changing fo search and
develop competitive deposits. In a modern situation, strategy and planning in processing technology
and mining should keep moving forward. Ultimately, a mineral will be accessible if the problems of

geology, mining, processing, economics and ecology are resolved.

Chairman of the RM'S Commission for Technological Mineralogy, Head of the
Department of Mineral Raw at the Institute of Geology of the Karelian SC RAS

Prof. Vladimir Shchiptsov
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School, Professor Vladimir Shchiptsov, Chairman of the
RMS Commission for Technological Mineralogy, head
of the Mineral Resources Department of the Institute of
Geology, Karelia SC RAS, presented a detailed report on
the history of technological mineralogy in Russian and
English. The speaker drew attention to the prerequisites
and reasons for the development of this scientific direction,
highlighted the main stages of formation, spoke about the
main principles and trends of technological mineralogy to-
day.

The discussion club
with the theme “Big da-
ta handling in explora-
tion” was led by Dieter
Rammlmair (Germany).

The second and
fourth floors of BSTU
hosted  the exhibi-
tion EXPO/ICAM2019
of production equip-
ment, research equip-
ment, and industry soft-
ware. Participants in the
exhibition were: man-
ufacturer of technolog-
ical equipment NPK
Mekhanobr-tekhnika
(St. Petersburg), man-
ufacturer of panoram-
ic microscopes SIAMS
group of companies (Yekaterinburg), manufacturer of par-
ticle size analyzers Beckman Coulter, USA (representative
office in St. Petersburg); software developer «Advanced
survey technologies» (Moscow); manufacturer of equip-
ment for determining the chemical and phase composition
Thermo Techno (Moscow); Belgorod construction enter-
prises and manufacturers of building materials, small in-
novative enterprises of the university, including Komposit
company — manufacturer of dry building mixes of the
Ecocement brand.

Within the framework of the Congress, a meeting of
the ICAM Council was held, in which representatives of 11
countries participated. The ICAM Council summed up the
work of the Congress (ICAM?2019):

— noted the good work of the Congress team
(National Organizing Committee, National Program
Committee, ICAM Council with support from IMA-
CAM), which led to the successful implementation of the
ICAM?2019 project;

— emphasized the important result of the Congress —
Proceedings of the 14th International Congress for Applied
Mineralogy (ICAM2019);

— confirmed the decision of the ICAM Council,
which was held in 2017 in Italy, Castellaneta Marina
(ICAM2017) on the 15th International Congress for
Applied Mineralogy in Portugal, University of Aveiro, July
2021;

— designated a new team of the ICAM Council:
President — Olga Kotova, Russia, Vice President Fernando
Roche, Portugal, Secretary General — Dieter RammlImair,
Germany; the second secretary — Deschentree Chetty,
South Africa, and Maarten Broeckmans, IMA/CAM rep-
resentative for the ICAM Council, Norway.

[~

Field trip to Lebedinsky processing plant (Gubkin): Ursula E. D. Kelm,
Chile, and Corresponding Member of RAS V. V. Maslennikov, Russia

IMonesast skckypcust HaJlebennuckuii [OK (. [yokun): Ypcymna E. J1. Kenbm,
Yunm n uneH-koppecnongeHT PAH B. B. Macinennukos, Poccust

HUCTOPUHU TEXHOJIOTMYEeCKOM MuHepanoruu. Bemyimit oopa-
TWJI BHUMaHME CIIyIIaTeNield Ha MPEANOChUIKA Y IPUYUHBI
pPa3BUTHS JaHHOTO HAYYHOTO HAMPAaBJICHUSI, BBIICIWI OC-
HOBHBIE 3TaITbl ero (POPMUPOBAHUSI, PACCKa3all O IJIAaBHBIX
MPUHIMUIIAX W TEHICHUMSIX Pa3BUTHST TEXHOJOTMYECKOMN
MMHEPAJIOTM1 Ha CETOMHSIITHUIMA 1eHb.

Juckyccuonnblii Kiydo c temoit «Obpaborka 060Jib-
IIMX JaHHBIX B reojoropasBenke» (Big data handling in
exploration) Bo3rmasui Iutep Pammmatip (Tepmanus).

Ha BTOopoM u uyet-
BepToM 3Taxax bBITY
paboTtana BbICTABKA
EXPO/ICAM2019 npo-
MU3BOJCTBEHHOTO  000-
pYyIOBaHUSI, WMCCIIeI0Ba-
TEJTbCKOM TEXHUKU, OT-
pacieBoro  Iporpamm-
HOTrO obecrieyeHUsI.
YyacTHUKaMu BBICTaB-
KA CTald TIPOM3BOIM-
TeJIb TEXHOJOTHYECKO-
ro obopynoBanusi HITK
«MexaHOOp-TeXHUKa»
(Cankrt-IleTepoOypr),
MPOU3BOJAUTENb  TTaHO-
pPaMHBIX MHKPOCKO-
IIOB TPYIMIla KOMIIAHMS
«STAMS»(ExatepuHoypr),
TPOU3BOIUTEIb aHa-
JIN3aTOPOB pa3Mepa ya-
ctull «Beckman Coulter», CILIA (mipeacTaBUTEIbCTBO B
Cankr-IleTepOypre); pa3paboTUMK IIPOrpaMMHOTO 00e-
cneyeHuss OO0 «CoBpeMeHHBIE M3BICKATEILCKHUE TEX-
HoJorun» (MockBa); MpOU3BOAUTEb 0O0PYAOBAHUS IS
oIpe/ieJIeHUs] XUMIIECKOTo 1 (pa3oBoro coctaBa «TepMo
TexHno» (MockBa); 6eIropoAcKre CTPOUTESIbHbBIE TPEN-
MPUSTHS 1 TTPOU3BOIUTEIN CTPOMTEIbHBIX MaTepUAaJIOB,
MaJible THHOBALIMOHHBIC MPEINPUSATASI YHUBEPCUTETA, B
T. 4. OO0 «KoMIo3ut» — MpOU3BOAUTEID CYXUX CTPOU-
TEJbHBIX CMeceil MapKK «DKOLIEMEHT».

B pamkax KoHrpecca cocrosiioch 3acenanue Copeta
ICAM, B paboTe KOTOpPOIro MPUHSUIM yyacTUe TpeacTa-
Buteau 11 ctpan. Coser ICAM nonaBen uUToru padoThI

Konrpecca (ICAM2019):
— OTMETHJI XOpolyio paboty koMmaHabl KoHrpecca
(HaumoHanbHbIM OpraHU3alMOHHBII KOMMTET,

Hanuonaneusiit mporpamMubiii komuteT, CoBer ICAM
npu noaaepxkke or IMA-CAM), 4To nmpuBeno K ycreul-
Hoii peanuzauuu ipoekra ICAM2019;

— TMOOYEePKHYNT BaxXHBI pesynbraT KoHrpecca —
Tpynser 14-ro MekmyHapOoIHOTO KOHTpecca Mo TIPUKIIaI-
Hoil munepanoruu (ICAM2019;

— noarBepaun peuwieHue Coseta ICAM, KoTopblii
npoxoaua B 2017 r. B Utanuu, Kacremnanera MapuHa
(ICAM2017) o mpoBeaeHuUM 15-ro MexayHapOgHOTO
KOHTpecca 1o MpUKIaTHOM MuHepanoruu B [Topryranum,
YuuBepcutet ABelipo B utone 2021 r.;

— omnpenenaun HoBblii coctaB CoBeta ICAM: mipe3u-
neHt — Omnbra KortoBa (Poccust), Butie-nipe3uneHT ®Dep-
HaHgo Poue (IToprtyranus), reHepalbHbIi CEKpeTapb —
Hutep Pammnmaiip (I'epmanust), BTOpOil ceKkpeTrapb —
Hementpe Yetn (KOAP), a Takcke npeacrasutens B IMA/
CAM ot CoBetra ICAM — Maptua bpykmanc (Hopserust).

— I10 UTOTaM KOHKYpca Ha MpaBo npoBeneHus 16-1o

— based on the results of the competition for the
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right to host the 16th International Congress for Applied
Mineralogy in 2023, Southwest University of Science and
Technology, Chengdu, China, was selected. Two coun-
tries fought: Chile (Concepcion, Concepcion University)
and China (Chengdu, Southwest University of Science and
Technology).

Within the cultural program of the Congress the par-
ticipants listened to a magnificent concert of organ mu-
sic in the Belgorod Philarmonic, took a tour related to the
warfare in the Belgorod region during the Second World
War, visited places of sightseeing in sunny weather.

The Congress, which motto was “Applied mineralogy:
the future is born today”, became an important milestone
in the history of the Commission for Applied Mineralogy of
the International Mineralogical Association, defined a vec-
tor for the development of priority scientific areas, effective
links between science and business in the base of the inno-
vative economies of the world's regions, consolidated posi-
tion of Russia as one of the leading countries in the field of
applied mineralogy. We hope that the young participants of
the Congress received new knowledge and new opportuni-
ties for active participation in the modern challenges of ap-
plied mineralogy.

See you in July 2021 in Portugal (University of Aveiro)
at the 15th International Congress for Applied Mineralogy
(ICAM 2021)!

Reference

1. Prikladnaya mineralogiya: iz Bari v Belgorod (Applied
Mineralogy: from Bari to Belgorod). Vestnik of Institute of geology
Komi SC UB RAS, 2018, No. 4, p. 51.

D. Sc.(geology and mineralogy) O. Kotova

#HBIA CNoncop
lyHapoasoro
@ No Npukng
orum ICAM

N

4 ,

MexayHapoaHOro KOHIpecca Mo MPUKIaTHOW MUHepa-
sorum B 2023 rony 6bu1 BeIOpaH FOro-3anagHbiii yHUBED-
cuTeT Hayku U TexHosoruu, Yenrmy, Kuraii. boponuce
nBe crpanbl: Ywmnu  (KoHcernchoH, YHUBEpCcUTET
KoHcencbona) u Kuraii.

B pamkax KyabTypHO# NpOrpaMmbl YYaCTHHUKOB
Konrpecca xaaa BeIMKOJIETTHbIN KOHLIEPT OPraHHON My-
3bIKM B benropoackoii duirapMoHUM, 3KCKYpPCUU, CBS-
3aHHBIE ¢ O0eBBIMU AcHCTBUSIMU B Tiepuoa BOB, memme
MPOTYJIKA MO JOCTOMPUMEYATEIbHOCTSIM ropofa B COJI-
HEYHYIO MOTOoIy.

Konrpecc, neBus kortoporo — «IIpukiagHas MuHe-
pajiorus: Oyaylliee poXXaaeTcsl CeroaHs», CTal BaXKHOM Be-
xoit B ucropun Komuccum mno mpuKIagHON MUHEpano-
. MexXIyHapomHO MUHEPaIOTMYeCcKOi accolMallii,
OITpE eI BEKTOP Pa3BUTHS IIPUOPUTETHBIX HAYIHBIX Ha-
npaBieHui, 3(pHeKTUBHbIE CBSI3U HayKU U OU3Heca, Jie-
Xallye B OCHOBE MHHOBAILIMOHHON SKOHOMUKM PETMOHOB
Mupa, 3aKpenui no3uuuu Poccuu Kak oqHOM U3 BeAYIIUX
CTpaH B 00JacTH MPUKIAgHON MUHepamornu. Hameemcs,
YTO MOJOIble ydyacTHMKM KoHTpecca TOJIyYMIM HOBBIC
3HAaHUS 1 HOBBIC BO3MOXHOCTH IIJISI AKTUBHOTO YJIacTHSI B
COBPEMEHHBIX BbI30BaX MPUKIATHON MUHEPATIOTUH.

Ho Bctpeun B wutose 2021 roma B Ilopryranuu
(YausepcuteT ABelipy) Ha 15-M MexnyHapoagHOM KOH-
rpecce 1o npukiagHoit muHepanoruu (ICAM 2021)!

JintepaTtypa

1. MpuxknagHast muHepanorus: u3 bapu B benropon //
BectHuk MHcTutyTa reonorun Komu HIT YpO PAH. 2018. Ne 4.
C.51.

J. e.-m. n. O. Komoesa

ICAM Council delegates after meeting

JHeneratel CoBeta ICAM nociie 3acenanust
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Participants of the Congress at organ music concert in Belgorod Philarmonic

YyactHuku KoHrpecca Ha KOHLIepTe OpraHHOI My3bIKU B benaropoackoii ¢pumapmMoHun

ICAM HISTORY

Applied mineralogy traditionally develops on the basis of the mutual penetration of mineralogy and related disci-
plines, the rapid development of analytical methods and experiments, as well as practical application in modern indus-
try, agricultural production, medicine, etc. As a result of combining the achievements of mineralogy with other disci-
plines (mineral processing, physics, chemistry, biology, computational modeling, metallurgy, materials science, the en-
vironment), many active interdisciplinary and applied branches of mineralogy, such as nanomineralogy and biomineral-
ogy, were formed. Thus, the applied mineralogy is an important innovative component in the transition from mineralogy
to the integrated use of minerals.

International congresses for applied mineralogy are held by the Commission for Applied Mineralogy within the
framework of the International Mineralogical Association (IMA-CAM) to coordinate specialists conducting researches
in this field. The Commission was created in 1979 after the formation of the International Council for Applied Mineralogy
(ICAM). In 1993, in the city of Perth (Australia), it was decided that ICAM meetings would be held on a four-year schedule
between the organizations of the International Congresses of the International Mineralogical Association (IMA). Later,
in 2011 in Trondheim (Norway), it was decided to hold congresses every two years.

HISTORICAL OVERVIEW OF PAST ICAM CONGRESSES

Edition Year Venue ICAM President
1st 1981 Johannesburg, South Africa S.A. Hiemstra
2nd 1984 Los Angeles, USA Donald Hausen
3rd 1989 Montréal, Canada Bill Petruk
4th 1991 Pretoria, South Africa Sybrand de Waal
5th 1993 Perth, Australia Jim Graham
6th 1996 Warsaw, Poland Andrzej Szymanski
7th 2000 Gottingen/Hannover, Germany Robert B. Heimann
gth 2004 Aguas de Lindoia, Brazil Henrique Kahn
gth 2008 Brisbane, Australia Ying Gu
10th 2011 Trondheim, Norway Maarten A.T.M. Broekmans
11th 2013 MianYang, China Faqgin Dong
12th 2015 Istanbul, Turkey Emin Ciftci
13th 2017 Bari, Italy Saverio Fiore
14th 2019 Belgorod, Russia Olga Kotova

94
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MHKPOCEHCMHYECKAS BAXTA
(60-nemuemy wbunew K. 2.-M. . B. A. Jliomoesa)

MICROSEISMIC DUTY
(60 anniversary)

September 16, 2019 marked Vladimir Lutoev’s
60th anniversary. He is Candidate of geological and
mineralogical sciences, researcher at the “Syktyvkar”
geophysical observatory.

V. Lyutoev studies platform seismicity in the
European North-East of Russia and microseismicity.
He pays special attention to geoecological problems.

Bnagumup AnekceeBuy Jlrotoes poauicst 16 ceHTsI-
opst 1959 rona B cenne Kepaomsbst Yerh- KymoMmckoro paii-
ona Komu ACCP. IManma — modep, Mmama — Oyxrairep
JecrpoMxo3a. CpeaHIOI0 KOy 3aKOHYMI B 1976 T. B 10~
cenike 3uMcTtaH. OKOHYMB B IIKOJIY ¥ BEIOPABIIMCH B TO-
pon, Bnagumup nepenpoboBai ce0sl B pa3IuyHbIX yueo-
HBIX 3aBEICHUSIX 1, B UTOTE TOPAbOTaB TOKapeM Ha 3aBO-
Iie, TIOCTYIIII Ha TeoJiorndeckmii hakynbTeT Kazanckoro
roCcyIapCTBEHHOIO YHMBEpPCUTETa, Moy B 1986 ro-
Iy IOWATIJIOM TIO CIlenanbHOCTH «Icodusmueckue Me-
TOABI TOMCKOB M pa3BEAKW IOJIE3HBIX MCKOMAEMBIX».
O0s3aTenbHble 3 roja TMocje OKOHYAHUSI YHUBEP-
cuteta otpabotan Ha KpaitHem CeBepe B mocelke
[Tpunonsapuslii Tpecta «KomuHepTereopusmka» mHxe-
HEpPOM-Te0(PU3NKOM 1 HAa9aTbHUKOM ITapTUM aKyCTHUEC-
CKOTO M paauoaKTUBHOTO KapoTaxa. B 1989 r. ¢ xxeHoii
M J0oYepbMU BepHyJcsl B TaTapuio, OCTYIWI Ha pabo-
Ty B Ka3TUCu3 criemanmucToM MHXKEeHEepHO# reopusm-
KM, IPOBOAMI U3bIcKaHUs Ha Enady:XcKoM TpaKTOpHOM
3aBoJIC.

B navasie HectaOwibHBIX 90-X TOMOB BCS CEMbsI TIe-
pexasia K poauTesisiM B 1. 3uMcTaH, riae Bragumup Anek-
CeeBMY YCTPOWJICS B IIIKOJIY YUUTEJIEM MaTeMaTUKM.

B 1993 r. oH ObUT TpUHAT Ha padboTy B UHCTUTYT re-
onorun Komu HII YpO PAH, roe ctpous u Hajmaxxual
paboty reodusnyeckoir obcepBaTopun «CHIKTBIBKApP».
B 1994 . mocTyImiuI B 3a09HYI0 acIMpaHTypy B MHCTUTYT
reodusuku PAH r. ExarepunoOypra. B 2001 r. um Obuta
3alIUIIeHa JuccepTaums Ha TeMy «CeiicMruYecKoe paiio-
HupoBaHue Pecriyonuku Komu u MmukpoceiitcMopaiioHu-
poBaHue I. ChIKTBIBKapa». [1odydeHHbIE TeOPETUUCCKIE
3HaHUs B. A. JIT0OTOEB YCIIEIITHO UCIIOIB3YET IS PEIICHMS
HayJIHO-TIPOM3BOJICTBEHHBIX 3a1a4, KaK Ha 0a3e KIacCH-
YeCKMX TeO(U3NIECKNX M3BICKAHWI, TaK 1 ¢ TTOMOIIBIO
SKCIEPUMEHTAIBHBIX METOAMK WHKECHEPHO-CelicMMue-
CKHUX UCCIIEAOBAHUM.

B. A. JlloToeBbIM MMOCTpOEHA cXeMa ceiicMopaitoHU-
poBanus Pecrryommku Komu macirada 1:2500000 ¢ yka-
3aHMEM MMOTCHIIMAIPHO aKTUBHBIX CEICMOTEHHBIX 30H U
BEPOSITHBIMHM TJTYOMHAMM BO3MOXKHBIX 3E€MIICTPSICEHUIA,
UM pa3paboTaHa MeTOAMKA JUISl U3YyYeHUsT MECTHOM MU-
KPOCEMCMUYHOCTUA M COCTaBJIEHA CXeMa MUKPOCEHCMO-
paitonupoBaHusl TI. ChIKTBhIBKapa B MaciuTade 1:25000.
[IpoBenena TUNM3amnus TPyHTOB, MOJYICHBI X KMHEMA-
TUYECKNE W TUHAMHWUYECKHE XapaKTepUCTUKU. B mabopa-

TOPHBIX YCIOBUSIX U3YUYEHBI HECYIIIUE CITOCOOHOCTH CBSI3-
HBIX Y HECBSI3HBIX TPYHTOB, UX OTHOLIEHUE K BUOpaluu
C OIlpeAe/ieHMeM YMCICHHBIX 3HAUCHUM KPUTUYECKUX
yckopeHmii (MarHuTyn). Pa3paboraHa meTomuka m3yde-
HUS TEeONMHAMUYCCKON aKTUBHOCTU TUTAT(OPMEHHBIX
CTPYKTYD.

B Hactosiiiee BpeMsi Bnagumup AnekceeBudY 3aHu-
MaeTcsl uccliefoBaHUEM IUIaT(OPMEHHON CelCMUYHO-
ctu EBporneiickoro CeBepo-BocToka Poccuu, mpupoaHo-
TEXHOTEHHBIX IIPOIIECCOB WHUIIMALIMMA MUKPOCEHCMMUY-
HOCTH, yIessieT 0ocod00e BHUMAaHUE T€03KOJIOTUICCKUMU
npobiemaM. Kpome Toro, oH paccmaTpuBaeT BOIIPO-
Chl BBICOTHOI 3acTpoiiku I. ChIKThIBKapa U HaOepexKHOM
p. Criconbl, rae M3ydyaeT JMHAMUYECKHE XapaKTepUCTU-
K1 YCTOMYMBOCTU TPYHTOB K BHELIHUM BUOPOAMHAMUYC-
CKHM Harpy3KaM.

Bnagumup AjekceeBUY HEIUTCS CBOUM OITHITOM C
MOJIOAbIM MoKosieHueM. Ilom ero pykoBoACTBOM Obljia
MOJAroTOBJIEHA OHA KaHAWJIATCKAasl AUCCepTalvs U TsITh
JUTIJIOMHBIX PaOOT CTY/JIEHTOB.

3a cBOIt MHOTOJIETHU T TOOPOCOBECTHBIN TPYI M BKJIA
B M3ydyeHUE CEeMCMUYHOCTU TeppuTopuu EBpomneiickoro
CeBepo-BocTtoka Poccum Bnagumup Anekceesud JItoTroeB
HarpaxIeH noyetHbiMu rpamotamu PAH.

TToMrMO OCHOBHOI1 HAy4YHOW U MPaKTUUECKOM J1esi-
TEeJIbHOCTU MHOTO CUJI U BPEMEHM I0OUJISIp OTAaeT o0y-
YEeHUIO JeTeil 00eBOMY MCKYCCTBY KMOKYIIMHKa-Kapa-
3. OH gBisIeTCs KAaHAWIATOM B MacTepa CIlopTa 1o Ka-
pat? u BcectuneBoro kapara, uMeeT 5 gaH. Bmagumwup
AzekceeBu4 Bo3riapiseT PecnybiunkaHckyo denepa-
uuio BecectuneBoro kapara, a Takke SIBIsIeTCS O(pUIU-
aJlbHBIM TMpeacTaBuTeeM MexXayHapoaHOIl opraHusa-
LIMY KapaTa.

Kenaem 100UIsipy MHOTUX JIET TBOPUECKOM >KU3HMU,
HOBBIX TOCTVIKCHHI, ONITUMMU3Ma, OJIarOTIOIyYnsl, KpeTl-

KOTI'0 310pOBbs!
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HA CTPAXKE CTPATHIPAMHYECKHX TPAHML
(x 90-nemnemy wGunew paGomsl g. 2.-M. H. T. M. besxocosoi)

ON GUARD OF STRATIGRAPHIC BOUNDARY

In September 2019, 50 years have passed since DSc,
leading researcher of laboratory of stratigraphy Tatyana
Mikhailovna Beznosova joined the Institute of Geology.
Tatyana Mikhailovna is a highly skilled specialist in stratigra-
phy and paleontology of the Lower Paleozoic of the European
part of the North-East of Russia.

B cenra6pe ncroaHmioch 50 1eT ¢ MOMEHTA ITOCTYILIe -
Hug Ha paboty B UHctutyT reosiorun T. M. be3HocoBoii
Ha JOJDKHOCTB JIabOpaHTa B JJaOOPAaTOPUIO MAaIeOHTOJO-
run. B Hacrosiiee Bpemst TatbsiHa MuxaitnoBHa sSIBJsIET-
csl TOKTOPOM TI'€0JIOTO-MUHEPaJIOrMYeCKUX HayK, Bedy-
MM HAy4YHbIM COTPYIHMKOM JIaOOpaTopuu CTpaTurpa-
GUM 1 IUPOKO U3BECTHBIM CITEIIMATMCTOM IO CTPaTUTpa-
¢um n OpaxuoriogamM opIoBUKa M cwiypa EBporeiickoro
Cesepo-Bocrtoka Poccum.

CniekTp HayuyHbix uHTepecoB T. M. be3HocoBoit 0X-
BaTbIBaeT HM3y4yeHUe Mopdosoruu, oOuocTpaTurpaduu,
najeodroreorpadmuyu paHHENaJae030MCKUX Opaxuomnon u
9BOJTIOIIMOHHO-2KOJIOTUYECKIE HMCCICMIOBAHUS CTPYKTY-
pPBI paHHEMAaJIe030MCKOM O6MOTH. Ee paboThl 0XBaTHIBAIOT
OOLIMPHYIO TEPPUTOPUIO: OT pa3pe30B 3amaTHOro CKJIOHA
Vpana ngo CeBepHoro TumaHna. Ha ocHoBaHuU u3ydyeHuUst
psiia OMOPHBIX Pa3pe30B U OOLIMPHBIX KOJIJIEKIIUI Opa-
xuonon TumaHo-CeBepoypallbCKOTO PerrioHa €10 MpoBe-
NIeHBI JeTajJbHbIC pacuIeHEHUE M KOPPEISILMS pa3pe3oB
paHHero mayneo3os. MccaenoBanus 25 TONEBBIX CE30HOB
TIOCTTYKUJIN OCHOBOM TSI CTpaTUTpaduIecKnX U Koppe-
JISIMOHHBIX CXeM BEpXHETO OpIoBHMKa M cuiaypa Pycckoii
mnaTdopMbl U 3anagHoro ckjaoHa Ypaia. AHaJIM3 OMoreo-
JIOTUYECKOI UCTOPUU Pa3BUTHSI OpaxUoOIoa B paHHEM I1a-
neo3oe no3poimil T. M. Be3HocoBoii 000CHOBaTh BBIIE-
JICHHE YEeThIpeX PEerMOHAIBHBIX (IpeHEMCKMI, JIomaliop-
CKWI, MaplIpyTUHCKUIA W BOUBBIBCKUI TOPU3OHTHI) U
JIBYX MECTHBIX (SINTUKHBIPICKAS M IOHKOIIIOPCKAsST CBUTHI)
cTpaturpaguueckux rnoapasaejeHnii B cuaype. Bnepsbie
YCTaHOBJICHBI, 0OOCHOBAHHbBIC MAJICOHTOJIOTUYECKUMU U
XeMOCTpaTUTpachMIeCKUMM TaHHBIMA PeTMOHAIbHAS Tpa-
HUIIa OPIOBUKA U CHJTypa U TIEPEPHIBBI B 0CAIKOHAKOITIC-
HUU Ha pyOeke JITIaHAOBEPY M BEHJIOKA M B KOHIIE JIYIJIO-
Ba B pa3pe3ax 3anaaHoro ckjioHa Ypaia. PazpaboTtaHbl 30-
HajbHasl cxema pacuieHeHus: TumaHo-CeBepoypaabCKUX
BEPXHEOPIOBUKCKUX U CUJTYPUIACKUX OTJIOKEHMI 110 Opa-
XHOIIOIaM M BOJIIOIIMOHHO-3KOJI0TUIECKasT MOIEb pa3-
BUTHUS OCHOBHBIX COOOIIECTB OpaxMOIoO, Ha OCHOBE KO-
TOPOM YIaJoCh BEISIBUTH IPUIMHHO-CIICACTBEHHBIC MeXa-
HU3MBI TIPOCTPAHCTBEHHOTO PacIipeie/ICHUS 3TOM TPYITITbI

A NI g
OpraHM3MOB B PaHHEM I1ajie030€ Ha CEBEPO-BOCTOUHOM
OKpauHe TMajeoKOHTUHeHTa bantuka.

ITo marepuanaM cOOCTBEHHBIX MAJIEOHTOJIOTMYECKUX
u ctpaturpaduyeckux uccienosanuii T. M. be3nocoBoit
onyosimkoBaHo 6oiee 180 HayuHbIX padoT. Hanbosee BbI-
JMAIOIIMMMNCST U3 HUX SIBJISIIOTCS KPYITHBIE MOHOTpadumn
«buoctpaturpaduss 1 Opaxuomnoabl cuiypa eBporeii-
ckoro CeBepo-Bocroka Poccumn» (CII6.: Hayka, 1994) u
«CoobuecTBa 6paxuonon u onoctpaTurpadusi BEpxXHero
OpIOBMKa, CUIypa M HIKHeTo 1eBoHa CeBepo-BocTouHoit
OKpauHbl TajeoKoHTUHeHTa bantuka» (ExatepuHOypr:
¥Ypo PAH, 2007).

T. M. be3HocoBa coyeTaeT HayuHYl0 paboTy OpraHu-
3allMOHHOM U MeAarornyeCcKom IesATeJIbHOCThIO, OCYIIECT-
BJIsIS PYKOBOJACTBO acmpaHTamMu U ctyaeHTamu. [lom ee
PYKOBOACTBOM 3aIlMIIEHBI IIECTh MMITJIOMHBIX, YEThI-
pe GakaylaBpcKue W OfiHa MarucrTepckasi paboThl CTyIeH-
TOB I€0JIOTMIECKOTO U XUMHUKO-OMOJIOTMUECKOTO HAITPaB-
sieHnii CBIKTBIBKApCKOro rocyHuBepcuteTa. [1pomumm 06-
yyeHue B acnupaHType MHCTUTYTa reojiormu C 3aiiu-
TOM KAHIMOATCKUX OUCCEePTAlUiA 4YeTbIpe acIlMpaHTa.
T. M. be3HocoBa BJSIETCS YYaCTHUKOM U OpraHM3aTo-
pOM OTEUYECTBEHHBIX M 3apyOeKHBIX HAYJYHBIX COBeIlla-
HU, KOH(pEpeHUU U Te0JOrMYeCKUX IKCKYpcuii (B TOM
yycie MeXIyHapoaHbIX) Ha pa3pesbl Ypaina. OHa Oec-
CMEHHBII OTBETCTBEHHBIN CEKpeTaph KypHalla Becirat.

Taxoit orpomHublii Tpyn TarbssHbl MuxailioBHbI He
OCTaJICsT He3aMEUCHHBIM. YCIeX Ha HAayYHOM ITOTIPHIIE
OTMEUYECHBI MHOTOUYMCJICHHBIMHA HarpagaMu W IIPEeMUSIMU
YpO PAH (1997, 1999), PAH u Ilpodcoroza paboTHU-
koB Poccuiickoii akagemuu Hayk (2000), ITpaBuTenbcTBa
Pecniyonuku Komu (2007), MuHUCTEpCTBA MPUPOIHBIX
pecypcoB U oOxpaHbl OKpyxamiueit cpeabl PK (2016).
TatesHa MuxaliloBHa SIBIIIETCS JIaypeaToM IIpeMUU
ITpaButenbcrBa Pecnyoavku Komu B 06acTu HaydyHbBIX
ucciaenoBanuit (2008) u Hocut 3BaHue «[lovyeTHbIN nes-
Tesb Hayku Pecniyoauku Komus» (2017).
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