13Bectns Tomckoro nonutexHudeckoro yHmsepcuteta. 2003. T. 306. N2 6

YK 552.57: 551.464.679

®OPMbl KOHLIEHTPMPOBAHMA TOPUA B YTNAX
C.W. ApGy308, A.B. BonoctHo

TOMCKWMIA NOAUTEXHUYECKIY YHUBEPCUTET
E-mail: siarbuzov@mail.ru

M3y4eHbl popMbl HaxoXaeHVS TOpus B TOPGax, B BYpbiX 1 KaMeHHbIX yrisx Cubupy. MeTogom HeMTPOHHO-aKTMBALMOHHOIO aHasm3a
n3yyeHo pacripeaeneHye Th Bo ¢pakumsx rpynnoBoro coctaBa Topea v 6yporo yris, BbinosHeHb! 6anaHCoBble pacyeTsl. YCTaHOBEHO,
yTo B TOpGHhe 1 bypom yrne 50..78 % MeTanna CoCPEefOTOYEHO B YMUHOBBIX KMCIOTaxX. B KAMEHHbIX YITIAX HA3KOU CTENeHu yrnegukaLmm
(Mapka []) 3Ha4uTenbHoe KoMM4eCcTBo TOpHS COREPKMTCA B OCTaTOYHbIX IYMUHOBbIX BELLECTBAX. V3yqeHo conepxarus Th Bo ppakumsx
Yrsi pa3How nAoTHOCTY. OrpeseneHo, YTo B yriax PasHbX MapoK 1 pasHow 30bHocTy oT 10 o 93 % Th conepxuTcs Bo ¢pakumm
<1,6 r/cM’. CTyneHyatas [EMUHEPANN3aLMS KaAMEHHOTO YIiis KOHLEHTPUPOBaHHbIMI Kucnotamu (HCl v HF) nprBoauT K HakonneHuio
OCHOBHOY Macchbl TOpUS B OCTAaTOYHOM yriie. [aHHbIe KOPPENALMOHHOIO aHanm3a v 3/1eKTPOHHOU MUKPOCKOMM MO3BONIAIOT 3aKIIOHUTB,
YTO OCHOBHOV MUHEPAbHOW (POPMOU HaXOXAEHUS TOPUS B 3PENbIX KaMEeHHbIX YIiiaX ABAIOTCA peaKko3emerbHble ocarsl.

BBepeHue

TeoxyMust Topusa B YIISX M3ydeHa clabo Been-
CTBUE HU3KOTO €r0 COAEPXKAHUS U OTCYTCTBUS CIIPOCa
Ha 3TOT 3JIEMEHT B NPOMBIIIEHHOCTH. AHOMANbHO
BBICOKME KOHIIEHTPALIMU TOPUS B yIJIAX peaku. Bmec-
Te ¢ TeM, TPOBEJICHHBIE B MOC/EIHKE TO/IbI MCCIIEA0BA-
HMS TI0Ka3aJIM, YTO IpH cxkuranuu yrieid Ha TOC 3Ha-
YKTETbHAS IO METaJlIa BRIHOCUTCS C JHIMOBBIMY I'a-
3aMU B aTMOC(EPy M MOXET OKa3hIBaTh CYLIECTBEHHOE
BJIMSIHME Ha OKpyXalolylo cpeny [1, 2]. YcTaHoB/eHO,
YTO €r0 KOHLIEHTpaIs B ABIMOBBIX ra3ax 3aBUCUT OT
TEPMOXMMUYECKOM YCTOMYMBOCTU OpPraHUYECKUX U
MUHEpaIbHBIX KOMIIOHEHTOB YINISi — HOCUTENEH To-
pus. Bmecte ¢ TeM (OpMBI €0 HAXOXIECHUS B YITIAX
MOYTHU HE U3yYeHbl. B COOTBETCTBUY ¢ OOIIUMMU TIPE/C-
TaBJICHUSIMU O TEOXVIMUU TOPUS B 30HE TUIIEPreHe3a,
MOATBEPXKACHHBIMU B HEKOTOPHBIX CIyJasiX U SKCIIepH-
MEHTAJIbHBIMM JaHHBIMHU, YKOPEHUJIOCh MpecTaBle-
HUE 0 MUHepabHOW (hopMe HAXOXKIEHUSI TOPUS B yT-
ngx. [To oqHUM JaHHBIM OCHOBHBIM €T0 HOCHUTEIEM M
KOHIIEHTPAaTOPOM B YIJISIX MOXET ObITh MOHALUT [3],
0 IPYTUM — CHJIMKATHI U aTtoMOCcHIMKarthl [1, 4]. B To
K€ BpeMsl, UMEIOTCSI CBEACHMUSI, TTO3BOJISIONINE TIPe/-
noJjiaraTh BO3MOXHOCTb KOHLEHTPUPOBaHMS 3HAUM-
TEJIbHOTO KOJTMYECTBA TOPUS M B OPTAaHUUECKOM Bellle-
ctBe [1, 5, 6].

B cBs131 co ¢1a00it M3y4eHHOCTHIO U OOJIBIION Ha-
YUHOU M TIPAKTUYECKOI 3HAUMMOCTBIO 3TOTO BOMPOCA,
HaM¥ BBIMOJHEHbl KOMILIEKCHbBIE MCCIEI0BAaHUS
pacrpeieieHus TOpUsl MeXIy KOMIIOHEHTaMK Opra-
HUYECKOTO MU MUHEPAJIbHOTO BelllecTBa B Topdax, Oy-
pBIX 1 KaMeHHBIX Yriisix LlenTpansHoit Cubupu.

MeToauka uccnepoBaHum

®opMBI HaXOXIEHUS TOpHS B Topdax 1 OYPBIX YT-
JISIX MCCTIENOBATMCH Ha OCHOBE CTAaHAAPTHBIX METOAUK
M3y4eHMS TPYIIIIOBOTO COCTaBa Topda 1 6yporo yris,
(bpaKIMOHMPOBAHUS YIJIS 110 YAETbHOMY BECY, XUMHU-
YeCKOI TEMMHEPATU3aLUM YT/ KOHLIEHTPUPOBAHHBI-
mu kucnotamu (HCI u HF).

IpynnoBoit coctaB Topdha usyyasncs B mpodJeMHoI
HAyYHO-MCCIIeNOBATEIbCKOM JTAOOPATOPUU KOMITIEKC-
HOTO HCIONB30BaHMS TOPIOUMX MCKOMAeMBIX 3amaj-
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Hoit Cubupu TITY C.I. MacnoseiM 1 B.C. Apxuro-
BBIM TIyTeM TOCJIeOBATENbHOM SKCTPAKIINN OUTYMOB,
BOIOPACTBOPHUMBIX 1 JIETKOTHAPOIN3YeMbIX BEIIECTB, a
TaKKe TYMYCOBBIX KHMCIOT (TYMUHOBBIX M (DYTBBOBBIX
K1cI0T) o MeTonuke Mucropda [7].

Paznenenuie yrig Ha ¢bpakiiny pa3HOTo yaeIbHOTO
Beca ot 1,2 r/em’ 1o >2 r/cm’ ¢ tarom 0,1 r/cM’ Bbimosn-
HeHo B 3anaqHo-CUOUPCKOM UCIIBITATENIbHOM 1IEHTpe
(r. HoBokysHenk). B kauectBe hoTallMOHHOTO pea-
reHTa Mcnoib3oBaics pactBop ZnCl,. Omnpenensiics
BbIXOA (bpakKUuil, UX 30JbHOCTb, MAaKpO3JIEMEHTHBII
COCTaB, COMEPXXaHUE TOPHS U APYTUX IJIEMEHTOB.

CozepxaHue TOpUs M APYTUX MOMYTHBIX 3JeMEH-
TOB OTPENESIOCh METOOM HENTPOHHO-aKTUBALIMOH -
HOTO aHaJIN3a B SACPHO-TEOXUMUYECKOM TabopaTopum
ToMcKOro moJuTeXHUYECKOro YHUBEPCUTETA, paboTa-
IolIeil Ha 6a3e MCCIeN0BATELCKOTO SIIEPHOTO PEAKTO-
pa HUU A TITY (aHanutuk A.®. Cyabiko). KoHT-
POJIb OCYLIECTBISUICS MapaieSIbHbIM UCCIe0BAHIEM
MEPBUYHBIX MTPOO U MPOIYKTOB X 030JIEHUSI, a TAKXKe
COTIOCTABJICHUEM PE3YJIBTaTOB CO CTAaHAAPTHBIMU 00-
pasiaMu CpaBHEHUS.

Jnst OLeHKYM PO MMHEpabHBIX U COPOUPOBaH-
HBIX (DOPM TOpPUS TPOBOAMIACH 0OpaboTKa Mpod yrist
COITHOM M MIaBUKOBOM KrcnoTaMu. CTyreHdaTast 00-
pabotka mpob kKoHueHTpupoaHHoi HCl u HF nmo3Bo-
JISIET MOCJIe0BaTeIbHO PACTBOPUTH KapOOHATHI, 00JIb-
1110 YacTh CUJIMKATOB U aTIOMOCUINKATOB, IEPEBECTH
B PacTBOP MOHOOOMEHHbIE (POPMBI TOPUS, CBI3AHHOTO
C OPraHMYeCKMM BeIlIeCTBOM, HE 3aTparuBasi p1u 3TOM
MeTaJlia, HaXomsmierocss B (hopMe XUMHUIECKU YCTOM-
YUBBIX COCIMHEHNI ¢ OPTaHIIECKIM BEIIIECTBOM.

OCHOBHble pe3ynbTaThbl nccnegoBaHUn U MX 06(y)KJJ,EHVle

TopuK B rpynnoBOM CoCTaBe Topda

PacnipeneneHue Topusi B IpyninoBOM cocTaBe Topda
U3Y4EeHO Ha MpUMeEpE TSITU MECTOPOXKIEHUI BEPXOBOTO
1 HM3MHHOTO TOp(da 10ro-BOCTOYHOMI YacTu 3amamHo-
Cubupckoit Hu3MeHHOCTH. M3yueHbl IpoOkbI ¢ pa3Hoi
30JIbHOCTBIO, CTENIEHBIO PA3JI0XEHUS U PA3HBIMU YCJI0-
BUSIMUA 00pa3oBaHMs. 30JIbHOCTb A’ MCXOTHBIX MPOO
Topa U comepkaHue B HUX TOPUsI TIOKa3aHbl B Ta0I. 1.



EctecTBeHHbIe Hayku

Tabmuua 1. Conepxatvie Topus U 30/bHOCTb UCXOAHBIX NPO6

Topha, byporo 1 KAMeHHoro yris

CopepxaHue d g

Cocras npobel Th o/r A %
MonyneHosckoe | Topd 0,37 14
BacioraHckoe-9 TOpg 0,21 2,0
BactoraHckoe-11 Toped 0,44 43
bepesosas [puBa | Topd 11 5,6
lyceBcKoe TOpd 0,32 83

JlaTbIHLLEBCKOE OypbIA yrofb 0,93 20,5
YepHoropckoe kameHHbI yronb | 0,65 43

Tabnuua 2. Boixoz Topus (Mac. %) BO (hpakLiym rpyrmnoBoro coc-
7aBa Topha

AHanM3 MaHHBIX, IPUBEICHHBIX B Ta0J1. 2 CBUAE-
TeJICTBYET, YTO OCHOBHBIMU KOHIIEHTPATOpAMM TOPUS
B Topde SBISIOTCS TYMUHOBBIE KUCJIOTBI U OCTATOY-
Hble (GpakIMK, COCTOSIIIME M3 HEerMApOJU3YeMOro
4...5 % HCl murHuHO-LIeJUTIONO3HOTO OCTAaTKa ¥ MUHE-
panbHOTO BelecTsa. 1o Topyst, MPUXONAIIAsCS Ha OC-
TaTOUHYIO (pakiio, usmensiercs ot 20,9 no 46,1 %, a
K03(h(UIMEHT HAKOIUIEHUSI €ro Bo (Gpakiiy Mo OTHO-
IIEHUI0 K ucxogHoMy Topdy — ot 1,3 no 2,1. Hau6osb-
1M1 BBIXOJ METaIa B 3Ty (DPaKLMIO XapaKTepeH 115 Ma-
JI030JIBHOTO CJTA00Pa3IOKMBIIETOCS BEPXOBOTO Topda.

B rymuHoBbix BemectBax — rymMuHoBbIX (I'K) u
¢dyneBokuciorax (PK) cocpemoroueHo ot 49,9 % mo
77,9 % ot ob61eit Macchl Topust B Topde. Hanbompmii
BBIXOI MeTaJlla B 3Ty (DpaKIINIo XapaKTepeH ISt poo
HU3UHHOTO XOPOIIO Pa3lIoXUBIIETocs Topda ¢ 30Jb-

OrInuuTeIbHON 0COOEHHOCTBIO BEPXOBBIX MAJIO-
30JIbHBIX TOP(OB SABNISIETCS OONee HU3KUI BBIXOI Ty-
MUHOBBIX BelllecTB (Ta0J. 2), 4To 00YCIOBIEHO MEHb-
1€l CTENeHbIO Pa3loXKEHMsI OpraHNUeCcKOi Macchl.

Bbixo_ Copep- Bbixon Th HOCTBIO 5,68,3 %.
(pynnosoi coctas Toppa | @2, i Bﬁw‘ﬁpiz [YMUHOBbIE BElIECTBA SIBMSIOTCS OCHOBHBIM KOH-
TlonyAeHOBCKoe MecTopoXaeHHe LeHTpaTopoM Topus B Topde. Ero comepxanue B 3071
VIcXomHbIV TP 100,0 0,37 100,0 TYMUHOBBIX KHCJIOT JOCTUTaeT 368 I/T, COCTaBiss B
BeH30MbHbI BUTYM 7,5 <0,01 <0,1 cpemHeM 136 /T (Tabn. 3). KoaddumeHT KoHIIEHTpa-
BonopactBopuMble 1 nierko- 38,6 0,043 44 MU BO (PpaKI[¥ TyMMUHOBBIX KMCJIOT 110 OTHOLIEHUU K
rMaponM3yemble BellecTsa Topdy usMensiercsd ot 2,1 mo 3,4. 3obHbli K03 bu-
[yMVHOBbIE KMCNOTbI 16,7 112 50,2 LIMEHT KOHIEHTpalmu gocturaet 21,5. Bee ato yoemm-
bynbeokicnor b2 | 0302 123 TEJILHO CBUIETENILCTBYET 00 M30MpaTeIbHOM HaKOILIE-
HepacTBopuMsit ocTaroK 22.0 0.5 3.0 HIM TOPUS Ha TYMUHOBBIX BELIECTBAX B IIPOLIECCE TOP-
MecropoxpaeHue BacioraHckoe-9 (booﬁpaBOBaHI/IH.
McxopHbIv Topd 100,0 0,21 100,0
beH30onbHbI 6UTYM 2,8 <0,01 <01
BoA0PaCTB0PIVLIE 1 TIETKo- 525 0.016 70 Tabnuuya 3. ConepxaHvie Topus B Topgax, 3071e Topghos 1 B 13B-
FIAPONMA3yeMble BeLLeCTBa JIEYEHHBIX M3 HUX [YMUHOBbIX KUCIIOTaxX
['YMUHOBbIE KUCNIOTHI 12,6 0,64 38,2
OynbBOKMCNOTEI 10,6 0,24 17 ConiepXaHve Topu, /T
HepacTBopyMbIf 0cTaTok 21,5 0,46 46,1 MecTopoxaeHve 3ona KK,
MecropoxpeHue BacioraHckoe-11 Top K| toppa | 3omalK
WcxonHbin Topd 100,0 0,44 100,0 lonyneHoBckoe 0,37 112 13,1 61,1 4.7
beH30MbHbI OUTYM 5,0 0,005 0,1 Bactorarckoe-9 0,21 | 0,64 9,7 107 | 11,0
BopopactBopumble v nerko- 33,0 0,066 50 BactoraHckoe-11 0,44 0,91 6,3 6491 10,3
MMAPON3yeMble BELLECTBA bepe3osas [pvBa 110 | 3,70 17,1 368 | 215
['YMUHOBbIE KUCIOTHI 33,4 0,91 69,1 TycescKoe 032 | 078 36 66,0 | 18,3
OynbBoKUcOTS 8,6 0,01 0,2 Cpearee 049 | 143 | 10,0 136 | B,6
HepacTopyMbIf 0CTaToK 20,0 0,56 25,6
MecrtopoxpeHue bepesoas rpusa
ViCxoaHbIi Top® 100.0 11 100.0 Tpumeuanue: 'K — aymunosvie kucaomol; KK, — 30nbmbiii ko-
BeH30Mb Mol GUTYM 31 20,01 01 ahpuyuenm Konyenmpayuu (OmHOueHUe CO0ePIHCAHUS IAeMeHMA
BopopactsopyMble 1 nerko- 46,0 0,18 7.5 6 301e I 501e ucxodozo mopgpa)
TMAPOTMSYEMbIE BELLECTBA Bo (pak1nio BoIOPacTBOPUMBIX U JIETKOTHAPOIH-
TYMUHOBbIE KACTOTH b 3] 023 3yeMBIX BelecTB Bbiensercs ot 1,2 10 7,5 % Topusi ot
DynoBoRKCrOTy 20/ 0,58 18,0 €ro CyMMapHOTO cofepxaHus B mpobax. B Ooutymax
HepacTBopy MBIV 0CTaToK 15,3 1,6 22,2 ’
MecTopoxaeHvie [yceBckoe KOHICHTPUPYETCA HE3HAUYUTEIbHAA J0JA METallla, HE
TICXORHaT TopD 100.0 032 1000 oomee 0,1 %. CnenoBatenbHO, B TOpde HE TOIBKO KOH-
BeR30MoHoM YTy 17 0,017 01 LIEHTPAaTOPOM, HO M OCHOBHBIM HOCHUTENIEM TOPHS SIB-
BoAopacTBopuMble 1 NIErko- 40,6 0,01 12 astiotest rymycosble kucnotbl (IK+®K), Ha Kotopsie
TV0ponn3yemMble BeLLEeCTBa NIPpUXOAUTCA 0oJjiee MOJIOBMHBI Macchl MeTalla B nsy-
['yMVHOBbIE KNCNOTHI 26,1 0,78 70,6 YCHHBIX l'lp06aX.
ynbokucnoTsl 19,5 Wl /3 OcTaTo4Hble (PPAKLMU TAKKE ABIAIOTCA KOHLEHT-
HepacTaopuMeit ocTarok 12,1 0,55 203 PATOPOM TOPHsI, HO KaK HOCHUTEIb OHU MMEIOT BTOPOC-

TeleHHoe 3HaueHue. B coctaBe ocTaTouHON (hpakuuu
TOpUiA MOXeT MPUCYTCTBOBATh KaK B MMHEPaIbHOM
(bopMme, Tak U B HEeMUHEpaJIbHOI, BXO/IS B COCTaB Hepa-
ctBopuMbiX B NaOH rymuHoB.
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W3 maHHBIX, TOTYyYEHHBIX B XO€ SKCIEPUMEHTa,
MOXHO clieJ1aTh 3aKJTI0YeHUe, YTO Ha CTaluK TOpdoHa-
KOIUIGHUSI POJIb MUHEpaJbHON (HOPMBI HAXOXACHMUS
TOpUSI B YIJISIX CYIIECTBEHHO YCTYMaeT POJM OpraHu-
YeCKOTO BelecTBa. B opraHmyeckoM BeIecTBe cocpe-
notouyeHo oT 50 10 78 % oT 0011ieii MacChl TOPHS B U3Y-
YeHHBIX Mpobax Topda.

CnemyeT OTMETUTb, YTO M3YYEHHBI HAMU TOPd
copmupoBaics B 60Jiee CypOBbIX KIMMAaTHYECKUX YC-
JIOBHSIX, YeM MCXOJHOE BEIlleCTBO MCKOMAEMBbIX YITIEH.
OnHako W3BeCTHA 0OIIas TEHOCHIMS BO3PAaCTaHMS
CTeNeHN pasioXeHus Topda, a caeqoBaTeIbHO, U PO-
JIM TYMMHOBBIX BEILECTB B TOPGSIHOI Macce Mpyu U3Me-
HEHUM KIIMMaTHYECKHX YCIOBHIA OT CyOApKTHIECKUX K
cyOTpormmyeckuM. DTO TO3BOJSIET Ipeanoararb 1
BO3pacTaHWe POJIM OPTAHMYECKOTO BELIECTBA B HAKOII-
JIEHUM TOpHsl B 6oJee TEIIOM KIMMATe MO3IHEro Ia-
JIe0309 M MEe30308 10 CPaBHEHHMIO C COBPEMEHHBIM
kmumatoM Cubupu.

TopuiA B rpynnoBoM coctase Byporo yrns

B u3ydyeHHo#t mpobe Oyporo yrisi ¢ TyMycOBBIMU
kucnoramu (I'K+®K) cesazano 76 % topus, a ¢ ocTa-
TOYHBIM yriieM — quiib 23,7 % (tabn. 4). [lpu sTom
poJib OUTYMOB B KOHLIEHTPMPOBAHMM MeTajljla HUY-
TOXHa ¥ cocTapsieT uiib 0,3 % OT ero Macchl B Ipo-
0e. Y4uThIBast, 4TO UCXOMHAS TPOOA MMEET TOCTATOYHO
BBICOKYIO 30JbHOCTH (20,5 %) M HU3KOE colepKaHMe
metajna (0,93 r/T), MOXHO 3aKTI0YUTb, YTO U Ha OYpo-
YTOJIBHOW CTaMU OPTaHMYECKOE BEIIECTBO MOXKET
OBbITb OCHOBHBIM KOHIIEHTPaTOPOM W HOCHUTEJEM TO-
pusi. DT JaHHbIE MOKA3bIBAIOT, YTO TOPUN MOXKET
OBbITh MMPEUMYIIIECTBEHHO CBSI3aH ¢ OPraHWYECKUM Be-
LIIECTBOM He TOJIbKO B MaJlo30JIbHBIX [1], HO U B cpen-
He30IbHBIX YIJIsIX. [Ipy 3TOM 1 B TOpde 1 B OYypoM yr-
Jie TOPHiA He IPOCTO (PU3UIECKU COPOMPYETCs Ha Opra-
HUYECKOM BeIleCcTBe, a 00pa3yeT MPOYHbIE KOMILIEKC-
Hble coeiMHeHusl. Ha 3To yka3biBaeT He3HAUUTEIbHbII
BBIXOJ TOPUS BO (Dpakifio JIETKOTUIPOIU3YyeMbIX Be-
LIECTB, MOJy4YaeMyIo Tpu obpabotke mpoOsl 4...5 %
pactBopom HCI. ITpu Takoit 00paboTKe MOHOOOMEH-
HBIe (POPMBI METAJIOB TIEPEXOMAT B PACTBOP.

Tabmuuya 4. Bbixos Topums BO (ppakLmy rpynmnoBoro cocrasa by-
poro yrns J1aTbIHLEBCKOro MecTopoxaeHms KaHcko-
AudmHcKoro bacceviHa

Bbixon, Copepxa- | BoixonTheo

lpynnoBou cocTas yras | dpakuui, Hue Th, (pakumu,
% r/T %

McxopHbIn yronb 100,0 0,93 100,0
CnMpTO-TONYONbHbIN
3KCTpaKT (6UTYM) 1,0 <0,01 0.3
['YMWHOBbIE KUCNOTBI 57,6 0,26 9,7
OynbBOKMCNOTbI 3,4 30,4 66,3
OCTaTo4HbIN yronb 38,0 0,9 23,7

Topui B rpynnoBOM COCTaBe KaMEHHOrO yris

Pob TyMyCOBBIX KHCITOT B KOHLIEHTPUPOBAHHUH TO-
PUS COXpaHsIeTCs BILIOTH 10 OKOHYATEIbHOTO X ITPeB-
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paieHus B HepacTBopuMbie B NaOH rymatsl. O6 aToM
CBUJIETEILCTBYET HEOOBIYAiHO BBICOKOE €r0 cofiepska-
HHUE B OCTaTOYHBIX TYMYCOBBIX KHCJIOTaX, M3BJICUCH-
HBIX U3 KaMeHHOTo yriist Mapku 1 (Tab.1. 5). Beixon ry-
MIHOBBIX BemiecTB ([ K+®K) 3nech cocTapisieT IUIIIb
0,6 %, HO comep:kaHKe Topusi B HUX gocturaet 30,8 r/T.
[TosToMy, HeCMOTPS Ha HU3KUiA BHIXOI TYMUHOBBIX Be-
IIeCTB, Ha HUX puXoauTces 28,5 % oT cyMMapHOTo co-
JepXXaHUs TOPHS B TIpo0e.

Tabnuua 5. Buixos Topus BO (hpakumu rpynnoBoro coctasa yris
Mmapku [] YepHoropckoro mectopoxaeHms MuHycu-
Hckoro bacceviHa

lpynnoson cocTas Bblxoﬂ, Conepxa- Bbixog Th BO
yriq (pakuun, Hne hpakumm, %
% Th, r/T '
lcxoaHbIN yronb 100,0 0,65 100,0
CnnpTO-TONYONbHbIN
3KCTPaKT (6UTyMm) 47 0,018 0,1
lymuHoBbIE U 0,6 30,8 28,5
(yNbBOKMCNOTI
OCTaTo4HbIN Yrofb 94,7 0,49 N4

TakuM 00pa3oM, IIOJy4eHHBIE HAMU JaHHbBIE TI0
pacrpeieJIeHUIO0 TOPUs B TPYIIIIOBOM cOCTaBe TOpdoB
U YIJIEH TIOKa3bIBAIOT, YTO TYMUHOBEIE BELIECTBA SBJISI-
I0TCSl €70 OCHOBHBIM KOHLIEHTPATOPOM U HOCHUTENEM
BILIOTH JIO MOJIHOTO MX MCYE3HOBEHMUS B CBSI3M C KOH-
JeHCaIMeH 1 BXOXKICHUEM B CTPYKTYpPY YIJIS.

JanbHeiiass UCTOpUsST MPeodpa3oBaHUS OpraHuU-
YeCKOI0 BELIeCTBAa COIPOBOXIAETCS IIOTEPEN aKTUB-
HBIX (DYHKIIMOHAIBHBIX TPYIII, BEICBOOOXKIEHUEM CBSI-
3aHHBIX C HUMM METaJJIOB U (DOPMUPOBAHUEM CaMOC-
TOATEJIbHBIX MUHEPAIbHHIX (a3. M3yyeHue hopM Ha-
XOXJIECHUS TOPUS B KAMEHHBIX YIJISIX 3aTPYIHEHO Ma-
JIBIMU pa3MepaMy MUHEPaIbHBIX (ha3, CJIOXKHOCTBIO MX
BBIICNECHNS] W3 YIOJbHOM MATPUIBl XU HEBO3MOX-
HOCTbIO O0BEKTUBHOI KOJIMYECTBEHHO! OLIEHKU TOJIU
OpraHMYeCKMX KOMIIJIEKCOB B €ro HakorjeHuu. s
pelleHNUs 3TOM 3a1aur UCITONB3YIOTCS Pa3IMYHbIE TIpe-
HMMYIIECTBEHHO KOCBEHHBIE METOABI M METOIbI 3JIEKT-
POHHOI MUKPOCKOIIMH.

Topuit B NPOAYKTax XMMUYECKOW SeMUHepanu3aumny yris

s mpuOMIKEHHON OLIEHKHA (POpM HAXOXIECHMS
TOpHSI B KAMEHHOM YIJIe TIPOBEIcHA CTyIeHYaTast JEMHU-
Hepan3anus 1po6 yrreir Mapku [, K u OC (1a6i. 6).

CognepxaHue TOpUS B UCCIIEIOBaHHBIX IIP00ax M3-
mensiercs or 1,1 mo 11,5 r/T, ciemoBaTenqbHO, OHHU
MPEeCTABIAIOT YIJIM C HIKEKIAPKOBBIMU, KJIaPKOBbI-
MU Y HAIKJIAapKOBBIMU YPOBHSIMU €TI0 HAKOTUICHHS.

B nepBoM cirydae 06paboTKa OTHOCUTENLHO Majio-
30JIHOTO OEIHOTro TopHeM VI Mapku K KoHIIeHTpH-
poBanHbeiMM HCl 1 HF He mpuBena K Bblle1auuBaHUIO
3TOTO MeTajlla BMECTE C APYTMMHU 3071000pasyolMu
KOMITOHEHTaMH U B OCTaTOYHOM MAJ030JIbHOM IIPO-
nykre (A°=0,4 %) ero comepxanue nipessicuio 300 r/T
30J161. DTO CBUJIETEILCTBYET O TOM, YTO TOPUIA B TAHHOI
Mpo0e COAEPKUTCS B YCTOMYMBBIX K BO3ICHCTBUIO



EctecTBeHHbIe Hayku

CWJIBHBIX KMCJIOT COeIMHEHUSX. TAKUMU COeTUHEHUSI-
MU MOTYT OBITh (hocdaThl peAKUX 3eMelb U UTTPUSl U
LIMPKOH, YCTAHOBJIEHHBIE ITPU 3JIEKTPOHHO-MHUKPOCKO-
MMYECKOM W3YYEeHUM 30JIbl OCTaTOYHON (hpakuuu, a
TaKXe METa/UI0OOPTAHNIECKIE KOMILIEKCHL.

Bo BrOpoMm ciyuae, yroip miacta XXXHO (Mapka
II) mpu o6pabotke ero KoHueHTpupoBaHHoit HCI mo-
Tepstt okono 40 % OT MaccChl COmepXaBIIerocss B HEM
Topusi. B COMTHOKMCIIOM 3KCTpaKTe colepKaHUe TO-
pus nocturio 32 r/T cyxoit Macchl. [Tocienyronias 06-
paboTKa MpoObl YIS IJIABUKOBOM KMCIOTON HE IIpHU-
BeJla K mepexoay MeTtajia B pactBop. ConepkaHue To-
pus B 30J1e IEMUHEPATU30BAHHOTO YIJIS TP 30J1bHOC-
TH OCTATOYHOM (pakuMK oKojo 1 % cocTaBMIIO
136 r/T. 3HAUMTETBHOE €TO BHIIIENAYNBAHUE U3 YIS
pu 00paboTke mpod KoHueHTprpoBaHHOo HCI mo-
XeT OBITh CBSI3aHO ¢ HaxoxaeHueMm Th B xapOoHarTax
PemKuX 3eMeNb, B COPOMPOBAHHOM BUIE B OPraHMYEC-
KOM M MUHEpaJbHOM BEIIECTBE, a TAKXKE B XeNaTHOI
(opMe B cocTaBe OpraHuMueckux Komiuiekcos. Iloc-
Jie[Hee COTacyeTCsl CO 3HAUMTENbHOM POJIbIO OCTATOY-
HBIX TYMUHOBBIX KVICJIOT B €T0 KOHIICHTPHPOBAHWH B
VIJISIX 9T0# MapKu (Ta0. 5).

Tabnuua 6. Pacripenenetivie Topws B POAYKTax CTyneH4aTou je-

MUVIHEpaIn3aumy yris
Copepxanve Th, r/T
XapaktepucTvika npogykTa XH>J<1>?G Mnact| Mnacr V-V
(Mangﬂﬂ) (apkaK) | (mapxaOQ)
/cxopHbIv yronb 2,7 11 15
3ona UCXOBHOro yrns 16,2 9,6 53,9
Yronb nocne obpabotkn HCl . 1,6 1,2 10,1
30Ma 0CTaTO4HOrO yrAs nocne
obpabotkn HCl,, 10 2 o7
QOcratok nocse binapveanms HCl 32 1,6 32,9
Yronb nocne obpadotkn HF, 1,4 13 1,7
3ona 0CTaTO4HOTO YrAA nocne 36 304 641
obpabotkn HF,
Ocratok nocne Bbinapusatng HF 33 naHHime 2,7

O6padotka yriasg mapku OC (mact IV-V) xonie-
HrpupoBaHHoii HCl oOycnoBuia u3BneueHue JUIIb
8 % Topus, a nocienyioias oopadorka HF —eme 3 %.
He3HauuTenbHbIM BHIXOA MeTala OOBSCHSIETCS Ha-
XOXIEHUEM TOPHSI B KMCIOTOYCTOMYMBBIX MUHEpaIax
(dpocdarax peaxux 3emeib, IUPKOHE) U, 0TYACTH, BO3-
MOXHO, B METAJTOOPTaHMIECKHUX KOMIIEKCAX.

MHoroctyneH4atoe BbllLeIaulBaHue yrias 5 %
PacTBOPOM COJISTHOM KMCIOTBI HE TMTPUBEJIO K CKOJIbKO-
HUOYIb 3aMETHOMY TMEPEXOy MeTajljia B pacTBOp, UTO
CBUJIETENILCTBYET O HE3HAUMTEIBbHOM pOIM CcOpOMpo-
BaHHBIX (OPM 1 KapOOHATHBIX MITHEPAJIOB B KOHIICHT-
PUMPOBaHUU TOPHS.

DIeKTPOHHO-MUKPOCKOITMYECKUE HUCCIIENOBAHNUS
MOATBEPXAAIOT 3TH BBIBOALI. B 3071 meMuHepann3o-
BaHHOTO YTJISl YCTAHOBJICHBI MHOTOUMCIEHHBIE (pocda-
ThI PEAKO3EMETBHBIX JJIEMEHTOB: MOHALINT, KCEHOTHM,
KPaHJAINT U JIpyrue. M XoTs nCmonb30BaHHas METO-
JIMKa MCCIeNOBaHMs He MO3BOINIIA BEIIBUTH (DaKT Ha-
XOXIEHMsI TOPUS B aKIIECCOPHBIX (pocaTax peaKose-

MEJIbHBIX 3JIEMEHTOB M3-32 HEIOCTATOYHON YyBCTBH-
TEJLHOCTH aHaIM3a, HO HATMYKE 3HAYMMOK KoppeJisi-
UM C JIAHTAaHOWJAMHU TO3BOJISIET CUMTATh PEAKO3e-
MeJibHBIE (pocdaThl OCHOBHBIM HOCUTEIEM U KOHLIEHT-
paTopoM TOPUSI B U3YYEHHBIX KAMEHHBIX YIJISIX. DTU
TaHHBIE COTMACYIOTCS C pe3y/IbTaTaMM M3YYeHWS Ka-
MeHHbIX yrtei CIIA [3, §].

Topwit B MNOTHOCTHBIX (DpaKLmAX yrns

OG6ocHOBaHME TPEHMYIIECTBEHHO MMHEPaJIbHOMN
(hopMBI HaXOXIEHMST TOPUS B KAMEHHBIX YIJISIX TpeOY-
eT 00bACHEHUS (haKTOB OTYETIMBOTO OOOTaIeHHS TO-
pHEeM 30JIbI MAJIO30JIbHBIX YIJIEH U 30J1bl IETKUX (hpaK-
uuit yous (1Tada. 7). AHanu3 IJIOTHOCTHBIX (Ppakiuit
00BIYHO HUCIOJIB3YeTCs M1 000CHOBAHUS CBSA3M 3Jle-
MeHTa ¢ OpPraHMYeCKMM WJIM MHUHEPaTbHBIM BEINECT-
BoM yrist [9]. Ero HakomieHue B Jerkux (ppaxiusix
paccMaTpuBaeTCsl KaK yKa3aHMe Ha CBS3b C OpPTaHU-
YeCKUM BELIECTBOM, a B TSIKENbIX — C MUHEPATbHBIM.

OTYeT/IMBO BUAHO, YTO 30JIbl JIETKUX Dpakiuit yr-
JIS CYLIECTBEHHO 00OTalligHbl METAJIOM Ha (hOHE 30J1b
TsKesbIX ppakimit. CoaepxaHue TOpUS B 30J1€ JIETKUX
(dpakMit Bo Bcex 0e3 MCKITIOYEHMS Tpobax 3HAYH-
TeJIbHO, B 2...4 pa3a, BBIIIE, YeM B 30JI€ TSKEIbIX. DTO
yKa3bIBaeT Ha M30MparebHOEe HAKOIIEHUE TOPHS Ha
OpraHMYecKOM BelllecTBe YIuisi. PacueThl MoKa3biBaloT,
gro nerkue ¢ppakumu (<1,5 t/cm’) comepxar ot 10 mo
93 % ot maccel Topus B yrite. [Ipu 3TOM MakcuMyMm
TIPUXOANTCS Ha OCTHBIC TOPHEM 30JIbHBIE HU3KO3pe-
Jiple Oyphie Y MapKy b1 1 HM3K030JIbHBIE YIJIM Map-
Ki K, a MUHMMYM — Ha BBICOKO30JIbHBIE YT MapKu
OC. IlpuBeneHHbIe B TabaMIIE JaHHbIE YKA3BIBAIOT HA
OTCYTCTBUE 3aBUCUMOCTU COMAEPXAHMsI 3JIEMEHTa BO
(bpakLusX OT MApOYHOTO cocTaBa yris. BeposiTHo, oc-
HOBHBIM (DAKTOPOM pacIpeieIeHHST TOPUST MEXIY MH-
HepaybHBIM M OPTraHWMIECKUM BEILIECTBOM YTJIS CIIEy-
eT cuuTath (alnaabHbIe YCIOBUS YIeHaKoIIeHus. B
yIIsIX, (HOPMUPOBABILUXCS B YCIOBHSIX 00jee aKTUB-
HOTO THIPOAMHAMUYECKOTO PEXUMa 3a CUeT HUBUH-
HBIX TOP(SHUKOB, 3HAUMTENbHAS YaCTh TOPUS HAaKaIl-
JIMBAJIach B KIACTOTEHHBIX MUHEpAIax, a B yIJIsX, 00-
Pa30BaBIINXCS B YCIOBHSIX 3aCTOMHBIX 03¢pHO-00JI0T-
HBIX (halMii 1 paLuit BEpXOBBIX OOJIOT — B OpraHuyec-
KOM BEIIECTBE.

[TpuypoyeHHOCTH TOPUST K JIETKAM (PPaKIUSIM YIJIS
A ONHOBPEMEHHO IPEUMYIIECTBEHHO MUWHEpaJIbHAas
(bopma ero HaxoXxIeHNS B KAMEHHOM YIJI€ He IIPOTUBO-
peyat Apyr Opyry, a OTpaxaroT 3BOJTIOLMI0 U3MEHEHUS
(opM KoHLeHTpUpoBaHUs Topusl. Ha paHHuMX 3Tamax
yraeo0pa3oBaHWs OCHOBHAsT Macca TOPUS B HU3KO-
CpeIHe30JbHBIX TOphaX HAKAIUIMBAIACh B TYMIUHOBBIX
BEILECTBAX, B CBA3U C YEM IIPUYPOYEHHOCTb OCHOBHOTO
KOJIMYECTBA TOPUS K OPTaHUYECKOM MaCcCe YIS BIIOJIHE
ecTecTBeHHa. B mpoliecce co3peBaHus YISl IPOUCXO-
JIJIO BEICBOOOXIEHME TOPHSI M3 OPTAHMIECKOM MACCHI.
Co0TBETCTBEHHO, U3MEHSIACh U ero (popMa HaxoXjie-
HUSI, HO 3-3a €T0 HU3KOM MUTPALIMOHHOI CITOCOOHOC-
TH (OPMUPOBAHUE TOPMIICOAEPKAIIMX MUHEPATIOB
MIPOMCXOIMIO HEMOCPeACTBEHHO Ha MecTe. Mabie
pasMepPbl MUHEPAJIOB U X HAXOXIEHUE B IIOPAX U MUK-

15
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Tabnuua 7. PacnipegeneHue Topus B IPOAYKTaX PakUMOHUPOBAHUS YA

YaenbHbIV BeC, Bbixon dpakum, Ao CopepxaHve Topus, r/T Bbixon Th BO thpak-
3 , /0
r/cm % Byrne | B 30/1€ yrNA upio, %
Mapka 16 (nnact Bropoi Tanay- BiopryHCKoro MecTopoxaeHus)
<1,2 82,99 10,7 0,7 6,5 68,9
1,2.13 11,86 13,7 14 10,2 19,7
13.1,4 1,24 32,8 2,2 6,7 3,2
14.15 0,60 38,0 1,7 45 1,2
1,5..1,6 0,06 36,5 1,8 4,9 0,1
1,6.1,7 0,16 43,3 1,5 3,5 0.3
1,7.1.8 0,44 65,7 2,2 3.4 11
>1,8 2,67 79,2 1,7 2,2 54
Mapka [} (nnact [1ByxapLUnHHbIi YepHOropCKoro MeCTopoXaeHus )
<13 23,25 3,88 0,62 19,3 10,0
13..14 42,00 8,48 11 12,1 32,0
14..15 13,25 16,61 1,9 1,5 17,5
1,5..1,6 3,50 26,43 2,0 10,1 4,9
16..17 4,25 27,50 24 9,7 71
1,7..1.8 1,00 29,97 2,2 7,2 1,5
18..2,0 9,50 48,98 2,7 7 17,8
>2,0 3,25 88,17 4,1 5,1 9.2
Mapka X (nnacr E-10 OcHOBCKOrO MeCTOpOXAeHS )
<1,2 75,00 3,53 11 31,2 355
12..13 2,90 9,20 2,6 28,3 3,2
13..1,5 1,00 27,08 3,6 13,3 1,5
15..1,8 1,20 48,68 10,0 20,5 5,1
>1,8 9,80 83,27 13,0 15,6 54,7
Mapka K (nnact | CUbUPTIHCKOro MeCTopoXaeHns )
12..13 96,06 2,81 1,1 41,5 78,0
13..14 0,48 11,90 1,6 19,3 0.6
14..15 0,38 17,33 2,1 16,0 0.6
1,5..1,6 0,20 33,42 57 15,8 0,8
16..17 0,38 48,01 7,2 12,9 2,0
1,7.1.8 2,24 48,70 10,0 19,6 16,5
>1,8 0,26 54,51 79 13,6 1,5
Mapka OC (nnact IV=-V OnbxXepacckoro MeCTopoxaeHus )
<13 32,8 4,6 1,6 35,0 9.7
13..14 219 10,1 2,8 24,0 113
14..15 9,4 20,0 5,1 20,0 8,8
1,5..1,6 6,1 29,0 72 27,0 8,1
16..1,8 9.0 40,9 9.6 14,0 15,9
>1,8 20,9 78,3 12,0 12,0 46,2
Mapka OC (nnact XI OnbXepacckoro MecTopoxaeHus)
12..13 26,65 6,78 1,9 28,7 59
13..14 4,60 22,57 58 17,6 3,1
14..15 3,78 24,68 3,0 15,2 13
1,5..1,6 2,62 29,94 4,9 13,5 1,5
1,6..17 1,71 42,31 9,1 15,7 1,8
1,7..1,8 7,93 50,76 9,1 17,1 8,3
1,8..1,9 8,80 61,05 10,7 12,3 10,9
19..2,0 3,93 65,98 13,9 16,1 6,3
>2,0 39,98 76,09 13,2 175 60,9
Mapka T (nnacrt Il Apanu4esckoro MecTopoXagHms )

13..14 50,0 0,5 3,1 47,7 32,2
14..1,5 20,2 13,5 53 39,3 22,2
1,5..16 11,9 19,3 6,9 35,8 17,0
16..17 5,95 30,3 8,6 28,4 10,6
17..1.8 2,40 36,1 11,0 30,5 55
1,8..1.9 3,60 42,5 9.4 22,1 7,0
>1,9 5,95 43,4 4.4 10,1 54
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POTpEIINHAX He MO3BOJNSAIOT OTAENUTh UX OT OpPraHu-
YeCKOM MacChl B MPOLECCE TPAAULIMOHHOIO IpaBMTa-
LIMOHHOTO pa3feneHus yriisd Ha (hpakLiH.

Pe3yﬂbTaTbl KOPPEeNAUMOHHOro aHan3a

B 1iesoM 1151 TOpUS B YIJISIX XapakTepHa BbICOKAs
3HAUMMasl TIOJIOXMTEIbHAS KOPPEISLUOHHAS CBS3b C
30JIbHOCTBIO. J[J1 301161 YIJISL OTMeuaeTcs 1100 ¢1abo
BBIDaXEHHAsl OTpULATE]bHAS CBA3b TOPUS C 30JIb-
HocTbio [10], MO0 OTCYTCTBHME 3HAUMMBIX CBsi3e [11].
[TepBoe yka3biBaeT Ha MPEUMYILIECTBEHHOE €TI0 HaKOI-
JIEHWE B OPTaHMIECKOM BeIIeCTBE, a BTOPOE — Ha CO-
MOCTABMMYIO POJIb OPraHWMYECKOT0 M MUHEPATbHOTO
BELIECTBA B €r0 KOHLIEHTPUPOBAHUH.

Takoit xapakrep CBsSI3ed TO3BOJISIET MPEIIOJIO-
KWTh, UTO HAKOTLJIEHUE TOPUSI B OPraHUYECKOM Bellle-
CTBE IIPOMCXOIMIIO B 3HAYMTEILHOM CTENeHN OJ1aroma-
P pa3loXeHUI0O B arpeCCHMBHOI cpeae TopdsHuKa
KJIACTOTeHHOro MaTepuana. B mpoliecce pasnoxeHus
MUHEpaJoB 0oJiee TOABMXKHBIE B KUCIION Cpefie 30J10-
o0pasyloliue 3JeMEeHThl BBIHOCUIMCH 3a Mpeesbl 3a-
JIeKH, OO OBLTH MCITOJIb30BaHbl PACTEHUSIMU TOP(PO-
00pa3oBaTeIsIMU, a 3JIEMEHTHI-TUAPONN3aThl KaK Ma-
JIONIOJBIKHEBIE B KHCIIOM cpelie HaKarBanuchk. [1po-
1IeCC MUTPALIMU 3JI€EMEHTOB IPOMCXOIWI M Ha CTamuK
JareHe3a 1 KaTareHesa, 0 YeM CBUIETENbLCTBYET (hop-
MUpOBaHUE TO3IHMUX KapOOHATHBIX M KPEMHHUCTBIX
KOHKPELMii, MUKPOTIPOXHUIKOB KapOOHATOB, CUAEPHU-
TOBBIX KJTACTUYECKUX JaeK U T.II. DTUM MOXHO 00BSIC-
HUTb IPUYPOUYEHHOCTD MOBBIILIEHHBIX COIEPXKAHMUI TO-
pus B 30J1€ MPEUMYIIECTBEHHO K CPEIHE30JbHBIM Y-
JIsIM. B Maji030IbHBIX YIJISIX HEMOCTaTOYHO MCXOTHOTO
MUHEPAJIbHOTO BEILECTBA IS HAKOMJIEHUSI BBICOKMX
KOHIIEHTpaLMil TOpUsI, a B BICOKO3OJbHBIX U3-3a T0-
BBHIIICHHON IIEJOYHOCTH CHIDKAETCS MHTEHCHUBHOCTD
paspylieHus] KJIaCTOT€HHOIo MaTepuanga. 3aMeTuM,
YTO 3TOT MEXaHU3M He MCKIIOYaeT MOCTYIUICHUS TO-
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pusi B TOPGSHUK B PAaCTBOPEHHOM COCTOSIHUM MJIU B
BUJIE KOJIJIOMAOB C MOBEPXHOCTHHIMU M TPYHTOBBIMU
BoJaMu. B0o3MOXHOCTb aKBareHHOro MOCTYIJIEHUE
3/IeMeHTa B YTrOJIbHBIN TIJIACT MOATBEPXKAAETCS Ha-
queM Ha TeppuTopuy 3amamHo-CHOMPCKON ILTUTH
HU3KO30JIbHBIX TOP(OB C comepXaHWeM B 30J€ 1O
300 r/T TOpUS MIPU OTCYTCTBUU MHBIX UICTOUHMKOB €TI0
MIOCTYIUIEHUST B TOPGSIHUK. AHOMAaJIbHasi TOPUEHOC-
HOCTb MOXET OBbITh CBSI3aHa C HAJTMYMEM B MOJCTUIAIO-
IIMX OTJIOXEHUSIX MeJ-MajJeoreHOBOro BO3pacTa LUp-
KOH-WJIbMEHUTOBBIX M MOHAIIMTOBBIX pocchimeit [12].

ITo maHHBIM KJIacTEpHOTO aHaau3a, TOPU Hauobo-
Jiee OJM30K K TaHTaNy, JIETKUM U CPEAHUM JIaHTaHOU-
JlaM, aJTIOMUHHUIO, pyOUAMIO, UTTPUIO, UTO MO3BOJISIET
npearnonaraTh ero HakoIUleHHe MOMUMo ¢ochatoB
TaKXKe B CHJIMKATaX ¥ aTIOMOCIIMKATaX (CITIoIax M Ka-
omuHuTe). OOHAKO MOCIEIHUE, CYIs MO pe3yibraraM
CTYNeHYaTO! JeMUHEPATU3ALUK YIS, UMEIOT TIOTYM-
HEHHOE 3HaYeHMUeE.
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