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A

B wacrosiuee spems B 3anaaHoi Cubupu npu nposegeHun paboT no nogcueTy 3anacos HedTH H ra3a, oco-
OCHHO A OTNOXKEHMA TIOMEHCKOI CBHTBI, CYWIECTBYET NpoGiemMa y4eTa TOHKHX [IMHUCTBIX IPOCIOEB,
KOTOPLIE HE ABIAIOTCA KOMJIEKTOpaMu. OgHAKO, H3-32 HELOCTATOYHON paspelarle cCnoco6HOCTH CTaH-
A@PTHBIX reOHINECKUX METOJOB, SBNTIOIUMXCA OCHOBOM A BBIJIEIEHHA NPOAYKTHBHBIX TOJLUH, [/IU-
HHCTBIC POC/ION BKIIOYAIOTCA B OGLLYIO MOIUIHOCTS NOPOA-KOMIEKTOPOB, 4TO MPUBOHUT K 3HAYUTE/I LHBIM
NOrpEeLLHOCTAM npu nojcyeTe 3anacos. HauGosee adpdexTunsbiM MeTomom OLICHKH CONEPKAHUA TTHHU-
CTBIX MUHEPAOB B COCTABE OCa{0YHBIX NOPOA ABNAETCA FaMMa-METON HITH CKBAKHHHAK ramMMa-crnexTpo-
METPHA, KOTOPbIE OObIMHO HCMOABIYIOTCS AN ITOM uean. OHAKO A HX NPUMEHEHHA HEOOXOTHMO 110-
AYYHTD CBAIH MEXK]1Y COCPKAHMEM B OCAJKAX, C OAHOM CTOPOHBI, [IUHACTHIX MHHEPAJIOB ¥ KOHUEHTPALU-
et K, U, Th u cyMMapHo# paMOaKTHBHOCTH, C APYroi. Jlns pelueHns 3Toil 3aJa4u U3 OCALKOB TIOMEHCK O
CBUTEI JIOBHHCKOTO MECTOPOXMICHHSA BbIAENAIUCH 4€ThIpe rpaHyroMeTpuyeckue dpakuuu (mecuyauas,
KPYMHO # MENIKO aI€BPUTOBbIE, @ TAKXKE [NIHHUCTAA), B KOTOPLIX OTPEJeAI0Ch COflepXKaHHe ECTECTBEHHO
PAAMOAKTHBHLIX 3eMeHTOB (EPD) M cymMMapHO# DalMOAKTHBHOCTH, a TAKKE X MHHEpaJbHBIH COCTAaB.
[TpoBeaennble UccnenoBaHUS NO3BONUIH YCTAHOBUTL 3aKOHOMEPHOCTH B pacnpeesneunu EPD u o6weit
PAAMOAKTHBHOCTH B PA3.TUYHBIX [PAHYIOMETPUYECKHX (PPAKIUAX, YTO NAM0 BOIMOKHOCTS €O3/1aTh METO-
AMMCCKYIO OCHOBY /ISt ONIPENICNIEHHA CONEPXKAHMA [IUHMCTBIX MHHEPANOB B NPOAYKTHBHBIX OTN0XKEHUSIX
TIOMEHCKO! CBUTBI JIOBUHCKOTO MECTOPOXKIEHUA HA OCHOBE HCIIO/b30BAHUS AQHHBIX raMMa-ClEeKTPOMET-

PUYECKHUX HCCNEeJOBAHHH.

[IpopyxkTuBHBIE OTIOXeHHsT JIOBHHCKOTO MecTo-
pOoXKAeHHs (TIOMEHCKAS CBUTA) HMEIOT TOHKOCIOUCTOE
CTpOeHHe, OOYCIOBIEHHOE HAIWYHMEM MHOTOYUCIIEH-
HBIX TOHKHX [JIAHHCTBIX IPOCIOEB B MECYAHO-IEBPH-
TUCTBIX OT/IOKEHHSX, COIEPKALIMX 3aJIeKH YTIEBOJO-
poitoB (Y B). Hannme rMHECTBIX NPOCIOEB U CIOHKOB
SH4YMTENBHO 3aTPYAHAET NPOBENEHHAE MOJICUETA 3ara-
OB He(PTH U raza B paccMaTpHBAEMBbIX OTNIOXKEHUSIX,
TaK KakK WX KONHYECTBO # 00bEM OYeHb TPYRHO OLe-
HUTb 0 JAHHBIM reO(U3NUECKHX METOMOB, U3-3a HX
Mastod Tonuiakel. s yueta odneMuoro COfep:KaHuA
[TAHACTOrO MaTepHaia B COCTAaBE NPORYKTUBHBIX OT-
JIOXKEHUH 110 JAHHBIM Teo(U3MIECKUX UCCISTOBAHMI
ckBaxyH (T'C) o6biuno HCMONb3YETCst TaMMa-METON
[1, 2]. OHako pajroakTHBHbIE 371€MEHTBI CBS3AHbI HEe
TONLKO € MNIUHUCTOR (PpaKIfHei, HO TAKKe M C aleBpH-
TOBOH 4 IMECYAHOU. [ToaToMy, YTO6GLI BEINENHTE HOMIO
€CTECTBEHHO palHOAKTUBHBIX 3neMenToB (EPD), Bxo-
AAIIAX B COCTaB IMUHHCTOM (bpakimH, HEOOXOmHMO
OUCHHUTb MX COMlepXKaHWE KaK B IJIMHUCTOH, TaK ¥ B
aJIEBPUTOBOH H NecyaHOM (ppakuusx.

C 3TO# LiebIO B HACTOS e pabore npoBejieH aHa-
143 pacnipenenednst EPD u cymmapHoi paguoakTus-
HOCTH B Pa3/IMHbIX TPaHYIOMETPUYECKHIX (hPAKLUAX,

BBIJC/ICHHBIX H3 NPOJYKTHBHBIX Iiactos [0,-10;,
BCKPBITBIX B Ipefie1aX JIOBUHCKOro MecTopoxaeHus.
PaccmoTtpens! 3akoHOMepHOCTH HX pacrpegenesus B
OCajiKax TIOMEHCKOH CBHTBI B 3aBHCHMOCTH OT MHHE-
PANLHOTO coCTaBa. BhinonneHa peKoHCTPYKUMS BIK-
SHUSL SMHTEHETHYECKOro (THAPOTEPMANILHOIO) BO3-
CHCTBUA Ha OCaJOYHBIE [IOPONbI H NIEpepacipenee-
Hue B Hux K, U u ThOcHoBOM 11 HaMUcaHus CTaThu
TIOC/TY>KMIIA  Pe3yNbTaThl KOMIUIEKCHBIX JHTOJIOrO-
FCOXUMHUYECKHX HCCeOBAHUH KEPHa, OTOOPAHHOro
43 8 CKBaKHH, BCKPBIBIUUX 6 MPOAYKTHBHbIX IL1aCTOB
(I0,-10;) B npepentax JIoBAHCKOrO MecTOpOKIEHHA
(puc. 1). Inst ananusa pacnpenenenus EPD s pa3nuy-
HBIX IPaHyIOMETPUYECKUX (PPAaKUUSX EPBOHAYATD-
HO Obl10 nofroToBeHo 14 naptuit 06pasyos. Ofna-
KO GoJIee OIOBUHbI U3 HUX MPENICTAB/ISUIH OGO cMe-
CH ONHHX M Tex Xe pakuui, BbITENEHHBIX W3
Pa3nU4HBIX OGpa3uoB, OTOGPAHHBIX M3 Pa3MTHYHbIX
CKBAXXHH (HO U3 OJIHOrO H TOTO e IL1aCTa), Pachoo-
HKCHHBIX 0CTaTOYHO AAJIEKO IPYT OT Apyra. {715 3THX
Npo6 He yan0ch OGHAPYKUThb XOTh Kakue-HUOynb 3a-
KOHOMEpHOCTH B pacnipefesie i EPD no ¢pakuusim,
I03TOMY OHH GbLIH HCKJIIOYEHBI H3 PACCMOTPEHHA.
Hcnone3oBanuchk nums 06begHHEHHbIE 1po6kl, NMpH-
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Puc. 1. MecTononoxenue nuueH3MonHoro yyacrka Jlo-
BHHCKOIO MECTOPOXJCHHA C PACMONOXEHHEM CKBAXKHH,
M3 KOTOPbIX OTOHPANIHCh 06pa3libl HA UCCIEJOBaHUA.

1 — rpanuubl PacnpoCTPAHEHHUS OPCKHX OTJOXEHHUH B
npefenax 3anagHo-CuOHPCKOiM MIKHTBI;

2 — rpaHMIbl JHLUEH3HOHHOrO y4acTka JIoBMHCKOTO Me-
CTOPOXIECHHS;

3 — CKBaXXHHBI, H3 KOTOPBIX OTOHpaTHCh 06pa3Lbl.

FOTOBJICHHbIE U3 OJMHAKOBBIX I'PAHYIOMETPHYECKHX
(pakuuit, BEITETEHHBIX H3 COCEHAX 00pa3sLOB, OTO-
OpaHHbIX M3 O[IHMX M TEX XK€ ILIaCTOB, BCKPBITHIX Of-
HUMH H TEMH K€ CKBaXXMHAMH WM OGbEeMHEHHbIE C
TaKHMH XK€ IPaHyJIOMETPHYECKMMH (DPAKIHAMH, BbI-
AIETIEHHBIMH U3 TEX K€ IUIaCTOB, BCKPBITHIX COCEJHH-
MU CKBAXKHHAMH.

Ha pacrpoBomM anekTponHoM Mukpockone (POM)
6b1110 cAEIaHo 93 CHAMKA Pa3IMYHbIX FPAHYIOMETPH-
yeckux pakuuil U nonydeHo 504 31eMEHTHBIX ClieK-
Tpa C OTAEIbHBIX MUKPOOOBEKTOB, IPHCY TCTBYOLLUX
B COCTAaB€ BbIIEJICHHBIX (DpaKIHM.

METO/bI NCCIEJOBAHUSA

BenecTBeHHBIA COCTaB NOPOJ, CIAraoLIMX Mpo-
AYKTHBHbIE OTJIOXKCHHUS THOMEHCKON CBHTHI (TL1aCThI
10,-10,), a TakKe cOCTaB OTHEIbHBIX TPAHYIOMETPH-
4eCKHX (ppakUui, HCCIefoBaICs KOMILIEKCOM (hHu3u-
YECKMX METOMOB, BKJIIOYAKOLIUX ONTHYECKYH H
3JIEKTPOHHYI0 MHKPOCKOIHIO, PEHTTE€HO-CTPYKTYP-
HbIA 1 rpaﬂynomeTpuqecxuﬁ dHAJIN3bI.

Copep:kaHue TJIaBHbIX MOPOAOOOPa3yHLUHX MH-
HEPAJIOB ONPEAENAIOCh ¢ TOYHOCThIO 0.5-[% (Mac.).

Pacnipenienenue EPD u cymMMapHasi pajHOakTHB-
HOCTb H3y4aJiach METOJOM CLMHTAI/IILMOHHOM raMma-
CIIEKTPOMETPHH Ha CEPTH(DHIMPOBAHHOMA raMMa-CIieK-
TpoMeTpuYecKor ycraHoskue AMIJI-03 ¢ ucnons3oBa-

3YBKOB

HHUEM CLUMHTH/UISIMOHHOrO GJ0Ka Ha OCHOBE KPHCTal-
Js1a Nal(Tl), umeromero pasmeper 200 x 200 MM ¢ ko101
em 70 x 100 MM. O6beM 06pa3LoB OGBLIYHO COCTABIISN
okos10 250 M1, Bpems 3amepa — 2000 cekyHa.

[Torpemnocts onpepenenust U u Th — 3 x 107%,
aK-2x10°%.

Pacrpossiit 91€KTPOHHBIHA MHKPOCKOM
(LEO1430VP), ycnons30oBaBILMUC VI HCC/IEOBAHMIA
00pa3LOB pa3IHiHbIX IPAHYIOMETPHYECKHX (PPaKIUH,
kpome pororpaduil NO3BOJII NONYyHaTh ITEMEHTHBIA
COCTaB M3YyYaeMbIX MHKPOOOBLEKTOB. YyBCTBHTE/B-
HOCTb MMKPO30HJa TIPH ONpEfeJIEHNH TOMO WIH HHOTO
37IEMEHTA 3aBUCHT OT €r0 KOHUEHTPALMH U aTOMHOrO
HOMEpa H B cpenHeM cocrasmsieT okono 0.1% (mac.).

ITockonbky HauGonbuime KonueHTpauuu U u Th
OTMEYAIOTC B aKLECCOPHBIX MHUHEpanax, 0G/1ajjato-
[IMX BBLICOKOH IUIOTHOCTBIO, YTO OGBLACHAETCS MpH-
CYTCTBHMEM B HX COCTABE JIEMEHTOB C OONBLUNAM ATOM-
HBIM BECOM, TO OCHOBHAs! YaCTh CHUMKOB, C[I€TaHHbIX
Ha POM, Beinonnxena B pexxume KOMITO, nosponsiio-
LIEM JIETKO HAXOUTh CPEAM MHKPOOO'EEKTOB MUHEPa-
JIbI ¥ COE[JUHEHMS, CIIOKEHHBIE TSKENbIMA aTOMaMH,
BBIJIETISAIOLIMECA CBETNO-CEPbIM HJIM MOYTH OeIbIM
LIBETOM HA CEPOM U TEMHO-CEPOM (POHE APYrUX MHHE-
PanoB, CIOXEHHBIX NPEUMYILIECTBEHHO CPAaBHUTEIb-
HO nerkumu atomamu Al u Si.

'panyoMeTpUYECKMA aHANN3 NPOBORHIICS Mexa-
HO-THAPABIHYECKUM CIIOCOGOM. BhIgesiiucs yeThipe
rpaHyJoMeTpuyecKkue ppaxuud: necyadas (>0.1 mm),
xkpyrnno anesputoBas (0.1-0.05 mm), Menko anespu-
ToBas (0.05-0.01 mm) u rnunucras (<0.01 mm). Kpyn-
Hple (pakmu (eCYaHO-aJeBPHTOBLIE) BBIESINCh
MEXaHUYECKMM CrMOocOOOM (Ha CHTax), a IJIMHHCTas
¢paxims — THAPABIHYECKAM CIIOCOGOM (MIyTEeM OTMY-
yuBaHus B Bofe). IIockoNbKy M3 OTHEIBHO B3STOrO
o0pa3sia Aaneko He Bcerfa yaaBajoch BbIJETHTh BCe
4eTbIpe (ppakuuy B TpeGyeMOM KOJIHYECTBe (OKOJIO
200 r), To ¢paximy, NONTyYeHHbIE U3 COCeTHUX (pac-
TMIOJIO>KEHHBIX PSJIOM I10 IJ1yOHHE B OTHOCSALLMXCS K OfI-
HOMY U TOMY K€ NMPORYKTHBHOMY IUTacTy) 0Opa3uoB
00 BENMHSTHCh BMECTE.

MUHEPAJIBHBI COCTAB
TPAHYJIOMETPMYECKUX ®PAKIIMN

OCHOBHBIM METOJOM HCCJIEOBAHHST MUHEPATIbHO-
ro cocTaBa OblI PEHITE€HO-CTPYKTYPHBIA aHAIH3, KO-
TOPBIA MO3BONSET ONPENENSTh COep>KaHue OTIeNb-
HbeIX MmuHepanos. ITosTomy obnomku nopon, npen-
CTaBJIEHHbIE, HANIPUMEP, U3BEP>KEHHBIMU IOPOJIaMH,
MeTamMop(U4eCcKHMH (KBApLUTAMH, KBAPL-CEPHLUTO-
BbIMH, KBApI-XJIOPHT-CEPULIUTOBbLIMH) U PYTUMHU TH-
IaMHM CJIAHLEB, C MOMOLILKD 3ITOrO METOfA Ompefe-
JINTh HeJb3st. OTUM OOBSICHAETCS TO, YTO B Tal/ulIE,
XapaKTepH3YIOLLEHd MUHE PAIbHBIA COCTAB Pa3/IuYHbIX
rPaHyJIOMETPHYECKUX (PpakLyi, MPUBENEHLI COREp-
JKAHHSI TOJIBKO MMHEPATIOB HE3aBHCUMO OT TOrO,
MPEACTABJIEHbI OHA O0JIOMKAaMUA MHUHEPAJIOB HJIU BXO-
JAT B cocTaBs nopog (tabmn. 1).
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AHAJIN3 PACITPEJEJEHHA K, U, Th 3

Tabanua 1. MuHepanbHbIA COCTAB PA3NNYHBIX [PAHYJIOMETPHYECKHX paKiui, BbIge/eHHbIX U3 naacTtos 103-10; JTo-
BMHCKOIO MecTopoxaeHus (% mac.)

’ . K 4 ‘VH' ‘De- Kapbonatubie
& r— CnuHucThIE MUHEpaNbl ;::;«e ?xj;:e MUHEPATBI ]
. [Mnacr Ksapy . e | [Muput
CKB UuA, MM | Xgo- | Tugpo- cCco Kaonu- NOJACBOH | NOJCBOH | Kanp- | [TJono-| Cupe- |
pur | camopa| ~ HUT wnar mat | gyt | MUT | puT |
1 2 3 4 5 6 7 8 9 10 11 12 13 14
10653 104 >0.1 1.0 1.8 0.5 52 | 709 10.8 3.4 0.0 | 0.0 | 00 1.3
» 10, 0.1-0.05| 1.0 3.8 1.3 8.0 | 67.1 4.8 7.0 00 | 00 0.0 7.0
» 10; [0.05-0.01] 1.8 6.4 3.1 13.8 | 64.1 3.1 72 00 | 00 | 03 0.3
» 104 <0.01 3.0 12.7 5.1 57.0 17.7 15 3.0 00 | 0.0 0.0 0.0

10628 1O, >0.1 0.0 1.7 0.7 20 | 623 20.0 12.0 1.2 | 0.0 0.0 0.0
» 0; | 0.1-0.05| 038 2.8 0.8 3l 53.7 17.9 21.0 00 | 00 0.0 0.0

» 103 10.05-0.01| 2.7 6.0 1.9 16.9 | 459 8.5 18.1 0.0 0.0 0.0 0.0

» 10, <0.01 53 12.2 23 65.7 8.8 2.3 3.4 0.0 0.0 0.2 0.0
8092 10, >0.1 0.9 L3 0.7 1.8 | 60.3 15.8 19.2 0.0 0.0 0.0 0.0
» 10; | 0.1-0.05] 1.2 3.6 1.2 43 | 488 16.7 23.8 00 | 00 0.5 0.0

» 10; |0.05-0.01} 3.7 8.7 25 240 | 300 9.9 19.8 00 | 0.0 1.5 0.0

» 105 <0.01 3¢ 13.9 3.4 511 12.8 2.8 7.1 1.4 | 0.0 1.7 0.0
10653 10, >0.1 0.9 2.1 0.5 3.5 62.5 10.4 19.7 00 | 0.0 0.5 0.0
» 10, | 0.1-0.05|] 1.9 3.8 0.7 40 | 583 10.7 18.6 0.7 0.0 1.0 0.2

» 0, [0.05-0.01] 3.3 8.6 1.4 33.7 | 29.7 6.3 15.1 00 | 0.0 1.4 0.4

» 10,4 <0.01 4.0 10.6 24 61.8 11.5 3.3 4.6 0.0 0.0 1.8 0.0
8092| 10,4 >0.1 0.0 1.2 0.7 2.1 61.6 14.0 20.4 00 | 00 | 0.0 0.0
» 0, | 0.1-005f 12 3.9 1.2 4.1 52.3 9.9 27.1 00 | 0.0 | 02 0.0

» 10, [0.05-0.01f 4.2 9.0 17 21.5 36.7 7.1 bl 0.0 00 | 23 0.0

» 10, <0.01 6.4 16.1 2.8 54.4 10.6 2.8 52 0.5 0.0 1.2 0.0
10292 10, >0.1 1.1 39 0.7 5.0 | 582 11.4 18.7 00 | 0.0 0.7 0.2
» [0, | 0.1-0.05] 2.0 4.6 1.5 10.2 | 46.1 7.1 26.5 00 | 0.0 2.0 0.0
» 10, [0.05-0.01| 4.7 10.5 22 199 | 38.0 6.7 16.8 0.0 [ 0.0 1.1 0.0
» 10,4 <0.01 7.0 16.7 3.2 50.7 13.7 3.2 4.7 00 | 00 | 09 0.0
10628| 104 >0.1 0.7 1.6 0.5 28 | 744 19.1 0.5 0.0 | 0.0 0.5 0.0
» 105 | 0.1-0.05| 0.7 5.7 1.1 79 | 61.1 17.0 5.4 00 | 0.0 1.1 0.0
» 105 0.05-0.01] 1.0 3.9 1.6 | 455 | 25.0 14.9 5.0 00 | 0.0 1.2 0.0
» 105 <0.01 1.0 73 2.1 77.6 6.7 4.2 1.0 00 | 0.0 0.0 0.0

8092| 10O; >0.1 0.7 2.0 0.4 42 | 574 14.3 20.8 00 | 00 | 0.2 0.0
» 105 | 0.1-0.05| 0.8 2.7 0.6 39 | 512 12.3 28.1 00 | 00 | 04 0.0
» 05 [0.05-0.01| 4.0 8.8 2.1 18.1 40.2 59 19.7 00 | 00 1.3 0.0

» 105 <0.01 6.6 15.2 3.6 56.9 9.7 3.3 4.7 00 | 0.0 0.0 0.0
8092) 104 >0.1 1.2 1.5 1.4 18.3 | 52.2 17.1 1.9 00 | 0.0 0.5 0.0
» 104 | 0.1-0.05| 2.3 5.6 1.2 | 22.9 | 522 14.1 1.9 00 | 0.0 0.3 0.0

» 0g 10.05-0.01| 3.1 10.0 1 334 39.3 10.3 2.1 00 | 00 | 00 0.0

» H0g <0.01 2.8 10.1 3.4 62.8 15.1 4.5 1.4 00 | 00 | 00 0.0
10668| [O4 >0.1 0.0 1.8 0.0 2l 76.9 18.3 0.9 00 | 0.0 | 00 0.0
» g | 0.1-0.05| 0.5 5.1 0.5 34 | 62.0 253 1.3 1.6 | 0.0 0.2 0.0

» 0g (0.05-0.01) 0.9 7.4 09 | 444 | 26.1 16.1 1.4 00 | 00 2.7 0.0

» 03 <0.01 1.6 9.4 14 71.9 9.2 5.6 0.6 00 | 0.0 | 02 0.0
10628] HOg >0.1 0.0 0.7 0.2 1.9 | 78.6 17.8 0.5 00 ( 0.0 | 0.2 0.0
» g | 0.1-0.05| 0.6 9.3 0.2 4.1 61.7 22.0 0.4 1.6 | 0.0 | 02 0.0

» [0 [0.05-0.01] 1.2 8.7 0.7 34.0 | 335 18.9 1.7 00 | 0.0 1.2 0.0

» 104 <0.01 1.5 0.3 1.5 72:5 9.8 4.5 0.8 00 | 00 | 0.0 0.0
10292 10, >0.1 0.9 1.6 0.0 3.2 | 937 0.0 0.6 00 | 0.0 | 0.0 0.0
» 10, | 0.1-0.05| 1.1 5.4 0.8 74 | 790 4.4 1.9 00 ! 0.0 0.0 0.0

» 10, [0.05-0.01] 3.0 13.0 1.7 37.8 | 35.0 3.3 4.8 00 | 0.0 13 0.0

» 10, <0.01 2.9 15.7 1.8 | 62.7 8.2 24 5.3 00 | 0.0 1.0 0.0
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4 3YBKOB

AHaJIn3 NONy4YeHHbIX JAHHBIX MI0KA32J1, 4TO N0 Me-
pe yMEeHBUIEHHS pa3Mepa rpaHy/IoMeTpu4eckux (pak-
A OTMEYaeTCA 3aKOHOMEPHBI POCT CORepKaHUs
PTMHUCTBIX MUHEPAIOB H, HAIIPOTUB, yMEHBILEHHE [O-
/14 0GJIOMKOB KBapl-NO/IeBOIINATOBOrO COCTABA.

3pech cieayeT oOpaTHTh BHUMAHKE HA XOPOLLIO H3-
BECTHBIH (PAKT, UTO NOHATUS [VIMHKUCTAsA [PAHYIOMET-
pyiecKast (ppakiMs U MTHHUCThIE MHHEPAJILI HE TOXKAE-
CTBEHHBI Jpyr Apyry. Pasmeper rouuucroit dpakiun
npuHATHLI paBHbIMH <0.01 MM, ogHaKo 1 06IOMKH KBap-
11a, TOJIEBBIX ILUMATOB U [IPYTHX MHHEPAJIOB, OOLIYHO
Clararoiux OOJOMOYHYIO 4acTh OCAOYHBIX IOPOQ,
TAaKK€ MOIYT MMEThH pasMEphl INIMHHUCTOH (PpaKiu.
[TpuueM cymmapHOe cofgep:KaHue KBapll-NOJIEBOLINa-
TOBBIX 00JIOMKOB B IJTUHUCTOM (hPaKIHU MOXKET AOCTH-
rate 22-26% (tadn. 1).

Ecnu cogepkanie 0610MOYHOrO KBapLa NpakTU-
YECKH BCErJa yMEHBUIAETCA MO MEpe MNepexofa OT
necyaHoil ()pakuMd K [JIMHUCTOH, TO KOHLEHTpAlHs
KaJHeBOro 1 0COOEHHO HAaTPUEBOrO MOJEBBIX IUNa-
TOB MOXET HMETb MAKCUMAJIbHbIE 3HAYEHUS B aJIEB-
pUTOBBIX (pakuusx (Tabi. 1).

HnTepecno, 4To B rpaHyjoMeTpudeckux pak-
U4AX, BBIEIEHHBbIX 43 nnacta l0,, MakcuManbHas
KOHUEHTpalMsl aab0UTa OTMEYAETCS HMEHHO B M-
HUCTOH pakuuu (Tada. 1). OTMedeHHbIA eHOMEH
OO'BACHAETCA TEM, YTO OOJbIIAsA YacTh paccMaTpH-
Ba€MOTr0 MUHEpasna NPEeNCTABIEHA B 3THX NPo0ax 3Mu-
FEHETHYECKHMM MEJTKOKPUCTALIMYECKUM aTbOUTOM,
00pa30BaBLIMMC B IJIACTE 32 CYET HEYCTOMYUBBIX 00-
JIOMKOB, NpEJCTABIECHHBIX, IJTaBHbIM OOpa3oM, KHC-
JIbIMM TUTAarHOKJIa3aMH.

Huxke MbI yBHANM, YTO paccMaTpUBaeMbIe OCAIKH
njacra NpeTepnenn CHAPOTEpManbHeIE Npeodpa3o-
BaHHs, IPUBELINE HE TOIbKO K OOpa30BaHHUIO 31Ure-
HETHYECKOI0 MEJIKOKPUCTANINYECKOro anbOuTa, 11o-
POBOrO KaOJHHHTA, IJICHOYHOH TUPOCITIONbI, HO H
uHTEHCHBHOMY BbIHOCY K, U u Th.

Cnenyer oOpaTuTh BHUMaHHE HAa OYeHb BBICOKOE
COfepXKaHHE TIJMHUCTLIX MHHEPAJIOB B INECYAHOU
¢paxuuu niacra g, BeckperToro cks. 8092, nocrura-
toutedt 28.4% (tabi. 1). Belcokoe cofepkaHue ITHHH-
CThIX MHHEPAJOB B paccCMaTpHBAaeMOH MECYAHOU
(ppakiu CBSA3aHO C HATHYHEM MHOTOYHCIEHHBIX 00-
JIOMKOB KBaplIl-CEPHIUT-KAOJHHUTOBBIX CIAHIIEB Ce-
pOro uBeTa, KOTOpbIe H3-3a HX MEXaHU4ECKOH IpOY-
HOCTH COXPaHWJINCh B BUAEe OGJIOMKOB NECYAHOU H
aJIeBPUTOBOH Pa3MEPHOCTH U HE Pa3pyLUUIUCE IO OT-
[eNbHBIX ITHHACTBIX YaCTUIl B NPOLECCE e3HHTerpa-
LIMH 4 OTMY4YHBaHHS OcajKa B Bojie. B ocranbHbIx 06-
paslax copepXaHue INIHHHCTBIX MUHEPAJIOB B Niecya-
HOH (ppaxuuu He npeseimaeT 5-7% (Tabmn. 1).

[uHHCTBIE MUHEPAJIBI B NMECYAHOR U aJIEBPUTO-
BOH (ppakIMsiX NMPUCYTCTBYIOT B CIEAYIOLIMX BHAX:

1) B Bue NpoyYHBIX 0GJOMKOB [NIMHHCTHIX CIIaH-
UeB COOTBETCTBYIOLIEH rPaHyIOMETpHYECKOH (ppak-
LMK, COXPaHSIOIHEXCA B MPOLECCE AE3UHTErpaldi U
OTMYYHBaHHUS OCafKa;

2) B agcopOHpOBaHHOM BUJE Ha MOBEPXHOCTH 00-
JIOMKOB MOPOJ U MUHEPAJIOB M€CYAaHO-aJIEBPUTOBOH
Ppaxuun;

3) B cocTaBe apru/UTH3NPOBAHHBIX OOIOMKOB 13-
BEPKEHHBIX TOpPOJ;

4) B BUJE YACTML, 3MMIEHETHYECKUX [IMHHCTBLIX
MMHEpPaNoB, 3aXBaYyeHHbIX B NPOI{ECCce poCTa U pere-
HepaLNH rPaHsIMHU 06J10MOYHbIX 3ePeH KBapLa, pexe
annOuTa.

Cpeny rIMHHCTBIX MUHEPAJIOB SIBHO NpeodnajaeT
KAOIHHHUT, IPUYEM B MMECYaAHO-AIEBPUTOBBIX PA3HO-
BUJHOCTSIX TIOPOJ OCHOBHBIM SBIISETCS 3MUIEHETH-
YECKMH NOPOBLIA KAOJIUHUT, OOBIYHO NMPUCYTCTBYIO-
1wyid B BUAe OyKJIETOBUAHBIX arperaToB. DTH Kaolu-
HMTOBBIE arperaTbl YacTO UMEIOT pa3Mepbl Oonee
0.01 MM # 110 2TOM NpHYHHE NONAJAIOT B MEJIKOAIEB-
PUTOBY1O IpaHyJIOMETpUYECKY1O (ppaxuuto. Ero co-
IepKaHHE B COCTaBE IITHHUCTOH (PpaKIIUH H3MEHSET-
cs1 0T 50.7% no 77.6% (raba. 1).

BTopod mo BKJIajy B CyMMapHOE€ COfepXKaHue
[JUH ABAsETCA ruapocaiona. Ee koHueHTpanus B
CIIHHHCTOA (PpaKkIHM BapbHpPYeT B mpepgenax ot 7.3
1o 16.7% (Taban. 1). Jons cMemaHOCI0MHBIX OGpa3o-
paHu#l (CCO) HeBeMKa H COCTABISET B COCTABE TJIH-
HUCTOH (PpaKLMM Pa3NUYHLIX NPOAYKTHBHBIX Ia-
CTOB B cpefiHeM Bcero 2-3% (tabu. 1). [ToaToMy KOH-
uentpauus K* B pasanuunbix rpanynomeTpuyecKux
(ppakuusix onpenenseTcs, aBHbIM 06pa3oM, coep-
’KaHHEM B HUX THAPOCIIOABI, CION U KAaJIHEBOTO MO~
JIE€BOroO 11maTa.

Copnep:kaHue XJIOpUTa B pa3iIHYHbIX [PAaHyIOMET-
pUYECKHX (DpaKUMAX TAKKE HEBEIHKO M B CPeJHEM
HEMHOro npesbinaeT Konyentpauuio CCO. Tak, B
COCTaBe INIMHUCTOU (PpaKIUH, BbIEIECHHOR U3 pa3-
JHYHBIX MNPOAYKTHBHBIX IUTACTOB, KOHIEHTpalUs
xnopuTa BapeupyeT oT 1.0 go 6.6% (tabn. 1). Heno-
CPENCTBEHHO B COCTaB XJIOPUTA €CTECTBEHHO-PAHO-
aKTHBHBIE 3JIEMEHTBI HE BXOJSIT, O[HAKO B BUJIE MEJI-
KHX BKJIFOUYEHHA B O0JIOMKaX TEPPUIE€HHOrO XJIOPUTA
BCTPEYarOTCA 3€pHA MOHaluTa, comepxainero U u
Th, o 4yeM Gonee nogpoGHO GyAET CKa3aHO HHUKE.

Crenyer o6paTuTh BHHMaHUE Ha TO, YTO COCTaB U
COOTHOUIEHHE IVIMHHCTBIX MUHEPAIOB, CJararouux
[IOPOALI-KOJIJIEKTOPbI, MMEIOIMX MPENMYILIECTBEHHO
NeCYaHO-aJIEBPUTOBBIK rPaHyIOMETPUYECKHA COCTaB,
3aMETHO OT/IHYarOTCA OT TAKOBOIO B IITHHUCTBIX NIPO-
cnoiikax. ['1aBHOE OTIMYME 3aKIIIOYAETCS B TOM, UTO
CJIMHHACTHIE MPOCJIOMKH CJI0XKEHBI TEPPUTE€HHBIM IJIH-
HUCTBIM MaTEPHAJIOM, a B COCTaBe NECYaHO-aJIeBpH-
TOBBIX OTJIOXKE€HHI 3HaYUTEIbHY IO IOII0 COCTaBIAIOT
HOBOOOpa30BaHHbIE (3IMUrEeHETUYECKHE) TIIMHHUCThHIE
MHUHEepaJbl, PeJCTaBlIEHHbIE, [JIaBHIM 00pa30oM, Ka-
OJIHFHHTOM H rufipocionou ¢ npumecsro CCO. Xio-
PHUT, NPUCYTCTBYIOLUHMH B COCTABE NIECUAHO-AJIEBPUTO-
BbIX OT/IOXEHHH — HMCKIIOYHTEIBHO TEPPHUIE€HHbIN,
TaK KaK B CyUIECTBYIOIIUX B II1aCTe TepMOJIHHAMUYE-
CKHX YCJIOBHsIX OH He 0Opa3yeTcs.
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[ToaToMy rIUHICTBIE MUHEpaIbl, CJIAraloLe r1-
HHCTBIE MPOCJIOH, cofepkaT B cebe u Ha cebe (B ap-
COpGUPOBAHHOM COCTOSIHMH) [I€PBOHAYATbHBIH HaGop
EP3, a B mecyaHo-aIeBPUTOBBIX OTIOKEHHUAX BCIE-
CTBHE [1€PEKPHCTATH3ALHHE H HOBOOOPA30BaHUS I1THU-
TCHETHYECKHMX TIJIHHUCTBIX MHHEDPAIOB NPOHCXOMUT
nepepacnpenenenne EPO. JloruyHo npennonoxurs,
YTO B TEPPUrEHHOM [TIHHHCTOH (PPAKILH KOHLEHTpa-
uust EPD gomxHa ObITh BbILLE, YEM B TAKOBOH, HMEIO-
lWed MPeUMYIIECCTBEHHO 3MUIeHETHYECKOe MPOMC-
xoxkpaeHue. Mcxopms M3 cKa3aHHOro, CTaHOBUTCS MO-
HATHBIM, YTO OOBLEAUHATL [JIMHUCTBIE (PPAKUUH,
BXO[IAIIIHE B COCTAB [JIMHUCTHIX MPOCIOEB H MECYaHO-
AJIEBPUTOBLIX OTJIOXEHHH HE KeJlaTe/bHO, TaK KaK B
3TOM ciay4ae He OyJeT ONHO3HAYHOU CBS3H MEX[Y
EPD u cofep:kaHueM INTHHUCTOM (PpaKIuH.

KonuenTtpaius Kap6oOHaTHBIX MHHEPAIOB B COCTa-
BE paCCMATPHBAEMBIX (PPAKIMI OYEHb HU3Kas, NO3TO-
My OHH c1a00 BAMAIOT Ha MX KOJIJIEKTOPCKHE H paguo-
aKTHBHbIE CBOHCTBA. OTMEYAETCS NPHCYTCTBHE JIHIIb
KaJbUXTa U CHAEPUTA MPH IOJHOM OTCYTCTBHH [HOJIO-
Mmura (Tabn. 1). Yame Bcero Bcrpevaercs CHJIEPHT, HO
4 €ro cofepxkaHde He mpesbimaeT 1.7-2.7%. Cupe-
PHT, CKOp€EE BCErO, MOr 006pa30BaThLCA B PAHHEM JiHa-
reHese (B BUE MHKPOOOJIUTOB) H 3MUreHese (YacTHd-
HO 3aMeast 06710MOYHbIE 3epPHA XJIOPUTA 4 OHOTHTA),

Cnopagn4ecku BCTpevaeTcs IHPUT, KOTOPbIi AB-
asiercss ayrureHHbiM. IlosnHee B amuresese on mor
[EPEKPUCTA/IIM30BbIBAThCA, 00pa3ys KpPHCTAJIbI
NPABHILHOM OKTa3puyecKkoi popmbl. Ero cogepxa-
HHE BapbUPYET B IHPOKHUX npenenax — ot 0.2 no 7.0%,
HO 4allle BCEro €ro KOHIEHTPAlHUA He [pEBbILIAET
0.3-0.4% (Taba. 1). [TpuyeM BCcrpeyaeTcs OH AULIL 1O
ypoBHsa miacta I0,, Bk11ounTeNbHO, TyGKe npHCyT-
CTBYET TOJILKO CHIEPHUT. Y CTaHOBIIEHHBIN (DaKT, Be-
POSITHO, CBHAETENLCTBYET O TOM, YTO HAKOIJIEHHE
HWXKHUX NpoayKTHBHbIX 1actoB (10s5-10,) nponcxo-
AHJIO MPEHMYIUECTBEHHO B KOHTHHEHTANbHBIX YCJIO-
BISIX (DEYHOM aJlTIOBHH, CHIEPUTOBAS FEOXHUMHYECKAS]
auus), a Bepxnux (10,-10,) — B mpuGpeKHO-MOPCKHX
(MUpHATOBast reOXUMHYECKast (pauus).

AKueccopHble MMHEPAJbI, B COCTaBE KOTOPBIX
06b1yHO npucyTcTByloT U 1 Th, Hecnenosanucs, Kak
YK€ OTMe4YaaocCh Bbllle, ¢ MOMOIBI0O POM, npuuem
CHHMKH BbINONHANUCH B pexkume KOMITO. Hcenons-
3ysl 3TOT peXHM, yHaJOCh YCTAaHOBUTh, YTO B pac-
CMaTPUBAEMbIX OT/IOXEHHUAX MPUCYTCTBYIOT CIENy-
IOLIHE MUHEPAJIBI, CIOXKEHHbIE TAKEJIbIMH 3JIEMEH-
TaMU: MUPHT (KaK yXe OTMEYasIoCh BbILIE, OT IL1aCTa
10, no 104 BxrounTENLHO), CyNBGUA cepebpa (Bepo-
ATHO, aKaHTHT) — B IacTe 0s, cynbduabl cnoxuoro
cocTaBa, B KOTOpBIX B JOpME TBEPAOro pacTBopa
mpucyrcTByrotT Fe, Cu, Ni u Co (mnacret 10,, 10s),
xanbkonuput (mnacrel 0y, 105, 104), chanepur (nna-
ctol 104, K0¢), Monubnenut (mnacr 10,), camoponnoe
3010T0, cepeGpo (mracr 10s), okucnbl ypana (maacr
105), camoponubie MeTanbl B popMe TBEpABIX pac-
TBOpPOB, npeacrasienHsie Fe, V, Cu, Cr (mnacr I0s),
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pytan (nuacrel [0,, 105, 10g), anarur (maacter {0,
104), MOHAUUT (BCTpe4eH BO BCEX IUIACTAX), UHPKOH
(Tak e BCTpEe4eH BO BCEX I1ACTax), CHIAMKAT UTTPHS
(mnactet 10, 104). B GazanbroMm miacre (I0,) orMme-
Yar0TCsA OOJOMKH XPOMHUTOB.

[TockonbKy cynbhuAbI COIEPIKAT KAAPKOBBIE KOH-
USHTPAUUM PaJHOAKTUBHBIX 3JEMEHTOB U IpPUCYT-
CTBYIOT B BHJI€ IPUMECH, TO B HACTOALLEH paboTe OHH
AETANbHO HE PacCMATPHBAIOTCA, TAaK KaK HE BHOCAT
CKOJILKO-HHOYb 3HAYHTENBHOIO BKJIafa B PajJHOAK-
TUBHbIE CBOUCTBA OCAJIKOB TIOMEHCKOM cBUTLI. OfiHaKO
U3BECTHO, YTO 3TH MUHEPAJIbI ABJISIOTCA YPE3BbI4AHHO
HEYCTOWYMBBIMH B TMITEPIEHHbIX YCIOBHAX ¥ HE MOLYT
COXPaHATLCA B NPOLECCE BbIBETPHBAHMUS, TPAHCIIOPTH-
POBKH H NMOCIENYIOLLEro OTA0XKeHUust ocagkos. [ToaTo-
MY MOXHO JJOITyCTHTb, YTO OHH OOPA30BATHCh B 3TUre-
He3e MyTeM OTJIOXKEHHS H3 THPOTEPMAJIbHBIX PACTBO-
POB, MOCTYNAaBLUKX U3 (PyHOAMEHTA.

CamopopHoe 30710T0, cepeGpo H OKHMCIBI ypaHa,
BCTPEYCHHbIE B BUJIE MEJIKUX BKJIIOYEHHH B OpraHuye-
CKOM BeleCTBE, TAKXKE MOI'YT UMETH raapoTrepmalib-
HOE MPOHCXOXKJEHHE, O YeM Oonee nogpobHo OymeTt
CKa3aHO HIKE.

ITockonbKy HHPKOH H MOHALIUT, CKOPEE BCEro, siB-
JSFOTCA ONHHMH U3 OCHOBHBIX KOHIeHTpaTopoB U u
Th B paccMaTpHBaeMbIX OTIOXKEHUSIX, TAK KaK OHH
BCTPEYEHbI B COCTABE BCEX MPOAYKTHBHLIX IJIACTOB
or 10, o 10,, To magum Gosnee noppoGHYyIO xapakTe-
PHCTHKY OCOGEHHOCTAM HX pacrpefesieHus B OCaKaXx.

AGCONIOTHOE COfEPXKAHHE MOHALKMTA U LUPKOHA
B PacCMaTpPUBAEMBbIX OTIOKEHHAX HE ONPeaeIsanocCh.
BeinonneHa NHIIb NpUMeEpHasi OLIEHKA HX “TIIOLIaj-
HOrO” Ccofiep:KaHus B MPOOAaXx MyTeM CPaBHEHHS IU10-
aAd OOJIOMOYHBIX 3€PEH IMPKOHA H MOHAIMTA C
001en MI0Lafbio NPHCY TCTBYOUIMX HA CHAMKAX 3€-
peH. [TpuyeM Takas oLeHKa MPOBOAMJIACH JHIUL HA
CHHMKAaX, BbIIIOJIHEHHBIX [IPH CPABHHTETLHO HEGOIb-
unx ysenuueHnsix (40~100f — nis necuano-anespu-
TOBbIX ppakumii B 1000-1500f — pns rauHMCTOM
¢pakuuu).

Oxa3zanock, 4To “MIomaaHas” KOHLEHTPALUA MO-
HauuTa Bapbupyert B npenenax ot 0.04 go 0.18% (npu
cpendeM 3Havenus 0.10%), a yupkona — or 0.03 no
0.34% (nipu cpenueit Besnuune 0.16%).

MoHauuT u IUHPKOH BCTPEYalOTCA Kak B BHAE
OGBIYHBIX 0GIOMOYHBIX 3epeH (pHc. 2), TaK U B op-
Me BKIIIOYEHHH, IIPUCYTCTBYIOIHUX B G0JIee KPYIMHBIX
06/10MKax pa3nMYHbIX MHHEPAJIOB | 1opoy (puc. 3).

3epHa LMpKOHA BCTPEYEHBI B BHJE BKIIOYEHHHA B
kBapue (puc. 3a), B OGJOMKE THeica, CIOXEHHOro
KBapLeM, OHOTUTOM M KaJMEBBLIM IIOJIEBBIM mmnaTomM
(puc. 36), B 00GNIOMKAxX KaJHEBOro IMOJEBOrO LuIaTa
(puc. 3B), a TaK:Xe B OPraHM4€CKOM BellecTBe (pHC. 3r).

3epHa MOHaLMTA B BUIE BKIIOYEHHH BCTpPEUYEHbI
B KBaple (pHuc. 4a), KBapl-CEpPHIMTOBOM CIaHLE
(puc. 40), xnopure (puc. 4B) H OPraHUYECKOM Bell(e-
crBe (CM. puc. 3r, 4r).
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Hapsiny ¢ MOHALMTOM M LMPKOHOM HAaMH BCTpe-
"I€H JOBOJBHO PEIKUH MUHEpasN — CHJIHKAT UTTPHS,
KOTOPbIH TAKXKE HPUCYTCTBYET KAK B BHIE O0IOM-
KOB (pHcC. 52), TAK U B BUJE BKJIIOYEHANR B KBApU-Ce-
PHUUTOBOM ciaHue (puc. 56, 5B).

Cuukat UTTPHS, BCTPEUEHHbII B BUE 0OI0MKa,
00oraweH Zr, XpoMe TOro, B Ka4eCTBE NMPUMECH B
HeM npucyTerByroT Dy u Yb. B Buge Mexanuvyeckux
BKIIOYCHUH B HEM OTMevaloTcs OOJOMKH KBapla
(puc. 5a).

B sepHax canukaTa MTTpHsl, PUCYTCTBYIOLIMX B
KBApL-CCPUIIUTOBOM CJIaHLE, UMPKOHWHA [OJHOCTHIO
OTCYTCTBYET, 3aTO OTMe4aeTcst OONbLIUOH Habop pen-
kux 3emens: Gd, Yb, Sm, Tm, Er, Ho, Ir, Os, Dy (puc. 56,
58). 3pech cnegyeT 0OpaTUTL BHHMAHUE HA TOT HEMa-
J10BaXKHbIA (PaKT, 4TO, 06nagas GONbILHM paguycom
3axBara HeWTpoHoB, Sm U Gd 3HAYUTENLHO HCKAXKAKOT
PE3ybTaTbl WHTEPUPETAUMH HEUTPOHHBIX METOMOB
['MC, c nomowpro KOTOPbIX MPOBOIHTCA OMpPENeIeHHE
NOPHCTOCTH NOPOA B CKBaXKUHaxX. [To3TOMy Jjist OBBI-
IIEHUS CTENEeHH [[OCTOBEPHOCTH OMPENENEeHUsI MOpH-
CTOCTH 110 pe3yNbTaTaM UHTEPIPETALHA HEUTPOHHBIX
meTonoB I'VIC HeoBX0oIMMO yunThIBATE COfEpPKAHUE B
nopope Sm u Gd. [TockoeKy 3TH 371eMEHTBI KpOME CH-
JIMKaTa UTTPHS HAKAIUIMBAIOTCS, ITaBHBIM 00pa3oM, B
MoHauuTe (pHc. 3r, 4a, 48, 4r), TO, 3Has conepxkaHue
MOHALHUTA B MIOPOAE, MOKHO ObIIO Obl KAYECTBEHHO
OLCHHTDL BJIMSIHUE 3THX 3JIEMEHTOB HA MOTJOMECHHE
HEUTPOHOB.

Crnenyer orMeTHTb TOT (DaKT, YTO LUPKOH B BUAES
OTAEIbHBIX 0GIOMKOB BCTPE4aeTCs IPUMEPHO B 6 pas
Jale, 4eM MOHaUMT. MoHauuT 06BIYHO NPUCYTCTBY-
€T B BHAC BKIIOYEHHH B GoJiee KPyMHbIX OOJOMKAX
APYTYX MHHEPAJIOB, IOPOJ U OPraHWYECKOM BELLIECTBE
(puc. 3, 4).

Ofpawaror Ha ceGst BHUMaHHE pa3nnyns B pas-
Mepax 3€peH LUMPKOHA W MOHALHTA, MPUCYTCTBYIO-
UX B OCajKax, Kak B BUje 06JI0MKOB, TaK # B (hopme
BKJIIOYEHHH B IPYrMX OOJOMOYHBIX 3€pHaX.

Bonbiias 4acTb 06;10MOYHBIX 3epeH IMPKOHA iMe-
et pasmepst ot 10 go 100 MM (57% ot yucna Beex 3e-
PEH), TO €CTh OHH NONANAIOT B MEJIKO- ¥ KPYTHO3EPHH-
CTy}0 aneBpHUTOBblE PaHyJOMETPUHECKHE (hpaKLy
(puc. 5a). B cocrase rIHMHUCTOMR (hpaKLuH NPHCYTCTBY-
€T, COOTBETCTBEHHO, 43% 3epeH 1mpkKoHa. [Ipuyem no-
JIOBMHA 3THX 3€PEH MONAIAaeT B KPyNHyro (5—-10 MKM), a
Apyrast — B cpefHto0 (1-5 MKM) no pa3mepam rJIMHHA-
crole ppakuun. O610MOYHbIE 3epHa LUMPKOHA, UMEIO-
IHE pa3Mepbl CaMOH MENKOH MIMHUCTON (paKiuu
(MeHee 1 MKM) MOJIHOCTBIO OTCYTCTBYIOT (pHC. 6a).

OO6n0oMKHM MOHAUUTA, HAPOTHB, B OAABJISIOLLEM
COJILIIMHCTBE C/yYaeB MMEIOT Pa3MEpbl, COOTBET-
CTBYIOLIHE IIHHHCTOA TPaHyOMETPUYECKON (PpaK-
uun (95% ot ux obuwiero uucna). [TpuueM HauGONb-
Was X JOJIsi CKOHUEHTPUPOBAHA B CPEHEN U Me-
KOM MNIMHHCTBIX (Dpakuusx (puc. 66).

OtMeueHHble pa3Nuyns B pa3sMepax 3epeH IMPKOHa
M MOHAUMTa MOXHO OOBACHUTD CIIEAYIOLMMY TPHYH-
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HaMH. BO-nepsbIX, 3epHa MM KPHCTANIbl MOHALMTA
MOTYT C CaMOro Ha4asa (TO €CTbh C MOMEHTA UX 00pa3o-
BAHHSA) KMETh MEHBILINE PA3MEPAI 110 CPABHEHHIO C KPU-
CTaljlaMu UHMpPKOHa. Bo-BTOpBIX, B npouecce paspyiue-
HYST ICXOIHBIX [IOPOJ U TPAHCMOPTHPOBKM 00OPa30BaB-
WIMXCS OCAfIKOB, MOHALMT, KaK JOBOJLHO XPYIIKIi
MHHEPAJI, UMEIOIIMA TBEpRoCTh 5.0-5.5 1 copepLueH-
HYO craiHocTs 1o {001} paspyiaercs ropasyo Jerye
LMPKOHA, KOTOPLIA ABJAETCs §OJI€e NPOYHBIM MIHEpa-
JIoM, 00n1agalolUM TBEPHOCTLIO 7.5 U HE UMEIOIIUM
CMafHOCTH. B-TpeThux, 06I0MOYHBIE 3epHa LUMPKOHa,
B OT/IMYHUE OT MOHAUWTA, B IMa- 1 3MUIeHE3E MOrYT [10-
KPBIBATLCS PEreHEPALMOHHBIMU IPaHAMH, Grarofaps
4EMY YBENHHMBAOT CBOH PA3MEpPhbI 1 NPUOBPETAIOT CO-
BEPILICHHYIO OrpaHky (puc. 2z, 3a, 36).

Takum oGpazoM, eciu Obl paccMaTpuBaeMble ak-
UECCOPHBIE MHHEPAIIBI IPHCYTCTBOBA/H TONBKO B BA-
A€ 00OMKOB, TO 00JIOMOYHbII MOHALMT HAKAITHBA-
¢ Obl NPEMMYUIECTBEHHO B TIIMHUCTON (DpakiuH, a
00JI0MOYHBIA UMPKOH — B QJIEBPUTOBOM, a TaK XKe B
KPYITHO! U CpefjHed rMUHUCTBIX (pakumsx. Coepxa-
LHECS B ITHX MHHEPAJIaX PaJHOAKTHBHBIE JIEMEHTHI,
TaK¥Ke OKa3aluCh Obl CBA3AHHBIMH, COOTBETCTBEHHO,
C [JIMHHUCTOM M aneBpUTOBOH ppakuusimu. ONHAKO Ha
CaMOM fieJie, KaK Mbl BHAEH BbILIE, pacCMaTpUBAE-
MbI€ MHHEPAJIbI B BUIE MEXAHHYECKHX BKJIIOYEHH B
O0IOMOYHBIX 3EPHAX MOTYT MPUCYTCTBOBATh B COCTA-
Be JIFOObIX GOslee KPYNHbIX (Y€M OHHM CaMHM) TPaHyJIo-
MeTpHrYecKux $paxumax (puc. 3, 4, 56, 58). Tem He me-
HEE, B IIMHUCTOH paKLUH, OCOOEHHO B Haubojee
TOHKHX €€ (PPaKuUsAX OCHOBHBIM KOHUEHTpaTOpom U
u Th siBnsierca Monauur. B cpenneit n KpynHo# ruHu-
CTbIX (DPAKLMAX U B MEIKO3EPHUCTOH aJEBPUTOBOM
(bpakuMM IaBHLIM KOHLEHTPATOPOM 3THX JJEMEH-
TOB CTaHOBHUTCSI UPKOH. B Gosee KpynmHbIX rpaHyno-
METPHYECKUX (PPAKLHAX MOHALUUT U UHPKOH NPHCYT-
CTBYIOT B BHAE BKJIIOUEHHH B OGIOMOUHBIX 3epHAX
APYTUX MHHEPAJIOB (KBapll, NOJEBbIE WIATbI, CAOMAbI,
XJIOPHT) U nopop (06LIYHO B cOCTaBe Pas3IUYHbIX Me-
TAMOP(UUECKHX CIAHLEB).

[Touckn Gonee Menkux OBGIOMKOB aKLECCOPHBIX
MUHEPaNoB Ha cHuMkax POM npusenu k oGHapy:xe-
HUIO OY€Hb MAJIEHLKOTO CBETJIOrO Yy4aCTKa Ha MIHHHU-
CTOM MUKpoarperare pasmMepoM okomo 0.2-0.3 MkM, B
npefenax KOTOpOro ¢ MOMOLUBIO MUKPO30HAA yjia-
JIOCh YCTAHOBUTE MPUCYTCTBHE HEGONLLIOTO KONHYe-
cktBa Ce u P (puc. 7), 43 4€ro MOXHO 3aKJIO4HTE, 4TO
yacTHuka umeer cocras Ce[POA) nan Ce[P%Hzo

JL

(paGnocpannT). [UHKCTBIA arperaT, Ha NOBEPXHOCTH | 1P

KOTOPOro MPUCYTCTBYET YaCTHYKA MOHAUMUTA, NPef-
CTaBJIEH IUAPOC/IIONO0H U KAOMHHUTOM (puc. 7).

OcoBoro BHMMAHMS 3aCTYKMBAET OPraHUYECKOE
BEILLIECTBO, HANIOMHHAKOLIEE OUTYM, IPUCYTCTBYIOLLEE B
uccenyeMbix obpasuax. B npouecce mexannuyeckoro
Pasfenenust [E3MHTErPHPOBAaHHbIX 00Pa310B Ha (ppak-
LMK C TOMOUIBO CAT YaCTHYKH 3TOr0 GUTYMONOROGHO-
[0 OPraHUYECKOro BELUECTBA CIMNAIOTCS B BUJIE Bepe-
TEHOOOPa3HbIX NPOJONTOBaThIX Ten (puc. 8a). Mayue-
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AHAJIU3 PACITPE[EJIEHHA K, U, Th 9

nue oTHX Ten B pexume KOMIIO mpu Gomburux
YBEJIMYEHHAX MOKA3aJ0, YTO B HHX NPUCYTCTBYIOT MeJl-
KHE YaCTHYKH caMOPOAHOro 3010Ta (puc. 86), cepelpa,
MHHEpaJIoB ypana (puc. 88). [Ipn o4ens GonpLIOM yBe-
JIMYEHHH YIAJ0Ch PACcCMOTPETh MOPGOIOrHIO CaMOro
KPYyMHOIO 3epHa MUHEpasa ypaHa, KOTOpoe, CKopee
BCErO, MNPENCTaBJIEHO €ro OKHCIOM (HAaCTypaHOM),
OKPY:KEHHbIM 3epHamMy xaisuura (puc. 8r). Cyas no
IIPUCYTCTBHIO CEPbI HA JIEMEHTHbIX CIIEKTPAX, MOY-
YEHHBIX C OPraHO-MAHEPAILHOU MACChl, OPraHHYECKOEe
BEULIECTBO COAEPKUT B CBOEM COCTaBE COSAUHEHMA Ce-
pbl, YTO XapaKTEPHO 1T THOKEPHTOB.

C opraHU4ecKiM BEIECTBOM CBsi3aHA TaK Ke Ha-
XO[IKa MHHEPANbHOM aCCOLMALIMHU YPaHCOAEPKALIEro
UMPKOHA ¥ MOHALMTa, CofiepyKallero Topri (puc. 3r).
Cynst 10 AaHHBIM MUKPO30HOBOrO 3JAEMEHTHOrO ana-
nu3a, koHueHTpauust Th B MonaimTe cocrasnsier 7.81%
(trabnuua 2). CrnepyeT oOpaTuTs BHMMAHME HA TOT
(baxT, 4TO, HECMOTPA Ha TO, YyTO cogep:kanue Th B pac-
CMaTpUBAEMbIX OTJIOXKEHMAX B 2 W Oosee pa3 Bbllle,
yeM U, 3TO cAMHCTBEHHBIA ci1yvai (13 504 monyueHHbIX
JJIEMEHTHBIX CMIEKTPOB), B KOTOPOM MMKPO30HJ 3a-
¢uxcuposan npucyrcrsue Th. Hamryue U, Hecmorpst
Ha ero 3aMeTHO 6oNee HU3KYHO KOHLEHTPALUIO B pac-
CMATPUBAEMBIX OTJOXKEHHAX, OTMEYAETCSt FOPa3Io Ya-
uie (puc. 2 a, 3r, 4a, 88, 8r). CnegosarensHo, Th B pac-
CMAaTPUBAEMBIX OTJIOKEHNSAX HAaXOmuTcs B Gosnee
paccesiHHOM COCTOSHUH MO cpaBHeHuo ¢ U.

MHorouncieHHble OCTPOYro/bHbIE 3€pHa MOHA-
UUTA TAKXKE BCTPEYEHb! B OPraHMYECKOd Macce, Co-
fep:Kallleid B CBOeM CocTaBe cepy (puc. 4r). M3 pesyib-
TATOB JIEMEHTHOrO 4HANU3a CIEJYeT, YTO B paccMart-
pPUBaEMON OPraHMYECKOM Macce (THOKepuT?), Kpome
3epeH MOHAUMTA IPUCYTCTBYIOT KAJIbLUT, KAOJHHUT 1
rujpocmona (puc. 4r).

PACIPEIENEHME K, U, Th U CYMMAPHOU
PATMOAKTUBHOCTU B PA3JIMUHBIX
TPAHYJIOMETPUYECKHUX dPAKLIALX
TIOMEHCKOJT CBUTBI JIOBUHCKOTO

MECTOPOXIIEHHY

AHanu3 pe3ynbTaToOB ONpefeNeHusl CONepKaHus
EP3 u cymMapHO#l palMOAKTHBHOCTH B Pa3jiM4HbIX
rPaHyJIOMETPUYECKHX (DPAKIHSX, BbIAENEHHBIX U3 OT-
JIOKEHHH TEOMEHCKOU CBUTbI JIOBUHCKOTO MECTOPOXK-
[ieHUs TI0Ka3aj, 49TO HaOJIIONAeTCsl 3aKOHOMEPHOE
ysenunyenue copepxkanust K, U, Th u cymmapHroi#t pa-
IMOAKTUBHOCTH O MEPE INepexofa OT IMEeCYaHOH K
TIMHACTOM dpakuyu (Tabnuua 3).

Tadauua 2. Pe3ynbTaTel 91EMEHTHOIO AHANH3A 38PHA MO-
HAUMTA, NPUCYTCTBYIOWEro Ha pucyHke 3r (dppakuus 0.1~

0.05 MM, nutact Hg, cks. 8092, JTOBUHCKOE MECTOPOKIE HHE)

N n/n| DaemenT (;;ﬁ;p,“na;\l n/n ")Jlemcm;C:)i';(l?‘)fzm
|
I Al | 076 7 La 12.10
2 Si 2.74 3 Ce |2
3 p | 1600 9 Nd 5.31
4 L 041 IR Gd 0.34
5 Ca | 076 || 11 Th 7.81
6 zn | 029 12 o 32.04

Konuenrpauust K pospacraer or 1.06-1.74% 8
necyaHod Qpakumn g0 1.32-2.86% B raMHUCTOH
¢pakuun. Conepxkanue U TakKe yBETHYMBAETCS OT
0.7-3.4 x 10*% B necuanoit o 3.5-8.9 x 10% B rau-
nucTroi dpakuuu. To ke caMoe CripaBeyIuBo U 110 OT-
Howenuo K Th, KOHLEHTpaumst KOTOPOro yBennYnBa-
ercst 0T 2.5-8.2 X 0% s necuanoii o 6.1-10.2 x 104%
B riuuMcTod ppakuyu. CooTBeTCTBEHHO, 00LIas pa-
AHOAKTHBHOCTb pacteT OT 4.57-9.42 ur B necHaHo# a0
8.98—16.87 ur B raunucTOM (hpakimy (Tadm. 3).

CnenyeT 0OpaTHTb BHMMAHHE HA OYEHb BLICOKOE
copepxkanue EPD u 3HaueHMH cymMMapHOW pajmoak-
TUBHOCTH B NIECYAHON U OCOOEHHO B aJIEBPHTOBBIX IPa-
HYJIOMETPHUYECKUX (PpaKIMsIX, OTOOPaHHbIX U3 f1acTa
104, BckpbiTOro cks. 8092 (Tadmn. 3). 310 (heHOMCH 00b-
SICHAETCS OOJBLLMM KOMUECTBOM 0OJIOMKOB KBapI(-Ce-
PHMLMT-KAONUHATOBBIX CIAHLEB, KOTOPLIE HE YAAIOCh
IOJIHOCTBIO [I€3HHTErPHPOBATH IO Pa3MEPOB [JIHHH-
CTBIX YaCTHLI, BXOAALIMX B UX COCTaB, O YeM y:Ke rOBO-
PHJIOCH BbILLE NPH XaPaKTEPUCTHKE MUHEPAIBHOIO CO-
craBa pas’fad4HbIX TIPAHYJIOMETPHYECKHX (ppaKimit
(Taba. 1). Onun U3 TakUX OGIOMKOB, NOKPBITLIA Opra-
HUYECKOW MACCOH, B KOTOPOH MPUCYTCTBYIOT ypaHCO-
AepPKaUHA LMPKOH 1 0G0raleHHbIN TOpPHEM MOHALUT,
MOKa3aH Ha puC. 3r. BrionHe BO3MOXKHO, YTO HMEHHO
HATMYMEM TIOOOHBIX 3epeH UHUPKOHA U MOHAUUTa B
paccMaTpuUBaeMbIX TPaHYJIOMETPHYECKUX (hpakiusix
OOBACHAETCS HX MOBBILLIEHHAS PAAHOAKTHBHOCTb,

Oco60 HEOOXOIMMO OCTAHOBUTHCS HA COflEPKaHHU
PaHOHYKIIMAOB B Pa3/IMiHbIX TPAHYJOMETPUUECKHX
(ppakumax, BbIIENEHHbIX U3 GaszanbHoro macra 10;.
PaccmaTpuBaeMble OTIIOXKEHHS XapaKTEPUIYFOTCS HH3-
KM copepkanueM B Hux EP3D u, cootBeTcTBEHHO, 00-
el pagMOaKTUBHOCTH, YEM OHU 3AMETHO OT/IMUa-

Puc. 3. CHumku POM: aJpereHepuponaHHoe 3EPHO UWPKOHA (CMIEKTP 1) B OGIOMOUHOM 3epHE KBaplia, TAKKE MOKPLITOM pe-
Ie€HEPUPOBAHHBIMHU rpaksmu (cnexTp 2), ppakumua >0.1 mu, nnact 10g, ckB. 10628; 6 — pereHeprupoBaHHOE 3EPHO LIMPKOHA

(cmexTp 1) B KBapI-GHOTHT-NOJEBOLINATOBOM THelice (cnekTpsl 2-4), ppakuus >0.1 mu, naacr 104, cks. 10292; b — yupkoH
(cnexTp 1) B 4aCTMHYHO BBILENOYEHHOM OOJOMKE KaJIMEBOrO fIOJIEBOr0 LUNATA (cnexTp 2), ppakuus 0.1-0.05 mm, naacr 104,
ckB. 8092; r — arperaT, COCTOALWI M3 3ePEH YPAHCOAEPXKALEro LMPKOHA (CIEKTPsI 1, 2) U Goee MENKHX 3epeH Topuiiconep-

KALLEero MoHauuTa (CekTp 3), HaXOAAIUXCA B CEPYCOAEPKALLEM OPraHHYECKOM BELLECTBE (CMEKTP 4), PACMONOXKEHHOM Ha
NIOBEPXHOCTH KBApL-KAO0JHHHTOBOrO cranua (cnektp 5 ), dpakuus 0.1-0.05 mm, nnact Hg, cks. 8092. -
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Puc. 4. Ciumku POM: a — 3epHa ypaHconepxailero MorauuTa (cnekTp 1) B 0610MOYHOM 3epHe KBapua (cnekTp 2), hpakuus

>0.1 MM, mact 10g, ckB. 10628; 6 — 3epHa MOHaLuTa (cnekTp 1) B KBapL-CEPULHTOBOM crakue (cnekTp 2), dpakuus >0, | M,

mnact 10s, cks. 8092; B — 3epHO MoOHauuTa (cnekTp 1) B 06JOMKE XJIOPHTOBOro cianua (cnektpsl 2, 3), dpakuns >0.1 mm

nnact 107, cks. 10292; r— MHOroumcieHHbie 3epHa MOHaLMTA (ciekTp 1) B cepycofepsKallieM OpraHi4ecKoM BelecTse (CNeKTPh ot
~7), HaXOMSLUXCs HA NOBEPXHOCTH CEPUUMT-KAONMHATOBOrO clanlia (cnekTp 4), ppakuus 0.1-0.05 mu, mnacr KO, cxs. 10628, c@
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Puc. 5. Ciumkn POM: a — 3epHO CHAMKATA UTTPUSA C NPUMECHLIO UMPKOHA (ciekTp 1), cofepikaliiee 0610MOK KBapla (CnekTp > —D

©25), ppakuus 0.1-0.05 mm, naact [0, cks. 8092; 6 — MUKPO3EPHA CHINKATA HTTPHS (CHEKTPBI |, 2) B OBIOMOYHOM 3EPHE KBapL-
CEPUUHT-KAOAHHUTOBOrO canua, gppakuus 0.1-0.05 mm, nact 10, cks. 10628, B — arperaTsl cHAWKaTa UTTPUsA (crexTp 1) Ha
3epHe KBapU-CepUUMTOBOro cnanua (cnekTpsl 2, 6), dpakuus 0.1-0.05 mm, naacrt 10, cks. 10292,
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AHAIIN3 PACIIPEJAEJEHWA K, U, Th 13
Yacrocts, % Hupxon \/ MosHauur
25 (a) i (6)
(_ N =60 35} _
20 - Mo < 81,0 m S Min=0.5 wiw
{ Cpentee 25 Max = 14.3 MM
15k apudMeTHueckoe = 21.62 MKM Cpeadee
[ Meanana = 1 1.25 mkm 20 apupMeTiueckoe = 4. 14 Mem
E - Mennana = 3.5 MM
o} s
'_ 10
5 : 5
0-20 3040 50-60 70-80  90-100 0.5-2 24 4-6 6-8  8-10 10-12 12-14
20-30 40-50 60-70 80-90 Pasmep 3epeH, MkM

Puc. 6. Pacnpeaenenue sepeH uMpKoHa (a) ¥ MoHaumMTa (6) no pa3MepaM B ocafKax TIOMEHCKOH CBWTHI JIOBUHCKOrO MecTo-

POXAEHHA.

10 MM

Full Scale 5764 cts

T —
20

k3B

Puc. 7. Cuumok POM: dpakumnu <0.01 MM € OCTPOYroNibHbIM 0G10MKOM (cnexTp 1) W nblAeBHAROI YacTHUEH (CnekTp 2) MO-

Haunra; naact 0g, cks. 10628, JloButckoe MecTopoxeHHe.

I0TCsl OT 60J1ee MOJIOMALIX OTIIOXKEHUH (w’;aén. 3k
Huskue xonuenrpanuu K, U u oco6enno Th B Hux,
CKOpee BCEro, OObSCHAIOTCA BO3IEHCTBHEM HA 3TH
OTJIOXKEHHS KHCJIbIX Cl1a0OMUHEPaNN30BAHHBIX THA-
pOTEpPM, KOTOPbIE MHTEHCHBHO BbILIETAYHBANH H
PacTBOPSUIM HEYCTOMYHMBBIE MUHEPAbl U CONEpKa-
uIMecs B HUX U Ha uX noBepxHocTd EPD. B pesyabra-
Te IHAPOTEPMANILHOM MPOPabOTKH paccMaTpuBae-
MBbIX OTJIOXEHHH (KOTOPOH HauboNee WHTEHCHBHO
NOABEPraluch CaMble NPOHHUAEMbIe MOPOJbI, UME-
IOL{HE [IPEUMYILIECTBEHHO INECYaHbIH COCTaB) BO3-
HHUKJIA MPOCTast KBApU-KAaOJUHUTOBAS acCOLUALUS C
HEOOJbLIOH NPHMECBIO THAPOCIIONLI M ANbOHTA, Xa-
PaKTEpU3YHOLIAACs MUHUMANbHBIMA KOHUCHTPALHS-
min EPO u, coorBeTcTBEnHO, 0611€H PaauoOaKTUBHO-~
cru (Tadn. 1, 3).

TEOXUMHS Ne3 2008

Paccmarpusas Bknagel otaensusix EPD 8 oburyio
PaIOaKTHBHOCTb Pa3NHYHbIX TPAHYIOMETPHUYECKHX
(hpaxuuit, BXONAILMX B COCTAB TIOMEHCKOM CBUTBI, CJIe-
RyeT oTMeTuTh caenyrouwee. Ilo mepe nepexopa or
NeCYaHO! (ppaKUMH K MIMHUCTON, KaK PaBUIIO, OTME-
qaeTcst yMeHbluenue skiaga K B cymMapHuyro panuo-
AKTHBHOCTb, HaNpoTuB, Bkaag U, pacrer (tada. 3).
[Tosenenne Th He Tak OHO3HAYHO: €ro BKIAA B 06-
UyX0 pafHOAKTUBHOCTb NPH IEPEXOAE OT MECUAHOH
(bpakimy vyepe3 aneBPUTOBbIE K TIMHUCTOH (PpaKuyH
MO)KCTLKaK YMEHBIUAThLCA, TAK ¥ BO3pacTaTh (Tabu. 3).
VIHTepecHO, 4TO B paccMaTpUBAEMBIX OTIOXKEHHSX
BkaaAbl U u K HanGonee 4yBCTBUTENbHBI K COIEpPKa-
HUEO TOX unu MHOM ppakuun. Tak Bkian U B cymmap-
HYIO PaflOaKTUBHOCTbL U3MEHAETCA OT 16-35% B nec-
4yaHo# ppakuyu no 28-59% B riunucToi, a K, coorser-
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crBeHHO, — OT 30-55% no 17-41% (tadn. 3, puc. 9,
tadx. 4). Bxaag Th BapeupyeT B y3xux npepienax ot 19—
34% B necyanoit ppaxma u 10 23-30% — B rIIHHKUCTOH,
TO €CTh MPAKTHYECKA HE H3MEHSIETCS IIPH [epexosie OT
KPYIHBIX K MEJKHM I'PAHYIOMETPHYECKUM (DPaKLIIM.

ConocraBneHne KOHLEHTPAaUM# pauOaKTHBHBIX
I/IEMEHTOB C COAEP:KAHHEM TVIMHHCTLIX MUHEPAIOB (a
HE MTHHUCTOH (PPAKLMK), TOJIYYEHHbIX HA OCHOBE aHa-
7133 pe3ybTaTOB MUHEPAIOIHYECKOro CocTaBa (hpak-
umt (Tadu. 1) noxkasaso, 4To 3a HCKITIOUEHHEM YXKE He-
ONHOKPATHO YIOMMHABIIHXCA (PpaKUMid, BbIICICHHbIX
u3 mnacra IOg (ckB. 8092), Mexmy 3THMH apaMeTpaMu
OTMEYAIOTC YCTOHYHBBIE MOJIOKUTENbLHBIE CBS3H
(puc. 9). Mcnonb3ys 3Ti CBA3H MOXKHO OLIEHMTb COfiEp-
JKaHWE OTHENbHbIX PAJHOAKTUBHBIX 3JEMEHTOB B ‘‘4u-
croi” rnuHe (100% rnuHbI) WM, HAIPOTHUB, TONLKO B
00MOMOYHOH 4YaCTH pacCMAaTPUBAEMBIX OTJIOXKEHUHA
(0% raun). HanpuMep, H3 NONTyYeHHbIX 3aBHCHMOCTEN
cIeqyeT, 4To B 00JOMOYHOH Yactd nopop nnacra 0,
NpeJCTaBIECHHOH 3epHAMH, NIPEUMYILECTBEHHO Necya-
HOW pa3MEepHOCTH (MPH YCIOBHM COAEpKAaHUS TIMH,
paBHOM 0%), konuenTpawys K, U, Th u, cooTseTcTBeH-
HO, CyMMdpHasi PajHOaKTHBHOCTb OJH3KH K HYIIO
(puc. 9). PajgdoakTHBHBIE 31E€MEHTbI CBS3aHBI, [JIaB-
HbIM 0GDPA30M, C INIMHHCTBIMM MuHepanaMu. Tak, ecnu
obpasel U3 paccMaTpUBAEMOTO U1aCTa Ok Obl TOTHO-
cThio croxkeH riadHaMu (100% raux), To ero cymmMap-
Hasi pagMOaKTUBHOCTb JOMKHA Oblna ObITh O/1M3Ka K
8.0 ur (puc. 9r).

CaMbie HajiexxHble (BBICOKO KOPpPEJIATUBHBIC)
CBSI3M OTMEYAIOTCS MEXKAy KOHUECHTPaLUsAIMH Kanusd
1 TOpHSL, C OTHON CTOPOHBI, H CyMMapHBIM COlepIKa-
HHEeM [JIKH, ¢ gpyro# (R? gocturaer 0.98-0.99). Ha-
NPOTHB, caMble crabble 3aBUCUMOCTH HabNIOgaloTCs
Mexnay koHneHrpauueil U u cyMMapHBIM cofiep:ka-
HueM rauH — R? ymenbmaercs go 0.28-0.58 (puc. 9).

[ns Kaxporo miacra 4 faxke fJjis OJHOro # TOro
e IJIacTa, HO BCKPbITOTO CKBaXKMHaMH, pacnoio-
“KEHHBIMH B Pa3JIMYHbIX 4aCTAX MECTOPOKAEHHS, Cy-
UIECTBYIOT CBOH WHIUBHAYalbHbIE 3aBHCHMOCTH
MEXJly COflep:KaHUEM [JIHH U pa3NUd4HbIX PajHOaK-
THBHBIX 3JIEMEHTOB U, COOTBETCTBEHHO, CYMMAapHOM
pPafoOaKTUBHOCTBIO, OTIMYHBIE OT APYrux (puc. 9).

HewcrBurenbHo, ans nnacta lJ;, BCKpBITOro
ckB. 10653 (pacrnonoXeHHO! B FOrO-BOCTOYHOH 4acTH
MECTOPOXKACHUA), OTMEYAETCA YPE3BbIYAHHO Mo0ras
3aBHcHMOCTh KOHUeHTpauuu K, U, Th 1, coorBeTcTBeH-
HO, CYMMAapHOH PafHOaKTHBHOCTH OT COAEP:KAHHsS B
HeM ruH. HanmpoTHs, i TOro ke muacra, Ho BCKpPbl-

TOro cks. 8092 (pacrnono:keHHOU B CEBEPHOM YACTH Me-
CTOpO:KfeHHs ), HaOMIOnaeTcd CaMbid WHTEHCHBHBIA
pocr konueHTpanuu Th, U (B Mensiuen crenenn K) u
CyMMApHOH PaIHOAKTHUBHOCTH B 3aBHCHMOCTH OT CO-
Nep:KaHUs B pacCMaTPHBAEMOM II1acTe rAuH (pHC. 9).
Taxkiv 006pa3zoM, efuHast 7S BCeX MPOIYK THBHBIX 1112~
CTOB 3aBHCHMOCTb MEXKJY KOHUeHTpaipsiMu EPD u
CYMMApHOH pPaIHOAKTHBHOCTDLIO, C OJJHOM CTOPOHBI, H
COfEP:KAHMEM B HUX INIHHUCTBIX MHHEPAJIOB, C IPYTOH,
OTCyTCTBYeT. [ KaXAoro mnaacra u padoHa cyule-
CTBYIOT CBOM HMHAMBHAYAJIbHbIE 3aBUCHMMOCTH MEXJY
CofiepXaHHEeM IVIMH M KOHUeHTpauued EPD. [Toatomy
I71 MCIIOJIL30BAHMSA IAHHBIX CKBAXKWHHOH raMMa-CrieK-
TPOMETPHH [TPH OLIEHKE COflEPXKAHMsI B OCAfIKaX [JIMHH-
CTbIX MHHEPAJIOB, HEOOXOAUMO MNOJIyUUTh HHAMBU[Y-
anbHble CBA3d Mexkny EPD u rnynucrocThio 0y Kax-
AOro IUlacTa, UpdYeM B Mpefesiax OrnpeeIeHHOM
1e00BIIOH N0 pa3MepaM ILTOLIAH.

OBCYXIEHHUE ITOIYYEHHLIX
PE3YIBTATOB

HaunGonee oueBuaHble pe3ynbTaTbl MONYYEHBI
npH aHajau3e pacnpefedenusi K B pasnuuHbIX rpaHy-
JIOMETPUYECKUX (PPAKIMAX, BXOFALIUX B COCTaB OTJI0-
JKEHWHA TIOMEHCKOH cBUTHI. OCHOBHBIMHU €ro KOHIIEH-
TpaToOpaMu B 06JJOMOYHOH YaCTH NECYaHOM U aNneBpH-
TOBOH (PpaKUUil ABNAIOTCS MOJEBbIE IIMATHI H IEACTEI
CIrOft (MYCKOBHUT, OHOTHUT), @ TAKKE B HEKOTOPbIX HH-
TepBasiax B 3HAYUTENBHOM Konuuecrse (1o 20-25%)
NPHCYTCTBYIOT OOJIOMKH pa3NH4HbIX MeTaMopduye-
CKHX CJIaHLEB C BBICOKMM COMIEPXKAHHEM CEPHIIHTA
(nanpumep, B mnacre [0g, BCKpbITOM CKB. 8092).

B cocrase rmMHHUCTOrO EMEHTA OCHOBHAsS 4acTh
K cBsizaHa ¢ rufipocniogoil ¥ B MEHbIIEH CTENEHH C
CCO (ra6an. 1). [Toaromy usmenenus cogepxkanusa K
IIpH NEpexofie OT rpy603epHHUCTLIX (IIeCYaHbIX) K 60-
Jle€ TOHKUM (aJIeBPHTHCTBIM) M [lajle€ ITIMHHCTBIM
(hpaxuusm GyaeT OnpefensThes CTeNeHb0 YMeHbLlIe-
HH JOMM OOJIOMOYHBIX 3€PEH KaJHEBbIX IOJIEBBIX
IINATOB M, HAIPOTHB, POCTOM COAEP3KaHHs B 3TOM Ha-
npasneHud ragpocnionsl (taéa. 3). Ecnu cofepkanue
3epeH KaJIMeBbIX NOJIEeBLIX LINAaTOB MK 00IOMKOB Ce-
PHLHTOBBIX CNaHLIEB B [ECYAHOH M aleBPHTOBBIX
(hpakuUsaX JOCTATOUHO BEJIHKO M HX KOJIHMYECTBO Cla-
60 YMEHBIIIAETCA 10 Mepe NEePEXonia K Bee 0onee Me-
KHUM (ppakUUsM, TO POCT COfIEP>KaHAsI B COCTaBe INIH-
HHUCTOrO ueMenTa ruppocniofgsl ¥ CCO MOXeT mpak-
THYECKH He MOBJIUSTL Ha CyMMAapHY}O KOHLEHTPALHIO

Puc. 8. Cuumku POM: a — o6uuit Bup dpakyuu 0.1-0.05 MM ¢ NpORONTOBaThIM arperaToM CIHILIMXCSA YacTHl GHTYMONOA00-
HOTO BELIECTBA; 6 — yBeauUEHHBIA (hparMeHT GUTYMONOROGHOro arperaTa ¢ YacTHLEeH caMOpoiHOro 30510Ta (crekTp 1), MHK-
posepHamu Kanbuura (cnekTp 2), o61oMKoM anbbuTa (cnekTp 3), MHKpoarperatoM ainbOHTa, FHAPOCTIOAbI H KalbLHTa
(cniexTp 4); B — Apyroi yBenH4YeHHbIA (parMeHT TOro >xe¢ GHTYMHHO3HOrO arperara ¢ 4acTHiiaMu cepeGpa, COAepKaLlHMH
npumecu U (cnekTps! 1, 4, 5), MHKpO3epHOM HacTypaHa (cnekTp 3) H 31EeMEHTHRIM CIIEKTPOM OPraHW4eCcKOro BellecTBa C MHU-
HEpa/bHbLIMH NPHUMECAMH B HeM (CeKTp 2); T — YBEJMUEHHBIA (parMEeHT NPefbIAyUlero CHUMKA C acTHUEH HacTypaHa
(cniexTp 1), pAAOM ¢ KOTOPO# MPHUCYTCTBYIOT 3€pHa KalbLKTa C IPUMEChIO THG6CHTa (cnekTpsl 2, 3); ckB. 8092, naacr 105, JTo-

BHUHCKOE MECTOPOXKIEHHE,
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B Tabu. 4).

Kalusd B OCA[IK€ WM BO3MOXKHO JaKe yMeHbUICHHE
€ro CopepKaHue B MIMHUCTOH (PpaKuUH MO cpaBHe-
HHUIO C aJIEBPUTOBBIMHU M NECYAHOU (Ta6I. 3).

Ecnu xe B cocTaBe 06510M04HOM YacTH MOPON Ka-
JIUEBBIX IOJIEBBIX IINATOB HEMHOIO, A TAKXKE HEBe-
THKO COfIepKaHHE OOIIOMKOB CEPHUMTOBBIX CTAHLEB
4 0GJIOMKOB CITIOf, TO [I0 Mepe Nepexofia OT mecya-
HOH K a/IeBPUTOBBIM U flajiee [VIMHECTOH (ppaKkLusiM
HaOJII01aeTCsl MOCTOSHHOE yBeIHYEHHE KOHIIEHTpa-
UHM Kaaus (taba. 1 u 3).

ITockoneky npu nepexofie OT necyanol ppaxipu
Y€pe3 aJEBPUTOBbIE K [TTHHUCTOM OTMEYAETCA 3aMeET-
HbIH POCT CyMMapHO# PaJIHOaK THBHOCTH (IIPUMEPHO B
2-3, pexe B 5 pa3), a KOHUGHTPALWS KaMUs yBETUYH-
BaeTcs 00bIyHO B 1.2-1.8 pas, To BKJIaj Kanus B 06-
I1y}0 PAAHOAKTHBHOCTL B 3TOM HAlpaBJICHHH 3HAYH-
TENBHO yMeHbinaerca (06biyHo ot 40-60% no 24—
37%). I[ToaToMy NpH NPOYHX PABHBIX YCIOBUSIX YBEIIH-
4YeHHe BKJIafa K B CyMMapHylO pafjHOaKTHBHOCT I1O-
POAIbI CBMAETENBCTBYET O POCTE B €€ COCTaBE COfEp-
KaHHSA NECYaHO! H KPYIHO aJeBPUTOBOM (ppakuuit,

IMpocnepurs pacnpenenenue U B 0cafoyHbIX oT-
JIOXEHHAX HE TaK MNPOCTO Kak K, MockonbKy oH npe-
HMYILECTBEHHO PacCesiH B OCafiKax B COCTaBe pa3iny-
HBIX MHUHEPAJIOB M COEUHEHHH, a B BHIIE COOCTBEHHBIX
MHHEPAJIOB BCTPEYAeTCs KpaliHe PefKo, 1a 4 CaMH MH-
HEpaNbHbIe BLINCIECHASA ypaHa, KaK ObIJIO IOKA3aHO
BbILIE, HMEIOT MHKPOCKOITUYECKHE pa3Mephl (pHC. 8B,
8r). M Bce e no cpasHeru1o ¢ Th, oH HaxoguTcs B 60-
7Ie€ KOHUEHTPUPOBAHHOM COCTOSIHHH, IOCKO/bKY NPH

a6COIOTHOM COIePXKaHHH B PACCMATPHBAEMBIX OCaJ-
kax B 1.5-2.0 pasa menbmewm, gyem Th, ero mpucyr-
CTBHE ropasflo 4aule (pUKCHPYETCS MHKPO3OHIOM, O
4eM YKe FOBOPHIIOCH BhILIIE.

Ypan/B paccMaTpuBaeMbIx OTIIOKEHUAX NPHCYT-
CTBYET B CJIE[ly FOIIMX OCHOBHBIX (hOpMax.

Bo-nepsbix, B BHEe H30MOp(HOH mnpuMecH B
YCTOHYMBBIX AKLECCOPHBIX MHHEPANaX, KOTOPHIMU B
paccMaTpUBaEMbIX OCajiKax SIBJISAKOTCS MOHALUT
uHpKoH. Tak kax 06NMOMO4YHbIE 3epHa 3THX MHHEpa-
JIOB UMEIOT MENKME pasMmepsl (lonajaioiue, riae-
HBIM O0pa3oM, B MEJKOANEBPUTOBYIO H TJTHHHCTYIO
(pakuum), To u U, BXORsIIMIA B HX COCTaB, TakxKe Gy-
JET NPEUMYIIECTBEHHO HAKAIUITMBATLCS B 3THX Ke
IPaHYJIOMETPHYECKUX (PpaKLusX.

M3BeCTHO, YTO B NMOBEPXHOCTHBIX YCJOBHAX MPH
Pa3pyLICHHH HEYCTOMYMBbIX MUHEPAJIOB, B COCTaB KO-
TOpBIX BXOIHUT U, OH OKKMCISAETCS 10 IIECTHBATEHTHOrO
COCTOSHHSA U B (POpPME Pa3/IMYHbIX KOMIIIEKCHBIX CO-
€/ITHHEHHUI IEPEXONIUT B PACTBOPEHHOE COCTOsTHHE [1-8
u 71p.]. B Buae 06pa30BaBIIMXC KOMILIEKCHBIX COEnH-
HEHUH OH NEPEHOCHTCs OO HENOCPENCTREHHO BOJ-
HBbIMH [TOTOKaMH, JTHOO TEMH € IIOTOKAMH, HO B aji-
COPOMPOBaHHOM Ha MOBEPXHOCTH TOHKOAMCIIEPCHBIX
MHHEpaNoB cocTosHuM [3-5, 8]. ITockonbky Maxc-
MAJIBHOH YA€IbHOM NOBEPXHOCTHIO 06MafaloT TIMHU-
CTbI€ MHHEPAJIbl, TO MMEHHO C HUMH CBS13aHAa OCHOBHAS
4aCTh IEPEHOCHMBIX B aICOPOHPOBAHHOM COCTOSIHHM
KOMIUIEKCHBIX COEIUHEHMH ypaHa [5]. OnHako, B oT/14-
4ue OT coeuHenuit Th, koMIuekcHble coequnenns U
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AHAJIM3 PACIIPEOEIEHHUA K, U, Th

€1a00 CBA3aHbI C IMUHMCTBIME YaCTHLAMM U ITPH H3Me-
HEHUH (PU3HKO-XMMUYECKHX YCIIOBHIA MOIYT BHOBb Ile-
PEHUTH B [IO/IBHKHOE COCTOSHME H MPOJOIKHTD MUTpa-
uuio (3, 4, 8]. BeposaTHO, 3THM CBOKCTEOM COEIMHEHUH
U MOXHO OTHYACTH OGBACHUTD C1abYIO CBA3b €r0 KOH-
UEHTPALMH C COAEPKAHMEM [THHUCTBIX MUHEPAIOB
(prc. 9). Tem ne Mmenee, sropoit popMmoii cyuiecTsoBa-
nua U B ocagkax asrisercs agcopGupoBanHas (Ha 1o-
BEPXHOCTH TEPPUTeHHOrO MIIMHACTOrO MaTepuaa, OT-
JIaraBLIErocs B BUE 0Cafka).

Haun6Gonee cnemuduyeckoit ABISETCH TpeThd pas-
HOBHJHOCTDB popMbI npucyTcTBus U B ocafgkax, a HMEH-
HO, CBsI3aHHAs C METAMOP(PU3OBAHHBIM OPraHUYECKUM
BELLECTBOM HedTAHOrO psiaa (1, 3, 4, 6, 7). [Toayuen-
HbI€ B HACTOAIIEH pabOTe JaHHbIE CBUAETENLCTBYIOT O
ToM, 9To U, BCTpeueHHbI# B cepycofiepkalux GaTy-
Max, PUCYTCTBYET B ACCOLMALMYU C KANBUUTOM, rHG6-
CHTOM, KBapUeM, a TAKXKE CAMOPOJIHLIM 30JI0TOM H Ce-
pebpom (puc. 8). B pabore [6] obpaiaercs: BHuManne
Ha XapaKTEPHbIA NapareHe3uc HACTYpaHa C KAIbLUTOM
B OKHCJICHHBIX GHTYMaX, YTO, 110 MHEHHIO aBTOPA ITOH
paboTBI, CBUAETENLCTBYET O COBMECTHOM IIEPEHOCE CO-
epunennit U ¢ yriepojiopoiaMu B KapGOHATHOM MHAPO-
TEPMAJILHOM PacTBOpe. [IeACTBUTENbHO, Pe3yLTaTh
aHanu3a BELUECTBEHHOrO COCTaBa PacCMATPUBAEMBIX
OTJIOXKEHHH ITOKA3ald, YTO B HAX OTMEYaeTCAd OYEHb
HU3KOE COfiepKaHME (IMHITEHEeTHYECKUX) KapOoHaT-
HbIX MUHEPAJIOB U B YaCTHOCTH KasibuyTa (Tabn. 1),a B
accouHauuy ¢ GUTyMOM MOYTH BCEITA NPUCYTCTBYIOT
MHOIOYHMCIIEHHBIE aTPEraThl MEJKOKPHCTAILTHYECKOTO
kanbuura (puc. 4r, 86-r). Takum o6paszoM, TpeTbeil
¢opmo#, B Bufie KoTopo# U NMpHCyTCTBYET B paccMat-
PHUBAEMBIX OTJIOXKEHHUAX, ABJISIETCH €r0 acCOLMALHS C
GMTYMOMOAOOHBIM CePYCOAEPIKAIMM OpraHHYECKUM
BEILECTBOM.

ITockonbKy ONMHUCHIBaEMbIE yPaHCOAEpKaIUe Gu-
TYMbI OTKJIafbIBAKOTCHA B IPOHULIAEMbIX JIUTOIOTHYE-
CKHMX pa3HOCTSX, TO OHH CB3aHbl JHIIb C [I€CYaHO-
aJEBPUTOBBIMH (DPaKIHAMH, 2 HE C [NIHHUCTBIMU. DTO
€lle OfHAa W3 MpPHUYMH, OOGYCIaBIHBAIOUIAX HHU3KYIO
KOPPEISALMOHHYIO CBA3b MeXAy KoHueHTpayued U u
COlep>KaHHEM [VIHH B OCafIKax.

Th, NpUCyTCTBYIOIHH B pacCMaTPHBAaEMbIX OTJIO-
KEHHUSX, TAKXKE BCTPEYAETCAd B HECKOJIBKHX pa3/iny-
HbIX BU/IAX.

Bo-nepsbix, Kak 1 U OH BXOJUT B COCTaB YCTOHYH-
BbIX aKLECCOPHBIX MUHEPAJOB, NPEJCTABICHHbIX B
PaccMaTpUBaEMBIX OTJIOKEHHUSX APKOHOM H MOHa-
uuToM. [IpuyeM, NocKoabKy, KaK yXkKe OTMEeYanoch
Bblille, OHA HMEKT Pa3MeEphl aJeBPUTOBOU U TJIUHM-
cro# ppakuui, To Th, BXOAAIIMI B UX COCTaB, HAKAaI-
JIMBAETCA NPEUMYILECTBEHHO UMEHHO B 3THX (pak-
usx (puc. 6).

Topwuii, kak ropasgo MeHee pacTBOPUMBIA B 110-
BEPXHOCTHBIX BOflax 27eMeHT, yeM U, npu paspyiue-
HUH HEYCTOMYUBBLIX MHUHEPAJIOB, B COCTaB KOTOPBIX
OH BXO[HT, NIEPEXOAUT B TOHKOJHUCIIEPCHYIO (ObLIe-
BUJIHYI0) (PaKUHUIO, KOTOpAs BMECTE C MTHHUCTLIMA
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Ne cxB. (nuacr)

YpaBHEHHE KPUBOM | R2

8092 (10,) y=0.2737Ln(x) + 1.1187
[R2=0.9166
10653 (105) y=0.0055 x + 1.6739
. R?=0.951
2 | 10291, 10292 (10;) |y = 0.6242Ln(x) - 0.0895
= R? = 0.9847
%1 10653 (10,) y = 0.6116Ln(x) + 0.0639
R2=0.8911
10292 (10) y = 0.4877Ln(x) — 0.7191
R%=0.9645
8092 (105) y=0.1017+ 1.3803
R?=0.9527
10653 (105) y = 0.448Ln(x) + 2.0354
R R?=0.5794
‘\3 10291, 10292 (10,) |y =2.0845Ln(x) — 3.6049
2 R%=0.8528
” | 10653 (10,) y = 0.5585Ln(x) + 0.9458
R?=0.2796
10292 (10,) y=1.1413Ln(x) - 1.1977
R2=0.9769
8092 (103) y = 0.0989x + 2.9324
R?=0.9959
10653 (105) y = 0.0357x + 4.3908
. R?=0.8098
= | 10291,10292 (10, |y =0.0901x+ 1.8714
& R?=0.9726
& 1 10653 (10,) y = 0.0857x + 2.4491
R? =0.9558
10292 (10,) y=0.0454x + 0.6109
R2=0.8177
8092 (10,) y=0.1573x + 5.431
) R?=0.9537
E | 10653 (105) y=0.0337x + 7.8164
% R?=0.9261
E | 10291,10292 (10,) |y = 0.1248x + 4.3361
) R? =0.9304
g | 10653 (10,) y = 2.5915Ln(x) + 0.2722
§ R? = 0.7586
8 | 10292 (10, y =2.532Ln(x) — 3.2207

R?=0.9802




18 3YBKOB

MHHEpalaMH, MOJYTOPHBIMH OKHCIaMH H THAPO-
OKHCJIaMH TPAHCINOPTHPYETCA BOAHBIMM [MOTOKAMHU
10 MOMEHTA UX BbIafeHus B ocagox [1, 3-5, 8].

PesynbraThl, 10Jy4eHHbIe B HAacTOsWER padoTe,
NO3BOJIAIOT IPEAINOJNOXKHTE, 4TO Th MoxeTr npucyt-
CTBOBATb B COCTABE OYeHbL MEJIKUX O0JIOMKOB YCTOM-
YMBBIX K BbIBETPHUBAHHIO AKIIECCOPHbIX MUHEPAIOB
(B mepBy1o ouepeb MOHALMTA), KOTOPLIH, KAK MbI
yOeqHIHCh, CIOCOOEH NE3NHTErPHPOBATHLCA 10 Upe3-
BbIYaHHO MEJIKHX O0JIOMKOB, HMEIOLIHX pa3Mepsl B
JIECATBIE OOJIH MKM, a MOXKET ObITh U €le MEeHbLIEe
(puc. 7).

TakuM 006pa3oM, BTOpOWH, BEPOSTHO OCHOBHOMN
(popmoii npucytcTBust Th B paccMaTpuBaeMbiX OTIO-
’KEHHSIX, SBJISIETCA €r0 TOHKOAHCNEepCHast (paccesiH-
Hasi) popMa, T€HETUYECKM CBSA3aHHAS C MIHHUCTOM
¢paxkuueit, 4eM U OOBACHAETCA YCTONYMBAsi CBA3b
KoHUeHTpauud Th U cogep:kaHus MIMHHCTLIX MHHE-
panos (puc. 9).

ITo sTo#l npuyuHe HauGONEE AOCTOBEPHYIO OLIEH-
Ky COlep>KaHusl IIHHACTBIX MHHEPAJIOB, B TOM YHCJIE
1 B BHJIE [IPOC/IOEB, MOXKHO ITOJYYHTb HCXOASA H3 KOH-
USHTPANHMHU B IOPORE UMEHHO Th.

Ouensb Hu3Koe conepxanue EPD B cocrase Hau-
Conee NpOHHIAEMbIX 0a3aqbHBIX OTIOXKEHHH TIO-
MEHCKOH CBHTBI (mnact 10;) MOXKHO 06 BACHUTD Clle-
AYIOLIUM 00pa3oM.

JlokanbHOE NOHATHE, C KOTOPBIM CBsi3aHO JIOBHH-
CKO€ MECTOpPOXIEHHE, CPOPMUPOBAJIOCH BCIIEICTBUE
BHEPEHHs B (DyHIAMEHT MarMaTHYECKOIO Tena, KO-
TOpOE YCIOBHO MOXKHO Ha3BaTh OatonuroM. Benep-
CTBHE €r'0 ABHXEHHSI BBEPX Hal HUM B (DyHIaMEHTE H
NOJIOLIBEHHON YaCTH OCafIOYHOro yexsia chopMHpPO-
BaJIach OOLIMPHAA 30HA TEKTOHHYECKHX HATIPSKEHUM,
npuBefmas K 06pa3’oBaHHIO CHCTEMbI CyOBEPTUKAIIL-
HbIX TPEIUHH, 10 KOTOPLIM B (DYHJAMEHT H OCafo4-
HbIA 4eXOJ NMPOHHKATH OTHENSBIIMECS OT 6aToJHTa
BBICOKOTEMIIEPATYPHbIE (DIIIOMABI, COCTOSBIIHE, BE-
POSITHO, T1aBHBIM 00Pa30M, H3 BOAIbI, YIJIEKHCIIOrO ra-
3a C MPUMECBIO JPYIUX KHUCIBIX Fa30B, a TAKXKE MeTa-
HOM H €ro O/v:KaiiIuMe romonorami [9, 10].

[TockonbKy MEpBBLIMH Ha NYTH [HAPOTEPMANBLHBIX
IOUIOB NEXAT caMbie BBICOKO IPOHMIAeMble 6a-
3a/bHbIe OTIIOXKEHMA 11acTa l0;, To oHu pasrpyxanuch
B HUX U MMEHHO 3TH OCA/IK{ NOABEpraliuch Hanbosee
MHTEHCUBHBIM H3MEHEHMUSM, BbIPA3UBLUMXCA B BbILLEA-
YUBAHUU H PACTBOPEHUH HEYCTOHYMBBIX MAHEPAIOB U
COCTUHEHUHM, B PE3Y/ILTATE YEro cPOpMHUpPOBAIACh MH-
HEepaJIbHas aCCOLMALMs, COCTOSIIAS [TIaBHBIM 06pa3oM
U3 KBaplia, KAOJTMHHTA U THAPOCITIONL! (Tabm. 1), M3 Ga-
3QJIbHBIX OTJIOKEHUA KHUCIBIMA [HAPOTEPMAMH BbIHO-
cuncs K u oco6eHHo uHTeHCHBHO — Th. U aKTHBHO BbI-
LIe/IayuBaJICs ML U3 Haubosee NPOHHLAEMbIX OCafl-
KOB, CJIOKEHHBIX I€CYAHbIMU U KPYITHO aJIEBPUTOBbIMH
obnomxkamu (Tabi. 3).

[To Mepe npoiBuKeHNst BBEPX MHAPOTEPMANILHbIE
¢monpel oxnaxpanuce. [IpOHHKHOBEHHE MHAPOTEPM
B BepXHHEe npoHuuaeMsle mwiactel (10,-104) npusonu-

JIO K CHHIZKCHHIO B HHX JIaBJICHHS, 4 HX CMEIUCHHE C
IUTACTOBBLIMH BOJaMH, IPHCYTCTBYIOLMMH B 3THX [1/1a-
CTax, BbI3bIBAJIO PEAKUUHY MEKIY HIMH H JajibHeHILIee
TIOHHKEHHE TEMINEpaTyphl, YTO, B CBOK OYepefb,
NPHBOOMJIO K (DOPMHPOBAHHIO BTOPHYHBIX (IHIPO-
TEePMaJIbHbIX) MHHEPAIbHbIX AacCOUMal Ui, naubonee
KOHTPACTHBIMH H3 KOTOPBIX SABIAIOTCA pa3HooOpa3-
Hble CyTb(HIHbIE MUHEPAIBI, CAMOPOIHBIE METAJITBI
H OKHCIbI U, 0 KOTOpPBIX TOBOPHIIOCH BBILLIE.

VInTeHCHBHOE TEIIOBOE BO3HEHCTBHME Ha OCago4-
HbIE OTJIOKEHHS TIOMEHCKOH CBHUTbI, IPOUCXOLMBIIIEE
BCJIEICTBUE MPOHHKHOBEHMA THAPOTEPMAIBHBIX (PIItO-
H[IOB, BbI3bIBAJIO UHTEHCHBHYIO F€HEPALHMIO YIIEBOLO-
POHOB M3 PACCEsSHHOTO B OCAJKaX KeporeHa, a TakxKe
TPHCYTCTBYIOLIMX B COCTaBE CBUThI MAJIOMOLIHBIX T17I1a-
croB yrnd [9]. O6pa3oBaBiunecs: yraeBogoponb! BMe-
CTe C rHIpOTEPMaMH (BO3MOIKHO, IEPBOHAYANBHO [a-
K€ B BUJIE TOMOIEHHOIO (PIIIOHa) TOTHAMATHCH BBEPX
H 10 ME€pe X OXJIAXKACHHS U [TAEHHs JaBISHU pasfe-
JISUTHCB Ha [IBe WIK TPH ¢a3bl (Bofa, He(Th, ras). C Bbl-
ASIAFOLUMUCS U3 THAPOTEPM METAMOP(PH30BaHHBIMHI
OHTyMaMH CBSI3aHbI yPaHO-KapOGOHATHbIE aCCOLUMAIIMH
(puc. 88, 8r), KOTOpbIE JETATLHO ONKCAHBI B MOHOTPa-
¢uu [6].

HuTtepecHo, 4To ¢ GuTyMaMH, BbIAEIUBLINMUC H3
THAPOTEPMANBLHOrO (PrIouAa, CBS3aHO 0Opa3oBaHuE
TaK:Ke UMPKOHA U MOHaluTa, oborawedubix U u Th,
COOTBETCTBEHHO (pHC. 3r), a TaKKe MHOTOYHCIEHHbIX
3epeH MoHauuta (puc. 4r). Ecii o6pazoBanue smre-
HETHYECKOro UMPKOHA AaBHO YCTAHOBJIEHO H HE Bbl-
3bIBAET COMHEHHH (OTMEYAIOTCH TaKXKE MHOIOYHUC-
JIEHHbIE NIPH3HAKK PETEHEPALIHM €r0 3€PEeH B OCANIKaX,
0 YeM rOBOPHJIOCE BbILIE, CM. pPHC. 21, 3a, 36), To yno-
MHHAHUS O SMUIEHETHYCCKOM MOHAUMTE HAM He W3-
BECTHBI. BO3MOXKHO, HaM BniepsbIe yaanock oGHapy-
XKUTb IMNHUIEHETHYECKNE (THAPOTEpMallbHbIE) 3epHA
MOHalMTa, 06pa3oBaBILMECA U3 BOLHO-YIJIEBOAOPON-
HBIX (PIIIOHIOB.

Munepanbuble KOMIOHEHTBI H 3JIEMEHTBI, HEOO-
XoguMble 11 0Opa30BaHHs SMUIEHETHYECKHX [HA-
poTepManbHbIX accouuanui, Bkaroyas K, U u Th, Ha-
psiny C MOCTYNHBIUMMH H3 caMoro 6aronuTa, ObulH
H3BJICYEHBI NEPErPETHIMU (PIIOHAAMH, OTEIUBILIH-
MHCSl OT HETO, IJIaBHbIM 06PAa30M, U3 BbIIUEIEKALLUX
MOpPOQ U B NEPBYIO O4epeNb U3 Hanboree MpoHHIAe-
MbIX Ga3aibHbIX OTNIOXKeHuH (m1act 10;).

BBEIBO/IbI

1. Konuentpanust K B OTI0XKEHHAX TIOMEHCKOM
CBUTBI JIOBHHCKOTO MECTOPOXAEHUs ONpeeaseTcs
copep:kaHHeM B OGJIOMOYHOH YacTH 3epeH Kajue-
BbIX IIOJIEBBIX WINATOB, Pa3/IMYHBIX MeTaMopduie-
CKHX C/IaHIIEB, B COCTaB KOTOPBIX BXOTHT CEPHIIUT,
JIEHCT CITIOJT, @ B ITHHUCTOM LIEMEHTE — COEePXKAHUEM
ragpocntons! ¥ B Menbiuei crenenn CCO.

2. C pocToM cofep:kaHus MIHHACTOrO MaTepHana
B OCaJIKaX OTMEYAETCs yBETHYEHNE KOHLUEHTPALIUH B
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Hux K, O1HaKO ero BKJIag B CyMMAapHY 10 paguOaKkTHB-
HOCTB, NAJIaeT, NO3TOMY MOPObI C HEBLICOKOH KOH-
ueHTpauueii K, HO BLICOKMM ero BK/JIaJOM B CyMMap-
HyIO PajHOaKTUBHOCTb OTHOCATCH K HauGousee nmpo-
HHUAEMBIM I1€CYAHO-ANIEBPUTOBBIM OTIOXKCHHAM.

3. Cpenmu akUeCcCOPHbIX MHHEPAJIOB [VIABHLIMH
koHueHTpartopaM# U u Th aBndroTcs uupkod 1 Mo-
HALHUT, KOTOPbIE NPHCYTCTBYIOT B OCajIKaX KaK B BH-
e CaMOCTOSITE/IbHBIX OOJIOMKOB, TaK B BUJE BKIIIO-
4eHHH B 60J1e€ KPYNHbIX 0OJIOMOUHBIX 3epHAX MHHE-
pasioB H TOPOA.

4. O6n10MO4HBIE 3epHA UHPKOHA 3aMETHO KPYIl-
Hee 3epeH MOHauuTa. PaaMepbl nepBoro odbI4HO CO-
OTBETCTBYIOT aJICBPUTOBOM (OCHOBHAS HX 4acTh), a
TaKKe KPYNHOH M CPelHEH IIHHHCTBIM (PPAKLHSIM.
O610MOYHBIE 3€pHA MOHAUMTA B MOJaBASIOLIEM
CONBINMHCTBE CJy4aeB UMEIOT pa3Mephl, COBIA/lat0-
He C MEJIKOU U CPEHEH, PexKe KPYyTTHOU MITHHICTOMH
¢ppaxkuuam. [ToaTroMy 0610MOUHbIE 3€pHA UPKOHA
NPEeUMYIIIECTBEHHO HAKAIUTUBAIOTCSA B A€ BPUTOBBIX,
a TaKxKe KPYITHOH U Cpe/iHEd IIUHUCTOHN hpakuudx, a
MOHAUMT MPAKTHYECKH HCKIIOYHUTENBHO B [IHHH-
CThIX (PpaKLHAX, IPHYEM B CPEJJHEH H MENKOH.

5. IMony4eHsl MOKA3aTenIbCTBA CylECTBOBAHUSA
4pe3BbIYaiiHO MENKHX OGJOMKOB MOHauuTa (necs-
Thbl€ [OJH MKM), KOTOpbIE HAaXOJATCS B afcopOHpo-
BAHHOM COCTOSIHMHM Ha ITHHHUCTBIX YaCTUIAX.

6. MoHauuT, B OTJIMYME OT UAPKOHA, XapaKTepH-
3yeTcst GONbIIMM HaBOPOM peIKO3eMeNbHBIX U ApY-
CUX BHJOB 3JIEMEHTOB, [TO3TOMY €r0 MOXKHO HCIOJb-
30BaTh B KaUeCTBE HHIMKATOpA NpHU OMNpefe/ICHHH
HCTOYHHKOB MOCTYIUIEHHA TEPPUTE€HHOrO MaTepHa-
J1a, a TakXe st KOPPEaAlMH NPOAyKTHBHLIX ILIa-
CTOB MEXY COOOH.

7. Hapsiny ¢ paccessHHbIME (pOPMaMH COeTHHEHUI
U u Th, cBA3aHHBIMU C ITUHHCTLIMHU MUHEpaiaMH,
pnst U XapakTEpHO MPUCYTCTBHE B BHE MHKPOCKO-
MUYECKHX BBIACIEHHH B (pOpMe CaMOCTOSATENbLHBIX
MHHEpaJIOB, F€HETHUYECKH CBSI3aHHLIX C YIJIEBOJO-
POHO-KAapOOHATHBIMH THAPOTEPMAbHbLIMH (PIIIOU-
famy. BeposTHO, 3 noxoxux ¢ongos o6pazosa-
JIUCh IIUPKOH 4 MOHAIUT, o6oramennnie U 1 Th, xo-
TOpBIE€ ACCOLHMPYIOT C OMTYMaMH, COREpXKalldMH
cepy (THOKepHUThb1?).

8. [Inst onpenesIe HUst COREePKaHUsA [IMHUCTLIX MH-~
HEPAJIOB B TIOMEHCKHX OTJIOXKEHHSIX MOXHO HCIOJb-
30BaTh BEAHYMHY HMX CyMMAapHOH paguOaKTHBHOCTH,
OfiHaKo HauboJee TOYHbIE JAHHbIE I0JYYalOTCs Ha OC-
HOBE CBSI3H CyMMApHOH IIMHHCTOCTH, C OJHOH CTOpO-
HbI, H KOHLEHTpALKH B oT10xenusix Th u K, ¢ npyroit.

FTEOXMMHUA N3 2008

9. He cymecTByeT equHOM U181 BCEX MIACTOB pac-
CMaTpUBAaEMOIr0 MECTOPOXKJIEHHUS CBSI3M MEXKAY CO-
ACp:XaHHEM B HHX I'THH M KOHUeHTpauuwed EPD, a
TAKXKe CYMMapHOM paJHOaKTHUBHOCTbiO. [loaTomy
A1 JOCTOBEPHOIO KONMHYECTBEHHOIO ONpefeNeHus
CofepKaHus [VIMH B OTJIOKEHHUAX TIOMEHCKOMA CBUTHI
HEOOXOJHUMO MOJNYUHTh 00CY:KAaeMble 3aBHCUMOCTH
IS KaxXKOTO MPONYKTUBHOTO NJacTa, NpuyeM B npe-
fleJlax OrpaHU4E€HHBIX ILIOMAafed, pa3Mepbl KOTOPbIX
ONpeNeAtOTCs, IMaBHbIM OOPa30M, UCTOUHHKAMH H
HaNpaBJIEHHEM MNOCTYIUIEHUST MCXOJHOrO TEeppUIeH-
HOrO 0Caflo4yHOro MarepHana.

-
\JHOHY‘!CHM CBHACTENLCTBA Yy4acTUsd B mnepepac- \//U"i

npegenenud EPD B paccMaTpuBaeMbix OTIOXKEHHSX
CHIPOTEPMAbHBIX (PIIOUMIOB, B COCTaB KOTOPBIX
BXOAHIIH YyIJIEBOAOPOAI.
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