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BBEJEHUE

I'eoxumust paOAKTUBHBIX AJIEMEHTOB KaK HayKa CYIIECTBYET yxke Oojee cra
net. 29 nexabpst 1910 roga B.W. Bepnanckuii, BrICTyTas Ha MyOIMYHOM 3aceqaHun
AKaJileMu# HayK C JIOKJIaJIoM «3amada JHS B 00JacTH pajausy, BBICKA3al MBICIb O
HEOOXOUMOCTH (... CUCEMAMUYECKO20 UCCTIe008AHUSL HA PAOULl 8Cell 3eMHOU KO-
Ppbl, cOCMasneHusi MUupogou Kapmvl paouoakmuenvix murepanog» (BepHaackui,
1997, c. 17). OTOT A€Hb MOKHO MPUHATH 3a JaTy POXKACHHUS FEOXUMHUH PaJUOaKTHB-
HBIX 3JICMEHTOB Kak Haykd. [1oj pa3HbIMU Ha3BaHUSAMU (PaIUOTCOJIOTHS, SACPHAS
TCOXUMHS, TEOXUMHUS PATMOAKTHBHBIX 3JICMEHTOB) dTa JTUCIUILUIMHA YWTAIACH BO
MHOTHX By3aX CTPaHBI IIPH 00yUCHHUH CIICIIHATMCTOB I'€0JI0TMIeCKOr0 TPO(HUIIL.

B ToMCKOM TOJUTEXHUYECKOM YHUBEPCHUTETE 3TOT KypC B COKPAIICHHOM
o0bemMe BMecTe ¢ KypcoM «l eosiorusi ypaHOBBIX MeCTOpokaeHui» 6onee 30 ser
BIUTOTH 10 1996r. untanu npodeccopa ®.H. lllaxos, B.K. Uepennun u JL.II. Pu-
xBaHOB. [locie aecaruneTHero nepepsiBa MNOTPeOHOCTH B T€0JIOTaxX, CHEIHAIN3H-
PYIOIIUXCS B 00JIACTU YPAaHOBBIX MECTOPOXKIECHUHN, TOSABUIIACH BHOBb. B cBsizu ¢
TEM, 4TO Pa3BUTHE PAAUOTC€OXHUMHH B 3TU T'OJbI MPOJOJIKAIOCH JOCTATOYHO aK-
TUBHO, HAKOIMUJIOCh MHOTO HOBOM HH(OpMAaIIHH.

B stot nepuoa (1996-2009 rr.) B ToMcke ObutH TTPOBEACHBI TPU MEXKIyHA-
poaHble KoHGepeHunu «PaTnoakTUBHOCTh U paJOAaKTUBHBIE 3JIEMEHTHI B Cpejie
oOuTaHUs 4yeloBeKa», MosSBUIAch HOBas MH(OpMalMs, HE OTpaKCHHas B paHee
MOATOTOBJICHHBIX YYEOHHKAX M y4eOHO-MeToauueckux mocodusx. Kpome Toro,
CTPEMUTENILHOE Pa3BUTHE HAYKH, MPOU3BOACTBA M TEXHOJIOTMM B KOHIE XX —
Havyane XXI Beka TpeOyeT HOBBIX MOAXOJOB K PACCMOTPEHHUIO YK€ WMEIOIICHCS
uH(pOopMaLuu.

Peanm3zarust mporpaMMBbl ITOJATOTOBKH MAarucTpOB «YpaHOBas I'e€OJOTHS» B
TomckoM nonutexHndeckoMm yHuBepcutete (¢ 2008 r.) morpeboBana HamucaHUs
Takoro nocoous. Ero ormmunrensHass 0COOEHHOCTh — 00ObEIUHEHNE OOIINX TEO-
PETHUYECKHUX TMPEACTABICHUN B 00JACTH T€OXUMHH ypaHa M TOPHUS C MPaKTHIe-
CKHMH 3HAHWSIMH, OPUCHTHPOBAHHOCTH HA BO3MOKHOCTh TPHUMEHEHUS PaHOTre0-
XUMHUYECKOH HMH(OpPMAlUU IS TPOTHO3UPOBAHMSI M MOMCKOB MECTOPOXKIACHUMN
Pyl PEIKUX U PAAHMOAKTUBHBIX AJIEMEHTOB.

Kypc «['eoxumMusi painOakTUBHBIX 3JIEMEHTOB)» KaK COCTAaBHAs 4acTh IEOXHU-
MHUH OXBaTHIBAE€T BCE OCHOBHBIE BOIPOCHI, pacCMaTpUBaeMble 3TOM HAyKOMi: coaep-
’KaHUE AIIEMEHTOB B MUHepaJiaX, TOPHBIX MOopojax, popMaIusax U KOMILUIEKcax Io-
PO, KPYMHBIX OJIOKax 3€MHOM KOPHI M B 36MHOM KOpe B IEJIOM; 3aKOHOMEPHOCTHU
pacmipezeneHusi, popMbl HAXOXKAEHUsI, YCIOBUS U (hOPMBI MUTPAIIK ypaHa U TOpUs,
ycnoBusi M PopMbl UX KOHIIeHTpupoBaHus. Kpome Ttoro, B yueOHOM mocobuu pac-
CMOTpEH KpYT BOIPOCOB, KOTOPbIE MOTYT OBITh PEIlIeHbI C UCIOIb30BaHUEM JTaHHBIX
PaTMOreOXUMHYECKUX UCCIIEIOBAaHUM B T€OJIOTUHU U IPYTUX OTPACIIAX 3HAHHIM.

Kuura nmpennazHayeHa Aisi CTYJIEHTOB, aCUPAHTOB M CIIELUATINCTOB B 00-
JIACTH T€OJIOTHH, T€0IKOJIOTHH, Te0(hU3UKH, THIPOTCOXUMUH, HHTEPECYIOIINXCS
BOIIPOCAaMH T€OXUMUU PAJHOAKTUBHBIX AJIEMEHTOB M €€ HCIOIb30BaHUs B pa3-
JUYHBIX 00JacTSIX HAyK O 3emIe.
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naBa 1
PAOUOrEOXUMUSA: OT UCTOKOB
[0 HALLUUX OHEW

Komnern 19 Beka o3HaMeHOBAJICS 1IETION CEPUEH OTKPBITHI, 00YCIOBUBIINX ITOSIB-
JIEHME MHOT'OUYMCIIEHHBIX HOBBIX €CTECTBEHHOHAYUYHbIX HarpasieHuid. K umciy Hau-
OoJiee 3HaUMMBIX JOCTMXKEHUH 3TOrO MEepHO/ia, MOBIHABIIMX HA CTAHOBJICHUE PANo-
TEOXUMUH, OTHOCSITCSl OTKpBITHE SIBIEHMS DPAgMOAKTUBHOCTH AHpU bekkepenem
(24 depanst 1896 T.), BBISIBICHHE TPYIIBI €CTECTBEHHBIX PAIHMOAKTUBHBIX 3JIEMEH-
TOB: ypaHa, TOpUsl U NPOAYKTOB MX pacnana: noionus (1898 r.); pamus (1898 r.);
aktuaus (1900 r.), a Taxke ra3000pa3HbIX (IMaHAIMI) TPOAYKTOB pacraja; To-
pona (1899 r.), pagona (1903 r.) u ap., U3yueHHe CBOMCTB PaIHOAKTUBHOTO H3-
nydeHust (4acTHWIl U raMMa-KBaHTOB), Takux Kak Bbiagenenue Teruta (I1. Kropwu,
K. lanun, 1903 r.), okpamuBaHHe KpPUCTAJNIMYECKMX BELIECTB, U3MEHEHUE HX
ctpyktypsl (ITeep 1 Mapust Kropu, 1899 r.), nonusamnus Bo3ayxa (A. bekkepens,
1897 r.) u npyrux. Bce 3To yka3bIiBajao Ha TO, YTO YEJIOBEUYECTBO CTOUT HA I'PAHU
HOBBIX OTKPBITUH B 00JIaCTSAX XUMUH, PU3UKH, HayK o 3emie. B konue XIX — Ha-
yane XX Beka 3To ObUIM emé ropu3oHTH Oyaymiero, a ciycts 100 net Bc€ 310
CTaJIO peallisiMU JKU3HM YeJIOBeKa, 0€3 KOTOPBIX €ro CyIIECTBOBAHHE M Pa3BUTHE
HAyKH YX€e MPEACTaBIAIOTCS HEBO3MOXKHBIMHU.

Uccnenosanuss Mapun u Ilbepa Kropu, Dpuecra Pesepdopna, @peneprka
Connu, B. Pam3as, b. bontByna, I'. I'elirepa, C. Bunbcona, /1. DnbcTepa 1 MHOTHX
JIpyTUX (U3UKOB U XUMHUKOB EBpOITBI M3MEHWIN MPEICTABICHHS YEIOBEUYECTBa O
CTPOEHHHU aTOMOB (3apOAMIIACh sAepHas (PU3UKA), PACIIUPUIIN 3HAHHUS O CTPOCHUH
U CBOWCTBaX MaTepuu, MeTojax e€ uccienoBanus. OHM pa3pylLIWIN MpejcTaBie-
HUSI O BEYHOCTU ¥ HEU3MEHEHHOCTH aTOMOB XUMHUYECKHX 3JIEMEHTOB. DTO CHOCO0-
CTBOBAJIO TOSIBJICHUIO METOJOB ONpeseseHHus abCOMIOTHOIO BO3pacTa OOBEKTOB
MaTepUaIbHOTO MHpa (BO3HHMKIIA HayKa T'€OXPOHOJIOTHSA) U MOSBHIACh BO3MOXK-
HOCTb MOHSATH IPUPOJTY TEIJIOBOTO MOTOKA HA HAIIEH IUIaHETE.

B Poccun xonma XIX — navama XX Beka MHOTHE (PU3UKA U XMMHKH HE
MMeJH BO3MOKHOCTb aKTUBHO paboTaTh B HOBOI HAy4yHOU 00J1acTH, CBA3aHHOM C
pPaZMOaKTUBHOCTBIO, TaK KaK Ha TOT IEPUOJ BPEMEHU OTCYTCTBOBAJIM TEXHUYE-
CKHE€ CpeJICTBAa M3MEpPEHUS PATUOAKTHUBHOCTU (JIEKTPOCKOIBI ObUIM OCHOBHBIM
YCTPOHCTBOM H3YYEHHUS 3TOTO SIBJICHUS, a Takke (OTOIJIACTUHKHU IJIS UCCIEeN0-
BaHUs MeToAoM paauorpaduu). OTCYyTCTBOBAIM U CaMH PaJMOAKTUBHBIE 3Jie-
MEHTBI U3-3a YpPEe3BbIYaiHO BBHICOKOW MX CTOMMOCTH Ha MUPOBOM pBHIHKE (OpHEH-
TUPOBOYHO | T pagus olieHUBaJICS B Hadaje XX Beka B | MIIH pOCCUIMCKHUX 30J10-
TBIX pyOJieit), YTO HE MO3BOJSUIO A3TAJOHUPOBATH MPUOOPHI M BECTU (DUZHUKO-
XUMHUYECKUE OTIBITHI.
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< Anpu Bekkepeib — NepBOOTKpbIBATENIb SIBJICHHS

PaIHO0AKTUBHOCTH

e B 1896 romy ¢panmysckuii uccienosarens AHpH
Bekkepenb, u3ydas SBIE€HHE JIIOMUHECLEHIUH IOK
BO3/ICHICTBUEM COJIHEYHOTO CBETa, OOHApY KM 3acBe-
YiBaHUE (OTOUYBCTBUTEIHHOIO MaTEpHasa BEIIECT-
BOM, B COCTaB KOTOPOTO BXOVJIHM COJIM ypaHa.

e CuacTimBas CIy4aifHOCTh: HEOECHOE CBETHIIO OBLIO B
MOMEHT IIPOBEJICHUSI JKCIEPUMEHTa 3aKphITO Tyda-
MH, ¥, €CTeCTBEHHO, HaONIONaTeNbHBIN yUEHBIN 3a-
moJo3puia 4To-To HenangHoe. [locnemoBan pspn mo-
BTOPHBIX OKCIIEPUMEHTOB, KOTOpPBIE IIOATBEPANIIH,
YTO 3acBeYMBaHHE (POTOIUIACTUHOK IMPOHCXOAUT BO
BCEX CIydYasx, KOIJa HCIIOJIb3YIOTCS COJIM ypaHa, U
9TO 3aCBEYMBAaHHE MPOHCXOJUT JAXKE YEPE3 CBETOHE-
MIPOHHUIIAEMYIO OyMmary.

IIsep u Mapus Kropu

Mapus CxiaonoBckasi-Kiopu — BbIIaOIIAsiCH SKeH-
muHa mupa XX Beka

Pomunace 7.11.1867 B ceMbe MOJABCKOTO YUUTENS.
Myx — I[Isep Kiopu, dppany3ckuii Gpu3uK.
B 1897 romy mpuctynuim K n3ydeHuro rydei bekke-
perst.

e Mapus Kropu — aBaxas! naypear HoGenerckoii mpe-
mun (1903; 1911).

e Marts nBoux nereit: Upen u Esa.

o Upen Kropu — naypear Hobenesckoii npemun (1935).

e Ea Kropwy, )xypHaJuCT; Hanucana Jy4ilylo, Ha Hall
B3I, KHUTY 0 Mapuu Kropu (1937).

v U3 cemeiinoro aan6oma Kiopu

Mapus Kropu

Mapus Kropu oy
Ega Kropu
s

B J1abOpaTopun



l'eoxumusi paduoakmueHbIX 3/1eMEeHMo8

Bot uto nucana ¢paniry3ckas npecca 0 TPYAHOCTSX IMOIYUYECHUS PAIU:

«28 oexabps 1898 2o0a: neckonvko mecsayes cnycms nocie OMKpPbimus no-
JoHust, cmamovsi Akademuu Hayx, noonucauwnas [lvepom u Mapueii Kropu u I'toc-
magom bemonmom, noomeepicoaem cyuecmeosanue HOB020 HEU3BECHHOZ0
npexcoe dieMenma, cooepiHcaue2ocs 8 ypanunume.

Aeémopvl cmamvu MOALKO YMo OMKpPbLIU paoull — 8eujecmso, Komopoe mom
uac sce cmano 8CeMUPHO U38ECHHBIM.

B npeowvioywue mecaywt I[lvep u Mapusa Kiopu onycmowunu nebonvuiue 3a-
nacvl YpaHuHUmMa, KOmopviMu OHU PACHONA2ANU, 8 CePUU XUMUYECKUX ONbIMOS,
KOmopbvle NPUMEHANUCL 8 20PHOU HPOMBIUIEHHOCMU, NOLYYeHHble PACMEopbl
VpaHa aKmu@Hbl..., HO OHU 3AMeyarom, Ymo pacmeopsvl 0cadKo8 (ceuHey, meob,
cypbma, a makdice euje He OMKPbIMbIU UMU PAOULL), HAXOOAWUECS 8 NPUPOOHOT
pyoe — ypanunume (Ypamoeou CONAHOU 0OMAaHKe) OKA3AIUCL ewe bolee aKkmue-
Hbl. 34 HEeCKONbKO MecAyes HayuHoe NOOMEEpHCOeHUe CYWecmeo8anus paous
0bL10 00KA3AHO PU3UYECKUMU CPeOCmB8aMU, KAK Hanpumep Cnekmpomempuetl.

Ilvep u Mapusa Kropu kynunu u noayuunu Ojisi Onwvlmog HeKomopoe Koaude-
CMBO aBCMPUNCKOL pYobl, UCHONb308a8ULelCs 01 NOJYYeHUs ypanda. /s Hux
9mu pyOHUUHbIE OMX00bI, 8 4—5 pasz bolee akmugHvie, Yem MemaiiudyecKull ypau,
noxyuaemvlli U3 Hux, oOvlau cokposuuiem. M peuu ne moeno 66ims 0 mom, 4moovl
ux nepepabamveigams 6 nabopamopuu Kiopu na ynuye Jlomon 6 camom cepoye
Tapuoica.

B oeticmeumenvHocmu nepsvie smanvt Xumuieckol obpabomxu, Komopwie
mpeboganu c800O00HLIX Nniowaoel u paboyell Cuibl, NPOBOOUTUCL HA 3A800€
LlenmpanvHotl KOMRAHUU XUMUYECKOU NPOOYVKYuU, Ha HabepedxcHou Heinw,
y mocma Mupabo. Omom 3a600 npedocmasul 015 onvimos 06opyoosaHue. 30ecs
OnumeinbHvle NPOYeCccvl U3GleYeHUs U OYUCMKU paodus CMABUIUCL HA NPOMbILUIL-
JIEHHYIO OCHO8Y.

Ha evixooe ¢ 3a600a mouna yparosoil pyovl npespawanrace 6 10-20 ke
cynbgamos, akmusHocms komopwix 8 30—60 paz bonvue, uem akKmusHOCMbd ypa-
Ha. Ha cknaoe na ynuye Jlomon Ilvep u Mapus Kropu smu konyenmpamol «o4u-
waromy nymem cepuu npoyecco8 pacmeopeHus-oCadcoenuss U O4UcCmKu, paspa-
bomKa KOMopwiX CnocodOCmeosand BGO3HUKHOBEHUIO MHOSOYUCIEHHbIX uoel 6
1900-1902 200ax.

B 1903 200y Anpu Bexxepenv cosmecmno ¢ Ilvepom u Mapueti Kropu nony-
uyaem Hobenesckyro npemuio 3a @visasieHue NPUpoOHol paouoaKmueHOCmMu.

C smoeo momenma Opyeue nabopamopuu 6 Eepone u Amepuke nauunaiom
UHmMepecosamvcs paouem, U NOIMOMY 803HUKAEM OCMpPas KOHKYpeHyus & cepe
npouseo0cmea coeti paous.

Ilockonvky, 8 OeticmeumenbHOCMU, NPOYBEMAIOWULL PLIHOK HAXOOUICS 8
npoyecce cmaHogieHus 61a200aps CAPOCY UCCe008amenbCKux 1abopamopuil, a
Maxoice MeouKos, KOmopwvie 3aHUMAIUCL NOUCKAMU d¢hghekmusHozo nekapcmeda
om paka.
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Hanomuum, umo, nauunas c 3motl 3n0Xu nepeoomKpulmull, 4pe3sbluatiHas
peoxocmyb paous 68 npupode mpebyem 0 €20 NOJAY4eHUss 3HAYUMETbHbIX Mame-
PUATBHBIX CPEOCm8, NOCKOIbKY, 4modvl noayuums 1 epamm paous, HysicHo obpa-
bomams 8§ moun obocawenHot pyosi. K momy dice, Ha peanuzayuio 3mo2o npous-
800cmea mpedyemcs MHO20 epemeHuU U bonvuiue unarcosvie 3ampamol. Ilvep u
Mapus Kiopu compyonuyaiom ¢ npombluiieHHbIM NPOU3BOOCMEOM, HO NO HAUG-
HOCMU 1UOO NO IMULECKUM COODPANCEHUAM He 3As81810Mm nameHma.

Taxum obpazom, ¢ 1904 200a nonyuenue paous nPoMvlULIEHHbIM CROCOOOM
cmanosumcs peaibHocmoio Ha meppumopuu Ppanyuu. B camom oene, npomwiui-
JleHHUK Imuns Apme oe Jlunb 60Cnonb308ancs 03MONCHOCIBIO U 8IONHCUT CPeD-
cmea 6 npou3so0CmMB0 U pearuzayuio coetl paous Ha 3aeooe Hoowen-crop-Maph
6 napusicckom pezuone. 110-6uoumMomy, 0cobeHHo nocie nepeol MUuposoll 80l b,
3a600 noayyan u obpabamviean 6a2onvl pyosl U3-3a epanuybvl. B smo epemsa npo-
yeccbl 06pabomxu, Komopwvle OblaU Ydce NOCMABNIEeHbl HA XOPOWUL YPOBEHD,
mpebosanu Ha 1 MoHHY 0mMX0008 YPAHOB8bIX PYO 5 MOHH XUMUUECKUX NPOOYKIMOE
u 50 moun npomuleHOU 800bl (6006l 01 Gvlwenayusanus). Ilocie neckonbKux
Mecayes 0bpabomku, a 3amem — OpOOHOU Kpucmaiiuzayuu 8 1abopamopuu, no-
ayuanu -2 munnuepamma oveHvb akmueHoz2o opomucmozo paous. llepsvie mun-
JUSpamMmel paous, noayuenHvle Ha 3asode Hoowcen-crop-Mapn, 6winu 6ecniamno
nepeoanwl Ilvepy u Mapuu Kiopu. Heckonvko nem cnycms I enpu Pomuwiunso no-
cmpoun 0py2oll 34600 no npouseoocmay paous  Msiw Cen /lenu.

IIpousso0cmeo paousi cmaHo8UMCs: NPOMbIULIEHHBIM U NPUOBLIbHBIM OU3He-
COM, NPOOOIIHCAS OKAZLIBAMb MAMEPUATLHO-MEXHUYECKYIO NOOOEPIHCKY CYNpyeam
Kwopu, ennoms 0o 1913 200a, koz0a berveutiyvl Hawiu 6 3aupe 3anedxcu ¢ bonee
bozamotui py0oti, 4mo 3HAYUMENbHO CHUZUILO YeHbl HAd PAOUl.

THocxonvxy ¢ 1904 2. no 1913 2. yenwt na paouti npooonxcanu pacmu: 6 CLLA,
komopuwie ¢ 1913 2o0a nonemHo2y HAUUHAIOM OOMUHUPOBAMb HA IMOM PbIHKE, YeHd
3a epamm doxoouna 0o 160 muicau donrapos. Bo @panyuu epamm 6pomuda paoust
cmoun 400 myicau hppankos, a wucmozo paousi — 750 muicsau ¢ppanxos. B mo epems
paouti cmoun HamMHoO20 00podice 3010ma, npumepHo 6 200 mvicay pas, umo 6 nepe-
800€ Ha Ce20OHAWMHULL KYPC 03Hauaem 15 MUIIuoH06 ppanKkos 3a spammy.

TeM He MeHee, UCCIIEIOBAHUS PAJMOAKTUBHOCTH BEJIUCh B YHHUBEPCUTETCKUX
nentpax Mockssl (ipodeccop A.I1. CokonoB u ap.), Cankr-IlerepOypra (mpodec-
cop W.II. beprman u ap.), Oneccel (mpodeccop E.C. Bypkcep), Tomcka (mpodec-
copa ILIL. Opnos, H.A. T'ecexyc, nabopant B.C. TUTOB) U B HEKOTOPBIX JIPYTUX
roponax Poccuiickoro rocynapctsa (KaBka3ckre MUHEpaIbHBIE BOIBI U JIP.).

PanuoakTrBHBIE SIBICHUS Haualu U3ydath B Poccuu cpasy ke mocie ux oT-
kpeiTusa A. bekkepenem B 1896 1. B 3TOM x€ roay Ha cTpaHMILIax JKypHaja pyc-
ckoro (Qusuko-xuMudeckoro odmectBa (PKPO®XO) mosBuiach 3aMeTKa O TOM,
YTO PyCCKHE yueHble, 3aMHTEPECOBABIIUCH OTKpbITHEM A. bekkepens, cpasy xe
MONBITAJIUCH BOCIPOU3BECTH €ro omnbIThl. 21 Mas 1896 r. Ha 159-m 3acenanum
¢usnueckoro otnenenuss POXO mnpodeccop BoeHHO-MeTUIMHCKON akageMun
H.I'. Eropos u A.JI. I'epiryH 1€eMOHCTpUPOBAIN CHUMKH, IIOJYyUYEHHBIE C ITIOMO-
LIbI0 YPaHOBBIX cosiel (XBocToBa, 2006).



l'eoxumusi paduoakmueHbIX 3/1eMEeHMo8

OpHUM M3 MEpBBIX yUEHBIX, HAYaBIIMX HCCIEIOBaHUS B 00JacTU paanoaK-
TUBHOCTHU TIPUPOJHBIX 00bekTOB B Poccuu, Obu1 mpodeccop MOCKOBCKOToO yHH-
Bepcureta A.Il. Cokonos. B 1903 r. Ha ronuunoM 3acepanuu Pycckoro GanbHeo-
Joruyeckoro obmectsa B [IaTUropcke oH BriepBbIe yKa3al, 4TO y4eHHE 00 MOHU-
3alluU ¥ PAJUOAKTUBHOCTH aTMOC(HEPHOTO BO3/IyXa UMEET OOJBIIOE 3HAUCHUE IS
0aJIbHEOJIOTUH U KIIMMATOTEepaIHU U SIBJISETCS HOBBIM HE TOJIbKO B Poccuu, HO U 3a
IpaHMIIeH, TOITOMY HEOOXOJUMO COOpaTh HAyYHBIC MAaTEPUATBI 00 3TOM SIBIICHUU
u3 pasHbix MecT Poccun. B nawane 1912 r. A.Il. CokonoB co3nan npu ®Puznue-
CKOM HMHCTHUTYT€ MOCKOBCKOTO YHHBEPCHUTETa PaJUOJIOTHYECKYIO J1a00opaTopHIo.
[To Teme «PamnoakTHBHOCTh MPUPOAHBIX 00bEeKTOB Poccum» UM HammcaHO OKOJIO
20 HayusbIx padot. Ero yuenuku B.1. bapanos, B.A. Cokonos, E.C. IllenotseBa
CTaJIA OJTHAMH U3 TIEPBBIX PYCCKUX paanosioros (Xsocrosa, 2006).

B Cankr-IleTepOyprckoM yHUBEPCUTETE MCCICIOBAHUAMH PAHOAKTUBHOCTH
npupoHbIX 00bekToB 3aHuMaicsa ¢pusuk M.M1. boprman (1904). B 1904-1909 rr.
co cBouM yueHUKoM A.Il. AdanacbeBbIM OH HCCIIEIOBAT PAAMOAKTUBHOCTh MUHE-
panpHbIX rpsazeit KaBkasckux, KpbiMckux u qpyrux kypoptoB (XBoctoBa, 2000).

B umeromuxcst 0630pax 1o UCTOPUHU Pa3BUTHS YUCHUS O PaJAMOAKTUBHOCTH
(Gasparini Paolo, 1984; 3aitieBa, ®uryposckoii, 1961; I'.H. ®nepos, 1971 u ap.),
KaK IpaBUII0, 00CYKIat0TCs TOCTUKEHUS! yueHbIX EBpoIIbI 1 eBponeiickoil yactu
Poccun.

Hcknmrouenue cocraBisieT aucceprannonHas padora M.C. XBocTtoBoit «Hc-
TOpUS U3yYEHHUs] €CTECTBEHHON U MCKYCCTBEHHOM PaJlMOaKTUBHOCTU MPUPOTHBIX
00bekToB poccun» (2006), MaTepuanbl KOTOPOU HUCIIOIB3YIOTCS TPU HAMMCAHUH
JTAHHOTO pa3zena.

Nmerommmecst B ToMcke apXUBHBIE MaTepualibl MO3BOJSIIOT yTBEpkIaTh (Puxsa-
HOB, JIo30Bckuit u ap., 1991; Xaxankun, 1991; Puxsanos, 1997 u ap.), uto u B a3uar-
ckoit yactu Poccun, 0cOOEHHO B IIEHTPE COCPEOTOUCHUSI HAYYHOW MBICIIH — TOPOJIe
Tomcke, vcceoBaHKs ATOTO HOBOTO SIBJICHUS TIPOBOWJIMCH HE MEHEE aKTUBHO, YEM
B MIPU3HAHHBIX CTOJMYHBIX ropojax Poccuu, u MpakTHYECKH OTHOBPEMEHHO C Haua-
JIOM UCCIEA0BaHUM 110 Toi npodaeme B Mockse u Cankt-IlerepOypre.

< [TéTp ITaBnoBuy OpioB — NepBBIN UCCIEI0BATENb
paanoakTuBHOCTH B CHbupu

[Tpexne Bcero, 3ToMy CHOCOOCTBOBAIO TO, YTO IMEPBbIE CHOUPCKHE BY3bI
(Tomckwmii TOCYTapCTBEHHBI YHUBEPCUTET C €r0 MEAULMHCKUM (PaKyIbTETOM U
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I'naea 1. Paduozeoxumusi: om ucmokog 00 Hawux oHel

ToMckHil TEXHONIOTMYECKUH HHCTUTYT) YKOMIUIEKTOBBIBAJINCH HAYUYHBIMH Ka-
pamu Mockosckoro u Cankr-IleTrepOyprckoro yHUBEpCUTETOB, UMEIOIUX IPOY-
HBIE CBSI3U C HAYYHBIMHM Kpyramu EBpomnbl.

Tak, omua u3 pektopoB TI'Y mpodeccop H.A. T'ezexyc ObLT BBIXOAIEM
Cankt-IleTepOyprckoro TeXHOIOTHYECKOTO MHCTUTYTA U 3aHUMAJICS H3yYEeHUEM
TETIOBOTO JEHCTBUS Jyueil paaus. Ero paboTsl 1o 3TOMY HaIlpaBIeHHIO 00CYX-
JlaTuch B Hay4yHbIX Kpyrax yxe B 1903 romy, T. €. HEMOCPEICTBEHHO B TOT TO/I,
KOT'JIa ATO SIBJICHHE ObLTO OOHAPYKEHO.

BoinyckHukamu eBporneickux By30B Poccuu Obuin 1 Ipyrue nepBble Hccie-
JIOBAaTENH SIBJICHUS PAJMOAKTUBHOCTH U PAJMOAKTUBHBIX 3JIeMeHTOB B Cubupu
(ILIL. Opnos, B.C. Turos, 1.B. Anekcees, ILII. IMununenxo, ILII. I'ynkos,
M.H. Co6ones, B.A. O6pyueB u np.).

Xaoc rpaxJaHCKOW BOMHBI pa3MeTall U YHUUYTOKUJI MHOTHE apXHWBHbIE Ma-
TEepHUaJIbl TEX JIET, a YTO OCTAJIOCh HE3aTPOHYTHIM — YACTUYHO WJIU IMOJHOCTHIO
ObLIO U3BATO U3 OTKPHITOrO MOJIH30BAHUS M MOMELIEHO B CIELXpaHUIUIIa (Ma-
tepuainsl [LI1. OprnoBa) 1160 YHUYTOXXEHO B TOABI PEIPECCHIA.

CeromHs 5T MaTepuaibl COOMPAIOTCS MO KPYMUIAM U3 Pa3IMYHBIX Pa3po3-
HEHHBIX, HECUCTEMAaTU3UPOBAHHBIX HMCTOYHUKOB, CPEICTB MaccoBOil mH(popMa-
uun. W cerogHs Mbl UMeEM JajeKo HE TOJHBIA MmepeuyeHb UMEH CHOMPCKHUX HC-
ciefoBaTesiel SIBJICHUs paiMOAKTUBHOCTH.

[Ipu onmucaHuu 3TUX UCCIEAOBAHUI TPYJHO COXPAHUThH CTPOTYIO MOCIEA0-
BaTEJIbHOCTh COOBITHH, TaK K€ KaK TPYIHO ONPEICTUTh 3HAUUMOCTh TEX WIH
WHBIX UccienoBanuid. Bce paboThl cripeccoBaHbI MPAKTUYECKU B OJTHO JIECSTHIIC-
tre (1904—1914 rr.) u B3auMOpPacKpbIBAtOT, AOMOIHSIOT APYT ApYyTa.

Haubonee monHO M 0OCTOATENHHO B POCCHIMCKONW HAYYHOW HCTOPUYECKOU
JAUTEpaType OCBEIICHA PoJb Mpodeccopa MEeAUIUHCKOTO (akyibpreta TomMckoro
rocynapctBeHHoro yuusepcurera llerpa [laBnouua OproBa. Yke B 1904 romy,
puObIB B TOMCK, OH Hauai MOATOTOBKY K MPOBEICHHUIO UCCIEIOBAHUIA 110 paJino-
akTMBHOCTH. B mmceme akanemuky B.U. Bepnanckomy ot 26 nexabpst 1904 roga
OH IHUCAa:

«Meouxoe unmepecyem cetiuac ocobenno paouil. Xionouy ob omnycke Oe-
He2 Ha NOKYHKY e20 Npenapamos u KOU-Kakux npubopuyuxos... Haoeemcsa c
ILI1. ITununenxo omuvlckame 30eCb YPAHOBbLE U MOPUEBLLE MUHEPATILL... ).

B 1907 rony 3a c4er IMYHBIX CPENCTB OH OpPraHu3yeT 3Kcneauuuu B Exu-
celickyro rybepHuto (nepBasi skcrienuius Poccuiickoil akajeMun Hayk ObLia op-
raiu3oBaHa Tojabko B 1908 r.). B Hell mpuHUMaNu y4yacTue CTYAE€HThl TOMCKHX
By30B MLII. Opnos, b.K. IllnmkuH. belan nosydeHsl pe3yapTaThl 110 pagvoak-
TUBHOCTH BO3/lyXa Ha pynHuke «HOmus», Munepanbhbix Bog o03. [lupa, Jlomoxa-
koBo. [LI1. OpyioB OTMETHIT TOBOTHFHO BHICOKYIO aKTUBHOCTH KIIFOUEH U KOJIO/IICB
r. Tomcka, p. Tomu B 3uMHee BpeMs U T. 1.

B oxTs16pe-nos6pe 1909 roxa mpodeccop IL.I1. OproB BeicTymaer Ha 3acena-
Husx OO1iecTBa UcnbITaTenel u Bpauel npu TOMCKOM roCyJapCTBEHHOM YHUBEP-
CHUTETE C JOKIan0M «PasnoaKTHBHBIE BENIECTBA U UX HAX0XKJIEHUE B IPUPOICY.
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leoxumusi paduoakmueHbIX 371eMeHMo8

OH oTMeuaeT HaXOAKU paJMOaKTUBHBIX MUHEpAJIOB AJnTasi, JOCTaBIECHHBIX
ILIL. IMununenko (yuenuk B.M. BepHaackoro, KOTOpbIi 10 €ro JUYHOM Mpockoe
Ob11 B cBOe Bpems npuHAT B.A. OOpydeBbIM Ha pabOTy MIIAIIINM J1aOOpaHTOM
kaOuHeTa munepanoruu TTH).

B 1912 rony ILII. OpnoB no nmpockde nupextopa ToMckoro TexHosoruye-
ckoro uactutyta H.W. Kapramosa ucciemyer obpaser; MuHepasia, JOCTaBICHHO-
ro B TTU Boctrouno-Cubupckum otaenom Pycckoro reorpaduueckoro odmiect-
Ba. MuHepan oka3aljics OpPTUTOM C BECbMa HHTEPECHBIMH CBOMCTBAMH, O KOTOPBIX
ObLTO coobmeHo B MaTepuainax ['eorpaduueckoro obmecrsa B 1914 roxy.

B 1914 romy Obuia moka3aHa BBICOKAs PaJMOAKTUBHOCTH KIIIOYEH IO
p. Ymaiike (3aBap3uHCKHE UCTOYHUKH).

B 1915 rony pabdora mpodeccopa ILII. OpnoBa «K Bompocy 0 HaXOXKICHUH
pPaZMOaKTUBHBIX BEHIECTB B LUIMXaX 30J0TOHOCHBIX obmactedt Poccum» Oblia
ommy0JIMKOBaHa B BUJI€ OTJENBHOTO 6-r0 BhITycKa KHUTH « Tpynsl Paguesoii skc-
neauuuu Mimneparopckoi akagemun Hayk». CBOEH NpakTUUYeCKOW HaIlpaBlieH-
HOCTBIO JIaHHas paboTa U CEroJiHs MPEACTaBIseT MHTEpeC JUIs uccienoBareneit
paanoaktuBHOCTH CUOUPH.

VY ILIL. Opnosa Obut Techble cBs3u ¢ TTH. B cBoem muceme B.M. Bepuaackomy
ot 01.07.1913 r. OH NUIIET: «... NOABLIVACL 3HAKOMCMBAMU 68 MEXHOJIOSULECKOM
uHCmumyme, Cmaparcb NPONALAHOUPOBAMb U3YUeHUe pPAOUOAKMUBHBIX Ge-
wecms...».

B 1917-1926 rr. npodeccop ILIL. Opnos Ben kype nekuuii «PagnoakTuBHbIe
3JIEMEHTBI, UX CBOICTBA U HaXOXJEHUE B MPUPOJE» HA (PU3NKO-MAaTEMaTHYECKOM
daxynbrere TT'Y.

W3 aHanu3a coXpaHUBIIMXCS MaT€pHajOB BUIHO, YTO MPH UCCIIEI0BAaHUU pa-
JMOAKTUBHOCTH U PaaAMOaKkTUBHBIX BemecTB B Cubupu y ILII. Oproa Obum
BEChbMa TECHbIE KOHTAKThI ¢ MpodeccopamMu TOMCKOTO TEXHOJIOTHYECKOTO WHCTU-
tyta A.W. EpumoBsIM (3aB. kadenpoit ¢usukn), J.A. AnekceeBbIM (XUMHH), T€O-
noramu u topHsikamu ILII. T'ynxoBeim, A.B. JlaBpckum, B.JI. CremanoBbIM,
JIJI. ToBe u ap.

[To-BuuMoMy, Tako TECHBIH KOHTAKT Pa3HONPOQGUIbHBIX CIEHUAINCTOB,
npusiedeHHbIX [L.II. OpnoBeiM, ¥ MO3BOIMI €My pa3paboTraTh (hyHIaMEHTab-
HYI0 Hay4YHYIO MPOrpaMMy MO H3YYEHHIO PaJMOaKTUBHOCTH U PATUOAKTHUBHBIX
BemiecTB B CuOupu, KoTopasi, O OLIEHKE psha CHEeLUaIUCTOB, Obula Haubosee
untepecHoit (Iloptuos, 1975).

I1.IT. OpsioB 6611 IEpBBIM HccienoBaTenieM CUOMPH, KTO ONPEeNsl paauo-
aKTUBHOCTb IIPUPOJIHBIX OOBEKTOB Ha MECTe, pa3padoTaB METOAMKY U almapary-
Py IUIs OTIpeNiesIeHUs] CTENEeHU PaJOAKTUBHOCTH MCTOYHUKOB M aTMOC(HEPHOTOo
BO3/yXa, UCCIIEI0BAJI MUHEpAJbl U TOPHbIE OPOJIbI B XUMUYECKOU 1abopaTopuu
ToMckoro yHUBEpCHUTETa, a TakKKe Bell paboTy MO CO3JaHUIO PaJAMOIOTHYECKON
nabopatopuu. B obmem, I1.II. OpnoB nepBeiM pa3paboTan QpyHAaMEHTAIHHYIO
HAYYHYIO MPOTpaMMy MO H3YyYEHHUIO PAJUOAKTUBHOCTU M PaJMOAKTUBHBIX Be-
mectB B Cubupu.
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I'naea 1. Paduozeoxumusi: om ucmokos 6o Hawux OHell

B TexHOJIOrHYeCKOM MHCTUTYTE 3TO HalpaBlieHHe MCClIeOBaHMM Hanbomee
sapko npexacrasisi Beanamun CemenoBud Turtos (J1abopaHT kKadenapsl GU3UKH,
yuenuk npodeccopa I1.H. Jlebenesa, 6yaymuit npodeccop MI'Y). K usyuenuro
paauoaktuBHOCTH BoJ benmokypuxu (Antait) B.C. Turos, no-suaumomy, mnpu-
crynuin B 1905 r., Tak KaKk B apXHMBHBIX JOKYMEHTaX €CThb €ro 3asBJICHUE OT
25 mas 1905 roga ¢ mpoch00ol KOMaHIUPOBaTh Ha AuTai (1IeJb KOMaHIUPOBKH
He yKa3aHa), u yxe B Mapte 1908 roga, B mpomeHnn Ha UMs JUPEKTOpa WHCTHU-
TyTa, OH MUIIET:

«Jlemom 1907 200a s umen cuyuaii nposecmu, 61a200aps GLINUCAHHBIM Qu-
3uueckoll 1abopamopueil 66epeHno20 Bam uncmumyma npubopam Onvcmepa u
Tetimens, HabnoOeHUss paouOaKMueHOCMU MeNIblX MUHEPATbHBIX UCMOYHUKO8
oepesnu benoxypuxa na Anmae. Omu nabniodenus yoeounu meHs 6 ouelisb O0Jb-
WOl paouoaKmueHOCMU HA36AHHBIX MUHEPATLHBIX 800).

«...Kpome moeo, s yoeouncs, — numer B.C. TutoB, — 6 upeszgviuatino 601b-
woti, npesocxoosawell, no-euOUMomy, paouoakmusHocms easa Hapzana, paouo-
AKMUBHOCIU 2434, 8blOENAIOUE20Cs U3 BeloKYPUHCKUX UCTNIOYHUKOBY.

Ha ocnoBanuu stoii 3anucu Coser Texnonorudeckoro uHctutyta B 1908 ro-
ny komanaupyet B.C. TutoBa u crygenta B.I1. MapkoBa B 3KkcnieiMIUIO 1O Je-
TaJIbHOMY M3YYEHHIO PAJMOAKTUBHOCTU BOJ U Ta30BbIX TEPM JepeBHU benoky-
puxa, BelIenuB it 3TUX 1enei 300 pyoineit (11s1 OpUeHTUPOBKH CTOUMOCTh OJ-
HOI KOpOBHI TOr/1a cocTapisiia 10 pyOeii).

B navane 1909 ropa ¢ matepuanamu o pajiuoakTUBHOCTH BoJ benokypuxu
Ha XII cwe3ne ecrecTBoucnbITaTeNed M Bpauel ObLIM O3HAKOMIIEHBI CIIELUAIN-
ctel Poccun ([laeBHuk Ne 9, 1909-1910).

B 1913 rogy B Tomcke 1O pacrops’KEHUIO AUPEKTOPAa TEXHOJOTHYECKOTO
nHctutyTa m3naercs kuura B.C. TutoBa «PagumoakTuBHAs sMaHanus B BOAax U
razax TepMm JiepeBHH benokypuxa Ha AnTaey.

JlaHHas KHUTra MHTEpECHA CNENHAIUCTaM M ceiuac, Tak Kak MO3BOJIIET Ha-
OmoaTh AMHAMUKY U3MEHEHHS PalMOaKTUBHOCTH B BOJaX M ra3ax.

Bennamun CemeHoBud Turos, madopant ToMckoro
TEXHOJIOTUYECKOT0 MHCTUTYTA — IIEPBBIHA HCCIIe10BATENb
panoaKTHBHOCTH MUHEPAIBHBIX BoJ berokypuxu (Aunraii).
®oro u3 apxusa myses TITY
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leoxumusi paduoakmueHbIX 371eMeHMo8

[To3nHee n3ydyeHneM paguoakTUBHOCTH 3TOTO MCTOYHHMKA 3aHMMAJINCh MHO-
rue yuensle r. Tomcka, B ToM uncie J[.B. Ky3nemnos, oOcTosiTebHbIE aHATH3bI
KOTOpOTOo 1O 3Toi mpobneme omyonukoBansl B 1936 r. (Ky3uenos, 1936). IIpu
3TOM 00palnaisoch BHUMaHHE U Ha paguosKkonoruueckue 3ddexrsr pagona. Tak,
npodeccop TI'Y B.IIL. UexoB (1936) myOnukyeT cTaThlo O BIUSHUU JIe4eOHOMN
BOJIbI KypopTa benokypuxu Ha pa3BUTHE PACTEHHMH, OTMeYas KaK CTUMYJIHMPYIO-
miee, Tak ¥ yrueratouiee Bozaeiicteue (Uexos, 1936).

Kak numer B cBoém nccnenosanun M.C. XBocroBa (2006), B sxypHane «Ky-
poptHoe zieno» B 1926 r. 6pu1a omy6nukoBana cratbs M.II. OpnoBoii, coTpynHIKa
ToMCKOro rocy1apcTBEHHOTO YHUBEPCUTETA, TAKXKE N3yUaBIlei pajnoakTUBHOCTb
npupoHbIX 00bekToB Cubupu. B Hell 0Ha MOABOANUT HEKOTOPBIE UTOTU HUCCIIENO-
BaHUH PaJMOaKTUBHOCTH MPUPOIHBIX 00BEKTOB CHOMPH M BBIIENSAET THUIIBI KOH-
LEHTpalMi paAuOaKTUBHbBIX BEILECTB: 1) KOJUIOM, MPUTATUBAIOILIUN PalMOAKTHB-
HbIE 2JIEMEHTBI; 2) caMu paJIOAKTUBHBIE BEIIECTBA, KOTOPHIE MOT'YT BBINAAATh U3
pacTBOPOB B BUE relieil, KOHLIEHTPUPYSACh TAKMM 00pa3oM B NMPUPOAHBIX IPs3SX;
3) uzoMopdHbIe CMeCH, KOTOpbIE AaeT PaAuil ¢ HEPaIHMOAKTUBHBIMU OCaakaMu; 4)
AKKYMYJISIIIUS TTIOPUCTBIMHA TeJIaMU (KaMEHHBIA YTOJIb); 5) OTJIOKEHHS, 00pa3yro-
IIMECs] B TIPOLIECCE BBIBETPUBAHUS YPAHOBBIX U TOPUEBBIX PYI.

[lo pammoaxktuBHOCTM cubupckux rpszed M.IL. OpnoBa ormeuaer, Bo-
nepBbiX, ucciaenoBannyo A.Il. CokonoBbiM (1905) uuTUHCKYIO TNIMHY, KOTOpast
OblIa eMy IpHUCIIaHa; BO-BTOPbIX, UCCIIEIOBAHUS B JJaOOPATOPUU HEOPraHUYECKON
xumuu Tomckoro rocyaapcrBeHHoro yHusepcureta npogeccopom ILII. Opio-
BbIM U JIPYTMMU JIMLAMH PAJHMOAKTUBHOCTH PA3JIMUYHBIX TPsA3€d U OTI0KEHUHN UC-
toynnkoB. M.II. OpnoBa mpUBOAXT 3TH ompenerneHus: B Buae tabmumbsl. Hanbo-
Jiee paJuOaKTUBHON OKa3ajach I'psA3b C JKEJIE3UCTOr0 MCTOYHMKA Kypopra «Mo-
JIOKOBKa», HO 3amnac ee HezHauurteneH. Taxke M.II. OpinoBa ormeuaer, uto B Up-
KyTckoM yHHBepcutete npodeccop C.A. Apusibames B 1924 r. mpoBen uccie-
JIOBaHHE HEKOTOPBIX CUOUPCKUX Ipsizell Ha paJlOaKTUBHOCTD.

3umoit 1924 r. B nabopaTopun Heopranuyeckoil xumuu Tomckoro rocynaap-
ctBeHHoro yHusepcutera M.II. OprnoBa cama npoBoania UCCIEOBaHUS HEKOTO-
PBIX CHOMPCKUX I'psi3eil Ha palnOaKTUBHOCTb. B pe3ynbpTare mpojesaHHbIX U3Me-
peHUii OHa MpHIUIA K BBIBOAY, YTO I'PsA3HM BOOOIIE Majo paauoakThBHbI. Haubo-
Jee paJuoaKTUBHBIMU OKa3aJUCh 2 BHUJA Ipss3u: ¢ o3epa Ne 5 rpynnsl bannama,
Haxoxgsauerocs B 20 Bepcrax oT Kypopta «bopoBoe» u rps3b ¢. bapmammHckoro
IIUTHEBOr0 KJtoya (MpH BHajaeHuu ero B o3epo lllyube, Haxonsuieecs Takxke B
15 Bepctax oT KypopTa «bopoBoe»). Itu o6pasupl, o npemtoxenuo M.I1. Op-
J0BOM, ObTH Gojiee moapoOHO uccaenoBanbl gokTopoM .M. KpbuieBckum st
BBISICHEHUS! IPUUUHBI UX PAJHOAKTUBHOCTH.

UccnenoBanuss M.II. OproBoil yka3plBaloT Ha OCOOBII HWHTEpeC, KOTOPbIi
pruoOpeTaeT 3Ta MECTHOCTh B CBSI3U C OOHApY)KEHHEM 37IeCh HICTOYHUKOB C TIOBBI-
1eHHoM paanoakTuBHOCTHIO. [LIT. Opnos u M.IL. OpnoBa ycraHOBWIIM, YTO Ipsi3u
o3epa Ne 5 rpynnsl banmnama n bapmammHCKoro NuThEBOro KiIK04a, 10 CPaBHEHUIO
¢ Haubosee paguoakTUBHOU Ips3bio Panro B Mranuu, SBISIOTCS MOYTH PaBHOLICH-
HBIMH €i B CMbICJIE BEJTMUYMHBI aKTUBHOCTH, U MOTJIM Obl OBITh UCIIOJIB30BAHBI IS
nedeOHBIX 1IeIel, TeM OoJiee, uTo B 03epe Ne 5 ee 3HauUMTEIBHBIN 3ar1ac.
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MLIL. Opmnosa (1926, c. 20) oTMeuaer, 4TO HCCIEIOBAHNE PATUOAKTUBHOCTH
CHUOUPCKUX TpsA3ed MOXKHO CYUTATh TOJIBKO YTO HAYaBILUMCS, T. K. UCCIIEJOBAaHUS,
KOTOpbIe ObUIM MPOU3BEICHBI HA TOT MOMEHT, — «KANJisd 8 MOpe No CPAGHEHUIO C
2pomaonoi meppumopueti Cubupu, ewje He U3V4eHHOU 8 IMOM NIAHE U 803MONHCHO
masujell 8 CBOUX Heopax enuxue boeamcmea — 00cmosnue 6yoyuwezon.

HcropuyeckuM MOMEHTOM B W3YYEHUHU SIBICHUS PaJUOAKTUBHOCTH U pa-
JMOAKTUBHBIX BelecTB B CuOupu Obliia BCTpeda pOCCUHCKUX YUEHBIX ¢ MOCKOB-
ckuM kynuom [LII. PgOymmuckuM. B nuuHOM apXuBe OJHOrO M3 OCHOBATemei
ToMCKOro noJIUTEXHUYECKOTO YHUBEPCUTETA — 3HAMEHUTOTO YYE€HOI'O, IIHCATEIS
U IyTeIIECTBEHHUKA akajeMuka Bmagumupa AdanaceeBunda OOpyueBa, XpaHsT-
Cs1 UHTEPECHBIE 3aIIMCKU O €r0 BCTPEYE C 3TUM U3BECTHBIM IIPEANPUHUMATEIEM U
CTIIOHCOpPOM Hayku. Berpeua mpoucxonmna y PaOymmHCKoro qoMa 1 Hocuiia He-
ounmaneHelii XapakTep. Bemuch 6eceqpl ¢ yaenmuTUEM.

Berpeua nmpoucxoauia B uersepr 14 Hosiops 1913 (1910) roga Ha MOCKOB-
ckoii kBaprtupe I[laBna IlaBnoBuua PsaOymmuckoro. Ha sty BcTpeuy Obuin mpu-
rnamensl B.U. Bepnanckuii, B.A. O6pyues, B.Jl. CokoJioB u qpyrue u3BeCTHHIE
ydensble. Beero npunuio 12 yenoek.

PsOymmHCKHl ¢ MHTEPECOM BBICTYIIANT pacckasbl mpodeccopos BepHascko-
ro, [llnnoBa 1 Ipyrux y4eHsIX O paJyy, €ro 3Ha4€HUH JJI1 HAYKH U YEJI0BEKa U O
OyaymieM, koTtopoe ero oxkuaaer. OH, KaKk KOMMEpPCaHT U JICJIOBOW YEIOBEK,
BECbMa 3aMHTEPECOBAJICS ITHUM [JEJIOM M 3aJaBajl MHOTO BOIpocoB. [Ipomasce,
CKa3aJl, 4YTO TOTOB MPOUHAHCUPOBATH MOUCKH PAJHs U PaMOAKTUBHBIX dJIEMEH-
TOB, HO IIPH COOJIIO/ICHUN OMNPEJECIICHHBIX YCIOBUN TE€MH, KTO MPAKTUYECKU OYy-
JIET OCYILECTBIIATh 3TU MOMCKHU 3a CUET €ro cpeAcTB. Kak 1enoBoil uyenoBek, OH
y>Ke Tor/ia AyMall, Kakhe MpaKTHYECKHUEe BBIFOJIbIl MOKHO M3BJIEYb U3 pa3paboTKu
KOMILJIEKCA BOIPOCOB, CBSI3aHHBIX C MOMCKaMH, 100bIUeil pajgust U MpUMEHEHHUS
€ro Ha MpaKTHUKe.

[Mocne Bcrpeun I1.I1. PaOymuHCKOTO ¢ y4eHBIMH OBLTH MPUHSTHI MEPHI IO
YCKOPEHHUIO TIOUCKOB PAJMOAKTUBHBIX 2JI€MEHTOB B Poccuu. 3a cuer mpoMsbli-
JICHHUKOB OBUIO OpPraHU30BaHO JIB€ KOMIUIEKCHBIE JSKcreaunuu: B CpenHioo
Asuro (B @eprany) u B 3abaiikaibe.

HeszaBucnmo 0T 3TUX DKCIIEAULINM, TOUCKAMU Paays 3aHSUTUCH U PAKTUYECKUE
reosior, padotasmme B Cubupu. Ilocne Berpeun y kynua ILII. PsaOymmuckoro, B
Mockse Bnaaumup AdanacreBuu OOpydeB NpeAnpuHsII Aru M0 OpraHu3aluu
nouckoB pagust B Cubupu. OH HampaBWl yepe3 CBOETO YUEHHUKA, CTABIIETO €ro
npeeMHUKOM Ha Kadeape B TOMCKOM TeXHOJOTHYECKOM MHCTHTYTE, Ipodeccopa
ILII. 'ynkoBa GONbILIYIO CTAaThIO, KOTOpas BCKOpe ObLIa OMyOIMKOBaHa B TOM-
cKkoii razere «Cubupckas *u3Hb» MoJ HazBaHueM «Muure paauit». B arToii cra-
The B.A. OOpyueB nonyJsipHO U3JI0KUI MPEJCTABICHUS O PaJluH, KaKylo CIIyxkO0y
OH COCIIYHT JIFOIAM M NPU3BAJI UCKaThb MECTOPOXKACHUSA paius U PaJIuOAKTHB-
HBIX 3JeMEHTOB. [loayynB nUcbMO CBOEro HacTaBHUKa, ['yaKOB coOpai Bcex pa-
00TaBUIMX O]l €r0 HayajioOM Ie€0JIOrOB, a TAK)XKE CTYJIEHTOB FOPHOTO OTAEIEHHUS,
MIPOXOAMBILIMX MPAKTUKY B CHOMpPHU, IPOYET UM JIEKLHUIO O PAJUH U PaAUOAKTHB-
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HBIX DJIEMEHTaX M MPEMJIOKWI IMOMYTHO C HCIOJHEHHWEM OCHOBHBIX paboOT MO
pa3BeIKe MECTOPOXKICHUHN Pyl 3aHUMAThCs €llle U ouckamu paausi. OgHako pe-
3yJbTaThl 3TUX MOMCKOB OBLIM MaJOyTeUIMTEIbHbl. KpyMHBIX MECTOpOXICHUN
TOTJ]a OTKPBITO HE OBLIO.

[Tpu4nHO# 3TOr0 OBLIO TO, YTO HUKTO NMPAKTUYECKU HUYErO HE 3HAI O pa-
JTMOAKTUBHOCTH PY/[ U elie He Obl1a pazpaboTaHa METOJUKA IIOMCKOB ATHX PYI.

O moxpoOHOCTSX, KaK B 3TH TOAbI CHOMPSKU WCKAIM Pajuid, paccKa3blBal
OBIBIINI CTYJEHT FOPHOTO OTAEICHUS TOMCKOT0 TEXHOJIOTHYECKOTO MHCTHTYTA,
BIIOCJICICTBUH 3HAMEHUTBIA cubupckuil reonor npodeccop Hukonait Hukomnae-
BUY Y PBAHLIEB.

Crynent YpBaHIEB HOJ PyKOBOACTBOM mpodeccopa I'ynkoBa pabotan B
1913-1917 rr. B Ky306acce Ha pa3Beake MECTOPOXKICHUH Kele3HbIX pya. [ moucka
PaZMOAKTUBHBIX PyJl MPUOOPOB HE CylecTBOBalO. [1oabp30Banuch peKoMeHIalAMH
ILIT. I'yaxoBa. HeGe3bIHTEpECHO, YTO YPaHOHOCHOCTH ene3HbIX pya KysHerkoro
Amnatay ObLTa JoKa3aHa ToJbKO B misituaecsiteie roabl (T.M. Kaiikosa u ap.).

CHapsokennas Ha aenbru [LI1. PaOymmHckoro crenuanbHas dKCIEAHIIHS
3aHHMMaJach MOUCKAMM PaJHOAaKTUBHBIX 3JEMEHTOB B 3abaiikanbe JIETOM U oce-
Hb10 1914 rona. Bosrnasun 3a0aiikansckuid oraen Muxaun Huxonaesuu Co6o-
JIeB, SKOHOMUCT 10 oOpa3oBaHuio. KpynHblll yueHbIl, OH psf JIeT npopadboTan B
ToMckoMm yHHBepcUTETE M B TOMCKOM TEXHOJIOTHYeCKOM MHCTUTYyTe. OH OBUI B
OonbIoi npyxoe ¢ mpodeccopom B.A. OOpyueBbIM, UcciieoBaTeneM 3adaiika-
absg 1 Monronuu I'.H. IloTaHMHBIM 1 MHOTMMHM JAPYTMMH YYE€HBIMU, 3aHUMABILHU-
mucs uccnenoanusmu Cubupu. [Ipodeccop M.H. CoboneB ObLT ONBITHBIM HC-
CcJIeJIoBaTeNIeM, XOPOIIO 3HAJI MECTHOCTh M, BO3MOKHO, IMEHHO [I03TOMY €My, He
CHEIHAIHNCTY B O0JACTH T'€OJOTHH, U OPYUYMIN BO3TIIABUTh 3a0alKaIbCKUHA OT-
nenn MOCKOBCKOW KCIIeTUITNH, Kak o(pHUIMaIbHO Oblla Ha3BaHa TOTAa dTa rpyIia
uccienosareneit. [Ipodeccop BeiHy)IeH ObLT 3akmtounTh ¢ [1LI1. PaOymmHaCKIM
JoroBop. B cooTBeTCTBHM C HUM, OH HE UMEIl IIpaBa BO BpeMs pabOThl COOMpATh
JUYHO JJIs1 ce0sl KOJUICKIMH, NIeNIaTh OMHMCAaHUS MECTOPOXKICHHI, IepenaBaTh,
KoMy OBbI TO HM OBUIO JIOOBIE CBENEHHS 10 pabote skcnenuimu. Bee, yto xaca-
JIOCh AKCIIETUIMU U €€ PaldoThl, SIBISUIOCH JIMYHOU coOcTBeHHOCThIO [LII. PslOy-
IIMHCKOTO, ¥ TOJIBKO OH OJIMH MOT pacropsikaTbCsl BCEMH MaTepHalaMu paOoThI.

B pabore 3abaiikaibCckoil AKCHENUIMM NPUHSUIM y4acTUE MHOTHE BUJHBIE
y4eHble B 00JIaCTH MeTporpapuu, MUHEpaIOruy, reosioruu. B uncne coTpyJHUKOB
JKCIeUIuH, 1o pekomeHaanuu B.A. OOpydeBa, ObUT CTYJJEHT TOPHOTO OT/AEICHHUS
Tomckoro Texnonornueckoro nHcTuTyTa Hukomain Kapaxanos. B konne 1914 ro-
na H.M. CoOGorneB ormy0imkoBai KpaTkoe cooOreHne o0 urorax padbotsl 3abaii-
Kajbckol skcreauuuu. OHO XpaHuioch B JuuHOM apxuBe A.A. YUepHosa B Un-
CTUTYTE T€0XUMHUHU UM. BepHaackoro.

Becbma wunTepecHOM st HaceneHusi Tomckoil ryOepHUM Oblia CTaThs
Hmutpust BuktopoBruua AsnekceeBa B razete «CHOMpCKas KU3Hb» OT 9 aexadps
1905 rona, B KOTOpOii aBTOp, COTPYIAHUK Kadeapbl XUMUU TOMCKOTO TEXHOJIOTH-
YECKOTr0 MHCTUTYTA, PAcCKa3blBal O CBOMCTBaX paJusi U O €ro BO3MOXHOM 3Ha-
YEHUH [T YeIOBeKa.
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JI.B. AnekceeB omyOJIMKOBaJ €Ile psAJ cTaTeil MO BIMSHHUIO PaIHOAKTUBHO-
ctu Ha xuBble opranu3mbl. [1o manasiM W.T. Jlo3oBckoro, oH yxxe B 1904 roxy
3aHMMAJICSl U3YUYEHHEM PaJIMOAKTUBHOCTU M PAJIMOaKTUBHBIX BellecTB. M3 razer-
HBIX COOOILEHUH M3BECTHO O ero myOnauuHoil nekuuu B r. Tomcke (razera «Cu-
Oupckas xKu3Hb» 6 Gespamst 1904 1.).

K coxanennro, ero, a mo3anee u B.C. Turosa, kak HeOJIaroHaaeKHbIX Tpe-
nojasaresei, Beicnanu u3 Tomcka, U Jajgee BOMPOCaMH PaJMOaKTUBHOCTA OHU
HE 3aHUMAJIHCh.

[lepBas MupoBas, 3aTeM rpakJaHCKas BOWHA, HayaBIIHECS BCKOpE MOCTe
TOTO, KAaK TOMCKHE TE€XHOJOTH MPUCTYIUIN K TIOUCKAM PaTHOaKTUBHBIX JIEMEH-
TOB, 3HAYUTENIBHO OCIOXHWINA pabOTy B 3TOM HalpaBlIeHUU. MHOTHE T€O0JIOTH U
CTYACHTHI OBLIH NMPHU3BaHBI B apMuto. 3ateM B CHOMPH HACTYNHI Xaoc. 3aMep3in
naboparopuu. MccnenoBanust HaoaTo OBUTH MIPEPBAHBI.

CrnoxHnoit Obia cyapba stux uccinenopareneii. Tak, reomor ILII. ['ynkos,
BO3TJIABUBILWI Ha HEJ0ITOe Bpems, 1o npocsde B.A. O6pyueBa, pabotsl B Cubu-
pH 10 MorcKaM paaus, Obl1 BeIHYXJeH B 1919 rony yexarts u3 Tomcka Bo Brnagu-
BOCTOK, a JiBa roja cmycTs oTtyaa oH yexan B CIIIA u Tam ocrancsa. B Amepuke
OH pabotan 1o camoi koHYHHBI (1955 1.). [LI1. I'yaKOB CKOHUANICS aKaIeMHUKOM,
m1aBHBIM KOoHCYJbTaHTOM CIIIA n Mekcuku nmo HeTH, YICHOM MHOTHX HayYHBIX
o0rrecTB 3apyOexkHbIX cTpaH. OH CKOHYAJICS KPYMHEWUIINM IeoJIorOM MHUpa, 3Ha-
MEHHUTHIM aMEPUKAHCKUM YY€HBIM, HO BCET/Ia OCTABAJICA IPU 3TOM UCTHHHO pyC-
CKuM uenoBekoM. OO 3TOM BechbMa yOETUTENThHO CBUACTEIBCTBYIOT €0 MHOTO-
yucieHHsle nucbma u3 CIIA, KoTopble COXpaHWIUCH A0 HAIIUX JTHEH.

Tonpko HeOMarompusiTHbIe OOCTOATEIHCTBA MOMEIIATH TOMCKUM TOJUTEX-
HUKaM B HadaJie BeKa YCIICITHO paboTaTh B OOJIACTH pagusi M PaTUOAKTUBHBIX
3JIEMEHTOB.

B aToT nepuo nmpe1BOEHHOTO U MPEeAPEBOIIOLIMOHHOTO COCTOSHUS HAy4YHOM
OOIIIECTBEHHOCTBIO TMPAKTHYECKH HE3aMEUYeHHON ocTalach KOMaHIHWPOBKA
B.U. Bepraackoro B 1914 roay B ToMckyro (KOMaHAMPOBOYHOE yIOCTOBEPEHHUE
coxpanunocb) u HpkyTckyro ryOepHuu, a Takke mnoe3naka Mapuu Kropu-
Cxknonosckoii B KpacHosipek.

Kak ormeuaer A.A. Xaxankun (1991), B.W. BepHanackuili nocetus B utoiie
1914 r. Cubups. On pabdotan B 3abaiikaibe. B cBoMX BOCTTOMUHAHUAX OH MHIIIET:

«... Beco maian pabomer mbl 8bINOIHUIU, HO, NPUSHAIOCD, OBIIO BPEMEHAMU
0080JIbHO MPYOHO eCMU pabomy cpeou MOOUTUZAYUU U MPEBOU... ).

Wntepec k panueBbiM pyaaMm B CuOupu, mo-BHIMMOMY, ObUI HE CIIy4daeH.
A.A. XaxankuH (1991) BbICKa3bIBa€T MBICIb, YTO 3TO CBSI3aHO C BBICOKOM IICHOMN
Ha paguil B MUpe, a Takke To, 4To B 1913 rony npasutenscrBa ABcTpo-BeHrpun
u I'epmanuy (I71aBHBIE MOCTABIIMKH CHIPBS JJIS TOJXYYEHUS PaJusl) HAIOXKUIH
3ampeT Ha BBIBO3 PAJIMOAKTUBHBIX PYJ U3 CBOMX CTpaH, 0OBbSBUB UX rOCYJapCT-
BEHHOI COOCTBEHHOCTBIO.

N3 coobmienuit neyatu ObLJI0 U3BECTHO, UTO pailoHbl CuOMpU BeCchbMa UHTE-
pEeCHBI Ul BBIABICHUS pyA, coaepkamux paauid. Tak, Toasko B 1914 roxy B
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JKypHaine «[ opHbIE U 30JO0TONPOMBIIUICHHbIE W3BECTHUsD OBUIO OMyOIMKOBaHO
cBbIme 30 MaTepHaIoB 1o JaHHOMY Bompocy (Xaxankus, 1991)".

HNmenHo B mocneaHel paboTe cOOOIIANOCh «... 0 Gblezde IKCneouyuu 60
enase ¢ Kropu na batikan ons pazeéeoxu ypamoswix pyo ... ».

Ota 3ameTka wucnonb3dyercs B.A. OOpyueBbIM MpPH COCTABICHUU KHUTH
«bubmorpadus Bypsar-Monromuu (1890-1936)», Ha KOTOPYIO CCBIIAIOTCS CO-
BETCKHE MCTOpUOTpadbl HAYKU MpU 00CYKIESHUH BOMPOCA O MPAKTUYECKU He3a-
MEYEHHOM B HaydyHOM MHUpe (pakte mpeObiBaHus ABaKIbI TaypeaTa HobeneBckoi
MPEMHH, BBINAIOIIETOCS HCCIEAOBATENsl PAAMOAKTUBHOCTH U PaTUOAKTHBHBIX
anemenToB Mapuu Kropu B Cubupu (Crapocenbckas-Hukutuna, 1963).

Kak ormeuaer M.C. XBocroBa (2006), 60bI110i1 00beM UCCIETOBAHH MHHE-
paJIbHBIX UCTOYHMKOB 3abaiikaiibs ObLI rpojenan nokropom M.A. baramessim. Emie
B 1905 1. OH HanMcan KHUTY, COAEpXKAIyt0 onucaHue 165 MUHEpaTbHbIX UCTOYHHU-
k0B 3alaiikaibs U pe3ynbraThl 61 anannza 3tux uctouHukoB (baraies, 1905).

12 mas 1910 r. Ha coequHEHHOM 3acenaHuy OU3NKO-MeUIINHCKOT0 OOIIECT-
Ba 1pu MockoBckoM yHuBepcutete M. A. barammes cnenan noxian « MunepaibHbIe
UCTOYHUKHU 3abaiikanbs u 3a1aun ux uzydeHusn» (1910). OH pa3BuBai B 3TOM J0K-
J1aJie OCHOBHBIE TIOJIOKEHUS, U3JI0KEHHBIEC paHee B €ro KHUre «MuHepasibHbIE UC-
TouHUKH 3abaiikanbs» (1905), u mokazan BaXXHOCTh U HEOOXOJAMMOCTh JaJIbHEH-
IET0 U3y4YeHUs] MUHEPATbHBIX UCTOYHUKOB 3abaiikambs. [1o ero MHEeHuUIo, reomo-
TUYeCKre 0COOCHHOCTH 3a0aiikaibsi 00yCIOBUIN PAIMOAKTUBHOCTh MUHEPATIBHBIX
HCTOYHUKOB 3TON 06mactu. Kpome Toro, oH cchutajicst Ha MpojieaHHbIe paboThI
npodeccopa A.IL. Coxomnosa (1905) mo onpeneneHno BEICOKOH pagroaKTUBHOCTH
ruHbl 13 9Toi yactu Poccun u ILI1. Opnosa (1912), otmetuBiero, uto B 3adaii-
KaJIbe JIOJDKHBI HAXOJIUTHCS PaIHOAKTUBHBIC UCTOYHUKHY.

Ou3uKo-MeIUIIMHCKOE 001IecTBO BhAenuio S00 py0. Ha MpoaoKEeHUE pa-
6ot moktopa WM.A. bBarameBa mTo WHCCIETOBAaHWIO HCTOYHUKOB 3a0alKalibsl.
O npeaBapUTENbHBIX PE3yJIbTaTaxX MPOU3BEIEHHBIX HccienoBanuii M. A. baramies
J0JI0KUT 00mecTBy yxke B okTsa0pe 1910 r. (barames, 1910). On coobmmi, 4To
UM ObuTM OOCIe0BaHbl Ha PAJIMOAKTUBHOCTh MUHEPANIbHBIE UCTOYHUKHU IIECTH
paiioHoB 3a0aiikanbs. PagnoakTHBHOCTh BOJI IBYX TMOCJICTHUX PAHOHOB C JIEBSI-
ThIO KazaubuMM nocenkamu M.A. baramieB u3ydan B CBSA3M C T€M, YTO B ITHUX
paiioHax OBUIM pachpoCTpaHEHBI 3a00JIeBaHMS, TAKHE KaK dYHIAECMUYECKUN 300 U
0CTE0apTPUT, CBSI3aHHBIE, TI0 €T0 MHEHHIO, C MMTHEBOM BOAOK. Beero ke um ObI-
JI0 UCCJIEIOBAHO HA PAMOAKTHUBHOCTH 60 MCTOUYHUKOB 3abaifkaibsi, ObLIO MPOU3-
BelleHO 112 oTnenbHBIX ompeneneHui paanoakTUBHOCTU. B pesynbrare mpoje-
nanHO#M paboTel M.A. barameB yctaHOBWII, 4TO 0OCJIEIOBaHHBIC UM HMCTOYHHKHU
007a1atl0T  JIOBOJIBHO ~ OOIBIIONW pPaJMOaKTHUBHOCTHIO, OOYCIOBIEHHOMW, TIO-
BUJINMOMY, HAJIMYHUEM SMaHAIMH pajus B Boje. OJHOBPEMEHHO UM OBLIO yCTa-

! Bopeiima B.M. O HE0OX0UMOCTH MHPOKOTO OOIIECTBEHHOTO MMOYMHA B JIEJIC MOUCKOB U HCCIICIOBAHUS
pannoaktuBHbBIX pya Poccun. Ne 7, 1914. C. 135-144; Paauii 8 Cubupu. Ne 2, 1914. C. 36; Ypanosas py-
na Ha batikame. Ne 12, 1914. C. 257.
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HOBJICHO, YTO 3a00JIeBaHUS HACEJIECHUS Ka3auybUX MOCEIKOB 3aBUCAT OT BHICOKOMH
(ot 2,25 no 10,22 en. Maxe) paqnoakTUBHOCTH UTheBOM Boabl (barames, 1911).
PaanoakTHBHOCTh HEKOTOPBIX MCTOYHMKOB CHOMpPHU MOIMYyTHO C HCCIIEAOBa-
HUEM pyaoo0pa3oBaHMsl MECTOPOXKIEHHUH 30j0Ta ompenemsur B 1910 r. reosmor-
muHepasor B.K. Kotynbsckuii, mpon3BOIUBIIHIA B 3TO BpeMs HcclieqoBaHusA B bap-
T'Y3MHCKOM OKpyTe 1o 3aaanuto ['eonornyeckoro komurera. Mim 6bu11 nccnenopa-
Hbl Ha PaIMOAKTUBHOCTh: TYpPKUHCKHE ropsiuue CepHble BOAbI, ['apruHCcKuil cep-
HbIU Topstunil Kito4, Ceroickue cepHble BOJIbI, ropsiunii kinod Kyduxerp, YmMxen-
CKHE TOpsAYre BOJbI, TOpsiYMid KIIto4 MeraplikoH, MOHroickue ropsyue KiIoyu,
TeIIble KII0YM Ha Oepery o3epa VpkaHo, XOJIOIHBIA K04 Ha JIeBOM Oepery
Bepxneit Anrapsl u ropsuuii kKiarod Ha mpaBom Oepery p. JbxemmHnber (KoTyib-
ckuit, 1912). Kpome toro, B.K. KoTynbsckuii nu3mepusn akTUBHOCTh BO3TyXa Ielle-
PBI, PacIoyIOKEHHOW B m3BecTHsKax mamu [lemepHoit. PagmoakTuBHOCTH 00JIB-
IIMHCTBA MCCJIEIOBAaHHBIX UM MCTOYHUKOB ObLIa HEBEJIMKA, 32 UCKIIOUEHUEM XO-
JaogHoro BepxHe-AHIrapckoro Kirooua, paJiOakKTUBHOCTh KOTOPOI'O OKa3ajlach ca-
Mol Beicokoii B Mmupe (10776 en. Maxe). OmHako pe3yabTaThl, MOIy4YEHHBIC
B.K. Kotynbckum, BbI3BaIl COMHEHHE, TaK KaK [P BTOPOM U3MEPEHUU OH IOJIy-
g udpy 8568, a npu TpetbeM — 4968 en. Maxe. Ctonb BbICOKAsl PaInOAKTHB-
HOCTh UICTOUYHUKOB He noaTBepAuiach uccienaoanusmu E.C. Bypkcepa (1915).

JLH. borosBienckuii (1925, 1926) Takyke MHOTO caenai Uil ONpeaeacHus
PaIMOaKTUBHOCTH B MPUPOAHBIX 00bekTax Cubupu. B 1920 r. Cubupckuii otnen
3/IpaBoOXpaHeHus: oopaTmicsa B ['eosornueckuii KOMUTET C MPOCKOOW HANPaBUTh
JILH. borosiBieHcKoro Jyisi onpeeiaeHus: paguoaKTUBHOCTH FOPSAYUX UCTOUHUKOB
y cena Hoas benokypuxa Antaiickori ryoepaun. JI.H. borossnenckuii (1926)
noareepani BeiBoa B.C. TutoBa o TOM, 4TO paiMOaKTUBHOCTh UCTOYHHKOB 00Y-
cloBJeHa sMaHanuel pagus. K coxxanenuro, B cBoel paboTe 3TOT Hcclea0BaTeNb
HE YIOCYXUJICS YIMOMSHYTh 00 HMCCIEIOBaHUSAX PaJMOaKTUBHOCTH KypopTa be-
nokypuxa Tomckum uccienoBatenem B.C. TuroBeiM B 1905-1909 romax, omy0-
nukoBaHHBIX B 1913 1. (Turos, 1913).

B Benokypuxe JI.H. BorosiBneHckuii 1okeH ObUT TOMOYL HAWTH HOBBIE UC-
TOYHUKHU MUHEpaIbHON BOJBL. [ eomornyeckas kapra 3TOro paiioHa emie He Oblia
cocraBneHa, nmodtomy JI.H. BorosiBinenckuii pa3paboran CBOIO CUCTEMY IMOHUCKA.
[To ero MHEHHIO, BBIXO/IBI TOPSYEH paIMOAKTUBHOM BOJIBI JOJIKHBI OBITH CBSI3aHBI
C BEPOSITHO CYHIECTBYIOIIEH CHUCTEMOM TPEUIUH, 0 KOTOPHIM BOJIa MIOCTYIAET HA
MOBEPXHOCTh, CO3/aBasi MOBBIIMICHHYIO paanoakTUBHOCTH. JI.H. BorosBnenckuit
M3TOTOBWJI MPOCTEUIINMA 3IEKTPOCKOI, U3MEPUIT PaIMOaKTUBHOCTh BO3/lyXa He-
MOCPEICTBEHHO Y UCTOYHUKOB M B HECKOJIbKMX TOYKaX Ha TEPPUTOPUU KypOpTa.
3HauyeHMs MOBBILIEHHON aKTUBHOCTHU HAHEC Ha IJIaH MECTHOCTH W MO 3TUM TOY-
KaM TOMBITAJICS OINpeNeInTh CUCTeMy cOpocoB U TpemuH. [lo ero ykaszaHuio B
30He COPOCOB W TPEHIMH OBLTU MPOOYPEHBI CKBAXHHBI, KOTOPHIE JaTH MPUTOK
pamnoakTUBHON BOJibl. CBOM M3MEpPEHHUS TI0 aHAIOTHH C T€0e3UIECKON U T€0JI0-
IMYECKOM CHEMKOW OH Ha3BaJl paJlOMETpUYecKod cbheMKoil (borossieHckuid,
1925). OToT TepMHUH BCKOpE OBbLI MPUHAT U APYTUMHU UCCIen0BaTeNIMU (XBOCTO-
Ba, 2006). Ha ctaThbu BOrosiBIeHCKOro cchliaiuCh B COBETCKOW MU MHOCTPAHHOM
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Hay4YHOU JIUTEpaType, a NPEeAJIOKEHHBIM UM METO/1 Cpa3y CTaJl OJHUM W3 Halpas-
JICHUH reoPU3UKHA-PaTUOMETPHUH.

Otuer no npoBeneHHbIM uccienoBanusM JI.H. borossneHckuil nepecnan B
["'eosikoM, KOTOPEI OBUT paCCMOTPEH Ha OYEPeTHOM 3acenanuu B aekadpe 1920 r.
U TOTYYHIT BBICOKYTO orieHKy. Cam sxe JI.H. borosiBieHckuii cpasy moHsi1 0cO0y0
U IIUPOKYIO MEPCIEKTUBY MOAOOHOTO H3MEPEHHSI €CTECTBEHHON PaIMOAKTUBHOCTH
JUTSI TIOUCKOB TIPUPOJTHBIX BOJI, @ MOXET OBITh, U IMOJIC3HBIX UCKOMIAEMBIX.

B Tedenue psaa ner paguomMeTpudecKas ChbeMKa HCIIOIb30BANIACH IS pas-
BEJKM TOJIE3HBIX MCKOMAEMBIX TOJBKO C OOJBIIMM COAEPKAaHHUEM PaNOAKTHB-
HBIX DJIEMEHTOB, TAKHX KaK PaJMOaKTUBHBIC BOJLI M pyabl. Ocoboe 3HaueHue
MMeTNU pa3BenovHble paboThl B Tios-MyloHe, Ha €IMHCTBEHHOM B TO BpeMs B
HAIllell CTpaHe pyJIHUKE, IJIe MPOBOAMUIACH MPOMBIIIICHHAs A00BYa paanoak-
TUBHBIX pyAd. [loaroroska skcnenuuuu B Tros-MyroH 3aHss1a MHOTO BpeMeHd. Ho
ydactBoBaTh B 3kcneauuuu JI.H. borosBienckomy He npumuiocs. Paguomerpu-
YeCKyI0 cheMKy cnenan npodeccop I.O. EpunkoBckmuii.

Nunxenepom-texnonorom 3.3. Kapcrencom (1908, 1910), paGoraBmum B
xuMudeckoi nadoparopun Kapkasckux Munepanbnsix Bon (KMB), B 1907 1.
OBLTM HayaThl WCCIICIOBAHUS MHUHEPATBbHBIX MCTOYHHUKOB paiiona KMB Ha pa-
JTUOAKTUBHOCTG. 2 nexadbps 1908 r. Ha 3acenanuu Pycckoro 0anbHEOI0rHu4eckoro
obmiectBa B [IaTUTOpCKE OH JONOXKUI O pe3yabTarax. MM Oblia ompeseneHa pa-
JIMOAKTUBHOCTh 26 MUHEPAIbHBIX UCTOYHHKOB U COCTaBJIeHA Ta0JHIla aKTUBHO-
CTe MUHEpAJbHBIX UCTOYHUKOB 1O rpynmnam. beutn uzyuenst: [Iaruropckue, Ec-
centykckue, KenesnoBojckue, KucinoBoackue Boabl. Ero uccienoBanust oTiu-
YaJIUCh OT JIPYTUX TEM, YTO U3MEPEHHUE PAJIMOAKTHBHOCTH MCTOYHUKOB OH MPO-
BOJIMJI B TIOJIEBBIX YCJIOBUSIX, @ HE B Ja0OPAaTOpUX MO UCTEYEHUN BPEMEHH.

B 1910 r. mox pykoBonctBom E.C. Bypkcepa Obina co3mana Onecckast paarosno-
ruyeckasi 1aboparopus, IeIbI0 KOTOPO SIBISTIOCH HCCIIeIoBaHUE aTMOC(heEphI, BOJIBI,
HEeNeOHBIX TPsI3ei, MUHEPaIOB U py/Ibl YKpanHsl, KppiMa u KaBkaza Ha paaroakTvB-
HocTb. M3BecTHa pabota E.C. Bypkcepa o paauoaktiBHoCcTH yrieit B Kyz6acce. 1o
OBUT OZIMH M3 TEPBHIX HAYYHBIX PAIHOJIOTHUECKUX IIEHTPOB, OKA3aBIIMX BIMSHUE HA
pa3BUTHE PAIUALIMOHHBIX UCCIIEIOBAaHUM B IpyTUX peruonax Poccun.

<« JLH. Borosinenckuii — HCCIIEN0BATEND PAJMOAKTUBHOCTH BOJ.
Bren nonsTHe «pagnoMeTpuieckasi ChbeMKay
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«Tpyabl XUMHUECKOM W pPaHOIOrMYecKOM J1abopaToOpum», BBITYCKAEMble
E.C. Bypkcepom ¢ 1911 r., 6puti oiHUM U3 TepBBIX B Poccuu medyaTHbIM cHcTe-
MaTU4YECKUM H3JaHUEM IO M3YYEHUIO PAJUOAKTHUBHOCTH U MX HOCHUTEIEH — pa-
JTMOAKTUBHBIX 3JIEMEHTOB.

PagnoakTHBHOCTh HEKOTOPBIX MPHPOJIHBIX 00BbekTOB KpbimMa u KaBkasa
n3ydall BBITYCKHUK MOCKOBCKOTO yHHBEpcuTeTa, XUMuK-paauonor B.M. Cnu-
LbIH. B OCHOBHOM 3TO HCCII€JOBaHUA I'psi3ed, MUHEPAIbHBIX UCTOYHHUKOB M TI0O-
poa, B yactHoctu B KybOaHckoit obmactu B mecteuke AnexceeBckuit [opsuunit
Koy B niepuoj ¢ 1914-1921 rr.

[lepBas uHpopMaLus 0 HATUYUU MECTOPOXKIACHUM paJlOaKTUBHBIX MUHEpa-
noB B Poccun npunannexut M.A. AatunoBy, kotopomy B 1899 rony uepes xu-
muka ['eonkoma, mpodeccopa b.I'. Kapmosa 0butn niepeansr 006pasiisl ¢ METHOTO
MecTopoxxaeHus Tros-MyroH, oTpabaTbiBaeMOro KuTailiamMu emeé B APEBHOCTH.
B Hux U.A. AHTUNIOB OOHapy»XuJl ypaHOBbI MHHEpal — XaJbKOJUT (MEIHBIN
ypanut). O6 3ToM OH cjenan cooOuieHne Ha MUHepaJoruyeckoM OOIIECTBE B
1900 roxy. O oTMmeuan, 4To ypaHOBbIE MUHEpalbl B PoccuiickoM rocyaapcrtse
PENKOCTb, a UCCIEIOBaHHbIM UM MUHepal sBiseTcss Ooratoil ypaHoBO#l pyaoi.
B 1904 rony umxenep X.M. ABTyHOBMY Hayajl ero J0ObIYy HA JHYHBIC ACHBIH
(IToromun u np., 1977).

Oto ObIM 00pa3lbl C MEPBOrO YPAHOBOI'O MECTOpOxjeHHs Poccuiickoro
rocymapctBa — 3HameHuToro Trosi-MytronHa, nasmiero B 1922 romy mepBbii poc-
cuiickuii panuit (Iloromun u np. «Kak mnobbun coBerckuil pamuii», 1977), Ha
M3Y4YeHUH U OCBOCHHMH KOTOPOIr0 BOCHIHTAJIAch OOJIbIIasl IUIesiia CIEelUaIiuCcCTOB B
00JIacTH  ypaHOBOM T€OJIOTHHM, TE€OXUMHUM M XMMHUYECKOH TEXHOJIOTHU:
A.E. ®epcman, JI.U. Ulepbakos, B.I'. Xmnonun, I'.0. Epuukosckuii, E.A. Henan-
keBuu, M.JI. KypOaro, C.II. Anekcangpos, WM.f. bammios, A.A. baiikos,
A.IL I'epacumos, A.B. Camoiinos, B.1. Crvupin, A.C. YinoHckuid, A.A. YepHOB 1 11p.

OTKpBITHE PAZIMOAKTUBHOCTH NPUBJIEKIO BHUMAHHUE HE TOJIBKO XMMHUKOB U
(U3KMKOB, HO U TEOJIOTOB, U Mpexkae Bcero B EBporie, 0OpaTuBIIMX BHUMAaHUE,
YTO C HUCIIOJIb30BAHUEM ITOTO SIBJICHMSI MOYKHO OIPENEIUTH BO3PACT IIAHETHI U
npuuuny e€ teruia (P. Ctpert (Paneit), Ix. >xonu, b. bontByn u ap.).

26 oxTs0ps 1904 rona, oTKphIBast 3aceanue Pycckoro MUHEpanIoru4eckoro
obmectBa, akagemuk A.Il. KapnuHcKkuit OTMETHII, 9YTO paJiOaKTUBHBIE BEIIECT-
Ba, OTKPBIThIE B MUHEpaJaxX ypaHa, PeJCTaBIAIOT HHTEpEC KaKk 0OBEKT UCCIe10-
BaHMS, KOTOPBIM 3aHUMaeTcs oomectBo (Mneuna, 1973).

I'eonoru Poccun emie He ObUIM MOATOTOBICHBI K IOHUMAHUIO BEJIMYANUIIETO
oTtkpsIThsA A. bekkepens, xots B 1907 r., mo npexncrasiennro A.11. KapnmHckoro,
®.H. Yepnsimea u B.M. Bepnaackoro, Poccuiickoil akamemueir Hayk Obuio
IIPUHSTO pElIeHHE HayaTh CUCTEMATUYECKOE M3ydeHHe Ha Tepputopun Poccun
pazMoaKTUBHBIX MMUHEPAJIOB, U JJaxke Obu1a BeeseHa cymma B 10 000 pyOieid.

[TorpeGoBanock BpeMss M ObUla HeoOXoauMa TeHHAJIbHAs WHTYHUIHA
B.N. Bepnaackoro, npucytcTBytomiero Ha gokiaane x. xomu B 1908 rony Ha
chesne bpuranckoii accormanuu cogecTBus pazputuio Hayku (dy6mmn, 1908).
Bor kak BcriomuHaeT 06 3ToM cobbiTiu cam B.W. BepHajackuii Ha oOmiem coopa-
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Huu 17-1 ceccun MexyHapoIHOTO Teojiorndeckoro koHrpecca (Mocksa, 1937):
«A Oymaro, umo HemHO2Ue 30ech npucymcmayowue ovliu Ha cvezoe 8 [[yonune 6
1908 200y u umenu cuacmoe crywams 00Kk1ao [oconu u ¢ Hum becedosams. Mue
IDiconu moeoa omkpuwin enaza, u 6 1910 2. s evilcmynun 6 3aceoanuu Axademuu
Hayk ¢ peuvio “‘3adayu OHs 6 obaacmu paous” ... ».

DTOT MPOrpaMMHBIN JTOKJIAJ ONPEAETUI HANpaBlIEHUE NEATEIbHOCTH €ro
OpPraHU3aIlMOHHOTO U HAYYHOTO TIOTEHIIMAJIa HA MHOTHE T'O/Ibl TBOPUECKOM KU3HU
yuéHoro. OH cTai IUaepOM POCCUIMCKON HayKu B 00JaCTH M3y4eHUs MPUPOTHOU
PAIMOAKTUBHOCTH U €€ HOCUTEIIEH — paIMOaKTUBHBIX DJIEMEHTOB.

[To-BuarMOMYy, 3TOT TOJ CIEIyeT CYMTATh HAYaJIOM 3apOKICHHUS HAYKU O
pPaaroaKTUBHBIX d7eMeHTax B Poccum.

B 1909-1910 rr. AkagemMueil HayK, COBMECTHO ¢ MHUHepaIOruueckum o0-
IIECTBOM, ObUI KOMaHJIUPOBAH I M3YUYEHUS MECTOPOXKIACHUN paTuOaKTUBHBIX
MuHepaioB B @eprany corpyanuk B.W. Bepraackoro K.A. HenankeBud, um ObL1
coOpaH u IIpuBe3eH OOJIBINOI MaTepHall.

OH opranu3yeTt cucTeMaTU4ecKuil Bellyck KHUTH « Tpyasl PagueBoil skcme-
IUIAA AKaJIeMHH HAayK», B KOTOPBIX IE€YaTaIOTCs €ro MpOrpaMMHBIC CTaThU U
HCCIIEIOBAHMs IPYTUX YUEHBIX, B TOM uucie myonukyetcs padora ILII. Opnosa
(1915) B obnacTu paAMOaKTUBHOCTH.

Jletom 1911 r. Akanemueil Hayk ObUTH OpPraHU30BaHbI MIEPBHIE HCCIIEI0BA-
HUS PaJIMOAKTUBHBIX MUHEPAJIOB B 3a0alikainbe, 3akaBkaszbe, Deprane, Ha Ypaie, B
KoTopbix puHsuIM yuactue B.M. Bepnanckuii, S1.B. Camoitnos, K.A. Henaakesuu,
I''". Kacneposuy, E.JI. PeByukas, B.1. Kpbokanosckuii, A.E. ®epcman u ap. 3tu
MCCJIETOBAHMSI IJTMWIIUCH 3 TO/a, OTUETHI O IPOAEIaHHOM paboTe OMmyOIMKOBaHbI B
kHure « Tpyzast I'eonornueckoro 1 Munepanornyeckoro mysest AH».

B 1911-1912 rr. B CankT-IlerepOypre noa pykosoactsom B.U. Bepnanckoro
Obuta opranu3oBaHa MuHepasioruueckas jadopatopusi npu ['eonornueckom u
MunepanornyeckoM My3ee AkajeMun Hayk. B Munepanorudeckoi madopatopuu
U3y4yaliCh paJIMOaKTUBHBIE MHHepanbl. Ha 6a3e maGoparopuu B 1922 1. co3man
PanueBplii HHCTUTYT, pOJIb KOTOPOTO B CTAHOBJICHUU M PA3BUTHHM YUYEHHS O pa-
JIMOaKTUBHOCTU B Poccuu TpyaHO MEpPEOLICHUTD.

W3y4uB CCHUTKM Ha MECTOPOXKACHUS PaJHOaKTUBHBIX MUHepaoB B Poccuii-
ckoit umnepun, B.M. Bepnanckuii (1912) npumen k BbIBOAY 0 Majnoi U3yYEHHO-
CTH CTpaHbl B ’TOM OTHOIICHUH.

B 1914-1916 rr. Obun ocymiecTBiIeHbl dKcnenunuu Ha Ypan, Kaskas, B
Cpenntoro Azuro, Cubups, 3abaiikanse u FOxuoe [Ipubaiikanse. B sxcneaumumsax
yuactBoBanu: B.W. Bepnanckuii, A.E. ®epcman, B.11. Kpsixanosckuii, E./]. Pe-
Byukas, .M. Mymxkero, JI.B. Hamuskun, JI.C. KonoBpar-UepBuHcKui,
K.A. Henankesu4, B.A. 3uns0epmunir u ap. borareiimue Marepuaisl, cOOpaH-
HbI€ YYACTHUKAMH SKCIEUIIMMI, MPEepBaHHBIX B CBsA3U C IlepBoil MUpOBOW BOM-
HOW, ObLTH TepeBe3eHbl B ['€00orndeckuii KOMUTET 1 MUHEPATOTHIECKYIO J1a00-
patopuio IS nocienymux ucciaenoanuii. B.M. BepHaackuii opranu3oBai u3-
nanue kauru «Tpyasl PangueBoil KomuccHm», B KOTOPOW MOMENIANINCH OTYETHI O
paboTe skcnenuiuii (Bcero B CBET BhIILIO 10 HOMEPOB).
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B 1915 1. 6pi1a co3nana Komuccnst o M3y4eHHIO €CTECTBEHHBIX IMPOU3BOTH-
tenpHBIX et Poccun (KEIIC) mox pyxoBonctBom B.M. Bepnanckoro. ITocne 1917 r.
KEIIC pa3BepHyna OOJBLIYIO 3KCIEAUIIMOHHYI0 W HAYYHO-HCCIIEIOBATEIBCKYIO
paboTy MO M3YYEHUIO TOJE3HBIX MCKOMAEMBIX CTPaHBI, T€OTpa@HUeCKOMY OIMCa-
HUIO, COCTaBJICHUIO MOYBEHHOW KAapThl U MO MOMCKAM MECTOPOXKACHUHN paauoak-
TUBHBIX MUHEPAJIOB U PY/I.

ITo mMepe TOro, Kak HaKarIMBAJIUCh JAHHBIE O COJAECPKAHUM PAJIMOAKTHBHBIX Be-
LIECTB B 36MHOM KOPE, MUHEPAIbHBIX BOJAX, IPSA3SX, IOUYBAaX U 00 MOHW3ALIMU BO3MY-
Xa, TOSIBIJIOCH TIOHATHE O €CTECTBEHHOM PAMAIMOHHOM (poHe. OCHOBOIOJIOKHUKOM
YUEHHUSI O €CTECTBEHHOM panuaioHHoM (one sBrsiercss B.M. Bepuanckuii (1926,
1965), um ObuH chopMyIHpOBaHbl (HyHIAMEHTATIBHBIE UIEH O POJH PaJHOTeHHOTO
TeIIa B SBOJIIOLMU 3eMJIH, 3aKOHOMEPHOCTSIX PacCeMBaHMs M aKKyMYJSILHU €CTeCT-
BEHHBIX PAJJMOHYKIIUJIOB, OUEPUYEHbI OCHOBHBIE KOHTYPBI HCCIIE/IOBAHUS €CTECTBEHHO-
TO PaHaMOHHOTO (POHA KaK CaMOCTOSITENTHHOM HAyYHOU IPOOTIEMBIL.

Jlo 40-x rr. u3y4eHue eCTeCTBEHHOM PaJuOaKTUBHOCTH MPHPOIHBIX 0OBEK-
TOB MPOBOJMJIOCH AMU30JAUYECKH, MCCIEAOBATEIN HE pacrojaraid JI0CTaTOYHO
TOYHBIMM METOJIMKAMM OIpEJeNIeHUs] paJuoakTUBHBIX BemlecTB. K paboram B
ATOT MEPHUOJ OTHOCATCS Takke ucciaeaopanust B. O6onenckoro (1919), B.U. ba-
panoBa (1926, 1929), E.I'. I'paueBoit (1928, 1938), A.A. Jlomakuna (1927),
E.C. MepkynoBoii (1937) nmo paanoakTHBHOCTH aTMoc(epbl U aTMoc(epHBIX
ocagkoB. M3yueHneM paiioaKTUBHOCTH MUHEPAIbHBIX HCTOYHUKOB 3aHUMAJIHUCh:
B.U. bapanos, A.H. Oruissu (1916), M.E. Ctapuxk (1936) u ap.

OcHoBarens Ouorecoxumuu B.U. Bepnaackuii (1926, 1965) mokasan, dro
CYIIECTBYET 3aBHCUMOCTh OMOXMMHUYECKUX TPOILIECCOB B OPraHU3Max M Pa3BUTHUS
KU3HU Ha 3eMJI€ OT XMMHUYECKOTO JIEMEHTAPHOIO COCTaBa 3€MHOW KOPBI, BKIIIO-
qasi SBJICHHE PAJAMOAKTUBHOCTH. [[s1 M3ydeHuss XMMHYECKOTO COCTaBa >KUBOTO
BeniecTBa coznaécs otaenbubiid otaen npu KEIIC, kotopsrii 3aTem mpeodpasyer-
Cs B CIENUATIbHYI0 OMOreoXmMMHUYecKyro yaboparoputo (buorenm), paboTy koto-
por Bo3zrnaBisin B.M. BepHanckuii, a ero riaBHbIM IMOMOIIHUKOM CTaHOBHUTCS
A.I1l. BuHOTpanoB, ¢ KOTOPHIM B JlaJIbHEHIIEM CBsI3aH HOBBIN 3Tall pa3BUTHUS I'€O-
xumuu. Mccnenosanusa B atom HampasieHun Benu A.E. ®@epcman, A.Il. Buno-
IpajioB U Ap., KOTOPbIE YCTAHOBUIIU, YTO OOJBIIOE BIUSHUE HA paclpesiesieHue u
MUTpaIMI0 ypaHa B Ouocdepe OoKazbIBaeT XUMHUYECKHI COCTaB MOYBOOOpa3yIO-
IIMX TOPOJI, IPUPOJHBIX BOJ M OCOOEHHOCTH MPOLECCOB MMOYBOOOpPA30BAaHUS B
Pa3IMYHBIX OMOKIMMATHYECKUX 30HAX.

B CCCP usyueHuem cojepkaHusi ypaHa M pagus B IOYBAaX 3aHUMAJNCh
B.U. bapanos u C.I'. LetiTaun (1941).

B 1932 rony B.W. Bepnanckuii nenaer noxnan B ['epmanun u byH3eHoB-
CKOM 00111eCTBE, B KOTOPOM MOJHUMAEM BOIPOC O HEOOXOJIUMOCTH COCTaBICHUS
panrMoaKTUBHOM KapThl OMOC(hepsl Ha OCHOBE KOJIMYECTBEHHOTO M3YUYEHHUs pacce-
STHHBIX paguoakTuBHBIX aTroMoB (U, Th, Pa, Ra, Rb u T. 1.) B KomMuecTBEHHOM HX
pacnpenesieHny, HAaHECEHHOM Ha JETaJbHYI0 I'€OJOTHYECKYI0 U MUHEpajJoruye-
CKYIO KapTy, T. €. BIIEpBbIE CTaBUTCS BOIPOC O COCTABICHUHU PaJAUOr€OXHMHYE-
ckoit kapTel Poccun. Mnest cozmanus 3Toi KapThl ObllIa peain30BaHa 3HAYUTEIh-
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HO Oonee mo3z:xe, mouTH yepes 40 net (CmbicioB, «PaguoreoxumMmudeckue uccie-
JIOBaHuA ...», 1974 u np.).

Uepes 24 roma mociie CBOETO TMEPBOTO BBHICTYIUICHHS Ha 00meM coOpaHuu
Poccuiickoii akagemun Hayk B.M. BepHaackuii, BeICTyHas ¢ AOKJIAOM B OTHAEJE-
HUM MaTE€MaTUYEeCKHX U €CTECTBEHHBIX HayK «O HEKOTOPBIX O4epeIHBIX Mpoliie-
Max paauoreosnorun» (M3pectus Axkanemuun Hayk CCCP, 1935, Ne 1), monBen utor
HCCIIEIOBAaHUSIM B 00JaCTU M3Y4YEHHs PaJIMOAKTUBHOCTU U PAJMOAKTHUBHBIX 3Jie-
MEHTOB MPUMEHUTEIHHO K IeOJOrMYECKUM HaykaM. «Cetiuac MOJXCHO U HYIHCHO
2080pUMb 0 HOBOU CO30alOWelcs HAYKe — 0 paouo2eonocul — Hayke 0 paouodax-
MUBHBIX c8olicmeax Hauell nianemsl... Ona He MmoabKo umeem 0/ HAC 2yOo4ai-
uilee 3HaUeHue, MaxK KAK CesA3vleaem ¢ HOBOU (HDUIUKOU U C HOBOU XUMUel, 8 KOH-
KpemHOU 3eMHOU 00CMAHO8Ke, HAYKU O HCUSHU U O HAC CAMUX, HO U NOMOMY, YUMo
OHa Oaem 6 pYyKU 4elo8eKa HO8ble Nymu U HOGvle opmbl 081aA0eHUs NPUPOOOL,
Hosyio cuny» (Bepranckwuii, 1935, c. 2).

B s10i1 e paboTe OH TOBOPUT, YTO MOATOTOBUTENbHAS paboTa 10 CO3/1aHUI0
9TOI HOBOM HAayKH 3aKOHYEHA.

B cBoem poknage «O 3HaYeHHH PagUOTEOJIOTUU JUISI COBPEMEHHOW Teolio-
rum» Ha MeXIyHapoJHOM reojiorndeckoM KoHKypce B Mockse (1937) on genaer
BBIBOJI 00 OCOOEHHOCTSAX T'€OXUMUU PAJUOAKTUBHBIX AJIEMEHTOB, UTO OHU SIBIIS-
IOTCS PACCESHHBIMH U «BCIOJHBIMUY». «Bce 3emnoe eeujecmeo 6e3 UCKIOUEHUs
(copnvie nopoovl, MUHEpPATbl, 800bl, 2A3bl, HCUBbIE OP2AHUIMbBL) NPOHUKHYMO
amomamu. paouoaKmMuGHuIX IJIEeMEHMO8, 8Ce COOEPHCUM — COOMEEMCHIBEHHbIe
PAoUOaKmuU8HOMy pacnady ux Kouudecmsa...», — numet B.U. Bepnaackuii (Bep-
Haackuid, 1939, c. 215-230). Ccoutasacy Ha B.I'. XionuHa, eCTeCTBOUCIIBITATEh
MIPUBOJUT CPEAHEE COJEPIKaHUE PATUOAKTHUBHBIX 3JIEMEHTOB B IUJIAHETE U BBIJIE-
JsieMoM uMu Teruie (tabm. 1.1).

O6pamaer Ha ce0s BHUManue BennuuHa Th/U oTHOIIEHUS, COCTaBIISIONIA,
COTJIACHO ATUM JaHHBIM, 3,3. DTO HAXOJIUTCS B COOTBETCTBHH C MOCTOSHCTBOM
9TOM BETUYMHBI 111 MarMaTUYECKUX TOPHBIX MTOPOJI.

B mectom pasnene «O4epkoB reoxuMun» (TpeTbe pycckoe usnanue, 1934)
B.U. BepHaackuii nemaer o0oOIIeHHE 1O OCHOBHBIM BOIPOCAM T'E€OXUMHH pa-
JTUOAKTHBHBIX AJ1eMEeHTOB. OTMEUEHHBIE UMH F€OXUMHUYECKHE OCOOEHHOCTH ypa-
Ha U TOpUS HAXOMAAT TOJHOE MOATBEPXKACHHE B MOCIEAYIOIMUX paboTax Bcex
CIEIHAIIMCTOB, pabOTAIONINX B ’TOM HAIPaBIICHUU.

Ta6mua 1.1
Cooeporcanue paduoakmuHwIX d1eMeHmos 8 nianeme 3emis
U KOJIUYECmB0 8blOeNIAeMO20 UMU menjid
DIeMEHT KonuuecTBo 21memenTta KonunuectBo Temna,
B TpamMMax I'kan/gac

Vpau 28,08 x 10% 22,15 x 10'°

Topwit 92,11 x 10% 20,27 x 10'°

Kanwuii 8,81 x 10* 8,48 x 10"
PyGuuii 2,99 x 10* 1,99 x 10"
Camapwii 2,62 x 107 6,17 x 10"
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[Ipexxne Bcero, 3To oOIIME U OTIUMYUTENbHBIE OCOOEHHOCTH T€OXUMUHU ypa-
Ha W TOpUA B MArMaTU4€CKOM, T'HAPOTECpMaJIbHOM H 3HAOICHHOM IIpOoHeccax,
00yCJIOBJICHHOW pa3HBIMHU BaJICHTHOCTSIMHU HaxOXIeHUs ypaHa (+4, +6) u Topus
(TONBKO +4); «BCIOAHOCTH» UX MPUCYTCTBUSA; MOCTOSHCTBO BenuunH Th:U oTHO-
IICHUA B MPOAYKTAX MArMaTUYCCKHUX IIPOLCCCOB; CYHMICCTBOBAHUC PAIUOAKTHB-
HOro paBHOBecHs Mexay Ra u U, npunumaemom 3a 3,7-1077, Rana 1 r U.

B cooTBeTCTBUM C 3TUM OH BBIAENSET TPU TUIA MECTOPOXKICHUN ypaHa U
TOPUS:

1) MHHEpaIBl HETMATHTOBBIX KHJI KUCIIBIX TIOPOI;

2) MUHEpalbl, OCaXKIEHHbIE B MHUHEPAIBHBIX JXWIAaX W3 T'MIPOTEPMAIbHBIX
BOJIHBIX PAaCTBOPOB MPH CPABHHUTEIIBHO BHICOKOW TEMIIEPAType ¥ IaBJICHHH;

3) wmuHepanbl, 00pa3oBaHHbIE B Onocdepe win B cTpaTocdepe U3 ypaHCco-
JIepKaIUX PacTBOPOB MPHU HEBBICOKOW TeMIIEpaType.

B 3akitouenue sToro pasjena oH nuuier: «Haoo navmu u nozuame paouo-
2€0XUMUIO NJAHEMbl, 4acmb HOBOU obacmu 2eono2uu — paouozeonozuuy (Bep-
Hajckuil, 1934).

OOpamraer Ha cedst BHUMAaHUE OTPOMHOE KOJUYECTBO CCHUIOK Ha IEpPBOMUC-
TOYHUKH B 3TOM padote... Mx 6onee 1 000. K Benukoit uectu B.W. Bepnanckoro
HaJI0 MPU3HATb, YTO OH OBLI B Kypce BceX HanboJjiee BaXKHBIX COOBITUH U IMyOJnKa-
LIMH B 3TON 00JIaCTH, KOTOPBIE ObUTM Ha TOT MOMEHT BpeMeHH (Tadu. 1.2), yero He
CKa)KeIllb 0 3apyOeKHBIX aBTOpax, €CiH, HalpHUMEp, CYyIUTh M0 KHUTE «SlnepHas
re0JIOTUs», HAIMCAaHHOW 24 BenylMMH YYEHBIMH 3alIaIHbIX CTPaH, u3gaHHou ['eo-
noruyeckor cmyx06oit CILIA u mepeBen¢HHOW Ha pycckuil si3bIk B 1957 romy.
B 5T0i1 BechbMa MHTEpPECHON M MOJIE3HOM KHUTE HET cchUlkd U Ha B.U. Bepnan-
CKOT'0, XOTSI €CTh CCBUIKU Ha HEKOTOpPbIe pabOThI POCCUICKUX YUEHBIX.

DTOT 3Tan CTAaHOBJEHUS YUYEHUS O T€OXMMHUHU DPATUOAKTHUBHBIX JIEMEHTOB
MO>KHO Ha3BaThb PaJueBbIM. B mepBylo ouepenp M3ydanoch UMEHHO €ro COIep-
JKaHHe B MPUPOJHBIX O0BEKTaX M, COOTBETCTBEHHO, €r0 MaTEpUHCKUN M30TOI —
ypaH. MccnenoBanusi BEJINCh C HCIOJIB30BAHUEM DJIEKTPOCKOIOB C IpEABapHU-
TEJTHLHON PAaTUOXMUMHYECKOW TOJITOTOBKOM, CTald TOSBISATHCS METOABI aib(a-
panuorpaduu ¢ UCHoNb30BaHUEM sJIepHBIX (oToamynbeuit (JI.B. MbicoBckuid,
. Kropu u nip.).

Jns uateHcudukanuu padort no paguio B 1918 roxy B Ilerporpane 6vu1o
co3nano PaameBoe otmenenue, padotoit koroporo pykoBomawa JI.C. Komospar-
UYepBUHCKHI M OJHOBpEMEHHO co3jaeTcs PaaueBas accoumanus, npeareda Oy-
nymero PanueBoro unctutyTa. Ilocme MHOro4ucieHHbBIX NpeoOpa3oBaHU U
oobenuHeHuit B 1922 rony yrBepkaeHn Panuessiii unctutyt PAH, koTopsiit BO3-
rasun B.U. Bepraackuid.

B otnunuue ot npyrux PanueBbix MHCTUTYTOB U 1abopatopuit mupa (ITapuxk,
Bena, Manyectep u Ap.) B pOCCHHUCKOM €T0 aHAJIOTe CYIIECTBOBAJ T€OXUMHYE-
CKHUl 0Tze]1, HEOOXOUMOCTh KOTOPOTro OblUIa 00YCIIOBJIEHA TEM, YTO HaJl0 OBLIO
HalTH B Poccuu MCTOYHUKY paieBbIX U ME30TOPUEBBIX PY/I.
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DTOT MHCTUTYT Jal IJiesay OJIecTAIMX UccienoBaTeneil B 00aacTu paspa-
OOTKM M METOJIOB aHajlu3a paJAuoakTUBHbIX 3yeMeHToB (JI.B. MplicoBckui,
WN.E. Crapuk, JI.5I. ATpameHok U Ap.), METOAOB OMPOOOBAHHS TOPHBIX MOPO
(WU.E. Crapuk u ap.), reoxumMHueckue uccienoBanus ropusix nopoa (JI.B. Kam-
neB, A.Sl. KpeutoB u ap.), mous (B.M. bapanoB), HedTecomaepkanmx 1 MOPCKHUX
Boj (B.W. bapanos, B.I'. XmonuH u ap.), pa3pab0oTKH METOJIOB ONPECICHHS a0-
comoTHoro Bo3pacta (2.K. I'epaunr u ap.).

Tabanma 1.2

XpOHOﬂOZM}l Haubonee 8adNCHbIX CO6blmI/lL7, cnoco6cm6yiou4ux CMAaHo6JIeEHUIO

Uu pazeumuro Yy4€Husl 0 ceoxumuu paduoaxmueﬁbzx oJ1eMeHmos

Ton CoObiTHE ABTOD
1789 | OTkpbiTHE ypaHa KaK XMMHUYECKOTO dJIEMEHTA M.T'. Knanpot
1828 | OTkphITHE TOPUSA KAK XUMUYECKOTO JIEMEHTA N.A. Bepuenuyc

1896 |OTtkpbiTHE SBICHHUS 3acBeUrMBaHUA (DOTOMIACTHHKH COJIsIMH | A. bekkepenn
ypaHa HEBHIMMBIMH Jydamu (ryun bekkepens), mo3mHee Ha-
3BaHHOE Mapueii Kropu paanoakTHBHOCTBIO

1898 | OTKphITHE PAANOAKTHBHOCTHU Y TOPHS He3zaBucumo npyr
OT Jpyra:

I'. Imuar
(Fepmanms);

M. Kropu
(Dpanmus)

1898 | OTKpBITHE HOBOTO PaAMOAaKTHBHOTO 3ieMeHTa — nononus (Po) | M. u I1. Kropu
U3 YPaHOBOM PYy/BI.
BriepBbie ynoTpe0ieH TepMUH «pagTioaKTHBHOCTEY

1898 | OTkphITHE HOBOTO paAMOaKTHBHOTO 3ieMeHTa pamus (Ra) m3 | M. u I1. Kiopu
YPaHOBBIX PyI

1899 | OTKpbITHE HEOTHOPOTHOCTH U3TyYCHUS ypaHa, anb(a- u oera- | 3. Pozepdopn

PaznoaKTUBHOCTh
1899 | OTkphITHE ra3000pa3HBIX PaJMOAKTHBHBIX 3JIEMEHTOB, 0e3 ux | P. Oysnc
HAICHTU(UKAIIH
1900 | OtkperTe u3otoma UX HesaBucumo apyr
ot apyra: B. Kpykc;
A. bexkepenb
1900 | OTKpBIT HOBBIH PaANOAKTUBHEINA 3JIEMEHT aKTHHHH (Ac) A. JlebbepH
1900 | OtkprrTie TopoHa (Tn) 1 ero CBOHCTB 3. Pozepdopa
1902 |IIpennokeHa Teopus pacnaja. 3. Pesepdopa

Brickazana wnes, 4TO pajiMOaKTUBHOCTH SBJsETCS 3HIO0TepMU- | U @. Comgnu
YeCKOM peakiueit

1900 |Pacuér renna Beigensiemoro U, Th, Ra 3. Pezepdopn

n Mak-Knanr
1902 | OGHapyxeHHe paJroaKTUBHOCTH BO3IyXa Dnbctep u [elitens
1903 | OtkpoITHe 5MaHamu panoHa (Rn) I1. Kropu u K. Jaun
1903 | OGHapy>keHHE BBIICIICHUE TEIIa COSMHU PaIHs I1. Kropu

u A. JIabopa
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Ipooonxcenue maon. 1.2

Ton CoObITHE ABTOp
1903 | Ycranosnenue akra, uro He siBisieTcst mpoaykToMm pacnana Ra | B. Pamzaii
u ®. Cogau
1904 | Ycranosienue ¢akta, uto cooTHomenue Ra u U mocrostHHO I'. Mak-Koii
1906 | doxazano mocrostHcTBO oTHOomeHuss U/Ra m U/Th B 3emubIX | D. Pesepdopn
Tenax u b. bontByzn
1905 | OtkpbITHE PaAUOTOPUS O.Tan
1905 |IlomrBepxaenue ¢akra moctosiHcTBa Ra:U-otHomenust wu|b. boarByn
Mpeanoiokenne, 9ro Pb MoxkeT OBITh OMHHUM U3 TPOIYKTOB
PaaArOaKTHBHOTO paclaia
1905 | OtkpbITHE paguoakTHBHOCTH pyouaus (Rb) . Ix. Tomcon
1906 |Cratbs 0 paAMOaKTUBHOM TEIIOTE 3eMIIU Joxon J>xomm
1906 |IlepBrle KoNmMUYECTBeHHBIE ompexaencHus conepxkanus Ra|P. Ctperr
B IIOPOJaxX M MUHEpanax, pacuéT BRIACIIEMOrO Teria (stopz Pameit)
1906 |Ilepmas mombiTKa pacyéra aOCONIIOTHOI'O BO3pacTa o oTHoIe- | 3. Pesepdopn
Huto He k U
1906 |HccnenoBanue comepkaHus pagus B METEOPUTAX P. Crpert
(;topx Pamett)
1907 | OTKpbITHE HOBOTO PAAMOAKTUBHOTO 3JieMeHTa HoHus (Jo) b. bonTtByn
1907 | OtkpeiTne paguoakTuBHOCTH Kanus (K) H. Kamn6enn
1907 |YcraHOBIIEHO BIUSHUE PAAMOAKTUBHOCTH HA TEOJIOTUYECKHUE | OAHOBPEMEHHO
MIPOLIECCHI Joxon xonu
u Miorre
1908 | YcTaHOBIEHO, UTO SAPO TUICOXPOUYHBIX JBOPUKOB PaaroakTUBHO. | JIxk. J[xomu
OmnpeneneHo cogepkanue Ra B Mopckoit Boje
1909 |IloxrBepkaenue, yTo ToIbKO Rb sBisiercst koneunsim mpoayk- | k. ['peit
TOM YpaHOBOH CEpUHU. borman
[MpennoxeHo ypaBHEHNE PaJHOaKTUBHOTO paciaaa
1910 |Ily6mukarmu padotsr B.1. Bepraackoro 2. Gepmu
1910 |Kaura «O HeE0OXOTUMOCTH HCCIIEAOBaHUS PaJNOaKTHBHBIX | D. ®epmu
MUuHepaioB Poccuiickoit uMnepun» U e€ myOIuKaIus
1911 |M3naetrca moHOTpadms «XuUMHS pagno3IeMEHTOB d. Commm
1912 |IlomrorosneHa monorpadusi «PamnoakTuBHBIC BeriectBa U ux | . Posepdopa
H3ITy4YeHHE», B KOTOPOH BIIEPBHIC BBOAUTCS TEPMUH «SLAPOY
1913 | BBoauTCS MOHATHE «HM30TOIBDY ®d. Commm
1914 | Joka3zaHo, 9TO TaMMa-M3IIy4eHHE MMEET 3IEKTPOMAarHuTHYIO Tipu- | . Pesepdopn
POLY U OT PEHTIEHOBCKHX JIy4eH OTIMYAETCsS MEHbIIEH [UIMHON u E. Aanpane
1923 |B CIIA B coctaBe HarmoHaisHOTO McCieaoBaTelbeckoro coseta | 3. Pesepdopn
co3/laHa KOMMCCHs 10 H3MEpPEHMIO Treosoruueckoro Bo3pacta|u E. Annpane
panTuoaKTHBHBIMHU METOIAMH M KOMHUCCHS 110 (prsnke 3eMin
1925 | dokazaHo, 9TO UCIyCKaHWEe anb(a- U OeTa-yacTHIl compoBoX- | JI. MeliTHep
JaeTcs TaMMa-u3ITydeHHEM
1924 | Beixon xuuru B.M. Bepraackoro «O4epku reoOXuMHN JI. MeiitHep

B [Tapmxe Ha (hpaHIy3CKOM SI3bIKE
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Oxonuanue maon. 1.2

Tox CoObITHE ABTOp

1932 |IlyGmukauus noxnana B.W. BepHanckoro Ha 3acenannu bynse- | 3. ®epmu
HOBCKOTO obOmiectBa B I'epmaHun «PagrOakKTHUBHOCTh W HOBBIC
mpoOnemMbl Teosorum». IlyOmukanus Ha pycCKOM si3bike B CO.
«OcHoBHBIe nien reoxumun» B 1935 1. B.M. Bepnaackwmii cra-
BHT IpoOJIEeMy II0 CO3TAHUI0 PaIHMOAKTHBHON KapThl Ouochepsl
Ha ocHOBe KojuuecTBeHHOM orienku U, Th, K, Ra B npupomHbix
00BeKTax

1932 |IlpensoxkeH MeTON UCIOJIB30BAaHMS TOJCTOCIOWHBIX (hoTto- | JI.B. MbicoBCcKmiA
SMYJIBCHH /TSI AITb(a-4acTHIL

1934 | OtkpseiTue uzoTona H-tputus M. Onudanr;
I1. I'apTexk;
3. Pesendopn

1934 | TlepBblii CUHTE3 TPAHCYPAHOBOTO d1eMenHTa ¢ Z = 93 (HenTynmif). | 3. Pepmu
Beicrynnenne B.M. Bephaackoro Ha obmem coOpanun Poccwii-
CKOM aKaJieMUH HayK C JIOKJIAJOM «3aauul JHS B 0071aCTH paaus»

1934 |Ilony4yeHne HCKYCCTBEHHBIX H30TOIOB 3. Gepmu

1934 | OTKpBITHE PaANOAKTUBHOCTH caMapus (Sm) M. Kropu
u ®. J[xomamo

1935 | VcraHoBrieHo, uTo paauoakTHBHOCTS K 06ycnosnena motonom K* | T, Xepemu

1937 | Hoxmax B.M. Bepnanckoro Ha obmem cobpannn MexayHapoa- | JI.B. MbicoBckuit
HOTO T€0JIOTHYECKOro KoHrpecca B MockBe «3HaueHUE pajno-
TEO0JIOTUU ATl COBPEMEHHOM re0I0T UM

He- | OTkpeiTHE TIpOLIEcca IEJeHHs ypaHa O.Tan
Kabpb u @. Hltpaccman
1938
1939 |IloaTBep:kIeHME TMPEAIONOKEHHS O JACJICHUN ypaHa mof neiict- | O. Opum
BHEM HEHTPOHOB u JI. Melitaep
1939 | Pa3paborana Teopus jeneHus siep HezaBucumo:
H. bop;
SL.U. ®penkens
1939 | OTKpBITHE TPEThEro MPHPOAHOTo H30TONa ypana (U”) A. Hup
1940 | OTKpbITHE CIOHTAHHOTO AEIEHUS ypaHa K.A. TTerpxax
u I'.H. ®nepos
1940 | BriepBbie ocyliecTBICHO pasaeienue n3otomnos U® u U™° A. Hup

1940 |OnyOmukoBaHEI BBIBOJBI O BO3MOXKHOCTH IEMHON sepHoii | S1.b. 3empaoBud
peaxiyu u e€ B3pIBHOM OECKOHEUHOM XapakTepe u 10.b. Xaputon

Ha sToM sTane MHTEHCHMBHO M3y4alauch paaueBbie BoAbl. B 20-x romax B
CCCP BO MHOrM€ NEpClEeKTHBHbIE B OTHOIICHWH PAJHOAKTHBHBIX MHUHEPAJIOB
paiioHbl OBLIM HANPABIIEHBI AKCIEAUIIMUA U T€0JOTHYECKHe TapTUu JUIs pa3BeIKu
Y U3yUYEHUS PaJUOaKTUBHBIX PYJ M PeNKHUX Tra3oB. OCOOEHHO TIIATEIbHO UCCIIe-
JIOBAJIMCh YCIIOBUSL BBIXOJA TENUsl U OPYTHX ra3oB, SBISIOUIUXCA MPOAYKTaMHU
pacrnaja pajMoaKTHUBHBIX 3JIeMEHTOB. B koH1ie neta 1926 r. ouH U3 y4acTHUKOB
Takol skcneauuu — A.A. UeperneHHUKOB, MPOBOUBIINN OUCKH PEJIKUX Ta30B
Ha CeBepe, 3aMeTHJI, YTO M3 3a0pOIICeHHOW OypoBOil CKBaXHMHBI Ne 1 OBIBIIMX
He(TSHBIX TPOMBICIIOB Ha p. YXTE BMECTE C TOPIOUYUMH Tra3aMH U3JMBaJIach BOJIA,
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o0pa3oBbIBaBIIas KpacHOBaThIM ocanok (YepeneHuukos, 1928). m Oblo oTo-
OpaHO HECKOJBKO MpOO ra3a M BoAbl. llepBbie pagnosornyeckue MCCiIeJOBaHUS
3TUX TpoO MPOBOIWIM TpeAcTaBuTenb Pamumonormdeckoro otaena HMHcTUTyTa
npuknagaHoii reopusukn A.A. Jlomakun u Pagmonormdeckoit maGopaTopum
I'maBHOM manater Mep U BecoB JI.H. borosiBnenckuii. AHanu3 nepBoit sxe mpoObl
Bozbl, caenanubiil JI.H. borosiBnenckum B anpene 1927 r. B Jlenunrpaze, BoI3Bai
ceHcanuio. B yXTUHCKOI BoJie paius 0Ka3anoch 3HAUUTEIHHO OOJIbIIE, YEM B BO-
JaX 3HAMEHUTOM TelIeTh0eprcKoi CKBaXUHBI, U, TPUMEPHO, B 5 pa3 Ooiblie,
yeM B pacconax MoaxumoBcTtanb. Kak TONbKO CTald M3BECTHBI 3TU PE3YJIbTATHI,
Ha YXTYy CPOYHO BBIEXAJIU PAIUOJIOTH, IE€OJIOTH U JPYrHe CHENUaIUCTBL. B aTOM
paiioHe Obula OpraHuM3oBaHa PaAHMOMETPUYECKash CheMKa JOBOJBHO OOIIMPHOMN
TEPPUTOPUH, 00CIETIOBAHBI HA PAJHOAKTHBHOCTh BCE €CTECTBEHHBIC BOJIHBIC MC-
TOYHUKH — PEKH, 03epa, He(TsIHbIC TIACTOBBIE M JIpyrue TIyOWHHBIC BOIBI, a
TaK)Xe MPUPOAHBIE ra3bl. Bce CTpeMMIMCh KaK MOXKHO CKOpPEE ONPENENNTh I'pa-
HUILIBI BOJJOHOCHOT'O IUIACTA U BBIACHUTH 3aMachl pagueHoCHO Boabl. Ho mpexne
YeM MOKHO OBLIO XOTs ObI OPHEHTUPOBOYHO MOJICUNTATH 3a1lachl BOJBI U PELIUTH
BOMPOC 0 A0OBIYE paaus, HEOOXOAMMO OBbLIO y3HATh MPOUCXOXKIACHHUE BBICOKOM
PaZAMOaKTUBHOCTH IJIACTOBBIX BOJI, MEXAaHU3M U UCTOYHHMK UX OOOTaIleHus paau-
em. Ilo nmoBoy uctoynuka oOoramieHus BoJl paJleéM BbICKa3bIBAJINCh CaMble pas-
JMYHBbIE TUNOTE3bl. TIaTenbHbIE UCCIEN0BAHUSA 3TOTO SBJICHUS MO3BOJWIN IO-
JYYUTh SICHBIA OTBET TOJILKO 4epe3 Heckosbko JyieT. CHavana JI.H. BorosBien-
ckuif u A.A. Jlomakun, kak 1 HeMeukui reosnor B. CanamoH, pemuiau, 4To npu-
YUHON BBICOKOW paJMOaKTUBHOCTH IUIACTOBBIX BOJ SIBJISIOTCS HEU3BECTHBIE 0O-
raTble paJItOAKTUBHBIC PY/JIbl, 3aJeralollre HIKe HeTEeHOCHBIX ropu30HTOB. Ho,
COTJIACHO YCTaHOBJIEGHHOMY T'€0JOrMYE€CKOMY CTPOCHHUIO palioHa, HE ObUIO HHUKa-
KMX OCHOBAaHUM NpPEIoJararb CyIIECTBOBAHWE HEU3BECTHBIX PAaJNOAKTHUBHBIX
Py WU JPYTUX KOHUEHTPUPOBAHHBIX CKOIUIEHUH paJllOaKTUBHBIX BemlecTB. Hu
caMM He(TEeHOCHbIE TIECKH, HU MOJCTUJIAIOIINE TOPHU3OHTHI M OKPY KAIOIIHE TOp-
HbIE MIOPOIbl HE COJIEPKaU paauil Bhllle 0ObIUYHBIX cpenHux 3Hadenuit. JI.H. bo-
TOSIBJICHCKUI TEPECMOTPEI CBOU B3IJISABI U BBIBUHYJI APYTYIO BEpcuio 00 000-
rameHu Boja paaveM. OH MPEaoIOKWI, YTO CHadaaa MPOUCXOINUT BBIIIEIAYn-
BaHUE paaus CyJIb(aTHBIMH IJACTOBBIMH BOJAMH M3 NEPBHYHBIX YPAHOBBIX M
TOPUEBBIX Py KpUcTauinueckoro ¢pynnamenta. Ha cienyromiem sramne, Bo Bpemst
OakTepuanbHbIX TporeccoB, kak cuutan JI.H. BorosBnenckuii, paauii Boccra-
HABJIMBAETCS U MPOUCXOAUT MEPEBOJ €ro coyiel B pacTtBop u Boay. Ilo mpenrmo-
noxenusm b.A. Hukutuna u JI.B. Komnesa (1930), paguit nmepBoHayanbHO J10J1-
eH Obul Obl KOHLIEHTPUPOBATHCS B He(pTU B mpoliecce ee 0Opa3oBaHuUs U3 KU-
BBIX OpPraHM3MOB. DTa rUNoTe3a He noarBepauiack. Haubonee Tounoe oObscHe-
HUE BBICOKOH PaIMOAKTUBHOCTH HEPTSIHBIX IUIACTOBBIX BOJ Obu1o AaHo B.U. ba-
PaHOBBIM, PYKOBOJMBIIMM B TO BpeMs paauojiorHueckoil madopatopueir Moc-
koBckoro yHuepcurera (bapanos, KypOatos, 1933). PesynbTatsl ero uccieno-
BaHUIl MMOKa3alM, 4TO COOTHOIICHUE YpaHa K TOPHUIO B MPOOAaX YXTUHCKOW BOJIBI
TaKo€ kK€, KaK y OOJBIIMHCTBA TOPHBIX MOPOJA, HE COAEPM AIIUX MOBBIIIEHHBIX
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KOHIIEHTpALUK paJlMOAKTUBHBIX 3JIEMEHTOB. B cBsa3u ¢ atum B.U. bapanos npen-
TIOJIOXKHJI, YTO PAJHMOAKTHBHBIE SJIEMEHTHI TIONAIM B TIIyOMHHBIE BOJBI U3 OOBIU-
HBIX MOPOJI B PE3YJIbTATE CIOXKHBIX U HEU3BECTHBIX TOI/IA T€OXMMHYECKUX IPO-
LIECCOB.

B cratee «YxTuHCKOE MecTopoxaenue paaus» (1928) JI.H. borosBnenckuii
COOOIIIII, YTO CO BPEMEHEM COJIEpYKAHHUE Paus B BOJC YBEIHMUMBACTCA. YIKe Ue-
pe3 rojJ paaus B IUIaCTOBOM Boje Ob1I0 7,4 x 1072 /11, a Hanbonblee 3HaYEeHHUE,
1o omnpezaeneHuto [ TaBHOU manatel MEp U BECOB, coctaBisuio 7,6 x 1070 r paaus
Ha JUTP BOJbL. M3 yXTHHCKOI BOABI OblIa HayaTa MPOMBILUIEHHAs 100bIYa pa-
nusi. Ha mecte Bonma oOpabaTsiBanach cepHod kucinoTold. [lomyueHHbIE BOIHBIC
KOHIIGHTPAThI JOCTABISUIUCH B JIeHMHTpaa B PagueBbiit MHCTUTYT, U TaM IO TE€X-
HOJIOTUH, pa3padboranHoii B.I'. XnonuHbIM, IPOU3BOANUIOCH U3BIICUCHHUE PAIHSL.

[Tocne OTKpBITHS pagusi B HE(TIHBIX IUIACTOBBIX BOAAX YXTBI BOIPOC O
MIPOUCXOXKACHUN pafusl B MOTPpeOCHHBIX BOAAX MPUBJICK BHUMAaHHUE YYCHBIX U
npakTtukoB. CHauana PajueBsIM HHCTUTYTOM, a MOTOM MHCTUTYTOM r€OXUMUH U
aHamutudeckoil xumun AH CCCP ctanu npoBOIUTh KOJIMYECTBEHHBIE HU3MEpe-
HUS COJEpKaHUS pajusi, ypaHa, TOPUS U JPYIHX pPaJUOAaKTHBHBIX 3JIEMEHTOB HE
TOJIKO B HE(TSHBIX TUIACTOBBIX BOJAX, HO B IPYT'HX MPUPOIHBIX BOJAX.

Coo0mieHne 0 COBEpIIEHHO UCKIIIOUUTEIBHOM KOJUYECTBE pajausl B IIACTO-
BbIX Bojax HoBorposHeHckoro paiioHa, oOHapy>keHHOM paOOTHHKaMHu HedTe-
npombicioBoit tabopatopun B.C. TeepupinbiM 1 B.b. MuinnbIM, MOSBHIOCH B
koHue 1929 r. B xxyprHaiie «HedTsiHoe xo3sticTBO». Cpasy xe B ['po3HbIil Hampa-
BWIKCH TipeacTaBuTenn PanueBoro uncturyta — b.A. Hukutun u JI.B. Komies.
Ha cpencrBa CorozHe()TH B TeueHHE MOCIEAYIONINX TPeX-4eThIpeX JIeT IJIacTo-
Bble BOJbI HeTenpombIcioB ['po3Horo u baky Obutn oGcieoBaHbl Ha pajnoaK-
TUBHOCTb. BB OTKPBITHI paiueHoCHbIE BOJIbI B baky, Ha Uenekene u B CpegHeit
Azun. Pe3ynbTarhl HCCIEOBaHUHN PaMOAKTHBHOCTH HE(QTSIHBIX IIACTOBBIX BOJ
Bo MHOTHX paitoHax CCCP, npoBeneHHbIX PaguieBbIM HHCTUTYTOM, OBLIH OMY0-
JMKOBaHbl B TpyJaxX MHCTUTYTa, nokianax Akanemun Hayk CCCP n ®paniys-
CKOM aKaJieMHH HayK.

OTtkpbiTHE panvs B HEPTSIHBIX MJIACTOBBIX BoJax, o MHeHuto B.M. Bepuan-
CKOTO, 3aCTaBHJIO B CHJIBHOW CTEMEHU YIIIyONsATh M MEHSATH MpEeJCTaBlIeHHE 00
€ro UCTOpuu. Paauil B IaCTOBBIX BOJAX CKOHLIEHTPUPOBAH B HOBOM MHTEPECHOU
U BaxHOW (opMme, TpeOyromell HEMEIJIEHHOIO M JUIMTENBHOTO pa3pelieHus
(Bepnanckuit, Xnonun, 1932). M3yuenue paauoakTUBHOCTH HE(QTSHBIX IIaCTO-
BBIX BOJI ITOKa3aJl0 BeCbMa pa3Hoo0pa3Hyro (hopMy KOHIIEHTPALUU pajus, Ha KO-
TOPYI0 OOJbIIOE BIMSHHUE OKa3bIBA€T XMMHUYECKUH COCTAaB CaMUX BOJ M OKpY-
JKAIOUIMX TOPHBIX nopon. I[Ipoucxoasdiue XuMU4YECKUe MPOLECCHl 0Ka3aauCh ro-
paszno cioxuee, yem 310 mpeacrasisul JI.H. borossrnenckuii. Paboramu, rias-
HBIM 00pa3oMm, ['oCy1apcTBEHHOTO paJMEeBOr0 MHCTUTYTA, PA3HBIX yUPEXKICHUN
osBrero ['eomormueckoro kommrera U Akamemun Hayk CCCP, ycraHOBJIEHO
HaX0XJIeHHEe OOraThIX paJleM M WHOTIa ME30TOPHEM IMOJA3EMHBIX BOJ Ha TIyOu-
HaX B COTHH METPOB OT 3€MHOI MOBEPXHOCTHU B psijie HEPTEHOCHBIX PAiOHOB: Ha
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VYxrte, UycoBckux ropoakax, OmoOe, I'posHeHckoM paiione, [larectane, Amiie-
porckoMm monyoctpoBe (baky), Uenekene, Hedrenare m ®eprane. Ha Bcem or-
pOMHOM TpoTsikeHnH oT O6acceiina [ledopsl no [IpeakaBkasps, 3akaBkasbs, Oepe-
roB Kacnmiickoro mopst 1 depranbl BO BceX M3YUYCHHBIX HE(TEHOCHBIX Oacceii-
Hax Coro3a BcTpeuaeTcsi OJHO M TO K€ HOBOE SIBJICHHE — OOOoTalieHHe pajauem
rITyOOKHUX COJIEBBIX M PACCONIBHBIX, XOJIOAHBIX (YXTa) 1 ropstaux (I'po3HsIif) moj-
3eMHBIX BOJ HE(DTEeHOCHBIX PallOHOB.

B.M. Bepuanckwuii (1932), ornieHuBass paboThl PyCCKHUX YYEHBIX B 3TOH 00-
JaCTH, TOBOPUT O TOM, UYTO B MOCJIEIHUE IO/l BCKPBUIMCH SIBIIEHUS OIPOMHOTO,
ellle HEe BIIOJHE OCO3HAHHOIO 3HadeHMsI B uctopuu paaus. Ilomydaercs cosep-
LIEHHO HOBAs KapTHHA €r0 PaclpelleleHUusl B 36MHOM KOpE, OTKPBIBAETCS €r0 He-
OKUJIaHHAsI KOHLEHTPAIHMs B TJIACTOBBIX BOJAX U, MOXET OBITh, B BOJIAX MO/I3EM-
HBIX BOJIOEMOB. B TO e Bpemsi OH MOJYEPKUBAET, YTO OOHAPYKUBACTCS OTPOM-
HBI HOBBIA UCTOYHHK J00bIYM panus. HoBoe siBieHue, Mo ero MHEHUIO, 3aKIII0-
Yaercsi B TOM, UYTO B CTpaTHc(epe BCKPHIBACTCS HEOXHJIAaHHAs, Ooraras paguem
00JacTh BOJI, OTCYTCTBYIOIIMX B Omocdepe (Bce Ha3eMHBIE BOJbI), U B OoJee
IIIyOOKHX CIIOSIX 36MHOM KOPBI (BOABI BYJIKAHOB U MUHEPATIbHbIC UCTOYHHUKH).

B pesynbraTe n3ydeHus paJiOaKTUBHOCTH M XMMHYECKOI'O COCTaBa HeQTs-
HBIX TUTACTOBBIX BOJI, IMTPOBEACHHOTO B Hariei crpane B 1929-1932 rr., Obu10 ye-
TAHOBIIEHO, YTO PaJMOAKTUBHBIE HE(PTSAHBIEC TUIACTOBBIC BOJIBI — SIBJICHHE, BEChMa
pacnpoCTpaHEHHOE Ha Hallel IJIaHeTe, a He YHUKAJIbHOE, KaK JyMallld paHbIle.
Kpome Toro, mponecc oboramieHusi pagueM He(TAHBIX IUIACTOBBIX BOJ Hadald
paccMaTpuBaTh CaMOCTOSTENIHO, HE CBA3bIBas €ro ¢ (opMupoBaHHeM He(dTH.
B nanphelimem u3ydenuem 3toro sisnenus 3anumancs B.A. Cymun (1935). Cymi-
HOCTh (hOpMHpOBaHMS TTyOMHHBIX HE(TAHBIX IUIACTOBBIX BOJ, Mo B.A. Cynuny,
COOTBETCTBYET IPOIECCaM ONPECHEHMS, MPeodIaAatonM B (OPMUPOBAHUH BOJL
CylIW, U KOHIIEHTPALMK COJIEN B Bojax Mopeil u okeaHoB. B 40-x rogax B Pague-
BOM MHCTHUTYTE UCCIIEIOBAHUS PAJMOAKTUBHOCTH IJIACTOBBIX BOJ MPOBOJUIHNCH
oz pykoBojictBoM M.E. Crapuka, KOTOpBIN Takke 3aHUMAJICA U3YUECHUEM MeXa-
HU3Ma 000raleHus IIaCTOBBIX BOJ PaIUEM.

B 30-x ronax B PagueBoM mHcTHTYTE OJ pyKoBojcTBOM B.M. BepHaackoro
HayaJld U3y4yaTh COJIEP)KaHUs ypaHa B IPUPOJHBIX BOJAaX CYLIH C LIEJIbI0 HAXOXK-
JIEHUsI YPAHOBBIX MeCTOpokaeHni (PamueBplit HHCTUTYT..., 1972).

B.1. Bepuaackuii (1930) BrepBble 0TMEUYAET, YTO YCTAHOBJIEHUE CYIIECTBO-
BaHUA BOJI, HECYIIIUX pajJuii, 3aCTaBiIsieT 0OpaTUTh BHUMAHKUE HA IPYToe TpaHau-
03HOE U BXXHOE SBJICHHE B UCTOPUH MPUPOJHBIX BOJ U PAIUOAKTUBHBIX AJIEMEH-
TOB, IIOJyYaIOLIEE B TO BPEMs HOBOE OCBEIIEHHE. JTO SBJIEHUE — PaJHOAKTUB-
HOCTb MOPCKOM BOJBI.

IlepBble coBETCKME UCCIIEOBaHMS HA paJUOAKTUBHOCTh MOPCKHMX OCAJIKOB B
1944 r. 6pun BemonHensl K.I'. KynameBoil. B oOpasnax JOHHBIX OTJIOKEHHH,
MOAHATBHIX CO THa bapeHleBa Mops, OHAa OIpeaesnia HECKOIbKO MOBBIILIEHHOE
conepxkanue paaus u ropus (Kynamesa, 1944).
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C MoMeHTa OTKPBITUS JefieHus saep nzorona U2 yenoBe4ecTBO HAXOAUTCS
Ha FpaHM OTKPBITUS YHUKAJIBLHOTO MCTOYHUKA YHEPTUU — SHEPIUU JENICHUs sapa
aroma, korjia mpu pacnane 1 supa U235 eimensiercst 212 MaB sneprum, a peak-
1Sl IBJISIETCSI LIETTHOM U CaMOMOIEp KUBAIOIIEHCS.

K coxanennto, yenoBeyecKkuil pa3yMm CMOI YBHUJETh HCIIOJIb30BAHHUE 3TOU
SHEPruM TOJIBKO B BOEGHHBIX LEisX. Bece TexHuuyecku pasButhie cTpanbl (I'epma-
Hus, Aaraus, CIIA u Poccus) 3aHsmuch pa3pabOTKOM SAEPHBIX MMPOTpaMM, Ipe-
JyCMaTpUBAEMBbIX CO3AaHUE ANIEPHOTrO opyxwus. MccinenoBaHus 3TOro BpeMEHU
MIOYTHU BCE CTAHOBSATCS 3aKPBITHIMHU.

B poccuiickoM BapuaHTe OCBELIEHHS ATOT0 3Tana OTCYTCTBYET OOBEKTHUBHAS
oneHka poau B.M. BepHaznckoro u ero xoser-reoXumMukoB. Cuuraercs, 4ro y
uctokoB snepuoit mporpammbl CCCP 6bu1 U.B. KypuaroB. Ho 310 coBceMm He
Tak. Omy6auKoBaHHBIe AHEBHHKH B.J. BepHaackoro’ MO3BOJSIOT BOCCO3AATH
TOT HCTOPUYECKUH MIEPUOJT BPEMEHH.

«26.05.40 2. ... Yoce 6 Y3kom nonyuun uz Bawunemona evipesxy uz New
York Times om 5 masa ... o Hogoti amomnou suepeuu ypauna-235. ... Huxozoa ne
oyman, 4mo 004Uy 00 peanrbHOU NOCMAHOBKU (80npoca) 0O UCNONb308AHUU
BHYMPUAMOMHOU SHEPLUU.

16.06.40 e. ... B Ilpe3uouyme suepa npowén eonpoc 06 ypame. A coenan 0ok-
1ao ..., Ho pe3ynemam docmuzHym. O2pomHoe DONLUUUHCINEO He NOHUMAem UCMO-
puneckozo 3navenus momenma. Haoo nanpasumse 3anucky 6 npagumenbcmeo.

22.07.40 2. Obpazosana komuccus no ypany npu Axademuu Hayx.

30.07.40 2. Oxonuamenvho obpazoeana Komuccus .... mens (3am. npeoce-
oamens), Xnonuna (npeocedamens), Hogpge (3am. npeoceoamens). Unenvl:
@epcman, Basunos, Jlazapes, ®pymkun, Manoervwmam, Kanuya, Kpocuoica-
nosckuil, Kypuamos, [l]epbaxos, Xapumon, Bunoepados.

1.06.41 2. ... Ho y Hac uoym cnopwi — ¢huzux Hanpaeisem eHUMAHUE HA

meopuio A0pa, a He HA My NPAMYIO 3a0ayy, KOmopas cmoum nepeo Qu3uko-
XUMUKAMU U 2e0OXUMUKaMU — gbloenenue uzomona 235 u3z ypana.»

O6 >TOM CpaBHUTETHLHO KPAaTKOBPEMEHHOM JTare Pa3BUTHSA YUCHHUS O pa-
JTUOAKTUBHOCTU MOXHO MpouuTaTh B kHure B. FOura «SIpue Thicsum COIHID
(FOmr, 1961).

Hauunas ¢ 3Toro BpeMeHu Bce UCCIEOBaHUS 10 T€OXUMUU PAIMOAKTUBHBIX
DJIEMEHTOB OBLIM HAMPABJICHBI HA BBISBICHHE OCOOCHHOCTEH MUTpPAIMU M KOH-
[EHTPUPOBAHMS PAJAMOAKTUBHBIX DJIEMEHTOB U, MPEXJIE BCEro, ypaHa Kak TjaB-
HOTO KOMITOHEHTA SIIEPHOU OOMOBI.

Oco0eHHO Tpeycreny B 3TOM COBETCKHE Y4eHble 1o pykoBoacTBoM A.I1. Buno-
rpaznosa, J.W. [llepbakoBa, A.I'. berextuna, A.A. Caykosa, B.B. [llepOuns! u 1ip.

B 50-e romer JI.B. Komner B PagueBom mHCTHTYTE pa3pabaThIBaeT paguo-
reOXHUMHUYECKYIO THUIH3AIUIO0 TPAHUTOUIOB, B OCHOBY KOTOPOMU IMOJIOXKEHBI MaTe-

? B.J. Bepuanckuit. Jlnesnnku. 1938—1942. M.: Hayxa, 1999.
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pHUagbl MHOTOYUCIICHHBIX MCCIIEJOBAHUN B Pa3IMUHBIX PETMOHAX M, IPEX]IE BCe-
ro, Ha YKpauHe. B Hell BbIIEIAI0TCS YPAaHOHOCHBIE TPAHUTOUBI.

Ha Vxpaune, B CBSI3U ¢ BBISIBIEHHEM YPAHOBBIX MECTOPOKICHHUHN B TITyOOKO
MeTaMop(U3UPOBAHHBIX MOPOAAX TOKEMOpUs, BEAYT aKTUBHO PagHOreOXUMHUYe-
ckue uccinenosanus S.H. benesues, A.M. TyrapuHos.

['eoxuMueit pagroaKTUBHBIX JIEMEHTOB B IICJIOYHBIX MOPOJaX 3aHUMAETCS
B.U. I'epacumoBckuil. B 0catouHbIX TOpOJax paJIHOaKTUBHBIE AJIEMEHTHI U3yYa-
et M.H. Anbtrayses.

B sToT nmepron BpeMeHH MOSBIISIOTCS 0000IIEHHUS [0 TEOXUMUYECKOMY H T€0-
JoruyeckoMy 3HaueHuro paganoakTuBHOCTH (I'.B. BoiitkeBuy, 1948, 1953, 1954).

B 1947-1955 rr. Havaauch mMpoKomaciiTadHbIe 00CIeIOBaHUS PEK €BPO-
nietickoit yactu CCCP — Ceepnoit [IBunsl, [levopsi, HeBw, Bonaru, Oxu, Kamsl,
Hynas u np. — nox pykoBoactsoMm N.E. Crapuka u [{.C. HukonaeBa ¢ coTpyaHu-
kamu O.C. MemuxoBoit, ®.E. Crapuk, JI.S. Aurpamenok u np. (Crapuk u ap.,
1958). 3aTem Ha conmep:kaHue ypaHa ObLIU UCCIEN0BaHbl cuOupckue peku — O0b,
Wpteii, Anrapa, Cenenra, Jlena, a Taxke cpenneazuarckue — Amyzaapps, Coip-
napbs 1 ap. KpoMe peunsix BoJ U3ydyainch Takxke BoAbl o3ep: Jlagoxckoro, baii-
kana, CeBana u Ap. B pe3ynpTaTe MHOTOJETHHX HMCCICIOBAHUN ObLTH COOpaHbI
CBEJICHUA O COAEPKaHWU ypaHa B MPUPOJHBIX BOJAX CTpPaHbl, YCTAHOBJIEHBI Ba-
pHUaluy B COJIEp >KaHUM ypaHa U U30TOIOB YPAaHOBOIO psjia B Bojax. B yactHocTH
YCTaHOBJICHBI OOJIBIINE BApUAIIUH COJEPXKAHUS ypaHa B BOJAX U €r0 HAKOIIICHUS
B psiie OECCTOYHBIX BOJOEMOB KPYITHBIX apHIHBIX 00JIacTeld. ITH MCCIIEIOBAHUS
JlaIi MaTepuai sl YCTAHOBJIEHUS OCHOBHBIX 3aKOHOMEPHOCTEN MHUIpaluu ypa-
Ha B BOJHOM CpeJlie M €€ 3aBUCUMOCTH OT XapaKTepa MPOIECCOB BHIBETPUBAHUS
TOPHBIX MOPOJ ¥ KIIMMAaTUYECKON 30HAJIbHOCTH.

[ToxBoas urorn moutu SO-1€THUX UCCIENOBAHUN PAMOAKTUBHOCTH MPUPOJ-
HBIX BOJI PYCCKMUMH W COBETCKUMH ydeHbIMH (1904 1. — Hawamo 1950-x rr.),
T.A. Unbuna (1988) roBoput 0 pOpMUPOBAaHUN HOBOW HAyYHO-TEXHUYECKOW JTHC-
LUIUTMHBL — paguoruaporeoiorud. C moMompo METOI0B, IPUMEHSIEMBIX B 3TOM
Hay4YHOM HAalpaBJICHUH, CTAJIO BO3MOXKHBIM TMOJIYYUTh MPEACTABICHUE O CBS3U
MO/I3EMHBIX U TOBEPXHOCTHBIX BOJ, YCJIOBMSIX NMHUTAHHUS M CKOPOCTH JBUKECHHS
MO/I3€MHBIX MTOTOKOB, B3aUMOICHCTBUH MOA3EMHBIX BOJI C TIOPOJIAMH U T. 1.

Crnenyer OTMETUTh, YTO HapsiAy C JIENECTKOBBIMHU JIEKTPOCKONAMHU ISl U3-
MEpEeHHUsl PaJuO0aKTUBHOCTH HAUYMHAIOT BHENPATh U cuétuuk [ elirepa—Mromepa
U MUKpoOpaguorpaduueckue MEeTOAbl ¢ MCIOJIb30BAHUEM TOJCTOCIONHBIX (HOTO-
macTuHOK. [IIMpoKO MCHONB3YIOTCS METOAbl PATUOXMMUM ISl BBIJCICHUS U
KOHLIEHTPUPOBAHUS PaJMO3IEMEHTOB.

[Ipoucxoaut peaHnMaIusi CUUHTUUIALIMOHHBIX CYETYMKOB (B Havyaiie XX CTO-
JIETUs UCTIONB30BAIM CIIMHTAPHUCKOIIBI — SKpaHbl U3 CyIbpuaa IIUHKA, HA TIOBEPX-
HOCTH KOTOPBIX TOSBISUIMCh BCHBIMKK (CHMHTWUISIMK) TpU  MONaAaHUN
o-yactuly). MIMeHHO ammapaTypa ¢ HCIOJb30BaHHEM CHUHTHIUISIIMOHHBIX CU&T-
YHKOB C MMPUMEHEHUEM Pa3HO0Opa3HbIX (OTOYMHOXKHUTENEH MpuBena K OypHOMY
Pa3BUTHIO Pa3HOOOPA3HBIX METOAOB M3MEPEHHS, KaKk OOIIeH paanoaKkTUBHOCTH,
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Tak ¥ OTHe’bHBIX e€ cocTaBmsromux (conepxkanue U, Th, K u ap.), B Tom yucne
B BapUaHTE a3pPOMETO/IOB.

B CCCP u apyrux crpaHax WAET CTPEMUTEIbHBIH POCT MH(POPMAIUH TI0
reOXMMHH ypaHa U TOpUs B MUHEpaJlaX U FOpHBIX mopoaax. O6 3TOM MOXHO Cy-
IUTh 10 MarepuanaM JKeHeBCKHUX KOH(epeHIUil M0 MHUPHOMY HCHOJIb30BaHUIO
atomHou sHeprun (JKenesa, 1955, 1958), marepuansl KOTOpOH MEepeBEeNICHB HA
pycckuii s3pik. B paborax yuéneix CIIHA E.C. Jlapcena, XK. ®eiipa,
Ix. A.C. Anpamca, Kennera X. bemna, 'anca Ilerepcona, JIptoc X. Apenca,
I'.1. HeiipGepra, a Taxke yu€nbix u3 ObBmiero CCCP W.M. AGpamoBuua,
E.I'. Beicokooctposckoii, P.JI. I'aBpuinna, B.U. I'epacumosckoro, JI.B. JImut-
pueBa, E.M. EcekoBoii, A.S. Kpsuiosa, JI.JI. Jleonosoit, JI.A. u .I'. MuneeBbIX,
A.W. IlonsnoBa, A.M. CeménoBa, A.A. CmbicioBa, JI.B. Taycona, C.JI. Typas-
ckoro, B.B. UepapiHiieBa U Ipyrux coaepkaTcsi TaHHbIE 00 0COOEHHOCTSIX HaKO-
IUICHUS ypaHa U TOPUS B MarMaTHYeCKUX 0Opa30BaHUAX. AHAJIOTHMYHbIC JaHHbBIE
no MeTaMop(hUYECKUM M OCaJOYHBIM O00pa3oBaHUSAM cojaepxkarcs B paborax
SL.H. benesueBa, H.II. Epmonaesa, H.H. Ilnymana, B.M. [I'aBmuHa,
@.I1. Kpenaenena, .M. Illopa, M.H. AnsTraysena u ap.

0060 BCEM CHEKTpe STUX UCCIEIOBAHUI MOXHO CYyAWUTH IO MyOJIMKALUAM B
CIIELUAJIHO CO3JJaHHOM XypHajie «['eoXumus», CUCTEMaTUYECKUI BBIITYCK KOTO-
poro Hauascs B 1956 rony.

OO6crosTenbHble 0000IIEHUsT IO 3TUM BOMpOcaM OBLIM CIENaHbl B KHUTaX
«Slnepuast Teonorns»’, «PagHOMETPHYECKHE METOIBI IOUCKOB U Pa3BEIKH ypa-
HOBBIX PyI»".

Beniiom, moaBoagmmM UTOT pagloreOXUMHUYECKUX HCCIIENOBaHUN B ObIB-
mem CCCP, crana xomiexktuBHass MoHorpadus «OCHOBHBIE YEPTHl F€OXUMUU
ypaHa»® U u3aHue 3-TOMHOH MoHOrpaduu «'€OXHMHS, MUHEPATOTHS ¥ TeHETH-
YeCKHe THITBI MECTOPOKACHHI PEIKHX 2MEMEHTOB» , B KOTOPOH MOXKHO YBH/ICTh
MHOT0 MHGOpPMAIUU MO YpaHy M TOPHIO, T€OXUMHUYECKas cyAb0a KOTOPBIX Tec-
HBIM 00pa30oM CBSI3aHa C PEIKUMHU dJIEMEHTaMHU.

K koniy 60-x ronoB XX cronerust pexxum cekperHoctH B ObiBiieM CCCP B
otHomenuu reoxumur U u Th Heckonbpko ocial, 4TO MO3BOJIWIO MPOBECTH B
1972 rony B r. HoBocubupcke moxa HenocpeactBeHHbM HadagoMm @.H. IllaxoBa
[TepByto Bcecoro3Hy0 KOH(EPEHITHIO IO PaIMOaKTUBHBIM dJIeMeHTaM, a B 1975 1.
AHAJIOTMYHYIO KOH(epeHIuio B T. [lymanoe.

B Marepuanax 3Tux KoH(EpeHIHA MPeICTaBICHbl YHHKAIBHEBIE CBEICHUS 110
T€OXMMHUHU YpaHa U TOPHUS B TOPHBIX MOPOJAX U T€OJOTMYECKUX Mporeccax. [Ipo-
U30IEN cBO€OOpa3Hblii MH()OPMAIIMOHHBIA TPOPBIB B HEKOTAA 3aKPBITOW IS
HIUPOKOTO 0OCYXKACHUS 00JIaCTH 3HAHHIA.

SAnepuas reonorus. M.: 3n-Bo nHOCTpaHHO# muTeparypsl, 1956.

Panuomerpuueckue METOAbI IOMCKOB U pa3BeAku ypaHOoBbIX pyA. M.: 'HTH nureparypsl no
TeoJIOTUHU U OXpaHe Henp, 1957.

OcHOBHBIE UepThl reoxumun ypana / noa peaakiueid A.I1. Bunorpagosa. M., 1963.

I'eoxumusi, MUHEpPANOrusa U TeHeTUYECKHE TUIIBI MECTOPOKICHUHN peaKux sneMeHToB. M.: Hay-
Ka, 1964.
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B paborax A.W. Tyrapunoma, JI.B. Kommnesa, B.W. I'epacumoBckoro,
A.A. CmpicnioBa, A.U. Tlepenbmana, M.H. Anwstrayzena, H.H. Ammmnckoro,
C.A. Typosckoro, I'M. llopa, P.II. I'ortux, B.M. danueBa, C.I'. barynuna,
A.U. JlayOenbaxa, ®.A. AnekceeBa, B.M. l'aBmmna, A.C. MuUTpomnoybCckoro,
B.II. KoBanésa, A./l. Hoxkuna, C.Jl. Pacynosoii, C.®. Bunokyposa, P.C. XKy-
paBnésa, [I.K. Ocumnosa, }0.B. Unsunckux, B.I1. Koanésa, C.M. KpaBuenko,
WN.I'. bep3zunoii, A.W. Ilonsikosa, I'.b. Haymosa, C.B. Mensrynona, B.K. Tutoga,
b.K. JIsBoBa, FO.M. Ily3ankoBa, B.A. 3no6una, A.I'. Muponosa, H.I1. Epmonae-
Ba, E.B. ILmomesa, O.I1. Co6opHOBa U MHOTUX IPYTUX OBLTU MOKa3aHBI HE TOJb-
KO YPOBHHU HAKOIUICHUS! PaIMOAKTUBHBIX 3JIEMEHTOB B TOPHBIX IMOPOJIaX U MUHE-
panax, HO ¥ X UHAMKATOPHAsl pOJib B MpoOIeccax MOPOA0- U PyI000pa30BaHus.
AHanu3 3TUX MaTepUalIoB BCE emé KAET CBOETO MCCIIEI0BATENS.

B koHue 70-X ToA0B B NPAKTHKY PaJUOr€OXMMHUYECKUX HUCCIEIOBAHUN HMH-
TEHCUBHO BHEAPSAIOTCS TOJIEBbIE TaMMa-CIIEKTPOMETPHUUECKHUE HCCIEA0BAaHUSA, KO-
TOpPbIE TTO3BOJISIIOT C BBICOKOW TOYHOCTBIO M JIOCTOBEPHOCTHIO OMPENEIATh COAEP-
YKaHUE ypaHa, TOPHsSI U Kalusl B T€OJOTHYECKHX 00pa30BaHMIX, a B JJA0OpaTOPHUIX
MOSIBWJIUCh HOBBIE METOJIbI MX OMPENEICHUS: PEHTTEHOCHEKTPAIbHBIN, JIa3epHO-
JIOMUHECUEHTHBIN, HEUTPOHHO-aKTHUBALMOHHBIM, METOJ 3ala3/JblBAIOIIUX HEW-
TPOHOB, ockojiouHas (f) paguorpadus, 4To MO3BOIMIIO MOTYYaTh HHPOPMAITHIO 00
YPOBHSIX HAKOIUICHUS PAJUOAKTUBHBIX 3JIEMEHTOB M (pOpMax MX HAXOXKICHUS B
JHOOBIX MPUPOTHBIX 00PAa30BAHUAX, B TOM YHCJIC )KHBOM BEIIECTBE U T. 1.

Bc€ 310 0o3B0IMIIO0 IIEpENTH K ocylecTBiIeHnI0 MeuTsl B.M. BepHanckoro o
CO3J]aHUU KapThl paaunoakTuBHOCTH Poccum. OHa OblTa co3/laHa KOJIJIEKTUBOM
aBTopoB BCET'EU non penakuueii A.A. Cmpiciosa u JI.U. Tuxomupona (CaHKT-
[lerepOypr, 1996). CeroaHss Mbl MOXKEM, HCIOJIb3Yysl JAHHYIO KapTy, YBHUJIETh
MHOTHE 3aKOHOMEPHOCTH B pacrpeleicHuH (pacCesHUU W KOHICHTPUPOBAHUM)
PaIMOAKTUBHBIX 2JIEMEHTOB B 36MHOU KOpeE.

OO6o01eHne MaTepuanoB IO TEOXHMHUHU DPAIUOIIEMEHTOB B MPHUPOIHBIX
00BeKTax 3a TOCJeIHee NECATUIICTHE MOXXHO HAWTH B Marepuaiax MexmyHa-
ponHo# koH(pepeHH «PaAl0aKTUBHOCTh U PAIMOAKTUBHBIC JIEMEHTHI B Cpejie
oburtanus yenoeka» (Tomck, 1996, 2004, 2009).
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naBsa 2
OBLUME OCOBEHHOCTWU TrEOXUMUU
PAOUOAKTUBHbBIX QJIEMEHTOB

2.1. CBoMCTBa pafMOaKTUBHbIX 3NIEMEHTOB

PanuoakTuBHBIE 3JIE€MEHTHI o6naz[aroT HCJIbIM PAOAOM CHCI_[I/I(i)I/I‘IeCKI/IX
CBOﬁCTB, OTIMYarImuX HX OT OOJIBIIMHCTBA APYIrux U3BCCTHBIX HAYKC XUMHYC-
CKHX DJEMEHTOB. B OCHOBE 3THX OTIMYMH JIeKaT OCOOCHHOCTH CTPOCHUA HX
aTOMOB, O6YCHaBJ'II/IBaIOH_[I/IC B TOM YHCJIC U ABJICHHUC PAAUOAKTUBHOCTH.

2.1.1. CmpoeHue amomoe u 0CHO8HbIe ceolicmea ypaHa, mopus
u npodykmoe ux pacnada

CrpoeHue aToMOB U CBOWCTBA MPUPOJHBIX PaAMOHYKINJIOB, BCIEACTBUE UX
OO0JIBLION 3HAYMMOCTH JJIs1 YeJIOBEUECTBA U YHUKAIBHOCTU 3TUX CBOMCTB, 10CTa-
TOYHO XOPOIIO U3YYEHBbI U U3JI0KEHBI B 3HAYUTEILHOM KOJIMYECTBE ITyOJIMKALIUMI,
B TOM 4ucie B psjae MoHorpaduil. [lpu onvcanuu cBOMCTB palOaKTUBHBIX 3Je-
MEHTOB B JAHHOM pa3/elie Mbl BOCIIOJIb3YyE€MCSl CIIPAaBOYHBIMU MaTepHallaMH,
0006meHHsIME B pabote B.B. Banosa (1997).

VYpan u Topuil — Haubosee pacpOCTPAaHEHHbIE YWICHbI CEMEHCTBA aKTHHU-
JIOB, B KOTOPOE BXOJAT TaK)Xe€ aKTUHHM, MPOTAKTUHUHI U elle JecsITh TpaHCypa-
HOBBIX 3JIEMEHTOB. DTO ONpEEISeT 3HAUUTEIbHYI0 OONIHOCTh MX XUMHUYECKUX
cBoricTB. CeMelCcTBO aKTUHUIOB (57 2JIEMEHTOB) — XUMHUYECKUIA aHAJIOT CEMENCT-
Ba JJAHTAHOUJOB (4f 31ieMeHTOB). BIM30CTh K TaHTaHOMAAM UTpaeT BaKHYIO POJIb
B T€OXMMHHU ypaHa u Topus. [1o Benmnunnae HOHHBIX paguycoB U+ Giike K TpyTi-
T «TSDKEITBIX)» JTAHTaHOUJIOB («UTTpHEBas rpyIiay), a Th* — k rpymime «ierkux»
(«uepueBas rpymmay) (tabum. 2.1). Eme OGonee 6IM3KK BETMYUHBI HOHHBIX Pajiny-
coB camux U* um Th*, uro oOycCIOBIMBaeT HICHTHYHOCTh HX XHUMHYECKHX
CBOWCTB.

Topuit

Topuii (Th) — pagnoakTUBHBIA XUMUYECKUIN 3JIEMEHT, OTKpPBIT B 1828 roay
N.5. bepuenuycom. Ha3Ban B yecth ckaHauHaBckoro 6ora rpoma Topa. AToMm-
HbI HOMep — 90, aTomHas Macca — 232,039.

ATOM TOpHs TIPEICTABIICH PaTUOaKTUBHBIMU TPUPOAHBIME H30TOMamu: 232Th
(~100 %, T, — 1,4 x 10! ner); 228Th (paguoropuii X n UX,', T, — 1,9 ner); 2°Th
(wonwnii o, T, , — 8 x 10 ner), 2*Th (ypan X,-UX, T,, — 24,1 aus); 2>’Th (paxuo-
aktuBHbI X-UX; T,, — 18,7 mua); 2!'Th (ypan Y-UY, T,, — 25,5 u1). U3BecTHO
HECKOJIBKO MCKYCCTBEHHBIX KOPOTKOXHBYIIUX (CEKYH/IbI, MUHYTHI) H30TOMOB Th.
232Th sBisieTCs BTOPBIM 10 PACIPOCTPAHEHHOCTH MPUPOIHBIM PAIMOAKTHBHBIM
U30TOIOM B 3eMHOI Kope (1,2 x 1073 %), yerymaer Tonbko 8’Rb (4,16 x 1073 %),
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Topwii (51°6d°7s°) — pannoakTHBHBIH fd-MeTast u3 rpymnmsl Ac, B Ilepuoau-
YECKOM CHCTEME PACIOiIoXeH B 7-M nepuone B III rpynmne BMecTe ¢ maHTaHOH1a-
MU, UTTpUEM U ckaHaueM. [Ipy COBMECTHOM pacCMOTPEHUU C TaHTAaHOUJAMH SIB-
nsiercst romosiorom Ce, 1o nuaronanu cocenctByer ¢ La, Gd, Lu, mo ropusonTa-
au — ¢ Ac, Ra u Pa, U. Ko BceM 3TuM MeTamiam oH 0oJjiee HIIM MEHee OJIM30K 110
XUMUYECKUM CcBoicTBaM. [lo Tepmuueckum cBoiicTBaMm Onmxe Bcero kK Y u Lu,
0 PHEPTrun 00pa3zoBaHus U30JIHPOBaHHBIX aToMOB — K Zr, Hf, U. Couetanue BbI-
cokoil Temneparypsl miasinenus — Th (meramn) 1800 °C u ThO, 3222 °C, 6aus-

KOM K TakoBO# T1, 1 OOJBIION XUMHUYECKON aKTHBHOCTH (OJIM3KOM K aKTHBHOCTH
Mg) ornmrgaer Th ot U u GosbmrHCTBA IPYTHX METAIIIOB.

Tabmuua 2.1
Benuyunst uonnwix paouycog (no Apency), A*
OneMeHT I'pynna Baenrhocts

3+ 4+ 5+ 6+
Ac — — — —
Th (1,08) 1,02 R R

AKTHUHOUAbI
Pa (1,05) 0,98 0.80 -
U 1,03 0,97 0.87 0.80
La 1,14 — — —
Ce 1,07 0,94 — —
Pr 1,06 0,92 - -
Nd 1,04 — - -
Sm 1,00 — — —
Eu 0,98 — — —
Gd 0,97 - - -
JIJAHTAHOU bl

Tb 0.93 0,81 - -
Dy 0,92 — - _
Ho 091 — — —
Er 0.89
Tm 0.87 — — —
Yb 0,86 — — —
Lu 0,85 — — -
Y UTTPUN 0,92

ITo XUMHYECKUM CBOMCTBaM OH JOBOJLHO 0mu30K kK P33, ocodenno x Ce.
Ob6a mposBisoT Haumbojee ycToluuByro B mnpupoae BaineHTHocTh (Th(IV),
Ce(IV), Ho 1o cpaBnenuto ¢ Ce Topuil ob6pa3yer 6osiee yCTOWUHMBBIE KOMILIEKC-
Hble coequHeHus. Th okucnsercs Ha Bo3ayxe npu Temnepatype 20 °C, pearupy-
er ¢ H,0 ¢ obpa3zosanuem 3amutHOM mieHkH ThO,; npu HU3KMX TeMmeparypax

B3aumozeiicteyer ¢ F (ThF,), npu cnabom narpesanum (o ~45 °C) — ¢ CI, Br, I,
S, npu cuabHOM (600 °C) — ¢ H, (ThH,), npu 800 °C obOpasyer HuTpubl, doc-
(bup1, KapOHIBI, CHITMITUIBL, 8 TAK)KE HHTEPMETAJUTH/IB U CIUIABBI, ITOKAa HE yCTa-

HOBJIEHHbIE B mpupoze. Muorue conmu Th (ramorenuasi, kpome F, cymbdatsr)
pactBopumMsl B H,O 1 paz6asnennsix kuciorax. IIpu 20 °C xopoio pacTBopum
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Th(NO,), — 190,7 1/100 r, npakrtuyeckn He pacrsopum ThF, — 0,2 /100 1, a
ThCl, pearupyer ¢ H,O. He pactBopumsl pocdatel, XpomaTsl, MOIHOIATHI, OK-
CUKapOOHaT, OKcaylaT M CyJb(pUT. XapakTepHO 00pa3oBaHME MHOTOYHCICHHBIX
KoMIuIeKCHBIX coerauaenuii Th(IV), B ToM uncie pacTBOpUMBIX (KapOOHATHBIE U
Jpyrue KOMILJIEKCHI).

B xumum usBecTHbI pasnuuHble cocTosiHUs okucieHus Th. Haubonee yc-
toituns Th(IV): ([Rn])ThO,, [Th(H,0)]**(aq), ThF,, ThCl,, ThF*~, coma Th(IV),
xomiiekchl. I'opasno menee ycroiunssl Th(III) - (Thl,), u Th(II) - (ThO, ThH,).

CrangapTHblii norennuan Boccranosiaenus EO (B): Th(IV) — Th(0) = —1,83
(xucneii pacteop); ThO, — Th(0) = —2,56 (11€709HOM pacTBOP) U OKUCIICHUS

Th(ts.) — Th(OH), (tB.) = —2,48. I'mapokcua (IPOM3BEACHHE PACTBOPUMOCTH
1073 — 10%?) Th(OH), HaumHaeT ocaxxgaTbcs U3 pactBopoB mpu pH > 3.5.
B npucyTcTBUM KapOOHATOB MIEIIOYHBIX METAIIOB M COJIEH OPraHUYeCKUX KHCIIOT
obpaszyer pactBopumble Komruiekchl (Tutaesa, 1991). Ilpu pH > 3,5 mMuxpokoH-
LIEHTpaluu Topus 00pasyroT B pactBope komnouansii Th(OH),. ITponece ruapo-
mm3a Th(IV) Hocut cnoxHbIi XapakTep, npeanonaraioT Hanuuue, kpome Th(OH),,
u apyrux ¢opm: Th(OH)**, Th,(OH),5" u mp. B mopomke Topuii mupomopdes,
TeMreparypa Bociiamenerus 270 °C, HUKHHI Tpezies B3pbIBAEMOCTH — 75 1/M3.

YpaH

OtkpsiT B 1789 roay, HO B YUCTOM BHUjIE€ (METAJUT CEPO-CTAILHOTO 1[BETA) BBI-
neneH Tonbko B 1841 romy. YpaH sBIsieTCS CaMbIM TSOKENBIM M3 OTHOCUTEIBHO
pacnpocTpaHeHHBIX Ha 3emJye sreMeHToB. [IpeacraBnen TpeMs paaroaKTHBHBIMU
npupoaHbIME n3oTonaMu: 238U (99,275 %), 233U (0,720 %) u 234U (0,005 %).

Vpau (56d!7s) sBasietcst fd-meTanioMm U NMPHHAIICKUT K 3-i rpyme Ile-
PHOIUYECKON CUCTEMBI, TOJATPYIIIE aKTUHOUIOB.

Meranmyeckuii U, xkak 1 Topuil, B3aumojeictsyer ¢ O, ¢ oOpazoBaHHEM

3ALIMTHOM MJIEHKH OKCHJIOB, HEPABHOBECHBIX ITPH KOMHATHBIX TeMIeparypax (t)
u nasinennu (P). Coemunenns UO gacto comepxar N u C, a UO, n UO,,  oxwuc-

JIAROTCA ITPH IMOBBIICHUW TEMIICPATypaxX U OABJICHUH IO 0oJiee BHICOKMX OKCHI0OB
BILIOTBb JO UO3 M3 MHOTOYHCIIEHHBIX KHUCJIOPOIHBIX COCIUHEHUIM HanOoJee ycC-

toiuuBeiMH cuuTarorcs UO, (tun ¢moopura U, O, ) U COenMHEHUs TUIIA

36+m
ypanuna [UO,** umn Ug O, .5, KOTOpBIE OTHOCATCS K IBYM Pa3HBIM F'OMOJIOTH-
yecKuM psaM okcunoB U. Meramumueckuil U nMeeT CHIIBHYIO BOCCTaHOBUTEb-
HYIO CIIOCOOHOCTb, B ITOPOLIKE NTUPOMOP(EH, CHIIBHBIN KOMIIEKCOOOpa30BaTeb,
o0OpaszyeT (TOpHIbI, HUTPUABIL, TUAPUIBI, CYIb(UIBI, a TaKKe CIUIaBbI C MeTaj-
JaMu. XapakTepHas 0cOOeHHOCTh XUMHU U — BbICOKas JIETy4eCTb ero KapOuoB,
raJIOuJI0B, YpaHUJIoB U Ap. Y Bcex coequHenuit U npeobiiajaloT OCHOBHBIE CBOM-
crBa (puc. 2.1). Meranmueckuii U pearupyer ¢ H,O npu t > 100 °C. UH,, UC, n

UC pearupyror ¢ xonoano# u ropsyei H,)O.
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BaneHTtHOCTU
Puc. 2.1. Kucromno-uenounvie ceoiicmea ypana, mopus, peokux

upe()K03eMe/szbzx JJleMeHNn o6

Xumnuecku U BecbMa aKTHBEH, UMEET MEPEMEHHYIO BaJIEHTHOCTh — 37, 47,
5%, 6%, 0cOOEHHO YCTOMYMBOE COCTOSIHUE B M€OXMMHMHU M MHHEPAJIOTHMH HUMEIOT
U(VI) u U(IV), xotopsle BeayT ce0si Kak pasHble 3JeMeHThl. B mpupone ypan
CYLIECTBYET B JBYX CTEHEHAX OKUCIEHUs: +4 u +6. B 1abopaTopHBIX yCIOBHIX
nonydensl cnaboycroituussie U (II1) u U (V).

U(IV) B npupoae no cBoiictBam Haubozee 6in3ok k Th(IV), nanTanounnam:
TR(IV) (Ce(IV), Pr, Tb), TR3* (Nd, Ho) u k s;emeHTaM UTTpHEeBO# rpyrmibl. U
OTJIMYAETCS OT BCEX 3JIEMEHTOB OYEHb KPYIHBIM pa3MepOM KOMIUIEKCHOIO Ka-
troHa (UO,)?*, criocoOHBIM 00pa30BbIBATH COOCTBEHHbIC YPAHOBBIC MHHEDAJIBI.

B stom otHOomennn katuon U(IV) cxoxmen ¢ anmonamu W(IV) (WO,2"), a oco-
oenno ¢ Mo(IV) (Mo,?"), yCTOHYHBOCTBIO aHHOHHBIX KOMILIEKCOB. MeHee yc-

TOHYUBBI Ipyrue coctostHust okucienuss U. CTaHmapTHBIC TMOTEHIHAIBI BOCCTA-
nosjenus E° (B):
VI \Y v 1T 0

| I
Kucnwiii pacteop  UOST —0,16 UO; -038 U* -052 U -1,66 U°

I{enounoii pacteop UO3(OH), -0,3 U0, -2,6 U(OH), -2,10 U°

HpI/IMepI)I TUITMYHBIX ITPOCTBIX COG,Z[I/IHeHI/Iﬁ B Pa3HbIX CTCIICHAX OKUCIICHUA:
U(VI): UO4(U,0y), UO,* (aq), comn, UF, UCI,, kommnexcsr: U(V) () U,O;,
UO3* (aq) — meycroituns, UF,, UCL,, UF,, UF,>, UF3-; U(IV) () [U(H,0) ]+
(aq), UO,, comn, UF,, UCI, u T. 1., [UCL]* U{ID) (£) [UMH,0)]** (aq) (meyc-
toituus), UF,, UCL, u 1. 1., U(C,Hy),; U(IT) (£d’) UO.

Vpan (IV) B CBOMX COCIMHCHHUSIX MPUCYTCTBYET B popme mona U+, Tlo xu-
MudeckuM coiictBaM oH Omu3ok kK Th (IV), Y (III) u TsoxkensiM aHTaHOMIAM
UTTpUEBOii rpymmbl. C XUMHYECKON TOUKH 3peHust noH U* sBisiercs ciaabbiM oc-
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HoBaHHEM. OH CYIIECTBYET JIMIIb B CHIIBHOKUCIIBIX PACTBOPAX M MPH MOHKECHHN
KUCIIOTHOCTH ruaposusyercs ¢ oopazosannem U(OH),. I'mapokeun U(OH), cna-

00 pacTBOpUM B BOZIE, HO XOPOIIO PacTBOpsSETCsS B KHcIoTaX. JIMOKcHI ypaHa
UO, npaktuuecku He pearupyet ¢ Bogoi 10 300 °C, nepactsopum B HCI, HO X0-

pomo pacteopserca B HNO, u cmecsax kucnor. U3 coenunennit U (IV) manbonee
pacteopumsl B Boge UCI, n U(SO,),. Benencreue storo U (IV) ycroituus B

CUJIbHOKUCTIBIX CYJb(aTHBIX, XJOPUAHBIX U HUTPATHBIX pacTBopax. CHIIMKAThI
U (IV) pactBopumsl B cuinbHOKUCTBIX cperax. U (IV) ckimoHeH k oOpa3oBaHUIO
KOMIUIEKCHBIX COEMHEHUH, T/I€ MMEET KOOpJIUHAIMOHHOE 4uciao 8. M3BeCTHBI
KapOoHaTHBIC, CynbdaTHble, okcasaTHbie U Apyrue komiuiekchl U(IV). Bomb-
[IMHCTBO U3 HUX MaJOyCTONYMBO, IPUYEM yCTONUYUBOCTh MAJAET C MOBBIILICHUEM
temriepatypsl. Harmpumep, B kapOonaTHbix pactBopax U (IV) oOpasyet ycToituun-
BBII B n30bITKE KapOoHaTa komiuieke U(CO;) 6.

OTnuunTensHOM 0coOeHHOCThI0, oTinyaronieit reoxumuto U(IV) ot nanTa-
HouzoB, Ti(Il) u Ipyrux 3MeMeHTOB-THIPOIU3ATOB, SIBJISETCS BBICOKAsl CPeAM Ka-
THUOHOB CTEIIECHb MOABMKHOCTH B BOJHBIX PAcTBOpax. DTOT BHIBOJ BIIEPBHIC ObLI
cnenan B.W. Bepuanckum B 1930 r. B ero padore «Ouepku reoxumuny. OH 1H-
caii, yto uctopus U coBepuieHHO uHas, 4eM y Th. «Bo-nepBbIx, CyliecTBOBaHHE
HECKOJIbKUX OKHCEH ypaHa, 00JIaJalolMX OYeHb Pa3IUYHBIMU CBOMCTBaMH, H,
BO-BTOPBIX, CYIIECTBOBAHUE MHOTI'OYHMCIIEHHBIX NPUPOJHBIX COEAUHEHMMH, JIETKO
pacTBOPUMBIX B Bojie OMOC(Ephl, U B MOJ3EMHBIX BOJAX...». DTOT BBIBOJ MOJY-
YUJI NTOATBEPAKICHNUE IE€OJOTUUYECKON NPAKTUKOM, a TEOPETUUECKU — B CHCTEMAa-
tuke @.A. JIeTHHKOBA 1O 3HAUEHUSM yAenbHOU ruaparanuu (AH, kkan/r). B ps-
ny nosbineHnss AH oH 3aHMMaeT caMoe BBICOKOE IIOJIOKEHUE CPEeIu HOHOB
IpyNIbl OYEHb BBICOKOM MOJBHKHOCTU U COCEJCTBYET C TaKUMHU HMOHAMHM, Kak
F-u HS™ B pany SO,> <Cl" < F- < U* < TL

1,32 .0<1,70-2,10 o uos"
ncknoyaet
LUMPOKMI
nsomopmam
U U B npupoge
(0] 0]
6,04-6,84 A

Puc. 2.2. Cmpoenue ypanunbnozo komniekca 6-6aieHmno20 ypaua

¥Ypan (VI) — naubonee ycToiunBas CTENICHh OKUCIICHUS ypaHa IIPH CBOOOI-
HOM JOCTylle BO31yXa. BaneHTHOCTh 6 SBIAETCA BBICOKOW Ja)xe AJI1 TaKoro
KPYIHOTo KatuoHa, Kak U®. OH 3HepreTH4ecKd HEYCTOMYHB M B BOIHBIX pac-
TBOPAaX MCHOBEHHO T'MJIPOJIM3YETCSl ¢ 00pa30BaHUEM KOMIIJIEKCHOTO JBYXBaJIEHT-
Horo karrnoHa ypanmia UO,%, manpumep UF, + 2H,0 — UO,F, + 4HF.
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Ilo pa3Mepam ypaHHJI-MOH NPEBBIIIAET BCE U3BECTHBIE B IPUPOJIE KATHOHBI
U paBeH 6,04—6,84 (puc. 2.2). B cBsi3u ¢ 3TUM OH HE MOXKET M30MOpP(PHO 3ame-
ATk APYTUE KATHOHBI B XUMHUYECKUX COCTUHEHUSAX U B IPUPOJIE JIETKO 00pazyeT
COOCTBEHHBIE MUHEPAJIBL.

UO; — BecbMa aKTUBHOE XUMHMYECKOE COEIMHEHHUE. B3auMonencTBys ¢ Ku-

ciioTaMu, obpa3syeTr pacTBopsl coieil ypanuna. Ilo npencrasnenusm E.C. Maka-
posa (1973), B munepanax (ypanunurax, Hactypanax) UO; HaXoQurTcs B BUIE

YPAHUIBHBIX TPYIIIL, TIe IS KOMIICHCAIIMH TTOJIOKUTEIBHOTO 3apsijia B MyCTOTHI
pemrerku BHeapsiroress HoHbl 02~ UO,2* x O, = UO;. Coemunenus U (VI) cpas-

HUTEIBHO XOPOUIO PacTBOPUMBI M YCTOWYMBBI B BOAHBIX pacTBopax. Hamubomee
PacTBOPUMBI ypaHUJI-HUTPAThl. XOPOILIO PacCTBOPUMBI CyJb(paThl ypaHUIa U OK-
curanorennasl (UO,Cl, u UO,F,). UF, u UCI neTy4n, HO B IPUCYTCTBHHU IIapOB

BOJIbI JIETKO THIPOIU3YIOTCS, MIEPEXOs B OKCUTaJIOTeHUIBI. PacTBOpUMBI MHOTHE
COJIM ypaHWJIa ¢ OPTaHUYECKUMH KUCIOTaMHU. TUIHMYHBIMU TPYIHOPACTBOPUMBI-
mu coequHeHusmMu U (V) apnstores pocdatel, apceHaTsl, BaHAAATHI.

U (VI) nposiBisier OOJBIIYI0 CKIOHHOCTh K OOpa30BaHUIO KOMIUIEKCHBIX CO-
€IMHEHHH, KOTOPBIE UTPAIOT BaKHYIO POJIb B €r0 TeOXUMHHU. Bo Bcex 3THX coenu-
HEHHUSAX YpaH HaXoAuTcs B (hopMe ypaHWI-MOHA, KOTOPHIA MMEeT KOOPIHHAIHOH-
Hele uncna 4 u 6. Kommiexcoo6paszosanue U (VI) ¢ Cl7, Br u NO,;™ uger cnabo.

Hawnbonee BaxHOEe 3Ha4YeHHE B MPHUPOIHBIX YCIOBUSIX MMEIOT KapOOHATHBIE, CYJIb-
(artuble, GropuaHslie, GpocdaTHble U TMIPOKCHUIBHBIE KOMILIEKCHL. AKBaruIpoKco-
KOMIUIEKCHI YpaHHUiIa 00pa3yroTcs MpU CTYNEHYaTOM 3aMeIIeHUH aKBarpyI B aKBau-
one ypanmia [UO,(H,0)** u nmerot popmy [UO,(OH) (H,0), J*™ (n — ot 0 110 6)
(Haymos, 1978).

KapOoHaTHbIe KOMITIEKCH 00pa3yroT CEMEHCTBO COSTMHEHHH, CPET KOTOPBIX
B BOIHBIX pacTBopax yctoitumel Jmmb [UO,L(CO,),]* u [UO,(CO,),(H,0),]*

ITepBrIit mpeobnanaeT B pacTBope ¢ M30bITKOM HOHOB CO,%~ u mpH pa36aBieHHH

nepexoauT Bo BTopoil. Cienyroleii CTyneHblo sBisieTcsa oOpa3oBaHue ciabopac-
TBOpUMOro kapbonara ypanuna UO,CO,. @TopuaHble KOMIUIEKCH 00pa3yroTCs

JMIIb B Cpeiax ¢ BBICOKUMH KOHIeHTpauusaMu ¢ropa. Tak, ans 25 °C noporosas
KOoHIIeHTpanus ¢ropa goimxHa coctaBisate 0,5 mr/n (Haymos, 1978). Cynndart-
Hble KOMIUIEKCHBIE COEMHEHUS ypaHWIIa 110 CTPOSHUIO MOJ00HBI KapOOHATHBIM,
OJTHAKO TIO0 MPOYHOCTH YCTYMAIOT HE TOJBKO KapOOHATHBIM, HO M (DTOPHIHBIM.
OnHu xapakTepHbl JULIb Uit Kuciaon cpeasl ¢ pH 2—4. OueHp BaxkHYIO TpyIITy
KOMILIEKCHBIX COCTUHEHUN YPaHUI-UOH 00pa3yeT ¢ OpraHMYeCKUMH KHCIOTaMH
(11aBeneBoO, yKCyCHOM, TIMMOHHOM, TPYIIIION T'yMyCOBBIX KUCJIOT U T. 11.).

Nonwr U(VI) Hanbosiee yCTOWMYNUBBI B YCIOBUSIX OKHUCIUTEIBHON 00CTAaHOBKHU
u otnmyatorcst oT U(IV) Gosee BBICOKUM 3HaY€HHEM MOHHOM IUIOTHOCTH; B BOJ-
HBIX PacTBOpax HEYCTOWYHMBBI M THMAPONH3YIOTCA ¢ obpasoBanmeM UO,2" u
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[UO,(H,0),]*, [UO,(H,0)]* u ap., a mpu Hammauu CO 2~ — UO,(CO,),% u ap.
I'mppoxcnn-ypanuneneii kommieke UO,(OH), ycroiuus npu pH 4,5-7, ocax-

JeHre KapOOHATHBIX KOMIUIEKCOB HauumHaeTcs npu pH > 4.5, cynbdaTHbix — 4,
TYMHUHOBBIX U (yJIBBOKOMIUIEKCOB — 1pu pH ~ 7. BaxxHOE XMMHYeCcKoe CBOHCTBO
U (ocobenno U(VI)) — ero cunbHast BOCCTAaHOBUTEIbHAS CLIOCOOHOCTH, HAIIPUMED
s Fe3*. Coenunenns U(VI) pacTBOpUMBI B BOJIE, OCOOEHHO YPaHUI-HUTPATHI, a
taxke cynbdarel u okcuranoreanasl (UO,Cl, m UO,F,); UF, u UCIl, netyuu, HO

JIETKO THUAPONU3YIoTCs, 00pasys oxcuranorenuasl. UO,-2H,O pactsopum B X0-
noxuoii (0,0006 r/100 r) u ropsaueit (0,008 r/100 r) Boge; UF, (0,01 r/100 r — npu
20 °C), UF, UCl, n UCI, rurpockonu4ssl 1 Takxke pearupyror ¢ H,O npu 20 °C;
xopomo pactsopuMm cyiabpar UO,SO,-3H,0 (151,4 /100 r — npu 20° u 237,8 —
npu 100 °C) u UO,F, (64,4 r/100 r — npu 20° u 74 — ipu 100 °C). I'naBubIe He-
pactBopumbie coequnenus U(VI) — okcunpl, docdarel, apceHaTsl U BaHAAATHI,
KOTOpPBIC M3BECTHBI B KAYECTBE DK30TCHHBIX YPaHOBBIX MHUHEPAJIOB. XapaKTepHa
teaaeHust U(VI) x oOpa3oBaHUIO KOMIUIEKCOB C KapOOHATHBIMH, CYyJIb()aTHBI-
mu, propunnbiMu, GocarasiMu (Ho He Cl, Br , NO;") annonamu. Baxnoe 3na-
YeHHE MMEIOT YCTOHYMBBIC THIPOKCOKOMIUIEKCHI, KApOOHATHBIE U OPTaHHYECKHE
(c mIaBeNeBOM, JIMMOHHOW, I'YMYCOBBIMH M JIPYTHMHU KHCIOTAMH) KOMIUICKCHI;
cynb(daTHbIC XapaKTePHBI TOJIBKO JUIsI KUCIIOH cpebl. CylIeCTBEHHOE 3HaYCHHUE B
reoxuMul U MMEIOT NOTEHIMAIBI OKHCIICHHUS-BOCCTAHOBJICHUS B YCIIOBHAX pa3-
ananeix pH ¢ u3meHennem Hanpasnenust peakiuu 2Fe? + Ut = 2Fe3* + Ut B
KHCJION Cpejie crpaBa HaJIEBO, a B IIEJIOYHON — CJIeBa HAMPaBO. DTUM OOBICHSET-
csl pa3HOOOpa3re MPUPOIHBIX 00CTaHOBOK, MPUBOAIINX K MUTPALUU U OCAXKIC-
Huto U Ha pa3NTUYHBIX TEOXUMHUYECKHUX Oapbepax.

Paguit (Ra)

M3BecTHBI YeThIpe HPUPOAHBIX M30Toma paxus: 223Ra (T, = 11,2
nud); 2*Ra (T, = 3,6 nua); 2*Ra (T, , = 1602 rozna); *Ra (T, , = 8,8 roxa). Pa-
U — [IEJIOYHO3EMETIbHBINA 2JIEMEHT, OJIM3KUI 10 XMMHUYECKUM CBOICTBaM K Oa-
puro. B cBoMX coeMHEHUSAX paauii u Oapuii H30CTPYKTYpHBL Paanyc nona Ra%t =
1,44, Ba?* = 1,38A. Kak u Bce 11e1049HO3eMeNbHbIE dJIEMEHTHI, Pauii 0bnanaeT
€IMHCTBEHHON (OopMOIl OKHCIIEHUs +2, MaJlo CKJIOHEH K KOMIUIeKcooOpa3oBa-
HHIO, HAXOUTCS B BOAHBIX pacTBOpax B ¢opme noHa Ra’*. Pamwmii oGnamaer 6o-
Jiee OCHOBHBIMH CBOWMCTBaMU, 4eM Oapuii. PacTBopuMBI B BOjie XJIOPHIbI, OpOMHU-
Ibl, Hoaubl, cynbhuabl U HUTpaThl paaus. Crabo pacTBOPUMBI €ro Cyib(arsl,
kapOoHatsl, ¢pochatel, Xpomartsl, Gpropuasl u okcanatel. Kak ciemyer u3 xapak-
TEPUCTUKH €r0 CBOWCTB, YCIOBHUS MHUIPAllMH paausl OTIIMYAIOTCA OT MUTrpPALUU
ypaHa, 4TO HEpeAKO MPUBOJUT K HAPYIICHUIO PAAHOAKTUBHOTO PABHOBECHSI.
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PapoH (Rn)

B npupozne u3BecTHO TpH H30TOma pajona: *22Rn (pagon, T,, = 3,8 nui),
220Rn (topow, T,, = 54,5 c), 2!°Rn (aktunoH, T, = 3,9 ¢), npeAcTaBIAOIIHE Psi-
16l pactana 238U, 232Th u 235U.

XMMHUUECKHE CBOMCTBA pajoHa ONPEICIAIOTCS €0 MOJ0KEHUEM B TPYIIIE
OsaropoHbIX Ta3oB [leproanueckoit cucreMbl. B cOOTBETCTBHH € 3TUM, IS He-
ro XapakTepHa XMMHUUECKas MHEPTHOCTh M BAJICHTHOCTH, paBHas 0. OH He BCTy-
[aeT B PEAKIMIO C KUCIOPOJOM JaKe B MCKPOBOM paspsijie U B MPUCYTCTBHH Ka-
TaaM3aTOPOB. B OOBIUHBIX YCIOBHAX PaJOH HAXOIUTCH B MOJEKYJIIPHOM COCTOS-
Hud B BHae Rn. OHako OH MOKeT 00pa3oBBIBATH KJIaTPaTHBIE COEAUHEHHS C BO-
noii, dgenonoM u TomyonoM. CBS3b B TaKUX COEAMHEHHUSX IMOIJICPKUBAETCS 3a
CYET BaH-JeP-BaalbCOBBIX CHJI. IIpH B3aMMOJEHCTBHU C ra3000pa3HBIM (TOPOM
pajoH crocobeH JaBaTh coequHEeHMs THIA RnF,, COKpHCTALIN3YsCh IPH 3TOM C

KCEHOHOM. AHAJIOTUYHO KPUIITOHY M KCEHOHY paJioH o0pa3yeT rekcaruaparhbl
(Rn-6H,0), nsomopden ¢ H,S-6H,0 un SO,-6H,0.

N3oTombl pajioHa pacTBOPUMBI B BOAE U APYTHX KUAKocTAX. KoaddunueHnt
pactBopumoctu B Boze npu 15 °C Bapsupyet ot 0,25 go 0,30. [Ipu nossieHun
TEMIIepaTypbl PaCTBOPUMOCTb pajioHa CHIDKaeTcs. lIpu KuIsueHuu OH IMOJHO-
CTBIO yJaJsieTcs U3 pacTBopa.

Cyl11ecTBEHHO BBIIIE €r0 PaCTBOPUMOCTh B OPraHUYECKHX JKUAKOCTAX. XO-
poliasi paCTBOPUMOCTh €r0 B KHpax 0OyCIIaBIMBAET €ro KOHIIEHTPUPOBAHHE KU-
poBBIMU TKaHSAMH. PamoH copOupyercst Ha MOBEPXHOCTH TBEP/BIX Tell. PaznmudHoro
poJla HEOPTraHWUYECKUE TeJIM U OPraHUYECKUE KOJUIOMIBI BEChbMa MPOYHO YJIEPIKHU-
BaIOT aJIcOPOMpPOBaHHBIN pasioH. JIydium copOEeHTOM SBISIETCS aKTUBUPOBAHHBIIN
yrolib. AJCOpOMpPOBaHHBIN PaJioH OYEeHb MOJBMKEH M JIETKO IepepacrpenensieTcs
B TBEPJIOM TeJ€ OT KpalHUX MOJIEKYJSPHBIX CI0oeB B Oosee riryOokue 30HBL Jle-
copOuus pajloHa MPOUCXOAUT Npu HarpeBaHuU. C aKTUBUPOBAHHOTO YISl OH IOJI-
HOCThIO Jtecopbupyetcst ipu 350400 °C. Brinenenus pajoHa U3 OAHOU (a3bl B
JPYTYIO0 Ha3bIBAIOT dmanuposanuem. Koodduiment smanupoBanus pagoHa kRn
paBeH OTHOIICHHUIO KOJMYECTBA PAJOHA, BBIICIUBIIETOCS U3 TBEPOTO TN KHUJIKO-
ro Tena, K ero KOJIMYeCTBY, 00Opa3oBaBIIEMYCsl B 3TOM Telle 3a TOT K€ MHTepBall
BpeMeHH. OH BapbUPYyET OT JI0JIM MPOIEHTA JI0 JECATKOB MPOIICHTOB.

Mononui (Po)

B mpupone usBecteH psax msoronos nononus: 2'°Po (T,, = 138 nueii);
214po (T, , = 1,6x10*¢); 218Po (T, , = 3,5 mun) — psx 238U; 2!Po (T, ,, = 0,52 ¢);
215Po (T, , = 1,8x1073 ¢) — pan 2°U; 212Po (T, ,= 2,9 x 10~ ¢) u 21%Po (T, , = 0,15 ¢) —
psia 232Th. U3 ux XapakTEpUCTUK BHIHO, YTO MPAKTHYECKOE 3HAYCHHE JJISI T€0-
XMMHUH MOYKET UMETh JIMIIb OTHOCUTEIBHO HOJTOXHUBYIIHiA 210Po.

XHUMHYECKHE CBOWMCTBA IOJIOHUS ONPEICISIOTCS €ro  IOJIOKEHHEM B

VIA rpynne Ilepuoanueckoir cuctembl. OH oOnanaer KoH(Urypauued 3iek-
TPOHHBIX 000JI0YEK, TTOJTOOHOM CEJICHY M TEJUTYypPY, U MO0 XUMHUECKHUM CBOWCTBAM
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ONMM30K K HUM. B COOTBETCTBHH C MPHUHAUICKHOCTHIO K VIA rpyIine oH umeer
HECKOJIbKO CTeneHeH oKucienus: —2, +2, +3, +4 u +6. Po(Ill) umeeT cxoncTBo ¢
Bi. HauGounee ycroituns B pactsope Po**. B mpupoanbie pactBopsl Po mocTymaer
B YJIbTpaMUKpPOKOHIIEHTpanusiX. OH CKIIOHEH K 00pa30BaHUIO TICEBIOKOJLIOHIOB,
KOTOpBIC BO3HUKAIOT B pe3ysibTaTe aacopOruu Po Ha KOJUTOMIHBIX YacTHIAX
JIBYOKHCH KPEMHHS, OPTaHMYECKUX BEIIEeCTB U T. 1. AACOpOLHUsS HOCUT HOHOOO-
MeHHbIN xapaktep. [Ipu pH = 1-4 Po HaxoauTcs B HETrUAPOIM30BAHHBIX HOHHBIX
dopmax; mpu pH = 6—7 HaOIOAAIOTCS THAPOIU3 U 00pa30BAHUE MTOJOKHUTEIHLHO
3apsKEHHBIX KOJUTOMAHBIX yacTull, ipu pH = 8-9 Po HaxoauTcs B BuAE OTpulA-
TEJBHO 3apsHKEHHBIX KOJUTOUIHBIX YaCTUIl THIPOKCHIOB. B CHIIbHOIIEIOUHOM cpe-
ne obpasyercs annoH PoO,2~. O6pa3oBaHye NCEBIOKOIONIOB IPOMCXOIUT B pac-
TBOpax, TJ€ MPOU3BEJCHUE PACTBOPUMOCTH HUKAK HE MOXKET ObITh JOCTUTHYTO.

Jlna Po xapakTepHa crmocoOHOCTh K KOMITJIEKCOOOPa30BaHUIO C Pa3IMUHbIMU
aHroHaMu. ['eoxuMMHUYecKoe 3HAYCHHE HMMEET JIMIIhb HAuOOJIee JOITOKHUBYIIHMA
uzoromn — 21%Po. O obpasyetcs mpu pacnane 2?>Rn. OObIYHBIM €r0 CITyTHUKOM
sBystieTcst 6oiee monroxkusyiumii 210 Pb (22 roma), us xoroporo 2'°Po ob6pasyercs
IO CIIEAYIOUICH 1IeTI0YKe:

210pyB _y 2105 B _y 210p o s 206py

22 rona 5 naent 138 gHen

MpoTakTuHui (Pa)

ATom Pa (5£°6d"7s%) cocTOUT TONIBKO U3 paJOaKTHBHBIX H30TONOB. B npu-
poze ycTaHOBIIEHO nuinb aBa usoroma: 23'Pa (T, = 3,43-10% ner) — pag 2*°U;

234Pa (2 m3omepa T, = 6,75 g u 1,175 mun) — psg 238U.

Pacnonoxen B V rpymnme llepuonuyeckon cucremst ¢ Ta, Pr, Dy u np., a
TaK)K€ F€OXMMHYECKH OJM30K K 3TUM 3JIEMEHTaM, SIBIISCh XUMHYECKUM aHallo-
rom TaHTtaja. [lo HeKOTOpeIM cBOMCTBaM OJM30K K Zr 1 Hf.

[IpoTakTUHUI — YWIEH CEMENCTBA AKTUHOUJIOB M, COOTBETCTBEHHO, 110 XUMU-
yeckuM cBoiictBam 61u30k k U u Th. Kak u U, B3aumopeiicTByeT ¢ KucioTaMu u
BOJISIHBIM [IaPOM U HE pearupyer co menodyamMu. OTHOCUTCS K XUMUYECKU UHEPT-
HBIM 35ieMeHTaM (kak u Ta), Ho Ha Bo3ayxe Pa* okucnsercs B Pa’* ¢ oOpa3oBa-
HUeM 3amuTHON mieHku. Coeaunenust Pa ci1abo pacTBOPHMBIL, JIETKO THAPOIIH-
3yI0TCS U OBICTPO aICOPOUPYIOTCS KOJUIOUAHBIMU YacTULIAMU JIPYTHX BEILLIECTB,
o0pa3ys MCeBAOKOJUION/IBI Ha MMOBEPXHOCTH TBepAbIX (a3. Hambonee tunuunbie
IIPOCTBIE COCAMHEHHs pa3HOH BanenTHoctH: Pa(IV) — PaO,, [Pa(H,0)]* (aq),
PaF,, PaCl, u t. n.; Pa(V) — Pa,O,, PaO?* (coenunenus), PaF,, PaCJ; u 1. 1.,
[PaF,]-, [PaF;]*—; Pa(Ill) —Pal,.

KaTHoHBI IPOTaKTHHUS JIETKO 00pa3yloT KOMIUICKCHBIE COSAMHEHHs, O/IHA-
KO OOJIBIIMHCTBO M3 HUX TakK K€ HEYCTONYMBO K TUIPOJIH3Y, KaK U MPOCTHIE CO-

elMHEeHHUs. B BOAHBIX pacTBOpax CpaBHUTENBHO YCTOWYMBHI JHIIL (HTOPUIHBIC,
CyJb(aTHbIE U HEKOTOPbIE OPraHNUECKUE KOMIUIEKCHBIE COCTUHEHNUS.
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Mertammmueckuid Pa mpu moBbllIeHHOW TemmepaType oOpasyeT TUApUA
(250 °C), kap6un (1200 °C), oxcun Pa,0; (> 650 °C); u3BeCTHBI COEIUHEHUS

PaP, PaP,, Pa,P, u cxonneie coenunenus ¢ As, Sb, S, Se, a Takike KOMILIEKCHI C
NO,, SO,,C,H,, CH u . 1.

Fenwia (He)

I'enunit — HEpaMOaKTUBHBINA 3JeMEHT. [locne Bogopoaa renmii — caMblil Jier-
KUl u3 Bcex razoB. OTHOCUTCS K BOCBMOM TpyIine riaBHO# noarpymnme llepuo-
nudeckoi cuctembl. COCTaBISAIONIME ATy MOATPYIITY 3JIEMEHTHI XapaKTEePU3YIOT-
Csl OYEHb HU3KOM XMMHYECKON aKTUBHOCTBIO, YTO JaJ0 OCHOBAaHUE Ha3bIBAaTh UX
OaropoHBIMU WM MHEPTHBIMH Ta3aMu. ['enuil xapakTepu3yercss XUMHYECKOU
MHEPTHOCTHI0O M 0-H CTENEeHbI0 OKHCICHUSA. Temmeparypa CHKIKCHHUS Teus
—268,9 °C, 3aTBepaeBanus —271,4 °C npu nasnenuu 3,0 Mlla.

B npupone usBecTHo aBa usorona reaus — “*He u *He. 3He paccmarpuBaercs
Kak ra3, 3aXBaueHHbIN 3eMyieil B HauallbHbI MOMEHT ee (hopMupoBanus, *He — kak
MPOAYKT TEPMOSAEPHOIO CUHTE3a U PaIMOAKTUBHOTO PACIIaia TAKEIBIX SIEP.

INenuit XxapakTepusyeTcsi XOpolleil paCTBOPUMOCTBIO B MArMaTHYECKUX pac-
mwiaBax. OH cIOCOOEH JIETKO MPOHUKATh Yepe3 KBaplLeBOE CTEKII0. ITO CBOWCTBO
UCIIONIB3YETCSl B METOJMKE €ro omnpezaeienus. M3oron *He — enuHCTBEHHOE Be-
LIECTBO, MPUTOTHOE ISl U3MEpeHust TemiiepaTypsl Hibke 1 K.

2.1.2. PadbI pacnada ypaHa u mopusi

B omimyme OT Apyrux AONTOXKHUBYIIMX MPHPOIHBIX PagHOHYKIUa0B 233U,
235U u 2?Th He cpa3y mpeBpaliarTcs B CTaOMIbHBIC HOYSPHHUE MPOIYKTHI, a 00-
pa3yroT JUIMHHBIC LENOYKH OTHOCHTEIBHO KOPOTKOXKHUBYIIHUX TPOMEXYTOUYHBIX
MIPOJYKTOB pacmajia, KOTOpbIe Ha3bIBAIOTCS psidaMu pacnada Wil paouoaKmus-
HbiMu cemeticmeamu (puc. 2.3).

KoHeuHbIMU cTaOMIBHBIME TPOAYKTAMH BCEX TPEX PSIOB SBISIOTCS U30TO-
nel cBuHIA: 29Pb, 207Pb, 298Pb, koTOpHIC HOCAT Ha3BaHHE PAaJUOTCHHBIX, B OTJIH-
4pe OT HepaauoreHHoro uzoromna 2%4Pb. PagnoakTuBHbBII pacraj — sBJICHHE He-
obparumoe. [ToaToMy OT Hauama KaXJa0ro psaa K ero KOHILY B [EJIOM yMEHBIIIa-
IOTCSl MAacCOBBIE YHCIIa W TIOPSIKOBBIE HOMEpa. JTO 00ecreunBaeTCs I 32
cuet anb(da-pacnana, Tak Kak npu OeTa-pacrajie MmopsAKOBbIii HOMEpP YBEINYHBA-
eTcs Ha eIUHMILY, & MAaCCOBOE YUCIIO HE MEHSETCS.

Anbda-pacnaj 3aKIr09aeTCs B CIIOCOOHOCTHU sIep MPEBpAIIaThCs B JIPyTHe
Oornee Jerkue Anpa IMyTeM HMCIyCKaHHs o-4acTuil — siaep renus (Y,He). Anbda-
YacTUIBl OTHOCSTCS K TPYIIE TSOKEIBIX 3apsDKEHHBIX YaCTHIl. OHEpPrHs
0L-4aCTHIL, MCIYCKaeMBIX B Mpolecce anb(a-pacnana, HaxXOJUTCS B Tpeaesax
3,15(?%Bi) — 8,8 (*12Po) MaB.

bera-pacnag — 370 nepexoj paAMOaKTUBHBIX sJIep B CTAOMIIBHOE COCTOSIHUE
MyTEeM MpeBpaIieHusi U30bITOYHBIX HEHTPOHOB B MPOTOH C HCITyCKaHHEM 3JICK-
TpoHa. Ilpu sTomM dopmupyercs B-u3iaydeHue, MPEACTaBISAIONEe COOOM MOTOK
3JIEKTPOHOB, 00Pa3yIOLIMIACS B polecce B-pacnaja.
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Puc. 2.3. Ilpupoonvie psaovt pacnaoa 6 koopounamax N—Z (no H.A. Tumaesoti, 2005):
a—pao Th-232; 6 — pso U-238; 6 — psao U-235
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[Tomumo B-pacmana ajst O4eHb TSHKENBIX sep BO3MOXKEH U MHOW TUIM TpeBpa-
LICHUI — CIOHTaHHOE JIEJICHHUE Ha JBa CPABHUMBIX 10 MAaCCE OCKOJIKA C MCITyCKaHU-
€M HECKOJIbKUX HeHTpoHOB. CIIOHTaHHOE JiefieHne HabronaeTcs Uis iAep ¢ Macco-
BBIM UYHMCIIOM HE MeHee 232 ¥ UMEeEeT OYE€Hb MAIIyI0 BEPOSTHOCTb, IO CPABHEHUIO C
KOHKYPHUPYIOIIUM [3-pacmazoM. OTO CBOMCTBO TSDKENBIX aTOMOB HCIOJB3YeTCs B
MIPAKTUKE YISl H3Y4YEHUsI PaJHOHYKIMIOB METOJIOM OCKOJIOYHOM pagrorpaduu.

["amma-u3myuenue npeacTaBiisieT co00i KOPOTKOBOJIHOBOE AJIEKTPOMAarHuT-
HOE M3JIy4YeHHE, BO3HUKAIOIIEE MPH SACPHBIX MPEBpAIICHHUIX, U3MEHEHUU dHEp-
TEeTHYECKOTO COCTOSHUS Siep W aHHUTWISALIWU 4YacTull. J[TMHA BOJNHBI A st
Y-M3JIydeHUs] MEHbIe MexaTroMHoro paccrosaus (10710 m). Pagnonykmmasr xa-
PaKTEepU3YIOTCSI CTPOTO ONPEENIEHHBIMU CIIEKTPAMU Y-U3JIy4€HUs, KOTOpPbIE HC-
I0JIB3YIOTCA JUIsl FaMMa-CIIEKTPOMETPUYECKOIO aHAIM3a.

B kaxIoMm U3 MpUPOAHBIX PAIOB BCTpEUaeTcsl OIpeneeHHasl Mocie10Ba-
TENBHOCTh MPEBpAIICHUN, KOTJIa 32 OJIHUM aib(a-pacnagoM CIEAYIOT 1Ba Oera-
pacraga i Hao0opoT. Anb(da-pacnaj] yMEHbIIAET 3apsia SApa Ha 2 €IMHUILIBI, a
nBa OeTa-pacnaja yBeJIWYMBAIOT €ro TaKKe Ha 2 €UHHIIbI, TO €CTh BO3BpPALIAIOT
K IIPEeKHEMY 3HaYeHUI0. B pe3ynbTrare nosiBAsSETCS HOBBIM M30TOI OAHOTO U TOTO
K€ DJIEMEHTa, KOTOPHIA Ha 4 aTOMHBIX €IMHMIIBI MAaCChl MEHBIIIE MEPBUYHOTO (3a
cuet anb(a-pacnaga). [I[pumepom MOTyT CIy>KUTh TPYIIIBI U30TOMOB B PSIIy ypa-
Ha-238: 238U u 234U, 234Th u 230Th, 218Pb, 214Pb, 219Pb u 2°°Pb u np. AHanOrHYHbIC
Ipynnbl UMEIOT MECTO M B APYTUX psanax. Anb(da-4acTUlbl SBISIIOTCS SApaMu
“He. ITosTOMy mpH MX CTAOMIM3AIMK TIOCIE MPUCOCTUHEHUS JBYX 3JIEKTPOHOB
nosiBisiroTest atomel “He. B psimy ypana-238 oGpasyercst 8 atomos “He, B psimy
ypaHa-235 — 7 aToMOB, a B psigy Topusi-232 — 6 atomoB. Takum oOGpa3om, paano-
aKTHBHBIN pacrajl MPUPOJHBIX PSIOB BEIET K MOSBICHUIO paarorenHoro ‘He.

Bce Tpu npupoaHBIX psga pacmaga CXoJHbl MEKIY co0ol 1o CTpykType. OHH
3aKaHYMBAIOTCS CTAOMIIBHBIMH M30TONIAMHU CBUHIA. B cepenuHe Kakaoro psijia Ha-
XOIUTCS 10 OJHOMY H30TOIy €JMHCTBEHHOI'O PaJMOAaKTUBHOIO Trasza pajaoHa. Pa-
JIOH JENUT psAbl Ha J1Be yacTu. HavyanbHble OTpe3ku coaepxar Haubosee J0iro-
YKUBYIIHME JIJISL TAaHHOTO psiaa pamuoHykmuasl — uzotonsl U, Th, Pa, Ac, Ra, Fr.
KoHeuHble 0Tpe3ku BceX TpeX MPHUPOJHBIX PAIOB COCTOST M3 Hamboliee KOpOoT-
KOXKMBYIIUX YJIE€HOB — U30TOMOB.

['eoxumuyeckue CBOKMCTBA UCCIEAYEMBIX HYKIUAOB B 3HAUYUTEIIBHOMN CTEmne-
HU CBSI3aHBI C MX TIPOUCXOXKIeHUEM. Bce HyKIuabl, BXOSIINE B IPUPOTHBIE Psi-
IbI pacmajza, MOXHO YCJIOBHO Pa3feNTh Ha TPHU TPYNIbL: 1) pagrMoOHYKIUIBI —
POJIOHAYATBHUKHU PSAOB; 2) PaAUOHYKIUIbl — MPOMEKYTOUHBIE YJIEHBI PS/IOB;
3) cTaOuibpHBIE TPOAYKTHI MPUPOAHBIX PsAOB — u3oTonbl Pb u He. Pomonauans-
HHUKH PSJIOB — Haubosiee JOJTOKUBYIIUE H30TONBI ypaHa u Topusi (233U, 233U,
232Th) oOpa30oBaliCh B pe3yibTaTe MEPBUYHOTO HYKICOCHHTE3a BMECTE C IPYTH-
MH TSDKEJIBIMU HyKJIHIaMu. VX mepuoasl mosypacmnamaa COM3MEpPUMBI CO BpeMe-
HEM CylIecTBOBaHUsA 3emin (Tadu. 2.2; Tabmn. 2.3), yeM B OOBSCHACTCS MX IMPH-
CYTCTBHE B 36MHOM BEIIIECTBE.
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Tabmuma 2.2
Psowt pacnada U8 u Th?3? (no H.A. Tumaesoii, 2005)

Psanx ypana-238

Pﬂﬂ 238U92a N 234Th906 N 234Pa91[3 N 234U92a N 230Th90cx N 226Ra88a N 222Rn86(x . 206Pb82 + 8 4Hez
Ty 4510°n  24cyr 6,74 24810°1 810°n  1602r 3,825cyT CrabuibHBIC
Psix Topusi-232
Psizt [ #2The* — “*RaP — *!Ac? - *Th* — *Ra* — ?’Rn” — ... *®Pbyg, + 6 ‘He,
Tin 1410°1 5751 613w 19n  36cyr  45cek  crabwibHbe
Ta6numa 2.3
Xapaxmepucmuku paooeé pacnaoa U?3S, U?33 u Th?3?
(no H.A. Tumaesoui, 2000)
OcHoBHbIe SHeprun m3nydeHust (MsB) i ux moms
Paguonykmup | HasBanue Ty B 0011Iell THTEHCUBHOCTH
a B Y
Psin Uzss
U0, VYpaul | 4,468 % 10° 4,15 (25 %)
JIeT 4,2 (75 %)
4Th, Vpau X, 24,1 cyt 0,103 (21 %) 0,063 (3,5 %)
0,193 (79 %) 0,093 (4 %)
“mpa, Vpan X, 1,17 Mun 2,29 (98 %) 0,765 (0,3 %)
1,001 (0,6 %)
Zpa, VpanZ 6,751 1,13 (13 %) 0,7 (24 %)
0,9 (70 %)
Uq, VpauIl |245x10°ner| 4,72 (28 %) 0,053 (0,2 %)
4,77 (72 %) -
0T, Wommit | 7,7x 10%ner | 4,62 (24 %) 0,068 (0,6 %)
4,68 (76 %) - 0,142 (0,07 %)
“SRag Pawmit 1602 rona 4,60 (5 %) 0,186 (4 %)
4,78 (95 %) B
"R Pajion 3,823 cyr 5,49 (100 %) — 0,510 (0,07 %)
pog, Pammit A | 3,05 mun 6,0(100%) | 0,33 (~0,19 %)
Pauii B 26,8 MuH - 0,65 (50 %) 0,295 (19 %)
0,71 (40 %) 0,352 (36 %)
0,98 (6 %)
B Atgs Acrar ~2 cex 6,65 (6 %) 2 (~0,1 %) B
6,70 (94 %)
“Big, Paymii C 199mu | 545(0,012 %) 1,0 (23 %) 0,609 (47 %)
5,51 (0,008%) | 1,151 (40 %) 1,12 (17 %)
3,26 (19 %) 1,764 (17 %)
Pog, Pasuii C' 164 Mxc 7,69 (100 %) ... 0,799 (0,014 %)
21077y, Pawii C" 1,3 Mun 1,3 (25 %) 0,296 (80 %)
— 1,9 (56 %) 0,795 (100 %)
2,3 (19 %) 1,31 21 %)
0Py, Pazwmii D 2 roma 3,72 0,010 (85 %) 0,047 (4 %)
(0,00002 %) 0,061 (15 %)
210Bgs Pauit E 50lcyr | 4,65(0,0007 %) | 1,161 (~100 %) 3
4,69 (0,0005 %)
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Ipooonxcenue maon. 2.3

OcHoBHbIe SHepruu m3nydeaus (MaB) u ux momns B
Papnonyxmmn Hazsanne T 0011ell THTEHCUBHOCTH
o p Y
“10pog, Paywmii F 138,4cyr | 5,305 (100 %) — 0,803 (0,0011 %)
20Ty, Pamii E" 4,19 MuH — 1,571 (100 %) —
206ppy, Pammit G CTaOMJILHBIA - — -
Psin U235
Uy, AxturOypan | 7,038 x 10° | 4,20 (4,2 %) 0,185 (55 %)
ner 4,393 (85,6 %) 0,165 (4 %)
4,58 (10,2 %) - 0,143 (12 %)
0,110 (5 %)
0,095 (9 %)
S Thy, Vpau Y 25,524 0,093 (45%) | 0,310 (1,5 %)
0216 (11%) | 0,218 (1,5 %)
0,302 (14 %) | 0,169 (5,08 %)
0,164 (22,0 %)
0,096 (1,5 %)
0,085 (5,09 %)
0,0842 (29 %)
- 0,0812 (2,8 %)
0,0732 (16,1 %)
0,073 (1,50 %)
0,0665 (2,82 %)
0,0621 (16,11 %)
0,0585 (31,9 %)
0,0579 (5,09 %)
51pay, Mporaktu- | 3276x10* | 4,938 (25 %) 0,356 (1,4 %)
HHit et 5,002 (47 %) 0,329 (2,75 %)
5,042 (11 %) 0,302 (2,75 %)
0,299 (2,75 %)
0,283 (2,75 %)
0,260 (2,1 %)
0,097 (4,9 %)
0,064 (23,4 %)
0,046 (50,2 %)
0,030 (16,7 %)
T Acg Axtumnii | 27,773 roma | 4,6 (15 %)
4,95 (85 %) B
ZFrg; Dpanrii 21,8 12 0,310 (0,8 %)
MHH 0,215 (3,0 %)
0,080 (24 %)
0,050 (40 %)
“TThy, Pamoakti- | 18,72cyr | 5,672 (2,5 %)
HHit 5,717 (15 %)
5,742 (4 %)
5,764 (20 %)
5,868 (2,5 %)
5,966 (4 %)
5,988 (25 %)
6,017 (4 %)
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Oxonuanue maon. 2.3

OcHoBHble 3Hepruy u3nydeHns (MsB) u ux fons B
Pagnonykmmn Hazpanue Tip 00I11[elf HHTEHCUBHOCTH
o p y
“PRagy Atuanii X 11,4 cyr 5,418 (3 %) 0,338 (1,95 %)
5,487 (2 %) 0,324 (2,3 %)
5,528 (9 %) - 0,270 (4,65 %)
5,596 (24 %) 0,154 (5,5 %)
5,704 (53 %) 0,144 (4,1 %)
5,730 (9 %)
PRngo AKTHHOH 396 ¢ 6,82 0,401 (5 %)
0,272 (13 %)
Bpog, AxtuHuit A 1,78 mc 7,365 —
B Atgs Acrar 0,1 mc 8,00 —
Ipby Axinnii B 36,1 0,57 (20%) | 0,829 (13 %)
MUH — 1,40 (80 %) 0,425 (6 %)
0,404 (6 %)
“MBie, Axtimamii C | 2,14 vuH | 6,621 (82,6 %) 0,351 (13,7 %)
6,274 (17,4 %) -
MPog, Axtunit C' | 0,516 ¢ 6,57 (0,48 %) 0,890 (0,5 %)
6,90 (0,57 %) - 0,570 (0,5 %)
7,434 (98,88 %)
Tl Axrrmmit C' | 4,77 mun 0,630 0,890
(0,05 %)
1,500
(99,5 %)
2TPbygs Axtuanii D | cTaOWIbHBIN
Psix Th™?
2Thy, Topui 1,41x10" 3,95 (24 %)
et 4,01 (76 %) - -
“PRagg Mesoropuiil | 5,75 ner — 0,055 (100 %) —
B Acgo Mesoropuit II| 6,134 1,18 (35 %) 0,34 (15 %)
- 1,75(12%) | 0,908 (25 %)
2,09 (12 %) 0,96 (20 %)
“BThg, Pammoropuii | 1,91 roma 5,34 (28 %) 0,084 (1,6 %)
5,43 (71 %) - 0,214 (0,3 %)
“Ragg Topuit X 3,66 cyT 5,68 (94 %) — 0,241 (3,7 %)
“Rngg Topos (Tn) 55¢ 6,29 (100 %) — 0,55 (0,07 %)
%P0y, Topuii A 0,15c¢ 6,78 (100 %) — —
“’Pby, Topuii B 10,64 4 0,346 (81 %) | 0,239 (47 %)
- 0,586 (14 %) | 0,300 (3,2 %)
" Big, Topuii C 60,6 MuH 6,05 (25 %) 1,55 (5 %) 0,040 (5 %)
6,09 (10%) | 6,09 (10 %) 0,727 (7 %)
1,620 (1,8 %)
Ppo, Topuit C' | 0305mxc | 8,78 (100 %) - -
28T, Topuii C" 3,10 Mun - 128(25%) | 0,511 (23 %)
1,52 (21 %) | 0,583 (86 %)
1,80 (50%) | 0,860 (12 %)
2,614 (100 %)
2O8Pbgz Topwmii D CTaOMIBHBII — - —
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2.1.3. lloHssmue o paduoakmueHOM pagHo8ecuU.
PaduoakmueHoe pagHogecue 8 psidax pacnada

UneHbl KaXIOTO psijia CBA3aHBI IPYT C APYTrOM IMOCJEIOBATEIbHBIMH HEO00-
patuMbiMu anbga- U 6era-npeBpanieHusaMu. Eciu cuctema, B KOTOpOi HaXoasT-
CA PaAUOHYKIIMABI TOI'O HWJIIM MHOI'O pAdad, 3aKpbiTa, TO €CTb HC NPOUCXOAHUT BbI-
HOCA WJIH MOCTYIUICHUS OTACIBHBIX €€ WICHOB OTHOCUTEIBLHO IPYTHUX, TO CO Bpe-
MEHEM B psly HACTyNaeT paJuOaKTUBHOE paBHOBeCHE. Tak Kak IEpUOABI MOJy-
pacmaga MaTCpUHCKUX PAJUOHYKIMAOB — POAOHAYAJIBHUKOB pAAOB — MHOI'O
0O0JIBIIIE TIEPUOIOB MOJIypaciaja J0YEPHUX (TIPOMEKYTOUHBIX) YIEHOB, TO YCIIO-
BUE PAaBHOBECHS BBIPAYKACTCSI COOTHOIICHUSIMH:

N,/T,=N,/T,=...N/T, = A nim
NA, =NA,...=NA=A; N A/ NA, =1,
rie N — 49ucio aToMoOB; A — KOHCTaHTa pacmanga; T — Mmepuoja Modypacrnanaa;
A — aKTHBHOCTH, BK.

DTO COOTHOIIIEHHUE OTpeNeNsIeT TaKk Ha3blBaeMoe «BekoBoe» paBHoBecue (ba-
paHoB, 1956). CKopoCTb yCTaHOBIIEHHS PaJMOAKTUBHOIO PaBHOBECHUS B psijly pac-
nasia 3aBUCHT OT TIEpPHOJIa Moypaciaga Hanbosee JONTOKHUBYIIETo WieHa psja, a
JUTSL TIApbl B3aUMOCBSI3aHHBIX PAJIMOHYKIIUIOB ONPEICISICTCS IEPUOIOM TOTypac-
naza godeprero — Ty C rounoctsio 10 0,8 % paBHOBecue HacTymaer depes 7T, a

¢ TouHocthio A0 0,1 % — yepes IOTH. Taxk, asa psga U-238 nanbosee T0Nroxu-

BYIIUM HPOMEXKYTOYHBIM WICHOM psiga siBisiercs 234U ¢ mepuozoM molypacrajia
244 teic. net. IToaTOMYy pagvoakTUBHOE PAaBHOBECHE B LIEJIOM I10 PsIy HACTYIIUT
b yepe3 1,7 miH et (¢ TouHocteio 10 1 %). B psny Th-232, rne naunbonee
JIOJITOKUBYIIUM siBiIsieTcst 228Ra ¢ mepuosoM mmostypaciana, paBHbBIM 5,75 rona,
paBHOBecue OyJer HabmoaaThes Beero uepes 40 net (¢ TounocThio 10 1 %).

[Ipy reoXUMUYECKUX HUCCIIEIOBAHUSAX OOBIYHO MCIIONB3YIOT OTHOIICHHUS aK-
TUBHOCTEH paJMOHYKIIUIOB, TEHETHYECKH CBSI3aHHBIX MEXKIY CO00i B OJTHOM psi-

Iy pacmaja:
234238, 228Th/232Th, 230Th/234U, 226Ra/238U u np.

CreneHb HEPaBHOBECHOCTH OOBIYHO OTPEAENSETCS MO COOTHOIICHHIO aK-
THUBHOCTEH 104epHero (A ) U MaTepHHCKOTO (A,;) paguoHykmmoB. Tak kak mpu

PaMOAaKTUBHOM PAaBHOBECHHM AKTHBHOCTH BCEX WICHOB psla PaBHBI MEXIY CO-
00ii, TO AI[/AM =1.

B 3aBHCHMOCTH OT COOTHOIIEHHS IEPUOIOB MOdypacnaia Marepunckoro T,
1 JjouepHero T, MOKeT BCTpedaTbesi HECKOIBKO BAaPHAHTOB M3MCHCHHS UX aK-

tuBHoctel (Turaesa, 2000):
1. Ty < Ty MarepuHcknil paavOHYKIM] pactiajgaercs ObicTpee, YeM J0-

yepHuil. B 3TOM cityyae paBHOBeCHE HACTYIIUTh HE MOXET, €CIIM MaTEPUHCKUM pa-
JTUOHYKIIU M30JMPOBAH U HE MOAKPEIUIEH MPEIbIIyLINM, 00Jiee TOJIT0KUBYIIUM
YWIEHOM psifia. AKTUBHOCTb MaTEPUHCKOTO PaJUOHYKINAA IIPU ATOM yMEHBLIAECTCS
B COOTBETCTBHU C ypaBHeHHEM N = N exp(—At). [Ippmepom MOXKET CITyKUTh Clie-

nyrorast mapa: 234Th (24 nus) — 234U (244 ThIC. N1€T).
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2. Ty, > Ty Ecnu nepuop nomypaciiaia MaTepHHCKOTO PAJHOHYKINIA CO-

M3MEpPUM WM HECKOJIbKO OOJIbIlIe Meproja mojypacmnaaa JOYEpHEro, To ¢ Teue-
HUEM BpPEMEHHU aKTHBHOCTH JIOUYEPHETO BO3PACTET IO COCTOSIHHS IMOJBHKHOTO
pPaBHOBECHSI C MAaTEPUHCKUM. 3aTeM WX aKTUBHOCTH, paBHBbIE MEXIy co0oM, Oy-
IyT YMEHBIIATBCS B COOTBETCTBHU ¢ T,,. IIpuMepom MokeT city>xuTh mapa *2!Ra
(5,75 roma) — #28Th (1,9 roxa).

3. Ty > Tﬂ. Yanie ucnonb3yrOTCs Mapsel, TAe Nepuo Mnojaypacnaga Mare-
PUHCKOTO (HampuMep, poJOHaYalIbHUKA Psiia) MHOTO OOJIbIIE JOUEPHETO Paauo-
HyKkuaa. B stom ciydae uepes 10T, (¢ Tounoctsio 10 0,1 %) HactymaeT Beko-
BOE paBHOBECHE, OMKCHIBAEMOE MPUBEACHHBIM BBIIIIE YpaBHEHUEM. B mpupoaHbIx
CUCTEMaX PEAKO BCTPEYAIOTCs Cilydad, KOTJa MPUCYTCTBYET TOJbKO MaTEpUH-
CKUU PaAMOHYKIHJ, a JOYEPHHUE MOJHOCThIO OTCYTCTBYIOT. OOBIYHO HEKOTOPOE
UX KOJIMYECTBO HAXOJUTCSA B CUCTEME BMECTE C MATEPUHCKUMHU aTOMaMH, XOTs
qame Ay #Ay,.

PannoakTuBHOE paBHOBECHE B JJaHHOM PAIYy paclaja CYUTaeTcs HapylleH-
HBIM, €CJIM COOTHOILIEHUE MEXAY YICHAMM PsJia HE YJOBIETBOPSAET IIPUBEICHHO-
MY BBIIIE€ BBIPRKEHUIO, & OTHOIICHUS! aKTUBHOCTEH OTAEIbHBIX PaIUOHYKIINIIOB
He cootBercTBYeT eaunuie (Turaesa, 2005). B oTKpbITOM cucTtemMe pajinoaKTUB-
HOE paBHOBECHE MOKET ObITh HAPYIICHO B pe3yJibTaTe NepeMelIeHHs] aTOMOB OJ1-
HUX YJICHOB psAJla OTHOCUTENBHO APYTUX U3 CUCTEMBI OO B cuctemy. [Ipu aTtom
nepeMeIeHe aTOMOB JOJDKHO MPOMCXOAUTh Ha PACCTOSHHUE, MPEBBIIIAOIICE
pasMmep CHCTEMBI, U 3a BpeMms, Ooyiee KOPOTKOE, YeM TO, KOTOpOoe HE0O0XOAUMO
JUIs. BOCCTaHOBJIEHUS paBHOBecHs. HapylieHne painoakTUBHOTO paBHOBECHS SIB-
JSIeTCsl pe3yNbTaTOM TeOXUMHUYECKOor auddepeHnnanuyu 4aeHoB OJHOTO pAfa,
I7Ie OJIHM U3 HUX OKAa3bIBAIOTCS B JaHHBIX YCIOBHUSX OoJjee MOJBMKHBIMH, YeM
npyrue. Baxxnelmumu npoiieccaMu, TpUBOJAIIMMU K Takol nuddepeHrannu,
SBIISIOTCSA TPOLIECCHI PACTBOPEHUS M OCaXJICHHUSA, KOTOpBIE JOKAIM3YIOTCS Ha
rpaHMlIe pa3ziena KHUIKoi u TBepaoi (a3. OxHako MoA0OHbIE MPOLECCH HEPEIKO
MOTYT BO3HHMKATh TaK)K€ U Ha TPAHHIIAX ra3/TBEP0E BEIIECTBO U a3/ KUIKOCTb.

CymecTByIOT TpU OCHOBHBIE TpyHIbl ()aKTOPOB, MPHUBOASAIINE K Hapylle-
HUIO PaJIMOaKTUBHOTO paBHOBECHs B psijtax pacnaaa (Turaesa, 2005):
®  paziIMyue XMMHYECKHX CBOMCTB AJIEMEHTOB, H30TONAMU KOTOPBIX SBIISIOTCS

UCCIIeTyeMbIe PaJUOHYKIHIbI;
®  CBOIICTBaA JIEMEHTOB, CBS3AHHBIE C PaJIMOAKTUBHOCTHIO;

e  (PU3UKO-XMMHUYECKHE YCIOBUS OKPY>KAIOIIEH CPeIbl.

HckmounTenbHO XUMUYECKHMH CBOWCTBAMH WICHOB PSJIOB pacriaga o0y-
CJIOBJIGHO T€OXMMHMYECKOE IOBEIEHHUE JIMIIb Haubosee MOJTOKUBYIIUX MU pac-
IPOCTPAaHEHHBIX B IPUPOJIE POAOHAYATBHUKOB psmoB: 238U u 232Th, KoHIEHTpa-
IIUH KOTOPBIX COMOCTABUMBI C KOHIIEHTPALUAMHU OOJIBIIMHCTBA MUKPO3JIEMEHTOB.
['eoXuMUs OCTAIBHBIX WICHOB PS/IOB IPH PABHBIX (PH3UKO-XMMUYECKHX YCIIOBH-
AX cpeabl 00yCJIOBIEHAa KaK MX XMMUYECKHUMHU OCOOEHHOCTSIMH, TaK U (hakropa-
MU, CBA3aHHBIMU C PaJHOAaKTUBHOCTBIO: a) MPOUCXOXKIECHHUEM U3 TOTO WM UHOTO
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polloHauaiIbHHUKA psifia; 0) CKOPOCTHIO PaJAMOAKTUBHOTO pacmana (WM HaKoIuie-
HUs); B) SHEprueil paAuoakTUBHON OTAAauu; I') KOHIEHTpAel U 3aBUCHUMOCTbIO
OT MIPUCYTCTBUS HOCUTEICH.

OObIYHO HaApyIIEHUS PAJMOAKTHBHOTO PaBHOBECHS HAONIONAIOTCS Ha Tpa-
HUIIE pa3zena AByX ¢as, T. €. Ha rpaHulle ABYX CUCTeM. B mpupoze yacto Takue
YCIIOBUSI CO3AAIOTCS TIPY B3aMMOJICHCTBUH MPUPOTHBIX BOJ, IUPKYIUPYIOLIUX 110
MopaM U TpeHIMHAM, C TOPHBIMH MOPOJaMH, PHIXJIBIMU OCaJAKaMHU HIIM TTOYBaAMHU.
B 3aBucumocTu 0T coctaBa pacCTBOPEHHBIX B BoJie HOHOB, BennuuH pH u Eh onnun
JOYEPHHUE HYKIUABI MOTYT OKa3aThCsl Oojee pacTBOPUMBI, ueM apyrue. B pe-
3yJbTaTe CEJIEKTUBHOTO BBIIIENAUMBAHUs Mpou3oieT nuddepeHuuaius paimno-
HYKJIMJIOB, MPUHAAJIEKAIUX K OJHOMY pAny pacnana. Kuakas ¢aza okaxercs
oboramieHHOH HauOoJiee pPaCTBOPUMBIMH WICHAMHU psija; TBepaas (asza, Hampo-
THUB, Oy/I€T UCTIBITHIBATh UX AeUIHT. B pe3ynbpTare U TOpHBIC TOPOJIBI, U IIHPKY-
JUPYIONIME IO HUM BOJBI OYIYyT XapaKTepU30BaThCS HAPYIICHUEM PaJHOaKTHB-
HOT'O paBHOBECHS B psijiax pacnaja. IIporeccsl celeKTUBHOTO OCaXICHHUS paano-
HYKJIUZOB U3 MPHUPOJHBIX BOJA U MOCIEAYIONIeH X aacopOuuu Ha TBepaol dase
TaKXKe SBJSIOTCS MEXaHW3MaMHM, CIOCOOCTBYIOIIMMHU HApPYIICHUIO PaJUOAKTUB-
HOTO PAaBHOBECHS CPEIH YICHOB OJIHOTO psfa.

Paccmotpum Hekotopsie mpumeps (Tutaesa, 2000).

e [Ipu BBIBETpHUBAHWUU TOPHBIX MOPOJ MPUPOTHBIC BOIBI OYIYT OKUCISTH
aTOMBI ypaHa, HaXOJSIIMECS Ha TMOBEPXHOCTH MUHEPANBHBIX 3€pEH, U IMEepPEBO-
IMTH UX B pactBop. [Ipu 5TOM pouepHIe aToMbl H30TONOB Topus (234Th u 239Th),
o0JajaroIre CyIecTBeHHO MEHBIICH pacTBOPHUMOCTHIO, B 3HAUUTEIBHON CTeIe-
HU OCTaHYTCSl Ha MecTe. B pe3ynbTare ropHble MOPOAbI B 30HE BBIBETPUBAHUS U
0COOCHHO MOYBBI NMPHOOPETAIOT HEPaBHOBECHBIE OTHOIIEHHS aKTMBHOCTEH C M3-
obitkoM 239Th (29Th/24U > 2,0), a BoJbI, HAPOTHB, XaPAKTEPH3YIOTCSA OTHOCH-
teabHbIM aedurmrom 29Th (230Th/234U < 0,5).

e B okeanunueckoit Boje 238U u 234U HaxosTCs B pacTBOPE B COCTABE yC-
TONYMBBIX KapOOHATHBIX KOMIUIEKCOB, a oOpasyrommiics u3 24U nouepHwuii pa-
muonykimua 23Th OymeT aacopOHMpOBaThCsS Ha B3BEHMICHHBIX YAaCTHYKAX WA CO-
OCaXJIaThCsI C THIPOKCUIAMH XKeJe3a, odoramasi TakuM o0pa3oM JOHHBIE OCa-
K. B pesynbrate paguoakTHBHOE PaBHOBECHE OKa3bIBAETCS HAPYIICHHBIM H B
BOJIC, M B OCaJIKaX.

e [IpumepoM HHOI TreoOXHMHUYECKOM OOCTAHOBKH MOYKET CIIy>KUTb B3au-
MOJICHCTBHE MTOJI3EMHBIX BOJI C BOJIOBMEIIAIOIINMHI MOPOJJAMH B 30HE KOHTAKTa C
YTIEBOJIOPOAHBIMU 3aliekKaMH, CO3/aIOIIUMHU PE3KO BOCCTAHOBHUTEIbHBIE YCIIO-
BUA. B 3THX yCIOBUSX OKHCIIEHUS aTOMOB ypaHa HE MPOUCXOIUT U MIEPEX0]] UX B
BOJly HUYTOXHO Majl. B To ke Bpemst 1ouepHHil 22°Ra JIeTKO BBIIIEIAYNBACTCS U3
TOPHBIX TOPOJ U BECbMa YCTOWYMB B PacTBOpe B XJIOPHIHBIX Oeccylb(haTHBIX
Oapwuiicoiepkalux paccojax. B urore pagnoakTHBHOE paBHOBECHE Ha KOHTAKTE
nopoda — 600a Pe3KO HapyIIaeTCs, a OTHOILIEHHE aKTHBHOCTEH 22°Ra/?38U B pac-
cojlax MoxeT gocturarts 102—104,
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PaznuyHas MOABMYKHOCTD JOYEPHUX M MATEPHHCKHUX aTOMOB XOPOIIO BHIHA
Ha TpUMeEpE Tap W30TOIOB OJHOTO W TOTO K€ 3JIEMEHTA, HE OTIMYAIOLIMXCA T10
XUMHUYECKHM cBoiicTBam: 234U/238U, 228Th/232Th, *24Ra/??®Ra u ap. Ilpu Bbiiesna-
YMBAaHUM TOPHBIX MOPOJ MM IIPOAYKTOB UX paspylICHUs B PacTBOP Jierde OyayT
HEPEXOUTh JOYEPHUE U30TOIbI [0 CPABHEHUIO C MAaTEPUHCKUMHU. JIJIsl IpHpOI-
HBIX BOJ B 30HE aKTUBHOI'O BOJOOOMEHA THUIIMYHBIE BEJIMYMHBI OTHOLIEHHWH aK-
TUBHOCTEH HM30TOIHBIX Tap OOBIYHO OOJIbIIE PABHOBECHOTO 3HAYEHHS (CIUHHM-
1[bI), & ISl TOPHBIX MOPO — MEHbIe. [[pHYHHOM pa3indus NOABHKHOCTH H30TO-
OB OJJHOI'O M TOIO K€ DIIEMEHTA [IPH B3aUMOIENHCTBUU B CHCTEME BOJA — IIOPOJIA
CIIYJKUT IMPOMCXOKIEHUE IOYEPHHUX IPOAYKTOB B PE3YJIbTATE PaIMOAKTUBHOIO
pacnajza B OTJIMYHME OT MATEPMHCKHUX, IMOCTYIHUBINUX B MUHEpAl IPH €ro KpH-
crayuuzanuid. OCHOBHOW MEXaHWM3M, ONPEICIIAIOIINI 3Ty TOABUKHOCTD, — AJlb-
¢da-oTnava, KOTOPYIO HCHBITAT JOYEpPHUI aTOM. B COOTBETCTBHU C 3aKOHOM CO-
XpaHEHHsI UMITyJIbca BHOBb 00Opa3oBaBIieecss B pe3ysbraTe anb(a-pacmana J10-

YepHEE AP0 MPUOOPETAET SHEPTHIO PANUOAKTHBHON oTHa4n E - Koropas BO

CTOJILKO pa3 MeHblue dHepruu f-uactuubl E, BO ckonbko pas ero macca M

oonbme macchl B-uactuisl M, (Hecmesnos, 1978).

Hampumep, mpu pacmage 23°Th, oOmamaroiiero MUHUMAIbHOU SHEprucit
B-uactun (E, — 4,0 MaB) cpenu npejcraButenell Bcex Tpex psioB, oOpasyercs
sapo 228Ra. Ono npuoOperaeT sHepruro ormaun 70 koB, KoTopas gocrarodHa,
4TOOBI IPONTH B KPHCTAUIMYECKOH peleTke MUHepasa paccTosHue okoso 200 A
(Osmond, Cowart, 1982). Jlns paguoakTUBHBIX PAOB CyMMapHbIH NyThb pajuo-
HYKJIUa OyZ€T ONpeesIAThCS YUCIIOM MPEIIIECTBYIONUX allb(ha-paciaioB.

[ToaBMKHOCTH JTOYEPHHUX PaTUOHYKIHIOB CIIOCOOCTBYET TOT (hakT, d4TO
aTOMBI OT/Ja4M, MEepeMelIasch B PEHIeTKE MHHEpana, MOKHUAAIT CTPYKTYPHYIO
TIO3HIINIO, KOTOPYIO 3aHMMAJIF MAaTEPHHCKHAE aTOMBI, ¥ CTAHOBSITCS TIPUMECHBIMA
aromamu. [lomangast Ha TpaHW MUHEPATBHBIX 3€pEH WM B MUKPOTPEUIMHBI, OHU
Jerye TOJBEpraroTcs BhIIIeNaunBaHuio. Kpome Toro, HapymieHHas CTPYKTypa
pELIETKH BJOJIb TPEKa aToMa OTJaud OJaromnpusiTHA Ui MPOHUKHOBEHUS MOpPO-
BBIX BOJ] M Pa3BUTHs BTOPUYHBIX IPOLIECCOB.

B HEKOTOpBIX ciydasx panoaKTHBHOE PAaBHOBECHE HAPYIIACTCS MEXKIY JBY-
Msi TBepAbIMH (pazamu. Hampumep, nuddysust pagoHa u3 3epeH LMUPKOHA BO BMe-
MIAIONIYIO TTOPOAY, OOJIErdeHHasi 3a CYEeT PaJuOaKTHBHOW OTAa4d, OyAET MPHUBO-
JIUTh K HAKOTUICHUIO PaJUOreHHOT0 CBHHIIA 32 MPEAeIaMu PaccMaTpUBAaeMOM CHc-
TEMBI, KOTOPOH SIBIISIETCS KPUCTAJUT UPKOHA. DTO, B CBOIO O4Yepellb, MPUBEIET K
OMOJIQ)KUBAHUIO BO3pACTa IIMPKOHOB, KOTOPOE BO3HUKAET HE B pe3yJIbTaTe TEPMO-
muddy3un aTOMOB CBUHIIA, a 3a c4yeT quddy3un otnadn pagoHa (cm 5.3.1.1).

B npakTtuke reosoro-pa3zsejouHbIX paboOT 0co0oe 3HaUeHHE UMEET PaIn0aAK-
THUBHOE PaBHOBECHE MEXTy YPaHOM U pagieM M ypaHOM, TOPHEM M KOHEYHBIMHU
NPOAYKTaMH paciiafa — U30TONaMH CBUHIIA.
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2.2. PacnpocTpaHeHHOCTb paAnoaKTMBHbIX 3IEMEHTOB

2.2.1. «BcroOHocmb» paduoakmueHbIX 371eMeHmoe

Nmeromuecss JaHHbIE O pacIpOCTPaHEHHOCTH PaIUOAKTUBHBIX JIEMEHTOB B
00BEKTaX MAaTEPUAILHOTO MUPA CBUIETENBCTBYIOT, YTO OHH MPUCYTCTBYIOT B TE€X
WJIM UHBIX KOJMYECTBAX MOBCEMECTHO. M He CIy4ailHO, YTO 3TU 3JIEMEHTHI ObLITH
Ha3BaHbl B.M. BepHaaCKkUM «BCIOAHBIMI.

SIBneHue paaroaKTUBHOCTH, OTKPHITOE (hpaHIly3ckuM yuéHbiM AHpU Bekke-
penem B 1886 roay, U HOCUTENIH 3TOTO CBOMCTBA — PaJIMOAKTUBHBIE 3JIEMEHTHI —
UTpajy, UTPAIOT ¥, HECOMHEHHO, OyIyT UTpaTh BEChbMa BaXXHYIO POJib B HAyKaX O
3emJie Kak B TEOPETUYECKOM, TaK U MPUKIATHOM acTeKTax.

OTKpBITHE 3TOTO SIBICHUS U MX HOCUTENEH MO3BOJIUIIO PEIIUTh pAl GpyHa-
MEHTAJIBHBIX BOMIPOCOB:
®  J0Ka3aThb OPEHHOCTH CYIECTBOBAHMS XMMHUYECKUX 3JIEMEHTOB — IpeBpalle-

HHUE OJHMUX aTOMOB B JIpyrue (M30TOIHAsI T€OXMMHUS), ONPEACITUTh BO3PACT

MIPUPOTHEIX 00pa3oBaHMi (a0COTIOTHAS TEOXPOHOJIOTHS);
®  YCTaHOBWTH OJIMH W3 TJIABHBIX MICTOUYHHUKOB TEIUIA (PaJIOT€HHOE TETUIO TUIAHETHI);
e  BceoOlIas pacIpOCTPaHEHHOCTh PAJUOAKTUBHBIX AIEMEHTOB («BCIOJHOCTHY

no B.M. BepuanckoMy), onpeneneHHbIe WX OTHOIICHHSI MEXIy COOOH 1o-

3BOJISIET HCIIOJIb30BaTh MX B KAUECTBE BAXHBIX T'€OXMMHUECKUX MapKepOB

Pa3IMYHBIX TEOJOTUYECKUX M T€OXMMUYECKHUX TPOLIECCOB.

BbIsIBNIeHHBIN 3aKOH paIMOAKTHBHOTO PacIiajia MO3BOJIMI, B KOHEYHOM HTOTE,
OTIPEICTINTh BpeMs HYKJICOCHHTE3a (10 MOJEIH BHE3AITHOTO HYKJICOCHHTE3a) —
6,4 x 10° siet; obpazosatust COIHEUHON CHCTEMBI U TuTaHeThl 3emitst — 4,55 x 10° net
(O3uma, 1990), Bo3pact nopoa, pya 1 MUHEPAJIOB.

Ecnu Ha mepBbIX Mopax pa3BUTHS SJIEPHONW T€OXPOHOJOTHU CYIIECTBOBAIU
rpyOble MeToAbI (KaJluii — aproHOBBIN, YpaH — CBUHIIOBBIN, T€JIHEBBIA U Jp.), KOTO-
pble UMENY 3HAYMTENFHOE OTPAaHUYEHHE U CYIIECTBEHHBIC OIMOKA B ONPEICIICHUN
BO3pacTa, TO CO BpEMEHEM, C TIOSIBJICHHEM HOBOM JTabOpaToOpHOi 0a3bl, ¢ yTOYHEHHU-
€M KOHCTAaHT PaJMOAKTUBHOTO pPacria/ia TMOSIBUINCH 0oJiee COBPEMEHHBIE PYOUInii-
CTPOHLIMEBBIN, CaMapUli-HEOAUMHUEBbIM U Jp. METOAbI T€OXPOHOJIOIHH, TO3BOJISAIO-
[IUE ONPEIEIISATh JOCTATOYHO TOYHO U C HE3HAUYUTEIIbHOM OTHOCUTEIHHOM OITMOKON
BO3pAacT MPUPOTHBIX OOBEKTOB.

DHeprusi, BBIICISIONIAsCS MpU panuoakTuBHOM pacmane (U8 — 0,94 B/t
Th?32 — 0,26 Br/r; K* — 0,29 B1/r u T. 1.), Urpaet BaXKHyIO POjb B TEILIOBOM 0a-
JIaHCE TUTaHeTHl («paauoreHHoe Terio»). Ilo moacuéram M. O3umel (1990), 3a
4,5 mupj JIeT cymiecTBoBaHus 3eMin Boizeaeno 1 x 103! [Ix.

«BcrotHOCTY palMOaKTUBHBIX JIEMEHTOB B MaTepHAbHOM MHpE Ha Cero-
THSIITHUHA 1eHb yOenuTenbHo qoka3ana. CeroaHs B I0OOM CIPaBOYHUKE WM HH-
IUKJIONEINH 10 Teo(U3NKe U T€OXUMUH MTPUBEICHBI OIICHOYHBIE YPOBHHU COJEP-
KAHUHM pPaJUOAKTUBHBIX DJIEMEHTOB, a TaKKe PaJMOAKTUBHBIX H30TOMOB CTa-
OMIIBHBIX XUMUYECKUX JICMEHTOB.
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AHanu3 cpeHuX CoAep aHU U HEOTHOPOJHOCTEH paclpeaeNeHusl ypaHa u
TOpHsSI B MUHEPAIHHOM BEIIECTBE PA3JIMYHBIX YPOBHEH €ro OpraHu3aliuu Hariei
rtaneTsl mo3Bonui A.A. CmeicioBy (1974) caenaTh BBIBOJA O TOM, YTO OT MUHE-
PaJIOB K 3€MHBIM 000JIOYKAM TIOCTETICHHO CY>KaeTCs JAMArna3oH paruoaKTUBHOCTH
U YCUJIUBAETCS CBSI3b PAJMOAKTUBHBIX AJIEMEHTOB C TJIaBHBIMU METPOT€HHBIMU
KOMITOHCHTaMU: KPEMHHUEM, KHCIIOPOJIOM, KaueM u ap. (puc. 2.4, Tadmn. 2.4).

U, Th, %
10% |
ol U 1 Th
il |
107" | '
I
102} | }
-3 | | ! A T}l Knapk Th
107+ } f 4
107 ! ! | F 3
L | | | U Knapk U
107} | '
1061 |
Al
0 L 1 1 L 1 L
YpOBHM opraH13aummn MruHeparnbHOro BellecTsa
Mu+epanbl  [opHble  [eonoeu- Ps0bi 3emHble  3emHas
nopodbl  Yeckue  ¢hopmayuli 06ofoYKU  Kopa

opmayuu

Puc. 2.4. Jluanazonsl codepcanus ypana u mopus 8 eeujecmeae 3eMHOU KOpbl

PA3HLIX YPOGHEl Op2aHu3ayuu

Tabnuma 2.4

YPOGHZ/I opeanuzayuu eeujecmed Jlum00¢€pb1, ux paduozeoxwwuuecxaﬂ

xapakmepucmuka u yeib u3y4enus

Coneprxanue CBs3b
YpoBHU Hekoropsie pemaemele
ypaHa C TIETPOT€HHBIMU
OpraHu3alun o BOIPOCHI
u Topus, % KOMIIOHEHTaMH
MunepanbHblii Uzydenue GpopMbr HaX0XK-
nx107—-10n |OtcyrcTBYeT JCHHS ypaHa U TOPHSL.
Omenka pyn
[Toponusbrit . Brinenenue reoxumuue-
p s _, | Cpemnss (Si0O,, K0,
nx 107 -nx10 Copr 1 1D.) CKHU CIELUAIU3UPOBAHHbBIX
opr M AP- KOMIUIEKCOB
DopMalMOHHBII Brigenenne reoxumuye-
OpMAIINH U PSABI _ _ . CKUX 310X ((opmanmn
(Gop N p nx 107 —n x 10™* | CunpHas (Si0,, K,0) (q,) pMauH)
(hopmartmii) Y IPOBHHIUH (psibI Bop-
Maruif)
O6ono4eyHbIi Omnpenenenue Knapka
nx 10 [psimast pyHKTIHIO- 2JIEMEHTOB U U3yYeHHE
HanpHas (Si0,, K,O) | BepTHKaIBHON 30HAIBHO-
CTH 36MHOU KOPBI
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Cpenu 601b1IOTO Pa3HOOOpa3Hsi MUHEPATIOB 3€MHOM KOPBI B 3aBUCHUMOCTH
OT YPOBHS UX PAJMOAKTUBHOCTH MOXKHO BBIJICIUTH MIECTh TpytIl (Tabi. 2.5).

Tabnuna 2.5
K/ZLZCCM(Z)MKCIL[U}I CUNOCEHHBLLX U CUNEPCERHbIX MUHEPAT08
no cmeneHu ux paduoaxmue}tocmu
YpoBeHb coJiepxKaHus, Krapk
I'pynmnst o
Munepaibl % 110 Macce Th/U KOHLIEHTpaLluu
MUHEPAJIOB
U Th U Th
I'unoreHHbIe: <0,01
MaKCHMATBHO YPAHHT, HACTy" 56-85 20-40 (ypanossie), | 14000 | > 10000
paH, TOpUaHUT 40-80
paaAnoOaKTUBHBIC W ap (TOpI/ICBBIe)
(cobeTBEHHO ypa- .
HOBBIE i TOpHeBkle | | MIIEPTeHHbIE:
MUHEpallbt) OTCHMT, TOp- 40-60 <0,01 <0,001 | >10000 -
OepHHUT, LIpe- > >
KMHTEPUT U Jp.
B Hupromnwur,
PICOKOPAMMOAK | 1y o, o- 400+2 000x107* | 40022 000x10™ <1 100-1 000 | 10-100
TUBHBIE (peaKHe o
pHUEBBIN OPTUT
aKIecCoOpur (elib-
CHECKHX 110POJT) gp‘:TT“T’ M1 600+2 000 x 10| 10 00030 000 x 10| >10 | 100-1 000 | 100-1 000
IloBblmieHHO-
PaarOaKTHBHBIC
(nanGonee pac- | CPS AMATHT, | 15,100, 10+ 30200 x 107 25 5-30 2-15
MAarbuc¢TuT
TIPOCTPAHCHHBIC
AKIECCOPUH)
HopmaibHo pa-
JUOAKTUBHBIC BuOTHT. pOro-
(BTOpOCTEIIEHHBIE - P 4:8 x 107 8+18 x 107 1,5-2,3 2-3 1-2
Basi oOMaHKa
Opoa0006pasyro-
M€ MUHEPAJIBI)
Cnabopaanoax- KBapu, kanue-
THUBHBIC (I‘JIaBHI:Ie BBIH ITOJICBOU 13 x 10,4 2.8 x 10,4 1,8‘4,5 0’571 0’270’5
MHHEpAJIBI (beJTL— mrar, KUCJIBIC
CHYCCKHUX I'IOpO[[) IJIaruoKJIa3bl
Hmskopaguoaktus- | ITupoxcew,
Hble (MHUHEpaJIbI OCHOBHBIE <0,1+1,0x 107 <0,1+1,0x 107 2-5 <0,2 <0,2
(heMHYECKHX TTOPO) | IIarHoKIa3sl

Haubonee pacnpoctpanénusie B IUTOChEpe MOPOI000pA3YIONIHE U aKIIECCOP-
HbIE MUHEpPAJBI TJIABHBIX TUIIOB MarMaTUYECKUX, METAMOP(PUUECKUX U OCaJOYHBIX
mopoJa Mo CTCIECHU UX PaAUOaKTHUBHOCTH O6T)GJII/IH$IIOTC${ B YCTBIPC I'PYIIIIbL:

1)

Cﬂa60paIlI/IoaKTI/IBHBI€ TJIaBHBIC noponoo6pa3y10u1ﬂe, MPpEUMYIICCTBCHHO CaJln-

YeCKe MUHEPAITHI (KBapIl, KAIMEBBIE MOJICBBIE IITATHI, TTarHOKIIa3, He(ellnH);

2)

opo1000pa3yoIre, MPEUMYIIECTBEHHO MEIaHOKPATOBbIE MHHEpAIbl C

HOpMAaJIbHOM WK CJIa0OMOBBIIIEHHON paAMOaKTUBHOCTBIO (OMoTHUT, ambu-
00JIbI, TUPOKCEHBI);

3)

MOBBIIIICHHO-PAIMOAKTUBHBIC TJaBHbIE (HanOOJIEe YacTO BCTPEUAOIIUECS )

AKIECCOPHBIC U PYAHBIC MUHCPAJILL (aHaTI/IT, OBAUAIUT, (I)JHOOpI/IT, HUIBMC-

HUT, MarHeTUT U JIp.);
BBICOKOPA/IMOAKTUBHBIE Oo0Jiee peKue aKIeccopHble MUHepaibl (cdeH, op-

4)

TUT, MOHAIUT, HUPKOH, JOMAPUT U Ap.).

55



leoxumusi paduoakmueHbIX 371eMeHMo8

Cpemu BBICOKOPAIMOAKTHBHBIX aKIECCOPUEB BBIACISIOTCS MHUHEpPAIbl C
HU3KUM (MeHee 1—2) Topuii-ypaHOBBIM OTHOIIEHHWEM (IIUPKOH, ITUPTOIUT, CEH,
UTTPHUEBBIN OPTUT) U BBICOKUM — Oosee 15-20 (aymmaHUT — OPTUT, MOHAIIMT, TO-
puanuT). [lo BenmumHe aOCONIOTHOTO CONEPKAHUS ypaHa U TOPHS B MUHEpasiax
WHTPY3UBHBIX IOPOJ MOYXHO BBIJICIIUTh MUHEpAIBHBIC PSABI C BO3pacTaloNIeh
KOHIICHTPAIIUEH PalnOaKTUBHBIX 3JICMEHTOB.

I'panutsi: Q - Or - Pl > Hb - Bt > Py > Mt > Fl > Ap —>
— Ep - Ti (?) > Sph - Zr — Ort —» Mz;

Hedenunossie cuenutsl: Nef - Or - Eg - Arf - Bt - Ti —» Evd —
— Ap > Zr;

I'a66pouast: Py - Hb — Pl - Ol - Mt —» Bt - Ti — Ap — Zr;

VYerpaocHoBHbIe Iopoas: Ol = Ens — Di — Shp — Gr,

rae: Q — xBapi; Or — oproknas; Pl — mmarmoxna3; Hb — poroBas oOmanka;
Bt — 6uotut; Py — nupokcen; Mt — marnerut; Fl — ¢moopur; Ep — snugor;
Ti (Sph) — turanut (cden); Zr — mmpkon; Ort — optur, Mz — MOHAIWT,
Nef — nedenun; Eg — srupun; Arf — apdenconut; Evd — spauanur; Ap — anatur;
Ol — onmuBuH; Ens — suctatut; Di — quonicua; Shp — mmuuens; Gr — rpaHar.

Kak BHIHO W3 BBIIIEU3IOKEHHOTO, B IPOLECCE KPUCTAIUIOXUMHUYECKOM
nuddepeHnrany B NIyOMHHBIX 30HaX 36MHOUM KOPBI CYIIECTBOBAIM OJaronpu-
ATHBIC YCJIOBUS JJI1 MHTEHCUBHOW MHUTPALlMU PACCESHHBIX AJIEMEHTOB B pacIuia-
Be, KOTOpasi MPUBOAMIIA K JCKOHIIEHTPAIIUU ypaHa M TOPUS B OJHUX MHHEpaIax
(10 OTHOIICHHIO K PACIUIaBy) U K KOHIICHTPAIIUH B JIPYTUX, IPEUMYIICCTBCHHO B
aKieccopusax. JTo 00yCIOBHIIO PEe3KOe KOHTPACTHOE paclpe/esieHne ypaHa u
TOpUS B TIOPOJIaX, MPU KOTOPOM COJIepKaHUE JIEMEHTOB B MUHEpaJlaX ¢ KpaHU-
MU 3HAYEHMSIMHM paMoakTUBHOCTH oTiinyaetcs B 1000 pas.

Coneprxanue ypaHa U TOPHSI B OJTHUX U TeX e MHHEpajIaX WHTPY3UBHBIX 10~
POJI Pa3HOTO COCTaBa HEOAMHAKOBO M 3aBUCHT OT IIENIOT0 psja (GaKkTOpoB: OCOOECH-
HOCTEU KpUCTAJUTOXMUMUYecKor auddepeHmaiy, coaepkanus ypaHa U TOpHs B
pacruiaBe, HaJIHM4Hs PEAKO3EMETbHBIX JIeMEHTOB U T. 1. CyIIeCTBEHHO pa3inya-
IOTCS ¥ PsIJIbl MUHEPAJIOB, YIOPSI0UYEHHBIE TI0 CTENIEHH UX PaIMOAKTUBHOCTH.

Bwmecrte ¢ Tem, 1 BCEX TUMOB MHTPY3UBHBIX MOPOJI CYIIECTBYIOT HEKOTO-
pble 00mIre 3aKOHOMEPHOCTH pacIpelesieHUs] ypaHa ¥ TOPHsl MO MHHEpajaM.
Tak, B rpaHuTougax, CHEHHTax, rabOpo, MEpUIOTUTAX U JPYTHX TITyOMHHBIX
MarMaTU4ecKux 0Opa3oBaHUSX MHUHUMAJbHBIE KOIMYECTBA PAJMOAKTUBHBIX JIie-
MEHTOB YCTaHABIHMBAIOTCA B HanOojiee paclpoCTpaHEHHBIX (U1 AAHHOTO THIIA
MOPoJ) MOPO000Pa3yIOIMUX MUHEpaTaX, a MAaKCUMAJIbHBIE — B CAMBIX PEIKUX
akieccopHbIx. TakuMm oOpa3om, ueM OoJibllie pacipoCTpaHEHHOCTh MHUHEpaia B
MHTPY3UBHOH 1OPOJIE, TEM MEHBIIIE B HEM CO/IEpP)KaHUE ypaHa U TOPHSL.

A.A. CmpicrioB u E.B. ITmromes (1972) oOparmiany BHUMaHUE, YTO TOTyYEH-
HBIE PS/IBI 110 YBEIUYCHUIO COAEPIKAHUS PAIMOAKTUBHBIX 3JIEMEHTOB MMEIOT XO-
POILIYI0 CXOIUMOCTh C psAJaMH MUHEPAJIOB, MOCTPOCHHBIMU 10 OTHOCHUTEIHHOU
BEJIMYMHE yIeThbHONW MUHEpaIoo0pasyromieil padoTs (puc. 2.5).
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U, Th, 10%%
10°}

10}

10 102 10 w/n
Puc. 2.5. Koppenayuonnas 3a8ucumocms mexicoy co0epucanHuem ypaua u mopus
8 MUHEPANax u 3HavyeHuem yO0eibHOol Munepanioodpasyouel pabomol W/n
(cocmasunu E.B. Ilnowes u A.A. Cmbicios).
Mumnepanei: I — epanumoudos; Il — 2a66poudos.
Cooeporcanue. 1 — ypana; 2 — mopus.
Junus coomnowenuti W/n u cooeporcanus snemenmos; 3 — ypana, 4 — mopus

Cpenu MUHEpPAIOB OCaI0OYHBIX MOPOJ HAUMEHBIIEH PaJHOaKTUBHOCTBIO OT-
JUYAFOTCS TAIOUBI (CUIIBBUH, TAINT), CyJb(aTel (THIIC, aHTUAPHUT, OAPHT), Kap-
OoHatbl (KanbuuT). HECKOMBKO BBIIIE COAEp)KaHUE ypaHa M TOPHS B HEKOTOPBIX
CJIOMCTBIX aTFOMOCHIIMKATaX KOPbI BHIBETPUBAHUS (aJTyHUT, KAOJIMHUT), a TAKXKE B
OOKCUTaxX W THIPOOKHCIAX kene3a (retut). s HeKOTOphIX U3 HUX (AITyHHT, Ka-
OJIMHUT) XapaKTepPHO BBHICOKOE TOpUii-ypaHoBoe oTHomieHue (5—10 u 6ombiie).

Uro KacaeTcss MUHEPAJIOB CKAPHOBOTO U THAPOTEPMAIBHOTO MPOLECCOB, X
paaroreoXuMHUecKas XapakTepUCTUKA, HapUMep KapOOHATOB, 3aBUCUT KakK OT
(U3NKO-XMMHYECKUX TTapaMeTPOB MPOLECCOB, TaK U OT FTEOXMMUYECKOH CIeIHa-
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nu3auu QIIFOMIOB U METaJNIOTEHHYECKUX 0COOCHHOCTEH OJIOKOB 36MHOM KODBI,
B KOTOPBIX MPOTEKAIOT Ipolecchl pyaoodpazoBanus (Puxsanos, 2002 u ap.).

Ha ocHOBaHMM U3yuYeHHs PATUOTCOXUMUYECKUX OCOOCHHOCTEH OCaJIOUHbBIX,
METaMOP(HUIECKUX W MarMaTHUYECKHX MOPOJ Pa3HBIX T€OCTPYKTYPHBIX 30H B CO-
cTaBe TUTOC(EPHI BBIACISIOTCS PaJHoreoiornueckue ciou (tadm. 2.6).

Tabnuma 2.6
Paouoeceonocuueckas xapakmepucmuka cioes 3eMHOU KOpbl
MoIHoCTh U, Th,
Croit ’ ITopons! PaguoaxTuBHOCTH _ _ K, %
K P 104% | 107 %

Ocazousiit 210 Crnabomeramopduzosan- | HopmanbHas uiu cna- 23 10-15 23

HbIE 0CaJ04HbIe GOOHIDKEHHAs

Mermatu4eckue U MeTa-
I'pasmutHo MOp(UIECKHE 3eJICHO-
Mmeramopdu- 5-15 CIAHICBOH, 3111/15[ ot . TloBbIIeHHAS 4-5 15-20 34
ecKuit amdubonuToBO# (aruit

[PEHUMYILECTBEHHO KH-

CJIOTO COCTaBa

MermaTudecKue BpICIIEH
Amnpesuro- aM(puOOIUTOBOI U HU3-
MeTaMf) pou- 5-10 ten FP AHYITITOBOM TMonmxeHHast 1-2 5-8 1-2
YECKUI Gbaumii 1 MUrMaTHT-
(IMOPHTOBBIA) [IarHOrPAHUTOBBIX KOM-

IUICKCOB

WHreHcuBHO MeTamopdu-

30BaHHBIC TIIyOHHHBIC
TpanymiTo (MMPOKCEHOBBIE THEHCHI,
0a3uTOBBII 5-10 PKIOTHTEI MCTaMOpiie- Huskas 0,1-1,0 1-3 0,5-1,0
(GasamsToBHIi) CKOTO MPOUCXOXKICHUS) U

MIPOIYKTHI aHATEKTOU -

HOH rpaHnTH3aLHUH (dap-

HOKHTBHI)

Cpennee cofepkaHue paguOaKTUBHBIX JIEMEHTOB M MOITHOCTH 30H OIEHE-
HBbl Ha OCHOBE HEIMOCPEACTBEHHOTO M3YUYEHUS PaJMOaKTUBHOCTU MeTaMopduue-
CKHX TOJII Pa3HbIX TOPU3OHTOB 3€MHOM KOPBI, BCKPBITHIX PO3UEH HA OTACIbHBIX
y4acTKax JOKEMOPHMCKUX CKIaq4aTeiXx obnacted. PammoakTWBHBIE CBOWMCTBA
HIDKENIEeXKAINUX TMOJKOPOBBIX 30H BEPXHEH MaHTHUHM OINPEACIIUTh 3HAYUTEIBHO
TPYyJIHEE, ITO MOXET OBITh CHIEJaHO JIUIIh KOCBEHHO Ha OCHOBE TEX WIJIM WHBIX
IIPEATIOIO0KEHHUN O €€ COCTaBe.

Cuuraercs, 4YTO BEIIECTBO BEPXHEW MAHTUMU TOXKAECTBEHHO MO COCTaBYy Ka-
MEHHBIM METEOPUTAM WJIH yJIBTPAOCHOBHBIM TIoponaM. B mocnennue rompl, 6a-
rojaps pa3BUTHUIO BBICOKOUYBCTBUTENBHBIX SIEPHO-(DU3MUECKUX METOIOB aHAIIU-
3a, MOJYYEHbl HAJXKHbIE JAHHBIE O COACP’KAHUU ypaHa, TOPUS U Kallus B ATUX
obpazoBanusax (tadu. 2.7). ComepkaHue paguoOaKTUBHBIX 3JIEMEHTOB B METCOPH-
Tax U yJIbTPAOCHOBHBIX MOPOJaX INIyOMHHOTO (TIOAKOPOBOTO) MPOUCXOKACHUS Ha
HECKOJIbKO TIOPSAJIKOB HMKE TOTO KOJMYECTBA ypaHa U TOPHs, KOTOPOE CBOMCT-
BEHHO OOJIBIIMHCTBY OCAJOYHBIX, METaMOPHUUECKUX W MarMaTHYECKHUX IMOPOJT
36MHOU KOPBI.
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Tabmnuma 2.7
Codepoicanue paduoaKmueHvlx 3J1eMEeHNO8 8 MEMeOPUmMax
U YIbMPAOCHOBHBIX NOPOOAX
Mereopursi, K, % U, 10 % Th, 10 % Th/U
OPOJIBI

Kenesusie - 0,00001-0,01 0,00001 -
Kene3oxkameHHEIS

ITammacuter - 0,01 0,02 2

Me3zocuaepuTsl - 0,01 — —
KameHnHnbie

XOoHIPUTEI 0,07 0,0132 0,0356 2,7

AXOHIIPUTHI 0,05 0,0150 0,0444 2,7
CPemHCe /ULt KaMeH- 0,06 0,014 0,04 2,7
HBIX METCOPHUTOB
Marmariyeckue yiIbTPaOCHOBHOTO COCTaBa

IlepunoTuThI, 0.19 B 3 3

MTUPOKCEHUTHI

JlyHUTBI 0,025 0,004 0,012 3,0

2.2.2. Knapku paduoakmueHbIx 3/1eMeHmMos

Knapku — HeoOX0 UMbl HHCTPYMEHT MPOTHO3HO-MUHEPAT€HUYECKUX U T10-
HCKOBBIX T€OXUMHUYECKHUX HccaeaoBanuil. [Ipobiema OLIeHKH KIIApKOB PEAKUX U
pacCessHHBIX 2JIEMEHTOB, K KOTOPHIM OTHOCHUTCSI YpaH U TOPHH, B T€OXUMUU U
MUHEPAareHU! MO-TPEKHEMY OCTAeTCsl OJJHON M3 HAaubOJee CIOXKHBIX U aKTyallb-
HBIX 3a7a4. CJI0XKHOCTh €€ pelIeHHs 3aKJII0YaeTcsl He TOJIBKO B CIIOKHOCTH aHa-
7132 ATHX AJIEMEHTOB B MOPOAX C HU3KUM HMX COJIep)KaHHEM B OOJIBIITMHCTBE MO-
pPOJ, HO U B CJIOKHOCTH y4€Ta MacChl M pa3HOOOpa3us BCEX THUIOB TOPHBIX II0O-
POJI, YIaCTBYIOIINX B CTPOCHUU JIUTOC(hEPHI.

[Tpobnema KIapKoB €cTh YacTh MPOOJIEMBI pactpeaeneHus deMeHToB. [lo-
ATOMY pallMOHAJIBHO paccMaTpUBaTh KJIAPKU HECKOJIbKUX BHUIOB. [Ipu ux Tumnu-
3alMd HEOOXOAMMO YYHUTHIBATh XapAaKTEPUCTUKY M MACIITa0 OLIEHUBAEMOTO 00b-
exta. Cnenys B3rsimam A.A. beyca (1972, 1981), 10.A. TkaueBa u 51.0. FOnoBu-
qa (1975), mb1 OyemM paccMaTpuBaTh riao0aabHbIC KIAPKH TakK, KaKk ObLIO TpE.-
noxeHo A.E. @epcMaHOM, a UMEHHO: «KJIApK — 3TO CPEIAHEE COJIEp)KAHHE dJie-
MEHTa B 36MHOU KOpE€ WJIH €€ YacTu». PermoHanbHble u Oojiee KpymHOMACIITa0-
HBIE CpeIHME COJepkKaHus, cienys pekomeHgamusM A.A. beyca, OyieM UMeHO-
BaTh PETMOHAJIBHBIMU U JIOKAJIbHBIMH ITApaMETPaMHu.

He paccmaTtpuBasi TOHKOCTH METOAOB OLEHKH KJIAPKOB, OTMETUM, YTO OC-
HOBHOM CITOCO0O OIEHKH — 3TO pacyeT CPEIHEB3BEIICHHBIX COICPKaHUN IO THUTIAM
nopoj. OHAaKO HE BCEr/ia BO3MOKHBI MPSMbBIC OTPEEICHUs COEePKaHU (HIK-
HSS U BEPXHSS MAHTHS, HIDKHSAS YacTh KOHTUHEHTAIBHOW KOpHI U Jp.). B aToM
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ClIydae HCIOJIb3YIOTCA MOJEIbHBIE PACUETHI, OCHOBAaHHBIE HA TOM MM MHON MO-
JIeJIN CTPOEHUs TeocPEepHON 000TOUKH.

Haubosee HOBbIE OIIEHKM KJIAPKOB ypaHa U TOPHsI BBIIOJIHEHBI TEHI0pOM U
Mak-Jlennonom (1985). Jlns BepxHell KOHTHMHEHTAIbHOW 3€MHOM KOpBI CaMble
nocneaHue oneHku onyoaukoBansl B 2002 rogy H.A. I'puropseBbim (Tabum. 2.8).

Tabnumna 2.8
Cooepoicanue ypana u mopusi 8 XOHOpUMax u 8 0O0IOUKAX IUMOChepbl
(no Tetinopy, Max-Jlennony, 1985)

Uccnenyembie 00BEKTHI Conepaxanne, r/t Th/U
U Th
XoHApUT 0,0122 0,0425 35
IIpuMuTHBHAS MaHTHS 0,018 0,064 3,6
OxkeaHuueckas Kopa 0,1 0,22 2,2
HwuxHss KOHTMHEHTaNbHAsA Kopa 0,28 1,06 3,8
BepxHsis KOHTUHEHTaIbHAs KOpa 2,8 10,7 3,8
KonTtrHeHTampHAS KOpa 091 3,5 3,8
Apxeiickas Kopa 0,75 29 39
Bepxmsist uacTh apxecKkoil KOpbl 1,5 5,7 3,8
BepxHsist yacTh KOHTHHEHTATBHON KOPBI™* 2,5 9,3 3,7

Ipumeuanue: * _ 1o H.A. I'puropnery, 2002.

OT4eTnMBO BUIHA JUHAMHKA WU3MEHEHUS COJEP)KAHUS PaJMOAKTUBHBIX dJie-
MEHTOB OT MaHTHM K BEPXHEM 4acTu 3€MHOW KOpeE, BBIPAKEHHAs B IIOCJIEI0Ba-
TEJILHOM YBEJIIMYCHUU KOHILIEHTPAIMM ypaHa U Topus cHHU3Y BBepX. IIpormecch
nuddepeHnrany BemecTra, 00ycaaBauBamIme (popMupoBaHUe 3€MHON KOPBI
BEIYT K OOOrallleHUI0 paJHOaKTUBHBIMHU AJIEMEHTAMU BEPXHHMX TFOPU30HTOB JIH-
Tocdepbl. OTCIOfa cienyeT U JIPYroi BBIBOJ, MOATBEPKICHHBIM MHOTOUYHCIICH-
HbIM (DaKTHMYECKUM MaTepuajoM O TOM, YTO Marmarudeckas auddepeHuumanus
BELIECTBA COIPOBOXKAAETCS 3aKOHOMEPHBIM HAKOIUIEHMEM YpaHa M TOPHUs OT
paHHUX AU PEPEeHIINATOB K TO3IHUM.

AHanu3 3TUX JAHHBIX TaKXKe MOKAa3bIBAET, UTO Ul BCeX 000JI0YEK TUITUYHO
JIOCTaTOYHO BBIIEP’)KAHHOE TOPHUI-ypaHOBOE OTHOIIEHHE, YTO yKa3bIBaeT Ha OT-
cyTcTBHE (DpaKIMOHUPOBAHMS STUX IJIEMEHTOB B Mpoliecce riiodansHoi nqudde-
pPEHIMALIMN BELIECTBA 3EMIIH.

HckmroueHne cocraBiseT okeaHndeckas kopa (taous. 2.8). Ilpu orenke ee
cocTaBa JOMHUHUpPYET KOMIOHEHT OazanbToB Tunma MORB (Teitmop, Mak-
Jlennon, 1985). Kak ormeuatoT aBTOpsl paboThl, 3Ta MPOCTasi KAPTUHA OCIIOKHSI-
eTcst psaoM ¢GakTopoB. Bo-mepBeix, MpU pacdyere cOCTaBa OKEAaHHMYECKOH KOpPBI
CJIO)KHO OLEHHUTHb MAacCIITa0bl TUIOCKOTOPHI WM TOJBOJHBIX TOp, CKPBITHIX Ha
OKeaHN4ecKoM JHe. Ecnu oHM ClIo’KeHbI B OCHOBHOM IIENIOYHBIMH 0a3alibTaMu,
TO B OLIEHKaxX OOIIEro coCTaBa OKEAaHMYECKON KOPbI MOXKET ObITh CYIECTBEHHBIN
HE/IOCTAaTOK KOJMYECTBA JUTO(MUIBHBIX 3JIEMEHTOB C OOJIBIIMM HOHHBIM pajany-
COM, BOBJICUEHHBIX NpHU cyOaykuuu. Bropas mpobiema — 3T0 B3aUMOJICHCTBUE
BOJbI ¢ 0a3anpTaMu OKEAHUYECKOW KOpBI. DTOT MPOIECC SBJISETCS TJIaBHBIM I'€0-
XUMUYECKUM (PaKTOPOM IepepacipeesieHus 31eMeHToB. Tak, 6osbioe Konuye-
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CTBO ypaHa ajcopOupyeTcs Ha U3MEHEHHOM OKeaHW4eckoMm Oaszanbre. Criemyer
3aMEeTHUTb, YTO KaKOU-JIMOO OJUH U3 ATHX (PaKTOPOB WINM 00a BMECTE OKa3bIBACT
OYCBHUJIHOC BJIIMSIHUE HA COCTAaB PaIMOAKTUBHBIX AJIECMEHTOB B OKCAaHHMUECKUX 0a-
3anpTax. Ha 3T0 yKa3pIBaeT pe3KO MOHIKEHHOE TOPHIA-ypaHOBOE OTHOIICHHE B
OIICHKAX, MPUHATHIX JUISI OKEAHHYECKON KOPBI, II0 CPABHEHUIO C BbIIEP)KaHHBIMHU
OTHOIICHHUSIMU JIJIS1 IPYTHX TOPU3OHTOB JIUTOCQEPHI.

AHanmM3 MMEIOMIMXCS OICHOYHBIX AHHBIX IO CONCP)KAHUIO ypaHa M TOpHS B
obooukax yutocdeps! (Tadu. 2.8), a Takxke B BeriecTBe COMHEYHOM CUCTEMBI (Ta0JI.
2.9) mokasbpIBaeT, 4To Mporecc o0pazoBaHus TuiaHeT COJHEYHOW CHUCTEMBI, B TOM
yucine 3eMid, GOPMHUPOBAHUE UX XMMHUUYECKOTO M H30TOIMHOT'O COCTABA OMPEAEIISIOTCS
KOCMOXHUMHYECKUMHA M KOCMHYECKHMH SIICPHBIMU TIPOIIECCAMH, MPUBOISAIIMMH K
CHHTE3Y PaIMOaKTHUBHBIX M30TOIOB, pacmaj] KOTOPbIX 00YCIaBIMBACT COCYILIECTBOBA-
HUE MIMPOKOKN raMMbI cTabMiIbHBIX eMeHTOB (Pb, He, Sr, Ca u np.).

Ta6muia 2.9

OZzleHOllele CO@eprCCIHM}Z yparna u mopus 6 mamepudailbHblx obvexmax
Kocmoca u nnanemnvix cucmem

Kocwmrueckue tema Th U Th/U Hcrounnk nHbOpMAIAH

ConHeyHas cUCTEMa B LIEJIOM 0,034 0,009 3,7 érédﬁ.seongitl\.dz}.i;ggf

ConHeyHas CUCTEMA B LIEJIOM 0,069 0,042 1,6

Mereopur 0,026 0,08 3,3 | Cnpasounuk duzndeckux
TeKTHTEL ~9,0 ~2,0 4,5 |KOHCTaHT FOPHBIX mopox, 1968
XOHIpUTHI 0,026 | 0,0075 3,5

VYriucTeie XOHIPUTHI 0,0425 | 0,0122 3,5 Te#nop, Mak-Jlennon, 1988
Jlynnas xopa 1,9 0,5 3,8 |Bbynamesud u np., 1975
JlyHHBI# TPYHT 1,1-1,5 | 0,3-0,4 3,9 Tatsumoto Mitsunobu, 1973

MartepukoBbie perHoHbI JIyHBI 0,9 0,24 3,8 |Taylor, 1976

JIyHa u qyHHBIE TOPOIBI 0,210 | ~0,059 3,6 g[e;nla\l}[) aglgyni,fé al@;g; 4

Ganapathy et. al., 1974
IInanera 3emms B ienom 0,065 0,018 3,6 (10 M. O3uma, 1990)

CymiecTByeT HECKOJIIBKO THMIIOT€3 HYKJIEOCHHTE3a, TJIaBHBIMU M3 KOTOPBIX
sBisitoTes caenyrommue (BoitkeBud, 1959; JlaBpyxuna, 1953; Co6oroBuy, 1970;
Ozuma, 1990; u n1p.):

1. Tsoxenble, B TOM 4YUCIIE U PAIMOAKTHBHBIC, HJIEMEHTHI 00pa30BaIMCh IIPU
OJTHOAKTHOM TIPOLIECCE B3pbIBa (BCIIBILIKK CBEPXHOBBIX 3BE3]1) B pE3yJIbTaTe WHTEH-
CHBHOTO Pa3BUTHS SIEPHBIX pEaKLMil CHHTe3a mpuMepHO 5—7 mupa jer Hazad. C
MOMEHTa OJHOKPAaTHOI'O M CPAaBHUTENIBHO KpaTkoBpeMmeHHoro (< 100 cex) mpo-
1[ecca BO3ZHMKHOBEHHUS PAJAMOAKTHBHBIX SAEp, MPHU KOTOpPOM chopmupoBaics
CXOJHBIN M30TOIHBIM COCTAaB CPEAHUX U TKENIBIX JIEMEHTOB B Pa3HbIX YaCTAX
BcenenHnoii, nmpoucxoautT HeEOOpaTUMBIM W HampaBiIeHHBIH pacraj, paguoaKTUB-
HBIX U30TOIOB C ONPEIEIEHHON U TIOCTOSHHOM CKOPOCTBIO.
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2. HykneocuHre3 B mpejenax Hamed ['amakTUKU MPOUCXOIUI HETIPEPHIB-
HO B TeueHue 10—20 mupa JeT 1 3aKOHYMIICS 5 MIIpA JIET Ha3al.

3. CmemiaHHas TUIoTe3a, B COOTBETCTBUM C KOTOPOM MpEronaraercs co-
BMECTHOE Y4aCTHE OJIHOAKTHOT'O U 3BOJIOIMIOHHOIO IPOLIECCOB CHHTE3a N30TOIOB.

Kak BuAHO M3 BCEro BBHIIIECKA3aHHOTO, B PEIICHUH MPOOIEMBI ITPOUCXOK-
JICHUS 3JIEMEHTOB BaXKHOE 3HAYCHHE UMCIOT JJAHHBIC O COJCPKAHUH M H30TOITHOM
COCTaBe PAJIMOAKTHBHBIX AJIEMEHTOB M MPOAYKTOB MX pacmaja B Te0JOTHYECKUX
00pa3oBaHUX, a TaK)KEe KOCMHYECKHX O00BEKTaX, OCOOCHHO B TeNaxX, OCTYIHBIX
JUIS HEMOCPEJICTBEHHOTO M3yueHus (TJIaBHBIM 00pa3oM meteoputax). s oreH-
KM CPaBHHUTEJIBHOTO OallaHCca PaJuOaKTUBHBIX sIep B pa3HbIX 000J70YKax HaIlei
TUTAHETHI, CIIEAYET OCTAHOBUTHCS Ha JABYX OOIICTIPUHATBHIX B I'€OJOTHHU TOJIOKE-
HUSX, KOTOPBIE CIy’aT OCHOBOW Pa3HOr0 pojia re0IOTUYECKUX TUIMOTE3 O BHYT-
PEHHEM CTPOCHHUH, COCTaBE U IBOIIOIIUN 3EMITH.

1. BemecTBo BepxHel MaHTHH (IO KpailHEW Mepe, 10 00pa3oBaHUS 3eM-
HOM KOPBI) IO COCTaBY TOXJIECTBEHHO KAMEHHBIM METEOPUTAM.

2. Oooramenue JUTOGUIBHBIMU, OCOOCHHO PaJMOAKTUBHBIMHU 3JIEMEHTA-
MU TOpPHBIX TIOPOJ, CJAralpIiluX 3EMHYI0 KOpy, OOYyCIOBIEHO (HU3UKO-
XUMHUYECKUMH TporieccaMu AudGepeHInaniy BEeNecTBa BEPXHEH MaHTHUU B Pe-
3yJbTaTe €€ CEJICKTUBHOTO IUIaBJICHUS, JIeTa3aliuu U T. 1.

BcenenctBue paauoakTHUBHOTO pachaja HE TONBKO COKpAIIaeTcs pacipo-
CTPaHEHHOCTh ypaHa, TOpus, Kauia-40 U Ipyrux paJioaKTUBHBIX 3JIEMEHTOB, HO
U3MEHSETCS CO BPEMEHEM M WX COOTHOIIEHWE. B YacTHOCTH, CYIIECTBEHHO
YMEHBILIAIOTCSA OTHOMEHU n30TonoB 238U/232Th u 233U/23U u3-3a 6oJbIION pas-
HUIIBI MX TIEPUOJIOB MOTypacmaja.

Ha ocHOBaHMM CpaBHUTEIIEHOUN OIEHKU COJIEP)KAaHUSI ypaHa, TOPUS U KaJHs
B 3€MHOW KOp€ U BEPXHEW MAHTHUM, UCXOJS W3 MPEICTABICHUN O Jera3aiuu 1
BBITNIABIICHUH BEIIECTBA MOJAKOPOBBIX 30H, A.A. CMBICIOB paccuuTan OPHEHTHU-
POBOYHYIO MOITHOCTB CJIOS MaHTHH, U3 KOTOPOTO JIOJDKHBI ObITh BBIHECEHBI HE-
00X0IMMBIE AJI1 KOHIICHTPAIMHN B Pa3HBIX CIOSIX 3€MHOM KOPBI KOJIMYECTBA ypa-
Ha u Topus. [lomydnsock, 4To CyMMapHas MOIITHOCTh BEpXHEW MaHTHH, BEIIECT-
BO KOTOPOW OTBETCTBEHHO 3a (pOpMUpOBaHUE PAJMOAKTUBHBIX 30H 36MHOU KOPHI,
B HECKOJIBKO Pa3 TPEBHIMAET e¢ NeHCTBUTEIHLHYI0 MOIIHOCTh, YCTAaHOBIICHHYIO
1o reo(u3nueckuM JaHHbIM. OH cJIeall BBIBOJ, YTO HENb3s OOBSICHATH YPE3BbI-
YaifHO BBICOKYIO KOHIICHTPAIUIO YpaHa M TOPHUS B 3eMHOM KOpe MpoIeccaMu BbI-
TUTABJICHUS M JIETa3alliil MAaHTHH, UCXOS U3 CYIICCTBYIOIIMX MPEIATIOI0KEHUH O
e€ cocrase (CMmbICIIOB, 1974).

B cBsi3u ¢ 3TUM HECOOTBETCTBHEM BO3HHUKAET COMHEHHE B MPABHIBLHOCTH 00-
HICTIPUHATHIX MPEACTABICHUN O COCTaBE W PAJMOAKTHBHOCTH BEIIECTBA BEPXHEH
MaHTHU U O TIpoleccax OOOTaIleHUs ypaHOM, TOPHEM M KallueM 3eMHON KOpHI B
pe3yabTaTe WX TOCTEIIEHHOTO TEPEMEIEHHs] CHU3Y BBEpPX. DTH IMPOTHBOPECUMS
MO OBl OBITH JTMKBUAWPOBAHBI MPH JOMYIICHUHU, 4TO (POPMHUPOBAHUE KOPOBOM
000JIOYKH, PE3KO OTIIHYAFOIICHCS TT0 CBOUM PaJIMOTCOXUMHUYSCKUM OCOOCHHOCTSIM
OT TITyOMHHBIX 30H, CBSI3aHO HE TOJILKO C Tporieccamu AuddepeHIInaniyl BepXHe
MaHTHA. CIeayeT y4YUTHIBATh MEPBUYHBIE KOCMHUUYECKHE (DaKTOpbl 00Opa3oBaHUs
36MHOH KOPBI U MOCIICTYIOIINE T€0JIOTO-TEOXUMHUYCCKUE TTPOIIECChI, MEXaHU3M KO-
TOPBIX OOYCIIOBIIEH HE 0COOEHHOCTSIMH Pa3BUTHSI MTOJIKOPOBOTO CyOcTpara, a cre-
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IUQUIECKUMU PaTUOAKTHBHBIMHU, TEIJIOBBIMH M (DU3UKO-XMMHYECKUMH CBOMCT-
BaMM MUHEPAJILHOTO BellecTBa camoit Kopsl (CMbIciioB, 1974).

Pemrenue stux mpo6iieM KIET CBOMX UCCIEOBATEIICH.

OueHouHbIE COEpkKAHUS PATUOAKTUBHBIX 3JIEMEHTOB WM3BECTHBI IO CYIIE-
CTBY JieJia JUIs BCEX 0OBEKTOB MAaTEPUATBHOTO MHpPA, UTO el pa3 Mo uEpPKUBACT
reHraibHyo Mbiciib B.M. BepHaackoro o «BcrogHOCTW» ypaHa W Topus. OHu
ObuTH, ecTh U OymyT Bezme. OO0 OCHOBHBIX PaTUOTCOXMMHUYECKUX MapaMeTpax
KOMITOHEHTOB TIPHUPOIHOU Cpeabl M TeoCPEPHBIX 000JOYKAX MOXKHO CYAHTH IO
COCTaBJICHHBIM HaMH 110 MHOTOYHUCJICHHBIM HCTOYHUKAM Juarpammam (puc. 2.6).

1000 Th, mr/kr Q //\
3 /000 @
1 O RN
] N \@//
1004
10
13
0,1
0,014
i @ U, mr/kr
0,001 P L L B L B ALY AL AR
0,001 =X 0,01 0,1 1 10 100 1 000

—Conneunas cucrema

@ —3ems
© -Jlyna
@ —XOHAPUTSHI

@ —BaoBblii COCTaB KOHTHHEHTAILHON
KOPbI
@ —OkeaHudecKas Kopa
[£] —OcHoBHBIE TOPOIBI
[E] —VYnsrpaocHoBHBIE MOPOABI
[] —ITopomsl cpeaHero cocrana (JIHOPUTHI)
E —Tlopoast kucnoro cocrasa (rpaHUTBI)
X —I'panonmoputsr
[M —Cnanner oGbIKHOBEHHBIE
B —Anma3zoHocHsle KUMGepuTHI, Adprka
[d —Tnunst
% —IIbu1€aspo30bHbIC BBITTACHHS
GKB—Bona 03. Baiikan
A= —Boza mopckast
4> —Kopauisl, 1oxHas yacts THXOTO OKeaHa
[0 —TTopoas! 4apHOKUT-TPaHyIMTOBON
dopmarmu
—ITopoas! TOHAIUT-TPOHILEMHTOBOH
dopmarmu
[[H —Tneiicbl GuOTHTOBBIE
X —Illenounble rpaHUTHI
M —ArnauToBble He)eTHHOBBIE CHEHUTHI
—KapGonatabie moposst

B —Ilecku npubpexusie
[B] —Bokcursr

B

RH —Anruapur
M —KpacHbie r1yGOKOBOHBIE TTIHHbI
(TO — Tuxuit oxean; AO — ATIaHTHIESCKHIA)
=
—3om1a yepHuKH, 1or Cubupu
—3ona naba3nuka, or Cubupu
—KoMaTHHTEI 3e71eHO-KaMEHHBIX
niosicoB Cubupu
—AchansTutsl HedTen
A\ —Keporeusr Hedreit
227/ ~Tlone peann3alin MOHALMTOBBIX TUISKHBIX
MECKOB
MUTHEBBIX BOJl HACEJICHHBIX ITyHKTOB
—TTouss! tora 3anaanoii Cubupu
—ITouss Mupa
[ —Jleccwt Kuras
FH —VYronas kameHHBIH
I8 —VYroms Oypsbrit
il —Top¢ morpeGennsiii (30mpHOCTL 40%),
1ora Cubupu

—Buorennsie bl TXoro okeana
AN\ —Achansrenst Hedreit
© —Couessie OTIOKEHHs (HAKUIIb) U3
Fd —VYrons Cubupu
M —Topod rora Cubupu

—30J1a KAMEHHBIX yIIIeH
—3oma OypsIX yreit
] —I'umnc
—®ochopuTsI
Eg —Yepuble cnanb
B —IyGoKkoBOIHBIE COBPEMEHHBIE JIOHHbIC
oTIoXKeHHs 03. batikan
—ITenur-nquaToMoBbIe€ Wbl 03. Baiikan
—AneBponenuToBble Wikl 03. baiikan
—JoHHBIE OTJIOXKEHUS YCThs pek 03. batikan
[Al —Honusle oTioxeHus 03. Tenenkoro, Anrai
[ —/loHHBIC OTIIOKEHUS CONOBBIX 03ep, AnTait
X —/loHHbIe OTIOKEHUS CYTb(ATHO-XIOPUIOBBIX
o3sep, Anrai
—JloHHBIE OTIOKEHHs XJIOPUAHBIX 03ep, AnTai

—I'my6oxoBonHbie Fe-Mn KoHKpenuH aHa
Tuxoro okeana

—Canponerns, 1or Tomckoit o6macTu
® —ITna3ma KpoBH YenoBeka, or Cubupu
@ —Ckopiyna po3/0B, 1or Cubupu
@ —30s1a TPaBIHUCTON PACTUTEILHOCTH,
1or Cubupu
@ —OcTtpomopaast jsrymika, ror Tomckoit obnactu
—Bosocsl aeteit, 1or Cubupu

Puc. 2.6. I'enepanusosannas cxema paouo2eoxumuieckux Xapaxmepucmux
eeocghepuvix obonouex (no JLI1. Puxeanosy, 2004)
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CrnenyeTr 0co60 OTMETUTH, YTO HE TOJILKO YPOBHU HAKOIUICHUS PaIMOAKTHB-
HBIX AJIEMEHTOB B MPUPOIHBIX 00PAa30BAHUSX MPEICTABISAIOT UHTEPEC ISl UCCIIe-
nosareneil. [Ipexnae Bcero, B MPUKIATHOM M TEOPETHYECKOM ACTEKTE BaXKHBIM
MOKa3aTeNeM SIBJIIETCS OTHOIIICHHE BaJIOBBIX cojiepkaHuil Topus k ypany (Th/U).
OTOT mokasaTeib, Kak CBUAETEIbCTBYIOT Hamu (Puxsanos, 2002) u apyrue wuc-
cinenoBanus (C.J. Allegre et. al.), sIBIsitOTCS Ype3BBIYAHO Ba)KHBIM WHIMKATO-
pom. Topuii-ypaHoBoe oTHolleHue, HaurHasi OT CONHEYHON CUCTEMBI B LIEJIOM
(Th/U = 3,72) no e€ mnaner u Jlynst (Th/U = 3,55), mereopuros (Th/U = 2,5-8,6),
MarMaTHYECKUX OOpa30BaHUMI PA3IMYHOTO THUIA, HAXOIUTCS B YPE3BBIUAIHO
y3KOM HHTepBaje BenuuuH (2,5-5, mpu npeobnaganuu 3,5—4,5), 4To 3acTaBiseT
IperonaraTb CylnieCTBOBaHUE O0IIEH 3aKOHOMEPHOCTH B PAaCIPOCTPAHEHUH TO-
pHs U ypaHa, ONpeAeNsIoeiics 3akoHaMi MUPO3AaHHUS.

OTa cucTemMa OTHOILLIEHHUH BBIIEPKUBAETCS BO MHOTHX TOPHBIX MOpOJaX, 3a
UCKITIOYCHHEM XHMUYECKUX M OPTaHOTEHHBIX THUIIOB OCAJIKOB, MPOIYKTOB METa-
Mop(hu3Ma U MeTacoMaTu3Ma.

DTOT moOKazaTenb MO3BOJSET HaM JOCTATOYHO YBEPEHHO Pa3AeNATh IMOPOJBI
MarMaToreHHOro o0JIMKa Ha MarMaTUYecKue U MeracoMatrueckue (Puxsanos, 2002).

Hamu yctaHOBIIEHO, UTO B OOJBIIMHCTBE THIIOB ITOYB 3TO OTHOIICHUE TAKXKe
BbIJIEP’)KAHO U HaxoJuTcs B uHTepBaie 2,5-5 (Puxsanos, 1997). OtkiioHeHue B
Ty WIH UHYIO CTOPOHY CBHJETEIBCTBYET O TEXHOT€HHOW TPaHC(POPMALIMHU TTOYB.
Tak, B 30He BO3JIEHCTBUS NPEANPUITHI SAEPHO-TOIUIMBHOTO LIMKJIA OHO CYILECT-
BeHHO HWXe 2,5 (Puxsanos, 1997).

Emé oguumM upe3BbluaiiHO BaXKHBIM [MOKA3aTeJIeM SIBJISIETCSI OTHOILIEHUE U30-
ToroB ypana 238 k ypany 235 (233U/233U), koTOpblii ABISIETCS PU3MYECKON KOH-
CTAaHTOM M OMPEACIISIETCS Ha CErOJHSIIIHUNA MOMEHT BpeMeHU BeauyuHou 137.8.
OTKJIOHEHHE OT STOr0 3HAYEHHUS B Ty WIM UHYIO CTOPOHY CBUICTEIHCTBYET O
TOM, YTO JTHOO MPOMCXOIUIH HPOLECCHI SICPHOTO JENCHUs ¢ Bhiropanuem U233,
KaK 3TO, HampuMep, ObUIO Ha MPUPOIHBIX SIEPHBIX pPeakTopax, (yHKIIMOHUPO-
BaBmux 2,5-3,0 mupy et Hazan (MectopoxaeHus ypana Oxio, borom6o u nip. B
Ad¢puxke), mub0 MMeEeT MECTO BO3AECHCTBHE NPEINPHUITHH SIEPHO-TOIUIMBHOIO
[IMKJIa, 3aHUMAIOIIUXCs pasjiesieHneM u3oTonoB ypaHa (CeBepck, AHrapck, 3e-
neHoropck, O3€pck W Ap.) WK APYTHMH BHUJAMHU JEATEIbHOCTH, B TOM YHUCIIE
MIPOBEJICHUEM SJIEPHBIX B3pPHIBOB, IMPU KOTOPBIX MPOUCXOIUT pa3felieHue WIn
oOpa3oBanue 3Tux u3otonos. Poccuiickumu (Puxsanos, 1997) nu amepukanckumMu
yuénbiMu (Coleman et. al.) mokazaHo, 4TO 3TO OTHOULICHHE B 30HE TaKOTO BIIMSI-
HUS MOXKET u3MeHaThes oT 1 no 500.

HecoMHeHHO, 4TO HCCleIOBaHMS B 3TOM HAIMPABICHUU JAAYT €1IE MHOTO
UHpOpMaLIUH.

2.2.3. ®opmbI HaxoxdeHuss paduoakmueHbIX 3/1eMEHMOos
8 NPUPOOHLIX 06 beKmax

N3ydenne GopM HaxXOXICHHS PaJUOAKTUBHBIX AJIEMEHTOB MO-IPEKHEMY
ocTaeTcs OJHON M3 HamboJiee CIOXKHBIX 3a]ad pagHoreoOXUMHH. JTa mpoliema
aKTyaJlbHa B CBSI3U C HEOOXOJIMMOCTBIO PEIICHUS PA3JIMYHBIX BOIIPOCOB MPOTHO-
3UpPOBaHMSI U MOMCKOB YPAHOBBIX MECTOPOXKICHHM, pemeHus (PpyHIaMeHTaIbHbIX

64



naea 2. Obujue 0cobeHHOCMU 2e0XUMUU PAadUOAKMUBHbIX 3/1IeMEHMO8

npobnem audQepeHnrays BenecTsa MiIaHeThl, BOIPOCOB MUTPALUU U KOHIIEH-
TPUPOBAHUS BELIECTBA MPU (HOPMUPOBAHUN TOPHBIX MOPOJ B YHJIOTEHHBIX U 3K-
30T€HHBIX NIPOLECCAX.

[Tonstue o popmax HaxoxaeHUs 1eMeHToB BBeaeHO B 1921 r. B.U. Bep-
HajgckuM (Bepnanckuit, 1983). OH BbIIenui 4eThipe pa3inudHbIX GOPMBI HAXOXK-
JE€HNs XMMUYECKHX AJIEMEHTOB B 36MHOW KOpE, HE MOTEPSBLIME CBOETO 3HAUCHMS
IUI PaJOr€0XUMUH U B HACTOSIILIEE BPEMsI:

1. Monekymsl M X COeMHEHUS] B MUHEpalaX, TOPHBIX OPOJax, KUIAKOCTIX
1 ra3000pa3HbIX 3eMHBIX Maccax.

2. HaxoxxJeHne XMMHUYECKHX 3JIEMEHTOB B XHBBIX OPTaHM3Max; aBTOHOM-
HBIE TIPOSIBIICHUS )KUBOTO BEIIECTBA.

3. HaxoxxaeHue 31eMeHTOB B KPEMHEATIOMUHUEBBIX MarMax.

4. CocrosiHME pacCestHUs] XUMUYECKUX JIEMEHTOB.

Ota kiaccuuKays MOJ0XKEHa B OCHOBY COBPEMEHHBIX INPEICTABICHUH O
TFE€OXUMHH 3JIEMEHTOB.

3ametum, urto eme B 1915 r. B ctatbe «O pasinoaKTUBHBIX XUMHUYECKUX dJIe-
MEHTaX B 36MHOW KOpE» OH ONpENeNIWI OCHOBHBIE (DOPMBI HAXOXKACHUS ypaHa H
Topus B mutocdepe. s ypana 3to coocTBeHHas MUHepasibHas (hopma, n3oMoph-
HOE BXOXKJCHHE B HEypaHOBbIe MUHepalibl U (hopma paccesHus. Kpome Toro, o
OTMETHJI CYLIECTBOBAaHHE PAcCTBOPEHHOM (hOpMBI LIECTUBAJIEHTHOIO ypaHa — ypa-
HUJI-MOHA U MOTJIOLIEHUE YpaHa MPUPOJAHBIMU OPraHNYECKUMH BEIIECTBAMHU.

i Topus K MUHEpaJIbHOH (hopMe HaxO0XKIEeHUs, U3OMOPPHOMY BXOXKJICHHUIO
B HEypaHOBble MUHEpaibl U Gopme paccessuus B.U. Bepnaackuii 1o6aBui kosio-
WJHbIE COETMHEHUS B KOpaX BbIBETPUBAHUS U THAPOTENIU B BOAHBIX UCTOUHUKAX.

B.M. Bepnaackuii 000CHOBaN 3HAYUTEIBHYIO POJIb PACCESTHHOTO ypaHa W
TOpPHSI B 3€MHOU KOpe.

Axanemuk JI.B. Taycon, passuBas yuenue B.U. Bepnanckoro, npenioxun B
o0Imelt Macce MHHEPAJbHOTO BEIIECTBA TOPHBIX IOPOJ pa3indaTh MUHEpaIIbl-
KOHIIEHTPATOphl U MUHEPAJIbI-HOCUTEIM TOTO WK HHOTO 31eMenTa (Taycon, 1961).

[Ton mMuHEpanaMH-KOHLEHTpAaTOpaMu cieayeT MOHMMATh MHUHepaibl, KOH-
LEHTpAaLKs 3JIEMEHTa B KOTOPBIX OOJIbIIIE €r0 COJAEpKaHUsS B HCCIEAyeMOM Mopo-
ne. Jlns ypaHa u Topusi MUHEpalIaMHU-KOHIEHTPAaTOpaMu SIBIISIIOTCS MO0 UX co0-
CTBEHHbIE MHHEpaibl, TUOO aKIECCOPHH, B KOTOPbIE OHU BXOIST B pe3yJbTaTe
M30MOP(HOTO 3aMelIeHUs] XMMHUYECKUX 3JIEMEHTOB OJIM3KOTO MOHHOIO paauyca
(Zr, Hf, mantanounsl, Y u ap.).

Munepanbl-HOCUTEIN — MHUHEPAIbl, COJIEpKalliie OCHOBHYIO Maccy 3JIeMeH-
ta B mnopome (> 50% or ero cymmapHOro KoiuyectBa). MuHepambl-
KOHIIEHTPATOPbI MOTYT OBITh OJJHOBPEMEHHO U MUHEPATIaMU-HOCUTEIISIMU.

Cnenyer ormeTuth, uro B.M. BepHanckuii yxe B MepUOa 3apOXKIEHUS pa-
JTUOTEOXUMUM BBIJICTHIII TPAKTUUECKH BCE OCHOBHBIEC (DOPMBI HAXOXKICHUS ypaH U
Topus. B HacTosmee BpemMs K BBIIECICHHBIM UM TUIIaM J100aBleHbI (YTOYHEHBI)
(GhOopMBI COEMHEHHUS C OPTaHUYECKUM BEIIECTBOM (METaUI-OpraHHYecKue KOM-
IJIEKChI, KOMIUIEKCHBIE COSAMHEHUS TUIA XeNaToB M (pusudeckas copOuus), Mu-
Hepason bl (KOJUIOMIHbIE MUHEPAJIbl), HAHOMHHEPAJbI U KJIaCTEPHI.
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Jlis MarmMaTH4YecKuX, THAPOTEPMAIbHO-METACOMAaTHUECKUX U MeTaMopdu-
YEeCKUX MOPOJ] TUIIMYHA COOCTBEHHAss MUHEpaJIbHas OpMa HaXOXKIACHHUS ypaHa U
Topusi, popMa H30MOP(PHOTO BXOXKIECHUS B HEYpaHOBbIE MUHEPAJIbI U paccesHHas
aToOMapHasi ¥ MOJIEKyJIsipHas opma.

Jlyiss BOAHBIX pacTBOPOB THUIMYHA MOHHAsE M KOJUIOMAHAs (hopMa B pa3HBIX
COOTHOILIEHUSIX.

B ocagovHbIX Moposax B paBHON Mepe MPUCYTCTBYIOT Kak (DOPMBI, 3aHMCT-
BOBaHHbIE Yy HHJOTCHHbIX OOpa30BaHUIl, TaK W MIMPOKO PACHPOCTPaHEHHBIE
COpOLIMOHHBIEC U OPraHO-MHHEPAIBHBIE (POPMBI HAXOXKICHHSL.

Pemenue Bompoca o (opMax HAaxXOXAEHUS PaJIUOAKTUBHBIX HJIEMEHTOB B
IPUPOJIHBIX 00BEKTAX YPE3BBIUANHO CIOXKHAs 3aaya.

B nepBom npuOnmkeHuu cieayeT OTMETUTD CIeTyIOIUe MOAXO0bL:

1. IloMuHepanpHblil OaaHC, CBSI3aHHBIA C BBIJEIIEHUEM MHHEPAJIOB, U OIl-
pellelieHue B HUX PaJMO3JIEMEHTOB U nocieaytouiero 6ananca. Ilpu 3tom HeoO-
XOJMIMO TTOMHHUTB, YTO B MUHEpasiaX ()OPMBI HAXOKJICHHUS MOTYT OBITh TaKKe ca-
MbI€ Pa3HOOOpa3HBIE.

Hanpuwmep, B nupkone U(IV) u Th(IV) MoryT HaXOAUTHCS B MUKPOTPEIIH-
Hax ¥ 00pa30BbIBaTh COOCTBEHHBIC MUHEPaAIbHBIC (a3bl (puc. 2.7).

Puc. 2.7. Muxpopaouoepagus (no JIL.B. Taycony, 1961):

1 — muxpopaouoepapus keapy-noieeownamoso20 y4acmra wauga spaHumouod.
Temnoe — mpeku om @vi0eneHus paouoaKxmuehsix snemenmos, x 320; 2 — mukpopaouozpadus
axkyeccoprozo 3epua (oepanuieno) epanomopuma, x 320; 3 — muxpopaouoepadusi moueunozo

8vileienus paouoakmusHo2o murepaia, x 320, 4 — sepno yupkona, x 320;
a — mukpogomoepaghus 3epua. [lpoxooswyuti ceem; 6 — muxpogomozpaghusi moeo gjice 3epHa.
Temnoe — mpeku om bl0eieHUsl PAOUOAKMUBHO20 LEMEHMA

2.Metoasl MuKpopanuorpaduu ¢ HMCHOIB30BAHUEM CIEHUANBHBIX (HOTO-
AMYIIbCUH, METOAO0B OCKOJIOUHOH (f) 1 akTUBaLIMOHHOW panuorpaduu.
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MeTobl OCKOJIOUHOUW paauorpaduu IalT BO3MOKHOCTH OMPEIENATh Ipo-
CTpaHCTBEHHBIE OCOOCHHOCTH JIOKAJIHM3AIMK YpaHa ¢ BECbMa BBICOKHM pa3perie-
HueM (puc. 2.8).

Puc. 2.8. Pacnpedenenue ypana 8 Munepaniax cKapHog:

a — anamum-mazHemum-c@eHoewlill azpeeam, O — epanam, 6 — SNUOOM, 2 — 8e3V6UAH;
0 — 2PaHaM-MASHeMUMOogblll CKApH, a—8 — Cl1e6a — MuHepan be3 aHatusamopa,
cnpasa — f-paduozpagus na nascanosoii nienxe. Illomox netimponos 10" u x ca’/c;
2—0 — moavko oemexmop. Yeen. 70
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3. KocBeHHBIM METO/I0M, TIO3BOJISIOIIUM TOBOPUTH O MOJBMKHOM (JIETKO BbI-
I1€J1aYMBAEMOM) U CBA3aHHOM, IIPOYHO YAEPKUBAEMOM B CTPYKTYpe MUHEpalla XH-
MHUUYECKOM 3JIEMEHTE, SIBJISIOTCS METO/MbI BBIIIETAUYNBAHUS PA3IMYHBIMU peareHTa-
mu. Harmpumep, 171 ypana TakoBbIM sIBJIETCs yriaekucisii ammonuii [(NH,),CO,],

KOTOPBIN B IMTEpAType Nosryun1 Ha3Banue meron JI.B. Taycona (1961).

TRY

B nocnennee Bpemsi B IPakTUKY MHHEPAIOro-reOXMMHUYECKUX HCCiel0oBa-
HUH JUIS U3y4eHus: GopM HaXOXKJIECHUS BHEIPSIOTCS METOABI SJIEKTPOHHON MHK-
popanuorpaguu (O3MAP) u coOCTBEHHO 3JIEKTPOHHO-MUKPOCKOIIMYECKUE METO-
JIbl UCCIIEJOBAHUSI C MCIIOIb30BAaHUEM MUKPOCKOIIOB BBICOKOI'O pa3pelieHus, 0-
3BOJISIOLIMM JIMarHOCTUPOBATh HAHOMUHEpAJIbl, HanpuMep Au u ap. (puc. 2.9).

Puc. 2.9. «3onomoii pynnepeny Au,,

cunmesuposan 8 CLIIA

2.2.4. dopma nepeHoca ypaHa u mopusi 8 NPUPOOHbIX cucmemax

®dopmbl nepeHoca ypaHa U TOpUs, KaK U OOJIBIIMHCTBA JAPYTUX JIEMEHTOB
ype3BbIuaiiHo pazHooOpas3Hbl. I1o 3Toi npobiieme CyniecTByeT MHOTO Pa3IUYHOM
mutepatypsl (A.W. Ilepensman, B.JI. Bapcykos, P.I1. Padansckuii, K.I'. Kopo-
nés, @.B. Yyxpos, A.A. Uepnukos, JI.H. benosa, N.JI. Xogakosckuii, I'.b. Hay-
MoB, A.I'. berextun u ap.).

[Tpenmnonaraercs, 4ToO B BEICOKOTEMITEpAaTypHBIX Npoteccax nepeHoc U u Th
ocyuiecTBisieTcss B popmax QTOPUIHBIX, KDEMHHUEBBIX, (POCPATHBIX U APYTUX CO-
eIMHeHuH cormacHo ¢ Zr, TR u apyruMu reoXxumMudecku OJIM3KUMU dJIEMEHTaMH.

B ycnoBusiX rHApOTEpMANIbHBIX MPOLECCOB MEPEHOC YpaHa, MPEeUMYIIECT-
BEHHO, OCYIIECTBIIAETCS B JOPME Pa3IMUHBIX KOMIUIEKCHBIX COSAMHEHUH, cpean
KOTOPBIX, KaK TOKa3bIBatOT uccienaoBanus ['.b. HaymoBa u np., mpeobmanarot
kapOoHaT-ypaHuibHbIe Kommekcsl [UO,(CO,),] ™.

[TosiBsieTcst 3HAYMTENBHBIN OOBEM WH(POPMAIMM O BO3MOXXHOM IEpEeHOCE
ypaHa B BHUJE METANIOOPTaHMYECKUX KOMIUIEKCOB. B 9K30T€HHBIX yCIOBUSAX IS
ypaHa yCTaHOBJICHO 3HAYMTENbHOE pa3HooOpasue GpopM ero rnepeHoca: MexaHude-
CKasl B3BECH; IIOJIOKUTEINILHO 3apshkeHHble KaTHoHbl THa UO,OH* (rugpokcuypa-

+4 v
aun), UO,(UO;),OH™ (nonusnepHblii HOH), KOTOPEIE XOPOLIO COPOMPYIOTCS Ha

KOJIJIOUAX U B3BECAX; CYIb(aT-ypaHUIbHBIE KOMIUICKCHI B KUCIBIX PACTBOpPaX 30-
HBl OKHUCIICHHSI; YpaHWI-TyMaTHble (POpMBI MepeHoca, CyHIeCTBYIOIINE B TYMHI-
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HBIX JIaHAMAPTHBIX 30HAX, U COSAMHEHUS C APYTUMH OPTaHMYECKUMH KUCIIOTAMU;
KOMILIEKCHBIE ypaHu/-KapOoHaTHele coemunenus tuna Na,[UO,(CO,),] u mp.

Nmenno sta popma — ocHOBHas popMa mepeHoca, Kak MOKa3bIBalOT JaHHBIC Ha-
TYPHBIX U DKCICPUMCHTAIBHBIX HAOJIOJCHUI M MHOTOYHCICHHBIX TEPMOJIMHA-
Muueckux mojenabHbiX pacuétoB (P.M. I'appenc, C.JI. llIBapues, JI.C. EBceena,
M.b. bykatsi).

Muoroobpasue popm nepeHoca ypana u TOpus, 0COOEHHO B THAPOTEPMAIIb-
HBIX ¥ 9K30T€HHBIX YCIIOBHUSX, MPEIONPEeIsieT 1 MHOrooOpa3ie pudnH UX oca-
KJICHUS, TIPEKAE BCETO OOYCIOBICHHBIX M3MEHEHUEM (DU3HKO-XUMUYECKUX Iapa-
metpoB (T, P, pH, Eh u np.). B ruaporepMaibHBIX YCIOBHSAX 3TO, MPEXK/IE BCETO,
MEXaHU3Mbl BOCCTAHOBUTEJIBHBIX DPEaKIHMid, MPU B3aUMOJCHCTBUU PACTBOPOB C
Cynb(UAHBIMY, YTIIEPOIUCTHIM BEIIECTBOM H T. [I., @ TAKIKE MEXaHU3M BCKHITAHHS
pacTtBopoB (3¢ dekT razuposanus) ¢ Beiaenenuem CO, (I'b. Haymos u ap.).

B 5K30reHHBIX yCIOBUSAX ITaBHBIMU MEXaHHW3MAMU OCAXKICHHS ypaHa U CO-
myTCcTByIOIUX emy sieMeHToB (Re, Se, Mo u jap.) SBISAIOTCS pa3HOOOpa3HbIE
reoxumuueckue 6apbepsl, BbieneHHble AWM. Tlepenbmanom U fp.: OKUCIUTENb-
HO-BOCCTaHOBHTEJIbHBIC, TTICEBbIC, HCIIAPUTEIbHBIC U T. 1.

Bonpockl Ans camonpoBepky

1.  OxapakrepusyWTe CXOJACTBO U PA3JIMUYNE XUMHUYECKUX CBOMCTB ypaHa U TO-
pusl.

2. UYewm oOycioBieHa Ooyiee BBICOKAsl MOJBHXHOCTh ypaHa, MO CPAaBHEHHIO C
TOpHUEM, B 30HE IMIIeprenesa’

3. B uem paznuune XMMHUYECKHX CBOWCTB ypaHa u paausa? K xakum nocrnenct-

BUSIM 3TO MOKET IIPUBECTU?

UYrto o3HAYaET TEPMUH «KOAPPHUIIMEHT SMAaHUPOBAHUS PAJIOHAN?

Ha3zoBure cTabmiibHbIe H30TOMBI — IPOAYKTHI pacnazia ypaHa u TOpusl.

Kaxue BubI U31y4eHHs] BOSHUKAIOT IPU PAIMOAKTUBHOM pacnaje?

B kakux ciayyasx MOXKET IPOUCXOJUTh CIIOHTAHHOE JEJICHUE dJIEMEHTA?

Urto 03HauaeT TEPMUH «PaJMOaKTUBHOE PaBHOBECHE) ?

B kakoMm ciydae HaCTynaeT «BEKOBOE pPaJHOAaKTHUBHOE PABHOBECUE)?

10. B xakoM ciy4ae paJiMOaKTUBHOE PAaBHOBECHE HACTYIIUTh HE MOKET?

11. IIpnuuHbI HapyIIEHUS PAIUOAKTUBHOTO PAaBHOBECHS.

12. Yto nmoHMMaETCs MO TEPMUHOM «KJIAPK»?

13. Kak usmeHseTcs conepkaHMe ypaHa U TOPHs B IPOLECCE MarMaTH4YECKOU
muddepeHnmranum BenecTsa’?

14. Kakue hopMbl HaXOXKIEHUS ypaHa U TOPUS U3BECTHBI?

15. Yto mnoHumaercs MOjA TEPMHUHAMHM «MUHEPAI-HOCUTENb» U «MHUHEpall-
KOHLIEHTPATOp»?

A A
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naBa 3
PAOUOIEOXUMMNA QHOOIMEHHBIX
MPOLIECCOB

3.1. Feoxumus ypaHa n Topua B MarmatTu4eCcKom npouecce

['eoxumus paMOaKTHBHBIX AJIEMEHTOB B MarMaTHYECKOM IIpoIiecce m3yde-
Ha HanboJsiee MOJHO. Y CTaHOBJIEHBI OCHOBHbIE 3aKOHOMEPHOCTH paclpeeieHus
ypaHa ¥ TOPHsI B OCHOBHBIX THIIaX MOPOA, POPMBI UX HAXOXKIEHUS, YCIOBUSI MU-
rpanuy ¥ KOHICHTPUPOBAHUS.

B Hacrosimee Bpemsi cOCTaBJICHBI CBOJIKH MO OTIEIBHBIM THIIAM IOPOJ, a
TaK)Ke BBIMOJIHEHBI OLEHKH CPEIHETO COJEpPXKAaHUS IS MarMaTU4ecKuX HHTPY-
3UBHBIX ¥ 3()()y3UBHBIX ITOPOJI B IIETIOM.

3.1.1. CodepxaHue paduoakmueHbIXx 371eMeHMO8 8 MazaMamu4yecKux
nopodax

OOGmiee npecTaBlICHUE O Paclpeie]ICHUN ypaHa U TOPUS B OCHOBHBIX THITaX
MarMaTU4eCKUX IMOPOJ JAIOT CPEJHUE OLEHKH UX coaep:kanuil. OgHa w3 1mo-
CIIEJTHUX OLEHOK, UCIIOJIb30BAHHAS JIJISl pacyeTa KJIapKa ypaHa U TOpHs B BEpXHEM
KOHTHHEHTAJILHOM 3€MHOH KOope, pesicTaBieHa B Taou. 3.1.

Tabmuma 3.1
Cpeonee codepoicanue ypana u mopusi 8 OCHOGHbIX MUNAX MASMAMUYECKUX
2opHbix nopoo (no H.A. I pucopvesy, 2002)

TopHbe ToposT CopeprkaHue HIEMEHTOB, I/T Th/U
U Th
WNntpy3uBHbIE: 32 14,0 4.4
yIIETPada3UThI 0,001 0,004 4.0
CHUEHUTHI 3,0 13,0 43
0a3uThl 0,8 3,2 4,0
TPaHOAUOPUTHI 2,7 9,9 3,7
TPaHUTBI 3,9 18,0 4,6
D¢ dy3uBHbIE: 1,4 4,4 3,1
OCHOBHBIE BYJIKaHUTBI 0,86 2,7 3,1
CpeHUE BYJIKAHUTHI 1,1 4,1 3,7
KHCITbIE BYJIKAHUTHI 4.5 13,0 29

AHanIu3 3TUX JAHHBIX CBUAETEIBCTBYET O TOM, YTO UHTPY3UBHBIE MarMaTu-
YECKHE TOPHBIE MOPObI B IIEJIOM CYLIECTBEHHO Oo0Jjiee paJliOaKTUBHBI, YEM BYII-
KaHoreHHble. K ToMy e JUid HUX XapakTepHO 0oJjiee BHICOKOE TOPUH-YPaHOBOE
OTHONIEHHE. J|0CTaTOUYHO BBIACPKAHHOE pa3IMuKMe B TOPUN-ypaHOBOM OTHOILIE-
HUM MHTPY3UBHBIX M 3(QQY3UBHBIX PAa3HOCTEH MarmMaTH4ecKux MOopoi Tpelyer
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CTECIUAIBHOTO aHaIM3a. JTH Pa3IUyuus BBIIBUIINCH TOJIBKO B MOCIEIHEE BPEMsl B
pe3yJibTaTe HOBBIX OIICHOK COJIEP)KAaHUH 3JEMEHTOB Ha OCHOBE COBPEMEHHBIX
AHAJTMTHYECKHUX JaHHBIX. B Ooliee paHHUX CBOJIKAX TAaKUX Pa3JIMYMid yCTaHOBJIC-
HO He ObLI0 (Tabm. 3.2).

Tabnuna 3.2

Cpeonee codepocanue ypau u mopus 6 MazMamuyeckux 20pHuLX nOpooax
(no A.A. Cmuicnosy, 1974, 1996)

Copeprxkanue
Cepus IToponer 9JIEMEHTOB, I/T Th/U
U | Th
HNHTpYy3uBHBIC TOPOBI

VabTpaoCHOBHBIE: TYHUT,TUPOKCEHUT U JIp. 0,03 0,08 2,7

OcHoBHBIE: Ta00pO, Mabdas u mp. 0,6 1,8 3,0

Cpennue: THOPUT, KBApIEBBIA JUOPHUT 1,8 6,0 3,3

UssectkoBo- | Kucnere:

meJIo4Has TPaHOMOPHUT 2,1 8,3 4,0
MJIarHOTPaHUT 2,7 9,6 4,0

OMOTHUTOBBIN TPAHUT 4,0 15,0 3,7

JIEHKOKPATOBBIN alIICKATOBEIA TPAHHUT 7,0 40,0 5,6

MenbTedruT, MEHMEUHT, HOJIUT 2,6 9.8 3,8
Kumbepaut (HeaamMa30HOCHBII) 2,6 8,8 34

Ilenousas KumGepnut (ammMa30HOCHBIN) 32 16,3 5,1

Cuenur - - -
MuackuTOBBIN HE(DETMHOBBIA CHEHUT 4,1 7,2 1,8

ArmanToBbIil He()EITNHOBBIN CHEHHAT 10,3 28,3 2.8

J¢dy3uBHBIE OPOIBI

Bbazanbt, quabas 0,7 2,3 32

H3BecTKOBO- | AH/IE3UT, aHJEC3UTOBBINA TOPHUPHUT 1,2 4,0 33
HICIoYHad | Jarut, JaUTOBBIN TOPQHUPHUT 2,5 10,0 4,0
Jlumapur, KBapueBbIid Hophup 4,7 19,0 4,0
TpaxubazansTt 2.4 8,0 33
[lenounas | TpaxuaHme3uT 3,5 15,0 42
TpaxuT, TpaxXuiIumapuT 3-8 30-50 4-5

B marmaTHuecKkuX TOPHBIX MOpPOJAAX COJEpKaHWE ypaHa M TOpHUs OOHapy-
’KMBaeT 3aBUCHMOCTh OT BEUIECTBEHHOTO (XMMHYECKOTO COCTaBa). JTa 3aBUCH-
MOCTDB MPOABJIACTCA IMPEKAC BCCTO B MOBBIIIIEHHOM PaaOaKTUBHOCTH MMOPOJ KH-
CII0ro cocrtasa ¢ BeICOKHM conepkanneM SiO, u K,O. Ona nanbonee xapakTepHa

IJId paJuOrcOXuMu MarMaTUiuCCKuX Mmopod, paauOaKTUBHOCTb KOTOPBIX U3YyUC-
Ha HauOouee JetainbHO. J{J1s 3BEep)KEHHBIX 00Pa30BaHUI N3BECTKOBO-IIEIOYHOM
cepun (Tabm. 3.2) XapakTepHON OCOOCHHOCTBHIO SIBIISIETCS MMOCTETICHHOE BO3pac-
TaHHUE COJICPIKAHUS ypaHa ¥ TOPUS B Py VIbMPAOCHOBHbIE — OCHOBHbIE — CPeO-
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HUe — Kuciavie nopoovl, MPONOPLUOHAIBLHOE POCTY COAEP)KAaHUs KpeMHe3ema U
kanus. [Ipy 5TOM KOJIMYeCcTBO ypaHa U TOpUs B OTAEIBHBIX IpyInax (TUMax) u3-
BEP>KEHHBIX IIOPOJ pa3indacTcs NPAaKTHYECKH Ha nopsanok. Cpeau marmaTude-
CKMX 00pa3oBaHMH W3BECTKOBO-IIECIOYHONH CEPUU MOBBIIMICHHOE COJEPKAHHE
ypaHa M TOpus, NMPEBBILIAIONIEE KIAPK, XapaKTEPHO JIULIb JUIsI KUCIBIX MOPOJ
(TpaHUTOB U JINTIAPUTOB).

HauOosnee coxHbIM sIBISIETCS paclipe/ieieHue ypaHa U TOpHsl B TPaHUTOU/I-
HbeIX noponax (puc. 3.1), cpeau xotopbix JI.B. KomiessiM eme B 50-x romax
XX Beka ObIIO BBIJIETIEHO HECKOJIBKO PaAHOr€OXUMHYECKUX THIIOB!

1) HOpManpHO paJUOAKTHBHBIE TPAHUTHI C OJIM3KUM K KIIApKY COJEpKaHH-
€M ypaHa U TOpUS U CPEIHUM TOPUN-YPAHOBBIM OTHOIIEHUEM (2,5—4,5);

2) TOBBIIIEHHO PAJUOAKTUBHBIE T'PAHUTHI IIPU MOHWKEHHOM COAECpPKAHUU
ypana (Th/U > 6-10). IlomobHoro poma rpaHUTBI YacTO MPUYPOUYEHBI K MeTa-
MOp(UYECKUM BBICTyIIaM, CJIO’KEHHBIM MTOPOaMU KapOOHATHOTO COCTABa,

s}
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U, 104 % <
T V ,®
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B I VI va N\
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8 B l = \, -~
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Puc. 3.1. I'nasneiiwue paduoceoxumuyeckue munsvl 2paHUMoG:
I — nopmanvro paouoaxmusheie epanumst, Th/U =2,5-4,5;

11 — nosviuienno paouoakmusuvie epanumol, Th/U = 6—10; Il — svicokopaduoaxkmusHbvie
peokomemannvhvie epanumol, Th/U > 5—10; IV — ebicokopaduoaxmuervle mopuenocHvie
epanumut, Th/U > 10; V — crabopaduoaxkmuernvie niacuocpanumet, Th/U < 2-5;

VI — ebicokopaduoakmugHuvle CyuecmeeHHO YPAHOHOCHbIe 2DAHUNbI
962eocunkaunanbHolx (?) 3on, Th/U ~ 1-2

3) BBICOKOPAJIMOAKTUBHBIC JICHKOKPATOBbIE TPAHUTHI PEAKOMETAIUTHHOTO
TUTIA C TIOBBIMICHHBIM COJIEPXKAHUEM YypaHa, TOpHs, OepuiuThs, MOJIMOJICHA,
BoNb(pama. TopHii-ypaHOBOE OTHOIICHHE B HUX U3MEHSIETCSl B IIUPOKUX TIPEIe-
nax. Haubomnee pacmpocTpaHeHbl JIEHKOKPATOBBIE TPAHUTHI C TIOBBIIIICHHBIM TO-
puii-ypaHoBbIM oTHOIIeHHEM (5—10);
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4) BBICOKOPAIMOAKTUBHBIE CYLIECTBEHHO TOPHEHOCHBIE AISICKUTOBBIE I'pa-
autel (Th/U > 10);

5) cnabopaaroaKTUBHBIE TPaHUTHI (TPAHOAMOPHUTHI, TUIATHOTPAHUTHI), 0O-
raTtele KaJbllieM M HaTpueM u Oenuble ypaHoMm u topueMm (Th/U < 2-3). B Ha-
CTOsIIee BpEeMs Cpenu ClabopaaroaKTUBHBIX IUIAarMOTPAHUTOB YCTAHOBIICHBI
Pa3HOCTH C MOBBIIIEHHBIM TOPUIl-ypaHOBBIM OTHOLIECHUEM (>5) — IPaHOJUOPUTHI
U TIaTMOTPAHUTHI;

6) BBICOKOPAJUOAKTUBHBIC JICHKOKPATOBbIE TI'PAHUTHI 3BIEOCUHKIMHAIb-
HBIX (?) 30H C MOHM>KEHHBIM TOPUN-ypaHOBBIM OTHOIIEHHEM (1-2).

Hawnbonee pe3kast pa3HUIIa B COCP)KAHUH YpaHa OTMEUYAETCs] MEXKy TPAaHUTaMHU,
GorateiMu KasbieM, — riarnorpaautamu (ot (1,5-3,1) x 107 % mo (5-15) x 10 %)),
U IPaHUTaMH, OCHBIMHU KaJIbIHEM, C BHICOKMM coaepskanreM Kams (0T (4-10) x 107+ %
10 (20-50) x 10 %).

YcraHoBieHo, 4To B npouecce auddepeHuuan Marmbl FpPaHUTOUIHOTO CO-
CTaBa ypaH HakaruiMBaeTcs B No3aHMX AuddepennmaTax. IToT (akT coryacyercs
¢ oOmiell HampaBJIEHHOCTHIO MPOLlecca HAKOIJIEHUsI ypaHa U Topusl oT Oojee oc-
HOBHBIX Pa3HOCTEH IPaHUTOB K 00JIe€ KUCIIBIM U LIEJIOYHBIM.

B ByJKaHOTr€HHBIX TOPO/IaxX U3BECTKOBO-ILEI0OYHON CEPUM TEHICHIIMS pOCTa
PaZlMOAKTUBHOCTHU C YBEIMUYEHUEM KHCIOTHOCTH HOPOJ| IIPOSBIISIETCS €Ile OTYEeT-
muBee (CmbicioB, 1974). D10 cBsi3aHOo ¢ O0Jiee yCTOWYUBBIM COICp)KaHUEM ypaHa
B OJIHOTUITHBIX IO COCTaBY BYJKAaHOT'€HHBIX Mopojax. OTMedaeTcsi HOBbIILIEHHOE
COJIEp’)KaHUE ypaHa U TOPHS M HECKOJIBKO IIOHMKEHHas BEJIMYMHA TOpHUH-
YPaHOBOI'O OTHOILIEHUS B BYJIKAHUYECKUX CTEKJIaX, 10 CPABHEHUIO C PaCKpUCTAJI-
JTU30BaHHBIMU PA3HOCTAMHU BYJIKaHUTOB. [l oTAEenbHBIX crabonuddepeHupo-
BaHHBIX OJIOKOB KOHTHHEHTaJIbHOUW yacTH 3eMHOM kopwl (KamuaTka, Kypuisr) u
OKEaHMYECKUX BHAJAMH TUIUYHO TOHMKEHHOE COJEp’KaHUE ypaHa U TOpUS U
HU3KOE 3Hau€HHE TOPUH-ypPaHOBOTrO OTHOWIEHMS (< 1—2) B M3BEPIKEHHBIX MOPO-
JaX pa3HoOro cocraBa: 0a3anpTax, aHae3uTax, ganurax (CMbIciIoB u 1p., 1996).

Jlisl ByJIKQaHOT€HHBIX MIOPOJ] OTYETIIMBO BBIpa’KEHA Ta ’K€ TEHAEHIUS, YTO yC-
TaHOBJIEHA 11 MarM TPAHUTOUHOTO COCTaBa: YBEIMUEHHE COACPIKAHUS PATUOAK-
THBHBIX 3JIEMEHTOB OT PaHHUX JU((PEepeHIINATOB K TO3HUM.

MarmaTrueckue oO0pazoBaHus (MHTPY3HBHbIE W () (y3UBHBIE) C MOBBIIICH-
HOW IIEJIOYHOCTBIO XapaKTepU3yIOTCs Oojiee BBICOKOM paJMOaKTUBHOCTBIO MO
CpaBHEHHIO C OJM3KUMH 110 KHUCIOTHOCTU MOPOJaMH HU3BECTKOBO-IIEIOYHOH ce-
puu (tabmn. 3.2), 4To OTMEYaeTcsl Kak B YJIbTPAOCHOBHBIX-LIEIIOUHBIX MOPOAAX
(MeliMeunTax, MEIBTEUIUTAX U Ap.), TAK U B KUCIIBIX (TpaxuTax, Tpaxwinnapurax
u Jip.). B mienouHsIx nopojax HET NPsIMON KOPPEISLUOHHON 3aBUCUMOCTH MEX-
Iy COAEPKAHUEM ypaHa U TOPHs, C OTHOW CTOPOHBI, M KaJIHs — ¢ Apyrou. M3 nmet-
POTeHHBIX KOMIIOHEHTOB HamboJiee OTYETIIMBO MPOSBISAETCA CBS3b PAaJHOAKTUB-
HocTH ¢ K03 duumentom armautHoctu (puc. 3.2). Kak npaBuiio, MUaCKUTOBBIE
He(EIMHOBbIE CUEHUTBI, 110 CPABHEHUIO C armauTOBBIMU, OTJIMYAIOTCS MEHBLINM
coJiepKaHHeM ypaHa, U 0COOEHHO TOPHSL.
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[Topons! sxeproBoit U cyOBynKaHNYeCKOH (hanuii 6omee o0oraIieHbl ypaHOM
U TOpPHEM, YeM 00pa30BaHMs MOKPOBHBIX (arwii. [Ipr mpounx paBHBIX YCIOBHUIX
B IOPOJax, 0OOTAIIEHHBIX MOP(QHUPOBBIMU BBIJCICHUSIMHE, COJIEpKAHUE YpaHa U
topus Bbie (Puxsanos, 2002).

Th, U, 10%%

13 I
60

50
40
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20
10

50
40
30
20

10

0,6 0,8 1,0 1,2 1,4 16 Na,O +K,0
Al,O,4
Puc. 3.2. 3asucumocmo codeparcanus ypana u mopus 6 WeiouHsblx Hopooax

om ko3¢ puyuenma aznaumnocmu (no A.A. Cmoicnosy, 1974).
Tlopoovl: a — dokembpuiickue; 6 — panepo3sotickue

Cpenn mMarMaTM4ecKMX KOMIUIEKCOB HAMEUYAETCsl HECKOJIBKO THUIIOB C CO-
JIep)KaHUEeM ypaHa BbIIIe KPUTHYECKOTO ypoBHS (> (4,5-5) x 107* %), mis koTo-
poOro coxpaHsieTcsl mpsMas MPOMOPLHUOHANbHAS 3aBUCUMOCTh COJIEp)KaHUs dJie-
MEHTa OT COZIepKaHHs NETPOreHHbIX KoMnoHeHToB (Si10,, K,O u 1. 1.). n4 Ta-

KUX MTOPOJ XapaKTEePHO, KaK MPABHIIO, BEICOKOE COJEPIKAaHHE JIETKON3BIEKAEMOT0o
ypaHa, HaJln4ue CBOOOAHBIX ()OPM IJIEMEHTOB, HE BKIIOUEHHBIX B KpUCTAJLIHYe-
CKHE CTPYKTYPBI TOPO000Pa3yIOMUX U aKIIECCOPHBIX MUHEPATIOB.

JleTanbHbI aHAIN3 PaJHMOreOXUMHUUYECKUX OCOOEHHOCTEH MarmMaTH4ecKux
nopos Antae-CassHCKOM ckiiaggaTtoit o0jgacTy 1Mokasall, 4YTo CoJIep:KaHue ypaHa u
TOpUS B PA3JIMYHBIX MHTPY3UBHBIX KOMIUIEKCAX U BYJKAaHHUECKUX CEpUSAX HU3Me-
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HSIETCS HE TOJBKO B CBSI3U C M3MEHEHHEM KPEMHEKHCIOTHOCTH M IEJIOYHOCTH,
HO M OT OJHOM TEKTOHMYECKOH CTpyKTypbl K Apyroi (Puxsanos, 2002). Tak,
CpelHee cojeprkaHhe ypaHa B MOopoAax 0a3sUTOBOro psja B mpenenax Makapak-
ckoro rpabena cocraBisieT 4,0 T/T pU BEIMYUHE TOPHUII-ypaHOBOTO OTHOUICHHUS
1,6; Kus-Illanteipckoro — 2,5 u 1,8, coorBeTcTBeHHO; TamanoBckoro — 3,4 u 2,1;
Taitmonckoro — 1,3 u 3,5; B Arynsckom nporude — 0,8—1,4 u 3,0-3,6; B [{epOun-
cko-buprocunckoit 3oue — 1,5 u 4,8; B KeMuyrckoil ByJIKaHOTEKTOHHUYECKOM
ctpykrype — 4,3 u 1,0; B Crino-EpOunckoit Bnagusne — 2,8 u 1,7; LlentpanbHo-
TyBunckoii — 2,9 u 2,4. Enje 6Gonee KOHTPACTHO U3MEHEHUS! BUAHBI B LIEJIOYHO-
CHAJTMYECKUX TIOPO/ax, B KOTOPBIX COAEp)KaHUE n3MeHseTcs oT 2,5 (Mutpormnoss-
ckuid, 1981) no 22,5 r/t (PuxsanoB u ap., 1987), u naxe mo 39-98 r/.

PacnpoctpanenHble cpey TPaHUTOUIOB, KUCIBIX BYJIKAHUTOB WM IIEJIOY-
HBIX TOPOJI BBICOKOPAIMOAKTUBHBIE PA3HOCTH MOTYT UMETh Pa3IMYHYIO MPUPOIY.
Yame Bcero aHoMaibHas PauOaKTUBHOCTh O0YCIIOBJICHA HAIO)KEHHBIMU Ha Mar-
MaTHYECKUE TeNa T'MIPOTepMaIbHO-METACOMATUYECKUMU HM3MEHEHUSIMU U HMEET
BTOpUYHOE TpoucxoxaeHue. Ho pacnpoctpaHeHbl U BICOKOPAIUOAKTUBHBIE Mar-
MaTUYECKHE MOPOAbl C CHHITCHETUYHBIMU KOHIICHTPAIIUSIMU YpaHa u Topus. B mo-
CIIEIHUE JCCATUIIETUS TOSBUIOCH 3HAUUTENILHOE KOJIMYECTBO PabOT, B KOTOPBIX
JIENIAIOTCSI TIOTBITKH OOBSCHUTH CYIIECTBOBAHHME ONM3KHUX MO COCTaBy MarMaruyie-
CKHUX TOPOJ, OTJIMYAIOIIMXCS TI0 YPOBHSIM HaKOIUIEHUs ypaHa u Topus. [Ipu stom
BCE Yalle oOpaiaeTcss BHUMaHUe Ha HEOAHOPOJHOCTh cocTaBa MaHTuH. Tak, D.A.
Jmutpues u B.B. Moraposckuii (1976) ormeTnnu BbICOKOE COAEpIKaHUE ypaHa U
Topust (9,9 u 75 1/T, COOTBETCTBEHHO) B (epryCOHUT-NOpPUpax BEpXHEW MaHTUU
[Tamupa. OBoraneHHOCTh OT/IENBHBIX YYaCTKOB MAHTUH HECOBMECTUMBIMU (HEKO-
TEPEHTHBIMH) AJIEMEHTAMHU, B TOM UYHKCJIE YPAaHOM U TOPUEM, OOBSICHSIETCS TPOSIB-
JICHHEM METACOMATUYECKUX MPOIIECCOB B MAHTHH.

Cornacuno H.A. Turaesoii (2000), KOHIIEHTpAIMIO ypaHa U TOpUS B Marma-
THYECKUX TIOpOJIaX OTMpeseNisseT TPU BakHeHmmx Qakrtopa: 1) dopmanmonHas
MIPUHA/IJIEKHOCTh K TOMY WJIM WHOMY TJI00aTbHOMY pe3epByapy; 2) MpHUHAIEK-
HOCTh K TOM WJIM MHOW CEepUU ILIEJTOYHOCTH; 3) MPUHAJICKHOCTh K ONpeIeNeH-
HOMY NETPOXUMUYECKOMY THITy OPOJl B 3aBUCUMOCTH OT cojepsxanus Si0O,.

1. OguHakoBBIE TIO COCTaBYy MarMaTHYeCKHWE MOPOJbI (Hampumep, Oa3aib-
ThI) MOTYT Oo0Jiee ueM Ha MOPSAOK paznuyarbes mo conepkanuto U u Th B 3aBu-
CUMOCTHU OT TOTO, K KAKOMY pe3epByapy — OOOTalieHHOMY WM 00eTHEHHOMY —
MIPUHAICKUAT UX UCTOYHUK MarmaTu3Mma (tabm. 3.3). [Ipu ogHHUX U TeX e ycio-
BUSIX YACTHYHOTO IUIABJIEHUSA W JAJbHEHIIEH 3BOJIIOLMM paciljlaBa MOPOAbI, UC-
TOYHUK KOTOPBIX MPUHAAIEKHUT 000TalleHHOMY (KOHTHHEHTaJIbHOMY) pe3epBya-
py, OyIyT coaepkaTb OTHOCUTEIBHO 0OJiee BBICOKHE KOHIEHTPALUU JTUTODUIb-
HBIX 3JIEMEHTOB, B ToM uucie U, Th, peako3eMenbHBIX 3eMeHTOB U ap. Hampo-
TUB, MOPOJBI, 00Opa30BaBIIMECS 3a CUET YACTHMYHOTO IUIABJIICHUS OOCTHEHHOTO
(OKeaHW4eCcKOTO) pe3epByapa, Oy IyT 00 THEHBI STUMHU JIEMEHTAMHU.

75



l'eoxumusi paduoakmueHbIX 3/1eMEeHMo8

Tab6muna 3.3
Cpeonee codeparcanue ypana u mopusi 8 6a3a1bmax oKkeana
(no H.A. Tumaesou, 2000)
Tun niopo CopeprkaHue JIEMEHTOB, I/T ThU
U | Th

CpeIMHHO-OKeaHHYECKUE XPeOTHI
o0eIHEHHbIE 0,01 0,02 2,0
oboraleHHbIe 0,18 0,53 3,1

OxeaHMYECKUE OCTPOBA
TOJIEUTHI 0,20 0,72 3,6
IIEJIOYHEIC 0,68 2,76 4,0
IIETIOYHEIE 1,1 3,4 3,1

OcTpoBHBIE TyTH
TOJIEUTHI 0,1 0,25 2,5
HU3BECTKOBO-IIIEIIOYHBIE 0,36 1,1 3,2

2. BHyTpu OJHOM U TOM k€ MarMaTu4eckoil (opManuu KOHLEHTPALUH pa-
JTMOAKTUBHBIX AJIEMEHTOB OYIyT OMpEAETAThCA BXOKICHUEM KOHKPETHOM MOPOIbI
B Ty WIN MUHYIO CEPUIO N0 IIEJIOYHOCTH, ITOCIEI0BATEIEHO BO3pACTast OT TOJIEUTO-
BOM 4epe3 N3BECTKOBO-IIEIOYHYIO K IIET0YHOM cepuu (puc. 3.3). DTOT BbIBOA OC-
HOBaH Ha TOM, YTO YCTaHOBJIEHA TMOJIOKUTEIbHAs Koppemsinusa Mexay U, Th u K
BO MHOTHMX JHJIOTEHHBIX Ipoleccax. Bo3pactanue meI04HOCTH, BO3MOXKHO 00y-
CJIOBJICHHOE BIIUSTHHEM IIEJIIOYHBIX (DITFOMIOB, BEIeT U K BO3PACTaHUIO KOHIIEHTpa-
IUH paJoaKTUBHBIX A1eMeHTOB. [Ipu aTom cBsa3b Mexay Th u K Gonee xectkas,
yeM mMexay U u K, moatoMy Bo3pacTaHMe KOHLEHTPALM CONPOBOKAAETCS U BO3-
pactanuem otHomeHust Th/U.

OAHOBPEMEHHO MPOMCXOAUT POCT KOHIEHTpPALUil PEeIKO3EMENbHBIX 3Je-
MeHTOB. IIpu 3TOM BO3pacTaHue COIEp)KaHUM BJIEMEHTOB LIEPUEBOM IPYyIMIIbI
(Jlerkux JIaHTaHOWJIOB) ONEPEKAET POCT KOHIEHTPAIMil 3JIEMEHTOB HTTPUEBOU
Ipyninbl (TSDKEIBIX JJAHTAHOUOB).

U,_1O4%
50

40}

oand?

3,0}

20
1 O I MSBCCTKOBO—UleHOQHaﬂ
,

TOJICUTOBAs

0|l—
48 50 52

1 1 1 1 1 1 1
54 56 58 60 62 64 66 68 70
Si0,, %

Puc. 3.3. 3asucumocmsv codepoicanus ypana om KpemMHeKUCIOMHOCHU
gykanuyeckux nopoo Kypuno-Kamuamcxoii oyau 8 pasnuynvix cepusx weiouHocmu
(no H.A. Tumaesou, 2000)
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3. BHyTpH Kkax1o0il cepun mopo (TOJIEUTOBOM, H3BECTKOBO-IIEIOYHOH, IiIe-
JIOYHOM) B Tporiecce GpaKIMOHHON KPUCTAIUTH3AIMN HAOIIOJAETCsl 3aKOHOMEP-
Hoe Bo3pactanue coaepkanuid U u Th mpomnopruoHalbHO YBEJIMUYEHUIO COACP-
xanug Si0,.

B T0 e Bpems OpOJIBI C OJJHMM M TeM Xke coaepkanueM SiO, B 3aBUCUMOCTH

OT (OpMALIMOHHON MPUHAITICKHOCTH /WK MPUHAIICKHOCTH K Pa3IMYHbBIM MO IIie-
JIOYHOCTH cepusiM OyIyT CHIIbHO pasnudatsest conepakanreM U u Th (puc. 3.3).

3.1.2. ®opmbI HaxoxdeHuss paduoakmueHbIX 3/1eMEHMO8
8 MasMamuy4eckux nopodax

Bce ¢opmbl HaxoxaeHHs ypaHa U TOPUS B MarMaTHYECKUX MOPO/Iax MOKHO
00BEAMHUTD B TPU TPYTIIbL:

1) coOcTBeHHBIE MUHEPAJIBI;
2) u30MOP(HOE BXOKIECHHUE B aKIIECCOPHbIE MUHEPAJIbI;
3) paccesHHbIC POPMBI.

CooTHOIICHUST MEXKIY OTACTBHBIMU (POpMaMU 3aBHCAT OT COCTaBa MOPOJ H
YCIOBUH MX KpUCTaNIM3alUK. B yJIbTpaOCHOBHBIX, OCHOBHBIX U CPEAHUX IOPO-
JlaX U3BECTKOBO-LIEIOYHON M TOJIEUTOBOM cepuil mpeobiagaer paccesiHHas Qop-
Ma ypaHa 1 TOpusl.

B OCHOBHBIX U CpeHMX MHTPY3UBHBIX IOPOJIAaX PaJAMOAKTUBHBIE 3JIE€MEHTHI
paccestHbl B pelleTKax Mopoaoolpa3yromux MuHepanoB. [Ipu O6bicTpoM oxiax-
JICHUHU paclijaBa B Ipoliecce 00pa3oBaHUs BYJIKAaHUYECKHX MTOPOJ YpaH U TOPHA,
HaXOJMBULIMECS B OCTATOYHOM pacIljlaBe, COCPEJOTOYUBAIOTCS B CTEKJIE B popme
TBepaoro pacteopa (puc. 3.4). Bkpamnennuku cogepxat B 100-1000 pa3 MeHb-
1le ypaHa U TOpHsL.

Ilepexpucrammsanus ByJIKaHUYECKUX MOPOJ B XOE UX JAJIbHEUIIEH UCTO-
pUM MOXKET MPHUBECTH K IepepaclpeiesieHuI0 paJAHOaKTUBHBIX 3JIEMEHTOB.
Bonbias 4yacTh paccestHHOrO ypaHa U B MEHbIIEH CTENIEHH TOPHSI IEPEXOAUT MPH
3TOM B COpOLIMOHHBIE (POPMBI Ha I'PaHAX MUHEPAIbHBIX 3€PEH U B MUKPOTpPEIIU-
Hax (puc. 3.5; Tabn. 3.4). Otu GOpMBI JIETKO HU3BJICKAIOTCS KapOOHATHBIMU pac-
TBOpPaMH U TOJTYYHMIIN Ha3BaHUE «IIOJBUIKHBIEY.

B nopozax ¢ BBICOKMM COAEpKAHUEM TOPHS U PEAKO3EMENBHBIX JIEMEHTOB
npeobaasaloT MalonoABMKHbIE n3oMopdHbie Gopmbl. COOCTBEHHBIE MUHEPAIIBI
PaZMOAKTUBHBIX 3JE€MEHTOB HAOIIOMAIOTCS JIUIIb B KHCIBIX MHTPY3UBHBIX TOPO-
JlaX ¢ HU3KUM COJEpPKAHUEM PEIKO3EMENbHBIX 3JeMEHTOB. [Ipruem BKItoueHUS
COOCTBEHHBIX MUHEPAJIOB yYpaHa UMEIOT OUYE€Hb MaJlble pa3Mepbl U He 0OHapyKu-
BaIOTCS B ONTUYECKUH MHUKpOCKOI. Yallie BCEro 3To TOpUEBbIE Pa3HOCTH ypaHU-
HUTA, YPAaHOTOPUT, NHOTJa OpaHHEPUT, 1aBUIUT, KoPpPuHUT, beTadur u ap.
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Puc. 3.4. Pacnpedenenue ypana 6 keapyesom nopgupe (a) u gpenvsum-nopgupe (6).
Ypan naxanausaemcs 6 ocnosHou cmexknosamoil macce. Habnrooaemces nexomopoe
obozawenue 60.1u3u nopghuposuix evioerenuil (6 — cnpasa). Cnesa — winug;
cnpasa — demexkmop-nascan. Yeenuuenue 60X. Huxonu X

Puc. 3.5. Pacnpedenenue ypana npu nepexpucmaiiuzayuu Cmekio8amou
OCHOBHOU MACCHL MUKPODEb3umosotl CMpPYKmMypbl ¢ 00pa308anHueM
2PaHoOIACOB0L CIPYKMYPbL:

a — waug, 6 — demexmop-nascan. Yeenuuenue 60X. Huxonu X
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Tabnuma 3.4

Tomunepanvuwitl 6aranc ypana 6 n030HEeNnane030UCKUX SpAHUMmouoax
Kysneykozo Anamay (no B.A. /lomapenxo, 1979)

Munepan

Conepxanue
MUHEpaia
B 1opoze, %

Coneprxanue

ypaHa
B MHHEpaIe, T/T

Hons ypana
B JJaHHOM
MuHepae, %o

BuotutoBsiii cuennt, Kynayceryroasckuii MaccuB (ypana 21,6 r/1)

Buorur 1 4,1 1,05 3,1
Buotur 11 2,0 5,5 0,6
IInarnoxmas 31,4 0,58 0,8
CepunUTH3UPOBAHHBIN IIATMOKIIA3 10 1,08 0,5
ANBEOUTH3UPOBAHHBIH TIATHOKIIA3 22,0 0,22 0,2
ANEOUTH3NPOBAHHBIN MUKPOKITIH 24,0 0,18 0,2
Kgapr 2,6 0,83 0,1
AKIIECCOpPHBIE MUHEPAIbI 0,5 9,34 0,3
CyOMHUKPOBKITIOYEHHS, MEK3EPHOBBIE IITBBI 34 - 93
BuoruToBblii cueHut, boropoackuii maccus (ypana 11,6 r/t)
BuoTHT C1aboXI0pUTU3UPOBAHHBIH 3,0 6,56 1,7
ANBOUT-0IMTOKIIa3 10 2.4 0,6
CepuIUTH3UPOBAHHBIN aJTLOUT-0JIUTOKIIa3 2,5 2,41 0,5
MUKpOKJIFH albONTH3NPOBAHHBII 65 1,56 8,7
Kgsapig 239 0,97 2,0
AKIIeCCOpPHBIE MUHEPAIIBI 0,6 17,8 0,9
CyOMUKpOBKITIOUCHHS, MEXK3EPHOBBIE IIBBI 5 - 85,6
PoroBoodmankoBblii cuenut, ['tyxoBekoii maccus (ypana 10,4 /1)
PoroBast oOmMaHKa 7,8 4,23 3,2
MUKpOKIHH-TIEPUT 80,3 0,7 5,4
[IlaxMaTHBIN anbOUT 3,6 0,53 0,2
Kgsapig 33 0,70 0,2
AKIIeCCOpHBIE MUHEPAIIBI 1 21,89 2,10
CyOMUKPOBKITIOUEHHS, MEXK3EPHOBBIE IIIBBI 2,6 - 88,9

HpHMeanHe: - HCT JaHHBIX

Crnenyer OTMETHTh, YTO MO COBPEMEHHBIM IMPEJCTABICHUAM Ja)Ke B IPaHU-
TOMJIaX Ha JIOJIO aKIIECCOPHBIX MUHEPAJIOB B MarMaTHUYeCKUX MOPOAAX MPUXO-
mutcst He Oonee 30-50 % ot obmiero xonudecTBa ypaHa. Hampumep, B KpymnHo-
3epHUCTBIX rpaHuTax CIOTXOJIBCKOTO KOMILJIEKCA Ha JIOJ0 MOPOJ000pa3yroIuX
MuHepanoB npuxoaurcs 60,8 % Bcel mMacchl ypaHa, a Ha JIOJII0 aKLECCOPUEB —
36,5 %, B ToM umcIie Ha 1010 nupkoHa — 33,1 (Murpomnonbsckuii, 1979).
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3.1.3. Yenoeus Muzpayuu u KOHUeHmpuposaHusi ypaHa u mopusi
npu ¢hopMupo8aHuUU UHMPY3UBHO-MazMamu4ecKux KOMNJIeKCo8
U 8yrIKaHO2eHHbIX cepull

XapaxkTep moBeaeHus Th B MarmMaTMueckoM TMpoIlecce MO3BOJIAET CAeNaTh
BBIBOJI, YTO YK€ B pacIUIaBe OH IPUCYTCTBYET (MJIM MOXKET MPHUCYTCTBOBATH) B
KaKOW-TO JIOCTaTOYHO yCTONYMBOW W MOJABIKHOHM dopMme. AHanMU3 «mmocTMarMa-
TUYECKUX» TapareHe3ncoB Th, ero aHanuTH4eckass XUMUsSL M PE3yIbTaThl dKCIIe-
PUMEHTANBHBIX HCCIEIOBAaHUI MO3BOJSIOT COBEPIIEHHO OMPEIEICHHO TOBOPUTH
o ToM, uro Th B MarmaToreHHBIX HpoIeccax NPUHUMAET y4acTHE B BUIE IPO-
CTBIX M KOMIUIeKCHBIX coenunenuii (TypoBckuii, Abakupos, 1975). Kak u3secrt-
HO, Th 06magaeT GOIBIION CKIOHHOCTHIO K KOMILIEKCOOOPAa30BAHHMIO.

[ToBeneHue sreMeHTa B MPOIECCE MAarMaTUYECKONW KPUCTAIIM3AIMUA 3aBUCUT
OT €ro KOHILIEHTPalul B Marme, CTPyKTYpbl KPUCTANIOB, B KOTOPbIE OH MOKET
BOWTH, U €r0 COOCTBEHHBIX KPUCTATUIOXUMHUUECKUX CBOICTB. KoHlleHTpamus ypaHa
U TOpHsI B MarMaTU4YeCKUX pacIliaBax, 3a UCKJIIOUEHHEM HEKOTOPbIX I'PAHUTHBIX,
nocrarouHo Huskast (1074 %), 4To He MmO3BOJIIET MM 0OPa30BBIBATH COOCTBEHHBIC
MuHepaibl. ClieJoBaTeNbHO, B MPOIECCe MarMaTUYeCKON KPUCTAIUIN3AlUU ypaH 1
TOPHIA JOJDKHBI BXOJHWTH B TOW WJIM MHOM CTETIEHH B MUHEPAJIBI IPYTUX XHMHUYE-
CKUX DJIEMEHTOB. B BOCCTaHOBHTEIBHBIX YCIOBUAX MarmMaTU4eCcKUX Kamep ypaH
HAXOJUTCS B CTCIICHU OKHCIICHUSI 4+ W SIBIISICTCS XUMHYECKUM aHaiorom Th*
Boicokuit 3apsin U u Th* u cpaBHUTENBHO OOMBIION HOHHBIA pagiyc HE COOT-
BETCTBYIOT HU OJHOMY M3 IETPOTCHHBIX 3JEMEHTOB W HE IO3BOJIIOT UM H30-
MOpGhHO BXOIHUTH B PEUIETKH MOPOJ000pa3y0IuX MUHEpanoB. MeaneHHbIi npo-
1ecC KPUCTAJUTM3AINH TIPUBOINT K OYUCTKE PAHHUX MHUHEPAIBHBIX (a3 OT MmpuMe-
Ceil M OTTECHEHUIO YpaHa U TOpHs B OCTATOUHBIN PACILIaB.

B cBexux ByJKaHMYECKHX NOPOJIax, e MPOUCXOAUT ObICTpast 3aKajika pac-
1aBa, MOKHO HAOIOaTh, YTO MPAKTUYECKU BCE PATUOAKTHUBHBIC SJIEMEHTHI CO-
Cpe0TOYEHBI B cTeKIIe (puc. 3.6).

Puc. 3.6. Pacnpedenenue ypana 8 8bicOKOpAOUOAKMUBHBIX KUCABIX BYIKAHUMAX
Yaumuncrxoeo xpeoma (Bocmounwiii Casin), no oaunvim f-paouoepaguu.
a — wnug; 6 — demexmop-nascan. Ilomox nesimponos 10” n x er’/e. Yeenuuenue 65X. Huxonu X

B uHTpy3uBHOM mpoliecce MPOUCXOIUT UHTEHCUBHAS AU(epeHraIus Kak
ypaHa, Tak 1 Topus. OcTaTOuHbIE YaCTH paciljiaBa 3/1eCh CIIOCOOHBI 0OOramaThCs
palMOaKTUBHBIMU 3JIEMEHTAMM B COTHHU U THICAYM pa3. B mpupoaHbIX pacmiiaBax
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¢ kinapkoBoil koHneHTpanueit U u Th ocHOBHast UX 4acTh 3aXBaThIBAETCS aKIlec-
COpPHBIMH MHUHEpaTaMH. B MOJHOKPUCTAIUTMYECKAX WHTPY3UBHBIX TIOPOJIaX C HU-
MU 0OBIYHO cBsi3aHO HEe MeHee 50 % ypaHa u emie Oonblas yacTh Topusi. Bos-
MO>KHO, 3THM MEXaHU3MOM, TIPUBOJISIIIAM K BRIHOCY HEKOTOPOTO KOJIHYECTBA 00-
jee MOJABIKHOTO ypaHa C THAPOTepMaibHBIMU (IIIOMAAMU 32 MPEIENIbl UHTPY-
3uH, U 00BSCHSACTCS 0oJiee BHICOKOE TOPUH-YPAHOBOE OTHOIICHUE, XapaKTEPHOE
JUTSL UHTPY3UBHBIX MTOPOJ 10 CPAaBHEHUIO C BYJIKAaHOTCHHBIMU (Tabm. 3.1).

O ToMm, 9TO Ha MO3JHEMArMaTHIECCKON CTAIUHM CTAHOBIICHUS WHTPY3UU YpaH
puoOpeTaeT CrnocOOHOCTh MOKHHYTh MarMaTUYECKyl0 Kamepy, CBHICTEIbCTBY-
10T MHOTHE AaHHbIe. B 3TOT mepuon Bo3pacTaeT nmapuuaibHOE JaBI€HHUE KUCIIO-
polia, 4TO CHOCOOCTBYET OKHMCIEHHUIO ypaHa U YBEIWYCHHIO €r0 MOJBHKHOCTH.
Bcenenctue BbiHOCa ypana Oyzaer Bo3pactarh otHomienue Th/U. Opnako ecnu
JUISE KOHKPETHOTO paciijlaBa XapaKTepHa TMOBBIIICHHAs KOHIICHTpAIUS OMM3KHUX K
U (IV) mo KpuCTaITIOXUMUYECKHM CBOMCTBAM 3JIEMEHTOB (JaHTaHOWABI, Y, Th,
Zr), nocTaTo4Has Jijisi 00pa30oBaHUsI X COOCTBEHHBIX MHHEPAJIOB, TO YpaH MPoU-
HO CBSI3bIBA€TCS B HUX B BUJE N30MOpGHOIi pumecH. JIuib B ToM citydae, Korja
KOHIIEHTpallMsl YKa3aHHBIX 3JIEMEHTOB HEBEJHMKAa, OCHOBHAs 4acThb ypaHa Oynaer
HaXOJUTHCSI B PACCESITHHOM COCTOSIHUU U CPaBHUTEIBHO JIETKO M3BIIEKATHCS BBI-
nensromumucs ¢parougamu (I'epacumoBckuii, 1963).

MarmaTu4eckux MeCTOPOKIEHUM ypaHa U TOpHs He cyliecTByer. ['panut-
HbI€ UHTPY3HH, JaK€ CO CPABHUTEIBHO BHICOKUMHU COJEPKAHUAMU PaJUOAKTUB-
HBIX 3JIEMEHTOB, 5KOHOMHYECKO! IIEHHOCTH B HACTOSIIEE BpeMs HE MpeACTaBIIs-
10T. B mocnennee Bpems Ha TeppuTOpUM MOHTOJIUHM YCTAHOBIICHBI YHHUKAIIbHBIC
TPaHUTOUIHBIC UHTPY3UU CO CHEIU(PUICCKON PEAKOMETAUIBHON MUHEpalInu3alu-
eit. [Ipeanonaraercs, 4T0 peIKOMETAIILHBIE TPAHUTHI C APMCTPOHTUTOM H 3IIb-
MUAUTOM, OTIMYAONIUECS BBICOKUMHU KOHIICHTPAIUSMHU ypaHa W TOPUS UMEIOT
nepBUYHO MarMatudeckyto npupoxay (Kosanenko, 1985, 1995 u np.).

3.2. Feoxumms ypaHa 1 Topus B KapboHaTUTOBOM npoLiecce

KapOoHaTuTBI MpencTaBiIsiIoT cOO00 YHIOTEHHBIE CYIIECTBEHHO KapOOHAT-
HbI€ TOPHBIE MOPOJIbI, TEHETUYECKH CBSA3aHHBIE C MHTPY3MBHBIMU KOMILIEKCAMU
IEJIOYHO-YIbTPAOCHOBHOTO COCTaBA.

Ha mpoucxoxnenue kapOboHaTHUTOB HET enuHoi Touku 3penus. H0.JI. Ka-
nyctuH (1976), 06001ass MaTepuabl O TEHE3UCY ATUX CHEMUPUISCKUX T'€OTI0-
THYeCKHX 00pa30BaHWM, ¢ KOTOPBIMHU CBSI3aHBI KPYITHBIC M YHHKAJIBHBIE MECTO-
POXIEHUS TaHTaja, HUOOWS, PEIKUX 3eMelb U psijia IPYTHX MOJE3HBIX UCKOIIae-
MBIX (Menb, ypaH, (IOOPHUT, (QJIOTOMHUT M T. JA.), OTMEYAET, YTO B HACTOSAIICE
BpeMsl MIPEIoiaraeTcs, U 3TOMY €CTh J0Ka3aTelbCTBA, MarMarudeckoe (kapOo-
HaTUTOBBIE JaBbl OngouHbO-JIeHTan U Jp.) U METACOMATHUYECKOE MPOUCXONK/IEC-
HUEe KapOOHATUTOB. B 000uX ciydasx oHH (OPMHUPYIOTCS 33 CUET YTIICKUCIIOTHI,
MPUBHECCHHON W3 TIYOWHHBIX 30H, YTO IOJATBEPIKIACTCS MHOTOYHCICHHBIMU
JTaHHBIMU U30TONHOM reoxumuu (Kap6onarutsel, 1969; u ap.).
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ITpu 3TOM psia uccienoBaTeneil CUMTaeT, YTO Ha Pa3HbIX ATanax (opMupo-
BaHUS KapOOHATHUTOBBIX KOMIUIEKCOB MPOMCXOIWIO ABOJIOIHMOHHOE DPa3BUTHE
CUCTEMBI LIEJIOYHO-YIbTPAOCHOBHOM MarMbl, HaChIIIEHHOW HEOKHUCICHHBIMU yT-
JEPOAUCTHIMHU COETUHEHUSIMH U BOJIOPOAOM, C MOSIBIEHUEM OCTATOYHBIX pacIuia-
BOB C OOJIBIIMM KOJIMYECTBOM YIJICKHCIIOTBI, U3 KOTOPBIX 00pa3yroTcst kapOoHa-
TUTHI PAaHHHUX CTAJIUH, U OCTATOYHBIX PACTBOPOB-(IIIOUIOB, U3 KOTOPBIX (HhOpMU-
PYIOTCSl METaCOMaTHUECKUE KapOOHATHUTHI.

[To-BuuMOMYy, CyIIECTBYIOT HECOMHEHHBIE MarMaTUYeCKUE U METacOMaTH-
YecKHe KapOOHATUTHI C PsIOM OOMIMX MPHU3HAKOB, B TOM YHUCIIE MUHEPAJIOro-
reOXUMHUYECKUX.

3.2.1. CodepxaHue paduoakmueHbIX 3/1eMeHmMoe 8 kapboHamumax

Jns kapOOHATUTOB U KapOOHATUTOIIOJOOHBIX 00Pa30BaHUI XapaKkTepHa SIPKO
BBIpOKEHHAsT PaJMOTeOXMMHUUEcKas crnenuanu3anus (tadm. 3.5). Bece oHm pesko
TG depeHIIMPOBAHbI TI0 YPOBHSM HAKOIUICHUS ypaHa U Topus. Topuii-ypaHoBoe
OTHONIeHHE B KapOoHaTtHuTax koseonercs ot 0,1-0,2 no 65-68. [1o BenmuuuHe TO-
PHii-ypaHOBOTO OTHOIIEHHS CPEAU HUX, COTIACHO OOIICTIPHHATON PaHOTSOXUMHU-
yecko Tpamammu (Pagmoreoxumudeckue uccienoBaHusl..., 1974), BeIIeISIOTCS
KapOOHATUTHI YPaHOBOM, CMEIIaHHOM U TOpUEBOH pupoas! (puc. 3.7).

Tabmuma 3.5
Codepofcaime ypana u mopus 6 HEKomopbvlx KapéoHamumax
u emeuarnnuux ux nopodax U3 pasjiuvdHsvlx paﬁonoe mupa
Homep | KapGonatuToBblii paii- Conepare
o ITopona 3JIEMEHTOB, T/T Th/U VICTOYHUK
paiioHa OH, PEroH
U Th

1 |Havennassus (1)* KapOonatut 42,0 4,7 0,11 EcbkoBa u 1ip.,

2 |Taymunu (2) » 2,5 75,0 30 1964

3 | Bauosgeii (1) » 6,5 39,0 6,0

4 |Mypnarank (1) » 0,1 2,8 28

5 | Mrt. Yampg » 432 58,0 1,34

6 | Kazelipmrpyin » 4,9 33 0,67

7 | Marner Kos (1) » 0,3 1.4 4,6

8 | Mynnap, Ungus (4) » 2,7 43,5 16,1

9 | bmkOypH (4) » 10,7 41,5 3.9
10 |Yymanepa (39) » 50,0 191,0 3.8
11| Annan-Jleiix (9) » 9.0 586,0 65 Ifggg OHATHTRL,
12 | Annan-Jleiix (4) AnaTuToBLIii 9,0 614 68

KapOOHATHT
13 | Mepe-Tpennenar KapGonaTtut 10,0 206,0 20,6
14 | Kakapceyk (23) » 22,6 5,0 0,22
15 | Kakapceyk (18) Bedopcur 16,5 91,0 5,5
16 | Onponbo-Jlenrau (3) | KapOonatut 8,0 7,6 0,95
17 |IamaGopa, FOAP » 40,0 120,0 3,0
18 | BumHeBbIe ropsI » 7,8 4,0 0,51
Shigern,

19 |T'opa Xoma, Kenns » 5,5-890 0,9-28 Yasushi, 1981
20 |Ianabopa, FOAP » 60 330 5,5 11)‘9);“93“6”’
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Oxkonuanue maon. 3.5

Howme KapOoHaTHTOBEBIN Conepane
N P P N [opoma JJIEMEHTOB, T/T Th/U Hcrounnk
paitona paiioH, peruon
U Th
CoBpeMeHHBIE
21 | Onponbo-Jlenran KapOOHATUTO- 6,7-7,3 2,8-29 - ?;%Son’ Gale,
BBIC JIABBI
22 | CesepHnas llIBerms Kap6onarur 3,8-5,0 8,5-18,0 - Ifgrgiten et.al.,
Hy©wniickue ropsr, Harris et. al.,
23 Cynan » 4-23 14-700 - 1983
24 | Mynnap, Ui » 0644 | 3883 - fggg"s}‘ et.al,
. . Macaiituc,
25 E/Ii)y]l:;zqa;fmyncmﬂ » 20-50 5-55 - CMBICIIOB,
POBHHLL 1977
Onnorpo-Jlexran, Kap6onatur T'epacumoB-
26 |Boctounas Adpuxa, | | q)g) e 46,1 113 02 c1<p” 1973
Bocrounstit pudr Y3HBHBH ,
27 | Kapamam, Adpuka » 1,0 1,8 1,8
®dopr-Ilopran, 44 4—
28 Banaauelii Pudr ? 24,5-304 49,3 KapGonaruTsl,
Bocrounas Yrannma 1969
29 | Tanzanus, Boctou- » 1-27 19,1-53 -
HBIH puT

Ipumeuanue: * — B CKOOKaxX — KOJIMUECTBO MPOO.

B sddy3uBHbIx KapboHaTtuTax OmnnouHbo-JleHran pa3Opoc 3HAYEHUH Takxke
JIOCTaTOYHO BEJHK, XOTSI COBPEMEHHBIE YTIIEKUCITbIE BYJIKAHHUECKHE JIaBbl HE TaK
cHIbHO T (HEepeHIINPOBaAHbI 110 COJEPKaHUI0 ypaHa u Topus (6,7-7,3 u 2,8-29 r/1,
COOTBETCTBEHHO), Kak Ooyiee paHHue kapOoHaTHTHL llpu 3TOM TOpHii-ypaHOBOE
OTHOIIICHHE B ATHX 00pa3oBaHusX B cpenHeM paBHo 0,2 (Dawson, Gall, 1970).

bonee nmeranbHO M3ydeHa pajuoOreoXUMHs KapOOHATUTOB M KapOOHATHTO-
nmonoOHbIX oOpazoBanuit Anrtae-CasHCKON ckmagyatoit obmactu (PuxBaHOB,
2002). [Inst HUX XapaKTepHbl 3HAYUTEIbHBIE BapHallMM COJIEp)KaHUs ypaHa U TO-
pus (tabin. 3.6).

Tak, manpumep, coiepxaHue ypaHa konebnercs ot 1,6 /T B MOHOMHUHe-
paJIbHBIX KaJbIMTOBBIX KapOOHATUTAaX IEPBOM CTaJAMU 3aaHTapCKOr0 MaccHBa
Enmcetickoro kpspka 1o 190-320 1/t B kapOOHATHTaX C raT4ETTOJMTOBON MUHE-
panuzanueir B CassHCKOM KapOOHATUTOBOM KOMILIEKCE. AHAJIOTHYHAs KapTHHA
HaOIolaeTcs U U TOpHsl, CPEAHHUE COAEpPX aHHUs KOTOPOTo MO OTAEIbHBIM TH-
nam KapOOHAaTUTOB BapbUpPYIOTCS OT 1,9 I/T B KanbUUTOBBIX ¢ amMpuOOIOM Kap-
O6onatutax 3aanrapes 10 1011 r/T B kapOoHaTtuTax mepBoro Tuma BepxHemneTrpo-
nmaBjoBCKoro yvactka Kysnenkoro Aumaray. Jluama3oH BEJIWMYUHBI TOPHUH-
ypaHoOBOI0 OTHOIIEHUS TIpu 3ToM — oT 0,02 10 88.
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Th. r/t Th/U=100 Th/U=50

Th/U=10
1000

Th/U=5

100
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Puc. 3.7. Honoaxcenue kapbonamumos u KapoOoOHamumonoooOHbix
memacomamumos na ouazpamme U-Th:
1-7 — nons kapoonamumos. 1 — Myunap, wm. Kepana, Hnous,; 2 — Cesepnas Lleeyus;
3 — Hanabopa, FOAP; 4 — ¢ accoyuayuu c negpenunosvimu cuenumamu, Cyoam;
5 — Meiimeua-Komyiickas nposunyust;, 6 — Onoonvo-Jleneau, Tanzanus;
7 — Kepamaw, Agppuxa; 8 — 2opa [lamein,; Kysueykuii Aramay, 9 — p. Kyckymnyp,
Topnvuii Anmaii; 10 — Opyeue pationst (Homepa coomeemcmeyrom maon. 3.2.1);
11 — Bocmounuwiii Casn; 12 — 3aaneapckuii maccus; 13 — Bepxuenemponasnosckuti
yuacmox, Mapmatiea; 14 — Koxcunckuii yuacmok, Xaxacus

3nauntenbHas auddepeHnuanys paguoreoXUMUYECKUX TOKa3aTenei ycra-
HOBJICHA B IpEACIaxX OTACIIbHBIX Kap6OHaTI/ITOBI)IX TECII. C0)1ep>1<aHI/Ie paagnuoOaKTUuB-
HBIX 3JIEMEHTOB M3MEHSETCSI OT MHHEPATbHON acCOIMAlUK OJHOW CTauH K APY-
roi. Tak, JI.A. bepesuna (1972) yka3piBaeT Ha MaKCHMaJIbHYIO OOOTAIlICHHOCTh
ypaHOM U TOpHEM KapOOHATHTOB BTOpPOM cTanuu. Bece 6e3 HCKITIOYEeHUsT UCCTeIo-
BaTelld OTMEYAIOT CYIICCTBEHHYIO OOOTAllIEHHOCTh YPAaHOM, B 3HAYUTEIHHO
MEHBIIICH CTENIEHU TOpHEM, KapOOHATHTOB C TaTYETTOJMTOBOW M MHPOXJIOPOBOM
munepanuzanuei (Iloxapunkas, 1960; bepesuna, 1965; XKXwmonuk, 1984; u np.).
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Tabmnuma 3.6

Paouozeoxumuueckasn xapakmepucmuxa KapOOHAmMumos
u kapbonamumonoodobuwvix oopazosanuii ACCO (Puxearnos, 2002)

Conepxanue, /T

Paiion, maccuB, y4acTok, Iopoza O | T Th/U Hcrouynux
Bocrouno-Casinckuii paiioH, KapOOHATUTBI
I craguu (aJIbOUT-AUONICHI-OMOTUT-KAJIBIIUTOBBIE,
(hopcTepUT-OHOTUT-KATBIIUTOBEIC, OHOTHT- 4,3 28,1 6,6
KaJIBIIUTOBBIE, KAJIBLIUTOBBIC)
II cramm (roncua-¢hIoroNuT-KaIbIUTOBEIE, 48,6 724 15
(IIOroNUT-KaIbLUTOBbIE, KATbIIUTOBBIE)
I cramiu (ampr60I-HIOrONUT-KaIBLIUTOBBIE, 203 07 21 Bepesia, 1972
(IIOroNUT-KaIBLUTOBbIE, KATBLIUTOBBIC)
IV cramyn (aHKepHUTOBEIE, TOJIOMHTOBEIC, 65 8 6.6
CHJICPUTOBBIE)
Meracomaruueckue -1V 102 6,8 0,07
II cramuu ¢ ocHoBHBIM (Ta—Nb)-opynenenuem 191 53 0,03
SI‘I/IpI/IH-6I/IOTI/IT-Ifa.HI>HI/ITOBLIe II CT:cl/II/II/I 320 65 0.02
C TaTYETOINTOBOI MUHEpaTU3aIyen
CasiHckast KapOOHATUTOBAsI IPOBUHINS
MarseTuTr-anaTuToBble OPOIbI 4,8 (1) 21 (1) 4,8
MarHeTuT-anaTuTOBbIE HOPOIBI C TATYETOTOM S1,1(1) 50 (1) 0,98
Kap6onatuts! I cragum:
(opcrepuToBbIe 1,71 (4) 28,1 (4) 16,4
MTUPOKCEHOBBIE 3,56 (4) 28,6 (4) 8,0
OMOTHTOBBIE 3,62 (4) 17,0 477
KaJIBLIUTOBbIE MOHOMHUHEPAJIbHBIE 1,62 (4) 10,1 (4) 6,2
Kap6onartutsr 11 cramum:
¢ MUPOXJIOPOBOI MUHEpaIU3aLen 12,517) | 91,4(17) 7,3
€ raT4eTOIUTOBOM MUHEpaIu3auei 171 (10) | 70,7 (10) 04 | Kmomuk, 1984
Kapoonarurs! 11l cragum:
am(puboI-popcTepUTOBEIC 3,97 (40) 14,6 (4) 3,7
am(uOOI-IIUPOKCCHOBBIE 6,78 (3) 34,5(3) 5,1
am(uboI-PIOroNHUTOBBIC 43(3) 20,4 (3) 4,7
KaJIBLIUTOBBIE C aM(puOoIOM 1,1(1) 1,9(1) 1,7
¢ aM(puOOIOM ¥ MPOXIIOPOBOit MuHeparm3armel | 4,6 (10) 59,5 (10) 13,0
€ raT4eTOIUTOBOM MUHEpaIU3aLHeil 220 (4) 50,3 (4) 0,2
Kap6onatutsr [V craguu:
AQHKEPUTOBBIC 2,56 (9) 18,8 (9) 73
AHKEPUT-J[0JIOMUTOBBIC 520 6,6 (2) 1,2
BosbecasiHCKMIA KOMILIEKC, KapOOHATUTHI
I tvna 2,6 (16) 21 81
II Tuna 113 (17) 133 1,2 | bepesuna, 1972
11 Trma 4,6 (21) 39 8,5
IV tuma 3,0(11) 16,6 55
Ky3neuxkunii Anaray, BepxHeneTponapiaoBcKuii y4acToK, KapOOHATUTHI
I Trma 20,4 1011 49 Prixpanos, 2002
II Tuma 12,6 450 35
I Tuma 7,2 638 88
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B o0mieit cxeme MeTacoMaTU4YecKOW MOCIEI0BAaTeIbHOCTH MHHEpanoodpa-
30BaHUs KapOOHATHTOB 3TO CBUJICTEIHCTBYET O TOM, YTO MPUBHOC M KOHIICHTPA-
I[Usl PAAHUOAKTUBHBIX U PEAKUX AJIIEMEHTOB MPOUCXOJAT B MO3IHIOI KaJIbIUTO-
BYIO cTaauio kapoonarutroBoro mpoiecca (XKypasnesa u ap., 1978). B nporiecce
dbopMUPOBaHUS TO3AHUX KAIBLUT-I0JIOMUTOBBIX, JOJIOMUT-AaHKEPUTOBBIX U aH-
KEPUTOBBIX CTaJMil MPOHMCXOMAT WHTCHCHBHOE TepepacrpesicieHue M BBIHOC
ypaHa, Tantana, Huoous (Kamyctun, 1987; u ap.).

DT pagroOreOXMMHYECKHEe OCOOCHHOCTH KapOOHATHTOB YXKE Ha TEPBBIX
JTanax UX U3yYeHHUs MOCIYKUIU XOPOIUINM MOUCKOBBIM MPU3HAKOM ISl UX 00-
HApYKCHUSI 1 OKOHTYPHUBAHHUS.

3.2.2. ®opmbI HaxoxdeHus paduoaKmMueHbIX 3/1eMEHMOo8 8 kapboHamumax

HccnenoBanust GopM HAXOXKACHUS ypaHa M TOPUS B KIACCHUYECKUX KapOo-
Hatutax Bocrounoro Casina (bepesuna, 1972; bepesuna u ap., 1976; XXypasneBa
u ap., 1978; XKmoauk, 1984 u np.) mokas3pIBalOT, UTO B paHHUX KapOOHATUTAX 10
60-70 % ypaHa u TOpUS KOHLIEHTPUPYETCS B amaTure, c)eHe U IEPOBCKUTE.
B xapOonarutax Il ctaauu paanoakTHBHbIE JIEMEHTH KOHIEHTPUPYIOTCS B raT-
YETTOJIUTE, LIUPKEIUTe, nupoxiope, Topuanure; Il cragun — B amarute, nupo-
XJIOpPE, JINHJOKUTE.

B 1on1oMuT-aHKEpUTOBBIX U AHKEPUTOBBIX KapOOHATUTAaX MUHEpaJaMU-
KOHIIGHTPAaTOpaMH ypaHa SIBJISIIOTCS MUPOXJIOP, KOITYMOHT, raTu4eTTONINT, OacTHe-
3UT, OPTUT U JPYTHE AKLUECCOPHbIE MUHEpaibl. [[JIs1 METaCOMaTUTOB 3TOrO THUIIA
OoTMeYaeTcsi o0MIMe MEJIKUX MHKPOBKIIOUCHHH YpaHCOJEpKalluX MHHEPAJIOB.
VYpaH B nopojax pacupeaesnsieTcs KpaiiHe HEOJTHOPOIHO.

C.M. Kmonuk (1984), u3y4nB TUIIMYHBIA YIbTPAOCHOBHOM-IIETIOYHON Mac-
CUB ¢ KapOOHaTUTaMH, YCTAaHOBHII CJIEIyIOINE 3aKOHOMEPHOCTH:

1. JIns cunukaTHBIX 00pa30BaHUIl MacCUBa YCTaHABIMBAIOTCS HOpMaJbHBIC
COJIEpKaHUs ypaHa U TOPHs, XapaKTEepHbIC JJIS MICJIOYHBIX YIBTPAOCHOBHBIX IO-
pon noo6HBIX KoMIuiekcoB (bepesuna, 1972). BeisBiieHo 1Ba TN pacmpenesne-
HUS ypaHa U TOPHS, PE3KO pa3indaroniuecs: GopMaMu HaXOXKJICHUS U OaTaHCOM
3TUX 3JeMeHTOB. K repBoMy THITy OTHOCSITCSI TOPO/BI, B KOTOPBIX YpaH U TOpUi
KOHIICHTPUPYIOTCS B OKHcIaX, (ochaTax W MUHEpalaxX, COACPIKAIUX THUTaH,
peAKHe 3JIEMEHTHI U JIAHTAHOUIBI — TIEPOBCKUTE, AU3AHAIUTE, IOPJIOMUTE, ara-
TATE U MarHeTUTE. DTH K€ MUHEPAJIbI SABJISIFOTCS M HOCUTEISIMU PaTUOaKTUBHBIX
3JIEMEHTOB, C HUMH CBs3aHO 10 85-99 % mx obmiero konuyectsa. K atomy Tuiry
MOPOJT OTHOCSITCSI MUPOKCEHUTHI M MUPOKCEHOBBIC TOPOJIbI, HEe()EITMHOBEIC CHe-
HUTBI, MAOIUTHI U MENBTEHUTUTHI. BTOpOIi TUI pacnpenenenus ypaHa u TOpUsl Xa-
paKTepeH Ui MUKPUTOBBIX MOPPUPUTOB-ATLHEUTOB, B KOTOPBIX OOJbIIAs 4acTh
paanoakTuBHBIX 31eMeHTOB (70-90 %) cocpenoToyeHa B OCHOBHOM CeprieHTHHO-
BOM Macce B paBHOMEPHO PACCEIHHOM COCTOSIHUU.

2. B kap6onatutax | ctaauu copepkaHusi ypaHa ¥ TOPHsI HECKOJIBKO BBIIIIE,
[0 CPaBHEHUIO C MUPOKCEHUTAMH, UHOIUTAMHU, MEIbTEHTUTaMU U HE(DETUHOBBI-
MU cueHuTaMu. PopMamMi HaXOKICHHs ypaHa U TOPHUS pa3HOBUIHOCTU mopon I
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CTaguM KapOOHATUTOB paziuuaroTcs cinabo. KoHieHTpatopamu sBIISIOTCS ama-
THUT, CEeH, TEPOBCKUT U IU3AHAIUT — C STUMH MHUHEpasiaMu cBs3aHo 110 70 % u
Oosiee ypaHa U TOpusl.

3. B xapOonarurax Il ctaauu KoHueHTpaTopaMu U HocuTesasMu (10 95 %)
ypaHa ¥ TOpHsl SABJISIOTCA NMUPOXJIOP U TaT4eTTONUT. DTH HOPObl BBIAEISAIOTCS
HanboJiee BHICOKMMHU COACP)KAaHUSMH ypaHa W TOPHS, © UMEHHO JUI HUX Xapak-
TEPHO HAJIWYME COOCTBEHHBIX AaKIIECCOPHBIX MHUHEPAIOB PaJMOAKTUBHBIX 3Je-
MEHTOB: FaTYETTOJIUTA U TOPUAHUTA.

4. Kap6onatutsl III cTtagum 6€3 MUpOXIOPOBOM MHUHEpAIU3AlUKA XapaKTe-
PU3YIOTCSI CPETHUMH coepkaHusiMu Topust 18,5 /1, ypana — 4,9 1/1. Ypan u to-
PHil KOHLIEHTPUPYIOTCS B SUIMHUTE, CEeHE, TUHIOKUTE, UIbMEHUTE, alaTuTe, Ha
JOJII0 KOTOpBIX mpuxoautcs a0 50—60 % paanoakTUBHBIX 31eMeHTOB. Pacmpo-
CTpaHEHbl MUKPOBKJIIOUEHHS PaJJUOAKTUBHBIX MUHEPAJIOB.

@dopMbl HaX0XKJIEHUs ypaHa U Topus B kapOoHaturtax Il craguu (6e3 nmupo-
XJIOPOBOI MHHEpaiu3ali) BO MHOI'OM HAlOMHMHAIOT (JOPMBI, YCTAHOBJIECHHbIE
i KapOoHaTUTOB | cTaguu. YpoBeHb KOHLEHTPALMU ypaHa M TOPUS B Pa3HO-
BUAHOCTAX KapOonatuToB III cragum ¢ mUpOXIOpPOM U raT4eTTOIUTOM, (HOPMBI
UX HaXOXKJEHUs aHAJIOTMYHbl kapOoHatuTaMm II ctanuu.

5. AHKepuUTOBbIE U aHKEPUT-/I0JIOMUTOBbIE KAPOOHATUTHI XapaKTEPU3YIOT-
Csl pa3HOOOpA3HBIM U HEOJHOPOJHBIM pacIpe/ieleHueM ypaHa U Topus. OCHOB-
HO€ KOJIMYECTBO ITHX HJIEMEHTOB KOHLIEHTPUPYETCS B MHOIOYUCIICHHBIX PEIKO-
3€MEJIbHBIX M PEAKOMETAUIBHBIX MUHEPAJIaX.

OCHOBHBIE MHHEPAIIBI-KOHIICHTPATOPHI PAJHOJIEMEHTOB B METacOMaTHye-
ckux kapooHarutax p. Kokca — Topuiiconepxamuii ypaHuHUT, KOQUHUT, anaTurT,
¢dmooput (Puxsanos, 2002). Tak, B ypaHUHUTE YCTAaHOBJICHO COJICPKAHUE TOPHS
(mo 20 %), uepus (mo 0,6 %), nmantana (mo 0,2 %), urrepdbus (mo 0,1 %). Bo
¢dmoopute conepxkanue ypana gocruraet 0,15 %, a Topus — 0,06 % npu conepxa-
HUM JTaHTaHa u nepus 5,2 % u 0,06 %, coorBeTcTBeHHO. JleTanbHbI peHTreHoda-
30BBII aHAU3 MOKAa3aJl, YTO 3TO 0OYCIOBJIEHO NMPUCYTCTBUEM BO (DIIIOOPUTE MHK-
POBKITFOUEHHI TOPUICOIEPIKAIIETO YPAHWHHUTA U KapOOHATOB PEKUX 3E€METTh.

B kapbonatutax BepxHemeTpomaBIOBCKOTO yd4acTka MHUHEpalaMu-
KOHIICHTPATOpaMH DPAJHOIEMEHTOB SBISIOTCS alaTUT, BE3yBHAH M PEIKO3e-
MeJbHbIe KapOoHaThl — TopbacTHe3uT (ToncTeix u ap., 1991).

3.3. Feoxumus ypaHa n Topua B nermaTtutoBOoM npouecce

[IpuHATO BBIAENATH ABE T€HETUYECKUE PA3HOBUIHOCTH IIETMATUTOB: Marma-
TOTCHHBIE 1 METaMOP(OTECHHEIE.

MarmMarToreHHble MerMaTUuThl IPUHAJIEKAT K TPYIIIE NO3IHEMarMmaTuye-
CKHX 00pa3oBaHUl, (POPMHPOBABIINXCS HAa CAMBIX 3aBEPINAONINX CTATUSIX KPH-
CTAJUTM3AIlUM MHTPY3UBHBIX MAacCCHBOB M PACHOJATaloIIUXcs ONH3 MX KPOBIH.
OHU CBsI3aHBI ¢ POJIOHAYATBPHBIMA HHTPY3UBAMU TOKIECTBEHHOCTBIO COCTaBa, HO
OTIUYAIOTCS OT HUX MEHBIIUMU pa3zMepamu, KUIOo- U THe31000pa3Hoi (hopmoi,
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30HAJIBHBIM BHYTPEHHHM CTPOCHHEM, HEPaBHOMEPHOCTBIO B pa3Mepax 3epeH,
KPYITHBIMU KPHCTAJZIAMH HEKOTOPOH YacTH CIAraloliuX MX MUHEPAIOB M HAJH-
YHEeM IPOAYKTOB METACOMATHUECKOH IMepepadOTKH MEPBUYHBIX MHUHEPATbHBIX
acCOIMAINi MarMaTH4eCKOTO MPOUCXOXKICHHS.

[TogaBnsroniee KOIMYECTBO METMATHTOB CBSI3aHO C TPAHUTHBIMHU MTOPOAAMHU.
Bo Bcex cimyyasx pOJCTBEHHBIC TETMATUTAM TPAaHUTOHIBI OTIMYAIOTCS TIOBBI-
IIEHHOI KHUCIOTHOCTBIO WM IIEJIOYHOCTBIO, TIOJIHOW IudQepeHIrnanueii 1 MHO-
ro¢a3zHocThi0 BHeApeHus. [lo Mepe mepexoma oT MajoriyOMHHBIX YCIOBHH 00-
pa3oBaHMs K OOJBIIMM INTyOMHAM B ATUX TPAaHUTAX BO3PACTAET COACPIKAHUE TIIH-
HO3EeMa, YCHJIMBAETCS TUTFOMA3UTOBBIN XapaKkTep TPAaHUTOB M YMEHbBINACTCS 3HA-
yeHue kodpdunuenta armantocty (ot 0,8+1 g0 0,6+0,65).

B 3aBucuMocTH OT COCTaBa M CTPOEHHS NETMATUTHI JENSAT Ha MPOCTHIE U
cnoxuble (CMupHOB, 1982).

IIpocThie rpaHNTHBIE MErMATHTHI COCTOST B OCHOBHOM U3 KaJIMEBOTO TIO-
JIEBOTO MINATa ¥ KBapIIa.

CioKHbIe TPAHNUTHBIE MErMAaTHUTBI UMEIOT Oosiee Pa3HOOOpa3HbI MHHE-
paJIbHBIN COCTaB M, KaK MPaBHJIO, 30HATBHOE CTpPOEHUE. B cTpyKType 30HaIbHBIX
I'PAaHUTHBIX TEIMAaTHTOB BBIACISIOTCA 000JI0YKA, BHYTPEHHSS 4YacTb M HEIpa-
BWJIbHBIE METAaCOMAaTHUYECKHE CKOIUICHHS. Bce OHM COCTAaBISIOT IMATH TIABHBIX
9JIEMEHTOB 30HAJBHOM CTPYKTyphl. IlepBoii, camMoii BHeIIHEH, 30HOH sBIsSeTCS
TOHKO3EPHHCTasi OTOPOYKA MYCKOBUT-KBAPII-IIOJIEBOIIIIATOBOTO COCTABA, MO IIH-
pHHE pEeIKO IpPEBBINIAIONIass HECKOJIBKO CaHTUMETpOB. Bropas 30Ha croxeHa
KBapII-TIOJICBOLINATOBOW Maccoi MUCBMEHHOW M TPaHUTHOU CTPYKTYphl. Tperhs
30Ha COCTOMT M3 MOHOMHHEPaJIbHOW Macchl WM OJOKOB MHUKpOKJIHMHA. YeTBep-
TYI0 30HY 00pa3yeT KBapueBoe sapo. [IaTast 30Ha He Bceraa MposiBIeHa U MEHee
oryersinBa. OHa Mpe/CTaBlIeHa HENPABIIBHBIMUA CKOTUICHUSIMH KBaplia, ajabpOuTa,
MYCKOBHUTA, CIIOJlyMEHAa U MUHEPAJIOB PEIKUX METAJJIOB, TATOTEIOUINX MPEUMY-
IECTBEHHO K T'PAaHUIE KBApIEBOIO s/ipa U MHUKPOKIMHOBOW 30HBI, HO pacipo-
CTPAHSIOIINXCS U B CTOPOHBI OT Hee, 0COOCHHO B 00J1aCTh MUKPOKIMHOBOW 30HBI.

I'panutHbie nermatuthl, no A.E. depcMmany, MOKHO pa3eiuTh Ha MerMa-
THTHI YHCTO JUHUM ¥ MErMAaTHTHI JIMHUU CKPelleHusl (THOpHUIHbIC TerMaTH-
Tbl). [lerMaTUTBI YMCTOM JIMHUM, HE UCIBITABIINE YCIOXHEHHUS COCTaBa B IpO-
necce (OpMHUPOBAHMUS, 3AJIETAIOT B TPAHUTAX WIIM TOXKJIECTBEHHBIX UM MO MUHE-
paTbHOMY M XUMHUYECKOMY COCTaBy Mopojax. [lerMaTUThbI TMHUM CKpeIieHus 00-
pasyloTcs cpeu MHBIX (popmaruii, 4To oTpakaeTcst Ha UX cocTaBe. B atux ycio-
BUSIX BO3HMKAIOT TMOPHUHBIE METrMAaTUThl, aCCUMUIMPOBABIINE BEIIECTBO OOKO-
BBIX MOPOJI, U JECHIMLIUPOBAHHBIC IETMATHTHI, OTAABIINE YaCTh CBOETO KpeMHe-
3eMa BMEIAIOIIKUM MOPOAaM, HETOCHIILIEHHBIM 3TUM COETUHEHUEM.

I'paHUTHBIE TIETMAaTHTHI YUCTOH JIMHUM CII0KEHBI KaJMEBbIM ITOJIEBBIM IIITa-
TOM (OpTOKJIa3, MUKPOKIMH), KBaplLeM, IUIarHoKiIa3oM (aJbOUT, OJNUTOKiIa3) M
OMOTUTOM; KpPOME TJIaBHBIX MErMaTHUTOOOPA3yIOMIUX MHHEPAIOB B HUX KOHIICH-
TPUPYIOTCS B Pa3HON CTENEHU CHOJYMEH, MyCKOBHT, TYpMaJliH, TpaHaT, TOTMA3,
Oepwiul, IeNUIONHUT, (DIFOOPHUT, aNaTUT, MHUHEPAJbl PEAKHX U PaJuOaKTHBHBIX
HJIEMEHTOB, a TAK)XKE PEIKUX 3eMeJb.
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I'uOpunHble merMaTuThl, 00pa3o0BaHHbBIE MPU ACCUMUIISIINH TIIMHO3EMUCTBIX
nopoJ; (HampuMmep, TIAMHUCTBIX CIAHIEB WM OCHOBHBIX IMOPOJ), 00OTamIarTCs
TaKUMU MUHEpalaMu, KaK aHJaly3uT, KHaHUT, cumuMmaHut. [lomobHoro pona
MEerMaTHUTHI, aCCHMIJIMPOBABIINE KapOOHATHI KAJIBIUsI, MAarHUS U JKeJe3a, Coep-
KaT POTrOBYI0 OOMaHKY, MUPOKCEHbI, TUTAHUT, CKAMOIUT U APYyTUe MUHEPATBL.
JlecnnMIMpoBaHHBIE METMATUTHl B YJIBTPAOCHOBHBIX W KapOOHATHBIX IOPOJAX
MpeICTaBICHBl OOBIYHO MIIATHOKIA3UTAMU COCTaBa OT aTbOUTUTOB IO AaHOPTUTHU-
ToB. [Ipy nepechIeHn  TITMHO3eMOM BO3HUKAIOT KOPYH/IOBBIE IJIAarHOKIIA3UTHI.

C apyrumu ¢dopManusMud TIyOWHHBIX H3BEPXKEHHBIX MOPOJ MErMaTUTHI
BcTpeuaroTcs peke. OHU M3BECTHBI, HO HE TUIMYHBI JUIsl IEPUIOTUTOBOM, rab0-
POBOM U MJIATHOTPAHUT-CUEHUTOBOM (popMaIuili paHHEW cTaauu Pa3BUTHS CKIA-
gateix obnacrerr (CmupHOB, 1989). Ha akTMBU3MpOBaHHBIX IUIaTOpMax U3BECT-
HbI IETMATUTHl OCHOBHOM U IIENOYHOM opMariuii. B mpunoBepXHOCTHBIX U BYJI-
KaHUYeCKHUX (pOpManusxX MerMaTHTHI He 00pa3yIOTCs.

[les104HBbIe MErMATHTBI COCTOSAT U3 MUKPOKJIMHA WM OPTOKJIa3a, Hedeu-
Ha WIH COJAJNTa, STUPUHA, TAKMAaHUTA, HATPOJIUTA, apPBEACOHUTA C MPUMECHIO
amaTuTa, aHAIbLMMA, a TAaKKe MUHEPAJIOB LIUPKOHMS, TUTAHA, HUOOUS U PEIKUX
3eMeb.

[TermMaTHTBI, CBSA3aHHBIE C MAarMaTHYECKUMH TEJIaMH YJIbTPAOCHOBHOIO HJIH
OCHOBHOI'0 €OCTaBa (rabOpO-TIerMaTUThl, OPOH3UTHUTHI U JIP.), CJI0KEHBI OCHOB-
HBIM TUIarMOKJIa30M (aHOPTUT-OMTOBHMT), CPEIHUM ILIarnokiiazoMm (madbpamop-
aHJIC3UH), POMOMYECKUM MHUPOKCEHOM (OpOH3MT), B MCHBIICH CTENIEHU OJIMBH-
HOM, aM(uboI0M, OMOTUTOM C MPHUMECHIO anaTUTa, rpaHaTta, ceHa, UPKOHA,
TUTAHOMAarHeTUTa, MAarHeTHTa, WHOTAA CyIb(GUI0B (MUPPOTHH, NEHTIAHIUT,
XaJIbKOIIUPHUT).

MeTtamop(dorennble nerMaTHThl, GOPMHUPYIONINECS HAa PA3HBIX CTAIUAX
MeTaMop(UYecKoro mpeodpa3oBaHus, MPEUMYIIECTBEHHO JIPEBHUX JOKEeMOpHii-
CKUX TOPOJ, 0 0COOEHHOCTSIM COCTaBa COOTBETCTBYIOT (harusiM MeTamopduzMa
BMEIIAIOLINX TTOPOJ.

[Tpeobmanaromieit (GopMoii MErMaTUTOB SBJISIOTCS MPOCTHIE ITUTOOOPA3HEIC
U CJIOKHBIC JKWJIBI; PeKEe BCTPEUAIOTCS JIMH3BI, THE3/1a U TpyObl. Pa3meph! nerma-
TUTOBBIX 3aJIeKEH BeChbMa pa3HOOOpa3HBl W WHOT/IA JOCTHTAIOT 3HAYUTEIHHOM
BEJIMUMHBI.

3.3.1. CodepxaHue paduoakmueHbIX 3/1eMEHMO8 8 neamamumax

['eoxuMust pagoaKTUBHBIX 3JIEMEHTOB B MErMaTHTaX M3y4yeHa HEJA0CTaTOU-
HO. YCTaHOBJIEHO, YTO Ha ()OHE MOCTENEeHHO MOHWXKAIOIIEeHCS TeMIepaTypsl U
YBEITUYHUBAIOIICHCS POJIM JIETYYUX KOMIIOHEHTOB, YpaH U TOPUN HAKaIJTUBAIOTCS
B Hayajsie merMatutoBoro mnpouecca (Epmoinaes, Tapacos, 1963).

Conepxkanue ypaHa B IerMaTuTax BapbUPyeT BechbMa 3HAUMTENbHO. B rpa-
HUTHBIX TIETMaTUTaX MPOCTOTO KBAPI-MOJIEBOIINATOBOIO COCTaBa YPOBHH HAKO-
IJICHUSI ypaHa W TOPHS, KaK MPABWIO, HUXKE, YeM WX KOHLIEHTpPAIMd BO BMeE-
HIAIOMIMX MOpoJax. B To ke BpeMs B peIKOMETaTbHBIX MerMaTUTaX MOXET Ha-

&9
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KaIIUBAaThCSl 3HAUYUTEIIbHOE KOJIMYECTBO PAaJUMOAKTUBHBIX 3y1eMeHTOB. Comepxa-
HUE ypaHa B OCHOBHOM Macce ypaHCOAEp KalluX MErMaTUTOB MUpa U3MEPSEeTCs
COTBIMH U THICSYHBIMM J0JsIMU TpolieHTa, nocturas 0,05-0,1 %, a Ha oTAeNbHBIX
yuyactkax — 2 % (OcHOBHBIE 4epThl TeoXuMuu ypana, 1963). Cpennssi oreHka
COZIepKaHUsl ypaHa B IerMaTuTax, BbIlIONHEHHas B 60-e¢ ronpl XX Beka, yKasbl-
BaeT Ha OOOTalICHHUE IMETMATHTOB PAJMOAKTUBHBIME dJIEMEHTaMH Ha (poHE BMe-
IIAIONTUX TPaHUTOB (Tab. 3.7).

Tab6muna 3.7

Cpeonue cooeparcanusi paouoaKmusHblX d1EMEHMO8 6 KUCIbIX U38EPIHCEHHBIX
nopooax u epaHumuslx neemamumax (no Epmonaesy, Tapacogy, 1963)

CopneprxaHue JIEMEHTOB, T/T CreneHp HAKOTUIEHUS
Dnement | B KHCHB;XQHg];{Z}:{)KGHHLIX B MpaHITHEIX MerMaTHTAX Bcliel:x;:ﬁ;azg; ;;iiiii?;:;o
(o Bnﬂorgaz[OBy, 1956) (no ®epemany, 1937) IIopoAaMHu
U 3,5 15 473
Th 18 45 2,5
Th/ U 5,1 3,0

Hekoropoe mpenctaBieHue O COAEp)KaHMM ypaHa W TOpPHsl B IerMaTUTax
MOXKHO TOJY4YHTh U3 Tabu. 3.8. DTH JaHHbBIE coryiacyroTcs ¢ JaHHbIMH A.E.
depcmana, CBUAETENBCTBYIOIUMH 00 000TralieHMH erMaTuTOB YPAHOM M TOPH-
eM Ha (poHe BMeLIarIuX ux nopoa. OHU TakKe yKa3blBaloT Ha OoJiee BHICOKYIO
aKTUBHOCTb ypaHa B IIETMaTUTOBOM IIPOIIECCE IO CPABHEHUIO ¢ TOpHeM. Topuii-
YpaHOBOE OTHOILIEHHUE B IETMATUTAaX B OCHOBHOM HIKE 3HAUEHUN, TUITMYHBIX JJIs1
M3BEPKEHHBIX TOPHBIX 1OPoA (2—5), HE MOJBEPTHYTHIX METACOMATUUYECKUM IIpe-
00pa3oBaHUsIM.

Tabmuma 3.8
Cpedﬂue COa@pDiCClHuﬂ paduoaxmueﬂblx J1eMEeHmMoe6 6 necmamumax

Conepskanue, /T

PaiioH, MaccuB, y4acTok, nopoja Th/ U HcTounuk
U Th
€JI0YHOM TIerMaTHT, 3aaHTapCKUH
- . P 68.9 319 | 05 |JKmomk, 1984
HIETIOYHOM MacCuB
IInarnoksa3oBble 1 MyCKOBUT-
TUIarHOKJIA30BBIC IErMATHTOBBIC YKHITBI 85 - - OCHOBHBIC YePTHI
CesepHnoii Kapenuu TCOXHMMUHU ypaHa,
MUKpOKIHH-IDIar HOKJIa30BBIC TIETMATHTO- 170 1963
Bble kbl CeBepHoil Kapenuu a
252 40,8 1,4
[lermaTonIbI IETOYHBIX TPAHUTOB Jomapenko,
K A 15,6 18,4 1,2 P 1989
3HELKOro AJata HUXBaHOB,
JIHel Y 10,2 16,6 1,6
€JIOYHBIC IIETMATHThI IEBOHCKOTO
1 A 14,7 76,0 51 |Puxsasos, 2002
BO3pacra
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3.3.2. opmbI Haxox0eHus1 paduoaKmueHbIX 3/IeMeHMoe 8 neamamumax

HccnenoBanne ¢opM HaxXOXKACHUS PATUOAKTUBHBIX DJIEMEHTOB B Pa3iUy-
HBIX TUTAX METMaTUTOB MOKAa3aJio, YTO OCHOBHASI Macca ypaHa U TOPUS CKOHIICH-
TPUPOBAHA B aKIIECCOPHBIX MUHEPAJIAX.

Tak, Hanpumep, 1o gaHHbIM JI.B. KomiieBa 11t MUKpOKIMH-IUIArMOKIa30BbIX
xwmi1 nermatutoB CeBepHoit Kapenuu Ha mopomooOpa3syromiyre MUHEPAbl, Clia-
raromme okoso 99,74 % maccel merMatuta, mpuxoauTcs mumb 1,15 % ot obmiero
KOJIMUYECTBA ypaHa, B TO BpeMs Kak Ha akueccopHbie MuHepansl (0,25 % ot mac-
CBI IETMATHTA), COOTBETCTBEHHO, 98,85 %.

Jpyrue HEeMHOTOUMCIICHHBIE OTPEICICHUS U TIOJICYETHI TAKKE MOKA3BIBAIOT,
YTO OCHOBHAsI Macca ypaHa M TOpHUS 3aKJIF0U€HA B aKIIECCOPHBIX MUHEpPAJIax, B TO
BpeMsi KaK B W3BEPKEHHBIX MOPOJAX ypaH B ITHX (PopMax COCTaBISIET BCETO
b 30-50 % ot ero o0IIero KOJINYeCTna.

B akmeccopHbIX MuHEpasiaX, KOTOpPbIe OJTHOBPEMEHHO SIBJISFOTCSI U KOHIICH-
TpaTopaMH W HOCUTEISIMH ypaHa, OH aCCOLMUPYET C AJIEMEHTaMH, OJU3KHUMH eMy
o corictBam: Th, Zr, Hf, Y, manranounasr. OcoOeHHO YacTo HAOIIOAAIOTCS Mmapa-
TeHE3UChl ypaHa C TOPUEM U peAKUMH 3emiisiMu. [Ipu 3TOM ypaH BXOIUT B Kpu-
CTAJUIMYECKYIO PEIETKY, INIABHBIM 00pa3oM, UTTPUEBBIX MUHEPAIIOB, a TOPUI — B
pELIETKY IEPUEBbIX.

C.M. Kmonuk n3yuni GopMbl HAXOXKICHUS ypaHa U TOPHUS B IIErMaTUTaX U
BMEIIAOMIINX UX MIEJIOYHBIX TOPOAaxX 3aaHrapcKoro IesoyHoro Mmaccuna (JKmo-
1K, 1984). OCHOBHOE KOJIMYECTBO ypaHa BO BMELIAIOUINX MHOJUTAX CBA3aHO C
aKIIECCOPHBIMH MHUHEpAJIaMU — JIOBEHUTOM, C)EHOM, alaTHUTOM, TpaHaToOM (aH/I-
pamuToMm); B (oWsuTax — C JIOBEHUTOM, OACTHE3UTOM, TOPHUTOM, BEJICPHTOM.
B nermarurax (tabma. 3.9) 95 % ypana cocpeaoTOueHO B aKIECCOPHBIX MUHEpa-
J1aX, MUKPOBKJTFOUEHUSAX U TPEITUHKAX.

Tabmmuma 3.9
Pacnpedeﬂeﬂue yparna 6 MuHepalax necmamumoes 3aaneapcxozo weinodHozo
Mmaccusa no O0anHwvim (n, f)-paduoepaguu

Coneprxanue
MHHepasa Conepcarue Jons Ha
Musnepan B MHHepale, % Ha MUHEpas
B TIOpO/IE, T MUHEpaJI, T/T
Bec, %

Hedenun 20,0 1,0 0,2 0,3
MuxkponepTut 45,0 1,15 0,52 0,8
Annour 22,5 1,16 0,26 04
Orupux 8,5 20,0 1,70 2,5
Jlenmuoomenan 2,0 3,84 0,08 0,1
Coen 400
Tpemmunka 7000
Topur 920-11000
bactresur
DIIMHUAT-IBKCEHUT 19007200
Mowsaiurt 200
IMupoxiop 65000
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[To maHHBIM HEHTPOHHO-OCKOJIOYHOM pajgrorpaduul yCTAaHOBJICHA OTUYETIIHU-
Basl TEHACHIUS K YBEMYECHUIO KOJIMYECTBA YpaHa, CBA3aHHOTO C aKIIECCOPHSIMH,
OT TIOPOJ COOCTBEHHO MarMaTU4eCcKOro dTara K MerMaTutaM U OCOOSHHO K ajlb-
OWTU3UPOBAHHBIM PA3HOBUIHOCTAM HE(ETMHOBBIX CHEHHUTOB. J[ommo ypaHa, co-
CPEIOTOYCHHOTO B TPEIIMHAX MUHEPAJIOB BJIOJIb KOHTAKTOB KPHCTAJLIOB, YYECTh
OUYECHb CJIOXHO, OJHAKO aBTOp KOHCTAaTHPYET, YTO JaHHAS (OopMa HaXOKICHHUS
ypaHa HauOoJjee XapakTepHa JJisi IETMaTHTOB, aJbOUTH3UPOBAHHBIX MOPOJ U, B
MEHBIIEH Mepe, ISl MUKPOKIMHU3UPOBAHHBIX PAa3HOBUIHOCTEH.

Jyist mopoJ; cOOCTBEHHO MarMaTHYECKOTO dTara KPUCTALTU3AIMH — HHOJIHU-
TOB U (DOWANUTOB — ypaH, CKOHIICHTPHPOBAHHBI B MUKPOTpPEIINHAX, YCTaHABIIH-
BaeTCs 3HAYMTEIBHO peke. boiblias 4acTh ypaHa B allbOMTU3UPOBAHHBIX MOPO-
JaX COCPEJOTOYCHAa B MHUKpOTpeImuHax B ansoute. [lo Bceld BEpOSTHOCTH, TIO-
NOOHBIN Ke XapaKTep paclpe/eiCHUsi B MOCIEAOBATCIBHON CEPUU MICTOYHBIX
nopoa MoxHO 0xuaath U ans Topust (Ilomsikos, 1970), Bo BCsikoMm citydae Jist
00pa30BaHUil MOCTMAarMaTUYECKOro 3Tara, Ha YTO YKa3bIBAIOT 3HAUYUMBIC KOA(]-
(GUIHMEHTHl TAapHOW KOPPESIHMHA MEXIY YpPaHOM H TOpHeM. MuHepasamu-
KOHIICHTPATOpaMH TOPUS B MHUKPOKIMHU3UPOBAHHBIX W aJbOUTHU3UPOBAHHBIX
¢olisuTax W mermMatutax sBusOTCsa: TopuT (51,46-69,40 % Th), mmpoxiop
(0,67 % Th), sBkcenut (2,07 % Th), smmmaut (2,88+19,8 % Th), optut (0,18 % Th),
opuromut (4,55 % Th), menanonepur (9,42 % Th), monamut (0,39+2,08 % Th), Ga-
craesut (0,26 % Th), Topwmii-turan-padnodanut (9,33 % Th). C HuMH Taxke
CBSI32HO OCHOBHOE KOJIMYECTBO AJIEMEHTA.

WHTEepecHo, YTO KOJIMYECTBO BBIMICIOYCHHOTO ypaHa YBEIHMUUBACTCS B PSILY
utionum — Qousium — MUKPOKIUHUSUPOBAHHBIN (YOUSUM — WEeNOYHOU Ne2Mamum —
2UOPOMEPMANbHO UMeHeHHblll ¢otisum. IIpOLEHT BhIIETaYMBaHUS YpaHA TaKKe
BO3pAacTaeT OT IMOPOJ MarMaTMYecKOro 3Tamna K MOopojaM MOCTMarMaTH4ecKoro,
T.. K IOpoJiaM, B KOTOPBIX 1O AaHHBIM (N, f)-paanorpaduu ycTaHaBIMBAETCS M-
POKOE pacrpocTpaHeHHe «CBOOOJHOI» (opMbl ypaHa. BbIsBIeHHBIE METOAAMH
CEJIEKTUBHOTO BBIIIENIAYMBAaHHs 3aKOHOMEPHOCTH ISl ypaHa, B 00IIeM, XapakTep-
HBI U JUI TOPHS C TOW pa3HMLEH, YTO MaKCUMAJIbHOE KOJIMYECTBO TOPHS M3BJIEKa-
ercsl U3 aabOUTU3UPOBAHHBIX (HOUSUTOB U merMaTuToB. [ Bcex mopoj 3aaHrap-
CKOT0 MaccuBa (MCKJIIOUEHHE THIPOTEPMAIIUTHI) MPOLIEHT BhIIIETAYUBAHUS TOPHUS
BhIIIE, YeM JUIsl ypaHa. OTHOIIIEHHE TOpUsS K ypaHy B COJSHOKHUCIBIX PacTBOpax
MI0CJIE BBIIIETAYMBAHUS OTPAXKAET TOPHI-yPaHOBOE OTHOILIEHUE CAMUX MOPOA. ITO
MOXeET OOBSICHATBHCA TeM, 4TO (POPMBI HAXOXKIACHUS ypaHa U TOPHS OIM3KH MEXIY
co00i1 1 UTO B «CBOOOAHOI» (hopMe HAXOJUTCS HE TOJIBKO ypaH, HO U TOpHil.

[ToBeIlIeHNE CcOAEpKAHUM ypaHa B PALY uuoaum — gpouaum — neemamum —
Memacomamuiecku usmeHeHHble nopoObl TIPOSIBUIIOCH HE TOJIBKO B YBEIMUYCHUU
KOJINYECTBA aKI[ECCOPUEB, HO M B BO3PACTaHUH KOHILIEHTPAIIMIA JIEMEHTa B OJTHUX
U TeX ke MuHepayax (He(ennH, MUKPOKIHH-TIEPTUT, STHPUH U Jp.) KaK MOpPOJI0-
00pa3yIouInx, TaK M AaKIECCOPHBIX, CIIATAlOIINX IOPOAbI PA3JIMYHBIX 3TaroB
dbopmupoBanus maccuBa. OcobeHHO pe3koe Bo3pactanue (B 5—10 pa3) paBHO-
MEpPHO pacHpeAesICHHOTO B MUHEpalax NMerMaTHTOB ypaHa OTMedaeTcs B Hede-
JIMHE, MUKPOKJIUH-TIEPTHUTE, aJbOUTE, 10 CPABHEHUIO C MUHEPAIAMU UHOJIUTOB.
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3.3.3. Ycnosusi Muepayuu u KOHYeHmpupoeaHusi ypaHa u mopusi
npu ¢hopmupoeaHuu neemamumos. MecmopoxdeHusi U u Th
8 neeMmamumax

Bompocel Murpanyuy 1 KOHIEHTPUPOBAHUS ypaHa B IETMaTUTaX pacCcMaTpu-
BAIOTCSl Pa3HbIMHU HCCIEIOBATEISIMU IO-Pa3HOMY B 3aBHUCHUMOCTH OT IMPHUHITON
TOUYKH 3PEHUS HA T€HE3UC NIErMATUTOB.

BonbmmHCTBO HAOMIOAEHUI CBUAETENBCTBYET O HEBHICOKOM TIEpBOHAYAIB-
HOM COJZIEp’)KaHHUHU ypaHa B BBIKPHUCTAJIM30BABLICICS U3 pacIllaBa-pacTBOpa Ier-
MaTUTOBOM mopoze. Pa3Butve ypaHOBOM M TOPHUEBOM MUHEPAIM3ALUU CBSI3aHO
IJIaBHBIM 00pa3oM ¢ MMOCTMarMaTHYECKUMH IpOLecCaMH M MOJAYHHSIETCS T'e0JI0-
TMYECKUM YCJIOBUSAM 3ajleraHusl mermMatuta. HapylieHue nerMaTtuToBBIX Tel
TPELIMHAMHU CIIOCOOCTBYET MPOSIBICHUIO MOCTMarMaTHYECKUX MPOLIECCOB U IO-
SIBJICHUIO YPAHOBOM MUHEPAIU3ALMK B BUJE 30H METACOMaTUYECKOIO 3aMELICHUS
U TIOJIOCTEH KPYCTU(PHUKALIMOHHOTO BBIIIOJHEHHUS.

HezaBucuMo OT MPUHATON TOYKH 3pEHUSI HA T€HE3UC NErMaTUTOB, YCTaHOB-
JIEHO, YTO HAaKOIUIEHHE ypaHa IPH MEerMaTuToo00pa3oBaHUU IPOUCXOIUT B aKLEeC-
COpPHOM 4aCTH MErMaTUTOB B HaYaJIbHOM 4YaCTH IIpoLecca Kak IIyTeM KpUCTaJlIu-
3alMU COOCTBEHHBIX YPAaHOBBIX MUHEPAJIOB, TaK U IVIABHBIM 00pa3oM OOJIbLIOrO
KOJIMYECTBA ypaHCOAepKalmux MuHepano. [loponoobpasyromue MUHEpaIbl CO-
JepKaT Ype3BbIYAHO Mao ypaHa. VX ponpb B OanaHce ypaHa B erMaTHTax He-
BEJIMKA.

VY CcTaHOBIIEHO, UTO B IIpOLECCE ErMaTUTOOOpa3oBaHus Ha (OHE MOHMKAIO-
1ielica TEMIEPaTyphl U YBEIMUNBAIOLIEHCS POJIN JIETyUYUX KOMIIOHEHTOB, pajuo-
AKTUBHBIE DJIEMEHTBl HaKaIUIMBAIOTCS HA PAHHUX CTAIUAX MErMAaTUTOBOrO IpPO-
necca. K xoHIiry mporecca ux pojib oT4eTIMBO MoHUkaeTcsi (OCHOBHBIE YEPThI
reoxumuu ypasa, 1963). B nporecce kpuctanin3alnuy NerMaTuTOBOIO paciiaBa-
pacTBOpa IPOUCXOIUT CTOJIb IOJHOE U3BJICYCHUE YPaHa U TOPUsA KpUCTaJLINYe-
CKHMMH PEIIETKAMU YPAHOBBIX U YPAHCOAEPKALUX MUHEPAJIOB, YTO HHOTAA OCTa-
TOYHOE COJEP’KAHME ITUX IEMEHTOB B KBApII-IIOJIEBOILIIIATOBOM MAacce HUXKE,
YeM UX COJIEp’)KaHHE B MATEPUHCKUX M3BEPKEHHBIX Mopoaax (tadsm. 3.10).

Ta6muma 3.10

Cooepoicanue ypam u mopust 8 U3GEPHCEHHbIX U MASMAMUYECKUX NOPOOAX
neamamumos2o nojia xcunvl Yxanoea (no JI.B. Komnegy, 1957)

Coneprxanue

3JIEMEHTOB, T/T Th/ U

U Th
CpenHee conepkaHie BO BMEIIAOMINX ITPAHUTAX 2,1 5,1 4,6
CpenHee cojiep:kaHue B TPAHUT-AIUINTAX U METMAaTUTaX 17 3.0 57
[IErMaTUTOBOTO MOJIS ’ ’ ’
CpenHee 0CTaTOuHOE COACPIKaHUE B KBApPII- 0.4 20 0
IOJIEBOIIIIATOBOM Macce IMmerMaTuTa ’ ’ ?
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AHanu3 noBeieHNs ypaHa pu (OPMUPOBAHUN YPAHOHOCHBIX METMATHTOB I10-
Ka3bIBaeT, YTO, HE3aBHCHMO OT TOYKHU 3PEHMS Ha TEHE3HC MErMaTUTOB (MarMaTuye-
CKOM WJIM ITOCTMAarMaTU4ecKoil), CyIecTBEeHHbIE KOJIMUECTBA ypaHa HAKAIUIMBAIOTCS
B IIErMaTUTax B JIOKpUTHYECKUE (a3bl mporiecca ¢ 00pa3oBaHUEM TeJl 3aMEICHHUS 1
TAAPOTEPMATLHO-ITHEBMATOJIMTOBBIX K. [lof TepMHHOM «ypaHOHOCHBIE TerMa-
THTBD) Yallle BCETO ONMCHIBAIOTCS METMATUTOBBIEC TeNa, MPOpabOTaHHBIE BBICOKO-
TeMITEpaTypHBIMU PAaCTBOPaMH U 0OOTAIIEHHBIE YPAaHOM B TIOCTMarMaTHYECKUE CTa-
muu (Epmonaes, Tapacos, 1963).

3.4. [eoxumus ypaHa 1 Topus B ruapotepmaribHO-MeTacCoMaTU4eCKUX
npoueccax

['maporepManbHO-METaCOMAaTUUYECKHUE HOPOJbl MHTEHCHUBHO H3y4YalHUCh BO
BTOpO# mosioBUHEe XX Beka. [IoMCKOBBIE M MTPOTHO3HBIE padOTH HA ypaH, B IIPO-
1ecce MOMCKOB KOTOPOTO YAENSUIOCh OOJbIIOe BHUMAHUE THAPOTEPMATbHOMY
OpYJICHEHHUIO, MPEJONPEIeININ BBICOKMH YPOBEHb HUX PpaJMOr€OXUMHUYECKON
M3y4eHHOCTH. B Hacrosiee Bpems MO paguOreOXUMHUH TUAPOTEPMAIbHO-
METacOMAaTUYECKUX (hopMalMii HAKOIUIEH 3HAYMTENbHbIM 00beM HMHGOpMAaIUH,
YTO CTABUT KX IO CTENEHU U3YUYEHHOCTU B OJUH PsiJi C MarMaTU4ecKumMu (opma-
LUSMH.

CymiecTByeT MHOXKECTBO Pa3lIMYHBIX Kiaccudukaimii meracomatuToB. Hau-
Oonee yaA0OHBI U1l IPUMEHEHHs KiacCU(HUKALMK, TOCTPOCHHBIE Ha (popMaIvoH-
HOM IPHUHLIUIIE C OJHOBPEMEHHBIM 00beIMHEHHEM (POpMaIuil B TPYIIIIBI 10 TUIIAM
MeTacomaro3a. B KOHIlE MpoLUIOro Beka BEAyIIME POCCUNCKUE IEOJIOTH, CIelHa-
JU3UPYIOLIMECS HA MCCIIEAOBAHUU THIPOTEPMAIbHO-METaCOMaTUYECKUX MpoLiec-
coB (B.A. XKapuxos, H.H. Ilepues, b.1. OmenpsneHko), pazpadoranu kiaccudpu-
KaI[MI0 METaCOMAaTUTOB, MOCTPOEHHYIO Ha (haruanbHO-(GOPMALMOHHOM HPUHIIMIIE.
OpuH U3 ee BapuaHTOB Il KOHKPETHOTO perruoHa rpuse/ieH B Tadm. 3.11.

Tabimma 3.11

Cucmemamuxa memacomamumos Anmae-Casnckou ckraouamou oonacmu
(Puxsanos, 2002)

Howmep I'pynna

KOHTaKTOBO-peaKHI/IOHHHe MCTaCOMAaTHUThI

1.1 MeTacoMaTUTBl MArMaTHIecKOTO (PpOHTA

1.1.1 KpemuemnienoyHsle METACOMATHTHI
1.1.2 DeHUTHI

1.1.3 Marne3uajibHble CKapHbI

1.2 ITocTmMarmarnyeckre METaCOMAaTUTBI

1.2.1 Marse3uajsHble CKapHBI

1.2.2 M3BecTKOBBIE CKapHBI

1.23 PouHIUTEI M HEPPUTOHOCHBIE METACOMATUTHI
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Oxkonuanue mabn. 3.11

Howmep I'pynna
KucnotHsle MeTacoMaTuThI

2.1 AprusuM3uThl (KBapI-rUAPOCITIOTUCTHIE METACOMATHUTHI)

2.2 bepe3uTbI-mucTBEHUTHI

23 BropuuHble KBapIUTHI

2.4 I'petizenst

2.5 CeprneHTUHUTEI
2.6 Tanpk-kapOOHATHBIE METACOMATHUTHI
[lleno4yHbIE METACOMATHTBHI
3.1 KBapi-anb0UT-MUKPOKIMHOBBIE METACOMATHTBI CO IIEIOYHBIMH TEMHOLBETHBIMHU

MHUHEpaJIaMH (KBAIbMHTBI, aIbOUTUTHI)

32 6)7(974v 51

IllenoyHO-3eMeNbHbIE METACOMATHTHI
4.1 Kap6onatutst
4.2 [TpormmunuTs

BHedopmannoHHble METaCOMATUTHI

5.1 Jl0JIOMHUTONUTHI ¥ JOJIOMUTH3UPOBAHHBIE TOPO/IBI
5.2 KapOoHat-KkBapIrieBble METaCOMATHUTHI (JKACTIEPOUIBI)
53 OxpeMHEHHbIE U (QIFOOPUTH3UPOBAHHBIC TIOPOJIBI H JIP.

3.4.1. Paduozeoxumuyeckue ocobeHHocmu 2udpomepmarnbHo-
Memacomamu4eckux ¢hopmayuli

[IposiBneHne KUCIOTHOTO (QJIFOMOKPEMHHEBOT0) METAcoOMaTo3a, BBIPAXKEH-
HOE B Pa3BUTHH KBapPII-CBETIOCTIOANCTHIX aCCOIMAIMIA B PA3JIUYHBIX JUATIa30HAX
TEPMOJMHAMHYECKHAX YCJIOBHH, MPUBOJIUT K (DOPMHPOBAHHMIO TPEH3ECHOB, BTO-
PHUYHBIX KBapIUTOB, OEPE3UTOB-TUCTBEHUTOB U apTHJUIU3HUTOB.

[Ipu rpeiizeHu3anumu MOPOJI BO MHOTUX CIIy4asiX YCTAHOBIIEHO BO3pacTaHUE
KOHIIEHTpAllM! ypaHa W, B MeHbIel crerneHu, topus (Kpurepuwm pymoHOCHO-
CTH..., 1969; [Tnromes, 1972; u ap.). DTa TEHAEHIUS YCTOWINBO MPOSIBISETCS HA
MHOTHX PEIKOMETAJUIBHBIX MECTOPOXKICHHSIX. YPOBEHb HAKOIUICHUS paJHnOaK-
TUBHBIX JJIEMEHTOB B MOPOAAX C Pa3NUYHON MCXOTHOM PaTuOaKTHBHOCTBHIO CY-
IIECTBEHHO pa3inyaeTcs. Bo MHOTHX CiTydasX OH JOCTaTOYHO BBICOK, & HHOT/IA U
BeCcbMa HHU30K. MIMEIOT MeCTO (aKThl YMEHBIICHUS COACPKAHMS PAJHOAKTUBHBIX
AJIEMEHTOB TP Tpei3eHn3anuu. MuHepabl rpeii3eHoB (KBapIl, MyCKOBUT, TOIA3,
(baroopuT, OepUILI, MUPUT U COOCTBEHHO PYyAHBIE MUHEPAIbI) OOBIYHO OOETHEHBI
ypaHoMm u topuem (Tabin. 3.12), 0cOOEHHO MO CPAaBHEHHIO C «IIEPBUYHBIMY OHO-
TUTOM U aKI[ECCOPUAMHU TPAHUTOUIOB.
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TomunepanvHulil 6anauc ypara u mopus 6 epel3eHax
Anmae-Casnckoti cknaduamou obaacmu

Tabuma 3.12

Paiion, noposa, MHepas Conepsxanue, T/T WU I[OHHH?IJ:E\S;HM B S
U | Th MuHepaie, %
Enucelickuii kpsox, JIeHIaxCKuil MaccuB

I'peitzen nmonepommar-
C}I)IOZ[I/ICTBII\/‘I 8.8 14,6 L7
ITonesoit mmar 2 14,2 7,1
Ksapir 0,85 70 | 82 ngyggﬂﬂa’
MyckoBuT 3,0 H.A.
TTuput 2,2 8,5 39
Iupkon 688 256,2 | 04
IupkoHKCEHOTUM 18521 1621 0,08

EHucelickuii Kpsix
oo [ o | 149 | 27
Ilonesoii mmar 1,4 5,0
Kgsapng 0,9 53 3,6
MyckoBuUT 8 H.I. Tam xe
MyCKOBUT € TUTHEM 31-44 H.I.
Typmanun 1,9 3,0 1,6
NneMenut 20,6 230 11
dnroopur 1-4,0 1,8-5,5| 1-4
I{upkoHMOHALUT 1394 17235 12

Bocrounstit CasH, Tymanmer

I'peiizen nonepommar- 6.8
CJIIOIMCTBIN IO TpaHUTaM ’
Kgapu 2,2 34-68 ApGy30B,
MycKkoBUT 2,6 22-28 1988
Ilonepoii mmar 2,6 9-10
IupkoHMOHAIUT 150 2-26
Xnopur 22 4

AHanu3 pacnpenesieHus] TPEKOB HHAYIMPOBAHHOIO AEJEHUS SAEp ypaHa
CBUJIETEILCTBYET O TOM, YTO BBICBOOOKIAIOIINECS PAJMOAKTUBHBIC DJIEMEHTHI B
YCIIOBUSX TPEH3eHU3AIMN UMEIOT TEHACHIIUIO K KOHIIEHTPALUU C 00pa3oBaHUEM

COOCTBEHHBIX MHUHCPAJIOB.

CXOI[HBIC TCHACHUOUHU pACHPECACICHUA PAAUOAKTUBHBIX 3JICMCHTOB YCTAaHAB-
JIMBAIOTCS BO BTOPHYHBIX KBaApUUTaX, IPCACTABJICHHBIX KBAPI-CCPULITUTOBBIMHU,
HHOT'Ja CYHICCTBCHHO KBApPUCBLIMH IIaparcHe3dncaMm € MNEpPEeMCHHBIM KOJIUYCCT-
BOM BBICOKOTJTIMHO3CMUCTBIX MUHEPAJIOB. Ilo CYMMApHOMY YPOBHIO COACPIKAHUA
pPaaArOaKTUBHBIX 3JICMCHTOB BTOPHUYHBIC KBAPLUTHI MOAPA3ACIIAOTCA HA HU3KO-
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PaZMOaKTUBHBIE U C TOBBIIIEHHON PaJMOAaKTUBHOCTbIO, I/Ie TIepBbIE YyacTo Oosee
BbicokoTemneparypubie (ILmromes, 1978). Bo BTOpHUYHBIX KBapLuUTax C IMOBBI-
LIEHHOM PaJIMOaKTUBHOCTHIO HAKOTUICHHE YpaHa U TOPHUSI MHOTAA AOCTUTAET PY/I-
HBIX KOHIEHTpaluil. B HU3K0opaanoakTUBHBIX BTOPUYHBIX KBAPIUTAX MOBEIACHUE
PaAMOAKTUBHBIX 3JIEMEHTOB HE 3aBHCUT OT MHTEHCHUBHOCTH THUAPOTEPMATBHOTO
mpolecca, BKJItouas u pynoodpasoBanue. B 3oHax meracomarosa npu GopMupo-
BaHUM BTOPHYHBIX KBAapIUTOB MPOUCXOAMT IEpepacipeieiecHue ypaHa ¢ o0pazo-
BaHHEM 30H O0eqHEeHUs (KBapIl-TOMAa30Basi ¢ KOPYHAOM, MOHOKBApIIEBasi) U 30H
o0oraieHusi, N0 CPaBHEHUIO C BMEMIAIONMMHE Mopojamu. KoHueHTpaus Topus
MIPH STOM CTA0MIIBHO CHMYKAETCS OT BHEIIHUX 30H K BHYTPEHHEH 30HE.

B apruniu3upoBaHHBIX BYJIKaHUTaX KHCIOTO M CPEIHETO0 COCTaBOB, Xa-
PaKTEpU3YIOIIUXCS Pa3BUTHEM KBapI-KaOJIUMHUT-THIPOCEPULIMTOBOTO MapareHe-
3Uca, KOHLIEHTpAlUs PAJMOAKTHUBHBIX 3JIEMEHTOB HE MEHSETCS NPHU yCUICHHH
CTENEeHH 3aMEIIEHUs MCXOJHBIX mopoJ. Hampumep, HeM3MeHEHHbIE BYJIKAHUTHI
KHMCJIOTO COCTaBa M IOJHOCTHIO aprW/UIM3UPOBAaHHBIE PA3HOCTH COJIEpPXkKaT B
cpennem 3,5-4,1 r/T ypana u 10-16 1/t Topus. CpegHEeB3BEUICHHOE COepKaHHE
ypaHa B HOBOOOpa30BaHHBIX MUHEpAJIaX TOXKE JaeT OJU3KYI0 BEIUYUHY, PAaBHYIO
3,9 r/t (Ilmromes, 1972). IlpuBHeceHHBIN ypaH 3a CYET Pa3BUTUS PYIAHOTO IPO-
necca (QUKCUpyeTCcsl B apriUIM3UTax, KOHUEHTPUPYSICh BHayalle B JIEHKOKCEHE,
IUpUTE, a 3aT€M B BUJE COOCTBEHHBIX MHHEpaNOB. JleTanpHble HCCIEI0BAaHUS
MOKAa3bIBAIOT MPUBHOC M (PUKCAIMIO ypaHA B JICMKOKCEHE W IUPTOJIUTE B XOJIE
aprujuiM3aldy TPaXUaHIEe3UTOB U TPaxXUIAlMTOB (pa3BUTHE KBapll-KapOoHaT-
TUIPOCTIOUCTON acCONMaNnn). AHAIOTHYHBIC TaHHBIC MPUBOAST U JAPYTUE aB-
topbl (OmenbsiHenko, 1978; Puxsanos; 2002; u ap.).

B kBapu-cepuMuUT-NUPUTOBLIX MeTacoMaTuTax (Oepe3nTax) HalirOJaETCS
3HAUUTENILHOE YBEJIIMUEHUE COJIEPKAHUS ypaHa (110 OTHOIIEHHUIO K UCXOJHBIM IIOPO-
JlaM) U, B MEHbILEH CTENeHH, TOpUsl. ITO NPUBOJUT K CYIIECTBEHHOMY CHHKEHUIO
BEJIMYUHBI TOPUH-YPAHOBOTO OTHOIIICHHSI, KOTOPOE, KaK MpaBwiIo, < 1 (Tabm. 3.13).

Tab6muua 3.13

Paouozeoxumuneckas XxapaKkmepucmuxa cneyuaiu3upo8auHulx RPoO0yKmoe
2UOPOMEPMATILHO20 MeMAMOPPUIMA NOPOO CKIaduyamol obracmu
NOTUYUKTUYECKO20 PA3GUINUSL

Cpennee coaepxauue,

DOpPMAIHOHHBIH THIT /T Th/U
ypaH TOpUi
CkapHUpOBaHHbBIE TOPPHUPHUTONJIBI 6,8 9,4 1,5
AJILOMTH3UPOBAHHBIE CUEHUTBI, TIOP(QUPHUTHL, MUKPOCHEHHTHI 9,7 26,4 2,7
KBap11-anp01uT-MAKPOKITHOBBIE METACOMATHTHI 40,9 61,5 1,5
[TponmnuTel, pa3BUTHIE IO CPETHEOCHOBHBIM 3((y3uBamMm 10,5 6,7 0,64
KBapu-ruipocitoiucTbie METaCOMaTHTBI, Pa3BUTHIE
12,3 14,3 1,2
0 CPEeTHEOCHOBHBIM 3 dy3nuBam
KBapu-cepuit-nupuToBble METACOMATHTHI, Pa3BUTHIC 13.5 47 0.4
0 JaifkaM qraba30BhIX TOP(PHUPUTOB ’ ’ ’
KBapu-ans0uT-reMaTuToBble METACOMATUTHI, Pa3BUTHIE 1264 17.5 0.1

IO IIENOYHBIM 3 dy3uBaM
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KBap1u-cepuiuT-nupuToBble METACOMATUTHI, Pa3BUTHIC MO NailkaM anabdazo-
BbIX TOPQUPHUTOB, XapaKTEPU3YIOTCS BECbMa BBICOKUM COJEpKAaHHUEM YypaHa.
Tak, comepkanue ypaHa B MeTacoMatutax B 12 pa3 Bbllie, 4eMm B Auabasax, a To-
pust — Bcero B 1,7 pasza. bonee MHTEHCUBHBIN MPUBHOC ypaHa, YeM TOPHs, OIpe-
JIesieT CHUKEHUE TOpUi-ypaHoBoro otHomeHus 10 0,4. OMHOBPEMEHHO C HAKO-
IUIEHUEM DJIEMEHTOB OTMEYEH NMPUBHOC KPEMHUS, KaIMsl U APYTUX MOpoaooOpa-
3YIOIIMX HJIEMEHTOB.

Ha momro HOBOOOpa30BaHHBIX MUHEPAIOB BO BHEIIHEH 30HE METacOMaTHUe-
CKOM KOJIOHKM npuxoautcs 76,5 % Bcero ypana u 63 % Topus mopojbl, a BO
BHYTpPEHHEH 30HE, cooTBeTCTBEeHHO, 74,8 u 75,2 % (tadn. 3.14). 3y4yenue oco-
O6eHHocTell pacmpeneneHuss PAD mo mMuHepasaM MeTacOMaTHUTOB, MPOBEICHHOE
JUISl BHEIIHEH M BHYTPEHHEW 30HBI METACOMATHYECKOW KOJIOHKH, IOKa3ajo0, 4TO
Ha JIOJII0 XJIOPUTA, KOTOPBIM MPEUMYILIECTBEHHO Pa3BUT BO BHEIIHHUX 30HAX, MPHU-
xonurcs 38,4 % Bcero konudecta ypana u 52,0 % Topusi.

Tabnuma 3.14

Cooepotcanue ypana u mopust 8 MUHepanax cUOPOMepMAaIbHO USMEHEHHBIX NOPOO

Ilopona, munepan

ConeprxaHue, T/T

Jlosst, mpUXOAsIIasics
Ha MHHepai, %

ypaH l TOpUi ypaH l TOpUi
[IponuauTH3UPOBAHHBIH aH1€3UTO-0a3aJ1bTOBbII HOpUpHUT
Anp0uT 0,9 (4) 6,0 3,7 10,0
Xaoput 5,8 (9) 23,4 22,2 37,5
DnuaoT 50 (5) 5,8 9,3 48
AKTHUHOJIUT 2,3(2) - 1,3 -
Tuput 8,0 (2) 1,6 11,0 0,8
PyTtun 19,5 - 1,5 -
KBapu-ruapocaoaucrbie METACOMATHTDI, pa3BUTHIE N0 (eIb3UT-nophupy

Anpout 2,7(7) 3,0(2) 8,9 4,0
Ksapn 0,9 (9) 10,3 (2) 3,0 14,6
JIMKKUT-KaOJTHHUT 2,3(8) 14,0 (2) 5,7 16,8
Xioput 15,3 (4) 19,4 (2) 17,4 9,0
Kanpuur 0,4 (5) 1,5(2) 0,2 0,3
Jomomur 0,7 (3) 1,4 (2) 0,2 0,2
AHKepUT 0,4 (4) 1,5(2) 0,3 0,4
Tuput 1,1 (4) 0,7 (3) 1,0 0,3
Pytun-anatur-anaras 24,8 (2) - 2,040 -
I'emarur 15,9 (4) - 9,0 -

KBapu-cepunuT-nMpUTOBbIE METACOMATHTBI, Pa3BHTHIE 10 1HA0A30BbIM NMOPpUpHTAM

BHemHs s 30Ha
Xopur 21,3 (3) 12,4 38,4 52,0
Anp0uT 26,8 (3) 3,0 32,2 7,0
Cepunur 4,6 (4) 1,5 4,6 3,0
Ksapig 3,3 (6) 2,0 1,3 1,0
BHyTpeHHss 30Ha

Cepunur 5,2(2) 3,4 6,1 21,4
Tuput 63,5 (2) 8,0 63,7 43,6
Ksapu 7,5 (2) 2,8 5,0 10,2
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Okonuanue maoa. 3.14

Conepxanue, t/t Jlons, npnxozmuiaﬂm
Ilopona, munepain Ha MUHepall, %
ypaH ‘ TOpuUi ypan ‘ TOpUi
KBapu-ajb0uT-reMaTuTOBbIE METACOMATUTHI

BHemHs s 30Ha
Anp0uT 5,6 (2) 6,1 13,1 6,0
Xaoput 13,2' 14,0 38,4 22,0
AHkeput 0,9 (2) 1,4 (2) 0,6 0,5
Kanpuur 4,2(2) 2.5 4.0 0,8
I'ematut 7,0 6,0 6,4 3,0
Anarut — f-anaras 14,2 — 12,9 -

BHyTpeHHS s 30Ha
Ksapu 7,1 (4) 3,5 30,4 16,2
Anpout 6,0 (6) 4,2 21,8 16,2
I'emaTut 7,2 (2) 6,0 13,0 14,7
AHKepuT 0,6 3) 3,02 1,5 11,8
AratuT + aHarta3 10,0 — 1,5 -

HpuMeltaHue: B CKOOKax YKa3aHO KOJIMYECTBO aHAJIN30B.

OCHOBHBIM MHHEPATOM-KOHIICHTPATOPOM PATIMOAKTUBHBIX JIEMEHTOB B Oe-
pe3uTax SBISETCS MUPUT, HaA JI0JII0 KOoToporo mnpuxoautcs 63,7 % ypana u
13,6 % Ttopusa. CpenaHee coiepkaHue ypaHa B mupure cocrasiser 63,5 r/1. Ot-
MEYalOTCsl €AUHUYHBIC arperarsl MUpHUTa ¢ coaepxanueM ypana 10 100-300 r/t.
ConeprxaHuie TOpHs 110 SAMHUYHOMY OTPEICICHUIO PaBHO & T/T.

JleiikokceH U3 KBapI-CEepULUT-MUPUTOBBIX METACOMATUTOB KOHIICHTPUPYET
B cebe 110 4,7 % ypana u 7,1 % topus. Coaep>kaHue 3J1€MEHTOB B HEM, COOTBET-
CTBEHHO, cocTtaBiser 14,3 u 4,0 1/T.

Pacnipenenenue ypana B mUpUTE U JIEUMKOKCEHE, 10 JAHHBIM TPEKOBOM pa-
nuorpaduu, paBHOMEPHO U XapaKTEpU3yeTCs BBICOKOM IIOTHOCTHIO (puc. 3.8).
DT0 MO3BOJISET MPEAINoiaraTh, YTO KOHIICHTPAIHs ypaHa B MUPUTE MPOUCXOAUIIA
OJTHOBPEMEHHO C er0 00pa30oBaHUEM.

B xBapu-cepuuT-nmupUTOBBIX METACOMATUTaX JOJS «IOJBHUKHOTO» ypaHa
yBenuuuBaeTcs B 1,5-2 pasa, o CpaBHEHHMIO ¢ HEM3MEHEHHBIMH mopojamu. Ko-
JUYECTBO BBIIIEIIOUEHHOTO YETHIPEXBAJICHTHOTO ypaHa coctasisier 10,6-37,4 %
OT BCET0 U3BJIEYEHHOI'O METaJlIa.

Pacyer u aHanu3 KOPPEISIMOHHBIX CBSA3EH MEXAY COJEp>KaHUSMU dIIEMEH-
TOB B METACOMATUTAaX MOKA3bIBAET, YTO YPaH U TOPUN BXOJAT B PA3TUYHBIE aCCO-
LUAIUU 3JIEMEHTOB, MEXIY OTAEIbHBIMU 3JIEMEHTAMHU B KOTOPBIX OTMEUAIOTCS
OTpHUIATENbHBIE KOPPEIAIMOHHBIE CBSA3U. YpaH 00pa3yeT accolUalno ¢ MOJIHUO-
JICHOM, MBILIBSIKOM, IIMHKOM, CBUHIIOM M cepeOpoM. Topuil BXOAUT B €IUHYIO
ACCOIIMALIMIO C OJIOBOM M OeprimreM. Mexay colaepKaHusIMU 3JIEMEHTOB IEPBOH
(MonmuOaeH, IMHK, CBUHEIl, cepedpo) U BTOPOM (TOpHil, OCPUILIHIT) acCOIMAIIHI
OTMEYaIOTCSl OTPULIATEIIbHBIE KOPPEISILIMOHHBIE CBS3H.

Takum o0Opa3om, B X0Jle pa3BUTHS KBaPII-CBETIOCITIOUCTHIX MHHEPAIbHBIX

[IapareHe3ncoB MO BO3ACHCTBUEM KUCIBIX PACTBOPOB BO BCEM JHUAIA30HE YCIO-
Buii P-T rugporepmanbHOro mnpoiecca UMEeT MECTO €AMHOOOpa3Hasi TeHICHIUS
MIOBEICHNS PAJAMOAKTUBHBIX 3JEMEHTOB. JTH DJIEMEHTBHI XapaKTEPU3YIOTCS MH-
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HUMAaJIbHOH MUIPAIlMOHHOW CIIOCOOHOCTBIO C TEHACHLUEH K KOHLEHTpPAluH B
MHUHepaJlax-KOHIIEHTPAaTopax MM COOCTBEHHBIX MHHeEpaiaxX. PanmoakTuBHBIE
9JIEMEHTHI, PUBHOCUMBIE B JIaHHYIO (panmabHyr0 00CTaHOBKY, UMEIOT TEHJICH-
IO K OCAXJCHHUIO C (pOPMHUPOBAHMEM JIOKAIBHBIX, 3 B HU3KOTEMIIEPATYPHBIX
YCIOBHSIX — M PYJIHBIX KOHLEHTpaluii. Bo Bcex ciaydasx mpoucXoIuT mepepac-
npeeneHre ypaHa u, pexe, Topus. DopMbl HAXOXKICHHUS ypaHa HU3MEHSIOTCS.
YBenmuuuBaercs A0y MeTaiia B popMe COOCTBEHHBIX MHUHEpAIBHBIX 00pa3oBa-
HUH WM 130MOp(HON IPUMECH, TT0 CPAaBHEHHUIO C HEM3MEHEHHBIMH ITOPOJaMH, B
KOTOPBIX 4acTo mpeoliagaeT paccesHHas opMa ypaHa.

Puc. 3.8. Pacnpedenenue ypaua 6 bepesumax.
Cnesa — unugh, cnpasa — Oemekmop-iagcan.: a — oouuti 8uo. Yeenuuenue 40X. Huxonu X;
0 — npuypouennocme ypana K nelikokceny. Yeenuuenue 90X. Huxonu X;
6 — MUKPOBKIIOUEHUS. YDAHOBbIX MUHEPATLO8 6 XIOPUMUUPOSAHHOM OUOmume.
Veenuuenue 90X. Huxonu X
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[TposiBieHne skene30MarHui-KalblMEBOTO METacoMaTo3a MoJl BO3ACHCTBHEM
pacTBOpOB (OT CIaOOMIETIOYHBIX 10 OJU3HEUTPATbHBIX) MIPUBOIUT K (OPMHUPOBA-
HUIO TPOMUJIMTOB PA3IMUHBIX TEMIEPAaTYpPHBIX CTyINEHel oOpa3oBaHUS, a TaKxke
pa3HooOpa3HbIX CKapHOB. Bce 3TH MeTacoMaTHTHI B BEIIECTBEHHOM OTHOUICHUU
XapaKTepU3YIOTCs TIpeolIaJaHieM B MUHEPATBHBIX IMaparcHe3ucax TaKuX MHHE-
paJIoB, KaK 3MUIOTHI, XJIOPUTHI, aM(PUOOIIBI, MUPOKCEHBI, TpaHatThl u 1p. K 3T0it ke
rpynmne METaCOMaTUTOB B Ka4eCTBE OCOOOW MOATPYMIBI MOTYT OBITh OTHECEHBI
MPOSIBIICHUST 0OJiee CIIOKHBIX MHHEPAIbHBIX MapareéHe3uCOB, BKIIOYAIOIINX,
KpOMe MEPEYUCICHHBIX MUHEPAJIOB, IIEIOYHbIE MMOJIEBbIE IIMATHl U IIEIOYHbIE
TeMHOIBeTHbIe MuHepanbl. [1o muenuto E.B. Ilmromesa (1978), pannoreoxumu-
YecKue 0COOEHHOCTH METaCOMATUTOB 00EUX MOATPYI CXO/IHBIE.

CseneHus MO paguOaKTUBHOCTH CKAPHOB JOCTaTOYHO MHOTO0Opa3Hbl. DTH
JTaHHbIE CBUETEILCTBYIOT O BECbMa LIMPOKOM JIMIA30HE COAEpPNaHHUM pajnoak-
TUBHBIX 3JIEMCHTOB B CKapHaX. KoHIIEHTpalus ypaHa B CKapHaX pa3IUIHOTO TH-
na konebnercs ot 0,6 o 2700 r/t. st TOpUs, COOTBETCTBEHHO, 3TH 3HAYCHUS
Bapbupytot oT 0,1 1o 500 r/1. Cpeanue 3Hadenus otnomeHust Th/U uzmenstores
ot 0,02 o 6,3. IIpu >TOM Oosbliel yacTu ckapHOB (75 % Bcex mpod) mpucyia
ypanoBas npupona (Th/U < 2,5), u, 6onee toro, ~ 40 % 13 HUX UMEIOT OTHOIIIE-
nue Th/U < 1. JIums 11t eAIMHUYHBIX CKapHOB XapaKTepHa CMEIIaHHas U Topue-
Bas MPUPOJA PAJUOAKTUBHOCTH.

B 10 )¢ Bpems, ormyOIMKOBaHHBIC CBEICHHUS O PAAMOAKTUBHOCTH CKApHOB
nporuBopeuuBbl. Tak, E.B.IlmomeB c¢ coaBropamu (1978) ormewator, urto
MMEIOIIUECS JaHHBIE CBHJICTEIILCTBYIOT O HU3KOW PaJUOAKTHBHOCTH CKAPHOB U
YTO TOJILKO B €IMHUYHBIX, TIOKA €Ille HEe COBCEM MOHSTHBIX, CIydasx (UKCHUPY-
I0TCS TOBBIIICHHBIE KOHIICHTPAIMH YpaHa U TOpUSl B MUHEpanax ckapHoB. OyHa-
KO B JIUTEpAaType MUMEIOTCS YKa3aHHUS U Ha TO, YTO ypaH HaKaIUIUBAaeTCsA B MpHU-
KOHTaKTOBBIX 30HAX MarMaTU4ecKuX Tell, KOTOpbIe UTPAIOT POJIb T€OXUMHUUECKO-
ro O6aprepa. HekoTopsle McciemoBaTeny MPUBOIST JaHHBIE O TOM, YTO MpPOIecC
CKapHOOOpa30BaHUS COIMPOBOXKIACTCS TPUBHOCOM ypaHa M BBHIHOCOM TOPHS IO
OTHONICHUIO K KOHTAaKTHPYOIIUM MTOPOIaAM.

W3ydenne pacripenencHus] paJiOaKTUBHBIX 3JIEMEHTOB B 30HaX CKapHUPO-
BaHUS 10 YaCTHBIM pa3pe3aM MOKa3bIBA€T, YTO BO BCEX CIIyYasxX KOHICHTPAIUs
ypaHa B CKapHaX 3HAUMTENHHO BHINIE, YeM B HM3BECTHsIKax. KoHIleHTpamus xe
TOpHUS B OJHHUX CIy4yasx paBHA WIH Jake HECKOJIBKO MEHBIIE TAKOBOM B U3BECT-
HSKaX, B IPYTUX CIIy4asX €ro cojepkaHue HeCKOJIbKO Bbille. [1o oTHOLmIEHHIO K
WHTPY3UBHON TMOPOJE YPOBEHb HAKOIUICHHUS 3JEMEHTOB B CKapHax BapbUpPYET
3HAYUTENIbHO. MHOTMa cojepkaHue MUKPOKOMITOHCHTOB ITOCTCTICHHO YMEHbBIIIA-
€TCsl OT MHTPY3MBa K 30HE CKapHUPOBAHWs, OJTHAKO TaKas TEHJICHIUS HanOoJjee
XapakTepHa ISl TOPHsl. Y PaH ke Jalie BCero XapaKTepH3yeTcsi IPUBHOCOM B 30-
HY WHTEHCHUBHOTO CKapHUPOBAHUS. AHAIHN3 YCPETHECHHBIX 3HAUYCHUN KOHIIEHTpA-
[IUH PaIMOAKTUBHBIX AJIEMEHTOB IO Pa3HBIM 30HAM CKAPHUPOBAHUS ITO yOemu-
TENHHO MOATBEpKaaeT (Tadm. 3.15).
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Tabimna 3.15
Cpeonee codepaicanue ypana u mopusi RO 30HAM CKAPHUPOBAHUSL, 2/M

30HBI IMopona, 30Ha Conepxane, r/r - Th/U
ypaH TOpUi

I'panur, rpanonuoput 4,0 (7) 93 3,1

2 DHIOCKapH 11,1 (9) 5.4 0,5
B TOM YHCJI€ CKaPHUPOBAHHBIA JHOPUT 25,5 8,0 0,3

3 LenTtpanbHas 30Ha CKapHOB 12,9 (35) 3,9 0,3
B TOM YHCJI€ MUPOKCEHOBBIN CKapH 4,0 5,0 1,3
TPaHaTOBBIN CKapH 7,4 4.9 0,7

4 OK30CKapH 3,1 (14) 2,1 0,7
B TOM YHUCJI€ BOJUTACTOHUTOBBINA CKapH 2,5 1,6 0,7
Mpamopu30oBaHHbIE U3BECTHAKH 2,6 (9) 1,1 0,7

6 W3BecTHIKH 3,0 1,0 0,3

Ipumeuanue: B ckoOKax yka3aHO KOJMYECTBO aHAIN30B.

N3yuenne ocoOEHHOCTEH pacrpeelieHuss ypaHa METOJOM OCKOJIKOBOHM pa-
rorpaduu MO3BOJIMIIO JIETallbHEE MPOCICIUTh €ro MOBEACHUE TPH CKapHOOOpa-
30BaHUU. YCTAHOBJICHO, YTO (DOPMHPOBAHKHE BOJUIACTOHUTOBBIX U IMHUPOKCCHOBBIX
CKapHOB COIPOBOXJIACTCSI BBIHOCOM ypaHa. [ JTaBHBIMH MUHEPaIaMHU-HOCUTEIISIMH
ypaHa B 3THX MOPOJax SBJISIOTCS PEIIMKTOBBIC akiieccopru (amatut, cden). Kpome
TOT0, (PUKCHUPYIOTCS MUKPOBKIIIOUECHHUSI COOCTBEHHBIX MUHEpanoB ypaHa. [Ipu 3a-
MEIIEHUH MTUPOKCEHA aKTUHOIUTOM KOHIICHTpAIUs YpaHa B TIOPOJIC YBEIHMYNBACT-
csi B 5—6 pa3. OqHaKo U 3/1eCh IIaBHBIM MUHEPATIOM-KOHIIEHTPATOPOM YpaHa BbI-
CTyIaeT Takxke ceH, HO BTOPOii TeHepaluu, 00pa3yroleiics mocie MupoKceHa.

[Tpu oOpa3zoBaHWH TPAHATOBBIX, TPAHAT-IMUIOTOBLIX CKAPHOB HAOIIOMACTCS
yBEJIMYECHHE KOHIIEHTpaIu ypaHa (puc.3.9).

U, Th, r/t

dpakuus
Puc. 3.9. I'pachux usmenenus yposueii HaKonienuss paouoaKkmusHvlX 1eMeHN08
no memMnepamypHbvim ayusam CKapHos.
CDauuu: 1- 60J1ACMORUM-NI1A2UOKTIA30845, 2- NUPOKCEH-2panam-60JUIACMOHUMOo6ast,
3 — nupokcen-epanamosasi; 4 — epanam-3nudOomosas; 5 — NUPOKCEH-3MUOOMOBAS
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VYpaH B 3TUX NOpoJax JOKAIU3YeTCsl, TTIaBHBIM 00pa3oM, B rpanatax (puc. 3.10),
pexe oH ¢uKcupyeTcs B cheHe, OpTUTE U B BUE HEIUATHOCTUPYEMBIX MUKPOBKITIO-
YeHUH COOCTBEHHBIX MHHEpaIOB. Hanbonpimmii MprUBHOC ypaHa yCTaHABIMBACTCS
pu GOPMHUPOBAHMHU T'paHAT-BE3yBUAHOBBIX CKapHOB. CojepikaHue ypaHa B 3THX
oOpa3zoBanusx B 10 pa3 mpeBbllIaeT KOHIIEHTPALMHU JIEMEHTA B UHTPY3UBHBIX MO-
ponax. OCHOBHBIMH MHUHEpaJaMU-KOHIIEHTPAaTOpaMH MeTajljla SBJISIFOTCS BE3yBHaH
00 pelKo BCTpeyaroluecs aKIeCCOpHBIE: OpTHT, cheH U amatut (Tabm. 3.16).
B HEKOTOpBIX CKapHOBBIX TEJaX MOBBIILIEHHBIE COACPIKAHUS PAIUOAKTUBHBIX dJI€-
MEHTOB YCTaHOBJICHBI B SITUJIOTE.

FRETY. T ¥ i 7 £ E ‘:. !

Puc. 3.10. Pacnpedenenue ypaua 6 epoccyispe.
Cnesa — winug, cnpasa — demexmop-nagcan. Yeenuuenue 40X. Huxonu X

U, Th, /T 98
Th/U “

Cragus

Puc. 3.11. uacpamma usmenenus yposreli HAKONJIEHUS pAOUOAKMUBHBIX
anemenmog no cmaousm (no ILI1 Iununenxo) ckaproodbpasyroujezo npoyecca.
Cmaouu memacomamo3sa: 1 — kpemHueo2o, 2 — anioMOCUIUKAMHO20; 3 — 2A10UOHO20;

4 — gicene3noeo; 5 — hroudH0-600H020, 6 — CYIbPUOHOZO.
Juacpamma usmenenus ypoHs HAKONJIEHUsL PAOUOAKMUBHBIX INEMEHNO8 NO CMAOUSIM
(no ILI1. ITununenko) ckaproobpasyowe2o npoyecca.
Cmaouu memacomamo3sa: 1 — KpemHUe8020, 2 — AnOMOCUTUKATNHO20, 3 — 2A10UOHO20;
4 — diceneznoeo; 5 — urouOH0-600H020, 6 — CYIbPUOHO20

Haubonee 6maronpusiTHBI JUTIsi HAKOTUICHUST YpaHa B CKapHaX YCIOBHsI (IrO-
HUIHO-BOAHEIX (a3 metacomarosa (o ILII. ITumunenko, 1939), temnepartypa Ko-
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topbix HUXKE 500 °C (puc. 3.11). HauanbHbIM 3TarioM HaKOIUICHUS YpaHa B CKap-
Hax CJeyeT CYMTaTh MOMEHT (JOPMUPOBAHUA AMHUA0TA U Be3yBUaHa. B aTux xe
MUHEpajaX MPOUCXOTUT HAKOIUJICHHE PEeAKO3eMeNbHbIX 3yeMeHTOB. Ha Gonee
MO3JHMUX JTanax ypaH oOpa3yeT cOOCTBEHHblE MHUHEpaJbl. AHAIU3 KOpPPENslu-
OHHBIX CBSI3€H COJEpKaHUI XMMHUYECKUX AJIIEMEHTOB B CKapHaX MOKAa3bIBAET, YTO
ypaH U TOPUI BXOJAT B €IMHYI0 T€OXUMHUYECKYIO aCCOLHUAIUIO C JIAHTAHOM, Iep-
MaHueM, oepmuem. Kpome Toro, /st TOpHs XapaKTEpHbBI yCTONYMBbBIE OJIOKHU-
TeJbHbIE KOPPESUOHHbBIE CBA3M C OapueM, [IMHKOM, LIMPKOHUEM, JIUTHEM, Ba-

HaJUEeM, BUCMYTOM U CBUHIIOM, a [l ypaHa — C OJIOBOM.
Tabmuma 3.16
Ypoenu naxonnenus paouoaxmugHuix 21emMeHmos 8 MUHepaniax cKapHos
(no JLII. Puxsanosy, 2002)

Mumnepan 3010TOPYAHBIE CKAPHEI MenHo-MOMHOIEHOBEIE CKAPHEI
U Th Th/U U Th Th/U

0,86 3,38 5,1 1

I'panarst m(n) m(13) 39 | 03-187 C)) 7@ 0,2
0,6 3,4 24,4 3,3

Dnuaor m(u) 2’274’5(12) 6,7 5’5750(14) 340 0,1
0,2 3 0,1 1,2

HI/IpI/IT m(13) E(I:S) 15 071(4) 1,2(1) 12
2,5 5,8 1,3 1

Tupokcenst m(16) m(m) 23 0127 (13) 713 0,8
0,6 2,8 0,1 1

Ksapu W(lz) m(lz) 4,7 —0’170,2(11) T(H) 10
3,8 7,8 0,8 1

Ampubon m(13) m(w) 2,0 —0’172’2(12) 7(12) 1,2
2,76 1,15 0,20 1

Kansiur m(z) m(z) 0,4 01-0.8 (13) 113 5
0,2 6,2

Marserur m@) %(2) 5 6’—2(1) %(1) 0,2

3,7 1
MonubaeHur - - - m(m) T(M) 0,3
XanbKOMUPUT — - - %(12) %(12) 2
1,3 0,1

Bonnacronut - - - 1273 1 0,1

Optut - - - 200 - —

Amnarut — — - 20 - —

Coen - - - 10 - -

BesyBuan — - - 53 - -

HpuMeltaHue: B YUCIUTCIIC — CPECAHEC COACPIKAHUEC, B 3HAMCHATCJIIC — MUHUMAJIILHOC U MaKCH-
MaJIbHOC COACPIKAHUsA; B CKOOKax — KOJIMYECTBO AHAJIM30B; MIPOYCPK — HET JaHHBbIX.
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B obmiem ciydae cpeny ckapHOBBIX 00pa30BaHUI MOXKHO BBIAETHTH JABE TPYTI-
bl TPOJYKTUBHBIX CKapHOB. [lepas rpymma (MeaHO-MOIHOACH-BOIb(PAMOBBIC,
JKEJIe30PY/IHBIE) XapaKTEepPU3yeTCsl 3HAUUTEIbHBIMU KOHIICHTPALMSAMU ypaHa U IO-
HIDKEHHBIM KOJIMYECTBOM TOPHS, a BTOpas (30J0TOPYAHBIC CKapHBI) BBIICISETCS
HU3KAMH KOHLIEHTPALUSAMH O00OMX paJIMOAaKTHUBHBIX 3JI€MEHTOB. BenmuuuHa TOopuii-
YPaHOBOTO OTHOIIICHHSI B CKAPHAX BTOPOM IPYTIITBI, KaK ITPABUIIO, OOJIBIIIC ¢TUHHIIBL.

[Ipencrasisiercsi, 4YTO0 NPUYMHY TAaKOW JBOWCTBEHHOM PagUOr€OXUMUYECKON
CHENUAIN3alH CKapHOBBIX MECTOPOXKICHUI CIIeIyeT HCKaTh B OCOOEHHOCTSX (op-
MHUPOBAHUS 3THX CHIEIIM(PUIHBIX MPOAYKTOB ITOCTMArMaTHUYECKOM eI TEIIEHOCTH.

B nponuiuTH3HPOBAHHBIX MOPOAAX YCTAHABIUBAIOTCA PA3JHYHbBIE YPOB-
HU HaKOIUICHHs PaJIMOAKTUBHBIX 3JIEMEHTOB. /[aHHBIC MO MOBEICHHUIO PaJMOaK-
THUBHBIX 3JIEMEHTOB B MPOIECCE MPONMUINTU3ALNN B JIUNTEPATYPE HECKOIBKO IPO-
TUBOpeurBhl. C OAHOM CTOPOHBI, OTMEYAETCS, YTO MPU MPONUIUTHU3ALKUNA HE TIPO-
HCXOIUT BbIHOCA ypaHa, ¢ Apyroi — E.B. Ilmtomes u ap. (1978), A.E. Crenanon
(1976) yTBepkmarOT, YTO MPOIECC MPONMMIUTU3ANNKN BYJIKAHOTCHHBIX IOPOJT
MNPUBOAUT K CHUKEHUIO KOHIICHTPALIMM SJEMEHTOB W YBEIMYECHHIO TOPHUM-
YpaHOBOTO OTHOLICHHS.

Nmeronuiicst B HaIIeM pacrtopspkeHud GaKTUYECKH MaTepHalt 1o TEPPUTO-
pun Anrtae-CasHCKOH CKJIa4aToi 001acTH CBUIETEILCTBYET O TOM, UTO IPOIIECC
MPOMWINTU3ALMU COMPOBOXKIAETCS HAKOIUIEHHEM ypaHa U Topus (PuxBaHoB,
2002). Ilpu sToM NPUBHOC TOpUS MEHEE CYIIECTBEH, B PE3yJIbTaTe YE€Tr0 TOPUMA-
YPaHOBOE OTHOIIIEHHE B MPOMIINTAX HUXKE, YEM B UCXOJIHBIX TIOPOIAX.

Nzyuenue pacnpenenenuss U B HEM3MEHEHHBIX U MPONWIMTHU3UPOBAHHBIX
Pa3HOCTSIX  aH/AE3UTO-0a3albTOBBIX  MOPPHUPUTOB  MPOBOJWIOCH  METOAOM
f-pamuorpapuu. Ycranosneno, uro 70-80 % ypana B HEM3MEHEHHBIX MOPOJAX
HaXOJUTCsI B OCHOBHOM Macce. Ha mopdupoBsie BbIAeNeHNUs TIarnoKia3a mpuxo-
nutest 2—8 % metaia, Ha pasziokeHHble TeMHoUBEThl — 10—12 %. Okono 5 %
ypaHa 3aKJII0YEHO B aKIIECCOPHBIX PYJIHBIX MUHEpaslaX. YpaH B OCHOBHOM Macce
pacripesiefieH BeChbMa PaBHOMEPHO, U JIUIb €TUHUYHBIE €T0 CKOTUICHHS] OTMEua-
I0TCA Ha JIETEKTOPE HaJl 3€pHAMU TUTAHOMAarHeTHUTA.

B nHTEHCHMBHO MPOMMIUTH3NPOBAHHBIX MOPOJIAX COICPKAHUE ypaHa BO3pac-
Taer B 6,5 pa3a, a Topust — B 3,8 pasa. IIpu 3ToM Ha PETUKTBHI UCXOHONW MOPObI
npuxoautcs 10-12 % ypana, a Ha BHOBb 0Opa3oBaHHble MUHEpaibl — 50—60 %.
OcranbHas Macca 3JIEeMEHTa MPUYpOUYEHAa K MEK3EpHOBOMY IPOCTPAHCTBY U
MUKPOTpPEIIMHAM.

OCHOBHBIMU HOBOOOPA30BAaHHBIMU MUHEpallaMU-KOHIICHTpATOpaMH ypaHa B
nponuinTax (Tabmn. 3.14) sSBISIOTCS XJIOPUT, STUAOT U MUPHUT, HA 0TI KOTOPBIX
npuxoautcs 42,5 % copepxarierocss B nopojie ypana. Topuil KOHIIEHTPUPYETCs
B OCHOBHOM B amatute u xiopute (47,5 % ot obmiero ero cogepxanus). B mopo-
000pasyronMx MUHepaiax ypaH HaxoAuTcs B (opme paccesHus, pacmpeserne-
HUE €ro B XJIOPUTE U MUA0TE PE3KO HEPAaBHOMEPHO.

AHanu3 NOBEACHUS PAJMOAKTHUBHBIX 3JIEMEHTOB B PSAIY MOCIEIOBATEIBHO
00pa3yromuxcsi MUHEPAIOB MPOMMWINTOB MOKA3bIBAET, YTO UX MOBEJICHUE COTJia-
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CyeTcs ¢ M3MEHEHUEM KHCIOTHOCTH-IIENIOYHOCTH PAacTBOPOB OT Hadala IMPOIHU-
nuTu3anuy (00pa3oBaHUE XJIOPUTA) K 3aKIIOYUTENHbHOMY dTamy ((opmupoBaHue
nuputa). Tak, B HAUaNbHBINA, OoJee MIeTOYHOH, FTar (pu npeolaajaHiuu HaTpUs
HaJ KajJheM) MPOUCXOIUT HAKOIUIEHHWE ypaHa u Topus. [loBbIIeHHE KHCIOTHO-
CTH PAacTBOPOB C COXPAHEHHWEM OTHOIIEHHUS HATpus K Kaiuio (popMupoBaHuE
anpOUTa) HE MPUBOJUT K HAKOIUICHHUIO AJIEMEHTOB. JlanbHeliiee MmoBhIIIICHUE KH-
CJIIOTHOCTH, a TaKX€ BO3pacTaHHe aKTUBHOCTH Kallis COMPOBOXKAAETCA HAKOILIE-
HUEM ypaHa B SIUAOTE U MUPHUTE, TOr/AAa KaK TOpUM OOHapyKMBaeT 0OpaTHYIO
TEHJICHIIUIO.

BrimenaunBanue ypaHa u3 OpONMWIATA3UPOBAHHBIX MOPO/I, MPOBEACHHOE MO
metoauke JI.B. Taycona (1961), moka3zano, 4To mpu NpONUIUTU3ALNN YBEINIUBA-
eTcs KOJMUYECTBO JIETKO BBINIEIAYMBAEMOr0 ypaHa ¢ 8 (HeM3MEHEHHbIE Pa3HOCTH
nopon) a0 31 % (B meracomarurax). [Ipu 3TOM OCHOBHAs yacTh 3JIEMEHTa U3BJIE-
KaeTcsi 03 IOMOTHUTEIBHOTO OKUCIIEHHSI YeThIpeXBaJIeHTHOTO ypaHa. [Ipu nepsom
M3BJICYEHUM BbILIENIAYUBaAETC 10 75 % «OABMXKHOTIO» ypaHa. KonnuecTBo BbI-
IIEJIOYCHHOTO YETBIPEXBAICHTHOTO ypaHa He mpeBbimano 0,06 1/1. BeposTHO,
BBIIIEJIOUEHHBIM ypaH HM3BJICUEH M3 MEK3EPHOBOTO MPOCTPAHCTBA U MUKPOTpE-
II1H, HA JI0JII0 KOTOPbIX npuxoautcs oT 28 10 40 % Bcero ypaHna nopojisl.

HccenenoBanue KOppEIsSLUOHHBIX CBA3EH CONEPKAHUM DIIEMEHTOB B IIPOIIH-
JUTaX MOKA3bIBAET, YTO YpaH U TOPH 00pazyIoT eUHYI0 acCOIUAINIO CO CTPOH-
nueM u docdopom. s ypaHa xapakTepHa TakKe MOJOXKUTEIbHAST KOPPEsLn-
OHHAsl CBS3b C cepedpoMm, a JIsl TOpUsi — ¢ OJIOBOM M OepuiuineM. B mponumurax
OTMEYAeTCsl OTPUIIATENIbHAS KOPPEISAIMOHHAS CBS3h TOPUS C MOJHOIEHOM, KOTO-
pBIii, B CBOIO OYEPE/b, UMEET IOJIOKUTEIBHYIO CBS3b C IIMHKOM, TaJUTUEM H
MBIIIBSKOM.

Takum oOpa3om, IpHUBEACHHBIC JTaHHBIE CBUJIETEIBCTBYIOT, YTO B (alusix
JKeJI€30MarHuii-KajablMeBOI0 METacoMaTo3a BO BCEM JMAMa30HE TEPMOIAMHAMU-
YECKUX YCJIOBUU MPOUCXOAUT MepepacipeiesieHue U HaKOIJIEHUE ypaHa.

[IposiBieHUs MIETOYHOTO METacoMaTo3a BhIpaXXKeHO B (POPMHUPOBAHUY IIIENIOY-
HBIX KBapI-aJIbOUT-MUKPOKIMHOBBIX METACOMATUTOB, aIbOUTUTOB U DIICUTOB.

B xojne menoyHoro HaTpPOBOTO MeTacomarosa (hOpMHPYIOTCS pa3zHOOOpas-
HbIe AJBLOMTHTBI, B KOTOPHIX MPeoOIafaomuil aaTb0UT acCOIMUPYET B pa3iny-
HbIX quamnazoHax P u T ¢ XxapakTepHbIMU TEMHOIIBETHBIMH MUHEpaJIaMH (C XJIO-
PUTOM WJIM aKTHHOJIUTOM WJIH IeJOoYHbIMH aMpubonaMu U mupokceHamu). Ha-
KOIUICHHE ypaHa U TOpHs Npu (GOPMHUPOBAHHUH aTbOUTUTOB OTMEUYAIOCHh MHOTUMU
uccnenosarensmu (ILmromes, 1972; Brimhall, Adams, 1969; u ap.).

B kauecTBe KOHIIEHTPATOPOB PAIUOAKTUBHBIX AJIIEMEHTOB BBICTYMAIOT ara-
TUT, PA3HOBHUJHOCTU IIMPKOHA, MUHEpaJIbl TUTaHa. Jlucmepcus pacrpeneneHus
3J1€MEHTOB Bo3pactaeT. DopMupyroTcs J0KanbHbIE, B TOM YUCIE U PYIHbIE, KOH-
[EHTpAIlMU YpaHa U TOpHUs, KaK MPaBHIIO, IPOCTPAHCTBEHHO pa3oluieHHbie. [Ipu
3TOM TOPUH KOHLIEHTPUPYETCS Jake B OTHOCUTEIBHO HU3KOTEMIIEPaTypHBIX Me-
Tacomatutax. Pamumoreoxmumuyeckue OCOOCHHOCTH ajJbOMTUTOB M  KBapll-
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CBETJIOCIIOIUCTHIX METACOMATHUTOB BO MHOTOM CXOAHBI M TMPOTHUBOIMOJIOKHBI
MPOMUINTAM U KaJUEeBbIM METaCOMATHUTaM.

ConepxaHus ypaHa U TOpUsI B KBAPI-N0JIEBOIINATOBBIX (KBapU-AJIbOUT-
MHMKPOKJIHHOBBIX) METACOMATUTAX HEPEIKO MPEBHIMIAIOT KaK KIAPKU ITUX dIie-
MEHTOB B 36MHOH KOpe (Ha MOpSIOK W 00Jee), TaK U CPeIHUE COACPIKAHMS ITHUX
AJIEMEHTOB BO BMEILAIOUIMX Mopojax (rpaHutel). CpenHee conepskaHUe ypaHa B
M3YYEHHBIX Pa3HOCTIX MeTacoMaTHTOB coctasisieT 40,9 r/T, Topus 61,5 /1, a TO-
puii-ypanoBoe oTHomieHue paBHo 1,5 (tabmn. 3.13). Benuunna topuii-ypaHOBOTO
OTHOIIIEHUS B OOJBIIMHCTBE (paruii JaHHBIX METacOMAaTUTOB KoJebmnercs ot 1,1
70 2,5 ¥ TONBKO B pUOEKUT-aIbOUTOBBIX METACOMATUTAX ATOT MOKa3aTelb > 3.

3aKOHOMEPHOCTH HAKOIUICHHS ypaHa W TOpUsl B MOPOJAAX U MX MHUHEpasiax
COOTBETCTBYIOT U3MEHEHHIO KUCIOTHOCTHU-IIIEIOYHOCTH PACTBOPOB, KOTOPOE Ha-
PAAY C XUMHUYECKHMMH CBOMCTBAMH JJICMEHTOB, SIBIISIETCS OCHOBHBIM (DAKTOPOM B
mpoleccax KOHIEHTPUPOBAHUS U PACCESHUS PAIUOIIEMEHTOB.

JInst paHHUX IIPOJYKTOB IIEJIOYHOIO KAJIMHHATPOBOIO METacOMAaT03a Xapak-
TEPHO HAKOIUIEHHWE KaK ypaHa, Tak U Topus. Ilpu sToM BenuymHa TOpPHIA-
YpaHOBOT'O OTHOIICHHUSI HECKOJIBKO BHINIE, YeM y UCXOAHBIX TIopo1. Hagamo dop-
MHUPOBaHUA MPOAYKTOB KHCJIOTHOW CTaJIMM METAcoMaTo3a COMPOBOXKIAETCS ITO-
HIDKEHUEM COJICpKaHus ypaHa U TOPHs, IO CPABHEHUIO C HCXOAHBIMH IOPOJIaMH.

B nmo3nHemienoyHol cTaauy KaauiiHATPOBOIO METAacOMaTro3a, MpeAcTaBIlieH-
HOM KBapl-MUKPOKIMHOBBIMH, PUOEKUT-aMa30HUTOBBIMH, KBapIl-aIbOUTOBBIMU
1 aTbOUTOBBIMH METAaCOMATHUTaMH, HAOJFOIaeTCsl YCTONYMBAsI TCHICHIIHS K YBe-
JUYCHUIO COJIEPIKAHMs ypaHa, TOrJa KaKk KOHIICHTPAIMsI TOPUSI COXpaHsSETCS Ha
YPOBHE €ro HaKOIJICHUS B MPOAYKTaX KUCIOTHOW CTa/IUU.

Ha 3akimounTenbHbIX CTaiusIX MOCTMAarMaTHYECKOT0 MPOIEcca UMEET MECTO
emle Oosiee KOHTpAcTHOE pa3ziesieHue ypaHa u topus. [Ipu 3ToM He TOIbKO H3Me-
HSIETCSl KOHIIEHTpAIUs ypaHa, HO U YBEJIMYMNBAETCS KOJMYECTBO JIETKOTIOIBUKHO-
ro MeTania.

MaxkcumanbHoe HakoruieHne PAD oTmeuaetcs B (pepriocoHnTe, MOHAIUTE,
LUPKOHE, T. €. B TeX MHHEpajaX, B KOTOPHIX BO3MOXEH IMUPOKUN M30MOpHU3M
ypaHa, TOpHsl, IUPKOHUS U penkux 3emenb. OOpamiaer Ha ceOsd BHUMaHUE CpaB-
HUTEJIBFHO HHM3Kas KOHIIEHTpPAIMs 3JIEMEHTOB B opTuUTEe. Topuii-ypaHOBOE OTHO-
IIeHHE B 3TUX MHUHEpalax-KoHIeHTpaTtopax konedsercs ot 0,06 B peprioconure
10 30 B Monauure. [loBbleHHble KOHLIIEHTpauuu PAD oTmedaroTcs B IUPUTE.

N3yuenne ocobeHHOCTEW pacmpeneneHus ypaHa metofoMm f-pamuorpaduu
MOKA3aJIo, YTO B IUPKOHE W (EPTIOCOHUTE JIEMEHT HAXOAUTCS B BUIE U30MOP(-
HOM mpHUMecH M HaKalUIMBaeTcs B IMpOIecce pocTa 3TUX MUHepanoB. B mupute
ypaH, TPEeUMYIECTBEHHO, pAacHpeesieTcsi Ha TpaHsX KpPUCTAUIOB U, TIO-
BUJIUMOMY, KOHIIEHTPUPYETCs B mpoiiecce copouuu (puc. 3.12).

B mMukpoxiHe u pubeknute, coaepKamux 00JIbIIoe KOJTUIEeCTBO ypaHa, I1mo-
CIIETHUN HaXOJIUTCS B BUJIE MUKPOBKIIIOUEHUI COOCTBEHHBIX MUHEPAJIOB, OT KO-
TOPBIX HAa MHKpOpaauorpaduu o0pa3yroTcsi MHOTOJTyueBbIe 3Be3/1bI (puc. 3.13).
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T

Puc. 3.12. [Ipuypouennocmo ypana k epauam nupuma u3s Keapy-noiegounamoegulx
Memacomamumos (keanvmumos). Boxkpye kpucmanna nupuma
chopmuposanacs Kauma cUOPoCcIOOUCO20 MUHEPANd:

a — waug,; 6 — demexmop-nascan. Yeenuuenue 25X. Huxonu X

BrimenaunBanue ypana, mo meroauke JI.B. Taycona (1961), u3z meracoma-
TUTOB ITOKa3ajnao, uro oT 74 mo 100 % meTaia HaXOIWUTCSA B JIETKOIIOJBHIKHOM
dbopMe U MPEeUMyIIECTBEHHO B IIECTUBAJICHTHOM COCTOSIHHUHU, B TO BpeMs Kak B
HEM3MEHEHHBIX MOPOJIAX 10N KITOABUKHOTO» ypaHa coctaBisieTr 13—-30 %.

—— R TN LIS N TE i ¥

Puc. 3.13. Pacnpedenenue ypana 6 keapy-noie8ounamosulx MemacomMamumax
(xeanomumog). Ilpuypouennocmo ypauna k pubexumy:
a — wnug,; 6 — demexmop-nascan. Ceemnoe — amazonum. Yeenuuenue 25X. Huxonu X

AHaJN3 KOPPEISIIIMOHHBIX CBSA3EH COEPIKaHUI 3JIEMEHTOB B KBapII-aJIbOUT-
MUKPOKJIMHOBBIX METAaCOMATHUTAaX MOKA3bIBACT, YTO YPAH U TOPHHA 00pa3yroT eu-
HYIO aCCOITMAIIMIO CO CBUHIIOM M TepMmaHueM. Kpome Toro, /uis ypaHa xapaktep-
HA YCTOWYMBAs TIOJOXKUTEIbHAS KOPPEJSIMOHHAS CBsI3b C MUpKOHHEM, (docdo-
POM, MOJTUOJICHOM, CEepeOpPOM U MBIIIBIKOM, a JIJIsl TOPHSI — ¢ OJIOBOM. B oTiens-
HYIO aCCOIMAIMI0 B METACOMATHTAX BBIACISAIOTCS KOOAIbT, HUKEIh, BAaHAIUA U
JMTUHR, TIPUYEM JUTS SJIEMEHTOB 3TOH aCCOIMAIMK XapaKTePHbBI MHOTOYHCIICHHBIC
OTpUIATENIbHBIC KOPPEIAIUOHHBIE CBSI3U C YpPaHOM, TepMaHHEM, ITUPKOHHUEM,
dbochopoM, cepedpomM U MOJTUOIECHOM.

V3MeHeHne CUITBI KOPPENSAIIMOHHBIX CBSI3eH MEXIYy YPAaHOM U TOPUEM YKa-
3bIBACT Ha pa3/ieJICHHE Ha MO3JHUX ATalaxX Pa3BUTHS THAPOTEPMAIBHBIX CUCTEM
TC€OXMMHUYECKH POJICTBEHHBIX PAJMO3JIEMEHTOB, HA YTO HEOJHOKPATHO OOparma
BauManue B.U. Bepnanckuii (1954).
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[enoyHOM MeTacoMaTo3 MPUBOAUT K (POPMUPOBAHUIO CTIENU(PUUECKUX T€O-
JIOTUYECKUX 00pa30BaHUM C BHICOKUMH KOHIICHTPAIMSIMHU ypaHa U TOPUS, PEAKUX
U pEeIKO3eMEJIbHBIX 3JIEMEHTOB.

B kBapu-ajJb0MT-reMaTHTOBBIX METACOMATHUTAX KOHIICHTpALUS YypaHa
nocturaet 126 r/t, a Topus 17,5 v/1. Topuii-ypaHoBoe OTHOIIIEHUE B TaHHBIX 00-
pa3zoBaHUAX 3HaUUTENbHO MeHbIe 1 (Tabiu. 3.13). Comepxanue ypaHa B METaco-
MaTuTax, Kak npaBuio, B 10 pa3 BblllIe, 4eM B UCXOAHBIX PA3HOCTSIX MOPOJ, a BOT
CoJIepKaHuEe TOPHUS yBEIMYMBACTCS HE3HAYUTEIBHO, U B PsJE CIy4aeB, HAMPO-
TUB, YMEHBIIIACTCS.

JletanpHOE M3ydYEHHE XapaKTepa pachpeiesieHus ypaHa B JaHHBIX 00pa3o-
BaHUAX IO TPEKaM HMHIYIHPOBAHHOIO JAENEHUS ypaHa-235 mokasajo, 4To ypaH
COJICPKUTCS B MIOPOJIC IPEUMYIIIECTBEHHO B (DOpME MHKPOBKIIFOUECHUI COOCTBEH-
HBIX MHHEPaJIOB (puc. 3.14).

Puc. 3.14. Pacnpedenenue ypana 6 Keapy-aibOum-2emMamumossix MemacoMamumax:
a —wnug,; 6 — demexmop-nascan. Ceemnoe — keapy. Huxonu x ysen. 45

Ha pomro mopomooOpas3yronmx MUHEpPaNoB MPHUXOJUTCS 3HAYUTEIbHAS
94acTh BCETO ypaHa M TOpHUs MOpoibl (Tadi. 3.14), B TOM ymciIe Ha HOBOOOpa3o-
BaHHblE MHUHepaibl — okojio 68—73 % ypana u 31-59 % Ttopus. XapakrepHoit
0COOCHHOCTBHIO aNIbOWTA JAHHBIX METACOMATHTOB SBIISIETCS HCKIIIOYUTEIHHO
0O0JIbIIIas HACKIIMIEHHOCTh TEMATUTOM. JTO, MO-BUANMOMY, H OMPEIEIIIO BBICO-
KYIO KOHIICHTpAIIMIO B HEM ypaHa. [Ipu 3TOM XOpoIIo BHIHO, YTO YPaH KOHIICH-
TpUpPYEeTCS WMEHHO Ha TEX ydJacTKaxX aib0uTa, IJIe OH MPOIUTAH TeMaTHTOM.
B anmpOurax ke, rjie TAKOro OCAaTUTENsl HET, YpaH pacupeiielieH PaBHOMEPHO H
KOHIICHTPUPYETCS TOJIBKO B JedeKTax. ITa 0COOEHHOCTh JOKATU3AIMH MeTalia
OOBSICHSACT 3HAUUTEIILHYIO JMCIIEPCHIO €r0 COACPIKaHUsI B MUHEpAJIe.

KBapir B JaHHBIX METacOMaTUTaX MPEJCTaBICH KPHUIITOKPUCTAIUTHYECKOM
Pa3HOBHUHOCTHIO U MAaKCHMaJIbHOE €ro KOJMYECTBO HAOIOJAeTCs BO BHYTpPCH-
HEl 30He, TJe OH SBISETCS OCHOBHBIM MHHEPAIIOM-KOHIICHTPATOPOM. AHAIU3
MIPOCTPAHCTBEHHOT'O PACIPENICICHUs] YpaHa Mo JaHHBIM TPEKOBOH pagrorpaduu
MO3BOJISIET MPEATONIAraTh, YTO JIJIsl KBaplla yCTAHABITUBACTCS TaKOM K€ MEXaHU3M
¢bukcanyu ypaHa, KOTOPbIi ONMKCAH BBIIIE JJIS albOUTA, T. €. MOBBIIICHHAS KOH-
LEHTpalMs B HEM 3JIEMEHTa OOYCIIOBJIIEHA HAIWYHEM BOCCTAHOBUTENS B (opme
reMatuTa. B KBapiie, KOTOphIi HE COACPIKUT 3HAUUTEILHBIX KOJHYECTB FeMaTUTa,
ypaH pacrpeiessieTcsi o TPaHuLaM 3epeH.

109



leoxumusi paduoakmueHbIX 371eMeHMo8

BrlmenaunBanue «mOABMKHOTO» ypaHa M3 KBapl-aTbOUT-TeMaTUTOBBIX Me-
TacOMaTUTOB TMOKa3ano, 4yto 50—65 % ypaHa MOPOJBI JIETKO BBIIIEIAYHBACTCSI.
[Tpu »TOM OCHOBHas YacTh METaJJIa U3BJIEeKaeTcs 0e3 MOMOTHUTEILHOTO OKHUCIIe-
HUS YETHIPEXBAJICHTHBIX HOHOB.

B muHepanax, cocTaBSIONINX MTOCIE0BATEIbHBINA P, B HAYANBHYIO Oojee
[IEJIOYHYIO CTaJNI0, NMPU NpeodaaHUK aKTHUBHOCTU Kajusl HaJ HaTpUEM, Ha-
OnrojaeTCsl HAKOTIICHUE ypaHa U TOpUsl. 3aTeM, N0 Mepe HEeHTpaIu3aluu pacTBoO-
POB M NOBBILIEHHS] aKTUBHOCTHU HATPUSI, CHIXKAETCS YPOBEHb HAKOIUIEHUS Pauo-
snemMeHTOB. JlanpHelillee MajJeHue TEeMIIepaTypbl U TOBBIIIEHUE KUCIOTHOCTH
COIPOBOKAAOTCS 3HAUYUTEJIBHON KOHLEHTpalMel ypaHa U MEHee 3HAUUTEIIbHBIM
HAaKOIJIEHUEM TOPHUS.

AHaIN30M KOPPENIALMOHHBIX CBA3EH COJEpKaHUI AIEMEHTOB B JaHHBIX Me-
TacOMaTUTaX yCTAaHOBIIEHO, YTO ypaH M TOPUM, KAK IMPaBUIIO, BXOJAT B pa3HbIE
accouuanuu 3jaeMeHToB. [l ypaHa XapaKTepHBI MOJIOKHUTEIbHBIE KOPPEISAIH-
OHHBIE CBSI3U C MOJHOEHOM, CBUHIIOM, MEJIbIO, MBIIIbSIKOM, HUKEJIEM, a Ui TO-
pHs — C IUPKOHUEM, HUOOUEM, OepIIITEM U THTaHOM. MEXIy YPaHOM B TOpUEM
BEJIMUMHA KOPPEJSIUOHHON CBA3M OJIM3Ka K HYJIO, a B pANE CIy4aeB SBISETCS
OTPHUUATEIBHOM.

HccnenoBanus mokasaid, YTO CPeIu BCEr0 MHOrooOpas3usi Meracomaruye-
cKuX (opManuil BBIACIAIOTCS PATUOTCOXUMHUYECKHU  CIEIHATU3UPOBAHHBIC.
K HuM OTHOCSATCS rpeii3eHsbl, KBapL-NOJIEBOIIIIATOBbIE, KBAPL-CEPULUT-IIUPUTOBBIE
(Oepe3uThl), KBApI-AIbOUT-TEMATUTOBbIE (SWCHUTBI) METACOMATUTHI U JIOKAIBHO
pa3BUTHIE aPTUILUIU3UTHI.

[TepBble TpU THMAa METACOMATUYECKUX OOpa30BaHMN SIBISIOTCS BMECTHIIU-
[IeM KOMILJIEKCHBIX TOPHEBBIX, YPAaH-TOPUEBBIX PYJ C TaHTAJIOM, HUOOHEM, pell-
KHUMH 3eMJIIMH U T. . Hannume 3TuX paguoreoXMMHYECKH CIEHUaIUu3UpOBaH-
HBIX METaCOMAaTHTOB MOXET CIY>KUTh OJaronpusTHBIM PETHOHAIBHBIM KpUTEpPHU-
€M JUIS BBIJEJICHUS IUIOIIAJEH, NMEPCIEKTUBHBIX ISl BBIABICHUS KOMIUIEKCHBIX
PEAKOMETaNIBHBIX MECTOPOKICHHM.

OpHako HauOojiee MEPCNEKTUBHBIE HAXOJKH YpPaHOBOM MHHEpaTU3allH
(MecTOpOXK/IeHUsI ¥ PYJIONPOSIBICHNS) YCTAaHOBIIEHBI B TOJISIX Pa3BUTHUS SMCUTOB,
Oepe3nTOB U JIOKAIBHO Pa3BUTHIX apruuin3nToB. Hanuume nonoOHBIX MeTacoma-
TUTOB MOKET ObITh UCIOJIB30BaHO KAaK pallOHHBIN U JIOKAJIbHBIA MTOUCKOBBIA KpH-
TEpUM Ul BBIAEIEHUS IUIOIIAJEH, COOTBETCTBYIOIUX PYIHOMY Y3JIy M MECTO-
POXKICHHUIO.

['maBHBIMH 3TanmaMu (OPMHUPOBAHUS PATMOTCOXUMHUECKU CIIEUATU3UPO-
BaHHBIX METAaCOMAaTHYECKUX (QopMmaiuil (psaoB), OTBEUAIOLIUX MPEXKIE BCETO 3a
SMUTCHETUYECKOE MEPEepaclpeeieHUe U HAKOIJIEHUE YypaHa, SBJISIOTCS SIOXU
TEKTOHOMarMaTH4eCKON aKTUBU3ALINH.

[Tporecchl MeETacOMaTH4ECKOro IMpeoOpa3oBaHMs MOPOJ, NPUBOAALINE K
CYILIECTBEHHOMY I€pepaclpeieieHNI0 U HAKOIUIEHHIO ypaHa, (pOpMHUPYIOT clie-
U(PHUUECKUI pauoreOXMMUYECKUH OOJIMK PErMOHOB, BBIPAXKAIOIIUICS B HAJH-
YUH JIMHEWHBIX PaJiMOT€OXUMHUYECKUX 30H. DTH 30HBI UMEIOT pe3ko auddepeH-
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LUPOBaHHbIE PAJUOT€OXMMHUUYECKHE T0JI C CYIIECTBEHHBIM NPUBHOCOM YypaHa,
IUIS1 KOTOPOTO HEPEAKO XapaKTepHO M30BITOYHO KOHTPACTHOE pacIpe/ieiieHue.
O06001IeHHas paaoreoXUMHIYecKast MOZIEb THIPOTEPMaTbHO-METACOMATUUECKOTO

rpolecca npejcTaBiieHa Ha puc. 3.15.
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HeunameHeHHble nopoasbl. MMapoTepmanbHO U3MeHeHHble [napoTepManbHO M3MEHEHHbIe

CuHreHeTu4yeckas
npupoaa ypaHa (nnowaaHele aprunnmanTbl

v Aap.).
MepepacnpeneneHHas un vac-
TUYHO 3MNMUreHeTU4eckas npu-

poaa ypaHa.

I pynonoarotosuTenbHbIi atan
ypaHoBOro pyaoo6pasoBaHus

nopoAbl NnowagHoro passnTna nopoAbl NMoKarnbHOro pasBuTuda

(6epesnTbl, acuTbI 1 Ap.).
OnureHeTuyeckas u nepepac-
npeneneHHas npupoaa ypaHa.

II pyoonoarotoBuUTEnbHBLINA 3Tan
YPaHOBOro pynoobpasoBaHus

Puc. 3.15. Obobwennas paouozeoxumuyeckasn Mooeib 2UOPOMePMAbHO20 NPoyeccd
(no JLII. Puxsanosy, 2002): V — kospdpuyuenm sapuayuu

Ha panHux, Ooyiee BBICOKOTEMIIEPATYPHBIX, CTAAMSIX THAPOTEPMAIbHOTO
mporiecca ypaH U TOpuil BeayT ceOsi HASHTUYHO. VX KOHIICHTpaluu YBEIUYNBa-
IOTCS OT HEM3MEHEHHBIX IOpOJ K MHTEHCUBHO IepepabOTaHHBIM DPA3HOCTSIM.
Mexny ypaHOM M TOPHEM CYILECTBYET IIOJIOKUTEIIbHASI KOPPEIALMOHHAs CBA3b.
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[Tpu mocaenyroneM NOHWKEHUH TeMIIEpaTyphl TUAPOTEPMaIHLHOIO MUHEpa-
7000pa3oBaHusl HAMEYACTCS Pa3INIKe B MOBEJICHUN PaJIMOAKTUBHBIX JICMECHTOB.
B menom y paanosneMeHTOB COXpaHsieTcs TEHICHIUS K HaKOIUICHHIO, HO ypaH
HaKaITMBaeTCsl 0OJiee WHTCHCHBHO, a KOHIICHTPAIHMSI TOPUS YBEIMYHUBACTCS HE-
CyIIeCTBEHHO. MeXly ypaHOM U TOPHEM HE yCTaHABIUBAETCS M CYIIECTBEHHOMN
KOPPEJSIIIMOHHOM CBSI3H, TOT/Ia KaK MKy YPAaHOM U MOJIMOJCHOM TaKOBas yCH-
nuBaeTcs. BenuunHa Topuii-ypaHOBOTO OTHOIICHUS SBIISETCS YETKUM UHIUKATO-
POM M3MEHEHUS TEMIIEPATYPhl U KUCIOTHOCTHU-IIEIOYHOCTH CPEbl, U OHA UMEET
TEHCHIINIO K CHIKEHHUIO.

[Ipoueccyl MeTacOMaTHYECKOM MepepabOTKH CYIIECTBEHHO U3MEHSIIOT Qop-
My HaX0JIEHHUS pyn0oo0pa3yromux eMeHToB. M3 ¢popm paBHOMEpHOTO pacces-
HUS ypaH TEepexoauT B (HOPMBI MUKPOBKIIOUEHHN COOCTBEHHBIX MHUHEPAJIOB,
KOHIICHTPUPYETCS B MHUKPOTpEIIMHAX. | MapoTepMaibHBIE MPOIEcChl, (hOpMHU-
pyIolllie paHHHE MPOJIYKThl METacoMaro3a (PEernOHAIbHO Pa3BUThIE apTrUILIA3H-
ThI, IPOIIIUTHI U Jp.), SABISIOTCSA PyAONOATOTOBUTENbHBIME. [Ipoucxoaut aBTo-
JU3Us MHHEPAIOB M MUHEPAIBHBIX arperaToB OT ypaHa, IeperpyniniupoBKa U Cy-
IIECTBEHHOE TIepepacipeiesiecHne ¢ 00pa3oBaHueM CyO(OHOBBIX KOHIIEHTPAIIUH,
buKcHpyeMbIX MPHU PaAHMOre€OXUMHUECKUX HccleaoBanusax. [Ipu atom Habmona-
€TCsl CYLIECTBEHHOE yBEIMUYEHUE COJCPIKAHUS JIETKOBBIIIEIaunBaeMOT0 METaIa.
MeTacoMaTiuecKkue MpoLecchl cleayeT paccMaTpUBaTh KakK pPYAONOArOTOBU-
TeJNbHBIE JTanbl (OPMUPOBAHUS YPAHOBBIX MECTOPOKIECHUH, OCOOCHHO B TeX
CIIyd4asiX, KOrja THAPOTePMAIbLHOMY MPE0Opa30BaHUIO TIOJIBEPTAIOTCS CIEIUAIN-
3MPOBAHHBIC PAJAUOTCOXUMHUUYECKUE (Qopmaruu (TpaHUT-THITAPUTOBAS, Oa3abT-
aHJC3UT-JAIUT-JIUIIAPUTOBAS U JIP.) B 00JIACTSIX KOHTMHEHTAJIBHOTO pU(TOreHe-
3a. OCHOBHYIO POJIb JaHHBIC MPOIIECCH MTPaid B 30HAX Pa3BUBAIOIIUXCS TIy-
OWHHBIX CTPYKTYp U B TIPEJIENIax BYJKAHOTCKTOHHYECKUX 00pa30BaHUM.

Baxxno moguepkHyTh M Ipyroi oOUIMil BBIBOJ NMPOBEAEHHOTO paccMOTpe-
Hus. Benymumu daktopamu, onpeneNnsiiolMMU MHUTPAMOHHYIO CIHOCOOHOCTH
ypaHa M TOpUs, SIBISIFOTCS KHCIOTHOCTB-IIEIOYHOCTh TUAPOTEPMAIBLHOTO pac-
TBOpA, a HE TEPMOJIMHAMUYECKHE TTapaMeTpbl. DTO HE 3HAYUT, UTO TOCIICTHUE HE
BIUSIOT Ha PaJUOT€OXUMHUYECKHE OCOOEHHOCTH METAaCOMATUTOB M Ha XapakTep
MIPOIIECCOB PYIOKOHIIEHTPAIMH, HO B TEOXHUMHUUYECKOM IUIaHE JTaHHAS TeHICHITUS
SIBIIIETCSl Hanbosee o0IIei.

3.4.2. ®opmbI nepeHoca ypaHa u mopusi 8 2uGpomepmainbHbIX pacmeopax

®opMbI nepeHoca ypana. Bo3amoxknbie (GopMbl MepeHoca ypaHa B THIPO-
TEpPMaJBHBIX PAaCTBOPAX MCCIEAOBAINCH MHOTUMH aBTopamu. Hambonee riy6o-
kue 00o0menus caenansl B.JI. bapcykoseim u I'.b. HaymoBbIM.

Bo03MOXHOCTE MepeHoca ypaHa B TE€X WIH UHBIX (opmax OnpenemnsieTcs: Xu-
MUYECKUMH OCOOEHHOCTSMHM €ro MOBEJCHUS B PacTBOpax, peajbHBIX IJIs MpH-
pOIHBIX ycioBuil. PaccMatpuBas MexaHU3MBbI TIEPEHOCA ypaH B TUIPOTEPMAIIb-
HBIX pacTtBopax, I'.b. HaymoB (1975) orMeTuns, 94To B HAacTOsIIEE BpeMsl HET Tpsi-
MBIX JIAHHBIX O COCTaBE PACTBOPOB, TPAHCIIOPTHPYIOMIKUX ypaH coBMecTHO ¢ Th,
TR u Zr B ycnoBusix BbICOKOW TemmepaTypbl. JlJis HU3KO-, CpeaHETEMIIEpaTyp-
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HBIX YCJIOBUIl MMEIOTCS KakK HpsMble ONpeAeTeHUs CcOocTaBa Ta30BO-KHIKUX
BKJIFOUEHUH, TaK U JOCTaTOYHO TOYHbBIE TEPMOJAMHAMUYECKUE pacueThl YCIOBUMN
paBHOBECHUS] MUHEPAJIbHBIX (a3 B KOHKPETHBIX MTapaMeTpax JaBJICHUS U TeMIepa-
Typ. CyMMupys 3TU JaHHbIe, ycTaHoBUIM, uTo CO, sABnsercsa Hanbojee Xapak-

TEPHBIM KOMIIOHEHTOM pacTBOpoB. CO, 0OHapyXMBaeTCs B TIa30BO-KHIKHX

BKIIIOYCHUSAX HACTYPaHOB, 0OPa30BaBIIMXCS B PA3IUYHBIX aCCOIMAIUAX, B TOM
YHClie TMIICHHBIX KapOOHATOB B COCTaBE KHJILHOTO BBITIONHEHUS. B MuHepanax,
HEMOCPEACTBEHHO IPEALIECTBOBABIINX OTJIOXKEHUIO HAcTypaHa, B TOM 4YHCIIE
kBapue, coaepxanue CO, eue Boine. BoicoKas yrieKMCIOTHOCTL XOTS U XapaK-
TepHA Ul YPAaHOHOCHBIX PAaCTBOPOB, BCE )K€ HE SIBIIAETCS UX CIeUU(UIHON uep-
Toi. Takue xe u eme 6onee BricOKHE coaepxanuss CO, yCTaHOBICHBI B PaCTBO-
pax, (OpMHPOBABIINX KBapI-KACCUTEPUTOBbIEC, KBapI-BOJIb(PPAMHUTOBBIC, CHIIE-
PHUTOBBIE U IpYTUE TUIIBI TUAPOTEPMATbHBIX K.

Huzkoe 3HaueHHe NpOU3BENEHUS PACTBOPUMOCTU TMAPOOKHCH YETHIPEXBa-
nentHoro ypana (107°2) roBOpHT 0 TOM, YTO y’kKe B CIabOKUCIION, a TeM Ooliee B
HEUTpaIbHOW M IIETOYHON cpelne KOHIEHTpauus MoHOB U% HUYTOXKHO Maia
(10710 v/n, mpu pH = 4, u 10722 v/n, npu pH = 7). Bo3MoXHbIe H3MEHEHHST KOH-
CTaHThI TUAPOIU3A MU MOBbIIIeHUH Temnepatypsl Ha 100-200° He npuBeayT Kk
CYILLIECTBEHHBIM IOBBIIIEHUAM yKa3aHHbBIX BeJIMYMH. [I0CKONBKY THapOTEpMalb-
HbI€ YPAaHOHOCHBIE PACTBOPHI HE MOTJIM OBbITh CUJILHO KHCIIBIMH, YpaH HE MOT' B
HUX TPAHCIIOPTHPOBATHCS B BHIEe MOoHA U*, paBHO Kak W B BHJE COCAWHEHHIA,
JIETKO JINCCOIMUPYIOIINX B BOJHBIX PacTBOpax ¢ obpasoBanueM mona U*" (Bap-
CYKOB U Jp., 1963).

I'maponu3 mecTuBageHTHOrO ypaHa (YpaHWI-MOHA) HE BHOCHUT CTOJIb CTpPO-
IMX OIpaHUYEHUN, U KOHIIEHTpAIUs ypaHa Jake B CIa0OLIEIOUHOM cpesie MOKET
JIOCTUTraTh OIIyTUMBIX 3HaueHuH (3,2 x 10~ /1, npu pH = 8). [ToBbImieHne TeMIie-
patypbl yBEIUUMBAET (XOTS U HE3HAYMTEIBHO) paCTBOPUMOCTb TMAPOOKUCH ypa-
Huia. OHaKo NpY HAIUYMH B PaCTBOPE HE3HAYUTEIHHBIX KOJMUECTB CIAObIX BOC-
CTaHOBUTEJIEH, ypaHWII-UOH JIETKO BOCCTAHABJIMBAETCS U BBINIA/IAET B OCAJIOK B BUJIE
ruapara okucu U*. Iorernman cucremsl UO,2 + 2¢ = UO, (1B.) pasen + 0,22 B.

OKHUCANTENEHO-BOCCTAHOBUTEIBHBIA TMOTEHIIMAN TMPHUPOJHBIX BOJ, JHIIECHHBIX
Kucnopoa, 0obpraHo konebnetcs ot +0,20 no 0,00 B, a Boj, comepkamux cieabl
cepoBosopoza, Hke — 0,03 B. Her Hukakux OCHOBaHUN CUUTaTh, YTO ypaHO-
HOCHBIE THIIPOTEPMBI 00JIaIalTi BEICOKHM OKHCIUTEILHBIM TOTEHIIUAIOM, a TI0-
TOMY KOHIICHTpAIlMsS B HUX WOHA ypaHwia (WIH THAPOKCOYpaHWIIA) HE MOTJia
ObITh ocTaTouHO OonbiIon (bapcykoB u ap., 1963).

[To-unomy BemyT ceOsi KOMIUIEKCHbIE WOHBI ypaHwuia. CpaBHEHHE [axe
KpaTKO# (PM3HKO-XMMHYECKON XapaKTePUCTHKN YPAaHOHOCHBIX THAPOTEPM U OCO-
OCHHOCTEH MOBeJeHHsI KOMIUIEKCHBIX aHMOHOB IMOKAa3bIBAeT, YTO Hambojee pe-
anpHON (opmoll mepeHoca ypaHa MOTYT OBITh ypaHWUJI-KapOOHATHBIE HWOHBI
[UO,(CO,),(H,0),]>~ u [UO,(CO;),]*". ObnacTs ux CymecTBOBaHHSI COOTBETCT-

BYCT KHCJIOTHOCTH HJAaHHOI'O THIIA TCPMAJIbHBIX BO/I. Huzkue 3HaueHUA OKHCIIH-
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TEJIbHO-BOCCTAHOBHUTEIBHOTO TIOTCHIIMANA JIEJIAI0T BO3MOXKHBIM UX HaXOXJICHHUE
B PAaBHOBECHM C PAJIOM MPUPOIAHBIX BOCCTAHOBUTENEH, & YCTOMYMBOCTh MIPHU Ha-
rpeBaHUM 0OECIICYMBACT MEPEHOC MPH MOBBIIICHHBIX TeMIlepaTypax. Takue Kom-
IUIEKCHBIE MOHBI OOHApY’)KEHbl B MPHUPOAHBIX YpPaHCOJAEPKALIUX KapOOHATHBIX
pacTBopax, B MOPCKOM BoJie U B psiae MUHepanoB. OObIYHBIC BHICOKHE KOHIICH-
Tpauun YIJICKHUCIOThI B YPAHOHOCHBIX THAPOTEPpMAX U HC CIIMIIKOM HHM3KOC 3Ha-
YEHUE KHCJIOTHOCTH CPEbl 00CCIICUNBAIOT IOCTATOYHYIO KOHIICHTPAIIMIO a/I/ICH-
na (CO,%), a crenoBaTeNbHO, U CMELICHHE PABHOBECHS B CTOPOHY 00pa30BaHMS

KOMIIJIEKCHBIX aHMOHOB
(U0, (co,),]" = uoz+cor.

B yci0BHsX MOBBIIIEHHON TEMIIEpaTyphl IPU YMEPEHHOH IIEJI0YHOCTH Kap-
OoHaTHas opMa MOKET UMETh MEHbIIIEE 3HAUYEHHUE, YCTynas MECTO JIPyI'MM CO-
eMHeHUAM. Bo3MOkHO, YTO B 007aCTH BBICOKHX TEMIIEpATyp, I'le YPaH MHUIPHU-
PYET COBMECTHO C TOPHUEM U PEAKUMHM 3€MJISIMHU, JOMUHUPYIOLIEH SBISETCS MHAS
¢dopma ux nepeHoca, BO3MOXHO, (hropuaHas uiu GocdaTHas.

VYpanmiTopuiHble HOHBI IMEIOT MaKCUMAJIbHOE pa3BUTHE B 0ojiee KUCIION
o0nactu, yeM KapOOHAT-MOHBI, a JAHHBIE [0 COBPEMEHHBIM TE€PMAJIbHBIM BOJAM
IIO3BOJIAIOT C YBEPEHHOCTBIO TOBOPHUTH O BO3MOKHOCTH BBICOKMX KOHIICHTpaLUui
¢dTOpa B ypaHOHOCHBIX THAPOTEpPMax. SICHO, YTO B YIJIEKHUCIION IIETIOYHOM cpeae,
r7ie KapOOHATHOE paBHOBECHE CIBHHYTO B CTOPOHY oOpasoBaHus HoHOB CO,%,

OCHOBHOM (hOPMOI HaXOXK/IEHHS ypaHa OyIyT ypaHHI-KapOOHATHBIE KOMILJICKCHBIC
aHnoHsl. IIpucyrcTBue nona ¢ropa npu ycnosuu [F-] < [CO,27] cymecTBeHHO He

BIMsIeT Ha (OpMy HAXOXKIEHUsA ypaHa M TONbKO mpu yciosuu [F-] >> [CO,*]

dbropuanas popma MOKET OKa3aTbcss OCHOBHOU. Poib Tropa MokeT Bo3pacTarh B
CITa0OKHCIION cpelie, TIie TPH HEM3MEHHOM 00IIel KOHIICHTPAIlnU PacTBOPEHHOU
YTJIEKHCIIOTHI KOHIeHTparys HoHOB CO,2~ OBICTPO yMEHBIIAETCA 3a CYET BO3pac-

Tanus xKoHuenrpauuu noHoB HCO,™ u meauccouumnposanusix Monexyn H,CO;.

B 3TuX yciaoBHSX KOHIEHTpanus GTOp-MOHA OCTAeTCsS MPAKTHYECKH MMOCTOSTHHON
1 MOXXET 3HAYMTEIIbHO MPEBBICUTH KOHIICHTPAIIMIO MOHOB CO32‘, aXke ecian 00-

iee KOJIMYECTBO PACTBOPEHHOM YTIIEKUCIOTHI OCTA€TCsS HAMHOTO OONBIINM, YEM
KOJIMYECTBO (PTOP-MOHOB.

B03MOXHOCTh CYIIECTBOBaHHSI B THIPOTEPMAX KOMIUIEKCHBIX HOHOB ypa-
HUJIa C OPraHUudYCCKUMU aaACHAaMU JJUMHUTHUPYECTCA BO3MOKHOCTBIO CYIICCTBOBA-
HUS B PaCTBOPAX COOTBETCTBYIOIINX OPTaHUYECKUX KHUCIIOT.

3HaueHue YPAHUI-CUIUKATHBIX KOMINICKCHBIX HWOHOB JIA THAPOTCPMAJIb-
HBIX MPOIIECCOB OTPAHMYEHO pazNUYMeM B THUIPOJIHM3E ypaHa W KpeMHe3eMa.
B npenenax Temrepatyp ypaHOBOTO THAPOTEPMAIBHOTO IPOIECCa, BHUIUMO,
TPYIHO OKHJIATh 3aMETHOTO BIIUSHUS CHUJIMKATHBIX KOMIUIEKCHBIX MOHOB ypaHa.
OO0 3TOM XK€ TOBOPUT U TOT (PAKT, YTO MPHU HAJOKEHUU OKBAPLIEBAHUS HA Y¥kKe
c(hOpMUPOBAaHHbBIE YPAHOHOCHBIE KHIIbI HACTypaH OOBIYHO SBJISETCS OJHUM H3
CaMbIX yCTOI\/’I'-II/IBI)IX MHHCPAJIOB.
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KapOoHnaTHble KOMILJIEKCH YE€THIPEXBAJIEHTHOTO ypaHa He 00JalaloT J1ocTa-
TOYHON MPOYHOCTHIO, YTOOBI 00ECTIEYUTh 3aMETHYIO TPAHCIIOPTHPOBKY ypaHa —
OHU OBICTPO pa3pyllAIOTCA NPU HArpeBaHUM, 3aKJIIOUYEHHBIM B HUX ypaH JIETKO
OKHCIISIETCS PAZIOM JOBOJILHO CIa0bIX OKMcnuTenen (Hanpumep, Fe,O,).

Kpome KOMIIEKCHBIX MOHOB C OJHUM THIIOM aJJICH/IA, B CJIOXHBIX IO CO-
CTaBy pacTBOpax MOTYT 00pa30BaThCs CMEIIAHHBIE KOMIUIEKCHBIC MOHBI, HAIIPH-
Mep ¢propkapOOHATHBIE WK CYJIb(paTKapOOHATHEIE.

®opmbI nepeHoca Topus

B mociemarMatndeckux IIENOYHBIX PACTBOPAX, HACBHIIICHHBIX KapOOHAT-
HBIMH, CyJb(paTHBIMU MOHAMH U TrajouaaMu, Th MOXeT MUTPHUPOBAaTh B BHIE
KOMIUICKCHBIX COCIUHEHUH, TJIABHBIMH M3 KOTOPBIX SIBISIOTCS KapOOHATHBIC
kommiaekcel  thma  [Th(CO,), ]7?"¥,  cymbbaTHble  KOMIUIEKCHI — THUIA
[Th(SO,),]"®%,  ranommmsie kommiekcsl Tuma [Th(F,Cl) "%, wnm
[Th(COa)k(F,Cl)m(OH)n(HS)p]‘2k+m+n+P‘4. He MeHee mmpokoe pacnpocTpaHeHHE
MOTYT HMETh aKBAaKOMILICKCHI —THIIA [Th(CO3)m(OH)n><(HZO)q]‘(szf“*‘) WIH
[Th(F,Cl)n(HZO)g]‘(“4), Oosiee pacTBOpUMBIC, YeM O€3BOJHBIE (POPMBI TEX KE CO-
equaennii (Typosckuii, AGakupos, 1975).

TakuM 00pazoMm, KOJIMYECTBO MOIBMKHBIX KOMIUIeKcoB Th B ruaportep-
MaJbHBIX PacTBOpax MOXKET ObITh O4eHb BenuKo. OT HHUX Tpebyercs ycToiluu-
BOCTb B TEPBUYHO-IIEIIOYHON Cpeie U NMOHMKEHHE YCTOMYMBOCTH C MaJleHHUEM
TEMIIepPaTypPbI, JaBICHUS U MIETOYHOCTH PacTBOPA.

B mocnenHTpy3UBHBIX HAJKPUTHYECKHX, Ta30- U MApOOOpPa3HBIX KHUCIBIX
pactBopax, Oorateix Al, Fe u ramounamu, Th moxer murpupoBaTh B (dopme
KOMIUIEKCHBIX coeuHeHHil kaTnonHoro tumna [ThF]™, [ThF,]*2, [ThF,]*, xoro-
pbIe, COCMHSASACH C aHAIOTUYHBIMM KOMILIEKCaMH aHMOHHOro Tuma [FeF -3,
[AIF ]-3), naroT 1ocTaToOuHO yCTOWYHMBBIC U MOJBHXKHBIE B 3THX YCIOBHSX CO-
equnenus ThFeF,, ThAIF, n ap. B 3aBMCMMOCTH OT KOHIEHTPAILMU COCTaBJISIO-
IIMX KOMIIOHEHTOB B pacTBOpax, Th mMoxkeT 00pa30BbIBaTH AaHUOHHBIE KOMILIEK-
cel, a Fe m Al — xarmonneie. Torma coeauHEHUsT MOTYT TPHOOPECTH BUJ
(Me**F)(ThF). HemanoBaxHas poib B 3THX IpoLeccax, H0-BUIIMOMY, IPHHA/I-
JEKUT MPOCTHIM ranouansiM coequnenusm Th (Typosckuit, AGakupos, 1975).

[To3gHenHTpy3MBHOE MHHEpanooOpa3zoBanue, B koropom Th npunumaer or-

paHMYCHHOE YyYacThe, MPOMCXOIMT M3 Ta3000pa3HbIX MICTOYHBIX cpen, obora-
IeHHBIX menodyamu, yacthyHo CO,. Berasutes noasmxuyio gopmy Th B mono06-
HBIX Cpellax OYeHb 3aTPyIHUTEIbHO. [Ipeidmonararor, 4To 3TO OBUIM KaKHE-TO
MPOCThIE OKHCHBIE COCIMHEHUS B ra3zoo0pazHoit ¢opme. He mumieHo BEeposSTHO-
CTH TPEINOJIOKEHUE U O HaxokiAeHuu Th B BuIe KapOOHATHBIX M TaJOUIHBIX
KOMIUIEKCHBIX coequuennii Thna [Th(CO;), "% u [Th(FCI),]-**, koropsie,
KaK MOKa3aJIi SKCIIEPUMEHTAIbHbBIC UCCICIOBAHMUS, JOBOJILHO JICTKO TIEPEXOIAT B
ra3zoo0pasHyto a3y, 0CTaBasiCh BIIOJIHE YCTOWYHBBIMH.
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Bcé ToIpKO 9TO M3JI0KEHHOE CBHIIETENBCTBYET O TOM, 4T0o Th mpuobperaet
3HAYUTENIbHYIO TOJBM)KHOCTh B TaJIOMIHO-KapOOHATHO-CYIb(pATHON cpene mpu
n30bITKE 11IeT0uei u Fe.

3.5. Paguoreoxummus metamopchuyeckmx npoweccon

TepmuHOM «MeTaMopdu3mM» 0003HAYAIOT PA3HOOOPA3HBIC JHJIOTCHHBIC
IIPOLIECCHI, C KOTOPBIMU CBSI3aHbI T€ WM UHbIE U3MEHEHUS B CTPYKType, MUHE-
pPAJIbHOM U XUMHUYECKOM COCTaBE TOPHBIX MOPOJ] B YCIOBHSX, OTIIMYAIOIINXCS OT
WX MePBOHAYATBHOTO 00pa3oBaHUS.

['maBHBIMH (akTopamMu MeTamopdu3Ma SBISETCS TeMIepaTypa, AaBJICHUE,
COCTaB M XMMHUYECKasi aKTUBHOCTh PacTBOPOB Uiu (iarouaoB. Metamopduyeckue
peoOpa3oBaHus 3aKITIOYAIOTCS B Paciajie epBOHAYAILHBIX MUHEPAJIOB, B MOJIe-
KYJSIPHOUM TeperpymnimupoBKe W 0Opa30BaHWU HOBBIX, 0OJIEE YCTOWYUBBIX acCO-
IHALMHA MUHEPAIbHBIX BUJIOB, T. €. CBOIATCS K YACTUYHOM WJIM MOJHON MEPEKPHU-
CTAJTU3allUU TTOPOJ ¢ 00pa30BaHUEM HOBBIX CTPYKTYD U, B OOJBIIMHCTBE ClTyda-
€B, HOBbIX MUHCPAJIOB.

Mertamopdudeckre mporecchl BeChMa MHOTOOOpa3HbI 1Mo (GopMe IposiBIIC-
HUS U XapakTepy mnpeoOpazoBanusi mopoia. OHU KIacCUPHUIUPYIOTCS C YUETOM
OTJENBHBIX (PAaKTOPOB: TEPMOJMHAMUYECKUX, (PU3UKO-XUMUYECKUX U I'e0I0rnye-
CKUX YCJIOBMH. [ TaBHBIMM THIIAMU METaMOP(pU3Ma ABISIOTCS:

®  pErHOHAJBHBIN MeTaMOp(H3M, B TOM YHCIIE yIbTpaMeTaMOp(HU3M;
®  KOHTaKTOBBIH MeTamMopdhu3Mm;
®  JMHaAMoMeTaMop(du3M.

PernonanbHbIil MeTaMoOp(U3M MIpeICTaBIsAET cO00 COBOKYIMHOCTh MeTa-
MOp(I)I/I‘-ICCKI/IX N3MEHECHHH TOPHBIX TOPOJ, BbI3BIBACMBIX OJHOCTOPOHHUM H TH/-
pOCTaTUYECKUM JaBJIEHHEM U Temnepartypoil. OHM NpOSBISAIOTCS Ha OOJIBIIMX
IPOCTPAHCTBAX B CBSI3U C (POPMUPOBAHMEM MOABHKHBIX MOSICOB 3€MHOI KOPBI U
HaXOJATCS BHE 3aBUCHUMOCTH OT MarM. Ha Oonbiux rimyOuHax JedcTBHE OJHO-
CTOPOHHETO JABIICHHUS MOCTETNIEHHO 3aTyXaeT, a TMIPOCTaTUYEeCKOTO — BCE BO3-
pactaet. PacteT u TeMmeparypa, BIUIOTh 10 MPOSIBJICHUS yIbTpameTaMoppusmMa u
nanuHreHesa. Ilpu permonanbHoM Metamop¢usMe oOpasyrorcss MeTamopduye-
CKHE KPUCTAJNIMYECKUE CIIAHLBI U THEHCHI. BrIaenstor pa3nuynble Gpauu peruo-
HaJIBHOTO MeTaMOp(u3Ma: 3eJeHOCIaHIIEBYI0, AMHUA0T-aM(PUO0INTOBYI0, aM(pu-
O0JINTOBYIO, IPAHYJIUTOBYIO, IN1ayKO(AHOBBIX CIAHLEB U SKJIOTMTOBYIO.

VYnprpameraMoppu3M BbIIENSIETCS Kak KpalHWH cilyyail perHoHalbHOTO
metamopdusma. C ynprpamMeraMmoppu3MoM CBsI3aHBI TaKWE SIBICHUS, KaK TPaHH-
TH3AIUs, MUTMaTH3allHsl, aHATEKCUC, TTAJIMHTEHE3 B peoMopu3m.

KonTakToBblii MeTaMop$u3M — pa3inyHble U3MEHEHUS] BMEIAIOMINX T10-
pon, O6YCJIOBJICHHBIC TCIJIOBBIM MW XHMHYCCKUM BO3HCﬁCTBHCM HUHTPY3HUBHBIX
Marmatudeckux macc. [Ipeacrapiser co0oi MOUTH H30XUMHUYECKOE TIPeoOpazoBa-
HHME NOPOJ IOJ| BIMSIHUEM BBICOKMX TeMIeparyp BOJIM3M MHTPY3UBHBIX Tell, MPO-
UCXOJsIIee OOBIYHO B CTATHUECKUX YCIOBUSIX. IHTEHCHBHOCTh KOHTaKTOBOTO Me-
TaMop(u3Ma U XapaKTep BbI3BAHHOTO UM MPe0Opa30BaHUs FTOPHBIX MOPOJT 3aBUCAT
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OT MEPBOHAYAIBHOTO COCTaBa MOPOJI, YJAICHHOCTH UX OT KOHTAKTa, TITyOUMHHOCTH
mporiecca, pa3MepoB, (OPMBI U XapaKTepa KOHTAKTOB HHTPY3HBHOTO Tella, COCTaBa
CJIaraoluX ero Mopo/, y4acTusi B MeTaMop(u3Me JeTy4Ynx BEIIEeCTB U PaCTBOPOB.
Crenenp npeoOpa3oBaHus MOPOJ YObIBACT B HAMIPABICHUU YJAICHHUSI OT KOHTAKTa
¢ MHTpYy3ued. TUMHYHBIMHA TPOIYKTaMH KOHTAKTOBOTO METaMOp(u3Ma SBIISIOTCS
pa3IUYHbIC POTOBUKH. BBIACIAIOT amyu KOHTAaKTOBOTO METaMOpQu3Ma: aabOHT-
AMHUIOT-POTOBUKOBYIO, POrOBOOOMAaHKOBO-POTOBHKOBYIO, MTUPOKCEH-POTOBUKOBYIO
Y CAaHUJIUHUTOBYIO.

JAunamoMeTraMop(u3mM — CTpyKTypHOE U, B MEHBILIEH CTEIIEHU, MUHEPAJIb-
HOe MpeoOpa3oBaHue FOPHBIX MOPOJ MO/ BO3ACHCTBHEM TEKTOHMYECKUX CUIT Oe3
yuacTus MarMbl. OCHOBHBIMH (DaKTOpaMH JHMHAMOMeTaMop(u3Ma SBISIOTCS
TUIPOCTAaTUYECKOE JIaBJICHHE U OJTHOCTOpPOHHEE AaBieHue (cTpecc). B 3aBucumo-
CTH OT BEJIUYMHBI U COOTHOIIEHUS TUAPOCTATHYECKOTO U OJHOCTOPOHHETO J1aB-
JICHUN TuHAMOMETaMOP(HU3M JIHOO MPOSIBISAETCS B YACTHYHON WJTU TTOJTHOU TIepe-
KPUCTAJUTU3AIMKN TOPHBIX MMOPOJ 0e3 HApYILIeHUs WX CIUIOIIHOCTH, JIMOO MPUBO-
JUT K pa3pylIeHuto, pa3apobienuto nopoA. IlpoaykramMu takoro meramopdusma
SIBJISIIOTCS KATAaKIIA3UThl, MUJIOHUTHI M Pa3IMYHbIC CIAHIIBI.

Oco0pIM THIIOM TUHAMOMeTaMopu3Ma SBIACTCA YIapHbIA MeTaMopdu3m —
M3MEHEHHs B TOPHBIX MOPOAAX M MHUHepaynax, 00yCIOBJICHHbIE MPOX0XKICHHEM
MOILHOM yJapHO! BOJHBI. EAMHCTBEHHBIM M3BECTHBIM IPUPOJHBIM IPOLECCOM,
IIPU KOTOPOM HPOSIBIIAETCS YAapHBIA MeTaMOp(u3M, SBISETCS MaJACHUE KPYITHBIX
MeTeopuToB. Ero 0coO€HHOCTH: MTHOBEHHOCTH TMPOSIBIICHUS, BBICOKHE IMHKOBBIC
nasnenust (or 10-100 x6ap no MoOap), BBICOKME OCTaTOYHBIE TEMIIEPATYypHI
(cBpimie 1500 °C) u xkuHeTHYECKHe peakuuu npeoOpa3oBaHus BemiecTBa. [Ipu
yaapHOM MeTaMop(du3me BO3HUKAIOT BbICOKOOapuueckue (as3wl psijaa coeauHe-
HUH (KOICUT, CTUIIOBUT, aJMa3, PUHTBYAUT), TIPOUCXOIMUT ApOOJIeHNEe MUHEpa-
JIOB, pa3pylIeHUE UX KPHUCTAJUIMYECKUX PEIIETOK (TOSBICHUE IHAIIEKTOBBIX
MUHEPAJIOB U CTEKOI).

3.5.1. CodepxaHue paduoakmueHbIX 3/1eMEHMO8 8 MemamMopUYECKUX
nopodax

HecMoTpss Ha moBOIBHO OOJNBIION OOBEM AHATUTHYECKHUX ITAHHBIX, OIECHKA
COZIepKaHMs ypaHa U TOpUsl B METaMOP(PHUIECKUX MOPOIax MPeICTaBISET JOBOJIb-
HO CIIOXHYIO 33/1a4y, TaK KaK X PaJHOaKTUBHOCTh 3aBUCHT HE TOJIBKO OT COCTaBa
U TEOXUMHYECKHUX OCOOCHHOCTEH MEePBUYHO-OCATOUYHBIX U MarMaTU4ecKuX Mopo,
HO TaK)Ke OT CTETICHN X MeTaMop(hu3Ma U METaCOMAaTHUECKON MPOPAOOTKH.

B obmiem cinyyae copepikaHie paJiOaKTHBHBIX JIEMEHTOB B MeTamopduue-
CKHUX ITOPOJIaX 3aBHCHUT OT ABYX OCHOBHBIX ()aKTOPOB: OT MX KOHIIEHTPAINH B HC-
XO/IHBIX MOPOAAX U OT CTENEHH MpeoOpa30oBaHUs ITHX MOPOJ B YCIOBHSIX MeTa-
Mop¢usma. Hanbosnee oboramieHsl paJlioakTUBHBIMU 3JIEMEHTAaMHU HOPOIBI pa3-
BUBAIOLIMECS 10 YIIIEPOAUCTHIM, YTIEPOIUCTO-TIIMHUCTBIM U JPYyTUM MOpOJaM,
00OTaIeHHBIM OPTraHUYECKUM BEIIECTBOM M (ochHOpoM, MO KHCIBIM U IIEN0Y-

117



l'eoxumusi paduoakmueHbIX 3/1eMEeHMo8

HBIM MarMaTHYeCKHM TMOpOJiaM, a OOEHEHbBI — pa3BUThIE IO KapOOHATHBIM MOPO-
naM, 6a3uTaM M yJIbTpadazuTaM.

Cpennue OIeHKH COZIepKaHMsl ypaHa M TOPUS B METaMOP(PHUUECKUX MOPOJIaxX
MIOKa3bIBAIOT, YTO OHU OOEHEHBI YPAHOM, 110 CPAaBHEHHIO C MCXOTIHBIMHU MOPO/Ia-
MU, ¥ COTIOCTaBMMBI C HUMH T10 CoJiepkaHuto Topust (Tadmn. 3.17).

Ta6muma 3.17

Cpeonee codepaicanue ypana u mopusi 8 Memamoppuieckux,
0CA0OYHBIX U Mazmamuieckux nopodax (no I pucopwvesy, 2002)

T'opHbIE TIOpOTHI, SO ConiepxaHue JIEMEHTOB, I/T Th/U
U Th

MeranecyaHuKn/TIECKH, ITECYaHUKH * 1,7/2,3 7,7/7,8 4,5/3,4
[TaparHeiicel, CIaHIIBI/TIIMHBL, TTTHHUCTHIC CIIAHIIBI 2,3/4,5 9,2/10,0 4,0/2,2
Kap6onatasie mopozpsl/ kKapOOHATHEIE TOPOIBI 0,7/2,1 1,7/2,4 2.4/1,1
IMapameramopduTtsl/ocagouHble NOPOALI 2,2/3,4 8,7/7,7 4,0/2,3
I'paHUTOTHEHCHI/TPAHUTHI 2,4/3,9 10,0/18,0 4.2/4,6
MeTapnuoauThl/KUCIIBIE BYTKAaHUTHI —/4,5 9,5/13,0 /2,9
MeraaHae3uThl/CpeTHNAE BYJIKAHUTHI /1,1 16/4,1 /3,7
Mara6a3uTel/0a3uThl 0,9/0,8 3,9/3,2 4,3/4,0
OpTtoMeTamop(puTh/MarMaTu4ecKue Mopoabl 2,1/3,2 9,5/14 4,5/4,4

Hpujweltanue: B YHUCIIUTCIIC — MeTaMOp(bI/I‘ICCKI/IC TIOpOAbI; B 3HAMEHATEJIC — UCXOAHBIE OCaTOYHBIC
WIN MarMaTu4€CKUue Mopoabl; — HET JaHHBIX.

OTUeTIMBO TPOSIBIICHO BO3pAacTaHHE TOPHIA-ypaHOBOTO OTHOIIEHHS OT WC-
XOJHBIX TIOPOJT K METaMOP(PHU30BaHHBIM. JTa 3aKOHOMEPHOCTh XOPOIIO MPOCMAT-
puBaeTcs U Ha 0000IIeHHOM rpaduKe COJEp)KaHHS ypaHa W TOpPHUS B MOPOJAX
pasnuuHbIX (anmii Meramopdusma (puc. 3.16).

AHanm3 IUTepaTypHBIX JaHHBIX 10 COAEP)KaHUIO YpaHa U TOPHUS B pa3iiny-
HBIX TEOJIOTHYECKUX OJIOKaX MAaTEPUKOBOW KOPBI CBUCTEIBCTBYET O CHIDKCHHU
pPaIMoOaKTUBHOCTH TAparopo]l Ha TIyOOKUX YPOBHSX 3eMHON Kopbsl (Epmonaes,
1996). Ha Pycckoii miaTdopme cpeHee cojepKaHue ypaHa B OCaJOYHOM UYeXJie
cocTaBiseT 2,6 I/T MpH colepkaHuu B MeTamopduyeckoM ¢ynmamente 1,9 r/t.
Jns CeBepo-AMEpUKaHCKOW TUIATGOPMBI aHAIOTUYHBIC XapaKTEPUCTUKU, COOT-
BETCTBEHHO, paBHBL: 3,6 u 2,2 T/T.

JlaHHBIE TIO CHMKCHHUIO PAIMOAKTHBHOCTH OCaJOYHO-METaMOPPUIECKUX
MIOpOJ] C HApAaCTaHWEM MHTEHCHUBHOCTH PErMOHAIBLHOTO MeTamopdu3ma Xopormio
COIJIACYIOTCSI C M30TOMHBIMU HAOIIOJICHUSIMA MHOTHX COBETCKHX M 3apyOeHBIX
CIIEIAIIMCTOB, BBISBUBIINX CHCTEMATHUYECKHE HEYBSI3KH TPHU OINPEACTICHUH H30-
TOITHOTO T'€0JIOTMYECKOTO BO3PACTa MOPOJ] YPAH-CBHHIIOBBIM MeTO/I0M. JIpeBHUE
dopmanuu emre 6osee yapeBHEHBI IO BO3pacTaM, PaCCYMTHIBAEMBIM M3 OTHOIIE-
auit: 297Pb/23°U u 20°Pb/238U. B 10 e BpeMsi T€OXpOHOJIOTHYecKass HHTEpIpeTa-
ST XOPOIIIO YBSI3bIBACTCs O OTHOMICHHIO 207Pb/2%Pb. Takoii mapagokc oObsic-
HSCTCS HAIPABJICHHOW MUTpanuell ypana (M TOpHs) MPU UHEPTHOCTH PaMOTCH-
HbIX cBUHIIOB (EpMmoinaes, 1996).
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PaagnoakTHBHbBIE 3J€MEHTBHI MNEPEpaCHpenesIoTCs U3 HIKHUX 000JI0ueK
3eMHOM KOpBI B BEpXHHUE, TO €CTh U3 YCJIOBUM ¢ 0oJiee HANPSHKEHHBIMHU MTapaMeT-
pamu P-T B MeHee HampspKeHHbIE ycClloBHs. MHaye roBops, B I€0JI0TMYECKON
ABOJIIOLIMM 3€MHOM KOpPbI BO3HUKAET U (PYHKIIMOHUPYET HAIPABJICHHBIM MOTOK
PaZMOHYKJIMJIOB B BEPXHUE 000JIOUKH IIaHETHI.

Th, 10%

100 |- 7
| &

10}

whn AW N =

0,1 1 10 U, 107%

Puc. 3.16. Cooeporcanue ypana u mopus 8 memamoppuueckux nopooax
(no A.A. Cuuicnosy, 1974).
Dayuu memamoppusma (Yugpsi 8 kpysrckax): 1 — senenocranyesas
u snuoom-amepubdbonumosas,; Il — amgpubonrumosas, Il — epanyrumosas; IV — sxnocumosas.
IHopoow: 1 — eneticwl; 2 — kpucmaniuueckue cianyvlt; 3 — amgpubonrumot, 4 — sKI02UMbL;
5 — memamopguzosannvie kapboHamuol
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3.5.2. ®opmbI Haxox0eHust paduoaKmueHbIX 3J1IeMeHmMo8
8 Memamopguyeckux nopodax

®opMbI HaXOXKIIEHHS PAJMOAKTHBHBIX JJIEMEHTOB B METaMOP(PUUECKUX I10-
poJiaXx MPUHIMITHATHLHO HE OTIUYAIOTCS OT (POPM MX HAXOXKIEHUS B MarMaTude-
CKUX M OCaJ0YHBIX mopojax. [1o cpaBHEHUIO ¢ OTAEIBHBIMH THIIAMH OCaJ0YHBIX
U MarMaTU4ecKuX MOPOJ, B HUX YMEHBIIACTCS JOJSl PACCESTHHOTO ypaHa U BO3-
pacTaeT poib MHUHEpATbHBIX (GopM HaxoxaeHus. OOYyCIOBICHO 3TO MOOMIHM3a-
[[Mell ¥ BBIHOCOM «IIOJIBUKHOTO» ypaHa, COCTABIISIFOIIET0 OCHOBHYIO YacTh pac-
CESTHHOTO 3JIEMEHTA, B YCJIOBHUSAX BHICOKUX I'PAJMICHTOB JABJICHUS H TEMIIEPATYDP.

CpaBHeHHME NaHHBIX paauorpaduu U pe3ybTaTOB BHIINICTAYUBAHUS YpaHA
U3 MUHEPAJIOB U TOPOJ Pa3iIHyYHBIX CTyINeHeH MeTaMop(du3Ma MPHUBOAMT K Clie-
nytouuM BeiBogaMm (Murponosnbsckuii, 1985).

e B noponoo06pasyromux MUHEpaiax MOAABISAIONIee KOJIMYECTBO ypaHa Haxo-
TUTCS B MOJIGKYJSIDHO paccesiHHON Qopme, mo-BuaIuMoMy, B nedexrax
CTPYKTYp H TO TUIOCKOCTH POCTa KPHCTAJUIOB. Takoi ypaH JIeTKO M3BJEKa-
eTCs U3 MUHEPAJIOB CI1a0BIMU PACTBOPHUTEIISIMH.

e  MonexysipHO pacCesHHBIA ypaH MPHCYTCTBYET U B aKLECCOPHBIX MHHEpa-
Jax, HO B HE3HAYUTEIbHOM KOJIMYECTBE.

e B OCHOBHBIX KOHIIEHTpAaTOpax ypaHa — 3MUAO0TE, OPTHTE, cheHe U IMUPKOHE —
HIOYTH BECH 3JIEMEHT BXOAUT N30MOP(HO B KPUCTATLUTMUECKYIO PEIIETKY.

e B pyIHBIX HEypaHOBBIX MUHEpaJlaX 4acTh ypaHa HaXOJUTCS TAKKE B BHIC
u30Mop(dHOII mpumMecH.

e  3HauWTeNbHAs [OJISl ypaHa, CBs3aHHAA B (opMe CYyOMHUKPOCKOIMUYECKHX
BKJIIOYECHUH, OTMEYAeTCs B 3MUAO0TE U OMOTHTE.

®opMbl HaXOXKJEHHUS TOpUS B MeTaMOP(UYECKHX IOPOAaX HEI0CTaTOUHO
u3ydyeHbl. Ha mpucyTcTBue ero B m30MOpQHOH (hopMe YKa3bIBaOT BBICOKHE CO-
JIep>KaHHusl JIEeMEHTa B OpTUTe, c(peHe M LUPKOHE, a Takxke JaHHble anb(a-
pamuorpaduu. OgHako GOpMBI HAXOXKAEHHUS TOPHS B €ro IJIaBHBIX MUHepalax-
HOCHUTENAX — OMOTHUTE, CTABPOJIUTE U IPYTUX MOPOA000pa3yIOLUIMX MUHepaiaxX — He
BBIACHEHBI. MOXHO TpeAroiaratb TOJIBKO MOJEKYJSIpHYIO (hopMy paccesHus B
HUX WIN HJOKPUIITHOE BXOXKAECHUE B KPUCTAUTMUECKYIO PELIETKY alFOMOCHIIMKA-
ToB (Mutpononbsckuii, 1985). BeposiTHO Takke BXOXKJIEHHE TOPUS B BBICOKOpa-
JIMOAKTUBHBIE CyOMUKPOCKOIIMUYECKHE BKIIIOUEHHUS, XapaKTEepHbIE 7151 OMOTHTA.

3.5.3. Ycnoeusi Mugpayuu u KOHUeHmpuposaHusi ypaHa u mopusi
npu Memamopgusme

3.5.3.1. YPAH H TOPHH ITPH PETHOHATbHOM METAMOP®H3ME

[Tpoueccel mporpeccuBHOrO0 MeTaMop@u3Ma ropHBIX MOPO 00yCIaBIUBAIOT
HAIpPaBJICHHYI0 MUTPALMIO ypaHa U TOpUS U3 TEPMOAMHAMUYECKUX 30H C BBICO-
KUMHU TEMIIEpaTypaMUy U JaBJICHHUEM B yCIIOBUS C MEHEe HAIPSKEHHBIMHU (PU3HUKO-
XUMHUYECKHMHU [TapaMeTpamHu.
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B mporuecce pernoHanbHOro Metamopdusma mopoja yCTaHOBIECHO OTYETIIU-
BOC CHI)KCHHME KOHIICHTPAIIMM KaK ypaHa, Tak u Topus. [lpu s3Tom comepkanue
ypaHa W3MeHsSeTCsl 0ojiee KOHTPACTHO, YTO NMPUBOJUT K BO3PACTAHUIO TOPHIA-
yparoBoro otHomieHust (tabn. 3.17). Cornacno manaeiM S.H. beneBuesa u ap.,
MIPOUCXOIUT TOCJEIOBATEIbHAS TTOTEPsl CONCPIKAHMsI ypaHa B MPOIECCE PErHo-
HAJILHOTO MeTaMOp(}r3Ma XEMOTCHHBIX M TePPUTCHHBIX OTJIOXKEHUH OT 3eJIeHOC-
JIAHIIEBOM 10 TpaHyIuTOBOM Qaruii (Tadm. 3.18).

Ta6muia 3.18

Cooepoicanue ypana 6 clanyax u napazrencax Yxpaunckozo wuma
(no benesyesy, 1983), o/m

®danuu MetamopduzmMa
Ocanku
3eJIeHOCIaHIIeBast ampuOOoIUTOBAsK TPaHyJIUTOBAs
XeMoreHHbIe 0,8 0,6 04
Teppurennsie 2.4 1,7 0,7

Orta )K€ TeHJEHIIN YCTaHOBIICHA JUIS YpaHa U, B LIEJIOM, JUISl BCEX TUIIOB Me-
TaMOP(PHUUECKUX TOPOJ, HE3AaBUCHUMO OT UCXOIHOT0 cyocrpara (puc. 3.17).

B ¢u3nKo-XUMHUECKUX YCIOBUSAX HU3KOH M CpeJHEH CTENeHel pernoHallb-
HOro MeTamop(du3Ma yMEHBIIAeTCsl CPEAHSsI KOHICHTpAIWs ypaHa 10 CpaBHe-
HUIO C MEPBUYHBIMU MOPOJaMHU. 3aMETHOTO PACCEsTHUS TOPHSI B 3TOM cllyyae He
HaOI01aeTCs, B OTIUYHE OT daruii rmyookoro MmeramopdusmMa. Xopouien uiio-
cTpamueit atoro ciyxat ganasie K.X. Xaiiepa u Jx. Anamca no banruiickomy
Ty (Tadn. 3.19).

AU (nx1074%)

0 ; . , —
la 16 1] n v v

Puc. 3.17. Uzmenenue cooepicanus ypana 8 nopooax pa3iudusix ayuti
memamopgpusma (no A.H. Benesyesy, 1975).
Dayuu memamopdusma: I — epanyrumosasn (a — Ha 6blCOKOU, 6 — HA HUZKOU CIIYNEHU);
1I — amgpubonumosas, Il — snudom-amepuborumosas, IV — zenenocranyesas
u snudom-amepuoonumosas, V — 3eneHocianyesas
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Tabnuma 3.19
Ypan u mopuii 6 memamopguueckux nopooax doxkemobpus
Cesepnoui Hopsezuu (no Heier, Adams, 1965)

®Danuu pernoHaIHLHOr0 MeTaMopdu3mMa Coz(epGK aHue BHeMeHT(;’l /T Th/U
OnupoT-ampudomTOBas 3,45 26,48 7,5
Awm¢ubonuToBas 1,22 9,39 7,0
I'panynuroBas, ciabomeraMmop(hU30BaHHbIE 0.88 4,09 438
OPOJIBI
I'panynuroBas, CHIbHOMETaMOP(HHU30BaHHEIC 0.39 0.93 22
TTOPOJIbI

Ecnu mpu nporpeccuBHOM MeTamMopdu3Me OOIIMK COCTaB HCXOTHBIX TTOPOJ
ocTaeTcs TOYTH HEM3MEHHBIM, TO B CTAJIMIO yiIbTpaMeTamopdu3ma crucremMa cra-
HOBHTCSI OTKpBITOW. Ha 3TOM 3Tamne B cucTeMy HAYWHAIOT MOCTYNAaTh KPEMHEKHUC-
J0Ta, IIEJI0YH, BOJa W APyrHe JeTy4he KOMIIOHEHThl. Ha HadalbHBIX CTaausx
yibTpameTamopu3Ma Ipoa0KaeTCsl BRIHOC ypaHa u topus. [lo mepe yrmy0Oie-
HUS TIPOLIECCOB yIbTpamMeTaMop(du3Ma, BIUIOTH JIO peoMopdu3Ma TpPaHHTO-
THEHCOB W IIMPOKOTO MAIWHTEHTe3a, TeHICHIIUS BEIHOCA PAIMO3JIEMEHTOB, TIPO-
JOJDKAIoNIasi TEHACHIIUIO MTPOTPECCUBHOTO MeTaMop(du3Ma, CMEHSIETCS Ha POTH-
BOTIOJIOKHYTO, @ IMEHHO Ha MOOWMITU3AIMIO PACCESTHHOTO YpaHa u (JOpMUpPOBAHHE
pacriaBOB MOBHINICHHON PaJIMOaKTUBHOCTH. JTU TEHACHIIMU SIPKO WILTIOCTPUPY-
eT PaJMOTeOXUMHUCCKUI TPOPUIIb, IEPECCKAIONINNA TPAHUTO-THEHCOBBINA KYIIOJ
(puc. 3.18) u 00001ICHHBIN TpaduK pacHpenecHUs ypaHa U TOpHUs B 30HAX rpa-
HUTH3AIlMU, TIOCTPOCHHBIM HAa OCHOBE JAHHBIX IIONIATHOTO PaJdOTCOXHMHYE-
CKOro kaptupoBaHus (puc. 3.19).

Th,r/t U, 1/t
Q\ o
404201 -\
!‘\ I?‘ IJIarMOTHENC
-\
401151 1\ //,"] CITIONMCTHIH ClaHel
! \/\ /] i I"'\ Th/U TeppHreHHo-KapGOHaTHLIe
2010y | - & ’ LR nopomst
101 51 = )
040

+ + + [ e v e e e AT

Puc. 3.18. Paouozeoxumuuecxuil npoduis no donune p. Tymanwemru
yepes llepebepuncko-Iloonopoackuil epanumo-eneticosulii Kynon ¢ Ilpomepocsne
(Apbysoe, 1991)

[Iponieccer  ynpTpameramopdu3mMa M CBS3aHHOM C HHUMH TAJUHTCHHO-
METaCOMaTUYECKON IPaHUTU3ALUN JTOBOJIBHO IMIMPOKO PACIPOCTPAHEHBI B Mpeie-
Jax JOKEMOPHICKUX CKJIamuaThiXx oOjacTeil. YacTo OHM CBs3aHBI C 30HAMHU pe-
THOHAJIBHBIX Pa3JIOMOB, OOYCIIOBIMBAIOIINX JHHAMOTEPMAIBHBIN MeTaMOphU3M
U SBIISIONIUXCSI XOPOIIMMHE MPOBOJIHUKAMH TPaHUTH3UpYIouX Quronnos. O6pa-
3YIOIIHMECS MPU ATOM 30HAIbHBIE TPAHUTO-THEMCOBBIE KOMILJIEKCHI HEPEIKO CO-
Jiep>Kat B cebe Tea peIKOMETAIIbHBIX METaCOMAaTHUTOB.
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B kagectBe mpumepa MOXHO paccMoTpeTh TunoBoi [lepedepuncko-Ilommo-
porckuil rpaHuTo-ruelicoBblil kKynon B Ilporepocasne (ApOy3oB, 1986). N3yuen-
HBI paliOH XapaKTepU3yeTCsl HATWYMEM psla TPaHUTO-METaMOP(PUIECKUX KOM-
TIJICKCOB, MPOCTPAHCTBCHHO U I'CHCTUYCCKU CBA3AHHBIX C MPHUPA3JIOMHBIMHU 30HA-
MU. Bo BHYTpEHHHX 4YacTSX KOMIUIEKCOB, TOMUMO METAaCOMAaTUYECKUX ILIarhuo-
THEeCOB, THEHCOTPAaHUTOB M TPAHUTOB, PACIPOCTPAHEHBI >KUJIbHBIE MOphUPO-
BUHBIC MAJIMHI'CHHBLIC TPAHOCHUCHUTHI U IICJIOYHBIC I'PAHUTHI, O6p330BaBIHI/IeCﬂ B
MIPOrPECCUBHYIO CTAJHIO Ipoliecca rpaHuToo0pasoBanusd. C perpeccuBHON cTa-
JMel cBsi3aHO (pOPMUPOBAaHUE PEIKOMETAIIBHBIX TPEH3EHONIOB U HU3KO-, CPEel-
HETEMIEPaTypPHbIX METACOMATUTOB.

Th, r/_T U, r/_T Th/U
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110L 11
100} 101
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8ol 8l
70 7.
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20f 2L~
10 1+—==—1
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| Il 1l v \Y Vi VI
U —=—Th —.——ThU

Puc. 3.19. Pacnpedenenue ypana u mopusi no 3onam 8 npeoenax llepebepurcro-
Tloonopozeckozo epanumo-eneticosoeo kynona 6 Illpomepocsine (Apoysos, 1991):
I — enunucmoie cnanysi; 11 — ocycrrooamsie cranysl ¢ epanamom; 111 — nnazuoeneticsi
ouomumosvie; 1V — enetico-epanumel buomumosvle, V — eHetico-epanumol 6UOMUmMosbslie
pmoopumuszuposannvle; VI — nanuneenHo-aHamekmuyecKue JHeuibHole nopPHuposUoHvle
epanumot; VII — gprroopumusuposanivie naiuHeeHHO-AHAMEKMUYECKUe 2PaAHuUmbl
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W3ydenue mepepacnpeneneHus Mopoaoo0pa3yIoIiX JIEMEHTOB B MPoLiecce
MeTamMop(H3Ma ¥ TPAHUTHU3AIMH CBHIETEILCTBYET O CTA0MIILHOM BBIHOCE JKEJle3a,
KaJIpIUs, MarHusi, Mapraiia, TMTaHa U HaTpus, B MEHbLICH CTENEHU INIMHO3eMa U
dochopa, pr MOCTOSTHHOM MTPUBHOCE KPEMHEKUCIIOTHI U Kanusi. ConepkaHue 1mo-
cinennux ysenuuuBaercs 10 70-74 % u 6—7 %, COOTBETCTBEHHO, YTO YacTO MpU-
BOJHT K 00pa30BaHUIO MTPAKTUIYECKH OJHOPOIHBIX KBAPI-MUKPOKINHOBBIX 30H.

[ToBeneHne MUKpPOIJIEMEHTOB TPYHO OILIEHUTH B CBSI3U C OTCYTCTBUEM JIaH-
HBIX O XMMHYECKOM COCTaBE€ T'PaHUTU3UPOBAHHOTO cybcTpata. OMHAKO OTMEYa-
eTcsl moclefioBaTeabHoe yMeHbleHne conepxkanus V, Cr, Ni, Co npu Bo3pacTa-
HUU coaepxkanus penkux snmemeHToB (Nb, Ga, REE, Y), a Taxke Sn, Mo u Pb B
HaIpaBJIEeHUU OT Neprudepun K MEHTPY KOMIUICKCA.

ConepxaHue paalOaKTUBHBIX 3JIEMEHTOB TaK)K€ 3aKOHOMEPHO M3MEHSIETCS
OT BMEIIAIOIINX TEPPUTCHHBIX TOJII K THEHCO-TpaHUTaM U rpaHUTaM. Y paH pac-
CEHBAETCs B MPOIECCe HApacTaHWs MHTEHCUBHOCTH MeTaMop(du3Ma B Harpasiie-
HUU K IIPUPA3IOMHOM 30HE. TOpHUil IPOSBISIET IPOTHUBOIIOIOKHYIO TEHICHLHUIO.
Ero conepxkanue mociaeqoBaTEIbHO YBEIUYUBACTCS OT 30HBI K 30HE U JJOCTUTAET
MaKCUMyMa B TAJIMHTCHHBIX JKWIbHBIX rpaHuTax (puc. 3.19). Koppensauus ¢ ka-
JUEM U PEIKUMH dJIEMEHTaMH CBUACTEIBCTBYET O MPUBHOCE TOPUS TITyOMHHBIMU
TPAaHUTH3UPYIOMIUMHU (DIFOMIaMH, UCTOYHUKOM KOTOPBIX SIBIISIIUCH HIDKEIIEkKa-
e apxelickue Toimy. VX TiaBieHue B YCIOBHSIX yJbTpameraMmopdusma mpu-
BEJIO K (D)OPMHUPOBAHHMIO TOPUECHOCHBIX KUJIBHBIX TPAHUTOB.

B perpeccuBHyto cTaauio mpouecca rpaHUTH3AMU MPOM3O0ILIO0 OCAXKICHUE
BBIHECEHHBIX 3JIEMEHTOB M3 OCThIBAIOIIUX ruaporepM. [Ipu corocraBienun cnekrpa
Pyl U3 pa3HbIX MPOSIBIICHUH U MECTOPOKICHHUH, HAXOIAIIUXCS B MPOCTPAHCTBEHHOM
OJIU30CTH OT TPAHUTOTHEWCOBOIO MAaCCHBA, OTMEUYEHO €r0 CXOJICTBO C HAOOPOM HJie-
MEHTOB, BRBIHOCUMBIX B Ipolecce rpaHuTh3auuu. [IpuueM B BEICOKOTEMIIEPATYPHBIX
METacOMaTUTaX PETPECCUBHOM CTAIMH UAET OCAXKIICHUE TAK)KE U HEKOTOPBIX PEIKUX
aneMeHTOB. [Ipu cMeHe yClioBHil Ha HU3KO-, CpeTHETEMITEPATypHbIe HAKATLTUBAIOTCS
MIPEUMYILECTBEHHO JIEMEHTHI, BRBIHOCUMbIE TIPU TPaHUTU3ALINH.

JlaHHBIE IO OTMpENENICHUI0 W30TOIMHOTO BO3pacTa CBHJETEILCTBYIOT 00 OT-
CYTCTBHU CYIIIECTBEHHOTO BPEMEHHOTO TepephiBa B (POPMHpPOBAHUM TMaTHHTEH-
HBIX JKWJIbHBIX TPAHUTOB M PYAHBIX KOHIIEHTPAIUA THAPOTEPMAIBLHOTO Te€HE3HCca
(ApOy3oB, 1989).

CrnenoBaTenbHO, U3YUYEHHE 30H yIbTpaMeTaMoppu3Ma, TpaHUTU3AINH U CO-
MPSOKEHHBIX TUIPOTEPMATLHO-METACOMATHYECKUX CHUCTEM MOXKET JaTh B PYKH
reoJiora peajbHyH BO3MOXKHOCTh MTPOTHO3UPOBATH OPYJAECHEHUE C ONPEIeTICHHBIM
CIIEKTPOM DY/ U C MPEIBAPUTEITHHON OIIEHKOW MPOTHO3HBIX PECYPCOB.

3.5.3.2. YPAH H TOPHH ITPH KOHTAKTOBOM METAMOP®H3ME

B ycnoBusix mporpeccMBHOTO KOHTaKTOBOTO MeTaMoOpdH3Ma OKOJIO TpaHu-
TOB, MPOPBIBAIOIINX XEMOTCHHBIC U TEPPUTCHHBIC OTJIOKEHUS, TaK)Ke HaOJIo/1a-
eTcst murpanus ypana. OcoOeHHO BelnuKa moTepsl MopojJaMu ypaHa Ha (oHE OT-
TOPKEHHSI YTIICKUCIOTH M BOJIBI, @ TAK)KE BBITOPAHUSI OPraHUYECKOrO BEIECTBA
Py KOHTAaKTOBOM MeTaMOp(u3Me MEPBUYHO OOOTANICHHBIX PYAHBIMH JJIEMEH-
TaMH OUTYMHHO3HBIX M YTIEPOJUCTBIX 0caakoB (puc. 3.20).
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Cornacno pacueram, BoinotHeHHBIM H.I1. EpmonaeBsim (1971) mist yraepo-
JIMCTO-KPEMHHCTBIX CIAHLIEB, UIMEET MECTO YETKO BBIPAXKEHHOE CHIDKEHHE CPel-
HUX KOHIIeHTparuii ypana Ha 3540 % oT 30HBI K 30HE B HANPaBICHUU K UHTPY-
3un. CTonb OOJbIIasi pa3HUIA B KOHICHTPALUAX ypaHa MEXIY BBIICICHHBIMH
30HAMU 3aBEJIOMO MOKPHIBAET BO3MOXKHBIE MOTMPABKH, TOSBIISIONINECS MIPH yUeTe
M3MEHEHHs 00bEMHOT0 Beca MOPO/IbI.

Uccnenoanust A.C. Mutrpononsckoro (1985), BbIOTHEHHBIC A1 KOHTAK-
TOBO-MeTaMOp(U30BaHHBIX MMOpoa Antae-CasHCKOHN ckiIaayaTol 00IacTH pa3Ho-
ro UCXOJIHOTO COCTaBa, MOKa3alu HEAHOTUITHOE MMOBeJeHHe ypaHa. [ maBHOe 3Ha-
YeHHUeE, ONpeIeIsIIolIee MOBEeICHHE YpaHa, UMEEeT CTeleHb MeTaMopu3mMa, KOTo-
pBIi TTOPOABI MCTIBITAM A0 BHEApPEHUs T'paHUTOB. BozmeiicTBue mocnenHux Ha
MIECUaHO-CJIAHIICBBIE TTIOPOJbI, PaHee M3MEHEHHBIC B YCIOBHUSAX (Dalluyl 3eJEHBIX
CJIAaHIIEB, BBI3BIBACT UX MEPEKPUCTAIUTH3AIMIO U MIPUBOIUT K HCUC3HOBEHUIO XJIO-
pUTa ¥ SMUA0Ta — OCHOBHBIX MUHEpaJoB-HOCUTeNel ypaHa. [Ipu 3ToM mopozsl
TepsitoT okosio 60 % ypaHa. AHaJOTHYHOE BO3JEHCTBHUE TPAHUTOB HA TPAHUT-
nopdupsel, paHee MOJABEPTIINXCS PErPECCUBHOMY MeTaMop(u3My, MPUBOAUT K
norepe 10 45 % ypana. B noponax, M3MEHEHHBIX IPEAIIECTBYIOIIUM METaMOp-
¢uzmoM snunoT-aMpUOOINTOBON (annu, HaOMIOIACTCA YBEJIMYEHUE COJIepiKa-
HUH ypaHa, IPOSBISIOLIEECS JIUIIb B HETIOCPEICTBEHHOM KOHTAKTE C TPAHUTAMHU.
VYpan 31ech (pUKCHUpyeTCs MPEUMYIIECTBEHHO B arperarax pyTHja W IUPKOHE.
[Ipn KOHTaKTOBOM MeTaMOp(HU3Me U3BECTKOBUCTHIX AJIEBPOJIUTOB, UCIIBITABIIMX
TOJIKO JTUareHe3, 3aJIeralolluX B KPOBJIe KyIOJOB I'PAaHUTHOIO MacCUBa, MOBE/IE-
HUE ypaHa TOJYHUHAJIOCH OCOOCHHOCTSIM  Pa3BUTUS  TUAPOTEPMATbHO-
METacOMAaTUYECKHX MPOIIECCOB U MPUBEIO K 00IIeMy MOBBIIIEHUIO €T0 COJepiKa-
HUS, TOCTUTIIEMY CBOETO MAaKCUMyMa B aJIbOMT-I{ON3UTOBBIX POrOBUKAX.

0,5 1 1,5 2 Km
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Puc. 3.20. Pacnpedenenue ypana 6 opo2oSuUKo8AHHbIX NOPOOAX U3 30H
KOHMAKMOB020 U3MeHeHUs epaHumouonslx unmpysuu Cpeonei Asuu
(no A.A. Cmuicnosy, 1974).

Cranypi: 1 — yenepooucmo-kpemuucmole; 2 — c1ab600poeo6uK08anHbie
(6buomum-xaopumosule po2oduxit); 3 — UHIMEHCUBHO OPO2OBUKOBAHHbIE NOPOObL,
4 — epanoouopumul. Mpamopwl, 5 — UHMEHCUBHO NEPEKPUCIANTUZOBAHHBLE,

6 — Oonomumuzuposanuvie. Hzgecmusaxu: 7 — 0K6apYoBaHHbie U YACMUYHO
cxapuupogannvie; 8 — HeusMeHeHHble Oumymunosnvle, 9 — 06aacmu 8blHOCA YPAHa
npu KOHMAKMOBOM Memamopgusme
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OcHoBbIBasgch Ha 3TUX AaHHBIX, A.C. MHUTpPOMONILCKUI MPHILET K BBHIBOAY,
YTO MOBEJCHHE ypaHa B MpPOIleccaXx KOHTAKTOBOTO MeTaMopdu3Ma B OCHOBHOM
3aBUCUT OT HAJM4YUS B MpeoOpa3yeMbIX MOPOAax BOJBI, YIIEKHCIOTHI U APYTUX
JICTYUYHUX KOMIIOHCHTOB, ITOTCPA KOTOPBIX NPHUBOAUT 1100 K UHTEHCUBHOM MHUIpa-
IIUH YpaHa U3 MOPOJI, INOO K MECTHOMY IepepacipeieieHUI0 ¢ (UKCaIel ero B
HOBOOOPAa30BaHHBIX AKIIECCOPHBIX MHHEpaJiaX, 0OBIYHO B PYTHIIC, ITUPKOHE M Op-
THUTE, BBI3bIBAsI HHOTIa 00pa30BaHUE JIOKAIBHBIX KOHIICHTPAIIHH.

Topuil mpu KOHTaKTOBOM MeTaMOp(du3Me CKIOHHOCTH K BBIHOCY HE OOHa-
pykuBaer. MiMeeT MeCTo JUIIh €ro YaCTHYHOE TepepacrpeieliecHue BHYTPU IK-
30KOHTAKTOBBIX 30H, YTO BCACT K BO3PACTAHUIO HCOAHOPOJHOCTH KOHHGHTpaHI/If/'I
(Epmomnaes, 1975).

3.5.3.3. YPAH U TOPHH ITPH THHAMOMETAMOP®H3ME

CornacHo OrpaHUYeHHOMY YHCIY JaHHBIX N0 YKPAMHCKOMY IIUTY, B 30HaX
nuHaMomeramopdusma ormeuaercs npusHoc U, Be u Ga (benesues, 1975).

bonee no3nuue nanusie B.K. Turosa u mp. (1978) nokaspiBaioT, 4TO B Mpe-
Jies1ax 30H pa3jIoOMOB IIPOUCXOIUT 3HAUUTENbHOE IiepepacnpesiesieHue (IPUBHOC U
BBIHOC ypaHa M TOPHSs), 00YCIOBICHHOE NTWHAMOTEPMAIbHBIM METaMoOp(hU3IMOM
MPOTPECCUBHOM U PErPECCUBHON CTaIUH.

Ha mporpeccuBHO# ctaguu oOpa3zoBaHUs OIACTOMUIOHUTOB, MUJIOHUTOB H
KaTaKJIa3UuTOB MPOUCXOJUT, KaK U MPU PETHOHAIBHOM MeTaMop(du3Me, BBIHOC
ypaHa W TOpUS, JOCTHTAIONIUN JUIsl MPOU3BOJIHBIX aMpUOOIHUTOBON (anuu
30-60 % OT MCXOAHOTO KOJIMYECTBA ATUX AJIEMEHTOB BO BMEHIAIOIIMX MOPOJAX.
B oukoBO-claHIICBaTHIX TPAHUTOMIAX BHIHOC YPaHA M TOPUS MHHUMAJICH U (PUK-
CUpYeTCs JIMIIb Ha y4acTKax MakcUMajbHOU nedopmannn. OTMEUEHO MOCTeeH-
HOE YMEHBIIICHUE YCPEAHEHHBIX COACPKaHUI ypaHa U TOPUS OT HEM3MEHEHHBIX
MUKPOKJIMHOBBIX TPAHUTOB PAHHETO MPOTEPO30sI K UX OUYKOBO-CIAHIIEBATHIM pa3-
HOCTSIM H, Jiajiee, K MIJIOHUTaM U Osactomuionutam (puc. 3.21).

U, Thx10™*, %
41 40

3130

Puc. 3.21. HU3zmenenue ycpeoHeHHbIX cOOepAHCAnUL
VPaHQ U MOpUs NPU OUCTOKAYUOHHOM Memamoppuzme
MUKDOKIUHOBLLX 2DAHUTNOE PAHHE20 NPOMEPO303.

1110 (no B.K. Tumogy u op., 1978).

o ocu abeyucc: 1— epanum; 2 — 0uk080-craHyesamolil
epanum,; 3 — INUOOM-XIOPUMOBHITE MUTIOHUNL,
4 — buomum-ampud01086bILL OIACMOMUTOHUMN

2+ 20

HpOBeIleHI/IC MI/IKpOpaI[I/IOFpa(I)I/I‘{CCKI/IX I/ICCJ'ICI[OBaHI/II‘/’I C HCIIOJIb30BAHUCM
TPEKOB MHAYIHUPOBAHHOI'O JACIICHHUA U IIOKa3ajo, 4TO HapsAay € 9TUM IMPOUCXOJUT
U CYIICCTBCHHOC H3MCHCHHC XapaKTCpa paclpCACIICHUA U (I)OpM HaXO0XICHUA
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ypaHa. Ecnu B HEeM3MEHEHHBIX TPaHUTAX, XapaKTePU3YIOUINXCs BaJOBBIM COJeEp-
»KaHueM ypaHa okojo 3,5 x 107 %, Tpeku pacroaratoTcsi OTHOCHTEIILHO PaBHO-
MEpHO BO BCEil Macce Mopoj1, TO B OUKOBO-CJIAHILIEBATHIX TPAHUTAX U B €IIe MEHEee
PaMOAKTUBHBIX MIJIOHUTAX U OJACTOMUJIOHUTAX OHU MPUYPOUEHBI K OCHOBHBIM
TEKCTYPHBIM 3JIeMEHTaM — KaTaKJIaCTUYECKON CIaHIIEBATOCTH MOPO/I.

B oukoBO-ClIaHIIEBAThIX TPAaHUTAX, OJIACTOMUIIOHUTAX U OJIACTOKATAKIA3UTax
aTbMaHIMH-aM(pUOOIUTOBON (aryi HAMMEHBIIIee CKOIUICHHE TPEKOB HAOJII01aeT-
cs1 B mopdupobiacTax MUKPOKJIMHA U TUIarMoKJIas3a, CoAep)KaHue ypaHa B KOTOPBIX
cocrasiser 1,8+2,0 x 10~* %. KoHieHTpaIyst ypaHa B HUX MOYTH B 2 pa3a MEHb-
11e, 4yeM B mopdupobriacTax 3THX MUHEPAIOB HCXOTHBIX TPAHUTOUIOB.

Taxum o6pa3oM, nporecc 6acTe3a TEKTOHUTOB MPUBOJIUT K CYIIECTBEHHO-
My BBICBOOOXICHUIO YpaHa U3 MUKPOKJIMHA U TUIarHOKIIa3a.

KBap1 B 0YKOBO-CIaHIIEBATBHIX TPAaHHUTAX, OJIACTOMUIIOHHTAX M OJacTOKa-
TakJa3uTax OOBIYHO TMpEACTaBIEH IBYMs TeHepalusMu. B mepBHYHOM KBaplie
cojepkanue ypana Ommsko Kk 2,0+2,5 x 10™#%, a B ImepeKpUCTaUIN30BAHHOM
CTpyH4aToM KBaplie OHO OOBIYHO BJIBOE€ MEHBIIIE, TO €CTh U B 3TOM Clly4ae Ipo-
HCXOJUT BBICBOOOXKJICHHE ypaHa U3 MUHepana. B perenepupoBaHHOM KBapIie H
nopdupob1acTax MUKPOKIMHA M TUIATMOKIJIAa3a ypaH paBHOMEPHO paccesiH, HaXxo-
JUTCS B TPYAHOPACTBOPHUMOM COCTOSIHUM H, MO-BHIAUMOMY, BXOIMT B PELIETKY
3THUX MUHepajoB. Menko3epHuctas macca OJIACTOMUJIOHUTOB, COCTOALIAS W3
KBaplla, MUKPOKJIMHA, TUIarHOKIIa3a U OMOTUTA, COEPKUT YpaH B KOJIUYECTBAX
HECKOJIbKO OOJIBIINX, YEM BAJIOBOE COJIEPIKAHHE €T0 B MOPOJIE. 3aMETHOE yBEIH-
YeHHE KOJIMYECTBA ypaHa B MEJIKO3EpHHCTOM Macce HaOMolaeTcs B ciaydae Io-
BBIIICHHOTO CO/ICP)KaHUs B HEll OMOTHTA. B HEeM3MEHEHHBIX OMOTHTaX CoJepiKa-
HHUEe ypaHa 00b1dHO HuU3Koe (3+7 x 1074 %), u Tpeku pacroyiaratoTcsi paBHOMEPHO.
[Ipu pasznokeHun OMOTHUTA B KPAEBBIX YACTAX 3€PEH U MO IUIOCKOCTSAM CHAiHO-
CTH, TJI¢ Pa3BUBAIOTCS TUTAHOBBIC MUHEPAIIBI M CKOTUICHHSI OKHUCIIOB U THPOOKH-
CIIOB JKele3a, coliepikanue ypana Bo3pacraet 10 20+50 x 1074 %.

[Tpu popMupoBaHNH TEKTOHHTOB 3E€JICHOCTAHIIEBON (arnu, HaceIyoInX
CTPYKTYPHBIH IUIaH CTPOEHUS JPEBHUX 30H OJACTOMHIIOHHUTOB, TaK)Ke MPOHCXO-
JSIT MHTEHCHBHBIE PEaKIUHM 3aMEIIeHHs] MHUHEPAJIbHBIX aCCOIMAIUN HCXOTHBIX
nmopoa Ha (hoHe yCTOHYMBOIO MPUBHOCA BOBI, YIIIEKUCIOTHl U HATPHsI, YyCTaHAB-
JMBAEMOTO TI0 MoJIcYeTaM OajlaHca BEeIECTBa U MHUHEPAJIbHBIM HOBOOOPa30BaHU-
M (XJIOPUT, SMUAOT, KUCIBIN MIaruokia3, kapooHat). TeKTOHUTHI 3€JI€HOCIaH-
11eBOi (halu, HEe3HAYUTENLHO 00OTallleHHbIE PAaJOaKTUBHBIMU JIEMEHTAMU, 110
CpaBHEHHIO C MPOU3BOAHBIMH aJTbMaHIMH-aM(PUOOTUTOBON (annu, pe3ko OTIH-
YarOTCs OT HUX 10 CYIIECTBEHHOH POJIM MUTPAIMOHHO CIIOCOOHOTO ypaHa.

B smuaoT-XI0OpUTOBBIX MHJIOHHTAX TaK )K€, KaKk U B OMOTHT-aM(PUOOTIOBBIX
OIaCTOMHJIOHUTAX, YpaH paclpeielieH Ype3BblYaiiHO HepaBHOMEpHO. Menko3ep-
HUCTasi Macca MUJIOHUTOB, IIPEJICTABICHHAs KBApIEM, MUKPOKIMHOM U TJIaTrHOK-
Ja30M, COACPKHUT ypaH B KOJIHMUECTBAX PABHBIX WMITH, Yallle, 1a)K€ MEHBIINX Bajo-
BOTO COJICPKAaHUS STOTO JIEMEHTA B IMOPo/ie. 3aMETHOE YBEIHMYCHHE KOHIIEHTPa-
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UM ypaHa HaOJI0JaeTcsi B OCHOBHOM TOHKO3EPHHCTOM TKAaHM TEX MHJIOHUTOB,
IJIE Pa3BUBAIOTCS CEPUIUT, AMUAOT, XJOPHUT, THUIPOOKHUCIBI U OKHUCIBI jKele3a.
Ypan copOupyercsi COCCIOpUTOM M KAOJMHUTOM B KOJIHYECTBE 3+5 X 107 %.
IIprMepHO B TakMX K€ KOHLEHTpALUAX OH HAXOAUTCA B cepuuure. B xmnopure, pas-

BUBAIOLIEMCSI TIO OMOTHUTY, COZIEpKaHUe ypaHa OObIYHO cocTaBiseT 5+10 x 10+%,
B xnopute, coneprkaiieM CKOIUIEHUS] OKHCIOB U THAPOOKHUCIIOB XKeje3a, KoJInye-
ctBO ypana gocturaet 10+50x10~4%. BritoyeHus: BBICOKOPAANOAKTUBHOTO Ce-
Ha B XJIOPUTE JaI0T Ha MUKPOPAIHOrpadusiX ryCThle CKOIUICHUS U «€XKU» TPEKOB.
['He3moo0pasHble TyCThle CKOIUICHUSI TPEKOB (PUKCHPYIOTCA U B anuaoTe. HaumeHb-
111€, MOTAIOLINECS MOJICUETY, COAEPKAHUS ypaHa coCcTaBistoT 2025 x 107 %, uto
COOTBETCTBYET U MUHUMAJIbHBIM 3HAUECHUSAM OIpeAeNeHUI (110 JaHHBIM JIOMHU-
HECIIEHTHOro aHanu3a). Haubonee BbIcOkHe coepaHHs ypaHa yalle BCero Ha-
OJIOJAI0TCS Yy ANUAOTA, MMOABEPIIIErocs MOJHOCTbIO WJIM YaCTUYHO METaMHKT-
HOMY pacmnafgy, TJe ypaH MPHCYTCTBYET HPEUMYIIECTBEHHO B COPOLMOHHOMN
dopme. C Takoii ke (HopMON HAXOXKJEHHUS ypaHa CBSI3aHBI U €r0 IMOBBIIICHHBIE
KOHIIEHTPALlMU B OKHUCIIaX U THIPOOKUCTIAX Kele3a.

Taxkum oOpa3zoMm, HanboJsiee XapaKTepHOH OCOOEHHOCTHIO TEKTOHUTOB 3€JIe-
HOCJIAHLIEBOM (aluu ABISETCS MOSBICHUE MUTPALMOHHO CHOCOOHBIX (OopM Ha-
XOKJEHUsl ypaHa, KOTOpbI€ BIOCIEACTBUM MOTYT BOBJIEKATHCS B PYIHBIN Mpo-
[ecC TuApoTepMaibHbIMU pacTBOpamMu. Cpeau JErKoNoABMKHBIX COEIMHEHUN
ypaHa 371ech mpeo0IaIaT aicopOupoBaHHbIe (OPMbI HA TTIOBEPXHOCTH KPUCTAII-
JIOB MJIM OTJEJIbHBIX 3€PEH U B TPELINHKAX, & TAKKE MUKPOBKIIFOUEHHUSI YPaHOBBIX
MUHEPAJIOB, IPUYPOUYEHHBIE K Je(PEeKTaM CTPYKTYphbl yPAaHOBBIX MUHEPAJIOB.

upokue maciTabbl IPOSBICHUS 3TOTO IIpoLecca B IPOTSKEHHBIX Ha MHO-
re KWIOMETPhl U TIIyOOKONPOHUKAIONIMX 30HAX PETHOHAIBHBIX Pa3jIOMOB IO-
3BOJISIIOT paccMaTpuBaTh 0Opa30BaHMs 3€JIEHOCIAHIEBON (aluu AUCIOKAIMOH-
HOro MeTamMop(u3Ma Kak OJWH U3 BaXHEUIINX HCTOYHUKOB ypaHa MpU (OpMH-
POBaHMH MECTOPOKIECHUI.

Takum o0Opa3om, mporieccbl MeTaMoppu3Ma MPUBOIAT K 3HAUUTENBHON Tie-
PErpynmupoBKe BELIECTBA MOPOJIbI, B TOM YHCJIE PACCESHHOTO B HEW ypaHa U TO-
pust. Kpome Toro, u3 mopoJi, BOBJIEYEHHBIX B IPOIPECCUBHBIN MeTaMOp(U3M, BbI-
CBOOOXK/IAl0TCA 3HAUUTENbHBIE KOJMYECTBA BOJBI M YIJIEKHCIOTHI, OIMpenessio-
IIMe Cpely TPAaHCIOPTHUPOBKHM paanoakTUBHBIX 3i1eMeHTOB. [1lo H.II. EpmonaeBy
(1983), peaknuu NEpeKpUCTALIU3ANNN U 3aMELICHUsI MPOTEKAlOT Ha TPAHMUIIC
IBYX (a3: mopooo0pas3yrouiiii MUHepal — OKpY>KaroIlui TIEHOYHBIN pacTBOp.
W3 ananuza pacnpeneneHus ypaHa METOJAOM OCKOJIOYHOUM pamuorpaduu B oObe-
M€ MHUHEpaIbHBIX 3€PEH CIEIYET, YTO OTTOPKEHHE PaJOaKTUBHOM NMPUMECH OT
TOPHOM MOPOJII MOKET MPOUCXOAUTH KaK MPU MOBEPXHOCTHBIX SIBIECHUSAX (IPO-
1eccax JecopOoruu B 00pa3yIoulytocs nmpu Meramopdusme BOAHO-YTIIEKHCITYIO
¢a3zy), Tak U IpU NepeKpUCTALIN3AINE MUHepana-HocuTelns. B mpouecce mepe-
KPUCTAJIIM3ALUU IIPOUCXOAUT CaMOOYHMCTKA KPUCTAJUIM3YIOLIErocsl BEUIECTBA OT
MUKpPOIIPUMECEH, B TOM YHCIIE OT ypaHa U TOPHS.
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C yBenuveHHeM BHEIIHUX MapaMeTpoB MeTamopdusMa (JaBiIeHHs U TeMIle-
patypbl) IPOUCXOANT CMEHA TJIABHOTO MEXaHH3Ma MepepacrpeesieHisi MUKPO-
MpUMECH: OT JecCOopOlMH B OTIACISIOMYIOCS WIH (DUIBTPYIOUIYIOCS BOJIHO-
YTIEKUCTYIO a3y K CaMOOYHCTKE 10 MEXaHU3MY MEPEKPUCTAIUTM3ANN U, HAKO-
HEIl, K pacTBOPEHHMIO (3aMelieHnio) MuHepana-Hocutens (Turaesa, 2000). IIpa-
BOMOYHOCTH ATHX TPEICTABICHUI MMOATBEPKAACTCS IKCIIEPUMEHTAMH 110 M3BJIe-
YEHHUIO ypaHa W3 METaMOP(PHUYECKHX IMOPOJ BOJHO-YIIIEKHCIBIMU PACTBOPAMHU.
KonngectBo necopOMpOBaHHOTO ypaHa 3aKOHOMEPHO CHIDKAETCS OT MPOIYKTOB
MeTamop(du3Ma B YCIOBHIX 3€JICHOCIAHIEBOM (aluu K MPOIyKTaM T'paHyJIUTO-
Boil (armu. B xome HapacTaHus Temreparypbl W JaBJICHHS MeTaMopdudecKas
CUCTEeMa OTJAETSET HE TOJIBKO YpaH, HO U TOPUH.

Topwuii, He UMM TOAO00HO ypaHy KPYITHOPa3MEPHON OKHCICHHON (op-
mbl UO%, He croco0OHO# K M30MOp(HHU3MY, HE yJaCTBYET B IIOBEPXHOCTHBIX MPO-
1eccax, peryJMpyrommx nepepacnpeeieHie ypaHa B yCIOBUSX HU3KUX CTyIIe-
Heil Mmeramopdusma. Ho Ha BBICOKHX CTYIIEHSIX TOpPHii, 10100HO ypaHy, OTTOpra-
€TCs 10 MEXaHU3MYy MePEeKPUCTATITU3AIIH.

[Ipu ynpTpameramopduszmMe MMEET MECTO BO3PACTaHUE PAJIMOAKTUBHOCTU OT
PaHHMX 3TAIlOB Ipoliecca K 3aBepLIaonmM. B Hanboee mo3IHUX MpoLyKTax — Iie-
JIOYHBIX MAJIWHT€HHO-aHATEKTUUECKUX TPaHUTaX U MErMaTUTax yjiabTpaMeTaMopgu-
YECKHUX KOMILIEKCOB — MOXKET HaOI0AAThCs 3HAUUTENbHAs KOHIIEHTPALUS ypaHa U
TOpUSL TIPH OOCAHEHWH PAJMOAKTHBHON MPHMECHI0 BMEIIAIONMMX TOopoa. DopMel
MUTPALUH PaIMOHYKIIMIOB B paciulaBaxX He sICHbL. Py/HbIe MECTOpOXKIEHHS ypaHa 1
TOPHUS YHCTO MeTaMop(ruecKkoro reHesuca He n3BecTHbl. [Iporeccs Metamopduzma
Kak OBl «BCKPBIBAIOT» TOPHBIE ITOPOJIBI, IEPEBO/IST PACCESHHBIC B HUX YPaH U TOPHUA
B ()OpMBI, CIOCOOHBIE K JaTbHENIIIeH TeOXUMUUECKON MUTPALIUH.

Bonpocbl gns camonpoBepku

1. Kakue rpynnbsl MarMaTu4eckux MOPOJI XapakTepusyroTcs Hanbosee BBICO-
KHMH COJIEP)KAHUSAMHU PaIMOaKTUBHBIX 3JIEMEHTOB?

2.  Kak cBs3aHa paJMOaKTUBHOCTb MAarMaTUY€CKHX MOPOJ C COJAEpKaAHHEM
Si0, u K,0?

3. Kak wusmensiercst conepikaHue paJHOaKTUBHBIX JJIEMEHTOB B IIpoIEcce
muddepeHIranui MarMaTU4ecKux 04aron?

4. Kakue rnaBHble (PaKTOPBI ONMpPENESIOT KOHLEHTPALMI0 ypaHa U TOpUs B
MarMaTH4ecKkux nopojax?

5.  Kakue Qopmbl HaXOXKICHHUS ypaHa M TOpUS XapaKTEepHBI I MarmaTuye-
CKHUX 1opoj?

6. KaxoBa monst ypana B MarMaTu4eckux Mmopojax, MpUXOoIsIIascs Ha akiec-
COpHBIE MUHEPAIIBI?

7. B xakyro craguio kapOOHAaTUTOBOTO IpoLEcca IPOUCXOANUT MPUBHOC U KOH-
LIEHTPUPOBAHHE OCHOBHOM MacChl paIHOAKTHUBHBIX 3JIEMEHTOB?

8. Kakue ¢opmMbl HAXOXKICHUS YpaHa U TOPHUS XapaKTEPHBI ISl KApOOHATUTOB?
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10.
11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

HazoBuTe ocHOBHBIE MUHEPAJBI — KOHIIEHTPATOPHI yYpaHa U TOpHs B KapOo-
HaTuTax.

OxapakTepu3yiiTe ypOBHU HAKOIUJICHUSI ypaHA U TOPHS B IErMaTUTax.

Kakue ¢Gopmbpl HaXOXKIEHHUS PaJHOAKTUBHBIX AJIEMEHTOB MIPAIOT HAWOOIb-
UIYI0 pOJib B IerMaTuTax?

Ha xako#l cramuu merMaTuTOBOrO MPOLECCAa MPOUCXOIUT HAKOIJIEHHUE OC-
HOBHOM MaccChl paJJuOaKTUBHBIX 3JIEMEHTOB?

Oxapakrepu3yiTe 3aKOHOMEPHOCTH MOBEICHUS ypaHa U TOPHs B IpoLecce
(hopMUPOBaHUS KHCIOTHBIX METACOMATUTOB.

OxapakTepu3yiiTe 3aKOHOMEPHOCTH TTOBEJICHUS ypaHa U TOPHs B CKAPHOBOM
mpolecce.

®opMbI HaXOXKJICHUS ypaHa B KBapI-aJIbOUT-MUKPOKIMHOBBIX METACOMATUTAX.
Kaxk n3MeHnsiercst B3auMOCBs3b MEKYy YPAaHOM M TOPUEM B MPOILIECCE CHUMKE-
HUS TEMIIEPaTypbl TUAPOTEPMAIIBHBIX PACTBOPOB?

Kak mporieccsl MeTacoMaTH4ecKkol mnepepadoTKu U3MEHSIOT (GOpMy HaXO0xXK-
JIEHUST PY1000pa3yIoInX 3JIEMEHTOB?

Kak u3mensiercst copepxkanue ypaHa U TOpUs MPU PETMOHAIBHOM METaMOp-
buzme?

OxapakTepu3yiTe 3aKOHOMEPHOCTH IOBEJEHUS YpaHa U TOPUS IPU TPAHU-
THU3allHuN.

Kak u3MeHnsiercs copepkaHue ypaHa M TOPUs IIPU JUCIOKAIMOHHOM MeTa-
Mophuzme?
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naBsa 4
PAOAUOIEOXUMUNA SK3OMEHHbIX
MPOLIECCOB

4.1. YpaH v Topuit npu oopmMUpPOBaHUM KOPbI
BbIBETPUBaHUA

4.1.1. OcHogHble ceedeHuUs 0 npoyeccax ebieempueaHust

BoiBeTpuBaHUe — 3TO HEPABHOBECHBIN MPOLECC U3MEHEHUS U Pa3pyLLICHUS
MHUHEpAJIOB U TOPHBIX MOPOJ HAa MOBEPXHOCTU 3€MIIM O] BO3JCHCTBUEM (DHU3U-
YECKHX, XUMUYECKUX M OMOJIOrnuecKuX (akTopoB. YUeHHe O BBIBETPUBAHUU I10-
JY4YWII0 HaYaJIbHOE pa3BUTHE B Tpyaax nmousoBenoB (B.B. Jlokyuaes, b.b. [Tomnbl-
HOB U Jp.). IIpoueccel BBIBETpUBAHUS IPOUCXOANIN U IIPOUCXOJAT HEIPEPHIBHO
Ha BCEX KOHTUHEHTaX. VIHTEHCUBHOCTb BBHIBETPUBAHMSI 3aBUCUT OT MHOTHX (ak-
TOPOB M HEOJIMHAKOBAa JJISl pa3HbIX MEPHUOJOB Pa3BUTHUS 3€MHOM KoOpbl. MIHTEH-
CHBHOE KOHTUHEHTAJIbHOE BBIBETPUBAHUE NMPHUBOJUT K (POPMHPOBAHUIO CIEIIH-
¢uueckux reojoruyeckux popmauuii — popmanuii Kop BeIBeTpUBaHus. B ncro-
PHUM 36MHOH KOPBI BBLAEISAIOT 3110XH HanboJiee akTUBHOI'O KOPOOOpa3oBaHMs, KO-
Ir7la COBOKYITHOE JieicTBUE OJIaronpusATHBIX (PaKTOPOB MPUBOIAMIO B (hOPMUPOBa-
HHIO MOILHBIX KOP BBIBETPUBAHMUS.

OcHoBHbIE (akTOphl, 00yclaBIuBarole (GopMupoBaHUe KOPbl BbIBETPUBA-
HUS, — KJIMUMaT, TE€O0JIOTMYECKOe CTPOCHHE TEPPUTOPUHU, TeoMOp(OIOTHYECKUE
0COOEHHOCTH U TEKTOHUYECKAsi aKTUBHOCT.

OcCHOBHBIMHU areHTamMu npeoOpa3oBaHMs TOPHBIX MOPOJ B KOpE BBIBETPHUBA-
HUS SBIIAIOTCS: BOJA, KMCIOPOJ, YIJIEKUCIIOTa, Pa3IMUHbIE KUCIOThI, MUKPOOpTa-
HU3MBI U TEMIIEpaTypa.

Boaa — onuH 13 Hanbosee BaXKHBIX areHTOB BbIBETpUBaHUs. OHa OCyIIEeCT-
BJISIET PAaCTBOPEHHUE, MEPEHOC M OTJIOXKEHUE MPUPOJHBIX XMMUYECKUX COEIUHE-
HUIl B KOpe BBIBETPUBAHUS, PACTBOPEHHE AKTUBHBIX areHTOB U JOCTAaBKY HX Ha
Y4acTKH IIpeoOpazoBaHusl TOPHBIX MOPOJ, Pa3IoKEHUE MUHEPATIOB MAaTEPUHCKON
MOpOAbl MpU THApATAllMM U THAPOJU3E, PETyJIUpOBaHUE (DU3HKO-XUMHYECKON
00CTaHOBKH TPOLIECCOB MPE0Opa30BaHMsI TOPHBIX MOPOJA B KOpaxX BBIBETPUBAHUS
IIyTEM U3MEHEHHs KHCIOTHOCTH-1EN0YHOCTH (pH), oKucnuTeapHoro noTeHuua-
na (Eh) m xuMu4eckoro cocraBa pacTBOPEHHBIX B HEW BelIECTB. | TaBHBIM HC-
TOYHHKOM BOJIbl B KOpaxX BBIBETPUBAHUS SBISIOTCS aTMOC(EpHBIE OCaIKU (MeTe-
opHble BoJibl). IIpy moa3eMHON HUPKYISIIMKA METEOPHBIE BOABI MPOXOIAT depe3
TPU 30HBL: 1 — a’paryu, WM NpOCaYUBaHUs; 2 — MOJHOIO HACBIIEHHS C aKTHB-
HBIM BOJOOOMEHOM; 3 — IOJHOI'O HACBIIIEHUS C 3aMEIJICHHBIM BOJIOOOMEHOM
(puc. 4.1).
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CKJIOH ONKHBI BonopazaensHoe minaro

JesarenbHbii
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} 30Ha a3panuu
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C IMaCCUBHBIM
) ) BOZOOOMEHOM

Puc. 4.1. Cxema yupkyrayuu noozemusix 600 npu O1a20NPUSMHBIX YCI0BUSX
ungurempayuu ocaokos (no B.U. Cmupnosy, 1989).
Topuzonmul peunoii 8600wi: I1I'B — nasookoswiti, MI'B — mesicennviii

Tynppa TaexHo-nopdonuctas 3oka  Crenu  MomynycTeiHu 1 nycTeiiM CaBaHHbl  Tponndeckas necHast 30Ha CapaHHbl

30004
2400t
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= 1800}
= 25
2 120020
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0% 0 " ST AT L ++++++
\’:"a'o{/.,[///Z/%‘! ¥ + 4+ + + + + + +
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30Ha NOABWMKXHOCTM BCEX KOMMOHEHTOB

2 B2 7713 EES4 [N [ 6

30Ha NoABWKHOCTU BCeX
KOMMOHEHTOB +, *, +

Puc. 4.2. Pecuonanbhas 30HaIbHOCHb KOPbL BbIBEMPUBAHUS 8 PECUOHATbHOM CedeHUU
(no HM. Cmpaxogy, 1963):
1 — cgearcasn nopooa; 2 — 30Ha Opecavl, XUMU4ECKU MAI0 USMEHEHHOU,
3 — 2uodpocaroOUCMO-MOHMMOPUTIOHUMO-0ellOeIUMO8As 30HA, 4 — KAOIUHUMO8AS 30HA,
5 — 30na c600600HbIX OKCUO06 U 2udpoKCcUd06 (Al103); 6 — nanyupe (FeyO3 +Al503)

HaunGomnee akTuBHEIE PCaKKn pa3IoKCHUA TOPHBIX IMMOPOA IMPpU YHAaCTUH ITOI-
3€MHBIX BOJ IMMPOUCXOOAT B 30HC aspallii BBIIIC YPOBHSA I'PYHTOBBIX BO/I. BO}ILI 30-
HBbI a3pal UMCHOT KUCIIYHO pEaKIHIO, o3 YPOBH I'PYHTOBBIX BOJ OHU HeﬁT’paJII/I-
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3YHOTCS, & HIDKE — TIPHOOPETAIOT IIIEJIOYHbIe CBOMCTBA. POJb BO/IBI B BEIBETPUBAHUH
OTYETIIMBO BHJHA HA CXEME B3aWMOCBSI3H KOJMYECTBA OCAJIKOB M MOIITHOCTH KOPBI
BBIBETPHUBAHHUS B PA3IMYHBIX KIIMMATHUECKUX TI0sICaX TUIAHETHI (puc. 4.2).

Kucaopoa, xak u Bojia, UTpaeT BaXKHYIO POJb B IPOILECCaX OKUCICHUS,
UMEIOIIUX OOJBIIOe 3HAUCHHE NPU 0O0pa30BaHMU KOPBI BHIBETpUBaHUS. B 3THX
MpoIeccax y4acTByeT KHCIOPO aTMOC(ephl, paCTBOPEHHBIN B BOJIE KHCIOPOJ, a
TaKXXe KHCJIOPOJ MUHEPATIbHBIX COCTUHCHNUN OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX
peaKuuid.

Yriekucji0Ta M JApyrue KHCJI0ThI OPraHMYeCKOro M HEOPraHu4ecKoro
MIPOUCXOXKACHUSI AKTUBHO yYacCTBYIOT B TPOIIECCaX PACTBOPEHMUS, HHTCHCU(DUIIH-
PYIOT IIpOIIeCC Pa3IoKEHUs TOPHBIX TIOPOJ B KOPE BBIBETPUBAHUS, TIPUIaBast EMY
OTIpEJICIIEHHYIO HAIPABICHHOCTb.

Kak moka3bIBaroT COBpeMEHHbBIE UCCIIEIOBAHMS, 0CO0ast pOJb B Pa3pyIICHUH
TOPHBIX TOPOA MPHUHAMISKAT MHKPOOPraHU3MaM. MHKpPOOPTraHU3MBI, TJIaBHBIM
00pa3oM OaKkTepHu, PEreHEPUPYIOT KHUCIOPOJ, YIICKUCIOTY M PSiI OPraHHYECKHX
KHCJIOT, TIOCTABIISSl OTH Ba)KHEWIINE areHTHl BBIBETPUBAHUS B KOPY BBIBETPHBA-
Husi. OHU OOMEHHMBAIOT MOHBI BOJIOPOJIa Ha KATHOHBI MOPOJI000PA3yIOIIUX CO-
€IMHEHHH, TIOAIEP)KUBAsT KUCIBIE YCIOBUS PA3IOKEHHS OPOJ U CIIOCOOCTBYIOT
M30MpaTEIbHOMY HAKOIICHUIO OT/AEIBHBIX XUMHUYECKUX 3JIEMEHTOB B KOpPE BHI-
BETPUBAHUS.

TemmnepaTypa B KOpe BEIBETPUBAHHS, XOTS M KOJIEOIETCS B Y3KUX Ipeeiax
(06b14HO OT +20 10 —20 °C), HO MrpaeT BaXKHYIO POJIb B Pa3I0KEHUH T'OPHBIX
nopoj. Hanbonee MHTEHCHBHO pa3io’KEHHE MPOUCXOAMT MPH BHICOKOH TemIiepa-
type. [1o Mepe CHIKEHUS TeMIepaTypbl OHO CHU)KAETCsl U TP MUHYCOBBIX 3Ha-
YEHUSX MOKET MOYTH MOJHOCTHIO 3aTuXath (puc. 4.2).

B pesynbrare paznoxeHus MUHEPAIBbHOW Macchl KOPEHHBIX MOPOJ U H30u-
paTeabHON MUTPAIMH XUMUYECKHX 3JIEMEHTOB BOZHUKAIOT pa3iiMyHble MPOoduin
BBIBETPHBAHUS:

®  TUAPOCITIOAUCTHIN MM HACHIIEHHBIA CUAJIJTUTHBIN;
e  TJIMHUCTBLIM WJIM HEHACHIICHHBIN CUAIUTHBII;
®  JIaTEPUTHBIN WU AJUTUTHBIN.

I'uapocnioaucTelil MpouiIb KOpbl BBIBETPUBAHUS XapaKTepU3yeTcs H3Me-
HEHUEM CWJIMKATOB MpPH YYaCTUU THAPATHOIO U THAPOJIU3ZHOTO IpeodpazoBaHUs
0e3 CylIecTBeHHOM MUTpaluu KpeMHe3ema. THnoMop(hHbIMU MUHEpPATaMu 3TOTO
npouis SBIAIOTCS TUAPOCTIOABI U TUAPOXJIOPUTHI, MOHTMOPWJIOHUT U Oei-
JEIIIIUT.

I'munucTeiit npoduiab oTinyaeTcs 1eUIUTOM KpeMHe3eMa, YaCTUYHO y/ia-
JICHHBIM M3 KOpbI BBIBETpUBaHUA. TUIOMOpGHBIE MUHEPANIbI IPECTAaBICHbI Kao-
JUHUTOM, TajlTya3uTOM U HOHTPOHUTOM.

JlarepuTHbIN MPOGUIb NP MOJIHOM WM MOYTH MOJHOM pa3pyLIeHUU CBS-
3ei MeXJly MIMHO3EMOM U KPEMHE3EMOM M MHTEHCUBHBIM BBIHOCOM IIOCJIEHETO
U3 KOpHl BbIBeTpHBaHUA. TunomMopdHeie MUHEpabl IPEICTABICHBI THAPOKCH A~
MU aIIOMHUHHUSL, OKCUIAMH U THAPOKCHIAMH XKelle3a.
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4.1.2. U3MeHeHue codepxaHus ypaHa u mopus e nhpouyecce
ebleempusaHusi

[Tporiecchl BBIBETpUBAHUS MPUBOAAT K M3MEHEHMIO COAEP)KAaHUS ypaHa U
TOpUS B TOPHBIX mopoaax. [Ipu ¢popmupoBaHnu KOpHl BHIBETPUBAHUS UMEET Me-
CTO IepepaclpeielieHue paJliOaKTUBHBIX IEMEHTOB, IPUBOASIIIEE KaK K UX BbI-
HOCY, TaK U K HAaKOIUICHUIO. YCTAaHOBJICHO TAaK)Xe pa3jelieHUe ypaHa M TOpUsS B
Ipolieccax BHIBETPUBAHUS, 00YCIOBIEHHOE OCOOCHHOCTAMH MX T'€OXUMMUH.

[ToBeneHue ypana B MPOLECCAX BBHIBETPUBAHMS TOPHBIX IOPOJ OINpeeseT-
Cs €ro BBICOKOM MHUTPAIIMOHHOW CHOCOOHOCTHIO B OKHCIHMTEIIBHOW 0OCTaHOBKE.
BcenenctBue 3Toro otMeuyaeTcs 3aMETHBIA NeHUIMT ypaHa B KOpax BBIBETPHBA-
HUSl OTHOCUTEIBHO MATEPUHCKUX IMOPOJ, KOTOPBIH B LIEJIOM COCTaBISET OKOJIO
50-60 % ot ucxonHoro coxaepxanud. Ciydau IOBBIIIEHHOTO COAEPKAHUS ypaHa
B KOpax BBIBETPUBAHMS CBA3aHBI MO0 C OpEOJIaMU PACCESTHUS MECTOPOXKICHHM,
b0 co BTOpUYHBIMHU TporieccamMu (nHpuibTpanus, uucoisnus) (Kouenos, Pa-
cynosa, 1978).

Heo6xoaumMo noq4epKHyTh, YTO INTyOOKOE€ XUMHUECKOEe NU3MEHEHUE TOPHBIX
1opoJ, Bexylee K 00pa30BaHUIO TIIMHUCTON KOPbI BBIBETPUBAHUS, HE SBISETCA
HE0O0X0IMMBIM (PAKTOPOM BHIIIEIAYNBaHUS ypaHa. DaKThl OKAa3bIBAIOT, YTO BbI-
HOC ypaHa U3 IOpOJ] 3HAUYUTENFHO OINepeXaeT UX Iiy0oKoe XMMUYECKOe U3MEeHe-
Hue. Tak, npu U3yuyeHuu rpaHuTHOro Maccusa LlenTpansHoro Baiiomunra Obiio
YCTAQHOBJIEHO HM3KOE€ OTHOIIEHHE u30TonoB 238U/2%Pb B BepXHHMX 4acTsaX Ipa-
HUTHBIX TeJ, OOYCJIOBJICHHOE BBIHOCOM ypaHa METEOPHBIMH BOJAMHU. ABTOPHI
UCCJIIOBAaHMsI MIPUIILUIM K BBIBOAY, YTO B T€UEHHUE KailHO30s51 U3 IPAHUTOB J0 IITy-
OuHbI puMepHO 9 M ObUTO BeIHECEHO Gosiee 10° T ypaHa, 9TO JOCTATOYHO ISt
00pa3zoBaHus BCEX OCAOUYHBIX MecTopoxkaeHui LlenTpansnoro Baitomunra. Xa-
pPaKTEepHO, YTO TOPHUM MPU ITOM OCTAETCS HA MECTE U, TAKUM 00pa3oM, O BBIHOCE
ypaHa B W3BECTHOH Mepe MOXHO CYAWTH IO MOBBIIICHHOMY TOPHI-YpaHOBOMY
OTHOIIECHHIO.

ITo manubmM C.M. XKmoauka (1984), B moBeeHUH ypaHa U TOPHs NPH BbI-
BETPUBAaHUK HWCXOJHBIX IOPOJI YCTAHABJIHMBACTCS 3HAYUTEIHHOE pa3zHooOpasue.
B omHUX ciay4asix ypaH WHTEHCUBHO BBIHOCUTCS U3 BBIBETPUBAIOIIMXCS TIOPOI; B
JIPYyTUX — HAKaIUIMBAaeTCsl B AJIIOBHAJBHBIX 00pa3oBaHMAX JIMOO OCTaeTcs Ha
YPOBHE COJIepKaHMs B MaTepHUHCKUX mopojaax. Kpome Toro, ycraHoBieHo nepe-
pacripeieieHue ypaHa ¢ BBIHOCOM €T0 M3 OJHOM 30HBI KOPBI BHIBETPUBAHHS U Ha-
KOIUIeHUs B Jpyroil. [{ng topus Hambonee XapakTEpHO HAKOIUIEHUE B DJIIOBHUM.
OpHaKo B HEKOTOPBIX CIIydasiX OTMEUYAOTCs KOPbl BEIBETPUBAHUS, B KOTOPBIX TO-
pHif BEICTYTIaeT KaK MUTPAIIMOHHO CITOCOOHBIH JIEMEHT.

Cornacno nanasiM H.A. TutaeBoii (2005) myigs Cubupu, cpaBHEHNE KOHLEH-
tpauuit U n Th B KOpeHHBIX OPOJaxX U OCTATOYHBIX MPOAYKTaX UX Pa3pyLICHHS
JUIS. KOHKPETHBIX pa3pe3oB MMOKAa3ajlo, YTO HE3aBUCHMO OT COCTaBa MOPOJ MPOUC-
XOAMUT HAKOIUICHHE TOpUs B 3IIOBUM. PacueTsl mokas3any, 4To MOABUKHOCTh ypa-
Ha TPH BBIBETPHBAHWUU HCCIEeNOBaHHBIX mopoa Cubupu Ha 23-44 % Oombiie
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MOJIBUKHOCTH TOpUs. MaKkcuMalbHasi OJIBUKHOCTh ypaHa OTMEYeHa il KapOo-
HATHBIX MOPO/I.

ITo nanueiM B.E. KynapsBuesa, npu GopMUpOBaHUH KaOJTHMHOBOI KOPHI BbI-
BETPUBAHUS NIPOUCXOIUT NHTEHCUBHBIA BBIHOC ypaHa. [Ipu 3TOM OTUET/IMBO BBI-
JIeIISIFOTCS] TPU 30HBI, 00YCIIOBJIEHHBIE PAa3IMUMEM KUCIOTHOCTU BOJ. M3MeHeHuto
(U3NKO-XUMHYECKOTO COCTOSIHHSI TIOPOJ] TMPH KOPOOOpa30BaHUM TPENIIECTBYET
MOATOTOBUTENbHASA CTaaus, Belpazupmasicsa B notepe 20—40 % ypana ot obuiero
KOJIMYECTBA B MCXO/IHOM MOPOJIE U XapaKTEPU3YIOLIAsCs PE3KUM MpeoliaiaHueM
BbIHOCA 238U Haz 206Pb.

K.A. I'puropreB u A.Jl. CMUPHOB U3y4YWIM KOpPbI BBIBETPUBAHUS 110 Kpac-
HOLIBETHBIM TEPPUICHHBIM MOPOJAM M YCTaHOBMIIM, YTO B 30HaX KaOJIMHUTHU3A-
uuu Ha TiyonHax 1o 200 M HIDKE TOBEPXHOCTH TEHEIJICHA COACpKaHue ypaHa
YMEHBUIMIIOCH B 2—3 pa3a, 110 CPAaBHEHUIO C MEPBUYHBIM. YpaH, a Takke Pb, Zn,
Co, Mo, Cu, Ni, V 3aepKuBaIiCh B TIMHUCTBIX KOPaX W BEPXHUX TOPH3OHTAX
npo¢ i BEIBETPUBAHUS, HEKOTOPAsk MX YaCTh BBIHOCUIIACH OJ3€MHBIMU BOJaMU
Ha TIIyOuHY 110 MaJIEHUI0 OPOI.

UccnenoBanne C.M. Xmonukom (1984) xop BbIBETpHBaHHS, Pa3BUTHIX IO
UHTPY3UBHBIM KoMILiekcaM Boctounoit CuOupu, No3BOIMIIO CAEIaTh BBIBOJ, UTO
MOBEJICHUE ypaHa U TOpHUs B 30HE TMIEpreHe3a ornpenensercs popMaMu Hax0x-
JICHUSI 3TUX 3JIEMEHTOB B TOPHBIX Mopojax. [Ipu BeIBETpMBAaHUM IE€rMaTUTOB,
QTBOUTU3UPOBAHHBIX (DOMAUTOB, MUKPUTOBBIX MOP(YUPHUTOB-AIHLHEUTOB, KapOO-
HAaTUTOB, B KOTOPBIX YypaH W TOPHH CKOHUEHTPUPOBAHBI B MHUKPOTpPEUIMHAX
(«cBOOOIHBIEY) TOPOAOOOPA3YIOUIMX M AKLIECCOPHBIX MHUHEPAJIOB, JIETKO H3Me-
HSIOIIMXCS. B 9K30I'€HHBIX YCIOBUAX (MMPOXJIOp, OACTHE3UT U Ap.), OTMEUAETCs
BBIHOC ypaHa. B ciyuae BXO)KJ€HHUS ypaHa B MUHEpPAJIbl, yCTOMUUBBIE B 30HE TU-
IepreHesa, OTMEUAEeTCsl €ro HaKOIUIEHWE B KOPE BBIBETPUBAHUS (MIOIMTOB,
MEJbTEHTUTOB, (HOMSIUTOB, CHEHUTOB). TOPHIA, 32 PEIKUM HCKIIOUYEHHEM, KOH-
LEHTPUPYETCS B MPOAYKTAX BHIBETPUBAHUS.

Topuii-ypaHoBoe OTHOIIEHHE B Ipolecce (GOPMHUPOBAHUS KOPBI BBIBETPH-
BaHUS yBEIMYMBAETCS, YTO YKa3bIBA€T Ha DPA3/CICHUE ypaHa U TOPUSA B OTOM
npouecce. OQHaKO NMPOSIBIAETCS U HACIEN0BAHUE ITOrO MMapaMeTpa OT KOPEHHBIX
nopoa. OcoOEHHO OTYETIMBO OHO YCTAHABIMBAETCS JII KOPEHHBIX MOPOJ C
Th/U, 6nu3kum k 1 (mermMaTUThl, 10JIOMUT-aHKEPUTOBBIE KAPOOHATUTHI, abOUTH-
3upoBaHHbIE QoUANTHI). YHacienoBaHHbld xapaktep Th/U npu ¢opmupoBanuun
30HBI OKHCJICHHS YPAaHOBOI'O MECTOPOKACHHUS, CPOPMHUPOBABILIETOCS 10 YIIEpO-
JTUCTO-KPEMHMCTHIM cllaHiam, otmedan taxke H.IT. Epmonaes.

OpHUM U3 TVIaBHBIX (DAaKTOPOB, ONPEAEISIOIUX YPOBEHb KOHILIEHTPAIMA
ypaHa U TOpHs B KOpax BBIBETPUBAHUS, SBISETCS UX COJIEpPKaHUE B MATEPUHCKHUX
nopojax (puc. 4.3). Habmronaetcst muHelHAs 3aBUCHMOCTD MEXAY COJIEp)KaHHEM
ypaHa U TOpUs B KOpax BbIBETPUBAHUA U B cyOcTpaTe. boibias 4yacTb Touek Ass
ypaHa pAacCIOJIOKEHAa HWXKE JIMHUM INPSAMOM IMPONOPLUOHAIBHON 3aBUCUMOCTH,
YTO YKa3bIBA€T HA YMEHbBIIEHUE KOHIEHTPALMI 3JIEMEHTA B MPOLIECCE BBIBETPHU-
BaHUS UCXOIHBIX MOPOA. M3 3THX AaHHBIX BUAHO, YTO BEPOSATHOCTH OOpa30BaHMS
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BBICOKHX KOHHCHTpaHI/Iﬁ YpaHa U TOpHA B KOpaX BBIBCTPUBAHUA IO IOpOJaM C
HU3KHUM COJACPKAaHUAM 3TUX 3JICMCHTOB MaJia.

U, n-1075 r/icm3 a Th, n-10-6 r/cm3 6

1001 1001

X o o 1
104 Ay /% °2
A ° x 3

O + 4
AS

Vo6

o7

10 100 10 100
U, n-107% Th, n-10-8 r/cm3
KopeHHble KopeHHble

101

Kopa BbiBETPpUBAHUA

Puc. 4.3. I'paguru 3asucumocmu mexcoy cooepocanuem ypara (a) u mopus (6)
8 KOpeHHbvIX nopodax u kopax gvieempusarus (no C.M. 2Kmoouxy, 1984).
Ilpooykmer evisempusanusa: 1 — kucavix; 2 — wenounvix, 3 — KapOOHAMHBIX NOPOO;

4 — cranyes; 5 — duabasos, donepumos, 6 — mygos,; 7 — am@puboaumos, NUpoOKCeHUmos

Cornacuo 0606menusm A.A. CmpiciioBa (1974), mpu BeIBETpUBAaHUH Pa3HO-
THUITHBIX TT0 COCTABY M PAJAHOAKTHBHOCTH IOPOJT OTMEYAETCSI HEKOTOPOE (B IEIOM
HE3HAYHUTENIFHOE) YMEHBIICHHE (110 OTHOIICHHIO K MAaTEPUHCKHM IIOpOJaM) CO-
JiepKaHusl ypaHa, paJus U TOpUS B HUOKHEM TOPU30HTE KOPBI BHIBETPUBAHUS (30-
HE JIE3UHTETpalnu). DTO CBSI3aHO, BEPOSTHO, C U3MEHEHNEM (hOPMBI HAXOXKICHUS
9JIEMEHTOB, YBEIMYCHHEM TIOPHCTOCTH JIE3WHTETPUPOBAHHBIX IMOPOJ M HEKOTO-
PBIM BBIHOCOM, BCJIEACTBHE ATOTO, YpaHa M Paaus B IMPOLECCE MEXaHMUECKOTO U
YaCTUYHO XUMHUYECKOro Mpeobpa3oBanusi. Hanbonee xapakTepHO 0OCOOEHHO-
CTBIO ATOTO TOPU3OHTA SABISETCS 3HAUYUTEIBHOE U3MEHEHNE (DOPMBI HaXOXKICHUS
ypaHa, TIPOSIBIISIONIEECS B PE3KOM YBEIIMYCHUH COJIEPKAHUS €T0 JIETKOPACTBOPH-
MO¥ (TIOJIBH’KHOM ) pa3HOCTH.

[To cpaBHeHHMIO ¢ 30HOM JE3WHTETPALMU B CPEIHEM T'HIPOCIIOIUCTO-
KaOJIMHUTOBOM TOPH30HTE (PUKCHPYETCs MOBBIIICHHOE COJAEp)KaHHE ypaHa, pa-
ISl ¥ 3HAYUTENBHO peske Toprst. OOBIYHO paIMOAKTUBHBIX 3JIEMEHTOB (OCOOCHHO
ypaHa) B CpeJHEM TOPU30HTE OOJIBIIE MO0 OTHOUIEHUIO HE TOJIBKO K JIPYTUM TOPH-
30HTaM, HO U K MaTepHMHCKUM mopoaaM. OTHOCUTENbHOE 00OoralieHle 3Toro ro-
PH30HTa YPaHOM M paJlieM, a Takke MHOTHUMH JIpyruMu snemeHtamu (Mo, Cu,
Pb, Zn, V) o6ycnoBieHno ux copouuei ruapocatoguCcTbIM, THIPOXIOPUTOBBIM U
MOHTMOPWJUIOHUTOBEIM MaTepuaioM. OboraieHne THAPOCITIOIUCTOT0 TOPU30H-
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Ta ypaHOM WJUTIOCTPUPYET pa3pe3 KOpbl BhIBETpUBaHMs M0 rpaHutamM Hoocu-

6upckoro maccusa (tabu. 4.1).
Ta6muua 4.1

Pacnpeoenenue ypana 6 npogune gvigempuganust Konvlganckozo
yuacmka (no Pocasxosy u op., 2004)

I'mybuna, M Copeprxanue ypaHa, T/T

1,4 45
20 50
37 85
45 75
46 110

60,5 110
95 84

B BepxHeM (KaOJIMHMTOBOM) TOPU30HTE KOp BBIBETPUBAHMS, KaK IPaBUIIO,
¢bukcupyercss 3HAYUTEIIbHOE YMEHBUICHHE COACpKAHMS ypaHa U pajaus, B TO
BpeMs KaK KOJMYECTBO TOpPHUs HECKOJBKO yBelIHuuBaeTcs. B marepuTHON Kope,
pe3ko o0oTrameHHONW THIPOOKUCIAMH aTOMUHUS U kerne3a (OokcuThl TUXBHH-
CKOTo paiioHa, EHMCENCKOTO Kpsbka U JIp.), 4aCTO OTMEYAETCs MOBBIIICHHOE CO-
nepskanue Topus, 10 (50+70) x 107* %, 4To CBA3aHO C OTHOCHTEILHBIM HAKOILIE-
HUEM B OCTATOYHBIX MPOJIYKTaX YCTOWYMBBIX K Pa3pyLICHHIO aKIECCOPHBIX MU-
HEpajoB U copOIHel Topust IMUHUCTBIME YacThiaMu. [To nanusim JI.M. IN'opma-
Ha, COJEp)KaHHWE TOPHsI B TJIMHUCTOM TOPU3OHTE 3HAYUTENIBHO YBEIMYUBAETCS
(mo 63 x 10™* %) Ha KOHEYHOM cTaJuK KOPOOOPa30BAHUSL.

XapaKkTepHOH paJuore0XMMHUYECKONH OCOOEHHOCTHIO MPOAYKTOB KOpP BBIBET-
pUBaHMS SBJSETCS HapyIlIEHHE DPaJUOAKTUBHOIO PAaBHOBECHS B YpaH-PaTUEBOM
psLy — cMelleHne B CTOpoHy u30bITKa paaus. Koadduiment paBHOBecHs: MEX Ty
yparoM u paguem (Ra/U) xomebiercst OT eTuHUIIBI B 30HE JAe3uHTerparuu 10 1,7 —
B IJIMHHUCTHIX MPOAYKTaX KaOJIMHUTOBOTO ropu3oHTa. [loacuers 6ananca paauo-
aKTUBHBIX 3JIEMEHTOB, BbINOIHEHHbIE B.M. BacunpeBoil ¢ yueToM IIIOTHOCTH U
MOPUCTOCTHU TOPOJI, CBUACTENBCTBYIOT O 3HAUUTENIFHOM 001IeM aeduiute ypana
1 paausi B o0pa3oBaHUsIX Kop BeiBeTpuBaHus (CMbIcioB, 1974).

Oco0ble THIIBI KOp BBIBETPUBAHUS MPEJCTABIAIOT 30HBI OKUCICHHS YPaHO-
BBIX MECTOPOKACHUHN U CYIb(UIHBIX MECTOPOXKICHUN IPYTHX METAIIOB.

B nepBom ciyuyae ¢opmupyrorcs pasHOOOpa3Hble BTOPHUYHBIE MHUHEPAJIbI
ypaHa. BelHOC ypaHa mpH OKHCIIEHUU YPaHOBBIX MECTOPOKICHUI BeCbMa 3HAUU-
TesieH. Bokpyr HuX (GopMupyroTcsi oOIUpHbIE THAPOTEOXUMUYECKHE aHOMAIHH
PaAMOaKTUBHBIX JIEMEHTOB.

Bo BTOpOM cnyuae mporiecchl BBINIEIAYUBAHUS ypaHa HIYT CYIIECTBEHHO
MHTEHCUBHEE, YEM IIPHU PSIZIOBOM BBIBETPUBAHUU NOPOJ, 3a CYET CEPHOKUCIOTHO-
ro BaiuenaynBaHus. OCOOEHHO aKTHUBHO pa3pyllAIOTCs MOPOJbI MPU CEPHOKUC-
JIOTHOM BBIIIENIAYMBAHUM TIPU apUIHOM KiIMMare. B rymunHom knumare B pe-
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3ynbTaTe pa3yO0o’KMBaHHMS BOAHBIX PACTBOPOB CKOPOCTh CEPHOKHUCIOTHOTO BBI-
BETPUBaHMSI M1aJ1aeT.

B mporuecce BbIBETpUBaHMS TOPHBIX MOPOJ C MOBBILIEHHBIM COAEpPKAHUEM
ypaHa (4epHbIC CIIaHIIbI, TPAHUTOUIBI, KUCIbIe 3P dy3UBBI U 1p.) MOTYT (popMuU-
pOBaThCsl THIEPreHHbIE MECTOPOXKJIeHHs ypaHa. Hepeako Ha TakMX MeCTOPOXK-
JICHUSAX TUIEPreHHBIN MPOIecC KOHIIEHTPALUU YpaHa COYETAeTCs C SIUTeHeTHYe-
CKUM HMH(UIBTPAIIMOHHBIM TIPOLIECCOM (TIepepacnpesielieHne M KOHICHTpalus
ypaHa Oe3HallOpHbIMHU TPYHTOBBIMH BojiaMu). IIpu 3TOM BO3HUKAET pyJOKOHTPO-
aupyrouias  30HalnbHOCTh. OJMH U3 TakuX  IPUMEPOB  PACCMOTPEH
N.I1. Cepreesbim u nip. (puc. 4.4.).

[Tauka cIIOAUCTO-TIAMHUCTBIX U U3BECTKOBO-TIIMHUCTBIX CIIAHLEB MaJIC0305 C
IPOIUIACTKAMM YTJIEPOJUCTO-TIIMHUCTBIX, YITIEPOAUCTO-KPEMHUCTBIX CIIAHLEB U
JOJIOMUTH3UPOBAHHBIX U3BECTHIKOB M MOCIOWHBIMU TEJIaMHU 11aba30B, CMATA B
KpYyThbl€, yXOJdllUMe Ha OoJbpliue IyOuHBI CKIaJKH U IOJBEPrHyTa MeTaMop-
¢buszmy damum 3eneHbIx ciadieB. Ha OGomblieit 4acTu TEPPUTOPUU ITH TTOPOIBI
HEPEKPBITHI IUNIATHOPMEHHBIMU OTIOKEHUAMU. []0 NEPEKPBITHS OHU 1TOIBEPIIUCH
JpEBHEMY TPOLIECCY TUIEPreHe3a B YCIOBMAX 4YepelOBaHMs apuIHOIO U CEMH-
apugHoro ximMara. Ha mnpunogHumaBiieMcs IEHEIUIEHE 3]1eCh Pa3BUBAIKCH
TPYHTOBasi, a BJOJIb NPOHUIIAEMbIX M3BECTHSIKOB U 1a0a30B M 30H TEKTOHHYE-
CKUX HapylIEHUN — IJIACTOBO-TPEIIMHHbBIE U TPEIIMHHBIE 30HbI OokuciaeHus. [lo-
cienHue aocTurarot riryounsl 1200 M OT ypOBHS COBPEMEHHOM MOBEPXHOCTH.

Ha yuyacTkax MHTEHCHBHOTO pa3BUTHsI MPOILIECCOB TMIIEPreHe3a B Mpejesnax
MOIIHBIX TEKTOHHYECKHX 30H C(HOPMHUPOBAIACH T'€OXUMHUYECKasi 30HAJIBHOCTD.
B 3aBUCHMOCTH OT CTENIEHHM OKHMCIEHHOCTH IIOPOJ M XapakTepa nepepacnpeseiie-
HUSl MUKPO3JIEMEHTOB 3/J1€Ch BBIJEISIFOTCS TPU T€OXUMUYECKHUE 30HBI (puc. 4.4).

3ona noanozo oxkucnenus (1) pacmpocrpanena Ha riayOuny mo 200-300 wm.
s Hee xapaKTepHO MPEUMYIIECTBEHHOE Pa3BUTHE MHTEHCUBHO MOKPACHEBIINX
(reMaTUTH3UPOBAHHBIX) U OCBETJIIEHHBIX MOPOJ U BECbMa 3HAYUTENbHBIN BBIHOC
ypaHa, Me/ii, KoOallbTa, IIUHKA, HUKEJIs, MOIUO/AeHa U APYTUX MHUKPOIJIEMEHTOB
U3 YIJIEPOJUCTBIX CIIAHIIEB, OCOOCHHO M3 BepXHEW 4acTH 30HbI. B pesynbrare
BBIHOCA ypaHa CpPEeAHsIsl raMMa-aKTUBHOCTb YTJIEPOANCTBIX CIIAHLIEB MOHMKAETCS
npoTHB (JOHOBOW B TPU-UETHIpE pa3a. B To ke BpeMs reMaTuTU3UPOBAHHBIE I10-
POJIBI ¥ BMEILAIOLIUE YTIIEPOANUCThIE CIaHIIbl HECKOJIBKO 000raaiTcs ypaHoM U
UX TraMMa-aKTUBHOCTb 3aMETHO MHOBbIMAeTCsA. [IpOMBIIUIEHHBIX KOHLEHTpanuni
ypaHa B 3TOH 30HE He HabogaeTcs.

3oHa yacmuunozo oxucnenus M yemenmayuu (1) xapakrepusyercss yacton
MIEPEMEKAEMOCThIO HEOKHCIIEHHBIX U CIIA000KUCIEHHBIX MOPOJI, C1a0bIM BBIHO-
COM M3 YTJIEPOAMCTHIX CIIAHIEB ypaHa U MOBBIIIEHUEM COZIEp KaHUS OOJIBIINHCT-
Ba BBIILIENIEPEUUCIICHHBIX AJIeMeHTOB. [Ipu 3TOM cpeaHsisi raMMa-aKTUBHOCTD yT-
JIEpOJIUCTHIX CIIAHIEB MOHIKaeTcs B 1,5-2 pa3za, Mo cpaBHEHHUIO ¢ (JOHOM HEM3-
MEHEHHBIX MopoJ. B 3Toli 30HE B HEMOCPEACTBEHHOMN OJIM30CTH OT y4aCTKOB BbI-
KJIMHUBAHUS OKHCICHHBIX (0OENIEHHBIX MM IeMaTUTU3UPOBAHHBIX) MOPOJ JIHO0
Ha HEKOTOPOM PAcCTOSHUU OT HMX BO BMEUIAIONIMX YTJIEPOAMCTHIE CIIAHIIBI MO-
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polax, pexe B HUX CaMUX, PacIloyiaraloTCs YPaHOBbBIE PYAHbIC Teja ¥ MHOTOYHC-
JICHHBIE JIOKAJIbHBIC aHOMAIHH. PyjHBIE Tena MpeAcTaBlIeHbI COTJIACHBIMH C Ha-
TUTACTOBAHUEM 3alie)kaMu. BHYTpH 3ayexeil opy/IeHeHHE KOHTPOJIUPYETCS 30Ha-
MU TEKTOHUYECKHX HAPYIICHUH W TPEIIMHOBATOCTH. Pyabl MpEeMMyIECTBEHHO
TOHKOBKpAIUICHHBIE W JHCIEpCHBbIE. MecTaMu  Pa3BUTO  IPOKUIKOBO-
BKpaIieHHOe opyjaeHeHue. Cpenu pyaHBIX MUHEPAJIOB OTMEYAIOTCS HACTYpaH,
KO PUHUT, YepHHU.
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Puc. 4.4. Cxemamuuecxuii 2eonocuseckuil pazpes ¢ OAHHbIMU
0 2unepeenHoll 2eoXUMUYECKOL 30HAILHOCMU HA MeCOPOA*COeHUU,

NpUypoOYeHHOM K yeprocianyesoli popmayuu (no U.I1. Cepeeesy u op., 1985):
1 — naameopmennvie omnodncenust; 2 — U36€CMKOGO-2IUHUCTIbIE CAAHYbL, YeAEPOOUCHIbLe CAHYbL;
3 — HeusmeHennvle; 4 — ¢ camma-akmugHocmyoio 6 1,5—2 paza Hudice poHa HeusMeHeHHbIX NOPOO;
5 — 6 3—4 pasa nuoice pona; 6 — uzeecmuaAKU, 7 — CIOOUCMO-2IUHUCTbIE CIAHYbL, 8 — duabaswl;

9 — pyonvie mena; 10— 30na «eemamumusayuuy;, 11 —zpanuysl ceoxumuyeckux 30H,
12 — nHomepa ceoxumuueckux 301, I — 30Ha nonno2o oxkucienus; Il — 30Ha yacmuuno20 oKucieHus

u yemenmayuu, Il — ne 3amponymule oxucienuem nopoosl

Huxe no nmageHnio npolyKTUBHOM MAayKy pacloyaraloTcs He 3ampoHymbie
oxucnenuem nopoost (I11). JInst yraepoaucThIX CIaHIEB XapaKTepeH YCTONYHBO
BBICOKHI (DOH cojepkaHUs ypaHa, HO €ro MPOMBIIUICHHBIC KOHIIEHTPAIUNA OT-
CYTCTBYIOT.

4.1.3. ®opmbI HaxoxAeHuUSs ypaHa U MOpPUSsT 8 KOpax 8bleempueaHus

HccnenoBaHusi MHOTHX CIELMAIUCTOB MOKAa3bIBAIOT, UTO B KOPAaX BBIBETPU-
BaHUS PaCHpOCTPaHEHbl paziuyHble (HOPMbI HaxoXkaeHus ypaHa u topus. Oc-
HOBHBIMM KOHIICHTPATOpaMH ypaHa U TOPHUs SABJISIOTCS BBICOKOAUCIEPCHBIE MU-
HepaJlbl — MOHTMOPUJUIOHUT, KAOJUHUT, WIIUT, THIPOOKHUCIIBI JKEle3a U MapraH-
na. ITo manapim C.M. Xwmonuka (1984), B xopax BBIBETpUBAaHMS ypaH U TOpUM
KOHUEHTPUPYIOTCS B OOJBIINHCTBE CIy4yaeB B IIIMHUCTOHN (< 1 MKM) M TOHKOIIE-
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mutoBod ppakuumsax (1-10 mxm). Topuii-ypaHoBoe OTHOILIEHHE B I'PaHyJIOMETPH-
YeCKHX (PpakuusAX 30HBI BhIBETpHBaHUS comocTtaBuMo ¢ Th/U HCXOAHBIX TOPOA.
[IpuumHOI 3TOTO SBJICHHS MOXKET OBITh OJHOBpPEMEHHas (UKcamus OOJbIIeH
YacTU ypaHa ¥ TOpPHUS B MPOIIECCE BBHIBETPUBAHMS TOHKOIUCIIEPCHBIMH MHUHEpa-
JIaMH TJIMH U THIPOOKHUCIIOB.

C.M. Kmomuk (1984), nzyuaBmmii (hopMbl HAXOKACHUS B KOpaX BBIBETPH-
BaHHUs Pa3HOrO BO3pacTa U MO Pa3HBIM MCXOIHBIM MOpPOAAM, MOKa3all, 4To Mpo-
CTPAaHCTBEHHOE pacHpeieiiCHHe PaJHOaKTHBHBIX 3JIEMEHTOB B TOHKHX (PpaKIUsIX
(< 10 MKM) XxapakTepu3yeTcsl HAIMYHEM ypaHa U TOpHUS KaK paBHOMEpPHO pacce-
SHHBIX, TaK U B BUJI€ BBICOKOAKTUBHBIX MUKPOBBIJEIeHUNH. COOTHOIIEHNE MEXIY
PaBHOMEPHO PacCEesTHHONW M MHHEpaIbHON (MUKpPOBBIIEICHHS) (hOpMaMU B aJeB-
PUTOBBIX (paKUUsSX U3MEHSAETCS B 3HAUUTENbHBIX Ipe/eiaax B 3aBUCUMOCTU OT
coctaBa ¢paxiuu. ns ¢pakiuif, COCTOSINUX U3 T€TUTAa U THIPOOKUCIOB Map-
raHlla, yCTaHAaBJIMBAETCA B OOJBIIMHCTBE CIy4aeB TOJIBKO PaBHOMEPHO pacrpe-
neneHHas ¢opma ypana u Topusi. MakcuMaibHBIN BKJIaJl COOCTBEHHO MHHEPAIb-
HOU (popMBI B 001Iee cofepkanne ypaHa u Topust Bo ¢pakuuu 10—1 MKkM MoxeT
nocturath 3040 %. Ho Bce-Taku mpeobiiagaeT paBHOMEPHO PACCEIHHOE HaXO0X-
JIEHUE PAJUOAKTUBHBIX AJIEMEHTOB. XapaKTep 3aBUCUMOCTH COJIEp)KaHUM ypaHa
U TOpUS OT yAETbHON MOBEPXHOCTH U UX PAaBHOMEPHOE pacrpesielieHue B TOHKO-
JMCTIEPCHBIX (DPAKIUSAX MO3BOJISIIOT TOBOPUTH O COPOIIMOHHON (hopMe HaxoxKIie-
HUSl HE TOJIBKO ypaHa, HO U Topusi. BeposTHO, olHOBpeMeHHas copOuus ypaHa u
TOpUsT HOBOOOPAa30BaHHBIMU MHHEpAJaMH NPEMSATCTBOBAJA MX BBIHOCY, YTO H
0O0BSCHSICT HACJIEIOBaHUE TOPHUIl-ypaHOBOTO OTHOIIEHMSI MCXOJAHBIX MOPOJ IJIH-
HUCTBIM U TOHKOIIEJIUTOBBIM MaTE€PHAIIOM JJIHOBUS.

Paznuunbie rpanynomerpudeckue Gppakiuu, o0pa3yromrecs B MpoIecce Bbl-
BETPUBAHUS, MOXKHO pacCMaTpHBaTh Kak MaTepHai Uit (OPMUPOBAHUS TEPPUTEH-
HBIX OCaJIKOB. B 3TOM OTHOIIIEHHM MHTEpEeCcHA MPOCIeKEHHAs! TEHACHIUS B U3Me-
HEHWM COJEpKAHUN ypaHa U TOPHUS B 3aBUCHUMOCTU OT IPaHyJIOMETPHUUYECKOTO CO-
cTaBa TeppureHHbIx nopoj. Kak m3sectHo (Cmbicios, 1974 u nip.), B psiay mopon
KOH2II0MEPambl-necyanuKu-anieepumbl-apuiiumsl 00HapyKHMBaeTCs MOCTENEHHOE
YBEJIMYEHUE COZIEpKaHUM ypaHa U Topus. B criektpe rpaHynomerpuueckux ¢Gpak-
i (KpymHO-, MEJIKOIeCYaHble, aJleBPUTOBbIC, TIIMHUCTBIC) KOP BBIBETPUBAHMSA B
OOJIBLIIMHCTBE CIy4YaeB TAK)KE BBISBICHA TEHACHIUS BO3pAacTaHMs KOHIIEHTpaLUil
ypaHa ¥ TOpHs B TOHKOAMCIIEPCHBIX 00pa30BaHHUAX U3MEHEHHBIX OPOI.

Pacyer konmuecTB ypaHa M TOpHUA, CBA3aHHBIX C TPaHYJOMETPUUYECKHUMHU
(bpakuusMu, MokKasai, 4YTo C MaTEpPUaAIOM KPYIHOCTbIO MeHee 10 MKM CBsI3aHO 10
31,8 % U u 23,4 % Th B BeBeTpenbix rpanutonaax; 10 47,0 % U u 49,0 % Th B
Kope BeIBeTpuBaHus uitonutos; 10 23,9 % U u 23,4 % Th B u3MeHeHHBIX KapOo-
Hatutax (PKmoauk, 1984).

M3BecTHO HEMAJIO MOMBITOK BBIACHUTH YPOBHU KOHILICHTPALUM AJIEMEHTOB B
pa3NUYHBIX THIEPreHHBIX MUHEpaiaxX KOp BBIBETPHBAHUA U OcaakoB. MuHepaio-
TMYEeCKOe M3YYEHHE AUCHEPCHBIX (Ppakiuii KOp BBIBETPUBAHUS U COJEpXKAHUI B
HUX YpaHa M TOpHsI HE IMO3BOJSET C/eNaTh OKOHYATEILHOTO BBIBOAA O HAJIUYUU
CBSI3U MEX/ly KOHIIEHTpaIUsAMH paIio3JIEMEHTOB U MUHepanoruen ¢pakuuii. Jloc-
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TaTOYHO HAJEKHO YCTaHABJIMBACTCS JIMIIb YBEJIMYECHUE COJEPXKAHUM ypaHa U To-
pHsl B AMCIIEPCHBIX (PPAKIMIX U3 ONPEAEICHHOr0 Npo(uis BEIBETPUBAHUS C MOSIB-
JICHUEM B HUX I'éTUTA B CMECH CO CJIOUCTBIMU CUJIMKATaMH U aTFOMOCHIMKATaMH.

3HayMTeNbHO OOJIbIlIee BIMSHUE HA YPOBEHb KOHIEHTPAIMKA yYpaHa U TOPH
BO ¢pakimax 10—1 u <1 MKM OKa3bIBaeT COCTaB MCXOJAHBIX MOPOJI, IO KOTOPHIM
¢dopmuposancs npoduias. Tak, oIMHAKOBBIE B KAYECTBEHHOM OTHOILIECHUH KaOJH-
HUT-WIIUTOBOTO COCTaBa TJIMHUCTHIE (PaKIMU, 00pa3oBaBIIKecs MO (GoUsuTaMm,
MUKPOKJIMHU3UPOBAHHBIM U aJbOUTH3UPOBAHHBIM (OUSUTAM M IErMaTUTaM,
pa3nuyaroTCs Mo COJEPKAHUAM ypaHa U TOpUS Ui OTACIbHBIX Po0 OoJiee yeM B
10—15 pas.

Hanuuue B onpeneneHHbIX YCIOBUSAX PacTBOPOB JMOO MOPOJ, 3a CUET KOTO-
pBIX (GopMHpyeTCsi KOpa BBIBETPHUBAaHUS € 0OoJjiee BBICOKUMH KOHILIEHTPALUSIMH
ypaHa M TOpHs, OTPaXaeTcs ¥ Ha KOJIMYECTBE ITHX AJIEMEHTOB B MUHEpaJlaxX JIUC-
nepcHbix ¢pakmuii. B.M. Pexapckas (1971) onmcana KaOMHMHHUT ¥ TETUT U3 KOPBI
BBIBETPUBAHMS C COJAEpKAaHUAMHU ypaHa 10 2-3 % M paBHOMEPHBIM €ro Ipo-
CTPAHCTBEHHBIM pacnpeneneHueM. B.M. I'aBlInH npuBes 1aHHbIE O BBICOKUX CO-
nepxaHusax ypaHa (10 1 %) B TOHKOAMCIIEPCHBIX T'MIPOCIIOAAX U XJIOpUTaX W3
0CaJIOUHBIX MMOpoJ. BOo3HMKHOBEHHE BBICOKHMX KOHIIEHTpAILMil ypaHa BO MHOTOM
3aBHCHUT OT (PU3UKO-XUMHUYECKUX YCIOBHIA CPEIbI.

Wtak, B KOpax BBIBETPUBAHHS BEIYLIYIO POJIb MPUOOPETAIOT J1BE (hOPMBI Ha-
XOXECHUS ypaHa U TOpusi: COPOLIMOHHASI HA TMIPOOKUCIIAX JKejle3a U MIMHUCTBIX
MUHEpajlax M MHUHepajbHasi B COCTaBE TPYAHOPA3PYIIAEMbIX MHHEPAIOB-
KOHLIEHTPAaTOPOB ypaHa U Topus (IIUPKOH, MOHALIUT U JIp.).

4.1.4. Ycnoeus Mu2payuu u KOHYeHmpupoeaHusi ypaHa u mopusi
8 Kopax ebleempusaHusi

OKCIEPUMEHTAJIBHO YCTAHOBJIEHO, YTO ypaH JIETKO BBILIENAUYUBACTCS M3
TJIMHUCTBIX MUHEPATIOB KapOOHATHBIMHU PAacTBOpaMH. B CBS3M ¢ 3TUM AJs DK30-
TeHHOW T€OXMMHH ypaHa MpPOIECC BBIBETPUBAHUS SBIISIETCS OCHOBHBIM IMPH MO-
OWITM3alMY TIOJIBUYKHOTO ypaHa.

[ToBeneHue ypaHa ¥ TOpUs NP BHIBETPUBAHUH OMPEIEISIETCS XUMHUUYECKUMHU
CBOWCTBaMHM 3JIEMEHTOB, COCTaBOM TOPOA M (OpPMaMU HAXOKJCHUS B HUX ypaHa,
a TakXke MPHUPOJHO-KIMMATHUYECKUMH YCIOBHSIMHU, OT KOTOPBIX 3aBUCAT (PH3HKO-
XMUMHUYECKHE yCIOBHS CPE/Ibl BEIBETPUBAHUSI.

B3auMogeiicTBue B cucreMe 8600a—nopoda B 30HE aKTUBHOTO BOJJOOOMEHa B
YCIOBHAX XOPOILIEH a’pamuy MPUBOAUT K OKUCIICHUIO ypaHa Ha MOBEPXHOCTH
3epeH MUHEPAJIOB M CPABHUTEIILHO JIETKOMY €T0 MEPEXOIy B pacTBOP.

CocraB mopojbl ONpenesieT CKOPOCTh €€ pa3pylIeHUs] U BBICBOOOKICHUE
CBSI3aHHOTO ypaHa. B mepByro ouepeqr B pacTBOp MEPEXOAUT PACCESIHHBIA Me-
TAJJT ¥ METaJUI, HAaXOAALINICA B COPOMPOBAHHOM COCTOSTHHM, — «CBOOOTHBIN
ypaH. MeuienHee, ¢ pa3HOil CKOPOCTBIO, pa3pyIIaloTcsi COOCTBEHHbIE MUHEPAIIBI
ypaHa WM MUHEpAJbl, B KOTOPBIE OH BXOAMUT Kak M3oMopdHas mpumecsk. Jlerde
pa3pymaroTcsi OKCUIBI ypaHa (YpaHHHUT, HACTYpaH U JIp.), Xyxke — docdarsl u
TUTaHATHI. [IpaKTHUECKN HE PaCTBOPSAETCS LIUPKOH.
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[TpupoAHO-KIMMATUYECKUE YCIOBUS OMPEEISIIOT CKOPOCTh U XapaKTep BhI-
BeTpuBaHus. B o0meM ciyyae, MUHTEHCUBHOCTh XMUMHUYECKOI'O BBIBETPHUBAHUS
BO3pacTaeT ¢ ceBepa Ha or. OHa CHIIBHO 3aBUCUT HE TOJBKO OT TEMIEpPaTyphl, HO
U OT KosinyecTBa ocaakoB (puc. 4.1). Kpome Toro, Ha cKOpocTh BbIBETPHUBAHUS
00JIbIIIOE BIHUSHUAE OKA3bIBAET MPOHUIIAEMOCTH MTOPOI.

[To manneiM pamuorpadum (PKmomuk, 1984), oTUETIMBO yCTaHABIMBACTCS
HMCTOYHUK TOBBIIICHHBIX COJEP>KaHUN ypaHa B JIUCIEPCHOM BEIIECTBE KOP BBI-
BETPHUBaHMS: IOPOI00OPA3yIOLINE U YpaHCOJAEpKaIlNe MUHEPAJIbl, a TAKXKE ypaH,
COCpEIOTOUCHHBIH B MHKpoTpeuinHax. KoHleHTpauus ypaHa, Kak U TOpuUA, B
TITUHACTHIX (ppakiusix (< 1 MKM) B TIEpBYIO OuYe€pelb 3aBUCHUT OT BaJIOBOTO CO-
JepkaHus ypaHa (Topusi) B mopoje (puc. 4.5).

U, Mkr/r, dp < 1 MKM

A ol
100 N m2
e =3
%) x A <4
N ° x o5
B 4 6
Cig ® +7
® A8
101 Re < //n x x9Q
n 0 +* M 10
"/ e x nil
n /e /M 12
Y <13
@14

10 100 U Ban, MKr/r

Puc. 4.5. Coomnouienue mexncoy 8a108biMu KOHYSHMPAYUIMU YPAHA U €20 COO0epiHCa-
HUsAMU 8 2nunucmol paxyuu xop evisempusanus (no C.M. Kmoouxy, 1984).
Kopwi svigempusanusi: 1 — cuenumos, 2 — keapyesvlx cuenumos, 3 — epanumos; 4 — utlonumos;
5 — @oiiaumos; 6 — MUKPOKIUHUSUPOBAHHBIX POUAUMOE, 7 — WEIOUHbIX Ne2MAMUMO8;

8 — anvoumusuposannwvix gotisiumos; 9 — meromevieumos, 10 — nukpumosvix
nopgupumos-anvieumos,; 11 — kapbonamumos I cmaouu; 12 — ¢hnoconumoswvix
kapbornamumog Il cmaouu, 13 — donomum-ankepumosvix KapooHamumos,

14 — 30na kapbonamuzayuu

OI[HE[KO B KaXJIOM KOHKPCTHOM CJIyda€ 3Ta 3aBUCUMOCTb ONPCACIACTCA
q)OpMaMI/I HaXOXXACHUA 3JIEMCHTOB B MATCPUHCKHX MOPOAax U, BEPOATHO, KIIUMa-
TUYCCKHMHU YCIOBUAMHU, B KOTOPBIX IMPOTCKAKOT MPOLECCHI BLIBCTPUBAHUA. TaK,
KOHLCHTpPAIUMX ypaHa B I'NTIMHHUCTBIX (bpaKIII/IHX KOPEI BBIBETpUBAHUA CHUCHUTOB U
KBApIUECBbIX CUCHUTOB 3HAUUTCIILHO IIPCBBIIAOT KOHLICHTPAIWKU, BO3HUKAIOIINC
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MIPU BBIBETPUBAHUH (DOHSUTOB U MUKPOKIMHU3HUPOBAHHBIX (OUSIUTOB 3aaHrap-
CKOT'O HIEJIOYHOTO MACCHBA, U TIPUOIMKAIOTCS 110 COJAEPKAHUSIM ypaHa B TJIMHU-
CTBIX (PAKIUAX K BBIBETPEIbIM AIbOUTH3UPOBAHHBIM (OMSHTaM M MerMaTUTam
ATOTO K€ MACCHBA, MPU BAJIOBBIX KOJWYECTBAX, OJU3KUX K KIAPKOBBIM JJIsl Tpa-
HurouaoB (JKmoauk, 1984).

['maBHBIE MexaHU3M (UKCAlMM THUNEPTreHHBIMH MHUHEpaJlaMH ypaHa-
copbouumst. Dxcriepumentamu (['aBmuH u ap., 1975) ybeaurensHo mokasaHa BO3-
MOXXHOCTh HAaXOXJCHHS ypaHa B 30HE THUIIEPTeHe3a B COpOMPOBAHHOM COCTOSI-
Huu. KoHleHTpauuu Topust B TOHKUX (Ppakiuax OOBIYHO CBSI3BIBAIOT C MHUKPO-
BKJTIOYEHUSIMA TOPUEBBIX MUHEPAJIOB.

CymiecTByeT ABe TOYKU 3pEHHUs Ha 00pa3oBaHUE BBICOKHX (QaHOMAJbHBIX)
KOHLEHTpallui ypaHa B TMJIpOOKHcHax xkese3a. CorjlacHO OJHOU, TMJIPOOKHUCIIBI
o0oraIfarTcss ypaHOM B MPOLIECCE UX COOCAXACHUS MPU HEUTpaIU3aIiu CEpPHO-
KHCJIBIX PAaCTBOPOB, XapaKTEPHBIX JIJISi 30H OKHCIICHUSI YPAHOBBIX MECTOPOKIIE-
nuit (I'punaenko u ap., 1959; Skosnesa, Illapkos, 1971). CornacHo apyrou
(PoxxkxoBa, CepeOpsikoBa, 1958; u n1p.), HaKOIUIEHHE ypaHa B THUIPOOKHUCIIAX MPO-
HCXOJUT MpU COpOIIMU ypaHa U3 BOJI C HE3HAUYUTEIIbHBIMU KOHIICHTPAIIUSIMU 3TO-
ro 3JIEMEHTA, YTO YCTAHOBJIEHO IKCIIEpUMEHTaIbHO. CUuTaeTCs, YTO B MPHUPOIE
3TOMY Hpolieccy OyAyT NpensTCTBOBATh cleAyrouue GaKkTophl:

1) riMHUCTas KOpa BRIBETPUBAHUS OeqHA JIETKOMOABIKHBIM YPAaHOM, KOTOPBIi

ObUT BHIHECEH HAa PAaHHUX CTAJIUSAX TUIIEPreHesa;

2) THIPOOKHCIHI )KeJe3a CO BpEMEHEM CTapeloT U TEPSIOT CIIOCOOHOCTh K COpOIINHY;
3) ypaH B KOHEUHOH CTaauM KOPOOOpa30BaHUsSI CTAOMIM3YETCS KOJUIOWUTHOM

KPEMHEKHUCIIOTOM.

Kpome Toro, B ycrnoBusix apuJHOTO KJIMMaTa U B KapOOHATHOW cpeje cop-
OMpOBaHUIO ypaHa B KOPE BBIBETPUBAHUS OYyJET MPEMSATCTBOBATH MOBBIIICHHAS
KapOOHATHOCTh BOJ, CITIOCOOCTBYIOIIAas MHTEHCUBHOW MUTpAIlUU ypaHa B ¢opMme
ypaHUJI-KapOOHATHBIX KOMILIEKCOB.

Bbbut0 M3ydeHo BIUSHUE ClIeAYOMmMUX (GakTOpoB Ha (PUKCAIMIO YpaHa TUIPO-
OKHCJIaMU kKene3a: 1) KTMMaTHYeCKUX yCIOBH; 2) COCTaBa MAaTEPUHCKHUX TOPO/T;
3) rUAPOXUMUYECKON 30HAIIBHOCTH KOPHI BhIBeTpUBaHUs. J[s poduseit BoIBET-
puBaHUS KapOOHATUTOB ObUIM JIETANIbHO M3y4eHbl pH, KaTMOHHBIA U aHUOHHBIN
COCTaB TPELIMHHBIX, KAPCTOBBIX, IOPOBBIX U MOBEPXHOCTHBIX BOJ.

Kaxk mokaseiBator uccnenoBanus (Kmomuk, 1984), BeiBeTpruBaHue mopoj B
OKHUCJIUTETbHONH 00CTaHOBKE MPUBOAMT MPEXK/IE BCEro K M3MEHEHUIO (PopM Haxo-
KJICHUS ypaHa. YpaH, CKOHIICHTPUPOBAHHBIA B MOPOI00OPA3YIOIMIUX U aKIlec-
COPHBIX MHHEpajaxX, MEePeXoJUT B PacTBOP C MOCIEAYIOIIEH copOumei ero ru-
MepPreHHbIMU TOHKOMCIIEPCHBIMU OKHCIIaMU U cuiinkataMu. [Ipoucxoaut Mmobu-
JU3alus ¥ KOHIEHTpPAIUs B MPOIECCE BHIBETPUBAHUS JIETKOMOABUKHOTO YpaHa,
COpOIMOHHO CBSI3aHHOTO ¢ MUHEpaJIaMH TJIUH U TUAPOOKHUCIOB. Pa3MbIB, TpaHC-
MOPTUPOBKA U ocagouHas auddepeHnnanys npoayKToB BEIBETPUBAHUS B YCIIO-
BUSIX, AQHAJIOTMYHBIX TEM, B KOTOPBIX MPOUCXOIWIO (DOPMHpPOBAHHE DITFOBUS,
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MMPUBCIIN K 06p3.30BaHI/IIO TOPU30HTOB, O6OFaH_IeHHBIX AUCTICPCHBIMHA TUIICPTCH-
HBIMU MUHEpaJIaMH C BBICOKUMH COJIEPKAHUSIMU COPOIIMOHHO CBSI3AHHOTO ypaHa.

CMeHa r'yMHUJIHBIX YCJIOBUHM KJIMMaTa Ha apHJHbIe MPUBOAUT K TpaHCcopMa-
U XUMHUYCCKOr'o COCTaBa BOJ, KOTOPBIC CTAHOBATCA COJOBBIMH. BSaHMOHeﬁCT-
BH€ IIMHUCTBIX MUHEPAJIOB C BOCXOSAIIMMHU COAOBBIMU PAaCTBOPaMH B pe3yJibTa-
T€ KallWIIAPHOTO MOABEMA BOJ IIPU MCIAPEHUU MPUBOIUT K IIEPEXOLY ypaHa B
pPacTBOp € MOCIEAYIOLIUM €r0 OCaKJECHUEM B BHUJIE COOCTBEHHBIX YPaHOBBIX MH-
HEpaJoB.

Ha ocHoBaHMM 3THUX Pe3yJbTATOB MPEICTABISAETCS BO3MOXKHBIM PAaCCMOTPETh
UCTOYHHK YPaHOHOCHBIX PacTBOPOB, (OPMUPYIOIIUX MOIUTCHHBIA THII MECTOPOXK-
JIEHUI ypaHa, CBs3aHHbIN ¢ Kambkperamu (JIaBepo, 1979 u np.). U3BectHO, 4TO
npoueccom, NpCAnCCTBOBAaBIIMM BO3ZHUKHOBCHUIO KAPHOTHUTOBBIX Py B KaJILKPC-
tax (ABctpanus, Comanu), ObUIO JIATEPUTHOE BHIBETPMBAHWE T'PAHUTOMIIOB, TIO-
CJICYIOIMI pa3MbIB M OJIM)KHEE MEePEeOTIOKEHHE AITIOBUANIBHBIX MPOIyKTOB. VH-
BepcHUs KJIMMaTa B CTOPOHY apuAHu3alliy MpHUBeJia K MOSBICHUIO KapOOHATHBIX KOP
C YpaHOBBIM OpYJICHEHHUEM, BEPOSITHEE BCETro, OJIaroapsi UCapUTeIbHON KOHIICH-
tparuu (JlaBepos, 1979; batynun, 1980). OnHO# U3 OCHOBHBIX CTaUH, IOJITOTAB-
JIMBAKOINHUX IMPOHECC PYAOOTIOXKCHHA, KaK MPCACTABIIACTCA, 6bIJIO BBIBCTPHUBAHUC
I'PAaHUTOB, IPOUCXOAUBIICC B YCIOBHUAX 'YMHUIHOT'O KIIMMAaTa.

4.2. F'naporeoxmmusa ypaHa u Topus

Boga siBnsieTcsi OCHOBHBIM KOMITOHEHTOM, OOYCIIaBIUBAIOIUM MUTPALIUIO
paZioaKTUBHBIX 3JIEMEHTOB B 30HE rumnepreHesa. biarogapst JBMKEHHUIO pacTBO-
pa u 1ud¢y3un pacTBOPEHHBIX KOMIIOHEHTOB HEMPEPHIBHO COBEPIIAIOTCS HU3Me-
HEHUS B COCTaBE BELIECTBA 36MHOM KOpbl. [103TOMY ISl FEOXMMUM pailiOaKTUB-
HBIX 3JIEMEHTOB OYEHb Ba)KHO 3HAaHHE 3aKOHOMEPHOCTEH MX MUTPAIH U KOHIICH-
TPUPOBAHUS B BOJIaX 30HbI TUIIEPreHesa.

[Tpu aHanm3e MUTpAIUU JIEMEHTOB B 30HE THIEpreHe3a HeOOXOAUMO yUu-
ThIBaThb BEPTUKAJIBHYI 30HAJIBHOCTh MOJA3€MHBIX BOA. [IpMHATO BBIAENATH JBa
THUIA 30HATBHOCTHU: 1) B MOpOJaxX C MOJIOKUTEIHHON CPEAHETO/I0BOM TeMIepaTy-
poif; 2) B MHOTOJIETHEMEP3IIBIX TTopoaax (YepHukos, 1981).

B moponax ¢ MoyI0OKUTENbHOW CPEIHETO0BOI TEMIEpaTypoil, IO COBpe-
MEHHBIM IPEICTABICHUAM, 00JIaCTh UPKYJIISALMH IPUIOBEPXHOCTHBIX BOJI MOKET
OBITh pa3/ielieHa Ha TPU 30HBI:

1) akTMBHOrO BO0OOMEHA (BEpXHsis), BOABI KOTOPOI HAXOATCS BbIlIe Oasuca
9po3uH B c(hepe APEHUPYIOIIETO BO3ACHCTBUS MECTHOM THAPOrpadUuecKoi CeTH;

2) 3aTpyqHEHHOW LMPKYJSIIUU (CpeAHsis), HaXOAAILICHCS MOJA BIMSHHEM
OTJIENIbHBIX JIPEH;

3) 3acTOWHOIO BOAHOIO PEXHMMa (HUXKHSIS), XapaKTEpU3YIOUIErocsi CMEHOU
BOJI B TE€YCHHE F€OJIOTUIECKOTO BPEMEHH.

30Ha aKTHBHOIO BOJ000MEHA, KaK MPaBUJIO, HACKIILIEHA KUCIOPOJIOM U YT-
JICKUCIIOTOM, TOATOMY 00J1aflaeT 3HAYUTEIHbHOM OKHUCISAIONIEH U PacTBOPSIOIIEH
croco0HOCThI0. OCOOEHHO arpeCCUBHBI BOJBI 3TOM 30HBI HA yYacTKaX OKHCIICHHUS
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CyIb(QUIHBIX MECTOPOXKIECHUH, I/1e OHU o0oraleHsl cyab(ar-uoHamu. B cocraBe
30HBI aKTUBHOT'O BOI00OMEHA IPUHATO BBIAENATH TPU MOA30HBIL:

® IIO30HA NPOCAYMBAHUA — CaMas BEPXHsA, PACIOJIOKEHHAs MEXIY IIO-
BEPXHOCTBIO U YPOBHEM I'PYHTOBBIX BOJ. Bce moOpel M TpemmHbl 3TON MOA30HBI
HE TIOJIHOCTBIO, CTIOPAINIECKH, TIIABHBIM 00pa3oM IOCTe TOKACH U CHETOTasTHHS,
3aII0JIHSIOTCS BOJIOM;

® [10JI30Ha CE30HHBIX HJIM MHOTOJICTHMX KOJEeOaHHH YpPOBHS IMOJ3EMHBIX
BOJI XapaKTEPU3YyeTCsl TEM, YTO MOCIE CHETOTAassHUS U JUIMTEIbHBIX JOXKIEH 3ep-
KaJIO MOA3EMHBIX BOJI IIOJJHUMAETCS], a B 3aCyIJIUBBIA IEPHOJ — OIyCKAETCS;

® [10/[30HA HACBILLEHUS XAPAKTEPU3YETCs ITOCTOSIHHBIM 3aII0JTHEHUEM II0p U
TpelUH pacTBopamu. lIuTanue 3TOM MOA30HBI OCYIIECTBIAETCS 3a CUET MPOCca-
YMBAHUS CBEPXY BOJ, HACHIIIEHHBIX CBOOOJHBIM PAaCTBOPEHHBIM KHCIOPOIOM, a
TaKXe 3a CYeT NOJATOKA M3 00JaCTU MUTAHMS U MOCTYIUIEHHUS Ia30B U HAIIOPHBIX
BOJI U3 ITyOMHHBIX UCTOYHUKOB, JIMIIEHHBIX CBOOOIHOTO KHCIOPO/a, a UHOTAA U
o0oraieHHbIX BOCCTAaHOBUTEIISIMHU.

30Ha 3aTPYAHEHHOH LHMPKYJSIUH [IOJ3EMHBIX BOJ XapaKTEpPU3yeTCs Ha-
NOpHBIM pexrMoM. OHa HaOIr0AaeTCsl B IITyOOKHX YacTsIX IPOTOYHBIX apTe3HaH-
ckux OacceiinoB. [lo cpaBHEHHUIO ¢ BOJaMH BEpXHEH 30HBI, PACTBOPHI 37ECh HE
coJiepKaT CBOOOJHOrO KHMCIOPOJa M 4acTO HACBIIIEHBI a30TOM, METAHOM, CEpO-
BOZOPOJIOM.

30Ha 3aCTOHHOr0 BOJHOI0 Pe:KMMA XapaKTepHa Ul TIyOOKO3aleraroiux
BOJIOHOCHBIX KOMIIJIEKCOB M JJISl THIPOr€OJOTHYECKUX H30JIMPOBaHHBIX CTPYK-
Typ. PacTBOpbI 3TON 30HBI UMEIOT MOBBIIICHHYK) MUHEPAIU3ALUI0, YAaCTO IOBBI-
IIEHHYIO TeMIepaTypy, o0orameHsl a30TOM, METAHOM, CEPOBOJOPOJIOM U yTJe-
KHCIIOTOMH.

B cooTBercTBUM € IMAPOJMHAMUYECKON 30HAIBHOCTBIO OTMEYAETCS M3Me-
HEHHE U XMMHUYECKOIO0 COCTaBa BOJOHOCHOM CHCTEMBI, KOTOPOE IPOSIBISAETCS B
YBEJIMYEHUN MHUHEPAIN3ALMNA, U3MEHEHUHN COCTaBa U KOJIMYECTBA PACTBOPEHHBIX
coJiel, ra3oB, Opranndeckux BeuecTs, BennduH pH u Eh u gpyrux noka3zarenei.

4.2.1. CodepxaHue ypaHa u mopusi 8 800ax 30HbI 2unepaeHe3a

4.2.1.1. Iloéepxnocmmuoie 600l
Bopa mopeit 1 okeaHoB

Copep:xaHue ypaHa B MOPCKOW BOJIE, IO Pa3HBIM OIICHKAM, KOJIeOJIeTcss OT
0,3 mo 3,7 x 10”7 %. CornacHo Hambosee MO3THUM OIICHKaM, €Tr0 CpellHee CO-
nepskanre B MupoBoM okeane coctaBisier 3 x 107 %. Ha doHe OTHOCHTEIbHO
PaBHOMEPHOTO pacIpeeeHus] CoJeil B MOPCKOM BOJIe yCTaHOBJIEHA HEPaBHO-
MEPHOCTh pacIpeieicHus B Hell ypaHa Kak B TOPH30HTAILHOM HAIIPABJICHUH, TaK
Y 110 BEPTUKAIH. DTO SIBJICHHE YCTAaHOBIEHO HE TOJBKO ISl MPUOPEKHBIX ydacT-
KOB U BHYTPUKOHTHHCHTAIBHBIX MOpPEH, HO W JUIS OTKPBHITOro okeaHa (OCHOB-
Hele..., 1963). Ilo P. Jlopsenmans (1987), comepkanue ypaHa B MOPCKOH Bojie
3aBHCUT OT COJECHOCTH. IIpu comeHoctd 35 %o OHO coctaBister 3,3 x 107 %.
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BOyiM31 KOHTHMHEHTOB Pa3JIM4Ms B COJIEPYKAHUU ypaHa BBI3BaHBI, MPEXKIE BCETO,
BJIMSTHAEM PEYHOTO CTOKA, B 0COOEHHOCTH, MHOTOBO/IHBIX PeK.

O1eHKH CPETHETO COJIEPKAaHUsI TOPUSI B MOPCKOM BOJIE ere Ooiiee pasHoo0-
pa3Hbl. MHOTOUYMCIIEHHBIE OIpPEEICHUs] TOPUsS B MOPCKOHM BOJE JArOT OICHKH
COZIEpKaHMsI, pa3Iryaronrecs Ha asa mopsaka — 0,6+280 x 10~* mxr/n. E.T. T'y-
peBuu ¢ coaBTopamu U B.A. BeTpoB npuHMMAIOT 3a CPEIHIOI BETHYUHY COJeEp-
xanue 1 x 10~* mxr/n. Ilpu 5ToM B Matepuaie B3Becu coaepxutcs 0,3 /T Topus,
B miaHkToHe — 0,1 T/T, T. €. BO B3BCIICHHOM COCTOSIHUM B OKCAaHWYECKOH BOJIEC
coaepxwurces 0,6 x 1074 Mxr/mn, B pactBopeHHOM — 1 x 1074 Mkr/11 (0K0110 60 %).

O4eBHIHO, YTO MPH MPUHATUH JTIOO0H U3 OIIEHOK CONIEp)KaHMs ypaHa U TO-
pusi B BOJIaX MOpEH M OKEaHOB, TOPHI-ypaHOBOE OTHOIICHHE OYyIET JOBOJBHO
HU3KkUM — MeHee 0,1. DTu 3HaueHusl CylIeCTBEHHO HUXKE CPEIHUX AAHHBIX IS
TOPHBIX TIOPOJ] M TOAYEPKUBAIOT CIIa0ble MUTPALIMOHHBIE CBOMCTBA TOPHUS B BO-
JlaX 30HbI TUIIEpPIeHe3a.

PeuHble 1 03epHble BOAbI

Cpennee conepkaHue ypaHa B peuHbIX Bogax coctapisieT 0,04 MKr/i1, Topus —
0,1 mxr/n (Tabu. 4.2). bonee mo3aHME ONEHKH JAIOT HA MOPSAIOK Oosiee BHICOKHE
3HaueHus s ypana — 0,4+0,5 mxr/n (MBanoB, 1997). OneHku conaepkaHus TO-
pHUsl B pEYHOM BOJIE COTJIACHO COBpeMEeHHBIM JaHHbIM B.A. Betposa (1996), co-
OTBETCTBYIOT AaHHBIM Tabm. 4.2 u coctaistoT 0,1 mxr/in Th.

Topwuii-ypaHoBOE€ OTHOIIECHHUE MPU ITOM OJIM3KO K CPEAHEMY 3HAYCHHIO JISI
0CaJIOUHBIX TOPHBIX MOPOJ M Ha TPETh HUXKE CPEJHEro i 3eMHOU Kopsl. [Ipu
HU3KOW PacTBOPUMOCTH TOPHsS B BOJAX 3TOT (PAKT FOBOPUT O TOM, YTO 3HAYHU-
TeNbHasl I0JS ypaHa U TOPUS B PEUHBIX BOJaX MHUTPHPYET B cocTaBe B3BecH. Co-
rimacHo H.A. TuraeBoii (1992), B peuHbIX BOJIaX TOPHIA pacpOCTPaHEH, B OCHOB-
HOM, B BUJIC TOHKOH B3BECH, a COJICpKAHUE PaCTBOPUMOI ()OPMBI B BOJIE COCTaB-
asger n x 1074+n x 10-2 Mxr/m1.

Tabmuma 4.2
Cpeonee codepawcanue ypana u mopus 8 npupoOHsbIX 800aX
(no C.JI. Illsapyesy, 1998), mxe/n
Koapunpment
Peunrle Bogbl IToxzemensie KOHLEHTpALUU
OneMeHT (Livingston, 1963; BOJIBI 30HBI Mopc.1<a51 Bonma - o MOPCKHUX BOJIaxX
: (Turekian, 1969)
Turekian, 1969) THIIEpreHe3a OTHOCHTEIIEHO
MO/I3EMHBIX

U 0,04 1,31 33 2,52
Th 0,1 0,24 0,0004 0,002
Th/U 2,5 0,18 0,0001 0,0008

Bwmecre ¢ Tem, Ha comepikaHHe pacTBOPEHHOTO ypaHa B PEUHBIX BOJIAX OKa-
3BIBACT BIUSHUE KIMMAaTHUECKass 30HATbHOCTE. OCOOCHHO OTUYETIIMBO ATO TPOSB-
JICHO B OTHOIIICHHH MaJIbIX peK. B 3acylnuIMBBIX paiioHaX B BOJaX peK OTMEYaeT-
cs1 OoJiee BBICOKOE COJIEp’KaHUE ypaHa, YeM B paiioHaX ¢ M30BITOYHBIM yBIIa)KHE-
HueM (OcHOBHBIE. .., 1963). [Ipu 3TOM 11t MaNbIX PeK U3 OJAHOU KIMMATHYECKOM
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30HBI OIPEIEIISIONIEE BIUSHUE HAa COAEPKAHKUE B BOJIE ypaHa U TOPUS OKa3bIBAIOT
0COOEHHOCTH cOCTaBa 00JIaCTH MUTAHMUSL.

[ToBepxHOCTHBIE BO/IBI BECbMa HEOTHOPOHBI IO COoNlepaHuIo ypaHa. Tak, uc-
ClIeIOBaHKE KOJUIEKTUBA CIIEIMATICTOB TOMCKOTO MOJIUTEXHUYECKOTO YHUBEPCHUTE-
ta (Kombuioa u ap., 1996) nokasasno, 4To B MOBEPXHOCTHBIX BOJAX fora 3armaaHoun
Cubupu conepkanue ypana uzmensiercst ot 0,025 o 100 mkr/n (tabm. 4.3).

Tabmuma 4.3
Cooepoicanue ypana 6 sooax wea 3anaonou Cubupu
(no IO.I". Konwvinosoti u op., 1996)
Paiion u ron uccnenoBanus Cpepuiee Spa3Max Huero Totiex
KoJieOaHMH ), MKT/IT aHanmm3a
Cesepnas gacts ['opHOTO AnTas, Capaca, 1970 2,3 (<0,025-6,5) 134
Ky3neukuit Anatay, 3anaaHpii ckioH, 1970 0,52 (<0,025-3,3) 144
Ky3neukwuit Anatay, BOCTOUHBIN CKJIOH, 1994 0,38 (0,11-5,3) 41
Xaxkacwus, 6acceitd p. Tynm, 1994 6,0 (3,2-24) 10
Canaup, 6acceitn pp. Uk, Cyenra, 1978—1980 0,39 (0,05-19) 286
Cananp, 6acceiin p. bepau, 1989 0,91 (0,067-5,3) 146
Konssans-Tomckast 30Ha, 1965 0,79 (0,025-100) 180
r. Tomck, 1992 1,0 (0,05-48,9) 119
r. Tomck, Oacceiin p. b. Kupruska, 1992 0,52 (0,047-19,6) 213
r. ToMmck, Oaccelin p. Ymaiika, 1993 0,76 (1,1-9,6) 260
r. ToMck, cHer 0,13 (0,063-0,3) 75

ABTOpBI MPUILIN K 3aKJIFOUYEHUIO, YTO B PErMOHE OTYETIUBO MPOCMATPHUBA-
€TCsl TCHJICHIIUS YBEJIIMUCHHUS COJIEPKaHUs ypaHa B BOJIaX C POCTOM MUHEpalin3a-
nuu Boawl. Kpome Toro, aHaim3 TaOauIkl TOKA3kIBAET, YTO OCHOBHOE MOCTYTLIIC-
HUE ypaHa B BOJBI HE CBSI3aHO C a’PO30JIbHBIMHU BBIMAJCHUSAMH (CHET), a 00y-
CJIOBJICHO 3aMMCTBOBAaHUEM €0 U3 BMEIIAIONIUX MOPOI.

CopnepxaHue ypaHa B MOBEPXHOCTHBIX BOJIaX AJIIAHCKOTO IIUTA B CPEIHEM
cocrasisieT (0,28 + 0,18) mxr/n (Tutaesa, 2005). Heckonbko 0osee BBICOKUE CO-
JIepKaHUsT OTMEUEHBI B BOJIaX MCTOYHUKOB, BBIXOJSIINX U3-TI0] KEMOPUICKIX H3-
BECTHSIKOB 110 00ouM Oeperam p. Anmad, — ot 0,67 no 3,7 mxr/n. s Bumroiickoro
paiioHa pa3BUTHSI TPAIIOB KOHLEHTpauus ypaHa cocrasiseT (0,16 +0,10) mkr/m.
MuHuMaNTbHBIE KOHIIEHTPAIIMN YCTAHOBJIEHBI B BOJIE 03€p, YTO aBTOP OOBACHSET
W3BJICUCHHEM YpaHa OPraHUYECKHUM BEIIE€CTBOM JJOHHBIX OCA/IKOB.

Pacnpenenenue ypaHa B 03epHBIX BOJaX HEpaBHOMEPHO M BO MHOTOM OIIpe-
JeNseTcsl KIIMMaTHYeCKOU 30HABHOCTRI0. Cofepikanne ero Bapbupyer ot 3 x 1078
10 n x 107 r/n. Hanbonee HU3KUE KOHIIEHTPAIMH XapPaKTEPHbI JJIs MPOTOYHBIX
BBICOKOTOPHBIX 03€p U 03€p CEBEPHBIX MMPOT. U Te u Apyrue oTin4aoTcs HU3KON
obmrelt MuHepanuzanueil. B Poccun kinMartudeckas 30HaIbHOCTh OTYETIIMBO MPO-
sIBJICHA B HAIIPABJICHUH C CEBEPA HA IOT OT 00yIacTell ¢ M30BITOYHBIM YBIIAXKHEHHUEM
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K CTCITHBIM 3aCYHIJIMBBIM paﬁOHaM. B »Ttom HallpaBJICHUHU OTYCTIIMBO BO3PACTACT
Kak 00Iasi MUHEpaJIM3anus 03ePHBIX BOJIOEMOB, TaK U COJIEPKaHUE ypaHa.
ConepxkaHue ypaHa B 03epax 3aBHCHT OT psfa (akTopoB (PEUHOU CTOK,
OCaXX/IEHUE C WIAMH U JIp.), ¥ 3aBUCUMOCTh KOHIICHTPALMU ypaHa OT 00wLIei Mu-
HepaJM3aliy BOJbI 00Jiee CII0XKHAsI, ueM IpocTast apudmerndeckas (puc. 4.6).
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Obuwee cogepxxaHue conen B Boage, r/n

.13 4 [ KoNe 517

Puc. 4.6. Cxema 3aumocsssu mesncdy obwjeti munepanuzayuetl u cooepicanuem
Vpawna 0718 paziuyHbIX MUno8 npupooHslx 600 (no A.U. I'epmanosy, 1963):
1 — ammocghepnvie ocadku; 2 — epynmosnle 600bl 6He YUACHKOS BbIUENAUUBAHUS paTee
HAKONNIEHHBIX 8 NOPOOAX KAMEHHOU COMU, 2UNCa U Opyeux 6000pacEOPUMBIX CONEl,
3 — 6006l YpAHOBLIX MECMOPOANCOCHUL 8 OKUCTIUMENbHOU 00CMano8Ke; 4 — noo3emHuble 800bl
8 BOCCMAHOBUMENLHOU 0OCMAHOBKe, 5 — peuHble 600bl; 6 — 03epHble 800bl, 7 — MOPCKiUEe 800bl

[;x 5 x11 |.:.:.:.:|2

4.2.1.2. Iloo3zemmnpvie 600wt

[Moa3emHbIe BOJIBI SIBJISIFOTCS. BOKHBIM (DAaKTOPOM TepepactpeiesieHus mnep-
BUYHBIX COJCp)KaHHH ypaHa B MPOHUIIAEMBIX OTIOXKEHHIX IIaT(GOPMEHHBIX ap-
TE3WAaHCKUX 0acceiHOB M OOpaMIISIOMIMX MX CKJIaa4arhix oOmacrteil. Hakoruien-
HBIIl K HACTOSIEMY BPEMEHH Marepuall M0 3aKOHOMEPHOCTSIM pacIpeeeHuUs
pPaaMOaKTHBHBIX DJIEMEHTOB B TOA3EMHBIX BOJAaX CBHUJETEIBCTBYET 00 HMX 30-
HAJIbHOM pACTpeleliecHMH KaK B JIATCPaJbHOM HAIPaBJICHUH, TaK U B paspese
THPOTEOTIOTUIECKUX CTPYKTYP.

B mom3eMHBIX BOJax CoJepiKaHHE ypaHa MOBEPIKEHO OOJBIIMM KOJIeOaHu-
sam — ot 0,1 mMxr/n no 2,5 r/n (MUBanos, 1997). B paitonax ¢ ¢poHOBBIM ero cojep-
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KaHWEM B IOpPOJaX HOPMAaJbHBIMH 3HaueHUsIMH pH M yMepeHHBIM KIMMaTOM
oHu 00bryHO HU3KKE. A.H. Toxapes (1956) pa3paboran cucreMaTUKy IpUPOTHBIX
BOJI 110 CTETIEHU UX YPAaHOHOCHOCTH, HE MOTEPSIBILYIO CBOETO 3HAYCHMS U ceddac
(tabin. 4.4). VI3 Hee BUAHO, YTO BOJIBI KOPHI BBIBETPUBAHUS, TITyOOKHNX TEKTOHUYE-
CKUX 30H, U 0COOEHHO 30HBl MHTEHCHBHOI'O BOJ0OOOMEHA YpaHOBBIX MECTOPOX-
JIEHUM, 000TaIllEHbI YPAaHOM.

I'pynnuposka npupoonwvix 600 no cooepacanuro U
(no A.H. Toxapegy, 1956)

Tabmnuma 4.4

Tun Box [IpupoaHpic 06CTAaHOBKH Conepicanne ypara, v
Ot — 1o cpenHee

[ToBepxHocTHBIE | OKeaHBI U MOPS 3,6 x10%2,5x10° | 2,0x10°

Osepa 2,0x1072,0x107% | 8,0x10°

Pexu 2,0x10°-5,0x107° | 6,0x 107
[TonzemHusble, 30Ha HHTEHCUBHOTO BOJI0OOMEHA 2,0 x 107-8,0 x 107¢ 5,0 x 10°°
0CaJIOYHBIX TTOPOT

32;‘20"66;21;: SATPYMHCHHOTO 2,0 10%-6,0x10° | 2,0x 107
Kucneix marma- | 30Ha HHTEHCHBHOI'O BOJOOOMEHA 20x 1 0_7_3’ 0x10°5 7.0 1 06
TUYECKUX MOPON | (BOIBI KOPHI BBIBETPUBAHUS )

30Ha 3aTpyJHEHHOTO BOJI0OOMEHA

(BOIIBI TITYOOKHUX TEKTOHUYECKHUX 2,0 x 107-8,0x10°° 40x%x10°

TPEIIIH)
YpaHOBBIX § 30Ha HHTEHCUBHOT'O BOJOOOMEHA 5.0 x 107°-9,0x10°2 6.0 x 107
MECTOPOXKJIeHUI | (BOJbI 30HBI OKUCIICHHUS)

30Ha 3aTpyJHEHHOTO BOJI0OOMEHA 2.0 % 10°-3,0x10° 8.0x 107

(BOJTBI 30HBI BOCCTAHOBIICHHS )

C.JI. IlIBapuesim (1998) mpuBeneH 0030p MaHHBIX MO COACPKAHUIO OOJb-
IIOM TpyNIbl XUMUYECKHUX 3JEMEHTOB B IMOJ3€MHBIX BOJAaX 30HBI THIEpreHe3a
Pa3IMYHBIX JaHIIaPTHO-KIMMAaTHYECKUX 30H (Tab. 4.5).

Tabmuua 4.5
Cooeporcanue U u Th 6 noozemHvIx 600ax 30Hbl cunepeenesd
(no C.JI. lllsapyesy, 1998)

Tumne! Box U, MKI/11 Th, MKI/1 Th/U
Tponuyeckoro u cy0TpoNUYeCKOro KJIumMara, 0,90 - -
B TOM 4HcJIe:
30Ha CyOTPOIIMYECKHUX JIECOB 0,7 - -
30Ha CyXuX CaBaHH U CTenen 1,2 - -
MHoroJieTHell Mep3J10Thl, B TOM YHcJIe: 0,25 0,07 0,28
CeBepo-00J10THBIC JTaHAMIAPTHI 0,18 - —
TyHapoBbie TaHaMIA(THI 0,25 - —
CeBepo-TaexHble JaHadThl 0,34 - -
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Oxonuanue maon. 4.5

Tunsl Box U, MKI/I1 Th, MKr/n Th/U
YMepeHHO-BJIAKHOT0 KJIMMATa, B TOM 4YHCJIe: 0,51 0,11 0,22
BonoTaeie nanmmad el 0,38 0,09 0,24
CMenraHHO-JIeCHBIE TaHAIA(ThI 0,42 0,06 0,14
IOxHO-TaexHbIe TaHAMIA(THI 0,51 0,08 0,16
JlecocTemnHbIe U CTEHBIC JTaHIIADTHI 0,75 0,21 0,28
I'opHbIx o0aacTeii, B TOM yHce: 0,57 0,14 0,25
BricokoropHbIe ¥ TOPHO-TYTOBBIE JIAHIIIA(THI 0,1 - -
['opHO-NIECHBIE U TOPHO-TACIKHBIE JTaHAIIADTHI 0,61 0,19 0,31
I'opHO-cTenHBIC TaHAIIAPTHI 1,08 0,08 0,07
ApHUAHOT0 KJIMMATA, B TOM YHCJIe: 4,32 0,8 0,19
YMepeHHO-KOHTUHEHTaIbHas 30Ha 2,83 0,8 0,28
Cyxas Tporndeckas 30Ha 5,82 — -
Cpennee U151 BOJ 30HbI T'MIlepreHe3a 1,31 0,24 0,18

HpuMeltaHue: — HCT JaHHBIX.

AHanu3 3TUX JTaHHBIX MMOKAa3bIBAET, YTO C apUU3allMeld KJIuMara U poCcTOM
o0mieil MUHepanu3aluyd MOJ3eMHBIX BOJI 30HBI THUIIEPreHe3a BO3pacTaeT Coaep-
KaHHWE ypaHa. JTa TEHAEHIHUH APKO BbIPAXKE€HA U B MpeEesiaX OJHOW KIMMaTHye-
cKoil 30HBI. Takasi 3aKOHOMEPHOCTh MO3BOJISIET C/IEJIaTh BBIBOJ, YTO KJIMMaTHYe-
cKkuii (akTop mpu OIM3KOM COCTaBE U MPOHHUIIAEMOCTH BOJAOBMEIIAIOIINX TOPOT
SIBJISICTCSI OTIPEICIISIFONTUM JJIsl HAKOTUICHMSI ypaHa B BoAax. [Ipu Tom uTo mo mepe
pOCTa COJICHOCTH BOJI KOJIMYECTBO XMMHUYECKHX DJIEMEHTOB, CIIOCOOHBIX OCTa-
BaThCsl M KOHIICHTPUPOBATHCS B XKHUIKON (a3e, HEYKIOHHO YMEHBIIAeTCs, COep-
JKaHUE ypaHa MpOoJA0HKAET YCTOMYMBO PACTH.

HecmoTpst Ha TO, 4TO TOpHUI OTIMYAETCS CYIIECTBEHHO MEHBIIEH MOJBUXK-
HOCTBIO B BOJIaX 30HBI TUIIEPTEeHE3a, €ro pacipeeeHre Mo KIMMaTHYeCKUM 30-
HaM MOJAYUHSIETCS TOU K€ 3aKOHOMEPHOCTH, UTO U paclpeeiCHHe ypaHa.

XOTsl ypaH W TOPHH COBMECTHO KOHIICHTPHUPYIOTCS B BOJAX C POCTOM HX
MHUHEpAIU3ALNH, TOPUIT-ypaHOBOE OTHOIIIEHUE MPU 3TOM YMEHBIIAETCS. DTO CBSI-
3aHO ¢ OoJiee MHTEHCHBHBIM HAaKOIUIEHHEM ypaHa B BOJAaX, YeM TOPHS, U TIOTIep-
KuBaeT OoJiee cIabyro MUTPANMOHHYIO CIIOCOOHOCTH TOPHS B YCIIOBUSX 30HBI TH-
MepreHe3a Mo OTHOIICHHIO K yPaHy.

XJtopuIHbIE BOJBI Oosiee OnaronmpusATHBI JUIsl MUTPAIlMU ypaHa, 4eM CYJIb-
datHBIe U comoBbie. Ha 3TO yka3biBaeT 0oJiee BHICOKOE €ro COJIepiKaHue B XJIO-
pUAHBIX Boaax (Tadi. 4.6).

Tab6muna 4.6

Cooeporcanue U u Th 6 nodzemuvix 800ax yMepeHHO-KOHMUHEHMATbHBIX
obnacmeti (no C.JI. Lllsapyesy, 1998)

Turme! Bog yMEpEeHHO-KOHTHHEHTAIBHBIX 00IacTei U, MKr/n Th, MxT/7
CoI0BBIE BOABI 23 -
CynbdarHble BOIbI 1,8 -
XopuaHbIE BOJIBI 4.4 —
Cpennee 2,8 0,8
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BopopacTBopuMbIe COIHM TPYHTOBBIX BOJI Ooraue ypaHOM, YeM MUHEPaIHU30-
BaHHBI OCTaTOK IUIACTOBBIX BOJ. KOJMMUYECTBO ypaHa OTUETIMBO CHUXKACTCS C
MOBBIIICHUEM TITyOUHBI 3ajieranus MoA3eMHBIX BoA. Ha rmyOunax 6omnee 1 kM He
YCTAHOBJICHO COJepkKaHUi ypaHa Gojee 1 MKI/i, u ¢ TIyOMHOH OHO emie Goiee
CHIDKAETCS.

B 30He okuceHHs ypaHOBBIX MECTOPOKICHHUH MOA3EMHbBIE BOJIbI, POCAYH-
BAIOIIMECS Yepe3 pyaHbIe Tesa, coaepkar ypad oT n x 1076 no 2,5 r/n (YepHu-
koB, 1981). Conepxanue ypaHa B BoJax 3aBUCUT OT psna dakropoB: pH u Eh
BOJI, KOJIM4eCTBa pacTBopeHHoro B Boae O,, H,, CO,, cocraa pya u mopon, ux

MIPOHUIIAEMOCTH, TIOJIOKEHUSI YpPAHOBOW MHUHEpAIU3allUd IO OTHOUICHHIO K
YPOBHIO MOJI3€MHBIX BOJ U JIp.

B nenom, Bojbl MOA30HBI IPOCAYMBAHMS 30HBI OKHCIEHUs Oosee oboraiie-
HBI ypaHOM B CpPaBHEHHH C NIOJJ30HOH HACBHIICHHS, €CIIM OHU (PIIIBTPYIOTCS Yepes
HE TIOJHOCTBIO OKHCIIEHHBIE pybl. Hanbosee HHTEHCHBHOE pacTBOPEHHUE ypaHa
(o 2,5 r/n) HabmolaeTcs Ha ydacTKax MMPOCAuYMBaHUS BOJI Yepe3 OKUCIAIONINECS
YepPHHUEBO-CYIb(MUIHBIE Py abl, Tae popMupytorcs kucibsie (pH < 5) cynsdarnbie
BO/bI. Bricokue coneprkanus ypana no 0,n /11 yCTaHOBJICHBI B BOJIaX, OJU3KHUX K
HeirpaneHeiM ¢ pH oT 6 110 8. Bogpl, ¢punbTpyronmecs: yepe3 CMEIIaHHbIEe Py IbI
(uepuu, HactypaH, KopPuHUT, OpaHHEPUT W MHHEPAIbl ypaHWJIA), COJEpKaT
ypaH 0OBIYHO B MEHBINUX KOMHYeCTBaX — OT 5 x 1072 10 1 x 10~* r/m1.

B 30He HachlllIeHNsT paCTBOPUMOCTD YpaHa B IIOJ3€MEHBIX BOJaX IMOHMKAET-
cs1. Haubonee oboraieHbl ypaHOM KHCJIOPOJICOAEPIKAIINE BOBI 30HBI HACHIIIIE-
HUS B y4acTKaxX IUPKYJSALMU MX 4Yepe3 YepHUeBble pynbl. B mecrax pa3BUTHA
PYZ, IPEICTAaBICHHBIX HACTYpaHOM, KOQPHUHUTOM, OpaHHEPUTOM, BOBI emle 0o-
rade ypanoMm. Haubosmbiiee oboraiieHrne ypaHoOM XapakTepHO JJIs TJeeBbIX Oec-
KUCIOPOJHBIX BOJ, HackimeHHBIX CO,. IIpu 5ToM camoe BBICOKOE COjlepKaHHe

ypana gocturaer 3 x 1074 /i (Uepuukos, 1981).

OcoOblIif THI pacripeiesieHus] ypaHa XapaKTepeH Ui TUIaCTOBBIX BOJA Hed-
TSHBIX MECTOPOXAeHUH. /{11 m1acToBBIX BOJ B 30HE BOAHO-HE(TIHOIO KOHTAKTa
XapaKTepHO BBICOKOE COZEpaHHe paausi U HU3Koe cojaep:kanue ypana. Couep-
»KaHHe TOpUs B BOJax Ha ypoBHe ¢oHa. OTMEUEHO, UTO COJIep’KaHUE ypaHa CHH-
JKaeTcsl B HAMPABIICHUH K 3aJIe)KH HEPTH, a B HEPTIHON 3aeku, HA000pOT, yBe-
JUYMBAETCS B HANpaBICHUHU K BOJAHO-HEPTSIHOMY KoHTakTy (Boromonos u mp.,
1982 u np.). Cornacuo nanueiM H.A. TutaeBoii (2005), uCTOYHUKOM pajaus, TO-
pus U ypaHa B BOJax SIBJISIOTCS BMelnarouue nopojsl. Ilponecc Hapymienus pa-
JTMOAKTUBHOT'O paBHOBECHS 00YCIIOBJIEH caboi MOJBUKHOCTHIO ypaHa B PacTBO-
pax B CBSA3M CO 3HAUUTEJBHOM /1071l BOCCTaHOBUTENEH (B OCHOBHOM OPraHUKH U
H,S) B BOAax u BBICOKOH IOABMXKHOCTBIO paaus. B Mm1acToBbIX BOJAX IPHCYTCT-

BYIOT TaKXe JOYEePHUE MPOAYKTHI pacmana topus 6e3 camoro 22Th, uro cBuje-
TEJILCTBYET O TOM, YTO MPOLECC OOOTAIIEHUS IIACTOBBIX BOJ SIBIISIETCS COBpE-
MEHHBIM U JOCTATOYHO OBICTPHIM (uepe3 40 jieT OHU Obl TOJHOCTHIO PACcHalIiCh).
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4.2.2. opMbI Mu2payuu ypaHa u mopus 8 800ax 30HbI 2unep2eHesa

PannoakTUBHBIE 2JIEMEHTHI B BOAAX B YCIOBUAX 30HBI THIIEPI€HE3a MUTPUPYIOT
B pa3HbIX opmax. B 1enom, B 3aBUCUMOCTH OT KOHKPETHBIX YCIOBHIA Cpe/ibl, MOTYT
npeobaagaTh cieayonme GopMbl MUTPALMK PaIHOaKTUBHBIX SIEMEHTOB:

1. Mexanuueckass Murpauus. YpaH U TOPHM COBMECTHO MUIPUPYIOT BO
B3BECSX B COCTABE YCTOMUYUBBIX K XMMHUUECKOMY BBIBETPUBAHUIO MUHEPAJIOB.

2. Murpauust B popme Cyiab(PaTHBIX COETUHEHUNA. DTOT TUI MUTPAIMH Xa-
paKTepeH TOJBKO JUISI KUCIBIX CyIb(paTHbIX BOJ. Takue yCIOBUS BO3MOXXHBI B
30HaX OKHCJIEHHUS CYJIbGHIHBIX MECTOPOKICHUH. B Takoit popme murpupyer Ut
u U*, manpumep B popme UO,(SO,),>".

3. Murpanus B BHUJE XJIODUJIHBIX COE€IMHEHUH. XapakTepHa I KHCIBIX
XJIOPUJHBIX BOJI.

4. Ypan murpupyert B Buje noHoB ypanuna UO,?" m UO,(OH)* , a Taxxke

UO;-H,0 u UO,-2H,0 npu pH 4,5-7,5.

5. B Bomax, coxepxamux uonsl HCO; u CO,>", ycTaHOBIEHa MUTpAIUS
ypaHa B BHJI€ YpaHWI-KapOOHATHBIX KOMIUIEKCHBIX coearHeHuit ¢ Na, Ca u Mg B
Buzie noHoB UO,(CO,),%~ npu pH 4,5-6,5 mm UO,(CO;),* npu Gosee BHICOKHX
3HayeHusx pH.

6. Murpauus B BUJ€ OPTraHUYECKUX KOMILIEKCOB, KOTOPhIE MOTYT CYIIECT-
BOBaTh KaK B CJIA0OIIENIOYHBIX, TaK U CITA0OKUCIBIX BOJAaX. YCTAHOBJIEHBI KOM-
TUIEKCHI ypaHa U TOpHs ¢ GYITbBOKHCIOTAMH U TYMHUHOBBIMU KHCJIOTAMHU.

7. Topuit B MOPCKOHM M peYHON BOJE MOKET MUTPUPOBATH B (POpPME CIIOK-
HbIX ruapokcokomiuiekcos Tuna ThO,0H*, Th(OH)**, Th(OH),°, Th(OH)/’*.

8. Topwuii B MOPCKOIi BOZE MOKET PUCYTCTBOBATH B MUKPOKOHIICHTPALIUSIX
B (¢dopMe MAJIOYCTOWYMBOTO  IIOJIOKUTEIBHO  3apsDKEHHOTO  KOMIUIEKCa
[Th (CO;);]%*, nerko copOUpyeMOro TIMHHCTHIMH MUHEPAIAMH.

Mexannueckas (popMa MHUTPAllMU UMEET 3HAYCHHUE JUIST MUTPAIUU ypaHa H
TOpUS B MOBEPXHOCTHBIX Bojax. OCOOEHHO BaskHA OHa Jyisl Topusl. B peuHoii Bo-
ne Th naxoautcs B Buae 00I0MOYHOM (h)paKIMK BO B3BECH (TJIMHUCTHIE YACTHIIBI
U TUAPOOKCHU/IBI) U B PACTBOPEHHOM (popmMe, Ha JT0I0 KOTOPOIl MPUXOIUTCS BCETO
okoJ0 2 % snemenTa. Jlaxe coaepkaHue ypaHa, IEPEeHOCHUMOr0 B COCTaBE B3Be-
cu, npumepHo B 10 pa3 Gonblie cojepkKaHus ypaHa, PACTBOPEHHOTO B TOM K€
00BeMeE BOIBI.

Topwuii B peuHBIX BOJIaX MOXKET TAK)KE MPUCYTCTBOBATh B COCTaBE MPOCTHIX
U TIONMsAepHBIX ruapokcokomiuiekco tuma Th(OH)**, Th(OH)?, Th(OH),* n

Ip., a TaKXkKe B BUJE HU3KOMOJIEKYJISPHBIX (DyJIBBOKUCIOT (TyMHJIHAs 30HA) UIIH
KapOOHATHBIX KOMIUIEKCOB (apuaHas 30Ha). Tak Kak 3TH KOMIUIEKChI MaJIOyCTOM-
YUBBI, MUTpALUs TOPHUS HA OOJIBIINE PACCTOSHUS 3aTPyJHEHA.

B Mopckoit Boge B maTepuane B3Becu conepxkutcs 0,3 r/T Topus, B IUIaHK-
toHe — 0,1 T/T, T. €. BO B3BEIIEHHOM COCTOSIHIH B OKEAHHMYECKOU BOJIC COACPIKUT-
cst 0,6 x 1074 mxr/im, B pactBopenHoM — 1 x 1074 mMkr/it (okxoso 60 %).
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ITo cpaBHEHHIO C peYHBIMH BOJAMH OTHOIIEHHUE J0JIEH «B3BECH/PACTBOP» B
OKeaHe pe3Ko majaeT. B peunoil Bosie 310 oTHOLIEHHE cocTaBisuio 46:1, a B Mop-
ckoii — 1.5:1, T. e. cHuzuiock 6onee yeM B 30 pa3. Imenno noaromy Th/U B Mop-
CKOM BOjIe Ha 4 mopsiiKa HIDKE, YeM B peuHou (Tab. 4.2).

B nmonm3eMHBIX BoJaX MakCUMaJIbHBIA KO3((PUIUEHT BOJHONH MHUIPALUU TO-
pHsl TOJKEH UMETh MECTO B KUCIIBIX U LIETOYHBIX BoAax. B aTom otHomenun Th
noxox Ha Zr. OcHoBHble (OPMBI HAXOXKIEHHUS TOPHS B IOJ3EMHBIX BOJAX:
Th(OH),*™, ThF 4™, Th(CO,),*2", Th(SO,),>™. Camas BbICOKas KOHIIEHTPAIHs
TOpUs yCTaHOBIEHA B Bojax comoBbix o3ep (Cl-CO,—Na) apujHoli 30HBI U B
rpynroBeix Bogax (HCO,—Ca, SO,~Ca) mMecTOpOXAEHMH PEIKHX DICMEHTOB.

B nepBom ciywae B Bomax ¢ mmuHepamuzamueid mo 100 r/m comepikutcs 10
nx10-+nx100 MKkr/a, Bo BTopoM — 0,n-+n MKI/T TOPHSL.

Koaddumument BogHoit murparuu ypana — 3,1 (Ca — 3.3, Mg — 2,3), ropasno
BhIre, yem y topus, — 0,07 (Cr — 0,08; Zr — 0,02). lllectuBaneHTHBIN ypaH — HOH
ypanmna (UO,) %" — xopolo pacTBOpuM B Boze. IIpocTble HOHBI U KOMILIEKCHI
U, ocobernno kapbonarusie (CO,>~,HCO;"), a Taxxe OH-, SO,2, J u ap. nerxo
MUTPUPYIOT B XOJIOJHBIX U TOPSYHX, HEUTPAIbHBIX U IIETOYHBIX BOJaX. B okea-
HUYECKOH BOJIE OCHOBHOH (opMoii HaxoxxaeHus ypaHa sisercsa [UO,(CO;), 4.
Kpome sTux coenuHeHUN ypaH MOXKET COAEpPX aTbCsl B BOJAX B KOJUIOMIHOMN
dopme, B Buzpe 3oneil ruapookcuna [UO,(OH),] , KOMIUIEKCHBIX MIEIOYHO-
TYMAaTHBIX M YpPaH-OPTaHUYECKUX COCIMHCHHA, a TaKXKe, BO3MOXKHO, B (opme
rujipokcuypanuincuiikatioro coeaunenus tuna (UO,(OH))-(HSiO;) B cunu-
kaTHbIX Bojax (MBanos, 1997). Ilpu mamuuun B Bogax CO, (P,, = 102 at™m) B
cucreme U-O-H,0-CO, npu pH = 6 ycTONYMBEI pa3IM4YHbIE KADOOHATHEIE KOM-
mwrekcsl ypanuna (UO,CO,°%, UO,CO,> u 1p.). B 0ObIMHBIX HPUPORHEIX BOJAAX
Oonbmroe 3HaueHue nMeroT Takxke docdarusie (UO,(HPO,)?) npu pH 4-8, a B
KHCITBIX BOJIAX — CyJb(haTHbIC U PTOPHUIHBIC KOMIUIEKCHI. Y CTAHOBJICHA KOPPEIIsi-
UL MEX]Ty COACpKAHUEM YpaHa U XJIOPUIAMH.

Hanuuue B Bomax KuCIOpOJa, YTIEKUCIOTHI, a TaKKe HOHOB KalbIUs U

MarHusi crocoOCTBYeT pacTBOpuMocTH ypaHa. OOpaTHOe BO3/eiicTBHE OKa3bIBaET
METaH U JIpyrue BOCCTaHOBUTEIH.

4.2.3. Ycnoeus muepayuu U u Th e 800ax 30HbI 2unepzeHe3a

C IECJIBIO BBIICHCHHA IMOBCACHHA YpaHa B XOAC pa3BHUTHA I'TIABHBIX THAPO-
Te0JIOTUYECKHX MPOIIECCOB B PErHOHATBHBIX CTPYKTYpax ObUIO BBEIEHO TOHATHE
«paauoruaporeoxumuueckas 3oHa». [lox ruaporeoxmmudeckoi (paauoruapo-
T€OXMMHUYECKOW) 30HON MOHUMAIOT YacTh TMIPOre0IOTHUECKOro pa3pe3a (OTHO-
CUTEIILHO OJIHOPOJHYIO 10 T€OXHMHUYECKOW crenu(uke BOAOBMEUIAIONINX I10-
poll), 3aKITIOYAOINIYI0 OJNM3KHE MO TeHE3UCy MOJ3E€MHBbIE BObI, XapaKTepU3yIo-
miecs: OOLIHOCTBI0O XMMHMYECKOTO COCTaBa, COCTaBa MHUKPO(IIOphl, (U3HUKO-
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XUMHUYECKUX MAapaMeTPOB M KOHIICHTPAIIUU PAIMOAKTUBHBIX JIEMEHTOB, B3aHMO-
CBS3aHHBIX OOIIEW HAIMPaBICHHOCTBIO T'HIPOreojorundyeckux npoueccon (Paauo-
reoOXUMHUYECKue ..., 1974). BoimeneHsl 1Be 30HbI OKHUCIUTEIbHBIX U BOCCTAHOBH-
TEIbHBIX YCIOBUN BOJHON MHUTpAIMK ypaHa.

KaptupoBanue ruporeoXuMU4ecKux 30H IO OTIENbHBIM BOJIOHOCHBIM
KOMIUIEKCaM (TOPU30HTAaM) WIIM UX OJHOTHITHBIX MOCITIEIOBATEIBHBIX COUYETAaHUN
B pa3pese (TUAPOreoXMMHUYECKUN TMOSAC) MO TUAPOTEOJIOTHYECKUM CTPYKTypam
YCHEIIHO HCIONB3YETCs MPH MPOTHO3UPOBAHUU U MOUCKAX MH(PUIBTPAIIMOHHBIX
SMUTCHETUYECKUX MECTOPOXKJIEHUHN ypaHa. YpaHOBOE OpYyJE€HEHHUE pacIoJiaraer-
Csl HA KOHTAKTe THAPOTCOXUMUYECKIX 30H OKHCICHUSI U BOCCTAHOBJICHUSI.

CormnocraBieHue COBPEMEHHON THAPOr€OXUMUYECKOW 30HATIBHOCTH TOA3EM-
HBIX BOJ M SMUT€HETHYECKONW 30HAILHOCTH BOJOBMEUIAIONIUX MOPOJI MO3BOJISET
CYJIUTh O CTENEHH UX COOTBETCTBUS U, CIEOBATENIBbHO, O HANPABICHHOCTH U UH-
TEHCUBHOCTH TIepepacIpeieNIiCHs] IEPBUYHBIX COACPKAHUN ypaHa B MPOHUIIAC-
MBIX OTJIO’KEHUSX apTe3uaHCKUX 0aCCEHOB U UX CKJIA4aToOro 0OpaMiIeHHs.

[loctynienue ypaHa u TOpus B BOJbI 30HBI THUIEpreHe3a OOYyCIIOBJIEHO,
IJIaBHBIM 00pa3oM, IpoleccaMy pa3pylIeHUs] TOPHBIX MOPOJ U MUHEPAJIOB (BbI-
BeTpuBaHue). [Ipu 3TOM HCTOYHHUKOM ypaHa B BOAAX MOTYT OBITh HE TOJBKO KO-
pPEHHBIE MOPOABI U MPOIYKTHI MX pa3pymieHUs (KOpbl BHIBETPUBAHUSA), HO U -
JIOBUAJIbHBIE OTJIOKEHHUS, MOCTOSHHO KOHTAKTUPYIOIIHE C PEYHBIMU BOJAMHU.
OxcnepumenTsl H.A. TutaeBoii (2005) o u3BjI€UEHUIO MOABMKHBIX (POPM ypaHa
U3 DJIIOBHAJIBHBIX TECKOB B BOJIHYIO, OPraHMYECKYIO M THMIPOKApOOHATHYIO BBI-
TSDKKH TIO0Ka3alli, 4YTO U3 00pas3ioB, B KOTOPHIX OKOJIO MOJIOBUHBI YpaHa CBSI3aHO C
MOPO1000pa3yIoUIMMI MUHEPAJIAMH JIETKON (PpaKIyu, B BEITSIKKY 5%-T0 pacTBOpa
NaHCO, nepeuino or 41 1o 68 % obuiero cojaepxanus s1emMeHTa, B Bogy — 4-8 %

BAJIOBOT'O ypaHa, a B BOJHBINA pacTBOP I'yMYCOBBIX KHCJIOT (BBITSDKKY U3 Topda) —
10 19,2 % ot obmiero ero coaepxanusi. M3 obpasuos, rae 6onee 80 % ypana cBsi-
3aHO C aKLECCOPHBIMM MHHEpanaMu (LUPTOIUT, MOHAIIUT), B BOJHYIO BBITSKKY
nepenuio B 10 pa3 menbuie U, a B ruapokapOOHAaTHO-HATPHEBYIO — B 2—4 pasa
MEHbIIIE. DTU SKCIEPUMEHTHI JIMIIHUN pa3 MOATBEPXKAAIOT MPUHIMIHAIBHYIO
BO3MOXKHOCTh NEPEXOJa ypaHa M APYTUX PagMOaKTHBHBIX 3JIEMEHTOB B THIPO-
KapOOHATHO-HATPUEBBIE BOJIBI 30HBI aKTUBHOTO BOA0OOMEHa, (QUIBTpYIOLIHECs
10 TPEIMMHOBATHIM 1OpoaaM U HacelueHHele O,, CO, ¥ pacTBOPEHHBIM OpPTraHHU-

YECKHUM BEILIECTBOM.

[Toctymienne ypana B BOJBI U3 NOPOJ MPOUCXOAUT AAXKE B YCIOBUSIX BEY-
HO# Mep3noTel. Tak, mo ganaeiM H.A. Turaesoit (2005), KoHIIEHTpaIUs ypaHa B
BOJIe, OT(PUIBTPOBAHHON M3 PACTAsIBILIETO JIbJa JIEISHBIX KU, OKa3allach BBIIIE,
YEeM B [MOBEPXHOCTHBIX BOJIaX COOTBETCTBYIOIIMX YYaCTKOB. B TO e Bpems B3Be-
cH, OT(GUIBTPOBAHHBIC U3 STOM BOJBI, COJEPKaIM MEHbIIE ypaHa U OoJblIe TO-
pus, YeM BMELIAIOIINE JIEISIHBIE JKUIIbI JIECCOBUIHBIE CYIVIMHKUA. Bce 310 cBuae-
TEJIbCTBYET O MOCTYIUICHUHU ypaHa B JIe]l U3 B3BELICHHBIX YACTHUII, BO3MOKHO, ITPU
YaCTUYHOM OTTAaMBAHUHU JKUJIBHBIX JIbOB.
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HccnenoBanue M30TOMHOIO COCTaBa PaAMOHYKIHWIOB B BOJAX AJAAHCKOIO
[IMTAa [MOKA3aJI0, YTO UX OTHOUIIEHHWE HE COOTBETCTBYET PAAUOAKTHBHOMY PaBHO-
Becuio (tabn. 4.7). JlouepHre U30TOIMBI MPEeodIagaloT B BOJaX, MO CPABHEHHIO C
MATEPUHCKUMHU H30TOMAMU TEX K€ CaMbIX AJEMEHTOB. M30Tombl ypana nydme
COXPaHSIIOTCSI B MOBEPXHOCTHBIX BOJIaX, IO CPABHEHUIO C U30TONAaMH TOPHUA U pa-
nuda. IlocnenHue B pedHBIX BOJAX HAXOMATCS, MPEUMYIIECTBEHHO, B COCTaBE
B3BECH. B MCTMHHO pacTBOPEHHOM COCTOSIHHM OHHW BCTPEUYAIOTCS JIUIIL BOJM3H
MECT BBILLIEIAYMBAHUS U3 TOPHBIX Mopoa. Jlaxke comep:kaHue ypaHa, IEPEHOCHU-
MOTO B COCTaBe B3BecH, nmpuMepHo B 10 pa3 Oounbliie coep:kaHus ypaHa, pacTBO-
PEHHOTO B TOM K€ 00BhEME BOJIBI.

Tabnuna 4.7
Hszomonuvie omuoutenuss paduoHyKIud08 8 600ax An0auncko2o wuma
(68 eounuyax akmuenocmu, no H.A. Tumaesoui u op., 2005)

ThU B Th/U B
OO0BexT [Mopomer BUAfu | POThAPU |2 Th/#Th mopojie
BoJie (e.M.) (em)
Ilypd Iélf;em”m’ 33406 |054+0,04 | 1,76£03 |0,08+0,02| 24
P. Annan ?BCCTH’"‘“’ 2,97+0,5 - - <0,13 3,3
m
Pyu. Ba- Kpucramn. 232+ 0,06 B _ <01 2.1
CUJIBbEBKA cimanmel, AR
P. Tanas To xe 1,83 £0,1 - - <0,1 -
P. Heakys |I'panutsi, AR 1,48+0,2 | 0,21 £0,02 | 0,95+0,11 | 2,0£0,2 14,4

HpuMeanue.' €.M. — CIMHHUIIbI MaCCHI.

Koadpounmentsl BOAHONW MHUrpallUd  PaJMOHYKIHUIOB, PpPacCUUTAHHBIE
H.A. TutaeBoii ans Annanckoro u Bumoiickoro paiioHOB, puBeieHb! B TabII. 4.8.
W3 3TUX naHHBIX CIEQyeT, YTO MUTPALMOHHBIE CBOMCTBA ypaHa, TOPUSA U J10Yep-
HUX IPOAYKTOB MX pacliaja B BOAAX 30HBI TMIIEPreHE3a CHIBHO OTIMYAFOTCS.
MurpanoHHbIE CBOWCTBA TOPHsI CYIIECTBEHHO HWXeE, 4yeM ypaHa. Kpome Toro,
OoJiee JIerKue U30TOIBI OTHUX U TeX )K€ DJIEMEHTOB JIy4llle MUTPUPYIOT B BOJAHBIX
pacTBOpaX, YEM TSKEIIbIE.

Tabnuma 4.8
Kosghgpuyuenmor 600not muepayuu paduonykiudos 0t Aioanckozo
u Bumoiicxozo pationog Cubupu (no H.A. Tumaesoii u op., 2005)

Pation OOBeKT [opoast By B4y | BOTh | 2%Ra | 2*Th
Annanckuii | P. B.Heaxys AACKUTOBBIC 13 | 2,1 | 0,28 - |<o0,01
TpaHUTHI
To xe Pyu. BacunbseBka |To ke 1,3 2,8 - 0,54 0,01
To xe P. Karamax KpHCTa/LITHCCKIE - - - 2,7 1<0,01
CIIAHIIBI
Bunroiickuii | Pyuq. JlarepHsnii | 1OI€pUTHI 1,1 - - 2,0 |<0,01

Hpumeqaﬂue: — HCT JaHHBbIX.
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B ycnoBusix ;kapKoro CyxXxoro KJIMMaTta MOJABUKHOCTh KaK ypaHa, Tak U TO-
pus Bo3pacrtaet. [Ipoucxoaur ero HakomjieHue B BoAax 30HbI runepresesa. C oa-
HOI CTOPOHBI, BBICOKHE TEMIIEPATYpPhl U COJIOBBIN COCTaB BOJ YCKOPSIOT MPOLECC
BbIILIEJIAYMBAHNA ypaHa U3 TOpHBIX nopoAd. C Apyroil CTOPOHBI, pacTeT KOHIIEH-
Tpauusi ypaHa B BOAHBIX pacTBOpax 3a CUeT UCHAPHUTENIbHBIX MPOLECCOB, MPUBO-
JAIUX K COOCAXKICHUIO MAJIBIX JIEMEHTOB C BBINAJAOIIMMU IIPU KOHLIEHTPUPO-
BaHHMM PACTBOpPA COJISIMU U TNIMHUCTBIMA MUHEpaJIaMHu.

BaxxHoe 3HaueHue I HAKOIUIEHUS PaJUOAKTHUBHBIX JJIEMEHTOB B BOJAX
umeeT Eh u pH Box. Ocobenno otyetnuBo 3aBUcUMOCTh 0T Eh mposiBiena mmis
IJIACTOBBIX BOJ. BBICOKAas KOHLEHTpaLusl ypaHa XapaKTepHA Uil BOJ C MOJIOKHU-
TenbHBIMU 3HaYeHHsIMH Eh, uto oOycnoBrneHo Ooisiee Jerkod pacTBOPUMOCTHIO
U®*, o cpaBHenuto ¢ U+, B cBsi3u ¢ ymenblinernnem Eh ¢ riryOuHOl yMeHbIaeT-
Cs1 KOHLEHTpAaLUsl ypaHa, U BBICOKHE €ro COACpkKaHMs B BOJAX BCTPEUAIOTCS Ha
riryounax He 6osiee 200—-300 M OT TOBEPXHOCTH.

KoHnuenTtpupoBanue ypaHa u3 BOAHBIX PaCTBOPOB IIPOUCXOIUT HA FEOXUMHU-
yeckux Oaprepax. Kak crienyer u3 aHanuza posid JaHAmagdTHO-KIMMATHYECKIX
YCIIOBHI, UCTIAPUTENIbHBIA Oapbep HE UTPAeT CYLIECTBEHHON PO B KOHLEHTPH-
POBaHUU ypaHa U TOpUsl. YPaH U TOPUH OCTAIOTCS B PACTBOPAX JIAXKE B YCIOBUAX
BBICOKOH cosieHOCTH. Ha 3TO yka3bIBalOT M HU3KME KJIapKH ypaHa U TOpHUs B IBa-
noputax (I'puropees, 2002). st ypaHa yCTaHOBJICHBI CICTYIONINE T€OXUMUYE-
ckue 0apbepbl, ONpEAeSIONINe ero KOHIEHTPUPOBAHUE U3 PACTBOPOB :

1. BoccranoBurenbhbiii 6apbep. U BoccTanaBnuBaercs go U, Mon U*
CYILIECTBYET TOJIBKO B CUJIBHOKHCIBIX pacTBopax. [Ipu NMoHMXEHNN KUCIOTHOCTH
on ruapoimsyercs B Buae U(OH)* u UO?. IlpousBeneHue pacTBOPHMOCTH
[UH]-[OH]* = 1072 mpu 25°C. O6si3aTenbHOE yCI0BUE — COPOIHs ypaHa Ha IMo-
BEPXHOCTH TBEPJBIX YACTHUIL, HAIIPUMEP HAa OpPraHUYECKOM BellecTBE. B npyrux
cily4asx, JaXke B Pe3KOBOCCTaHOBUTENbHOM cpene ¢ H,S u ¢ conepxannem U 1o

500 Mr/1, BOCCTaHOBIIEHUE HE UIET.

2. Copb6mmonnsiii 6aprep. Mimeer orpomHoe 3HadeHue. B ponu copObeHTOB
BBICTYTAIOT Pa3JIMYHbIE BENIeCTBa (TIMHUCTHIC, TUAPOOKKCIEI Fe u ap.), HO mpe-
’KJIe BCEro OpPraHUYEeCcKOe BEeIIECTBO (TyMycoBoe, camporeneBoe) u (docdaTsl.
ComnpspkeHHBIE TPOIECCHl COPOIMU U BOCCTAHOBJICHHUS ypaHa MOTYT MPOTEKATh
MUJUTMOHBI JIeT. B pe3ynbTaTe HAaKaIlUIMBAIOTCS 3HAYUTEIbHBIC KOHIICHTPAIUU
ypaHa.

3. Banammessrnii 6apnep. [IpuBoaut k 0O6pazoBaHuio kKapHOTHTA. Bo3mokeH
pu pH = 4.

4. TuranoBbiii 6apwep. [Ipeamonaraer B3auMoACHCTBUE TUTaHA, COPOIIEH-
HOTO TIPY KaTareHe3e W3 IIIMHUCTOTO BElIeCTBa C ypaHoM, U (popMHUpOBaHUE TUIE-
Hok Opanneputa UT1,0,.

CoueraHue OKHCIMTEIbHO-BOCCTAHOBUTEIBHOIO Oaphepa C YCIOBHUIMH,
00ecIeunBaIOIIMMH TIOBBIIIEHHOE COJIEPXKAHUE ypaHa B TPYHTOBBIX M MOI3EM-
HBIX BOJAX (apUOHBIA KJIMMAT, HAIMYUE B OOJACTH MHUTAHUS MOPO, 0OOTaIlleH-
HBIX YpaHOM), 00yClIOBIHMBaeT (JOPMHUPOBAHHE MHOIIBTPALMOHHBIX MECTOPOXK-
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JeHUI ypaHa ¢ nepeMematomumcs Gporntom. Mx oOpazoBaHue SIBISIOTCS ClEA-
CTBHEM OKHCJIHMTEIHHO-BOCCTAHOBHUTEIBHBIX PEaKIUil B TMOA3EMHBIX Bojgax. Ecnu
KHCJIOPOJICO/IepIKAaIasi BOAa HAYMHAET JABUTATHCS 110 BOZOHOCHOMY TOPU30HTY, B
KOTOPOM IE€PBOHAYAIBHO CYIIECTBOBAIM BOCCTAHOBHUTEIBHBIE YCIOBHS, TO MEX-
Iy OKHCIMTEIFHOW M BOCCTAaHOBUTEIBHOW OOCTAaHOBKAMH MOXKET 00pa3oBaThCs
Eh-¢dponr (puc. 4.7).

OkucrneHHas 3oHa:

Fe B dopme Fe,Og,
M Akl OopraHuM4yecKoe BeLleCcTBO
30Ha BbICOKOW OKMCIEeHO, ypaH 1 Aap.
KOHUeHTpauum U n gp.  BbILLENIOYEHbI

BoccTaHosneHHas soHa: 7
Fe B popme FeS,,
OpraHM4eckoe BeLLeCcTsoy
paccesHHbin U n gp.

Puc. 4.7. Hoeanuzuposannoe ceyenue uepe3 uHQUIbMpayuoHHoe QpoHmanbHoe
MecmopoxcoeHue ypana 8 6000HOCHOM 2OPU3OHINE, CIA2AeMOM NeCHaHUKAMU

OToT PpoHT OyAET MepeMenIaThCs B HAMPABICHUH JIBHKCHUS BOJBI, HO CO
3HAYUTEIIFHO MEHBIIIEH CKOPOCTHIO, YeM Boja. CKOpOCTh ABWKECHHS (DPOHTA OII-
penensieTcsi CnoCOOHOCTHI0 BOJIOHOCHOTO TOPU30HTA (OCOOEHHO COJEpKAIIUMCS
B HEM OPraHMYECKUM BEIIECTBOM) MOTPEOSATh KUCIOPOA. Eciau TUNUYHEIN BO-
JIOHOCHBI TOPU30HT B OCAJOUYHBIX IMOpoAax coaepxkair 1% peaknnoHHO-
CIIOCOOHOTO OPTaHWYECKOTO YTIieposa, a moa3eMHast Bojga — 10 mMr/m pacTBopeH-
Horo O,, To, coryiacHO pacyeTy, GpOHT J0JKeH MUrpuposath B 13 000 pa3 men-

nenHee, yem Bojaa (pusep, 1985). Ypan u HEeKOTOpBIE APYrHe 3JIEMEHTHI (0CO-
OeHHO CCJICH, MBIIIIbAK U MOJII/I6I[€H) HC paCTBOPUMBI B BOCCTAHOBHUTCJIbBHBIX YC-
JIOBUAX WU paCTBOPHMMBI B OKHUCIUTCIIbHBIX. HpI/I IPOABHUIKCHUU (1)pOHTa OKHUCJIC-
HUS JIFOOBIE W3 DTUX OJIEMCHTOB, MPUCYTCTBYIOIIHWE B BOJOHOCHOM TOPU30HTE,
pacTBopsitoTcs. JIBMKylIuecs: MOJ3eMHbIE BOJbI MEPEHOCIT MX uyepe3 (POHT B
BOCCTAHOBHTENBHYIO CPEy, I/Ie OHH cpa3y ke CHOBa ocaxkmaroTcs. Takum obOpa-
30M, ypaH, COJICPKaBIIUHCS BO BCEM BOJIOHOCHOM TOPH30HTE JIO TMPOXOKICHUS
(hpoHTa WM TIEpEHECEHHBIN U3 JPYTHUX YacTeH CHCTEMBI TMOJ3EMHBIX BOJI, KOH-
IEHTPUPYETCSA B HEIMOCPEICTBEHHOW OJIM30CTH K ()POHTY, UTO CO3JIAET BO3MOXK-
HOCTB (DOPMHUPOBAHHS MECTOPOXKICHHUSI.

4.3. Feoxummus ypaHa 1 Topusl B 0Cago4HOM npolecce

4.3.1. OcHogHbIe hakmopsI U ycriogusi 06pa3oeaHusi 0cadoyHbIX Nopod

I'eoxumust ypaHa ¥ TOpHsl B OCaJIOYHOM IPOIECCE OINpPEAeseTCs] COBOKYII-
HOCTBIO YCJIOBUN (HOPMHUPOBAHMS OCAJAKOB U XUMHUYECKHX CBOMCTB 3JIEMEHTOB.

Cpenu MHOXecTBa (haKTOPOB, OMPEACIAIONIUX 3aKOHOMEPHOCTU (POPMUPO-
BaHUSl OCAJOYHBIX MOPOJ U YCIOBUS 00pa30BaHMS OCAIOYHBIX TOJII, BEAylIee
3HaYEHUE HMMeEeT TEeKTOHMKA, B YAaCTHOCTH PEXHUM KOJeOATEIbHBIX JABHKEHUN
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3eMHOM KOpbI. bombIoe BiusiHUE HA OOIIMI XOJ 0CaJ0YHOTO IMpoIlecca OKa3bl-
BaIOT KJIUMAT | pelibed, HO UX POJIb B ONPEACICHHON MEPE PEryJIUPyeTCs] TEKTO-
Hukoi. Kpome Toro, Ha opmMupoBaHHE OCATOYHBIX TOJI OKa3bIBACT BIIMSIHUE
KHU3HECITEIILHOCTh OPTaHU3MOB, COJIEBOM cOocTaB U coneHocTh Boa, Eh, pH u ap.,
HO BCC OHHM UMCIOT IMOJYNHEHHOE 3HAYCHUE M OCAJKOHAKOIUICHHE BO MHOTOM OT-
paHUYUBACTCS OOIIMM XOJIOM TEKTOHHYECKOTO Pa3BUTHUS IUIAHETHI, KIUMATOM U
penbedom.

Posib TeKTOHUKH B mpolecce JUTOreHe3a. MIHTEHCUBHOCTB, YacToTa, pe-
THOHATBHOCTh TEKTOHUYECKHUX KOJICOATEeIBHBIX JBHKCHHUIA CYIIECTBEHHBIM 00pa-
30M OTPaXKalOTCS Ha COCTAaBE, CTPOCHHMH, CKOPOCTH HAKOILICHWUS W MOIIHOCTH
ocaJika, a Takke hopme 0CaTIOIHBIX TEI.

KonebaTenpHble IBIKEHHS BBI3BIBAIOT TPAHCTPECCUH M PETPECCHUU MOPCKHX
BOJIOEMOB M, KaK CIJICJICTBHE, IepeMelieHne OeperoBbix JuHuid. Bmecte ¢ moso-
KEHUEM Oepera U3MEHSETCS U COCTaB 0caakoB. Hampumep, mpu TpaHcrpeccun Ha
JTAaHHOM YYacTKe BOJOEMa OTJIaraJIiCh TNIMHUCTO-AJICBPUTOBBIC OCAJIKH, B CIIydac
perpeccun 37ecCh e BO3MOKHO HAKOIUICHHE 0oJiee KPYIMTHO3EPHUCTHIX OCAIKOB.
KonebarenbHple ABMKCHUS MOTYT NMPUBECTH K (HOPMHUPOBAHHIO MEJIKOBOJHBIX
BOJIOEMOB C BEChbMa OTPAaHUYEHHOM CBS3BIO C OTKPBITBIM MOpeM. B HUX B ycio-
BHSIX apUIHOTO KJIMMaTa W TCHEIUICHa TEPPUTCHHOE OCAJIKOHAKOIUICHHE MOMKET
CMEHHUTHCS XeMOTeHHbIM. KonebarenpHble TBHXKEHHUSI MOTYT IIPHBECTH K 3a00J1a-
YUBAHUIO TEPPUTOPUU U BOSHUKHOBEHUIO TOP(DSIHHKA.

TexToHnYeCKHUe ABMKCHHUS B Mpejesiax CyIIM MPUBOIIT K U3MEHEHHIO I10-
JIO’)KeHHsI 00JIaCTH CHOCA OCaJ0OYHOI0 MaTepualia, U3MEHEHHI0 Oa3uca 3po3uu,
YTO, B CBOIO OYEpPE/ib, OTPAXKAECTCS HA COCTaBE HAKAIUIMBAIOIIECTOCS OCaJ0YHOTO
Marepuana. TeKTOHMYECKHE KojeOaTelbHbIC IBUXKEHUS — OJIHA M3 OCHOBHBIX
MIPUYHMH CJIOUCTOTO CTPOEHUS OCATOYHBIX TOJIII, YEPEIOBAHUE B pazpes3e MOpoJI
pasHoro cocrtaBa. ITockombKy TpaHHIla MEXIY CIOSMH BhIpaK€Ha JIOCTATOYHO
YETKO, MPE/IOIaratT, YTO CMEHa OJTHOM 00CTAaHOBKH OCaIKOHAKOIUICHHUS JIPYTOi
COBEPIIAECTCS] OTHOCUTEIBHO OBICTPO.

TexkToHHMKa OKa3bIBa€T OTPOMHOE BIIMSIHME HAa CKOPOCTh HAKOTIJICHHUS OCAIIKOB,
UX MOIIHOCTh. CKOPOCTh COBPEMEHHOTO OCAKOHAKOIICHHUS KOJICOJIETCS B IIUPO-
KuX rnpeaenax. Hanbonee ObICTpO HAKAIUIMBAIOTCS OCAJKH y TOPHBIX MOTHOXKHMA 1
B KOHYyCaX BBIHOCA, JOCTUTAsl B pAJIE CIIy4aeB HECKOJIBKUX METPOB B I0Jl. Y CTAHOB-
JICHO, YTO CKOpPOCTh HAKOIUICHHS OCAJKOB B TOPHO-CKJIATYaThIX OOJIACTSIX
(0,01-0,3 MmM/TOx) cymiecTBeHHO BhIlIe, yeM Ha mardopmax (0,003—0,02 mm/ron).

Bonpiioe BiusHUE HA TUTOTEHE3 OKA3bIBAIOT TOPOOOpa30BaTENbHBIE TEKTO-
HUYECKHe ABMKEHHUS U MarMaTu3M. brarojaps ux mposiBIeHUIo B cepy 0caaKo-
00pa3oBaHUS BOBIEKAIOTCS OTPOMHBIE MAacChl MarMaTHYeCKHX, MeTaMmopduue-
CKHUX M OCAJIOYHBIX MOPOJ, a 00pasylollrecs Mpu STOM CHJIBHO NEepeceYeHHbIE
dbopMbI penbeda CrOCOOCTBYIOT MHTEHCHBHOMY HMX BBIBETPHBAHHIO U JICHY[a-
uu. OcobeHHoCTH penbeda ONpeAensoT CKOPOCTh TEYCHHUS U TPAHCTIOPTHPYIO-
A€ BO3MOKHOCTH BOJIHBIX IIOTOKOB.

Biausinue xkiaumarTa Ha Jgurtorede3. KiimMar miaHeTsl onpeensieTcss MHO-
XKECTBOM (paKTOpOB. DTO HHTEHCUBHOCTH COJTHEYHOU paJIMalllU, MPO3PAYHOCTh U
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coctaB atrMmoc(epsl, TUIICOMETPUYECKOE MOJOXKEHHEe CYIId U JHa MHpPOBOTO
OKeaHa, COOTHOILIEHUE IUIOIAJeH CyIlIn U MOps, U3JIy4eHUE BHYTPEHHETO TerJia
IUTAHETHI, HAMIPaBJICHHUE BETPOB, HAMPABJICHHUE U TeMIlepaTypa MOPCKUX TEUECHUMN
U T. 4. Byay4n mociencTBueM B3auMOJICHCTBUS Pa3HBIX (PAKTOPOB, KIIUMAT OKa-
3bIBAET CYLIECTBEHHOE BJIMSIHHE Ha CEIMMEHTOTEHE3 B IIEJIOM U Ha OOIUK Oymy-
LIEW MOPOABL.

Beigenstor Tpu TUIa KiMMaTa: HUBaJbHbIA, TYMUIHBIA U apuHbIA. B cooT-
BercTBUM ¢ 3TUM, H.M. CTpaxoB BbIAEINI YEThIpE KIUMATHUECKUX TUIIA JIUTOTe-
He3a: JISIOBBIM (HUBAJIBHBIN), TYMUAHBINA, apUIHBIA U OJUH — aHKIMMAaTHYECKHUI
(BYJIKAHOT€HHO-0CAI0YHBIN ).

JlenoBblil (HUBAJIbHBIN) THII JIMTOrE€HE3a XapAKTEPU3YETCS HAXOKICHUEM
BOJIbI MPEUMYIIIECTBEHHO B TBEP10# (hase (JIe) 1 MMEHHO B Tako (pa3e oHa mpo-
SBJISIET CBOIO aKTUBHOCTh. Hu3Kkasg TemmepaTypa BbI3BIBAET CYIIECTBEHHOE 3a-
MeEJUIEHHE XMMHUYECKUX IPOILIECCOB U MOJABISIET KU3HEACATEIbHOCTh OpPraHu3-
MOB. B CBSI3H € 3TUM poJib 0CaIOUHOT0 MaTepuaia XUMUYECKOI0 U OPraHu4eCcKo-
ro MPOUCXOKICHUS IPU JIEAHUKOBOM JIMTOTEHE3€ BECbMa HE3HAUUTENbHA WU HE
nposiBisieTcs: BooOme. OCHOBHAs 4acTh OCAJOYHOrO0 MaTepuaia IMOCTaBIISETCS
MEXaHUYECKUM BbIBeTpUBaHHEM. [lepeHoc ocagouHOro marepuaiia OCylecTBIIs-
€TCsl MPEUMYIIECTBEHHO JIEAHUKAMU M B MEHBIIEH CTENeHH BOAON MOJIeTHUKO-
BBIX pyubeB. BenenctBue atoro ocagounas nuddepeHnuanys npossieHa ciaabo.
B urore HakamiauBaeTCsl COBEPIICHHO HECOPTHPOBAHHBINA OCAIOUHBIN MaTepHall,
U3 KOTOPOTro 00pa3yroTcs MOPOJIbl MOPEHHOTO THIA — TJIMHBI BATyHHBIE, CYIIECH,
HECOPTHPOBAHHBIE BATYHHUKH.

I'yMuIHBIH THI JIMTOreHe3a OCYLIECTBISIETCS B 00CTAaHOBKAX TPOIHYECKO-
ro, CyOTpOMHYECKOro, BIAXXHOTO YMEPEHHOTO U XOJIOJHOTO KIMMAaToB. B kax-
JIOM U3 3THX KIUMAaTHYECKHX PEKUMOB OCaJAKO0Opa3oBaHUE UMEET CBOM CIICIIU-
¢dudeckue 4epThl MPHU OOIIHOCTH OCHOBHBIX THIIOBBIX MPHU3HAKOB. ['eHe3nc oca-
JIOYHOTO MaTepHajia MpU TaKOM THUIIE JIMTOTeHe3a Haumbojiee MHOrooOpaseH.
3/1ech aKTHBHO TMPOSIBIAIOT ce0s (paKTOpbl MEXAHUYECKOTO Pa3pyILICHUS, XUMU-
YECKOT0 Pa3NIoKeHHs, a TakKe OMOJOTHYecKHe Mpoliecchl. B cBs3M ¢ 3TUM B oca-
JIOK BO3MOYKHO MOCTYIUJICHHE 00JIOMOYHON, XEMOT€HHOM 1 OpraHOTeHHON YacTeu.
[Tockonbky B pa3HOM KiIUMaTe TeMIEpaTypa, KOJIWYECTBO OCAJKOB, >KU3HENes-
TEIbHOCTh OPTaHW3MOB HEOJIMHAKOBBI, TO 00pa30BaHUE OCAJKOB B KaXKJIOM KOH-
KpETHOM ciiyyae OyJIeT HeCTH CBOM crieruuieckue 4epThl. B ycinoBUAX TEmioro
KJIuMaTa (TPOMUYECKOTO U CYyOTPONMUYECKOro) MpH PaBHUHHOM peibede BechMa
MHTEHCUBHO MPOTEKAeT XUMHUYECKOe BHIBETpUBaHME MOpoA. B oOcTaHOBKE yMme-
PEHHOTO M XOJIOAHOTO KJIMMaTa W3-3a CHMXKEHHSI CPEJHEroJ0BOIl TeMIeparypbl
ATOT MPOLECC COBEpHIaeTCs B 3aMeyIeHHOM Temne. Eciu ke BbhIBETpUBaHUE
MIPOUCXOJUT B YCIIOBUSAX PE3KOPACUICHEHHOTO penbeda, TO Jaxke B 30HaX TeIio-
ro KJIMMaTa MEXaHU4YeCKOe BHIBETPUBAHME HAUYMHAET CYIIECTBEHHO MPE00IaaTh
HaJ XuMU4decKuM. JKU3HeAeITeTbHOCTh OPTaHU3MOB 3aBEpIIIaeTCs 00pa3oBaHUEM
0CaJIOYHOTO MaTepuana — MHUHEPAIbHBIX CKEJIETHBIX OCTATKOB M HE MOJIHOCTBHIO
Pa3IoKUBLIETOCS OPraHUYECKOr0 BEIECTBA, @ MPOIYKTHI PA3JIOKEHUS MOCIE]I-
Hero (CO, m rymMycoBble KHMCIIOTBI) CIIOCOOCTBYIOT MEXaHUYECKOMY M XHMHYE-
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CKOMY BBIBETPHBAHUIO TIOPO. B 30HBI 0CaaKOHAKOIIEHUS TIPH TYMHIHOM JIUTO-
reHe3e, TaKuM 00pa3oM, TMOCTyIaeT OOJIOMOYHBIM M OPraHOTEHHBIH MaTepua,
pacTBOpPEHHAs U KOJUTOMAHAS YacTH. B 3aBUCUMOCTH OT TEPMOOAPUIECKUX YCIIO-
Buii pH, Eh, conenoctu Box 6acceliHa 0caKOHAKOIUICHUS M OMOXUMHUYECKON aK-
TUBHOCTU OPTaHU3MOB, PaCTBOPEHHAs M KOJUIOMIHAS YacCTH MOTYT OCTaBaTbCs B
pacTBOpE WM MEPEHTH B OCAIOK B TBEPIOH (haze.

MHuoroo0pasue 00CTaHOBOK B 30HAX TYMHUJJHOTO KIMMAaTa MpeaonpeaeseT u

pazHooOpa3ue JTUTOJIOTHYECKOTO COCTaBa IMOPOA. 37€Ch BO3HUKAIOT TIIMHUCTHIC,
00710MOYHbIE (IECYAHUKH, AJIEBPUTHI), XEMOTEHHbIE (KapOOHATbI, OOKCUTHI U T. 11.),
OpraHOreHHbIE (M3BECTHSAKH, AUATOMUTHI, YU U Jp.) U CMEIIaHHbIE 0CaJ04HbIE
oOpa3oBaHus. ['yMUIHBIH THUII JIMTOTEHE3a B TE€OJIOTMYECKOM IPOLUIOM PE3KO
npeo0iasan Haja OCTalbHBIMU. B COBpeMEHHYIO 3MOXY A3TOT TUI JIUTOTE€HE3a
TaKXe MpeodiazaeT HaJl BCEMU OCTaJIbHBIMHU, OXBaThbIBas MPUMEpHO 57 Y% cyuu
i 70 % MOBEpXHOCTHU BCEH IIAHETHI.

ApUAHBII THI JUTOreHe3a — NOPOA000pa30BaHUE B YCIOBHUIX MOBBIIICH-
HBIX TEMIIepaTyp, HO MPU OCTPOM jaeduiuTe BOAbl. APUIHBIN JTUTOTEHE3 XapaK-
TEpEH JJI1 KOHTUHEHTOB (ITyCTBIHH, NIOJYIYCThIHU, CyXH€E CTENH), HO UMEET pa3-
BUTHE U B MOpckux ycioBusix (Kpacnoe, Kacrimiickoe mops u 1p.). B obcranoBke
apUAHOTO KJIMMaTa Ha KOHTUHEHTaX 0CaJOYHbIN MaTepuai B BUJEe 00JOMOYHON U
pPAcTBOPEHHBIX YacTel O4YEHb YacCTO IMOCTYNAECT U3 PACHOJIArarolIuXcs 10 cocel-
CTBY T'YMUJHBIX 30H — C I'Op BMECT€ C MOILIHBIMH BPEMEHHBIMH BOJOTOKAaMH,
pyubsiMM M pekaMu. B npeznenax obmacteil apuIHOrO JIUTOr€HE3a MepeHoc 00I10-
MOYHOI'0 MaTepHajia OCYIIECTBISETCS TJIaBHBIM 00pa3oM BETPOM. DTOMY CIIO-
COOCTBYET OTCYTCTBHE WIH ci1aboe pa3BUTHE TTOYBEHHOTO MOKPOBA M PACTUTENb-
HocTU. bnaromaps 50710BOMy NEpeHOCY TEPPUI€HHOIO MaTepuaia U3 apuIHbIX
30H BBIHOCUTCSI aJI€BPUTOBBIM M TJIMHUCTBIM MaTepuall, HaKallJMBaeTCs Iecya-
HBIi. B 03epax, jaryHax u MOpsIX OCaJKOHAKOILJIEHHE OCYIIECTBISETCS 3a CUeT
ayTUT€HHOTO MHHEpanooOpa3oBaHUsl, IPUHOCUMOTO BETPOM MECYAHOTO, aJleBPH-
TOTO U INIMHUCTOTO MaTepuaa, a Takke MPOIyKTOB KU3HEJESITEIbHOCTH PACTH-
TEJIbHBIX M KMBOTHBIX OpPraHuM3MoB. Eciim mpoucxoauTt 3acojeHue BOJOEMOB,
0caZIKo00pa30oBaHUe 3a CUET KU3HEAEATEIbHOCTH OPraHU3MOB MOCTENEHHO CO-
Kpallaercs U MOYKET COBCEM IpPEKpaTUThes. [loMHMHHpYyIOIlee 3Ha4Y€HUE TOrna
[I0JIy4aeT XMMMUECKas CEIUMEHTALMs, IMPOSBIAIOIIAACA B IOCIEI0BATEIILHOM
HaKOIJICHUU CyNb()aToB KalblKs, XJIOPUIAOB HATpHs, Kanus u ap. Ilpu onpecHe-
HUU BOJIOEMOB CEIMMEHTAIUsl SBOJIIOIMOHUPYET B 0OpaTHOM MOPSAKE C MOCTe-
MIEHHBIM BO3PACTaHUEM POJIM TEPPUTEHHBIX U OPTaHOTEHHBIX MOPO/I.

Takum oOpaszom, JUId apuIHOIO KIMMaTa XapakTepHee CieAyroIuii Habop
HIOPOJI: S0JI0BbIE MECKH U MECUaHUKH, TIIMHUCTO-aJIEBPUTOBBIE OTIOXKEHUS (HEpe-
KO 3aCOJICHHbBIE), U3BECTHSIKH, JTOJIOMUTHI, TUIICHI, aHTUAPUTHI U KAMEHHAs! COJIb.
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ByJIkaHOTreHHO-0Ca104YHBIH THII JUTOTreHe3a — a30HAIbHBIM WK aKJIUMa-
tudeckuii. [lon aum H.M. CtpaxoB moHuMan nopoaoo0pa3zoBaHue Ha MIOMIAISIX
BYJIKAHUYECKUX U3BEPKEHUN U B UX OKPECTHOCTSX, HAXOISIINXCS MO UCKITFOYHU-
TEJILHBIM WUJIU ONIPEACIISIONINM BIUsIHHEM (P dy3uBHOTO TIporiecca. OTIMIUTEIb-
Hasl 4yepTa 3TOro THUIAa JINTOTEHE3a — OCAJOYHbIA MaTepuand — B 3HAYUTEIbHOU
CTEIIEHU IMOCTABJISAETCA BYJKaHAMU, OJTHAKO MO MEpe YJIaJeHHsI OT 0YaroB BYJIKa-
HU3Ma B OCaJIKax Bce OoJiee BO3pACTaeT poJib 0OJOMOYHOTO M XEMOTEHHOTO Ma-
Tepuaia, 00pa3yroIerocs 3a CYeT MPOAYKTOB BhIBETpUBaHUA. B cocTaBe mpoayk-
TOB BYJKaHHYECKOW IESATENbHOCTH BYyJIKaHHYECKHEe OOMOBI, Temel, TUApoTep-
MaJbHBIC BOJBI U ra3bl (AKcraysnuu). TBeppie IpOAYKTH H3BEPKEHUS 00paszyIoT
BYJIKAHOT'€HHO-0CAJI0YHbIE (MHUPOKIACTUYECKHUE) MOPOJIbl. HYacTh pacTBOPEHHBIX
Y Ta3000pa3HBIX MPOIYKTOB M3BEP)KCHHUH B YCIOBHIX 3€MHON MOBEPXHOCTH TIe-
PEXOANT B pe3yJbTaTe XUMUYECKUX pEakluil B TBepAyIo (azy, a 3aTeM B OCAJIOK.
Bynkanorennble mpoyKThl JaJIbHETO MepeHoca (Ienein) MOryT OKa3blBaTh CYIIIE-
CTBEHHOE BJIMSIHHE HA T€OXMMHMYECKHE OCOOEHHOCTH OCAJOYHBIX OTJIOKEHHI
JPYTUX TUIIOB JINTOTE€HE3A.

Knaccudmkaumsa ocagoyHbix nopoa

OOuenpuHATON Kiaccu(UKaluy 0CaJOYHbIX IOPOJ HET, YTO CBSI3aHO C Iie-
JBIM PSIIOM TPYJIHOCTEH, B YaCTHOCTH C MOJUT€HETUYHOCTHIO OCHOBHBIX COCTaB-
HBIX 4acTedl. B crenmanbHOM nuTeparype MpeioxkeHO MHOTO KiIacCHU(pUKAIIA
ocaouHbIX mopoja. He oGcykaast MX TOCTOMHCTB M HEAOCTAaTKOB, B paboTe uc-
H0JIb3YEM CPaBHUTENBHO MPOCTYIO Kiaccupukaiuto, npeaioxennyo b.K. IIpo-
nuakoBsiM U B.I'. Ky3nenoBeiM (1991), mocTpoeHHYI0 Ha OCHOBE KJIacCH(HKa-
muu M.C. IlIBerioBa.

O06J10MouHBIe: Tpy06000IOMOYHBIE (00JIOMKH KpymnHee | MM), mecuaHble
(o6momku 1,0-0,1 mm), aneBputoBbie (o0somku 0,1-0,01 mMm), meauToBbie (00-
nomku MeHee 0,01 MM), ByJIKAHOT€HHO-0CaI0UHBIE.

I'iuamcTeie: noMMMUHEpaIbHbIE, THIPOCTIOINCTHIE, KAOJTMHUTOBBIE, MOHTMO-
PUILJIOHUTOBBIE.

XeMoOreHHble M OMOTreHHbIE: AJTIOMHHUCTBIE, JKEIE3UCThIe, MapraHIOBbIE,
KpEeMHHUCTHIE, pocdaTHble, KapOOHATHBIE, CyJIb(aTHBIE, FAIOUTHBIE.

KaycTo0uo1uThl: kKaMeHHbIE U Oypble Y, HeTH, 030KEPHUTHI, ac(habThl,
rOpIOYHe CIaHIIbI.

4.3.2. CodepxaHue ypaHa u mopusi 8 0ca004HbIX Nopodax

Cpennee cojepkaHue ypaHa W TOPHUS B OCAJOYHBIX TOPHBIX MOPOJAX CO-
ctaBisietr 3,4 u 7,7 1/T, cOOTBETCTBEHHO (Tabu. 4.9). B oTinumne ot kiapka Juist
BEpXHEW YacTH KOHTHHEHTAJILHOW 3€MHOW KOpBI, OHM OOOTAaIeHBI YPaHOM, HO
obennensl TopueM. [lo manneim A.Il. BunorpagoBa, B 0caouHBIX MOPOAAX CO-
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nepxures 3,2 v/t U n 11 r/t Th npu knapkax Juist 3eMHO# Kopsl 2,5 u 13 r/T, co-
OTBETCTBEHHO. [IpuunHy 3TOr0 aucOanaHca clieAyeT MCKAaTh B pa3HOW IMOJBUXK-
HOCTH 3JIEMEHTOB B 30HE THIepreHesa. [1o-BHIUMOMY, OCHOBHBIM PE3epBYapoM
HEJIOCTAIOUIET0 TOPUS TOJKHBI ObITh KOpPBI BBIBETPHUBAHUS, U3 KOTOPBIX BBILIE-
JIOYEH ypaH, HO Il KOTOPBIX XapaKTepeH N30bITOYHBIN TOPUH.

Tabmuua 4.9

Cpeonee codepoicanue ypana u mopus 8 0CA00YHbIX NOPOOAx eepxHell
yacmu KonmunenmanvHou kopwl (no H.A. I'pucopvesy, 2003)

TopHBIe Moo CoiepkaHue DJIEMEHTOB, I/T ThU
U Th
Tlecku u mecyaHuKu 2,3 7,8 3,4
I'IUHBI ¥ TTIMHUCTBIE CIIAHIIBI 4.5 10,0 2,2
KapGonatHbie mopoas! 2,1 2.4 1,1
KpemHucToie mopos! 5,0 3,4 0,7
OBanopuTHI 0,68 0,7 1,0
OcafiouHbIe TOPOJIBI B IIETIOM 34 7,7 23
Kuapk 2,5 9,3 3,7

Anamu3 maHHbix Ta6n. 4.9 m 4.10 mokaspIBaeT, YTO OCAJOYHBIC IMOPOJIBI
BECbMA HEOJHOPOJHBI 10 COIEPKAHMIO KAK ypaHa, TaK U Topus. Pazmuuusa B co-
cTaBe 00YCIIOBIICHBI PA3IMYHBIMH yCIOBUAMHU (opMupoBaHus mopoj. OcoOeHHO
3HAYUTEIbHBI PA3IU4Hs MEXIY MEXaHOTCHHBIMH (TEPPUTCHHBIMH) M XEMOTCH-
HBIMH OCaJI0OYHBIMU MTOPOJIAMMU.

Tabuma 4.10
Cooepoicanue ypana u mopus 8 21aGHEUUX MUNAX 0CAOOUHBIX
OMAoACeHUll (C HOPMATLHOU PAOUOAKIMUBHOCBIO) KOHMUHEHMATLHOU
yacmu 3emHot kopul (no A.A. Cmoicnosy, 1974)

T'pyrina u THITHI OPOsL Coiep>kaHue DJICMEHTOB, I/T ThU
U | Th

Teppurennsblie (mec4aHO-TJIMHUCTbIE)
Konrnomeparsl, rpaBeuThl 2,4 9,0 3,7
Ilecyanuku, aleBPOIUTHI 2.9 10,4 3,6
ApPruJUIMThl, INIMHACTBIE CIAHIbI, TIIMHBI 4,0 11,5 2,4
KBapueBble KOHITIOMEPATEI 6,3 31 5-10
Y I1epoaucTo-TIIMHUCTBIE CIIaHLbI >10-20 15 <1
Kpemuucrobie
KpeMHucThI€ caaHIbl, KBAPIMUTHI 1,7 2,2 1,2
I TMHUCTO-KPEMHUCTBIE CIIAHIIbI 2,8 6,2 2,2
Kap6onatHble
M3BecTHsIKH 1,6 1,8 1,1
Meprenu 2,8 2,5 0,9
Jlonomutel 3,7 2.8 0,8
CosieHOCHBIE
AHTUAPUTHI 1,0 1,0 1,0
KameHnHnast coib 0,9 1,0 1,1
KaycTo6uoaursi
KamenHBIl yroip | 34 | 4,8 | 1,4
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A.A. CmpicioBeM (1974) moka3aHo, YTO OCaJOYHBIE OTJIOKEHHUS CKJIaava-
TBIX OOJIacTeH, MO CPaBHEHHWIO C TUIAT(OPMEHHBIMH, XapaKTEepPHU3yIOTCS Ooiiee
3HAYUTENIBHBIMH KOJICOAHUSIMHU COJEpPKAHUN pagruoaKTUBHBIX 31eMeHTOB. [Ipo-
BEJICHHBIE UM COIOCTABJICHUS COJCPKAHUU PaJMOAKTUBHBIX 3JIEMEHTOB B OCa-
JOYHBIX OTJIOXKEHUSX TO3BOJHIIO BBIIBUTH OCOOGHHOCTHU OTJENBHBIX JIUTOJIOTH-
YECKUX THIIOB OCAJKOB, C(HOPMHPOBABIIMXCS B PA3UYHBIC CTAJIUU PA3BUTHUS
MOJIBIKHBIX TIOSICOB.

dopmupoBaHUEe TIEPBHYHO OOOTAIIEHHBIX YPAHOM OCAJIOYHBIX OTIIOKCHHMA
(YrJ1epoaucTo-KpEMHUCTHIE CIAHIbl, OUTYMHHO3HbIE U3BECTHSIKU, KayCTOOUOIU-
ThI U JIp.) TECHO CBSI3aHO C HAKOIUICHUEM U PACTIPEIEICHHUEM B 30HE JTUTOTECHE3a
opranuyeckoro BemectBa (Copr). Cpenn mopoa ¢ HOpPMallbHBIM COZAEPKaHUEM
oprannyeckoro semecta (Copr< 0,3+0,5 %) mo paTnoakTHBHBIM CBOMCTBaM BbI-
NeNIAIOTCS NATh TPYII: TEPPUTeHHbIE, KPEMHHUCThIE, KapOOHATHBIE, COJIEHOCHbBIE
OTJIOXKEHUsS U KaycToOononutsl (CmbIcioB, 1974).

4.3.2.1 Teppuzennwie (0610M0unbBle, 2TUHUCHIBIE) O0CAOOUHbIE NOPOOLL

JlJiss TeppUTEHHBIX OCAAOYHBIX MOPOJ XapaKTepHO Hambosee BBICOKOE Iep-
BHYHOE COJIepKaHUE ypaHa U Topus, Om3Koe K Kiapky (tadi. 4.9 u 4.10).

B teppureHHsIx ocagkax, GOpMHPYIOMIMXCS B Pa3HBIX T'€OTCKTOHHMYECKUX
o0cTaHOBKaX, OOHAPYKHUBAETCSI 3aBHCUMOCTh COJIEP)KaHUsS ypaHa (U B MEHBIICH
CTETICHH TOPHUS) OT TPAHYIOMETPHUECKOTO COCTaBa MOPOJ, BHIPAKAIOMIASICS B I1O-
CTETIEHHOM YBEJIMUYCHUU COAECPKAHUSA YPaHa B PsIAY: KOHIJIOMEPAThl —> IECUaAHU-
KM —> aJIEBPOJIUTHl — aprUJUIMTHl. DTa TEHJAEHUMUs BbIpa)K€HA MPU Pa3HBIX YPOB-
HSX HAKOIUICHHS paJUOAaKTUBHBIX 3JIEMEHTOB B ocajkax. Tak, A.C. Murponoss-
ckuM (1979) nokazano Ha npumepe 10xkHOU yacTu Anrtae-CasHCKOM CKIaq4aToit
o0JacTH, YTO B TEPPUTCHHBIX OCAJ0YHBIX MOPOJAaX, OOCTHEHHBIX B IIEJIOM ypa-
HOM U TOpUEM, NPOSIBJICHA Ta k€ TeHAeHuus (Tabmn. 4.11).

Tabmuma 4.11
Cpeonue codepoicanus u pacnpedeieHue ypana u mopus 8 nopooax
HUDICHE20 U gepxHe2o cunypa Auyticko-Yyiickoeo CUHKIUHOpUS
(no A.C. Mumpononvckomy, 1979)

Topona ConeprxaHue 2JI€MEHTOB, r/UT Th/U
ypaH TopHUit
Ilecuanuku 0,5 1,0 2,0
AJeBpOIUTHI 0,8 6,2 7,7
CrnaHupl TITHHACTBIE 1,2 13,0 10,8
CnaHIbl TIIMHUCTO-U3BECTKOBUCTHIC 1,8 3,1 1,7
W3BecTHIKH 0,5 0,8 1,6

[Ipsimast cBA3B colepikaHUN ypaHa M TOPUS C KOJTUYECTBOM TIMHUCTHIX Yac-
THUI] 00YCJIOBIIEHA, BEPOSITHO, UX POJIbIO MIEPEHOCYHKOB TOPUS U COPOSHTOB ypa-
Ha. COOTHOIIEHHE U COJIEp)KaHUE YpaHa U TOpHUS B aprUJUIMTaX 3aBHCAT OT HX
MHUHEPAJILHOIO COCTaBa. B 4acTHOCTH, yCTaHOBJIEHO, YTO MAaKCUMAJIbHOE COJEP-
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JKaHUE TOpUS CBOWCTBEHHO I'MAPOCIIONUCTBIM, a ypaHa — KAOJIMHUTOBBIM apruil-
mutaM. [lo-Buaumomy, OOJbIIas 9acTh TOPHUS MEPEHOCHUTCS B OacceitH ceanMeH-
TalMM B BUJE aCOPOMPOBAHHON Ha YaCTHIIAX TJIMHBI WIIM THAPOOKHUCIIAX JKele3a
(CmpicnioB, 1974).

CBs3b conepkaHMsl paJUOAKTUBHBIX 3JIEMEHTOB C IPaHyJIOMETPUUECKUM CO-
CTaBOM B Pa3JIMYHBIX OOCTAHOBKAaX OCAJKOHAKOIUJICHUS MPOSBICHA HEOAUHAKOBO.
Tak, yCTaHOBJIEHO, YTO B YCJIOBHUSAX KOHTHHEHTAJIBHOIO OCaJKOHAKOIUICHUS B
KPACHOIIBETHBIX OTJIOXECHUSAX KOHTUHEHTAIBHBIX (hallfii 3aBHCHMOCTB COJepKa-
HUS ypaHa U TOpHUS OT IPaHyJIOMETPUUYECKOTO COCTaBa IPOSBIIEHA 3HAYUTEIIBHO
ciabee, 4eM B 3€JICHOLBETHBIX MOPCKUX (Tabum. 4.12).

Tabmuma 4.12

Codepotcanue ypana u mopust 6 OMA0HCEHUAX HUNCHEU MePPUSCHHOU MOoauU
nonamunckou ceumsl (no A.J{. Hoocxkuny, B.A. I'aspunenxo, 1976)

Tommia, mauka ITopona U, i/t Th, r/T Th/U
KpacuonBeTHas KOHTJIOMEPATHI U 2.1 11,7 5.6
TPaBEJIHTHI
MeCYaHuKU 2,1 11,3 5,4
aJIeBPOJIUTHI 3,1 12,8 4,1
3eneHonBETHAS KOHTJIOMEPAaTHI U 32 73 23
TPaBEJIHTHI
MeCYaHuKU 32 13,0 4,1
aJIEBPOJIUTHI 49 17,6 3,6

Hapsiny ¢ rpanynomeTpuueckuM cOCTaBoOM, OOJIbIIOE BIMSHUE Ha pacrpe-
JIEJIEHNE U COJIEP’)KaHUE ypaHa B TEPPUTEHHBIX OCAJKaX OKa3blBa€T OPraHU4ECKOe
BEIIECTBO, XOTS YeTKas KOppeJsiMs MeXAy HUM U ypaHOM B MOpOJax C HOp-
MaJIbHOM paInOaKTUBHOCTHIO HabtogaeTcs He Bceraa. CBsi3b ypaHa U OopraHuye-
CKOT'O BEI[ECTBA MOATBEPIKIAETCS pe3yJibTaTaMH pajuorpapuieckiux HcciaenoBa-
HUH TPEKOB MHIYIIMPOBAHHOIO JIENEHNs. B TEppUreHHBIX 0CaKaxX MEIKOBOJHBIX
dauii oTMEUaroTCs CrYCTKU TPEKOB, B TO BpeMsl Kak B MOPOAax IIyOOKOBOJHBIX
Gdaumii (MpeuMyIIecCTBEHHO TJIMHHUCTBIX CIAHIAX) TPEKH paclpe/ieleHbl CpaBHU-
TeIbHO paBHOMEpHO. [lo00Has 3aKOHOMEPHOCTH MOXKET OBITh YBsI3aHA C OCO-
OEHHOCTSIMH pa3MeIEeHUs] OPraHUYECKOT0 BEIIECTBA B MOPCKUX OCAJIKaX.

A.b. Ponos u B.B. Bebep ycranoBuim, uto B (halusx OTKPHITHIX OacceiHOB
OpraHuveckuil Mmatepuan (GopMHUpyeTcs U3 IUIAHKTOHA M OEHTOCa M HaKarlIMBa-
€TCsl B OCHOBHOM paBHOMEpHO. B mpubpexxHo-Mopckux (anusx cocpenoToyeHa
OCHOBHasl Macca OpraHWYEeCKOro BellecTBa (TJIaBHbBIM 00pa3oM, rymyca), CBsI3aH-
Hasl C pPa3lIoKEHUEM PAaCTUTENbHBIX OCTAaTKOB, PAacIpeAesonXcs o Bcell Mac-
ce nopoAsl KpaiiHe HepaBHOMEpHO. [loaToMy mpuypodYeHHOCTh ypaHa K Teppu-
TEHHBIM OTJIOXEHHUSIM NMPUOPEXHBIX (aluii 1 HEPAaBHOMEPHOCTh €r0 paclpese-
JeHUs1 OOBSICHSAIOTCS, MPEXKIE BCEro, pa3MelleHHeM OPraHUYecKOro BEllecTBa, a
HE TpaHyJOMETPHUUECKUM cocTaBoM nopos (CmeiciioB, 1974).

Topuii-ypaHOBOE OTHOLIEHHE B TEPPUTEHHBIX OCaJKaxX KoJjeOaeTcs B MUpo-
kux npenenax (ot 2-3 go 5-10, unorna Beimie). HekoTopbie aBTOPHI TOMyCKAIOT
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BO3MOXHOCTb MCIIOJIb30BaTh 3TOT MapaMeTp Ui onpeaeiaeHus (anuanabHON Mpu-
HAJJIEKHOCTU TIOPOJI, CUUTAs], YTO €ro BBICOKME 3HAUEHUS XapaKTEpHbI IJIS Ipy-
003EpHUCTBIX OCAKOB MPUOPEXKHBIX (alHif, TJie HAKAIUIMBAIOTCS YCTONYUBBIE K
BBIBETPUBAHMIO TOPUICOIEpIKaIIIE aKLECCOPHbIE MUHEpaibl. Bmecte ¢ TeM yBe-
JIUYEHHE TOPUIH-YPaHOBOI'O OTHOILEHHS B OKUCIICHHBIX ECYaHUKAX U KOHIJIOME-
paTtax MOXKET OOBSICHATHCS YAaCTUYHBIM BBIHOCOM ypaHa IMPH SMUTEHETHYECKOM
peoOpa3oBaHUU MOPOI.

Cpenu ocaiouHBIX TEPPUTEHHBIX OTIIOKEHHM, TIEPBUYHO OOOTAIIEHHBIX pa-
JIMOAKTUBHBIMHU 3JIEMEHTAaMU, BBIJEIAETCS JIBa KpailHe pa3iM4yHbIX pajnOreoxu-
MUYECKUX TUIA TOPOJ;

1. CyiiecTBEHHO TOPUEHOCHBIE U YPaHO-, TOPUEHOCHBIE TPy000OIOMOYHbBIE
MopoJbl (KOHIJIOMEpaThl, TPaBeUThl, IECYAaHUKH) aJUTIOBUAIBHBIX, TPUOPEKHO-
MOPCKHUX ¥ UHBIX (aIlnil.

2. CymiecTBeHHO ypaHOHOCHBIE oborarmieHHble (ochopoM MM OpraHUKON
MOPOJIBI Pa3HOOOPA3HOTO cOCTaBa (CJIAHIIBI, MECYAHWUKH), (GOPMUPYIOUTUECS B
pa3HbIX (harmanbHBIX 00CTAHOBKaX MOPCKHX MM HHBIX 0AaCCEHOB.

TeppureHHO-OMOTEHHBIC 1 XEMOT€HHBIE YTIEPOAUCTHIC CIIAHIIBI, IECUaHUKH
1 U3BECTHSKU COCTABJIIOT CBOEOOpPA3HYIO IPYIILY MOPOA, T€OXUMUYECKUE OCO-
OCHHOCTH KOTOPOH MBI PACCMOTPUM B CIEIyIOIIeM pazzeine (cM. pa3f. 4.3.2.2).

[IpuMepoM TOPUEHOCHBIX 0CAJOYHBIX OTJIOKEHUH SIBIISIFOTCS JPEBHUE KBap-
LIEBbIE KOHIJIOMEPAThl, & TAK)KE€ COBPEMEHHbIE Y KOHCOJIUAUPOBAHHBIE POCCHIIH,
oOoramieHHble HEKOTOPHIMU YCTOMYMBBIMU K BBIBETPHUBAHHUIO aKIIECCOPHBIMU
MUHEpaJlaMd MarMaTU4ecKuX M METaMOP(PUUECKUX MOpOoja (MOHAIMTOM, ITUPKO-
HOM, TUPOXJIOPOM, SBKCEHUTOM U JIp.).

[NoBbimenHsie conepskanus ypana (o 10-50 r/t), Topus (mo 200-500 /1) u 1e-
joro psiia Apyrux snemeHtoB (Zr, Ti, La, Nb) B koHrnmomepaTtax u rpy06o3epHu-
CTBIX TIECUYaHWKAX HanOoJiee XapaKTepHbI sl JOKeMOPHICKUX OTIOXEHHH, Pop-
MHUPYIOITUXCS B KPAeBBIX MPOTHOaX WM B KPACBBIX 30HAX CKIIATYATHIX 00JacTeH.
B rpy003epHUCTBIX painOaKTUBHBIX OCaIKaX OOHApY>KUBAETCS 3aBUCUMOCTh CO-
JIep’KaHUsl ypaHa M TOpUs OT TpaHyJIOMETpHuYecKoro cocraBa nopoa. ITo mepe
nepexojia k 6oyee MeNnKo3epHUCTBIM pasHocTsM (CMmbicnoB, 1974) cyiiecTBeHHO
CHUKAETCSl COJICp)KaHWE ypaHa M TOPHUS U YMEHBIIAETCs TOPHI-ypaHOBOE OTHO-
LIEHUE.

Pe3ynbratel MUHEPAIOTHYECKUX HCCICIOBAHUN CBUIETEIHCTBYIOT C TIPH-
YPOYECHHOCTH ypaHa U TOPHUS K 00JIOMKaM BBICOKOPAINOAKTUBHBIX YCTONYMBBIX K
BBIBETPHBAHHIO AKIIECCOPHBIX MUHEPAJIOB: IMPKOHA, MOHAIIUTA, TOPUTA, KOTO-
pBIe 000TaIIaT TIaBHEIM 00pa30M KIACTHUYECKYIO 4acTh leMeHTa. Comepikanue
ypaHa ¥ TOpHs B KBapIIEBOM rajbke 00BIYHO He TpeBbimaeT 5 x 1074 %. Konxnye-
CTBO aKI[ECCOPHBIX MUHEPAJIOB THKENON (Ppaklvu CHUXKAETCS OT KOHTJIOMEpPATOB
K MEJIKO3EpHHUCTBIM MECUYaHUKaM C JIECATHIX JOJIEH MPOIEHTA 10 COTHIX U THICAY-
HbIX. [ToCcTOSIHHBIN (KBapLEBbIil) COCTAaB TalIbKH, €€ XOpOIllas OKAaTAaHHOCTh U OT-
COPTUPOBAHHOCTh CBUACTEILCTBYIOT O TIIyOOKOM XHMHYECKOM BBIBETPHBAHHUH
mopoja obnacTeil cHoca U O METKOBOJHBIX YCIOBHSIX (HOPMHUPOBAHHS MeCYaHO-
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KOHTJIOMEPATOBBIX TOJI C MOHAIUTOM, IUPKOHOM M TOPUTOM. B KBapIieBbix
NeCYaHMUKaX, OOOTaIIEHHBIX SIUTC€HETUYECKUM aHTPAKCOIUTOM, PE3KO YBEIUYU-
BAeTCs COJEpKaHUE ypaHa MMPU COXPaHEHUHU KOIUYECTBA TOPHSI.

Hapsiny ¢ kBaplieBbIMU IECHaHUKaMH M KOHIJIOMEpaTaMH, UMEIOIIUMH OT-
HOCHUTEJIHHO yOOTHEe KOHIICHTpAIlUU YpaHa U TOPHs, B Pa3HbIX palioHaX 3eMHOTO
mapa (Adpuka, CeepHast u IOxnas Amepuka, Cubupckas ruardpopma u zp.)
M3BECTHBI YPAaHOHOCHBIE U 30JI0TOHOCHBIE KOHTJIOMEPATHI, B KOTOPBIX COJEpKa-
Hue ypana gocruraet 0,1 % u Boime. Psn nanHbiX (Hanuuue HACTypaHa U TyXO-
JUTa, 3aMEIlEHUEe HACTYpPaHOM I[EMEHTa H JIp.) CBUIECTEIHCTBYET 00 SMUTCHETH-
YECKOM XapaKTepe PyJHOrO BEIECTBA, HO HE UCKIIIOYAET, T0-BUIUMOMY, OOLIETO
CHUHT€HETHYECKOro 3apaxeHus nopoj ypanom (Cmsicios, 1974).

Ha npoucxoxnenue paJinoakTUBHBIX KBAPLEBBIX MECYAHUKOB U KOHIJIOME-
paToB JTOKEMOpHUsS MMEIOTCS pas3Hble TOYKHU 3peHus. OIHU aBTOPHI OOBICHSIOT
CJTa0OTOBHIIICHHBIE COJICPKAHUS ypaHa M TOPUs B KOHTJIOMEpaTax MpOLeccaMu
MEXaHMYECKOTO BHIBETPUBAHMS M HAKOIUIEHHEM B MPUOPEKHO-MOPCKUX 30HAX
YCTOWYMBBIX TSKEJIBIX MUHEPAJIOB, IPYrHe — BOCCTAHOBJIIEHUEM OPraHUKOMH I1ec-
TUBAJICHTHBIX COCIUHEHHI ypaHa 0 YETHIPEXBAJICHTHOTO COCTOsSHUSA. Makcu-
MYM COJIepKaHHs ypaHa 00YyCIIOBJICH, IO MHEHHIO TTOCIIEAHUX, 000TAIlIeHuEM Op-
raHUYECKHUM BELIECTBOM OCAJIKOB IIPEUMYIIECTBEHHO MPUOPEKHOM 30HBI.

HaunOonee BEpOSATHBIM NPEACTABISETCS COBMECTHOE BIIMSHHUE IPOILIECCOB
MEXaHMYECKOTro OOOTalleHUs] ypaHOM M TOpPUEM TIpyOO3epHHUCTHIX OCAIKOB
(3a cyeT akueccopueB) M OCAXIEHUS ypaHa B pe3yJibTaTe BOCCTAHOBICHUS U
copOLMu OpraHnYecKuM BellecTBOM. Ha BO3MOXHOE ydacTHe MpoLeccoB MEXaHU-
YeCKOro o0oramieHus B KOHIICHTPUPOBAHUH YpaHa U TOPUS YKa3bIBAIOT pajiioreo-
XUMHYECKHE OCOOCHHOCTH HEKOTOPBIX COBPEMEHHBIX aJUTIOBHAJIBHBIX M IPHU-
OpEeKHO-MOPCKUX pOCChIie. B mpuOpekHO-MOPCKUX POCCHINAX IMOBBIIICHHAS
PaZ0aKTUBHOCTh CBS3aHA, IJIaBHBIM 00pa3oM, C MPUCYTCTBHEM DPEIKHUX aKIlec-
COPHBIX MUHEPAJOB, JJIS KOTOPBIX XapaKTepHO Hamboyiee BBICOKOE COJIEpyKaHHe
ypaHa ¥ Topus (MOHAIUT, MUPOXJIOp, HUPKOH). [TomobHOrO posa pocceinu, 060-
ranieHHble MOHALUTOM, [IUPKOHOM, WIBMEHUTOM, PYTUIOM M IPYTMMHU MHHEpa-
JaMH, pa3BUTHI B0JIb MOpcKUX nmobepexuil CeepHoit u HOxHol Amepuku, 1H-
oM U B Ipyrux mectax. Cojep:kaHue ypaHa M TOpHUS B 9THX Mopoaax (mpu oo-
IEM KOJIMYECTBE TsDKENbIX MUHEpasoB 2,5—7 %) konebnercs ot 0,001 1o 0,01 %.

4.3.2.2. Xemozennvie u ouozenmnvie OmMaorHceHus

erMHI/ICTbIe H TINIHHUCTO-KPEMHUCTBIC OTJ/I0KCHUA (erMHI/ICTBIe CJIaH-
ObI, AIIIMBI, KBapI_[I/ITBI) COI[Cp)KaT 3HAYUTCIIBHO MCHBIIIC ypaHa n TOpI/ISI, qycMm Tep-
PUTCHHBIC OCAAKH, U OTINYAOTCA IMOHUKCHHBIM TOpHﬁ-ypaHOBBIM OTHOIICHUECM
(puc. 4.8).

CpCIII/I 3TOH T'pynIibl IOpoJ IMHUPOKO pPaCHPOCTPAHCHBI B PA3HBIX YaACTAX
3€MHOI'0 Hiapa MmepBUYHO YPAHOHOCHBIC YITICPOAUCTO-KPEMHUCTLIC U YITICPOJIU-
CTO-TJIMHUCTHBIC CJIAaHIIbI, HOJIy‘-H/IBH_II/Ie Ha3BaHUC qeprle CJIAHIbI. 3TOT TepMI/IH
IMPHU3HAH U IIUPOKO HUCIIOJB3YCTCA B r€OJIOTUYECKOM JIUTCpaType.
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Th, 104 % ©
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| - TeppurenHble; [l — kpemuncTole; [l — kapboHaTHble (Il @ — gonoMuTbI);
IV — coneHocHble;V — kaycTobuonuTI.
7 -— COepXaHue: ypaHa B0 BCEX TUMax OCAAKOB (KPOME aHrMapuTOB)
Mpy YBENUYEHUN KONMYECTBA OPraHUYECKOro BELLECTBa;
TOPWS NpK 0BOraLLEHNN TEePPUrEHHbIX OTIIOKEHWIA aKLEECCOPHBIMM
MWUHEpanamu

Puc. 4.8. llons peanuzayuu codepicanus ypaua u mopusi 8 0CA00UHbIX OMIOHCEHUAX
3eMHOU KOPblL C HOPMAAbHOU paduoaxkmugHocmoio (no A.A. Cmuicnosy)

Kiapk Topus B uepHBIX cCllaHLlax, corjiacHo naHHbiM $1.0. IOpoBuua u
MLIL. Ketpuc (1994), coctaBisier 6—7 r/T. AHOMaJIBHBIM CUUTAETCS COJIep KaHNe
topus csbiie 10 r/t. CnegoBarensHo, Th B 4epHBIX ClaHIIAX HE HAKATUIMBAETCS.
Cry4an TeOXHMHUYECKUX aHOMAIUA TOPHS OOBSCHSIOTCS €ro HeCTeIU(pUIESCKUM
HAKOIUICHHEM B COCTaBE TEPPUTEHHOTO WM BYJIKAHOTEHHOT'O OOJIOMOYHOTO Ma-
Tepuana.

VYpan — Haumbomee M3yUEHHBIH SJIEMEHT B YepHBIX ciaHnax. CpenHeB3Be-
IIEHHOE COJAEpKaHUE YpaHa B YEPHBIX ClaHlax, no oueHkam f.0. FOgoBuua u
MLIL. Ketpuc (1994), cocrapnser 13 £+ 2 r/t. UHTepecHO OTMETHUTb, YTO CPEIHE-
B3BEILIEHHAs OLIEHKa 1o 15 crpaToHaM okazanachk B 1,5 pa3a Bblllle, 4YeM OLIEHKA
cpennero kak meauanbl 8 400 anammzo u3 240 BeIOopok (8,5 £ 0,8 1/1). B cTpa-
TUrpaUIecKoM pa3pe3e paclpeelieHne ypaHa B YEepHBIX CIaHI[aX BeChMa He-
paBHOMEpHO (puc. 4.9).

Bo3spacTHoli Arama3oH Takux MOPOJ] BEChMa IHUPOK: OT apxes 10 MajleoreHa.
Ctporo roBopsi, YepHBIEC CJIAHIIBI CIEAYET pacCMAaTPUBATh KaK METaMOP(UUECKHE
MOPOIBI HU3KOM cTaauu MetamopdusmMa. OHAKO YCTAaHOBIEHO, YTO MPHUPOJIA HX
aHOMAJIFHOM PaMOaKTUBHOCTH MEPBUYHO ocanovHas. [Ipomeccs Metamopduszma
00yCIIOBIIIM JTUIIH HEKOTOPOE TMepepachpeieiecHie METalIOB U, BO3MOXKHO, H3-
MeHEeHUE (POPMBI UX HAXOKICHHSL.

167



l'eoxumusi paduoakmueHbIX 3/1eMEeHMo8

® K4 Ag

PR/, @

AR, ~o

AR;

— U, /T

T T T T T T T

3 5 10 30

Puc. 4.9. Pacnpedenenue cpeonux 636eueHHbIX (Ha 00a10 IUMOMUNo0s)
CO0epIHCanUll YPana 6 YePHbIX CLAHYAX NO CIMPAMUSPaAPUIecKomy paspesy
(no A.9. FOoosuuy u M.11. Kempuc, 1994):

K —Me * oy, 20e Me — meouana; A () — MUHUMATBHAS RONONCUMENbHASL AHOMANUSA,

D — ompuyamenvuas anomanus, DA g— seoxumudeckuii pon

A.9. IOnoBu4 060061HT HHGOPMAIHIO 00 AHOMAJTBFHO PAJMOAKTUBHBIX Yep-
HbIX cinaHnax mupa. Konrpactaele anomanuu ot 20 o 140 r/t U,Oq (B cpennem
55 /T U) ycTaHOBIEeHBI B apXelckux rpadutoBbix cianiax CeBepHoit MaHuTo-
o661 u CackaueBana B Kanazme. Xopomio H3y4eHbl CYJIb(HIOHOCHBIE YEpHBIE
CJIaHIIBI cpelu Kapeneun paiioHa MectopoxkaeHus «OyTokymmny» B Boctounoit
®Ounnangun. Onu cozepxar 50-70 r/t U;O4 (B cpemnem 47 r/t U). Droro xe
Bo3pacta cButa Kynnun B CeBepHOil ABCTpaliud B paloOHE ypaHOBOT'O MECTOPO-
xaenus «Amnureiitop Pusep». 3necs B noponax cogepxurcs 20—130 r/t U, urto
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COCTaBIISIET B CpeHEeM s deThlpex mectopoxaeHuit 103 r/t. B Bena-kemOpuu
W3BECTHBI TSHBIIAHCKUE KPEMHHUCTHIE CIIAHIIBI, B TOM YHCII€ BBICOKOYTJIEPOIU-
cThle (kaxuTonuThl), coaepxkamue 200-250 r/t U (B cpeanem 220 1/T), U 3HaMe-
HUTHIE KBacuoBble cinanibl HopBeruu u IlIBenuu, B 0COOEHHOCTH OJICHHIOBBHIE
CJIOM BEpXHEro KemOpus, Ie MaKCHMajbHbIe KOHIEHTPALMU XapaKTepPHBI IS
JMH3 yTIeTo00H0r0 BemecTBa — KoiabMa (10 6400 r/T U B IEHTPATBHBIX 9acTIX
auH3). MOIHOCTh MPOMBIIUIEHHOTO YPAaHOHOCHOTO IJIacTa BEPXHET0 KeMOpus
2,54 M, cpenHee coiepkaHue B HeM ypana 350 r/T, W3BJIEKaeMbIe 3aracel
300 ThIc. T. YpaH B HEOONBIIUX KOJMYECTBAX 100bIBaIH yxe ¢ 1953 1.

JuxtuonemoBbie opaoBukckue cnanibl LlIBenuu, [onpmm u [Ipubantuxu
paccMaTpuBalOTCA B KaueCTBE HEMOCPEACTBEHHOTO MPOJOIKEHHUS BEPXHEKEM-
OpHUIICKMX ypaHOHOCHBIX claHIeB. B cpexnem onm comepxkatr 220 1/t U, npu
MaKCUMaJIbHBIX coaepkanusax 1500 r/T.

N3 cunnypuiicKux TpanTOJMTOBBIX CIIAHIIEB BBIIEISIOTCS CEBEPOKOPIUIBED-
ckue, B OacceitHe p. MakkeH3u. MectaMu OHU CUJIBHO MUPUTHU3UPOBAHBI U (poc-
(aronocus! (10 20 % P,0O;) u conepxar 119-247 r/t U, B cpeanem 170 /7.

3HameHuTHIC (paMeHCKHe (a Takke daMeH-TypHeWcKue) cinanmnpl Yarranyra
u ux a”anoru B CIIIA B cpennem coaepsxat 30 r/t U, a B Hanbosee ypaHOHOCHOM
nauke ["accaysii B mrare Tennecu — 1o 160 1/1. ['€010r0-35KOHOMHYECKHUE OIICH-
Kku, caenannbie B 1976 1. st 12 rpadets mrara Tennecu, Ui madku [accaysid ¢
ropHO# Maccor 76-91 mipa T ¥ cpeTHUM cofiep)KaHueM ypaHna okousio 50 r/T na-
JIM reoJjiorndeckue 3anacsl ypana 4,2—5,1 MiH T.

Pe3ko ckonuenTpupoBaH ypaH B cinanHnax Cent-Unmonut Bo ®@paHuuu —
1244 r/1. I1o muenuro 5.9. FOnosuua, 31ech He 000IUIOCH 0€3 DIIUTEHETHUECKO-
ro oboramieHus (BCTpedaeTcss METAOTEHHUT).

Mmnoro ypana B cpeanenencunbBanckom (C,—C;) gepnom cnanne Mekka

KBOpPpHU U romoJiorndyHoM emy cianie Jloran kBoppu (mratsl Mimunoiic u Uu-
nuana). [To yeTsipem miacTonepeceueHusIM cpeHee coaepkanue U, B3BEICHHOE
Ha MOIIHOCTh 4—6 madek, cjlararoliux IuiacT, cocrariseT 60—160 r/T, a mo ot-
nenbHBIM naukaM fgocturaet 240 r/t (mauka «Gy, cnaner Jloran kBoppu, ~10 cm,
rpadctBo Ilapk, Maanana). [ToaHas MOITHOCTH TUTacTa 37ech 59 cMm, TIpH cpel-
HeM cozepkaHuu Copr ~22 %.

[ToxcunTano, 4TO MpU CpEeIHEN MOIIHOCTH IJ1acTa 66 CM U CpeIHEM COJiep-
xanuu U 90 1/T reonornyeckue 3amachl ypaHa B ciaHile Mekka KBOPpU U €ro
crparurpaduueckux anaigorax Ha Cpemnem 3amage CIIA cocrasmstor ~107 T
npu ropHO# Macce cianna ~101! 1.

W3 mepMckux uYepHBIX ClIaHIIEB Haubosiee 3HAUMTEIbHBIE PEeCcypchl ypaHa
CKOHLIEHTpUpOBaHbI B cBuTe (ochopus. Ilpu cpeanem conepxkannu 70 r/t U B
nnactax 6orateix gocpopuros (31 % P,O5 n momHocTs Gonee 3 ¢yToB) conep-

xutcs 120-240 1/t U. I'epmaHCKHe U MOIBCKUE MEIUCTHIE CIAHIIBI TOXKE yPaHO-
HOCHBI, HO COZICpKaHKe B HUX ypaHa 3HAYUTEIHHO HIke, yeM B Docdopuu, — B
cpenrem 44 1/T.

169



leoxumusi paduoakmueHbIX 371eMeHMo8

MHOXeCTBO YPaHOHOCHBIX YE€PHBIX CIIAHIIEB YCTAHOBIIEHO B IOpe U Meny. B ux
YHCIIe aBCTPATMHCKUE TOPIOYHE CIAHIBI CBUTHI TylieOyK, YepHBbIC CIIAHIIBI IIPOBUH-
un bputanckas Konmym6us B Kanane u GaskeHOBCKHE YepHBIE CIAHIIBI B 3ama Hon
Cubupu. [Tocrnemnre mpencTaBisioT co00i, BO3MOKHO, CaMO€ TPaHANO3HOE CKOI-
JieHWe ypaHa B cTpatucdepe 3eMiaH BCIEICTBHE OIPOMHON TOPHOW Macchl caMoi
OaxeHOBCKOH CBUTHI. [Ipn Hanboiee CKPOMHBIX IMapaMeTpax mojacueTa (B3sB cpe-
Hee coziepkanue ypana 20 1/T) MbI MOTyYHUM T'€0JIOTHYECKUE 3arackl ypaHa 1 mipa T,
a 1o IpyruM orieHKam — BaBoe Oobiie (FOnoBuy, Ketpuc, 1994).

Cormnacno Hanbos1ee HOBBIM JTAHHBIM TI0 YPAHOHOCHOCTH Oa)KEHOBCKOM CBUTHI 3a-
nagHoit Cubupn (3anuH u ap., 2005, 2008), Hanboee 0OOTalIeHHBIE OPraHUYECKUM
BEIIECTBOM I'€MUIIEIArM4YECKHE KPEMHUCTO-TIIMHUCTBIE O0axkeHOBUTHI (Copr = 11,0 %) B
cpennreM conepkat 99,6 (61-115) 1/t ypana, a MEHee yTIIIepOTUCTHIC TYPOHTUTHBIC
aprusuiThl (Copr = 3,0 %) — Tonmbko 10,3 (5,8-28) r/t.

Cpean ocalouHbIX MOPOJT KaHHO30MCKOr0 BO3pacTa M3BECTHBI MAJEOr€HOBbIE
cnannpl Erunta, conepxanre 10 300 r/t U, a Takke MEHUIIMTOBBIE claHIbl Kaprar,
coJiepKale JIMH30BUIHBIC TETa MOITHOCTBIO JI0 5 M, MPOTSHKCHHOCTBIO JO He-
CKOJIBKMX KHJIOMETPOB, B KOTOpBIX cpeaHee coaepxkanue U cocrasmsier 35 1/T,
a MakcumaibHoe — jocturaet 620 r/1. [loBbllIeHHBIE coepKaHUs ypaHa U3BECTHBI
U B OOraTeIX peHHEM U MOJMOICHOM CY3aKCKHX TOprounx ciaHmax Cpemnei A3uu.

Crnenyer 3aMeTHTb, YTO XOTS YEpPHbIE CIAHIBI U MPUOOPETU U3BECTHOCTD
TJIaBHBIM 00pa3oMm Ojaroaapsi aHOMaabHBIM COJICP)KAHUSM B HUX ypaHa, 30J10Ta U
HEKOTOPBIX JIPYTHUX AJIEMEHTOB-TIPUMECEH, Cpel HUX IIUPOKO PACIIPOCTPAHCHBI
pPa3HOCTH C OKOJIOKJIAPKOBBIMHM KOHIIGHTpAIMsIMH 3TUX MeTauioB. Hekxotopoe
MPEJICTABICHUE O BapUAIMsIX COACPKAHUMA PaJOAKTUBHBIX JIEMEHTOB B YEPHBIX
CJTAaHIIAX JIaeT MCCIICIOBAaHUE ITUX TOPOJI HOBOCUOMPCKUMHU YYeHBIMU B BocTou-
HoMm Casne (OKmoawk m np., 1989). Kak cnengyer u3 atux gaHHbIX (Tadu. 4.13),
CpelHee Cco/epKaHue TOPHS B JIMTOTHITAX YEPHBIX CIIAHIEB B PA3IMYHBIX CBUTAX
Ha pasHbIX TeppuTopusix usmensercs ot 0,4 no 11,6 r/t, a ypana — ot 1,5 no 30 r/t.
Topuii-ypaHoBoe oTHoIIeHHE NMpH 3ToM kojebinercs ot 0,1 mo 3,2. Ilocnennee
00CTOSITENTLCTBO TIOJITBEPIKIAET, YTO HAKOIUICHHWE PAJMOAKTUBHBIX JIEMEHTOB B
CJIaHIIaX MPOUCXOIUT B OCHOBHOM 3a cueT ypana. CojaeprkaHue TOpHs BO BCEX
CiTydasix OJIM3KO K KJIapKy 7Sl 0CaJOYHBIX TIOPO/I.

Tabmuna 4.13

Cooeporcanus U, Th, C,,, u Th/U 6 uepnvix cranyax FOeo-Bocmounoti wacmu
Bocmounoeo Caana (Kmooux u op., 1989)

Tune! yrnepoaucteix | Komuue-
CITaHIIeB CTBO TIpo0

Caura (BO3pacr) U Th Th/U | Cype

Nabunpckuii CHHKJIMHOPUIA

Bepynronbckas K-I' 16 2,2 5,6 2,6 0,8
Wnpunpckas (ammoxton) |17, K-I', I'-K6 100 2.3 7,4 32 0,6
Wnpunpckas (aBroxton) |I', K-T' 52 3,7 7,5 2,0 1,4
OcnuHCcKas K-I' 19 2,4 4.4 1,8 1,4
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Oxkonuanue maba. 4.13

I'aprano-ByTyroJbckuii AaHTHKIHHOPHIA

MoHrommnHcKas I,K-I' 286 32 10,2 32 1,3

HAabarxanrunekas (Man- | . 1 s 85 102 | 11,6 | 1,1 | 42

raTroJIbCcKas)

Nnpunpckas Ko6-T', K-I' 67 2.4 6,4 2,7 0,7
Tuns! yrnepoaucteix | Komunue-

Caura (Bo3pacr) U Th | Th/U | Copr

CITaHIICB CTBO TIPO0

OKuHCKMII CHHKJIMHOPHUI (BOCTOYHAS YACTh)

JlabamkanruHckast K 75 30 32 0,1 1,4
I'-K 113 242 8,6 0,4 3,6
K, T'-K 213 18,6 9,0 0,5 2,2
Kp 60 10,1 4,5 0,5
OKHHCKHII CHHKJIMHOPU (3amaiHasl YacTh)
JlabaHKaJIrMHCKAas I'-K 27 26 3,8 0,1 2,7
K 31 2,9 0,4 0,1 0,4
Oxwunckas (mipunpekas) |I-K 19 2,4 5,0 2,1 3,6
Boxcon-Capxoiickuii CHHKJIHHOPHH
JnbuncKas I, K-I' 57 2.4 5,4 2,3 1,4
MoHrommHCKas K-I' 7 1,5 2,7 1,8

Ipumeuanue. Tumsl yraeponucTeix cinanneB: K — kpemancteie, I — rmmaucteie, K6 — kapOoHat-
uele, Kp — kpemun, K-I" — kpemuucro-rimuaucteie, I'-K — rIMHACTO-KpeMHUCTHIE.

®ochoputsbl. Ha miardpopmax u B CKIaquaThiX 007acTAX MIMPOKO pacmpo-
CTpaHEHBI CYIIECTBEHHO YpaHOHOCHBIE (ochaTHble U yTrIepoArcThie 00pa3oBa-
Hus. [loBbIIEHHBIE CONIEpKaHUs ypaHa B TUIaCTOBBIX (pochopuTax yCTaHOBICHBI
KaK cpead TUIaT(GOPMEHHBIX OTJIOKEHUH B OCaJKaX SIMMKOHTHHEHTAIBHBIX Oac-
ceitHoB ((hochoputsl Dropuabl, Mapokko), Tak U CPEeId OTIOKEHUHN CKIaT4aThIX
obnacreit. Cpenu pochoputoHocHbIX opmanuii Hanbosee odoramieHsl Gpocgo-
POM, OpraHMYECKHM BEIIECTBOM, YPAHOM U MHOTHUMU JAPYTUMHU PEIKHUMH U pac-
CESTHHBIMU JJIEMEHTaMu BepxHerepMmckue ¢Gochoputsl U (docdopcoaepxarime
TeMHbIe apruuaThl hopmaruu Docdopus B CeBepHOit AMepHKe.

B cocrase ypanonocHeix ¢ocdopuros npeobnagaror CaO u P,O,, nmeercs
NPUMECh TIIMHUCTO-KpeMHHUCTOro Bemectsa (Si0,, Al,O;, Fe,0,), mocrosHno mpu-
cyTcTBYIOT KapOoHatsl (1-3 %) u drop (3—4 %). Docdarnoe BemecTBo Gocopu-
TOB TpencTaBiieHO (ropkapOoHaT-amaTuToM ((ppaHKOIUTOM). XapaKTepHOH OCo-
OEHHOCTBIO MHOTHX IIIaT(OPMEHHBIX (POCHOPUTOB SIBIISETCS MOBBIILIEHHOE COMEp-
xanue opranuku (1o 5-10 %). B pochopurax ByakaHOreHHO-KPEMHHCTBIX (hopMa-
LM CKJTaUaThix 00IacTeil OPraHNuecKoro BemecTBa, Kak MpaBmio, MeHbie 1 %.

Cogepxanne ypana B ¢pocoputax u dhocopcoaepkaniux mopojaax Koueo-
nercs B mupokux mpenenax (ot 0,002 mo 0,03 %, uHoraa Beiiie). OOBIYHO CO-
Jiep’KaHue ypaHa BO3pacTaeT ¢ yBenuueHueMm konudectBa docdopa (puc. 4.10).
B dochopurax, GemHBIX OpraHUYECKUM BEHIECTBOM, CBSI3b MEXIYy YpPaHOM H
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dochopom Oam3Ka K PYHKIMOHATBHOHN (KOI(P(UIIMEHT KOPPENSIUN OKOIo +1).
B mutatdopmensbix pochopuTtax ¢ BHICOKMM COJIEPKAaHHUEM OPTaHUKHU CBSI3b Me-
KAy ypaHoM u (ochopom croxkHas. BeposTHO, 4TO B TakuX MHOpoOJax JIHIIb
4acTh ypaHa TECHO acCcolUUpyeT ¢ pochaTrom, OcTalbHOM ke MPUypoUeH K opra-
Hu4eckoMy BemlectBy. Coznepxanue Topus B pochopurax, Kak MmpaBuiio, He mpe-
Boiraet (5+10) x 10* %. Huskoe coaepikaHue TOPHs SBISETCS XapaKTEPHOM
0COOCHHOCTBIO 0CaIOUHBIX (POCHOPUTOB M PE3KO OTIMYAET UX OT amaTHUTCOAEp-
KaIUX TUIPOTEPMATIBHBIX TEJ, KOTOPbIM HHOTAa HEOOOCHOBAHHO NMPUIUCHIBAET-
Cs1 OCaJI0YHBIN I'eHE3HC.
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Puc. 4.10. 3asucumocms codepocanus ypaua 6 pocghopumax
om codepoicanus pocghoproeo aneuopuoda (e3amo y A.A. Cmuicnosa, 1974):
a — cpeonee Ilosonxcve; 6 — popmayus @ocghopus, paspesz Koar-Kanvona

Amnanu3 conepkaHus ypaHna B (hocopurTax pazimyHOro BO3pacTa IMoKasad,
YTO HaUMEHee YpaHOHOCHBI JokemOpuiickue gocdoputsl. ITo manuem FO.H. 3a-
HuHa U Ap. (2000), n3BECTHBIN €AMHCTBEHHBII MPUMED MOBBILIEHHOI'O COJIEpKa-
HUs ypaHa B JpeBHUX (ochopurtax MHIuM cBA3aH ¢ UX MO3AHEHIIEH JIATEPUTH-
3anueil. B ocTanbHBIX ciaydasx colepKaHHe ypaHa B HUX HE MPEBHIMAET 5 T/T, B
psizie cityyae oImycKasch 10 1 r/T.
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s pochopuToB Me3030s U KaitHO305 MPAKTUUYECKH BCE aBTOPHI yKasbIBa-
10T conepxkanus B npenenax 30-300 r/t. Bonee HHU3KME 3HAYCHHS TTPUBOJATCS
st pocpoputoB @nopunsl, Tynuca u Cupun, 4To, BOZMOXKHO, OOBACHSAETCS
BIIMSIHUEM BbIBETpUBaHUs (3aHuH u 1ip., 2000).

dochopuThl Tane030s XapaKTEPU3YIOTCS BEChbMa MIMPOKHAM IHUAMIA30HOM
COZIepKaHUH — OT BeChbMa HU3KOTO JI0 BechbMa BBICOKOro. Hambosee xapakrep-
HBIM TPUMEPOM Mae030MCcKNX (PocHOpUTOB SBIAIOTCS TepMckre (HOoCcPOpPUTHI
dopmanmu @ochopust. Coneprkanus ypana B HuX konebnercs ot 40 mo 230 r/t
nipu cpennem 3HadeHuH 90 1/1. [loayunTh npeacTaBiIeHUE O COACP)KaHUM ypaHa B
(dhochopurax MoxkHO U3 Tabm. 4.14.

Tabmuua 4.14

Cooeporcanue ypan 6 ocghopumax paznuuHvix MOpGOL0UYECKUX MUNnos
u 6ospacma (3anun u dp., 2000)

CogeprkaHuUe >IEMEHTa
Tun dochopura/mopos P

U, r/t ‘ P,Os, %
0. CaxajuH, IWJIbCKAsi CBUTA, HEOT€H
JKenBakoBsriit 17,9 26,83
2KenBaxoBblIii 8,2 15,5
CeneraJ, 301eH
3epHUCTHIN 154 37,2
3epHUCTHIN 99 38,2
Ionnunckoe MmecropoxaeHue, Bocrouno-EBponeiickas niargopma, BepxHuii MeJ
®docharuzupoBaHHas JpeBecHHA 55,8 28,5
®docharnznpoBaHHas JpeBecuHA 100 20,81
®docharnznpoBaHHas JpeBecHHA 66,5 28,83
KenBakoBbIi 30,4 27,8
Eropnsesckoe MecToposkaenue, Bocrouno-EBponeiickast miatgopma, BepxHsisi l0pa — HUKHHUI MeJ
JKenBakoBbIii 29,6 25,75
JKenBakoBsIii 30,7 25,5
JKenBakoBbrit 35,2 15,75
JKenBakoBbrit 29,6 25,75
®opmanus Pochopus, CILIA, BepxHsis nepMb
ITnacToBblil (MUKPO3EPHUCTHIH) 123 23,18
ITnacToBblil (MUKPO3EPHUCTHIH) 41,7 13,0
ITnacToBblil (MUKPO3EPHUCTHIH) 194 34,2
ITnacToBblil (MUKPO3EPHUCTHIH) 109 33,8
KenTtykkn, CIIIA, BepxHuUii 1eBOH — HU:KHHIT KapOoH
JKenBakoBsrit 20,6 23,41
JKenBakoBsrit 53,4 23,55
Cubdupckas niatgopma, cpeHuii opAoBHUK, p. BuxopeBka, 6acceiin p. AHrapsi
Pakymeunsrit 11,0 37,2
Pakymeunsrit 17,0 MoHodocdar
Pakymeunsrit 11,0 38,2

Cudupckas niargopma, kyoHamckas ¢popManus, BepXu HIZKHero keM0pus, pa3pe3
1o p. MoJiono
XKensakosblii pochopur 347 26,1
VYriepoaucThlii apruiIuT (YepHbBIN cllaHelr) 323 0,25
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Oxonuanue maban. 4.14

COILGp)KaHI/IC DJICMCHTAa
U, r/T P205, %

Cudupckas miargopma, KyoHamckasi popmanus, Bepxu HH:KHero KeMopusi, paspe3
no p. Kayenkyan

Tun dhochopuTa/Iopoas!

KensakoBblii pochoput 56,6 29,0

YraepoaucThiil apruyuiuT (YEPHBIN CIIaHEeIT) 9,6 0,41
Bacceiin Kaparay, Kazaxcran, HusxnHuii keMOpuii

[1nacToBbIil (MUKPO3EpHHUCTHIH) 25,0 16,1

[1nacToBbIil (MUKPO3EpHHUCTHI) 22,7 18,6

Honouusi, Ykpanna, BeHJ

KoHKpeuroHHbIN paauaibHO-TyYUCTHIN 0,6 24,8

KoHkpellmoHHbBIN pajuaibHO-ITYYUCThIN 0,9 35,3

KoHkpenoHHbIN pagialbHO-TyYHCTbIH 4,2 35,08

KoHKpeuHOoHHBIN paguaibHO-TYYUCTHIN 3,4 33,0
ApaBajummiickuii 6acceiin, Unaus, pudei

CtpoMaToaUTOBBIN 472 33,1

CTpoMaTOIUTOBBIN 3,6 31,7

[IpuBeneHHbIE JaHHBIE KacaroTCs B OCHOBHOM Mopckux ¢ochopuros. Ilo-
MHUMO HUX BBIACIISIOTCS TaK Ha3bIBaeMble TMIIEpreHHbIe (GoCcHOPUTH HEMOPCKOTO
reHe3Hnca.

AHanu3 cofepxkaHus ypaHa B rUnepreHHbIx Gochopurax HEMOPCKOIro Mpo-
MCXOXKJICHUS TIOKa3aj, 9YTo OHU cojepkaT B cede otT 0,5 mo 790 r/t ypana, B oc-
HoBHOM 5—100 1/1 (3anuH u 1p., 2007). Conepkanue ypana B pochopurax 3Toro
TUIIA HE 3aBUCHUT OT TUIIA TIOPOJ, TI0 KOTOPHIM OHH 00pa3oBayMCh. [10BEIIICHHBI-
MU cojiep)aHusMHu ypaHa (okoso 200 1/T) XxapakTepu3yroTcsl 03epHbIe KOMPOJIU-
ToBble (ochoputsl. Hanbompiiee copepkaHue yCTaHOBIEHO B KOPKOBOM TOH-
kociouctoM (ochopure.

KapGonaTubie nopoabl. Huskue conepkanus ypaHa v, B 0COOEHHOCTH, TO-
pHsl XapakTepHBbl TakXKe Uil M3BECTHSAKOB M Mmepreieil. CpeaHee copepikaHue
ypaHa B KapOOHATHBIX MOPOAAX BEpPXHEH KOHTHMHEHTAJIbHOW 3€MHON KOpPBI CO-
craBisier 2,1 v/1, Topus — 2,4 v/t (I'puropses, 2003). Ilo apyrum naHHBIM
(Anmamc, 1959), xapbonaTHble MOPOJBI cojepkaT B cpeaneMm 2,2 + 0,1 ypana u
1,7+ 0,7 Topus.

B pa3nuuHbIX paiioHax cojepKaHue ypaHa U TOpHs OJM3KO K 3TUM IHppam.
Tak, U3BECTHSKHU JONATHUHCKOM cBUTHI EHMCelickoro kpsika coaepxar 1,4 r/t U n
0,9 v/t Th (Hoxxun, ["'aBpunenko, 1976), a u3BeCTHIKN €TaHANHCKOW CBUTHI KEM-
opust ['opnoro Anras — 0,3 u 1,3 1/1, coorBercTBeHHO (MmuTpononbckui, 1979).
Typuetickue ocaaku OpeHOypKbs, IPEICTaBIEHHbIE CBETIBIMU W3BECTHIKAMHU, U
pexe — J0JIOMHTaMH, cojaepkaT ypaH B koiuuectBe 0,2+4,0 r/T mpu cpenHem
3HayeHuu 0,65 1/1. VIcKilto4yeHne COCTaBISAIOT JUIIb OUTYMUHO3HBIE M3BECTHSIKU
miaTdopMmeHHbIX (Cubupckas miaTdopma), CKiaaadaTeix (3adaiikaabe) U Ipyrux
ob6uacreii, rae ypas (1o (5+10) x 107 % u uHOT/Ia BHIIIE) aCCOUUPYET C OHUTY-
MamH. B 3THuX mopogax Mexay ypaHOM M OPTaHHYECKUM BEIIECTBOM YCTaHABIIH-
BaeTCs MpsiMasi KOPPEISIHOHHAS CBA3b.
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ITo muenuto A.A. CmbicioBa (1974), no cpaBHeHHIO cO CIaO0OUTYMHUHO3HbI-
MU U3BECTHSKAMH JIOJIOMHUTHI OTJIMYAIOTCS TIOBBIIIEHHON yPaHOHOCHOCTHIO, TIPH-
YrHa KOTOPOH MMoKa He sicHa. BeiBox 3ToT He OeccriopeH. Bo Besikom ciydae, cpas-
HEHHE COAEPKaHMs ypaHa U TOPHS B IOKEMOPHICKAX HEMETaMOP(PHU30BaHHBIX U3-
BECTHSKAaX M JOJIOMHUTAX TaKyl0 3aKOHOMEPHOCTh HE TIOATBEeprkAacT (Tabm. 4.15).

Tabmuma 4.15

Cooeporcanue ypana u mopusi 8 KAqpOOHAMHBIX NOPOOax pughes u eeHoa
ceseproil wacmu Enuceiickoeo kpsioca (Hoowckun, I'agpunenxo, 1976)

CopeprkaHHe HIIEMEHTOB,
Csurta IMopona r/T Th/ U
U Th
JlonaTuHckas Jlo1OMUTBI CBETIIO-CEpPBIE Xe- 0.14 0.07 0.5
MOTEHHEIE M OMOXEMOTE€HHEIE
JlonmoMUTHl OUTYMHUHO3HBIE 1,62 0,72 04
W3BeCTHIKU MIMHUCTO- 1,69 1.03 0.6
aJIeBPUTHCTHIC
JIOJTOMHUTBI TIHHUCTO- 1,85 0.74 04
aJICBPUTHCTHIC
Meprenu 0,82 10,2 12,4
Kaprepnas Jl0"IOMUTBI 0,76 0,6 0,8
CyKTaJlbMUHCKas H3BECTKOB-I0IOMUTOBEIE 0.77 1.9 25
TTOPOJIBI
ITonbpemckast JIOTOMUTBI TIIUHUCTO- 0,95 1.1 12
aJICBPUTHCTHIC
M3BeCTHSIKH JKEJIe3UCTO- 173 5.4 3.1
aJICBPUTHCTHIC
W3BecTHSIKHA YHCTHIE 0,80 0,73 09
Jl01OMHTBI TTeCYaHUCTHIC 1,30 1,92 1,5
HemunHckas JlonoMUTBI 0,1 <0,2 <2
J10JOMHTBI TIIMHUCTBIC 0,8 2,6 3,3

HesnauntenbHble KOMMYECTBA TOpUS B KapOOHATHBIX MOPOJAX MOJIHOCTBHIO
CBSI3aHBI C MPHUMECHIO MECUAHO-TJIMHUCTOTO Marepuana. Kak mpaBuio, YUCThIE
M3BECTHIKHU COJAEPKAT HUUTOKHYIO 1010 Topus (< (0,5-1,0) x 10~* %). ITo mepe
YBEITUYEHUS TTIMHUCTOCTH U3BECTHIKOB 3aKOHOMEPHO PACTET COAEPKaHUE TOPHS,
YTO YCTAHOBJICHO Ha MPHMEPE M3BECTHSIKOB: Kapaaokckux Kaszaxcrana, BepxHe-
MPOTEPO30MCKON CBUTHI «KapTouka» EHHcenckoro kpsxka, ropckux I[Ipenkaska-
3bst ¥ Ap. (Cmeiciios, 1974).

Bokcutbl. MHOTHE OOKCUTHI XapaKTEPHU3YIOTCS MOBBIIICHHBIMH COJEpIKa-
HUsAMHU ypaHa u Topus. CorimacHo oneHkaM Anamca u Puyapicona, B GokcuTax
conepxkutcst 8 T/T ypana u 42 r/t topus. [lo 6onee mo3anum onenkam B.A. Te-
HSIKOBa, O0KcUTHI copepxat B cpeaneM 8,4 1/T U u 44 r/t Th.
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YCcTaHOBNIEHO, YTO HAKOIUIEHHWE ypaHa B OOKCHUTaxX 3aBHUCUT OT Xapakrepa
MCXOJHBIX TIOpPOA ¥ (POpM HaXOXKJEHHs B HUX ypaHa. BpICka3zaHO mpenmosoxe-
HUE, YTO B OOKCHUTax MiaaTGopMeHHBIX oOmacTeil ypaHa Oombllle, 4eM B CKIIagyda-
TeIX. Topusi B OokcuTax B 2—4 pasa Oombiue, ueM ypana. CopepikaHusi TOpHS B
OokcuTax 3aBUCHT 0T cofepxkanus Al,O;, ypana u paaus — ot FeO. Ilo nannsm

M.H. Anbtraysena (1975), Ha ogHOM U3 OOKCHUTOBBIX MECTOPOXKIECHUU, OTIIU-
YAIOIIUXCS MOBBIMICHHBIM COJECPKAHHEM YpaHa, YCTAHOBIEH HACTypaH B BUIE
KOpOYEK Ha MOBEPXHOCTH OOKCUTOBBIX OOOOBUH.

JBanoputbl. HauMensIieil pagnoakTUBHOCTBIO CPEAH OCAJAOYHBIX OTJIO-
JKEHUW OTJIMYAIOTCS] aHTHIPUTHI K KAMEHHAsI COJIb, B KOTOPBIX COJIEP)KaHHUE ypaHa
U TopHs TpakTHdecku He mpesbimaet 1-107* %. He3HaunTenbHOE MOBBHIMICHHE
UX COJIEP)KaHUS B COJICHOCHBIX OTJIOKEHUSX (COJSHbIE IVIMHBI, TaJONEIUThI) CBS-
3aHO C MPUCYTCTBUEM TTIMHUCTOTO MaTepHaa.

ITo onrenxam H.A. I'puropsesa (2003), cpenHee coaep)kaHue ypaHa B dBariopH-
tax cocrasiseT 0,68 r/T, Topust — 0,7 r/1. Topuii-ypaHOBOE OTHOIICHHE OJIM3KO K 1.

CornacHo ycrtapeBmuM gaHHBIM Mypa (Moore, 1959), ramutel comepxat
0,013 £ 0,005 /T ypana u < 0,2 r/T Topus, a anraapuToBbie mopoast — 0,37 £ 0,10 v/t
Uu <0,2 /T Th. A.A. CMBICIIOB OIIECHUBAET COJICP)KaHNE YpaHa B KAMEHHOM CO-
nu 3radenueM 0,9 r/t, Topus — 1,0 r/T pu TOpHii-ypaHOBOM oTHomieHuu 1,1, a
B aurunpurax — 1,3 v/t U, 0,7 v/t Th u Th/U =0,5.

BrInonHEHHBI HAMU aHAIU3 KaMEHHOW COJIM, KapHAUIMTOBOM IOPOJBI U
cunbBuHUTA U3 Conukamckoro mectopoxzaenus lIpegypanbckoro mporuba Tax-
’K€ CBUJIETEIIBCTBYET O KpailHE HU3KHUX COJICPKAHUSAX YPaH U TOPHUS B IBANIOPUTAX

(Tabm. 4.16).
Tabmuma 4.16

Cooeporcanue ypana u mopus 8 26anopumax Conuxamcko2o mecmoposicoenus (¥Ypan)

Copnepxanue, r/T
IMopona K-Bo mpo6 U T Th/U
Kamennas conp 6 0,038 <0,01 0,13
Kaprammmt 3 0,05 0,12 2.4
CUIBBHHAT 4 0,17 0,41 2.4

TeopeTndeckr MOKHO pacCUUTaTh, KAKOE COACPIKaHUE YpaHa U TOpPHs ObLIO
Obl B 2BaNOpUTax, €CU Obl PaJHOAKTUBHBIE TEMEHTHl OTJIOKUIUCH MCKITIOUYH-
TEJbHO 3a CYET MCIapeHus MOpcKoi Boabl. CpenHee cofepaHUe ypaHa B MOp-
CKOM Bojze mpu cojieHOCTH 35 %o coctaBmsier 3,3 Mkr/m, topus — 0,0004 mkr/m.
[TpocTbie pacdyeTbl TOBOPSAT, YTO U3 MOPCKOM BOABI MOKHO MOJIYYUTh MUHEPAJIb-
HbII ocanok ¢ cogepxxkanuem 0,1 r/t U u 11 mkr/t Th u TopHii-ypaHOBBIM OTHO-
[IEHHMEeM MHOTo MeHblIe 1. M3 3TuX pacueToB MOKHO C/€TIaTh OJUH BayKHBINA BbI-
BOJI, KOTOPBII CBUJETENBCTBYET O TOM, YTO B 3BAlIOPUTAX OCHOBHAS YacTh ypaHa
U TOpUS HAKAIUIMBAETCs 3@ CUeT MOCTYIUIEHUS TEPPUTeHHOro Martepuana. ITo
MOTYT OBITh B3BELICHHBIH B TOJIIIE BOJBI MaTepHal U MHHEpaJbHbIC YACTULIBI,
IpuHOCUMBIE BeTpoM. [Ipumepom, MOATBEPKIAAIOIIMM JaHHBIM BBIBOJ, CIIy’KaT
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JIaHHBIE, MOJyYeHHbIE NPU W3yYEHUM paclpeiesieHus ypaHa U TOpHUs B paspese
COJIEHOCHBIX oTiokeHui ConmkaMmckoro MecropoxxaeHus (puc 4.11). Ilopoasi,
oOoraieHHble TEPPUTEHHBIM MAaTEepHajoM, OTJIMYAIOTCS Ooyiee BBICOKMMH CO-
JepKaHUSAMH ypaHa U Topusi. MUHUMAaIbHBIMH COEPKAaHUSIMU XapaKTepU3YOTCA

COJIM M U3BECTHSKH C HE3HAUUTEILHOMU MMPUMCECHIO TCPPUT'CHHOT'O BCIICCTBA.
1 2 3 4 1 2 3 4

U, it ‘ Th, r/t

‘ B ‘ V% — CYIIUHOK necyaHUCTbI

— rnuHa bypast

— NecYaHWK U3BECTKOBUCTbI

— necyaHuk

- 300 L

— KapHanmut
+ 4+ 400 L

— CUNbBUHUT

I 460 L

my6uHa, m

Puc. 4.11. Pacnpedenenue ypana u mopusi 8 paspese CONCHOCHbIX OMLONCEHUL
Conuxamcroco mecmopoicoersl

4.3.2.3. Kaycmoouonumut

bonee cnoxHO pacmpeneneHbl paAHOaKTUBHBIE SJIEMEHTH B KayCTOOHOIH-
Tax (yrmm, Topd, Toprodre cianipl). Hapsay ¢ HU3KHM cofep)KaHUEeM paauoaK-
TUBHBIX JJIEMEHTOB B YIUISIX U TOp(dax yacTo PUKCUPYIOTCS U MOBBIIICHHBIE KOH-
LIEHTpaIlMu ypaHa W paaus. Beicokoe copepkaHue paJMOaKTHBHBIX AJIEMEHTOB
(U > (2-4) x 107* %) B kaycTOOHOIMTAX CBS3aHO, I0 MHEHHIO MHOTHX HCCJIEI0-
BaTeseH, ¢ HAIO)KEHHBIMH TIPOIeCCaMy WHPUIBTPAIIUH TTOI36MHBIX M TTIOBEPXHO-
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CTHBIX BOJ, U3 KOTOPBIX ypaH BBICA)XKHBAECTCS OPraHMYECKUM BEIIECTBOM IPHU
BOCCTAHOBJICHHH [IECTHBAJIICHTHOTO YpaHa.
Top¢. bonbmMHCTBO COBpEMEHHBIX TOP(HSIHUKOB OTIMYAIOTCS HU3KUM CO-
Jep>KaHUEM PaIMOaKTUBHBIX JIEMEHTOB (Tabum. 4.17).
Tabnuma 4.17

Cpeonee coodeporcanue ypaua u mopusi 8 mopghax u 301ax mopgos
1020-60cmounol yacmu 3anaono-Cubupckoti naumol, 2/m

HwuzuanEI TOpd Bepxosotii Topd CpenHee i permoHa
OneMeHThI Cyxoe 3ona Cyxoe 3ona Cyxoe 3ona
BEIIIECTBO Topda* BemecTso | Topda* BEIIIECTBO Topda*
Th 0,87 6,5 0,45 14,0 0,61 £0,1 8,5
U 0,46 34 0,31 9,7 0,37 £ 0,08 42
Th/U 1,9 1,9 1,5 1,5 1,7 1,7
A% % 13,4 100 3,2 100 7,309 100

Tpumeyanue: * — nepecuntano Ha 301y. CosiepkaHue dIEMEHTOB I1aHO B I/T, A® — 30mbHOCTS, %.

[Ipuumnna 3TOTO 3aKiIIOYaeTCs B OCOOCHHOCTX MX (GopmupoBanus. bomnoro-
oOpa3oBaTesbHbIE MpOLecChl Hanbojiee XapakTepHbl A o0nacTeil TyMHIHOTO
KJIMMaTa ¢ OOJIBIIMM KOJIMYECTBOM OCAIKOB. DTO OOYCIOBIMBAET HU3KHE KOH-
[EHTPAIUY ypaHa B BOAaxX. XapaKTepPHO JABa OCHOBHBIX ITyTH HAKOTUICHHS PaIHO-
AKTHUBHBIX JJIEMEHTOB B TOp(ax: KIacTOTEHHBIH, CBS3aHHBIA C MOCTYIUICHHEM
3JIEMEHTOB B COCTaBe OOJOMOYHOIO Marepuala, U COpOLMOHHBIN, 00YCIIOBJIECH-
HbIi HAaKOIUIEHHMEM YypaHa M3 BOJHBIX pacTBOpoB. KiacToreHHbIl MexaHU3M He
croco0eH 00ecrevnuTh CKOJIbKO-HUOYIb CYIECTBEHHOE HAKOIUICHHE paJnloaK-
TUBHBIX 3JIEMEHTOB B TOp(QSHUKAX. YCTOWYHMBBIC K BBHIBETPUBAHHUIO ypaH U TO-
puiicoiepkaliue MUHEpaidbl HE HAKaIUIMBAIOTCS B 3aCTOWHBIX (amumsx Oo0JoT.
CrnenoBaTenbHO, yCJIOBHUS TOPGPOHAKOIUICHHUS] HE OJarompusiTHBI IS KJIACTO-
T€HHOT'0 KOHIIEHTPUPOBAHUS ypaHa U TOPHSL.

ITockonbKy cofepkaHue ypaHa M TOpHs B BOJaX I'YMUAHBIX oOyiacTeil HU3-
KO, HAaKOIUIEHHE COPOLMOHHOTO ypaHa BO3MOXKHO JIMIIb HA y4yacTKaxX TOpQSHH-
KOB BOJIM3M 00JIACTH CHOCa, B COCTaBE KOTOPOH MMEIOTCSI 00OoTaIeHHbIE YpaHOM
TOpHBIE MOPOJIbI (TPAHUTHI, PyAHBIE MECTOPOXKICHUS, YPAHOHOCHBIE THUAPOTEP-
MaJbHO W3MEHEHHbIe Topoxasl). Ha 3amamno-CubOupckoit 1umTe ypaHOHOCHBIE
TOP(QSHUKU YCTAHOBJIEHBI B JIECOCTEITHOW 30HE M MPUYPOUYEHBI K BBIXOJaM Ipa-
HUTOB OYypJIaKCKOro, MPUOOCKOTO U JIp. KOMIUIEKCOB, 30HaM T'MIPOTEPMAalIbHO
U3MEHEHHBIX MOPOJ M BYJIKaHOTEHHO-OCAI0UYHBIM OTJIOKEHUSIM MEUYEPKUHCKON U
oyrorarckoii cBut (PocnsikoB u nip., 2004).

B o0nactsix, UCTIBITABIIUX HENAaBHUE TOAHATHUS, TJI€ CBEXHE KOPEHHBIE T10-
pOZBI BBIBEAEHBI HAJ 0a3MCOM 3PO3UHU U MOJBEPraroTCs BBILIEIAYNBAHUIO, BO3-
HUKAIOT OJarompHsTHBIC MPEANOCHUIKUA Uil (POpMUPOBAHUS SK30TCHHON aKKy-
MYJISILIMM B OCaI0UHBIX OacceliHax, CONPSKEHHbIX ¢ nmoaHATHsIMU. Hanbosee BbI-
COKHE COJICpXKaHMs ypaHa OTMEYAlOTCs B TOP(MSIHUKAX MEKTOPHBIX JIETPECCHiA
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MOJIOJIBIX OporeHHbIX oOmacteil. Ha Pycckoit miatdopme ypaHoHOCHBIE TOP]si-
HHUKH pacrojgararoTCa UCKIOYUTCIBHO 110 HepI/I(l)epI/II/I HOI[HSITI/II\/JI — CBOJOB U Ba-
J0B, OOYCJIOBJICHHBIX IOJOKUTEIbHBIMU HEOTEKTOHUYECKUMHU JBIKEHUSMU C
rpaguentamu 100-300 m (Kouenos, Pacynosa, 1978). C apyroii cTtopoHsl, Ha
OOIIMPHBIX paBHUHHBIX IUIoIasx Pycckoit mnardopmsl, a Taxke 3anagHon Cu-
6I/IpI/I, HC OCJIOKHCHHBIX TCKTOHHYCCKUMH JUCIOKAIUAMH, IPOABJICHHBIMU B
penbede B BUjEe BO3BBILICHHOCTEN, aHOMaJIbHbIE KOHIIEHTPALUU ypaHa B TOpQsi-
HUKaX HE M3BECTHHL. PacmpeseneHne opyJIeHEHUs B Mpelenax caMuX TOPQSHBIX
MacCHBOB KOHTPOJHUPYETCS TeoMOp(OJOTHIECKUMU OCOOEHHOCTSIMH 00JIaCTH
MIATaHUS, OTPAKAIOIMMH XapaKTep HEOTEKTOHUYECKOTO Pa3BUTHs palioHa. Ypa-
HOHOCHBIE TOP(SHUKU OTHOCATCS UCKIIFOUUTENIBHO K HU3UHHOMY TUIy (Hanbosee
TpeOOBaTEIILHOMY K YCIIOBHUSM BOAHO-MHHEPAIHHOTO MIUTAHKS) U PACTIONAraf0TCs
Ha HWkHUX (I u II) HapmoliMeHHBIX Teppacax. MakcUMabHbIE KOHLEHTpAIUU
ypaHa TATOTEIOT K BBICOKOMY KOPEHHOMY OOPTY JOJHMHBI, CO CTOPOHBI KOTOPOTO
OCYILECTBIISIIOCh BOJHO-MUHEpanbHOe nutaHue (puc. 4.12), a ¢popma pyIaHbIX
TSI OIPCACTIACTCA HanboJiee MHTEHCUBHBIMHU ITIOTOKAMU I'PYHTOBBIX BOM.

D®

N
50

3]s

Puc. 4.12. Cxema pazmewenust ypanosozo opyoeHeHusi 6 mop@ IHOM MACCUse
(no A.B. Kouenogy):
1 —mopgh; 2 — 6bocamoe opyoenenue; 3 — opeon paccesnus; 4 — uzoeuncel perveda;
5— Hanpaejlenusl OCHOBHbIX NOMOKO8 BHYMPU3AIEHCHBIX CPYHNIOBbLX 600

Hampasienune BHyTpHU3aJIeHBIX MOTOKOB B psANE CIIydaeB, MO-BUIMMOMY,
COOTBETCTBYET MOTPEOCHHBIM pycliaM PEK, BBHITIOJHEHHBIM BOJOMPOHHUIIAEMBIMHU
MecCKaMH. YPaHOBOE OpYy/CHEHHE HE BCTPEYAaeTCs Ha ydacTKax TOpQSHOU 3aje-
KU, TPUMBIKAIONIMX K HU3KOMY TOJIOTOMY CKJIOHY IOJUHBI, T/I€ OTCYTCTBYIOT
HaIpaBJIeHHbIE TTIOTOKW TPYHTOBBIX BOJ. MOXHO Mperonararh, 94To0 Ha MOOMIN-
3aIMI0 ypaHa MPH MPOYHMX PABHBIX YCIOBUAX JOHKHBI BIUATH TAaKXKE MPOYHOCTH
CBSI3M ypaHa ¢ MaTepUHCKOHN Mopoaoi U ux coctaB. OmaHako umeronuecs (HakTbl
HE TOJATBEPXKAAIOT CYIIECTBEHHOH poiu 3Toro (akropa. B obnactu nutaHus
YPAHOHOCHBIX TOP(SIHUKOB B Pa3HbIX pailoHaX OTMEUYEHbI CaMble pa3HOOOpa3HbIE
MOPO/ABI — TPAHUTOUIBI, KUCTbIe d()y3HUBHI, MECYAHO-TTUHUCTHIE KPAaCHOLBET-
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HBIC OTJIOKCHUS, YepHbIE MeTaMOp(HU30BaHHBIE CIAHIBI U Ap. OYEeBUIHO, MPU
HUPKYJISIIUN KUCITOPOAHBIX BOJ 3HAYUTENIbHAS YacTh ypaHa MOXKET OBITh BBIIIE-
JIoYeHa MPaKTUYECKH U3 JIOOBIX Topoj. Pemaromyio poib UrpaeT BaJlloBOE CO-
Jep>KaHUE ypaHa B MAaTEPUHCKHUX MOPOAaxX 00IacTH CHOCA.

Ponw aToro dakropa Bo3pactaeT OT apHIHBIX pailOHOB K TYMHIHBIM. B ce-
BEPHBIX TYMUJHBIX 30HaX C OONBIIMM KOJIHMYECTBOM aTMOC(HEpHBIX OCaIKOB U
HU3KOW MUHEpaln3aluell MOBEPXHOCTHBIX BOJ HAKOIUICHUE YpaHa B TOPHSIHUKAX
BO3MOYKHO JIMIIb B TOM CiIy4ae, KOrja B OOJAaCTH MUTAHUS Pa3BUTHI TMOPOIBI C
BBICOKOH KOHIIEHTpauuen ypana. Tak, B npenenax @eno-CkaHIMHABCKOIO HIUTA
npu OOJBIION MIOMAAH 3a00I0UYEHHBIX YYaCTKOB KOHIIEHTpAIMsI ypaHa OTMeue-
Ha JIMIIb B CIUHUYIHBIX TOPQSIHUKAX, BOIM3U KOTOPHIX Pa3BHUTHI YPAHOHOCHBIE
CKapHbl WJIM 4YepHble rpaduTU3MpoBaHHbIe ciaHibl. Ha 3amamno-Cubupckoit
IUTUTE aHOMAJIUU ypaHa B Top(ax yCTaHOBJICHBI JIMIIL B Tpeesiax y4acTKOB,
MPUMBIKAIOIIKUX K BbIXOJaM YPaHOHOCHBIX IPaHUTOB. B TO e BpeMs B IOKHBIX
ApUIHBIX 30HAX, XapaKTePU3YIOIINXCSI BEICOKOW (hOHOBOW KOHIIEHTpAIUEH ypaHa
B BO/IaX, KOHKPETHBIN UCcTOUHUK He urpaeT ponu (Kouenos, Pacynosa, 1978).

¥Yroas. Haubosnee mogpoOHO BOMPOCH T€OXUMHU YpaHa M TOPHS B YIJISX
PacCMOTPEHBI B MHOTOYHCIICHHBIX 0000meHusx 1.9. KOmosuua. m, coBMecTHO
¢ MLIL. Kerpuc, nana u Hanbosiee KOPpPEKTHasI OI[CHKA KJIAPKOB ATHX AJIEMEHTOB
(Tabm. 4.18).

Tabmuma 4.18

Cpeonee codepoicanue ypana u mopus 8 y2isx u 301ax yaiell
(no A.1O. FOoosuuy u M.I1. Kempuc, 2006)

Kawmennsrit yross Bypslii yrosb Cpennee s yriei
HeMEHTEL Cyxoe 3ona yris Cyxoe 3ona yris Cyxoe 3ona yris
BEILIECTBO BEILIECTBO BEIIECTBO
Th 3,2+0,1 23+ 1 33+0,2 19+ 1 3,3 21
U 1,9+0,1 15+1 29+0,3 162 2,4 16
Th/U 1,7 1,5 1,1 1,2 1,4 1,3

Haubosnee netanbHO pernoHanbHblE 3aKOHOMEPHOCTH HAKOIUIEHUS U pacrpe-
JIeTICHUs] ypaHa U TOpHs B yIIsiX U Topdax u3yueHsl B Cubupu (ApOy3os, 2004).
Conepxanvie ypana B yrissx Cubupu (tadi. 4.19) usmensiercs ot 1,0 r/t (I'opios-
ckuit OacceitH, [IpnkrHCKOE MecTopokaeHue) 10 27 1/T (YOpycckoe MecTopoxkie-
uue). Cpennee conmepkanvie U B yIiisix perroHa cocramisieT 1,5 r/1. Ota mudpa
HUKE OIICHKM YTOJBHOTO KJapka ypaHa, mnonydeHHou S.3. IOpoBuuem wu
ML.IL. Kerpuc, 1 COOTBETCTBYET CpeTHEMY TeOMETpUIecKoMy cozepkannio U B Oy-
PBIX YIVISIX MHpa. BiIn30cTh pernoHaqbHOrO Kilapka ypaHa K CpeIHUM JaHHBIM JUIs
OypBIX yIIIeH MHpa XOPOIIO COTIACyeTcsi ¢ HauOOIbINEe BECOBOM oIel OyphIX yr-
neii 3anagHo-Cubupckoro dacceiiHa B 001eM OaaHce PeCypCcoB YISl PETHOHA.

Cpennue conepxxanus Th B yrisx m3mensirores ot 0,88 1/t B yrisax [IsnkxuH-
cKkoro mecropoxzaenus 10 4,2 v/t B yriusax Kypaiickoro mectopoxiaeHus, mpu
cpenHeii BenuunHe 2,4 r/T. PaccunTaHHBIA pernoHaIbHBIN Kiapk Topus s Cu-
OVpH HIKE YTOJIBHOTO KJapKa, HO BBIIIE TEOMETPUUYECKOTO CPEHETO JUIs OyphIX
yraei mupa (1o B. boymnike). XapakTepHO TUIIHYHOE JUIsl YTJIEW IOHUKEHHOE TO-

180



I'nasa 4. Paduo2eoxumusi 3K302eHHbIX NPOLUECCO8

puii-ypaHoBOo€ OTHOIIEHHE, 00YCIOBICHHOE CEJIEKTHBHBIM HAKOILJICHHEM YypaHa
OpraHMYECKUM BEUIECTBOM YTJIS.
HccnenoBanus mokasany, YTO yYIIM Pa3HOTO BO3pacTa OTIMYAIOTCA MO pa-
JTUOTEOXUMUYECKUM XapakTepucTukam (tadm. 4.19).
Tabnwuna 4.19

Cooeporcanue U u Th 6 yensx u 3onax yeneut Cubupu

VTOJIBHbIH Pecypcl ConepskaHue 3JI€MEHTOB, T/T
. Yucno d o
OacceiiH, YIS, 1pob A5, % Vroms 3oma yras** | Th/U
MECTOPOXKICHUE | MIPA T U Th U Th
JleBoHCKasI 31I0Xa YIiIeHAKOILIEHHSI
Bap3acckoe 0,06 14 32,5 32 39 9.8 12,0 1,2
Yopycckoe 0,012 6 49,2 27,2 3,1 55,3 6,3 0,1
cpenHee 0,072 20 35,3 7,2 3,8 20,4 10,8 0,5
KapOon-nepMckasi 3noxa yriieHaKkonJeHus
T'opioBckuit 6,84 24 7,0 1,0 1,9 14,3 27,1 1,9
Kysuernkuit 500,7 1240 13,5 2,4 33 17,8 244 1,2
MuHyCHHCKHI 26,7 381 17,6 3,0 3,1 17,0 17,6 1,0
TyHrycckuii 1481,5 35 12,0 3,3 3,7 27,5 30,8 1,1
Kypaiickoe 0,0005 12 25,2 1,1 4,2 4,4 16,7 3,8
cpenHee 2015,7 1675 12,4 3,0 3,7 242 29,8 1,2
Me3o30iickast 31M0Xa YIIeHAKOILICHHS
ITppKHHCKOE 0,242 6 6,5 0,95 0,88 14,6 13,5 0,9
Kancko-Auunckuit 446 471 9,8 3,2 0,97 32,7 9,9 0,3
UpkyTtckuit 25,7 10 8,5 1,9 2,8 22.3 32,9 1,5
YayrxeMmckuii 19,4 44 9,5 1,2 1,2 12,6 12,6 1,0
3amapwo- 17807 49 10,5 | 12 2,3 1,4 | 21,9 | 1,9
Cubupckuit
TyHrycckuii 1,042 30 12,6 2,1 0,8 16,7 6,3 0,4
Kysnerkuii 23,7 3 17,3 2,1 2,2 12,1 12,7 1,0
Cpemnee mit ACCO| 515,04 564 10,1 3,0 1,1 29,7 10,9 0,4
cpenHee 18323 613 10,5 1,2 2,3 11,4 21,9 1,9
Kaiino3oiickasi 3moxa yrjieHaKonj1eHust
JanagHo- 957 60 | 307 | 46 | 35 | 150 | 114 | 076
Cubupckwuii
Tanmy-/Troprynckoe | 0,048 29 19,8 1,7 1,1 8,6 5,6 0,65
cpeHee 957,05 89 30,7 4,6 3,5 15,0 11,4 | 0,76
Kaiino3oiickas 3moxa TopgoHaKONJICHHA
Topd morpeOeHHBIIH H.JI. 46 60,2 473 7,1 7,1 11,8 1,7
Topd coppemennsiii | 113,7 1200 8,7 2,0 0,8 23,0 93 0,4
Bce 3moxu TopdoyriieHaKkonIeHus
Cpenaee 21595 | 3594 | 11,5 | 15 | 24 | 13,0 | 209 | 16
peruoHa
VroapHbIH KnapK* 2,0 3,5 20 1,8

Ipumeuanue: * —mo [16, 17]; ** — momy4eHo myTeM Iepecuera coep kaHnsl B yTiie Ha 30Jy; H.O. —
HeT nNaHHBIX. AHamm3sl BemmonHeHsl B HUW S® TIIY meromoM HEHTpOHHO-
aKTUBAIIMOHHOTO aHanm3a (aHamuTuK A.@. CyIbIKO) H METOJOM 3ama3gbIBArOIINX
HeiTpoHoB (aHamuTUK B.M. JleBuukuit).
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[eBoHCKas anoxa yrneHakonneHusa

JleBOoHCKas Amoxa HE3HAYUTeNbHA MO0 MaciiTtadam yriaeHakoruieHus. B Cu-
OMpCKOM peruoHe OHa MpejcTaBieHa bap3acckuM MecTOpOXKIEHHEM JTHITOOHO-
JUTOBBIX yIIIel B CeBEPO-BOCTOUHOM yacTH Ky3HEenkoil KOTIIOBUHBI U MECTOPOK-
neHueM T. YOpyc Ha ceBepo-BocToke FHOkHO-MUHYCHHCKON BHAAWHBI. Xapak-
TEpPHON 0COOEHHOCTBIO ATOTO ATAma yrieo0pa3oBaHUS SBISETCS BBICOKOE COJEP-
JKaHUE B YIJISAX PAJAMOAKTHUBHBIX AJIEMEHTOB. [Ipudem eciu copep:kaHHe TOpUs
HE3HAYUTEILHO MPEBHIIACT YTONBHBIN KIapK U MOXET OBITh 00YCIIOBJICHO BBHICO-
KOH 30JBbHOCTBIO YIJICH, TO COJAEp)KaHWE YypaHa 3HAYUTEIHHO BHINIE KIIApKa.
bruzkoe comepikanue TOpUs B YIISIX 000UX MECTOPOKIACHUN MOXKET ObITh CBSI3a-
HO C OJHOTHUITHOM 00JacThIO MUTAHHS PailOHOB JIEBOHCKOTO TOP(HOHAKOTUICHHS.
Ob6a MecTOpOXKIEHUSI HAXOMATCS B TOJSIX Pa3BUTHS JEBOHCKOTO BYJIKAaHU3MA.
[Tpu »>TOM Gap3acckue IUIACTHI JTUMTOOHOIUTOB 3aJE€TAal0T HEMOCPEICTBEHHO Ha
BYJIKAHOTCHHBIX OTJIO)KCHUSX HIDKHETO JEBOHA. YTJH I'. YOpycC 3aleraioT cpeau
MECYAHO-AJIEBPOJIUTOBBIX OTIIOKEHUH B HETOCPEICTBEHHON OIM30CTH OT 0Opam-
JICHUSI, TPEACTABICHHOTO BYJIKAHUTAMU OBICKAPCKOW CEpUU MECTPOTO COCTaBa.
3anmeranne 6ap3acCUTOB CPEIW TIMHHUCTHIX MPOAYKTOB THUAPOJIM3Aa BYJIKaHUYE-
CKHX TY(OB MMO3BOJISIET MPEANOIAraTh CHHT€HETUIECKII XapaKTep HAKOIUICHHS B
HUX ypaHa W Topus. [JIMHUCTBIC YTIEBMEIIAIOIINE TOJIIH, MHOTOYHCICHHBIE
BHYTPUIUIACTOBBIC TIMHHUCTHIC MPOCION OTPAHUYUBAIH JTOTIOTHUTEIHLHOE MOCTY-
IUICHUE PAMOAKTHBHBIX JICMEHTOB B YTOJIBHBIN IJIACT B TUArcHE3e U KaTarcHe-
3e. Yriu 1. YOpyc, 3alerapiue cped IpOHUIAeMbIX ITeCYaHO-aTIeBPOJIUTOBBIX
TOJII, XapaKTEPU3YIOTCS aHOMAJILHO MOBBIICHHBIM COJICP)KaHUEM ypaHa u Ooiee
HU3KUM TOPWH-YPAaHOBBIM OTHOIICHUEM, YeM YT bap3acCcKoro MecTopoKiie-
Hus. BeposatHo, OoJsiee mpoHuIaemMasi yrieBMeIlaronas ToJa o0ycaoBuia BO3-
MOKHOCTb JUTUTEITFHOTO aKBar€HHOTO TOCTYIUICHUS YpaHa B YTOJIbHBIN TUIACT.

[TepecueT conepkaHUsl 3JIEMEHTOB B YIUIIX MECTOPOXICHHN Ha OJIMHAKO-
BYIO 30JIbHOCTh IIOKa3bIBA€T, YTO Oap3acCKUil yrojb BABOE Ooraue TOpUEM, YEM
yOpycCCKHii, HO CyIIeCTBEHHO OeaHee ypaHOM. Takoil ke BBIBOJ CIIEIyEeT U U3
CPaBHEHHSI CPEHUX JAHHBIX JJISI 30JI6I YTIIsL. DTH (DAKTHI XOPOIIO COTJIACYIOTCS C
0COOCHHOCTSIMHU T€0JIOTHYECKOTO TIOJIOKEHUS YTOIBHBIX MECTOPOXKICHUN.

Kap6oH-nepmckas anoxa yrneHakonneHus

KapOoH-niepMckast amoxa yrieHaKOTUIeHus mposiBiieHa B CHOUPH MOYTH T10-
BCEMECTHO. YTJICHOCHBIE OTJIOKEHUS 3TOTO BO3pacTa MpOCiekeHsl 0T Kypaicko-
ro xpeodta B ['opHom Antae Ha tore mo Taiimbipa Ha ceBepe u OT [ OpIIOBCKOTO
Oacceiina Ha 3amajne A0 TyHrycckoro OacceifHa Ha BocToke. OTMeJaeTcs Halu-
Yre BepXHenaslieo30McKuX yrieil u B ¢pyHnamenre 3amagHo-CHOUPCKON IIIUTHI.
OTnuuuTenbHas 0COOEHHOCTh MO3/IHENAIE030MCKOT0 YIJIEHAKOIUIEHUSI — LIUPO-
KO€ PaclpoCTpaHEHHE B YIJISX U YIVIEBMEUIAIOMIMX MOPOAAX MPOJLYKTOB BYJIKa-
HUYECKOU JeSITeIbHOCTH, TPEACTABICHHBIX U3MEHEHHBIMH TMEIUIOBBIMU TY(haMu-
TOHIUTEHHAMHU U PACCESIHHBIM NMHUPOKJIACTUYECKUM MaTepuaioM. B penkux ciy-
qasgx CJIEABI MeTIoNnaaoB (PUKCUPYIOTCS B BUJI€ MOIIHBIX IJIACTOB OEHTOHUTOBBIX
rinuH. [lenmoBslit Matepuan oOyCIOBHI HECKOJIBKO TOBBIMIEHHBIN paJnoOreoxu-
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Mu4eckuil (poH oOoramieHHbIX UM YTOJbHBIX IJIACTOB. JleTanbHOoe HcciaenoBaHue
POJIM MUPOKJIACTUKU B HAKOIJICHUHM PAaJUOAKTHBHBIX DJIEMEHTOB BBIIOJIHEHO B
Munycunckom OacceitHe. CpegHee copepxaHue ypaHa U TOPHsI 371€Ch, OIEHEH-
HO€ KaK CpPeJHEB3BEUICHHOE [0 MOIIHOCTU YTOJbHBIX IJIACTOB M YTJIIEHOCHOCTHU
coctasmseT 3,0 u 3,1 r/t, coorBeTcTBeHHO. O11eHKa K€ (POHOBBIX KOHIICHTPAIIHI
3a BBIYETOM BYJIKAHOTEHHOMN COCTABJISIONICH JaeT BEIMYMHY OKOJIO | T/T KaK Jyist
ypaHa, Tak 1 115 Topusi. OCOOEHHO OTYETIUBO POJIb MEIUIONa 0B CKa3bIBaeTCs Ha
reoXuMHYecKOM (OHE TOpUs. DTUM, BEPOSITHO, OOBSICHSIETCS OTHOCUTENIBHO BBI-
JIEp’KaHHOE €ro CO/ep KaHKe B MO3THENATIC030MCKUX YITISIX Ha BCEH TEPPUTOPUU
Cubupu, HeCMOTpsI Ha OOJIBIIIOE pa3HOOOPa3Ue COCTaBa 00IACTEeH MUTAHUS YTOJIb-
HBIX 0acceiHOB M MecTopokeHul. [IermmoBslii MaTepran TOMUHHPYET B OaslaHce
TOpHS B YIJISIX 3TOM AMOXM yTrieHaKoruieHus. JleranbHoe onmpoOOBaHUE YTOMbHBIX
IUTACTOB  CBUETENBbCTBYET, UYTO BO MHOTHUX CIIy4asgx poJb TEPPUTEHHO-
aKBareHHOT'O HAKOILJICHUS PAIHOAIEMEHTOB B YIVISIX CYIIECTBEHHO YCTyMHaeT pOJU
MerIonaaoB. AHaIu3 3apyOeKHBIX MAaTE€pPUaIoOB MO3BOJIAET 3aKIIOUYUTh, YTO OOJIb-
I0€ BIUSHHE BYJIKAHOTCHHOTO BEIIECTBA Ha (POPMUPOBAHUE PATUOTCOXUMHUYE-
cKoro (hoHa MO3/IHENAIC030MCKUX YTJIeH SBISIETCS TNIAHETAPHOH OCOOCHHOCTHIO.

Me3o30icKas anoxa yrneHakonneHus

Me3o3oiickas 3Moxa yIrJIeHaKOIUICHHsI 110 MaciiTadaM MpOsIBICHUS U pecyp-
caM yriiell B perHOHEe MPEeBOCXOIUT MO3JHenaneo30iickyro. Haubomnpime pecyp-
CBI yTJICH 3TOT0 BO3pacTa COCPEIOTOUYCHBI B uexiie 3amaqHo-CHOupCKOM TITUTHI.
Me3o30iicKkue yriim 3TOro BO3pacta, COXpaHUBIIMECS OT Pa3MbIBa, pacIpocTpa-
HeHbl B Antae-CasHckoit ckiamguaron obnactu (ACCO), na rpanune ACCO
¢ Cubupckoii matpopmoit n 3anaaHo-CHOUPCKON TIITUTOM.

Panuoreoxumuueckas XapakTepUCTHKa ME3030MCKUX YIJIEH olpeaensercs,
TJIaBHBIM 00pa3oM, OCOOEHHOCTSIMU COCTaBa OOJIacTel MUTAaHUS PAaHOHOB yrile-
HAKOIUICHUS M JaHIMA(THO-KIMMATHYECKUMHU YCIOBUAMHU  (OPMHUPOBAHUS
JIpeBHUX TOPPSHUKOB. BynkaHn3M, BO3MOKHO MMEBIIUN MECTO B 3TO BpeMs, HE
WTpaJl TAKO! CYIECTBEHHOM POJIM B HAKOIUICHWM ypaHa U TOPUS B ME3030MCKUX
yrasx Cubupu, Kak B yIJIsIX Maneo3osl.

Jl1st Me3030MCKHX yIilel XapakTepHO CYIIECTBEHHO 0ojiee HU3KOE CoJeprKa-
HUE TOpUs, YeM JJis yried KapOoH-TepMcKoro Bo3pacta. OTHOCUTENBHO MOBBI-
LIEHBbI COJIepKaHus Topus B opckux yriax Mpkyrckoro, Kysnenkoro u 3amnagHo-
Cubupckoro 6acceifHOB, HO Jake OHH B 1,5 pa3a HUXe cpeHHUX JaHHBIX AJIS Ma-
JICO30MCKUX YTJIEH.

YpoBHU HakoIIeHHUs ypaHa Ooiiee pazHooOpa3Hbl. Ero comepikanue usme-
usercs ot 0,95 1/t B IlepKMHCKOM MecTopoxaeHuu a0 3,2 v/t B Kancko-
AunHckoMm OacceitHe. HeoOxomumo oTmeTwTh, 4YTO B Tmpeaenax KaHcko-
AunHCKOTO OacceiiHa ypaH pacmpeseieH HepaBHOMEpHO. B yrisx BOCTOYHOM
(Kanckoit) yactu OacceiiHa ero coaep:aHue HE MPEBBIIIACT YTrOJIbHOTO KIapKa
(2 r/1), Tora xak B 3anmaJHON (AYMHCKOI) YaCTH B CpeHeM cocTaBiseT 4,9 1/T.

[ToBeilICHHBIE, @ B psiJie CIy4yaeB U aHOMAJIbHO BBICOKOE COJEpKaHUe ypaHa
B ME3030HMCKHUX YITISX UMEIOT, KaK MPaBUIIO, AIIUTEHETHYECKYI0 npupoy. OObrd-
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HO OHHU MPHUYPOYEHBI K BBIXOJaM ILUIACTOB IMOJ HAHOCHI, K y4acTKaM pa3MbIBa
YTOJBHBIX IJIACTOB WM K y4acTKaM TPYHTOBOTO OKHUCIICHHS. B peakux ciydasx B
IIacTax yCTaHABIIMBAIOTCS CHHTCHETUYHBIE YPAaHOBBIE aHOMAIIMU. YYacTKU pa-
JIMOAKTUBHBIX YIJIEH H3BECTHBI B MeCTOpoxkaeHUsIX HMpkyrckoro u Kancko-
AumnHCKOTO 0acCeitHOB.

B enuHnyHBIX pa3pe3ax B YrOJbHBIX IUTACTaX YCTAHOBJIEHBI MAaJIOMOIIHBIC
TOPU30HTHI BBICOKO30JIBHBIX YIJIEH M YIVIMCTBIX MOPOJ C aHOMAaJbHO BBICOKHUM
CoJIep’KaHUEM JTUTO(PUIBHBIX PEIKUX METANIOB, XapaKTEPU3YIOIIHUECs TAKKe M0~
BBIIICHHBIMH KOHIIGHTPALUSIMHU PaJMOAKTUBHBIX 3yeMeHToB. [Ipeamomnaraercs
BO3MO>KHAsl pOJIb MUPOKIACTUKH B UX OOpa30BaHUH.

s 3anagno-Cubupckoro 6acceiiHa XxapakTepHO HalTMUue KpaitHe HU3KO30JIb-
HbIX yriei (A < 2 %). 30761 3TUX yTIIeH OTINYAIOTCS BHICOKUMH KOHIICHTPAIHSMHA
Th u U 1 noBBIIIEHHBIM COJIEp)KaHUEM JIMTOPHIBHBIX penkux metawios (P39, Zr,
Hf, Ta u ap.) u 30m01a. O4eBuAHA COPOLMOHHAS MPUPOIA HAKOIUICHHUS METAJUIOB B
3THUX yIJIAX. AHOMaJIbHO HHU3Kas 30JIbHOCTH YIJICH MO3BOJISIET Mpenoiarath ux oo-
pa3oBaHue U3 BEPXOBOTo Topda, GOpMHUPYIOIIErocs B CHIBHO KUCIIOH cpere.

OcTtaeTtcst HesICHBIM MCTOYHHUK MOCTYIUICHUS! BBICOKUX COJIEP)KaHUN TOPHS B
yriau Mpkytckoro u 3amagHo-Cubupckoro OacceiiHoB. BaxkHas 0coOE€HHOCTD
3TUX 0acCEHHOB — ATO HAJIMYKE B OOpaMJICHUHU B 00JACTH CHOCA TEPPUTECHHOTO
Marepuana BbICOKOPAJUOAKTUBHBIX PEAKOMETAIBHBIX T'PAaHUTOMIOB. DTHU Tpa-
HUTOHUBl MOTYT pacCMaTpHUBATHCS B KAUECTBE MCTOYHHMKA MOBBIIIEHHOTO COJIEP-
JKaHUS PaTUO3JIEMEHTOB B YIUIsiX. [loaTBepkaeHHEM JaHHOTO MPEINON0KEHUS
CIIy>)KAT yCTAHOBJICHHBIN ()aKT IIMPOKOTO PACIPOCTPAHEHHS] B COCTaBE KOHIJIO-
MEpaTOB yTJIEHOCHOW TIOMEHCKOM CBUTHI 3amagHo-CuOupckoro 6acceifHa rajibku
pPEKOMETAUTbHBIX TPAHUTONIOB OOCKOTO KOMILJIEKCA.

KaitHo3oWckas anoxa yrneHakonneHus

KaitHo3oiickas smoxa yrieHakoruieHusl nposisjieHa B CHOUPH JTOCTATOYHO
mpoko. OOmUpHBIN 0acceilH MajaeoreHOBOTO YrileHAKOIUIeHUsT c(OpMUPOBAJICS
Ha Teppuropun 3anagHo-CHOUpCKOW IUIMTHL. YTJIM MajJeoreHOBOIO BO3pacTa
pacnpoctpaneHsl B ['opaom Antae, u3BecTHbl B Ky3bacce, BOZBMOXHO, UMEIOT
MecTO U B TyHI'yCCKOM CHHEKIIN3E.

VYTriu 5TOM 3MOXH OTIUYAIOTCS HU3KUM KayeCTBOM, BBICOKOM 30JIbHOCTBIO U
MOBBILICHHBIM COJIEP’KaHUEM PATUOAKTUBHBIX 3JIEMEHTOB.

OCHOBHOM PaIMOTEOXUMHUYECKON OCOOEHHOCTHIO KAMHO30MCKUX YTJIEH SIBJIS-
eTcs HU3Koe Topuil-ypaHoBoe oTHoueHue. Cojep:kaHue ypaHa U TOpHs B U3y4EH-
HBIX MECTOPOXKACHUSAX H3MEHSETCSl B LIMPOKUX mpenenax. Tammy-/{ropryHckoe
MeCTOpokaeHHe [opHOTO AJTasi, pacrooKeHHOE Cpeid 0a3UT-TUTIEPOA3UTOBBIX
MHTPY3UBHO-BYJIKAHOT€HHBIX 00pa3oBaHMii, 6e1HO paauosnementamu. [laneore-
HOBbIe yriu 3anagHo-Culbupckoro OacceiiHa OTIMYAIOTCS TOBBIIIEHHBIMH yPOB-
HSIMU HaKOTUJICHUS ypaHa U TOPUS.

N3yuenue coaepkaHusl ypaHa U TOpUs B 30J1€ YISl MOKa3bIBAET, YTO IOBbI-
[IEHHOE COJIEP>KaHUE PaTUO3JIEMEHTOB B yIiie 00YCIOBIEHO €T0 BBICOKOU 3011b-
HOCThIO. B mepecuere Ha cpeiHIO 30JBHOCTH AJII PErHMOHA, YITIM 3TOM AMOXU

184



I'nasa 4. Paduo2eoxumusi 3K302eHHbIX NPOLUECCO8

3HAYUTENLHO OeJHEee TOPHEM, YeM YT Me3030MCKOM 3MOXH YTIeHAKOIJICHHS, a
0 COJIEPKAHMIO ypaHa COTIOCTABUMBI C HIMH.

Bmecre ¢ Tem, HU3KOE TOpUN-YpaHOBOE OTHOIIEHHE yKa3bIBA€T HA ypaHO-
BYIO T€OXHMHUYECKYIO CIEIUAIN3AIMI0 3TOW 3MOXH yrieHakorieHus. OHa mon-
TBEP)KJIAETCSI U TMOHMKEHHBIM TOPHUIl-ypaHOBBIM OTHOIIEHHEM B COBPEMEHHBIX
topdax. IloBcemecTHOoe oOpa3oBaHHWE B IajeoreHe B OOpamiieHWH 3amajaHo-
Cubupckoro 6acceifHa KOp BBIBETPUBAHHUS OOCCIEYHMIIO MPUBHOC M KOHIIEHTPH-
poBaHHe B 00JacTH ceAuMeHTauuu ypana. C 3TUM CBsi3aHO 0OpazoBaHuUE B TMa-
JICOTEHOBBIX YIJISX 3HAYUTEIbHBIX YPAHOBBIX aHOMAJHM, AOCTUTalOIIUX B OT-
nenpHBIX ciydasx 300 r/t. C kKaifHO30MCKOM AMOXO0H CBsI3aHO OOOTaIIeHHE ypa-
HOM yTJIEH IOPCKOTO U Ja)xe MOo3AHemnaneo30ickoro Bo3pacta. OCoOEHHO SPKO
3TU TPOILECCHl MPOSBWINCH B 3amajHoN yacTh KaHCKO-AUYMHCKOrO yroJIbHOTO
Oacceitna (Mrarckoe, HazapoBckoe, Kozynsckoe MmectopoxaeHust). HamoxeHHbIH
XapakTep ypaHOBBIX aHOMAJIUI yCTaHABIUBAETCS MO MX MOJIOKEHHUIO B YTOJIBHOM
acTe, a HepeAKO U MO HAPYIICHUIO PaJUOAKTUBHOTO PABHOBECHS.

HccnenoBanusi moka3aid, YTO pas3Hble JMOXH YriieHakoruienus B Cubupu
OTIIMYAIOTCS MO COJAEPXKAHUIO PAJMOAaKTUBHBIX 3JIEMEHTOB B yrisix. [Ipu stom
JUISL ypaHa ¥ TOpHUSl YCTaHOBJIEHBI MPOTHBOIOJIOXKHBIE TeHAeHIuUu. CpenHee co-
JiepyKaHue TOpUs B 30JIaX yIJIeH M B yIJISIX B MepecyeTe Ha CPETHIOI 30JIbHOCTh
JUISL perHOHa CHIDKaeTCsl OT 0oJiee JPEBHUX K MOJIOIBIM YTJISIM U K COBPEMEHHBIM
Topam. Takasi 3aKOHOMEPHOCTh YCTAaHOBJIEHA KaK B LIEJIOM i1 PETHOHA, TaK U
JUISL OTZEIBHBIX OacCeiiHOB, B KOTOPBIX M3BECTHBI YIJM Pa3HOTO BoO3pacra: 3a-
naaHo-Cubupckoro, Kysnenkoro, TyHrycckoro.

Wnas TeHneHmsa xapakrepHa aias ypaHa. OTMe4eHO BO3pacTaHHe ero cofep-
KaHUA B 30JI€ YIUIA OT ME3030MCKHMX YIJIed K MajJeoreHOBBIM M K COBPEMEHHBIM
topdam. Hapyiaercst 3Ta 3aKOHOMEPHOCTD JIMIb JAJISl YIJIEH Maneo30icKoro Bo3-
pacta, oboraieHHbIX ypaHoM. OHaKO €cli HCKIIOYUTh BIUSHHUE MUPOKIACTUKU
JUIs KapOOH-TIEPMCKUX YTJIeH M HaJOXKEHHBIX MPOIECCOB JJS JAEBOHCKHX YTien
YOpycckoro MecTopoXaeHus, TO TEHACHIUS 3aKOHOMEPHOTO YMEHBIIEHUS CO-
JiepKaHUsl CHHTEHETHYHOTO ypaHa B 30JI€ YIJIs C BO3PAaCTOM PacHpOCTPaHSIETCs Ha
Bce yrim peruoHa. Tak kak B mpeoOagaroneM OONbIINHCTBE 0oJiee IPEeBHUE YN
B PETMOHE SBJIAIOTCS U 0osiee 3pesIbIMU, MOXKHO C/IENaTh MPEAINOI0KEHUE O CBSI3H
BBISIBJICHHOW TEHJIEHIIMU ¢ MeTaMoppu3MoM. M3BECTHO, UTO B MpoLEcce YTOJIbHO-
ro Meramopdu3mMa IpOUCXOIUT BRIHOC U3 YroybHBIX MiactoB Ca, Mg, Na, Ba, Sr,
Ge u 1p. neMeHTOB. BeposTHO, TO ke MPOUCXOIUT U ¢ ypaHoM. B oriuyue ot
ypaHa, TOPHH, KaKk AJIEMEHT C1a00 MUTPUPYIOMIUNA B TUIEPTeHHBIX YCIOBHUSX, B
Kucioi cpeae npu pH 4-6,5 B auareHese U KaTareHese U3 YroJbHOIO IUIacTa He
BbIHOCUTCA. ClieoBaTeNbHO, IPU BBIHOCE U3 IJIACTa OCHOBHBIX 30J1000pa3yIOIInX
3JIEMEHTOB, €0 OTHOCUTEIILHOE COJIEPKAHUE B 30JI€ YIJIs YBEIUUMBACTCS.

Kak nonaraer f.3. FOnosuu (2007), yrnu nog MOPCKUMH KPOBIISIMH MOTYT
oKaszaTbcsl 0oJiee ypaHOHOCHBIMH, YE€M YIJIU MTPECHOBOIHBIX 00CTaHOBOK. CBsi3a-
HO 3TO ¢ OoJiee BBICOKMM COJIepKaHUEM ypaHa B Mopckoi Boje. IIpumepom mo-
TYT CIY>KUTh JBa IUIacTa KapOOHOBBIX yTieil B KOxxHOM Yance: HU3KOCEPHUCTHIN
miact Ha Bute, mepekphIThIil TPECHOBOIHBIMH aTEBPOJIUTAMH, U HUKEIEKAIIUN
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BBICOKOCEPHHCTHIN TutacT Aman Rider, mepekpbITbIii MOPCKUMH OTJIOKECHUSIMH.
[TepBrrit cogepxut B cpeaneM 5,6 v/t U, Toraa kak BTopoit — 24,2 r/T, mpuyemM B
MIPUKPOBETHHOM MMaUKe COJEPIKaHKNe ypaHa J0X0IuT 10 74,5 1/T.

HedTb n 6UuTyMbI

HedT1s kpaiine Oexgna ypanom u TopueM. [lo cpenneii onenke M.S. Illnupra
(2007), B ee 30me conepxkutcs 20 r/T ypana u 1,1 r/t Topus. C yueTom 307bHOCTH
HedTH, He npeBbimaonei 0,1 %, 3TH copepkaHus B mepecyere Ha ChIpyro HePTh
coctasat 0,02 r/tr U u 0,0011 /T Th. OueBunHO, 4TO €€ paTuOaAKTUBHOCTh UMEET
VCKJIIOYMTEIBHO YPAHOBYIO IIPUPOLY.

CopepxaHuie ypaHa ¥ TOPHs B TBEPJbIX YIIIEBOAOPOJaX — OUTyMax, coriac-
HO nanHbIM P.b.Dunkensmana u b./[x. Kapnorra (1993), Takxke A0BOJBHO HU3-
koe (Tabi. 4.20).

Ta6mnuna 4.20
Cooeporcanue U u Th 6 oumymax Oxnaxomul (no Finkelman, Cardott, 1993)

Mecropoxaenue 30/IbHOCTE [CJOI[ep)KaHI/Ie, r{,Th Th/U
Loko 0,139 0,43 3,1
Pumrow — 0,04 0,065 1,6
Jumbo 1,45 0,244 0,95 3,9
Sardis 0,27 <0,03 0,083 >4.0
Kiamichi 23,35 0,082 0,115 1,4
Whitesboro 23,73 0,82 4,07 5,0
Windingstair 1,82 0,083 0,15 1,8
Page 0,77 <0,07 0,14 >2.0

4.3.3. CodepxaHue ypaHa u mopusi 8 CO8pPeMeHHbIX ocadkax
4.3.3.1. Paouoaxmuenovie 31eMeHmMbl 8 OMIAONHCEHUAX MOPEIl U OKEeaHO08

B Mopckue ocanku paHOaKTUBHBIC 3JIEMEHTHI MTOCTYIAIOT PA3IMYHBIMHA ITY-
TssMU. [ TTaBHBIMM WX MCTOYHHKAMH SIBIISIETCS PEUYHOW CTOK M MOpCKasi abpa3usi.
OmnpeneneHHbI BKIIaJ BHOCUT adpPOT€HHOE MbLICAPO30JIbHOE MOCTYIUIEHHE Ma-
Tepuasia, M3BEPKEHUS BYJIKAHOB W HM3JIUSHUS THIPOTEPMAIBHBIX PAacTBOPOB B
pudTOBBIX 30HaX. Elle MeHbIIe 105151 KOCMOTEHHOTO BEIIECTBA.

OcHOBHas 10711 PaJJOHYKITHJIOB, TIOCTYTIAIOIINX KaK B pACTBOPEHHOM BHUJIE, TaK
Y B COCTaBe 0OJIOMOYHOTO BEIIECTBA, OTJIAraeTcs B Mpezenax menbda (tadm. 4.21).

Tabmuma 4.21

Konyenmpayus ypana 6 okeanuueckux ocaokax u cKopocnivb
ux naxonnenus (no I".H. bamypuny, 1975)

T ocakos U. t/r CKOpOCTB_ HAKOILIEHNA 0CajlKa,
107 r/(cM” x TON)

enbhoBsie 3,0£1,0 20
I'emunenarnyeckue CHHUE TITMHBI 2,5+1,0 1,6
Ilenarnueckue:

rII00UTePUHOBBIC HJIBI 1,0+£0,5 —

KPACHbIC [ITUHBI 1,8+ 0,5 0,6

PanMOJISPUEBEIE Wb 1,0+ 1,0 0,8
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B MOpcKuX M OK€aHMYECKHX OCaJKaX YpaH pacrpeensieTcss HepaBHOMEPHO.
[Ipenensl ero KOHIEHTpaUMi B MOBEPXHOCTHOM ciioe cocTaBisiioT 0,1+60 r/T.
B MOpsIX OTHOCHTENHHO MOBBILNICHHBIE KOHIICHTPAIMH ypaHa TATOTEIOT K BHAAU-
HaM, B OK€aHax — K I1eNb(hoBoil 30He U KOHTHHEHTATHHOMY CKIIOHY (puc. 4.13).

Hekoropoe mpezcrasienue o comepkanun 238U, 232Th u 230Th (uonus) B
MOPCKOH BOJI€ M IOHHBIX OcajiKax jmaeT Taoir. 4.22.

Tabnuna 4.22
Paouonyxnuoer 6 mopcroti 6ode u donHvix ocaokax (no P. Xopuy)

Paito- Cpemiee conepanme Ipenensi conepxanuii | CpeaHee coepKaHue
YK Ty, neT B MOpCKOH Boze, /T B [IOBEPXHOCTHOM B IIOBEPXHOCTHOM

Y ’ CJIO€ OCAJKOB, I/T CJI0€ 0CaIKOB, I/T
3y 4,5 x 10° 3,0x10°° 0,480 1,0
*2Th 1,4 x 10" 2,0x 107 1-16 5,0
*0Th 7,7 % 10° 30x107 0,3-20 2x 107

Hapsiny ¢ ocaakamu, IMEIOIMMHE HOPMAIIBHOE COJIEPKAHNE PaHOaKTHBHBIX
2JIEMEHTOB, YCTAaHOBJICHBI JIOHHBIC OTJIOKEHHsSI C MOBBIIICHHOW PaJMOAKTUBHO-
cThio. KOHIIEHTpUpOBaHUE ypaHa U TOpUs B MPUOPEKHBIX OCATKAX MPOUCXOJIUT
MEXaHWYECKUM IyTeM C 00pa3oBaHUEM MPUOPEKHO-MOPCKUX POCCHITIEH (MOHA-
LUTOBBIX, [IUPKOH-WIBMEHHUTOBBIX H Jp.). Jpyrux (akToB cyniecTBEHHOIO KOH-
[IEHTPUPOBAHMSI TOPUS B MOPCKHX 0CAJIKaX HE YCTAHOBJICHO.

Ux102%

8
Ux10°% 6

Ux 102 %

>n
(L
O N
O N B~ OO0

M M
200 200
600 600

1000 1000
1400

[o]3

Puc. 4.13. Cxema pacnpedenenus ypana 8 COBPEMEHHbIX MOPCKUX 0CAOKAX.
a — eHympenHuil 6acceiin, 6 — OMKPbIMbLLL Weab@, 30HA BOCXOOAUWUX 800
(no B.A. Kouenosy u C.J[. Pacynosoii, 1978).

1 — npubpesicnvie ocadxu,; 2 — enunucmole unbl, 3 — OpeaHO2eHHble UbL;

4— ocadku, 060201146HHbl€ OpecaHu4YecKum eeuyecmeom, 55— Hanpaeienue meyvenutl

VYpaH, MocTynarouuil B OKeaH B paCTBOPEHHOM COCTOSTHUM, YaCTUYHO (UK-
cupyercsi B IIETb(POBOI 30HE, COPOUPYSICh OPraHMYECKUM BEIECTBOM, THAPO-
KCHJIaMU JKene3a U Maprasua, ¢pocdaramu u ap. Jpyras yactb ypaHa nocTymnaer
B OKEaH, KOMIIEHCUPYsI TOTE€PH, CBSA3aHHBIC C BBHIBEJIEHUEM €r0 B OCAJAKH U IOJ-
JIEpKUBasi OCTOSTHCTBO KOHLIEHTPALMU ypaHa B OKEAaHUYECKOM BOJE.
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Beicokoe conepkanue ypana, 1o 10-20 r/t, 3apukcupoBaHo, B 4aCTHOCTH, B
BEPXHHMX TOPU30HTAX OCAJKOB M3 3apa)XKCHHBIX CEPOBOAOPOAOM 30H YepHoro
(puc. 4.14) u banTuiickoro Mopei.

OoOorameHre MINCTBIX OCAIKOB 3TOW 4acTH 0acCEeHHOB CBA3aHO C BOCCTa-
HOBJICHMEM YpaHa, HaXOAAILIerocs B BOAAaX B BUAE KapOOHATHOIO KOMILIEKCA
YPaHUJI-MOHA 10 YETHIPEXBAJIEHTHOTO COCTOSIHUS. DTO MPOUCXOUT B MPUIOHHON
30HE, TJe PE3KO HM3MEHSETCS OKUCIUTEIbHO-BOCCTAHOBUTENBHBIM MOTEHIIMA.
Bo3MOXHO, 4TO yYacTh ypaHa copOUpyeTcss OpraHM4eCKHUM BELIECTBOM, O YEM
CBUJIETEJIbCTBYET KOPPEISALMOHHAS CBA3b MEX 1y HUMHU (puc. 4.15).

U, 104%
E <1
v )1-2,5
(M 2.5-5,0
Y 5-10
i 10-20

>20

o

anmammas
{ HY

Y i,

¥ =

i u;

I
——

‘i[ N\

0

Puc. 4.14. Pacnpedenenue ypaua 6 ocaokax: a — Yeproeo u A308cxko2o mopeii,
6 — mo dice, 8 nepecueme Ha beckapbOoOHamHoe 8eujecmeo
(no I''H. bamypuny, 1975)

YpaHOHOCHBIE  OKEaHHYeCKHe  OCaJKd,  COJAepXKallue ypaH [0
n x 1073+n x 1072 %, BCTpeUEHBI TAKKE y MOOCPSIKHMI MATEPUKOB B 30HAX OB~
eMa TIIyOMHHBIX BOJA — 30HaX amBesuinHra (Cmeicios, 1974). B stux 30Hax ypa-
HOM oOoraIeHbl IPaKTHYECKHU BCE Pa3HOBUIHOCTH MOPOJ (TEPPUTCHHBIEC IECKU U
QJIEBPOJIMTHI, WINCTBIC OTJIOXCHHS, PAKYINICYHHKH W Jp.), PACIIOIIOKEHHBIE Y
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TPaHUIIBI PacpPOCTPaHEHHs TUATOMOBBIX HJIOB. [locienHue oTianyaroTcsi Hauobo-
Jee BBICOKMMH COZep)KaHusIMHU ypaHa, 10 30+60 r/T (puc. 4.13). XapakrepHoii
OCOOEHHOCTBIO JTMAaTOMOBBIX HJIOB SIBJISIETCS HMX OOOTAlEHHOCTh aMOpP(HBIM
kpemHezeMoM (50—67 %), opranmueckuMm BemectBoM (10—-14 %) u dochopom
(1,5-3, unorma go 15-20 %).

35
X
5
3 30| U
't /|
% 251 //,
S 20} /
xR
g 151 /'/
2 74
5 A
e 10} Copr,/
3 //
e 5t el cacos
(@) 0 P g | P

I II I v \'%
Puc. 4.15. Omnocumenvras xonyenmpayus ypana, gpocpopa, Copr
(6 nepecueme na beckapoonammnoe eewecmeo) u CaCO3 6 0CHOGHBIX MUNAx
ocaokos Yeprnoeo mops (no I.H. Bamypuny).

I —necku, Il — anespumvi; Il — enunucmote unvl; 1V — enunucmo-uzeecmkogucmoie unbl;
V — uzeecmroso-enunucmoie uivl

docdop npuUCyTCTBYET B TUATOMOBBIX WJIaX B BHJEC PAaBHOMEPHO paccesH-
HOH pa3HOCTH, opraHodocdaTHOTO aeTpuTa (KOCTH W Yellysl pbl0) U THareHeTH-
yecknx (ocdarHex 3epeH U cTsDKeHui. OOoraiieHue O0CagKkoB  OpraHo-
dbocdaTHBIM JETPUTOB CBSA3aHO C MACCOBBIMU 3aMOpaMH (ayHbl B pe3yJibTaTe
CEpOBOZIOPOAHOTO 3apakeHHs. buoreHHbIN ¢ochaTHBIE MaTepuan COASPKHUT
ot 4 1o 700 r/T ypan. Ilpu 3TOM B c1ab0pOCCHIIM3UPOBAHHBIX OCTATKaX MHOTO
opraamyeckoro BemiecTBa (4—7 %). [To Mepe ymioTHeHus U (HOCCHIU3ALUU CO-
nepkaHue opranuku cHmkaetcs 10 0,5-1 %, a cogepkanue ypaHa pe3ko Bo3pac-
taeT (mo 0,01 %). JIume B OTAENBHBIX Pa3HOBUIHOCTIX IPyOO3EpHUCTHIX OCaJl-
KOB 3HAuMTeJbHAs YacTh ypaHa cBs3aHa c ¢ocdaToM Kanbliug. B ocTampHBIX
Cllydasix MOJABJISIOIAsl YacTh YpaH B TOM WJIM MHOM BHJE NMPUYpPOYEHA K Opra-
HUYECKOMY BEIIECTBY, TaK )K€ KaK M B pailoHaX TTyOOKOBOJIHOTO CEPOBOJOPOJI-
Horo 3apaxenus (Cmbicnos, 1974).

ITo nannem I'.H. barypuna u np (1986), nzydyaBmmx coBpeMeHHble docda-
TOHOCHBIE 0Ca/IKH Ha mienb(pe HamubOum, B MOPOBBIX BOAAX YIIIEPOJUCTHIX AUATO-
MOBBIX OCaJIKOB ITPOMCXOAUT pe3K0oe HaKomieHHe ypaHa — A0 600 MKr/i mo cpas-
HEHHUIO ¢ 3 MKT/I 1yt MOpcKoit Bozbl. [Ipu popmupoBanuu GpocaTHbIX CTKEHUHI
OHH 00O0TalaIOTCs ypaHOM, COAEP KaHUE KOTOPOTo MOKeT focturats 106 r/T.

Jpyrum myTem (UKCAllUU ypaHa B MOPCKHX OCAJIKax SIBISIETCS] €r0 CBS3bI-
BaHHUE B KEJIE30MAPTaHIICBBIX 00pPa30BaHUAX Ha JIHE OKeaHa. B MeTaluIoHOCHBIX
OCaJiKax, CBSA3aHHBIX C TOJBOJHBIM BYJIKaHHU3MOM, OOHApYKEHbI CIa0OMOBHI-
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[ICHHBIE KOHIIGHTPAIlMM ypaHa U Topus. Bomibllyio ponb B HAKOIUIGHUH ypaHa
WrPaeT CMEHA OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX yCIOBUU. [locnoiHOo aHamu-
3Upysl KOJOHKY ocaakoB Tuxoro okeana, J. boHaTTu ¢ KoJuleraMmu mokasaiu, 4To
Mn, Co, Ni, P, La HakanmmBaroTcst B BEpXHEM OKHCIICHHOM ciioe ocaakoB (pH = 7,7;
Eh=30mV), a U, V, Cr — na rmyoune 1 M B HUKHEM BOCCTAHOBUTEILHOM TOPH-
3ouTe (pH = 7,8; Eh = —410 mV) (batypun, 1975). B noaBoaHbIX ruapoTepMax
W3HAYaJIbHO TPUCYTCTBYET ABYXBAJICHTHOE JKEJI€30, OKHUCICHHE KOTOPOTO MpH-
BOJUT K BOCCTAHOBIICHHIO ypaHa U €r0 COOCAXKICHHUIO ¢ ruapookuciamu Fe3*. TTo
ornenkam A.B. Capenko (1995), coocaxaeHue ypaHa ¢ TUAPOOKUCIAMU JKele3a
coctaBisieT 6—15 % oT ero Macchl, MOCTYMAOIIEH C PEYHBIM CTOKOM.

B BeptukanpHOM mpodriic COBPEMEHHBIX OKCAaHHYECKUX OCAIKOB pacIpeie-
nenue paaroakTuBHbIX neMeHToB (U u Th) goctarouno BeiaepskaHo (tadu. 4.23).

Tabmwuma 4.23
Paouonyxnuost 6 donnwvix ocaokax okeanos (no I'.H. bamypuny, 1975)*
T'opuzont, cMm | U, r/t | Th, r/T | Th/U
Kpacnas riiuna. CeBepHasi ATJIAaHTHKA, IyOnHa 5190 m
0-6 2,84 29,0 10,2
30-35 2,69 17,0 6,3
75-80 3,10 22,4 7,2
92-97 2,65 19,2 7,2
147-150 2,76 21,4 7,8
210-215 2,83 20,1 7,1
250-255 2,76 19 6,9
330-333 2,68 20,7 7,7
390-395 2,83 19,5 6,9
470-475 3,82 20,5 54
550-555 2,77 21,2 7,7
720-725 3,09 21,8 7,1
880885 3,07 20,5 6,7
1005-1010 2,97 18,5 6,2
1112-1117 3,05 18,1 59
Cpennee 2,9 20,6 7,1
Kpacnas ramna. FOxnas yacth Tuxoro oxeana, riayouna 5528 m
0-5 23 14,6 6,3
30-35 3,3 13,4 4,1
50-55 3,0 14,6 4,9
70-75 3.4 15,0 4,4
100-105 3,0 14,3 4,8
150-155 3.3 14,9 4,5
400405 3,1 11,1 3,6
Cpennee 3.1 14,0 4,6
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Oxonuanue maba. 4.23

Teppurennbie ocagku rpy0o3epHucTbie. ApKTHKA, Ii1youna 3437 m
T'opu3oHT, cM U, r/t Th, r/t Th/U
02 2,6 9,8 3,8
3-5 2,9 10,7 3,7
68 2,2 8,4 3,8
10-13 2,6 10,9 472
15-17 2.4 8,7 3,6
18-20 2.8 11,8 472
22-24 23 10,3 4,5
27-29 2,3 10,6 4,6
4648 2,3 10,6 4,6
52-54 2,6 10,4 4,0
61-63 2,1 8,4 4,0
Cpennee 2.5 10,1 4,1
®opamuHH(EPHBII WI. DKBATOP, ATJIAHTHKA, INIyOnHa 4675 M

0-5 2,09 12,3 5,9
50-57 2,79 17,1 6,1
160-166 2,88 15,4 5,3
194-200 7,2 12,4 1,7
350-356 2,92 11,3 3,9
662—670 3,04 11,8 3,9
952-960 2,97 19,8 6,7
Cpennee 34 14,3 4,8

Ipumeuanue: * — cofiepkaHue ypaHa U TOPUs JaHO B MEpecueTe Ha 0CA0K, OCBOOOKICHHBIN OT
KapOOHATOB U XJIOPHJIOB.

AHaiM3 JTaHHBIX TaOJHIIBI TIOKA3bIBACT, YTO B IEJIOM IS TITyOOKOBOIHBIX
OKCAHNYCCKUX OCAAKOB XapaKTCPHBI HE3HAYHUTCIBHBIC pa3jiniusa COACpPKaHUA B
HuX ypana. CoaepkaHue TOpUs TIPU ITOM H3MEHseTCs Oonee 3HauuTenbHO. [Ipu
ATOM B TUIyOOKOBOJHBIX OCaJKax IMOBBIIIEHO TOpUii-ypaHOBoe oTHoIineHue. [lo-
BBHIIIICHHOE TOPUK-YPAHOBOE OTHOIIEHHWE MOXHO OOBSCHUTH OOJNBIICH IMOJBHIK-
HOCTBIO ypaHa, 10 CPAaBHEHHIO C TOPUEM, B MOPCKOH BOJIE U, CJICIOBATEIBHO, €TO
n30MpaTenbHBIM BHINIETaYMBaHUEM W3 B3Beced. Ha 3To ykasbiBaeT (akT BechMa
HU3KOTO OTHOIIIEHUS DJIEMEHTOB B OK€aHWYECKOW Bojie. HeckonbKo MOBBIIIEHHOE
CoJIepKaHUE PATUOAKTUBHBIX AJIEMEHTOB B JIOHHBIX OCaJKaX MOXET OBITh 00y-
CJIOBJICHO JIByMsI IpoIlecCaMy: M30MpaTeNbHBIM BBIIIEITAYUBAHUEM U3 B3BEIICH-
HBIX YaCTHI] TOPOI00OPA3yIOIINX IIIEMEHTOB U COOCaXICHUEM ypaHa U TOPHS B
OCaJKM1 C T'TMHUCTBIMU MUHEpaJIaMH, XKEJIC30MapraHiuCBbIMH KOHKPCIUAMHA U AP.
Pous nepBoro gakropa, mo-BuauMoMy, 6ojiee 3HaunTenbHa. Th*, ci1abo Murpu-
pys B BOJHBIX pPacTBOpaxX, HEOXOTHO MEPEXOIUT B PACTBOPEHHOE COCTOSHUE, TO-
3TOMY TMPOHUCXOAHUT €r0 OTHOCHUTEIbHOE KOHIICHTPUPOBAHUE B JIOHHBIX OCAJKaX
IIpH BbIIICIAYNBAHUHU JICTKOPACTBOPHUMBIX 3JICMCHTOB.

H.A. TuraeBa (2005) ormermia npeobnamanue uzoroma 234U man 238U B
Mopckoi Boae. M30BITOK OYepHEro M30TONa HaJl MATEPHUHCKUM OOBSCHSAETCS
€ro BbILIEIAYMBAHUEM W3 CHJIMKATHBIX Mopoj 0e3 mx pacTtBopeHus. B ocagkax
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OTHOIIIEHHE W30TOINOB, HA00OPOT, MOHMUKEHO, YTO TOITBEPIKIACT MPOIECC BbI-
IIeJTaYuBaHMS.

Th B TOHHBIX OcajKaX OKEAHOB PaCIPeIeicH OTHOCHTEIBEHO paBHOMEPHO. Bo
BCSIKOM Clly4ae, HCCliefioBaHue MHAMHCKOTO OKeaHa TOKa3alio, 4YTO 3aMETHOTO
YMCHBIICHHA €0 COACPIKAHHA B JOHHBIX OCAaAKax IO MCPC YAAJICHUA OT KOHTH-
HEHTOB He ycraHoBiieHo. [Ipeanonararot, uTo B TaHHOM ciydae 232Th npuypoueH K
HanOoJIee TOHKOJIUCIIEPCHON YacTH TEPPUTEHHOTO Marepualia U MO3TOMY Pa3HO-
CUTCA OTHOCHUTCIIBHO PAaBHOMCPHO IIO Bcel AKBATOPUH. Kaxk BUIHO U3 Ta6J'II/IIII)I
(Tabn. 4.24), conmepkaHue TOpUS B MOPCKOW BOJE HEBEIWKO, a PaAHMOAKTHBHBIX
NpCAIICCTBCHHUKOB Y HCT'O HCT. OTCIOI[a MOXKHO 3aKJIFOYUTh, YTO OCHOBHAsA OOJIA
232Th mocrymaeT B JIOHHBIE MOPCKHE OCAJIKH B COCTABE TEPPUTEHHOTIO MaTeprara.

Tabmuma 4.24

Cooepoicanue U30monog mopusi 8 800ax, 838eCsx U OOHHBIX 0CAOKAX OKeaHa
(no K.B. Jlecuny)

OOBeKT uccaeI0BaHUS 2Th 2%Th (Jo)
Bojia OTKPBITOro OKeaHa, I/1 (1,0-7,9) x 107 | (2,6-20,3) x 107"
BsBecw, /T 0,1-6,0 (0,3-4,4) x 107
[ToBepXHOCTHBIH CII0H JOHHBIX OCAAKOB, I/T 1,2-36,8 (2,9-162,0) x 107

CornmacHo Muenuro B.A. ®unonosa (1995), mis 2°Th (Jo) cymiectByror aBa
NPUHIUITAATBHO PA3JIMYHBIX ITyTH ITOCTYIUICHUS] B MOPCKUE JIOHHBIC ocaiku. Pa3m-
YalOT UOHUMN «TEPPUTECHHBIN» U «ayTUTCHHBINY. [IepBbIil N3 HUX MOMAJAET B OCAJIOK
B COCTaBE TEPPUTCHHOTrO Marepuala, B KOTOPOM OH oOpasyeTcs B pe3yJibTare pac-
naza 238U. Jlosist TEpPUreHHOr0 HOHKS B BaJIOBOM COZIEPKAHHUH €r0 B JIOHHOM OCal-
K€ YMEHBIIIACTCSI 110 Mepe YIAJICHUS] OT HCTOYHUKOB CHOCA U BO3PACTAET JOJIs Ay TH-
TEHHOTO MOHUS. AYTUTEHHBIN HOHUI 00pa3yeTcsl B TOJIIIIE MOPCKOM BOJBI B pe3yJib-
Tare paJMOaKTUBHOIO pacrana sep ypana (24U), pacTBOPEHHOTO B BOJE, a 3aTeEM
copOHpyeTcsl Ha pa3IMYHBIX B3BecsX. [lomaBisttomast 1ot MOHHS TITyOOKOBOIHBIX
0CAJIKOB OTKPBITBIX YaCTEH OKeaHa MMEET ayTUTCHHOE ITPOUCXOXKICHHE.

ITo maunaeiM B.M. Kymmosa (1994) s Kapckoro mopsi, 23#Th u3 pactBopu-
Mol hopMBbI OBICTPO, B cpeiHeM 3a 12 mHeH, nepexoasiT BO B3BECh, a Ta IPUMeEp-
HO 32 TaKOM )K€ CPOK TOMaIaeT B JOHHBIE OTIOKECHUSI.

Takum 00pa3oM, B MOPCKMX M OKEAHWYECKHX OCAJIKax ypaH paclpenesieH
HEpaBHOMEPHO, TPEAEIbl €ro COJEpKaHU B TTOBEPXHOCTHOM CJIO€ COCTAaBIISIOT
0,1-60 t/1. Topuii pacnpeneneH Oosiee paBHOMepHO. CyIIecCTBEHHBIE €ro KOH-
[EHTPAIUU CBSI3aHBI TOJIBKO C TPUOPEKHOW 30HOHM, TNle OH HAKAIUIMBAeTCs B
pUOPEKHO-MOPCKUX POCCHIAX. B OCTaNbHBIX clydasiX ero coaep)kaHue COroc-
TAaBUMO C KJIAPKOM ISl 3eMHOM KOpbl. HeKoTOpoe MCKITI0YeHNEe COCTaBIIAIOT TITy-
OOKOBOJIHBIC KpacHbIC TJUHBI OTKPHITOM YacTH OKEAaHHMYECKUX BIAIWH, B KOTO-
pBIX (huKcupyroTcs coaepkanus Topust 1o 10—15 r/T.

B MOpsSIX OTHOCHUTENBHO TOBBINICHHbIE KOHIIEHTPALMM YpaHa TATOTEIOT K
BIIQJIMHAM, B OKeaHe — K IIeib(oBON 30HE M KOHTUHEHTAIBHOMY CKJIOHY. KoH-
LEHTpalKs THIPOreHHOr0 ypaHa B 0Ca/Ikax KOHTPOJIUPYETCs, B IEPBYIO OYepeb,
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pacrpeneieHueM B HUX OPraHHYECKOrO BEHIECTBa, KOTOPOE M3BJICKACT YpaH W3
MPUIOHHBIX BOJ Orarojgaps CBOMM CBOWMCTBAM COpPOCHTA, BOCCTAHOBUTEINS H
KOMILIeKcooOpa3oBareisi. B okeaHax W, B MEHbIIEH CTENEHH, OTKPBITBIX MOPSX
ypaH 4aCTUYHO CBSI3aH TAKXKE C )KeJIe30M, Mapraniem u ¢pochopom.

PacnipeneneHre u KOHIICHTpALUsl ypaHa B MOPCKUX OCaaKaxX OOYCIIOBJICHBI
HECKOJBbKUMH (pakTopamu. bronorndyeckasi mpoayKTUBHOCTh OACCEHHOB CO3/aeT
MPEINOCBIIKN TSI HAKOIJICHHUST OPTaHMYECKOTO BEIIeCTBA B OCAJKaX, HO JUIS
peanu3ayy STOW MPEANOChUIKH HEOOXOTUMBIM YCIOBUEM SBIISCTCS MHHAMYM
TEPPUTCHHOHN CeIMMEHTAIINH, BO3MOYKHOM JIUIIIb TP OTCYTCTBUU aKTUBHBIX TEK-
toHnveckux nprwkeHuit (barypun, 1975). Penbed nuHa u cucrema teueHuid urpa-
IOT TIPU 3TOM BCIIOMOTATENBHYIO POJIb. [ MAPOXMMHUYECKHIA PEKUM BOJOEMOB
BJIMSIET HA MHTEHCHBHOCTD MEPEX0/ia ypaHa 13 BOJ B OCaJIKH. B cepoBOIOPOIHBIX
OacceifHax ypaH H3BJIEKAaeTCS B OCaJIKu ObIcTpee, 4eM B a’pupyembix. Hakorute-
HUIO ypaHa B OCaJIKax CHOCOOCTBYET NOBBIIICHHOE €r0 COAEp)KaHHEe B BOJAX,
HHU3KHUE TEMIIBI CEAUMCHTAIlUU, 0OHOBIIEHUE IMPUAOHHBIX BOI.

OcHoBHas Macca ypaHa M OpPraHUYECKOTO BEIIEeCTBA, KAaK M OCHOBHAs Macca
TEPPUTEHHOTO MaTepHalia, OCaKIaeTcsl B mepudepruuecKkux 30HaX MOped U okea-
HOB, B IIpe/ieiiax MIenb()OB ¥ KOHTHHEHTAIBHBIX CKJIOHOB. [10 3TOM Mpu4HHE B KO-
HEUYHBIX 0acceifHax CTOKa MPOUCXOIUT MPEUMYIIECTBEHHO pereHepanus (poHOBBIX
KOHIIEHTpAIMH ypaHa, XapaKTepHBIX Ul MOPOJ IUIOMAAeH BoJ0cOOpa U 3€MHOM
Kopel B nesnioMm. CpesHee €ro coiep’kaHhe B MOPCKHX M OKEAHWYECKUX OCaJIKax
COCTaBJISIET MPUMEPHO 3 T/T. DTO MOKA3bIBAET, YTO B COBPEMEHHBIX YCIOBHAX OC-
HOBHBIM HCTOYHHUKOM ypaHa B MUPOBOM OKEaHE SIBJISICTCS] TEPPUTCHHBIN CTOK.

Paznuuust B reoJOrHuecKOM CTPOSHHH M YPAHOHOCHOCTH TUIOIIAACH BOIO-
cbopa MOpCcKHX 0acCEfHOB HE OKa3bIBAIOT Ha pacmpeiesicHHe YpaHa BHIUMOTO
BIUsiHUA. CBSI3YIOIIMM 3B€HOM MEXIYy COCTaBaMH MOPOJ] CYIIH U MOPCKUX OCal-
KOB SIBJISIETCS COCTaB B3BEIICHHBIX M PACTBOPEHHBIX BEIIECTB PEYHOTO CTOKA,
KOHTPOJIMPYEMBIH, B CBOIO OYepellb, KIMMATUYECKON M TEKTOHUYECKON 30HAIb-
HOCTBIO BBIBETpUBaHUs. [Ipy 3TOM pa3nuuus B KOHIEHTPAIUH M COOTHOIICHHUH
B3BEIIIEHHOI'0 U PACTBOPEHHOI'O ypaHa Pa3HBIX PEK HUBEIUPYETCA NPU IIOCTYII-
JICHUU 0Ca/I0YHOTO MaTepHualia B KOHEUHbIe OacCceiHbI CTOKA.

4.3.3.2. Paouoaxmuenuvie 3;1emenmol 6 OOHHBIX OMIIONCEHUAX
KOHMUHEHMAIbHBIX 6000€MOE U 6000MOKOE

ConepxaHue ypaHa U TOPUsSI B IOHHBIX OTJI0XKEHUAX KOHTHHEHTAJIbHBIX BO-
JIOEMOB U BOJIOTOKOB M3YUY€HO HEJIOCTAaTOYHO. B mocneanue roasl 3ToMy BOMPOCY
CTaJIM yAENATh Bce OObIllee BHUMAHHUE B CBS3U C PEIICHHWEM BOMPOCOB KOJIO-
ruv. JIOHHbIE OTJIOKEHHUS 3aCTOMHBIX BOJOEMOB SIBJISIFOTCS MPEKPACHON JAENOHU-
pyromiel cpenoi, Mmo3BONAIONMEH pacundpoBLEIBATH BOMPOCH PaIHMOAKTHUBHOTO
3arpsi3HEHUS KaK OTJENbHBIX YYaCTKOB, TaK M OOIIMPHBIX PETHOHOB 32 IOCTATOY-
HO JUTUTEIbHBIE IEPUObI BPEMEHH.

PannoreoxumMus BOAOTOKOB M3y4eHa CYIIECTBEHHO ciabee, Tak Kak ajulio-
BUAIBHBIC OTIIOKEHUS MEHEee HH(POPMATUBHBI JUIS OLEHKH TUHAMUKHA U3MCHCHHSI
COoIEpKaHUs YpaHa U TOPUS B OKPYKAIOILIEH cpeae. Y CTaHOBJIEHO, YTO COJEpHkKa-
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HUE€ ypaHa U TOpUS B JIOHHBIX OTJIOKEHHSIX BOJAOTOKOB COOTBETCTBYET MX KOH-
LEHTpallMi BO BMEIIAIOIINX MOpoJax o0JacTu cHoca. B peuHoMm aiuiroBUU Ipo-
UCXOOUT YCPETHEHUE COACPKAHUS PAHOIEMEHTOB.

Cornacuo nanHeiM H.A. Tutaeoii (2005), koHLEHTpaLUusl PaJUOHYKIUIOB B
pBIXIBIX oTHOkeHusX U Th/U BOmu3mM obmacTei CHOoca OTpaskaeT COCTaB TOPHBIX T10-
POJ, OJBEPIIINXCS BEIBETPUBAHUIO. Tak, B alumtoBUM p. JICHBI IPOUCXOIUT yCpe-
HEHHE MOCTYNAOILEro Ty1a MaTepyuaia. TH MapaMeTpbl OCTAIOTCS I0CTaTOUHO I10-
CTOSIHHBIMU B mpocTpaHcTBe (Ha npoTsbkenuu 1000 kM ee pycna u 1o BceMy cede-
HUIO JOJIMHBI) U BpEMEHH (HE 3aBUCST OT BO3pACTa AUTIOBHAJIBHBIX OTIIOKEHUH Kak
PYCIIOBOH, TaK ¥ TOMMEHHOM (arii) u OIM3KHU K KIApKy IJIsl 36MHOM KOPBI.

B npouecce coBpeMEHHOTO KOHTMHEHTAIBHOIO OCA/IKOHAKOIUIEHUS YPaH SB-
nsiercs 6osiee MOABMKHBIM 3JIEMEHTOM, YeM TOpuil. BeIHOC ypaHa npu BbIBETpHUBa-
HUM TOPHBIX nopoA npumepHo Ha 50 % Bbliie, yem BbIHOC Topusd. i ypaHa Xa-
paKkTepHa KaK XMMHUYECKasi MUTpAIUsl B PACTBOPEHHOM COCTOSIHHH, TaK U MEXaHU-
4yecKasi — CO B3BEChIO M OOJIOMOUYHBIM MAaTepUAIIOM, IPUYEM IOCTEIHsS peodia-
nmaet. J{ns Topusi pe3ko mpeobnamaer mexanudeckas murpaius. H.A. Turaea
(2005) cumutana, 4TO TOPUN MUTPUPYET UCKIIOYUTEIHHO MEXaHUYECKUM Ty TEM.

N30uparenpHOe HAKOIUIEHHE ypaHa JOHHBIMU OCaJKaMU MPOUCXOJIUT JIUIIb
B 3aCTOMHOM THIAPOJUHAMUYECKOM PEKHUME B MPUCYTCTBUHM OPTraHUYECKOTO Be-
[IECTBA, TJIABHBIM 00Pa30M B 03e€pax U HU3HHHBIX TOPPSHUKAX, TJI€ MPOUCXOIUT
BoccraHoBieHue U, copOMpOBaHHOTO OCAIKOM U3 BOJIBI.

Hccnenoanue 149 o3ep Cubupu B.J[. CTpaxoBeHKO ¢ KoOJIIeTraMH TOKa3a-
JI0, YTO COJAEpKaHHE PaJUOAKTHBHBIX 3JIEMEHTOB B HHUX OTYETJIUBO yHAclEOyeT
pPagroreoXuMHIeCKue OCOOCHHOCTH TOpoa M Mo4YB pervona (tabdn. 4.25). Co-
JIep>KaHUs ypaHa M TOPHs B IOHHBIX OTJIOXKEHHSIX COOTBETCTBYIOT €CTECTBEHHOM
PaAMOAKTUBHOCTH MOPOJI U MTOYB PErMOHA M, KaK MPABUIIO, HUXKE, YEM B IMOYBEH-
HOM TOKPOBE BOJOCOOPHBIX TUIOLIAACH AJisi TOPHsS U YyTh BBIIIE — ISl ypaHa.
DTO XOpOIIO BHJIHO IO OTYETIMBO MOHWKEHHOMY TOPHI-YpaHOBOMY OTHOIIIE-
HUIO B JIOHHBIX OTJIOKEHHUAX IO CPABHEHHIO C TIOYBOM.

Tabmuma 4.25
Cooeporcanue ypana u mopus 8 OOHHbIX OMIOHNCEHUAX 03D PA3TUYHBIX
peacuonos Cubupu (no B./]. Cmpaxogenxo u op., 2006)

Pervon KomnoneHT U, /T Th, r/T Th/U
Skoperuon Baiikan JIOHHBIE OTJIOKECHUS 3,1 5,5 1,8
ITousa 2,1 6,4 3,0
Pecry6mmka ThiBa JIOHHBIE OTIIOXKEHUS 1,6 2.9 1,8
ITouBa 1,64 4.5 2,7
SImano-Henenkuii AO JIOHHBIE OTIIOKEHUS 1,1 1,9 1,7
ITouBa 0,9 1,9 2,1
Pecriy6amka Caxa JloHHBIE OTJIOKEHUS 1,6 4,7 2,9
ITousa 1,6 6,2 3,9
Auraticuii kpai JlOHHBIE OTJIOXKEHHUS 2,7 7,8 29
ITouBa 2,1 7.2 3.4
Pecry6muka Anrait JIOHHBIE OTJIOKCHHS 2,7 5,6 2,1
Ilouna 2,4 6,7 2,8

194



I'nasa 4. Paduo2eoxumusi 3K302eHHbIX NPOLUECCO8

BecbMa nmokazarenbHbI JaHHBIE, TOTYYeHHbIE 1711 3aCTOMHBIX BOJOEMOB Iora
Tomckoii obmactu A.}O. BanosiM (2007). DTH TaHHBIC TOKA3BIBAIOT TOBOJIHHO
BBIICPKAHHOE COJIEP’)KaHUE TOPHUS HA BCEH TEPPUTOPHH IOTa OOJIACTH U PE3KYIO
HEOJTHOPOJHOCTh KOHIICHTpanuu ypaHa (tabm. 4.26). Haubonee BbICOKHE KOH-
LIEHTPAllMd ypaHa yCTaHOBJEHBI Ha caMoM fore obnactu B KoxkeBHHKOBCKOM
paiioHe B JIECOCTENMHOM 30HE M B coceqHeM ¢ HuM lllerapckom paitone. Bepost-
HO, TOBBIIIEHHBIC B OTACIBHBIX MpoOax coaepxkanus 10 60 /T ypaHa o0ycCioB-
JICHBI €r0 BBIHOCOM W3 BBIBETPHUBAIOIIUXCS TPAHUTOB U MEPEOTIIONKCHHEM (KOH-
[EHTpaliell) Ha OpraHMYeCKOM BEHIECTBE OHHBIX OCAJIKOB. biarompusTHbEIM
(hakTopoM AJIs HAKOIUICHHUS ypaHa 0Ka3aJoCh HE TOJIbKO MOJOKEHUE 03ep BOIMU3U
MaccuBa IPaHUTOB, HO U OoJiee TEIUIBINA CyXOil KiIuMMmar, 0O0yCIOBHMBIIUN MHUTpa-
U0 ypaHa B pacTBopeHHoi ¢hopme (MBanos, 2007).

Ta6muma 4.26
Cooepoicanue ypana u mopus 8 OOHHbIX OMIONCEHUAX 03eD
1oea Tomckoit obracmu (no A.FO. Usanosy u op., 2007)

OOBEKT HCCIIEN0BAHUS Komnuuectso mpob U, r/t Th, r/t Th/U
Tomckast 06macTh, B T.4.: 303 3,3 7,1 2,2

Tomckuit paiioH 36 3,7 6,9 1,9

KoxeBHukoBckuii pailon 50 5,0 7,5 1,5

Bakuapckuii paiion 18 0,9 6,8 7,6

[erapckwuii paiioH 23 4,1 8,2 2,0

3BIpSHCKUN paiioH 40 3,1 7,6 2,5

ACHHOBCKHUH palioH 69 3,5 7,8 2,2

KpuBomennckuii paiion 59 3,0 7,2 2,4

Crnenyer Takke OTMETUTh, YTO Pa3HbIE THIIbI JOHHBIX OTJIO)KEHHWW B pa3HOU
CTENEeHU KOHIICHTPUPYIOT PaJMOAaKTUBHBIC 3yieMeHThl. KapOoHaTHbIE carpomnese-
BbI€ Wbl O€HBI KaK ypaHoM, Tak u TopueM. CornacHo aanHbM B.Jl. CtpaxoBeHKo
u 7p. (2007), nanbosnee oOoraiieHbl ypaHOM OpraHOT€HHbIE WIIbI, HAaMEHee — Kap-
OoHaTHbIe 0TNIOKeHUs (Tabn 4.27). TeppureHHble Wbl 3aHUMAIOT TPOMEXKYTOUHOE
nojoxxenue. Topuem Oornee oboramieHbl TeppUreHHble wibl. KapooHnaTHele u opra-
HOTEHHBIE UJIbl XapaKTEPU3YIOTCS IOHM)KEHHBIM COJIEPKAHUEM TOPUSI.

Tabmnuua 4.27

Yepeouennvie codepocanusi ecmecmseeHHbIX pAOUOHYKIUOOE 8 OOHHBIX
OMIONCEHUSX 03€D PA3TUYHBIX MUHEPATbHBIX MUNOE U COEHOCMU
80001 03¢p (no Cmpaxosenxo u op., 2007)

DJIEMEHTBI ‘ U(Ra), I/t ‘ Th, r/T Th/U ‘ K, %
CocTaB JOHHBIX OTJIOKEHUHN
Teppurennsie 2,7 5.8 2,1 1,6
KapOonarasie 2,1 34 1,6 1,0
OpraHoreHHble 4.5 4,0 0,9 0,5
Munepanuzanus BObl
[IpecHsie 2,2 4,7 2,1 1,1
Couenble 2,2 49 2,2 1,2
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W3 3TuX JaHHBIX CIeayeT, YTO MUHEpaIu3alus BOJ HE OKa3bIBA€T CYIIECT-
BEHHOI'O BIIUSIHUS HA HAKOIUICHHE YpaHa U TOPHUS B JOHHBIX OTJIOKCHUSX.

W3MeHeHne yciaoBUH HAKOIUIEHUS OCaJKa NMPUBOJAUT K U3MEHEHMIO CONEp-
xanus U u Th. Oto xopomo BugHO Ha puMepe 03. UepHoro, pa3pe3 KOTOPOro
u3ydeH B okpecTHOCTsX I. Tomcka (MBanos, 2008; puc. 4.16). 3aecy mpou3soliia
CMeHa KapOOHATHBIX CAMPOTNENEBbIX OTIOKEHUN HIUCTBIMUA TEPPUTSHHBIMH, YTO
npuBeso K pocty conepxkanus U u Th.

0 10 20 30 40 50

my6uHa, cm

U, Th, rit
Puc. 4.16. Pacnpedenenue ypana, mopust u Kanbyus 6 6epmuxaibHom npouie o3. Yeproe
(no Usanosy u op., 2008)

TopdsiHbie TOHHBIE OTIIOKEHUSI CIIOCOOHBI HAKAILUIMBATh ypaH, HO, KaK Ipa-
BUJIO, O€THBI TOPHEM.

Pacnipenenenne ypana u TOpusi B CTpaTH(PHUIIMPOBAHHBIX pa3pe3ax TOHHBIX
OTJIO’)KEHUH pa3HBIX PErMOHOB, KaK MPaBUIIO, JOBOJIBHO 0AHOPOoAHO (CTpaxoBeH-
KO | Ap., 2006). MckirouenreM 13 o0IIero mpaBmia CIy»aT JOHHBIC OTIIOXKCHUS
peruoHa o3. baiikan. Ha rimyoune npumepno 40 cM MPOUCXOIUT pe3Koe BO3pac-
TaHUE COJEPKAHMS KAK ypaHa, TaK U TOPUS C MOCIEAYIOIIUM PAaBHOMEPHBIM pac-
MIPENICTICHUEM JI0 COBPEMEHHOW TPAHMIIBI 0CA00K—800d. DTOT HEOOBIUHBIA (aKT
CBA3BIBAIOT C HAYaJIOM aKTUBHOM ropHoJoObIBatomiel aesteapbHoctd B 4050 rr.
XX BeKa Ha 3TOM TEPPUTOPHH.
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4.3.3.3. Paouoaxmuenvie 31emenmaol ¢ noueax

[TonsiTe o mouBe BrepBble ObLIO chopmynupoBano B.B. JlokydaeBbiM.
[TouBoit Ha3bIBaeTCS BEPXHHM TOPU30HT JTUTOC(EPHI, BOBICYCHHBII B OMOJIOTH-
YECKUI KpyroBOpPOT MPHU Y4YaCTUU PACTEHUMU, KUBOTHBIX M MUKPOOPTaHU3MOB U
obnamaronuii Tiogopoauem. CornacHo mnpenctaBiaeHusM B.M. Bepnanckoro,
«2Mo 0bnacme HaAUBbICULET 2EOXUMUYECKOU IHEP2UU HCUBO2O BEULECNBAN .

KoHuentpanus ypana u Topusi B IOYBaX 3aBUCUT OT UX COJEPKaHUS B MOJ-
CTHJIAIOLIUX MOpoJax. DTO SBJIEHUE XOpOUIO U3BeCTHO. Ha HeM ocHOBaHBI reo-
XUMHUYECKHE METO/IbI TOMCKOB [0 OPE0jIaM paccesiHus MECTOPOXKICHUN. YHacle-
JIOBaHUE TIOYBAMH PAJIMOAKTUBHOCTH MTOYBOOOPA3YIOMINX TTOPOJ MPOCIECKUBAIOT-
Csi B CaMbIX pa3HbIX NPUPOJHO-KIMMATHUYECKUX 30HAX C PA3IUYHBIMU THUIIAMH
BBIBETPUBAHMSI U TOYBOOOPA30BaAHUS.

Knapk ypana B nmouBax, mo A.Il. Bunorpanosy, — 1 r/t. [lo 6onee nmozqaum
JaHHBIM, OH OIlleHHBaeTcs BennanHoi 2,0 r/T (MBanoB, 1997).

Haubonee momxo u3yuyensl Bepxuue ropu3oHTsl nmouB CHIA. Jlns Hux He yc-
TAQHOBJIEHO CYILECTBEHHBIX PA3JIMUUN COJEp’KaHUM ypaHa B pa3HbIX TUIAX IOYB.
[Ipenensr konebanuii ot 0,3 g0 10,7 r/T. OTMEUANHCh U OYECHb BBHICOKHE KOHIICH-
Tpamu ypaHna — 10 100 r/T, kak mpeanonararT, TEXHOTE€HHOTO IIPOUCX 0K ICHHS.

NMeroTcst Takke CBEACHHS O CPEJHEM COJAEpKAHUU ypaHa B mouBax Benu-
koOpuranuu (2,6 1/1), Kanagst (1,2 1/1), [Homemm (0,79 r/1), Unaun (11,0 1/1).
Cpennee conepxanue ypana B nousax CCCP — 1,5 1/t.

[To nanueim B.B. KoBanbsckoro (1968), conep:kanue ypana B mouBax ypaHo-
BBIX IIPOBUHIMH BBILIE, YEM HA HEYPAHOHOCHBIX Teppuropusx. Hanpumep, B Hc-
ceik-Kynbckoit rpaben-genpeccun oHo cocraBuio 5,8+10,7 1/, Torma kak B
Kypckoit cunexnmse — ronsko 0,5+0,8 r/T.

Knapx Topus B mouBax, mo A.Il. BunorpagoBy, — 9 r/t. B 1o *e Bpems
CpenHsisl OlleHKa AJisi cTpaH Mupa cocrapisieT 7,812,8 r/t (UBanos, 1997). Cpen-
Hee cozepkanue Topus B nmousax ObiBmiero CCCP 6,5 r/T, Topuii-ypaHoBoe OT-
HomeHue — 4,4. Jlyig pa3HbIX PErMOHOB COJAEPKAHUE TOPUS B ITOUYBAX U3MEHSETCS
ciabo u cocrasiuseT, no JI.U. bonruesoit (1980): EBponeiickas yacTb — MOJ30J1bI
perunona Bepxueit Boaru — 9,5 r/1; 3amagno-Cubupckas HI3MEHHOCTb — 6,5 1/T
(Th/U = 4,4); Bocrounas Cubupp u Jlansauii Boctok — 6,4 /1 (Th/U = 4,6);
Cpennsst Azus u Llentpaneubiii Kazaxcran — 6,7 1/t (2,9) npu n3mMeHeHuu To-
pHif-ypaHOBOTO OTHOIIEHUS 3a CUET HAKOIJICHHUS ypaHa B apUIHBIX 00JIacTsX.

[To manabiM H.A. TutaeBoi, OCHOBHOE KOJIMYECTBO TOPHUS B MOYBAX HAXO-
IUTCS B BUJE€ MUHEPAJIbHOW (paKIMU MPU BO3MOXKHOM OOOTalleHUU WILTIOBH-
aJIbHOTO TOPHU30HTA 3a CUET MPUBHOCA WIUCTOM, oboramenHon Th-dpakiuu.

CpenHue naHHble 10 cofepxkaHuio ypaHa u Ttopus B nousax CCCP no pe-
3yJbTaTaM pETHOHAJbHOW TIaMMa-crekTpoMerpuueckoit cbeMku (bonTHesa,
1980) nmokassIBarOT, 4TO COAEPKAHUE TOPHUS B MIOYBAX JIOCTATOYHO YCTOWUYHUBO, a
CoJIepKaHue ypaHa BO3PACTAET B YCIOBUAX apuaHOro Kinumata (tadu. 4.28). Co-
OTBETCTBEHHO, YMEHBILIAETCS] TOPUN-ypaHOBOE OTHOILIEHUE. Pa3max comepxaHuii
BecbMa BenuK. Jlaxke A mouB, oOpa3oBaHHBIX 3a CUET MOPOJ C KIAPKOBBIMHU
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YPOBHSIMH HAaKOIUICHHUS PaJIMO3JIEMEHTOB, COJIepKaHue ypaHa u3mensercs ot 0,1
1o 4,5 r/t, Topust — ot 0,1 mo 16,0 /1. Murnmaneusie conepxkanust Th (0,1+4,0 1/T)
u U (0,1+1,0 r/T) mpuypodeHbl K ceBepHbIM paiioHaM Bocrouno-EBpomneiickoit
pPaBHHHBI, T.€. K OOJIACTSM paCIpPOCTPAHEHUs IMOA30JIMCTHIX mouB. [lo maHn-
A THO-KJITMMATHIECKOMY PAaHOHUPOBAHHIO 3TO 00JACTH TyHAPOBOW M TaeKHO-
JICCHOM 30H, IIC KOJWYECTBO OCAJIKOB MPeOoOIagacT HaJl HCIApSIeMOCThIO, a BbI-
MBIBaHHE 3JIEMEHTOB M3 TIOYB Mpeo0IaaeT Haa ux akkymyssiiuei. KOxxHbIe paii-
OHBI OTJIMYAIOTCS HauOOJee BHICOKUMH KOHIICHTPALMSIMH PaJHOaKTUBHBIX 3JIe-
menToB: (0,5+3,0 1/1) U m (8,0+13,0 r/T) Th (Turaesa, 2000).

Tabmuma 4.28
Cpeonue codepaicrus ypaua u mopus 8 noweax CCCP
(no bonmmuesoii u op., 1980)
Pernon U, r/t Th, r/T Th/U

EBpomneiickas gacts u 3amagao-Cubupckas 1.5 6.5 4.4
HHU3MEHHOCTH

Bocrounas Cubups, Jlaneauii Boctok 1,4 6,4 4,6
Cpennsist Azus, Lentpanbnblii Kazaxcran 23 6,7 2,9
Cpeanee niia CCCP 1,5 6,5 44

Ananuz XapaKTepa HAKOIUICHUA U PACHPCACICHUA YpaHa U TOPUsS B IIOYBAX

MO3BOJIJI BBIJICNIUTH CIENyIOIIHe 3akoHoMepHOCTH (PuxBanoB, 1996):

YPOBHHU HAKOIUICHHS E€CTECTBEHHBIX DPAAMOAKTUBHBIX 3JEMEHTOB B MOYBAX
OTIPEJIENIAIOTCS COCTAaBOM MTOYBOOOpa3yromux nopos. Takas 3aKOHOMEPHOCTb
YCTAQHABJIMBACTCSI MHOTMMH HCCIIEIOBATENSIMH TI0 MHOTOYHUCIICHHBIM JaH-
HeIM. [IpH 5TOM OTMeUaeTcs, 4TO HE3aBUCUMO OT MPUPOTHO-KITUMATHICCKIX
30H coJIepKaHUe ypaHa B IMOYBaX, 10 CPABHEHUIO C MATEPHUHCKUMH TOPHBIMHU
MOpOJIaMH, B CpPEHEM COKpalaercs B 2 pasa, a Topus — B 2,5 pa3a. B nann-
madrax Mpearopuil ¥ peuHbIX JOJUH dTa B3aMMOCBS3b NPOSBICHA HE TaK
OTYETIINBO;

pacripenienieHue ypaHa ¥ TOpHs B ITOYBaX B BEPTUKAIHLHOM Mpouiie onpese-
JsIeTCsl XapaKTepoM W HaIpaBIICHHEM IIpoIiecca OYBOOOpPa30BaHuUs, CBOMCT-
BEHHOT'O TOI WJIM MHON OMOKIIMMATHYECKON 30HE. Y CTaHOBJICHO, YTO ypaH B
npoduiie AepHOBO-MIOI30JIUCTHIX MTOYB PACHPEEAETCS M0 aKKYMYJISATHBHO-
AIIIOBHATILHO-MJUTIOBHATIBHOMY THITY, HAKAIIMBAsICh B TOPU30HTE aKKyMYJIsi-
IIUM TYMYyCa U OTHOCUTEIFHOTO HAKOTUICHHUS MITMCTHIX YaCTHII,

OocHOBHas 4actb ypaHa u topus (50-90 %) B cepbIX JECHBIX IOYBAX cOCpe-
JOTOYEHa B WINCTOH (pakiuu, 00OTallleHHOW OPraHnYeCKUMH BEIECTBAMH.
C noBbIIIEHHEM COJICP)KaHUS B ITOYBE MJIA U MIBUIEBBIX YaCTHUI] BO3PACTAaET U CO-
Jiep’KaHne eCTECTBEHHBIX PAJHOHYKIIUIOB. B MmouBax oTYeTNIMBO BUIHA ABOMCT-
BEHHAs TPHPOAA HAKOIUICHWS PAJMOHYKIHMIOB: MHHEPALHO-OO0JIOMOYHAS M
COpOITMOHHAS;

198



I'nasa 4. Paduo2eoxumusi 3K302eHHbIX NPOLUECCO8

B psle CIIy4aeB MPOCIEKUBACTCS MpsiMas KOPPENISAIMOHHAS CBSA3b MEXIY
COJIEpKaHUEM PAJMOAKTUBHBIX 3JIEMEHTOB B MOYBAX M HEKOTOPBHIMU IOY-
BCHHBIMHU TIOKA3aTeIIIMH — COJEPKaHMEM TyMmyca, TOJBIIKHOTO Keye3a,
tdocdopa u ap. [IpakTudeckn Bceraa yCTaHABIMBAETCS 3HaYMMasi KOppes-
IIMOHHAS CBS3b ypaHa C TOpUEM, ypaHa U Topus ¢ kanueM. KoaddunmeHTs
KOppEJsIHK, 0 JaHHBIM MHOTOUYMCIICHHBIX HCCIIEIOBaHHUM, HAXOASATCS Ha
ypoBue 0,5-0,7 (banscusriii u ap., 1980);

<
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Puc. 4.17. Paduoceoxumuyueckas munuzayus 2eHemu4eckux munos nouvse.
T'enemuueckue munwvt nous (Hazapos u op., 1983):
1 — 6onommuwie; 2 — noozonucmoie;
3 — Oeproso-noozonucmoule; 4 — cepole jecHvle; 5 — HepHO3eMbL,
6 — Kawmanoswvie, 7 — cepo3embl

B F€HEPATM30BaHHOM PSJly T€HETUYEeCKUX THUIOB 1mouB (puc. 4.17) nadmro-
JTAETCsl YCTOMYMBAsl TEHACHIIUS YBEIIMUCHHUS CONECPKAHUS YpaHa U TOPUS OT
OOJIOTHBIX THUIIOB TIOYB K TOJI30JIUCTHIM U JIajiee K IEPHOBO-TIO30TUCTHIM —
CEpbIM JIECHBIM — YEPHO3EMaM — KallITaHOBBbIM U cepo3eMHbIM (Hazapos u p.,
1983). Ilpu 3TOM OJIMH U TOT K€ THI MMOYB MOXKET OTJIMYATHCS IO COJIepxKa-
HUIO PaJOaKTUBHBIX 3JIEMEHTOB, YTO OOBACHSETCS BBILIETIEPEUHCICHHBIMU
MIPUYMHAMU.
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BaXHbIM OLIEHOUHBIM MOKAa3aTelieM COCTOSHUSI TIOYB SIBJISIETCSI TOPHIA-
ypanoBoe oTHomieHue (Puxsanos, 1996). B nmouBax, He MOBEP>KEHHBIX UHTEHCUB-
HOMY TE€XHOT€HHOMY BO3CUCTBUIO, 3TOT MOKa3aTeNb AJisl OOIBIINHCTBA TeHETHYE-
CKUX THUIIOB MIOYB Pa3JINYHbIX MPUPOIHO-KIUMATUYECKUX 30H HAXOJIUTCS Ha YPOB-
He 3-5 (puc. 4.18), 4TO COOTBETCTBYET HOPMATBHOMY OTHOIICHHUIO TOPUS K ypaHy
B OCHOBHBIX THIIaX TOPHBIX MMOpoJl. Bricokue (>5) Topuii-ypaHoBble OTHOUIEHUS B
MIOYBAX €CTECTBEHHOI'O 3aJIETaHMsI XapaKTEPHbI TOJIBKO I pAHOHOB C MPOSIBIICHU-
€M TOPHEHOCHBIX I'eOJIOTHUECKHX oOpa3oBaHMii. Takue paiioHbl u3BecTHB B bpa-
sunuu (Ilocyc ne Kannec), Unaum, na CeBeprom u I[omsspaom Ypaine, Tumane u B
JIpyrux pernoHax. IIoHMKeHHbIE TOPHI-ypaHOBbIE OTHOIIEHUS OTMEYEHBI B I0Y-
BaxX, IIOJIBEP)KCHHBIX TEXHOTCHHOMY BO3JCHCTBUIO MPEANPUATUN  SIIEPHO-
TOIUTMBHOTO IIMKJIA, B YPAaHOHOCHBIX pallOHaX, B apUAHBIX 0071aCTsIX.
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Puc. 4.18. Ypan u mopuii 6 nousax.
Cmpanvt u pecuonvl: 1 —wmam Ilencunveanus (Jaster, 1990);

2 —wmam Hnaunotic (Giekoson et. al., 1988); 3 — nobepeocve CLLA (Shacklette et. al., 1984);
4 — Ionvwa,; 5 — Kanaoa (Kabama-Ilenouac u op., 1989); 6 — bpazunus, I[locyc 0e Kandec
(Campos et. al., 1986),; 7 — pasnunnvie nousot CCCP,; 8 — noueet copuvix paiionoe CCCP
(bansicnouii u Op., 1980); 9 — nouswr cmandapma Soil-5; 10 — nouswt Hosoti 3enanouu
(Baltakmens, 1976),; 11 — noocgeprutii knapx (I nazosckuil, I nazosckas, 1988);

12 — cpeonee ons nous mupa (P. bpykce, 1982); 13 — cpednee oyenounoe 05 nous
(A.I1. Bunoepaoos, 1956); 14 — cpeonee ons nous mupa (Bowen, 1966)

YCTaHOBIIEHO, YTO B Mpe/eiax KaxJI0ro MOYBEHHOTO MPOQUIIS MPOUCXOIUT
nepepacrpe/eNicHie 3JeMEHTOB MEXIy TeHETHYeCKUMHU ropu3oHTamMu (TuracBa,
2000). Ecnu cpeanue conepikanus ypaHa U TOpUs U TOPUH-YPAHOBBIE OTHOIICHHS
10 BCEMY TPO(UITIO MOYB SBISAIOTCS (PYHKIMEH UX KOHIIEHTPAIWH B TIOYBOOOpa-
3YIOMIUX TOPOJax, TO MO OTJCIBHBIM T€HETUYECKUM TOPU30HTAM OHH pacrpesie-
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JICHBbI B 3aBUCHMOCTH OT XapaKTepa U HHTEHCUBHOCTH MOYBOOOPA3YIOLINX MPOIIeC-
coB. BeipaxkxeHHOCTB UX Bo3pacTaeT B CeBepHOM NOIyLIaApUH C CEBEpa Ha IOT.

4.3.3.4. Paouoaxkmuegnule 31eMEHMbL 8 HCUBOM BeUleCHEe

B./. BepHazckuii BBEN B IIUPOKOE YIOTPEOICHNE TEPMUH «KHBOE BEIIECT-
BO» KaK COBOKYIHOCTbh MacChl BCEX KMBYLIMX Ha HaIleil IJIaHETe OPraHu3MOB —
JKABOTHBIX U PACTEHHU. XMMHUYECKUN COCTaB JKMBOTO BEIIECTBA XapaKTEpHU3yeT-
csl mpeo0IalaHueM HEMHOTUX XMMHUYECKHUX 31eMeHToB. [Ipeobnanator B coctaBe
xwuBoro Bemectsa O, C, H — aneMeHnTsl HanboJsiee pacpocTpaHEeHHbBIE B KOCMOCE.
OO0masi 3aKOHOMEPHOCTh PACHPOCTPAHEHHUSI AJIEMEHTOB B KMBOM BEIIECTBE 3a-
KITIOYAeTCsl TAaK)KE B TOM, 4TO OoJiee pacrpoCTpaHEHBI 3JIEMEHTHI Havaixa Tabiu-
usl J[.M. MenneneeBa (Jierkue), a pacmpoCTPaHEHHOCTh 3JIEMEHTOB KOHIIA Tal-
JUIBI (TSDKEIBIX) 3HAYUTENBHO CHIKAaeTCsl. COOTBETCTBEHHO 3TOM 3aKOHOMEPHO-
CTH, YPaH U TOPUI Majo paclpoOCTPAHEHBI B )KUBOM BELIECTBE.

A . TlepenpMan BBeN NOHATHE 0 OMOGMIBHOCTH 31eMenTa. KonmndyectBeH-
HO OHO BBIPAXAaeTCs KaK KJIApK KOHLIEHTPALMU 3JIEMEHTA B )KUBOM BEIIECTBE, TO
€CTb OTHOLIEHHE COJEP KAHUS AJIEMEHTA B JKMBOM BEILECTBE K €ro KJIApKy B JIU-
Tochepe. YpaH oTiaMYaeTCst HU3KOM 0nouibHOCTBIO HA ypoBHE 1071+1073.

CrnocoGHOCTh OpraHU3MOB M30MPATEIbHO MOTJIOMIATh U HAKAIUIMBATH B 30J1b-
HOM 4YacTh XuMuueckue sieMeHTbl AWM. IlepenbmaH mpensiokuil 0XapaKTepuso-
BaTh KOA(PQPHUIMEHTOM OHOJIOTHYECKOr0 MOTJIOMICHUs, KOTOPbIM MOKa3bIBaeT, BO
CKOJIBKO Pa3 COJIEpKaHUE DJIEMEHTa B 30J1€ OpraHu3Ma OoJbIle, 4eM B JIMTochepe.
3HayeHre BeNWYHHBI KO3 (dUIMeHTa OMOJIOTMYECKOrO TMOTJIOMIEHHS MO3BOJIUIO
MIOCTPOUTH PsiZibl OMonormyeckoro noromieHus (puc. 4.19). Ypan u Topuii oTHO-
CATCS K YUCITY DJIEMEHTOB OMOJIOTHUECKOTO 3aXBaTa OUeHb C1a00r0 HAKOTIJICHHUS.

Ko3dpuumuent 61m010ru4ecKoro norjionieHus

Crenenn
HAKOILICHUS

9

0,0 n
100xn 10xn n 0, n 0,00 n

Xapakrep
HAKOIJICHUS

JHepPruyHoro P, S,CL Br,J

Ca, Na, K,

CHiIbHOTO
Mg, Sr, Zn, B, Se

JJIeMEeHTHI
OHOJIOrHYECKOro
HAKOIICHHS

Mn, Fe, Ba, Ni, Cu,
Cpennero Ga, CoPb, Sn,
As, Mn, Hg, Ag, Ra

Caaboro u i, Al Fe, Ti, Zr, Rb,
04YeHb cJ1a60ro V, Cr, Li, Y, Nb, Th, Sc,
Be, Cs, Ta, U, W, Sb, Cd

JJIeMEeHTHI
OHOJIOrHYECKOro
3axBara

Puc. 4.19. Paowvl buonocuueckozo nocnowerus snemenmos (no A.U. I[lepervmany)
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[Tpu TOM 4TO B 11eI0M OMOPHUIBLHOCTD ypaHa U TOPUsI HU3Ka, CIIeyeT 3ame-
TUTh, YTO )KMBOE BELIECTBO B 3aBUCUMOCTH OT €r0 COCTaBa U yCIIOBUM CYILIECTBO-
BaHUS B pa3HOM CTENEHH KOHIIGHTPHUPYET ypaH u Topuil. Kimapk Topus B 6uocde-
pe 7,6 t/T, Th/ U = 40. [Tocnennsis mudpa yka3piBaeT Ha 00JIce aKTUBHOE HAKOII-
JIEHUE TOpHUS B OPraHU3Max, 4YeM ypaHa.

HazemHuble pacreHusl. /[aBHO WM3BECTHO, YTO Ha3E€MHbIE PACTEHUsA YpaH
npakTU4Yecku He HakarmuBaroT. [lo nanueiM A.Il. BunorpanoBa, cpeanee conep-
’)KaHWe ypaHa B 30jie pacTeHuit cocrasisier 1076 %, mo manusiv JI.IT. Masroru —
5 x 1073 %, 4TO HIKE COAEPIKAHUS ypaHa B MIOYBE. ITO U HE YAUBHUTEIBHO, TAK KaKk
npeobanaronas 4acTh ypaHa B MOYBE HAXOAUTCS B TPYIHOPACTBOPUMOM COCTOSI-
HUU U HE MOYKET YCBaMBaThCs pacTeHUsAMU. OHAKO NPH NOBBIIIEHUH KOHLEHTpa-
[[MM ypaHa B MOYBaX, HAIPUMEP B pallOHAX YPAHOBBIX MECTOPOXKICHHMU, dPDEKT
HaKOIUICHUs ypaHa mposiBisieTcs 3aMeTHo. B mrare Konopano (CIIIA) na mopo-
JlaX C PSIIOBBIM COZACPKAHUEM ypaHa JepeBbs coaepxar B cpearem 0,5 1/T ypana,
a B JIEPEBBAX, KOPHU KOTOPBIX JOCTUTAIOT PYJIbI, €0 COAEPKAHUE BO3PACTAET J10
1,5 r/t, T. . IpU HaTUYUHU B TIOYBE JOCTATOYHOI'O KOJIHYECTBA PACTBOPEHHOTO
ypaHa ero 3aMeTHO HaKalUIMBAIOT Jlake Ha3zeMHble pacTeHus. [Ipm sTom xapax-
TepHa HEJMHEITHAs 3aBUCUMOCTh HAKOIUICHUS! ypaHa B PACTEHUSAX OT COJAEPKAHUS
B [TIOYBEHHOM cyOcTparte. [Ipu yBenndeHuu ero cojep kaHus B Mo4Bax J0 MEPBBIX
JIECSTKOB T/T COZEp )KaHUE B 30JI€ PACTECHHUI BO3PACTaeT MPSMO MPONOPIHMOHAIb-
HO. 3aTeM OTMeuaeTcsl CHIDKeHHE KOHIeHTpauu. Takoe noBeneHne o0ObsCHAETCS
aBTOpaMu OAPHEPHBIM MEXaHW3MOM HAKOTUICHHUS ypaHa B BBICIINX PACTCHUSX.

r/T %
10- o
3~ .}1
1,04 2
0,1

I I | I 1
0,1 1,0 10 100 1000 10000
coAepKaHue B NOYBEHHOM rOPU3OHTe, T/T

Puc. 4.20. 3asucumocms codepocanus ypana 8 pacmumenbHOCmu (3014 pacmeHuti)
Om COOEPAHCAHUS 8 NOUBE:
1 — Hao3zemHble uacmu MpassIHUCMbIX pacmeHull, 2 — 6emeu OpPesecHblX PACMEeHUll

s HazemMHON pacTuTenbHOCTH X. BOy3H NMPHUBOIUT MHTEPBAJ OLICHOK CO-
nepxxanus ypana ot 0,005 no 0,069 r/t cyxoro BemectBa, B cpeaaeM 0,038 r/T.
[To nanueiM C. I'ocBanu u ap. (1977), B kcepoduToBoil 1 Me30pUTOBON pacTH-
TETLHOCTH KOJIMUECTBO ypaHa konednercs ot 0,5 mo 4,4 r/t 30ms1. ITo A.JI. Ko-
BAJIEBCKOMY, Ui ApeBeCHOM pacturenbHocTH CuOupu (OHOBOE conepKaHHe
ypaHa cocTaBiisieT (T/T 30J1b1): Oepe3a 6opoaaBuaras — 1; cocHa OOBIKHOBEHHAs — 1;
ocuHa npoxammas — 0,3; THCTBEHHUITBI Jaypckas u cuobupckas — 10. Hanbounbmee
coaepxanue U oTmeueHo B 30sie Kopbl nepeBbeB — 200 r/T. B 3071¢ nepeBbes,
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MIPOU3PACTAIOIINX B pailOHE C ypaHOBON MUHEpan3allueil, YCTAHOBWIINA COJIEp-
»kanwue 2,2 1/T.
CopepxaHrie TOpUs B HA3eMHBIX PACTEHHIX U3y4eHO c1abo. Cauraercs, u4To

pacTeHus JIETKO MOTJIOUIAI0T paCTBOPUMBIE COSIUHEHHS TOPUs. DTOT BBIBOJ OBLI
cnenan ucxons u3 cpasHenus noseneHust U, Th u apyrux paguHyKIHIOB.

Cornacno A.JI. KoBaneBckoMy, B IpeBECHONU pacTUTEIBHOCTH (DOHOBOE €T0
coJiep’KaHue JJisi BCEX BHJIOB JINCTBEHHBIX U XBOMHBIX PACTEHUI HE MPEBBIIIACT
10 r/1 30761 mpu makcumyMme 500 /1. H. BoysH naer BechbMa 3HAYMTENBHBINA pa3-
Opoc conepkanuii B HazeMHOU pactutensHocTh: OT < 0,008 mo > 1,300 /T cyxo-
ro BemectBa. K. Pankama n T. Caxama oTmeuanu, 4To TOpUI CTUMYJIUPYET POCT
HekoTopblx pacteHuid. [lo mannbim H.A. TuraeBoit u A.M. TackaeBa, HakoIuie-
HHUE TOPUS PACTEHUSIMH XOTs W HE3HAYMTENIbHO, HO BBIIIE, YeM y ypaHa. Kak u
JUTSL ypaHa, JJIsi TOpYs YCTaHOBJICH MOPOTOBBIN 3(dekT, BUIOBBIC U reorpaduye-
CKHE Pa3JINYusl B HAKOIJICHUH.

TopdooOpasyromye pacTeHus MoKa3bIBAlOT BECbMa HU3KUE COJIEp KaHHs TOPHUS,
TIOYTH HA JIBa TIOPS/IKA HIDKE, YEM €T0 KJIapK Ui 0ca0uHbIX mopoy (tabm. 4.29). [lpu
5TOM THUI MMUTAHUS HE OKA3bIBACT CYIECTBEHHOTO BIMSHUS HA YPOBHHU HAKOILIE-

HUS TOPUS B PACTCHUSIX.

Tabmuua 4.29
Cooeparcanus mopus 6 mopgoobpasyrouux pacmenusax Bacloeanckozo bonoma, e/m
(B.K. Bepuamonuc u op., 2002)

. Tun G0JIOT 10 YCIOBHSM MUTAHUS
Buns! pactenuit
osUrotpodHsIe Me30TpodHbIE eBTOTpO(HBIE
JpeBecHble pacTeHUs 0,16 0,09 0,07
Kycrapauuku 0,14 0,14 0,22
TpaBstHUCTBIE pacTEHUS 0,15 0,16 0,14
Mxu 0,33 0,18 0,63
MapoOUoHTbI

CriocoOHOCTh BOJIHBIX OPraHU3MOB HAKAIUIMBATh YpaH U TOPUN 3HAYUTEIb-
HO BBIIlIE, YEM y HA3€MHBIX, XOTs M3yu€Ha OHa Moka HejoctaToyHo. Hanbomnee
MIOJTHO 3TOT Bompoc ocsellieH B padote C.I'. HepyueBa «YpaH 1 *U3Hb B UCTOPUH
3emun» (1982). Mukpoopranusmsl, BOJAHBIE PACTEHUS U JKUBOTHBIE XapaKTEepH-
3YIOTCS pa3HON CITOCOOHOCTHIO K HAKOIUICHHIO PAJMOAKTUBHBIX 3eMeHTOB. 00
MHTEHCUBHOCTU HAKOIUJICHUSI AJIEMEHTOB MPHUHITO CYAUTh MO KO3PPUIMEHTY
6uosornyeckoro HakomieHus (KH), kotopslif nmpeacrasisier coboil oTHOLIEHHE
KOHIIGHTPALMU ypaHa B OpraHu3Me (Ha CyXyl0 Maccy) K KOHIIEHTPALUHU €ro B OK-
pyKarouie BOIHOU Cpeie.

B kauectBe mpumepa MOXHO pPaccMOTPeTb KOA(P(GUIMEHTHl HAKOIJICHUS

ypaHa y ruapoouoHTtoB o3epa Mccwik-Kynb, mo manaeim W.E. BopoTHuikoit
(Tabm. 4.30).
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Tabimma 4.30

Kosguyuenmor nakonienus ypauna y eudpobuonmos o3. Hccoix-Kyno
(no H.A. Tumaesou, 2000)

®drnopa KH ®dayna KH
XapoBble BOJOPOCITH 800 JInunnku Komapa 80
Knamodopa 300 [InmankToH (pauku) 70
PoromuctHuk 200 Priba 840
JlnaToMoBEIE BOJAOPOCIH 200 Koctu pr16 170
Pnectot 120 Mouttocku 38
Huruateie Bogopocin 45 CxeneThl MOJUTFOCKOB 100
OtMepire XapoBble BOJOPOCITH 2040 PakooOpa3Hbie 30
Wi Bo3ie HUX 200 JIMYMHKH CTPEKO3 8

W3 5TUX MaHHBIX BHIHO, YTO KOA(P(UIMEHT HAKOIUICHHUS Y PACTCHUI BBIIIE,
YeM y JKUBOTHBIX. MaKCUMalIbHOE KOJIMYECTBO YpaHa KOHIEHTPUPYETCS OTMEp-
MU paCTCHUAMUA B PE3YJILTATC COp6HI/II/I M BOCCTAHOBJICHUS HA HUIOOIUX pac-
TUTEIBHBIX OCTaTKaxX. Y )KUBOTHBIX OPraHW3MOB HAKOILICHUE ypaHa MPOUCXOIUT
MIPEUMYIIIECTBEHHO B CKEJIETE.

OTMeueHo, YTO TUAPOOHMOHTHI CIIOCOOHBI MOTJIOMIaTh TOPU U3 Boabl. [Ipu-
MEPOM CITy’KUT HCCICIOBAHUE DPACIIPENEICHUs] TOPHsS B JAPEHAKHOW CHUCTEME
momrHoi TOC Savanna River Project (FOxxnast Kaponuna, CIIIA). B Teuenne ro-
Jla U3y4aoch €ro pacrpejieiecHue Ha MyTH OT 30JIOXPaHUJIHIIA K COCEHEMY 00-
JI0TY, KyJia TT0 OTBOJHOMY KaHaJTy IOCTYIIajia 30JbHas IyJblia. bbUTH MOTy4YeHBI
CIICTYFOIIHE PSIBI KOHIICHTPAIMH TOPHUS, T/T:

Boja (0,03) — ocanok (15) — Boausie pactenus (1) —»
— Oecno3BoHOYHBIE (2) — pbIOHI (0,3).

N3 370l cXxeMBbl cliefyeT, 4To XOTsl OMOTa M MOIJIOMAeT TOPUHA U3 BOJbI, HO
BCE K€ JIOMMHUPYET aOMOreHHasi KOMIIOHEHTa CTOKa.

Bonee moapoOHO WCClIeOBaHO HAKOIUICHHE MPHPOTHBIX PaJUOHYKIHIOB
TUAPOOMOHTaMH B JSKCHepuMeHTaIbHBIX ycinoBusx (Mckpa, baxypos, 1981).
DKCIEpUMEHT MPOBOAMIICS B 03€pHOM Boje ¢ MuHepanuzanueit 180 mr/m u pH
8,2—-8,4, B KOTOpYI0 100aBISLITUCH HEOOXOAMMBIE KOHIICHTPALUU PaIHOHYKIHIOB.
VYpan 3aMeTHO JIydllle HaKarIMBajcs BBICIIUMHU pacTeHUs MU (psicka, paect). Ha-

KOIUICHHUC TOPpHA BO3PACTACT OT BBICIIHUX paCTeHI/Iﬁ K OJHOKJICTOYHBIM BOJOPOC-

1M (Tabm. 4.31). 6 431
Tabnuna 4.

Kosgguyuenmor Haxonaenusi paouoryknuoos (Ha cyxyio maccy)
¥y 800HbIX pacmernui (Mckpa, baxypos, 1981)

Pactenus | “*Ra *2Th
Bericiue 3400 (170-16000) 5200 (470-33400) 8900 (970-15800)
Bomopociy MHOTOKJIETOYHbBIC 100 (40-310) 1120 (160—-1960) 1620 (1900-30500)
Boxopocaun ogHOKIETOYHBIE 350 (200-910) 2750 (880-12200) 117400 (88700-146750)
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Haubonee Bricokue k03()(HUIIMEHTHI HAKOIUIEHUS HaOJIIOAaINCh y TeX pac-
TEHUH, KOTOPBIC JIETKO THIPOIU3YIOTCS U 00pa3yroT B pacTBope koutouasl (Th).
Hawubonpirass HakomuTe IbHAsE CIIOCOOHOCTH OblIa YCTAaHOBJICHA Y OJHOKJIETOU-
HBIX BOJOpOCIel, o0iaiamux MakCUMalbHOW yAenbHOM moBepxHOCcThIO. [1o
muennio H.A. TuraeBoii (2000), 3TO CBHAETENBCTBYET O COPOLIMOHHOM MeXa-
HU3ME HaKOIUICHUS PaIuOHYKIINIOB.

Takum o0pa3om, HaKOIUIEHHE PAJAMOHYKIHUIOB Y THAPOOHOHTOB MPOUCXO-
JUT TIO IBYyM OCHOBHBIM MeXaHu3MaM: 1) Ouomorndeckomy (IOTIOUICHHUE YKUBBI-
MU OpPTaHU3MaMH B PE3YJIbTATe KU3HEIACATEILHOCTH); 2) (PU3UKO-XUMUIECKOMY
(KOHIIEHTPUPOBAHUE Ha MOBEPXHOCTH OPTaHU3MOB B pe3yJbTaTe COPOIHMH U CO-
OCaxkJIeHHe ¢ MakpossieMeHTaMu). Hakorienne painoHyKIMI0B AETPUTOM U OT-
MEPIINMH PACTUTEIBHBIMUA OCTaTKaMHU HE CBSI3aHO C JKU3HEACATEIIEHOCTHIO Opra-
HU3MOB U UMEET YUCTO XUMHUUYECKYIO WIH (PU3UKO-XUMHUECKYIO IPUPOY.

Mukpoopranu3mbl MOTYT aKTUBHO HaKallJIMBaTh YpaH U JPyTrHe paJidoak-
TUBHBIE DJIEMEHTHL. B MOYBaX OCHOBHBIMH KOHIIEHTPATOPAMH ypaHa M JPyTUX
PaZAMOAKTUBHBIX 3JIEMEHTOB SIBJISIOTCSI TPUOBI U JPOXOKU, @ TAKXKe JUIIAWHUKH.
AKTHUHOMUIIETHl U OaKTepUU HAKAIUIMBAIOT ypaH B MEHBIIMX KOJIWYECTBAaX MpHU
ko3 dunreHTax HakorieHus ot 2 g0 60 u Gosee.

C.B. JlerynoBoii u B.B. KoBanbCkuM HM3yu€HO HaKOIUIEHHE ypaHa BUAAMHU
Bacillus megalerium, Bacillus mesentericus, Bacterium sp., Mycobacterium sp.,
II0JIy4€HHBIMU U3 Mi10B o3epa Mccbik-Kynp ¢ nossimenHol koHueHTpanuei U B
BOJAX M WJIaX, a TaKXKe U3 MOAMOCKOBHOTO MPYyAa C HU3KOM €ro KOHIIEHTpaIHe.

ITpu HU3KOM KOHIEHTpalwK ypaHa B cpene (2,8 x 1077 %) kiueTku pasHbIX
[ITAMMOB HAaKaIUTUBAIK ypaH B KoamdecTBe oT 1,5 x 107 10 9,8 x 1073 % Ha cy-
X0€ BemecTBo npu ko3¢ dunmrente HakoreHus ot 535 go 35000. IIpu noBsime-
HUM KOHIIEHTpPAIlMM ypaHa B cpele HaOJroAaaoch YBEIWYEHUE €ro HAKOIUICHHS
KJIETKAMH MHUKPOOPTraHW3MOB. [Ipy MOBBINIEHUN KOHIEHTPAIIMH ypaHa B Cpeie
npumepro B 3000 pa3 (ot 2,8 x 1077 1o 8,3 x 10~* %) KOHIEHTpauus ero B KieT-
Kax pa3JM4YHBIX BUJOB MHUKPOOPraHM3MOB IoBbIanack B 15-350 pa3. Iloacuu-
TaHO, YTO BO3pPACTaHHIO KOHIIEHTparuu ypaHa B 2700 pa3 Bblllle HOPMbI COOTBET-
CTBYET BO3pacTaHUE KOHLEHTpALlMU ypaHa B MUkpoopranuzmax B 200-300 pa3 —
npumepHo oT 1,5 x 1073 % mo (3+3,5) x 107! %.

YcTaHoBNEHO, UTO OAWH U TOT ke BuA Bacillus megaterium, oburatomuii B
WIax ¢ HU3KOW KOHIICHTpaluel ypaHa, NMPH MOBBIIICHUH €r0 KOHIIEHTPAIMH B
cpene no 3000 pa3 akkyMyiumpoBanl ypaH B 1,6 pa3a akTHBHee, YEM HCCBIK-
KYJIBCKHU IITaMM, OOMTABIINA TIOCTOSIHHO B CPEJie C MOBBIIIEHHBIM CO/ICPKaHH-
eM ypaHna. [Ipexamonaraior, 4To y HMCCBHIK-KYJIbCKOTO IITaMMa, MOCTOSIHHO OOH-
TAIOIIETO B YCJIOBUSAX MOBBIIICHHOW KOHIICHTPAIMW YpaHa, CYIIECTBYET PEryJs-
TOPHBIN MEXaHU3M, B KaKOI-TO Mepe OrpaHUYMBAIOLINIA €ro MOTJIOLICHHUE.

IInankToH. B muiaHkTOHE OKeaHa KOHIIEHTpalMs ypaHa KoJjiebyeTcs B pas-
HeIx mpobax ot (0,01+0,08) v/t mo (1,8+4,8) r/t. Comepxanue TOpUs OOBIYHO
(0,1+0,2) /T cyxoro BemiectBa. Cpemnee misi ToTaibHOTO ruiankrona 0,1 r/T,
Th/U = 0,16, nns B3Becu — 0,3 (Th/U = 2,8). YunursiBast KpaiiHe HU3KOE COJEp-
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JKaHUe TOpHsl B MOPCKOM BOJie, TOPUI-ypaHOBOE OTHOIIICHHE yKa3hIBAaeT Ha Ooee
aKTUBHOE HAKOIUICHHUE TOPHsI TNIAHKTOHOM, YEM ypaHa.

[Tpu cpenueit konuentpauuu B Boae 0,003 r/T k03P PHUIIHEHTH HAKOTUICHHS
ypaHa IJIAaHKTOHOM IO NPUBEJECHHBIM JaHHBIM H3MEHSIOTCS oT 3-26 1o 600-—
1600, 6omab1ieit yacTbio — okosio 200—500. KoaddurmenTsl HaKOTIJICHUS 3aBUCSIT
0T Tmpeobianaromero BuAa IUIAHKTOHHBIX OpPraHu3MoB. B mpobe mpenmytecT-
BEHHO JMAaTOMOBOTO IUIAHKTOHA ONpe/eNieHa KOHIIEHTpalus ypaHa 1 r/t, 4To oT-
BevyaeT Kod(pduimenty Omonorndeckoro HakorieHus okoio 300. B mpobax ru-
MOHEWCTOHA, COCTOSIIEr0 MPEUMYIIECTBEHHO U3 KaJsSHYCOB W M30I0J, KOHIICH-
Tpamwms ypaHa konebiaercs B npeaenax (0,0083+0,0603) r/t (Ha ceipyro Maccy), a
Ha CyXYI0 Maccy cocTtasisier, Buaumo, He meHee (0,04+0,35) r/t. Koaddunuents
HAKOIUICHHUS MPH 3TOM (Ha CYXYIO0 Maccy) JIOJDKHBI OBITh, BEPOSITHO, HE HIDKE 13—
100.

KonnuecTBO 30/bHBIX 3JIEMEHTOB B IJIAHKTOHE YMEHBILAETCS B PNy Oua-
Momosvle — nepuouHesvle — cuHe-3ejleHvle 8000pocau B cpeiaHeM oT 52,5 1o
6,6 %, a Copr BO3pacTaet ot 24,4 (quatoMoBsle) 10 46,2 % (cuHe-3eIeHbIE).

CornacHo 3TUM JAaHHBIM, Ul AMATOMOBOIO (UTOIJIAHKTOHA, COJAEPIKAIIETO
1 r/T ypaHa, KOHIIEHTpAI[Hs €ro B pacyeTe Ha OPraHuYeCcKOe BEIIeCTBO COCTaBIIs-
et 2,1 r/t. Ilpu cpennem xodpdunmente HakoruieHus, paBuom 400, KOHIIEHTpa-
1Us ypaHa B (DUTOIUIAHKTOHE MOXET ObITh MpuHsATa paBHOU 1,2 r/T. Ecnu npu-
HSTh YCIOBHO CMEIIAHHBIN COCTaB TOr0 (PUTOIUIAHKTOHA (IMATOMOBEIE : TIEpHU-
JUHEBbIE : cHHe-3eneHble = 1:1:1), To ¢ yueTom 301bHOCTH U conepxanust Copr
KOHIICHTpAIMs ypaHa B pacyeTe Ha OPraHMIECKOE BEIIECTBO MOXKET ObITh IPUHSI-
Ta paBHoH 1,44 r/T.

K coxaiiennio, TOYHBIX SKCIIEPUMEHTATBHBIX JAHHBIX O HAKOIJICHUU ypaHa
TUTAHKTOHOM HEMHOTO M OHU HE UMEIOT BCeX HEOOXOAMMBIX XapakTepuctuk. [lo-
stoMy npuseneHHble C.I'. HepyueBsiM (1982) ocpenHeHHBIE 3HaUEHUSI COLIEpKa-
HUW ypaHa B OPTaHMYECKOM BEIIECTBE UMEIOT, KOHEYHO, TPUOIMKEHHBIN XapakK-
TEp W HYXJAIOTCd B YTOUHEHUHU W AETadu3alliu MO TpyInamM opraHuzmoB. Ot-
JIeTIbHBIC JIAaHHBIE O HAKOTUICHWH ypaHa TUIAHKTOHOM U BOJIOPOCISIMU B MPUPO/I-
HBIX YCJIOBHSIX U B JIaOOPATOPHBIX dKCIEPUMEHTaX UMEIOTCS JJIs BOJ, COJepKa-
IIMX TOBBILIEHHBIE KOHILIEHTpauuu ypaHa. B o3epe Ucchik-Kynb koHIIEHTpamms
ypaHa B IUTaHKTOHE, COCTOSIIIEM B OCHOBHOM M3 BECIOHOTHX padkoB Diaptomus
salinus, cocrasnser 2,2 r/T. Eciu cpaBHUTH 3TH JaHHBIE ¢ JaHHBIMU 10 Ipodam
runoHeiicrona u3 okeana (0,04+0,35 r/T), TO MOXXHO 3aKJIHOYUTH, YTO TPH MOBHI-
[ICHUU KOHIICHTPALlUM ypaHa B BOJIE Ha OJIMH MOPSIOK KOHIIGHTpAllUs ypaHa B
300IMJTAHKTOHHBIX OpPTaHM3MaX Tak)Ke BO3pacTaeT Ha OAHMH MOPSAOK — HE MeHee
geM B 6—10 pas.

HuaromoBsie Bogopociu B 03. Ucchik-Kynb comepxar 8,6 1/t ypana. Kak
BUJUM, TIPU BO3PACTaHUU KOHIIEHTPALIMU ypaHa B BOJAE Ha OJUH MOPSIIOK COAep-
JKaHUE €T0 B TUATOMOBBIX BOJOPOCISAX BO3POCIIO TAaKKe MPUMEPHO HA MOPSIAOK —
B 8,6 pa3a.
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Kak mokazanu skcnepumenTs! (Hepyues, 1982), npu Bo3pacTaHMM KOHIIEH-
Tpaluu ypaHa B Bojie Ha | TOPSAOK CoJiep)KaHUe €ro B TUIAHKTOHHBIX OpraHU3Max
TaKe Bo3pacTaeT Ha 1 MOpsI0K, MpU POCTe KOHIEHTPAIMK ypaHa B BoJIie Ha 3 To-
psZIKa COOTBETCTBEHHO Ha 3 MOpsiiKa BO3pacTaloT KOHIleHTpaus ypana B OB. D10
HAXOJAUTCS B MOJTHOM COOTBETCTBUHU C U3BECTHBIM MOJOXKEHHUEM PaTuOOHOIOTHH,
COTJIACHO KOTOPOMY KOA((HUITMEHTHI HAKOIUICHUS PAHOAKTHBHBIX HU30TOIOB OC-
TAIOTCSI TIOCTOSSHHBIMU B IIMPOKOM JHAra30He U3MEHEHHUS X KOHIIEHTPAIHii B BO-
ne. [losTomy oboraieHue opraHMuecKoro BEIIECTBa TUIAHKTOHA YPaHOM HaXOHT-
Csl B IIPSIMOM 3aBUCUMOCTHU OT pOCTa KOHIIEHTPAIH ypaHa B BOJIE.

Jdonnbie Bogopociu. I1o nannsiM I'.H. barypuna, koHueHTpanus ypaHa B
TPONMHYECKUX OEHTOCHBIX Bogopocisix coctasiser oT 0,07 mo 1,64 r/T, B cpeaHem
0,65 r/T. MakcumanbpHa OHa B 3elieHbIX Bogopocisx — ot 0,13 r/t go 1,64 /T, B
KpacHbIX — He npesbimmaet (0,61+1,27) r/t, a B 6ypsix — (0,07+0,86) 1/1.

KoadduumeHTs 610I0rn4ecKoro HaKOIUICHHUsI YpaHa U3MEHSIOTCS B COOT-
BETCTBHUM C 3TUMHU JIaHHBIMU JJIs1 JOHHBIX BOJIOpOCiiel B 1iesioM oT 35 o 530, mis
3eneHbIx — oT 43 1o 530, aisa kpacHbiX — oT 200 g0 420 u st Oypeix — oT 35 10
280. Kak BuAMM, 3TH 3HAYEHHUS OT CBOMCTBEHHBIX IUIAHKTOHY OTJIMYAKOTCS HE-
3HAYUTENIBHO U OOJIBIIEH YacThIO COCTaBISAIOT okoio 150-300.

NMeroTcst HEKOTOpBIE JaHHBIE O HAKOTUICHUH ypaHa JOHHBIMU BOJIOPOCISIMU
B BOJIOEMax C IOBBIIICHHON KOHIIEHTpauuen ypana. B ozepe Mccbik-Kyinb kon-
LEHTpalMs ypaHa B XapOBBIX BOJOPOCISX COCTABISET OT 3 T/T 1o 43 /T, B cpea-
HeMm 23,5 r/1. Koapdumment nakoruienus konednercs ot 100 no 1430, cocraBiss
B cpennem 780. Husmme Bomopocnu Cladofora glomerata w Entheromorpha
salina conepxat ot 0,7 /T mo 15 r/T ypana, T. €. KO3 DUIUEHT HAKOTUICHHS JIJISI
Hux coctasisieT ot 23 1o 500, B cpeanem okoso 150. B nenom, ajist JOHHBIX BO-
nopocneit Mccewik-Kynst KoHIIeHTpaIust ypaHa coCcTaBisieT B cpenneM 15,5 r/T, B
UX OpraHuveckoMm Bemectse — 23,1 1/T.

[Ipu Bo3pacTanuu KOHIIEHTpAIMU ypaHa B Boje B 10 pa3 KOHIIEHTpalus €ro
B JIOHHBIX BOJIOPOCIISIX Bo3pocia B 23 pa3za. He nmest TOUHOTO BUI0BOTO COOTBET-
CTBUS MEXIY JIOHHBIMH BOJOPOCIISIMU, MOKHO YTBEpKJaTh, YTO MpPU BO3pacTa-
HUU KOHIIEHTPALIMKM ypaHa B BOJIE Ha MOPSAIOK cojepkaHue U B OpraHM4eCcKOM
BEII[ECTBE JIOHHBIX BOJIOPOCIEH TaKkkKe BO3pacTaloT Ha mopsanok. MHaue rosops,
oboraileHre OpraHM4ecKoro BEIIeCTBA JOHHBIX BOJAOPOCIEH, KaK M TUIAHKTOHA,
MIPOUCXOAUT MPONOPLIUOHATBFHO BO3PACTAHUIO KOHLIEHTPAIIMU ypaHa B BOJIE.

B Oypbix Bomopocisix ceBepHort ATmaHtuku ycraHosieHO (0,02+0,62) 1/t ku-
CIOTHO-PACTBOPUMOTO TOpHUS (HA CyXO€ BEIIeCTBO), B KpPacHBIX —
(1,0+2,3) r/1. DmmunrToH U Ap. (1975) cunTaroT, YTO TOPUA KOHIIEHTPUPYETCS B Op-
raHU3MaX OTHOCHTEIILHO MOPCKOM BOJIBI B OOJIBILIEH CTETICHH, YeM KaJIbIIUiA.

[ToBpimeHHble  KOHIEHTpamuu Topus (17 T/T 307BI) YCTAaHOBIEHBI
B.A. IleTpyXuUHBIM B 30J1€ BOJHBIX PACTEHUN MOBEPXHOCTHBIX BOJOTOKOB paiioHa
Bepxuen Boaru.

MoJuTIocKHM HaKaIIMBalOT ypaH Kak B MSATKUX TKaHAX, TaK U B PaKOBUHAX.
[TockoapKy OpraHMYecKOro BELIECTBAa B HUX HA CTAaJUU AMAreHe3a MOuYTH HE OC-
TaeTCsl, TO HAaUOOIBIINN UHTEPEC MPEACTABISAET HAKOIUICHUE YpaHa B PAKOBHHAX,
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KOTOpPOE 3aBHCHUT OT KOHIIEHTPAIIMU B HUX opraHuyeckoro BemectBa. K.@. Or-
J00JIMH OTMEYaeT, YTO B PAKOBHHAX COBPEMEHHBIX MOJUTFOCKOB HAOJIIOAACTCS
JMHEWHAs 3aBUCUMOCTb MEXy KOHILEHTpauuel ypana u Cgpr: DU POCTE KOH-

nenrtpanuu Cgpr o1 0,2 10 0,4 % conepxaHue ypaHa B pPAKOBUHAX BO3PACTaeT OT

0,35 r/T no 0,7 r/T.

Konnenrpauus ypaHa B pakoBUHaX COBPEMEHHBIX MOJUIIOCKOB OKe€aHa, IO
nmanaeM . H. batypuna, kone6nercs ot 0,01 /T 1o 0,58 r/1, B cpemHemM cocTaBisis
0,11 /1. KoaddurmeHTsl OHOIOTHYECKOTO HAKOIUICHUS YpaHa B COOTBETCTBUU C
STUMU JAaHHBIMU KoyieOmroTcst oT 3 10 190, B cpennem paBabl 36. K.®. Ornobaun
MIPUBOUT e1lie 0oyiee BHICOKHUE CpenHue KOd(DPUIIMEHTH HAKOIJICHUS YpaHa MOJI-
mockamu: 33 — st bantuiickoro mops, 120 — qyist Uepnoro mops, 55 — nis Kac-
nuKcKoro mops, 24 — nis SAAnonckoro mops u 130 — nnst Uuauiickoro okeaxa.

CrocoOHOCTh HAKAIUIMBATh YpaH IJI MOJUIFOCKOB, KaK M Ui APYTUX TPYMII
OpraHU3MOB, 3aBHCUT OT MX BUA0BOH npuHamiexHocTH. K.®. OrinobauH ykasbl-
BaeT, YTO UHTEHCUBHOCTh HAKOILJICHUS ypaHa B PAKOBHHAX 3aBUCHUT OT KJIMMAaTH-
YEeCKUX yCJIOBHUIl. B ceBepHBIX MOpSX OHA HEBEJIMKA, B MOPSX CPEIHUX LIUPOT —
HECKOJIBKO BBIIIE M MaKCHMallbHa B TpomnmuyecKux. HecoMHEeHHas 3aBHCHUMOCTH
KOHIIGHTPAllMM ypaHa B PAaKOBHHAX MOJUTIOCKOB HAaONIOMAETCS OT COJCpIKAHUS
ero B Bojax OacceifHoB. B bantuiickoM Mope ¢ KOHIIEHTpalleil ypaHa B BOJE
okoio 1,5 mkr/n ona cocrasiser 0,05 r/T, B BoJax OKeaHa NpHU KOHIICHTPAIIUU
ypana okoio 3 mkr/a — 0,11 r/t, B Kacniuiickom Mope (cpeaHsisi KOHIEHTpalus
ypana 6 mxr/m) — 0,35 r/T, B Bogax 03. Mccbik-Kynbs mpu KOHIIEHTpalMu ypaHa B
Boge 30 mkr/m — 1,83 r/t. Takum 00pa3om, mpH BO3PACTAHWHM KOHIIEHTPAIIUU
ypaHa B Bozie B 20 pa3 coziep>kaHH€e ypaHa B paKOBUHAX MOJUIFOCKOB BO3pacTaeT B
36 pa3. Ob6oraieHHOCTh YPaHOM PaKOBUH MOJUIFOCKOB, KaK U APYTHX OpraHH3-
MOB, HAXOJIUTCS B IPSAMOM 3aBUCUMOCTH OT KOHLIEHTPALIUK ypaHa B BOJIE.

Jns Muauii 1 MOJUTIOCKOB XapaKTEpHO HAKOIJICHHE Takke W TOpUs —
0,01+0,58 r/T cyxoro BemectBa. [y muauii kKo3pPUIMEHT HAKOTUIEHUSI COCTAB-
msiet 70, mis MOJUTFOCKOB — 110 210.

Pui6b1. Cornacno nanueiM C.I'. Hepyuea (1982), B ppi6ax MOAMOCKOBHBIX
NIPyA0OB KOHIIEHTpauus ypaHa cocranisier 0,02 r/T, yTo oTBeUaeT MpuMepHO Ko3(-
¢unuenty Ouonornueckoro HakoruieHus okoio 20. B peibax ozepa Mccrik-Kyinb
IIpY KOHLEHTpaIMu ypaHa B Bojie 30 MKI/J coiep)kaHHe ypaHa 3aMETHO MOBBIIIIE-
HO — 710 (0,25+0,34) 1/1, 4TO COOTBETCTBYET KOI((UIMEHTY HAKOIICHUSI OKOJIO §—
12 (barypun, 1975). Ypan B peibax KOHIEHTPHPYETCS TIIABHBIM 00pa3oM B OIOp-
HO-TIOKPOBHBIX TKaHSX — B IUJIaBHUKaX, yellye, KocTax u koxe (6omee 90 % ot
obmiero ero kommyectBa). OcTanbHbIe HECKOJIBKO MPOIIEHTOB HAKAIUIMBAIOTCSA B
MSTKUX TKaHgX Tena. [lo TaHHBIM SKCIIEpUMEHTOB, MPU KOHIEHTpAlUU ypaHa B
Boze 10 Mr/m, comepkanue ypaHa B pbiOax, B pacueTe Ha CyXyK MaccCy, MOXKET
OBITH OIIEHEHO MPUMEPHO B 49 I/T, NpU KOHLIEHTPALMU €T0 B TKAHAX Teja OKOJIO
54 r/1, a B xocTsix — 500 r/T (Hepyues, 1982).

[To 5TM HEMHOTHUM U HE OCOOEHHO TOYHBIM JAHHBIM, OTHOCSIIIUMCS K TOMY
e K pa3HbIM BuaaMm pbi0, C.I'. HepyueB npuxoaut K BbIBOIY, UTO IPU BO3pacTa-
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HUU KOHIIEHTpallMU ypaHa B Boze B 50 pa3 (I0JMOCKOBHBIE MPYbl — 03. McChIk-
Kynp) comepkanue ero B pbidax Bo3pacTaeT MpUMEpHO B 14 pas, a mpw Aalib-
HEeHIIeM BO3pacTaHUM KOHIIEHTpanuu ypaHa B Bofe emie B 300 pa3 (03. Mccbik-
Kynp — sKcreprMeHT) cojepKaHue ypaHa B pblOax yBenmnumBaercs B 115 pas.
CrnenoBaTenbHO, OTHOCUTENBHO PBIO TAaKXKE MOXKHO 3aKJITIOUUTh, YTO COACpKAHHE
B HUX ypaHa 3aBUCHUT OT KOHLIEHTPALIUU €r0 B BOJIE.

[Tockomnbky B mpoliecce AuareHe3a MsTKHe TKaHU PbIO pas3iaratoTcs MOTHOCTHIO
1 OCTaIOTCS TOJIBKO CKEJIET U Yelllysl, TO HauOOJbIINI HHTEpEC PEICTABIISIOT JaHHbIE
O KOHIIHTpALMK ypaHa B KOCTSX W uemrye pbi0. [Ipu HOpManbHON KOHILIEHTpAIUy
ypaHa B Bojie (3 MKT/JT) cofepKaHue ero B KOCTHOM MaTepHae COCTABISIET IPHMEPHO
0,05 r/1, mpu KoHneHTpauuu ypana B Boze 30 Mxr/a — 0,64 r/T, a mpu KOHLIEHTpAIUX
ypana B Boge 10 mr/n — 500 r/t. CriegoBaTenbHO, MPH MOBBIMIEHHH KOHIEHTPAIHH
ypaHa B BOJIe Ha OJMH IMOPSIOK COAEpKaHWE ypaHa B KOCTHOM MaTepHualie BO3-
pociio B 12 pa3, a mpu gajibHelleM Bo3pacTaHUU KOHLIEHTpALMU ypaHa B BOJE
emie B 300 pa3 — comepkaHue €ro B KOCTHOM BemiecTBe Bo3pocio B 700 pas.
MOoXHO cuuTaTh MPUOIMKEHHO, YTO KaK B TeJE, TaK M KOCTSAX PbIO KOHIIEHTpa-
LU ypaHa BO3pacTaeT MPONOPIHOHAIBHO €ro COJAEPKaHUIO B BOJIE.

Kopanabl. Konnenrpamus ypana B COBpEMEHHBIX KOpallllaXx OKeaHa KoJeo-
nercst mo nanubiM [ H. barypuna ot 1,28 r/T 10 4,8 1/T, 4TO COOTBETCTBYET KO-
s dunmentam O6uonorudeckoro Hakorwierus ot 420 go 1600. M3 Bcex u3ydeH-
HbIX OpPraHM3MOB OHHU XapaKTEpU3YIOTCS HamOoJee AKTHUBHBIM HAKOIUIEHHEM
ypaHa, BCJEJICTBUE Yero KOHIIGHTpAIlMs ypaHa B HUX JOCTUTAeT KJIapKa, Xapak-
TEPHOT'O /ISl 0CaJ04HbIX Nopoa. Kak u uist Apyrux opraHu3MoB, CIIOCOOHOCTh K
HAKOIUICHUIO ypaHa y KOPAJJIOB 3aBUCUT OT UX BHJIOBOM NMPUHAAIE)KHOCTH. B
KopaJljlaX, COXPaHSIOIIMX aparoOHUTOBYIKD CTPYKTYpYy M OCTAIOIIMXCS B MOpE,
KOHIIEHTpAllUsl ypaHa MPaKTUYeCKH He M3MeHseTcs. B npeBHHX Kopayax, Mmoj-
BEPrUIMXCs MEePEeKPUCTAIUIM3ALNH, KOHIIEHTpAILUs ypaHa YMEHbILIAETCS U HE Ipe-
Boimaet (1+2) r/t %.

4.3.4. opmbI HaxoxAeHuUs ypaHa U mopusi 8 0ca00YHbIX NOPodax
u coepemeHHbIX ocadkax

DopMbI HAXOXKACHUS ypaHa M TOPUS B OCAIOYHBIX MOPOJaX U3YYEHBI TOCTA-
TOYHO XOpOII0. MHOTOYHCIICHHBIE Pa0OThl MOCBSIIEHBI YCIOBHUSIM HAXOXKICHUS
ypaHa B YIJIEPOAMCTHIX ClIaHaxX, ¢hochopuTax M APYTHX MOPOAAX, COACPIKAIIUX
CUHTCHETUYHOE ypaHOBOE opyJeHeHrne. DOopMBl HAXOXKICHHS ypaHa W TOpHUS B
TEPPUTCHHBIX M XEMOTCHHBIX OCaJKaX, YIJISX, [IOYBaX M3yUEHBbI B MEHBIIICH CTeIIe-
Hu. Ente MenbIe cBeieHnii 00 YCIOBUSX UX KOHIICHTPAILIMU B )KUBOM BEIIIECTBE.

TeppureHHble ocagouHble Mopoabl. VMccnenoBanue moMuHEpaIbHOTO Oa-
JaHCa TEPPHUTEHHBIX OCAJIOYHBIX MOPOJ, BBIMOJTHEHHOE IJI OCAJO0YHBIX TOPOJ
Antae-CasgHCcKO#l CKJIauaTol 00JacTH, II0Ka3ajao, YTO OCHOBHOE KOJIMYECTBO
ypaHa U TOpHsI CKOHIICHTPUPOBAHO B AYyTUTCHHBIX MOPOA000PA3yIONINX (XJIOPHT,
SMUOT) M aKIECCOPHBIX (CPeH, PyTUi, JEHKOKCeH) MUHEPAJIaX, BOSHUKIITUX TIPH
JMAreHe3e M KaTareHe3e 0CaJKoB, a IJIaBHBIM 00pa3oM B MPOIIECCE PETHOHAIBHO-
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ro MeTaMopQu3Ma MopoJl B yCIOBUAX (aruu 3eneHbIX cianneBoi (Mutpomnosns-
ckuit, 1979). DT MHUHEpaJbl COBMECTHO C IBOMTOM, KapOOHATOM M YAaCTHYHO
KBapIIEM SIBJISIIOTCS B OCHOBHOM METaMOp(UYECKUMHU, BO3HUKIIUMH 32 CYET pac-
KPHUCTAJUTU3AIMH TIIMHUCTOTO MaTepralla CIaHIeB U IIEMEHTa IIECYaHUKOB B HH3-
KOTEMIIEPAaTypHYIO (XJIOPUTOBYIO) CTAaIUI0 PETHOHAIBHOTO 3eJICHOCIAHILIEBOTO
metamopdusma. Kiactuueckwe 3epHa SMUI0Ta M AKIECCOPHBIX MHHEPAIOB
BCTpEUAIOTCS B IOPOJAaX KpaiHe pPeaKo.

['maBHBIC MUHEPAJIBI-HOCUTEIH PA3JINYAIOTCS MO COACPIKAHUIO PATHOAKTUB-
HBIX 2JIEMEHTOB. B mopsiike yBenWdeHus! cofepKaHus ypaHa M TOPHs yCTaHOB-
JIeH PAI: XA0pum — 3nuoom — cgpern — pymua (yupkor). B 3ToM ke HarpaBlieHUH
HaMEYaeTcs W M3MECHEHHE COOTHOUICHUS KOJIMYECTBA ypaHa M TOPHS, HAXOAS-
IIUXCS B «JIETKOMOABWXHONY» (POpME U CBA3AHHBIX B KPUCTALIIMUECKON peIIeTKe
MUHEpaJIOB. Tak, HapuUMeEp, B XJIOPUTE U3 MECYAHUKOB TOPHOAITANCKON CEPUH J0-
TSI «JIETKONO/IBMXKHOTO» ypaHa coctaBisier 33—40 %, a B cdene u uupkone — 4 %.
Cpenn MuHepasioB HamOoOJbIIAs PoJib B OasaHce ypaHa MPUHAIICKHUT SIUAOTY
WIN 30HUI0TY U ceHy, BMECTe B3SATHIM, a B OajlaHce TOpHUS J0Js XJIOpHUTA, KakK
NPaBUJIO, OCHOBHASI.

Bnusiaue mMetamMop(UYEeCKUX IMPOLIECCOB YacTO HE IO3BOJIAET KOPPEKTHO
OIIPEICTINTh MEePBUYHBIC (OPMBI HAXOXKJCHUS ypaHa W TOPHS B TEPPUTCHHBIX
ocankax. OIHAKO, YYUTHIBAsI TIOBBIIICHHOE COACP)KaHUE ITUX JIEMEHTOB B IIEJIH-
TOBBIX PAa3HOBHIHOCTSAX MOPOJ, IO CPAaBHEHHUIO C IICAMMHUTOBBIMHU, OOBIYHO Ha-
OnromaeMoe B MOPCKHX (alusx, a TaKKe HAXOXKICHUE ypaHa W TOPHS IIPEUMY-
IIECTBEHHO B MUHEpaJaX, BOZHUKIIMX 33 CYET PACKPUCTAIUIN3ALUHN TIMHUCTOTO
BEIIECTBA, MOKHO CYHMTATh, YTO YPaH U TOPUH MOCTyNall B 00JIACTh CEAMMEHTA-
IIMM B COCTaBE TOHKOAMCIEPCHOTO B3BeIIeHHOro Marepuana. [Ipu stom s ypa-
Ha 3HAYUTEIBHYIO POJIb MTpajia COPOLUS HA TIIMHUCTOM MaTepHaie M OpraHude-
CKUX KOMIIOHEHTaX.

B.M. I'aBmmH Ha mpuMepe ypaHOHOCHBIX ITOPOJ] U3 KPACHOLBETHBIX KOHTH-
HEHTAJIBHBIX TOJIII TIOKA3aJl, 4YTO MOJABJIAIONIAs YaCcTh ypaHa 3aKIF0YeHa B CIIOH-
CTBIX aJIOMOCWJIMKaTaX. JIMIIb He3HaYuTedbHAs €ro JOJs 3aKIoYeHa B CaMo-
CTOSITENIEHBIX MHHEpajiaX. JKCIEPUMEHTAIBHO YCTAHOBJIEHO, YTO ypaH JIETKO
BBIIIEJIAYMBACTCS U3 CJIOMCTBHIX aJIOMOCHIIMKATOB KapOOHATHBIMU PAcTBOpPAMHU
KaK B OKHCIUTEIBbHON, TaK ¥ B BOCCTAHOBUTEIBHOU cpeie. DTO MO3BOJIMIO CHE-
JaTh BBIBOJ O TMIEPBOHAYAIBHON COPOIIMOHHON KOHLIEHTPAIMH ypaHa.

HccnenoBanne TeppUTeHHBIX OCAJOYHBIX IMOpoJ EHmcelickoro kpsbka c
npumeHerneM merona f-pagmorpadun (Hoxkun, ['aBpuiienko, 1976), Ipucasn-
CKOT0 KpaeBoro mporu6a u AHrapo-KaHCKOro BBICTYIIA C HCIOJIb30BAHUEM Me-
tona f-pagnorpaduu (ApOy30B, 1989) mo3BOIMIO TOATBEPAUTH CYIIECTBOBAaHUE
HECKOJIBKUX (POPM HAXOXIECHUS YpaHa B OCaI0UHBIX OTJIOKEHUIX:

1) MoneKkyIsipHOE paccesHUE;
2) wu3oMoOp(HOE BXOXKACHUE B aKLIECCOPHBIE U HEKOTOPbIE MOPOA000pa3yIOIIHe

MUHEpaJIbI;
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3) copOMpOBaHHOE COCTOSIHUE Ha TIMHHCTOM, JKEJIE3UCTOM U OPTraHHMYECKOM
BEIIECTBE;
4)  yJIBTPAMHUKPOCKOIIMYECKHE BBIICIICHHUS, BO3MOYKHO, COOCTBEHHBIX MUHEPAJIOB.

s ypana OOJBIIYIO POJIb MTPAET MEpBas M TPEThst (GOPMBI, I TOPUS —
BTOpasi U YETBEPTasl.

Yepublie caanubl. Dopmbl HAXOKACHHUS ypaHa B YEPHBIX CIAHI[AX MHOTO-
o0pasuebl. [losBisiercst Bce OOMbIIE JaHHBIX O TOM, YTO IMOJABISIONMIEH (hopmMon
HAaXO0XKJEHUsA ypaHa B HUX SBJIAETCA €ro MMKpomuHepanbHas ¢asza UO,. Jlnmb

NPEUMYLIECTBEHHAS MIPUYPOUYEHHOCT: MHUKPOBbiAeneHuid UO, K TOH MM MHOR

(daze MO3BOMSIET O HEKTOPOW CTEMEHH YCIOBHO TOBOPUTH 00 OpraHUYECKOi
¢docharHON, TUPUTHOHN U TTMHHUCTON (popMax HaXOXKIAECHUS ypaHa. Y CTAHOBIICHO,
4TO B OOJiee APEBHUX CJIaHLIAX OTHOCHUTEIbHAS J0JsI MUHEpaIbHON (HOpMBI ypaHa
BBHIIIIE, YeM B MOJIOJBIX. DTO MOXET OBITh PE3yJIbTaTOM MeTaMOp(UUSCKOH
Tpanchopmarmu HopM HaxoxkaeHUsA. ABTopaauorpaduyecKkue HCCIeA0BaHUsA,
BbINOJIHEHHBIE TI0 13 obOpasnam T. baiircom u 3. Ultpanem (1957), mpencras-
JSOMMM ciaHibl Yartanyra B mrare TeHHECH, MoKa3ajiH, 4ToO paclpeiesieHue
0-4aCTHI] B TIOPO/I€ HEpaBHOMEPHO (Tad:. 4.32).

Ta6mumua 4.32

Pacnpeoenenue mpexos a-uacmuy no komnonenmam cranya Yammanyza
(no A.3. IO0osuuy u M.I1. Kempuc, 1994)

Koa¢punuent
Conepkanue, | Ywucao Tpekos, % bun
Kommnonent o ot o61mero KOHLIEHTpaLluu
o
TPEKOB
KBap1, nonessle mmaTs 10,9 29 0,27
«Matpuxc» — Hepaspemumas npu 2000X
yBeJl. TECHAsl CMECh INIMHUCTOTO U OpraHu-
76,0 68,5 0,9
YECKOTr0 BEIIEeCTBAa U TOHKOAUCIIEPCHBIX
MHHEPAIbHBIX 3€PeH
OpraHo-IIPHUTOBbIE KOMILTIEKCHI — MHKPO-
KOHKPEINH, ICEBAOMOP(]O3BI, HETTPABHIb- 105 26.7 254
HbI€ YYaCTKU MUPUTH3ALMU: CMECH IUPUTA, ’ ’ ’
OPTaHMYECKOTO ¥ TIIMHUCTOTO BEIIECTBA
DopMeHHbIE OpraHUYeCcKue Tebla 0,9 0,6 0,67
Kanprur, cmrona u ap. 1,7 1,3 0,76

HecMmotpss Ha MHOrooOpasme coBpeMeHHBIX (OpM HaxXOXKACHHUS YypaHa B
YepHBIX CJIAHIIAX, HET COMHEHHs, YTO IOMHUHHpPYIOMeH (hopmMol HaXoXKIeHUs
ypaHa Oblia oprannyeckas opma, a Bce IpOYre BOSHHUKIIM MO3)KE — B IMAreHe3e
Y KaTareHese 3a CUeT mepepacrpeaencHus ypana u3 ucxoasoi gpopmsl (FOgosuy,
Ketpuc, 1994).

ITo muenuto .3. KOmoBruya, HECMOTPsI HA TO, YTO B OOJIBIIMHCTBE YEPHBIX
CIIAHUEB OTMEYEHa MojoxuTenbHas koppensuus U—-C,p, 5TO HE 1aeT OCHOBAHUS

JUISl YTBEPIKIICHUSI: «ypaH CBSA3aH C OPraHMYECKUM BELIECTBOMY». Takas Koppens-
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151 O3HAYaeT BCETo JIUIIb TO, YTO ypaH ObUI CBSA3aH C OPraHUYECKUM BEIIECTBOM
U, MOXeT OBITh, €IIe U MIOHBIHE yJIepKUBaeTcsi B HeM. Ho BIosiHe MOXeT OBITh U
TaK, 4TO CBSI3b ypaHa C OPraHUYECKUM BEIIECTBOM YK€ YaCTUYHO WM TOIHO-
CTBIO yTepsHa.

Asropaguorpadudeckue uccienosanus T. baiirca u O. Lltpans (Tabmn. 4.32)
MOKa3aJii, YTO OCHOBHBIM HOCUTENIEM ypaHa B YEpPHBIX claHIax YarraHyra sBis-
eTcs «MaTPUKCY, T. €. TISTUTOBAsI Macca TJIMHUCTOTO M OPraHUYEeCKOTO BEIIECTBA
C MPUMEChI0 MEJIKMX YacTHUI[ KBaplia, MOJIEBOro mmnaTa u nuputa. Ha Hee mpuxo-
nutcs 68,5 % oT MaccoBo# oM ypaHa B nopojie. OIHaKo KOHIIEHTpaIusl ypaHa
B MaTpHKce B 2,8 pa3za HUXKeE, YEM B «OPraHO-MUPUTOBBIX KOMIUIeKcaxy». Oka3a-
JI0OCh, YTO OPTraHO-NUPUTOBBIE KOMIUIEKCHI, cocTaBisitomue mo oovemy 10,5 %,
HecyT B cebe okoJio 27 % TpekoB (koddduimeHt konueHTpauuu 2,54), Toraa Kaxk
Ha COM3MEpPUMBIE KOJMYECTBA 0OJIOMOYHOTO KBapIia M IMOJIEBBIX IIATOB IPUXO-
nuTcst Becero okoiio 3 % tpekoB. [1o kakuM-To mpu4MHAM, OPraHO-IIUPUTHBIE 00-
pa3oBaHMUs, B COCTaBE KOTOPBIX COXPAHWICS KAOJHMHHUT M JaXe CMEIIaHHO-
CJIOMHBIE MUHEPAJIbl, KOHLIEHTpHpOoBanu B cede ypaH. [To muenuto 5.3. FOnoBu-
Ya, BEpOSATHEE BCETO B PAaHHEM JHarcHe3e 3TO ObUIM YYaCTKU OCaJlKa ¢ HAUMEHb-
muM Eh, 9To cmoco6¢cTBOBaNO (uKcauu ypaHa Ha OPraHUYECKOM U TIIUHUCTOM
BELIECTBE.

Jlannsle paguorpaguu XOpoIo COTJAaCyIOTCsSl C BbIIIEJIauYMBAHUEM YypaHa
IpY KOMHATHOH Temrmeparype pa30aBiIeHHON CEpHOMl KHUCIOTOH — B BBITSIKKY
yxoauT 66 % ypana. CuuTaercs, 4TO 3TOT ypaH U3BJIEKACTCS U3 MaTpUKCa, Ie
OH HaXOJUTCS B c1ab0OCBs3aHHON dopMe. Y maneHne OCTaBIIerocs ypaHa Tpedyer
OO0JIBIIION KOHIIEHTPAIIMH KHUCIOTHI M MTOBBIIICHHOW TEMITepPaTypHhI.

Wnaue, yeM B Majeo030MCKUX CIaHLAX, PACHpEACieH ypaH B BEPXHEIOPCKUX
ciaHnax OakeHOBCKOM  cBUTHI  3amagHo-CHOMpCKod  mimuThl.  MeTtoaoM
f-panuorpaduu nokazaHo, 4YTO ypaH, BO-TIEPBBIX, KOHIIEHTPUPYETCS B Oa’KEHOB-
CKMX CJIaHIIaX MPEHMYIIECTBEHHO B CT'YCTKaX OPraHUYECKOTO BEIIECTBa, a HE B
MUHEpPATBHOU MaTpuile. Bo-BTOPBIX, BHYTPH 3TUX CT'YCTKOB pacrpeielieHue ypa-
Ha BEChbMa PaBHOMEPHOE BHE 3aBUCHMOCTH OT JeTalel CTPOSHUs OpraHMYECKOIro
BemiectBa (H.®. CronboBa u ap.). ITO paccMaTpuBaeTcs Kak yKa3aHHE Ha BXOXK-
JICHHE ypaHa B OPraHMYECKOE BEIIECTBO Ha JTare MOJMKOHJCHCAIIUH MOCIIe/IHe-
TO, MPOUCXOIMBIICH B PaHHEM JUareHe3e B BOCCTAHOBUTEIBHBIX YCIOBHUsX. Pa3-
auare (opM HaXOXACHHUS ypaHa B MOJIOJBIX IOPCKUX TIAT(HOPMEHHBIX OCaJKax
U TaJIe030MCKUX CIIaHIIaX MOXET OBbITh 00YCIIOBJIEHO MPOIleCCaMU MOCTIUAreHe-
TUYECKOM TpaHchopmaruu GopM HaXOXKICHUS.

OTmeuaercst BaxxHas poib GochaToB B KOHIEHTPUPOBAHUN ypaHa B YEPHBIX
ciaHnax. BenencTBue 3TOro, MpUypOYeHHOCTh ypaHa K QocdaTaMm — sBICHHE
BecbMa vactoe. [lo ceunerenscTBy S1.9. KOmoBuua, oHO 0TMEYaioCh U B BEpXHE-
KeMOpPHIICKOM KOJIbME U BBIIIIE 110 Pa3pe3y B ClIaHIaX HIKHEro OpJIOBHKA, B Kap-
OoHOBBIX cinaHnax Yepokun u Mekka KBOPpH, B OJHMIOICHOBBIX MEHHUIUTOBBIX
ClIaHI[aX, B MHOLEHOBBIX HOJYJISIPHBIX CIIAQHIIAX, B COBPEMEHHBIX THATOMOBBIX
WIax U T. 1.
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Pagnorpadguueckue uccrnenoBaHus MEHWIMTOBBIX CJIAHIIEB IIOKA3alld JBE
(OpMBI HaXOXKIICHHSI ypaHa: PAaBHOMEPHO PACCESHHYIO W KOHIIEHTPHPOBAHHYIO B
BUJIE MEJKHX MOJ0oC U nsATeH. OHO U3 TaKWX IMATEH OBbLIO AMArHOCTHPOBAHO KaK
¢docdarHbIl PEIOHBIN OCTaTOK. ABTOpaanorpadusi B IUIOCKOCTA HACIOCHUS BEPX-
HEIOPCKOro 0a)KEHOBCKOTO ClIaHIla, coneprkaiiero 60 1/T ypaHa, moka3ana KOHIICH-
Tpanuio ypaHa B ¢hocarHoM BemrecTBe: B KocTHOM octaTtke puio (1000-3000 1/1)
u B ppiOHO# vemnye (200 r/T).

®ocdoputbl

MHorue aBTOpbI CUMUTAIOT, YTO YETHIPEXBAJICHTHBIA ypaH BXOIUT B KpU-
CTAJUIMYECKYIO pelIeTKy (GropkapOoHaT-anmatuTa, H30MOp(HO 3aMerias KaabIun
npu oHOBpeMeHHOH KoMmmeHcaru uoHa 2(F, OH)~ wornom 202~ wiu mnpu apy-
roit 3amene. OJlHaKO ONpeseeHNs] BAJIEHTHOCTH ypaHa B MOpPCKUX (hocdopurax
M0Ka3aJi0, YTO YETHIPEXBAJICHTHBIN ypaH HEPEIKO COCTABIIACT JIUIIb YacTh 001I1e-
IO COJIEPKAHUS B HUX YPaHA, a B HEKOTOPBIX CIIy4yasiX OH BOOOILE HE BBISBIIAETCS.
DT HAOMIOZCHUS OTBEYAIOT OoJiee paHHUM IPEATNOIIOKEHUSIM, YTO ypaH B IIec-
TUBAJICHTHON (opMe MOXKET copOupoBathCsi GocdaToM B BUIE ypaHWIA. ITO
MOJITBEPKIACTCS CYIIECTBEHHBIM BBIHOCOM YpaHa MpHU BhIBETpUBaHMU (ocdaT-
HOTO BeIeCTBa W 00pa3oBaHMEM BTOPUYHBIX (HOCHOPHUTOB, PE3KO OOCITHEHHBIX
ypaHOM. DTOT BBIBOJI ITOJTBEPKACH U dKCIeprUMeHTalbHO. Hanboee BeposTHEIM
crioco0om oborarieHus: ocGopruTOB ypaHOM MPEACTABISIETCS ero copOus doc-
(aTHBIM WJIM OpPraHMYECKHM BEIIECTBOM M3 MOPCKHX BOA. IlockoibKy B BoJax
30HBI TUTIEPTeHE3a ypaH HAXOJAUTCS TJIaBHBIM 00pa30M B IIECTUBAICHTHOW (op-
M€ B BHJIE ypaHWJIA, KOTOPBIH B CBSA3M C OOJBIIMMHU pa3MepaMHu HE BBICTYIIACT B
MUHepaax B KadecTBe M30MOPGPHON MPUMECH, IPU3HAHUE COPOMPOBAHHOM (Op-
MBI ypaHa B (hocopuTax BHIIISIIUT JOCTATOYHO YOSTUTEIBHO.

[Momumo »THX (hopM HaxXOXKIEHHS ypaHa B JTUTEpaType, HA OCHOBAHWH JIaH-
HBIX 3JIEKTPOHHO-MUKPOCKOIIMUYECKOTO aHaIN3a, 000CHOBBIBAETCS IPUCYTCTBHE B
Mopckux ¢ochopuTax U cCaMOCTOSTENbHBIX YPAHOBBIX MUHEPAJIOB — YPaHUHUTA,
HUHruouta u kodpduuuta. B runeprennsix pochopurtax Takux Gopm He BbIABIE-
HO (3aHuH u ap., 2007).

Yronb u Top
Ypan

dopMBI HAXOXKJICHUS ypaHa M YCJIOBHSI €r0 KOHIICHTPHPOBAHHS B YIUISIX H
Top(ax OCBEIIEHb B MHOTOYHCIICHHBIX IyOnukanusx. Hamboilee momHO OHU
paccMoTpensl B 0000meHusx f.9. Omxorua u ML.IT. Kerpuc (2001, 2006).

AHanu3 3TUX paboT MO3BOJISIET CIENaTh 3aKIIOYSHHE, YTO OCHOBHBIM (pak-
TOPOM KOHIICHTPUPOBAHUS ypaHa B YIJISIX SBIISETCS €ro cOpOIlvs Ha OpraHude-
CKOM BEIIECTBE W KJIACTOT'CHHOE TMOCTYIUICHUE C TEPPUTCHHBIM M BYJIKAaHOTCH-
HBIM MaTepuanioM. OJTHaKO (aKTHYECKOE COOTHOUICHUE MUHEPAIBHON M OpraHu-
4ecKoi (popM HaxOXKACHHS ypaHa B KOHKPETHBIX YTIISAX OMpPEENsieTcss MHOTUMU
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(dakTOpaMM M 3aBUCHT Kak OT ypOBHEW HAaKOIUIEHMs MeTajula B yIie, Tak U OT
reosiornueckoil ucropun ero ¢opmuponanus. 51.3. KOnosuu u M.II. Kerpuc
(2001) ycranoBWIM CIAEAYIONINE 3aKOHOMEPHOCTH

1. B yrmx ¢ HWKEKJIApKOBBIMH COAEP)KaHUSAMH ypaHa (< 2 T1/T) 0OBIYHO J10-
MuHUpyeT MuHepaibHas ¢opma ypaHa (Uyy) B cocTaBe BUPTyadbHOU
dpaxun kinactoreHHOU 307161 (Ugpacr), HAIPUMEDP B COCTaBE IIUPKOHA U HE-
KOTOPBIX JIPYTUX KJIACTOI€HHBIX aKleCCOPUEB (TEPPUTEHHBIX WM BYJIKAHO-
TE€HHBIX);

2. B yrmx ¢ OKOJOKJIApPKOBBIMHU WJIM CIIETKa MOBBIIICHHBIMH COAECPKaHUSIMU
ypana (3—10 r/T) BecbMa 3aMETEeH WM J1a)Ke JIOMUHUPYET BKJIAJ BUPTYaIbHOM
¢dpaxumu Ucops. IIpu 5T0M Mogansubie GOpMBI Ugpr B Uy CTAHOBATCS COM3-
MepuMbIMH, TiprdeM popma Ugpr, Kak IpaBuiio, neppudHa, a popma Uy, MO-
KeT ObITh pe3yabTaToM auareHeTudeckoil Tpanchopmanu Ugpr B Uy

3. B ypaHOHOCHBIX yrisix 0ObIYHO pe3Kko mpeoOiagaeT BUpTyalibHas (Qpakius
Uiopg TaKXKE B JIByX MOJAJIBHBIX (opmMax — Ugpr ¥ U, HO B cocTaBe U

MUH’

AOMUHHDPYCT COOCTBEHHBIH MHHCpAJII ypaHa — YpPAHUHUT C MUKPOHHBIMU

pasmepamu MHAMBHIOB. [Ipu 3TOM moiHOTa TpaHchopmanuu Ugpr B Usi

JIOBOJIHO OTYETIMBO 3aBUCUT OT I'€OJOTHYECKOTO BO3pPACTa YPaHOHOCHOTO
yris. Yem poneine npedsiBat U B yriie, TeM MOJHEE JODKHA MPOUTH ATa
Tpancpopmansi, oOycnoBieHHas BoccranosnerneM dopmer [U(VD)],,. 1o

[UV)]

MUH'

OTU 3aKOHOMEPHOCTU BBIBEJIEHBI MMH HAa OCHOBAaHUHM aHaju3a OOJIBLIOTO
o0beMa (pakTHIeCKOro MaTepualia M SKCIIePUMEHTATBHBIX JaHHBIX. OJJHAKO ecin
3aKoueHue o popmMax HaXOXKJICHUS ypaHa B yIJsX ¢ aHOMAJIbHBIMU €T0 KOHIIEH-
TpalMsIMM OCHOBAHO Ha JIAaHHBIX MHOT'OYMCIJIEHHBIX MCCIIEIOBAHUMN, TO BBIBOJABI O
dbopMax HaXOXKJEHHUS ypaHa B YTJSX C OKOJOKJIAPKOBBIMH M HUKEKIAPKOBBIMU
COJIep)KaHUsAMHU 0a3upyroTCs Ha €IMHUYHBIX padoTax. M3BeCTHO NHIIL HECKOJb-
KO paboT, HEMOCPECTBEHHO MOCBSIIEHHBIX ATOMY Bompocy. B Hux conepxarcs
IIPOTUBOPEUMBBIE CBEJICHUS O POJIM OPraHUYECKOTO U MUHEPAJIHLHOTO BEIIECTBA B
HaKOIUJICHUU ypaHa. Jla’ke B OJTHOM HCCII€IOBAaHHM BCTPEYAIOTCS YU C MPeoo-
JaJlaHieM KaK OpraHMYecKol, Tak M MHUHepaTbHOH (OPMBI €ro HaxXoXKJIeHUs
(Gluskoter et. al., 1977 u np.). O4eBUAHO, YTO ITOT BOMPOC, BCICIACTBUE OOIb-
[I0M 3HAYMMOCTH MPOOJIeMBbl HAKOTICHUS YpaHa B yIJISX U OTXOJaX UX HCIOJIb-
30BaHus, TpedyeT 6osiee MIyOOKOro aHaIN3a.

W3 o6mux npeacTaBieHuil 0 TEOXUMHUH ypaHa MOXKHO 3aKJIIOYUTh, YTO KJla-
CTOTE€HHOE BEIIECTBO HE UTPAET OMPENEISIONICH POIN B €ro KOHIIEHTPUPOBAHUU
B psAnoBbIX yrisix. IIpusss cpenHioro 30ibHOCTH yriist 20 %, cpenHee conepika-
Hue ypana B yrisix 2 r/t (FOmosuu, Kerpuc, 2001), cpennee conepxanue ypaHa B
ocano4HbIX nmoponax 3,2 1/t (I'puropses, 2002), MOXXHO TPUOIMKEHHO paccyu-
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TaTh, YTO HA JIOJIIO KJIACTOTEHHOTO BEILIECTBA MPUXOJIUTCS B CpelHEM OKOJI0 32 %
OT Macchl MeTayu1a B yriie. Jlaxke eciii mperooKuTh, 9T0 B (GOPMUPOBAHHUHU YT-
JIe¥l y4acTBYIOT JIMIIb TNIMHUCTBIC OCAJIKH CO CPEHUM cojiep:kanueM 3,7 1/T, To U
B OTOM Cllyyae BKJIaJ] KJIACTOTCHHOTO BelecTBa He mpeBbicHT 37 %. [Ipubim-
KCHHBIC PACUYEThl CBUACTECILCTBYIOT, YTO OCHOBHBIM MEXaHHU3MOM HAKOTUICHUS
ypaHa B YIJISIX SIBISIETCS €r0 COpPOLMs HAa OPraHMYECKOM WJIM MUHEPAIbHOM Be-
mectBe. KimacToreHHbIi MaTepral MOXET ObITh BOXKHBIM (DAKTOPOM HAKOTUICHUS
3JIEMEHTA B YTJIAX JIMIIE MIPH UX BBICOKOW 30JbHOCTH MO0 B CIy4yae BEChbMa HU3-
KOTO COJICpPIKaHUs ypaHa.

B mocnennee necatuieTne B MpoIecce KOMIUIEKCHBIX T€OXUMHUYECKUX HC-
cienoBanuil yrieid CuOMpH HaAMH TMOJyYeHbl MHOTOUYHMCIICHHBIC HOBBIC JIaHHBIC
0 pachpeeNIeHH 0 ypaHa B Topdax, OypbIX U KAMEHHBIX YTIISX, JOMOJIHSIONINE
MIPEJCTABICHHUS O XapaKTepe ero HaKOIUICHUS ¥ (OopMax HaXOKIACHUS B YTIICHOC-
HBIX OTJIOKEHUSX.

C nenwto oneHKH GOpM HAXOXKJICHUS yYpaHa Ha pAaHHUX CTAIUSAX YTIICHAKOI-
JICHHSI U3yYeH IPYIIOBOM COCTaB TOP(POB HU3UHHOTO, BEPXOBOTO U IEPEXOHOTO
TUIA Pa3HOW 30JBHOCTH C Pa3]IUYHBIMU, HO HIDKCKIAPKOBBIMH COJICPIKAHUSIMHU
anemeHnrta (tadmn. 4.33).

Tabmuma 4.33
Cooepoicanue ypana u 3016HOCMb UCXOOHLIX NPOb mopgha
CopnepxaHue ypasa, I/T
DnemMeHT
679-2 397-11 817-5 902
U 0,09 0,16 0,36 0,32
A% % 1,4 43 5,6 8,2

Ilpumeuanue: Mectopoxnenust Topda: 679-2 — Ilomynenosckoe; 397-11 — Bactoranckoe-11;
817-5 — bepesosas rpusa; 902 — I'yceBckoe.

CornacHo 0anaHCOBBIM pacyeTaM, B HU3MHHBIX TOopdax ¢ BBICOKOH cTere-
HBIO Pa3JIO’KEHUs] OPraHMYecKOro BelIecTBa OCHOBHAs Macca ypaHa CBsi3aHa C
TYMUHOBBIMU KucioTamH (Tabia. 4.34). CyMMapHO B IIEIOYHOM BBITSDKKE U3
Topda MectopoxaeHusi ['yceBckoe comepxkurcs 58,5 % ypana, Torga Kak B He-
pacTBOpUMOM ocTaTke Juib 12,9 %. 3HaunTenbHOE KOJUYECTBO METala yXO-
JTUT BO (QPAKIHUIO JIETKOTUIPOIU3YEMbIX U BOJIOPACTBOPUMBIX BellecTB. B cBs3u
C TE€M, YTO 3Ta COCTaBJIAIOIIAs Topda M3BIEKAeTCs U3 HEro MmyreM o0pabOoTKU
poOs1 4-5 % HCI, B Hee MOMKEH BHINIEIAYNBATHCSI COPOUPOBAHHBIN ypaH U Me-
TaJlJI, HAXOAAILIMICA B BUJE PAaCTBOPUMBIX COEIMHEHUH. DTa (hpakius sBIsSETCS
OCHOBHBIM pe3epBOM i pOpMHUpPOBaHUS COOCTBEHHBIX MUHEPAJIOB ypaHa B BOC-
CTAaHOBUTEJBbHBIX YCIIOBUAX [0 MEXaHW3My, AeTalbHO u3ydeHHoMYy A.B. Koue-
HOBBIM # 1ip. (1977; 1981). Ponp 6MTYMOB B KOHLIEHTPUPOBAHUM ypaHa HE3HAUU-
TEJIbHA, YTO MOJAYEPKUBACT BEAYIIYIO POJIb COPOLIMOHHOTO MEXaHU3Ma MepBOHa-
YaJIbHOTO HAKOTJIEHUS! METAJUIa B OPraHUYECKOM BEIIECTBE.
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Tabiuma 4.34
Buixoo ypana 6o ¢hpaxyuu epynnosozo cocmasa mopga

I'pynmoBoii coctaB Topda Bexon dpaxmuii, % COZ[S?):/?HM 50 (g;zliiiz %

679-2 (IlosryneHoBckoe)
Hcxonublit Topd 100 0,090 100
ben3zomnbHbI OUTYM 7,5 <0,01 0,1
?yoez[h;)ﬁ:c;:n(izzlilze U JITKOTU/IPOJIU- 38.6 0.062 26.6
I'yMHHOBBIE KHUCIIOTHI 16,7 0,091 17,0
DyIbBOKUCIOTHI 15,2 0,042 7,1
HepacTtBopumblii ocraTok 22,0 0,201 49,2

902 (I'yceBckoe)
HUcxomusrit Topd 100 0,32 100
BenzonpHbI OuTyM 1,7 0,1
Eyzﬁ)ﬁzcsjﬁlgzﬁje U JIETKOTUIPOJIH- 40.6 0.22 28.5
I'yMHHOBBIE KUCIIOTHI 26,1 0,67 54,7
DyITBBOKUCIOTHI 19,5 0,062 3,8
HepactBopumslii ocratok 12,1 0,34 12,9

B BepxoBoM ci1a00pa3noKUBIIEMCS YIBTPaAMaIO30JIbHOM TOp(he MeCcTOpoxk-
nenus «llomyaeHoBckoe» poisib TYMYCOBBIX KHMCIOT B KOHIEHTPUPOBAHUM ypaHa
CYILIECTBEHHO MEHbIIE. 3/1ech OCHOBHasi macca metaiuia (49,2 %) comepkutcs
B OCTAaTOYHOH (hpakiuu, 0OBEAUHSIONICH B ce0e MHUHEpAIbHOE BEIISCTBO M He-
pactBopumble B NaOH BbIcOKOMOJIEKYJIIpHBIE TYMUHOBBIE BelecTBa. Ho maxe
B TakoM Topde Ha rymycoBsie kucnothl (I'K+®K) npuxomurcs 24,1 % meranna.
Bmecre ¢ ypaHoM, BbIAETUBIIUMCS BO (Dpakiivio BOJOPACTBOPUMBIX U JIETKOTH/I-
POJIM3YEMBIX BEIIEeCTB (MBI [TOJIaraeM, 4To B HEll KOHLIEHTPUPYETCS TIaBHBIM 00-
pazoM cCOpOMpPOBaHHBIN METal), 3TO cocTaBiseT B cymme 50,7 %. Hapsiay ¢ mu-
HEepalbHOM (OpMON HAXOXKIEHUS B OCTATOUYHOM (pakuuu, MO-BUAMMOMY, CO-
JIep>KaTCsl U OpraHu4ecKre COeAMHEHNS B BUJIE HEPACTBOPUMBIX I'yMaTOB.

CrnenoBarenbHO, B XOPOLIO PA3JIOKUBIIEMCS! TOP(E ¢ HUKEKIAPKOBBIM CO-
Jep>)KaHUEM ypaHa OTYETJIMBO MpeodiiajaeT opraHudeckas opma ero Haxoxzae-
HUS. YMEHBUICHUE CTENIEHHU PAa3JI0KEHHs COMPOBOKIACTCS CHUKEHUEM POJIM Ty-
MUHOBBIX KHCIIOT B KOHIEHTPUPOBAaHUU ypaHa. B crnabopasnoxusmiemcs Topoe,
0COOEHHO C KpaiiHe HU3KMMHU YPOBHIMM HAaKOIUIEHUS ypaHa (kak B mpoOe [lomy-
JIEHOBCKOT'O MECTOPOKJECHHS), POJIb OPraHMYECKOTO BEIEeCTBA B KOHLIEHTPUPO-
BaHUM MeTajljla 3HAYUTEeIbHO yMeHbIaeTcs. Ho nake B 3TOM ciiyyae OHa CoIoc-
TaBUMa C POJIbI0 MUHEPAJIbHOIO BELIECTBA.
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['yMuHOBBIE KHCTIOTHI B OOJNBIIUHCTBE CIIy4aeB SBISIFOTCS KOHIIEHTPATOpaMu
ypana (tabin. 4.35). Hocurenem ypaHa B ci1abopasioKUBIIUXCS TOp(ax ¢ HUZKUM
BBIXOJIOM TYMHHOBBIX BEIIECTB MOXKET ObITh ocTaTouHas (pakiust. OgHaKo, y4u-
ThIBasA, YTO CyMMAapHbI BBIXOJ MeTaia B 1ieno4Hyto BBITSDKKY (PK+I'K) u Bo
(bpakiuo JErKOruapoJIu3yeMbIX BEIECTB BO BceX ciydasx mpesbimaer 50 %,
MOJKHO TNPEAIOJIOKUTh, YTO OCHOBHBIM HOCHUTEJIEM YpaHa BO BCEX THUIIAX HM3KO-
30JIbHBIX TOP(OB SBJISIETCS OPraHUYECKOe BEIIECTBO. MeTayll KOHUEHTPUPYETCs
B HEM KakK B BUJIE IPOYHBIX KOMIUIEKCHBIX TyMaTOB, TaK M B COPOMPOBAHHOM BHUJIC.

Ta6mumua 4.33
Coodeporcanue ypana ¢ mopgax, 301e moppos u 8 u3eLeyeHHbIX U3 HUX
CYMUHOBBIX 6euecmeax

Mecropomesie CopnepxaHue ypasa, I/T KK,
Topd 'K 3oma Topda 3oma 'K

[NonmynenoBckoe 0,09 0,091 4.8 15,1 3,1

Bacroranckoe-11 0,16 0,052 3,6 17,3 4.8

Bepesosas ['pusa 0,36 0,49 6,4 44,5 6,9

I'yceBckoe 0,32 0,67 6,3 66,7 10,6

Cpennee 0,23 0,33 53 35,9 6,8

Ipumeuanue: KK3 — 301pHbIH K09QOUIUEHT KOHLIEHTpALUK (OTHOIIEHUE COAEPKAHUA dIIEMEHTA
B 30JI¢ TYMHHOBBIX KHCJIOT K 30JI€ HCXOIHOTO TOp(da).

OTmeueHa 1r00O0MBITHAS 3aKOHOMEPHOCTh. Topuii-ypaHOBOE OTHOILIEHHE B
Topde B cpeaHeM cocTaBisieT 2,1, Torna Kak B TyMHHOBBIX KucioTax — 4,3. 3T1o
CBHUJIETEIICTBYET O TOM, YTO TOPUH OXOTHEE ypaHa 00pa3yeT MpOUYHbIE COECTUHE-
HUSl C TYMUHOBBIMH KHCJIOTAMH. YUHTBIBas, YTO BBIXOJ ypaHa BO (paKIUIO BO-
JIOPACTBOPUMBIX U JIETKOI'MIPOJIN3aEMBIX BELIECTB CYLIECTBEHHO BBIIIE, YEM TO-
pHsi, MOXHO TIPEATIONIOKUTD, YTO 3HAYUTEIbHASI €r0 YacTh HaXOAUTCSA B TOp(e B
cOpOMpPOBAaHHOM BHJIE B HOHOOOMEHHOM (opme, Iepexoisi B pacTBOP MOJ JIeHCT-
BueM 4-5 % HCI.

Wrak, pe3ynbTaTbl HUCCIEAOBAaHUS TOP(POB CBUIETEIbCTBYIOT, UTO JIaXKe B
npobax ¢ KpaiiHe HU3KUM conepkanueM ypana (0,09-0,36 r/T) kimactorenHoe
BEIIECTBO MMEET BTOPOCTENIEHHOE 3HAYEHHE B €ro KOHLEHTpUpoBaHUU. Jlaib-
Helllllee HaKOIJICHHE ypaHa B IPOLIECCE 3BOIIOLMU YLOJBHOIO IUIACTA MOXKET
OBbITb 00YCIIOBJIEHO, INTABHBIM 00pa30M, 3a c4eT UHPHIBTPOT€HHBIX MPOLECCOB, B
OCHOBE KOTOPBIX JIE)KHT COPOLIMOHHOE KOHIEHTpHpOBaHME MeTaiuia. M3 sToro
CJIEZlyeT, YTO B HU3KO-, CPEIHE30JIbHBIX OYypbIX YIVIAX C Pa3HbIM COJCpKAHHUEM
ypaHa B OCHOBHOM J0JkHA npeobnanats popma Ugyr, a He Uy

OTU BBIBOJBI MOATBEPKAAIOTCA JAHHBIMH MO M3YyYEHUIO YIJIeH pazIUYHbIX
MectopoxxaeHnii Cubupu. CormocTaBuB coiep>kaHUe ypaHa B 30JI€ YIS U B yIJie-
BMEIIAIONINX MTOPOAAX B Pa3IMUHbIX MECTOPOKICHUSAX U OacceilHax, MOXKHO clie-
JaTh BBIBOJI, YTO POJIb OPTraHUYECKOTO BEIIECTBA B HAKOIUICHUU YpaHa B yIJie HE
MeHee 3HauuMa, 4eM 1uid Topda. Tak, B 307€ yIiis pa3HbIX MeCTOpOXaeHud Mu-
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HyCHHCKOTrO OacceifHa ypaHa coaepxkurcsa B 3,3—4,2 pasza OoJbllie, 4eM B yrIuie-
BMeEUIAIOMMX nopoaax (tadiu. 4.36). AHaJIOTMYHBIE PE3yJIbTAThI MTOJYUYEHbI U JUIS

Ipyrux 6acceitHOB U MecTopoxaeHuit Cubupu.

Tabnuna 4.36

Cpeodnee cooeporcanuie ypana 8 yeusix, 301ax yaiell u yeneemeuarouux nopooax
PABTUYHBIX MecmopodicoeHull Munycunckoz2o yeonvno2o bacceina, 2/m

CopepxaHue ypaHa, I/T
d Koaddumment
Mecropoxnenue A . by
1 B YIJIeBMELIAIOIICH HaKOILUIEHUS
B yIJIe | B 30JI€ YIJIst
nopoze
Betickoe 11,8 2,8 23,7 7,1 3,3
U3bixckoe 20,5 4,0 19,5 4.6 4.2
YepHoropckoe 14,6 1,4 10,3 2,5 4,1
Cpennee ams Gaceiina 17,6 3,1 17,6 49 3,6

Ilpumeuanue: 1 — pacyeTHOE COJIEp)KaHHE HA 301y YIJIS; 2 — OTHOLICHNE COJEPIKaHMS B 30J1€ YIIIS
K COZIEpKaHUIO B YTIIEBMEIIAONICH ITOpOIE.

[TpuOKeHHO OO OPraHUYECKOTrO BEIIECTBA B HAKOIUICHUH YpaHa MOXHO
OLICHHUTD, HCIIOJNB3Ysl YPaBHEHUs] PErpecCHH, XapaKTEpU3YIOIIHE 3aBUCUMOCTb CO-
JIepKaHMs METaJlla B yIJIe U 30JI€ YIJis OT 305ibHOCTH (puc. 4.21). s Ky36acca ona
COCTaBIISIET B cpeHeM okoiio 42 %, mis MunycuHckoro 6acceitna — okono 73 %.

U, rir a U, rit 5
" L]
300 150
250 804_s
200
60
150 +——= .
100 -: L U(3oma) = —13,9Ln(x) + 55,6 40 l:".--. - Ufzona) =—0,6La(x)+12.7
1 T = U(yroms) = 0,041x + 1,69 | = - . U(yrons) = 0,059x + 1,11
50 M - an 20 ;t# UL ]
s " kv 14 K3
o | A s | 0l : .
0] 20 40 60 80 100 0 20 40 60 80 100
Ad, % Ad, %

Puc. 4.21. 3asucumocmsv cooeparcanus ypana 6 yensx u 3oaax yeaeti Munycumnckozo (a)
u Kysneyxoeo (6) baccetinos om 3016HOCHIU.
IIpusedenvl ypasuenus peepeccuu

Jpyroii TpaAUIIMOHHO HMCIIOJNB3YEeMbIi METOJ JIJIsl OIIEHKU POJH OpraHhye-
CKOTO ¥ MUHEPAaJIHHOTO BEIIECTBA B HAKOTUICHUN JJIEMEHTOB-TIPUMECEH B YTIIIsIX —
9TO M3y4YCHHE TUIOTHOCTHBIX (pakiuii. [yl ONEHKH POJIM OPraHWYECKOTO Bellle-
CTBa B HAKOIUICHWHU ypaHa B YIJISIX C OKOJOKIJIAPKOBBIM M HUKEKIIAPKOBBIM €TO
COJIepKaHWEM OBUIO BBHITMIOJIHEHO pa3felieHHe YISl Pa3HOr0 MapOYHOTO COCTaBa
Ha (QpaKIUU MO yIETHbHOMY BECYy M WX H3yueHHE. XapaKTEePHCTUKA HMCXOJHBIX
po0 mpuBeaeHa B Tadu. 4.37.
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Tabmnuma 4.37
Cooepoicanue ypana (/m) u 301eH0cmo (%) ucxoouwvix npoob yens
Mapka yris
DnemMeHT
1B | XK K OoC OoC T
U 2,5 2,2 0,49 0,95 1,6 3,1 1,0
Ad, % 13,6 16,6 11,9 4,3 273 47,7 16,0

Ipumeuanue: A4 — 30mpHOCTS, %.

N3yuenne mIoTHOCTHBIX (pakiuil mokKa3aao, YTO B pa3HbIX Mpobax pacmpe-
JieJieHne ypaHa HeoaHoTunHo. B yrisx mapku 1b Tangy-/ltopryHckoro mecto-
poxxnenusi, mapku J[ Yepnoropckoro mectopoxaenus, mapku K Cubupruackoro
MECTOPOKIEHUSI U Mapku T ApamuuyeBCKOr0 MECTOPOXK/IEHUS OCHOBHAs Macca
Metama (56,5-95,9 %) cocpenoroueHa Bo GpakiusIX ¢ YIEIbHBIM BECOM MEHEee
1,5 r/em3, a B yrisax mapku JK (Ocunosckoe mecropoxaeane) 1 OC (Onbxepac-
CKOE MECTOPOXKICHHE) — B TSDKETBIX (Dpakuusx. DTU JaHHBbIE HHTETPUPYIOT B Ce-
0c¢ pa3HOOOpa3HBIC THUIBI PACIPEACICHUS MeTalia 1O (PAKIHSIM, OIMCAHHBIC
panee (FOposckuit, 1968; Gluskoter et. al., 1977 u ap.).

W3 mosry4eHHbIX JaHHBIX CIIEAYET, YTO paclpesieleHne ypaHa 1o (ppakmusm
HE 3aBUCHT WJIU MOYTH HE 3aBHCHUT OT MAapOYHOIO cOCTaBa yrisl. Jaxe B BHICOKO-
MeTaMOp(U30BaHHBIX YIJIAX Mapkd T OCHOBHBIM HOCHUTEJIEM YypaHa SIBJISIOTCS
nerkue ¢ppakiuu. 3aTo OTYETIMBO BUHA 3aBHCUMOCTh paclpeesieHusl ypaHa 1o
(dpakusM OT 30JIbHOCTH MCXOJHON TpoObl. B BeICOKO30JIEHOM yriie tuiacta XI
(A4 =47,7) 6onee 88 % Meraiuia cocpeoTOUEHO BO (ppakimsax >1,6 r/cm?. B yr-
JSIX TOM ke Mapku minacta [V—V, Ho 301bHOCTBIO 27,3 % B TSDKENBIX (pakuusix,
coepxuTcs uib 65,4 % ypaHa OT ero cojepKaHus B mpooe.

He ycraHOBIeHa M B3aUMOCBSI3b MEXAY paclpelielieHHeM ypaHa 1o (pak-
UM M €ro cojep:kaHueM B HcxojHoi mpobe. Ilpu 3ToM HE0OXOaUMO YUUTHI-
BaTh, YTO B JIAaHHOM CJIy4yae peub HJET JUIb 00 OKOJIOKIAPKOBBIX M HHXKEKIap-
KOBBIX COZIEpXaHUSIX MeTajula. AHOMalbHbIE KOHIEHTpalluu, o0pa3oBaHue KOTO-
PBIX BO BCEX CIy4asx OOYCJIOBJEHO IMEpBOHAYAIbHBIM HAKOIJICHMEM ypaHa Ha
OpPraHMYECKOM BEIIECTBE U YCIOBUS KOHIIEHTPUPOBAHUS KOTOPBIX XOPOIIO U3Y-
YeHbl, HAMM He paccMaTpuBaroTcs. MccnenoBanus mokas3bIBaloT, YTO B MPoOax ¢
coJepxaHueM ypaHa MeHee | T/T u B mpobax ¢ ero coaepxanueM Oosee 2 /T oc-
HOBHBIM HOCHUTEJIEM MeTajlla MOTYT OBITh KaK JIETKHE, TaK U TsKeIble (Ppakiiuu.
Tax B yrie mapku XK ¢ cogepxkanuem ypana 0,49 r/t cBoiie 64 % merasnia CKOH-
LEHTPUPOBAHO B TSKENOHM (paklnu, TOraa Kak B yrisix mapku K ¢ conepxxanuem
ypana 0,95 /T 78,5 % OT CymMMapHOTO KOJWYECTBA METasIa COCPEIOTOUYEHO B
nerkux (paxkmusax. B yrnax mapku T, conepxkamux 1 1/t ypana, Taxke 66,5 % ot
€ro KOJINYEeCTBA MPUYPOUEHO K JIETKUM (PAKIHSIM.

CrnenoBarenbHO, B yIisiX ¢ (DOHOBBIM YPOBHEM HAaKOILJICHHS YpaHa Ha €ro
pacnpenenenrue Mo INIOTHOCTHBIM (DpakUusM CYIIECTBEHHO HE BIIUSET CTENEHb
npeoOpa3oBaHusl YIJIUCTOrO BeliecTBa (YrosibHbIH MeTamopdusm). I'maBHbIMU
(akTOopamMu SBISIOTCS MCXOJHAs 30JbHOCTH YT, onpeaensemMas (panuaibHbIMA
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YCIIOBUSIMU YTJICHAKOIUIEHUS, M1 COCTaB MCXOJHOTO KJIACTOTEHHOTO MaTepuaia,
oTmpeeNIeMblii 0COOCHHOCTAMHU meTpodoHIa CTPYKTYp oOpamiieHus OacceiiHa
VIJICHAKOTIIICHUS U, peXKe, BYJIKAHOTEHHBIMHU BbITTAICHUSMHU.

Takum 00pa3oM, MpU COXPAHEHHUHU B IEJIOM OOIIMX 3aKOHOMEPHOCTEH B pac-
npeaeNeHNH ypaHa B yrisix, BeiaeneHHbix 1.0, KOnosuuem u M.II. Kerpuc (2001),
B VITISIX C OKOJIOKJIAPKOBBIM COJIEP)KAHUEM SJIEMEHTa BO3MOXHBI 3HAYUTEIIHHBIC
Bapuanu cootHomenus U, . u U B 3aBucumoctu ot ycnoBuii hopmMupoBa-

HUS YTOJIbHBIX IJIACTOB B HUX MOXKET MpeolsafaTh ypaH Kak cOpOMpOBAHHBIM Ha
OpPraHUYeCKOM BEIIECTBE, TaK U B COCTaBE KJIACTOI€HHOT0 MaTepHuara.

OpHako Jake B OpPraHMYECKOW Macce yris ypaH MOKET HAaXOJIUThCS HE
TOJIbKO B (hopMe METAIOOPTraHNUYECKUX KOMIUIEKCOB U B COPOMPOBAHHOM BHJIE,
HO ¥ B MUKpoMHHEepalibHOU dopme. Kak otmeuaer .9. FOnoBuu (FOnoBuu, Ker-
puc, 2001), B yIJIIX ¢ OKOJOKIAPKOBBIM U BBIIIEKIAPKOBBIM COJEPKAHUEM ypa-
Ha, MHUHEpallbHas ero ¢opMa MOXeT OBITh pPe3yJbTaTOM JAHATCHETHYECKON
Tpancpopmarmn U .

cop KacT®

[TpuOIMKeHHO OICHUTH THUI MUHEPAJIBLHOTO BEIIECTBA U €r0 POJb B HAKOI-
JICHUHM ypaHa MOXHO C HCIOJb30BaHHUEM METOJIOB XMMHUYECKOW JeMUHEepaln3a-
[IUU YTJIS U C TIOMOIIBIO paAHorpaUIecKux METOI0B.

B OyppIx yrisix Benuka poyib cOpOMpPOBaHHBIX (DOPM ypaHa, MPOCTHIX U
KOMIUIEKCHBIX TYMaTOB, M3BJICKAEMBIX W3 YTJS alleTaTOM aMMOHHS M KOHIICH-
TPUPOBAHHOMU COJIIHOM KucioToi (Tadm. 4.38).

Tabmuma 4.38

Bovixo0 ypana u mopust 6o ghpaxyuu npu cmynernuamoii demunepanuzayuu yens, %

Mapka yras (MecTOpOXKICHHUE) Opaxiyn U Th
yroib 100 100

NH,CH;COO 311 13,1

1b HCI 213 14,0

(Tanosckoe)

HF 41,4 15,6

HNO; 3,1 26,0

0CTaTOK 3,1 31,2

Yroib 100 100

NH,CH;COO 30,2 16,5

1B HCI 237 12.8

(PexxeHckoe)

HF 19,2 9,9

HNO; 21,7 20,6

0CTaTOK 5,1 40,1

yroib 100 100

NH,CH;COO <0,1 52

15 HCl 62,7 3.8

(Tanmy-ropryHckoe)

HF 29,5 40,5

HNO; 2,7 3.8

0CTaTOK 30,5 46,6
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Okonuanue mabn. 4.38

Mapka yriist (MECTOPOXKICHHE) Dpakuuu U Th
yToJIb H.JI. H.JI.

NH,4CH;COO H.J. H.J.

(Bepef(?};cxoe) HCl oA S
HF H.I. H.I.

HNO;, H.1. H.1.

0CTaToOK H.JI. H.I.

yroib 100 100

NH,CH;COO 11,7 15,4

(I/ITazT]éKoe) Hel 104 1.8
HF 50,5 16,4

HNO; 11,5 34

0CTaTOK 16,0 62,9

yroib 100 100

cC HCI 20,1 14,2
(Cubuprunckoe) HF 32 2.7
OCTaToOK 76,7 83,1

Nuorpa 3HaunrtensHoe koanyecTBo U cBa3aHo ¢ pactoBpuMmbiMu B HF airo-
MOCHJIMKaTaMU U CHJIMKaTaMHU.

Jemunepanuzanus 4 npo0d KaMEHHOTO yIJI IyTeM ero oOpaboTKH KOHIICH-
tpupoBanHoii HCI u HF, B coorBerctBuu 'OCT 29086-91 (MCO 602-83), He
nprBeia K NOJHOMY BBINIENIaYMBAaHUIO ypaHa. B 301e ocTaTouyHOro yris, 30J5HO-
cThio MeHee 1 %, B 000ux ciyuasx coaepxkanue ypana npesbicuiio 100 v/t npu ero
COJIep’KaHUU B 30JI€ UCXOAHBIX Mpo0b 1,7 u 3,2 /1, cooTBeTCTBEHHO (Tab:1. 4.39).

Tabmnuma 4.39
Pacnpeodenenue ypana 6 npodyxmax cmyneHuamou 0emuHepaiu3ayuy yeis
Conepxanue U, r/T
XapakTepuCTHKa IPOAYKTa Miact XXX, Maacr IV_V
(mapxa /1) (mapka OC)
Hcxoanslii yromnb 1,7 3,2
30712 UCXOHOTO YIJIs 8,6 259
Vrons nocie o6paborku HClkonr; 1,2 2,8
3oma ocrarou”oro yris nocie oopaborku HClgopry 6,0 37,2
Ocrarok nocne Beimapuanus HCL 35,1 20,6
Vrons nocie o6paboTku HF kopiy 1,2 2,6
3011a ocrarouHoro yris nocne 0opaborku HF kopy 104 210
Ocratok nocne BoinapuBanust HF 3,1 6,4
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XapakrepHo, uyTo u3 yrisd Mapku /I mimacta XXXy CONMSHONW KUCIOTOM BBIIIIE-
JIAYMBACTCS CYIIECTBEHHO OOJIbIIIee KOJMYECTBO YpaHa, YeM U3 BRICOKOMeTaMopdu-
3oBaHHOro yrist maku OC mnacra [V-V, HecMOTps Ha TO, 4TO B IEPBOM CIIy4ae €ro
CoJiep>KaHUE B UCXOJTHOM YIJIE TIOUTH BJIBOE HIKE, YEM BO BTOpOM. BeposTHo, B pe-
3ynbTaTe MeTramop(u3Ma MPOUCXOAUT YMEHBIICHHE A0 COPOHMpPOBAaHHBIX (GopMm
MeTajyla 3a CYET U3MEHEHUsI CTPYKTYpbl OpPraHM4eCKOro BEIIECTBA, YMEHbIICHHUS
€ro COpOIMOHHOM CIOCOOHOCTU U (POPMUPOBAHUS Ay TUTEHHBIX MUHEPAJIOB.

Pacuer Gasnanca MeTayuia Mo NMpoAyKTaM JE€MHHEpaTU3aliK, pacCUUTaHHBIN
Ui yrias mwiacta [V-V, mokasan, 4to B pe3ysbTaTe JeMHUHEpaTU3aliy U3 yIis Obl-
70 BbienodeHo 30,8 % metamna (tadn. 4.40). 1o 03HayaeT, 4YTO B paCTBOPUMBIX
B KHCJIOTaX MHUHEpajax U B COpOMPOBAHHON (opMe B yIiie COAEpKanoch He Ooee
1/3 ot oOmeit maccel ypana B mpo0Oe. [lomydeHHbIe pe3yabTaThl CBUIETEIBCTBYIOT
TaK)X€ O TOM, YTO [NIMHUCTBIE U APYTHe aIFOMOCUIMKATHBIE MUHEPAJIbI HE SIBIIACT-
Csl OCHOBHBIM HOCHUTEJEM ypaHa B 3pelIOM KaMEHHOM YIJie, Tak Kak oOpaboTka
poObI TIABUKOBOM KUCIIOTOM MpHUBENa K BRIXOAY B pacTBOp Juib 16 % Metanna.
OO6paboTka yrisi COJISTHOM KHCJIOTOM OOYyCIIOBWIJIA MEPEXOj] B PAaCTBOPEHHOE CO-
ctosinue nuiib 14,8 % ot o011ero KoiM4ecTBa ypaHa. JT0 yKas3bIBaeT Ha HEOOJb-
10 MPOLEHT COPOMPOBAHHOIO HA OPraHUYECKOM M MHHEPAJIBLHOM BEIECTBE Me-
TaJljla U HE3HAYUTEIbHYIO POJIb B €70 HAKOIUIEHUH KapOOHATOB U HEYCTOMYMBBIX K
BO3ACUCTBUIO KOHIIEeHTpupoBaHHON HCl cunukaToB (1LIeOIUTHI, XJIOPUT U AP.).

Tab6muma 4.40

Pacnpeoenenue ypana 6 npodyxmax cmynenuamou OemuHepaiuzayuy yens
naacma IV-V

Brixon Brixox U
XapakTepHCcTHKa IPOAYKTa (bpaxuwii, % Conepxanue U, /T B0 pakiio, %
Hcxonnslit yroian 100 3,2 100
VYrons nocne o6pabotku HClkopry 97,7 2,8 85,2
Ocratok nocne Beimapusanus HCI 23 20,6 14,8
Vrons nocne 06padotku HF oy 81,7 2,6 66,2
Ocratok nocne Beimapusanus HF 8,0 6,4 16

B octaTouHOM NeMHHEPaTN30BaHHOM YTJIe YpaH MOXKET KOHIICHTPUPOBATh-
csl MO0 B YCTOWYMBBIX K JIEHCTBUIO KUCIIOT aKIECCOPHBIX MUHEpasax, MO0 B
METAJUIOOPTAaHMYECKUX COCAMHEHUSIX. YUYHUTHIBAsI, YTO B JaHHOW TpoOe OobIas
9acTh METaJIa COACPKUTCS B TSOKEIION (Ppakiuu yrisi, 0ojiee BEPOSTHBIM TMPe.I-
CTaBIISICTCSI HAXOXKJICHHE €T0 B COCTaBE YPAHCOICPIKAIINX AKIIECCOPHEB.

HccnenoBanue 30JIbHOTO OCTAaTKa 3TOW MPOObI HA 3JIEKTPOHHOM MHUKPOCKO-
T TI0Ka3aJI0 HATMYKe B HEM MHOTOUYHUCIICHHBIX 3€peH IIMPKOHA, MOHAIIUTA U KCe-
HoTuMa. [IprueM eciu HMUPKOH HEPEIKO MMEET BUJ AJIOTUTECHHBIX OOJIIOMKOB,
TO MOHAIIUT M KCEHOTHM OTJIMYAIOTCS OTYCTINBO BHIPAKCHHBIM ayTUTCHHBIM Xa-
paKTEpOM BBIJICICHHIA.

AHaJOTHUYHBIC Pe3yJbTaThl MOJYYCHBI TPYION aMEPUKAHCKUX HCCIIEI0Ba-
Tenei, m3yuuBmmx 10 mpoO yriei pa3HON CTENEeHU 3pPENOCTH U U3 Pa3HbIX Me-
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cropoxaennii u 6accerinoB CIIIA ¢ nucrmons30BaHHEM APYTrod METOIUKH CTYTICH-
garoro BeimenaunBanus (Finkelman et. al., 1990). Tlo ux nanueiM, U3 yriiei HU3-
KoH cTteneHu yriaedukanuu (Oypble YIIIH U JUTHUTHI) CONSTHOKUCIION BBITSXKKON
m3Biekaerca 40—-60 % ypaHna, a U3 KaMeHHBIX yriiei — He 6onee 18 %. 48 % HF
BhIIIIeNTaunBaeT 26—27 % MeTaiia B mepBoM ciydae u He Oonee 23 % — BO BTO-
poM. OTH pe3yabpTaThl MO3BOJIWIM UM CIENaTh BBIBOJ O IPEUMYILIECTBEHHOM Ha-
XOXJACHUH ypaHa B HU3KO3PEJBIX YIUIAX B BHJIE X€JIaTOB, OKOJo 25 % B cuiuka-
Tax WM, B MEHbILIEH CTENeHHu, B okcuaax. He n3BnexkaeMblil KUCIOTaMH ypaH BO
BCEX YIUIAX MPEANOI0KUTENIBHO CBSI3aH C IIUPKOHAMU. 3AMETUM, 4YTO B BOJHYIO U
allETaTHYIO BBITSDKKY YPaH IOYTH HE U3BJIEKAETCS BO BCEX CIIydasX, KpOME OJHO-
ro. DTO JaeT OCHOBAHUE I 3aKIIOYCHHUSI, YTO B HEOKUCIICHHBIX YIUIAX POJb (hu-
3MYECKH COPOMPOBAHHBIX (POPM ypaHa HE3HAUUTEIIHHA.

OnHuM n3 Hanbosee HaJeKHBIX U HATJSIIHBIX METOJOB OILCHKH (OopM Ha-
XOXKICHUS ypaHa B yIJIsiX sBJseTcst MeTo] f-paauorpaduu, mmpoko mpUMeHse-
MBI 111 U3y4€HHUs XapaKTepa paclpeieseHUusl U YPOBHEM HAKOIJICHUS ypaHa B
TOPHBIX MOPOJAX U MUHEpPAJIaX. DTOT METOJ HE MOIYYUII IHPOKOIO pacipocTpa-
HEHHUs B IIPAKTUKE M3YyYEHHs YIJIEW B CBA3U C ONPEIEICHHBIMU TEXHUYECKHUMH
CJI0)KHOCTSIMU €70 OCYILECTBICHHUS.

Paguorpaduueckue uccienoBanus mokasaid, YTO OCHOBHAs Macca ypaHa B
YTJISX C HU3KUMH (OKOJIOKJIAPKOBBIMU) €T0 COJAEPKAaHUSIMU IIpE/ICTaBIeHa pacce-
ssHHOUM (opmoii. Hanbonee THIIMYHBI paBHOMEPHO pacCessHHbIE TPEKH, HO BCTpe-
4aeTcs M MHOE pacrpeaenenue TpekoB. Ha puc. 4.22 npencraBieHbl pa3jinyHbIe
TUIIBI PACIPEEIICHNs YpaHa B yIJISX Ha pUMepe Iiacta Jeyxapuiunnviti Muny-
cuHcKoro Oaccetina, iactoB I u III Ky3nenkoro 6acceiina.

Kak Bumno Ha ¢ororpadusx (puc. 4.22, a), B yrimsax mwiactoB | u Jfgyxap-
wuHHbII TIpeo0ajaeT paBHOMEPHOE pacCesiHUE aTOMOB ypaHa, HO BCTPEYAIOTCS
U OJUHOYHBIE CKOIUIEHHUS («3BE3/b1»), CBUAECTEILCTBYIOIINE O HAJIMYUU B yIJie
ypaHcoJepxkamux akueccopueB (puc. 4.22, 6). Kpome TOro, orMeudaroTcsi 0Ju-
HOYHBIE yYaCTKH HEPAaBHOMEPHOTO CKOIUIEHHsI TpekoB (puc. 4.22, 6), pexe —
MHUKPOTPOKUIIKOBBIE BBIJEICHUS, YKa3bIBAIOIIUE HA MOCTIUAreHETUYECKOe Iie-
pepacrpeneneHe 3JIEMEHTOB B yroibHON Marpuie. Kak npasuino, oHM npuypo-
YeHbI K BEpXHEH 4acTH I1acTa, 00OTalieHHON ypaHOM.

B yrnsax macra II1 B iemom mpeo0Giiagaer Takxke paBHOMepHOe paccesaue U.
OnHako B BepXHEW 4acTH IJiacTa, 0COOEHHO B 30HE NMPHKPOBEIHLHOTO oborare-
HUS YIJIsSI, YCTaHOBJIEH CBOEOOpa3HbIM THMl pacnpezaeneHuss U, HaOMHHAIOMIUN
CETYaThle MUKPOIIPOKWIKOBBIE BBIAEIEHUS. DT Y4YaCTKHU BBIIJISIAAT B BHUJE Lie-
MOYEK TPEKOB MHAYIIUPOBAHHOTO JENeHUsI aTOMOB ypaHa (puc. 4.22, 2), mpuypo-
YEHHBIX, BEPOSATHO, K OCIa0JIeHHBIM MPOHUIIAEMBIM 30HaM, BCIIEACTBUE Hapyllle-
HUS CIUIOIIHOCTH OPTaHUYECKO#l Macchl YIJis B Mpoliecce auareHesa (TpeIiuHbl
cuHepesuca). Takas xkapTHHa pacrpeieNeHUus TPEKOB IMO3BOJISIET IMPeArnoiaraTh
MOCTCEIMMEHTAMOHHOE HAKOIJICHHE M TepepacipeieieHue ypaHa, 0COOEHHO
SIPKO IIPOSIBIIEGHHOE B NPUKPOBEIBHOM 30HE. 311€Ch K€ BCTPEYAIOTCSA CKOIUICHUS
TPEKOB B BUJE JUHEHHBIX 30H (puc. 4.22, 0). Hakonel, B 0JHOM OBaJIbHOM y4a-
CTKe TorepedHukoM okoiio 1,0 MM (BepositHo, (hocaTHOE BKIIFOUEHHE?) BCTpe-
YeHbl HETPaBUIIbHBIE CYOM30METPHYHbIE CKOIUICHHS TPEKOB C BECbMa BBICOKOM
10THOCTHIO (puc. 4.21, e). dopma TakuX MATEH, INIOTHOCTh TPEKOB U XapaKTep
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UX pacIpeesIeHus] MO3BOJIAIOT MPEANoaraTb COPOLUOHHYIO IPUPOY HaKOILIe-
Hus Metaia. [lo mpoctupanuto ocdarusiii (?) ypaHOHOCHBIN y4acTOK T'paHH-
YUT C IMHEWHBIMU 30HKaMH CKOIIEHHs TpeKoB (puc. 4.21, 0).

CnenoBatenbHO, paguorpapuyeckue HCCIEIOBAHHUS CBHUIECTENBCTBYIOT O
[IPEUMYIIIECTBEHHO PAaBHOMEPHO PACCESIHHOM pACIpPEAEICHUM ypaHa B YIJIE C
OKOJIOKJIApKOBBIM €ro coaepkaHueM. CKOIUICHUs ypaHa B BUJIE «3BE3D» pacIpo-
CTPaHEHbI OTPAaHUYCHHO U UMEIOT BTOPOCTENICHHOE 3HAYCHHE B OajaHce MeTala.

Puc. 4.22. Xapaxmep pacnpedenenust ypauna 6 yeisx (no 0anHviM _f-paouopaghuis).
Jlascanosvwiii demexmop.
a — naacm J[gyxapuwiunHulii. Pagnomepnoe pacnpedenenue. Yeenuuenue 150 X;

0 — niacm J{gyxapuunnoil. BKiroueHus ypancooepicauux akyeccopues («36e30u1»). Yeeauuenue 300 X;
6 — nnacm 1. Bxuiouenus ypancooepicawux akyeccopues («36e30u1») ¢ 30H0U 0002aujeHus.
ypanom. Yeenuuenue 300 X; 2 — naacm IlI. Cemuamoe pacnpedenenue ypaua. Yeenuuenue 250 X;
0 — naacm II1. Jluneiinvle 30nvl 0boeawenus yparnom. Yeenuuenue 100 X;

e —naacm I1I. Cxonnenue mpexos nao gocpamom. Yeeruuenue 100 X
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B To0 xe Bpems meton f-pamuorpaduu He MO3BONISET WACHTU(DUIIPOBATH MU-
Hepajibl MHUKPO- W HAaHOMETPOBOW pa3MepHOCTH. [IpuOmmkeHHO OLEHWTH pOJb
ypaHCOJEpKAIMX MHUKPO- 1 HAHOMHUHEPAJIOB B KOHIIEHTPHUPOBAHUH ypaHa B YIJISIX
TO3BOJISIET  COTIOCTAaBIICHUE PE3YJIbTATOB HEWTPOHHO-aKTHBAIIMOHHOTO —aHAIIN3a
(M3H) u nmansbix f-paguorpaduu. Conmepxanue ypana B HUIH]ax, onpeaeneHHOe
Kak 1o TpaguiuoHHol Meroauke f-pammorpadun (dnepos, bepsuna, 1979), tak u
C UCTONb30BaHKeM Metona cpaBHeHus (CaphaeB, PuxBano, 1991) Bcerna oka3ssi-
BAIOTCSl HIDKE, YeM IIOJTy9aeMble IPYTHMHU aHATUTHIECKUMU MeTonamu. [Ipumepom
MOTYT CITy>KUTb HCCIIECAOBaHUs COJEpKaHus ypaHa MeToaoM f-paauorpadun u nep-
JIOBO-JIFOMUHECLIEHTHBIM METOJIOM B yriisix JlonOacca, BeinonHenHsle M.I1. Cepree-
BeIM U JIp. (1984). Cpennee coneprkanue B 34 npobax yriis, onpeeneHHOe METOI0M
f-papmorpadun, cocrasmio 0,22 1/T, a NEPIOBO-TIOMHUHECIIEHTHBIM — 1,6 T/T.

[TpuunHa TakuX pa3nuuuil KpOeTcs B HEBO3MOKHOCTH yueTa BKIIaJa MUKpPO-
Y HaHOMHHEPAJIOB M KJIACTEpOB B oOmMI OanaHC MeTaimia W3-3a OrpaHUYCHHOM
pazpemiaromieil cnocoOHOCTH HCHOIB3YyEMOr0 JIaBCAaHOBOTO jAeTekTopa. CpaBHUB
pe3ysbTaThl BECbMa TOYHOTO METO/Ia 3ara3/bIBAIOIINX HEHTPOHOB C MPenesioM 00-
Hapy>keHus ypana 0,1 v/t u gannsie f-paguorpaduu, MOKHO OIICHUTH BKJIA/ HEAU-
arHOCTHPYEMBIX MHUKPOBKIIIOUEHHI B 0Ommii Oamanc merauia B mpode. CormacHo
MOJIyYEHHBIM pe3ysbTaTtam, 10 70 % ypaHa B KaMEHHBIX YIJISIX MOKET ObITh CBS3a-
HO C MUHEPaJIbHBIMA MUKPOBKIIIOUEHUSIMU M KJ1acTepamu (Tabdi. 4.41).

Tab6muma 4.41
Oyenxa 001U MUKPOMUHEPATIbHBIX (POPM HAXOHCOCHUs YPAHA
HA OCHOBAHUU CONOCMABNECHUS OAHHBIX npsamoeco onpedeﬂemm
Memoodom _f-paduoepapuu u M3H
ConepxaHue ypasa, I/T p
Homep npo6er | Mapka yris A% % acxoTueHue,
10 JAHHBIM %
o gaHHsIM M3H
f-pangnorpadun

A6642 2b 11,2 0,5 0,5 0
2090 3b 234 6,2 33 47
2036 )i 8,4 0,8 0,5 27
Cu60401 K 21,5 3,8 1,3 66
Cu60501 K 4,0 L1 0,97 12
Cu60601 K 4,0 1,1 0,83 25
Cu60701 K 5,1 0,74 0,33 55
Cu62001 K 4,7 2,2 0,9 59
Cu62601 K 3,3 1,1 0,4 64
Cu62901 K 3,9 2,0 0,64 68
Cu617801 oC 18,9 1,8 0,88 51
T'op0105 A H.O. 0,3 0,3 0
Top0122 A 5,2 1,1 0,61 45
T'op0123 A 14 0,3 0,3 0
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WTtak, Bo Bcex THUIAX yriel OpraHn4ecKkoe BEeIECTBO UTPAET BaKHYIO POJIb B
KOHUCHTPUPOBAHUHN YpaHa. B HM3K0307IbHBIX Yrisix U1 B yIBIX, 06OFaHICHHI)IX
yYpaHOM, OpPraHMYECKOE BEILECTBO SIBJISETCS OCHOBHBIM €ro HocuteneM. B Beico-
KO30JIBHBIX YTIJIAX C OKOJIOKJIAPKOBBLIM COACPIKAHUCM YpaHa W B YITISIX C HUIKC-
KJIApPKOBBIM €T0 COJIEpKaHUEM MOJKET MpeodiiagaTh MuHepanbHas (opMma ero Ha-
XOXIOCHUA.

Ha panHux cragusax yrieoO0pa3oBaHus B OOJBLIIMHCTBE HOPMAJIbHO30JIbHBIX
yIJell OCHOBHAs Macca ypaHa KOHLEHTPUPYETCS B OPraHUYECKOM BEILECTBE B
(dbopMe MpOoUHBIX KOMIUIEKCHBIX I'yMaToB M B cOpOMpOBaHHOM BHJe. B mporecce
yrieuKauy B CBS3U C U3MEHEHUEM CTPYKTYpPBhI OPTaHWYECKOTO BEIIECTBA, MPO-
UCXOJUT M3MEHEHHE COOTHOILeHHs (opM HaxoxaeHHs ypaHa. Bospactaer ponb
MUHEpAJIBbHBIX (OPM €ro HaxOXJEHUs, IVIaBHBIM 00pa3oM 3a cYeT HOBOOOpa3o-
BaHHBIX AKIECCOPHBIX MUHEPAJOB (LUPKOH, MOHAIUT, allaTUT, KCEHOTUM H JIp.).
['maBHBIE 3051000pa3yoIIKE ATIOMOCUIIMKATHBIE U KapOOHATHBIE MUHEPAJIBI (Kao-
JIMHUT, TUAPOCIIONBI, CUACPUT U Jp.) UMEIOT BTOPOCTENIEHHOE 3HaYEHHE B KOH-
LIEHTPUPOBAHUN YpaHa B YIIIIX.

Topuu

YcnoBusi HaKOIUIEHHUsT TOPUS B YTOJBHBIX IUIacTax M3ydeHbl ciaabo. B Gonee
paHHUX paboTax OBUIO MOKA3aHO, YTO TOPUIl B OCHOBHOM CBSI3aH C MHUHEPAIbHBIM
BEILIECTBOM yIJIeH. DTOT BBIBOJ CJlIEJIaH HAa OCHOBAaHWU HM3YYEHHs ILIOTHOCTHBIX
(bpaxumii yriis v npoxykToB ero runporennsarmu (Gluskoter et. al., 1977; Filby et. al.,
1977; n np.). OnHaKo yke B T€ rojibl ObUIO BBIIBUHYTO MPEANOI0KEHHUE, YTO TO-
pHii UMeeT CBsI3b C OpraHndeckuM BeuiectBoM yriis (Pszanos, Karanypun, 1976;
Kuhn et. al., 1978).

[lepBoii, n Ha HacTosIIee BpeMsi Hanbosee AeTaIbHOW paboToH, B KOTOPOit
Ha OCHOBE METOJIOB 3JIEKTPOHHOM MUKPOCKOIHH CJIeIaHa MOMbBITKA OLIEHUTh POJIh
MHUHEpaJIbHOTO BelIecTBa B OajaHce TOpUS B YIJISAX, CTal U3BECTHBIA TPyH ame-
pukanckoro uccnenonatens P.b. ®unkensmana (Finkelman, 1981). Um ycranos-
JIEHO, YTO OCHOBHBIM KOHIIEHTPATOPOM TOpPUS B YIJISIX SIBISETCS MOHAIIMT.
B MeHbpIIMX KOJIMYECTBaX OH NPUCYTCTBYET B KCEHOTUME M LIUPKOHE. BrIsABIEHO
OJIHO 3€pHO PEIKO3eMENbHOI0 TopHiicoaepxkaiiero gocdara, Tounee He TUArHO-
cTupoBaHHOe. KpoMe TOro, HEKOTOpoe KOJIMYECTBO METajlla CBSA3aHO, BEPOSITHO,
¢ rmuHamu. Ha npumepe mnacra BatinecOype P.b. @uHKenbsMaH mokasaln, 4ro, B
MIPUHIINIIE, TOPUS, 3aKIIOYEHHOTO B MOHALIUTE, JOCTATOYHO AJisi oOecreyeHus
€ro CoZepXaHus B yIJle, HE NPUBJIEKas Ipyrue UCTOYHUKH. OJHAKO 3TO 3aKIIIO-
YyeHHe, Ha Hall B3IV, HauboJiee ya3BUMO JUIsl KpUTUKHU. M HE TOJIBKO MOTOMY,
YTO B YIJISIX BCET/Ia MPUCYTCTBYIOT U IPYTHe TOpUCOAepKalie MUHEpabl, HO U
MOTOMY, YTO HCIIOJIb30BaHHass uM mudpa s pacuera (3,5 % Th) BepostHo 3a-
BbIIlIEHA. DTO CleNyeT U U3 onyosukoBaHHbIX P.b. duHkensManoM MarepuanoB
U U3 XapaKTEpUCTUKU ayTUI'€HHOI'O MOHAIUTa, XOPOLIO MU3Y4YEHHOIO B pa3jivy-
HbIX peruoHax mupa (Hexpacosa, Hekpacos, 1983). BepositHee Bcero, 4uro co-
JIep>)KaHUe TOpUsS B AyTUI'C€HHOM MOHAIMTE W3 yrieil He mnpesbimaer -2 %.

226



I'nasa 4. Paduo2eoxumusi 3K302eHHbIX NPOLUECCO8

B sTtom ciyuae B mnacte Baiincoype ot 25 mo 60 % Meramna TOJKHO OBITH CBSI-
3aHO C IPYTUMH €r0 HOCUTENISIMU. TaKMMHU HOCUTEJISIMU MOTYT OBITh KakK JAPyrue
MUHEpaIbHBIE (Da3bl, TAK U OPraHUIECKOE BEUIECTBO.

Kak nokazanu C. I[Tanmep u P. ®unbu (Palmer, Filby, 1984), usy4asuiue ka-
MeHHble yriu Oraiio, 4To XOTs COAEp KaHUuE TOPUSL U KOPPEIHUPYET C KOJTMUECTBOM
TJIMHUCTOTO BEIIECTBa, HO (DAKTUYECKU OH HAXOAWUTCS B HUX B MHUKPOMHUHEpAIb-
HBIX (ha3ax METUTOBOM Pa3MEPHOCTH (B peIKO3eMETbHBIX (pocdarax v MUPKOHE).

b.H. XomentoBckuii u ap. (1993), uccnenys paaoakTUBHOCTb Y PTYIHCKOTO
OypOyroJIbHOIO MECTOPOXKJIEHUS, YCTAHOBUIIM, YTO TOPUM B yIJISX HPUCYTCTBYET
B CBSI3H C MEJIKUMU 3€pHAMH MOHAIIUTA U allaTUTa.

OpHako Takue MPOCThIE CXEMbl PACHpPENENICHUsS TOPHUS B YIVISIX TpeOyroT
00BsicHeHHsT ()aKTOB aHOMAJLHOTO €r0 HAKOIUIEHUS B HHM3KO-, CPEIHE30JbHBIX
yTIsiX, B Topdax u Jerkux Gpakmusx yris. B 30max oTneiapHBIX yriaed u TophoB
cojaepxanue Topus MoxeT gocturats 100-300 r/T.

Bonrapckue nccnenoBaTenu, u3yyasi F€OXMMHUIO BEPXHENAJIEOTeHOBOIO Oy-
poyroasHOro mMecropoxaeHus «bo6os Jlom», oTnamu mpeanouyTeHUue AJIEMEHTO-
opranudeckoit popme Haxoxaenus ropus (Vassilev et. al., 1994).

[To muenuto f.0. Kusuneiireitna u C.B. JleBuenko (1995), «...npeumy-
wecmseeHHoe KOHYEeHMpPUposaHue mopusi 8 MUHEPAIbHbIX KOMNOHEHMAax yeiel He
UCKTIoYaem CesA3U HeKOmopol Yacmu 1eMeHma ¢ OP2aHUYEeCKUM, 8epHee 6Ce20
2enuPUYUPOBAHHBIM 8eULeCTN8OM, YMO OOKA3bIBAEMCsl €20 8blCOKOU KOHYEeHmMpa-
yuetl 8 30jle HU3KO30JIbHBIX Yyeielly. B u3yueHHbIX Tpex mpobax yried JJoHenkoro
OacceitHa B Mano30ibHON pasHocTH (Ad = 9,5 %) ¢ OpraHM4YecKMM BEIECTBOM
cBsizano 85,9 % Th, Torma kak B Gosee 30mbHBIX yrisix (Ad = 24,4 %) — mumb
16 %. B rnmunucteix muHepanax coaepxurcs 14,1 % u 84 % Topus, cooTBETCT-
BeHHO (Kuswmnbiureiin u ap., 1989).

.. FOnoBuy, aHanmu3upyst 0COOEHHOCTH TEOXHUMUU TOPUS B YIJIAX, 3aMETHUII,
YTO MOCKOJIBKY 30JIbHBIE KJIAPKH TOPHSI MPEBBIILIAIOT €TO COJEPKaHUE B INIMHAX, 3TO
TpeOyeT NpUCYTCTBHS YacTh Topus B yrie B popme Th, (FOmoBuy u 1p., 1985).

Cornacuo nanasiM U.B. Pszanosa u I'.I'. Karanypuna (1976), B yrie mna-
cta Mowmnwui ITledepckoro OacceifHa MOMHMO KIIACTOTEHHOTO TPUCYTCTBYET
COpOLIMOHHBIH W Jaxe OHOTEHHBIH TOPUH B CIEAYIONIMX COOTHOUICHMSX:
Theopg : Thygp : Thyyo=1:1,6 : 0,3. S1.9. FOnoBuy (1985), koMmMeHTHpPY 5Ty pado-

TY, 3aMETHJI, 4TO MPU HU3KOM TEpPUTE€HHON 30JIbHOCTH YIJIS JI0JIsl TOPUS, CBSI3aHHO-
T'O C OPraHMYECKUM BEIIECTBOM, MOXKET JIa)Ke MPEBBICUTH 100 Th MUHEpaIBHOTO.

OxcnepuMmeHTanbuble uccinenoBanusa B.A. Koanea u B.A. I'enepasioBoii
(1969) nokxazanu BO3MOXKHOCTb CBSI3bIBAHMSI TOPUS TYMHUHOBBIMU KHCJIOTaMHU
TopdoB. Hamnyumve ycnoBust A ocaxaeHUs TOpHs Ha Topde peanusyrorcs
npu pH 7-8, B 11eTOM He XapaKTEePHOU 751 TOPPSHUKOB. DTUM, BO3MOKHO, 00B-
SICHSI€TCSI TIPUYPOUYEHHOCTD MOBBIIICHHBIX COJAEPXKAHUN TOpPHUS K CpellHe-, BBICO-
KO30JIbHBIM YTJISIM.

Taxum o6pa3zom, aHanu3 omyOIMKOBaHHBIX MAaTE€pPHUAIOB 10 (GOopMaM HAXOXK-
JICHUSI TOPUS B YTJISIX MO3BOJISIET 3aKIIIOUUTH, YTO B OOIIEM ciy4ae MpeodsiaaaroT
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MHHCPAJIBHBIC (l)OpMLI €ro HaXO0XACHMUA, I''TaBHbBIM o6pa30M Imocrymnaromue B Co-
CTaBe TeppUreHHou npuMecH. [Ipyu 3ToM He OTpUIaeTCs BO3MOXKHOCTb CBA3U HE-
KOTOpOfI, HHOr'1a 3Ha‘lHTCHLHOI>'I, A0JIM BaJIOBOI'O COACpIKaHUA MCTaZIa € Opra-
HUYECKHUM BEIIIECTBOM.

I/I3y‘-ICHI/IC COACPIKaHUA TOpHUA B YIVIAX U 30J1aX yrﬂeﬁ CI/I6I/IpI/I IIO3BOJISACT
[peanojaraT BAXKHYIO POJIb KAK MUHEPAIILHOI'O, TAK X OPraHNYECKOI0 BEI[ECTBA
B €I'O HAKOIIJICHUH.

Tabmuma 4.42

CpedHee coOepacanue mopus 8 yensx, 301ax yeuell U yeieemMeuarouux
NOPOOAX PaziuyHbIX Mecmopodicoerutl Mumycunckoeo yeonbHo2o baccelna, o/m

CopneprxaHue Topus, I/T K )
Mecropoxnenue Al N 0>} puuuert
1| B yriaeBMeniaromei HAKOTUICHHSI
B yIJIe | B 30JI€ yIiis
nopoze
Betickoe 11,8 2,4 20,3 8,5 2.4
U3bIxckoe 20,5 3,5 17,0 5,2 3,3
YepHoropckoe 14,6 2,6 17,8 4,6 3,9
Cpennee (115 6accelina) 17,6 3,1 17,6 6,4 2.8

B Ta6i1. 4.42 npuBeneHpl CpeIHUE COAEPKaHUsI TOPUS B YIUISIX, 30J1aX yTien
U YIIIEBMENIAIONIMX MOPOJaX OCHOBHBIX MPOMBIIUIEHHBIX MECTOpOXACHUN Mu-
HYCHHCKOI0 6acceiiHa, a Takke KOd(p(GUIUEHT KOHIEHTPALMU 3JIEMEHTOB B 30J1€
yIJIsl IO OTHOIICHMIO K YIJIeBMeIaroen mopoje. M3 Tabuuisl XOpomo BUAHO,
4TO 30J1bI yTJIel B 3—4 paza OoJibiiie 000TraleHbl TOPHEM, YeM BMEIIAIONUMU T10-
ponamu. CrenoBaTebHO, HAKOIUIEHHE TOPUS B YIUIE 3 CYET KJIACTOTEHHOIO Be-
[IECTBA TEPPUTCHHOMN MPUPOIbI HE SBIIAETCS ONPEACIAIONUM, a UMEET MOAYH-
HEHHOE 3HauyeHue. BeposTHO, B TaHHOM ciydae Oojiee 3HAUMUTENIbHA POJb KOH-
HEHTPaMOHHON (QYHKIIUN OPraHUYeCKOro BEIECTBa.

[TpuOIKEHHO JTOMI0 OPraHMYECKOro BEIECTBA B KOHIIEHTPUPOBAHUH JIEMEHTa
MO’KHO OIICHUTh Ha OCHOBAaHUH YPaBHEHUI PErPECCHUH, PUBEICHHBIX Ha puc. 4.23.

Th, r/t a Th, r/t 0
150 {—= -
100 "= -
. 80 +=—*
100 +——= .
n 60 L I

40 T w ® Th(om)=-265n(x) + 264

0 20 40 60 80 100 0 20 4 60 8 100
Ad, % Ad,%

Puc. 4.23. 3asucumocms codepaicanus mopus 8 yaiusax u 3onax yeneti Munycunckozo (a)
u Kysneyxoeo (6) 6accetinog om 3oavHocmu. Ilpugedenvt ypasnenus peepeccuu
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VYCIoBHO MPHHAB, YTO YT C 30JILHOCTBIO 2 % coJepikaT JIMIIb OpraHuye-
CKYIO 30JIy, MOXHO PacCUUTaTh, 4TO B yIIIIX MUHYCHHCKOro OacceiiHa Ipu cpea-
Hell 3ombHOCTH 17,6 % B cpeaneM okoso 65 % Topusi CBSI3aHO C OPTaHUYECKUM
BEIIECTBOM. JTOT JI0BOJIBHO MPUOIMKEHHBIH pacyeT XOpOILO COINIacyercs C JaH-
HBIMH O COZAEP’KaHUU TOPHUS B YIIIAAX, 30J1aX YIVIEH M yIJIeBMEIAoIUX MOPOAaX.
Jlna Ky3zbacca sta BenmnuunHa coctaisieT okoiio 40 %. OgHako 3TO HE O3HAYaeT,
YTO B KaMEHHBIX yIIIIX oT 40 110 65 % TOopusi COAEPKUTCS B OPraHMUYECKUX COEJU-
HEeHUsX. boree BepOSATHO, YTO HAKONMMBIIMICS Ha OPraHUMYECKOM BEIIECTBE Ha
paHHUX dTanax yrieoOpa3oBaHHs TOPUIl 3aTeM, B mpolecce yriedukaluu B pe-
3yJIbTaTe€ W3MEHEHUs] CTPYKTYpPhl OPraHHYECKOTO BEIIECTBA, OBbLT BBICBOOOXKICH
Y BOIIIEN B COCTaB HOBOOOPA30BaHHBIX MUKPO- U HAHOMHHEPAIBHBIX (ha3.

JU1st IPOBEPKU ATOTO MPENOIOKEHHUS OBUIO BBIMOJIHEHO H3YYSHHUE TPYIIIO-
BOr0 cocTaBa TOp(oB, OypblX U KaMEHHBIX YIVIEH, a TAaKKe IPOBEAEHBI JJEK-
TPOHHO-MHUKPOCKOITMYECKUE HCCIIEIOBAHNS KAMEHHBIX YIJIEH.

I'pynmoBoii coctaB u3ydeH B 9 mpobax BepXOBOro M HU3MHHOrO Topda 3a-
naaHoit Cubupu. M3yuens! npoObl ¢ pa3HON 30JIbHOCTBIO, CTEIIEHBIO PA3JI0KEHHS
U pa3HbIMHU yCIOBUAMHU 00pa3oBaHus. 30JbHOCTh 5 UCXOJHBIX Mpo0 Topda u co-
JiepKaHue B HUX TOPUS MOKa3aHbl B Ta0I. 4.43.

Tab6muua 4.43
Coodepoicanue mopust u 301bHOCHb UCXOOHBIX NPoO mopga,
0yP0o2o U KAMEHHO20 Yest
ConepxaHue JIEMEHTOB, T/T
DiieMeHT

679-2 397-9 397-11 817-5 902 [ep-437 20461
Th 0,37 021 0,44 1,1 0,32 0,93 0,65
A% % 1,4 2,0 43 5,6 8,3 20,5 43

Ipumeyanue: Mecropoxaenust Topda: 679-2 — Ilomynenosckoe; 379-9 n 379-11 — Bacroran-
ckoe; 817-5 — bepesoBas I'pua; 902 — I'yceBckoe. MecTOpOXAEHHUS YIJA:
[ep-437 — Oypeiii yrons, Kancko-Aunnckuii 6accelin; 2046/ — kaMeHHBIH yroJb,
MuHycHHCKUIT GacceiiH.

AHanM3 MaHHBIX, TPUBEACHHBIX B Ta0N. 4.44, CBUACTEIBCTBYET, YTO OCHOB-
HBIMH KOHIIEHTpaTOpamMH TOPHS B TOpQeE ABIAIOTCS TYMHUHOBBIE KUCIOTHI M OCTa-
TOYHBIE (paKIMH, cOCTosmue M3 Heruapoauzyemoro 4—5 % HCI nurauHOIEN-
JIIOJIO3HOTO OCTaTKa U MUHEPAJILHOTO BewecTBa. Jomis Topusi, Npuxoasamascs Ha
octaTouHyto ¢pakiuro, uamensercs ot 20,9 no 46,1 %, a xkoapdunrent Hakon-
JIeHHsI ero BO (ppakuuu MO OTHOIICHUIO K MCXOogHOMYy Topdy — ot 1,3 mo 2,1.
HauGonpmmii BEIXOA MeTauia B 3Ty (Dpakinio XapaKTepeH s Ma030JIbHOTO
CJ1ab0Pa3II0KUBIIETOCS BEPXOBOTO TOpda.
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Tabiuua 4.44
Buvixoo mopus 6o ¢ppaxyuu epynnosozo cocmasa mopgpa
I'pynmnoBoii coctaB Topdha Beixon dpaxiuii, % Cofﬁf?ljlfﬂe 5o ];’)E;:I?Lfﬂzf o
679-2 (Ilo1y1eHOBCKOE)
Hcexonusiit Topd 100 0,37 100
BeH3o0ibHbIN OUTYM 7,5 <0,01 0,1
Ey(:;ogzc};r:;};zx;:e U JIETKOTUIPOITHU- 38,6 0,043 44
I'yMuHOBBIE KHCTIOTBI 16,7 1,12 50,2
@OyIIbBOKHUCIIOTHI 15,2 0,302 12,3
HepactBopumslii ocTaTok 22,0 0,56 33,0
397-9 (Bacloranckoe-9)
HUcxonustit Topd 100 0,21 100
BenzonbHbIi OUTYM 2,8 <0,01 <0,1
Eyzﬁ;)ﬁ:c;:;gzﬁl:e 1 JIETKOTUIPOJIHU- 52,5 0,016 40
I'yMHHOBBIE KUCIIOTHI 12,6 0,64 38,2
OyIIbBOKHUCIIOTHI 10,6 0,24 11,7
HepactBopumblii ocTaTok 21,5 0,46 46,1
397-11 (Bacroranckoe-11)
Hcxonublii Topd 100 0,44 100
BensonbHblii 6HTYM 5,0 0,005 0,1
Ey(;;;;)gzc};r:;zgil;le U JIETKOTUIPOJTH- 33,0 0,066 50
I'yMuHOBBIE KHCTIOTBI 33,4 0,91 69,1
OyIIEBOKHUCIIOTHI 8,6 0,01 0,2
HepactBopuMmblii ocTaTok 20,0 0,56 25,6
817-5 (bepe3oBas I'pusa)
HUcxonusrit Topd 100 1,1 100
BeHn3ombHBIN OUTYM 3,1 <0,01 0,1
fyzﬁ)ﬁzc;:;gzﬁ};e 1 JIETKOTHIPOJTH- 46,0 0.18 75
I'yMHHOBBIE KUCTIOTHI 15,5 3,7 52,3
OyIIEBOKHCIIOTHI 20,1 0,98 18,0
HepactBopumslii ocTaTok 15,3 1,6 22,2
902 (I'yceBckoe)
Hcxonnblii Topd 100 0,32 100
BensonbHeiii 6uTYM 1,7 0,017 0,1
?y(;;;)gzc;:;g:x;;le U JIETKOTUIPOJTH- 406 0,011 12
I'yMuHOBBIE KHCTIOTHI 26,1 0,78 70,6
OyIIEBOKHUCIIOTHI 19,5 0,11 7,3
HepactBopumblii ocTaTok 12,1 0,55 20,9
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B rymuHOBBIX BeriecTBax (T'YMHUHOBBIX M (yJIbBOKHCIOTaX) COCPEAOTOYECHO
ot 49,9 no 77,9 % ot o6meit maccel Topusi B Topde. Hanbonbimmii Berxoa Meras-
Ja B 3Ty (QpakLUIO XapakTepeH JUIsl MPoO HU3MHHOIO XOPOILO Pa3ioKHUBIIETOCS
topda ¢ 30mpHOCTBIO 5,6—8,3 %. ['yMHUHOBBIE BEIIECTBA SIBISIFOTCS OCHOBHBIM
KOHIIEHTpaTtopoM Topus B Topde. Ero conepxanue B 30516 TYMHUHOBBIX KHCIIOT
nocturaet 368 r/T, coctaBnas B cpeaneMm 136 1/t (tabm. 4.45). Koadduuument
KOHIIEHTPaLMU BO (PpakIM¥ T'YMHUHOBBIX KHMCJOT IO OTHOIIEHHH K Topdy u3Mme-
usiercs ot 2,1 no 3,4. 3ombpHBIH KOADOUIHEHT KOHIEHTpanuu aocturaer 21,5.
Bce 310 yOenurenbHO CBUAETENBCTBYET 00 M30MpPATENbHOM HAKOIUIEHUU TOPHS
Ha TYMHUHOBBIX BEIIECTBaX B Iporiecce ToppoodpazoBaHms.

Tabmnuma 4.45

Cooeporcanue mopust 6 mopghax, 301e moppos u 6 U361e4eHHbIX U3 HUX
2YMUHOBBIX BEUYECNBAX

Mectoposere ConeprkaHue TOpUs, T/T KK,
Topd 'K 3omna Topda 3oma I'K

[Tomynenosckoe 0,37 1,12 13,1 61,1 4,7
Bacroranckoe-9 0,21 0,64 9,7 107 11,0
Bacroranckoe-11 0,44 0,91 6,3 64,9 10,3
Bepesosas ['puBa 1,1 3,7 17,1 368 21,5
I'yceBckoe 0,32 0,78 3,6 66,0 18,3
Cpennee 0,49 1,43 10,0 136 13,6

Ipumeyanue: KK3 — 301bHBIH KO3QPUIEHT KOHIECHTPAIMK (OTHOILICHNE COAEPKAaHUS dIIEMEHTa
B 30JI€ TYMHHOBBIX KHCIIOT K 30J1€ UCXOIHOTO Topda).

Bo ¢pakuno Bo1opacTBOPUMBIX U JETKOTHIPOIN3YyEMbIX BELIECTB BbIIEIS-
etrcs ot 1,2 1o 7,5 % Topus OT ero cyMMapHOTo cojepkaHus B nmpobax. B outy-
Max KOHIEHTpUpPYETCS HUYTOXKHAs Noyisi meraiuia, He Oonee 0,1 %. Cnenosa-
TEJIbHO, B TOp(e He TOJIBKO KOHLEHTPATOPOM, HO U OCHOBHBIM HOCUTENIEM TOPHS
aBisitoTcs rymycoBbie kucioTsl (I'K + ©K), Ha koTopsle npuxoautcs Oosee mo-
JIOBUHBI Macchl MeTaJlJla B U3y4eHHBIX Mpolax. OcTaTouHble PpakLUU TaKXKe sB-
JSIFOTCSL KOHLIEHTPATOPOM TOpPHS, HO KaK HOCUTENIb OHU HMEIOT MOJYMHEHHOE
3Ha4yeHue. B cocraBe ocrarouHol (ppakiuy TOpUA MOXKET MIPUCYTCTBOBATH KakK B
MUHEpAIbHOU (opMe, TaKk M1 B HEMUHEPAIBbHOM, BXOJI1 B COCTaB HEPACTBOPUMBIX
B NaOH rymuHoOB.

W3 naHHBIX, NOJYyYEHHBIX B XOJI€ KCIEPUMEHTA, MO’KHO CJIENaTh 3aKJtoue-
HUE, 4TO Ha CTaJuu TOP(HOHAKOIUICHHS POJIb MUHEPAIBHON (POPMBI HAXOXKICHUS
TOpUS B YIVISIX CYLIECTBEHHO YCTYIAeT POJIM OPraHUYECKOro BellecTBa. B opra-
HAYECKOM BelecTBe cocpenoroueHo ot 50 mo 78 % ot olmieit Macchl TOpUsl B
M3yYEHHBIX Mpodax Topda.

Crnenyer OTMETHUTh, YTO U3yuYeHHbII Hamu Top(d chopmupoBaics B Ooiee
CYpPOBBIX KIMMaTHUECKHUX YCIOBHSX, YEM HCXOIHOE BELIECTBO yriied. OgHako
o0111asi TEHAEHIMs BO3pACTaHUs CTETIEHU pa3iiokeHHs Topga, a clieoBaTeIbHO U
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pPOJIU TYMHUHOBBIX BEIIECTB B TOP(SHON Macce MpU U3MEHEHUU KIUMATHUYECKHX
YCIIOBUH OT CyOapKTHUECKMX K TPONUYECKHM I03BOJISIET IMpeAaroyiaraTb U BO3-
pacTaHue poJjM OPraHUYECKOro BEHIECTBA B HAKOIUICHHH TOpHUs B Oojee TerioM
KJIUMaTe MO3HETr0 Maje030sl U M€30305 M0 CPABHEHUIO C COBPEMEHHBIM KJIMMa-
ToM 3anaaHoi Cubupwu.

B usyuennoii npobe 6yporo yris mapku 2b ¢ ryMycoBbIMU KUCIIOTaMH CBSI-
3aHO 76 % TOpHSs, a C OCTATOYHBIM yTiieM — Juib 23,7 % (tadin. 4.46). [Ipu atom
posib OMTYMOB B KOHLIEHTPUPOBAaHMHM MeTalljla HE3HAYUTENIbHa M COCTaBIsET
b 0,3 % ot ero maccsl B pode. YUuThIBast, 4TO UCXO/AHAs Mpoda UMEET J10C-
TaTOYHO BBICOKYIO 30JbHOCTH (20,5 %) u Huzkoe coaepxkanue meramia (0,93 %),
MOKHO 3aKIIFOUUTh, YTO U Ha OYpOYTroJbHOW CTaAHH OPTaHUYECKOE BEIIECTBO
MOET OBITh OCHOBHBIM KOHIICHTPATOPOM U HOCHUTEJIEM TOPHSL.

Tabmnuna 4.46
Bovixoo mopus 6o ¢paxyuu epynnosozo cocmasa 6ypoeo yeis
.]](IMble!echOZO Mecmopoofcdeﬂwz Kancko-Auunckozo bacceiina

I'pynmoBoii cocTaB yriis Bexon dpaxuuii, % Coneprxanue Th, r/T 5o ];)I;:ISEHEI o
HWcxonuslit yroms 100 0,93 100
((/IGHHT;IIIO)TOHyOJILHHﬁ 9KCTPaKT 1.0 <0.01 0.3
I'yMHHOBBIE KHUCIIOTHI 57,6 0,26 9,7
DynbBOKUCIOTHI 3,4 30,4 66,3
OcTaTo4HbI yroyb 38,0 0,96 23,7

DTHU TaHHBIE TTOKA3BIBAIOT, YTO TOPHUH Yallle BCETO MOXET OBITh CBSI3aH C Op-
TAaHUYECKUM BEIIECTBOM HE TOJBKO B Mano30ibHbIX (KusmnbmreiiH, JieBueHko,
1995), HO M B cpeHE30JIbHBIX yIUIsIX. [Ipu 3TOM U B Topdax u B OypoM yrie To-
puii He pocTo PU3NIECKH cOpOUpyeTCss Ha OPraHUYECKOM BEIIIECTBE, a 00pazyeT
MPOYHBIE METAJIIOOPTaHUYECKHEe KOMIUIEKChl. Ha 3TO yKa3bIBaeT CpaBHUTEIHHO
HeOonpmoi Beixoa Th Bo (pakumio JETKOTHAPOIN3YEMBIX BEIIECTB, MOJTydae-
Myto Tipu 00paboTke mpoosl Topda 4—5%-m pactBopom HCL, u B arieratHyo BbI-
TSDKKY TIpU 00paboTke mpo0 OyphIx yriei (tabdi. 4.47).

Tabmuua 4.47
Buixoo ypaHna u mopus 60 gbpam;uu npu cmynquamoﬁ OeMuHepaﬂuzauuu yenus
Mapka yris (MecTopoXIeHHE) Opaxiyn U Th
Yrojib 100 100
NH,CH;COO 31,1 13,1
16 HCl 21,3 14,0
(TanoBckoe) HF 41,4 15,6
HNO; 3,1 26,0
OCTaTOK 3,1 31,2
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Okonuanue mabn. 4.47

Mapka yrist (MecTOpoKIeHHUE) Dpakiuu U Th
yroib 100 100
NH,CH;CO0 30,2 16,5
1B HCI 23,7 12,8
(Pesxenckoe) HF 19,2 9,9
HNO; 21,7 20,6
OCTaTOK 5,1 40,1
yroib 100 100
NH,CH;COO <0,1 5,2
1B HCl1 62,7 3,8
(Tanmy-/ropryHckoe) HE 29,5 40,5
HNO; 2,7 3.8
0CTaToOK 30,5 46,6
yrois H.J. H.I.
NH,CH;COO H.I. H.1.
2B HCl1 H.JL. H.I.
(BepezoBckoe) HF H.JI. H.JI.
HNO;, H.I. H.J.
0CTaTOK H.JI. H.II.
yrons 100 100
NH,CH;COO 11,7 15,4
2B HCI 10,4 1,8
(Mrarckoe) HF 50,5 16,4
HNO; 11,5 3,4
OCTaTOK 16,0 62,9
yroib 100 100
cC HCI 20,1 14,2
(Cubuprumcxkoe) HF 32 2,7
0CTaTOK 76,7 83,1

Ponb ryMycCOBBIX KHCIOT B KOHIIEHTPUPOBAHUHM TOPHSI COXpPAHSETCS BIUIOTH
70 OKOHYATEeNbHOTO WX MpeBpaileHus B HepacTBopuMmble B NaOH KoMIIIeKcCHI.
OO0 5TOM CBHIETENBCTBYET HEOOBIYAHHO BBHICOKOE €ro COJep)KaHHe B OCTATOYHBIX
TYMYCOBBIX KHCJIOTaX, M3BJICYEHHBIX M3 KaMeHHoro yris mapku [l (tabn. 4.48).
Boixon rymunoBbix BemecTB (I'K+®K) 3necy cocraBusier aumb 0,6 %, HO conep-
*aHue Topus B HUX gocturaet 30,8 r/T, yTo mpu UX 30JIpHOCTH Okoyo 1 % mpe-
Beimaer 300 1/t 30mbl. [loaTOMy, HECMOTPsSI Ha HU3KUH BBIXOJ T'YMHHOBBIX Be-

IECTB, HA HUX NMPHUXOAUTCS 28,5 % OT CyMMapHOro coJiep KaHus TOpHs B IIpooe.

Takum oOpa3om, MoslydeHHbIE HaMU JAHHBIE 10 PACIpPENEICHHUIO TOPHS B
TPYNIIOBOM COCTaBe TOP(OB M YTyl MOKa3bIBAIOT, YTO T'YMHUHOBBIE BEIECTBA
SBJISIIOTCSA €70 OCHOBHBIM KOHLIEHTPATOPOM U HOCHUTEJIEM, BILUIOTH O IIOJHOIO UX

HMCUYE3HOBEHMS B CBSI3M C KOHJICHCAIMEN U BXOXKJIEHUEM B CTPYKTYPY YTJIA.
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Tabmuma 4.48

Buixoo mopus 6o ¢hpaxyuu epynnosoeo cocmaea yens mapxu /]
Yeprozopckoeo mecmopodcoenus Mumnycunckozo bacceiina

. Bexon ¢paximid, Copepxanue Th, Bexon Th

T'pymnmoBoii coctas yris % o 80 (pasiun, %
Hcxonublit yroib 100 0,65 100
CHnupTOTONYOIBHBIA IKCTPAKT 47 0.018 0.1
(butym)
I'ymuHOBBIE U 0.6 308 28.5
(yIBBOKUCIIOTHI
OcCTaToYHbIH yromnpb 94,7 0,49 71,4

JlanpHelmas ucTopusi peodpa3oBaHusi OPraHUIECKOTO BEIECTBA COMPOBO-
JKTACTCS MOTePEeH aKTUBHBIX (DYHKIIMOHAIBHBIX TPYTIII, BBICBOOOKICHUEM CBSI3aH-
HBIX C HUMH METAJUIOB ¥ (DOPMUPOBAHMEM CAMOCTOSATEIBHBIX MUHEPAIBHBIX (a3.

Jlnst mprOITMKEHHOM OLICHKU (POpM HaXOXKICHHS TOPHS B KAMEHHOM YTJIE TIPO-
BeJIeHa CTyleH4aras qeMuHepanuzaius npo0 yriei mapku [1, K u OC (tabm. 4.49).

Tab6muma 4.49
Pacnpeodenenue mopus 6 npodykmax cmynenuamou 0emMunepanu3ayuu yeis

Coneprxanue Th, r/T

XapaKTepHCTHKa IPONyKTa TMacr I TMnact XXX Tnact IV-V

(mapka K) (mapka 1) (mapka OC)
Hcxonnslit yrosin 1,1 2,7 11,5
30112 UCXOHOTO YTIIs 9,6 16,2 53,9
Yrone nocie 06pabotku HClxonr 1,2 1,6 10,1
13:10811 ;):LTlaToqnoro YISl Tociie 00paboTKu 12 10 517
Ocratok nocne Beimapusanus HCI 1,6 32 32,9
Yrone nocie 06pabotku HF ko 1,3 1,4 11,7
;(;1;0 :ZTaTO‘{HOFO YISl Iocie 00paboTKu 304 136 641
Ocratok nocne Beimapusanus HF H.II. 3,3 2,7

CopepxaHue TOpHs B HCCIIEOBaHHBIX MTpodax n3mensiercs ot 1,1 mo 11,5 r/T,
CJIEIOBATENIbHO OHM MPEICTABIAIOT YIVIM C HUKEKJIAPKOBBIMM, KIAPKOBBIMH U
HaJKJIApKOBBIMH YPOBHSMH €r0 HAaKOIUICHUS.

B nepBoMm ciyyae 06paboTKa OTHOCUTENBHO Mall030JIbHOT0, O€THOrO TOPUEM
yris Mapku K konuentpupoBanaoit HCl u HF He mpuBena Kk BbIIIeNIaunBaHHIO
3TOr0 MeTajlla BMECTe C APYTMMHU 30J1000pa3yIOIIMMH KOMIOHEHTaMH U B OCTa-
TOYHOM Majio30JibHOM mpoaykTe (Ad = 0,4 %) ero comepskanue npessicuio 300 r/T
30JIbI. DTO CBHUJETEIBCTBYET, YTO TOPUN B JAHHOW MPOOE CONEPKHUTCSA B yCTOM-
YUBBIX K BO3JEHCTBUIO CHIBHBIX KHCIOT COSAMHEHHUAX. TaKUMU COETUHEHUSAMU
MOTYT OBITH ochaThl pelKUX 3eMellb U UTTPUS, [IUPKOH, YCTAHOBJICHHBIE MPU
3IIEKTPOHHO-MHUKPOCKOITMYECKOM U3yUEHHH 30J16 OCTATOYHOH (PpaKIuu, a TaKxKe
METAJIJIOOPraHUYECKHE KOMILJIEKCHI.
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Bo BTrOopom cmydae yronps minacta XXXy (Mapka [l) mpu o6paboTke ero
koHueHtpupoBanHot HCI notepsn okono 40 % OT mMacchl conep:KaBIIErocs B
HEeM TopHsl. B CONsHOKMCIOM 3KCTpakTe coxepkaHue Topus 1ocTurio 32 1/t cy-
xoi macchl. [Tocnenyromass o6paboTka mpoObl yris IJIABUKOBOM KHCIOTOH He
IpUBeJa K Iepexony Metauia B pactBop. CojepikaHue TOpus B 30J1€ IeMUHEpa-
JU30BaHHOTO YT MPH 30JbHOCTH OCTaTOYHOW (hpakiuu okoso 1 % coctaBuio
136 r/T. 3HaUUTENBHBINA BBIHOC TOPHUS U3 YIS MpHU 00paboTKe Mpod CONISTHON KH-
CJIIOTOM MOKET OBITh OOYCJIOBJICH €ro HaxOXXKJIEHHEeM B KapOoHaTaxX PEeaKuX 3e-
MeJb U B COpOMPOBAHHOM BHJIE Ha OPraHUYECKOM U MHHEpaJIbHOM BeliecTe. Bo
BCAKOM CJIy4ae, B OKCTPAKT MEPEXOAUT KPOME TOPHUS 3HAYUTEIILHOE KOJIUYECTBO
JIETKUX JJAHTAHOUJIOB.

O6pabotka yrus mapku OC (rutact IV-V) konnentpupoannoit HC1 o6ycio-
BWJIa M3BJIeYeHHe Juib 8§ % Topus, a nocienyromas odbpadorka HF — eme 3 %.
Takue He3HauUTENIbHBIC NMOTEPH METajula OOBICHAIOTCS HAaXOXKJIECHHEM TOpUS B
KHCJIOTOYCTOMYUBBIX MUHEpasiax ((hocdarax peaKnx 3eMenb, IUPKOHE) H, OTYaC-
TH, B METAJUIOOPTaHMYECKUX KOMILIEKCaX.

MHoroctyneHuaToe BblienaunBanue Th u3 yrist cinaGsiM pacTBOpoM CoJsi-
HOM KMCIIOTBI HE IPUBEJO K CKOJIBKO-HUOYJb 3aMETHOMY IE€pPEXO/ay MeTala B
pacTBOp, 4TO CBUJETEIbCTBYET O HE3HAUUTEIBHOMN PO COPOMPOBAHHBIX (HOPM U
KapOOHATHBIX MUHEPAJIOB B €r0 KOHIICHTPUPOBAHUH.

DNEKTPOHHO-MUKPOCKOIMMYECKHUE UCCIIE0BAaHUs MOATBEPKIAIOT 3TU BBIBO-
abl. M XOTs MCrHonb30BaHHAsi METOJMKA HCCIIEOBAHUS HE MO3BOJIMJIA BBISIBUTH
(akT HaAXOXKIECHUS TOPHUS B aKIIECCOPHBIX (ochaTax peaKo3eMeTbHbBIX HIEMEHTOB
13-3a OTHOCUTENIbHO HU3KOT'O €ro COJEpKaHHUs, HO HaJU4rie 3HaUMMON KOppess-
UM C JIAHTAHOMJIaMH T03BOJIsIeT cuutaTh P3D-ocdarbl OCHOBHBIM HOCHTEIEM
Y KOHLIEHTPATOPOM TOPHUS B KAMEHHBIX YTJISIX.

O6ocHOBaHME MPEUMYIIIECTBEHHO MUHEPAIbHON (POPMBI HAXOXKACHUS TOPUS
B KAMEHHBIX YIIIAX TpeOyeT oObsICHEHUs (PaKTOB OTYETIMBOTO OOOTalIEeHHs TO-
pHEM 30JIbI MAJTO30JIBHBIX YTIIEH U 30J1bI JTETKUX (DPaKIHA yTIIs.

ConeprxaHue Topusi B 30J1€ JIETKUX (pakiMil BO BceX 0€3 MCKIIOYEHUs UC-
CJIEZIOBAaHHBIX HAMM Mpo0ax 3HAYMTENbHO (B 2—4 pa3a) BbIIIE, YEM B 30JI€ TSKE-
JBIX. DTO yKa3bIBaeT Ha M30HMpaTEbHOE HAKOIUJIEHHE TOPUS OPraHUYECKHM Be-
IIECTBOM yTJIs. PacyeTsl MOKa3bIBaIOT, YTO Jierkue ¢paxmuu (<1,5 r/cm?) comep-
xat oT 10 1o 93 % ot Maccel Topus B yrie. [Ipu 3ToM MakcuMyM IPUXOAUTCS Ha
OelHbIe TOpUEM 30JIbHbIE HU3KO3pelble Oyphie yriau Mapku bl um HM3K0305IbHBIE
yriu Mapku K, a MuHMMYyM — Ha BbIcOK030JbHBIE YIiin Mapku OC. IlpuBeneHHble
B Ta0JuIe NaHHBIE YKa3bIBAIOT HA OTCYTCTBHE 3aBHCHMOCTH COJCP)KaHHS 3JIe-
MEHTa BO (ppakLKsAX OT MAPOYHOI'O COCTaBa yrJsl.

[IprypodeHHOCTb TOpUS K JETKMM (PpakiysM yriig U OJHOBPEMEHHO MHHe-
panbHast popMa ero HaxOXKIEHUsI HE MMPOTUBOPEYAT JAPYT JAPYTY, a OTPAXKAIOT IBO-
JIOLMIO U3MEHEHUs1 (OpM KOHLEHTpUpOBaHUs Topus. Ha paHHUX 3Tamax yrieo0-
pa3oBaHMs OCHOBHAsi Macca TOPUS B HU3KO-, CPEAHE30JBHBIX TOp(dhax HakariuBa-
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Jach B TYMHUHOBBIX BEIIECTBAX, B CBSA3U C YEM MPUYPOUYEHHOCTh OCHOBHOTO KOJIH-
YecTBa TOPHSI K OpPraHUYECKON Macce yIiis BIIOJHE ecTeCTBeHHa. B mpormecce co-
3peBaHUsA YIS MPOUCXOAMIIA cMeHa (OPMBI HAXOXKJICHHUS TOPUS, HO M3-3a €T0 HU3-
KOW MHTPAIIOHHOW CHOCOOHOCTH (POPMHUpPOBAHME MHUHEPAJIOB IPOUCXOIUIIO He-
MOCPENICTBEHHO Ha MecTe. Maible pa3Mepbl MUHEPAJIOB M UX HAXOXKACHUE B TIOpax
¥ MHUKpPOTPEUIMHAX HE MO3BOJIIOT OTAEIHTh MX OT OPraHWYeCKOW MacChl B MPO-
1ecce TPAAUIIMOHHOTO TPaBUTAIIMOHHOTO pa3/ieNieHusl YTl Ha (ppaKlnu.

[lo maHHBIM KJIACTEPHOTO aHAJN3a, TOPHA TEOXUMHUECKH Hanbosee OIM30K
K TaHTally, JIETKUM M CPEJAHUM JIAHTAaHOHWJaM, AITIOMHHHIO, PyOUIUIO, UTTPHIO,
YTO MO3BOJISIET MPEATNoaraTh €ro HakoIUIEHHE He TOJIBKO B ocdarax, a Takxke u
B JIFOMOCHJIMKaTax (cioax u kaonuHute). OHAKO MOCIEeIHNE, CYIs 10 Pe3yJib-
TaTaM CTYINEHYATON IEMUHEPAIU3ALUHU YTIIsl, UMEIOT MIOAYMHEHHOE 3HAYCHUE.

B nenom ns Topus B yrisiX XapakTepHa BbICOKAs 3HAUYMMasi MOJIOKHUTEIb-
Hasi KOPPEJSIMOHHAS CBSI3b C 30JIbHOCTBIO. {11 3051BI yriisi oTMedaercs: JmOo
CJ1a0OBBIpaKEHHAs! OTpPHULIATENIbHAS CBSI3b TOPHs C 30JbHOCTHIO (ApOy30B H IIp.,
2000), mubo oTcyTcTBUE 3HAYMMBIX cBs3eil (ApOy3oB u Ap., 2003). IlepBoe yka-
3bIBAaET Ha NMPEUMYIIECTBEHHOE €ro HaKOIUIEHHE B OPraHMYECKOM BEIIEeCTBE, a
BTOpPOE — Ha COIMOCTAaBUMYIO POJIb OPTaHMUYECKOTO0 U MUHEPAIBHOTO BELIECTBA B
€ro KOHIIEHTPUPOBAHUHU.

Takoil xapakTep CBsA3EH MO3BOJISIET MPEANOJIOKUTD, YTO HAKOIUIEHHE TOPHUS
B OpPTaHUYECKOM BEUIECTBE MPOMCXOIMIO B 3HAUUTEIBHOW CTEreHu Onaromaps
Pa3JIOKEHUIO B arpecCUBHON cpenie TOp(sSHUKA KIacTOreHHOro marepuana. bo-
Jiee MOJIBMYKHBIC 30J1000pa3yIONIHe JIEMEHTHI BHIHOCHIINCH 32 TIPEACIIbl 3aJIekKH,
m100 OBUIM HCIOJB30BAHBI pacTeHUSIMH TOpP(H00oOpa3oBaTEIsIMU, a IIEMEHTHI-
THJIPOTIN3aThl KaK MAaJIONOJIBMKHBIC HAKAIJIMBAIUCH B KHUCIOi cpexae. [Iporecc
MUTpAIMU 3JIEMEHTOB MTPOMCXOII U Ha CTAJNM JUareHe3a W KaTareHesa, 0 4em
CBUJICTEJICTBYET (POPMHUPOBAHUE MO3JHUX KapOOHATHBIX M KPEMHHCTBHIX KOH-
KpeIuii, MUKPOTIPOKUIIKOB KapOOHATOB, CUACPUTOBBIX KIACTHUECKUX JaeK U T. II.
OTUM MOXXHO OOBSACHUTH NMPUYPOUEHHOCTH MOBBHIIICHHBIX COAECpPX aHUI TOpPUS B
30JI¢ K CPETHE30JIbHBIM YTIISIM. B Malto307IbHBIX YIIISIX HEJJOCTATOYHO MCXOTHOTO
MUHEPATBFHOTO BEUIECTBA ISl HAKOIUICHUS BBICOKMX KOHIIEHTpAIUMWA TOpHS, a B
BBICOKO30JIbHBIX H3-32 MOBBINICHHON IENIOYHOCTH CHHUYKAETCS MHTEHCHUBHOCTH
pa3pylIeHus] KJIACTOTCHHOTO MaTepHasia. 3aMeTUM, YTO 3TOT MEXaHWU3M HeE WC-
KIIIOYAeT TOCTYIUICHUS! TOpUS B TOP(PSHUK B PACTBOPEHHOM COCTOSHHM WM B
BUJIE KOJIJIOUJIOB C TOBEPXHOCTHBIMH U TPYHTOBBIMH BOJIAMHU.

Takum 00pa3oM, MPOBEJCHHBIC UCCIIEIOBAHMS MTOKA3allM, YTO TOPUN B HU3-
KO-, CpEeAHE30MIbHBIX yriisix CHOMpH Ha paHHHUX CTAAMAX YIieo0pa3oBaTEIbLHOTO
npolecca KOHIEHTPUPYETCS IMPEUMYIIECTBEHHO B OPraHMYECKOM BEILECTBE.
Konnentparopom topusi B Topde u Oypom yriie sIBISIOTCS TYMYCOBBIE KUCIOTHI.
B nporecce yraedukanuy mpoucxoauT n3MeHeHne (POpMbl HaX0XKIEHHUS TOPHUS C
o0Opa3oBaHHEeM €ro COOCTBEHHBIX MUHEpPaIbHBIX (a3. OCHOBHBIMH MHUHEpaJIaMU-
KOHIIEHTPATOpaMU TOPHUS B KAMEHHBIX YIJIAX SBJISIOTCS pellko3eMenbHbIe pocda-
TBI ¥ IPYTHE aKI[ECCOPHBIE MUHEPAITBI.
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ITouewt

[TouBa — cioXKHas MOTUAMCIIEPCHAS] CUCTEMA, B COCTABE KOTOPOH MOXKHO
BbieuTh (Tutaesa, 2000): 1) 00IOMKHM MHHEpANOB TOPHBIX MOPOJ; 2) TIWHU-
CThIE MUHEPAJIBI; 3) TYMYyC; 4) TUICHKU-TEIN, TOKPBIBAIOIIUE TTOUBCHHBIC YACTHUIIBI
U cocrosie u3 ruapookucinoB Fe, Al, Mn, KpeMHEKHCIOTHI, OPraHUYECKOTO
BEIIECTBA, PA3JIMYHBIX COJICH; 5) )KUBbIE KOPHU PAcTEHHIA; 6) mouBeHHas GayHa u
MHUKpPOOPTaHU3MBbI; 7) MOYBEHHBIE PACTBOPHI; 8) MOUBEHHBIE ra3bl. PaanoHykim-
JIbI HAXOJISATCA BO BCEX KOMIIOHEHTAaX MOYBHI, HO B Pa3HBIX KOHIEHTPAIUAX U CO-
OTHOIICHUSX.

Haubonee mocTynHbl [t paCTeHUIN PaguOHYKIHUIbI, HAXOASIINECS B MOYBE
B PaCTBOPEHHOM BHJE. PacTeHus MOTYT U3BJIEKaTh PATUOHYKIUABI U U3 TBEPIOM
¢a3pl. Kuciple KOpHEBBIC BBIACICHUS PACTCHUN CITIOCOOHBI PACTBOPSATH OTHOCH-
TENbHO TOABIMXKHBIE (OPMBI PAJAMOHYKIHMIOB, CBS3aHHBIE B MHHEpPaJIbHO-
00JJ0MOYHOH (hpakiMu TMOYB M PACTBOpHMBIE B claObix kuciotax (Turacma,
2000). CopO1ist Ha TYMYCOBOM BEILIECTBE C MOCIEAYIOUINM MEPEX0A0M B HE00-
MEHHBIC (OPMBI JIeIaeT PAJAUOHYKIUIBI CIab0dOCTYIMHBIMU i pacTeHuid. Ha
TeX MOYBax, /i€ PaJOAKTUBHBIC SJIEMEHTHI IPOYHO CBSA3AHBI B T'YMYCOBBIX TOpHU-
30HTaX, HaOJFOMaeTCsl CHWKCHHE Kod(D(HIIMEeHTa HAKOIUICHHUS PACTCHHSIMH pa-
JTUOHYKJTU/IOB.

4.3.5. Ycnoeus Mu2payuu u KOHYeHmpupoeaHusi ypaHa u mopusi
8 ocadoyHoMm npoyecce. MecmopoxdeHus ypaHa u mopusi
8 0cadoYHbIX nopodax

Kak cnenyer u3 aHanusa coJepkaHUil ypaHa U TOpPHUS B Pa3IUYHbIX THUIIAX
MOpO/JI, B JINTOTEHE3€ MPOSBICHBI PA3IUYHbIE MPOIECCHI, CIIOCOOHBIE MPUBECTH
KaK K KOHIICHTPUPOBAHUIO, TaK U K BEIHOCY ypaHa U, B MEHBIIICH CTEIICHU, TOPHUS
13 TOPHBIX MOPOJI.

Oco0yto posb B Iporeccax CHHI€HETUUECKOTO U SMUT€HETUYECKOT0 HAaKOII-
JICHUsI paJUOaKTUBHBIX 3JIEMEHTOB B 30HE THIlepreHe3a urpaetr copOuus. Cop0O-
IIMOHHBIN CIIOCO0 HAKOIUIEHUs ypaHa B (ocdare Kanplus HACTOIBKO OYEBUIICH,
YTO TOYTH HUKOT/Ia HE BBI3bIBAET COMHEHUS. [[pyroe aeno aaroMOCHIUKATHI U
TUTAHUCTBHIE BEIleCTBA. BcTpewaromuecs BMecTe ¢ HUMU MHUHEpajbl ypaHa He-
PEAKO 3aCIOHSIIOT cOOOW ropa3fo MeHee BIEeYaTISIONINe COPOSHTHI. A BMECTE ¢
TEM COpPOIMOHHBIN CIIOCOO HAKOIUICHHS ypaHa He TpeOyeT CTOJIb BBICOKMX KOH-
LIEHTpallui ero B pacTBOpe, Kak 0Opa3oBaHHE ypaHOBBIX MUHEpasoB. JleWcTBu-
TEJIbHO, (pocdar KambIus U ABYOKHCh TUTaHA M3BJIEKAIOT ypaH JdaKe U3 MOPCKOM
BOJBI. BeposiTHO, NMEHHO COPOLIMOHHBIM CIIOCOOOM MOTYT BO3HHKATh MEPBOHA-
YaJbHBIE €r0 HAKOIUICHUS M3 OOBIYHBIX MPHUPOIHBIX BOJ, HE OTIMYAIOIINXCS HC-
KJIFOUMTENIEHO BBICOKUM ero coaeprkanueM (I"aBmmH, 1975).

Paznuunbie mpupogHbIe COPOSHTH HEOAMHAKOBO MPOYHO yAEPKUBAIOT YpaH
U MPOJYKTHI €T0 paciaja, IO3TOMY JalbHEWIas reojJoruyeckas HCTOpHs MepBo-
HayvaJIbHBIX HAKOIUICHUH ypaHa B GocdaTax U CIOMCTHIX ATIOMOCHINKATaX CKIa-
JBIBACTCS HEOJAWHAKOBO. B docdare kampmus (kapOoHaT-pTOpanature) ypaH
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BMECTE C PEIKUMU 3eMIIIMU, TOPHUEM, CTPOHIIMEM U OapueM 3aHHMAaeT MO3HLHUI0
KaJbIHsA, CBI3aHHOTO ¢ (pocdarHbiM aHnoHOM. [ToaTOMy HabmIOmaeTCss paxnoak-
TUBHOE PAaBHOBECUE MEKY YPAHOM M NPOLyKTaMu €ro pacnazaa. CienosarenbHo,
docdar kampIUs — KKOHCEPBATUBHBIN» COPOEHT: MPOYHO CBA3bIBASL YpaH U Ipo-
IYKTBI €70 pacnazia, OH OrPaHUYMBAET BO3MOXXHOCTb MUTPAllMM PaJlOaKTUBHBIX
ar1eMeHTOB. BeposaTHo, osToMy B (oc(haTOHOCHBIX TIOPOAAX IMOYTH HHUKOTIA HE
BCTpeuaroTcs ypaHoBble MuHepansl (I"aBmmun, 1975).

Wuast kapTrHAa OOHApPYXKMBAETCA B MOPOJAaX C YPAaHOHOCHBIM AJTFOMOCHIIHU-
KaTHBIM BEIECTBOM: BO MHOTUX Mpo0ax, B3sATHIX B 30HE THIIEpreHe3a, oOHapy-
JKUBAETCsl HapyILLIEHUE PaJiMOaKTUBHOIO PaBHOBECHsI. XapaKTep HAPYILEHUS paB-
HOBECHUSl TECHO CBSI3aH C OCOOCHHOCTSAMH cocTaBa MOpoJbl. Tak, B U3BECTKOBU-
CTBIX TOPOJIaX YCTAaHABJIMBAETCS HEJIOCTATOK ypaHa IO OTHOILEHUIO K PaJulo.
OueBuaHO, KapOOHATHAsl cpena OJaronpUATCTBOBAJIA BBINIEIAYMBAHUIO ypaHa U
OJTHOBPEMEHHO CIOCOOCTBOBANIa BOBJICUCHHIO B TBEPAYIO (pasy paams Kak Imie-
JIOYHO-3eMeNbHOro 31eMeHTa. O0paboTka mpol CONOBBIMU pacTBOpaMH MPUBO-
JUT K JAJIbHEHIIEMy BO3pacTaHuio K0d(h(UIIMeHTa paIuOaKTUBHOTO PABHOBECHS
MIOYTH I10 dKCIIOHeHTe (puc. 4.24).

4 Réakg
o1 U
') 3 Y
/3
/4 _2

16 12 08 04 U, %

Puc. 4.24. Jlunamuxa omxionenuss 0m coCmosiius paouoakmusHo20 pagHo8ecls
6 npoyecce 06pabomku nPod KapOOHAMHLIM PACMBEOPOM
(no B.M. I'aswiuny u op., 1975):

I — ucxoouwiii obpazey (ypanonocHwlil epageium); 2 — mouxu, omsaevarouue
NOCe008AMENLHOMY 8bleNauUSaAHUI0; 3 — KPUBAs USMEHEHUs PAOUOAKMUBHO20 PABHOBECUSL
no mepe gvlwyenauueanus ypana u paous 5%-m pacmeopom (NH,),CO3;

4 — npeononazaemulii X00 KpUGOI 6 2e0J102ULECKOM NPOULTIOM HOPOObL

HampotuB, B 6eckapOOHATHBIX TTOPOAAX COACP)KaHUS pajvs HEPEIKO B He-
CKOJIbKO pa3 HW)KE PaBHOBECHOT'O 3HAYEHUS, XOTs KOHIIEHTpAIMs ypaHa MOYTH
COOTBETCTBYET KOJIMYECTBY paJMOTreHHOro cBHHLA. [logoOHOE cooTHOIIeHHE
MOTJIO BO3HHUKHYTH B PE3YJIBTATC BLIIICIAYUBAHNA paaus, AJId KOTOPOIro B TBEP-
JI0H (ha3e He 0Ka3aJ0Ch MUHEpalla-X03IuHa. YpaH K€ B 3TOM CITydae COXPaHSUICS
B Hopojie 6iaronapst HU3Koi KoHneHrparumu B cucreme CO,2".

Oco0eHHO BaXkHa IS IPOTHO3UPOBAHMS MECTOPOXKICHUI ypaHa B 0CaIOUHBIX
TONIIAX pa3paboTKa KPUTEPUEB OTIMYHS CHHI€HETHUECKUX U STUTEHETHYECKUX €ro
KOHIeHTpauui. OTHO BpeMsl CUMTAIOCh, YTO T€ MUHEPAJIbHBIE ACCOLMAIMH, KOTO-
pble HE COMPSATAIOTCS C W3MEHEHHEM (haruii, TO €CTh UMEIOT JPYTOi TPaJUueHT W3-
MEHYMBOCTH, HEOOXOIUMO CUHMTATh JMUTeHETHYeCKUMH. CHHIE€HETHUYECKHE acco-
1paiy ObUTM Ha3BaHbI (halMalibHBIMU, a SMUTreHeTHYeckue — adarpansasiva. Co-
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[JIACHO TaKOMY HOIXOJLY, K OCaZ0YHBIM (CHHIC€HETUUECKUM, BKJIIOYAs PaHHUN 1ua-
TeHe3) ClielyeT OTHOCUTh TaKue MECTOPOXKICHUS, B KOTOPBIX paclpe/iefieHue ypaHa
MIOJYMHEHO TEM K€ 3aKOHOMEPHOCTSIM, KaKUM ITOIYMHEHA PyIOHOCHAS TOJIILA.

Opnako M.H. Anbprray3eH Ha mpuMepe OCaJKOB COBPEMEHHBIX BOJIOEMOB
MoKasall, 4YTO ATH TIOJIOKEHUS IPOTHBOpEYAT reojormdeckum ¢akram. He Bcerma
MOTYMHACTCS (pallianbHbIM OCOOCHHOCTSM OCaJlka HE TOJBbKO PaclpoCTpaHEHHE
HU3KUX CUHTE€HETUYECKUX KOHIICHTPALUil 3JIEMEHTOB, HO M paclpeieiieHue pya-
HBIX CKOIUIEHUH. DTOT (aKT HE JOJDKEH YAMBIATH, TaK KaK MPOIECChl HAKOILIe-
HUS, HalpUMEp, OPraHMUYECKOTO BEIIECTBA M OCOOCHHO XEMOTEHHOI'O BELIeCTBa
OTIPENIENIAIOTCS. HE TOJBKO TeMH (PaKTOpaMHu, OT KOTOPBIX 3aBUCHT HAKOILJICHUE
OCHOBHOI Macchl HOPOA0OOPa3yIOUIEro BEIIECTBA, HO U JAPYTUMH (PU3HKO-
XMMHUYECKMMHU U dKoJorndeckuMu ¢akropamu. K ux 4uciny OTHOCATCS: Konuye-
CTBO OPTaHWYECKOr'0 BELIECTBA, HAKOIIJIEHME KOTOPOIO0 MOXKET ONPENEIATHCS UH-
TEHCUBHOCTBIO Pa3BUTHsI U PAaCIPOCTPAHEHUs IUIAHKTOHA, JAJIEKO HE BCErna 3a-
BUCSIIIETO OT MPUBHOCA TEPPUTEHHOTO MaTepHalia; KOHIIEHTpalus B ocajake (oc-
¢dopa, "acTo 3aBHCANIAs OT MOCTYIUICHUS B 30HY mIenb(ha riyOWHHBIX BOJ, MH-
TEHCUBHOCTH IIPOTpeBa y4acTKa M HMHTEHCUBHOCTH IOJBOJHBIX HW3BEP)KCHUMU.
OcaxxeHue U CTENeHb KOHLICHTPALMK ypaHa B OCAJIKaxX ONPENCIIACTCS TaKKe Ha-
JAUYUeM B 00JIaCTH pa3MbIBa MOPOJ] C MOBBIILEHHBIM €r0 COZEp:KaHUuEM, MOATO-
KOM OK€aHMYECKHUX BOJ WJIM HAJIUYHUEM OCAIUTENEH, B YACTHOCTU OPraHUYECKOI O
wm (ocdarHoro BemecTBa. Kputepun oTiIM4msi CHHTCHETUIECKUAX M SITUTCHETH-
YEeCKUX KOHIEHTpaluil 1o (auuanbHOCTH U a(anuagibHOCTU CIEAYET NMPU3HAThH
HECOCTOSITEIIbHBIM.

[TpuMeHHUTENBHO K KapOOHATHBIM NOPOJaM OCHOBHBIM KPUTEPHUEM CHHIEHE-
TUYECKOW M JIMar€HETHUYECKOM NMPUPOJBI OPYIECHEHUS CIYXKHUT JOBOJIBHO YETKas
€ro MpOCTPaHCTBEHHAsI MPUYPOUCHHOCTh K (palusM NMpUOPEKHON 30HBL, a B Ipe-
Jies1ax MoCJIeHEN — K yJacTKaM ¢ MaKCUMaJIbHOM KOHIIEHTpalueld opraHu4ecKo-
ro BemectBa (B.M. [lanueB u ap.). KpurepusiMu 3IUreHETUYHOCTH KOHLEHTpa-
IUH ypaHa CIIyXHUT MPOCTPAHCTBEHHAs MX MPUYPOUYEHHOCTh K BTOPUYHO U3MeE-
HEHHBIM MOPOJAaM Ha I'PaHMIIE IUIACTOBBIX 30H OKHCIEHUS WM BOAHO-HE(TAHOTO
KOHTaKTa, CTUJIOJIMTOBBIE, MPOXKWIKOBO-TPEUIMHHBIE U APYTHE NOCTCEAVMEHTa-
LIMOHHBIE TEKCTYPBI HAJIIOXKECHHUS.

ITo muennto M.H. Anbrtraysena (1975), Bce MHOTOOOpasue 3MureHeTHye-
CKUX M3MEHEHUI 0CaZlOYHbIX MOPOJ MOKET OBITh CBEACHO K CIEAYIOIINM CIy4da-
SIM, OTBEYAIOIIMM OCHOBHBIM THIIAaM I'€OXMMHMUYECKHUX IPOLECCOB 30HBI I'MIIEpre-
He3a: OKUCIIUTEIbHOMY, BOCCTAHOBUTEIBHOMY, IJIEEBOMY M BOCCTAaHOBHUTEIBHO-
My cynbpuaHomy. [Ipu mpeoOpa3oBaHUsIX OKHUCIUTENHFHOTO THUIA YpaH MPaKTH-
YECKU HE KOHLICHTPUPYETCS. MeXIy OriIeeHHUEM M OPYIACHEHHEM CYIIECTBYIOT
pa3nuyHbIe B3aUMOOTHOIIEHHs. KOHIIeHTpaluu ypaHa MOTyT OBITh HaJIOKEHBI Ha
30HBI OIJIEEHHSI, MOTYT OBbITh OJIM3KMMHM IO BPEMEHHU K OIJVIEEHHIO, HO HE COBIIa-
JaTh B IPOCTPAHCTBE, MOTYT OBITh U B MPEJENIax BOCCTAHOBUTEIBHOTO IJIEEBOTO
Oapbepa. [To muennto M.H. Anbrraysena (1975), ocHOBHbIE KOHIIEHTpAIUU ypa-
Ha B OCaJKaxX CBS3aHbI C CyJIb(PUIHBIMU TpeoOpa3oBaHusMH. YacTo ypaHOBas
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MUHEpaJIN3alus TATOTeeT K KOHTAKTy CyJIb(QHIN3UPOBAHHBIX MOPOJ C IJIACTO-
BBIMU 30HAMH JIMMOHUTHU3ALINH.

[Tpu GopMupOBaHUU SMUTEHETHYECKOIO YPAHOBOIO OpYJECHEHHs B OCa/l0y-
HBIX NIOPOJiaX BO3HUKAET AMUICHETUYECKAsk FTeOXUMHUYeCKasi 30HaIbHOCTh. OHa X0-
POIIO BhIpa)K€Ha B BOJONPOHHUIIAEMBIX TJIaBHBIM 00pa30M IMECUaHbIX OTJIOKEHUAX
1 MEHEE YETKO B BOJOYIIOPHBIX, HampuMmep B yrsix. KoHueHTpanus ypaHa, Mo-
nubsieHa, celeHa M JPYTUX 3JEMEHTOB B 30HE F€OXMMHMUYECKOro Oaphepa Ha IMyTH
UX MUIpalUu O0YCJIOBJIEHA CMEHOM OKHCIMTENbHBIX YCIOBUH BOCCTAHOBUTEIb-
HbeIMH (puc. 4.25). K daxkropam, KOHTPOIUPYIOIIUM BOCCTAHOBIICHHUE, OCAXK/ICHHE
U YCTOMYMBOCTh Pa3IMuYHBIX 3J1eMEeHTOB, oTHOCTCs Eh n pH. I1o HanpaBnenuto ot
OKHCIJIEHHBIX MOPOJ K HEOKHCICHHBIM BHauasle (PUKCUPYETCsl CEJICHOBOE OpYyZAEHe-
HHE, a 3aTeM YPaHOBOE M MOJHOIEHOBOE. Y PaH HAKAIUIMBACTCSI B OCHOBHOM B 30HE
BOCCTAQHOBJICHHS], PACIIOJIararollelicsl B HEOKUCIEHHBIX NIOPOJax Ha IpPaHMIIE C 30-
HOM OKHCIICHHs, 0OpaMJIsisi BBIKIMHMBaHHUE mocienHeil. JKene3o HaxoauTcs, Kak
npaBuilo, B cynbduaHoi ¢popme. Hapsmy ¢ ypaHoMm B 3TOM 30HE MOTYT MPHCYTCT-
BOBATh IOBBILICHHBIEC KOHIICHTPAL[MY PEHUS, MEJIU, CBUHIIA U APYTUX 2JIEMEHTOB.

HenameHHble

30Ha NacToBOro OKUCNEHUS 30Ha BOCCTaHOBMEHUSA
nopoas!

A
N . s
CerneH Monn6ae+Hosas
Okucnbl, MWHepanuaaums AnureHeTuyeckne

r’MAPOOKUCTIbI XKenesa MWHeparb|
I Cy]'lb(bVI,Elbl Xenesa, OKUCIbl ypaHa

NP SO N
A0 B2 [mnn]s [+ s 6 N 7
Puc. 4.25. Cxema snueenemuueckoti 30HAILHOCMU 8 NPOHUYAECMBIX OMIOHCEHUSIX
(no U.I1. Cepeeegy u op., 1985). 3ona nnacmogozo oxucnenus:
1 — noozona nonnoco oxucienusi; 2 — n0030HA HENOAHO20 OKUCICHUSL,
3 — no030Ha YaCMUUHO20 OKUCAEHUSL, 30HA 80CCMAHOBIEHUS, 4 — NOO30HA PA3PYULAIOWUXCSL PYO;

5 — noosona boeamulx pyo,; 6 — nod30Ha 6eOHbIX PYO;
7 — opeon paccesnust;, CmpenKoll ROKA3aHO HanpagieHue Guibmpayuu 600

B npenenax 30HbI BOCCTAHOBJIEHUSI BHU3 IO MOTOKY IJIACTOBBIX BOJ BbIJIE-
JSieTCsl pAL MOA30H.

1. Tlomsona pazpymatouxcsa pya. JKenezo 3neck Ha 90 % mpencraBieHO
cynbumaoit popmoii. ComepikaHue celleHa B 3TOM IMOA30HE MaKCHMMAaJbHOE, a
ypaHna coctasiseT 00brqHO 0,00n %. Ha HEKOTOPBIX ypaH-yroJbHBIX MECTOPOKIC-
HUSX OTMEUaeTcs MOBBIIIEHHOE conepkanne Mo, Re, Ag, Zn, Sr, Ba, Co, Pb, Ge,
As. PannoakTuBHOE paBHOBEcHE CIBUHYTO B CTOPOHY HEJIOCTaTka ypaHa; Kod¢-
¢durmeHt paBHoBecus mo otHomeHuo Jo/U ~ 219-303 %, 4To cBUIAETEIBCTBYET
00 MHTEHCHBHOM BBIHOCE ypaHa U HakoruieHuH Ra u Jo.
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2. Tlomzona OoraTeIX pyd. B oTaenbHBIX ciydasx oHa CledyeT 3a MOA30HOM
paspyluaroumxcs py, Ho, Kak MpaBuilo, C MOCTENEHHBIM I PE3KUM NEPEX0A0M
MPUMBIKAET K TPaHMIIEC MMOA30HBI YaCTUYHOIO OKHCIeHHs. B moa3zoHe Oorarbix
Py IIUPOKO Pa3BUTHI UEPHBIE MOPOIIKOBATHIE MUHEPAJBI YpaHa — OKUCIIBI, PEKe
KO(GGUHHUT B aCCOIMALINYN C MMPUTOM, HHOTJA HOPIU3UTOM U CAMOPOIHBIM Celie-
HOM. MHorma mpucytcTByeT paauobaput. B ypaH-yroiabHBIX MECTOPOXKACHUIX
3Ta MOJ30HA XapaKTepu3yeTcs HauOoee BHICOKUMH KOHIICHTPAIIUSIMU HE TOJIBKO
ypaHa #u Cynb(pHUI0B, HO M COIyTCTBYIOIIMX 3JIEMEHTOB. PajroakTHBHOE paBHO-
BECHE CIABHHYTO B CTOpOHY M30bITKa ypaHa (21-60 %). Koaddunuent paBHoBe-
cus no uonuto konednercs ot 20 go 150 %. Pacnpenenenue ypaHoBoit MuHepa-
AU3aluu KpaiiHe HepaBHOMepHoe. OCHOBHAs 4acTb €€ B BHUJIE pPEre€HEpUPOBAH-
HBIX YPAHOBBIX YEPHEH TOHKO paccesiHa B IOPOJIe U AaeT Ha MaKpopaxuorpadusx
ByaJICBUJIHOE HE OYEHb MHTEHCHUBHOE 3acCBEUYMBaHME, HA (JOHE KOTOPOIro BbIJE-
JISIFOTCS JIOKaJIbHbIE CKOTUICHUSI HACTYpaHa Uil KoppuHHUTA.

3. Tlomsona GemHBIX pya. 31Mech HAOMIOAAOTCS AUCKpPETHAs (hopMa BBIICIIC-
HUSl YPAHOBBIX MHUHEPAJIOB U PE3KOE COKpAIIEHHUE TOHKOAUCIEPCHBIX PAa3HOCTEH.
PagroakTBHOE paBHOBECHE CMEIIEHO B CTOpOHY H30bITKa ypana (50-70 %), B
PEAKUX CIy4yasX BCTPEYAIOTCSI PaBHOBECHBIE PY/bl. B ypaH-yroyibHBIX MecTOpO-
XKJICHUAX OTMEUaeTCs MOBBILIEHHOE cosepkanue Mo, Re, a B eIMHUYHBIX Cllyda-
ax Ag, Zn, Co.

4. llopzona ypaHoBoro opeosa. JlaHHYIO NOA30HY OTJIMYAET HU3KOE CO-
nepxxkanne ypana (0,00n %). 3HauuTENBHYIO JOJIO COCTaBIISIET COPOMpPOBAHHAS
dbopma ypana (25-30 %), omHako MuHepanbHas (opma B BUJE AUCKPETHBIX BbI-
neneHuid mpeobnamaer. MHorna orMeyaercs MOBBIIEHHOE COJEP)KaHUE MOJIHO-
neHa. PanqnoakTuBHOE paBHOBECHE CMEIIEHO B CTOPOHY pajius.

OO6pa3oBaHue BBICOKHX, HO KJIAPKOBBIX JIJIsl YEPHBIX CJIAHIIEB KOHLIEHTPALHHA
ypaHa (8—13 r/T), mo HaHHBIM MHOTHX aBTOPOB, BO3MOXKHO IPOCTO 3a CYET pe-
CYypCOB MOPCKO# BOABI. J[71s1 cO3AaHMS K€ aHOMAIIBHBIX KOHIIEHTpauui (> 25 1/T)
TpeOOBAJIOCH JOMOJIHUTEIFHOE O0OralieHne ypaHoMm OacceiiHa CeIMMEHTAIlNH.
Brigenstor HeCKONIBbKO (aKTOPOB, CIIOCOOCTBYIOIINX aHOMAILHOMY HAKOTLICHUIO
ypaHa B YEpHBIX claHlax: 1) nepuoaudeckoe 0OHOBJIEHUE BOJIHBIX Macc; 2) HU3-
Kasi CKOPOCTh CEAMMEHTAINH; 3) SBKCUHHBIE OOCTAaHOBKM CETUMEHTAINU; 4) T0-
BBIIICHHBIE KOHILICHTPALlUN yPaHa B BOJIE.

Ponp nmeprognueckoro 0OHOBIEHUS BOJHBIX MAcC 3aKJIIOYaeTcsi B OOHOBIIE-
HUH pECypcoB ypaHa Uil cequMeHTauuu. [[eno B ToM, 4TO B 3aCTOMHBIX BOJAX
OrpaHM4eH pecypc ypaHa. Ha kparo 3aCTOMHON KOTJIOBHUHBI CO3JAKOTCA ONTH-
MaJbHBIE YCJIOBMSI JUIsl HAaKOIUIEHHMsI ypaHa B OCaJKax: M MOCTYIUIEHHE CBEXHX
MOpLUI BOJBI C YPAHOM U BOCCTaHOBJIEHHE €ro. [loaTBepkieHneM 3TOMy BBIBO-
Ny siBisieTcs akT pacrpezeneHus ypana B ['oTnanackoil kotnoBuHe bantuiicko-
ro mopsa. CoznepxaHue ypaHa 3/1€Ch BBIIIE€ HE B LIEHTPE 3aCTOMHOW KOTJIOBHHBI,
a Ha ee Kparo — y MOoAHOXHUs1 Xo0yprckoit 6anku. I1ogo6HbIe (PakThl UMEIOTCS U
B pyrux padotax. bbuio mojacunrano, 4to A co3qaHMs KOHIIEHTPAIMK ypaHa B
YTIEPOAUCTHIX Ocajkax 3anuBa [leTTakBaMCKyTT Ha YpoBHE 6 I'/T BOJHas Macca
3anuBa J0JKHA OBITH OOHOBIIeHA He MeHee 20 pa3 3a mociennue 1 000 ner.
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Kak mokaspIBaloT pacyeThl, ypOBHU HAKOILJIEHUS ypaHa B YEPHBIX CJIAHLIAX
3aBUCAT U OT CKOPOCTH CEIMMEHTAalMHU. YeM MeHbIe CKOPOCTh CEIMMEHTALUH,
TEM BBILLE YPOBHU KOHIEHTpauuu. C 3TUM, HaIpUMEP, CBSA3BIBAIOT HAKOIUJICHUE
ypaHa B yriiepoaucTtbix ocaakax Uepnoro u CpeausemHoro mopei. [Ipu nmpounx
PaBHBIX YCIOBUSIX «KOHJACHCHUPOBAHHBIC» YEPHBIE CIAHIIbI-JOMaHUKOUIbI, CEIU-
MEHTAaIMsI KOTOPBIX Oblja KpaiiHe 3aMeJUIEHHOH, a BpeMEHaMU U BOOOIIIE Mpepbl-
Bajach, Ooraue ypaHoM, 4yeM Jpyrue YepHbIC CIaHIbl. B kauecTBe qoKa3aTeNnbCT-
Ba 3TOT0 BBIBOJIA HCHOJB3YyeTCs, Hampumep, (GakT oOpaTHOW 3aBUCUMOCTH CO-
nepxkanus ypaHa U Copr OT MOIIHOCTH B BEPXHMX ITayKaxX 4EPHBIX ciaHIeB Yar-
tanyra B mrarax Kenrykku, Tennecu u Bupmxunus.

Ponb 3BKCHHHBIX 00CTaHOBOK CEIMMEHTAIMH 3aKII0YaeTCs B BOCCTAHOBIIE-
HUU ypaHa B 30HaX CEPOBOJOPOIAHOro 3apakeHus. OJHAKO ImpoLecc 3TOT IpoTe-
KaeT He HampsMylo, a yepe3 copOIMIO ypaHa Ha opraHudeckoMm BemiecTBe. Kak
MIOKa3aJIM HCCIENOBaHUsA, YpaH, Kak B KHCIOPOJHOM, TaK U B CEPOBOJOPOIHOMN
30HE, HAXOJUTCA B PACTBOPEHHOM COCTOSIHMM B BUJE KOMIUIEKCA TpPHUKapOOHAT
ypanuna UO,(CO,),*. Takoe pacnpesieIeHHe IOKa3bIBAET, YTO B TOJIIE CEPOBO-

JOPOJHBIX BOJI HE MPOMCXOIUT BOCCTAHOBJIEHHE ypaHa U BBIBOJ €ro B ocaaok. Jlis
3TOTO HEJJOCTATOYHO CYIIECTBYIOMIEro 31eck Eh, He omyckarorerocs Hiwke — 170 mB.
Opnnako, Kak MoKa3ajau SKCIIEPUMEHTHI, HET HEOOXOJUMOCTH B 3KCTPEMaJIbHBIX
Eh, Tak xak Ha camMmoM Jiejie BOCCTaHOBJICHHE HE MpeIIecTByeT copOuuu, a, Ha-
obopor, cienyeT 3a Hell, u 6e3 copOIuu He uaeT BooOIie. B 3Toit curyanun Ko-
JIMYECTBO CAMOTO COpPOEHTA POJIM HE UTPAET — ero OoJiee 4eM J10CTaTOYHO.

[oBblieHHOE Ha/l (POHOM COZEp)KAaHHE ypaHa B MOPCKOM BO/IE MOXKET CO3-
JaTtbesl MO0 Ha HEMPOJOJDKUTENBHOE BpeMsi, TMOO0 B OTHOCHUTEIHHO H30JIMPO-
BaHHOM OT OCHOBHOW akBaTOpUHU NpUOpekHOM yacTu Mops. Tak, aHOManbHbBIE
KOHIIEHTpaluu ypana B ¢ropaax Hopseruu (ot 13 g0 60 r/T) CBA3BIBAIOT C TIO-
CTYIJICHUEM B HUX PEYHBIX BOJ, JPEHUPYIOIIUX TPAHUTHI C MOBBIIIEHHBIM CO-
nepkanueM ypana. Camble OoraThle ypaHOM OCaJKH yCTaHOBJIECHHI B Tomganbc-
¢ropae, nUTaEMOM HanOoJiee KPYHHBIM BOJOTOKOM C OOJBIION BOJOCOOpPHOM
IJIOIIA/IBI0, CIIOKEHHOW IPAHUTAMM.

Kpome Toro, moBbIIIeHHBIE KOHIIEHTPAIMH ypaHa B BOJaX MOTYT CO3/1aBaTh-
Csl M 3a CYET DHJOTeHHOT0 MCTOYHMKA. TaKMMM MCTOYHHKAMH MOTYT OBITH TH]I-
poTepMalibHbIe PacTBOPHI B pU(TOBBIX 30HAX CPEIUHHO-OKEAHUYECKUX XPEOTOB.
HlcToOuyHUKOM ypaHa MOXET CITy>KUTh U BYJIKAHOTEHHBIA MaTepHa, MOCTYMaBIINH
B 00JIaCTh CEJMMEHTAIMN U pa3jiaraBIINiCs arpeCCUBHBIMU MOPCKUMU BOJAMH.

C.I'. Hepy4eB 000CHOBBIBAET HCKIIOUUTEILHYIO POJIb dHJIOTEHHBIX THAPO-
TEepMaJIbHBIX PAacTBOPOB 30H pudTOoreHe3a B 00pa3oBaHWU YPAHOHOCHBIX OCaj-
KOB, B TOM YHCIJI€ YEpPHBIX cilaHleB U dochoputos. IlposiBienue ByiIkaHU3MA U
BBICOKOM CEMCMHMYECKONl aKTHMBHOCTH B JIMOXM HHTEHCHUBHOTO HAKOILJICHUS
TUIAHKTOHOT@HHOTO OPTaHWYECKOTO BEIIECTBA, COBIAJCHHUE BO BPEMEHH 3THX
3MOX C MEePUOJaMHU MHTEHCHUBHOTO pU(TOreHe3a, TeppUTOpUaIbHOE TATOTEHUE
3THX OCAJIKOB K pU(PTOBBIM 30HaM, OTJIIOXKEHHE, COBMECTHO C OPTaHHYECKUM Be-
IIECTBOM, OIpPOMHBIX Macc Qocdopa, ypaHa U IpYruxX TsDKETBIX METaioB, He-
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00BSACHUMOE ¢ OOBIYHBIX HOBI/IHI/Iﬁ 3a CHCT PEYHOI'0 CTOKA, — BCC 3TO BMCCTC B3:-
TOC MO3BOJIACT Mpeanojgaratb, 4YT0 OCHOBHBIM HCTOYHHUKOM YypaHa U COIIPOBOXK-

JIAFOIIUX €T0 JIEMEHTOB ObLIH 3HOTEHHBIC THAPOTEpMalbHbIe pacTBopsl (Hepy-
yeB, 1982).

10.
11.

12.
13.

14.
15.

Bonpocbl gns camonpoBepku

Oxapakrepusyite (akTopbl, ONpeaessonye GopMUpOBaHUE KOPbI BBIBET-
pUBaHUS.

[Ipodunm xKopbl BeIBETpUBaHUA. Y CIOBUS X (popMUpOBaHUS U TUIOMOPG-
HbIE MHUHEPAJIBL.

Kak u3mensiercs coznepkaHue ypaHa M TOPUs NPHU BbIBETPUBAHUU TOPHBIX
nopoxa?

Kakue MexaHu3Mbl 00ecreunBarOT KOHIIEHTPUPOBAHUE YpaHa U TOPHs B KO-
pax BbIBETpUBaHMSI?

Kakue (opmbl HaxoKaeHUs XapaKTEpHBI JUIsl ypaHa U TOpUS B KOpax BbI-
BETPUBaHUS?

KakoBa poinb BbIBETpUBaHMsS B MOOMIM3ALMU ypaHa sl (POPMHUPOBAHUSA
MOJIUTEHHBIX MECTOPOXKICHUN ypaHa B KaJbKpeTax M TMAPOTEHHBIX MECTO-
poXaeHu ypana?

Kak pacrnpeniesneH ypaH U TOpHil B IOBEPXHOCTHBIX BOJOEMax?

C 4em cBsi3aHa HEPAaBHOMEPHOCTh PAaCHpE/ICNICHUsI ypaHa U TOPUS B MaJbIX
pekax?

KaxoBa 3aBUCHMMOCTb MEXy KIMMAaTOM M COJEp)KaHHUE ypaHa B MOBEPXHO-
CTHBIX BOJIaX M MOA3EMHBIX BOJIaX 30HbI TUIIeprenesa’?

Ha3zoBute ocHOBHBIE (POPMBI MUTpAIH TOPHSI B PEUYHBIX U MOPCKHX BOJIAX.
KakoBa 3aKOHOMEPHOCTb M3MEHEHUs COJep)KaHUs ypaHa B IUIACTOBBIX BO-
Jax ¢ TITyOnHOM?

3aBUCUMOCTh COZIEP)KaHUS ypaHa B BOJaX OT UX MUHepanu3auuu. e oHa
MpOSIBISAETCA?

OcHoBHBIE ()OPMBI MUTPALIMH YPaHA B BOJAaX 30HbI FHIIEPreHesa.

OcHoBHBIE (OPMBI MUTPALIMHU TOPHUS B BOJAaX 30HBI THIIEPTEHE3A.

Ha3oBuTe OCHOBHBIE THIIBI TE€OXMMHYECKHX OaphepoB, OTBETCTBEHHBIX
3a HaKOIUIEHHE aHOMAaJIbHBIX KOHIIEHTpaIuil ypaHa.
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maBa 5
PAOUOIrEOXMMUYECKME METOLbI
WCCNEOQOBAHUW U UX UCMTONb30OBAHUE
B HAYKAX O 3EMJIE

5.1. Pagnoreoxummuyeckoe KapTupoBaHue

Wnes co3nanHust paanoreoOXMMHUYECKON (pajnoreoJoruuecKoi) KapThl Hpu-
HAJUIeKUT OCHOBATENII0 PAaJUOreOXMMHUHM Kak Hayku akaaemMuky B.M. Bepuan-
ckoMy. OH moJjaraji, 4To NOSIBJI€HUE TAKOW KapThl IOMOXKET Jy4lle MOHATh 3aKO-
HOMEPHOCTH PACHPEEICHUS W HAKOIUICHUS PAaJMOAKTUBHBIX 3JIEMEHTOB B 3€M-
HOM Kope.

PazpaboTka METOAMKH pPagHOT€OXMMHUYECKOTO KapTHPOBAHUS Hadalach
B 50-60-e roxpl XX crojeTrsa. B 5TH ToAbl B CBSI3U C IOCTAHOBKOI cHelUaIn3u-
POBaHHBIX IIOMCKOB YPAHOBBIX MECTOPOXKIEHHH CTaj MacCoBO cOOMpaThcs Mare-
puai 0 CoepkKaHUU PATUOAKTUBHBIX AJIIEMEHTOB B TOPHBIX MOPOAAX U T'€0JIOTHU-
yeckux ¢opmarusax. [lonckoBeie paboThl HA ypaH CONMPOBOXKIAIKCH IJIAHOMEP-
HBIMU PAJIMOMETPUIECKUMHU ChEMKaMH (a3p0- U Ha3eMHBIMH) U TEOXUMUUYECKUM
onpoOOBaHMEM TOPHBIX MOPOJI, PyJ U MUHEPAJIOB C MOCIEAYIOLUMM JabopaTop-
HBIM ONPEJEIICHUEM COJepKaHUs ypaHa u Topus. HayuHoe compoBoxiaeHue u
OpraHM3alis 3TOro IMpolecca OCYLIECTBISUIaCh BCECOIO3HBIM TI'E0JOrHYeCKUM
uHctutytoM (BCEI'EN). PesynbraToM Takux paboT B KoHIE 60-X TOIOB CTajo
MOSIBJICHHUE KapT JJIs1 OTAENIbHBIX PETMOHOB, a 3aTeM U Juid Bcell Teppuropun CoBer-
ckoro Coro3a B ienoM. B 1974 r. BnepBble B MUPOBOM MPAKTUKE KOJUIEKTUBOM aB-
TopoB noa peaakuueir A.A. CmpicioBa u A.W. Tyrapunosa Oblia coctaBneHna «Pa-
nuoreoxumudeckass kapra Coserckoro Coroza» macmrada 1:2 500 000. Ona 6bLia
CO3/IaHa Ha OCHOBE pa3pabOTaHHbBIX MTPUHIMIIOB PaAMOr€OXUMHUUECKOTO KapTHpOBa-
HUSI, YYUTHIBAIOIINX KaK TeoslorHueckre (haKTOphl, TaK M 3aKOHOMEPHOCTH MHUTpa-
MU ypaHa W TOpus B 3eMHOU kope (Pammoreoxmmmueckue uccrienoBanus, 1974).
Pa3zpaboranHbpie B 3TOT MEPHUOA MNPUHIUIBI U METOAUYECKHE IMOAXOIbI K TO-
CTPOEHHUIO PaJMOr€OXMMHUYECKON KapThl C YCIIEXOM HCIONb3YIOTCS U B HACTOS-
mee Bpems (Pagmoreoxmmudeckas..., 1996). Mznoxenne METOIUKH paguoreo-
XUMHUYECKOTO KapTUPOBAHUS B JaHHOM pa3ziesie B OCHOBHOM IIOCTPOEHO Ha pado-
tax A.A. CmbicnioBa ¢ coaBropamu (Paanoreoxumuueckue uccnenoBanus, 1974;
Pannoreoxumudeckas..., 1996; u ap.) u Ha OOJNBIIOM JTUYHOM OIBITE aBTOPOB
y4eOHOr0 MOCOOUS, MOCBATUBIIMX 3HAYUTEIBHYIO YacTh CBOEH Hay4yHOU mes-
TEIbHOCTH BOIPOCAM PaJUOT€OXUMHUHU.
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5.1.1. MpuHyunbi u Memoduka cocmassieHusi Paduo2eoXUMUYecKol Kapmbli

HpI/IHI_II/IHBI U MCTOAWKA COCTABJICHHUA PaJJUOICOXMMHUUYCCKHUX KapT BO MHO-

T'OM OIIPEACTIAIOTCA pE€IIaCMbIMHU 3aa4yaMu, CPEAN KOTOPBIX Hanobosee BaXKHBIMHU
8
SABJIIFOTCA CIICAYIOIIUC :

1. HM3yueHue BOIPOCOB PErMOHAILHOM T€OXMMHUHU ypaHa v TOPHUS B 36MHOU KOpe.

2. T'eoxumuueckoe palilOHUPOBAHUE U BBIICIECHUE PA3IMYHOIO POJA T€OXUMHU-
YECKUX aHOMAJIUN U 30H JUIsl METAJNIOT€HUYECKOT0 pailOHUPOBAHHUS.

3. KaprtupoBanue ToJI TOPHBIX NOPOA U KOPPENSILMS OCaJOUYHBIX, METAMOp-
(bUYeCKNX U MarMaTHYECKUX 00pa30BaHUM.

4. H3yueHue »HEPreTHKH 36MHON KOpBI B CBSI3U C ONPEACICHUEM I'e€HEpaluu
PaAMOreHHOr0 Teria, 00YCIOBIEHHOM CaMOIPOU3BOJIBHBIM PaclajoM ypa-
Ha, TOpUA U KaJIuA.

B nacrosiiiee Bpems Jydie Bcero pazpaboTaHa METOJMKAa COCTABJICHHUS pa-
JTUOTEOXUMHUUECKUX KapT B CBS3M C M3YyUEHUEM IMPOCTPAHCTBEHHOIO paclipejie-
JICHUsl ypaHa M TOPHs B 3€MHON Kope Ui IeJieil MPOrHO3UPOBAHMS MOJIE3HBIX
HCKOMAEMbIX ¥ METaJNIOT€HUYECKOT0 pallOHUPOBAHHUS.

IIpu cocraBieHUU PATUOTCOXUMHUUECKUX KapT OINPEICIISIOUINM SBISETCS
MIPUHIIMIT TECHOM B3aUMOCBSI3U U B3aMMOOOYCIIOBICHHOCTH (OPMUPOBAHUS I'€0-
XMMHYECKOro ()OoHa ypaHa M TOPHUs B 3eMHOM KOpe M MPOLECCOB pya000pa3zoBa-
HUS, SBJSIOUIETOCS YAaCTHBIM CIydyaeM IPOSBIEHUS HaNpaBJI€HHOW MHUIpaLUdd
PYIHBIX 3JIEMEHTOB, KOTOpasi B OJIArOMPUSATHBIX YCIOBUSAX MPUBOIUT K UX CYyIIIe-
CTBEHHOM KOHLIEHTpaLUU.

[Tpu pa3paboTKe NPUHIIUIIOB U METOJIOB COCTABJICHUS PAIHOT€OXUMHUECKUX
KapT pa3Horo MacmTaba (0030pHBIX, MEJKO-, CpeHe-, KPyIMHOMACIITa0OHbIX H
JIeTalbHbIX) YUYUTHIBAIOTCSl YCTAHOBJICHHbIE K HACTOSIIEMY BpeMEHHU oOuiue 3a-
KOHOMEPHOCTH pactpeIesiCHHsI 1 MUTPALMU YpaHa M TOPHUS B 36MHOM Kope.

dopMUpOBaHUE TEOXUMHUYECKOT0 ()OHA TOPHBIX MOPOJ U PYIHBIX KOHIIEH-
Tpaluii ypaHa U TOpUS B UCTOPUU TEOJOTHYECKOTO PAa3BUTHUS PA3IMYHBIX CTPYK-
TYp 3€MHOI KOpbI 00YCJIOBJICHO MPOSIBICHUEM JIBYX TPYTI MPOIECCOB: CHHTEHEe-
THYECKUX — OCAJIKOHAKOIUICHHE U MarMaTH3M, U SIUTCHETUYECKUX — PETHOHAIb-
HBI, KOHTAKTOBBI MeTaMop(du3M, TUApOTEpMabHas AESITEIbHOCTh U SMUTEHe-
THYECKUE MpeoOpa3oBaHusi, BhI3BAaHHBIC JEATEIBHOCTHIO MOA3EMHBIX BOA. Jlis
CHUHT€HETHUYECKHX IPOILIECCOB XapaKTepHO (opMHUpOBaHUE NEPBHUYHO-KOHCTH-
TYLIMOHAJIBHOTO, MPEUMYIIECTBEHHO PABHOMEPHO PACCESHHOTO paclpeaeeHHUs
ypaHa u Topus. [Ipu 3TOM pagroaKTUBHOCTh TOPHBIX MOPOJ TECHO CBSA3aHA C MX
COCTaBOM (COJIEpKAHUEM IETPOTEHHBIX KOMIIOHEHTOB). JJI1 MarMaTu4eckux mo-
pol HauboJiee CyIIeCTBEHHBIMH SIBIISIIOTCSL CBSI3U YpaHa U TOPUS C COJIep:KaHHuEeM
KpEMHEe3eMa B MOpPO/IaxX, C OJHON CTOPOHBI, H COJEPKAHUEM ILEI0YeH, TIIaBHBIM
o0Opa3om kanus, — ¢ Apyroil. [Ijis ocaioyHbIX OTJIOKEHHI BajkHA CBSA3b ypaHa C
OpPTaHUYECKUM BEIECTBOM, NMPOSBICHHASA C OJMHAKOBOW yCTOMYMBOCTHIO B TEC-
YaHHUKaX, TIMHUCTBIX CIAHIaX, U3BECTHSAKAX U IPYTUX MOPOAAX.

8 Pammoreoxummueckue uccienoBauus, 1974.
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OO0meil 0cO0EHHOCThIO T€OXMMUU CHHTE€HETHMYECKHX IPOLECCOB SBISAETCS
OTHOCHUTEJIbHO HEBBICOKAasl CTENEHb KOHLEHTPALMU PYIHBIX 3JEMEHTOB, HO 3Ha-
YUTEeNbHbIE MaclITa0bl IEpeMENIeHUsl ypaHa u Topusi. B wactHocTH, ¢ ocaikoHa-
KOIUICHHEM CBSI3aHO BO3HHUKHOBEHHE 310X CHUHIC€HETHMUYECKOTO HAKOIUIEHHs y0o-
TUX 110 COJIEPKAHMIO, HO 3HAUUTENbHBIX N0 00beMy CKOIUIeHHH ypaHa. K Takum
MOKHO OTHECTH YPaHOHOCHBIE UYEPHbIE CJIAHLbI UJIUM OUTYMHHO3HBIE OTIOXKEHUS
0a)X€HOBCKOT0 ropu30HTa 3ana Ho-CuOUpCKON TUIHTHI.

ONUreHeTHYECKHE SHJIOTEHHbIE U SK30T€HHBIE TIPOLIECCHI [0 UX OTHOCUTENBHOM
POJIM B paccessHUM M KOHLEHTPALMU YpaHa U TOpHsl MOTYT ObITh YCJIOBHO pa3/ieieHbl
Ha JIB€ TPYNIIBL TIOATrOTOBHTENbHBIE U pynodopMupytomue. K moarotoButebHpIM
SMUTCHETUYECKUM MPOLIECCaM OTHOCAT PErMOHAIBHBIA M KOHTAaKTOBBIN JIHCIIOKAIU-
OHHBII MeTamop(u3M, yIbTpaMeTaMopdu3M, KOpoOOPa30BaHUE U SIMUTCHETUYECKYIO
OUTYMHUHU3ALMIO. DTH MPOLIECCHI IPUBOAT K N3MEHEHHIO (POPMBI HAXOXK/ICHUSI ypaHa
U TOpHS B MOPOAAX, UX YACTUYHOMY IEpepactpe/ieNIeHUI0 C OTHOCUTEIBHO HEBBICO-
KO CTENeHbI0 KOHIEHTpaluK ypaHa u Topus. IloaroroBurenbHple M CHHI€HETHYE-
CKHE IIPOLIECCHI UIPAIOT PELIAIOIIYIO POJIb B CO3IaHUM OJArONpPUATHON reoXxumude-
CKOM cpeibl ISl pa3BUTHSI SIIUTEHETUYECKUX PYI0(GOPMUPYIOLIHX IIPOLIECCOB THIPO-
TEPMAIBHOW W MH(WIGTPAIMOHHON JIESITENIbHOCTH, C KOTOPBIMH CBsi3aHa HamOosee
BBICOKAsl CTEIIEHb KOHIIEHTPALUK ypaHa U TOPUsL.

B pa3nuuHBIX THUIIAX I'€OJIOTMYECKUX CTPYKTYpP B CBSI3HM C OCOOEHHOCTSIMU
HCTOPUM UX Pa3BUTHSI MOKHO BBIIEIUTH OJMH UM HECKOJIBKO BEAYIIMX IPOLEC-
COB, OKa3bIBAIOIIMX pEIlAIOIIee BIUSHIE Ha (POPMUPOBAHHE PETUOHAIBHOTO T€0-
XUMUYecKoro (oHa reosornueckux opmanuii. Ha murax Beaymmmu sSBISIOTCS
IPOIECChl PErMOHAIBHOIO M JIUCIIOKAIIMOHHOTO MeTamopdusma, yibTpaMmeTa-
Mopdu3Ma 1 TEKTOHOMAarMaTH4ecKOi aKTUBU3AlINH.

B mpenenax (aHepo30MCKUX CKIaA4aThIX 001acTeil pajinoreoXMMHUYecKHe
0COOEHHOCTH T'€0JIOTHYECKUX (hopMaIii TJIaBHBIM 00pa3oM CBSI3aHbI C MPOsIBIIE-
HUEM CHHT€HETHYECKUX K30TCHHBIX (0CaIKOHAKOIUIEHHE) U HJOTEHHBIX (Mar-
MaTHU3M) IPOLIECCOB, a TAKXKE C Pa3BUTUEM PETHOHAIBHOIO U KOHTAaKTOBOI'O Me-
Tamopu3Ma U THAPOTEPMATIBLHBIX MTPOLECCOB.

B uexsne miatdopmMeHHBIX oOiacTeil MOBEJEHUE ypaHa ONpeNeNsieTcs: mpo-
SBJICHUEM IIMPOKOM raMMBbI MPOLIECCOB OCAJO0YHOTO IUKJA: CEIMMEHTOIeHe3a 1
nuareHesa (3K30/MareHe3a) B KOHTUHEHTAIbHBIX, JJATYHHBIX U MOPCKUX YCJIOBH-
X, SIIMUTeHe3a, TUIepreHes3a U HauyallbHbIX CTaaui MeTaMmopdu3ma.

Yka3zaHHbIE 0COOEHHOCTH pactpe/ielieHNs] U MUTPALMU PAIMOAKTUBHBIX HJIEMEH-
TOB JOJDKHBI YUMTBIBATHCS KAaK MPU MOCTPOEHUH TI'€0JIOTMUECKOM OCHOBBI PAHOreo-
XUMHUYECKUX KapT, TaK U MPHU BIHECEHUU T€OXUMMYECKOW HArpy3Ku M PaguoreoXu-
MHUYECKOM PallOHHPOBAHUH PA3JIMUHBIX T€OJIOTHYECKUX CTPYKTYP 3€MHOM KOPBI.

B cBs3u ¢ Benyieil posiblo SMUT€HETHYECKUX MPOLECCOB B (HOPMUPOBAHUU
YpaHOBOT'O OpPYJCHEHUs, B OCHOBY BBIOOpA METOJIOB IMIOCTPOEHUS PATUOI€OXUMHU-
YECKUX KapT MOJIOKeH cienyroumii npunuun (Paguoreoxumudeckue uccieaona-
Hus, 1974): paduoceoxumuueckas xapma naubonee apko nooyepkugaem me oco-
OEHHOCMU 2€0102UYeCK020 CMPOEHUs U PA3BUMUsL PEe2UOHA, a MAaKdice me 3aKo-
HOMEPHOCMU MU2payuu ypana u mopus, Komopbvie npueooim K HapyUleHuro ux
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NepEULHO-KOHCMUMYYUOHAILHO20 pacnpedenetus U QOpMUPOBAHUIO HANONCEH-
HbIX, 8 MOM Yucje pyOHbIX KOHYEHMPAayuti 2J1eMeHmos.

[Tpu mocTpoeHUN PaAHOTEOXUMHYECKON KapThl YUYUTHIBAIOTCS KaK BHYTpPEH-
HUEe (HaKTOPHl MUTPAIUU DIIEMEHTOB (MX (DU3UKO-XUMHUYECKHE, SIIEPHBIE U Ap.
CBOWCTBA), TaK W BHEIIHHUEC YCIIOBUS T€OJIOTHUECKOM Cpebl, BIHSIONINE HA TIPO-
IIECChI PACCESTHUS U KOHIICHTPAIIUU YpaHa U TOPHSL.

VYpaH u Topuii, Oarogapsi CPOACTBY C KUCIOPOJIOM, IO (GU3NKO-XUMHUSCKUM
CBOMCTBaM paccMaTpHUBAIOTCS KaK TUIWYHbIE TUTOQUIbHBIE 1eMeHThl. HecmoT-
Ps Ha OOIIHOCTH CBOMCTB, B Pa3HbIX 0OCTAaHOBKAX ypaH M TOPUM 4acTO BEIyT ce-
0s1 mo-pa3HOMY. YpaH, B OTJIMYHE OT TOPUS, B TUIIEPIeHHONW 00CTaHOBKE U B HU3-
KOTEMIEPATyPHBIX THIPOTEPMAILHBIX CHCTEMaX MHUTPHPYET B OCHOBHOM B BHJIE
[IECTUBAJIEHTHOTO YPAaHUI-HOHA. DTO OOYCJIOBIMBAET €r0 BBICOKYIO IOABHIK-
HOCTh B YCIIOBHSIX THIIEPrerHe3a, B TOM 4yuCie U Ojaromapsi o6pa3oBaHUIO ypa-
HUJI-KapOOHATHBIX KOMIUIEKCHBIX coenuHeHuil. COBMECTHOE pacCMOTPEHHE B
TOPHBIX TIOPOJIaX COJCPXKAHUS ypaHa U TOPUs, 00IaAIONUX Pa3HBIMU (U3HKO-
XUMHYECKHUMH CBOMCTBAMH, CYIIECTBEHHO PACIIUPSICT BO3MOKHOCTH HHTEPIPE-
TaIUU PaJOreOXMMHUYCCKHUX JaHHBIX. B KauecTBe TeOXUMHUYECKOTO pernepa, OT-
paxkarolero pasjinyve (U3NKO-XMMHUYECKUX YCJIOBUNW MHIpAllMU 3JIEMEHTOB U
COCTOSIHME T'€0JOTrMYeCKOM Cpeibl, UCIOJb3YETCsl TOPUN-YPAHOBOE OTHOILIECHUE
(Cwmpicios, 1974; IToptHoB, 1984; Puxsanos, 2002; u np.).

VY4er BHEUIHMX TeO0JOTHYeCKHX, KIMMATUYECKUX U IPYrux (akToOpoB MHU-
rpalyy 3JEMEHTOB MPOU3BOJUTCS MPHU MOCTPOCHUU CTPYKTYPHO-BEIIECTBEHHOMN
OCHOBBI, KOTOpasi HE00X0uMa KakK Ui PaJHOT€OXUMHUYECKOTO paliOHHUPOBAHUS,
TaK U JUIsl U3yYeHHUsl 3aKOHOMEPHOCTEH MUTpAIK YpaHa v TOPHs B 3€MHOM Kope.
PaguoreoxumMuvecke WMCCIICIOBAHHS, BBIOJIHEHHBIC B PA3JIMYHBIX PETHOHAX,
MMOKAa3aJ TECHYIO 3aBHCHMOCTh COJICP)KaHUSI ypaHa M TOPHs OT BEIICCTBEHHOTO
COCTaBa TOPHBIX TIOPOJI M BIUSHUS MIUPOKOH raMMBbI DK30TCHHBIX U SHIOTCHHBIX
MTPOIIECCOB HAa YPOBEHBb HAKOTUICHUS M PACCETHUS DJIEMEHTOB.

[Tpu cocTaBiIeHHH CTPYKTYPHO-BENICCTBEHHONH OCHOBBI KapThl (JIMTOJIOTHYE-
CKMMH 3HaKaMH, KOHTYpamMH U APYTUMHU OOO3HAYEHUSIMU) U BBIHECEHUU T'€OXU-
MUYECKOM HArpy3Kkd (LIBETHOH 3aKpackoi M JPYrMMH I[BETOBBIMU H300paKeHUs-
MH) PEKOMEHIYETCS MUCIOJb30BaTh JaHHBIE 00 OOIIMX O0COOCHHOCTAX (HOPMHUPO-
BaHUS PATUOTECOXUMHUYECKOTO TOJS TUTOC(hEphl, KOTOpblEe OBLIN yCTaHOBJICHBI
MIPH TIPOBEJICHUU TIAHOMEPHBIX PAIHOMETPHUECKUX U TE€OXHUMHUYECKUX ChEMOK
(Pannoreoxummueckas. .., 1996):

1. Teoxumuueckoe moje JUTocdepsl Ui ypaHa U TOPHsI, TaK ke Kak U s
OOJIBIIMHCTBA APYTUX PEIKUX M PACCESTHHBIX AJIEMEHTOB, BKJIIOUAET B ceOs Tpu
ypOBHsI COJIepKaHUM:

OMM3KIApPKOBBIH, OHOBBIH YpOBeHb, st ypana — (0,1-5,0) — 1074 %;

— TepBbIi CHHI€HETUYECKHH YpOBEHb HAKOIUIEHUS ypaHa B F€OXHUMMYe-
CKU CIEIMATU3UPOBAHHBIX OCAJ0YHBIX WIM MarMaTHYECKUX KOMILIEK-
cax mopoj — (5,0-100) — 10~ % ypamna;

—  BTOpOH, NPEUMYLIECTBEHHO SMMIC€HETUYECKUH YpPOBEHb HAKOIUICHHS

ypaHa, KOTOpPbIIl CBsA3aH, B OCHOBHOM, CO BTOPHUYHBIMU MPOLIECCAMU
npeobpaszoBanus ropHsix nopof (1o 0, On —n % ypana).
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2. CopepxaHust ypaHa U TOPHs 3aBUCAT, IPEKIE BCETO, OT BELIECTBEHHOIO
COCTaBa I'OPHLIX IMOPOJA U OT COACPIKAHUA IMECTPOrCHHLIX KOMIIOHCHTOB: B Marma-
THaeckux nopoxax — ot SiO, u K,O; B ocanounsix otnoxkenusx — ot Cypr 1 P,O..

3. VYpan u Topuil 0OHAPYKMBAIOT YETKYIO0 PETHOHAIBHYIO TCHJICHIIUIO Ha-
KOIUICHHMSI B BEPXHUX TOPU30HTAX 3E€MHON KOpBI: OCaJIO0YHOM U TPAHHUTHO-
Metamoppudeckom ciiosix. CojfepkaHusi ypaHa B TPOW3BOAHBIX TPaHYJIUTO-
0a3MTOBOIO CJIOS M BEPXHEW MAaHTHU HA OJUH-J[BA TIOPSIJIKA HU)KE TAKOBBIX B Ipa-
HUTaX U B TEPPUTCHHBIX TOJIIAX.

B cBs3M ¢ OTMEUEHHBIMM OCOOEHHOCTSMHU PETMOHAIBHOM I€OXHMMMH ypaHa
IIPYU COCTaBJIEHUM I'€0JOIMYECKON OCHOBBI INIABHOE BHUMAaHHE JOJKHO OBIThH yae-
JICHO aHAJIM3Y CTPYKTYPHO-BEIIECTBEHHBIX OCOOCHHOCTEH: COCTaBY TOPHBIX ITOPO/I,
UX CTPYKTYpPHOMW MO3ULMH, XapaKTEPy U MHTEHCUBHOCTH HAJIOKEHHBIX ITPOLIECCOB.
C ydyeroM macmitaba paauoreOXHUMHUECKON KapThl BELECTBEHHBIH COCTAaB I'€0JI0-
TMYECKUX TeJI MOXKET OBITh TMOKa3aH Kak Ha YpOBHE OTICIBbHBIX Tell, TaK U Ha
YpOBHE CTPYKTYpHO-popMannoHHbIX KomiwiekcoB (CDK) u cocTaBimsiommx ux
Te0JIOTHUECKHUX (POPMALIU JUIS INIABHEUIIMX TEKTOHUYECKUX MOJpa3AeIeHU KOH-
TUHEHTAJIbHOM 36MHOW KOpbI. B KauecTBe BEIIECTBEHHOM Me0JIOrHYECKONM OCHOBBI
MOXeT OBbITh HCIOJIb30BaHA KapTa CTPYKTYPHO-(OPMAITMOHHBIX KOMIUIEKCOB.

OcHoBHOE H300pa3UTENFHOE CPEACTBO (I[BET) HA PAAMOTCOXUMHUYECKON KapTe
OTJaHO IIapaMeTpaM COAEP)KAaHUS ypaHa C BBLACICHHUEM CIEAYIOLUX I'pafalluii:
menee 0,5 x 1074 %, (0,5-1,0) x 1074 %, (1,0-1,5) x 10 %, (1,5-2,5) x 10~ %,
(2,5-3,5) x 104 %, (3,5-5,0) x 107* % wu T. 1. TlepBoiii GoHOBBIN (OIH3KIAPKO-
BbIil) ypOBEHb COJIEp’KaHUsl ypaHa XapakTepHu3yeTcs pa30pocoM 3HAuYeHHUil OT
0,5 10™* mo 5 x 10# %. BTopoii ypoBeHb, CBSI3aHHbIN C CHHICHCTUYECKUM Ha-
KOIUICHHEM YypaHa B TOpPOJaX, OOBIYHO COOTBETCTBYET KOHILIEHTpAlUsIM OT
5x10* mo 100 x 10*%. U Tperwii SMUTeHETUYECKUN YPOBEHb HAKOILICHUSI
ypana gocturaet 0,01+1 % u Bbime.

Jis Toro yToOBI MOJYEPKHYTh YYaCTKM M PETMOHbI CHMHI'€HETHYECKOro M
SMUTCHETUYECKOTO0 HAKOIUIEHUS YypaHa, Ha KapTaxX BBIIACIAIOTCA JONOJHUTEINb-
HBIMU LIBETHBIMH 3HAKaMH U IITPUXOBKOM CIIEAyIOUINE TaHHBIE:

1. MecropoxIeHUs U PyIONPOSBICHHS ypaHa U TOPHs, pa3jielicHHBIC 110
ypoBHIo conepxkanus ypasa (0,01-0,1 %, 0,1-0,5 %, 0,5-1 %, >1 %) u rene3ucy.

2. Tliomamu MUPOKOTO PAa3BUTHUS YIIIEPOIUCTBIX W JIPYTHX (OopMaIui,
C KOTOPBIMHU CBsI3aHO HanboJiee 3HAYUTEIHHOE M0 MacITadaM W COACPKAHHIO
CHHTE€HETHYECKOE HaKoIuleHHe MeTayioB (kpome ypana o 0,01-0,03 %, Bana-
IS, MOJTHOIeHa, MBIIIbSIKA U JIP. ).

3. OO6racTu HIMPOKOTO MPOSBICHHS SMUTCHETUYECKOTO IMepepacipeaene-
HUS ypaHa (MHOTJa COBMECTHO C MOJHMOACHOM, MEJIbIO U IPYTUMHU METaJlJIaMH) B
0CaJIOUHBIX OTJIOKECHHUSIX B pe3yjbTare MHYUIbTPAIMU MOA3EMHBIX BOJ (30HBI
TUTACTOBOTO M TPYHTOBOTO OKUCIICHUS C TUPOTCHHBIM OPYICHEHHEM ).

OTu Marepuanbl, a TaKKe JaHHbIE [0 CPaBHUTEIbHON MHUTpALMU TOPHS
(c IOMOILBIO TOPUI-YPAHOBOI'O OTHOILIEHUS M KOHLIEHTPALMI DJIEMEHTA), CIy’KaT
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OCHOBAHUEM [UISl BBIJACIECHUS DPaJAUMOr€OXMMHMUYECKUX 30H U IPOBUHLIUN, pasiiv-
YaIOIINUXCS YPOBHEM HAKOIUICHUS] 1 HHTEHCUBHOCTBIO MEpepacipeiesieHHs ypaHa.
Breigensarores Tpu TMIA pagUOTE€OXUMUYECKUX 30H U IIPOBUHLIMN:

1. CrmabomuddepeHrpoBaHHbBIC PATUOTCOXUMUICCKIE CUCTEMBI C KIIAPKO-
BBIM WJIH HY)KEKIIAPKOBBIM U OZHOPOJIHBIM (PaBHOMEPHBIM) COJICpKAHUEM YpaHa.

2. JInddepeHnupoBaHHbIE paIUOTCOXUMHUECKIE CUCTEMBI C KIAPKOBBIM HIIH
cI1a0OTIOBBIIIIEHHBIM COJICP)KAaHUEM YpaHa U HATMYHEM T€OXUMHUYECKHU CTICIHATN3H-
POBAHHBIX KOMIUIEKCOB IIOPOJ U IIPOSIBIICHUEM YPAHOBOM MUHEPAIIU3ALUH.

3. WnateHcuBHO nub(depeHIMPOBAHHbBIC PATHOTCOXUMUYECKUE CHUCTEMBI C
MOBBIIICHHBIM W HCOAHOPOAHBIM PACIIPCACIICHUCM YpaHa, HIMPOKUM PA3SBUTHUEM
CTHECIUANM3UPOBAHHBIX (OpMAIii M SMUTEHETHYECKHX KOHIICHTpAIMA ypaHa,
BKJIFOYasi MECTOPOKICHHUS.

Bo3nukHoBenne auddepeHIUpoBaHHBIX M HWHTEHCHBHO AuddepeHnpo-
BaHHBIX PATUOTCOXUMHUYCCKUX 30H M MPOBHHIUN MOXET OBITH CBS3aHO C IPO-
1eccaMu mepepacipeie/ieHuss 1 HaKOIUJICHHUST ypaHa B CBS3U C PETHOHATLHBIM Me-
TaMOp(HU3MOM, MarMaTHYECKON U TUAPOTEPMATbHON EATEIHHOCTHIO, OCAJKOHA-
KOIUJIEHHEM WJIM KOMOMHAIMEN ITUX SABICHMUIA.

JIist paguoreoXuMHYEeCKUX KapT pa3HOTO MaciiTada TMoKa3 T'e0JOTHYeCKOn
OCHOBBI U T€OXMMHYECKHUX JTAaHHBIX HEOAWHAKOB. CrienuQuka MmoCcTpOSHHs KapT
OT 0030PHBIX JIO JETAIBHBIX B 0000IIEHHOM BHJIE NPUBEIeHA B Ta0. 5.1.

Tabmuma 5.1

Tnasnetiuiue snemenmol 2e0102UHECKO OCHOBYL U 2OXUMULECKO
Ha2py3Ku paduo2eoxumMuyeckux Kapm pasHo2o Macumaba
(Paouozeoxumuuecxue uccneoosanus, 1974)

YpoBHHU
P OCHOBHbIe 3JICMCHTBI Tunbr BBIACIIACMBIX
OpraHu3anuu . IIporunosupyemsie
Macmrab TCOXUMHNYECCKOHN TCOXUMHYCCKHUX
MHUHEPAIBHOTO . 00BEKTHI
HarpyskKu aHOMaJIuu
BEIECTBA
1. Conepxanue ypaHa,
o
=3 TOPHUS UK APYTUX 3J1C-
= MEHTOB B M3OJIMHWAK. | Opeostbl MepBUYHO-
£ — | Munepainsi, OTnensHBIC PYA-
2| HeDAILHALC 2. I3MeHeHne BemecT- |To paccestHus (CHH- Hble Tea 1 Mo
s ol P BEHHOT'0 (MUHEpaJIbHO- | TEHETUYHBIE C OPY-
© & |mapareHe3ucsl CTOPOXKICHHS
=3 r0) CoCTaBa B pyJax U | ICHEHUEM)
o OKOJIOPYIHBIX U3MEHE-
HUSIX
o o 1. Coneprxanue ypaHa
28 B FEOXUMHUYECKHU OIHO-
kg =)
S POIHBIX OJISIX B abCo-
p—
% - JIIOTHBIX 3HAUEHMsIX U | 30HBI MpUBHOCa U | MecTopoxkaeHus
& | |T'opusie nopoast
zZ o 10 OTHOILIEHHIO K T€0- | BBIHOCA 3JIEMEHTOB | M PYAHBIE y3JIbI
S
E = XUMHYIECKOMY (DOHY.
v o
&g d 2. Topuii-ypaHoBoe
—
OTHOILICHHE
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Oxonuanue mabn. 5.1

YpoBHu
OCHOBHEIE JICMEHTBI Tumer BBIACTIACMBIX
OpraHU3alHAA . IIporno3upyembie
Macmitab TCOXUMHUYCCKOU TCOXUMHUYCCKHUX
MUHEPAJIBLHOI'O o 00BEKTEI
HarpyskKu aHOMaJIuHU
BCIIIECTBA

% = 1. Cpennee comepxa-

L§ § HUE ypaHa B reoJioTu- | 30HBI ¢ HapylieH- | Pyanble moss,

5 0 Teomormaeckue | TCOFHX hopmanmsx. HBIM EPBUYHO- pafoHBI U CTPYK-

2 CI> o 2. ®opma HaXOXKACHUS | KOHCTUTYLUHMOHAJb- |TypHbIE METaN-

= opMaluu

RS P ypaHa. HBIM pacmpezesnie- |JOTeHHYecKHe

g § 3. Topuii-ypanoBoe HHEM DIIEMEHTOB 30HBI

o — OTHOIIICHHE

= 3

° I3 1. Cpennee copepxa- .

= = Pynusie, paii-

= =] . |HHe ypaHa.
S o Pser hopmanmit N OHBI, CTPYKTYp-
s 3N 2. Topwuii-ypaHoBoe

S 3\ . Topwuii-yp

g E (cTpyKTypHO- I'eoxumuaeckne HBIE MeTaJlIore-
s & | OTHOIIECHUE.

2 & 2 |bopmanuoHHEIC MIPOBUHIIUU HUYECKHUE 30HBI
e s 3. 'eoXUMHUYECKH CIie-

© © I | KOMILIEKCHI) MeTaJJIoreHruYe-
= S IHUATM3UPOBAHHBIC

o S CKHe TIPOBHUHITUHI
S — KOMIIEKCHI

—

5.1.2. MNonesbie uccnedosaHus

Llesib MONEBBIX MCCIIEIOBAHUN — MOJyYeHHE OOBEKTUBHOW MH(OpMAIUH O
COCTaBE M CBOWCTBax HccieayeMbIX 00bekToB. OCHOBHOM 3ajauell 3TUX padoT
SIBIISIETCS TTOJTy9eHHE HEOOXOMMON MH(POPMAIIMU HETIOCPEACTBEHHO Ha OOBEKTE,
BKJII0Yasl paiOMETPUUECKUE, FaMMa-CIIEKTPOMETPUYECKHE TI0JIEBbIE HCCIe10Ba-
HUSL U OTOOp MpenCTaBUTENbHBIX MPo0 JUIsl J1a0OpaTOPHBIX HCCIIEIOBAHUI.
[To muerno A.A. CMbiciioBa, HanOONBIINN YPPEKT B U3YUEHUN TEOXHUMUN ypaHa
¥ TOpHUS B 3eMHOH KOpPE MOXET OBITh MOJYYEeH NPU PAlMOHAIFHOM COYETAaHHH
MOJIEBOM TaMMa-CIEKTPOMETPUH € KIACCUYECKUMHU METO/JaMU FeOXUMHUYECKOTO
ONpoOOBaHUS TOPHBIX TOPO U MOCIEAYIOMIUM aHATM30M COAEPIKaHUS PalloaK-
TUBHBIX JIEMEHTOB B JJA0OPATOPHBIX YCIOBUSX.

B mporecce moneBsix paboT M0DKHA OBITH TOJydeHa HeoOXxoaumasi U J0C-
TaTOYHAas A KapTHUPOBAHUS COOTBETCTBYIOLIEro MacuTaba uHpopmarms. Jis
KPYITHOMACIITaOHOTO U JIETAJIbHOIO KapTUPOBAHUS HEOOXOJMMO CO3aHUE pery-
JSIPHOW ceTH HaOMIOZCeHUs, A Oojiee METKOMAcIITa0HBIX paboT HEO0OXOAUMO
MOJYYUTh WH(POPMAIIMIO O CPETHEM COJCPKaHUH U (opMax HaXOXKACHHUS ypaHa
U TOpHs B IeoJIOrMYeckux (hopManusx U KOMIUIeKcax. MeToauka MoJIeBbIX HC-
CJIeZIOBaHUH (B TOM YHMCIIE TUIOTHOCTh CETH OMPOOOBAaHMUS) COOTBETCTBYET METO-
JTUYECKUM PEKOMEHJAIMAM K TEOXHMHUYECKUM MeTojgaMm MouckoB (MHCTpyk-
nus..., 1983).
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5.1.3. JlabopamopHbie uccnedosaHus

Ienp 1a00paTOPHBIX HCCIEAOBAHUM — JOCTOBEpHAsl OIEHKA COJEpKaHHA
ypaHa ¥ TOpHUsl B TOPHBIX MOPOAAX U MUHEpajax U omnpejaeraeHrue GopM Haxoxe-
HUS ypaHa U TOpHUs B HUX.

Onpepenexune cofepxaHus ypaHa U Topus

B Hactosmiee BpemMs pa3paboTaHO MHOTO METOJIOB ONPEACTICHHUS CO/AepKa-
HUS ypaHa ¥ TOpUs B TOPHBIX MOpoJax U MuHepanax. Cpeau HUX BBIACISIOT:

1. PamuomeTrpuueckue METO]Ibl, OCHOBAHHbBIE HA PETUCTPALIUU IPUPOTHOTO
o-, B- ¥ y-u3ny4eHus.

2. Pagmoxumuueckue MeTo/ibl, OCHOBAHHBIE HA XUMUYECKOM ONPEIEICHUN
COJIepXKaHus ypaHa U TOPHSL.

3. JI*OMMHECHEHTHBIN METOJ ONPEACIICHHS] HU3KUX COJIEpKaHUM ypaHa, oc-
HOBAHHBIM Ha CIIOCOOHOCTH ypaHa B TBEP/BIX PacTBOpax (GTOPHCTOrO HATPHS WU
JPYTUX BEIECTB J1aBaTh CBEUCHHE MO IEHCTBUEM YIIbTPadUOIETOBBIX JTyUei.

4. Konopumerpuueckuilt METO1 ONIpeeNICHUs YpaHa U TOPHs, OCHOBAHHBIN
Ha CIIOCOOHOCTH MHOTOBAJIEHTHBIX HOHOB J1aBaTh LIBETHHIE PEAKLUU C PSIAOM
pEeareHToB.

5. PeHTreHo-creKkTpadbHbIN (DIFOOPECIICHTHBIM METOJI, OCHOBAaHHBIM Ha
HCIOJIb30BAaHUU BTOPUYHOTO PEHTTC€HOBCKOTO M3IIYYCHUS YpaHa M TOpHs, 00pa-
3YIOIIErOCs TP BO3ACHCTBUN IEPBUYHBIM PEHTTEHOBCKUM U31yYECHHUEM.

6. HelTpOHHO-aKTUBAIIMOHHBIE METOJIbl, OCHOBAaHHbIE Ha pPETUCTpALUU
HaBEJICHHOW aKTUBHOCTH, MOJIYYEHHON B pe3ysbTare 00ayueHus: IpoObl MOTOKOM
HeiiTpoHoB. CyIIecTByeT HECKOIbKO MOAN(UKAIINI HEUHTPOHHO-aKTUBALTUOHHOTO
aHanu3a:

— HHCTPYMEHTAJIbHBIN HEHTPOHHO-aKTHBAIMOHHBIN aHAIH3, TO3BOJISIOIINIA
ONPEIENIATh HU3KOE COJEp)KaHWE ypaHa W TOPUS B TOPHBIX MOPOJAx U
MUHEpanax;

— MCTOJ 3ara3abIBarOIINUX HeﬁTpOHOB, HO3BOHHIOHH/H>1 KOJIMYECTBCHHO OII-
peleNATh Co/lepyKaHne ypaHa U3 GONBIIMX HABECOK B ITHPOKOM JHAIA30-
ue ot 0,1 1o 100 r/T u Goiee;

— paauorpaduIecKre MeTOIbl, OCHOBAaHHbBIE HA PETUCTPAIUH PHPOTHOTO U
HABEJCHHOTO Ol-, 3- M y-M3Iy4YeHUs] ¥ OCKOJKOB JCJICHUS Ha Pa3IMIHBIX
TUIIaX AETCKTOPOB. 910 AOCTAaTOYHO TPYAOCMKHUE METOJbI, HO OHH IIO-
3BOJIAIOT OMPEIENATh COMCPKAHUS aXKe YIbTPAMANbIX KOJIHYECTB ypaHa
Ha ypoBHe 1078+10710%. Kpome TOro, 3TH METO/BI MO3BOJISIIOT M3y4aTh
XapakTep paclpeieNieHusl ypaHa W TOpUsl B 00pasiiax TOpPHBIX OO H
MHHEPAJIOB.

JleTanbHbIN aHANU3 TOCTOMHCTB U HEIOCTATKOB 3THX METOJIOB MOKa3aj, YTo
JUIS 1IeTIel paJore0OXMMHUYECKOr0 KapTUPOBAaHUSI HEOOXOUMO KOMITJIEKCUPOBa-
HUEe MeToJI0B. {11 MaccoBBIX aHAJINW30B HA ypaH C YYETOM KauyecTBa aHajau3a u
AKCIIPECCHOCTH HAMIYYIIUM METOJOM CIEAYyeT CUMTATh METOJ| 3ala3/bIBAIOIINX
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HeliTpoHoB (Puxsanos, 2002 u ap). Haubonbmmii 3¢ ekt ero ucnoab3oBaHue
JTaeT B COYETAaHUH C METOJaMH TI0JIEBOM raMMa-CIeKTPOMETPHH.

OnpepeneHue hopMbl HaX0XAEHUA ypaHa U TopUs

VYpaH u TOpUH TPUCYTCTBYIOT B TOPHBIX HOPOJAaxX B Pa3IUYHBIX (opMax.
OOBIYHO BBIAETSIOT cieaytomue (GOpMbl HAXOXKICHHUS ypaHa U TOpUS:

— cOOCTBEHHBIE MHUHEPAJIBl ypaHa U TOPHUS;

— u30MOp(HOE BXOXKICHUE B IPYyTHUE MHHEPAIIBI;

— OJJICMCHTHI, COp6I/IpOBaHHBIC Ha OpraHU4YCCKOM BCHICCTBC, TJIMHUCTBIX
MUHEpanax, pocharax, THIPOOKHUCITAX Kene3a u JIp;

— OJJICMCHTBI, paCCCAHHBIC B FOpHOﬁ nopoac BHC CBA3U C KOHKPECTHBIMU MU-
HepajgaMmu (B TIOPOBBIX PacTBOpax, Ha y4acTKaX AMCIOKAIUU B KPHUCTAII-
Jax 4 ap.).

Cy1ecTByIOT MHOTO CIIOCOOOB M3y4YeHHUs (POPM HAXOXKIECHUS ypaH U TOPHSL.
N3 Hux Hanbosplee pacpoCTpaHEHUE MOTYYHIN CIIETYIONIHE METOIBI:

1. Meton MuHepalbHOTO OanaHca. 3aKII04YaeTCs METO B OMPEICTICHUH CO-
JIEp)KaHUsl ypaHa U TOPHUS B OTICIBHBIX MHHEpAIaX WIH B MHHEPAIBHBIX (Ppak-
USX U B pacuere MoMuHepaabHOro (modpakunoHHOTrO) OanaHca A KOHKpPET-
HOW mpoObl. [lpM ASTOM BBIISNISIOTCS MUHEPAJIBI-HOCHTEIN UM MHUHEPabl-
KOHIIEHTPATOPHI YpaHa U TOPUSL.

2. Meton BbIIIENAYMBAHUS ypaHAa M TOPHUS PA3IMYHBIMU pPEareHTaMU.
C moMoIIbI0 3TUX METOJ0B KOCBEHHO MOKHO OIEHHUTD JIOJIO MOJBUKHOTO ypaHa
Y TOpHUSI U JIOJIO ypaHa U TOpHsl, IPUXOIAILYIOCS Ha OTACIbHBIC TPYIIIBI MUHEPa-
noB. [lnst ompeneneHusi MOABMKHOTO ypaHa HCIOIB3YIOT PacTBOPHI KapOoHaTa
WM arleTaTa aMMOHUS, JTUOO clla0ble paCTBOPHI COJITHOM KHUCIOTHI. Mcnons3oBa-
Hue 0oJiee CUIIBHBIX PACTBOPOB KHUCIIOT MO3BOJIAET MPOBECTH MHOTOCTYIIEHYATOE
PAcTBOPEHHE PA3TMYHBIX TPYNI MUHEPAIOB. Tak, B YyrOJIbHOW FT€OXUMHH IIUPOKO
npumeHsiercs Metos, Pagmaxepa u Mopxayapa (1955) u ero 6onee HOBast MOJIU-
¢$ukanys, IpeIoKeHHass aMepUKaHCKUMHU yueHbIMU (DPuHKenbmaH, 1982).

3. Pagmorpaduueckue MeToAbl, OCHOBAaHHbIE Ha pPETUCTpalUd O-, [3-,
Y-U3Ty4YEHHUS U OCKOJIKOB JICJICHUSI ypaHa U TOPHs HA Pa3IMYHBIX TUIAX JIE€TEKTO-
poB. Mcnons30BaHue Makpo- U MHKPOPAIUOTpauu MO3BOJISIET U3yUUTh pacIpe-
JIeJIeHe ypaHa U Topus B 00pasiie, BbIIEIUTh OCHOBHbIE MUHEPATBI-HOCUTENHN U
MUHEPaJIbI-KOHLIEHTPATOPHI 3JIEMEHTOB, OIIEHUTH JOJII0 PACCEIHHOTO METalljia, a
[IPU KCTIOH30BAHHUH 3TAJIOHA TAKXKE OMPEICNIUTh U COJIep)KaHNUEe YpaHa U TOpUS B
Pa3IMYHBIX MUHEpaTaX WM MUHEPAIbHBIX arperarax.

4. Metoapl 31neKTpOHHOM MHKpockonuHu. C TOSIBIEHHUEM METOJOB, COYe-
TAIOIIUX DJIEKTPOHHYI0 MUKPOCKONHUIO C aHAJIU30M XUMHUYECKOTO COCTaBa MHK-
pPO0OBEKTa, MPOU3OILIO CYIIECTBEHHOE M3MEHEHHE MpeacTaBiIeHuil o (opmax
HAXOJICHUS MHOTHX XHUMHMUYECKHX 3JIEMEHTOB, B TOM YHCJI€ ypaHa U Topus. Bbl-
SCHUJIOCh, HAIlPUMEpP, YTO B Psijie CllydaeB paccesHHas Gopma 3THX 3JIEMEHTOB
CBsI3aHa C HAJTMYMEM MHUKPO- U HAHOMHUHEPATBHBIX (hOPM.
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5.1.4. Mamemamuyeckas 06pabomka 2eoxumuyecKux 0aHHbIX

N3yyeHne reoxuMun ypaHa U TOpHUsS B T€OJOTHUECKUX U PYAHBIX (opMaIiu-
X, B TOPHBIX TIOPOJIaX U MUHEpajaX HEBO3MOKHO 0€3 IMIMPOKOTO UCIIOIb30BAHMS
MaTeMaTHYeCKUX METOJI0B 00pabOoTKH HH(OPMAIIUH.

3amauaMu MaTeMaTUYeCKor 00pabOTKM reOXUMHYECKOTO MaTepuasa B MpH-
JIO’KEHHUH K PaJIMOT€OXUMUYECKOMY KapTUPOBAHUIO SIBIISIOTCS:

1. Onpenenenue 3akOHA pacHpeAcsICHUs] JIEMEHTOB, YTO IMO3BOJISIET Ipa-
BWJIbHO YCTAaHOBUTH MapaMeTPhbl U TPAHULIbI SMIIUPUUECKUX COBOKYITHOCTEH.

2. OrmeHKa CpeIHHUX COACP)KaHUM (MAaTeMaTHYECKOE OXKUIAHWE), MEIUAHBI,
MO/Ibl, TUCTIEPCUH PACTIPEICTICHUsI COBOKYITHOCTU U JIPYTUX CTATUCTHYECKUX Ia-
paMeTpoB.

3. OueHka MUHUMAJIbHO AaHOMAJILHOTO COJICPKAHUS JIEMEHTA.

4. BpiO0p HOPMATBLHOTO TEOXUMHUYECKOTO (DOHA PIIEMEHTOB.

5. BelaeneHne re0OXMMUYECKUX acCOLMAlUi Ha OCHOBE KOPPEISLIMOHHOTO,
perpeccuoHHOTO, (haKTOPHOTO U APYTHX METOJ0B MAaTEMAaTHYECKOTO aHAJIH3a.

OpnHoli u3 HamboJiee CIOXKHBIX 3aJay, MMCIOIMX OOJbIIOC 3HAYCHHE IS
PaIuOTeOXMMHYECKOTO KapTUPOBaHUs, SABIseTCs onpeneneHue ¢ona. J[ns ana-
JU3a PaJMOT€OXMMHUYECKUX KapT KpallHE Ba)KHO MPABUIBHO BBIIEIHTH 00JACTH
(hOHOBBIX, TOHMKECHHBIX, MTOBBIIICHHBIX U aHOMAJIBHBIX KOHIIEHTpanuid. B coot-
BEeTCTBUU C pekoMeHnarmsmu (Pamuoreoxumudeckue uccnenoBanus, 1974), 3a
HOPMAaJIbHBIA (JOH pacTpeICICHHs AJIEMEHTOB B TOPHBIX MOpPOAaX MPUHUMACTCS
JIMAna3oH U3MEHEHUsI KOHLEHTpalui, KoTopoMy cooTBeTcTBYeT 80 % rmuiomaaun
10/l KPUBOM pacmpelereHus III0THOCTeN BeposiTHOcTe. Toraa B ciywae HOp-
MaJbHOTO 3aKOHA pacrpeieNieHus] TPAaHUIIAMHA TeOXUMUYECKOro (DOHA IIEMEHTOB
OynyT siBnsiThes 3HadeHust X + 1,3S, rne X — cpegHee conepxanue (MaTeMaTuye-
CKO€ OKHMJIaHHE); S — CTaHAAPTHOE OTKJIOHCHHE.

[Ipu norHOpMalIbHOM paclpeeIeHHH TPaHUIIBI TEOXUMUYECKOro GoHa pe-
KOMEHYETCS ONPEEIATh C MOMOIIbI0 HEPABEHCTBA:

Me — 7! <X pSMe-Z7,
rne Z — antunorapudm 3HaueHus 1,3 Slg-

3a rpaHuIBl AaHOMAJIBHBIX KOHIICHTPALUH 1e1ecO00pa3HO MPHHATH MPEIeITbI
HOPMAJILHOTO (JIOTHOPMaJIbHOT'0) pacHpeiesieHHsl, COOTBETCTBYIOLINE UHTEPBATY
138, 9T0 0OecmeunBaeT ¢ BEpOSTHOCTHIO 99,7 % MpaBUIBLHOCTH OTHECEHUS MPOO
K paccMaTpuBaeMON COBOKYITHOCTH.

CrnenoBarenbHO, TPAHUIBI AHOMAJIBHBIX KOHIIEHTpALMK Ui HOPMAJIbHOTO
pacnpenenenus onpeaensarorcs HepaseHcTBom: X — 3S > X > X + 35, a s

JIOTHOPMAJIBHOTO pacmpesenenus — Me — 27! > X > Me — Z, rne Z — aHTHIIOTa-
pudm 3HaueHus 3S,,.

COI[Cp)KaHI/IC YpaHa B HNPOMCIKYTKEC OT I'paHUI] T'COXHUMHUUYCCKOTO (I)OHa 0
AHOMAaJIbHBIX KOHIICHTpaHI/Iﬁ MNPUHHUMAIOTCS, COOTBETCTBCHHO, 3a IMOBBLIIICHHBLIC
NN TTOHMXXCHHBIC OTHOCHUTCIBHO (I)OHOBBIX CO,[[Gp)KElHHfI. O6nacT TOBBIIICH-
HBbIX, IIOHUXXCHHBIX U aHOMAJIbHBIX KOHHQHTpaIII/Iﬁ YpaHa BBIACIIAIOTCA IIPU Ha-
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JUYUU HE MeHee 2—3 OIU3KO PacHOJIOXKEHHBIX COOTBETCTBYIOIIUX 3HAYEHHUH IO
ypany. EquHuyHbIe 3HaUeHMs OBBILICHHBIX U aHOMAJIbHBIX KOHIEHTpAlui ypa-
Ha B [1I0OPOJIaX BBIHOCSATCS Ha KapTe OTIEIbHBIMUA TOYKAMH.

[Tpu kpyrmHOMACIITAOHOM U CPEIHEMACIITA0OHOM PAIHOTCOXMMUIECKOM Kap-
TUPOBAHUM MPH OOJIBIIONW COBOKYITHOCTH MPOO ¢ HOPMAJIBLHBIM COJIEPKAHUEM Ypa-
Ha B MOPOJIaX MOTYT OBITh BBIJEICHBI 30HbI CIAa0OMOBBIIIEHHBIX, CIA00NOHMKEH-
HBIX M CpeIHHMX (MHTepBaJl Te€HEPaJIbHOIO CPEIHEro) KOHLEHTpALUil, eclid OHM
IIPEJCTABIEHbl HE MEHEE 4—5 COOTBETCTBYIOIIMMU 3HAYEHUSMHU ypaHa Ha OJHOM
yuactke. Takoe moppaszieneHle BCero Auana3oHa M3MEHEHUH colepKaHuil suie-
MEHTOB B TOPHBIX MOPOAAX MO3BOJIAET BBIACIUTH HA PATUOIC€OXUMUYECKON KapTe
KaK HEOJJHOPOJHOCTH MX MEPBUYHO-KOHCTUTYLIMOHAIBHOTO PACHPEAEICHUs, TaK U
001acTu MPUBHOCA U BBIHOCA PAIMOAKTUBHBIX 3JIEMEHTOB (puc. 5.1).

5.1.5. OcobeHHOCMU NOCMPOEHUST 2€0/102U4ECKOL OCHO8bI
paduozeoxumuyeckoll Kapmbl

Conepxanue ypaHa U TOpUs U OCOOCHHOCTH MX MUTpPALMU B 3€MHON KOpe
ONPENIETSAI0TCS, MPEXIEe BCEro, COCTAaBOM TOPHBIX MOPOJ W MHUTPALMOHHBIMHU
CBOICTBaMM TJIaBHBIX XMMHMYECKHUX 3JIEMEHTOB, YYacTBYIOLIMX B IpeoOpazoBa-
HUM MUHEPAIbHOrO BEIECTBA. B CBA3M C 3TUM, reosioruueckasi OCHOBAa Pajuo-
reOXUMHUYECKUX KapT JOJDKHA OTpakaThb MPEKJE BCEr0 COCTaB TFOPHBIX MOPO/,
reoJoruueckux (Gopmanuii U KOMILJIEKCOB U T€ IpeoOpazoBaHusi, KOTOpbIe 00y-
CJIOBJICHBI HAJIO’KEHHBIMU MTPOIIECCAMM.

[TocTpoeHne reoaoruueckoil OCHOBBI, OTPaXKaroIle BEeIECTBEHHBIH COCTaB
U CTPYKTYpPHOE TOJIO)KEHHE TOPHBIX MOPOJ, MPOU3BOJUTCSA C YYETOM IJIaBHEH-
[IMX CUHICHETHYECKUX W SIUTCHETUYECKUX MPOIECCOB, BIUAIOIIMX Ha pacrpe-
JiesnieHre 3neMeHToB. [lokazaHHbIe Ha Te0J0rH4eCKON OCHOBE PE3YJIbTaThl 3THX
MIPOLIECCOB SBJISIOTCS OCHOBOM AJII M3YUYEHHS paclpeiefieHUs PaJuoaKTHBHBIX
AJIEMEHTOB B IPOCTPAHCTBE M BPEMEHHU U MOTYT CIIYXKUTh OJTHUM M3 BaXKHBIX ITy-
Teil BBISICHEHUS yCIIOBUHN UX MUTPAIIUN U KOHIIEHTPUPOBAHHUS.

['eomoruueckas kapra Hapsiay ¢ paKTOpaMu T€0JIOTHUIECKOTO CTPOCHHUs, OT-
paxkaeT Takxke Hauboiiee oOIIMe TeoOXMMUYECKHEe OCOOEHHOCTH paclpeiesieHus
METPOTEHHBIX 3JIEMEHTOB, KOTOPHIE UIPAIOT OINPEAEIAIOUIYIO0 POJb B JIIOOOM Ieo-
XUMHUYECKOM TIpOIIECCe.

YuuThiBas NpUHIMIHAIBHBIC PA3JIMUUs B XapaKTepe U MHTEHCUBHOCTHU pac-
CesHUSl ¥ KOHIIEHTPUPOBAHUS ypaHa U TOPUS MPU CUHTCHETUYECKUX U AIUTEHe-
TUYECKHX TPOIECCax, Ha T€OJOTHYECKON KapTe MPOSBICHHE HUX B Pa3TUUYHBIX
CTPYKTYPHBIX 30HaX JOJKHO OBITh YETKO Pa3rpaHUYuEHO.

[TepBUYHO-KOHCTUTYIIMOHATILHOE pACIIpEIe]IiCHUEe YpaHa U TOpUS B 0Ca04-
HBIX ¥ MarMaTH4YeCcKuX ropojax, corimacHo A.A. CmeicioBy (1974), 3aBucut ot
CIIeTyIOIINX TJIaBHEHIINX (haKTOPOB:
®  OT BEIIECTBEHHOT'O COCTaBa U CTPYKTYPHI TOPHBIX TTOPOSI;

e  BO3pacTa Mopon;
®  TCOTEKTOHMYECKHX U (pallalibHBIX YCIOBHM (GOpMUpPOBAHUS OPO/I.
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Puc. 5.1. Paouozeoxumuuecxasn xapma Tymanuiemckou niowaou.
Aemopuwr: C.U. Apdyzos, FO.A. @omun, B.A. Jlomapenko (1982 2.)
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[Tepepacnpenenenue ypaHa U TOpUsl MO BIUSHUEM IIUT€HETUYECKUX IPO-
[IECCOB ONpeeNnseTcs Kak (GU3NKO-XUMHYECKIMH CBOWCTBAMH 3JIEMEHTOB, TaK U
XapakTepoM IpeoOpa3oBaHUEM MOPHBIX HOPOJ:
®  TEPMOAMHAMHYECKUMH OCOOCHHOCTSMHU TPOTEKAHHUSI SHUTCHETUYECKOTO

mporecca;

e  (PU3MKO-XMMHUYECKHUMHM NapaMeTPaMu BO3JCHCTBYIOIIMX PAaCTBOPOB (KHUCIOT-
HOCTb — IEJIOYHOCTh, OKUCIUTEIbHO-BOCCTAHOBUTENbHBIN MOTEHIMAN, CTe-
[I€Hb MUHEPAIU3ALUH U T. I1.);

®  [IPOHUIAEMOCTBIO NOPOJI, 3aBUCSILEH OT UX (PU3NKO-MEXAHUYECKUX CBOWUCTB
U CTPYKTYPHOTO MOJIOXEHUS;

®  XapakTepoM M3MEHEHMs] MUHEPAJIBbHOTO U XMMUYECKOI0 COCTaBa MopoJ, BO-
BJIEUCHHBIX B IIpe0oOpa3oBaHUE.

Ha reonorudeckoii 0CHOBE 3TH OCOOEHHOCTH OTPAXXKAIOTCSI C OONbIIEH WU
MEHBIIIEH CTENEeHbIO AETAaIbHOCTU B 3aBUCHMOCTH OT MacluTaba KapThl U IpHU-
Ha/IJIE)KHOCTH M3Y4YaeMOro y4acTKa K TOMY WJIM MHOMY DJIEMEHTY 3€MHOH KOpBI
(ckmaguateie 00IaCTH, MIUTHI, INIATGOPMBI U T. 11.).

Ocanounble U MarmMaTHyeckue oOpa30BaHUS pa3IMYHBIX YPOBHEH OpraHu-
3alluy BellecTBa (FOpHbIE MOPOJIbl, opMaLuu, psabl GopMaruii) pacuaeHsI0TCs
10 BELIECTBEHHOMY COCTaBY U CTPYKTYpE € y4eTOM UX (harmaibHON MpUHAIIeK-
HOCTH M BBIIEJAIOTCS Ha I€OJOrMYECKOW OCHOBE (POPMOI JTMTOIIOTMYECKUX 3HA-
KOB B YE€PHO-0€JIOM UCTIOTHEHUH (IITPUXOBAs JIETCHIA).

danuanbHOE pacwIeHEHHE OCalOYHBIX (Gopmanuii papaborano Hamboiee
netanbHo. Clieyer Julllb OTMETUTh, YTO PaJUOAKTHUBHOCTh OCAJOUYHBIX MOPOJ
CXO/HBIX (panuii MOXKET CHIIBHO OTJIMYATHCS B 3aBUCUMOCTH OT COJICPKAHUS Op-
FaHMYECKUX WJIM MUHEPAJIbHBIX BOCCTAHOBUTEIEH, MOJIOKEHUS UICTOYHHUKA CHOCA,
¢dbopM pa3BUTHSI OPraHUYECKOT0 MHPa, XUMHUUECKOI0 cOCTaBa aTMocdepbl U TUl-
pocdepsl U Apyrux (akTOpOB, KOTOPBIE IO BO3MOXKHOCTH CIIEAYeT OTpakaTh Ha
reoJIorn4eckoil ocHose. Bee 310, 0cOOEHHO NMPH METKOMACIITaOHBIX T€OXUMUYE-
CKUX MCCJIEOBAHUAX, BBI3BIBAET HEOOXOAMMOCTb HCIOJIB30BAHUS ILIMPOKOIO
KOMILJIEKCA JIUTOJIOrO-(palnanbHbIX, MaJeOHTOJIOIHYECKUX M maneoreorpadudye-
CKHX JAHHBIX JUISl U3yYEHUSI HCTOPUU NOBEIECHUS IEMEHTOB B IIPOLIECCE OCAJIKO-
HAKOIUIEHHUS OTJIEIbHBIX JIO0X.

B psine cinyuyaeB BMECTO OCTPOEHHsS OOJIBIIOTO KOJIMYECTBA KapT pa3iIMuHbIX
AMOX OCAJKOHAKOIJIEHUS MOKHO OTPAaHUYUTHCS] COCTaBJIIEHUEM OJJHOM I'e0OXUMHUYe-
CKOM KapThl JJIs1 COBPEMEHHOTO YpPOBHS 3PO3HOHHOIO cpe3a ¢ Oosee IeTaabHbIM
[I0Ka30M YCJIOBUil, CYIIIECTBOBABIIMX B MEPHOA 00pa30BaHUs MOPOJ MPOIYKTHB-
HOM Tommy ((arManbHbIX 30H, HAIIPABJIEHUs NepeHoca 00JIOMOYHOIO MaTepHaa,
CTOKa pEYHBIX BOJ M T. 11.). [I[pumep Takoit kapThl moka3aH Ha puc. 5.2.

[Ipu BBIAENEHUH METpOrpapuuecKu OJHOPOJIHBIX Pa3HOCTEH MeTaMopduue-
CKUX ¥ H3BEP)KEHHBIX IMOPOJI Pa3IMYHBIX YJIbTpaMeTaMOP(UUECKUX, UHTPY3HB-
HBIX U BYJIKAHOT€HHBIX KOMIUIEKCOB TaKX€E CIEAYET yAEIATh CEpPbe3HOE BHHMA-
HUEe UX (arraTbHOMY pAacwIEHEHHI0, 0OCOOEHHO TPH COCTABICHHUU CpEIHEe- U
MEJIKOMACIITa0HBIX PATUOr€OXUMUYECKUX KapT. DanuanbHOe pacueHEHUE I0-
PO MarMatudeckux (opMmaruii IpeaycMaTphBacT BBIJCICHHE T'€HETHUYECKUX
dauii u paunii rTryOMHHOCTH.
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Puc. 5.2. Maxem 0630pHOtU paouozeoxumuyeckol Kapmul Yexad niamgopmol
(Paouozceoxumuuecxue uccneoosanus, 1974).
Psiovl popmayuil: 1 — epanumozcrerticoswiil 8biCMyn 00KeMOPULICKO20 (PYHOAMEHMA
(obnacme cHoca 6 nepuod Gopmuposast nPOOYKMUSHOU KAPOOHAMHOU MOAWU);

2 — KOH2IOMEPamonecuanuKosbiil; 3 — necuaHo-2IuHUCmblil, 4 — meppuceHHo-KapOOHAMHbI,
5 — kapbonamuwll ¢ NOBLIUEHHOT OUMYMUHOZHOCIBIO 8 OMIONCEHUSIX MENTKOBOOHO-MOPCKUX
Gayuii; 6 — kapboHaAMHBLI ¢ HOPMATLHOU OUMYMUHOZHOCMBIO; 7 — 30HbL PA3PLIEHLIX HAPYUEHUIL.
Cooeporcanue ypana 6 nopooax (¢ 10 %): 8 — (0,5+1,5); 9— (1,5+3,5); 10— (3,5+5,0);
11— (5+10); 12 — epanumocnelicoi ¢ 8bICOKUM COOEPHCAHUEM «NOOBUNCHO20» YPAHA,

13 — nonusicennoe moputi-ypanogoe omuouenue (< 1+2); 14 — nogvluiennoe mopuii-ypanogoe
omuowenue (>5); 15 — pyoonposenenus ypana; 16 — pyoonposgnenue ypana u mopus,

17 — anemenmoi-cnymuuxu ypaua u (unu) mopus, 18 — nanpasnenue nepemewjerusi 0610MOUHO20
MAMeEpUana 1 CMoKa PeyHslx 600 ¢ NOBIUEHHbIM cooepiicanuem ypana, 19 — 301l paziomos;
20 — yuacmku MaKkCUMAIbHO20 INULEHEMUYECKO20 HAKONJIeHUs. YDAHA 8 OUMYMUHO3HBIX
uzeecmusikax, 21 — 30Ha ¢ HAPYUIEHHBIM NEPEULHO-KOHCMUMYYUOHATIbHBIM PACTIPEOeleHUeM
VpaHa u Opyeux 1emMeHmos
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BriensiemMble reojoruueckue moApasaeneHus T0JKHbI 00J1a1aTh TeOXUMU-
YEeCKOH OJHOPOAHOCTBIO, T. €. UMETh OJM3KHE IapaMeTphl PacIpelesIeHus pa-
JTMOAKTUBHBIX 3JIEMEHTOB, YTO TPYJHO BBLIEPXKATh A I'PyOOKIACTHUECKUX H
TAKCUTOBBIX Pa3HOBUIHOCTEM TOPHBIX MOPOJ, a TaKXKe JJIA OCaJ04YHbIX M METa-
MOP(GHUUECKUX TOJII C YACThIM YEpEeTOBAHUEM OTAEIbHBIX JIMTOJOIMUECKUX pa3-
HocTel. ['e0OXuMHYEeCKH HEOJHOPOIHbBIE T€OJIOTMYECKHE OOpa30BAaHUS JOJKHBI
OBITH BbIJIEJIEHBI HA KapTe CIIEUATbHBIMU 3HAKaAMH.

IIpy NOCTpOEHUM T'E€OJOTUYECKOM OCHOBBI PaJUOTCOXUMHUYECKHX KapT
00J1bI1I0€ 3HAUEHUE UMEET BbIACIICHUE U KIACCU(PHUKALUSA 30H TEKTOHUYECKUX Ha-
pPYLLIEHUI C y4ETOM UX B3aUMOOTHOILIEHUS C PYAHBIM IIPOLECCOM (AOPYIHBIE, IO-
CTpYJIHbIE, pyIOBMELIAIOIIUE, PYIOKOHTPOIUPYIOIIUE U T. 1I.), @ TAaKXKe BblAEIe-
HUE C HCIOJb30BAHWEM TeO(U3NYECKUX TAHHBIX OTACIBHBIX TEKTOHHYECKUX
OJIOKOB C pa3IMYHBIM TITyOHMHHBIM I'€0JIOTHYECKUM CTPOCHUEM.

WHTeHcuBHAas MUrpanus paguOaKTUBHBIX 3JIEMEHTOB 0[] BIUSHUEM MeETa-
MOpPGHUUYECKUX U THAPOTEPMANIBHBIX IIPOLECCOB, C KOTOPBIMH CBSI3aHO (OPMHUPO-
BaHHUE YPaHOBBIX Py, ABJISETCA B HACTOAIIEE BpeMs J0Ka3aHHBIM (pakrom. N3y-
YyeHue npeoOdpa3oBaHMs MMOPOJ, UX B3aUMOCBSI3M C MUTpalMel ypaHa U TOpHS U
9H/IOTEHHBIM PYJ1000pa30BaHuEM sBISIETCA Haubojee BaXXKHOM 3amaueil mpu co-
CTaBJICHUU PaIMOT€OXUMHUYECKUX KapT CKJIaJ4aThIX 00sacTel.

[Ipu 3TOM 60JBIIOE 3HAUEHUE UMEET BBIJCIIEHUE HE TOJIBKO 30H OKOJIOpY/I-
HBIX U3MEHEHUI, HO U BBIICHEHUE TPAHUL] METACOMATUYECKU U METaMOpP(UYECKU
M3MEHEHHBIX [TOPOJI, OXBATHIBAIOIIMX 3HAYUTEIbHBIE TUIomanu. K HuM otHocsTCA
U3MEHEHUS, CBA3aHHBIE C IPOSABICHUEM PErHOHAIIBHOIO U KOHTAaKTOBOI'O MeTa-
Mopdu3Ma, a Takke I'MJIpOTepMaIIbHOTO METacOMAaTo3a BHEIIHUX 30H MeTacoMma-
THYECKHUX KOJIOHOK.

Ha reonoruueckoil kapTe NpUHAUICKHOCTb MOPOJ K TOW WIM WHOW (haruu
M3MEHEHUS MOKa3bIBAETCS LIBETOM JIMTOJIOTMYECKUX 3HAYKOB MJIU JIOTIOJHUTEIb-
HBIM LIBETHBIM KpanoM. [Ipu 3Tom 0cobo moguepkuBaroTcsi TpaHUIbl TPOSBICHUS
pa3NUYHBIX (QanuanbHBIX 30H MeTaMop(du3Ma, Tak KaKk UMEHHO BOJIM3H HHUX TPO-
UCXOOUT U3MEHEHHUE YCIOBUM MUIPAllMU PaJUOAKTHBHBIX 2JIEMEHTOB M OTMEYa-
eTcsi HauOoJiee 3HAYUTENbHOE IepepaciipesiesieHne ypaHa. B mpenenax nokem-
OpHMIICKHX CKJIauaTBhIX 00JacTed MpU COCTaBICHHHM OO30PHBIX WM MEITKOMac-
MITAaOHBIX PaJMOr€OXMMUYECKUX KapT MEPBOCTENIEHHOE 3HAYCHHWE UMEET aHallu3
XapakTepa 1 UHTEHCUBHOCTHU MPOSBIIEHUS] PETHOHAIBLHOTO MeTaMmopdu3ma.

Teopuss meramopdudecknx (anuii TIPUMEHUTEIBHO K PETHOHAILHOMY Me-
TaMoppu3My pa3paboTaHa B HACTOSILEE BPEMS JOCTATOYHO MOJHO U MOXKET ObITh
TI0JIOKEHA B OCHOBY MX BBIJCJICHUS Ha T€0JIOTHYECKOH KapTe. OCOOEHHO Ba)KHO
BbIJICJIEHUE T'PaHyJIMTOBOH, aM(pUOOINTOBOM, 3MUA0T-aM(PUOOIUTOBON M 3eie-
HOCJIAaHLIEBOW (halmii pernoHaJIbHOr0 MeTaMop(u3Ma, B KOTOPBIX (UKCUPYETCs
HauOoJIbIIasl KOHIIEHTPALUS paJMOAKTUBHBIX 3JIEMEHTOB.

dopmarmonHoe U (anuanbHOEe PACWICHEHHE THIPOTepMallbHO-MeTacoMa-
TUYECKUX 00pa30BaHMM M3y4YEHO JAOCTATOYHO XOPOLIO U IMPEJCTAaBIEHO B pado-
tax J[.C. Kopxunckoro, B.A. XXapukosa, .. Omenbsnenko, E.B. Ilmoniesa u
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MHOTHMX IpyTuX. MOXHO OTMETUTh TPU OCHOBHBIE TPpyIIbI (haruii, 3akOHOMEPHO
CMEHAWIME ApPYr Jpyra B IPOCTPAHCTBE U OOYCIIOBJIEHHBIE KHCIOTHO-
IEJIOYHOM 3BOJIIOLIMEN TMAPOTEPMANIbHBIX PACTBOPOB: a) (alMy IIEI0YHOTO Cy-
IIECTBEHHO KaJIMEBOIO MeTacoMmMaros3a; 0) ¢aunuu cyOIIenodHoro KamibIui-
HaTPOBOI'O METACOMaTo3a; B) (alluy KUCIOTHOTO BBIIIETaUUBaAHMSL.

[TocnenoBarenbHas cMeHa 3TUX (aluil B IPOCTPAHCTBE OTMEUYAETCs B pas-
JUYHBIX TEPMOJNHAMMYECKUX YCIOBUSAX.

OmnpIT paboT B CKIIQAYaThIX O0JIACTSX TMOKA3bIBAET, YTO HAMOOJbIEE 3HAYE-
HUe IpU GOPMHUPOBAHUN MCOXMMHUUYECKHX aHOMAJIUIl ypaHa U TOpUs UMEIOT clie-
AYIOIIEC TUIIBI THAPOTCPMATIBbHO-METACOMATUICCKUX N3MEHECHHI M CBSI3aHHBIX C
HUMH aCCOLMAIMN AMUIeHETUYECKUX MUHEPAJIOB:

1. BricokoTeMriepaTypHbIi KaJdUEBbI MeTacoMaro3 (MUKpPOKIMHHU3AIIMS,
KBaJIbMUTHI).

2. BricokoTemmepaTypHbIi HAaTPUEBBIH MeTacoMaTo3 (anbOUTHU3aLus, AIbOH-

TUTHI): aTLOUT + PUOCKUT.

BricokoTeMIiepaTypHoe KUCIIOTHOE BbIIETauYMBaHKe (Tpe3eHn3alus).

[Tponmnuruszanus.

Husko-cpennereMneparypHblil KalueBblii METaCOMaTO3 (T'yMOEHTHI).

Husko-cpenneremnepatypHblii HATpUEBBIN METACOMATO3 (SHUCHUTHI).

Husko-cpennereMneparypHoe KHCIOTHOE BbllleldauyuBaHue (Oepe3uTnsa-

LS, apTWLIM3UTH3ALUA U JIP. ).

Nk Ww

Paguoreoxumudeckne 0COOECHHOCTH cllaboMeTaMop(hU30BaHHBIX 0CA0Y-
HBIX OTJIOKCHHH uexiia miaTdopM, IEPEeIOBbIX MPOTUOOB M BHYTPEHHUX BIAIMH
BO MHOTOM CBSI3aHBbI C MPOLECCAMU JIUAr€HE3a OCAIKOB, SMUTCHETUYECKUX Ipe-
00pa3oBaHM B 30HE KaTareHe3a U TUIIEPTeHHON MUTPAIIMEH aTOMOB.

B pesynbrare quareHeTHUECKUX MPOIECCOB, MPOSBIISIONINXCS B MOOUITH3a-
[IUM DJIEMEHTOB MO/ ACHCTBUEM 3aXOPOHEHHBIX CEIUMEHTAIMOHHBIX BOJI, IPOUC-
XOJIUT, KaK MpaBujo, JajbHElIIee o0oraieHue ypaHOM IreOXUMHYECKH CIelra-
JU3UPOBAHHBIX KOMIUICKCOB, MPEUMYIIECTBEHHO TJIWHUCTHIX W KapOOHATHO-
TJIMHUCTBIX, 00OTaIEHHBIX OPTaHUYECKUM BEIIECTBOM.

Bonbiyro poias B reoOXMMHYECKOM OallaHCce W MOBEJICHUH ypaHa B OCajKax
mIaTdhopM B CTAJIMIO SIIUTEHE3a UMEET OPraHUYECKOe BEIIECTBO, a TAKKE XUMU-
YeCKHH M Ta30BBIA COCTaB ITOA3EMHBIX BOJ. B "acTHOCTH, MO/ BIMSIHUEM OKHC-
JUTETBHBIX KUCIOPOJCOJAEPKAIUIMX BOJ B XOPOIIO MPOHMUIIAEMBIX TEPPUTECHHBIX
TOJIIIAX MPOUCXOIUT (POPMHUPOBAHHUE 30H IJIACTOBOTO OKHUCIECHHs. B 3THX 30Hax
MIPOUCXOUT MHTCHCUBHOE OKHCJIICHHE OPTaHWYECKOTO BEIIeCTBa, 0O0pa3oBaHUE
JMMOHHUTA Y TMOBBIIIEHHBIX KOHIIEHTPALU ypaHa, celeHa, MonudaeHa, meau. Ha
TpaHMIIC BBHIKIIMHUBAHUS TaKMX 30H BO3HUKAIOT HanOoJiee MHTCHCUBHBIE T€OXHU-
Mudeckue 6aprepsl ¢ ocaxkaenuem U, Se u nip.

B cBs3u ¢ aTHM, U1 Yexiia miatopM Ha reoIOTUYECKOM OCHOBE JTOJIKHBI
OBITh OTPaYKEHBI THAPOTCOXUMUUYECKHUE YCIOBHs (TUIBI PAAHOTHAPOTCOXUMUYE-
CKHX pa3pe30B) 30HbI KaTareHesa, y4acTKH MPOSIBJICHUS 30H IJIACTOBOIO OKHUCJIE-
HUS U TPAHUIIBI UX BBIKJIMHUBAHMUS.
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[Tpu cocraBieHUU PaJUOr€OXUMHUYECKUX KapT IUIATPOPMEHHBIX oOnacTeit
Heo0X0uMO M300pakeHre B BUJIE KOJIOHOK WJIM pa3pe30B BEPTUKAIbHOW reoXu-
MUYECKON 30HAJIBHOCTH, OTPAKAIOIEH paclpelesIeHUe ypaHa B pa3pe3e 0cagou-
HBIX OTJIOXEHHUH ¢ ydeToM (OpPMAalMOHHOW U (annaibHON MPUHAIC)KHOCTH T0-
POJI, X COCTaBa, COAEP>KAHNUS OPTaHUYECKOr0 BEUIECTBA U PAIUOTUAPOr€OXUMHU-
YEeCKON XapaKTepUCTHKH MOA3eMHBIX BoJ. C 0c000ii HATIATHOCTHIO HA KapTax U
paspe3ax JOJDKHBI BBIIENATHCS IOTPaHUYHbIE O00JaCTH CMEHBI (DU3HKO-
XUMHUYECKHX 00CTaHOBOK (T€OXMMHYSCKHUE Oapbephl).

VYpaH u Apyrue paanoakTUBHbIEC 3JI€MEHThI 00J1a/1al0T BBICOKOW MUTpAIOH-
HOW CIIOCOOHOCTBIO B Pa3NUYHBIX JAHIMIA()THO-TEOXUMHUYECKUX OOCTaHOBKAX.
B cB3u ¢ 3TUM, IpU BBIBETPUBAHMM TOPHBIX MOPOJ, IMPOUCXOAUT TOCTATOYHO
MHTEHCHUBHOE IIEpEPACTIPEICIICHUE YpaHa U MPOAYKTOB €0 paclnajna, CUIbHO OC-
JIOXKHSAIOILIEE N3YUYEHHE NIEPBUYHOIO PACIPEICIICHUS PalMOAKTUBHBIX 3JIEMEHTOB.
IIpuHuMas BO BHMMaHUE HANPABICHHOCTh PAUOT€OXUMHUYECKUX KapT Ha U3yde-
HUE NEPBUYHOIO PACIPEIEICHHs IEMEHTOB B TOPHBIX MOPOJAAX, CIENYET MOI-
YEpKHYTh HEOOXOJAMMOCTh yueTa TMIIEPI€HHOIO IepepaclpeiesieHusl ypaHa U
TOpUS KaKk Melaroniero gaxkropa. st 3Toro Ha reoslorndeckoil OCHoBe He00Xo-
JUMO OKOHTYpHUBaTh 00JaCTH MHTEHCUBHOI'O PAa3BUTHUS KOP BBIBETPUBAHUS U T'M-
IIEPreHHOT0 NIEPEPACIPEEICHHUs METAILIOB.

5.1.6. l'eoxumuy4eckasi Haspy3Ka kapmbl

BrIHECEHNIO TEOXMMHUYECKON HArpy3KH Ha T€0JOTMYECKYI0 OCHOBY IpeJliie-
CTBYET COCTaBJIEHUE CEPUM BCIIOMOIaTEIbHBIX HAKJIAJOK, U3 KOTOPBIX MEPBOCTE-
MIEHHOE 3HAYEHHE UMEIOT KapThl FraMMa-ToJIsl U KapThl OMPOOOBaHUS TOPHBIX I10-
poll C pe3yibTaTaMH ONPEIEIICHUS COAEPKAHMW ypaHa, TOPUS M DIEMEHTOB-
CIIyTHUKOB.

MeTtoanka cOCTaBJIEHHUS 3TUX KapT OOIIen3BeCTHA U He TpeOyeT creruaib-
HBIX NOosicHEHUH. A.A. CMBICIOB OTMEYAET, UTO MaTepUalIbl paJuOMETPUUECKUX
U TaMMa-CIEKTPOMETPUUECKUX ChEMOK MOTYT MCIOJIb30BaThCSl KaK Ba)KHBIM, HO
BCE€ K€ BCIIOMOTATEJIbHBII MaTEpHAl B KOMIUIEKCE C pe3yJbTaTaMU HEMOCPEICT-
BEHHOT'O OIPOOOBaHMs TOPHBIX MOPOJ, NMPEICTABIAIOUIMMUA Hanbosee 00bEKTHUB-
HBIE JaHHBIE O COEP>KAHNN B HUX PAJIMOAKTUBHBIX JIEMEHTOB.

Bce reoxuMudeckue JaHHbIE O paclpelielieHuH, popMe HaXOXIEHHUs U 3a-
KOHOMEPHOCTSIX MUTpALMU ypaHa U TOPHs OTPA’KAIOTCsI HA FE€OJIOTMYECKOU OCHO-
BE€ I[BETHOM pacKpacKkoi, MITPUXOBKOW WM JPYTMMH LIBETOBBIMH M300pa’KeHUS-
mu. Huke mnpuBeneHbl H300pakaeMble Ha KapTaX OCHOBHBIE MHMHEPAJOro-
reOXMMHUYECKHEe XapaKTePUCTUKU TopHbIX nopox (PammoreoxuMuyeckue uccie-
noBaHus, 1974).

1. CpenHee coaepkaHue ypaHa B TOPHBIX IOpPOJAX WM I'€OJOIMYECKHX
dopMmarusax n3o0paxkaercs B €IUHOM IIBETOBOH jereHze. J[ins HEoJHOPOIHBIX B
MUHEPAJIOT0-T€OXUMUYECKOM OTHOLIEHHH T'€OJIOTUYECKHMX OOBEKTOB IMOKa3bIBa-
I0TCS Tpeliebl BO3MOMKHBIX KOJI€OaHUN paJuoaKTUBHOCTH (MHUHHUMAJbHBIE U
MaKCHUMAaJIbHbIE COAEPIKAHUS YPaHA).
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B 3aBucumocT oT Macmraba KapT crnocod Kaprorpaguueckoro nzobdpaxe-
HUS COJIEp’KaHUsl ypaHa B TOPHBIX MOPO/IaxX MOXKET OBbITh Pa3IMUHbIM.

Jlnst BeIAeNeHUsT Ha 0030pHBIX M MEJIKOMAcCIITaOHBIX PagHOre0XUMHUECKUX
KapTax F€0XUMUYECKUX YPAHOHOCHBIX M TOPHUEHOCHBIX IPOBUHLNN BaKHOE 3HA-
YEeHHE MUMEET He TOJbKO abCOJIIOTHOE COAEp)KaHUE ypaHa B I€OJOrMYECKUX (op-
MallMsIX, HO U OTHOILIEHHUE dTOM BEJIMYMHBI K KJIIAPKY JIEMEHTA.

IIpu coctaBneHny cpenHeMacIITaOHBIX PAJMOr€OXUMUYECKUX KapT, Haps Ly
C XapaKTEPUCTUKON CPEAHETO COACPKAHUS YpaHa, BAKHBIM SBJISIETCS BBIJCICHHE
AHOMAJIPHBIX KOHILICHTpALMil 2JEMEHTa 10 OTHOLIEHUIO K PETHOHAIBHOMY I€0-
XUMHUYECKOMY (POHY, pacCCUMTAaHHOMY JJIsl KOHKPETHOTO paiioHa. C 3Toi Lesblo, B
COOTBETCTBUM C pe3yJbTaTaMH MaTeMaTH4ecKOi oOpaboTKM, HAa KapTe OTMeda-
IOTCSI TEOXMMHUYECKHUE 30HBI, B KOTOPBIX COAEP/KAHHME YpaHA MPEBBIIIAET FE€OXU-
MHYECKHUH (POH.

2. Topmuii-ypaHoBoe OTHOLIEHHEe TPEX I'paJalii: HOpMaAJIbHOE, TOHUKEH-
HOE€ ¥ MOBBILIEHHOE. DTOT NapaMeTp MO3BOJIAET MOIYYUTh JONOJHUTEIBHYIO HH-
(opmanmIo 0 CTeNeHN reOXUMHYECKON TU(PEpEeHIIMPOBAHHOCTH TOPHBIX TTOPOJI,
IIPOSIBJICHUU HAJIOKEHHBIX METACOMATHYECKHUX IMPOLIECCOB, MPUBOASIIUX K pa3-
PBIBY CBSI3€M MEXKly YPAHOM M TOPUEM B XOJI€ UX MUTPALIUU.

3. @opMa HAXOKIEHHMS] YPaHA U TOPHsl. YUUTHIBAs BaKHOE MPOTHO3HO-
METAJUIOT€HUYECKOe 3HAaUYe€HHEe MHIPALMOHHO CIOCOOHBIX (popM ypaHa, Ha pa-
JMOr€0XUMHUYECKUX KapTax 0c000 BBIIENAIOTCS T€ KOMIUIEKCHI TOPHBIX OO, B
KOTOPBIX (PMKCHPYIOTCS PaIOAKTUBHBIEC 3JIEMEHTHI, HE CBA3aHHBIC B KPUCTAJLIH-
YECKUX CTPYKTYpax MOpo1000pa3yonX U aKIIECCOPHBIX MUHEPAJIOB.

4. AHOMa/IbHBbIE KOHIIEHTPALH 3J1€eMEHTOB-CIlyTHUKOB YPaHOBON MHUHE-
panmuzanuu (Se, Mo, Cu, P u ap.), a Takke MOBBIIIIEHHBIE COJIEPKAHUS B TIOPOIaX
CHUHICHETUYECKUX M SMHUI€HETUYECKUX OMTYMOB, OPraHU3MOB-KOHIIEHTPATOPOB
ypaHa U T. [I.

5. AHoMaJIbHbIE COOTHOIIEHUSI PAJAMOTeHHBIX CBHHIIOB, B OCOOCHHOCTH
MOBBIIICHHBIE KonuecTBa Pb?%°, a Takke HAaHHBIE O HATMYMM PaAMAMOHHBIX
Ne(QEeKTOB B KPUCTAJUIMYECKUX CTPYKTYpPax KaJIbLUTOB, MOJEBBIX IITATOB U KBap-
1eB (M0 JaHHBIM TEPMOJIIOMUHECLEHIIUU U 3JIEKTPOHHOTO MapamMarHUTHOIO pe-
30HaHca). DTU MapaMeTpbl HEOOXOAUMBI [T Pa30pakoBKH M€OXMMUYECKUX aHO-
MaJIMi U BbIIETIEHUS 30H MOOMIIM3AllUU ypaHa.

6. I'eoxumu4YeckH cnenuaaIu3NpoOBaHHbIC reoJiornyeckue Gopmanum,
BO3HMKHOBEHHE KOTOPBIX CBS3aHO C MPOLECCAMU OCAJKOHAKOIUIEHWS U Marma-
THU3Ma.

7. PaliOHBI M YYaCTKH NPOSABJICHHUSA PyA0(POPMUPYIOIIUX INUTCHETHYe-
CKHMX NPOLECCOB, NMPUBOIALIIMX K BO3HUKHOBEHHUIO JIOKAIbHBIX KOHIIEHTpaLUil
ypana u Topusi. C 3T0il LIeJIbI0 Ha Te0JIOTUYECKON OCHOBE IMOKa3bIBAIOTCS:

a) pEruOHAJbHBIE Pa3JIOMBbI, B Mpelenax KOTOPBIX YCTAaHOBIIEH THAPOTEpMalb-
HBII IPUBHOC ypaHa WIN TOPUS;

0) TreoxMMHYECKas XapaKTePHCTUKA TPAHUIIB BBHIKIMHUBAHHUS 30H IJIACTOBOTO
OKHCIICHUS U 00J1acTel MUTaHUs KUCIOPOJCOAEPKALMX YPAHOHOCHBIX BOJ;
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B) YYacCTKU JIOKAJbHBIX KOHIIEHTpAIMi ypaHa U TOpus (MECTOPOXKICHHS, PYy-
JIOTIPOSIBIIEHUSI M TOUKH MUHEPAIU3allii), KIacCU(UIUPOBAHHBIE IO TUIIAM
OCHOBHBIX I'€0JIOTHYECKHX MPOLIECCOB (IMUTCHETUYECKUX WIIM CUHI'€HEeTHYe-
CKHUX), TPUBOSIIMX K HAKOIUICHUIO PaJMOAKTUBHBIX JIEMEHTOB.

HauOonpIias KOHIIEHTpAIUs ypaHa CBA3aHa C MPOSBICHUEM LIMPOKON ram-
MBI AIUT€HETUYECKUX MPOLIECCOB (IHIOTEHHBIX U 3K30T€HHBIX). B cBsA3M ¢ aTHM,
MMEHHO JIaHHBIM THUIT KOHLIEHTPALUH cleAyeT MOAYEPKUBATh IPU BBIHECEHUH JIO-
KaJIbHBIX T€OXUMHUYECKUX aHOMAJINH.

[Ipumep kpynmHOMacmITaOHOM pagUOreOXMMHUYECKONW KapThl MPUBEIEH Ha
puc. 5.1.

@®parMeHTHl yCIOBHBIX 0003HAYCHHMI T€OXUMUYCCKOW HATPY3KH JUIS KapT
paznuyHOro Maciitada nmpuBeeHbI Ha puc. 5.3.

5.1.7. AHanu3 pe3ynbmamoe paduo2eoxumu4ecKo20 KapmuposaHusi

Panuoreoxumuyeckoe palOHUPOBAHKME U BBIICICHUE HA KAapTax NPsIMBIX U
KOCBEHHBIX ITOMCKOBBIX IPH3HAKOB YPAaHOHOCHOCTH TpPeOyeT BCECTOPOHHETO
aHaJIM3a Te0JIOTHYECKON 1 MUHEPAIOro-re0XUMUYECKON HHPOPMALIUH JJIs BbIsIC-
HEHUs 3aKOHOMEPHOCTEW pACIpEeleeHUs] U MUIPalUU JJEMEHTOB, NPSAMO WU
KOCBEHHO CBSI3aHHBIX C (DOPMHUpPOBAHHEM PYIHBIX CKOIUICHHH METaJIoB. Tpya-
HOCTH TAKOT'0 aHaJIM3a 3aKJII0YAIOTCA B TOM, YTO PACIPEACICHUE B I'€OJIOrMYe-
CKuX (opMalMAX ypaHa, TOPHS U COIyTCTBYIOIIMX AJIEMEHTOB OOYCIIOBIICHO Iie-
JBIM psAZIOM (PaKTOPOB, TIABHBIMH U3 KOTOPBIX SBIISFOTCS:

1) mnepBUYHOE paccesHUE HIIEMEHTOB, 00YCIOBICHHOE MPOLIECCAMH OCaIKOHA-
KOIUIEHHS U MarMaTu3ma,

2) mepepacnpesieseHUe ypaHa U TOpUs B pe3ysbTaTe MPOIECCOB PErHOHAIBHO-
ro MeTaMoppu3Ma 1 THIPOTEPMAIbHON ACITEIbHOCTH;

3) murpamnus 3J€MEHTOB B 30HE TMIIEPI€HE3a B pE3yJIbTaTe MPOLECCOB BHIBET-
pUBaHUS U BO3/IEHUCTBUS MTOI3EMHBIX BOJI.

C KaXIbIM U3 3THUX MPOIECCOB MOXET OBITh CBA3aHO (OPMHUPOBAHUE PYI-
HBIX CKOTUICHUH U PaAHMOT€OXUMHUYECKUX 30H U MPOBUHIIUH.

BrisicHeHne WHAMBUAYATbHOTO BIMSHHS PA3IMYHBIX T€OJIOTUYECKUX MpO-
11ecCOB Ha (hOPMUPOBAHHME PATUOTCOXUMHUUECKHX OCOOEHHOCTEW MOpOJ U Kiac-
cuuKalysa pa3IuYHbIX MO MaciTabaM MpPOSBICHHUS T€OXMMHUUYECKUX aHOMATU
10 YCJIOBHSIM UX BOSHHUKHOBEHHMS SIBJISIFOTCS] IEPBOCTENIEHHBIMU 3a/1a4yaMy aHAIIU-
3a paIOT€OXUMHUYECKOTO MaTepHaia.

B 3aBucumoctu ot Maciitaba ucciaenoBaHui, 0COOEHHOCTEH Te0I0rHYecKo-
IO CTPOEHUSI PETUOHOB U TUIIOB, POSIBJICHHBIX B UX Mpefesiax YpaHOBON WM TO-
pHEBOI MUHEpATU3alliK, aHAIN3 3aKOHOMEPHOCTEH pacipeeieHus U MUTPALUU
3JIEMEHTOB U BBISIBIICHUE HA OCHOBE 3TOT0 MOMCKOBBIX '€OXMMHUYECKUX MPHU3HA-
KOB OpPY/ICHEHUSI MOTYT OBITh Pa3THYHBIMH.

Ha MenxomacmTabHBIX paguoreOXUMHUYECKHX KapTaX OCHOBHOE BHUMAaHHE
JOJIKHO OBITH yAETEHO BBIACIECHUIO TEOXUMHUECKUX MPOBUHIIMN U 30H U BBISAC-
HEHUIO X MOTEHIIUAIbHOU PyJIOHOCHOCTH.
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®OPMA HAXOXOEHUA YPAHA

COAEPXKAHUE YPAHA B MHTPY3UBHbIX MOPOMAX

1. I'eoxumuuecku 0OHOpOOHbIE Ypan cocpeoomouen npeumywecmeenno 6
gopmayuu (koagppuyuernm nOPOO00OPAZYIOWUX MUHEPANAX

V,<40-502
sapuayu ¥y < %) Vpan npuypouen k nopoooobpazyiowum

<05 ] U AKYeCCOPHLIM MUHEPANam
0,5-1,0 @ 3nauumenvnasn yacmo ypara (20-50%)
LO15 HAX00UMcs 8 c60600HOM COCMOSHUY
1,5-2,5 o
> 104 TOPUN-YPAHOBOE OTHOLWLEHUE
2,5-3,5
Th 3naue- |Xapakrep
3,5-5,0 > s | mrTpu-
5.10.0 XOBKH
Menpbiie JuddepenmpoBaHubie
10,0->15,0 ) HOPMAIIBHOTO <25 reojiornyeckue popmanun
Ilitpuxos-| Cnabo nuddepenuu-
1. eoxumuuecku HopwmansHoe | 2,5-5,0 |ka orcyr- | POBAHHBIE TeONOTHYECKIE
HeoOHOopoOHbie hopmayuu creyer | (opmauuu
(Vy>50%) bosnbure 50 JluddepeHIMpOBaHHbIE
3akpacka 1010 co- HOPMAaJIbHOTO >, reoNornyeckue popManun

m OTBETCTBYET CONEp-
JKAHHIO ypaHa B Kpaii-

HHUX THUIAaX IOpoa

A. NEPBUYHO-CNEUUNANN3UNPOBAHbLIE FTEOXMMWYECKUE
KOMNNEKCbI MOPO[ (noka3sbiBaeTcs BHe Maclutaba)

1. Unumpysusnvie nopoosi
a 6 B (a-—cpeanero, 6 — IIENIOYHOTO, B — KMCJIOTO COCTABA)
X X +  Cymecrsenno ypanoHocHsie (Th < 2,5)
X X +  Ypanonocno-topuenocHsle (Th/U = 2,5-5,0)
X X +  CymecrsenHo topuerocHsie (Th/U > 5,0)

I1. Bynxanozentvle nopoovt
a 0 B (a—cpemnero, 6 — IEIOYHOTO, B — KACIOTO COCTaBa)
3¢ ¥ ¥  Cymecrsenno ypasonocusie (Th < 2,5)
3¢ ¥ ¥ Vpanonocuo-topueHocHsie (Th/U = 2,5-5,0)
3¢ ¥ ¥  Cywmecreenro topuerocusie (Th/U > 5,0)

111. Ocadounvie nopoowt

~ o~~~ ypaHOHOCHLIC YIepoaucCTO-KPpEMHUCTHIC CIIaHIIbI

=222 | Vpanonocusie pochoputs:

=122 | YpaHOHOCHEIE GMTYMHHO3HEIE H3BECTHIKH

s

L VpanonocHsie GochaTu3rpoBaHHbIC HOPOIBI C KOCTHEIM AETPUTOM

v~"" | VpaHOHOCHBIE GUTYMUHO3HBIE TIIMHBI

TopueHOCHBIE U yPaHOHOCHO-TOPHEHOCHBIE
KOHIJIOMEPATHI ¥ POCCHIIN

v v~

X\P\V\V rpaHI/ILIBI BBIKJIMHUBAHHWS 30HBI IIIIACTOBOIO
OKHCIICHHUA

Puc. 5.3. @paemenm ycnosnvix 0603naueHull paouo2eoXuMuieckux Kapm
menkozo macumaba (Paouozeoxumuuecxue uccneoosanus, 1974)
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['eoxumuueckasi NPOBUHLIUSA — KPYNHBIA T'€OCTPYKTYPHBIH 3JIEMEHT 3€MHOM
KOPBI, BEIIECTBO KOTOPOTO XapaKTepU3yeTCsl CHEU(PUISCKUMH OCOOCHHOCTSIMU
U OIPEJCIEHHON CTENEHbI0 T€0OXUMHUUECKON Tu(depeHIIMPOBAHHOCTH, 3aneyaT-
JICHHOH B COIEP)KaHUM M COOTHOIICHUU METPOTEHHBIX U PEIKUX 3JIEMEHTOB B pe-
3yJbTaTe MPOSIBICHHUS BCEro KOMILIEKCA reosorndeckux rnpoueccoB (Paauoreo-
XUMUYECKHE uccienoBanus, 1974).

C yueToM BeIMYMHBI T€OXMMHUYECKOro (pOHA paHOaKTHUBHBIX 3JEMEHTOB,
CTETIEHH HEOJHOPOIHOCTH HMX PACHpPOCTPAHEHUS M HAIMPABICHHOCTH MUTPAIUU
BBIJICJIAIOTCSA TPU TPYIIBl PAAMOT€OXUMHUECKUX MPOBUHIMMI: criaboauddepen-
upoBaHHble, auddepeHnnpoBaHHbIE U BBICOKOIU(PEPEHIIMPOBAHHBIC, KOTO-
pble, B CBOIO OY€pe]lb, MOTYT OBITh MO/pa3/eieHbl Ha HECKOJIBKO THIIOB B 3aBH-
CUMOCTH OT T€OXMMHYECKOW XapaKTEPUCTHKH M T'€OJOTMYECKHX MPOIECCOB, OT-
BETCTBEHHBIX 3a MUTPALMIO ypaHa U TOPHSL.

K craboguddepeHunpoBaHHBIM pagHOTC€OXUMHUECKUM TPOBUHITUSM MOTYT
OBbITb OTHECEHBI 00JIaCTH PA3BUTHUS I'€0JIOTHYECKUX (popMaruil ¢ 0oHOOOpa3HbBIM
OJM3KUM K KJIApKy WM MOHWKCHHBIM COJICPKAHUEM YpaHa U TOpPHSI.

JuddepeHurpoBaHHble TEOXUMUYECKHE TPOBUHIIMU MIPEJCTABICHbBI BO BCEX
TUTAX CTPYKTYpP TPYNION WM TPYIIIAMU T€OJIOTUIECKUX (hOpMAIHid, XapaKTepH-
3YIOIIMXCsl HAKOIUIEHUEM YpaHa U TOpUs B pe3yJIbTaTe MPOsBICHUS KaKOro-1uoo
OJTHOTO U3 BEAYIIUX IMPOIECCOB: a) 3K30T€HHBIX — (DOPMUPOBAHUE TIMHUCTHIX U
MeprenucTeix Gopmanuii miaThopM ¢ OpraHu3MaMHU-KOHIIEHTpaTopaMu U (oc-
doputamu, yriepoaucTeix GopManuii ckiaguaThiX obnacTed u miatdopm, ypa-
HOHOCHO-TOPHUEHOCHBIX KOHTJIOMEPATONIECYaHUKOBBIX (OopMalii IIUTOB M JIp.;
0) PHIOTeHHBIX — 00pa30BaHUE TPAHUTOMAHBIX (OpMalMii KaJIMEeBOTO psla Ha
HIMTaX U B CKJIQAYaThIX 00IacTsX.

K Bbicokon(phepeHIUpOBaHHBIM T'€OXUMHUYECKUM TPOBUHIIUSAM OTHOCSTCS
MIPOBUHIINHU, B KOTOPBIX PACIIPOCTPAHEHBI MTOPOJIBI ¢ HANOOJIee BHICOKMM M HEOJI-
HOPOJIHBIM pacIpe/ieNieHUEeM ypaHa M TOpUs B pe3yJIbTaTe HAI0KEHUS Pa3IU4HO-
TO pOofia CHHTEHETHUYECKUX W IMUTCHETUYECKUX TOATOTOBUTEIBHBIX U PyA0dOp-
MUPYIOIIUX MpolieccoB. Hanbonee mMUpoKo M MHTEHCHBHO MPOIECCHl oboraiie-
HUS TIOPOJ YpaHOM W pYAOTEHE3 TMPOSBUINCH 31€Ch B CBS3H C TEKTOHO-
MarMaTHYeCKOW aKTUBHU3AIMeH, a Takke B pailoHax, TJe (UKCHpYEeTCsl MHOTO-
KpaTHOE HaKJIAJBIBAIOIIEECs] IPYT Ha Jpyra MPOSBICHHUE SII0X TPaHUTH3AIWUU U
rpaHUTO00pa3oBaHMs. BakHbIM B METaNIOTEHUYECKOM OTHOLIEHWU THUIIOM BBI-
cokoiuppepeHIIPOBAaHHBIX PATUOTCOXUMUUYECKUX IPOBUHLUN SBISIOTCA 00-
JacTu, TJie MPOIEcChl YHAOTeHHON nuddepeHIranuy HalOKMWINCh Ha yYaCTKH
CHHTE€HETUYECKOTO HAKOIUICHUSI YpaHa B YTJIEPOAMCTO-KPEMHHCTBIX W TIIMHH-
CTBIX (hOpMaIIHsIX.

CremyrommmM 3TaroM B WHTEPIIPETAIMN PE3yJIbTaTOB PAIHOTCOXHMUIECKOTO
KapTUPOBAHUS SBISIETCS BbLIEJIEHHE BHYTPU TU(PPEPEHIIMPOBAHHBIX MPOBUHIUHA
TCOXUMHYECKH aHOMAIBHBIX 30H, BOZHHKAMOIINX B pPE3yJbTaTe Pa3BUTHS HAJO-
JKEHHBIX (AMMUI'€HEeTHYECKUX ) MporeccoB. HamoxeHnHble npoliecchl, Hapsaay ¢ o0pa-
30BaHMEM MECTOPOXKICHUH W CBSA3aHHBIX C HAMH TIEPBHUYHBIX OPEOJIOB B OKOJIO-
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PYIHO-U3MEHEHHBIX 30HaX, MPUBOJAT K BOSHUKHOBEHHUIO IITUPOKUX TOJEH C depe-
JTYIOIIMMHUCS TIOBBIIIEHHBIMUA WJIM TTOHM>KEHHBIMH COACPKAHUSMH ypaHa M COMYT-
CTBYIOIIIMX 3JIEMEHTOB B TOPHBIX MOpojax. Takue MUPOKUe TeOXUMUYECKHE MO
C PE3KO HEOHOPOJHBIM paclpeesiEHUEM PYIHBIX JIEMEHTOB MOTYT OBITH KJlac-
CU(UIIMPOBAHBI KaK 30HBI HAPYIICHHs MEPBUYHO-KOHCTUTYIIMOHATIBLHOTO pacipe-
neneHus: MmetawioB. [lo pasmepam OHU B JACCSATKU U COTHHM pa3 MPEBBIIIAIOT pa3-
Mepbl IEPBUYHBIX OPEOJIOB.

Boigensior cnenyromye OCHOBHBIE MUHEPAIOrO-r€OXUMMUYECKUMH MPU3HA-
Kk# 3TuX 30H (Pagunoreoxumuueckue uccienaopanus, 1974):

1. Illmpokoe pa3BUTHE THAPOTEPMAILHO-METACOMATUIECKUX W JPYTHX H3-
MEHEHHBIX MOPOJ PA3IHYHBIX (Al TTTyOMHHOCTH M KUCIOTHOCTU-IIEIOYHOCTH
BO3/ICHCTBOBABIINX PAaCTBOPOB. B cBA3M ¢ 3THM, B IOpoJax OYEHb YACTO HPOSIB-
JIEHO HapylUIeHHE HOPMAaJbHOro (00YCIOBIEHHOIO MPOLIECCAMU OCAIKOHAKOILIE-
HUS U MarMaTus3Ma) cojiep:kaHusi u cooTHomieHus menoueit (K, Na) u gpyrux
METPOTEHHBIX HJIEMEHTOB.

2. Pe3koe yBeIMYEHHE CTENEHU HEOAHOPOIHOCTU DPACHpENENECHHs ypaHa U
TOPHS, CBSI3aHHOE C HAIMYMEM B U3MEHEHHBIX II0POJIaX MOBBIIIEHHBIX U TOHW)KEH-
HBIX COZIEpKaHUH 3JIeMeHTOB (yBennueHue ko3 duipenta Bapuanuu 10 60-80 %
u OoJiee, a MHOTJ]a M U3MEHEHHE 3aKOHA PACTIPEICIICHUS DJIEMEHTOB).

3. Pe3kue konebanus Topuii-ypaHoBoro otHomenus (ot 0,5-1 u menee, 10
5-10 u Gosnee), YTO yKa3bIBaeT Ha CYILIECTBEHHO Pa3IMYHbII XapaKkTep MUTPALUU
ypaHa U TOpHS IIPU METACOMATUIECKUX M3MEHEHUSIX.

4. IlpucyTcTBUE B MOPOAAX OPEOJIOB HOBBIIIEHHBIX COAEPKAHUM 3JIeMEH-
TOB-CITyTHUKOB ypaHOBOW M ypaHOTOpHEeBONl MuHepanuzauuu. Habop stux sine-
MEHTOB MO>KET MEHSTHCS B 3aBUCHMOCTH OT XapaKTepa METaCOMAaTHYECKUX M3-
MeHeHu#t u tuna opyaenenus (Th, P, Zr, Sr, TR u np. — anatut-ypaHoBas pyHas
¢dopmanus; Mo, Pb, As, Cu u ap. — MonubIeHUT-HaCcCTypaHoBasl pyaHas Gopma-
WS U T. 11.).

OO6pazoBaHue 30H C HapyUICHHBIM NEPBHUYHO-KOHCTUTYIIMOHAIBHBIM pac-
MIPEACIICHUEM JIEMEHTOB SBJISIETCS TIO CYLIECTBY CJIEICTBHEM IIPOSIBICHUS OJTHOM
W3 CTOPOH PYAHOTO Ipoliecca, ¢ KOTOPBIM, HapsAay ¢ (opMupoBaHHEM CKOILIE-
HUHN ypaHa U TOpHs, CBA3aHO OoJiee 3HAUUTEIbHOE 10 MacuITabaM mepemMelieHre
(paccesiHue ¥ KOHILIEHTPALINS) PYJOTCHHBIX SJIEMEHTOB B TOPHBIX MOPOIAX.

B cknmagyaThix 00macTax 30HbI ¢ HAPYIIEHHBIM EPBHYHO-KOHCTHTYIIMOHAIBHBIM
pacrpeneneHueM TATOTEIOT, KaK MPaBUJIO, K CUCTeMaM TTyOMHHBIX Pa3liOMOB, B
yexyie MmiatGopMbl — K MPOHHUIIAEMBIM (ITOPUCTHIM) OTJIOKEHUSIM apTE3MaHCKHX
0acCceHOB C YCHUJICHHON MH(PWIBTPAIIEH KHUCIOPOACOACPKAIINX TTO3EMHBIX BOJIL.

JlanbHelmas aeranu3anys 30H HApyLIEHUs IEPBUYHO-KOHCTUTYIIMOHAIIBHOTO
pacnpeenieHrs 3JI€MEHTOB € MOMOIIBI0 CpelHe- U KPYIMHOMACIITaOHBIX PaIuo-
TCOXUMHUYCCKUX KapT COCTOUT B BBIACICHUN BHYTPU HUX YUYACTKOB C ITOBBIIICH-
HBIMU U ITOHMKCHHBIMHA COACPKAHUAMU ypaHa.
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30HBI C HapyLIEHHBIM MEPBUYHO-KOHCTUTYIIMOHAIBHBIM pacIipe/ie]IeHHeM
3JIEMEHTOB MPEJICTaBISIOT cO00i coYeTaHHWe y4YacTKOB, B Ipejenax KOTOPBIX
MPOSIBUJICS MPEUMYIIECTBEHHBIN MPUBHOC METAIOB (30HA MPUBHOCA), U TUIOIIA-
Jel, TIoe MpeanoyioKUTEIbHO (PUKCHUPYETCS UX BBIHOC (30Ha BBIHOCA). 30HBI
IIPUBHOCA 3JIEMEHTOB MPOCIEKHUBAIOTCS OOBIYHO BAOJIb TEKTOHHYECKH Ocial-
JICHHBIX CTPYKTYp HJIM B XOPOIIO IMPOHHUIIAEMBIX OOpa30BAHUAX IO HAINIHIO
OpEOJIOB MOBBINIEHHBIX U CIA0OMOBBIIIEHHBIX COACPKAHUN ypaHa B pa3HOOOpa3-
HBIX TI0 COCTaBY M MPOUCXOXKIEHUIO mopojax (puc. 5.1). B aTux mopogax orme-
qaeTcs, Kak MpaBWIO, MPEUMYIIECTBEHHOE YMEHBIIEHHE TOPUM-ypaHOBOTO OT-
HomeHus: (10 1 m HMXKe), yBEIMUEHHUE COJEP/KAaHUS JIETKOIOJABMIKHOIO ypaHa,
u3MeHeHne (opM HaxOXKACHHUS METajlla, a TakKe aHOMaJbHbIE KOHIICHTpPAIUU
pasvoOreHHbIX (YpaHOBBIX M TOPHEBBIX) CBUHIIOB M JIEMEHTOB-CIIyTHHUKOB ypa-
HOBOM MUHEPAIA3ALUU.

TepMUH «30Ha MPHUBHOCA DJIEMEHTOB» OTPAKAET T'CHETUYECKYI0 CTOPOHY
(dbopMUpPOBaHUS aHOMAJIbHBIX KOHIIEHTPAIMil 3JIEMEHTOB B FOPHBIX MOPOJax, 30-
Hax OKOJIOPYAHBIX M3MEHEHUH U pynax. CXoJICTBO MUHEPAIbHBIX AUMAarMaTu-
YEeCKUX aCCOIMAllUi, OJIMHAKOBBIM HAOOp PYIHBIX 3JIEMEHTOB M OJM3KHE UX CO-
OTHOIICHUSA, a TaKXXe MPUYPOYCHHOCTh K OOIIMM T€0JIOTMYECKHUM CTPYKTypam
CBUJICTEILCTBYIOT B OOJIBIIMHCTBE CIy4aeB 00 €IMHOM HCTOYHHKE 0Opa30BaHMS
U TeHETUYECKOM POJICTBE PYJHBIX CKOIUICHHWH ypaHa ¥ OpE0JIOB CIa0O0MOBBILIICH-
HBIX €0 COZIepKaHHUI B TOPHBIX OPOJIAX.

Boigenenne Ha KpymHOMAacHITaOHBIX PaJUOr€OXUMHYECKMX KapTaxX 30H
MPUBHOCA YpaHa, 3HAYUTENbHO (B JACCATKU pa3) MPEBBILIAIOIIUX pa3Mepbl pPy.l-
HBIX T€J U TIEPBUYHBIX OPEOJIOB pacCesHus, UMeeT OOJNbIIOoe 3HAYECHUE MPH MPO-
THO3MPOBAHMH, TaK KaK MOJAOOHBIC 30HBI (DUKCHUPYIOT MOJIOKEHHE PYAHBIX y3JI0B
Y OTJEJIHBIX MECTOPOKICHUM.

B 3aBucumocTu OT XapakTepa MpOSIBICHUS SMUTCHETHYECKUX MPOIECCOB U
COCTaBa BMEUIAIOIIMX MOPOJ] MUHEPAIOTO-T€OXUMUYECKasi XapaKTepUCTUKa 30H
IIPUBHOCA ypaHa JIOCTaTOYHO pa3HOOOpa3Ha.

Haubonpiiee mouckoBoe 3HaYeHHE UMEIOT CIIEAYIOIIHUE THIBl T€OXUMUYe-
CKHMX aHOMaJIMi (30H MPUBHOCA yPaHA):

1) »2K30reHHBIE JUAr€HETUYECKHUE, OTINYAIOLINECS PaBHOMEPHBIM XapakTe-
POM pacIipe/ieIeHUs] KOHIIEHTPaluii METaula U MPUYPOUYEHHOCTHIO K ONpEACIICH-
HBIM  JIMTOJOrO-CTpaTUrpauyeckuM TOpU30HTaM  Mopoj  (YIJIepoJucTo-
TJIUHUCTBIM WJIM KPEMHHUCTBIM ClIaHI[aMH, pochopuTam U T. 11.), 9aCTO COBMECTHO
¢ P, V, As u nipyrumu siaeMeHTamMuy,

2) D9K30TeHHBIC dMHUTeHeTHYecKue (coBMecTHO ¢ Se, Mo, V, Cu u npyrumu
3JIEMEHTaMH), TPUYpPOUYCHHbIE K TEPPHUTCHHBIM, NPEUMYIIECTBEHHO IUIAT(Op-
MEHHBIM OTJIOKEHUSM U K HUYKHEW I'PaHUIIEe 30H IIACTOBOTO OKUCIICHUS;

3) DSHIOTeHHbIE CUHT€HETHYECKHE, CBSI3aHHbIE C MarMaTHYeCKUMHU 00pa3o-
BaHUSMHU, IPUYPOUYCHHBIE K OTJEIbHBIM PAa3HOBHUIHOCTSIM IMOPOJ — LIEJIOYHBIM
rpaHuTaM, He()eITMHOBBIM CHEHUTaM (OOBIYHO B HJOKOHTAKTOBBIX YACTSIX HH-
Tpy3uii) — coBMecTHO ¢ Th, Ta, Nb, Zr u npyrumu s1eMeHTaMu;
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4) osuporennsie nurenerudeckue (U, Th, W, Mo, Ta, Nb u apyrue sie-
MEHTBI), CBSI3aHHBIC C BBICOKO- H CPETHETEMIIEPATYPHBIMHU TIOCTMArMaTHISCKUMHU
WU3MEHEHHSMU MOPOJT (IPEUMYIIIECTBEHHO TPAHUTOUIOB), MPOTEKAIOLINMH B CYyO-
BYJIKAHUYECKUX W THIMAOWCCABHBIX YCIOBUAX (Tpei3eHu3aIus, albOuTH3aIms,
MUKPOKTHHH3ALMS | . );

5) SHIOTCHHBIC SMUTEHETUYECKHE COBMECTHO ¢ Mo, Pb, As, Cu u apyrumu
3JIEMEHTAMH, BO3HUKAIOIINE B Pa3HOOOPA3HBIX 10 COCTABY M BO3PACTy MOpPOJaX B
CBSI3U C HU3KO- M CPEJHETEMIICPATyPHBIMH THAPOTEPMATBHO-METACOMATHUCCKUMHU
peoOpa30BaAHUSIMH.

Kpome 30H MOBBIIICHHBIX KOHIIEHTPAIUI 3JIEMEHTOB B TOPHBIX MTOPOJIaX UH-
TEPEC M1 TPOTHO3UPOBAHHNA U BBISICHCHUA YCJIOBI/IfI BO3HUKHOBCHUA SIIUT'CHECTU-
YECKOT0 YPAHOBOTO OPYACHEHHS MPEIICTABIISIOT TAK)KE YUYACTKH C MOHMKCHHBIMH
npoTHB (POHOBOI'O MHTEpBaja (MM MHTEpBaJa T€HEPAIBHOIO CPEIHEro) Cojaep-
KaHUAMHU ypaHa. B oOmeMm ciydyae yMeHbIICHHE KOHIICHTPALUU DJIEMEHTOB B
TOPHBIX MOPOJIaX MOXKET OBITh CBSA3aHO C Pa3IMYHBIMU I'€OJIOTMYSCKHUMHU MPOIEC-
CcaMH, B TOM 4YHUCIIC U INCPBUYHBIMU IMPOLCCCAMU OCAJAKOHAKOIUICHUA W Marma-
THU3Ma, IPUBOJIAIIMMHA K 00CTHEHUIO YPAaHOM OTHAEIBHBIX (aluaibHbIX 30H Oac-
ceifHa cequMeHTaMu (OCIHBIX OPraHUKOW) MM MarMaTHYecKHX Kamep (IeH-
TpaJbHbIE WX YacTh). B OONBIIMHCTBE e CIlydacB yMEHBIICHUE COJCPKAHUS
ypaHa (0OBIYHO TPH COXPAHEHWH KOHIIEHTPAIIMH TOPHsI) yBS3BIBACTCS C TOCIIE-
JYIOLUIMMH HAJIOKEHHBIMH TIpolieccaMu (MeTaMop(pUUeCKUMH, THIPOTEPMAIbHO-
METacOMaTUYECKUMHU, HHOWIBTPALMOHHBIMU H JIP.), KOTOPBIE IPUBOJAT K BBIHO-
CY U3 TOPHBIX ITOPOJI JICTKOTIOABHIKHBIX COCTUHCHUH.

BbIIleJICHI/IC 30H HPOSABJIICHUSA IMPCUMYIICCTBCHHOI'O BbIHOCA YpaHa IIPCa-
CTaBIISIET 3HAYUTEIILHO OOJIBIIINE TPYAHOCTH, HEKCIIU YUACTKOB C ITOBBINICHHBIMHU
KOHIICHTPAILIUSIMH JIEMEHTOB.

YMeHbllIeHHe COJIepKaHusl ypaHa, CBSI3aHHOE C HHM3KO- M CpeJHeTeMIepa-
TYPHBIM TMIPOSIBIICHUEM THAPOTEPMATBHOTO METAacOMAaTo3a, COMPOBOXKIACTCS TaK-
e YBEITHMUECHHEM TOPHUH-YPAHOBOTO OTHOIICHUS, MOHMKCHUEM KOJIHYECTB TOJ-
BIDKHOTO ypaHa | T. 1. B oTimume oT 30H MpUBHOCA YYACTKU MPEAINIONIAraeMoro
BBIHOCA ypaHa pacrojararTrcs, Kak MpaBWIo, B OJHOTHUIIHBIX MOpojaax (KBapll-
TMOJIEBOIINATOBBIX MECYaHUKAX, BYJIKAHOTEHHBIX MOPOJAxX JIMIAPUTOBOHN (hopma-
1N UJIn prrI/IX) 1 OXBAThIBAKOT MHOT' 1A 3HAYUTCIIbHBIC IIJIOIIAaAN.

3aKIIOYUTENBHBIM JTAllOM aHAM3a MHHEPAIOTO-T€OXUMUYECKUX JTaHHBIX
SIBJIICTCSL OLICHKA MOTEHIIMAILHOW PYIOHOCHOCTU BBIICICHHBIX PaJHOTCOXHMH-
YECKUX HpOBI/IHHI/II;’I M 30H Ha OCHOBC IIPAMBIX IMOMCKOBBIX ITPHU3HAKOB ypaHOBOﬁ
MUHEpAJIN3alMi U KOCBEHHBIX KPUTEPUEB, BHITEKAIOIIUX U3 OCOOCHHOCTEU (op-
MHUPOBaHHS T€OXUMUYECKOTO (pOHA TOPHBIX MTOPOJ] M TEOJIOTHIECKUX (POpMALIUii.

HCCOMHCHHO, 4TO IPHUEMBI MHTCPHIPCTAUN PAAUOTCOXUMHUYCCKUX OAaHHBIX
Ha OCHOBE Kaprorpaduyeckoro crocoba n3o0pakeHHs xapakTepa pacnpezese-
HHUA U MUT'pAllMA aTOMOB HC OTpaHUYUBAIOTCA paCCMOTPCHHBIMU 3aJla4yaMU.
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5.2. Ucnonb3oBaHne paanoaKTUBHBIX 3NIEMEHTOB NPU PeLLeHUM
reosiormyecknx 3agau

PannoakTuBHBIE 37IEMEHTHI, O1aroapsi BO3MOXXHOCTH SKCIPECCHOTO UX OI-
peleNieHus B TOJIEBBIX U JIAOOPATOPHBIX YCIOBUSX, TOXYYHIN ITHPOKOE MpUMe-
HEHHE B PEUICHUU Pa3HOOOpPa3HBIX TeoJornyeckux 3anad. Emie B Havame XX Be-
ka B.W. BepHanckuii orMedas, yTo O3HaHUE PaJMOXUMUU IUIAHETHI (paguoreo-
XUMHUH — IPUM. aBTOpa) — KJIIOY K PEIIEHUI0 MHOTUX OCHOBHBIX I'€0JOTHYECKHX
npobnem (Bepnanckuii, 1954). bnarogaps paanoreoXuMuu MpPOU3OILIN TIy0O0-
KHE€ U3MEHEHUs B MOHMMAHUU MHOTHX reoJormyeckux npodiem. Hexoropsie u3
HUX ObLTH paccMmoTtpeHsl eme B.W. BepHnanckum, npyrue TOiabKO HaMEUEHBI UM,
TPEeTbU 00O3HAYMIIMCH TOJNBKO ceddyac B pe3yJbTaTe Hay4YHO-TEXHUYECKOIO IMPO-
rpecca. 13 Hanbonee BaxXHBIX (PyHIaMEHTAIbHBIX MPOOJIEM, BIUSIOMIUX HA Iie-
JIBI KOMILUIEKC CONPSKEHHBIX HAYYHBIX M MPUKIATHBIX BOIPOCOB, MOXKHO OTME-
TuTh cnenyromue (Haymos, Omenbsanenko, 1996):

1. DHeprus paiuOaKTUBHOTO pacraja U TEIUIOBOU OanaHc 3emiiu.

2. BpeHHOCTh aTOMOB U F€OXPOHOJIOTHSI.

3. Papuoreoxmmuueckue MapKepbl re0JOrHYECKUX MPOLIECCOB.

4. Pamuoreonorust HOOC(EPHI, COCTOSHUE U TICPCIICKTUBEI Pa3BUTHUS BCE OMO-

cdepsl.

B npukiasHbIX T€0JIOTMYECKUX MCCIIEOBaHUAX Hauboliee MOIyJISIPHO HC-
[10JIb30BaHUE ypaHa U TOPHsI KaK MHIUKATOPOB IE€OJIOTMYECKUX IPOLECCOB U B
pelIeHnn BoNpocoB reoxpoHonoruu. lIupoko ucnonb3yrorest ypaH, TOpUid U Ka-
Ui 11 anuanbHoro U (popMaMoOHHOTO aHaIM3a, JUIsl HPOTHO3UPOBAHUS U T10-
MCKOB HEPaJMOAKTUBHBIX METAJIJIOB U JUISI peLICHUS JPYTUX 3a/ad.

5.2.1. AHepaus paduoakmueHo20 pacnada u mennoeoll 6anaHc 3emnu

B npo6iieme temmoBoro 6amanca 3eMid OTKPBITHE BHYTPEHHUX, COOCTBEHHO
3€MHBIX PAJMOAKTUBHBIX MCTOYHUKOB TEIJIa, MOJATOTOBHIO TOYBY JJIsi HOBBIX,
paHee HEBO3MOXKHBIX, MPEICTABICHUNA O XOJIOJHOW arjoMepanuu 3eMild, CTaB-
MIUX OOBIYHBIMH B COBPEMEHHOM HAyYHOM MBIIUICHUH. B rocroacTBOBaBIIMX
panee teopusix Kanra-Jlamnaca, JxuHca u Ipyrux, TpeboBaloch HaIU4YHe HC-
XOJHBIX BHCHIHHUX HWCTOYHUKOB TCIIJIA, NPHUBOJUBIINX K C€CTCCTBECHHBIM IIPCII-
CTaBIICHHUSIM 00 OTHEHHO-)KUJIKOM MEPBUYHOM COCTOSIHUM ITaHEThl. C 3TUMH UC-
XOOHBIMU IMTOJIOKCHUSAMU HCIIOCPCACTBCHHO CBA3aHbI MPCACTABJICHUA O paHHefI
reoJIOTHYEeCKOU HUCTOPUH IIJIAHETHI, BCA I'€OJIOTUA I[OKCM6pH$I, a TaKK€ B KOHCY-
HOM CYeTe U TeoJIorus Ooyiee MO3AHUX NEPUOI0B PA3BUTHS TUIAHETHI, €€ KOPHI.

JlanbHeliiee pa3BUTHE 3TON MPOOJIEMBI TTOCTABHIIO HOBBIE BOMIPOCHI O BBI-
MEpIINX PaJIUOAKTUBHBIX W30TONAX B COCTaBE paHHEHW 3eMIIH, ONpENeisIBIINX
WHOM TETUIOBOM OallaHC TIaHEThI, YeM YCTAHOBJICHHBIN B HACTOSIIEE BPEMs, U O
COOTBETCTBUHN Ha6J'IIO)IaCMI)IX B HACTOAICC BPEM PCAJIBHBIX TCIIJIOBBIX IMTOTOKOB
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MOJCJIbHBIM IMOCTPOCHUAM, OCHOBAHHBIM Ha CYIICCTBYIOIIUX NPCACTABICHUAX O
pactpeesieHny paarioakTUBHBIX 2JIEMEHTOB BO BCeM 00beMe IiaHeThl. HecMoT-
psl Ha pa3HUILy COJEP>KAaHUN PaTUO’JIEMEHTOB B KOHTHHEHTAIBHON M OKeaHWYe-
CKOM KOpe€, peajibHbIC TEIJIOBbIE MOTOKH MEKJy HUMU IMPAKTUYECKU HE paziinya-
IOTCSI MEXKTy c000i. OTCyTCTBHE MPSMOI MPOMOPIIMOHATIBLHON 3aBUCUMOCTH Me-
XKy TeHepalueill paguoreHHOro Teria W (PUKCUPYEMBIM TEIJIOBBIM MOTOKOM
CTaBUT BOIIPOC O COOTBETCTBUM PEaIbHOIO U MOJEIBHOTO pacIpeleleHus pa-
JTMO3JIEMEHTOB B pa3pe3e 3eMHOM KOPbl 1 MAaHTHH U O JOJH PaJdOTeHHOTrO TerJia
B OGH.ICM TCIIJI0OBOM 6aJ1che IIJIAHETHI.

5.2.2. YpaH u moputil - uHOUKamopbI 2€0/102U4ECKUX NPOUECCOo8

WccnenoBanus pyJHO-MarMaTU4ecKuX CHCTEM (MarmMaTuTbl — MeTacoMa-
TUTBl —> PYJbl), YKa3bIBalOT Ha BECbMa BBICOKOE MHIMKATOPHOE 3HAYCHHE ypaHa
U TOpUS AJI PELIEHUs: BOIPOCOB TEOPUU U MPAKTUKU PyJOreHe3a, IPOrHO3UPO-
BaHUs, IOUCKOB U OLEHKU SHJOTEHHBIX MECTOPOKICHHUM MOJE3HBIX UCKOMAEMBIX
(PuxBanos, 2002).

Pagnoreoxummueckue OCOOCHHOCTH TJIaBHBIX TI'€0JIOTHYECKUX (hopMariuii
MOJINIUKINYECKUX U MOJUXPOHHBIX CKJIAAYaThIX 00JIACTEH CBUIETENBCTBYIOT O
TOM, YTO CTPYKTYpHO-()OpMAlIMOHHBIE KOMIUIEKCHI Pa3HbIX I€OTEKTOHHYECKHX
3MOX, ATANOB U CTAJAUNA PA3BUTHUS XaAPAKTEPU3YIOTCS CBOMMH ClelU(DUUECKUMU
0COOEHHOCTSIMHM HAKOIUICHUS PaIMO3JIEMEHTOB M UX NMPOCTPAHCTBEHHOM JIOKAIH-
3anuei.

Ha stanax cBog0BO-I7IbIOOBOrO pa3BUTUS U TEKTOHO-MAarMaTHYECKON aKTH-
BU3alMK (GOPMUPYIOTCS PATUOTCOXUMUYECKH CHEHAIM3UPOBaHHbIE MarMaTHye-
CKH€ KOMILIEKCHI, KOTOPbIe BO MHOTOM OTPEAEISIOT Cenu(PUKy paguoreoXumMu-
4ecKoro (hoHa, MOTEHIHATIBHYIO PEAKOMETAIUIbHYIO PYJAOHOCHOCTh M PaHOIeo-
XMMHYECKHE OCOOEHHOCTH MOCIEAYIOUUX THAPOTEPMAIbHO-METACOMATHUYECKUX
o0pa3zoBaHmMii.

Hampumep, mo pagnoreoXuMu4eckuM OCOOEHHOCTSIM CpPeA UHTPY3UBHBIX
nopoJ Anrtae-CassHCKO# ckJ1aauaToi 00JIacTH MOTYT OBITh JJOCTATOUYHO YBEPEHHO
BbIICJIEHBl T€OJUHAMUYECKHE U T€OXUMUYECKHE TUIIbI TPAaHUTOUAOB, U IO 3TUM
rapaMeTpaM OHU MOTYT OBbITh COMOCTaBJIEHBI C PA3IUYHBIMU MOTEHLUAIBHO PY-
JOHOCHBIMU UHTPY3USAMHU APYTUX PETHOHOB M KOHTUHEHTOB.

BakHoll BEIMUMHOMN, XapaKTEpU3YIOIIEH MarMaTUUECKYO ITOPOAY, SBISAETCS
ornomenue Th x U. s marmMaTudecknx oOpa3oBaHUi ATOT MOKa3aTeilh HaXo-
TUTCs (A1 pa3HBIX TUIOB MOPOJ) B MHTEpBaJie OT 2,5 10 5, 4TO, COTJIaCHO MHO-
TOYHUCIIEHHBIM OIpe/IeJICHUSIM U pacyéTaM, XapaKTepHO JJIsl TOPOJI 3eMHOM KOPBI,
MaHTHUU U TIaHeThl B 1enoM (3,3—4,2). OTKIoHeHHe OT 3TUX MoKa3zarenel, 0co-
OCHHO B CTOPOHY yMEHBIIIEHUS (2 U MEHee), B IOJaBIISAIONIEM OOJBIINHCTBE CITY-
YaeB CBUAETEIBCTBYET O METACOMAaTHYECKOM IMPeoOpa3oBaHMM MarMaTHUYECKHX

269



leoxumusi paduoakmueHbIX 371eMeHMo8

nopoa ((pOHONUTHI, HEPENUH-ITUICHIIUTOBBIE CUEHUTHI, KaITyTHTHI, PeIKOMe-
TaJUIbHBIE CIIOJyMEHOBBIC TPAHUTHI U T. [.) WIK O METaCOMATHUYECKON MpHpOJIe
XapaKTepU3yeMbIX 00pa30BaHUM, UMEIOIIMX MarMaTomno00HBIA OOJUK (TpaHu-
TOno100HBIC, 3 (PY3UBOBUIHBIC U IPYTHE TTOPOIBI).

Metacomatudeckie 00pa30BaHUs PA3TUYHBIX (POPMAIMOHHBIX THMOB (psi-
J0B), (hopMUpyIOIIIMECs Ha pa3HBIX dTAMax Pa3BUTUS CKJIAT4aTOW 00JIacTH, UMe-
I0T CBOU CHEHU(PUUECKHE PaTUOT€OXUMUYECKHE OCOOEHHOCTH Kak MO YpPOBHSIM
HAKOIUICHUS PaJMOdJIEMEHTOB, TaK W 1O (opMaM UX HAXOXKICHUS, YTO MPEKIE
BCETO ompenernsiercss (PU3NKO-XUMUYECKUMHU TMapaMeTpaMu THIPOTEPMAIBLHOTO
nporiecca, reOXMMUYECKOH CIIeUalIn3aluei THIpOTePMAIbHBIX (PIIFOUIOB U T. II.

OcHOBHBIMU 3TarmaMu (HPOPMHUPOBAHKS PATHOTCOXUMHUYCCKH CITCIIUATH3UPO-
BaHHBIX METACOMATUTOB M SMUTCHETUYECKOTO TepepacnpeaesieHus], a TakKe Ha-
KOIUICHUS ypaHa SIBJSIOTCS AMOXH TEKTOHOMAarMaTH4eCKOW aKTUBU3AIIUH.

YcTaHoBNeHa OTYETIMBAS TEHIACHIUS M3MEHCHHS PaJAUOTCOXUMHYECKUX
ocobOeHHOCTel pyaHbIX hopmaruii Antae-CassHCKOM CKiIaq4aToi 00J1acTH B MPO-
necce e€ passurus (Puxsanos, 2002). IIpoueccs popMupoBaHus rTuAPOTEPMab-
HO-METACOMATUYECKUX MECTOPOXKIEHUI COMPOBOXKIAIOTCSA CYIIECTBEHHBIM IIe-
pepacnpesielIeHeM pPaJHOaKTHBHBIX JJIEMEHTOB C 0Opa3oBaHMEM 30H Tepepac-
MpelIeJIeHHsI, YTO OTYETIUBO (QUKCUPYETCS MPHU PATUOTCOXUMUYECKUX HCCIEH0-
BaHUAX. DTO MO3BOJIMIIO CO3/aTh T'€HEPAIM30BaHHYIO MOJIEIb TIOBEJIEHUS paro-
AaKTHBHBIX AJIEMEHTOB B ME€TacOMaTH4YeCKOM mpouecce (puc. 3.12).

Cpemu pynubix gopmanuii Anrae-CassHCKON CKJIaq4aTol 00JIaCTH BBIIETIS-
I0TCS. YPaHOBO-PYAHbBIE, ypaHCOAEPKAIIUE U «Oe3ypaHOBBIC» MECTOPOKICHUS.
OHu XapakTepU3yITCs PEe3KO PAa3NMYHBIMU PAAHOTCOXUMHUECKUMHU MapameTpa-
mu. HaOmromaeTcst o0miee yBelW4YeHHE CONEp)KaHHUS ypaHa M TOPHS OT PYIHBIX
dbopmaruii, GopMUPYIOIIUXCS HA pAaHHUX dTarax pa3BUTHUS CKIaA4aToi 00sacTy,
K PYJHBIM (OpMAIUsM, CBSI3aHHBIM C 3aKJIFOUUTETBHBIMU dTanamMu e€¢ hopMupo-
BaHUs. YCTAHABIMUBAETCS OTYETIMBOE CHIKEHHE TOPHI-YPaHOBOTO OTHOIICHHSI.
Cpenn pyIaHBIX OOBEKTOB BBIJCIISIOTCS TPYIIIBI MECTOPOXKICHUH, HMEIOIINX
KOMIUIEKCHBIH XapakTep (XKelle30ypaHOBBIC, 30JI0TOYPAHOBBIE W JAp.), OKOHYA-
TEIbHBIA PAAMOT€OXUMHUYECKUN OOJIMK KOTOPBIX chopMHpOBaiCS MOCIE MPOsB-
JICHUS TIO3/THUX TPOIECCOB TEKTOHOMAarMaTHYeCKON akTuBH3anuu. Hammaue n3-
OBITOYHBIX KOHIEHTpALlMK ypaHa B pyJaX HEKOTOPHIX HEYPaHOBBIX MECTOPOXK/IE-
HUI SIBIISIETCS paAMallMOHHO-OMTACHBIM (DaKTOPOM Kak JJIsi paObOTaroIuX JIUI] Ha
TOPHOJOOBIBAIOIIEM MPEANPHUITHH, TaK U HACEJICHHUS, MPOKUBAIOIIETO B JAHHOM
MeCTe, YTO HEOOXOJAMMO YYHUTHIBATh B MPOrpaMMax COIHATBHO-IKOJIOTO-
9KOHOMHYECKOTO Pa3BUTHS pailoHAa.

YpOBHH HAKOIUICHUS ypaHa W TOPHUS B THIPOTEPMAIBHBIX MHHEpaJIax, Be-
JUYMHA WX OTHOIICHUS U CHJIAa KOPPEJSIIMOHHOMN CBSI3M SBISIOTCS IMOKA3aTEIIMU
re’esuca u pyJHo-(hopMalMOHHON MPUHAATIC)KHOCTH MECTOPOKACHUN TOTE3HBIX
HCKOTIACMBbIX.
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CocTaB ¥ KOJTMYECTBO ypaHa M TOpHUsS B MUHEpalax B (opme HECTPYKTYp-
HBIX IIpUMecel aJeKBaTHO OTPa)kat0T MUHEpareHu4ecKre 0COOCHHOCTH (IIIOHI-
HO-THAPOTEPMANIbHBIX CHUCTEM, (YHKIMOHUPYIOUIMX B TOT WJIM MHOH MOMEHT
BpEMEHH, B TOM WJIM WHOM OJIOKE 3eMHOIl KOpbl. B crenuann3upoBaHHBIX Ha
ypaH OJIoKax 3eMHOIl KOpbI COJEpXaHUs ypaHa W TOpUS B INUpPUTE, KBaple,
¢roopute, XJIOpPHUTE U APYTUX MUHEpANIax BBIIIE, HEXKEIH B 3TUX K€ MUHEpaJax,
HO B3SITBIX Ha YYaCTKaX 36MHOM KOpbI HE CTICLHAIM3UPOBAHHBIX HA YpaH.

MaxkcuMyM HaKOIUICHHs ypaHa (PUKCUPYETCs B MUHEpayax, 00pa3yIoMHuXCs
OIM3KO OJTHOBPEMEHHO ¢ (hOpMUpPOBaHHEM ypaHOBOH MuHepamu3anuu. [Tpu sTom
M3MEHSETCA HE TOJIBKO KOHILIEHTpAalWs, HO M XapakTep pacupenesieHus ypaHa B
MuHepanax. Bmecto popm paBHOMEpHOTO (MOJICKYJISIPHOTO) pacCcestHUSI B MUHE-
pane Ha nepudepun pyIHBIX 30H WIM B PAaHHUX aCCOIHUAIUSAX METalll KOHIICH-
TPUPYETCS B BUJIE HECTPYKTYPHOIM MPUMECH COOCTBEHHBIX MUHEPATIOB.

Upes3BbluaiiHO BaKHBIM HUHAUWKATOPHBIM MOKA3aTEJIEM SIBJISETCS BEIUYU-
Ha otHomeHus Th k U. Oto orHomeHue (o1 CONIHEYHOH CHCTEMBI B IIEJIOM
(Th/U = 3,72) no e€ mnaner, JIynsl (Th/U = 3,55), mereopuros (Th/U = 2,5-8,6),
MarMaTH4ecKux 0Opa3oBaHUI) HAXOJUTCS B 4YpPE3BBIYAMHO Y3KOM HHTEpBaJie
3HaueHni (2,5-5,5) mpu mpeoOnamaHuM 3HAYeHUN B mpenenax 3,5-4,5, dro
MIpeIIoJiaraeT CyIecTBOBaHHE O0IIel 3aKOHOMEPHOCTH B PaclpOCTPAHEHUU TO-
pUs U ypaHa, ONpeaessioencs: 3aKOHaMH MUPO3/IaHHUs.

Ha ¢akT nocTossHCTBa COOTHOIIIGHUS TOPUS U ypaHa B 3¢MHBIX 00pa30BaHUAX
oOpammanu Baumanue J. Pozepdopa B 1904 rony u b. boatByn B Hauane XX Beka.

Ora cucTemMa OTHOILIEHHUH BBIJIEP’KUBAETCS BO MHOIMX IOPHBIX IOPOJAX, 3a
HCKITIOYEHHEM MOPOJT XeMO- U OMOT€HHOTO MPOUCXOXKACHUSA, a TAK)XKE MPOJTYKTOB
MeTamop(du3Ma U METacCOMaTU3Ma.

Jljis MarMaTu4eckux MopoJi TOPUN-ypaHOBOE OTHOIIEHUE MOXKET ObITh KpH-
TE€PUEM MPABUIIBHOCTU OTHECEHHUs UCCIEIyeMbIX Opoa K marmatutam. Ecnu Be-
muarHa Th/U < 2, a ocoGeHHOo < 1, TO ¢ yBEpEeHHOCTHhIO MOXKHO yTBEP)KIaTh, UTO
n3ydyaemasi BbIOOpKa OTHOCUTCSI HE K MarMaTudeckuM oOpa3oBaHMsIM, a K MeTa-
COMAaTHUYECKHU MpeoOpa3oBaHHBIM MOPOIAM.

XapakTepHbIM TMPUMEPOM SIBIICTCS OMpEEICHUE TPUPOILI KaITyTUTOB
I'opuoro Anras (puc. 5.4). CoriacHo MHEHHIO HEKOTOPBIX HCCIICIOBATENCH, OHI
SIBJIAIOTCSI aHAJIOTaMH OHTOHUTOB — JaWKOBBIX MarMaTHYECKUX MOPOJ crenudu-
yeckoro cocrasa, onucaHHblx B.M. Kopanenko Ha rope Onron-XaiiepxaH B
Monronuu. Kak nokaspiBaloT paMOreOXMMUYECKHE HUCCIEAOBAHUS, KaJITyTUThI
MIPEJCTABISAIOT 000 METacOMaTH4YeCKH MpeoOpa3oBaHHBIE MOPOJIBI C PE3KO T0-
HIKEHHBIM TOPUN-YPaHOBBIM OTHOILIEHHUEM.
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100

Th, rit

Y-8 o -10 @©-11 [0-12 \/-13 ®@-14 [I-15 O-16 -17
r-18 ¥-19 ¢-20 WM-21 /-22 @-23 V-24
Puc. 5.4. Honoswcenue onzonumos (1) u «kareymumosy (2)
HA paouoceoxumuyeckol ouazpamme OmHOCUMeIbHO HEKOMOPbLIX MUNO0G
MASMAMUYECKUX HOPoo U 2e0102UNECKUX 0OPA308AHUIL:
[ — oneonumut uz nempomuna pationa mecmoposicoenus Oneon-Xaviepxan (Moneonus),
2 — «xaneymumoly (oHeoHUmMbL U3 Mecmopoxcoenus Kaneymunckoe (I'opuwiii Anmati);
3+9 — nona memannozeHU4ecKUX CReYUaIUUPOBAHHbIX 2PDAHUMOUO08. 3 — cNOOYMeHO8bIl Mun
MAHMANOHOCHLIX 2PaHUmMos; 4 — manman-wuobuesvie epanumoudst Hueepuu (no Okajoka, 1989);
5 — umuesvle epanumol Kopcuxu (no Bonin, 1988); 6 — onoso-sonvppam-depuniuegole
¢ umuem u yeuem, manmaiom u Huoouem (no Stussi et. al., 1989);
7 — 011060-60abhpam-oepunauii-yparnossie (no Stussi et. al., 1989); 8 — sonvghpamonocuvie
(no Stussi et. al., 1989); 9 — meoHo-moub0eH-6016Ppamosvie ¢ ypanom u mopuem
(no Stussi et. al., 1989); 10 — cpednemuposvie epanumsi; 11 — cpednee 01 epaHumoudos
axmusuzayuu Llenmpanvroti Cubupu); 12 — epanumoudst 3abaiikanvs (no B.U. Meosedesy u op.),
13 — eynkanumei Kucinozo cocmasa 3abaiikanvs (no B.U. Meosedesy u op.); 14 — ynompaxucnvle
puoaumst I'oprnoeo Anmas (no FO.A. Tuxynosy, 1995); 15 — kucavie cmékna u puoumol Ipuonuu
(no Walter et. al., 1987); 16 — puonumor Anonuu, cmanoapm JR-1; 17 — obcuouan, CLIA;
18 — epanumer NIMG, Agppuxa; 19 — nopgpuposudnule epanumot, 8 NOAAX Pa36umusi KOMopbix
JIOKAAUZYIOMCs «kaazymumuoly (oneonumut); 2024 — cpeonue oyenxu cooepicanus ypaua
u mopust no C.P. Teinopy u C.M. Max-Jlennony, 1988 20 — xonopumei;
21 — HUICHAS KOHMUHEHMATbHAS KOpa,; 22 — 8epXHSA KOHMUHEHMAbHAS KOPA,
23 — KOHMUHEHMANbHAS KOPA 6 YeNoM, 24 — nenazuyeckas enuna

272



I'naea 5. Paduozeoxumuyeckue memodbi uccriedosaHull U Ux UCNob308aHUe 8 Haykax o 3emne

HckntoueHne MOryT COCTaBUTh YJIbTPAOCHOBHBIE MOPOJbI U MPUMUTHBHBIE
OKeaHHuYecKHue 0a3alibThl, XapaKTEPU3YIOIINECs HU3KUMU YPOBHSAMHU COAEpPHKAHUS
€CTECTBEHHBIX PaJMOAKTUBHBIX JIEMEHTOB U MPAKTUYECKHU BCETJa HAXOASIIHNECS
B CTQJIMM METACOMATUIECKOTO (METaMOP(UIECKOT0) MPeoOpa3OBaHUI.

B cBs3u ¢ TeM, uto coBpemeHHble aHanutuyeckue Meroasl (ICP-MS u np.)
JAl0T BO3MOKHOCTh JJOCTOBEPHO ONPEIEIATh COJEpPKaHNUE ypaHa U TOPHsl Mpak-
TUYECKH B JIIOOBIX MOPOJaX, TO MPH XapaKTEPUCTUKE TEX WM UHBIX METPOXUMHU-
YECKUX WJIM METaJNIOTE€HUYECKUX THUIIOB MOPOJ CYLIECTBYET pPagHOreOXUMHUYe-
CKHI KpUTEPUH TPOBEPKH YUCTOTHI BBIOOPKH, XapaKTEpU3YIOIIEH Marmarude-
CKUN OOBEKT.

Hanpumep, B 'opHoM AnTae BBIAEIECH HOBBIA THIl PEIKOMETAIBHBIX JIU-
TUEBBIX TPAHUTOB (AJUTAXUHCKUN MacCHUB), HO MOPOJbl JAHHOTO MAacCHBa Xapak-
TEPU3YIOTCSI aHOMAJbHO HM3KMMHU OTHOILUEHUSMHU TOpHUS K ypaHy (MeHblue 1).
DTO CTaBUT MOJ COMHEHHE BO3MOKHOCTH BbIIEJICHHS] 3TOTO HOBOI'O THUIA I'PaHU-
TOUJO0B. AHAJIOTUYHBIE CUTYAlIMH HEPEJKO UMEIOT MECTO U B PYTUX paliOHaxX.

Becbma mokazarenbHbl IPU aHAJIW3E OCAJ0YHBIX MOPOJ PajMOreoXuMHYe-
CKHME XapaKTepUCTUKH, B TOM YHCIIE TOPHIl-ypaHOBbIe OTHOIIEHUs. Ha mpumepe
u3ydenus tonir gokemOpus Enucelickoro kpsoka @.I1. KpenaeneBbim u ap. ye-
TAQHOBJICHBl 3aKOHOMEPHOCTH M3MEHEHHs, CBSI3aHHBIE C MPEPBIBUCTOCTHIO OCAl-
KOHAKOIUICHHUS U CMEHOM o0jacTel cHoca.

OO0 MHAMKATOPHOW POJIM €CTECTBEHHBIX PAIMOAKTUBHBIX 3JIEMEHTOB MOKHO
CYIUTb U 110 Pe3yJibTaTaM M3YUYeHHS IJICHCTOLEHOBBIX (DIFOBUOTIIALUAIBHBIX OT-
JIO)KEHUH B BUJI€ MPEKPACHO CHOPMUPOBAHHBIX JIGHTOUHBIX INIMH AJITasi pa3HOTO
Bo3pacTa. Tak, Haubonee OpeBHHE W3 HUX, C BO3pacToM okojio 260 ThIC. JieT
HMMEIOT BBICOKOE TOPUI-ypaHOBOE OTHOIIEHHUE (8,2), a M0 ypOBHIO HAKOIJICHUS
Th (18 /1) oHu O6AM3KK K TIAMHUCTBIM OTIOXKEHUSAM bapeniieBa Mops. bianzkumu k
9TOMY ITOKA3aTeJsIM SIBJISIFOTCS JICHTOYHBIE TJIMHBI C BO3pAacTOM OKOJIO 25-30 TbI-
csa et (Th/U = 10; Th = 18,3), Torga kak aHaloru4yHble 00pa3oBaHUs ¢ BO3pac-
ToM 100 ThICSY JIET UMEIOT PalMOr€OXMMHUYECKHE MTOKa3aTeNnu, OIU3KHE K COBpe-
MEHHOM olleHKe BepxHel KoHTuHeHTansHou Kopsl (Th/U = 3,5; Th = 10,2 r/1). D10
CBHUJIETEJILCTBYET 00 M3MEHEHMM COCTaBa MaTepuaia o6jacTu (OpPMHPOBAHUS
nenHuKoB. Hannuue ocalouHbIX TOJIIL C BBICOKUM TOPHM-ypaHOBBIM OTHOIIEHHU-
€M MOJKET CBUJETEJIBCTBOBATh O CyIeCTBOBaHUU B ['opHOM AnTae KOpbI BBICO-
KO CTENEeHHU 3peNIOCTH, MOABEPrIIeiicss MHTEHCUBHON JIETHUKOBOM nepepaboTKe.
HeOe3bIHTEpECHO OTMETHUTh, UYTO OTJIOKEHHS O03€pHO-AJUTIOBUANIBHBIX IECYaHO-
IpaBUMHBIX KOMIUIEKCOB BEPXHUX Teppac p. KaTyHb (HIKHSISI YacTh CpeTHEro Iuieii-
CTOLIEHA) TI0 PAJMOTEOXUMUYECKHM XapaKTepUCTHUKaM OJIM3Ka K COCTaBy BEpXHEH
KOHTHHeHTalIbHOM 3eMHOM Kopbl (Th/U = 3,1-5,4; Th = 9,2-12) u k cocraBy JieH-
TOYHBIX IJIUH ¢ Bo3pacToM 100 Teic. neT (pation noc. Mas, Pecrrybnmka Anraid).

@.I1. KpenaeneBblM B CBOMX HCCIIEIOBAHUAX OTMEYAETCSA, YTO B 30HAX IMPO-
SIBJICHUSI THAPOTEPMAIBHO-METACOMAaTUYECKUX IPOLIECCOB YBEJIMYMUBAECTCS U
JUCIIEPCHUs B pacCIpeieICHUH TPUaJbl €CTECTBEHHBIX PAIMOAKTUBHBIX AJIEMEHTOB
(U, Th, K). IIpu sTom nenaercs ype3BblUailHO BaKHBIN (hyHIaMEHTAIbHbIN TEO-
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PETUYECKUN U NMPAKTUYECKUN BBIBOJ O TOM, YTO «8 npedenax 0OHOPOOHO20 pac-
npeoesienuss eCmecmeeHHblX paOUOAKMUBHBIX JJIeMEHMO08 Helb3sl pacCuumvléamy
Ha 0OHapyxcenue IHO02eHHbIX KOHYEHMPpAyul HepaouoaKkmueHo2o pyoHo20 Cbl-
pbsay. ITOT BBIBOJ, M0 CYLIECTBY J€JIa, SIBISETCS MNapaJurMoil paguoreoXxuMmmuyie-
CKHUX METOJIOB ITOMCKOB MECTOPOKJICHHUH MOJIE3HBIX UCKOMAEMbIX, B TOM YHCJIE U
HEMETAJUIMYECKUX. Tak, MMOoKa3aTeNnu IUCIIEPCUN PACHpPENETICHUsI €CTECTBEHHBIX
PaAOAKTUBHBIX 3JIEMEHTOB, HAPYILIEHUE KOPPEISILIMOHHBIX CBsi3eil mexay EPO u
oTHomeHne EPD ucnonp3yroTcs Mpu NPOTHO3MPOBAHMU M IOMCKAaX MECTOPOXK-
JIEHUW YTJIEBOJIOPOIOB, pa30paKkoBKe CTPYKTYP IO CTEMEHU MX OJaronpusiTHOCTH
JUIS1 JIOKQJIM3aluH YTII€BOA0POIOB.

@.I1. Kpengenes ¢ xomieramu (Kpennenes u ap., 1976) yctaHOBHI, YTO UH-
JTUKAaTOPHOM POJIbI0 00JIaZjal0T U BEJIMYMHBI B3aUMOCBSI3U PaJUOAKTUBHBIX 3JIe-
MEHTOB C JIPyTMMH PYIAHBIMM KOMIIOHEHTaMu. Tak, Hampumep, IUisl THUIPOTEp-
MaJIbHBIX MECTOPOKJEHUI 30H TEKTOHOMarMaTH4ecKol akTHUBU3alUuu 3abaiika-
Jbsl SIBJSIETCSL XapaKTEPHOU KOPPESLIMOHHASA CBSA3b €CTECTBEHHBIX PaJHMOAKTHB-
HBIX 3JeMeHTOB ¢ Mo, Ag, Sb, Hg n HEKOTOphIMH JPyTUMH 3JE€MEHTaMH. JTOT
BBIBO/JI MMOATBEPKACH HAMH IIPU U3yUeHUH PyIHBIX hopmanuii Antae-CasHCKOTO
pervoxa.

VY CTaHOBJIEHO, YTO IIMPOKO PACHPOCTPAHEHHBIM HA Pa3IMYHBIX MECTOPOXK-
JEHUSAX MUPUT TUIPOTEPMATILHOTO MPOUCXOKICHUS CYLIECTBEHHO OTJINYAEeTCS OT
MUPUTOB METaMOP(OreHHOTO MPOUCXOXKJCHUS IO TOHWKEHHOMY TOpPUMA-
ypaHOBOMY OTHOIIEHUIO (pHC. 5.5).

Th, r/t
11 p o 7 o)
MHUA pasgena MeTamMmopqOreHHsIX _
9 wrmqpc?repmaanux nmgmoa /7 0 Th/U=1
/
7 - Th/U=2 oy,
/
§ E /O (@]
o / (¢}
3 1 0B S o/ o
oo o/ 2% O/08 0 b THU=05
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0,8 4 u} /
A
0,6 4 o, O
04 /o o O
0,2 - (6] OOOO

T T T T T

02 04 06 08 10 3 5 7 9 11 13 15 16 17 U, r/r
o—-1 0-2

Puc. 5.5. Paouoceoxumuueckas kraccuguxayus nupuma:
1 — nupum uz memamoppozennvix mecmopoicoeHutl, 2 — RUPUM U3 2UOPOMEPMATbHBIX
MeCmopodicOeHul
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@.II. KpenpeneBsiM BBICKa3aHa WAES IO HCIOJb30BAHUIO «...MEYEHHbIX
NpUpoOOll amomMo8 KaKk mpaccepos npoyeccos U mecm KOHYeHmpayuu Hepaouo-
akmuenwlx 21emenmosy. OHa Halllla MOATBEPKACHNE B pad0TaX KaK POCCUUCKHUX
reosioroB A.A. CwmeicnoBa, B.E. ITmomesa, H.I1. Epmonaesa, B.M. I'aBmuHa,
H.I'. CeipomMsaTHHKOBa W MHOTHX JApYyrux, Tak u 3a pyoexom (Allere C.V.,
Hamilton E.L., et. al.). DT uuen MOCTOSHHO OOCYKITAIOTCS HA MEXTYHAPOIHON
koH(pepeHMHn «PamnoakTUBHOCTh U PaAMOAKTHUBHEIE AJIEMEHTHI B cpele oburta-
Hus yenoeka» (Tomck, 1996, 2004, 2009) u aApyrux cUMIO3UyMax, COBELIAHUIX
1 KOH(epeHIUAX, Ha KOTOPBIX 00CYKIal0TCs BOMPOCH MOMCKOBOM U MPHUKIAI-
Hout reoxumun (Upkytck, 1994; Mockga, 2001; Tomck, 2003; u ap.).

JlokazaHa BO3MOXKHOCTh MCIOJB30BaHUSI YpaHa U TOPHUSl B Ka4eCTBE paauo-
M30TONHBIX WHAMKATOPOB KIMMATHYECKUX YCIOBHU COBPEMEHHOW M YETBEPTHUY-
Hoit cequmentanuu (Ilamnypa, Canaumupos, 1996).

EcrecTBeHHBIE paMOaKTHBHBIE 3JEMEHTHI MOTYT OBITh HMHIUKATOPAMU He
TOJILKO MPHUPOAHBIX T'€OJOTHYECKHX IMPOLIECCOB, HO U TEXHOTEHHBIX (aHTPOMO-
TeHHBIX) TpaHchopMaImii cpespl 0OuTaHus 4YelloBeka. B 30He TexHOTreHesa, Kak
MMOKA3bIBAIOT HAIllM HCCIEAOBAHUSA, TAKKE MPOUCXOJAT CYIIECTBEHHBIE M3MEHE-
HUS paJMOTEOXUMHUYECKUX MApaMETPOB KaK 110 YPOBHIO UX HAKOILICHHUS, TaK U O
UX COOTHOIIEHUIO.

«BcrogHOCTE» PaTMOAKTHBHBIX JJIEMEHTOB, HUX MPEKpPacHbIE SIEPHO-
(bu3MvecKre XapaKTEePUCTHKH, HATUYKHE OONBIIOro oObemMa MHGOpMAIUU 0 00-
MM T€OXMMHUYECKUM OCOOCHHOCTAM YypaHa U TOpPHUS B IMPUPOJHBIX Ipolieccax
MO3BOJISIIOT OBITh YBEPEHHBIM, YTO €CTECTBEHHBIC PAIHMOAKTHBHBIC AJIEMEHTHI H
OPOJYKTHI MX pajnoakTuBHOro pacnana (24U, 21°Po, Rn u 11p.) HCHOIB30BAIUCH,
WCTIONB3YIOTCS U OyIyT UCIIOIB30BaThCs KaK MHIUKATOPHI TSl PEIICHUST MHOTHX
BOIPOCOB B HayKax O 3emiie, OMOJIOTUU U SKOJIOTUH, B TEXHOJIOTHYECKUX MPO-
eccax.

5.2.3. [fpumeHeHue paduo2eoxuMu4eckux u paduomMempuyeckux Memoooe
05151 2e0/102U4€CK020 KapmupoeaHusi

[IpumeHeHne pagMOreOXUMHUYECKUX M PAAHUOMETPUUYECKHUX METOIOB JUIS
re0JOrM4eCKOro KapTUPOBAaHUS PALMOHAIBHO B TOM Ciyd4ae, €CJIM IMOpPOJbI HC-
clieTyeMOi TeppUTOPUHN 3HAUUMO Pa3INyaloTCs MO COACPKAHUIO ypaHa, TOpUS U
Kanust. Bce paanoreoxMMHYecKre W paJuoOMETpUyYecKHe padoThl HEOOXOIUMO
TECHO yBSI3bIBATh C I€OJIOTUYECKUMU HAOTIOACHUSIMH.

B nenax ycnemHoro mpyUMEHEHHs MOJEBBIX PaJUOMETPUUYECKUX METOJOB
JUISL TE0JIOTMYECKOT0 KapTUPOBAHUSI HEOOXOIMMO BBITIOIHATH PabOThl B HECKOJIb-
KO 3TaroB.

I. [IpeaBapuTenbHas OlEHKa 11€1ecO00pPa3HOCTH UCIOIB30BaHUS PAJUOTE0-
XMMHYECKHX METOJI0OB Ha KOHKPETHON TEPPUTOPUH BBIIIOJIHAETCS HA OCHOBE HU3Y-
YEHHsS] UMEIOUINXCS JIaHHBIX 0 I'€OJOTHYECKOMY CTPOEHHUIO palioHa M OOIIMX
reoOXMMHYECKNX 3aKkoHOMepHocTel pacnpeneneHus U, Th u K. B kauectBe npu-
Mepa MOXHO IIPUBECTHU clleytomue 3akoHomepHocTH (Tutaesa, 2000).
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1. B ogHoM u TOM e (OPMALMOHHOM PSAY HU3BEPKEHHBIX MOPOJ COZep-
xanue U, Th u K 3akoHOMEpHO BO3pacTaeT OT yJIbTPAOCHOBHBIX K OCHOBHBIM
opoJiaMm, a Jajnee — K CPeJTHUM U KUCIIBIM.

2. TloBbllieHUE MIETOYHOCTH U3BEPKEHHBIX TOPOA (0coOeHHO coaepkanust K)
COIPOBOKIaeTcs Bo3pacTanueM konueHtpauuu U u Th.

3. biu3kue 1mo meTpoXMMUYECKOMY COCTaBY Pa3HOBO3PACTHBIE TPAHUTHBIE
UHTPY3HH OOBIUHO pa3IUyaroTcs M0 paJuOaKTUBHOCTH, IPUYEM MOJIOJIbIE UHTPY-
3un 0oJee paJuoaKTUBHBI, YEM JPEBHUE.

4. Jlna xpynHbIX MHOro(aszHbeIX Iu(GepeHIMpOBaHHBIX UHTPY3UN TpaHu-
TOMJOB XapakTepHo yBemmdenue coxaepxkanust U m Th ot panamx a3 x Oomee
MO3/IHUM U OT BHYTPEHHUX (haliil K KpaeBbIM.

5. MeracomMaTtn4ecku M3MEHEHHBIE YYAaCTKH MOPOJ] OOBIYHO OoJiee paiuo-
aKTUBHBI, YEM T€ K€ OPO/Ibl, HE 3aTPOHYThIE METACOMATO30M.

6. T'mpporepmasibHble M3MEHEHMs MOPOJ, KaK MPABUIIO, COIPOBOMKAAIOTCS
noBbleHueM conepxkanus U, a uHorna u Th.

7. 30HBI TEKTOHHYECKUX HAPYIIEHUH YacTo 00JiamaroT 0osee BHICOKOM pa-
JTMOAKTUBHOCTBIO 110 CPAaBHEHMIO C BMEILAIOIIMMU [TOPOJIaMH KakK 3a CUET I'MJIpo-
TEPMaJIbHOTO U3MEHEHHUS NOPOJI TEKTOHUYECKOW 30HBI, TaK U 3@ CYET CKOIUICHUS
Rn B Tpemmnax.

8. Cpenu 0CaZO4HBIX MOPOJ] HAUMEHbBILIEH pPaIHMOaKTUBHOCTHIO 00JIAAal0T
YHCThIE U3BECTHIKU U HBAIIOPUTOBBIE OTIIOKEHUS (THIIC, COJIb).

9. B psany ki1acTUYECKUX OCAJOUYHBIX MOPOJ HAOIIOAAETCS MOCIEI0BaTEb-
HOE€ BO3pacTaHUE COJIEP>KAaHUS ypaHa U TOpHUsl OT rpy0000IOMOYHBIX MOPOJ K ap-
rwuntaM. [Ipy 3TOM cliefyeT Y4YHUThIBaThb HAJUYUE BBICOKOPAJAMOAKTHBHBIX
KOHIJIOMEpATOB, LIMPOKO PACIpPOCTPAHEHHBIX B OOpaMIICHMSX APEBHUX ILIAT-
¢dopm. ParoakTHBHOCTH KOHTTIOMEPATOB YacTO 3aBUCHT OT COCTaBa LIEMEHTA.

10. B ocamouyHbIX MOpoOJax OJHOTO M TOTO K€ JINTOJOTHYECKOro THUMa He-
PEAKO OTMEUAIOTCS JIOKAJIbHBIE YUYACTKU M 30HBI C NOBBILIEHHON PaJuOaKTUBHO-
cThio. OHH, KaK MpaBUIIO, CBA3aHBI C OOOTAIIEeHMEM OPraHMYEeCKHM BEIIECTBOM,
docdopom, runpookuciamu Fe u ap.

II. [Tepen Hayamom paGoT HEOOXOIUMO OLEHUTH MOIIHOCTh PBHIXJIBIX OTJIO-
KEHUH. DJIIOBHAIBHBIA W JIIFOBUAJIBHO-/ICIIOBHAIBHBIA MTOKPOB, KaK IPABUIIO,
HaclielyeT paguoOakTUBHOCTD IOJICTUIIAIOIIUX KOPEHHBIX MOPOA. B To ke Bpems
HAJI0 TIOMHHTbH, YTO PBIXJIbIE 00pa30BaHUsI MOITHOCTHIO OKOo 0,5 M, reHeTuue-
CKHM HE CBSI3aHHBIE C KOPEHHBIMU TOpOJaMH, OyAyT MOIHOCTHIO AKPAHHPOBATH
M3JIy4eHHE OT KOPEHHBIX MTOPOL.

ITI. Ha mepBoM 3Tare MoJIeBBIX UCCIENOBAaHUI TpeOyeTcss MPOBECTH CEPHUI0
W3MEPEHUN paIMOAKTUBHOCTH KOHKPETHBIX MTOPOJI pailOHa B UCKYCCTBEHHBIX WJIN
€CTECTBEHHBIX OOHAXEHUIX JUIS CO3JaHMsI PENEPHO IIKAIBI.

IV. Bpibop pagmoreoXuMu4eCKuX METOJIOB OIMPEAEIsIeTCS MOCTaBICHHON
3agadeit. 11 reonornyeckoro KapTUpOBaHUs HCIOJIB3YIOT BCE paguoMeTpuye-
CKHE METO/bl 00f3aTeIbHO B COYETAHMM C TeOJIOTUYECKUMHU. AsporaMmma-
CHEKTPOMETPHUECKUN METOJ Y00HO MCTOIh30BaTh AJIs KAPTUPOBAHUS KPYITHBIX
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[0 TUIOIIAJX BBIXOAOB TOPHBIX MOPOJ, PA3IUYAIOLIMXCS CBOEH Y-aKTUBHOCTBIO.
OTUM METOAOM OTUYETIUBO OKOHTYPHUBAIOTCS MHTPY3UH IpaHUTOB (15-20 MxP/u)
Ha ¢OoHE BMEMIAONIMX TOPOJ, OOJATAIOMIUX CYIIECTBEHHO O00Jiee HHU3KOM
y-akTUBHOCTBIO (0KOJ0 8§ MKP/4). B BocTouHoit Cubupu ¢ mMOMOIIBIO asporam-
MaMeTo/la YJaloCh PacwIEHUTh Pa3HOBO3PACTHBIE MHTPY3UHM I'PAHUTOB, YTO HE
yIaBaloCh clieNaTh NeTporpaduyeckiMu METOAAMU: KaJjelOHCKUE I'PaHUThI 00-
Jamand MAHUMAIBHOW Y-aKTUBHOCTBIO (6—7 MKP/4), kuMMepuiickue — MakcH-
mansHOH (10-30 MkP/4), a Bapucckue — mpoMmexxyTounoid. B mpenenax Kosbim-
CKOM TUIaT(OPMBI TEM K€ METO/IOM ObLIH BBIJIEIEHBI YYAaCTKH Pa3BUTHUS KUCIBIX
a¢pdy3uBoB (8-20 mkxP/4) cpemm 3¢dy3uBoB cpemnero cocraBa (2—6 MkP/4).
[IpumeHeHne a’poraMMaclneKTpOMETPUUECKUX M3MEPEHUH PACIIUPSET BO3MOXK-
HOCTH METOJa, NM03BOJIsAsA JU(PPEpEeHIIMPOBATH TOPOIbI HE TOJIBKO [0 CyMMapHOM
raMMa-akTHBHOCTH, HO U 110 coaepkanuto U, Th u K.

BaxxHoll BeIMUMHOM, XapakTepu3yomeil MarMaTHYECKY10 MOpOYy, SABISETCS
orHomenue Th k U. [Ing marmatnueckux oOpa3oBaHMiA 3TOT MOKa3aTelb Haxo-
IUTCs (1 pa3HbIX TUIOB Iopon) B uHTepBaine 2,5-5. Takue xe 3HaueHUs Xa-
PaKTEpHBI I 36MHOM KOPbI, MAHTHH U TUTAHETHI B 11e7IoM (3,3—4,2). OTKIIoHeHHE
OT 3TUX IOKa3areliei, 0COOEHHO B CTOPOHY YMEHBILEHHUS (2 U MEHee), B MOIaBIISIO-
1ieM OOJIBIIMHCTBE CIy4aeB, [0 HAILUM JAHHBIM, CBUJIETEILCTBYET O METACOMATH-
YeCKOM TpeoOpa3oBaHUM  MarMathudeckux 1mopoa  (poHomuTsl, HedeIrH-
SMUIECHIIUTOBBIE CUEHUTBI, KAITYTUTbI, PEIKOMETAIIbHBIE CIIOyMEHOBBIE I'PAHUTHI
U T.A.) WIM O METacOMAaTHYECKOM NpHpOJAE XapaKTepu3yeMbIX 00pa3oBaHHH,
MMEIOIIMX MarMaTonogo0HbIi 001MK (TpaHuTONo100HbIE, 3()(y3UBOBUIHBIE H JPY-
T'He MOpOoJbl, JOCTATOYHO LIMPOKO OXapakrepu3oBaHHbe B padoTtax @.H. [Ilaxosa,
b.H. Jlanuna, B.I'. Kptokosa, B.I1. KoBanésa u ap.).

HazemHy!0 y-ChbeMKy NPUMEHSIOT KaK B KAUYECTBE CAMOCTOSTEILHOI'O METO-
7la, TaK U JUIsl yTOYHEHUs pe3yJIbTaToOB a’dpo-raMMacheMKH. [lemexonaHas cbeMka
OOBIYHO HCIIOJIB3YETCS JJIsi KapTUPOBaHMs HEOOJBIIMX MO IUIOMIAJd OOBEKTOB:
OKOHTYPHMBAHHUSI HEKPYITHBIX MAacCHUBOB H3BEP)KEHHBIX IOPOJ, BBIIEIEHUS OT-
NenbHBIX (a3 u ¢aruii, a Takke METaCOMaTHUYECKH U3MEHEHHBIX 30H, KW U Ja-
€K, TIPOCJICKUBAHUS 30H Pa3JIOMOB.

JUis yTOYHEHUs! Te0JOrMYeCKMX T'PaHUL], CKPBITHIX TOJIIEH HAaHOCOB MOIL-
HOCTBIO OT | 10 8 M, HEpEKO MCIOIB3YIOT PAaJOHOBYIO CHEMKY COBMECTHO C Te-
JMEBOM M PTYTHON CHEMKOH U C U3MEPEHHEM Y-aKTUBHOCTU. OCOOEHHO XOpolIHe
pe3ynbTaThl JAaeT pajoHOBasg CheMka B coueranuu ¢ rasosoi (CH,, CO,) u

Y-ChEMKOM MIPU KaPTUPOBAHUU 30H PA3JIOMOB.

[ToBbIIeHHE COMEpKaHMsI paJOHa B 30HAX Pa3jioMa HaILIO WHTEPECHOE MC-
TOJTb30BaHUE JJISI UCCIEAOBAHUS COBPEMEHHBIX TEKTOHHYECKUX JIBWKEHUU B 00-
JACTAX IMOBBIIMICHHONW CEMCMUYHOCTH. B mepuoy TamkeHTCKOro 3emieTpsceHus
1966 r. OBUTO 3aMEUEHO, YTO KOHIICHTpAIlMs pajoHa B MOJ3EMHBIX BOJAaX HAYH-
HaeT BO3pacTaTh 3a HECKOJBKO JAHEH J10 3€MJICTPSCEHMS, MOBBIMIASICH B 5—7 pa3
HETMOCPEACTBEHHO NEpe TOMYKOM. B MOMEHT CHUIIBHOTO TOJIUKA COAECpKAHUE pa-
JIoHa B BoJie pe3ko naaaino (1o 10 pa3), a 3aTeM MeajieHHO MOJAHUMANIOCh JI0 HOp-
™Mbl (YnomoB, MagamieB, 1967). CuuraroT, 4TO 3a/J0T0 0 TOJYKA HAYWHAIOT
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BCKPBIBATHCS TPEILHUHBI B 30HAX TEKTOHUYECKUX HAPYLICHUH, IOPOBBIE PACTBOPHI
COOOIIAIOTCS C TPAaBUTAIIMOHHBIMH U PAJOH MOCTYMaeT B BoAy. B MOMEHT Tord-
Ka, BUAUMO, IIPOUCXOJUT pe3Kas MoTepsi 00pa30BaBIIErocs pajoHa. 3aTeM KOH-
LIEHTpaLUs paJioHa IIOCTENEHHO BO3pacTaeT 0 MEpBOHAYAIBHOIO YPOBHS 3a CUET
HakoIuieHus u3 paaud. lIpennonararoT, 94T0 3TOT METOJ B KOMIUIEKCE C APYTUMH
MO’KHO HMCIIOJIb30BaTh JIJIs1 IPOTHO3UPOBAHUS 36MIIETPSICEHU.

5.2.4. lpumeHeHue paduozeoxumMuyeckux Memodoe /151 NPO2HO3UPOBaHUSI
U nouckoe HepadUuoaKMuUeHOo20 ChIpbsl

Papnoreoxumust Haluia MUPOKOE MPUMEHEHHE JUTS PELIEHUS PA3IMUHbIX 33134
IIPU MOUCKAX U OLEHKE MECTOPOXKJIEHUI HEpaJHMOaKTUBHOIO CBHIPbSl. DTUM BOIPO-
caM TIOCBAIIICHO MHOTO CIielranu3upoBaHHbix uccienoBanuid. C 1962 r. B CoBer-
ckoMm Coro3€e M31aBAIMCh CIEUUAIbHBIE BBITYCKH, MOCBSILEHHBIE HCIIOIb30BAaHUIO
PaIOaKTUBHBIX METOJIOB IIPH MOUCKAX U PA3BEIKE HEPAJANOAKTUBHOIO ChIPbSL.

[IprMeHeHne pagoMeTpUYECKUX METOOB JIJIsl IOUCKOB U Pa3BEIKH MECTOPO-
JKJIEHUH HepaIMOaKTUBHBIX I0JIE3HBIX HCKOIIAEMbIX BO3MOYKHO B TOM CIIy4ae, €CJIU C
PYIHBIM 3JIEMEHTOM I€HETHUECKH JTUOO0 MapareHeTUYEeCKU CBA3aHbl PAIOaKTUBHBIC
AJIEMEHTHl WM PYyJIHBIE TeJa MO PaJUOAKTUBHOCTU OTJIMYAIOTCS OT BMELIAIOLINX
nopoa. Hanbonee ycroifunBble mapareHeTHYECKUE acCOIMAIK TAI0T YpaH U TOPUi
C JTAaHTAHOW/IAMH, UTTPHEM, HIOOMEM, TAaHTaJIOM, IUPKOHHEM U TadHHueM. M3BecTHBI
accolMaIy ypaHa ¢ MOJIMOICHOM, BaHaIueM, celieHOM U Gocdopom, Topust ¢ (oc-
¢dopoMm u amoMuHHEM. J[JIs1 TOMCKOB HEPaJAMOAKTUBHBIX IOJIE3HBIX MCKOMAEMBIX
1eJIECO00pa3HO MPUMEHSATh PaAUOMETPUYECKUE METObI, KOTOPbIE MOTYT UCTIONB30-
BaTbCs Ha BCEX CTAAUAX pabOT, HAUMHAS C MTOWCKOB PYyIOKOHTPOIUPYIOIIUX CTPYK-
Typ ¥ KOHYas OKOHTYPHBAaHUEM PYIHBIX TNl U MPUOIMKEHHOH OLEHKOM 3aracos.
B 3aBucHUMOCTH OT CTaaMM MOUCKOBBIX PaOOT MCIOIBL3YIOTCSl T€ WM UHBIE PaaHO-
reoxumuyeckue Metobl. Hanbomnee ahexkTHBHO npoBeieHre IEPBUYHBIX TTOMCKOB
a3pOraMMaMeTO/IOM C HAa3€MHOM IMTPOBEPKOM MEIMIEXOIHON Y-ChEMKOM, a Ha 3aKpbl-
TBIX Y4aCTKax — IIITYPOBON CHEMKOM, KAPOTAKEM.

Bo Bcex paboTax, CBI3aHHBIX C PaJUOMETPUYECKUMHU TOUCKaMHU HepaIn0aK-
THUBHBIX TIOJIE3HBIX HCKOMaeMbIX, Oosiee 3(()EKTUBHO NPUMEHEHHUE Y-CIIEKTPO-
MeTpuYecKux MeTonoB. OMBIT mokazaj, 4To pacmpenenenus otHomenuid Th/U,
K/U u K/Th nator Oonee KOHTpacTHbIE aHOMAJIWH, 4YeM IO CyMMapHOH
Y-aKTUBHOCTU (ADPpPOraMMacrieKTpOMETPUUYECKHI METO]] MOMCKOB PYAHBIX Me-
cTopoxkaeHuit, 1977 u ap.). PaninoHanbHbIN KOMIIEKC METOIO0B, TPUMEHSIEMBIX B
Ka)KJIOM KOHKPETHOM Cllydae, 3aBUCUT OT MHOTHX (PaKkTOpOB: MacIiiTaba MecTo-
POXKIEHMSI, MOILHOCTH IEPEKPHIBAIOIIMX HAHOCOB M HAJIWYMS B HUX OpPEOJIOB
paccestHusl, koHueHTpauuu u otHomeHus U, Th, K B aTux opeonax u 1. 1.

IHouckn ¢ochopuros. [y OosbIIMHCTBA MECTOpOXIeHHH (ochopuTos
XapaKTEpHO IOBBIIIEHHOE OTHOCHUTEIBHO KJapKa COJEp)KaHHWE ypaHa U IIOHHU-
xenHoe — Topus (Turaera, 2000). [Tpu 3TOM HaOIIOMACTCS TTOJIOKUTENBHAS KOP-
pensauronHas cBsa3b Mexay conepxkanueMm U u P,O,. DT0 MO3BOISET MCIONL30-

BaTh Y-CHEKTPOMETPUUYECKUN METOJ AJIs MIOMCKOB MECTOPOXKAeHUN PochopuTos.
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Haunbosee KOHTpacTHBIE aHOMAIIUH TTOJTYYaIOTCsl, €CIIH UCIIOIh30BAaTh OTHOIICHHE
U(Ra)/Th. Kpome TOro, paiHOMETpUIECKUN METOJI MOKET OBITh MPUMEHEH IS
skcrpeccHoro ananusa P,O, B ceipbe (Puxsanos u ap., 1993).

Iloucku G6oxcuTOB. BOKCUTHI, SBISAIOLIMECS NMPOU3BOJHBIMH JIATEPUTHBIX
KOp BBIBETPHUBaHMsI, OOBIYHO OTJIMYAIOTCS TOBBIIMICHHBIM COAEPKAHUEM TOPUS
(30-70 v/t ipu dpoue 5-10 r/T) m HU3KUM coaepxkanuem kamus (< 0,5 %). Co-
Jep’KaHue ypaHa Ju00 OJU3KO K KJIAPKY, TUOO HECKOJIBKO TOBBIMICHO. JlJis mo-
UCKOB OOKCHTOB NPUMEHSIOT Y-CIIEKTpOMETpUUecKuil mMetoa. OKOHTypUBaHHE
aHOMAJIMH TIPOBOIAT 1O BenmumHe oTHOmmeHus Th/K, mo xotopoit mocturaercs
MaKCUMaJbHasi KOHTPACTHOCTb.

Iloucku peako3emMebHOr0 M TAHTAJ-HHOOMEBOro opyaeHeHusi. Penko-
3eMeNbHbIE U TaHTAJI-HUOOWEBbIE PYy/bI BCEr/la COIEPKaT B CBOEM COCTaBE M30-
MOp(HYIO TIpUMECh TOpHS M ypaHa. PeqxoMeTaibHbIe MECTOPOKICHUS B Kap-
OOHATUTAaX WM JAPEBHUX HICTOYHBIX METACOMATHTAX BBIACIAIOTCS Ha (OHE BMe-
HIAIOIIUX TTOPOJI TOBBIIICHHON Y-aKTUBHOCTBIO, 00yCI0BIEHHON aHOManusIMu K,
U u Th. y-CnexktpomMeTpuueckre U3MEpPEHHUs 1al0T BO3MOKHOCTh 00JIee IeTalbHO
HCCIIeIOBaTh CTPOCHHE PYAHBIX Tel, TIIyOMHY SPO3MOHHOIO Cpe3a, XapakTep
MPOSIBJICHUSI METAaCOMAaTHYECKHX IPOLECCOB 1Mo BeiawmuuHe orHomenud Th/U,
K/U, K/Th. B psape cinyuaeB nabmonaetrcs koppensinusi U-Nb, Th-Ta, kotopas
[IO3BOJISIET HCIOJIb30BaTh Y-CHEKTPOMETPUUYECKUN METOJ JUIsl NPUOIMKEHHON
OLICHKH 3aIrlacoB Ha MECTOpOKJIeHUH. Takoil MeToj ObLI NPUMEHEH, HallpuMep,
JUIS OLICHKM 3aIlacoB TaHTala MU HUOOWS HA PEIKOMETAITIBHOM MECTOPOXXKICHUU
Xamzan byperteit B PecriyOnke Monromnws.

MporHo3upoBaHue U NOUCKM 30110TOCEPEOPAHBIX
¥ MONUGAEHOBLIX MECTOPOXAEHUN

UccnenoBanusimu 2.5, OctpoBckoro u A.M. Iloptaosa (1970, 1972, 1984)
YCTaHOBJIEH @aHTarOHW3M KaJlisg ¥ TOpUs B HEKOTOPBIX THUIIAX IMAPOTEPMAILHOTO
OpyJCHEHUSs, TIaBHBIM 00pa3oM CyIb(UIHOTO 30JI0TOCEPEOPSTHOTO U MOJIUO/Ie-
HoBoro. IIprpona 3TOro sBIEHUS 3aKI0YacTCsS B Pa3IMUYHON F€OXUMHUM KAl U
TOpUS B HU3KOTEMIIEPATYPHOM ILIEJI0YHOM IPOLIECCE.

AdpopannoreoXxuMu4ecKkasi CbEMKa, IIPOBEJEHHAas B Pa3jIM4YHBbIX palloHax
CCCP mapamienbHO ¢ Ha3eMHBIMH HCCIIEIOBAaHMUSIMH, MMOKa3ajga, YTo ISl HEH3-
MEHEHHBIX U3BEPKEHHBIX MTOPOJ XapaKTEPHA BBICOKAs MOJIOKHUTENIbHAS KOPPEs-
LU MEX/1y TOPHEM U KanueM. B To jxe BpeMs 111 U3MEHEHHBIX MTOPOJ U PYyIHBIX
TEJl TUAPOTEPMATIBHBIX MECTOPOXKICHUN YCTAaHOBJIEHO PE3KOE CHIDKEHHE KOd(-
¢unuenTa koppemsiuuu Mexay topueM u kanueMm (Iloptaos, 1984). Bo3moxkHa
Jla)ke OTpULIATENIbHAS KOPPEJSLMs, KOI/Ia yBEIMUEHUE COACPKAHHUSI OQHOIO AJie-
MEHTAa COIMPOBOXK/IAETCS CHIPKEHUEM KOHIIEHTpaLUK Ipyroro (puc. 5.6).

JlpyruMu ci10BaMH, 30HBI OKOJIOPYJHBIX TUAPOTEPMAIbHO U3MEHEHHBIX I10-
POl OTJIMYAIOTCSI OT BMELIAIONINX UX O€3pyAHBIX MOPOJ HAapyIIEHUEM KOoppes-
LIMOHHBIX CBA3EM MeXay KajueM M TopueM. OueBUIHO, UYTO TaKUE€ HAPYILEHUS
OynyT npucymu u apyroil mape: ypany u toputo (ITouenyes, 1983; PuxpaHos,
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2002). CoBMecTHOE HCCEIOBAaHHE STHUX Map 3JIEMEHTOB obOecreynBaeT Ooliee
3¢ (EeKTUBHBIN MPOTHO3 THAPOTEPMATBHBIX HU3KOTEMIIEPATYPHBIX MECTOPOXKIIC-
HUU HE TOJIBKO 30J10Ta U cepedpa, HO M OOJIBIION IPYIIBI APYTUX METAIUIOB.

K, Bec.% U, Thx10™4%
8 20

Ej Jlunapur AHpe3uT

Anynspu30BaHHBIN JIUIAPUT IE Pynnas 3ona

Puc. 5.6. Paouozeoxumuueckuii npouie uepes pyouyro 301y 3010mMocepeopsaHoco
mecmopodcoenus (no A.M. Ilopmnosy, 1984)

IMonckn OepuiiMeBbIX MecTOpo:KAeHui. I[l{erounbie MeTacoMaTHTHI,
C KOTOPBIMH CBSI3aHBI MECTOPOXKICHUS OSPIILIHS, KaK PABHIO, OTIHYAIOTCS I10-
BBIIIICHHOW PaJMOAKTUBHOCTBIO 10 CPABHEHHUIO ¢ BMEIIAOIIMMHU nopoaamu (Tu-
taesa, 2000). OOBIYHO ATO BBICOKME KOHIIGHTpamuu Th B MpenpyaHBIX IMIEI0Y-
HBIX METaCOMAaTHTaX, IJic B COCTaBe Iiejouel npeobnamaetr Na. Ha mo3anerum-
porepMalibHOM dTane moteHnuan Th B pactBopax mamaeT u 0Oojiee 3aMETHYIO
poOJIb HaUMHAET UrpaTh ypaH. Haubosee BbICOKass akKTMBHOCTh KaJIUs CBsI3aHa C
y4aCcTKaMH Pa3BUTHS KAJTMEBOTO METACOMATO3a.

PasBenka KaJMWHBIX MECTOPOKIeHMMA. ['aMMa-akTHBHOCTh  KaJlUM-
CoJIepIKaIINX MUHEPAJIOB, 00YCIIOBICHHAS IPUCYTCTBUEM PAIHMOAKTUBHOTO U30TOIA
YK, mo3BONIET MPUMEHATh PAIHMOMETPHUECKHE METOJBI MPH Pa3BEIKE KaTUHHBIX
MectopoxeHnid. Hanbomnee a3gekTuBHO ncmob3oBanue y-kapoTaxa. CylecTByer
MHEHHE, YTO Y-KapoTaK MOKET JIaBaTh OoJiee MPECTaBUTEIILHBIC PE3YJIbTAThI IPH
TMOJICYETe 3aI1acoB, YeM XUMHUIecKoe onpodoBanue kepHa (Turaesa, 2000).

IMoucku YrjieBOAOPOAHOTO ChIpbsi. PaboTamMu MHOTHX HCCIIEOBaTEICH
YCTaHOBJIEHA BO3MOKHOCTHh TOUCKOB HE(PTSHBIX M Ta30BBIX MECTOPOXKICHUN C
MTOMOIIBIO PAJMOTCOXHUMHUYSCKUX MeTOJ0B. OCHOBaHWEM JUISI 3TOTO SBIISETCS
YMEHBIIICHNE HHTEHCUBHOCTH Y-TIOJIsA, HaOII0AaeMoe HaJl OONBITMHCTBOM He(Te-
ra30HOCHBIX 3aliexkeil. OTpuIaTenpHas Y-aHOMaIHS HaJl 3QJIEKBI0 YaCTO OKPYIKe-
Ha KOJIBLIOM cJjierka moBbleHHo (Ha 10—15 %) y-akTuBHOCTH. DTH (QakThl IMO-
3BOJIAFOT MCTIOJIB30BAaTh adpOTaMMAacChEeMKy, a TakKKe HA3eMHYIO Y-ChEMKY IS
OKOHTYpHUBaHUS He(DTEra30HOCHBIX 3aJIeKEH.

PagnoreoxumMudeckne CheMKH TP TTOUCKAX MECTOPOXICHUN HE(TH U Ta3a
OTHOCSITCSL K TPyNIEe TaK HAa3bIBAEMBIX MOMYMNPSMBIX MeTOAoB. X mpumeHeHue
0a3upyeTcsl Ha MPEJICTABICHUSIX O BTOPUYHON CyOBEpTHUKAIBHOW MHTPAIMH YT-
JICBOJIOPOHBIX M HEYTJIEBOJAOPOIHBIX KOMIIOHEHTOB OT CKOTUIEHUH He(TH U ra3a
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K JTHEBHOU MOBEPXHOCTH. 3a BpeMs CYyIIECTBOBAHUS 3aJeKd BO BMEIIAIOIINE €€
MIOPOJIBI PACCEUBACTCS 3HAYUTEIBHOE KOJMUYECTBO YTIIEBOJIOPOJIOB, YTIEKUCIOTO
rasa, CepoBOJIOPO/ia, BOAOPOJA U JIp. DMUTCHETUUYECKUI YTIIEBOAOPO U ApyTHe
KOMITIOHCHTBI, HaxoAsACh B HOpPOJax HAAMNPOAYKTHBHOI'O KOMILICKCA, 3a CYCT
OOJIBIION SHEPreTHYECKOW EMKOCTH YTJIEBOJOPOIHBIX COCTUHCHUN aKTHBH3HPY-
0T OKHUCJIUTEIHHO-BOCCTAHOBUTEIIBHEIC IMporecchl. O0pa3yromuecs: Ipyu aKTHUB-
HOM YYaCTUH MUKPOOPTaHU3MOB BOJIA U YTJICKUCIBINA ra3 — KOHCUHBIC MPOAYKTHI
pacmaja yriieBoJIopoJIOB, TaK ke, KaK CEpOBOZOPOA U APYTHE, MUTPUPYIOIIHNE H3
3aJIe)KW KOMIIOHEHTBI, aKTUBHO YYaCTBYIOT B MOCTCEIMMEHTAIMOHHOM MHUHEpa-
71000pa30BaHUU U TIEpepaclpe/IeICHU XUMHUSCKUX JJIEMEHTOB, B TOM YHCIIC U
pallMOAaKTUBHBIX. BTOpHYHBIE M3MEHEHUS MOPOJ B OOJNACTSIX YIIIEBOAOPOIHOTO
HAaChIIICHUA NPUBOIAT K TpaHC(i)OpMaIII/H/I TCOXUMHNYCCKUX U FGO(l)I/IBI/I‘-ICCKI/IX I10-
JIe, IO KOTOPBIM | CYJST O MPUCYTCTBUH, pa3Mepax v KOHPUTypanusx HedTera-
30BBIX 3ajexeit (puc. 5.7).

,/f_\~

3aBUCHMOCTH OT THITOB TEKTOHWYECKHX HAPYIICHUI

— N~ TN

3aBHCHMOCTh OT pasMeEpa 3aICKU

ANYAN SN~

N

AHTHUKINHATIBHAS 3aJI€Kb JIuTomornyueckas 3aaexKb

N M

—

TexToHHYECKH OKpaHUPOBaHHas 3aJICKb rOpCTOBaﬂ 3aJIC)Kb

I e\

JInH30BUIHAS 3aJ1€Kb

Puc. 5.7. Obobwennas paduozeoxumuieckas mooenb 2amMma-nois
Hao y2ne8o00pooHoll 3aiedxcoro (no Warg Ping, Lizhou bo, 1996)
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B o0nacTsax SIUTeHETUYECKOro BO3ACUCTBUS YTIIEBOJIOPOAHBIX 3allexkei
HamboJIee aKTUBHO BeJeT ce0s ypaH. IT0 00yCIOBJICHO TEM, YTO 3TOT JJIEMEHT
MMeEET JBE BaJICHTHBIC (GOpMBI HaxokaeHust — U+ u U*, pasnuyaroruecs mo Mu-
TPallMOHHBIM CBOMCTBaM B ycioBusix m3menstomeiics pH u Eh cpexpl. Makcu-
MaJbHBIE TPATUCHTHl 3HAYEHUI KHCIOTHO-IIEIIOYHOTO MOKA3aTelnsi M OKHUCIIHU-
TEJIbHO-BOCCTAHOBUTENIBHOTO MOTEHIMANa B 30HAX BIUSHUSA BOAOYTJIEBOIOPO-
HBIX KOHTaKTOB CO3/IAal0T JIOCTATOYHO KOHTPACTHBIC T€OXUMUYECKUE Oapbepsl, Ha
KOTOPBIX U MPOUCXOJUT BOCCTAHOBJICHHE PACTBOPEHHOTO ypaHa J0 YeThbIpeXBa-
JICHTHOTO COCTOSIHHMSI, YTO MPUBOJUT K €T0 OCAKIACHHUIO U HaKomueHuto. Ha psme
ionaied B KOHType He(pTera3oHOCHOCTH OTMEYAaeTCsl aHOMAaJbHOE IMOBEIECHUE
kanusi. Bo3HMKHOBEHHE aHOMaJIbHBIX OTKJIOHEHHUH B XapakTepe pacrpeaeicHus
3TOr0 AJIEMEHTA, KaK MOJjaraiT, CBS3aHO C JMHUI€HETHYECKMMH H3MEHEHUSIMU
MHUHEpaJIOB, B YaCTHOCTH ¢ (hopmupoBanueM ruapociion (Sikka et. al., 2002).

[Tpu pagroreoXMMHUECKUX MOUCKaX MECTOPOKICHHUM HEPTH U ra3a UCIOIb-
3yIOTCS, B OCHOBHOM, HA3€MHBIE U a’pPOTaMMAaCIEKTPOMETPUYECKHE CHEMKHU.
Haubonee ycToiuMBBIMU pPaMOr€OXMMHYECKUMU IOMCKOBBIMHM IpU3HAKAMU
CKOIUICHUN He(TH U ra3a SIBISIFOTCS: MOBBIIICHHAS HEOJAHOPOAHOCTh PAAHOIe0-
XUMUYECKHUX TIOJIeH, BOSHUKHOBEHHE CBOEOOpa3HBIX (KOJBIEBHIX) aHOMaAMH U,
K ¥ pagmoakTMBHOCTH, aHOMAJIbHOE U3MEHEHUE TOPUN-YPAHOBOTO OTHOIICHUS,
HapylLIeHUE CTPYKTYpPbl KOPPEISLUOHHBIX CBA3CH MEXIY PaJluOaKTUBHBIMU 3Jie-
menTamu (Cobones u np., 1999).

st yBenwueHus: MHPOPMATUBHOCTH PAJIMOTCOXUMHUYCCKUX HCCIICTOBAHUI
U YCHJICHUS! KOHTPACTHOCTH aHOMAJIbHBIX HAPYIIEHUI UCTIOIB3YIOT PaIOHOBEIE U
TEPMOJIFOMUHECIICHTHBIE PaJIMOMETPHYECKIE CheMKH. [Ipu MpOBEICHUH TepMO-
JIOMUHECIICHTHBIX HCCIEAOBAHUNA W3MEPEHUsT CyMMapHON paJuO0aKTUBHOCTH
OCYIICCTBIIIOT C NMPUMEHCHHEM HCKYCCTBCHHBIX W MPHUPOIHBIX TEPMOIOMHHO-
dopos (Cobomnes u ap., 2007).

K ocHOBHBIM (hakTOpaM, MENIAOIIMM IPU TPOBEACHUH PaJIHOTCOXHMHYEC-
CKHUX TIOMCKOB MECTOPOKIEHUI He(PTH U ra3a, MOXKHO OTHECTH: BBICOKYIO 3aBHU-
CHMOCTh YPOBHEH HakoIuieHHil EPD OT rpaHyJIoOMeTpHUYECKOTro COCTaBa OTIIOKE-
HUH, HU3KYI0 3 ()EeKTHBHOCTH METO/IOB B MpejeiaxX IIIOMAei CO 3HAYUTEIbHBIM
pacrpoCcTpaHEeHHEM AJUIOXTOHHBIX OTJIOKEHHWH. Taxke HeONarompHusTHBIMHU JUIS
PaIMOTEOXUMHUUYECKUX ChEMOK SIBJISIOTCS CYIIECTBEHHO 3a00JI0UEHHBIE TEPPUTO-
pHH, pa3BUTHE UHTCHCHBHO BBIIIEIOYCHHBIX BEPXHUX TOPHU3OHTOB.

5.3. UIcnonb3oBaHWe paguoHYKNNMAOB B reOXPOHONOrnu

B reosoruueckux MCCICAOBAHUSX IIMPOKOE MPUMEHEHHE HAILIM METOIbI
T€OXPOHOJIOTHH, OCHOBAaHHBIC Ha UCIIOJIB30BAHUH MPUPOIHBIX W30TOIMOB ypaHa U
TOpHUSl U MPOJYKTOB UX pacmanga. Yarie BCEro HCIOMb3YIOT HEPBUYHBIC PAIHO-
aykmuaen (238U, 235U, 232Th) B COBOKYIMHOCTH ¢ KOHEYHBIMH CTaOMIBHBIMH H30-
TomaMu psaoB pacmaga (2°°Pb, 207Pb, 208Pb). B mociennee BpeMs Ui PELICHHS
psiaa 3a71a4 MPUMCHSIOTCS U HEPaBHOBECHBIC M3TOITHBIC METO/IbI, OCHOBAHHBIC HA
UCITIOJIb30BAHUH TIPOMEXKYTOUHBIX PaJHOaKTHBHBIX MTPOLYKTOB PAIOB pacIaja.
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5.3.1. MemodbI, 0OCHOB8aHHbIe Ha UCNO/Ib308aHUU NePeUYHbIX Pa0UOHYKIUA08
U ux cmabunbHbIX npodykmoe pacnada

W3mepenne M30TONHOTO BO3pacTa PaAMOAaKTUBHBIX MUHEPAIOB M IOPOJ B
o0111eM BUIe€ OCHOBAaHO Ha TOYHOM OIPENEICHUU COOTHOLICHHS KOJIMYECTBA pa-
JUOAKTHUBHOI'O JIEMEHTA M INPOJIYyKTa €ro pacraja, HAKOIMBILIErOCs B TCUCHUE
re0JIOTMYECKOr0 BpeMeHU. BO3MOKHBIN IIpeiell U3MEPSIEMbIX 3HAaYEHHM BO3pacTa
OIIpEeAEIIAETCS NATUKPATHBIM IIEPUOIOM IOJIypacnana JAaHHOTO PaJIUOAKTUBHOTO
anemeHTa (tadm. 2.3).

5.3.1.1. ¥Ypan-mopuit-céuny06vtii Memoo onpeodenenus 603pacma

OcHOBHble cBeAeHUs 0 MeToae

YpaH-TOpuii-CBUHIOBBIA METOJI ONIPEAEIICHUSI BO3pacTa OCHOBAH Ha pajiuo-
aKTHBHOM pacmaje ypaHa u Topus. [lepsuunbie paaunykauast 238U, 235U, 232Th B
MPOLIECCE PaJMOAKTHBHBIX MPEBPAILICHUI 00pa3yIOT JUIMHHBIE [EMOYKH MEPEX0-
JANIMAX JAPYT B Ipyra paaroOHYKIHMIOB — PSUIBI paciiaza Wil paJrioaKTHBHbIE Ce-
MmeiicTBa. KOHEYHBIMU MPOAYKTaMU paciiaja sABJISIFOTCS M30TOINBI CBUHIIA U sIpa
aToMoB renus (o-dacTuilbl). [Ipu MCClIeIOBaHUHM JAOCTATOYHO JIMTENBHBIX I'eO-
JIOTHYECKUX IMPOIIECCOB MOKHO MPEeHEOpeyYh CPABHUTEIHLHO KOPOTKOKUBYIIIMMHU
NPOMEKYTOYHBIMHM HWIEHAMH DSIOB pacraga M paccMaTpuBarh YIIPOIICHHBIC
cxempr: 238U-206Ph, 235(J-207pp, 232Th-208pp,

Kpome paavioreHHBIX H30TOIOB CBHHIIA B TPHPOJIE BCTPEYACTCS H3O0TOI
204Pb. Ero npuHSATO CYMTATh MIEPBOHAYAIBLHBIM CBHHIIOM, HE UMEIOIIIMM PaJIHO0aK-
THBHBIX TIPEAIIECTBEHHUKOB. [ToaTOMY

€ro KOJIMYECTBO OCTAeTCA HEU3MEH- o 407

HBIM C MOMEHTa 00pa3oBaHUs 3eMIIH, c; 35 208

B TO BPEMS KaK KOJNMYECTBO IPYyrHX  Q Pb
M30TOIIOB CBHHIIA B pe3yJIbTaTe pa- g 30+

JIMOAKTUBHOTO pacliaja ypaHa ¥ Topus @ -

HETIPEPBIBHO Bo3pacraet. Pacmpocrpa- o

HEHHOCTb U30TONOB cBuHNA (110 Hupy, 8 5.

1941) BBIISIAMT CHAEAYIOMMUM 00pa- % Pp207
30M: Pb204 — 1,55 %; Pb206 — 22,51 %; z 15

Pb?07 — 22,60 % u Pb?%® — 53,34 %. O g 10- Pp206
XapakTepe SBOMIOLUH H30TONHOIO CO-  Q

CTaBa CBMHIA B 3€MHOH KOpE MOXHO 5§ 5]

cyautb no rpaduky (puc. 5.8). Ilpu pPp204

3TOM cojiepkaHue u3otona Pb?% mpu- — — 11
5 4 3 2 1 0

HATO 32 €IUHULLY. B 3
C 3TUMU JaHHBIMH COTIJIACYIOTCS 03pacT Semrn, MIpA net
u nanHeie Al Bunorpasosa o cpen- Puc. 5.8. Deonroyus cocmasa ceunya
MOpOo/Iax pa3Horo Bo3pacra (Tabdm. 5.2). spemenu (no Pacceny u Yepovinyesy)
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Tabnuma 5.2
H3zomonnwlii cocmas ceunya nopoo pasHoco 803pacma
(A.A. Hwenuykun u op., 1978)
kst Unrepsan, | Pacnpoctpanennocts usorornos Pb (***Pb = 1)
CKJIaIYaTOCTH MJIH JICT 206py, 207py, 2083py,
CoBpeMeHHBIN CBUHEI] 0 19,04 15,69 | 39,00
Anbrnniickas 0,5-180 18,45 15,63 38,34
I'eprackas 200-260 18,11 15,57 | 38,24
Kanmemonckas 280400 17,17 15,46 | 37,00
IIporepo3otickas 600-1200 16,48 15,39 | 36,00
Bepxnueapxeiickas 1400-2000 15,36 15,25 34,77
Hwmxaeapxeiickas 2000-3000 14,10 14,91 34,05

N3 Tabu. 5.2 BUIHO 3aKOHOMEPHOE M3MEHEHHE U30TOIMTHOTO COCTaBa CBUHIIA
MOPOJ] C T€0JIOTUYECKUM BPEMEHEM.

Kpome Toro, ycraHoBiieHO, YTO M30TOMHBIM COCTAaB CBUHIIA OJHOBO3PACT-
HBIX TOPHBIX MOPOJI PA3IMYHOTO TeHe3uca KOJeOJIeTCS B HE3HAYUTEIBHBIX Ipe-
nenax (taoi. 5.3).

Tabnuna 5.3

H3zomonuwiil cocmas ceunya nopoo pasHo2o 2eHe3uca
(A.A. Hwenuykun u op., 1978)

PacnipoctpanerHocTs H3o0toros Pb (***Pb = 1)
It cknariarocTn 206 207 208
Pb | Pb | Pb

MarMaTmdaeckue:

KHCIIbIE (TPaHUTHI) 19,35 15,85 58,90

OCHOBHBIC 18,75 15,39 38,27

YJIBTPAOCHOBHBIE (JYHUTHI) 19,77 15,61 58,15

0CaJI0YHBIC 18,85 15,70 38,82
MereopuTsl:

KaMEHHBIE 19,53 16,70 39,86

JKEJIe3HbBIC 9,41 10,27 29,16
W3otonHblii coctas Pb B MOMEHT 8.05 7.80 27.09
00pazoBaHus 3eMiH (IO pacyeTram)
CoBpeMeHHBII H30TOIMHBINA 18.50 15,69 38,51
cocraB Pb (3emMHas kopa)

B 10 xe Bpems koneGaHMS B U30TOIHOM COCTaBE CBHHIIA OJHOTO KaKOIo-
au00 TUIA MOPOJ MOTYT ObITh 3HAYUTENIbHBIMH, YTO, HECOMHEHHO, CBA3aHO C
Pa3IMYHBIM COJAEPKAHUEM B HUX IIEPBUYHBIX PAJUOHYKIIMIOB — YpaHa U TOPUSI.

B 3eMHOI KOpe CBHHEL MOYKET HAXOAUTHCS B CIEIYIOIMIMX COCTOSTHUIX:
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1. B Buze caMOCTOSITENHHBIX MUHEPAJIOB, HATIPUMEP CAMOPOJIHOTO CBUHIIA,
ranenuta (PbS), Oynamxepura (Pb,Sb,S,|), Oypronura (PbCuO,), uepyccura
(PbCO,), anrnesura (PbSO,), xpoxoura (PbCrO,) u ap.

2. B Buge n3oMop(HOI nMpruMecH B MUHEpaIax, CIaraloliix TOPHbIE MTOpPo-
IIbI, COACPIKAIIUX AIEMEHTHI, UMEIOIINE OMU3KUI MOHHBIN PaJnyC CO CBUHIIOM —
Oapwuii, Kanuii, CTpOHIINN, Kb, HaTpuid. M3 HUX Kaymii siBsieTcss Hanbosee
pacipoCTpaHEHHBIM B MPUPOJE JIEMEHTOM, KOTOPBIA Yalle BCEro H30MOPQHO
3aMeIaeTcsl CBUHIIOM (KalHeBbIE TMOJIEBBIE IIMATHI COAEPKAT CPABHUTENBHO TO-
BBIIICHHBIE KoNndecTBa CBUHIA — 5+100 1/T). DTOT BBIBOA XOPOIIO MOATBEPK/Ia-
€TCsl U pacTpe/ie]ICHUEM CBUHIIA 110 TUIIAaM MarMaTHYeCKUX mopos (Tadim. 5.4).

Tabnuma 5.4
Codeporcanue ceuHya 8 nopooax pasnozo cocmasa (no Bedenonro, 1956)

Tume! mopon CopeprxaHue CBUHIIA, T/T
Kucmpie 19,0
Cpennue 10,0
OCHOBHBIC 6,0
VY bpTpaocHOBHBIE 3,0

OnpeneneHue Bo3pacTa

B npupoansix 00bekTax, ColepKalUX ypaH U TOPUM, IPOUCXOTUT HElpe-
PBIBHOE HAKOIUIEHUE PAJUOT€HHOT0 CBHHIIA, KOTOPBIM MpeAcTaBisieT coboil cym-
My KOHEYHBIX MPOAYKTOB pacmazna 2%°Pb, 207Pb u 208Pb (Tabu. 5.5). Ha ocHoBaHuu
3aKOHA PaJJMOAKTHBHOTO Paciiajia MOXKHO HAIUCATh YPABHEHHUE:

— At
N, =Nge*, (1)
rae No — IepBOHAYaJIbHOE YHCIIO aTOMOB PaJMOaKTUBHOIO JIEMEHTa; Nt — YHCII0

ATOMOB pPaJJUOAKTUBHOI'O 3JICMCHTA IO MPOMICCTBUHU BPEMCHU t; A — TIOCTOSIHHASI
PaaAruOaKTUBHOTO paciiaga; € — OCHOBAHUC HATYPAJIBHOI'O JIOT apI/I(I)Ma.

Tabmuna 5.5
Ocnoenvie napamempol cucmem *35U-20Pp, 233U-207pp, 232 Th-208pp
Marepumciuii Conepxca;me [Tepuon KoncranTa TlouepHuii
HyKImaa, % ot myJypacmaia pacmana (L),
HYKIIA] HYKJIN]
CyMMBbI U30TOTIOB (Ty2), TOIBI TOIBI
By 99,2743 4,468 x 10° 1,55125 x 107"° 20%pp,
U 0,7200 0,7038 x 10° 9,8485 x 107'° *7pp
22Th 100 1,4008 x 10" 4,9475 x 10710 208py,

Jljis IpUpOAHBIX 0OBEKTOB (B YACTHOCTH MHHEPAJIOB U TOPHBIX MOPOJ, CO-
JIepKaIUX ypaH U TOPHiI) MOKHO BBIBECTH TPU YpPaBHEHUS, YCTaHABIMBAIOIINX
3aBUCHUMOCTb MEXJly KOJIMUECTBOM HEpACHAaBIIETOCs ypaHa WM TOPUS U €r0 BO3-

pacToM:
206Pb — 206Pb0 + 238U(CM _ 1)’ (2)
207Pb — 207Pb0 + 235U(CM _ 1)’ (3)
208Pp = 208Pb + 232Th(eM — 1), 4)
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B ypaBHenusx 2, 3, 4 20°Pb, 207Pb, 208Pb — coneprkaHre HM30TOIOB CBUHIIA B
uccienyemMoM obbexre; 20Pb,, 297Pb,, 28Pb, — mepBoHauanbHOE COAEpIKAHUE

H30TOIMOB CBHHIIA B HCCIECAYEMOM OOBEKTe B MOMEHT OOpa30BaHHUS MUHEpalia
Wi ropHoit moposl; 238U, 233U, 232Th — comepikaHre COOTBETCTBYIOIINX PaAIHO-
HYKJIHOB B HCCIIEyeMOM 00BEKTE; A — IMOCTOSHHAS paciaga COOTBETCTBYIOMIMX
pamuonyknuaos (238U, 233U, 232Th); t — Bo3pacT MUHEpasa; € — OCHOBaHHE HATY-
panbHOTO JIorapudma.

W3 5TUX ypaBHEHUI MOKHO TOIYYIHUTH (POPMYJIBI IS pacueTa BO3pacTa:

1 [ 206 Pb — 2% Pbo .

b6 = 1 In B8y +1; (5)
238 .
1 [ 207 Pb— 2P

toy= 7| g *L; (6)
235 L i
1 [ 208 Pb — 2%pp

thos = 1 In By S+l (7)
232

Pa3nenuB ypaBHeHue 3 Ha ypaBHEHUE 2 U 3aMEHUB OTHOLLEHHUE U30TOIOB Ypa-
Ha-235 u ypana-238 Ha Tabmmynoe 3naueHue (1/137, 88), momyuum dopmymy (8)
JUIS pacyeTa Bo3pacTa 0 ypaHOBOMY PaJuOTeHHOMY CBUHILY. Kak MBI yke oT™me-
YaJii, TaKO€ OTHOLICHHUEC IMPUPOJHBIX HM30TOIIOB ypaHa THUIIMYHO IJId BCEX IIPH-
POIHBIX 00BEKTOB. HapyIieHO OHO TOJIBKO B MOPOJIaX MPHUPOIHOTO SISPHOTO pe-
aktopa OKJIO ¥ B TEXHOT€HHBIX OOBEKTAX.

e7¥235t —1
In| ——
137,88 e —1

[To mpuBenEeHHBIM YpaBHEHHUSIM MOXKHO JOCTATOYHO YJOBJIETBOPHUTEIHHO
OLIEHUTh BO3PAaCT MUHEPAJIOB U MTOPOJ IO 3apaHee COCTABICHHBIM HOMOIPAMMaM.
B reonoruueckoii aurepatype GOJBIIMHCTBO Pacue€TOB BO3pacTa CAENIaHO MO HO-
morpammam Komma, beiita u bpekepa (1959). bonee nenecoo6pa3Ho Mmoiab30-
Batbes Tabmuamu Ctudda, CrepHa, Ommpo u 3eHdTaa ¢ 601ee TOUHBIMU 3HA-
YEHHUSMH MOCTOSHHBIX pacnazfa ([lmennukud u np., 1978).

Onpenenus B ypaH-TOPUEBOM MUHEpAJE COJEPKAHUE ypaHa, TOPUs, CBUHLIA U
M30TOMHBIN COCTAaB CBUHIIA, MOYKHO 10 YEThIpeM ypaBHEHUsM (5, 6, 7 u 8), u3 Ko-
TOPBIX TPHU IEPBBIX COBEPIICHHO HE3aBUCHMBI, BBIYHCIMTH 3HAUYEHUE BO3pacTa
MUHEpaJla B MIJUIMOHAX JIET. B cioydyae coBmaneHusi BCEX YEThIPpEX 3HAYEHUH CO-
MHEHUS B MPABUIBHOCTHU MOJTYYEHHOH IUQPBI BO3pacTa OTHagaroT. Bo3MOXHOCTD
MOT0OHOTO KOHTPOJIS SBJISIETCS] BAYKHOW TIOJIOKUTEIHPHON YePTON JAHHOTO METO/IA.

B npakTuke onpeneneHus U30TOMHOTO ypaH-TOPUI-CBUHIIOBOTO BO3pacTa B
Ka4yecTBE MaTepuaia i aHaidu3a OOBIYHO HCIONB3YIOT pa3iM4yHbIC ypaH- WIH
Topuiicosiepkale MuHepaibl. Tak Kak IJIaBHOE YCJIOBHE NMPUTOJHOCTH 00pas-
LIOB I OIpPENEICHHs BO3PACTa — 3TO 3aKPBITOCTh UCIOJIb3yEMONW CHCTEMBI, TO
i U-Th-Pb-metona 00b19HO NPUMEHSIOTCS Hanboiee yCTOHUMBbIE K BO3ACHCT-

(207Pb/206Pb), ;= +1]. ®)
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BHUIO HAJIO’)KEHHBIX MPOIECCOB MHHEPANbI, TaKHe KaK HUPKOH, C(HEeH, MOHAIIHUT,
OpPTHUT, YPAHUHUT | JIp. B HacTosiee Bpems Jarie BCero UCIoJib3yeTcst IUPKOH.

Ecnu cucrema Obla 3aKpbITa Bce BpeMs CYIIECTBOBAaHHMsS MHUHEpaja, TO BO3-
pacT, MOJy4YEeHHBIA MO pa3HbIM W30TOMaM, AODKEH OBITh OJUHAKOBBIM (KOHKOP-
JTAHTHBIM). B mpakTHKe ke Yarie BCero OIEHKH BO3pacTa Pa3sHBIMH METOJIaMH HE
COBMAAAIOT (AMCKOPIAHTHBI). B 3TOM ciyyae [uisl MOJTydeHUs! TOCTOBEPHBIX pe-
3yJbTAaTOB MCIONB3YIOT KOMILIEKC AAHHBIX MO MapareHeTUYeCKHUM MHHEPaTbHBIM
acCcOIMaNUsIM Il TTOCTPOSHHSI M30XPOHHBI. VHTEepIpeTanuio MoTy4eHHBIX JIaH-
HBIX BBITIOJHSIOT C IPUMEHEHUEM Pa3IMIHBIX IPpa)UIeCKUX METOJIOB.

Ecmu ypancoaepxarumii MUuHepaia B TEYEHHE CBOETO CYIIECTBOBAHMS HE UCIIBI-
TBIBAJI HY TIpHBHOCA, HU BbiHOCA U 1 Pb, To mmdpsr Bo3pacra, onpenenaeHHbIe Mo OT-
Homenusm 27Pb/233U u 20Pb/238U) mosmkmbel coBranars. Takue Bo3pacThl Besepuiur
Ha3BaJI KOHKOpAaHTHbIME. Ha mrarpamme B koopaunarax 207Pb/233U-20Pb/238U touku
JUISE KOHKOPAATHBIX BO3PACTOB JISITYT HAa €IMHYI0 KPUBYIO, KOTOpask Ha3bIBACTCS
KOHKopauen (puc. 5.9).

Konkopaus npencrabisier co60ii reoMeTpUYEcKOe MECTO TOYEeK BCEX COrvia-
cyromuxcs (U-Pb)-cucrem. Ecnu MmuHepan ucnbITaln CpaBHUTENFHO HEJABHO MOTe-
pIO CBHHIIA WJIM MPUBHOC ypaHa, TO TOYKa OyJeT pacrojaraThCsl Ha TUarpaMme
HWKe KOHKopuH (Touka B). Eciu npomsomien odpaTHbIi nporecc (4To MpOrCXo-
JUT 3HAYUTEIHHO PEXKeE), TOUKH pacrojararorcs Boiiie konkopauu (touka C). Ecau
MpoLIeCcC MepepacipeaeieHus 3JIeMeHTOB B ofHoBo3pacTHoi (U-Pb)-cucteme npo-
HCXOIWI OJHOKPATHO, TO TOYKH ISl IMAapareHeTUYHBIX O0pa3IoB (MHHEPAJIOB,
[IOPOJI) pacmojokaTcs Ha HpSAMOM, KOTOpasi HOCUT Ha3BaHue quckopaus. Bepx-
HSSL TOUYKA A TepecedyeHrsi KOHKOPAUU U TUCKOPIUU JAaeT UCTUHHBIA BO3PACT
MUHEPAJIOB, HUKHSISI Touka D mepeceueHus: 1acT BpeMsi U3MEHEHHH, TPUBEIIIHX
K IepepacipeieeHUIO 3JIEMEHTOB.

Bapuanuu n30TOMHOTO cocTaBa CBUHIIA MOTYT OBITh HCIIOJIb30BaHbI HE TOJb-
KO JJIsl pacyeTa Bo3pacTta, HO U JJIsl PELICHHUs BOIIPOCOB TeHE3HCca TOPHBIX MOPOJ U
pyZ, Bompoca 00 MCTOYHUKE W BPEMEHU
TeHepaly MarMbl U T. . 371eCh UCTIONb- A
3yeTcsl METOJI TaK Ha3bIBAEMOT'O OOBIKHO- c
BEHHOTO CBWHIIA, T. €. CBHHIIA, W30TOII- 1500
HEIA COCTaB KOTOpPOTr0 COOTBETCTBOBAJ 1350 A
MEePBUYHON TOMOT€HHOM 3eMIIe.

N30TONHBIN COCTaB NEPBUYHOIO
CBUHIIA OBUT OMpPEACNICH M0 METEOpPHT-
HOMY BEIIECTBY, MPAKTHUYECKU CBOOOJ- 500
HoMmy oT U u Th, ucxons us nomymeHus D
COBMECTHOTO MPOHMCXOKICHHS METEOPH- 400
toB U ConHeuHol cuctembl. B HacTos- 0 1 2 é 4
mee BpeMs B KAueCTBE MEPBHTHOTO 207py, /235
MIPUHSIT U30TOIHBIN COCTaB TPOWIIMTA U3
meteoputa Kanvon [[ps6mo (Tatsumoto, Puc. 5.9. Konkopous u ouckopous
Knight, Allegre, 1973). (H.A. Tumaesa, 2000)
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PesepByap, B koTropoMm OblTH paBHOMepHO pactpenenensl U, Th u Pb, cy-
IIECTBOBAJ BCKOpe mociie oOpazoBanms 3emuu. JuddepeHnuanyus MaHTHH T10-
CTETIEHHO MPHUBOAMIIA K TOSBICHUIO HOBBIX PE3€PBYapOB W HEOJHOPOJHOCTEH B
pacrpenenenun U/Pb u Th/Pb. B pesynbrare pagnoaktusHoro pacnaaa U u Th k
NEPBUYHOMY CBHUHILy J00aBJISUIOCH CO BPEMEHEM BCE BO3pACTaBIEE KOJIHMYECTBO
paaroreHHbIX n30TonoB 2%°Pb, 207Pb u 298Pb. IIpu 3TOM OOIBIIEMY COICPIKAHUIO
PaaMOAKTHBHBIX 3JIEMEHTOB BO BTOPHUYHBIX pE3epByapax COOTBETCTBOBAJIA
Oonbiiast 70O6aBKa PagUOreHHOr0 CBUHIA. EcaM B MOMEHT t CBUHEIl U3 TaKOTO
pe3epByapa ObUT SKCTParupoBaH M MEPEOTIONKEH B BUAE COOCTBEHHBIX CBUHIIO-
BBIX MHHEPAJIOB (HAIPHMeEp, *KHUJIbl TAJICHUTA), TO OH OyJIeT COCTOSTHh U3 JBYX
KOMITOHEHTOB: NEPBUYHOTO CBHHIA U PAJMOTCHHON 100aBKH, HAKOMMBIIEHCS 3a
nepuon ot T 1o t;. Ecnim npyras pynnas xuna Oplia oOpa3zoBaHa B 0oJiee Mmo3[-
HMI TIEpUOJ t,, TO OOBIKHOBEHHBIN CBHUHEL 3TOM KHJbI OyAET COCTOATH U3 Iep-

BUYHOTO CBHUHIIA U OOJIBIIICH PaAMOTEHHOMN T00aBKH, Y€M B IIEPBOM CITydae.

5.3.1.1. I'enueswtit Memoo onpedenenusn 6o3pacma

['enuii, Kak ¥ U30TOMBI CBUHIIA, SIBJISICTCS KOHCYHBIM CTA0MJIBHBIM WICHOM
paZOaKTUBHBIX PSI/IOB pacnaja ypaHa u Topus. J{s pacyera Bo3pacTa rereBbIM
METOOM HCIIONb3yeTcs (hopMya:

He 8238U L 7235U ot 6232U i
4,002=238,07(e“ 1)+235,11(ex t 1)+232_,12(eA 1), O

2 2 232
r7ie Aa3s, A23s, A23p — IIOCTOSIHHAS pacmajia 38y, 2°U, *Th; 8, 7, 6 — KOTUYIECTBO
saep renus, o0pa3yIONMXCS NPU pachaje Ha3BaHHBIX HM30TOIOB J0O CBHHIIOB.
[{udps! B 3HAMEHaTEIe — aTOMHAsI Macca COOTBETCTBYOIIUX H30TOIIOB.

B Tex ciyuasix, KOraa pasjieibHoe onpenaeneHue conepxkanus 238U, 23U u
232Th 3aTpyaHEHO, MPUOIM3UTEIBHBINA BO3PACT MUHEPATa MOXKHO OTIPEIETHUTH 10
OTHOIIECHHIO COJIEPKAHUS TeNusl K aib(ha-aKTHBHOCTH MHHEpaJa.

He
t~0,0308x10° x—, (10)
o
rac He - COACPpIKAaHUC TCIIUA B CM3/1“; Ia — aJ'IL(I)a-aKTI/IBHOCTL MHHCpPAJIa

(B yact/mr-u).

Tak kak Mo CyMMapHOW aiab(a-aKTUBHOCTH CEMEICTBA ypaHa U TOpPHUS pa3-
JIMYAIOTCs HECYIECTBEHHO, TO U3MEHEHHUs OTHOLICHUH ypaHa K TOPHIO, pacCUH-
TaHHBIE 110 JaHHOU (hopMyJie, Ha BEJIMYMHE BO3pACTa MOPOJ t CKa3bIBAIOTCS He-
3HAYUTEIIBHO.

['enuii OTHOCUTCS K YMCITy HauOoJiee MOABIKHBIX XUMHYECKUX 3JIEMEHTOB
Halle IUTAHEThl U COXPAHSAETCS JIMIIb B HE3HAYUTEIBbHOM 4YHCIIE MHHEPAJIOB C
IUIOTHOW KpHUcTauinueckoil crpykrypoi. K takum munepanam O.K. I'epaunr u
A.A. TlonkaHOB OTHOCSAT: IUNUHENb, KUAHUT, aHAATY3UT, CTABPOJIUT, I'PaHaT, TO-
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a3, pyTuj, aHaTa3, OpyKUT, KACCUTEPUT, WIbBMEHHUT, MarHe3uT, CAMOPOIHBIC JKe-
71€30, Me/lb, IUTATUHY U JIP.

Jlis ompeneneHus Bo3pacTa liejecooOpa3Hee IMOIb30BaThCsl MUHEpAaMH,
COJIepKallMK HE3HAUYUTEIbHbIE KOJIMYECTBA PAaBHOMEPHO PACIPENIEICHHOIO IO
CTPYKTYpE€ MHHEpaJla ypaHa U TOpHs, TaK KaK B CHJIbHOPAJMOAKTUBHBIX MUHEpa-
JaX HAKOMHMBIIMICS TelIUi CO3/1ae€T B KPUCTAJUIMUECKOU CTPYKTYpE BBICOKOE (J10
50 krc/cm?) naBieHue, KOTOPOE MPHBOAUT K Pa3pyIICHUIO MHUHEpaia M YTCUKE
renusi. Kpome Toro, cTpykTypa Takux MUHEPAJIOB pa3pylIacTcsl MOJA JI€UCTBUEM
OOMOapIUPOBKH OL-4ACTHUIIAMHU.

Ha Tounocth BO3pacTa, KpOMe YTEUKHU Ievs, BIUSET NEPBUYHbBIN relui, 3a-
XBA4YE€HHBII B MOMEHT KpUCTAITU3AllMU MUHEpaJa, a TakKe reyiuid, 00pa3yromiei-
Csl B pe3ysibTaTe O-pachajia camapusi U sIEPHBbIX peakiui Mmoj JeHCTBUEM KOC-
MHYECKOT0 H3JIy4eHUs. MuHepanbl [EerMaTuTOB, T'€HETHUYECKH CBS3aHHBIC C
THEBMATOJIUTOBBIMH TIPOIECCAMH, UIMEIOT U30BITOYHOE COJIEPKAHUE TN U, KaK
CJIEJICTBUE 3TOT0, aHOMAJILHO 3aBbIIIEHHBIN BO3pacT.

Bo3pact MuHepanioB, OTBeHarOIMi ONTHUMAJIBHBIM YCIOBHUSAM, YJIOBIETBOPH-
TEJILHO COBIAJAET C JaHHBIMU CBHHIIOBOTO MeTo/a. OHAKO B OONBIIUHCTBE CITY-
4aeB 3HAYEHUS BO3PACTa, HAUJACHHBIE 110 CONEPKAHUIO TellNsl, OKAa3bIBAKOTCS 3aHU-
KEHHBIMU U XapaKTEPU3YIOT JUIIb MUHUMAJIbHO BO3MOXKHBINA BO3PACT MOPOJI.

5.3.2. OnpedeneHue eo3pacma 20pHbIX NOPOA U MUHEPasIo8 N0 MpeKam
CNOHMaHHOo20 defleHus s0ep

OcHoOBHbIe cBefleHUs 0 MeToe

B pesynpTare crnoHTaHHOTO JeneHus siaep oOpa3yroTcsi B OOJBIIMHCTBE
CIIy4yaeB JIBa OCKOJIKA, KOTOPBIE PA3JIETAIOTCS B pa3HbIE CTOPOHBI, CO3/1aBasl Je-
(eKThI B CTPYKTYype MUHEpasa — TPeKH (TpeK B MEepeBO/I€ C aHIJIMICKOro O3Hava-
et cinen). Tpeku MOryT OBITh JIETKO OOHAPYKEHBI U SBIISIOTCS BAXKHBIM HCTOYHU-
KOM HH(OpMAaIH.

HanOonpmuii BKaaa B MIIOTHOCTE CIEIOB OT OCKOJKOB CIIOHTAHHOIO Jeje-
HUS s7iep B MUHepaiax BHOCHT u3oTon 233U, Bkiaa ot eseHus ApYrux U30TOMOB
ypaHa BecbMa Mall, TaK KaK MX KOHIIEHTpaIusi U MOCTOSIHHBbIE PAJUOAKTHBHOTO
pacmazia 3HauYUTEIbHO MeHbIle, YeM y 233U, HeboubIioit BKIaa B IUIOTHOCTH CJie-
JIOB OT OCKOJIKOB CIIOHTAHHOT'O JIEJIEHHsI MOKET 1ath 232Th, 0HAaKO 3TOT BKJIa[
OyZleT ONIyTUMBIM TOJIHKO TOTJIA, KOT/Ia KOHIIEHTpAIUsl TOpHsl B MHHEpaJie Tpe-
BBICUT KOHIIEHTpaIuio ypana B 10 pa3. Ho B OosbIIMHCTBE MPUPOAHBIX MUHEpa-
JIOB TOPUH-YpAHOBBIE OTHOIIECHUS 3HAUUTEITLHO HIKE 3TUX BEJTUYHH.

OcCKOJKH JeIeHNUsT MOTYT BOSHUKHYTh U B Pe3yJbTaTe O0MOApIMPOBKY siep
TEIJIOBBIMM HEHUTPOHAMU M KOCMHUYECKMMHU yYacTULaMU. Pacuerbl mOKa3bIBAIOT,
YTO JJI1 36€MHBIX 00pa3lloB, 3AIIMIIEHHBIX OT KOCMHYECKOI'O H3JIyUYEHUs aTMO-
cdepoif, BEpOSATHOCTb BO3HMKHOBEHMS TPEKOB B PE3yJIbTaTe ITHX MPOLECCOB
BecbMa HeBenuka (Pneitep u ap., 1973).
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B Tabn. 5.6 npuBeaeHb! HEKOTOPBIE JAaHHBIE 110 U30TONAM TSDKEJBIX 3JI€MEH-
TOB, IIPH JIEJCHUU SAep KOTOPBIX 00pa3syrOTCs OCKOJKU AENICHHs, CO3AA0LIHe
TPEKH.

Tab6muna 5.6
Cnoumanno oensiuguecs snemenmol 6 npupooe (no U.I". Bepzunoi, 1970)
Homs B ectectBenHoit | CopepxxaHue B 3eMHON Iepuon nonypacnana
DIIEMEHTHI CIIOHTAaHHOI'O ACJICHUS,
CMECH U30TOIOB, % Kope, Bec. %
oAbl
*Th 100 8x 107 1,0 x 10"
By 99,28 3x 107" 1,0 x 10"
2y 0,721 2x 107" 1,0 x 10"
U 0,006 - 1,0 x 10"

Kunernueckass SHEPrUst OCKOJIKOB CIIOHTaHHOTO jejienus 238U komebercs
o1 30 1o 105 M»3B. IIpu ABM>KEHHUU OCKOJIKOB B BEIIECTBE BJI0JIb €M0 TPAEKTOPUU
oOpa3zyercs ucKakeHHas obnacTtb. OHa CO3J1aeTCsl HIHEPrUeil OCKOJIKa, MepeiaH-
HOM KpucTtamty. Mexanusm o0pa3oBaHUs TPEKOB TUCKYTUPYETCS.

OKcrepUMEHTAIbHBIM MyTeM ObLIO J0Ka3aHO, YTO BEPOSTHOCTH 0Opa3oBa-
HUSl TPEKa 3aBUCHUT OT SHEPTUU U Macchl OCKOJIKA. [IepBUUHBIN Tpek BO3HUKAET,
€CJIM OCKOJIOK MTPOU3BOJUT MOHHU3AIMIO HE HI)KE HEKOTOPOU KPUTUYECKOM Beu-
YUHBI, PA3JIMYHOM JJIs pa3HbIX MUHEPAJIOB.

XapakTepHsl Cleyrone pa3Mepsl Tpeka: aiuHa — 1—-10 mxMm, quamerp — 100.

Taxum 06pa3zom, Tpek — 3TO He JeeKT Ha aTOMapHOM ypOBHE, & MAaKPOCKO-
nUYecKoe o0pa3oBaHUE, pa3Mep KOTOPOTO MPEBOCXOAUT MEXATOMHOE paccTos-
Hue. B oobeme Tpeka pasmemaercs g0 10 atomubix mosunuil (I'ery3un, 1972).
ATOMBI CIIOHTAaHHO JAEJAILIMXCS AJIEMEHTOB XA0THYHO PACIIOJIOKEHBI IO BCEMY
0o0beMy MHHEpana U JI00YI0 IUIOCKOCTb, NMPOBENECHHYI0 BHYTPU JAHHOTO KpH-
CTaJljla MHUHEpasa MoJi pa3HbIMU yriamH, OyIyT MepeceKkarh Cielbl OT OCKOJIKOB
neneHus. Tak, IpU pacCMOTPEHUH B AJIEKTPOHHBIA MUKPOCKOII YENIyeK CIIFOJBI,
BBIKOJIOTBIX IO TUIOCKOCTH CIIAMHOCTH, TPEKU MPECTABIAIOTCS Xa0THYHO paciio-
JIOKEHHBIMHU B MPOCTPAHCTBE B BUJE TEMHBIX JMHUN Ha oOIIeM CBeTIoM (oHe
(bep3una u ap., 1970).

Opnako HabOIIOJEHNE TPEKOB OT OCKOJKOB ropasfo ynoOHee MpPOBOIUTH B
O0OBIKHOBEHHOM TOJISIPU3AL[MIOHHOM MHUKpOCKoTIEe. J[s 3TUX 1emnei Tpeku JOIKHBI
ObITh yBenmueHbl 10 1 000-x MmyTeM XMMHYECKOTO TPaBJICHHS KPUCTAIIOB pa3-
JUYHBIMHU peareHTaMu.

KonmnuecTBo TpekoB B MUHEpaJax pa3iIM4yHO, YTO 3aBUCST OT BO3pacTa MUHEpaJIa
Y KOHLIEHTpaluM ypaHa B HeM. Hanpumep, npu Bo3pacte ciito bl B 250 MIIH JIET ¥ TTPU
conepkanun ypana 1070 % umcio TpekoB coctaBisier mpuMepHo 10% ma 1 cm?
MOBEPXHOCTH 00pasIa.

Tpeku XopoIIo OTIMYAIOTCS OT APYTHUX AePEKTOB B MUHEpAJIE CIIeIyIONMMHU
CBOWMCTBAMH: TNPSIMOJIMHEHHOCTHIO, OTPAHUYCHHON UIMHOW, OECTOpsI0YHOCTHIO
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OpHEHTaluH B 00beMe 00pasiia, XapaKTepHBIM HCUE3HOBEHHEM NPU HarpeBaHMHU,
(dbopmoii puryp TpaBIeHHUS U UX OPUEHTHPOBKOH (puc. 5.10).

\VA®

1 2 3 4 5 6 7

Puc. 5.10. @opma mpexos cnoHmanHo2o Oeienus a0ep Ypana 8 paziuiHblX eujecmedx:
1 — ob6cuouan; 2 — myckoeum (001); 3 — anamum (101); 4 — sezysuan (001);
5 — 6uomum (001); 6 — proconum c manvim cooeparcaruem pmopa (001);
7 — ¢hnoconum ¢ evicokum cooepaicarnuem pmopa

B03M0OKHOCTE BBISIBICHUSI TPCKOB B PA3JIMYHBIX BCHICCTBAX IO3BOJIACT PC-
IIaTh CJICAYIOIINE 3aJla4h: ONPEICIIATh a0CONIOTHBIM BO3PACT MUHEPAJIOB (BO3-
pacT TOCJIEeTHUX 3TanoB MeTaMop(du3Ma); ONpeAeisTh HU3KHE KOHIICHTPAIHH
ypaHa B UCCIIEyEeMbIX MUHEPAIax; MPOU3BOANTH KIaCCU(PUKAIIIO MHHEPAJIOB IO
cocTaBy (Harpumep, citon). M3ydeHue TpekoB mpeacTaBisieT MHTEPEC MPU HC-
CJICAOBAHNU I[e(bCKTOB paarualiMOHHOI'0 NPOUCXOXKIACHUA U T. O.

OnpeneneHMe BOo3pacTa

[Iporecc ompeneneHus Bo3pacTa MHHEPAJIOB MO TPEKaM COCTOUT W3 He-
CKOJIKUX JTamoB: | — BBISBICHHE M MOJCYET TPEKOB CIIOHTAHHOTO JICJICHUS;
2 — pacueTt Bo3pacTta 1o hopmysiam.

1. BoisiB/1eHHE H MOACYET TPEKOB CIIOHTAHHOI'O ACJICHUSA sI/IEP

Jlis BBISIBIIGHHS TPEKOB B MHUHEpajlax MOTYT ObITh PEKOMEHJIOBaHbI Clie-
TYFOIIIHAE CIIOCOOBI:

1. O6pas3iipl pacKallbIBalOT UM PACILEIUIAIOT MO CIAWHOCTH (U1 CIIO, Kap-
OOHATOB M T. J.), TMOO MpenapaTbl TOTOBAT U3 3€peH MUHEpaa, UMEIOLIUX IJI0-
CKYIO IpaHb (LIMPKOH, allaTUT U Jp.). 3epHa, YJI0KEHHbIE TNIOCKON TOBEPXHOCTHIO
Ha NPEIMETHOE OTEKJIO, 3AJINBAOT cTUpakpuioM. [locne 3arBepaeBaHus miacTu-
Ka, MOJIy4eHHbIE TaOJETKH CHUMAIOT CO CTEKJIA M MPOTPABIUBAIOT ISl BBISIBIIE-
HUS TPEKOB. MOXHO BMECTO 3aJIMBKM CMOJIOH INpemnapaThl HAKJIEUBaTh KJIEEM Ha
IIPO3PaYHYIO MOIJIOKKY.

2. MArkue miockue OCKOJIKHA MUHEPAJIOB WM UX IOJMPOBaHHbIE IIIIACTUHKU
TOJIIIMHON He GoJiee 2 MM y/i00Hee TpaBUTh B TUTJIE UM HA IPEIMETHOM CTOJIH-
K€ 110/1 OMHOKYJISIPHOM JIyNIO, IepeMenias 3€pHa UTJIoi.

B 3aBrcHMOCTH OT cocTaBa MUHEpalia MoJ0UPaeTCsi COOTBETCTBYIOIINI Tpa-
Butelnb. [logbop TpaBsmux BemecTB BeAETCS IMIUPUUYECKH. [ TaBHBIM yCIIOBHEM
BbIOOpa crioco0a TpaBieHHs! ABJISIETCS TO, YTOOBI CKOPOCTh MIPOHUKHOBEHUS Tpa-
BAIIIETO BEILIECTBA B MEPBUYHBIA TPEK JOJIKHA OBITH OOJIbIIE CKOPOCTH TpaBJe-
HUS TOBEPXHOCTH MHUHepana. [logxoasmuMu Jiist 3TOro CBOWCTBaMHU 00JIaatoT
PacTBOpPHI TraJIOT€HOCOAEPKAIMX KUCIOT. [10ABUAKHOCTD APYTUX pEaKTHBOB, Ha-
npumep H,PO,, KOH u ap., HCKYCCTBEHHO yBEIMYMBAIOT IIOCPEJCTBOM IOBBI-

IICHUA TCMIICPATYPHI ITPOLCCCAa TPABJICHU.
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[Tpu pacuere MIOTHOCTH TPEKOB HEOOXOAWMO YUYHTHIBATh, YTO MPOTPABIIHBA-
IOTCS TOJIBKO T€ TPEKH, KOTOPHIE BHIXOAAT HA TOBEPXHOCTH, HAXOSAIIYIOCS B KOH-
TaKTe C TPABSIIMM BemIeCTBOM. Takum 00pa3oM, €CITi MPUHSITH, 4TO P — yIBOCHHBII
CpenHuii PoOer OHOTO OCKOJIKA B BEIIECTBE, TO MOYKHO HAOIIIOAATh PACIIa TOJIBKO
TEX aTOMOB YpaHa, KOTOpbIe HaXxomsaTcs B cioe P/2. VI3 HUX YacTh pacralioB Jar0T
TPEKH, HalpaBJICHHBIE TIO/ YIJIOM K BHEIIHEH MOBEPXHOCTH KPHUCTALIA. DTH TPEKH
HE BBIXOJIST HA TIOBEPXHOCTh M TIO3TOMY HE MPOTPABIMBAIOTCS TPABSIIUM BEIIECT-
BOoM. HeTpyHO 70Ka3arh, 4TO B pe3yJsbTaTe 3TOrO U3 CIIOS TOMIIUHOW P peructpu-
pyertcs TolbKo 1/4 yacTh 00pa30BaBIIMXCS B 3TOM CJIO€ TPEKOB. Eciu ske kpuctamt
nepe]] TpaBJICHUEM PacKOJIOTh, TO B cJioe ToMmuHON P ¢uxcupyercs 1/2 obmiero
YuCIia JCICHUS SIIep ypaHa, Tak KaK B 3TOT CIIOW IMOMAAI0T TPEKU U OT JISHKAILETO
CBEpXY TaKOTro ke Cliosg MuHepana. OnTuManbHas TUIOTHOCTh TPEKOB HAXOIHUTCS B
npenenax 10% Tpex/cm? (Hukauii npezen) — 10° Tpex/cm? (BepXHUiA peen).

[Tpu onpeneneHUH IIIOTHOCTH TPEKOB CIIOHTAHHOTO JIEJIEHUS HEO0OXOAUMO
MIOMHUTb, YTO TPEKH MOTYT 3aJICYUBATHCS TPHU TEIZIOBOM BO3ACHCTBHH. ONBITHI
[IOKA3bIBAIOT, YTO IpU TeMieparypax Bo3aeiictaus 600—-650 °C npakTuuecku Bce
TPEKH CTAHOBSTCS MEJIKHUMH, a TpU Oosiee BhICOKUX Temrepatypax (700 °C) cme-
JIbI OT OCKOJIKOB JiesieHus ucue3aroT coBceM (bep3una u ap., 1966). Temneparypa
MCUE3HOBEHHS TPEKOB KOJICOJETCS B OYCHb IIMPOKUX MpeiesiaXx OT BEeIIecTBa K
BEIIECTBY. B HEKOTOPBIX BEIIECTBaX OHA HACTOJBKO HH3KA, YTO TPEKU OYAyT UC-
4e3aTh B TEUEHUE I€OJOTHYECKOT0 BPEMEHHU Ja)Ke NMPH OOBIYHBIX TeMIIepaTypax
OKPY’KaloIIeH CpeIbl.

2. Pacyer Bo3pacra 1o Tpekam CIIOHTAHHOTO JIeJIeHUs

CBs3p MEXy IIOTHOCTBIO TPEKOB CIOHTaHHOrO AeneHus (N,), KOHLIEHTpa-
et 238U 1 Bo3pacTom MuHepaia (t) BeIpaxkaeTcst cieayroieii popmynoii:

2,3 N, A,
= X% +1 |, (11)

X
}\4(1 238U )\IS

t

238
rac 7\.0( — KOHCTaHTa CKOPOCTH CO-pacliaaa U; 7\.5 — KOHCTaHTa CKOPOCTH CIIOH-
TaHHOT'O JCJIICHHA.

VYpaH B uccieayeMOM MUHEpPAIe MOXKHO ONPEACISATh OOBIYHBIM aHAIUTHYE-
ckuM MmetosnoM. Ho ropasno ynuBepcanibHee meton T. Ilpaiica m P. Yokepa
(1968). Ilo sTomMy MeTOQy MOCJ€ MOJACYETa MIOTHOCTH TPEKOB CIIOHTAHHOTO Je-
nennst U238 o6paserr 001y4aroT TEIUTOBBIMU HEHTPOHAMH U TIOICYUTHIBAIOT IIIOT-
HOCTh TPEKOB HMHAYIMpPOBaHHOTO neneHus U?°, kommuecTBo KOoTOphX (N.) cBs-

3aHO ¢ KoHIeHTpanuei U8 cienyroreii 3aBUCUMOCTBIO:
— 238
N, =® x 1 %8, x U8 x1, (12)
rae @ — MOTOK TEIJIOBBIX HEHUTPOHOB, ONPEECIICHHBIN HE3aBUCUMBIM CIIOCOOOM;

[ — pnurensHOCTH OONMydYeHUsT o0Opas3lia B peakTope; Oy3s — MOMEPEYHOE CCUCHHE
nenennst U Teruiosbivu HEUTpOHAMU; T = Ut =1/ 137,88.
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Ortcrofa nosy4aem, 4To Bo3pacT MUHEpana OyeT onpeaensThes o Gopmyie:
_ 2,3 «lg N, D13,;:IA,
A N Aq

o

t +11. (13)

Takum MeTOZOM U3 pacueTa MCKIIOYaeTCsl BeInInHa KoHmeHrpaun 238U B
obpasrie.

HelTpoHHBIN MOTOK OMPENENAIOT 10 3TaJOHHBIM NPo0aM C U3BECTHBIM KO-
JMYECTBOM ypaHa B HUX. TpeKku MHIYIUPOBAHHOTO JEJIEHHS OT 3TAJIOHHBIX MPOO
(buKkcupyroTcs Ha AeTeKkTope. B kauecTBe 1eTeKTOpa MOTYT MPUMEHSTHCS JIaBCaH,
CTEKJIO, CITIO/IBI M IpYTHe MaTepuanbl. DPGEKTHUBHOCTh PErHCTPALUU TPEKOB IS
pasHbIx MaTepuanoB koziebaercs oT 100 mo 76 %. HeHWTpoHHBINH MOTOK MOKET
OBITH paccYHTaH 1o GopmyIie

N

Cd,,IE’
rae N — KOJIM4ecTBO TPEKOB MHYLIMPOBAHHOIO JAejeHus Ha jrerektope; C — Ko-
JMYECTBO ypaHa B 3TajJoHHOHU npo0e; E — 3hhekTuBHOCT perucrpanuu 0CKOJIKOB
JIETEKTOPOM.

[TpeoOpa3yst panee npuBeneHHy0 Gopmyiy 13 mis onpeneneHus abComOT-
HOT'O BO3pacTa, HOIy4aeM:

(14)

N, N 1
t=—X——x—,
N, CE A
rae N¢ — INIOTHOCTh TPEKOB CIIOHTAHHOI'O JIEJICHUS 238U; N; — INIOTHOCTH TPEKOB
WHAYLIHUPOBAHHOTO JeNeHus; N — IUIOTHOCTh TPEKOB WHAYLHPOBAHHOTO JIETICHUS
Ha JeTeKkTope Haja 3TamoHoM; C — KOIMYECTBO ypaHa B ATalloHHOW mpobe; E —
3((HEeKTHBHOCTh PETUCTPAIIMUA OCKOJIKOB JICTEKTOPOM; As — KOHCTAHTa CKOPOCTH
CTOHTAHHOTO femeHus - U.

To4HOCTH BBIYMCICHUS BO3pacTa MO TPeKaM OT CIIOHTAHHOTO JeneHus 238U
3aBUCHUT OT MOTPEIIHOCTEM, TOMYCKAEMbIX TIPH OMPEICTICHUN MTOTOKOB TETUIOBBIX
HEHTPOHOB, KOHIIGHTpAaIlMM ypaHa B MHHEpasiaX, MOTPEIIHOCTEeH H3MepeHus
IJIOTHOCTEHN CJIE0B OT CIOHTAHHOTO M BBIHYXICHHOTO JI€JICHUS.

CormocTaBieHue TPEKOBBIX 3HAYEHUN BO3pacTa ¢ BO3pacTaMH TEX K€ MUHE-
pajoB, ONpPENEICHHBIX JPYTUMU METOaMu, TOKa3aHo Ha puc. 5.9 u npuBeaeHO B
Tabm. 5.7.

MosHO yTBepKaTh, 4YTO IPU OMpPEETICHUN a0COTIOTHOTO BO3pacTa Io Tpe-
KaM CIIOHTAHHOTO JIEJI€HUs! CIpaBeUIUBhI ciaeayromue 3akoHomepHoctu (Lyko-
mokoB, 1970):

1. s apeBuux ciaron (¢ Bo3pactoM Oosiee 10° j1eT) MeTOI0M TPEKOB BCer/ia
I0JIy4aeTcsl 3aHNKEHHOE 3HaUEHHE BO3pacTa.

2. Ins mononeix cirof (¢ BozpactoM Oosee 300 MIIH JI€T) METOJ TPEKOB
MOXET J1aTh UM IPaBUJIbHBIC UM 3aHMKEHHbBIE PE3YJIbTATHI.

(15)
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3. 3aBBIIIEHHE BO3pacTa IpH HUCIIOJIb30BaHUU METOJAa TPEKOB Ha6J'IIO,ZlaCTC$I

OYEHb PEJIKO.

"N3BeCTHbIN" BO3pacT, roabl

1000 1
MITH
ner |

1 MnH |
ner

1000
100 -

10| Y

Bospact 3emnu Y

0O
Sle

MwuHepansl

McKyccTBEHHbIE CTEkNa

1 10 100 1000

1 mnH net 1000 mnH net

TpekoBbIli BO3pacT, roabl (40 HalLero BpeMeHu)

Puc. 5.11. Cocmasnenue danuvix onpedenenust 603pacma mpekosbim Memooom
¢ «uzgecmuviMuy 3uaverHuamu (no Iwenuuxuny u op., 1978)

Tabmuma 5.7

Cpasnenue pesynvmamog onpeoeneHus 603pacma MUHEPAN0s8, NOTYYEHHbIX

1o Memooy mpeKos ¢ OAHHbIMU OPY2UX MEeMOO08

(no Hwenuuxuny u op., 1978)

No Boszpacr o | Bospacr K-Ar,
- /;1 Munepan MecrtopoxieHue TpeKam, U-Pb u mp., IIpumeuanue
MUIH JIeT MJIH JIET
®moronut B. 3abaiikanse 247 + 30 267 £ 10
2 | ®aoronut B. 3abaiikanbe 250 £ 28 274 £ 12
3 | ®noromur Mapnarackap 190 533 HmeioTca miockue
TPEKH
4 | ®daporomur Ieiton 338 485+ 570
5 | MyckoBut YV nokan 300 + 35 2935 Mroro mrockKix
TPEKOB
6 | MyckoBur B. Cubups (Apapar) | 235 +35 200-300
7 | MyckoBuT Pymbrans 227 £ 28 250
8 |MyckoBur onspuerii Ypan 42575 400 £ 20
9 | MyckoBUT Kosmop 245 £+ 65 400
10 | Myckosut Yepuas Canma | 1310+ 120 1840 Hwerores mockue
TPEKH
11 |MyckoBur CrokoliHoe 122+ 19 132+5
12 | MyckoBUT BykyxyHckoe 117+ 17 1315
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Oxonuanue mabn. 5.7

Ne Bospact no | Bospact K-Ar,
- /;1 Munepan Mecrtopoxienue TpeKawm, U-Pb u np., [Ipumeuanue

MJTH JIET MUJTH JIET
13 | MyckoBUT 3aBUTHHCKOE 122+ 18 1387
14 | Brotnt B. Cubups 430£50 | 200-300

(Mamckoe)
15 | MyckoBuUT ApuzoHa 33+7 32,7
MHoro miockux
16 |MyckoBur Kanana (Pendpro) 336 1000 -
17 | MyckoBut Maparackap 575 514
18 | Jlenuponur Ponesus 670 £ 100 2600-2700
19 | Jemumonurt Konopazno 1390 + 250 1390
20 |Bepmukymut Kosgop 259 + 50 367 Hueiores nockue
TPEKU
21 |luHHBaNBAUT Kazaxcran 223 240
2y |Porosas Texac (JTosno) | 1060 + 60 1075
oOMaHKa

TpekoBbI METOJ ONpeneneHuss BO3PAacTa MMEET MPEUMYINECTBAa U HENOC-
TaTKH 110 CPAaBHEHHIO C JIPyTMMU MeToAaMu. Ero riiaBHOe JOCTOMHCTBO — HEOObI-
YaifHasi IpOCTOTa, IIMPOKUII MHTEpBajd BPEMEHM, B KOTOPOM OH IPUMEHUM, U
MPUTOJHOCTD VIS JaTUPOBAHMS NPEACTHbHO Maibix 00pas3noB. OMHUM U3 TJaB-
HBIX HEJOCTaTKOB 3TOT0 METOJAa SBISETCS TPYAOEMKOCTh IOJCUeTa TPEKOB.
B Hacrosee BpeMsi BHEIPSIOTCS CIIOCOOBI MOACYETa TPEKOB C MCIOJIb30BaHUEM
KOMIIBIOTEPHBIX TEXHOJIOTUM, OJHAKO TOYHOCTh UX IIOKAa HEJOCTaTOYHA.

5.3.3. JamupoeaHue HepagHOBECHLIMU U30MONHLIMU Memodamu

HepaBHOBeCHBIE METOIBI OCHOBAaHBI Ha WCIIOJIB30BAHUM HAPYIIIEHHUS PaIHo-
AKTHBHOT'O PAaBHOBECHS MEKIY JOYEPHHMH MPOAYKTAMHU pacriaja OCHOBHBIX pa-
JTHOAKTUBHBIX H30TOMOB (238U, 23U, 232Th). Ilepuonsl monaypacmaga JTOYEPHUX
MPOIYKTOB CYIIECTBEHHO MEHbIE, YeM Y MATEPHHCKHX, MOATOMY OHH MOTYT
UMETh BRXHOE 3HAYCHHE JJIsI OMPEICICHUsS] CPABHUTEIHLHO MOJIOJJOTO BO3PAaCTa.
HawuGosnee pazpaborana MeTOAMKa OMpPEIeIeHNUs] BO3pAcTa HOHUEBBIM, HOHHEBO-
MPOTAaKTHHHUEBBIM W YPAHOBBIM METOJaMH U METOJOM, OCHOBAHHBIM Ha WCIIOJb-
3oBanuu 2!Pb (Turaesa, 2000).

5.3.3.1. Honueewlit memoo onpeoenenus eo3pacma

VoOHUEBBIM METOJIOM OIPEICIICHHS BO3PACTa HA3hIBAETCS METOJI, UCIIOIB3YIO-
[ HapyIIeHWe PaJrOaKTUBHOTO paBHOBeCHs MeXTy 2>*U U ero HemocpeacTBeH-
HBIM npoaykToM pacnaza 2>Th win nornem (Io). 2°Th umeer nepro moypacmaga
77 ThIC. JI€T, IO3TOMY BEepXHUI mipees Meroaa He npebimaeT 500 Toic. et. Hux-
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HUH TIpesie’ MeToa ONpeeaeTCs aHATUTHUYECKUMU BO3MOKHOCTAMHU J1abopaTo-
pun ¥ 00BIYHO cocTaBisieT okoio 10 Teic. mer. MuTepBan Bpemenu 10% jer —
5x 10° yeT NeXUT MEXIy MaKCHMaIbHO BO3MOXHBIM BO3PAacTOM, OMpejerse-
MbiM 110 '“C (40 TBIC. IeT) ¥ MHUHHMAIBHBIM KaJHH-aprOHOBBIM BO3PAaCTOM
(0,5 mutH ;et). DTO ompenenseT BaKHOE 3HAYCHHE MOHUEBOTO METOJIa B OOIIEH
CUCTEME PaJANOr€O0XPOHOJIOTUH.

Jns pacuera Bo3pacTta HOHUEBBIM METOJIOM HCIIOJIB3YETCSl YpaBHEHHE:

230Tht _ 230Thoexmt n 234U(1_ek230t), (16)

2 2

rae 2°Th, u *°Thy — COJIep’)KaHNEe COOTBETCTBYIOIIMX M30TOIOB B 0Opasiie B Ha-

CTOsIEe BpeMSi U B MOMEHT O0Opa30BaHHs MHHEPAJIOB (mTh u 24U BBIPAYKEHBI
2

B CJMHMIIAX aKTUBHOCTH); A30 — IOCTOSIHHAS pacriaja 30Th; t — Bpewmsi.

YpaBHEHHE COIEPKUT ABE HEU3BECTHBIC: BpeMs t U HAYAJIbHYIO KOHIIEHTPA-
umto 239Th,. Moxet ObITh HCIIOIB30BaHO IIPH COOMIOICHUH psisa ycnosuit. Hanbo-

Jiee MPOCTHI CHCTEMBI, B KOTOPHIX B MOMEHT 0Opa3oBaHus (t = () MOTHOCTBIO OT-
cyrcrBoBai 6o 23°Th, mubo 2*4U. B mepBom cityyae paBeH HyJIr0 1-if €wieH ypas-
HEHUS, BO BTOpoM — 2-i. [locnennuii cimyvaii Bctpedaercs: peako.

5.3.3.2. Honueeo-npomaxkmuHnueawlii Memoo onpeoejieHus 603pacma

Ortaowenue 239Th/234U MokeT HaXOOUTHCS B CUILHOM 3aBUCUMOCTHU OT BTO-
PUYHOM MUIpallMM ypaHa. boiiee HaleKHBIM, 4eM HOHHUEBO-YPAHOBBIA METOJ Ja-
THUPOBAHWUSI, SIBJISICTCS HOHHEBO-TTPOTAKTUHUEBBIN. 231Pa 0OpasyeTcs mpu pacmnaie
235U, CBSI3aHHOTO MOCTOSHHBIM COOTHoOIIeHHEM ¢ 238U, u3 KoToporo obpasyercs
230Th. YuuTeiBas XMMHUYECKYI0 HHEPTHOCTh MPOTAKTHHUS, MOKHO YTBEP)KIATh,
4TO MEXaHW3M Tepexona >3'Pa B JOHHBIC OCAIKH U3 TOJIIH MOPCKON BOJIBI, I/IC
OH o0Opasyercs, OymeT momobeH MexaHusmy coocaxacHus 23°Th u oOycioBieH
ero uHTeHCHBHBIM Tuaposn3oM (Kysueros, 1976; Tutaesa, 2000). 23°Th u 23!Pa,
COpOMpPOBaHHbBIC HA TEPPUTCHHOW B3BECH MJIM HAXOIAIIAECS B COCTaBE KOJIOWI-
HBIX arperaToB TUApokcuaoB Fe u Mn, COBMECTHO MOCTYIAIOT HAa JHO OKEaHa.
[ToBeneHue 3TUX PaJUOHYKIUIOB B TOJIIE OCaaKa WaAeHTHIHO. KpuBbie pacrmpe-
JIeJICHHSI UX OTHOIICHHS 0 TJIyOWHE KOJIOHKH B OOJBIICH CTEIICHH COOTBETCTBY-
10T KPUBBIM PAJMOaKTUBHOTO pacraja, YeM KpuBblie pacmpezaeaenus A3Th nu6o
A?31Pa, 3aBUCSIINE OT MUTPAIMU YpaHa.

Bo3spact paccuutsiBaeTcst o Gpopmyoie:

2’303 (23°Th/231Pa)t
= = 12.126x10° (23°Th/231Pa)0

(17)

rae 12,123x107° = ho31 — Az = 21,34 x 10-6mer' — 9,217 x 107 mer ;
(**°Th/*'Pa), — otHOWICHNE pagroHyKIHIOB B 06pasue; (2 Th/*'Pa), — oTHOWICHHE
PaIMOHYKJIMIOB B MOPCKOW Bojie. BenencTBue pasnuuusi MepHoIoB MOTypacana
OTHOIIEHUE PAJUOHYKIUIOB Oy et u3MeHartses (Aswathanarayana, 1985).
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5.3.3.3. Ypanoeotii uzomonnuliit memoo onpedenenus 603pacma

YpaHOBBI HM30TOMHBIM METOJ HCHOJb3YET OTHOLICHHE TN'€HETUYECKH CBSI-
3aHHBIX B OJHOM PSITy paciajia u30TornoB ypana >34U/>3%U u paccuntaH Ha WH-
TepBaJ BPeMEHH OKOIo | MutH JieT. MeToj Hamea mpuMeHEHHE ISl OTpeieie-
HHS BO3pacTa MOPCKHX OHMOT€HHBIX KapOOHATOB, MOJA0OHO HOHMEBOMY METOLY.
IMpeumyIecTBO METOa 3aKIF0YaeTCsl B TOYHO W3BECTHOM HAYaJIbHOM OTHOIIIE-
HUH U30TOIIOB, COOTBETCTBYIOIIEM OKEaHHYeCKoi Boze: v, = (34U/23U), = 1,15.

Pacuernas popmyna st onpenenenus Bospacta (UYepapiaies, 1969):

1 -1
In| L1, (18)

bhos =7
My Y, —1

234y 1,2
rae v = (P*U/2*U) — orHoleHHE M30TOIOB B 00pasie B MOMEHT H3MEPCHUS;
A234 — KOHCTaHTa pacmajaa 24y,

JInsi KOHTHHEHTAIBHBIX CHCTEM METOJl He HaIllel NMPUMEHEHUs, TaK KaK Ha
Cyllle HE CYIIECTBYET CTOJIb OOLIMPHBIX Pe3epPBYapoOB, MOJOOHBIX OKeaHy, e Obl
COXPAHSJIOCh HMOCTOSHCTBO H30TOITHOIO OTHOLICHHS ypaHa CTOJIb JUIMTEIIBHOE
BpeMsI.

5.3.3.4. Memoo onpeodenenusn eo3pacma no *'’Pb

Haruposanue no 21Pb (T, ,, = 22 roxa) uCHOIB3yeTCs UL CPABHUTEIBHO MO-

JIOJBIX TEOJIOTMUECKUX 00Pa30BaHuii, BO3PACT KOTOPBIX cocTaBiseT okoso 100 et
(meqHUKH, 03€pHbIE U PEUHBIE OTIOKEHUS | T. 1.). [IpUHIUI METOIa 3aKITF0YaeT-
s B TOM, YTO Ha 3€MHYIO IOBEPXHOCTh U3 aTMOC(EPHI B COCTaBE a’po30Jiel oca-
’KIIaeTCs WM BBIMBIBAeTCs ocaakamu 2!°Pb, He MOAKpEIIEHHBI MaTePHHCKUMU
pamnonykiauaamu. 21%Pb mocrosiHHO 00pasyercs B armochepe u3 2*2Rn, mocty-
MArOIIEro Ty/a B Pe3yJibTaTe SMaHUPOBAHMS TI0YB U TOPHBIX Topo. Pacman 2!9Pb
HPOUCXOINT IO OOLIYHOMY 3aKOHY IS €AMHMYHOIO PaAuOHYKIHAa. Bo3pacrt ot-
JIOKEHUH OTIPEIENIAIOT U3 CIIEAYIONIETO YPABHEHHUS:

2,303 | *’Pb,
t= &| 210
XZlO Pbt

; (19)

rae 210Pbo — aKTHBHOCTH CBUHIIA HAa 3eMHOI noBepxHOCcTH (h = 0), a 210Pbt — B HUC-
ciemyeMoM o0Opasiie Ha riayoune h (B mmmynbcax Ha rpamMm oOpasna). KoHien-
Tpammio *'°Pb 0GBIMHO OMPEENSIOT MO0 MPOLYKTAM €ro Pacraja: B-akTHBHOCTH
2104 (T12=15,5 nHs) WM O-aKTUBHOCTH 20p, (Ty2= 138 nuei).
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10.
11.
12.

13.
14.
15.
16.
17.
18.

Bonpocbl agns camonpoBepku

Kakue 3agaun pemarorcs B Mpolecce paguoreoXuMUIeCKOro KapTUPOBaHHsI?
OcHOBHas TCOXUMHUYECKasl Harpy3Ka CpeHe- U KPYITHOMACIITA0OHBIX PaIuo-
TE€OXUMHUYECKHX KapT.

Ha gem ocHOBaHBI METOJbI TOMCKOB HEYPAHOBBIX MECTOPOXKICHUU paIno-
reOXUMHYECKUMU METo1aMu?

C xako#l menplo u3ydaroTcs GOpMbI HAXOXKJICHUS ypaHa MPH PaauOTeOXH-
MHYECKOM KapTUPOBAHUM?

Uro noiKHA OTpaXkaTh Fe0J0rMUecKasi OCHOBA PaAMOr€OXUMHUECKON KapThl?
Kaxk onienuBaercs poHoBoe comepkaHue 3JIeMEHTOB?

Kak onienuBaercs aHoManbHOE COJIEp)KaHUE ypaHa U TOPUS MPU PATUOTEO-
XUMHUYECKOM KapTHPOBaHUU?

B uyeM CymHOCTP METOJMKU MOUCKOB YTJIEBOJOPOJHOIO ChIPbS Paguoreo-
XUMHUYECKHUMH METO/1aMu?

Ha deM ocHOBaHBI METOJBI MPOTHO3a U TIOUCKOB 30JI0TOCEPEOPSIHBIX U APY-
I'UX TUAPOTEPMAIbHBIX MECTOPOXKICHUN PAIUOT€OXUMUIECKUMU METOAAMU ?
B yem cymuocts (U-Th-P)-meTona onpenenenus Bo3pacta?

Urto Takoe n3oxpoHHa?

B kakom cmyuae pesynbrarel (U-Th-Pb)-metoma moryt cumraThest mocTo-
BEpHBIMU?

['maBHOE yCTIOBHE MPUTOTHOCTH 00PA3IIOB IS ONPECTICHHS M30TOITHOTO BO3PACTA.
Uto Takoe KOHKOpAMS?

Kaxoit cBunen cunraercs nepsuuHbiM? Kak oH onieHuBaercs?

Urto Takoe TPeK B paMOTr€OXUMHH?

B yem J0CTOMHCTBA M HETOCTATKU TPEKOBOT'O METOJ1a ONpEIeNICHHs Bo3pacTa?
Kakue meTonpl onpeneneHns N30TOMHOTO BO3pAcTa HA3bIBAIOTCS HEPaBHO-
BECHBIMU?
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