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Atomuanar, 1976, 288 c¢. ¢ ua. Asr: M. M. Dawwxkny,
H. H. JKeaesuak, 0. JI. Kanycrun, B. A. Kpynenuukos,
H. I1. JlaBepos.

VuyeGHoe nocobHe COCTABJAEHO HA OCHOBE ONbITA BEICHHA
NpakTHYECKHX 3aHsITHI co cTyaeHTaMun MocKkoBeKoro reouio-
ropassefgounoro uuctHTyta uM. C. OpamoHHKHA3e NO KYpCy
«MeCTOpOMKIeHHs DAJMOAKTHBHEIX M PEIKHX Meraanos». B
nocoGHH JAHO CHCTEMaTHYecKoe onucaHue 16 OCHOBHBIX TH-
noB mpoMblIenHBX Mectopoxiennit ypana CCCP, xpatko
paceMoTpena reoJoTHs JIPeBHHX 30JI0TO-YPAHOBBIX KOHIJIOMepa-
ToB IOxnuoit Adpuxu n Kananni.

KpoMe MecTOpoOMKAEHHH ypaHa ONHCAHBI  MECTOPOKIECHHA
]’JGI_LKH.‘( MEeTaJJIOB: MarMaTHYCCKHe B arnaluTOBLIX IiC(bEJIHHO'
BBIX CHEHHTAX, KapOOHATHTOBEIE, METMAaTHTOBLIE, albOHTHTOBbIE
u ruaporepmMansibie Gepuaanesnie. OcoGoe BHHMaHHe yleqeHo
fE0/JOTHUCCKOMY MOJOMKEHHIO  MeCTOPOMAeHHH, CTPyKType H
MOp(QONOTHH PYAHBIX TeJ, COMPOBOMKAAWINHM HX MeTacoMma-
THTAM, COCTABY, TEKCTYpaM M CTPYKTYpam pyA H TNOCTIeN0BA-
TeALHOCTH (OPMHPOBAHHS MuHepaJbHHX accounauui. Cdop-
MYJHPOBAHBLI CYLIECTBYIOUIHE NPEACTABIEHH O TeHesHce DY,
N03BOJAIONINE ONPE/leHTE KPHTEPHH HX [TOHCKA.

Pucynkos 102, taGunn 4, cmucox autepatypsi — 87 Ha-
3BAHHUIL.

PeueH3aenrh:

Kadenpa nosesHbix Hckonaembix JIEHHHrPaacKoro rop-
poro uHcTHTyTa MM. [. M. Tlaexanosa (npodeccop LOKTOP
reosioro-munepaornueckux Hayk II. T1. Crpona). Kanau-
nat reosoro-MuHepajornyeckux Hayk B. H. Iloayskros.
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MPEAMCNOBME

Hayuno-rexuuueckuit nporpecc u BhiCOKHe TEMIIbI pas-
BHTHS TPOMBILLIEHHOCTH M CEJABCKOrO X0351{iCTBa B HaLIeH
CTpdHe BO MHOIOM ONPENe/ISIOTCH HaledHOH MUHEepabHO-
CblpbeBOi 6asof, cozpannoil nocae Beaukoii OKTs6pbCKo
COLHATHCTHUECKOH PeBOMIOUHH. B nociesnne roas oTKPLITS
H pa3sBelaHbl MHOTHe HOBELIE KpylnHusie H YHHKaJIbHBIE MeE-
CTOPOXKIeHHsI GOTaThiX Py, YCKOPEHHOE OCBOEHHE KOTOPHIX
6yner cnocoB6CTBOBATDL JAafbHeHeMy [OBBIIIEHHID 3KOHO-
MHUECKOH 3((heKTHBHOCTH OGIIECTBEHHOrO MPOH3BOACTBA B
ECECD.

B CBs13H C TEXHHUYCCKHM IporpeccomM BO MHOTHX oTpac-
X TPOMBILIJIEHHOCTH H DasBHTHEM aTOMHOH 3HepreTHue-
CKOH, paaHOTe/NeBH3HOHHOH, BBIYHC/IHTE/NbHOH, Jia3epHO# H
ApPYrHX oGJacTeil TeXHHKH YCKODEHHBIMH TeMMaMH pacrer
noTpeG/eHHe HOBbIX BHIOB MHHEPAa/IbLHOTO CbIPbS, comep-
Kallero ypas, Gepu/auil, JHTHE, He3uil, pyouaui, Taurad,
HHOOHH, HHMPKOHHH H peIKO3eMEeJbHbiE 3JCMEHTHI. Bospa-
CTAIOLIHE TOTPEGHOCTH B 3THX HOBLIX BHAAX MHHEDPAILHOI'O
ChIPbi  OOYCJOBJHBAIOT — CYIIECTBEHHOE pACHIHPEHHe MX
[IOHCKOB, ycnex KOTOPBIX BO MHOroM 3aBHUCHT OT 3HaHHH
FE0JIOTHYECKHX OCOGEHHOCTEH M YCJIOBHH thopMupoBanua
Y2KE H3BECTHBIX MeCTOPOXKAEHHUI,

3a nocaennne 20 JeT B NEYATH IOSBUJIOCH  GOJBLIOE
YHCaI0 paboT, NOCBANICHHBLIX TEOJOrHH MECTOPOXKAEHHH pa-
AHOAKTHBHLIX M peaKnxX 3aeMeHTOB. HemaBuo BpimLio H3
neusaty yueGnoe nocobue B. H. Korisipa, M. M. Baiomku-
na, B. M. lanuesa u ap. «MecTopoxienus pasguoaKkTHB-
HEIX H peaknx meramnoB» (Atomusnar, 1973), B KoTopoMm
OCHOBHOE BHHMAaHHe YICJCHO TEHETHYECKHUM O0COGEHHOCTAM
MECTOPOKICHHH.



Hacrositiass KHHra B KaKoH-TO Mepe JOMOJHSeT yKasaH-
noe yueGuoe mnocobue. OHa cocraBjeHa Kak PYKOBOACTBO
s TIPAKTHUECKHX 3aHATHA CTYAEHTOB TEOJOrHYECKHX
cnenuaapHocTeil. B Helt maHO cHCTEMaTHUECKOe ONHcaHHe B
OCHOBHOM OTCUCCTBEHHBIX MECTOPOKAEHHH ypaHa H pelKHX
MeTaJ/I0B, TPEACTABIAIOMNX HauOOAbILIHA 11POMBIIIIEHHBIH
HHTEpeC.

Kaura cOCTOHT H3 JBYX YacTel.

B nepsoil wacTu JaHa XapaKTepPHCTHKA OCHOBHBIX THIIOB
YPAHOBBIX MECTOPOXKICHHH, H3BECTHLIX B GEER.  3mcch
TaKKe PacCMOTpPEHB Haubosee BazHble B NPOMBILIICHHOM
OTHOUICHHH MECTOPOXK/JEHHS  JPEBHHX  MeTaJJOHOCHLIX
KOHTJIOMEpaToB ia npumepe BurtBarepcpanaa (IOAP) u
Baanun-Pusepa (Kanana). Bcero paccMoTpeHo 17 ocHoB-
HBIX THIIOB MECTOPOXKIEHHH COOCTBEHHO YPAHOBBIX H KOMII-
JICKCHBIX YA, HMEIOLIMX PasjnyHoe NMPOHCXOKJCHHE H I0-
5TOMY OOBeIUHEHHBIX B BOCEMb IeHETHUECKHX TpyIllL.

Bropas uacTbh MOCBsil[eHa re0JI0rnH naupboJsce BaKHBIX B
NPOMBIIIJIEHHOM OTHOIICHHH MECTOPOMKIACHHH pelKuX H pei-
KO3eMeMbHbBIX 3JeMeHTOB, OnHcaHHE 3THX MECTOpPOXKAeHHIt
BHIIOJHEHO [0 €IMHOMY I1aHy, HX TPyNIHPOBKa TAKKeE
OCHOBAHA Ha TEHETHUeCKOM TPHHIHIE B COOTBETCTBHH C
KypcoM, unTacMbiM mpod. B. H. Koraspom. B paGore us-
JI02KEH MaTepHa/j IO Ie0JOTHH OTeUeCTBEHHBIX MEeCTOpOXK-
JeHU PeIKHX 3JEMEHTOB, MNPENCTaBJAIONHX OCHOBHBIC
IPOMBILLIEHHBIC 1 T€HeTHIECKHEe THIIb.

Bojee [eTanblo PacCMOTPEHbLl  MECTOPOKACHHUS JHTO-
(GUIBHLIX PEIKHX 3/JI€MEHTOB, NOCKOMBKY MECTOP 0K AeHUsI
xagapKopuabHbix 31ementos (Hg, Sh, Bi, Se) paccmaTtpH-
patoTcs B obumeM Kypce «MecTopomKIeHHs MOJIE3HBIX HCKO-
naembix». Paccesnnnie sigementst (Cd, In, Re, Ge, Ga)
06bluHO 06pa3yloT IpHMech B PYAax WBETHBIX METaJJOB,
a repMaHHil KOHIEHTPHpPYETCs TaKkKe B yrasX, 0cOOEHHOCTH
(opMHPOBAHHS KOTOPHIX paccMaTpuBaioTCs B Kypee «I'opio-
ype noJe3nsie HCKOIAaeMBble».

K co:KaJeHHIO, He BCe BaxKHble BOIPOCH TeQJOTHH ypa-
HOBEIX M PEAKOMETAJIbHEIX ~MeCTOPOMJICHHH MOIyYHJH B
5TOM [IOCOGHH JOCTATOUHO NOJHOE ocBerlenre. B nem oxa-
paKTepH30Balbl He BCe H3BECTHLIC B CCCP Tuusl Mecro-
POXKIEHHH ypana H PeJIKHX 5/I€MEHTOB.

HecoMHenHo, 4To AajbHefline HCCAeNOBAHUS  CKOPO
MpHUBEAYT K BLIABJEHHIO HOBBLIX THIIOB MEeCTOPOIKIeHHH.
BEICOKHE TEMIBl Te0JIOrHYeCKHX yccaeloBaHMil B Hamed
cTpaHe W IIMPOKHH HX pasMax 06ycI0BIHBAIOT OGHOBJICHHE
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HHPOPMALHHY O TeOJIOTHYECKOM CTPOEHHH MECTOPOMKIEHHI
Kaxable 8—10 ser, yTo clefyer uMeTh B BHLY TPH MOJb3O-
BaHHH JIOOBIM y4eGHBIM NMOCOGHEM [0 FeOJIOTHH MEeCTOPOK-
JIEHHH, B TOM 4HCJe H 3TOH KHHUTOIIL,

[Ipencrasnsiercs HeOGXOAMMBIM  MOAUEPKHYTb HEKOTO-
pBI€ 3J1eMEeHThl METOIHKH MPAKTHYECKHX 3aHATHI.

JlaGopaTopHble 3aHSITHS HPOBOASITCS, KAK NPAaBHJO, Ia-
pasiesbHO C JEeKUHAMH, ¢ TeM UTOObl 3aKpenHThb B NaMs-
TH NPOHAEHHBI MaTepuaJl.

B Hacrosiem mnoco6uu peKoMeHAyeTcs  caenylouias
cxeMa TpaKTHYECKHX 3aHATHIL:

1) KpaTkoe H3j0XKeHHe cOlepHaHHS TeMbl ¢ (GOpMYy.IH-
POBKOJi OCHOBHOH LleTH 3aHATHH M YKa3aHueM TJIaBHBIX BO-
[IPOCOB, HA KOTOpBLIE CTYAEHTaM cJelyeT oOpaTHTb OCHOB-
HOE BHHMaHHe;

2) paccMOTpeHHe BaMKHEHIIHX Te0JOrHYecKHX OcOoGeH-
HOCTEl H3yuyaeMBIX MECTOPOKIEHHil, CONpOBOXKIaecMOe HJ-
JIOCTpalMell CXeMaTH3HPOBAHHBIX TEOJIOTHYECKHX KapT H
paspe3oB, GJOK-IHATPAMM H CXeM, OTPayKaloLHX YCIOBHS
JIOKaJIH3aIUH pyA, MOp(OJOrHio pyAHBIX TeJa, 3JeMeHTHI
30HA/JILHOCTH OpYyAeHeHHs (mpu 3TOoM TpebyeTcss (uKCAIHA
VKa3aHHbIX MaTepHaJOB B CHENHAJbHBIX TeTpajsix AJs
NpaKTHYECKHX 3aHATHH ¢ BblAeNeHHeM HaubGojiee BayKHBIX
PYZOKOHTPOJHPYIOIIHX (aKTOPOB).

Ha ocnoBe amnanusa marepHasa CTYIEHTH * JOJMKHBI
CaMOCTOSITEIbHO 000CHOBATb M cHOPMYJIHPOBATH IOHCKO-
Bble KPHTEPHH H IPH3HAKH PAaCCMaTPHBAEMBIX MECTOPOMK-
HeHui, Haubosee BaXkKHble KPHTEPHH H NPH3HAKH PEKOMeH-
ayetcst 06CYIHTD;

3) camocrosTe]bHast paboTa ¢ KOJJIEKUHEH MOPOJ H MHU-
nepasioB. Oco6oe BHHMAaHHE NPH 3TOM CJELyeT VIeasiTh
HCMOJIb30BaHHI0 MeTOA0B (opMalHOHHO-palHaaBHOTO aHAa-
JH3a PYALOBMENLAIOUHX [I0OPOJ, OKOJOPYAHBIX MeTacoMaTH-
T0B H pyA. CTyoeHTHl OJIHBI THIATEJLHO H3YUHTh HanGO-
Jiee XapakTepHble PYJOHOCHBIE NMOPOALI, ¢ KOTOPHIMH CBSi3a-
HBl MECTOPOKLEHHS.

CyuiectBeHHoe MecTO HeOGXOAHMO OTBOAUTL H3YUEHHIO
OKOJIOPYAHBIX HM3MEHEHHbIX HOPOA H PYA, BHISBJIEHHIO Hal-
Gosiee XapakTepHBIX HX OCOGEHHOCTEH TMPH BH3YaJbHOM
nabaoaenud. PekoMenayercss BBINOJMHATbD 3apHCOBKH OT-
JeJbHbIX 00pasuoB,  OTpamaiollde  MpeacTaBUTeJbHbIC
TEKCTYPBI PYJ, COOTHOIIEHHS MHHEpaJbHBIX ACCONHAIHI
MexJy coGoH, ¢ JalKaMH M APYTHMH MarmMaTHYecKHMH 06-
pPa30BaHUSAMH, z



4) caMOCTOsiTe/IbHOe H3yueHHe [10J MHKDPOCKOIOM IpOo3-
pauHbIX W TOJHPOBaHHBIX MWH(OB /I MOMYYeHHsl HABBIKOB
npammbuoﬁ JAHArHoCTHKH MOPOoJA U MHHEpPaJaoB, onpenenaeHud
OCHOBHBIX CTPYKTYD H COOTHOUIEHHI MuHepaJbHLIX acco-
umanuii. PekoMenayeTcs 3apHCOBBIBATL Hanbosiee xapakrep-
HBIE CTPYKTYpbl Py, ONpejleJisiTb pasMepsl 3epeH MHHepa-
JIOB, YCTAHABJIMBATH IIOC/EN0BATENbHOCTb HX OT/IOKEHHH,
COCTABJSITE CXEMBl TOC/JEL0BATE/NbHOCTH MHHEPa/000paso-
BaHHI.

B oTaeabiblx cayuasix CTYACHTOB HeOOXOAHMO 3HAaKO-
MHTb C Pe3yJbTaTaMu HCCIEAOBAHUH PYAHLIX MHHEPATOB H
HX arperaroB, NMOJYYeHHBIMH C IIOMOLIbIO 3JEKTPOHHBIX
MHKPOCKOTIOB H MHKPO3OHIOB H WJUIOCTPHPYIOUIHMH GOpMEI
HAXOXKJIeHHA DYIHOrO BellecTBAa B MUHepa/aax, pacnpeie:
JeHHe B HHX 3JeMeHToB. PeKoMeHAyercsl TAKKe AEMOHCT-
panus AEKPUITOrPaMM MHHEPaoB, KPHBBIX TEPMOJIIOMH-
HeCIeHILHH, Pe3y 1bTaTOB H30TOMHLIX HCCIELOBAHHH H dusn-
yeCKHX cBOHCTB. I'padukH H CXeMbl, COCTABJIEHHBIE O 3THM
[)GSYJ’IbTa’I‘aM, CTYJAEHTBl OOJIZKHDI 3apucoBatb B crenualb-
HOH TeTpajH, -

5) 115 KOHTPOJS 33 yCBOEHHeM MaTepHaja Io reosoriu
MECTOPOKEHHIl, COCTaBy pYA H TMOPOJ PCKOMEHLYeTCd Te-
cTOBasi IPOBEPKA € MOMOLIbIO 3alIKU(POBAHILIX CXCM H JHA-
rpaMM, o06pasioB NMOPOA M PYA, a TakKKe uingos;

6) caeayeT NPOBOAHTL OOCYXKACHHSA EHETHUCCKHX npo6-
sieM, 0co60 MooLLPss aPryMeHTHPOBAHHBIC, OPHIHHAILHbBIC
H CaMOCTOSATEIbHLIE MOAXOAbl K peIIeHuio CIOPHBIX BOMPO-
COB.

ABropet rayGoko GnarofapHbl  peleHsedTaMm  KHAMH
I1. [1. Ctpone u B. H. IMonyskToBy 3a UEHHLIC 3aMeualisl,
a takxke npogeccopy B. H. Koraspy 3a nomouib U COBETHI
u GyayT paibl MOJOYYHTh NMPELJIOKEHHS uHTaTeNel, HalpaB:
Jennble Ha JajbHelnlee yJayydlleHne KHUTH.



Yacte I. YPAHOBBIE MECTOPOXAEHUS

Pazgen 1. HEKOTOPBIE TEOXMMMYECKME
OCOBEHHOCTH YPAHA
M KNACCHDUKALLMA
Er'O MECTOPOXAEHWH

FNABA 1. OBLUUE CBELJEHMS1 OB YPAHE.
TMABHEWLLUME MMHEPATDBI YPAHA
M EFO TEOXMMMUYECKME OCOEEHHOCTH

Hcropus u nepcnektsbl norpe6aenns ypaHa. ¥Ypawn
bl OTKPLIT HeMeUKHM Xumukom [1. Kaamporom B 1789 r.
Hi BIIepBLIE B YHCTOM BHAe noayuen dpaniysom K. ITeauro
B 1841 r. Buayane ypan Hcrno/ib30Bajcs JHIIb B tdapdopo-
BOM H CTE€KOJILHOM IPOH3BOJICTBE.

B 1896 r. ¢pannysckuii ¢pusux A. Bekkepeanb OTKPBII
€CTECTBEHHYIO DaJHOAKTHBHOCTL, a B 1898 r. [Ibep u Ma-
pus Kiopu Boinenwnu nosowuit u pamuit. Panmii cran uc-
NMOJMb30BATLC B MEIHUHHCKHX LeJsiX, H moTpeb/eHne ypa-
HOBBIX DYyJi HECKOJIbKO BO3poc/io. Beero 1o BTOpOil ‘MuPOBOI
BOfHBI B MHPe 6b1710 1066ITO 0Kos10 8000 7 ypana u no.yuye-
HO HeMHOrum GoJgee | ke panus.

B 1910 r. akagemuk B. M. Bepuaackufi Bbickasan npej-
NOJIOKEHHE, YTO YPAH B CKOPOM BpPeMeHH MOXKeT CTaTh BakK-
HBIM HCTOYHHKOM 3sHepruu. [locse 1919 r., korna 3. Pesep-
(OpA OTKPBLLT NpeBpallleHHe ATOMHBIX sifilep, BO3MOMKHOCTb
NPaKTHYECKOr0 HCIOJb30BAHHA aTOMHOI SHEPrHH cTaja pe-
aJBHOM.

B 1945 r. 6bl10 coznano aTomMHOe opy:KHe H NOTPeGHOCTh
B ypaHe pe3ko Bospocia. Toabko B CIIA 3a mepuon ¢
1945 no 1972 r. npousBeneno Gosee 280 Toic. T UzO4 (B
KoHlenTtpate). HauGosblee KoaHueCTBO ypaHa B KanuTa-
JHCTHYECKHX cTpaHax Oblio nob6uito B 1959 r.— 40 ThC. T
U;Og. B 60-x rozax cpemnuii 06beM NpOH3BOACTBA Obla HA
ypoeHe 21—22 TeIC. T U30s B 1975 T. OH COCTABHJI
oxos10 26,0 TeIC. T.

B cBsAsn ¢ HemocTaTKOM TpajHUHOHHBIX TOIJIHBHO-3HEp-
PeTHYECKHX PECYpCOB B MHpe LIHPOKO Pa3BepHYJIOCH CTPOM-
TeJIbCTBO aTOMHBIX 3/eKTPOCTaHLHH. MOXKHO NpeanoIoKHTb,
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yTo cnmpoc Ha ypaH B Gyaymem Oyaer pactu eme Gosee
OoictpeiMi Temmamu. [lo  npornosam  Mexaynapoanoro
areHTcTBa no atomuoil sHeprun (MATATI) o6bem mpous-
BoactBa UszOs B 1980 r. cocrasur 70 Thic. 7, B 1985 r. —
120 Thic. T 1 B 1990 r. 155 THIC. T.

B mactosuiee BpeMsi BO BCeX CTpaHax IMHPOKO pasBep-
HYTHl TIOHCKH H pa3BelKa ypaHOBbIX MecTopoxmenuit. JLo-
CTOBCpHLIE 3amachl no cocrosnmio Ha 1.01, 1975 r. B Kamu-
TaJUCTHYECKHX M pa3BHBAIONIMXCA CTPaHax COCTaBHIH
okoa0 1 maH. T UsOg. OcHoBHas yacTh 3THX 3amMacoB cocpe-
norouena B Amepuke (okosno 600 teic. T UiOs), Adpuxe
(oxos10 350 Thic. T UsOs) u Ascrpamuu (120 Toic. 7 UsOs).
B crpanax Esponst u Asun (6es CCCP) passenaHnl nesma-
unTe/ibHLIe 3anackl (okoso 75 Thic. T UgOs).

B CCCP coszaHa Haje’Has MHHepaJbHO-chipbeBas 0a-
3a JJIs IPOH3BOJACTBA ypaHa, ofecreunBaLas JanbHenmee
pasBuTHe aToMHOA npombimuiennoctH. Ilepex copeTcKHMHU
reoJIOTaMH CTOHT BajHas 3ajaya YCKODEHHOH pasBelkH
HOBLIX KPYIHBIX MeCTOpOXKIeHHii GorarteiX pyXA, 0co6eHHO
B PafloHaXx ¢ Pa3BUTOH NPOMBIIIIECHHOCTEIO.

XyMHuecKHe OCOOEHHOCTH ypaHa. B mepHOJMUECKOl CH-
cTeMe XHMHUECKHX 371eMeHTOB ypaHn nmeer 92-it 110D S1/IKOBBI T
HoMep M aToMHast Macca 238, 02. [Tpupo HbIH ypaH COCTOUT
¥3 TPeX OCHOBHBIX H30TOIOB: U2 89.2% ¢ mNepUHOAOM
nonypacnana 4,5-109 zer; U225 —0,7%, ¢ MepHOAOM IO-
aypacnazga 7,13-10% jetr u Uz# —0,005Y%, ¢ nepuojom mo-
aypacnazna 2,5-10° ser.

Vpau ofpasyer coellHHEHHS, T/le BBHICTYIACT B TPEX-, ge-
THIpEX-, MATH- U WECTHBANCHTHOH dopme, OLHAKO B IIPHPOL-
HBIX YCJIOBHAX BCTPEYAETCS TOJMBKO B UCTLIpEX- H INECTHBA-
sentHom coctostuun U(IV) u U(VI). HMoHb uyeThipex- H
IECTHBAJCHTHOTO ypaHa HMEIOT BOCbMH3/ICKTPOHHYIO CTPYK-
Typy BHemneil 060/10UKH, 061a4aI0T AUTOQHIBHBEIMH CBOHCT-
BAMM, CPOJACTBOM K KHCJOPOAY M BCTPEUaloTCs B CBASH ¢
5THM B TIPHpOAE B BHIE COJEH KHCAOPOAHBIX KHCIOT H B
BUJe OKHUCJOB. B TpPHIOBEPXHOCTHHIX YC/IOBHAX 3eMHOM
KOpbl MeTaJJHIeCKH (camopojnblfl) ypaH, a Takxe YCTOH-
qHBHIE B TBEPAOM COCTOSHHH €r0 COeJIHHEHHS C raJoreHH1d-
MU HE BCTPEUAIOTCH.

Jlna ypaHa XapakTepHa HCKJIOUHTEIbHAT crocoOHOCTh
K paccessHuio. B 3HjoreHHbX npoueccax IIMPOKO PasBUT
H30BAJCHTHHI M TeTepOBaJIeHTHBI uzomoppuam U (IV).
U(IV) u ocoGenHO U(VI) oTaocsTcs K Tpymme KOMILIEKCO-
o6pasopaTesielf, H B MPHPOAHLIX YCJIOBHAX He BCTpeuaercH
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ypal B BHJle HOHA C IUECTBIO 3apsAfaMH, o6bIYHO MpHCYTCT-
BYET KOMIJIEKCHBIH KaTHOH — ypanua (UO,)2+,

Coenunenns U(VI) o6mapaior BbICOKOI pacTBOpHMO-
CTBIO B BOJAE M BOJAHHIX pactBopax. [IpH KoMHATHOR Temme-
patype pacTBOPHMOCTL THAPOOKHCH ypaHHJA B YHCTOH BO-
Ae cocrapisier npumepHo 0,01 2/2. B ouens pas6asienubix
pacTBopax kucaoT (mpu pH=3,5—4,5) pactsopumocts ee
Bospacraer Ha 2—3 mopsanka (P. I1. Padaabckui, 973
Murpauus ypana B npunoBepxocTHOM 106 3eMHOIL KODBHI
POMCXOXHT B OCHOBHOM B BHJle COeNHHEHHI YypaHHJa.

U(IV) u ypanna pasauuaiorcst cnocoGHOCTDIO K obpazo-
BAHUIO KOMIVIEKCHBIX COeAMHeHHH. B npupoanbix yeaosusix
HIHPOKO pACIpOCTPAHEHbl THAPOOKACH yPaHH/IA, ypAHHIKAp-
OoHaTHble, ypaHH/ICYJb(AaTHIE, ypaHuJI(TOpHAHLIE, BO3-
MOMKHB  ypanuaQochaTHble, ypaHHICHANKATHBIE H ApYTiie
KOMILICKCHbIE COeIHHEHHsS. MHOTrHe HCCaeT0BATENH CUHTA-
10T, UTO MHIpaUHst YpaHa B NPHUPOLE IPOHCXOAHT IJaBHLIM
00pasoM B BHIe KOMILIEKCHBIX COEAMHEHMHIl ypaunumaa. Pas-
PyLIEHHE STHX KOMIJIEKCOB IO Pa3JHYHbLIM NPHYMHAM (CBA-
SbIBAHHE HIH yJ1a/leHHe yrJIeKHCJAOTH, HaMenenne Eh pacrt-
BOPOB, H3MCHEHHE TeMIlepATYPHl H T. 1.) BeleT K BhLINAfe-
tnio B ocanok U(IV) u o6pasosanuio pyxa.

HauGonee Graronpusitnbie yenoBus s o6pa3oBanus
SHJLOTeHHEIX MECTODOXKICHHI ypaHa BO3HHKAOT B THAPO-
TeépMaJibHOM Iipouecce. B npoueccax marmatnueckoro, ner-
MaTHTOBOTO, CKapHOBOr0, KapGoHATHTOBOTO pPyn006pa3oBa-
HHSL OpPMHpYIOTCS vale Beero Geafible KOMILIEKCHBIE ypa-
HOBbIE pyJIbl, B KOTOPHIX ypaH B BuJe H30MOP(HOH npHMecH
U(IV) BXomHT B cocTaB peiko3eMenbHBIX H JAPYrHX BBICO-
KOTeMIlepaTypHbIX MHHEpaJIoB.

B 5K30reHHbIX YCJOBHAX OKHCIHTELHON Cpejbl YpaH or-
JHYAETCHA HCKJIIOYHTENbHO BLICOKOH MHIPALHOHHON CrOCO6-
HOCTbI0. OH BBINAJlaeT H3 PACTBOPOB B BU/E OKHCJOB U(1Vv)
Hd TaK HasbiBAEMBIX FeOXHMHUYECKHX Gapbepax pasHoil npH-
POIbI, Ile B pesy/ibTaTe H3MeHeHHa EA cpeibl mpoHcxomut
Boccranosaenne U(VI) no U(IV) u coorsercrsenno o6pa-
30BaHHe DYAHLIX KOHUEHTpauuil. Baknoe 3uauenme B 3THX
YCJIOBHSIX MMEIOT TaKiKe NPOLECcCh COPOIHH ypaHa OpraHH-
UCCKHMH BELUECTBAMH, TVIHHHCTHIMH MHHepa/aamu, ¢ocda-
TamH, okuciamu Fe, Mn, Si.

OcHoBHble MHHEpaabl ypaHa. B NPUPOMie H3BECTHO GOJIb-
LI0€ YHCJI0 COGCTBEHHO YPAHOBBIX H YPAHCOMEPIKALIMX MH-
HepaJsos Th, Zr, TR. HauGosiee BaxHble u3 HHX NPHBEJEHDI
B Tabu. l.



Ypanossie M ypaHcoiepxaumue munepansi W pemecrpa (no H. M. Eropowy, 1973)

Tacarua 1

Munepan dopmyana CHHrOHKSA Conﬁ['mfpzﬂﬂe
I'naBueiiine MUHepabl ypaHa
Oxucabt ypana

V paHUHUT * uo, KyGunueckas Io 92
Hacrypan (ypanoBas cMoJ-

Ka) £ UO,-1 UO4-m PO » Ho 90
¥panopas uepib Uy 70—2,93 Anmopuas o 60

T'udpookucast ypara
STHTHHMT [UO, (OH,] Pom6uueckas 85
Bekkepesut 6 [UO, (OH),] Ca (OH),-4H,0 » 80
CrymuT 8 [UO,(OH),]-8H,0 » 85
Busipetur 6 [UO; (OH),| Ba (OH),-4H,0 » 80
BangenGpanient [UOs (OH),| Cu (OH), » 76
Kiopur 3Pb0O 8UQ;-4H,0 » 4
Tumanamot ypana
bBpanneput l (L, Caliil, Y){ifi, Fejael MonokauHHAS 28—44
JlaBuut (Fe, U) TiO; (?) Tpuronansnas ] 20
Cuaukamsl Ypara

¥ paunodan CaH, [UO, (5i0,)]»-5H,0 MoHokanHBasT 67
B-¥ panodan CaH, [UO, (Si0,)],-5H,0 » 67
CKJI0I0BCKHT MgH, [UO, (SiOy)].-5H,0 » 68




ITpononxenne Tabua 1

Munepan Dopmyaa Cantoise Co;(%p.m(;z&rme
Kazonnr Pb, [UO, (Si0,),]-2H,0 MonoknuaHAS 48
Coumnr (UO,)7 T [(OH)4Si0,7] - 8H,0 PoMGHruecKas 85
Koddunur U (SiC - (OH) Terparounanbnas 68
Henankesur (Lte, YeCe, Thille+ » o 60
+(Ca, Pb, Mg) (SiO), (OH),-n H,0
Kapbonamet u cyaspamer ypana
Pérsepdopaun U0,CO,4 PomGiyeckas 87
¥ pasoraniut Ca, [(UQy) (COg)]4-8-+9H,0 » 37
Mapnur (UO,-CO,)-H,0 » 60
Ilpexunrepur NaCay (UOQ,) (CO3), (SO,) F- 10H,0 I'ekcaronanbnas 31
Unnnent [6UO, 3(0OH), 350,]-12H,0 MoHoRmHHHA A 4
¥ paHonuanT [6UO,5 (OH), SO,]-12H,0 Tpurannnas 80
Horaanur Cu [UO,0HS0O,], -6H,0 » 61
Docchamet ypana
Orennt Ca [UO,-PO, - 10—12H,0 Terparonanbuas 60
DocthypaHnmuT (UQs); (PO,),-6H,0 Monokanunas 75
Top6epuur Cu [UO,PO,],-8—12H,0 Terparonansnas 61
Casnent Mg [UO,PO,],- 10H,0 IcergoTeTparonaasHas 63
Y paHonHpUHT Ba [UO,PO,],- 10H,0 Terparoxanenas 57




Mpoaoaxkenue Tabu. l

Munepan dopmyna CHEroHE Conﬁg'mgzﬂne

Apcenamot ypana

Y paHOCITHHHT Ca [UO,As0,]s- 10H,0 Terparonansuas 57

Tperepur (UO,); (AsOy)s- 12H,0 » 65

Llefinepur Cu [UO,As0,],- 10H,0 » 56

HoBauexut Mg [UO,AsO,]-10H,0 » 60
Banadamet ypana

Depranut (UQ,), [VO,];-6H,0 PomMGuueckas 69

TroamyHHT Ca [(UO,), V,0;]-5—8H,0 TerparonansHas a7

Kapuotut Ko [(UOy)2 V,04]-3H,0 MoHnoKJ/IHHHEAS 64

CenKpepur Cu, [(OH), (UO,), V20s]-6H,0 » 52
Moautdamor yparna

Ymoxour [(UO, MoQ,]-4H,0 » 57

Moaypasut U, [UO, (OH)4 (MoO,)]-17H,0 Awvopduas 42

Wpuruaut U [OHMoO,]53H,0 MonoKnurHAST 42

Tyxonur, KapGypan AcdansTonoo6mHoe BEmECTBO Ho 70

(B 3041€)




INNponoanxeuune taba. |

Munepan Ddopmyna CHHrOHH S CUEEP'H‘.;ZHHE
Ypaucopepxaune mMunepasst Th,Zr u TR
Topuanut ThO, Ky6uieckas o 40
Toput ThSiO, Terparonanbnan Ho 1—2
¥ panoroput (Th,U) SiO,.n H,0 » o 17
Toporymmur (Th, U) (Si0,);—x (OH),, » Ho 31
Monauut (Ce, Th, U)[(PO,) (Si0,)] MoHoKIHHASA 1
Kcenorum (¥, U) PO, Terparosansnas 5
Jlonapur (Ca, Ce, Uy (Nb, Ta, Ti) Oy KyGuueckas 0,0n
DepriocoHuT {Y, Be, UMb Ta, Ti) Oy Terparonansuas o 10
Tatuerrosut (Ca, WoiBe b OV INES Tay Ti ) | . )Gk OH) Ky6Guueckas Ho 15
* 6H,0

Betadur (Ca, TR, U) (Nb, Ta, Ti)y Oy-n H,O » Io 25
CamapcKuT 4 (U, Fe) (Nb, Ta); 04 Mouoknnaasn oo 20
DBKCEHUT (¥, Ce, U, Fely (Nb, Ta, Ti)s 65 Pom6uueckas Ho 20
MenjeceBuT (TR, Ca, U, Fe)(Nb, Ta, Ti); O4-2H,0 Ky6uueckas Ho 30
Tlupoxaop (Ca, Ce, U) (Nb, Ta, Ti);0s_7 (OH, F) KyGuueckas Ho 12
LL upkon ZrSi0y Tetparonansuas Io 1
Luproant (Zr, U) (5i04);—y (OH) ¢ » Ho 2,5




Ilpononxkenne Tat6a |1

Munepan dopmyna CHHT OHHS Cﬂﬂlﬂfquﬂue
Bewectra, copepxawue cOpOHPOBAHHBIH YpaH

T'uanur Si0,-n H,O o 0,n
Annodau m Al,O;-n Si0,- p H,O Io 0,n
.HHMGHﬁT Fe,0,-n H,0 Mo 050
Tcunomenan m MnO-MnQ,-n H,0O Ho 0,0,n
Pochopurt do 1,0
MOHTMOPHIIZIOHHT W Ipyrue Ho 0,n
MHHEpasbl [JIHH
YraepogucTele  OpramHye- == o n
CKHME BELIECTBA




Pacnpenenenne ypana B MHHEpaJsax M rOpHbIX MOPOJax.
['naBuas yactb ypana 3eMHOH KOpbl HaXOIHMTCH B paccesii-
HOM COCTOSIHHH B MHHepaJax M TOPHBIX MOPOLAX, B HCKO-
IIaeMbIX OPraHu3Max, pacTeHusix H Boaax.

K nacrosimiemy BpemeHH HaKOIJIEHB OGLIHPHBIE CBee-
HHSL O pacnpele]cHHH ypaHa B 3eMHOi Kope. [eoxumuye-
CKHe 0COOeHHOCTH €ro NOBeAeHHsl B Pa3/IHYHBIX Te0JOoTHYe-
CKHX Tipolleccax naubosiee NoJHO paccMoTpenbl B paboTax
«OcHOBHBIE YepThl reoXHMHH ypaHna» (pen. A. Il. Buuorpa-
noB, 1968) n «¥Ypau u Topuit B 3emMuoii kKope» (A. A. Cmblc-
J08B, 1974).

Colepxkanus ypaHa B Mopofoo6pasyioliux H akueccop-
HBIX MHHEpaJax [MOJHOKPHCTAJNIHICCKHX MarMaTHYeCcKux
nopoj Ko/seba10Tes B LIHPOKHX npepeaax (puc. 1).

s TpaHHTOHIOB XapaKTeplo HepaBHOMEpPHOE pacmpe-
deneHue ypana no MuHepanam. A, A. Cwmoicaos  (1974)
npejJjiaraer CJACAYIOILHA PAA HX BO3pacralolled ypaHOHOC-
HOCTH:  KBaplL-—>OpPTOKJIa3—-IJ4rHOKIa3—TOPHOJEHIUT —
— OGUOTHT —> NHPHT—>MAaTHETHT—(DIIOOPHT—ANATHT > 3IIH-
NOT—>C(el—>1IHPKOH—>OPTHT—MOHAUHUT. [IpuMepHo Takne
e 0coBEeHHOCTH XapakTepHbl H /I8 L[EJOUHLIX TOPOJ.

s ra66pouoB W YJALTPAOCHOBHBIX TOPOM, OTJHUYAIO-
LHXCA OT TPAHHUTOB H He(eJHHOBBIX CHEHHMTOB 3HAUHTEJb-
HO MEHbIIMMH COJACPKAHHAMHU ypaHa H ero 6oJjiee paBHOMEp-
HBIM pacrnpejpenenneM, pAL «YPAaHOHOCHOCTH» MHHEPAJOB
BEITJIAZIUT CJEAYIONIMM 00pa3om: -

rabopousl — TNHPOKCEH—I'OpPHOIeH AU T—I1/IATHOKJIa3—>
—-0JINFOKJIa3 —» MarHeTHT—-GHOTHT—»C(heH—>anaTHT — LHP-
KOH;

YJIbTPAOCHOBHBIE MOPOJBI — OJHBHH—-3HCTATHT—1HOII~
CHA—IIMHHEeIb—TpaHar.

B BynxaHoreHHBIX 1OpOAX KHC/JOrO, CPefHEro M OCHOB-
HOTO COCT4BA T/dBHAA 44aCTh ypaHa OOBIYHO KOHUEHTPHPY-
ercsl B CTEK/JIOBATOH OCHOBHOH Macce, B TO BpeMs Kak
BKpalJICHHHKH KBaplla, KaJWIINaTa H NJarHoK/jasa cojep-
JKaT He3HauHuTeJbHblE KOJHuUecTBa ypaHa. B cumay Toro uto
B BYJKaHHYECKHX NOPOJAX [10/51 AKLECCODHBIX MHHEpPAJoB
(amaTtura, uupkona, cdesa, MOHAUMTA) HEBEJHKA, MOBbI-
LICHHBIE CONCPIKAHHA ypaHa B HHUX TaKKe He OKAasbiBaior
CYLIECTBEHHOTO BJHAHHS Ha obllee cofep:KaHHe ypaHa B
nopoie. ¥YpaH paccesiH B CTEKJOBATOl OCHOBHOH Macce 60-
Jee paBHOMEPHO M OOLIUHO JIerKO BbILeJaYHBAETCS, YTO
coznaer OJaronpHATHBIE YCJOBHSI /s €ro MOOGH/AM3AlLHH
npu BO3JEHCTBHH HAa CTeKJa THAPOTepMaJbHBIX PacTBOPOB.
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Puc. 1. Conepxanne ypana n MHHepanax pasmmunux mopoi (mo A, A. Cwmmcnosy, 1974):
@ — rpaHuToHAb; O — HedeaHWHOBBle CHEHHTH; 8 — raGGpouan; All— anmanut;
Evd — seauaaut; Hb — ropu6aenaur; Lop — somaput; Mnz —
Pl — nnarunokaas;

HHT;

Bt — GHoTHT;
MoHaiHT; Mt — marneTnt; Ne — Hedenann;

Eg — srupun; Ep — snmuior;

Qu — kBapu; Sph

Ort — oprokaas;

Or — opTHT;
— cthen; Zr — nHPKOH

Ap — anatut;
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Or PL Qu Kb Bt Py Mt Ap EpSphAudrt ZrMnz Ne Or EgArf Bt Mt Evd Ap SphLop PL Py Kb ApSphZr

Arf — apdenco-

Py — nupokceH;



/L 7EL

Hepasuomepto pacmpenenen ypan B MHHepajax Mera-
mopduueckux nopoi. Haumenbline ero comepxanus (nX
% 10-59%) xapakTepHbl AJs TJIaBHBIX IOPOL00Opa3yIOMHX
MHHEPAJOB: KBapla, MOJeBbX LINATOB, KOpJAHepHTa, CHJ-
numanuTa u rpanara. Heckonbko 646ablIHe CcOJepxKaHus
ypaHa XapakTepHbl Ajs OGHOTHTA, POroBOH OOMAaHKH, HJb-
MEHHT4, MarHeTHTa H anaTHTa. 3HayuTeJbHAsd YacTh ypaHa
B MeTamopduUEeCKUX NOPOAAX COCPeJOoTOueHa B AKIeccop-
HBIX IIHPKOHE H MOHaIluTe.

DK30rennpie cy/ab(aTel — FHIC H aHTHAPHT, KapGoHaTul
(KamplUT) H TaJOHIbl — FaJHT, MNOJHraJHT, CHIbBHH OT-
JHYAIOTCS HAMMEeHBIINMH cojep)aHusMu ypana (n-10-°%).
BOKCHTHI, TJAayKOHHTBI, FéTHTH HMeET OoJjiee BBICOKHE CO-
nepxanus ypana (2,0—6,0-10-*%).

B mocaennie rofibl MOJYYeHEl HOBble JaHHBIE O pacrpe-
JleJIeHHH ypaHa B TOPHBEIX IIOpojax.

Veranosnensl  oforaieHHble ypaHOM — crelH(HuecKne
KOMILIEKCHl OCAJOYHBIX MOPOJ, NpOsBISIOLHECT Ha Omnpee-
JIeHHBIX 3Tanax reoJOorHueckoro pasBHTHS CKJaJluaTbiX 00-
gacted H matdopm. DTO B IEPBYIO OYepelb YrJEpOAHCTO-
KPEeMHHCTBIe CJIAaHIBl, ropioune caanuel, Gocdopursl u poc-
dopcojepKaline MOPOAbI, COJep:KaHHe ypaHa B KOTOPBIX
coctaBaser 60—200-10—* 9% u uHoraa Buille. XapaKTepHOH
AJisl yTIePOAHCTO-KPEMHHCTBIX M YIJIHCTBIX CJIAHLEB SABJIA-
eTCsi CBfI3b ypaHa ¢ OpPraHHYyeCKHM BeIIeCTBOM; IIpH 3TOM
BepOSITHBEIA TpeJle] CHHIeHeTHYeCKOro HAKOIJIEHHs ypaHa B
unx onpeaeasiercst B 0,01—0,03% (puc. 2).

Conepxanne ypana B ocdopurax u ¢ochopconepxa-
mux nopogax gocruraer 0,03% u Bbille H OGBIYHO BO3pa-
craeT ¢ yBenuuenneM conepxanuit PoOs (puc. 3).

B Kopax BLIBeTpUBAHHsl YCTAHOBJIEHBI ITHPOKHe KoJe0a-
HUS COJEPIKAHHII ypaHa, 3aBHCAIIHE OT COCTABA HCXOJHBIX
nopoja. OOuieit reoOXHMHYECKOH ~OCOGEHHOCTbIO — ABJACTCH
yMeHbllIeHHe (110 OTHOLICHHIO K MaTePHHCKHM NOPOJaM) €o-
JlepAKaHHs ypaHa B HIXKHEM M BepXHeM TOPH30HTax Kop
BEIBETPHBAHHS M HAKOIUIEHHE €r0 B cpelHeM (MHAPOCIIONH-
CTO-KAOJMHHTOBOM) TOPH30HTe, IJle¢ XOpOLIO . NpOsiBJIeHa
cop6uust ypaHa THAPOCHIONAMH, THAPOXJOPHUTOM, MOHTMO-
PUJJIOHHTOM H JAPYTHMH MHHEpaJaMH. ‘

Meramopduueckne MOPOALI, TNpPHHAAJMEHAIIHE PaZHbIM
dauusM MeTaMop(u3Ma, CYHIECTBEHHO Pasanyalorcst 1o Co- |
nepxanmio ypasa. HauGosee BHICOKHE CONEPKaHMT ypaHa, |
HO He mpesmimaomue 5-10~* %, XapakTepHbl A5 OHOTHT; i

[IOJIEBOIINMATOBBIX THEHCOB M KBapIl-CePHUUTOBLIX CJIaH\LleB‘;““;
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