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E e p 3HH8 V1.r.,EepM8H V1.E.,rypBH'l M.IO., ct:>nepos r.H. Pl3-3159 
illHM9119BH'l IO.C . 

OnpeneneHHe KOHUeHTpa uHH ypaaa H ero npocTpaHcTseaaoro 

pac npeneneHHH s paanH'IHhlX MHHepanax H ropHhlX noponax 

npaBOJ:lHIIHCb H3MepeHHH HH3KHX KOHU9HTp8UHA ypaHa H era 

npOCTp8HCTB9HHOI'O pacnpeneneHHSI B p8311H'IHbiX B9W9CTBBX: cnal!Hb!X 

MHH9p811 3 X no cnOHTBHHOMY H BbiHY.>KJ:l9HHOMY J:l9119HHID SIJ:l9p ypaaa, 

BbiSIBI19HHOMY Henocpe.J:lCTB9HHO B 3THX MHHepanax; B noponax H HeKo

TOpb!X B9W9CTB8X no BbiHY.>KJ:l9HHOMY J:l9119HHID SIJ:l9p ypaaa, 38p9I'HC~ 

pHpOBBHHOMY cneuHBilbHbiMH J:l9T9KTOp8MH. 

noK83.tiHO, 'ITO C OnOCT8Bil9HHe Cll9J:lOB OT CnOHT8HHOI'O H BbiHy.>K

J:l9HHOI'O J:l9119HHSI SIJ:l9p ypaHa no3 B OIISI9T CYJ:lHTb 0 ~HI'p8UHH ypaaa 38 

Bp9 MSI CYW9CTBOB8HIUI MHHepana. 

.[lnSI onpeneneHHSI p8.311H'IHb!X KOHU9HTp8UHA ypaaa B HCCnenye

MbiX o6p83U8X J:lBIDTCSI p9KOM 9 HJ:l8UHH no rrpaKTH'l9CKOMy HCnOilb30BB

HHID H BbJ6opy J:l9T9KTOpOB H rrpHM9HS19MbiX HHT9I'p811bHb!X · J:l03. 

TipenpHHT 06"&eJlHHeHHOI"O HHCTHTyTa SIJlepHbiX HCCneJlOB8HHA. 

ny6ua, 1967. 

B e r z ina I.G ., Berma n I.B ., Gurevich M.Yu., 
Fle r o v G .N ., Shimelovic h Y u .S. 

P13- 315 9 

D e te rmina tio n o f th e U r a nium Concentra tion a nd its 
Spa tia l Dis tributio n in Differe nt Minera ls a nd Rocks 

The measurements w ere performed of low concentrations 
o f u a nd its spaticl dis tribution in different ma tters: in s o me 
minera l s b y s pontaneous and induced fiss ion of U nuclei re
v e a led dire ctly in these minerals; in rock s a nd som e m a tters 
by induced fissi o n o f U nuclei recorded by s pecial detectors. 

It i s s how n tha t th e com p a rison of tra cks from sponta ne
ous a nd induc ed fiss ion o f ll nuclei allows to judge a bout the 
mig r a tion o f U w ithin the tim e of minera l existence. 

r<ec ommenda tio ns o n pra ctical use a nd selection of detec 
t o r s a nd o n the integ r a l dos es applied a re given to determine 
different c o ncentra tions of U in the s amples inves tiga ted. 

Preprint. Joint Institute fdt' Nuclear Research. 
Dubna, 1967. 

npaBOJlHBW99CH p . 

C06CTBOB8110 peweHiiiD I: 

ypaaa, onpeaensawascs 

CUeHTHbiM CTIOC068MH, } 

9JlHHHUe TIIIOWBJlH HIIH 

B aaaaoll pa6oTe 

npeJlelleHHH H KOHU9HTpai 

Jl9119HHII OCHOBBHB HB TO 

TSJ>K91lbiX 3 119M9HTOB OCT 

KOTOpaH MO>KeT 6biTb 06 

CKOe TpaaneaHe ceneKTH: 

OCKOn!(QB XOpOWO npOCME 

aoe paapeweaHe yqacTKO 

Jl91lmllHXCH 3119M9HTOB H~ 

CHTKOB MHKpoa. MeTOJl n 

H TOpHH KBK BO BKIIID'l9H~ 

~!HKpOH90JlHOp0JlHOCTeli y 

HOI! ¢YHKUHeli HCTOpHH <!> 

I. OnpeaeneHHE 

CIIOHTBHHC 

121 
l13B9CTHO , 'ITO OC 

CTIOHTBHHOI'O Jl9119HHH TSDI( E 

p 1 onpeaenseTCH Bbipa>!<E 



npoBOLlHBWeeC51 paHee H3y 'l e HH e KOHUeHTpB UiiH ypBHO B T' Opll b iX IlOPOLlBX CI10-

C 0 6 CTBOB8nO pewe HH IO u enoro p51aa B aX< Hbi X r e onorH'leC I<HX 3B Ll B 'l. KoHueHTpouu51 

ypBHB, Onpenen51BW851C51, B OC HOBH OM, XH M H'leC KH M , pBLlHOT'pBqJH'l e CKHM II niOMHHe 

CUeHTHbiM C I1 0 C068MH, X8p8KTe pH3 0 B a n a yc p enHe HHOe 3 H B 'le HH e 3 TOT'O sne~leHTB H B 

e nHHHUe nnowanH HnH o6beMa Hccne noBaBw n xc 51 B ewecTB / 
1 1

• 

B naHHoA pa6oTe aHanH3HPYIOTC51 nyTH onpeae n e HH51 npocTpaHCTBe HHoro pac

npen eneHH51 H I<OHUeHTPBllHH ypaHa B pa3 nH'IH bi X o 6 pa3 uax. Bo3 M OX< HOCTb TBKHX onpe

n e n e HHfl OCHOBBHB HB TOM, 'ITO OCKOnKH CllOHTBHIIO linli Bbll;ly >I<LleHHO nen51111HXC51 Slllep 

T SI>KenbiX s n e M e HTOB OCTBBn5110T B OK py>KBIOW e ll cpea e ne<!>e KTHYIO o 6 n a CTb ( TpeK), 

!<OTopa51 MO>KeT 6b1Tb o6Hapy>K eHa c nOMOWb iO arpeCCHBHoro TpaBiiTen51. XHMH'le

CK Oe TpaBneHHe ceneKTHBHO B bi51Bn51eT o6n a c Tb Hapywe HHH, nocne qero cnenbl oT 

OCKOnKOB XOpOWO IlpOCM8TpHB810TC51 B OllTH'ie CKHll M HKpOCKOil. npH 3TOM B03MO X<

HOe pa3peweHiie Y'IBCTKOB C pa3nH'IHOif K OHU 9 HTpB UHell 51Ll e p y p a Ha 1 TOpH H H LlpyrHX 

n e n51lllHXC51 s neMeHTOB HMeeT BenH'IHHY I10pHLlK8 p83 M epOB TpeKa , T.e. I10p51LlK8 Ll9-

C51TKOB MHKpOH. MeTOLl no3BOn51eT KonH'l e CTBe HHO p a 3nenHTb KOHu e HTPBllii iO ypaHa 

H TOpH51 KBK BO BKniO'l9HH51X, TBK H "tjJOHOByiO " . Lla>Ke Ilp9LlB8pHTenbll bl li 8HBnH3 

~! HKpOHeOLlHOpOLlHOCTeli y6eLlHTenbHO IlOK83biBBeT, 'ITO OHH 51BnSIIOTCH 'IYBCTBHTenb

HOfl <I>YHKUHe fl H CTOpHH <!>opMUpOBBHHH H cyweCTBOBBHHH ropHOil IlOPOLlbl, 

I. OnpeneneHI!e KOHlleHTPBllHH ypaHa no cneaaM OT ocKonKOB 

CllOHTBHHOT'O aeneHH51 B cnallHb!X MUHepanax 

/ 2/ 
l13BeCTHO , 'ITO OCHOBHOII BKnBLl B nnOTHOCTb ( p I) cne!lOB OT OCKOni<OB 

cnoHTBHHoro neneHH51 TS!x<enbiX 3neMeHTOB B M UHe panax BHOCHT ypaH-238. BenH'IHHa 

• 
p 

1 
onpeaen51eTC51 Bblpa>K eHHeM 

3 
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CM BBlllBCTB8, - '!llCJJO BTOMOB ypaHa I} 1 

1!30TOnli'!BCK851 D0l11! ypana-238, 

l!OCTOI!llllDA JlBJ1BllHI! ypaHa-238, 

npeMSl cywecTsoaatHISl MuHe pana, 

:::>tp~Je KTHBH btii TpDBHMbtl1 CJJBJl OCKOJJK8 JlBJlBHHSl , 

( 1) 

K03¢<jlHUHBHT :::><jxjleKTH BHOC TH Bbii!BllBHHSl Cl1B/l0B 0T OCKOJJKOB JlBllCHHI!. 

<i>opMyna ( 1) cnpaae<:~nuaa B TOM cnyqae, ecnu uccr.enyeMbtl1 MHHepan ae 

l!O)lBBpranCI! B i!pOWJJOM B03JlBHCTBHIO T BpMOMBT8MOpQlH3M8 H B HBM HB npOuCXOJlll-

110 npeuMyllleCTBBHHOl1 MHrp8UHH ypaHa B o6pa3eU HllH H3 o6pa3U8, 

3H8'!BHHB KOHI{BHTp8UHII c MO)I{BT 6b1Tb 38l!HCDHO H8 OCHOB8HHH ( 1) B CJJB-

nytouteM mille: 

c PI 

N J 238 AT R ( 

A!_;_ 
T 

rne A - nocToHHHaH :nn~t naaaoro Muaepana aenR'!uHa. 

(2) 

TaKHM o6pa3oM, nn11 onpeneneHHil KOHUBHTpauuu ypaaa B o6pa3ue aeo6xonu-

MO 1!0JlC'!HT8Tb nJJOTHOCTb CJJBJlOB OT OCKOJJKOB CnOHT8HHOrO )lBJJBHHSI, npu 3 T OM 

npennonarae TCSI, '!TO a03pacT MHHepana u3aecTeH H onpenenea a e38BHCHMbiM cno

co6oM, 

Onpeneneaue KOHUeHTpaUHH ypaaa B MHHepane naHHbiM MeTOJlOM BKJ1IO'!aeT 

4p e3Bbi '!8HHO BB)!<HyiO, HB H8lll B3rJJS!Jl, B03MO)I{HOCTb BbiS!BJJeHHS! pacnpeneneHHS! ypaua 

no o6pa3uy . nocnenuee o6cToHTeJJbCTBO no3son51eT o6cy)I{Jl8Tb T aKHe aa)l{llbie Ka

q ecTa e uubie sonpoCbl , K8K !jlopMa BXOlKJlellllll ypaua B MIIHepan, uanu'!lle MllrpaUIIH 

ypaHa 113 0KpylK810llleH nopOAbl 11· np . 

Ecn11 u3secTeH so3pacT uccnenyeMoro Mu u epana, MeTon n03BOn51eT c 6onbwoi\ 

'!yBCTBIITBJlbHOCTblO onpeneJJ51Tb B o6pa3Ue KOHUeHTp8UIIIO ypaua. [lnSI 3TOrO IICCJJeJly

BMbiM Mllllepan paCK8JlbiB8BTC51 nO nnOCKOCTII cnai\HOCTII H nonaepraeTCSI B03)leiicT-

BIIIO XIIMII'!eCKOrO peareHT8, p83'be/l810lllero l!OBepXHOCTb B MeCT8X BbiXOJl8 CJJeJlOB 

OT OCKOJ1I<OB. c!>OpM8 II BIIJl Bbli!BJ151eMblX !jluryp Tp8BJ1BHH51 H8 cnenax, C03Jl8B8eMblX 

OCKOJJK8MII , n03BOJ11!10T CYJliiTb 0 H8l111'!HH HJJH OTCYTCTBHH B npOlllJJOM TepMOMeTa

/3 ,4 / MOp.!jl113M8 H
1 

T8KH M o6p830Ml onpenenHTb B03MO)I{Il0CTb npHMeHBHHSI Jl8HHOrO 

MBT0Jl8 , npH OTCYTCTBHH T ennosoro B03Jlel1CTBHSI OlllH6Ka B onpeneJJellHH KORUeH-

ueHTp8UIIII 38BIICIIT OT Olll116KH B onpeneneHHH B03p8CT8 II CT8THCTHKH 113MepeHHM, 

4 

P e3yJJbT8Tbi 1'13Mepe 

neuue npuse neHbl so aTop 

OniiChtBaeMbtH MeTe 

MH. Bo-ne pshtx, OH OTJJH< 

CHOCTbiO: Tp8BJJBHHe CJJIOJJ 

C'!eT nJJOTHOCTII Tp eKOB M 

JlOBHS!X 11 1 B -Tp e TbiiX, nae• 

puanoa, aeo6xonHMhtMII Ill 

K a e nocTaTKaM MeTe 

pble MOll<HO 06pa60T8Tb XP. 

BbiS!BJlBHIISI CJJeJlOB OT OCK< 

!jlHK8UHSI TpeKOB, Cn8HHOCT: 

!jleKTOB npyrux TunoB, Bb!S! 

KpoMe Toro, B PHAe cny< 

3ynbTaTe T e nnos o ro B03Jle 

2. Onpenenenue 

Bbi HY lK/l e H n 

0CH0Bbl MeTOJl8 B 061 

B Munepane nonc'!HTbtBaeTc 

KOJJKOB B biHY)I{JleHHOro neT 

p 
2 

rne J 2ss 
1'130TOI!H'!eCKE 

a ceqeuue nene~ 

HRTerpanb Hbt il 

LlnH onpeneneuuSI KOr 

HeMTpOHOB, !jlopMyny ( 3) en 

rne N 
0 

flu 

d 

p 
2 

N 
c~ 

f1 

qucno Asoranpo, 

MOJJeKyJJS!pHblH Bee 

nJJOTHOCTb BellleCT 



( 1) 

0T OCKODKOB )l0D0HIHI. 

;r.euyeMblH MHHepan ne 

' H B HeM ne nponcxoun -

o6pa3ua. 

) na OCHOBBHHH (1) B cne-

(2) 

3H8 8 o6pa3ue neo6xouH-

>rO )leoeHHSI. npH 3 TOM 

aeneH H038BHCHMbiM cno-

biM M0TOllOM BKDIO'l80T 

aneHHSI pacnpeuenenHSI ypaHa 

.>K)l8Tb TBKH e BB>KHble Ka

nepan, H8DH'lH0 M HrpaUHH 

40T0ll n03BODH0T C 60DbWOH 

> ypaHa. llnS! 3TOrO HCCD0llY

H nouaepraeTcn ao3ueiicT-

B M0CT8X Bb!XO)l8 cneaoa 

Sl Ha cneuax, co3aaaaeMbiX 

H B npownoM TepMoMeTa

:>CTb npHM0 H0HHSI aanHOrO 

KB B onpeueneHHH KOHU0H-

H CTBTHCTHKH H3MepenHll . 

P e3ynbTBTbi H3MepeHHn KonueHTpauHH ypaHa no uaHHOMy MeTouy H Hx o6cy>K-

ueHHe npHae aeHw BO aTopoM pa3aene . 

OnHCbtBaeMbtli MeToa HMeeT pnu npeHMywecTa nepea aceMH cymecTayJO!IlH-

MH . Bo-nepBbiX, OH OTDH<Ja e Tc H BbiCOKoll 'lYBCTBHTenbHOCTbJO, BO-BTOphiX,3KCnpe c -

CHOCTbJO: T paaneHHe CDJOJl nnaBHKOBOH KHCDOTOH OnpeaenneTCH MHHYTBMH H nou

C'leT nnOTHOCTH TpeKOB M0)!{0T 6biTb Bh!ITODH0H H0IIOCp eaCTB0HHO B noneBh!X yc-

DOBHHX H 1 B-Tp0 TbH X, aaeT B03MO>KHOCT b 06xoaHTbCH MHKp0KODH'l0CTB8MH MB T e 

pH B DOB, Heo6xoaHMhiMH ann onpeaeneHHii. 

K HeaOCTBTKBM MeToaa cneayeT OTH0CTH cneayJO!Ilee. 4H CDO MHHepanc. }
0 

KOTO

pbl0 MO>KHO o6pa60T8 Tb XHMH'l0CKHM nyTeM, orpaHH'l0HO: He06XOaHMh!M YCDOBH0M 

BbHIBD0HHH Cneaoa OT OCKODKOB aeneHHH B KpHCTannax SIBDH0TCH Haae>KHBH HaeHTH-

~HKBUHH Tp0KOB, CITBHHOCTb MHHepanoB H OTCyTCTBHe 3H8'lHT0DbHOH nnOTHOCTH ae

cpeKTOB apyrHX THITOB, Bh!HBDH0Mh!X Tp8BD0HH 0M HB HCCneayeMh!X ITOB0pXHOCTSIX. 

KpoMe Toro, a PS!lle cnyqaea cneabt OT oct<onKoa aeneHHSI MoryT HC'le3HYTb a pe -

3ynbT aTe T ennoaoro ao3aeiicTBHSI na MHHepan. 

2. Orrpeaenenne KOHUeHTpBUHH ypaHa no cneaaM OT OCKODKOB 

BhiHy>KaeHnoro aenennSI B crraiiHhiX MHHepanax 

151 
0CH0Bhl MeToaa B 06!1leM BHae OITHC8Hhl B pa6oTe , rae KOHUeHTpauHSI ypaHa 

B MHnepane ITOaC'lHThiBBeTCSI Ha OCHOBBHHH <jlopMyDbl ITDOTHOCTH p 
2 

cneaoa oT oc-

KODKOB BbiHy>KaenHOrO aeneHHSI, KOTOpaS! HMeeT BHa: 

p 
2 

C N J 2 35 
a n R ' , 

(3) 

rae J 235 
H30TOnH'leCK8SI aODSI ypana-235, 

a Ce'leHHe aenenHSI ypaHa-235 TeiTDOBh!MH HeiiTpOHBMH , 

n HHTerpanbHhlH nOTOK T 0ITDOB biX Hei1TpOHOB. 

nnSI onpeaeneHHSI KOHUeHTpauHH ypaHa B r/r , Y'lHThlBBSI crreKTp aoKaaMneawx 

rae N 
0 

flu 

d 

cneayeT 3arrHCbiBaTb cneayiO!IlHM 

p =Cl 
2 /1 

u 

J 235 d .B._ ( 
2 

'lHcno Aaoraapo, 

MoneKynSipHhiii aec ypana, 

ITDOTHOCTb Be!lleCTBa, 

5 

Ee 
f n (l':)a(l.')dE:, 

o6pa30M: 

(4) 



a(f~) 

n( ". ) 

2 
CM 

-nH!jxpep e HuHanbHOe ce'!eHHe n e n e HIHI ( M:aa ) , 

-HHTerpanbHhl~ llOTOK He~TpOHOB. 

K OHUeHTpaUHSI ypaHa, onpeneneHHaSI Ha OCHOBaHHH ( 4 ), MOX<e T 6h!Tb npe nCTaB-

lleHa COOTHOWeHReM: 

c B 
p 

2 

'[P n (E)a(E)d F 
E 

0 

(5) 

rne B - nocTonHHhl ~ nnH naHHoro KpHCTanna I<os¢<jlauHeHT, 3ll BHCSI!UHi1 OT ero 

CBOilCTB. 

llnSI Ollpe n eneHUSI 3 Ha 'l eHHSI HHTe rp a na, BXODSI!Uero B (5), 6bJn HCilOllb3 0 88H 

cnenyiO!UHii npHeM. OnHoapeMeHHO c Hccnenye MbiMH o 6pa3uaMH 13 KaHane p eaKTOpa 

06ll)''l8llHCb ypaHOBbLe M H!UeHR pa3nli'IH biX MaCC CO ClleUHallbHblMH neTeKTOfJBMH 0 

He nocpenCTBeHHO llfJI~ll erBIO!UHMH K MH!U e HSIM B n e pHOll o6ny'!e HHSI H p e rHCTpHpyi0 -

/ 6 / 
lll ll MII OCI<OllKH neneHHSI 0 BbJneTaiO!UHe H3 MR!UeHH , lle T e KTOp llOD6HpaeTCSI TaKHM 0 

'IT06bl OC KOllKH C03DaaanR B HeM necjleKTbl CTpyKTypb1 0 KOTOp bl e MOrJlH 6b! 6b!Tb 

Bll OClleDCTBHil Bbi51Bll e Hbl H3 6RpaTellbHblM TpaeneHReM, )!(enaTellbHO, 'IT06b! B CaMOM 

n e TeKTOpe MHKpOI<OllH'!eCTBa ypaHa 6billH MHHHM8llbHb!MH 0 B npOTHBHOM Cll)''!Be BKT bl 

neneHHH ypaHa , npoHcxonH!llHe a neT eKTope, Mory naTb cy!lleCTBe HHbii! BKnan a non 

cqeT cnenoa OT ocr<onKoa n e n e HHH. TaKHM neTeKTopoM Mox<eT cny~<RTb naac aH , 

T eXHOJJOrH51 H3 I'OTOBJJeHH51 KOTOpOrO HCKll!O'IaeT HallH'!He T51)!(ellb1X 3 lleMe HTOB, npH 

HCilOllb3 088HHH B Ka'!eCTBe neTeKTOpOB Cll!Ollbl H CTeKna B HHX npenaapRTellbHO onpe

nen51e TC51 C06CTBe HHaSI KOHUe HTpaUHSI ypaHa, nocne o6ny q eHU51 neTeKTOp OTnen51eT

CSI OT MH!UeHH ll o6pa6aTbiBaeTC51 COOTBeTCTBYIO!UHM TpaBHTe n eM llll51 Bbi51BlleHH51 

3aperH c TpHpoaa HHbiX cnenoa oT ocKonKoa. B T a6nnue 1 npHaene Hbl pe:>J<HMbl Tpaane-

Hll51 ll ll51 llfJHMe H51B!UHXC51 HllMH n e TCKTOfJOB, 

T a6 nnua 

P en<nMbl Tpa aneH HH neT e r<Topoa 

lle T eKT Op TpaanTen b BpeMSI TpaaneHHSI T eMnepa T ypa 

M HH 

Cmona ( MYCI<OBHT) 48% HF 30 20°C 

CTeKno 2,5 % HF 20 20°C 

fl aaCa H 40% KOH 30 6 0°C 

6 

H a puc. I npimetw u< 

11 nocne o6ny 'l e i!IHI a KOH 1 

Hhle cjmry pbi T pnaneuu11 Ha 

nen e H11 11 , MenK!fe - cnena~ 

MuweHn. H a p!fc. 2 11 3 llf 

llllH u npoTpaoneunbiX none 

B pe:Jy TlbTaTe o6ny'IC 

6pll3llTCH 1!8 llC!TeKTOpe, II 

6yne T on p enennTbCH owpa~ 

p 

rne m
1 - Mncca ypa na H 

< - srJ)(peKTJI B I! OCTb 
I 

Pewan ypaaHeHHH (. 

3H.:!'-ICJJIIe 
m, 

Haxc 
P, 

naoaeMwx ocr<onKaMn neneE 

ypal!a HD MIIWeHH ( m I ) • 

4l!ClleHHDH Bellll'lllf![l 

HH~wnacb paonoii l!ll51 cVOTOo 

TaKu~I o6pll3 0M, aenw 

llHeTCSl cpyi!KU II eii TOJlbKO llll 

pax, npuncrmo!llnx r< ypauor 

OT BblH)O:\JJeHHOro il0JleH H H, 

nonycr<ac~IaSl npu HaHeceHir 

110 )'l\fCHbW0HU 3a C l.J0 T 31Jll t. 

.nH T peKOB Ha M HWe H 51X OT ~ 

MeTOI!HK a onpeneneHn< 

'laeT cn a cnenyiO!UeM. 06pa= 

HIHI Cilei!OB OT OCKOJli<OB C!l( 

n e nun, o6pa3eu noMe!Ua e Tcn 

JlOB O~I I<aHane p e aKTOpa. noc 

'ITO ll03BOlllleT llQIIC'IliTaTb E 

ro ncnemrn ypaua . T peKII, 



I, MO>KB T 6biTb npe J:lC T BB-

(5 ) 

3 aBHCI!llllifi OT ero 

l (5 ), 6bin HC1101lb3 0B8H 

UBMH a K8H81l B p e aKTOpa 

3 /lbHbiMH aeTe KT Op 8 MH, 

)nyqe HHII H p e r H CT p HpytO

!KT Op 11 0J:l6Hp a e T CII T B K H M , 

ropbt e MornK 6bt 6btTb 

18T BilbHO, '-IT 06bl B C8MOM 

B npOT HBHOM cnyqa e 8 K T b l 

y llleCTBB HHblfi BKil8 J:l B llOJ:l 

) ~<eT cny ~<HTb n aac aH , 

l>KB ilblX 3 /l B M B HT OB. npH 

B HHX n p e aaapHT B ilbHO o n pe

q e HI! II a e T e KTOP o T a e nsteT-

a!Te n e M a n st BbtSJan eHH st 

l p l!aeaeHht p e>KHMbt T paane-

· opoa 

!-I a pu c . 1 npH BtlJ:lB II il MI! I<pOt[>OTOr pa ~mst J:l B yKpDTUO npoTpaaneUHOJ1 CJJIOJ:lbl J:lO 

11 ') 
11 nocne o6ny'-! eHIISJ a KOIITBI< T e c y p anonoll ~lll llle llbiO 2-10 n lcM- ) K pyn-

Hbte qmrypbt T pa an e nu SJ n a p u c . COOT BB T C T BY JOT CllBA.:J~I OT OCK OilK OB C nOHTll liJI Or o 

tlGliG H H Sl , MeiiKH e CIICABM OT Bbt Hy)I<ACH Ji o r o /lCile HH SJ , npoHCXOAstruero a yp.:J u onoii 

Mllllle lll! . !-I a p u c . 2 11 3 npii OCJ:lCHbl ' 111 1<pO<i>OT O r pacjmH o6ny q eii ii LIX OC K OIIJWM H ACliC-

111111 II llJJOTp.:J BJlB IIII L I X llOBCpX II OC T C i i C T C K il8 I! llilBCDll D , COOT BCT C T Be !IHO, 

B p e3y llbTDT C o 6ny'I C HH 11 a KT b t LtCIJC HfHI ypa n a , H LlXOAHU!c r oc n 11a M H lliC IIH, o T o -

6 p .:J311T CSJ !I ll ilCT e i<T Ope , II llllOTIIOC T b CnC):lOB OT OCKOil K OB ll il AeT B KTOp e ( p f 

6yAe T on p eACiliiT bC l1 BL!pll~<B IIII B~ I : 

rAe m 
1 

p 
fl u 

Mncca ypa Ha Ha ~utweu H 

Ep 

f a(E)n(E)dE , 

Eo 

2 
( r lcM ), 

(6 ) 

I 
3<!>qJCKTI! B II OCTb pCriiC Tp a UIII! CllCAOB OT OCKOIIKOB ilCilB III!Sl J]BT BK TOpO M . 

Pe111a11 ypaB H B III!Il ( 4) H (6 ) OTH OCI1T e llbHO C , non y'-IHM 

3Ha '-! eH u e 118XOOI!TCI1 110 rp [)qliiKy 3.:JBIIC II MOC T!l nn o T HOC T H CJleA OB , C03-
p1 

J]Q OBeMbiX OCKOil KD~!II J:lBJlB HII SJ , HQ ABT C KTOpe ( p 
1 

) OT MBCCbl HDHeCeHHOrO CJl Oil 

ypa11a H D M lllUBHH ( m 
1 

) • 

4ncne H HU5I Beii U t.U JHQ ( I 
/7 ,8 / 

onpeAell SJnacb a c n eu tlDilb Hbi X o n b tTax u n p u-

/ 2 / -
IIHMQilDCb p a oH Oii Allfl cpOT OC T B K il8 42 %, Al! Sl liDBCll HD 76% , J]il ll MYC K OBHT.:J - 100%. 

T aKHM o 6 p n3oM , aennqnH a KO HUeHT pa unH ypa n a , o n p eACnSJeMa SJ a o 6 p a3u e , SIB-

JI IIB T Cfl cpy HKUH e ll T O!IbK O n JI OT II OC TJI CliCAOB OT Bbl H )'>l<AC HHOrO J]eJieHI1 51 H D ABT BKTQ-

p ax , 11p UJie r aJOlli i!X K y p a i!OOblM ~ !ll llle i!HM BO Bpe~JSJ 06Jiy 'te i!Il ll H llliOT HOCT I! CJIBAOB 

OT BbiiiYJI(Ae HHOrO J]CI1B HI1 11 , HOAC'I I!T b i BDe~ t Ol1 HenocpeAC T Oe !IHO liD o 6p83Ue . 0111 11 6 1( £l , 

HD ypDIIOBbie ~ lll lliC HH , 6btl18 3 H Q'-IIlTCllb-

uo yi\tC Jibwe Ha 3a c q e T 311D t..J eH U 51 t-.tllcc, rrony q nei\tbiX no rpnQmKaM 3aau c n MOC TH q u e -

ilel T peKOB Ha M H We !I HX OT ~ I aCCbl HD H eCeHHOr O CnOil . 

a B JIBHHil T eMrr e p a T y p a fvleTon u Ka o n peAene HII Il KOIIUeHTpn uHn ypa u n n o Obt Hy>KAe HH OMy AeneHH IO 3aKmo-

'!aeT c5J B cnenytO!UeM. 0 6 p a 3 e U n OABepr aeT Cil XI! M I1'-I CCK 0~ 1Y Tp8 B JI8 HHJO Allll Bbl llBTle -

HHSI CliBA OB OT OC KOil K OB CII OH T BII HOrO ABll e HH H ypa n a . 3a T eM , BO H 3 6 e*BHH e 3arpst3 -

He HIIli, 06pa3 B U llOMelllaeT C fl B liDBCD HOB W fi n n K e T 11 06JiyqaeT CI1 HB liTpOH 8 MI1 B T e n -

TlOB OM 1(8Hane p ea KT Op a . n ocne 0 6 11y '-I CH H I1 06pa3eU npoT paBJI IIBBBT Cfl BTOp11'-IH~ 

'ITO n 0 3 BOJlllB T 110J:lC'IIIT8 Tb 11 8 e r o n oaepX HOC T!I Hll OT HOC Tb CllBJ:lOO OT BLIHY~<AB I'HO

ro aene11 H 11 y p a Ha . T pe K n , Bbi3BB 11H bte Bbiny;:<Ae HH bt~I AeJieHH e~t , nocne BT Op ii'-IH o r o 

7 



T P/'\ DJI OIIIIII OTntl'll:liOTCII OT Tp6KOD1 oCiyCJIOEIJI OHiit.IX CnOIITilllll bt M ,QOnOIIIIOM, :'111!1'111 -

T OJibllO MCI!bWIIMII IIJIOW£l,QIIMII ~lllryp TpliBJICHHH, 8 31:lBHCIIMOCTII OT p e>KJ!M£1 Tpa n

Jtcflll!il MeJHleTCH llHJl S b!StnJISICMblX cjmryp, npHO?peT£1IOWHX C yne JJH'IeHHCM speMCHH 

TpanneHn 11 onpenen e HHLJe xapaKTep n L Je nnH naHHoro MaTe pnana reoMeTpwrec~>He 

/8/ 
O•rep T llHH II HO nn OCKOCTI! CKOJ!ll 

B T aGnnuc 2 npnnenenbl n K D 'ICCTse npHMepa HC KOTOpbl e :o> KcnepHMC HTBJihHLi e 

JlD HI!LI C 110 onpencJICHHIO IWHUC HTpaUIIH ypaHa ll C JI IO)lBX no nJIOTHOCTII CJICJlOB OT 

CllOIITn i! II Of'O II ShlH)"l!(Jle HHOf'O JlCJie i!HSI, 

Ta6n11u a 2 

KoHu e uTpauHn yp.~na a cmonax, onpe neneHHan no cnonTnnuoMy 

II S bii!Y>KJleHI!OMY JlCJICHIIIO smep ypaua 

T11n cmonJA 

;\ \ yCKOil i!T 

~ \ yCKODIIT 

~\yCKOSI!T 

MycKOBIIT 

,\\yCIWBII T 

<!>JJOf'OiliiT 

6I! OTI!T 

Bcp~umymtT 

Ho~mp 

o6p£1 3 U O 

17 

21 

32 

84 

15 

10 

17 

13 

i<OHJ.!CHTJ2B!!IIH1 
10-11 a T I aT 

no CnOHTI:lHHOMy no S biHY >KJlCHHO 

nenenHIO nenenHIO 

6 7 

40 36 

2 2 

19 45 

36 36 

- 2700 

36 41 

K aK cnenyeT 113 Ta6JJI!U bt, o6a MeTona naroT x opowee cosnanenHe a 3naqe

nn sr x KOHLICHTpB UI!ll ypana, JJCKJIIO'IeHI!e COCTI:lBJI!IeT o6pa3eU )1.\> 15, B KOTOpOM KOH-

UC HTpl:lUIIII ypana , f!OJIY 'ICHHI:lSI Hl:l OC HOBI:l HIIII llOJlC'ICTI:l llJIOTHOCTII CJICJl OB OT OCKOJI

K OB CllOHTI:lHHO!'O llCJIC HII II 1 MCHbWC COOTSC TCTBYIOWeil K OHUe HTpBUIIH, llOJiy'leHHOH 

no BbiHy>iiJlC HHOMY llCJICJIIII0 1 B 2,5 p a3a , 3TO pacxo>:<neHI!e MO>KCT 6b1Tb 06bSICH e HO 

TO~! 06CTO!IT eJihC TilO~I, . 'ITO HCCJICJlYCMbl ii MYCKODIIT nonse pranCH T Cp M OMCT BMOp-

cj lii 3~1Y, 0 6 3TO~! MOryT CBII A CT CJibCTBOBaTh BIIJl0113MCH,CH HbiC cfmr ypbl Tpa sneHII Sl liB 

13,101 
TpCl<OX, 06Hapy x;e lli! L>I e Hl:l CKOJIBX CJIIO)lbl , 

8 

...... 

3 necb c nenyeT ocTaJ 

Hbrx, nony'leHHblX o6oa~m 

Momuoc Tb onpenen e nnSI Mi 

na, Onpene n e m1e KOHuenT~ 

Hl:lJlii'IHe B He~ ! ypaua B Hi 

no c n OHTBHHOMy JleJICHIIIO 

HIIH ypana D T C 'IeHII e BCer 

T ax ypa HOBbiX C KOnneHIII"I, 

HilS! , nocne o6n y 'le HIIST He 1 

peHHOCTbiO CKB38 Th, 'ITO B 

MOJKno Ha6m onaTb CKonneH 

nany (MyCKOBIIT N~ 128, 12 

BCJlCHI:l cjJOTOrpacjJIIH TBKOf'O 

BBJICH nsa~<llbl - no 11 n oc 

COOTBe T CT By!OT CJICJlBM OT 

3 TOM cnyqae MO~<no y T sep: 

nocne e ro o6pa3osaniiST, T B 

HBJICHHble no CJie)lBM OT C 

ypaHa a o6pa3ue, CHHTble 

'laiOTCH apyr OT npyra, H a 

OT cnonTaHHoro neneHII n, n 

U eHTpBUIIII ypana, T. e , PBE 

JJ II3BUIIII . T aKoJ1 )J( C MBKCHM 

no CJIC)lBM, C03)l8 BBeMbi M B 

C H II npyr11e MBI<CIIMYMbl , C 

c nyq a HX y naeTc Sl onpenemn 

s o6pa3uax MYCI<OBIITa N~ I~ 
-2 

u11er1 C ::: 10 %, so3pacT 1< 

HHJICSl T ::: 20 MJIH, JieT, (f 

cnenaM, co3na s aeMbiM OCKo. 

OCHOBI:lHIIII npOCMOTpa 60JibW 

JlBII)J(CHIIS! ypaHa 'IBWe BC CI'C 

YPBHOBbie CI<OnJJeHIIH MOry 



BllllbtM D.OilOIIIIOM, Sll!l'lti

~~OC TII OT peXmMa TpDn-

: ynemi"'eHIIOM apeMelill 

uan a r e oMe Tp!t"!eCt'IIC 

pw e aKcnepHMCHTBnbH We 

nn oTHOCTII cnenos oT 

st no cnOIITOHIIOMY 

ana 

no BbiHy)!<UeHHO 

neneHII IO 

7 

36 

2 

45 

36 

2700 

41 

tee cosnaneul!e B 3Ha"!e-

3eu N9 15, B KOTOpOM KOH

OTHOCTII cneUOB OT OCKOn

HUei!TpaUI!ll, nony"'eHHOfi 

~ MO>ll eT 6btTb 06bSICHeHO 

oaeprancn TepMoMeTaMop

Hbie !jmr ypbi TpaaneHI!st HB 

3 necb CnenyeT OCTBI!OBUTb CS! Ha HeKOTOp btX B03MOl:< HOCTS!X COrJOCTOBne i!!IS! n n n

Hb!X1 110ily"!eHHbiX o601nm MeTona ~m . Hau6onee OO )l'HoH !!3 Hnx 11pcncTn ansteTcst ao3-

MO)lii!OCTb 011peneneHHst MnrpauHI1 ypaHa B Te "!e f!n e ape Me HH cynwcTn oaa nHn ~mHepa

na . Onpen eneHI!e KOHuenTpauHH s ~amepane 110 BbtHyx<n e HHOMY nencm1 10 110Ka3btsaeT 

HBilH"!He s He M ypaHa s HacTonwe e speM n, Torna KB K o11peneneHu e KOHUe HTpaunH 

110 CI10iiTaHHOMY neneHI!IO 1103 sonneT BbtnsnnTb yc p enHe HHy to KBpTn ny MCCTon onoxw-

HIIR ypaHa s T e "!eHH e nc e ro r e onorH"!ecKoro 11 e p11ona . B TOM c n y , ae , Ko r ns n Mec

Tax ypaHOBbiX CKOI1neHHH, 06HapyX<eH HblX 110 Cnena M OT OCKOill<OB Cr!OilTBilllOrO nen e-

HHR, noc ne o6ny "!eHHn He no3 HHKBeT c nenos OT BbtHyx<neHHbiX nen e nnn, MOl:<IIO c ysc -

penHOCTb!O CKa3aTb, 'ITO B o6p a3u e npo1!3 owno n n tPI<e nue y pa n a . H, Hao6opoT, '! aC TO 

MOlKHO na6monaTb CKOnlleHHst y paua , o 6 na p y>l<e HH bte TOilbKO 11 0 BbtH y li<UCHHO'IY p ac-

11any ( MyCKOBHT N' 128 , 129 , 6HOTHT 16 H np.) . B Ka "!CCTBe 11pnMep a Ha pu c . 4 npn

aeneHa !jloTorpaqmn TaKoro cny "'a n. 06pa3eu, npencTa nn c HH bJ H HD puc . 4, 11pOTpasmt

aanc n naa »<n bt - no H 110Cne o6ny"'e HHn. Eon b w He !jJHry p bt Tpa nneHH n n a <jloTo rpaqllm 

COOTBeTCTBYIOT CnenaM OT cno HTaHHOr 0 n en eHHst1 MellKHe - OT Bbt ll yl:<n eHHOrO. 8 

3TOM Clly"!ae MO)I(f!Q yTBep )l(naTb, 'ITO !!Me llO MeCTO BXOll<n e HH e y pana B MHHepall 

11ocne ero o6pa3osa nHn, TaK KaK B o6pa3ue n e o6nap yx<en bt CKOI11le HHn y p a na , Bbi

nsnenHbte 110 cnenaM OT OCKOilKOB cnonTa nHoro n en e tmn. Kpnn bte p acnpen en e mtn 

ypana s o6pa3ue , CHstTbte n o H nocne o61)y"'e Jmn, a a TOM c ny"'ae n e CKOilbKO OTil!1-

"!a iOTcn npyr OT npyra. Ha Kpl!aofi pac11pen enen11n ypana , noc Tpoel!non no cnenaM 

OT cnOHTBHHOrO neneHHst, I!MeeTCst onHH ~IBKCHMyM , COOTBeTCTBYIOWHil <jJOHOBOII KOH-

UeHTpaUHH ypaHa, T.e, paBHOMepHOMY BXO)Kn e HHIO y paHa B Clllony npH ee ~!IH!epa-

11H38UI1H . T aKoii )!(e MaKCHMYM HMeeTCR H Ha Kpa a ot1 p a c11pen eneHIIR , nocTpoeHHoii 

110 cnenaM, co3na aaeMbiM abtlly»<nei!HbiM n enem!e M, OnHaKo Ha sToli Kpnaoii nMetoT-

CSI H npyrHe MaKCHMYMbl, COOTBeTCTBYIOWHe ypa HOBbl M CKOI11le i!U RM, 8 l! eKOTOp b!X 

cny"'anx ynaeTCR o11penenHTb ao3pacT TBKHX ypai!OBbiX BKil!O"'e Htlll. H a 11pHMep, 

B o6pa3U8X MYCKOBHTa N' 127 6btnl1 061!apyll<e llbl y p a i!OBble CKOnlle HHf! C KOHUei!TpB

-2 
UHefl C ::: 10 %, B03paCT KOTOpb!X 6blll Onp enene H HaMil l!O ~ teTony TpeKOB ll p aB-

HS!IlCSI T ::: 20 Mlll! ,neT. (f1onpo61!an MeTonaKa o11pen eneHHR ao3pacTa cmon 110 
/ 4/ 

cnenaM, co3naaaeMbiM ocKonKaMH n enel!nn ypa Ha, OI111 Cal!a HaMH B paGoTe ) • Ha 

OCHOBaHHH 11pOCMOTpa 60ilbWOrO ICOilH"'e CTBB Cnton MQ)KHO 3 8Kil !O"'HTb, 'ITO TBKHe 

naH)!(eHHR ypaHa '!awe acero Ha6n iOnaiOTCR a cn10nax H3 rpaHHTOB. B s Trix cn 10nax 

y pai!Oabre CKOl!lleHHSI MOryT BCTpe "!aTbCf! B Bnne MHHepallOB H BIW IO"! e i!Hfl, HMeiO-

9 



uutx np<lD tWhny to r e oMeTpll'JeCKyJo ~JopMy (pH C . 5 ). MolKHO np e nnoJJOli<JfTh, 'ITO o6pa-

3 0D:11 !JI 0 TllKUX DI\niO llC HHii CBH3ll li0 C JlBJ.0!\0HI-19M runpoT e pM a nbH blX pllCTBOpOB H 

n oc n erlyiOIUHM ocmKne nue" ypnna Ha c m one. Y a cTo noBbiWGHHBH KOnue HTpauHH y p a 

Ha o ~t un ep8nnx HaCi m onaeT CH ononb Tpe WHH. H 8 pH c . 6 a J<aqecT ae npHMe p a npHae

/I C Hil M HI<po<J •oTorpa<jll!51 npoTpaan e HnoR C1110ilbl c T aKoft TpewHnoii . OTc y T c TBH e BllOJJb 

TPCWI!H bl cncnoo OT cnonTaHH Oro nene HH 51 roaopHT o6 oca~<lle HifH 31lC Cb ypa n a a 3 Ha

'I IITCTlbHO Gonce n oonnee o peM51 no c p aa He nmo c M HHe p a11H3AUifefr C1110ilbt. 

PaOJJH'IHWe <jJop MW ypaiiOBWX CKOnJJe HHii 6WJJH 06Ha py•eHW '18MH H B llpyrHX MH-

u e p a n ax . 

803MOll(f·JOCTb BbiHB11 e Hl! H ypaHOBbiX CKOnJJeHHii II llBHlKeHHH yp8H 8 n03B0115JeT 

peW8Tb 3 TH M MeTOilOM U e JJbJfl pHil B8 ~1 H biX r eonorH'IeCKH X 3 8118'1 , T 8K HX, HanpHMe p, 

1<81< o T nenenHe n e pBli'IHOro coneplKa HHH ypaHa OT Han o >KeHnoro a p e3yJJb T 8 T e B 03-

nciiCT BllH rnnpoT e pMaJJbHbiX npoueccoa H npoueccoa rHnepreae3Hca, 

ObiHB11 et-IH e M e XaHH3M8, npHBOil HWero K llHrp<jJep e HUH8UHif ypaaa B 3 eM HOH KOpe H BbiHO-

cy e ro a aepxHHe ropH30HTbt , H T. ll . 

B HGKOTOp b tX Kpu c T anna x , T BKifX K8K NaCL I<'CI CaC0
3 

H npyrHx, na-

pHilY co cnell8M if OT OCI<OJJKOB neneHH51 lfMetoTC51 npyrHe THnbJ n et!JeKTOB, B qacTnoc

TH1 ll11C110K8Uiflf 0 KOTOp bte npH B38HMOile ilCTBHif KplfCTaJJJJa C XlfMI!'! eCKHM peareHTOM 

Ill I 
tfMetoT a n a norH'IHbte TpeKaM ~lOpMb i qmryp Tpa aneH!f H. CneuHaJJbHbiMH onnrTaMH 6bt11H 

noKa3aH bt B03MO>I<Hbte nyTH, no3 aonmowH e OTJJH'IHTb a yKa3aHHbiX Kp HCTa nnax cnenbt 

OCKOJJKOB n e n e HHH OT ll!iCJJOKaUHii. 8 3 TOii lKe pa6oTe 6bi110 nOKa3aHO, 'ITO B TOM C11Y'I8e, 

6 -2 
J<Orlla nJJOTHOCTb llHCJJOKaUHii He npeBbiWaeT }Q CM tB npHHUHne B03MOlKHO npOC'IHTaTb 

11110THOCTb C 11 CilOB OT OCK011KOB BbiHYlKileHHOrO n e JJe HHH, HCn011b3Y H MeTOil llBYKPBTHOrO 

TpaoneH H H Kpu c T annoa, aHanoni'IHbtii onHCaHHOMY Bbtwe. P e3y11bTaTbt TaKHX H3Mep e 

HH H, ll011Y'!eHHbJe ll11Sl HOHHbiX KpHCT8111IOB, npe ll CTaBJJeHbl B T a611HUe 3. 

T 86 nuu8 3 

OnpeneneHHe KOHUeHTpaUHH ypaaa B HOHHbiX KpHCTa11118"X no BbiHYlKileHHOMy 

neneHHJO ypana 

KQHCTa n n 
-10 

c 10 aT/aT 

:-laC I 8,8 

KCI 12,2 

CaC0
3 

7,6 

10 

I 

' 

; 
l' 

3!jlcjleKTHBHOCTb Bbl HE 

KpHCTannax,onpenenHnacb 

0wH6K8 B onpenenef. 

Bbtwe onpenenenHH He iiT pc 

meT, B 38131fC H MOCTH OT 

K llOCTOHHCT B8M llBf 

onpenene HHH I<OHUeHTpaulfJ 

JKe c n e nyrowHe , H8 onpen• 

T epMH'IeCK8H H CTOpH H 0 6p 

B e WeCTBOM BbiHB115JeT KOTI! 

BpeMH. n OCJJenHee 1103B011 

Tp8UH JO ypaHa B 0Til e 11bllb 

K8K If B nepBOM cnyqae , 

06pa60T8Hbl X H M !f'!eCKH M 

3. OnpenenenHe KOf 

H a ewecTaax 

npHHUHnHaJJhHa H BO 

H 3a K11JO'!a118Cb B tPOTOrpa 

BblHYlKile HHoro neneHHH, n 

wecTaa non neiiCTBHeM n< 

HaMH, 1103B011H11a npOBOilH 

c na f.i Hbrx H He cnaiiHbiX I<( 

OnHCbtaaeMbtll MeTon HBJJ l 

onpeneJJHTb KOHUeHTpaUH K 

M8TepHanax . 

Pac'!eT KoauenT pauH 

C= 

rne p - n noTHOCTh cnea 



rpennonmKHTb, 'ITO o6pn-

'-11:JnbH biX pllCTBOpOB H 

HHaH KOHUe HTpllUHH ypa -

a'!eCTBe npHMe p a npHBe-

HHOii. O T cyT CTBHe an o n& 

reHJiH 3nCCb ypaH a B 3IW-

UHClr Cn!Onbi. 

B Hhl R llMH H B npyrHX MH-

<e HHH ypaHa n03BOnHeT 

ana'!, T aKHX , HllnpHMep , 

•ro a p e3yn&TaTe sro-

·He3HC8, 

:a B 3eM HOli KOpe H BbiHO-

H npyrHx1 Ha-

lbl ne<pei<TOB, B 'lllCTHOC-

XHMH'IeCKHM peareHTOM 

wn&HbJMH onhiTar-{J 
1 1 

6brnH 

1HHhiX Kp HCTannax c n enbi 

;a3aHO, 'ITO B T OM cny'lae, 

ane B 03MO>K HO llpOC'IHTaTb 

Ib3Y H MeTOn nsyKpaTHOrO 

3yn&TaTbl Tai<HX H3 M epe

T a6nHUe 3. 

1na-x 110 BbiHY>KU e HHOMy 

0 
aTiaT 

I 
I 

I 
I. 

3¢!jleKTHBHOCTb BbiHBneHHH cneUOB 1 C03UaaaeMbJX OCKOnJ<aMH neneHHH B HOIIH biX 

/ 12 / 
KpHC T annax, on pen en Hna·cb B cn euHan&HbiX onbrTax 

0wH6Ka a onpeneneHH H KOHUeHTpaUHH ypaHa 3 THM MeTonoM npH yKa3aHHOM 

B b JW e onpeneneHHH HeiiTpOHHOro noTOKa 3aBHCHT OT CTaTHCTHKH H3M epeHHH H MQ

>KeT, B 3aBHCHMOCTH OT pacnpeneneHHH ypaHa , COCTaBnHTb 15- 50 %. 

K noCTOHHCTBaM naHHOro MeTana, r<pOMe T eX , KOTOpb!e 6binH nepe'!HCneHbl nn 5I 

onpeneneHHH I<OHUeHTpaUHH ypaHa no CllOHTaHHOMY neneHHIO , cnenyeT npH6aBHTb T ar<

>Ke c n e nyrowHe. Ha onpenen e HHe K OH U eHTp auHH ypaHa naHHbiM MeTono M He amrHeT 

T epMH'!eCKaH H C TOp HH o6pa3Ua, T aK KaK B3aHM Onei1cTBH e TennOBbiX Her!TpOHOB C 

B e !lleCTBOM BbiHBnHeT KOnH'!eCTBO ypaHa , HaxongmeeCH B MHHepane B HaCTOHUiee 

speMH. nocnenu ee no3aonHeT Hane>KHO onpenenHTb ¢ouosyro KOHUeHTpauHIO 11 KOHUeH -

Tp auH IO ypaHa B OTne n&H biX BrWIO'!e HHHX. K HenocT a T r<aM cnenyeT oTHeCTH T aK >Ke , 

KBK H B rrepBO M cny'!ae, orpa JIH'IeHHOCTb r<py r a MHHepanOB , KOT Opb!C MOryT 6b!T b 

o6pa6oT aHbl XHMH'!eC KHM TpaaneHHCM , 

3. OnpeneneHHe KOHU C HTpa UHH ypaHa a pa3n!i'IHbiX noponax, M HHepanax 

If Be!lleCTBaX no cnenaM OT OCKOnKOB BbiHy>KneHHOrO neneHHH 

ypaHa C npHMeHeHHeM neT eKTOpOB 

DpHHUHnHan&HaH B03MO>KHOCTb T aKoro MeTana 6wna BhlCKa3aHa 
/5 13 / 

B pa6oTaX ' 

If 3al<nJO'!allaCb B !jlOTOrpa!jlH'!eCJ<OM OT06pa >KC HHH Ha cneUH allbHhlX neT eKTOpaX aKTO B 

BbJHy>KneHHOrO n e n eHHH 0 npOHCXOnHillHX B npHnOBepXHOCTHOM CllOe HCCnenyeMOrO Be

!lleCTBa non neliCTBHe M noToKa HeiiTpoHoB. Pa3pa6oT Ka a T oro MeTana, nposeneHHaH 

HaMH , n03B011Hila rrpOBOnHTb H3MepeHH 5I KOHUeHTpaUHH ypaHa Ha WllHd,laX , p8311H'IHbiX 

CnaliHbiX H H e cnaliHbiX I<pHCTannax, cnpeCCOBaHHbiX nopOWKaX , >;<HnKOCTHX H T.n. 

0nHCbiBaeMbl ll MeTOn HBilHeTCH B H8CTOH!llee BpeMH eUHHCTBeHHbiM, n03BOnHIOllHIM 

onpenenHTb KOHUeHTpaUHIO y paHa B WHpOKOM nH a n a30He KOHUeHTpauuA B pa311H'IHhlX 

MaTepHanax . 

Pac'!eT KOHUeHTpauHH nposonHTCH no cneny iomefr !jlopMyne 

Pfl u 
c = -------:::-::------

N J 235
d ..B_ £ ? n(E)a(E)dE 

0 2 

(8) 

rne p - nnOTHOCTb cnenOB OT OC J<OilKOB BbiHY>Kn eH HOrO neneH H H Ha neT er< TOp e . 

II 



E f 
f n(E)u(E) dE: HCK/lroqaeTCH nO OnHCSHHOl! BbiWe MeTOAHKG C HCnOilb30B8HH9M 

Eo 
ypaHOBbiX MHWGHel! p8311H'IHbiX MBCC, 0KOHqaTellbH8H cpopMylla llllH onpeneneHHH KOH-

UeHTpBUHH ypana npHHHMBeT ClleAyiOIUHH BHA 

c = k p 
ml 

P1 

rne C H3MepSieTCH 1.1 r/r, 

k 

p 

fi0CTOSIHH851 Be/1H'IHH8 A/151 HCCnenyeMOrO MBTepHalla, 

nllOTHOCTb C/lellOB HB neTeKTOpe, CH51TOM C 06p83UOB, 

p - nllOTHOCTb ClleAOB HB lleTeKTOpBX, CHS!TblX C MHWenei! , 
I 2 

m
1

- MBCCB ypBHB HBHeCeHHOrO HB MHWeHH B rfCM , 

(9) 

MeTOllHKB 9KcnepaMenTa aaKnroqaeTC51 B cnenyromeM . K o6paauaM B BHAe wnH

¢oa npHKpenn51eTCSI d"eTeKTop-naacaH, 3aTeM uccnenyeMbie o6beKTbi nonaepraroTCSI 

B03lleHCTBHID HeHTpOHOB B TenllOBOM KBHBile peBKTOpa. I1ocne o6ny'!eHHSI 118BC8H OT

nenSieTCSI oT o6paaua a npoTpaanuaaeTCH. B T ex cny'!aHx , Korna B npanoaepXHOCTHOM 

cnoe o6paaua npoucxonuno neneHue ~paHa, OCKOilOK neneHHSI nocTHran naacaHa H 

OCTBB/lSI/1 HB HeM C/lell, KOTOpblH qeTKO BblSIB/lS!IlCSI npH XHMH'IeCKOM TpBBileHHH. J1o-

nyqeHO OllH03HB'IHOe COOTBeTCTBH e 'IHC/18 OCKO/lKOB neneHHSI B BeiUeCTBe H 'IHC/18 

Cllel!OB fiB 118BC8He C y'leTOM s¢¢eKTH BHOCTH nocnenHero. I1pn l!OCT B TO'IHO 60ilbWOH 

-4 15 16 2 
KOHUeHTpBUHH ypB HB (10 %) H nOTOKe 10 -10 HfCM HB 118BCBHOBOM neTeKTOpe 

MO>KHO BbiSIBHTb pacnpeneneHHe ypBH8 B M8Kp0MBCWT86e, 

B TOM cny'!ae, Korna H3roTooneHHe wna<jloa 6biilO nH6o 3aTpynHeHo, nH6o He

>KenaTenbno, uccnenyeMbiH o6pa3eu pacTnpancSI a nopowoK. PacTapaHae npoaonHnoch 

TBKHM o6pa30M, 'ITOObl He npOH30WI10 p83lle/leHHSI nOpOllbl no 1\JpaKUHHM, T.e. Bbl-

6paHHBSI HBBeCKB o6p83UB p8CTHp8118Cb 6e3 OCTBTKB. McnOilb30BBHHe CHT C p8311H'I-

HOW Be/lHqHHOi! SJqelfKH n03BOI1SII10 B KB>KllOM cnyqae BblSIBilS!Tb TBKYID 3epHHCTOCTb, 

KOTopaSI naaana xapaKTepHoe llllSI o6pa3ua pacnpeneneHHe ypaHa. I1pHrOTOBileHHbie 

00p83!\bl npeCCOBBilHCb B cneUH811bHblX 1\JopMBX B BHAe T BO/leTOK, p83MepoM 0= 6 MM, 

h = 3 MM. OnnoH cTopoHol-i T a6neTKH naKneHaannch Ha nneKcnrnac, c npyroH c-ropo

Hbi K HHM npaKpennHilCH naacaH. TaKoi! naKeT o6nyqancn TennoBbiMH Hei!TpoHaMH B 

peBKTOpe . 3aTeM 118BCBH 0Tll911SI/1CH OT naKeTB H npOTp8BilHB811CSI, Q6pa60T8HHbll! 

TOKHM 06pa30!1.1 /18BCBH npOCM8TpHB811CSI B OnTH'19CKOM MHKpOCKOne, 

12 

!lllOTHOCTb Tpe i<OI.I Ii 

nensmac:. cnenyiOIUHM oop 

nenemHI Ha neTeKTope no 

qJeKTI!OHBfl• ni10lll8llb, KOT 

pocnpcnenenHe ypaHa . 3a1 

11 a o6paaae no onpeneneH. 

npu~tepa npuoeneHbi I<pnm 

naocane, HOI151BllleMC51 neT 

J1 epBhlii MBI< C IIMY~I I· 

BTOpOii MBKCIIMYM COOTB 9 ' 

/laBCaHe npenCTOB/lCHO HB 

H nn51 npyrHX nccnenooam 

BKI1ID'IeHH51 • Bo acex cny • 

3Ha'lenne p ljlon ' COOTBE 

HHSI, 

B Ta6nnue 4 npuaen 

pHna Mnnepanoa u nopon , 

B rpaHHTDX, H3BeCTH51K8X 

CTOBilCHIIe pe3YilbTBTOB Hl 

¢ax,nano xopowee coanan 

TepnTOB nonyqena Ha w . 

KoHuenTpaUHH ypana o ne 

B ell!eCTBO 

NaCI 

NaCI 

KCI 

KCI 

CaCO! 

l!F 

eCT eCTBeHHblli 

HCKyCCTBeHHblli 

eCTCCTB9HHblii 

HCKYCCTI39HHbiii 

KpynH03epHUCTblll 

liCKyCCTB911Hbiii 



,HK9 C HCI1011b30B8HH9M 

na anSI onpeoeneHHS! KOH-

(8) 

>B, 

eH, 

: o6paauaM B BHile l1111H-

5beKTbl 1101lBepraJOTCfl 

e o6nyqef!HS! 118BC£1H OT-

Jrna B 11pHI10B9pXHOCTHOM 

~ llOCTHran 11BBC 8 HB H 

R'ICCKOM Tp8BI19HHH , !lo-

a semecT ae H 'IHC/1£1 

H JlOCTBTO'IHO 60I1bWOH 

118BC8HOBOM ll9T9KT Ope 

a a TpynHeHo, 11H6o ue

'acTHpaHHe 1!pOBOJlHI10Cb 

0 cjlpaKUHSIM, T. e . Bbl -

,OB£1HH9 CHT C p8311H'I-

T aKyJO 3epnHCTOCTb, 

BH£1, 11pHrOTOBI19HHbl9 

OK, p83M 9 pOM 0=6 MM , 

rnac, c opyrofi CTOpo

lOBbiMH HS HTPOHBMH B 

rJC !!, 06pa60T BHHblH 

:Kone . 

!lnOTHOCTb T pG I<OD llt.l l10TGIITOpe ( p ) ll /1!1 pliC 'IOTHOII <jlopMyll hl ( 0 ) onpo-

ll911S1118C:, Cl191lYIOlllliM ofip a3 0 M, llpOC'IIiTbiDB/lllCb 11/lOTIIOCTb C/1 9 1lOD OT OCII0/1110[1 

Jl9l!CJUI SI HB JlCTCKTOpe 110 BCei! 110B0pXHOCTH ofipa3U£1 H 011p01l 0 11!!11 8Cb T£1K ASI " 3 1~

qJei< TilDHASI" 11110lll8Jlb, KOT OpBSI 110DTOpS1118 xapaKTCpHOe Jl/1 SI HCC/lCJlyCMOrO 06bCI<Til 

pncnpeneneuHe ypaHa . 3 a T eM CTponnucb KpHDble pacnpeneneHnS! 11l10TIIOCTcii Tpc KOD 

liB o6p!!3U0 110 OnpellCJlCHHb!M " 3 <illjlCK TI! DflbiM" 11110WUJlSIM , 1-f ll pUC, 7 D I<H'ICC T D€ 

npUM0pO 11pHD0Jl0 flbl K Jl i! Dbi C pDCI1pCJl0Jl9HHSI 11/lOTHOCTCii TJlCKOB , 11011Y'IC IIJII,IC IW 

naocanc , f!BilS!BW CMC fl neTet<TopoM n n SJ rpmmTa. 

!lepBbtii MBKCH MY~I IIU j)HC , 7 OTpal«UCT I~OHOBytO 11JlOTHOCTb y pOHU D rpi!IIIITC, 

BTOpoft MBI<C JI ~tyM COOTB CT C T ByeT ypUHODblM D K/110\ICII IIIIM, OT06pn li<C IIH C KOTOj)blX 118 

nuecaHe npe ncTaaneHo Ha puc. 8. AHanorH'IHL>Iii B HJl IIMCIOT Kpl1Bbte p acnpcnene mtSJ 

n Jl/lfl opyrux llCCnenooaBlliiiXCSJ Ma T e pu anoa , B t<OTOpbtX na Gm onamtcb ypanonbtc 

B t<ll JO 'I e HH S! . Bo a cex cny qa!lx anSI nonc'le Ta cjloHoeoii t<OHUC11T pannl1 ypaua Gp l tJ!OCb 

3Ha'leHue p cpon' COOTBCTCTDYIOW99 nepBOMY MBKC11MYMY Ha t<pHDOR p acnpenene-

HHS!, 

B Ta6mme 4 npnneoeHbt 3 Ha'!eHUfl cjJoHOBbiX KDHue uTpauun ypaHa nnSJ uc;Joro 

p!!llU M HHepanoa n nopon, nony'!eHHbtX onHCbtBDCMbiM MCTOilOM , KoHueHTpaUit!! ypana 

B rpannTax, H3BeCTHf!Kax n rnHnax onpeoengnacb Ha npeccooaH HuiX o6pa3 ttnx . Cono-

C T OB/1BHU 9 p e3yl1bT£1 TOB H8 rpaHHTBX , 11011Y'I9HHWX HO rrpe CCOBOHHWX o6pa3UUX H llJnH-

cjlax , nano xopowee c onnane HH e . B enH'IHHa cjloHoeoR KouneuTpauHn ypaun nnfl t<ac c n -

T epuTOB 1!011)''-ISH£1 H8 lli/1Ht~aX COBMSCTIIO C J:::.J1.ilonO ~ ! D H OBOI/ 14 1
. 

T a6 nHna 4 

KoJ·Iuc nTpaUHfl ypa11a o HeKOTOpbtX newecTaax, onpeoeneuHaf! c noMoWbiO n e TeKTopa 

H3 nancaHa 

B eweCT BO c: . -6 
10 eec% B ewecTno c:. 10-4 

e e c % 

NaCl 9CT 9 CTB9HHb!H 8,() !l eCOK ImapU0Bb!li 0 ,2 

NaCl IICKYCCTBSHHb!R 0 ,6 r paHHT 1,8 

KCl 9C T CC T B9Hllbtii 5,2 rnHHB T eH.TOliHT 1,6 

KCl HCKyCCTDSHHblii 0,6 H3B9CTH SIK 1,4 

CaC0
3 

KpynnoaepHUCTbtJ1 1,0 K acctnepnT CBST/10- 3,8 
0Kp8l119li.Hblll 

LIF HCKyCCTBBHHbi ii 4,0 KaccnTe pHT ·T eMHO-

t<paweHHbiR 12,8 



KoHueH'r pauiHI ypana anSI HCKyccT aenH biX H OHH biX K pHC T annoa n poaep smacb n e -

110Cp e A C TB0llHO H8 Kpl1C T 8flfl 8 X C HCnOflb3 0 B8Hll0M X H M H '1 0 CI<OrO T p8Bfl0HHSI K pH CTanna . 

0wH6Ka B OnpeaeneHHH KOHU0HT p8UHH y p ana no OnHC8HHblM M 0 T OA8M CKfl8Abl-

B 80TCSI H3 OWH6KH , AO n yCK80MOM npH nOAC'!eT e nnOT HOCT H Cfl0AOB, C03A8B80MblX 

OC K OflK 8 MH A 0 fl 0 H H 51 , onpeaeneHHSI 3 C~!jleKTHBHOCTH Bbl51Bfl0HH51 Cfl0A OB OT OCKOlJKO B 

A 0 li 0 11 H SI H T O'I H OC TH H8fi0C0 HHSI M8CC HD ypaHOBb!X MHW0H 51X , 3 T a 0WH6Ka M0)!{0T 

M0 H51Tb C 51 D 3 8BHC HMOCT H OT THna HCC fleAy0Mb!X o6pa3 UOB B npeaenax 1 5 -50% , H a -

- 8 
ae)!{H<lH YY BCTDHT e nbHOCTb MeToaa I 0 a e c % n pH H H T e r pam, noM no-roK e T e nnonb iX 

1 6 2 
11 0 HTp OHOil 1 0 n /CM 

n p 8KTH Y 0C KH0 p e KOMeimD UHH no HCnOflb30B8HH ~ p a3flll'!H WX A 0 T 0 K T OpOB , n e o 6 -

XOA H MbiX HHTe rpaflbHbiX nOT OKOB H ypBHOBblX M HW0 fi0M AflH A03H M0T pHH HeiiT pOHHbl X n OTO-

KO!l D C D 513 H C npe anonaraeMbiMH B 0 /lli 'IH H8MH KOHU0 HTp8UH M y p a Ha npHB0 A 0 Hbl B 

T a6nuue 5 . 

Ta6n H ua 5 

P e K o M e HayeMbi e HCTO'IHHKH H3 n y '! e HH H, aeT eK T Op bi, HHTe rpa nbHbie 

n e l!T p0H flbl 0 n OT OKH H M8CCbl ypa H OB biX M HW0H0M A fl H o p p e A 0110 HH51 nOTOK OB 

B 38 B HC H MOCTH OT np e anona r n eMOA KOHU0HT p8UH H ypaHa B HC Cfl0AY0MhlX o 6p83U8 X 

B e nH•InHa 

np e anonarae

Morr KOHU 0 HTpa 

'IHH ypaua 

B a e c . % 

10 

1 

10-
1 

Io - 2 

1 0 -
3 

10-
4 

10-
5 

1 0 -
6

-1 0-
8 

J1 C TO'IHH K 

H3 fly'I 0 HH51 

aMnynhHWA HCT O'I

HH K , renep a T op 

H0M T pOHOB 

r e HepaT op Heil

TPOH OB, peaKTOp 

Cp e AHei1 M OW HOCTH 

p e aKT op c peaHe t'l 

MO!UHOCTH 

1 4 

HHT erpan b - P eKOMe H- Macca ypa H a Ha M n w e -

HbtA Hell- AY 0 Mbii1 HHX M Kr / CM2 

T pOHHbJH A 0 T0KTOp 

nOTOK 

H l cM
2 

10
10 

1 0 11 

1 0 11 

1 0 1 2 

1013 

101 4 

1 0 1 5 

1 0 1 6 

C T 0 KliO , 

naacaH, 
c moaa 

nasca H, 
cmoaa 

/18BC8H 

YpaH- 235 

10-
1
-1 

10-
2 -10- 1 

10-3 -10-
2 

10-
4
-10-

3 

10-
5
-10-

4 

10-
6-1o-5 

0 C T 0CTB0 H , 

CM0Cb H3 0 -

TOnOB ypa n a 

10-100 

1-1 0 

1 0 -
1-1 

B b i COKaSI 'IY B CTBHT en 

M0H51Tb AB HHbi fi M0T OA Afl! 

KBX, MeTannax , n o a e pxnoc 

>KH AK OCTSIX : ne!jl TH , BOA0 1 

T a K, n a npHMe p, aaHJ 

ypana B K8CC HT0 pHT8X (Sn 

>I<0 HH51 Cfl0AOB OT OCKOflKO 

B o3MO>KHOCTb BbiHBn 

OCK OflKOB A0fl0Hll 51 H 8 A 0 Tt 

OCKOflKOpBA HOrpa!jlHH, 

J13B0CTH O, 'ITO HA pa 

C T B HH C 6biCTpblMH HeilT p • 

A0fl0 HH51MH KOHU0 HTp8 UHH 

U 0 HTp8UH51 TOpH H , A liH '10 : 

K8AMH 0 BOM K OHT 01'1Hep e , ll 

nnOTHOCTb Cli0AOB , C 0 3A8 

'!851X>H 3 H 8 51 H3 0T OnH'I0CK 

T8Tb B o 6 p a3U 0 K OHU0HT p 

C TpaHCTae HH o r o p acnp eae 

B H a cTo Hwee apeMH 

p 83BHB80T CH H HM00T C51 > 

npeaeneHHH B o 6 p a3u ax H 

TOB C HCnOflb3 0 B8HH0M , 

ABTOpb l Bblp8)!{8~T 

npH o6c y)!{A0HH H p e3ynbT < 

UHH y p8H8 B K8C CHT0p ll 

1. B.K. MapKOB , E . A . B < 

11 .8. M o Hceea . " Y paH , 

2. P. B.Pdce , R. M. Walker 
H B03 p8CT M HHe p a n oa' 



rannoe npoeep HllaCb He-

H'O TpaeneHHH I<pHC T B /1 /18 . 

IHbiM Me TO)lBM CK/18)lbl-

cneaoe , co3aaea e MbiX 

Clle )lOB OT OCKOTIKOB 

npeaenax 15-50% . Ha-

~bHOM llOTOi\e T ei1TIODbiX 

IHb iX )l e TeKTOpOB, Heo6-

HMeTpHH HeJ1Tp OHHbiX 110TO-

ypana npHeeae Hw e 

p anb Hbie 

>8)leTieHHH 110TOKOB 

e HccneayeMbiX o6pa3uax 

~acca ypaHa Ha MHrne

HHX MKrfCM2 

YpaH-235 ecT eCTBeH. 

o-3
-10-

2 

o-4
-10-3 

o-5-1o-4 

o-6
-10-5 

CM8 Cb H30-

T0110B ypaHa 

10-100 

1-1 0 

------,,------------- --------------------------------- - ----------- - --

BbiCOKaH qyecTBHTenbHOCTb e onpeaeneHHH KOHUeHTpauHH ypana no3aon5leT npH

MeHHTb )l8HHbifi MeTO)l )l/lH H CC /le)lOBBHHH p acnpe)le /l eHHH npRMeceJi B 1101lYI1POBO)lHII-

KBX, MeTBllllBX, llOBepXHOCTH biX lllleHKBX, B 6HOilOrH'!eCK!iX 0 6'heK T 8X , B p83/lH'IHbiX 

)!{HJlKOCTHX: H e cPTH, BOll e li T,)l, 

TaK, HanpHMep, aaHHbi fi MeTOil 6blll npRMeHeH anH BbiHeneHH51 pacnpeae neHRH 

ypaHa B K8CC!iTepHT8X (Sn 0 
2 

) • Ha p11c. 9 npReeaeHa THnR'!HaH KapTHHa oTo6pa-

)I<eHHH CllellOB OT OCKO/lKOB Bbi HY )I<)l8HHOrO )l8/18HHH ypaHa B KBCCHTepHTe I-18 ll8BC8He. 

Bo3MO)KHOCTb BbiHeneHRH MecTonono)!<eHHH ypaHa B MaTepHanax no B031le i1 C TB!i iO 

OCKO/lKOB )l8/18HHH H8 )leT eKTOpb! 1103B0/1H8T )l8HHbifi M8TO)l H83b!B8 Tb MeTO)lOM 

OCKOilKOp81lHOrpa¢HH. 

l13BeCTHO, 'ITO Hllpa Th CI10C06Hbl K )leTieHHIO B pe3yTibT8T8 B38HMO)lefl-

CTBHH C 6biCT pblMH HefiTpOHBMH. 3TO 06CT051T81lb CTBO 1103B0/1H/10 H8p5IIlY C Onpe-

)l8/18HHS!MH KOHU8HTp8UHH ypaHa npOBOilHTb B p83 /lH'IHbiX M8T8pH8/18X H3 MepeH!iH KOH

U 8 HTp8UHH TOpHH, Jl/lH qero o6pa3Ubl o6nyqa/lHCb llOTOKOM HefiTpOHOB AB8)Kl\bi: B 

K8)lMH8BOM KOHTefiHepe , llOr llOlllB IOIUGM Tell/lOBble HefiTpOHbi, H 6e3 H e ro. f10ilC 'IHT8B 

ll/lOTHOCTb C/18)106, C03)l8B88MYIO OCK0/1K8MH )l8/18HH H 

'I8HX> H 3H8Sl H30TOllH'I8CKOe COOTH01118Hii8 U 
235 

1i 

Ha aeTeKTope e o 6 onx cny-
238 

U MO)KHO llO)lC'IIi-

T8Tb B o6pa3Ue KOHUeHTpBUHIO TOpHSl (onpeaeneHHIO KOHU8HTp8UHH TOpHSl H ero npo

CTp8HCTBeHHOro pacnpeaene HHH B o 6 p a3U8X 6yaeT nOC BSllli8HO OTAe/lbHO e C006rueHne) . 

B HaCTOSimee epeMSI MeTOil naeHTH<'.mKaURH 38pH)!<eHHbiX qaCTHU HHTeHCHBHO 

p83BHB88TCH H HMeeTCH peallbHBH B03M0)KH0CTb B b! HB/18HHH npOC Tp8HCTB8HHOrO p aC

npeaeneHHH e o6pa3uax " ropHbiX nopoaax He TOilbKO ypaHa, HO n apyrHx sneMeH

TOB C BCllO/lb306 8HHeM, HapHilY C peaKUHefl ( nf ), TaK Ofi pea KUHH, KBK ( n,a ). 

AeTopbi B bipa)KaiOT 6naroaapHOCTb B .n. r1epenbiniHY 3a no1Ie3Hyio llHCKyccHIO 

npH o6c..y)I{JleHHH pe3ynbT BTOB H E . l1 • .LlonoMaHoeoft, n p oeoaHernefl noacqeT KOHUeHTpa-

UliH ypaHa B K8CCHT8pHT8X, 

fl B T e p a T y p a 

I. B.K . MapKOB, E . A . B e pHbifl, A.B . BHHorpaaoe , C.B. EnHHCOH, A . E. KnbirHH, 

H .B . Monceee. " Y paH. MeTOilbi ero onpe aeneHHH" , ATOMH31lBT, M. , 1 964 r. 

2 . P. B. Pdce , R. M. Walker • "l1cKonaeMbie TpeKH oT 3Bp H)K8HHbiX qacTHU e cniOae 
H eo3pacT MHHepanoe" . J.Geophys. Res., 68, 16, 4847- 4862 , 1963. 
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o6pa3UOM ( II 
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13ll8TenbCKHii OTnen 

37 rolla . 

P11c.1. 

• .. 

TpeKH HB MYCKOBHTe, o6ny qeHHOM OCKOnKS MII aeneHHH OT ypaHOB~ 
2 MHW9HH MSCCOll 30 MKrfCM 2(HH1'erpanbHbill nOTOK HeltTpOHOB 2.10 BfCM ) • 

1) .Cneabi OT OCKOJIKOB CilOHTSHHOro aenellBH ypaBa. 2) Cnea• OT OCKOJI

KOB Bbi HYJKlleHHOrO neneBHH ypaHa MHWeBB, 

• • 
• ' • • • • • • .... 

20MI( 

Pac .2. Tp eKH HB CTeKJie , o6ny'!eHHOM HeliTpOH8MH B KOHT8K!9 C HCCJI9llf9Mb1M 

o6p83Il0M ( HHTerpanbHbiii llOTOK HeliTpOHOB 2.1012 g/cg2 ). 
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Psc.3. TpcKB sa nancaae,o6ny'leaaoM ocKonKSMH lleneaast OT ypaaoaoA MBWeBB 
Maccoll 30 MKrlcM2 ( HBTerpanbHbiA noTOK aeATpoaoa 6.10 IO a/eM 2 ) • 
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Psc.4. C~~:ouneaBst cnellOB OT BbiBYJKlleaaoro lleneaast ypaaa sa noaepxaocTB 
cxona 6sOTBT8 N9 16. PelKBM TpaaneBHSI!· HF 13 % , t .. 20 o C, 

, - IO MBB. 

/00 Ml< 

Psc.S. CJtouncaBe cne.[lOB OT Bb!HylK.[leaaoro .[lencnBst ypaaa a MYCKOBBTe 11/9129. 
PeJKBM TpaaneBBst: HF 54%, t "' 20 ° C , r • 3 '!a ca. 
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Pec.B. 0To6pa*euee pacnpeAeneHHH ypaua c noaepxuocTH o6paaua H3 
rpaHHTa ua naacaue, 

a.. 0 

Pac.9. 3epKanbnoe OTo6pa*eHHe wnu~ KaccaTepaTa (a) ua naacaue (6), 
noqepueuae ua naacaue cooTaeTCTByeT yaenaqeuuoA nnOTHOCTH cne
AOB OT OCKOnKOB Ae neHHH. Yaenaqeao B 3 paaa. 
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