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Bseapeaae T~eaHX HOBOB B MOHOKpBCTannN Kp8MHIIK 

B pa6oTe uony'leao s~tcnepaMeRTanbsoe pacupeaenesae KoaueHTpauas 

BBellpeBHI!IX B MOBOitpa'C'l'annB'IecXBI xpeMHHA HOBOB C M8CCOA OT 82 AO 
169. 3aepras aaeJlpeHIISI 45 KsB, aosa o6ny'leBBK "'1010 aos/c~. Bseape

aae upoaoaanocb aaonb ~tpacTann8'1ecltHX oceA<111> ,<110> 8 noa yrnoM 

7° It < 111 > • npoae&eeBO cpaaHeBB8 c TeopeT8'1ecltOA MOA8nbl0 naiUIX8pA8o 

Aaana3 pe3ynbT8TOI!I DOK83b{B88T, 'ITO, Donb3YS!Cb MOA8nbl0 n8H.IlX8Pll8 

)lnK 8MOpcjlHNX MHme&elo MOlKBO C TO'IHOCTblO 110 30% Oll8BHTb CpeAH8A upo-

• 6er R T~enNx 80&oa <M> 150 > a KpeMHHH. 
CTaTaCTH'IeCitoe OTKn;aeaae oT R , paCC'IHTassoe sa ocaoae sToA 

MOJlena, 3H8'1HT8nbHO OTnB'I88TCH OT 91tCD8pHM8HT8llbHblX AaHHblX H D03To

MY 88 MOlK8T 6b!Tb IICDOllb30B8110 JlalKe anH C8Mb!X rpy6biX OUeiiOKo 

flpenpHHT 061.ellJIHeHHOrO HHCTHTyTa JI.QepllhiX IICCJie,llOB8HHA. 

,lly6aa, 197 4 

BeeCJeHue 

B nocne.D;HBe ro.D;w B c)B3BKe Tsep.D;oro Tena mBpoxo 

BCnOJIL3yeTCJI HOBLIB cnoco6 JierBpOBaHBJI nonynpOBO.D;HBKOB 

MeTO.D;OM BOHHOrO BHe,D;peHBJI /BMnJiaHTanBB/, TaX KaK OH 

BMeeT pJJ.D; cymecT,eHHLIX npeBwymecTB no cpaBHeHBJO c .D;py
rBMB MeTo.D;aMB /1 . O.xtHBM B3 HBX, B qacTHOCTB, JJBJIJleTcJI 

B03MO~OCTL nony'leHBJI BOCnpOB3BO.D;BMLIX npoc)BJieii BBe

,D;eHHLIX npBMeceii. 

fioBe,AeHBe HOHOB, BHe,D;pJJeMLIX B Kpt[CTaJIJI, .D;OBOJILHO 

XOpOWO OnBCLIBaeTCJI MO,D;eJILIO, npe.D;JIO>KeHHOB JIBH,D;Xap

.D;OM 12 I , cor nacHo xoTopoii nyqox HoHoB, na.D;aJOUUIX Ha 

KpBCTaJIJI, pa3,D;eJIJJeTCJI Ha ,D;Be OCHOBHLIX KOMnOHeHTLI: 

"6ecnopJI.D;O'IHYIO" B "KaHaJIBpOBaHHYJO". fiepBaJJ COCTOBT 

B3 'laCTBn, He 'IYBCTBYIOUUIX KpBCTaJIJIB'IHOCTL MBWeHB 

B TepJIIOUUIX CBOIO 3HeprBIO rJiaBHLIM o6pa30M Ha ynpyrBe 

CTOJIKHOBeHBJJ c aTowawB peweTKB. Pacnpe.D;eneHBe npo6eros 

3TBX 'laCTBn npB6JIB3BTeJILHO COOTBeTCTByeT rayCCOBCKOMy 

c HaB6onee sepoJITHLIM npoenBposaHHLIM npo6erow H P B 

cTaH.D;apTHLIM oTxnoHeHBeM to. R P • JIBH.D;xap.zt B .D;p. 131 no

JIY'IBJIB YHBBepcaJILHYJO 3aBBCBMOCTL cpe,D;Hero npo6era OT 

3HeprBB, BBe.D;JJ 6e3pa3MepHwii npo6er p B 3HeprBJO £ 
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npB'IeM a 0 - 6opoBcxuii pa.D;Byc /0,529·10 -s eM/, N -
'IBCJIO aToMoB B e.D;BBBne o6'heMa, Z B M - nopJIJUCOBLiii uo

Mep 3JieMeHTa B aTOMHLIH DeC COOTBeTCTBeHHO, npB'IeM 

BH,D;eXC 1 OTHOCBTCJI K BOHy, a BH,D;eKC 2 • K aTOMY MBJDeHB. 

B "KaHaJIBpoBaHHOM" nyqxe co,D;ep)l(aTCJI qacTBnLI 

/BOHLI/, ,IJ;BB)I()'IIUieCJI B KpBCTaJIJie B,IJ;OJU. O,D;BOrO B3 OTKpW • 

TWX HanpaBJieHBH B pemeTKe. OcnBJIJIBpyJI Me)I(,D;y nenoqxaMB 

JI,D;ep, OHB TepJIIOT 3HeprBIO B OCHOBHOM B nponecce Heynpy· 

rBX CTOJIXHOBeHBH C 3JieKTpOHaMB MBJDeHB. 

EcJIB o6e KoMnoHeHTLI TOPM03JITCJI He3aBBCBMO .D;pyr OT 

.D;pyra, TO TeopeTB'Iecxoe pacnpe,D;eJieHBe 6y.D;eT o6na,D;aTL 

,D;BYMJI MaKCBMyMaMB, UpBHa,D;Jie)l(aUUIMB o6eBM XOMUOHeH • 

TaM. 0,D;HaKo, nocxoJILKY nponecc BHe,D;peHBJI B,D;eT HaMHoro 

CJIO)I(Bee, 'leM B npe,D;CTaBJieHHOH MO,D;eJIB, Ha6JIIO,D;aeMWe 

pacnpe.D;eJieHBJI o6w'IHO BMeiOT BB,D;, noxa3aHHLiii Ha pac. l. 
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Puc. 1. PacnpeoeAeHue 6HeopeHHbJX a•oMoe e MOHOKpuc•aA
Ae npu opueH.OJIUU UOHHOZO ny'lKQ 600Ab OOHOU U3 KpUC~OA
AU'leCKUX oceu. R p - nauooAee eepoJI•HbJU npo6ez, R -
cpeOHUU npooez, R • MOKCUMOAbHbJU npooez. 

max 

4 

Xo.D; 3XcnepBMeHTaJILHLIX KpBBLIX ,D;JIJI cnyqaJI, xor,D;a 

OTHOWeHHe MaCCLI aTOMOB MBWeHB B BHe,D;pJleMLIX BOHOB 

6JIB3Ko K e.D;BHBne, .D;OBOJILHO xopomo B3yqeH B p11.u;e pa-

6oT 14 • 5/ BoJILmoii BHTepec npe.D;cTaBJIJleT cpaBHeHBe 3Kc· 

nepBMeHTaJILHLIX pacnpe,D;eJieHBii BHe,D;peHHLIX BOHOB C pac • 

npe.u;eJieHBeM, UOJiy'leBHWM BCXO,IJ;Jl B3 MO,D;eJIB nBH.u;xap.u;a, 

Kor.u;a M 2 /M 1 MHoro MeHLme e.u;BHBnw. U.eru.10 .u;aHHOH pa· 

60TLI JIBJIJleTCJI B3MepeHBe pacnpe,D;eJieHBH BHe,D;peHHLIX BOHOB 

C 82 < M 1 < 169 B MOHOKpBCTaJIJiaX KpeMHBJI, TO eCTL 

B cny•lae, K"or.u;a 0,16 < M 2 /M1 < 0,35 • 
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MeaoouKa 3KcnepuMeHJia 

HcnoJIJ.3yeMwe B pa6oTe pa~aoaiCTHBuwe a~oTonw 82sr , 
128B 134 C 140 Nd 145 E 152 Th 160 E 167 T 8 16~L a, e , , u , , r, m u 
nony'laJIHcJ. MeTo~oM, onacauuwM a I 6 I npa o6nyqeuaa 
TaHTaJIOBWX H MOJIH6~eHOBWX MHllleHei Ha ny'IICe npOTOHOB 
cauxpolUIICJIOTpoua Jla6opaTopaa Jl~epuwx npo6neM OHJIH. 
BHe~peHHe HOHOB B MOHOICPHCTaJIJIH'IeCICHB ICpeMHD npOBO
~JIOCh c noMo~J.ID 3JieiCTpoMarHHTHoro Macc-cenapaTopa 
CICaH~HHaBCKOrf THna, pa60TaiD~ero B ycTaHOBICe 
JICHAllll- 1 I 7 • 3ueprHJI o~Ho3apJI~Hwx HOHOB paBHJIJiacJ. 

45 K3B, a ~aBJieHHe OCTaTO'IHWX ra30B B ICaMepe Macc-
cenapaTopa "'10- 5 MM pa.ca. 

,D;o3a o6ny'leHHJI o6pa3u;os ICpeMHHJI, o6pa6oTauuwx Mexa
HH'IeCICHM H XBMH'IeCICHM nyTeM ~0 3epiCaJIJ.HOH noBepXHOCTH, 
so acex cny'la.llx ue npeBwwana 10 10 uoHoe/cM 2 • 

H3Mepeuae pacnpe~eneHH.II BHe~peuuwx HOHOB no rny-
6aue npoBO~HJIOCJ. nyTeM nocJie~OBaTeJIJ.HOrO CHJITHJI TOHICHX 
O~HOpO~HWX CJIOeB H H3MepeHBJI OCTaBWeBCJI aiCTHBHOCTH 
nocne ICa~oro CH.IITH.II. 

)J;JIJI CHJITHJI C noBepXHOCTH TOHICHX CJIOeB o6pa3eu; 
OICHCJIJIJICJI 3JieiCTpOXHMH'IeCICHM MeTO~OM, nocne qero OICHC
JieHHWB CJIOH pacTBOp.IIJICJI B nnaBHICOBOH ICHCJIOTe. B ICa'leCT
Be 3JieiCTpOJIHTa HCnOJih30BaJICJI paCTBOp 3THJieHrJIHICOJIJI 
c ~o6aBICOH KNO 3 + H 2 0 • OcT a TO'IHaJI aiCTHBHOCTJ. onpe~e
JIJIJiacJ. H3MepeuaeM c noMO~J.ID Ge ( Li) - ~eTeiCTopa 
/50 CM 3 I HHTeHCHBHOCTH xapaiCTepawx ~JI.II ~auuoro H3o
Tona raMMa-nepexo~oB. 

Pe3yAbJIOJibl u ux o6cyJICoeHue 

fiyTeM H3MepeHHJI OCTaBWeBCJI aiCTHBHOCTH B MHWeHH 
nOCJie MHOrOICpaTHOrO CHJITHJI TOHICHX CJIOeB nonyqeHW HH· 
TerpanJ.uwe pacnpe~eneHH.II npo6eroB BHe~peuuwx HOHOB. 
Ha pac. 2 B ICa'leCTBe npHMepa npHBe~eaw HHTerpanJ.Hwe 
pacnpe~eneHHJI HOHOB 12Bsa, 134Ce , 160 Er , 167 Tm H 
I69 Lu , BHe~peauwx B ICpeMHHB c 3Hepraei 45 K3B B~OJIJ. 

ICpHCTaJIJIH'IeCICOH OCH < lll > . Onpe~eJieHW 3Ha'leHBJI R m -

rny6HHW B MHWeHH, Ha ICOTOpOH OCTaHaBJIHBaJIOCJ. 50~ 
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r!H:I61o1HA, [A) 
Puc. 2. HHaezpaAbHble pacnpeoeAeHUJI npo6ezoe uoHoe128 Ba, 
I34Ce, 160 Er , 167Tm u 169 Lu, eHeopeHHbiX e KpeMHUU eoOAb 

OCU <lll>.3HepZUJI UOH06 - 45 K3B. 

sae~peauwx HOHOB,H L
10

- 1 , L 10 -2, L 10 -a- rny6aaw, aa 
ICOTOpOB OCTaJIOCh 10, 1, 0,1~ Ha'laJIJ.HOH aiCTHBHOCTH 
/Ta6n. 1/. -

Ha pac. 3 H 4 noiCa3aHw pacnpe~eneHHJI ICoau;eHTpau;aa 
HOHOB 82 Sr , 128 Ba, 140 Nd, l60Er ai69 Lu no rny6aue 
ICpBCTaJIJia, noJiy'leHHLie ~HI)cllepeHIJ;BpOBaHBeM HHTerpaJII.HWX 
pacnpe~eneaai npo6eroa. 

llpoBe~eao noiCa3auuoe aa pac. 5 cpaBHeuae pacnpe~e
JieHHB HOHOB 152Tb, BHe~peHHLIX B ICpeMHHB C 3Hepraei 
45 K3B B~OJIL ocei <llO> ,<lll> H no~ yrJIOM 7° 1C OCH 
<lll>, C TeopeTH'IeCICHMH 3Ha'leHHJIMH, npe~CICa3aHHWMH 

Jlaa~xap~oM H ~p./3/ ~JI aMopc)uwx MHllleHei. 
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Puc. 3. PacnpeoeAeHue KOHfleHIIIPUfiUU UOH06 82 Sr , 140 Nd, 
!52Th, 16 o Er u 16 9 Lu , 6HeopeHHbJX 6 KpeMHUU c 3Hepzueu 
45 K3B 600Ab ocu <Ill>. 

B Ta6n. 2 npBBe,neaw senaqaaw, onpe,nenRIOUUie .na~
pea~Bam.awe pacnpe,neneHBR R -cpe,naero npo6era, R P -

aaa6onee seposTaoro npo6era, cooTBeTcTByro~ero rny6aae 
C MaKCHManLHOB KOH~eHTpa~Heii: BHe,npeHHLIX HOHOB,H /). R p 

pa36poca Haa6onee BeposTHoro npo6era. TaM >Ke /B KonoHKe 
4/ ,nng CpaBHeHBR DOKa3aHW paccqBTaHHLie DO TeOpBB 
naH,nxap,na /3 I 3HaqeHBR cpe.naero npo6era RTeop • 

Tax xax RTeop. - nonawii nyTL, npoii,neHHW:ii BOHOM_ .no 
ocTaHOBKB, a nonyqeHHas B3 3KcnepBMeHTa senaqBHa R -
npoeK~HR DOnHOrO npo6era Ha HOpManL K DOBepXHOCTB 
KpHCTanna, TO ,nng y,no6CTBa BX cpaBHeHBR BBO,nHnCR DO
npaBoqHLIB K031}MllB~BeHT RTe.op I R= l+ bM 2 JM1JJ;ns Hamax 
ycnoBH:ii /E =46 K3B,M 1>M 2 / ·b=l/3/1/. 
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Puc. 4. llpotjUAu KOHfleHIIIpafluu UOH06 82 Sr u 1 28Ba , 6Heo
peHH,.JX 6 KpeMHUU 600/lb KpUCIIJQAAU'ieCKUX oceu <111 > U 
<llOA 

CpaBHBBas 3xcnepBMeHTanLHWe B TeopeTBqecxBe pac
npe,neneaBs, MO)l(BO c,nenaTL swso.n, qTo npB3HaKB xaaana
posaHBR 3aMeTHLI _nng BCeX BOHOB C MaCCOB OT 82 ,no 169. 
0HB TeM 3aMeTaee, qeM 6onLme B pemeTxe xpBcTanna OT
KpLITO HaDpaBneHBe, B,nonL KOTOporo DpOBCXO,nBT BHe,npeHBe 
/eM. PBC. 4/. 

Tax xax ae o6aapy)l(BB810TCR npe,nnonaraeMwe TeopHeii 
MaKCBMYMLI OT KaBanBpOBaHBWX BOHOB, TO MO)l(BO npe,nno
nmKBTL, qTo B ycnOBBRX, Kor,na M 2/M I MHOro MeHLme e,nB
HB~W, ,nexaHanBpOBaHBe BOHOB C~eCTBeHHO npeo6na,naeT 
Ha,n KaHanBpOBaHBeM. 

03 pBC. 6 BBAHO, qTo C ysenaqeaBeM MaCCW BOHOB cpe,n-
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racs .. IUl 2 

------------------------------------------------------------------Haupu- Rp "R t> R. p R 'ftop./'J/ 
II o • ...... 0 0 ch 1 (!) (!) 

------------------------------------------------------------------
82 s, '· 

(.III> 50<>.t,20 744 )74.tl0 )52 

128aa... (Ill) 400.t,l5 570 2~10 282 
D"c• (III) )115~0 486 2lo.t,IO 279 
noNDL (Ill) 320.!,10 :385 2IO;tl0 276 
14511.(.. (III) JOO.t.IO )62 I90;tl0 274,5 
ntGcL (III) 290.!,10 335 1~0 273 
I52rt (III) 290.!,10 )26 I70.tiO 212 
1~'1. (III) 280.tl0 300 140.!,10 269 
I67!f1" (.Ill) 275~0 290 Il7,tl0 267 
I69 LCA (III) 2'1tWO 285 13~0 266 
82 !> 't. (IIO)' 7~ I006 710;tl0 
I2~Q, (IIO) 525a2Q 753 400.tl0 
140 I'( a(.. (IIO) 450j,20 630 310;tl0 
152!& (ll0'7 ~5 510 270,tl0 

------------------------------------------------------------------

HH:i :n<cnepHMeHTaJibHY:i npo6er R npH6JUDKaeTcJI K Teope

TH'IecKoMy, onpe,IJ.eJieHHOMY ,IJ.JIJI aMoP9H_!>IX MHWeHe:i. RTeop. 
C TO'IHOCTbiO ,IJ.O 30~ COBDa,IJ.aeT C R B 06JiaCTH MaCe 

M 1 :2150 I )J.JIJI HanpasneHHJI <lll > I. 
H3 3Toro cpasHeHHJI MOlKHO 3aKJIJO'IHTb, 'ITO, nom.-

3YJICb MO,IJ.eJibiO JIHH,IJ.Xap,IJ.a )J.JIJI aMoP4JHYX MHWeHe:i, MOlKHO 

DpHMepHO OUeHHTb cpe,IJ.HHB npo6er TJI.eJIYX HOHOB IM 1 ~ > 1501 s KpHcTaJIJiax KpeMHHJI. CTaTHCTH'IecKoe •e OTKJio

:ReHHe oT R, pacc'IHTaHHoe Ha OCHOBaHHH 3Toi MO,IJ.eJIH, 

HaCTOJibKO CHJibHO OTJIH'IaeTCJI OT 3KCDepHMeHTaJIJ.HhiX 3Ha-
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Puc. 5. 3KcnepuMeHmaAbHble OaHHble o aaeucuMocmu p om 
E u coomeemcmey10fi#Ue meopemu<~ecKue Kpuebae. 

'leHHH, 'ITO He MO>KeT 6b1Tb HCDOJib30BaHO ,IJ.a>Ke ,IJ.JIJI CaMbiX 

rpy6blx oneHoK. 

AuTopbl 6naro)J.apHbl K.JI.rpoMouy H B.H.PaiiKo 3a 

DO,IJ.,IJ.ep>KKY H DOCTOJIHHbiH HHTepec K pa6oTe, a Ta~e 

JI.IOpKOBCKOii H C.H.MHHbKOBY 3a DOMOJUb B DO,IJ.rOTOBKe 

pa6oTbl. 
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Puc. 6. llpotjUAU KOHf4€Hilpaf4UU UOH06 152Tb, 6HeOpeHHbiX 
6 KpeMHUU 6 pa3HbiX Hanpa6A€HUJIX. HOHHOe 6HeopeHUe npo
~OOUAOCb npu 3Hepzuu 40 K3B U 003aX nopJIOKa 10 -~ O CM - 2. 
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Y CJIOBK.H 06MeHa 
IIperrpHHThi H coo6~eHHJI OH.HH pacchmaiDTCJI 6ecrrnarHo, Ha ocHose 

B3aHMHOrO 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, na6opaTOpHRM, 

6H6JIHOTeKaM, Hay'IHhiM rpyrrrraM H OT.!leJibHhlM y'leHbiM 6onee 50 CTpaH. 

Mbi O)f(H.!laeM, 'ITO rronyqarenH HJ.!laHH:ii OH.HH 6y.ayr caMH rrpoJIB· 

JIJ!Tb HHHUHa THBY B 6ecrrna THOH IIOChiJIKe rry6JIHKaUHH B ,LJ;y6Hy. B IIOPJI.!lKe 

06MeHa IIpHHHMaiOTCJI Hay'IHbie KHHrH, )f(ypHaJibl, rrperrpHHTbl H HHOrO 

BH.!la rry6nHKaUHH rro reMaTHKe OH.HH. 
E.!lHHCTBeHHblH BH.!l rry6JIHKaUHH,KOTOphiH HaM IIpHCblJiaTb He CJie.ay· 

eT ,-:no peiipHHTbl /OTTHCKH CTaTeH, y)f(e orry6JIHKOBaHHhiX B Hay'IHbiX 

)f(ypHanax/. 

B pR.ae cnyqaes Mhi caMH o6pa~aeMcR K rronyqarenRM HaiiiHX H3.!la

HH:ii C 1Ip0Cb60:ii 6eCJIJiaTHO IIpHCJiaTb HaM KaKHe·JIH60 KHHrH HJIH 

BhiiiHCaTb .!lJlJI HaiiieH 6H6JIHOTeKH Hay'IHbie )f(ypHaJibl, H3.!laiO~HeCJI B HX 

crpaHax. 

OT,l:leJibHble 3anpocbi 
113.!laTeJJbCKHH OT.!leJI e)f(erO.!lHO BhiiiOJIHJieT OKOJIO 3 000 OT.!leJibHblX 

Jarrpocos Ha BhiChiJIKY rrperrpHHTOB H coo6~eHH:ii OH.HH. B raKHX Ja

rrpocax cne.ayer o6R3aTeJihHO yKa3blBaTh HH.!leKc JarrpaiiiHBaeMoro 

H3.!laHHJI. 

A,~:~peca 

IlHCbMa IIO BCeM BOIIpoCaM 06MeHa rry6JIHKaUHJIMH, a TaK)f(e Jarrpo· 

Chi Ha or.aenbHhie H3.!laHHJI cne.ayer HarrpaBJIJITh rro a.apecy: 

101000 MocKBa, 
T;zaBHbiU no'llllaMIII, n/JI 79. 
H3oameA&cKui1 omoeA 
067>eOUHeHHOZO UHCIIIUIIIYIIIa 
JIOepHbiX UCCAeOOBaHUU. 

A.apec .!lJlJI IIOChiJIKH BCex rry6JIHKaUHH B IIOPJI.!lKe 06MeHa, a TaK)f(e 

.!lJlJI 6eCJIJiaTHOH IIO.!liiHCKH Ha Hay'IHbie )f(ypHaJibl: 

101000 MocKBa, 
TAaBH&Iii no'lmaMm, n/JI 79. 
Jlay'IHO·IIIeXHU'IeCKaJI 6U6AUOIIIeKa 
06-,eOUHeHHOZO UHCIIIUIIIYIIIa 
JIOepHbiX UCCAeOOBaHUU. 


