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TIpo6JIeMa MaCCH (aHTH) HeDTpHRO , onna aa RJIl)treBHX rrpo6J1eM B COB

peMeBHoft qH8HKe, TeCHO CBRsaBa C TeoPKSMH BaHHKOro 06~e~eHHH H 

BOnpoCSMH 9B<>JlJJIUfiI BceJIemwft • 

HaH60Hee ~BCTBHTerrEHHM MeTO~OM H8MepeHHH MaCCIi aneRTpoHHOrO 

aBTHHeftTpHHO RBJUleTCSI HCOJIe,!(OBaHHe <PoJMl crresrpa BJIeRTpoHOB B6JIPI8H 

ero I'J)8lIHtJ:Hol 9Heprmt npa 6eTa-pacIlB,Ite TPJI!TlIH, xap8.KTepH8Y1C1ItOMcSI 

pexopnao M8JlHM 9Hepro~eJIeBHeM. JfMeHHo 9THM MeTo,nOM r~a m'~ B 

1980 r. aanna, lITO Macoa aHT~eATpmIO OTJ.IHl!Ha OT HyJm ,]I noaze 
nO,1tTBep,1tlt1la STOT pe3YJ1J>TaT /2 . 

JIeT8JI1dUll aaazaa aToro rronxona (CM., HanpHMep, /3-6/) 06H8pyDJI, 

O,ItHaRO, pR;tt MeTO~ecKKX Tpy,IJ;HOcTel!, rqnrnO.ltRmHX R CMeIQemm oneaoa, 
T.e. R "reHepanKH" MaCCIi 8HTHHefiTpHHO. B peSYJIDT8Te B HaCTOHIQee Bpe

MS! Bpg,n; JIB: MomO C'lJRT8n~ 'lIT0 IIo.n06BHe 9RcrreIJ'IMeHTIi .nam 60JThIlIe, lIeM 

yxa88Hl!e na HeHyJIeBYJ) MaCCY aHTlIHef4TpHHO. 

He8aBHCHMO 0'1' peSYJIDT8TOB 6~ 9RcrrepHMeHToa C TpHTHeM B 

CllJfY o~eBH,ItHol BaEHOCTH rrpo<1new He06xo,IijIM0 HCn0JI1l80BaTD T8lO!e IIHHe 

MeTO~ pemeBRR s~a1IH. B traCTHOCTH, ~OEHO IIHTaTDCSI HSMepHTD M8CCY 

8JIeRTpomlOro HelTpmlO B nponecoax r -paonana HJIH 9JIeKTpOlfHoro 38

XB8T8. 

I. lll»!HIl!IIHQ1IDHHe BOSMOlUIOOTH onpeJIeJIeHBJl MaOCH HelTl!IBo 

Bo06me rOBOpJI, IlIH<lJoIMan;JIJ) O BeJDItmHe m y MOJaIÓ 6wxo 6H IIo.nyq:H'l'D 

8.H8JIorlAHO Tpl!TlIeBHM 9ROneJEMeHTaM lia BCCJIe;nOBemUI cIJop.m OneRTPB IIO

SKTpoHOB. STo'f no~o.n ne YOTpaBHeT, o~o,MeTo~ecRHX Tpy~ocTel B 

Jlsy-qamm: Henpepll.BHHX oneRTpoB. ynoMJmYTRX BHlIIe. KpoMe Toro, lI8JllI1DIe 

ROHRYPKPYDItero IIpOueoca (9JIeRTpomlOro SaxBaTa) npll[l3O,nBT R 'l'orq, 11'1'0 

rpalIl1roiHe 8Heprmr CIIeRTpoB OplBIDlT8JIllHO BeJIHItI!. IIoBTorq Tamn.! MeTO;nOM 

BPffJt Jm rnaCTCSI ,1(oc~ 'f'01UIOCTH OneROR h1" , OplBmIMol C T01lH00TDIl 

OnenOR rny 118 TpwTUe~ 8RonepHMeH~oB. B UaCTOBmee BpeMH H3BeoTeH 

JlJ!nI'b 0,ItPIH 8RcnePRMeHT /7 , B KOTOpoM 119 pacna.na 22No.. no.nyqeua oueB

Ra rnyclZ. ~ 6 RsB (90% CL). 
B OWIY yxaS8HHIlX lIpl!'IJRH B .Il.8JWIel!meM MH paCOMOTpBM B08MomIOOTH 

OIIpe~eJIeHwr tT1 y B TBX o.nytt8JIX, ROr.lUl ~ HCInlTUooeT TOJIliltO 8JleR

'1'POHH~ S8.XJ3:B.T. lLnsI npocTbTH 6rneM paCCM8TpKBaTIJ rrponeco saxoom aneR

'lpc>H8 c L - ! (lIO.I() 060JI01lKH : 

I
~t.rht:;:a:ldt·lülwn KHCmyr
 

Sll1~iiHW1! fiee' t!l':,Il()R~Uul 

G!tE. fl~': ~TCH A 
._"'~-~~--."'--



(A,.Z) + e i -- (A,Z-1) + V,	 (I) 

rae non \,) s,nec:& II nazee llOID'IMaeTCSI 9JIeKTPOHHoe HelTpmlo. YqeT 38

XB8'l'8 O HeOROJIbR.KX: (nO.n)06M01:i8X ~HoD Itaprmnl ae K8MeHHeT. 

3Hepro~anelIHe 9Toro uponeoca OOOTaBnHe~ 

gi=Q - E*--&i = Ei +&i,	 (2) 

rne Q - 8HeprIDI pacnana, T. e. pasHOCT}) Mace HB.TlaJThHOrO li ltOHe'qHOrO 

f1TOYOB (B aeítTpa..n:I>HOM COCTOHIDUr), !fi - ~Heprwr Bos6yx.neHWl ROne"DIOrO 

H;Itp8 (E* = O np! pacneze H8 ocnosaoe COOTOSJ.Hlle), e i - aHep1'HJI CBJI3H 

aJIeK'l'poBa i - it (no.n;)o6oJI0tUGi 8TOM8 (A, Z -I), E. - 1l0JlHasI 9Hep

rwr HeaTpiIHO, Gi .. ImlI6TJi:tlreCKa5I SHeprWI JI,Iij>8 OT.u.a~. Ms SaROHa oox
paHeHER: mmyJI:l)C8., B C'J!I.JfY JtBYXtUlCTH'ClHOCTlf nponecoa, CJIe,nye'1' 

e .:»	 2 4 2
Ui = (1'..i: -	 mvo )/2~(A,Z-1)0 , (3) 

r,ne M(A, z -I) - M80ca ROHetmoro aTOAm. 

HCCJIO.nOBS.H.B:SI ,ffJtep OTJt8l{H IIpH 9JI6RTpoHHOM aazaare JlOTOp1N801W )J:n

Jm yxasmmSl na Heo6xo,mmoOT:b rmrO'leSH Heta'lpmio (OM., nMpBMop, /8/), 
BO 1l0J1Y'llHTL onemty' m'J JrI9 TaRlIX HOOJIe,nOBalUt! npa.1t'l'lNoorot llonODllfO",.. 

BO, 'laR Kal( n~ BTOM aa06xo.JijiD4hl 01I6H:b BHOOImo TO'tUIOO'l'lt ItDMOpotIM. 

T8X, ,I{8JlS }J}lH. ?Be, JrartIalmaro B8BeOTHOrO smpa o npooToDmeD O%oMoB 
paCIIa).ta~ BSMOHeHil6 (1i ea Oll9T H9HY'JIeBOI MnOOH noD'!'pmlo OOO'l'nDJUIe'f 

"-' 2010- sB JIp1! mio2 50 eB. SeM9Tm1 'l'awlO, TtrO n OWI1 ..Moom U iCl 

B 60JII»!IIPl.HCTB8 OJIYlUleB ,ttonyoTlIMO JIpmlR'1'L 

~i = Q - E* - e1 • (4) 

J[ana8, MJI OI~eHlUl m'J UOBHO 11I0IIOJa.DODn'l'!l nopo11'l'1loo'fl!l npo
neoca (I), ItOTOpaJ{ S8.BHOIIT 0'1 mli qepeo l1ltlOODIlA 06ohOM. o OltOnopmd8U

Ta.JlbHOI 'r01UW: speaaa HaBdoJIee npooro BOyqnT:L paolUlJ( M0SJt7 oOllomuam 
COCTO.mmm.m: Jl,Itep (:gW co O), 'laR IW.It HadJIll,It9.8MOe IIPD DTOM D'l'OPIAJIOO 

PJ:s.ny-qeIme (p6HTI'ellOBOKlt8 JIy'tm:, 0J!t8- e.n8KTPOHH). RO'l'0POO nODmntQO'l' ItpU 

SaIIOJIHeHlD'I 06paOOBa.BlIl9ftOJl B peSY'JmT8T8 8JI8RTpolmoro 08XDQTQ DI1JttllIOD 

na i .... B (non)o60JIollRe, ne.mmOM 06YOJIOBJIElHO H00JI8,uyeJofblM nponoOOOM. 

IIpli eazaare, IqmBO,ItBlIleM R B08óyx.neHHOMY oOo'l'omnm ROHe1DIOrO rt,7.tpl, QH

TYan.mt YCJIOJKHSIeTCSt, K 06fNHO 'lpe6YJDTOH orreD;'l118JIIdlJ:le ueTO,ny BU,ltOJlOJtUSI 

HH'repeoYDl.leD aac neTmt S8XDaTU (Hanpm!ep, O nOMOOU»Il OOBIIB.ItOJDlO o raM
Ma-.nyqmm). EoJIee nO)G)06HO aTOT M8TO,n; On9HltB m" 11 nonyqeJDJHO ORO

nepo6HT8JiMIH8 peSYJI:bTaTJ:l 6YJJrf ~OOMO'l'peHH B p8.9,I(eJIe 2. 
121te o,!tHoD BOSMOmIOOTDD mnsepemm mv smJUIeTOJI B:syqeHl!8 lJ)op.m 

oneRTpa BHYTpemIero TOp.to8Horo HSJIY"leHWI (BTI1), conpoB~ero BJIeR
TpoHHl:dt 8axBa'l': 

(A,Z) + 6 i '- (A , Z'-1 ) + /) + V .	 (5) 

2 

IIponecc (5) SiBJIJIeTCSI npcneocoa BToporo nopg,llR8 OTHOCHTeJIDHO (I) 
li, BOO6m8 rosops, MaJroBepoJI'l'eH. O,ItBSRO HeJl8BHHe paCqeTJ:l npHBeJIH R 

BliBO,Dy o BOSMOZHOCTB SHa'lDlTeJILHOrO peSOHaBCHOrO YCHJleHltfl IIpK nonxo
~ Q ,lITO nOSBOJJBJIO BOSJIOmtTL onpe,neJIeHHHe H8,tJ;ea.tVl aa BTOT 

DO,ItXO.D;. B:>JIee nO,DJlO6BO M8'1'O.n; H nOJIy'tleHHlle O ero DOMOntDll p8SYJJ:bTam 

6y1JYT paCOMOTpeHli B paS,neJI8 3. 
HaRoHen, WUI nOJIHO'l'H ynowmeM o cDoc068 D0JlY'1I8Bl!J1 oIteHRII 

IIS nponecca, ((lo~HO cxoaero c nponeccoa aneRTp<>BHoro 88XBaT8. 

HueHHo rrpH o6Jry'qemm: HyRJDI.Ita (A, Z ) MOH08Hepr8'l'n8C1OIMH an8KTpoHEl
101 BOSMOJt8H	 nponeoc 

(A,Z) + e .... (A,Z-1) + V 
+ <-' (6) 

(A, Z) + f3 - +V , 
T. 8 • IIpOn80C o6pasOB8lmH pa.tO!08.K'l"HBHOrO Ro,eroro HYItJIl'JUl, HOIlli'l'll 

B8D1t8rO P- -pElODaJt. KaR nOKS.88Jm p;lOqe'l'll 9, IICDOJI!tSYJI S8BIIODfOOTb 

'qJ[eJIa llo.nyqeBHIiX ~Oll8pma: p8,llHOIfYltJIH.ltOB 0'1' suepro n~ 8JIeE'l'po-
HOB B odmoTJI Dopara peaKIJ,II1I, Jlomro nOJIy1lJn'!» ~Pf8Il,1D) o m" /• 
AH8Jms peazsaax YOJIOBd ae ~8eT HJm8KIIX H8Jtea,n Ha pem8BB8 S8,Jt8qu' 1'8

I 
DIM 118'1'O,nOM. 

2. Hsnep8	 Bel?O!TH0QTlI 8JI8R'rpoHHoro sapaTa 

DipaJt8HHe ,ItJJJl B8poamOO'lJil sanam 8JI8K'l'pOO o i - .' (DO,n)060

JlO~ aTOII8 Mfl p8spem8HHoro D8pex0,1t8 nt88T BH,l( (OH., BaDpD8p, /1.0/) 
G2 2 2

À i = :-2 \~ ni~iBi cp i ,	 (7)
4rr 

r;u;e G - KOHOTaH'l'8 OJIBÔOro B88lIMo,nelcT:BIIB, \M3\ - RJl8pmdf Ma'.rplNHJll 
MeN6HT. - Ko~eHT S8JIOJIHOHIVI odOJIo'OO(, Pf - Rt:l8,npllT 6oJr&n i 
moi ROMlIOHeH'l'H p97J,B8nHol BOJIHOBol ({JyHlaJ;mI 88XBa'1'I:lBa.8MOrO 9JIeRTp<>H8, 
B i - KO~eHT, yqH'i'Il~ e«>eKTfl nepeKpiTml H 061i8m, epi - «a
sOBllI MHOD'fEt.1G, B8nocpe.Itcn8HHO 88.BJ1osmud 0'1' uaCOli HebpiIHo: 

~ i = Ef G- (m-y o2/ Ei ~2J 1/2 . ~ (8) 

I10J1R8JI 8Hepru Hel'l'pJlHo Ei mrpame'l'CJI, corDORO (4), qepes BeJm
1DIHll SH8prO pacrm,u,a Q ,KOTOp8JI MoxeT 6liTL BSHTa MS Ta~ Maoo/I I / 
wm HaA,neH8 M3 rro.nxo.wmlait JUt8JEoI peamnm, 9Hepro BOs6~emtSl 

J!l, 061:AH0 HSBeomol lIS oxew p9.CII8,1t8, 11 9Bepro CMsm E.. 'm lto-

TOpol CyDl8C'l'sym' ,D;OOmTOlBIO 1l0JmH8 !t~ (eM., Hanpml~p, 2/) • 
CeM ll8R'l cylJ{OO'1':B<>BmnIJI Be'l'Bm paona,tta (7) ~a8T orpamAeRlIe H8 

FlAooy ueB'lJEBo: 

m~2 <.Q - E* - E.. ,	 .. (9) 
. 1.	 • 

"q'fO OJIeAYe'f	 lIS mma ({Jlsororo lCHOD'l'eJ.Ul (8). Y'l'OllHeHHe onemm m-J 

:~ 



J/lOJteT 6hIT}) ,nOCTm"HyTO, eCJIH J2[SMepHT}) aaaseaae A,
~ 

R HaJ'l'lI IM 3\ , 

lIanpHMep, R8 CRCTeMaTHlCH BeJIHTmH ft ,ItJISI eocenaax anep, Be.1m"t[HHhI 

Pi 11 B HeO,DJiORpiTHO paCC1JHTIlB8JJHO}) - napoxo HOn()JlDsymcs:r Ta6Jllt 
i 

Jl,l:J /13/. BeJnItumhI n 06bIlUIO paBHhI I.
i 

060SHaQ8JI 

2'1/21-,22 (10)'f i = 4 rr 11; G 1'1 ~ ~ . B . ,... ,~ ~ 

Ilo.nyqHM
 

2 (lI)

m-Jc -'f~/E{11/2"= Ei[1 

KaK BR,D;HO 118 pac,1, aTa ~ 06

ISm8eToH B HYJffi IIpK Ei :: 'fJ~ II 6110'1'

po npli6JIB1taeToSI R aOllMII'.l'OTlAeCRoft 
ç:q )1(T)::4 1,5'-  IIpBMo13 m~c2=Ei o POOTOlf1 E1 •
 

MmIMH CJIOBaMll, YTO"tlHeHHO OUOHRH B 06

i 

0:
JIS.OTH MaJIbIX sn8'tIeHd my oonpaxeao 
O OliaU}) BHOOKftMH Tpe60BaHRfiMH R TOQ

S 

1\1 HOCTH onpe):{eJIemm E
1 

H l.f OTCní : 

.na 0'tIeBH,D;H8 He06xo,ItHMOOT}) nOROM BeT

Be~ pacnana O MHBm4Q.lIblIlant 8B8.'tIeHlUlMl! 
0,5
 

11 2
 E
i 

R, COOTBeTCTBemlO, \f 1" 
EcTecTBeHHo, ~o ~ oneROR my 

MOJmO TaJUte RSMepslTb OTlIOmeUHe Bepo
I,D , 5 1mBI0,5 

E, SlTlIocTel S8XB8TB O paSJIH'tJHWC (noalooo
PHc.I" CBSI9:L MeJUtY m y R E,. JIO'tIeK. 3TOT nonxon HM08T '1'0 ,nOOTORH

I - ~i = 0,0625 KaB
2 

, 
~ 

CTBO, 'tITO OTua,naeT He06xo~OOT]) B
2•2 - 'f l ;: I, 5 K9B oneHKe ~epHoro MaT~orO aneMeHTB. 

\ 

SaMeTHMt 'tITO aa IIIIDtTmt8 06wmo 

npHXO~TCSI HMeTD .neJIO c Cy-MMoi\ BepoHTHOOTei\ SBXB8.Ta HB OT,neJINUie non

OCOJIOtIKII. 8T0 ae MeHH8T npmUnUIH8JIbHOA KapTKmI, HO HaCTOJI»lCO YOJlOJKHH

er aRBJIHTINeCKRe qx,PMYJJH, 'tITO npe,IOIO'tITHTeJThHee CTaROBHTCSI ~OJIeHHHt! 
aRaJIHS COOTBomem MeJr.nY m -.; li Q lIpH TeX HJIH mnne XBpartTepu:OTliI 

K8X nponecoa. 

2.1. PaorrB.It HB OCHoBHoe OOOTOHHHe (l~o) 
KaR CJIe.nyeT 1'19 Ta6J.Ilm /14/, rrpooTei!UIYD oxeMY paonana o MIDmMBJIb-

HhIM Q DeeT HyRJm.It I ifo. K Ha'tl8J1Y RCCJIe,noBBHH! cymecTBOB8JIB onen

sa Q = 2, 6±2, I KaB /15 , OTKy.u;8 CJIe.u;OBaJIO, 'tIT0 163flo MO!te'l' ROIIHTbI-

BaT:L SBXBaT 8JIeRTpoHoB c Mo- H 60JIee BbICOma 060JI0oqex• 

.IIOOROJIl)ltY' eM = 204'7 aB /12/, TO IODJlIM8JIl)HBJi aueprIDI HelTpHBo 
" 1E ,......., 500 aB', Tor,n8. K8K .u;JJJI ,u;py1'n uyR.l[ItfJtOB aTa oneaaa B 10-100 pas

i 
BllIlIe. 

4 

O,!OI8ltO yxasmmoe SHB.oqemIe Q J1J!OXO COrJIElCOBHB8JIOOil 7OOJI1l1Dl
Rol T1/ 2(I 63Ho) = 33.t23 ro,It8, 1I8BeCTlfO! R 'f0'M1 BpeMeHU /16 • II08TaMy 

lIa nepBOM 8Tane SHB.'tm'l'8JI])Hl:le YC1IJIWI 6wm noc:BJm{eIm yorO'tIB6mm X8paR

TGpiq'lHR _p-\CIm,D;a. -HqCJIe.tto~ I ~o 8~OO}, H8CROJIJ.tI(O rpynn B 

emA II7-2JJ/, UEPHe IZI. ,221 H Hnomm 723-261 . . 

t~6pqa 1. 3ltonOp.D!eHTll no H8YQ6Bi!ll paoII8,lJ,'a I 6.1I0. 

MeTO,IJ;H í1sMeplieMM 

BeJlJl'llilHa h1Typ9.UOJIY'IeHI'IJl BW1eJleHIUl 
OueH1't1l 

ttJlCJra aTOMOB 

162Er(n,J) 163Er(]C)163Ho P8,1UIOXl'!MJ!'1. 
Macc-cenapaIUlJl 

... 
-

liI30orOIl. 
pas6aBJteHM 

X-CIlJ:KTP 
T?tH ~M 

1/2 

17 
19 
18 

21 

22 

1------

Ta(sp)163Ho Ep=600 MsB 

162Er(n,J)163Er(R:)163Ho 

M8CC-CCIIBpallHH 

p&J:UI.OXJl:MD'I. 

pa,nsOXJDAn. 

UJI..''lJ!lUijl 'bapa-: 
.nu 

do. -paccemlll9 

(ltMMaK'1'81W1 ) 

- 

tt/2 

\/\(i~/2 
16li1>.r(p,2n)16'BoI - ....O Moi 

ps,uOXlIMJ[q• x...1I~eiule
1l0.n .u;O«C'l'BJleM 
npo!'OHOB 

-
lIlS0'l'OII. 
pas6aBJIeHJle 

X-CIlCJtTp, 

11/2 
I..MI' IotM:z 

TT .I? 

23 
24-26 

25,26 

Kax mTJtHO aa ft~ I. AlIH n~eHBJI 16.%0 itCIIOJW!OBSJIHO}) ~s-
JlHtlHHe UeTO,1tH - O'! o~eHllll lOmIeD 148 060r8DteHBOrO I 6~r Ba BHOORo

noroqJIOM pea1t'fOpe 1I.0 J!CIIOJILSOBmIB'Ji YOTaBOmm ISOLDE B peaKIlD 

I'JlY6omro p801(eWIOmm Ta. OBC'fRa 1I0~aBJ[01 aR'l'1mBOC'I'][ BeJI8.01> p8.1tIIo

XlDtI1i'tIeOKJBm US'fO,,-, no JIPODIYJ1'eC'l'BJ )[oHH0-06.0001 :qlOIIaTOrpa(Jlel; 

liICnOJ!LBOB8JI&.O:& 'faDe UaOo-C8IIa~. Ko.Jm1leoTBO 1IOJJ'YU.8MHX 8'fOUOB 

163n0 COCT8llJDttlO IIpD8psO roI6_1(f8• 
ILm o1Ip0.le.nemm: UOJIa aTQMOEl 163ao B JloOJ[e~8M1a 06J8S~ ?HJ(O 

J.'lPlDfeBaBO S80ltOJDtKO lmTepeOBHX 118'fO,llJIK. Tmt, B aR01I8po18H're ZI. 000

H.B IIOBepmOO'fJl CÓp88IJ,a ÓHJI lIsyqeu no mm8118m1le01tlDl nCT8pay 9uepru 

llpJ! ynpfrOY paOOesmBll d.. -.O'rlln (E! = 3,5 lIaB) B8. (SOJIlIUe JI'JIH. 
!IoJJy'qeHHoe 1H8"i811J16 5.0.1oI3 amMOB 63no xopomo oorJJll00HOl8J100l» co 

8H81i8Bl1ell 4,5.1013 aTO)fOB, RalJteHHIiM lI8 cp$BKeHIUI u'tHEHoc'rel o 1J:W
!'DI 06pesnou, 1UI0JI0 aTOJIOB B ]tOTCpcII OWlO 0IIp8.1t8.1IBO OOJl:08 'fPIWDJ,l[OR

HmI 06pasOIII (nODoe q](0JI0 a'l'OIfos ~ o A. :I 163 HaxonnOCJI o no

~I)~ 1&p8,1t8S. a B8Jl'f8JI AJUI B:SrOTQU8DSI Jlo'fO"iBD& '-;OJJJI, l!JH

XO,ll pe.u:0DIIJtq80mo: npone,Qp JI 'r.lI. ROrpo.upoB8JJlIOJ. o IIOUOl/lH) p!UtlIo

81lftBBHX Mapltepos). B 9K0II8prD1eHi'e /23 ua uyue IIpO'1'OBOB B UeimA

ma Y'OJlOBllUlX 06.Jrrm,JlaOl» r<>JlHmeBWI ~a HSB80THOI MaOOH JI OJUDI lU 

5 



BCIIOMOraTeJIDHHX BC'1'O'llHHROl! 163no, M-peBTI'eHoBC:KHI cneRTp KO'l'oporo 

61:UI paRee BSMepeH, B Ba6J11),1J;8.JlKc:b K-peBTI'eHOBCIWe cneRTpa Ho. 'tbICJIO 

aTOMOB 16.1t0 B OCBOBHOM IICT01UIHKe BaxO,1tHJIOCl) no OTHomemm JIIH'l'eH<mB

BooTel K a.. -JJ:lif1Id B 9Tl!X cneRTP9X (Pl/Ic. 2) 11 OTHOCHTeJLDHOt. HHTeBCBB

BOCTK M -eneKTpoB OCHOBHoro B BCnOMOraTeJI:&Horo HCTO~OB. 

PIIo.2. PeHTI'eHOBOlOle cnexrpa, 009
Ho metal foil~ 300 6YJ!,Itemme IIpOTOHaMH c 9HepKa l 61 tt9 (3'1»
 

~ 200
 rBeft 38 MaB. 
<,
 

a) CrIeRTp peHTI'eHOBORoro
 ~IOO........,.' ~I
 
H3.nyqeHBJI~ Of··400 · ._- 500 

CrreR'l'p X-J(V"qei! 6~ HSMepeR	 BHClAEP KARAJIA. I 7 CaMol nepBOft pa6oTal paOOMaTpH

163 Ba.aMOrO I4KKJI8. o nOMOIItbIl Si (Li)-.n;a

No 4 (3'1» 

300 
Ho source 

TaRTopa )UIBMeTpOM 4. MM,TOJlIItHHott VE
CTBR'1'eJI:bHOrO OJIOJl 3 MM 11 o BXO,'I:UmM 

·ORHOM H8 Be TOJDItRHOi! 7 MRM: 9Hepre

~wo	 .! : 
'l'lAeexoe paspenenae .u;eTeRTOpB. B 110

CJIe.nyeMol o6JJ8cTlI 9HeprHft COCTaBJIJI

JIO 140 aB. 3Heprm li IIJIoDlSJtH .1JBIld~'~ I 
HaX0.ItVIHCl) tIm'rHPODamIeM OneRTpa B 

~ ! 

400 450 500	 mme IIJrl'1I nepeRptlBAnqmcOJl rarcoaa
BOB. B B8B6oJIee HHTeROHBlIOM lIIIl<e HClv1EP KA.HAJIA 
M~+ M, oaasaaoca 2296;tIOS mmym.

OOB, a noIIpaBKQ na nor,nOmeUHe B Be 
COOT8BlIJI8 O,59,:tO, Ia (opulHE'l'eJIl)HO 60JI&Jl1aJl norpemuoCT:b 6wra 06YOJIoBJIe

Ha ReTO~ SHaBHe, reOMe'l'pHK). 

BnoOJIe.u;o'l'EHH 23/ cneRTp X-~el dHJI HaMepeR c 6oJI:bmel OTQTHC'1'H

ROI II 60JIee TO'qH}A1 Boo.n;eHBeM nOIIpB.BOR: RSMepeHHH npommO,ItHJDiIoL B sa
ttnJIe (pKo.3) B Ha B09~e o nttlol!tbll Si(Li) -,Ite'l'eR'lopa o omOM H9 Be 
To~ol 7,6 MRM, ~cTBHTeJI:bHol nOBepxHoC~Il(Io,5JP,6)MM2 H T~ol 
4,28 MM. B mme l4+ Mf> 6wro HadteHo 76468.±I830 HMIIym.COB, a noIlplBItB. 

c yqe'l'OM IIOrJI~eHHJI B Be 'H CJIoe AlÁ., CBMOnOrJIOntemm B oopasne H '1'.):(. 

COCT8B1t1Ia O,549,:tO, 018. 
B T86.mne 2 yxa88.HH peHTI'eHOBCKHe nepexoza, ,I(a.lJltHe mm6<>JwIrd 

BRJJElJ[ B H86JmJlaewe mntH, BReprHR mmOB (B BX nOJJylllHpmIH .nmr pa6o-, 

'1'/231,a TaRlIt9 MH y;Jl060TBa CpaBH9BWl HO.PMHPOB8.HHHa· OTHOOBTe.JI:&HJ:ie :HH

TeHCBBHOO'1'H IIOOJIe BBe,lteBml IIOIIJ8BOK aa norJiomeBlle. B n8JIOM peSYJIl)T8'l'1l 

COl'JJBOymOH ~OBJIetfBOpI!'1'eJlJaHO; IOP:JmtleDe eOCTaBJUIJJT O'l'HOCrrenHHe 

BH~eHCHBBOCTH OBMolzeoTRo! ~ Mr02,3. 

6 

Ta6Jntul:! 2! PeH'lI'6HOBCm C1l8RTp 163:Ho o 

r ---l-·------~- ----l·oTHocPJ-TeJI:&HM

nepeXO,IJ,
 '3Hept'HHJ KaB R,aB RHTeHCHIlHOCT:&
 
I
 /17/I /23/ '/23/ /17/ !/23/ 

Ii- M4N2 } 
1,02 0,993(13) 118 15(7) I 12(2)
 

, '\
 
! 1'~5N3 (') 

M503 
I 1,34 1,309(12) 131 , 

I 

r.~N6~~) '00('8)1 '00 (4 ) 
II M4o2,3CJ~)


M4N6
 

1,56 1,502(15) 127 19(2 ) 16(1 )M3N4,5c,,) 

~N4 
1,7Ô3 (12) 149} 1,75 25(2) 22 (1)M:2N2,3
 

2,03
 2,010\12) 119 4,3(6)M., °2 , 3 2,8~~1 

d) Onpe,neJ.IeHHe BeJntlDlH À M., 
I B ),~l<te 

IIOJIY'qemme 9KCnepllMeB'l'8.JllI
MaJ3 ase JIHTeHC~OCT1t M-.nmnIl aBTOpl 

Jll60'l'H /I? Op8.B'HlV!H c Teopen
4p-3s 

:'"-', 

'tIecRDm D'l'eHCHBHOO'l'Jmm My'JIl)'l'J[4d-3p 
lol~_:. Me WIe'l'OB, paCC~ B IIpe,lUIO~..~.yt····'·"\:.-i'\ , 'I'; JIozemm, ~TO SUBaTHBaSTCH 9JIeR

'!'pOH TOJ!.bRO C ypoBHJI ":r, oõpaao":':~ 
BaBrJ8JiOSl BaR8HOWI "BClYJII:lEa8TIt H8

5p-3s...........
 . {. ypomm ~ Dy'1'eM o~oro lt1JH He
~ 102 

, •... 
CltOJILRJIIX nepexO,ltOB KOOTepa-Kpo.... 

HBl'8 11 38'1'eu 88II0JmJl8'lCSl pe,mm
':' 

nm:OHlIHM nepexO;n;ou c 60JIee WCOJ.QIXI6:S(U ) 1.~Ho 
ypóBHel. Omomemm 9KonepmeH.: ..:.:':~.«. \;.' 
'l'anma: BR'teBcmmoc'1'el K CYMIIQM 

10t- PlJ"1l 
TeopeTneORHX 8H8~eHd no ae pas
pem88MYM IIpI[60poM nepexo,naM,HOp05 1.0 1.5· 2D 2:5 . 

DpoB8HHHe H8 I .u;JISI Ml' 6WIB 
8HEPI'IDI. R9B 6JDnJRB: K I B TTnA,lt6JJ8X "- 25% S8

I E;.':l.. "'Y"" ,

PIIc.3. Cn8JtT}) MX-Jl8JIY1lemm -liO. HC1tJIIR8D811 Jn1HlDt McJ.,~ , H8 0

TeHOJ[BHOOTB RO'l'Opol MOrJIJI CRa- . 

88!'IJCJI DIO['q80De 9lIxIJen'H. O,1tH8RO OTHomeBIUI Jm'1'eHO~OOTel .mmd 2,03 

11 1,75 K9B 06H8pym1JD1 oepsesaoe p89ROrJIaCH8 o JllclIe'l'8MlI, ROTdpoe yoy _ 
ry6UOOI» dH IIpJI Y'lleT8 88XB8T8 H8 ypoBeHIt M2• 
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'IIOSTOM;Y 8BTOpbl npe,ItJlOQJIH HalTH ';'\.1:1 / )'M L H3 H3MepeH:Bit pearre-
HOBCKOro crrearpa Dy ,06pa3~erOCSI IIpH H3BeCTHOM paCnpe.IJ;eJIeHHH 

B8R8.HCd Ha M - 11 M2 - ypoBHSIX rro,It ,IteICTBHeM MOHoxpoMaTlftleCROrO ClDIr 
xporpoaaoro Bs.n:yqemISl. 

3RcrrepRMeH'i', H,IteSl ,oToporo 6JmSKB. R BbtCRasanHoI, 6WI rrOCTaBJIeH 

smOHCROI rpynn:oB /24-26 • l1MemlO, o6JJY1I8H Dy MOHOXpoM8TRli6CKHM 

nyqxOM (boToHOB c cooTBeTcTBYDJUIM 06pasOM rro,Ito6pmmol 9HepI'Hefl, MOlt

HO Ha6.JIJ.)J:l;8.T:D peHTr6HOnCIm8 cneRTpbI, BOSmntaDItHe IIpH B8R8.Hcwrx TOJIDRO 

na M5- YPOBH6 JIH60 aa Mõ 11 M4 - ypoBH& !'I '1'.,1'(. Ha no.n;06HIDC ,IUlllllliX, 

SHaR: ceseaae q,oTOHOlUISa:n;mJ OT,IteJI1,HbI.X oõozoxex IIpH p8.SHHX saepraax 
!IloTOHOB, MOXHO orrpe,neJm'1':D SM. (E) -peHTreHOBCRPIe cnexrps, BOBHHRalJIU'te 

IIpJiI HaJmqD o,mIOB BaRaHCmI Hg. Mi -ypoBHe. Tor,na M - peH'lTeHoBcKHft 

cneKTp npw paonane 1~o (B pacxere HB. r aTOM) M02ltHO BHp8aHTJ> B BH,Ite 

S(E) = i\M SM (E) + À~~ S~I~ (E), (12)
1 1 

tITO OTKpJlBB.eT IIyT:D .nJIR: orrpenezeaaa rrapUH8JIJ>HHX aeporrraocreã M1- H 

Pv2-S8XOOT8. • 

3RCrrepw.MeHT 6WI nOCTaBJIeH na IIytIKe <lK>TOnOB MeItTpoHHoro HaxOIDI

Te;u.,Horo ROJThlT,a KEK H8 saepran 2,5 rsB. A1rH MOHOxpoM8THsamm. rrytlKa 

lflo'l'OHOB HCnO.JI:DSOBaJIOCL .nBOaHoe orpaxeaae 0'1' ltp1itOTaJIJIOB Be wm InSb 
(plIo.4). 3Heprlm ll>OTOHOB OOCT8BJI.H.Jm E = 1314 aB, Ed 1504 sB, E =:3 e o 
1758 aB, E

B 
= 1944 aE, Ea = 2250 sB. 8 9H8preTHlIeCImSI umPWI8 rrytmOB 

- H6CKOJI:DRO sB. 111JJI .HJIJIKlCTp8lJ,lnI na pRO. 5 IIpBBe,IteH cnesrp sE. 

11 o60J10'Ula lliut8D1U11" Cn"KTPu 

DI X-.IlJ'llII illJIYOpec-

IlcllnD 
lllIIl 

111 (2.047)	 __-- E.. ,tàE. ~ 
~ (1.841.)	 __- ~ .:tà~ SEt, 

SEc 
SEcI 

10 (1.676)	 ----- Ec .:tD.Ec 

: n:~~~	 :==:<1.-~~:<1.. ~ 

e 

UOJlllllrt30B1lHHll.ll .li.Boll:uoll KpllCTllJlJ!JI-

lI:rrOJl: • Q"C1U1ll 1I0HOXPOW!ll'Op 

//
Sl(L\)1 

CllmmOBllIl ~J!j18H
 

~~:::-~.neplla"!lJll>
 
<, ~----01'llOpcue
 

k S1(Li)2	 M8Almp 

\ 
~O'I'ommJ! 

MOHll'l.'Op 

PRc.4.	 CxeMe 8RcnepHMeHT8 no onpeneaeszn cneRTp013 SM. (E). 

Cneaa npaseneaa .tUI8rpaMM8 8HeprHi\ M-ypoBHe~. ~ 

8 

Ee = 1.314 Jl:8B 
10~.	 ~ 

4 

~ 10 

<, 3
 

~ 10
 

10 2 

10 ,---,--". I 

0.5 1.5 2.0 2.5 

SHEPIWI (nB) 

PRO.5.	 PeHTI'eHoBoRd cnezrp ,D,BcnposHSI 

IqiI B8RaHCD Mõ~0~060JI0lfiQl. 

CnJrOlIIBaH Rp1IB8Si - paClieTHI>II 

CneltTp S M (E).

5
 

10SF I I, 

ÀIIISII I
 

<>
 

ÀAl1SAlI ~ ~M2 SM2 

104 

"" .. 
3~ 10

'" 

~ 102 
P" 

lO' 

.:~:.: ...:-.:.-.:.: 
10°'	 • ( I I I I I ,o 0" tr-,~ n.~ 320 400 480 

1l0llEP K A 11 A J[ A 

PBO. 6.	 MX-onex'l'P 16.%0. Kp1[BIle - pe
syn'f8!' UO;ltI'OB1tII II'pI 88JJ;8RHHX 

S ~(E) JI S 11 
2(E). 

IIOCROJIDRy Ha.Itemwe JUm
HI:le o ce'teHR.RX l}loTOHOHll8aD)D1 

OTCyTO",BY'111' ( B' OR'lH6pe 

1985 r. rpynna cooCl~. wro 
IIpHC'fY1DJJ!8 It 118Mepeínm TaKBX 
cetIemd), )J,1IR npe)J;BQplIT8Jlb

BoA o6pa6OTKH 6wm iIOlIOJr.DSo

B8HH Teope'fH'qeOIme oneKTPH 

SM. (E) , no BlipllteBDl SBTO

poB', "OJIe1"K8 MOJtH~pC>BaH
Rue Nm no.nyqeHBJI H~ero 

cor~OHH 00' oueXTpC>M S M5(E) 
lt peHTl'tmOBORBM cn,eKTpC>U 

rOJIJ>~" •VI1.JIl 9'1'011 8.B'fOp!i
H~ 26 (eM. piIo.6) 

À :::(O,9740.tO,OO4I).Iq-I2 õ,tM 
1	 (13) 

'À =(O, 0806j;O, 0057) .10-12 o:' 
M2 (14) 

3aMe!'BM, lITO palIee /24,25/ 
.1t1IJt 9'1'HX BeJI:I[qJ,IH yxaSHB8JII[OL 

9H8110RWI (0, 6494:t0,I919). 
1(J12 õ 4

J! (0, O666.:tO,OI97). 
IcrI 2 ô~ OOOi'B8!'OeeHBO. 

~~ !'aDe, 1i'1'O 118
 

lJIiBlI~I7 / Clwm no;qqeaa/20/
 

OIt8mea
 

\ /Ã = o,~~O,OI. (15) 

. B) Ilapn.wAARHI D~JlIlOJl 

UOJ1YD8.ODB.lD1 'l1/2 
B &Jtoueporeu'1'e /21/ ClM

.10 1:8I'O'l'OBJ[eBO .oa .0'1'O"IBDa. 

o .SBeO'1'HlBl UOJIOII alfOMOB ua 
pasma DO.POD8.X (De • Ta). 
Hx ;r.JteJlIdme UDJIIIO()lfl[, '.8

lIepemm8 DO 0"18'1'1 11-0&8
8JI8K'1'poHOB :s 1IH0roupoBOJIotmol IIpOlI0PlUlOJl&nBol Ka118pe, OBU8.Dm. da.
KIDOI, 1ft'0 OBQe'f8nC'1'BOl38J[O o 118.I009 nollpUOx Ba OClJllHoe paooe&JIe 
• C8IIOlIor,x0Ql8D8. KlX*e '1'Oro, OJDIH .8 _C'1'01DIDOB (U Be-UOAJ[OD8) 

9 



pBSMeIll8JICSI B npoTOtmOM raSOBaJI nponOpIUfOH8.JJbHOM ClIeTlIHR8, rne Ta.IOle 

onpe.n;e~c~ CROPOCT~ CqeTS M-oxe-aneRTPOHOB. 3aKpHB HCTO~ M8ft~a
poBOD MeUROI TOJIlllHHoD 2 MltM WIJI norJIOmeHHSl OJKe-an:eRTpoHoB li aanoa-
HHB cqeTlOOt· cueollJ> Ar - CH4 , aB'l'Opll HS6Jno,D;8.mI Md-, ~ -peHTreHOBC~oe 
H8~eHHe C 8Heprael ORO~ 1,3 xsB, B cor~CHH C pe9Y~TaT8MH /17 , 

a CKopocn cqe1a nOCJIe BBe,1teHHH nonpasox sa nor~OIItemle B MaJmpe H 

BlDCO.n; lluIYopeCIJ;eHUD (O, 98% ~OrJIaCHO .n;aHHHM /13/) oaasaaaos 6JlHSKoft R 

TaRoml WISI OJlte!-8JIeRorpoHoB (27,4 H 32,4 mm./c cooTBeTCTBeHHO) • 

B ~e~OM 8BTOpll ,ttJVI np6,1lcTa13JIeHHJI CBOHX pe9Y~T8TOB OCTB.HOmumC~ na 

SHaqeHHH 

Tf/2 = (4,0±1,2) ·104 ~eT . (16) 

BnOOJIe,1lcTmm /22/, npo:ee,ttR nmJJaHT~ I~o B Si(Li) -.n;eTeRTOp H 

MOHHTOpllWH UpB aTOM nyqOR 163 Ho, aTa rwnna aamna 

~/2 = (3,0 ~~:8)·I04.~eT • (17) 

HnOHCRaSl rpynna /23/ WISI orrpe,IJ;e~eHHSI ~/2 BocnO~SOBBJIaC:& ;D;B.HIlli

MIl o M-peH'!TeHOBCROM oneRTpe (CM. a». 'l'nw.TeJffiHO BBe.wI sce nOIlpiBKH 

B yqT.R: tUlOJIO STOMOB 16%0, aBToEH HamJm, qTQ I10JIH8SI HHTeHcmmOCT:& M
.nyqel OOCT8BJUIeT (4,7±I,5) oIerI ~ToHoB/aroM. B COqeTaRmI c BHXO.n;OM 

wapeCIJ;eHIUIB 0,98% aTO B8.n;eT R 9HSqemm 

'If/2 = (4,5±I,5).I0
4 ~eT • (18) 

SBMeTRM, qTQ npHBà,IJ;eHHHe BRme ,IJ;aHHHe (13),. (14) COOTBeTCTB,yIDT
 

~/2 = (2,08~0,OI3).Io4 ~eT.
 

r) ÜTHomeDe ;X N / ~ M 

B R8.qeOTB& rrpoBepKJil I1pnU];W1IJ6JUtDHOI B08Mcm:HOCTH HCII0JI1,80~ 

oneltTpOMeTp1Dl nozaoro nor~~emm: (ftltMopB:MeTplmff) rpynna UEPH 22/ 

npoBeJIa mmJl8HT8U\UI I~o B Si(Li) -,D;eTeRTop. 1t.mJIaHT8IJ;KJl npa 
Harrpst&eHWi 600 RB IIPQBO.u;HJlBC:& B,lton OCH RpI1lCT8JIJIB., T. e. c BCnOJIl)

SOB8BJIeM I<8H8JIKPOBSHIDI, qTO n08BOJIBJIO CHH8HT:& ROHi::l;euTpaD;HJ> roJIl)MlUI H 

ypoBeHII pe.Jtl[8Wl0mmx I1oBpelmeBd. 3e.TeM Si(Li) OTDI'MCSI _npH 30ePC 

B TelleHB8 no.xyqaoá Ir pa60'I'8Jl UpB TeMlIeplTY'P6 D,ItRoro a80Ta. 
MSMepeHHi:lA OUexTP C:BH.D;eTeJ[DCTBOB8Jl 06 oqe~ HecoBepneHHOM C06H

];SHD sap.fOl;s, HO nooze pIOt8 cne~ rrpone.nyp c06HP8HHe YJI.'rlIIIH.7I°o~, 

XOT,g li ae OT8JlO nOJIHl:lM. Pa.spemeoe B8 ~ COCTamrJIO "-' 380 aR 

(npH reHepaTopHol mHpRHe 90 ·aB) H nOCTeneHHO YXY~OOD co BpeM8HeM. 

llOJJ1'lemme ,namme n08BOJIJ!J1H ~TD Be.mNBHY 

~N /Â = 2,4±0,3 • (19)
M 

10 

AM'opl::l: !I9/ rrposeza aHaJIO~ "KSJIOplIMeTpKqecIOd" aRcnepmlJeHT 

no BHyTp8HH9M;V CqeTY c nOMOIqDID Harp8BaeMOrO ra.SOBOro nponOpIlllOHaJID

aoro CqeTlDmS (HaDOJmeH1ie 90% Ar - 10% CH4 , paoosaa TeMIlepnrrypa 
,I 
-,20oPC,aI(TKBHua 06$aM c ~aMGT~QM 5,1 eM R ~O~ 20 CM).BHyTpD c~eT

'IHR8 BBO,tJiL1IOCll OROJIO 100 ar 1~o B (lx:>INe CJIOXHOrO opraaaxecaoro coe

mmemm, KMelíJl!ero' M8.JlYD MOTHOCT~ napoa IIpH 200°C. lWIo nOJIY1i~HO OT

-qeTJmBOe paS,lte.n:eHHe mmOB, cooTBeTcTBYDJ.llIX Mo- II N -9axBaTY (pRc.7), 

H HaI~eHo 3HaqeHHe 

ÂN /-\.~ = 3,86±O,I2 • (20).ooor.-------l 
,~Ii 

PUc.7. CneRTp HCTO~ I63Ho, paSMe'-11, ~OH I 

-l
 
meHHoro BHyTpH raaOBOro nponop


IUlOHa.n:LHOro C'q6'NHR8. ..
 

"OOl(i ..
 

~ . ° ----=-~-==,~= 
::r ,0001, 
I:.) .n;) atepI'RR paona.r.ta 1~o 

200·C 
e-.'llIHo -"'Dy '" 

KaR ynowmnor B1:lIIIe, 118 CHCTeMa
THKH Macc anep '15 K H8lIB.JIY paOCMa'i'

H COEl'...r, 1420.VJ 

pHBSeMOrO I.nIRJI8 HCMe.ttoBámut· no I~o
"0011~/ lDIeJI8CII 0~8BRa Q = 2,6,±2.I KsB. Hs 

l OI C"'." 1>0'0 •• lfaicTa na6Jm,rteHID1 JIllI.HD MI02, 3 B peHTe001' / 
reBOBCK~ JIIeKTpe (CM. paanea a)) BL101-·--~->ô--'=:~--;;;-
TeKaJIO 17, qTO Q 60JIlíID8 8HepI1m 

!\AHA)I CBH8B Mr-9JIeKTpoHoB (2047 aB). 
.IT.7ISI HeSamIORMOrO O~f~JIeHWI se

JnI1mHll Q rpynna l{EPH 2 / 06paTH

.nac}) R ~~gaWl ~a:KIJ;U.RM. Henoope,ltCTBeHHYJ> CM311 Mex,IIy sr.npaMH ,IJ;aeT
 

peaKURH ~ (~e,3n)I~o, BO, R oozaneHRD, ae CeqeuHe R~a MaXO.
 

1I09T~ 6wm mOllOJIDSOB8H8 C'fYIIelABT8Ji peaKIJ.WJI I6~ ( d, =1nI6~
 
(~e,d )I~o, np1AeM npnteHJtJmC~ O,zmORpaTHO aapaaeaase HOHH 3fle, lITO
 

nOBBOJIBJIO HMaTb ÓJIlIBKyD KaJm6poBOlQIYIl .mnmJD .IVIH TpH'fOHOB. 3ROneplIMeH


TIl- na TB.H.n8M- YC1\OpRTM9 l1HCTRTYTa Haasca Bopa c nOMOiIUlID MHoroyrJIO


Boro MarHRTHOro cneKTpOM9Tpa llpKBarrR R 3Ha~9HRID
 

Q =(2,3 ± I,O)xsB , (21) 

lIpIPIeM CT8Tl1CTlAeORBJI nor~OCjll COCTaBJI&118 0,3 K9B.
 
lIoCJIeltHHe Ta6JImJ;bt Maoe 11 c yqeTOM I1o.n;rremIOro 8HaqeHHJh~
 

Q =(2,8 ± 0,6)xaB (22) 

I I 
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e) IIOJIHlllt nepaon rrOJIypac~ T1/2 

IIOJIHJ:l! nepaon rrOJlyJ)acIIa,zta 163ao 6WI HromeH B 9ltOrrep8IMeH'!'e /18/, 
B RompeM O'tleHb Tut8TeJThHO c nOM01IO)1J Maco-eneRTpoMeTpB. orrpe.neJISlJI8.C:b 

OKOPOCT:b aapacraaaa CTaÓJIl'JIldIOrO 163 Dy. azte.a M8'f0;n;a COCTO&JIa B Me
.u;yIOO.\eM. Co,D;epmnme 163tIo B MaT6pmfcRoi! 4JparoJ,mI, o'lHlIteHHot! OT IIpO,DyK

TOE paonane MeTO)t8llm, HOHHO-OÓMeHHol xpoM8Torpaqmr, OIIpe,IteJWJIOOh rry
TeM HSOTOIIHoro ~SÓaBJIeHWI. K MaTepmIOKO~ l'flpaRIJ;HH ,ltoOaBJIlJJIOO:b H9BeoT

soe KOJllttIeO'I'BO 64 Dy, 'tIT06H JiI9ÓeJmT:b Tp~OCTe:a onpenaneaas :xm.mqec

soro BillCO,Ita .ne:crrpoSHH npa pas,1I;eJIeHIDI. Ms M8TepmrcRoD 4JparoJ,mI OTÓKpa.

JmO:b 4 8.JllUtBOTH (B HHTepBaJIe BpeMeIDI 0'1' 15 ,11;0 132 ,mIe~), II .m'IcnposKe

BaR (f>paItIUm BIl,ItemJJIaC:b aa xpoMaTorpa~eCKOa ROJIOHRe; IIpH aTOM ou

,It8JIOCb aapacrairae 163lPf B KOJ:lK'lIeC~Be OT 3 no 9 RI'. M3MepiJJIac:b ORO

POCT:b pocra oraomeaaa 63 Dy /164 Dy (OM. pIlo.8), '!TO B KOMÓmm.I1;l!H c 
OTHOmemIeM 164 Dy /I6.1Io B aexomroã M8.T6pmIOKO~ lPpmtJ.Um ,I(aJIO 

=(4570	 ± 50)JIeT (95%cL) . (23)TI/2 

01/ I I 

f 0.5 
• r 

......... 
ti 

t<'\ 
\.D 
r 

o	 0.2 0.4 0.6 

BPThUl (.1'1) 

PRo.8.	 CKOPOC'1':b HapaoT8HIDl 163 Dy B HC

TOtIlmKe 163H0. l3Bepxy nozasaao 
OTHOOHTeHbHOe CTKHOHeHHe OT ~

mm: perpecoaa, 

IIorpeIIIHOOTb aroro 3Ha'tl6HIDt 

orrpenenaerca, rJIaBHhTM oõpa
SOM, H6TO'qHOCT:bID B OTHome

HmI 164 Dy /I63rIo. 

BuoCJIe~o~BKR RllOHCKaH 
rpyrma	 /25,261 T8.lQ{e onpene

~e MeTO,I.{OM	 H~a TI / 2/,8~ 
HanIJIB.	 26/ 

TI/2~569±40)JIeT (95%CL) • 
(24) 

'qTO HaxO~T~ B O'tleH:b (H .na

~e Y~BHTaHbHO) XOporueM oor

zacaa C (23). 
OTMeTRM, 'tITO aTH 3Ha'tle... 

IDIJI rrO'tlTH B 140 pas npennna

1M' IIpHBO,1UIBl1Ij'IDCSI paaee OOJIH

~y TI/2 :: 33 rOM. 

Jit)	 Hexoropue HTOrId KSY

llemm paonana 16.1fo 

,1J,Jm rrpoBeprm CODleCTIDJJOOTH no.rryqeHHllX 8KCneplm81iTaJIJ:,HHX .D;aHHIilC fi{ 

.n;JIJI no.n:yqeHWI oneasa m-v B pR.1te c.nyqaeB HeoOxo.IOIMo OueHKT:b aaaseaae 

IM ~l" 3T0 Momo C,IJ;eJIaTll PIa Ol'lCTeMaTRJ.m SHa'tlemI~ fi • nOCROJJ:DKY. K8K 

HSBeCTHO. 

fi = fiti	 = 2r?ln2/G
2 l ~nl 2. (25) 
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3JreltTpoHHt.l1& Sax.BaT B I ~o OTHOCHTCSI'K Opa.BlmTeJIDHO HeOOJIJ,mO~ rpyrme 

j3 -nepexonon B paonane cmJI!>Ho.n;e<Pop4HpOB8lmliX JUtep. zoropse ooraaoao 
Mo,neJm Eopa-lOOTTeJIncOH8 HMeIJT H.n;6HTKG.HHe acmmTO'l'H'tJeCIUIe KBaHTOme 

x8paR'repilCTHRH [tJni!A) H O'l'JllftU:mTOH JDII!lli rrpoelW,1tIe! IIOJ1HOrO yrJIOBO

1'0 MOM8H'l'8 aa QO:& OntJI61'JlKH JUq:l9. ( K1t ); B .nmmm4 ~ae pa~ PIJI;6'r o 

nepaxO,Ite p7/2-~23hn5/2f?23]. . 
IIO,nOOIDI8 nepexo.n;H OT.JnrCUlI)TCH OTHOCHTeJThHO BHCOlm11m OO:PoSlTHOCTSI

MH. 8H8't16J-.IWI ROTOpax rrponopnuOHaJrbHH OJJ,HO-qaCTlrCm0MY }';fS'l'pKl!HOMj" Me

MeHTYo Mo,IteJIDIDie nPe.ltcmBJIeIDm HCXO,IVIT 15:3 nOCTOJIltCTOO n00JI6JU1ero. 8. 

BOsMomme JIORaJI:},H.'bI8 napwm:um B~ :t't CBHSblBaDl'CH c ocooeaaoo
TmLlI:t HaqaJI.I,HOrO 11 ROHsq:ao1'O COCTOSmJdt ROHRpe'l'HOI'O sr.n;pa, T. e. c BJ!JIS!

mIeM cmm-op6wrW;)Horo Bsa.KMo,n;elo'l'BWl, IIapBHX lCOpp~, ,n;a<Ix?IJd~ 

H 'l'o,n;.'YqeT 8T~ 9~KTOB TP~en H ~eRO na Bcer~ O~OSHa~eH. 

B paõore 21./ OWIO BHCItB.SaHO np8JtIIOJIOXEHme o JJ;OwnmpyJl!{eM BJIIiUl

mm napBme ROPPeJIJU'I,H:ít aa a6cOJmTHYD Be.mAm!,Y M8'l'}lif'{Horo arreMeH'l'8 B 

pe.OII~ HSOTOIIOB Ho H COO'l'BeTC'l'BeHHO 6wm BBe;D;6Im IIOlIp8.BKa 

C = (f"t)163/ (ft)161 = 1,435 • (26) 
[14/

ITp1FIeM 19(ft)161 z. 4,9 • 
OmIaRO B IXadoTe /18/ aa OCHOBamm aaaaasa BemN.HB f't B pacna

~ 157,I59.I61Ho 1II oellem DOSÓY'lJ,t8JnlUl OOM'o.aHd 5/ZU {523} B. peax

IJ,tm IIpJJM~ft nepeJtaTUI HyltJIOH8 aa aaoeonax Dy dW!o WCKa.S8HO yTBepz,JJ;e

Me o IIOCTO.f.!HO'l'Be ft ( '1'. e. C :::: I).. Ô'lO npe~O'l'aBJIJ1eTOSl ocaee IIpEll'W)

rr,o.n;o6HPIM, TU R8lt aB8.JIi8 lf Jt:PYftlX CJIY'qaeB f~ -nepesozoa 7/Z- ($23]~ 
5/Z- (52W ae 06uapyDBa6T lIeTRol ROppe.ns:nnm M~ SHalleHWDm ft 

II IIapHHX nOnpa.BOK • 

BJi.wmHe nOlIpaBKH C CBO)J)!TOSI K H3MeHeJml) lCOnC'1'aHTH 'f i (10). T.e • 

R ~ RplllBOIl (11) B,D;OJ1D OCR Q , IIpH1teM YBe.mrqemm 19 f't COOT

B6TCTBYM 6oJILDm8 SHa~emm Qo (:: Q lIpH m-J::: O). ,1J,n.a: BJJJIDCTpaIVInI 

na PRo. 9 IIpliiBe~eHH OBJI8il l\16!UlY m" H Q (B TOM 'lDICJI6 J/I H68a.mt~e 

~ jM~r) ,I{.WI psma 9ltcnepmReHTa..JI:DHHX suaTlem IIapaMeTpoB pacII8.Jta I~o. 
OTMeTmll. 'lI'l'O 8H81leHHe í\N /À (19) roBOprr o ReoOxO,ttmloOTB BBe

M 
.nemm noIIpa.BIm C (26), IIpB RO'l'Opoa 19 f't ~ 5,05, Tor,na. K8K ooaee TOq

soe SH811eHJKe :\N / ~M (20) COOTBeTcTBY'eT S8IIIe'l'HO MeHDIlIel nOIIpaBKe 

C :::: I,I, llpH KOTOpolt 19 ft.::::: 4,94. C .npyrol CTOpoHHj c~weoTHHI aBa
.mI9 BElJIl{tlBH 'À (13), Â ,- (14) H TI/2 (24) nPmeJI 26 R B1mo,ny,

M1 M
llTO 19 ft::: 4, 98.±0, OI. O,1nfaIto, KaR BPmHO MS pao , 9 , lIplI 9TaM RpuBaSI 

m.;= f(Q) wm).M (13) o,D;BlU'aeTúJI BIIpaBO D ae cOI'.nacye'los: o 8.H8JIO

nremo.ft RpRBOfi ~ 'ÀN /AM (20). B TO ae BpeWI .I(BHHHe no ÀM1 /~~ , 
xoropae MOJ!IHO nO.nyq:HT» HS (13) H (I4). ae npoTHBOpelJBT (20). Tarom 
OÓpaSOM" rrpe~cTaBXHeTCH me~TeJIDHNM ~eBrnee yTollHeHHe 9RcuepBMeH
'l'8JIlJHbIX J(8.HIDlX o TOllIm speHPIJl' EX COBMeCTHMOCTH. 

1.1 

, ,~ 
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PRo.9.	 lIonycTHW:le BH8't1eHHJI "")1 B 38.BHCHMOCTII OT t1. (B HHTepB8JI8 

(2,8,iD, 6)RsB ) ,ItJIJI HeKOTOpT:lX sKcnepRMeHTElJILIUlX xapas
TeplIoTBR pacna;u.a 163H0. 

3alm:ClrDIOOTH mi = f (Q ) BMem CXO,D;Hyl) iPOPAY, OTJIHttaJtOL, rJI8.BBhtM 

06piSOM, YpiBHeHHeM' aO~TOTH'tIeOROa IIpJlMoA. J]Jur On;eHKH m~ OIm MO

ryT 61i"l'L IIOU0JI:&80BaHH TPO.RRHM 06piBOII. Bo-nepssx, lBOnOJIBl"asI on;eHKoft 

Q ( 22), MODO HalTI: Bepxmrft np9,ll;eJI,IlJIH mi IIS JIl)60ft non06HOA sa-

BJlClDIOCTH. HBHo HenOCT8TO'tIHag 'l'O'q}{OCTL onpe~eJIeHIDl Q IIpHOO.ItHT K 

TOIIY, tITO 8'l'OT npe,neJI COCT8.BJIReT 1,25-1,3 KsB 121,231 II llmt'rJI1lec1QII 

1IIBJI0 'q8M OT.1IBUeTOJl 0'1' npoc'l'ol ~ueJmB ( 9). Bo-BTOpHX, BeJl'Xll'HJI rpaHlI-

n.a,lt11H m~ OOOT~TO'1'BYeT rrepecexeaan RpBBO! ,ltJIH T1/2 c ~ol mo = 
Q _~•• ITps C = I 9'1'0'1' npe,neJI COOTaBRT ~ '700 sB 125, HO BBene

De noIIp8.BRH c,ItBBI'aeT 8'1'0 SH8't1eHHe BI:lIIIe, R ,...J 1,25' K9B npR C = 1,435 

(26). HaxoHen;, IIS comeCTHMOCTH ,TUlBHHX no ÂM1 11 À~ 6wm rroJIY1leHa. 

On;eHRa 

myo2 <	 5f() sB , (27) 

KOTOp8JI 0JI860 98l1HCB:T 0'1' BeJIFDmH 19 ft • AH8JIoITmyl) on;eHKY MOXHO no

JIY1DI"1'L 11 lIS 8B8JIH98 comeOTOOCTII .It8HHHX c ÃN 1 ÃM (20) H ÍlM1 líh~ · 
OTCY'l'C'l'BHe cBe~eHd o ROppeJIHpOBaHHOCTII Be.mrtmH ÂM., ,:\ ~ S8'l'py,n

HJIeT oIleBKY norpenmocTlI sHaiteHBJI ÀM., 1 À~ II no.ny-qeHHe 60JIee TOqJ{ol 

rpmum;tl. 
Ü'l"MM'lDI/ TaDe, tiTO S8BHOlDIOO'l'H m~ =f(Q) MOry'!' 6HT:& HCnOOSOB8HH 

;rum onpe.JteJIemm Qo - 9Hepro paoII8,lt8 B np8,ItIIOJIoaemm m--j = O. Ha.H l 
60JIee 'l'O~~ 9H8't1emre IIo.u:rmeTCJI J[S S8.BiICBMOOTB ,nJIR: Â N IÀM II 000 J 
TaBJVt8T 9 

Qo = (2000 ± 30) sB • (28) 

Ece ,1tpyrHe OneHKH Qo TaRlte JIe1l8T B mITepBaJIe 9H8tIeHIrl' Q ( 21) , 
(22) }I ae ,It81>T, Ta.KHM 06pe.SOM, 'OCHO~ ,ItJIH Toro, tlT06H OTBeprHYT:& 

I'HIIOTe9Y m\) = O. 

2.2. PaCIIfm lia BOs6yx.nemme OOCTOmum (158 Tb ) 

Bmor.y OTCyorCTBHJI y,n06HHX KS.IUtPI.ItaTOB c rrpocTe1mmMH OXeMaMH paona
na H MBJIID.m SHatle:B:IDIJm Q ,npe.n;CTaEJIHeT BlÍTepec nOHO~ aaaxoeaepre
Taq8CKKX B8TB8H,HarrpHM8p, K-SaxBaTa Ha Bos6~8HH~e COCTORHHH ~8p. 

3aMeTRM, 'tIrO snecs 3Kcrr8pRM8HTaJI:bHbI8 Tpy,n;HOCTH BospaCTaIOT, TaR KaK 

Tpe6yeTcH Ha,n;~08 B~aneHH8 O'tI8H:b cna60H B8TBR pacrra.n;a Ha RHTeHCRB

HOM WOH8 KOHKYPRpyromllX rrpo~eCCOB. 

OueHIU! m~ IIpH H3BeCTHOM Q , Jm60 COBMeCTIIHe OneHRH m~ H Q , 

Jnl60 On;eH:ltH Q B Ilpe~OJIOZemm mv:= o MOryT 6~:D IIpOBe.n;eHH aaaao
I."}fqH0 TOM'!, RaR aTO 6wro OIIPIcaHO panee , H8' OCHOBalflIH T8RHX X8paRTe

plICTHR pacIIa..na, K8lC OTHOCBTeJI:&HaJI sepoaraoors K-S8XB8Ta na ,lt8Hllld 
ypoBeBL 

Pk(W')	 =Âk(E*)/ ~ (E*) (29) 

JIH60 O'1'HomeHHe 

R = Pk(E;)/ Pk ( E2) .	 (30) 

B SKcneIJIMeHTe 06wmo yn06Hee OIIpe.n;eJIJI'1'L BeJIlI'DlHH R ,nOCROJID

'Ky B 60JIldlIHHCTBe c.ny-qae~ BWIOJIHJleTQ8: COOTHomeHHe 

R ~ Y(~1 )/Y(~2) = (CKXt~iS~1)/ (CKX,~2/S~2) , (31) 

r,ne Sa.,1 - lIHTeHCiíBHOCT'h KX-l-eoBII8,lteRd; 1 - HHTeHClIBHOCTL l-KB8H

TOB B O.D;llHOtIBOM cnexrpe, OHJlTOM B '1'01 Ee reOMeTpHH, tiTO B onezrp oo~ 

lI8.IteHHI.:I3eJIlIqm{a R ae 9aB!0JI'l' 0'1' 9@?eRTHBHOOTeft, reOMeTpmI li T.n, 
&IpolleM, IIpR OJIOJ!Hol oxeae paonana B psf;l{e CJIY1UleB MoxeT nOTpe6oBa'l'L

CJI yq:eT CYJAMHPOB8lOOI xaCR8,ltHHX H3JIYtIewrl!. \ 

COBpeMeHHHe MeTO,II;U B:sy-qemm COBII8,IteHH! 6aSlIPYDTCJI, B OCHOBH'OM, 

aa S8IIHCl! nOJIHol Tp8:xM8pH01r MaTpltD;U coBn8,IteHlIfi (8MIJJIIoITy,II;U IIMIIyJI1JCOB 

B 060HX ,neTeRTOpax B BpeMSl Mea.ny' HHMH), H8ltOlIJIeHHoft aa npoTSDtemm 

scero 9KcíIepmleHT8. IIoCJIe,IIJ'DItWI COpTlIpOBRa II<>JIy'qeHHOI M8.TpHUH IIpH CO

OTBeTCT~eA nOCTaHOBRe "OKOH" aa BpeMeHHoi! OCH II 'o,D.llol HS SHepr8T~

'tIecKHX oceã nOSBOJISIeT Hait'1'll BKJ18,lt};l, o6YCJIoBJIemme ~ II iPOHO

BWm cOBIIa.n;eHHJDlR, H TeM C8MlaI On;eHlITL pa3HOCTHHft onearp, o6YCJIOB1IeH

HHft HCTiOOIHMlI COBUa.n;eH1lJlWl CKX 1. 
PacIUjl,n HYJt.1Il1IM 158Tb 61lJI' paaee ,ItOBOJThHO IIOJUIO H~rteH B paco

Tel27~B KOTOpoA 6wm npew.tOJltem 06IItellplDlJlTaR cebao!I4!cxEIl4B. paona

)I13. (pIIC. Ia). Bo306Ho/e~e BETepeca R STOMY ~ 6WIO OMSaRO c 

co06~eHHeM ParxaB8H8 28 o oymecTBOBa.Inm BeTBlI K-3axBaT8 na YJ>O~H:& 

14	 15 



1I8? KeB o	 O~eHb M~ 3H8

~eImeM ~ = 156+17 aB. 3TO 
,IteJI8JIO 158 T; HI3.HOOJIee 

llepcrreRTK.B'HWA ~'I'OM
 

;rJ,7IH. llo.nyqemm oneaza n V
 

no rrpoTlIBOpetIRJIO O,OTeMa

T1Ute uaco smep /15 , cororac

HO KOTOpoft ,It~ oymeoTBona

mm llO.nOOHoi! BeTBR He XBS


'~9'l 

TaJIO	 .---- 20 RaB. 
B OMSM o STHM ÓHJIO 

'&fGd~ 
BJ:UIOJIH6nO Jl;OBOJ.r:bHO MEoro 

FIrO. 10 • CxeMe pacnana 158 Tb • pa60T, llOOBRJIleHHlDC RaIt onea-

Re PR(I187) H Q EC~eT3YrH 
XI-COB!IM8IDIif 29-, 
TaR H OD;eRRe Q EC He3aBKCH

MhlM1I MeTo.n;8MH /32-36/. 3,Itec:o MH OCT8nOBHMOJI no npeID.1'YlneoTBY na pa6o
T8X rrepBoD rpymm. 

a) ÜTHO~Te.1IbHaJI Bepo.R.THOCT:b K-SaxBaTa. aa ypoBeHD 1187 KsB 

OOHoBlIue xapaKTepHCTHKH 3KonepRMeHToB lIpHBe,IteHhI B Ta6~e 3. 

TE!Ó:P±Hê .~.	 3KonepIDJIeHTH no H3YQemm paonana 158 Tb • 

íAKT~B H~~~-;:1 Ha~~~elmer <1>~Tp BpeMeHHo-e1~~~~~~~c~~~~;epa- ItMKKH namezx Ol{}!O,HC [ÍJ3MspeHIüi !TYPa I 
~-- u,4 \30ma, AI-Cu-Ta-Cu I08 (2l") 5I.nH /2i3/ 

e ~e KlWl 27 (2'T) 38 .ll.H - I 
O,6G M8Tpmr.a	 AI-Cu-Cd-Ta- 12 (2'C) 2I .D.H /29/

Cd-Cu-Al 

LJ.4:J MaTpm:ua, Al..cu-Cd-Ta- 60 (I/IO) 30 .D.H /30/ I 
pellteK1lRfl Ce-o u-Al IO .!UI 

15 ,!Oi . 

0,2 l4a'l'PBUa, lAl-CU-T.i-Ta- \ 50 (I/lO) 500. xac 1./31/ I 
__ ~eKlU1l!-_ Ti-Cu-Al ----L~~º--~s'-__- __ J 

Pa,TI;KOa:KTRBIille E:OTO"tJHHIW 15HTb BO scex pa60T8X 6wm IIOreHH '0 no
MO~lIJ pe~H ,IJ;BO~HOrO SaxBaT8. neftTpüHoB I56Dy (n 1)15 Dy (33) 
15 Tb (nl) 58 Tb o nOOJIe~e~ .xmm~eoRoft Ol[KOT~a II Macc-oenapamIeft. 
H01tlIlQ'1emteM .HBJI.fIeTCH paoora 28/, r,Ite Macc-cenapamm ae npOIiIsBo.n;wraC:b, 
TaR ~O HCTOlffiBR oo;n;epD.JI eae IlpOepHo TaJ:tYll !te aR'mBHoon 15'"1 Tb • 

B aTo~ pa60Te He B6maOD T~e perHcT~ no~og MaT~ cOBnaneHHlo 

~ perRcT~ peHTreHOBCRoro H3~eHRH HCnO~SOBaHKC:b nHaHap
Rue HFGe .. lt1IH Ge(Li) -,I(eTeRTOpu, a .IT)ISl peracrpanaa 1-1l.3JIY'I8mm ... 
KOaROHaJIbHbl8 HIGe -,ne'l'eKTOpu. Pa3Mepu ,neT6RTopoB yxaSSHH ne BO ncex 
paoo~ax:. ~ KOaKCH~HHX ~eTeKTopoB ~OH oO~eMU 70 CM3 /29/ H . 

100 cM3/30~a ~IH nITaaapHHX ~eTeKTopoB - 200 MMf x 5 ~s129/ H 

500 ~ x Ia MM	 /31/. 
,1JJrsI IIOrJIOmemm LX -HSJIytl~ nepe,I.t X-,neT8RTopoM oówmo OTaBHJI

OH Al - ~Tp. JImnI, B paoore 31 peracrpapoaanacs ae T<>.IrbRO Irl..-l, 
no H LX -l-oo~emIJr. Iíepen l-,IteT6KTOpoM CTamtJllIOb OJIOHOThIe ~TIl:l 
(CM. Ta6JI.3) ,JtJJJI 'IIOJIHOro IIOrJIOmeHlUI 1?9 RsB, BO Rs6eJm.HHe cyw.mpoBa
HHR C lIIO? ReR K HMRTanHH oOBnaneHHA RI-l1187. 

I1IKpmIa BpeMeBllOro ORHB., HClIOJIbSOBS.ElI8JlCH Jt1lJI BImeJIeHHH HCTHHHWC 
oosnaneaaã, 'l'8lOKe y:KaSaHa B TaóJOO~e 3; OMa ÓpaJIaC:b pa:BHol JlHÓO paspe
lllaBlIteMY BpeMeHJI 2 cc , JlRÓO illRpmIe npeMeHHoif RPHBO:R na 1/10 BHCOThI. 
IIpH orrpe;n;eJIemm CJIY'Im1HHX oOBrI8,Il;eHd ópa;mO:b OKHa 11 óoome! nmpmm:. 

.II,an:ee B Ta6JJmte 3 yxB.SaH8 ;n;.mt'f~HOOTD H9Mepemdt coBIIa,IteHd KX
1118? B rex CJJ'.y'tIaBX, Ror;n;a IIpBBe,IteHO HeCRQJI:bRO 9HaQeHH1!, H3Mepemm 
IIpOBO,wmOD o pa.8~ ,neTeRTOpmm. 

Pe3YJIDT8ThI, lI~eHHlle B 8Rcrrepn!eHTax, CBe,IteHH B TaÓJIHne 4. 

Taó.mm,a 4.	 ÜTHOORTeJ11JHble :sepoR'l'HOC'l'R K-SaxBaT8 HEi ypoBeH:b 
1187 RaB. 

~~::eMaY. _::mPmHa . ;f-~I187):::pa-1 
Y(1187)/Y (1023L) =Pk(1187)/ Pk(1023)= (91.±,20)o10 7 (1,5) /28/ 
Y(1187);Y(1023D=Pk(1187)/Pk(1023)<25'10-6(9Cf'~CL) <2 /29/ 
Y(1187 )/Y (977 )=Pk(1187)/ P (977)= (-9+48)- 10-6 <. 4 /30/k
 

: Y(1187 )/Y(1108 )=Pk (1187)/ (cl. ~9/ (1 +rj.~7J»
 
: Pk(11 87)( 52'10~__ _ J. (.5 2) __ (3!L_. 

JIHmL B OllHTe ParxaBBHa /28/ OR8SaHaC:b SHa~o OTBe~~a PR(1187) 
.m.pmo~ OT HyJJ1I; DO noex OCT8.1IbHHX 9RcnepuMeHTax II0JIY"CleHHhIe ~H1Ie 

corJW.OOBaJmC:O o lI.pe;u.nOJIOJKeHl1eM PK(11137) =O. II .n;~ OTpHUaTeJI1JHHe TO
-qe'1Hhle O~eHlW. TaR, B OilllT8X.Epy,u,amma It,Itp. 29 o~a '8 One1l0R 6HJIa 
Y(II8?) = (-I8.tIO).IO-6, a B OJIHT8X )lmIRJIare II m>. 31 ÓWIO H81,IteHO 

Cxx ,I I 87 = -4,~6,0. 
C n~ nQJJY.'I8l1UJI BeJm1UlH, H8 a8BHCRJIU1X OT YCJIoBd sROnepRMeHTa, 

B paÓOT8.X 28,297 3HatIemm y (II8?) oraocaaacs R Y (1023 Lo), .lWI aa-
XOm-.n;8HWI· ROToporo BROne:mJ8Hj nOBTop&1IOJI oea OJIOHOTOro ~Tpa nep8.1t 
1-.n;e'i'8RTOpoM, a B paõore 30 - R Y (977). B paoore /31 ,lT,JIJI aTOB 
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~eJm BOCIIOJThSOBaJmC:& Y (1108), 1tTO n08BOJmJIO opasy rrO.uyq:HTn OneHKY 
PR(IIa?), nOCKOJIbKY Cl\.K,II08 MOJmO c~aTD Ue.mmOM OC>yc.nOBJI6mmM ROH

BepeRel nepaxo~ 79,5 RaB. 
1l0CI<OJThKY B~ PR(I023) H PR(977) czaoo samrcH'l' OT Q EC' no

~eHHHe OneHKH ~IDryT OHT:D ~erRO 1I8peO~TeBU R P ( I I 8?) , qTQ H cÃe~x 
BO B nOCJIe,ltReA RMOBRe TaOJmIJ,H 4. 3aMe'nIM, qro B paooee /~I/ BepXlum 
rpsHHn8 ,lT,11iI ~eTa nOJ~eHHoft TOllellHofi onenza,FR(II87) ymsmm ces 
lfl'0. no-~MY, Rsmmme OC'1'OPO&O. 

/ 
O'l'MeTI.M T8KJIK8, 'fl'O B padOT8/29/ 

BepXIDIJI rpamru;a' CKX •I I 8? HaXO,IJ;RJJ.aCli mrn:M cnocoooM, c npHBJIelIe
mreM RpRT6pwI OTHomeHKH IIpS.B.1.torro.n;o6Jrlt. , 

Ka.K ~O 1[S Ta,6mn:x;u 4, IIOJIytleHHHe ,w.unme onpoaepram pesYJI:bTaT 
Par.x8.B8H8 287. COrJI8CHO ltOTOp<)MY' Be.mrenma Ek .n;OJIXH8 6WIEl 6Il COOTaB
JlH'l']) 156(17) aB IIpK m~ = O. O.ztHaRO ona ae PICRJmtmIDT eme MeH:bmef3' Be
'~~H PR( I I 8?) H, COOTB6TCTBeHHO, ~. 

6) Pa3HOC'l'b Macc 158 Tb _ 158 Gd 

IIoCROJI:&KY rpmm'tlHoe SHS;qerme Q EC .ItJIH K-saxBaTa aa ypoBem; 

1I8? RaB COCT8BJIJ'IeT ORMO 1237 RBB, BTO Brr Kmt COrJIB.CHO Ji1M6BilleftcH 
CHC'l'eM8Tmte MaCC Q E)J = 1216,0(18) RaB /1 • OOSMOmIoe cymecTBOBamIe 
cOBIIa,ll;em RX-1II87 rOBopHT o Heo6xo,nEMoc'fil nposepsa 8H8.lleHIdR Q EC. 

C 9'1'01 ueJIl,B) B OtnlTBX no YJ..-l-co~eHHSIM MOmIO RSM6pRT:D BeJ!fiI1m
HH y (944), Y (962) :H Y sà1023L:) ~ nepexonoa, pa8~ HmI60JIee 
88CeJIR:eMH8 IIIE paonane I Tb COCTO.snntR:. IIoCRo.n:DKy B Ha6.mo.n;aewe COB
na.neHIDI KX-JIY'!el c 1944 li 1962 .rcam BKJIa.U TaRXe COBIIa.n;emm 1 c KX
.1.JY1DlMH 0'1' ROHBepcml nepexoza 79 R9B. neneoooõpaano Bocno.m:.90BaTLCH 
~9HOC.TLI) Y (944)- Y (962). Tor.u.a 

Y(944)-Y(962) , (32)Pk(1023)-Pk(1041):: ~ 
f· Y(1023i) = P - - P ' 

k(1023) k 
r,D;e f - DOD1'6BKa, yqH'1'HBa.llItElH cyYMltpOBaIme RS.CRa,ItIllIX 1i9.1JYllemd. 

ITo.n:yqemme B 9RcnepHMeHTax SH8lleHH.R: A FR/FR H cOOTBeTCTBYmtHe 
o~eHIUI Q EC IIpHBe,D;~bl r plIc.II. YqeT nonpaBIGI f llpOOO.ttMCSI TOJIL
RO B 8RcnepRM8H'l'8X 29, tITO lIJIlBeJIO R YBeJlH"iemm b. PyfP. IIpHMeIEo 
H8 7%. PesyJIllT8T padOTbl /307, B ROropeft BMeCTO Y (I023L~ HCn0JLb9o
BaJIOCL Y (977). nepeoxaraa R óPyfFx e J1IeTOM OTHomeHHJI PR(I 023) / 
PR(977) = 0.973. 

KaR BJf,D;H0 119 pae, 11, H9MepeHHe paSHOCTl! 1I:BYX dJm9RlDC BeJnPmH 
npBBO,D;H'l' R He,D;OCTS.TO'1IHol 'l'01Dl0C'l'B ,It8HHoro Me'l'O,IJ;B. onpeneaeaaa Q ~. 
IIpH aTOM 60JIDDIy1) po.11}) ln'pa8T OBC'l'eM8.~eqR8JI DorpeIDHOC~, OBm3aHHaJI 

C MeTO,D;OM onpe,D;eJleHHJI DJIoll(8,ltel mmOB 130/. B OImorax /291 ,ltJ1Jl' ee YMeHL
meHI!UI "lICnOJ.l:LBOBamlCL p8.9HHe Jle'rO~ odpadoTlGI. Tl'0 D09BOJIJ1JIO ,D;OO'l'H1l:D 
DOJIHol T01Dl0CTB. conocTaBilMOI c 30< IIpH SOMemo MeH!tIIIel cyMM8prol 

1240 1250 

i 
l-

I I 

0,65 

0,101 4--

o,llOl. -/~1/ 

0,'7:1 

CT8TKCTKRe. B pa60Te /28/ 
P6 - 128/ L oueHRH cHCTeMaTKqeCXO~ 

[J -aol 
~ ~~ norpeaaocra H8 IIpHBO,IVITCH.o -/29/
;;;~ 

• -/111 SaMeTHo 60JIee TO't{H8.H 
~ 
:::. 2 oneasa Q EC 6~ ~OJJY?;[eHa
i B 8KCnepHMeHTe 1311 c no
~
 
~
 MOiItDIO ~x -I-coBna.n;emrl!.1 

llMeHHo, onpenezaa YL(II 8?) / r-t Y (II 08) H y-crrSI cyw.mpoBa6--------< L
Ime H3.nytrellH~ B,X-,neT8RTO

~ 
pe , aarops HamJm 

~ 

1260 
PL (II8?) = 0,689±O,OIO ,

1220 12llO1100 

QEC' K3B (33) 

OTKy,na no.nytn'L7IH OueHKY 
PIttc.II. Onemm Q EC (I58Tb - 158Gd ) 

Q EC =(I22~3)RaB. (34)
H8 X}-coBIla.n;eJI.d. KpHBHe - reo

FoJIWWI rpymm pa60TpeTKlleCKHe S8BHCIlrMOCTH 113Mepsre
/32-36/ 6blJIa DOCBRmeHa oueH

,,;;r MblX BeJm"ntH OT Q EC· 
Re BeJIHtIBHH Q EC HeSSBmCH
MblMK MeTo,!t8M11I. 110BTOpHO 11I8Y
'l:IHB R,Itep1iHe peaznza, HI"paB
rnHe HaH60JIee ~eCTBeHHYID 

p<>.1ID IIpH orrpenezeaaa Q EC (158Tb - 158Gd ), byPRe /32 HanIeJI 

Q EC = (I2I?,6 ± 4,3)KSB , (35) 

a BrrOQJIe.n;CTBHH /33/ .n;ORaBaJI oTcYTcTBHe H30MepHoro COCTORHHH c auepr11l
eft ORMO 20 RaB B I58Tb ,tI'l'O MOrJIO 6u 06'LHCHHTD cryeC~BamIe COB
rra.n;eHd KX-1II8? TaRlIe H8 sotepmx peaRI.J;d B paoore 34 6WIO naãneao 

Q EC =(1215,4 ± 4,3)xaB • (36) 

MSMepHB rx!.--cneR~ IIpR paonane 158 Tb ,BOCII0Jll>80BaEIIIHO:b p8s
HOCT:b1) Mace I Dy _ I Gd, ){miMare 11 .n;:p. 35/ HamJm: I 

Q EC = (1221 ± 17) RaB • (3?) 

Haxoaen, B paõore ,IJ,mta li ,IU>. /36/ c 6MDmoD TO't{HOCT:DD 6hIJI H8Me
peH ~ M8cc-eDeRT~MeTpgqeCKHX ,rcy6JIeTOB, HMeDmHX OTHOmeHHe R paSHOO
TI! Macc 158Jb H I oc . I1CIIOJILBYSI ,IJ;OnOJImlTeJffiHO ,IJ;aHHH8 I1rB Ts6,mm MUOO 
1983 r. /11 , anrops B peaynTsTe BH60pa ".nyqnm:x" SHa'tleHd o IIOMotItLID 

MeTO~ Ham.'leH:Dmmc RBa,1.lp8.TOB H8lIIJIH 

Q EC =(1220,64 ± 0,83)R9B • (38) 
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Ms ~8,n;eRHllX pesYJIb'1'aTOB CJIe.ny8T, 'tITO BC8 OHH, S8 HCRJII)'ti8IDIeM 

.u.mmbIX / ,COrJIaoymCSI Mez.ny c0601 H c BeJI.lIlUmOI 

QEC =(1221,9.± 1,6)K9B , (39) 

n~8HHoD RIS He~BH8B CHCTeM8THKH aTOMHHX Macc /11/ H sanpema~e~ 
9HepreTKQeCIOI K-SaxBS.T aa ypoBeH:b 1187,1 RsB ~ 158~d • 

B saRJII)'tI8HJiI8 OTMeTlIM, '!TO noITy.mo 6wm: cymecTBeHHo 29,37/ 'IIO,tt-

H.R:TbI TO"<lliOCTH onpe,n;eJIeHIDi .8Reprd BOs6y-MeHIIHX cocroaaaã 158 oe , Ha
rrpHMep, 9,e~~ ypoEHH 1187 KsB 6RHa HaJ~eHa~a 1187,145(5) RaB 
B re,60Te 2 II 1187,151(6) R9B B ra60Te /37/. 

3. Hsmge cneXTJ!i BHYTpeHHero T01?MOSHOrO Ks.nyqeHIDI 

KaK HSBeCTHO (CM., HanpHMep, /8/), ,ItlISI paapeneaasx nepexo.n;oB 
\llOIli8 cneRTpa BrH B nponecoe (5) npH 60JIbDlIDC sneprwor qJo'l'OHOB k 
onpeneaaeroa qnSOBI& MHODTeJI6M 

NS(k) ~CP(k) = k(ko-k) [(kO-k)2 - m~o~ 1/2 , (40) 

r,It6 

ka ~ Q - E. nl j , ( 41) 

a E nlj - 9ueprWl CBJmH 9Jl6RTpoua B OOC'l'Omnn! nlj. :l3xBaT an6R'lpOHoB 
1Il3 coc'l'osmd I 8 1/2' 281/2' 2PI/2' 2P3/ 2 ••• OOOTBeTcT:ayeT K-, L1 -, 
~ -, ~ - ••• Sa.xBaTY; BbIpmeHH8 (40) cnpaBe,ItJnmO ,lt1III nS -S8XB8T8, 
T. e•	 JQISI ToprosHoro Hs.nyqeHHH MYJIbTHIIOJIl»HOC'l'B PAI. 

IIpH Mama 9HeprHJIX lfloTOHOB ,n;OM:HWIPYDiU'1J poJID HI'pae'l' nP -SaxBaT 
o J[cIt;yCRaJmeM EI-RBaB'l'OB ~./CorJIB.CHO o6iQel6Y ~pMaJ!H311Y, paSpa60TaB
HOMy rJI8Y6epcll II MaP'fHHOY 38, 

Np(k) ...... q> (k) .Q2np(k) •	 (42) . 

1IaJJHlIHe IIOJmCOB y ~ ~p (H8.IIp1Dfep, <1JymaJJIJI Qap HMeeT nOJJJ)C 
IIpH .k: é S- E2P) npíIBO,lJ;BT R YcBJIemm nP -oneXTpoB. '-sJltleoJm 9TO

1
COO'fBeTOTBYeT 'fOMY, lITO 88XB8.'l' H,D;eT lIepes BJIP'fY8JJldD:le S -eOOTOJUUlJI 
c IIOOJIeJlYDltlDl HCII1CR8HlIell peH'1TeBOBCItBX KB8BTOB; B8JIlAKe HeO!tOJIMOa 

s-eocroSBd Be,lte'l' K lIBTepf>epeBI\1Dl ~~ nepexo,W1. 
HecltOJJltxo JleT HasB.n ne PyxyJ1B. 39 l8amJIPIfJI T80p1Dl nP -sanam 

H8 o6JIacn 8Beprd mme peHTreHOBOKOI(pesOBaBCHOI) o6JIB.cD, Bcno.n
SOIl8B BO,n;opo;ltOno,n;o6Hoe IIpJI6JnmeIUle II 9KcneplJleBT8JWJHe SH8l1eBlllJl lIII 
TeBOJIBHOCT~I, 8Heprd • IIIBJIDI OOO'rBe'1'CTBY..-x X-JIY1Iel AlUI IIOJJy1IeBJIJI 

JIllllUemd NUl Q,nP • 
"Hs paOlleTOB CJle,ltOBaJIO, 11'1'0 IIplI ;ltOCT8TOtIHO "y;u;odma" SBalleJmRX 

p8.SBOClfB II&CO Q , OK8Xell, Q.6ênB ' IIODO ~TI> SB8l111'1'eJIldIOrO 
ycueHIB nP -eIIeKTpa BTK BdJmS. rpElBJl"Ulol 'fO'lIKK. 3'fo nOSBOJDLJIO 

BOSJIOJmT:D onpeneaeaaae H8,IJ;eJrJt1l na HSMepeHHe <IoPJIH cnesrpa BTII (ana
J!OrH'lHO f> -eneRTPY TpH'1'Ra) o ~eJIbI) orrp8.neJIeHHH MaCCH HeATpHHo. IIplI 
aTOM )I,JISI BH,n;eJIeHHJl nP -KOMIIOHeHT IIpe,IT,JI8.I'aJIOCl> HCIIOJIDSOBaT:D IIPK Ha
06XO,IJ;KMOCTM TeXHHKY cOBITa,n;eHHl. 

3.1.	 CneRTp TOpMosHoro lIS~eHHH 193pt 

lL7m upoBepxH yxaSaHHbIX paclieToB rpynna llEPH /40/ mmoJIHHJIB. HC
CJIe,n;OBaHHe cneKTIe BTIi H'ylC.Jm.na I93pt • BaToM CJIY'Iae Q ~ 60 KaB, 
TOI')la Ka.K t 1S":::: 76 xaB, T.e. K-SaxBaT BllepreTH'tIeCKH sanpenen, a no
JDDC pacIIOJIaraeTCH rrpHMepHo na 15 KsB rrpasee rpa1lli1nIofi TOm 2P3/2
SaxBaTa, COCT8BnHromeA OROJIO 45 RaB. 

AKTHBHOCT:D 193pt 6ana EH,lteJIeHa pa,nRoXHMH'tIeCRHMH M8TO,n;aMK lIS 
cBmmoBo~ MmIleHl1J:Maccott "-./ I zr , o6.JIyqeHHoft aa ISOLDE -ycTaIlOBKe 
UEPR. HCTOllHHK ,IUI8Me'l'pOM 4 MM, ROTOpllR oo,n;ePJK8JI 7.1013 aTOMOB I93pt 
(c Ha.m:rqueM IIpRMeceD ae BI:lure 10-12), 6b1J1 BHcaJteH aa MalJIapoBYJD non
JI01l.RY, 9aKpewreHHYJ) na K8,I(MJ1IeBOM IIJIaCTmle ToJBItRHoA I MM C ~eHTplJTh
HbIM oTBepcTHeM 5 MM. STa nnacraaa, C.nymIHlIM O,D,HoBpeMeHHo ,n;eJl]tB.TeJIeM 
HCTO'tffi.lma H 8Kp8.HOM 0'1' pacceaaaoro Hs.n:yqeHWI, nOMemaJIaC:D MeJ1t,I.JY ,n;B,YMfI 
,n;eTeKTOpaMM, ROTOpH8 pacrronaraxacs B 8aIItHTHOM 6JIOR8 lI3 caanna, ,Ra,D;

MW1 li Me,ItH. .lleTeRTop JiiS HFGe paaaepoa 200 MM2 x 6 MM caHepreTH'tIeC
KKM paspemeHHeM 500 ~B lIcrron:nSOBanCH ,IJ;JIH perHcTp~ TOPMoSHorO HB
.rryq:emUi. PacnOJIal'aBUdCSI HaTIpOTHB Si (Li) -nerexrop pasaepoa 100 MM2 

x 5 MM peracrpapoaan B CO~eHHJIX xapaxrepacrasecxae LX -JIYTl1lI. HPH
,IJ;WI. I1sMepemur npoaonazacs B Te'tIeHHe 70 ,IJ.He1&. HaKOIL1IeHHble onearpa 
BI'Y.l KoppeRTIq>OBaJmC1> na CWlnw;mo OTRJIBRa ~eTeKTopa 11 nOCJIe SToro npo
BO,IJ;HJIOC:D cpaBHeHHe c pactleTHHMPI. 

B CIIeR'1'pe LX -Jiflelt HpB,IJ;WI, IIo.n;,v-qeHHOM B CO:BIIa,neHRHX c BTH 
19~ , BOe .mnmJi{, o6YCJIoBJIeRHble 8aIIOJlHelmeM BaKaHcd aa L

1 
-o60JIo1i

ze , OKaSa.JrnCJ, no,naBJIeHHHMlI nPR6Jm9H'1'eJ:rbHO na .ItBa noI>JWt8 no opasae
HlID c 0,ItIDl0"lllIbIM LX -orrexrpoa, 3To cmr,u;eTeJIllCTBOBaJIO o lq)e06.n.a.naDlteM 

BRJIa,n;e B pa,n;H~OHHblft SaxBaT 2PI/2,3/2-o60JIolieK 11 cOrJI~COBblB8JIOC:D c 
rrpe,n;CIta9b1BB.eMHM OTHouremr8M 2S /2P 1%.":>t 

. IIPR H3MepeH:mt COBIIB.1l8ID1g c L,,1M w N (9,14 KaB) JIHHHJiMH, oaarcza-
Pff DHCOROMy paspeneaan Si (Li.)-,nOTeRTOpa, OTHOCH'l'eJJDHO "qi(O'l'O 6WI BbI

• ~.O II08BOJIJVIO no BeJII!1mH~.neJIeH 2P3/ 2-ROMlIOH8RT onexrpa Bl'H 19~t 
BepxHeB rpaRHIU.l aToro ROMIlOHenT8 YT01DlHT:D aHeprm paCIlB,It8 193pt 

Q :1 (56,6 .± 0,3)RaB , (43) 

a no epop.te rpaquxa KmpH IIOJJy1mTD orp.romtleIDIe aa MRCCY HeATpmlO 

m,,02 < 500 aB •	 (44) 
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Cpa.BHemleA~611HIiX aXCnepDeH'fa,)ThH~ Cn6XTpo:e BTH c pesyJIbTa
'l'8D paC1I8'ioB 39 06Bapymmo xopomee corzaoae RSX 'B ormcamm ~INH 
cneRlfP8. TaIt 11 1l SHaQ8mtRX a6oOJ.tm'HoI OOpoH'l'HOOTl!. 

B ,It8J!DHelmeM pa.O'll8TH 6wm YOOBepneBC'i'BOBaHH /41/. C 9'1'01 }4eJThl> 

BleCTO OO,lt0po,lXono,lt06mJX BOJlHOma iWHRIJ;d 6pa.JIKc:& HepeJIJlTmmOTCltHe 

BOJIHo:sse ~ XaP'fPK-40m (nMO,IteJIL In). D60 peJm'J.'J!BRCTCRH6 qJy'HR
DJmi' Y'JB'l'lllJ8.mti[e ~Km OÓMeH8 11 nepeRpN'l'JUl ("MO,neJI:& Ir', r.n6 BBO,lUI

Jmoyi(npyrx8 Tl'01lH6mur, B qacmOC'l'H, B3RTll 9KcnepIDAetlT8JI&HHe 8Ba... 

QeRBJI àHepro CBJmH 9J.t6RTpOHOB). }J,na yqe'l'a ueS8IIOJmemmx OOC'l'O.mmft 

BBO.mtIOJI "~~. IIOJmC, II ero poJID oneHllBaJIacJJ C rrODCJJ{DD npa
Bana OJUM. FacqeTH BenHO:& ~ Q =56,6 RaB. 

Ms opaBHemm pesYJ1b'ra
TOB paO'tle'1'OB o sxcneJlDfeln'oM 

(OM., H8.IIPlWep, pHc.I2) BbI
SiOm!JIOC:&, trl'0 peSYJThT8Tll MO

b -110' 

2 
10 ~ ;lteJm I caCTellaTlNeCm EHme 

<, 
9RcneIJBYeH~ ro-qSR B 

1O~ 1,5-2 pasa, TOr.na Kmt "YJIyTf.
aeaaaa" Mo,n;en II ,l«ie'i' npauep

20 30 40 BO oraitoe ze sammeoe. Amo
pI!41/npmI111R K BliBO.ny, 'tlTO . 

"Boe c~ecT~e OCOOeHHOC

m cneKTpe. I pt IIORSrl'HU, RO 

JIlIIDI:& HS IIOJJYROJIIAeCTBeHHOM 

ypoBIlen 
• 

3.2.	 GneRTP To~oBHoro 

H8JlYl1emISI I6.1Io 

B c.nrme lBOIIB,1ta I~o 1CBJIeoe oneierpa B6JmsH ~ol TOtDtJ[, 
B0061le roBOPlJ!':l,D;OJ1DO 6Hn soemo 60JlldIle, "IaM ,ItJIfI I pt: Ma.rra.sr snep
I'IIJI pe.cmut& l VUJIo , IIJI!I ROTOpol BOSMOX8H saxaar TenRO C M-, N - ••• 

060.10"10, 1tpBBO~ K IJIII<:S.mmemm nOJDlCOB 1t rp8HH1IH01 To1Ute l! YBeJJHqe-

BDIIX ~.
 
PaC1I8T1i 41/ OWIB npoBe~eHH no CYDleOTBY C TeMB: ae MO,I(8.1ISJMH 1 11
 

U, "ITO • JlJIJI I93pt • DrotCJIJLJIHCJJ cneKTJlI m'H ~ 4P- li 5P-B8XB8Ta 
(T.e. ,ttJ1JI BUB8.T8 9JleRTpoHoB N - B o-ooo.noqex), nOORenxy BTB cnex

lfpll IDIeM Bu60J1:&l11l!e (lt 6Jms1GIe) rJ8lUAHHe TO'q1U[ B nOSTouy MOI'JIH 6H 
Ba6JJ1Wl'l:&0JI B 8KcnepHMeHTe oes llCUOJIl>SOB8HBSI TexmntH coBlI8.IteHl'd!. PaC

1Iem BeJDIC:&,1J,JISI Q = 2,82 RsB (cp.. pas,n:eJI 2). 
.. BlAJIOJIeBBJi IIOR888JlH cymec'l'BoB8HBe rJIY60ROro BHTepflepeInUiloHHoro 

MIIHJIIIYM8, ROropd B MO,ne.mt I pacnoJI8.I'BJIOJI IJIDepHo npH 2,3 RsB (OM. 

plIo.I3). K8E B1I,1tHO, B 9TRX 1CJIOBWtX H311eHeHllH Q BJm m", B8 100 sB 

aHEPIWl,lutB 

Pao.I2.	 2P-oneM'p mH 193Ft : a - pao
1Iem no MO,lteJJB "I", b - no 

MO,D;e.mI "Ir'. IJymt'fBIJIHe XpmH6 

no.n;rq8HH 6es yqe'l'8 tlIIp8BHJI8 

cy1I1M" • 

IIPRBO,lUIT R pa,3JIHtlHHM <P:>PJIaM 
CIIeRTpa	 B'rn. HO HeT ynepea1 l(f' 

HOCTH B ~aHDHeimeM IIOBHmeHRH 
'a1

QEC } =~ 
mvP. ~CTBHTenDHOCTH 3Rcnep«MeHTa.

H 
O.n;HaRO nOJIOZeHHe. BH;IJ;HMO. 

l:rJ 
b< 

6lõ6 
L 

xyEe, H60 B MO~enK I IIo~o~e
,..Q" aaa ITOJIlOCOB R HHTep(f>epeHIJ;HOH
E-i 

HHX MmlHMyMOB BplI,II; JIPI. TO'tllm • 

'laR RaR 3Ta MO~enb HCXO~T H3 

g lÕ
S 

~ y>---<>\ HepeJIJITHBHcTCroa <lJyHItmID. ae 
~ -10 2.70 kf!V./ \\ ~ T01IHbIX 3Ha'tieIDúí aaep
~ 10 000 -	 2 80kf!~\ 

rd CM3R 3JIeRTpoHOB BHennmx 
010 - \ \ 

\\
 06OHo~eR, nPH RCrrOJIb30BSHHH :
 
I ~e 3RCnepHMeHTaJIDHHX 3Ha~eHHD 

15	 2.0 2.5 30 
IIOOJIe,tr,HBX B MO~eJm II HHTep'Ile

3HEPIWI, !tsB 
peHIJ;HOHlwft MmmMYM cwmraeTCH 

P.Kc.I3.	 cneRTpll B'.rn 163:Ho, paCC1!HTaE IIPKMepHO x 2,9 R3B, T.e. ~

Hlle B "MO;IJ;8J.IH I n H IIpH paS"p'~ TKqeCKH K rpaHH'tlHo~ Toqxe 

meHlm npH60pa ."-/ 100 9B. ~. cIIeRTpoB B'rn 4P- R 5P-SaXBB.Ta. 

B o6JIaC'l'H ae mlTepPepeHItliWHHo

ro MlllmMYMS TeopwI ae B COC'" 

TOHHHH rrpe~CR83aT:& ~PMY cneR

Tp8 C llpHe~eMoA TO~OCT:&ID. 

Ha H3l1epe~e my 113 CIIeRT~ BTIf 16.1I0 6wr aaneaea 9RcrrepHMeHT 

EeHHeTTa lI,ztp. 42/. CorJIaCHO upe,I03B.pHTenHOMY cooõneaan 

nl y c2.<	 260 sB , (45) 

O,ItH8RO .no HaCTOJIDterO BpeMemI 60JIee nonpoõaoro OIDIca.HBJl sRcrrepHMeH

Ta ae oIIY6.7Ilm0~0. 

4. &1RJmtIeHHe 

EorrLmo! HHTepeC R IIponneMe He~TPHHO. oc06eBRo npo~CH B 

IIOCJIe.1tHHe rO,IOl, CTBMyJIHPOBaJI 11 IIOJiBJIBIme SHa.~TeJI:&HOrO ROJIHlIBCTBa pa
60'1', H8.lIp8.BJIe1IIIHX na IIOJJY'Ietme ou,eHKB: MaCCll 8JIeRTpoHHOrO HeftTPBHO H3 

nponecoon 8JIeR'1"pOHHOrO 38XBaTa. 1JJIsI peaenaa BOSmmam(HX IIplI aTOM aa

.na~ 6wr HCnOJIMJOmII PJUt HeTpHBmlJ.Il>lII:lX 9RcnePRMeHTaJILHHX MeTO,Itmt (HB.
npm.1ep, ,IJ;JJJI K9Mepemtst 'qH0JI8. QTOMOB B oopaane , ,IJ;JJJI HSytlemtJI peHTI'eHOB

CROrO cnexrpa, BOSmm8l1J:tOrO IIpH BS.KaHCHB sa O,I(HOI nO,ItOOOJIO"Ilte. ,I(JIJl 

"X8HOpaMeTPH'tleoRorO ft zayqeHHH cnexTpa H T.,n.), 8 TaRZ8 YOOBepmeHOT

BOB8.H8 Teopwl BHY'l'peHHerO 'l'Opd09HOrO H9Jl'Y'lIeHIDI B pearreaoaoaoã odnao

'l'K 8Heprd. 
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• 

B pe3ynT8Te II];lOBe,lleHl:Iia HCCJIe,lloBaHd y,nanOCb IIpn1eIEO aa nopa

,ItOR CHH3HT!J B6pxHIOi) rpmmrry my, ,ltOBe,IJ;R: .no ypoBRH neCItOJIbImX COTeR 

sB, BO ae y;ltSJIOC:& .n;OCSltTI»OH 'i'O'q}iOCTlI, COnOCT8BHMoft c TO'q}{OCTllD onpe
.n;6JI6mm BeplHe:B rp8HXUH m )f :0:3 66Ta-pacna.n;8 TpIITRR:, oocTa.B.7lJD:Iitel 
20-40 sB. 

K8.K	 noaasusaer HeCJIomw:1 8H8JIH3 t ;rJ;J.UI TOro, 'q'fOCSR ,llOCSIIT:r,cg no,u;o6

HoI	 TOvmOC'l'H oneasa m y IIpH HByqemm x8paItTepRCTHR paOIIS,I\B I63ao 

aa OCHOBHoe cocroaaae (c NJrUmM8JIlUlOl H3BeC'l'Hoft sneprmel HelTpmlo) 

noorpeCSyeToSI onpe.n;e.neHHe STHX x8paKTepHO'i'HR c TO'IHOCTJ,I) IIO~ 0,1%, 
T. e.	 JlSUepeHlIe, HB.IIpHMe~ Be.lIliilmHil Q c TO'iHOC'l'iJl> HeOXOJIDKHX sB. 

HsyqeHlle pacna;Ita 1 Tb aa B09CSYJUl8HHOe cccroanae 1187 !tsB no
X8aSJIO, wro K-S8XB8T na aero 9Hepre'l'lA60D S8IIpemeH. Ms BOSM<>mmX 

R8W4tIJ:lt8'1'OB wm noaosa K-saD3aT8 o Ma.JllOOIl 9H8pr.wnm HelTpBHO E.K Me

]Jy6T yno~ npeQe soero I74 Lu H 24I Cm • B ne~BOM ~ae OIt9!m8. 

~ ~ pacnBJtB, Ha ypoB6HI» 1318 !t9B COCT8.EJUleT 111 Ex 43,G±I,8)RSB, 
a BO BropoM - Ex ~(3.t6)It8B. O.nmu«>,. B CB.JrY BOSpe,CTSlmSl p83HOCTH 

EK- E:L ' ~ MSJIOCTlI Ex ,It0JDmH p6aJnt30BHB8.'1'LCSI O'ien MaJDl8 SH81ieHRlI 
TeR IIpH P = 10-5 )JJIH 158 Tb ~ ~ 58 sB, ,Jl',7IB 174 Lu -; ,...,74 sB,Px• R 

a JWi ~Icm .. ,..., 176 sB. YBeJIH'ieHl1te _e ~ npe~e'l' CSoJn.IllHe Tpe

60B8HlV'! R TO'tIHOOTI1I Onpe,IteJI.HeMHX BeJlH"mH. 

HaxOHeIt, ROOJIe,ItOBSHHe CneltTpa BTM ,ItJJ5! I~o, KaS8JIOC:& OH, BaR

CSOJIee 6JIarOnp:KH'l'Horo 0JIytIa.JI, 06HapymmaeT 60JIblJlRe Tpy)tHOCTH B, reops

~ecRol KHTepupeT~. 

I!O,1l;BO,ItH HToru, Momo CRaS8T:L, -qTO paCCMOTpeHHH6 BHIIIe MeTO,IJ;bl 

on;emm MaCCJi WI8RTpomroro Heí!Tpmo mJ np()~eCCOB 9JIeRTpOHHoro S8XB8.

Ta B~ JIH Cll1Ory'l' rrpo.n:mmyTIlo BepxlID> r~ oneBlUl m" mme,..., 200 
sB. HeRoropHe Ha,It8JfJU:l Momo ente B08JI8l'aTlI aa fiOHCU BeTBeD saxsara 

aa	 BOs6~eHI:We OOOTOSllIWI o I\-, L -, Mo-, ••• oõonoxea, n:PH KOTOpHX 

MOryT 06paaOBHBaTbCSI HelTpmIO c ,ItOCT8TO'tlBO MaJIHMH 3Hep1"H.SMH. 
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1 p , 75 K.
 

3 p. 30 K.
 

5 p. 00 K.
 

2 P. 50 K. 

6 p , 55 K. 

2 p , 00 K. 

" p. 50 K. 

4 ~. 30 K. 

5 p. 50 K. 

7 p. 75 K. 

3 p. 50 K. 

13 p.50 K. 

3 p . 75 1<. 

4 p. 

4 p. 80 K. 
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