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141 
,UnSI Sm xopomo HSy'leHa cxeMa pacnana, HSBeCTHbi 9HeprHH 

. ypoi:IHefi/ 1, 2/, Iio nocTaTo'IRoro KonH'IeCTBa naHHhiX nnSI aHanHsa npRpOllbi 

ypoanefi 
141

Pm· He 6bmo. 

B pesynbTaT·e ·naHHOfi ·pa6oT.bi MeTonoM sanep)KBHHbiX coananeanii anepBbie 

RSMepeHbi nepnonhl nonypacnana ypoBHefi 196,5; 628, 7; 974,0 K9B H M~To

noM yrnoBhiX KoppenSIUHfi HaripaaneHHfi onpeneneHbi · cnnHhi ypoaHefi 62~, 7 

H 196,5 K9B, 

· nony'leHHe HCTO'IHHKa'>' 

141 
11sMepeHHSI rrpoaonnnnch c HCTO'IHHKOM Sm , nony'leHHoro.~npH 

10 + 25 -M~H o6ny'leHHH Ha aaemHeM ny'I:Ke npoTOHOB ·( J?P = B60 Msa) 

CHHXpOUHKnOTpOlla flflfl 011fll1 llOp0111K006pa3HOfi MH1119HH B BH)le KOMnneKC8 

( NH 
4 

) ( Dy - .UITTAXI) ae~oM 0,5 + 1,0 r c rrocne~yiOII!HM 6biCTpbiM 

XPO:"faTorpati>H'19CKHM pasneneHHeM nponyKTOB peaKUHR/3/ • 

. ITepHOJlhi nonypacnana ypoa.Heti c · aaeprHSIMH 628, 7; 974,0 K9B nsMepe-
. . 

Hhi Ha. nayxMepHOM apeMeHHOM aHannsaTope/4/ B pe~nMe sanep:a<aHHhiX 

x/ .[lTITA- - JlH9.THneHTpH8MHHlleHT8YKCyCHaSI KHCnOT8, 

3 



raMMa-raMMa. COBTia)leHHH. llmi perHCTpaUHH raMMa-KBaHTOB HCTIOJib30Ba

.JiHCb: B OJlHOM OTibiTe )lBa KpHCTanna . NaJ ( TI) pa3MepaM~ 0 40 x40 MMi 

B npy~oM - Ge (Li) neTeKTop ( V acfl = 38,5 cM3) H xpHcTann NaJ(TI)-

6 40 x 40 MM. BpeMeuuoe paapeweuue nnSI nsyx NaJ (TI) xpHcTannoB 

nony'leHo paBHbiM 2r 0 =' 3.10-9 cex ( E y 511 xas), nnS! Ge(Li)x 

x NaJ(TI) 2r 0 = 9.10-9 cex( EY = 511.KsB). 

BpeMSI *H3HH'ypOBHSI 196,5 KSB onpeneneHO Ha ycTaUOBKe JlJISI H3Me-

peHHSI BpeMeH *H3HH M9TOJlOM aanep*8HHbiX 

2ro = 4,8.10 -10 cex/5/. 

e - Y -cosnaneHHii npu 

M~cneno'BaHHe yrJIOBbiX KOppeJISIUHH raMMa..:.imaHTOB KacxanoB ( 431 • 7 -. 

196,5) ( 777,0 - 196,5) KSB npoBOJlHJIOCb Ha aBTOMaTH3HpoBaHHOM cneKTpo

MeTpe JlJISI. H3MepeHHSI yrJIOBbiX ~8MMa-raMMa KOppeJISIUHH uanpaBneHHH/6/ • 

l13Mepeuue yrnoBoro pacnpeneneuHSI xacKaJlHbiX raMMa-KBaHToB npoBo

nlinocb npH paapeiii8lOIII9M BpeMeHH '6biCTpO-M9JlJI9HHOH CXOMbl COBTI8Jl9HHH 

2 r 0 = 26 ucex ( 2 x. Na J ( Tl )) H 2 r 0 ;;· 60. uceK ( Ge (Li )) • · M eTo:.. 

nuxa HSMepeuuii nepuonoB nonypacnana ypoi3ueii 628, 7; 974,0 !CaB 6bma 

CJI9JlYlOIII9H: B. OJlHOM H3 K8H8JiOB BbiJl9JI.SIJIHCb 8HHHI'HJI.SIUHOHHbl9 raMMa

KBaHTbl ( E y ,;, 511 KSB), B llPYI'OM KaHane suepr~T.H'I9CK8SI BbiOOpKa np_o- . 

H3BOJlHlr8Cb no MeTOJlY "UHcflpOBbiX" OKOH/7 / 1 npH STOM Bb!Jl9JISIJIHCb I'8MM8-

KBaHTbl c sHeprn'eii ( 431, 7; 53S,O; 684,5; 786,1; 806, 2; 911, 7; 983,5; 1009,0; 

1117,5; 1145,0; 1490,4; 1786,1 ). KSB H. HeCKOJibKO "'cfloHOBbiX" OKOH. 06pa-

. 6oTKa · ·axcnoHeHUHanbHbiX KpHBbiX npoBonunacb. no MeTony HaHMeHbiUHX KBan

paTOB• ITorpewuocTb onpeneneHHSI sxcnepHMeUTaJibllbiX peaynbTaToB BKJIIO'IaeT 

B ce6si, KpoMe cTaTHCTH'Iecxoii oum6xu, owu6Ky xann6poBKH ueubx KaHana BpeMeu

·uoro auannaaTopa. 

Ha puc. 1 npnseneHbi KpHBbie pacnana ypoBueii 628, 7; 974,0 KSBI yqacT-
141 . 

KH cnexTpos raMMa:-ny'leii, a, TBK*e cflparMeHT cxeMbi pacnana .· Sm 

Yx.aaauubxe ua ·pucyuKe auatieun.SI T~ siBnSIKiTcSI cpennHMH saseweRHbiMH 

3H8'19HH.SIMH nepHOJlOB. nonypacnana, KOTOpbie TIOJIY'I9Hbl ·. npH H3MepeHHH 

c . NaJ(TI) KpHCTan~aMH H c Gc(Li) "neT~KTopo~ H K~HCTannoM NaJ(TI). 

B CJiy'lae H3MepeHH.SI BpeMeHH *H3HH ypOBHsi C SHeprHeii 196,5 KSB 
• •• ·' ••• • ' ·! ... •• • • ' 

M8I'UHTHO-JIHH30BbiM .OeTa-cneKTpOMeTpoM/8/ Bb!Jl9JISIJI~Cb SJI9KTpOHbl. IiHyT-

. peuueii KOUBepcHH c aueprueii .E e = 151,3 KSB ( K - 196,5}, B raMMa-

'4 



KaHane BhiilemrnHch raMtvia-ny'IH B llHanaaoHe OT .300 llO 900 KaB. 06pa-

6oTKa 3KCnepHM9HTBnbHblX KpHBbiX. ( pHC, 1, 2) npOBOilHn8Cb no M9TOilY M()M9H

TOB, 0Ii:iH6Ka peaynhTaTa cocTOHT H3 cTaTHCTH'leCKOfi oum6KH H ou.M6KH Ka

nH6poBKH U9Hbl KaHana Bp9M9HHOI'O 8H8nH3aTopa, 

PerncTpaUHSI raMMa-KBaHToB npn HccnenoBaHHH yrnoBoro pacnpelle

neHHSI KacKana ( 431,7 - 196,5) KaB npa'HaBonnnach'' llBYMH NaJ ( Tl) 
. . ' . 0 . . 

'KpHcTannaMn paaMepaMH 6 40 x 40 MM non yrnaMH ( 90-120-150 ) , Bbx6op 

yrnoB JlenancH TaKHM o6paaoM, 'IT06bt 'IHcno coBnalleHntl: · noll ¢oTonHKOM 

c ·Ey = 431,7 K3B o'l' 8HHHrHnHUH()HHbiX raMMa-KBaHTOB ( Ey ..; 511) 6bmo 

MHHHM8nhHblMo. flonO)K9HH9 nollBH)KHOI'O ll9T9KTOpa M9HSinOCh aBTOM8TH'l9CKH · 
. . . G . . 

UHKliH'leCKHM o6paaoM: 90-120-150-150-120-90-90 - ... BpeMH. aH:cnoaHUHH 

llnSI Kai!moro yrna - 1 MHH ( apeMH nepexolla. oT yrna. K. yrny ::: 3 ceK) •. 

B TaKoM pe)KHMe s¢¢eKT HCKa)KeHHSI yrnoBoro pacnpelleneHHSI raMMa-KBaH

TOB aa C'l9T pacnalla HCTO'IHHKa yCp91lHSI9TCSI BO BpeM9HH H CTaHOBHTCSI 

npeae6pe)KHMO ManbiM, 11aMepeaHe yrnoaoro pacnpelleneaHSI raMMa-KBaHTOB . 

K8CKana (777,0 - 196,5) npoBOilHnt>Ch llnH yrnoB (90°-135°-1800) C no

MOlllhlO Ge (•Li) neTeKTopa c v a¢= 50 CM3 H NaJ( Tl) KpHCTanna 

0 40 X 40 MM, lleaTpOBKa HCTO'IHHKa npoaepH~aCh nepeJ:t OnbiTOM H KOHTpO- . 

nHpoBanach B.Te'leHHe aKcnepHMeaTa, Bhl'IH?neaHe~Koa¢¢HuneHTOB yrno~oro 

pacnpeneneHHH npoHaaonHnoch no· Me TOllY HaHM9HhlllHX KBallpaToB c y'l~TOM 

rionpaaoK aa TeneCHhifi yron n s¢¢eKTHBHOCTb lle.TeKTopa, ITpH aToM nony'leHbi 

¢yHKUHH yrnoaoro pacnpE)neneHHSI: W( e) = 1 -. ( 0,056:!;.0,040) P2( cos@) 

(0,040:!;.0,056) P
4 

(cos@) 

JlnSI KaCK81l8 (431,7 - 196,5) K3B 1 

W(S) = 1 - (0~09:!;.0,04) P
2 

(cos@) ':"' (0,07:!;_0,09) P 
4 

(cosS) 

)lmi.KaCKa)la (777,0- 196,5) K3B, 

Ha pHc~ 3 Hao6pa)K9Hhi y'laCTKH onHHO'IHbiX cneKTpoB raMMa-ny'lefi 
141 .. 

Sm . H cneKTpbi coBnalleHnfi ( Ey = 196,5 K3B - Ey = 431,7 KaB),. 

Ey = 196,5 K3B - Ey = 777,0 K3B). · .. 

Aaann3 peaynhTaToB aKcnepHM9HTa 

flpH aHanH39 3KCnepHM9HTanhHblX peaynbTaTOB Mbl HCXOJlHnH H3 CX9Mbl 

pacnana 141 Sm , npenno)K~Haofi B pa6oTe/2/, 
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0CHOBH09 COCTOSIHHe 'si. 
d 5/ 2). 3ToT BI>IBO.rl cne.ny 

141 . . 
SI.npa · Pm c fog ft 

cncTeMaTHKH ypoBHe~ .H3oTonl 

CHOHHbiX Sll9KTpOHOB 8BTOpb! .P 

628,7 KSB 3H8'i9HHSI CIIHHOB -' 

.neneHHSI KacKa.na .. ( 431,7 -·. 19 

. H3M9p9HliH1 IlO.[lTB9p)l(.[l810T Ilp! 

TOSifiH~. IlOCKOllbKy 3H8tt~Hlf9 ', 

HH9 8H811H38 tlllSI CllyttaSI llBYX\! 

ll8HHbl9/ 10/ 0 MyllbTHIIOllbHOCTSI~ 

·HSITb anSI nepexo.na 431,7 Ka:a a· 

KOppellSIUHH K8CK8.[la (431,7 -·1 

HOCTb rrepexo.na 196,5 KaB orr 
' . 

uHeHTI>I yrno:aoro :pacrrpe.neneri 

llOIIYCK810T 3H8'i9HHSI CIIHH8 9/ 

pexo.na c aaeprne~ 777,5 Ka:a 

T 

BciaMoMHbie aaa'!eans 

11 MYilbTIIIID/lbHDCTII . r 

Cn11n 11 'leTHocTb . anSI 

ypOBHSI 974,0 K3B 

1112-

, 9/2-

1112+ 

9/2+ 

0.[lH03HattHO iBbiCK838ThCSI 0 CIIl 

oTcyTcTayroT c:ae.neHHSI o6 sn 

c aaeprHe~ 777,5 KaB. I1crronb~ 

H9~ 196,5 H 628~7 KSB H CB91lE 



C:>:($ 
~~ r . st:s .· -:t: 

·.· ~~-
:· ... 

~ /·· 
__,..;_.-·' 

t::) 

-·--""" ..;r 
·: 

~ ··: 
·: 

c::> 

:· 

~ ... .. " ~ ~_,,...· 

~ ~ -~ 
~ 

~~ ·. . : ·. ·: .. 
~ 

.. ~ 
_.,.,,.·· ~ 

;_',-·-:--= 

/" . ~ 
'l" 

~- .· 
•:' 

,• fiT 
<(I) 
~ 

&r: =r-;r-
l:t I 
<ll 
I:: II) 

. Ill -
•0 co 
()~ 
a. ...... 

.. !< 
ld l:t 

'Q) <ll 
t:: ld 
() 0. 

<ll 
= ld 

0. -!< IQ 
ld (I) 
Q) ld 
t:: 
() ...... 

Cll 
c:C'J . :a '<!' 

= I :r 
0'11) 

= -=:co 
- l:t CD 

o:::. 
~ l:t 

<ll 

0 ld 
() 

= <ll 
0.. ld 

141 p. 5/2+ 0CHOBH09 COCTOSIHHe Sl:.Opa m HMee_T CDHH H 'I~THOCTb 

d 5/2). 3TOT BbiBO.O cne.oyeT HS paspewemi:oro -xapaKTepa {3 + .;.pacnaila 
141 - 141 -

Sl:.Opa Pm c fog. ft = 5,3 Ha ocao~aoe cocTOSIHHe · Nd /9/. l1s 

cHcTeMaTHKH ypoalieH: HsoTonoa N = -80 H HSMepeang cneKTpoa Koaaep

cH~HHbi~. aneKTpoaoa aaTopbi pa6oTbr/2f npe.onararoT .OJISI- ypoaaeii 196,5 Kaa: 
628,7 KaB saa'!eHHSI cnHHOB - 7 I 2, 1112. Koa¢¢HuHeHTbi yrnoaoro pacnpe

.oeneHHSI _ KacKa.oa ( 431,7 - 196,5 Kaa) A 2 , A 4 , nonyqeHHbie B aameM 

HSMepeHHH; llOllT~ep)!(ll8IOT npellDOJI0)!(9HHe pa6oTbl/ 2/ 0 ~DHH8X , 3TH X COC

TOSIHHMo nocKOJibKY saaqeaHe A 4 . nonyqeao c 6on&moii onui6Koii, npoaene

HHe· aHanHsa lliiSI cnyqag .oayx cMelllaHHbiX nepexo.ooB saTpy.OHHTeJibHO. O.oHaKo

.oaHHbie/ 10/ o Myn&THnonbHOCTRX nepexo.ooB B HsoTone 
13

8~ Pr 59 nosaonsrroT npH_- --

. HRTb lliiR nepexo.oa 431,7 K3B B R~pe 1 !~Pm61 MYIIbTHDOlrbHOCTb THna M2 1 a HS 

KOppeJIHUHH K8CK8ll8 (431,7- 196,5) K3B I'8MMa-Jiy'lefi B 141Pm MYIIbTHDOJib;.. 

aocT&~ nepexona 196,5 KaB onpe.oensreTcH KaK - Ml + 3% E2 • Koa¢¢ri..: 

UHeHTbi yrnoaoro pacnpe.oeneHHH A 2 H A 4 · KacKa.oa ( 777,3 - 196,5) KaB 

.oonycKaroT sHa'leHHH cnHaa 9/2 H 1 i/2; BosMO)!(Hbie · Myn&THnon&HOCTH ne

pexona c aaeprHeii 777,5 KaB npHae.oeHbi B Ta6nm::le I. 

•. , 
Ta6nnua 

BciaMDMHbie aaa•IeHHSI cnnaa ypoBHSI c saeprneli 974,0 KSB 

_ n MynhTHnonhHDCTH nepexona c saeprneli 777,5 KSB 

Cnnu 11 qeTHocTh _ nnSI 

ypOBHSI 974,0 KSB 

1112-

9/2-

1112+ 

9/2+ 

E3 

M2 
M3 

E2 

~\ynhTHnonhHDCTH nepexona 

E = 777,5 KSB 

Hnl! M2 +- 15% E3 

HnH El +50% M2 

HnH E2 + 15% M3 

HnH Ml +50% E2 

0.0H03H8'1HO (BbiCK838TbCH 0 cmme ypoBHH 974,0 KaB noKa H9B03MO)!(H0 1 T.K. 

OTCYTCTByiOT CBe.OeHHSI 06 aneKTpOHSX BHyTpeaaeil: -KOHBepCHH-nepexo.oa 

c aaeprHeii· 777,5 KaB. l1cnon&syH nony'leHHhie HaMH 3aaqeHHR'cnHHOB ypoB-

-HeM 196,5 H 628,7 K3B H CB9ll9HHH 0 MYIIbTHDOIIbHOCTHX riepeXOllOB 1 HllYUIHX 
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·c aTHX ypoaa:el:t ( · E = 196,5; 431,7 ~aa), Mbi rroacqHTanH rrapuHanbHbie 

rrepHOllbi nonypacnaaa aaHHhiX nepexoaoa c · yqE!!TOM ¢aKTopa aeTBneHHH 

H Koa«iJ¢~uHeHTa BHyTpea:a:el:t Koa:aepcHH/111 a:a !'-· L-, M-o6onoqKax. 

. Oaa:oqacTH'IHbie 3H8'IeHHH napiui:anbHblX rrepHOllOB rronypacrraaa paccqHT8Hbl 

no MowKoBcKo~y c· yq~ToM' cTaTHCTHqecK~ro MHO)!{HTerisr/12/. 

: PeaynbT8Tbl Bbl~Hcnea:Hii· npeacTaBneHbl B Ta6nHue 2. c!>aKTOpbi .aarrpeTa 

ansr nepexo·aa c · aa:epr.Hel:t 196,5 Kail yKaabrBaJOT Ha ·To, 'iTo. rrepex'oa THrra 

M 1 'c ypoBHH 196,5 KSB f -aarrpeureH. 

YcKopea:He rrepexoaa THIIa E3 c aa:eprHeii 628,7 KaB, Hayurero c ypoB-

HH 628,7 KSB0 MO)!{HO o6'bHCHHTb0 'ecnH rrpearronO)!{HTb0 'ITO ll8HHbii:t ypOB9Hb 

npeacTaBnHeT cM:ecb OllHO'I8CTH'IHOro COCTOHHIIH c OKTyrronbHbiMH ·K,one6a

'+ - HHHMH OCTOBa (7/2 , 3 ) 11/2. TaKoe npearrono>i<eHHe IIOllTBep)!{ll8eTCH 

peaynbTaTaMH pa6oT/ 13,14/ •. 

HpoBeCTH' o6Cy)!{lleHHe B03MO:lKHOfi npHpOllbl COCTOHHHH _974,0 KsB 

T ~. = 56 a:ceK) aaTpyaHHTenbHO, T.K. ·oTcyTcTByJOT caeaeHHSI o6 aneKTpo-

. H~X BHyTpeHHeii KOHBEipCHH rrepexoaa 777,0 KSB~ 
~ ...... 

B aaKnro'l'ea:He aBTOpbi Bbipa)KaJOT 6naroaapliocTb, A.<l>. Hoaropoaoay 

38 IIOMOllib IIpH H3rOT.pBneHHH HCTOqHHKa. 
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