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B HacTORllleii pa6oTe om1Cb1BaeTcR ycTaHOBKa AllR H3MepeHI-111 e -y 
yrnoablx KoppenR~HH c 1-'!cnonbaoaaHHeM Si(Li) -AeTeKTopa AllR 

perHCTpa~HH :meKTPOHOB KOHBepCHH B C04eTaHH1>1 C Ge(Li) HJlH 
ABYMR NaJ(TI) -AeTeKTopaMH AllR perHcTpa~HH y-Hany4eHHR. KoH
CTPYK~HR KaMepbl Si(Li) -AeTeKTopa noaeonReT npoBOAHTb H3Mepe
HHR 8- -y yrJlOBbiX KOppenR~Hi:1 H HCCJ1eAOBaHHR KBaAPYnDJlbHbiX 
B3aHMOAeHCTBI-1H MeTOAaMH e--y 1-1 {3-y -B03MYllleHHbiX yrJlOBbiX 
KOppeJlR~HH. npoBeAeHbl KOHTPOJlbHble I-13MepeHHR AllR npoaepKH pa
OOTbl ycTaHOBKH. 

1. e--y yrJlOBble KOPPeJlR~HH 

Hay4eHHe e--y yrnoawx KoppenR~Hi:1 noaaonReT nony4HTb cBeAe
HHR 0 CnHHaX H 4eTHOCTRX COCTORHHH aTOMHbiX RAep H MyJlbTHnOJlb
HOM COCTaBe RAePHbiX nepeXOAOB. 

TeopHR e- -y yrnoBblx KoppenR~HH H3110lKeHa a pa6oTax11 ' 21 • 

~YHK~H~ y-y yrJlOBOH KOppeJ1R~HH YAo6HO npHHRTb B Ka4eCTBe CTaH
AapTa, OTpalKa~ero reoMeTpH~ KoppenR~HOHHoro npo~ecca, AJlR paa-
111-14Hb1X THnOB RAepHoro H311y4eHHR.AJ1R KacKaAa li~l ~lr OHa 
HMeeT BHA: 

/1/ 

rAe 
A kk = A k (1) • Ak (2) /2/ 

- K03~~H~HeHTbl yrnoaol:1 KOppenR~HI-1, a Pk(cosOr nOJli-'IHOMbl flelKaHA
pa. 

ECJlH BMeCTO OAHOrO y-KeaHTa peri-'!CTp~-ipyeTCR COOTBeTCTBy~

lliHH 3JleKTPOH KOHBepCHH, TO K03~~1-1~1-'!eHT KOppeJlR~I-'IH MOlKHO aanH
caTb B CJleAy~eM BI-'IAe; 

Ak(e-)= 
1 

_[bk(LL,e-)Fk(LLI
0
1) + (-1) 0 28(e-) x 

1+8 (e ) /3/ 

x bk(LL ',e-) F k(LL 1
0

1) +8 2 (e -) bk(L'L ',e-) F k(L 'L 1
0
1), 

rAe 

8(e-)=8(y).jaQ(L'), 
aq (L) 
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o (y) - OTHoweHI-ie cMecl-1 AJl.R ,qaHHoro y - nepexo,qa, bk (LL, e-) -
311eKTpOHHbll1 napaMeTp, a q (L) - K03<1>¢>1-1~1-1eHT KOHBepCI-11-1 Ha q -o6o
I104Ke I q =K , •••• 1-1 T. A. I. 3neKTPOHHbiH napaMeTp aas1-1cHT OT aap.R
,qa .R,qpa (Z), 3Heprl-11-1, nop.R,qKa Myi1bTI-1nOI1bHOCTI-1 11 THna nepexo
,qa IE 1-11111 M I. 3neKTPOHHble napaMeTpbl b(LL,e -) 1-1 Ko3<1>¢>H~I1eHTbl 
KOHBepCI-11-1 aq(L) AJl.A 311eKTPI-14eCKI1X 1-1 MarHI-iTHbiX nepeXO,QOB npo
Ta6yi11-1POBaHbl B pa6oTaX 13 •41, COOTBeTCTBeHHO. 8 Ka4eCTBe npH
Mepa Ha PI-1C. 1 11 2 noKa3aHbl HX 3aBHCHMOCTH OT 3Hepri1H np11 
Z = 69 AJl.R K -o6ono4K11. 
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P1-1c. 1. 3asHCI-1MOCTb 311eKTPOHHoro napaMeTpa OT 3Hepri1H np11 
pa311H4HbiX MYI1bTHnOI1bHOCT.RX 311eKTpoMarHHTHbiX nepexo,qos AJl.R 
K -o6ono4KH, Z = 69. 

EcTeCTBeHHO, K03<1>¢>H~HeHTbl e- -y yrnosblx Koppen.R~I1H 6y,qyT 
1-iMeTb BH,Q 

Akk =Ak(e-) ·Ak(y). 151 
8 CI1y4ae nepexo,qos, AJl.R KOTOPbiX bk(LL,e-)?_1 H aq(a) ~I, HCCne
,QOBaHI-ie e--e- H e- -y yrnosbiX KOppen.R~I-iH 6onee BblrO,qHO, 4eM y-y
yrilOBbiX KOppen.A~HH, BCile,QCTBHe 60I1bWOH aHH30TpOnHH nepBbiX. 
3TO n03BOI1.ReT nOBbiCHTb T04HOCTb 3KCnepi1MeHTai1bHbiX pe3yi1bTaTOB 
H COKpaTI1Tb speM.R H3MepeHHH. COOTBeTCTBy~HH Bbi60p MeTO,Qa H3-
MepeHH.R yrilOBOH KOppeil.A~HH n03BOI1.ReT ,QI1.R ,qaHHOrO KaCKa,qa H3-
Mep.RTb ee $yHK~H~ c MaKci1ManbHOH aMni111TY.QoH. Hnn~cTpa~HeH cny
>KHT PHC. 3. 
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PHC. 2. 3aBHCHMOCTb K03<1>¢>H~HeHTa KOHBepCI1H OT 3Hepri1H np11 
pa311H4Hb1X MYI1bTI1nOI1bHOCT.RX 311eKTPOMarHHTHbiX nepexo,qos .QI1.R 
K -o6o.no4KI1, Z "' 69. · 
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P11c. 3. $yHK~l1H ej; (1) -y (2) , ek (1)- e k (2) , y (1)- y (2) 1-1 fE ~1)- e;(2). 
yrilOBbiX KOppen.A~HH AJl.A KaCKa,qa 1170 - 1301 K38 B 6 Tm. 
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AnR KaCKaAOB, B KOTOP~X OAHH nepeXOA CHflbHO KOHBepTHpOBaH, 
aq(L) ~ l, H3MepeHHe y-y KOppenR~HH MOmeT OKa3aTbCR HeB~nonHH
~M, H TOrAa HymHaR HH¢QpMa~HR MOmeT 6~Tb nony4eHa TOflbKO H3 
H3MepeHHH KOppenR~HH C KOHBepCHOHH~MH 3neKTpOHaMH. 

2. YcTaHOBKa AflR H3MepeHHR e--y yrnoe~x KoppenR~HH 

Ha 6a3e cyllleCTBYIOlllero y-y cneKTpoMeTpa 151 C03AaHa ycTaHOBKa 
AflR H3MepeHHH e- - y yrnoe~x KoppenR~HH c Si(Li) H ABYMR NaJ(TI)
-AeTeKTopaMH . 6noK-cxeMa npHBeAeHa Ha PHC. 4. 8 TpaKTe Si(Li)
AeTeKTopa HCnOflb30BaflHCb 6nOKH 3neKTPOHHKH, pa3pa60TaHH~e B 
fla6opaTOPHH RAePH~x npo6neM OHRH. PerHcTpa~HR 3neKTpoHOB ocy
llleCTBnReTcR nonynpoBoAHHKOB~M Si(Li) -AeTeKTOPOM /50 MM x4 MM/, 
ycTaHOBneHH~M B ·cne~HaflbHOH KaMepe H3 AIOpaniOMHHHR. C nOMOlllbiO 
CHCTeM~, co6paHHOH Ha 6a3e MarHHTHOrO 3neKTpopa3PRAHOrO Hacoca, 

PHc. 4. 6noK-cxeMa cneKTPOMeTpa e--y yrnoa~x KoppenR~HH 
c Si(Li) H ABYMR Nai(TI) -AeTeKTOpaMH. ny - npeAYCHflHTenb, 
flY - nHHeHH~H ycHnHTenb; AA - AH~epeH~HanbH~H AHCKPHMHHa
TOp, 6Y - 6~CTP~H ycHnHTenb, fl3 - flHHHR 3aAepmKH, ~ - ¢op
MHPOBaTenb, AAfl - AMCKPHMHHaTOp AflHTeflbHOCTH, P - pa3BeTBH
Tenb, 08 - OAHOBH6paTop, CC - CXeMa coanaAeHHH, T-A - KOH
BepTop, c - CYMMaTop, nc - norH4eCKaR cxeMa, MAA - MHOro
KaHanbH~H aMnnHTYAH~H aHanH3aTop, A8T - aBTOMaTHKa, nA -
nHTaHHe ABHraTenR. 
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a KaMepe AOCTHraeTcR eaKyyM 10-7 Topp. AeTeKTop H nepe~H Kac
KaA npeAYCHflHTenR oxnamAaiOTCR AO TeMnepaTyp~ *HAKOrO a30Ta. 
3HepreTH4eCKOe pa3peWeHHe cneKTPOMeTpa COCTaBnReT 920 38 AflR 
3neKTpOHOB C 3HeprHeH 100 K38. 

KOHCTPYKTHBH~e AeTanH KaMep~ noKa3aH~ Ha PHC. 5. Ee ronoe
HaR 4aCTb HMeeT ¢opMy nony~HflHHAPa C paAHYCOM 40 MM H TOfllllHHOH 
CTeHKH 1 MM. HCT04HHKH ycTaHaBnHBaiOTCR Ha paCCTORHHH 50 MM OT 
AeTeKTOpa, nepeA KOTOP~M HaXOAHTCR 3KpaH C Kpyrn~M OTBepCTHeM, 

70 

~ 

PHc. 5. KaMepa Si(Li) -AeTeKTopa c KpHOCTaTOM. 1 - KPHCTann 
Si(Li), 2 - 3KpaH, 3 - paAHOaKTHSH~H HCT04HHK, 4 - HCT04-
HHKOAepmaTenb, 5 - BaKyyMHWe KpaHW, 6 - pa3De~ OOAKnl04eHHR 
BaKyyMHOH CHCTe~. 

003BOflR~HM perHCTpHpO&aTb 3fleKTpOHW B 3~aHHOM TeneCHOM yrny. 
CMeHa paAHOaKTHBH~x HCT04HH~oa o6ecne4HBaeTcR wni030M 6e3 Ha
pyweHHR BaKyyMa. 

AflR perHCTpa~HH y-H3flY4eHHR HCOOflb3yiOTCR C~HHTHflflRTOpW 

NaJ(TI) ~ 40x40 MM a co4eTaHHH c ¢oTOyMHO*HTenRMH XP 2020. 
flpH perHcTpa~HH nonH~x cneKTpoe 6°Co a o6oHx TpaKTax I EY ~ 
~40 K38, E {3 ~ 20 K38/ apeMeHHOe pa3peweHHe ·cneKTpOMeTpa COCTaa
llRflO 2r 0 = 15 HC. 

HccneAOBaHHR e- -y yrnoawx KoppenR~HH npH pacnaAe paAHOaK
THBHWX RAep CO CflO*H~MH y-cneKTpaMH Tpe6yiOT BWCOKOro 3Hepre
TH4eCKOro pa3peweHHR yCTaHOBKH. AflR peweHHR TaKHX 3aAa4 HC-
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rtOJ1b3yeTC.R e--y cneKTPOMeTp, B KOTOpOM AJl.R perHCTPa!4HH y -H3-
J1y4eHH.R npHMeH.ReTC.R Ge(Li) -AeTeKTOP IV =40 CM 3, 6E=2, 7 K3B · 
AJl.R Ey-= 1332 K3B 6°Co I. linoK-cxeMa npHBeAeHa Ha pHc. 6. Bpe
MeHHOe pa3peweHHe AJl.R ~y-coanaAeHHH COCTaBJ1.RJ10 35 HC AJ1.R ' 
HCT04HHKa 6° Co I Ey <:: 50 K3B, E8- <:: 20 K3BI. 

3HepreTH4eCKHe OKHa MOmHO ~OHpaTb B 3aBHCHMOCTH OT nocTa
HOBKH 3aAa4H, KaK B cneKTpe 3J1eKTPOHOB KOHBepCHH, TaK H B 
cneKTpe y-J1y4eH. An.R HaKOnJleHH.R cneKTpOB COBnaAeHHH HCnOJ1b-
3yeTC.R aMnnHTYAH~H 4096-KaHaJlbH~H aHanH3aTop ICA-70. 

•' I 
1 

• l 
.) 

PHc. 6. · linoK-cxeiola · cneKi'poMeTpa; e'"'- y · -·yrnoa~x Koppen.R!4HH 
c Si(Lt) H Ge(Li} -AeTeKTopaMI-1; !iBn - 6no~< a~coKoaonbTHoro 
nHTaHH.R, HCC- MeAileHHail cxeMa coanaAeHHH, ocTaJ1bH~e ' o6o3-... . 
Ha4eHH.R, KaK Ha PHC. 4. 

I' 

3. KoHTponbH~e H3MepeHH.R 

. PaAHOaKTHBH~H HCT04HHK 169
Yb 6~11 noJ1y4eH nyTeM 06J1y4eHH.R 

TaHTaJlOBOH MHWeHH npoTpHaMH C 3HeprHeH 660 M3B Ha CHHXP0!4HKJ10-
TPOHe na6opaTOPHH .RAePH~X npo6neM OHRH. H3 06J1y4eHHOH MHWeHH 
XHMH4eCKHM MeTOAOM B~AeJ1.RJ1C.R Yb C nOCJleAY~HM pa3AeJ1eHHeM 
ero no MaccaM Ha 3J1eKTPOMarHHTHOM Macc-cenapaTOpe. npH 3TOM 
HOH~ 169 Yb C 3HeprHeH 25 K3B BHeAP.RJ1HCb B an~MHHHeBy~ ~Jlbry. 
CornacHo pe3yJ1bTaTaM pa6oT~ 161 , HaH6onee aepo.RTH~H npoe!4Hpo
aaHH~H npo6er HOHOB 169Yb -130 A. Ha pHc. 7 noKa3aH~ cneKTP 
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PHc. 7. CneKTP 3J1eKTPOHOB BHyTpeHHeH KOHBepcHH, cneKTP~ 

COBnaAeHH~ 3J1eKTPOHOB BHyTpeHHe~ KOHBepCHH cy- 177,2 K3B, 
nony4eHHble c noMO~biO Si(Li)-Nal(Tl) · H Si(Li)- Ge(Li ). -cneKT
poMeTpoa. 

3J1eKTPOHOB KOHBepCHH 169 Tm H cneKTPbl coanaAeHH~ C y177,2 K3B 
loKHa npH 3TOM Bb16HpaJ1HCb a cneKTpax Ge(Li) H NaJ(Tl) -Ae
TeKTopoal. H3MepeHH.R npoBOAHJ1HCb npH yrnax 90°, 135°H 180° 
Me*AY AeTeKTOpaMH. 3Ha4eHH.R K03~H!4HeHTOB yrJlOB~X KOppeJ1.R!4H~, 

H3MepeHHble HaMH, H pe3yJ1bTaT~ APYrHx pa6oT npHBeAeHbl a Ta6-
J1H!4e. npH B~4HCJ1eHHH K03~H!4HeHTOB Akk y4HTbiBaJ1HCb CJ1y4a~Hble 
COBnaAeHH.R, BBOAHJ1HCb nonpaBKH: Ha 14eHTPOBKY HCT04HHKa, Tenec
H~e yrJlbl AeTeKTOPOB H Ha pacce.RHHe 3J1eKTPOHOB B aJliOMHHHeBOH 
rtOAJlO*Ke HCT04HHKa 110 •121 . TaK KaK epeMH *H3HH ypoeH.R 138,9 K3B 
ITJh = 0,3 HCI A0CTaT04HO MallO, H3 pa60Tbl/lS/ CJ1eAyeT, 4TO 
B03My~eHHeM KOppeJ1.R!4HH AJl.R KaCKaAa 1177,2 - 130,51 K36 MO*HO 
npeHe6pe4b. 

Ta611H14a 

P ~ ~ 169Tm e3yJ1bTaTbl H3MepeHHH yrJlOBbiX KOppeJ1.R!4HH 

Si(Lil-<le(Li) Si(Li) ·2NaJ(Tl) /7/ 
Kaci<BJt (xaB) /8/ /9/ 

A22 A44 ~2 A44 ~2 . A44 .1.22 .1.22 

!7!,2 - e; 130,5 ..0,512 -0,024 ..0,5094 -0,0258 + 0,484 -0,041 + 0,521 ..0,497 

(14) (25) (40) (59) (13) (20) (31) (10) i 

1171,2 - KX -o,OOI ..0,0!8 ..0,0008 ..0,0020 

(7) (12) (20) (32) 
L.. 
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nony4eHH~e HaMill K03~H~HeHT~ KOppenR~HH AnR KaCKaAa /y177,2 -
e~ 130,5/ K3B xopowo cor11acy~TCR c pe3ynbTaTaMH APYrHx asTo-

poa. 3TOT ~aKT, a TaKme H30TpOnHOCTb H3MepeHHH KOppenR~HH 

/y177,2 - KX/ cB~AeTenbCTBY~T o npasHnbHOCTH pa6oT~ C03AaHHOH 
ycTaHOBKH, 
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