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fopo>KBHKl!H B.M. I! np. P6 - 10239 

K aonpocy 06 rieTe ¢opMb1 nKHHI! npl! HccnenoaaHl!I! 
6eTa-cneKTpOB Ha MBPHl!THO~ 6eTa-cneKTpoMeTpe 

YcraHoaneHo, '!TO <PYHKlll!~ OTKnHKa MBPHl!THOPO 6eTa-cneKTPOMerpa 
CT-2 MO>KIIO onHCbIBBTb <pyHKlll!eli ·raycc + 3KCilOHeHlli!BnbHblli XBOCT". 

DteTcsi Me Toa pac'!eTa nonpaBoK GJ (p) ansi 1!3MepeHHbIX 6eTa-cneKTpoa. 
Oo1rnaa110, qro BBO.'.ll!Mbie pa11ee nonpaBKH Ha paaperneHHe Cn(p) srnnsi~TCH 
'IBCTHblM cny'!aeM nonpaBOK co (p) C y'leTOM peanbHOil <pyHKllHII OTKnl!Ka 
6eTa-cneKrpoMeTpa. 

Pa6oTa a1,mon11e11a a n116opaTopl!I! siaep111,1x npo6neM OlHll1. 

ripenpHHT O6be,UJ!HeHHOro HHCTHTyTa ».uepHb!X HCCJie,U0BaHl-1'1 

~y6Ha 1976 

Gorozhankin V.M. et al. P6 - 10239 
On the Account of the Line Form in Studying 

~-Spectra Using Magnetic ~-Spectrometer 

It is established that the response function for the 
magnetic ~-spectrometer CT-2 can be described by the 
function "Gauss+exponential-tail" •. The method is presented 
for calculation of the corrections C

0
(p) for the measured 

f -spectra. It is shown that the previously introduced 
corrections to resolution Cn(P) are the particular case 
of corrections C0 (p) with the account of the real res
ponse function of the /J -spectrometer. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 

C, 1976 0611,ec>uHeHHWu UHcauaya Ac>epHwx ucc,1ec>oeaHuu,lly6HCJ 

Jlro6oii cneKTpOMCTP, npHHHMa11 Ha BXO,!],e MOHOXPOMa
TllqecKoe HJnyqeHue, perucTpupyer ueKoTopoe pacnpe,!],e

nenue /cneKTp/. 3TO o6cTOJITCnbCTBO, CCTCCTBCHHO, Heo6-

XO,ll,IIMO HMCTb BBH.D.Y npH aHanH3C 3KCilCPHMCHTanbHblX 

pe3ynbTaTOB. B nepBOM npu6nmKeHHH BBO,!],HTCJI IlOHHTHe 

pa3pewaroll\CH cnoco6nocru cneKrpoMerpa, Kor.na cq1naer

c11, qTo MOHOXpoMaTnqecKOMY HJnyqeHHIO COOTBCTCTBY~T 

H3MepeHHaH cneKTpanbHan nHHH11 C WIIPHHOH, onpe,!],enHeMOH 

caoiicrBaMH ucnonbJyeMoro npu6opa. 
B cnyqae uccne,ll,0Ba1mn {3- cneKTPOB npu pacna.D.e pa,ll,uo

aI<TIIBHblX ».D.ep 3TOT aonpoc B nocne.D.nee apeMx Hau6onee 

IlO,!],p06HO 6blJ\, paCCMOTpeH ,ll,nH MarHHTHblX CilCKTpOMCTPOB 

IlaynoM /1/, O,nHako OH paccMorpen ronbK0 cnyqaii: .D.nn 
"u.neanbHOro" MarHHTHOro 6era-cneKTPOMCTpa, KOr,ll,a MO

HOXPOMaTuqecKHe 3~CKTpOHbl perHCTPHPYIOTCJI B BH,ll,C IlHKa, 
OilllCbIBaeMoro rayccOBCKHM HnH 3KCDOHClll~HanbHbIM pac

npe.neneHHCM. Me)K,!],y TCM, KaK npaBHnO, CDCKTpanbHblC 

nHHHH OT MOHOXpoMaTHqecKHX 3neKTpOHHblX nHHHH, nony
qaeMblC Ha {3-cneKTpOMeTpax, o6na,!],aIOT "XBOCTaMH" ,npo

CTHpalOll\HMHCJI ,ll,aneKO B CTOPOHY MailblX 3HeprHH pacnpe,!],e
neum1: M1,1 He 6y,neM 3,necL aaanHJHpoBaTL npuquuhl npo,ra

neHHJI "XBOCTOB" IlHHHH. OHH MOryT 0LITb CBJl3aHLI, B cnyqae 

MarHHTHoro CDCKTpOMCTpa, c pacce,rnHeM B npu6ope, c no
rnOll\CHHCM H pacceJIHHCM B HCToqHHKe H ,ll,p. XOTJI CKOPOCTL 
cqeTa a Ka)K,!],OH ToqKe "XBOCTa" qaCTO Ha ,!],Ba u 6onee 

nopJl,ll,KOB MCHLWe, qeM a MaKCHMyMe IlHHHH, 6onLWaJI npo
TJl)KCHHOCTL "XBOCTOB" MO)KCT npHBCCTH K 38.MCTHblM HC

Ka)KCHHJIM npH H3MepeHHJIX {3- CDCKTPOB. 
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Bonpoc yqeTa peanLHOH <f>opMbl IlBHBB /aMIIIlHTY.l{HOe 
pacnpe.l{eneHBe OT MOHOXpOMaTBqec1rnx 3IleKTpOHOB/ IIPB 

aHailB3e {3 - cneKTpOB, B3MepeHHbIX Ha C.QBHTBilil.RIJ;BOHHblX 
cneKTpoMeTpax, B3yqanc,i B pa6oTax/2-B/ • B HeKoTopo:ii 

CTeIIeHB aHanorBqHblH Bonpoc: BCCile,!{OBaHBe 3aBBCBMOCTB 

<f>opMbl IlBHBB OT 3HeprBB B BilB.RHBe "XBOCTOB" IlHHBH Ha 

,8-cneKTpbl, B3MepeHHhle Ha MarHBTHOM CIIeKTpOMeTpe, 
paHee He B3yqanc.11. 

B HaCTO.RI.Qe:ii CTaTbe Mbl paCCMOTPBM nonpaBKB, yqBTLI

BalOI.QBe <f>opMy IlBHBB, KaK B cnyqae "B,!{eanLHoro". TaK B 
"peanLHoro" {3-cneKTPOMeTpOB, B O.QeHBM BX Ba)KHOCTb 

IIPB BCCile,!{OBaHBB {3- cneKTpOB Ha cneKTPOMeTpe CT- 2 
B OHJIH/9/. 

1. IIonpaeKu Ha paapewa10111y10 cnoco6Hoc11u, 
"uoeaAbHozo" {3- cneKmpQMempa 

"ll.l{eanLHbIM" {J- CIIeKTpOMeTpOM HR3LIBalOT MarHHTHblH 

CIIeKTpOMeTp, 1/ - HMelOI.QBH «i>OPMY IlBHBB, OIIHCLIBaeMylO 

aHanBTBqecKo:ii «l>Y~KUBe:ii /06L1qHo: rayccBaH BnB 3Kcrro

HeHTa/ B 2/ - 06na,!{a10I.QBH IlBHeHHOH 3aBBCBMOCTblO BM

nynLca 3neKTpoHoB Hp OT nepeMeHHoro napaMeTpa /o6wq

HO TOKa I n,. o6MOTJCe MarHBTa/. YcnOBBe 1/ O3HaqaeT 

rrpeue6pelKeHBe "XBOCT&MB" cneJCTpanLHblX IlBHH:ii. YcnOBBe 

2/ IlPHBO,!{BT K TOMY, 'ITO BepO.IITHOCTb w perHCTpa.QBB 
3IleKTpOHa, BCIIyI.QeHHOro H3 BCTOqHBJCa C BMIIYilLCOM Po, 

npu TOKe I , COOTBeTCTBYIOI.QeM HMIIYilLCY p ,3aBBCBT TOilLKO 

OT OTHOWeHBJI Pn/ p B OT pa3peweHBJI R {J-crreKTPOMeTpal½ 

w(po/p) = _1_ F(p/p>. 
Ap /1/ 

«l>YHKIJ;BIO .F Ha3OBeM «i>YHKIJ;Be:ii OTKilHKa cneKTPOMeTpa. 

HopMuponoquw:ii xoJ,W,B.o;BeHT A nonyqaeTc• Bl ycnoBBJI 
Pmax 

f w(p0 /p)dp=l,T.e. 

O Pmaxd 

A = f ---R.. .F ( p of p > • /2/ 
0 p 
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EcnB crreKTpanLHa.a IlHHBH OIIHCLIBaeTC.R raycCOBCKHM pac

npe,!{eneHBeM, TO 

r;:i;e 

2 
F < p 0 / p > = exp I - C < p / p - 1) l 

C = 4fn2 • 
R2 

/3/ 

Ecnu <l>YHKUB.R N ( p )npe,!{cTaBn.ReT HCTHHHYIO 4>opMy ,8-
crreKTpa, TO 3KcnepeMeHTanLHo B3MepeHHoe pacnpe.l{ene-

1rne MO)KHO Dbipa3BTb COOTHOWeHBeM 

Pmax 
M(p) = f N(p) '-"<Pof P> dp, 

0 u 
/4/ 

IIPB 3TOM BbIIlOilH.ReTC.R ycnonue 

Pmnx Pmax 
f M(p)dp=f N(p) dp. /5/ 
0 0 

. PaccqHTbIBa.11 «i>YHKUBIO M(po) ,!{Il.11 Po OT O ,!{0 Pmax• MO)KHO 
onpe.l{enBTb rronpaBKy, yqBTLIBalOI.QYIO BilBHHHe pa3peweHB.11 

cneKTPOMeTpa: 

C (p)= N(p) 
R M (p) 

/6/ 

H B3 H3MepeHHOro cnexTpa nonyqHTb BCTBHHLIH CIIeKTP 
4 

N(p) = CR(p)M(p). /7/ 

,L{n.11 pa3peweHHLIX ,8-rrepexo.l{oe B rayccono:ii «i>opMLI nBHBB 

rronpaBKY Ha pa3peweHHe CR(p) nonyqaeM B BH,!{e: 

.F (Po' z )po2 <v'l + p 2 -v'l + p 02 ) 2 
CR(p) = max . • /8/ 

Pmax . --- ___ p 
1/ Ap

0
f F( p, Z)p 2 (y' l+p 2 -v' 1+ p 2) 2 exp{-C( ... !JL1)2Jdp 
0 

max p 

B cnyqae 3anpeI.QeHHLIX {3-nepexo.l{OB cne,!{yeT nKnroqBTL 

COOTBeTCTBYIOI.QBH <l>aKTOP 4>opMbI 'S(p ). 
Ilayn I 1/ paccquTan Ci p) ,npe.l{nonara.11, qTo 4>YHKUH.II 

cI>epMB .F ( p, Z) He 3aBBCHT OT p. B HHTepecyroI.QBx Hae cny
qa11x aHanB3a IIO3BTpOHHblX cneKTPOB C rpaHHqHblMH 3Hep-
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rHJIMH MeHLWe 1000 K3B Y'leT 3aBHCHMOCTH «l>YHKUHH 'l>ep
MH OT 3HeprHH MO)KeT OKa3aTLCJI cyIQeCTBeHHLIM. ,l(n.H y11eTa 
3TOH 3aBHCHMOCTH MLI 6panH «l>YHKUHIO 'l>epMH H3 /lo/.,nn.H 
pac11eTa C Jj. p) no 4>opMyne /8/ 6Lina HanucaHa nporpaMMa 
Ha .H3LIKe 'l>OPTPAH. Pac11eTLI npoH3BO'AHilHCL Ha 3BM 
CDC -6220 OHJIH. 3Ha'leHHJI HHTerpanoa pa.CC'IHTLIBanHCL 

c TO'IHOCTLIO 'AO 10-7 no MeTO'AY CHMnCOHa, a npe'AenLI 
HHTerpupoBaHHJI npHHHManHCL TaK, 'IT06LI B HHTerpan pac
npe'AeneHHJI raycca 6LinH BKmo11eHLI 3Ha11eHHJ1 'AO 10-5 OT 
ero MaKCHMYMa. 3TO o6ecne'IHBaeT TO'IHOCTL paCC'IHTaHHLIX 
3Ha'leHHH CR( p) 'AO 0,01 ifo. IlporpaMMa COCTaBneHa TalCHM 
o6pa30M, 'IT06LI DPB BBO'Ae B3BeCTHOro pa3pemeHBB R B 
3Ha'leHBJI rpaHB'IHOI: 3HeprHH ~ max nony'lanHCL aenH'IHHLI 
C R ( p) An• 3a'AaHaoro wara. 

Ha puc. 1 H 2 npeACTaBJieHLI paCC'IHTaHHLle HaMH 3a
BHCHMOCTH C E(R) AJIJI D03HTp0HOB l71 Lu, Eo mu= 362 K3B 
H 153 Dy, E 0 max =. 887 K3B /12/ .BH'AHO, 11To o6cy)KJlaeMLle 
nonpaBKH aenHKH T0JILKO npu .E, aeci.Ma 6nH3KHX JC Eo max. 

ToT «l>aKT, 'IT0 npu .Eo max E > 30-40 K3B H R <l ~. nonpaa
Ka Ha pa3peweHae C 8CEl, 0Tna11aeTc11 OT e'AHHHULI w:eHee 11eM 

Ha 1~. ll03BOilH11 He·- flfHTLIBaTL ee B PJl'Ae uccneno
BaHHB /l3-l 5/. 

lie3)KeJie3HLli TOpOH'AailLHLII ,B·cneKTpOMeTp CT-2 
. Y'AOBJieTBOpJieT BTOPOMY ycnoBHIO "H'AeanLHOCTH"; 3aBHCH· 

MOCTL Hp = f ( I ) JIHHeiiHa H HMeeT BH'A 

Hp = K , I , /9/ 
rne K = 11,849+0,007. /3ua11eHHe, nony11eHHoe a O'AH0ii . . -
H3 cepuii H3MepeHHJI cneKTpa KOHBepcHOHHLIX 3neKTPOHOB · 

l69Yb/. TaKHM o6pa3oM, 0T1<noHeHHJI OT nuHeiiHocTH He 
6oni.we 0,1%. 

qTo6LI oueHHTL, KaK co6nro'AaeTca nepaoe ycnoaue, 
Heo6XO'AHMO npoBeCTH HCCile'A0BaHHe «l>YHKUHH 0TKilHKa '{3 -
cneKTpoMeTpa CT-2 /4>opMa IlHHHH·C "XBOCTOM~'/. 

. . . . . 
2. HccAec>oeauue ¢YHKflUU omKAUKa ., {3- cneKmpoMempa 

CT-2 - , ·· ,_,, 

,nn.H nony'leHHJI· «l>YHKUHH 0TKilHKa {3-cneKTpOMeTpa He
o6XO'AHMO HCCile'A0BaTL' cl>opMy cneKTpanLHOii IlHHHH MOHO· 
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xpoMaTH'leCKHX 3JieKTPOHOB pa3HhIX 3HeprHii. EcTeCTBeHHO 

Ami 3TOH uenH HCnOJih30BaTL JIHHHH KOHBepCHOHHLIX 3JieKT

POHOB. IlpH HCCJieAOBaHHH cliopMLI JIHHHH /H, oco6eHHO, ee 

"XBOCTa"/ Ba)KHO xopowo 3HaTL BeJIHI.JHHY clioHa H no B03-

MO)KHOCTH ero yMeHLWHTh. CnJIOWHLie 13- -cneKTphl a pac

CMaTpHBaeMOH 3aAaI.Je HBmnoTCH clioHOM, no3TOMY MLI BLI-

6apaJIH JIHHHH KOHBepCHOHHLIX 3JieKTpOHOB, B03HHKaIOU{HX 

npH pacnaAe H30TOnOB, HCnLITLIBaIOU{HX 3JieKTpOHHLIH 3a

XBaT HJIH {3+ -pacnaA. BL16paHLI H30TOnLI, HMeIOU{He npoCTLie 

CIIeKTphI KOHBepCHOHHLIX 3JieKTpOHOB /MaJIO JIHHHH/, a HMeH -

HO 167 Tm' 169 Yb ' 152 Dy H 152Tb. YI.JaCTKH cneKTpoa, 

HCnOJih30BaHHLie AJIH aHaJIH3a, npeACTaBJieHLI Ha puc. 3- 5. 
AHaJIH3 npoBOAHJICH CJieAYIOIUHM o6pa30M. 3aBHCHMOCTh 

C'leTa B KaHaJie N ci OT HOMepa KaHaJia Ki B o6JiaCTH 3Hep

raii, 60JILWHX 3Hepraii H3yI.JaeMhlX KOHBepCHOHHhlX 3JieKT

poHOB, annpOKCHMHpoBaJiaCL «liYHKUHeii THna exp ( a 1+ {3 I K. ) . 
PaccI.JHTaHHLiii TaKHM o6pa3oM clioH N cpi a Ka)KAOM KaHli.ne 

Bhl'IHTaJICH H3 l.JHCJia oicI.JeTOB Nci 3KcnepHMeHTaJILHoro 

pacnpeAeJieHHH KOHBepcHOHHhlX 3JieKTPOHOB. IloJiyl.JeHHOe 

pacnpeAeJieHHe aeJIHI.JHH N 1. '°' ( N c· - N ,h• ) o6pa6a TLrnanocL 
1 I 't'l / , 

B6JIH3H MaKCHMyMa nHKa no MeTOAY JIHHeapH3aUHH 16~IIpeA-

nonaraa, l.JTO nHK onHChlBB.eTCH «liYHKUHeii Taycca: 

N 1 .=A expl-<K
0
-K.) 2 /2a2}, 

1 m 1 /10/ 

CTpOHM CJieAYIOll\YIO 3aBHCHMOCTh 

~ = 1 fn N Hi+ I) = _J.-[Ko-_!_<K. I+ K.)]. /11/ 
i K K N 2 2 i+ i i+l-· I . Ii a 

rAe Ko - HOMep nHKOBOro KaHana, Am - 'IHCJIO OTCI.JeTOB 

B KaHaJie Ko· Ilo MeTOAY HaHMeHLWHX KBaApaTOB HCKaJIHCh 

napaMeTpLI K0 H a 3TOH JIHHeiiHoii 3aBHCHMOCTH. BLII.JHTa.11 

B Ka)KAOH iO'IKe nonyI.JeHHYIO «liYHKl.(HIO /10/ H3 l.JHCJia 

N 1 i' nonyqaeM B o6JiaCTH 3Hepraii, MeHLWHX 3HeprHH nHKa, 

H3JIHWeK N 2i =Nli•-Nn .PacnpeAeJieHHe N 2i annpoKCHMH

pyeM «liYHKUHeii THna exp (a+ {3 Ki ) H nonyqaeM 3Hal.JeHHH 

napaMeTpOB a a {3 H HX OWH6KH. OnpeAeJIHJICH TaK)Ke HO

Mep KaHana Kint nepece'leHHH rayccoacKoro pacnpeAeJie -

HHH H 3KCnOHeHuHaJILHOro XBOCTa H3 ypaBHeHHH 

exp(a+[3K. t) -A exp(-(K
0
-K. tl 2/2a 2 }·= 0 

lll . m lll /12/ 

8 

1d 

, 
fO 

Q} -~ 
-

t-- -- -- - ---- --

'° 0 
0 
.a 
i::: 

~ 
::a 
iSl 

1d 

0 s 
5 . . 10 
:s: 
::r 

4 
f{) 

1d 

Nl 

f----------.-------

~ 

---
- -- ----

---· - . -~ _---. - l 
-

(\. 
·- u•r11 167T. -== 1'12c,u wdB ,m = ---------

5) -f--1------

-

_ __,.. ,, di"'",.-

---

' JOI I I "i41NJ 300 ioo ,doo ,ioo 12ao usco · · 
HoMep xaaana 
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6/ no11y11e1111oe pacnpeoe11e11ue "I'aycc + ,'31<cno11e111!Za ", 
noc.11e eb111uma11u.11 (Jjo11a. 
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no MeTo,ny HLIOTOHa- Pall>coaa/17 /, IlpH peweHHH ypaBHeHHJI 
/12/ qacno HTepanan yaenHqHaaeTcH, noKa He 6y,neT .no
CTHrHyTa TQqHQCTL B onpe,neneHHH Kint ~0,02 KaHana. 
Ilo MeTo,ny CHMncoaa /17/ BLJqacnHnHCL nnoiua.nH rayccoa
cKoro pacnpe.neneHHH 'Sr H 3KcnoHeHnHanLHoro "xaocTa" 
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'SxB,JI. IlpH 3TOM HHTerpupoBaHHe npOBO,IJ.HJIOCb ,II.JI.II Sr B 

npe,IJ.enax OT Ko -3a .IJ.O Ko+3a H ,II.JI.II ·s XB,JI, - OTO .IJ.O 

Kint • Bo Bcex uccne,IJ.oBaHHhIX cnyqa.11x cyMMa 'Sf+Sx 8• JI, 
COBrrana B rrpe,IJ.enax CTaTHCTH'leCKHX OIIIH60K C IlJIOI.I.\a,Il.blO 

3KCilepHMeHTaJibHOrO pacrrpe,IJ.eneHH.11 N l i • 
Ha puc. 3-5 npe,IJ.CTaBJieHhl 3KCrrepHMeHTaJibHble pac-

npe,IJ.eneHH.11 KOHBepcHOHHblX 3JieKTpOHOB K ~8 
167 Tm , 

K 308 l 69yb , K 2561521)y, K 344.4152'fb H K 587 152 Tb H HX 

arrrrpOKCHMaUH.11 OilHCaHHblM Bblllle crroco6oM. BB.II.HO, 'ITO 

3KcrrepHMeHTaJibHbie cneKTPhl Y.IJ.ODJieTBOpHTeJibHO OilHCbI· 

BaIOTC.11 4iYHKUHHMH BH,IJ.a "raycc + 3KCilOHeHTa". B ma611. 1 
npHBe,IJ.eHhl OCHOBHbie napaMeTphl, OITHCbIBaIOI.I.\He crreKTpanb· 

Hbie JIHHHH KOHBepCHOHHbIX 3JieKTPOHOB. 
HcnOJib3Y.ll ,IJ.aHHble ma611. 1, MO)KHO MO,IJ.eJIHpoBaTbiliYHK· 

UHIO OTKJIHKa Ha111ero cneKTPOMeTp_a, 3aBHC.llll\YIO OT HOMe • 

poB KaHanoB K 0 u Ki. ·---
IlocTpoHM BepOHTHOCTb W (Po, p )Toro, 'ITO 3JieKTp0H, 

HCilYI.I.\eHHbIH HCT0'IHHK0M C HMilYJibC0M p O' 6y,IJ.eT 3aperHCT • 

pupoBaH ,IJ.eTeKTOp0M B KaHane Ki npH T0Ke I, C00TBeT

CTBYIOI.I.\eM HMilYJibCY 3JieKTP0Ha p. 3aBHCHM0CTb HMilYJibCa 

p oT HoMepa xaHana nony'IHM, ucnoJib3Y.ll Bhlpa:>KeHne /9/, 

3aBHCHMOCTb I= A 
1 
+ A 2 Ki, onpe,IJ.eneHHYIO npu uccne,IJ.o· 

BaHHH npu6opa, H 4JopMyny p = K1 l-l p I A 1 = 4,55±0,37, 

A2= /987,5±3,4/.10-4 H K1.= 9,58667.10 -3/3//. 
HMeeM: .:h 

K. = ( 1456,7 ± 1,5) p- (46,2 ±3,5) 
l 

/13/ 

3KCil0HeHTY, 0ilHCblBaIOI.I.\YlO pacnpe,IJ.eJieHHe 3JieKTpOHOB B 

"XBOCTe" JIHHHH, npe,IJ.CTaBHM B cne,nyroll\eM BH,IJ.e: 

exp (a + /3 K .) = exp (a + {3 p ) , 
l p p 

r,IJ.e {3 =1456,7/3 H ap=a-46,2/3 .IlpH 3TOM f3 H f3 - na
paMeT~hl, onpe,I1.en:11011Uie yron HaKnoHa npHMhlX, nohri~rn

HhlX npH norapHq>MHPODaHHH "XBOCTOB" JIHHHH B xoopmrna-

TaX K. H p' C00TBeTCTBeHH0. Kax BB.II.HO H3 ma611. 1, 
I . 

3Ha'leHH.ll f3 pacTyT C y:seJIH'leHHeM 3HeprHH 3neKTP0HOB. 

K -K 
O __.i!!.!. Il0CT0.JIHH0 ,II.JI.II BCeX HCCJie,IJ.0BaH-

K 0 p -p. 
HbIX JIHHHH. HcnoJih3YH /13/, onpe,IJ.eJIHM C 2 (p 0 ) = 

0 
mt 

Po 

OTH0111eHne C 
1 

= 

12 

Ta611u11a 1 

OcHOBHble xapaKTepHCTHKH 4JopMbl JIHHHH K0HBepCH0HHblX 

3JieKTp0H0B 

KOHB8pCHOHHH8 ~ It_ (-/l;nt S:;c1_.,,.__ 
3Jl8XTpOHJ,I R.% J{lnf -c fl .Sr-#S~ . .11.. 

K208 167 5,569(6) 1151,6(3) 0,0134(3) 0,0116(10) 0,143(22) !Im I,14 II36,I 

K256 152 6,877(6) 1385,8(2) 0,0138(9) 0,0154(11) 0,093(2!) ])':I 
1,16 1365,9 

!008 I69Yl. 7,569(8) 1556,5(4) 0,0139(5) 0,0314(7) 0,036(5) 
1,14 I5J5,7 

!044,4 152,rt 8,034(14) 1731,0(9) 010132(5) 0,0330(10) 0,031(11) 
I,09 1708,II 

K587 1521°-t 12,978(16) 2564,1(2) 0,0134(7) 0,0357(17) 0,023(9) 
I,IJ 2529,7 

k2oa 167!/m O,Ol40(IO) 

C2<Po>=C1(l- 0,0317 ), /14/ 
• Po 

r,IJ.e Po H Pint - HMrrynhcb1· 3JieKTP0H0B, 3aperHCTPHPOBaH· 

HhlX B KaHanax· K 0 HK int• 

Terrepb Mhl MO)KeM rrpe,IJ.CTaBHTb 4iYHKUHIO OTKJIHKa ua-

111ero cneKTpoMeTpa KaK cyMMY rayccoBcKoro pacnpe,IJ.ene -

HHH H 3KCilOHeHn;HaJibH0ro "XBOCTa": 

F < P , Po > = F r < P , P o > + F x B,Jl. < P • P o > /15/ 

3TO pacnpe,IJ.eJieHHe y)Ke He .llBJI.lleTCH YHHBepcaJibHOH 4JyHK· 

uueii, KaK .IJ.JI.11 "H,IJ.eanhHoro" cneKTpoMeTpa /4JopMyna /3//, 
H3 - 3a HaJIH'IH.11 BToporo 'IJieHa .F X B,JI. ,KOTOphlii He06XO,IJ.HMO 

IlOJIY'IHTb ,II.JI.II Ka)K,IJ.0ro crreKTp0MeTpa. rayccOBCKOe pac

rrpe,IJ.eJieHHe B IlHKe K0HBepCH0HHblX 3JieKTp0HOB H0PMHp0Ba

JI0Cb K e,IJ.HHHUe no aMITJIHTY.IJ.e; npOB0,IJ.HJiaCh nepeH0PMH· 

poBKa pacrrpe,IJ.eneHH.11 B "xnocTe" JIHHHii TaK, 'IT06hl o6ec

ne'IHTh nepece'leHH.11 3THX pacnpe,IJ.eneHHii B T0'IKe Pint u 
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coxpaHHTb oTHolllettue nnowa.n;eii 'S XB,JJ, /Sr +S XB,JJ., nony
'leHHoe 3KcnepHMeHTanbHO. TaKHM o6pa3oM, MLI IlOCTpou
no: <liYHKIJ;HIO OTKnHKa {1-cneKTpoMeTpa CT-2. IlepBLiii qneH 
B /15/ - .Fr (p , Po) OCTaeTCJI TaKHM )Ke, KaK B cnyqae 
"u,l\ean&Horo" cneKTpoMeTpa /cl>opMyna /3//. Pacnpe.n;e
neHae B "XBOCTe" OilHCLIBaeTCJI cl>YHKIJ;Heii 

2 
C (p ) 

.F (p,p >=exp[ -C 2 
2° ] expl/3 p

0
[1-C

2
(p

0
>l x 

XB,JI. o 1-C (p) p 
2 0 

x[ l ...l!_-1]1. 
I 

/15/ 
1 -C (p > p 

2 0 0 

Kai( OTMC'ICHO Bblllle, /31! · 3RBHCHT OT HMnyn&ca 3IleKTPOHa 
Po/CM. llfQOA. H puc. 6/.fPHTHposaHHeMHa3BM"MHHCK·22" 

uatt~eH aHa.IlHTH'leCKHH BHJJ; 3RBHCHMOCTH /Jp =f(p); 

f3 = -160, 76 + 312,83 p - 117,47 p 2 
p 

E EHTepeane p =0,8-:-1,1 H 

f3 = 37,ffi + 8,33 p p 

np~ p > 1,1. 

3. llonpaBKU OAA "peaAbHOZO" {3- cneK11poMe11tpa 

/16/ 

/16/ 

BepoJITHOCTb W ( P, PO) perucTpauuu 3IlCKTPOHa C HM-

Il)'IlbCOM Po B KaHane Ki ,COOTBeTCTBYIOWeM HMnyn&cy p , 
lafiHWeM B BH.n;e: 

w(p,p
0

) =.A(p
0

).F(p, p
0
), 

r.n;e ~A(p0) - HOPMBpoeo,rnLiii MHOlkHTen1:,: 

1 A(p)=----= 
O Pmax 

1 

Pmax· Pint 

/18/ 

f .F(p,p )dp 
0 0 

f .Fr(p,p ) dp+f F (p;p )dp 
0 . 0 0 X B, JI, 0 

/19/ 

14 

,...,. 

.P, 

50 

L.O 

30 

20 

• 

10 

• • 

1,0 

+ + 
t 

2,0 
p, HMnyn1:,c a m

0 
c 

Puc. 6. 3Ha'leHUJI napaMempoe f3 , onpeoe.11J110111ux HaKAOH 
npJ1M1>1x, noAy'leHH1>1x npu -.11ozapu¢MupoeaHuu 3KcnoHeH-
11uaA1>H1>1x "xeoc•oe" ucc.11eoyeMb1x cneKmpa.111>u1>1x AuHuu 
KoHeepcuoHHblX 3.lleKmpouoe. 

Hcxo.n;.11 H3 4lopMynLI / 4/, 3KcnepuMeHTam,Hoe pacnpe.n;ene -
HHe M (Po) nonyqaeM B au.n;e 

Pmax Pm.ax 

M ( p 
0
> = A< p 

0
> I J 

Po 
F (p,p0)N(p)dp+J Fr(p,p

0
)N(p)dp}. 

XB,JI, O 

/20/ 
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Ilocne npeo6pa3onaHHJ1 Bhlpa:>KeHuii /19/ u /20/ nony11aeM: 

M(po) 
A1<Po> + A2<P o> 

Ml + M 2 /21/ 

rne 

+2R 
Al(po)=f exp(-Cy2) 1 d~ 

(1 + y) 2 -2R 

/22/ 

l-C2(p0) 
C 2(p c/ ) 

A2<Po> = exp (-C 1-C 2(po) f exp[/3p<l-C 2<Po»] Po x 

0,4( l -C
2
(p

0
) 

1 x (--- z-1} dz , /23/ 

1-C /p
0

) 

Ml 
1 +2R 2 ( P ) ___ , d y , 

f exp (-Cy ) N 1 + y Cl+ y) 2 
-2R 

/24/ 

C 2<Po) 
M = exp[-C---- 2 

2 
Cl-C2<Po» 

1 -C
2

(p0 l 

f exp</3/1-C 2(p0)) x 

0, 4(1 -C 
2

(p
0

)) 

1 Po x p
0
(---=--- z-1) xN (-) z dz. 

1 -·C 
2 

(pJ 0,4 

y =Pol P ' z = P / Po • /25/ 
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HHTerpuponaHHe Bblpa:>KeHHH /22/- /25/ BhlilOJIHJleM no Me

TOJtY CHMilCOHa/17/ C TO'IHOCTLIO JtO 10-3 .IlonpaBKY C y11e

TOM peaJILHOH «l>YHKUHH OTKJIHKa nony11aeM B BH,Jte 

N(p) N(p)[.Al (p)+A2(p)] 
Co ( p) = -- = -----''--_ __,:::; __ 

M(p) M 1 + M 2 

H3 4>opMyn /7 / u /26/ nony11aeM 

C o<p) = ·C R(p) 
1 +:A 

2
(p)/ A 

1 
(p) 

l+M 2 / M 1 

/26/ 

/27/ 

Ha puc. 7 npencTaBneHhl nonpa.Bo'IHhle K034>cl>uuueHThl ·Co 
.AJIJI Il03HTPOHHhlX cneKTpOB 153 Dy/ a, Eo max = 887 K3B/, 

22
Na / o , E0 max= 545 K3B/ H 171 Lu / ,Eoma~ 362 K3B/ 

B 3aBHCHMOCTH OT 3HeprHB. Ha TOM )Ke PHCYHKe ,JtaHhl 

3Ha11eHHJI IC034>cl>HuHeHTOB CR • 3aMeTBM, '{TO nonpaBKH 

·CR(p) H .co (p) paCC'IHTaHhl npB YCJIOBHH /5/ paBeHCTBa 

DJIOLQa,Jteii 3JCCnepHMeHTam.Horo H BCTHHH0ro cneKTp0B, 

T. e. 0HH He Y'IBThlBalOT yeeJIHl{eHHJI DJI0IQa,JtH 3KCnepHMeH

TaJILH0ro cneKTpa u3-3a o6paTHoro pacceJIHHJI nno.1tJI0)K-

1Ce. 11To6w 0U\'HHTL 3T0T 3c)clieICT, MW B3MepJIJIH cneKTp 

D03HTPOH0B 22 Na/ Eo max= 545 K3B/ npB pa3HhlX TOJIIQBHax 

d n uainaponoi noJtJIO)KlCH / d =n-d , d = 680 MKz/cM 2, 

n = 1-:-4 /. Ilony11eua JIHHeiiHaJI 3aBHCHMOCTL IlJIOIQaJtH cneKT

pa Sn OT TOJIIQHHW DO,ltJI0.>KKH. IlpH 3KCTpanOJIJIUHB K ~= 0 
nony11eHa nnoIQaJtL cneKTpa npu "Hynenoii" TOJIIQHHe nonno)K

KB. OTHOWeHBe S 1 / SO = 1,009±0,002. TaKHM o6pa3oM, 

MJI npBHJITOii B 3KcnepuMeHTax Ha cnexTpoMeTpe CT- 2 
IlOJtJIO)KICH TOJIIQHHOH 680 MKZ/cM 2 ycJIOBHe /5/ co6JI10,1ta

eTCJI C TOl{HOCTLIO He xy:>Ke l 'fo. 
Ha puc. 8 npe,JtCTaBJieHhl 3KCnepHMeHTaJILHhle OTHowe

HHJI S XB.JI./ Sf' + 8 XB.JI. B 3aBHCBMOCTH OT 3HeprBH KOH

BepCHOHHWX 3JieKTPOHOB. KpHBaJI naeT pe3yJILTaThl pac

l{eTa Toro )Ke OTHOWeHBJI no pa3pa60TaHHoii nwme npoueny

pe. BHJtHO, '{TO 3KCnepHMeHTaJILHLle pe3yJILTan,,: YJtOBJieT

BOpHTeJILHO ODBCbIBalOTCJI C DOMOIQLIO DOCTpOeHHOH «l>YHKUHH 

OTKJIHKa /3-cneKTpOMeTpa CT-2. 
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C 
ti 

tC 

o;l 
< 

~l 

a 

: ' tD~ __, 

I 03, ~ 
< 

C 
U· I b 

10: 

ca, 
I 

a.a 

2CO 3CO 4CO 500 eoo .. 700 IIXI_ E.,n 

Puc. 7. Ilonpaao'l11b1e K03fPfPU1JUeHmb1 C o<P) ion1<pb1111b1e 1<pyJ1C-
1<u/ u C_q(p) /mO'lKU/ OAJl noaumponoa: a/ c Eomax== 887 t<aB 
I 53Dy, 6/ C Eo .::: 545 K3B 2 2Na, e/ C Eo .::: 362 K3B 
171Lu. max max 

~ 

Q15 

0.1 

005 

,so 200 250 30,) 350 400 450 500 5_50 E., kJ8 

Puc; 8. 31<cnepuMenmaAbHb1e 0111Howenu.11 <S xn.JI/Sr+S XB.JI. 
e aaeucuMocmu 0111 3Hepzuu 1<0HeepcuoHHblX 3Ae1<11p0Hoe. 
PeayAbmambi pac'le11a 3111020 0111Howeitu.11 no MooeAupoeaH
Hoii fPYHl<ijUU 01111<AUKa cne1<11p0Mempa noKa3aHbl cnAOUlHOii 
AUHUeii. 
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4. 3a1<A1-0'lenue 

lIT06hl Ol(eHHTh BJIHHHHe q>yHKl(HH OTKJIHKa f:rcrreKTpo

MeTpa CT-2 Ha rrony11eHHhie pe3yJihTaThI, 6blJia rrpoBe;::i;eHa 

o6pa6oTKa HJMepeHHii p+.. crreKTpa 22 Na c y11eTOM H 6e3 

y11eTa rrorrpaBoK C O ( p) / puc. 76/. Ilony11eHhI 3Ha11eHHH: 

6e3 yqeTa C 0(p)-Eomax = /545,17±0,37/ K3B; 
S [J+- = /5,330±0,059/.106 UMn.K3B, 

c y11eTOM Co(p) -EP max = /544,81±0,36/ K3B; 
Sp= /5,463±0,059/.10 6 uMn.K3B. 

IlpHBe,D;eHHhie OIIIH6KH orrpe;::i;eJIHIOTCH TOJihKO CTaTHCTH

tfeCKHMH OIIIH6KaMH OTCtfeTOB B OT,D;eJihHhlX TOt{Kax crreKTpa. 

BH.D;HO, tfTO BJIHHHHe <PYHKl(HH OTKJIHKa Ha pe3yJihTaT orr

pe;::i;eJieHHH Eo max He rrpeBhIWaeT B ;::i;aHHOM CJiyqae CTa

THCTHqeCKOH rrorpeWHOCTH. J1HTeHCHBHOCTh /3-rrepexo;::i;a 

yBeJIHtfHBaeTCH IIPH 3TOM Ha 2,5o/o /cTaTHCTHtfecKaH OWH6-

Ka -1 o/o/. 3TO IIpHBO.D;HT K 3aKJIIOtfeHHIO, t{TO rrorrpaBKH 

Co< p) Ba)l<HO YtfHThIBaTh IIPH aHaJIH3e O.D;HOKOMIIOHeHTHhIX 

/3- crreKTPOB TOJihKO B Tex CJiytfaHx, Kor;::i;a IIPH H3MepeHHHX 

tfHCJia 0Tc11eToB B TOtfKax crreKTpa Ni = Ne i -N cpi ;::i;ocTur

HyTa CTaTHCTHqecKaH TOtfHOCTh - l • 2o/o. 

CJIO)l<Hee IIOJIO:>KeHHe B cnyqae MHOrOKOMIIOHeHTHhIX 

/3-crreKTPOB, oco6eHHO Kor;::i;a HMeIOTCH :>KeCTKHe KOMIIOHeH

Thl crreKTpa:TaN, .D;JIH' Eomax = 887 K3B/puc. 7a/BBe

;::i;eHHe nonpaBoK yMeHhwaeT cqeT rrpH 150 K3B Ha l lo/o. 

3TO 3HatfHT, tfTO ;::i;a:>Ke npH CTaTHCTHqeCKOH TOtfHOCTH 

OKOJIO lOo/o npu aHaJIH3e CJIO:>KHhIX crreKTpOB 6e3 y11eTa 

rrorrpaBOK Ha <PYHKl(HIO OTKJIHKa B o6JiaCTH MaJihIX /300-;

-:- 400 K3B/ 3HeprHii MOryT 6bITh ;::i;onyI.QeHhl OWH6KH. 

B C03.D;aHHOH rrporpaMMe .D;JIH o6pa60TKH /3-crreKTpoa/lB/ 

y11TeHa B03MO:>KHOCTh BBe,D;eHHH rronpaBKH Co ( p) . 

ABTOpbl rny60KO rrpH3HaTeJibHbl H.A.I'oJIOBKOBy Ja rro

Jie3HOe o6cy:>K,D;eHHe BOIIPOCOB, CBH3aHHbIX C ;::i;aHHOH CTaTheii. 
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