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Ilpouecc perHCTpauHH y-KBaHTOB, a-qacTHU HJIH 3JieKTpOHOB BHy'IpeHHeii KOH

BepCHH (3BK) conpOBO)l(,!l,aeTCH pH,!1,0M no6oqHhIX 3cpcpeKTOB, TaKHX, KaK KOMilTOH-3cp

cpeKT, B03HHKaromnii npn B3aHMO,!l,eHCTBHH y-H3JiyqeHHH C BemecTBOM, H npoueCChl 

o6paTHOro pacceHHHH n caMonornomeHHH B pa.D,HOaKTHBHOM HCTOqHuKe, KOTOphie 

HaH6011ee xapaKTepHhl npn perHC'IpaUHH 3JieK'IpOHHOro H3JiyqeHIUI HJIH a-qacTHU. 

3-ro npHB0,!1,HT K TOMY, qTo B 3Hepre-rnqeCKHX cneKTpax IlOMHMO cneirpanhHhIX JIHHHH 

perHC'IpHpyeTCH TaIOKe H qJOH CJIO)KHOH cpopMhl. TaK KaK KOHeqHoii ueJihlO H3yqeHIUI 

cneK'IpOB H.D,epHoro 113JiyqeHHH HBJIHeTCH onpe.D,e11em1e 3Heprn11 H HHTeHCHBHOCTH co

OTBeTCTBYIOI.UHX cneKTpaJihHhIX JlllHHH, TO HCKJI10qeH11e HJIH npaBHJihHhIH yqeT qJOHO

BOro pacnpe.D,eJieHllH HBJIHeTCH Ba)KHOH IlP,06JieMOH. Oco6eHHO Ba)!(Ha npoue.D.ypa KOp

peKTHOro BhlqllTaHllH cpoHa np11 npeUH3110HHOM onpe.D,eJieHHH 3Heprnii y-JIHHllll, TaK 

KaK B np11Hu11ne, IlOMHMO CTaTllCTllqecKoro, He cymecTByeT Kp11Tepllil KoppeKTHOro 

BhlqHTaHHH cpoHa npH om1caHHH cpopMhl JlllHllH onpe.D,eJieHHhlM MO)],eJihHhlM npe,!1,CTa

BJieH11eM: 3HaqeHHe 3Hepr1111 y-JillHHll HBJIHeTCH llCTHHHhIM npn KoppeKTHOM BhJqnTa

HllH cpoHa, a KOppeKTHoe BhJqnTaH11e !pOHa Mhl MO)KeM nposeCTH, ec1111 TOJlhKO 3HaeM 

HCTHHHOe 3HaqeHHe 3Heprnn y-JIHHHl1. l1 B 3TOM cnyqae HHKaKne 3TaJIOHHhie HCTOqHn

KH He Il03BOJIHIOT pern11Th 3TY 3a.D,aqy, TaK KaK qJOHOBOe pacnpe)].eJieHHe IlO)]. 3TaJIOH

HhIMH y-JIHHHHMH 3aBe)],OMO 6y.D,eT ornnqaThCH OT qJOHOBOro pacnpe)],eJieHHH HCCJie.D,y

eMoro llCToqHHKa. 

3a.D,aqy HCKJIIOqeHIUI KOMilTOHOBCKOro pacnpe)].eJieHllil MO)KHO peumTh annapa

TYPHhIMll HJlll aHaJIHTHqeCKllf,111 cpe.D,CTBaMll. IlpnMepoM annaparypHhlX cpe.D,CTB MO

ryT CJIY*HTh cneKTpOMeTphl IlOJIHOro nornomeHHH, KOMilTOHOBCKlle H aHTllKOMilTO

HOBCKlle cneK'IpOMe'rphl [I]. O)].HaKo Ka)K.D,OMY Tnny 3Tl1X cneK'IpOMelpOB npncymn 

xapaKTepHhie He)],OCTaTKH, KOTOpble CBH3aHbl C TeM, qTo HH B 0)],HOM H3 HHX He B03MO)K

HO He TOJlhKO IlOJIHOCThlO ycTpaHHTh KOMilTOHOBCKOe pacnpe.D,eJieHne, HO H 06ecne

q11Th ero paBHOMepHoe oc11a611eHHe BO BCeM 3HepreT11qecKOM )],Hana30He. CymeCTBeH

HhIM He)],OCTaTKOM cneK'IpOMeTpa IlOJIHOro IlOrJIOII{eHHH .IIBJIHeTC.11 TaIOKe HH3KOe 3Hep

reTHqecKoe pa3perneHne scne.D,CTBHe Toro, qTo ero MO)KHO peamnosaTh TOJihKO c 

HeopraHHqecKHMll CUHHTHJIHTopaMH 60JibllIOro o6beMa. l1 o6IIIHM He)],OCTaTKOM 3Tl1X 

cneK'IpOMerpOB HBJIHeTCH HX )],OBOJibHO HH3KaH 3cpcpeKTHBHOCTb perHC'IpaUHH y-H3JIY-
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qeHIUI .D,IDKe ,!l,IDI cneICTpoMerpa IlOJIHOro nornomeHIUI H aHTHKOMilTOHOBCKOro cneK

'IpOMerpa, B CJIYqae, eCJIH 'Ipe6yeTCH cymecTBeHHO yMeHhllIHTh 3cpcpeKT cyMMHpOBa

HHH KacKa.D,HhIX y-nyqeii B KpHCTaJIJie aHaJIH3Hpyromero ,!l,eTeKTopa. 

AHaJIHTHqecKHe MeTO,!l,hl yqe-ra !pOHa pa3BHBaJIHCh B CBH3H C Heo6xo.D,HMOCThlO 

perneHIUI 3a.D,aqH aBT0Man1qecKoii pacumcppoBKH y-cneICTpoB H onpe~e11eHIU1 3HeprnH 

tt HHTeHCHBHOCTH y-JIHHHH, HaXO,!l,HI.UHXCH Ha !pOHOBOM pacnpe.D,eJieHHH (2-6]. O.D,HH 

H3 Il0,!1,XO,!l,OB, o6ecneqHBalOI.UHH aBToMaTHqecKHii IlOHCK y-JIHHHH npH KOMilhIOTepHOH 

o6pa6oTKe ,!1,HCKpeTHhIX cneICTpOB, npmieJI K HCilOJih30BaHHIO MeTO.D,a ,!l,BOHHOH pa3HO

CTH (2]. B 3TOM cnyqae C'IpOHJiaCh cpyHKUllil 

co 
0 e-, 
QJ 
::r' 

~ 
0 

i = ::r 

S; =N; -2N;+J +N;+2 

100000 -=------------------------, 

10000 

1000 

100 

10 

225Ac 

1000 2000 3000 
HoMep KaHaAa (E) 

Pnc.1. y-cneKTp 225 Ac 

I. OtrLCA~,m~;.~0 th:'Thl'j''l' t
W\'!~iidX B~Jlfi::~lllii~ 

&HSni,fOTS:Hit\ ~·., .................. 

4000 



30000 

I 
a 225 Ac 

I 
co 

20000 0 

t 
E; 

l e-, 
0 
0 
t) 
=: 10000 ::r 

0 ' 

6 

5000 

0 -I~~ 11>""--.l 

-5000 

-10000 --',-----,------,-----,-----,---,------y-----1 

200 300 400 500 
HoMep KaHaJ\.a (E) 
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.llBOHHOH pll3HOCTH - n = 1) 

r,lte N ~ 'IHCJIO OTC'leTOB B COOTBeTCTBy101ueM KaHaJie. 3-ra q>yHKUHH 3KBHBaJieHTHa 

BH.!ly BTOpoii npOH3B0,1lHOH ,!lJIH HenpepbIBHOH q>yHKUHH. 
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Pa3pellleHHe COBpeMeHHhIX BhICOK03q>q>eKTHBHhIX nonynpOBO,!lHHKOBhIX y-cneK

TP0MeTpOB He npeBhllllaeT HeCKOJlhKHX K3B, Il03TOMY KOMilTOHOBCKOe q>OHOBOe pac

npe,neJieHHe B npe,nenax y-JIHHHll MO)KHO, O'leBll,!lHO, annpOKCHMHpoaaTh JIHHeHHOH 

q>yHKUHeii. 8 )TOM cnyqae HaxO)K,!leHHe BTOpoii npOH3B0,1lHOH ,1lJljJ 3KCnepuMeHTaJih

HOro y-cneKTPa no3BOJ!j)eT CBeCTH q>OHOBOe pacnpe,neneHue K Hymo. Ha puc. l npuae

,neH y-cneKTP 
225 

Ac, mMepeHHhIH Ha nJiaHapHoM HPGe-,neTeKTope, a Ha puc.2 -

npuMep no,no6Horo npeo6pa:10BaHllj), npoBe,neHHoro ,1lJljJ Ha'laJihHoro yqacTKa 3Toro 

CIIeKTPa IIOCJie npoue.nyphl HaxO)K,!leHllj) BTopoii pa3HOCTll. Bu,nHO, 'ITO IIOCJie Haxo

)K,!leHHH BTOpoii pa3HOCTH q>OH KOMIITOHOBCKOro pacnpe,neJieHllj) CTaHOBHTCH paBHhIM 

Hymo. O,nHaKO npu llCIIOJih30BaHHH no,no6Horo no,nxo,na IIpOHCXO,!lHT cyruecTBeHHOe 

yMeHhllleHHe llHTeHCHBHOCTH pac'leTHOH y-JIHHHH, 'ITO CKa3hIBaeTCH Ha TO'IHOCTH 

onpe,neneHHH ee JHepruu u Bhl3hIBaeT Heo6xo,1lHMOCTh aae,neHllj) npoue,nyphl crna)KH

BaHHH. Ilpoue.nypa CrJia)KHBaHllj) II03B0Jlj)eT II0BhICllTh 'IYBCTBHTeJihHOCTh CIIeKTPO

MeTpa 3a C'leT ycpe,nHeHHH CTaTHCTH'leCKHX q>JiyKTYauuii, XOTH IIpH )TOM yxy,nlllaeTCH 

pa:1pe1IIeHHe CIIeKTPOMeTpa. . 

lfa6e)KaTh IIOTepH qyBCTBHTeJibHOCTll CIIeKTPOMeTpa H ,na)Ke yBeJIH'lllTh ee MO)K

H0 npuMeHHB MeTO,!l npeo6pa30BaHllj) y-cIIeKTPa, KOTOphlH MO)KHO YCJIOBH0 Ha3BaTh 

KBa3u,nuqiqiepeHuupoBaHue~. MeTo,n aHanomqeH npoue.nype ,nHq>q>epeHuupoBaHllj) 

,!lllCKpeTHOI'O cneKTpa, KaK B paCCMOTPeHHOM paHee CJiy'lae, Kor,na IIpOHCXO,!lllJIO Bhl

'lllTaHHe H3 co,nep)KHMOro KaHana C HOMepoM i co,nep)KHMOro KaHana C HOMepoM i + 1 
8 npe,nnaraeMOM MeTO,ne IIpOH3B0,1lHTCH Bhl'IHTaHue ll3 co,nep)KHMOro KaHaJia C HOMe

poM i co,nep)KllMOro KaHana C HOMepoM i + n, r,ne 3Ha'leHHe n paBH0 llIHpHHe y-JIHHHH 

Ha IIOJIOBHHe BhICOThl. IlpH TaKOM no,nxo,ne llCIIOJih30BaHO anpHOpHoe 3HaHHe q>OpMbl 

JlllHllll. <l>opMHpOBaHue KBa3ll,1lllq>q>epeHUHaJihHOro cneKTPa npOH3B0,1lllTCH aHaJIO

rH'IHO qiopMHpOBaHHIO cneKTpa ,!lBOHHOH pa3HOCTH 

S; =N; -(N;+1 +N;+n )+Ni+n+I· 

3-ra npoue.nypa II03B0JIHeT ocyruecTBllTh IIOHCK CJia6hIX IIO llHTeHCHBHOCTH JIH

HllH B npucyTCTBHll q>OHa ll CTaTHCTH'leCKllX q>JiyKTYauuii, TaK KaK B ,naHHOM cnyqae 

npoucxo,nHT q>OpMupoBaHHe cneKTPa KoppenupoBaHHh!X co6bITHH. O'1eBH,1lHO, 'ITO 

npu ,!lBOHHOM KBa3H,1lHq>q>epeHUHpoBaHHll He IIpHcxoAHT IIOTepH 'IYBCTBHTeJihHOCTH 

CIIeKTP0MeTpa. Ha puc.3 npuBe,neH pe3yJihTaT ,!lBOHHOro KBa3H,1lHq>q>epeHUHpOBaHllj) 

,1lJljJ HHTeHCllBHhIX y-JIHHHH ,1lJljJ Toro )Ke yqacTKa cneKTpa, 'ITO u Ha pHc.2. 

Ha pHc.3 au,nHhI CTPYKTYPHhie oco6eHHocm, B03HHKaIOruHe npu qiopMupoaaHHH 

KBa3u,nuqiqiepeHI.(llaJihHOI'O CIIeKTPa, ,1lJljJ yqacTKa cneKTpa C Hepa3pelUeHHh!MH JIHHll

HMll. Ha pHC.4 npe,nCTaBJieH yqacTOK cqiopMHpoBaHHOro cneKTpa, BKJIIO'laIOruero Ma

JIOHHTeHCHBHh!e 0,!lllH0qHble JIHHHH Ha KpalO KOMIITOHOBCKOro pacnpe,neJieHllj). ,l(BOH

HOe KBa3H,1lllq>q>epeHIIHpoBaHHe KpaH KOMIITOHOBCKOro pacnpe,neJieHllj) IIpHBO,!lllT K 
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KBa3H,nmp<pepemmpoaaHHJI - n = 6) · 

Puc.4. a) Y11acToK y-cneKTpa 225 Ac. 6) y-cneKTp 225 Ac(nocn~ KBa3H,!l;H<p<pepeH

uupoaaHHH - n = 6) 

nmrnnemuo nptt n = 750 xapaKTepttoro nepena.n;a, coorneTcrny10mero Btt.n;y nepBoii 

npOll3B0.n;HOH. Ha pttc.5 npe,n;CTaBJieH TOT )Ke yqacTOK cneKTpa, qTo ll Ha pttc.4, OTJil-1-

6 

) 
'-!alOlUllHCH OT Hero TOJibKO TeM, qTo B KBa3ll,D;llqJqJepeHQllaJibHOM cneKTpe HCKJIIOqeHbI 

OTPHUaTeJibHbie KOMilOHeHTbI JlllHlll-1. IIpmie.n;eHHbIH pHCYHOK HarJIH,!l;HO ,n;eMOHCTPll~ 
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PHc.5. YtJaCTOK y-cneKTpa 225 Ac (B norapml>MHtJecKoM Mac1ma6e - lgN ;). a) OpHrn

HaJibHbJil: yqaCT0K cneKTpa, 6) KBa3HJ:1HCl>cJ:>epeHUHaJibHblH BH.r( cneKTpa 

pye-r B03MO)KHOCTH no i:meHTH!pHKaL(HH MaJIOHHTeHCHBHblX JIHHHH B npe,lleJiax CTa

THCTHtJeCKOrO pa36poca TOtJeK !pOHOBOro pacnpe,lleJieHWI. 

TaKHM o6pa30M, MeTO,ll KBa3H,llHcpcpepeHUHpOBaHWI: 

I) npHBeJI K cpaKTHtJeCKH noJIHOMY ycTpaHeHHIO cpoHa KOMilTOHOBCKOro pacnpe,lle

JieHWI no,ll y-nHHHRMH, T.e. no3BOJIHJI nonytJHTb aHTHKOMnTOHOBCKHe cneKTphl y-ny

tJeH. (3a HCKJIIOtJeHHeM TO'IKH nepern6a Ha Kpa!O KOMnTOHOBCKOro pacnpe,lleJieHWI), H 

o6ecnetJHJI B03MO)KH0CTb npHMeHeHWI e,!{HHOH npoue.llypbl onpe,lleJieHWI HHTeHCHB-

8 

HOCTH H 3HeprHH y-JIHHHH 6e3 HCnOJib3,0BaHWI pa3JIH'IHbIX sapHaL(HH npe,llCTaBJieHWI ' 

o cpopMe JIHHHH H BhitJHTaeMoro cpoHa (KOHCTaHTa, 3aBHCHMOCTh B si:me nonHHOMa H 

T.Jl.) .llnR pa3HhIX ytJ~CTKOB cneKTpa, C03,llaBM, ~aKHM o6pa30M, ycnosIDI ,llJIR npeUH3H

OHHoro onpe,lleJieHWI 3HeprnH 0,!{HHO'IHOH y-JIHHHH; , ,. 

2) onpe,lleneHHe ueHTpa TR)KeCTH y-nHHHH csen K Haxo)K.!{eHHIO ueiupa TR)KeCTH 

COOTBeTCTByJOmero pacnpe,lleJieHWI, Jie)Kamero Me)K,!{y OTpHL(aTeJibHblMH .lly6JieTHbl~ 

MH KOMnOHeHTaMH y-JIHH~H B KBa3H,llHq>cpepeHL(HaJibHOM cneKq>e, 6e3 npHBJieqe~HH 

KaKoro _:_ JIH6o MO,lleJibHoro npe,llCTaBJieHWI o cp~pMe JIHHHH ·. · 

m m 
nlJm = ~ n;N; I ~ N;. 

i=k i=k 

r,lle ,llHanaJoH k - m coOTBeTCTBYeT 3HatJeHHeM Ni )0. 
3) yseJIHtJHJI aMnJIHTY.llY y-nHHHH 6e3 ysenHtJeHWI yposIDI cpoHa; 

4) ,llaJI KpHTepHH MOHoxpoMaTH'IHOCTH JIHHHH __..::. s cnyqae CHMMeTpH'IHOH qiop

Mbl 0,llHHO'IHOH y-JIHHHH ,lly6neTHbie KOMnOHeHTbl y-JIHHHH B OTPHUaTeJlbHOH-06JiaCTH 

,llOJI)KHbl HMeTh 0,llHHaKOBbie aMilJIHTY.llhl, a ecJIH aMnJIHTY.llbI .lly6neTHbIX KOMnoHeHT 

pa3Hbie, TO 3ry JIHHHIO cne,llyeT ornecTH K JIHHHRM co cno)KHOH CTPYKTYPOii.·Csi:me

TeJihCTBOM CJIO)KHOH CTPYKTYPhl JIHHHH npH paBHblX aMnnHry,llax KOMnoHeHT OTpHua

TeJihHOro .lly6ne-ra MQ)KeT TaK)Ke CJI~HTb paCCTORHHe Me)l(Jly OTPHUaTeJibHbIMH KOM

noHeHTaMH, npeBhilllalOIL(ee Y.llBOeHHYIO llIHpHHY JIHHHH; 

5) TaK KaK B OCHOBe no,!{XO,lla ne:lKHT npe,llCTaBJieHHe O CTaH,llapTHOH cpopMe JIH

HHH, TO OH MO:lKeTnpHBeCTH s pR,lle cnyqaes K BbIRBJieHHIO cna6hIX no HHTeHCHBHOCTH 

y-JIHHHH, T.e. K o6Hap~eHHIO ynopR,llO'IHOro pacnpe,lleJieHWI TOtJeK Ha xaoTHtJeCKOM 

cpoHOBOM pacnpe,lleneHHH; 

6) n03BOJIReT TaK:lKe npOBO,llHTb aBTOMaTHtJeCKHH noHCK y-nHHHH npH KOMnblO

TepHOH o6pa6oTKe 3KcnepitMeHTaJibHblX ,llaHHbIX; 

Mo:lKHO TaK:lKe OTMeTHTb, 'ITO B npouecce cpopMHpoBaHHR KBa3H,!lHcpcpepeHL(HaJib

HbIX cneKTpOB HCnOJib3YeTCR TOJibK0 O,!lHH napaMe-rp - llIHpHHll y~JIHHHH. 

O,nHaKO npHMeHeHHe ,llaHHOro MeTO,na cpopMHpOBaHHR y-cneKTpOB npHBO,!lHT K 

HeKOTOpOMY cy?l(eHHIO HH!pOpMaTHBHOH o6JiaCTH, o6ycnoBJieHHOMY npoue.nypoii cppp

MHpOBaHHR y-cneKTpa. 3aMeTHM, 'ITO cpaKTH'leCKH nOJIHOe pa3,neneHHe y-JIHHHH s KBa-

3H,!lHq>cpepeHL(HaJibHOM cneKTpe npOHCXO,!lHT, eCJIH ueHTpbI TR:lKeCTH JIHHHH OTCTORT 

He MeHee qeM Ha TPeXKpaTHYIO llIHpHHY Ha nonyBhlCOTe JIHHHH, T.e. npH pa3pellleHHH 

cneKTpOMeTpa B 2 K3B 3TO 6y,ne-r COOTBeTCTBOBaTh 6 K3B. Ho npH 3TOM cne,nye-r OTMe

THTb, 'ITO H B cnyqae CTaH,napTHOro no,nxo,na npH onpe,lleJieHHH 3HeprHH H HHTeHCHB

HOCTH cneKTpaJibHOH JIHHHH TaK)Ke Tpe6ye-rcR paCllIHpeHHe cneKTpaJibHOH o6naCTH 3a 

npe,neJibl o6naCTH, 3aHRTOH JIHHHeH, ,!lJIR onpe,neneHHR H yqe-ra !pOHOBOro pacnpe,nene

HHR no,n H3ytJaeMOH JIHHHeH.. Pa3JIHtJHe KaJIH6poBOK no 3HeprnH H 3cpq>eKTHBHOCTH 

perHCTPaUHH y-H3JiytJeHHR ,!lJIR ripocTbIX y~cneKTpOB H ccpopMHpOBaHHblX cneKTpOB, 
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IlOJiy':leHHbIX MeTO~OM KBa3H~mpq>epeHI.~HpOBaHHJI, Tpe6yeT q>OpMttpOBaHHJI ~OilOJI
HHTeJibHbIX KaJitt6poB0':1HbIX . KBaJ~Hq>q>epeHUHaJibHblX cneKTpOB. Ilptt aHaJIH3e 
yqacTKOB y-cneKTpoB co CJIO)KHOH cTpyKT)'poii noTpe6yercJI ttcnoJib30Batttte CTaH
~aPTHblX MeTO~OB o6pa6oTKH y-cneKTpOB. 

IIpeMar~eMbIH Mero~ MO)KeT 6hITb npttMeHeH ~ npeQtt3HOHHoro onpe~eneHHJI 
3HeprHH H HHTeHCHBHOCTH O~HHO':IHblX y-JIHHHH, a TaK)Ke nptt H3y':leHHH cneKTpOB He
H3BeCTHblX y-nyqeii. ,[{pyroii o6nacTbIO npHMeHeHHJI MeTo~a MO)KeT CTaTb aKTttBaQtt
OHHbIH aHaJIH3, TaK KaK B 3TOM cnyqae Heo6xo~HMO 3HaTb TOJibKO q>OpMy KBaJ~Hq>q>e
peHUHaJibHOro cneKTpa onpe~eJieHHOro p~HOaKTHBHOro H30TOila MJI HCilOJib3yeMO
ro cneKTpOMeTpa. CymecTBettttoe ynpometttte qiopMbl y-cneKTpa no3BOJIJieT 
HCilOJib30BaTb no~o6Hblli no~o~ TaK)Ke nptt 3KCnpecc-aHaJIH3ax y-cneKTpOB. IloMH
MO 3TOro paccMaTpttBaeMbIH MeTO~ MO)KeT HaHTH npttMeHeHtte MR HCKJIIO':leHHJI y-, 
p+ -H p- -q>otta, 3aperttCTpttpoBaHHOro nonynpOBO~HHKOBbIMH ~eTeKTopaMH HJIH 

MarHHTHblMH cneKTpOMeTpaMH, nptt perHCTpaQHH 3JieKTpOHOB BHYTpeHHeii KOHBep
CHH. 

ABTOpbI nptt3HaTeJibHbI B.11.<l>oMHHbIX H lll.MaJIHKOBY 3a co~ettcTatte B pa60Te. 
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