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IIpeUH3llOHHOe onpe,!1,eJieHtte cptt3HqecKHX BeJill'UIH npott3B0,!1,HTCH Ha OCHOBe HX 

cpaBHeH~ c HOpM~MH. B cnyqae onpe,!1,enemrn :mepnrn y-rryqeii TaKHMH HopMaM

MH Moryr 6bITh HOpMarrtt nepBoro nopH,!1,Ka, 3HaqeHJie KOTOph!X onpe,nerrHeTCH cpyH,na

MeHTaJihHh!Mll IlOCTOHHHh!Mll. K HllM OTHOCHTCH 3HaqeHJ1e 3Heprttll aHHHrHJIHUHOHHO

ro ll3JiyqeH~ ll 3Heprttll peHTreHOBCKHX JlllHHll. 11cnOJih3YIOTCH TaK)Ke ll HOpMarrH 60-

rree Bh!COKHX nopH,nKOB, KOTOpb!e HBMIOTCH npOH3BO,[(Hh!MH OT HOplvtarreii nepBoro, 

BToporo ll T.,[(. nopH,[(KOB, COOTBeTCTBeHHO. ~ npeUH31lOHHOro onpe,nerreHml 3Hep

rttii y-nyqeii B cneKTpe HCCJie,!l,yeMoro pa,nuoaKTHBHOro ll30TOila MO)KHO llCilOJ1h30BaTb 

0,!1,H0,!1,eTeKTOpHhlll cneKTpOMeTp llJlll MHOro,neTeKTOpHbJe cneKTpOMeTphl conna,ne

Hllll, a Ta!Oll:e 0,!l,HH ll3 ,nByx pe)KHM0B ll3MepeHHtt: pe)KHM BHeUJHeii Karru6poBKH 

y-cneKTpoMeTPa H pe)KHM BHYTPeHHeii Karru6poBKH y-cneKTpoMeTpa. ITpu ucnorrh30-

BaHHH O,[(H0,!1,eTeKTOpHoro Bap11aHTa B pe)Kl1Me BHeUJHeii Karru6pOBKll np0HCXO,!l,HT no

oqepe,nHoe 113MepeHne cneKTpOB pa,nnoaKTHBHhIX H30TOII0B, ,naiomnx HOpMarr11 onpe

,nerreHHoro nopH,nKa, a TaK)Ke 11ccrre,nyeMoro HCTOqHnKa. B pe)KHMe BHyTpeHHeii Kam1-

6poBKl1 0,[(HOBpeMeHHO ll3MepH!OTCH Bee pa,n11oaKTHBHhJe ll30T0ITbl, ,na10m11e HOpMarr!l 

y-rryqeii ll y-cneKTp nccrre,nyeMoro llCTOqHHKa. QqeBH,[(Hbl He,[(OCTaTKll, np11cymue 

3Tl1M MeT0,!1,aM. B pe)K!lMe BHeUJHeii Karrn6pOBKII cymecTBeHHOll npo6rreMOll MO)KeT 

OKa3aThCH Heo6xo,n!lMOCTh o6ecneqeH!lH TeMneparypuoii II BpeMeHHOll CTa6HJibHOCTII 

cneKTpOM~a, a TaK)Ke H,[(eHTl1qHQCTH napaMeTPOB CileKTpOMeTpa nptt pa3Hb!X 3a

rpy3Kax, oco6eHHO B crryqae HCCJie,[(OBaH~ HJIH KOpOTKO)KHBYIUIIX H30TOIT0B, HJIH II30-

TOilOB, HHTeHCllBHOCTh KOTOph!X CllJlhHO OTJlllqaeTCH OT IIHTeHCHBHO_cn, H30T0ITOB, ,na

lOIUHX uopMarr11 y-rryqeii. B pe)KIIMe BHYTpeHHeii KarrII6poBKH cywecrneHHoii npo6rre

Moii CTaHOBIITCH ycJIO)KHeHne cpopMbl y-cneKTpa, qTO MO)KeT CKa3aTbCH npII 

onpe,nerreHmI 3HeprIIII He TOJihKO IIccrre,nyeMoii y-rrumm, HO u npu onpe,nerremm no

JIO)KeHHH HOpMarreii B y-cneKTpe, ecrrH, HanpuMep, y-IlHK HOpMarrH nona,naeT B pattOH 

KpaH KOMilTOHOBCKOro pacnpe,nerreHIIH OT ,npyroro y-nepexo,na l!Jlll nepeKpbrnaeTCH C 

IIccne,nyeMhIM y-nepexo,noM. O,nHoBpeMeHHoe H3Mepem1e c pa3,nerrhHoii pernCTpauu

eii IIccrre,nyeMoro II penepHoro IICTOqHIIKa MOlKHO ocymecTBHTh npu ncnorrb30BaHim 

MHOro,neTeKTOpHoro cneh.'TpOMeTpa COBila,neHHll. qHCJIO ,neTeKTOpOB 6y,neT paBHO B 

3TOM cnyqae qncrry pa,nHOaKTIIBHb!X IICTOqHHKOB +I. Pa3,nerreHHe y-cneKTpOB OT pa3-
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Hh!X HCTOqHHKOB MOlKHO_ocymecTBHTb 3a cqeT BBe,!l,eH~ pa3HhlX no BerruqnHe 3JleK

TPOHHhIX 3a,nep)KeK BO BpeMeHHhie KaHaJihl KalK,[\Oro ,[(eTeKTopa, qTO npnBe,neT K per11-

CTPau1111 MHOrOKOMilOHeHTHOll KpIIBOH MrHOBeHHhIX COBila,[\eHHH. Bb1611paR npn cop

THpOBKe TOT HJ111 ,!1,pyroiI IlHK Ha KpIIBOH COBila,!l,eHnii, Mhl MO)KeM BhIBeCTII 

IIHTepecyiomnii uac y-cneKTp. K ue,!l,ocTaTKaM no,!l,o6Horo no,nxo,na crreeyeT oTuecTH 

cymecTBeHHOe ycJIO)KHeHHe cneKTpOM~IIqecKoro KOMITJleKCa II TPY,!1,HOCTh o6ecne

qeHIIH o,n11HaKOBOll reoM~IIl1 H3MepeHHH ,[\JIH ncex HCTOqHHKOB. 

,z:i:ByXKOMilOHeHTHaR Kp11BaR MrHOBeHHhiX COBila,!l,eHHH MO)KeT 6bITh nonyqeHa 11 

npII IICITOJ1h30BaHIIII ,nBYX cneKTpOM~OB, ecm1 ,!),eTeKTOphl pa3HeCeHhl II paccTmIHIIe 

MelK,L\y HIIMH HBMeTCH TOH 6aJOH, KOTopaH onpe,neJIHeT BpeMR pacnpOCTPaHeH~ (3a

,!1,ep)KKII) y-ll3nyqeu~ OT 0,[(HOro ,!l,eTeKTopa K ,!1,pyroMy. He,!1,0CTaTKH, npncymIIe 3TOMY 

IlO,[(X0,!1,Y, oqeBII,[(Hhl - ,!l,a)Ke B OilTIIMaJihHOH reoM~IIII ,!l,M pa3HeceH~ KpllBhIX 

MrHOBeHHhIX COBila,LleHIIH, KOr,!l,a Ka)K,[(hlH IICTOqHHK HaXO,[(IITCH B Henocpe,!1,CTBeHHOH 

6JIII30CTII OT CBoero ,!),eTeKTopa, norryqaeTCH MaJiaR 3cpcpeKTHBHOCTh perHCTPaUHII HC

TIIHHhlX COBna,neHIIH no OTHOUJeHHIO K cnyqaiiHhlM COBna,neH~M II He 06ecneq11naeT- . 

CH 0,!1,IIHaKOBaR reoMeTp~ II3MepeHIIH penepHoro 11 IICCrreeyeMoro 11CTOqHIIKa. 

113 HaII6orree BalKHhIX cpaKTopoB, CBH3aHHhlX C armaparypoii II BJI~IOJUHX Ha Toq

HOCTh onpe,neneHIIH 3HepmII y-rryqeiI, cne,nyeT OTMeTIITh: }].OJirOBpeMeHHYIO CTa6HJih

HOCTh cneKTpOMeTPa, cpopMy" J111Hl1II, OTHOUJeHIIe IIHTeHCIIBHOCTeH cpOTonmdcpoH, 

ua6paHHYIO CTaTl1CTl1KY Ha cpoTOITIIKe, ueuy KaHarra aHaJil13aTopa 11 HeJIIIHeHHOCTh 113-

Mep11TeJ1hHOro TPaKTa. Bonpochl npeUII3IIOHHOro onpe,!1,eJieHl1H 3Hepr11H II 11HTeHCIIB

HOCTeii y-rryqeii npn ITOMOIUII nn,n:, npoue,!1,yphl 113MepeHIIH II o6pa60TKl1 3KCnepn-

MeHTaJ1hHh!X pe3yJihTaTOB pacCMOTPeHhl B pa6oTe [1]. . 

METO,n:m<A 11 PE3YJihTAThl 113MEPEHl1H 

B ,naHHOH pa60Te npe,[\JlaraeTCH IIHOH ITO}].XO}]. ,[\JIH O,[(HOBpeMeHHOro II3MepeH~ 

IICTOqHIIKOB HOpMarreii 11 HCCJie,!l,yeMoro pa,!1,110aKTIIBHOro IICTOqHIIKa Ha nn,n: Ha 

OCHOBe HCITOJ1h30BaHHH MeTO}].a 3a,nep)KaHHblX COBila,!1,eHIIH II onT11qecKOH J111Hl1II 3a-. 

,nep)KKII (OJI3). 3TOT MeTO,!I, HaII6orree 3cpcpeKTl1BeH ,!l,M II3MepeH~ pa,nIIoaKTIIBHhIX 

IICTOqHIIKOB, npeTepneBalOIUIIX fJ - -pacna,1]. HJIII IIMelOIUIIX CllJlhHOKOHBepTHpyeMbie 

y-nepeXO}].hl, COBna,naiomIIe C ,!1,pyrIIMII y-nyqaMII. l13MepeH~ B03MO)KHhl 11 ,[\JIH H,!1,ep, 

pacna,naiomIIxcH K - 3axBaToM, fJ + - HJIII a-pacna,noM, ecrrII K - 3axBaT, a- HJ111 

fJ + -nepeXO,[(bl II.[(YT Ha, B036ylK,LleHHble COCTOHH~ H,!1,pa IIJIII Ha6J110,!1,a10TCH KaCKa,[(hl 

CIIJlbHOKOHBepTIIpoBaHHhlX nepexo,noB. CneKTpOM~ 3a,nep)KaHHhIX COBila,1].eHIIH 

BKJI!Oqae-r B ce6H cneKTpOMeTp c norrynpoBO,!l,Hl1KOBhlM ,neTeKTopoM II CU11HTl1J1MU11-

0HHhlH ,[(eTeKTop. Pa,nIIOaKTIIBHhie HCToqHIIKl1 BKJIIOqeHhl B nnaCTMaCCOBbie CUIIHTHJI-
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Pttc. 1. EnoK-cxeMa _cneKTpoMe-rpa Ja.n;epJKaHHbIX cosna.n;eHHH 

JUITOphl MaJihIX pa3MepoB, AOCTaTO'lHhIX ,uJUI IlOJIHOro nornomeHml 3JieKTPOHOB, HC~ 
nycKaeMhlX HCTO'lHHKaMH. TaKHM o6pa30M, o6ecne'lHBaeTCj! 4.n- lillli 2.n-rem,teTplij! 

npH perHCTPaUHH 3JieKTPOHHOro H3Jiy'leHHj!. B 3KCnepHMeHTe HCilOJih30BaJIHCh 2 Ha-

6opa paAHOaKTHBHhIX HCTO'lHHKOB: 6°Co-( 152 Eu+154 Eu)H 6°Co-6°Co C TeM, 

'lT06hI npoAeMOHCTPHPOBaTh B03MO)KHOCTh npeUH3HOHHOro onpeAeJieHHji 3Hepmii 

y-nyiieii KaK'B ~HpOKOM 3HepreTH'leCKOM Amina30He, TaK H B Y3KOM - npH 3HepmH 
Y~Jiy'lett .HCCJieAyeMOr<:> HCTO'lHHKa, COBila):{aIOilleH HJIH 6JIH3KOH K 3HepmH y-Jiy'lett 

HOpMaJIH. 0AHH H3 HCTO'lHHKOB ~OM~mancg Ha q>OTOKaTOA q>.3.y., a BTOpoii noMeman

Cj! Ha 0113, ~pyroiKoiieu KOTopoii npucThIKOBancg K q>OTOKaTOAY q>.3.y. cx·eMarnqe

ci<0e H~~6pa)KeHHe pil3MemeHttg ucTOiiHHKOB npHBeAeHo Ha puc. l, rAe npuBeAeHa 

TaK)Ke H 6JIOK-CX.e'Ma cneKTPOM~a 3aAep)KaHHhIX COBnaAeHHH. TaK KaK m6Kag 0113 

n03BOID!eT CB060AHO nepeMelUaTh penepH!>IH CUHHTHJ!Ml.{HOHHhIH HCTO'lHHK (PC11) 
no OTHOllleHHIO K TTTT.[(, TO 3THM o6ecne'lHBaeTCji BhI6op )KeJiaTeJihHOH reoMeTpHH 

H3MepeHHH. 3aAep)KKa, BHOCHMaj! 0113, nponopUHOHaJihHa ee reoM~H'leCKOH MH

He, T.e. l:it = l· n /"c,rAe /- MHHa JIHHHH, n- K03q>q>HUHeHT npenoMJieHlij! CBeTa, a 

c-CKOpOCTh pacnpOCTPaHeHlij! CBeTa. OnTH'leCKM MHHa JIHHHH npeBOCXOAHT ee re-

~{/,:·,; 
l\rr-...~• 

OM~H'leCKYIO MHHY BCJieACTBHe MHOroKpaTHOrO BHYTPeHHero OTPa)KeHlij! C.BeTa, 
npoXOMI11ero no JIHHHH. B HallleM cnyqae /:it = 26,33 HC. TaKHM o6pa30M, KpHBM 3a
Aep)KaHHhIX COBnaAeHHH npeACTaBJij!eT co6oii ABa nuKa, o6ycnoBneHHhIX COBnaAeHH
j!Mli OT 1-IccneAyeMoro 1-IcTO'lHHKa (l1Cl1) tt PCI-I. TTpu 3TOM noApa3yMeBaeTcg, 'ITO 
BBeAeHHM 3aAep)KKa npeBhilllaeT co6CTBeHHOe BpeMeHHOe pa3pellleHne cneKTPOMe
TPa. CoBepllleHHO o'leBHAHO, 'ITO, BhIAeJUlj! npu copTnpoBKe TOT HJIH Apyroii BpeMeH
HOH nHK, MhI MO)KeM BhIAeJIHTh HJIH penepHhIH y-cneKTP, unn uccnecyeMhIH y-cneKTP. 

B H3MepeHlij!X npnMeHjiJICji cneKTPOMeTp 3aAep)KaHHhIX COBnaAeHHH, npeAHa-
3Ha'leHHhIH AM H3MepeHlij! BpeMeH )Kli3HH ypoBHett j!Aep no CABttry ueHTPOB Tj!)KeCTH 
KpHBhlX 3aAep)KaHHhIX H MrHOBeHHhIX COBnaAeHHH C HCnOJih30BaHtteM TTil.[( H Cl.{HH
THJIJljll.{HOHHOro cneKTPOM~a. TTpuMeHeHHe 0113 no3B0JIHJIO npoBOAflTh OAHOBpe
MeHHOe H3MepeHHe HCTO'lHHKOB MrHOBeHHhlX H 3aAep)KaHHhIX COBnaAeHHH C B03MO)K
HOCThlO pa3AeneHHj! HX 3HepreTH'leCKHX cneKTPOB npn AaJihHettllleH COPTHPOBKe qe
TbipeXMepHhIX (El-T-E2-Q)-cneKTPOB coBnaAeHHH [2]. El, E2 onpeAeMIOT 
3HeprHIO y-ny'lett H 3JieKTPOHOB, COOTBeTCTBeHHO, T - BpeMeHHOe pacnpeAeneHne, Q 
xapaKTepH3yeT q>pOHT HapaCTaHlij! HMnynhca. B HallleM cnyqae Mhl aHaJIH3HpOBaJIH 
TOJihKO (El - 7)-cneKTPhI, He npoH3BOM Bh16opKH no E2 n Q. B cneKTPOM~e npttMe
IDIJIHCh BpeMeHHhie qiopMnpoBaTentt (B<l>) ORTEC CFD-584, BpeMJI-aMilJIHTYAHhIH 
npeo6pa3oBaTenh (BATT)- ORTEC THPH - 467, A.QTT- KA007 [3], nnHeiiHhie 
cneKTPOM~H'lecKue ycnnmenn (11Y), KOHTPOnnep Kpeiirn KAMAK (KK) - KK009 
[4], nepcoHanhHhIH KOMnhIOTep (TTK) rnna PC-386. Cuman ynpaBJieHng BCeMH AI.UJ 
6pancg oT BATT. CucTeMa HaKonneHlij! H c6opa HHq>OpMauuu no,npo6Ho onncaHa B pa-
6oTe [5]. 0Ha o6ecne'lHBaeT Ha6op Heo6XOAHMOH CTaTHCTHKH, BH3YaJIH3al.{HIO Ha6opa 

AaHHhIX H KOHTPOJIHPYeT CKOpOCTh C'leTa COBIIaAeHHH. 

B cneKTPOMeTPe 3aAep)KaHHhlX COBna,neHHH HCnOJih30BaJICj! nonynpoBOAHHKO

BhIH Ge(Li )-,neTeKTop o6beMOM 50 CM 3 c pa3pellleHHeM 2,9 K3B Ha nnHHH 1332 K3B 
6° Co. B CUHHTHJIMUHOHHOM AeTeKTope npuMeHgncg q>OTOYMHO)KHTenh XP2020Q. 

BpeMeHHOe pa3pellleHHe cneKTPOMeTpa ,uJUI HCTO'lHHKa 
60 

C:::o 6e3 npnMeHeHHj! 0113 
COCTaBMJIO 2r O = 5,3 H 9,2 HCC ncnOJih30BaHHeM 0113: PenepHhie HCTO'lHHKH H30TO

noB Eu H 6° Co npuroTaBJIHBaJIHCh MeTOAOM BhmapHBaHHj! Ha Cl.{HHTHJIJljiTOpe 02 MM 

u MHHOH IO MM u COCThIKOBhIBaJIHCh c 0113 H3 IIJieKCHmaca 02 MM n AJIHHOH 4 M. 1-Ic
cneAyeMhIH HCTO'lHHK BKJIIO'laJICj! B nnacTMaCCOBhlH Cl.{HHTH]l]lj!TOp· pa3MepoM 
010x6 MM. 3aMeTHM, 'ITO HCTO'lHHKH 11Cl1 u PCI-I MoryT o6pamaThCj!. TaK KaK npn 
HCnOJih30BaHHH 0113 npoHCXOAHT nomomeHHe CBeTa B CBeTOBOAe, TO ,uJUI 0113 )KeJia
TeJihHO BhI6upaTh HCTO'lHHK, HMeIOlUHH 6onee BhICOKYIO 3HeprHIO 3JieKTPOHHOro H3-
ny'leHHj!_. Cne,nyeT TaK)Ke OTMeTHTh, 'ITO nyqllJee BpeMeHHOe pa3pellleHne cneKTPOMe
TPa no3B0Jij!eT HCilOJlh30BaTh MeHhllIYIO AJIHHY 0113, 'ITO nOBhilllaeT 3q>q>eKTHBHOCTh 
perHCTPaUHH COBnaAeHHH c 6onee MjirKHM H3JIY'leHHeM. 
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Pnc. 2. (fr --;-Y )-COBIIa)leHHJI 6° Co (HCH) H (fr -y )-COBIIa)leHHJI 6° Co (PCH) 

HaMH 6bIJIH IlOJI)"IeHbl ,[.{Ba cneKTpa COBila,[.{eHHH M.H Ka~oro Ha6opa HCTO'iHH

KOB C QeJiblO ,[.{eMOHCTPaLIHH B03M0)KHOCTH rrpeL1H3HOHHOro orrpe,nenemrn :meprtttt 

y-ny'iett B e,[.{HHH'iHOM 3KCrrepttMeHTe KaK rrptt cpaBHHTeJibHO He60JihlllOH CTaTHCTHKe, 

Iia6paHHOH B y-JIHHHH ( OKOJIO 1500 OTC'ieTOB ), TaK tt rrpH CTaTHCTHKe OT 8000 J.{0 18000 
OTC'ieTOB. O6mee 'iliCJIO OTC'ieTOB B Ka)K,[.{OM li3 crreKTpOB COBlla,[.{eHHH COCTaBJI.HJIO 

400000 co6hITHH. 

Ha pttc.2,3 rrpeJ.{CTaBJieHbl J.{ByMepHbie crreKTpbl COBlla,[.{eHliH OT HCTO'iHHKOB 
6° Co-

6° Co u 
6° Co -( 

152 Eu+ 154 Eu} Ha pttc.4 npttBe,[.{eH crreKTp apeMeHHoro pac-
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Pnc. 3. err -e-y)-coana,neHHJI (152 Eu+154 Eu) (HCH) H (fr -y)-coarra,neHHJI 
60

co 

(PCM). 

npeJ.{eJieHH.H M.H HCTO'iHHKOB 
6° Co -(

152 Eu+154 Eu). BpeMeHHOtt crreKTp ,[.{JUI HCTO'i

HHKOB 6° Co-6° Co HJ.{eHTH'ieH cneKTPY, npHBeJ.{eHHC?MY Ha pHc.4. Ha pHc.5,6, 7 npeJ.l

crnaneHhI y-cneKTphl COBlla,[.{eHHtt: HHTerpaJibHhlH y-cneKTp H y-cneKTphl nptt BbI6op

Ke COOTBeTCTByIOmHx speMeHHhlX OKOH, llOKa3aHHhlX Ha pttc.4 - Tl, T2, T3 (Bhl'iHTa

Hlie cneKTpOB cJiy'iaHHhlX COBllaJ.{eHHH B 3TOM cnyqae He npott3BOJ.{HJI0Cb). U:eJih 
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Pnc. 4. BpeMeHHOH crreKTp 3a)lep)KaHHhlX COBIIa)leHHH )lJUI HCTO'IHHKOB 

60Co-(152Eu·+l54 Eu) 

H3Mepem1ii 3aianoqanach s onpe.lleJieHHH 3HepmH O.llHOro y-nepexo)la 
154 Eu 

(£=1274 K3B) npH HCilOJih30BaHHH B nepBOM cnyqae HHTerpanhHOro cneKTpa cosna

.zteHHH (OKHO Tl), a B KatJeCTBe. HOpManeii )lJijj KaJIH6pOBKH cneKTPOMeTpa 3HepmH 

y-nyqeii 6° Co H 
152 Eu. B Ta6JI.I npHBe)leHhl )laHHhie, xapaKTep113y10m11e HOpMaJIH 

y-ll3JiyqeHlljj penepHhlX HCTO'IHHKOB. Bo BTOpOM cnyqae npOBO)lHJIOCh tpOpMHposa

HHe cneKTPOB cosna)leHHii npH Bh16op1<e oKoH · T2 H T3, B Ka)l()lOM H3 3THX cneKTPOB 

8 

I 
I 

) 
I 

) 

N 

8000 ~ I T1 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

0 
500 1000 1500 2000 2500· 3000 3500 4000 

Channel numbers (Eg) 

Pnc. 5. CrreKTp (e,/r -y)-cosrraneHHH ( 6° Co-152 Eu-154 Eu) (cetJeHne Tl) 

npOBO)lHJIOCh onpe)leJieHHe IlOJIO)l(eHlfjj IlllKOB HOpManeii )lJijj HCTO'IHHKOB ~o Co ll 

152 Eu. 3TH )laHHhle HCilOJih30BaJIHCh )lJijj npose)leHHJ! KaJIH6pOBKH y-cneICTpa, nony

'leHHOro np11 Bh16opKe oKHa T3, nocne qero onpe)leJIJ1Jiach 3Heprlfjj y-nepexo,na 
154 Eu 

(rn6n. 2): U:etty Kattana attanll3aTOpa MO)l(HO onpe,neJIHTh ll3 rn6n.1. Otta cocTaBJijjJia 

OKOJIO 430 3B/KaHaJI. T11n 3HepreTH'leCKOH KaJIH6pOBKH, KOTOphlll BhI6HpaJICjj )lJijj 
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Pttc. 6. CneKTp ur -y)- coananeHHH 
60

co(ceqe~He T2) 

nepaoro H BToporo cnyqrui, - cnnaiiH. B TPeTheM cny,rne ,nJUI Kantt6poBKH HCIIOJlh30-

BaJIHCh HOpMaJIH TOJlhKO OT y-rryqeii 6° Co, TaK KaK 3Heprilll H3Y'IaeMoro y-nepexo.na 

154 Eu rre)KHT BHYTPH cpaBHHTerrbHO y3KOro 3HepreTtttiecKoro HHTepaana y-rryqeii 

6° Co. BcJie)J,CTBHe 3TOro 6hrna HCIIOJlh3OBaHa JIHHeiiHaH KaJitt6poBKa cneKTPOM~a. 

B rn6rr. 2 npttae,nettbI TaK)Ke ,naHHbie no onpe,nerreHHIO 3Hepnrn y-rryqeii 
6° Co 

· 60 
nptt HCIIOJlb3OBaHHH B KaqeCTBe penepttoro - ,npyroro HCTO'IHHKa Co. 8 3TOM 3KC-
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Pttc. 7. CneKTp (e,fr -y)-coananeHHH (152Eu-154 Eu) (ce'!eHHe T3) 

nepttMeHTe 6brna npo,neMOHCTPHPOBaHa BO3MO)KHOCTb pa3,nerreHilll y-rryqeii, COBna,na

IOIUHX IIO 3Hepmtt, OT pa3HbIX HCTO1.jHHKOB. Ilpoue.nypa KaJitt6pOBKH 6brna IIOJIHO

CThlO H)J,eHTlll.jHa npoue.nype KaJitt6pOBKll, llCIIOJlh30BaHHOH B TPeTheM crryqae. 

CoPTHPOBKa MHOroMepttbIX cneKTPOB coana,nettttii, onpe,nenetttte norro)KeHttH IIH

KOB y-nytieii, npoae,neHtte 3HepreTttqeCKOH Karrtt6pOBKH CIIeKTPOMeTPa, BhlqHTaHtte 

qJOHOBOro pacnpe,nerreHHH, onpe,nerretttte 3Hepmtt y-H3JiyqeHilll ll lIHTeHCHBHOCTeii 

y-nHKOB npoBo,nttrroch c IIOMOIUhIO nporpaMMhI UPEAK [7]. Ilptt o6pa6oTKe y-cneK-
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Ta6Jrnua 1. ,[{aHHble 0TH0CHTeJll,H0 penepHLIX JJHIIHH 

llcTOtJHHK EHOOM·• K3B [6] Nk 

60co 1173,228(3) 2582,549(21) 
(PCM) 1332,490(6) 2931,094(35) 

152Eu 964,053(4) 2124,217(107) 
(PCM) 1408,011(4) 3096,114(117) 

N k - H0Mep Kamma (nOJIO)KeHHe ueHTpa n!)KeCTH IlHKa), 
N - tJHCJI0 0TCtJeT0B B )'-JIHHHH. 

N 

18390(142) 
16072(132) 

996(51) 
1022(39) 

Ta6nuua 2. Onpeiteneuue 3Heprnii y-nyqeii, B03HHK3IOIUHX npu pacnaite 6° Co 11 154 Eu 

liCTOtJHHK Tun OKHO EHopw,K3B E3Kcn-,K3B N 
[6] 

60 Co+l52 Eu+l54 Eu llCll 
Tl 1274,427(4) 1274,410(81) 1425(68) 

60Co+l52 Eu PCM 

152Eu+l54 Eu ITCH T3 
1274,427(4) 1274,383(80) 1423(44) 

60c0 +152 Eu PCM T2 

152Eu+l54 Eu ITCH T3 
1274,427(4) 1274,391(80) 1423(44) 

60co PCM T2 

60co llCll T3 1173,228(3) 1173,236(29) 8653(1 JO) 
60co PCM T2 1332,490(6) 1332,488(32) 7724(102) 

N - tJHCJI0 0TCtJeT0B B y-JIHHHH HCCJie;zyeMoro IICT0tJHHKa. 

lpOB npoBO~llJIOCh TaIOKe BhltJllTaHlle q>oHa, o6ycJIOBJieHHOro cnytJaHHhIMll coana

~eHIDIMll. 

CpaBHeHtte nonyqeHHhIX pe3yJihT3TOB CBll~eTeJibCTBYeT O TOM, tJTO TOtJHOCTh onpe

~eJieHtta 3Hepruu y-nepexo~oa B HaIIIeM crryqae u~eHTtttJHa TOtJHOCTtt onpe~erreHtta 

3Hepruii B TP~HUHOHHOM no~xo~e. IIorrytJeHHhie pe3yrrhT3ThI corrracyIOTca B npe~errax 

cpe~HeKBa~paTlltJHOH Olllll6Kll C ll3BeCTHhIMll ~aHHbIMll, tJTO CBll~eTeJibCTByeT O TOM, 

tJTO noK33aHa npttHI.{llnllaJibHaa BO3MQ)KHQCTh npttMeHeHIDI ~aHHOro MeTO~a M» npe

l{ll3l:lOHHOro onpe~eneHtta 3Hepruii y-nyqeii . .[{anbHeiiIIIee nOBhIIIIeHtte TOtJHOCTll onpe

~eneHua 3Heprttll y-rryqeii, B nepByIO oqepe~b, 6y~eT CBH33HO C Ha6opOM 6oJibllleH CTa

TllCTllKll B q>OTOnllKe ll yMeHbllleHtteM ueHbl KaHana 3HaJill33TOpa, perncTpttpy10mero 

3HepreruqecKttii cneKTp. 
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3AKJI~qEHl1E 

K HeCOMHeHHOMY npettMymecTBy paCCMOlpeHHOro MeTO~a cne~yer OTHeCTII 

BO3MO)KHOCTh q>aKTtttJeCKOro COBMell.{eHllil pe)KJ1Ma BHeIIIHeH ll BHYlpeHHeH KaJIH-

6poBKH cneKYpOMelpa, T.e. O~HOBpeMeHHOro ll3MepeHIDI penepHoro ll llCCJie~yeMO

ro HCTOtJHHKa ll p33~eJibHOro 3HaJIH3a y-cneKYpoB. MO)KHO llCnOJih3OB3Th HeCKOJlh

KO penepHbIX llCTOtJHHKOB, COCThIKOBaHHhIX c OJI3 pa3JilltJHhIX MllH, tJTO o6ecnequ

B3eT pa3~erreHtte cneKYpOB COBna~eHHH OT pa3HhIX llCTOtJHHKOB Ha, BpeMeHHOH 

IIIKaJie ll nonytJeHtte, COOTBeTCTBeHHO, npu COJITllpOBKe pa3~eJibHhIX cneKTpOB r~ny

qeii. IIpu ucnOJib3OB3Hllll ~aHHOH M_eTO~llKH 3Heprua penepHOH y-JillHHH MO)KeT 

~a)Ke COBn~aTb C 3Heprueii y-JIHHllll HCCJie~yeMoro ll3OTona. IIpu ~aHHOM MeTO~e 

cpaBHeHllil penepHblX ll llCCJie~yeMoro HCTOtJHHKOB p33peIIIaerca TaK)Ke npo9neMa 

HCKJIIOtJettua BJIIDIHlla TeMneparypHOH, BpeMeHHOH ll 3arpy30tJHOH HeCTa6llJibHO

CTll cneKTpOMelpa npu onpe~eneHtttt, 3Hepmu y-nepexo~oB. Heo6xo~HMO OTMe

THTh, tJTO npu uccne~OB3HHH a~ep, HCnhIThlB3lOII.{HX 13--pacna~, MO)KeT 6hITh ~o-

c~urnyra TaI<aH )Ke CKOpOCTh CtJeTa '{/3- -y }-coima~eHttif, K3K ll nptt perttClpal{lltt 

O~HHOtJHOrO y-cneKlpa. llCKJIIOtJeHHe BJIHHHIDI HeJIHHeHHOCTH cne~oMerpuqe

CKOr<) TpaKra .nocTuraeTca no~6opoM cooTBeTcTay10mttx PCM, ttMeIOI.QHX cneKYp · 

l:l3JiytJettua, COBna~aIOII.{llH'c myqaeMbIM B Y3KOM 3HeprertttJeCKO~t'ttHTepaane, ll 

npttMeHeHtteM COOTBeTCTBYIOmero Tttna Kann6pOBKH. 

K OtJeBH~HhIM He~OCT3TK3M MeTo~a npu tt3ytJeHHH a~ep, nperepneBaIOII.{llX 

3JieKTpOHHblH 3aXBaT cne~yeT OTHeCTl:l BO3MO)KHOe OTCYTCTBHe HeKOTOpbIX y-JIHHllH 

B cneKlpe (e -y)-coana~eHHH, BCJie~CTBtte BO3MO)KHOro OTCYTCTBIDI COBn~eHHH C 

HHMll CllJibHOKOHBeprupoBaHHhIX KaCKa~HhlX y-nepexo~OB. Crre~yer TaIOKe YtJHThI

BaTb TO o6cTOaTeJibCTBO, tJTO npu ll3ytJeHHll TaKllX a~ep MH Ha6opa onpe~eJieHHOH 

CTaTHCTHKH B cneKYpax (e-y)-coana~eHttH noTpe6yeTca 6onhIIIee apeMa no cpaa

HeHttIO c BpeMeHeM Ha6opa npOCTh!X y-cneKYpOB. 

.[{aHHh!H MeTo~ MO)KeT H3HTH np11Mettem1e B MelpOJIOr~qecKHX na6opaTOpllilX 

npu mytJeHllll 3Hepren1tJeCKHX cne1rrpOB ~OJlrQ)KttBymux ll KOpOTKO)KllBYII.{HX a~ep 

tt M» npeumttOHHoro onpe~eneHua 3Hepmii y-nepexo~oa, BO3HHKa10mux npu pa

~uoaKTttBHOM pacna~e HJIH B a~epHbIX peaKI.{HHX. 

He MeHee nepcneKTttBHhIM aanaeTca ucnorrh3OBaHtte 3TOro no~o~a npu onpe

~enettuu BpeMeH )Kll3Hl:l a~epHbIX ypoBHeH no C~Bttry ueHlpOB TH)KeCTH KpHBhIX 

MrHOBeHHhIX ll 3a~ep)KaHHh!X COBna~eHHH nptt O~HOBpeMeHHOM, tJTO oco6eHHO 

B3)KHO B 3TOM cnyqae, ll3MepeHllH BpeMeHHhIX cneKrpOB OT HCTOtJHllKOB MrHOBeH

Hb!X ll 3a~ep)KaHHhIX COBna~eHHH M» HCKJIIOtJeHIDI BO3MO)KHbIX CHCTeMaTHtJeCKHX 

OIIIH60K. . 
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ABTOpbl Bblpa)KalOT 6naro'AapHOCTb 6.A.AmtKOBY H 11.MHHOllIBHJIH 3a npe'AOCTa
BJieHHe o6pa3UOB CUHHTHJIIDITOpOB H CBeTOBO'AOB. 
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