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1. Beeoeuue 

'B pa6oTe /I/ npn H3Mepennn cneKTpa a -qacTHQ, o6pa3yiOJ.QHXCH 
npH 3aXBaTe .TellJIOBhiX HeHTpOHOB H~pOM 143Nd··, · 6hiJI o6Hapy:>KeH 
wnpoKHH nnK B 3HepreTnt.IeCKOM pacnpe~enennn a-t.IaCTHQ, pacnono
:>KeHHhiH Me:>K~Y Y3KHf.m JIHHHHMH OT a ·nepeXO~OB B OCHOBHOe (ot)n· 
ne·paoe B036y:>K~ennoe coc'I'oHHHe (a1 ) ,tioqepnero H~pa 14°Ce . 3ToT 
nnK 6:bm nnTepnpeTnpoaan KaK pe3yJihTaT ~ayxcTyneut.IaToro npoQecca, 
a"" nMenno, peaKQHH 143.Nd(n , ya/4° Ce, Kor~a. nocne ncnycKaHHH 
MHrKoro y ·KBaJ{Ta OCTaBWaHCH 3HeprHH B036y:>K~eJIHH H~pa nepe~aeTCH 
a. ~qacTnQe. lbyqenne TaKoro npoQecca npe~ocTaBJIHeT ynnKaJihHYIO
B03MO:>KHOCTh HCCJie~OBaTh oco6eHHOCTH Y ·nepeXO~OB Me:>K~y CJIO:>KHhl· 
:M:H BhiCOKOB0-36y:>K~eHHhiMH coc~OJIHHHMH H~pa. 143Nd KaK H~po-MnweHh 
6hmo Bhi6pano ne cnyqaiino. ,ll;oqepnee Jl~po 14°Ce nMeeT 82 neiiTpoH:a 

- n, cne~oaaTeJihHO, 6onhWYIO 3Hepreint.IecKyiO J.QeJih /1,6 M3a/ Me:>K~Y 
nepBhiM B036y:>K~eHHhiM H .OCHOBI{hiM ·COCTOHHHHMH /pHC. 1/. · 

,no rrocne~nero ape:MeHH HMeJiaCb B03MO:>KHOCTh H3yt.Ia TL y - ne ~ 
pexO~hl HJIH Me:>K~Y COCTOHHHH~m C MaJIOH 3Heprneii B036y)K~eHJIH, 
CTpyKTypa KOTOphiX ~OCTaTO'"IHO npo-cTa," HJIH Me:>K~y ·aeChMa CJIO:>KHhiMH 
~OCTOHHHHMH KOMnaynw··Jl~pa H HH3KOB036y:>K~eHHhiMH HJIH OCHOBHhiM 
cocTOHHHHMH. B nepaoM cnyqae cpaanenne p~ct.IeTHhiX n 3Kcnepn:Men
TaJihHhiX aepoHTHocTeii y -.nepexo~oa ~aeT ·aa:>KHhiH KpiiTepnii npnMenn- · 
MOCTH ncnoJih3yeMhiX Mo~eneii ~n.11: onncannH CTPYKTYPhi HJyqaeMhix 
COCTOHHHH. Bo BTOpOM CJiyqae npHXO~HTCH ~CUOJih30BaTb CTa:rncTH·. 
t.IeCKHH · no~XO~, llOCKOJihJ<Y .. cTpyKTypa HCXO~Hor:o COCTOHHHH Ot.IeHb 
cno:>Kna. Mo:>KHO nonyt.IHTh O'THocnTe.iihHhie JanpeThi npnae~ennoii ae-
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'poHTHOCTH"y -nepexo.n;oB no cpaBHE!HHIO;' minpHMep, c ripoCTOH O.D;HO'!ac-
.TH'IHOH ou;enKoii BaiicK<mt~>a/2/ ; · · .· · · . .· .. • 

. 11ccne.n;oaanne peaKu;HH (n, y·~) na pe3onancn~Ix neiiTponax iio-
3BOJIHeT · nOJIY'IHTb 6onee .· no.n;p06HyiO HHti>OpMaUHIO o' BepOHTHOCTHX 

~ ' ' -
. ·y -nepeXO)J;OB Me)K.n;y BhiCOKOB036y)K.J];eHHbiMH' COCTOHHHHMH. B JTOM 
. CJiyqae .D;JIH COCTaBHOro H.n;pa 144Nd no,JJy'IaeM · .cnHitLI ·H qeTHOCTb 

] TT = a- H 4,... • /Ha TenJIOBbiX neihponax, no-BH.D;HMOMy~·peaJIH3yeTCH 
:a ocno:BnoM cocTOHHHe. 3.-:-:- I: Cpa!menne Bblxo.n;.oa HHTepecyroiiJ;eii na~ 

·· peaKIJ;HH rrpH pacna.n;e . pe30HaHCOB C paJHbiMH · CnHHaMH .n03BOJIHCT 
ou;eHHTb MYJihTHnOJibHOCTh y - H3Jiy'tJeHHH / CM. HH,Kej. 

HaMH 6hma npe.n;npimHTa ·nonhiTl<a nccne.n;oaaTh peaKu;Hro · ' .. c 
143 . 140' . ' . 

. Nd(n, ya) Ce B pe3onaHce 55,3. :m c f'-= 4- . IIapanneJihHO 6biJIH __ 
.... . . . . 

noJiy'IeHhl HOBbie ,H yTO'tJHeHbl CTapbie .n;aHHhie no ·a ·mHpHHaM .n;pyrHX · 
neiiTponiihiX pe 30JiancoB /eM. npiiJIO)KeHne/. . . ~ . 

.2. 3KcnepuMenm 
... 

I13MepeHHH npoao.n;nnil:ch na HMnyJihCHOM .peaKTope 11Ii.P, pa6o
. TaBme_M B Ka'IeCTDe 6ycTep_a C JIHHeHHhiM ycKOpHTeJieM JJieKTpOHOB. 
. ~JIH.aHaJIH3a neiiTpOHOB no JHeprHH HCnOJI~~OBaJICH MeToh BpeMeHH 

nponeTa c pa3pemenneM 0,13 MKCeK/M. Anhtl>a-qacTHIJ;hi H3 peaKu;nii 
143Nd(n, a/4° Ce ·- H . 143Nd( ci~ ya) 14~Ce . aHa~H3HpoBaJIHCh no,~H~J?~- .\' ):, f~ 

. ;'"•'-'· rHH C HCnOJih30BaHUeM CJierKa MO.n;Hti>Hu;HpOBaHHOH MeTO)J;HKH H3MepeHHH . ·· 
. cne.KTPOB a -.'IaCTHIJ; B (n, a) - peaKIJ;HH, onHCaHHOH paHee B pa60Te /3/ . 

.· 

· B ycnoanHx MaJihix ce.'Iennii n HH3KHX cKopocTeii c<leTa a -qacTHIJ; 
OKa3aJIOCh ·neo6XO)J;HMbiM HCnOJih30BaTb )J;OCTaTO'tJHO TOJICTYIO MHllieHh, 
'ITO ~IIen36eil{no yxy.n;maeT pa3pemenmi: Tpe6oBaniie pa3yMHoro BpeM:'ei.n 
,n3:M:epeHnH 1 -· 250 ti/ JacTaimno · ncnonh3oBaTh MnmeHb. H3 143Nd 
TOJIIIJ;HHOif '2,25 M~/cM2 /o6otaiiJ;eHHe ~ 83,2o/o/;· iJ:JIOIIJ;a.n;hiO 1266 CM2 
11 KpoMe . .foro, npnmnoch pa6oTaTh na KOPQTKoii nponeTHoii 6a3e , .. ~
/30 M/: IIpii JTOM pa3pemeHHe no JHeprHH .. a -qacTnu; cocTaBHJIO 
0,8 - ·1,1 MJB. B JTHX- ycnoBHHX iiHTepecyiOIIJ;Hii Hac Jtl>tl>eKT MO)KHO 

' ~ . . 

H3MepHTh TOJihKO npH OTCYTCTBHH rpynnhi a0 , T.e; B pe30HaHcax 
C ·jTT = 4- . qT06hi H36aBHThCH OT peu;HKJIH'tJHhiX TenJIODhiX HeHTpOHOB, 
KO.TOphie .n;aiOT cpaBHHTeJihHO 60JihlliOH BhiXO)J; rpynnhi a 0 , nY,'tJOK 
HeiiTpOHOB. ti>HJILTpoBaJICH . 6opnhiM .· .. tl>nJihTpoM, . a BCH. HOHH3aiJ;HOHHaH 

-- . . ~ . 
KaMepa OKpy)KaJiaCb Ka.n;r~meM )J;JIH 3aiiJ;HThl OT.HeiiTpOHOB, TepMaJIH30· 
BaBlllliXCH B nOMeiiJ;eHHH /pHC. 2/ . 

.... 

4 

IIoMHMO JToro; 
JJieKTpOHHKH HOHH3~ 

KOMneHCaiJ;HH aMnJIHT 
HOB B MOMenT HMnyJI: 
aMnJIHTY.D;Hhie HCKa)KE 

113 H3Me1JeHHhl] 
B yKa3aHHhiX Ha pnc. 
cneKTphi. KpnBaH 1>il 
B Y3KOM BpeMeHno~ 

· <IJOHOB8.H KpHBaH 2 
pe3onaHca no~n3Me 
KaHaJIOB. cnpaBa. OT p 
ero Ha 7 KaHaJIOB. 0• 
OKOJIO JHeprHH Ea

0 
3aiiJ;HTa )J;OCTaTO'tJH 
Cnei<Tp a -qacnlu; J 
B BH)J;e rHCTOrpa~:M:: 
r.n;e · Jtl>tl>eKT .n;omKeH 
30- ro KaHana/, ·CPE 
nynro. IioJihmne· ti>JII 
CBH3allbl C pe3KHM 
pnc. 3/. TaKHM o 
)J;OCTaTO'tJHO npaBHJih 

3KcnepnMeHTa 
aHaJIH3a Heo6xo.n;nMa 

. JIHHHH rpynnbl a 
1 

• 

Kann6poBKH. CHaqa; 
no .n;ayM rpynnaM 
c MHmenhiO. Bo·BTOI 

. TO'IKe BMeCTe C 0) 

a0 ncKa)KeHa 3a• cq, 
CHJihHO OTJIH'tJaeTCH , 
naH c yqeToM JToro 
B xopomeM cornac1 
3HeprHH a-qacTHIJ;, 



fiCHbiX HeHTpOHaX no· 
~HIO o' BepOHTHOCT~X 
OCTOHHHHMH. B 3TOM 
£ ·.CnHHbl ·H 1JeTHOCTb 
,IJ;HMOMy;·peaJIH3yeTCH 

oa HHTe~e cyroi.Qeii nac: . _ 
· CnHHaMH n03BOJIHeT 

nKe/. -
3aTb peaKI.(HIO 
- • IIapannenhno 6hmn 

·a • IIIHpHH~M ,IJ;p~rHX . · 

peaKTope ME.P, pa6o

pHTeJieM 3JieKTpOHOB. 
laJICH MeTO~ BpeMeHH 
·1JaCTHI.(bl H3 peaKI.(HH 

•. 

~H3HpOBaJIHCb n0,3H~~~. ::.\' ,-<·, j~ 
tiMeTO,IJ;HKH H3MepeHHH . 
panee:a pa6oTe /3/ . · 
:eii c1JeTa a -qacTHI.(. .. " 

1JHO TOJICTYIO MHIIIeHb, 
ile pa3y:Muoro apeM·e:Hn 
Th.-MHIIIeHb. H3 143Nd 
iiJIOI.Qa,IJ;blO 1266 CM2 • ' 

:Koii npone1-noii 6a3e 
~ ~1JaCTHI.( COCTaBHJIO 
,Hii···uac 3lPlPeKT. MO)KHO 

, T.e. B pe3onancax 
TenJIOBhlX HeiiTpOHOB, 

,IJ; rpynnhi ao , ny1JoK 
a BCH. HOHH3al.(HOHHaH 
eiiTpOHOB, Te~MaJIH30• 

I 
'I 

IlOMHMO 3TOrO, no cpaBHeHHIO c/3/ B cneKTpOMeTpH1JeCKHH TpaKT 

3JieKTpOHHKH HOHH3al.(HOHHOH KaMephl · 6biJia BBe,IJ;eHa cnel.(HanhHaH 
KOMneHCaUHH aMnJIHTY,IJ;HOH neperpy3KH OT nepBH1JHOH BCnhiiiiKH HeiiTpo· 
HOB B MOMeHT HMnyJibCa MOIUHOC.TH peaKTOpa. 3TO 3aMeTHO yMeHbiiiHnO 

aMnJIH'IY,IJ;Hbie HCKa)KeHHH. 

3. 06pa6omKa pe3yAbmamoa 

M3 u3MepeHHhiX ,IJ;ByMepii:biX cneKTPOB apeMH nponeTa - aMnnnTy,IJ;a 
B yKa3aHHhiX Ha pHC. 2 BpeMeHHbiX OKHaX 6biJIH noJiy1JeHbl aMnJIHTY,Il;Hbie 
cneKTpbi. KpnBaH 1 na pnc • .3 cooTBeTcTByeT H3Mepennro 3lPlPeKT + <bon 
B Y3KOM BpeMeHHOM OKHe pe30HaHca EO = 55,3 3B /7 KaHaJIOB/. 
<l>OHOB8.H KpHBaH 2 eCTh pe3ynhTaT 3KCTpanonHI.(HH lPOHa B 06JiaCTb 
pe3onanca no · H3MepeHHHM B 6onee IIIHpOKHX oKnax a H c I c- 28 
KaHanOB cnpaBa OT pe30HaHCa H a· 14 KaHaJIOB cneBa/ H HOpMHpOBKH 
ero na 7 Kananoa. OTcyTcTBHe 3aMeTnoro MaKCHMyMa B cneKTpe <bona 
oKono 3Heprnn Ea noKa3hiBaeT, 'ITO 6opHhiii !lJnnhTP H Ka,IJ;MHeBaH 
3ai.QHTa ,IJ;OCTaTO~HO 3lPlPeKTHBHO norJIOII.(aiOT TenJIOBbie HeHTpOHbl. · 
CneKTP a -qacTHU ,IJ;JIH E0 ;,; 55,3 3B nocne Bhi1JHTaHHH <bona npnBe,IJ;eH 
B BH,IJ;e rncTorpaMMbi na pnc. 4. KaK BH,IJ;HO H3 pucynKa, B o6nacTHX, 
r,IJ;e 3lP<beKT ,IJ;OJI)KeH OTCYTCTBOBaTh /npaaee 70-ro KaHana H neaee 
30-ro KaHana/, cpe~HHH c1JeT a -qacTHU B npe,D;enax oiiin6oK paaen 
uynro. EoJihiiiHe !lJnroKTyaunn H OIIIH6KH B o6nacTH ManbiX 3Heprnii 
CBH3aHbl C pe3KHM B03pacTaHHeM lPOHa B aMnnHTY,IJ;HOM cneKTpe /eM. 
pnc. 3/. TaKHM o6pa3oM, MO)KHO C1JHTa Th, 'ITO <bon 6hm Bbi1JTe~ 
,IJ;OCTaT01JHO npaBHnhHO. 

3KcnepHMeHTaJibHbiH cneKTp CHnhHO pa3MbiT, no3TOMY ,IJ;JIH ero 
anann3a neo6xo,IJ;HMa xopoiiiaH Kann6poaKa no 3Heprnn H 3H.anne !lJopMbi 
JIHHHH rpynnhi a

1 
• · IihiJIO ncnonh3oaano · ,IJ;Ba ne3aBHCHMhiX cnoco6a 

Kann6poBKH. CHa1Jana Kanu6poBKa 3HepreTH1JecKoii IIIKanhl ,IJ;enanacb 
no ,IJ;BYM rpynnaM a -qacTHU ypana, noMell.(eHnoro B KaMepy BMeCTe 
C MHIIIeHhiO. Bo BTOpOM cnyqae HCnOJih30BaJiaCb rpynna a 0 · B TennoBOH 
T01JKe BMeCTe C O,IJ;HOH rpynnoii a ·1JaCTHU ypana. IlOCKOJibKY JIHHHH 
a

0 
HCKa)KeHa 3a C1JeT TOnll.(HHbl MHIIIeHH, 3HeprHH MaKCHMyMa cneKTpa 

CHnbHO OTnH1JaeTCH OT 3HeprHH nepexo,IJ;a. Kann6pOBKa IIIKaJibl, noJiy1JeH· 
naH c y11eTOM 3Toro pa3JIH1JHH cnoco6oM, onncaHHhiM HH)Ke, oKa3anach 
B xopoiiieM cornacnn c pe3yJihTaTaMH nepaoro MeTo,IJ;a Kann6poBKH. 
3HeprHH a·1JaCTHU, COOTBeTCTBYIOI.QaH MaKCHMYMY a 0-cneKTpa,MO)KeT 



; . 

6LITh nonyqeua conocTaBneuneM 3KcnepnMeHTanbuoii JIHHHH H pac'!eT
uoii c yqeToM peaJILHhiX ycnoauii H3Mepeuuii. 

,lJ;JIH 3TOI"O pac'!eTa 6biJia HCllOJib30BaHa H3BeCTHa.H. TOJIIQHHa 
MHIIIeHH, :meprHH a -nepexo,D;a H TOpM03Ha.H cnoco6uocTb Bei.Qe.cTBa 
MHIIIeHH H3 pa60Tbl / 4 /. Ba:>KHOH BeJIH'!HHOH, OT KOTOpOH cy~eCTBeHHO 
JaaucuT 4JopMa nuHuu, HBJIHeTc.H pa3peiiieuue ,D;eTeKTopa ,D;JI.H · TOHKOii 
MUIIIenu ua nyqKe · peaKTopa. 3Ta aenuquua aapLHpoaanacb 
B pac'!eTe ,D;O ,D;OCTU:>KeHU.H corJiaCUH C '3KCnepuMeHTaJibHOH 4JopMOH 
nuuuu /eM. puc. 5/. ITonyqeuuoe OTCIO,D;a pa3peiiieuue ,D;eTeKTopa 
cpaBHUBaJIOCb C pa3peiiieHUeM, onpe,D;eJieHHbiM He3aBUCHMO CJie,D;yiOIQHM 
cnoco6oM. · 

3aBHCUMOCTb pa3peiiieHH.H ,D;eTeKTOpa OT 3HeprHH a •qacTH:Q 6e3 
DY'!Ka 6biJia llOJiy'!eHa C HCDOJib.30BaHHeM TOHKUX a ·HCTO'!HHKOB pa3HbiX 
3HeprHH. llpu llOMe~eHUU KaMepbl B. ny'!OK pa3peiiieHHe Cyi:QeCTBeHHO 
yxy,D;IIIaeTcH. B Tennoaoii TO'!Ke 3TO H3Meneuue 6Lmo HJyqeuo ,D;JI.H ,D;Byx 
rpynn a -qacTHU ypaua. HcnoJib3Y.H 3aBHCUMOCTb pa3peiiieHH.R OT 

.3HeprUH U C'!UTaH, 'ITO yxy,D;IIIeHHe pa3peiiieHU.H B riy'!Ke He 3aBHCUT 
OT 3Hepruu, Momuo paccquTaTb pa3peiiieuue ,D;JI.H rpynnhi a0 • Pac
C'!HTaHHa.H TaKUM o6pa30M BeJIU'!UHa OKa3aJiaCh 6JIH3Ka K pa3peiiieHUIO, 
KOTOpO~ He06XO,D;UMO npHHHTb ,D;JIH ,D;OCTH:>KeHU.H XOpOIIIero onucaHUH 
3KcnepuMeHTaJibHOro a 0- cneKTpa B TellJIOBOH TO 'IKe. TaKUM o6pa30M, 
pacqeThl 4JopMbl cneKTpa .HBJIHIOTC.H BHyTpeHHe COI"JiaCOBaHHbiMU H 
llOJiyqaeMOe B HHX 34J4JeKTUBHOe 3KCnepuMeHTaJibHOe pa3peiiieuue MO:>KHO 
UCDOJib30BaTb C onpe,D;eJieHHbiM ,D;OBepHeM. 

ITepeii~eM Tenepb K nonyqeuuro 4JopMhl JIHHUH rpynnLI at B 
pe3ouauce 55,3 3B. Bo apeMeHHOM OKHe 3Toro pe3ouauca 6e3 6opuoro 
4>~nhTpa 6biJI nonyqeu cneKTP a - qacTH:Q, co,D;epmai:Quii JIHHHIO a 

0 
H3- Ja 

npHCYTCTBU.H pe:QUKJIH'!HbiX TellJIOBbiX ueiiTpOHOB. 113 3TOI"O 3KCnepH- · 
MeuTaJILHoro cneKTpa 6blno onpe,D;eneuo pa3peiiienue ,D;eTeKTopa ,D;JI.H 
3Hepruii a -qacTUU B6JIH3H E • 3aTeM, 3Ha.R 3HepreTu'!ecKyro Jaau
CUMOCTL pa3peoieHH.H, Momuo Wony'!HTL ero aenuquuy ,D;JI.H rpynnLI at . 
3aMeTHM, 'ITO nonpaBKa pa3peiiieHU.H Ha 3HepreTH'!eCKYIO 3aBUCHMOCTL 
Mana H COCTaBJI.HeT MeHee 10o/o. C 3THM pa3peiiieHHeM MeTO,D;OM, 
onucaHHLIM Sbiiiie, 6Lma pacc'luTaua 4JopMa cneKTpa ,D;JI.H rpyniiLI at· . 
P~3peiiienue, onpe,D;eJI.HeMoe npuno,D;rouKe3Kc~epnMeHTaJILHoro~neKT-
pa, . HMeeT H~onpe,D;eneHHOCTL, CB.H3aHHYIO KaK C . pa3GpOCOM TO'leK 
B cneKTpe, TaK H c MeTo,D;oM ero nonyqeuua. 

3Ha.H Kanu6pOBKY 3HepreTH'!eCKOH IIIKaJILI H 4JopMy JIHHHH at , 
MLI MO:>KeM ITpUCTYITUTL K aHaJIH3Y 3KcnepHMeHTaJiLHOrO a -.cneKTpa. 

6 

,ll;n.H Toro, ·'lTC 
ueo6xop:uMo · cnaqaJ 

.ueao3Momuo onucaT 
TOJI.LKO rpynna az'.J 

. KBa,D;paroa /MHK/ 
· cneKTpa c yqeTI)M pi 
,D;enLI .a ra6nuue I; 

· A~ ia6nilue/ aapJ.l 
:mepren{qecKoii Iin 

· .. ciJopMa JIUHUH UMeeT 
·, HUeM, TO ITO,D;I"OHKU 6 

at -nepexo,D;a B ,n 
. nonymupuuax JIUHUU. 
· eTCH nonomeuue 3He 

ITOJIYIIIUPUlla JIUHHU. 
' . ' 

JIUHUU CMe~eHO ·Mal 
IIIupuua nunuu .. .c. ,IJ;I 

"-" /aapuauT A3/ 
KOr,D;a .DUK CMe~eH 
nonyiiiupuua. KaK BH 
ao B.cex cnyqaax 6oJ 
HOCTU lo/o, a ,D;JI.H aap 
Pe3yJILTaT no,D;roui< 
npuae,D;e!i. ,ua puc.' .4:· 
JieH~OCT~ ITOK~3aHbl 
Ha pUCYHKe H .UCDOJI 
:>KeHUH IIOpMaJILII~I"C 

ITOCKOJihKY CTaTHCTE 
3TO npe,D;nonomeuue 
3HepreTU'!eCKOH qac 
CooTBeTcTaeuuo. y:r. 
noKa3biBaiOT caMLie · 
uynL-rHnoTe3hl u B 
C ,D;OCTaTO'!HOH. Bepo 
cneKTp, KpoMe rp 
npupo.,D;LI. ,ll;anLneiin 
a -qaCTU:Qbl OTBeTCl 

TeopeTHtiec:KH 
,D;JIH xopoiiie~o • p~~ 
TOJI~Hllhl MHIIIeHH H] 



,uoii nuuuu u pac11eT-

uJnecTHaH Tonmuua 
IOC06HOCTb BellJ;eCTBa 
<OTOpOH cymecTBeHHO 
neKTopa AnH TOHKoii· 
llfHHa napLuponanacL 
H_MeHTanLHOH <iJopMOH 
Jperneuue AeTeKTopa 
JaBHCHMO cne):(ylOllJ;HM 

' . 
flepruu a -qacTHn; 6eJ 
a~HCT01fHHKOBpa3HhlX 

1erneuue cymecTneuuo 
hinO HJylfeHO An.ll ABYX 
OCTh pa3 perneHH.!I OT 

B llYlfKe He JaBHCHT 
:.11 rpynnLI a0 • P ac -
)JIH3Ka K pa3pellieHHIO, 
1 xopornero onucaHHH 
llfKe. TaKHM o6pa30M, 
! cornaconaHHLIMH H 
10e paJperneuue Momuo 

· nuuuu rpynnLI a 1 n 
:!Jouauca 6eJ 6opuoro 
amnii nHHHIO a 

0 
HJ- Ja 

1. _lh :noro JKcnepu- · 
neuue AeTeKTopa AnH 

flepreTnlfecKyro Janu-
. .tiHHY An .II rpynnLI a 1 
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cTpa An .II rpynnLI a 1 · 

>HMeHTanLuoro cneKT- · 
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H <iJopMy .nHHHH a 1 , 

rariLuoro a -.cneKTpa. 

I 
I ,D;n.11 Toro, -lfT~GLI ronopHTh o6 o6uapymeuuu p~aKn;HH (n, ya ) , 

ueo6xop.uMo - cuaqana y6e.z:\HTLCH, lfTO JKcnepuMeHTanLHLiii cneKTP 
.uenoJMomuo onucaTL, ucnonLJYH npeAnonomeuue o TOM, lfTO HMeeTCH 
TOnhKO. rpynnaa1 /"uynh . - runoTe3a"/ •. ll(). MeTOAY HaHMeHhlliHX 

. KBa):(paTOB /MHK/ (}binH CAenaHbl llOArOHKH 3KCnepHMeHTanLHOro 
9neKTpa c yqeToM paccqu.fauuoii <iJopMLI nuuuu a1 • PeJynLTaTLI npune
AeHLr n T8:6nun;e I. B cnyqae uynL~runoTeJhi /o6oJHa1feuuoii 6yi<aoii 
AI,J Ta6nun;e/ nap.Luponami.cL BhiCioTa nimuu. IIoci<onLKY Kanu6poni<a 
3HepreTH1feCKOH llii<anLI HMe.eT H~Onpe):(eneHHOCTh H, _KpOMe TOrO, 

· ·- <iJopMa JIHHHH HMeeT CBOIO ueonpe,I:(eneHHOCTh, CB.siJaHHYIO C pa3perne
. ·uueM, TO noArOHKH6Lmu nponeAeHLI npu pa3nH1fHLIX nonomemt.11x JHepruu 

a 1 -nepexoAa n npeAenax ornu6KH Kanu6ponKH H npu pa3nH1fHLIX 
'nonyrnupuuax nuuuu: 3uaK "0'' OJHatiaeT /napua~T A2/, 1fT9 ucnonhJy
eTCH nonomeuue 3HeprHH Ea1 B COOTBeTCTBHH C Kanu6pOBKOH H cpeAHH.II 
nonyrnupuua nmmu. 3uaK "+" yKa3LIBaeT /napuaHT AI/. lfTO nonomenue 
mi:nu11 cMemeno · MaKCIIManLHO /n npeAenax orn116o1</ nnpano 11 B3.11Ta 
rn11puua n11u1111 c A06anneulleM · K · ueii ee orn1161<11. · H, uaK.ouen;, JHaK 
"-" /napllaHT A3/ CIIMnonHJIIpyeT auanorlllfHLiii KpaiinHii. cny11aii, 
KOrAa nuK cMemeu AO npeAena nneno 11 llcnonLJonaua MIIHIIManLnaH 
nonyrn11puua. :Ka-K BIIAHO HJ Ta6nlln;LI, 3Ha-.ieuuH x2 Ann nynL- r11noTeJLI 
BO BCeX cnyqa.IIX 60nbllie, lfeM x 2, COOTBeTCTBYIOllJ;ee ypOBHIOA~CTOBep
HOCTH lo/o, a An.ll napllaHTOB A2 II A3Aame O,lo/o no KpiiTepuro llllpcoua'. 
Pe3ynLTaT noArOHKu Al nMecTe c .. 3Kcnep11MeHTanLHLIM cnei<TpOM 
npuneAelL,napuc. 4. IIonomeuue M:aKCHMyMa nui<a at u ero neonpeAe
neuuocTh. noi<aJaHhl anepxy pucyni<a •. Onm6Kil cneKTpa, npune):(eHHble 

" , ' ' ' 

ua pucyuKe u ilcnonL3onaHHLie npu_ noAronKe, BLilfllc_neHLI n npeAnono
meuuu uopManLnoro pacnpeAeneuu'H oTclfeTon. n K~manax. 0AHai<o, 
nocKonLKY eTa THCJ;HKa <ilona oqeHL Mana /Menee 10 oTclfeTon ua Kanan/, 
JTO npeAnonomeuue ue conceM JaKonuo u nenut{HHa ornu6oK n BhiCOKo-
3HepreTH1feCKOii lfaCTH 3KCnepHMeHTanLHOrO cneKTpa MO)f(eT B03p.aCTH • 
CooTneT.cTneuuo yMeHLlliHTCH nenuquna X 2 • TeM ue Menee, KaK 
llOKa3biBalOT CaMLie neCCHMHCTIIlfeCKHe OIJ;eHKH, yponeHb AOCTOBepHOCTH 
uynL··runoTeJLI u n noM CJiyqae ue '[IPeBLICHT ?o/~. TaKHM o6paJoM, 
C AOCTaTOlfHOH_ nepO_.IITHOCTbiO MO)f(HO ClfHTaTb, lfTO 3KCnepHMeHTanhHhiH 
cneKTP, KpoMe rpynnLI at , . coAepmuT _ellJ;e a - qacTHIJ;hi Apyroii 
npupo~LI. ,D;anLneiirnuii auanu3. nponeAeH n npe):(nonomeuuu, lfTO 3a 3TH 
a -qacTIIIJ;hi OTBeTcTneuua peal<n;uH (n,ya). 

TeopeTu'Y:ecKuii cne_KTP (ya ) , nony11eHHhiH uume n paJAene 4 
AnH xopornero paJperneHHH, nepeclfHTLIBancH c yqeToM peanLnoii 
'fonmnHLI MHrneuu u paJpernelmH cneAYIOIIJ;HM o6pa30M. HcxoAHLiii cneKTP 
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6biJI pa3geneH Ha y3I<He :mepreTH'IeCI<He nonochi /no 0,1 M:m/. ,ll;mi 
J<a:>Kgoii nonocbi cnei<TP nepec'IHTbiBancH B peanLHhiii aHanorH'IHO 
pac'leTy ,Ami rpynn:bi a1 • CyMMa acex nony'leHHbiX · Tai<HM o6pa30M 
cneKTpOB gaeT 4JopMy cnei<Tpa (ya) ,Ami HaWHX ycnOBHH 3I<CnepHMeHTa, 

C noMO~biO MHK 3I<cnepHMeHTanbHhiii cnei<TP pa3narancH Ha .ABe 
KOMllOHeHTbi: rpynny a l H cnei<Tp (ya). })apbHpOBanCH OTHOCHTenhHbiH 
BI<nag 3THX cnei<Tpoa. KpoMe Toro, H;JMeHHnHCb B3aHMHoe pacnono:>Ke
HHe HX Mai<CHMYMOB B npe,Aenax OWH60I< J<anH6pOBI<H H BenH'IHHa 
nonywHpHHbi cnei<Tpa a1 /o6o3Ha'leHHH · aHanorH'IHbi cnyqaro Hynh
rHnoTe3hi/. llonywHpHHa cnei<Tpa(yaJ .He aapbHpoaanacb. Hei<oTopble 
H3 pe3ynbTaToB npHBe,AeHhi B Ta6nm.~;e I /aapHaHTbi C1, C2, C3, C4, 
C5/. Ha pHc. 6 H3o6pa:>KeHa nogroHI<a C3, cooTBeTCTBYIO~aH Haii:MeHb
weii aenH'IHHe'x-2. KpHBaH a OTBetiaeT · cnei<Tpy·a1 , b -cnei<Tpy (ya) , 
cy:M:MapHaH .KpHBaH · OTMe'leHa HH,AeJ<COM C • Kai< BH,AHO H3 Ta6nHIJ;bi 1, 
BenH'IHHbi X2 ,AnH BapHaHTOB "C" 3Ha'IHTenbHO MeHbWe, qeM ,AnH Hynb
rHnOTe3bi, H 6nHJI<H I< HaH6onee BepOHTHOMY 3Ha'leHH10 x2 = f /rge 
f - 'IHcno CTeneHeii cao6o.Ahi x ~- pacnpegeneHHH/. 

,lJ;nH nonHOTbi paCCMOTpeHHH · Mbi HCCne,AOBanH B03MO:>KHOCTb 
OllHCaHHH 3I<CnepHMeHTa C llOMO~biO TOnbi<O cnei<Tpa (ya). }>e3ynbTaTbi 
npHBe,AeHbi B Ta6nHIJ;e I /aapHaHTbi B1, B2, B3/. MeTO.A nogroHI<H 
H o6o3Ha'leHHH Tai<He )Ke, I<aK H gnH Hynh--rHnoTe3bi. Ha ypoaHe 
.AOCTOBepHOCTH = 20o/o gaHHaH rHnoTe3a He npoxo,AHT. KpoMe Toro, 
Mbi paCCMOTpenH e~e O,AHH 34J4JeJ<T, I<OTOpbiH MOr 6bi CHMynHpOBa Tb 
llOHBneHHe B 3I<CnepHMeHTanbHOM cnei<Tpe ,AOllOnHHTenbHbiX a-qacTHIJ; 
c 3HeprHHMH-E .,ll;eiicTBHTeiihHo, ecnH pe3oHaiJ:c E0 = 55,3 3B ecTb 
gy6neT. c Manoif> npHMeCblO I rn < 10-3 3B/. COCTOHHHH a- ' TO 3TO 
npnaegeT I< noHBneHHIO B cnei<Tpe rpynnhi a 0.0,AHai<o Tai<aH ManaH 
npHMeCb COOTBeTCTByeT 6onbWOH !l>niOI<TyaiJ;HH npOH3Be,AeHHH T r a . 

' v . Q 
Y'IHTbiBaH pacnpegeneHne 3TOH aenH'IHHbi H aepoHTHOCTb cnyqanHoro 
nonagaHHH gayx· pe 30HaHCOB B y3I<Hii 3HepreTnqeci<nii HHTepaan I ... 1 3B/, 
nony'IHM, 'ITO nonHaH aepoHTHOCTb peann3aiJ;HH:Tai<oro gy6neTa co
cTaBnHeT < 2.10 -4 , T.e. rHnoTe3a gy6neTHoro pe3omiHca 3Ha'IHTenb
HO MeHee BepOHTHa, 'leM Hynb·-rHnOTe3a. 

,lJ;ononHHninLHbiM apryMeHTOM B Donb3Y BapHaHTOB "C" HBnHeTCH 

TOT 4JaKT, 'ITO nno~a,Ab no,ArOHO'IHOH I<pHBOH C (N ~ ) B npegenax OWH60I< 
coanagaeT c 3I<cnepnMeHTanbHOii. 3Toro He Ha6nrogaercH gnH·Hynh

rHnoTe3bi. 
,lJ;nH pacqeTOB WHpHH raj H lya HCllOnh30BancH pe3ynbTaT llO,ArOH

I<H C3 H aenH'IHHa nonHoro Bbixoga a -qacTHIJ; H3 apeMeHHoro cnei<Tpa. 
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0wH6KH BenH'IHHbi 1 
3TOrO OTHOWeHHH ··. 
pe3ynhTaTbi gaHhi.B 

.. •.· 4. Teopemu•H 

-~ EcnH. paccMa~ 
CTyneH'IaTyiO, • TO 1 

_o6pa_30BaHHH HeiiTp 
y - pacnaga B npoMe 
a ~pacna~a :B coc1 
Bbipa:>KeHHe gnH ceq 
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3gecL .nogpa3yMeaa 
H 'ITO . npt>Be,AeHO : 
a_- qacTHIJ; oi<on9 

H MOMeHT OTHOCHI 
g].- CTaTHCTH'IeC 

KaHana, a nonHhie J 

npH 3an:Hcif 4JopM:ym 
HHe .Au · 3acenHe_T· 

· 'A o . ,D;nil 3HeprH 
TO'IHOCTblO nyqwe 
J<aCI<a,AHOH TeOpHH 

. B036y:>K~eHHH 144Nrl 
THIJ; napiJ;HanhHOH WI 

. y'IHTbiBa Tb. TOnhi<O 
Torga 34J~ei<THBHaH 
BH,A: 



Chi /no 0,1 M:m/. ,D;m1 
peanhHhiii aHanorH'IHO 
HHhiX TaKHM o6pa30M 
cnOBHH 3KCnepHMeHTa. . . . 
:KTP. pa3narancH Ha .u;ae 
IOBanCH OTHOCHTenhHbiH 
, · B3aHMHoe pacnonome
.. JIH6pOBKH H BenHlJHHa 
IOrH'IHhl cnyqaro Hynh
Hpoaanacb. HeKoTophre 
HaHThl 'C1, C2, C3, C4, 
JeTCTBYIO~aH HaHMeHb
a1 , b ·cneKTPY (ya) , 

: BH,II;HO H3 Ta6nHl(hl 1, 
!eHbWe, tJeM .u;nx .Hynh
r. 3HatJeHHIO -x2 = f /r.u;e 
r/. . 
e,u;oaanH B03MO:>KHOCTb 
cTpa (ya). Pe3ynhTaTbi 
B3/. MeTo,u; no.u;roHKH 
·rHnoTe3hi. Ha ypoaHe 
>oxo,u;HT. KpoMe Toro, 
MOr. 6bi CHMynHpOBa Tb 
onHHTenhHhiX_ a-qacTHU 
allc E 0 = 55,3 3B ecTh 
OCTOHHHH 3- , TO 3TO 
[).O,u;HaKO TaKaH ManaH 
I npOH3Be,n;eHHJI f of a • 

IJ 
:pOHTHOCTb cnyqaHHOro 
CKHHHHTepaan/"'1-3B/, 
:H ·TaKOI;'O ,u;y6neTa ~0 ·' 
>pe3oHaHca3HalJHTenh-

apHaHTO~ "C" HBnH~TCJI. 
'~) B npe.u;enax owH6oK 
a6nro.u;aeTCH .u;nx·HynL-

Lncx pe3ynhTaT no.u;roH-
3 BpeMeHHOrO cneKTpa. 

I 

I 

·0wH6KH BenHlJHHhl of /r 6blnH nonytJeHbl H3 MaKCHManhHOrO pa36poca 
ya a· 

· 3TOrO OTHOWeHHJI B pa3HhiX BapHaHTaX no,u;rOHKH. 0KOH1JaTenhHbie. 

.· 

pe3ynhTaThi .u;aHhi B Ta6nHue II. · 

· 4. Teopemu'lec~eoe onucauue oeyx~eac~eai:moii peaKlJUU (n, ya) 

· 143 d( J 14oc : . EcnH. paccMaTpHBaTh peaKUHIO N n, ya e KaK .u;ayx-
cTyneHtJaTyro, TO B paMKaX R ·MaTpHlJHOH TeOpHH /S/ ,u;nH npouecca 

144 ' 
o6pa3oBaHHH HeiiTpOHHoro pe3oHaHca >.. 0 B 'Nd , ero nocne.u;yro~ero 
·y -pacna.u;a a npoMe)KyTotJHoe cocTOHHHe A.n H /na nocne,u;Heii cTa,n;HH/ 

· · \ J40ce · a .:.pacna,u;a B COCTOHHHe 1\f MO:>KHO 3anHCaTb cne,u;yiO~ee 

Bbipa)KeHHe )lJIJI CelJeHHJI: ·ur . 
da . 0 

··\ \ = n,ya (1\fi -+I\ f) -

3.u;ecL rw.u;pa3yMeaaeTCJI, 'ITO COCTOHHHJI A 0 ' An 'A f H30riHpOBaHbi 
H 'ITO . npbBe,n;eHO HHTerpHpOBaHHe no yrnaM BbineTa H no 3HeprHH 
a·lJaCTHl( OKOnO COCTOJIHHJI Ali . ·si H fi 6i=n,y,a) CyTh,_CnHH 

H . MOMeHT OTHOCHTenhHOrO ,II;BH)KeHHH B COOTBeTCTBYIO~HX KaHanax, · 
g 1 . - cTaTHCTHlJeCKIIii aec. · ITapuHanhHhre WHPHHhi HMeroT· ·lfH,D;eKc 

KaHana, a nOJIHbie WHpHHhl - TOJihKO HH,IJ;eKC pe30HaHCa.KpOMe 'Toro, 
npH JanHcH t!Jop:M:ynhr /1/ npe.u;nonaraeTcH, 'ITO npoMemyTO'IJ!oe cocTox_
HHe Afi . 3acenHe.TCJI TOnhKO npHMhiM y ·nepexo):(OM H3 COCTOHHHJI 
A 0 . ,D;nH 3HeprHH y -KaaHTOB · Ey 5 1,5 M3B no cnpaae.u;nHBO c 

TOlJHOCTbiO nyqwe ·10o/o, 'ITO 6bin0 npoaepeHO npHMhiM pactJ:eTOM no 
KacKa,u;uoii TeopHu/6/ c ytJeToM peaJihHhiX napaMeTpOB cneKTpa 
B036y)K,n;eHHJI 144Nd . BBH,IJ;y CHJihHOH 3aBHCHMOCTH OT 3HeprHH a·lJac
THl( napuHaJihHOH WHPHHhl r a (Ali -+A£) .s e B t!JopMyne I 1/ ,IJ;OCTa TOlJHO . a a 
YlJHTbiBaTb TOJibKO a ·nepeXO,II;bl B OCHOBHOe COCTOJIHHe KOHelJHOrO JI,IJ;pa. 
Tor.u;a 3tlJtiJeKTHBHaH wHpHH~ .u;na .u;ayxcTyneHtJaToro ya -pacna.u;a HMeeT 
BH,IJ;: 
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J" " r Ao J 
ya (Ao-+An ~ O) = r y Ao (B n -Eli ) I 

fa 

J" r An 
a(An 

fl 
-+O)f (E ) a a 

n.n /2/ 

,lJ;mi aHaJI83a 3KCnep8MCHTaJILHOrO CllCKTpa a -qaCT8.Q He06XO,li;8MO 

83 W8p8HLI /2/ llOJIY'I8TL TeopeTH'ICCKHH a -cneKTp peaK.QHH (n,ya ) 
( W {!o (ftz ) ] '· a TaK:>Ke 'noJIHYIO r ~a~ WHpHHY. Mo:>KHO npH6JIH:>KeHHO 

O.QeHHTL 83. 3KCnep8MeHTa .BXO,li;JII.QHe B 4JopMyJiy /2/ llOJIHLie WHPHHLI 

IAfi • CocTOJIHHJI A fl Jie:>KaT H8:>Ke 3Hepruu CBJ13H HeiiTpoua Bn 
CJie,D;OBaTCJILHO, HX llOJIHaJI WHpHHa onpe,D;eJIJieTCJI npaKTH'IeCKH TOJILKO 

y -wupHHOH. Oua 83BeCTHa, O,D;HaKo, ,li;JIJI COCTOJIHHH C 3Hepr8eH 60JILWe 

·Bn. TeM He Menee, y'I8TLIBaH, 'ITO ocuoauoii BKJia,D; B nonuyro y ·wupuuy 

,D;aiOT MHoroKacKa.D;IILH~ nepexo,D;LI, .D;JIJI cocTOHHHH c EAu~Bn - 1,5 M3B 

,li;OCTaTO'IHO pa3yMHLIM 6y,D;eT npHHJITL, 'ITO: 

-
I>.li (Ell ) =f), (Bn ). /3/ 

3Kcnep8MeHTaJILHLIM llO,li;TBep:>K,D;eHHCM 3TOrO npe,D;llOJIO:>KeHHJI CJIY:>KHT 

TOT 4JaKT, 'ITO cpe.D;HJIJI nonuag y -w8pHHa Mano MeHHeTCJI npu nepexo.D;e 

.OT 'ICTHOrO 830TOna K He'IeTHOMY, XOTJI 3HeprHJI CBJI3H HCllLITLIBaeT 

aapua.u;uu nopH,D;Ka 1-2 M3B. . 

B nro6oM peaJILHOM 3KcnepHMCHTe HMeeT MeCTO 3414leKTHBHoe 

ycpe,D;HCHHe no 8HTepaaJiy 3HeprH8 I!J.Ea BBH,D;Y KOHC'IHOrO pa3peWeH8JI 

annapaTypLI. ,ll;a:>Ke B caMLIX JIY'IWHX CJiy'IaJIX 3TOT HHTepBaJI BKJIIO'IaeT 

MHoro ypoaHeii A£1 • TaKHM o6pa~oM, a 4JopMyne /2/ pa6oTaeT ua 

caMOM ,D;eJie cpe,I(HJIJI a -w8p8Ha r aAn ( Ea ) • 3Ta BeJIH'IHHa H ee 

3aBHCHMOCTL OT 3HePJ"" y,D;oaneTaopuTeJILHO onucLIBaiOTCJI a paMKax . 

OllTH'ICCKOH MO,D;eJIH /? : 

r (E ) = l T. ( E ). 
a(Afl -+O)fa a 2rrp(J") fa a 

Ali 

/4/ 

3.D;eCL p (J~l ) - llJIOTIIOCTL npoMe:>KyTO'IIILIX ypOBHeH CO CllHIIOM 

H 'IeTIIOCTLIO Jffl , Y.D;OBJI~TBOPJIIOI.QHMH npaBHJiaM OT6opa, a~7ra (Eit) -
K034J4JH.QHeHTLI · npHJIHllaHHJI ,I(JIJI a -qacTH.Q C op6uTaJILHLIM MOMeHTOM 

f G , BL}'I,CJieHHLie no OllTH'IeCKOH MO,li;CJIH MCTO,li;OM, OllHCaiiiiLIM 

a pa6oTe 
7 • 

10 

Ilap.u;uaJILHyrou 

1(11' '. 

. lAo 

rYy(Aa·\~. = 

~ Is 
e . y 

W • ·rr " 
r,D;e S (Ey ;fAa :..fAu; 
( ~)- nepexo,D;a ~YJIL 

. auanorH'IHLie . ucnqnL 

83 cpaanen8H c 3I<Clll 

. TenepL q noMOI 

Teope~8'IeCK8ii.crieK1 
' '·' ' 

T'uqecKOMY HIITepaaJI 

ne6pe'IL 3aB8CHMOCT 

C'I8T<lTL llJIOTHOCTL Y 

J" 
W Ao 
.. ya 

I[• 

8 
(Ea) = ;rrf' (B 

. y 

IlO,D;'IepKHeM, 'ITO Be! 

TO~IHbiX COCTOJIII8H; l 

3·He.prug'_pe~KUHH (n, 
cepe.D;nHe HHTepaana 

'?:. 

B · TeopeTutiec: 

·,D;aBa TL BKJia,D; pa3JIH' 

HLIX y -nepexo,D;oa; i 
JII06LIX CllHHOB H tie 

CeJieK.Q810, cpaBHHBa 

THllOB nepeXO,li;OB C 

H3MepeHHLIM npH XO 

HeHLI B TellJIOBOH 

np8HJITL, 'ITO OCHOBI 



fl 
(E ) a 

/2/ 

·qaCTHU: He06XO)J.HMO 

:p peaKU:HH (n, ya ) 
Mo)KHO npn6JIH)KeHHO 

/2/ llOJIHbie lliHpHHbl 

IH3H HeiiTpOHa ·Bn 
npaKTH'IeCKH TOJibKO 

11ii c 3Heprneii 6onLwe 

[( B llOJIHYIO y · WHpHHY 

. c EAfi~Bn - 1,5 M3B 

/3/ 

e,nnoJIO)KeHHH CJIY)KHT 

:HHeTCJI npH nepexo.ne 

J1 CBJI3H HCllblTbiBaeT 

, MCCTO JcWJeKTHBHOe 

IHC'IHOrO pa3peWeHHH 

r. HHTepBaJI BKJIIO'IaeT 

'Jie /2/ pa6oTaeT Ha 

:3Ta BCJIH'IHHa H ee 

HCbiBaiOTCH B paMKaX . 

/4/ 

ypOBHCH CO CllHHOM 

~:MoT6opa, a~~a(ftz)
IHTaJibHblM MOMCHTOM 

ICTO)J.OM, OllHCaHHblM 

,• 

l-
1 

1T 
1 

llapu;HaJILHYIO WHPHHY r Ao 
yfy 

( B n- Eli )Mbl 3allHCbiBaeM B BH)J.e: 

M M 
E fy)/ HF ( E fy),/5/ 

w · 11 . 11 M . . .. /2/ 
r.ne S (Ey ; ]).. 

0 
... ]Ali; E i'y)- o.nuoqacTH'IHa~ou;eHKa BaiicKon<lJa ,nnH . 

( ~)- nepexo.na ~YJILTH~OJibHOCTH fy, a HF("jfyJ cyTL <lJaKTOpbi 3anpeTa, 

. aHaJIOrH'IHblC HCnqJIL3yeMLIM :~ pa6oTe /B/, OHH )J.OJI)I(Hbl 6biTb OI.J;eHeHhl 

H3 cpaBHCHHH C 3KCnepHMCHTOM. 

. . Tenepb <{ llOMOII.J;biO !l)opMyJI /2/, /3/,' /4/ H /5/ MO)KHO nony''IHTb 

reopeTmieCKHH cneKTP w:!o (E_~)~ Ycp~)J.HHJI /2/ no Y3KOMY 3Hepre-

T'nqeCKOMY HHTepaany A <<E a , B KOTOpOM, no-nepBbiX, MO)KHO npe

He6pe'lb 3aDHCHMOCTbiO r'a\fi fa (Ea) OT 3HeprHH Ea , H, DO-BTOpbiX, 

C'IHTaTb llJIOTHOCTb ypODHeH p(J\11 
) llOCTOJIHHOH, llOJIY'IHM: 

1\ fi 

I" 
W Ao 

ya 

/6/ 

llo,n'lepKJieM, 'ITO BeJIH'IHHa WIAo He 3aBHCHT OT llJIOTHOCTH npoMe)Ky

TO~IHhiX COCTOJIHHH, H3 KOTopi'.~x np.OHCXO)J.HT a -pacna,n. Q a- 3)J.CCb 

3HeprHJI peaKU:HJI (n, _c;J' E a - 3HeprHJI a -pacna,na, COOTBeTCTBYIOII.J;aH 

cepe,nnHe HHTepnana A. 
,. 

5. 06cyJICoeuue pe3yll&mamoe 

v IX '. 
B TeopeTH'IeCKHH cneKTP Wya 0 (Ea) MoryT o,nHonpeMeHHO 

·.nanaTL- BKJia,n pa3JIH'IHLie MYiiLTHITOJILHOCTH JJieKTPH'IeCKHX H MarHHT

HbiX y ~nepeXO)J.OB, llOCKOJILKY cpe,nH COCTOHHHH A Ei CCTb COCTOJIHHJI 

JII06biX CllHHOB H 'leTHOCTeH. O,nHaKO MO)f(HO npOH3BCCTH HCKOTOpYIO 

ceneKu:nro, cpanHHBaJI <lJopMy pacqeruoro cneKTpa (ya) .D.JIJI pa3JI'i";xx 

THllOB nepeXO)J.OB C 3KCnepHMCHTaJILHhlM cneKTPOM H3 pa60Thl , 

H3MepeHHbiM npn xopoweM pa3peweuml. XoTH 3TH H3MepeHHJI Bbmon

HeHLI D TellJIOBOH TO'IKC, C. )J.OCTaTO'IHOH )J.OCTOBepHOCTbiO ·MO)KHO 

npHHHTb, 'ITO OCHODHOH BKJia)J. B CC'ICHHe ,naeT pe30HaHC C }
11 
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pacnoJH~:>KCHHbiH . npu OTpu~a TCJILHOH :mepruu. 3Kc'nepUMCHTaJI.hHLIH 

cneKTp ( y a) ,D;JIH :noro cnyqax 6Lm nonyqeu HaMu U3 MeJIKOMacwTa6-

HOro puc. 1 pa60Tht1/. OiJ: CO.IJ;Cp:>KUT B CBH3U C 3TUM OOJILWUC 

ueonpe.IJ;eneuuocTH. O.IJ;H:aKo .IJ;a:>Ke c yqeToM yKa3aHHLIX ueonpe.IJ;eneu

uocTeii MO:>KHo C.IJ;eJiaTL BLIBO.IJ; o .IJ;OMUHupyro~eii ponu E1 u M1 nepexo

.IJ;OB. ·rrono:>Keuue MaKcuMyMa u . l}>opMa cne:Kl'pa y.IJ;oaneTiiopuTeJILHO 

OnHCLIBELIOTCH .IJ;JIH E!- U M1:: nepeXO,IJ;<?B, '{TO BU.IJ;HO U3 pil:c. 7, .L(nH 

.nepexo.IJ;oB Bhlcruux MYJILTunoJILHOCTeii MaKCUMYM pacqeTuoro cneKTpa 

pe3KO C.IJ;BUHYT aneao /uanpuMep, ,IJ;JIH -E2 -nepexo.IJ;OB ua 0,5 MJB/ 

u l}>opMa ero CHJILHO acHMMeTpuqua. Cnnowiiax Kpuaax ua puc. 7 
COOTBCTCTBYCT E1 -nepeXO.IJ;aM,H~KTUpHaH - M 1 -nepexo,IJ;aM. 

TeopeTuqecKue cneKTPLI ·Wyao-CEa), npuae.IJ;eHHble ua puc. 7, 
UCnOJih30BaJIUCh KaK OCHOBa . .IJ;JIH o6pa60TKU UaWUX 3KCnepUMCHTaJILHbiX 

cneKTpOB, 

· Pa3peweuux no JHepruu a -qacTu~ a uaweM JKcnepuMeHTe 

li pa6oTe / 1/ CUJILHO pa3JIJiqaJIHCh. IJOJTOMY ,IJ;aJIL~CHWHH aHaJIU3 

Y.IJ;OOHee npOBO,IJ;liTh B TepMUllaX llOJIHOH WllpliHhl rjko , KOTOpaH 

nerKo nonyqaeTcx H3 l}>opMyJILI /6/. 
IJOJIC3HYIO lllli}JOpMa~UIO MO:>KHO noJiyqJITh, paCCMaTpUBaH BCJIU"I{JIHY 

3- -
OTHOWCIIUH (iJ = r ya I r t a . Ilpu pacna,IJ;e neiiTpOHHbiX pe 30HaHCOB 

C ]' 
17 = 3- li 4- npOUCXO.IJ;UT OTOOp no CnUHaM li "I{CTHOCTHM npoMe:>Ky

TO"I{HbiX cocToxuuii Ali .IJ;JIH pa3JIJiqnLIX MYJILTunoJILHOCTeii Y- nepexo

.IJ;OB /eM. puc. 8/. CooTBeTCTBeHHO l}>uKcupyroTcH u op6uTaJILHLie 

MOMCHTLI BLIJieTaro~ux a -qacTu.u;. IlocKOJILKY aepoHTHOCTL BLIJieTa 

a -qacTH~hl cy~eCTBCHHO 3aBUCUT OT BCJIU"I{JIHLI ea [T (e=2)/T {e=4).;;: 
::;'TCf=JJ)T(&:5):;.4) ll, CJIC.IJ;OBaTCJILHO, OT ] 11 COCTOHHUH Ali , TO 

u aenuquua w .IJ;OJI:>Kna 6LITL aecLMa qyacTBUTCJILHa K MYJILTunoJILHOCTH 

nepexo.IJ;a. B cnyqae qucTLIX y -nepexo,IJ;oB MYJILTunoJILHOCTU E 1 
w TeopJE1):; 5 , CCJIU :>KC MYJII>TUnOJILHOCTh y·nepeXO.IJ;OBM1 , TO 

w (M1)- 0,8 . IJpu 3TOM liCOOXO.IJ;liMO no,IJ;qepKHYTL, '{TO BCJIU"I{JIHbl Teop ..... · 
WTeop:pnpe,IJ;CJIHIOTCH TOJILKO npaBUJiaMU OTOOpa U OTHOWCHUCM npOHU· 

~aeMOCTCH · noTell~llaJILHOrO 6apbepa ,IJ;JIH a -qacTU~hl C pa3JIJI"I{HbJMll 

ea U CJia6o 3aBUCHT OT npUOJili:>KCHUH, ucnOJih30BallllhiX . BLIWC .IJ;JIH 

onucauux cneKTpa . Wy a (E a ). . _ . 
,L(nx onpe,IJ;eJieHUH (iJ 3KCn. Mbl ~3HJIH r ya (4 ) u·3 TaOJill~hl I I' 

a BCJill"l{llliY r ya .IJ;JIH ypOBHH 3- C OTpu~a TCJILHOH 3Heprueii O~CljliJIU, 
ucnoJIL3oBaB ceqenue peaK.u;uu (n, ya ) , nonyqeunoe B~'ooTe 111 , 
paBHOC 0,3 MOapn, li 3HaqeHUH f~ 0 li an a ll3 pa60TLI 9 • IJpu 3TOM 

rya (3--) OKa3aJiaCL paana /0,8±0,2/.10-7 3B, OTKy,IJ;a O~CHKa WJKCn. 
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CCTL O,:J~ W'JKCn~:3 
' . . 

0 ~peUMY,~CCTBCIIHO 

HhiMll · COCTOHHUHMll '. CaMOM .IJ;CJIC, BCpOH1 

XO.IJ;LI, MLI .IJ;JIH Y,IJ;O• 

npe,IJ;CJibl ~aKTOpOB 
.. · IIod:onLKY Mhl 

1-a, · neo6xo.IJ;HMO o6 

· Owu6Ka, CBH3aHHaH 

HF MaKCHMYM mi 41 
3aBHCUMOCTh OT 3 

npoaepeHHLIX · ua wu 

onucauux JKcnepHMI 

E1 -nepexo.IJ;o:B · JIM 

3anpeTa, CBH3anua: 

.npe~c:Ka3biBa~T a .c 
· pe3ouanca .IJ;JIH qeTHJ 

. HF(E1) npu6nu3HTer 

npUBC.IJ;CliHbiC B Ta 

· B·pa6oTe/B/ .JI 
· xo.IJ;oB U3 cJ:Ia6oao36: 

,IJ;OB B OTCYTCTBUe . .IJ;C 

aCUMnTOTJI"I{CCKOrO I< 

·a~ unTepaane 102 · · · 

BapbHPYIOTCH B .3aBU 

~uii. BenuquHLI HF , 
.cpaBHUBaTL C I}JaKT 

nOCKOJILKY ~TPYKT~ 

CJiyqae .CUJILHO OTJIE 

0.IJ;HaKO MO:>KHO npE 

_KOTOphiC . H03BOJIHT . I 

.IJ;JIH nepexo.IJ;OB Me:il 

nap~UaJILHble WllpUH 

ypoaneii cocTaauoro 

cne.IJ;yro~eii npocToii 

. 11 
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•· . 3KcnepHMeHTaJibHblH 

lMH H3 MeJlKOMaCWTa6 • 

BH3H c 3THM 6oJILWHe 

a3aHHLIX- Heonpe~eneH

• ponH E~ H M_! nepexo

pa y~oaneTBOpHTeJILHO 

BH~HO H 3 pHC. 7, )J;JI.H 

rM pactieTHoro cneKTpa 

lpexo~o~- Ha 0,5 MJB/ 

Ela.H Kpuaa.H Ha puc. 7 
· M 1 -nepexo~aM. 
IPHBe~eHHLie Ha puc. 7, 
~X3KCnepHMeHTaJibHhlX 

HaWeM 3KCilepHMeHTe 

y ~aJIL~eH:wH:H: · aHaJIH3 

1HHbl tJXo , KOTOpa.H . ya 

JaCCMaTpHBa.H BenHttHHY 

eiiTpOHHhlX pe30HaHCO~ 

H tieTHOCT.HM npoMe)Ky~ 

IOJibHOCTeii Y·nepexo· 

yiOTCH. H op6HTaJILHLie 

·, BepO.HTHOCTb BbiJieTa 

LI ea . [T (£=2)/T (£.:.4).;.;-
11 .cocTo.HHHii An , To 

lLiia K MYJILTHITOJILHOCTH 

bTHilOJibHOCTH E 1 
y"nepexo~oa Ml , TO 

epKHYTb, 'ITO BeJIH'IHHbl 

a.H OTHOWeHHeM npOHH· 

'laCTH~bl C pa3JIH'IHblMH 

Jib30BaHHbiX . BbiWe ~JI.H 

a ·(4-) u·3 ·.fa6JIH~bl I I, 
Ioii JHeprueH: o~e~HJIH, 
'tieHHoe a.pa,6oTe ,t/ , 
3 pa60Tbi/9~ flpH 3TOM 

1, OTKy~a O~eHKa, cu JKCil. 

) 
! 

ecTL 0,3_~ cu 3Kcn~ :3. HecMoTp.H Ha 6onLWHe oiuu6K~ cu JKcn: , Bbi~o~ 
o npeHMy~ecTBeHHOH ponu Ml · ·nepexo~oa Me)K~y BbiCOKOB036y)K~eH· 
Hb;MH cbcTO.HHH.HMH npe,itcTaBJI.HeTCH BeCbMa BepO.HTllbJ~,L XOT.H . Ha 

CaMOM ~eJie, BepO.HTHO, BKJia~ ~aiOT O~HOBpeMeHHO H :£1 • H Ml ·nepe· 

XO~bl, M~I ~JI.H y~o6CTBa o6o3peHH.H .B Ta6JIH~e I I r npHBeJIH HH)KHHe 

npe~eJibl _{J;JaKTOpOB 3anpeTa OT~eJibHO ~JI.H. Ka)K,tioro Im~~ nepex~~OB. 
IIod:oJILKY MLI nonyqaeM a6coniOTHLie aeJIHt{IIHLI (J;JaKTopoa Janpe

Ta,. He06XO~IIMO o6cy~HTb . B03MO)KHbJe Olliii6KH B IIX onpe~eJieHUII •. 
Owu6Ka, CB.H3aHHaH c ~ony~eHHeM /3/, HeaeniiKa ii MO)KeT noBLICHTL 

HF MaKCHMYM Ha (j;JaKTOP 2. A6coJIIOTHLie 3HatieHH.H a -wupuH u ux 

3aBUCHMOCTb OT 3HeprHII . BbltiHCJI.HIOTC.H C' CHCTeMOH napaMeTpOB, 

npoaepeHHbiX Ha WHpOKOM Kpyre .H~ep H 3Hepr~_H. flpu 3TOM TOtiHOCTb 

onucaHU.H JKcnepuMeHTa B cpe~HeM He xy)Ke 50o/o. O~HaKo ~JI.H cnytia.H 

EJ ·nepeXO~OB HMeeTC.H Heonpe~eJieHHOCTb B BeJIII'IUHe {J;JaKTOpa 
144Nd · JanpeTa, CB.H3aHHa.H C TeM, 'ITO ,IJ;JI.H , OilTUtieCKa.H MO~eJib 

npe~CKa3biBaeT B cneKTpe a ·qacTII~ cy~eCTBOBaHUe rur~HTCKOrO 
pe3oHaHca ~.ri.H tieTHLixe. 3To MO)KeT ~aTL 3~BLiweHue (J;JaKTopa JanpeTa 

... HF(El). npu6JIH3HTeJibHO. B 30 pa3. )J;aa Ha6opa 3HatieHUH .tiJIH .HF(El) , 
npuae~eHHLie B Ta6nu~e , II l, oTpa)KaiOT 3TY Heonpe~eneHHOCTb. 

B· pa6oTe /B/Jio6Hep uccne~oaan (j;JaKTopi.I JanpeTa ~JI.H Y ·nepe

XO~OB H3 CJia60B036y)K~eHHbiX COCTO.HHHH B OCHOBHbJe. )J;JI.H EJ ·nepexo~ 
. ' . . . 

~OB B OTCYTCTBUe ~OilOJIHIIH~JibHbiX 3anpeTOB, CB.H3aHHblX C H3MeHeHIIeM 

aCHMilTOTHtiecKoro KBaHTOBOro tiHcmi. k ; OH IlOJIYtiHJI ~JI.H HFaeJIHlJ.HHhl 

·a. HHTepaane 102 -105 • Ilpu 3TOM (j;JaKTopLI JanpeTa HeperynnpHo 

aapbupyiOTC.H B 3aBHCIIMOCTH OT KOHKpeTHOrO CMeWHBaHH~ KOH{J;JIIrypa • 

~uii. BenHtiHHLI HF , nonytieHHLie Jio6HepoM, ~eJIL3.H Henocpe~cTBeHHO 
.cpaBHHBaTL c (J;JaKTopaMH JanpeTa, npuae~eHHLIMH B Ta6nu~e I U, 
nocKOJILKY · CTPYKTypa .HatiaJILHLIX u. KOHetiHLIX cocTO.HHHH ·a HaweM 

CJiyqae CHJibHO OTJIUtiaeTC.H QT CJiytia.H, IICCJie~oBaHHOrO B pa60Te/B( • 

O~HaKo MO)KHO npuaecTH _. HeKoTopLie nonyKonuqec!BennLie o~eHKII, 

KOTOpbie. Il03BOJI.HT npe,nCTaBHTb IlOp.H~OK BefiHtiiiH {J;JaKTOpOB ':JanpeTa 

~JI.H rrepeXO.IJ;OB Me)K~y KOMnayn~- COCTO.HHH.HMH. lf3BeCTHO /to/, 'ITO 

rrap~uanLHLie wupunLI ry ~nH. np . .HMLI_x I El u. 'Ml I y -iiepexo~o~ c 

ypOBHeii COCTaBHOrO .H~pa (c) Ha OCHOBHbie COCTO.HHH11 (0) OilHCMBaiOTC.H 

cne~yro~eii npocToii (J;JopMynoii c TOtiHOCTLIO ~o nop.H~Ka: 

J" 
D . --, . .,11 

Do 
l?l' 
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r~~ r yw - . O,l{HO~acTmiHaH _uiHpHHa B7TaiiCKOIIclJa, D
117

- paCCTOHHHe 

Me~.l{Y ypoBHHMH B KOMrrayH,l{- H.l{pe, DJ = 15 M3B ·-: paccTOHHHH Me)K.l{y 

O,l{HOttaCTHttHbiMH ypoBHHMH /B IIOTeH~HanLHOH HMC/. TaKHM o6pa30M, 

.l{nH paccMaTpHaaeMoro T
77
11rra: 7r -rrepexo,l{oB /Tuna c-+ o I clJaKTopi.r 

3arrpeTa eCTL IIpOCTO 'DJ /Dl H HBRHIOTCH Mepoii clJparMeHTa~HH 
O,l{HOttltCTHttHoro COCTOHHHH /O.l{HOrO HRH HeCKORLKHX/ 110 ypOBHHM 

Ko:Mnaya,l{- H,l{pa. Una, HHLIMH'cnoaaMH, aec o,l{HottacTHttHoii KoMrroHeHTLI 

_a ~nHRPoii1 clJYHK~HH KoMriayH,l{·cocToHHHH MmKHo rpy6o o~eHHTL KaK 

(D /D1
0 ) ~ Tor.ri;a .l{nH y-rrepexo,l{oB Me)K,l{yKoMrraya,l{-cocToHHHH

MH (c~c ') rrpu6nH)KeHHo crrpaae,l{nHaa o~eHKa 

/8/ 
1T ·117 

ri ,=rw(_D_/=rw(HFJ-1. 
yc:->c .Y nJ" Y O,l{H. 

0 

CoaepllleHHO OtteBH,l{HO, ttTO clJopMyna /8/ ,l{aeT TORLKO HH)KHHH rrpe,l{en 

lllHpHHLI r yc ..,. c' , IIOCKORLKY B IlpOBe,l{eHHLIX paccy)K,l{eHHHX HrHOpH

poaanCH BKRa,l{ OT BWClllHX KOMIIOHeHT BORHOBOH clJyHK~HH KOMIIayH,l(• 

COCTOHHHH H He paCCMaTpHBanOCL yc~neHHe BepOHTHOCTH paciia,l{a 3a 

ctteT cyMMHPOBaHHH BKna,l{oB oT rrepexo,l{OB Me)K,l{y KOMrroueaTaMH 

pa3nHttHLix o.l{HottacTHttawx cocToHHHii. TeM He MeHee a3 /8/ MO)KHO 

rronyttHTL O,l{HOttaCTHttHYIO o~eHKy clJaKTopa 3arrpeTa ,l{RH y - JiepeXO,l{OB 

Me)K,l{y BLICOKOB036y)K,l{eHHWMH COCTOHHHHMH, KOTOpaH HBnHeTCH BepX

HHM npe.l{enoM ,l{nJI HF. ,lJ;nH Hccne.l{yeMoro HaMH 
144 Nd(HF ).9)].8 .= 

=·3.101~.;. Cpaa'ueHHe nocne,l{Heii oenHttHHW c ,l{aHHLIMH Ta6nH~LI Ill 
IIOKa·:JwoaeT, t{TO B 'y -rrepeXO,l{W Me)K,l{y KOMIIayH,l{ • COCTOHHHHMH ,l{aeT 

BKRa,l{ 3HattHTenLHO 6onLlllee ttHCRO KOMIIOHeHT BORHOBOH clJyHK~HH, tteM 

rrpH rrepexo,l{e H3 KoMrrayH,l{;.;cocToHHHit B ocHoouoe cocTOHHHe. TaKHM 

o6pa30M, clJaKTOphl 3arrpeTa ,l{RH y -rrepeXO,l{OB Me)K,l{y BLICOKOB03-

6y)K,l{eHHWMH COCTOHHHHMH OKa3LIBli.IOTCH OTHOCHTenLHO MeHLlllHMH, 

iJe:M,,npH · , y·rrepexO,l{aX C 3THX COCTO~HHit Ha OCHOBHWe. He HCKRIOtteHO, 

ttTO OTHOCHTeRLHOe yMeHLWeHHC' clJaKTOpOB 3arrpeTa CBH3aHO C HanHttHeM 

.··a aonHoaoii clJyaK~HH BLrcoKoao36y)K,l{eHHwx cocToHHHit MHoroKBa3Httac

Tll'mi.rx R:o:MrroHeHT, rrpe,l{cTaBneHHLIX c 6onLWHM oecoM,·rrpe,l{cKa3aH-
HLIM B pa6oTe/ll/, .·· . . 

0TMeTHM,' ttTo' BeJiHttHHa r ya H3- 3a' CHRLHOrO ycpe,l{HeHHH 110 

IlpOMe)KyTOttHLIM KOMIIayH,l{- COCTOHHHHM A fl /ttHCRO TaKHX COCTOHHHit 

MO)KeT 6LITL - 10
4 I ,l{OR)I(Ha 6LITL c xopoweit TOl.{HOCTLio KOHCTaHTOH 

,l{RH ,l{aHHOrO H,l{pa H CIIHHa pe30HaHCOB H cpaBHHTenLHO cna6o MeHHTLCH 

OT H,l{pa K H,l{py, B ttaCTHOCTH, 3a CtteT H3MelieHHH clJaKTOpOB IIpOHH-

~aeMOCTH ,l{RH a ·ttaCTH~. 
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. . . ~ caii3H c n~M,_ 
cpaBHHMLIC 3HatteHHH 

THTL BHHMaHHe. Ha , BC 

rrpo~ecca (n, yaJ' ... ~ 
H3MepHeTCH 110 HHTeJ 

3aeprim rr~ ;,. liz . 
. · 3KCII. 

HCKa)KeHHIO pacrrpe,l{e. 

CTaTHCTHtteCKOH MO,l{e 

r >r 
aaKcrt;- >:a 

XoTenocL 6Lr .. I 

' peaK~HII ( n , ya) ,II;, 
xapaKTepHCTHK y~rreJ 

COCTOHHH~MH.~,l{ep H 

aepoiiTHOCTH a~p~crra 

Orrpe,l{ene.J 

H a H c o a· 144 

fionHWe T a lllH}l 

(r ) = e n(al-aO) A 
a. I · · •-

A 

r,l{e (f: y0 - KanH6poBI 

. H3 pa8oTLI/12//HH,l{eJo 

H ,l{aHHLIH pe3.0HaHCLI 

rrornouteaife · a 6opHoJ 

a 1 H a 0 - cetteHHH rrc 

OTHOllleHHH. rrriouta,l{eit. 

ttHCneHLJl 110 ,l{aHHLIM, 

YttHTPIBll.IOiltHH H3MeHC 
HOB fl4l / E1 H E 0 _-. 3 

. OTHOllleHHe ctteTa a -q~ 
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• paCCTOHHHe 
m ·~ paCCTOHHHH Me>K,ny 

iMel. TaKHM o6pa30M, 
rHna c-+ 0 F«l>axTopi.I 

•· Mepoii cl>parMeHTal:liiH 
COnLKHX/ no ypoBHHM 
laCTH'IHOH KO~fiiOHeHTLI 
:Ho' rpy6o. Ol:leHHTL KaK 
KOMnayH,n·cocTOHHHH-

181 

ronL'xo HH>KHHii npe,nen 
paccy>K,neHHHX HrHOpH· 
ii «l>YHKJlHH KOMnayil,n
poJITHOCTH pacna,na 3a 
Me>f<,ny KOMnOHeHTaMH 
· :MeHee Hl 181 MO>KHO 
eTa ,nnH y •nepexo,noa 
TOpaH'JIBnHeTCH Bepx· 
HaMH 144Nd(HF Jsuu.= 
,naHHLIMH Ta6nHl:lLI I II 
'HA • COCTOJIHHJIMH ,naeT 
onHOBOH «i>YHKJlHH, 'leM 
110e COCTOHHHe. TaKHM 
a Me>K,ny BLICOKOB03 • 
tCHfenLilo MeHLWHMH, . 
OBHLie. He Hcxnro'leHo, ' 
Ta CBH3aHO C HanH'IHeM 
JHHHH MHOrOKBalH'IaC-
~ aecoM;·npe,ncxa3aH- · 

ILHo'ro ycpe,nHeHHH no 
~cno.TaKHX COCTOHHHH 
:O'IHOCTLIO · KOHCTaHTOH 
enbHO cna6o MeHHTLCH 
eHHH cl>axTopoa npoHH-

l _l 

B CBH3H c TeM,~TOBpH,nepe30HaHCOBBenH'IHHLI ra H ryaHMeiOT 
cpaBHlfMLie 3Ha'leHHH IHanpHMep, .nnH E0 = 55,4 3BI,.cne,nyeT o6pa
THTL BHHMaHHe Ha B03MO>KHLIH CyllleCTBeHHLIH Bi<na,n ABYXKacxa,nHoro 

npol:lecca (n, ya/ B nonHyro. a ·mHpHHY. ra
3
xcn , ecnH nocne,nHHH. 

H3MepHeTcH no HHTerpanLHOMY C'leTy a -qacTHl:l oe3 aHanH3a Hx no 
3Heprim (ra· = f'a +Pya ), 3TO MO>KeT. npHBeCTH K 3aMeTHOMY 

3KCn. 
. HCKa>KeHHIO pac:_npe,neneHHi

7 
r a lKCn. no cpaBHeHHIO C npe,ncKa3aHHLIM 

CTaTHCTH'IeCKOH MO,nenLIO , nOCKOnLKy 

= canst. 

XoTenocL· 6LI B 3aKniDlleHHe no~·qepKHYTL, liTO uccne,nonaHHe 
peaKJlHH (n , ya) ,i{aeT 6naronpHHTHLie B03MO>KiiOCTH ,ll;nH H3y'leHHH 
xapaKTepHCTHK . y ·nepeXO,li;OB Me>K,ny CnO>KHLIMH BLICOKOB036y>K,neHHLIMH 
COCTOHHHHMH H,nep H nony'ICHHH HOBOH HH«i>opMal:lHH 0 3aBHCHMOCTH 
BepOHTHOCTH a ~pacna,na OT 3HeprHH B036y>K,neHHH MaTepHHCKOrO H,npa. 

Onpe,neneHHe 
H a H C 0 B 

144 Nd 

llpUAO:NCeHUe 

nonHLIX r .:WHpHH a . 

IIonHLie r a WHpHHLI onpe,neneHLI no «l>opMyne 

p e 3 o -

llal 

r.ne (r. Jo - xanH6poBO'IHaH WHPHHa ,nnH pe3oHaHca -135,4 3B.;, B3HTa 
H3 pagOTLI/12//HH,ll;eKCLI ., 0" H '~i" - 0603Ha'laiOT KanH6pOBO'IHLIH 

. H ,naHHLIH pe30HaHCLI/; en(ul -uo) .· - K034>4>Hl:lHe~T, y'lJ:HTLIBS:IOIIlHH 

nornomeHHe B. 6opHOM cl>HnLTpe In- 'IHcno aTo:MoB · 6opa H:a cM 2 ; 

u1 H u O - Ce'leHHJI _?OrnomeHHJI v HeHTPO":OB B 6opel; 1
1
° H ¥o 

OTHOWeHHH nnoma,neH_ no,n KpHBpH nponyCKitHi H nonHLIX WHpHH - BLJ• 
'IHCneHLJ: no ,naHHLIM, B3HTLIM H3 pa60TLI 13 ; (E 1/E 0 )0,BS • qneH, .. ' ' ' 

Y'~H'?ziBfiOIIlHH H3MeHeHHe · .noToxa HeiiTpOHOB c 3HeprHeii HeiiTpo-
HOB 

14 I E1 H Eo.-. 3HeprHH pe3oHaHCHLIX HeiiTpoHoal; (Na)j/(Na )
0 

-

OTHOWemle C'leTa a ~'laCTHJl B pe30HaHcax. 

15 



·I 

Ilpn Bhl'-IHCn~HI-IH OWH6KH rra )j Y'ITeHhl OWH6KH Bcex BenH'IH,, 
BXO,IVIII.lHX B <lJopMynY: /la/. BenH'IHHa (f'a )o B3HTa H3 pa60Thl 71_2 C 
OWH6Koil:, B KOTOpyiO He BXO,IJ;HT norpeWHOCTh KanH6pOBKH 30o/o.B Bhi
'IHCneHHHX He c.n;enaHo nonpaBKH Ha pa3Hnu;y caMonornoll.leHHH Heil:Tpo
HOB B MHWeHHX pa6oThl /J2j H HaCTOHII.leil: pa60Thl ,IJ;nH ·. pe30HaHCa 
135,4 3B, KOTOpaH COCTaBnHna He 6onhWe lo/o. IJonHhie ra ·WHPHHhl 
npnae.n;eHhl a Ta6nnu;e IV'. 
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Ta6JIB~a ll 

~ = rcc. +~(X ~a~.~, .. roci ~(X 
. . 

(I, 7±.0, 7) .Io-7 ~:aX) 0,65±0,35 
' . 7 (I,I±O,B).I0~7a:a I ( o,61o,4) .-ro-38 . ' . 

I 

------

00 

X) roc - noxyqeuo H8 ':apeaeBBOro cnenpa~i B ODCiK1 ( 4()%) 
r: .f35~/, . 

:BXO;ztB! OD6Ka KalUII6pO:BKJI ~:U: · OC (30%) i· . 

Ta6u~a m 
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Ta6DI\a W 

H F (EI) 

U) 

1( rllraB!CDI _c y-qeto• H F (MI) 
Jpe) pesoBasc r•rastcxoro 

O!CTfC!- peaosasca 
:aye! 

3- 2.ro6 s.ro7 2.ro4 
4- 4.Icf 7 I.IO. r.ro4 



TaCSmn~a IV 

llO.IBUe 0C- lUPBBU peaOBaBCOB B peaKitBH 4113Nd(n,oc) 111°Ce 

SaeprHs J'J'( qBcxo oc- qac~au *) 7 . 
paaoBaB-

/15/ 
BP830BaBC8 ~ .10 t 3B 

ca /12/ 
E0, SB Noc 
55,3 (4-) 4 491.t,80 1,7;t.0,5 

127,3 3- 3 1II5~1~0 99;t.25 
·135,4 ~ 3 29560+1920 

, , - 336.:!:,30 
158,7 (4-) 4 I73;t.140 1~6;t.1,3 
179,5 3- 3 2350;t.180 , 33;t.8 
186,6 (4 .. ) 4 < IIO· < I,3 
226,2 < 33 < 120. 
306,2 4 <45 < 20 
324;4 3 <45 < 25 
j37,1 4 < 45 < 20 
350,3 j <45 , < 25 
408,0 3- 3 4950.:!:,200 260.:!:,65 
523,3 4 < 290 < !IO 
555,6 4 , < 290 < 90 
576,2 3 155;t.13U 1'7;t15 
7()ij,2 j- 2370i270, 250;t.70 

<.roc( 3-> > = r66;t.I8 

§) 8~80~ B f; BXO:P'f Be.l]lqiBa ~cc ~· , 

20 

I 
I, 

1~3Nd(n,~o 

PHc. l. CxeMa a, -pac 
Horo H,npa 144Nd. 3m 
3JieKTpOH-BOJILTaX.' 



tt) 
~ .ro7, aB 

t,7;t0,5 
~9;t25 

136±,30 
C~6;ti 1 3 
)3;!;.8 
I,3 

C20· 
20 
25 
20 
25 
~60+65 -!IO 
90 

[7;ti5 
~5o±,70 
L66;ti8 

l 

143Nd I J140c - 1n,3cx 8 

E I" 

2,08 
1,91 
~60 

0 

140 

ss-C8 s2 

B= 7;85 

PHC. 1. CxeMa a ·pacrra,na BbiCOKOB036y)K,IJ;eHHbiX COCTOHHHH COCTaB· 
Horo s.npa 144Nd. 3HeprHH E'n B 3!1eKTpoH-BOJibTax, E H B B Mera-

3JieKTpoH-BOJibTax.· 
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npenpHHTbl H coo6me 

HMHOrO o6MeHa,yHHB€pCE 

H8Y'<!Hh!M. rpynnaM H OTJlE 
nonyqaTengM H3Jl8HE 

gBHTb HHHUH8THBY B 6eCI 

o6MeHa npHHHM810TCg HB 
'ny6nHK8UHH no T9M8THKE 

· EnHHCTBeHHhifi .BHA 

9TO penpHHThl . l OTTHCKll C 
. B pg,oe cny'<!aeB Mbl 

Go nee KpynHhiM . nony'<!aTE 

cnaTb H8M K8KHe-nH60 K 

mypaanhi, H3JJ.aromHecg B 

HanaTenbCKHfi oTnei 

COB H8 Bb!ChinKY H3Jl8HH 

YK83b!B8Tb HHJl9KC 38fip1 

nHCbM8 no BC9M BC 

oTnenbHhie HanaaHg cnen: 

Anpec nmi nochmKI 

6ecnnaTHofi nonnHcKH aa 


