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CymecTaoaaHHe HapymaJJmero npocTpaHCTBeHHYil '18THOCTb (p

'18THOCTb) cna6oro H)'KnOH - H)'KnOHHOrO B3aHMoneACTBHH, KOTOpoe 6hiDO 

npencKa3aHO B 1958 ~8AHMaHOM H renn-MaHHOM, npHBOnHT K PlinY 

Ha6nJJnaeMha Ha 3KcnepHMeHTe 3~~eKTOB ao BJaHMoneAcTBHH HeATPOHOB H · 
Hnep. K ,'IHCny TaKHX 3~~8KTOB npHHanneEaT, B '!aCTHOCTH, 3~~8KThl 
HapymeHHH P- '18THOCTH B H8ATPOHHOA onTHKe. K HHM OTHOCHTCH 

KOrepeHTHh!A nOBOPOT B8KTOpa nonHpHJaUHH nonepe'IHO - nonHpHJOBaHHha 

H8ATpOHOB BOKpyr HanpaaneHHH HX HMnynbca B 88Dl8CTB8 H JaBHCHMOCTb 

·nonHero C8'18HHH B3aHMoneACTBHH ~eATpOHOB H Hnep OT CnHpanbHOCTH 
H8ATPOHOB. 

3~~8KThl HapymeHHH P- '18THOCTH. :a H8ATPOHHOA OUTHKB B03HHKaJlT 
KaK peJ)'nbTaT CM8IDHBaHHH HapymallDtHM P- '18THOCTb cna6hM H)'KnOH 

H)'KnOHHhM B3aHMOneACTBH8M s- H p- P830HaHCOB Hnpa, HM8JlDlHX 

onHHaKOBhle CUHHhl. B~nH'IHHhl 3THX p- H8'18THha 3~~8KTOB onpenenHJlTCH 

cna6hM B3aHMOneACTBH8M MeEnY HYKnOHaMH, a TaKEe CTPYKTYPOA H 

CBOACTBaMH B036yEneHHha COCTOHHHA KOMnayHn - Rnep. II03TOM)' HX 

3KcnepHMeHTanbHhie H TeopeTH'IBCKHe HccnenoaaHHR 

3Ha'I8HH8 nnR H3)''1BHHll KaK cna6oro HYKnOH 

B3aHMoneACTBHll, TaK H B036YEnBHHha COCTOliHHA Rnep. K 
HaCTOliDl88 BP8MH CnOEHaH CTPYKT)'pa 3THX COCTOHHHA He 
peJ)'nbTaTOB 3KcnepHMeHTanbHha HccnenoaaHHA 

HMBJlT · BaEHOe 

HYKnOHHOro 

COEaneHHJl, 8 

n03BOnlleT H3 

H3BneKaTb 
KOnH'I8CTB8HHYil HH~OpMaUHJl 0 cna60M B3aHMoneACTBHH HYKnOHOB. OnHaKO 

HH~opMaUHR, nan·y'!aei.!aR a 3THX HccnenoaaHHRX, cnoco6cTBYeT 6onee 

rny60KOMY UOHHMaHHJl B036YEnBHHha COCTORHHA Rnep H U03BOnlleT 

nony'laTb HX xapaKT8PHCTHKH, HBKOTOphie H3 KOTOpha H8803MOEHO 

nonY'IHTb·B npyrHX HCCnenoaaHHliX. 3TO 8 nepB)'Jl O'lepenb OTHOCHTCll K 

MaTpH'!HhM 3neMe"HTaM CM8IDHBaHHll COCTOliHHA KOMnayHn - Rnpa C 

onHHaKOBhMH CUHHaMH, .HO npOTHBOUOnOEHhMH '18THOCTRMH, a TaKEe . . . ·. 
napaMeTpaM p- peJoHaHcoa Rnep. TaKHM o6paJoM, npoaeneHHe 

3KcnepHMeHTanbHha HccnenoaaHHA 3~~eKTOB HapymeHHR P- · '!eTHOCTH a 
HBATpOHHOA ~H3HKB liBnlleTCll aKTyanbHhM. 

llenbll HacToRmeA nHccepTaUHH RBnRnocb HccnenoaaHHe onHoro HJ 

3~~8KTOB HapymeHHll p- '18THOCTH B 'HeATPOHHOA OUTHKB, a HMBHHO, 

HCCnenoaaHHe JaBHCHMOCTH nonHero C8'18HHll B3aHMoneACTBHll H8ATpOHOB 

H Rnep OT cnHpanbHOCTH H8ATPOHOB .. a o6naCTliX 3HeprHH a6nH3H 
HBATPOHHLa P -peJOHaHCOB pRna Rnep. 

nnR pemeHHll UOCTaBneHHOA Jana'IH npH HenocpenCTB8HHOM. )''laCTHH 
aaTopa noTpe6oaanocb coJnaHHe H3MepHTenbHoro MOnYnll H ero 
nporpaMMHoro o6ecne'leHHR, npenHaJHa'!eHHoro nnR HJMepeHHR ManLa ,P
He'!eTHLa 3~~eKToa. B ~IJ!J~.!~e ... H_c:.!£~H~~!!?HOB HcnonbJaaancR 

~ (})"1. ·'H'•'. · · • ·''· Co'-h ·•· .... I ~ . -~."'.;""" ·.· .: ... ; ""'·tw. j'f 
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HMnYJJbCHbiA 6b!CTPI>IA peaKTOP J.16P-30 fla6opaTOPHH HBfiTPOHHOfl !OH3HKH. 

HBfiTPOHbl, UOJJIIPH30BaHHbiB HCnOJJb3YBMbiB B 

HCCJJB~OBaHHIIX~ nony~aJJHCb MBTO~OM nponycKaHHII HBfiTpOHOB peaKTOpa 

~epe3 nonllpH30BaHHYD npOTOHHYD MHmBHb. 

pe30HaHCHbie ~aHHbiX 

8 ~aHHOfl pa6oTe enepebre 6i>UIH H3MepeHbl P- HetieTHI>Ie 3lO!OeKni ~n11 

HH3K03HepreTH~BCKHX p- pe30HaHCOB CJJB~YDmHX ll~ep : 
1 1 1 

Cd, 
11 3 

Cd, 
,.,Nb, 14 ~Nd, 141 Pr, •••u, •••Th H •• ,.Pu. Ha ocHoeaHHH pe3YJJbTaToB 

H3MepeHHfl 6i>UIH onpe~eneHbl napaMeTpbl HCCJJB~OBaHHbiX pe30HaHCOB H 

MaTpH~Hbie 3JJBMBHTbl 

pe30HaHCOB ll~ep. 

CMBmHBaHHII CJJa6bM B3aHMO~BfiCTBHBM s- H p-

Pe3YJJbTani, nony~eHHI>Ie e HaCTOHntefl pa6oTe; He npoTHBope~aT 
. TeopeTH~BCKOfl MOliBJIH B03HHKHOBBHHII P- He~eTH.biX 3!0!0BKTOB B 

HBfiTPOHHOfl onTHKe 3a C~eT CMemHBaHHII cna6bM B3aHMOliBfiCTBHeM 

ypOBHBfl KOMnayH~ - llllpa C npOTHBOnOJJOEHOfl ~eTHOCTbD H OliHHaKOBbMH 

cnHHaMH. HeKOTOpbie H3 3THX pe3YJJbTaTOB B llaJJb~eAmeM 6YliYT 

HCnOJJb30BaHbl npH nnaHHPOBaHHH H nOCTaHOBKB HOBbiX 3KCnepHMBHTOB. 

C03llaHHbiA H3MBPHTBJJbHbiA MOliYJJb npeliCTaBJJIIBT HBCOMHBHHb!A 

npaKTH~BCKHfl HHTepec npH npOBBliBHHH 3KCnepHMBHTaJJbHblX HCCJIBliOBaHHfl 

C nOJJIIPHJOBaHHbMH HBfiTpOHaMH H llllpaMH. 

Ha 3amHTY BbD-IOCIITCII CJIBliYDmHB pe3YJJbTaTbl H noJJOEBHHII 

1. Pa3pa6oTaHbl H peanH30BaHbl CJPYKTYPHall cxeMa H nporpaMMHoe 

o6ecne~eHHe H3MBPHTBJJbHOro MOliYJJII", , · npeliHa3Ha~~HHOrO liJIII 

HCCJIBliOBaHHII 3aBHCHMOCTH nonHoro ce~eHHII B3aHMOliBfiCTBHII HefiTPOHOB 

H llliBP_OT CnHpaJJbHOCTH HBfiTPOHOB , KOTOpbiA ycnemHO 3KcnnyaTHPYBTCII 

B llaHHbiX H PllliB ~pyrHX HCCJIBliOBaHHIIX C 1981 r. 

2. 8nepBbie 06HapyEeHbl HH3K03HepreTH~BCKHe p- pe30HaHCbl 
111 

Cd, 
1 1

' Cd , 
1 4 ~ Nd H 1 41 Pr H onpeliBJIBHbl HX napaMeTpbl. 

3. 8nepebre npoeelleHbi H3MepeHHII P- He~eTHbiX 3lO!OeKTOB e nonHOM 
.. 111 113 

Ce~eHHH liJIII HH3K03HepreTH~BCKHX p- pe30HaHCOB llliBP Cd , Cd 

"'Nb, 
145

Nd, 141 Pr, ""u, 232 Th. I!n11 p- ·pe3oHaHca 111 Cd E =4.53 38 
z 3 2 p 

H p- pe3oHaHca Th E = 8. 33 38 Ha6JJDlleHbl P- He~eTHble · 3lO!OeKTbi. 

4 
p ill 113 g3 

. I!JJII HCCJIBliOBaHHbiX_ p- pe30HaHCOB Cd , · Cd , ,, Nb H 
2 

• 
2 

Th 38 nony~eHbl OUBHKH a6cOJJDTHbiX 3Ha~eHHfl MaTpH~HbiX -3JJBMBHTOB 

CMBmHBaHHII cna61>M · B3aHMOliBfiCTBHBM 3THX pe3oHaHCOB c 
COOTBBTCTBYDmHMH s- pe30HaHCaMH. 

5. UpoBelleHbi HccnelloBaHHII B03MOEHoro HapymeHHII P- ~eTHOCTH e 

nOJJHOM ce~eHHH B3aHMOliBfiCTBHII pe30HaHCHbiX HefiTPOHOB C ll~paMH 
z'a g 

Pu, n03BOJIHBmHMH onpeliBJIHTb · 06JJaCTH 3HeprHfl HaXOEliBHHII 

rHnOTBTH~BCKOrO p- pe3oHaHca 3TOrO llllpa H YCTaHOBHTb Ha YPOBHB 90% 

liOCTOBBPHOCTH BBPXHDD rpaHHUY liJIII npHBBliBHHOfl HefiTpOHHOfl mHpHHbl 

HCKOMOro pe30HaHca. 

2 
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l 
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I 

1 
I 

0CHOBHble MaTepHami liHCCBpTaUHH ~OKJJa~bmaJJHCb Ha MellliYHapOliHOfl 
KOH!OepeHUHH no ll~epHbM llaHHbM ~Jill HaYKH H TBXHOJJOrHH (MHTO 

HnoHHII, 19881 ,· Ha 6-oA 8cecoD3HOfl KOH!OepeHUHH no HefiTPOHHofl 

lOH3HKe (KHeB, 19841 , Ha 1-ofl MeEliYHapo~HOfl KOH!OepeHUHH no 

HefiTpoHofl lOH3HKe CKHee , 19871 , Ha 15-oM 8cecoD3HOM coeemaHHH no 

HCnOJJb30BaHHD HCCJJBliOBaTeJJbCKHX.IIliBPHblX pea~TOPOB _(06HHHCK, 19881. 

0CHOBHbie PB3YJJbTaTbi, BKJID~BHHI>Ie B ~HCCepTaUHD,· ony6JJHKOBaHbl B 
meCTH ne~aTHbiX pa6oTaX, CnHCOK 
aeTope!OepaTa . 

KOTOPI>IX npHee~eH _B KOHUe 

. I!HCCBpTaUHII COCTOHT H3 BBBliBHHII, ~BTb~BX rnae, 3aKJJD~BHHII H 

cnHCKa JIHTepaTypbl. 0Ha COliBPEHT 117 CTpaHHU MamHHOnHCHOro TBKCTa,_ 

B TOM ~HCJJe 18 PHC. H 5 Ta6JJHU. CnHCOK 6H6JJHOrpa!OH~eCKHX CCbUIOK 
COliBPEHT 87 HaHMBHOBaHHfl. 

8 nepeofl rnaee liHccepTaUHH llaH KpaTKHfl o63op 

HCCJIBliOBaHHfl P- He~eTHbiX 3lOlOBKTOB B HBfiTPOHHOfl OnTHKe. 
pa3BHTHII 

Ha~ano pa3BHTHII .Hccne_~oBaHHfl TaKHX 3lO!OBKTOB 6i>UIO · nonolleHo 

1964 r .· B pa6oTe MHmen11 B KOTOPOfl OH noKa3aJJ ~TO 
B 

npH 
nponycKaHHH nonepe~Ho-non~pH30BaHHbiX HBfiTpoHoe ~epe3 ae·mecTeo 
BBKTOp HX nOJJIIPH3aUHH noeopa~HBaBTCII BOKpyr HanpaBJJBHHII ~BHliBHHII • 

Uo3Ee , B pa6oTe CTOliOJJbcKoro 6i>UIH paccMoTpeHbi 3TOT H ~pyrofl 
3lOlOBKT - B03HHKHOBBHHe npp~OJJbHOfl nOJJIIPH3aUHH Y nepBH~HO 
HenoJJRPH30BaHHbiX HBfiTPOHOB npH ripOXOE~BHHH HX ~epe3 BenteCTBO 

KOTOpall 'o6yCJJOBJJeHa pa3JJH~HeM nOJJHbiX ce~eHHfl B3aHMO~BfiCTBHII C 

llliPaMH HefiTPOHOB C nOJJOEHTBJJbHOfl H OTPHUaTeJJbHOfl CnHpaJJbHOCTbD • 

8 nepei>IX TeopeTH~ecKHX pa6oTax P- He~eTHi>Ie 3lOlOBKTLI B 
.. HefiTPOHHOfl OnTHKe paccMaTpHBaJJHCb B paMKaX nOTBHUHaJJbHOfl MOliBJJH 

T.e. npellnOJJOraJJOCb , ~TO llliPO He HMBeT BHYTPBHHHX CTeneHefl 

CB060~bl H B npouecce B3aHMOliBfiCTBHII HaXOliHTCII B OCHOBHOM 

COCTOIIHHH. Pacc~BTbl , BbillOJIHBHbie B paMKaX TaKOA MO~eJJH , npHBO~HJIH 
K O~BHb ManeHbKHM 3Ha~eHHIIM 3lOlOBKTOB. 

8 1976 r. ~opTe paccMoTpen P::; He~eTHI>Ie 3lO!OeKni, o6ycnoeneHHbre · 
CMBmHBaHHeM cna6bM'.: · B3aHMOliBfiCTBH~M OliHO~aCTH~HbiX 
5 1 /z- H P1 /Z- BOJIHOBbiX PB30HaHCOB H 

YCHJJeHbi e6nH3H p- pe3oHaHcoe. TaKall 

60JJbmHM 3Ha~eHHIIM 3lOlOBKTOB. 

nOTBHUHaJJbHbiX 
3aMBTHJJ, ~TO OHH ~OJiliHbl -6b!Tb 

MOllenb npHBOliHJJa K HBCKOJJbKO 

I!aJJbHeflmee pa3BHTHe TeOpHH "'6i>UIO CBII3aHO C Y~BTOM B036Y:I:llaBMbiX 
B npouecce B3aHMOliBACTBHII HefiTPOHOB C 
llllpa. 

llllpaMH COCTOIIHHfl KOMnaYHll 

8 pa6oTe CymKoea H tnaM6ayMa 61>ma npe~no:aeHa MOliBJJb 

. 3 



B03HHKHOBBHHH 3~~eKTOB uapymeHHH P- qeTHOCTH B neATPOHHOA onTHKe 

3a cqeT CMBIIlHBaHHH cna6biM B3aHMOZIBACTBHBM MBlKZIY HYKnoHaMH 

MHOroqaCTHqHba KOMnOHBHT BOnHOBba ~YHKUHA COCTOHHHA KOMnaYHZI 
HZipa , HMBJllllHX OZIHHaKOBbie cnHHbl , HO npOTHBOnonOlKHbie qeTHOCTH 

(CMBmHBaHHB no qeTHOCTH). 3Ta MOZIBnb npeZICKa3bieana CYIIlBCTBBHHO 

6onbmHe 3HaqeHHH ZinH 3~~BKTOB, qeM nOTBHUHanbHbiB MOZIBnH. 8 

nHTepaType OHa nonyqHna Ha3BaHHB KOMnaYHZI-HllBPHOA MOZIBnH. 

. fiapannenbHO C.KOMnayHZI - HZIBPHOA MOZIBnbJl B .PHZIB TBOPBTHqecKHX 

pa60T pa3BHBanacb anbTBpHaTHBHaH MOZIBnb , B KOTOpOA B03HHKHOBBHHB 

p- ueqeTHba 3~~BKTOB 06cHCHHnOCb CMBmHBaHHBM no qeTHOCTH TOnbKO 

OZIHOqaCTHqHba KOMnOHBHT BOnHOBba ~YHKUHA COCTOHHHA KOMnaYHll 

HZipa. 3Ta MOZIBnb nonyqHna Ha3BaHHB BaneHTHOA. 

8enHqHHbi 3~~eKTOB , nonyqaeMbiB B paMKax 3THX ZIBYX MoneneA 

HB npOTHBopeqaT 3KcnepHMBHTanbHblM peJynbTaTaM , HaKonneHHblM K 

HaCTOHIIlBMY BPBMBHH. 0ZIHaKO B PHZIB TBOpBTHqecKHX pa60T , B KOTOpba 
' . 

paccMaTpHsancH sonpoc o COOTHOmBHHH BKnaZIOB B 3KCnepHMBHTanbHO 

Ha6nJJZiaBMbie' 3~~BKTbl OT KalKZIOA H3 MOZieneA , BbiCKa3bieaJlTCH ZIOBOllbl B 

nonb3Y TOrO , qTo ZIOMHHHPYillllHA BKnaZI B p- neqeTHbiB 3~~BKTbl BHOCHT 

KOMnaYHZI :- HZIBpHaH MOZIBnb. 8MBCTB C TBM ' Tpe6yJlTCH ZIOnOnHHTBnbHbiB 

3KCnepHMBHTanbHbiB H 'TBOpBTHqeCKHB HCCnBZIOBaHHH qT06bi 

OKOHqaTenbHO npOHCHHTb 3TOT BOnpoc. 

8nepBbie P- ueqeTHbiB 3~~eKTbl B 

06HapylKBHbl B 3KCnepHMBHTaX , npOBBZIBHHba 

HBATpOHHOA OnTHKB 

a IlL £rpeno6nb) 

6bmH 

B 

KOTOpba B TennoBOA o6naCTH 3HeprHA H3MBpHnHCb nOBOPOT BBKTOpa 

nonHpH3aUHH nonepeqno - nonHpH30BaHHba HBATpOHOB B o6pa3UB H3 
117 . lt7 

Sn H pa3HOCTb nqnHba ceqenHA B3aHMOZIBACTBHH C HZipaMH Sn 

HBATpOH~B C npOTHBOnOnOlKHblMH CnHpanbHOCTHMH nalol = a:ol - alol 

lloJZiilee 3Kcn.epHMBHTanbHaH ycTauo~;~Ka B I I L 6Lma ycosepmenctsosaua H 

Ha HBA.6bmH npoH3BBZIBHbl H3MepeHHH nOBOPOTa BBKTOpa nonHpH3aUHH 

nonepeqno - nonHpH30BaHHbiX TennOBba . HBATpOHOB C o6pa3UaMH H3 

BCTBCTBBHHOA CMBCH H30TOnOB onosa H BCTBCTBBHHOA CMBCH H30TOnOB 
• 1 ::1 g 

CBHHUa , a TaKlKB H3 H30TOna .La. ... 
8 .1981 r, uaqaTbiB a ILL 

3aBHCHMOCTH nonuoro ceqeHHH OT 

6LmH npononlKeHbi rpynnoA H3 flHH~ 

3KCnepHMBHTanbHbiB HCC~BZIOBaHHH 

CnHpanbHOCTH TennOBba HBATpOHOB 

KOTOpaH npoeena H3MBPBHHH C 
06pa3UaMH H3 H30TOnOB 117 Sn, 13 gLa.H 

6poMa. 
'·· 

BCTBCTBBHOA 

lloJllHee B 1983 r. K 3KCnepHMBHTanbHblM 

CMBCH H30TOnOB 

HCCnBZIOBaHHHM 

3aBHCHMOCTH nonnoro ceqeHHH OT cnHpanbHOCTH TennOBba HeATpOHOB 

nOZIKnriqHnaCb rpynna H3 HT3~ , KOTOpaH BbmOnHHna H3MBPBHHH C 

4 

i' 
( 
~ 

' 

! 

o6pa3UaMH H3 ·H30TOnOB 117 Sn , . z 07 Pb , z 3 z Th , z 3 "Pu H 

CMBCH H30TOnOB xnopa , 6poMa H CBHHUa. 

8 1981 r. B ria6opaTOPHH neATpouaoA ~H3HKH OHHH 

BCTBCTBBHHOA 

6LmH naqani 
3KCnepHMBHTanbHbie HCCnBZIOBaHHH 3aBHCHMOCTH nonnoro ceqeHHH OT 

cnHpanbHOCTH HeATpouos e6nH3H HH3K03HepreTHqecKHX p- peJ~Hancos 
HZiep. fiepBble H3MBPBHHH. 6bmH BbiDOJiHBHbl C o6pa3UaMH H3 H30TOnOB 
11 7

·sn , 
13 

g La H BCTBCTBBHHOA CMBCH H30TOnOB 6poMa. PB3YnbTaTbi 3THX 

H3MBPB.HHA , a· Ta~lKB HX COnOCTaBnBHHB C PB3YnbTaTaMH , nonyqeHHblMH 

npH TennOBOA 3HeprHH , HamnH BnonHe YllOBnBTBOPHTBnbHOe· 06cHCHBHHB 

B paMKax KOMnayHZI - HZIBPHOA MOZIBnH. 8MeCTe c. TBM ZinH 6onee 

rny6oKoro noHHMaHHH KaK ~H3HqecKOAflPHPOllbi 3~~BKTOB uapymeHHH P
-i'etnocTH , TaK H KOMnaYHZI - COCTOHHHA HZIBP TaKHB HCCnBZIOBaHHH 
cnenosano npononlKHTb ZinH ZIPYrHx HZiep. 

80 BTOpOA r naBe H3naraJlTCH OCHOBbl TB,OPHH 3~~BKTOB. HapymeHHH 
P- qeTHOCTH B HBATpOHHOA OnTHKB. · 

8 nepsoA qacTH 3TO.A r naBbl 06CYlKZiaJlTCH ZIBa OCHOBHba acneKTa 
TBOPHH 3THX 3~~BKTOB : HYKnOHHbiA H HZIBPHbiA. 

HYKnOHHb~ acneKT ZiaHHOA TBOPHH CBH3aH c 

uecoxpanHJJmero P:- qeTHOCTb cna6oro HYKnou-
3aZiaqeA OnHCaHHH 

HYKnOHHoro (NN) 
B3aHMOZIBACTBHH •. 8 HaCTOHIIlBB BpBMH TaKaH Janaqa pemaeTCH Ha OCHOBB 

ctannapTHOA 3neKTpocna6oA MOZienH 8aAn6epra - CanaMa: fipH 3TOM 

qTo6I:.I nonyqHTb notenuHan necoxpan.HJJmero P- qeTHOCTb. cna6oro NN-
. ' .B3aHMOZIBACTBHH, 06bi'!HO HCnOnb3YBTCH MOZIBnb OZIHOMB30HHOro 06Meua·, 

B KOTOpOA npennonoraeTCH , qTO YKa3aHHOB B3aHMOZIBACTBHB HBnHBTCH 
PB3YnbTaTOM 06MeHa MBlKZIY HYKnOHaMH n- , p- , H ~- MB30HaMH. Ha• 

OCHOBe 3TOrO nOTBHUHana nYTBM YCPellHBHHH no COCTOHHHHM JanonHBHHba 

o6onoqeK HZipa MOlKHO nOCTPOHTb 3~~BKTHBHbiA OZIHoqacTHqHbiA nOTBHUHan, 

KOTOPbiA npeZICTaBnHeT C060A CPBZIHHA nOTB.HUHan , liBACTBYJllllHA Ha OZIHH 

HYKnOH ·, HaX OliHIIlHACH BHB OCTOBa Hllpa. Ero MOlKHO HCnOnb30Ba Tb B 

Kaqectse nepsoro npH6nHlKBHH_H nn.H paccqeTa P- ueqeTHba 3~!1leK'roe. 

HZIBPHbiA acnBKT TBOPHH P- neqeTHba 3!1l!llBKTOB B . HBATpOHHOA 

OnTHKB o6ycnosneH 3aBHCHMOCTbJl 3THX 3(1l(lleKTOB OT HZIBPHba BOnHOBba 

!llYHKUHA COCTOHHHA CHCTBMbl "HBATPOH · + HliPO - MHmBHb". 3TO 

06CTOHTBnbCTBO CBH3aHO C TBM , qTO 3(1l(lleKTbl HapymeHHH P- qeTHOCTH 

onpenenHJlTCH MaTpHqHblMH 3nBMBHTaMH CMBmHBaHHH no qeTHOCTH' 
COCTOHHHA llaHHOA CHCTBMbl. 

flo. COBPBMBHHblM npBZICTaBnBHHHM paccMaTpHBaBMbie HaMH P
HeqeTJ:Ibie 3!1l!llBKTbl o6ycnosneHbl CMBmHBaHHBM no qeTHOCTH COCTOHHHA 

KOMnaYHZI-Hllpa. KaK H3BBCTHO; TaKHe COCTOHHHH npOHBnHilTCH B ceqeHHH 
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• 

B3ai1MOllBACTBI1ll HBATPOHOB 11 llllBP B Bl1llB TaK Ha3LIBaBMbiX s-, p-, , . , 

pe30HaHCOB llllBP, COOTBBTCTBYDmMX HBATpOHaM . C op611TanhHb~l1 

MOMBHTaMI1 1 paBHb~ 0,1, ... fip11 3TOM qeTHOCTh pe30HaHCa pasHa 

( -l)l n
0

, r liB no- qeTHOCTh OCHOBHOro COCTOJIHI1ll llllpa Ml1mBHI1. fip11 

H113KI1X 3Heprl1l!X HBATpOHOB OCHOBHOA BKnall BaceqeHI1B B3ai1MOllBACTBI1B 

c llllPaMI1 ·aHOCliT HBATPOHLI c 1=0 11 1=1. llo3TOMY a o6cYJKllaeMoA 3llBCh 

TBOPI111 P- HeqeTHbiX 3~~BKTOB orpaHI1q11BaDTCll yqeTOM CMBmi1BaHI1ll no 

qeTHOCTI1 TOnhKO s- 11 p- PB30HaHCOB llllBP. 

KaK 3TO 6LmO OTMeqeHO paHee , B TBOPI111 06CYJKllaDTCll llBB M0l1Bnl1 

B03HI1KHOBBHI1ll P- HeqeTHbiX 3~~BKTOB ; KOMnaYHll - llllBPHal! 11 

aaneHTHal! MOllBnl1, pa3nl1qaDmMBCll TBM, qro B HI1X 11CnOnh3YDTCll llBa 

npellenhHLIX '!11na BOnHOBbiX ~YHKU11A KOMnaYHll - llllpa, 

8 KOMnaYHll-llllBPHOA MOllBnl1 paccMaTpi1BaBTCll CMBmi1BaHI1B no 

qeTHOCTI1 MHOroqaCTI1qHbiX KOMnOHBHT BOflHOBLIX ~YHKU11A s- 11 p

pe30HaHCOB llllpa. H3-3a KpaAHB CnOlKHOA CTPYKTYPhl ~TI1X KOMnOHBHT 

BOllHOBbiX ~YHKU11A paccqer llllll KOHKPBTHbiX cnyqaea COOTBBTCTBYDmi1X 

MaTpl1qHbiX 3nBMBHTOB HBB03MOlKBH. 'fio3TOMY 3llBCh 11CnOnh3YBTCll 

CTaTI1CTI1qeCKI1A nOllXOll. fip11 3TOM OKa3biBaBTCll, qro CPBllHBB 3HaqeHI1e 

MaTpl1qHoro 3nBMBHTa CMBmi1BaHI1ll no qeTHOCTI1 COCTOJIHI1A KOMnaYHll-llllPa 

paBHO HYnD, a CTaHllaPTHOB OTKnOHBHI1B 3TOA aen11q11Hbl 3aBI1CI1T OT 

CPBllHBrO paccTORHI1ll. MBlKllY YPOBHJIMI1 D KaK .fD. 
XapaKTBPHOA OC06BHHOCThD KOMnaYHll-llllBPHOA MOllBnl1 l!BnlleTCll TaK . . 

Ha3blBaBMOB lli1HaMI1qecKOB YCI1llBHI1B 3~~BKTOB KOTopoe CBJI3aHO 

r naBHL~ o6pa30M C 'BbiCOKOA nnOTHOCThD YPOBHBA B KOMllaYHll-llllPB. 

KpOMB TOrO, KOMnaYHll- llllBPHali_MOllBnh npi1B0lli1T K KHHeMaTI1qecKOMY 11 

PB30HaHCHOMY ~aKTOpaM YCI1llBHI1ll 3~~BKTOB, C yqeTOM BCBX ~aKTOPOB 

YCI1nBHI1ll TBOPI1ll llPBllCKa3blBaBT, qro B6lll1311 p- BOflHOBbiX pe30HaHCOB 

CnOJKHLIX. llllBP 3~~BKTbl .MOrYT llOCTI1raTh 10- 2
• + 10·•, 

'BaneHTHal! MOllBflh .CBli3LIBaer B03HI1KHOBBHI1e P- HeqeTHLIX 3~~BKTOB 

CO CMBmi1BaHI1BM cna6b~ B3ai1MOllBACTBI1BM OllHOqacTI1qHbiX KOMllOHBHT 

BOllHOBbiX. ~YHKU11A s- 11 p- pe3oHaHCOB. 8 OTn11q11e OT KOMllaYHll 

llllBPHOA MOllBnl1 llnll BaneHTHOA MOllBnl1 P- HeqeTHbie 3~~BKTbl' B KalKllOM 

KOHKPBTHOM cnyqae MOlKHO paccq11rarh. fi03TOMY,. 11cnonh3Yll 

3Kcnepi1MBHTanhHLie 3HaqeHI1ll P-: HeqerHLIX 3~~eKTOB llflll · cnyqaea, rlle 

BaflBHTHan MOllBnh 11rpaeT OCHOBHYD'ponh, MOlKHO B np11HU11flB nonyqaTh 

11H~opMaU11D o noreHu11ane cna6oro NN- B3ai1MOllBACTBI1ll. 

.Bo BTOPOA qaCTI1 ·llaHHOA rnaBbl B paMKaX KOMllaYHll-llllBPHOA MOllBnl1 

llaDTCJI BblBOllbl ~OpMyn·llflli·P- HeqeTHLIX 3~~BKTOB B HBATpOHHOA OflTI1KB, 

flPOBOllHTCll aHanl13 nonyqeHHLIX ~OPMYn, a TaKlKB BLIBOllliTCJI 

6 

._, 

.r--

\' 

l 
i 

-~ 

.I 
1 
l 
I 
-1 
~. 

''! 

COOTHOmBHI1ll, CBll3blBaDml1e 3HaqeHI1ll 3~~BKTOB 

pe3oHaHcHoA 3Heprl1l!X. BLIBOll BLme YKa3aHHLIX 
np11 rennoaoA 

npOBOll11TCJI 

CMBmi1BaHI1BM 

~OPMYn 
npellnonoJKeHI111, qro P- HeqeTHLie J~~eKni o6ycnoaneHLI 

qeTHOCTI1 TOnhKO llBYX PB30HaHCOB llllpa : s- 11 
(llBYXYPOBHBBOB npl16ni1JKBHI1e). 

11 

B 

no 
p- pe3oHaHcoa 

lln11 yrna noaopora &BKTOpa nonl!pl13aUI111 nonepeqHo 
flOflliPI130BaHHbiX HBATPOHOB BOKpyr_ HanpaaneHI1ll 11MllYnhca 

11 pa3HOCTI1 nonHLIX ceqeHI1A B3ai1MOllBACTBI1ll C ·llllpaMI1 
nonl!PI130BaHHLIX HBATPOHOB 

Cll11panhHOCTH.~utot = u:ot- utot 
nonOlKI1TBnhHOA 

6Lmo nonyqeHo 
H 

f' a aemecrae 

flPOllOnhHO 

OTP11UaTenhHOA 

~u101 = C[,(E- E.Jrp .+ (E- EP)r
0

) 

f' 

c 

r r 
• p 

C·N·1[ (E- E
0

) (E- EP] - -
4
--

4n gW [r" (E)r" (E) 
• p 1 /Z 

k
2 

[(E-E )
2

+r.Z/4][(E-E ) 2 +r 2 /4] 
• • p p 

(1) 

rlle E- 11 K- 3Heprl1l! 11 aonHoaoe q11cno HeArpoHoB, E.- 11 E~- 3Heprl111, 

r"- 11 r"- HBATPOHHhlB ml1pi1HLI, r - 11 r - nonHLie ml1pi1Hhl s- H p-• p • p 

PB30HaHCOB, COOTBBTCTBBHHO, w- MaTpl1qHb~ 3nBMBHT CMBmi1BaHI1ll cna6L~ 
B3ai1MOllBACTBI1BM 3TI1X PB30HaHCOB, g- CTaTI1CTI1qBCKI1A ~aKTOp, r;,/

2

-

HBATPOHHal! m11p11Ha p- PB30HaHca.llflll HBATpOHOB C nonHb~ MOMBHTOM 
j=l/2. 

B 3Kcnepi1MBHTanhHLIX 11CcnellOBaHI1liX 3~~BKTOB HapymeHI1ll • P

qeTHOCTI1 B nonHOM ceqeHI111 06b~HO 11CnOllh3YDT 6onee Yll06HYD qeM, 

~utot BBfil1q11HY K03~~11U11BHTa ac11MMBTPI111 nonHoro ceqeH11ll P, KOTOPL~ 
paseH 

+ 

[(E.;. E.)rp + (E - E: )r J 
u - u 

l ol lot 

2wJ r" r" 
p .• p = = . (2) + - • P,1/Z 

r"r· [PJ + r"r [SJ 
u 

l ol 
+ u 

l ol 
• • p p 

rlle [S(P)]= [(E-E ) 2 +r 2 /4]. 
. • c p) • c p) 

B rperheA rnaae l111cceprau1111 oni1CLIBaercl! 3KcnepHMBHTanhHL~ 
MeTOll 11CCflBllOBaHI1A P- HeqeTHblX 3~~BKTOB B nonHOM ceqBHI111 ·a6ni13H 
HBATPOHHLIX p- pe30HaHCOB. 

MeTOll HCCllBllOBaHI1A OCHOBaH -Ha 113MBPBHI111 3aBI1C11MOCTH 
nponycKaHHJI o6pa3Qa OT Cnl1panhHOCTI1 DallaDmMX Ha Hero llPOllOnhHO 

llOnl!pi130BaHHLIX HBATPOHOB, KOTOpal! XapaKTBPI13YBTCJI TaK. Ha3LIBaeMb~ 
3~~BKTOM nponycKaHHll .&, OflPBllBnl!eML~ BL~alKBHI1BM 
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r· - r 
£ = ( 3) 

r· + r-
rne r·- H T-- nponycKaHHH o6pa3ua nnR HeATPOHOB c nonoEHTenbHOA 

'aTpHUaTenbHOA CnHpanbHOCTbD. 
Korna 3HeprHH HeATPOHOB E HaxonHTCH s6nH3H aT 3HeprHH 

pe30HaHCa, 3aBHCHMOCTb nonHOrO ceqeHHH OT HX cnHpanbHOCTH 
CBH3RHa C ~ pe30HaHCHh~ ceqeHHeM H OnHChmaeTCH Bh~aEeHHeM 

u: ol (E, ~) = u: ol (E)[ 1 + ~-p (E)] , (4) 

H 

p-

~ 

r ne a: o l (E)- nonHoe p- pe3oHaHcHoe ceqeHHe nnR HenonHpH3oBaHHhiX 
HeATPOHOB. fipHqeM K03~~HUHeHT acHMMeTpHH nonHero ceqeHHH PCE) B 
3TOM cnyqae paseH 

2W rn (E) rn (E) 
a p 1 /Z 

(5) ------1-----·-------p (E) 
E- E ~ rn (E) rn(E). 

p • p . p 

H3 ~OPMYnhi ( 5 l BHnHo, qTo B naHHOM cnyqae P (E) "' (E/E ) • .,. 
p 

T.e. cna6o 3aBHCHT OT 3HeprHH H C nocTaToqHQA CTeneHbD TQqHQCTH 
PCEl=P(E ). Uo3TOMY 3Ta senHqHHa HBnHeTcH oqeHb Yno6HoA nnR 

' p 

npencTaBneHHH. pe3ynbTaTOB HCCnenoBaHHA HapymeHHH P- qeTHOCTH B 
nonHOM ceqeHHH. B6nH3H HeATpOHHhiX p- pe30HaHCOB. 

Cor nacHo ~opMynaM ( 3 l, ( 4 l 11 ( 5 l nnH 3~~eKTa . nponycKaHHH 

HMeeM 
.: (E) = - na: ot (E)P (E) , (6) 

rne n- TOnmHHa'MHmeHH, Bh~aEeHHaH B q11cne Hnep/CM
2

• 

KaK cnenyeT H3 ~OPMYnhi ( 6 l, qTo6hi onpenenHTb nnR naHHoro p

pe3oHaHca senHqHHY PCEP), Heo6xonHMO H3MepHTb s6nH3H Hero 
3HepreTHqeCKYD 3a~HCHMOCTb 3~~eKTa riponycKaHHH. 

~opMyna £6) cnpasennHBa B npennonoEeHHH , qTo Ha o6pa3eU 
.nanaeT MOH03HepreTHqeCKHA nyqoK HeATpOHOB H era aTOMhl HaxonHTCH B 
nol<oe. B · p~anbHOM 3KcnepHMeHTe , KOHeqHo • Heo6x on HMO yqHniBaTb 
3HepreTHqe~KOe pa3pemeHHe 3KCnepHMeHTanbHOA YCTaHOBKH H imHpeHHe 
pe3oHaHca 3a cqeT 3~~eKTa llonnnepa. 

3Kcnepi1MeHThl nposonHnHCb Ha KaHane nonHpH30BaHHhiX pe30HaHCHhiX 
HeATpoHos peaKTopa HliP-30. nonHpH30BaHHhie HeATPOHhi nonyqanHcb 
~eTonoM nponycKaHHH qepe3 . nHHaMHqeCKH nonHpH30BaHHYD npOTOHHYD 
" ' 
MHWeHb. HeATpOHhl, npomenmHe qepe3 3TY MHWeHh, HMenH nonHpH3aUHD 

. /n, paBHYD "' (55 ±5)%, H HanpasneHHe BeKTOpa nonHpH3aUHH, 
nepneHnHKYnHpHoe K HanpasneHHD nyqKa. llnH nonyqeHHH nyqKa 

./ 

8 

C1l 

r 
' ' 

t 
' 

.. 
HeATpOHOB C 3anaHHh~ 3HaqeHHeM cnHpanbHOCTH (+1 nH60 .~1) cnyEHna 
CHCTeMa pesepca, KOTopaH nosopaqi1sana BeKTOP nonHpH3aUHH HeATPOHOB 
Ha 90° B HanpasneHHH snonb n116o npoTHB HanpasneHHH HMnynbca 
HeATpOHOB. fionyqeHHh~ TaKHM o6pa30M npononbHO - nonHpH30BaHHh~ 

nyqoK HeATPOHOB nanan Ha 'HCCnenyeMh~ o6pa3eU. l!nH KOHTpOnH 
HHTeHCHBHOCTH H BenHqHHhl nonHpH3aUHH nyqKa HeATpOHO~ 

HCnOnb30BanHCb TpH MOHHTOPHhiX neTeKTOpa, onHH · H3 
pacnonarancH 3a, a nsa npyrHx - nepen npoTOHHOA MHmeHbD. 

KOTOphiX 
BenHqHHa 

nonHpH3aUHH nyqKa HeATpOHOB onpenenHna!=b no H3MeHeHHD npo3paq_HOCTH 
npOTOHHOA MHmeHH·llPH ee nonHpH3aUHH. 

HeATPOHhi, npomenmHe HccnenyeMh~ o6pa3eU, perHcTpHposanHcb 
neTeKTOPOM. l!nH H3MepeHHH 3HepreTHqecKHX cneKTPOB 3THX HeATpOHOB 
Hcnonb3osancH MeTon speMeHH nponeTa. 

UposeneHHe 3KcnepHMeHTOB no HJMepeHHD speMeHHhiX cneKTpos 
HeATPOHOB, KOTOPhie npomnH qepe3 o6pa3eU C nonHpH3aUHeA 
napannenbHOA H aHTHnapannenbHOA HX HMnYnbCY, a TaKEe nnR pHna 
conyTCTBYDlllHX H3MepeHHA ( H3MepeHHe nponycKaHHA, ~OHOB H T. n. ) 
ocy.mecTBnHnocb c noMOlllbD cneuHanbHoro HJMepHTenbHoro MonynH ( HMl. 
DH. nocTpoeH Ha 6a3e ManoA 38M CM-3 H BKnDqaeT . KoMnneKT 
3neKTPOHHoro o6opynosaHHH B cTaHnapTe KAMAK, npenHaJHaqeHHoro nnR 
aBTOHOMHOrO HaKonneHHH BpeMeHHhiX cneKTPOB, perHCTpaUHH CHrHanOB 
MOHHTOPHhiX neTeKTOPOB, ynpasneHHH CHCTeMOA pesepca nonHpH3aUHH 
nyqKa HeATPOHOB, a TaKEe KOHTpOnH speMeHH H3MepeHHH. 

HM pa6oTaeT non ynpasneHHeM. nporpaMMHoro o6ecneqeHHH, 
cnyEamero nnR BhmOnHeHHH s· aBTOMaTHqecKOM peEHMe HaKonneHHH · 
BpeMeHHhiX cneKTPOB, KOHTpOnH HHTeHCHBHOCTH H BenHqHHhl nonHpH3aUHH 
nyqKa HeATpOHOB, a TaKEe pesepca HX CnHpanbHOCTH. 

4eTsepTaH ·rnasa nHccepTaUHH nocsHmeHa 
HccnenosaHHHM P- HeqeTHhiX 3~~eKTos· B nonHoM 
HeATPOHHhiX p- peJOHaHCOB. 

fipH Bhi6ope semec;TB nnR HccnenyeMhiX· o6pa3UOB 

3KCnepHMeHTanbHb~ 

ceqeHHH s6nH3H 

Mbl HCX onHnH H3 
Taro, qTo Hnpa Bbi6paHHoro s~meci'sa nonEHhl HMeTb P- pe30HaHCbi, cnHH 
KOTOPbiX J ynosneTBOpHeT COOTHOmeHHD.J=J±1, rne 1- CnHH HCXOnHoro 
Hnpa. KpoMe Taro, H3-3a B03MOEHOCTeA HameA 3KCnepHMeHTanbHOA 
YCTaHOBKH 3TH p- pe30HaHChl nonEHhl ObiTb nocTaTQqHQ 
HH3K03HepreTHqecKHMH ( EP < 100 38 ). 

TonmHHa o6paJua non6Hpanacb, no B03MOEHOCTH, 6nH3KOA K 
OnTHManbHOA, T. e TaKOA, .npH KOTOPOA OTHOCHTenbHaH norpemHOCTb 
3~~eKTa npODYCKaHHH HBnHeTC~ HaHMeHhmeA. 0Ha COOTBeTCTBYeT nalol= 
2, rne n-·TOnmHHa o6paJua, Bb~aEeHHaH B q11cne Hnep/CM

2
• 
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llOCKOnbKY .8 nHTepaType HMBBTCR nosonbHO Mano npHMepoB p

pe30HaHCOB, KOTOPLie nonx onHnH DLI nnR nposonHMLIX HaMH HCCnenosaHHA; 

TO nnR pRna Rnep MLI nposenH cepHXJ cneuHan&HLIX H3MepeHHA no noHCKY 

y HHX cnaDLIX PB30HaHCOB, HMBllllli1X nocTaTO'IHO Mamie 3Ha'!eHHR 
HeATpOHHLIX mHpHH. llOHCK cnaDLIX pe30HaHCOB ocymeCTBnRnCR nHDO 

MeTonoM H3MepeHHR s xopomeA reoMeTpHH nponycKaHHR H3Y'IaeMoro 

o6pa3Ua, nHDO H3MepeHHR 4n- neTeKTOPOM r- KBaHTOB panHaUHOHHOrO 

3axsaTa HeATPOHos ero RnpaMH . KoHe'IHO , HaAneHHL~ TaKHM o6pa30M 

TOT HnH HHOA cna6L~ pe30Ha~C MO*HO:OTHBCTH K p- pe30HaHCY TOnbKO 

H3 CTaTHCTH'IBCKHX COODpa•eHHA , OCHOBaHHLIX Ha pacnpeneneHHH 
llopTepa~ToMaca nnR HeATpOHHLIX mHpHH. 

llpouenypa onpeneneHHR nnR HccnenyeMoro o6pa3ua 3~~eKTa 

nponycKaHHR BKnll'lana H3MepeHHR OTKPLITOro ny'!Ka, ~OHOB 

speMeHHLIX cneKTpos N•(t) H N-(t), npomenmHx qepe3 naHHL~ 
·npH nonO*HTenbHOA H OTPHUaTenbHOA cnHpanbHOCTH. 

H napLJ 

o6pa3eu 

B npouecce HaKonneHHR cneKTpos N•(t) H N-(t) nnR Toro, '!Toou 

. ooecne'IHTb nocTaTO'IHO HH3KHA YPOBBHb annapaTYPHOA aCHMMBTPHH 3THX 

cneKTPOB HCnOnb30Banocb nepHOnH'IBCKOe qepenoBaHHe H3MepeHHA C 

npOTHBOnOnO*HLMH 3Ha'leHHRMH CnHpanbHOCTH HBATPOHOB. B Ka•noM TaKOM 

H3MepeHHH, o6L~Ho nponon•HTen&HocT&ll ' 40 c, ocymecTBnRnoc& 

HaKonneHHe 8 .DY~'BPHYll naMaTb l1M O~Horo cneKTpa, COOTBBTCTBYXJmero 

onpeneneHHOA CnHpanbHOCTH HBATpOHOB. OnHOBpeMeHHO C 3THM 

npoHCXOnHna perHCTpaUHR CHrHanOB MOHHTOPHLIX neTBKTOPOB. llocne 

HaKonneHHR nocnenosaTen&HOA napLJ TaKHX cneKTpos 3a 80 c. H3MepeHHR 

OCTaHaBnHBanHCb H cneKTPLI, HaxonRIIli1BCR 8 DY~BPHOA naMRTH , BMBCTB 

C COOTBBTCTBYllllli1MH noKa3aHHRMH-MOHHTOPOB cpaBHHBanHCb Me•ny CODOA. 

EcnH B pe3Yn&TaTe cpasHeHHR oKa3Lmanoc&, 'ITO napa cneKTPOB 

YnosneTBOPRBT HBKOTOPLM 3anaHHLM KPHTBPHRM, TO OHH nooasnRnHCb B 

OCHOBHYll naMRTb l1M. 8 npOTHBHOM CJIY'Iae cneKTPLI HCKnll'lanHCb H3 
HaKonneHHR. 

llepHOnH'IBCKH (OOL~HO qepe3 Ka•nLre 3 qaca ) napa HaKonneHHLIX B 
OCHOBHOA naMRTH l1M CnBKTPOB 3anHCLmanacb 

CYMMapHoe BPBMR H3MepeHHR C naHHLM 
200+300 'laces. 

Ha nHCK. 

o6pa3UOM COCTaBnRnO 

nocne 3asepmeHHR H3MepeHHA c naHHLM o6pa3UOM nposonHnac& 

o6pa60TKa 3KcnepHMBHTanbHLIX naHHLIX, uenbll KOTOPOA DLmO onpeneneHHB 

napaMBTPOB HCCnenyeMLIX p- PB30HaHCOB 3TOrO o6pa3,1la H 

COOTBBTCTBYllllli1X HM BBnH'IHH P(EP) HnH HX BBPXHHX rpaHHU. 

Onpenene!U1e napaMeTpos HccnenyeMoro pe3oHaHca . ocymecTBnRnoc& 

MBTonoM HaHMBHbmHX KBanpaTOB. llpH 3TOM H3MBPBHHOB Ha 3KCnepHMBHTe 
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s o6nacTH pe3oHaHca nponycKaHHe o6pa3ua onHcLmanoc& BL~a•eHHeM 

"' J N
0
(E'J·R(E,E')·e-ny.o(E') dE' 

0 

TC gr" ,I" , E • c; E) p - p . p c -------------------------- (7) 

"' f N
0 

( E') · RC E, E') dE' 

0 

r ne N
0 

( E'.) - OTKPLITL~ nY'IOK , RC E, E') - ~YHKUHR pa3pemeHHR 

cnBKTPOMBTpa , onpenenReMaR ~OPMOA HBATPOHHOrO HMnyn&ca peaKTOpa H 

mHpHHOA BPBMBHHOrO KaHana, y.o(E'). - nonHoe pe30HaHCHOe CB'IBHHe 

B3aHMoneACTBHR HBATPOHOB C RnpaMH C· Y'IBTOM Tennosoro nBH*BHHR Rnep 
o6pa3ua, n- '!Mono Rnep o6pa3ua Ha KsanpaTHL~· caHTHMeTp, C 
HOpMHPOBO'!HaR KOHCTaHTa, onpenenReMaR 8 OCHOBHOM CB'IBHHeM 
nOTBHUHanbHOrO paccBRHHR HBATPOHOB RnpaMH o6pa3Ua , gr"- ,r - H 

p p 

EP - napaMeTpLI p- pe3oHaHca . 
nony'leHHLJe TaKHM o6pa3oM napaMeTpLJ p- pe3oHaHca B nan&HeAmeM 

HCnOnb30BanHCb npH onpeneneHHH BBnH'IHHLI K03~~HUHBHTa aCHMMBTPHH 

nonHero pe30HaHCHoro CB'IBHHR nnR 3TOro pe30HaHca P<E ). 
. p 

lJTo6LJ onpenenHTb senH'IHHY PC EP l nnR naHHoro p- pe3oHaHca, 

3~~eKT nponycKaHHR onHCLmanCR ~OpMynoA 

&[p (E LB;E] = .p[p (E );E)+ B • (8) 
p p . 

"' J N
0
(E')·R(E,E.')·e-ny.o(E' )Y'(E' )dE' 

0 

<P = - nPC E ) 
p 

(9) 

"' f. N~ ( E') · RC E, E') · e -ny.o (E' ,>dE' 

0 

rne 8 - KOHCTaHTa, 3Ha'IBHHe KOTOPOA 3aBHCHT OT annapaTypHOA 

acHMMeTpHH H3.MepeHHLIX Ha 3KcnepHMeHTe cnei<Tpcls N+C t) H N-C t). 
OnpeneneHHe senH'IHHLI P<EPl ocymecTBnRnoc& nyTeM nonroHKH 

MBTOnOM HaHMBHbmHX KBanpaTOB TeopeTH'IBCKOA ~OPMYJILI ( 8) no naHHLM 
• nnR 3HepreT~'IBCKOA 38BHCHMOCTH ·3KCnepHMBHTanbHOrO 3~~BKTa 

nponycKaHHR, 
3KcnepHMeHTan&HLie<HccnenosaHHR HapymeHHR P- 'IBTHOCTH B nonHoM 

CB'IBHHH B3aHMOneACTBHR HBATPOHOB H Rnep DLmH BLWOnHBHLI nnR 
HH3KOBOnbTHLIX pe30HaHCOB cnenYllrnHX Rnep: "'·Cd, ""cd, 

14
"Nd ,

230
0, 

"• Nb • ,· .. Pr • • • 2 Th · H · • ~" Pu. Bee · ~ccnenosaHHLre pe3oHaH.cLJ , KpoMe 

11 



pe30HaHCOB' g
3 

Nb , 
2 32

Th H Z3 
8 

U , 6LUJH 06Hapy•eHLI BnepBLie HaMH. B 

xone cepHH npensapHTenbHb~ H3MepeHHA no nOHCKY cna6L~ pe30HaHCOB. 

Pa3YMeeTCR; 3TH pe30HaHCbl MO•Ho OTHeCTH K p- BOnHOBb~H TOnbKO Ha 
OCHOBaHHH C006pa•eHHA TeOpHH BepoRTHOCTeA, yqHTLffiaR TO, qTo HX 

HeATPOHHbie IDHPHHLI Ha HeCKOnbKO · nopRnKOB MeHbme, qeM 

COOTBeTCTBYilmHe cpenHHe HeATpOHHLie IDHPHHbl s- pe30HaHCOB. l.JTO 

KacaeTCH CnHH~B paccMaTpHBaeML~ p- pe30HaHCOB, TO H3 nHT.epaTypu 

OHH 6LinH H3BeCTHbl TOnbKO nnR Rnpa g• Nb, ll03TOMY, HMeR B BHnY, 

sa•Hoe 3HaqeHHe, KOTOpoe HMeeT 3HaHHe cnHHOB p- pe30HaHCOB nnR 
HHTepnpeTaUHH pe3YnbTaTos o6cy•naeML~ 3necb. HccnenosaHHA, HaMH 

6LinH nposeneHLI cne'uHanbHbie H3MepeHHR cnHHOB HHTepeCYDmHX Hac 
pe30HaHCOB 

1 1 1 
Cd H 1 1 3 Cd. 

Ha PHCYHKe 1 s KaqecTse npHMepa npHseneHu yqacToK cneKTpa 

HeATPOH.OB nnR o6pa3ua • • • cd, ox sanrnaDmHA HccnenyeMLie p- pe3oHaHCLI 

.naHHOrO o6pa3Ua, H COOTBeTCTBYilmHe 3THM p- pe30HaHCaM 

3HepreTHqeCKHe 3aBHCHMOCTH 3~~eKTOB nponycKaHHR. • 
8 pe3YnbTaTe o6pa60TKH 3KCnepHMeHTanbHL~ naHHL~ 6LinH nonyqeHLI 

3HaqeHHR napaMeTpos HccnenosaHHL~ p- pe30HaHcos, a TaK•e 

OTHOCRmHeCR K HHM 3HaqeHHR P(EP). 3TH 3HaqeHHR npHseneHLI B Ta6nHUe 

1, H3 KOTOpOA BHnHo (eM. TaK•e PHC.1), qTQ nnR p- pe30HaHCOB Rnep 
'''cd (E =4.53 38) H 

232
Th (E =8.33 38) Ha6nJJnaeTcR 3aBHCHMOCTb p p 

"' g. 
z 

6 

4 

6.96' 
I 

4.53 
1 ,,,cd 

2~--~~~--L-~--

-f"40~ fj 
12 20 
w 28 •. t.. • I j+ I 

7 6 5 4 E,3B 

180 200 220 240 260 280 NK 

PHc; 1. YqacToK cneKTpa no speMeHH 

nponeTa (csepxyl H 3~~eKT nponycKaHHR 

(cHH3Yl nnR '''cd. C~penKH c UH~paMH. 
ssepxy nono~eHHR H 3HeprHH p-

pe30HaHCOB, E- 3HeprHR HeATPOHOB ~ 

38, NK- HoMep KaHana speMeHHoro 

aHanH3aTopa. 

non:wro 
;· 

ceqeHHR OT CnHpanbHOCTH HeATPOHOB. nnR OCTanbHL~ 

npenenax HCcnenoBaHHL~ p- pe30HaHCOB TaKaR 3aBHCHMOCTb B 

•nOCTHrHYTOA Ha 3KCnepHMeHTe TOqHQCTH He 06Hapy•eHa. 

12 

llocnenHee o6cTORTenbCTBO Mo•eT 6LITb CBR3aHO C pa3nHqHL~H 

npHqHHaMH. HanpHMep, OTCYTCTBHe P- HeqeTHL~ 3~~eKTOB B cnyqaRX C 

p- pe30HaHCaMH, CnHHbl KOTOpb~ H3BeCTHbl ( '" Nb H 
1 13 

Cd) ·H HMeJJT 

nonxonRmee 3HaqeHHe nnR cMemHBaHHR c s- peJoHaHcaMH, Mo•Ho 

.06bRCHHTb ManL~ 3HaqeHHeM COOTBeTCTBYJlmHX senHqHH P(EP). 3TO, B 

CBOJl oqepenb, MO.eT 6LITb CBR3aHO nH60 C ManoA senHqHHOA MaTpHqHoro 

3neMeHTa nnR naHHoro p- pe3oHaHca, nH6o c ManoA senHqHHoA ero) 

HeATpOHHOA IDHPHHLI r" 
1 

/Z. nnR p- pe30HaHCOB, CnHHbl ' KOTOPL~ 
z 3 a P 

HeH3BeCTHbl ( U), nononHHTenbHOA npHqHHOA OTCYTCTBHR 3~~eKTOB 

MO.eT CnY•HTb TO, qTQ OHH HMeJJT HenonxonRmHe nnR CMemHBaHHR C s

pe30HaHCaMH CnHHbl. J1 HaKOHeU, HyneBOA 3~~eKT nnR HCCnenoBaHHbiX 

pe30HaHCOB ( 1 4 5 Nd, 
1 41 

Pr H 
1 1 1 

Cd ( E =6. 94 38) MO.eT HMeTb nOMHMO 
• p 

npenLI.llYmHX npHqHH eme TY, qTo naHHbie pe30HaHCbl He RBnRJJTCR . p-

BOnHOBb~H. 

Hcnonb3YR senHqHHLI p( E ) , B nsyxyposHeBOM npH6nH•eHHH no 
. p 

~OpMyne ( 5) 6LinH onpenerteHLI a6conDTHLie 3HaqeHHR MaTpHqHb~ 

3neMeHTOB raMHnbTOHH~Ha cna6oro B3aHMoneAcTBHR Hv• cMemHBaDmero 

COOTBeTCTBYDmHe s- H p- pe30HaHCLI Rnpa C onHHaKOBL~H CnHHaMH 

IWI=I<siHvlp>l .. llpH BL~ope napTHepa nnR cMemHBaHHR c naHHL~ p

pe3oHaHCOM np.ennonoranocb, qTo c HHM cMemHsaeTCH TaKoA s

pe3oHaHc, nnR KOToporo senHqHHa C = r"t<E- E )
2

npHHHMaeT . • p • p • 

MaKCHManbHOe 3HaqeHHe. OnHaKp, ecnH cnHH p- pe30HaHCa HeH3BeCTeH , 

TO BL~Op s- pe30HaHCa He RBnReTCR onH03HaqHL~. ll03TOMY MaTpHqHbie 

3neMeHTLI onpenenRnHCb nnR . p- peJOHaHCOB C H3BeCTHL~H CnHHaMH. 

KpoMe ·TOre, H3-3a OTCYTCTBHR naHHL~ 0 HeATpOHHL~ IDHPHHaX 

HCCnenyeMb~ p- pe30HaHCOB no KaHany C nonHL~ MOMeHTOM HeATpOHOB 

j=l/2 npennonoranocb, qTo r" · =r". 
pt/Z p 

PaccqHTaHHLie TaKHM o6pa30M MaTpHqHLie 3nilMeHTLI BMeCTe C 

napaMeTpaMH ~- pe3oHaHcos, BL~paHHL~ B KaqecTse napTHepos nnR 
CMemHBaHHR C p- pe30HaHCaMH, npHseneHLI B Ta6nHUe 1. C yqeTOM 

CKa3aHHOrO BLWe 3HaqeHHR MaTpHqHL~ 3neMeHTOB, npHseneHHL~ B 

Ta6nHUe 1, cnenyeT paccMaTp~BaTb KaK HH~HHe OUeHKH 3THX BenHqHH. 

3HaqeHHe MaTpHqHoro 3neMeHTa, nonyqeHHoe B naHHOA pa6oTe nnR 
p- pe30HaHca 113 Cd, HaxonHTCH B ynosneTBOpHTenbHOM cornaCHH C 

aHanoroqHb~ pe3ynbTaTOM, nonyqeHHL~ H3 H3MepeHHA p- HeqeTHOA 

aCHMMeTpHH HCnycKaHHR r-KBaHTOB B peaKUHH 
113

Cd(n,r)
114

Cd nnR 
TennOBbiX HeATpOHOB. 

HccnenosaHHR c o6pa3UOM H3 ••gPu 

pe3ynbTaToM H3MepeHHR P- HeqeTHoro 3~~eKTa B 

13. 

6LinH 

nonHoM 

HHHUHHPOBaHLI 

ceqeHHH nnR 
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~aHHoro HJOTona npH TennosoA 3HeprHH HeATPOHOB, nonyqeHHLM B HA3 

HM. KypqaTosa. Upe~cTaBnHno HHTepec o6HapyxHTb p- peJoHaHc, c 

KOTOpLIM CBH3aH 3TOT p- HeqeTHLIA 3il/il/eKT H H3MepHTb ·~nH ·Hero 

senHqHHY P( EP). 
B peJynbTaTe npose~eHHLIX HaMH Hccne~osaHHA 6LUJa nonyqeHa 

sepXHHH OUeHKa ~nH OpHBe~eHHOA HeATpOHHOA mHpHHbl rHDOTeTHqecKOrO 

p- peJoHaHca 
2 
"'Pu H ycTaHosneHLI B03MOlKHLie o6nacTH 3HeprHH, r ~e 

MOliCeT·HaXO~HTbCH 3TOT pe30HaHC. 

B JaKnJJqeHHH KpaTKO CiiiOPMYnHposaHLI OCHOBHLie BLIBO~LI H 

peJynbTaThl ~HCCepTaUHH. 

!lenbJl HaCTOHnteA pa60TLI HBnHnOCb HCne~OBaHHe P- HeqeTHLIX 

3il/il/eKTOB 8 DOnHOM ~e~eHHH B3aHMOneACTBHH HeATpOHOB H ~~ep 8 

OKpeCTHOCTHX p-BOnHOBbiX pe30HaHCOB. 

DnH pemeHHR '3TOA Ja~aqH 6Lmo c~enaHo cne~yDmee·: 
1. PaJpa6oTaHa H peanHJOBaHa Ha 6aJe ManoA · 3BM CM - 3 

CTPYKTYPHaH CXeMa H3MepHTenbHOrO MO~ynH , npe~Ha3HaqeHHOrO ~nH 

H3MepeHHH 3HepreTHqecKOA 3aBHCHMOCTH 3il/il/eKTa DPODYCKaHHH c(E). 

2. Upe~nolKeH H peanHJOBaH anropHTM HJMepeHHH ManLIX 3il/il/eKTOB 

DPODYCKaHHH c_( E) , HCDOnb3YJlDlHA ~BYX ypOBHeBYJl 6yil)epHYJl naMHTb. 

3. PaJpa6oTaH~ H peanHJosaHhl nporpaMMHoe o6ecneqeHHe 

H3MepHTenbHoro Mo~ynH , a TaKliCe naKeThl nporpaMM ~nR. 

np,e~sap.HTenbHOA H OKOHqaTenbHOA o6pa60TKH 3KCOepHMeHTanbHLIX 

naHHLIX. 

"B ~HCCepTaUHH nonyqeHhl cne~YJlmHe· HOBble OCHOBHLie ii!HJHqecKHe 

peJynbTanr : 

1. BnepBLie o6HapyxeHLI H onpe~eneHLI napaMeTpLI ( gr" , r H E 
p p 

HH3K03HepreTHqeCKHX' p- peJOHaHCOB 
1 11 

Cd , 
11 3 

Cd , 
14 ~ Nd H 

141 
Pr • 

DnH p- peJoHaHcos ''' cd E = 4. 53 38 H E = 6. 94 38 onpe~eneHLI 
p p 

CDHHhl J. 
2. BnepBLie npose~eHhl HJMepeHHH P- Heqel'HLIX 3il)il!eKTOB B nonHoM 

ceqeHHH ~nH HH3K03HepreTHqHLIX .p- peJOHaHCOB H~ep 111 
Cd ~ 1 13 

Cd 

"'Nb , 14 ~Nd ,' 41 Pr ,""u , 232
Th. DnH p- peJoHaHca '"cdE =4.53 38 

z 3 z p 
H p- peJoHaHca Th EP = 8. 33 38 Ha6nJJ~eHLI P- HeqeTHhie 3il!illeKTLI. 

· 3 .. DnH . ·OCTanbHLIX 10 Hccne~osaHHLIX p- peJoHaHcos 

nonyqeHhl Ha .Y,OBHe 90%. ~OCTOBepHOCTH 3HaqeHHR BepXHHX 

senHqHH p( E 1. 1 " 

snepshre 

rpaHHU 

4 P "' 3 B ••• 7 • nn,JY p- pe30HaHCOB Cd Ep =4. 5 3 • Cd Ep = • 0 38 

"
3

Nb EP. ='35.8 3BH EP.= 42.2 38 H 
232

Th EP=. 8.33 38 nonyqeHLI 

< •••• -oueiiKH a6conliiliiri" JHaqeiii1A MaTpHtJHbrX ~ 3ireMeHTOB ' CMemHBaHHH. cna6LM -· 
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B3aHMoneACTBHBM 3THX PB30HaHCOB,C COOTBBTCTBY~mHMH s- pe30HaHCaMH, 
HMB~mHX TaKOA EB CUHH. 

5. UpoaeneHLI HccnenoaaHHR B03MOEHoro HapymeHHR P- qeTHOCTH a 
nonHOM ceqeHHH B3aHMOneACTBHR PB30HaHCHhn. HBRTPOHOB C RnpaMH 
Z3DPu, fi03BOnHBillHB onpenenHTb 
rHnoTeTHqecKoro p- pe3oHaHca 3Toro 
noCTOBBPHOCTH BBpXH~~ rpaHHUY nnR 
HCKoMoro pe3.0HaHca. 

o6nacTH 3HeprHA Haxo•neHHR 
Rnpa H YCTaHOBHTb Ha YPOBHB SOY. 
npHaeneHHOA HBATPOHHOA illHPHHhl 

0CHOBHhle pe3ynbTaTLI nHccepTaUHH ony6nHKOBaHbl B cnenY~mHX 
pa6oTax : 

1. H3MBPHTenbHL~ Monynb nnR 3KcnepHMBHTanbHLn HccnenoaaHHA c 
nOMOmb~ nonRPH30BaHHhn HBATPOHOB H Rnep I·EoAa H.,Baroa B.A., 
llyKOB r. n. • Py6HH n. . XphiKHH A; c. - Cooo6meHHe OHHH, 
P13-87:17, ny6Ha, 1987. -10 c. 

2. HecoxpaH.eHHe npocTpaHCTBBHHoA qeTHOCTH 
pe3oHaHcaxl An~HMBHKoa B.n.·. Eop3aKoa C.E., 
H np.IIHeATPOHHaR ~H3HKa. - M., 1984. T. 3, 

B HBRTPOHHhn 
, . . . • XpLIKHH A. C.· 
c. 408 -412. 

3. .HeKOTOphle x apaKTepHCTHKH p- aonHOBLn pe3oHaHcoa 111 
• 

1 1 
• cd 1 

. An~HMBHKOB B. n.. Eop3aKOB c. E .•...• XPLIKHH A. c, H np .. -
Coo6mBHHe OHHH, P3-87-117, nY6Ha, 1987. -6 c. 

4. HccnenoaaHHR RBnBHHR HecoxpaHeHHR npocTpaHcTBBHHOA qeTHOCTH e 

HBR"fPOHHhn PB30HaHcax ... Nb. ll. Cd • l •·
1 
Pr I An~I1MBHKOB B. n .• 

Eop3aKoeC.E., ... ,XpLIKHH A.C. H np.-Coo6meHHe OHHH, 
P3-87-43, ny6Ha • 1.987.- 6 c.; HeATPQHHaR ~H3HKa - M •• 1988. 
T. 1, C. 249 -253. • 

5. 3KcnepHMBHTanbHOB HCCnenoBaHI1e HapymeHI1R DPOCTpaHCTBBHHOA 
qeTHOCTI1 B HBATPOHHLn pe3oHaHcax ·•••Th 1 An~HMBHKOB B.n., 
6op3aKoe C.E , ..• , XpLIKHH A. C .. H np.-Coo6meHHe OHHH, 
P3-88-318, ny6Ha ,1988. - 6 c. 

6. HJyqeHHB B03MOJI[Horo. Hapy~eHR npocTpaHCTBBHHoA qeTHOCTH B 
nponycKaHHH npononbHO-nonRpH30BaHHLn PB30HaHCHLn HBATPOHOB 
qepe3 o6pa3eu ••"PU 1 An~HMBHKOB B.n., Eop3aKoe C.E , ... , 
XpLIK11H A. c. H np. -Coo6meHHB OHHH, P3-88-319, nY6Ha; 1988. 
-6 c; 

.. 

PyKonHc~ nocTynHna B H3AaTenbCKH~ OTAen 

11 ce~TR6pR 1989 roAa. 

J(, 


