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OEmAR XAPAKTEPHCTHKA PAEOTbl 

AKTYAJlbHOCTb TEMbl : B HaCTORmee speMR B030YJ:.llirnHwe COCTORHHR 

CJIOJ:HblX I TRlKeJiblX ) si.11ep .11eraJ1bHO H3yYeHbl B .llBYX cpaBHHTeJlbHO 

Y3KHX 3HepreTHYeCKHX .llHanaaottax B030YJ:.lleHHR - B0JIH3H OCHOBHOro 

COCTOSIHHR, B HHTepsane OKOJIO 2 M3B, H B OOJiaCTH 9HeprHH CBR3H 

HeArpoHa. npoMelKyTOYHaSI oonacTb B030YJ:.lleHHR HCCJie.llOBaHa KpaAHe 

cnaoo, YTO ooycnosnetto 9KCnepHMeHTaJibHblHH TPY.llHOCTRMH. C 0.llHOA 

CTOPOHbl, cospeMeHHWe ycraHOBKH He OOJia,!laDT 

3HepreTHYeCKHM paapeweHHeM, YTOObl B030YlK.llaTb 

,!lOCTaTOYHblH 

HH.llHBH,!lyanbHble 

COCTORHHSI B CJIOJ:HblX si.11pax. nexamHe BblWe 2-3 M9B. C ,11pyroA CTOPOHbl, 

npH pacna.11e KOHnayH.ll-COCTOSIHHSI aaceneHHe 9THX ypOBHeA He y.11aeTCSI 

O.llH03HaYHO 3a$HKCHPOBaTb C noMombll OOblYHOro 0.llHO.lleTeKTOpHoro 

r-cneKTPOMerpa, nocKOJlbKY HeT KPHTepHeB OTOopa nepBHYHblX r-KBaHTOB 

pacna.11a C 3HeprHSIMH nopsi.11Ka HJIH MeHbWe nonoBl1Hbl 9HeprnH CBSl3H 

HeATPOHa. 

CYHTaeTcSI, YTO HCnycKaHHe nepBHYHblX t- KaCKa.llOB nO.llYHHReTCR 

CTaTHCTHYeCKHHH 3aKOHOMepHOCTRHH, HO B nocne.11HHe ro.11w nonyqeHO 

MHOro yKaa_aHHA Ha TO. YTO C noHombD era THCTHYeCKoro no.11xo.11a He 

seer.Ila Y.llaeTCR a,!leKBaTHO onHCaTb 3KcnepHMeHTaJibHble ,!laHHble. JlnR 

pa3BHTHR oomero TTOHHHaHHR MeXaHH3Ha ¥ -pacna,!la KOHnayH,!l-R,!lep 

HeOOXO.llHMO npsiMoe 3KCnepHHeHTaJlbHOe HayqeHHe KaCKa,!lOB B peaKUHH 

(n,tl B paaHooopaaHWX a.11pax. 

Hccne.11oaaHHS1 i -KacKa,!lOB. paapa&aDmHx KOMnayH,!l-COCTORHHR, 

npe,!lCTaBJIRDT HHTepec H C TOYKH 3PeHHR nonyqeHHR HOBOA HH$0pMaUHH 0 

cxeMax YPOBHeA R,!lep, ocoOeHHO B nepeXO,!lHOA OOJiaCTH npoHexyTOYHblX 

B030YJ:.lleHHA, OYeHb nnoxo H3yYeHHOR .llO Hacrosimero speMeHH. 

i 0b'.htRiitJt'liH1,al UHCnrryr \ 
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UEJ!b PABOTli : 

1. npo)lonJCeHHe 3KcnepHMeHTanbHoro HCCne.nosaHHR .llBYXKBaHTOBblX 

KacKa.nos Mez.ny KOMnayH.ll-COCTORHHeM H HeCKOnbKHMH fJ)HKCHPOBaHHblMH 

HH9KonezalllHMH YPOBHRMH C 3HeprneA Ef ~ 1, 0 M3B B 4eTHO-He4eTHblX 

COCTaBHblX R.npax. 

2. nony4eHHe 9Ha4eHHR 3HeprHA H aoconDTHblX BblX0.1108 .llBYKBaHTOBblX 

KaCKa.llHblX nepeXOJlOB. 

3. KOHCTPYHPOBaHHe Ha OCHOBe nony4eHHNX 9Ha4eHHA 3HeprnH 

nepeXOJlOB HaHOonee CHnbHblX .llBYXKBaHTOBllX KacKa.llOB H 

cneKTPOCKOITH4eCKHX )laHHllX peaKUHH (n,Yl cnOZHllX H .llOCTOBepHllX cxeM 

raMMa-pacna)la 3THX R)lep B oonaCTH 3HeprHl1 B030Ylt.lleHl1R .no 3 - 4 M3B 

11 oonee .. 

4. conocTaeneH11e cpeJ1Hl1X 3Ha4eH11A 3KcnepHMeHTanbHO onpeJ1eneHHllX 

HHTeHCl1BHOCTeA JlBYXKBaHTOBllX KaCKa.noa C paCC411TaHHblMl1 B paMKaX 

Mo.nenbHoro onHcaH11R raMHa-pacnaJ1a cno:a:Horo HJlpa. 

5. 3Kcnep11MeHTanbHaR oueHKa pa)lHaUHOHHOA CHnOBOA fJJYHKUl1H 

nepBl14HblX nepexo.nos JlnR Et ~ o,5 M3B. 

COOTBeTCTBYDllll1e 3KCnep11MeHTll oun11 BllITOnHeHll Ha cneKTPOMeTpe C 

JlBYMR HpGe - )leTeKTOpa,Ml1 Ha ITY4Ke Tennosux HeATPOHOB peaKTqpa 

11HCTl1TyTa fJ)l1911Kl1 'AKa)leM1111 HayK JlaTBl1ACKOA CCP. np11 3TOM 

11cnonb3osanacb paHee pa3paOOTaHHaR Cl1CTeMa MaTeMaTl14ecKoro 

ooecne4eHl1R 3KcnepHMeHTa C .nanbHeAWl1M ero pa9811T11eM .llJIR 3BM 

PDP-11/70 ( OHHH, AH~). 

HAY4HAH HOBH3HA H ITPAKTH4ECKAH UEHHOCTb PABOTli : 

B HacToRmeA paOoTe ·snepsue npose)leHo 11ccneJ10BaH11e peaKUHH 

(n,2r) Ha Tennosux HeATPOHax Ha R)lpax - M11WeHl1RX 136 Ba 11 180 Hf. 

BefJJOPHl1pOBaHHOe KOMnayHJl-R.llPO 181Hf HaXOJ111TCR B oonacTl1 4S -

HaKCl1MyHa HeATpOHHOA c11n0B0A fJJYHKU1111, r)le HecTaTl1CTl14eCKl1e 3fJ)fJ)eKTll 
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B raMMa-KaCKa.nax npORBnRDTCR c11nbHee, 4eM B paAoHe Ml1HHMYMa, a 

KOMnayH.ll-R.llPO 137sa - cfJ)epl14eCKOe R.llPO. 

B pe3ynbTaTe npose)leHHNX 1-1ccne.nosaHHA sneps1,1e nony4eHu : 

1. cneKTPll JlBYXKBaHTOBllX KaCKa,llOB, 3acenRDllll1X COCTORHHR RJlep -

npOJlYKTOB B WHPOKOM )1Hana30He : Bn ~ 520 K3B ~EM~ Ef + 520 K3B, 

r)le Bn - 3HeprHR CBR3H HeATPOHa, EM H Ef - 3Hepr1-111 npoHeJCyT04HOro 

11 KOHe4HOrO ypoBHR COOTBeCTBeHHO. onpeJ1eJ1eHll 3Ha4eHl1R 3Hepr11A 11 

aOCOJIDTHl,IX BblXOJlOB 212 nap HHTeHCl18HblX KaCKa,llHllX nepeX0.1108 .nnR 
181Hf 11 58 JlJIR 137Ba. 

2. Ha octtose J1aHHNX o raMMa-nepexo.nax nony4eHN cxeMu 

raMMa-pacnaJ1a s oonacT11 npoMellyT04HblX 3Hepn!A so30y:1t.neH11R o, 6 -

4,2 M3B )lnR 181Hf 11 1,2 - 4,6 M3B )lJIH 137sa. 

3. npeJ1noxe11 3fJ)fJ)eKT11BHblA anrop11TM nocTpoeH11R CJIOllHNX cxeM 

raMMa-pacna)la Ha Oa3e cneKTPOCKOITl14eCKl1X )laHHblX peaKUl1A (n,21) 11 

(n,t) . YcTaHoBneH HaOop npaBl1JI, no3BOJIRDIUl1X nony4HTb .llOCTOBepHyD 

cxeHy raMMa-pacnaJ1a B 11HTepsane 3ttepr1111 Bo30YllJleHHR s 2 - 3 pasa 

oonee w11pOKOM, 4eM .nnR 00bl4HO 11cnOJ1b3yeMliX MeTO.lll1K. AnropHTM 

ucnonb3yeT BCD HHfJ)opHau,m o KacKaJ1ax 11 nepexo)lax, nony4eHHYD s 

peaKUl1HX (n,21) 11 (n,tl. 3TOT anropl1TM Obin npHMeHeH JlnR noctpoeHHR 

cxeM r·aMMa-pacnaJ1a RJlep 181ttt 11, pa Hee • .nnR 187w. 

4. Hccne.nosaHbl cpe,llHHe pacnpe)leJJeHHR HHTeHCl1BHOCTl1 JlBYXKBaHTOBblX 

raMMa-KacKa,llOB B fJJYHKU1111 3Hepr11H OJlHOro nepexo.na. 3KcnepHMeHTaJlbHO 

Bbl)leneHO )lnR 137sa 78% 11 JlJIR 181Hf 80% oomeA 11HTeHCl1BHOCTH 

nepBl14HblX nepeX0.1108, pa3pRltaDlllHX KOMnayHJl - COCTORHHR. 

5. Bnepsble oueHeHa pa)lHaUHOHHaR Cl1JIOBaR fJJYHKU11R nepBl14HblX El- I 

11 Ml- ) nepeXOJlOB JlJIR HX 3HeprHH E1 ~ 0,5 M3B KaK B cfJ)epH4eCKOM 

R)lpe 137sa, TaK H B )lefJ)opMHPOBaHHOM 181Hf. 

nony4eHHble 3KcnepHHeHTaJlbHO pe3ynbTaTbl HoryT OblTb HCITOJlb30BaHll 
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np11 npoeepKe 11 pa3811Tl111 pa3Jll14HliX SJ,llepH!iX MO,lleJieR. HeoOXO,lll1MOCTb 

YJIY4W8Hl1SI MO,ll8JlbHOro on11caH11SJ npouecca raMHa-pacna.na 

H8803MOXHOro 083 HaJll1411SI HOBoro 3KCnep11MeHTaJ1bHOro MaTepHana 

TpeoyeTCSI, B 4aCTHOCTl1, np11 pac4eTe ce48Hl1R 3axeaTa OiiCTPliX 

HeRTPOHOB B 3a,11a4ax peaKTOPOCTpoeHl1SI 11 B acTp0$11311Ke. 

AnPOEAUHH PAEOTU MaTep11aJ11i, nonoxeHHlie e ocHoey ,1111ccepTau1111, 

,llOKJ1a,llliBaJll1Cb Ha 40- I JleH11Hrpa,11, 1990 r. l 11 41-M I Ml1HCK, 1991 

r. coeemaHl1SIX no SJ,llepHOR cneKTPOCKon1111 11 CTPYKType a TOMHOro 

SJ,llpa. 

OEbEM PAEOTU : ,1111ccepTaUl1SJ COCTOl1T 113 BBe,lleHl1SI, 48Tiipex rnae 11 

3aKJID48Hl1SI. OObeM paOOTli - 127 CTpaH11U Maw11Ho-n11cHoro T8KCTa, 12 

Ta0Jll14 11 17 pl1CYHKOB. Cnl1COK Jll1TepaTypli BKJID4aeT 90 Hal1M8HOBaHl1R. 

nYEJIHKAUHH : no MaTep11anaM ,1111ccepTau1111 onyOJil1KOBaHO 5 paOOT. 

COIEPIAHHE PAEOTU ; Bo BB8,ll8Hl111 noKa3aHa aKTyaJibHOCTb paOOTli, 

c$opM11poeaHa ee uenb, oocyx.naeTCSJ ee Hay4HOe 11 np11Kna,11Hoe 

3Ha4eH11e, KpaTKo 113noxeHo co,11epxaH11e ,1111ccepTau1111 11 np11ee.neH1i 

OCHOBHlie nonoxeH11SJ, BliHOCl1Mlie Ha 3aru11Ty. 

B nepeoR rnaee on11c!leaeTcSJ 3$$eKTl1BHliR anrop11TM nocTpoeH11SJ 

CJIOXHliX cxeM t-pacna.na Ha Oa3e cneKTPOCKon11~eCKl1X .naHHliX peaKU1111 

ln,2tl 11 In.ti. STOT anropl1TH 11cnoJ1b3YeT BCD 11H$OpMaU11D O KaCKa.nax 

11 nepexo.nax, nony4eHHYD e peaKU11SJX ln,2tl 11 In.fl. Anrop11TM 

COCT011T 113 CJl8,llYDDll1X 3Tanoe : 

1) YT04HeHl1SI 3Ha4eHl1R 3Hepr1111 nepexo.noe, HaOJID,llaeHliX B peaKU1111 

ln,2tl no .naHHliM peaKu1111 ln,rl. 

2) YT04H8Hl1SI 3Ha4eHl1R 3Hepr1111 npoMeXyT04HliX ypOBHeR. 

3) Pa3MemeHl1SI B noJiy4eHHOR 113 peaKUl111 ln,2t) Cl1CT8H8 ypoeHeR 

nepexo.noe, HaOJID,llaeMliX B peaKU1111 In,(), HO He HaOJID,llaeMliX B 

peaKu1111 ln,2tl. 
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4) YCTaHOBJl8Hl1SI nopSJ,llKa CJle,llOBaHl1SI nepexo.noe B 0,lll1H04HliX KacKa.nax. 

51 Y4eTa oanaHca 11HTeHCl1BHOcTeR nepexo.noe 3aceJ1SJDDll1X 11 pa3pSJxaom11x 

3a,llaHHliA ypoeeHb np11 00JlbWl1X B030YX.ll8Hl1SIX ~ 2 M3B I. 

6) Pa3MemeHl1SJ nepexo.noe 113 peaKu1111 (n,t), He BKJID4eHHliX e cxeHy 

COCTOSIH11A, BliSIBJleHHliX B peaKU1111 (n,2t). 

71 oueHKa cTeneH11 ,11ocToeepHocT11 nony4eHHOR cxeMli pacna.na. 

c noMODlbD noro anrop11THa cxeHa pacna.na cnoxHoro SJ,llpa HoxeT 

OiiTb BliSIBJleHa C ,llOCTaT04HOR Ha,lleXHOCTbD B 11HTepeaJie B030yx.neHHliX 

COCTOSIHl1A, B 2-3 pa3a ~onee Wl1POKOM, 4eM ,llJISI 001i4HO 11cnOJ1b3yeHliR 

MeTO,lll1K. AnropHTM onpoOoeaH ,llJISI 187w. 179Hf 11 181Hf 11 noKa3aJI CBOD 

BliCOKYD 3$$eKTl1BHOCTb. 

Bo BTOpoR rnaee paccHaTp11eaDTCSI H8KOTOplie HO,ll8Jll1, 11cnOJ1b3yeMlie 

B HaCTOSJOlee epeMSJ ,llJISI on11caHl1SI CTJIOTHOCTl1 ypoBHeR Hl1Xe 3Hepr1rn 

CBSl311 HeRTpoHa 11 pa,1111au110HHliX Cl1JIOBliX $YHKUl1R B TOR xe OOJlaCTl1 

B030yx,11eH11R SJ,llpa. np11 3TOM ocoooe BHl1HaH11e y,11eJ1eHO aHaJ1113y KaK 

BKna.na r11raHTCKoro ,1111nOJ1bHOro pe3oHaHca B Wl1Pl1Hli HSJrKl1X 

t -nepexo.noe M8lK.llY KOMnayH,11- 11 nexam11M11 Hl1Xe COCTOSIHl1SIHl1, TaK 11 

POJll1 nepexo.1100 pa3Jll14HOR MYJlbTl1CTOJlbHOCTl1 B KaCKa,llHOM t-pacna.ne np11 

pa3Jll14HliX 3Heprl1SJX B030YX.!18Hl1SI Sl,llpa. np11BJ1848Hl18 B aHaJll13e paHee 

noJiy4eHHliX pe3yJlbTaTOB 113Y4eHl1SI peaKU11R (n,2r) .!IJISI PSI.Ila 113Y48HHliX 

SJ,llep no3BOJll1JIO Oonee noJIHO OOOCHOBaTb 3aKJID4eH11e O POJll1 $aKTOPOB, 

BJll1Slllll1X Ha 11HTeHCl1BHOCTb KaCKa,IIHOro t-pacna.11a. 

B TpeTbeR rnaee npe,11cTaeneH1i 3Kcnep11HeHTaJ1bHlie pe3yJ1bTaTli 

11CCJle,IIOBaHl1SI .!IBYXKBaHTOBliX KaCKa,1108, 803Hl1KaDOll1X np11 3aXBaTe 

T8TTJIOBliX HeRTPOHOB SJ,llpaMl1 136ea 11 180Hf. np11BO,IISITbCSI cxeHli 

B030yx,11eHHliX COCTOSIHl1R 137ea 11 181Hf, noJiy4eHHlie Ha OCHOBe aHaJll13a 

3KCnep11MeHTaJ1bHliX .11aHHliX, a TaKxe npOB0.!111TCSI oocyx.11eH11e nony4eHHliX 

pe3yJlbTaTOB 11 11X cpaBH8Hl18. 
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TaOm1ua 1. 

.. 

H,npo '-IIICJJO KOHe'-IHblX scero paaHemeHo noJJy'-leHo H3 HIIX Emax 

YPOBHeR KaCKa,llOB KaCKa,llOB YPOBHeR HOBblX M3B 

137Ba 4 58 23 11 8 4,6 

181Hf 5 212 139 51 20 4,5 

B TaOJJl!Ue 1 np11se.neHhl cneKTPOCKOnl!'-leCKl!e .naHHlie O .llBYX 

paccHaTp11saeHblX S!,npax : '-IIICJJO Bhl.zteJJeHHNX KacKa.ztHhlX 'l-nepexo.noa. 

'-IIICJJO nepexo,nos, paaHemeHHNX s cxeHe pacna.na, H HaKcHHaJJbHaS! 

3Hepr11S1 yposHeR B nony'-leHHoR cxeHe pacna.na. 

Ha np11HepN cxeHli pacna.na 181Hf noKa3aHO, '-!TO npH MeHbWIIX 3HeprHS!X 

soaoyx.neHl!ll B uenoH HaOno,naeTCS! cornac11e nony'-leHHNX cxeH r-pacna.na 

C .naHHNHII ,npyrHX paOOT. HOBlie YPOBHII ycTaHOBJJeHli np11 3HeprHH 

B030yx,neHIIS! EM> 2,64 M3B. BoJJee Ka'-!eCTBeHHall cneKTPOCKOnH'-leCKall 

HH$0pHaUIIS! noJJy'-laeTCS! B peaKUIIII (n,2'11 aa C'-leT : 

- BN,lleJJeHl!ll TOJJbKO CJJY'-laeB noJJHOro nor JJOll{eHHS! 3Heprirn KaCKa,llHblX 

nepexo.noe; 

- HCKJJD'-leHIIS! OCHOBHOR Macchi $OHOBNX COONTIIR; 

$1!Kcau1111 KOHe'-IHoro YPOBHSI 

.llH$$epeHUl!aJJbHNX cneKTpax. 

H HaOJJD.lleHl!ll KaCKa,/lOB B pa3Hb1X 

Ha p11c.1 H PHC.2 npe,ncTaBJJeHN ,llll$$epeHUHaJJbHNR cneKTP ,llJJSI 

KaCKa,/lOB Ha nepsoe 8030YX.lleHHOe COCTOS!Hlle C 3HeprHeR Ef = 46 K3B 

cneKTpa CYMH aMnJJHTY.ll ,/lJJS! 181Hf II Ef = 279 K3B ,/lJJSI 137Ba. TaK KaK 

11cKaxaomee BJJIISIHl!e pa3JJll'-IHblX $aKTOpOB Ha nony'-leHHNe 

.1111$$epeHUllaJJbHNe cneKTPhl MaJJO, TO 3TII cneKTPhl nocne y'-leTa 
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PIie. 1 . PHC.2. 

3$$eKTIIBHOCTH .11e1eKTOPOB Oe3 ·.nonoJJHl!TeJJbHNX nonpaaoK 

HCOOJlb30BaJJl!Cb ,/lJJS! onpe,neJJeHIISI HHTeHCHBHOCTeA H 3Hepr11R KaCKa,llHblX 

t-nepexo.1100, pa3peweHHblX no 3Hepr1111. 

MeT0.11 noc1poeHHS1 CJJO:&HblX 

cneKTPOCKOOll'-18CKHX ,/laHHhlX peaKUHA 

181Ht. s· cxeMe pa3MemeHbl 301 

cxeM t-pacna.11a Ha OCHOBe 

In, 21 l H In, ( I HCOOJJb30BaH ,llJJS! 

nepexo.11 113 367 Bbl,lleJJeHHblX 

3Kcnepl!HeHTaJJbHO. npoH3BO,/leHHe li,.E, .llJlll pa3MemeHHliX B cxeMe 

pacna.11a nepexo.noa paBHO 63% OT MaKCl!MaJJbHO 803HOXHOro 3Ha'-!eHHSI 

100.Bn. Bcero ycTaHOBJJeHO 125 YPOBHeR .110 MaKCl!MaJJbHOR 3HeprHH 

B030Y:&.lleHl!ll 181Hf, paBHOR 4,2 M3B. 

H3MepeHHble B 3KCnepHMeHTe H noJJy'-!eHHNe B pac'-!eTe CYMMbl 

HHTeHCIIBHOCTeR acex .llBYXKBaHTOBh!X KaCKa,/lOB Mex.11y KOMnayH,/l 

COCTOS!Hllll II Hll3KOJJexamllMH YPOBHSIMII ,llJJSI 137Ba H 181Hf npHBe,/leHbl B 

TaOJJl!Ue 2. .nnll conocTaBJJeHHll C 3KCnepl!MeHTOM npe,/lCTaBJJeHbl 

aHaJJOrll'-IHble BeJJll'-IHHli, paCC'-IHTaHHble B paMKax OCHOBHblX npe.11nonozeHIIR 
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CTaTHCTH"!eCKOA TeopHH ,llJHI HCnOJib30eaHHOro Haoopa MO,!leJieA 

napuHaJihHliX pa.nHaUHOHHliX WHPHH H nJIOTHOCTH eo30yx.neHHliX COCTORHHA, 

a HMeHHO : 

- nJIOTHOCTH ypoeHeA HHJCe 3HeprHH ceR3H HeATpOHa 3a.naeTCR MO,!leJibD 

A) $epMH-ra3a C "oOpaTHliM CMemeHHeM"; 

5) $epMH-ra3a C y"leTOM OOOJIO"!e"!HliX HeO,!lHOPO.!lHOCTeA O,!lHO"laCTH"IHOro 

cneKTpa C noMOWbD MeTO,!la oOOJIO"!e"IHOA nonpaeKH B.M.CTpyTHHCKoro. 

3HepreTH"!eCKaR 3aeHCHMOCTb napuHaJibHliX WHPHH E1-nepexo.noe 

onpe.neJIReTCR MO,!leJihD : 

a) rHraHTCKoro 3JieKTPH"leCKOro ,!lHnOJibHOro pe30HaHca C nocTORHHOA 

WHPHHOA; 

0) rHraHTCKoro 3JieKTPH"leCKOro ,!lHnOJibHOro pe30HaHca, .Y"IHTUeaDWHA 

KaK TeMnepaTYPHYD, TaK H 3HepreTH"leCKYD 3aeHCHMOCTb WHpHHli rsnP. 

napuHaJibHlie WHPHHli Ml- H E2-nepexo.noe nponopuHaJibHli Ej H El 

COOTeeTCTeeHHO, H OTHOWeHHe f (El) :r (Ml) :f (E2)=1:0,15:0,006 npH Er 
~ Bn. HHJCe 3HeprHH Ef = 1,844 M38 ,!lJIR 181Hf H 2,18 M38 .!lJIR 137Ba e 

pac"!eTe HCnOJib30eaHa 3KcnepHMeHTaJibHaR cxeMa e030yJC,!leHHliX 

COCTORHHA H HX MO,!l pacna.na. 

KaK H e PR.Ile H3Y"!eHHliX paHee "!eTHO-He"!eTHliX R,!lep 4S OOOJIO,KH, 

HaOnv.naeTCR npeeuweHHe 3KcnepHMeHTaJibHO noJiy"leHHliX 3Ha"!eHHA 

HHTeHcHeHOCTH KacKa.noe Ha.n pac"!eTHOA oueHKOA. 

EOJibWOe 3Ha"leHHe cyMMli ooweA HHTeHCHeHOCTH nepeH"!HliX nepexo.noe, 

HaOJID,!laeMliX e 3KCnepHMeHTe, no3eOJIReT noJiy"IHTb HHJCHDD oueHKY 

pa.nHaUHOHHOA CHJioeoA $YHKUHH nepeH"!HliX nepexo.noe e HHTepeane HX 

3HeprHA o,5 M3B ~ Er ~ Bn. B rnaee 4 H3JioxeHu npoue.nypa pa3JioxeHHR 

3KCnepHMeHTaJihHliX pacnpe.neJieHHA HHTeHCHeHOCTeA KaCKa.noe Ha .nee 

KOMnoHeHTli H npHee.neHli noJiy"leHHlie 3KCnepHMeHTaJibHlie pe3yJibTaTli 

oueHKH pa.nHaUHOHHOA CHJIOeoA $YHKUHH. 
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Pacnpe.neneHHe HHTeHCHeHOCTH KacKa.noe Mex.ny KOMnayH,!l-COCTORHHeH 

H 3a,!laHHliM HH3KOJieJCaWHM ypoeHeM e JIDOOH 3HepreTH"leCKOH HHTepeaJie 

AE, e OKpecTHOCTRX E, ReJIReTCR CYMHOA HHTeHCHeHOCTeA KaCKa.noe. e 

KOTOPliX nepexo.n C 3HeprHeR E, ReJIReTCR JIHOO nepeH"!HliM, JIHOO 

eTOpH"IHliH. OCHOe~oA nocTyJiaT, Ha OCHOee KOTOporo c.nenaHO 

pa3JIOJCeHHe HHTeHCHeHOCTH KaCKa.noe Ha .nee KOHnoHeHTli - HHTeHCHeHlie 

TaOJIHUa 2. 

KoMn. Ef r• 3 
I 'If rPrr 

R.!lPO K3B f9BP c rg=const f9BP c r 
9

=f IE,, tl 

A 5 A 5 

0 1/2- 15,2!_2,0 10,5 11,2 8,4 9,2 

181Hf 46 3/2- 15,6!.2,0 11,0 12,5 8,8 10,1 

99 5/2- 8,9.!2,0 5,2 5,7 4,2 4,7 

252 3/2- 8,0!.1,3 6,8 7,1 5,5 6,0 

332 5/2- 4,1!.1,0 3,3 3,6 2,7 3,0 

~In = 51,8!_3,8 36,8 40,1 29,6 24,8 

0 3/2+ 15,6!.0,7 29 28,9 22,4 22,4 

137Ba 279 1/2+ 53 !.0,3 21,6 21,7 17,2 17,3 

1900 3/2,5/2+ (2,2) 1,7 1,8 1,8 1,8 

2180 3/2- (1,6) 1,0 1,1 1,1 1,1 

Zin = 72, 4!_0, 8 53,4 53,5 42,5 42,6 
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KaCKallN, HaOn1J11aeMNe B 3KCnepHMeHTanbHNX pacnpeneneHllSIX H cnnoWHOt 

pacnpe11eneHHe KaCKallOB Manon HHTeHCHBHOCTl1 CBSl3aHO C B030y~neHHBM 

npoMelltyTOYHNX YPOBHeA pa3RllYHOA 3Hepr1111 B030Y~teHHR. nopSIJOK 

cne11oaaHHS1 nepeXOllOB B liHTeHCH!3Hb!X, paapeweHHh!X KacKanax 

onpe11etS1~TCSI KaK no He3aBHC~MOMY anropllTMY nocTpOeHllSI cxeMb! 

pacnaaa B peaKUHH (n,21), TaK 11 C HCTTORb30BaHlleM eceA HaKonneHHOA 

K HaCTOSlll.leMy BpeMeHll cneKTPOCKOOHYeCKOA llH$OpMaUllll O MOllaX pacna11a 

H 3HeprHSIX B030Yllt,lleHHNX COCTOSIHHA ( peaKUHH (n,rl , (d, p) , (d, t) , 

(n,n'r) H T.ll. ) . 

B HaCTOSlll.lee BpeMSI 3KcnepHMeHTanbHNe pacnpe11eneHHS1 

HHTeHCHBHOCTeA KaCKa,llOB paanaraDTCSI Ha KOMTTOHeHTN " nepBHYHb!X " 11 

"BTOPHYHNX "nepeXOllOB cnellYDll.lHM oopa30M 

a) KalltllNA cneKTP lleRHTCSI Ha TPll YaCTll - ueHTpanbHYIJ. IllHPHHOA He 

Oonee 1,5 M3B, Hll3KO- H BNCOK03HepreTHYeCKHe KpaSI; 

Ci) H3 HH3K03HepreTHYeCKOA YaCTH HCKRIJYalJTCSI TTHKH, CBSl3aHHNe C 

perncTpauHeA HH3K09HepreTHYeCKHX BTOpHYHNX nepeXOllOB HHTeHCHBHNX 

KaCKallOB; 

B) B BNCOK09HepreTHYeCKOA YaCTH cneKTPOB coxpaHSIIJTCSI TORbKO OHKH, 

CBSl3aHHNe C per11cTpauHeA BNCOK03HepreTHYeCKHX nepBHYHNX nepeXOllOB; 

cnnowHoe pacnpe.11eneH11e He BKRDYaDTCSI; 

r) B ueHTpanbHOA YaCTll cneKTpa nonOBHHa ero llHTeHCHBHOCTH 

npHnllCNBaeTCSI "nepBHYHNM ", a nonOBHHa - "BTOpllYHNM "KaCKallHNM 

nepexo.11aM. 

npe.11cTaaneHN B Bil.Ile Ha PHC.3 

llHTeHCHBHOCTeA 

H 4 

acex HaOnD.11aeMNX KaCKallOB .llRSI 

il>YHKUHH 3HeprHH llX nepBHYNX nepeXOllOB. 

fllCTorpaMM CYMMN 

l37Ba 11 181Hf B 

C 3Kcnep11MeHTOM 

conocTaBRSIIJTCSI paCCYHTaHHNe HHTeHCHBHOCTH KacKa.llOB. B pacYeTe 

Hcnonb30BaHa MO.lleRb r3AP C TTOCTOSIHHOA IllHPHHOA pe30HaHca. npH 3TOM 

IO 

~' 

llCTTORb30BaHN llBe MOllenH nnoTHOCTH ypoBHeA. KpeCTHKaMll OTMeYeH 

pacYeT. 11cnonb3YIJWHA MOlleRb $epM11-raaa C " oopaTHNM CMemeHHeM ", 

TOY Ka Mil - nnoTHOCTb 3allaHa B COOTBeTCTBllll C MOlleRblJ, pa3BHTOA B 

paOoTax A .B .HrHaTDKa. 

ConocTaBneH11e 3Kcnep11MeHranbHNX 11 pacYeTHNX HHTeHCHBHOCTeA npH 

pa3RllYHNX 3Heprl1SIX B030YlltlleHHSI COCTaBHNX Slllep 181Ht H 137sa 

llOKa3b!BaeT, YTO COOTBeTCTBHSl (l)OpM paCYHTaHHOfO H 

3Kcnep11MeHranbHoro pacnpe.11eneHHA B paMKax npocroro MOlleRbHoro 

on11caHHSI CBOACTB B030YlltlleHHNX 

HeB03MOlltHO. 

1500 I I I I i i I Ii 111 
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PHC.4 

np11 ll3YYeHHll KaCKallHOfO '1-pacna.11a KOMnayHll-COCTOSIHHSl 181Ht 11 
137sa B 3KCnepHMeHTaRbHNX pacnpelleneHHSIX BN.lleneHN 521 11 721 oomeA 

HHTeHCHBHOCTH nepBHYHb!X nepexo.110B COOTBeCTBeHHO. BMeCTe C IlPSIMNMH 

nepeXOllaMH Ha HH3KORelltamHe YPOBHH 3Kcnep11MeHTaRbHO H3YYeHN 801 llRSI 

181Hf 11 781 .llRSI 137sa HHTeHCHBHOCTll nepBHYHNX nepeXO.llOB. 3TO 

l103BORHRO nonyYHTb HHlltHIJIJ oueHKY pallHaUHOHHOA CHROBOA lllYHKUllll 
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MRrKHX nepBH4HNX nepexonoa nnR ~ > o,s M3B. 

Ha PHC.5 H 6 npencTaaneHN OXHnaeMNe 3Ha4eHHR PC~ nnR 181Hr H 

137Ba: 

S (El) <r, >/ E 3 A2/3 D "g 't ,. 

HHXHRR oueHKa Ha OOOHX PHCYHKax naHa T04KaMH. conocTaeneHHe 

3KcnepHMeHTanbHNX oueHOK PC~ C npencKa3aHHRMH pac4eTa noKa3NBaeT, 

4TO Monenb rsnP nocTORHHaR WHPHHa pe30HaHca, nopeHUOBCKaR 

3aBHCHMOCTb ce4eHHR peaKUHH nornomeHHR t-KBaHTa) 3Ha4HTenbHO xyxe 

onHcNaaeT 3KcnepHMeHT, 4eM MonH$HKaUHR rsnP, npennonaranmaR 

3aBHCHMOCTb WHPHHN pe3oHaHca OT TeMnepaTypN Rnpa H 

¥ 
[i 
;;; 

1<r' 

10·10 

2.0 3.5 

PHC.5 

~ 
:E 

t 
~ 
>< 

10-t 

10-9 

10-10 

2.0 3.5 5.0 MeV 

PHC.6 

3Heprm1 

't-KBaHTa. flpH 3TOH nonHoro COOTBeTCTBH8 3KcnepHHeHTanbHNX, H 

pac4eTHNX 3Ha4eHHA PC~. KaK BHnHo H3 PHC.5 H 6, He HaOnnnaeTC8 H B 

3TOH cny4ae. HaOnnnaeHoe pacxoxneHHe, aepoRTHO, CB83aHo c 

a) YCHneHHeH 4aCTH WHPHH 3a C4eT onH04aCTH4HNX nepexonoa Hexny 4S 

H 3P HeATPOHHNMH oOon04KaHH. nepexonu C 3HeprHeA 4742 H 4242 K3B, 

12 
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ooycnaBnHBaDDIHe 3Ha4HTenbHNA POCT PC~ B 137Ba, B030yxnaDT 

H3BeCTHNe COCTORHHR 3Pl/2 H 3P3;2· 

0) nnR 3HeprHH nepBH4HNX nepexonoe i 4 M3B H3-3a OTCYTCTBHR 

nocTaT04HO HanexHNX naHHNX O cxeMax B030yxneHHNX COCTORHHA 137Ba H 
181Hr HCnOnb30BaHa HonenbHaR ( "A" ) nnOTHOCTb COCTORHHA <f g> C 

r"=l/2- H 3/2-. EcnH nnoTHOCTH BoaoyxneHHNX YPOBHeA B 3THX Rnpax 

oonee T04HO npencKa3NBaDTCR Honenbn 11 6" ) , TO MOXeT ONTb 

OObRCHeHa HeKOTOpag 4aCTb HeCOOTBeCTBHR 3KCnepHMeHTanbHO 

nony4eHHNX H' OXHnaeMNX 3Ha4eHHA PC~. 

B 3aKnD4eHHH C$0PMHpoBaHN OCHOBHNe pe3ynbTaTN, npencTaBn8eMNe K 

3amHTe : 

1. MeTonoH cyHHHpoeaHHR aHnnHTyn coanananmHx HMnynbcoa nony4eHN 

cneKTPN neyXKBaHTOBNX KaCKanoa, pa3pRxanmHx KOMnayHn - COCT08HHR 

Rnep 137
ea H 181Hf, oopa3oeaawHecg npH panHaUHOHHOM aaxaaTe 

Tennoeux HeATpOHOB. onpeneneHN 3HeprHH H HHTeHCHBHOCTH 

aaperHcTpHpoaaHHNX raMMa-nepexonoa. 

2. nony4eHa HOBaR HH$OpMaUHR o cxeMax raMMa-pacnana HccnenyeMNX 

Rnep B WHPOKOM HHTepaane HX B030yxneHHA. 

3. Bnepeue npennonoxeH 3$$eKTHBHNA anropHTM nocTpoeHHR cnoXHNX 

cxeM raMHa-pacnana Ha oaae coaMecTHoro aHanHaa cneKTpocKonH4eCKHX 

naHHNX peaKUHA (n,2t) H (n,t). 

4. HcxonR H3 -conocTaaneHHR pacqeTHNX H 3KcnepHHeHTanbHO 

HaOnnnaeMNX HHTeHCHBHOCTeA. KaCKanoe Ha aanaHHNe HH3KonexamHe 

·ypOBHH nng ecex H3y4eHHNX K HaCTORmeMy epeHeHH Rnep cnenaH BNBon 0 

TOM, 4TO HonenH, npeTeHnynmHe Ha nocTaT04HO BNCOKYD T04HOCTb 

onHcaHHR npouecca t-pacnana KoHnayHn~cocToRHHR, nonxHN Y4HTNBaTb 

3Ha4HTenbHOe 4Hcno napaHeTpoa H nonXHN ONTb Oonee neTanbHNHH, 4eH 

OON4HO HCnOnb3YeMNe npH aHanHae 3KcnepHM8HTa. 
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5. nonyYeHbl 3KcnepttMeHTanbHble HHZHHe oueHKH pal!HaUHOHHOA CHnOBOA 

IPYHKUHH lln.ll nepBHYHblX nepeXOllOB B 3HepreTHYeCKOM HHTepsane 0,5 M3B 

~ Er ~ Bn. Ha Alie Ho. YTO : 

a) 8 filHPOKOM HHTepsane 3HeprnA raMMa-nepeXOllOB oueHKa pal!HaUHOHHOA 

CMnOBOA IPYHKUMM npM 3KCTpanon.HUHH B oonacrb ManblX 3HeprHA 

raMMa-nepeXOllOB ceYeHM.ll peaKUMH 3aXBaTa .llllPOM raMMa - KBaHra B 

npeJ1nonozeHMH JlopeHTUOBOA 3aBHCHMOCTll ee ceYeHH.ll C noCTO.llHHOA 

filHPHHOA rttraHTCKoro 3neKTPHYeCKOro llHnonbHOro pe30HaHca 

3aBblWeHa no cpaBHeHHD C 3KCnepttMeHTOM. 

.l!BHO 

0) He HaOnDl!aeTC.ll raKJKe nonHoro COOTBeTCTBH.ll 3KcnepttMeHTa H 

MOllH(!lHUHPOBaHHOA MOllenH rttraHTCKoro 3neKTPHYeCKoro llHnonbHOro 

pe30HaHca B npel!nonoJKeHHH, YTO WHPHHa nopeHTUeBCKOA KPHBOA 3aBHCHT 

OT TeMnepaTypbl Rl!pa H 3HeprHH raMMa-KBaHTa llnR OOOHX 11ccneJ1yeMblX 

Rllep. 

Bl np11 HeKOTOPblX 3Heprtt.HX B030YJKlleHH.ll HaOJJDllaeTC.ll pe3Koe 

ysenHYeHHe paJ1HaUHOHHOA CHnOBOA lYHKUHH. 

r) noKa3aHO, YTO 3aBHCHMOCTb PC<l> OT 3HeprHH nepBHYHOf'O nepeXOlla 

MOZer OUTb onttcaHa KaK cynepno3HUHR OllHOYaCTHYHliX nepeXOllOB MelK.llY 

4S II 3P HeATPOHHblMH ooonOYKaMH H nepexo.nos, WHPHHli KOTOP~X 

COOTBeTCTBYDT f3,llP C lllllpHHOA 3aa11csrn1eA OT YaCTOTbl 't-KBaHra 11 

reMneparypu .lll!Pa, TaKaR .llBYXKOMnOHeHTHaR IPYHKUHR KaYeCTBeHHO 

on11cuaaer 3KcnepttMeHranpHble pe3ynbTaTU KaK B c$ep11YecKOM R.npe 

137aa, TaK H B l!e(!lopMHPOBaHHOM 181ttf. 

OCHOBHble pe3ynbTaTbl .lll4CCepTaUHH onyOnHKOBaHbl B 

paOoTax 
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