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YqeHh1ii ceKpeTaph 

)l,HCCepTaQH0HH0ro C0BeTa - -===--- A.f.ITorreKo 

06maH xapaKTepucnrn:a pa60Tb1. 

AKTVaJihHOCTh rrpo6neMhI. 

HaqaBUIHCh 0K0JI0 60 JieT Ha3a)I,, HCCJie)l,0Bamrn yrnoBhlX pacrrpe)l,eneHIIH 

yrrpyroro pacceHHIIH tteiiTPOHOB H)l,paMH rrpttBenu K HaKorrnemuo orpoMHoro 

3KCrrepttMeHTaJihHOrO MaTepttana rrpaKTHqecKII )l,JIH Bcex ::ineMeHTOB II MHOrIIX 

ll30TOIIOB. B qacTHOCTH, )l,JIH Me)l,JieHHhIX HeHTpOHOB C 3HeprIIHMll HII)l(e - 400K3B 

60JihIIIIIHCTBO TaKIIX )l,aHHhIX 6hIJIO rronyqetto B JIH<l> OIUII1 Ha lIMIIYJihCHOM 

peaKTope 11EP H 6ycTepe lfEP-30 [l]. ITpIIBneKaTeJihHOCTh II3MepettIIH c 

KlIJI03JieKTPOHBOJlhTHhlMll HeHTPOHaMH cne)J,yeT H3 rrpocTOThl Bhipa:'!:(eHIIH )l,JIH 

)l,HlpcpepeHQHaJihHOro ceqeHHH pacceHHIIH 

O' 
a(0) = ~[ 1 + m1 cos 0 + m2Pi (cos 0)] 

41Z' ' (1) 

r)l,e as - rronttoe ce'!e1me pacceHHIIH, 0- yron pacceHHHH, a Cl\ II w2 - rrapaMeTPhI 

attll30TPOIIHII, CTOHmtte rrepe)I, II0JIIIHOMaMII Jle)l(att)l,pa. B pe3yJihTaTe Toro, qTo 

BKJia)I, op6HTaJihHhIX MOMeHT0B l> 1 3)1,eCh OTCYTCTByeT' 6hma rronyqetta o6rnIIpttaH 

H0BM HHcpopMaQIIH 0 CHJIOBhIX cpyttKQHHX ll pa)l,uycax IIOTeHQllaJihHOro pacceHHllH 

)l,JIH p-tteHTpOHOB [2]. 

O)1,ttaKo aKTYaJihHOCTh ll3)"IeHIIH yrnoBOH 3aBIICHM0CTII pacceHHIIH HeHTPOHOB C 

3HeprHHMll Mettee - 100 K3B coxpattHeTCH. Bo-rrepBhIX, OCTaeTCH He perneHHOH 

rrpo6neMa ::ineKTpuqecKOH II0AApmyeMOCTH HeHTPOHa a. , tt6o, IIO MHettmo MH0rHX 

lpll3l!KOB, OIIIH6Ka pe3yJihTaTa [3] B tteCKOJihKO pa3 3aHH)l(etta, a pe3ynhTaT [4] 

rronyqett Ha )l,eHTOHe, ll 3)1,eCh B03MO)l(Hbl TeopeTHqeCKIIe HeToqHOCTII. ITo3TOMY 

rrpe.D,JIO)l(ettue [5] o rrpeQH3IIOHHOM II3Mepettuu a(0) B cpopMe (1), r.D,e rrapaMeTP Cl\ B 

HBH0M BH.D,e CO.D,ep)KHT a. ttapH)l,Y C .D,pyrIIMll BenIIqHHaMH, II03BOMeT paccqIIThIBaTh 

Ha HOBhie pe3yJihTaThl II0 a.' rronyqaeMhie Ha pa3Hh1X H.D,pax C Z> 72. Bo-BTOphIX, 

OTKphITO IIIHp0K0e none .D,eHTeJihHOCTll no orrpe.D,eneHIIIO MaJIOll3BeCTHhIX ll 

Hell3BeCTHhIX CBOHCTB tteHTPOHHhlX pe30HaHC◊B (CIIHH0Bhie ll op6IITaJihHhie CMeCH, 

BJIIIHHHe TeIIJI0B0ro )l,BH)l(eHIIH Ha Cl\ II (1)2 ), K0TopaH y)l(e Haqanach ([6] ll rn.111 

)l,lICCepTaQllll). 
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Uenb pa60Tb1. 

~eJibIO pa6oTbI 6bm 3anycK B 3KcnnyamUHIO B JIH<D OH5Il1 Ha KaHane N26 

6ycTepa HEP-30 HOBoro cneKTpoMeTpa pacce5IHHbIX HeilTpoHoB YfPA[7], a TaK)Ke 

ocHall(eHHe cneKTPOMeTPa HeiiTPOHHbIMil .n;eTeKTopaMH, Hccne.n;oBaHHe Bcex ero 

pa6oqIIx xapaKTepHCTilK Il npoBe,neHile nepBbIX 4JII3IIqeCKIIX 3KCnepIIMeHTOB C HIIM. 

HoBII3Ha, HayqHa51 II npaKTlfqecKa51 UeHHOCTb pa60TbI. 

Y cmHOBKa YfP A (yrnoBbie pacnpe.n;eneHH51) - cneKTpoMeTp qernepTOro 

nOKOJieHII51. BHaqane 3TO 6bm O,!l;IlH no,D;Bll)I(Hblll BF3 -,neTeKTOp o6'beMOM -1,5JI [8], 

3aTeM 9 Heno,nBII)KHbIX BF3 -,neTeKTOpOB o6'beMOM - 4,6JI Ka)K,D;bIH [9], KOTOpbIX 

CMeHilJI on51Tb O,!l;IIH no,D;Bll)I(Hblll 3He- ,neTeKTOp C ,naBJieHileM 7-10 aTM. o6'beMOM 

-8n.[10] HoBbiii cneKTpoMeTp paccqlfmH Ha 16 3He -,neTeKTOpOB c TeM )Ke 

,naBJieHileM Il o6oeMOM -8JI Ka)K,D;blll, KOTOpbie MOryT 0,!l;HOBpeMeHHO nepe,D;BilraTbC51 

OTHOCilTeJibHO HeiiTpOHHOro nyqKa Ha 337,5°. CneKTPOMeTP rrpo.n;eMOHCTpllpOBaJI 

pa6oTocnoco6HOCTb y)Ke B rrepBbIX 3KCnepHMeHTaX. Bo-nepBbIX, C noMOII.(blO 

Il3MepeHHbIX ~ Il {JJ2 y.n;anocb pa3o6paTbC51 C 3ara.n;Koii .n;y6neTa s- Il p-pe30HaHCOB 

89Y npII 3HeprHil 1 l,59K3B. Bo-BTOpbIX, BnepBbie Il3MepeHo ceqeHHe pacce51Hll51 

- 23su "' HellTPOHOB 51,D;paMil B IIHTep'i'epeHUilOHHbIX npoBanax TPeX nepBbIX 

pe30HaHCOB, qTo IlMeeT Il npHKJia,D;HOe 3HaqeHile. 

O6oeM Il cmyKTypa i;mccepmUIIII. 

~IlccepTaUil51 COCTOilT Il3 BBe,neHII51, TPeX rJiaB Il 3aKJIIOqeHil51. OHa co.n;ep)KilT 

68 CTPaHilU MaIIIIIHOnllCHOfO TeKCTa, B TOM qlfcJie 26 pIICYHKOB II 6 Ta6m1u. CrrllCOK 

JIIlTepaTypbI BKJIIOqaeT 42 HallMeHOBaHil51. 

Anpo6aUH51 pa6oTbI. 

OcHOBHbie pe3yJibTaTbI ,!l;IlCCepmuHil 6bIJIIl ony6JIIIKOBaHbI B npenpllHTax 

OH5Il1 Il )KypHanax <<5I.n;epHa51 4Jil3HKa» II «Nuclear Instruments and Methods in 

Physics research». MaTepHaJibI, noJIO)KeHHbie B ocHOBY ,nHccepmUIIH, 

,!l;OKJia,D;bIBaJIIlCb Ha Me)K,D;yHapo,nHbIX ceMHHapax no B3allMO,neiICTBillO HeiiTpOHOB C 

51,npaMII (ISINN-2, -3, -4,-5, -6, -8, ~6Ha). 

I1y6mIKaUilll. 

no MaTepHaJiaM ,!l;IICCepTaUilII ony6JIIlKOBaHO 9 pa6oT. 
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KpaTKoe conepmanne pa6on,1. 

Bo BBe)leHilII ,!l;IICcepml(IlII i(aH KpaTKilii ofoop pa3BilTil51 IlCCJie,D;OBaHilii 

yrnoBbIX pacnpe,neJieHilll KilJI03JieKTPOHBOJibTHbIX HeiiTPOHOB 51,D;paMil II 

noJI51pII3YeMOCTil HeiiTPOHa, nOKa3aHa UKTYaJibHOCTb Il ueJib npe.n;CTaBJieHHOH 

pa6oTbI, KpaTKO Il3JIO)KeHo ee co.n;ep)Kam1e. 

B nepBoii rnaBe ,D;IlccepTaUilll .n;aeTC51 ofoop fa30pa3p51,D;HbIX MeTO,!l;OB 

perncTpaUilll HeiiTpOHOB, Il OIIIlCbIBalOTC51 .n;eTeKTOpbI cneKTPOMeTpa YrP A_ 

I1o.n;po6Ho paCCMOTPeHbI TPH Bll,D;a B3allMO,neiiCTBil51 HeiiTPOHOB C 51,D;paMil, 

IlCnOJib3YIOIUileC51 B fa30BbIX ,neTeKTopax: a) MeTO,!l; 51,D;ep OT,naqII rrpII pacce5IHIIII; 6) 

.n;eneHHe 51,nep HeiiTPOHaMH; B) pacmenneHHe nerKHX 51,nep - 51,nepHbre peaKUIIIl. 

Ha 6a3e cepHiiHbIX cqeTqlfKOB THna CHM-33 6bmH H3roTOBJieHbI .n;Ba 

,neTeKTOpa. ~51 pa60TbI B BaKyyMe .n;eTeKTOpbI 6bIJIIl noMell(eHbI B JierKile 

repMeTlfqHbie KO)Kyxll. H3-3a .n;e4JilUilTa Il .n;oporoBil3HbI rrpOMbIIIIJieHHbIX 

cqe~IlKOB, a rnaBHOe, )KeJiaHil51 ynyqIIIIlTb xapaKTepllCTilKil ,neTeKTOpa, 6bIJIO 

peIIIeHo co3.n;aTb MHOroHHTeBoii ,neTeKTOp. KoHCTPYKUH51 nepBoro BapHlrnm mKoro 

,neTeKTOpa - MHOroCeKUilOHHOH MHOfOHilTeBoii nponopUHOHaJibHOH KaMepbI C 

nJIOCKilMil KaTo.n;aMil - 6bma pa3pa6oTaHa B ,D;IlnJIOMHoii pa6oTe. 3aTeM 6bIJI 

pa3pa6oTaH Il Il3fOTOBJieH BTOpoii BapHaHT ,neTeKTopa, OTJIIlqa10Il(IlHC51 COTOBbIM 

pacnOJIO)KeHHeM 3JieKTp0,D;OB. TiepBbie 3KcnepHMeHTbI nOKa3aJIIl, qTo MO)KHO 

KOHCTaTilpOBaTb HOpMaJibHYIO pa6ory Il3fOTOBJieHHOro .n;eTeKTopa, coxpaH5IBIIIero 

CBOil CBOHCTBa B TeqeHile 6onee .D;BYX JieT. TiocJie .n;o6aBJieHil51 - 9 aTM. 3He OH He 

6y,neT ycrynaTb 6ampee no 34J4JeKTilBHOCTil Il npeB30H,D;eT ee no cTa6IlJibHOCTil Il 

6onee Hll3KOMY ypoBHlO IIIYMOB. 

BTopa51 rnaBa ,!l;IlCCepTaUilll noCB51Il(eHa onHCaHillO YCTPOHCTBa Il IlCCJie,noBaHilH 

Bcex xapaKTepHCTilK ycTaHOBKil KaK pa6om10mero npII6opa .D;JI51 Il3MepeHH51 

,nIIcpcpepeHI.(IIaJibHbIX ceqeHilii. pacce51Hll51. 

CneKTPOMeTP YfP A ycTaHOBJieH B 3KcnepIIMeHTaJibHOM naBHJibOHe 3,D;aHII51 44, 

Il ero HellTPOHHbie ,neTeKTOpbI pa60TaIOT Ha BpeM5InpOJieTHOH 6a3e IlMnyJibCHOro 

peaKTopa (6ycTepa) HEP-30 ,D;JIIlHOii. 250,9M. 
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Y CTJ)OHCTBO crreKTpOMeTpa IIOKa:JaHo Ha pHc.1. Ha MaCCllBHOM CTaJlbHOM )],He 1 

)],llaMeTpOM -3M c pa)].HaJibHb!Mll H a:JllMYTaJibHb!Mll pe6paMH )KeCTKOCTll IIOKOl!TCH 

O)],Ha Ha )].pyroii Tpll ceKIJllll BaKyyMHOH KaMepbl pacceHHHH, BbIIIOnHeHHb!e ll3 

aJIIOMllHllH TOilIIJllHOH 12 MM, yrrnoTHeHHb!e )].pyr OTHOCHTenbHO )].pyra H )],Ha 

0 0.2 0.4 0.6 0.8 1.M 
I , I I I , I I I I I 

Puc.l.YcTpoiicrno cneKTPOMeTPa YfPA. 
1-;:mo KaMepbI; 2-cpe.nmrn ceKI(Hll; 3,4-IIaTPy6KM c qrnaHI(aMll .[IJlll CTbIKOBKlf c HeiiTPOHOBO.[IOM; 
5-ClfJibqJOH; 6-TeMneparypHblH KOMIIencarnp; 7-BepXHllll ceKI(Mll; 8-3arrryIIIKa; 9-HlflKHllll 
ceKI(lfll; 10-IIOBOpOTHall nrraTqJOpMa; 11-KaTKll IIJiaTqiopMbI; 12-.neTeKTop; 13-3all(MTHblll 6rroK 
.[leTeKTOpa; 14-l(eHTpttpyIO[l(lfll y3err; 15-BepTMKaJibHall IIITaHra; 16-paMKa. 

pe3HH0Bb!Mll rrpoKna)],KaMH. B cpe)].HIOIO IJHilllH)].pHtiecKy!O ceKIJll!O 2 BBapeHbl )],Ba 

rraTpy6Ka 3 u 4 c cpnaH11aMH )],IlH BaKyyMHO-IIIlOTHOH CTb!KOBKll c HeiirpoHOBO)],OM 

11EP-30. BepXHHH ceKIJllH 7 HMeeT cpopMy yceqeHHOro KOHyca, 3aKpbITOro CBepxy 

3arnyIIIKOH 8. Coo6IIJeHHe C BHyTpeHHHM o6'beMOM KaMepb! B03MO)KH0 TaK)Ke qepe3 

4 

)],Ba Il!OKa )],HaMeTJ)OM 30 CM B 6oKOBOH CTeHKe Hll)KHeii ceKIJHll 9. BHYTJ)ll KaMepbl 

Ha ee )],He ycTaHOBneHa CTaJlbHal! IIOBOpOTHal! rrnaT<pOpMa 10 )],HaMeTJ)OM 2,84 M, 

KOTOpaH Ha KaTKax 11 MO)KeT BpaIIJaTbCH BOKpyr BepTHKaJlbHOH OCH KaMepbl H Ha 

KOTopoii rrpe)].IIOnaraeTCH ycTaHOBHTb )],0 16 HeHTJ)OHHb!X )],eTeKTOpOB. Ka)K)],b!H 

)],eTeKTop 12 IIOMeIIJaeTCH B IJHilllH)].pHqecKHH KaHaJI )],HaMeTJ)OM 175 MM 3aIIJHTHOro 

6noKa 13 -CBapHoii aJIIOMllHHeBoii KOHCTJ)YKl!llll, 3aJIHTOH CMeCb!O rrapaqmHa C B4C. 

Bee OCH )],eTeKTOpHb!X KaHaJIOB ne)KaT Ha rr'oBepxHOCTH KOHyca, BepIIIHHa KOTOporo 

COBIIa)],aeT C TOqKoii rrepeceqeHHH BepTHKaJlbHOH OCH KaMephl C ropH30HTaJlbHOH 

OCb!O HeHTJ)OHHOro nyqKa, H COCTaBAAIOT C ropH30HTaJibHOH nnoCKOCTb!O yron 25°. 

B IJeHTJ)e )],Ha KaMepbl HaxO)],HTCH u.eHTJ)llpyIDIIJHH nnaT<pOpMy y3en 14, CKB03b 

KOTOpb!H npoXO)],llT BepTHKaJlbHal! IIITaHra 15, HecyIIJal! )].ep)KaTenh o6pa:31!0B 16. 

)],BIIraTenb BpaIIJaeT nnaT<pOpMy 10 co CKOpOCTb!O rrpttMepHo 1 rpa)].yC B ceeyH)].Y c 

OCTaHOBKaMII B n106b!X ll3 16 n03lll!HH qepe3 22,5°. PaMKa 16 C ycTaHOBneHHb!MH B 

ee OKHaX nccne)],yeMb!Mll o6pa:JIJaMH MO)KeT )],BllraTbCH: rrocrynaTenbHO BBepX-BHll3 

ll BpaIIJaTbCH BOKpyr BepTHKaJibHOH OCll. HeiirpoHHb!e )],eTeKTOpbl )],IlH ycTaHOBKH 

COCTaBneHb! ll3 rrporropIJIIOHaJlbHbIX 
3
He-cqeTqHKOB Bb!COKoro )],aBneHHH. )],AA 

MOHHTOprrpoBaHIIH HeiirpoHHOro rryqKa rrprrMeHHIOTCH )],Ba cqeTqHKa THna CHM-17. 

B pe3ynbTaTe rrpoBe)],eHHbIX H3MepeHIIH 6brnll onpe)].eneHbl OCHOBHbie 

rrapaMeTJ)bl crreKTpOMerpa: CBeTOCHna H 3cpcpeKTllBHOCTb, pa:3perneHHe ll cpe)].Hl!H 

3HeprHH B KaHaJie, !pOH. 

C yqeToM Teneettoro yrna Ha )].eTeKTop 0,014 cTepa)].HaHa n nyreM cpaBHeHIIH 

cneKTJ)OB pacceHHHb!X HeHTJ)OHOB C Ka)],MHeBOH MHllleHb!O ll 6e3 Hee co cneKTJ)OM 

HeHTJ)OHOB B IIyqKe, 3aperncrprrpoBaHHbIX cqerqHKOM C H3BeCTHOH 

3<p<peKTHBHOCTb!O, 6wna nonyqeHa 3<p<peKTHBHOCTb )].Byx . )],eTeKTOpOB, KOTOpal! 

onIICb1Bae1:cH Bb!pa)KeHIIHMH E(E) = 0,598·£ --O.l
9
0 II E(E)=0,644·£ --0,20I (E - B K3B). 

3To 03HaqaeT, qTO nepepacceHHHe B 3aIIJttTe )].eTeKTopa yBennqHBaeT ero 

3<p<peKTHBHOCTb B - 1,5-10 pa:3 )],AA 3Hepmii 0,1-400 K3B, COOTBeTcTBeHHO, no 

cpaBHeHIIIO C TeM, ecnH 6bI He 6brnO MaCCHBHOH 3aIIJHTbl. 

<l>yHKIJIIH BpeMeHHoro pa:3perneHHH cneKrpoMerpa 6wna nonyqeHa nyreM 

ycpe)],HeHHH ll HOpMHpOBaHIIH no nnoIIJa)],H Ha e)],HHHIJ.Y cpopM nHTH Y3KllX 
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pe30HaHCOB Ka,l{MHJI. lllttpHHa TaKOro ITHKa Ha ITOJIOBIIHe Bh!COTbl (-6MKC) 

06ecITe'IHBaeT :rnepreTH'IecKoe pa3pemeHne M = 0,021 • £ 312 (M II E - B K3B). 

Ha ITepBoM 3TaITe 6bmH ITpose.neHbI 11ccne.n:0BaH11JI qioHa cITeKrpoMerpa 6e3 

OTKa'IKH ero KaMepbI. ,l.(anee KaMepa 6hma OTKa'IaHa .no BaKyyMa ITopJI.l{Ka 10-1 

MM.pT.CT. rnaBHb!H Bh!BO.l{ TyT TaKOB: ITPH BhIBe,l{eHHH o6paJu;a (Ka.l{MHH TOJIID;HHOH 

3,5 MM) 113 ITY'IKa C'IeT ,l{eTeKTOpa ITpH HeiirpOHHbIX 3HeprnJIX 3-100 K38 ITa.naeT 

ITPHMepHO B 2-4 pa3a, eCJIH B KaMepe B03.l{YX, 11 ITPHMepHo B 10-150 pa3, eCJIH B Heil 

BaKyyM. 

Ha pHc.2 ITOKaJaHhl ,l{Ba CITeKrpa HeHrpOHOB, pacceJIHHb!X Ha yron 110,3° 

KpyrnhIM o6pa3D;OM 
238

U ,l{HaMerpOM }95 MM H TOJIID;HHOH 3 MM. TeMHbIMH TO'IKaMH 

11306pa)l(eH cITeKrp, HJMepeHHhIH, Kor.na B ITyqKe TOJihKO qJHJibTp B 4C .l{JIJI 

ycrpaHeHHJI "peu;HKJIH'IeCKHX" HeHrpOHOB, CBeTJib!MH TO'IKaMH - Kor.na B ITY'IOK 

10000 c--..----r---r-"-""T--ir--r--.--r---.---r-.--....--......... --.----.--,,-~~-r-~ 

1000 

.\\ 
m • "' ·~ ~ g::g <O'° I ,oo ~ • ~--·~ ·•a • 
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PHc. 2. CrreKTphI ttei\'rpoHOB, pacce1rnaeMhIX o6pa3l.lOM 
238U Ha yron 110,3°, ttm1rn11e 

TO'IKH - C qJHJihTJ)aMH Al H KMn04, BepXHHe TO'IKH - 6e3 q>IIJihTJ)OB. 3tteprnll 

pe30HaHCOB B 3B: HaBepxy-
238U, BHH3y- q>HJihTJ)OB. rJiaJIKaJI KpHBaJI - qJOH. 
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.no6asneHhI Al H KMn04• TTepBbIH cITeKrp HJMepJIJICJI 5 qacos, BTopoii cITeKrp- 22 

qaca, HO ITpHBe.l{eH K 5 'IacaM. Csepxy YKaJaHhl 3HeprnH (B 3B) pe30HaHCOB 

pacceHBaTeJIJI, CHH3Y - pe3oHaHCOB qJHJibTpOB. KaK BH.l{HO H3 pncyHKa, qJHJibTpbl 

CHH)l(aIOT HHTeHCHBHOCTb C'IeTa ITPHMepHO BTpoe, HO 3aTO IT03B0JIJIIOT "yBH,l{eTb" 

qioH, BH3YMH3ttpy101IIHHCJI B ITposanax "qepHhix" pe30HaHcos. OH HMeeT TPH 

OCHOBHbIX KOMITOHeHThI: co6cTBeHHbIH qJOH .neTeKTopa, qJOH OT pacceJIHHJI o6pa3D;OM 

JaITaJ.l{bIBa!OID;HX Heil:TpOHOB B ITY'IKe H qJOH OT HeHrpOHOB, pacceJIHHblX o6pa3D;OM 

paHbIIIe II ITOmiBIIIHX s .l{eTeKTOp ITOCJie "6Jiy)l(.l{aHHJI" s KOMHaTe. EcmI ITepsaJI 

KOMITOHeHTa paBHOMepHa BO BpeMeHH, TO ,l{Be ITOCJie.l{HHe .l{OBOJibHO pe3KO 

B03pacTa!OT K MaJiblM BpeMeHaM ITponeTa: BTOpaJI - ITO ITpH'IHHe pocTa pa3MHO)l(eHHJI 

B 6ycTepe, rpeTbJI- H3-3a ecTeCTBeHHOro pOCTa BpeMeHHOH ITJIOTHOCTH 'IHCJia 

HeHrpOHOB. 

3aperHCTPHPOBaHHOe .l{aHHbIM ,l{eTeKTOpOM 'IHCJIO HeHTpOHHbIX HMITYJibCOB 

ITO'ITH ITpOITOpD;HOHMbHO 'IHCJIY Heil:rpoHOB, ITOITaBIIIHX B Hero H3 ITY'IKa ITOCJie 

e,l{HHCTBeHHOro pacceJIHHJI s o6pa3u;e. 3TO «ITO'ITH» o6ycnosneHO 'IeTblpbMJI 

3qJqJeKTaMH: 3aBHCHMOCTb 3HeprHH HeiirpoHa OT yrna pacceJIHHJI, CaM03KpaHHpOBKa, 

ITepepacceJIHHe HeiirpoHoB BHe o6paJu;a, MHOroKpaTHoe pacceJIHHe B o6paJu;e. B 

pa6oTe ITO.l{p06Ho ITpOBe.l{eH aHMH3 II TO'IHbIH yqeT Bcex 3THX 3qJ~eKTOB. 

B rpeTbeH rnase .l{HCCeprnu;HH OITHCaHhI ITepBbie qJH3WieCKHe HCCJie.l{OBaHHJI co 

CITeKrpOMeTpoM: ITepcITeKTHBbI H3MepeHHJI ITOJIJipH3yeMOCTH HeiirpoHa, HJy'IeHHe 

6 89y ~ ~ .ny neTa s- H p-pe3oHaHCOB B JI.l{pe H H3MepeHHJI Ce'IeHHH pacceJIHHJI HeHrpOHOB 

B6JIH3H ITepBbIX S-pe30HaHCOB 
238U. 

CHa'Iana paccMorpeH KpaTKO soITpoc o ITepcITeKTHBax oITpe.neneHHJI 

ITOJIJip113yeMOCTH HeiirpoHa Un H3 H3MepeHHH ITOJIHoro HeiirpOHHOro Ce'IeHHJI CT101 Ha 

JI.l{pax 1130~0ITa 
208Pb B o6nacTH 3Heprnii E OT .noneii K38 .no .necJITKOB K3B. B 

xopOIIIO H3BeCTHOH pa6oTe TaKoro po.na [3] 6bm 3aJIBJieH pe3yJihTaT: 

Un= (1,20 ± 0, 15 ± 0,20)· lQ-
3 

qiM
3
, (2) 

HaMHOr0 ITpeBOCXO.l{JIIIIHH ITO TO'IHOCTH BCe .npyrHe OD;eHKH Un. Ce'ieHHe pacceJIHHJI 

JaITHCb!BaJIOCb B qiopMe (ITOCJie y.naneHHJI BKJia,l{OB pe3oHaHCOB II 11,e-pacceJIHHJI) 

u(k) = u(O) + ak + bk2 + ck4 (3) 
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.. 
(k- BOJIHOBOe 'IIICJIO HettTpOHa, k - ✓£ ), II HaXO.[IIIJIIICb 'leTblpe K03<p!plll_\IIeHTa 

ITOJIIIHOMa (3), II3 KOTOpb!X a .naBaJI 3Hal!eHIIe an. 

B Harnett pa6oTe [11] ITpHMemrncH ,npyrott H 6onee TO'lHhitt aHanm 

ITOTeHIJ;HaJibHOH qacTII cel!eHHH: 

( k) 4;r . 2 ( k ) l 2;r . 2 1: 
CT =-

2 
sm - a +-

2 
sin u1 , 

k k 
(4) 

r.ne 81- cpa3a p-pacceHHIIH, a ,nnHHa pacceHHIIH a KpoMe pa,nttyca pacceHHIIH 

R' co.nep)KHT BKJia.[lbl .naneKIIX H HeH3BeCTHb!X pe30HaHCOB hE II BKJia,n OT 

ITOJIHpmyeMOCTII HettTpOHa ap(I-Q). TionHpII3al.\IIOHHaH .[IJIHHa ap = -0, 0392a,, !pM 

(a. B e.nHHIII.\aX 10·
3 

cpM\ a Bbipa)KeHIIH .[IJIH J,, h II Q MO)KHO HattTH B [11,12]. 

Tiocne Toro, KaK B pa6oTe [12] K03!p!plll.\HeHTaM «MaTeMaTH'leCKOro» 

Bbipa)KeHIIH (3) 6hIJI ITpe,naH !pH3II'leCKHH CMbICJI, T.e. Bbipa)KeHHe (4) 6bIJIO 

pa3JIO)KeHO B PH.LI ITO CTeITeHHM k BTIJIOTb .no k°, BbrnBHJIIICb ,nBa cyll.\eCTBeHHbIX 

.necpeKTa pa60TbI [3], CJie.[ICTBIIeM KOTOpbIX HBJIHeTCH yBeJIII'leHIIe CIICTeMaTII'leCKOH 

OllJII6KH B (2) ITpHMepHO 0,6 BMeCTO 0,2. 

fJiaBHM Tpy,nHOCTb TIOJiy'leHIIH an II3 <7tot COCTOHT B TO'IHOM yqeTe 

pe30HaHCOB .na)Ke B ,nBa)K,[lbl Marn'leCKOM H,npe 
208

Pb, y KOTOporo BCe pe3oHaHCbI 

HaXO.[IHTCH BHe o6naCTH H3MepeHHbIX crto, . 3Ta TPY.LIHOCTb o6Hapy)KIIJiaCb B pa6ornx 

[11], [12], r.ne B ITo,nxo.ne, OCHOBaHHOM Ha Bb!pa)KeHIIH (4), 6hrnH nony'leHbI 

HeO)KH,[laHHO 60JibIIIIIe 3Hal!eHIIH ITapaMeTpa «XBOCTOB» Hey'!TeHHbIX pe30HaHCOB h. 

E,nHHCTBeHHOe o6'hHCHeHIIe 3T0ro - Ol!eHb CHJibHbIH OTPIII.\aTeJibHbIH pe30HaHc ITPII 

3HeprIIII -1,91 M3B 3a C'leT II3BeCTHOro O.[IHO'laCTII'lHOro ypoBHH 4s112 C 3HeprIIett 

2,03 M3B B H,npe 
209

Pb. A TaK KaK HettTpOHHM rrrnpIIHa rn 3Toro pe3oHaHca 

ITpaKTII'leCKH HeII3BeCTHa, OH .[IOJI)KeH 6hITb YllTeH JIH6o KOCBeHHO, qepe3 ITapaMerpbl 

b B (3) II h B (4), JIH6o Henocpe,ncTBeHHO, ITyTeM .no6aBJieHHH K (3) H (4) 

COOTBeTCTBYIDII.\IIX 6pettT-BHrnepOBCKIIX Bb!pa)KeHHH [ 12] c ITO.[lrDHKOH 

.[IOITOJIHIITeJibHOro ITapaMerpa rn, 'ITO H 6bIJIO c,neJiaHo. 

,ll;anee paccMarpIIBaeTCH ITepBbIH MeTo,n II3BJieqemrn a • . OH Tpe6yeT II3MepeHIIH 

yrJIOBOH 3aBHCIIMOCTH YITPYfOro pacceHHIIH, 'lbH aCHMMeTpHH BITepe,n-Ha3a,n TaK)Ke 

8 

i 

HMeeT MaJibIH BKJia,n OT ITOJIHpH3yeMOCTII a,, , ITPOITOpl.\HOHaJibHbIH ✓E. 3TOT MeTo,n 

,naBan ny'lrnHe Ol.\eHKH an cBoero BpeMeHII: a11 <20·10-
3 

cpM
3 

B 1959 r.[13] H a
11 

< 

6-10-
3 

cpM
3 

B 1966 r.[14]. )Kenam1e B03p0.LIIITb MeTO,n 6hrno Bbipa)KeHO B 1983 r.[15], 

II TeITepb cneKrpoMerp YfP A ITpaKTH'leCKH roToB. 

rnaBHM ITpo6neMa, KOHe'!HO, B 3Ha'lHTeJihHOM YJIY'lllleHHH TO'IHOCTH 

H3MepeHHH K03!p!pHI.\HeHTa 1u, B ,nHcpcpep~Hl.\IIaJibHOM Cel!eHHII pacceHHHH (I) ITO 

cpaBHeHIIID C ITpe)KHHMH OllJII6KaMH l'lw, = 2 · I 0-2 
[ 13] II Mu, = 3 · I 0-3 

[ 14 ]. O,nHaKo B 

3T0M cnyqae, KpoMe rnaBHoro H,nepHoro l!JieHa, npoITOpl.\IIOHaJibHoro E, 

Heo6xo,nIIMO yqeCTb MaJibIH l!JieH OT pe30HaHCOB, KOTOpbIH ITPOITOpl.\HOHaJieH E'12 
H 

HBJIHeTCH CJie,nCTBHeM ycpe,nHeHHOro 3cpcpeKTa s- II p-pe30HaHCOB. 

MaTeMaTH'leCKOe MO,nenIIpOBaHIIe B 3HepreTII'leCKOH o6JiaCTH 1-27 K3B[5] 
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HOMeD KaHana 

Pnc.3.CneKTp HefrrpoHOB, nonyqeHHblll o,nHHM 
H3 ,neTeKTOpOB B TeqeHHe 15,5 qaCOB. llinpHHa 

KaHaJJOB lMKC, yron pacceJlllllll 90°, yron Me)K)1y 

nnacTHHOH ypa11a H 11anpaane1meM nyqKa 45°. 
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ITOKa3hIBaeT, 'ITO nMeeTCH 

B03MO)KHOCTb TIOJIY'lHTb TO'lHOCTb 

l'lan -(0, l-0,3)· 10-
3
cpM

3 
ITPII 

OlllII6Kax !iOJI II /1(,()2 -(2-3)· l0-4, 

oco6eHHo, ecnII npHBJie'lb 

HeKOTOpbie ,naHHbie ITO cpe,nHIIM 

HettrpOHHbIM ITapaMerpaM, a 

TaK)Ke ITOJIHblM II pa,nIIal.\IIOHHblM 

ce'leHIIHM II3 .npyrnx 

3KCITepHMeHTOB. 

BecbMa Cyll.\eCTBeHHO, 'ITO B 

TO BpeMH KaK MeT0.[1 ITOJIHOro 

ce'leHHH ITpHMeHHM ITpaKTII'leCKII 

TOJibKO K H,npy 
208

Pb, mo6oe 

TH)KeJioe H,npo C xopOlllHM 

ycpe,nHeHHeM ITO pe3oHaHCaM II 

.[IOCTYITHOe .[IJIH ITpIIroTOBJieHIIH 



MaCCllBHOro 3JieMeHTapHoro pacceIIBaTeJill ro,nIITCll .QJill IICCJie,noBaHIIll 

nom1pII3yeMOCTII. 

0 - - 23su - 3 ,QllH ll3 cneKTpOB HeIITpOHOB, paccel!HHbIX nJiaCTllHOII II3 TOJIIIJIIHOll 

MM, IlOKa3aH Ha pIIc.3. 3KcnepuMeHTanbHhie TO'IKII - pa3HOCTh ,nByx cneKTpOB, 

noJiy'leHHhIX c pacceuBaTeJieM B nyqKe II BHe ny'IKa. rny6oKue MIIHIIMYMhI B 

cneKTpe COOTBeTCTBYIOT "qepHbIM" pe30HaHCaM 3a C'leT 6 CM anIOMIIHIIll Il 2,2 CM 

nopoIIIKa MnO, IlOCTOllHHO Haxo,nllBIIIIlXCll B ny'IKe. 1fTo6bI IlOJIY'lllTh BeJIII'IIIHhl 

as, {l)I II {l)2 ce'leHm:1(1), .QOCTaTO'IHO ll3MepIITh cneKTpbI, no,no6Hble puc.3, ,QJill TpeX 

pa3JIII'IHbIX yrnoB 0. KaK BII.QHO ll3 pIICYHKa, Tenepb BilOJIHe MOJKHO paCC'IIITbIBaTb 

Ha nonyqeHue ,naHHbIX, no KpattHeH Mepe, .no - 70 K3B, 'ITO cyIIJeCTBeHHO CHll3IIT 

OIIIII6Ky /I.an, npe,ncKa3aHHYIO MO,nenupoBaHlleM [5]. 

BTOpou cpll3u'leCKOH 3a,naqeu .QJill cneKTpoMeTpa 6brna cne,nyioIIJall. Hccne,nyll 

CMeCll Cil!IHOBbIX KaHanOB p-pe30HaHCOB B 89Y, aBTOpbl [6] HeOJKII,naHHO 

o6HapyJKHJIII, 'ITO IlJIOIIJa,nh nuKa pe3oHaHca 11.59 bB 3aBHCIIT OT yrna paccel!Hllll 

0. HecMoTpll Ha TO, 'ITO npu 3TOH 3HeprIIIl, HeCOMHeHHO, cyIIJeCTByeT CIIJihHblH s­

pe30HaHC ( CIIJihHall IIHTepcpepeHQ!Ill B IlOJIHOM Ce'leHilll), Ha6nio,nanHCb 60Jibllllle 

K03cpcpu11ueHThl aHll30TponIIII .QJill o6pa31\0B .QBYX TOJIIIIHH: 

0.0IOb-1: w1=B/B0 =0.49±0.07, w2=0.27±0.08 (5) 

O.0l9b"1: W1=0.86±0.11, W2= 0.38 ±0.18 (6) 

E,nHHCTBeHHh!M o6ol!CHeHlleM 3TOro CTpaHHOro cpaKTa llBJil!eTCll He6oJibllIM 

rrpIIMeCb p-BOJIHhl B S-BOJIHOBOM pe3onaHce. 3TO npe,nrronaranoch B [6], B 

.nononHe1rne K yKa1aHIIIO na cna6b1u pe3onaHc c l=l B6JIII3Il 11.57 bB B [16]. 

CyIIJeCTBOBanIIe TaKOro .ny6neTa nepeKpbIBalOIIJIIXCll s- II p- BOJIHOBOro pe30HaHCOB 

co crrunoM l = 0 .QJill o6oux pe3onaHCOB 6brno no.nrnepJK,neHo B [17,18]. 3TO 

03naqaeT, 0.QHaKO, 'ITO CllCTeMa HettTpOn IlJIIOC ll,npo nepexo,nIIT B COCTaBHOe ll,npo II 

o6paTno qepe3 Kanan co CIIIlHOM s =l-112= 0 (y 
89Y 1=1/2) B cnyqae s - BOJIHhl Il 

qepe3 Kanan co cnIInOM s=l+ 112=1 B cnyqae p- BOJinhI, BCJie,nCTBile qero 

unTepcpepeHI.\Illl MeJK,ny HIIMII OTCyTcTByeT, u WJ .QOJIJKno 6h!Th nyneBbIM. 3TO TaKJKe 

03Ha'!aeT, 'ITO W2=0, IIOTOMY 'ITO CilllH p- BOJIHOBOro pe30HaHca 1=0. TI03TOMY 

IO 

1 
J 

i) 

J, 
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11,59K38 ,. 
1500 

1000 

500 

~ 
... ,..0 

♦ • 2~ 
•, 7 50K38 ·------,~~ -.~, 
~ ·~~¥'<' 

~., ... L~ 
155° 

0-1---~-~~-~-~-~--.-----< 
1 An 200 220 ?4n 

Pnc.4. BpeMll-rrponeTHbIH crreKTp, 

rrony11eHHbIH 0}.1HllM 113 }.1CTCKTOp0B. 

IIMeeTCll CIIJibHOe rrpoTIIBOpe'IIIe MeJK,ny 

3KCnepHMeHTanhHb!M pe3yJihTaTOM [6] II 

1=0 .QJill o60IIX pe3oHaHCOB [ 17, 18]. 

B IlOIIhITKe IIOJIY'IIITh 

,noIIOJIHIITeJihHYIO IIHcpOpM3QHIO 6bIJI 

,IIOCTaBJieu 3KCrrepHMeHT Ha 

crreKTpOMeTpe YrP A. MIIIIIeHhIO cnyJKHJI 

89Y, TOJIIIIHHOH 0.012b-1
, pacceuBaIOIIJiltt 

HeHTpOHhl rro.n yrnaMH 25, 50, 90, 130 11 

155°. Pnc.4 IIOKa3bIBaeT HeKOTOphm 

npIIMepbl crreKTpOB. Ha pncyHKe MOJKHO 

Bll,QeTb ,nBa pe30H3HCa. O,nuu Il3 HHX -

"HopManbHb!tt" pe30HaHC S-BOJIHbI rrpu 

7.50 bB, KOTOphIH rrpnBo,nIIT K 

II30TpOnHOMY paccellnlllO cornacHO [6], a .npyrou "aHOManbHhltt" rrpII 11.59 bB. 

Ha pIIc.5 IIOKa3aHbl OTHOIIIeHilll IIJIOIIJa,neu pe30HaHCOB, rrony'leHHh!X nyTeM 

Bhl'IIITaHIIll rJia,nKoro cpoHa, ,nm, pa3JIII'IHh!X yrnoB paccemrnll u o6oIIX ,neTeKTOpOB. 

3 

al 
,..__- 2 

--ffl_ 
::: 1 

CJJ, = 1,03+/-0,21 
©2 = 0 ,49+/-0, 16 

0'--------~-------1 0 
case 

P11c.5.T01!Kll-OTHOIIICHllll ITJIOIIIN(CH 

pe30HaHCOB. KpttBblC - llX orr11can11e C y11eTOM 

qiopMyJibl (1) C YKa3aHUblMll OJ] 11 OJ2. 

Tio,nroHKa .naeT w 1 II w2 , ycpe,nueuHhie 

no .QBYM ,neTeKTOpaM: 

W1= 0.97 ±0.13, W2=0.44±0.IQ (7) 

C'!HTall HeBepHbIM, 'ITO o6a 

pe30H3HCa ,ny6neTa IlMe!OT HyJieBh!e 

CIIHHhl, HCKanHCh 

KOM6HH3QHH cpe.nn 

rro,nxo,nl!IIJHe 

.npyrnx 

B03MOJKHblX KOM6HH3QHH ls=0, l H 

lp=0, 1, 2. Tiony<IIITh TeopeTH'leCKH w1 

II W2 MOJKnO, HCIIOJih3Yll o6IIJee 

BhipaJKeuue (36.9) 113 KHHrH [19]. Ono ,naeT .nncpcpepeHQIIanhHOe ceqeuIIe B BII,ne 

a(0) =Bo+ B1 cos0+ B2P,_(cos0) .QJill peaKI.\IIH (B '13CTHOCTH, ynpyroro paccel!Hllll), 

rrpoxo,nHIIJeii qepe3 ,nBa nepeKpbIBaIOIIIHXCll pe3ouaHca. CoorneTCTBYIDIIIIIe 

11 



BhJqIIcnemrn p;aIOT qiopMyJihI p;m1 B 0 , B I II B 2• B ITepBOM cnyqae - 3TO ITpocTo 

cyMMa ABYX 6peih-BIIrttepoBCKIIX qJieHOB pe3oHaHCHOro pacce»HIIH, a ));Be p;pyrIIe 

eCTb: 

1 gpr •. ,-rnp-al ( " 2" 2!:-.E. 2MPJ B =-·-,===~~~~==·cos 2u. - u. +arctg--·' -arctg--
1 2k2 ✓(t:-.E;+r;/4)(t:-.E:+r!/4) 

1 0 

r, rp ' 

B - _l_. _g-'p'-r-~.,_P_a2:...,-
2 - 4k2 f1E2 + r2 /4 , 

p p 

(8) 

(9) 

rp;e IIH)J;eKCbl S II p 03Haqa!OT, qTO p;aHHaH BeJIIIlfIIHa ITpIIHap;Jie)l(IIT s- IIJIII p­

pe30Hattcy, k - BOJIHOBoe lfIICJIO tteihpotta, !:!.Es II !:!.E P - OTKJIOHeHIIH 3HeprIIII 

tteihpotta OT 3HeprIIII pe3oHattca, Ins II lnp - tteihpoHHbie urnpIIHhI, ls II lp -

ITOJIHbie IllIIplIHbl, gp - CITIIHOBblH qiaKTOp, t5o II t51 C)J;BlfflI qla3 ITOTeHllIIaJibHOro S­

H p- pacce»HIIH. ITapaMerp a1 3aBIICIIT OT KOM6IIHauIIII CITIIHOB 1/lp II ITapaMerpa 

CMeCII CITlIHOBbIX KaHaJIOB I'\, T.e. )J;OJIII Kattana co CITIIHaMII 1-1/2 B ITOJIHOH 

HeHrpOHHOH IllIIpIIHe p-pe30Hattca ['np, = ['~P + [':P: 

~ 
r 

12 

~ 8 

al° 

1 ? 3 

0 ~. 

25 1 2 

20 

! 15 

af 10 

0 
L-~--'-----'---~-~-~-' 
11,50 11,54 11,58 11,62 11,66 

E, >B 

P11c.6. Kp11Bhie 1,2,3 ).(JIJI Bo II B1 np11 
Ep =11,58; 11,59; 11,60 K3B C00TBeTCTBeHH0. 

"• { ,[{JIJI J,IJ.=010, 0/2 

/.(JIJI JJJ.=0/1 
(10) 

1-1'\ /.(JIJI JJJ.=111 

1 /.(JIJI JJJ.=110, 1/2 

ITapaMerp llz 3aBIICIIT TOJibKO OT CITIIHa lp: 

",{3'-1)'/2 
/.(JIJI J.=o 

/.(llil J•=l (11) 

7/10 /.(JIJI J =2 p 

BhilfIICJieHIIH B0, B 1 II B2 BhmontteHbI AAA 

gt"'=15,5 3B, g['np=3 3B, rrs=0,16 3B, 

1 yp =0,545 3B KaK B [18] II C)J;BIIr qJa3bi 

B3HT lI3 [20]: 

80 =-kR', 

12 

(kR)3 R= 
01 = -kR + arc tg ( kR) + arcsin 1

2 
I+(kR) 

R '=7.2 qJM, R =6.03 qJM, RI= =0.52 

(
89

Y IIMeeT 01 C aHOMaJibHbIM ITOJIO)l(IITeJibHblM 3HaKOM). 1.JTO KacaeTCH 3HeprIIH 

pe30HaHCOB, B ITepBOM ITpII6JIII)l(eHIIlI OHII B3HTbl paBHblMII Es=Ep= 11.59 K3B. 

ITpIIMepbI pacqeTHhIX B 0 II B 1 rpaqiIIqecKII p;aIOTCH Ha pIIc.6 ));JI» 1/lp=0ll p;n» 

rpex pa3JIIIqHb!X BeJIIIlfIIH Ep . . 1.JTO KacaeTCH B2 ' TO KpIIBaH Bi( E) - o6bJqHM KpIIBM 

JlopeHlla C MaKCIIMYMOM B Ep ' BeJIIIlfIIHa KOTOporo OITpep;eneHa KOHCTaHTaMII gp II 

llz. 3KCITepIIMeHTaJihHa» ITJIOIUa)J;b pe30HaHca )J;OJI)l(Ha 6h!Tb ITPOITOpUIIOHaJihHa 

IIHTerpany pe30HaHCHOro CelfeHIIH Cl(0) ITO 3HeprIIII E II COCTOIIT lI3 Tpex lfaCTeH. 

CooTBeTCTBYIOIUIIe OTHornettIIH 3aTeM p;a!OT 1i7
1 

= B
1 

/ B
0 

II 1i7
2 

= B
2

/ B
0 

)];JIH 

cpaBHemrn C 3KCITepIIMeHTaJibHblMII p;aHHb!MlI. 11HTerpaJibl OT Bo II B2 3aITIICaHbl 

aHaJIIITIIqeCKII: 

+= ( 7l g r2 r2 f B0dE = - 2 ____!.__!!.!_ + g" "" J 
,_ 2k r r , 

,\' p 

-fB dE= 1l g f
2 

2 ~ P np 
- 2k2 -r-··a2 

p 

TOrp;a KaK IIHTerpan f B,dE HaXO)J;lIJICH lfIICJieHHb!M IIHTerpIIpoBaHIIeM (8) B 

)J;OCTaTOlfHO IllIIpOKIIX ITpep;enax. Pe3yJihTaTbl BbllfIICJieHIIH ITOKa3aHbl B Ta6JIIIUe 1 

)J;JIH Bcex KOM6IIHaUIIH CITIIHa. 

Ta6nIIua 1. 
Area x" 

Jlln s+p p w, w, (5) (6) (7) 
0/0 513.3 80.4 0 0 60.4 65.6 75.1 
0 / 1 506.8 73.9 0-;- 0.576 0.073 -;- 0 -;- 0.292 1.6 6.9 11.4 
0/2 501.4 68.5 0 0.098 53.6 63.6 67.4 
1/0 511.7 80.4 0.382 0 13.8 23.3 39.9 
1/ l 505.3 73.9 0.509-,-0 0.073 -;- 0 -;- 0.292 6.1 13.1 26.1 
1/2 499.8 . 68.5 0.555 0.098 5.5 IO.I 21.9 

ITnmuap;II ITO/]; KplIBbIMII Bo(E) p;aHbl OT/];eJibHO )J;JIH )J;Byx pe30HaHCOB II )J;JIH 

0/];HOro p-pe30HaHca. BeJIIIqlIHbl OJJ II OJ2 ITPII lp=l ITOKa3aHbl KaK ));Ba lIX 

3KCTpeMaJibHb!X 3HalfeHIIH )J;JIH OJJ II TPII )J;JIH- OJ2, OITpep;eneHHbie cornactto (10) II 
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( 11) B ITOpH,L\Ke yBem1qeHHe N . CTOHT o6paTHTh BHHMaHHe Ha TO, qTo, eCJIIl OJ2 

YMHO)KllTh Ha OTHOIIIeHH» queen BO BTOpOH u rpeTheH KOJIOHKax Ta6JIHI.(hI, TO 

w2=0.073, 0.292 ,[\JI» lp=l u w2=0.098 ,[\JI» lp=2 , CTaHYT <paKrnqecKH paBHhIMH 0.5, 

2.0 Il 0.7, qTo HBJI»eTCH TOqHhIMil BeJiuquHaMH ,[\JI» OT,[\eJihHOro pe30HaHca B 

COOTBeTCTBilll C (11). 

Tpu KOM6HHal.(HH J/lp=0I0, 0/2, 1/0 ,L\aIOT HyneBhie 3HaqeHH» w1 u (unu) w2, 

Il03TOMY ,[\OJI)KHbl 6bITb OTKJIOHeHhI, B TO BpeM» KaK OCTaJihHhie TPH KOM6HHal.(Illl 

MoryT 6hITh ITpllHHThI K paccMorpeHHIO. Cy,L\» ITO 3KCITepuMeHTaJihHhIM 3HatJ:eHirnM 

W1, Bee TPH ITpllHHThie KOM6HHal.(Illl B03MO)KHhI, eCJIIl N "'1 ,[\JI» 0/1 Il N "'0 ,[\JI» 1/1, 

qTQ CJie,L\yeT Il3 (8) Il (10). 3TO 03HaqaeT, 0,[\HaKO, qTQ KOM6HHal.(Il» 1/1 HaHMeHee 

Bepo»THa Il3-3a ,[\OBOJihHO MaJIOH BeJIIlqllHhI W2 ITPil N "'0 . I1pHeMJieMOCTh Bcex 

KOM6HHal.(HH CITilHOB <popMaJihHO Bhrpa)KeHa ITOCJie,[\HllMil KOJIOHKaMH B Ta6JIHI.(e KaK 

x2 
,[\JI» Ka)K,[\OH ITapbI W1 Il W2 (5)-(7). 0Hll ITOKa3hIBa!OT CTeITeHh COOTBeTCTBil» 

3KCITepuMeHTaJihHhIX Il TeopeTuqecKHX W1 Il W2 ,[\JI» BhIIIIeyrroM»HYThIX N ITpll lp=l. 

HecMOTP» Ha cymecrneHHOe OTKJIOHeHIIe (5) OT (6) Il (7), Bee BeJIHqllHhI W1 Il W2 

OTJIIlqHhI OT HYJI» u ,[\a!OT MllHilMYMhI x2 ,[\JI» O,[\HOH u TOH )Ke KOM6HHal.(Illl CITilHOB. 

TaKHM o6pa30M, Hau6onee ITO,L\XO.L\»ma» KOM6uttal.(H» - J/lp=0ll. ,n:Ba 

o6CTO»TeJihCTBa roBop»T B Il0Jlh3Y TaKoro Bhr6opa. ITepBoe CB»3aHO C MaKCilMYMOM 

B ceqeHHII pe30HaHCa ao = 4Jrg r,,/ (k2r), KOTOphlH npII r 0 >> ry ITpOITOpl.(HOHaJieH 

g: a0 = 56,168,260 6apH ITPII 11.59 bB ,[\JI» 1=0, 1, 2 coorneTcTBeHHO. B [ 18] Mhl 

BII,[\IIM OCTPhIH ITIIK OKOJIO 55 6apH npII 3TOH 3HeprnII. Brnpoe o6cTO»TeJihCTBO 

CB»3aHo C napaMerpoM CMeCH CITIIHOBhlX KaHaJIOB N . 3Ta BeJiuqrrHa 6hIJia 

onpe,[\eJieHa B [6] ,[\JIH ,[\eC»Tll p- BOJIHOBhIX pe30HaHCOB 
89Y C lp=l. IlleCTb 

pe30HaHCOB IIMe!OT N 2:0.8, a ,L\pyrne qeTbipe IIMeeT C O,[\HOH II TOH )Ke 

Bepo»THOCTh!O IIJIII N "'0.6, IIJIII N "'0.05. TaKIIM o6pa30M, KOM6IIHal.(II» 0/1 c 

N "' 1 6onee Bepo»THa, qeM BapIIaHT 1/1 c N "'0. 

B 3aKJIJOqeHIIe Heo6XO,[\IIMO CKa3aTh, qTo Mhl IIMeeM YHIIKaJihHYIO CMeCh s - II p 

- BOJIHOBhIX COCTO»HIIH B H,L\pe 
90Y. Pa3JI!ItJ:IIe Me)K,[ly HIIMII IEs - Epl ~ I0::1B -

3HaqrrTeJihHO MeHbIIIe, qeM !IX IIIIIpIIHhI. I103TOMY ,L\y6JieT Mor 6bl CJIY)KIITh 
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o6oeKTOM ,[\JIH 3KCITepuMeHTaJihHhIX Il TeopeTuqecKIIX IlCCJie,[\OBaHHH ITO 

HecoxpaHeHIIIO qeTHOCTil. TeM 6onee qTo 3TO ».L\pO IIMeeT TOJihKO O,[\IIH HeHTpOH BHe 

3aMKHYTOH o6onoqKrr c N=50 II TOJihKO O,[\IIH npOTOH BHe 3aITOJIHeHHOH 

Il0,L\060JIOqKil C Z=38. 

TpeTIIH 3KCITepIIMeHT 6hrn BhIIIOJIHeH C ypaHOM [21]. lfa-3a Ba)KHOCT11 
238U ,[\JI» 

H,L\epHOH TeXHOJIOf1111 ero ITOJIHOe ceqeH11e, G1 II ceqeHIIe pa,L\11al.(IIOHHOro 3aXBaTa Gy 

II3Mep»JIOCh MHOro pa3. 0,L\HaKO HaM 113BeCTHhI TOJihKO ,[\Be ny6JIIIKal.(1111, 

KaCa!OII.(IIec» ceqeHII» YITPYfOfO pacce»HII» Gs ,[\JIH 
238U: B [22] Gs II3MepeHO TOJihKO B 

paHOHe pe30HaHca 6.67 ::1B, a B [23] 6bIJIII ITOJiyqeHhl ,[\JIH MHOrIIX pe3oHaHCOB 

TOJihKO pacceuBaTeJihHhie ITJIOII.(a,[\II. 

Me)K,[ly TeM, OITpe,L\eJieHfjhIH lIHTepec ITpe,L\CTaBJI»IOT qpe3BhiqaHHO MaJihle Gs B 

IlHTep<pepeHI.(lIOHHhlX ITpOBanax s-pe30HaHCOB qeTHO-qeTHhIX »,L\ep B CBH311 C 

B03MO)KHhIMII IICCJie,[\OBaHIIHMII ne»,[lepHhIX BKJia,[\OB B HeHTpOHHhIX 

B3a11MO,[\eHCTBIIHX [24, 25]. 

B 3KCITepIIMeHTe IICilOJih30BaJI11Ch pacceIIBaTeJIH II3 MeTaJIJIIIqecKoro ypaHa, 

o6e,[IHeHHOro II30TOITOM 
235

U, ,[\IIaMerpoM 195MM C TOJIII.(IIHaMII I 11 3 MM. 

I13Mep»JIOCh pacce»H11e Ha yrnhI 0 = 25°, 90° 11 155°. H3-3a ITJioxoro pa3peIIIeHII» 

6bIJI11 BhI6paHhl ,[\JI» anan113a TOJihKO TPII H113K03HepreT11qecK1IX pe30HaHca. 

CooTBeTCTBYJOII.(IIe cneKrphr ITOKa3aHhI na p11c. 7 ,[\JI» .L\BYX Tonm11n nd u .L\BYX yrnoB 

pacce»H11» 0. EpocaIOTc» B rna3a cmrhnhle 11cKa)Kenu» o6MqnoH ipopMhI ceqeHII» c 

pe30HaHCaMII, oco6eHHO ITPII 0=25°. Enaro,[\ap» CllJihHOH KOHKypeHI.(IIII co CTOpOHhI 

3aXBaTa, pe30HaHC 6,674 3B BhirJI»,[\lIT ,[\a)Ke CJia6ee IlOTeHI.(!IaJihHOro pacce»HHH. B 

TaKIIX YCJIOBIIHX 6bIJIO 6hr 6ecnoJie3HhIM IlhITaThCH ITOJiyqHTh xopoIIIyIO ITO,[\fOHKY ITO 

BCeMy pe30HaHcy C HeCOBepIIIeHHOH IlOITpaBoqHoH <pyHKI.(IIeH y(E,a,JJ)(a-yron 

BXO,[\a, P-yroJI BhIXO,[\a HeHrpOHa OTHOCIITeJihHO HOpMaJIIl K o6pa3I.(y), KOTopa», 

fO,[\IITC» ,[\JIH OilIICaHII» "KphIJiheB" pe3oHaHCOB. 3To ITO,[\TBep)K,[la!OT rJia,[\KIIe 

KpllBble Ha prrc.7. rnaBHa» 3a,[\aqa - ITOJiyqIITh 3KCITepIIMeHTaJihHhie 3HaqeHII» 

<Ys (E) OKOJIO IIHTep<pepeHI.(lIOHHhIX MIIHIIMYMOB, HaXO,[\HII.(lIXCH ITPII 

£min = Eo - r.f(2kR') (rn II k ITpII E=Eo). B OKpecrnocrnx pe30HaHCOB CITeKrp 

OTcqeTOB B KaHanax MO)KeT 6bITb 3anrrcaH TaK: 
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PIIc.7. BpeMll-nponeTHhie cneKTphI neiiTpoH0B, paccel!HHhIX 238U. Bepxm1il: cneKTp Ha Ka)K)loil: 
,!IIIarpaMMe coorneTcrnyeT 06pa:n-1y c nd=0,0144b-1 II a=45° (120 qacoB II3Mepemrn), HIIlKHIIil: 
cneKTp C00TBeTcTByeT nd=0,0048b"1 II a=0° (96 qacoB II3Mepe111Ill). CnJIOilIHhie JIIIIIIIII -
II0IJr0IIKII K K0hIJihllM oe30HaHC0B (30-50 KallaJI0B CJieBa II 50-80 KaHaJI0B CHOaBa). 

N; = Ccrs;Y; + B, (12) 

r)],e C- IIOKa HeII3BeCTHmI KOHCTaHTa, a B H3BeCTHO II3 IIO)],rOHOK KpIIBbIX Ha pnc.7. 

Tor)],a, eCJIII II3BeCTHO Usm rrpII HeKOTopoii :rneprIIII Em, COOTBeTCTBYIOIIIeii KaHarry m, 

HMeeT MecTo crre.z:1y10~ee: 

N.-B Ym •a ,._ -~ sm 
a,;= N -B Y; 

m 

(13) 

(KOHCTaHTa C COKpaTIIJiaCb), 'ITO II pernaeT 3a,[(a'ly. nhIJIII Bb!6paHhl TPH :rnepmH Em 

Ha "KphIJIM!X" pe30HaHCOB co CTOpOHhl 60JihllIHX 3HeprIIH, II ,[(Jlj! HHX Hatt)],eHhl H3 

xoporno II3BeCTHoro cpaiirra JENDL-3 orropHhie ce'!eHIIj! Cism (cM.Ta6rr.2). 

Ta6rrIIIIa 2 
Eo,eV Emin, eV Em,eV Cl'sm, b 

6.674 6.525 8.05 11.2 

20.87 20.28 23.05 14.2 

36.68 35.29 39.50 23.7 
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P1Ic. 8. Ceqenue paccel!HIIll 0K0JI0 pe3011anc0B. 
lJepHb!C T0qKII C00TBCTCTBYJOT II3Mepe111IJO C 
0=155°, CBCTJlh!C - II3MepeHIIJO C 0=90° 

Ha pIIc.8. OcHoBaHHj! 

IIMeIO~IIXCH TaM 

TpeyroJihHHKOB paBHhI 

Y.z:IBOeHHoii rrorryrnIIpIIHe 

JIOKaJihHOH q>yHKIIIIII 

pmperneHIIj!, a CTperrKaMII 

IIOKa3aHhI TeopeTII'leCKIIe 

II03IIIIHII Emin (6e3 y'leTa 

3q>q>eKTa ,ll;orrrrrrepa) 

MIIHIIMYMOB a,. CrrrrornHhie 

JIIIHHII Ha pIIcyHKe 

pac'leTHh!e pe3yJihTaTbl II3 

qiaiirra JENDL-3, KBa.z:1paThI .[(Jij! 

pe3oHaHca 6,674 3B - OIIeHKa 

pe3yrrhTaTOB [22]. Bo Bcex 

MIIHIIMyMax a, He rrpeBhIIIIaeT 

-0,Sb, II 3TO He rrpOTHBope'IIIT 

3aKJIIO'!eHIIj!M OIIeHWIIKOB. 

B 3aKJIIO'lemm .z:1aeTCj! 

rrepetJeHb OCHOBHh!X pe3yJihTaTOB, 

OIIIICaHHhIX B ,[(IICcepTaIIIIII, a 

TaK)l(e rrepcrreKTIIBhl ,[(aJihHettllIIIX HaytJHhIX IICCJie,[(OBaHIIH Ha crreKTpOMeTpe YrP A. 
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