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HHCTKTYT ~TOMHOA 3HeprHH KM. H.B: KypqaTOBa, MOCKBa. 

3aWKTa AHCCepTaUKK COCTOKTCH " ------------~-C1992 
cneuKanH3KposaHHoro r. B qac. 

COBeTa K.047.01.01 npH 

06~eAKHeHHOro HHCTHTyTa 

MOCKOBCKOA o6nacTK. 

ABTope~paT pa3ocnaH ,; 

Ha - 3aCeAaHKK 

i!a6opnopHK TeopeTKqecKOA ~H3HKK 

'HAepHWX KCcneAOBaHKA,· r.l1y6Ha, 

------------~~-1992 roAa. 

C AHCCepTaUHeA MOliCHO 03HaKOMHTLCR B 

06~eAHHeHHOro HHCTHTyTa RAepHWX HCcneAOBaHHA. 
6H6nHOTeKe 

YqeHwA ceKpeTapL_cneuHanH3HposaHHoro coseTa 

KaHAHAaT ~H3HKO-MaTeMaTHqeCKHX HayK A.E.llOpOXOB 
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OBIIlAH XAPAKTEPl1CTl1KA PABOTbl 

AKTyan&HOCTb pi6oTu: ~c~n~~o~~HHH HyKnoH-HnepHux 

CTOJIKHOBeiuili; B o6naCTH 3HeprHfi E >10o M3B 'B npHMUX HnepHUX 
N . 

p'eaKUHHX', noCTOHH-HO :. 'npHBJieKaK>T BHHMaHHe ''uccnenoaaTenefi. 

O;Ho'ci-I'Ten~HaH npocTOTa · M'exim!{3Ma npoTeKaHHH 3THX peaKUHH ~pH' 
Manux 'ne'p~.ziaHHux HMny'n&cax no3BOJIHeT npoaepHTh npl16imJKeHHH; · 

JleJKaiUHe B OCHOBe · H3YtJ8HHH BHIIaMHKH ,,. HB8pH!1X ' npouecCOB;. 

HCCJlenoaaT&', p,a3JIHtJH!1e Ko'MnOHeHTU 3cJlcJleKTHBHOro , . - NN 

B3ai-liloneficTBHH if MonenH, onHcuaaJOIUHe cTpyKiypy-:5!irpa: · 

· HaH6oJiee nocTynHu irnw ·1-eopenifqecKoro aHa.im3a· npoueccu 

B3aH'MOB8HCTBHH HYKJIOHOB C Jleri<HMH HBpaMH. '3i:(;nocnenHee' BpeMH 

rlOHBHJIOCh' 60JlhiUOe ,. KOJIHtJeCTBO ncnepHMeHianhHWc'o '.riaHH!1X' •' no 
"''' '' ' ; . . ' 6 ' , ' "' ' ' 

pacceHHHIO HYKJlOHOB Ha ·· Li npH npoMeJKyTOtJH!1X '3HeprHHX 'E <=100 
N 

M3B _-; BiuiH H3MepeHU' ' 1itucpcpepeHUHani:.!-lue cetJeHHH H cn'HHOB!1e 
/ ' ··-.' / I '~ ; ' ' ' '' _' - '. '· " · '' ~ • ' • . . ·. '. ' ' .... 1 . ' 

Ha6monaeMue no 'nepena~mux HMnyn&coa 'qsz· q>M · · B ynpyrux, 
' ' \ • ~ • ~ '·. \~ • ' ' ',,· ... ) ' • ' ,. '<. -

. HeynpyrHX nepexonax H peaKUHHX nepe3apHBKH ;· llJIH CHCTeM H3 

rueCTH HYKJlOHOB ' 6!1JIH pa3!JHT!1 'TpextJaCTHltHUet'• a+2N MOB8JJH' 

~nHC!1BaJOIUHe 8BHH!1M o6paJOM ll!HpOKHH cneKTp 3JieKipoMarHliTH_!1X; H 

{3-pacnani-Iux npoueccoa. 3TO naeT "B03MOJKHOCT~ pa3BHTh 

MHKpOCKOnHtJeCKHe, MOB8JJH KBa3HynpyrHX _npoUeCCOB H' npoaepHTh 

cpu3l-itlecKHe npennonOlt<eiiiiH, -neJKaume a ·· ocHoae ., 'TeopeTut:iecKoro. 

aHanuia ·Hccnenye~ux ~ex~HH~MOB peaKtiHH. 

,. HccnenoaaHHH 3apHnoiw'-o6i.!eHHux ao36yJKneHHfi a peaKUHHX e 

HYKJlOHaMH ' Ha cpeBHHX H ,THJKeJIUX · HBpax ·- •OKa3aJlHCh' . OtJeHh 

nJIOBOTBOpH!1MH. B peaKUHHX~ nepe3apHnK~ 6!1JJH o6HapyJK~H~ HOB!1e 

THnu pe3oH'aHCOB (a' TOM qJicile raMOB-TeJIJiep6BCKHfi'llL;,O, ·'lls=n. 
Buno OTKpuTo nonaiineHHe, ci-imi 'raMOB-'Tennepoacii-ix rie'pexonoa a 

HH3K0-3HepreTHtJeCKHX cneKTpax Hnep • no cpaBH8HHJO c 

MOB8JlhHO-He3aBHCHM!1M npaBHJIOM .. CYMM, · KOTOpo'e npHB8JJO· K 

!UHpo~bfi . BHCKYCCHH ci pOJIH'' H8HYKJIOHH!1X CTeneHefi CB060B!1 B 

·i!npa£: c·:HenaBHO" 6umc.: noJly'!eH!1··::HOBUe. ·.fraHHUe no H3MepeHHIO . 

cneKTpOB B036YJKB8HHH . B ( p, n) H ( n, p) "peaKUHHX Ha 54 Fe npH 

jH~prHH HaJJeTaiOWHX HYKJI6HOB;E =300 MjB, Ha· OCHOBe!pa3BHTOH H 
, N . t 

npoae~eHHOH Hi nerKHX HBpax MOBe~H KBa3H~npyfHX peaKUHH 6UJJ 
,._,..,-~-.:..-,., ... , ........ ..,_,., 

.·{ ~\ ~·:} ~· ~ 



npOB8.U8H aHaJUI3 cneKTpOB 3apH.UOB0-06M.8HilUX B036yJK.U8H11H. B. 

54 
Fe C 11CnOJih30BaH118M nepeXO.UHUX , nJIOTHOCTefl, noJiytieHHUX B 

• f -' e- ' ,} ., ' . ' 

TeOp1111 KOH8'IHUX ~epM11 C11CT8M. 

BJIH H.UpO~H.nepHU~ B3a11MO.U8HCTB11H Ha~nepBUH nJiaH. BUXO.UHT 

aonpocu, CBH3aHHUe ·c MeXaH113MOM . peaKU1111 ~, npifti11HaM11 3TOrO 

HBJIH8TCH B03pacTaH118 pOJI11. MHO['OCTyneHtiaTllX npOU8CCOB 11 
, < ' ;_ •• •:·, ••• ,. • ' 

HaJI11'I118 C11JihH9rO nor JIO!ll8H11,H. 3KpaH11pOBK~ BHyTpeHHefl; o6JiaCT11 _ 

H.npo:..H.nepnoro B3a11M~.neflcTB11H _,_, B : Y.npyroM pacceHH11H, 11 

KBa311ynpyr11X peaKU11HX .113-3a . .C11ffhHOrO . norJIOlll8H11H np11BO.U11T. K. . . . . . 

TOMy, 'ITO .U11~~epeHU11aJihHUe CetieH11H tiYBCTB11T8JihHU K noae.neH11~ 
• - > • •• ' • • ,._.; ' 

onT11'I8CK11X- HOT8HU11aJIOB . 11 ~OpM~aKTOpOB peaKU1111 Ha nep11~8_PH11 

H.npa B 06JiaCT11' pa,n11yca · C11JihHOrO nor JIO!ll8H11H. 'Hp11 HCCJI8.UOBaHH11 

ynpyroro pacceHH11H TeM He Menee 6uJia o6napyJKeHa, .TaK.: 
. . . ~ . .. 

Ha3UBaeMaH H.UepHaH pa.nyra, Ha6mo.na~maHCH B paCC8HH1111 .JierK11X, 
. • •• •. . • EO • . . · .. • 

110HOB np11 .3Hepr11HX nopH.UKa 15-20 M3B/HyKJI.OH. Ynpyr-11e .C8'I8H11H 
•><. ,. • ., '." • ••• • ' • 

OKa3UBa~TCH qy ~ c_TB 11T8Jih,H11MI-! K noB~.U8H11~ OnT11'I8CK11X . . . . 

nOT8HU11aJIOB Ha. MaJIUX paCCTOHH~HX ( M8Hhlll11X_ , pa.n~;~yca C11JihHOro 

norJIO!ll8H11~). ~OlKHO· noJiaraTh,. 'ITO ~HaJIOr11tiHUe HBJI8H11H 
' ,. ·, _,' .• 

cymecTBY~T. B H.nepnux peaKU11HX, a yrJioBoe,.Jlacnpe.neJieH11e 6y.neT 
' . . . ' . 

tiYBCTB11TeJihHO K. noa~.nen11~. ~opM~aKTopoii BHYTP11 .. H.npa: B 

11HCT11TyTe 11M8H11 ,H.B.KyptiaTOBa .pa,nyJKHO-no.no6HUe 3~~8KTU.,6UJI11 

06Ha.pym~Hll B . ~eaKU11HX nepe3apH.UK11 ( 3 H~; t) Ha ~30T~nax: 
• . . • r' ~ • • ' , 

yrJiepO.L\a np11, 3Hepr1111 72_ M3B. H3ytieHHe peaKU11H B ,yCJIOB11HX 

Ha6JI~.U8H11H pa.nyr11 HBJIH8TCH HOBUM nepcneKT11BHUM Me~?.UOM 

11CCJI8.UOBaH11H pa.n11aJihHOH 3aB11C11MOCT11- ~OpM~aKTOpOB npHMUX 

peaKU11H HaMaJillX.paCCTOHH11HX. 

OCHOBHlle U8JI11.pa60Tll: pa3B11T11e:; CaMOCO~JiaCOBaHHOH 

M11KpOCKOD11'I8C~OH MO.UeJI_11 KBa311ynpyrcn;o paCC8HH11H HYKJIOHOB Ha 
6 • . .. 

H.Upe Ll · np11., npoMeJKyTO'IHllX 3Hepr11HX. AHaJI113 Ha ·ee. OCH_OBe 

cneKTpOB 3apH.UOB0-:06MeHHllX peaKU11H (p, n) l1 (n;p) Ha. 
5~Fe. npH 

3Hepr11HX HaJieTa~lll11X HYKJIOHOB EN=300 M3~ c 11cnoJih30BaH11eM 

nepeXO.UHllX ilJIOTHOCTefl, . noJiytieHHllX, J3. T80p1111 KOH8'IHUX ~epM11 

CHCT8M ( TKcllC). HccJie.noaanue B paMKax npe.nJioJKe_nnoro 

M11KpOCKOn11ti8CKdro Bap11aHTa M8TO.Ua_ 11CKaJKeHHUX BOJIH. (MHB) 
. 3 . 

pa.nyJKHUX 3~~eKTOB B pea,KU11HX nepe3apH.UK11 ( He, t) .. H3ytieH11e 

DOB8.U~H11H ~OpM~aKTOpOB peaKU11H Ha paCCTOHH11HX MaJIUX no 

CpaBH8H11~ C pa,n11yCOM C11JihHOro norJIOlll8H11H. 
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HaytiHaH HOB113Ha 11 npaKT11'I8CKaH U8HHOCTh: B .U11CCepTaU1111 

MO.U8Jlh pa3BHTa caMOCOrJiaCOBaHHaH _M11KpOCKOn11ti8CKaH 
' ,· .. 

KBa311ynpyroro paCC8HH11H. HYKJIOHOB: B np116JIH>K8H1111 M8TO.Ua 
. .. _) 

11CKaJK8HHUX BOJIH npH cpe.UH11j 11 npoMeJKyTO'IHUX 3Hepr11HX. ,Ha e~ 

OCHOBe ,B HMnyJihCHOM np116JI11lK8H1111 6e3 BB8.U8H11H CB060.UHUX 

napaMeTpoB 6UJI11 on11canu neynpyr11e nepexo.nu 11 peaKUH11 

nepe3apH.UKH Ha H.Upe 
6 Li np11 'E >100 M3B .11 MaJIUX nepe.naHHUX 

. . N 
'HMnyJihCaX qS1 ~M-l C TO'IHOCTh~ -207.. 

C 11CDOJib30BaH118M ~eHOM8HOJI0111'I8CKOro .OnT11'I8CKOro 

DOT8HU11aJia H nepeXO.UHUX TIJIOTHOCTeH, paCC'I11TaHHUX . B · TKcllC, B . 

11Mny JihCHOM np116JIHlK8H1111 MHB, _anepBlle 6UJI11 npoaHaJI11311pOBaHU 

cneKTpll,· H3MepeHHlle B peaKU11HX nepe3apH.UK11 (p, n) -W (n, p) Ha 
54 ' . 

Fe. np11 3Hepr1111 HaJieTa~m11x HYKJIOHOB E =300 M3B. noJiyqeno 
. . . . N 

ODHCaH11e cneKTpOB B. 06JiaCT11 H113K11X 3Hepr11H B036yJK.U8H11H np11 

BBe.nemi11 3.~~8KT11BHOro ·. JIOKaJihHOrO , 3apH.na. KBa311tiaCT11U 

e (cr-r)=0.8. BeJI11'I11Ha e (er-r) corJiacyeTCH;r .c ouenKaM11, 
q . q 

DOJiytieHHUM11 113 .npyr11X .naHHUX. 

BnepBUe 113Y'I8HU pa.nyJKHO-no.no6Hue: ~~~eKTU B peaKU11HX 

nepe3apH.UKH. (;3 He, t). Ha 1130Tonax yrJiepo.na. npoBe.neH · anaJIH3 

DOB8.U8H11H ~OpM~aKTOpOB peaKUHH. 11 OnT11'I8CK11X noTeHU11aJIOB B • 

YCJIOBHHX pa.nyJKHOrO , .• pacceHH11H. . noKa3aHa , 60JI.hlllaH 

tiYBCTB11T8JihHOCTh · .U11~~epeHU11aJihHOro C8'I8H11H , peaKU11i1 ( 
3
He, t) 

-, . ' ' . . 

np11 3Hepr1111 EHe =?2 M3 B ... K. ; noae.neH11~ . ~opM~aK\op'oa Ha 

. paCCTOHH11HX M8Hhlll11X pa.n11yca ,C11JihHOrO norJIOlll8H11H.l 

Anpo6~U11H pa60TU: OCHOBHUe' pe3yJihTaTU, DOJiytieHHUe B 

.nHccepTaU1111,· .noJioJKeHu na nayqnux ceM11Hapax flTcll OHHH, • na 

' 
39-0M COBemaH1111 ·no 3JI8K·TPOMarH11THUM · nepexo.naM B . aTOMHUX 

H.Upax ( r. T,alllK8HT, 1989), Ha M8lK.UyHapO.UHOH KOH~epeHU1111 , no 

H36pa~IHUM ,aonpocaM cTpyKTypu H.npa (r.By6na,, 1989), na 3-M 

MeJK.nynapo.nnoM aecenneM ,_ceM11Hape no H.nep~ofl- ~11311Ke (Ischia,· 

1990). 

ny6JIHKaU1111: HO TeMe .U11CCepTaU1111 ony6JI11KOBaHO 6 pa60T. 

CTpyKTypa H o6~eM .UHCcepTaU1111: B11CCepTaU11H ·COCT011T H3 

BB8.U8H11H, .tieTUpex rJiaB H 3aKJI~'I8H11H. TeKC~ .U11CCepTaU11H, 

H3JIOJK8H Ha 128 CTpaH11UaX, co.neplK11T 59 p11CYHKOB.-. CTI11COK 

JIHTepaTypu co.neplK~T 50 Ha11M8HOBaH11H. 
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COl{EPJKAHHE PAEOThl 

BO BBe~eHHH o6cym~aeTCH aKTyaJihHOCTh aonpocoa, 

paCCMOTp8HHUX B ~HCCepTal(HH H KpaTKO H3JiaraeTCH CO~epmaHHe 

pa60TU •. 

B r JiaBe 1 IIpHBO~HTCH OCHOBHU8 : !pOpMyJIU H IIpH6JmmeHHH; 

HCIIOJih3Y8MUe ~~H OIIHCaHHH HYKJIOH-H~epHUX H H~pO~H~epHUX 

CTOJIKHOB8HHH B IIpH6JIHmeHHH M8TO~a HCKameHHUX' BCJJIH,. BBO~HTCH 
.J 

IIOHHTHH !pOpM!paKTOpa peaKUHH, IIepeXO~HUX IIJIOTHOCT8H. npH 

IIpOMemyToqHUX 3HeprHHX HaJieTa~lliHX qacTHll B KBa3HynpyrHX 

peaKUHHX npH He6oJihlliHX nepe~aHHUX HMIIYJihcax ~OMHHH~yeT• 

O~HOCTyiieHqaTUH M8XaHH3M peaKUHH. B 3TOM CJiyqae aMIIJIHTy~a 

peaKUHii onpe~eJIHeTcH liCKameHHUMii BOJIHaMH, OIIIiCUBa~UlliMH 

OTHOCHT8JlhH08. ~BHmeHHe !flparMeHTOB BO ·B~O~~OM 1i BUXO~HOM 

KaHanax, nepexo~HUMH IIJIOTHOCTHMii H 3lplp8KTiiBHU_MH 

B3aHM0~8HCTBHHMH; BU3UBa~lliliMii ~aHHUH nepexo~. l1CKameHHue· 

BOJIHU BUqHCJIH~TCH B OIITHqecKOM IIOT8HUHaJie, KOTOpUH OIIHCUBaeT 

ynpyroe . pacceHHHe. 06UqHo OIITiiqecKHe IIOT8Hl(liaJIU •'BU6Hpa~TCH 

!peHOMeHOJIOrHqecKHM o6pa30M. EoJiee IIOCJie~oBaTeJihHUMHBJI~eTCH 

MHKpOCKOIIHqecKHH pacqeT H OIITHqecKHX 'IIOT8HUHaJIOB li 

!popM!paKTOpOB peaKUiili Ha OCHOBe e~HHOrO 'NN - B3aliMO~eHCTBHH; · 
TaKoli' IIO~XO~ Ha3UBa8TCH caMOCOrJiaCOBaHHUM~ 

B r JiaBe 2 pa3BHBaeTCH caMocor JiaCOBaHHaH M0~8Jlh: : peaKUiiH 

II8IJE!~l3.JlH~KH ( p, n), ( n, p) H Heynpyroro · pacceHHHH ( P."P') Ha' 
6
Li II pH E ::>1 00 M3B c nepexo~OM • Ha H30TpliiiJieT 6 Be(E =0. 0 

N ' X 

M3B)..:
6
He(E =o.·o M3B)...!

6
Li(E =3.56 M3B) ·c (Jrr=O\• T=1). 

X X 

npHBO~HTCH OCHOBHUe lpOpMyJIU H lpli3HqecKH8 OCHOBaHHH OIIHCaHHH 

CTpyKTypu H~ep C A=6 B .paMKaX TpexqaCTHqHQH a+2N MO~eJI~~ 

npo~eMOHCTpHpO~a~O, qTo M0~8Jlh . BOCIIpOH3BO~IiT ~HpOKy~ 

COBOKYIIHOCTh 3KCIIepHM8HTaJihHUX ~aHHUX IIO MaTepHaJihHUM 

pa~HyCaM, MarHHTHOMY MOM8HTy, OIIHCUBaeT HeynpyrHH · 'Ml 
!pOpM!paKTOp, IIOJiyqeH~UH H3 3JI8KTpOriHoro· picceHHHH ~0 
IIepe~aHHUX'HMIIYJihCOB q~1.8 !pM~ 1 • no3TOMY HCnOJih3yeMaH M0~8Jlh 

CTpyKTypu: H~pa· HBJIH8TCH XOpOlliHM 6a3HCOM ~JIH H3yqeHHH 

M8XaHH3Ma K~a3~ynpyrHX pe~KllliH Ha H~pax li3 lli8CTH H~KJIOHOB. 
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B n::-2. 3. ·o6cym~aeTcH cpaBHeHHe paccqHTaHHUX 

~H!p!pepeHl(HaJihliUX ceqeHifH IIO ynpyroMy pacceHHii~ IIpOTOHOB C 
.: 1 z· r ~ '; · • - '' : ·· .,. · · 6 · ' , . , . 

3HeprHHMH'E =155, 185, 200 M3B Ha Li C 3KCI18pliM8HTaJihHUMii •. • 
; . :P· ; .. ,. . ,, 

0IITHqecKH8 IIOT8HUHaJIU BUqHCJIH~TCH B tp - M0~8Jlli C yqeTOM 

CKa~Hp~o~· ·. MaTepHaJihHOH' IIJIOTHOCTii p 6
Li,. a B KaqecTBe 

3~!peKTH.BHOro . NN ·,, ·_ B3BHM0~8HCTBHH HCIIOJih3Y8TCH: .1) 

napa~eTpH3aUHH cso6o~HoA. H~KJIOH-HYKJIOH~OH t ' - MaTpHUU 
.,,,, \' ... , _, ' ' . 

paCC8HHiiH H 2) ee MO~Ii!pHKal(lili, yqHTUBa~meH BJIHHHiie H~epH~H 

cpe~u. YqeT T8H30pHOH qacTH B OIITiiqecKOM TIOT.8Hllli.aJie He 

·npHBO~HJI K cymecTB8HHUM H3M8H8HHHM B ~H!p!pe peHUiiaJih HUX 

ceqeHHHX ynpyroro pacceHHHH~ .'ITO II03BOJIHJIO c xopomeli 

CT8II8Hh~ TQqHQCTH npeHe6peqh e~. npH 3Hep.rHHX 155 M3B H 200 

. M3B IIpO~O.IlHJIJ;!(!h pacqeTU C !peHOM8HOJJOrHqecK_IiMii . OIITiiqecKHMii 

noTeHUHaJiaMH. TaKHM o6pa3oM OIITHqecKHe_noTeHUHanu co~epmaJIH 
TOJihKO ll8HT~aJihHY~ H cmm-op6HTaJihHy~ q~eT~·.,. . . 

,, ' l _l· ' .• ''., • ··: •• 

PacqeTU CO CB060~HUM t - MaTpliqHUM B3aliM0~8HCTBii8M 

BOCIIpOH3B~~HT 3KCII8pHM8HTaJihHY~ !pOpMy yr~OBUX pacnpe~eJJeHHH 
ynpyroro ·. p_acceHHHH, '' Ho npe_a!_lma~~, .·no atS~onmHo~ ~ ae.im'-mHe 

IIpH6~H3HT~~h~ti B ~Ba pa3a! ·~JlliHHiie H~epHOH 6pe~u,CKa3UBB8TC~ 
Ha BC8H 06JiaCTH nepe~aHHUX liMIIYJihCOB, IIpHBO~H K: ,yJiy_qmeHH~ 

6orJiiCHH Ilp~ q<1 !pM-l H , yxy~~aH OIIHCBH¥18 IIpli 6~JihlliliX 
i' ".J ~ -. :·. . . ; ! ··, . ' 

HMIIYJihcax. MHKpocKOIIHqecKHe auqHcne_HHH . KaqecTBeHHO 
,· • '~··' ' -. •' • '-· , , • • .-,' < :, : i } , . . ' ' J I, • 

·aocnpOH3BO~HT_ , . 3KCIIepliM8HTl1JihHU8 ~aHHUe IIO . B31iMYTBJihHOH 
' ' . . •. : ~ .. - . . ' i' . . . ' 

BCCiiM8TpHH, HpliqeM' pacqeTU._C yqeTOM IIOIIpBBOK cpe~U BUrJIH~HT 

npe~noqTHTenhH~e. C yae'JIHqeHHeM 3HeprliH HaJJeTa~mHX 'HyKJJOHOB 
" - ,. . . ~·· ,j;'l •. ' ' . ' ' . ,., .··• 

T80p8THqeCK08 OIIIiCBHHe ynyqmaeTCH. 

. B ~.2.4. Hccne;ym~~· (p,n), (n,'p) H (p,p~): npoueccu. 

l{JIH p~aK4HH nepe~~pH~KH, ,( p, ri) H ( n, p),· ~~:O·P,~T~:~eCKii~ 
CBMOCOr JIBCOBl!HHUe . pacqeTU. BOCIIp01i3 BO~HT He TO Jib K.O ., !pOp My 

( 1 • ~· t - ' . ~! 

yrJIOBUX pac~pe~eJieHHH, JIO . H a6cOJI~THY~ Be~nqliHY 

~li!p!pepeHUHBJihHUX ceqeHHH C TQqHQCTh~ -207... l1CIIOJih30BaHH8 
• • , ' -, ' ,J ,.,_• 

!peHOM8HOJJOrH~8CKHX .OIITiiqecKHX IIOT8HUiiBJIOB yxy ~maeT: omicaHHe. 
> ' - ' • ~ " \, ' 

~-a CJiyqae Heynpyroro pacceHHiiH 3KCII8pliM8HTBJihHaH CliTYBUiiH 
' ' . -. - ' . . , - ' ' '-· ' . ~ . 

6oJiee, Heonpe~eJieHa. B OTJIIiqlie OT peaKUiiH nepe3apH~KH,. r~e 
. . ~ - '- ·.- ' ' . ' . . ~ ' ' 

3KCII8pHM8HTBJihHU8 ~BHHUe IIpH pa3HUX 3HeprHHX :·HaJJeTa~lliliX 
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HYKJIOHOB JIOlKaTCli Ha onHy Kpi1BYIO B 3aBI1C11MOCTI1 OT nepenaHHOrO 

11MllYJ1bCa, B Heynpy~OM . pacceliHI111 npH. He60J1biiii1X 11MllYJ1bCaX 
' ·' .... :· .::1 .. , . 

. aa6niOnaeTcli 3Ha411TenhHui1 pa36poc. np11 q<. 1~M · _ auaonu 113 

TeopeTI14eCKH,X pacqeTOB, cnenaHHI>Ie nnll , ~3apliBOBO- 06MeHHI>IX 

' npoueccos, ocTaiOTCli cnpasenni1BI>IM11 11 nnH Heynpyroro 

p~cceliHI1li. TaKI1M o6pa30M B paMKax pa3BI1Toro nonxona nonyt1ea~ 
KOJ1114eCTBeHHOe Oll11CaHI1e COBOKYllHOCTI1 3Kcnep11MeHT~J1bHI>IX 

~aHHI>IX np11 MaJII>IX nepenaHHI>IX 11MllY~bCaX De3 'aseneHI1li CB06o.iii-!ux 

na~aMeTpos. ~ 

fnasa 3 llOCBliUleHa M11KpOCKOlll14eCKOMY aHaJII13Y 11HKJ110311BHI>IX 
. ~ . ' -+· ~ ~1 

cneKTpOB 11 llOJ1llp113aUI10HHI>IX XapaKTep11CTHK peaKU1111 (p~n) '11 
~ ~ 54 . . . • . 

(n,p) Ha Fe llp11 ~Hepr1111 E ~300 M3B. AMnJII1Tyna peaKU1111 np11 
N . : . 

Ma~ux nepenaHHux 11Mnynhcax pacc411Tusanacb B 11MnynhcHoM 

rip116J111JKeHI111 MeTona 11CKaJKeHHI>IX BOJIH, C 11CllOJib30BaHI1eM t

MaTp114HOrO B3a11Monei1cTBHli 11 nepexonHux llJIOTH!JcTefl 113 TK~C. 

B ll.3.2 llpi1BOnHTCli CXeMa pac'!eTOB nepexonHI>IX llROTHOCTeH · 

B TK~C. 

B n:3.3 'o6cyJK.riaiOTCli pe3yJihTaTI>I pac'!eToB. ol>IJI11 
·' ·. ' ... 54 54 . . 

pacc411TaHu cneKTpu peaKU11H Fe( p, n) Co np11 3Heprl111 E =300 
.. . p 

M3B 11 yrJiaX pacceliH11li a =0. 9, 2. 5, 5. 0° 11 .. peaKU1111 
54 " 54 c.m. . ' ··· · · o 

Fe(n,p) Mn np11 3Hepr1111 E =298 M3B 11 a =1.8, 2.9, 5.4. 
n c.m. · 

TeopeTI14eCKI1e pac'!eTu c 11cnoJib30BaH11eM no~aJibHoro 3apHna 

KBa3114aCT11U e (u~)=0.8 socnpOI13BOnliT ~OpMy 3Kcnep11MeHTaRbHI>IX 

{ 

· B 06J1aCTI1· 3Hepr11H B036yJKneHI1li E· =2+14. M3B ycpenHeHHOe 
, ' X , 

3Ha4eHI1e .· D =-0. 25+0. 30, 'ITO ,rosopi1T o · npei1MyurecTBeHHOM yy . . . 

BKnane _raMOB-TeJinepOBCK~X B036yJKneHI1H. 

.UJili peaKU1111 (rt,p) pacc411TaHHue pacnpeneneHI1li 

nnR a ·.=1. 8; 2. 9° yKa3UBaiOT 0 npe11MYUleCTBeHHOM 
c.m. • · 

D ( E ) 
• yy X 

BKnane 

B036yJKneHI1H C . nepeBOpOTOM Clli1Ha BO BCeM 11CCnenoBaHHOM 

3HepreTI14eCKOM 11HTepsane. 

flpliMOe cpaBHeHI1e pacqeTHI>IX .11 3KCnep11MeH~aJ1bHI>IX 

11HKJ110311BHI>IX cneKTpOB peaKU11H (p,n) 11 (n,p) Ha HeMarl14eCKOM 

Hnpe 
54 

Fe llp11. llpOMeJKyT04HI>IX Ha4aJ1bHI>IX 3Hepr11liX llOKa31:>1BaeT i 

4TO np11 He6onbiiii1X 3Hepr11liX _so36yJKneHI1li Hnpa nocTI1raeTcli 

xopowee .Oll11CaHI1e 3KCnep11MeHTaJ1bHI>IX ClleKTpOB np11 

11CllOJ1b30BaH1111. e (U~)=0.8, xapaKTep113YIOUli1M nonasneHI1e CI1JII>I q . 

Clli1H~I130Clli1HOBI>IX nepexonoB B TK~C .. 

B rnase 4 · 11ccnenyiOTCli panyJKHo-nono6Hue 3~~eKTI>I B 

peaKUHliX nep~3apllnKI1 (
3
He,t) np11 3Heprl111 EHe=72 M3B Ha 

13 14 14 . 
. C, :C, . N. B. ll. 4. 1. llp11BOni1TCli . Ka4eCTBeHHali KapTI1Ha 

panyJKHoro,pacceliHI1li B onTI1Ke. 11 Knaccl14ecKoi1;MexaHI1Ke, naeTcH 

KBa311KJ1aCCI14eCKali TpaKTOBKa pany~11 B Hnpo-HnepHOM .paCCeliHHI1. 

06I>i4HO, BHyTpeHHllli. 06JiaCTb • 3KpaHifpyeTCli · CI1JibHI>IM llOrJIOUleHI1eM 

11 · no3ToMy nl1~~epeHU11aJibHue. pacnpeneneHI1li ynpyroro. pacceHHHli 

11 peaKU11H He 4YBCTBI1TeJibHI>I K , noseneHI1li :· OllTI1~eCKI1X 

llOTeHU11aJ10B con> ., -~ q . ".' . . . . . . . . ,. 

3HepreTI14eCKI1X cneKTpOB Ha 11HTepsaJiaX E = 0+1 0 M3B 11 E = MeHbiiii1X pan11yca 
_ ___ ' X, X 

11 ~OpM~aKTOpOH , peaKU1111 ( ~p ). Ha paCCTOliH11HX ... 

CI1J1bHoro nornoureHI1li. Ha6n10neH11e HnepHor:o 

0+14 . M3B . nJili peaKU11H ( n, p) .. 11 ( p, n), COOTBeTCTBeHHO. np11 panyJKHOro pacceliHI1li .. llOKa3I>IBae;r, ,'ITO B KJian B . nl1~~epeHU11aJibHOe 
60Jiee BI>ICOKI1X ' 3Heprl1liX B~-3-6yJKneHI1li llnpa TeOpeTI14eCKI1e ce'!eHI1e .UC 4aCT11U, np11XOnliUlHX 113 BHyTpeHHI1X 06JiaCTeH 

.. ,• ' '1. - ' 

cneKTpi>i JieJKaT HI1JKe 3KCnep11MeHTaJibHI>IX. ol>IJI nposeneH B3ai1MOnei1CTBHli, 3Ha411TeJieH~ 3TO naeT B03MOlKHOCTb 11SCJienosaTb 
. ... . . . : . 0 

My JlbTI1llOJibHI>IH aHaJII13 C~eKTpOB B036yJKnElHI1H. np11 a c. m. ~0 nJili noseneHI1e .~PH On Ha MaJII>IX paCCTOliHI1liX 11 ,nuT a Tb CH pa3 p~IIII1Tb 
paccMoTpeii'Hux peaKUHH noMHH11pyeT BKJian ·raMoB-. 1-enneposc!tiix npo6~eMy HeonHo3Ha4HOCTH. np11 11x ~eHoMeHono_rl14ecKoM aHaJII13e. 

nepexonos: c ysenl14eHI1eM yrna pacceHHI1li ponb MynhTI1nonbHux B. n. 4. 2. o6cy1tmaiOTCli npoHsneHI1li panyrH B ynpyroM 
'. . • : . . ,. . . . . 1 4 . 1.3 14 . ' 

nepexonos c L>O yaeni1411BaeTcli. : paccestHI1H 3He Ha. Hnpax . c, .. C 11 . N np11 3Hepr11H Eue:=:' 72 

JlOllOJIHI1TeJ1bHali 11H~OpMaUI1li 0 cne~TpaJibHOM , pacnpenene~lHt ,, , M3B, , oJIH30CTb yrnOBI>IX pacnpeneneHI1H nnll 3TI1X Hnep yKa3UBaeT 

___ c~~~y Jib:r.~~-¥~~~-~::~::~-:.~?:?::6 ~-lK~e:~~~: :·::·MOJKe T~-~ ~~U·T-~~:~:_~ =-~ n_:.~~-~<:~::~~ ~~=~t; --~=---~~=:..~!!~.§Y_IQ_:: 1!~~-"t:_D~n H'!_~~~Y_IO ·· 3 a!! !!.C:.!!~9~!~- O_ll_!:_I1_4_~~-K.!!~:::~I1-~:r_e_H_U~_a_~9_!•=== 
3KCllepi1MeHTOB C llOJ1lipH30BaHHI>IMI1 4aCT11UaMH. B ~6naCTI1 Ex~0+2 . \r 'ITO OilpaBBI>IBaeT 11X Bu6op np11 pac'!eTaX ,so BXOBHOM ~- BI>IXOnHOM 

M:3B BJili peaKU1111 (p, ih noMI1H11pyeT BKnan 0+~ 11306ap - ·.' KaHan~X peaKU1111 nepe3apllnKI1 oni1HaKOBI>I~I1. np11 3~0~ 3Hepr1111 

aHanorosoro COCTOliHRli (HAC). 11CllOJib3YIOTCH :TPI1 ceMeHCTBa llOTeH~I1aJIOB, naiOUli1X oni1HaKOBOe 

6. 'J. 



.. 
OnHCaHHH 3KCnepHMeHTa; HO· HMe~mHX pa3JUit.!HUe Kat.!eCTBO 

o6'heMHue HHTerpa~U J peaJibHOA H J MHHMOA q~c~~A. BKJI~t.!eHHe 
v w 

B aHaJIH3 ,UaHHUX no cnHHOBUM Ha6n~.naeMUM · n03BO.iJHeT· npoBeCTH 

.. oT60p cpe.nn HHX. 

nepe3apH.UKH, KOTOpUe 

B n. 4. 3. paccMaTpHBa~TCH. peaKUHH 

.na~T Kat.!eCTBeHHO HOB y~ HH!pOpMaUH~ '· 0 

pa,ny~HUX 3l!J!peKTaX. 

tpopM!paKTOp · peaKUHH 

B3aHMO.UeACTBHH ,· 

npHCYTCTBHe 

Bu.nenHeT 

B aMnnnTy.ne 

HeKOTOpUe 

peaKUHH 

·. o6nacTH 

K' HHM yBeJIH"'HBaH ~t.!YBCTBHTeJibHOCTb 

.UH!ptpepeHUHaJibHUX Cet.!eHHA. nepexo.nu 
14

C->
14

N ( 2. 31 M3B H 3. 95 

M3B) 
13

C->
13

N (o.c.),. 13
C->

13
N (3.51 M3B + 3.55 M3B) HBJIHIOTCH 

. . ' 14 14 
pa.ny~Ho-no.no6HUMH, a c... N (o. c.)· 14N->140 (o. c.) 

.UH!ppaKUHOHHUMH. AHaJIH3· noKa3aJI, "'TO eCJIH tpopM!paKTOp peaKUHH 

HMeeT o6'beMHUA xapaKTep, TO Ha6JIIO.UaeTCH pa.ny~HUA MaKCHMyM. 

HanpoTHB, noKaJIH3aUHH tpopMtpaKTopa . peaKU~H fiB noBepxHOCTHoA· 

06JiaCTH no,naBJIHeT era H Ha6JIIO,UaeTCH 06Ut.!HaH .UH!pp~KUHOHHaH 

KapTHHa. .llJIH·' OnHCaHHH peaKUHA ( 
3
He, t) 6una pa3BHTa 

MHKpocKonnqecKaH Mo.nenh KBa3Hynpyroro pacceHHHH. nepexo.nliue 

nJIOTHOCTH nerKoA CHCTeMU BUt.!HCJIHJIHCh c Hcnonh30BaHHeM 

TpexqacTHt.!HUX BOJIHOBUX ~YHKUHA, nonyt.~eHHUX B. BapHaUHOHHUX 
. . ·. . . I . . . . . . 

pact.~eTaX ,' BOJIHOBUe l!JYHKUHH· H.Uep 'C A=14 .UJIH" BCeX COCTOHHHA 

OnHCUBaJIHCb KaK .nByx.nupoqHue B KOH!pHrypaUHOHHOM 

npocTpaflcTBe, orpaHHt.!eHHOM 1p 060JIO"'KOA. 3tptpeKTHBHUe NN 

B3aHMO,neACTBHH BKJIIOt.!aJIH · UeHTpaJibHYIO' H TeH30pHyiO KOMnOHeHTU.· 

Euno nonyqeHo kat.~ecTBeHHoe onncaHHe 3KCnepHMeHTaJibHUX 

,UaHHUX. BUt.!HCJieHHH C .. · HCnOJib30BaHHeM i 6onee peaJIHCTHt.!eCKHX 

nepeXO.UHUX nJIOT~OCTeA nerKoA CHCTeMU, nrinyt.~eHHUX" M~TO.UOM 

K-rapMOHHK He npHBeJIO K·ynyqweHHIO TeopeTHt.!eCKOrb~OnHCaHHH. 
i ' c 

KonnqecTBeHHoe .onncaHHe · · 3KcnepHMeHTaJihHUX .naHHUX 6uno 

nonyt.~eHO npH 6e3MO,UeJibHOM aHaJIH3e. . npH . 3TOM HCXO,UHUe 

TeopeTHt.!eCKHe ; tpo,pM!paKTOpU peaKUHH 3Hat.!HTeJibHO H3MeHHJIHCb. 

Heo6xo~HMO OTMeT~Tb, '"'TO BKJIIOt.!eHHe B 6e3MO.UeJibHUA aHaJIH3 

3KcnepHMeHTaJibHUX .iJ.aHHUX Ha 60JihWHX yrnax pacceHHHH MO~eT 

BHOCHTb HCKa~eHHH,. BU3BaHHUe cymecTBeHHUM BKJia.UOM 

MHorocTyneHt.~aTuic npoue~coB, He yt.~HTUBaeMux · ·. B · .. · ·• paMKax 

6opHoBcKoro npn6.im~eHHH MeTo.na HCKa~eHHUX BOJIH .•· .Uo6aBHM, "'TO 

KaK H B ·ynpyrOM pacceHHHif, aHaJIH3 CnHHOBUX Ha6JIIO,UaeMUX B 
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peaKUHH n03BOJIHeT 3Hat.!HTeJibHO yMeHhWHTb'~Heonpe,neneHHOCTH 
TeopeTHt.!eCKOrO aHami3a·,' ; 

•. B :3aKniO'tfeHHH ctpopMymipoBaH·u OCHOBHUe pe3yJihTaTu,· · 
nonyt.~eHHue ~·.nnccepTaUHH: 

1. Pa3BHTa caMocornacoBaHHaH Mo.nenh .nnR omfCaHHH 

KBa3HynpyrHX; peaKUHH (p, n), . (!1, p) H (p, p') npH npoMeJKYTO.t.!HUX 

3Heprn'Hx EN~too M3B ·H Manux nepe.naHHux HMnynhcax Ha H.npax c 

A=6 •. Bee- COCTaBHUe · t.!aCTH MO,UeJIH !pHKCHpOBaHU' H3 OnHCaHHH 

.npyroro po.na• .naHHUX: 3!1J!peKTHBHoe HYKJIOH-HyKJIOHHoe 

B3aHMO.UeACTBHe- noi,naHHUM CB06o.niioro NN pacceHHHH; BOJIHOBUe 

tpyHKUHli,··orincuaa!Cmuie cTpyKTypy H.npa- · rro onncaHHIO /3-'pacna.iia, · 

3JieKTpOHHUX ·..ziaHH!i'X H no reoMeTpHt.!ElCKHM XapaKTepHCTHKaM Hilep; 

onTHt.!eCKHH llOTeHUHaJi BU"'HCJIHJICH CaMOCornacoBaHHUM o6pa30M. 

Ee3 ~B~.neHHH cBo6o.nHux napaMeTpoB nonyt.~eHo\~ onncaHne 

a6COJIIOT~UX 'ce~eHHA 3apH,UOB0-06MeHHUX peaKUHA npH MaJIUX 
-1 ,'i . >. "'. nepe.naHHUX HMnyJihCaX q<l !pM C TOt.!HQCTbiO -20% ' , "'TO 

CBH,UeTeJI.bCTB yeT 0 pe'aJIHCTHt.!HOCTH !pH3Ht.!eCKHX ·np'e.imono~ef!HA ,· 
ne~amnx B ocfloBeMo.nenH~ <I • 

2 ," B HMny JlbCHOM npH6JJH~eHHe MeTO,Ua HCKa~eHHUX BOJIH C 

ncno;llh3oBaHHeM :•nepexo.nHux nnoTiiocTeA: Teopi-m KoHet.~imx tpepMH 

cncTeM npoaHanH3HpoBaHu cneKTpU' 3apH.lloBo-o6Memiu'x · peaK unA 
> • . ' ' 54 . .• • . 

(p,n) ·n (n,p) Ha H.npe Fe· npw 3H~prHH HaneTaiOmnx· HYKJIOHOB 

E ':::300 M3B. oriHcaHHe' 3KcnepHMeHTaJibHUX .naHHUX .UOCTHraeTCH N , 

npH BeJIH"'HHe ·. JIOKaJI.hHOro 3apH:Ua KBa3Ht.!a~THU e (cri)=O. 8, "'TO 
. . . ' .. . . .. q ' 

cornacyeTcH· · c ~pyrHMH oueHKaMH H no.nTBep~.naeT era 

·YHHB~pcaJibHOCTh. npoBeilei-I TeopeTHt.!eCKHA aHaJIH3 pacnpe.neneHHH 

cnHHOBUX Ha6.riiO.naeMUX no cneKTpy B036y~.neHHH' KOTOIJUA .naeT 

1 .nonoJIHHTeJihHYIO HHtpopMaUHIO o MY JihTHnonhHUX nepexo.nax B 

aTOMHUX H.Upax. 

3. BnepBue 6unn nccne.nosaHu pa.ny~Ho.::no.no6Hue HBJieHHH B 

'KBa3liynpyrnx peaKUHHx (
3
He,t) Ha i-13oTonax _yrnepo.na' npn 

3He'p'rHH 72 M3B B ··paMKaX O.l{HOCTyneHtfaToA MO.UeJIH peaKUHH. 

· noKa3aHO, "'TO ;HaG.riiO.UeHHe yKa3aHHUX 3!p!peKTOB o6ycnaBJIHBaeT 

6onhiiiYIO "~YBCTBHTenhHocTb K: 'ilose.nef!HIO 'tpop1dipaKTopos _pea·KunA· Ha 

paCCTOHHHHX MeHbiiiHX pa.nnyca CHJihHOro nornomeHHH. l13yt.!eHHe 

pa,ny~Ho-no.no6HUX HBJieHHA HBJIHeTCH HOBUM nepcneKTHBHUM 

MeTO.UOM HCCJie.l{OBaHHH KBa3HynpyrHX peaKUHA. 
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4. . COBMeCT.HUW aHaJUI3 .llli!l)(!JepeHUHaJihHUX 

cnHHOBUX Ha6mo.naeMux B ynpyroM pacceHHHH 

: ce'leHHW H 

li P.eaKUHHX 

nepe3apH.llKH yMeHhiiiaeT Heonpe.neneHHOCTh ·B onpe.neJieHHH 

!!JeHOMeHOJIOrH'leCKHX OOTH'leCKHX OOTeHUHaJIOB 

•peaKUHW. 
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