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A H H o T a u H H 

Ha OCHOBe MOLleJlli LlBOHHOr'O OCUiiJ1J1HTOp8 / n a e 'i8CTiiUbl B rrone OC U iiJ111HTO pa B381iM O - · 

neiicTBYIOT MefKLlY C060H C llOMOLUbiO 0CllliJ111HTOpHOr'O llOTe HUI1 8J18 I llOJJy 'iaeTCH pacrrpenene

Hiie ITO 9Hepr'!iHM Ll JlH OTLleJJbHb!X 'i8CTiiU, nony'ieHHOe pacrrpeneneHa e ll03BOJ1H e T OUeHiiTb 

LU!ipliHY HeiiTpOHHOr'O pe30H8HC8 B CipOCTOH MOLle J11i 1 K0r' Ll 8 HaneT8!0llllili H e ii:TpOH B381iMOLle ii 

CTByeT TOJlbKO C O !l liHM HYKJJOHOM B H Ll p e , 0K83b!B8e TCH, 'iTO y >Ke B3 8 1iMOLleH CTBHH C OLlHOH 

'i8CTHUeH LlOCT8TO'iHO, 'iT06bi o6oHCH!iTb TOT cj:la KT, 'iTO Hei1TpOHH bie LU!ip!1Hbl M Or' y T 6b!T!: 

yfKe pBLlH8UHOHHb!X r /T,e, H eHTOOH Ll8fKe B T8KOH rrpOCTOH MOD e m! MO/KeT H8Ll011r'O 38-y 

nep/1<8TbCH B HLlpe/, 

B.N. Zakhariev 

ON WIDTHS OF NEUTRON RESONANCES 

Abstract 

On the basis of a model of a double oscillator (two particles in the field of an oscillator interact by an osc illa

tory potential) there is obtained an energy distribution for individual particles . This distribution makes it possible 

to estimate the width of the neutron resonance in the simple model when the in cident neu tron interacts with only one 

nucleon in a nucleus . It turns out that the interactions with only one particle suffices to account for the fact that 

neutron widths ~ may be narrower than the radiation ry (i.e. the neutron even in such a simple model may be kept 

in a nucleus for a long while). 



LlBOHHOi\ OC UI1 I1 I15lT Op 

PaCCMOTpHM C HCT eM y H3 L\ BYX '-1 8CTH U , L\ BI1r8lOUtHXC 11 B none 0C!li1I1I11lTOp8 H B~.111 •\ 1 0-

Q8MCTByiOUtliX Me / hLI. Y C060H T8K /K8 C IIOMOlllbiO OCI!HI1I1 11TOpHOrO n 0 T e HI!Il 8.1!8 . raMI1l1bTO-

HH 8 H T 8 KOi!l C l1CT eM bl 11MeeT Bli LJ.: 

H 
2 

_?____!_ 
2 m 

p 2 _ _:)_ 

2 m 

Il l 

Ja.aa qy 0 LJ.B11 /I<eHI111 T 8K0ft C:1C T 8Mbl nerKO pe w HTb, nepeXO Jl l1 K K OOp ; 1 Hll i1 T 8M Jl 8H Tp8 M flCC 

R H OTHOCI1Tel1bHOrO L\ B11 )I< e llHI1 p 

R = ~:_2_ 
2 

p - X 

B HOBb!X KOOpLJ.HH8 T 8X raM I1 l1bTOHH8 H H MeeT B H 0. : 

H 
2 2 

+ m w R + 

X 2 ' 

nepeMeHH bl8 p83L\8I1HI1HC b 11 p ewe HH e ypaBHeHuH Wp e.ai1Hr epa : 

Hlji(R, p) = E 1JI (R , p ) 
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14 I 

M b l rronyqa eM B BHO.e 1IpOH3Be.ae HH11 cpyHKUHH 41 (R) 11 111 (p) , OJIHCb!B810llti1X OT.0.8I1bHO 1J. BI1-

/K eHI1e U8HTp8 M8CC H OTiiOC !iT 8 l1bHO e L(BJ1)1<eH I1 8: 

111 ( R , p ) = 11' ( R) 41 ( p ) 15 1 

P8CCM0Tp11M OCHOBHOe COCTOHHI18 CHCT8Mbi : 

J!l.W R 2 _"'!_~ p 2 

~ 2mw h 4 , mcu 4h 16 I 'I' 0 ( R) e \(~ ( p ) = \ --- -fl. e 
TTh 2TTll 

E \f:t h w + 1h h cup 
/ 6a I 

-· 

r ae w p (J ) v l + 21!:. r -~- J 2 

m w 
B KOOp LJ. 11HaT a x X l , x 2 cpyHKUH11 CHC T 8Mbl H MeeT BH -'1 : 

'I' (X 1 ' X 2 ) = t. (<) w p e /71 

Ecm1 6br o TcyT CTBOBano E3al1:-.1o nel\ cTBHe Me >-I<LJ.Y '18CTI11! .'1MI1 /nocne.aH Hi1 qneH B 11 I I, 

T O 3ll8Url111 K 8>KL\O H '!8CT H llbl 6bi!l8 6b! 11HTerpanoM LJ.BH/K8HI1H lcoxpaH11I18Cb l . B p8CCM8 T PH 

B88MOM /Ke c n yqae '-18CTI1Ubl MOryT 06MeHI1 B8TbCI1 3 H epr!iel\, T 8K 4TO l1I1H Ka }KQOft '-18CTHUbl 

nony'-188TCI1 HeKOTOpO e pacnpeaeneH I1 8 JIO 3HeprHI1M. npH 3TOM K O H e '!HO, IIOI1H811 3H e pr1111 

CHC T eMbl 16al COXp 8 H11eTC 11. 4 aC THU bl K8K 6b! p8 CK 8 '-IliB8 !0 TCH H8 "3HepreTH4 8CK11X K8'-1 8l1 11 X" 

BO K Pyr H e K OTOpOl\ cpeLJ.H8H 3HeprHH. 

B K a'!eCTB e orrepa T opa 3 H ep rHH n epaoA '!8 CTM Uhl e cTe c TB e HH O aw6paTb 

1 2 
d E. 

1 - - 2 
2 m ax 1 

3H a4e HI1 e 311epr1111 nepaoi\ qacT11Uhl 

m 2 2 11 w2 2 
~ ~x + ~rx - x J 

2 1 4 1 2 

E / X 1' X 2 I / OHO HBI1118 T C I1 cpyHKL!HCH 

r:ony•1 11 M, YMHO /K H B /c.npaBa/ 11 pa3.aenHB /81 Ha 'l' I x 
1

, x 
2 

I 

E (x x ) 
1 1 2 

h 2 

2m 

'l'u (x 1 x2) 

'V (X 1 X J 
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2 2 
m w _____.!:_1_ 

2 
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3.oecb IJ' -qacTH8S! npOH3BO.llH8S! BTOpOrO liOpS!.llKB OT 
11 'l' no x1 

H3 171 B 191 nonyqaeM: 

E(x x) = ll.(w +wp)- .!!!.[x,(w + w )+ x,(w+w )]
1
+ 

11 4 8 p. p 

no.ocTa BnS!S! \(1 I X X I 
1 1 

I 10 1 
1 1 1 

mwx,+ 1-1w 1 (x1-x1) 

2 4 

YpaBHeHHe 1101 onpe.oenHeT ceMe~cTBO aKBKnoTeHuHanbH biX KpK'B biX, H3o6pa)!{eHHbix Ha pKc.l 

.X&. 

Xs. 

p K C. 1. 

1 
Yf HTerpHpyS! KB8.llp8T BOnHOBO~ cPYHKUKH \(1 (x1 X,) no o6naCTH Me )!{ .oy KpHBbiMK, COOTBeTCTByiO-

WHMH 9HeprHH nepsoft "18CTHUhl E 
1 

, H E
1 

+ /\ E
1

, Mbi nony;;eM BepoHTHOCTb P / E
1

1 Toro, 

"'TO nepBaS! qacTHua HMeeT aHeprHIO Me)!{.oy E 
1 

H E 
1 

+ !';. E 
1 

. / + hW(1+B)-4(E -/';.E1) 
yx1 1 

(B-1)mW 1111 
r dx1 exp 1- __!!!__[(1 +B)(x11 + X 

2 )+ 2x X (1-B)]I. 
. 2h 1 1 1 

yz1+ hW (1+BJ-4Er 
1 (B-I)mW} . 

P (E
1

) = N J dx 1 
-oo 

3.oecb B = y 1 + 2(~1 , H M Ll BOCnOnb30BanHCb CHMMeTpKe~ PIE/ OTHOCKTenbHO H3MeHe-
W 

HHS! 3HaKa y x
2 

• Bbi"'HCnS!S! % 111 I Ha aneKTpOHHO~ cqeTHOA MaWKHe .onH paanK"'HbiX 3Ha-

qeaHA E 
1 

MLI MO)Ke·M liOCTpOKTb pacnpe.oeneHHe no :3HeprKS!M .OnSI OT.OenbHOft "18CTHUb!, 

13To pacnpe.oeneHKe cHMMeTpH"'HO OTHOCHTenbHO ?O"'KH £
1
= hw_ I 1 + Bl I. Ha pKc. 2 npK-

4 
Be.oeHbi KpKBhle pacnpe.oeneHHA .onH w 

1 
= w ; Ylw; 2 w ; 5 w .• 06pawaeT Ha · ce6S! BHKMaHKe 

YLlHBHTenbHO Manoe paaMhlTHe no aHeprKK KpHsoA pacnpe.oeneHKS!~ wHpKHa eP npKMepHo Ha 

nopH.llOK MeHbllle a6cOniOTHOrO 3H8"1eHHSI E B MBKCHMyMe, 

nonyqeHHOe pacnpe.oeneHHe pIE I .onH LlBOAHoro OCUKnnSITOpa MO)!{eT nocny)!{HTb .onH 
1 

O.llHOA HHTepeCHOA cPH3H"'eCKOA oueHKH, 

xl .V\ 1 hl nonn)!{HnK a.oecb m = p. 
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2. 0 IteHKa W HpHHbl pe30HaHCOB 

,;jaBIIO / c 19::1 5 r. / H 3BeCTH O 0 CYJUeCTBOBa H!IH p e3 KH X pe30H a HCOB B C O •J PH JH I X pacce w-, 

Hll51 Me..':lneHH b lX Heii T p O HO B Ha 51 -'l pax . CHa 'lan8 !IX 110I1biT8J1HCb o6b51CHHTb Ha oc HOBe Moue-

Jll1, B KOTOpOii 51 D p0 3aMeH51Jl0Cb 110T e HUf18.rlbi-!Oii 51MOii . npll 8 T OM M e T 8CT8 6!1JlbHblM /pe3o

HaHCI-fblM I COC T051HH51M COOTB e TCTBOB8J11! T 8K II e 8HeprHll H8Jl e T 8iO ll..{ero He(tT POH8 , 11p 11 K OTO

pb! X Hei\TpOH 38_::rep ;.~< l!B ae T C51 B 51Me 6narOD8p51 HeCKOJlbKHM BHyTp e HHHM OTpa>l<e l!lHIM 1 8 T O 

'I!ICTO KB8HTOBbiii 8 Cj:JCjJ e KT, T.K. 8H e prl151 Hef!TpOH8 > 0 1. O .aHaKo pac'!eT bt .aan11 cnr1wKOM 

MaJlbie apeMeHa D J151 T aK!IX COCT051Hlli1 11p!! pa3yMHblX DO I1yll..{ei-!!151X 0 11ap8M e Tp8X 51Mb! , 

W l1pHH bl pe30HaHCOB I ' h 
O K83 8.rll1Cb 1-!8 MHO r O 110p51 .. 'l KOB 60 J1bW e 8KCnep!!MeH T aJlbHblX 

T 

I "' iV\ 8BI . JY\ o,aeJl b He38Bl!Cl!MblX 'l aCTHI\ He CMO r Jla 06b51CH !!Tb T OrO cpa KT a , LITO 110CJle 

38XB8 T a Hei1TpOH8 51 1l pOM, pa .'l H8UHOHH bi i1 p8CI18 .'l I I ~}'"' 1 -0,1 ev I OK83biBaeT c 51 'l8CTO 5o

nee Bep051TH b lM , '!eM BblJleT LJa CTI1U bl, HeCi\IOTp51 H8 OTH OC HTeJlbHY lO CJ1860CTb 8 Jl e KTp OMar 

l-!l1THOr O B38HMO.'lei1CTBH51. YTo 6br o6b51CH!!Tb, K8K MO >~< eT HYKllOH "H8.aonr o" I "' l0- 15
c e K . I 

38Dep >h8TbC51 B 51 .'lpe 1 6op rrp e.'J JlO>IO!Jl Mo.aenb KOMI18YH D -51.'lp8 . no 8TOH MODeni1 H efiTpOH, 

110118 .. '1 851 B 51 D pO, 6na r O.'Jap 51 Cl1JlbHbiM B38HMOJJ.e i1CTBH51M C ,apyrl1M ll HYKJ1 0 H8MH 51 D p8 6b!CT-

pO pa3 ..::r ae T CBOlO 3HeprHlO 110 MHOrliM CTerreH51M CB060Dbl D BIO K e HHS'I A HYKJlOH O B. np11 

3 TO~I Bep0 51T HOCTb C06b!Tll5!, 'ITO 8H eprl151, LJ.O CT8TO'IH8S'I D J151 BbJJleTa HYKJ10Ha, CHOBa co6epeT-

C S'I Ha OJJ.HOII '!aCTHUe, O K83 b!B88TCS'i M8J10H. 

;]aJl bl-! eliWee pa3Bl!TI!e 51 JJ.ep HOi\ cP li31!KII 110K83 8Jl0 , 'ITQ TaKaS'! MO.QG Jlb H e 011HCblB8eT 

ueJlbi H D 51 D Ha6Jl lOD8eMblX S'!BneH!IH . 0Ka 3 8J10Cb, 'ITO 60J1b WOH KJ18CC peaKU!IH 1 11p5!MbJe 11po

uecCbJ I rrpoxo ..::r i1T B006ll..{e 6e3 o6p830B8Hl151 KOMI18YH .'l- CO CT 0 51H l1 51 1 11p8BD8 3TO H 8'""' eOO H8HCHbl9 

peaKIU1111 . 3KC11epHMeHT8Jl bH O He Hawen 110D TB e p /KDeHHS'I II T OT cj:J8 KT, 'ITO C e'!e HH51 pea K Ulli"l , 

11pOX O .'l 51l Ul1X qepe3 CTa..::rlllO KOMI1ayH D -51D pa , DOJlll<Hbl 118 D8Tb C 3Hepr!!efl H3-38 KOHKypeH 

Illlll .apyrH x 11poueccoe I KoaH 1 1955 1 He o6H 8py>~< I!Jl TaKoro CI18D8HH51 BbiWe f""> iV\ a e l . H8-

lll l1 rrp e..::rc T8B.TJeHl151 0 51 -'l pe c efi 'I8C T 8KO B bl, 'ITO B03MO >I< H OCTb B381!MO.Qe~ICTBHS'I H8JleT8IOll..{e r o 

HYKJlOH I'l co caceMI! A '18CT!IU8MI! 51Dp8 I<8>KeTcH O'leHb Manoaepo HTHoii. T aKoMy B38HMo -

.'Je[IcTfl l1 lO DOJl>K HO Cl!Jlb HO ~IeW8Tb n ef'IC T BI!e 11p!!HUlll1a n8yJlll, 8 OC HOBHOM B38HMO L!eiiCTBI1e 

11p011CXO.'l l1T C C8Mb!MI1 ·· eepXHMMM" HYKJ10H8MH, n o8TOMY ecT eC T BeHHO p5CCMOTp e Tb i\10 1\eJlb, 

K O r D 8 H8Jle TaiOLU !I H H Y K.r!OH B3aHMO .'le iiCTBye T T O JlbK O C O.'J HI1M HYKJlOHOM 51Llp8 l rrpH 8TOM 

ocT8JlbHbi e Hy i<.nOHbi H.'J08 co3 .. 'J8IOT nHLLb cpenHee none - n o TeHU!18JlbHyto S'!My . CM. p11c . 3a l . 

E E.. 

~o--l ... ... {:·--
~ ::K. . 

:;: c:=:::::J-J e -
~' 
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0 I - -,_,. 
(e<. ) t:-1 II C . 3 . (cf) 
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K orLla HaneTa !Olili!H HYKITOH IHMeJOwl!i!: pesoHaHcHyJO ~HeprHJOI BXOLli!T B soHy Llei!:cTBHSI 

CHIT BTOpOH 'l8CTI1Ubl, Me /K LlY HHMH H8'li!HaeTCSI 06MeH ~Hepr11ei!: /~HepreTI!'leCKHe K8'lenH/. 

np1161111>KeHHO p8C11p e LleneHHe 110 SHepr!!SIM Ll1151 OTLle11bHb!X 'l8CTHU 6yLleT T8KHM /Ke, K8K B 

11p11Mepe LlBOi!Horo ocuHnnSITopa /eM. pHc. 361. EcTeCTBeHHO, 'ITO 11ocne saxaaTa aepogT

HOCTb TOrO, 'ITO HeHTpOH 110KHHeT SIMy, 6yLleT 11p0110pUHOH811bH8 TOil BepOSITHOCTH, 'ITO OT-

Lle11bHbiJ1 HeHTpOH HMeeT 3Hepr!110 Bb!We Kp851 110TeHUH811bHOi!: 51Mb!, T.e. 11J10Ul8Llll "XBOCTa" B 

pac11peL1eneHKM BbiWe E = h
4
w (1+ B)+4Mev (eM. pKc .2) .r:3epoSI TH OCTb )l{e sax&aTa He!!TpoHa 11ponopuKo

H811bH8 CT8TI!CTH'leCKOMY Becy BCeX B03MO )I{ Hb!X COCTOSIHHi!: Ll1151 38.XB8'leHHOH 'l8CTI!Ubl, T.e. 

1111owa Ll H 110Ll aceil KpHBOH pac11peLleneHHSI. CornacHo npHHUH11Y LleT811bHOro paBHOBecHSI Ll11SI 

11poueccoa saxaaTa H BhlneTa Hei!:TpoHa HMee M: 

>.' 38XB 

IY pacn 

r p saxa r E 1 J dE 1 

[ P pac11 ( E 1 ) dE 1 

1121 

3TO OTHOWeHI!e Mbl MO)I{eM 11011Y'l11Tb H H3 3KC11epHMeHT811bHb!X Ll8HHb!X ll Bbl'lHC11HTb 

110 MOLle11H LlBOHHOrO OCUI111115ITOpa. EcnH 110C'li!T8Tb IV pacn. HCXOLlSI H3 Wllpl!Hbl HeilTpOH* 

1015 - 1014 4 ceK. HOrO pe30H8 HC8 ln 110pSILlK8 ly = 1 -O,l~B, TO 11011Y'liiM w pacn. = 

BepOSITHOCTb 3aXB8T8 HeHTpOH8 MO/KHO OUeHl!Tb 110 ceqeHH!O 38XBaTa B TO'lKe pe30H8HCa: 

IV 
38XB 

a 38XB V 

V RLlpa 

/13 I 

a 3LleCb V -r::KOpOCTb 118Ll8!0Ulero HeHTpOHa, 
38XB. 

nonyqaeM Ll1151 OTHOWeHHSI /12/ Ll1151 HeHTpOHa C ~HeprHeii 
-19 2 

6epeM nopSILlK8 10 eM • T .o. 

-7 -8 
sa 3Ha'leHHe 10 - 10 CooTaeTc TByJOwee OTHOWeHHe, Bbl'lHC11eHHOe B MOLle11H LlBOfi-

Horo ocuHnnSITopa, OK83biBaeTcSI I w "' w
1 

I nooSILlKa 10-8 . T.o. y)l{e H811H'lHSI OLlHOi! 

'l8CTHUbl B SIMe LlOCT8TO'lHO Ll1151 TOT'O, 'lT06bi 38Llep >K8Tb 118 Ll8lOU!HH HeilTpOH B S! Llpe T8K 

Ll011T'O, 'ITO BepOSITHOCTb ~11eKTpOM8T'HHTHOT'O nepeXOLl8 MO)I{eT 11peBb!CHTb Be')O$lTHOCTb Bbi-

.TieTa HyKnoHa. KapTHHbi KOMI18YHLl-SILlpa 11 11pocToil MOLlenH I Ka'lenHI paLli!K811bHO OT11H'la

JOTCR Llpyr OT LlOyra . CneLlCTBIISJ 3TIIX LlBYX MOLlenei! Ll011)1{Hbl T8K)i{e O'leHb CH11bHO OTnH

'l8TbCSI. B Ll8HHOH p a6 oTe 110Ka3aHa nHWb B03MO)I{HOCTb cywecTBOB8HHSI 6onee 11pocToro Me

xaHH3Ma SILlepHb!X p e aKUIIH. j]811bHeHWI!e 6onee CTpOrl!e paCCMOTpeHHSJ 1103B011$!T HCC11eLlO

B8Tb y >Ke K0HKpeTHbie ClleLlCTBHSI, KOTOpb!e 1103B011H11H 6b! 6oneP. yBepeHI!O CYLlHTb 0 11pOHC-

XOLlSllilHX B S!Llpe S!Bllei!HSIX. 

AaTop 6naroLlapeH B. c<j:JHMOBY 11 B.<PypMaHy 

n.nony6oSipOBO!! 38 'li!C11el!l!b!e pacqeTbl H8 ~11eKTpOHHOH M8WHHe 38Ll8'IH 0 LlBOHHOM OCUH1111SI-

Tope. 

PyKOI1HCb 110CTYI1Hna B H3LlaTenbCKIIH OTLlen 
26 HOSI6pSI 1962 T'0Ll8. 


