
I 
P2 - 7295 

C.M.Enceea, B.C.MYJ>3HH, JI.H.Capw1eaa 

YrJIOBHE PACIIPEWJIEHHH 'IACil1U 
H3 HHKJimHBHWX AWQH-~ PEAKUffA 

H CK30Jnrnr B OBJIACil1 

O'IEHb BYCOI01X 3HEPrID1 



P2 - 7295 

C.M.EJ1Hceea, B.C.Myp3HH,* JI.11.Caphlqeaa * 

YrJIOBHE PACfIPE)J;EJIEID1H 11ACI11U 
· 113 J1HKJII03l1BHYX A.D;POH-~PHLIX PEAK!lHA 

11 CK3R.m1Hr B OBJIACffl 

O'IEHb BhlCOKHX 3HEPrl1A 

HanpaBneao Ha Bcecoroaayro KOHcp. 
no cpH3HKe KOCMHqecKHX nyqen. XapbKOB 1978 r. 

* Hayqao-HccneAOBaTenbCKHH HHCTHTyT HAepHOli cpH3ff~H 
MoCKOBCKOro rocyAapCTBeHHOro yHHBepCHTeTa 
HM. M.B.noMOHOCOBa 

leayquo-TexaaqecKaa 
6a6a■oTeKa 

OHSIH 



1. B cliH3HKe BhlCOKHX :mepruii B HaCTOHIQee BpeMH 6onL­

lllOe BHHMaHHe y,nen»IOT H3ytteHHIO CTPYKt'YPHLIX <liYHI<UHii 

HHKill03HBHblX peaKUHH pO)K,Il;eHHH ttaCTHU B a,npoHHhIX B3aHMO· 

,neiicTBHHX 

➔ 3 3 ➔ 
f( ·s, p) = E d a / d p. /1/ 

<l>eiiHMaH BbICKa3an runoTe 3 y' t{TO npH 6onhlllHX 3HeprHHX 

CTPYKTypHa» <liYHKUHH nepeMeHHhlX x = 2pll /yT H P.t He 

3aBHCHT OT 3HeprHH, a B pacnpe,neneHHH no 6bICTPOTaM 

r=t en E + p II nonanneTCH nnaTO . .6onhlllOH HHTe-

E- P 
pee K H3ytteHU10 cTpyKTYPHhIX cpyHKUHii B o6nacTH O11eHL 

BblCOKHX 3Hepruii Ill 3acTaBnHeT ttaCTO ucnonb3OBaTh 3KC· 

nepHMeHT Ha n,n~pHblX MHllleHHX. IlpH 3TOM MoryT BO3HHK· 

HYTh Tpy.n;HOCTH, 9BH3aHHhie C HOPMHPOBKOH K a6conIOTHOMY 

cetteHHIO H conocTaaneHHeM 4>opMLI pacnpe,neneHHii no 6LICT· 

poTaM 121. HanpHMep, a pa6oTe 131 npu aHanH3e B3aHMo· 

,neecTBHH a,npoHOB C n,npaMH clioT03MynLCHH npH 3HeprHBX 

T >_ l0 4
r3B 6bin c.nenaH BhlBO,Il; 06 OTCYTCTBHH nnaTo B 

pacnpe,neneHHH no y, ttTo HHTepnpeTupoaanocL KaK Hapy­

llleHHe CK3HnHHra *. 
2. MLI nonLITanHCb npoaepHTb' KaKH3MeHHIOTCH yrnOBhle 

xapaKTepHCTHKH BTOPHt.IHbIX qaCTHU B HYKJIOH· n,nepHbIX CTon­

KHOBeHHHX C H3MeHeHHeM aTOMHOro HOMepa n,npa·MHlllellH. 

* ,I;J;oyran HHTepnpeTauun 3Toro onLITa paccMoTpeHa B pa-
6oTe HI. 
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OqeBHJJ:HO, qTo cywecTBOBaHne BHYTPHH,n:epHoro 1<ac1<a,na 
6y,neT nc1<amaTh yrnoaoe pacnpe,neneHne no cpaaHeHHIO c 
pacnpe,neneHneM B N-N -a3am.rn,neiicTBHHX. 

MomHo omn,naTb HeCKOJJhKHX J(pclJeKTOB:c,nanr MaKCHMyMa 
pacnpe,neneHHH no eg tg e L , npn6nnmemie pacnpe,neneHnH 
K H30TponHOMY B u:-cncTeMe H H3MeHeHne ceqeHHH B MaK­
CHMyMe pacnpe,neneHHH. 

PacqeTbl npOH3B0,IJ;HJUICb no MO,IJ;eJJH BHYTPHH,nepHbIX 
1<ac1<a,noa MeTO,IJ;OM MOHTe- Kapno. I1cnoJJb30BaJJHCb, B oc­
H0BH0M Te me nporpaMMhl; qT.O H ~ pa6oTe /S /. 'CorJJaCHO , . . -

JToii Mo,nenn, HaJJeTarowaH Ha H,npo nepanqHaH qacTnu:a 
B3aHMO,neiicTayeT °C OJJ:Hii~ H3 HYKJJOH0BJH,npa. O6pa3oBaa­
WHeCH B nepB0M B3aHMo,neiicTBHH BTOpnqHhie qacTHU:hl ,!J;BH· 
)l(YTCH BHYTPH H,npa H,CTaJJKHBaHCh /ynpyro HJJH Heynpyro/ 
C ,npyrHMH BHYTPHH,nepHbIMH HYKJJ0HaMH, reHepnpyIOT H0Bbie 

qaCTHU:hl. TaKHM o6pa30M, B H,npe o6pa3yeTCH JJ8.BHHa qacTHU: 
/BHYTPHH,nepHblX KacKa,n/. XapaKTepUCTHKH JJJeMeHTapHblX 
TT- N. n N-N -a3anMo,neiJ_cTBHii 6hrnH B3HThIH33Kcnepn­
MeHTa. Yrnoeb1e pacnpe,neneHHH qacTHU: H3 Heynpyrnx B3a-
nMo,neiicTanii 

W(x) :::: e 

- 2 (z+z.) 
- 2a 2•-' 

/2/ 

.s-
r.ne 

z = eg Y 
C 

2 
, a = 0.4, 

/6/ 
z =eg tge 

L 

Ilepexo.n K cncTeMe u:eHTpa Mace ocywecTBJJHJJCH no qiopMyne 

ec 
tg2 Y tg0 

C L" /3/ 

B .npyroM aapHaHTe pacqeTa aennqnHa z pa3birphrna­
nacb paBH0MepHO Ha 0Tpe3Ke [-z +1 ;-z -1 ]. TaKoe pacnpe -
.neneHne npnMepHo cooTBeTcrayeT pacnpe,neneHHIO qacTHU: 
no 6bICTp6TaM B CJJyqae qieiiHMaHOBCKOro CKJHJJHHra. 

ne 
YrJJbl ynpyro pacceHHHbIX qaCTHU: BbJqHCJJHJJHCb no qJOpMy-

4 

-

I 

I 

da - = B(T) -/3(T)I ti 
di t I . e • 

/4/ 

• 
DbIJIH HCilOJJb30BaHbl 3KCnepHMeHTaJJbHhie 3HaqeHHH B(T) H 
{3(T). 

B oonacTH BbICOKHX 3HeprHii a, nl a, 0 t :::: 0,7 5 , KpOMe 
Toro B HeynpyrHX B3aHMO,neiicTaHHX pom.ziaIOTCH B cpe,IlHeM 
,IleC.HTKH qaCTHU. IIo:JTOMY yrnoaoe pacnpe,neJJeHHe qaCTHll 
B Heynpyrµ:x B3aHMO,IJ;eHCTBH.HX C H,IJ;paMH onpe,IleJrneTCH, 
a OCHOBHOM, 4>opMyJJoii /2/. Heorrpe,u;eJJeHHOCTH BCJJHqHH 
B H f3 cnaoo c1<a3h1Ba10rcs Ha pe3yJihTarax pacqeTa. Pac­
npe,IleJJeHHH /2/ O0JJa,IJ;aIOT TeM CBOHCTBOM, qro HX BH.ll He 
3aBHCHT OT nepaHqaoii JHeprnn /HJJH z I. C H3MeHeJtHeM 
:meprHH KPHBaH nepeMeiu:aeTCH B,!J;OJJb OCH z.BbJqHcJJeHH.H 
IIJ)OH3B0,IJ;HJlHCb ,!J;JJ.H :rneprHii HYKJJOH0B 200 H 1000 r3B H 
pa3JIHqHbIX H,Ilep. 

Ha pnc. 1 IIOKa3aHO H3MeHeHHe napaMeTpa acHMMeTpHH 

2-
~ ......... 
~ ....... 
~ 

1 

U ~ A to 20 JO ltD . 50 60 70 
Pnc. 1. 3aBHCHMOCTh HanaepOHTHOro 3HaqeHHH napaMeTpa 
aCHMMeTpHH eg y s · OT aTOMHOrO HOMepa H,IJ;pa·MHWeHH. 
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1 
egys =- ;;;- I eg tg0 m 

I L 

npu ynenutieHHH aTOMHoro HOMepa H.D.pa·MHllleHH. Cnnoi.imaH 
nHHHH • pe3yn&TaT pacqeTa, npone.n.eHHoro C TO'IHOCThlO 
3 • So/o. 3KcnepnMeHTan&Hhie .n.aHHhie, non)"IeHHhie B ·onhITaX 
c_ KaM_epoii , Bun&coH~ B .- KO~MHtiecK_Hx nyqax nyu cpe.n.neii 
3HeprHH :: 200 r3B, 6&mH B3.HThl H3 pa60TbI 17 . Cne.n.yeT 
OTMe'rHTh, 'ITO· rrapaMel'p fg is npH qnrncupo·nannoii JHep­
r:im qyncTBH'teneli K Macce H.D.pa • MHllleHH. 

Ha pHc. 2 npHB_e,nena 3aBHCHMOC_T_h KOJ!p!pHIJJieHTa ~ max 

. ti 
~ 

0 
1.5· 

, 

(0 20 JO 40 50 60 70 A 
· Puc: 2. KoJ!p!pHU:HeHT rrepec'IeTa a max OT ce'IeHH!{ ~ MaK· 
CHMyMe pacnpe.n.eneHHH no y .D.flH p- A B JaHMO,D.eHCTBHH 
K Ce1.JeHHIO p-p B3am,f(?.D.eHCTBHH. 

B03pacTaHHH ceqeHHH B TO'IKe y =0 npH nepexo.n.e OT p-p 

BJaHMO,D.eHCTBHH K p • .H,D.epHOMy B3aHMO,D.eHCTBHIO .n.n.H 
np.HMoyron&Horo Hcxo.n.uoro pacnpe.n.eneHHH. IIocKon&Ky pac­
npe.n.eneHue B U:" CHCTeMe He MO)KeT CTaTh yme, tieM HJO• 
TponHoe, TO KPHBa.H CTpeMHTCH K HeKOTopoMy_nocTOHHHOMY 

.JHaqeHHIO, COOTBeTCTBYIOIUeMy HJOTponHH B u:·cHCTeMe. 

c6 

I, 
~ . 1i 
( 

i 
I 
l! 

} 

~ 

I 
~ 

t 

llcnonhJyH• K03!p!pHU:HeHT a max'. MO)KHO nonhITa'ThCH HOp· 
MHpOBaTh pacnpe.n.eneHHe no y' nonyqeHHOe B OIIhlTaX C 
KOCMH'IeCKHMH ny'IaMH Ha yrnepo,D.HOH MHllleHH,· K IiyKnon­
HYKnOHHOMY cetieHHIO npu :y =0. -A6comonrne .ceqeuue Bbl-: 
'I}lcnHnoch no cpopMyne 

•· 1 da· Npc a1ti(pp)<n::>PP 
--1 =· -

. dr_ PP ain ( pC)<n?pc amax· 

r.n.e 

1 /1.N 
a1n ( pC) = 230 M6H N 

pC =-------
N /1.y 

/8/ 
PeJyn&TaT cpaBHeHHH KOMH'IeCKHX .n.aHHhIX rrpn2OOf3B C 
ycKopHT.en&HhIMH, nonyqeu11&1~rn .n.m1 p- p cTonK11oeeuuii B 
EaTaBHH npn Tott )l(e ~ueprnu 191, rrpe.n.cTa~JICH ua puc. 3. 

l 6'-

~ 
5~ 

. ♦ t• t ft. i t: 
~ 

t• .. 4
~, lS l:S .. t ' . 

-,t:: 3 /:· t . t 
"' . 

.2 ~ \ ~ 
! j 

.,'r of' .; ❖ 

• -4 -3 -2 -1 0 f 2 J j* 
PHC. 3: Pacnpe.n.eneHHe no 6hICTpOTaM · BTOpH'IHhIX qacTHU: 
HJ HeynpyrHx p-·p B3a-HMO,D.eHCTBHH npH 3HeprHH2O5 r3e/9~ 
3HatIKaMH * o6oJHa'leHo pacnpe.n.eneHHe qacTHU: H3 BJaHMO • 
,D.eHCTBHH KOCMH'IeCKHX npOTOHOB C yrnepO,D.OM npH 2OOr3B/B[ 
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PHCYHOK HJIIlIOCTpHpyeT Y.Il:OBJieTBOpHTeJibHOe cornacue .Il:BYX 

OilbITOB. 
3. MmKHO OTMeTHTb eme O.D:HO o6CTO.HTeJibCTBO, KOTOpoe 

Ba)KHO. Y11HTbIBaTb npH aHaJIH3e <lJoT03MYJibCHOHHbIX ,naHHbIX 
B KOCMH11eCKHX ny11ax. CymecTBOBaHHe acHMMeTpH11HbIX JIHB­
aeii B u-cHCTeMe MO)KeT npHBO.D:HTb K cymeHHIO yrnouoro 
pacnpe.a:eneHH.H B wKane y = fg tg8L , ecnu pa3JIU11HLie 
B3aUMo.a:eiicTBU.H HOpMupyIOTC.H no BeJIU11UHe fay 16 1• 

ti 
qTo6bl nony11uTL npaBHJILHoe pacnpe,neneaue, Heo6xo,a:HMO 
3HaTb :meprmo B3aHMO.a:eiicTBH.H T H. HOPMHP0BaTb 0T,lleJib-

Hble 3Be3.ztbI no aeJIH11HHe fg y = fi1 y 2 
C 2m p 

Ha pac. 4 noKa3aHbI pe3yJibTaTbI Ta.KOH o6pa60TKH4,IlaH­
HbIX /10/, nony11eHHbIX BK0CMH1IeCKHXJiy11axnpH T>JO r:rn. 

c:1(1 

a" 

tit 
-2 

~ 

t 
. , 0 I 

PHC. 4. Pacnpe,neneHHe no A= fg ( Ye tg 0L) BT0pH11HbIX 
11acTHU H3 B3aHMo.n:eiicTBHii c N h = }1 . qncno co6LITHii 
= 10 c 3HeprHeii T >- IO 4 I'3B I 01. CnnowHoii JIHHHeii 

yKa3aHO pacnpe.n:ene~He ,npHMepHO COOTBeTCTBYIOIUee <IieiiH­
MaHOBCKOMY CK3HJIHHry. 

8 

OT6HpaJIHCb co6bITH.H' B KOTOpbIX HatJaJILHa.11 3HeprHH onpe­
,lleJI.HJiaCb no 3Heprnn 3JieKTpoMarHHTHoro KacKa,na n.cpe.n:He­
MY nepneH,lll.lKYJl.HPHOMY HMnyJILCY: 3ap.H)KeHHblLtJa.CTHU, T.e. 
cnoco66M, He JaBIIC.HmH~ .OT eg tg0 L. . '. ·libIJI0 HaJIO)KeHO 
TaK)Ke )KeCTK0e .orpaHHtJeHHe. Ha tJHCJIO cepbIX H tJepHbIX 
cne.n:oB ( Nh = o,ij.:. B p~;YJlhTa:te nonytJeHO nJiaToo6pa3HOe 
pacnpe.n:eneHHe, no.n:o6Hoe pacnpe~eneHHIO, HJBeCTH0MY HJ 
onblT~B Ha .BCT_petJHbIX. nytJKaX / 1 .. - TaKIJM oqpa?OM, ytJeT 
BTOpHtJHbIX B3aHMO,UeHCTBHH B .11.n:pe-MnweHH n· ncnoJib30Ba­
HHe _co6bITH~ C H.3BeCTHOH 3Heprneii: .n:aeT B03MO)KHOCTb 
cornacoBaTb .n:aHHhie K0CMHtJeCKHX JiytJeii it: YCKOPHTeneii H 
nonytJHTb H0Bbie CBe,neHH.H B o6nacTH 3Hepfnii, He.n:ocTynHhIX 
,llJI.H COBpeMeHHblX YCKOpHTeJieii:. 
,_ AiJanorHtJHhIH BLmo.n: QhIJI c.n:enaH B pa6oTe.1111 Ha oc:i:i:oae 
Mo.n:eneii:, HCn0Jib3YIOmnx MaTeMaTHtJeCKHH annapaT TeopHlI 
rnay6epa. 
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