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~M11Hl1CTEPCTBO BblCWE,O 11 CPE.llHE,O cnEUl1AJJbHOro 

OBPA30BAHl1H PC<PCP 

MOCKOBCKl1H OP.llEHA JJEH11HA 11 OP.llEHA TP.Y.llOBOro KPACHoro 
3HAMEH11 10C.Y.llAPCTBEHHblf! .YHl1BEPCl1TET HM, M. B. JJOMOHOCOBA 

HA.Y4H0-11CCJ1E.llOBATEJ1bCKl1YI 11HCTl1T.YT H.llEPHOH <Pl1311Kl1 

H.K. Baopoa 
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B3Al1MO.LlEMCTBI1E nPOTOHOB 
C 3HEPrvIEH: 660-675 M3B 

C nErKYIMYI .H.UPAMYI 
11 HEKOTOPbIE MO.LlEflbHbIE nPE.LlCTABflEHYI.H 

0 CTPYKTYPE .H.LlEP 

AaTopecpepaT DHCCepTSUHH, npencTaaneuuoa HS C0HCKSHHe 
yqeuoa CTeneHH KSHDHDaTa (pH3HKO-MaTeMSTHqeCKHX HSYK 

Pa6oTa BbIIT0nHeHa a O6'beDHHeHHOM HHCTHTyTe 
SIDepHbIX HccnenoaaHHH 

HayqHbIJi pyK0B0DHTenb 
qneH-KoppecnoHneHT AH CCCP 

npocpeccop M.r. MemepHKOB 

.lly6aa I 962 roa 
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W.K. Bsopos 

B3AWMOAEHCTBWE nPOTOHOB 
C 3HEPf'WEH 660-675 M3B 

C J1Ef'KYIMW 5IJlPAMYI 
YI HEKOTOPb!E MOJlEJ1bHb!E nPEJlCT ABJ1EHYl5l 

0 CTPYKTYPE 5IJlEP 

AsTopecpepaT ilHCcepTaUHH, npeacTaBneHHOfi Ha C0HCK8HHe 
yqeHofi CTeneHH K8HilHil8Ta qJH3HKO-MaTeM8THqecKHX HayK 

Pa6oTa · sbmonHeHa . s O6'beilHHeHlI0M HHCTHTyTe 
siaepHb!X ,m:cneaosaHHfi 

HayqHhlfi PYKOBOilHTem,; 
qneH-KoppecnoHaeHT. AH CCCP 

npocpeccop M.r. MemepsiKOB 

061.e,llllHeHHWi\ HHCTHTyT· 

-~cp_lUolX ll~CJICJI.OBalnlil 

6y16JU10TEKA 



11ccne.ooaamie B3BllMO.OellcTBIHI 'tBCT!IU 6onbWOll ,rneprllll C BTOMHb!Mll >ILIPBM!I 

llBmteTC'S! OLIH!IM 113 cnoco6on 1!3y<teHl!S! CTpoemrn S!Ll$'P, npoaepK!! npamrnbHOCTII TOA 

11n11 IIHOJI MOL1em1 S!.Opa. 

Co npeMeHI! paHHIIX IlOilblTOK OObS!CH8Hl!S! CBOllCTB B3Bl!MO.OeAcTBIIS! HyKnOHOB 

C llLIPBMII npM LIOCTBTO'tHO 6onbWlfX 9Hepr11>1x (E::: 100 Ms,n) OObl'tHO Ilp!IHllTO pac

CM8TpH:B8Tb npouecc np0X0}K.lleHHSI HyKn0H0B qepea H.llp0 KBK pH.a nocneaoaaTenbHbIX 

aKToB coy .aapemu1 aaneTa~mero ayKnoaa c pacnono>KeHHbIMH aa ere nyTH oT.a.enbHhI

Mll HyKnoHaM/ I/ no.oo6Hblll no.oxo.o K npo6neMe HyKnoH-ll.08pHoro B3B!IMO.OellcTB!l>I 

K8)K9TCH e~T9CTB8H~b1M B p8MK8X MO.OenH H938BHCHMblX t{8CTHU, 3Ta MOJ:Ienb YC:Il9WHO 

np!!M8Hllnacb .on>1 Oil!ICBHlfS! uenoro PllLIB CBOilCTB ll.Oep B OCHOBHblX ll cna6o B036y,.,;

.aeHHbIX COCTOSIH1HIX H IlO.llTB9p)K,aanach 9KCnepHM9HT8nbHbJM nyTeM B OilbITa_x C qacTH· 

UBMII He6onbWl!X 9Hepr11ll. npe.onono,.,;eHl!ll O H83BBl!CliMOCTII LIBl!)l<;eH!!ll HyKnOHOB B 

S!.Opax II 06 0.0llHO'tHb!X HyKnon-HyKnOHHh!X coy .oapeHll>IX B nerKMX ll.Opax 11n11 0 K8CKa

.oe TBKllX coy.oapeHlll! B cpe.OHIIX !I Tl!)l<;enbIX >1.opax, K83anocb Ohl, OhtnO BHOnHe .oo

CTBTO'tHO .on,i npaaiinbHOl! l!HTepnpeTBUIIII, pesynbTBTOB 9KCnepHMeHTOB T8K)l<;e II Ilpll 

BhlC0KHX aHeprHSIX, O,a.HBKO .0.8JlbHeitw"ee HCcne.o.oaaHHe BbIC0K0aHeprHt{HblX st.nepHbIX. 

peaKUliA IlOKasano, 'ITO OHi! LIBIOT B03MQ)l<;HQCTb 06napy,.,;11naTb " 6onee TOHKl!e 9Cj:HpeK· 

Thi, BblXO.llHlllHe 38 paMKH MOD.enu: H938BHCHMhIX qacTHU. 

B pecj,ep11pyeMoA .011ccepTauMn, nocn,imeHHOA uccne.ooaaH1110 nsal!MO.OeilcTBllll 

npoTOHOB C 3Hepr11ell 660-675 M9B C HeKOTOpb!Mll >ILIPBMH, 1!3yqanl!Cb LIBB TBK_HX 

s,cj,cj,eKTB - pacnpe.oeneHl!e BHYTPll>I.OepHblX HyKnOHOB no IIMilynbCBM II np>IM09 Bb!Ol!Ba

Hlle .oel!TpOHOB ll3 >1.oep. 3KcnepMM9HThl, ne,.,;amMe B oc~oae LIMCCepTBUl!lf' Oblnll BhJ

nonH9Hhl BBTOpOM COBM9CTHO C 11.C.A,.,;rHpeeM, B.n. 3penOBhIM, M.r. Memep>!KOBbIM, 

6.C.HeraHOBh!M " A.ct>. Wa6y.OllHhlM n 1957-1958 r.r. HB CllHXpOUMKnOTpoue 011Hl,1. 

PesynbTBThl ony6nMKOBBHhl n pa6oTa/
2

•
31 

" LIOKna.obIBanMCb Ha ceCC!IS!X Y<teHoro 

CoBeTa 011Hl1. 

JlMccepTaUM>I COCTOllT ll3 US!Tll rnaa. B nepaoll rnane .oaH KPBTK!!ll 0030p Mo

.o.em1 H838BU:Cli:MbIX t{8CTHU, npl:IBO.OHTCSI npe.aCK838HHH 3TOii MO.aemt OTHOCit'renbHO 

Bll.OB MMnynbCHh!X pacnpe.oeneHMll BHYTPll>I.08pHblX nyKnOHOB If Bem!'tlfllbl aepOS!THOCTll 

w ( r) HBXO)l<;.OeH!l>I LIBYX HyKnOHOB B SI.Ope ua paccTO>IHlfU . r .opyr OT .opyra. BTo-

pa,i rnana co.oep,.,;uT O'!llCBHlfe 9Kcnep11MeHTOB no ll3Y't8Hll!O B3BllMO.OellcTBlfS! IIPOTo

HOB c >1.opaMM ne , C , Cu, ll U np11 9Hepr"" 660 Msn " onpe.oeneu1110 u3 nony-' 

'teHHhlX LIBHHhlX BllllB IIMUynbCHO!'O pacnpe.oen9Hll>I HyKnOHOB B S!.Opax ne ll C • 
•, 

06cy,.,;.oeHMe nony<teHHhlX pesynbTBTOB, He cornacyIOIUllXCS! C npe.oCKB3BHll>IMll MO.oenH 

3 
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He38BlICHMblX qaCTHU. npoBO.llHTCSI B TpeTbett rnaae. B 3T08 :me rnaae OOHCb1B89TCH 

6onee COBepweHHSSI MO.oenb - Mo.oenb He38BHCHMblX nap. l..feTaepT8SI rnaaa Il0CBHW8H8 om-1-

caHIIIO onbtTOB no 06Hapy>1<eH11!0 np11Moro Bb161rnamrn D.el!TpOHOB H3 SID.ep T.i • Be • 

C II O H aHannay nonr1eHHblX peay.(lbTaTOB. n11TaS1 rnaBa COD.ep>KHT cpeH0MeHonor11-

qecKHfi 8H8IlH3 npoueccoa, B KOTOpbIX npORBil518TCSI .llBYHYKilOHH08 B38HMO.lle8CTBH8 

BHJTpll SID.ep, 

I. 

/4/ 
B paMKaX MOD.enu He38Bl!CIIMblX '!8CTl!U K8>KD.bli\ 11yKnOH HD.pa> nOD.06HO aneK-

Tpotty B 8TOMe, cqn:T88TCSI H838BHCHMOil qaCTHueH, Ll.BH>KyIUeiicsi B o6weM U8HTp8IlbHOM 

none, npeD.CT8BnHIOIUeM ycpeD.HeHHbli\ acpcpeKT B38l!MOD.el!cTBltll BCex 0CT8nbHblX HyKno

HOB C .0.8HHbIM • npHCyT~TBHe .o.pyrHx HyKnOHOB, ,[lBIDKyWHXCSI B TOM :>Ke none, npH

BOD.l!T K Heo6xOD.l!MOCTll y'!eTa npl!HUI!na nayn11. 

npocTei\weA pa3HOBIID.HOCTb!O MOD.en11 He38Bl!Cl!MblX '!8CTl!U 11Bn11eTCII MOD.enb 

SID.pa B Bl!D.e BblpO>KLJ.e_HHOr_o ct>epM11-raaa HyKnOHOB npll Hyneaoi\ TeMnepaType, 3aKnIO

qeHHoro. B noTeHu11anbHY!0 IIMY. rny61rna KO TO poi\ He 3aBIICltT OT paCCTOHHlfSI D.O. ueHT:.. 

pa s.aPa. B STOA MO.o,enH .a.enaeTcSI .aononHHTenbttoe npe.anono)Kettne, qTo aonttOBh1e 

(pyHKUHH. OT.ll8JlbHhIX HYKJlOHOB SIBJlSllOTCH IlJlOCKHMH BOJIH8MH. 

vla o6mero s~aa pacnpe.nenettnH n~ cocTOSIHHHM qacTHU 0.neanhttoro raaa, no.a-

t{HHsuoweroCSI 38KOH8M KBilHTOBOA M9X8HHKH, MO>KHO nonyqHTb BH.U pacnpe.aenemu1 HyK

noHOB SID.pa no 11MnynbCaM (11n11 aHepr11S1M): 

[: np11 

I(<,) 
np11 t 1 2: lF 

0 '., •1 '.> <y 
(1) 

rD.e • F - rP,aHH'!H8H aHepr-1111 (aHepr11S1 ct>epM11) 

•=h'3 ,, 
F - ( 11 1)""3 3 

2M 2 P ~ 
30 Maa· 

(1•) 

< p - nnoTHOCTb HyKnOHOB B IID.pe, p A 
T;iiT' 
3 

-13 L 
R = 1,25 , 10 A 3 CM). 

B 6onee coaepweHHOA MOD.enH He3aBUCl!MblX 'laCTIIU - MOD.en!! o6ono'leK - HyK-

noHbI .llBH>KyTCSI Ha o6ono~Kax, aaanorHt{HO aneKTpOHSM B 8TOMe, KOTOpbIM'. OTB_7~qa10T 

TOt{HO ·onpe.aenettHbie op6HT8nbHbIA MQMeHT KOnHqecTaa .llBH>K8HlHI I{ rnaBHOe KBBHTOBOe 

qHCno. nopSI.llOK cne,nOB8HHSI o6onoq·eK H BOnHOBbie (pyHKUIUI oT.nenhHblX HyKnoHOB MO}K

HO ycTaHOBl!Tb, 3HaS1 cpopMy noTeHUI!ana, B KOTOpOM npoucXOD.l!T D.Bl!>KeH11e. B cnyqae 

nerxn:x g,nep 9TOT IIOT8HUH8n MO>KHO Ct.JHT8Tb HM9IOWHM (popMy IlOT8HlUISna TpexMep

HOro rapMOHuqecKoro ocuunnHTopa 

u ½ Uc,, 1 r 1 

4 

8 3TOM cnyqae nocneD.OBaTenbHOCTb 3HepreTll'!eCKI!X YPOBHeA B cneKTpOCKOITll'leCKllX 

o6.03Ha'!eHl!SIX -HMeeT BIID. ls • 1 p • 2 s • 1 d • ••• • a IIMnynbCHble pacnpeLJ.eneHl!SI 

,HyKnOHOB Ha OTLJ.enbHblX YPOBHIIX 

ll T,D.,, I"D.e 

nnSI BCero SID.pa _B UenOM 

Bblpa>1<a1QTCSI cj,opMynaM11: 

P' 
I (p) ~ e -;a 
I• O 2 

I (p) - J!.! 
tp p: 

P = v r.,.,1,. 
0 

-~ 
e Po 

I (p) = I fnp(p). 
nf 

DnS1 SID.pa yrnepoLJ.a (4 HyKnoHa Ha ls- 11 8 HyKnoHOB Ha Ip - 06ono'!Ke) 

l(p) -
2 - p 2 

(1+ 4 £:.) e P2 
:, p' 0 } 

(2) 

(3) 

(3') 

a napaMeTp Po D.On>KeH COOTBeTCTBOBaTb KIIHeTI!q"ecKoi\ 3Heprmi _7,6 M·aB (nocneD.Hee 

3aKn10qeH11e cneD.yeT 113 onbITOB no pacceSIHHIO aneKTpOHOB, TaK KaK napaMeTp Po CBSl-

3aH C nap4MeTpaM11 npocTpaHCTBeHHoro pacnpeLJ.eneHl!SI nnOTHOCTII aapSILJ.a SID.pa). . . . 

0 

CaMbIM HenocpeD.cTBeHHblM o6paaoM xapaxTep l!MnynbCHoro pacnpeLJ.eneH1111 HyKno

HOB B Sl.llpax npo11anS1eTcg np11 KBaa11ynpyroM pacceSIHIIII 6blCTpb!X npoTOHOB B nerx11x 

HD.pax. np11MeHeH11e K aToMy npoueccy MeToD.a nMnynbCHoro np116n11>KeH1111151 noaaonS1 

eT nony'IIITb CBSl3b Me>KD.y 9HepreT11'1eCKIIM cneKTpOM HyKnOHOB, 11cnymeHHblX ITOLJ. nI0-

6btM yrnoM, ll l!MnynbCHblM pacnpeLJ.eneHl!eM BHyTpll,iLJ.epHbIX HyKnOHOB. B 006meM cny

'!ae, C y'leTOM penSITl!BIICTCKOl! KI!HeMaTl!Kll H 3aBI!Cl!MOCTl! ceqeHHSI HYKnOH-HYKnOH

HOro pacceS1Hll11 OT yrna pacceSIHIISI ll .9Hepr1111 CTOnKHOBeH11S1, 3TO 6hinO CD.enaHo Pbrn-
/2/ 

D.IIHblM 

II. 

3Kcnep11MeHTbJ npoBOD.l!nllcb Ha Bb!BeLJ.eHHOM nyqKe npOTOHOB C _aHepr11eA 660 Maa. 

C nOMOUlb!O MarHl!THoro cnexTpoMeTpa H3MepS1n11cb anepreT11qecK11e cneKTpbl BTOpll'!HbIX 

3apSl:ii<eHHblX 'laCTIIU, B OCHOBHOM npoTOHOB, 11cnymeHHblX 113 o6nyqaeMblX MHWeHeA 

( Be, C , Cu ·H U ) noD. yrnaM11 7, 12,2, 18, 24 u 30°. CxeMa cneKTpoMeTpa 

npl!BeD.eHa Ha p11c. -1, a ero OCHOBHble napaMeTpbl - B Ta6n11ue I. 

THU Ha BblXOLJ.e cneKTPOMeTpa cny>K11n Tenecxon 113 '!eTbtpex CUIIHTHnn11u110HHblX C'!eT'!l!-

KOB, BKn!O'!eHHb!X Ha coanaD.eHIISI. npoueD.ypa 3KCnep11MeHTa 

DeTeKTOPOM 'lac-

COCTOHna B H3MepeHHR 

t{0'C.i18 coana.o.eam1: B 38BHCHMOCTH OT Hanpsr:aceHHOCTH M8rHHTHoro nong C MHi.u8HbIO 

B ny'!Ke H 6e3 Hee. 

nnSI HaXO>l<D.eHIISI a6con!OTHblX 3Ha'!eHlll! D.llcj,cpepeHu11anbHblX CeqeH11l! B cneKTpe ~, . . . . .. 
---... _ • B OT.llenbHOM onbITe C nOMOUlb!O OLJ.HHO•moro Tenecxona 6b1n11 ll3MepeHbl d., dE 

5 
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B HHTepaane yrnoa 7-40° JlHcpc):,epeHUHanbHhie ce'IeHHSI --4JL HCilyCKBHIHI BTOpHt{HbIX 
dw 

38pH.>KeHHbIX qaCTHU B HCCne.a.yeMblX coyn.apemn1x. nnoma.ah no.n KpHBhIMH. npe.n-

CTaansUOLUHMR aHepreTlftl9CKtJe cneKTpb11 HOpMn:poaB.nacb .K onpe.o.eneHHbIM. TBKHM o6pa-

30M 3H8tJ9HIHIM d(J 
dw 

0T.nenbHbl0 yttaCTKH Cil0KTp0B acex HCcne.noaaHHhlX aneMeHTOB 

pS!JlKe y6b1BaHHSI 3HeprHH' ynpyroMy pacc.esiHHIO npOTOHOB Ha S!)lpax 

OTBeqaIQT I B na-

( a o6naCTH Manb!X 

yrnoa), HeynpyroMy paccesiH1110 c aoa6y>KaeH11eM a siapax nepexoaoa Ha ypoaH11 o6nac

TH rHraHTCKOrO )lHnOnbHOro cj:,oTopeaoHaHca ( TO>Ke a o6nacTH ManbIX yrnoa), O)lHQ

KpaTHb!M KBaaHynpyr11M npoToH-HyKnOHHb!M coyaapeHl!HM, npoueccaM o6paaoaaHHSI Tl 

M830HOB Ha CBSl3aHHblX. HyKnoHaX H BHYTPHSl)lepHOMy KaCKa)lHOMY npoueccy. 

. 0 
.llnsi yrna Ha6nJO)l8HHSI 30 6hin0 npoae)leHO conocTaaneH1!8 3KcnepRM8HTanbHb!X 

aHepreTittJBCKHX cneKTpoa Kaaauynpyroro pacceHHl!SI B ,iapax Be II C co cneKTpBMI! 

Bbl'IliCJleHHh!MI! B IIMnynbCHOM np1!6nl!>K8HIIll/
2 / np11 paanH'IllhIX npeanono>KeHHsix 06 

HMnynhCHOM pacnpe.o.eneHHH HyKnOHOB. B 3THX 51,npax. HeKOTOpbI0 H3 Bblt{HCneHH~IX 3Hep

reTll'I8CKIIX cneKTpOB KBas11ynpyroro pacceSIHIISI B S!)lpe C Rp1!B8)l8Hbl Ha puc. 2 

' \ 

,,, 
BMeC.Te C 3Kcnepl!M8HTanbHb!Mli )laHHblMII, .llnsi 06011x Sl)lep Ha6nJO)l88Mbie cneKTpbl ·B !, 

nepaoM np116n11>KeH1111 cornacyJOTCSI C rayccoBCKIIM pacnpeaeneH1I8M l!MnynhCO~ ' I 
f (p) - e -;j , co aHa'IeHReM p 

O 
, OTBe'IaJOIUIIM 9Hepr1111 = 20 M,rn. Cyme- \, 

CTB8HHO, 'ITO Ha6n10aaeMb!8 cneKTpb! Hy>KJl.aJOTCSI ansi ·caoero o6bSICH8HIISI B pacnpeaene~ 1t1 

HHHX, npoCTHpBIOlllHXCH B CTOpOHY 6onbll1HX HMilynbCOB 3H8t{HTenbHO n.anb1:11e, qeM STO 

cneayeT 113 MO)lenl! HeaaBIICIIMb!X 'IaCTIIU (cj:,opMynhI 1 • l' ' 3 ). 

Ta6n11ua 

Yron HaonJOaemrn <ll 
(rpaa.) 7 12,2 18 24 30 

PacCTOHHHe OT MHUI0HH 

ao Kpa,i nonJOca (CM) 410 218 138 84 64 
-
Yron OTKnOHeHIISI 

(rpaa,) 18,3 24 28,5 18,5 25,7 ----
Paa11yc Kp11B113Hbl p 
ueHTpanbHOA TpaeKTOplili 

(cM) 360 284,8 222 350 265 

Yrnoaasi pacxoJll!MOCTb 
BTopttqHoro nyqKa a ro-

pH30HTanbH08 nnOCKOCTH 

(rpaa.) 0,10 0,14 0,17 0,20 0,22 
----
8bPIHCneHHOe paapew~HHe 

¥! %% - 1,8 1,5 1,2 2,6 1,8 

6 

.. 

111. 

He.nooueaKa-·6onb~HX HMnynbcOB s pacnpe.aenemu1x1 0Taeqa10IUHX Mo.aena: aeaa

BHCHMhIX qaCTII~, o6ycnoaneHa H8)lOCTaTO'IHb!M yqeTOM (a B MO)l8Jlli. <t>epMH-raaa - non

Hb!M npeHe6pe>KeH!l8M) ·aaaliMPJleAcTBHSI, cymecTByJOIUero Ha caMOM aene M8>KJlY 

BIIYTPIISIJl8pHbIMII HyKnoHaMII, ,Me>KJlY T8M 3KCnepHM8HTanhHbl8 )laHHbl8, nonyqeHHb!8 

np11 113yqeHIIII aaa11MO)l88CTBIISI CBOOOJlHb!X · HyKnOHOB apyr C · apyroM, CBH)leTenbCTBYIOT 

0 TOM, qTQ B OTnHqHe OT cun aneKTpoMar,HHTHOro B380'.MO.i:ieAcTBHSI, .aeficT~yrolUHX 

M9)K.llY aneKTpOH8MH B aTOM81 B38HM0.ll9ACTBH9 HyKn(?HOB aeCbM8 3H8qHT9JlbHO H tte.no

oueHHB8Tb era. uenHKOM CBO.llH JIHWh .K HeKOTOpOMY ycpe.aaeHHOMY noTeHUH8JIY, ttenb3H. 

3TO o6CT0HT9J1bCTB0, a T8K)K9 (paKT cymeCTB0B8HHSI npoueccoa, yK83bIB8IOIUHX H8 aaa-

q11TenhHYIO ponb KOppensiu11il B nono>KeHIIII BHyTp11H)l8pHblX HyKnOHOB na Manh!X paccTo,i

HIISIX apyr OT apyra (nornomeH11e TI- II K - -Me30HOB II y -. KBaHTOB napaMI! HyKno

HOB B siapax Ii llP•), np11BO)lSIT K BblBO,';!Y, 'ITO )lBll>KeHl!e HyKnOHOB BHYTPII siaep ne 

HBJ1H9TCH nonaoCTblO H038BHCHMbIM, XOTff B pg,ne cnyqaeB HYKJ10Hbl ae.nyT ce6SI H K8K 

Heaaa11c11Mb1e qaCTIIUhI (o qeM caHJleTenbcTayeT ycnex Moaen11 HeaaBl!CIIMhIX qacT11ul. 

3TH oco6eHHOCTH B noae.neHHH HYKJ10HOB BHY'.J'PH si:.npa, H B TOM trn:cne. cymecTB0B8HH9 

B HX HMilYJlbCHBlX pacnpe.neneHHSIX. 60JibWHX HMUyJibCOB, y.naeTCSI IlOHSITb H8 OCHOB9 60-

nee cno>KHOA Moaen11 ,iapa-MoaenH Heaas11Cl!MhIX nap; paasHaaeMoil B paooTax EpaKHe-

/6-8/ pa II JlP, (cM., Hanp11Mep, ). 3Ta Moaenh OCHOBbIBaeTCSI Ha TO'IHOM yqeTe nonap-

HOrO B3alIMO)lelicTBIISI BHyTpliHJl8pHb!X HyKnOHOB · apyr C apyroM, ( npeanonaraeT~"• 

qTO xapaKTep B38HMO,ll9il:CTBHSI K8)K.U0ti napbI HYKJIOHOB T8KOii )Ke. K8K H B cao6o.naoM 

npocTpaHCTB8), Bnl!HHIIe ~cTanhHb!X 'IBCTIIU Ha Ka>KJlYIO napy B3a!IMO)l8i!CTBY!Ollll!X HyK

noHOB CBO)lHTCH K aei!CTBIIIO np11HUl!na naynn, aanpeIUaJOIUero nepeXO)lbl qaCTIIU napbl 

B 38HSITbI9 ,npyrHMH HYKJ10H8MH COCTOSIHHH, H K C03.08Hlil0 o6mero stjJ(peKTHBHoro noTeH

unana. Mo.nenb H938BiiCHMbIX qaCTiill OK83b1B89TCSI npe.aenbHblM cnyqaeM STOH Mo.a.enH. 

lY. 

0 c.inhHOM aaa11Mp)lel!CTBIIII BHYTPl!RJlepHbIX HyKnOHOB apyr c apyroM cauacTenh

cTsyeT- T8K)K9 cywecTBOB8HH9 npouecca npSIMOro B~I6HB8Hl·HI H3 g.o.ep .neilTpOHOB, anep

Bbl9. O~Hapy:>K.eHHOro H8MH npH H3MepeHHH BbICOKOUMilYJibCHbIX yqaCTKOB cneKTpOB sapSI

>K8HHb!X 'IaCTIIU, 11cnyweHHb!X noa yrnoM 7,6° npli 6oM6ap)ll!pOBK8 siaep D • Li ' Be • 

CH O npoToHaMR c 9HeprHeA 675 M9B, 

8Kcnep11Me~Tbl npoBO)ll!nl!Cb Ha TOM >Ke MarHl!THOM cneKTpoMeTpe. J.-1aeHn1cj:,HKa

UIISI ael!TpOHOB np0113B0)lllnacb no IIX npo6ery B cj:,HnbTpe. Ha prrc. 3 B Ka'IeCTB8 npu

Mepa np11Be)l8Hbl peaynbTaTbl 1!3M8P~Hllli .o,nsi Li , 
-

B cnyqae ael!Tep11si 11CTO'IHl!KOM 6b1CTpi,1x aeATpoHOB sian,ieTCSI ynpyroe pd 

paccestane .. Attanus acex aosMO)KHhIX npoueccoB, KOTOpbie MOrJlH 6bI npuaecTII K o6pa

aoaaHHIO .neA.TpOHOB, IlOK83an, qTO B cnyqae n.nep :e.a.HHCTB9HHbIM HCT<?,qHHKOM o6aapy)K.eH

Hoil ·rpyn'ribl .ae:A.TpOHOB SI.BnSieTCSI npSIM09 Bbl6HB8HH9 II~ SI.0.9P ·.uefiTpOHOB, o6paayrolllHXCR 
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B MOM0HT coy,napemrn C uaneTSIOlllHM npOTOHOM B pe3ynbT8T0 CHnbHOro B38HMO,nel!

CTBHll ,npyr c' ,npyroM llll0pHblX nporoua H H0l!Tpona. QqeBHllHO, qTo TSKOll npouecc 

CTSHOBHTCll B03MO)KHblM llHlllb B TOM cnyqae, xor,na npOTOH H H0l!Tp0H BHYTPH llllpa 

(a B cnyqae ynpyroro pd -paccel!HHll - B nel!Tpone) B MOMeHT coy,napeHHll c uane

TaIOlllHM npOTOHOM H8XO,llllTCll Ha 6nH3KOM paccTOllHHH ,npyr OT ,npyra (cornacno 
/9/ . 

6noXHHUeBy - ua paCCTOllHHH nopll,llKa pallHyca CHllbHOro B3aHMOll0llCTBHll uyxno-

h -13 
HOB (2-: 3) Tc a (0,4 ':'.0,6) •10 CM) II BCll0JlCTBll0 CHllbHOro B3aHMOll0llCTBHll' B03HH-

Ka10mero npH 3TOM M0)K,lly HHMH, MoryT K8K OllHO uenoe socnpHHllTb HMnynbC Hane

Ta10mero npoTona. Cpasueuee ceqenull npouecca npllMoro Bb16esaue>1 ,nel!Tponos H3 

g,nep c ceqeneeM ynpyroro pd -pacce>1HHll ( Ta6nuua 11) no3soneno onpe,nenHTb 

sepOllTHOCTH HaXO)K,ll0HHll npOTOHa H H0l!Tpoua BHYTPH llll0P Ha TaKHX paCCTOllHHllX 

,npyr OT ,npyra, (,!lnll cnyqall ,nel!Tpoua 3TY BepollTHOCTb MO)KHO nallTH, 3a,naBWHCb 

ero BOllHOBOl! cpyHKUHell). HallneHHbl0 TSKHM nyTeM sepOllTHOCTH noqTH Ha nopllllOK 
. . 

npesh1wa10T 3uaqeue,r, npe,ncica3b1BaeMb1e Mo,nenblO <PepMe-ra3a, cornacuo xoi-opoll 

BepOllTHOCTb HaXO)K,ll0HHll ,nsyx pa3HOUM0HHbl'I HyKnOHOB unu llBYX OllHHaKOBblX uyxno -

HOB C pa3HblMU uanpasneHHllMH cnuua Ha n1060M paCCTOllHHU OllHH·OT ,npyroro p8BH8 

( V - 061,eM >1,npa). 

w 
H0B3e 

1 
"V 

(4) 

B TO )1(0 speMll OHH OK83bIB8lOTCll 6nH3KHMH ic 3uaqeHHllM BepOllTHOCTel!, nony

qeHHblM H3 8H8nH38 ll8HHblX no nornomeHHIO B llllpax M0llll0HHblX II- H K--Me30HOB, 

Ta6nuua 11 

3neM0HT D Li Be C 0 

. d -21 2 x) 
2,9:!:.0,6 2;2.:!:.0,5 3,7.:!:.0,8 4,6:!:.1,0 cbK~, , JO __£M__ 0,55:!:_0,12 

dw CTepa,n 

duxB..!!} I dupd 
dw· dw 5,3:!:.1,5 4,0:!:.1,1 6,7:!:.1,9 8,4:!:.2,4 

Y, 

,!ln>1 np0Beneue>1 nocne,noBaTenbuoro aHana3a scex 3THX npoueccos nano c caMo

ro uaqana yqecTb B38HM0ll0l!CTBH0 M0)KllY HYKllOH8MH, B03HHK8l0lll00 npH HX c6nH)K0-

HHH HS Manble paCCTOllHHll, T.e. B xaqecTB0 o6mell sonuosoll cpyHKIIHH llBYX HyKnOHOB 

B ll,npe 6paTb He npoc.To npOH3B0,ll0HH0 llBYX o,nnoqacTHqHblX 'PYHKUHll, a 6onee peanb

HylO 'PYHKIIHIO, 3Ta BOllHOB8ll 'PYHKIIHll BbI6Hp8eTCll C yqeTOM OCHOBHOro cne,nCTBHll Teo

PHH. 6paxuepa - Toro <p8KT8, qTO Ha M8llblX paccTOllHHllX M0)KllY HYKllOH8MH ,nsynyxnon

H8ll cpyHKIIHll B llll0PHOM sell'lecTB0 6nH3K8 K sonuosoll 'PYHKUHH ,nsyx B38HMOll0llCTBYIO-

x) C . . d . 
eqeuee ynpyroro p -paccel!HHSJ. 

8 

lllHX nyJCnOHOB, H8XO.OSl1UHXCSI B cao66.a.HOM OT .a.pyrHx HyKnOHOB npocTpaH~TBC?. 3Ta 

nocne,nmrn CTpOHTCll, no,no6uo TOMy, K8K 3TO ,nenaBTCll B pa6oTe
1101

• ilm• npOTOHa H 

HellTpOHa C napannenbHblMH CilHH8MH, o6pa3ylOlllHMH ,nel!TpOHo-no,no6HOB 
3 
s I -cocToll

H!'f0• OKQHqaTenbHbIA BHll HX ¢YHKUHH OTHOCHTCnhHDro Ll.BH>K0l!IUI nonyqaeTCSI cne.a.yro -

llUIM: 

,. 180 -a, lfJ(r)~-e_ e. [e-ac,-,.J -{3c,-,.) 
.V V r,/a" + k, - c ] , 

(5) 

r.ne k - OTHOCHT0nbHhIA HMnynhc. a - o6paTH8SI .a.n1:1Ha paccesimu1 B TprrnneTHOM coc-
13 -1 . 

TOllHHH ( a s0,232•10 CM ) ' /3 -napaMeTp, xapaKTBpll3YlOlllllll nose,neHIIB BOilHOBOJI 
-13 

cpyHKUllH B6Il!I3ll OTTanKHBa10mell cep,nueBHHbl, pa,nHyc KOTOpoll '• =0,4• 10 CM, Bo -

C,llBHr cpa3bl S -coCTOllHllll, 

BepOllTHOCTb H8X0)K,ll0Hllll npOTOH8 H H0l!Tpona BHYTPH ll,llpa Ha paCCTOllHllSIX, 

M0HbWHX a ( a = ( 2 -; .3) I.re> 

a • 
w ( a) = 4" f I if, (r) I r 2dr 

1 
. . IJ I Toquo T~K )Ke H. B cnyqae cso6o,nuoro ,ne

0

11Tpoua 

\ 

/10/ 
r,ne 

wd(a) = 4" fa/,f,d(r)/
2
r 2dr 

0 I 

o/4 ( r) 
-a(r-r0 ) -y(r-r.) 

= N e - e 
t 

(6) 

. (6') 

(5') 

a - TO >Ke CBMOe, qTO H s (5), 

H8SI. 

y 
13 -1 3,036' 10 CM , N - HOpMHpylOlll8ll llOCTOSIH-

0THOW0HHB Ceqem1ll npSIMOro BbI6HBaHHSI ,nel!TpOHOB ll ynpyroro pd -pacceSIHHll 

6y ,neT paBHO 

UKB.d 

apd 
¾ Z(A-Z) wt,a(a) 

w
4

(a) 
F • 

(7) 

r.a.e MHO)KHTenb ¾Z(A-Z) npe.ncTaansteT co6oA aoaMo>«:noe '[rn:cno nap npoTo-

HOB H H98TpOHOB ~- napannenhHblMH CilHH8MH B Sinpe A , F -- Koac}:lci:muHeHT, Y'llHTb1B8IO .... 

LURA: yMeHblll9HH9 BbIXOLl.8. Bb16HB89Mb1X .neA.TpOHOB 38 cqeT HX B38HMO.aeA-

CTBHSI C HyKnOH8MH Sill.pa H 38 cqeT ocn86neHHSI B Sill.pa ny'l!Ka nepa11q-

HblX npOTOHOB. nocne no.acTBHOBKH acex qHcneHHbIX 3HaqeHHA H ycpe,nHe-

HHSI no B03MO.>KHhIM 3H8'll9HHSIM HMnynbCa OTHOCHTenbHOro .UBH)K8HHSI k ), 

3TO OTHOI118HH9 nnH acex aneMeHTOB OK83bIB88TCSI 6nH3KHM K H3MepeHHOMy Ha OilbITe 
. 13 -1 

(Ta6nHUB 11) np11 3HaqeHHH napaMeTpa /3 Q3,8·10 CM • npH'TaKOM 3H8q0Hl!H napa-

MeTpa f3 Ha6nronaeTCSI T8K)K0 cornacHe C 3KCnepHM9HT8nhHbIMH Ll.BHHbIMH no norno-

g 
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memuo TJ -Me30HOB B llllpax II no OTHOCIITenbHOi! BepOHTHOCTII IIX nornomeH11H napa

MH p83HOHMeHHbIX ~ o.nHOHMeHHbIX HyKnOHOB. KpoMe Toro, no.ncTaHOBKa .nayttyKnOHHOil 

BOnHoBoil ,pyHKu1111 (5) co 3Ha'leH11eM f3 , 6n113KHM K 3TOMY, B Bh1pa>KeH11e .unH 11M

nynbCHoro pacnpe.ueneHIIH BHYTPl!H)lepHbIX HyKnOHOB, BbIBe)leHHOe B pa6oTe
161

• ll03Bo

nReT nonyllHTb HMnynbCHOe pacnpenenett»e, .noaonbHO 6nH3KOe K raycCOBCKOMY co 3Ha-

' qemieM ~ =20 M:eB, nony'leHHOMY HaMn npn 113yqeH1111 KBa311ynpyroro pacceHHIIH 

npoTOHOB B H.Upax lle II C • 

KpaTKile peaynbTBTbl II BbIBO.llhl 

I. rI 0./l HeCKOnbKIIMII yrnaMI! Ha6mo.ueHIIH 113MepeHbl :;rnepreT11'leCK11e cneKTphl 

BTOpilqHbIX aaps>KeHHbJX qacTHU, 1:1cnycK89MbIX npH CTOnKHOBeHJHJ npOTOHOB C 8HeprI1eH 

660-675 M:eB C H./lp8MII pll./la :eneMeHTOB. nonY'leHHbie cneKTpbl .uaIOT npe)lCT8Bnem1e 

06 OTHOCl!TenbHOi! ponn pa3nll'lHhIX npoueccoB, npOIICXO/lHIUIIX npn B3a11M01lei!CTBIIII 

npOTOHOB C 11ccnenyeMblMII ll.Upa,rn. 

2. 3HepreT11'leCKHe cneKTpbl npoTOHOB KBa311ynpyroro npoToH-HyKnOHHOI'O pacceH-

HIIH B Hllpax Be II C • H3MepeHHbie no/l yrnoM 30°, cornacyIOTCH C rayccoBCKIIM 

pacnpe.ueneHHeM BHyTpHH.UepHbIX HyKnOHOB no HMnynbCaM co 3HaqeHneM 1/e npll 3Hep

I'HII ~ 20 Msrn. 

3. no.u yrnOM 7 ,6° o6Hapy>KeHo npHMOe Bh1611B8H1Ie .uel!TpOHOB 113 H;ep Li • lle ' 

C 11 0 • Onpe.£;teneHa 

ll.Ue p Ha pacCTOHHIIHX ~ 

BepollTHOCTb H8XO>K)leHHH npOTOHa H HeilTpoHa BHyTpll 3TIIX 

(0,4~0,6 )-10-
13

cM. 
.f 

4. nonyqeHHbie peaynhTBTbI He cornacy10TCS1 c npe.ncxaaaHHRMH Mo.nen1:1 Heaae»cH

MbIX qacTHU, K8K OTHOCHTenbHO au:.na HMnynbCHOro pacnpe.neneP.H9. HyKnOHOB B R.npax 

(q,opMynhI 1, l ', 3 ), TaK ·11 B OTHOUJ8HIIII 3H8'leHHH BepOHTHOCTII HaXO>K)leHll!I npOTOHa 

11 nei!TpOHa BHyTpll H)lep Ha ManhIX paCCTOHHIIHX .upyr OT .upyra (q,opMyna 4). 

5. 3TH :>Ke peaynbT8TbI H8XOAHT caoe ofrbHCH8HHe B paMKax Monen» H838BHCHMbIX 

nap, OCHOBBHHOA: Ha TOllHOM yqeTe nonapttoro B38HMO.D.eHCTBH8 BHyTpH8Ll8PHblX HyKno

HOB M8)K.llY co6oa. HMnynbCHOe pacnpe.neneHH8 BHYTPHSI!lepHblX HyKnOHOB, BbJt,rncneHHOe. 

C fqeTOM TBKQrO B38HMO.llei1CTBHSJ, HM88T BH.D., 6nH3KHl1 K nonyqeHHOMy H3 8KCil8pHMeH

T8nbHbIX .naHHbIX .. AnaJUl3 npouecca npS1Moro Bbl6HB8HHH .nettTpOHOB H3 saep, npoae.aeH

Hbiil C npuaneqettrieM OCHOBHbIX cne.nCTBHA: TeOpHH EpaKHepa, Il03BOnBeT nonytIHTb 

y.noaneTBOpHTenbHOe KOnHqeCTBeHHOe cornacue C 3KcnepHMeHT8nbHblMH naHHbIMH. 
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P11c. 2. 311epreT11qecK11ll cneKTP Ksa3uynpyro pacceHHHhIX npoTOHos: Teope
THqe?K.Iie- KpHBbI0 H SKCnepHM0HTBiibHbl9 .0.8HHbie angoC npH StteprHH 
nanaIOWHX npoTOHOs; 660 Mas. Yron 11a6mone111rn 30 •. 

~-!;' 

I, 11; 111 .-·rayccoscKoe pacnpenene1111e co s11aqe1111eM lie 
cooTseTCTSe>I110 np11 16, 18 II 22 Mas; IY, Y -'cyMMa 

. nsyis rayccosCKIIX pacnpenene1111ll s11na --~ 
~ · ,.__ e · Pt + a e 

·2 

-~ 
2. 

2 2 

!?.J_•= 16, .EL- = 50 Mas 11 a = 0,09 ( IY) 
2U 2.11 

2 2 7h = 7, . !!..i.. = 50 Mas ,, a = 0,15 (YJ. 
21./ 
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P11c. _3. 

4300 

I 
l,J5S 

LI I 
n p 

II 
d2tJ ·JD ct12 

dt,Jdp • 10 cmepol1 "J/;'c 

r,o 

to 

I 
' ~ 5000 6000 Hp 

5405 
I 

I I I y¥ 1. 
I 
I 
I 
I 
I 
~11 

: f)'l+Jt 
: ';.J.._._ 

4000 SOOD 6000 
HJJ, l<UflOeaycc CM 

J.1MnynbCHblll CIT9KTP STop11q11bIX aapH)K8HHblX 
qacTHU OT p + Li -coynape1111ll non yrnoM 7,6°. 
I - cyMM8pHbill cneKTp STOp11qHblX. 38pH)K8HHblX 

'tl8CTHUi 

II - cneKTp npoToHos; 
111 .~ cneKTp qacT11U, OCT8HOSIIS_WIIXCH s qll!IlbTpe. 


