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A H H o T a u n g 

06cymnaeTC£ OOnHhlfi Ha6op 0DhlTOB 1 CB£38HHhlfi C yCT8HOBneHHeM COOTHO-

weHHfi Memny aMnnnTynaMn npoueccoa o6paaoBaHH£ ~ -MeaoHOB HyKnoHaMn c 

paannqH~MH H30TODHqecKHMH CDHH8MH~ 

KonHqecTBO 9KcnepHMeHTOB, BbmonHeHHhiX no HacTo£waro apeMeHH B 

o6nacTH aHeprHH HyKnoHOB 600 M sa, ewe HenocTaToqHo nn£ onpeneneHH£ 

acex coorHoweHHI Memny aMnnHTynaMH. 

OnHH H3 o6cymnaeMhiX onbiTOB MomeT £BHTbC£ aecbMa qyac'F8HTenbHhiM · 

HCDbiTaHHeM npaBHnbHOCTH pe30H8HCHOI TeOpHH npouecCOB o6p830B8HH£ , rt -Meso-

HOB HyKnOH8MH. 

I& 
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Bae.neHne 

norrhlTKH C03AaHHH TeopHH rrpOU8CCOB o6pa3DBaHHH :Jt -MeaoHDB HYK1lDHaMH, 

rrpOH3B8.[l8HHhl8 pHAOM aBTOpOB 1 06hl~HO CBOAH1lHCb K ¢e~OM8H01lOrH~eCKHM paCCMOT

peHHHM, .naBaBlllHM K01lH~eCTB8HH08 _o6'bHCH8HHe HM8IOIUHXCH 8KCrrepHM8'!TaJibHbiX 

Ill 
.naHHhlX. Tax, H~npn:Mep, BaTCOH n BpaxHep npoaenn napunan&Hhlfi aHanna npouec-

coa o6paaoBaHHH Me30HOB HyKnoHaMn. 0HH npe.nnonarann, ~To a npouecce y~acTByeT 

He601lblllOe ~HC110 COCTOHHHfi C Drrpe.neneHHbiMH op6n:Ta1lbHhiMII MOMeHTaMII~ M aTpii~

Hbre an eM eHThr npoueccoB nonaraniiCb nocTDHHHhiMII Benii~IIHaMII: y~IIThiBancH npiiH

unn aapHAOBOfi IIHBapiiaHTHOCTII 1 3aKOHbi ·coxpaHeHIIH1 a TaK)Ke B1liiHHIIe rrpiiTHriiBai0-

9 . . 121 
ruero B3aiiMO.[leHCTBIIH HYK110HOB B KOHe~HOM COCTOHHHII. PoaeH¢e1lb.[l H renn-

131 
MaHH II BaTcoH Ha ocHoBe TaKoro ¢eHoMeHonorn~ecxoro no.nxo.na nponaaenn 

8H811H3 naHHhlX ODhlTOB 1 BhlD01lH8HHhlX rrpH 8HeprHH B611II3II rropbra. npn: STOM OHH 

141 
IIcnon&aoBanii rnnoTeay BpaxHepa o .ToM, ~To npn aHeprrm: Hyxn<:moa, npiiMbiKaro-

ruefi K noporOBOH 1 OAHH H3 BTOpH~HbiX HYK1lOHOB H o6pa30B8BlllHHCH n-Me30H H8XO...,. 

3 3 
AHTCSI npen:MyruecTBeHI.ID B peaoHaHCHOM cocTDHHHH I 12, 12 I. 

151 c •. MaH.nen&lllTaM pacnpocTpaHHn aTy ¢eHoMeHonorn~ecxyro Teopnro Ha 

o6nacT& 6onee BbiCDKIIX aHepriifi oT 400 MaB .no 600 Mas. B .ero paccMoTpeHIIII 

MaTpii~Hhle ·aneMeHThl D01lara1liiCb DOCTOHHHhlMH B81lH~IJ:HaMH; B~OAH110Cb pe30H8HCHOe 

,.. ~ ' 3 I 31 
~J' -Baan:Mo.neficTBIIe I 12, 2 I; y~IIThlBannc& ace KIIHeMaTn~ecKIIe ¢aKTo-

pbi II rrpaBIIJla CJ10)i{8HIIH MOMeHTOB K01lH~8CTBa ABH)KeHHH II CDIIHOB ~aCTIIUo Cor

naCHO aToti: Mo.nenii;, .naroruefi Hanny:~lllee o6'bHCHeHIIe acex axcnepn:MeHTan&HhiX 

.[l8HHbiX 1 D01ly~eHHbiX Ha rry~Ke DpOTOHOB 1 - B yKa3aHHOll o6nacTII 8HepriiU He .[l0Jl)K

HO Ha61liOAaTbCSI CK01lbKO-HII6YAb aaMeTHO ITO HHTeHCIIBHOCTII o6pa30BaHIISI ot -Me-

30HOB HYK1lDHaMH B cocTOHHHHX c naoTorrn~ecKHM crrn:HoM, paBHhiM Hynro ( TNN= 0 ). 
. . 16,11 . 

O.nHaxo axcrrepiiMeHTan&Hbre .naHHbre roBopstT o ToM, ~To STo rrpe.ncxaaaHIIe 

p930H8HCHOfi TeopiiH ,MaH.[l81lblllTaMa H8XO.[lHTCsi B DpOTHBOpe~UII C ODbiTOM. · 

/V\ Q)i{HO 11H OTCIO.[la c.nenaTb ::JaKJliO~eHIIe 0 HeCOCTOHTe1lbHOCTII pe30H8HCH0ll 

Mo.nenii MaH.nen&lllTaMa? .[lnst Taro ~T06br pellliiT& aToT ~orrpoc, Heo6xo.nn:Mo 

y~eCTb He TOJlbKO pe30HaHCHOe B38IIMO.[lefiCTBIIe B CIICTeMe :Jt.J{ . C II30TOITII~eCKIIM 

crriiHOM T = 3/2, HO TaK*e II c II30TOITH~ecKHM crriiHOM T = 1 /2. H ecoMHeHHD, 
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qTo a caM oM oomeM cnyqae 6y .ueT aaomoilaTbcSI npostaneHRe oooRx peaoHaHcoB. 

Ho peaoHaHcHaSI Mo.uenb M aH.uenblllTaMa coBMecTRMa TOJibKO c no.uaBnmomRM 

npeo6na.uaHReM peaoHaaca T =3/2. TaKRM o6paaoM, peaoHaHcHyro TeopRro Mo>KHO 

npoBepRTb H9DOCp9,llCTB9HH0 1 9CJIR. onpe.uenRTb COOTHOlll9HRSI Me>K.uy BepoSITHOCTSIMR 

aTRX .uByx peaoaaHcHbiX B3aRMo.ueficTBRii:. O.uHaKo, KonRqecTBo BbmonHeHHbiX .uo 

H8CTOSIIU9I'O !)p9M9HR SKcnepRM9HTOB 9lll9 ·H9.llOCTaToqao, qTOObi H8HTR TpeoyeMbi'e 

COOTHOlll9HRSio Bee 9TR. OOCTOSIT9JibCTBa nooy.z:i~JIR HaC BHOBb, oonee .ll9T8JibH0 1 

OOCy.llRTb DOJIHbiii: aaoop ODbiTOB 1 CBSI38HHbiii: C YCT8HOBJI9HR9M COOTHOlll9HRii: M9>K.lly 

8MDJIRTy.U8MR npouecCOB o6pa30B8HRSI :if· -Me30HOB HYKlrOH8MR C p83JI1fqHbiMR 

'. . 
R30TODRqecKRMR CDRH8MR. 

. ~ .. 

1. 06mRii:. cPOPM8JIR3M 

K aK R3BeCTH0 1 cpeHoMeaonorRq~cKoe onRcaHRe npoueccoB oopaaoBaHRSI ~ -

M930HOB HYKJIOH8MR B npOCTpaH.CTBe R30TODHqecKOI'O CDRHa' CBO.llRTCSI K BB9.ll9HRIO 

. Tpex aeaaBHCRMbiX aMnnHTy.u. BepoSITHOCTb nroooro npo~ecca o6paaoBa!JRSI ·~-

· M930H8 CHCT.eMO:ii: .llBYX HyKnOHOB Bbip~>KaeTCSI B SIBHOM. BH.ll9 qepe3 TpH H938BRClr"" 

Mbie 8MDJIRTY .llb'lo ~ -Me3oHa npu coy

.uapea:~m · .z:ieyx HyKnoaoe N1 R N 2 oooaHaqRTb qepea M (N1 N2 _.,. N'1,N2'~) 
I I · · 

EcnH aMnnRTy.ua npouecca o6paaoBaHRSI 

r.ue N
1 

H N2 - BTOpRqHbre ayKnoahr, TO aTa aMnnRTy.ua 6y.ueT R3MeHSITbCSI npR 
Pl. I 1 I 

nepecTaHOBKe ayKnoHOB N1., IV 2 RJIR N1 , N2 • EcnR yqecTb aapst.uoeyro cRMMeT-
;;:. ~ 

p~IO, TO qHCJIO pa3JIH:<!HbiX 

/8/ 
CB9,ll9TCSI K C9MH 

npoueccoB oopaaoBaHRSI ~ -MeaoHoB HYKJIOHaMH 

• 

B O,llHOM 113 npeacTaBJI9HRii: 0 KOI'.ll8 B KOHeqHOM COCTOSIHHR BBO.URTCSI DO.ll -

CHCTeMa H3 .llBY:X HYKJIOHOB 0 

. cne.uyromHM oopaaoM 

aMnnRTY.llhi paanRqahrx npoueccoB BbipamaroTCSI 

· ') -1-r- 1r M (pp-- npTL,.. = {2 T1o + 2r11 M ( pn-. nn:n:·') = g Fo-1- ~ F_l-1 

.M(p?~ phJi.4)=-~f:;o;- ~~1 {. -~ 
M ( np ~ nn7l+}= '(Gto1 + 2 ~1 

I 
I 
I. 
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/1 I 

3.lleCb Fij 0603HaqaeT Tpll 8IIJIIITy .llb~ peaKUIIH B II30TOJIIIqecKOM IIpOCTpaHCTBe. 

nepBbiH IIH.[leKC YK83biBaeT H30TOIIIIqecKIIH CIIIIH CIICTeMbl .llBYX HyKJIOHOB B Ha

qaJibHOM COCTOSIHHII 1 BTopofi IIH.[leKC - B KOHeqHOM COCTOSJ.HIIII. 

8 .llpyrOM ·rrpe.[lCTaBJieHIIH, KOr.[la B KOHeqHOM COCTOSIHIIII BBO.[lHTCSI IIO.[lCIICTe

Ma Il3 
-MeaoHa 11 HyKJIOHa, aMIIJIIITY.llbi paaniiqHbiX rrpoueccoB cornacHo 

paBHbl 

M (pp .. pn:it+)=- 2~ A1~ +* A~1 ; M (hp-nnJt-r)~ ~ [~A13-r~A11+ ~ Ao1J; 

M (pp _. ppTL·)=- ~A 13 -~"f A11; M(hp- hp:rr•)::~ ~A1:;- ~A~1·-[G-Ao1] ; 

~("~>~ pn:;ro)=-~[~~~~-JirA~1-r }GAQJ: 

/9/ 

/2/ 

r.[le Aq -. 8MIIJIIITy.lla peaKUIIH B- II30TOIIIIqecKOM rrpocTpaHCTBe. nepBbJH IIH.[leKc 

YK83biBaeT II30TOIIIIqecKIIfi CIIIIH CIICTeMbJ .llByX HyKJIOHOB B HaqaJibHOM COCTOSIHHII, 

a BTopoti IIH.lleKc ~:::. 2.1";N r.lle T7iN - II30TOIIIIqecKIIfi crriiu IIO.llCHcTeMbi 

Il3 'Jt -Me30H8 II HYKJIOHa. 

D.ucpcpepeHuuaJibHbie ceqeuiiSI rrpiiBe.lleHHbiX rrpoueccoa aarruwyTcSI cne.llYIOWHM 

o6paaoM: 



~ ·' . ' 

-----·-
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. ' 

1. dS(pp-npJL+)=.~\F:o\2-t- ~ ~~1\2+ Jilf;11·l~o\~~1o,i1 = .. 

= ~ I A,3\
2

: ' 

J!. · ds(pp- PYl:Jt-r) . ~ l~o \2 
+ ~ \f11\2 ~ ~\~1 H-E;o\· c.ro~~o,11 = 

= ~ L~ \A1~\ 2-r 2\A-11 \
2

- J2 IAn\·\A11 \ ~Cf'1J; 

~. d.o(pp~ppTt:o)= ~ \~"\2= 

= ; l~ !An \ 2~ !A11!
2 
+. V2l A13\·IA11 \~ern]: _ 

_ ~. · d.S l ph- nnTL-t-) = ~Ito~ \2 
+ ~ \~1 \2- ..iG \fo4 \-\~1~·~ ~o1,11 =- r 131 

i [ ~ \ \2. \2 \. \2 - \ \ \ ; · = G 2 Ar~ -t-\A11 + AiH + J2\Ar3 · Aw eMlpn-

-Q\~J\Ao1\.~cpo·t -12 \A,JI·lAo1l~<foJ]: .. 
;.5, 

- · \ 1 \ \2 -t I · \2 t I I r I . . .J.. . Y.. dG"(np-- hnJi.+ J = G fo1 +4 F11 .-r {G\to1 · '"" · ~ l.fo1,11 = 

= ~ [~ !A,~\2+ \AH \
2

+ I Ao1 r~ + ~2\A,3\·!A11 \.C9J 'Pt3 + 

4-21 AH \~ \ Ao1 \ C)))'foi + J2\ At~\·! Avf \ ~'fo3]; 

_) 
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+ {2 \Ani·\ Aot[· tm<pol -! A11 \·!Aot \· e.-O:>'foi]: 

2. M eTOIJ. HSMepeHIHI HHTep¢epeHuHoHHbiX a¢¢eKTOB 

npoueccbi /1/ H /11/, /lY/ H /Y/, a TaK)Ke /Yl/ H /:fll/ B Bbipa)KeHHH 

/3/ pa3nifliaiOTCSI Me)KIJ.Y co6oii 6naronapg HHTep¢epeHUHH Me)KIJ.Y IJ.BYMSI 8MIInH

TYIJ.aMH. YcTaHoaneHHe pasnH'lHSI Me)Kay aTHMH upoueccaMn aacT HaM aecbMa 

cymecTBeHHbie aouonHuTenbHbie aaHHbie. PaccMoTpuM MeTOIJ.bi Ha6nroaeHHSI aToro 

pa3JIH'lHSI Ha OIIbiTe. 

A. EcnH upousaecTu uepecTaHOBKy upoToHa H HeiiTpoHa B Ha'lanbHOM cocTog

HUH [ upoueccbi /lY I H /Y 1], TO pasnH'lHe Me )Kay aTUMH IJ.BYMSI upoueccaMu 

MO)KHO YCT8HOBHTb, 6naroaapg sapSIIJ.OBOH CUMMeTpUU 1 IIyTeM cpaBHeHHSI IIpoueccoB 

pn-- nnJi-~" H pn _... pp:n.- IIOIJ. OIJ.HUM U TeM )Ke YI"JIOM UCIIYCK8HUH ~ -

MeSO HOB. 
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B. Ecmt me Mhi npousBeneM nepecTaHOBKY Heii:TpoHa u npoToHa B KOHeqHoM 

cocTOSJHHH [ npouecchi /1 I H 11 1'1, HJIH IYl I H IY1-1 I J~ TO nng_ ycTaHOBneHHSJ

pasmtqug Me:mny BepoSJTHOCTSJMH aTHX npoueccoB Heo6xonuMo perucTpupoBaTb 

· O.llHOBpeM eHHO .llBe qaCTHUhl 1 HanpHMep, :Jt' -Me30H H O.llHH H3 HYKJIOHOB, 3necb 

HaM Heo6xonnMo .ycnoBHTbCSJ, KaKoit iiyKnoa. Ha3hiBaTb nepBhiM HyKnOHOM, By neM 

. 1101 
npunep>KHBaTbCSI onpeneneHHSJ, naHHoro ct>epMH 1 cornacHo KoTopoMy nep-

,BhlM HYKJIOHOM Ha3hlBae~CS'I TO~ HYKJIOH~ npoeKUHS'I KOTOpOI"O _Ha HanpaBJieHHe 

HMUYJIJ;>Ca m:- . -Me3oHa B CHCTSMe; ueHTpa Mace .llBYX CTaJIKHBaiOll.lRXCS'I HyKno-

HOB SJBJISJeTcSJ HaH6onbmeii: no anre6pauqecKoMy sHaqeHuro. 

00CKOlibKY H900XO,llRMO onpen·enHTb. TOJlbKO COOTHOWeHHS'I Me:mny aMUJIHTy

.llaMH F hmH A I 1 R He Tpe6yeTcSJ_ noKa ycTaHoBneHHSJ cnHHOBhiX u yrnoBhiX · 

3aBHCHMOCTeit 9TRX aMUJlRTy .ll 1 TO. UeJlbiO HaWRX OllhiTOB .llOJl>KHO · S'IBHTbCS'I H::Mrepe

HHe COOTBeTCTBYIOlllHX UOJlHhlX ce_qeHRit npoueccoB, 

• EcnR B onhiTe perHCTpRpyeTcSJ TOJibKO :rt -Me30H 1 To pasnRqHg Me:mny 

~poueccaMR 111 H 1111, a TaK>Ke /Y11 H IYlll, ycTaHOBJieHo ObiTb He MO>KeT, 

BynyT HsMepeHhi TonbKO cy~MapHhie BepoSJTHocTR ia:mnoii: naphi npoueccoB, u 

COOTBeTCTBYIOll.lHe UOJ1Hbl9 ceqeHHS'I paBHhl 

S(pp~::rt+)= ( dJ.S (pp-.npjt+)d..Q. T r ~ (pp_.pnx+)dn.; 
. ) cl.Sl ' )_ ' 

141 
. . ~ d. ·. ~ dS 6"(np'""'=>Jto)= _§:__(np-npitD)d.Q + _dr._ (np-+pn:rt>•)d.Sl 

. d.Q~ ~ ... '-. 

DnSJ ycTaHoBneaHSJ pa3nHqHSJ Me:mny npoueccaMH 11 I u 111 I, a TaK:me, Me:mny 

:j.y7 t /Yll) aeot5~'<'>.ci.HMb n~'Me~HTb rionHoe-~ce~,e~H~: Ka~ni,ix us .!lay~- ~poueccoB B. 
;... " • ." • \ ~- ' • • ' • • • ~ • ' I 

OT ll 9JlbHOCTH: 

. 1 ( ' npquecca, KOI".lla· nepBbiM HYKJIOHOM SIBJISISTCS'I_ npoTOH 1 H 

2/ KOI".lla- nepBblM HYKJIOHOM 'SJBJIS'I9TCS'I aeii:TpOH, 

'· 
B o6meM onyqae, Ka>K.llaSI R3 CUHHOBhiX KOMUOH9HT. BOJIHOBhiX fPYHKUHii 

( ' 

KoaeqHoro cocTOSJHHSI nporiecca N N ~ Jv N 1L SIBnSJeTcSI cpyHKUHSJMR 

~Mnynbca Sl:' -Mesoaa, HanpaBJI9HHSI BblJleTa :il -Me30Ha I e,; lf" It 

a; TaK>Ke HanpaaneHHS'I pasneTa ~YKJIOHOB I .• ef2 • Cft'l. I •. Yrnbi l ~; 1 C/12 I 
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npa·aTOM OTcqaThlB8IDTCH OT BBKTOpa aMnyn&Ca .~ -MeaoHa B CaCTBMB QBHTpa 

Mace .llBYX BTOpaqHbiX HyKnOHOBe npa OOCY)K.llBHlm Bonpoca 0 nonHhiX. ceqeHaHX 

HaM .llO.CTaToqHO paCCMOTpBTb .llacpclJepeuaaan&HOB ceqeHae, ·. y.cpB.llHB HHOB 'no .aaa-

MyTan&HhiM yrnaM <fx 5-
a P -· BOnH Q't -MB30Ha a HyKnOHOB 1 TO 8TII ycpB.llHBHHbie ceqeHIIH aaniiUiyTCSI .. 

B Ba.lle; 

/5/ 

I'.llB adpJt) - cfJYHKQaii . IIMnyn&ca 'Jt -MeaoHa. 

Vfa /5/ Ba .llHO, qTo Mepoii paaniiqiiH .BepoHTHocTeii npoaeccoB pp- npJt:+ 

a pp- pn:n.+ SIBnSieTcH KoacpcpaaiieHT Qj_ • O.llHaKo nonHoe ceqeHIIe 

npoueccoB PP--'> 1'\ p rc-+ II p p ~ p 1'\. jl.-+ He aaBIICaT OT a TOI'O Koacpcpiiaa-

BHTa, nocKon&Ky paaHOCTb Mem.lly .lliicpcp.epeHa·IIaii&Hbri.m ceqeuiiHMa paccMaTpWBae

MhlX npoaBCCOB II3MBHHBT CBOfi 3HaK Ha oopaTHhlfi B peayn&TaTe npeoopa30B8HIIii: 

8.7\- (:Jt-97tJ ~II t\'l-"":>(JL.•812J .·0TCID.ll8 CnB.llYBT 0 qTo pa3HOCTb .llHcpcpe-. 

peHaaan&HhlX ceqeuafi 8Tai npOUBCCOB HBOOXO.llaMO II3MBpHTb TOnbKO B oonaCTII 

yt"noB 0< 87l <. Ji./2. .. ·~. 9~ (-)~ 2 < Ji.f2 ... ' .. n_go:cii3B,(3~~ r_r~~~:::l}~M· .. /~.pe.ll~e:~ae no .. 

• oTHOCIITen&HhiM aaiiMyTan&HbiM .yrnaM:, ';1xonSIIUaM .a ce~eHae 8 BIIne eos(<f
11
-lf

12
) 

II 
/1"1/ .. 

TaKaM o5paaoM, onpe.ll eneHHbie HIIme paaHOCTHbre nonHbie ceqeu l'ISI Ll S 
COOTBBTCTBYIDT p83Haae BBpOHTHOCTBii npOUBCCOB /1./ II /11/: 

T~ "'lr 

~~0,11 = ':1 ~ \ [ dG~:Ji~ (On, e11J- dG ;~1\; ( Q"· e~t)] d.Q (e]j) J.Q ( e,L) /6/ 

0 I) 

.; 

·!.i.. 
~~ .. ·. 

.\. 
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u ananorHqno - /Yl/ u /Yll/ 
~~ . . . . 

·~~ = 4 ~ \ r d np ( ·. ·)- d "P ( . ~ . f""'\ ( \ Q. ( J 
01,1o ) ) ~ ~llpjj• Bn, e4'1 {;pnA• eJi I ei2) j J ~( G:a) J 91~ . 171 

. ·' 
0 0 

Pa3nnqne Me:>Kny npoueccaMH /lY/ H IYI 3annmeTcH B 6onee npocToii cpopMe: 

1l/2 

6: . \ G pn. , np • J J 6. 011• =2 dG . (9 31~- dS 6 ( 9") d.Q(Ik = ,., nnn'~' 1\nTo• 

0 

11h 

=2( rds"P (9:.'-dE;"r 6(9 11 Jl J.Q(QJ,\. J ~ pp7\- ) hnAT lj . 

/8/ 

0 

K aK u B npenhinymnx nByx cnytJaHx, pa3HOcTnoe ceqenHe, onpenenennoe B 

181, HBnHeTcH Mepoii KoacpcpnuneHTa • ~' B yrnoBoM pacnpenenennn Jl" -Me3o-

HOB: 
d~(np--'Jt-)=:-0.-t g~ g1i-+ e.~2 ~Jr.' 

BKnan KOToporo B o6~qnoe nonnoe ceqenne, ecTecTBeHHO, paBeH Hyn~. 

3. CooTnomeHIHI Me:>Kny aMnnHTynaMH c pa3nHl{HhiMH 

H30TOUHl{eCKHMH CllHHaMH 

JlnH HaXo:>KneHHSI Tpex aMnnnTy n f"ti· ,..unu A \j -Tpex a6coniOTHhiX Benu-

•nm H Tpex cp830BbiX COOTHOW8HHii Me:>Kny. HHMH /Tp~XMepHbiH cnyqai\ J / - MO:>KHO 

HCUOnb30B8Tb ni06bi8 WeCTb He38BHCHMbiX ypaBHeHHii H3 ceMH B03MO£KHbiX:. 

t?(pp-.>J\.T)= \~o\2-t ~ \f.,\2 

G (pp--:it")= ~ \~, \2 ·, 

A6-1041 ... {2 D1011 
o I 

~ (np_,.l.~) = %-tr .. , fr ~ \f.,o \
2 

·, 

6(np...,Jt*)"" ~ \fo,\2
+ ~ \~1 \

2
; 

A6o1,H = ~ S2 0-\,H 

D.. Go~ 4o = ~Do~ 4, • 
' ' . 

/9/ 



r.ue J2 .. kl = I ri · I· I r k{ 1. (!M ,I- . . ~·-t: . lj, .J crlJ, .. 

O.uHo n:a ypaBHeHn:fi, CBH3biBaiOmee o6bPIHoe noJIHbie ce~eHn:H npoueccoB 

He flBJifl9TCH H938BllCllMbiM, llOCKOJibKy HMeeTcH. O.llHO COOTHO_!ll.eHn:e M9:>K.lly llOJIHbi-

Mll C9'I9HllflMll! , , , \ · , . 

· 6(pp-Jt ... ) + E.(np~Jti') +~(np~.Jt-) == 2[~Cpp-1-~~) +G(hp- Jt•)l. 

AMnJIHTY.llhi tii HaXO.llHTCH n:a aKcnepn:MeHTaJibHO Ha6niO.uaeMbiX ·Benn:'In:H 

C llOMOll{blO COOTHOlU9Hllfi 

\~o \2= Ei(pp~:n.+)- ~(pp~Jto); 

I ~1 \2 = 2 s C P P ~ :it 0) ; 

Q,o,H = ~ ~6:,0,11 ·, 

_Q 1\1 01 = ff ~6',1,01 ·, 
' ' 

1101 

Ecnn: Hafi.ueHbi t TO 3Ha'I9HllH MoryT_6hlTh onpe.ueneHhl n:a 

Ah=-~ ~0-~-JI~, ·, A~,·= tt;o2-~" ~ ~:- ~~ _QI.,,H ·. c.J_o~'~{f n,~,OI ~~1 .Q_Ivrl:' 

.Ao, ~ fo1 ·, A!{'" to~ ·, ~o1;-~·Jtn.o,o1 ~~f2~~.;1, 
. ; /11/ ,i . ( 

.. 

llJIII B HBHOM Bll.ll9 'Iepea Ha6JIIO.ll89Mbi9 B9Jill'IllHbi 

/12/ 

'"·. 
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r.ue w ii =I A1t I·IAjt I~Y'iJ. 

4. OnhlThl Ha ny'fKe H~ITpOHOB 

~3y'feHHe peaKuHI 

HeiTpoHoB 600 MsB
17 1 

np- ppTL H hp- n11.:n,1-

.uaeT B03MO)KHOCTb 38KniO'fHTb
1 

'fTO 

npH 9HeprHH 

1~11=1=0 . 
~3 Tex :m:e .uaHHbiX cne.uyeT, 'fTO A~o~,H B 9TOI o6naCTH 9HeprHH. BBCbMa 

6nH3KO K HyniOo 3TO 03HaqaeT, 'fTO aMnnHTYLlbi to1. 
H ~~ ITO'fTH OpTOI'OHanb-

Hhl .upyr .upyry. Ha nyqKe HeiTpOHOB Heo6xo.uHMo H3MepHTb pa3HOCTHoe ceqeHHe 

6.601,\0 

WHTb 

• 3To no3BOnHT ycTaHOBHTb cpa3oBoe cooTHoweHHe H cymecTBBHHo ynyq

.uocToBepHOCTb BenH'fHHbi \ to-1 \ 

5. OnbiTbi ·Ha nyqKe npoTOHOB 

H·a ny'fKe 0 ( PP _,. Ji. +) 1121 
H 

S(pp-Jt<~) 
npoToHOB npH SHeprrm 600 M SB H3MepeHbi 

1131 
• 3TH Ll8HHhlB IT03BO~H!OT onpe.uenHTb l f.;., I H \ f11 I • HaH-

6onbWHI HHTepec LlnH Hac npe.ucTaBnHIOT 3Ha'fBHHH JAr;/ H 

, 3 I 3 . 
npoTOHOB 660 M3B1 T.e. B o6nacTH pe3oHaHca I 12, 12 I, 

6biTh npeo6na.uaiOUlHM. O.uHaKo, cooTHOilleHHe ,Me:m:.uy JAr~\ 

ecnH H3MepHTb A~011 • 
I 

I A11/ npH SHeprrm 

r.ue / Al3/ . .uon~rno 
H !Au/ MO:m:Ho HaiTH, 

CornacHo pe3oHaHCHol MOLl enH C .M aH.uenbWTaMa, / A11 \ = 0 OTKyb.a 

KaK CnB.UCTBHB B03HHKaeT XOpOWO H3BBCTHOB C'OOTHOW8HHB 

6+ = 5 
Ei"o • 

ct>aKTHqSCKH Ha ORbiTS Ha6niOLl88TCH 3Ha'fBHHB 

G"+ 
So = 3,4 , 

KOTOpoe y.uaeTCH 06bHC~HTb TeopeTH'fBCKH C DOMOUlb!O HBCKOnbKO HCKyCCTBBHHOI'O 

npueMa. B .uelcTBHTBnbHOCTH sTo npocTo 03Ha'faeT, 'fTo IA11 \ =F 0. 

,DnH 6~nee LlBTanbHOI'O paCCMOTpBHHH BODpoca 0 B03MO>KHbiX 3Ha'fSHHHX 

IAn\ H lA~~\ · uenecoo6pa3Ho 

.G~ .. 
ot::s 

0 

BBBCTH cnB.UY!OillHB 0603H£.t;t:rSHHH: 

k.. ,~A;ll 
1\ =---. 

lA, I 

j 
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Ha puc. 1 npuae.neaa o6nacTb .nonycTUMbiX a~aqeHufi ol.. 

aanonHeHa ~eMefiCTBOM KpUBhlX 

u k 1 KOTOpaSI 

d. = ~ + 5 k" - ~ k ~ 'P13 

· 2.-t- k2 + fB'k ~Cfn 

c napaMeTpoM ~ Cfn • 3To o6nacTb orpaHn:qeHa cHuay Kpuaoll: 

ol. '= 4+5k~-fik 
o/f,=o . ~ + k2 -t {8 k 

KoTopaH uMeeT ropuaoHTanbHbie acnMIITOTbi. oC.=-2 (k~ D)·' .u 
'9 . ~ 

U .llOCTUraeT MUHUMyMa npu k--{2" 
Caepxy o6nacTb orpaHuqeHa .nayMH aeTBSIMU Kpuaoll: 

of-= s( lc - ?0) 

/14/ 

/15/ 

KOTOp~SI UM99T .llB9 I"'OpU30HTanbHhle acuMnToTbi o(.::-2 (k- o) u .,(.,.. S (k...,. .... ) 

H O.llHY OOW:YIO B9pTUKanbHYIO acuM_nToTy npu k={2 

KpnBbre ol= ol. ( k; ~lf'n) 
UM910T 8KCTpeMyM IIpU 

' 5k4 -tk? -4 
cX=-----

k4 -k2- 2 /16/ 

38 UCKn!OqeHU9M MOHOTOHHOfi KpUBOll 

'X 
w:eif Cfh = 2 

0 COOTB9TCTByJO-

3HaqeHUSI /(1.. 
• J.1a puc. 

, TO B03MO)!{HBie 

aaKn!OqeHbi a UHTepaane 

/17 I 

J.13 .llPVf'UX OC009HHOCTefi 

TO ~ Cfn :; ::!: 1. 
aToll: o6nacTu OTM eTuM, qTo ecnu .<:,oll ~1011 = ± 1', 

' . I 

, cooTBeTCTBeHHo. O.nHaKo, cp,,,,., ··= "}1'2 COOT BeT-

w
1
• =- 'Jtf,., CTByeT l',. o;. - -HOCTb ~0 • ~1 

TOnbKO .llnSI o( = 3. B ocTanbHbi·X ·,cny~aHx op:roroHanb-

He 03HaqaeT OpTnOHanbHOCTU 
-:9 _., ',('. 

A,l. A, • npw _aT.QM UMeeT 

M9CTO COOTHOW:9HUe 

~o{-1: C.~cp~DH + (3-ol.) 
~~~l= . I . 

. ~cX2-t-3oi.-2(3-ol.)Joi-1 ~tf~~ .• 1-

I 

£{o(- i) ~2 cf>1o H 
• I 

/18/ 
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Ecmr ~::: ol.::: S 
6. 

, TO B03MO:lli:Hbl9 3Ha'leHHSI k;? 3aKJIIO'l9Hbl B Im-

Tepaan~ ~ < k2 < oo • TaKHM o6pa3oM, ¢aKT paBeHCTBa ~ ... s 
6 ... HHKaK HeJib35l 

paCCMaTpHBaTb KaK UOK83aTenhCTBO CDpaBeunHBOCTir pe30H8HCHOfi TeOpHH, 

CneuyeT o6paTHTb BHHMaHHe TaK:m:e Ha TO, 'ITO ecnH; k - IIOCTOSIHHO HO 

' 
oTHOCHTenhHaH ¢a3a A,"! H A 11 H3MeHSieTcH no KaKHM-nn6o opH'IHHaM, To 

B pe3yJlbTaTe STOI"O BenH'IHHa o{ 6yueT H3M9HSITbCSI, no MH9HITIO aBTOpOB, 

TaKofi Dp0U9CC MO~eT HM9Tb ~eCTO DpH o6pa30BaHHH 

HhlX HyKnOHaX HUpa, B '!aCTHOCTH 1 B uefiTpOHe, 

tJL -Me30HOB Ha' CBSI3aH-

H a pHC. 1 DpHBeueHa TaKJK9 KpHBaSI, COOTB9TCTBYIOUlaSI Ll0-101\:::" 0 of.~ 3kt. 
I I Q.-k2' 

T,e. cnyqaJO 

~.,. -Me3oHa. 

CHMM9TpH'IHOI"O HCDycKaHHSI DpOTOHa H HefiTpOHa OTHOCHT9JihHO 

VI HTepecHo oTMe'i'HTh, 'ITo ecnu o( BeChMa BenuKo I .-10 u 6oneel 1 '!To 

u~eeT MecTo B o6nacTH SHeprHH, opHMbiKaJOmeA K rropory, To /AI'll--IA"\·1,5"; 
a pa3HOCTh ¢a3 lc TO'IHOCTh!O uo n I B9CbMa Mana. npnMepHO TaKy!O KapTHHY 

MOJKHO 6bUIO o)KuuaTh, ecnH yqeCTb , 'ITO B6nH3Ir Hyneaofi SHepl"Hir m: -M930Ha 

¢a3bi A,3 . n All uonJKHbi 6biTh Manbi, a cneuoBaTenhHO, H ux pa3HOCTh 

i 
TaK:m:e. Mana. 

6. CxeMa ODbiTa Ha oy'!Ke opoTOHOB rrpn aHepriiH 660 MaB 

if,; 

CxeMa SKcneprrMeHTa anSI H3MepeHIIH ~G'~O,H DPH 
} 

SHeprun opoTOHOB 660 M a 

xapaKT epH3 yeTCH cneu yJOUlHM H a en H'l HH aMH: ,,t.U,.M. = 55<! 
orr ' 

- DOU STHM yrnOM 

nel"KO CBSI3biBa!OTCSI UH¢¢epeHUHanbH09 C9'!9HH9 C D011HbiM Dpli YC1IOBHH, 'ITO ope-

t:"t.u,.l"'. . 1\..\aS o 
ecnn '-r. = .80 MaB, TO t11i = 30 , o6nauaeT S- Ir P -M930Hblj 

~«' 1::-r; = 170 MaB. Ecnn Bbi6paTb t)f'l = 30°, TO yl"nbi BbineTa oepBOI"O Ir BTOpOl"O 
.... ~ 0 fl olqi 0 ' 
()p1 = 33 H ttp2 =20. I, a aHeprHH nx opn 

E
.( .. , opoToHoB uocTaTO'IHO yuo6Hhl I 

-'liS . 
STOM paBHbl Ej'f = 180 M SB Ir P2 = 160 MsB. 

"''"' EcnH. e~~ Ir3M9HHTb, TO nn6o gP2 6yueT CirllhHO oepeKpbiBaTbCSI c yrnoM 
n.t"-<1 

BbineTa =t -Me30Ha, nH60 yron etf~ CTaHeT O'l:9Hh ManbiM. 

Bo3MOJKeH H upyroA aapHaHT: 
r.U,.11. O r.u,:M. O . .AU 
D 11 =125 ; 91'1 =30 ; . E,. =57 Maa. 

.1M o 
n =26 , llp4 

.~tAo~. 

9 rz =18° 
' 

.Ar.S 
Q, 83° 



15 

.Ac.b 

Ept = 190 ~aB. B aToM cnyqae yi'nbr HcrrycKaHHH rrpoTOHOB HecKonbKO MeHbwe, 

HO 3aTo :)(,'t -Me30Hbi nei'qe pei'HCTpHpOB8Tb BBHLlY MeHbWei'O cpOHa IIOLl yi'nOM 

l z 12 H a pHc. 2 rrpHBe.ueH I'pacpHK, H3o6pa)KarowHi!: B03MO:>K1!bie. 3Ha'ieHHH _ Ani,/A
11 

H n'3,1 B 3aBHCHMOCTH OT BenH'iHHbi pa3HOCTHOI'O ceqeHHH Ll.010,H •. no OCHM 

6 10-27 2 
a CUHCC H OpLlHHaT OTnO:>KeHbi yKa3aHHbie BenH'iHHbi B e.[lHHHUaX CM • 

l-13 pHC, 2 BHLlHO, 'iTO ecnH I 2· 2 
• TO All\ ::::: I AHI , H 9TH aMrrnH-

TYLlbi rro'iTH opTOI'OHanbHbl. HaH6onbwee B03MO}KHOe ceqeHHe .1.~ 01 1'1 

-27 2 
rrpH aHep-

I'HH rrpOTOHOB 660 ~9B COCTaBnHeT 9,9•10 CM. 

'9 

1 • .llnH pew eHHH Borrpoca o_ crrpaBe.unHBOCTH pe30HaHcHoi!: TeopHH rrpoueccoB 

o6pa30B8HHH ':Jt -Me30HOB HyKnOH8MH B o6naCTH 9Hepi'HH HyKnOHOB 660 ~9B 

He06XOLlHMO H D:OCT8TO'iHO H3MepHTb pa3HOCTHOe IIOnHOe ceqeHHe ~s~o,H 

CBH3aHHOH C HeCHMMeTpHei!: B HCIIyCKaHHH DpOTOHa H Hei!:TpOHa OTHOCHTenbHO 

HanpaBneHHH BbrneTa :Jt+ -Me3oHa. 

2. PaccMoTpeHa o6nacTb B03MO:>KHbiX 3Ha'ieHHi!: 

HHHX ol. = G(pp-Jt•) 
6(pp-J\:•) 

3. npHBe.[leHa KOHKpeTHaH .CXeMa 9KCrrepHMeHTa LlnH H3MepeHHH 

rrpH 9Hepi'HH IIpOTOHOB 660 ~9Bo 

ABTOphl Bhlpa:>KaiOT 6nai'OD:apHOCTb n.M.narrH.uycy 38 HHTepec K pa6oTe 

PyKorrHcb rrocTyrrHna B H3.UaTenbCKHi!: oT.uen 

13 8BI'YCTa 1960 I'Ona. 
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PHc, 2. BoaMOlKHbie aHa'leHHR IA,1\~. IA.l H ..Q3,1 

BenH'IHHbl p83HOCTHOI'O nonHo.ro C9'19HH>1 .A,()~O,I1 
npOTOHOB 660 Mas I eX = 3,41. 

' 10 CMt 

B 3SBHCHMOCTH OT 

npH aHeprHH 


