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B ,ItaHHOM o6sope H3JIOXeHU OCHOBHUe P~3YJILTaTU HeKOTopux ~eHoMeHOJIOrHqecKHX TeOpHll o6pa30Ba

HHH Me30HOB HYKJIOHaMH H paccMOTpeHH B03MOlltHHe 3KCllepHMenru no 113yqeHHll H.eynpyrHX coy,ItapeHHll 

HYKJIOHOB B 06nl:CTH 3HeprHH 400 + 900 M:rn. 

ITOHBJieHHe HHTeHCHBHUX HeynpyrHX nponeccoB coy,llapeHHH HYKJIOHOB, xoropue B ,llaHHOH o6nacrH 

3HeprHH conpOBOllt,ltallTCH, rJiaBHliM o6pa30M, HCllYCKaHHeM O,llHOrO Me30Ha, npHBO,llHT It YCJIOXHeHHll 

npo6JieMU HCCJie,llOBaHHH HYKJIOHHUX coy,llapeHHR. 

]eraJILHOe HsyqeHHe HeynpyrHX coy,llapeHHH HYKJIOHOB uoxer 6UTL C,ItenaHo llPH yCJIOBHH BUllOJIHeH~H 

Heo6XO~MOH COBOKyllHOCTH 3KCllepm.teHTOB ll0.It06HO TOMY, Kalt 3TO rpe6yeTCH npH HCCJI8,ItOl3aHHH YilPYfO-

ro pacceHHHH HYKJIOHOB B 06JiacrH HeCKOJILKO donee HH3KHX 3HeprHH. rro CBoeuy i.moroodpa3Hll 3KCnepoeH

ru no H3yqeHHll HeynpyrHx nponeccoB 6onee c~oimu, qey npH ynpyrou pacceaHHH, nocKOJILKY Heynpyrue. 

coy,Itapemrn C?llPOBO)[,ItallTCSI HcnycxaHH8M npe,HMYII!eCrB'eHI{O rpex qacuit: M830Ha H .ItBYX HYKJIOHOB • . 

YllpyrHe H HeynpyrHe nponeccu CBH3!3:Hli B3aHMHO He ro.JILKO rpedoBaHHHMH YHHTapHOCTH, ItOTOJ>lm 

,llOn:JtHa Y.llOBJieTBOpHTL MaTpHna pacceHHHH, OllHCUBalllllaH. 3TH, nponeccu. CB.II3L Mex,ny HHMH B03HHita8T: 

raxxe 6Jiaro,Itaps CHJILHOMY B3aHMO,IteRCTBHll Me30Ha C HYKJIOHOM B KOHeqHOM" COCTOHHHH, qro Oita3UBaer~.II 
. . 

· BeCLMa Baimw odcrosreJILCTBOM llPH nocrpoeHHH pa3JIHqHHX. ~eHOM8HOJIOrHqec1tHX reopHR. ITpH o6cyz.ne-

HHH nporpaMMU 3KC!lepHMeHTOB no HCCJI8,ItOBaHHll HeynpyrHX COy,ItapeHHR.HyKJIOHOB HCllOJIL3YDTC.II pe3yJILTa

TU ~eHO~eHOJIOrHqecKHX reopHR odpa30BaHHH M830HOB HYKJIOHaMH, HaHdOJiee xopomo OllpaB,ItUBallll!HXCH 

Ha omi1re. 

I. OcHoBHHe pesYJILraru reopHR o6J?B,30BaHHH ue3oHoB HYKJIOHaMH 

BOJIH3H nopora 

B HaCTOHII!ee BpeM.II ell!e He y,llaJIOCL C03,ItaTL reopHll nponeccOB odpa30BaHHH Me30HOB HYKJIOHaMH, 

Ha OCHOBe xoropoff.MOXHO 6UJIO ,ItaTL KOJIHqecTBeHHOe od~HCHeHHe BCeM H3BeCTHIDl 3ItcnepHMeHraJILHHM 

,ItaHHw·. Taxyn reopHID, 110-BH.ItHMOMY, HeJIL3H nocrpoHTL ceffqac, llOCKOJILKY ell!e He ocy111ecrBJieHu .ItO 

KOHna Bee re 3KCnepHMeHru, npoBe,IteHH8 xoropux HeOdXO.ItHMO ,ItJI.II noJiyqeHH.II,IlOJIHUX CBe,IteHHR od HCCJI8-

,ItyeMUX nponeccax. Jflu11L Hettoropae, HaHdonee xapaKrepHae pe3ynuara, nonyqeHHHe B. PH.Ile sxcnepHMe~

roB, y,llaJIOCL npoaHaJIH3HpOBarL nyreM ~8HOM8HOJIOrHqecxHX nocrpoeHHR. ITpH 3TOM sa OCHOBY llpHH~-
i 

JUlCI, onpe,lleJieHHaH MO,ll~JIL nponecca, H craBHJiaCL orpaHHqeHHM 3a)laqa BU.IIBHTL HaHdOJiee BalltHUe CBOR-

CTBa nponeccoB odpa30BaHHH Me30HOB HYKJIOHaUH. 

ITepBOHaqaJILHO paccuarpHBaJiaCL o6JiaCTL 3HeprHH HaJieraDII!8f0 HYKJIOHa, Henocpe,ItCTBeHHO npHMH-- . 
· Itallll!a.lI K nopory o6pasoBaHH.II uesoHoB. B PH.Ile pa6or (K. Watson, K.Brueokner,I95I) BecLua· ycnem~o 

ORJI npoBe,lleH napnHaJILHllit aHaJIH3 nponeccOB~ C nOMOII!Lll xoroporo OHJIH ycraHOBJieHU OCHOBHUe xapax-, 

repHCTHKH nponeccoB odpa30BaHH.II M830HOB HYKJIOHaMH, HaHOOJiee BalmLIMH H~ 'ttoropwc HBJIHDTCH. 

CJI8.llYlllllH8: . 
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I) Bc10 COBOKYilHOCTl, ,ItaHHllX O npo!teccax odpa3QBamrn Me30HOB MOl!tHO IlOJIHOCTLIO oxapaKTepM30Ean 

lICXO,ItSI 1rn' npe,nJIOl!CeHHSI O cnpaB8,ItJIHBOCTH rHnOT83H sapSI,ItOBOtt MHBapHaHTHOCTH HadopoM Tpex H83aBl'l-

CMMllX aMrIJIHTY.lt nepexo,noB ( van Hove, Marschak, Pais, I952 ) • 
•• f 

2) licnycKaHHe ueso:na npoMCXO,ItHT npemAyflleCTB8HHO B P-COCTOSUIHH OTIIOCHT8JibHO .ItBYX BTOpHttHHX 

HYKJIOHOB, npHtt8M OCHOBHYIO pOJIL Hi'paeT p830HaHCHOe B3alIMO,ItettcTBH8 M830Ha C IIYKJIOHOM B COCTOSIHHH 

T=3/2; J = 3/2. 3ToT J:iHBo,n cne,ItyeT H3 anant-1sa Kalt yrnoBoro pacnpe.n;ene1mn 11aHdonee xapaKTepnon 

peaKUHH p-rp- d-1-:it+- , TaK H t-13 saBHCHMOCTH IlOJIHoro cetteHHH OT 3HeprHH. 

3) Cy11teCTB8HHOe 3Hattemrn HMeeT B3am.rn.n;etlCTBH8 .HYKJIOHOB B KOH8ttHOM COCTOSIH11H, HaHdOJiee Ha-

cl ~-t- ' . ,.., ~+ 
rJIH.JtHO BJIHHHHe ero BM.JtHO Ha npm.iepe nporteccoB p-r p- -1- ✓... H p+- p-- n ... ,- +A.• 

3cp/peKT 3TOT BH3BaH TeM, ttTO, M~3~H, MMe.II MaJiyXl Macey, dHCTPO rIOKH,ItaeT odJiaCT:b npocTpaitCTBa, B KO

TOPOM BTOpHttH!,18 HYKJIOHll npo.n;oJil!CalOT e11te H8KOTOpoe BpeMH B3aHMO,ItetlcTBOBaTb Mex.n;y codon. ITOCKOJILKY 

3TO B3aHMO,ItellcTBHe, OCY!ll8CTBJIHeMOe TOJILKO B S - COCTOHHHSI·x BTOpHttHllX HYKJIOHOB,.nponBJISl8TCSI 

· HaHdOJie'e HHTE!HCHBHO .. npt-1 B8CLMa MaJIHX OTHO~MT8JILHHX 3HeprHSIX 'ABYX HYKJIOIIOB, TO B pesyJILTaTe 

3HattHT8JILHO B03pacTaeT B8pOSITHOCTb odpasoBaHHSI ,ItettTpoHa, a cneKTP Me30HOB CTSirHnaeTCH K B~COK0-

3118preTIItl!!CKOMy_ .Kpalll.,,~···~··-·"•-· . 

Bee 3TH CBOttCTBa rtplIHHMaJIHCb BO BHHMaHHe TaKl!te II ,npyrIIMlI qieHOM8HOJIOrntteCKHlllt TeOpltSIM·H, pa3-

BltTHMlt rI03,ItHee. 

_HapSI,Ity C qJ8HOM8HOJIOrlttteCK1U.t IlO)t}C6,1to1,1, aHaJIH3 nporteCCOB odpa30BaHlt.R Ue30HOB TipOH3BO,ItltJIC.R 

nyTeM BllttltCJl8HltSI MaTpltttHHX 3JleMeHTOB nepeXO,ItOB C TIOMODtLID Teopltlt B03MYlll8HltSI npH onpe.n;eJiel!HllX BH.n;ax 

B3aHMO,ItettCTBlt.R Mellt,Ity M830HOM H HYKJIOHOM • 3,necb B03H,HKaJIH . dOJibWHe TIPIIHUHilHaJILHHe saTpy,ItHeHltSI, CBOll-
1 

CTBeHHlle Teopltlt B03MY!lleHHH ,ItJISI CltJlbHOro B3aHMO,ItetlCTBlt.R. ITOMHMO 3TOro Teoplt.R B03MYIJleHltSI He Il03BO

JISIJ!a pac_sMaTpltBaTL npodJieMy CBSI3aHHHX COCTOSIHHtl HYKJIOHOB, KOTOpa.R B031!HKaJia B CJiyttae npouecca 

p+p-cL+JL+ 

B nocJie,ItyIODtHX padOTax Ilb!TaJIIICb odottTlt BTOPYIO TPY.ItHOCU nyTeM ytteTa B3altMO,ItettcTBHSI HYKJIOHOB 

C IlOMO!llbD qJ8HOM8HOJIOrHttecKHX rIOTemuiaJIOB • PesyiILTaTY pac.tteTOB nplt 3TO¥ OKa3HBaJiltCb B8CLMa ttyB-

, CTB",TeJILHmiH K BH.D;Y BOJIHOBl,IX qiyHKUHtt, BYdHpaeMHX ,ItJISI CltCTelJl,I HYKJIOHOB )tO H TIOCJie coy,napenntt. 

: }{Ba Bal!timx ycoBepmeHCTBOBa1rnn Il03BOJIHJIH ,ItaTL odOCHOBamte TaKOMY J.18TO.ltY paccMOTp8Hlt.R • A IIMeH

HO ,, dllJIO nomsano' 'IITO BCe onepaUltH C BOJIHOBm!H qiyHKUltSIMlt HYKJIOHOB BrIOJIHe ,nonycTHMH B paMKaX 

ieopm-1 TIOJI.R (G.Chew,I954 A; F.Low, I955 ). C ,Itpyroll CTOpo1m, BYttHCJieHHSI H,It8pHHX TIOTe11una-

JIOB },teTO,ItOM Me30HllOtt TeOplilt C odp~saHHeM .n;aJIO B03M?lltHOCTb ltCil0Jlb30DaTb npn BllttlICJl8HlIH MaTpH'IIHOro 

3J18M8HTa nepexo.n;a BOJIHOBYe qiyHKUHII, donee ,ItOCTOBepHlle, '118M Te, KOTop1,1e CTPOHJllICb Ha OCHOBe qieHo

MeHOJIOrHtt8CKOro, OdllttHO He BilOJIHe O,ItH03Ha'IIHOro anaJIH3a npouecCOB ynpyroro pacceSIHHSI ·HYKJIOHOB. 

B pesyJILTare dllJI nocTpoeH H8KOTOplltt Bap11aHT reoplilI ( D.Geffen, I955, D.Lichtenberg, I955, ), 

xoroputt nsnaraeTcn nnxe 11a npHMepe npouecca · p + p - cl +'Jt+ • MarpHttHl:lll sneuenT sroro npouec-

ca MOl!tHO sanHCaTb B BII,Ite: 

M = <t1IT/ti), (I) 
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- HepeJISITRBHCTCKl!e BOJIHOBHe cfJYHKUllli, Olll!CHBalOillR8 COCTO.SIHl-te .ItBYX HYKJIOHOB ,ItO 

' R llOCJie RCIIYCKaHRSI uesoHa. TaKOll BR.It sanRCR MaTpw1rnoro :rneMeHTa CBSI3aH C HElKOT,OPHMH IIPR6JIHXBHHSI::·: ... 

MR. ITpH6JIHliteHHe COCTOHr B TOM, qTo o6MeH M830HaMH MeX,Ity .ItBYMSI HYKJIOHaMH 3aM8HSieTCSI· scpcpeKTHBHIDL 

llOTeHUHaJIOM, ,ItellcrBylOillRM M8%,lty 3TIDm HYKJIOHaMH. B CBOIO oqepe,ItL 3(p(p8KTHBHijlf noreHUHaJI BHqHCJISieT

CSI npH6JIHllteHHO nocpe,ItCTBOM lfeTO,Ita Teop1rn c· o6pesaHH8M (G .Chew, !954 B ) • 

BOJIHOBHe cpyHKUHH 'lf'i H th B (I) ,ItOJilitHH Y.ItOBJieTBOpSITL ypaBHeHHIO IDpe,ItHHrepa C scpcpeKTKB

HHM llOTeHqHaJioM. BH6op llOCJI8,ItHero ,ItOJiliteH npOH3B0,ItHTLCSI c TeM YCJIOBHeM, qTo6H noJiyqHrL Heo6XO,ItH

MHe CBOllCTBa ~ellrpoaa, a TaKlite qro6H OllHCHBaJIHCL npoqeccH pacceSIHHSI .ItBYX HYKJIOHOB npH COOTBer~ 

CTBYIDillHX SHeprHSIX. 

B Kaqe·crBe onepaTopa T BHd11pa10'.r npocr.enwn HHBapHaHTHHll oneparop, SIBJISIDillHltCSI HepSIJIHTH

BHCTCKH RHBapzaHTHOi cpyHKUHell oneparopa- CllHHa HYKJIOHa S , H30TOnHqecKoro CllHHa f: , a. 

Tax:re onepaTopa 7 . 3aBHCRMOCTL. oneparopa T OT MeSOHHOlt BOJIHOBoll cpyHKUHH "'f" ~ KoropaSI 

SIBJISiercSI llC8B,ItOOKaJIHPOM, ,ItOJIXHa 6HTL JIHHellHoll. 0THOCHT8JILHOro O,ItHoro HS HYKJIOHOB BOJIHOBM cpyHKUHSI 

¢ npHHHMaeTcSI nnocKoll BOJIHOll. 3aIIHCL oneparopa T B BH.zte: 

T =cx[J;,2 s{i) ff.[~· fci)P + J3 l~ [~ .. ·"{en] s(l)~] (2) 

corJiacyercn c npe.ztcraBJI8HHSIMH MesoHHOlf reopKH. Tt1.!(, HaIIpHMep,. (Chew, Goldberger, Steinberger, 

Yang, _I95I.. ) B nceB,ItOCKaJISipHolt reopmi: c nceB,ItOCKaJISipHoll CBHSLD oneparop T mceer BH.lt: 

(f~)[~q.,. di. ~1- s.9]. 
ITapaMerpe o< H /3 B (2) ,ItOJilitHH 6HTL onpe,IteJieHH nyreM. CpaBHeHHSI c pesyJILTaraMH 3KCII8-

PHMeHTa: H uoryr oKasancH saBSICHillHMH or sHepr1rn. ITepBoe c11araeuoe B T , nponopq110HaJILHo·e ex. 
OIIHCHB,aer HCIIYCKaHHe ue'soHa B S -COCTOSIHHH, a /3 cnaraeMoe npHBO,ltHT 11peHMYil18CTB8HHO K 

P ·-~OCTOSIHHIO. 3cpcpeKTHBHOe ceqeHHe npoqecca HCIIYCKaHKSI M830Ha .B S -COCTOSIHHH, KaK ll0Ka3HBalOT 

pesyn:i,rarH s1tc11ep11:MeHra, oqeaL uano, orKy;a cne.ityeT, qro / o< / >'> I J3 / • 
ECJIH.llpOH3B8CTH HHTerp11poBaHHe ll0 KOOP.ItHHare qearpa HHepqHH ,IteRTpoHa, a raKllte.cyuMHpoBaHHe 

ll0 H30TOIIHqecKOMY CIIHHY, TO llOJiyqaercSI CJI8,ItYDillee BHpaXeHHe ,ltJISI MaTPHqHoro SJieMeHra: 

. . ' -Y2 . 
11 = V4:it• Ll) ·<-£1.[ u.('i) + s S-,2 w'(i)) ;;,c I 
1 io< ~C~')(s: ~~Ji -t- o( SChl(tt-)cs:+ ~fer-· 

-j3 ~c~~(s;+~) V + ij3 siM(s;_~(~+ ~)fr I 
I trp> c2Jt) 3 s cf+ r >., 

(3) 



- 6 -

r,n:e r; = t.. ✓fv1E:r:, 
1 

= 4,3I.I0-I3CM ; r= ~ - r{ - OTHOCHT8Jll>Ha.Jl KOOp,n:1rnara HYKJIOHOB; 

'U(r), w(r-) - $- 11 D - .BOJIHOBll8 q>YHKI{HH ,n:el!TpOHa; ;>
12 

= 3(~ n)(~ii)- ~•G; ; na ~ 
B O,ll;HOM H3 COCTOHHHll HYKJIOHll CBH3HBaDTCH B .n:enrpoH, KOTOputt H:Meer noJIOlfflT8Jll>HYID qeTHOCTl> 

:ii 'no.1rnun MOU8HT J= 1 • YqHTllBaH 3aKOHH coxpaHeHHH 3THX B8JIHq1m, ).{OlltHO onpe,n:eJIHTl> paspemeHHll8 

COCTOHHHH .D:BYX HYKJIOHOB • Orpam1qh'aaIDTCH 06HqHo s- H p - COCTOHHHHUH HcnycitaeMoro M830-

Ha, qro 3KBHBaJieHr;o pasJiollte~HD sLn ( ~~) H cos( \'j no cq,ep11qecKHM rapL!omutau c OT6pac1,rna

HHeu qJI~B ~ 'J, H Bllme. 3qlq,8KTHBHHtt napaMeTp TaKoro pa3JIOllt8HHH. OKa3HBa8TCH paBHHM (9,,/ko), 
s,n:eci:, k0 - BOJIHOBOll BeKrop HaJieTaDl!lero HyKJIOHa. 3HaqeHHe aToro napauerpa npH · aHeprHH HYK-

. 2 
JIOHa ~ 500 MaB paBHO Beere OKOJIO I/5. Cne,n:oBaTeJII>Ho, npeHe6pexeHHe q~eHaMH_ ('1-lko) H 6onee 

BllCOKHX cTeneHell ( Cf/ ko) npHBO,ll;~T K OlllH6Ke· B H8CKOJII>KO npol{eHTOB, tlTO cpaBHHMO C norpemHOCTm.rn, 

CBH3aHHHMH C npeHe6P.ellteimeu peJIHT:llBHCTCKHMH 3q>q>8KTaMH. 

. BuqHCJI8HHe MaTpH1rnoro 3JI8M8HTa npH f3= 0 ,n:aeT . . 

/ ·1 2 (1G%)k-2ff4J 2 
2fi 2. 1. 2 .~r-,' r-. (' M = Ti, o llko fot.f.LPa _+2~ -v2·t-o·ro·COS(()2 -00 )+ 

+{J F; 2
+ i/2· Fa· rz · ~sCS2.-So)}3 ~s2 fj}, (4) 

r.n:e do H b2 - c,n:BHrH qas paccenHHH B 
1 S0 H :Dz - co_cTonmrnx ,n:Byx npoTOHOB. Pa,n:HaJII>-

HH8 HHTerpaJI!l F B (4) onpe,n:ennnrcn cJie,n:yDl!lllM odpasou 
00 

. Fa= f u~{x) u(xJj0 ( J;:) d~ :-
o....., 

F;,
1
=: f uoCx) w{x)J~ {Jk:)dx/· 

o= . 

F; == fu2 (x) w(x) f., ( ik~)dx ·✓ 
. 0 

r,n:e •'•x=kor • BoJIHOBue qiyHKl{HH S "'"'. H D - cocronHHtt .n:enrpoHa Hop1.mpoBaHu ycJIOBHeM 

. {{u2{.r-) + w2{-r)J dr = G , 
4>YHRI{HH U., 

iJ . . • 

H U2 .D:BYX npoTOHOB HOpMHpOBaH!l YCJIOBH8M noBe,n:eHHH Ha 6eCKOHeqHOCTH:· 

·(k br <') 'U.e - SVIII r'- 2 + Oe, • 

Hs (4) BH,n:Ho, tiTCi qJieH ~ cos
2 El B yrJIOBOtt 3aBHCHMOCTH MOllteT B03HHKHYTl>'TOJil>KO B TO~ 

cnyt1ae, ecnH yt1HTUBaercn D - cocronHHe ,n:enrpoHa. MollteT noKasari:,cn, tiTo sHaqeHHe HHTerpaJia 

S oqeHI> MaJIO no C:(aBH8HHD C F;, • 0,n:HaKo, 3TO He TaK. Ra.K BH,ll;HO H3 pHc.I BOJIHOBaH qiyHKl{HH 
. I . D -cocrosrnHH .D:BYX nporoHoB U2 (x) HMeeT doJII>ruyD npoTnllteHHOcTI>, qeu Uo {x) , 6Jiaro-

,n:apn qeuy uaKCHMYJ.lll U2 (x) H W .D' {x) pacnoJiaraDTCH IlOtlTH npH O,ll;HOM H TOM xe X 

3ro npHBO.D:HT K TOMY, qro F;, ~ F0 • IIpH Bllt1HCJI8HHH pa,n:HaJII>HllX irnrerpaJioB H c,n:BlilrOB qas 

so H . 82 61IJI HCilOJil>30Balf CHHrJieTHllll I:IOT8Hl{HaJI B q>OpMe 5ICTpOBa C HenpOHl!J:lB.8M!IM cep,n:eqmiKOM. 
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.JJ:pyrHe IlOTeHttHaJIH He ,ItaDT HeodXO,ltHMOro -COrJiaCHSI C 3KcnepHMeHTaJILHmffl·,ItaHHHMH B-OdRaCTH 3HeprHH 

OT 340 M3B ,ItO 5I5 MaB. 

3qxpexT Bsamio.iteffcTBHSI,MesoHa c HYKJIOHOM B cocTo~HHH T= ¾ B ,ltaHHOM. paCCMOTpe-. 

HHH He npHHHMaeTCSI BO BHHMaHHe.Kpoue Toro ,ItaHHHll no,ItXO,lt Bee eme H~eeT TOT He,ItOCTaTOK~ qTO pesyJIL~ 

TaTH pacqeTa OKa3blBalDTCSI BeCLMa qyBCTBHTeJILHblMH K BH.ItYBOJIHOBblX qiyHKitHll, HCilOJIL3yeMblX ,ItJISI CHCTeMH 

. HYKJIOHOB B naqaJILHOM H KOHeqnoM COCTOSIHH.f!X. 

B H8CKOJILKO MO,ItHq>HitHPOBaHHOM BapHaHTe TeopHH (D.B. Lichtenberg, I957). aqxpeKT.B3aHMO-

,ItellcTBH.fl Me3OHa C HYKJIOHOM y,itaJIOCL yqecTL nyTeM nocTpOeHH.fl BOJIHOBOff q>yHKitHH, onHCHBaDmen npottecc 

pacceHHH.fl Me3oHa, HcnymeHHOro nepBIDL.HYKJIOHOM Ha BTOpOM HYKJIOHe. TaKHMH CBOffCTBaMH odJia,itaeT 

BOJIHOBa.fl q>yHKitH.fl 

. +=sc--7:)+eir-,:-_ Ck_rTtq,~ · 
'} · Wq, - C.JI< + LE_ (5) 

r.ite cf - mmyJILC uesona, . k - HMilYJILC HyitJIOHa, r - KOOp,ItHHaTa HYitJIOHa, ;.(k/T/q,,) . 
- Ma.TPH'<rnmt aneMenr .. BHe anepren:qecxon noBepxnocrH~ xoToputi onHcHBaeT npottecc pac.ceamrn k--cj. 

EcJm yqecn TOJILKO pacce.eHHe B cocTO.flHHH T= ½ ; J"=- 3/2 · , TO {k/T/q,) = £?3 : tk'I-., 
r.ite f;~ - npoettHPYDutHR onepaTop ,itJIH cocTO.flHH.fl T= 3/2 ; .J = 1/2 , a • ½cq,. - qiyHKitPI.fl k _ H CJ,. 
B cnyqae npottecca p + P--~ d. + :iL + aqxpen pacce.eHH.fl :u:esona Ha:t. nyitnone neodxo.itm.i:o yq:ir:l:i-

BaTI> TOJILKO B TeX MaTpHqH},tX• 3JieMeHrax, KOTOpble CB.fl3aHH C naqaJILHW 'D2 - COCTOSIHHeu • .nencTBH-

reJILHO, M83OH He MOl!CeT HaXO,ItHTLC.fl ~ COCTO.f!HHH 

HYKJIOHOB, ecnH nonHHR uoMeHr· cHcTeMbl paBeH nynv 

BKJia,itu OT S - H D - cocTO.flHHll ,itellTpona. 

no OTHOmeHHD·K O,ltHOMY H3 

• KaK H B npe,ItH.ItYuten T8O!)HH,~ BO3HHKaDT . 

MaTpHqHHll 3JieMeHT· HMeeT C TO'tlHOCTbD ,ll;O noCTO.flHHHX MHOJ:HTeJieff' Taiton .:ace BH,n;, KaK H (4), HO 

BM8CTO pa,itHaJILHoro HHTerpana F; BXO,ItHT qJieH 

F; + V2· F ,· 
COCTO.flutHll H3 H3B8CTHOro yxe pa,ItHaJILHOrO HHTerpana f; H· "HHTerpana pacceamrn" p. , KOTOpbltt 

paBeH 

F = w~Jdk . k3 
."Ckq, T(p,k) 

_ q., (wq,-W1,..+i.£..)w:f2.' 
(6) 

r.ite J (p,k) = f Uz (r-) U.(r-) j2 (k r-) dr- • 

llrodu otteHHTL aneprerH'!lecxyD 3aBHCHMOCTL • F , odsqno·noJiaraDT 

:, 
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. : r.1te. L'.\ . -KOHcraHra. EcJm 11p0Hopwp0Ba~1, tk.'J,, Ha :rneprerHt18CKOll llOBepxHocrH, TO 

. -tkq, _,,.; -t'J.'1- ~- (5tCj,C,.Jtyf
1 ei8swi 8, 

r,Ite 8 - C,ItBHr cpa.3U pacceHHHSI B T= 3/2 ; .T=. 3/2. - cocrOSIHHH. Jl:JISI q, < f< MOJB:HO 11pHl:5JIH-

·xenao cqHTar1, ii . . . f{j,)3 · 

·Tor.1ta 

~CorJiacao 

e siM8 ...... S = o, 2Lf("ii"' . 
. C,J9-- I 

6= o, 24 'Ji:ft3 . 

npe.1tU.1tYlll8~,-0it8HKe 
-1.. 

~ = 0, 24 -;;::---z: . _,,rt 

.(7) 

(8) 

B6JIH3H nopora pa3J1Ht1He M8llt.ltY ~= coris.t H ~ ~ CJ_CJ, o6Hapy,mn Otl8Hl, ;py,ItHO. 

Pe3yJ11>raTU · Bcex llpHB8,It8HHUX pacqeroB ·Y.ltOBJl8TBOPHT8Jll,HQ corJiacyJOTCJt C 3KCnepHMeHTaJil>HWH 

,ttaHHWH. Ha116on1,nmn HHTepec cpe.ix11 BUBO.ltOB aT~ll Teop1111 npe,ttcraBJIJter TOT cfJa.1tr, qro BKJia,tt or TeH-

3opaux CHJI H BKJia,tt Or B38.HMO,ttel!crBHH:Me30H8. C HYKJIOHOU HMeJ>r llOtlrH 0,ItHHaKOBYD BeJIHqHHy. PacqeTu, 

BUilOJIH8HHUe ,ltO 3TOro,npeae6peraJIH HeKoropwH H3 arHX aqxpeKTOB, JIH6Q cpasy,ttByYJt. IIo CBOell B8JIHtlH-

.; He JIJ06oll H3 3THX aqxpeKrOB OKa3UBaeTci ,ltOCTaroqaw_ ,!tJIJt 06'LHCH8HHSI · 3KcnepHM8HraJil>HUX ,ttaHHUX. 

0TM8THM ellle cJie,ttyDDtee cBol!cTBO npouecca p + p '-'d.-+-.'.it-1- • IIepexo,tt·. ,1.So- 3S.1. B 11yKJ10H.;. 

·non CHCT8M8 OKa3UBa8TCH cpaBHHreJil>HO MaJIOBepoHrHUM, O,ttHaKo pOJil, era CBO,ttHrCSI K rouy, tlT06U H3-

M8HHTl> BH.It yrJioBoro pacnpe,tteJiemrn. EcJIH c,ttBPir cpa.3u 80 < 0 , TO F., > 0 , H yrJioBoe pacnpe,tteJie-
. ·i ,.~ 2 0 HHe cTaHOBHTCSI 6oJiee aHH30Tponnw, t1eu 3 + ....... s . , t1To -xopomo corJiacyeTcH c a1tc11epm.1enrou. 

B0Jll1tlHHa tlJieHa Fz .• , CBSI3aHHOro C . nepeXO,ItOM 1. .D2 -- .3 .D-1, t1YBCrBHT0JII,Ha K BH.ItY BOJIHOBOl! 

qiyHKUHH B 1) - cocroHHHH .ltBYX np~TOHOB • C B03paCTaHH0M :rneprHH -i:.; YM8Hl,ma0TCH, H tlY

0

BCrBHT8Jll,-

HOCTI, K .U2(r) HCtl83a0T~ 0,ItHaKo, _eCJIH C,ltBHr cpa.,?J,1 ~ B0JIHK H orp:wuareJieH, TO f; ,MOX0r H He 

yuen1,maerca c anepr11en. tJJieH · F;_ , 06ycJIOBJ1eH~un B3aHMo,ttellcrBHeM Me3oaa. c HYKJIOHOM, .1taeT HaH6o-

nee HHreHcHBHull 11epexo.1t j_ D2 -
3 S1. •· 

Panee 11poB0.1tHBmHllca qienoueaoJ1or:wt1ec1t11ll aaaJ1H3 peaKttHH p + p -- d + 7'...,. 

B03MOllCHOCTH annpOKCHMHpOBaTI, 3HepreTHtl8CKYD 3aBHCHMOCrl, C8'110HHH coornomeHH8M 

s- a. q. + f:, Cf,, 3, 

OCHOBUBaJICH Ha 

r,Ite CJ, - m.myJil>C M030Ha. IIepBUll tlJieH_ DO npe~OJl0llt8HHJO l30SHHKae'? 0~ S -cocrOJtHHSI M830Ha, a 

Bro poll - or p - COCTOSIHPISI. KoacraHTH a H 6 HaXO,l(SirCSI H3 . 3KCnepHM8HTa. 

Ba:rnw pe3yn1,rarou paccMorpennux Bume reopHll 01ta8aJ1CH TOT, t1To :wcnycKaHHe. Me3oHa B p -coc-· 

TOJtHHH o6ycJIOBJI8HO H8CKOJll,ItHMH tlJl8HaMH, npHt1eu HH O,ItHH H3-HHX llOCJie HCKJlllt18HHSI MHOJtHreJieR no 

creneHJtM 

MHOlUIT8Jll, 

q, He ocraeTCH H83aBHCHIItHM OT <j, • KpoMe 3TQrO B BYpallC8HHH ,ltJIJt C8tl8HHH B03HHKa8T 
1 

p3 
1. 

, ue /J -. HMllYJll>C HYKJIOHa. 0,ttHa CT8118Hl, p YtlHTUBaer orHOCHreJil>HYD 

c1topocr1, na.1ta1>mero HYKJIOHa.·Ente ,ttBe creneaz o6aaanu Bu6opy nopuHpOBOt1Horo K03qxf>HttHeHTa BOJIHOBol! 
. . . . 1 ~ 

qiyHKitHH npoTOHOB, KOTOpun npH B03B8,It8HHH B KBa,ttpaT ,ttaeT ~ • MHOlltHT8Jll, p3 npHBO,ItHT K 
. . 3 

TOMY, qro o6pa30BaHHe 'B. p -COCTOHHHH YB8JIHtlHBaeTCSI C aaepr:Helf Meaee 6YCTPO, t18M ~ 9, • 

YttHTUBM 3TOT pe3yJ11>Tar, qJ8HOM8HOJIOrHt18CKHll~aHaJIH3 B6JIH3H nopora CJl0,ttyer 11POH3BO,ltHTL, HCXO,JXSI 
/ 

H3 BUpalt0HHH 
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(9) 
. I , 

r.n:e /J,o - OTHOCHT8JII,H!,!ll HMTIYJII>c· npoTOHa ·TIPH :rneprmr, paBHOff noporoBott, a a' H 8 - .HOBh18 

KOHCTaHThl (F. Crawford et al., I957). Heo6xo,n;mrn TaKllte HM8TI> B BH.n;y, qTo Her OCHOBaHHll · 

cqHTe,TI> HOBhle KoHcTaHThl d H S 1 
· .n:eit_cTBHTeJI1>Ho · He3aBHCHMhlMH or :rneprmt. IIo-BH,n;HMOMY, yTBep-

- :z:,n;aTI> MOllCHO o6p3.THOe' TIOCKOJII>KY HeKOTOpble BapMa.HThl pacqeTOB YKa3h!BaDT Ha TO' qTo napa.uerp 6 I 
HeMHoro YM8Hl>llla8TCH C TIOBlimeHHeM 3HeprHH. 

M3JIOl!CeHHh18 BHme BapMaHThl·TeopMtt npoue9cOB o6pa30BaHHH M830HOB HYKJIOHaMM OCHOBaHU Ha B8Cl>Ma 

MHOrHX ,n;ony111eHHHX. IT03TOMY Bee 3TM TIOTihlTKH MOl!CHO pacuenMBaTI, KaK neKOTOpble ~enoMeHOJIOrHqecKMe . . . . 

nocrpoeHMH, KOTOphle OKa3h1BaDTCH B ,n;ocraroqHcill CTeneHM y,n;OBJI8TBOpMT8JII,HUMPI TOJII>KO B6JIM3H nopora 

o6pa30BaHMH M830HOB. 

HaH60Jieey,n;atJHOll TIOTihlTKOlt TIOCTp08HHH ~eHOM8HOJIOrMqecion TeopMM npoueccoB o6pa30BaHHH M830-

HOB npH 6oJiee BUCOKHX .3HeprMHX CJie,n;yeT npH3H~TI, peaoH~HCHYD MO,n;eJII, o6pa30BaHHH M830HOB HYKJIOHaMH 

( s. Mandelstam,I958 ) C TIOMOutl>IJ) KOTOpon ~yTeM BBe,n;eHMSI Tpex qHCJI8HHliX napa.ueTpOB:06'I>llCHS8TCH. 

60JI1>moe KOJIM"IJ8CTBO 3KCnepMM8HTaJILHUX .n;aHHhlX, noJiyqeHHHX B ,n;ocTaroqHo llllip6Kolt 06JiaCTH 3HeprMH Ha

JieTaJOll\ero·HyKJIOHa - OT 400 ,n;o 900 M3B. 

2. Pe30HaHCHaH (p8HOM8HOJIOrHqecKaH T80PMII o6pa30BaHMH M830HOB 

HYKJIOHB.MM npM 3HeprHHX 400 + 900 M3B 

OcHOBHOe npe,n;TIOJIOX8HM8 paccuaTpMBaeMolt pe30HaHCHOll Mo,n;eJIH ( s. Mandelstam, I958) 

COCTOMT B TOM, qro npouecc. o6pa30BaHHH M830HOB HYKJIOHaMM CBll3aH C H860JII>mMM "IJMCJIOM COCTOHHMll no 

MOMeHTY KOJIHt1ecrBa.n;BH:11CeHMH, a MaTpMtJHull 3JieMeHT ,n;JIH-Kal!C,ll;oro H3 HMX HBJinerc11 nocronHHott BeJIMqH-
.• 

Holl 3a MCKJIIJ)qeHMeM MHOl!CMTeJiett, o6yCJIOBJI8HH!iX B3aHMO,n;ellcTBH8M M830Ha C HYKJIOHOM H HYKJIOHOB- Mel!C,ll;y 

C060lt B KOHeqHOM COCTOHHHH. 
- --------

~JIH o6~HCH8HHH 60JILlllliHCTBa 3KCnepHM8HTaJILHhlX ,n;aHHUX no o6pa30BaHMD M830HOB npH 3HeprHHX 

HaJieraDutero HYKJioHa 400 + 900 M3B OKa3UBaercn ,n;ocraroqHw BBe.n;eHHe scero rpex ~McJieHHux napa

MerpoB. MCKJIJOqeHMe npe,n;cTaBJIHeT o6JiaCTI, B6JIM3H nopora,· r.n:e CTaHOBHTCH · cy111ecTB8HHliMH Hepe3oHaHCHUe 

npouecchl, qTo 3aCTaBJIHeT BBO,ll;MTI, ,n;pyrMe ,ll;OTIOJIHMTeJILHHe napa.MeTpii. 

KaK M3B8CTHO, napuMaJII,HHll aHaJIM3 npoueccos o6pa30BaHHII M830HOB HYKJIOHaMM B6JIH3H nopora 

OCHOBHBaeTCH Ha yqere 

CBH3aHH C nepexo,n;a.MM 

P - COCTOHHMll M830Ha OTHOCHTeJILHO CHCT8MU HYKJIOHOB, KOTopue 

Sp- nEpexo,41,1 

(IO) 

,3 r)o - is .c-. o So } S S - nepexo.a. 
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( 0 

Jlpl'I nepBhlX Tpex nepexo.l(aX MOllteT 6i.n l'ICTIYlll8H ,n;ettTpOH • B c11yqae :TC ,;.M830Ha paspemeHHW SIBJISl8T-

CSI TOJl!,KQ: qe".:Ap~hln nepexo,ll, O,llHaKO KpOMe .,Hero B03MO~Hl,I TaKlte Pp -nepexO,llhl. C11e.l(yeT. OTM8Tl'IT!,, 

qTo · ,n;nsi S S -nepexo.zta uesoH. l'I HYKJIOH MoryT naxo,lll'IUCSI qacTl'lqHo B pesoHaHcHOM cocTOSIHl'IH T= 3/2; 
J = 3/2 , • Ilpl'lq;mon 3T~ro SIBJIH8TCSI ,llBl'll1t8Hl'l8 Cl'ICT8MH ueHTpa Mace .ItBYX BTOpHqHh!X HyKJIOl_lOB, a TaKllte 

KOHeqHble pa3Mephl 0611aCTH B3al'IMO,llencTBl'ISI Mellt,lty HYKJIOHaMH. Enaro.ztapSI 3TOMY B3aHMHHn ,s -pa3Jl8T 

~YKJIOHOB ,llaeT c 11eK0Topon.BeposiTHocTI>D P~cocToSIHl'le HyKnona oTHOCl'ITenI>HO ueHTpa HH8PUHH, a, 

CJl8,ll;OBaT8Jl!>HO, H OTHOCHT811l>HO M830Ha, KOTOphln l'ICTIYCKa8TCSI B s - COCTOSIHHH. Ilepexo;u,1 C TaKHM 

MexaHl'l3MOM npOSIBJl8Hl'ISI pe30HaHCHHX CBoncTB B3aHMO,llencTBl'ISI M830Ha H HYKJIOHa Ha3h!BaDTCH_"CM81lt8HHHMH" 

nepexo.l(alm. 

B 0611acTH 3Heprl'IH HaJ1eTa1>111ero HYKJIOHa ~ 600 M3B' .l(JISI KOTopon nocTpoe.Ha .l(aHHaSI pe30HaHCHaSI 

M0.1(8Jll>, Heoc.1XO,l(l'IMO yql'ITNBaT!> BTOPYD ~03MOl1tHOOT!, KJlaCCl'l~l'IKaUHl'I Tpex qacTl'!U. B 3Ton,KnaccH~HKaUHH 

BM8CTO IlO,llCHCT8MH .llBYX HYKJIOHOB paccMaTpHBaeTCSI TIO,l(CHCTeMa 1'13 M830Ha H 'o,n;Horo HYKJIOHa. Ilo npe,n;no~ 

iox~HHD, IlO,llCHCTeMa 1'13 µe30Ha:H HYKJIOHa MOl1t8T HaXO,l(HT!>CSI TOnl>KO B O,llHOM COCTOSIHHH, 
2Rh - p

COCTOSlmUI" C IlOJIHID.! MOM8HTOM J= 3h H 1'130TOilHqecKHM CTIHHOM T= 3/4 • BTopon HYKJIOH no OTHOmeHHll 

K ue11Tpy Mace :non IlO,llCHCT8MH MOllt8T HaXO,l(HT!>CH JIHc.10 B S -, 111'160 B p-COCTOSIHHH. :3Tl'I .l(B8 B03-

MOlltllOCTH _IlpHHSITO Ha3h!BaT!>: o6pa30BaHHe M830Ha npH S -pa3Jl8Te H P - pa3118Te pe30HaHCH01t 

TIO.l(Cl'ICT8MH H BTOporo HYKJIOHa, COOTB8TCTB8HHO. 

Bec!>Ma BlilltHW-pe3y11uaTOM paccMaTpHBaeMon MO,ll8JIH SIBHJIOC!> .l(OKa3aTeJILCTBO P -pa3Jl8Ta •.. 

IlpH TaKon KJlaCCH~HKanHH HanpaBJl8HHe Bh!Jl8Ta qacTHU 3a.l(a8TCH. OTHOCHT8Jll>llh!M HMilYJlhCOM f 
. , ·~ 

M830!la l'I O.l(HOro HYKJIOHa, a Ta.Kxe m.myJlhCOM P ,n;pyroro HYKJIOHa. 

06pa30BaHHe M830Ha npH s -pa3Jl8Te npOHCXO.l(l'IT TOJl:E,KO qepe3 O,ll!IO COCTOSIHHe. MOM8HT KOJIH

qecTBa ,l(Bl'lllt8HHH KOHeqnoro COCTOSIHl'ISI CKJla,llHBaeTCH 1'13 yrnoBoro MOMeHTa B3aHMO,ll811CTBYDllt811 Il0.l(Cl'ICT8Mhl 

M830lla H lIYKJIOHa H 1'13 CilHHOBOro MOM8HTa BTOporo HYKJIOHa, qTQ ;taeT TIOJIH!ln MOM8HT J= 1 l'I J=2 

H IlOJIOlltHT8Jll>HYD qe:XH(?CT!>, ( . n + ) • Cnyqan . J"= 1 H80CYllt8CTBHM, H 8.l(HHCTB8HHHM Halt8.Jll>HID4 COCTOSI-
, . i i . 

lll'l8M OKa3HBa8TCH CHHrneT 1)2 - COCTOSIHHe • 

l{JISI P - Jll.3118Ta KOJmqecTBO nepexo,itOB 6011bme • Kpoue MOM8HTa KOJIHqecTBa ,llBl'll1t8HHSI peso

HallcHon TIO,llCKCT8Mhl H CilHHa BTOporo·HYKJIOHa, y BToporo HYKJIOHa HMeeTCSI TaKllte opc.1HTaJILHhln MOM8HT, 

TaK qTo nonHhlM MMeHT Ko,7Il'lqecTBa .llBHxe1111si npPIHHMaeT. 3HaqeHHa J ·=' o, I, C 2, '.3, a lteTHocn 

OTpmiaTeJl!>Ha ( fl "".") • B03MOl1tHHMH OKa3HBaDTCSI nepeXO,llhl H3 TPHTIJl8THIIX P- H F - COCTOSIHHtt 

HaqaJlhHOlt CHCT8Mhl. 

BBe,n;eHHYD TaKHM o6pa30M KJiaCCH~HKaUHD nepexo,n;OB Heo6XO,llHMO conocTaBl'ITL c KJiaCCH~HKanHett; HC

Il0Jl!>3yeuon npH ~eHOM8HOJIOr11qecKOM aHaJIH38 nponecCOB o6pa3oBaHHSI M830ll0B HYKJIOH8.MH B6iH3H nopora.. 

nerKO BH.1(8T!>, qTo s -pa3Jl8T ,n;aeT nepexo,n; i D 2. - (~ s1 f) 2 , a TaKxe nepeXO.l(hl KJiacca 

Ps . Enaro.l(apa oco6eHHOCTHM B3aHuo,n;enc~BHH HYKJIOHOB npH Becbua. MaJihlX 3Heprnsix npeo6J1a.l(aTL ,n;on-

llt8H nepeXO,It C HCilYCKaHHeM HYKJIOHOB B 5 - COCTOSIHJ,IH • 



P- pa.sJieT CBSI3aH c · Pp-nepexo.n;m.ur, a TaKJs:e"cMellleHHIDUJ" Ss- H Scl-'rrepexo.n;mm:. 

CBSI3I, Mellt.n;y 3THMH ,ll;ByYSI KJiaCCH~HKaUHSIMH M0lltH0 npocJie.n;HTI, qepes HaqaJILH0e C0CT0SIHHe CTaJIKHBaD-

11\HXCSI HYKJI0H0B, qxo c.n;eJiaH0 B Ta6JIHUe I H 2. RBaHT0BIDffl qucJiaMH, xapaKTepH3YDII\HMH -HaqaJII,HUe 

COCTOSIHIISI, KOT0pue nouemeHU B Ta6Jrnnax Ha nepeceqeHHH CTP0K H CT.OJI6UOB, .IIBJISIDTCSI: Il0JIHii!ll M0MeHT 

K0JIHqecTBa ,ll;BHllteHHSI .H qeTHOCTL. B Ta6JI111ne He npHBe.n;eHii! nepexo.itu, CB.113aHHUe C JJ -pa.3JI8T0M, Bepo

SITH0CTL K0T0pux B .n;aHH0lt O6JiaCTH 3HeprHH, .no-BH,ll;HM0MY, B~CLMa MaJia. 

B paccuarpHBaeMoU uo.n;eJIH npeHe6peraexc.11 nepexo.n;auH HS HaqaJILHux F -cocxo.aHHll. Tor.n;a ocraer

CSI: 0,ll;HH napaMeTp ,ll;JI.11 s -pa.3JieT~ H rI/ITL napaueTp0B ,1{JISI p -pa3Jiera. 0.n;HaK0, BBe.n;eHHe TaK0r0 

60JI1,111oro K0JIHqecrBa rrapauerpoB noxa qxo mtqeM He onpaB.n;aHo. IIosrouy M0lltH0 npe.n;noJioimu, qxo SK- -

cnepHM8HTaJILHiile ,1taHHUe HeqyBCTBHTeJILHU It C00TH0llleHHJO pa3JI~qHUX napaMeTp0B p -pa3JieTa, H Bee 

HX M0lltH0 npHpaBH/ITI, .n;pyr K .n;pyry. ·TeM He MeHee, O~HH ~H3Hqec;Htt pesyJI1,rar 3aBHCHT or COOTHOllleHH/I 

napa.MeTp0B P -pa31IeTa, a HMeHH0 Bepoll'.TH0CTL o6pa30BaHH/I .n;et!rpoHa • .n:encTBHTeJILH0,. ,1teltrpoH 

MOl!te; 6uu HCrIYllleH T0JIL.KO B TOM CJiytrae, eCJIH ,l{Ba HYKJI0Ha B K0HUe nocJie p -pasJiera 06pasy1>r 

rpHnJierHoe ~S1. · - cocro.aHHe. C yqerou sroro ·saue11amrn, nepexo,1tu npH P -pasJiere Heo6xo.n;HM0 

pa36HTL Ha ,1tBe rpynnu, B Kallt,ll;oll us Koropux rrapauerpu npHpaBHHBaDTc.11 uex.n;y co6ot!, a coorHomeHHe 

Mellt,ll;y HHMH onpe,1teJI.1IeTC.II B8p0.IITH0CTI,ll o6pa30BaHH.II ,1tellrp0Ha. 

Ta 6 JI H n a I.· 
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BBe,IteHHl:le·TaKHM odpa30M TPU rrapaMeTpa HaXO,ItlIT CJie,ItyDll{HM odpasou: 

--· 

3E: 

3s 

I) napaMeTp S -pa3JI8T8. HaXO,ItHTCSI ij3 C8118HHJI IlPO!l8CCa p-1-p _,. d.-1-~-+- B6JIH3H nopora; 

2) 0,l(HH 1113. napaMeTpOB p ".'"pa3JieTa HaX~.ltH'?ClI H3 ceqeltHJI peaK~HH p+p _,,. cl+:n:+ npH BllCO-

KHX 3HeprHJIX, )tJIH qero HCilOJIL3YDTCJI .ttaHHlle 06.yrJIOBOM pacnpe.tteJieHHH 3Toro npouecca; 

3) BTopon napauerp P -pa3JieTa onpe.tteJIHeTcH H3 noJIHoro celleHHst·odpasoBaHHH .'.ii:+-uesoHa 

B·peaK~HH p-t-p--n.+p+:rc+ npH 3HeprHH 660 M3B • 

~aHHalI T80pHH YIIHTllBaeT HHTewepeHUHD U8lt,ll;Y pa3JIHIIHWH MaTpHIIHIOlH :aJieMeHTaMH, KOr,Ita M830H 

o6pasyeTCJI B OT)teJILHOCTH Ha .ltBYX HYKJIOHax, HO He YIIHTllBaeT B03MOXHOCTH O)tHOBpeMeHHOro B3aHMO

~encTBHH M830Ha C .ltBywl HYKJIOHauu, .ttpyrIDLH CJIOBaMH, WIOllt8CTB8HHOro npouecca. 

Pe3oHaHcHee cBonc:rBa cHcreue ue3oHa H HYKJIOHa B coc:roSIHHH T =3/2; J" ~3;2 Moryr npostBHTLCH 

TOJILKO ripu CTOJIKHOBeHHH HYKJIOHOB B COCTOJIHHHX C H30Tonuqe~KHM cnHHOM T=I.-IT03TOMY BepOHTHOCTL o6-

pa30BaHHH M830HOB npH CTOJIKHOBeHHH HYKJIOHOB B cocTOHHHHX c H30TonH11ec1tHM cnHHOM T= O .ttOJIXHa odpa

ll{aTLCH· B HYJIL. B .ttencTBHT8JILHOCTH, Kalt IlOita31:IBaer 3KcnepHM8HT (D.M.Ka3apHHOB, D.H.CHMOHOB,I958r.) 

3TO H8 HJ.leer 'uecro • 0.ttHa;O t OTCD)ta He CJie,nyeT ,ll;8JiaTI, Bl:IBO,ll;a O H8COCTOHT8JILHOCTH ,naHHOJ! MO)t8JIK • ~en-

CTBHT8JIUO, IlOM~O CH1ILHOi:f)' B3aHMO,ll;8tfCTBHH B COCTOHHHHX T = 3/z ; Ta 3/2 ; KOTOpoe npOHB1I.fl8TCJI B 

061IaCTH H860JILWHX 3HeprHn M830Ha, HadJID,ItaeTCH CHJILHOe B3allMO,nencTBH8 Taitllte B T = %? ; HO npH 

6~,ree·BucoKHX·3HeprHHX. 06a·3TH B3aHMo.ttenc:rBHH .ztOJIXHl:l B O.ItHHaitoBon creneHH npoSIBJIHTLCJI B npoueccax 

pacceJIHHH HYKJIOHOB. 

Ba:ruuto;zteloTllHe T=-'% MOJKeT npK BTOM nponBJIHTJ.OH :e cocroHHHHX CHCTew .ItByx HYKJIOHOB KS.K 

c T = I, rax u c T = o. ita1II>HeBmee ycoBepmeHCTBOBaa11e peaoHaHcnott MO.tteJIH noTpe6yer Blle.1temt11 ente 

;ztByx.wm no Kpalael uepe o~aoro lOnoJIHHTcnnoro napaueTpa. 

Pe30HaHCHa8 MO~enL ~XBaTHBaeT CJI8lYDmHe npo~eccu odpa30BaHHH uesoHa npH coy,napeHHH npoTOHa 

p1-p- cl+:rc + 

. p+ f> - n -t- p-t- ~ -t-

C npoTOHOM: 

p+ p ..... p -+ p -t JC. 0 

(II) 

(I2) 

(I3) 
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Ka~un H3 Tpex BB8,It8HHbtX rrapaMeTp0B CJI8.ItYDmHM o6pa30M orrpe,It8JISI8T B8JIHqHHy Ma.TpHqHoro _ 

:rneMenra: 
11= ~(P)~Cq,)a., (I4) 

r~e ·a - qHcJieHHm! napauerp, f(q,) - uno:arnrenL, yqHrunanmHll pesoHaHcHoe nsaHMo.ztencrnHe 

uesoHa c HYKJIOHou, ~(P)- uno:arnreiL, yqHrunanmHll B3aHuo.ztellcTBHe .ztBYX HYKJIOHoB, ecxi OHR naxo

.ItSITCH B S - COCTOSIHHH, q, - OTHOCHT8JILHHll HMilYJILC M83OHa H HYKJIOHa, P - OTHOCHreJILHHll HM

IlYJILC .ItBYX HYKJI0HOB. 

,llH(p(pepeHUHaJILHOe ceqeHHe IlPH 3TOM paBHO 

(I5) 
r.zte S(G.)- qiasoBull o6~eM, yqHrusanmHll H0pMHpOBKY BOJIH0BOll ~YHKUHH HcrrycxaeMoro MesoHa, a 

Q. - HMilYJILC M830Ha. MHoimreJIL tz. yqHTHBaer CBOllCTBa YHHTapHOCTH s -MaTPHUbt, H M0%8T 6HTL 

Ha3BaH IlOilpaBK0tt, o6yCJI0BJI8HH011 pea6cop6nHell peaJILH0 HcrrymeHH0ro M830Ha~ 

MHoimrenL f(ey) , yqHTHBanmHtt B3aHuo.ztencrBHe Mesona c HYKJIOHou, rronyqeH B rrpeHe6pexeHHH 

BC8MH B03M0XHIDAH BHpryaJILHbtMH rrponeccaMH. B TaK0M IlpH6JIHllC8HHH B3aHUo~ellcTBH8 M830Ha C HyitJI0HOM 

'1 ,g. g 
q,z e SIM , - (I6) 

0Ka3HBaeTCSI B03M0llCHHM 0ilHCaTL MH0XHTeJieM 

r.zte S - c.ztBHr <pa.SH cocroHHHSI T = 3 /2; :r =3 /2 rrp11 .ztaHH0M HMIIYJILce ·q. • 3aBHCHM0CTL 

OT 3HeprHH B8JIHqHHbt '8 ycTaHaBJIHBaeTCSI C Il0MomLD ~OPMYJIH qn-Iloy (G. Chew, F. Low,I956 ). 

YqeT.B3aHMO,ItellCTBHSI HYKJI0H0B llp0H3B0,ItHTCSI IlOCJie roro, Ka.K yqreH0 B3aHMO,ItellCTBHe M830Ha C 

HYKJI0H0U •. IIorrpaB~qHHll MH0lmT8nL ~P) orrpe,It8JISI8TCSI KaK 0THOmeHHe BOJIHOBOit ~YHKUHH HYKJI0HOB B ~a~~-

Jie K00p,ItHHaT ,ItJISI H8K0TOporo 3(p(p8KTHBH0ro IlOT8HUHaJia K B0JIH0B0ll ~YHKUHH CB060,ItHoro ,ItBHllC8HHSI 

(A.B.MHr,ItaJI, I955). O.ztHaxo, HyKJI0HHHll ll0T8HUHaJI HMeer 0TTaJIKHBaDmHll cep.zteqHHK H rrponecc o6pa30Ba

HHSI 6y,IteT llp0HCX0,ItHTL Henocpe,ItCTB8HH0 BHe noro cep,11;eqmIKa. B 3T01l cnyqae IlOilpaBOt!Hbtll MH0llCHT8JIL 

paBeH orHomeHHD rpa,11;H8HT0B Ha paCCT0SIHHH, paBH0M pa,D;Hycy cep.zteqHHxa, C rrpHTSirHBaDmen qaCTLD rto

T8RUHaJia H 6e3 raxoson. CO0TB8TCTBYDmHe BbtqHCJI8HHSI U0XHO rrpoBeCTH B rrpH6JllfllC8HHH 3(p(p8KTHBROll ,D;JllfHH, 

(G, Kovacs, I956). B xaqecrBe HYKJI0HHOro IlOT8HUHaJia HCil0JIL30BaJICSI IlOT8HUHaJI raMMeJISI, XpHCTHaHa 

H Tanepa. 

CO0TH0W8HHSI (I4) H (I5) orpa:araror JIHmL cxeMy pacttera. B ,11;ellCTBHT8JILH0CTH, qro6u HaitTH. ceqeHHe 

o6pa30Bamrn M830HOB OT (p-p )-coy,11;ape1rnn, He06XO,ItHM0 Ilp0H3B8CTH paccuorpeHH.e _ no pa3JIHqmm yrJIOBLIM 

MOM8HTalt H H30TOllHqecxouy cmrny • 

IIpH aHaJIH38 no H30T0ilHqecxouy CllHHY CJie,11;yer yttHTHBa~L TPH nponecca: 

I) p+p - ('Ji.-tp)-+ n. 

HMllYJILC BT0poro HyKJI0Ha npH 

2) p-tp-- (:rc.-tn.) + p 
. 
' - -

; mmynLc BToporo HYKJioHa paBeH - P- ~ (Q. 

3) p-t p ~ Tl,. -t p-+ p 
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MaTpl-IllHllll 3JI8M8HT B l-I3OTOIll-Ill8CKOM npocTpaHCTBe )J.JISI nepBoro nporiecca pa.BeH 

o((_% %. %. -Y,.!% i/:t 1.1.)(1 J./:t .1 %_ I 11/.i %. 3/~)= -ff o(_- ='a; 

JJ.JISI BToporo nporiecca 

o<. (:½ 1/:i %. i/:1. /% j./:i. 1:1.)(1 %. 1-%. Ii 4./~ %.1/.i) = - ~; 
H JJ.JIH TpeTLero nponecca 

o1. (½ ½. 1& 1/-1. 131:t 1/:t i1.) ( U/.1 o 1/:i. I 1 o/~ 81.i % .. ) = - '-[{ a. 

ECJII-I },!83OH oelpa3yeTCSI y BToporo HYKJIOHa, a B3al-IMO)J.encTByeT C nepBIDA HYKJIOHOM, TO 1.mTpl-I'ltHUe 

3JieMeHTl,I )J.JISI Tex llte nporteCCOB paBHl,I COOTBeTCTBeHHO: 

- a.: . o...' . - \/2 a.! 
3-' -' 3 -' 

. I . 
r)J.e ct - KOHCTaHTa, OTJil-I'ltHa.fi OT ct , IlOCKOJILKY 3Tl-I )I.Be rpynn1,1 nporieccoB ocyIJteCTBJl.filOTC.fi C 

pa3JI!-I'lt!U,!1!l-I Bepo.RTHOCT.fiMl-I • 

TaKl-IM oelpa3OM ce'lteHl-I.fi Kal!t,ltoro 1{3 3TliX Tpex nponeccoB OKa3!,IBaIOTC.fi paBIIUMl-I: 

01 = l 0.. '=i=. i ex!) 
2

; 

G"2. = (a' =t= .!.a.)2.· 
3 I 

S3 = ( 1 a ±. f} ixf. 
(I7) 

Bepx1rnn '3IlaK OTHOCHTC.fi K CHilr JieTHOMY COCTOS!HliD HYKJIOHOB, a Hl-IllCHliti - K TplinJieTHOMY • 

I 
ECJIH npeHeelpe% 1,rnrepqiepennHet,t MelKJJ.Y a, vi a., , ro 

. I 2 i 12 
6':1.= a.; +-9~; 

6:' =- a:2+ .l:..a.,2 . 
2. . 9 I 

c- 1 2 2 2 ,2 
03 = 9C(; -+ 90,; I 

.. 
a oTIIomeHHe cetJeHnn t I I 

G'+ =- 6'1. + G"2 =- 5 s; s~ ' 
KaK 3TO ClUJIO l1OKa3aHO TIHCJili (D. Peaslee , I954) . 

B ~aHHOM reopnn ytJeT HHTepqiepeHrtliOHHUX qJieHOB npVIBO)J.liT K MeHLmeuy 3Ha'l18Hlil0 OTHOmeHHSI 6'76"'0, 

KoTopoe corJiacye:rcn c pe3yJILTaTaMH 3Kcnep!-IMeara Jiy'ltme, 'lteM 3Ha'lteHne s-:;s:_=f; 
B TeOplili )J.8JiaeTc.fi pa3Jlli'ltli8 M8llCJJ.Y HMllYJILCru.rn 

a cf - OTIIOCl-'IT8JILirnn VIMilYJILC . M83OHa H nepBoro HYKJIOHa, H HMTIYJILCaMli 

--?,CJ, , r)J.e F - liMnyJILC BTOporo HYKJIOHa, 
--/ -+I -,I 
f., j , KOrJJ.a p 

SIBJI.fi8TC.fi VIMTIYJILCOM nepBoro HYKJIOHa. TiocJie yqeTa B3aHMO)J.8tiCTBli.fi M83OHa H HYKJIOHa nepeXO)J..fiT K 
~ -- ' ~ , '--a-, • 

nepe:ueHHW P, cQ. , r)J,e P - OTHocueJILHHll HMITYJILC HYKJIOIIOB, a· Q m.myJILc :ue3oHa. 

Ha pHc.2. npHB8)J.8Hlil B8KTOpHue )J,liarpaMMU m.myJILCOB, a TaKxe YKa3aHl,I yrJill Mel!t)J,y B8KTOpaMli ~JIJ! 
' - :1.- -

cJiytJa.R, :icor)J.a HMllYJILC BToporo HYKJIOHa 
1
N2 paBeH p -P-2 Q.. • 
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. OIWHl.!aTeJII,HOe Bblpa.llCemte noJiy1.1aeTCSI nocJie HHTerpnpoBamrn no p H 'it[ . 'tlaCTHl.!HOe HHTe

rpnpoBaHHe npOH3BO~SIT CHal.!aJia no Q - llJ)H rIO<;:TOSIHHOM yrJie 0- Mellt,lly P H Q , TaK '-!TO 

p H q, OCTa!OTCSI rIPH 3TOM H8H3M8HHID.!H • 3aT8M IlpOH3BO~HTCSI HIITerpt1pOBaHt1e rIO (Q_ H ~ 0 • 

'tlaCTH'-IHO HHTerpt1pOBaHHOe ce1.1eHt1e COCTOHT H3 Tpex l.!JieHOB, COOTB8TCTBY!OlllHX a 2 

Ran: BH~HO H3 Ta6JIHU I H 2; npn $ -pa.3JieTe OCYl!lSCTBJISISTCSI O~HH 'B03MOllCHUti nepexo~, a npn p ·-pa.s

Jiere - naTL, ecnn nepexo~aMH H3 Hal.!aJILHUX F ·~ cocTOSIHHti npeHe6peqL. RoscpqinijHeHT nponopijHOHaJIL-. . 
HOCTH ~JISI $ -pasJieTa 06osHa1.1aeTca • a,b , a ,itJISI P - pa.3,,rera I g7i '' , . r~e J · !. noJIHUll 

MOM8HT 1 a j cy1wapHUll'MOM8HT pe30HaHCHOM no~CHCTSMU H cnnHa HYKJIOHa. 

BeJIUl.!HHU F ' qepe3 KOTOpue Bblpa.llCalOTCSI ce1.1eHHSI, noJiyl.!a!OTCSI nyTeM YMHOllC8HHSI BSJIHl.!UH r(fQ,0) 
Ha 3!.!ITHpUl.!eCKHe tfltcJieHHUe napa.MeTpbl Cl H g:rj • MHOllCHTeJIL f Ct) , Yl.!HTL!Ba!Oll!Hti 3cpql8KT 

B3aHMO~ellCTBHSI M830lla C llYKJIOHOM, a TaKllCe <pa30BUt1 061ieM SC~) 1 BKJIJOl.!8Hii B ICQ, e) .• 
ITpHBe~eHHaSI HHllte Ta6JIHita 3 cxeMaTHtreCKH rIOKa3LIBaer, c ~aKHMH COCTOSIHHSIMH_ HYKJIOHOB B _Hal.!aJie 

H KOHUS CBSI3aHbl COOTBSTcrBYIOlllHe BeJIHtfHHU F , KOTOpue KPOMe HH~eKCOB ( J, j ). pa.3JIHtralOTCSI 

MY1ILTHrIJieTHOCTSIMH HYKJIOHHUX COCTOilHHll ; S - 0603Hal.!aer CHHr JieT, t -TpHrIJieT • 

T a 6 JI H u a 3 • 

HatraJILHOe i.D2 COCTOSIHHe 

3unt1pt11.1ec:itt1e 
KOHCTaHTU, CBS!- a· 3aHHUe C ~aHHID..! . 
nepexo~ou 

,t. TpmtJieTHBe . ?,sj P (640) 
-~ COCTOSIHHSI 

e.t· "P2 s . (6!1) 

CHHrJieTHBe 

COCTOSIHHSI 

~ 
c; 

i~p (61.0) i~p. (61.0) i~p (G°;o) 
M 
(IS. 
A. 
I Tp1mJieTHUe 
~ COCTOSIHHSI 

35,s} (61.0) 3si cl (S1.0Y 351_d 

32 p . (6u) 3P, 
O,i,2 L6H) . 3~.2.P (6u) 

H _H .1t e K-c. u F s t s 0:-, t s t 
~o ~ ~o ~1 J t'H r;:t ~ ~2 

CetreHHSI nporteccoB (I2) H (I3) onpe;teJISIIDTCSI 3Hal.!eHHHMH F. H coorHomeHHSIMH (I7). Ilpz srou . 

2. I ,-.,rZ. , F F / ~x F If 
l.!JI8HaM a; , Cl.Cl, H '-'v COOTBeTCTBYIDT B8JilltfliHl,I > .. • YllHTHBaSI Ta:itxe COOTHOme1me 
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F [e)c F(-e), MOJKHo BblttRCJIRTb cetteHRSI 6".r.:T . R 6'_,.. c 11ouo1111,10 cJie,IJ;yD111nn Bblpal!CeHnl:t: 

" s . t- · ·. , i . 1 ,.s 
lo,nT .. L6i -t- 6"2.) -t-(6;_ -t- 6",2.) -t- ( 6"i -t" 6"2.J :.r L 6":1. + 02J = 

· .:...(2·0 r:is 4 F'') ( 22,_ Ft 4 .. vt ') - 9 L' - °3 .. · + l 9 -t-. 3 J;' (I8) 

a TaKl!Ce, 

r- 4 (Fs FS') 4 ( t ,t,) ~.'ii. .. ,.. 9 · -t + 9 F - F .• . (19) 

YMecTHO 110,IJ;qepKHYTb 11pn STOM TO odcTosrTeJibCTBo, ttTO B ,IJ;aHHon TeopRR yttTeH sqiqieKT RHTep~epeH-
. . . : . 

tiRM HYKJIOHHliX COCTORHRl:t. 3TO O,ll;H8._ll3 Bainel:tmRX ,IJ;eTaJm3annn TeopRR. ITpeib1,IJ;YIJIR8 paCCMOTpeHRSI, B oco 

deHHOCTlf Te, KOTOpUe RCXO,IJ;RJIR R3 KOHKpeTHOit R3odapnotl MO,IJ;8JIU, (.S.Barschay, I957J S~ L_1ndenbaum. 

R .sternheimer, I957)H8 B COCTOSIHRR dHJIR yqecTb 3TR RHTep~epenn1rnHHble 3(pql8KTli. HaudoJiee cy111ecTBeH

noe . '11pe,IJ;l10JIOllt8HMe R30dapnon MO,IJ;8JIR COCTORT B TOM, tITO M830H RCl1YCKaeTCSI B03dyx,n;eHHblM HYKJIOHOM. 

3TO 3KBRBaJieHTHO TOMY, ltTO U830H MOllteT odpa30BaTbCSI TOJibKO y' Toro HYKJIOHa, C KOTOpmr R B3aHMO

,IJ;ellcTByeT B ,IJ;aJibHeitmeu. 

YrJIOBOe pac11pe,IJ;eJieHRe M830HOB OTHOCRTeJibHO nyqm HYKJIOHOB H8Jib3SI nenocpe,I!;CTB8HHO 011pe,IJ;8JIRTb 

c nouo1111,10 F , 11ocKOJibKY RHTerpnpoBaHRe 110 Ha11paBJieHR~ m.myJibca uesoHa · ct[· B. Blipaxeum1x F 
y:ate Blil10JIHeHo ~ MOlltHO' TeM He uenee,,' BlltIRCJiltTL KosiixPmiiieHT nep~.n 110JIRHOMOM .Jiemn~pa ·BTopoit CTe

nenR · '!;, c~ <9) , r.ne" E) - yroJI ueiuy mmym,cou Me30H~ R nanpaBJI8HlISM ,ltBltllt8HRSI na,IJ;aJO-

111ero HYKJIOHa. AnaJiorRttmm npHeMOM MOlltHO· BlitIRCJIRTb yrJIOBHe KoppeJisrn~rn, a TaKllte KOMdRnanRR yrJio-

BHX, RMilYJibCHHX M KOppeJisrn1toHHliX pacnpe,neJiennn. 

qncJio 11apaueTpoB ·P -pasJieTa yueHbmaetcsr c nsrTR ,IJ;O iBYX~ HoBue napauetpH BHdRpaIOTCSI TaK, 

. ltTOdll BepOSITHOCTb P , -pasJieTa, conp0Box,n;a1J111eroc'sr RCl1YCKaHReM }(8llTpoHa,' saBRCeJia TOJibKO OT 

O,IJ;Horo H3 ne;z,;eHHill .ItBYX napaueipoB • YIIRTliBaSI MaJiyll BeJIRtIRHY O,IJ;HOrO lt3. ttJieHOB CyuMli, 011pe,IJ;eJISIJ0-

111en B8JIRIIRHY r , HOBll8 ~paMeTpli MOlltHO BB8CTR CJI8.ItYIOIJllIM Odpa30M: 

g · ~ {? gi~, - f>12 . 
!a. .'JG 

g ' . gjf, ~ «g,.2 
; H, =- .. . {G . J (20) 

n _ gz~ +_.(l,22 
l".>2a. - 'r;:: . \J2 

g _ g2L - f,22 . 
.2~ - . r;::- ,• 

•. \12 

B 3TRX HOBllX Od03HalteHRSIX ce1teHRe nponecca (II) C odpa30BaHReM .nettTpOHa saBRCRT TOJibKO OT 

gH, M ~2& • HOBlle ,nBa Ilapa;M8Tpa p . -pasJieTa BBO,ltSITCSI 110 cxeue 
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I gOi I "' I g1a. I = I g2Q. I = g~ ; 

I gu, I = f ga(, I == g, . } (2I) 

)leTaJII,Hoe paccMoTpemrn 3KcneprmeHTaJILHHX .n;aH;11,1x, noJiy1.1em11,1x B no.n;aBJISIIDllteM 6oJII,ll!HIICTBe B 

na6opaTop1rn: st.n;epHhlX npo6JieM 06'Iie.n;I!HeHHOro HHCTHTyTa st.n;epHHX HCCJie.n;oBaHHit' Il03BOJISieT. c.n;eJiaTI, 

BRl30.II: 0 TOM, '-ITO TpexnapaMeTpH'-leCKaSI TeOpH_SI .n:aeT xopomee 06'bSICHemrn H3y'-leHHl,IM xapaKTepHCTHKaM 

npoueccoB o6pa30BaHHSI Me30HOB HYKJIOHaMH B. nmpoKon o6JiaCTH 3HeprHH,. 3a HCKJIJD'-leHH8M 06JiaCTH B6JIH3H 

nopora, r.n:e npeo6Jia.n;aJDT S s - nepexo.n:u B 06pasoBa1mH Me30HOB H Tpe6yeTcSI BBe.n;eHHe .n:onoJIHHTeJI1,-

11oro rrapaueTpa. 

iIOJIHRe ce'-leHHSI peaKUHH p-t- p- d.+~+ COrJiacyDTCSI c TeopHeJ:! B o6JiaCTH 3HeprHH 

OT 300 M3B .n:o - 900 MsB, 8CJIH c.n;eJiaTI, rrpeHe6pelltemrn p -pa3JieTOM. Y'-IHTlrnaSI OlJIH6KH 3KCrrepH-

MeHTa H Heorrpe.n;eJieHHOCTH B BH6ope rrapaMeTpa g, , MOltHO YTBeplt,ltaTI,, '-ITO p - pa3JieT rrpH 

3HeprHH rrpoTOHa ~ 600 M3B ocyiqeCTBJISI8TCSI C BepoSITHOCTl,ID He 6oJiee I7'/,. 

JlJISI peaKUHH p-t p ~ n+ p+:it T BepOSITHOCTI, P -pa3JI8Ta B8CI,Ma --:-BeJIHKa. IlpH 3TO.M 

S- H P - pasJienr OKa3HBaJOTCSI paBHOBe.postTHm!H npH sue prim ,..,., 550 MsB, a npH s11eprHH 800 Msr. 

BepOSITIIOCTI, p -pa3JI8Ta B 2,5 pa3a npeBlilmaeT BepOSITHOCTI, s -pa3JieTa. 

XapaKTepHCTHKH npouecca p+p --;,,A 0
+·p-t- p COrJiaCyDTCSI C npe.n;cKa3aHHSIMH TeOpHH 6e3 

BBe.n;eHHSI KaKHX-JIH60 .n:orroJIJIHTeJII,Hl,IX naW,MeTpOB. 06Hapy:m:eHO' '-ITO npH /3 -pa3JI8Te m.reeTCSI CHJII,-

HaSI HHTep~epeHUHH, npHBO.Il:SilllaR K B8CI,Ma MaJIOJ:! BepOHTHOCTH .nepexo.n:a i.1)2 -
3
I'z·s2 • 3THM 

nepexo.n;OM OKa3RBaeTCH B03MOllCHW nOJIHOCTI,JO npeHe6pett1, BO Been paccMaTpHBae:i.mn 06JiaCTH 3lleprHH. 
\ 

Teop1rn yttHTHBaeT "cMeB1e11m1e" Ss - H S ~ -nepexo.n:u, KOTopue .n;aRJT o.n:una1toB1,1e BKJia.n:u, q.n:11a1to, 

npH 3HeprHHX, Bec1,Ma 6JIH3KUX K nopory' ueo6xo.n;HMO .n:onOJIIIHTeJII,HO yBeJmttUBaTI, BKJia.n: s s -nep\xo.n:a:. 

"CMellleHm,ie" nepexo.n:1,1 u Pp - nepexo.n:1,1 1rne1>T paBHHe BeponTHOCTH npu sueprHH OKOJIO 400 MsB. \ 
. \ 

TaKHM o6pa30M, pacnpocTpaHHB OCHOBHl,[8 npHHUUill,[ ~eHOMeHOJIOrHtteCKHX TeOpHJ:! npoueccoB o6pa30Ba~Hn 

Me30HOB HYKJIOHaMH .n;JIH MaJIHX 3HeprHJ:! Ha o6JiaCTI, 6oJiee Bl,ICOKH~ 3HeprHJ:!, y.n;aeTCH C IlOMOllll,Rl H3JIOl!t6Hj, 

HOJ:! Bllme pe3oHaHCHOJ:! MO.n;eJIH 06'bHCHHTI, OCHOBHl,[8 3KcnepHM8HTaJII,Hl,[8 .n;aHHHe BilJIOTI, .n:o 3HeprHH 
•. 

~900 M3B. 0.n;HaKO, BCJI8,ltCTBHe HenoJIHOTH 3KCnepm!eHTaJII,HRX .n;aHHHX, Teop1rn BHHyllt.n;ena .n;eJiaTI, PH.II: 

.n:onynteHHtl H ynpOJll8Hldt, npaBHJII,HOCTI, KOTop1,1x B HaCTOHiqee BpeMH npoBepHn IlOKa ttTO H8JII,~SI. JlpyrH

MH CJIOBaMH, OT TeOpHH YCKOJIL3alDT HeKOTopue .n;eTaJIH HBJI8HHH, BlilHCH8HHe KOTop1,1x CTaHeT B03MOl!tHl,[M 

TOJILKO nocJie BHilOJIH8HHH Heo6xo.n;HMl,IX 3KcnepHM8HTOB no Kalt,ltOMY H3 paCCMOTpeHHHX npoueccoB. 

Bonpoc O TOM, KaKHe 81Jl8 3Kcnep1u.1eHTll npe.n;cTOHT Bb!IlOJIHHU, o6cyl!t.n;aeTCH B CJI8.Il:YJDIJ!HX pas.n;eJiaX, 

J Oti1,e;iJme11H1i.1i1 nncrnr , 
i 1.ll!Ct!H:lX rnccm.:nor:,i;, ,; : 

SMSJlV.OTEHt, 
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J. IIpirnenemrn o6ntell· Teop:1rn R,1tepH11x pea1tmrn K npoyeccaM cowapemrR 

HYKJIOHOB, conpoBOllt,ll;aIDmnxcR ncnycKanneu Mesona 

Xopomo H3B8CTHO, qTo .JJ;JIH TIOJiyqeHHR :11qqepnHB~romen HH~OpMaUHH O npoueccax B3aHMO.JJ;ellcTBHH HYKJIO

HOB Tpe6yeTCR npOB9.JJ;8HHe PR~a OTIHTOB 6oJiee CJIOlltHOll np:11po~11,,qeM 0611qHue H3MepeHHR ~nipqiepeHnHaJih

HUX ceqen'Hn paccem'mn • K TaKHM OTIUTaM OTHO CRT CH: H3MepeHne acnMMeTpHH npouecca Ha TIOJIHpH30BaHIIOU 

nyqKe HYKJIOHOB C ·neJihB) onpe.JJ;eJieHHR COCTOHHHll TIOJIRPH3anirn pacceSJ:HHHX ·nyKJIOHOB, na6Jiro.JJ;eHHe pasmrqHO• 

ro po~a H3ll9119HHll CTIHHOBUX COCTORHHll llYKJIOHOB _ npn TIOBTOpll!iX npoueccax pacceRmrn, a TaKllte OTIUTll 

no ItOppeJIHUHHM CTIHHOBUX COCTOHllHll pacceRHHRX HYKJIOllOB. 

HccJI8.JJ;OBaHne nponeccoB pacceRHHH HYKJIOHOB npn 3HeprHHX OT 400 .JJ;O 900 M3B C U9JihID npoBe.JJ;eHHH 

KOJIHqecTB9HllOro qiasonoro aHaJIH3a pacna~aeTCR Ha ~Be He3aBHCHMUe rpynn11 3KCnepHM9HTOB. K nepBoll 

rpynne OTHOCHTCR 3KCnepnMeHTU no HCCJie~oBaHHB) ynpyroro pacceHllHR HYKJIOHOB H npoB8.JJ;8HHe UHKJia 

OTILl'l'Oll no Ha6JII0,1{6HHIJ Bcex Heo6XO){HMhlX TIOJiliPH3a!U!OHHhlX 8ql(P6It'l'OB. IIporpaMMa 'l'rutRX OTIH'l'OB B HaC'l'OHlltee 

BpeMH xopomo paapa60TaHa (I.~.IIysHKOB, P.M.PllH){HH, H.A.CuopO){HHCKHtt, 1957 I'O~). 

HccJie.JJ;oBamrn no BTopon rpynne 3Kcnepn:uenToB, oxnanrnaromnx nnTeHcnBmie nponeccu odpasoBaHHR 

M830HOB, npnodpeTa!OT 60Jihmoe :maqemrn • _0.JJ;HaKO, nporpaw.ia 3THX 3ItcnepHM8HTOB .JJ;O KOHUa 811(8 He 

COCTaBJieHa. 

Tipell:,lte qeu nepel!TH It o6cyllt,lteHHIO ll9KOTOpux B03MOXHUX 3KcnepHM8HTOB no HCCJie.JJ;OBaHHD nponecCOB 

o6pa30BaHHH .Me30HOB HYKJIOHallH paccMOTpHM H9KOTopue 06m:11e CBOllCTBa nponecca pacceHHHH .JJ;BYX 6ec

CTIHHOBUX qacTHU. 

H3B9CTHO, q.TO napuHaJihHOe ceqeHHe ynpyroro pacceHHHR ~]IS{ t - BOJIHH paBHO 

r.JJ;e . P= e;,2ie. 
' 

2 

k2
~ ='lr(~e-rt)/Je-1./, 

Oe, - C.JJ;BHr qiasu Ha· 6ec1to1teqHocTH, k. - BOJillOBoe qncJio, 

(22) 

6y -ynpyroe 

m p_nnaJihHoe ceqeHHe. 

icJIR ynpyr<ie pacceRHHe conpoBollt,ltaercR neynpyrn:r.m nponeccru.m, odycJIOBJieHHIDIH norJioll(eH:11eu, To 
·. • • . . 2 

If->/ < 1 . IIpn 3TOM oTHomem1e .. HHTenc11BHocTell pacxo.JJ;HmettcR H cxo.JJ;m!lellcH BOJIH panno /ft I 
• · 3TO 3KBHBaJI9HTHO TOMY, qTo npH HaJIHqliH norJIOII(9HHH C.JJ;BHrH qJa3 CJie~yeT cqllTaU He 

B911(9CTB9HHRMH, a KOMTIJI9KCHRMH BeJinqHHaMH, TaK qTQ 
(' <:'Re , <:'rm_ ' 

Oe = Oe, +- L de = X+ l-':f. 

Ecim npo:11cxo.JJ;HT norJioll(eHHe, TO y = b/"' > 0 , a napu11aJihHoe ceqenue ynpyroro paccemrnH H 

HeynpyrHX npoueccOB paBHU COOTB9TCTB9HHO: 

k 2 ,. / ) -2y oh2y-eos2:x: 
6'y = '-J'Jt L.2.(.-t- i e 

2 

kzs-H~ = ~(2l-t-i)(1.- lpe.!z) = 4x (:lt.+i) e 2_y s~2y 
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Yrrpyroe ceqemrn Sy MOlltHO pa3C!HU. Ha .ztBa CJiaraeyhlx. 0,ItHO H3 HHX, paBHOe 

k2syC1)= '-lri:[2.f.-t- i) (1..- ~2x.) 
(23) 

3aBHCHT TOJILKO OT .ztencTBHTeJILHOR-llaCTH C,ItBHra qJa3hl, a .ztpyroe 

k2.6"~(2)=Y7t.(.Q{+i)[c.os2x. {i~e2'1 - {1.4e"Y)] (24) 

orrpe.zteJISieTCSI KaK X , TaK H ':J , HO odpamaeTCSI B HYJIL IlpH 'J= 0 , TO ecu, KOr.zta 

OTCYTCTBYIOT HeyrrpyrHe rrpouecchl. 

ITepBOe H3 CJiaraeMux, He3aBHCSilltee OT lj. , MOlltHO Ha3BaU "ll~CTO" yrrpyrHM pacceSIHHeM. BTopoe 

cJiaraeuoe - yrrpyroe pacceSIHHe _3a ctteT rrorJiomeHHSI Ha3llBaeTcSI "yrrpyrHM OT Heyrrpyroro'!. BTopoe 

CJiaraeuoe orrpe.zteJISieT pacceSIHHe, IlO xapaKTepy 3KBHBaJieHTHOe .ztHqxppaKUHOHHOMY pacceSIHHIO, H rrepeXO,ItHT 

B ,ItHqxppaKUHOHHOe pacceSIHHe IlpH CHJILHOM rrorJIOllteHHH pacceHBaIOlltHM ueHTpOM H BCTYilJieHHH B Hrpy ,ItOCTa

TOll~O dOJILmoro KOJIHl!eCTBa BOJIH. 

B caMOM odmeM CJiyqae rrpocTon .ItH¢¢paKUHOHHOR KapTHHll He ,ItOJil!CHO HadJIIO,ItaTLCSI, TaK l!TO,.ztH¢¢paK

UHOHHO pacceSIHHble l!aCTHUhl MOryT dblTL pacrrpe.zteJieHll B illHPOKOR OdJiaCTH yrJIOB. B Kal!eCTBe rrprui:epa, 
. . ....... 

IlOSICHSIIOlltero 3TO YTBepx.zteHHe 1 pacCMOTJ)HM TaKOff CJiyqan • ,IlOilYCTHM, l!TO pacceHBaIOlltHn rteH'.U!/Ilor JIOniaeT 

TOJILKO BOJIHY e = Q , a OCTaJILHl:le BOJIHH He pacceHBaIOTCSI H He IlOrJIOl!laIOTCSI. Heyrrpyr;n. rrpouecc 

dy,IteT corrpoBOX,ItaTLCSI yrrpyrHM pacceHBaHHeM Toro xe IlpOHCXOX,IteHHSI, l!TO H .ztHqxppaKUHOHHOe pacceSIHHe, 

O,ItHaKO yrJIOBOe pa-crrpe.zteJieHHe ·ttacTHU OKaxeTCSI H30TPOilHhlM. 

B03HHKHOBeHHe HHTeHCHBHoro rrorJI01I1eHHSI pacceHBalOIIIHM ueHTPOM IlPHBO,ItHT K cymecTBeHHOMY ycJio:ame

HHIO xapaKTepa yrrpyroro pacceSIHHSI. EcJIH pemaeTcSI 3aiaqa rryTeM uadJin.zteHHSI yrrpyroro rrpouecca - orrpe

.zteJIHTl> .zteRcTBHT8JIJ,HUe llacTH C,ItBHrOB <fJa.3, TO ,ItJISI 3TOro HeOC!XO,ItHMO HM8TI, ,ItaHHble od HHTeHCHBHOCTH 

.rrorJIOllt8HHSI COOTBeTCTBYIOl!lHX BOJIH, KOTOpue orrpe.zteJISIIOTCSI MO,ItyJieM f~e1 

C.zteJiaeM H8KOTOphle reoMeTpHl!8CKH8' IlOSICHeHHSI K Bhlill8CKa3aHHOMy. PaCCMOTpHM IlJIOCKOCTI, KOMilJI8K

CHoro rrepeM8HHoro l: H OKPYXHOCTL 8,ItHHHl!HOro pa.ztHyca C U8HTpOM B HattaJie KOOp,ItHHaT. (Pnc.3). 

AMilJIHTY.zta CXO.ItSillt8MCSI BOJIHhl H3odpa3HTCSI B8KTOPOM 2i,=I• B03,IteMCTBHe pacceHBaDmero ueHTpa CBO,ItHTCSI K 

IlOBOpOTY BeKTOpa ~ HK YM8HI,ill8HHIO ero ,ItJIHHbl. ECJIH aMilJIHTY.ztY pacXO.ItSilltenca BOJIHhl 0003Hal!RTI, 
i.2X ....:.2.y 

qepe3 2; ' TO aMilJIHTy,Ita pacceSIHHon BOJIHhl paBHa ti.~ - 2 - 'i?., • ITpH 3TOM z .. I ~1-e j ,~, =- e J 
~ - # 

a COOTHOmeHHe (22) 3ailHmeTCSI B BH,Ite 
2 

r 
k26~=.7t:(?l+i) I.a~/. (25) 

HMeeT ,ItBe KOMilOHeHThl. 0.ztHa H3 HHX, Ai!1. IlPHBO,ItHT AMilJIHTY.zta pacceSIHHOM BOJIHU 

TOJILKO K IlOBOpOTY B8KTOpa ~ H xapaKTepH3YeT "l!HCTO yrrpyroe pacceSIHHe" • BTOpaSI KOMilOHeHTa;, 

. 6.~2. - COKpamaeT ,ItJIHHY B8KTOpa 

pacceSIHHSI. TaK KaK B Odllt8M CJiyqae 

• CT8Il8HI, coipamemm xapaKT8pH3yeT HHTeHCHBHOCTI, Heyrrpyroro 

I A~ I =f:: I LI~ 1 I , To B03HHKaeT .ztcirroJIHHTeJI1,Hun BKJia.zt ; ~yroe 

pacceSIHHe, Bhl3BaHHhln HeyrrpyrHMH rrpoueccaMH. 3TOT ,ItOilOJIHHT8JILHblM BKJia,It MOllteT dblTL KaK Il0JIODT8JIJ,

HW, TaK H oTpHUaTeJILHW. B _O.ItHOM llacTHOM cJiyttae, Kor.zta l.c:i~I = l ~~1 I , ro ech, KOr.zta .ztJIHHhl 

B8KTOPOB A~ H 6. ~~ O,ltHHaKOBU, 3TOT ,ltOilOJIHHT8JILHhln BKJia,lt odpamaeTCSI B HYJIL • 



- ao - . 

Bee Bl:,IW0CKa3aHHOe OTHOCHTCSI K npoueccau, B KOTopux yqacTBYJOT TOJ!bKO deCCTillHOBl:,10 qacTllUU. 

Tipu coy;n;ape1rntt HYKJIOHOB BO3HllKaeT aHaJior:11qHaa no xapa~Tepy, Ho do nee cno:llmaSI no caoeMy MHgroodpa-

3n10 KapTmia. B3am.mcBa3n ynpyrnx n Heynpyrnx npoueccoB. ToqHoe omrnaHne non Kapuim MOlltHO c;n;e-

JiaTb C TIOMOI!lb!O MaTpm:~u pacceSIHllSI, K ll3J!Ol!C0Hlll0 CBOilCTil KOTOpon MU ll nepen;n;eM (Blatt,Biedenharn, 

!952 ) • 

MaTpm~a pacceaHna S onnc1,rnaeT npoueccu c N OTKPUTl:JMH KaHaJiau:11 Btt;n;a 

A+~-C+d. 
(26) 

KaHaJioM Has1rnaeTca KaK npouecc ynpyroro pacceamia, Tait :11 pasJinqHue cxeuu Heynpyr:11x npoueccoB. 

HaqaJibHOe COCTOSIHlle CllCTeMU .JJ:BYX llaCTHU sa.;n;aeTCSI HH;n;eKCOM KaHaJia o( ' TO eCTb,·HanMeHOBa-

l!HeM tlaCTllU B Ha llaJie 1 . opdllTaJibHUM MOMeHTOM e , a TaK:ate TIOJI!IUM CTIH!!OM /3 , TIOJiyt1alOII1llMCSI 

np:11 BeKTOpHoM ·cJio:m:eHHll cnnuoB tiacTHU A :11 lb • B KOHetiHOM cocTomnrn cHcTeMa on:11cuBaeTca. 
I . 

Hl!.JJ:0KCOM K8.HaJia of... , yKa3UBalOIItHM HaHMeHOBaHHe HcnycKaeMUX qacTHU, llX CTillHU, BHYTpeHHDIO lleTHOCTb,, 

a TaK:ace TIOJIHW CTillHOM $
1 

KaHaJia H OpdHTaJibHIDI MOM0HTOM. e' • Mo~eHTU S ll l odpa3y!OT TIOJI-

Hl:,ll'l MOMeHT J , KOTop1:,1n coxpaHaeTca nptt CTOJIKHoneHHH. IIonnaa tieTHocu. IT TaK:m:e coxpaHaeTca. 

PaCCMOTpllM COCTOSIHHe C 3~aHHW TIOJIIIl:JM MOMeHTOM J H ~ - KOMTIOHeHTon .M. • CnHHOBM 

H yr nonaa sanncnuocn noJIHOBon qiyHKUHif c • noJinw uoueHTOM I u i:... KOMTioHeHTon J; = M 
opdnTaJiblll:,IM MOM0!1TOM e H CTIHHOM s onpe,JJ;enaeTca 

11:r:s=L cesmtmsfes IM)Yem (e,cp)ts.ms" 
ms+mc•M ' ' · 

(27) 

Handonee OdIItttll Bll.JJ: BOJ!HOBOll q>yHKUllH B KaHaJie o( co CTillHOM s , TIOJIHl:,IM MOMeHTOM :r 
n npoeKunen M npe;n;cTaBJISieT cynepnosttuttn cxo;n;amencs H pacxo;n;aIItellca cqieptttiecKnx BOJIH, KOTopy10 

Ha deCKOHetiHOCTll MOlltHO _3aTIHCaTb B BH;n;e 
• • 1c t,.) 1, ex)} '\f (TM)=~ r IM {KM -L\_k'..(i:.-y -B:rM i.\_k.,r:_- T . 

ol.s · 'tf? ~ns olsl e o(sf e . 

MaTpttua pacceSIHllSI s ycTaHaBJIHBaeT COOTHOmeHne Mellt,ll;y KO3q>!pllUll0HTaMH 

J"M . SJ'" . . J"M 

Bo<.'s'l' = ~ 2:: 2:: e1.
1s'l1 

• °'se Ao<.sl · 
c(. s f. , 

J"M 

A"'-se.. 

(28) 
'J"M 

H B«.sf. 

(29) 

CorJiaCHO 3TOMY onpe,JJ;eJieHlllO s -Ma.Tpttua ,JJ;OJilltHa dun yH11TapHO!t ,JJ;JISI coxpauemrn HOPMHpOBKll BOJIHOBOl'l 

qiyHKUllll BO Bpeuentt, H CHMMeTplltiHOl'l - B CHJIY Teope:i.m odpaTHMOCTll. 3JieMeHT!l S -MaTpHU!l He 3aBn-

caT OT M , nocKOJibKY BpaIItenneM c:11cTeM1:,1 npocTpaHCTBeHHHX Koop;n;nHaT MO~Ho H3MeHHTb M , o;n;HaKo 

TaKoe npeodpa3OBaHHe He IlOBJ!HSieT lla BCpOSITHOCTb nponecca. 

IIoJiytiHM BllpallteHtte ,:n;Jia aunJinTy;n;u peaKUHH B Kanane ct.. • ITa.JJ:aDIItYD nnocKyD BOJIHY pasJIOlltHM no 

cqiepntieCKHM qiyHKUHSIM: . 

r;n;e 

Lk-2 °"" .t. --, ~ 1 v-
e 1_s,m5 =v'0i'~i /2£.-ri•V"w- Jl+'/z(kr-) Le,o (e)1_s,m,, 

Y, C ) 
e+ s. 'J' , r 

f,o e 1s,m. = ~ '.2: ce SO ms I es J"MJ .:,Tes . 
J"= 1~-sl M=-J' 

(JO) 
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licnom,aysr acm.1nroTHttecxHtt BM.It cpyHKUHft EecceJisr jt+'/2. .ItJIII kr >> l noJIY.ttHM .1tJisr KaHaJia o<s : 
eik ~ - . i {Jf Lc:,O 2:r . :r ... s . • • t ~ 

:rs ·- <;;;;- (fsoms·./esJ"M'Ly':lf+t.>< "l ,ms kr L '..I 
r=o H=-j e.1:r-st 

,._ '1..JM {-i(k;..- f§J i(l<r-- e:) L 
oJ Tes . e -: e J. 

BOJIHU onpe)teJISieTCSl CpaBHHBaSI (2~) H (JI), BH.l{HM, ttTO aMI1JIHTY.1ta CXO.ItRllteftcsr 

i:.M 
O 

=.i.J.w;cesoms[tsJ"t-t)lv2e+1. 
c(S1. k B KaHaJie : CX. S J· 

B OCTaJILHUX KaHaJiaX ATM =0 
o<.S { 

AMI1JIHTY.Ita pacXO.l{Sillteftcsr BOJIHU 11PH 3TOM paBHa .• 
J"M • ---, ~ • £ ~ £ ,., ,=k'I./Jti.rd.. L.., (lsomsJlsJ"M)L y2e-+-i · 
o( s l t= I :r-s I 

:rM . 
S I I I /1 o<.s e•c<sc.. 

' 

(JI) . 

(J2) 

(JJ) 

Cj'MMHPOBaHHSl 110 o(. . H S 3.l{8CL HeT, TaK KaK CXO.l{S!lllaSICSI ,ccpepHtteCKaSI BOJIHa mAeeTCSl TOJILKO B 

KaHaJie ( ol, s) 

BOJIHOBaSI cpyHKUHS!, OUHCUBaIOlltaSI O.l{HH H3 KaHaJIOB nponecca (26) HMeeT CJI8.ItYDlltHft BH)t: 
•. ~ c,O r+s r .. s' 

'Y"c"':s')=; v-: ~I~ L L (lsom.s\ls.TM)i.l{~ 
. f~ ~ "' :T'=O e~fr-sl e'-fr-s'I . - . 

L (k.._;r.i, - ~~) ·c C' 0 " . $ :r \ 'L.f M 
e . o«'ol Os's 0 e'e - o{'s'e';olst J. cl:re's' · 

AMnJIHTY.Ita peaKUHH, KOTopasr onpe.1teJIS18T 3cpcpeKTHBHOe cetteHHe C 110MOlltLD COOTHomeHHSl 

kl!. d bot's•m;; o{Sl>ls = I a I •• , . (e 41) 12 
o<. dil -i,c1. s m.s; olSm.s , , ·-(J4) 

paBHSI8TCSl . oo :r-,.s :r...s' · l e,' 
qd..'s'm; ;0W>1s C 0

J Cf)= L ~ ~ i, - ,.foE' ✓~ • 
J"=o f• 17-sf t.'• l:T-s'I 

~ (e.s O tY1.sl es J"fvt) (e' s'f' m; I e's' JM) x 

J" . . 

• ( bc('ct ss's sf,'e - so(1s'e'·clsl) -Ye~, (eJcp). 
(35) 

/ 2 . 
IIpH Kallt.l{OM 3HatteHHH . J' H . fl HMeeTCSl J\I 3JI.eMeHTOB S -MaTPHUH, r.1te .fv - ttHCJIO 

B03MOXHHX KaHaJIOB. MaTpHna paccenmrn .l{OJilltHa CIHTL YHHTapHoH H CHJ.WeTpHttHOft. 3TH ycJIOBHSl Moryl' ... 

CIUTL Y.ItOBJieTBOpeHR, eCJIH s -Marpnny sanHcaTL. B BH)te: 

jIT 0 Jn) S =expL2iQ .1. (J6) 
mjn ~ 

r.1te \lo{.. - 3pMRTOBCKaSI H CHM11el'pHttHaSl MaTpHna, T.e. \;(; · - ~eftCTBHX8JILHaSl H CHM118TpHttHasr. 

(Q_ - MaTpHna COOTBel'CTByeT MaTpHne npeo6pa30BaHHSl BpallleHHSl B .1teltCTBHT8JILHOM npocrpaHCl'Be 

•. N - H3MepeHHft. 

YcJIOBHe CHMMeTpHqHQCTH 
-e-e' · 
t ( R.Huby, I95I) 

S -uarpmiu BllUOJIHSleTCSl, ecJIH 3JieMeHl'H 

(Q_ ~MaTpH~Y MOXHO sanHcaTL 

(37) 
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r,D;e ~ - ,D;ellcTBHTeJILHaH ,D;HaroHaJILHak ua.TpHua, a U7 n - yHHTapHaH ,D;ellcTBHTeJILHaH MaTpMua. 

JlMaroHaJILHHe :rneirnHTH ~ npe,D;c'TaBJIHDT co doll "codCTBeHHHe C,D;BMrH <pa.3" • 

TaKHM odpa3OM, OKOHtlaTeJILHO Ma.TPHUY pacceHHHH UOlltHO 3arIHCaTL B BM,D;e: 

S:rn= (u;:) e.::cp(.2i~;n) V=rn.. C3B) 

JlJIH ee 3a,D;amm TpedyeTCH J\( . codCTBeH!rn:X: C,D;BHrOB_ <pa.3' onpe,D;eJIHID!llHX ·, 4 'J"n ' a TaKllte ½.N(H-i) 

He3aBHCHMHX ,D;ellcTBHTeJILHHX napaueTpoB, Hcnonbsyeuux npH onpe,D;eneHHH Bpa!lleHHH U70 B J{-

1rnpHOM npOCTpaHCTBe. CJie,D;oBaTeJILHO, s -J1a;p11ua HMeeT i .J.f(.A/;- 1) ,D;ellCTBHT6JILHHX He3aBHCH

MHX napaMeTpOB. 

HueeTCH npHMOll M6TO,D; rIOCTpoeHHH 

roHaJILHHX npeodpa30BaHHn:· 

u .. oTO ,D;OCTHraeTCH C IlOMO!llLD ~OPMYJIH ReJinH ,D;JIH OpTo-

B .... -1 
:rn 

U:rn"" B ·'+1' 
-:rn 

r,D;e B - ,D;ellcTBH~eJILHaH aHTHCHMJ1eTp11t1HaH ·x -MaTp11ua. 

Tor,D;a . .· .B -1. 
'J"n .B'J"n-t-1. · fri• "' '\: · :rn S = . Q..:C. p 1__.-<-L ~J'n J B . . 

('.39) 

(40) 

B ·mttecTBe 

,D;BYMH KaHaJiaMH. 

BJ'o - 1. . . 'J"n + 1 
HJIJIIDCTpaUHH,3TOro ueTO,D;a 3an11meu HaHdOJiee Od!llYID s -MaTpHUY ,ll;JIH npoueccOB C 

OTKY,D;a 

s~ 

MaTpHUH A . H B 3anzmyTca Ii BH.1te 

( s· o)•. 
.6.. = o IJ. b2. _; B=( Q. ~) 

".".':~ 0 ~ 

/p,,2 1"2. i.2'blJ. 2 t20z. ,r-,Je +4~-e 
(1.+tY· 

2~(~z.-iJ (_~2'S1. - ~2~z.) 

(1 ... f'l 
. -·----~ 

· (_ z. "( i.!lot tlo2) 2.f> ~-1.J -e - e. 
(i:-r'j,2.)2• . 

,,e;_e ei2SIJ. ( 2. ...._rz. t2'&z. ,, . + y;-i..1 -e 
(1+'f>2.y-

TaKOBa HaHdonee od111aH . S -MaTpHua. ,ll;JIH npouec_COB ·c .1tBYM.H KaHaJiaM.H, BHpallteHHaH ttepe3 

,D;ellcTBHTeJILHHx napau~Tpa : b1. . H ·. 82 - _co($cTBeHHHe. C,ll;BHrH 4>a,3, - H napaueTp j>· 
Tip111, J3 = o· S-wTpHua nepexo.1tHT B .

2
· 8 

( 

l t ·o ) . . . S = g . ei2~z , 

Tpl'l 

tlTO npe,JtCTaBJIHeT codon 'laCTHHll CJiyttan H6CBSI3aHHHX ue:ac,D;y codon KaHaJIOB, npHtteu B Kallt)tOM. H3 HHX 

ocy!lleCTBJIHeTCSI TOJILKO ynpyroe pacceSIHHe •. 

AHanorH'IHO uo:acHo 3anMcan S -uatpH~Y .1tJIJ1 .N ~ 3 . Ha npzuepe .N' = 3 · uo:acHo npoHJIJIDCTpPI

poBaTL CBOllCTBO YHHTapHOCTH • s -WTPHUH; :fKOTOpoe BHpa:meTCSI YCJIOBH8~ . sts = I , r.rte . I -e,D;H- .. 

HMtlHaH uaTpHua. 

EcnH S - M8.TPMUY )tJlSI _J{ ~ 3 3arIH().D,TL B BH,Jte 
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(4I) 

TO TpedoBamrn ymnapHOCTH 3aTIHWYTCSI CJJe)lyIOl!lHM odpa3OM: 

- 2. 2 2. " 

I S11 I -t- I S12. I + I S13 I = 1. ; 
2. . 2. 2. 

I S12. \ + I S22. \ + \ S2.3 I = i ; (42) 

I Sr~l2 + \ $2?,1'2+ I $331
2
= 1. ~ 

}!3JJOllteHHllll B!1We cpopMaJJH3M s -MaTpHitl1 _ )lJJH peaKrtHtl co MHOrHMH KaHaJJrom MOl!tHO npm,reHH:rL 

K nporteccaM odpa3OBaHHH Me3OHOB HYKJJOHaMH. Coy)lapeHttfl npOTOHa C npOTOHOM,••paCCMaTpiBaeuue KaK 

np11uep, CBSI3ami co cJJe)lyIOl!lMMH nporteccmm 

p+p--p+p ) 
d. ,.,...+ 

p+. p ~ -t-J(. .--t- . . 

P + p -- n + p -t- J1.. 

p+p -~ .. +p+p 
(43) 

K nepBblM )lByM npoueccaM y1msaHHblll qiopMaJJlt3M MOll:HO npHMeHHT:& Henocpe)lCTBeHHO • CJJyttan C TpeMSI tlaCTH

uamt doJJee CJJOllteH • .l!JJH Toro tJTO6bl 3a)laT:b cmmoByIO H yrJJOBYIO tJaCTI, BOJJHOBOtl <PYHKI~HH Tpex tJaCTHU-

B KOHrte HeOdXO)lHMO BBeCTH )lBe IlO)lCHCTeMbl. ITocJJe)lHee MOlltHO OCYl!leCTBMTI, O)lHl1M 113 )lBYX cnoco6oa. 

B rrepBOM crroco6e O)lHY 113 lIO)lCHCTeM o6pa3yIOT ,ItBa HYKJJOHa. TaKoe pa3611e1rne IlO3BOJISieT CKJJa)lblBaTb. 

ClilfHOBble MOM8HTbl HYJCJIOIIOB B rrpe;lleJiax O)lHO_il .lIO)J;CMCT8Mll, H OT)J;8JJI,IIO CICJJa)lllBaTb op611TaJJl>Hhle MOM8!1TI,i. 

TaKHM o6pa3OM B l1H)t0KC KaHaJJa ,ItJJH peaKuun C TpeMH tJaCTHrtaMH ,ItOJJlltHa BXO,ItHTI, TaKllte xapaKTepHCTHKa 

CJ!OllCH_on lIO)J;CHCTetm: IlOJIHbltl MOM8HT, a TaKl!Ce ClIHHOBOti H op6.tTaJII,Hblll MOMeHTbl. YKa3aHHOe BBe;i:eHHe 

)lByx rro)lcHcTeM o6blttHo Ha3!,JBaeTcH (ts) - cxe11on. Han6onee y)lo6Ho no )leJian np11 aHaJ1113e :mcrre-

pHM8HTOB, D KOTopux .. perHcTp.tpyeTCSI M83OH. Q ;llpyron CTOpOHll, B OlI!,JTaX no Ha6JIIO)l8HHIO TOJ!l,KO HYKJIO-. 

( .. ) Ha, y;i:oduee lIOJII,3OBaT:&CSI . j J - cxeMon BBe;i:eHHSI )lBYX lIO)lCHCTeM, Kor;i:a B o;i:11y H3 lIO)lClfCTeM 

BXO,ItHT M83OH H O)J;HH H3 HYKJIOHOB. HeodxO,ItUMO OTMeTHT:&, tJTO npe)lCTaBJieH.te CTIHHOBOll H yrJIOBOn CJlYHK

UHH no ( es )-cXeMe lIJIH no (j j )-cxeue COOTB8TCTBYDT )lBYM BO3MOlltH1™ pa3JIOllt8HHHM nOJIHOll BOJIHOBOll 

cpyHKitHH Tpex tJaCTHit no npOlI3Be;i:eHHSIM co6CTB8HHHX cpyHKitHll Ka.10ton 113 nO,ItCHCTeM. Kaxoe R3 3THX npe.zt

CTaBJI8HHll oxaxeTCSI HaHdOJiee y;i:o6Hw, TO ecri,, dy;i:er CO,Itep:ra.TI, HaHM8Hl>mee KOJIHtJ8CTBO tJJieHOB, MOlltHO 

BHSICHHTI, TOJil>KO OIll1TOM. 

. ']) 
PacCMOTPUM B KatJeCTBe npHMepa HattaJII,l!Oe cocromrne .ItBYX npoT_OHOB • 2 • BO3MOl!tl!HMH Kalla-

JiaMH )J;Jlfl noro COCTO.IIHlrn, eCJIH orpaHHtJHTI,Cfl ytJeTOM ocrrycKaHH.11 Me3OHa TOJII,KO B s- R p-cocTO.IIHH

.11x, 0.-HYKJIOHOB 'B s- .H p - COCTOHHH.IIX, OKaJKYTCSI CJie,ItyIOl!lHe: 

:L 
I) ynpyroe 

2) nportecc 

(
3S1) 

(p- p )-pacce.11Hne B COCTO.IIHHH 1)2. 

p+ p __,,. cl+~+ , ocy111ecTBJI.1IeM11ll np11 rrepexo)le 

COKpaiiterrno H3o6pa:meT OCHOBHOe COCTO.IIHHe ;i:etiTpoHa; 
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3) npor~ecc odpa.30Bamrn TL+ -M830lla : p-t-p- t1 + p -t-Tt. ;- C BllJI8TOM 118CB/I3al!IIUX HYKJIOHOB 
3 . 1 . (3 ) 

B COCTOSIHlut s1. 1 OCYl!l8CTBJISI8Mlltl !Iplt 118 peXO,!t8 1)2.-,,.. \.. S~ p 2. , ,,, 

) 
-0 ~o p 4 nportecc odpa.3onamm JL -Me3oHa p+ p-JL -1- p-1- , ocyl!leCTBJISieMun npH nepexo,1te 

~.n2-e~s)2 • 
ll3 ¢eHOM8HOJIOr11qecKoro aHaJIH3a !Ip0I(8CCOB odpa.30BaHHSI M830HOB !Ipli 3HeprHH ,.._ 600 M3B, CJie-

.ItY8T I qTo_ IIOCJI8,!tHHtl nepexo,lt B8CbMa MaJIOBeposrTeH, H ero MOlltHO He npHHHMaTb BO BHRMaHHe. TaKHM 

odpa3oM, ocTalOTCSI TOJlbKO TPH KaHaJia, 3JI_8M8HTU S -MaTPHilll )tJISI KOTOpux od03HaqHM: s1.i I S:1.2 H 

S1~. ITpH 3TOM, KaK 3TO cJie,1tyer H3 (4I): 
2 2 2 . · I S11 I -,. I S12. I -1- I S13 I = 1 . 

MaTpm:ta pa.ccesrmrn ,1t11sr incm.mTp1rnae1.mro cocTosr1111sr :1..D2 ( J" = 2~ n +) oxnaTunaeT TaKxe c11e,1ty10m11e 

npo1teccu: . 

ynpyroe paccesr11ne 

Heynpyroe paccesnrne 

JL+-M830Ha Ha ,!t8tlTpOH8 B COCTOSIHHH [(
3S~) ~]2. ;. 3C-t-t-cl-.>.'.Jt.+~d_ 

;- 3~ 
.'.Jt -M830Ha Ha )t8l1TpOHe C pa.3118TOM HYKJIOHOB B · ...>:l.. -COCTOSIHHH ; · 

'.Jt. +'"T d. ~ :Jt -t-;- n -+ p , a TaKxe 

ynpyroe pacceSIHHe Tpex qacTHit 8t.++rt-t- p ._Tl.1-"T n-t- p 
,lt/ITCSI B COCTOSIHHH 

3 S1. • COOTB8TCTBYIOU!H8 3118M8HTF.,J 

$2'!> H $33 • 

, xor,1ta 11yKJI011u cJiena H cnpana Haxo

,S - MaTpn1tH odo311aqaJOTcsr S22 , 

A1.m1111Ty,1ta ynpyroro paccemmsr, KaK 3TO c11e,1tyeT H3 (35) onpe,1teJisreTcsr uo,1tyJieM ·/ 1·- Si., I· 
~ JIIOdo~o H3 HeynpyrHj( \ slj I I Ci=#=- j) • Had1IIO,!t8HH8 HeynpyrHX !Ip0I(8CCOB nyTeM OCYl!l8CTBJie-

HHSI Bcex Heodxo,1tHMhlX om.Ton no3BOJIHT onpe,1te1IHTb 3Haqe1111sr I Sij I (i =I= j) . ITpH noM KpoMe npouec~ 

COB I npOHCXO,ltSilllHX IIPH coy,1tapel!HH npOTOHOB I CJI8,1tyeT OXBaTHTb TaKl!Ce npoueccu coy,1tapeHHSI ,7L t--M830-

. HOB c ·,1tei!Tpo11aun. -Kor.1ta · I Stj \ dy,1tyT onpe,1teJie11u, Moxao, nc110JI1,3ysr cooTHorueHHSI yHHTapHOCTH ·(42), 

nat!Tn · 3Hatiemm I Sii I H 3aTeM npoH3BO.ItHTb ¢a3on1,Iti aHaJIH3 ynpyroro paccesr1111sr. 

Eo11ee KOIIKp8THaSI ¢opMyJIHpOBKa TaKOtl npodJieMu B03MOl!CHa !IpH ycJIOBHH, eCJIH y,1taCTCSI YKa3aTb Te 

cocTosr1111sr, B KOTopux cymecTBeHHoe 311aqe11ne HM8IOT 11eynpyr11e npoueccu. ITpH pemeHHH 3Toro· Bonpoca c11e-. . . 

.ItY8T BOC!IOJib30BaTbCSI pe3yJibTaTaMH ¢eHOM8HOJ!OrHqecKon TeopHH odpa30BallHSI M830HOB HYK110HaMH. lliAeHHO '· 

~He96XO,ltHMO yqe?Tb OCHOBHUe ¢aKTopu, BJIHSI!Oll!H8 Ha BepOSITHOCTb pa3JIHqHI,IX Heynpyrnx npOI(8CCOB. KaK 

yxe YIIOMHHaJIOCb Bl,IW8, '-raKHMH ¢aKTOpaMH SIBJISIDTCSI: 

2D I} pe30HaHCHOe B3aHMO,!tellCTBHe M830Ha C HYKJIOHOM B COCTOSIHHH J. 3/z 

2) BTOpon HYKJIOH OTHOCHT.8JlbHO pe30HaHCHOll IIO)tCHCT8Mll HC!If.,JTF.,JBaeT TOJlbK_O 

JI8T; KpOMe nepeXO,!tOB, B KOTOpux HYKJIOIII,I HaXO,!tSITCSI B. s -COCTOSIHHSIX, 

, . (T=3/z) 
s~ H P -pa3-

. D -pa3JieTOM .uo:11mo 

-- npenedpeq1,_; H3 Ta6JIHitU · 2 H 3 cJie,1tyeT, qTo B. nnx npe,1tnoJioxeHHSIX. ,1tOcTaToqno yqecn neynpyrne npo-
. · 1 S . i.D 3 D 3 r · 
I(8CCU H3 naqaJibllllX COCTOSIHHil: 0 • 2 ;· J. 012 ; 12 3 . 

' • I 
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B oc TaJIJ,HUX COCTOHHllHX rrpoueccaMll o6pa3oBaHllH Me3OIIOB J,!Ol!CHO IIOJIIIOCTI,IO rrpe11e6peq1,. 

IIOMllMO 3TOro ueo6XO)tllMO rrplll!HTI, BO BHllMaime TaKl!Ce CJie,llyIOntlle pe3yJil>T8.Tbl. 

~epOHTIIOCTl> rrepeXO,llOB 
3 ~ - 3 

S1 Si. .H 
3 ~ - 3 

S.f. d:f. ,llOJil!CHa 6b!Tl> MaJIOlt, TaK KaK IIpll 

3TllX rrepexo,llaX ll3¥eHJI8TCH '118TIIOCTI, COCTOHIIHSI IIO,llCllCTelrn HYKJIOIIOB • B CJiyt1ae, ecmt op6HTaJII,HUlf 

uouenT rro,llc11cTeMu HYKJIOHOB H3MenneTCH 6on1,me, t1eM 11a cl,, = I, a TaKllte ueuneTcn t1eTI1ocT1, cocTon

unn nyKJiouoa, To TaKHMl1 rrepexo,llaun, Ka:K, uarrpnuep: 

11 

MOXIIO IIOJIHOCTI,IO rrpeue6pe%. 3Tl1 MaJIOO6OCHOBaHJme coo6pai:eHHH IIOKa 'IITO xopomo cornacyIOTCSI c 3KCIIe~ 

PHMel!TaJII,HUMl1 ,llal!HblMl1. 

ECJil1 paccMaTp11BaTl> ace rrepet1HCJI8!1HUe'coo6pal!CeHHSI B Ka'lleCTBe uecTpOr11X npaBHJI OT6opa, TO MOX-

11O rrocTpo11T1, SIBHblft B11,11; S -MaTpm.iH )lJISI nepe1rncne1rnHx npoueccoa o6pa30BaI111n Me3ouoa, a Taitxe 
. 3 

yrrpyrHx npoueccoa. ITpn 3TOM npeue6peraeTcsr ynpyrnM paccesrnneu B cocTonI11tnx. H 6 , a Taitl!te 

c 6onee BliCOKHMl1 }.{OMeHTaJ.Ui. 

L'IH,lleKCl,I 3Jie!WHTOB s -MaTpHUH np11 KallC,llOU 3Hatte!IHH IIOJIHOrO MOMeHTa J It IIOJIHOn tteTHOCTH 

TT BBO.llHTcsr no cne,lly10men cxeue. 

Hll,ll8KC "I" OTBet1aeT Cl1CTeMe .llBYX npOTOHOB. 

tIH,11;eKc "2" OTBettaeT CHCTeMe ( 71.1" + d. ) • 

CJie,llyIOnt11e HH,ll8KCH OTHOCSITCSI 'K Cl1CTeMe Tpex qacntu Jt + ,N +J'(, 

HH,ll;eitc "3" - ecmr HYKJIOHu 11axo,ll;sr:rcsr a :rpnrrJieT11ux coc:ron11n.11x c H3OTOIIHt1ecKI-!M cmrnou TNN·=O. 

HH,ll8KC "4" - 8CJIH HYKJIOHl:l HaXO,ll;JITCSI B TpHIIJieTHl:lX COCTO.IIHl!.IIX C H3OTOIIHtteCKHM CIIHHOM ¼µ=I• 
HH,ll;8KC "5" - 8CJIH HYKJIOHU HaXO,ll;HTCJI B CHHrJieTHl:lX COCTOJ!Hl'I.IIX C H3OTOIIHtt8CKHM CIIHHOM 4N=0. 
HH,ll;8KC "6" - eCJIH ·HYKJIOHH HaXO,ll;.IITCJI B TpHIIJI8TflUX COCTORHH.IIX C H3OTOIIH'll8CKHM CIIHHOM 1:'N·=:r. 

S
o+ 

IIpH IIOCTpOeHHH MaTpHUU ,ll;JISI J"=- 0 H TT+ ·11eo6XO,ltliMO TOJil>KO 
. L 

npouecc (pp)-paccesrHHSI B COCTO.IIHl'IH So. , KOTOp!,!n onpe,lleJIReTC.II ~,llHHM ,lleftCTBllT8JII,HflM napaueTpou 

- C,llB11rou qa3u. IIpn 3TOM rrpoueccaMH o6pa3oBaHHH Me3oHa p+p- d-t-~+ · H p+ p•.A.++n + }::> ., 

CBH3aHHLIMH C rrepeXO,IiaMH iSo -[tsi) p Jo l'I i So --- (3S:1,p )0 . B rrepBOM rrpH6Jil1lK:emrn MOlitHO npe11e6..:. 

pe% BBH,lly MaJIOft ·aepOSITHOCT.H .1) -pa3JieTa. 

MaTpuua $ 2
-t- ,It.ii.II J"=2 H TT+ yxe 61rna rrocTpoe11a ( 41). KoJIH'-!eCTBO ,lleilcTBHTeJil>-

S2i" 
HUX rrapaMeTpoB, orrpe,IteJIR!OntHX IIOJIHOCTI,IO , paBHSieTCR 6. 

So-
MaTpnua oxaaTuaaeT rrpoueocu: 

3D S I) yrrpyroe (pp )-pacce.1111ne B cocTOHHHH r 0 sneMeHT f:I. 

2) npouecc o6pa3oBaHHsr ue3oua p+p-TL+-tn+p (610) , nponcxo,1tHntHft npu rrepexo,1te 

3-g, -- Ct; p \ - 3JI8M8HT S:1.s-
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3) npouecc· p+p-Jt0 +p+p, nepe_xo.n: apo __,.e~p)o - SH: •. 
TipeHedperaercsi npoueccoM p-tp-Tl'.'+p+p , .ap - 1 s s 0 D 0 

So-
.· - Marpm:~a :11ueer BH,ll;: 

· ( S11 S1s S16' 
$0

-- S., S,, $re ) 
siG s S'G s6, 

J{ = 3. Kom1qe~TBO .n;encTDHT8JibHhlX napaMeTpOB, onpe.n;eJISIIOl!lHX s0
-, paBHO 6 • 

8
1.- .. 1 . 

- MaTpHUa ,ll;JIS!'• . J = H n- :_ yqHTh!BaeT npOU8CChl: 

I) ynpyroe (pp) _· papceSIHHe B CO~TO.f!HHU .3 ~ 
2) npouecc p-t-p_,,.Jl.T-\"n+p.(610) ; 3pi_Lp:1.Po -0 . . •. 
3) npouecc p+p~JL-t-p+i, , nepexo.n:u 

3~ -- !P..p1. .S1Ga. 

3 pi. - 3~?1. £ 1.GS 
3 . P1 -3~ P1. $1.Gs 

TipeHedperaeM npoueccm.rn: .... + 3 p 3s 
p+p--,.d.+J\. 1._. 1 S1 

P * P - a. +:Ji."" 
3 

P1.. -
3s~ ct1 , 

,a raKxe auanorwrnHMH nepexo.n;aMH np:11 p+p ..:+'.ii.1-~nk p (610) 

CfaoHqareJibHO nonyqaeu: -

SH S1S' S1so.. S16S S1Ge. 
S1s- $ss- $S'Go.. Ss,~ S.rne 

$
1

- ~ \ $,.. $,,.. s..... ~.... s .... 
. S1,t S.n;s s6 ... G'b s6iGb sG~6e 

S1G('. SsGe. $i; ... Ge. $Gf>G"- ~Ge G~ 

J{~ 5. Kon:11qecrBo .n;ellcTBHT8JibHilX napauerpoB = I5. 

~11 

~15'" 

; 
V 

' 

(44) 

(45) 

TipH nocrpoeHHH MaTPHUil ,ll;JIS! 

I)3P2~3P. 

J"=2 

S1a.1~ 

S1a.-\S 

S-1'b ib J 

, n- - H80dXO,ll;HMO yqecTb ynpyrHe nponeccu: 

. 2 

2) 3p, - 3-F, 2 . 2 

3) 3,F2. ~ 3-Fz 
a TaKxe Heynpyr:11e: 

4) p;-p--':A."'+ p+n (610J 
5) p+ p--;i.:;to-\- p+p 

i 
3~- P1 pz 

3 p2. - 3
:F;_ h 

.3o - 3 P2-P2·---r2 

s.,q,S' .... 
S-1.,60. 

s.,:i. G li -•- _ 



IIpenedperaercSI npoueccaMH 

B pe3ynnare rionyqaeu: 

S1r1r S1fot 0 0 0 

2.- S1r 10.. Sfa.10.. S1Q., S1Q.G"'- S,{,._Gf 

s = D S~o..S" S.r .. Sn;,.._ S.rGS 

a s 1Q.,O,. $s, .... $ 6o.6Q., S bo. {;S 

(46) 

0 s~"-'-~ ~S"6S- s6 .. 6f S6r6r 
J{ = 5. HeKOTOpue H3 nepeKpecTHlIX. rtponeccOB OTCYTCTBYIOT. I{OJIHtieCTBO ,1teitcTBHT8JlhHl,IX napaMeTpoB· 

paBHO I2. 

OcTaJihHIIe s -MaTpHUH OXBaTHBaJOT TOJihKO rtpouecc1,1 ynpyroro pacceSIHHSI. Marp:11:na 

H onpe,1teJIS18TCSI Tpe1m. ,1tei1CTBVIT8Jll>IIL!MH rtapaMeTpaMH • 

TaKHM odpa30M, npodJieMa HCCJI8)tOBaHHSI rtponeccoB pacceSIHHSI npOTOHOB rtpOTOHaMH, npoueccoB 

odpa30BallHSI M830HOB B 3THX coy,1tapeHHSIX, a TaKl!te H8KOTOp1,IX 1!3 conyTCTBYIO~l!X nponeccoB, M0%8T dUTh 

CBe.iteHa K onpe,1teJieHHIO 45 ,nellcTBHT8JihHl,IX napaueTpOB. B Tad;mue 4 YKa3aHII KOJIUtl8CTBa l!CKOMLIX na

paMeTpOB ,nJISI Kax.itoro H3 yq:11:ruBaeMux cocroSIHHll J H TT 

Ta cl n H n a 4 • 

.J'· 0 I 2 3 4 5 

TT 
Bcero 

+ - - + - - + - -
Komi:qecTBO 
,It8itCTBHT8Jil>HlIX I 6 I5 6 I2 ! I 3 I 45 
napaMeTpOB 

Hluce. Mb! nepell,1.teM K paCCMOTpeHHD B03MOlltHOCTen H8KOTOp@X on@TOB I CBSI3amrnx C H3ytieHHeM yKasau

HlIX npoueccoB. 

IIporpaMMa Olll,ITOB no ynpyroMy pacceSIHHID npoTOHOB odcyllt)taJiaCb BO MHOrHX padorax, O)tHaKo B 

HUX C,ItBHrH ql8.3 CtIHTaJIHCh ,1tellCTBRT8JlhI!l,I1rn: B8JIHql!HaMlf.(R.Ohme, I955; A.r.3nMmr, I957, 

JI.J{.IIy3HKOB 1 P.M.PuH,ItRH, .ff.A.Cuopo,nRHCKHll, I957 ) • ·Tenep1>, ecrecrBeHHo, Heodxo,n:HMO ododmnTh 

3TO paCCMOTpeHHe Ha do nee od~Hll cnyqan H onpe,neJIHTh KOJIHtl8CTB8HHO BJIHSIHl!e Ha pe3yJibTaT!,I :J~ne.:. · ) 

pHMeHTOB yueH1>meH:11:e uo,1tyJiell I Stt I , KOTopoe · ,n:oJilltHO duu ocodenno saMeTHIIM ,ItJISI cocTOSIHHiI 
3 Pc, , 
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ITOCKOJII,KY, O,l(HaKO, :3'.rOT Bonpoc npe,llCTaBJIS!eT codon caMOCTOSIT0JII,HYIO, IlOKa eme He BlmOJIHeHHYIO 

3a,l(atiy, TO ynpyrne npouecc1,1 He odcyx,llaIOTCSI B HaCTOSll!l0M Oc53ope, a B03MOlltHh!e Oill,ITl,J paccMaTpllBaIOTCSI 

roJ11,Ko ,l!JISI npoueccoB p+p- ol+'.il.+ ll p-t-p- ~+ J\f+1i: • 

0,l!HaKO, npellt,lle qeu 3TO C,l(eJian, noKallteM, KaK <pop11ymtpyeTCSI IlOCTaBJieHHaSI Bhlme sa.n;atia B 

CaHOM OdnteU Bll,l(e, - eCJill paCCMOTpeHHlle nporteCChl OilllC!,lBaTI, C IlOMOl!ll,IO UaTpllitU pacceS!HllSI ll MaTpllgU 

peaituun. 

4. IIoJIHoe KOJ!lltieCTBO Oll!,JTOB 2 BhlllOJIHeHlle KOTopux neodxo,nm.10 .I(JISI pemeHllR 

npoc5JieMU COY,l(apeHlln npOTOHa C npOTOHOM ll Bcex COilYTCTBYIOfilllX npoueccoB. 

B caMOM ·odgeu cJiyqae 

KaK yKa3h!BaJIOCI, B npe,llbl)(ymeM pa3,lleJie, npouecch! B3allMO.ztencTBllR .ItBYX npOTOHOB CBSl3aHH dnaro-. 

',llapn BKJJIOtieHllIO Heynpyrnx npoueccoB c nepexo.ztaun uellt,l(y mecnJO rpynnaMn cocTommtt. 3rn nepexo.ztu 

· MOlltHO TaKxe pasdllTI, Ha mecn rpynn. 

K nepBott rpynne OTHOCSITCSI nponeccu: 

I. Ynpyroe (p-p)-paccemme, KOJ!lltieCTBO H83aBHCHMI:lX KOMnJJeKCHHX cpyHKitHll, onpe.zteJISIDillllX MaTpH

ItY (p-p) -pacceSIHllR B CaMOM odnteM CJiyqae, paBHO TIS!Tll. 3TO COOTBeTCTByeT IlSITH He3aBncm.nrn rpyn

miM nepexo,l!OB, KOTOpue MOliCHO IlOCTpOHTI, CJie.n;yEllllHM oc5pa30M. 

Coe TOSlllllSI CUCT0Mhl .n;Byx npOTOHOB pas.n;eJISIIO'rCSI 11~ Cllllr JieTHUe ll TplmJieTHHe • TpHnJieTHHe OTJIH-

qaJOT CSI l.!ellt.JJ;Y ·codon' B3aHMHOll Opll0l!Ta!ll10n opdllTaJII,HOro H CilHHOBoro MOMeHTOB • Ha ,ItHarpeMl.(0 3TH tieTH• 

pe rpynm,1 H30c5pa3SITCH TaK (pHC .4). 

JierKO BH,1!0TI,, tITO. npH ynpyroM (pp)-pacceSIHllll MoryT c5HTI, CJie,ItylOillH0 nepexo,Itu: 

I) CHHrJieT ---- CHHrJieT; -

t- fl -2) TpmrneT e t 5 TpHnJieT t s ; 

tr 3) TpHnJieT _r rr --TpHnJieT - s ; 

4) TpllilJl0T tr½ 7' .. t- -... TpHnJieT e. t s ; a KpOMe 3TOro tr , -
5) i'pllnJieT ts TpnnJieT t-· --f. { s , KOTOpHe CBSI3aHH C H3M0H8HH8M opdnTaJII,HOro 

MO?.!eHTa .ci.E=.t.2• 

0Ka3HBaeTCH, tITO C nouom1,ri TaKoro po,Ita ,ItHarpa.MMH y,Ita.eTCSI npamiJ!I,HO YKa3aTI,_ KOJ!lltI8CTBO 

Hesanncm.mx tIJJeHoB B uaTpHJ:le pacceSIHHSI HJIH B uaTpHrte peaKrtHll ,ItJISI n106oro nponecca '( c.M.IiHJieHL

KHtt, JI.U.JianH,Ityc, JI.Jl~ITY3HKOB, P.U.PHH,ItllH, I958). 

3aueTHM 3,lleci,, 1.ITO nepeXO,Itl,I CllHrJieT TpllnJieT He MoryT npOHCXO,ItHTI, B.CHCTeMe .ItBYX 

HYKJIOHOB, IlOCKOJ!l,KY 3TO CBSl3aHO C Ha.pymeHHeM sapS!,ItOBOll llHBapnaHTHOCTH. ]JISI .ItBYX npOTOHOB TaKHe 

nepeX0,1(1,1 sanpemeHU 3aKOHOM coxpaHeHHH tieTHOCTH. 
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TI. Tipouecc odpasonaHFUI MesoHa c 1rnnycKamrnM ,IietlTpoHa p+p-d+Jt+. .nmr'Toro, qTodu 

onpe,IieJIHTl> Kom1qecTBO Hesan11c11MHX KoMnJieKcHux cpy11Ku11n, nocTpO11M aHanor11qHue ,Ii1tarpa:1.um ,IiJIII Ha

. qam,Horo l1 KOHeqHoro cocTOIIHllti. B pesynnaTe nonyqm,1 (p11c.5): 

Ilpll IlOCTpoeHl!l1 BO3MOJ!CHhlX nepeXO,IiOB HeodXO,Iil!MO yql!TllBaTl> l!3MeHeHl!e BHyTpeHHen qeTHOCTl! 

m: -Me3OH nceB,IiO CKaJI.fipHaSI qacTl!Ua • 

BO3MOJ!CHUI.! OKa3UBaIOTCSI mecn nepeXO,IiOB, · OdO3HaqeHHUX CTpeJIKaMl1. CJie,IiOBaTeJil>HO, KOJil1tJeCTBO 

He3aBl!Cl!HUX KOMilJieKCHhlX cpyHKUl!i1 ,IiJISI 3TOitpeaKUl!H TaKllte paBHO mecT11. 

B cnyqae CK8.JIIIpHoro Me3OHa nepeXO,Iill .dY.IiYT ,!ipyrne, HO IlOJIHOe l1X KOJillqecTBO - TaKoe lKe 

(pnc.6). 

m. PeaKUHSI ·p+p-5!+(CHHrJieTHUe. HYKJIOHl:l); 7:v11 = o. TiepeXO,Iihl 3TOtl rpynnu odos:.. 

HaqeHU ~~ • KoJinqecTBO nesaBl1Cl!MhlX qJieHOB MaTpl!Ull ·pea1tum1 paBHO I X 4 = 4. B OTJil1que OT 

ynpyroro (p-p)pacceSIHl1/I BO3MOlltlIU modl:le Cl!HrJieT ---- Tpl!IliieTHUe nepeXO,Iill~ . 3TO odycJIOBJIElHO 

TeM, qTo B KOl!Ue HMeeTCSI ,IiBa opdl!TaJil>HllX MOMeHTa, dnaro,IiapSI qeMY 3aKOH coxpaHeHl!SI qeTHOCTl1 

B 3Tl!X nepeXO,IiaX He HapymaeTCSI. 

IY. PeaKUl!SI. p+ p - ·1t'. + (TpnnneTHue HYKJIOHhl); Ttv'N' =0; 

Cl!Mh!X qiieHOB MaTpl!Ull peaKrtl!n paBHO 3 x 4 = I2. 

AHaJior11qHue pe3yJI1>TaTU.IlOJiyqaJOTCII.,IiJISI ~N = I. 

' s c-t 
y • - ~1 . 11 YI. 0 11 . 

B COBOKYilHOCTl! npouecc p+ p - ~ + ,N -t- J{ xapaKTep11syeTCSI 

MaTpl!rtll peaKUllH. 

t 
~o • KoJI11qecTBO Hesanlit-

32 He3aBHCl1MUMl1 qJieHaMl1 

Tipl!Be,IieM eme O,ItHY l!JIJIIOCTpaUl!IO npm.1eHeHl1/I YKa3aHHllX ,Iil!arpaMM np11 onpe,Iie JieHl!H KOJlltqecTBa 

He3aBl!Cl1MllX qJiel!OB }.taTPl!Itll peaKUlll1. 

' PaccuoTpm,1 npo1,ecc coy,Iiapemrn qacTHU co c.nnaou $ = I/2 K S = 0 ; I/2 + 0 -

I/2 + O, np11:uepou KOToporo uoxeT dh!Tl> paccemrne uesoaa aa ayKnoae !it+ H -- :it+ N 
BO3MOlltHll CJie,IiyIOJillite aaqaJil>Hlle l1 KOHeqaue COCTOSIHlitlI (pl1i::.7). 

TaK KaK BHyTpeHHSISI qeTHOCTl> He MeHSieTCSI, TO .B03J.!OlltHl:l ,IiBa yKa3aHHllX nepeXO,Iia. TiepeKpecT

Hl:ltl npouecc sanpemeH saKOHOM coxpa~eHHSI qeTHOCTH. 

,nnSI npouecca I/2 + O - ..., I/2.,+ O + o, Hanpm.iep, :Jr+.N --:--9-Jt +N +:it-. 

B03M0lltlll:l JIJ)dHe tJeTupe nepexo,Iia, 

~· ( 1 l ) 
Ko BTopon rpynne npoueccon np11:Ha,IiJiemT cne,Iiy10m11~: 
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I) Ynpyroe ( '.it+ - cl) - paccemme. KOJilflJSCTBO HS3aBHCHMb!X lJJISHOB MaTpH[lbl pacce.flmm 

· .N'0= 4 (p~c. 8). 

0TJIHlJH8 OT (p-p )-paccemnm saKJIIOlJaeTC.fI B OTCYTCTBIIH CHHr JieT. - ► CUHr JIST nepexo,n;OB. 

II. IIporiecc neynpyroro pacceSIHH.fI Mesona na .n;etl:rpone t5es norJIO!lleHn.fI M830Ha 

m,+-1- d.. - Ji:T ;- (CHHrJieTHUe HYKJIOHbl) ; TNN =a; 6"o~
5 

_; -Nc,=3. 

ni'. IIpouecc Jl++ d.-ri: +(TpHnJieTHble HYKJIOHb!); T. d.:t-
NN O o ; ~O ; .J,/0 = JxJ = 9. 

AHanor11lJHble BUBO,JI,bl cJie.n;yro:r ,JI,JI.fI TNl'J ~ I. 

BTOpa.fI rpynna nporieccoB xapaKTepHsyeTC.fI COBOKYITHOCTI,IO 4 + 2(3+9)= 28 HesaBHCHMUX _KOMilJISK

CHUX cpyHKUHtl. 

TpeTl>.fI rpynna oxnaTb!BaeT cJie,n;yID!llHe nporieccu: 

I. at+( CHHrJieTHble 
HYKJIOHll 

) - 3C' + ( CHHr JISTHlle HYKJIOHll ) ; si~ ; T No= 1 
~o - -- ~o 

II. :it:-t- (c1mrJieTHU8 HYKJIOHU ) -~ + 6HHI'Jl8THUe HYKJIOHB ) . s:Osis . .N.,= 1 
~o _ ~1' ' 

m. ~ + (cHHrJI8THll8 HYKJIOHbl ) '----1"-Ji:; -t (TpHnJieTHlle HYKJIO~bl ) • s st . N. = 3 
T=-0 - . · T .. o ' 00 , - O 

G . rt 
IY. Tl:+ CHHr JieTHble HYKJIOHll ).,... -Ji:' -t- (TpHnJieTHble HYKJIOHbl ) . 0.01 . No= 3. 

•=O T=1' ' 

Bcero - 8 lJJieHOB B MaTpHrie peaKunn. 

K l!eTBepTon rpynne nporieccoB npHHa.n;nemT cne.n;yID!llHe: 

. ss 
I. 'jC + ( eHHrJieTHble HYKJIOHll ) -TL+ (cirnrJieTHble HYKJIOHbl ) ; si:1 . .N"o=-1. 

T•i T=-1 ' -

II. 3t + ( eHHrJieTHlle HYKJIOHbl ) --TL 'T (TPHilJl8THUe HYKJIOHbl ) . G:st . N, =-3 
. . T .. 1 . T=O I 1.0. , . 0 •. 

Bcero - 4 HeSaBHCHMblX KOMilJieKeHblX cpyHKUHn. 

Il.fITa.fI rpynna eOCTOHT HS: 

I. IIpoueeea ':iL +_ (TpHnJieTHble HYKJIOHU \ •. ~ JC + ( TplmJieTHble 

n. + (TpHilJISTHble HYKJIOHbl ) .. ~~ + ( TpHnJieTHble 

HYKJIOHH).,. ; o;ot · N.0•9 
1•0 .) 

II• 
· T•O 

HYKJIOH!}Txi; -~~t; J\[0= 9. 

II.fITa.fI rpynna nporieeeoB onpe.n;eJI.fieTc.fI I8 KOJ.mneitcHm.m qiyHKUH.fIMH. 

mecTa.fI rpynna coeTOHT us o.n;Horo nporieeea 

. tt 
I 'Jl. + /i,pHnJieTHble HYKJIOHbl ) - Jt + wpHilJl8THble HYKJIOHbl) • 6"1 . . J\[ 0 = 9. 

• I::. T•1. ~ T•i' i ' 

TaKHM o6pa30M, Mb! BH,JI,HM, lJTO npo611eMa uecJie,JI,OBaHH.fI eoy.n;apeHHll npOTOHa C npoTqHOM H Bee~ 

B03M0%Hl,IX eonyTeTBYIOlllHX nporieecoB B caMOM Od!lleM BH,JI,e eBO,JI,HTC.fI K Haxox.n;eHHIO 99 KOMilJISKCHblX 
. . ' 

<pyHKUHll OT 3H8prHH coy.n;apeHH.fI lJaeTH[l. YCJIOBH.fI YHHTapHOeTH, HaKJia,JI,b!Ba8Mble Ha Bee mecTI, rpynn 

nporieccoB' Il03BOJl.fIDT_ CB8CTH 3TY 3a,n;aqy K onpe.n;eJieHHIO 99 .n;elleTBHTSJII,Hb!X <pyHKUHll' ,JI,Jl.fI Haxox.n;eHHJI 

KOTopux IlOTpedyeTCR BllilOJlllltTI, 99 H83aBHeHMUX 3KcnepmrnHTOB. 
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Hem,3SI He corJiaCl1TbCSI C TeM, t:iTO B HaCTOSilllee. BpeMSI He CJie,n;yeT OCYllleCTBJISITb 3KCnepnMeHThl, 

l1CXO~SI l1MeHHO l13 TaKoi1 mnpOKOll nporpaMMhl. 

ITO-BM,l(MMOMY, nepBOHat:iaJibHO CJie,n;yeT 110JIYtJMTI, CBe,n;eHHSI O (p-p )-coy,n;apeHMSIX B cpopuymi:pOBKe 

cpa30Boro aHaJIM3a l1Jll'I - doJiee TOtJHO - orpa1rntteuuoro ItOJIMt:ieCTBa 3JieMeHTOB :s -MaTpMl::thl, KaK 3TO 

duJio uaMetteHo B Kaune npe,nH.nYlllero pa3,neJia. 

ITepen,neM Tenepb K odcyit,n;eumo B03MOlltHIIX 0!111TOB • 

5. Bo3MOlltHhle onh!TEI no MCCJie.yoBaumo npogecca p+ R ....:._ d.-t-:it-t-. 

CHat:iaJia c,neJiaeM HeKOTOphle nosrcHeHMSI K cnocody OilMCaHl1SI Hat:iaJibHHX M KOHet:iHIIX COCTOSIHMll 

yt:iaCTBYJOlllMX B peaKI~mi: t:iacTun, npMMeHeHMe KOTOporo Heodxo,nMMO npM aHaJIU3e !10JISipM3a~MOIIHHX 3cpq>eK-:-
• 

TOB. 

Hat:iaJII,H!Ie M KOHet:iH11e COCTOSIHHSI CJle,nyeT OilHChlBaTb He BOJIHODm.m cpyuKnnmrn, IlOCKOJlbKY B OdllleM 

CJlyttae COCTOSIHMSI ,n;o l1 IlOCJle peaKnMH odpa3y10T cuemauu11n aucaMdJlb, a C IlOMOlllblO uarpMnlI 11JIOTHOCTl1, 

KOTOpaSI BBO,l(l1TCSI ,: CJle,n;ylOlllUM odpa30M • 

ECJIH COBOKYl11IOCTl'l qacTnn xapaKTepMsyeTCJI o,nuott BOJIHOBOtt cpyuKn1rntt t , TO TaKall. COBOKyn

HOCTb Ha3h!Baercsi t:incrm.i: aHca.MdJieM. Cpe.D:mrn suat:ieunsi Mexaunt:ieciton BeJint:iiiHU T Taitoro -itncToro .. · 

aHCa.MdJISI onpe,neJISieTCSI COOTHOmeuneM 

" 
r,ne T - onepaTop, ·a CK06KM- co1tpa1IteHuo odosuat:iaJOT cyw.rn:poBamrn pesyJ11,TaTa. onepanm1 no Bce1C 

B03MOlltHRM 3Hat:ieHHSIM He3aBl1Cl1MOt1 KOOp,lll1HaThl. Ilp:l'!Mepou-npOcTettmero tll'ICToro aHcaMdJISI MOllt8T .CJIYlltl'!Tb 

COBOKYTTHOCTI, deccn11HOBHX·t:iacTHn, 11Mel01lll'IX onpe.neJieuuoe 3Hat:ieHHe BeKTOpa HMilYJlbCa p(px,py,pr) • 
ECJIH COBOKYl1HOCTI, qacutn He OilHCHBaeTCSI o,n;uon BOJIHOBOll cpyuitnuen , TO TaKaSI COBOKynHOCTb 

npe,ncTaBJISleT codon CMelllaHHhltl aHcaudJII, H Ha3h!BaeTCJI CTaTl1CTl1tl8CKOtl CMeCbD. 

Taxon CJlyt:ian OCYIIteCTBJISleTCSI np11 npoBe,lleHMM 3KCuepHM8HTa, Kor.na B perMCTPHPYDllll1i1 npndop nona-. 
,naIDT qacrnnH ue o,n;uoro K8.KOrO-Hl16y,n1, yrJIOBoro MOMeHTa, a C pa3Jll1t!Hb!Ml1 yrJIOBWl1 MOMeHTaMH. 

COCTOS!Hl1e CTaTl1CTl1t:iecxon CM8Cl1 MOlltHO onpe,ll8Jll1Tb HadopoM BOJIHOBHX cpyHKnl1i1 f:1., \f2~ , , , , tn. 
u Hadopou co~TBeT_cTBYlOl!ll1X BecoB P1 , P2 > ••• , P ~ , yKa3HBa10m11x, c ItaKott BepoS1THocn10 cooTBeTCTBYJO

lllHe COCTOSIHHSI npe~cTaBJl8Hhl B CTaTHCTHt:iecKoi1 CMecu. Ilpu 3TOM cpe.nHee 3Hat:ieuue MexaHl1t:i8CKOt1 B8Jll1-

q11HH T= 3a,llaHHOtl CTaTMCTHt:iecxon cuec11·paBHS1eTCSI 

(47) 

BhldpaB H8KOTOpyIO Cl1CT8MY OpToroHaJlbHHX l1 HOp:1.ll1pOBaHHhlX COdCTB8HH11X cpyH1tn1dt rt 
nepellTH K .npyron 3annc11 cpe.nuero suat:ieuna: 

(48) 

·r,ne · 

, MOlltHO 
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Onpe.n;emtu Tenepl, uaTpttrtY 11JioT11ocT11. Ta1toe 011pe.n;eJie11tte 11ox110 c.n;eJiaTJ, e.n;m1006pa3110 KaK )I.JI.FI 

CTaTHCTl1tt8CKOfi CMecn, TaK H ,ll;JI.FI ttHCToro aHcaMdJI.FI. -ITp0!13Be.n;eM ,ll;JI.FI 3TOro CJI8,ll;YJOlllee 11peo6pas0Ba-

1me: 

(T)=.-2:: ~ L pot_(!;ti'i coll\ Ttf;n = ~ L q,,;; Tliih = ~nm, . m h )' 

~~(ipn~ Tm~}= ~(pT\n = Sp CpT), 
(49) 

r.rr,e p - MaTpm.ia llJIOTHOCTH, onpe.n;eJI.FieMa.FI paBeHCTBOM 

? nni == ~ P ... c;IJI Coln • 

MaTpmta llJIOTHOCTH 'ttHCTOro aHCal!dJI.FI, OllHC!ilBaeMoro BOJIHOBOil q>YHKrtHe.11 to<. ' paBHa 
()(, -:11-Phm == Co<rn Cc1.n. 

TaK,HM o6pa3QM ,ll;JI.FI CTaT11CTl1'-l8CKOll CM8CH MaTpmta llJIOTHOCTH .Pnm npe.n;craBJI.FieT codon 

mrnenuy10 KOMdmrartllJO C COOTB8TCTBYID!llHMH BeCaJ.fR p""- l!aTpmt llJIOTHOCTl! · fn°';.; ttl1CTHX COCTO.FIHHii ~ 

Pnm = ~ P~ p:,;; • 
(50) 

U3 (49) BH,ltHO' ttTO 3a.n;aHHeM MaTpm.tu llJIOTHOCTl! onpe.neJI.FIDTC.FI cpe.n;HHe 3HatteHJIR JI106UX :wexaH11ttec1tHX 

BeJIHttmI. ITpH 3TOM cpe.rr,Hee 311aqe11ne <T> He 3aBHCHT OT Toro, B KaKou npe.n;cTaBJieHHH 3a.JtaHa 
A , 

MaTpuna .PT , ttTO .FIBJI.FI8TC.FI CJl8,ll;CTBH8U HHBapJ!aHTHOCTH CJie.rr,a llpOH3Be.n;eHl!.FI ,!I,BYX MaTPl!I.'I OTHOCl!Te.riJ,, 

uo yn11Tap1rnx npeo 6pa3oBaHHll. 

I{a-K CJie.n;yeT :irn orrpe.rr,eJieHl1SI, uaTp11ua llJIOTHOCTI1 p RBJI.FI8TCSI KBa.n;paTI1ttHOl1 3pMl!TOBCKOl1 . 
2. . 

:i.mTp,ntell ll3 11. CTPOK JI fl. CTOJI6ItOB, TO ecn, orrpe.n;emreTC.FI rt - BeJillttl!IIa.Mll; n ttl1CJieH-

IIO paBHO pa3MepHOCTl1 paccuaTpHBaeuoro llpOCTpaHCTBa. 

Onpe.rr,eJiemie COCTO.FIHJI.FI al!CaJJdJI.FI nepnoHattaJIJ,HO yKa3aHIILl!J crrocodoM l1 C llOUO!llM) MaTpm.iu 
2 

llJIOTllOCTl1 3KBlrnaJiel!TIII1 l1 3a,l{aIOTC.fI COBOKYllHOC TM1 T1 neJinttV.11 B TOM l1 .rr,pyrol.! CJiyttae • 

. 2 
!JaTpHrtY llJIOTIIOCTl! P y.rr,o6Hee Bcero 11pe.rr,cTaBl1U, KaK Jll1118tiHyID KOM611uan1rn n 3pMl1TOB-

CKl1X He3aBHCl1!.!h!X MaTpllrt Si, • ITpH 3TOl! K03!pqll1!.\ll8HTl,I pa3JIOllt8HI1.FI TaKoro rrpe.rr,cTaBJI0Hll.FI paBHl,I cpe.n;HHM 

3llatteHH.FIM 1.1exa1111ttecrrnx B8JillttHH, COOTBeTCTBYIOllll!X 3TI1U 11esaBl1Cl!Ml1M 1..mTp11iimr B paccuaTpI1Bae1rotf 

CTaTY1CTI1tteCKOll CM8CY!. TaKI1M o6pa3oM, 

p= ~ ~ <s,>si; (i,d,2" .. . , ri2 ), 
L 

(5I) 

r,l(e <si.:> - cpe.111111e 3Hattemm 3p!mTOBCKYIX orrepaTopoB Si. • TierKo 11poBepY1TJ, 3TO YTBepx.n;e1111e. 

ITo onpe.l{eJieHYIIO 11MeeM: . 

<St)=Sp(~Si)= ~Sp[f<sl<>sk.sL)= ~ ~<s .. >SpsksL. 
IToc1toJIJ,KY MaTpllitb! Si. opTorouaJIJ,Hbl 11 o6pa3yJOT nom1yJO cncre1.1y,. ro ecn, y.rr,onJieTBOp.FIIOT cooTHOllle-

111110 Sp Sis"'= n-blk , To · 

<si.>= ~~(S.,_)Sp Sic.Si=- 11.i (Sl<.>n, 8;.~== < St) 
n "' . 

PacCMOTplfM 11pocTOl1 YI cpaBHHT0JIJ,HO Har Jl.FI)I.llh!U cnyttail ttaCTYIIt co_ Clll1HOM' S = I/2. Pa3Mep-

HOCU CllllHOBOrO npocrpaIICTBa paBHa 2 s + I = 2. JJ,JI.FI 3a.rr,aHH.FI CTTYIIIOBh!X COCTO.FIHY!fl nyttKa ttaCTl1I.t 

I 
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Heooxo,n:HMO 3HaTl 
2 

rt = 4 3HaqeJIHH cpe,n:HHX BeJrnqHH qernpex 3pMHTOBCKHX MaTpr!I.( S, • 0Ka3bl-

BaeTCH, qTo B KaqecTBe MaTpmi: S ;_. MOJKHO B3HTb e.n:mrnqHyKl MaTpmi:y I, a TaKlE:e TpH MaTpmu:. npoeK-

1vm cnHHa ·S)(. , s~ .H Si!. Ha KOOp,ll;HHaTHble OCH. MaTpmi:a ri.rioTHOCTH 3anmneTCH B BH,n:e: 
. 1 -· . 
· p= 2s+i f(Si)Si= ~LI+-(S,.)S"-i-<s~>~+<s~>s,z]., . 

r.n:e <s,.)' <s!I) H (52) - cpe,!(1me 3l!alleHHH npoeKti:HH CCTHHa. Hanpa.BJI8l!He OCH ~ MOJKHO Bbl- .. 

dpau TaK, l!TO (Sx.)=<s~)= 0 , a <Sz!)= P .. BeJIHllHHa P - cTeneHb non.a:pH3all;HH pac

cMaTpHBaeMoro nyqKa. Tor.I(a 

HJIH .. HHal!e 

(52) 

TaKHM O OJ:l8.30M, MaTpHti:Y nJIOTl!OCTH nyl!Ka %CTHI.( CO cnHHOM S = 1-/2 MOJKHO. npe,n;cTaBHTb B BH,!(e 

JIHHellHoll KOM6rmati:HH pH,n. -MaTpHti:hl nnoTHOCTH Henon.a:pH30Ba1moro nyl!Ka, TO ecn Kor.ii:a <sz >= O, 

H p -MaTpmfo [IJIOTHOCTH l!OJil!OCTbKl l!OJI!IpH30BaHHOro nyqKa, TO ecu, ,n:JI.a: KOTOporo < s~ >= 1 n.n. 

K03cpcpmi;HeHT p pa.Bell cTeniHrn l!OJIHpH3aitHH paccMaTpHBaeMoro nyqKa. 

nna OTIHCaHHfl cnHHOBblX COCTOflHHll llaCTHI.( CO Cl!HHOM 

H838.BHCHMblX MaTpnri:. B Kal!eCTBe nepBblX tieTblpex, KaK H B cnyqae . ·• 

HeOdXO.I(HMO BB8CTH (2 $ + I)2:: 9 

S = .I/2, MOl!CHO B3.fl'.Tb e,n:HHWtHYKl 

MaTpnri:y H_ TPH MaTpHti:bl npoeKri:~n cnHHa S,c. , S~ H Se • 0.I(HaKo KpoMe noro Heooxo,n:HMO 3a,n:an 

CpS.I(HHS 3HalleH_Hfl onepaTOpOB BH,!(a $)(.5,!f • Cpe,n:n 3THX onepaTOpOB HenpllBO,!(HMblMll K oi:repa.TopaM Si. 

dy.I(eT Bcero nan. 3a11eTnM 3,!(ec1,, qTo Bee onepaTopbl Bn.n;a S,c.S_y B cnyqae llacTmi: co ~nHHOM 

S = I/2 npHBO.lVITClI K nepBb!M qeTblpeM. 

B1,1rue yKa3blBaJIOCb, qTo B KaqecTBe MaTpHri: s L . MOl!CHO .i:cnOJib30BaTb . JIDdyD l!OJIHYKl CllCTeMy MaTpHri: • 

Ha npmrnpe ttacT.i:ri: co cnHHOM S = I/2 61rna ~b!OpaHa cHcTeua 1~aTpHri: I, Sx, Sy, Si! • 0,n:HaKo, 

• BMeCTO 3pMllTOBCKUX MaTpHlt S~, S!f, s 'i! Y.I(O dl!ee Bbl0Hpa.Tb TaKue HX JIHHeltHble KOMOHHal.(HU, KOTOpble 

He lIBJI.R:lICb yl!Ce spm,:TOBCKUMH, npeodpa3yDTCH npH Bpa.lJ!SHHH KOOp,ItHHaTHblX ocen HaUOOJiee y,n:OOHb!M 

o6pa30M. nmrellHble KOMO:.!Hari:.i:u MaTp.i:ri:, KOTOpble npeodpa3yDTClI npu BpameHH:.! KaK ccpepHtteCKUe rap-· 

MOHHKH HJ" m r.n:e ·.r - npnHHMaeT Bee 3HatteHn.a: Bnnon .n;o .T,,,ax = 2 S , s - cnHH ttac-
' 

rnri:1,1, Ha31maIOTc.a: cnHH-TeH3opaMH H o6h!ttHo coKpa111enHo o6o3HaqaIOTc.a: T.T.m • 
' 

B 06111eM cnyqae C[IHH-TeH30pbl-He3pMllTOBCKHe onepaTOphl, a_no3TOMY cpe.n;nHe 3HatteHllfl HaOJIKl,Itae~ 

MblX (pl'.13:.!tteCKHX BSJ!HtIHH BblpalK8.KlTClI JIHHel1HhlMH KOM61rnari;HflMH cpe,n:HHX -3HatteHHlt cnm1-TeH30pOB • 

OnepaTOpbl cnHH-TeH30p0B Y.ItOBJieTBOp.R:KlT COOTHOlll8HlllIM OpToronaJibHOCTH H HOplrnpOBKH: 

Sp TJ"m T[m' =- (2S+ 1)6:rm, :r'm·, (53) 

:.! ,ll;JllI C Jiyttafl S = I BblpallCaDTClI ttepe3 

A 

Too= 1 . (54) 
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Cmrn-TeH30pl:l 06Jia,naDT CJI8.D;YD!llHM CBOV.CTBOM _ -r 
T:r-m =--(-i)m Tr,m. 

Jimr nponecca paccesrHHsr qacTm:i; HJIH peaKitHll ~H.D;a A-+ t?, - C -t- cl 
(55) 

cpe.D;HHe 3HaQ8HHSI 

cnmr-T81130pOB 3a,D;aDTCsr OTHOCHT8JII,HO .CHCT8MH KOOP.!tHHaT, OCL c - KOTOpon HanpaBJieHa B.D;OJII, 

cKopocTH HaJieTaJO!llen qacTHitl:l A . 
MOJB:HO •·11 .D;pyrmi cnoco60M sa.naBaTL cnHH-T8H30pH, ecJIH OCI, ~ HanpaBJISJTI, nepneH.D;HKYJ!SlPHO 

flJIOCKOCTH peaKitHH, TO ecTL .D;J!SI Kallt,!(oro OT.D;8J!I,HOro aKTa peaK!lHH Bl:l6Hpar1, CBOJO OCI, ~ 

(M.H.IDHpOKOB, I957 ) .• Oc1, X. npH 3TOM HanpaBJISieTCR no CKOpOCTH na,D;al01Jl8lt qacTHlll:l. B TaKOff 

CHCTeMe KOOp.D;HHaT CnHH-T8H30pl:l OKa3HBaJOTCSI JIH6o 't!HCTO ,D;ettcTBHT8JII,HWH, JIH60 t{HCTO MHHMl:lMH, ecJIH 

nytIOK H MHme111, H8IlOJISipH30BaHH. ~TOT BTOpon cnoco6 HCilOJl1,30BaTLCsr B .nan1,11ettmeM He 6y.neT. 

OnepaTOPl:l cnHH-T8H30pOB 

qepes cnHH-TeH3opu T J' m 
(:r) 

T.r'm' , B HeKOTopoV. HOBon· CHCTeMe KOOp.D;HHaT onpe.neJISIDTCSI 

B CTapon CHCTeMe KOOp.D;HHaT C noMOIJlI,D 3Jl8M8HTOB,Tpexuep11on rpynn1:1 

BpalJleHHSI 1) th m' 
(:r) 

T:rm' = ~ Dmlfl' (cp1., e, Cf2) Tjn; . (56) 

ECJIH OCL 2 HOBOtt CHCT8Ml:l KOOp.D;HHaT HanpaBHTI, no .D;BHX8HHD O.D;HOlt H3 BTOPH't!Hl:lX qacTHit, a OCI, 
-[-~] ~ · . ~k' lj - no B8KTOpy 11. = kx I< , r.ne K - BOJIHOBOtt B8KTOP HaJieTan111en qacTmt1:1, a - BOJIHO-

BOU BeKTOp BTOpHtIHOff qacTHitl:l, - TO 3ltJiepOBl:l yrJil:l npeo6pa30BaHHSI OT CTapott K HOBOff CHCTBMe paBHl:l 

~~=Cf+~! 8; <fz =- : ; (£1.M.rem.cpaH.11;, S.H.IDanHpo, I952 ro,;). 8,;ecL 

)(0,tp)-yrnu Bl:lJieTa BTOpHQHOn qaCTHitl:l. 

BTOPHQHl:lMH qacTHitaMH B peaKitHH p+p- d..+::ii:+ SfBJ!SIDTCSI :7r-t-_M830H H .D;8ffTpOH. ITO-

CKOJILKY cnHH M830Ha paBeH HYJID, TO pa3M8pHOCTLCnHHOBOro npocTpaHCTBa onpe.neJISI8TCSI B8JlH't!HHOlt 

cmrna .D;effTpoaa. EcJIH Hcnon1,soBaTL .D;J!Sl· oneparopoB npoe1tn11tt cmrna ,D;ettTpoHa MaTpHitH B BH.D;e 

1.(0 1 0) S,t'w 1 o 1 ; 
. 0 1 0 . 

- - (0 -i. OJ--
$ ~- .J:.. l O - i. · ; 

~.,... 1.(2 0 1. 0 (
1. 00) s~= 0 0 0 

. 0 0-1 J 

TO :l.fl.TPHitl:l cnHH-T8H30pOB MOXHO npe.D;CTaBHTI, ~ BH,D;e: 

(0 0 1) 
'½2=,./3' 0 0 0 ; 

ooo 

(01 OJ T
11 

-=-{½ a o 1. . 
o a o ' 

(
0 1 0 J T =-# o 0-1. ; 

21 
. 0 0 0 

,_,(1 0 0 ) -T= 1lo.oo-.· 1.0 '"2 .) 
0 0 -1 

1..(100) T =:-e- 0-2 o · 20 '112 , 
0 0 1 

(
1. 0 0 J T

00
= 0 1 0 · . 

0 0 1. 

(57) 

(58) 
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B ~aJILHenmeu HCllOJIL3Y8TCH JL8TO~ pa.ccuoTpeHHH llOJIHpH3~HOHHHX HBJI8HHff (B.Eepecreiuml, 1954 r~, 

KOTOpHff npHU8HHM K coy~apeHHD t1acTHit co CllHHOM!/2 Ho. 3TOT 148TO~ ll03BOJIH8T O~HOBpeJLeHHO BH

tlHCJIHTL PH.n. H · 9n.n. , TO e.cn, Ha6Jil)~ae1u.i1e BeJIHtlHHH Kalt Ha noJIHpHSOBaHHOM, raK H Ha 

H8llOJIHpH30BaHHOM nyqmx npoTOHOB. 

IlycrL na~an~Hff Ha MHmeHL nyt101t npoTOHOB nonHocTLD nonnpHSOBaH B HanpaBneHHH (S,S) orHocH-. . ~ 

TeJILHO BOnHOBoro. Be1t,:opa k 
6epeu KOOP~HHaTHYD CHCT8MY c OCLD 

ropon cmrnoBaH cpyHKitHH Hueer BU: 

• tJ:ro6H 3allHCaTL CllHHOByD q>yHKitHD Taxoro ~HCTOro aHcau6JIH, BH-

2 
1 

.· , Hallpa.BneHHOH no BeKTOpy cmu_ta, HnH 6onee · TOtlHO, B KO

q-j. .. I; q2. = o. JlJIH nepexo~a B nepBOHat1aJILHYD CHCTeJLy KOOP- . 

(59) 

!948 • 
· · s · e e"½ ('fi-V'1.) 
-L (M2 . 

~ ~ .o. ½ (%. "i'. lfz) 
2-= 

r~e <fL el <f2. 
OTKy~a 

(' ,,... 0 :ii: 
- :HtnepOBH yrJIH npeo6pasoBamrn. B ~aHHOM CJiyqae 'fi.=O+ ~; 0= v; 'fz.=-2, 

(60) 

npH 3TOM 'KaK cne~CTBHe YHHTapHOCTH. 
,l,_ ., \ ~ 

06HtlHO HCllOJIL3Y8TCH nyt101t HYKJIOHOB, B8KTOp llOJIHpH3attHH ltOTOpH~ Hanpa.BJI8H B,ll;OJIL OCH Dy. 
TaKOff xapa.Krep rionHpHSaitHH B03HHKaer B ycJIOBHHX, ltOr,ll;a llOJIHpH30BaHHHH nyt10K o6pasyercH B pesynL-

Tor,ll;a 

'• 
rare aKrOB pa.cceHHHH nepBoHatlaJILHO BenoJIHpH30BaHBOro nyqm Ha KaKOM-JIH60_H,ll;pe-noJIHPH3aTo~e • 

..0==90°· b'=90° 
I ' a 

(6I) 

Jleno BU8TL, ·tlTO · cpe,ll;HH8 3Bat18HHH onepa.TOPOB npoettttHH CllHHa Ha ltOOp,ll;HHarHHe OCH,. onpe,JteJI~e-. 

MH8 coorHomeHHHMH . 2 . 2.' 

<"i!>=l9"-l.;..l9zl ·, 
(s,._)= 2 Re Cqfqz); 

<s~>= 2 Tm (q:92.) ,' 



- 36 -

B .itaHHOM CJiyqae OKallCY?CSI pa.BHUMH · . 2. 2 . 1.. 1. · 
(E>2>=l9:1.l~lq:1.l= 2 - 2 =0; _ _ 

~- . • .A {.:6_ 

<sy)=2 Im (q;q2 ) = 2 Tm(~ e '". ~ e 9 )==-1; 

(6'",..>= Q f<e. Cq:q2.) == o. 

IlenoMpH30BaHHYD MHmeHb npo:roHoB HeJiisSI onHca:rb O.itHOll BOJIHOBOlt ipyHKrtHell, nocKOJibKY :raKaSI 

MHmeHb npe.itc:raBJISie:r co<1oll cuecb .ltBYX coc:rO,SIHHtt, :ro ecn, He0<1XO,l(PlldO_ 3a,l(an )tBe BOJIHOB!le 'PYHK

ItHH Pl 3HaqeHHSI BecoB, C KO?OpHMH nocJie,l(HHe npe.itc:raBJieH!l B MHmeHH. lM Y.it0<1c:rBa BHKJia)tOK MOXHO 

BBec:rH ycJIOBHO BOJIHOBYD 'PYHKitHD 

Cf= E1. o<.(2) + E2.J3 (2), 

r.ite d..= (6);. r= C~) - coelc:rBeHHLie 'PYHKitHPI npo~KitHH CilHHa. R031p!pHitHeH:rLI Ej_ Pl E2. 

I 2 2 1. 
Y.itOBJie:rBopSID:r npH 3:rou_ycJIOBHD E1.[ = I ~2.I = 2 (:ro ecn; oele npoeKrtHH cnHHa Ha ocb 

paBHOBepOSI?Hll) Pl ipopMaJibHOMY :rpeelOBaHHD E: £ 2 ::::; Q ' TpedoBaHHD CMecH). 
.,. 

HaqahbHY!) BOJIHOBYD 'PYIIKitHD .lt~YX c:raJIKHBaDIIIPIXCSI npo:rOHOB, O)tHH Pl3 Ko:ropux IlOJIHOCTbD IlOJISipH-

30BaH, a )tpyron - HenoJISipH30BaH, C y~e:rou C)teJiaHH!lX BHme 3aMeqaHHll, 'MOXHO sanHca:rb B BH)(e: 

~' (1,2) = elhf q1 ol(1.) ~ qz f (1)] [ Ej 0((2) + .£2 j->(2)]. 
l 

B CJiyqae (p-p)-coy,l(apeHHll ·HaqaJibHaSI BOJI!IOBaSI ipyHKitHSI ,l(OJIXHa Clu:rb an:rHCHMMepH30BaHa, q:ro )taeT: 

~A'4 = ¼[ ~/ (1,2)- y;: (2,1~. 

B pesyJiua:re noJiyqHM: . 'k . , 
~Al{ ~ J;-{[91cx(1)+q2fC1~oe(2)el ~- [q1 o<(2)+ q2 p(2)]o( (1.) e Lk~J + 

+ ~{[q,o((i)+q,j!(1)]f (2)~•~ [q,oe(2)+q,j!(2flf(1)€ik•J ~ 
£1 ,/1 £2 t . == ,,::., 1:I. + - 2 • 

. . ~2. . "2 
OClosHaq11B ~, (1 ·=en,• ~. ,.J = .coa c H npoHsBe.itSI Hexo:ropue npeo<1pasoiamrn, noJiyqHM 

~2 Ji. T-' '{2 12. T.., . . . . · 

_ Et fr q2 '( ike -~kl) . q2. ( ih -i.h)} . 'P:1.- \f2ll9111.1. + -[211,0) e - ~ . + \f2 {o,o le + e ., 
. _ E2 fi( q~ \( i.k~ . -ik2-) 91.. · ( . ikc -ikc)} 4'2 - ~l; 92'i(i,-i + l.[21i,o/ e - e - \f2 '{o,o e + e , 

r.ite , {i,1 = o<(i)cx(2.); 1i,~1 =f-,(1)J(2.); .. 

1_1,0 =¼f (i)J(2)+o<(2)J3(i.)]; 1o,o= ¼[~(1.)o((2)-~(2)o( (1.)]. 
PasJiaraSI nJIOCKYJ) BOJIHY no cipepHqecKHM rapMOHHita.M, .KaK 3?0 npOBO)tHJIOCb paHee, H HCilOJib-

3YSI acmmeTpHqecxoe npe.itcTaBJieHHe .ItJISI ipyH_KIUtff je (kr-) = J{f r fe+'/z (kr-) · np1t kr- >> l, 
noJiyqm,: - • r, ex) r, er.) 

ik.r -iki! i. o0 (. [; f; -~\.kr-- 2 i\.kr-~ ] 'V" 
e -+-e =;z;:V3CLiV2e.+1\1:t:(-1.)J[e + e le,o c~se). 

e_,.o . 



t 
k.- II83aBHCSlDtHlrt OT yr1IOB (6, If) H HH.lt8KCa e , a TaKllt8 BH.J:t811HB TO11LKO 

CXO.ltHDtYDCSI BO11HY, HaXO)tHU: 

Cf1. =E1-lf E iV2e+f{[i-{-i)e][ q1 l.u ¼ (CDsO)+ ifl 11,oYe,o (~9Hi-[1+(-i)eJ;; Zo.o l'e,o c~s~)}; 

lf>2= £2~ f ie{2l+1 {[1-(-1)f][q2 ?(1,-1 Ye,oCw} e) + J; 11,01:'io (et>se)]- [1+(-i)~~ To,o Ye,o (cose)} .. 
~0 • C, 

Bupasm.1 .iia11ee npol'!sBe.iteHl'!H 'l Y~ 0 i:tepes co6c-rnean1,1e lfJYHKilHH no11Horo uoueara J · H ero 
. ' 

npoeK!lHH M , BOCilO11L3OBaBmHCL COOTHOmeHHeu: 

\1,M'rf."oC~50)= L CetoM/e1.:rM) ~7e1) (c.o~0, cp); 
r=e-1,e,e..-1. 

'{o,oYe,o(co59)= 'Ye(eo)c~eJcp), J.1 ·~ · . 

r.ite (e10MIUJ"M) - KO3ipqlHL\H8HTU K11e6ma-rop,ItaHa, a yj(fi) - CO6CTB8HHaH lfJYHKilHII i:taCTHill,I 

co cmrnou S = I, no11mm uouen-roB J H npoe1tttHett nomtoro uoueuTa M • B uauieu i:tacrnou: 

cnytme n11ocKott nonuu, pacnpocrpaHHD11tettcn B.ItO11L oc11· Oz: , npoe1tu1tsr no11noro ... __ uoueHra .M. paBHa 

npoe1tttHH cnHHa S2 • Tor.ita 

. i 

<f1 = ~1Pf i: ie✓2e.-i-1.'{[1.-c-1}J[q1 'f. (eto1./e1.J"1.) 11.T(e.t) + . 
~o .. 

q O] e%·o} 
· + d ~(e1.oo(ei"Jo) yj(ei) + [1+(-i)] vz Ye,((.D) ; 

(62) 

IlpH 3HeprHl'I npOTOHOB --- 600 M3B H8O6XO.ltl'IMO npHHHTL BO BHHMaHHe s- ' p- H cL -cocrosi-

HHSI ~+ -M83OHa B peaKUHH p;-p- cl+ ::;r.-+ • 3ro npl'IBO.I(HT It CJl8.ItYDlllHM BO3MOlltHW nepexo,ItaM 

Ta 6 11 Hu a· 5. 

Hai:ta11LHO8 .32 15 iD2 3~ 3E 3~ COCTOSIHH8. i. 0 2 

KOH81'.IHO8 3S1si. 3S1cl1 3S1 Po 
3
S1 P2 

3
~d2 3S-1. d2. 3S1 d3 COCTOSIHH8 

AMn11HTY.ita I I 

Cp2 
I , , 

nepexo.ita Cs1 (' cl1. cf'o Cd2 Cd3 
CJq 

I • I . .3s 
3,IteCL : Cs.= L Cs ; Cc1.. =-i.Cd. • COCTOHHHe .itetlrpoHa .Jt1ISI KparKOCTH o6O3Hai:taeTCSI 1 · • Aun 11H Ty ,ltH 

nepeXO)tOB O6118,Jl;aDr CBOtlcrBauH 31!8M8HTOB s -MaTpHUH. 

Yi:tHTUBaH TO11LKO Te Hai:ta1!Lllll8 COCTOSIHHSI, 1toropue noue~eHU B ra6111ttte, no11yi:taeu BllpaXeHKH )t1lH 

CXO.ItH11tetlcSI BO11HH, OilHCHBaeuott <p~ 
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_ ,,... {· r: rT111. /T1J&.. _ :::1,'- +J:r1d1. ]+ Cf-:1.- E1. w. (.9:1.c \J2 V:1.(1.1) +v2 J2(1.1) 2(31..) V2 3(~JJ 

+iq2 [ ~i:cu) +If Y2~3:1.)] + 92 [ # ~~oo) -vf ~~20)]}; 

{ [ 
/3' -i /3' -i y-__:I. ff' -1. . ] 

Cf2 = ~2 ✓2:1c' i.q2 v¾ Y,,_(H) + v'ff Y2C11) - 2{31.) - v-J- ~(3:1.J · + 

. [Yo · 131,,_ o ] [ rryo rs= o · ]} 
+ t.q1 2(-11) -t- V2 y2(:u.) _ - q1. V2 o(oo) -v2 ~(20J · 

ROH8'11Hll8 BOJIHOB!le ·ifu.HKitHH npe~CTaBJIHDT COc50tl Tp8XKOMilOH8HTHH8 mapOB!l8 B8KTOpa ____.,. .. 

y;.et-1 = ~ (e1 M-r,,,, ~I l1. J" M) Ye,M-f'1 (.e, q,Yt,t4 . 
B xone'IIHOM cocroHHHH co~ep:imrcs TOJibKO pacxo~HIIIMCH BOJIHa, K03qxpHitHeHT!l B 
K034XPHitH8HT&ra A cxo~Hl!leffcs BOJIHH Marpm~ett pacceHHHR S 

. BJ"e'M = ~ srr.' P..!e~ 
e. 

(6J) 

--½eM 

iroropoff CBR3aHH C 

3TO COOTHOID8HH8 B HameM paccuorpeHHH CJie~yer npHM8HHTb ~Ba~: ~JIH Cf~ H ~Jiff %. 

ROH8'11HHe BOJIHOB!le ~YHKitHH 3anHmyTCR OKOH'llaTeJibHO B BH~e: 

}. - -;::,- - -F = o( :1. ✓1 1.1 + J3:1. ~ :1.0 -1-~ 1. 1.-1 

- - -F = o<2 i,1. 1- J211,o ;- '(e \1,-j (64) 

Cpe~HHe 3Ha'll8HHII cnHH-T8H30pOB BllpazB.DTCR qepe3 KOMnOH8HTl,I BOJIHOBHX ~YHKitHff ~ H ~ 
cne~yDl!IHM oc5pa3oM: 

(r;,o>=.~U°'l-t-/~, 12+ 10, 12) ; 
\.•1,2 

<Tu'>=-ff?:, (o(tJ, -t-pt·p); 
La1,2 

(T:10'>=# ~ (to(d2-.../fd~); 
1•1,2 

< T21>= -v½ ~ (c<fpi """"}t.'(l); ,,.4,z 

<~ol== ~I~ (/c{; f-2/~i f-t-1)'112
); <T;2)= 1/3' ~olffi. 

t•-1,2 i-i,2 

flBHlle yrJIOBI,18 3aBHCRMOCTH ~JIii 3THX KOllnOH8HT CJI8~YDl!IH8 ( JI.M.Copoxo, !958 A ) ~ 

o(1.= ~[~Cs-t-.D2(3co~.20-1)] + i2 siM9-eL'f'(c_-:--.[i?~e.c{_+); 

q1 • e e icp .D q2 e· ,.,, · · 
~1 = - 2 SIM co>., •e . o - 2{2 Co6 . ._+ } 

91 . u, i:2.tp .D 92 · • e· · :t'l' C -~ e _., ) 
V'" - - SIM o•e , - - SlM · e C +v1.S-~ ·UL+ · u.- 2 ~ 4 · - ' 

91. . e -i.ip r.. -r.;:' ~ d ' q2 2 e -i.Q<J' ~=---q-s""" -e '-e_+v1.s-.~~- +J - 2 siM ·e •.D~; 

ci~ e qz . -i'f 
B = -~ -e-+ - -s(Me~e.e •.D • r2. 2v2 2 · 0

, 

T2 = ~! SW\e.dlf'c~--~~0-d+)- ~~ [vi Cs-t-.D.z (3~2 e-1)J 

(65) 

(66) 
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3,D;eC; ( e~ '-f )- YI'Jil,I HCilYCKaHlifi ,D;ettTpOHa, a 

C+=Cpo-t-@Cr2.; ~~=Cpo-ffc{'z; cJ...-t-=Cd2 ~/[eJ3 ; cf._=fl-eclz-Cd.3 ; ] 

.D 3 f'3 . isd r.;-:, ]) .fi n, · ff'd 3./3 ..fi ff1 fi (67) 
0= 2 y2 e<11 *\Jit _ 1-v~4 CJ"~ 1.= 4 '-<J"-i-vs: 1 - - 4 cd1.; JJ2. = 2 CJ,,-vfd_- 4

3 C11. 

Cpe,D;HHe snaqeHHH CllHH-T8H3OpOB B o6~ey cnyqae qacTHqHo IlOJIJlpH3OBaHHOI'O nyqKa UOXHO 

samrnaTL COI'.7la.CHO (52) B BH,D;e: 

<T)= <T>H.n.-+ P<T)nOA, 

r,11;e P - cTe·neHl, noJmpHsauH·H nyqm npoTonoB B nanpaBJteHHH ocH Dy • YrJtoBoe pacnpe,11;eJ1eHHe 

,11;eHTpOHOB Ha HenoJmpH3OBaHHOM nyqKe OilHCHBaeTcn saBHCHMOCTLD (C.M. BHJl8HbKHHt n.H. nrum;zcrc, 1955; 

F.Mandl,T.Regge,!955) 

~RX pas,11;e.nax, qfo 3THUH nepexo,11;auH YOXHO npeHe6peqL, TO 

(69) 

Tauu ot1pa3O:M npH OTCYTCTBKH yxa.saHH!lX nepexo,D;OB YI'JIOBOe pacnpe,11;exeuHe peaitijHH p-t-p--d..-t-Tt.+ 

He ,D;OJIXHO CO,D;epmTL qJieHoB, nponopuHOHaJILHliX co5
11 9 qfo IlO,D;TBepllt,D;aeTCH 3ItcnepID!eHTaJILHO 

B mHpOKOH O6.nacTH sneprHH. 

B STOU npe~nOJIOZSHHK: 
d. = {3123 Ca . _ \/2 z, 

HsuepeHHH Ha noinpH3OBaHHOM nyqKe npoTOHOB ,D;aDT BO3MOZHOCTLCllpe,D;eJIHTL 

k2 J:!Cf)11 =<ToolnoA =- s1M0~<f (.\;+ Ad.~ 0 + A2.~2e + A.3 ~3e); 

Ao= ~#Im (ctC!s)+ t Im [Gn2.* nd.)c-J; 
:\_= !f!Im(c;d~)~ ~Im[d.;(;D2-D~)]; 

:X.2. = t Im[c~(3D2+D1.)] + 2~ Im Cc: no); 

A3 = ~ Im [ d.! (D1.-3D2.)l. 

(70) 

(7I) 
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EcJJl'I Cd1, = ec4 = 0 , To A3 = 0 , ttTo He npoTHnopettRT sKcnepnueuTam,Hw .itamnIM. TaKl'IM 

o6pa3OM, ua6JJD,Ita8Ml18 ::rna'lemrn KO3qxpHUl'l8HTOB A.3 R 04 cJJymT I10.ItTBepz,Itelil'!eM npaBirniHOCTR 

npe)tl1OJ!Ollt8Hl'ISI O BO3MOlltHOCTl'I 11O111IOCTI,B) rrpeHe6pettI> nepexo)tm.m 
3 f.;; - 3 

Si d2, l'I 
3 f; -

3 S1 d3 

]O11OJJHHT8JII,H~e CBe,IteHHSI O COOTHOW8HHH aMilJIHTY.It pacCMaTPl'!Baeuon peaKUl'll'I )taIDT OITblThl no 

l'l3Mepem110 COCTOSIHl'lll I1OJJSipl'l3al{l'll'I )t8fiTpOHa Ha H8I1OJJSipH3OBaHHOM H IlOJJSipl13OBaHHOM ny1u~x npOTOHOB 

(L,Wolfenstein, , I955; TI.H.Tiann,nyc, I957) • BepORTHOCTI> l'ICI1YCKaHHSI )t8fiTpOHa C 3a,ItaHHOll 

nonnpnsamien H KBa.1tpyno11npnsa11l'len onpe.1tennercn cpe.JtHHMH sm 11eunnMH cnm1-TeHsopon oonee BhlCOKoro 

paHra. 

IIOJJSIPH3aumi: CBSI3aHa C <½,;;} . TaK, Hanpnuep, 

<r) ds __ _g_ I- /C"T1 , . 
;>~ d..Q. - f3 m,l.11/ I 

<s,.> f~=-~Im<T11'); <sr:)1:;.=t½<Tio). 
]lJJn Heno11npusona1rnoro nyttKa npoTOHOB m.ieeu: , 

} (72) 

r.1.te 

<'41 >H.n. = - ~ # s~&~e. eLlf (Yo+ Y2 cos.2 0) ; 

Vo= f.f Irn c]):cs)+ Im [Go2-t-])1)*.Do]-1- 2}z- Im Cc: C-) ; 

Y2.= Tm[]): (3D2+.D1)]. 
} (73) 

COCTB8TCTB8HHO, )tJISI I1OJJSipl'l3OBaHHOro nyl!Ka BO3HHKaeT ,ItOOaBO'lHhlll 3qxp8KT 

. <T11) no"~ ~ ✓-f CP.:> 0 { ~o + ~1 ~ e ;- t-,1:i; ~
2 
0 + f-"3 ~

3 
0 + 

. . + s.vJs et:i.tp ( t--1'( -t- \'--is- ~s) } ; 
r.1te • 

~
0
= 'J3 Re (c!es')-~ Re(c:!:D2.)-ReCrt~-); 

~1 =-{!?Re (:rtct+); 

Pz= 3{2 Re(c~D1)+ Re (Dfe-) ~ 

~:!,= fr? Re (Jtd+J; 

~" =--:-Re(JJ:CP-J-V2' Re (c;.D1.); 

~s-=g Re (.Dtd-t-J. 
(74) 

KaK. BH.ItHO ns (72) n (73), neKTOp no.mipnsal{Hl'I .iteV.rpoHa n cnyttae uenonnpnsonaHHoro nyttKa 

HarrpaBJJeH nepneH,Itl'IKYJJSIPHO I1JJOCKOCTH peaKI{l'll'I. 

Ha no~npH3OBaHHOM nyttKe npOTOHOB BO3Hl'IKa8T IlOJJSipl'l3attl'IR ,JtefiTpOHa, HanpaBJJ8HHM B)tOJII, OCH 

2 , To ecTL, B.ItOJIL JIHmrn coy,napeHnn nepBRl!HhlX npoT011on. BeJJHl!nHa TaKoll nonnpnsattmr onpe.ite

r.neTcSI: 

< T1o'>nOA = ~ H- s~e SMlf { 30 + f 1. ~e-'( ~2 ~e~ + %3 c;Y.)
3 0); 

r,ne 

~ 0 =4' Re(cfe?-)+Re[Cn1.-.D2~-] ~ ~ 2. = Re [(3D2-]):1.)*~-J; 

~1. ={is Re [(l)1.;-J)2)d+]-✓f'Re(c~d+); r~= -'11? Re[(3D21-J):1.)-¼-d¼]. (75) 
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n.nn H3MepeHH.lt no.nRpH3aUHH ,ItettTpoHa TpedyeTCR npOB8,It8HHe 3KCnepnMeHTOB no ,ItOilOJIHHT8JILHOMY 

pacce.lIHHD ,ItettrpoHOB Ha KaKOll-JIHdo .lt,Itpe. 

3aBnc11uocn ce-qemrn pacce.1tHH.1t ,1tettTpoHoB Ha .1t,1tpe - aHaJIH3arope onpe,1te.naer_cR coornomeHneM 
(W.La.k1n, I955; F.Mandl, T.Regge, I955) : 

(76) 

r.1te 'P - a3nuyra.nLHHtt yro.n pacce.1tHHR . .1tettTpoHa Ha s,1tpe - aHaJIH3arope, @ - noJ1RpH1,1tt yron 

paccemmR; K0 , K ~ , K: H K2. - Ka.n~dpo_B otIHHe K03qxp11uneHTH, xapaKrepH3YDIItlle_. aHanH3Hpyn

lllHe cBoncrBa R,Itpa-aHa.nn:mropa .ItJIR Kallt,lloro 113 yKa3aHHHX THTIOB noMpH3aumi. Be.nnt1~1,1 K 3aBlt

CRT or yrna 8 '11 HX MOXHO onpe,IteJIHTL nyTeM npOB8,It8HHR ,ItBOitHoro_ pacceRHHR ,IteitTpOHOB. 

< I I I 

T;m > = LJm + L~jm 

TipH 3TOM 

3Hat18HHR CilHH-T8H30pOB B KOOp,ItliHaTHOit CHCTeMe, OCL Q~' KOTOpOit HaTipaBJieHa B,ItOJIL HMilYJILCa 
I 

,ItettrpoHa B JladoparopHon CHCT8M8 KOOp,ItHHaT • BeJIH'tlHHH <er;,,,> no.ny'tlal'.lTC.lt H3 <Tj .... ) B nepBOHatJaJll,~ 
(:r) 

HOit CPICTeMe KOOJ),ItHHaT C IlOMOlllLl'.l 3Jl8M8HTOB rpeXMepHoti rpynn1,1 Bpalll8HHR ])mm' (56). 

TIOCKOJILKY ,1tetiTpoH HCnycKaeTcR B paccuaTp11Baeuott ,06.nacrH 3HeprHH no.It im.nmrn yr.nau11, TO 

CO';, 0.n = i-t d (~2.) j Si,.,, 0.A = ~ SiM 0 + d (1z), 
r,Ite ~ - OTHOmen11e CKOPOCTli ,It8itTpoHa B Cl1CT8M8 U8HTpa Mace .ItBYX npoTOHOB K CKOPOCTli ueHTpa 

Mace. IIpn 3TOM 

· L22 .. (L22 ~ Q.cp-r_M:22 siM :lcp) + I .siMe(L21 Co!>Cf + M.2~ s~cpj+ d (~2
); 

.M~2= (:- L22 Si.-.:2cp + M22 cu.,Qcp )-t f s~ 0t-L21 Si,.,lf +- M21 ~'f) + d {J2
). 

a TaKxe 

LH = (L11 CJ;v.:,Cf + M11 s~c.p) + J: Lio + d{yzJ; 

M;1 = C-LH SiA.Cf + M11 ~cp)+ d(r-) 
3aMer11u npH 3TOM, t1ro .M10 = 0 • 

} 
] 

(77) 

(78) 

AHann3 npouecca ,1tBott11oro paccea11na .1tenrpoHOB na yrnepo~e nom31,1BaeT, tITO . K2 BecLua 

6Jll13KO_ K HYJID. 3TOT Bl,IBO~ CJI8,Ityer 113 3KCnepHM8HTOB (O. Chamberlain 11 ,Itp. !954 ) , BimOJI-

H8HHHX npli 3HeprHli ,ItettrpOHOB I67 M3B ,ItJl.lt e~ = 26°, a TaKllte 113 pact18TOB ,ItBOttnoro pacce.HHH.lt 

.1tenrpoHOB Ha yr.nepo.1te c noMOlllLD nuny.nLcHoro np116.nnxeH11a. naniHeti111He pact1eru nom3ann raKxe, 

t1ro napa,1ty c K 2 6nH30K K HYJID TaKxe K03qxpnuneHT k:' . O BeJ1Ht1HHe K03qxpnuneHra Ko 
HHt1ero noKa H8113B8CTHO. 
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TaKHM odpa3OM, .ztnH HenonapH3OBaHHOro IIYQKa npOTOHOB B _nepBOM npHdRHl!C8llHH COOTHOmeHHe 

(76) J.<Ol!CHO sanHCaTI, B BH.zte: 

, _2 d.s(e,~) _ 1.2.[ds-C@)]· + K. ~ <P· <T._ 
11
). 

Kd -~ dQ ~ . . d..Q o . '(79) 

B onure Tpznna (R.Tr1pp,I956)aHanH3 pesynLT~TOB npoH3BO,!tHRCH HCXO,!tH HM8HHO H3 TaKoro BH,!ta 

ceqeHHH BTOporo pacceHHHH. 

BO3MOl!CHOCTI, aHanH3a B8RHQHHl,I· 

nHqaa OT Hyna. rro-BH.ztHMOMY,, K 2 

<T2·2) 3aBHCHT OT Toro, HaCKORLKO B8RHQHHa K2. or

,!tORltHO d1,1T1, OTRHQ11O OT uyna, !IO Kpaffuen uepe )tRH HeKOTOPNX 

,ltOCTaTOQHO dOJILmHX.yrnax paC.C8Sl1IHJf;rfpoB~})Ita :noro rip8,!tIIOROl!C811lfH HBnH8TCH B8CLMa aKTyanLHOit 

sa.ztaqen. 

ITpHBe.zteM B saxnX>qe11He SIBHNe BupaxeHHJI .ttM <1";2) 

r.zte 

a TaKxe-. 

r.zte 

<T22'>H.n. = 1 s~le- el2'p (c,.,~;- Wz·C0~2e) i 

w0 =vG' Re (c1.D~)-.Q Re C;o:-.D:i.)-½ lc-1
2

; 

. * 1S- ·. 2. 
. W 2 = G Re (.D2.D:1.)+ 2 fcl+! • 

<ri;>OOJ\ = ! s~e. ilf{ to -I'. ti~ e +lf'2. ~2e + ~3 ~3e T 

+siM2 0· et!2cp (p'f-1- l\J~-~e)}; 

t 0 = Im (c: D2) ~J-f Im (c-=.C!s) ~ 
~ ./--. tp :1. = vis' Im ( d+ .D2)_- v·f Im ( d.f cs) ; 

lfz = - 3 Tn;(e: D/) ; 

lV3 == - 3{1s Im (d: ])z); 

f li = Tm (c:: D.t.) ; 

\fs- = & Im (]): d+) 

(80) 

' 

(8!) 
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6. B03MO:im~e onUTU no HCC.ne!OBaHHID npogecCOB 

p+ e- p+ N-f_ . .7t:". 

f{aK 6u.no yKa3aHo B pas~e.ne 4, npo6.neMa Hcc.ne~oBaHHR npoqeccon 

CBR3aHa C onpe~e.neHHeM 32 KOMn.neKCHUX ~YHKUHff, onpe~e.nRID~HX MaTpHnY peaKUHH. CxeMa OTIUTOB npH 

3TOM cy~eCTBeHHO yc.nOXHR8TCR. TaK, nanpHMep, Ha Heno.nnpH30BaHHOM nyqKe npoTOHOB KPOMe o6uquux 

onuTOB no yr.nOBliM pacnpe~e.neHRHM qacTHU Heooxo~HMO BUilOHHHTL OilUTU no Ha6.nro~eHHD yr.nOBUX KOppenn

URtt, a_ Taue OTHOCHTe.nLHUX asauyra.nLHUX Koppe.nnnun. 

ITepett~eM K ~eTa.nLHOMY o6cyz~eHHID xapaKTepa 3THX 3KCnepHMeHTOB. 

I\8.Koff .nR6o ~RKCRPOBaHHUff c.nyqaff paccuarpunaeuoro nponecca, ec.nu asnecTHa saeprKn Ha.neTaro~ero 

HyK.nona, uoxHo oxapaKrepasoBaTL no.nnocTLD, ecnu sa~aTL saeprHD o~Hott qacTanu, yr.nu (0~cp) nu.neTa 

o,nHoff qacTHUU B c.q.M. CTa.nKHBaD~HXCR npoTOHOB, a TaKxe yr.nu pas.neTa OCTa.nLHUX ~BYX -qacTHU B 

cacTeue Koop~HHaT nx neHTIB uacc. Ha6.nn~aeuue ne.naqaHu, Hanpauep, ~a~epennaa.nLHue ceqeHHR, ~o.nx

Hu 3aBHCeTL OT TIHTH apryueHTOB. 

I{aK yxe ynm.maa.nocL, sa,naqy Tpex re.n uowo paccuarp1rnan Ka.K s~aqy ~nyx Te.n nyreM BBe~eHHR 

~BYX IlO~CHCTeM. Ee.nu HCilO.nL30BaTL ces_) - CXeMy pa36R8HHR, TO yr.nOBa.11 H CilHHOBaR qacTH BO.nHOBOff 

~YHKUHH Been CHCTeMU sanameTCR B BH~e: 
~~ . 

y = °L °L. (e,.j t-1- ~, t" l e1i5 .TMJ ce~hlt ms I es j r,t) (s1 S2 ms, mu.( S1 Sz Sms) X 

lnt+m~•r1 
,mq•~ -

. 'Um G) '\JIii(( ) T>ls,c lllsz/'. 
• .:1e1r :Jr · .:Je 1,2 '{s, 1.) 1s2 L2J ; 

(82) 
\ 

coorBeTCTBYD~nx apryueHTOB. Ilpn 3TOM yr.nu (GA,<f~) xapaKTepasynT Hanpan.neHne Bu.neTa X -ueso

Ha B c.ti.M. CTa.nKHBaD~HXCR npoTOHOB, a yr.nu (0i2JCf',~) - Hanpaa.ne~ne BU.nera HYKHOHa "I" B CRCTeMe 

KOOp~RHaT, CBR~aHHon c neHTpOM Mace Heynpyro pacceRHHUX HYKHOHOB. HyK.nOH "2" acnycKaeTCR B 

npOTHBOilOHO:!HOM HanpaB.neHRH, TaK qro: 021 = 5t: - 01:z. ; 'fh - o/.1:z. -t-JL • 

Ha PRC, 9 npaBe~eHa B8KTOpHaR ~HarpaMMa HMny.nLCOB BTOpaqnux qacTHU OT peaKUHH p+p-p+N+:ii:" 
B c.q.M. CTa.nKHBaD~HXCR npoTOHOB. Ee.nu BTOpRqnue HyK.nOHU paCCMaTpRBaTL npH6.nRX8HHO de3 yqeTa pemi:

TRBHCTCKOro nospacTaHHH uaccu, TO reo:u:erpaqecKoe uecTo BepmRH A BeKTopnoro rpeyroJILHHKa coc

TaBHT c~epy C p~aycoM, J:8.BHID.I R:: ✓M(W-vpz-t-m2 ')..;.., ~ p2 , r~e W - IlOJIHaH ItHH8Tlti18CKaSI 

snepran B c"'.n.u., p -RMilYJILC ue3011a, M u rn. - uaccu nyK.itoHa R Me3ona. JierKo noxa3an, 

qro ,ItH~epeHnRaJI. l]JIOTHO CTR qJa30BOro O 6t.eua ~BYX qacTHU B ( e $) - . cxeue He 3aBRCltT OT yr .noB ( 012, Cfu..) 
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H onpe,lteJI.aerc.a B8JIHtlHHOlt pa,JtHyca R • TaKHM o6pa_30M, B ces}- cxeue npH YKa3aHHHX npe,1tnOJIO

llt8HH.flX yrJIOBHe H HMilYJILCHHe qacrH .nOJIHOCTLD pa3Jt8JI.flDTC.fl. 

EcJIH B onurax perucrpupyerc.a o.itHH H3 HYKJIOHoB, ro y.n;o6Hee zcnoJIL30BarL ( jj )-cxeMy BBe.1te

HH.11 .n;Byx no.n;czcreu. YrnoBa.a qacrL BOJIHOBOlt ~YHKitHH rpex t1acr111t .itJIH (jj) -cxe:u:u sannmercn B BH-

.n;e: ('") . 
y H = :[ L (j L M-m,m UL J"M)( Ls2mz t1lzsl e2s2 L m) ( er.s, rn, 1>14$ / e:r sjj hlj)x 

mt1-ms,•m,; . 
m2 ... ms,•tn . 

" '\ 1m2 ( . 1 /'t ( ) lllis lllzs 
;Jez z). ::1e .. ;£ !. '{si {t):?[_s. (2) (83) 

B 3TOM CJiyttae ,D;H~epeHrtHaJI IlJIOTHOCTR cpa.30Boro Od'I>eMa .itBYX ttaCTHit: {ft" -Me3oHa H O,D;HOro H3 
• 

HyKJIOHOB 3aBHCHT OT yr:na e.1i.1 • 

Pacc:u:o:rpeaue B03Moimux onuroB npoH3Be.n;e:u: B pa:u:1tax (ls) - cxe:u:u. Orpaanqn:u:cn npH aroM 

TOJILKO raKHMH 3KcnepHMeHTaMH, xor.n;a Ha COBila,lteHHH perzcTpHpyeTC.fl M830H H 0,ltHH H3 HYKJIOHOB. B 

3TOM cJiyqae rteJiecoo6pa3HO BBecrH ~YHXItHH IlOJIHoro CllHHa. ITOCKOJILKY HYKJIOHH Moryr HaXO,ltHTLC.fl KaK 

B CHHrneraux, TaK H B rpHnJieTHHX COCTO.flHHJIX, TO KOHetJHM BOJIHOBa.fl ~YHKitH.fl 6y,lter· HM8TL tterupe 

KOMllOHeHru. Bupa:m:eHH.fl ,ltJI.fl Kallt,ll;Olt H3 KOMilOHeHr CO,ltepmr c~~ IlpOH3Be~emdt yrJIOBHX ~YHKitHlt -

Hcnycxaeuoro M830Ha H OTHOCHTeJILHOro ,ltBHllteHHH ,ltByx BTOPHllHHX HYKJIOHOB. Ra.K H3Becrao, B cJiyt1ae 

peaKitHH p+p_,,.. d.-1-:n.+ raxolt Cy:u:MH H~r, IIOCKOJILity yrnoBa.fl ~YHKitH.fl onpe.n;eJIHeTCH TOJILKO 

OJtHHM HanpaBJieapieM - JIHHHet1 pa3Jiera :u:e3oHa z ,1teltrp0Ha. 

Bos:u:olltHocrH pa3JIHqasx He3aBHCHMHX onuroB 06cy,1tHM aa npnuepe o.n;Horo t1acraoro cnytta.11, xor.n;a 

yttreHO orpaHHt18HHOe KOJIHtJ8CTBO aMilJIHTYJt aeynpyrHX nepeXO,ltOB ( n.M.Copoxo, !958,E). Pe3yJILTaTH 

raxoro qacTHOro CJiytta.a paCCMOTpeHHH Il03BOJI.IIDT c~e:nar» H8KOTOpHe BHBO,D;H, cnpaBe~JIHBHe ,ltJl.fl od~erg 

CJiytla.fl • 

HTaK, npe,ltllOJIOlmM, tlTO B pa.Mlt8.X' (es) - CX8Mll .B 06JiaCTH 3HeprHH HaJieran~ero npOTOHa 

~ 600 M:rn .1tocraroqao npHHHTL BO BHHMaaze cJiejyn~ze nepexo.n;u. 

. Ta 6 n H It a 6. 

Rnacc ·nepexo.1toB 0 io I ~1 no H3oronnt1ecxouy 
·cnHHY 

Haqa11LHoe 1S0 :I..D2 sp -'p 3p 3Po I 
3 P1 COCTOHHHe 0 -1 • 2 

Roaeqaoe 3
S1po ss1pz 'Bp. '~p1 'P1 ?2 

3
~ p. I 3Po P1 1

3 ~ f 1 13 Pz P1 COCTOJIHHe 1 0 

IAMnJIH~y,lta nepe-
-

C1(ps) C2(p~ ll,i(p~ g2 LP~ Ks (pJi) d1(N d2[p.-) dlp~ d-t (pr) XO,lta 

.,,,,;;,,,,_.. 

-' 
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Ba(!pa.HHHe nepeXO,ItH He BnOnHe COOTBeTCTBYJJT nepexo,ItaM, KOTOpue yqHTHBaJIHCL B pa3,Itene 3 • 

.AMnnHTy,Ita Kaxc.Itoro nepexo,Ita siBnaetcsi ~YHKitHen HunynLca uesoHa H aHeprHH Hanetamntero npotoHa. 

Cpe,ItHee 3HaqeHHe cnHH-TeHsopa 

MesoHa B mnpanneHHH (0,., Cf11) 
<To0 > onpe,ItensteT ,Itmpq>epeHitHanLHOe ceqeHHe HcnycKaHHSI 

, xor,Ita HyitnoHH pasnetantcsi B mnpaBnemm (012, Cf1z.). 

OTCqJIITHBaeMOM OT HanpanneHHSI BHneTa M830Ha B CHCTeMe KOOp,ItHHaT ueHTpa Mace .ItBYX BTOpHqHHX 
. '- . 

HyKnOHOB • .T!l'I<MiepeHitHanLHOe cetteHHe npH _3TOM BHpaxaeTCJt qepe3 <Too) cne,ItYJJntHM COOTHomeHHeM:· 

<L )( E) · h j k~ • d,36' ({h, (9-,r~ G1z, o/1..~ .p;;) 
Oo G7i,{f1i; 12,Cfu-~ r~ = ,?E d.Q.(Gr,,cp1r)d...Q(G12,Cf'1c.)dpir (84) 

3,IteCL k - nonHo Boll nexrop cran1tHBa10ntHXCS1 nporoHoB, p,. · -m,mynLc · Me so Ha B c .u .M., 

?e - ~30.BHt! Od'.&eM Tpex qac'.rHit, npHHHMaeMHt! -nyTeM BHc!Opa H6KOTOporo nOCTOHHHOro MHOlltHTena, 

paBHIDl .Pe - p~ R (p7i~w) . . . 

. (85) 

H T.,It. cne,ItYJJlltHM oc!pa30M CBH3aHH C aunnHTY.ItaMH nepexo,ItOB: 

At•-LCJ1k[f (g,_-t3)s~ex~e12 dlf'r --lk€2'i' g3)~e" S~\012 ~lf,
2
]-:-

. -i.92 3[~(g1_gJsi...0ir.Si,..,012~(cp,,-<p1i) + .fG(g1-t2g3) ~Gr. ~912] 

(86) 

I. 
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!, = "l• L2''~" e + 2y2 , ~"" ,~ "'' e - ,~ o": = "" e ~ -
• [C- . n •IJ'ro i . [I_ d (_ " , "' i«fh. , n i. 'A )'1 j 

.:.. LCj:. ~ [{½a3- k d,,)~G. ~ 012. -.D_siMGr, £iM8-12. e(%-<f,~_ ~ de si..B.rs1M012 ~(cp,,-cp.L) 

r.1te = .rs .D d2 -+- ..!. '3" d + .5--C+ = C\+viv C2 ~ C'_= ~1.-1j2 C2; ± = \/2" - 2 "2 3 V10 

IlpH 3TOM 

<Too'>=IF;l2-+1F{=-4; ~A/-\-{o<,/+[JJt-lfdz -t- [A2.l
2
-r(ol2\2-t-(~2.(-t- l"(2{2]. 

Pesy,n,TaTu ButracJiem!lt' uorilo npe,ItcTaBHT:b B mute: ( JI.M.CopoKo, I958 Ii ) 

r.1te 

<Too'>= <Too'>tt.n + P<Too)nOA) 
p - CTeneHL' no,mpHSaUHH ny11Ita npoTOHOB, a 

<Too'>H.n. = 4~ {fo+ f1. ~ 2
~:ii + f2 c.ol012 + f3 ~l-oli ~~e12 + 

, + fq SWiG.C4:>!.0.1r si...G-1,~G-1i C-Ob(cp.-ip1i.) + 

. +{s- si.,}Glf s~~e12 ~ i1L(Cfir-cp1i.)} ~ --

<To0)n0" == 4;_ {s"" oli Cot\GJ [C~o-t-·g1eoo912+ cg2cde~2) ~% + g3siJe12~cpr,-Q<f1i)]+ 

+ S1M0~2. C.00g12 [(~.,-t-{?scoJO.)~<f,z-+ gcs;,.,.t.g_ C!Db(cp,i-.!2cp.)] -+ 

+ $~8~2.[Ccg1 -t-gllc.ol-B,r)C06Cf1z-+ (;9 si11,.ef)71 Qo1::.[Cf1t_;Qcp;r)]} • 

(87) 

(88) 

(89) 

Bupalll:eHHJI (88) it (89) OTJIHllaIITCJI OT BH,Ita )tHqxpepeHUHaJILHOro cet1eHHJI npouecca p+ p ~ d-t.7i:-+. 

A HM6HHO, ,ItHqxpepeHUHaJILHOe C8118HH8 HCnycKaHHH M8SOHa B HallpaBJI8HllH (8A,rA) , a HyKJIOHOB B 

nanpaBneunn ( 012 ; {f-12.) - co.1tepimT ac1n.weTpHD no OTHOCHTeJILHOMY a3HuyraJILHOMY yrny (<f'Tl-l/'1L). 
0,ItllH ll3 tlJieHOB onpe,IteJIJI8TCJI C,,Q-!, (lfir -'f1i.) , BO BTOpoll llJI8H acmweTpHJI BXO)tHT B. BH,Ite ~ ~(!fw-r, .. ). 

TaXllM o6pasou, onuT Ha H8llOJIJipllSOBaHHOH nyqxe pas6HBaeTCJI Ha CJie,ItyD~lle ll8THpe 3Tana: 

I) llSMepenne yrJIOBOll KOppeJIJIQHll B ncnyoxaHHH M8SOHa H HYKJIOHa B saBHCHM~CTH OT yrna e~ 
npu q>UKCllpo:aaHHOM 012. ; napaueTpOM 3?011 yrJIOBOll xoppeJIJIIUlll JIBJIJI8TCSI l.OlllYJILC uesona; 

2) llSMepemrn yrJIOBOU xoppeJmQHH B 1rnnycxa.HHll uesoua H HyKJIOHa B SaBHCJ.OlOCTH OT yrna 01i ; 

3) HSMepeHHe BeJilltlHHU asllllyTaJILHOff 3RBHCm.lOOTH yrJIOBOll KOppeJIJIUHH ,B BH,Ite, c.u..(~~-'f~0 ' 
H, ~KOH8Q; 

4), HS:MepeHHe B8J!HllllHU as:11:MyTaJI1>HOll 3RBHCH:MOCTH yrJIOBOU KOppeJIJIUJ4H B BH,Jte C,.Q{) ti..(c;.,,,-Cf,,i.) 
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KHHeMaTH11ecrtaSI cxeua nocJie;n:HHX.:O:l!YX 3KcnepHMeHTOB, eCJIH ee H30clpa3HTb B CHCTeMe neuTpa . . . . . . 

uacc CTa1IKHBaDDtHXCSI HYKJIOIIOB, ;n:aia Ha pHc.IO •. 

CooTHomeHHe pa;n:Hyca R H HMny111,ca Me3oHa, npHBe;n:eHHoe·Ha 3TOM pHcynKe, cooTBeTCTByeT 

3HeprHH Me30Ha, 6JIH3KOtt K npe;n:eJibHO - MaKCm«a.JibHOtt 3HeprHH. IlpH ~HKCHpOBaHHBX yrnax e~ H 012 , 

a TaKJte .,ItJill 'f,ra O ceqeHH·e (88) Il~H:Me~ BH,It: . 

<Too>=- h0 -1- h1<:£Y.)Cf'11. + hzc.GO~~z (90) 

)lJISI Haxo~eHHll ,K034J!PHitHeHTOB h.1 H . h.2 , a , CJie;n:OBaTeJibHO, K03qxpHitHeHTOB {" H. {s-, 
Heoclxo;n:Huo np~H3BeCTH H3MepeHHH no;n: yrJiauH: cp12 = o0 ; 90° z rao0• IlpH onpe.iteneHHH BeJIH11HHB 

aCIU.!l!8TpHH ~ Cl»~n. ne.iiec_ooclpa3HO BUclpaTb yrm/ G,. H 0i2 . , paBH~. 90°, KOr,Ita acmlMeTpHll 

~ Cf1,2. HC11e3aeT • 

Pe3yJILTaTij H3MepeHHSI lt03qxpHitHeHTa ✓ fr ,ItOJIXHB HMeTb clOJibmoe 3Ha11eHHe, IlOCKOJibKY 3TOT 

K03qxpHitHeHT 3aBHCHT OT aunJIHTY.It Tex nepeXO,ItOB, KOTOpee CBSI3aHB C Ha11aJibHIDffl COCTOJIHHllMH .ItBYX 
3 3 . 

npoTOHOB: P0 H P2 • Ilo-BH.ItHMOMy, cnpaBe,ItJIHBO cne,ItyDDtee oclDtee yxBeplit,IteHHe: 1toaqxpHitH8HT f~ 
onpe;n:eJIH8TCJI aMilJIHTY,ItaMH Tex TPHilJI8THHX COCTOHHHH cTaJIKHBaDDtHXCll npOTOHOB, ,ItJIR ltOTopex opclHTaJib

HHH H CnHHOBOtt MOMeHTB JIHclO napaJIJI8JibHB, JIHclO aHTHnapaJIJieJibHB. 

B Ka~8CTBe npmiepa paCCMOTpHM peaKitHD p1-p-:Jt0
~ p+ p , COOTHOID8HH8 aMllJIHTy;n: XOTOpoH 

,IteTaJILHO oclcyX,ItaJIOCL B pe30HaHCHOH ~eHOM8HOJIOrHqecxoH T80PHH. ner1to BH,It8TL, 11TO B Hameu qacTHOM 

BUclope HCXO,ItHBX nepexo;n:oB npoBe).t8HHe 118TBepToro 3Tana 3KCnepHJ,{8HTOB Ha HenonnpH30BaHHOM ny111te 

;n:aeT Henocpe;n:CTB8HHO HHT8HCHBHOCTL nepl3.xo;n:a 
3 .Po - ('P1p )o • .nettCTBHTeJibHO, HCilOJIL3YR . 

RBHse Bupa:remm ;n:JI11 xoaqxpHitH8HTa f/ ·. npouecca p+p~1a0 *P-t- p , nony11aeu: 

~;= - -~ ldlpn-)\2.. 
(9I) 

3Halt MHHYC B (9I) 03Ha11aeT, 11TO BepoHTHOCTL HcnycrtaHHH no;n: yrJIOM (o/T-Cf1e) a 90° clOJILme, qey 

,ItJISI yrJia (tprr - tf12.) = OO • 

B 3aKJIDqeHHe nom:reu, qto onute, B ltOTOpsx perHCTpHpyeTCSI TOJILKO 0).tHH Me3oH, a Hyp;JIOHH 

uoryT HcnycrtaTLCSI B JIDclex HallpaBJieHHHx,;n:aDT CYDt8CT~8HHO cloxee 68.ItHYD H COBepmeHHO He).tOCTaToq

HYD HH~OPMa.ItHD no cpaBH8HHD.C oneTaMH no yrJIOBOtt KoppeJIRitHH. 

ll:HterpHpys no , IlOJIY11a8M 

<Too'>l{.n.CeJr,Cf1; p~) = [(fo+ if-~)+ ({1+ ¼f.J~~.ee:. J (92) 

3;n:ecL lt03qxpHl~lleHTU f" H f., BimaJIH IIOJIHOCTLD, a OCTaJILHB8 crpynnHpOBaJIHCL nonapuo •. 

Onsru Ha noJISipH30BaHHOM nyq1te CBO,ItffTCSI It HSMepeHHD a3HMyTaJibHOtt OTHOCHTeJILHO yrna 'f;r 
. ' 

ac1nmeTpHH .:O:JIR BC8X rex BeJIHqHH, KOTOpue H3M8PSIDTCSI Ha H81IOJISIPl!30BaHHOM nyqite • 

Heodxo;n:Huo oruetHTL, qro 1toaqxpznmeHrs g1 , ~ 1 , ~~ 

CO,ItepmT qJieHu, oclycJIOBJI8HHB8 HH'l'eNepeHitHett Mellt,lty He1toropmm 

H ~.., , onpe;n:eJISIDDtHe <T;o>no~ ,' 
610- H e;_;! - nepeXO).taMH. 
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Ortutu Iia no.nnpH30BaHHOM nyq1te, 1tor.1ta pe~HctpHpyetcn TOJillKO M83OH, no3BOJIHJ>T H3MepHn 

acm.merpn1> BH.Ita 

(T,o)~O" (Gn,-~iripa)="s~Gli ~Gr, (~o~ ; ,<22)w.>Y',i _, 
(9'.3) 

r.1te H3 .It0BSITH KO3qxpHUH0HTOB, ortpe,1teJISilllllHX <To.,)n .... (eir,s,11_; 912,<f,,; p11) , ceM:& KO34XPKUH0HTOB? BimanH, 

a OCTaJibHlle ,ItBa BOWJIH B BK,Ite HeKOTOpon KOU6HHaUHH. 

KpoMe paccuorpeHHUX 3KcnepHM0HTOB BO3MOJtHH raxxe H ,1tpyrHe 3KCrtepHMeHTU, B qacTHOCTH, no 

Ortpe,1teJ18HHD-CnHHODOro COCTOJJHHSI BTOpHqHoro HYKJIOHa, a TaKX8 KOppeJIJIUHR HX cnHHOBUX COCTOHHHH. 

B sa1tJI1>qenue · aBrop Bupaxaei · ctnaro.1tapsocr'11 JI.H.JlanH,1tyc·y 3a_ unorotiHcnesiiue ,ItHCKyccu no 3a

rponytmi D ,JtaHHOM 0~30pe BOnpocau, P.M.PUH,ItHHY 3a PH.It KPHTKqecKHX 3aMet1aHHH, a TaK:11:e B.II • .n:a:eJie

noBy, M.r.Melll8PSIKOBY H X.P.Ilo3e, npoqHTaBmHM O63Op B pyxortHCH. 
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