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B aacTOamee Bpeua aaoTonaqecxaa RRB8p&aBTBOCTb npoBepeaa c xopomeA TOqaocTb~ 

XSX llpR CRnbBNX B38RMOaeftCTBRQX aneMeBT8pHNX qacTBU, TSX H llpH B38RMOaeftCTBHR aaep; 

OTXIIOHeHRB OT COOTBOWe&Rft Me*ay ceqe&HQMR, nonyqe&HbiX 88 OCHOBe R30TOIIBqecxoft RB-
/1,2/ 

aapaaaTHOCTB, se npeBNma~T aecxonbXRX nponeaTOB • nocxonbxy aTR ae6onbmse aapy-

meaaa no nopaaxy aenaqR&N MoryT 6NTb o6'hRcaeabl anexTpoMaraRTHNMB aaaBMoaeAcTBRa

MH, npeacTaanaeT RHTepec axcnep&MeaTanbaaa npoBepxa ero aaoTonaqecxoA CTpyxTypN. Cor-

nacHo COBpeMeHHNM . npeaCT8BneBHQM M8Tp&q&blft 9118MeBT nepexoaoB TRII8 A -+ 8 + )' B 
2 

aaameu nopaaxe no e HM&eT BRa: 

( 1) 

rae S -aaoTOnaqecxaA cxansp R Va -TpeTbQ XOMIIO&e&T8 R30T011Rqecxoro BeXTOp8 
/3/ 

Taxau o6paaoM, paapemeabl nepexoabl c !J. T - 0,1 a aanpemeabl - c !J. T :>. 2 . nns npo-

BepXR SToro llp8BRII8 OT6opa aeo6xoaRMbl qacTRIIbl BnR COCTOHHRB C T ~ 2 · MarBRTBble 
/3/ 

MOMe&Tbl qacTHII B R30TOIIRqeCXOM MyllbTRnneTe yaoBneTBOpH~T COOTBOWeBR~ 

p. • a+bV1 (2) 

nns npoBepXR ( 2) aeo6XOllRMbi MynbTRIIIIeTbl C T ~ 1 . 

nns anexTpoMar&RTBbiX nponeccoB BTOpOrO DOpHaxa B30TOIIRqecxaH CTpyxTypa M8TpRq-

aoro aneueaTa &MeeT BRa: 

(3) 

rae Vaa- ( 3,3) - XOMIIOBeBT8 R30TOIIBqecxoro TeHaopa. npaBHna OT6opa an11 STHX npo-

neccoB paapewaJOT nepexoaN c !J.T S:. 2 H aanpema~T - c !J.T ::.-3 . 

/ 3/ 
J.ia {3) cneayeT, qTo M8CCbl XOMIIO&eBT MynbTHnneTS CBH38Hbl COOTHOWeBBeM 

(4) 

B nacToamee Bpeus aeT axcnepsMe&Tanb&biX aaa&biX o npoBepxe aaoTonsqecxoA cTpyx-
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Typbl SJI9XTpoM8I'HRTHblX B38HMO,Ilei!CTBRII, 38 RCXniO'I9RR9M COOTHOW9HRH ( 4), XOTOpoe nO.IlT-

B9p,llHnOCb .llnH H.ll9p C A • 9 B T • 3/2 (LiD , BeD , BD , CD /
41• He HCXni0'19HO, O.ll-

R8XO, 'ITO qneHbl 0 HapyW810WR9 R30TOnH'I9Crtyro CTpyrtTypy (I) H (3) , MOI'yT H He npOHBnHTb-

c11 a R.llpax. 

AuanorH'IHSR B03MOJKHOCTb OTMe'lanacb npa auanHae B03MOJKHOro u a pyweHHR a apR.IlOBOII 

HHB8pH8HTHOCTH B SJI9XTpoM8I'HHTHbiX S38HMO~ei!CTSHHX/S/ • 8 CSH3R C STHM npe.llCTaSnReT 

HHTepec axcnepHM9HT8nbH8H npoaepxa H30TOnH'I9CXOII CTpyxTypbl aneXTpoMai'BHTHOI'O S38RMO

.Il9IICTSHH npH cTonxuoaeHHHX SJieMeaTapHbiX 'laCTRn. EcnH aapywenn11 HMeroT MecTo, TO OHH 

.llcinlt<Hbl OC069HHO '19TXO npORSniiTbCH S p98X,IlHIIX0 ConpOBOlt<,ll810WRXCR H3nyqeHH9M HnH nor-

norneHHeM y -XBSHTOSo npR STOM cne,lly9T nO,Il'19pXHYTb, 'ITO S H8CTOHI,Il99 Sp9MII C axe-

nepRM9HT8nbHOII TO'IXR apeHHII H9nb3H RCXniO'IRTb cyrneCTSOSRHRII S (1) T9H30pHOI'O qneaa 

Taxoro Jt<e nopH.Ilxa R senR'IRHbi, xax S R Ya 

16-81 
He.llasao noRBHnRCb nepBbl9 .llaHHble o cymecTBOSaHRR peaouaucos, o6na.llarornax 

T > 

N*(T =5/2)-oN+I>+rr, M(N*l 1580+20 Mss, r-200+20 Mas;· 

D*(T=2l -o N+N~rr. M(D*l • 2520+20 Mss, r - 120 Mss; 

rr*(T =2) -o rr+rr , M ( rr*l - 1500 Mss, r-100 Mas. 

8 CSII3H C STHM MOJKHO paCCM8TpHS8Tb peaxnHH TH.Ila: 

y + p -o N*(T = 5/ 2 l -o p +rr + + rr 

y + p -o N * ( T = 5/2) + ( w , '7 ) 

y + d -o D*( T = 2 l -o p + p + rr 

y + d -o D *( T = 2 l + ( w , '7 l 

y +( d , He) -o ( d , He) + rr*( T 2) • 

(5) 

(B) 

(7) 

(8) 

(8') 

(9) 

(9') 

( 10) 

xoTOpbre aanpemeebr, ecnH sepea <!>opMyna ( 1), H paapeweHbr npH uanH'IHH anexTpoMarHHT

HbrX nepexo.lloB c !1 T ~ 2 . 

nn11 npoBepXH H30TOnR'I9CXOI! CTpyxTypbl mr Mo>Kao TSK>Ke Hcnon&aosaTb nponeccbt. 

B XOTOpblX R30TOnH'19CXHil cnHH R.llpOHOB B H8'18nbHOM H XOH9'1HOM COCTO IIHHH OTnH'I89TCH 

aa e.llHHHny, T.e. nepexo.llbl c !1 T • 0 Sbtna.llaroT. HanpHMep, ce'leHHll peaxnHII 

y + p -o N*+(T = 3/2) 
+ .... , +D. (II) 

y + n -o N*0 ( T • 3/2) -o p + rr 

( 12) 

.llOnlt<Hbl 6b!Tb paSHbl, ecnH T9H30pHbiii qneH OTCyTCTsyeT. K COJKaneHHIO, H3Y.'I9HR9 STHX 
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peaxuHA CBHaaao c 6onhWHMH axcnepaMeaTanhBhlMH TpyaaocTHMH (oTcyTcTBHe aeliTpoaaoll 

Maweaa, 6onhwoll cj>oa B o6nacTH N * T • 3/2) - peaoaaaca
191

). 

Dna Bbrneneaaa cocToHBHA c 6onbWHM H30TonaqecxaM cnaaoM MO>KBO acnonb3oBaTb 

p eaxuaa, npoTexarowHe a6naaa .nopora. B KS'IBCTBe npHMepa paccMoTpaM nponeccbr: 

0 
y+d-+p+p+tr +tr ( 13) 

+ 0 Y + d -+ Q + D + tT +tr ( 14) 

B6naaa nopora CHCT9Mb! (tr + ffJ) H (tr -ITo) aaxonHTCH B S -cOCTOHBHH H D09TOMy HM8!0T 

T D 2. TaxHM o6paaoM, nonahlll aaoTonaqecxaA cnaa acex 'ISCTHu nocne peaxu11a MOlKeT 

6b1Tb paaea 1;2 11 3. Ecna npaaana oT6opa o6b!'IBb!e, To ce'leHHH aTax peaxnall paBab! M&lK· 

ny c o6ollx/. Ecna HM&eTcll Teaaopabrll 'lnea, TO MSTpH'IBbre aneMaiJTbr nepexona ( 13) a ( 14) 

6ynyT HM8Tb BHil: 

m 1 ( 13) • V 
1 

+ V aa , 

xx/ 
II C9'18HHII 3THX peaXUHll 6ynyT pa3nH'IHbiMH 

(15) 

(16) 

npoueccbr ( 13) a ( 14) yno6abr nn11 aayqeaaa c axcnepaMeaTanbHOll TO'IXB apeaaa. B 

o6eax p88XUHHX HCnOnbayeTCll OllH8 H T8 lKB MHW9Hb, noaTOMy He HYlKBO MOHBTOpHpOB8Tb 

n y 'IOK 'Y -KBSHTOB. Ecna aaepraa anexTpoaoB, naromax TopMoaaoe aanyqeaae, Bb!6paHa 

HHlKB nopora p0li<Q9HHII Tpex t7 -M930HOB 1 TO llOCTSTO'IHO perHCTpHpOB8Tb (IT+ y ) &-
XXX / 

H (tr-y) -COBn81l9HHII B CHMMBTpR'IHb!X ycnOBHIIX • J1ay'IBHH8 npOUBCCOB (13) H (14) 

MOlKHO H8 '1HH8 Tb Bll8nH OT nopora, DOCT8D9HHO npH6nHlK811Cb X HBMy. 8 3TOM cny'l88 pa3-

nH'IRe ceqeaall peaxuaA (13) a (14), o6ycnoaneaaoe p -COCTOIIHH8M 1T -M930HOB 

( T - 1 ) , nonlKHO yMeHbWSTbCII c y6braaaaeM aaepraa 
2tr 

·y -KB8HTOB 1 B TO Bp8MII 

K8K pa3nH'IH9 1 o6ycnoaneaaoe B03MOlKHbiM HapyweHRBM R30TOnH'I9CKOll CTpy KTy pb! ( 1) 1 OC-

T 8eT CSI riOCTOSIBH biM B6nH3H nopora. 

x/ PaanH'IHe B ceqeaaax, aoaanxarowee na-aa xynoaoacxoro B38HMonellcTBHII 'ISCTHU 
B KOHelJH biX COCTOSIHHSIX1 riO-BH.llHMOMY 1 H9 cym eCTB9HHO, ecnH HX KHH9THti9CK8SI 3H9prHR 

6onbwe a ecxonbKHX M as. 

XX I AHanorH'IHb!ll peaynhT8T 6yneT HM8Tb MBCTO, ecnH H3y'I8Tb p88KUHH ( 13) H ( 14) 
Bll8nH OT n opora H OT6Hp8Tb TOnbKO T8KH9 C06b!THII 1 KOrns t7 -M930Hb! HMB!OT H860nb -
woil OTHOCHTenbHb!ll HMnynbC ( S -aonHa). Taxa!! nocTaHOBKa axcnepHMBHTa MOlK&T oxa
aaTbcll 6onee yno6Hoil c axcnepHM&HTanhHOil TO'IKH apeHHII. 

xxx/ Ecna cj>oH oT peaxuall Tans ·Y + d .. N + N + ·y OK83bl889TCR 3H8'1HT9nbHbiM1 TO 

H906XOilHMO perHCTpHpOB8Tb llB8 •Y -KB8HT8. 
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llnH DpollepKR R30TOD11'18CKOI CTpyKTypbl M4TPR'IBOro 8118M8HT8 ( 1) MOlKBO T8Kllt8 RC

/10 11/ 
nonb3oBaTb R pacnallbl '18CTRll c yqacTae~ y -KB8RTOB, B pa6oTax ' paccMOTpeRbl 

CBOACTB8 8118XTpoM8rRRTHblX p8CD4ll011 M830RHbiX CHCT8M CO CTp8HROCTbl01 p8BROI ayn10, 

AH8nR3 OCHOB8H H8 npellDOnOllt8HRR, 'ITO RM88T M8CTO RRB8pR8RTHOCTb OTBOCRT8nbBO 

38pS1l!OBOrO CODpHllt8HHH R CDp8118llnRBO Dp8llDOnOllt8BR8 (1), 

B 'IACTHOCTH, aepoHTHOCTR pacnalloB: 

p+ .. ,.+ + y (17) 

p ,.- 'Y' (18) 

po .. ,.o ,y 
(19) 

aonlKBbt 6&tTb oaaaaxoBbtMR, Hapyweaae ·C -HHB8pH8HTHOCTH DpHBOllRT X H8p8B8HCTBY Be-

poHTROCTeA pacnallOB (17) H (18); aapyweaae H30TODH'I8CXOA CTpyKTypbi 11 
1 

- x aepa~~ea-

CTBy B8poHTHOCT8A p8CD8llOB 38pHllt8HHblX R H8ATp8DbHblX p -Meaoaoa, TaxRM o6paaoM, 

CODOCT8BnHH B8pOHTHOCTH p8llR8llHOBBbiX p8CD8llOB p -M830HOB I MOlltHO o6uapylKKTb 88-

pyweuae npaaana AT • 0,1. 

B uacToHmee apeMH cooTaeTCTByJOmRe sxcnepRM8HTan&able lleBHble oTcyTCTIIyJOT, 

llpyraH B03MOlltHOCTb CBH38H8 C H3Y'I9BR8M p8CD8llOB 

(c.~ • ¢) .. II'+ + ,.- +·y • (20) 

(c.~ ' ¢ ) .. ,.o + ,.e + 'Y 
(21) 

Ecnu B9pH8 <f>opMyna ( J), TO B9poHTHOCTR paCD8llOB (20) H (2J) CBH38Hbl COOTHOW9-

HH9M 

i( 20) - 2W( 21) (22) 

R T • 0, npa aanH'IHH T9H30pHOrO 'ID8H8 !ITO COOTHOW8HH9 aapywa9TCH, 
~ ... 
CneayeT oTMeTHTb, 'ITO ans TeKHX •yaxax• peaoaaacoa aeT npo6neMbt Bbllleneaas ue

xorepeaTaoro <!>oaa. ~ITo xacaeTcH xorepea·raoro <f>oua, To oa T8XlKe ae aapymaeT cooTao

weaas ( 22), ecna aay'leTb STH nponeccbt B peaxnaax THna: 

d + d .. He + ,. + + ,.- + y , (23) 

d+d .. He+,.0 +,. 0 + ·y. 
(24) 

3aec& aaoToDH'IecxaA cnaa aayx rr - M930B08 MOllteT 6b1Tb paaeu aymo HnR eaHBR!le, ecna 

ReT nepeXOllOB C AT 2, CocTosaae c T ~, • I HMeeT ae'leTHbte op6RTan&able MOMea-

T bl H H9 HHTep<!>epapyeT C COCTOHHH9M T!lrr 0 nocne HHTerpRpoB8HHH no BC9M yrnaM 

6 
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11 -M93080BX/ TaKHM o6pa30M, OCTa9TCSI TODbKO <HlBO <j>OHOBOe COCTOSIBH9· C 

T 
211 

• 0, Koropoe aMeeT Te JKe KBaHTOBbie '!Hcna, 'ITO H aaa " -Meaoaa, o6paaoaaHHbie 

npB pacnaae ( W <f> ) - M930HOB, 'J1oaTGMy, H9CMOTpSI Ha HHTep<j>ep91111HIO aTOrO <j>o-

HOBOrO COCTOSijiHSI C pe30HaBCHbiM COCTOSIHH9M 

sapymaTbCH. 

" -MeaoaoB, cooTaomeaae ( 22) ae 6yaeT 

HaM npHHTHO no6naroaap&Tb A.M. Sanaaaa a P.M. PbiHaaaa aa noneaable o6cyJKaeaaa. 
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PyKo~HCb nocTynana a H31laTen&cKall oTaen 
17 aeKa6pSI 1965 r. 

x/ Ecna peracTpHpoaaTb "+ - H rr 

yrnOBOM HHT9pBane, He o6pamaSI BHHMaHHSI 

TOSIHHll c T - 0 H T - 1 TaKJKe 
:IJT 2fT 

-M930Hbl B peaKUHH ( 23) B OllHOM H TOM lK9 
Ha 3ap!IIl 7T - M930HOB, TO HHTep<j>epeHUHSI COC• 

OTCyTCTByeT. 
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