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1. BBEAEHHE 

npaBHila OT6opa AilR pacnaAOB 3IleMeHTapHblX 4aCTHLI, BBeAeHHble 
renn-MaHHOM H $e~HMaHOM/I, 2/,HMe~T CileAyn~H~ BHA: 

ilQ =ilS, /1/ 

IMI.$1, /2/ 

i\ I= 1/2. 131 

B $OPMynax /1/-/3/ Q, S ,I - 3aPRA, cTpaHHOCTb H H30TonH4ecKH~ 
cnHH 4aCTHI..I, npHCYTCTBy~~Hx B pacnaAax. 3apRA H APYr~e xapaKTe
P~CTHK~ nenTOHOB B 3THX ~opMynax He Y4TeHbl. npaBHila /1/-/3/ 
HMe~T 60ilbWOe 3Ha4eHHe B $H3HKe B~COK~X 3HeprH~. 0AHaKO $aKT 
HapyweHHR npasHna /3/ /To eCTb npaBHila AI= 1/2/ H3BeCTeH B n~
TepaType AaBHo/3-6/, a ~H3H4ecKaR cy~HoCTb npas~n /1/, /2/ He 
RCHa. np~ ~3y4eH~H 04apoBaHHbiX 4aCT~LI Ha6Il~AeH~ co6~THR, RBHO 
Hapywai'J~He npasHna /1/ "~ j2jl71. 
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TOpaR cnpaBeAilHBa AilR aAPOHOB, KBapKOB, JlenTOHOB ~ wnypHOHOB: 

/4/ 

Ha ocHosaHH~ KanH6poB04Horo npeo6pa3oBaH~R nepsoro POAa ~ o6o6-
~eHHO~ QOPMYilbl r enn-11aHHa-11HWHA>'<HMbl j/1 I 6b1Il~ nony4eHbl npas~na 
oT6opa AilR pacnaAOB 3IleMeHTapHblx 4aCT"~LI· CornacH0.3T~M npas~naM 
np~ pacnaAaX 3IleMeHTapHbiX 4aCTHLI AOnyCT~Mbl CileAY~I!I~e nepeXOAbl: 

A I 3 = 0 , AS = 0, t\ C = 0, ll B = 0, .~ L e = 0, 1\ L 11 = 0. /5/ 

B ~opMynax /4/, /5/ Ia - TpeTb~ KOMnoHeHTbl ~3oTonH4ecKoro cnHHa, 
S- cTpaHHOCTb, C - o4a.posaHHOCTb, B, L,., L

11 
- 6apHoHHoe, 

3IleKTPOHHoe, Me30HHOe IlenTOHHble 4HCila COOTBeTCTBeHHO. 

i\ I 3 = 1 (13) f - (Ia ). ; 1 OaJ f - anre6paH4ecKaR cyMMa TpeT bHX 
r ' r 

KOMnOHeHT H30TOnH4eCKOrO cn~Ha scex 4aCTHI..I, PO~AeHHbiX B pacnaAe, 
B~Iln4aR IlenTOHbl H wnyp~OHbl/19, 20/ ; (I 3) i - TpeTbR KOMnOHeHT a 
~30TOnH4ecKoro cnHHa pomAa~e~cR 4acT~l.lbl. 

i\S = 1(S)r- S;; i\C = 1(C)r- C;, rAe 1Sro 1Cr- anre6paw 
r r r r 

4eCKHe CYMMbl KBaHTOBbiX 4HCeil CTpaHHOCT~ H 04apoBaHHOCTH, BKI1~4aR 

wnypHOHbl, pomgeHHble B pa~naAe; si ~ C; - CTPaHHOCTb H 04aposaH-
p a•"-·' ~-... -... ,"!".;,"--·WW. 1"" 
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Ta6nHu;a 
HeKoTopbie XapaKTepHCTHKH KBapKOB, JieiiTOHOB H mnypHOHOB 

qaCTHIJ;bl 
KBaHTo- u d s c e-
BbJe xapaK- ve ,r vii- .... "-2 

TeEHCTHKH 

Q 2/3 1/3 -1/3 2/3 -I 0 --I 0 0 0 

13 1/2 -1/2 0 0 -1/2 1/2 -I /2 1/2 I /2 --I /2 

B 1/3 1/3 1/3 1/3 0 0 0 0 0 0 

s 0 0 -I 0 0 0 0 0 -I 0 

c 0 0 0 0 0 0 0 0 

Le 0 0 0 0 -I 0 0 0 0 

Lll- 0 0 0 0 0 0 -I 0 0 

HOCTb pacnaAaiQilleillcR 4aCTVI~bl. 0TMe4eHO /8/, 4TO S $OpMynax /5/ 
y4TeH~ xapaKTepVICTVIKVI scex 4acn1~, y4aCTSYnlllVIX s pacnaAax, SKniQ-
4aR KSapKVI, nenTOH~ VI wnypVIOH~, KSaHTOS~e xapaKTepVICTVIKVI KOTOP~X 

AaH~ S Ta6n. 1. 
KaK noKaaaHo s/8/, npasV~na /5/ xopowo onVIc~saiQT see 3KcnepVI

MeHTanbHble AaHH~e no pacnaAaM cTpaHH~x 4acTVI~. KpoMe Taro, s /8/ 
noKa3aHo, 4To npasV~na fenn-MaHHa-QeiiiHMaHa /1/-/3/ RsnRIQTCR 4acT
HbiM cny4aeM npasVIn /5/ AnR nonynenTOHHbiX pacnaAOS c VI3MeHeHVIeM 
CTpaHHOCTVI. 

B HaCTORilleill pa6oTe npasV~na /5/ npVIMeHRIQTCR AnR aHanVI3a 3Kcne
PVIMeHTanbH~x AaHH~x no pacnaAaM 04aposaHH~x 4aCTVI~. Ha ocHosaHVIVI 
npasVIn /5/ npeAcKa3aHbl so3MO>KH~e MeTOA~ pacnaAa AnR o4aposaH
HbiX 4aCTVI~, KOTOPble ellle He Ha6niOj\anVICb S 3KCnepVIMeHTe. 

2. OCHOBHbiE 3KcnEPI1HEHTAJlbHbiE AAHHbiE no PACnA,L\AM 
04APOBAHHLIX 4ACTI1l..l 

3KcnepVIMeHTanbHble AaHHble no pacnaAaM o4aposaHHbiX 4aCTVI~ npVI
seAeH~ s Ta6n.2. 0HVI 3~VIMCTsosaH~ Vla/12/ ~ o6aoposl9-ll/. B Ta6-
nVI~e yKaaaH~ 3Ha4eHVIR Mace~. VI30TOnVI4ecKoro cnV~Ha 1- VI G-4eT
HOCTVI, CnVIHa J- VI D-4eTHOCTVI, MOA~ VI OTHOCVITenbHaR sepORTHOCTb 
p~cnaj\a. 

CxeM~ pacnaAa D-Me3oHos OTHOCVITenbHO xopowo Vl3y4eH~ VI Rs
nRIQTCR ny4WVIM nOj\TSep>Kj\eHVIeM CYilleCTSOSaHVIR HOSOrO KSaHTOSOrO 
4VICna c. MOAb! pacnaAOS F ± -Me30HOS MeHee VI3Y4eHbl. no4TVI see AaH
Hble o6 3TVIX pacnaAax nony4eH~ s on~Tax Ha scTpe4H~x e + e--ny4Kax 
npVI aHanVI3e cneAYIOillVIX co6biTVtilt: 
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Ta6nHu;a 2 

0THOCMTeni>Hall ae-
POIITHOCTb B ' 

8,2 ! 1,2 

1,5 :!: 0,6 

10 :!: 7 

6 + :!: 6 

39 ! 29 

.( 0,31 

< 0,6 

< 0,20 

8,2 :!: 1,1 

12 ! 6 

1,8 ! 0,5 

3,5 :!: 0,9 

35 ! 10 

57 ::!: 26 

4,4 ! 1,1 
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HaH6oriee xopowo H3y4eHHWM H3 o4apoeaHHwx 6apHoHoa HBnHeTCH 
A: /13-15/. Ero Macca MeHbwe CYMMbl Mace HyKnoHa H D-He3oHa, 
pacnaA A~-6apHoHa Ha 3TH 4aCTH~W HeBo3MomeH, H oH pacnaAaeTcH 

6naroAaPH cna6oMy e3aHr40AeikTBHIO Ha cocTOHHHH A., ... NKX, A.,-+ AX, 
A., ... lX , rAe X - nenTOHHaH napa HnH nHoHw /X= ev , 1.1v Hfll.1 nrr I. 

,lJ.oKa3aTe!lbCTBO CYll\eCTBOBaHHH l;!"-fiapHOHa nony4eHO B /14/, rAe 
a ny3WpbKOBo~ KaMepe BEBC,3KcnoHHpoeaHHO~ a He~TPHHHOM ny4Ke, 
Ha6ntOAanH co6biTHe v + p ... ,.-p K""rr0 rr+rr+. Ero YAanocb npeACTaBviTb 
a BHAe npo~eccoa pO>KAeHHH H nocneAYIOU\ero KacKaAHoro pacnaAa: 

+ 
v + p ... ~.~- ~ rr+ • 

A~ ... K-p rr+. 

B 3TO~ pa6oTe nony4eHo 3Ha4eHHe Maccbl l +-6apHoHa: M};t:=22lf 7+4 M3B. 
c c -

YKa3aHHe Ha cy~ecTeoeaHHe ABYKPaTHo 3apHmeHHoro o4apoeaHHoro 
6apHOHa nony4eHO a/l 6 / npH H3y4eHHH peaK~HH V+P-+Il+A 0 rr+rr+rr-rr-. 
3AeCb, KaK H B npHBeAeHHO~ B~We peaK~HH pOmAeHHH lt-6apHOHa, 
H3MeHeHHR 3aPRAa H CTpaHHOCTH aAPOHOB CBR3aHbl COOTHOWeHHeM 
~ Q = ~ S, 4TO RB!lReTCH 04eBHAHbiM HapyWeHHeM npaBHna renn-t1aHHa
<l>e~HMaHa ~ Q = ~S, XOPOWO BblnOilHRIOll\erOCfl B cnafibiX B3aHMOAe~CTBHHX. 
noATBepmAeHHe Cyl!.leCTBOBaHHH ~ :+ -6apHOHa 6bl!10 nony4eHO B 1979 r · 
s 3KcnepHMeHTe /17 I, BblnonHeHHOM c nOMOll\bKl 15-AIO~Moso~ KaMepw, 
pafiOTaiOll\e~ 8 He~TPHHHOM ny4Ke. 

3. nPI1MEHEHI1E nPABIHl /5/ ,ll.JUI AHAJlH3A :31<CnEPI111EHTAJlbHbiX 
,ll.AHH~X no PACnA,ll.AM 04APOBAHHUX 4ACTHU 

B AaHHOM pa3Aene Mbl noKameM, 4TO AI1H scex Ha6n10AaeMbiX MOA 
pacnaAa o4aposaHHbiX 4aCTH~ BblnOilHfiiJTCfl npasHna /5/. ,ll.nfl KamAo~ 
04aposaHHO~ 4aCTH~bl Mbl fiyAeM paccMaTPHBaTb HeKOTOpble THnH4Hble 

MOAbl pacnaAOB. npH 3TOM AIIR nocneAYIOU\ero aHai1H3a BBeAeM CfleAyi0-
11\ee npeAnonomeHHe. Bo3bMeM npoH3BOI1bHYKl peaK~HIO, HanpHMep: 

!61 

HanHwer~ KsapKosyiO CTPYKTYPY AaHHoro nepexoAa: de ... udduud. KapTH
Ha B3aHMOAe~CTBHH 0 3TOM peaK~HH MOmeT 6b1Tb 04eHb CilOmHO~, HO 
AIIH ynpOll\eHHR aHa!1H3a He 6yAeM Y4HTWBaTb see KBapKH OAHOrO Cop
Ta, npHCYTCTBY~ll\He B o6eHX CTOpOHaX nepeXOAa. KpoMe TOrO, He 
6yAeM o6pall\aTb BHHMaHHe Ha napy KBapK-aHTHKBapK, pOmAaiOll\YIOCH 
s pe3ynbTaTe pacnaAa. TorAa peaK~HIO /6/ MOmHo paccMaTpHB~Tb 
s BHAe cneAYIOll\ero nepexoAa: 

c ... u. 171 

4 

nerKO BHAeTb, 4TO H3MeHeHHe CTpaHHOCTH, 04aposaHHOCTH, 3aPHAa 
H TpeTbe~ KOMnoHeHTbl H30TonH4ecKoro cnHHa pacnaAa /6/ xapaKTe
PH3yeTCH HM€HHO nepeXOAOM /7/. 

A. PacnaA D -Me3oHos 

CneAYIOll\aH MOAa pacnaAa o+ -Me30H08 pa3peweHa npasHnaMH OT6o-
pa /5/: o+ ... K-rr+rr-t B 3TOM Cily4ae HMeeTCfl KsapKOBbl~ nepeXOA 
c-+ sud HilH cs ... du . To ecTb AilH ocy~J.!eCTBneHHR pacnaAa D+ ... K- rr+ rr+ 
c-KsapK AOnmeH nepeXOAHTb B U -KeapK C HCnycKaHHeM wnypHOHa .,_

2
, 

a s npespall\aTbCH B a c HcnycK~HHeM .. , . TorAa' Y4HTbiBaFI POilb 
wnypHOHa' HMeeM o+ ... K rr+rr+ + a. I + "- 2. npH 3TOM BblnOilHFIIOTCFI npa-
BHila ~1 3 = 0, ~S = 0, ~C = 0, ~B = 0 .... AHa!10rH4HO Bb1WecKa3aH
HOMY CileAYIOll\He MOAbl pacnaAOB fiBilHIOTCfl pa3peweHHbiMH no npaBI-1!1aM 
OT6opa /5/: 

1 . o+ -+ Ko rr+ + A I + "- 2 • 

6 • 0+-+ TT+rr-rr+ + "-2. 

7. 0° -+ K+ rr+rr-rr-77° + "-
1 

+ A 
2 

• 

8. 0 8
-+ ~TT+rrDrr 0 +AI+ A 2 • 

1 1 . D" -+ ~ rr+ 77° + <>- 1 + "- 2 · 

14. D'' -+ K- rr+rr+ rr- + "I + .,_ 2 . 

KpoMe aAPOHHbiX pacnaAOB, KaK H3BeCTHO, D -Me3oH MomeT nepexo
A1-1Tb s APYrHe 4aCn1~bl nyTeM nonynenTOHHoro pacnaAa, Hanp!-1Mep 
o+ -+ K-rr+e+r~. B 3TOM pacn~Ae HMeeTcR cneAYKlll\aFI cxeMa KBapKo-
soro nepexoAa: 

5 



de ~ s u u d e+ v + AI + A2 

13 !_ - !_ 1 ! ! ! _1 _1 
2 2 2 2 2 2 2 2 

s 0 - 1 0 0 0 0 1 0 

c 1 0 0 0 0 0 0 1 

Y4~T~8aR ponb ~3oTon~4ecKoro cn~Ha nenTOH08 ~ wnyp~OH08, ~MeeM 

~1 3 = 0, ~S = 0, ~C= 0, ~Le= 0, ~Lil= 0, ~B= 0 ... , TO ecTb 
8~nOnHR~TCR npa8~na /5/. C APYrOA CTOPOH~, 8~WeyKa3aHH~R pacnaA 
MO>KHO nOH~MaTb KaK npOI..IeCC nepeXOAa C -K8apKa 8 S -K8apK C ~c
nycKaH~eM nap~ nenTOH08 e+v ~ nap~ Wnyp~OH08 &I ~ &2 ,TO eCTb 

c ~ s e+ v + AI + &2 

13 0 0 1 1 1 1 
2 2 -2 2 

s 0 -1 0 0 1 0 

c 1 0 0 0 0 1 

AHanor~4HO BblwepaccMoTpeHHOH MOAe pacnaAa cneAYIOIIIHe nonynenToH
H~e pacnaA~ RBilRIOTCR pa3peweHH~M~ no npas~naM /5/: 

1 • o+ -+ ~ 77+ u +v • 

2 • D + -+ K 0 e + v • 

5. oo -+ K-1-1-v. 

6. oo ~ K-e+v. 

7. o- -+ K0 e+.i. 

8. o+ ~ rr+rr- e +v ( ll +L') • 

9. D ~ K0 e-;:;. 

10. oo -+ K+e-v. 

11. oo -+ K+1-1-t. 

12. o+ -+ K0 e+v. 

6 

3T~ MOA~ pacnaAa MOlKHO pa3Aenii1Tb Ha cneAYIOI!t~e T~nbl: 

- nep8~R T~n pacnaAa o6ycnoaneH nepeXOAOM c-K8apKa 8 s-K8apK 
c ~cnycKaH~eM nap~ nenTOHOB, TO ecTb c ~se+v(ll+v).06m~M AnR 
pacnaA08 1-7 RBnReTCR HMeHHO 3TOT nepeXOA. 
BTopoR nm pacnaAa o6ycno8neH nepeXOAOM c ~de -+:v (ll+v) + A 2. no 
3TOMY nepeXOAY HAYT cneAY~He peaKI..IHH: D+-+ rr+17-e+,_,.., oo ~ rr-e +v • 
B 3THX pacnaAaX npHcyTCTByeT TOilbKO OA~H wnyp~oH A 1-. 
TpeTHR nonynenTOHH~H THn pacnaAa onpeAenReTcR nepexoAOM OAHo
epeMeHHO ABYX KBapKOB: 

~11~ - -
{

c-.de-v +A2, 

d-.S+"At· 

PacnaAbl 9-12 npoHCXOART TaKHM >Ke o6pa3oM. 04eB~AHO, 4TO 8epo
RTHOCTb 3THX npOI..IeCC08 04eHb Mana. 11HTepeCHO OTMeTHTb, 4TO pacnaA 
TpeTbero THna MO>KeT HapywaTb npa8Hna ~Q = AS /npH4eM ~S ~ ~Q oT
HOCRTCR TOJlbKO K aAPOHy/ ,HanpHMep: 

D + ~ K 0 e+v ( r.Qe ~Q = -1, ~S = 1 ), 

5. PacnaA F-Me30H08 

B HacToRmee 8peMR 8Cero TPH HeCOMHeHH~X pacnaAa 

neps~H ~3 HHX o6Hapy>KeH 8/l8~HMeeTCR cneAY~~aR cxeMa npe8pa!!teH~R 

K8apKOBOH CTPYKTyp~: 

cs -+ ud~d~d (uu + dd). 

7 



AnR cy~ecTsosaH~R 3Toro pacnaAa AOnmeH pean~aos~BaTbCR cneAY~~~~ 
nepexoA: cs ... ud ~n~ c ... ii+ ; 2 , s ... d+ .-. 1-. 

HTaK, ecn~ Y4~T~BaTb ponb wnyp~oHa, TO peaK4~~ 1 MomHo npeA
CTaB~Tb B cneAYIO~eM B~Ae: F-->11+11-11-11° + .-. 1-+ ; 2 . np~ 3TOM 
BblnOnHRIOTCR npas~na /5/ 11.1 3 = 0, 11.8=0, LI.C= 0, LI.B=O .... 
AHanor~4HO pacnaAbl F+-+ K+ K0 11-v+ ~ .F+ -+11+11+11-11° RBnR~TCR paape
weHH~M~ no npas~naM /5/: 

F--. K+Ko 11 ... 11-+ "I + "-2 
- d d d cs -+ u s s u u + .... + "-2 

13 0 1 0 1 0 _1 _1 _1 _1 + 1 + 1 
2 2 2 2 2 2 2 2 

8 -1 0 0 0 0 0 0 0 0 -1 0 

c -1 0 0 0 0 0 0 0 0 0 -1 

-3AeCb npo~CXOAHT npespa~eHI-lH C-+ U + ,.. 2 , S -+ d + "-I , aHanor~4HO 

~ .... 11+ 11+ 

cs u d u 

13 0 1 1. 1 
2 2 2 

s +1 

c +1 

1-1 

{

C-+U+"-2• 

8-> d + : •. 

11 .. 110 

-
d u 

1_1 
2 2 

0 

0 

+ "-I + "-2 
-

d (u u + d d) +~)+"-2• 

1 (1 _! 1_1)- 1 _1 
2 2 2 2 2 2 2 

+1 0 

0 +1 

npas~na /5/ paapewaiOT pacnaA~, noKa He Ha6JliOAaBW~eCR Ha OnbiTe: 
F+ -> K+ K0 T(""" ~. F + -> K+ j{o TT-TT+. 

C T04K~ apeHI-lR np~BI-111 OT6opa /5/ nonynenTOHH~e pacnaAbl F -
Me3oHa MOmHo paaAen~Tb Ha 3 Knacca: 

1. PacnaA, Tpe6y~~~ npespa~eHHH TOnbKO OAHOrO KBapKa, TO 
ecTb c-KsapK npespa~aeTCR s d-KsapK H nenTOHHYIO napy (e+v, 
11 +v) c HcnycKaHHeM wnypHOHa "2· HanpHMep, pacnaA 

c s 

3AeCb npoHCXOAI-IT nepeXOA C -+ d 11+v ( e+v) + .._2. 04eBHAHO, 3AeCb 
B~nonHRIOTCR npaBHJla t. I 3= 0. t. 8= 0, t. Le= 0. t. Lll = 0, t. c = 0. 

8 
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1 

l 

EcllH He y4HTbiBaTb H30TonH4ecKoro cnHHa nenTOHOB H wnypHOHOB, 
TO I-IMeeM AnH 3TO~ peaK41-1H LI.Q = -1, 11.8 = 0, LI.C = -1, TO eCTb Ha
pyweHHe npasl-lna renn-MaHHa-~e~HMaHa /1/. K 3THM KJlaccaM pacnaAa 
F -Me3oHa OTHOCHTCH cneAYIOl!IHe peaK4HH: 

F- -> K0 rr 0 e-i/ (rii> (LI.Q= 1,11.8 = O,LI.C= +1), 

-
F Koll--;; ( e-i::) (LI.Q= 1, 11.8 =0, LI.C = 1), 

F+__, KOJL + (e+ v) (L\Q= 1, 11.8 = 0, LI.C = -1), II 

F+ -> K 11011+11 (e +11) (LI.Q= 1, M = 0, LI.C = -1). 

2. PacnaA, Tpe6yiO~H~ npespa~eHHR c-KsapKa s s-KsapK H nen
TOHHYIO napy C HCnYCKaHHeM ABYX Wnypi-IOHOB "I H .-. 2.K 3TOMY Tl-lny 
pacnaAa OTHOCI-ITCH CJleAy~aR peaK41-1H: 

(e+ 11), 

C -> S 11-+ II ( e+ II ) + : I + "- 2 • 

Y41-1T~BaH H30TOnH4eCKH~ cn1-1H nenToHa H wnyp!-1oHa, HMeeM Ll.l3= 0, 
11.8= 0, t.C = 0, ... , TO ecTb npas1-1na /5/ BbmonHRIOTCH. B 3TOM pac-
naAe, eCJll-1 He Y41-1TbiBaTb pOJll-1 nenTOHa 1-1 WnypHOHa, HMeeM ,1\Q= -1, 
11.8 = -1, LI.C = -1, TO eCTb B~nOlli'IHIOTCH npaBI-Illa /3/. 

3. PacnaA, Tpe6y~~-~~ npespa~eHHH OAHospeMeHHO ABYX KBapKos. 
PaccMOTPI-IM cneAYIO~YIO peaK4HIO: 

(e-ii), 

sc __, s d11-jj (e-ii) + "-1 +"-I + '6:2. 

AnR ocy~ecTBJleHI-IR 3Toro pacnaAa Tpe6y~TCH npespa~eHHH 

C __, S ,.,.-j; (e-ii) +"-I +6. 2 H S __, d +.-.1 , TO eCTb B pacnaAe <!>Hrypl-lpyiOT 
ABa wnypHoHa "I 1-1 aHTI-1Wnyp!-1oH ~ 2 . BepoRTHOCTb TaKoro npo4ecca, 
o4eBI-1AHO, Mana. B nepsoM np1-1611HmeHHH MO~Ho C4HTaTb, 4TO 3TH 
pacnaAbl aanpe~eHbl. Ecn~-1 He Y41-1T~BaTb po111-1 wnypl-loHa 1-1 I-130TonH-
4ecKoro cnHHa nenTOHOB, npHCYTCTBY~HX B pacnaAe, TO HMeeM 
LI.Q= 1, 11.8 = 2. 

+ 
F 

PacnaA~ 

(LI.Q =-1, 11.8 = -2). 

F ... K0 e-,7 (,.,.- ii) (LI.Q = +1, 11.8 = 2) 
npHHaAnemaT s~weyKaaaHHOMY Knaccy. 
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B. PacnaAbl 04apoeaHHbiX 6apl1oHoe 

KaK yKaaaHo Bbl_lfe, cpeA11 04apoeaHHbiX 
TeJlbHO 113y4eHbl A c -6api10Hbl. 

PaccMOTPI1M pacnaA 

u d c -> u u d u d u 8 +;;:I + "'-2 

13 ! _! 1 ! 1 1 !_1 + _1 _! 
2 2 2 2 2 2 2 2 2 2 

s 0 0 -1 1 0 

c 1 0 0 0 1 

6api10HOB Ha116onee T~a-

Ec1111 BKJ111)411Tb napy wnypi10HOB ;;:I 11 .,._ 2 , TO 11MeeM !113 = 0, t\S= 0, 
!\ C = 0. AllR pacnaAa Tpe6yiOTCfl npeepa~eHI1fl c _, u + .,._ 2 , d _, s + "-( 
AHanori14HO Allfl A+ -6api10HOB 11MeeM cneAYI'l~11e paapeweHHble no npa
BI1IlaM /5/ MOAbl p~cnaAOB: 

+ -
K K p. 

I I + ++ npaB11Ila 5 MOlKHO npi1MeHfiTb npl1 113Y4eHI111 pacnaAa l: c- 11 I c -
-6api10HOB. B 3TOM cny4ae npae1111a /5/ paapewa~T c11eAy~11e pacna
Abl: 

+ + 0 
l:e->Acrr, 

10 

3Kcnepi1MeHTallbHble AaHHble no nonynenTOHHbiM pacnaAaM 04apoeaH
HbiX 6api10HOB noKa OTCYTCTBY~T B 1111TepaType/9/.Ho 113 npaB11Jl /5/ 
cneAyeT, 4TO eo3MOlKHbl 11 3TI1 pacnaAbl, Hanpi1Mep: A-:, _, p K +A o fl.- v . 
AJ1R ocy~eCTBile~l1fl 3Toro pacnaAa AOillKeH npOI1CXOA11Tb KBapKOBbl~ 

nepexoA c -. u fl.-"'+ "'-2· B 3Tor::1 peaK'-11111, ec1111 He Y411TbiBaTb 1130TOnl1-
4eCKoro cn11Ha nenToHoe 11 wnypl1oHoe, 11MeeML'1 Q = 1 , !\ S = 0, !\ C = -1 . 
KpoMe Toro, MoryT cy~ecTeoeaTb APYrl1e pacnaAbl, Hapywa10~11e npael1-
na f1Q=f18, HO YAOBileTBOPfl~l1e npaB11IlaM /5/, Hanpi1Mep: 

4. CB~3b MEmAY nPABHnAMH OToOPA IEnn-MAHHA-~E~HMAHA 
H nPABHnAMH /5/ 

CBR3b MelKAY npaBI1IlaMI1 oT6opa lenn-MaHHa-~e~HMaHa 11 npaBI1IluM11 
/5/ 6bllla 4aCTI14HO o6CYlKAeHa s/8/. 3AeCb Mbl 6yAeM nPOAOillKaTb 113y-
4eHI1e 3Tor::1 npo6neMbl. 

Ec1111 Mbl npi1MeH11M npa B11Ila I 51 K KsapKaM, TO nOilY411M c11eAY~~11e 

paapeweHHble nepeXOAbl: 

1. s -> d + "-I. 

-> u t:: 1/ urv), u 

3. s -. u e-v (fl.-;;) + "-I • 

4. c -> u + "-2. 

5. c -. d e+v + o. 2 • 

6. c _, s e+ v + ~I + .,_ 2 . 

Ha aHa1111aa, npoBeAeHHoro a paaAene 3, B11AHO, 4TO nepexoA 1 
Bbi3BaH aAPOHHbiM pacnaAOM CTpaHHbiX 4aCTI11..1, 2 - no11y11enTOHHbiM pac
naAOM 6e3 113MeHeHI1fl CTpaHHOCTI1, 3 - nollYilenTOHHbiM pacnaAOM C 
113MeHeHI1eM CTpaHHOCTI1, 4 - aAPOHHbiM pacnaAOM 04apoBaHHbiX 4aCTI11..1, 
5 - nonynenToHHbiM pacnaAOM 04aposaHHbiX 4aCTI11..1 6ea 113MeHeHI1fl 
CTpaHHOCTI1. 

B Ta6n.3 npeACTasneHbl ace xapaKTepi1CTI1KI1 BblweyKa3aHHbiX ne
peXOAOB, a TaKlKe npi1Mepbl pacnaAOB 3JleMeHTapHbiX 4aCTI11..1, Bb13biBae
MbiX 3TI1M11 nepeXOAaM11. 

Ec1111 He Y411TbiBaTb po1111 wnypi10HOB 11 nenToHoB, npi1CYTCTBY~I1x 

B 3TI1X nepeXOAaX, TO 
a/ nepexoA s _, u e-;;(f.l.-J;) nOA411HfleTcfl TpeM npas1111aM lenn-MaHHa

~er::1HMaHa: f1Q= t\S, lt1SI= 1, t\I:f" 1/2 _, !11=1/2, 2/3; 

II 



6/ nepeX.OA c-+ 8e+v nOA41-1HReTCR npaa1-111aM ~Q= ~S=~C, I~SI = 1, 
~I = 0, 1 /To ecTb HapywaeT npaa1-111a ~I= 1 /2/; 

a/ nepeXOAbl 8 _, d , c .... u 1-!MeiOT ~I = 1/2, 3/2 /TaK KaK ~I 3 = 1 /2/ 
"' ~Q ~ ~S; 

r/ nepeXOAbl C -+ d e+v (!l+v) 1-1 d-+ ue-;::; He nOA41-1HRIOTCR HI-I OAHOMY 
1-13 BbiWeyKa3aHHbiX npaBI-!11. 

lhaK, npaBI-111a re11n-MaHHa-l!>eHHMaHa ~Q = ~SRB11RI'JTCR 4aCTHbiM 
cny4aeM /5/ np~-1 onl-!caHI-11-1 no11ynenTOHHbiX pacnaAOB c I-13MeHeHI-IeM 
CTpaHHOCTI-1, o6ycnOB11eHHbiX nepexoAaMI-1 8-+U«T-v/8-+ull-;; /, c _, 8 Jl.+v 
fc-+ 8 e+tf. npaBI-1110 i\1 = 1/2 RBilReTCR TaK>Ke 4aCTHbiM C11Y4aeM npa
BI-111 /5/ npi-1 OnHCaHHH aAPOHHbiX pacnaAOB CTpaHHbiX 4aCTH~, Bbl3bi
BaeMbiX nepeXOAaMH KBapKOB C -+ U H S -+ d. 

HapyweHHe npaBH11a OT6opa ~I= 1/2 e pacnaAax, Bb13bleaeMbiX ne
pexoAaMH 8 -+ d H C -+ U, npOHCXOAHT nOTOMY, 4TO B 3THX pacnaAaX He 
HCK11104eHa B03MO>KHOCTb ~I = 3/2 /TaK KaK B 3THX pacnaAaX HMeeTCR 
1~1 3 1 = 1/2, To eo3MO>KHO H ~I= 1/2, 3/2/. B pacnaAax, Bbl3bteae

MbiX nepexoAaMH 2, 5, 6, ~I 3 = 0 H, c11eAoBaTe11bHO, ~ 1
3 

= 0, 1 , 
n03TOMY npaBHilO ~I= 1/2 He BblnOilHReTCR. 

KaK noKa3aHo a/8/ ,AllR cTpaHHbiX 4acTH~ pacnaAbi,Tpe6yiO~He 
npeapa~eHHR OAHOBpeMeHHO ABYX KBapKOB, 3anpe~eHbl. npH npeepa~e
HHH OAHOBPeMeHHO ABYX S-KaapKOB /HanpHMep 88 -+dd A11R pacnaAa 
=:- _, rr-n ; 8S .... due-;:; A11R pacnaAa E .... ne-z1 6yAeM HMeTb ~S =2. 
A11R pacnaAa, Tpe6y~ero OAHOBPeMeHHO nepexoAa ABYX KBapKoB, 
OAHH 1-13 KOTOPbiX RB11ReTCR S-KeapKOM, Bbln011HReTCR OTHOWeHI-Ie 
1\1.# 1\S. HanpHMep, nepexoA ~.,.. ~ n e+v (11 +v) BK111'J4aeT e ce6R 

su -+ dde+v (!l+v) • 

lhaK, o6a npaBH11a i\Q = ~S "' 1 ~ S 1 .$ 1 HMeiOT OAHY I)>H3H4ecKyiO 
cy~HOCTb H CBR3aHbl C OAHOBpeMeHHbiM nepeXOAOM ABYX KBapKOB B 
OAHOM pacnaAe. AllR pacnaAa no 3TOMY KaHa11y Tpe6yeTCR MHOrO epe
MeHH. 3a 3TO apeMR peaK~I-IR HaaepHRKa no~AeT no APYrHM, 6onee 
BepORTHbiM KaHa11aM C MeHbWHM XapaKTepHbiM BpeMeHeM /TO eCTb no 
KaHa11aM, Tpe6y10~HM pacnaAa JlHWb OAHOrO KBapKa/. 

B cny4ae 04apoaaHHbiX 4aCTH~ KapTHHa MomeT H3MeHHTbCR: nopoH 
peaK~HR C pacnaAOM ABYX KBapKOB C H 8 eCTb eAHHCTBeHHO B03-
MO>KHbl~ eapHaHT A11R AaHHOH 4aCTH~bl "' TaKHe peaK~HH AeHCTBHTellbHO 
Ha61110Aa10TCR /CM. Ta6n.3/, HO 11HWb cnyCTR npOA011~HTellbHOe Bpe
MR, - BOT no4eMy 04apoeaHHble 4aCTH~bl >KHBYT AOilbWe He>KellH rTpaH
Hble. 

5. 3AI{Jl!')4EHHE 

1. npaBHila OT6opa /5/ xopowo onHCbiBaiOT 3KcnepHMeHTa11bHble AaH
Hble no pacnaAaM 4aCTH~ ecex BHAOB, BK11104aR pacnaAbl 04apoeaHHbiX 
4aCTH~. 
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2. Asa npas11na L\Q=L\S 11 jl\SI S 1 oni1Cb1Bal'n OAHO <!>113114eCKoe 
RBileHI1e: pacnaA, Tpe6y~I1H npespa~eHI1R ABYX KBapKOB OAHOBpeMeH-
HO, 11MeeT MaJlyn sepORTHOCTb. 

I 3. npaBI1Jla renn-MaHHa-<!JeHHMaHa RBilR~TCR 4aCTHbiM Cily4aeM npa-
:z: BI1Il /5/. HapyweHI1e npas1111 L\I= 1/2 06DRCHeHO TeM, 4TO aAPOHHble I :z: m 

m"' ~ pacnaAbl o6ycnosneHbl KBapKOBbiM nepexoAOM s _. d + "-I· Ecn11 He Y411Tbl-:>' u 
0 0 u 

::f :z: . • BaTb POI111 Wnypi10Ha "-I, 11MeeM L\I 3 = 1/2 11, cneAOBaTeilbHO, PRAOM 
~ :E :z: :E "' Ql Ill Ql ~ c B03MO>KHOCTb~ L\ I= 1 /2 He 11CKill04eHa B03MO>KHOCTb L\ I= 3/2. AonR u :z:O. = . I 

m = .. :. ~ ~~ ~ BKilaAa a ce4eHI1e pacnaAa AilR L\I = 3/2 3aBI1CI1T OT KOHKpeTHOrO :>' Ql u Ql ~ ' . 
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