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l1HTeprrpeT8UHH 'P -Me30HOB B paMK8X TpeXTpHIIJieTHblX 

MOaeneH C UeJibiMH 38pRa8MH KB8pKOB 

P2 - 8854 

HeaaBHO OTKpbiTbie yaKHe Me30HHbie pe30Hfl~Cbi J :!J.rlH 'P 1 (3,1 faB) 

H 'P 2 (3,7 faB) HHTeprrpeTHpyiOTCSI KBK HOBbie w- H </>- Me30Hbl, npea-

CK83b!B8eMble TpeXTpHIIJleTHOH MOaeJibiO C UeJlblMH 38pS!aaMH KB8pKOB, 06Cy)!( 

aa!OTCSI CJieaCTBHSI T8KOrO OTO)!(aecTBJleHHSI. 

Pa6oTa BbliiOIIHeHa B na6opaTDPHH TeopeTH'leCKOH tjJH3HKH Ol1Hl1. 

Coo6meHMe 06beAMHeHHOrO MHCTMTyTa .HAepHbiX MCCJieAOBaHMi 

,l(y6Ha 1975 

Govorkov A. B. P2 - 8854 

'P~ieson Interpretation within the 
Three-Triplet Model with Integer Quark Charges 

Recently discovered narrow meson resonances J or 'P 
(~.1 GeV) and '~'2 (3.7 GeV) are interpreted as new w- anJ 
~ -mesons predicted by three-triplet model with integer 

quark charges. The consequences of such an identification 
are discussed. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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Dubna 1975 

B B e ,n; e H H e 

0CHOBHM Il8Jl:& HaCTOJilll8rO 003op/laa.KJIKltJaeTC.fi B TOM, '!T00bl 

IIOKaSaT:& BOSMOXHOCT:& H 8CT8CTB8HHOCT:& KHT8piip8TaflRH H8~aBHO OTKpbi

TbiX ;'I-5/ JSKRX peSOHaHCOB l HJlR "f (3,1 raB)ieV R '\f (3, 7 raB) 

B paMKax TpeXTpRITJ18THHX COCTO.fiHRft MO~eJIR ~pOHOB, rrpe~JlOX8HHOn pa

Hee EorOJli)OOBHM, CTpJMKHCKHM z TaBxe~se /6/ z Ia.HOM z H.aMo/
71. 

M!i 6y~eM HCIIOJl:&SOBaT:& ~Be MO~~Ir!K~Ir!lr! STO~ M0~8JlH, OCHOBaHHble JlH-

6o Ha SV (3) l< S!V ( 3 )e (C ="cofor") CHMMeTpn/7/, JIHOO Ha 

$ V (. ~ ) " ff3 CKMMeTpHH ( %3 - rrepeCTaHOBO'!HM CliMM8TpiDI) , lr!SJ

'!aBme!C.fi paaeef81. 

Mbl Oy~eM paCCMaTpHBaT:& TaKYID BOSMOEHOCT:& K8K aJI:&TepHaTHBJ 

K KBapT8THHM CX8MaM C "otJapOBaHHHMR" tJaCTP!IliDJ!r!. 

*)HacTORm~ oosop OHJI ~oJioxeH Ha pac~eHHOM ceMHHape ]a-
6opaToplr!lr! TeopeTll'lecito! !lJ!r!Sir!KK 30 mma.P.fl 1975 r. Bee pesyJI:&TaTblt 
OTHOCRmlr!8C.fi It HOBbiM M830HaM, ObiJIR IIOJJy"r8HH B COaBTOpCTJi8. c.9C,E. e
pacHMOBbiM lr! HBJl.fiDTC.fi HamHMH COBM8CTHHMH peSyJI:&TaTaMH.!J4,J I • 

H) TaKOe ~BO!H08 Ha3BaH!r!e STO! '!aCTHilbl Hey~oOHO, lr! .rtaJiee 
Mbi Oy,n;eM HCIIOJl:&SOBaT:& .JtJUl ee 06oSHa'!eHHI! CHMBOJl 'If . 
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Ey~T o6cy~aTbCR cRe~He Bonpocu: 

I!eo6XO)J;HMOCTb Tpex TpHnR6TOB KBapKOB, 

Ue.1ll-le JIH y KBapKoB sapSI,IJ;u? 

CHMMeTpHR HOBO~ CTerreHH CB060~. 

HOBHe COCTORHHR B Tp6XTpHIIn6THHX MO.IJ;eJIRX H IU 

aBoiicTBa. (MaccH, crroco6H o6pa.soBaHHR, pa.cnan:&). 

ITpe.n;cKaaaHHR H npoBepKH TpeXTpmmeTHHX Mon;eReii. 

I. rro~eMY Heo6xo~HMO CYffi6CTBOBaHHe Tpex KBapKOBHX 
TpHnJI6TOB? 

C!iMMeTpHR Clll'IHOBOH 1-1 YHI-ITapHOH qacTl-1 BORHOBOtf ~YHKUKH TpeX 

KBa.pi<OB, COCTaBJUll(]Itl-IX 6apHOHJ>i ,BHSJIBaeT Tpy.IJ;HOCTH C rrpHMeHeHHeM 

K I<Ba.pi<aM CT3THCTHK!i <l>epMH-}l,!ipaKa, 

PaccMoTpHM <fJym(aMeHTMbHHii cmrnop rpyrriibl S V ( (; ) 

t. 

~~ 

~2. 
~3 

~~ 
t ... 
~' 

p't 

n't 

A.'t 

t:"· 
h~ 

.:u 

(I. I) 

KOMIIOHeHTH B HeM orrpe.n;e.JUIJOI'CR KBapKOBhll\m COCTORHHRMH p, n H A H 

npoeit~HRMH no~eJioro cn~-~Ha. KBapKoB, yKaSa.HHHli!H CTpeJJKa.I\'M t, t. 

EapHOHHHe COCTORHKR OITpe.n;eJIRIDTCR 1-13 pa3~0XBHHR H8. HeripliBO.lJ;~~e 

~aCTl-1 ITpHII'IOrO ITpOR3Be.n;eHKR TpeX cpyH.n;aMeHTaJil>HHX CITI-IHOpOB, OTHOCR

ml-IXCR K TpeM pa3HHM ITpOCTpaHCTBaM, 0603Ha~eHHHM l-IHneKCaMH I,2,3: 

6I X 6:2 X 63 = 20 + 56 + 70 + 70 , (!.2) 
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~ HS MJXDT~6TOB, BXO~ B npaB,fD ~aCTb (I.2),nonyqaeTCR 

nyTeM onpe~eReHHol cBMMerpzsanKH no npocTpaHCTBaM I,2,3: 

jrqn'l'ml.llel 
Pe,eyxn;ll!ll RHMMeTpll!ll 

SU(~)~ SU('3)x5U<.:<.) 
(cxeMa. DHra) 

20 ({ "L 3/2. ) + ( { 8 \, "12- ) § 
56 U 8 L "'it ) + ({-1oL 3/2) D:Il 

70 ( { -\1, Hit ) + ( { 8\, 1 /it ) + EP 
+ ( t 8 \ , "3/it) + ( \"' 0' , 1/2,) 

56-nJieT, B ROTOpHI npeKpacHO ~BaDTCR BC6 HHSKOnezamze 6a

pHOHHH6 COCTOHH11111 CO CITBHaMH I/2 H 3/2, OKa9b!Ba6TCR CHMM6TpKqHNM 

npe~crasneHHeM. O~o,ecxH npe~noxoXHrD,qro KBapKH - qacrz~u co cnz

HOM I/2 - no~qMHftDTCR CTaTHOTHKe ~pMH-lzpaKa, TO ITORHSR BOJIHO

BBR ~QHR TpeX KBapKOB ~OXEHa B TDXOK CJiyqae 0HTD aHTHCMKKetpHqaoR, 

BHRO npe~R03SHO TpH CITOC06a npeo~oReHHR 8TOI Tpy.n;HOCTH: 

a) ~HTaTb npOCTpaHCTB6HHYD ~aGTb BORHOBOft ~HH KBapKOB 

B 6apHOHax aHTHCHMMeTpzqHol /9-I3/, 

6) llpHMeHRTb K RBapKaM .nap~epKH-CtatHCTHKf TpeTbero no

p~a/I4/, 
B) llpe~nOR03HTb HaRHqH6 y KBapKOB ~OITORHHT6RbHOft CT6U6HH 

CB060~, no ROTOpOft MOZHO rrpoH8B6CTH aHTHCHMM6TpH3~S,?/, 
llepBOe HS 8THX npe.n;rrono&eHHft, CTporo rOBOpH, HeRb3ff HC~ 

~HTb H B HaCTORmee BpeMR. En;HHCTB6HHOe coo6pazeHHe, KOTOpOe MOZHO 

rrpHBeCTH npOTHB Hero, S~aeTCR B TOM, qTo ecTeCTBeHHO o~aTb, 

qro ~ -COCTORHHe KBapKa B ITOT6HnzanbHOft RMe 0Ka3STCR OCHOBHHM, H 

Tor.n;a aHTHCBMM6TpHSBnHR rrpoaTpaHCTB6HHOft ~acTH BORHOBOI ~yHKUKH 

H6B08MO&Ha. YTBep~aROCb TaR&e, ~TO aHTHCHMM6TpHR rrpOCTpaHCTBeHHOft 
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BORHOBoa ~ RBapKOB IT0~3YM9Ba9T ~e HY~el ~~Topa 

HYMOHa/II,I2/. O,w~axo HMeJIHC:L rrpHMepu TaRHX a.HTHCJIJMMeTpHtiHHX ~ 
UHa, ROTOpHe He !IpHBO~T R HYJJRM ~pMfJa.KTOpO~I3/. 

IlpHMeHeHHe R RBapRaM napa.¢epJm-C1'a1'HCrHltH ORa3MOCI> 3RBH

BM9HTHHM rrpe~ITO~OZeHHD y HHX ~OITORHHTe~:LHO« BHYTp9HHel CT9!I9HH 

CBOOO~I5-I?/. IlOSTOMY HKZe MH OCT8EOBHMC~ AHml> Ha TpeT:Lea H3 

BWII9YRa3aHHHX B03MO:&HOCTel. 

2. ijeJIHe JIH y RBapROB aapgnu? 

B paMKax TpeXTp~eTHolt cxeMH, HapJI.ZUT c rrpeo,JtoJieHHeM IPYH.~tauea

TaJI:LHo« Tpy~HOCTH CO CTaTHCTHKOI RBapKOB, ORa3MOCI> B03MOaHHM 

pemHT:L /S • 
7 I e111e o~HY rrpoo~eMY, cMaa.HHyD c ~6HHMH aHa~emmMH 

s~eKTpHt!ecKHX sa~oB RBapKoB B oou~Hoa (o~oTp~eTHol) MO~eJIH. 

IlyCTI> K~Ha H3 Tpex TpHIT~9TOB COCTOHT HS RBapKOB 

t~ =: ( f\ > h~ > )..l ) > i.:-4,2.,3. (2.I) 

06oaHa~HM aapJUJ;u STHX 'l:acTHD; RaK 

( Q:' Q,-1,Q,-1) (2.2) 

Bb!Opa.B Q 4 " 0, Q,-= Q
3

"' i , MH ITOJJY'iHM TaO~HD;y a~eKTpHt!eCRHX sa

pJUJ;OB ~aMeHTaJI:&Horo HOBeTa KBapKOB: 

p n A 

I 0 -I -I (2.3) 
2 I 0 0 
3 I 0 0 
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Hap.a:.ey C TrutOI CXeMOA He~a.BHO OHJIB. rrpe~~OzeHa ~yrM TpeXTpHIT

~eTHM cxeMBIIS/, OCHOBaHHaH Ha aHaJIOrHH C napacTaTHCTHKoafiS/. B 

Heft TpHIT~eTH 00~~ HepaS~HtiHMYMH HaOOpaMH KBaHTOBHX ~HCe~ H 

a~eKTpHtieCRHe sa~ RBapROB OCT~CH ~OOHHMH: 

l 

p n A 

I 2/3 -I/3 -I/3 (2.4) 

2 2/3 -I/3 -I/3 
3 2/3 -I/3 -I/3 

TpHIT~eTH B TaKOA CX9M9 paS~aDTCH ~I> HOBHM KBaHTOBHM ~JI[CJIOM -

"n:B9TOM", • TaKBJi CX8Ma !IOJIY'IJI[JIB. Ha.HM9HOBaHH9 CX9MH C "n:Be'rHHMH" 

I<Bapl<8MH (H8.1Ip1Mep, pacKpameHHHMK B ~O!IORHHT9~l>HL19 D;BeTa: KpaCHHft, 

cmntl H ae~l) • Cehac, o~HaKo, aTo HaHMeHoBaHHe pacnpocTpaHMOC:& 

Ha JIJ)6yJJ TpeX'l'piiiiJieTHYJl O'.X9MY, a HOBBJi CJIMMeTpmi B TaRO I CX9M9 

HaSHBa9TCH "D;BeTHOI"*), 

MoKHO ~H !IOJJY"'HT:& KaKHe-JIH6o CB9.1t9HB.R 0 SHa~eHHII aa~OB 

KBapKOB BS SKC!IepHMaHTOB? 

Pacna.u rt o ..... 2. lr 

~HTaeTCH, ~To Taxol npon;ecc orracsBaeTcH ~zarpa.MMOI c 

rreT~el B8 KBapKOB: r 

!t~--~ 
Tor~a mwpBHa onpe~engeTCH BspaaeHHeMi

20/ 
3 

[' (Tto-2.¥) = o(.2. r S'lt 
8~3 t: (2.5) 

I 
*) "UBeTBHe" rpyrrnH pacCMB.TpHBMHCI> Tax:&e B KpHCT~O~liDI 

I9/. 
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r.n;e (j... = e 2./4rr;:: ~/~?>7, t" - Ma.Cca Tt'!.MesoHa, f. -rrocTOJIHHaJI pac-
+ + ) rra.n;a 1t - ~ v , BXO.wnna;J B PCAC-cooTHomeHHe ( If tt I ;l;; I30 llaB • 

,lJ.1m Tt'!. MeSOHa, COCTO.friiiero H3 p H h. KBapROB - a.H'l'HRBapROB, 

;5 1 :z. -1 ~ s = ~ [ 2 Q, - i (Q,- i) 1 
... :-4 

l ( Q. - i ) 
;, ~ ' 2. 

AHHl'II'HJ!JUlHR e + e-- a,p;poHH 

0THOWeHHe 

R = 
(5 ( e•~--- Q.'"""~' ) tat 

G"t.t ( e .. e-- t'+ t"-) 

pacc~HTHBaeTCR H3 .D;HarpaMM 

H:_ 
e- q 

~- /ll+ 
/~\4-e-

B acHMIITOT'!NeCKOA 00JiacTH ( ~ ~ oo ) OHO COCTaBJI.HeT 

R.OQ = ? ( t + f 6', ) Q~ . 

(2,6) 

(2. 7) 

(2.8) 

r.n;e 0;- CIUIH (0 HJIH I/2) i. -ro IIOJIR. IJOCKOJI:&ey MH C~HTaeM KBap

KH ~acTHQaMH CO CIIKHOM I/2, MH ITOJIY'iHM 

Roo = ?- Q~ (2. 9) . 
PesyJU.TaTu rro 3THM .D:BYM rrponeccaM coOprurn B cJie.n;y~~~~ef Ta6-

JIHQe. 

• 

Mo.n;en s r1t._ ll.lr Roo 
(aB) 

I. O.ItKH TPBIL1leT ItBa.p-
ROB 0 .D;P06HHMJII Sa- I/6 0,£7 2/3 
pJI,II;a.MH 

n. Tpl! TPBIL1leTa XBB.pROB 

a) c .n;pq6HHMIII saps~-
.n;a.MJ! (2.4) 3(I/6)=I/2 7,8 3(2/3)=2 (2.IO) 

6) c neJJHMH sap8.D:aMJ! I/2 7,8 4 
(2.3) 

3ItcrrepliiMeHT - 7,92/2I/ 2,25 B o6Jia.C-
0,42 Til 2.4+3.8 raB 

4.5 B 06Jia.CTH 
4.I+5 raB /22/ 

- ------- ~------ -- -------- ------~-- -

Hs cpasHeHIDJ TeopeT~ecxi!X rrpe.n;oxasaHH! c·axcrrepHMeHTanL

HHMIII .D;aHHHMIII MH IIOJiy-'iaeM RBHOe CBmJ;eTeJI:&eTBO B IIOJil>3Y TpeXTpHII

JI6THHX MO.n;ene!. IIponecc rr "- R.ll' , o.n;HaRo, He pasn~aeT TpeXTpHII

neTmre Mo.n;eJIH c .n;po6HHMH H nenHMH sa:pH.n;aMH RBapKoB*>, Tor.n;a KaK 

!Ip0Q6CC e+e-- a,DJ)OHH MOlleT CJIYDTl> T8CTOM .D;JI.H 3TH;x MO.n;eneit. CJie

.n;yeT, O.D;BBXO, HM6Tl> B BJmY BOIIpOC: HacKOJll>RO IIOJIY'i6HHOe 3KCIIepH-

MeHTan:&HOe SHa~eHHe R. MOZHO C~HTaT:& 6JIHSRHM K acHMIITOT~ec-

ROfdY'? 

0TM8TiriM, HaKOHeQ, ~TO 3RCIIepHMeHTan:&HHe .n;aHHHe ITO rny0oKo

HeynpyrliiM e p, e h , ~ p H )i p rrponeccaM BMecTe c rrpJ!BJ.Ie~eHHeM 

IIapTOHHO! RapTHHH MHOlleCTB6HHOro po~eHIDJ a.D;pOHOB CBH.n;6T6Jll>CTBymT 

rrpoTHB neJIO'IHCJieHHHx sapR.n;oB KBapKOB (rro.n;po6Hee cM/231). CJie-

'11:) 3aMeTHM, 'ITO nponecc '1 ..... 2. ll' Mor Ou CJIYDT:& TecToM .n;JIR 
paSJIJ!'IHR Ta.KHX MO.D;eJie!. 0.n;HaRO CY!II6CTB6HHOe SHa'leHHe IIpH 3TOM liiMe-
eT BOIIpoC 0 CM8WHB8.Hllil CJ!HI'JieTa ')) 

1 
H ORTeTa 'lj 3 • 
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.IJYeT, OJ~Ha.Ro, HMeTI:. B BH.IJY, 'tJTO aHeprmr S L A C. MoryT oxasaT:&-

Of! He,nOCTaTO'tJHHMH L(Jlf! TOro, 'IT06H BKJIDtl:WIRCI:. "IU3eTHHe" CTeiieHH CBQ-

60~, H B 3TOM CRY"Jae BCe MO,neJIH L(aDT OL(HHa.ROBHe peSyJII:.TaTH/24/. 

J.1Ta.R, H3 HMeBJnHXC.fi 3KCIIepHMeHTMI:.HHX ,lla.HHHX MH IIOKa 'tJTO 

He MOZeM c,neJiaTI:. O,llH03Ha'tJHH~ BH60p Me~ neJIO'tJHCJ18HHHMH H .npo6HHMH 

3HatJeHIDIMH KBB.pKOBHX 3ap.fl.llOB. Bc!l.IJY B ,llaJII:.He!mJeM MH 6y,lleM, O,llHa.RO, 

paCCMa.TpHB8.TI:. CXeMH Jimll:b C neJIO'IHCJ18HHHMH KBapKOBI:lMH SaP.fl.lla.MR. 

3. EcJIH HMeeTCR ROBaR: CTeiieHI:. CB06o.zw, TO Ka.ROBa ee 

CJilMMeTpM? 

XaH 11 H8ll6yl7 I npe,n;noJIOlltM.nu, 'ITO BHYTPH Kax,n;oro TpHrr.neta nap

KOB ,n;ei!CTByeT 06H\!HM $U(5)-CMWl6TpHll (CO BCeMH ee HapyweHHllllll),a 
e. 

Me~ TpH!IJISTa.MR ,ne!cTByeT ROBaR:, "nBeTHaJI" S'V('3) -clilMMeTpM 

( C =cot or 
11 

) • Ta.RHM o6paSOM ,nommi!: CHMMeTpHei!: CMl>HHX BSaHMO,nei!:CT-

BIDl: OKaSHBaeTCf! 

(; = _5 U (3) X .5 V ( 3) ~ (3.I) 

(EHJIH rrpe,llJIOZeHH Ta.RZe .npyrHe MOL(HifJHKaniDI 3TOi!: CXeMH / 25-2B/, Ha 

KOTOpHX MH OCTaHaBJIHBaT:&C.fi He 6y,neM). 

3JieKTpH'IecKHi!: saP.fl.ll B aToi!: cxeMe onpe,neJlf!eT~ Ka.R 

Q = I -+ Y -+ lc:.. -+ ye 
'5;?. '52..' 

(3.2) 

r.n;e 1
3 

H y - 06HtJHHe npoeKUM HSOCIIHHa H rHnep3aP.fl.ll, OTHOC.fiiii!d8C.fi 
<:.. c. 

K S'UC3)-cHMMeTpmr, a I 3 H Y - npoexnWI "IU3eTHoro" Hsocmma 111 

"nBeTHOfi" rHIIepSaP.fl.ll, OTHOC.fiiiiHeCJi K "nBeTHOi!:" rpyrrrre S'U"(3)c. • 

BBe,neM HOBOe KBaHTOBOe tJHCJlO C, KOTOpoe MH 6y,neM Ha3HBaT:b "nBeT

HHM 3ap.fl.llOM", C IIOMOIIII:.BJ OOOTHOllleHHR 
C. yC 

s;_=I +..L 
3 :5 2 
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(3.3) 

~PMY.na reJLil-Mrurna-HmnPl;ltDlM!l o6o61!11ieTCJi cJie.IJYD11HM o6pasoM: 

y c 
Q = 13 + ~ .... 3 (3.4) 

KBaHTOBHe 'lHCJia ~aMSHTM:bHOrO HOHSTa KBapKOB rrpHBe,lleHH B CJ18,llYD-

1118i!: Ta6.1Dll:le • 
(3. 5) 

-

KBaHTOBHS TpHIIJlSTH 
·tJJilCJJa t. ta. t3 

Pi hi )..1 P2. hR. A2. P'3 h3 A"3 

I3 I/2 -I/2 0 I/2 -I/2 0 I/2 -I/2 0 

y I/3 I/3 -2/3 I/3 I/3 -2/3 I/3 I/3 -2/3 

Ic -I/2 -I/2 -I/2 I/2 I/2 I/2 0 0 0 
3 

yc. -I/3 -I/3 -I/3 -I/3 -I/3 -I/3 2/3 2/3 2/3 

Q 0 -I -I I 0 0 I 0 0 

c -2 -2 -2 I I I I I I 

KBaHTOBHe 'IHCJia ~aM8HT8Jl:bHOrO HOHSTa aHTHKBapKOB IIpOTXBOIIO~O~ 

ITO SH&KJ KBaHTOBHM tJBCJiaM (3.5). 
~ tJJlSH ~aMSH'l'aJI:bHOro HOHeTat~t HMeeT .D;Ba HH,D;eKCa: 

HH.D;SKC ol. orrpe.D;eJlf!ST KBapKOBGe COCTO.fiHHS <::1.. = p, h , A , lilH,ll;eKC t. orrpe

,neJJReT rrpmm,n.n.eJEHocT:& K 'l'pHIIJlSTY t =I,2 ,3. Hue MH 6y,neM nHcaTI:. 

t ;. , no.npas:yMeBa.R: Bee:& TpHIIJleT { p-. , h ;,. , l, ) KBapKOB HoMepa t • 
lJ,nJI TOro, 'IT06H YCTa.HOBHT:& CJ!MMSTpU Ta6JIJinH (3. 5) IIO OT-

HOmemm :a: rpynnaM ,S V (:3 ) H S V ( 3 ) ~, nepenHmeM ee B .npyroM BJOJ;e : 
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(3.6) 

Klla.HTOB!:le tJHCJH KBapKH 

p h >.. 
P1 P2. P3 n-t n2 11'3 :\.1 A.2. A.3 

r!>c. -I/2 I/2 0 -I/2 I/2 0 -I/2 I/2 0 
yc -I/3 -I/3 2/3 -I/3 -I/3 2/3 -I/3 -I/3 2/3 

13 I/2 I/2 I/2 -I/2 -I/2 -I/2 0 0 0 
y I/3 I/3 I/3 I/3 I/3 I/3 -2/3 -2/3 -2/3 

c -2 I I -2 I I -2 I I 

Q. 0 I I -I 0 0 -I 0 0 
-

c. c. 
MH 3a.MetJaeM, 'ITO KBaHTOB!:le 'IHCM 13 Iii '( HMellT B 9TO! Ta6mme 

sHatJeHHR:, rrpoTHBorro~oJEHHe no SHaKy SHatJeHHR:M KBa.HTOBHX tJHce~ I 
3 

H Y B rrpe.rumytQeit Ta6mn~e (3. 5). IloaTOftW, ec~H OTHOCJITe~:&HO rpyrr

II!:l SVt3) !WH,na.MeHTM:&Hl:lil HOHeT rrpeo6pasyeTcH no rrpe~cTa.BJJ.eHHJJ 

{ 31 , TO OTHOCHTeJI:&HO rpyrrii!:l %U{3)c OH rrpeo6pasyeTC.A: no COrrp.A:

.llt8HHOMy npe~CTa.BJieHHJJ { 3c \ . TaKHM o6paSOM, OTHOCHT8Jl:&HO IIOJIHOit 

-e rpyrriiH G ( 3. I) OH rrpeo6pasyeTC.A: rro rrpe;ncTa.BJJ.eHHJJ (3. 3 ) • 

Terrep:r, COCT8.BHM M880HJrne COCTOHHHR:, paCCMaTpl'!Ball KX KaK rrp.A:

MOe !IpoH3Be;neHK8 !WH,na.MeHTM:&Hl:lX HOHeTa H aHTHHOHeTa: 

(3 3c)x(3 3c)= (H~8,1c) +(-tQ18 8c) , . . (3.7) 

00H'JH!:l8 M880HH ClJJ1TaDTC.A: UB8TH!:lMH CHHrJ18TaMH H COCTa.BJ!HilT HOH8T!:l 

( i 6) 8 7 1 c ) • M!,r 0008H8.lJHM Bell COBOity!IHOCT:& TaKHX SV ~ 3) e -cHHr

~8THHX M830HOB CKMBOJIOM I i c: ) H Oy;neM HMeT:& J(JIH HliiX CTp,YKTypy 

He), t-1t-1 + t~~.. tt. + 1: 3\, (
3

•
8

) 

f3' 
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Ho, ITOMl'IMO 06!:ltJHUX M830HlillX COCTO.fiHIDf, B03Hilli88T 72 HOBb!X 

Me30H!illX cocTo.A:HWI, OTHOC.A:ll1HXC.A: K UBeTHoMy OKTeTy I 8 c. ) . 

lloc~e~Hmf COCTOHT H3 C~8~IDmHX UB8THHX M,Y~bTHIT~8TOB: 

UB8THOro l'l30TpHIT~eTa 

I Ic.= i Ic.= 0 yc:, o) = -t-~~-~- -t2.{a. 
• 3 ' 

0:' 
\Ic.=-1, 1~=-~ 7 Yc.=O) = -t-~~2. 

1 1 c: = -t , r; = + --1 , Y c = o > = t a.. f-~ 

UB8THOro l'l30CHHr~eTa. 

IIc:=O,Yc.=O)= t,t,t-\:lttot.-2..-\:3{3 
fC 

~B.YX UB8THHX l'l30~y6~eTOB 

\If=~/2. Ic.=-1/2.. Yc:=--1) = -t,t~ 
' 3 ) , ~ , 

c. c. -\lc.= i/'l, I .. =-+ i/<;., Y =-i) = t. -\: . 
I ...;~ 7 2,. 3 , 

\lt=ii2.,T;= 112.
7 

Yc:=+i)= i:
3
{, , 

c. c. c -II "t/'l, 13 =-ih,Y =+i)=t
3
-t, 

(3.9a) 

(3.96) 

~ (3. 9B) 

(3.10) 

(3.IIa.) 

(3.II6) 

(3.I2a) 

(3.I26) 

Ka~oe l'!S 3Tl'!X COCTO.A:H~ rrpe~CTa.BJI.A:eT C060i1 HOHeT ( 1 e 8 ) KB8p

KOBb!X COCTO.A:Hl'lfl ( C~81\Y8T 1!8lll'!C8.Tb 11p0l'l3B8~8Hl'l.A: t ol i. t? i il B3.A:Tb 

COOTB8TCTBYJ<lnl'l8 KOM6l'!Ha.I.ll'll'l ITO ~8KC8M r:J...= f
7 

1'1 
7 

A l'l ~ = p, h, ~ 

~JIH ~a.HHOro M830Ha err .lJ, k. f· w, ~, K*" l'l T.~.)). 

0TM8THM, '1TO Cp8J(l'l COCTO.A:Hmf (3.9-I2) UB8THoro OKT8T8 l'!M810T

C.A: ~Ba COCTOHHH.A: (3. 9a.) :If (3. IQ), o6~a,nal<XQH8 H,Y~8B!:lMH UB8THl:lMH 

c. yc 
KB8R'l'OBhlMH tJHcmMH I 3 -= 0 H = 0 . OcTa.JI:&Hl:le cocTo.A:HH.A: 
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c: ye 
3TOro ~BeTHOrO ORTeTa HMeiOT 1 3 t- 0 H '# 0 (HO H8ROTOpllle 

H3 HIIX HMeiOT ~BeTHOll 3ap!l,I(. c=()) • HmEe "~BeTHUI\Ilr '!acTHUallrn" M:l 

6y~eM Ha3HBaTb '!aCTHUill, OTHOCHmHeCH K 3TRM ITOC~e~HKM COCTOHHHHM, 
e 

Tor~a KaR IIOBHe cocTOHHHH c I 3 = 0 n: Y = 0 MH He 6y~eM 

HB.3HBa.Tb "~BeT!lliMH". 

Ea.pHOHHUe COCTOHHHH paccMaTpHBa.JOTCR KBK llpiiMOe llpOH3Be,IteHHe 

TpeX ~YH~a.MeHTa.AbHHX HOHeTOB 

( 3, 3 e ) >< ( 3, 3" ) >< ( 3, '3 <:) = ( ~, 1 e)+ 2. ( 8, 1 e) + ( -10, -t c) -+ 

+ 2. ( ~, 8 c ) 1- ( ~ , I o c.) 1- 2. ( 8, .fOe ) + 2. ( i o, 8 c) + H 8, 8 e) + H o,{ch ( 3 • I a) 

(Bcero 729 COCTOHHd). 0ITHTb 06ll'!H!Jie 6apHOHime COCTOHHHH C'l:HTa.JOT

CR "~BeTHHMH" CHHr~eTBMH K OTHOCRTCR K rrpe~CT~eHMM (I, rc), 

(8,I
0

) H (IO,rG). ilOCRO~Ky "~BeTHoR" CHHr~eT aHTHCKMMeTpR'!eH 

OTHOCHTe~bHO HOMepOB TpHIT~eTOB: 

3 

~ 

'·\· IC. t1 

~ 
«f f:~l'l<. t~ i:.-\: 1 k. 

(3.I4) 

Mil liO~aeM H3 IIp~HITa llay~K, 'ITO OTHOCHTe~bHO rpyrrnH SU ( ~) 

06fl'!H!Jie 6a.pHOHHHe COCTORHI!R lipliiHBJ(~ella.T K CKMMeTpR'!HOMy 56-rr~eTy, 

'ITO H RB~~OCb Hameti ~e~HOA ~e~bD. 
. c 

MTaR, B paMKa.x $\J' ( 3 ) "' .$ V (3) CHMMeTpHH B03HHKaeT 60~b-

moe Ito~H'!eCTBO Bal\a.HTHHX Me30HHHX H 6apHOHHHX COCTOHHd. Cpe.n;n: 

HHX 60JlbiUOe '!HCJJO 06JJBJ(aeT OTJIH'!HHMH OT HY~ KBa.HTOB!lMH '!J'ICJiallrn 
c. c 

I 3 , '( , T.e. RBnae:rca "~BeTHHMH" 'l:aCTHUaMH. EcJIH rrpe.n:rroJIO~b, 
c. y<:. 

'!To "~BeTHHe" RBaRTOBHe '!HCJia I 3 H MoryT HapyiUaTbCH .JIHillb 

CJJ36UM B3aKM0)\8llCTBHeM, TO "D;BeT!llie" 'l'B.CTHUill ~OJUitHI:l 6f1Tb "cTa-

6HJJbllliMH" ITO OTHOIU8HHD K CKJibHHM H 3JleKTp0Mal'HHTH!JIM paciTBJ(aM 

H .ItO~ o6JJBJ(a.Tb OTHOCHTeJibHO 60Jib!UHM BpeMeHeM EH3HH. B TO ze 

BpeMR HOBble COCTOHHHH (3.9a) It! (3.10) 6y.n:yT "cTa6HJII:.HH" ITO OT-

14 

HOIUeHHD K CRnbHUM B3a.HMO~eACTBHHM, HO MOryT HCTIHTHBaTb a~eRTpOMar

HHTHHe pacn~H B o6a'!HHe '!acTHUill. TaKHe rrepexo~ M:l paccMoTpHM 

HIDEe. 

Ha.H6o~ee cymeCTBeHH!JIM BOITpOCOM ~~ ~a.HHOll CXeMH RB~eTCR 

BOITpOC 0 cymeCTBOBBRKK KBapKOB (a TaRX8 6HKBapKOB) B CB060,ItHOM 

COCTORHHH. IToc~e llpHITHCHBaHHH KB8pRaM ~e~O'!HC~eHH!JIX 3ap!l,I(OB MH, 

~TH'!eCKH, BepHY~Cb K HCXO,ItHOll MO,Ite~H CaKa.Ta, HO He C TpHrr~eTOM, 

a HOHeTOM ~aMeHTa.AbHHX '!acTHU. ilOBe,IteHHe TIOC~e~HHX 3aBHCHT OT 

HX 6apHOH!lliX 3ap~OB/S, 7/. Ec~H 6a.pHOHHille 3ap!l,I(H KBapROB TIO-rrpe~ 
HeMy C'l:HTaTb ~p06!lliMH H paBHHMH I/3, TO H8ROTOpHe H3 ~eBRTH REap

ROB ~OJUitHI:l 6H~ 6u 6UTb a.6cO~HO CTa6H~bHill. !JIOJKHO, O,ItHal\0, C'!H

TaT:D 6apHOHHb!e 3B.p!l,I(I:I KBapKOB n;e~O'!HC~eHHHM/7/ H paBHHMH .It~ 
K~oro H3 Tpex TpHIT~eTOB COOTB8TCTBeHHO 

B=<o,o.1) (3.I5a) 

MH 

B =Ci,i,-1). (3.156) 

B rrepBOM c~a.e (3. I5a) KBa.pKH c ey~eBuMH 6apHOHHHMH sa.p!l,I(a.Mn: 

MOr~H 6u pacrr~aTbCR H8 ~eiTTO!lli. Bo BTOpOM C~ae (3.156) RBapKH 

c 6apHOHHHM sap!l,I(oM B = I Mor~H 6H pacrr~aTbCH Ha. 6apHOHU, a 
I 

RBapKH c 6apKOHHHM sap!l,I(oM B = -I - Ha aHTH6apHollli. Pa.crr~ Mor 6u 

rrpoKcxo~HTb sa cqeT HapyiUeHHH SVt'3) >< S'V (3)t. dKMMeTpKK, HMeiO

mero B~ 

( '3, 3c) + ( 3, 3 c. ) • 
(3.I6) 

Ms Hepery~pHocTeA B rroBe.~teHKK e+e--aRHHrH~HH B a.npollli B o6mc

TH SHeprd 3+4 faB H3M6y H X'aH ,Ita.AH o~emcy .It~ Ma.CCll KBapKOB 

,.., I, 5+2 raB /7, rrocJie~HHR ccu.JIKa/. 

Ce:!ttJac MH rrepeii,n;eM K ,Itpyroit MO.IJ:I'I!f>HKB!lKK TpeXTpHIIJieTHOti Mo

.n;eJIK, KOTOpM RaR pas 6HJia IIpO,ItRKTOBa.Ha CTpeMJieHHeM 3arrpeTHTb 

cymecTBOBaHHe KBapKOB B CB060,ItHOM COCTOHHKK/B/. 0,ItHOBpeMeHHO 

IS 



( 
c 3TID~ oKasanzcL sanpemeHHHMH H Bee "uBeTirne" ttacTRUH (c T3 '~' o 
H YC! f' o ), H rrosTOMY TaKM cxeiV.a oKasaJiac:D Beci>Ma 3KOHOMHOt! 

B OTHOill6HHR HOBUX B8KaHTHHX COCTORH~. Ha, I1pllHURI1RaJll)HUX pa3.llH

'iHRX 3TOt! CXeMU I'I CXeMU Xrura H HaM6y Mil OCTaHOBHMCR B KOHUe 

o6sopa. 

BMeCTO "UBeTHo,lt" CHMMeTpRI'I $ V ( '3) c. pacc~UiTpHBaeTCR "uBeT

HM" rpyrrrra S 3c. rrepeCTaHOBOK HOMepoB TpRI1.ll6TOB KBapROB, COCTOR

UIM H3 3! = 6 3.lleMeHTOB. TaKM MO~e.lll> 6UJia Ha3B8Ha CHMMeTpi'I'iHOt! 

TpeXTpRITJieTHOft MOJl8.lll>B:f'B/. Ee OCHOBHUe Tpe60BaHim 3aKJIDt!am'CR B 

C.lleJ.IY!lneM: 

A. 3JieKTpi'I'iecKHe sa~u ~Y~aMeHTaJII>Horo HOHeTa KBapxoB 

HMeDT U6.l!OtJHC.lleHHUe 3HatreHHR (2.3). 

E. ~31'I'i6CRHe COCTORHRR ~O.l!XHH 6UTl> B6RTOpaMH HerrpRBOJlRMUX 

rrp~~cTaB.lleHHt! rpyrrrru 1)~ 
B. ~31'I'i6CKHe COCTORHRR ~O.l!XHH 6UTb C00CTBeHHUMH COCTORHM

MH 3.lleRTpK'I6CKOro 3a~a Q 

Hs 3THX Tpe6oBaHHt! BHTeKaeT ycJIOBHe 

[Q,@Jl ... ) = 0, (3.17) 

r~e g.>- JllOOM rrepecTaHoBRa H3 £{
3
c. • Jierxo BJ.meTI>, trTo (3. 17) 

He Bl:ll10.l!HR8TCR ~JIR O,l(HORBapROBOro COCTORHRR. HaJipHMep, ~.l!R 

"cHMMeTpHtJHoro" p-RBapxa HMeeM: 

Q ~~'~2. I P1 + P,_ + P3 > = Q I P-1 + Pa.. + P3 '>=I Pa.. + Ps )'4= 

t- ~'1~2. Q. 1 I>~+ P2. + P3 '7 = ~\~2 I P, + P3 '>- \ P~ """P3 >. 

TaxHM o6pasoM, o~HORBapRoBue (Tax xe xax • 6HKBapxoBue H t.n.) 

COCTOJIHHR Cpasy lite OKa3UBam'CR 3a!1p8U18HHUMH B pru.max 3TOt! MO~e.l!R. 
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TpeOOBaHHe (3.17) cymeCTB8HHO YM8Hl>illaeT KO.l!HtJeCTBO B03MOX-

Hl:lX Me30HHHX H 6apHOHHUX COCTORHift!. PaspeliieHHUMH ORa3UBam'CR .l!IDIJ:b 

~: tS 1:.*~oL*·~ ; o(.,~-= p,n,A.; (3.18) 

.3 
6apHOHU: "57 ~ l ..l. t 

• ~ • cf("K-c",~{;lB klJ' 
"~1*"''~-'"~ ~ r 

(3.19) 

HCITO.lll>3YR (3.5), MU ITO.llytJaeM, tJTO paspeliieHHUe COCTORHHR HMeiDT 

Ie=O Y<:!=O C=O 
'3 , ' (3.20) 

T.e. Jl:B.l!RIDTCR 
11
HeuBeTHUMH" aiiPOHaMI'I. ~PMY.lla reJIJI-IvlaHHa-HmnJ.mJKHMU 

(3.4) IIpHOOpeTaeT CBOt! rrepBOHatraJil>HI:lit BJ.m. O~HaKO cpe,n:H T8KHX 

"HeuBeTHHX" COCTOR!mff eCTl> HOBble COCTORHHR, OT.llH'iHUe OT OO!l'iHI:lX 

OapHOHHUX COCTORHHt!. 

Kosqx'fmuzeHTU "A~ B \3.18) H ~tp. B (3.19).n:oJIXHU 

OUT!> ITO,n:OOpaHU TaK, tJT06!l B pe3y.lll>TaTe ITO.llytJaJIRCl> HeiTpHBO,I(RMtTe 

rrpe,n:CTaB.lleHHH _g"5<:. 

MesoHH 

CHMMeTpHtJHoe rrpe.n:cTaBJieHHe - o61:ltrHUe MesoHU: 

LID , i - - -
5 \ t1 ... t 1r .. tu *2.r + t3o(. *3~ ) . (3.21) 

CMemaHHoe .n:ByMepHoe rrpe.n:cTaBJieHHe - HOBI:le MesoHU: 

IF J EP' , ~ (~t1~l,r -ta~~- t:s.t ~~) , 

l Eflq , A:. ( +u *2.r - t"5tl. t"5f1) 

(3.22a) 

(3.226) 

KaK 6y,n:eT BJ.mHO 113 ,n:aJil>Hei!mero, BU6op KOM0HH8I(Ht! (3.22a, 6) ~HKTy

eTCR 3Jl8KTp0MarHHTHUM :JCapaKTepoM HapyrneHHH fJ 
3 

-. CHMMeTpHH. 

HTaK, IIOMRMO HOHeTOB OO!ltJHUX ITCeB,n:OCRaJ!RpHUX n H BeKTOpHI:lX 

""" ::::: V Me30HOB, MU ITO.llytJaeM eme .ll:Ba HOHeTa n R n l1C6B,]\OCKaJIJl:p
rv ~ 

HUX H ,n:Ba HOHeTa V H V BeKTOpHHX MeSO HOB, COOTB8TCTBYD!IHX 

c. .ll:ByM BeRTOpaM (3.22a, 6) CMeillaHHOrO rrpe~CTaB.lleHHR. Ec.l!R 6u 5
3 

-
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~ ~ 

CHMMeTpllii 6u.na TO'IHOti, TO MH HMeJIH 6u ,Jzy6JieTHOe BHpO~emie n , n 
rr V, V: K~oro HOBoro MesoHHoro cocToJIHIDI. fipH Hapymemm: 

$; B03HHRaeT ,Jzy6JieTHOe pacmenJieHHe K~oro HOBoro COCTORHHH, 

H BeJIH'IHHa aToro pacmenJieHllii onpe~eJIHeTCR xapaKTepoM HapymeHHH 

.S3c . BciO,cy B ~aJII>HeiiDieM MH 6y,n:eM npe.n:noJiaraTI> aJieKTpoMarHHTHHt! 

xapaKTep HapymeHllii g 3c.- CHMMeTplm:, Tor~a BHilleYKaSaHHO.e JJY6JieTHOe 

pacmenJieHHe 6y~eT COCTaBJiffTI. BeJIH'IHHy ITOpll,IIRa HeCKOJIDKRX l.laB, 

CpaBHHBaR MeSOHHlle COCTORHKH, BXO~He B TpeXTpHITJieTHyiO 

CHMMeTpH'IHyiO MO,I(eJID,C aHaJIOrH'IIlliMH COCTORHKHMH B MO~e.JIH la.Ha H 

c. 
HaM6y, M!l 3aKJID'Ia.eM, 'ITO H3 ITOCJie,I(HHX OCT810TCR JIIDJJ:b .£';U(3) -CHHl'-

JieTHlle COCTORHKH (3, 8) H ,I(Ba. COCTORHM H3 nBeTHOro ZU (3)':. 

OKTeTa, (3.9a) H (3.I0), o6~a.IOmHe HyJieBHMH KBa.HTOBHMH 'IHCJiaMH 

I c. yc. e 
3 H , HO OTHOCR!IIHeCR O,I(HO K nBeTHOiey H30TpHITJieTy ! = i 

H ~pyroe - R nBeTHOiey H30CHHrJieTy I<: .. 0 • Mu ITOJiy'IaeM CJie-

,cynnee cooTBeTcTBK8 SVC:~)e rr 

r p y rr n a: 

S'V(3)c. 

I ic) = 

(3' 1Ic.=1 Ie.=O Yc=O· 8c)+ z. I 3 I I 

zc. 
3 

-t I c c:. y~ Bt> + ~ 1 =0,1~=0, ::0; 

-.i.\Ic=1 I~-o Yt=o;8e)+ z . . 

COCTORH~. 

s; 

0:::0 

"' EP" 

+ f3' ll" .. o.r: ... o,Ye .. o; 8e> = 
2. 

Hl.f' 

II 

(3.23) 

TaKHM o6pa30M, 'IT06H BHITOJIHRJIOCI. COOTBeTCTBHe (3.23), MH ,I(OJIZHll 
. e. e. 

rroTpe6oBan Bgpo!j!teHKR ,n:JIH nBeTHHX cocTOJIHd c I : i H I = o, 

a HapymeHH8 9TOrO EUpO!jlleHHH ~OJIZHO IIpOHCXO,I(HT:b 3Jl8RTpOMarHHTHHM 

o6pasoM. 

EapRoHH 

AHTHcHMMeTpH'IHoe rrpe,n:cTaBJieHHe - OOO'IHHe 6apRmm: 

§ -~ E., .... t,cL-\:ifltl<l( (3.24) 

'• \, 1<. 1 o I 

CHKKeTpHqaoe npe~CTaBneHHe: 

3 

ITD , . ~ t,al tA~ tky 
(3.25) 

•1-11-l<,.t(ci 

J{Ba C.UelllaHHhiX npe~CTaBR6HHS: {PI H ljJ:[' KalC~Oe H3 KOTOphiX 

~epXHT ITO ~Ba 6aSHCHHX BeRTOpa, Mll He BHITHCHBaeM 3TH BeKTOpH B 

RBHOM B~e (CM,/S/). 

EcJIH ITOJIHyiO BOJIHOByiD qJyHKnHIO 6apHOHOB rrpe~CTaBKT:b B B~e 

IIpOHSBe~eHKH 

co-

"f = "t Se. x "¥ .S U(') ,. "£ nponp. ' (3.26) 
IWAK. 3 

TO BCe 6apKOHHHe OCHOBHHe COCTORHKH C CHMMeTpH'IHOti IIpOCTpaHCTBeH

HOf! BOJIHOBO~ qJyHKnRe~ paCITOJiaraiOTCR B Ta6JIRne: 

'Y "f'ge Y.sv<'> "Ynpoc.Tp. 
$U(~) IeyJil>TH-

001\K •• 3 
ITJieT 

13 § ITlJ ITIJ 
56 

§ ITD § 0:::0 
20 (3.2?) 

§ BJ EP ITO ?0 
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CB.<i3l> Mel!ley s3c. -COCTO.IIHIDIJV!Ii! (3.27) :H $'U("3):.cocTO.IIHIDIMR (3.13) 

rrpe~cTaaneHa n Ta6n:HUe 

r p y rr rr a: 

.SVC'3)c. zc. 
3 

1c. § 
-c 
10 ITO 

(3.28) 

gC EP 

CocTO.IIHIDI (3.27) CJIYJraT ocHoBaHHHMH ~AA cepm~: rue: L -BOS6Y"Jmemrlt. 

Tax, B HacTO.IIlllee BpeMJI, rro-Bm{:HMOMy, ycTaHOBJieHH L -Bos6~eH:HJI 

o6uqHoro 56-nneTa 6apHOHOB, COCTaBAA~e 20- H ?0- nneTH. 

He cne~eT rryTaTI:. 3TH MyRl>THITReTH C MyRl>THITReTaJV!Ii! HS Ta6nHqH 

(3.27), .IIBnJimmRMRC.II HOBUMH OCHOBHllJV!Ii! COCTO.IIHHHMH. 

4. CBO~CTBa HOBHX COCTO.IIRHa 

llpe~e ncero paccMoTpHM Hepap~ BlaHMO~e~cTBHa. 

CMI>HOe BSaHMo~eHCTBHe HHBapHaHTHO OTHOCHTeRI>HO g V ( 3) 

H .5 U { 3 ) c. ( MH .5 3e ) . 0HO IlpHBO~ K 60RJilliiDJ! ( ~ 2 fJB) 

Ma.CCOBblM pacmerrneHIDIM Me~ paSRH'IHHJV!Ii! rrpe~CTaBneH:H.IIMH ,S V ( "3) e. 

(M:H .53e. ) • 

Cpe~e- CMl>HOe BSaHMo~efiCTB:He HapymaeT $ V (. "3) HS

BeCTHllM o6pasoM ( Atn ! I fJB). lloRa 'ITO He:asnecTHo, KaKHM 

e .5e o6pasoM HapymaeTc.II .SV(3) (wnr 3 ). CRopee Bcero,HeT 

CMl>HOro BS~~~eHCTB:H.II, ROTOpoe 6blno 6!.1 HHBapHaHTHO OTHOCHTeni>HO 

.5U{3)" .5U{3)e, HO He 6b!RO 6!.1 HHBa.pHaHTHO B OT~eRI>HOCTH OTHQ

Cl'!TeRl>HO 5V(3) H $ l.T(3) c. • Taxoe BsaHMO~eitCTBHe COxpaH.IIRO 6!.1 

20 

J 

' 

J 

' 

I e ye I e e 
mllll:r:. CYMM!.! 13 + 3 H Y + , ao He 3 , I 

3 
H Y, Y 

H .ItO.lllltHO 6HRO 6u IIpHBO.!tlriTl> K CRRI>HHM nepeXO.!taM T.lllt8nb!X .8\JI3)c

HeCHHrReTHI:lX COCTO.IIHd B 06bltJHble S V( '3) c:. -CHHrReTHble COCTO.II

HTII.II/7/. Hlme Mll 6y~eM npe.nnonaraTI>, 'ITO S'V("3)e MH g
3
c 

HapymaeTC.II JIRIIII> 3ReKTpOMarHl'ITHHM ( H, KOHetJHO 
0 

cna6HM) B38lfMQ

~elcTBHeM, Hapymaiilii:HM I R re ' HO coxpa.rumnHM y H y c:. • 

llo3TOMy ~AA Hac crmecTBeHHa 

CTpY1STypa 3R8KTpOMarHl'ITHOro TORa, ItoTOpy!O Mil 6y.rteM rrpe.rtiiO.JI8I'aTb 

TO:a Jte Ca.Mo:a, 'ITO R CTpyRTYPa 3.JieRTpR'leCROro sa~a: 

l-1'1. - - - -- 1:: 
rr ~t.,,¥t'1:P:t+t.,3 ~1'tP'3-t,...~'5'rt.,~ t~ 1 ¥t' ~1 (4. I) 

0THOCHTen:r:.Ho SVt'3)" S U'< 3) c:. Taxo:a TOK IDI!eeT .nne ROiviTIOHeHTu: 

r;·"'·"' Jt' ( 8,1e) + Jl' (1, 8<:). (4.2) 

06HtJHU~,MH "t'5ec~BeTHUi1'~ TOR Jt' ( 8, 1e) RBMeTCR .$V(3)e -ci1Hr.Jie

TOM R $'U{3) -ORT8TOM 0 TOr.rta Ita.R HeOO!I'<l'HI:lH
1 

W!lf "~BeTHOfi", TOR 

"' e d e "' J' (~, 8 ) .fiBMeTC.fi, Hao6opoT, .,V{.:5) -ORTeTOM H ~VT3)-cJ1HrJJe-
t' -----
~· il0~06HO 3TH TORR .!tAA ~aMeHTa.Rl>HOro (RBapROBOro) HOHeTa. 

IDI!eiDT BIV( 

r.ne 

J ( 8 1c) - J (3,0) .1.. 18,o) 
I' ' t' .,. B Jl' 

(o, 3) 
1 :yl' ( 1, 8 c) = - J I' - f3' J lo, 8) 

I' 

(n.,n) - "' ( " t 
J" =ft~, ~ .. 0,. )ot.~ :\ \i ~A 

, 

'\ t»," 
R A -Ma.TpHill:l renn-lvla.HHa MH e~H'JHM MaTp:HUa: 
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(4.3) 

(4.4) 

(4.5) 



3 ( ~ 0 0 ) A. = 0 -1 0 

0 0 c 

8 (iOO) 0 (100) A =..i_ 0~0, A= OiO. 
(3' 0 0 -2, 0 0 1 

BaxHo OTM8THT~, qTo "I:(B8THOll:" TOR .!lBJIJl8Tc.II 5V ( "3) -cHHrJI8TOM, 

H IIOSTOMY· B peaJmHH e+e--8.HIUIT'liiJII!UHH, pa.CCMa.TpHBB.eMOft B O~HO({Jo

TOHHOM IIp!1!6JIH.llt8HHH, MO!'yT o6pa30B!:lB8.T:&c.II JIHIII:& SU ( 3)- CMHrJietH!:l8 

HOBble B8KTOpH!:l8 M830Hl:l. Ta.KWC M830HOB 4: ~ OTHOCJITC.!l K 11I:(B8T-
c: 

H0l\1Y11 H30TpiDIJI8Ty (1 c: = 1.) H ~a. K 11I:(B8THOMY" Jli30CHHI'JieTy (1 =0): 

w~c: (Ic:= -t ) 

Wc:(Ic:=O) 
2. 

\{' 1e. ( I c:" ~ ) • 1 
, 'f2-c (Ie=O). 

(4.6) 

~ 0003HaqeH!I!.!l HOB!:lX M830HOB Ml:l 6y~eM yrroTpe6Jl.!lT:& Te Xe rpeqec

KHe 6YKBH, rro~epK!I!B8..!l TeM Ca.MHM, qTo OTHOCHTeJI:&Ho o6HqHoll: SU<.3)

rpyrrrrH OHH HMeiDT TO :ate C8.M08 KB8.pKOB08 CO~epllt8.HH8, qTo H 06!:lqH!:le 

W- H ~ -M830H!:l, H COCTORT, B OCHOBHOM, R3 H8CTpa.HH!:lX f>H n-, 

H CTpaHHHX A -KBB.pROB COOTBeTC'l'B8HHO. 

MolltHo 6HJIO 6l:l rrpe.n;rroJIOliWT:&, qTo He~B.BHO oTKp!:lT!:le "''
1 

(3. I)-. 
H "P2. (3. 7) .. M830Hl:l .!lBJIJliDTC.!l 

"f
1 

D.1) = W 1e (I"= -t), 

"\'2. (3. 7) E w; (Ic:: 0). } (4. 7) 

B STOM c~qa.e, OTBJ18Ra.!IC:& OT Ma.CCOB!:lX ~TOpOB, 6JIH3KRX K I, 

MH HMeeM 

r<"i'1~e"'e-): rc"f:z.-e."'e.-)=~:1 (4.8) 

Ho,RpoMe Toro,.n;oJilltH!:l 6HJIR 6l:l CYllleCTBoBa.T:& el!le .n;Ba., B03MOlltHO, 

6oJiee T.!lll8Jl!:lX B8KTOpH!:lX M830Ha:~e(I\i) H ~c.llc:•O) • B r{8JIOM 

Ml:l RMeJIR 6l:l ~JI.Il Jl8IITOHH!:lX IDKpRH COOTHOlli8HRe 

f' (<.u~~:~ e.+ e-): [' (w~-. e.+e-): ['(~~e_. e.1'e-): f(~:-. e•e-) 

=~:;2.:3:1 
(4.9) 
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O.n;HaKO H8.6JID.D;8HHe B SKCIIepRMeHTe JIHIII~ .n;ByX Y3KHX pe30Ha.HCoal29/ 

CTB.BHT CX8MY OTOJ!t.n;8CTBJI8HH.!l (4.7) G~ COMH8HHe. B TBKOH CXeMe 

6HJI 6l:l sarrpel!leH Ta.Kze cHJI:&Hl:lll: rrepexon; 

"1'2.- 't1 + Tr++Tt- > (4.10) 

ROTOpblft, rro-mm;HMOMY, H8.0JUO.D;aJIC.!l SKCIIepRMeHTBJI:&HO. 

MolltHo B~BHHYT:& ~pyroe "~HHB.MHqeCiwe" rrpe.n;rroJioJKeHRe: cqz

Ta.T:&, qTo RM88T M8CTO B!:lp0~8HHe OTHOCHT8Jl:&HO I:(B8THOrO H30CIIHH8. 
c c: c 

I cocTORHHll: c I =0 H 1 = i , a CMTHe Taxoro B!:lpo~eHHR rrpo-

Hcxo~HT qRCTO SJ18RTpOM9.rHHTH!:lM o6pa30M. Tor~a. "!lJH3ll:q8CRRMH11 COCTO.!l

HHRMR 6y;rr;yT cyrrepii03Rr{HH: 

v = 'f3' ve ( r e = i ) + 
~ 1 

~ c. V = - i V. ( Ic: = 1. ) + 
:2. i 

_!_ Ve (I c = 0) 
:?, ~ 

(4.IIa) 

ffye(lc:=O) 
2 2. ' 

(4.116) 

V c: c e c "' c 
r~e = <.; , tt> , r . 3JieKTpoMa.rHRTH!:lil TOR J J4 (I' 8 ) ' orr-

pe~eMeM!rlt (4.4), HMee'r CTPYK'l'YPY (4.IIa). IIosTOMY B e+e--B.HHRrlf

Jl.!lr{RH B O~HO!lJo~OHHOM rrpH6JIH:ateHHH MO!'yT o6pa30B!:lB8.T:&C.!l JIHW:& " = 

= W- , (f -Me30H!:l. HTB.R, Ml:l IIpWCOll;RM K CJI8.n;yDI18MY OTO:at.n;8CTBJI8HHXJ: 

J 
,.., 

:! w (4.I2a) 1p 1 ('3iOS) HJIH 

~~ (3b9S):: ~ 
(4.!26) 

HHRa.Kzx ~pyr:IIX ysRHX pesoHa.HCOB B ~B.HHo:lt cxeMe B YJtB.38.HHOM rrpo

I:(ecce e+e--aHHRrHJl.!lr{HH o6paaoBHBa.T:&e.!l He MO:ateT. 

B CXeMe C !): -CHMMeTpHe:lt ROM6HHar{H.!lM (4.IIa.) H (4.II6) co

OTBeTCTBymT, RaR ~~0 H3 T8.6JIRI:(Ii (3.23), COCTO.!lHHff CM8maHHOI'O 
/ // 

rrpe~CTB.BJieHll'Jl: HJ 11 EfJ cooTBeTCTBeHHo. IIoaTorq B e+e--

-8l~Hl~I'~l.1l.!D 06pa.syll'rCSI JlDil> COCTO.!lHIIISI, OTHOCJIIIIHeCSI !t tp / 
(31'0 Odc'l'OJI'l'e.u.c'l'BO O'l'Me1J8JIOC:& e111e B pa6o'l'ef8/) • 

Cd"clac MH nepebeM x CJJe:n;c'l'BIIISIM H&DJero oToQec'l'BJieHU (4. I2). 
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"v ~- ~-
a) Pacrra,n; Ha JierrTOH-aHTwrerrTOHH.ylO rrapy: V-+ e e , t' P 

B O~HO(floTOHHOM 11pR6JimteHJUI pacrr~ B8RTOpHOro M830Ha V Ha 

Jl8IITOH-8RTRJieiTTOHHy!O rrapy OIIRC!lBa8TC.ff ~Rarpa.MMOit 

l 
~~ll'_/ 
······~:-~ 

Ovr e 
liiMpHHa TaKoro pacrr~a orrpe~eJIHeTCH BupaJiteHIIeM 

~ 4 oL2. r ( v - e. e.- ) = 3n: ~ m v , c 4. r3 > 

~vr -2. 
r.n:e 9 y~ - 6e3p83MepHM IIOCTOHHH8H IIepeXO~a "(floTOH-BeKTOpHilfi 

M830H
11

, h'lV- Ma.CCa M830H8 Y 
Mil IIpiiHHMa.eM ~JIH 'If -'I8CTJIU 3Ha'I8HIIH Jl8IITOHHilX WMpJIH, IIOJiy

'IeHH!le us aRaAII3a. aRcrrepHMenTaAbHilX .n;aRHUX B.B.Ea~ROBUM, 

r. !1. ilpaHbRO II JI.,ll. COJIOBbeB!ilr/30/ ·~~ I1eHH~3I/. ,llJIH 061l'IH11X r -, W -

H lf - MeSO HOB Mil RCI10JIJ:,3yeM ~aHHile Ta6JIJIU/32/ • 

(4.!4) 

Me soH: 

w = "'1 "" p w \{> ~ = 'If:~. 
r (KaB) 6,47 ± 0,9 0,76±0,08 I,34±Q,I4 5,3±0,2 3,3±0,5 

-~ 0,03!2 + 0,004!5+ 0,00655+ 0,0077± 0,004!+ ~vr ±0,0025- ±0,0004- ±0,0005- ±0,0003 ±0,0006-

.llJIH Bb!'IRCJI8HIIH ROHCTaHT 0 -
2 

MOJEHO BOCITOJib30BaTDCH RBapRo-
ay~ 

BOfi M0~8Jlb10, paCCMOTpeB I1pOQ8CC aHHRrWIHQRH RBapRa II aHTIIRBapRa 

~: 
~ 
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¥fa TaROrO paCCMOTpeHJIH CJie~eT: 

2. 
-2. 4 lifv (o> I 

~Vlr = tn :s a..y 
v 

(4. !5) 

r~e ~V(o)- 3Ha'I8HII8 BOJIHOBOfi ~QRII 8RHHrWIIIpYIOmRX RBapROB 

npH RX OTHOCHT8JibHOM paCCTOJDmi'I, paBHOM 0; R03qxpJIUH8HT QV 

orrpe~eJIHeTCH 11RBapROBHM CO~epllaHReM" M830Ha V : 

O..y = z:.. Q. ~ 
l- .. e. • (4. !6) 

r~e Cl.- RO~JIUIIeHT!l KJie6wa~rop~oHa. t-ro RBapRa B MeaoHe Y .. 
e. ;. - a a~ aToro RBapRa. .llJIH RO~JIUHeHTOB Uv Mil noJiytJaeM: 

MeaoH p w ({> w = "ll>1 if'= 1.h 

O.v 1f 1 i _ _&_ 2. 

iG' -""IT 13' -16' 

Jiei'Ro rrpoBepHTb, 'ITO ,IJ;JIH r 0 
, a T8Kllt8 ~JIH 

QJieHTil a. v o 6pamamcH B Hy JIJ:,. 

fo, ~' ~ 

(4.!7) 

R03ifx'PH-

HaM COBepmeHHO H8R3B8CTHO ITOBe~eHIIe BOJIHOBOU ifJYHRUHl'l RBa.pROB , 

COCTaBJIHDIIHX M830Hil • .llJIH TOro, 'IT061i1 COrJiaCOBa.TJ:, 3RCII8pliM8HT8AJ:,-

HUe ~aHH!le ( 4. I4) , cJie.n;yeT rrpe~rroJioun 

l"!:y (o> I<::>< l'ny (4.IC) 

(ROSifx'IJHQH8HT IIpoiTOpQROHaJiloHOCTH paBeH, 11pll6JIH3HTeJIJ:,HO, "'fiT\; /6 ) . 

Tor,n;a WHpKHN nerrTOHHYX pacn~OB BeRTOpHilX M830HOB ,IJ;OJilEHil 6HTJ:, 
;t 

I1pOCTO 11pol10IJliiOHa.nt.Hii Qv 

[' 
Y-. e•e-

<>< a.~ 
y (4.!9) 

0Tcll,n;a MH ITOJJY'iaeM. 'ITO OTHOW8HHe r v- e.~- I a..; ~OJIJEHO 61i1 TJ:, 

llOCTOHHHOA Be~JIHOfi. I1CUOJIJ:,3yeM 3RCrrepHM8HT8AbHll8 ~aHR!le ~JIH 

Jl8IITOHHilX WHpiiH (4.!4) R R03qxpJIUII8HT!l O.y , I1piiB8~8HH!l8 B (4.!7). 

Mu ITOJIY'IKM: 
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1 r : r :![' : .i r . .!. r 
.9 r-.e•e- t..J-e·~- ~ <f-.~·e- ~ Ci:-;.,-.ee-. '-, li\)=-;. -.e•e-

a. (4.20) 

= (0. 72;tO.IO): (0. 76;t0.08): (0.67;t0.07): (0.66±0.07): (O.fl2±0.I2). 

IIIH,.neficTBHTeJII>Ho, IIO.JlY'laeM rrocTO.fiHHyiO neJIWimzy*). 

3a.~.~enut, 'Ito B03pacttllfHe/1f'y ( o) / B 3aBHCH:YOCTH ot :YaCC!i ~o~e3oHa 

Hadnnnanoci> eme paHI>we npH pacc~o~orpeHHH cnaowx pacn~oB nHOHOB H 

KaoHOB H nony'lHRO HaKUeHOBaHHe nap~oKca BaH Po9eHa-BaacKon~a/JJ/, 

M!l XOTMM 00060 B!l,li8.7IHT1> rrpe,IICKa3a.HHe Hamefi MO,lleJI/34/ ,IIJI.fi 

OTHOllleHM.fl Jl8!ITOHH1IX ll!MpHH (cp. (4.f') IIpH OTO~eCTBJI8HHM (4. 7)); 

[' (w = 1.\'i~ e.+e·) 

r (If = <f2-- e + e- ) 
= :t , (4.2I) 

KOTOpoe CJiado 3aBHCHT OT npe,IIIIOJ!Ollt8HHH 0 MaCCOBNX !flaRTOpax, ITo-

CKOJII>Ky Mace& "'fi- H "J;~- M830HOB 6JIH3KH JWYr K ,llpyry, 113 3RC

rrepMMeHT8JII>HhiX ,lla.HHJ1X (4.14) M:.l liO.JlY'l88M ,IIJI.fi 3TOrO OTHOlll8HU!I 3Ha

tJeHJil8 

(5.3 ± 0,2 K3B) : (3.3 ± 0.5 KaB) = I.6 ± 0.25. 

,Jl..n.!I adCOJIIOTHhiX 3Ha'JeHHfi .7!8IITOHH1IX ll!MpHH OQeHKy MOlltHO liOJiy

'IIi!TI>, li!CXOJ:I.fl H3 o6o6meHHHX rrpanlii.7I CYMM BaHH6epral8 • 34/. ITpe.nrroJia

raeTcn, 'ITO crreKTpa.7II>HJ1e rrJIOTHOCTR (~I>e-o6pasu BaKyyMHoro cpe.n

Hero T-IIpOH3Be,lleHM.fl J:IBYX TOKOB) ,IIJI.fi "deCrtBeTHOrO" (4.3) H "UB"ElT

HOro" (4.4) TOKOB acHMIITOTWieCKiil COBII8Jl;8IDT: 

l<m ( 6. f' V ( K ) - ~ t' ., ( K ) 1 = 0 
",.-.. OQ 

(4.22) 

*) CJie,I~YeT OTMeTHTI>, 'ITO ~~Iii rro.nroToBKe HacToRmero o6sopa 

K IIe'JaTU liO.fiBiiiJiaCl> padoTa 11eHHH I/, B KOTOpOfi dHJIO UO.JlY'l8HO Co

OTHOlli8HHe (4.20) Ha OCHOBe S'lH y) -MO,lleJII'I C "o'Iaponamnm" REap

ROM, Sa HCKJIID'IeHHeM,KOHe'l'HO, rrpe,IICKa3aHHR: ,IIJI.fi 't\'.:~. ,KOTOpoe .fiB

JI.fieTC.fi OCOdeHHOCTl>D paccMaTpRBaeMOfi HaMH MO,lleJIH, 

26 

Tor.na B03Hii!KaeT rrpa.BMJIO CJMM, CBIISHBaiDmee IIOJIHJ1e ce'!eHH.fi e+e-

aHHiilrlii.7I.fiUI'IH B 5 U{3) c -CimrJieTHJ1e Iii $V{ 3) c:. -OKTeTHHe COCTO.fiHM.fl: ..., 
r I f'.' f + - '' e '' ) j ~ .. ~ \:) ,e e -+ -\ 0.Gf>OH~I = 
0 tot ~ 

(4.23) 
= i""~ol~ 6' (e•e.-- ''8""o.:\l'o"~'). 

0 to\ 

lvfH 38MeH.fieM 3TO IIpaBiiiJIO CJMM KOHetJHHM rrpa.BiiiJIOM CYMM, Bl:l,I~eJI.fi.fi 

pe30H8.HCHJ1e BKJI8,l(l1 H CtJHTM, 'ITO BHIJie rropora po;ameHH.fi a,n;pOHOB 

B "8°"-COCTOJiHI'IH BKJia,nH OT B,npOHHOrO HerrpepHBHOro CITeKTpa. B Jie

BOI Iii IIpaBOI 'tfaCTJiX (4.23) O,llliiHa.ROBH. MH HMeeM Tor.na 

~ r -+ rn r + tn r -t i r--.e•e- w w~ e•e- 'f 'f- e•e-
....,2. 

~ { ""· + --:1. j ~.1~ (3' (e+e-._ O.QpOIHI ) "" 
1 ~ Tt ""'2. tot d 

(4.24) 
'f 

m.,., [' '11. + - + ""'.... [' "11. ~·e- . T~ T< _. ~ ~ T:!. Ta. __. 

Hcrron:nsyH JlaHHHe o HerrpepuBHOM crreKTpef35/ (oH .naeT BaK6o~HA 
BKJia,n ("" 85%) B JieByD tJaGTl> ( 4, 24) H OJlHOBpeMeHHO BHOCHT HaH

dOJll>myD Heorrpe,lleJieHHOCTL),~H IIOJiy'IaeM OQeHKy/34/*) 

+3 r - 2 [' = a KSB. "1>.-..e•e- - "~>a_.,.e .. e- J -1.s 

6) PgglilaUI'IOHHJ1e paCITagH HOBHX BeKTOpHHX Me30HOB B 

00H'!HJ1e ITC8B,1(0CKa.JI!!I?HHe: V - n + ¥ 

(4.25) 

e. 
ilOCROnbKY 8.7IeKTpOMarHI'ITHOe B3aHMO,lle~CTBI'Ie HapymaeT g V ("3) 

e -
(liiJII'I $ 3 )- CHMMeTpi'ID, HOB&e BeKTOpHHe Me30HJ1 V MOryT HC-

IIHTHBaTl> pa,l(lilaUiiiOHHHft pacrra,n; 

"' v- n + r (4.26) 

«)3aMeTHM,'ITO Hame rrpe~ee paccMOTpeHiile B padoTe/34/ 6HJIO 
OCH!JBaHO Has; -cHMMeTpiD!.O.ItJ:Ia.RO IIplil BHWeYJta3a.HHOM COOTBeTCTBID! 
(3.23) COCTO.fllmlt SV<"3)'J4 s: -cHMMeTpd Bee BHBO.JlH Jla.HHOro pac
CMOTpeH~ I'I paCCMOTpeH~ /34/ ITOJIHOCTl>D COBIIB,na.DT, 
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B odhl'JIJHe rrceB.n;OCI\a.JJ.liplille M830Hil n ( n: 0
' l'J , A -1 ' l'J, l!l T • .n;.). 

EcJIH BOCITOJI:b30B8.T:bC.ff Hal!!BHOH KBapROBOfi MO.IJ;8JI:biD (eM., Harrpl!l

Mep /
35/) H pa.CCMa.TpHBa.T:b TaKHe ITpOU8CC!:l, Ra.R Ma.I'HHTilHH .D;HITOJI:&Hllfi 

rrepexo.n; ("rrepeBopoT" crrHHa RBapRa MH aHTmtBapRa), rrpHHRB .n;JI.ff 

MarHeToHa RBapRa f Od'bi'IHOe 3H8.'I8Hl!le, COOTB8TCTByrallee Ma.CCe 

KBB.pRa m~ ~ 300 MsB, TO ITO.lly<IaiDTC.ff CJ!Illi!ROM dOJI:blliHe 3H8.'I8HRf! ,ll;JI.ff 

lliHpl!!H panHB,UHOHHllX pa.CII8,I(OB ( 4. 26) : 

Ilpouecc lliHpHHa f (y MnM V -+ f1 + ¥ ) 
2 2 I ( K = ( tnv - tnn ) 2 hlv ) 

W-+T'C
0

Y £3 
3Tt K ~ 1. ~ MsB 

fo.-rco~ U\<. 3 
~ 70 MsB iG7Tt 

(3"-+ ~ y 0 

w-+ n·r 0 

c--'1¥ tr 3 i2. o MsB 8-ITt I< ~ 

(4.27) 

q-+ n°¥ () 

<.f -+ lj y ~2.1<3 ~ 75 MsB 
8-t Tt 

3aMeTHM, 'ITO .nM Me30HOB fo, ~ 
THrra (4.26) saiipe~ellH. 

~ 

Til 'f p8J(lil8UHOHHhl e pa.CIT8,I(H 

3RCrrepHMeHTaJI:&Iille 3H8.'!8HRf! ITOJlllHX liiHpHH p8.CIT8,I(OB ,ItM 'I' -
'I8.CTJ1:U COCTaBMIDT 

rtot ( 'fo~ ) ~ f{Q - 100 KsB, 

0,5 MsB < ['tot ( "\>,) < .2. 7 MsB, 

TaKHM oelpasoM, Mil rroJiy<Ia.eM pe3Koe rrpoTl!!Bope'IHe sRcrrepHMeHTaJI:&HllX 

.IJ;aH!lHX C rrpe.n;CR8.38.HRf!MH (4.27) HBlmHOH RBapROBOfi MO,l{8JIH, 

O.n;Ha.RO CJie,n;yeT OTMeTHT:b, 'ITO rrpHMeHeHHe qop~JI ITpOCTOH 

RBapRoBoa MO,ll;8JIH R p8,I(H8nHOHHHM paCII8,I(aM HOBHX M830HOB eleCCMUc-
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li 

JieHHo, IIOCKOJildty ITpH Ta.RHX pacrra,nax ,l{OJimiO COBepma.T:&C.ff CHJII>HOe H3-

M8H8HHe Mace 'IaGT!IIll; (RBK, Hai!pHMep, B rrpouecce w = 'lh (3. I rsB)-+ 

- lf + 'tJ (0,55 rsB)), "appeKTHBiille" Ma.CC!l RBapKoB, COCT8BMIIUHX 

HOB!le 'f I'I oel!ltiHHe (HaiipHMep, ~ ) M830HH MOryT ORa38.T:bC.ff 

coBepmeHHo pa3JIH'IIlHMH (.l{M A. -KBapRa 3To B>m;Ho XOT.ff C5u H3 He

paBeHCTBa m If= lf:t- h1 c; = "1'1 ~ 0. G rsB > rn 'f- ll"l.._,;; 0. ~" rsB). 

Tor.n;a. M038T rrpoHcxo.n;HT:b cHJI:&Hoe rro.n;aBJieHHe .n;Hpa.ROBCKoro rrepexo.n

Horo TORa, H, CJI8,l{OBa.T8JI:bHO, ITO,l{aBJI8HH8 p8,I(~HOHHHX pa.crra.n;oB, rre

p8'IHCJI8HilHX B (4.27) (rra.yJIH8BCKHH TOR RBapROB OdH'!HO IIpe.n;rroJia.ra.eT

C.ff H8C~8CTB8HHilM), B TO lite BpelWI BHpTy8.1ll>Hhl8 p8,I(HB,UHOHHlle rrepexo

,l{Il (1< 2 *0) THITa 

w-~+¥*-'l+r-slt (4.2El) 

MOryT rrpoHCXO,l{I'IT:b C 3aM8THO:Ii B8pO.iiTHOCT:biO, (? ) 

B MO,l{8JIH BeKTOpHOfi ,J\OMHH8HTHOCTH, corJiaCHO KOTopofi pa.n;H8UliOH

IlHH pa.crra,n ( 4. 26) OIII'ICblBaeTC.ff .D;Harpa.MMofi 

,'tj 

~ 
~~:~ 

B03Hmt8.8T BOITpOC 0 TOM, Ra.RHM Odp8.30M CJI8.I(Y8T 3RCTp8110JIHpOB!lT:b Bep-

liiiDiy Q -!- ( I< 2. ) no MaCCe K 2. OT K 2. = tn v ~ 3 rsB (ITOCTO.fiH-() v ~ 

Hhle a:_2. orrpe.n;eJie!lH H3 .n;aHJIIlX no aRHHrMJIUHH e+e--.... V rrpH 
dv¥ 

3THX 3H8.'!8HRf!X K 2. ) ,no K 2 = 0 

TaKHM OC5pa3oM, B H8CTo~ee BpeMII Mbl He MollteM ,!{aT:& R8KHe

JIHClO pa3YMH!l8 OU8HKH liiHpHH p8,I(HaUHOHHHX paCIT8,I(OB (4,26), EcJIH 

Bee ze pa,nHa,uHOHH&R MO,l{8. p8.CIT8,I(OB HOBblX BeRTOpHilX M830HOB OKB.X8TCH 

C~8CTB8HHOfi, TO 3aM8THOe HX Odpa30BaHH8 B e+e--CTOJIKHOB8HRf!X 
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npH aHeprHRx Burne nopora MOr~o 6u ~a.T:r:. ecTeCTBeHHoe o6~cHeHHe 

"aHepreTWieCKOro KpHSHCa"/3?/. 

B) C~oHHe pa.CTISAH HOBHX MeSOHOB 

C~oHHe pacn~ HOBHX anpOHOB B OOH~HHe anpoHH 3anpemeHH, 

TIOCKO~oKY 3TH ~Ba. KRBCCa ~a.CTIIII:{ OTHOCRTCH K pas~WIHHM HeiipHBO-
c. c. 

~RM!lM npe~cTaMeHHRM ,%U(3) ~ $ 3 • !IepeXO~ ~aGTHU 11!3 

3TIIIX ~BYX KRaCCOB ~pyr B ~pyra MOryT COBeprna.ToCH ~11!00 sa C~eT 

MeKTpOJVI.arHlflHHX B3a!IIMO~eifCTBIDI, ~11!00 a.CCOIJ;II!a.TIIIBHLIM OOpa.SOM. 

0,!iH8.KO H9.~ C HOBHMH BeKTOpHHMIII MBSOHa.MIII ~OJimru cy-

meCTBOB8.To COOTBeTCTBYDmiiie HOHeTH TICeB~OCK~pHHX Me30HOB. Mor~III 

6u coBeprna.T:r:.cH nepexo~H 

"' "" 

} 
w- Tt + 2 Tt , 
"' 

~ 

~- \< -t K , (4.29) 

Ho MollteT oKa3aTOCH, ~To Ta.KHe pacn~ sanpemeHH !lis-sa oo~rn!IIx 

SHa~emni MaCC HOBHX TICeB~OC:rtaJIRpHHX Me30HOB. 'tJTOOil 3'1'0 6ii~O Ta.K, 

MB.CCI:l noc~e,n;HIIIX ,n;o.nmm Ol:lTI> !So~:r:.rne rpa.HIIII:{, YK9.3a.HHHX Ha pKcyHKe : 

3. 7 ran \f = "f:~. 

~:It 

K 
,..., 3. 4 rsB r---

~'-~~ 3.2 raB w = '1\>1 

~-(,_ ~Vl~1 2.9 raB 

3.1 raB F-;..----
p 

..... 
MollteT OKa.SaTI:.CH, ~TO MBCCI:l HOBHX TICeB,JJ;OCKanHpHHX MeSOHOB n 
Boo6me OO~:r:.me Mace COOTBeTCTBYJIIIRX BeKTOpHHX MeSOHOB Y 

Bec:r:.Ma HHTepecHoe HB~eHIIIe npe,n;cTa.B~eT coooa nepexo,n; 

r....., )"I' ..... + -'~ : Ta, - "!'" (: w ) + Tt -.. Tt , 
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(4.30) 

KOTO:p:lif, TIQ-BimlfMOMY, Ha.OJIIQll;aJICH. TaiWt! nepexo.n; npoTeKa.eT C~I:.

HHM o6pa.SOM. 0)\HaJW, TIOCKO~I:.KY lfa. (: ~ ) -Me SOH Mbl C~RTB.ell! COC

TOHmiiiM B ocHOBHOM MS cTpa.HHHX KBapKOB A. , X , a '\f 1 (: w )-
- !liS HeCTpBHHHX ( f', p H h, h ) , Ta.KOfi rrepeXO,I\ 6y.n;eT TIO

.n;a.BJieH HSBecTHHM rrpa.B~oM Oey6o-V1HsyKa.-UBean/381. OH MOllteT rrporw

xo.n;HT:r:. ~ID!II:. Sa. C~eT HeOO~:billOH IIpll:MeCH HeCTpa.HlillX KB8pKOB B MeSOHe 

qJ • MolltHo noKasa.T:r:., ~To TaKoe o6~cHeHJie pacnana (4.30) HMeeT 

Y.I\OBJieTBOpiiiTe~oHOe KOJIWieCTB8HHOe TIO,I\TBep~eHIIIe/39/. 
Mu XOTHM ocooo no.n;'IepKHyT:c, 'ITO Ha.~ c Mo.n;ofi pa.cnana 

( 4. 30) "\j> ~ -MeSOHa., COCTa~Dm8H "'30%, .n;omKH9. HMeTo M8CTO MO.n;a 

pacna.n;a. sToro Mesona Ha HOBHfi 
....., f -Meson: 

no "-0 + 
"' / f 

'\fit.(: \f ) ~ p± • rr+ (4.31) 

llo.n;a.MeHHe nepexo.n;oB (4.31) HMeeT Ty lite npHpo.n;y, ~To III no.n;a.MeHHe 

nepexo.n;a (4.30). Pacnanu '\fit. -MesoHoB, TaRHM o6pasoM, MorJIH 6u 
"' .. (J 

c~yllt!IIT:b HCTO~HHKOM BOSH~HOB8HHR HOB!1X p -' -MeSOHOB, M9.CCa 

KOTOpb!X 6JIJISKa K Ma.CCe W -MeSOHa H COCTa.B~eT -v 3, I raB. 

llpa.B~o Oey6o-I1RsyKa-UBetn'a Mor~o 611 Ta.Kllte o6'hf!CHl'ITI:. oTcyTcT

BRe 00paSOBa.HHR lf~ -MeSOHa B ilpOTOH-IIpOTOHHHX CTOJIKHOB8HHR! 40/i1£). 

HaRoHeiJ;, ecJIIII npoToH o6JianaeT .n;ocTa.To~Ho 6o~:r:.mofi sHeprHefi, 

*)BepoHTHOcT:r:. o6pa.soBaHHR lf;t. B pea.ItUIIR p +Be.- "fa. -t ••• 
YMeH:r:.lllaeTcH Ta.Kllte Hs-sa yBe~WieHHR MaCC!1 li'R. no cpa.BHeHmo c '\f1 
F.cJIR IIpRHHTI:. S9.BHCHMOCTI:. ce~eHHR odpaSOBaHHR OT MaCCI1 po~ae!J!OH 

'<l:a.CTHIJ;H ~\'Yl , 6" oc exp (- AI'Yl /H;o !.laB) , TO Ta.KOe yBe

~H'IeHHe MaCCI1 npHBO,JJ;RT K ~TOpy 2.5XI0-2 • 
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tJTOclH noponKTb napy HOBHX tJ8.CTHU (CYMMa MaCC ~ 6,2 raB), TO 

MO~T npoHCXO~HTb aCCO~HaTHBHOe CKnbHOe po~eHHe HOBHX MeSo

HOB 

{

V+V+ .. . 
p + p... ~ .. + fi + .. . (4.32) 

YBeJII{tJeHHe cetJeHHII o6paso:ea.tmR: "f -tJaCTHU rrpH yBeJIH"'eHHH sHeprHH 

npOTOHa, no-BJmHMOMy-, HaclJIIUtaJIOCb, 0TMeTHM, 'iTO Hap.<my C V- II 

0 -MeSOHBMH acCO~HaTHBHO MOrJIH 6H o6paSOBHBaT:&CJt Ta.K~ H _npyrHe 
~ ~ 

"KOMTIOHeHTH ey6JieTOB" V H fi , IlOCJie~H·e clHJIH 6u 6oJiee CTacJKn:&-

HH no OTHOill8HHil K SJieRTpoMIU'HHTHHM IIepeXO~aM, tJeM V H ff 
r) HoBHe WHpOKHe pesoHaHCH 

B IIOCJie~Hee BpeMR: nostBKnHCb CBe~e~4l/ Ocl OTKpl:lTHH B 

e+e--aHHHr~HH illHpOKOrO peSOHaHCa "'\'
3 

(4.!5 rsB), nOJIHM illHpH

Ha KOTOporo COCTaBJIR:eT 250-300 M3B 1 a Jl8IITOHHM illHpHHa 

[''1\'"3-+e~e- ~ 4 xsB. 

MO.liHO OJ~t~maTD, 'ITO lf3 rrpe~CTaBJIR:eT COcloft ~HaJI:&HOe BOS-

6y~eHHe 1f-' i H 'ITO y Hero riy~T CJI8.ey1l11He OCHOBHHe MO~ pacrra-

~a: 

'\j' 3 Vt.'l s ) (: w") / '4' 1 { 3. 1 ) (.:: w ) + 2 n 
....._ ..... 

f(3.1'!)+rt 
(4.33) 

Tor~a B KOHetJHOM COCTOSIHHH pacn~a (4.33) CJie~eT 0~8.Tb rJiaB

HbJM Oclp8.80M nOHBJieHMH MHOrOIIHOHHHX COCTOSIHHlf. 

EcTeCTBeHHO O~aT:& Ta.Kllte CYI!IeCTBOBaHIUI aHaJIOrl!'IHOro BOSclyllt

~eHHOrO COCTOSIHHSI "'2.. (;;; ~ ) -MeSOHa. Ta.Koe COCTORHHe ~OJllltHO HMeT:& 

Macey ~ 4.6 - 4.8 fsB H JienTOHHyiO illHpm!y ~ 2 KsB, B~oe MeH:&

illy!O no CpB.BHemm C JienTOHHOft mHpHHOft ( ~ 4 KSB) ~JIR: 'f
3 

-peSOHaH-
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/39/ IlOCKOJI:&Ky ca • 
'V/ 

If -peSOHaHC 6y_neT COCTOSIT:& HS ~ -rmapKOB, 

ero pacn~ ~OJIEBH npoHCXO~HTb no Kill!aJiaM, B KOTOpllX Oclst88T8Jl:&HO 

.noJIJKHH npHCYTCTBOBaTD K -MesoHH. 

5. 3 a K JI 10 tJ e H H e 

:Jiu p8.CCl.10Tp8JIH BOSMOlKHOCTb OTOl!\T(8CTBJl81IHR H8~aBIIO OTH:pUTFX 

"Pi (3IQ5)-H '\>:1. (3695)-MeSOHOB C HOBhiMH W- H tf- M830HBMI1, Cy

mecTBOBaHHe KOTOpllX rrpe~CK8.3HBaJIOCb TpeXTpHTIJI8THOfl Mo~eJI:&nfS/, 

3KCnepHM8HTBJI:&HO H8.clJIIO~aBillH8CJt pacrr~ '\j-' -"II8.CT"'U BnOJIHe, Ha Ham 

BSrJIR_n, YKJla,JU,IBBJOTCSI B paMKH TBKOro OTOlltil;8CTBJl8Hll:R. 

I) JLn.q illHpll:H JienTOHHHX pacn~oB npe,T(cKaSb!BaeTc.ff DEITOJIHIIKXUe

ecst B npe_neJiaX SKCnepHM8HT8Jll>HbJX OliJI1clOK OTHOill8HI18: 

r '\f,~ee- : r'l\';~..-+ee- = ~: i . 

,lJ..Jm 8.clCOJIIOT!illX SHaqemrn STI1X U111pll:l! IIOJiytJ8H8. Ol_\8l!K8. H8. OCIIOBC ocio6-

meHHbJX npa.BM cyMM BBJ1Hdepra134/ 

= 9 + 3 r"'f.~e•e- -1.5' KsB, 

y~oBJieTBOpHTeJI:&Ho corJiacyl001astcR c ::mcnepnMeHTaJI:&Hllr.: 3IIaqcrmeM .T\.l'.ff 

STOfi B8Jll{t!Hfill (5,3 ± 0.2 K3B). 

2) 0CHOBHHMH MOJ(BW! pacna.T(a lf 2. -1.!830H3 ~OJIJK!ill ClLITb 

"P2. 
......
.............. 

1l'. + 2 Jt 

fl:!:' 0 (J,I ral3?)+ Jti,O 

!Tpll:HIII.WI BO BHI1!.!8Hlf8 npaBVJJIO 0ey6o-HH3:yR8.-;!nei!ra., MLI nOJiyqHJIH pa

Sj'MHy!O B8Jllf'IHHY no~a H8CROJI:&KI1X GOTCH KSB ~Jlff acJCOJIIOTHOro 3H8.

'I8HHII lllll:pffiill pa.cn~a '\J~ / 39
/. 0THOCHT8Jl:&rill8 B8postTHOCTl1 yR8.381UillX 

MO,lt COCTaBJIR:IOT 30% If 7l1fo COOTB8TCTB8IIH/39/. 
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Ha Ham B3r~, OCHOBHUM rrpe~cKa3aHH8M paCCMaTpRBaeMO~ MO~e

JIR RBilll:9TC.Ii CynJ8CTBOBaHRe HOB!>: X ysKHX He~TpaJI:&HOro f 0- H 3aps!lteH-

"'~ 
HHX p -.. Me30HOB C MaCCOit "' 3. I raB. Hx OTCYTCTBHe RJIH OOHapylteHHe 

rrpR pacrra,I~e "\'2. .liBRJioc:& 0~>: KpHTR'Iecxoit rrponepKo:lt Mo.n;eJIH. (BosMO~ 

HO, pe30HaHC X- (3!45), H8.0JllO,ll;aBillmiC.Ii B Tr-p -CTOJIKHOB8HR.Ii/, 
42/ 

H .liBJJ.ll:9TC.Ii TaKHM M830HOM'?) , 

3) !lpaBMO Oey6o-HHByxa-Uneih'a oO'bllcHHeT cymecTBeHHO 

M8H:&myiO BepO.IiTHOCT:& 00p8.30BaHR.Ii 1f it -MeSO HOB B IIpOTOH-llpOTOHHHX 

CTOJIBHOB8HMX ITO CpaBH9HHIJ C 00p8.30BaHH9M '1f i -MeSOHO!/ 
40/. 

4) 0To~eCTBJ1eHHe mRpOKoro 'f
3 

(4.!5 rsB) pe30HaHCa!
4 I/ C 

pa,IIHaJI:&HhiM nosoy~eHReM 1.f i rrosnoMeT rrpe.n;cxasaT:& pacrra.zt aToro 

pe30H8.HC8. B MHOrOIIROHH1!8 COCTO.IiHR.Ii, !lpe,ll;CK8.3H:Ba8TC.Ii TaK:&e HaJIH-

<me illHpOKOrO 1\>4 (4.6 - 4.8 rsB) pe30HaHca - pa.ztHaJI:&Horo BOS-

Oy~eHM "\':t , cpe.n;R rrpo.n;yKTOB pa.cna,I~a KOTOporo oOH3aTeJl:&HO 

,I~OJJ.lln!ll 011T:& KB.OHH. 

5)llpe.n;CKa3HBaeTc.li .n;y6JleTHoe pacmenJleHHe B HecKoJI:&Ko MsB 

KaJJg:toro R3 HOBbJX M930HOB: V , Y . fipH 3TOM B e+e--amnll'H-

.Il.f.mHJI oOpasyJITC.Ii Jlmii:& KOMIIOH9HTH V 3TOro JtYClJleTa. KoMIIOH9HTH 
R: 
Y OKaS!iBa.m'C.Ii CT8.0RJI:&HiiMH TIO OTHOrneHHIJ K pa.ztHBD;ROHHHM nepe-

XO,ItaM. Hx oClpasoBaHHe MOrJlo C!H npoRcxo.n;RTl> Jlmii:& accoQRa.THBHHM 

nyTeM 11pH a,IIpOHHHX CTOJIKHOB8HMX. 

Tpy,ItHO 0~6HHBa6MHYH B paMKaX ,ItaHHOit MO,IteJIH 0Ka31iBa.m'C~ 

pa,ItHa.QHOHHU8 nepeXO,Itli TRna 

'\f-~ , '\f2. - 'l -t- r 
IIOCKOJl:&ey OHH COITpOBO~a.IDTC.Ii 3H8.~HT8Jl:&HiiM R3M8H8HR8M MaCC ~aDTRQ. 

HaKOH8U, Mli XOTeJIH 61>: OTM8TliT:& IIpRHD;RTIHaJI:&H08 pa3JlR'JH9 Me:&

.n;y pacCMOTpeHHUMH Ha.MK HOBHMH "UB6THHMH" CHMM6TplmMH .SV\3 )c. H 

.s: B OTHOrneHHH ,ItpyrHX B03MOlltHHX COCTOHHH! 'iaCTHI:{. S'\r(3)c. 
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,ll;OTiyCKaeT CymeCTBOBaHH8 CiOJl:blJJOro ~HCJia ,ItOJiroli!HBymHX p8.CI18.,Ita.KU\l1X-

e_ yc C.li cJia.Cib!M oClpa.soM "nneTHHX" ~acTrru;, HMennwc I
3 

¥ 0 H to, 

R ,ll;rulte KBapKOB (C U6JI1IMH 38.pH,ItaMH) B CBOCiO,ll;HOM COCTO.Iil!HH, TOrl(a 

<!e. c c 
KaK .v3 ,n:onycrmeT cymecTBOBaHRe HOBHX ~a.CTHU mnu:& c I

3 
=0 H Y = 0. 

PeweHHSI Kap.n;HHa.JI:&Horo, Ha Ham nar~, Borrpoca:ocymecTBJI.IieTcJI 

JIH B ITpHpO):(e Herrpep!iBHB.II KaJIHCipOBO~HB.II CRMMeTpM $V ( 3) c. UJIH 

,ItHCKpeTHB.II CRMMeTpM $ 3<! , - CJle.n;yeT OlJUl.ItaT:& B CiJIIDKafuuee Bper.!ff. 

(.flo CHX IIOp Mli HMeJIH ,ll;8Jl0 C COCTO.IiHMMH JlHm:& H3 O):(HOro - OCHOB

HOrO H6I1pHBO,ll;HMOro .. rrpe):(CTaBJl8HR.Ii "UB8THOti" rpyiii11! H, 8CT8CTB8l!HO, 

He MOrJIR orrpe,n:eJIHT:& ee TRTI). FbJlH "nBeTHUe" ( I~ t- 0 H Y c l' o ) 

,ll;OJlroli!HBynnHe pa.CIT8.,Ita.J001H8C.Ii CJ18.6UM 00pa30M 'IaCTliD;H pea.JIH3YIOTCJI B 

IIpHpO,Ite, TO OHH ,ll;OJJ.llnru HM8T:& MaCChi, 66Jl:&illH8 MB.CC "oqapoBaHHHX" ~ac

TRQ: 

MeaoHU 

Ea.pHOHU 

Maccu "naeTHEX" ~acTRU 

~ 3 raB 

2: 4.5 rsB 

Macau "oqaponrumux" 
~aCTHU 

~ 2 rsB 

;::. 2.5 rah 

0TMeTIDI!, ~TO Mli COBepmeHHO He 3aTpOeyJlH B .n;aHHOM 0030pe 

O'i8H:& BaJltHhl:lt BOIIpOC 0 tPoPMyJIHpOBKe CJI8.0nrX B3aHMO.D;ei!:cTBHti B paMK8X 

TpeXTpHTIJ18THblX M0):(8Jleft H, B ~aCTHOCTH, BOIIpOC 0 B03MO~OCTH HCKJIID

'i6HR.Ii B paMKax 3THX MO.D;8JI8H HetiTp8.7IDHUX CTp81lHUX CJIB.Ob!X TOKOB Cie3 

l1pHBJ18~8HM KBapTeTHblX CXeM ("o~a.pOBaHHhiX" KBa.pKOB). Ha. Ham B3rJI.Ii.n;, 

3TOT Kpyr BOITpOCOB Hy~8.8TC.Ii B ~aJI:&HeHmeti paspa.CiOTKe, H Mbl orpa

HR'IHMC.Ii J!Hm:& yKa3aHH9M H8. H8CKOJI:&KO pa.OoT, IIO.IiBHBillHXCJI B .n;aHHOM 

HaiTpaBJI8HH~43/. t 
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