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AnnoTamus

Hacrosimas pabora oTKpbiBaeT cepuio paboT, MOCBSIEHHBIX MTOAPOOHOMY M3JI03KEHHUIO
BOIIPOCOB ME30HHOW CIIEKTPOCKOIHNHM HA COBPEMEHHOM 3Tare. TeopeTudecKkue U SKCIepH-
MEHTAJIbHbIE UCCJIEJOBAHUS TOCTEIHEr0 mecaTuieTuss XX BeKa CBUJIETEJTHCTBYIOT O CY-
IECTBOBAHMKM HOBBIX YACTHI| TaKUX ke "Oesbix", KaK M3BECTHBIE ME30HBLI, HO MMEIOIUX
JIPYTYI0 BHYTPEHHIOW cTPYKTYpy. OHu 1moiay4uiu HasBaHus [Ji060s (CBsI3aHHOE COCTOSI-
HHe III0OHOB) U ['mbpuj| (CBsI3aHHOE COCTOSIHHE KBAPKOB ¥ IVIIOOHOB). DTO COBEPIIEHHO
HOBBIN Kjacc Marepuu, HazbiBaeMblit KX/l sk3orukoit. Hacts [ mocBsamena onumcanmio
KBAHTOBBIX YHCENT S9K30TUIECKUX ME30HHBIX COCTOSTHUIA.
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Light Mesons and QCD Exotics

Part I. Quantum numbers

Abstract

The present paper opens series of the works devoted to the detailed exposition of
the meson spectroscopy questions at the present stage. The theoretical and experimental
studies of XX century last decade give an evidence of new particle existence which are
same "white" as the famous mesons, but have another internal structure. They were called
by Glueball (coupled gluon state) and Hybrid (coupled quarks and gluons states). This
is a quite new class of matter which is called by QCD Exotics. Part I is devoted to the
description of quantum numbers of Exotic meson states.
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1 BBenaenne

Me3oHHasg CIEKTPOCKOMUS BCTYMAET B HOBYIO 3Py IKCIEPUMEHTAJbHBIX U
TeopeTudeckux mccienoBanuit. Ha mpenpigyiem sramne Gpusuku BIOJHE JI0-
BOJILCTBOBAJIUCH TTPEACTABICHUSIMU KBAPKOBOU MAaTEPUU: ME3OHBI COCTOST U3
KBapKa ¥ aHTUKBAapPKa, 0030HBI — U3 TPex KBapKOB. [lociennne pacdersr HA
"pemerkax" B pamkax kBaHToBOI Xpomopunamuku (KX/I) nmokaseiBaor, 4o
MOKET CyIIeCTBOBATh HOBas dactuibl (I71F000IT) nin CBSI3aHHOE COCTOSTHUE
JIByX mu O6oJiee TITIOOHOB MeXK Ty coboit. PojcTBeHHOI eit wacTuileit, mpeacka-
3bIBaeMoit paziauuubiMu Mojenamu KX/I, asnsgerca I'mOpua — cBasanHoe
COCTOSTHUE KBapKa, aHTUKBapPKa U TVIIOOHA. PaccMaTpuBaiOTCs TaK>Ke MHOTO-
KBApPKOBBIE COCTOSHUS.

B nocneanee pecstunenne XX BeKa MOSBUIUCH YKCIIEPUMEHTAJIbHBIE CBU-
JIeTeIbCTBA CYIIIECTBOBAHUS TAKUX YACTUIl, OTKPHIBAIOIIUX COBEPIIEHHO HO-
BbIl KJIaCC MAaTEPUU, HA3bIBAEMbI 3K30TUKOM.

Hactogras pabota mocBsieHa OTHOCUTEIBHO TPOCTOMY BOIIPOCY O KBaH-
TOBBIX YHCTAX IK30TUUECKUX COCTOsAHUU. HekoTophble n3 HuX 3amperneHsl B
paMKax HAaWBHOW KBAPKOBON MOJENU U SBJIAIOTCS OJHO3HAUHBIM MPU3HAKOM
(curnaTypoit) 9K30THYECKUX cOCTOsSIHUI. Mbl MOKaxKeM, KaK 9TU KBAHTOBbIE
YUCIIa, PeAU3yIOTCs JJisi [ ubpu10B 1 KaKre KBAHTOBBIE YHCJIA MOTYT OBITH Y
['11000J10B.

2 Jlerkme Me30HBI B KBaAPKOBOII MOJIeJIN

2.1 OmnpeneneHne KBaAaHTOBBIX YUCEJT

PaccmoTpuMm OCHOBHBIE MOHATHS KJIACCHYIECKON KBapKoBO# Momesn [1] (Tak
Ha3bIBA€MOM KOHCTUTYEHTHON KBapPKOBOI Mo;:LeJm). DTa MOJIEIb HECOBEPIITEH-
na. OHa He Jaer 0ObsicHeHWs KOH(baHMeHTa (yaep:KaHusi KBADKOB) U POJIK
riroonoB. OHa He JjaeT npecKa3aHuil aDCONOTHBIX 3HAYEHMI MACC ¥ BEPOST-
HocTelt pacnaga me30HOB. OJHAKO OHA MO3BOJSIET JATh PsJl XOPOIIUX MPeI-
CKa3aHUI U ABJISIETCA OCHOBOM sl KJIACCU(PUKAIME ME3OHOB.

B cusibHBIX B3aMMOJEHCTBUIX COXPAHSIOTCS CJEAYIONINe BEJININHDIL:

B — OGapuounnoe uucio, I — wsocnus,

Q — sekTpuyecKuii 3apsi, P — mnpocrpancTBeHHAsI 9€THOCTB,
J — yrioBoit MomeHT, C — 3apsioBasi 9€THOCTD,

S — CcTpaHHOCTD, G — G-ueTHOCTD.

Huxe MbI 1agum ompesieieHne 3TuX BeJndnH. KBaHTOBBIE YUC/Ia ME30HOB 3a-
BUCST OT KBAHTOBBIX YKCEJ KBAPKOB (cM. Tabu. 1). 31ech Mbl paccmaTpuBaem
TOJIbKO JIETKWE KBapKu: u, d U .



Tabmuma 1

KsBanToBEIe uncja KBapKOB

Ksapk | B Q J S I |
w |1/3 2/3 1/2 0 1/2 1/2
d |1/3 -1/3 1/2 0 1/2 —1/2
s |1/3 -1/3 1/2 -1 0 0

B — Gapuonnoe yucino, Q — sjekrpuyeckuii 3apsn, J — COMH, S — CTPAHHOCTD,

I — usocuun, Iy — npoekius u3ocnuHA HA OCh KBAHTOBaHUS (OOBIYHO OCh Z).

B KOHCTUTYEHTHOU KBapPKOBON MOJEN ME30H PACCMATPUBAETCH KaK CBSI-

3aHHOE COCTOSHUE KBaPK-aHTUKBAPKOBOI Maphbl ¢§ U 3aT€M CTPOUTCHA aHAJIO-

+

rus ¢ ete -cucremoit (mosurporuymom). KBapk ¢ U aHTHKBapK ¢p UMEIOT

crwt 1/2. OHu MOryT faTh mOJHBIN cniuH cucrembl S = 0 wau S = 1,

s
S=0,{L(tib—lt)} ®w S§= L{ﬁmﬁmw}-
142

B nomnonnenue K MOJHOMY CIIMHY UMeeTCs OPOUTAJbHBIN yTJIOBOMt MOMEHT
L mexny q¢ napoit. 3atrem L 1 S MOKHO BEKTOPHO CJIOKUTH B IIOJTHbBIH yTJIO0-
Boit momerr J =L®S,rne J =|L -S|, |L-S+1|,...,|L+S]|. Cuekrpo-
ckonuueckue obosHaderns 2>t1Ly u coorBercrByomue 3nadennsa L, S u J,
HEOOXOMUMBIE /ISl IOCTPOEHNS KBAHTOBBIX UHCET ME30HOB JTC
B Tabs1. 1, mpuBeneHbl B TabJI. 2.

13 KBapKOB

Tabmuma 2
KBanToBbie unciaa kKak ¢pyuknusa L, S u J
Hazpanue
Cocrosme | S |L | J | P | C | JPC Meszonnr TPYTITIBI
ME30HOB
IS, 0/0[0|—|+ |07 n 7n K |uncesmockansap
38, 11011 —|—|17" | p w ¢ K*|Bekrop
Ip, 0|1 |1|+|— |1t | b hi A} K |muceBmosekTop
Py LI 10|+ |+ |0 |[ay fo fi K{|ckamsp
3P, L1l |+ |+ |1 |a fi fi Ki|axcuambHblii ckagsp
3P2 111124+ ]+ 2+t a9 f2 fé K; TEH30pP

KBaHTOBEIE YMCIIa, ME30HA OTpeesiorTcs 06srano Habopom J¥C.

[TosicauMm cmbicst kBaHTOBBIX ynces P u C. Haunem ¢ P. Maremaruuyecku
YETHOCTb COOTBETCTBYET OIEPATOPY IMPOCTPAHCTBEHHOM nHBepcuu P (onepa—
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TOpy derHOocTH). Ecim BonHOBas QyHKIMS SABIsAeTCS COOCTBEHHBIM COCTOSI-
HUEM OTIepaTOpa YeTHOCTH, TO

P(r) = (=7) = e (7). (1)

T.K. OBOiiHOe JeiicTBHE OIepaTopa UEeTHOCTH JOJXKHO BEPHYTb HAC K IIep-
BOHAYAJbHOMY COCTOAHMIO, TO COOCTBEHHBbIE 3HAUEHUSA UETHOCTU 7)p MOTYT
ObITb TOJIBKO £1. BosiHOBYI0 (DYyHKIIMIO ) MOXKHO pa3[eIuTh Ha PaIdaIbHYIO
U YIJIOBYIO YaCTH

»(F) = R(r)Yim(6, ¢)- (2)
OmnepaTop geTHOCTH OCcTaBisieT R 6e3 m3MeHeHus, HO MPeodpa3yeT yrIoByIO
q9aCTb B Yjp (m — 6, 4+ ), 1 MOXKHO 110Ka3aThb, 4TO

Yim(m = 8,0+ m) = (=1)'Yin(6, ¢). (3)

DepMuonbI 1 AHTU(EPMUOHBI UMEIOT MPOTUBOIOIOKHBIE BHYTPEHHUE YETHO-
cru. Bee 910 npuBogur K yerHocTH Me30HaA (¢g-1aphl), PaBHOl

P(qq) = (-1)"*". (4)

s uamrocTpaluy MOHATUS YeTHOCTH PAacCMOTPUM pacmax a — b+ ¢, B
KOTOPOM YeTHOCTb coxpaHsiercs. [lycts [ — opbuTajbHbIfl yTyIOBO MOMEHT
Mexy b u c. 3aKOH COXpaHEHUsI YeTHOCTH MPUBOAUT K

P(a) = P(0)P(c)(-1)" (5)

Crenyrolree KBAaHTOBOE YHUCJIO — 3apsdaoBast yeTHocTh C, KoTOpas mpes-
CTABJISIET TIPEOOPa30BaHUE UACTUILI B aHTUYACTUILY. [Ipum 9TOM MEHAIOTCS
HEKOTOpbIE CBOMCTBA YACTHUIIBI, TAKNE KaK 3apsih U MarHUTHBIA MOMeHT. fc-
HO, JIJIS TOTO, YTOOBI 9acTuIa Oblaa COOCTBEHHBIM cocTosinreM omneparopa C,

OHA JOJKHA ObITh IEKTPHYECKH HeHTpasbHA. Hampumep, 1 m'-Me30HA

Clr®) = ne|n”), (6)

riae 0. = £1. IIpeacraBumM cebe Me30H, TOCTPOEHHBIN U3 KBapKa U aHTHKBaP-
Ka, HAIPUMEDP Ui, C MOJHOM BOJHOBOW (PyHKIMEH M3 MPOCTPAHCTBEHHON u
CIIMHOBOI 4YacTei

U (7, 5) = R(r)Yin(8, ©)x(5)- (7)
OmepaTop 3apsiIOBOii YETHOCTH JEACTBYET Ha 9TO COCTOSIHUE, MEHSIST MeCTa-
MU U U %. DTO COOTBETCTBYET IIE€PECTAHOBKE TOYEK DPACIIOJIOXKEHMS KBAPKA

1 aHTUKBapKa, T.e. K 3aMeHe T Ha —7. TaK »Ke, KaK JJis IPOCTPAHCTBEHHOI
YETHOCTH, MBI IOJYIUM (DAKTOP (—1)L+1. V3menenne HampaB/IeHUs CIIMHOB



kBapkoB gaer (—1) 1aa S = 0 u (+1) ga S = 1. Do gaer dakrop (—1)°+,
4T0 B KOMOuHAIuu ¢ L (pakKTOpOM MPUBOJUT K

C(qq) = (=1)***. (8)

fcHO, 9TO 3apsizKEeHHbIE YACTHUIBI HE MOTYT ObITh COOCTBEHHBIMU COCTOSI-
uusimu oneparopa C, T.x. C|nT) = n|n~). Oguako ecau npumenuts C onepa-
TOp BCIes 3a Bpamenuem nsocmmia R = e™v taxum, aro |1, 1) — |I, —1),
TO 3aps?KEHHbIE YACTUI[bI MOT'YT OBITh COOCTBEHHBIME COCTOSTHUSIMHU.

Onpegenum onepaTop G-uernoctu kak G = CR. G gaBigeTcss Xopoumm
KBAHTOBBIM YHCJIOM JIjIsi BCEro HOHera. B pabore [2] mokazaHo, 4TO MOXK-
HO Tak mepeornpeaeauth oneparop C u coOCTBEHHBIE COCTOSTHUS aIPOHOB U
AQHTHAIPOHOB, 9TO €r0 COOCTBEHHOE 3HAUEHME OyIeT OIMpPEIe/ATh BCE UJIEHBI
JIAHHOTO HOHeTa. [Ipu 9TOM ero 3Ha4YeHne MOXKHO PUHSITH PABHBIM 3HAYEHUIO
C 1711 HeCTpaHHOI'O HERTPAJLHOTO ME30HA 9TOro HOHeTa. J[yia HefiTpabHON
cucrembl G = C(—1)%. Takum 06pazoM, MbI IPHIILTH K CIeLYOMEAM hOpMY-
JaM

J = L®s (9)
P = (1), (10)
C = (-1~ (11)
G = (—1)F+5+, (12)

JPC

MCHOJU:)BYH UX, Mbl MOXKE€M BbIYHC/INTb BCEBO3MOXKHBIC dJId ME30HOB,

pa3peIeHHbIX KOHCTUTYEHTHON KBApKOBOil MOJe/bio (cM. Tabu. 3 quist J < 3).
[lpustoMm J =C qna I=0uJ = —C gna I # 0.
Tabsmna 3

Pazpemennsie JPC u mepaszpemennnsie J'C kBanTOBBIE UNMCIIa ME30HOB

B KBapKOBOM MOJieJin

S S R Y

Buavenns nepasperienubix JEC 3arenenHs.



Hepasperenablie KOMOUHAIMYM KBAHTOBBIX UKCEJT
PC —— 0t— 11—t ot— o—+
JV=0",0", 177,27, 3", ... (13)

ABJISIOTCA 9K30TUYECKUMH COUeTaHUSIMU KBAHTOBBIX 4nces. Eciau BBecTn Tak
Ha3bIBa€MYIO HATYPaJIbHOCTb COCTOAHUA

= P(-1) (14)
10 cepust 3uadenuii (13), e cuurast 0”7, COOTBETCTBYET HPABUIAM
e=+1 u C-P=-1 (15)

Ecnn cocrosiHue ¢ TaKMMM KBAHTOBBIMH YHCIaMU OyZeT OOHApPy»KeHO, TO
MBI TOYHO 3HAEM, YTO ITO JIOJKHO OBITH 9eM-TO OTJIUYHBIM OT HOPMAJIh-
HOU qg-cuctembl. [Ipesnonaraercs, 9To0 9T KBAHTOBbIE YnCIa OyIyT paspe-
IIEHBI JIJI cOCTOsiHUit |¢Gq) — ['mbpumoB, T.e. CBA3AHHBIX COCTOSHUN KBapPK-
AHTUKBAPK-TTI00H. [Ipu 9ToM ['ubpuab MOTyT UMeTh JTI0Oble KBAHTOBBIE YLC-

a u3 Tabu1. 3. B pasmeste 3 MbI moKazkeM, KaKie KBaHTOBbIe uncia JEC

MOTYT
ObITH B HEKOTOPBIX MOJEJIAX M'MOPUIHBIX ME30OHOB.

B kBapKOBO#l MOJIEIN BCE JIErKME ME30HBI MOTYT OBITH CTPYHIIMPOBAHBI II0
TaK Ha3bIBA€MbIM HOHETaM. /13 Tpex jlerkux KBapKoB (u, d, S) ¥ X aHTUKBap-
KOB MOXKHO IOCTPOUTH 9 KoMOuHaIwmit (HoHeT) map (gg), COOTBETCTBYIONINX
omHOMy U Tomy e Habopy umcen JEYC. IIse SU(3) rpymmst mo apomaty 06-

pasyoT J[Ba HENPUBOAUMBIX [IPEJCTABIEHUs: cuHIieTHOe |1) u okrerHOE |8):
30 (3)=1®8. (16)

CuHIJIeTHBIA 4jIeH COOEP2KUT OJHO COCTOAHNE, CUMMETPUIHOEC OTHOCHUTEJIHBHO
MepeCTaHOBOK IO apoOMaTy

1

fo 7

OKTeTHBIA YJIeH COCTOUT U3 BOCHBMHU ME3OHHBIX COCTOSHUIA. TpI/I COCTOAHUA

luti + dd + s5). (17)

N30TOIMNYICCKOI'O TPUILJICTa U3 HECTPAaHHBIX KBAaPKOB:

o(I=11,= 1) = |ud);
po(I=1,I,= 0) = %\uﬂ — dd); (18)
es(I=1,1,=-1) = |du).
YeTbIpe COCTOSTHUST M30TOMMIECKOTO JIyDJieTa CO CTpaHHOCTHIO S = +1:
es(I=1/2)1,= 1/2,S=+41) = |us);
os(I =1/2,1,=-1/2,S =+1) = |ds);
(I =1/2,1,= 1/2,S=—-1) = |sd); (19)
)

pr(I=1/2,I, =-1/2,5=-1) = [su).
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n OJHO COCTOAHUNE HU30TOIINYECCKOI'O CHHIJIETA:

os(I = 0) = i6|uu +dd — 2s5). (20)
Ha puc. 1 npencraBiensl Bce HAOOPBI JIETKUX ME30HOB B KBAPKOBOW MO-
gemn. OgHa CTPOKA M3 9EeThIPEX A9€EK COOTBETCTBYET OIPEIEJCHHBIM 3HaYe-
amam JFC (mmm cmekTpockommueckomy Habopy KBaHTOBbIX wmeest 25T1Ly).
Hanpuwmep, mna JFC = 0=F (uersipe aueiikn ciesa BHE3Y) 0603HAYEHHE T
cooTBeTCTBYeT Tpem coctosHuam w1, 0, 7w~ (18), n u ' — cocroanusam (20)
u (17) wm ux cmecu, K — 4erwipem cocrosuusm K, K° K | K~ (19).
Bce BMecTe obpasyior HorerT Me30HOB JEC = 07+ ¢ 25H1L; = 1S, wan nces-
JOCKAJISIPHBIF HOHET (cM. Takxke Tabii. 2, mepByto cTpoky). Habopsr cTpok
W3 YETBIPEX A9€EK IO OCH OPAMHAT COOTBETCTBYIOT PA3JIMYHBIM 3HAYEHUSIM
OTHOCHUTEJBLHOIO OPOMTAILHOrO MOMEHTa L MexKIy KBapKaMu. Pacmosoxke-
HME COBOKYIHOCTH YETBIPEX S9€eK CJIeBa HAIPaBO IO OCH abCIUCC COOTBET-
CTBYeT NPHUOJM3UTENHLHO POCTY MaCChl ME30OHOB, CBA3AHHOMY C PagUaJbHBIM
BO30y:KIeHNEeM ¢g-cucTeMbl. OD0O3HAUEHUST ME30OHOB OCTAIOTCS IIPEXKHUME, HO
MeHseTCa 3HaueHne Macchl. CpenHee 3HAYEHHE MAaCChl ME3OHOB B HOHETaX C
JAHHBIM [ HAMMCAHO MOJ A9eiKaMN.
Cocrosinust (17) u (20) ¢ uzociurom I = 0 mMoryT cMemmBaThCs TaK, 4To,
HAIIpUMED, PEATbHBIE (0- U W-ME30HBI MMEIOT BOJHOBbIE (DYHKIINH

|w) cosf sin@ fo
%) —sinf cosf fs

YroJ cMeluBaHusa MOXKHO HaiTH u3 YPaBHEHUA

2 2 2
3MZ — AME. + M?

tan® g =
YT AME Mz = 3ME

rae M — macca COOTBETCTBYIOIIETO ME30HA U3 JAHHOTO HOHETA.
s gacTHOTO Citydas sinf = \/% , ucriosb3yst (17) u (20), nomydum

1 . _ z|ua) + |dd)
w) = \/g(\/§ fo+ fs) = \/§4\/§ ;

1 _
) = —=(—fo+V2fs) = —V3-s3). (23)
V3
T.e. B 9ToM ciayvae "uneasnbroro" cmermusanus (6 = 35.26°), KOTOpHIi npak-
TUYECKU peasu3yercst (B, = 36.6°), -Me30H sIBJISI€TCS YUCTON KOMOUHA-
el S-KBapKOB, & W-ME30H — U- 1 d-KBapKOB. JIJIa KaxKJJ0ro HOHETa UMEeeTC s



Light Quark Mesons

i s+ JPC
J 3 -+
EEﬁ ag | s &
-+
L=5 3H5 E j_+
|4 f4 4|4
Hj 577
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L=4 4 K 47"
NEE 3
Gy 4%
23GeV/c?
§F4 a4 | £y g 477 2§F4 4++
Fs K3 |3*+* 2°F G++
L=3 , 3
“F3 fa] fs rhi EfF: 2t
'F; R 3+ -
21 GeWic?
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3D3 Fa| W3 03 BFIZTT 3§D3 O3 377
3]:]2 K2 2352 KX |27
L=2 Do @] Txfli 2 D[ By 1=~
Dal ml o] %5 [E2|2 2 Dol m K3 |27t
1.7 GeVyc? 21 Vi 2
3 |
3P2 ag | fa | fa|Ka|2* Eipg fa|fh [Eq 2%
L=1 3P1 a1 [ £y ] £1[E; 1+ 2 Pl A 1+
(o[ 20| fo [ £o[Ke|0* 27F, = oo
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0.8 GeVic? 13 Vi 1.8 Ge¥ic? -

Cp EOHAA MactCa MYJIETHILIIETA

Puc. 1: N3obpaskenne Bcex HaDOPOB ME30HOB B KBAaPKOBO# MOEJN JJjisi JAHHOTO HOHETa,

Jrce (MM CIIEKTPOCKONMYIECKOTO HAbOpa KBAHTOBBIX YMCEJ N 28+17, 7)- Crpoka u3 yersipex

PaCIIOJIO2KEHHBIX DAJOM AY€€K — OJWH HOHET. ITo ocu OpAuHaT — HOHETHI C YBEJIWYUBa-

omuMcsi 3HaderreM L, 1o ocu abCciumce — HOHETHI ¢ POCTOM PAJUAJIbLHOTO BO30YXKIEHUS

n = 2, 3. Cpe)lHI/Ie 3HaQY€HUd MaCC ME30HOB HOHETa HAIIMCaHBbI IIOJ, adeiikamMu. B 0esbIx

dYerKax — XOpouIio yCTaHOBJIEHHBIE ME30HDbI [3], B 3aT€HEHHBIX — ME30HDI, Tpe6y10H11/Ie

noarBep:kieHusi. [lycrasi sideiika — MecTo ISl ele HEOTKPBITOTO Me30Ha.



CBOM yroJl cMelnBanus. B gacTHOCTH, A1 1)- U 1)/-ME30HOB 0,0y, = —10° +
—20° [3], uTo coorBeTcTBYyeET

m =~ fs,
n") = fo (24)

T.€. B 3TOM CJIy4da€ MMPaKTUYI€CKU HET CMEIINBaHNA.
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OrmeruM BayKHOE CBOWCTBO ME30HOB B jaHHOM HOHere. B pamkax SU(3)-
I'PYIIIIBI IO APOMATY YIEHbI OKTETa UMEIOT OJNHAKOBbIE 0a3MCHBIE KOHCTAHThI
CBSI3U B QHAJIOIMYHBIX PEAKIINAX, B TO BpeMsI KaK CHHIVIETHbIN 4JIeH fj MOXKeT
IMETb APYIYI KOHCTAHTY CBSI3H. DTO CJIEAYET YIECTh MIPU pacueTe BEpOsiT-
HOCTE! pacraga ME30HOB.

3 DK30TMUYecKMme COCTOSHUS

B sr0oM pasjesie Mbl IpeACcTaBUM Pe3yJIbTaThl TEOPETUIECKUX MOZEJIEH, IPe/I-
CKa3bIBAIOIIUX IK30TUIECKIE COCTOSHUS U UX KBAHTOBBIE Yncia. B mpempiay-
IeM pasjesie SK30THIEeCKHEe KBAHTOBBIE YKC/Ia ObLIN MOJyYeHbl 0T 0OpaTHO-
ro" Kak HepaspelleHHble KBapKOBOil Mozenbio. Mogenu 06008 u rubpu -
HBIX ME30HOB [IPEJICKA3bIBAIOT KBAHTOBBIE YMCJIa, BKIIAbIBAs KOHKPETHOE CO-
JIepKaHKe B OIMMCAHUE IK30TUYIECKOrO COCTOsHMA. [Ipm 9TOM MBI OmycKaem
MHOTHE JEeTaJId U JAPYTue BaXKHbIE PE3YJIbTAThl MOJEJEH 1 OCTAHABINBAEMCSI

B rILEEI,HHOI'?'I JICKIIMN TOJIBKO Ha KBaHTOBBIX YHCJIaX JPC.

3.1 TI'ro0ouibl

['1:0601bI CTPOSITCST U3 TJIFOOHOB M ITOTOMY HE MOI'YT COJAEPXKaTh KaKOIro-J1n0o
apoMaTa, 4YTO sIBJISIETCSI CBOMCTBOM KBApKOB. DTO, B YACTHOCTH, IPUBOIUT
K ToMmy, uTo m3ocmut riobosoB I = I, = 0. I'mobon sBigerca GeciiBeTHOIR
HOBOI1I 4aCTUIlEeH.

Eciu riio6or G cocrout u3 ABYX IVIIOOHOB, T.e. G = |gg), TO, T.K. KBaHTO-
BbI€ YHCJIa TJIIOOHA Jggcg = 177, KBAaHTOBBIE YKCJIa TAKOI'O [VI000JIa Oy Iy T

JFC = (0, 1, 2), (25)

ecyIu OpOUTAJIbHBIN YIJIOBOH MOMEHT OTHOCUTEILHOIO JBUXKEHUS JIBYX TJIHOO-

HoB L = 0. Ecim L = 1, uto cooTBeTcTByeT OOJIEE BHICOKMM MacCaM IJII000-
JIOB, TO

JPC=(0, 1, 2)"" @17 =(0, 1, 2, 3)"". (26)

Jlo B3amMoeiiCTBYS IJIIOOHBI HE UMEIOT MaCChl. B COOTBETCTBUM C Teope-

moit Jlanmay-fura nBe 6e3MaccoBbie YACTHUIBI CO CIIUHOM 1 HE MOryT obOpa-

30BaTh Oe3MaccoByio cuctemy co cnuHoM 1. UTobObl 0Opa3oBaTh CBSA3aHHOE
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COCTOSIHUE, TJIIOOHBI JTOJI2KHBI TTPOB3aUMOJIEHCTBOBATH ¥ MPUOOPECTU MACCy.
[TosToMy MOXKHO OXKMOATh, 9TO IVI0O0J B cocrosuuu J = 1 Oymer mmeThb
3HAYUTEIbHYIO Maccy. DTO moaTBepxkmaerca pacdetamu B KXJI wa pemrer-
Kax. Jlerdafimme ro60Ibl B 9THX pacuerax uMmeror 3uadenus JEC = 0+
(m = 1550 & 50 MsB) u 27+ (m = 2270 £ 100 MsB) [4]. Ouu cusnbHO cme-
IIMBAIOTCA C OOBIYHBIMU KBAPKOBBIMHU ¢G-COCTOSTHUAME. [109TOMY HX TPYIHO
9KCIIEPUMEHTAIbHO UACHTUPUIIIPOBATL. MaccoBbIil CIIeKTp I1I000I0B, IpeI-
CKa3bIBaeMblil pacueramu Ha pemrerkax B KX /]I, npeacrasien Ha puc. 2. 3Be3-
JIOYKOI TIOMEYEHBbI COCTOSIHUsI, COOTBETCTBYIOINE PAIUAJIHHOMY BO30YKIe-
Huio robosoB. Cocrosinus ¢ orpunarenbioin C-vernocrbio, C' = —1, cooT-
BETCTBYIOT [UIFOOOIaM, COCTOSIIMM U3 HEYETHOTO (HUKAIINe U3 TPeX I[UII00-
HOB) 4HCIa IM00HOB, T.K. C = (—1)", roe n, — 4ucio riooHoB. B pamkax
KX ]I kBaHTOBBIE YHC/Ia IVTI060JI0B OXBATHIBAIOT Bee 3HaueHns JT C. Tobosbl
, 171 L. (Tak

nazbiBaemble "oldballs") e mosBasIOTCS HuXKE, yeMm ~ 3.5 ['9B.

¢ "sk3oTHuecknMu" KBaHTOBBIME umciamu JLC = 2+ 0t~

12
o~ I
10 . 27— 4
2 == f_-'
3 0 -
B B
7 —

r—— 17— ] EI._._
tn nﬂ-i | g — %
E B _EH _____ a E
= o

{ ok
4 | g —
1 1
E B
0 0
++ —+ +— —
PC

Puc. 2: Cuekrp macc ro60s108 u3 pacueroB KXJI na pemerkax [5|. [llkana 7o BeiOpaHa
pasroii 3uavenuto 1/ry = 410 M3B. Beicora npsiMOyroibHUKOB COOTBETCTBYET HEOIPEIe-

JIECHHOCTHU B pacyeTe.
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3.2 T'ubpunab

Ob6o3nauenne rubpUIHLIX ME30HOB B JIUTEPATYPE €Ile He yCTOAIOCh. LeM He
MeHee, JIJIs U3JI0KEHUST CJIeIyeT IPUHATD OMPEEIEHHY IO CXeMy O0O3HAYEHU.
Haubonee ecrecrsenubiM Boirusiaut npemiokenue C.Haura [6]. TIpunsroie
B COOTBETCTBUU C U3BECTHBIMU Tepuoanydeckumu usganusmu Particle Data
Groupe [3] obosnauenns me30HOB (cM. puc. 1) B pamMKax KBapKOBOil MOJe-
JIU COOTBETCTBYIOT cXeMe, M300pakeHHO# B Tabu. 4 g KaXXJI0ro HOHETa C
JTAHHBIM J.

Tabauna 4

O6o03HaveHus ME30HOB B KBapPKOBO# MOAEH

O6o3HauyeHue ¢G-Me30HOB
PC| I=1 | I=0 [I=1/2
++ ay fr, f; | Kja

+-— by hj, My | Kjp
- PJ Wi, wf] K}p
—+ Ty N7, N Kj,

TonbKo JaBHO M3BECTHBIE ME30HBI, Takue Kak jerdaitimue (7, 1, ', K) u (p,
w, ¢, K*), nuuryrcs 6e3 ungekca J Buusy (cM. puc. 1).
B o1y cxemy 0boO3HaUeHUI €CTECTBEHHO IIOMAIAI0T SK30TUIECKAE THOPUI-

HbI€ ME30OHbI C KBAHTOBBIMU YUCIaMU JPC

, HEpa3pelIeHHbIMU B KBapPKOBOI
mozesu (cM. tabu. 3). VIm MoxkHO 1o aHasoruu ¢ Tabi. 4 mocTaBUTh B COOT-
BETCTBUE CHMBOJEI [6], mpencraBienubie B Tabr. b.

Tabauma 5

O6o3HaueHnst TMOPUIOB, 3aNPENIEHHBIX B HAMBHON KBAapKOBOiI Mogesiu

Ob6o3nauenue ['ubpuoB

PC[ I=1 | I=0 |[I=1/2
U 2 wo, Yo Ky,
0t- bo ho, hy Kyp
1_+ 1 n, 771 Kikﬂ'
21— by hz, hlg Ksp

B nacTogiiee BpeMsi 9KCIEPUMEHTAJbHO HAOJIOMAIOTCS JIHUIIb THOPUILI
(mnum 4-kBapkoBble cocrostuus) 71 (1400) u m1(1600) [7, 8, 9]. Jas rubpumos,

JPC

MMEIOIINX TaKue »Ke 3HaYCHUS KaK U ¢g-Me30HbI (puc. 1), MOXKHO K 060-

3HaYEHUIM u3 TabJI. 4 100aBUThH cBepXy "BOsIHY ", T.€. 3aNKMChIBATH, HATIPUMED,
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Gy st TUOpUIA, OCTABJISA G JJIsT CTAHIAPTHOTO ¢G-ME30Ha C OJNHAKOBBIMI
JPC = 0*t.

['ubpupl, T.e. CBI3aHHBIE COCTOSIHWS |¢g), €CTECTBEHHO OIUCHIBATH B
pamkax Tounoit Teopuu KXJI. B HacTosiee Bpemsi TouHas Teopus ruOpu/I-
HBIX ME30HOB He pa3paboTaHa, T.K. TPY/IHO y4eCTb HelepTypOaTUBHbIE BKJIA-
nbl. Hanbosee HaiesKHBIMI SBJIAIOTCS OAX0AbI, ocHOBaHHbBIe Ha, KX /I, Takue
kak mpasuita cymm KXJI u pacuers Ha pemrerkax (Lattice Gauge Theory).
Onu paror Oojiee WM MEHee TOYHBIE MPEACKA3AHUS JJIs TSAXKEJIbIX TMOpPUIOB
|cg) u |bbg) u ouennb GosbITOl Pa3bPOC B Pe3yJIbTATAX JJIsl JIEFKUX T'HOPHUI0B
B 3aBHCUMOCTH OT WCIOJIb3yeMbIx momyinennit. Ormerum 31ech, aro KX
6e3 IOMOIHUTEIbHBIX IPUOTIKEHHIT TOMycKaeT Jobble 3nadenus JEC mua
THOPUIOB.

Croxubie pacaersr KX]I #a pemerke [10] st sHepruu gg-napbl B riio-
OHHOM TIOJIE B 3aBUCHMOCTU OT PACCTOSTHUS T MEXKIY KBapKaMU ITOKa3bIBa-
FOT, 9TO [Jisl OLMCAHUSA |¢qg)-COCTOSIHUS CJIE€YeT UCIONb30BATh PA3HbIE MO-
jgenu. [lpu odeHb MaJIeHBKUX PACCTOSIHUSAX T MOXKHO HCIIOJIb30BAaTh aiMa-
baTudecKyo Moesb Memika [11], rie KBapKu CTAIMOHAPHBI ¥ TJIIOOH MOXKHO
paccmarpuBaTh Kak "BasentHyo" gacruny (quark-gluon constituent model).
[Ipu GosbIMX 7, HO MEHBIIUX pa3Mepa MPOTOHA, JOMKHA XOPOIIO pabOTaTh
Mozenb TpyOku rurroorHoro noroka [12] (flux tube model), B koropoit rioon
paccMaTpUBaEeTCs KaK CTPYHA C TOYEYHBIMHU "3epHaMu' ¢ Maccoil, CBA3aHHBI-
MU JIMHEHHBIM [TOTEHIIUAJIOM.

B mozmenu memika kBapku uMmeloT cymmaphblit ciuH Sy = 0, 1 n opbu-
TaJIbHBIE MOMeHT lgg = 0, 1. /Ina Huskosexkarmero cocrognus l,; = 0, 1.
['moon (S, = 1) Tak:ke uMeeT OpOUTAIBHBIN MOMEHT OTHOCUTETIHHOTO JIBH-
xkenud [, = 0, 1. 3aKOHBI COXpaHEHHHA YETHOCTH ¥ 32PAI0BOI YETHOCTH JAIOT
JLIST THOPHIA

P et (_ l)qu+l9 ,

Cymmapnble kBanToBble uucna J, = Ly + Sy, L u J rubpuna nomydatorcsa
BEKTOPHBIM CJIOXKEHUEM COCTaBJISIONINX. B uTore, Hampumep, Jjd THOpuI-
noro cocrogrusa JYC = 17+ posmokubI cepyromue KBanToBEIe ynCTa [13],
IpPUBEIEHHBIE B TaOJ. 6.

Aproper paborer [13] nmokasbiBaroT, 4TO BO30OYXKIEHUIO KBAPKOBBIX CTe-
neHeit cBOOO/bI COOTBETCTBYET JIUIIb OJUH U3 TEPEYUCTIEHHBIX HAOOPOB C
lg =1,S4 =0ul;, =0, a Bo30yKIEeHUIO IVIIOOHHBLIX CTereHe#l cBOOOIbI
— octaspible TpU ¢ Jy =L =0, 1, 2ul, =
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Tabsmna 6

KBaHTOBbIe umMcja HU3Kodexamero 1~ rubpuga |qqg)

B KBapK-TJIIOOHHO! KOHCTUTYEHTHON MOJeJin

P[C iyl 3, Sy LI
—T+[of1lo] 101
— 4011|111 |1]1
—l+|o]1]2]|1|2]1
—l+|1]of[1]o0|1]1

B obuiem ciiydae B MOJENH MEIIKOB BO3MOXKHBI JII0Oble 3HadeHus JTC

JPC = 1% Gyner cambim

i TubpuoB. MoKHO MOKa3aTh, YTO THOPUL
JIerkuM, ecau y4dectb, 4To B KX/ cBa3aHHBIN IVIIOOH UMEET JIBAa HUKANIIIIX
coCTOsIHUA: TaK HasbiBaeMoe "momepeuno-snexrpudeckoe” (TE) ¢ JFC, =
1"~ u "momepeuno-maruuthoe" (TM) ¢ JFC€, = 177, Huskonexamue gg-
cocrostaust gator Ham 07 u 177 s Sz = 0 u 1 coorBercrenno. dusa TE-

I'JIFOOHOB MBI IIOJIYYUM KBaHTOBbBLIE YHCJIa Pn6p1/1,z;a BEKTOPHBIM CJIO2KCHHEM

qq ['moon I'ubpuy
1™ = 2
S‘]q =1 1= @ (07 1, 2)_+ ( 8)

Sxsormuecknii rubpuzn ¢ JEC = 171 asnaercs cocrostameM, rie KBapK U aH-
TUKBAapPK MMEIOT I1apaJlIeIbHO BBICTPOEHHBIE CIUHBI, S,z = 1, a rubpumpl ¢
JPC =177, 07" u 27" uMe0T BBHICTPOEHHOCTD CIIMHOB KBAPKOB IIPOTHBOIO-
JIO’KHYIO BBICTPOGHHOCTH B KBApKOBOI MOJe/H 1y Tux ke 3Hauenuit JEC
(cM. Tab1. 2, puc. 1 u sHavenma 2541 ;).

Hns TM-ritooHOB, KOTOpBIE Tsxkesee, 4eM T E-TJTI0OHbI, B MOJIEIN MeIIl-

KOB, IIOJIy9UM OPYI'u€ KBaHTOBbBIC YHCJIA I‘I/I6pI/I,ILOB

qq ['moon 'ubpun
17 = . 29
Spe=111—] © (0,1,2)+ (29)
DTU ruOPUILI IO KBAHTOBBIM YHCIaM HIEHTUYHBI ¢g-Me30Ham ¢ L = 1 u

UMEIOT OJIMHAKOBYIO C HUMM BBICTPOEHHOCTH CIIMHOB KBapKOB. [loaToMy oxku-
naercs, aro rubpun JEC = 17+ 6yner caMbIM JIerKuM, 9TO IOATBEPAKIAETCS
pacueramu KX/I #a perrerkax. OTMeTnM, 9TO B 9TOM T'uOpUjie CIUHBI KBap-
KOB BBICTPOEHBI TaK, IT0 S, = 1.

Heckonbko apyroit Habop kBaHTOBbIX uncesa JEC mia caMbIx Jerkux ru-
OPUIOB MOIYyYaeTCss B MOAEIN TPYOKM IVIIOOHHOTO 1moToKa. OcTaHOBUMCS IO-
JIpobHee Ha 9TOI MOIEN, T.K. € Pe3YJIbTaThl COBIAIAIOT C IPEICKa3aHUAMU
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KX]JI na pemrerkax. KBapku ynep:KuBarOTCsI MEXKIy CO0OM CTPYHOIIOZO0HOM
XPOMOJIEKTPUYECKON TPYOKOi MOTOKaA. IJTa TPyOKa HE IMOX0XKa Ha, OOBIYHBIA
TUIIOOH U €€ KBAaHTOBBIE YUCJIA, 3aBUCAT OT (DOHOHOMIOMOOHBIX MMTOTIEPETHBIX KO-
nebanuit smemenToB TpyoKku. Eciu konebanuit HET, TO OpOUTAJIBHBIN yIIIOBOIL
momeHT TpyOkm j = 0. B 9TOM cirydae mMbl mmeem OObIdHBIN ¢g-Me30H. Pac-
gersl KX/I Ha pemerkax |14, 15] u Mozesb TpyOKY MOKA3BIBAIOT, YTO HU3IIIEE
BO30y2K/IeHHOEe cocTosiHue TpyOku umeer j = 1. Ilpu sTOoM ee deTHOCTDH U
3apsiI0Basi 9€THOCTh CBst3aHbI cooTHOIennem P = —C.

O0603HaYNM TTPOEKIINIO YIJIOBOI'O MOMEHTa TPYOKH j HA OCh, COEIUHSIIO-
myio KBapku, depe3 A. IloBopoT mo 9acoBoit W HMPOTHUB YaCOBOU CTPEJIKH
BJIOJIb 9TOM OCH COOTBETCTBYyeT 3HaueHusIM A = +1 u A = —1. Obo3HauuM
9TU COCTOAHMA 4depe3 11 U YPi_1. OHU BBIPOKIEHBI, T.K. CUCTEMA JOJKHA
UMETb OJHY U Ty K€ SHEPrhi0 HE3aBUCUMO OT TOTO, KaK OHA, BPAIAEeTCsS OT-
HOCUTEJIbHO 970 ocu. CjremoBaTeIbHO, J00ast TUHEeHAsS KOMOMHAINST TaKKe
OyaeT COOCTBEHHBIM COCTOSTHUEM TaMUJIbTOHMAHA. PaccMOTpuM KOMOMHAIIMN

+) = (Yn+v1-1)/V2,
=) = (Y11 — h1-1)/ V2 (30)

Omneparop gerHoctu P MeHsieT BpallieHHe 110 U MPOTUB 9aCOBOM CTPEJIKH,
T.e. MEHSIET COCTOSHUA P11 U 11_1 Mexay coboii. [IosTomy ero meiicTBue Ha
byakuun |+) u |[—) 6ymer

Pl+) =pl+), P|-)=-p|-). (31)

SapsiaoBoe compsizkerne C MeHsIeT HallpaBJIeHNe JUHUN KBaPK-aHTUKBaPK,
T.€. IEPEBOPAYNBAET OCh U, 3HAYNUT, MEHSET BPAIlleHNE [0 U POTUB YaCOBOIA
cTpesku. T.e. CHOBa MEHSIET MeCTaMM 111 U YPi_1. 1aKuM 00pa3oM,

Cl+) =cl+), Cl=)=—c-). (32)

T.e. dyukuun |+) u |—) ABAAIOTCA COOCTBEHHBIMU COCTOSTHUSAMHE OIIEPATOPOB
gerHoctn P u 3apsanosoit wernoctu C. [losToMy KBaHTOBBIE 4mCIa TPYOKH
(c yuerom ycioBusi P = —C) siBysitorest

JPC — 1+ gm 17, (33)

[Ipu 5TOM ONHOMY W3 HEX COOTBETCTBYET COCTOSIHWE |+), a JAPYyromy —
|—), g0 3aBuUcHUT OT KOHKperu3anuu 3uHadeHuii P u C.

KBaHTOBbBIE YMC/Ia HU3KOJIEXKAIIEr0 THOPUIa HAMIEM C IOMOIILIO BEKTOP-
Horo cioxenus. HamoMmunM, aro ns ¢G-cucremst Mbl umeem 071 mpu Sz =
n 17~ nna Sy = 1. Torma kBanTOBBIE umCIa ['MOpuga TOMYYUM ClleLyIOIIIM
obpazom:
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qq Tpybka [M'ubpun
. 1—+ 1++
Sig=0 0 ® =1 1— ] (34)
JNauubie 3Haderns JLC rubpuga (TouHee MyJbTHIIETA MMOPHUIHBIX CO-
CTOSIHUIL) HE OTIIMYAIOTCS OT OOBIUHBIX JJIsi KBAPKOBOH MOJEIM KBAHTOBBIX
YUCEJI, HO BHICTPOEHHOCTh CIIMHOB KBAPKOB B TMOpU/I€ MTPOTUBOTIOIOXKHA, TOH,
aro juist gg-cucreMsl ¢ 17 u 177 (S, = 1).
Hna Sgg = 1 rubpug Oyger uMeTs
qq Tpy6bka Mubpun
1-* (0,1,2)*~

Sqq - ]_ 1__ ® =

1+- (0,1,2)~" (35)

B sToM ciiydae Mbl mMeeM THOPHIBI C HEOOBIYHBIMU KBAHTOBBIMU YUCIAMUI
JPC =0t 27 »u 17T (36)

U cHOBa, KaK U B IPEAbIAYIIEM CJIy4dae, BLICTPOEHHOCTD CIIMHOB KBaPKOB JIJIs
rubpuI0B C OOLIYHBIME KBAaHTOBbIME yrciaMu 117, 077, 271 npoTuBonosiox-
HA BBICTPOEHHOCTH (¢G-ME30HA.

Bcero mogens tpyoku maer 8 mysbrumieros (72 ['ubpuia)

JPC — O:F:t, I:F:t, 2:!::*:7 1i:t (37)

JIJTT HU3KOJIEXKAIIIUX COCTOsIHUM O€3 OpOUTAJIHLHOTO U PAIMaIbHOTO BO30Y K Te-
HUIl CUCTEMBI.
MynbTHKBapKoBble cucTeMbl [16] Tmma %> MoryT garh Jobbie

KBaHTOBbIe yuciaa JEC

cucrembl. VIHTepec K HUM B JIUTEPATypPE 3aMETHO
ocab. 4-KBapKOBad CHCTEMA ¢>§> MOXKeT JIETKO Ie€PECTPOUTLCH B COCTOSHIE
u3 18yX (¢@) u (¢g) cimabo CBA3AHHBIX ME30HOB, 0Opa3ysi ME30H-ME30HHYIO
mostekyJty. Takas cucrema uMeeT GOJIBIIYIO BEPOSTHOCTD pacmaa (OOIbIIyo
IIMPHUHY PE30HaHCa) U ee OyJeT TPYAHO MIAeHTUMUIMPOBATH B IKCIEPUMEH-
te. VICKIIIOUeHNE COCTABJISAIOT MPEICKa3bIBaeMble ME30HHbBIE MOJIEKYJIbl [17] ¢
K-ve3oHaMu, a TaKXkKe pp- U Ww-MOJIEKYJIbI.

Ha puc. 3 cxemaTn4HO 1peicTaB/IeH MaCCOBBIH CIIEKTP OOBIYHBIX ¢G-ME30HOB
U IpeICcKa3aHuil Mozeseil B HaCTOAIINI MOMEHT JJisd IVII000JIOB, THOPHIOB 1
ME30H-ME30HHBIX MOJIEKYI. Ha prucyHKe Xopomro BugHO, Kakue 3Hadenns JEC
HOHETOB MOT'YT OBbITh ¥ B KAKOM IIOPSIIKE 10 BO3PACTAHMUIO MACChl OHU PACIIO-

JIOZKECHDI.
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Puc. 3: MaccoBblii crieKTp ME30HOB C JIETKUMU KBapKaMH JiJisi OOBIYHBIX ¢g-Me30HO0B. [Ipe-
CTaBJIEHbI TaKKe MpeJICKa3aHus Mojeseil i TyII000J10B, THOPUIOB U ME3OHHBIX MOJIEKYJI.

JPC

[To BepTuKaNBLHOM ocu Macca jana B ['9B/c?. 3nauenus COOTBETCTBYIOT HOHETY Me-

30HOB. 3HaUeHusi L. OTHOCSATCST K OPOUTAJILHOMY MOMEHTY MEKJy KBapKaMHU.
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[IepeuncnumM Npu3HAKU SK30TUIECKUX COCTOSHUIMA.

JPC mepaspemtennble B kBapkoBoit Mogenn. OHu cooTBeT-

1. 3unauenus
cTBYIOT 3Ha4eHuAM 07~ U COCTOSHUSAM C HATYPAJIbHOU YETHOCTHIO € = +1 u
CP =—-1,1e. JPC =01, 17+ 2% 3% ... Dru 3Ha4yeHus ABISIOTCS sp-
KMM ¥ OJHO3HAYHBIM IIPU3HAKOM IK30THUKHK, HO OHU HE UCUEPIIbIBAIOT HAOOPa
9K30TUYIECKUX COCTOAHUM.

2. Jluuraue (momosHUTEBHBIE) COCTOSIHUS B PAMKAX JAHHOTO ME30HHOTO
HOHeTa. B aTOM ciayuae kBaHTOBbIE dncaa J'C COOTBETCTBYIOT KBapKOBOI
MO/IEJIN, HO JIPyIue CBOHCTBA ME30HA (Macca, IUPUHA) MOTYT ObITh OTJIMYHbIL
OT ME30HOB HOHETA.

3. Bo3aMOxKHBI 0COOBIE COOTHOIIEHUS JJIs1 BEPOSTHOCTEH paclaia SK30TH-
9EeCKOT'O COCTOSTHUS 0 Pa3jIMYHBIM KaHajaM, OTJINYAIOIINECS OT MpecKas3bl-

BaEeMbIX KBAPKOBOU MOJIEJIHI0. DTOMY BOIPOCY OymeT mocBsiieHa 9acTh 11.

4 3akJJII4deHue

B macrosmieit pabore maHa KjaacCUPUKAIUAS ME30HOB, COMEPKAIIUX JIETKUE
kBapku. [lonpobHo pa3obpanbl cxeMbl 00pa30BaHNS TVIABHBIX KBAHTOBBIX IH-

JPC

cen B KBApKOBOI MO/ U B MOJeJAX, npejcka3biBaomux KX/ 9x30-

TUKY: 1000JbI U rubpuipl. Haubosee nHTEpeCHbIM 3aK/II0YeHUEeM SBJIAeTC
TO, YTO THOPUIBI C HEOOBLIYHBIMU KBAHTOBBIME dnciaMu JEC = 01—, 17+, 2+~
JIOJZKHBI COZIEP:KaTh KBAPKHU C NapaJlJIeIbHO BHICTPOCHHBIME CIIMHAMHU, T.€.

Sq(j - 1

Astopsr 6marogapst H.IT.Kaprinuckyio 3a HabOp 1 MpaBKy TEKCTa W PU-
CYHKOB.
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