HGKHI/DI 4. KBapKOBaﬂ MoOeJIb: OOIIOJIHUTEJIbBHbIC CUMMETPHUH.

... Hoxazannas npasda
ecmb, cobemeenno, He npasda,  6Ce20

AUWD CYMMa JOKA3ATMEABCS.”

(U. Bpoderuti)

Pacemorpum Tenepnb Gostee BHUMATENBHO CIIEKTP ME30OHHBIX COCTOSHII, MPENCKa3biBa-
eMblil KBapkoBoll Monienibto. Tak kaxk 3®3* = 148, To cpenn cucteM KBapK-aHTUKBAPK
NOMKHBI TpucyTcTBOBaTH coctostus SU(3)-cunriera u SU(3)-okrera. Takum obpasom,
TS KazKIIOTo W3 3HAaUYeHWH CIMWHa W BHYTPEHHEN YeTHOCTH MOJIKHBI CYIIECTBOBATH TPH
HCTUHHO HeATpaabibiX (¢ I3 = Y = 0) Mesoma: nBa n3 HUX TPUHAIEKAT OKTETY, W ONIH
— CHHTJETY, TpUYeM OMHO W3 OKTETHBIX COCTOSHIHN BXOMUT BMECTE C MBYMS 3apsKEeHHBI-
mu HecTpamubivu (S =Y = 0, I3+ 1) Me3omaMu B H30TONMYECKNIT TPUILIET, & APYTOE
SBIISETCS M30TOMUYECKUM CUHTJIeTOM. BosHOBBIe QYHKIINN UCTUHHO HEHTpPalbHbIX Ya-
CTHUIL 3allickiBatoTca B Bune V¥, = o;uu + ﬁﬂd + viss . ﬂCHo, qTo SU(?))—CMHFJIeTHoe
COCTOSTHIE TTOTHOCTHIO CUMMET PUIHO!

1 _
U, = 7§(uu + dd + ss),

a OKTeTHBIe COCTOSHUS OPTOroHalIbHbI Wy — cooTBeTCTBYIOIINE KOYDPUITUEHTHI PA3II0Ke-
HUS yHOOBIETBOPSIOT ycyoBuio «; + 3; + v = 0. Cocrosnme ¢ m30TOMMIECKUM CITTHOM
1 obLenuusieTcs B M30TPUILIET BMecTe ¢ du u d , T.e. ero ceayer cTPONTL TOILKO 13
u- n d-KBapKOB 1 aHTUKBAPKOB:

V=0, Jo] = |3] = qlgz\/iﬁ(uu—dd)

OCTELBIHGGCﬂ N30CHUHTJIETHOE YHUTAPHO-OKTECTHOE COCTOAHNE MOXKHO IIOCTPOUTL, MCXOOA
13 yCJIOBUA OPTOTOHAJIBHOCTU K \I/l n \Ilgl

1 _
U, = — (uu + dd — 23s).
NG

[Mommblii cMH cucTeMbI KBapK-aHTUKBapK MOXKeT paBHAThLCA 0 wim 1, a opburambHbiil
MOMEHT OCHOBHOTO COCTOSHIS paBeH (), 9TO COOTBETCTBYET BHY TPEHHE 4eTHOCTH Me30Ha
P = (=1)(—=1)) = —1. B ciygae 0™~ Me30HOB TIOCTPOEHHBIE BHIMIE COCTOSHUS MOZKHO

UIeHTHPUIUpPoBaTHL ¢ HabmogaeMbivn dacTuinamn: Vg = 70 U, =, ¥, = 5’ | 4o

2
n

2

7r) — B COOTBETCTBHHU C MaCCOBON

TONTBEPKIAETCS COOTHOIIEREM Mace (m? o~ %(4m%§ —m
dopmymoit I'enn-Manma - Oky60, TOIydeH O NMEHHO I TAKOTO KBAPKOBOT'O COCTABA).
Ha mepswrii B3rssin, 17- Me30HaAM MOXKHO NPHUIHUCAThH TOT XKe KBapKOBBIN cOCTaB —

cpenu HUX Takike OOHApYKUBAIOTCA TPH WCTUHHO HeilTpanbHbix: p° (¢ Maccoil m, =



770 MbB), w (m, = 783 MsB) n ¢ (my = 1020 MbB), onmako sTo He cormacyercs ¢

. 1
(opMmysIoil paciuemnenus Macc: mg = [s(4mf. — m2)]2 ~ 926.5 MsB, 4ro cimmkom
CIJILHO OTJIMYAETCSA OT My,. BEixon OLLI HaiileH B TOM, 4TOOBI CUNTATh W B ¢~ CMECHIO”

OKTETHOT'O U CUHIJIETHOTO COCTOIHUN

w = cost -V, + sinf- U,y

(1)
¢ = —sinf- -V, + cosb- U,y

dbusmyeckoit TPUIMHON MOTOGHOTO CMEITHBAHIS SBIAeTCs, To-BuaumMomy, SU(3)- necum-
MeTpUYHas YacThb B3aUMONENCTBUs, MPUBONMIIIAS K HEIWATrOHAJIBHOCTH FaMUILTOHUAHA
COOTBETCTBYIOIINX KBapPKOBLIX cUCTeM B ba3nce m3 COOCTBEHHBIX COCTOSHUMN j3 uY. C
YIETOM HTOTO B3aUMONEHCTBUS 3aMUIIEM ~MACCOBYIO  MAaTPHUIY W30CKAISIPHBIX HCTHHHO

HeﬁTpaHBHBIX ME€30HOB B BILE

12 2
. mg~ Vg

M = , )
Vi mi

(OI[HOBpeMeHHO MBI ceifgac TpemnosaraeM, ITO B3anMONEUCTBIE KBapK-aHTUKBAPK CUITh-
HO 3aBUCHUT OT COWHA — HEMMATOHAJILHBIE 3JIEMEHTHI B 3TOW MaTpPUIlE OKa3LIBAIOTCS Cy-
IIeCTBEHHDBI IPH TIOJHOM cinpe S = 1 1 HecyIecTBEeHHBI Ipn S = 0). Torna kBampaTb
Macc HabIIomaeMbIX ME30HOB HOJIKHEL OLITHL COOCTBEHHLIMI 3HAYECHU MU M , T.€. KOpHAMH
ypaBHEHUS:

A2 — (méQ—l—mf))\ + mfmé2—|\/18|4 =0 =

12 2
m —I—m
= mi7¢ = -8 1 2 !

a COCTOAHNIA (1) JOJIZKHBI OLIThL COOTBETCTBYIOIIMMN coOCTBEHHBIMU BEKTOpaMU, ITIOSTOMY

12 : 2 _ 2
cos mg” + sinb Vi, = m7 cosb

. 2 .
—sin) mg~ + cost Vi = —m] sind

OTKYHIa JIerKO MOIyYnTh, UCKITIoUas Vg;:




OT™meTnMm, 9To B MaciTabe TOTHOCTH YHITapHoi cuMmMeTpin (~ 10%) swadernne § 6nm3ko

K \/g ~ (.81 — rOBOPAT, YTO W — ¢ - CMeITUBaHNe ~OIN3KO K UIATHHOMY , T.€.

: 1
~ o) =

w >~ W =
V2

Takum obpasom, ¢-Me30H ¢ XOpOIell TOTHOCTHIO MOKHO PacCMaTPUBAThL KaK KBapPKOHH

S8.

(wu + dd), ¢~ !

~ CBA3AHHYIO CHCTEMY KBapKa U aHTHKBapKa ONMHAKOBOTO apoMaTa.

UccnenoBanme cMermmBanns ME30HHBIX COCTOSHUE — XapaKTEPHBIH MPUMEP HCIOb-
30BaHUs TOTY(HEHOMEHOIOIMUECKOTo MONXona, Gasupyloerocs Ha HUaee ~ apoMaTOBOM”
SU(3)- cummeTpun Gusnku anporoB. Bummo, 4T0 Takoil monxorn mo3BoIseT TOCTPONTH 10-
CTATOYHO peaucTHYHOE ONUCAHUE apPOHHOTO CIHeKTpa. BMecTe ¢ TeM obHApYKUBACTCS
HeTBIT PSI 9acTHI], KOTOpble He yaaeTcs BKaoanTh B SU(3)- knaccuduranmio: J/¢, D,
T, A, u HekoTOpBIE ApyTrUe. DTO He YAUBUTENHHO, TaK KaK MHOTHE U3 DTHUX YacTHIl oba-
MAIOT HEHYJIEBBIMI 3HAUCHUSMI KBAaHTOBBLIX wuces (' uin b, KOTOpbie OTCYTCTBYIOT Y U-,
d- m $-KBapKoB, UTO SIBHO yKasblBaeT Ha HETOIHOTY TpexKBapkoBoil Momesun. QueBnmaHO,
caMblil TIPOCTOl Ty Th PEIeHust BOSHUKIIEH TPOGIeMbl — BBEJICHIE HOBBIX apOMaTOB KBap-
KoB ("HocuTenell” H>TUX KBAHTOBBIX uncen). KoHeuno, anpomnbie cocTosums B Monenn ¢ N
apoMaTamn HOMKHLI obmanarh SU(N)- cummerpueit, onaaxo mpu N > 4 oTu cuvMMeTpun
MOTYT OBITH OYeHb CUITBHO HApYIIEeHbI (B caMOM fesle, CTeleHb HapYIIEHNs M30TOMnIe-
cxoit SU(2)- cummerpun &y ~ 0.01, yaurapuoit SU(3) — d3 ~ 0.1, u ecTecTBERHO OKIIATH
Gortee cUITBLHOTO HapyIleHns s boree BLICOKUX cuMmMeTpuil). [losTomy kmaccudurarnms
aZIPOHOB KaK OasMCHBIX COCTOSHUI HEMPWBOMMMBIX TpencTaniennii rpymnmn SU(4), SU(5H)
1 T.0. TpakTUIecKn He nMeeT cMbicia. [lo coBpeMeHHBIM mpemcTaBieHnsaM, I Helpo-
TUBOPEYMBOIO ONMMCAHNS BCEX HAabIIOMAEMBIX aIPOHHBIX COCTOSHUN HEOOXOMNMO He MeHee
IIECTH apoMaToB — K ~JerkuMm’ KBapkaMm u, d m § mobamistorcs ~Tsxkenbie” ¢, b m t ¢

KBaHTOBBIMU Y CJIaMI:

B C b t Q Y
c 41 0 o +2 ¢
b+ 0o -1 0o -1 -2
t 0 0 41 +2 4

CunbHoe HapylleHne COOTBETCTBYIONINX ~ CBEPXYHUTAPHBIX CAMMETPHUH ¢ GU3NIECKOR
TOYKI 3peHUs CBUAETENHCTBYET O CYIIIECTBEHHOM OTIIINN CBOMCTB YTUX KBAPKOB (B mep-
BYIO OYepeNh — X Macc) OT CBOWCTB u, d U S.

HaunGosee spko 0coGeHHOCTH PU3NKHU TAKETBIX KBAPKOB MPOABIISIOTCS B CBOMCTBAX CO-

OTBETCTBYIOIINX KBapKoHues — “wapmonus” (éc) u "6orromomnns” (bb). Bombimas macca



¢- 1 b- KBapKOB IPUBOONAT K TOMY, UTO 5THU CHCTEMBI MOKHO CUUTATEL  HMOYTH HEPEeIsSTh-
BUCTCKUMM, W CIIEKTPOCKOIHIIO HU3IINX COCTOSHUN MOKHO CTPOUTD MO aHAJIOTUU CO CHEK-
TPOCKOTITElt aTOMa BOMOpOa — OGBITHO UCTOMb3yIoTcs obosmauenms n 2T [ ; (B koTopom n
— TJIaBHOE KBAHTOBOE YHCJIO Il OTHOCUTENHHOTO nBukenus, [, — 6ykBennoe obosmnadenne
(S, P, D...) momHoro op6uTasbHOro MOMEHTAa, S — CYMMAapHBII CIIMH KBapKa 1 aHTHKBap-
Ka, J — oAb MOMeHT KBapKonus). Hampumep, Ha ceronusImnmii IeHb 3aperncTpupoBat
pAM cocTosHUN mapadapMonus (ocHoBHOe cocTosrue | 1Sy oTxmecTBaseTcs ¢ neeBmocka-
JSIPHBIM 7).~ Me3oHoM ¢ Maccoit 2.98 ['9B), S- u P- coctosmmit opTodapmonms. [lepsoiv n3
HIX 6bII0 OOHapy&KeHo cocTosHue 1 2S| — TceBnoBeKTOPHBIN J /1)~ Me30H, KOTOpbIil cpasy
obpaTmi Ha cebsi BHUMaHIE aHOMaJbHO Majoil mmpuHoil pactmama [ ~ 0.068 MsB (u,
CIIeNIOBATENLHO, O9eHb GONBIINM BpeMeHeM kushu). [lemo B Tom, 4To ero pacmambl Ha
NIpyTue alpoHbl, COmepKaIllne ¢- KBapK, 3alPeIIenbl M0 YHEPTETHIECKUM COOOPaKEHTSIM,
a pacrmabl Ha JIETKHe HeodapoBaHHbIE allpOHBI MOTYT UATH TOJHKO depe3 aHHUTUIISTINIO
¢ u ¢. Bee smmmpudeckne mannble CBUAETENHCTBYIOT O CHITLHOM TIOMABIEHUN MTOMOOHBIX
AIIPOHHBIX TPOIIECCOB — B YTOM COCTOUT TaK Ha3biBaeMoe ~TpaBuio [[Beiira”, m omo MoxeT
OLITH PACIPOCTPAHEHO Ha BCe TAKeIble KBapku. B cBoe Bpems oTKpbiTue J/i- dacTu-
Bl PACCMATPUBAIIOCH KaK TEPBOE HKCIEPUMEHTATLHOE TOKA3aTeThCTBO CYITIECTBOBAHIS
c- kBapka. llosmmee GLUTH OTKPLITHI TPU TSAKEITbIE TICEBIOBEKTOPHLIE YACTHUILI |, TAKKE
obramaloline aHOMaThHO MAJbIMI [IIMPUHAMI PACTIAZoB (Macca CaMoll JIETKO U3 HUX CO-
crasisieT 9.46 [9B, a I' ~ 0.052 M»B), KoTopBle MOKHO HHTEPIPETHPOBATH Kak HIKHITE
S- cocTosTHUS OPTOGOTTOMOHTS.

Ha ocnoBanum amasnmsa CBOWCTB KBAPKOB B PA3IMYHBLIX MPOIEccax NX OOBIYHO pas3bu-

BalOT Ha TPHU ~ IMTOKOJICHUS :
u c t
b b
d s b
3nech HabmogaeTCs IBHAA AHAJIOT U € JICTITOHAMEI — UX TOXKE MIeCTh, I OHU TaKkKe PasOnThI
Ha TPW TOKOJEHWs. IJTO KBapK - JIEHTOHHOE COOTBETCTBHE, KaK Mbl yOemmMces TosmaHee,
urpaet B PU3NKe >JIEMEHTAPHLIX YacTHIL OUCHEL BAXKHYIO POITH.
OkomgaTenbHO MPUXONUM K BBIBOMY, UTO JIaTpPaHKWAH ~ aIpPOHHON YacTH MaTepun
TTOJIKEH UMETh B/
6 3
() — (A AW _ I
L = 305 (0 0,0y — 0,0 " Wy) — myW,0y] + V (2)
=1

B kotopoMm ¥y = u, ¥y = d, U3 = s u 1.1., a V onucbiBaeT cuiabooe B3anmMoneicTBIE

[N]

KkBapkoB. MaccoBble cilaraeMble HapyIIaloT CUMMETPUIO MEXKTY apoMaTaMi daxke B TMPH-
GmmKennr ~ cBOGOMHLIX KBapKoB, V' IpemmosaraeTcs B TOBOJILHO BBLICOKON CTEIMEHN CHM-

METPHUYHBIM, XOTS HENlb3s MCKIOYaTh BO3MOKHOCTH Hapyirenus apoMarToBbix SU(N)-



CUMMETPHI U 3a cUeT cjlaraeMbIX B JlarpaHkiane CHiabLHOrO B3auMmoneiicTsus. Mccmemyem
crauana ”cpobommyio” wactn LM, Ee cBoiicTBa ompenensioTcs MCKTIOUATENBHO 3HAte-
HUSME MacC CBOOOIHBIX KBapKOB (HATIOMHIM, 9TO B COCTaB ApOHOB KBapKW BXOMAT B
7 obmaderHoM” BIIE — OHI OKPYIKEHBI ~I1y6oi~ 13 KBapK-aHTUKBAaPKOBLIX Iap M KBAHTOB

CI1JIBHOI'O BSaHMOHGﬁCTBHﬂ). MoXH0 TOnLITaThLCA OICHUTHb NX, NCXOOd 13 MaCCOBBIX qDOp—

1

2)*- Gapuonos u (0)”- me3oHOB

vy lenxn-Manna - Oxy6o. Hanpuwmep, cootnomenust mist (

(cM. JrekTiio 3) MO3BONAIOT MOy INTh:

My — Mg ~ may — my ~ 0.215158, m? — mid ~ my — m> ~ 0.0491>5*
(may = T’“"z'i ~ 1.155 I'sB), orkyna
_ 2 2
My o~ omg o~ AN Ry 4y o G 5MaB
b 2 (may —mn)?
2 2
may —MN mi —m

5 (mAz—m;V + 1] ~ 222M>B

SHavenust Macc 9apMOHUs U GOTTOMOHUS TMO3BOJISIIOT TOIYYNTD OMEHKY W I MacC Tsi-
KesTbiX KBapkoB: m. =~ 1.5 3B, my ~ 5 ['sB. Pasymeercst, 5T onleHKkn HOCAT BechbMa
IPUOIM3UTENBHDIN XapakTep (HampuMep, HUKAK He YINTBIBACTCS PA3IHINE MACC My, 1
mg 7 3aBUCHMOCTH HHeprun ~obimadenus’ OT KBapKOBOTO cocTaBa). bomee cTporme pac-
YeThl, OCHOBAHHbIE Ha aHaJIM3e MAaHHBIX PacCesHns alpoHoB, maioT: m, ~ 4 MsB, my ~ 7
M5B, ms >~ 130 M»sB. IlpumegaTensho, 4To Golbllias 4acTh MacChl HYKJIOHA OKa3allaCh
cBsI3aHa ¢ dHeprueil ~obmaderns’ , a He ¢ MacCOi COCTaBIIAIONINX KBapKOB.

BakamgmBas pacCMOTpEHNE CTPYKTYPBI KBAPKOBOM MOIENTH aIlpOHOB, 06paTuM BHIMA-
Hue Ha psf BOZHUKIINX Y Hac TPpobiieM, KOTOpble MBI 10 CUX TOP UTHOPUPOBAJIN:

1. Tlogemy mabmomaioTcst TOIBLKO CBSI3AHHBIE COCTOSHUS CUCTEM KBAapK-aHTHKBapK U
TPEXKBAPKOBLIX — HET HU IBYXKBAPKOBBIX, HII Y€THIPEXKBAPKOBBIX CBA3ZAHHBIX COCTOSHITH !
Haxomer, mogemy Mbr fe mabimomaeM caMn KBapKd B CBOGOMHOM COCTOSHUN !

2. llowemy 3apsmoBble pagmychl Me30HOB U OApWOHOB MpakTUYecKu onnHakoBbi! B
caMoM fiele, B Me30He HalHW3IIel YHepruei obiamaeT, eCTECTBEHHO, COCTOSHIE C HYIEBLIM
opObUTATLHBIM MOMEHTOM. Binm30¢Th 3apsSmoBLIX paiycoB CBUAETEILCTBYET O TOM, 9TO
B HU3IIUX YHEPreTHIeCKNX GAPUOHHLIX COCTOSHUSIX KBapKN TakikKe 00IamaioT HyJIeBLIMI
opOUTATLHBIMEI MOMEHTAMM, YTO MJIs1 GAPMOHOB, COCTOSIINX U3 TPEX OMUHAKOBLIX KBapPKOB,
npotuBopeunt npunnuny [layman.

3. Toyemy BosTHOBBIE (PYHKINI TPEXKBAPKOBBIX CUCTEM U3 OMMHAKOBLIX KBapkoB (AT =
uuu, 07 = $8s W OPYIUX) He OBNANaloT HYKHLIM TUIIOM TTE€PECTAHOBOIHON CHMMETDII
(T.e. HapyIailoT TEOPEMY O CBS3M CIMHA CO CTATUCTUKON): KOOPAMHATHAS YacTh BOIHO-

BOIT qDyHKHI/H/I OCHOBHOT'O COCTOAHUA CHUCTEMBI N3 TPeEX KBapKOB HMMeEET HyJIeBOfI MOJTHLIN



OpOUTATBLHBINT MOMEHT U MOJHOCTHIO CHMMETPUYHA (4TO OUEBHIHO, €Cli 0OpaTuTh BHIU-
Manwe Ha 6;m3ocTh Macchl ATT uw AT = wud, nug KoTopoil mpobIeMbl TOXKIeCTBEHHOCTH
He cymecTByer), Ho Gapmonsl mekaniera nMeioT CIHH %, 1 TO3TOMY CIIMHOBas 4YacTh
BOJTHOBOU (PYHKIIMM TOXKE MOJHOCTHIO CUMMETPHUYHA [0 OTHOIIEHWIO K MepecTaHOBKaM.
CrenoBaTenbHo, MOTHAsS BOIHOBas GYHKINS CHMMETPUYHA O OTHOITEHNIO K TTePeCTaHOB-
KaM J110001 Tapbl KBapKOBBIX MePEMEHHBIX, YTO NPOTUBOPEYUT TPeOOBaHUAM CTaTUCTUKI
Pepmu-/upaka nas 9acTUIl ¢ MOTYHETBIM CITITHOM.

O6oiiT BCce 5T TPYAHOCTH MOXKHO C TIOMOITILIO TPENTIOIOKEHNS] O HATUINN Y KBap-
KOBBIX COCTOSIHII NOMOJTHUTEIBHOTO BBIPDOKIIEHUSI, KOTOPOe paHee He YUUTHIBAIOCH. 'eMm
CaMBIM MBI TOCTY/IUPY€EM HaJIMUne y JarpamKnana (2) NomoIHITeTbHON BHY TPEHHeN CIM-
MeTpun. COCTOSHUS B COOTBETCTBYIOIIEM TPOCTPAHCTBE PA3ITHIAIOTCS TIO 3HAYEHUSIM He-
KOTOPOI'O HOBOI'O KBaHTOBOIO HHUC/Ia, NOJIy4HBIIEro Haspanue upeT. [lus obecnedenus
BO3MOZKHOCTHU MOCTPOEHUST aHTUCUMMETPUYHBIX BOTHOBLIX (PYHKIINI 6apMOHOB HEOOXONu-
MO UMeTDH He MeHee TPeX He3aBUCHMBIX IIBETOBLIX COCTOSHU. DTO UMCIO TaKKe OKa3bi-

BaeTCd N JOCTAaTOYHBIM, I Tellepb KBapK KaXKAOr'o apoMaTa MOXKET MMeThb O0HO U3 Tpex

BO3MOYKHBIX 3HAUEHUN ITBETOBOTO 3apsna: B (2)

v

U, = e

vy
(3HaveHns MHOEKCOB pacimdpoBbiBAlOTCA Kak ~red” — xpacubiil, "yellow” — xenToiii w
"green” — semenblil), T.e. KBapKOBBIE MO 00Pa3ylOT TPUILIIET OTHOCHTENLHO IIBETO-

Boit Tpynmel cimmerpun SU(3). DTa cummeTpus npennonaraercs Tognoil. Ilms or6opa
HabIIoMaeMBIX COCTOSHIN aQPOHOB JOCTATOUYHO TOTPeGOBaThH, UTOOBI BCe OHI OBLIIN IBe-
TOBBLIMI CHHTJIETaME — BOJIHOBLIE (PYHKINH 6aPHOHOB MOJTHOCTHIO aHTHCUMMETPUIHEL IO
IBeTOoBOMY mHAeKcy. Torma oTcyTcTBIE IBYXKBAPKOBBIX CHCTEM CBS3aHO C TEM, UTO IS
SU(3) 303 =3"%6 - cpenm HUX HeT IBETOBLIX CUHTJIETOB, KOTOPbHIE TOSIBIFIOTCS B
cucTeMax qq m qqq.

[Ipstvoe mokasaTenbcTBO CYIIECTBOBAHMS IIBETOBOI CTEIEHN CBOOOMLI OBLIO TOJIYUe-

to AHHUTWIATONW B adPOHDBI. O6BI‘IHO pacCcMaTpUBalOT

HO IIPU U3YUYEHUU HOPOLECCOB € ¢
OTHOIIICHNIE CedeHIs >TOro Mpolecca K CeYeHUIo CTaHdapTHOTO JAeNTOHHOIO Ipolecca
olemet — hy, hy..]

olemet — pu=pt]

R =

Takwe peaxtun B Husiem mopsaake KO/ uny T myreM aHHUTUAATINN 7EKTPOHA U TIO3UT PO-
Ha B OOWH BUPTYAJIbHBLIA (POTOH C MOCISAYIOIINM 00pa3zoBaHeM JelTOH-aHTHIeT TOHHBIX

NJIN KBapPK-aHTUKBaPKOBBIX TIap (I/IMGHHO KBapKHW U JJEIITOHLI BLICTYIIAIOT B Harmen MoaeJIm



B KaydeCcTBe qDyHI[ELMeHTELJIBHBIX qaCTI/IH). HI/IELFPELMMBI BCEX TaKUX IIPOHNECCOB COBEPIIIEH-
HO OOMHAaKOBBLI, I COOTBETCTBYIOIINE aMIILJIATY ObI 6yI[yT pPa3indaTbCAd TOJBKO 3HaYCHIEM
3apidia B BEPIINHE POKACHUA IIapbl KOHEYHBIX YaCTHII. Ilonnoe cevenme B HEpEe30HaHCHOM
ClIy4dae 6yI[6T IPONOPIMOHAJIBHO CYMME KBaApPaTOB SJCKTPUYCCKUX 3apiAOoB KBapKOB U
JJEIITOHOB, POXKAEHIE KOTOPHEIX pa3pelIcHO 3aKOHOM COXPaHEHUWA S3HEprum B CUCTEMeE IIeH-
Tpa Macc. Komneunoe cocrosmue 6yI[6T APOHHBIM B CJIyYHa€ POXKICHUA KBAPKOBLIX MW T-

JIETITOHHBLIX IIap (T 3a MaJIo€ BpeMs pacClladaeTCsd IIpenMyIIeCTBEHHO Ha »EL,I[pOH])I)7 IIO3TOMY

R =Y Qh

MHI[GKC 7 HpO66FEL6T BCe pa3pellceHHbIC OJId I[ELHHOfI SHEPIruMm KOHE€YHBIE COCTOAHNIA, KpoMe
JJIEKTPOHHBIX 1 MIOOHHEBEIX, U, CJIEOOBAaTE/IBbHO, 3HaAYCHIE R saBucnT oT HaIHYNA BHYTPEH-
HUX cTeleHen CBO6OIH)I Y KBapKOBBIX oJIel. C Y4eTOM IBE€Ta HUZKE ITOPpOT'a POXKIECHUA

O9apOBaHHBIX KBapKkoB R = 3 - [(%)2 + (%)2 + (%)2] = 2 (6e3 yueTa IBETOBOIl CTETEHN CBO-

Oonbl MBI UMeNT Obl TOJIBLKO %), ToCsIe TTPOXOKAEHUS HTOTO mopora (ms sHepruit F > 3

13
3

['sB) R BospacraeT no %; BBIIIIE TTOPOTa POKAEHUS T- JIENTOHOB [ = a mocyie OTKPhI-
Tus Kanaia b- kBapka R = %. DKcIepuMenT TONTBepKIaeT Takoe ToBenenne [; kpome
TOTO, JIO CUX TIOP HOBBIE TIOPOTHM HalekKHO He obHapykKeHbl, onHako B 1994 romy 6110 3ape-
IUCTPUPOBAHO POKICHNE Maphl {f Ha IPOTOH-aHTUIPOTOHHOM Kosutainepe (Ko = 1.8
TsB). Macca t- kBapka oxasanach pasHoil pumMepto 175 I'sB.

Takum obpasom, dyHmaMeHTaIbible GEPMUOHBI — FACTHUILI, T3 KOTOPBIX TOCTPOEHA
Bce HabII0/IaeMOoe BEIeCTBO — 5T0 18 KBapKoB, 6 JIENTOHOB U COOTBETCTBYIOIINE aH THYa-
crurpl. [locenyroiiiee pa3sBuTre TEOPUN MOIKHO CONEPKATH M3yUeHNEe B3anMONEHCTBUN

KBapKOB 1 JIETITTOHOB. B JaCTHOCTHU, CUJIILHOE BSaHMOHGﬁCTBHG KBapKOB HOJIZKHO obecrie-

YNBaTh HEKOTOPLI AUHAMUYECKH MeXaHn3M KoHdalnMeHTa —  HeBblIeTa CBOOOMHLIX

KBapKOB, Oaronaps KOTOPOMY HabIIoMaloTCsl TOIBLKO CHHTJIeTHBIE ITO IIBeTY o0pa3oBaHus.
Ects pan ykazanuit Ha TO, 4YTO TaKoe TOBENEHIE MeiCTBUTEILHO BO3HUKAET B KBaHTOBOI
xpomonnuamuke (KX/I) — Teopun, coriacio KOTOpoil IMEHHO I[BET WI'paeT POIh 3apsia
YaCTUIBI 1T0 OTHOIIEHWIO K CHIIBHOMY B3anMoneicTButo. [[BeTHBle wacTuibl B3anMonei-
CTBYIOT MeX Iy coboll 3a cueT oOMeHa KBaHTaMU-TIePEHOCUYUKaMI, TOJYYNBININX Ha3BaHue

LJIIOOHEIL.
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Haiitw kBanTOBLIE YncTa (n, [, S, .J, P) HU3UINX COCTOSHUIT YapMOHUS i 6OTTOMOHNS.

Kakme gacTninpr mM cooTBETCTBYIOT?
Bosmoxnwr sin nporieccst ¢, " — J /by u ') T — 17

Ilns cinydas upeaibHOrO CMeNIMBaHKs HaiiTu OTHOIeHNe MupuH pacoanos p’, w, ¢
_I_ —

Ha mapy ete”.

[Touemy pacnamer ¢ — TTT CUIABLHO TOMABIIEHBI TIO cpaBHennio ¢ ¢ — KK 7

HOCTpOI/ITB BOJITHOBBIE qDyHKHI/H/I IIPOTOHa 1 7T+— Me30Ha KaK COCTaBHBIX CUCTEeM C

y4dyeToM HBGTOBOfI cTrellieHn CBO6OIH)I Y KBapKOB.

B xaxmux KOM6I/IHELHI/I$IX KBapKOBBLIX CUCTEM (KpOMe KBapK-aHTUKBapK N TPEXKBaAPKO-

BBIX) BO3MOXKHO CYIIeCTBOBaHIE€ IIBETOBBIX CHHTJIETOB?

OHGHI/ITB Pa3HOCTHE MacCC U- " d—KBELpKEL, HNCXoOd N3 XapaKTEepUCTUK HYKJIOHOB.



