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BBe e Hue

CTaHoBNeHUD CraHnaprHoRt Monesm (CM) npemmectBoBass AoJrasn
U TPYIHESR 3BOJLIMKS MOZEeJIe, NpUMEHUMEX B (uBMKe 8JIEME HT 8 DHHX
yacTull. Ho SKCIIe PUMEHT 8JILHO® OTKDHT B BEKTOPHHX
KaJMOPOBOYHHX GOB0HOB W ¥ Z[1) MPAKTHYECKH OKOHYATS TBHO
TNOATBEPIMIO 8IMHYD CYMHOCTS BJIEKTPOMATHATHHX ¥  CJa0kX CHIL,
XOTA OXWZaeMue, HO HejocTammMBCH VHT'PAIMBHTH TeOpUM Tuemoy-
—Canama—BamHGepra I'BCL2) "top"-kBapku u XHITCOBCKHME Y&8CTHULH
MOTYT OHTEL @pryMeHTamu CKENTUKOB. ToM He MeHee, B HacToAmes
BpeMA  o0menpusHaHo,  yro CM, rT.6. SU(Z)L x U(1)Y[2]
~KaJMGPOBOYHAA Moge s SJBKTpocadux (3.(C) B3aumMoprefcT Byt
IOTIOJIHE HHaRA SU(3) “-kamGpoBounOR MOJIE BB CHITLHHX
B38MMOnefic T Bl KXZ[ 3], ﬂBﬂﬂéTca ycrnemHon TeOpHen, He
TPOTHBOPSYSmER  HaCTonae MM ABJGHMAM B (u3uKe MUK pOMKpa
BIUIOTE O HCCJIe JOBSHHNX M3cmTaCoB SHeprut A < 100'Ibzg Wi,
470 SKBUBANIGHTHO, BIUIOTH IO PACCTOSHMR T > 10716 cp.

Boratefmm onyr PE3BUTHA  (MBMKM  BHCOKMX SHe prus
TIoKasaJ, 4To DOCTHURS HUB O PUI"MH& JIb HHX Pe3yJLTaTORB
byHIaMeHTaLHOR  BamHoCTH S4BMCHT KaK OT  yjnaumux M
LI8JIEHAIPARJIEHHEX TEOPETHYEC KX MPOTHOZ0B, Tak i PJIyGOKOMN
NIOCJIBNOBATENLHOCTH B3aMMOMC BA3H 9KCII6 PUME HT 8JIL HHX
HCCJIe JOBaHMMA Ha Pa3JMYHEX yéxopHTenﬂx. Brecrames
NIONTBOPRIOSHME TOMY yCHexu CTamaprHOR Teopuu 8JIBKT pOC IaOHX
B3anMOZeACTER. [lapanesbHo ¢ PA3BUTHEM TEODMM Gy OTKDHTH M
M3YYeHH oclpmnAmt KO- KO ME3OHOB[4], EBrOCJeZCTEMM G
OTKDHTH HBHTFEH$HHB CcJatHe TOKHMLS], xu HEBKOHel, T pryMfom



Zl1].

B Hacrosmes BPEMA HA  BKCIIE pUMEHT AL HEX YCTAHOBKAX Mupag
BOIYTCA WMHTEHCUBHHe HCCJIe IOBaHKA TpoueccoB, B KOTOPHX
HauGoJIee BB POATHO OCHapyxuTh 9QPeKTH, CRAZAHMNE JmGo C OoJiee
COBBPISHHEM TOHUMaHMSM CTAaHIAPTHON TeOpMM, JmGo o BOBMOXHOM
HBOOXOIMMOCTED BHXONE 3a PaMKK "cTanapraux " NIpSCTaBIEHMH y
Cimzafmes Gymymee TIOKARST HaCKOJBKO CePEB3HH BKCIIe PUMEHT I, -
HHG MOTMBH pacmupeHus "CTaR#a pTHHX" TIPS ICTaBJISHUMA.

XOTS MpOBs 16HHKNe A0 CHX NOp ONMNTH noka He A8JM HH OmHOIO
UBTKOI'O YKA38HUA Ha KAKME—MO0  OTKJIOHeHMs OT TNpsIcCKazaHuh
CTaHIaprHoOi TeOpuM, o03Hauger Jif TAKOe noJsoxeHMe Beme R
He3uOJIeMOCTe CM? Ina Toro YTOOH OTBSTUTL Ha prOT Bompoc,
TPMBOIMMHS HWES 8pryMeHTy HOCAT T1OKa -uugTo T8O PETHYe CKut
X8paKTep M cmaa}m, B OCHOBHOM, coO CJe Iy IOmMMI  ITpOGeMaMul 6] -
(1) IlpoGaewma HADPYWEHUA BJSKTpocaacon CMMET PMM. KaK uMzBaCTHO
Macmral Hapymenms 3¢ ONpelieNIAeTCA BaaKyMHNM CpemnmM (BC)

XHTTCOBCKOI'O noJs, OTBSTCTBEHHOTO 3a Maccy KaJMOpOBOYHKX
0030HOB W* ¥ Z. YKasaHHER Macmras ONpeZieNIAGTCA KOHCTAHTOMR

<V> ~ 250 TeB. Jlanexo 38 BTUM M3COTaloM (CKaxeM ITPH BHepruax
A~ O (TsB)) HapymeHus SII(2)L><U(1)Y —CHMMETDMM NOJRHO GHTH
"MaJon" u CHMMETDMA  noJmrHg ITPHO RS HHO BOCCTaHARMBATLC .
MHaus T'OBOpA, MaccH M - llz, Mat?cu KBADKOB ¥ JIBITTOHOR,
KOTOpHEe Hapymaior SC-cuMMeTDMIL, He AOJXHH "4yBCTBOBATLCH™ ITpHU
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N8N8, M3BOCTHHE KBAPKM M JENTOHH "PYKaMM" pasMemeHH B
KOMILIEKCHHX ITp8ACTABASHUAX 8JEKTPOCJa0oR I'pymiH. C mpoCaeMoft
KHPaJIBHOCTH CBA3aHa, NO-BUIMMOMY, 17} mpoGJaema
HUBKOBHEPreTHYSCKOIO  HAPYWSHMA  P-YeTHOCTH B cJia0hHx
B3AMMOTIEACTBUAX ,8 Tak®s INpoGJeMa MAJOCTH MaBCC HeATpUHO
( m< m.). (3) K HepemeHHuM B paMkax CM mpoGaeMaM oTHocHTCS
M NpoGJeMa TOKONeHMA. B3Iech CJemyer BHIEJHUTL  CJIBAYyIouye
BOITPOCH.&) Cama 1o cete CM He ¢uxcupyer umcaa NOBTOPAIOIMXCA
CEMBACTB KBADKOB M JENTOHOB (3h6Ch CJsyeT OTMB8THUTh, UTO B
fnocJenHee BpeMA OHJ NOCTUTHYT SHAYMTENbHHH ITpOTpecc Ha IyTH
K TIOHMMaHMID ITpOCTIeMH oaaronaps BKCII8 PUMEHT JILHO
YCTEHOBJIOHHEM OI'PAHMYSHHAAM HA  YMCHO  JIOTKMUX HEe AT puHO
( m”i( M, ): ¥3 aHa/M3a BCEX NaHHHX MO peaxipm e'e —» v VY

KoJsiabopaima CELLOLT] ycraHoBMaa KOMOMHMPOBAHHOE O PAHMYEHUS
N<4,6 (90%y.5), a u3 anamms rpyrm LEPP B [EPH-e
YCTaHOBWM mpenes N< 3, 1[8]). 6) Ocraercs OTKPHTHM BOITpOC O
TOM, KAKOBE IpMYMHA MEXSHU3MA CMeMMBIHMS NOKOJEHMR M
BOBHMKHOBOHMA MACC KBAPKOB. B) Kakos ME8X8HM3M HApYmEeHMA
TJIOCEJbHOR CHMMET PMM KBA PK-JI6 T OHHHX NOKOJeHUH, ') BosMoxHa
JHM  JIOKAJMBEUMA T'OPHBOHTANLHOHR CMMMETDMM, &) KakoB wMacmrad
HapymeHUA TMOCJemHEeR M  Kak CBABAHA yKa83aHHAag CHMMMOTDHA C
TpoOJieMoRt  CP-HapymeHus. (4) BagHefime#  aBageTca mpo0JemMa
KBapK-JISITTOHHOR CUMMMBTPMA. 3I6Ch CleyeT OTMETHTb:a) KAKOBA
ee ITpUpoaa, 0) BOBMOXHOCTE BOCCTAHOBJGHMA JIOKAJIbHOA
KBAPK-JIOMTOHHORA CHMMETPMM HA MAaJHX paccroaHmax(16].(5) Kaxom
TPMHLATT TIOCTPOSHMA IOKOBCKOT'O ¥ XMITCOBCKOL'O CEKTOpoB 3C
TOOPHH, ABIAKMMXCA HUCTOYHMKOM MaCC PePMMOHOB M KAJMOPOBOYHHX
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TNoJe#. B YaCTHOCTH, BOBHMKaeT BOTPOC 0 KOMMMECTBS ¥ Tume
XUI'TCOBCKHUX MyJbTUIINIOTOB, TPeOYeMHX B TeOpuH. (6) KakoBH myTu
HETPUBHANLHOIO  OOLE MMHEHMS CHMMET puH c CHMMEeT pHAMK
TPOCTPAHCTBa-BpeMeHHU. (T) Kakoma Boémoxnaa "MCTHHHaA" emHas
TEOPHA, HMBKOBHEPreTHYeC KM MPOARJIGHHEM KOTOpOR saBAAsTCS
CTaHNE8pTHaA SU(S)chU(Q)LxU(1)Y— MOZOJE? HaKOHBL, ecM K

TIAPAMETPOB, OTCYTCTBME KAKMX—JmGo CBASGHA MEXILY JONTOHHHMK ¥
KBS PKOBHMH XapaKTe PUCTHUKaMH (maccw, S8pANH, YTJVH CMemMBaHMA
H T.1) CTEHOBUTCH ACHO, y4To TeopeTHYEC KU crTaTyc CM, B
OTJHY¥B OT ero CerogHamHe PeHOMEHe JOTHYBC KO CHTyaluu,
OCTaBJAST EeJaThH Jyumero.

B coBpeMeHHOM TeOpeTHYECKOR (uBMKke H3y4awTCqd HEeCKOJbKO
nmyTe# BHXOJZE 3a paMmxu CM. OmMH u=  HauGoses MHTE PECHHX
TNIOIXONOB B BTOM HANpABNGHMM - CynepcuMMeTpus (CYCH) —
KOTOPaA  CBA3GHA C  HOBuMHM MPEACTEBNEHUAMM O  HameM
MPOCTPAHCTBE — BDEMOHM M OCHOBSHA Ha niee o Qepmu - Boze
PaBHOTTpaBMM[ 9], Cyne pcummeT pus MP8IMoNaraeT CymecTBOBAHME
0oraToro cemeficTea Cynepuacrmy ¢ Maccamu, B OCHOBHOM, B
AMANO30He Or 100ISBE [0 HeCKOJLKIMX TeB. Mcrumousuue MOT'yT
COCTEBUTE TaK  HaBHBaEMuE Jieryaimme 6ynepcnumeTquHHe
dacTMn (JICY), Ha pous KOTOPHEX TpeTeHmyeT $oTuHo, XUI'TCHHO,
JUCO CKanapHOe HEATPUHO. OmHMM U3 NIEPBHX TOABMIMCE MOJEJHM C
II00OJEHOR CYCH. llomxonm raoGamsHok CYNEepCUMMETDMY  NOBBOJAST
pemaTe, No KpayHen MEPS B M3 YNOMAHYTHX Bume mpodJiem:
MPOOJIEMY HATYPAJLHOCTH CM najeko za MaCIITa0OM BJI8KTPoCaasoro
HapymeHuMs u TPOCJIEMY  MBPADXMM  PEBIMYHEX mKaJ B TeEo

BOJMKOTO OCheAMHEHMA (TRO). BaxHyn pom B PENEeHMM BTHX
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Tpo0JeM  MIpaeT  CBOACTERO YJIyJYlmeHUs YILTpaduoseToBOR
CXOIMMOCTH TIJOOG&JLHO CYTIEPCUMMETDHYDHX TEOPHMM, BOCXOLAmES K
TEOpEMaM O HeMe PBHOPMUDYEMOCTH [10,11). Tomurku ITPAMEX
SKCTIe DHMEHTAJEHNX TIOMCKOB CYCH — NApTHEPOB OOHYHHX yYacTui
OHJIO ITPSIITPMHATO OCHOBNEASCHL HE R — YeTHHX Bepcuax CVCH -
Monene. OmHEKO B yCJOBMAX HEOHABHAYHOI'0 TEOPSTHYECKOTO
NIPSACKABaHMA  CNeKTpa  Mace cynepuacTmy, HOeMaJIOBAXHHM
TTPEACTABIAKTCA MNMOMCKU KOCBEHHHX OKCTIOPMMEHTAJILHHX  s(peKTOB,
CUI'HAJIM3 U DY IO 0 PeaJMCTUYHOCT U KOHLIS IMLIMK
CVTI8 PCHMMS T DML

Ana pemeHma APYTHX mpoCseM CM moxeT OKA3aTLCA INOJSZHHM
PACCMOTPOTL BAPMSHTH pACIMPEHMA 66 CHMMETDMM 38 cyeT
BKJIOYEHUA B TOODUD HOBHX JOKAJHHHX KaJ30 pPOBaYHHX CHUMMET DHA.
B sToM cuyyae KBADKM M JENTOHHH, 8 TAK®S WX B3auMO Ie AC TBUA
(CWIbHHe, cJacHe SJIEKTPOMATHATHHE ), MOTYT OKA3aTLCH  JIAML
YaCTBEO COJBmOro MHORSCTBE (QU3HYECKUX OOLBRTDB H TWIOB uX
BSQHMOEBHCTBHH.HEHPHMBIL KBAPK-JIOITOHHASA  YHUBS pCAJBHOCTE
NoKa3ana BO3MOXHOCTL PacmMpsHMA I'PyIUH CHIIBHHX
BI3aMMOIeficTBUE - SU(3)c IO TPpYIIH SU(4)c -  CUMMOTpym
llarn-Canama [12], B KOTOPOR  JIEITTOHH paccMarpMBanTCs KAk
KBADKM UYETBEPTOrO LBSTA. Mcxona uz SKCTiepuMeHTa [(12], mxaja
H& pYIe HUA sneKTpocnadoﬁ CHMMETDHM TlaTH-CasaMa oOke3HBasTCH
SHAUMTEJLHO BHIe, UeM  DKAJE  HAPYDeHMA  BJSKTPOCJAAGOM
CHMMBTPHM, & MMMOHHO M.> 10°*1g5,

Pacmvpas e pMuoHHHIR CTBKTp  RyO/mMpymmymmMu sepxaxbnﬁum
NaprHepaMy, KUpadbHyD TPYITy  8JI6KTPOCJAOHX B3aMMOISACTBUM
SU(2) = U(1)y ™MomHO pacmmpurs no BOKTOpHOR  SU(4) = U(1)
CHMMBTDHH. HapymeHMe ykazaHHO CHMMSTDHHM TNOBBOJIABT TNOJYYMTH
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MECCH 38 DKAaJLHHX $e pMioHOB B AMEIIA30He mKAJH Hapymenns -
SU(Z)'x U(1)Y- CHMMeTDMM (M < 0(2501‘33)).000TBBTGTBB}H«10,
IKaJa HapymeHus SU(d)'x U(1)Y =~ JNOJXHE OHTH NopaaKa
Hp; O(1TsB). BameTum, uro Ha STOR mKaNe Hapymaercs TAKXS
P-46THOCTE. Taxag KAPTHHE, OCTeCTBOHHO, MOEGT BOBHUKHYTL B
HEKOTOPHX TOIXOZEX TJIOG&JbHOMR "N=2 C¥ycH 1131, B KOTOpo#
CYnepnoss  maTe puu OCPaBylT BOmeCTBSHHHG TpsIcTaBNeHMA. B
KBAPKOBOM cexrope CM ¢ Tpems TMOKOJEHMAMM MH MMeeM JecsTs
napaMeT poOB: MeCTE Mace KBAPKOB, TDH yrja CMemMBamus y OJHa
Paza KoGaamyu- MackaBu (KM). CymecTrByome B KBaPKOBOM CeKTope

APYTOM, TpaCywr mas CBOEBI'O  MpOACHEeHHMA JOTOJIHUT 8 JIbHHX
TEOPSTUYECKUX YCUITMIL Mo e s, CYmEeCTBYOIME 38 Npsmesamu CM,
CreMaNbHue OpMH MaccoBux MAaTpUU 18 "up” u "down" KBapKOB
(aHzary ®purya, " JeMOK paTHue c kit aHsaTy" u 7. 4 (14, 151). 3tH
MACCOBHE MATDHLH MMSKT MeHBme HEBABHCUMHX NapameTpoB, ueM B
PaMkax CM, Tak Kak B ykasanuux MOZIIeJIAX 3aZawTca CBABM M sTH
CBABY MOXHO NPOBBDPATEL Ha SKCNepUMeHTe. TopMy sTux MacCOBHX
MaT pUl] MOXHO CKOHCTDYMpPOBATL B pPaMkax Hosopi KaJMO pOBOYHOM
CHMMBTPMM KBEDK-JI6 T OHHKX NOKOJIe UL

Crenyomu#t  HemaoBax st BOIpOC -  Bompoc o MeXaHuzMe
CMEIIMBAHUA NOKOJE Hydt KBADKOB (M JENITOHOB). Mu Hameemcs, yro
T'OPMBOHTAJbHHE KAJMGPOBOYHKE MOIIeJM MOrJM OH ITpOJMTH CBeT Ha
TpOCJNIeMy CMemMPaHug TIOKOJIEHM B KB3pKOBOM CeKTOpe ¥ mnpuescTH
K KaKOMy-Jmoo 8H3aTLy CMeMBaHMA . (Tuna ®purua,
"JeMOKpaTHyeckon " u T. L )015] "™up"™ u "down" B CekKTopax
KBAapKOB, KOTOPHR NMpuBOJ ON K HaCJIoNaeMHM 38 pARSHHHM TOKaM,
comacyma C MaTpueR KKM. Baxe st TIOJIOXHT 8 JIL HHT
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MOMEHT, rIe nposrngercsy AOCTORHCTBO HOBHYX THIIOTE THYEC KX
B38MMOTICACTBIN, CcBazan C Tem 9T0 B I'OPUBOHTAJELHuX
gaaumonencwsuﬂx, HalJnonae Mum ABJAKTCAH VIUIH  CMemMBaHuA
OTZ8JBHO B "up™ u "down®- CeKTopax. Taxkasg MOCT&HOBKA B KOpHE
OTJIMYE8TCA OT CHTyaimm CMeIMBAHUA B BJEKT pocJiato MO 18 JH,
'® MH MOEoM H3yuyaTk  TOMLKO Pe3yIbTHpyIomy® MaT pHILy
cMemvBakuA Oy = UDT. B koneuwnoy MTOre 5TO TIOMOTJO OH NOHATE
MEX8HM3M Mepapxmueckoro pacnpeseseHns wmacc "up" ¥ "down"
KESPKOB (JI6NTTOHOB) (mut m_ < m, ; m, < m_<« m ). llo-BummMoMy Gez
BKIOYGHUA  I'OPUBOHT&MLHOrO B3AMMOISHCTBMA MH  ne MOXEM
PASJIMIUTE  JeMTOHMHe cemenicTBa o NOKOJIe HUAM (m

HOBOR  QMBMKM Ha mxage Gonbme  macmrasca Hapyme HusA
8JEKT pocJaso CHMMET Dy us.c} 250TsR. OueBuHO, 4To
TIBPeYHCIEHHNS BHDE MTpoGiemy CMEIMBAHWA Mepapxum mace KBAapKOB
M T.L TOCHO CBABaHy ¢ ITpoGaieMont CHMMETDMM  KBA DK-JI6ITTOHHIY
NOKOJI8 HUL. Tloucku HapymeHusa JIOKaJLHOR CHMMeT pyuu
KBEDK-JI6 TT OHHHX TIOKOJie HUi B yTca B T PaIMIIMOHHHX

9TH NOMCKKM M B SKcrepuMenTax 0 OChapyxewMm pacnagop 7 -
0O30HA HA JIBNTOHHKE MOIH C M3MeHeHMeM apOMaTOBR.

JaJth He Pyt IIporpece B paseurmm HEIMX  "CTaHmapTHHX"
NTpSACTaRJIeHMA CBAzaH o ITPOHMKHOBE HUB M BrJiyOb MaTepuu Ha
PACOTOTHHA P € 10™18440~ 1Ty Omungercs,  uwro  yxasammp



~ @

MPOTPECC B 3HAYMTEJBLHOM CTENeHM BABUCUT OT SKCIE PMMEHT 8JIb HHX
Pe3YJbTATOB HA YCKOPHUTENAX HOBOTO TIOKOJNIBHUA, KOTOPHS MO
METOZMKS PaCOTH ¥ KPYTY OXBATHBAGMHX (MEMYECKIX 387184 MOT'yT
ONTh DA36JIGHH HA XBS OCHOBHHX KJGCCA. K nepeoMy us sTmx
KJICCOB OTHOCATCA YCKODMTENM - KOMMARZepPH ( PB PR epe‘e’)
CBSPXBHCOKMX SHepru#t, Ha KOTODHX JMOO y=e npoBOZATCA, JMOO
OyIyT TNpOBOIUTHCA B OJMkafmeM Oynymem SKCTIIe PUMEHT JILkHHE
MCCIENOBSHUA B oonacTu SHe prum @ £ 1410 TssB
(r < 107""+10""®cm). Bropon knace MPeACTABJAKT YCKOPUTOJM CO
CBEPXBHCOKOMHTEHCUMBHEMM  ITyuKamy, padoTamie B pemuMe
PUKCHPOBEHHON MMIEHW 316CH MH Tpexle BCEIO MMEeM BBUAY T. H.
rbaOpmm %, K, B- MB20HOB, Ha KOTOPDHX CT8HET BOBMOXHHEM
MPOBSISHME TIOMCKOB PEeJKMX ITPOLECCOB C NapUMaJbHEMY — MMpHHAMA
B<107'%:107", uyro cpazmamo o MPOABJIEHAAMA  BAPTYAJBHHX
SGPEKTOB "HOBOR (MBMKM™ HE PACCTOAHMAX r<10” ' 7+1072%,

lesbo mMccepraumoHHOR PaCOTH SABUIOCH MBYYSHMS PeoKHux
pacnazoB ¥ mpoGiemd CP-HapymeHus B CYTIePCHMMETDMYHOR  BepCHH
CM u B Cynepc¥MMeTpuuHOR  SU(3) gy~ KAJHMOPDOBOYHOR TI'OPH3OH-
T&JLHOR MO8

B raaee 1 maerca kpaTkun OC30p peliKMX pacrnaoB B CM
nayqamca B BHCIX NOpAIKaX IO TeOpuH BOzMymeHUR 3(deKTUBHHE
$8 PMHOH-GO30HHNE B PIMHH IB p@iA“ U UI ez KOTOpDHe Japr

IR
BKJAL B cnezmmme pexue pacna.zm K (D, B) MezoHOER: KL s>2k
KFis %0 ,D-—»xee MW T.0 C OOHOR CTOPOHH, ¥ B perxue

PaCTaZH  JeNTOHOB  u-»3e, T34 ¥ 7110 C  Ipyroni
PaccMarpuparca Takms u SJOKTPOCJACHE  NepexXoiH  MexLy

HOATPATLHEMY Me30HaMH B CM Tiia KO<>KO, B°-»B% DD y
T0>70,
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B rnaeps 2 paccmarpusaercs N=1 CYTe pCUMME T pHYHaSA Bepeua CM
M paccMaTpuBanrcs peaxue mnpoueccH B N=1 CYCH CL B
48CTHOCTH,  paccMaTpuBaeTcs pacmag B —» K*y, KOTOPHM?
MHTOPBCeH TeM, YTO BKJAIH CYNePCHMMBTPMYHHX  B3auMMOIEACT Byt
MOTJHM OH OK&38ThCH SHAUMTOJLHHMY, B WYACTHOCTH, Ha YPOBHB
GJIM3KOM COBPSMEHHHM SKCTIB PUMOHTANLHEM BO3MOKHOCTSIM,

B raaBe 3 wumyyaercs PacCIMpeHMe  craHaaprHof MO JIe JIA
EBSZIeHMEM B CM IOpPMBOHTEEHNX KAJMOPOBOYHHX  B3aUMOJeACTEuR
PaccmarpusasTcy BSKTOpONonoGHas SU(:B)W CynepcuMMeT puyHas
I'OPH3OHT8JIL HAd Mo zie b KaJMO POBOYHHX B3auMoneic TRyt
H3yyamrcs  pemkue TPOLECCH B 9TOA MOzeJH TP PABJIMYHHX
8H3aTUaX  MaCcCOBHX MaTpMLl CMeIMBAMMA  (Tuma ®purya,
MO MMM PO BE HHKT aH3aTu JQpurya), gapres OI'DEHMYEHMS  Ha
HHXHHE T'DAaHMIIN Mace F'OPUBOHTAJILHHX KAMMOPOBOYHHX GOB0HOE X
COOTBeTCTByIMMX KaJ M0 puHO.

B rnaee 4 oGcyxnawrcs Tpo0JeMd CP-HapymeHus o paccmar-
puBaeTca SU( 3)y CYCH xamGpoBounas MOISJb (3+1) MOXONEHUAMIL
B 8TOR rname Takme M3yuanrca peixue pacnapy, BHYMCJIAG8TCA

TOPUSOHTAJLHHX ~ KAIMOPOBOYHHX GOB0HOB ¥ M3YYaprca BKJIAIN
TOPMBOHTAJILHEX B3aUMOneAc TR B CP-Hapymaomue N8 paMeTDH.

OCHOBHHE pesysLTaTH THCCepTalyM ONyCJMKOBSHH B padorax .
(42, 47,54, 711].
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T'napa ]
Pe nxcue npoueccu B CTaHRAaPTHOR MO zem

CroxuBmeecs ug OCHOB8HMK TeopeTHueCckux 8PryMSHTOB
YTBSPRIEHUS, uyTO CM HE MOEeT OuTp "OKOHYaTe L HOZ" Teopuen,
CTHMYJHDYET MHTSHCUBHOG HCCJIe IOBaHUB Tpoueccor, s KOTOPHX
HauboJes BE8POATHO OOHapyxRUTE s¢dexTH, CBABAHHHE JmOO ¢ CoJee

8dz - cmasy M TpUBOMT K ,nonommemnouy NORABNEHUD B Anslmi
P43 OZHOMETJEBMX sdexTOR (Am® = g2 _ g2

HE AT Pa I HuMy TOKaMH, ABIABTCA  BamHefmef TeopsTHysCKOn
3a1184yet.
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CM. ¥ cerommia HeT ocHoBamudt CUMTaTh, 4YTO BTOT mMomxox ( T.e.
CTPaTerus WCCASNOBSHUA e IKuX PaCnazioe c usMeHeHMEM
8POMaTOB) ucYepnan cets. Kak pPas HaoGopor, caenyer OXMIATE,
4TO JaJbHefdmee TWATEeNLHO® MCCJieNORAHME Pemxax KB u @I -

ME30HOB MOXST COCJIYEWMTH XOpomymo CJyRCY B HCCJBIOBAHMM HOBOR
(i%ic)size %0

§1.1 Pepxme pacnagu Tawemix KBADKOB ® XeNTOHOB B CM
( co cMemmBaHmeM B JIEITTOHHOM CeRrTOpe )

IIpy m3yyemmm =B OTHONBTJIOBOM  MPHUOJIMRS HUM OCUMANALMIA
HEAT PAJIEHHX ME30HOB, 8 TAKEK PAl8 IPYTHX peNKuX TPOLBCCOB ¢
M3MEHEHMEM apOMaTOR (K€~+ 2, U —> ey U T.L ) GO 38MeyeHo,
4YTO ycCJOBHE "“MATKOro" HEDYWIEHUA I'OPUBOHTAILHORA CHMMET puu
CJaCHX B3auMOZEACTEMI B pamMrax CM c mecTem KBapkamMu [ 18]
TECHO CBABEHO C 9KPaHUpYIOWAMK 8pPeKTaMM SIeKTPOCJECHX Cua
[19].

B uacTHocTH, B padorax [20,21) NTOKA38HO, 4UYTO B38MMHASA
ROMIIBHGAIIMA BKJIANIOB OJHONBST JIS BHX JMATPEMM B  BHNSYTIOMAHYTHX
npoueécax o0nazaeT omyTmMoR MBOTONMMYBCKOR aCCHMMeTpMeR B
SABHCHMMOCTH OT TOTIO, KAKMMH ("up" wm down") ~KBapPKaMy
NTPOUCXOIAT OOMEHH B COOTBSTCTBYIIMX 8JEMSHTapHHX Tpadax
PeiHMAHA. B BRIISCKA38HHOM MOXHO yOemmThees, CpaBHMBasA IOpyr ¢
APYT'OM BKJISIH SJEKT poCashx CWI B aMIUIMTYIH OCLMLISALL
K°-KO, Bg*+B3, Bgf+Bg "down” - cucrems ) ¥ D%oD?, OO0
("up"~ cHCTeMH). YkaszaHHoe PABJIMUMS CTEHOBUTLCA OCOGEHHO
PASHTOJNBEHHM IIDM  y4yeTe 4-x VMITYJIb.COB  BAJIGHTHHX KBS DKOBR,



-

COCTABIAKIMX YKABAHHHS CUCTEM. A MMeHHO, 8TO MOmeT MpPUBSCTH
K YMEHLISHMD 8(deKTUBHOR KOHCT8HTH B3aUMONeRCTBUS G ot B up -
CHcTeMax (B down -cucTemax TakoR sddeKT He wMeerT Mecra).

Cliemyer oT™MeTurs, yTo M30TOTYeCKaA "up"- "down" - accume-

Ha QoHe rakoft xommexcaimm SJSKTPOCJIACHX CHN B PANE D6 IKUX
TMPOLSCCOB , B YACTHOCTH, K HUMM OTHOCHTCS:
1) ocumnnawm D°, EO, T° s MBBOHOB
2) pacnan p —» 3e [r'(p —> 3e) » T(u . - er)] [22]
3) pacnazn HeﬁTpaJn:.m M 38pAReHHHX K- Me3OHOR

a)K? — ug(fie), KO —» pex®(fiex®), K° — 1%,

6)K* — jex*, k* — UUx (1ee),K — vt
HEOOXOZMMO BSCTH NOUCKM HOBOT'O Cynepcaaboro CP- Hapymamsr'o
BsamMozeAcTBMA [23]. B sTOM cmmcas PO  pemKMX mpolleccoB
HCKIIMMTOJLHO BaxHa. [JBJO B TOM, 4TO B PAMKEX  3JI8KT pocaasont
TEOPHH BCE NPOLBCCH MOXHO YCJOBHO Pa30HTL Ha TpHM Kiacca. K
NePBOMY OTHOCHTCSH quc'ro CJalHe" mpoueccH (OHM oOOycJoBNEHY
KBADKOBHMY ¥ JI®TITOHHHMY HBIBXO,IIM B PaMKax OJNHOT'O M TOT'O =
NOKOJSHMA). THITHYHEM TIP¥MEPOM TAKOI'O posa SRBASETCH B-pacnan
HEATPOHA N — P + e + V.. AMIUMTYIH mpoueccos NepBOT'0 KJacca
ITPOTNIOPLMOHAMLHE (e pMME BC KO} KOHCT&HTe GF. Ko BTOPOMY KJaccy
OTHOCATCA ITPOUECCH, TOJABJGHHHE o OTHONEHMIO K mpoueccam
TIEPEOTO Kaacca GakTopoM Tuma Gaxropa Ka6ouoo (sin O o). Omm
¥MEKT MSCTO JMIb ITDH HAJMUMM CMOIMBIHMS MOXIY TOKOJIS HAAMIL
OmivM u3 PHMEPOB TAKOr'O poja ABJSeTCH pacnagy K — pv H
TPETEEBMY KJACCY MOXHO OTHECTH KJ&CC COOCTBSHHO P OKMX
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ITPOLBCCOBR, SMILIMT y IH KOTOPHX ITPOTIO PUHOHAEJIL HH
Gea [Ama / vz]c, TA8 & - NOCTOAHHAA TOHKOR CTpYKTYDH, Am® -
PEBHOCTDL KBAADATOB Mace OOMe HHHX PepMMOHOR, a MHOXMTEJI C -
PaxTop THMa Katuooo, M - macca SAPARBHHOTO W - (030Ha. B
OTJHMIMS OT NMePBHX NBYX KJACCOB PEIKHME MPOLECCH "umyT" Jym
H8 NeTJIeBOM YypoBHE ¥ TpK  ycJoBMM, yro "POPHBOHTaLHAA "
CHMMETDHA BJIEKTPOCJACHX B3aMMOIEHCT Byt Halﬁymeﬂa. 3T¥M o6CTO-
ATEJBECTBOM M BHBBSHA YpesBHuYaNHaA  MaJjocTh sddexTMBHON
KOHCT8HTH CBA3H Gsd) B BHDARSHMM JuIq SMIUIMTYN  peIKuX
ITPOLBCCOR.

MasocTs Gscb B PAlle CJy4aeB MOEST TPMBSCTH K TOMYy, uYTO
SJIEKTpOCJaCH Bkaag B SMIUIATYIH Pe IKuX ITPOLIBCCOB MOXST CTATH
CPABHMMHM, 8 TO M MeHbme, vyew BKIEL OT "IOpMBOHTEJE:HEX"

MOTYT CT&TH TEM MHCTpPYMEHTOM, OJarofaps KoTopoMy MpoJILeTCH
CBST HA BONPOC O CYWECTBORAHMM CynepcaadhX  "IropUsBOHTaE KX "
B38MMOZeACTBMR ¥ mux NIePEHOCYMKOB - "T'OPUBOHT 8L HHX " GOB0HOB,
YACTHYHO  3aMOJHAKIX "MyCTHHO" B Hepapxuu  Macc  memny
SJSKTPOCNACHM MAcmTa0oM ¥ WKANaMM  PasJMYHEX — THQ W
MacmracoM IngHka.

OTKpHTHE M MCCJIe IOBaHUe CynepcJacux "I'OPUBOHT AL HEX " CHIL,
C OIHOR CTOPOHH, MOTJIO ON COmeRCTBORBATE HAlleMy TOHMMaHMD
ITPKPOIH HAapymeHus "T'OPHBOHT A LHOR" cmm;iarpsm 8JIBKT pPOC JIaOHX
EsauMomencTEMl [ 25, 261, MPOIBHHYTE HAC B NMOHUMSHMM MeXaHM3Ma
ITPOMCXORIEHM A yTJOB CMEIMBAHMA B KB4 PKOBOM CEeKTOps (B
JENTOHHOM CEKTOpe CMEIMBAHMA NOKOJe Hudt AO CHX nop BsKc-
I8 PUMBHTAJILHO He OCHaDYESHO), a ¢ APYTOR CTOpPOHH - ITPOJIAT b
CBST HA MEeXaHMBM CP-Hapymenua [ 27]. IIpM  mccaszoBarm



= il <

CYNEPCIaCHX "IopUBOHTaHHIX CHN clelyeT mMeTr B BUIY ¥
TAKHE BaXHHE BOIPOCH, Kak BOMpOC O TOM 38yYeM NIOHaNOCHIC b
TPHPOZe T.H. KBApK-JeNTOHHNe NOKOJIeHHA (/e - mpoGnema), B
HEM MCTHMHHHA cMueJ KBaDK-JBMTOHHOR 8HaNOTHY, OymeT Jm
OCHEDYRSHO CMemMBaHMS JIETTTOHHHX TOKOJIe HUAL.

B Hacrosmes BpeMa MH pacnosaraem SKCII8 pUMBHT 8JIL HOft
VHPODMALMER OTHOCHTEJILHO  HeloJmmoro YMciga  pemkux
MPOLECCOB. K HuM OTHocATCA mepexomu K°eKO, BgﬂBg, Bg<»BC
pacmagy KD — ptyt gt T'e’e’. Ha ammmmym IpYTHX

A8XE TAKOBHX OLEHOK. ‘U3yueHme OOCYRIEeMOro Kiacca ITpOLIeCCOB
ABJASTCA ONHMM M3 CHOCOGOB "BaragHyTL" B dusuky Ma.n:ux
PACCTOAHMA ¢ 7 ~ 10”80 30 OGCTOATENECTBO YKA3WBAGT Ha
BAXHOCTE JaJELHeMmero TEOPEeTHYECKOI'0 ¥ SKCIIe PHME HT & JILHOT'O
HCCJIe IOBIHUA SKPaHMPyIIMX sddeKToR SJEKTPOCJACHX CHI M B
APYTYX DeIKMX NMpoueccax, a MMSHHO, B mpoueccax ¢ TamemMy
KBapKamu (¢, bt ) u 7 - JIBITTOHOM.

B sToft crazy, ¢ TEOPBTHYBCKOR TOYKH SPeHHMA, Npexne Bcero
TIONIBBHO HBYYUTEL B BHCIMX TIOpAmKaX To TEeOpMH BO3MYyme HI
9o KT MBHNE e PMUOH-C0B0HHNE B6 DIIVHH i[idl‘deiAu H didl"ptbizp.
IIpr 8TOM WMccaenoBarme ESJIaTEJIEHO MPOBOIUTE TIPK y4YeTe BHemHMX
4-YMITYyJIECOB COBMBCTHO nJq "up” ¥ A "down" - e pMHOHOB, T. e
b, = u,c,t(vev“v,c) $;= d,8,b(e 7,17, t7). OTHM MH ¥ 3aliiMeMcs B
ClelylouMX paszenax.
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§1.2 OgHoneraerag He IMATOHaNL Ha g $e pPMHOH-$oTOHHAg &
Gepumon - Z-6030HHag BepUMHHASR $yHRims

TTPOBOZIBHHHX  pasIfYHNMK 8BTOpaMM [ 28, 29], BHUMCJIOHHA Oy ayT
TMPOBOIATECA 063 KaKuX-Jmso OTPAHMYSHMR HA COOTHOmSHMA MEXIy
KEAIPATAMA  MMIYMBCOB QoTona ( k2), BHOMHMX ¥  BHYTpeHHux
@monos(mzut,mfm). Tax xak M8 He pesmew KSKUX-JH00
NP IMONOXSHUR o KBanpare wumiymca @orona (KpoMe ecrec-
TBEHHOTO k2 « me, rze My~ MACCA 3apARCHHOrO W-G030HE). T. .

TPeICTaBIACT MHTEpBC BHUMCJEHME BHE Maccomop TNOBB DXHOCTH

KOHOUHHR ¢y ¢y — ¢, 1™,
3aMeTuM, yro o0mas cTpykTypa HEIMArOHANLHON  Be pimam
@MOH—QEMOH—MOH HMEeT BuJ

¢ ()T, (Psq, k)¢, (q) =

¢, (p) [}’“[FW«I-FM]’S] + Gpvkv[F2v+ FEA]’S] + km[F3v+ Fsﬂs]]q’f(q)

HMCTIOJILb30BEHE AJA KOHKDSTHOIO BHYNC IS HUA SMILIUT Y IH
PAIMAIMOHHHNX pacnanos GIEPMHOHOB, CBABAHHHX ¢ KBa DKOBHMY
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nepexossMmt s —» d+¥, ¢ —» utfy, b — s4y,t — u+y, b — d+y,
5 CHY WM paIMalMOHHMX pacnazos JONTOHOB THNA i —» ey,
T—>e, Ty, vu >V, Ve — V¥  T.1.Hsmmarouamuye
BSPIMHH C BMDTYaJLHHM PoToHOM MozBOAgLT BHYMCJMTL D6 JKue
pacnami K (D, B) wesoHom K® —» 2y, Kt _, 1*e"e*, Dt — g¥g-e*
HT.L C OmHOR CTOPOHH, ¥ peIxus pacnazH  JsenToHOB B — 3e,
T3 T—>peeurn c APYTOR.  BuuMCIMEB 8JI8KT POMATHUTHYD
BS DIIMHY <pi——- ¢rr, MOXHO TDUBHAJLHHEM CHOCOGOM NOJIYVYUTE NOJHYD
MHPOpMaumMp o KBA DK-T'JIOOHHOR BSPIMHE 8 — d+g, WM ¢ —» u+g,
t — c+g. CoxpaHeHue 8JIBKT POMBTHUTHOT'O TOKA& HaKJaIHB3sT Ha
BeJMUMHY ( 1. 1) Clenywmee ycJoBHS:

kllP}lz 0 | (1.2)

C yuerom (1.2) CITPABS IJMBH COOTHOME HUSA:

[mi— f]Fw(kz) + kziw(kz) =0
(1.8)
—[mi+ mr]l?u(kzj + kzFu(kZ) =0

Hocremme xe nmpu k2= 0 osmauamr, uro

Fu(O).—.-O F,IV(O):O | (1.4)
llocnegree uz YCIoBun (1. 4) CpaBsIIMBO JMmb  JJiq HemMa-
POHAJILHOIO nepexona ¢y # Dy Indde peHLMpya - paBeHCcTBa (1. 3)
o k%,  MOKHO mosyuury CICIVIpe CBABM BOKTOPHHX (AKCH-
8JIEHO-BEKTOPHHX) S8pANIOBHX PamMycoB co CKaJIADHHMH ( NCBIOCKE—
JAPHEMH) - popMParTopavie



dF, . (k%) 1

= - F._(0
dx? ‘k2=o m, - m, e
(1.5)
dF, (k2 1
—_._"éi_l__ e F..(0)
dk? kK2zp m-m, A

AMIIMTY a8 mTponeccos b;— ¢.¥ C peasHum $OTOHOM B  KoHeunoM
COCTOAHMM ONpeNiesAeTCH Kak

Zs= E}LP}J (1.6)

rze s“—' BOKTOP nosapusaumy ¢oroua (k= 0). ¥mes g BAIY
(1.4), (1.6) u k2= 0 g PBAIBHOTO OTOHE, Jerko yoemmscs g
TOM, 4TO GopMBakTOpy P} %paBHo xax topMpaxTopy FI'4 e

80T BKRJAns B SMIUIMTYIH  pacnaga q;i—- (]Ji.-l-]‘. CJIBJ.IOBBTBJH:»HO,

NOJHHE® WMDMHH Taxuyx PACTIAZOB, kaK T — py, Vp = vy,

K — ey nosHocTsD ompegendpTes BOIIMHAME P14 Mg nomsory
BHIMIIEM TEKE® HOKOTOpHe COOTHOWeHMA, clemyomme um 5 PMM-

TOBOCTH ¥ CP-MHBapuaHTHOCTH 8JI8KT POMATHUTHOTO ToOKa, KOTODH®

HEPANY C COOTHOmeHMeN (1.3)-(1.5) wmoryr CJIVEUTL  KpUTepueM
MPABUILHOCTY ITPOBe e HHLX pacueToR:

Py Am,m,) = FyA(m,,m )t
Fg(mi'mf) N sz(mf'mi)T’ Fg(mi'mf) = -r;(mf’mi).r

F;(mi,mf) = r;(mf,mi)T
PV,A



Jj = [51,E2,£3]rp[1+r5] %21 822 855 || 4]

e
@31 835 84, dy
3
Z Sy V(147 )d, (1.8)
1k=1
3
T = ) e E ey, (1.9)
ik=1

rae U, O3Hayaer {-Hft "up" ~KBapK (Jenros), B 10 BpeMA Kak
dkCOOTBBTCTEyBT R—OMy "down“—RBapxy ( IeNTOHYy) . Iipy  sTom
u1su(ve), UEG(Lh), ust(vT), d=d(e"), d=s(u”), d=b(17).

HenochACTBeHHHe BHYHMCJJIEHUA IIPHBOJAT K CJie RyommM
BHDAXOHUAM g CyMMa pHHX BKJIBIOB B mopm$axwopa Piv(r)
(4=1,2,3) nepexon03_¢1-» ¢Jr COOTBSTCTBY I IAMarpamm (31). _

: 3
F1v{r) (dup J= - e ]:i ks _E[Qexti'l] ___2_ 5
4(21) £ Gy L M
1
1

2 2 : K :
5k - Y.
0




20 (1.10)
[dm] 1.:(22 3
FV(Y, up = g [‘ﬁ at
e 4(21)4 [llli-!- mf] iti ks ]
=7 L %1k, S
1
de X ofy  aq)u) B, B K
[H{ 4 [ext ]{‘+12 tn————uz+

k=1
1
1 2
i {? tnk 2fdx [1[1- )t [1 . kz“;—n ”} :
M,
0
1
1 .
Sl CURT SF S PR S L SLLNN

2
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B BupaxeHuax mag dopmpaxTopos (1.10-1.12) e o3zHayaeT
SapAll BJEeKTPOHa, g-ToJycJrasas S 2) KoHcTaHTe, CBABAHHAA C

2 172
$e pMMeBC KO COOTHOmEeHMEM g /8!3 =GP/2 > Clext O3HauasT
S8PAL  BHONHMX (ODPMMOHHHX  Jmamdt marpamMmi 311,  M-macca
SEPARSHHOTO W-0030H8s, m u m, - Macce HavaJLHOTrO ¥

KOHBYHOTO (e PMHOHOB COOTBSTCTBEHHO, M -MGCCH  OOMEHHHX
$epwMOHOB. TopMyJsm (1. 10 - 1.12) nosyveHn o TOYHOCTBED JO
YJBHOB nopagka 1/M* yu ¢ YY46TOM TIDMHIMIA IMATOHAJNBHOCTH
Heﬂ'r]:a.rrbnor'o cJa0oro TOKs, MaTe pHaJM3ymerocqd B BHIE OIHOTO

M3 IBYX CJ6Iyioumx PaBBHCTB:
3

3
® L
E: akiakf =0 WU E: aikafk =0 (1.13)
= =1

BUI dyHKIM r1 ‘£ 3 TPYBeleH [29,31) u mx Braagamu mpu  k2¢ m 2
MOXHO IF]:BHBG}ZB% TS M - Macca OOMEHHOTO depMHOHa. _
[lpBe oM Bupazenua u 1ns GopMPaxTopoB Fiv Az 1=1,23

COOTBSTCTBYIIMX CYMMEBDHOMY BRJamy JVETDAMM C Z-GO30HHOR
JHMeR 2(k)[31]:

3
F, /2 [dom = ——-——”282 G it s o [ -
4(21)? £ a;k %4 M2 '
— W Iy mi - ﬁEf in mi .
"k M2 3 Mz






BTl Y1k %a
;
1 1 mf;
R kR 4 K°x(1-x)
“2{3 n—3 +2]dx [x[1—x]£n[1 - 5 ”J+
4 "
1 1 2 2 2
Syl LA W R A A
u“{a % {nTnE”nTF__ [“ 2
e

_ AR 1 2 G v
S CREREY) | R

(1.16)

)
Axcgamrme Popmpaxropn P,y (hz) nomyuawrcs us BEKTOPHHX

PopMpaxTOpOB F.v O 2) TpuBMamHoR 3aMeHOR

Piy(m>m,) = B (-n,m,) (1.17)



®e pMyOHOR, npunonﬁmnﬁ K 3HAYWTSILHOR "up"—"down“—accnueTpHH
BKJGIOB IMAarpaMM Oun oTmeyen B OCLMWIALMAX  He#Tpam
Me30HOE  KCe>KO, B«»B?, D°-D%  Taxus NepexXoms,  kak
MZBBCTHO, B CM MomeJm WIYT uepes KeampaTHHe MUAT DPEMMH
PeHMAHE. B sryx THATDAMMAX MeXaHMEM UM NMPpUBOIUT K
B3aMMHOMY COKpameHym BKJSNOB STUX IMarpamm B SMILIAT y T4
MEPXONOB N0  BENMUMH  mopsxa aG(Amg/mﬁ)a, re g -
TPOM3Be IeHMS 3J8MEHTOBE MATDHIH 33DAESHHEX TOKOR, Omio wus
SaMEYATeNbHEX  OCOOeHHOCTS 7t KBAAPaTHHX  IMArpauu Qe itHMang
38KJYA8TCA B TOM, 970 B Hmx HalJIaeTcs  mBOfAHOS

B%«>BO, D%e>D0, oﬂig, 1% nponecey nepexoza Xgﬁig
OIMCHBaWTCH IMarpaMmamMy ¢ OOMeHaMu ABYMA  W-0030Hamu
(CM. puc. 1. 1):



L q,(k,) q.(p,) 9 g (k)

—

w 9,(-k;) qbi"pz) q, qa(:ka)

(b)

puc. 1.1 Keapkosue JHAT PAMMH AJIS Iepexonos

KDYTJUHX CKOOKax YKa38HH 4-¥MITYyJBCH BHEMHKX

JOMHUH, 9a(9y)=u,(d,) u coorsercraemmo
qi(qd)sdi(uj).

G, 5

Bruncienus AMIUMTY X CMemMEsHus HE AT paJms Hux ME30HOB mpoBegeM

nepexonos X$¢+i3

k x
[teep)%- w] [(r-py2- ag) 008

= 2 1+T5 & e 1+T$ VoV

xqb(-pa)rarr“?qqtp,)qb( k, )rv(rm)rﬁ—é-__ Qu(-k,) 27D}
(1.18)

g d’r

4(2x)4 f

SO NS
[ ] [z g 08

_ ) 147 n ~
“Q, (-P, )7, [r+p,]rﬁ;—5qqt—k2)qb(k, ), (r-

v
R =

- 1+, VeV
pe)fpfg““qq(p1)rabz
(1.19)

I'le BBSJIGHH O0OBHaYsHug
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1
K058 fag —E—[(r+p13u(r+p1u@+(r—pz)a[r—pz)ﬁsw] !

.
+ —la—(ﬂml p(F4Py )y, (P-P) (r-P,) g (1.20)

’ 1
Kuvp =808 ‘f‘[’u"a%* (4P, -K,), (P45, ) e, | +

+ —Er“ra[r+p1—k1]v[r+p1-k1]ﬁ (1.21)

3mecs R1 BKJAN IMarpamms puc. 1.2 (a), g Rg = BKJAJ IMATPaMMH

puc. I.2(b) B amumryny nepexojna Xg«—»ig; Q= P,- k3

3 3
v v
bv=z Q £15 QJ
1 r2- m2 45 (r + sz -
1=1 1 J=1 7
3 & 3 QV ' (1.22)
b'= Q A 3
17 2 C i 2
1=y (T+p,) —mf 3=1 (r_pz) - m?
TZe B Clyise OCLMINALMH "up” - cucrem (D°, 0 TO)— m, MaccH

i
OOMGHHHX d,8,b - KBapkoB u Q=0 0y, COOTBETCTEEHHO

Onpslenaurca B cJjyuae CMeIMBaHKA "down"- cucTeM (KO, B°, Bg)

~My - MacCH u, ¢, t- KBAapKOE u Q1=0ki 0.4 — BJeMeHTH MaT pMLIH

CAPARCHHEX TOKOB. KosddmmeHry Q:’Rax CIBYET M3 YHUTADHOCTH
3

MaTpMLH 0, YAOBASTBODAWT ycJaoBuo - QV=0. Ionnasg aMIuMTy 18
ps

TIEpeX0la paBHA AJTe0PAMYECKOR CyMMe CJATasMiX R] x R]. B
MPHOTMRSHUH CECKOHOUHO MAJHX 4-X MMITYTBCOB BAJGHTHIX KBAPKOB
ENPARSHVS IUA SMIUMTYIH TIOPOXOZA OYIET MMOTE CHBAYIIMA BHI:



oV ig* x? 147, 147, ‘i
" 3eng [qbr“ 'qur” q Zij (1-y, )2[

3
+ y M] + QIQV 1 + [—-—ﬁ_f.ly.i_,_ 2
Y-y, N a-ypayy - ¥,)°
1,3=1 J
1#3
¥2 tny 1 ‘
RE Sy J (1.23).

rie yi(yJ)szlms, (m?/mf,). R
MpeZcraBuM Bupaxenua Lns pasHocTH Mace el % IOJTO- M

m,
HOPOTKORMBYWIX (X9) 1 (X9), Me3a0HOE:
0 o~ Gg * y't. * *
om(K") = —G—IEIkngwRe Ye [012022] + eycf“";‘[owoaz 013023]+
C
* )2
yt[013023] }
0 Gz N
om(B )a—E._IBogBollee{ O (1.24)
2{—35[0 oo]+ uo‘]2
Yoin 3 Eond 13%23 yt[ 1323
c
0 Gg o 31,’ * *
Gm(ss)z——é;gIngBzuwne{yc [012022] + eyt “7[012022 013"23]*

c

tyy [0130;3]2}



6m(D°)=0m(k°) [rk—-» p* £ Ep ¥z, 044707, 0;1"012]

Gm(TO)=Gm(BO)[IB_’IT' Lt ¥,—2,, 0,4—07 s 0;1""013]

rIe GP/VP§“=52/8u§ PepMMeBcKas komcramra CJa00T0  B3amMo-
AERCTBMS, . -KOHeTaHTa cJadoro pacnagna X; - MesoHa na
JIOTORHNG NAPH, KOTOPaA CBAzang o BOJHOBOR QyHKIMER cucremy

CBASGHHHX BANEHTHHX KBAPKOB (9.3,), Bxomsmmx p cocTaB XE,
(xg)—ueaom, COOTHOWEHMeM

t, =2[3/mv]1/2]gp(0)|v (1.25)

Kos pdmme pr £y~ OmpeNesseT crenem OTKJIOHSHUA  MAT PUYHOro
8JIeMEHTa &3”91:@"[3’ OT  3HAeHMA,  Bwuucsemmoro  p
NPHCIVESHMM  HAc Hme Hug TPOMEXYTOUHKX CocToamm BAKyyMa.
MaTpuia Kaocmo—Hooaﬂm-MacxaBu [18] NapaMeT pu30BaHHOTO EWza
[(31]:

( )
c, -8,¢, 8,0,

B = = i0 i6
o(ui_’d.j)" 8,c, c,c.c 8,88 €,Cc,8,+ 8,C.e (1.26)

¢0 t0
818, c,8,c.+ c,8.e ¢,8,8, czqae J

rne ci=coo91,51=¢£n81, 61(92=83=0) yrox  KaGouco, 6-
CP-Hapymennag $aza. C yusrom YCJOEMi! C,~ 1, |Si|<1 ITpHMBS IeM
SHAY6HMA pasHOCTH Macc om gng K, B BE — ME30HOR:

y

oMy —Efgtigkafmg [ 148 [32*33 06] : h;f +28, [52"33"6] tn—iﬂ



KBAIPATHHX IMArpamMM OofHMaus MOEST OHTHL ONMPEBASHO - Joam: TP
EHUMCIEHMM BMILIATY] NepexofioB KO«sKO, Bgﬂgg, Bgﬂgg. B To
Ee BpeMa 1aa  cucreM DCeD?, 70,70 ISHHOE  NTPUOJIMEE HYe
OKA3HBABTCHA HEKOPPSKTHHM. Hcxona ws sroro, ITP¥BeIeM 3HaYeHMs
AJA PA3HOCTH MACC HOJIO- M KOpOTKOXMBYmAX BY, B, 1° 1%°

ME30HORB, NONTpABNEHHNS ¢ YUYSTOM BHEmHMX 4-X HMITyJILCOoB[311]:

0 G . Brs 8 . B
GM(Bd) = —___612 IBngd{[otdotb] [mt - T mb{n? + ~m|3 ]

£ 3
[Otdotbocdocb] [—Emft ”‘Eg ] . [ocdocb]z[_a—'mg]+
t

3
[Ondoubocdocb] [——2—4!!5]-!- e }



R

G2 1
om(T°) = PR {[otboub]z [—E— m?

]+...}

Om(B3) (0 4> 0, ) (1.28)

AR,

R

om(BE)

Kak Jnerxo yeuaeTr us Bume ITPMBSIGHHHX  GopMya (I.38), yuer
4-X  WMITYJMECOB BAJIGHTHHX KBADKOR, COCTABNANIMX  XJ-Me3oH
ITPHBOIUT B CUJIY YCJOBHUA mt>mb>m e K ISTAJLHOR MBOTOMMYACKOR
8CCHMMMSTDMM BKJIQIOB BJEKTPOCNA0HX B3aUMONSRCTEMR B aMILJIMT Y IH
CMemvBan#A "down"- ( KO, B, BO) u "up" (D 70) - CHCTEM.
Cremyer ormeTurs, uro CoMbmoR MHTepec s ITPOBSDKK .'MIIOT83 O
MEXEHM3MAX OCUMIIALMA HeATDANLHHX Me3OHOB THIa K K° wmenr
noucky ocuwapdt BY(bd) B%(bd). Begs I =0,14 TeB I‘

=4, 4x107 13 9p (Tg=1.5 x10""2cex [31]) Hanxeu X -AmB /PB

=(6x1073:4x1072 )> &8 BKCNepUMEHTAJBbHOe S8HEYEHWEe  PaBHO
Xg =Amy /Ty =0,670,1. CiefoBatembho, B cucreme B, B;
d a “a

MEBOHOB BRJAQ SJEKTPOCJEOHX B3auMOIeNCT Byl B OCLMINALMHK
CYWECTBSHHO TOAABNGH. 3TO  MOIJio OH CBWAGTEJLCTBOBATHL O
CYmECTBOBAHMM  HOBHX GyHIaMe HT 8B HHX (63758 CBABSHHHX,
HAITPUMED, C TI'ODPMBOHTAJLHHMA B3a8VMOZIOACTEBMAMI.  TIOMCK STHX
OCLMILIALR UPS3BHYAMHO BageH ng TIOHMMAHMA  RaOJIOIAEMHX
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5¢dexTOB B duzuxe K°, K° - wesonom.
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F'aapa 11
Pexxue mpoueccd B CYCH N=1 crangapruof MO e’

HecMoTps ha Ge3yC NOBHHA PeHomMe HOMOr MU C KUT ycnex
CTAHIAPTHOR MOMGJM B  MCCNGIOBAHHOR  OGJacTH 8He pruft
(V8" < 100 TIem) MO Py TpwiMH (HampuMep, npoGJeMa
HADYISHUA BJESKT pocJaco CHMMBTDWM, ITPOCJEeMa KMpaJBLHOCTH |
T. L) 68 HMKAK HeJbL3s IIPU3HATE  "OKOHYATeJHLHOA"™ TEeOpHSIL
S9T0, B nepBYD OYEPeZB, CBA3AHO C  HECNOCOGHOCTRD  CM
OOBACHUTL CTACWILHOCTL  OTHOCHMTSJIBHO KBEHTOBHX  TONpaBOK
Macmraca HapymeHuA 8JeKTpocsadoft | CHMMST UM,
XapPAKTePUBYIWEIoCs  BAKYYMHHM  OXMIGHWeM BJIEMEHTaPHOT'O
CKAMPHOTO TOMA  <B>=(G,/v 87) "/2:175 I'eb.  Tax,  yuer
KBSHTOBHX NONMPABOK K MACCOBOMY NapaMeTpy XHITCOBCKOTO OJA
Y®® HA OJHONMETNEBOM YPOBHE IPMBOIAT K HE8OOXOIMMOCTH
OCpe3aHud 10 UMITYJBCY MHTEI'PHPOBAHMA HA MacmTacde A<O(1Tes).
B mpoTusHOM cJyyae KBSHTOBH® JONPABKM  CymMeCTBSHHO
ASCTACHIMBHDYRT Macwrad <I>. YKasammgh Macmrad A~1 TeB u
ABJABTCA MACWTA0OM  HATYPANBHOCTH  SWK 2) U1y  Teopum
SJSKTPOCJACHX B3aMMOASACTBMA ( 1A CPaBHOHMA OTMSTHM, YTO
KB&HTOBasA anémpommamma "HaTypaJLHEX " BILJIOTH zo
MAcWT&00B, CPaBHMMHX ¢ Maccoft ILiaHka [32]). ¥meHHO NO3TOMY
B PanOHe TpaHMN HATYPaJLHOCTH BJEKTPOCJACOR TEOpMM ¥
OEUI8NTCA NMPOABNSHUA HOBOR (MBMKA

Ha poy ykazannoR PM3MKH NpeTeHIyeT NOAXOMN, OCHOBaHHHN
Ha pacuMpeHuu CM B paMrax HOBO#R @apms—doae—cm:ez-pma [(9].
OOcy®zaeMHe B 8TOR raams ITPOLSCCH  NPSJACTABIAKT  OTPOMHHA
MHTEPOC, TaK KAaK BrJaIH SUK 3) xS 2) W 1).{ CYCH - wmomesm
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MOTJH OH OKAB8THCA BHAYMTEJLHHMY, B YACTHOCTH, Ha ypoBHe
OJMBKOM K COBPSMEHHHM  BKCIIO PUMEHT&JIb HHM BOSMOXHOCTAM.
[lo-eummomy, He MCKJIOYBHO, uTO CYCH sddexTH ITPEEIS 4Y8M OHH
OyAYT OTKDHTH "IpAMHM" O0pasoM Ha KOJuainepax, Morym Ou
KOCBEHHO 384BUTL O cefe B HOKOTOPHX pacrajax, HampuMep,
H—eY, U—3e, ¥ T.%, a Taxwe B pacnage B—K*y. Pacnany
B—K*y wirepecen rem, uro MPX He OdYeHb OCOJBIMX Maccax t
—KBapKa ( 100+130 I'sB) Morua CJIOXMTBCA CHUTyaINS, ITPY KOTOpO#
CYCH-Bruamn B amumrymy  mpousccos B—K'y mormm on
ITPeBOCXOIUTE CM-BKJISIN WM ONTE CPESBHVMMH C HMMAL

§ 2.1 N=1 CyTepCHMMe TpUYHAA CTaHNAapTHaA MOJeJh.

Becy cnexrp H8CTHI HMBKOBHEPI'OTHYSCKOM (A < 1 TsB)
MMHMMAJILHOR TTPOCTOR ( N=1) SIK 3) xSW2) <K 1) - CYCH momeum
CONSPEMTCA B BOKTODHNX® M KMPAJLHEX  CYTIe PMYJILTHILISTax
KaMOPOBOYHHX NoJe®, rnosef MBTOPHM ¥ XMITCOBCKMX moJef
COOTBSTCTBSHHO [33]. |

6(8,1,0)=(G, &), W(1,3,0)=(W}, W), B(1,1,0)=(B,b)

a=1,2,--..,8  b=1,2,3

v
L1(1,2,—‘!) = 3

J B2(1,1,2) = (e°,0°)
i

in

Q,(3,2,1/3) = [ d:(3.1,2/3) (dc,dc)i

=T -4
(=T A -]
R ——
e



.. HO H
u$(3,1,-4/3) = (u,u°), H,(1,2,-1) = [ g ~1]
H H
1 1
H' HY
H,(1,2,1) = [ g..g] (2.1}
HE HZ

B cxoOkax ykasamw Sy 3), sSU2), w1 KBAHTOBHE uucJa,
HauGonee oouusn S 3) xSU( 2) 1 1) Kamsﬁponoqﬁo—mmapnammm
JArPEHEVAH MpocToR CYCH Mozesw Momio NpeACTABUTL B Buze:

1 e v
_ [44,.2 it 4.4 4
2_fc1 deﬂ:r'Z-—rk 'a'a+fd IdBZJ'I*jerp[Zgivi]Qdi-
i i

+ fd“xdze £2(8) +s.c. (2.2)

Cyneprorerman  f(g) MpeACTaBIAST KaJIG POBOYHO~
MHBADHAHTHHA TIOJMHOM Mo (1eBO) K¥MpaILHHM CynepnonsaM He Bume
CTeNeHn 3:

I(B)=7LuU°H2Q+3.dd°H1Q+A.E°H1L+p2H1H2 (2.3)
Ana  markoro HapymeHua CynepcuMMeTpuM K JIaI' PAHEUAHY
JOCaBNANT CJie Aymue claraemue:

1 1 1 2
. ‘ba b 131 _ E ab axb
8”]'1__ -5—}113. A - _é_ - ].lal A ‘-‘2—— [ﬂli ] ¢1¢1 + .0

(2.4)
rme A® (b=1,2,3) u A SK2) m W1) xamOporourue (e pMMOHH,
8 ®,- CKalApHHe moJs.
Jlarpauxuan (2, 2) TP u,=0 obnazaer rax HE83HB3eMOR
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I'J0GaJbHOR KUpaJbHOA R CHMMET pHsi [34]
(@_’eiQd(p(I,e-(i/a)dB)’ v—w(x,e‘“/?’%,e“/?"‘e) B
CYnepnoreHmanse (2. 3) KB3GHTOBHE  yYucJas Qi JOJIEHH
VIOBJSTBOPATL YCJAOBUD Z Q,=1). Jarpaumuan B+£,, He OOnagzaer
rJI008JLHOR KMpasbHOR R CHMMETDMER, HO COXPaHAeT JTUCKPETHYD
R-yeTHoCTL [35]

R=(_‘1)28+3B+L (2. 5)

rape S- crmMH, B- OapUOHHOE M L -JemroHHoe YHCJIa vacTMIH. B
TEOPUAX, COXPAHAKNMX  R-YeTHOCTS, Jeryafmas  cymepeuM-
METpWuHaA vacTvua (JCY) cracwmha: B TBOPHAX C HApymeHUeM
R-4yeTHoCcTH JICY pacnmagmaercs ua OOHYHHE YaCTMIIH. Hapywenue
R-4eTHOCTH MOEHO ABYMA CnocoCamit  CNOHTAHHO,  jamas
HEHYJEBHE  BaKYyYMHHB Cpelive  CcKansgpHHe He AT pUHO U
NOOABJIEHHEM K OOHYHOMY R-CyMMe T pHUHOMY JarpaHKHUaHy
CJAT8EMHX, HE COXPAHANNMX JENTOHHOE YMCJIO.

B canyvas, korza B (2.4) orcyrereyer cJiaraemos wDH )

1 72
(T.8. p=0) narpaHzmuay 2+2“H 00JazZgeT CUMMETpHeR Imyuy-Kyuna
0 1) - IIp¥ cnonTaHHOM HapymeHi SW(2) xIK 1) - CHMMST pUM

Hapymae'rc:ﬂ H CHMMETDHA PQ, B pesyibrare KOTOPOT'O NOABNAETCA
Oe3MaccoBas 4aCTHA SKCHOH. pr u #1 macca PQ -akcuous
paBHa mpg = 24

B pesymrare CTIOHTAHHOT'O HapymeHua SU( 2) x<U( 1) CHMMST prH
M MATKOTO Hapymeuusa CYCH MaccoBasd yacTp JarpaHxyaHa s
K8JMODVMHO NpMHMMEeT Bup [33).

;
L= - i O, - ¢THCY* + 5.0, (2.6)



=35

Maccoewe matpumm M® u M* B Gasuce
¢ =(-iA7,H]) ¢*=(~ir*,HY)

(2.7)

V.H- V.HO v K% v KO
cp:[—i,?nr,—ilz, 177 Yo 2, "2h' T 2_ ]
- YV e v2 T VL
MMENT CJienywmyit BUI

pl, M, 0 0
2 M, Il3 = Mg 0
0 —m, py0in28, Hoc0028

0 0 p,cos28, “Hy8in28_ ]

Ky mv 2 cooev A
M= - M
M v 2 oinev Mo

- (2.8)
The - 1g8,=V /V,.  [yarcHoiMsamus  waccosoft MaTpuiH = M°
MTPOMSBOIMTCA TOBOPOTOM JIEBO- ¥ ITPaBO-CIAPAILHEX KOMIIOHEHTOB
NnoJe# Ha pa3HHe YTJH

2V 27 me(p,co00 + Hy0in8 )

1220 =
Hi= Mg + 2micoo2e

(2.9)
2V 27 my(py0in8 + Byc008 )
Hi- M3 - 2mGeosze

tg20 =

MACCOBHMM ( WM (UBMYECKNMY) COCTORHMAMM ABJAKTCA CIMHOPH
- ~ + +
Xy=A, 07, X3=B, 4] (2.10)

C Maccammu

1 2
2 _ 2 2 2 2_ .2 2
"1,2‘ —2— {p1 s+ Emw + [[p1~p2] + ‘mw""‘" 29v+
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1/2
+ 4m§[pf+p§+2p1uza£n287]] } (2.11)

MaTpuun A ¥ B mmexr Cle Iyl BUIT

0, detM®>0 cos®, 4ind,
A0 _, B={ » 0,= [2.12)
0,0, detN°<0 —0ind, cosd,

ﬂHBPOHBﬂHBHpDBBTb 8HAJUTUYBCKHU HeAT pAJLHYD MacCOByD
MaTpuy M* HEITPOCTO. MOKHO TOJYYMTHL YMCHIEeHHO COOCTBSHHHS
SHA@UeHMA ¥ COOCTBEeHHHe BOKTODH 1A DA3JIMYHHX BHAYeHM
napaMeTpoB. MacCOBHMM COCTOAHMAMU OYIyT

Z, = ¢y 40 (2.13)
TAe Marpula C IMAroHa MBHpYeT MACCOBYD MABTDHMILY HeMT paJbHHX
KAJM0 PHUHO.

B Mozmensx mpocron CynepCUMMETpMM  Maccoras MaT pulia
CRAJADHHX CYCH- yacTuy (E,i} VMEET HeTPUBMAILHYD (opMy.
[lpoucxXomT  cMemmanms CKAJADHHX 4YaCTML HE TONBKO IO
NMOKONSHMAM, HO M JIEBHX ¥ NMPABHX COCTOSHMM (8TH CcMemMBaHKMA
MOTYT BHAUWTEJLHO YCWIMTH ITPOUECCH C CYCH-YACTHIAMM B
neTJe) .

Maccosue Marpum SAPARSHHHX CKAJADHHX KBADKOB M JISIITOHOB
E MTPOCTOR CYNEPCUMMETPMM MME DT BUn [36]:

[ mi*“lmi Am{ma/z] (2.14)

Am,m, ., m§+m1m1
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' Yiog +
= (qL) 6m3/2mqv (q) (2- 15)

om, ,,m_V(q) ma(qR)‘

TZE W, -MaccoBas MaTpMUE  OONYHX SEPFXSHHHX  JENTOHOBR,
mqmmm KBAaPKOB, m g~ M, > IMaroHasuMzaums Maccoeom
MaTDHIIH  33pARSHHHX CKANADHHX JIONITOHOB He P8 ICTERIAST
0co0oro Tpyzaa [37,381].

Maccosyw wmarpiy CKAJADHHX KBADKOB  MOKHO noJiaraTs
( MpUOIMBUTE I HO) W o)) =Um¢[ J, nmocre wyero MaccoBym
MATPULY ~ CKAJAPHHX  KBEPKOB MOXHO  JIMaroHaJMBMpoBaTh
8HAJIOIMYHO MaTpHLH S8PARSHHHX JISNTOHOB [ ), lommasa maTpuna
CMEUMBAHUA MMEST BUI

1=1,2,3 | 0 u,

k:._'d,5,6
MaT puuy P, . MepT CTPYKTYDY, NPUBSISHHHX B padore ( 1.
YTUH CMemMBanus nawrca ¢opmynamul  J:
Q
26"’3/2"‘3“‘“)31
t52a1,3+5= e i (2.17)

u 0
HP“[ o J (2.16)

$2.2 Papmaimonrye pacnamy B - Me30Ha B—K*p
B MpoCcTOR N=1 CynepCHMMEe TDHYIHOR MO fie/m

PacueTu npouecca B—K*y s BJBKTPOCIatOR Mofesu (kak o
YHY6TOM XDOMOIMHEMUYEC KX TIONTPEBOK, TakK ¥ Gez yueTa TAKOBHX)
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[41]) nokasweawr, yTo B 38BUCUMOCTH OT MaceC m, BeJIMYMKHS
OTHOCMTEJEHOR JONM BePOSTHOCTH — pacTaza Br{°¥) (B x*)
HEXOIMTCA B pafioHe (10742107,  Mayuaewmun npouece, B
OTJMYHE OT pacnajoB K-Me30HOB, TNO-BUIMMOMY, B MeHbDen
CTeNeHU CBABAH C HEOOXOAMMOCTHD YYeTa 8dpexTOR OCoMBmAX
PACCTOAHMIL KpoMe TOro, B CWIY MAJIOCTH CMe MBI HUA Vb MOXST
OK838ThCH, YTO OJHONETJEBOR BKian B pacnag B—K*y CPaBHMM M
Aaxe OOJbNE, YeM BKJan APEBSCHHX IMABI'paMM, OOCYCJOBJSHHEX
OOMEHHOM W-00Z0HOM (ub—gu). Bes yusra KXl -mompaBok BrJamu
ONHONETJIEBHX IMATPaMM, B CBOD OYePemb, JOBOJBHO CWIBHO
NONEBNEeHH ¥3-38 MexaHusma I'MM. KX TNIOTTpaBKK mpouscca  b-—»sy
(B—K'Y) npMBORAT Kk saMeHe  "MEefHOro" MeXaHM3Ma
KOMIeHCALMY JIOrapuPMUUSCKIM, TEM CaMuM YCHIMBEA aMIlIMTY Iy
YK838HHOTO nmpouecca [41]. [lo srop TpHYMHe oO0cyxIaeMuMn
TPOUECC TMNpeACTABAAET 3HAUNTE JbHNH MHT8PEC, Haxodch B
pelieaX BOBMOXHOCTER COBPEMEHHOTO BKCIIE PUMEHT&.

C Ipyro# cropoHw, O0CYRIGEMHE ITpOLBCCH P8 ICTARJAKT
OFPOMHHA MHTEPSC C TOYKK 8perMa  SW( 3) xS 2) x( 1) CYCK
“MOleMM. Tak Kak mpu He OueHb OoMbWAX Maccax (90-120) Tem
t-KBapka wMorna On CJIOEMTBCA  CHUTyalMd, pK  KOTOpO#
CYCH-BRJIBIN B aMIUMTYIN mpoUecCOB BK*y wMorm  Ou
ITPEBOCXOZUTE CM-BKJIGIH WM OHTB CPSBHMMH C HMMIA  OTMeTHM,
4TO KXJ| nompaBky, No-BUIMMOMY, OyIyT B CYTie pCHMMET PHYHOM
CJYy488 HEe3HaUWUTeJLHH. IedcTBMTEHO, 6cyM B CM OGMEHH
BYPTYAJLHEMM  TJIOOHEMM  HAPYWAKT "CayyaiHyo"  KoMIeHcaluo
JIOTaPHPMUYBCKMX BKJALOB, TO B CYCH CM TAKaA KOMIIGHCAILMA He
ITPOUC XOJHT.

OrxHoneTneBHe SU( 3) xSW 2) x 1) CYCHU- AHATDAMMH, Japnnwme
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BKJI&L B nepexon b-ssy, BOPEKTH KOTOPHX OLSHMBAWTCS B
pacnagiax B—K'y NpuBeseHH Ha puc. 2. 1. Hcxona u3 rpammenTHOR
MHBAPUAHTHOCTY, oO0mas CTpykTypa BEPIMH MMEeT &HAJOTHYHO
(1.1) BUI ¥ MOEST OnTH TPBACTEBJBHA CJeLyDmuM odpasom:

SPITD@=ER) [ [, 4P, 17, ) (1,5 k ) 4k [Pyt Py ) Jocw

(2.19)

Tak kak B oOcynasmoMm Hamm TPOLSCCe® YYACTBYOT peasbHHR
doToH (k®=0) , r0 OYEBHIHO, YTO NEPBOE CJarasMoe BHP3XSHUA
(2.19) He maer BraAma B AMILUIMTYIy KBaPKOBOT'O nommpouecca B
D—>8Y. CJeLoBATENBHO, I8 Hamux OLSHOK JOCTATOYHO BHITMCATH
JMIb BHDARSHWA IIA gopmbakropos F,_ ..

305 o
2(¥) Av(K)
b(q) /\i S(p)
~L(R) ~L(R) © ~L(R) i
qi(down)] qi(dc-wn) q:!.(dorn)

(B) (I)



(K) .
Puc 2.1. OgHomersesws BS DIIMHH KBAPK—~CKEA PK-Ka M0 PUHO .

Bommerue s corsercTrymr Y-KBaHTy, ;1(;2)—

COCTOAHMA 3ApANCHHHX KAJMODMHO  (Bimo), 2(Y)-
COCTOAHMA  HEWT patbHHX K2JMODHMHO 3MHO (dormHo),

Q™ cocromnme nemux (ITpaBHX) - CKBEpKOB.

BuMCIMM BRAAIH CYCH- JMArpaMM PefiHMaHa , IPUBSZeHHEX Ha
prc. 2.1 B qnmq:amop Far B @opudnmop sz JauT BKJAQ
ZHETPAMMH (A, T u I pHC. 2. 1. MH Oyznewm paccMaTpuBaTL  BKASIH
THarpamM (AT 1) B Gonee BEPOATHOM ,Ha Hag B3TJIAL,

Cryyae: m, » m_, m.,, m, , M. .3TO0 NpUOESHME  He
QY T z LS )

TPOTMBODSYUT HUBBSCTHHM BKCTI8 PHMEHT 8 JIL HHM OTPIHWYEHHAM ¥
COEPEMEHHHM TEOPSTHYEC KM TPOTHOBAM. Hampumep, WMeHHo Takas
CHUTyallMi OCymecTBIfeTCH B Teopuax  cymeprpasuraimy, B
ROTOPHX M8CCH CYCH- yacTmy Ha Macwrace ILIaHka ompegesswrcs
o0me#t Maccoit K30 PHHO m1/2) my, ¥ Ha Macmrace aimw
CYWSCTBYOT cJsxyimye COOTHOMS HHUA Maccamu CYCH-vacTuy



2 Al o

(m, sm.im :m, =1,9: 1:0.3: 0. 16 (43]).
QG & W 7

Cyl-map}me BRISTH IMarpamm, MBOODaXSHHEX Ha pHc. 2, 1,

B
tinpmcpamop sz HMET BUIT
2 2 2
FL z 3 1 3 m‘,i,1 4 mm EmB + Emb
W= + e + == -
VW) (4x)° 8m, 8 mf 144 nt 144 m?
UYL U UYL
2 2 2 2 2
m‘,,1 mqi 1 lnw1 ana + - mm
B e sl o e 4 4
mS mg  [24mS  12p? 144 m?
Uy, 2 Uy U1, U,
x QUéemm) by 4 m,)g%c"(k))" ¢, of, (2.20)
1
. 2
2. b e (down) x
FL (2)= 11)QIM™) Ny p% [r,-
or 1 m? om’ + 2m - m_m,
(down),. 2 z
-Q 44n°6 - —=__ (m )
“’] [24m§ 12m? 144 m? J 5"
Y1 U1 U1
(2.21)
R ¢ 2g°e u (down) * (n(down) . 2. 12
Folz)=— 25 € (K)Q ZBbiBsi[Q ’ ew] B
(4x) Bw
2 2 2
1 m; ans + = mamb}( ) (2 22)
> i =
24m> o8 144 m? s
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