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I. BBeAeBBe 

06bi'IHble I'pynnhl BByTpeBBei! CBMMe'l'pHB (H30TOnH'IecK8110 SU(3) ) CBII38Bhl C COXpaae-

BltiOIIlHMHCII BeKTOpBb!MB TOK8MHo IfeTBepTb19 KOMROBQJITbl 9THX TOKOB ASIOT .BTOpB'IBO KBaii

TOBaiiHble I'eBepaTOpblo ByAy'lll TpeXM9pBblMII CK8ru!p8MB0 OBB Be MOI'yT nepenyTb!BaT& pa3-

Bble cnHBOBhle cocTOHBBH nonell. HaM xo-renoc& 6bi nOA'IepKByT&, 'ITO npeo6paaoBaBHSI nony-

/11 
nHpHOil celi:qaC I'pynnbl SU ( 6) 0 AnSI KOTOpbiX X8p8KTepBO CnBIIOBOe 119penyThiBaBHe0 MO-

ryT nopoJKilaT&cH Ton&Ko TeBaopHbiMB TOKSMH, 110 Be sexTopBbiNB. B pa6oTe nocTpoeBhl no

xan&Bbie CHMMeTpB'IBble T9B30pBb19 TOKB; CHBrneT J p.v H OKT9T J(;v ( n,2,3) 0 KOTOpb19 reae

pHpyroT penHTHBHCTCB:He npeo6paaoaaHHH KBapKoB, 35-,56- H 189- nneToB (n.4,5),cosnaAaro

mae B CHCT9M9 noKOll C npeo6pa30B8HHliMB SU (6) • 3TH TOKH CTpOI'O COXpSHliiOTCll B CHny 

CB060AHbiX ypaBH9HHil ABHlK9BHllo nonyTHO yK838!18 CBll 3& C 'ISCTO 06CyJKilaeMol! B nHTepa-
/2/ • 

Type anre6pol! Toxoa, cpenu KOTOphlx nceanoaeKTopBhle TOKH HBnHroTCH no cyTH nena 

'leTBepTbiMH KOMnOH9HTSMH HeKOTOpblX COXpSHli!OillHXCll T9B30pHb!X TOKOB, ( n,4), 

TeopHIO CO B38HMOAei!CTBH9M (n,7) MOJKBO MbiCnHT& KSK TeOpH100 B KOTOpOl! T9H30pHb19 

TOKH Jp.v H J,:V cnyJKaT HCTO'IBHKSMH nnH nonei! 2+ (no aaanorHH C TeM,KSK COXpSHliiO-
,.... - /3/ 

lllHeCH BeKTOpHble TOKH CyTb HCTO'IBHKH nonel! 1 ) • 0TCIOA8 cnenyeT, BO-nepBhiX, 'ITO 

~yBASMeHTSnhHYIO pon& nonJKeH HrpST& cynepMyn&THnneT 189, COA9plK81llHl! HM9HBO OKTeT H 

CHHrneT noneit 2+,-TSKYIO JKe pon&, KSK npHCOeAHHeHHble npencTaBneHHll (aanpHMep, OKTeT B 

SU(3) ) nnH nonel! 1 • CymecTaeaao, 'ITO sxcnepHMeHTan&ao aai!aeBHhle peaoaaacbi 2 + o6pa

ayroT KSK paa OKT9T H CHHrneT: K*(l430),T = ~, Y •±l; A 2 (1320 ), T•l,Y..O;f(l250),ftl525),T..O,Y..I~ 
/5/ 

B sTol! CBH3H BaJKHa aneHTH~HKSUHH ocTan&HbiX cocTOHHHit H3 189-nneTa • Bo-BTOpbiX, 

enHHbll! TOK - HCTO'IHHK o6ycnaBnHBSeT yHHBepcan&HOCTb B38HMOnei!CTBHil C nonHMH 2+ H, 

cneAOBSTenbHO, JK9CTKYIO CBll3b MelKily KOHCTSHTBMH B38HMOAeitCTBHll BCeX noneit C non!l-
+ 16/ 

MH 2 • B npyroM acnexTe ranoTeaa o6 yaaaepcanhHOCTH o6cyJKAanac& B 

B nony'leHHbiX npeo6paaoaaHHHX coo6onH&IX noneit napaMeTpbi aaaHCHT oT 4-cxopocTH, 

H ecnH 6&1 9TH npeo6pa30BSHHll 6binH npHMeHHMbl B TeOpHH CO B38HMOAeJ!CTBHeM, TO npH

BOAHnH 6bl K 6eCKOHe'IHO 6oni.WOMY 'IHCny orpaHH'I9HHil Ha SMfinHTYAbl H ~8KTH'I9CKH o6pa

THnH 6b! HX B Hynh (n,6), Ho OHH, nO-BHAHMOMy,aenpHMeHHMbl, nOCKOn&Ky nocTpo9HHbl9 TO-

a 
KH Jp.v H 1p.v , coxpaHHIOillHecH B cao6onaoM cnyqae, nepecTaroT coxpaHHT&CH B cnyqae 

B38HMOAel!cTBHll, nosTOMY npeo6pa30BSHBII H TOKH. HyJKASIOTCll B MOAH~HKSUHH : B T90PHH 
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co B38HMoneAcTBHeM npeo6p830B8HHH H TOKH sonuw 6wTJr cywecTaeuuo uenuneAHWMH, Ta
I:A.W CKT)"aJlJUI HM&&T 8H&nOrKJO !I T&Op .. TSII'OTe.IIHB 31.BWTei.Ba DpH TpaKTOBJte IIOCn&.tt.Bel C DOne-

BOll TO'IXR apeHRSI/
7

•
81

, TaM TaxJKe TeHaopHI>Ill Tox ( TeHaop aHeprRH-HMnyni>ca) cymecTBeH-

/8/ 
HO HenHHeiiHbiM o6pa30M MO,llHcpHUHpyeTCSI B3aHMO.tteliCTBHeM , 'iTO xacaeTCSI HenHHeiiHOC-

TH 3aXOHOB npeo6pa3oBaHHSI, TO TeOpHSI TSirOT&HHSI TOlke .tta&T Taxoll npHMep (noxa B Teo

pHH nonS! &.llHHCTBeHHblll) - 3aXOH npeo6pa30BaHKSI CnHHOpOB, XOTOpblll nocne BXniO'IeHHSI 

rpaBBTaJlHOB.BOrO B3aHNO.tt8ACTBHSI CT8HOBHTCB ~&CKO.II&'I.IIl>IM pS!,llOM DO rpaBKTAUBOHHONy D0-

/9/ 
mo 

noxa llpo6neMa BOCCTaHOBneHHSI HCTHHHOA TeOpHH HaXO.llHTC.II TOnbXO B HaqanbHOft CTa

llHH, 0.ttHaXO ylke CeJ!qac MOlkHO BbiCXa3aTb HeKOTOpbJe C006palkeHHSI 0 MeCTe H ponH rpyll-

llbl SU(6) H o DpH'IHHax ;pynHOCTeA DpH ee DpHMOnHHeAawx penHTHBH3aUHSIX (D,7), 

HCTHB.II8H T&opBH 6y.tteT HIBapH8BTBA OTBOCBTenbHO HOBl>IX .aenaaeABl>IX Dpeo~pa-

30BaHHA0 Ho He oTHOCHTen&HO Dpeo6paaoBaHHA SU(6) • Ton&xo B npHMeHeHHH x o.ttHO'IaCTH'I

/1/ 
HhlM COCTOSIHHSIM H X CTaTH'IeCXHM acjJcjlexTaM 3Ta o6maR rpyn11a p&lly11Hpy&TCH .llO SU(6) , 

a 'ITo xacaeTcH aMnnHTyn, TO 0.118 CBHlkeT, soo6me rosopst, npoueccw c pa3Hl>IM 'IHcnoM qac

THU. T8KHM o6pa3oM0 rpy1111a SU(6) eCTb IIHH8MK'IeCXaH rpy11na 110 TepMHHOnOrHH naAca, 

CTOHT OTMeTHTb, 'ITO llpH MO.ttH$HXaUHH TOXOB 38 C'leT B38HMO.O,eAeTBHSI HeATpan&Hblll TOX, 

110-BH.llHMOMy, .llOIIOnHHTCst JlO TeH30pa 3HeprHH-HMDyn&ca, TaX 'ITO HCTHHHast HenHHeAHaSI 

rpy1111a 6yJleT COJlepJKaTb B Xa'leCTBe IIOJlrpyDII OJlHOpollHYIO rpyiiDY nopeHna H rpy1111y SU(S), 

B npKnOlK&HKH 4 IIOXa3aHO, 'ITO nonyqei!Hast B CB060JlHOM cnyqae rpynDa c napaMeTpaMH J 

3aBHCHWHMH OT 4-cXOpoCTH, pacnanaeTCH .118 6eCXOHe'IHOe.'IHCnO XOHe'IHO-IIapaMeTpH'IeCXHX 

rpy11n, nepexollHWHX B SU(6) B CHCTeMe .noxost, B 'IRene TaxHx rpyn11 coneplkaTCSI rpy1111a 

1101 /Ill 
'II' -cnnna , rpynna BapHca H npyrHe, 

2, 06mHe 3aMe'laHHSI 0 BeXTOpHbiX H TeH30pHblX TOXaX 

HaseCTHO, 'ITO ecnH TeOpHst HHBapHaHTHa OTHOCHTen&HO HeXOTOphlX 1Ipeo6pa30BaHHA, TO 

B Heft COXpaHSIJOTCSI COOTBeTCTBYIOWHe TOXH 

a,. Jp. ••• (x)•O, (I) 

rne TO'IXH CTOIIT BMeCTO B03MOlkHhlX JlpyrHX HHJleXCOB, 06paTHO, ecnH H3 ypaBHeHHll llBHlke

HHR cnenyeT COXpaHeHHe HeXOTOporo TOXa Jp. ... (J), TO ypaBH&HHH JlBHlk&HHSI TeOpHH 6yJlyT 

HHBapHaHTHhl OTHOCHT&nbHO 1Ipeo6pa30B8HHA BC&X noneA BHJla 

f ,. f' • e -IV fe IV (2) 

rne 

v- -lfdi'J« ... (:dfll,., (3) 

reHepaTOpbi npeo6pa30B8HHA, B XOTOphle BXniO'I&Hhl napaM&Tphl 1Ipeo6p830BaHHA CV ,,, t3To 

4 

~ -

O'leBHJlHO, IIOCXOnbXY V He 3aBHCHT HH OT XOOpllHHaT, HH OT BpeMeHH. f1 

nSIIDTCH oDep8TopaMH coxpaHHJOWHXCR senH'IHH. HanpHMep, B cnyqae coxpaJ 

HbiX TOXOB Jp.· reaepaTOphl 

Q • - I f d~\ (x) 

ecT& coxpaHstiDmHecH onepaTopw aneKTpH'Iecxoro aapSIJla, H30TOIIH'Iecxoro < 

polkJlaiDmHe cor nacHo ( 2) cooTBeTCTByiDmHe npeo6paaosaaHSI none A, nonqe 

paTOpbl Q CyTb TpeXMepHble CXanHphl, H 1103TOMy OHH llpHHUHIIHanbHO He 

BaTb IIOnst C pa3Hb1MH CIIHHaMHo 

nocxon&xy Hac HHTepecyeT rpy1111a SU(6) • KOTopaSI BXnJO'IaeT Dpeoe 

peDyTbiBaHHeM CIIHHa, TO llnH Hee C He06XOJlHMOCTbJO HylkHbl TeH30pHble TOJ 

CHMMeTpH'IHbie TeH30pHble TOXH BTOpOrO paHra Jp.Y -~p. • 0TMeTHM, 'ITO ec 

JlBHlkeHHSI cnenyeT aaxoH coxpaaeaast aToro Toxa 

a,. .lp.v- 0 • 

x/ 
TO napannen&Ho 6yneT coxpaHSITbCSI H ero 'MoMeaT' : 

1p.,vA •xv 1~ -sA .\,p. 

a,. ~,VA • 0, 

BnaronapSI 3TOMy, B TeopHH c coxpaHRJOWHMHCst CHMMeTpH'IHhlMH TeH30pHbn 

mecTsyeT nsa THna reHepaTopos, cnoco6HbiX H3MelllstTb CDHH Ha 1: 

V •-fd't1411"'v • 

V • -lfd~J«,vA"'vA ' 

H COOTBeTCTBeHHO JlBa TH~a 1Ipeo6pa30BaHHA0 ecnH o6a 3TH reHepaTopa HE 

H~~ 

0JlHH npHMep TOXa Jp.v XOpomo H3BeCTeH - 3TO CHMMeTpH'IHhlA T8H3C 

nyn&ca 8p.v , napannenbHO C XOTOpblM COXpaHR8TCSI ero 'MOM8HT', Mp.,IIA • 

T8H30p DnOTHOCTH MOM8HTa XOnH'I8CTBa JlBHlk8HHSI, CooTB8TCTBYIOWHe 1Ip80I 

CJlBHrH H '18TepexMepHbl8 BpameHHH, 

Mbl IIOXaJKeM HHJKe0 'ITO MOlkHO HaRT¥ TaXHe noxan&Hhle CHMMeTpH'IHbl 

XH, XOTOpbie HHilYUHpyiDT npeo6pa30BaHHSI rpyDIIhl SU(6) • Kax H3BeCTHO, rp; 

pomo OllpaBJlana ce6R B llpHM8H8HHH X OJlHO'IaCTH'IHbiM COCTOSIHHSIM ( XnaCCH< 

x/0TM8THM0 'ITO B cnyqae COXpaHeHHSI aHTHCHMMeTpH'IHOrO TeH30pHorc 

Dapannen&HO 6yneT coxpaHRTbCst 'MoMeaT' Jp.,vA • x 11 JAp. +x A 111p. • 
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npeo6pa3oB&HHH H TOKH nonpw OWTb cywecTaenuo ueouneAHhiMH. Ta

BanorBJO B TeOp .. Tm"OTeBBB 311BmT811Ba DpB TpaltTOHe nocne~:~aell c uone-

81. TaM TBKJKe TeaaopHblll TOK ( Teaaop aaeprHH-HMnyn&ca) cymecTBeH-

/8/ 
aoM MOAH$HUHpyeTCSI B38HMOAeiiCTBHeM • qTO KaCaeTCSI HenHHeliHOC-

OBBHHSI, TO TeOpHSI TSirOTeHHSI TOJKe ABeT TBKOJI npHMep (noKa B Teo

bill) - 38KOH npeo6p830B8HHSI CnHHOpOB, KOTOpb!ll nocne BKn!O'IeHHSI 

BNOA811CTBHSI CT&BOBHTCSI I58CJ:OBe'lBblM pBAON DO rp&BHT&DHOHHOMy no-

BOCCTBHOBneHHSI HCTHHHOII TeOpHH HBXOAHTCSI TOnbKO B HB'IBnbHOll CT&

'IBC MOJKHO BblCK838Tb HeKOTOpb!e C006paJKeHHSI 0 MeCTe H ponH rpyn

HHBX TpyAHOCTell npH ee npHMOnHHeiiHblX penHTHBH38UHSIX (n.7). 

S1 6yAeT BHBapB&HTH& OTHOCHTenbHO HOBblX HenHH811BblX Dpeol5pa

HTenbHO npeo6paaoB&HHll SU(6) • TonbKO B npHMeHeHHH K OAHO'I&CTH'I-

/1/ 
cTaTH'IeCKHM a#eKT&M aTa o6maa rpynna peAy1lBpyeTCH AO SU(6), 

TyA, TO OH8 CBSIJKeT, B006We rOBOpH, npoueCCbl C pa3HblM 'IHCnOM 'IBC

rpynna SU(6) ecTb AHH8MH'IeCK8SI rpynna no TepMHHOnorHH nallca. 

DpH MOAH$HK8UHH TOKOB 38 C'leT B38HMOAelleTBHSI HeJITpanbHblll TOK, 

AO T9H30p8 9HeprHH-HMnynbca, T8K 'ITO HCTHHH8SI H9nHH9iiH8SI 

b B K8'19CTB9 ROArpynn OAHOpOAHYIO rpynny nop9HU8 H rpynny SU(S), 

K838HO, 'ITO nonyqeHH8SI B CBOfiQAHOM cnyqae rpynna C nap8M9Tp8MHJ 

CTH 0 p8CDBA89TCH Ha fieCKOHe'IHOe 'IHCnO KOH9'1HO-napaMeTpH'I9CKHX 

SU(6) B CHCTeMe .noKoH. B 'IRene T&KHX rpynn coAepJKaTcH rpynna 

/II/ 
na 6apaca H ApyrHe. 

He 38M9'18HHSI 0 BeKTOpHblX H T9H30pHblX TOKBX 

nH TeOpHSI HHB8pH8HTH8 OTHOCHTenbHO H9KOTOpblX npeofip830B8HHII
0 

TO 

TBeTCTBYIOWHe TOKH 

ap. Jp. ••• (x)•O, (I) 

0 B03MOlKHblX ApyrHX HHA9KCOBo 06p8THO, ecnH H3 yp&BHeHHll liBHJKe

e H9KOToporo TOK8 Jp. ••• (I) 0 TO ypaBHeHHSI ABHJKeHHSI TeOpHH 6yAyT 

&Ho npeo6paaosaaHll scex nonell BHAa 

f .,. f' • e- IV fe IV (2) 

V • -If d;J4 ••. (xlfll,,. (3) 

·BHHII, B KOTOpb!e BKn10'19Hbl napaMeTpbl npeo6pa30B8HHII 61 ••• 3To 

4 

.:~ 

f,, 

O'I9BHAH00 ROCKOnbKY V He 38BHCHT HH OT KOOpAHH8T, HH OT BpeM9HHo feaep&TOpbl V HB

nHIOTCSI onepaTopaMH coxpaHHIO!IlHXCH BenH'IHH. HanpHMep, B cnyqae coxpaHHIOlllHXCH seKTop

HblX TOKOB Jp. reHS.p8TOpbl 

Q • - I f d;J 
4 

(x) (4) 

eCTb COXp8HSIIO!IlH9CSI onepaTopbl aneJ:TpH'IeCKOro 38pHA80 H30TORH'I9CKOro CDHH8 H Tolloo no

pOlKA810!IlH9 COr naCHO ( 2) COOTB9TCTBYIO!IlH9 npeo6p830B8HHSI none II. noA'I9pKH9M, 'ITO reae

p8TOpbl Q CyTb Tp9XMepHbl9 CK&nHpbl, H D09TOMY OHH npHHUHRH&nbHO He MOryT nepenyTbl-

B8Tb nona C p83Hb!MH CnHH8MHo 

nocKonbKY H8C HHTepecyeT rpynna SU(6) • KOTOpaH BKniOqaeT npeo6p830B8HHSI C ne,. 

penyTb!B8HH9M CRHH8 0 TO AnSI Hee C He06XOAHMOCTb10 HylKHbl TeH30pHbl9 TOKH, K8K MHHHMyM 

CHMM9TpH'IHbl9 T9H30pHbl9 TOKH BTOporo paHra Jp.Y •.ivp. o 0TM9THM, 'ITO ecnH H3 yp8BH9HHII 

ABHJK9HHSI cneAyeT 38KOH COXpaHeHHSI 9TOrO TOK8 

a"' ~~~- o • (5) 

x/ 
TO napannenbHO fiyAeT COXpBHSITbCSI H ero "MOM9HT' • 

Jp.,11>. •xll J~ -x>.Ivp. (6) 

ap. -tt,ll)o.- 0. (7) 

6narOABpSI 9TOMy, B TeOpHH C COXp8HSIIO!IlHMHCSI CHMMeTpH'IHblMH TeH30pHblMH TOKBMH cy-

" mecTByeT AB8 THna reHepaTopos, cnoco6Hb!X H3Me~HTb cnHH Ha 1: 

V •-fdtJ411 61 11 • (8) 

V • -1fl;J4,11>.6111)o. ' (9) 

H COOTBeTCTBeHHO AB8 THDB npeo6pa30B8HHII0 ecnH 068 9TH reHepaTOpa He o6pama10TCSI B 
• 

Hynh. 

0AHH npHMep TOKB Jp.v XOpOWO H3BeCTeH - 9TO CHMM9TpB'IHblll TeH30p 9HeprHH-HM-

nynbC8 8P.11 , napannenbHo c KOTOpblM coxpaHHeTcH ero "MoMeHT", Mp.,ll)o. •x 11 8~ -x).. 8 11/J-

TeH30p nnOTHOCTH MOMeHTB KOnH'IeCTB8 liBHlK9HHSio CooTBeTCTBYIO!IlHe npeo6p830B8HHSI - 9TO 

CABHrH H qeTepeXMepHbl9 BpameHHSio 

Mbl ROKBJKeM HHJKe 0 'ITO MOJKHO HBIITIJ T8KHe nOK8nbHble CHMM9TpH'IHbl9 TeH30pHble TO-

KH, KOTOpb!e HHAYUHpyiOT npeo6pa30B8HHSI rpynnbl SU(6) • KaK H3B9CTH0 0 rpynna SU(6) XO-

pOWO ORp8BABn8 cefig B DpHMeHeHHH K OliHO'I8CTH'IHblM COCTOSIHHSIM ( Kn8CCH$HKBUHSI DO cy-

x/ 
0TMeTHM0 'ITO B cnyqae COXpaHeHHSI BHTHCHMMeTpH'IHOro TeH30pHOrO TOKB ~11 -J11p. 

napannenbHO fiyAeT COXp8HSITbCSI "MOMeHT" Jp.,ll)o. • X II J~ +x).. J11fJ • 
(r' l 
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Ill 
nepMyl!bTHnneTaM, CTaTH'19CKH9 91!9KTpoMarHHTHbl9 CBOIICTBa ) , no9TOMy B !<aqeCTBe nep-

BOrO mara Mbl o6paTHMCSI K T9H30pHbiM TOKaM, COXpaHSIIOIIIHMCSI B CHUY CB060I!Hb1X ypaaae

xl 
RHII

1 
OCTaBUSISI Ha 6yoywee MOilH<i>HKaUHIO STHX TOKOB B3aHMOI!eiiCTBH9M 

HeTpynao DOCTpOHTb ace B03MO>KHbl9 COXpaHSIIOIIIH9CSI T9H30pRbl9 TOKH 1 COCTaB1!9HHbl9 

( xxl 
H3 CKanS!pHblXo cnHHOpHblX, BeKTOpHbiX H T9H30pHblX none II CM, npHno>Keaue I) • Cpei!H 

TOKOB 9CTb TaKH9 1 llUSI KOTOpblX OTUH'IHbl OT HYUSI 06a COpTa reaepaTOpOBl H (8) H (9), 3T01 

aanpHMep, TOKH THna T9R30pa 9HeprHH-HMDy1!bCa, nnSI B8J:OTOpb1X l!pyrHX TOKOB1 Ha060pOT1 

o6a COpTa reaepaTOpOB paBHbl ayn10, Hac 6yoeT lfRTepecoBaTb TpeTHII THn TOKOB1 y KOTOpblX 

reHepaTOpbl ( 8) paBHbl HYUIOo a reaepaTOpbl ( 9) OTUH'IHbl OT HyUSI, nnSI paCCMaTpHBaeMOII 

CHCT9Mbl nonell Bb!60p TaKHX TOKOB OllR03Ra'leH, 11MeRHO 9TH TOKH na10T penSITHBHCTCK}'IO 

rpynny npeo6paaoBaHHII OllHO'IaCTH'IHbiX COCTOSIHHII, KOTOpaSI B CHCTeMe nOKOSI COBnaoaeT C 

rpynnoll SU(6) • 

3, CoxpaHSIIOIIIH9CSI TOKH 1 CBSI3aHHbl9 C SU(6) 

M&I 6yneM HHTepecoaaTbCSI qeTblpbMSI npeocTaaneHHSIMH rpynnbl SU (6) : KBapKOBbiM, 

35,56 H 189. B cooTBeTCTBHH c ux cooep>KaHHeM B paccMaTpHaaeMoll panSITHBBCTCJ:OII cxe

Me 9TH cynepMynbTHnneTbl 6yoyT onHCbiBaTbCSI CU91lYIOIIIHMH Ra6opaMH nonell. 

I) KaapKH - llH~a!<eacKHM cnuaepoM ~ , y KOToporo nonpaayMeaaeTcSI TaK>Ke KBap-

KOBbli! HHI!eKC, 
• a a 

2) 35-nneT: nceBI!OCKanS!pHbli! H B9KTOpHblll OKT9Tbl cp H bl' ( a = I, "' 8) H 

BeKTOpHblll CHar neT b I' , nonS! b I' H b; nOA'IHHSIIOTCSI nononHHTenbHOMY ycnOBHIO ( Bbllle-

USIIOIII9My cnHH I) : 

a 
a" b" ... o • a" b" ... o . 

3) 56-nneT cooep>KHT CnHHOpHblll OKT9T ~a CO CnHHOM I 12 H 1!9KanneT 

cnHHOM 3/2, 

a ab 
I'"'" - 0 

ab 
yl' ~I' ... 0' 

.!. ab .,. _ .!. ba 
'1'1' '1'1' ' 

f ab 
aborfr I' • 0, 

od ab 

(u ab loci rfr I' "'2!t/ll' 

( 10) 

ab 
~I' co 

(II) 

(12) 

xl 8 OTUH'IHe OT CnHHOpHOII 9UeKTpOI!HRaMHKH1 rne B3aHMOI!eiiCTBHe He MeHSieT <i>opManb-

HOrO Bblpa>KeHHSI ll1!SI CB060I!HOrO TOKa, snecb,KaK H B TeOpHH TSirOT9HHSI 311HWT911Ha, TOkR 

npeTepnSIT cywecTaeaay10 MOilH<i>HKaUHIO H cTaayT aenuaeiiHbiMH, OnsaJ:o nepablll qnea paano

>KeRHSI Ka>KnOrO TOKa no KOHCTaHTe CBSI3R <i>opMaUbRO 6yneT ~DBnaoaTb C Bblpa>KeHH9M I!USI 

cao6onaoro ToKa. ( CM. n. 7). 

xx/ CTpyKTYPY coxpaHSIIOWHXCSI TesaopRblX 'roKo,. nocTpoeHHbiX us cnHaopoa, B' c"SISH c 

TeopHell TSirOTeHHSI aaanusHpoaanH Ko6aapea H OKyRb 
1 2~ 

6 

• 

\1'1 

:1 

it 
! 

3necb H HH>K9 Mbl nonbayeMCSI BOCioMHpH'IHblM B9l<TOpRbiM <i>opM81!H3MOM 

/131 
TbiM B (eM, TaK>Ke npHUO>KeHHe 2), 

4) 189-nneT: CHMMeTpH'IHbl9 T9H30pHbl9 CHHrneT hjtv"'hlljt H OKTe 

b;._ --b:,. a a 

• xf.IV ·-x"" CHMMeTpH'IHble TeH30pHble OKT9Tbl H r 

onHCbiBaiOmee 10- u 10* -nneT&I, u, HaKoaeu, cKanS!pH&III 27- nneT cp • 

CSI I!OnOUHRTenbHblM yCUOBHSIM! 

a a a I 

a" hf.IV - o. a" hf.IV -o, a" bf.IV -o, a" xf.IV - o, a"'~ 

ab ha 

'f.IV - _,f.IV 
ab ab ba ab 

f abo 'f.IV • 0 • tP "'tP ' • d abo tP "' 0 • 

a + + I 
nonS! hf.IV R h flV onHCb!BaiOT OllHOBpeM9HHO CnHHbl 2 H 0 1 a no. 

+ x/ , 
cnHH I 

Hac RRTepecyiOT CHMMeTpH'IHbl9 T9H30pHble TOKHI CHHrneT H OKT8T 

MOM9HTbl KOTOpblX l!a!OT reaepaTOpbl SU(6) • M&I cpasy npuaeoeM n 

pa>KeHHSI, CuarneTHbiii TeasopR&III TOK sanHCbiBaeTCSI cneoy!OWHM o6pasc 

Jf.IV"' Jf.IVO + Jf.IVII + Jf.IVII + JfJVIU 

roe 

... ... 
Jf.'Ve (x)• -161M ap [rfr (ai'P av +avp ap. lrfr] ' 

.. a irl> a 
J jtllll (x) -"a p [bp a" bv + bp a" bv ]+(jtll)' 

1 - a .._ a -ab ab - ab 
Jf.IV88 (x) =- Biila p[trfr a liP av rfr +3rm/Jp yl'rfrv -8rm/JI' > 

flo a .., a 4t a a • 

J jtVIU(x)•-1\a p (h~ all h~ +hpA all h~ +b~ av lp>. +)(~a, 

ab I+ ab 

+ '~ av,p>. +(jtv)]. 

x/ a 
BMeCTO nonell bl' 11 

a a 
)(f.IV H 'f.IV MO>KHO 6binO 6&1 HCnOUb30Ba' 

7 
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Ill 
TH'!eCKHe aneKTpOMarHHTHble CBOiiCTBa ) , no9TOMY B zta'!eCTBe nep-

MC>I K TeH30pHblM TOKaM, COXpaH>IlOUlHMC>I B CHny CB060JlHblX ypaBHe

xl 
ymee MOJlH<j>HKaUHlO 3THX TOKOB B3aHMOJleiiCTBHeM 

HTb see B03MOlKHble COXpaH>IlOll!HeC>I T9H30pHble TOKH 0 COCTaBneHHbl9 

xxl 
HblX, BeKTOpHblX H TeH30pHblX none II (eM. npanolKeHHe I) • Cpe!IH 

KOTOpblX OTnH'!Hbl OT Hyn>l 06a COpTa reaepaTopoa: H (8) H (9), 3TO, 

TeHaopa 9HeprHH-HMnynbCa, nn>l H8J:OTOpblX JlpyrHX TOKOB, Hao6opoT, 

B paBHbl HyniO, Hac 6yneT lfHTepecoBaTb TpeTHil THO TOKOB, y KOTOpblX 

,I ayniO, a reHepaTOpbl ( 9) OTnH'!Hbl OT Hyn>!, nns paCCMHTpHBHeMOil 

TaKHX TOKOB OJlH03Ha'!eH, HMeHHO 9TH TOKH )laiOT pen>ITHBHCTCKYIO 

OJlHO'!aCTH'!HblX COCTOSHHil, KOTOpa>! B CHCTeMe DOKOH COBnanaeT C 

CoxoaHHIOll!HecH TOKH, casaaHHbie c SU(6) 

COBaTbCH '19TblpbM>I npeJlCTaBneHHSMH rpynDbl SU (6) : KBapKOBblM 0 

TCTBHH C HX COJl9plKaHHeM B paCCMaTpHBaeMOil p8nHTHBICTCKOil cxe

Tbl 6yJlyT ODHCblBaTbC>I cneAyiOll!HMH Ha6opaMH noneil. 

zteaCKHM CDHHepOM ~ , y KOTOporo DOApaayMeBaeTCS THKlKe KBap-

. .. .. 
OCKanspHbllt H BeKTOpHblil OKT9Tbl t/> H bl' ( a = I, ... 8) H 

, nons b I' H b; DOJl'!HHHlOTC>I AOnOnHHTenbHOMY ycnOBHlO ( BbiAe-

a,.b~-o. a" h" - o . ( 10) 

lKHT CDHHOpHbllt OKTeT ~a CO CDHHOM I 12 H AeKanneT 
ab 

~,. co 

a ab 
I' ~I' - 0 

ab 

"" .~,. .. 0. (II) 

ba 
-~,. . ad ab 

(nab >od ~I' • 21~1' ( 12) 
f ab 
abo~" -o. 

DHHOpHOil aneKTpOAHHaMHKH, rAe B3aHMOA9iiCTBHe He M9HSeT ¢opManb

,o60AHOrO TOKa, 3JleCb' KaK H B TeOpHH T>lrOT9HHS 3i1Bll!Tei1Ha, TOKR 

10 MOJlH<!>HKaUHIO H cTaHyT aenaaeilabiMH. OnsaKo nepBblil qneH paano-

KOHCTaHTe CBS3B ¢opManbHO 6yAeT ~OBDaAaTb C BblpalK9HHeM Jln>l 
n.7). 

xpaHHlOll!HXCH T9H30pHblX TOK0'7 DOCTpOeHHblX H3 CDHHOpOB, B CB>I3H C 
H3HpoaanH Ko6aapea H 0KyHb 12~ 

6 

• 

I 

3necb H HHlKe Mbl nonb3Y9MC>I BOCbMHpH'!HblM BeKTOpHblM ¢opMHnH3MOM Jln>l SU(3) , pa3BH
/131 

TblM B (eM, TaKJKe npHnOlKeHHe 2), 

4) 189-nn~T! CHMMeTpH'!Hble T9B30pHble CHHrneT a .. 
hl'11 •h111' H OKTeT hl'll • h 111' , HHTH-

ab &b 
H none e,.... • -e

111 
b;., --b:,. a .. 

• XIII' ·- X111' 
CHMM9TP,H'!Hble TeH30pHbl9 OKTeTbl 

ODHCblB8IOll!ee 10- H JQ* -nneTbl, H, HaKoHeU, CKanspHblll 27- nneT t/> ab , non>! DOA'IHH>IIOT-

CS JlOnOnHRTenbHblM ycnOBH>IM! 

a a ab 

a,. biD' -o, a,. XIII' • o, a,. e,.... -o, a,.h~~~'·o. a,.h,:,-o. 
( 13) 

ab ba 

'~~~' -- e/DI 
ab ab ba 

faboei'JI -o. tf> •</> • 
ab 

d abo t/> • 0. (14) 

.. + + .. ab 
non>! hi'JI H hiD' ODHCblB8lOT OJlHOBpeMeHHO CDHHbl 2 H Q , a non>! b/D' x/DI H e/DI -+ xl 
cnHH I 

a 
Hac HHTepecyiOT CHMMeTpH'IHble T9H30pHbl9 TOKHI CHHrneT H OKTeT J/DI H J/DI 

MOMeHTbl KOTOpblX JlaiOT reaepaTOpbl SU(6) • Mbi cpaay npaaeneM nn" HHX roTOBble Bbl-

palKeaas. CaarneTHbill TeaaopHbill TOK aanHcbiBaeTc>l cnenyiOll!HM o6paaoM: 

J/DI • JI'JII + JI'JIU + JI'JIII + JI'JIIS8 (15) 

rAe 

.. ... 
J/D'e (x)•- 16iM ap [~ (ai'P a., +a..,p a,. )~] ' (16) 

t+ a~ a 
J ,. ... ae (xl -"aP [bP a,. h11 + bP a,. h 11 l+<,...,J. (17) 

1 - a ..., a -ab ab - ab ab 
JI'JISI (x)•-BmaP[t~ ai'Pa..,~ +Srri/Jp yl'~~~ -3mo/JI'y~'~P-+{I'JI)], (18) 

ft. a * a ._., a a"' 
J,...,ISI<x>•-liaP [h,.Aa.., hp>. +h,.,Aa..,hp>. +h~a ... ~p~. +xp.\a.., Xp>. + 

(19) 
ab I+ ab 

+',.A a..,eP~. +<I'JI>l. 

xl a 
BMecTo nonell bl'11 X.. H e a MOlKHO 6&Ino 6bl Hcnonb30B8Tb BeKTOpHble nons. 

/DI Ill' 

7 



OKTeTHblil TeaaopHbiil TOK HMeeT eaa: 
b b b 

J p.v • J,.ve + Jp.vaa 
b b 

+Jp.vaa +Jp.vln {20) 

rae .. 
b I - b -

J,..,, <xl ·-
16

Map [1/rX<ap.pav +a.,Pa,. )1/r]. {21) 

b a..,. 0 2 b.. .,. b 
J p.vaa (x) • "a p [ d aba b p a ,. b II + v' T (b p a ,. b II + bp a,. b., )+ {22) 

+ i ..... ... 0 

2"i"'•ba 1 p.par ¢> a., aabr + (p.vl] 

b - a ~ o - ad od - ad ad 
Jp.vn (x) • _1_ a [-l(ld aba + .!.. I aba) 1/r a,n ilv 1/r +6md abo<l/r I' Yv 1/r p -1/rp Y11 1/r, )+ 

4m P f 3 ,.... '" 

-a .,. ab -ab ,...... a 
+ 1 p.par (1/r Yv a a 1/r, - 1/r, Yv a a Vr l+(p.v)] , {23) 

b 
1 

- ..,.. b - b - b - b ..., - a"• ab 
Jp.vlll (x) • 12 ap l-y6hp.>.a 11 (h~ -y'Sb~ >-y'6(hp..~. -y'8bp.>.>a 11 hp>. -2y6bPI' a.,¢ + 

+ <V8 -yS)b~ a., hoo:r +4v'3<e,;.1, Xp>. +x~a., e; )+2fabo [(ySh~+b~ >a., x;,. +x;. a.,<vsh;.~. +b ;.~.) + 

- a .,. o - ad.. od a ..., o - o •" - o o 
+~+v't>x,.pa11 h017 +3y'2ei'P a., tf> ]+3d abo [hp..~.a 11 (h~ +y8bp>_)+bp..~.a 11 (yShp>.+ bp>. )+ 

9 a ..,. o a ++ 
0 

ad,.. od - - a a ..,. od 
+7- v''TI~bpp.avhoo:r+2xp..~.a., 'X.~+'',.>. a.,'~ ]+y3(uab >.,d [(y8hp..~. +bp.,~.>a., ep.~. + 

odH - a a - ad.. a 
+e ,.>.a., <v'sh~ + b~ > + \; -v'~5 >e PI' a., hoo:rl + <,..,> 1. (24) 

3aec& 
... 

Aa 11 B • Aa 11 B-a11 A • B , a (p.v) oaaaqaeT caMMeTpaaauaro. Bee 9TH TOKH on-

peaeneHbl C TO'IHOCTbiO ao q,'leHOB, KOTOpbie 1coxpaHSHICb 0 He aaroT BJI:na.[la B reHepaTOpbl 

{8) H {9), 

B rpynny SU(6) exoaSIT npeoopaaoeaHHSI rpynn&I SU(S) , a noaTOMY K BbinHCSHHhiM 

BbiWe TeH30pHbiM TOKSM aonJKeH ObiTb J;IOOBBneH BeKTOpHbiil TOK 

- b • ... 0 .... 0 -.. 0 

ip.(x)•t·VrYI'>. Vr +~!abo<¢> a,.¢> +b.,a,. b., -41/r Yp. I/1 

ad.,. od a .... o a o4ro+ o a .,. 0 ad++ ad ad ,.. od 
-siP., a,. I/1 11 +hv>. a,. h11>. +b.,,~.a,.bv,~. +x.,,~.a,.xw. +2{.,,~. a,. ew. +2¢> a,.¢> 

reaepapyrowail npeoopaaoeaHHSI SU (3). 

ToKH { 15)-{25) coxpaHSIIOTCSI B cany oohi'IHbiX ceo6ollHbiX ypaeaeaall: 

anSI KBSpKOB 

anSI 35-nneTa 

• 

<ya + M )I{!(xl•O; 

<D -l) ¢>"(x) aO 

[<0- ,.~ >s,..,-a,. a., 1 (::} o; 

8 

(25) 

(26) 

{27) 

(28) > 

anSI 56-nneTa (ya + m)I/1°(x) • o , 

1 ab 
[ya81'P +Tyl'yayp -r,.ap --\-a,. Yp + m81'P li/Ip (x) • o 

ana 189-nneTa 

2 
[<0- ~ >Bp.,~. a.,P -a,.a,~.a.,P -a., aPa,.,~. +B,..,ai aP 1 

0 
2 ab 

( - lH )¢> • 0 • 

~I 

h>.p 

h).p 
b~ 

~~ 

Ha 9TH X ypaeaeaall cneayJOT aononaaTen&Hbie ycnoBHSI { 10), { II) 11 ( 13 

nHWHHe CllHHbl H o6ecne'IHBSJOWHe nonOlKHT8nbHOCTb 9HeprHH, 

4, reaepaTOpbl penSITHBHCTCKHX npeo6paaoBaHHll SU (6) 

npeacTaBHM CBOOOaBble nOnS!; BXOaSIWHe BO BCe MynbTHnneTbl B BH, 

nnocKHM BOnHaM~ nona nonyuenoro cnaaa KaK 

d.. .. lpx • ... -lpx 
I{!(x) • f P [u(p)e + Cw(p)e ] , 

(217)1/il 2po 

rae U -onepaTop yHH'ITOJKeHHH qacTHU0 w -onepaTop poJKaeaaa 

C -oObl'IBaSI MaTpHUa aapS!aOBOrO conpHlKeHHHi paanolKeHHSI anH nonel 

naweM KaK 

~ { 3TO cnerKa MOilB~anapoeaaaoe ypaaaeaae PapHTbl-illBBHrepa nyT 
a,.., -r,. Yv MaTpna npH m npeapaweaa B 8.[lf!HB'IBYJO). CymecTByeT nenc 
'18CK08 C8M81CTBO ypaBB8HBll anH cnaaa 3/2: 

[Bp.p<ra>+Ayl' <ya>yp +By!' ap +Cal' Yp +m(Bp.p+Dyl' Yp )]"' 
-1 ~ 2 . -1 

rne A•-(2+48) (B +2BD-l +TD), C•-0+2B) [B+f:(D+l)] 
( D -1< " i . K STOMy ceMeAclay npaaannelKBT a ypaaaeBHe ( 26), a l 

illaaarepa a opBrBB&nbaoll ~opMe. B ceo6oaaoM cny'lae ace STB ypaaaeK 

X~ a 
YpaBH8BH8 {31)· anSI CBMM8TpB'1HbiX nonel! hp.v H hi"' COOTBSTC' 

paMeTpOII p • -1, q • 0 no ~~:nacca~uanaa a181. Oao onacblaaeT cn111 

sol! B Toll JKe Maceo!! lll • Ypaaaeaae {31) anH asTBCBMMeTpH'IBbiX no 
ypaBB8BBeM

1
npB1181l8BBbiM B /14/1 & HBnSISTCR MOaR~BKanael! ypa!IB8BBH ~ 

9 
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OK HMeeT BH.ll! 
b b b 

1pv • 1pve + Jll"u 
b b 

+Jpv5e +Jpvrse (20) 

b . - b .. 
Jll"e (xl- -

1
;Map [t/t>.<oi'Pa., +o.,pap. lt/tl, (21) 

.~ 0 2 b~ ~ b 
[ d abo bp a p. b., + v'.- (b pap. b., + bp a p. b., )+ (22) 

+ i f .... 4o4> 0 
~ abolppor q, a.,aobr +(p.ll)], 

- a ~ a - ad od - ac1 od 
op£-t(id abo+ t I uo) t/t o p.p a., t/t +6md abo(t/t p. Yv t/t p -t/tp Y11 t/t p. )+ 

-a ... ab -ab ..... a 
+lppor (t/t y.,ao .P, -t/t, y., ao t/t )+(p.ll)] (23) 

_ .... b _b -b _b..,.. -a..c .. ab 

l-v'6hp>.a.,<h~ -y'sb~ }-y'6<hp.~. -y'ahp.>.>a.,hp>. -2y'6bPP. a., ¢ + 

abl+ a.,. ab - a a .. o o ..., a • 
'a<~p.~.<tx~ +xp.~.a., ~p>.l+2f•bo[(y'3hp.~.+bp.~. >a., Xp>. +xp.~.a.,<yahp>. +bp>.>+ 

- ad.. od a .,. 0 - o a,.. - o o 
'2~p.p a.,</> ]+3dabo [bp.~.a 11 (hp~.+v'3b~)+bp.~.a 11 (y3hpA+ bpA )+ 

a .,.. 
0 

ad4+ cd - - a a ..,.. od 

+2xp.~.a., x~ +'~p.~.a., ~~ l+va<u.b >.,d [(y'Shp.~. +bp.~.la., ~p>. + 

a - od.. a 
bn>) + (__!__ -v'~>~ ""a., hrol + (!l") l. 

I'"' ya 15 rr-

(24) 

o11 A • B , a (p.v) oaaaqaeT CHMMeTpuaauu~. Bee 3TH TOKH on-

no q,.,euoB, KOTopbre 1coxpaHHHCb1 He na~T Bxnana B reaepaTopbi 

BXO.llHT npeo6paaoBaHHH rpynnbi SU(3) , H noaToMy K BblllHCaHHbiM 

M nomKeH DbiTb l;l06aBneH BeKTOpHbill TOK 

... 0 .... 0 -. 0 

+ lH abo(</> all</> + b 11 ap. b11 -4t/t Yp. t/t 

o a ~ a a ..,. 0 ad,.. od ad .. od 

.,~. +b.,>.ap. b11>. +x.,~. ap.xv>. +2~.,>. aP. ~v>. +2</> a P. q, 
30BaHHSI SU (3) • 

coxpaHH~TcH B cuny o6bi'IHbiX cBODOJlHbiX ypaBHeauA: 

<yo+ M)t/t(x)-o; 

<0 -p2 ) q, a (X) = 0 

£<0- / !Bil"-all a., 1 (::} o, 

8 

• 

(25) 

(26) 

(27) 

(28) 

:',I 

J: 

nmr 56-nneTa (yo+ mlt/t"(x) • o , 

1 ab 
[y88p.p i;TYp.YDYp -Yp.op -}op. Yp + m81lP ]t/tp (xl • o 

~I 

nmr 189-nneTa 

b>.p 

h'>.p 
2 I • ((0- m )8p.A 8Yp -op.a).Dyp -o11 opap.A +8p.YD~ Dp] b>.p 

0 
2 ab 

( - lll )</> - 0 • 

XAp 

~;; 

(29) 

(30) 

'b./ 
- o, (31) 

(32) 

113 3TH X ypaBHeHHll cne.llyiOT J;IOUOnHHTeiibHbie ycnOBHSI ( 10) 1 (II) H ( 13) 1 HCKIIIO'f8~1UHe 

IIHIUHHe CllHHbl H o6ecne'IHBaiOIUHe llOIIOlKHTeiibHOCTb 3HeprHH. 

4. reuepaTopbl penHTHBHCTCKHX npeof5paaoBaHHA SU (6) 

OpencTaBHM cBo6o.llHbre nonH; BXO.llHIIlHe BO Bee MynbTunneTbi B BH.lle paanoJKeuuA no 

nnocKHM BonHaM~ nonH nonyuenoro cnuaa KaK 

d.. -+ lpx • -lpx 
t/t(x) • f P [u(p)e + Cw(p)e ] 

(h)i/2 2po 
(33) 

rne u - onepaTop yBH'fTOlKeBHH 'faCTHU, w -oneparop polK.ll9HHH aHTH'faCTHU, a 

C -OObi'IH8SI MaTpHUa aapSI.llOBOI'O COllpSilK9HHSii paanOlK9HHSI .lliiSI nonel! uenoro CUHHa sa-

nuweM Kax ~ 

xl 
3TO cnerKa MOllB.PRllBpoB8BH09 yp8BB9HB9 PapHTbi-llJB&Brepa ( nyTeM YMBOlK9HHB B8 

81l" -yll y11 MaTpHlla npR m npeaparueaa a &.llHHB'fBYIO). CyruecTayeT nenoe nayxnapaMeTpH
'fecxoe C9M91CTBO ypaaB9BHA .lliiSI CJIHH8 3/2: 

[8p.p(yD)+Ayp. (y8lyp + Byp. op +Coil Yp +m(8J.IP+Dyp. Yp llt/tp •0, 

-l 2 1 2 ' -l 
rne A•-(2+4B) (B +2BD- +TD), C•-0+2B) (B+}!D+l)], 

( D {. ~ i . K &TOMY ceMeAclay npaBanneJK&T a ypaaBeBBe ( 26), a ypaaBeaae PapHTbl
illBBBrepa a opHrBHSIIbHoA ljlopMe. B ceo6onaoM cny'fae ace 8TH ypaeaeHHB exaaaaneBTHbl. 

xxl • 
YpaaB9HR9 (31)· J:IIIB CHMM9TpB'IBbiX noneA hj.IV H hp.Y COOTB9TCTayeT 3H8'19BR~ na-

paM9Tpoa p • -1, q • 0 llO xnaccRijlHKaJlHB a/8/, 0110 OllRCblaaeT CIIBII 2 H CURB 0 C Oil-

BOA H TOll lK9 M8CCOA :Ill • Yp8BB9BH9 (31) .lliiSI 8BTHCHMM9TpH'IBbiX noneA coananaeT C 
ypaeBea&eM1 npaaeneBBbiM a /14/1 H llllnBeTcH MOllH.PHxanaeA ypaaBeBRB Ke:.o.iepa/151. 

'JI 
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-+ -+ lpx 
bl' (x) • f d:/2 [bl' (p)e 

(2tr) 2p0 

+ .. -lpx 
+ bl' (p)e (84) 

Tenepb TIOIICT8BHM 3TH paanolK&RH!I lln!l none II B ( I5)-( 25) B Bhl'IHCnHM reaepaTOpbl (4) t 

(8) B (9). npa 3TOM Mbl y6&11BMC!I1 'ITO reaepaTOpbl (8) paBHbl Hymo. feaep8TOphl (4) H 
x/ 

( 9) MOryT 6b!Tb 38TIHC8Hbl T8KHM o6p830M : 

Q lSI• If~ al 
2 Po 

Q - Q e + Q aa + Ou + Q u1 

1 f d .. b_ 
Q e • -- ..!!.L"' uA b u +3C'{., 

4M 2 Po 

d-+ b. a+ a a+ a 
Q

85
= IJ_P_cu I (cp rp +b., b.,) 

2 Po abo r- .-

i d-+ b -a G -ad ad 
0

11 
• __ f_!!.L al labo(u u +2u I' ul' ) +3C'i, 

2m 2p0 

a+ a a+ a a+ 0 ad+ ad ad+ od 

labo(h"" h"" + b"" biD'+ xiW """ +2e IW '"" +2</> .p l. 

V • U +W 

u. u
1 

+ u
88

+ U 80 +U 189 • 

U • 1 f d p al PA _ ' 11M "'2""Po 1W 'IWAP M u 'Y p 'Y a u + 3C"' • 

• d-+ + a+ a 
U • -tf_P_ru (b,b11 +b., bv), 

aa 2 Po IW .- .-

1 J d-+ P' - a a - ab ab U
88

• __ ~"' ·(,,..,,~-!Ln y y 8 u -61u u 11 l+3C"' 1 
8 m 2p 0 I'V r- "f' m P I' 

d... + a+ a a+ a a+ • ab+ ab 
Uul• -21f 2ppo "'IW (hl'..\hvA +hi'AhvA +b~bvA+X~XvA+e~ evA l • 

W • W,+Wu +'flu+WIU 

.. b b w,. _!_J~a~,.....•,..,,~~'Uy >'sA u + 3C'l • 
8 M 2 Po ,......., M P 

d-+ b a+ o 2 + b b+ 
W18 •-IJ~rul'11[dabobl' b 11 +v'y<bl' b 11 -b 11 bl')+ 

PA a+ o a o+ ] 
+ " I abo '~W¥- ( b p tP + b p cp ) , 

(85) 

(36) 

(87) 

(88) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 
! 

----~------------------~"~ 
x/ npwuepbl BbiB0/18 :aTJIX BblplllK&IIHII 111151 reaepa'I'OpoB CM. B KOIIIl8 npR.IIOlK811Bll 1. 

IO 

• 

w18 = _ 1 _ f_!j_ cu:.., 1•., ... •~-!ld!kdab• .. Liabo )aayp y 1 u
0 

+ 
2m 2p 0 r- r- "f' m T 

-a ab - ab a ] ..ad od 1 
+ u u p -up u - 61d abo u I' 1l v + 3C'l , 

d.. • .-+ 0 -o 2 0 

W 111 • I f _P_"' I'V I h~ [d abo(~ hvA +v'S bvA l+ -- 1aboXvA + ( • ab >o; 
2po yr:r 

1 - .,.. - • s Is • od 
+ ... 0-v'.!...l bOO' [ys d abo bu.., + (_ + v'-> I abo)(,.., +(uab > •• e "" 

• 5 .-yr:r 2 ,..... 

_ b a+ • 
2 0 . 1 ad a+ 4 ab 

+y2bvA]+b~[kdabobvA +T1abo XvA +\lf'(11 ab>od evAl+xi'A {ysgvA +d 

- lo+ II+ ooJ+ -- ·o+ ab - ad+ ' -<V:- Y
6
5 

)bl' 11 hw + 2dabae:~ ~vA +v'{- bi'V tP +[v'2 I ab•'IW rp 

B STHX «!Jopuynax Bee nons noApaayueBSJOTC11 cPYBKilB11MR OT ; : u(p). 

B T.ll. B reaepaTopax 11n11 -tacTBn c nonynenbiM CnRBOM.3ClJ "oaaaqaeor; s 

Hbrll qnea , reaepapyJOIIlBA npeo6p830B811B11 8HTB'I8CTBJl. 

feaep8TOpb1 U II · W o6aapylKHB810T np11MOe CXOIICTBO C HCilOnb3' 

C811'18C anre6pe TOKOB llpOCTp8RCTBeHBbiMH IIHT&rp8n8MH OT nCeBIIOBeKTOp 

CTBHTenbHo, ecna ycTpaBRTb H3 reaep8TOpoB U 11 W 'nap8MeTpbr' t 1 
b 

R f I'VAp "'l'v p A TO OCT8HYTC11 nceBIIOBeKTOpHb!e BenH'IRHbl BH/18 f ~ 
d .. - ... ... 

H8npaMep, B cnyqae KBapKoB sa (47) nony'IHM f~u(p)y y u(p) 
• Po p 6 

HaC 9TH nC&BIIOBeltTOpHb!e BenH'IHHhl B03HHKnH H3 npOHBTerpHpOB8HHblX no 

KOMilOHeHT COXp8H1110IIlHXC!I TeH30pHblX TOKOBo noaTOMY He B03HHK8eT BOl 

HHH nC&BIIOBeKTOpHblX TOKOB H Bbl!lCHHeTC!I HX llpOHCXOlKIIeHH8 H CB113b C 

5 • .HBHbiii BHII pen11THBHCTCKHX npeo6p8301!18HHII ! 

J1HcPHHHTe3HM8nbHble npeo6pa30B8HH51 none!! B TepMHH8X reaepaTopo: 

nHCb!B810TCH T8K : 

81•-I[Q +U+W,I] 

r11e I -n106oe sa p8ccMaTpHB8eMblX none!!. "1To6br OTCI0/18 nony'IBTb 

paaoBaHHA 1!1 Heonep8Topaoll «!JopMe, HYlKHO BocnonbaoB8TbC11 nepecTaaoBo 

HRSIMH: 

x/ 
AnSI KBapKOB 

11n11 85'-nneTa 

lu!pl ,ii(q) I • ( -lyp +M)2p 0 8(;-;l; 

a .... b+-+ -+ -+ 
[cp (p), rp (ql]• 8 ab2p 0 8{p-q) 

XI AHTRKOMMyTSTOpbl 11n11 onepaTOpOB W ( p) , OTIHCblB810lllRX 8HTH'18CTI 
11n11 u(p). 

II 

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



d-+ -+ tpx 
bll (x) • f P [bll (p)e 

(2 rr ) a/2 2 Po 

+ -tpx 
+ bll (p) e ] (34) 

M 3TH pa31IOlK9HHH A!Ili IIO!I&l! B ( 15)-(25) H Bbl'IHC!IHM reHep8TOpbl (4), 

3TOM Mbl yo&ABMCH 1 'ITO reaepaTOpbl (8) p8BHbl Hymo, feaepaTOpbl (4) H 

x/ 
aanHC8Hbl T8KHM 00p830M : 

Q • Q e + Q u + Ou + Q 181 • 

-+ b 
Q 8 • _I_ f ~"' ii.>. b u +3Ctl, 

4M 2 Po 

d-+ b •+ 0 a+ o 
Ou= if~C<l 1 abo(c;l> c;l> +bll bll)' 

Po 

i d -to b _a o -ad od 
Q = __ f_!!LC<l labo(n u +2u.,u., )+3C'i. 

&8 2m 2po ,.. ,.. 

d; b a+ o a+ o a+ 0 ad+ od ad+ od 
-"' '•b•<hiL.,hiL"+biL"b"..,+x x +2e., ... e.,.,+2cf> "'>. 
Po ,....- llY IL" ,....- ,.. 

V = U +W , 

U - u 8 + uaa + u ae + u 189 • 

U • I f dp "' P,>. _ 
8 811 ""2P;;" llY f!LVAp M 0 Y p Y a n + 3C'i , 

-to + a+ a 
U - -if~"'•~ (b., b.,+ bll bv), u 2 Po ,....- ,.. 

I d-+ P' - a a - ab ab 
Ua8 • --f~"' (f.,.,,A....!Ln y Ya n -6in nv l+3C'i 1 8 m 2p 0 IL" ,.. ,.,.. m P 1L 

d .., + a+ a a+ a a+ a ab+ ab 
tn • -2if_P_., llY (hi'.\ hv.>. +h!LAhv.>. +b !LA bv.>. +)(!LA X.,,>.+'p.>. 'v.>.) , 

2po 

W •W
1

+W88 +W 81 +W 1u 

I dp b P - b 
W1 • -f--"'p.vf""'A_!4_ny Ya An+ 3Ct{ 

SM 2p 0 ,.. "1' M P 

d-+ b a+ 0 2 + b b+ 
W 18 = - if "I"P"o "' IL" [ d abo b IL b v + y T ( b IL b v - b v b IL l + 

p .>. a+ 0 a 0 + l 
+ ~ I abo f!LVAp- ( b p c;l> + b cp ) 
----------~IL~ p 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 

l!!obiBOna STJIX BblpaJKeHHA nrur reaapaTOpoe eM. B KOHli& flpanoJKeBBll I. 
10 

• 

W18 = _,_ f_g_ .,:.., {f.,...,A!A_[(Kdabo .,.t-!abo )aay y 1 n° + 
2m 2p 0 r- r- "f' • P 

(49) 
-a ab - ab a ] ..ad od I 

+ n n p - 11 p n - 61d abo n IL a v + 3Clf , 

d-+ io ..r o -• 2 o od 
WIll • I f _P_ c» llY {hiLA [d abo(~ h.,>., +y8 bv.>. )+ -- f aboXv>. +(a ab >od 'v.>. ] + 

2po ..[3 

1 - o+ - 0 5 lS 0 od + 2 b 
+- {1-y.!..lhw [yS d bo b.,v + (_ + v'-llabo X., ... +(nab >od '!LV ]+h .. , [-v'T hv.>. + s 5 a,.. ..;a 2 r- ,... 

- b a+ • 2 ° · 1 od a+ 4 ab 0 

+v'2 hv.>.l+b!LA[K d abobv>. +,-1abo Xv.>. +~(nab) od ev.>.l+x!LA \;r'"). +d aboXv>. ) -

..;2 yS lo+ ••+ ool+ -2 o+ ab - ad+ od 
- <,-- _6_)bll 11 h 017 + 2dabo'IL~ ~v.>. +v'T bp.v cf> +[y2 f ab•'IL" t/> I+ 3C. (50) 

B 9TRX ~OpMy!IaX BCe nonH HOAP83YM9158IDTCH ~YHKRRRMB OT p 
.. -... ... + .. 

u ( p), u (p), b IL (p), bll (p) 

R T,/1, B raHepaTOp8X AIIR 'IACTH!I C nonyn&!Ib!M CIIHHOM
0
3Clf "03H8'18&T: aapR.IlO oCO!Ipl!lK&H-

Hbll 'III&H 1 reaapapyiDillBA npeo6p830B8HRR 8HTR'I8CTRR, 

reaepaTopbl u a · w OOH8pylKRB8IDT npHMOe CXOACTBO C BCnOIIb3y&MblMH B MOAHOll 

C&li'IBC anre6pa TOKOB npocTp8HCTB9HHblMH HHTerp8!I8MH OT nC&BAOB&KTOpHblX TOKQB, nell-

u H w 'napaMeTpbl' f /LVAp <U llY P .>. CTBHT9!IbH01 9C!IH ycTp8HHTb B3 r&HepaTOpOB 
b 

H f /LVAp"'!LV P A TO OCTBHyTCR nc&BAOB9KTOpHbl9 B&IIH'IHHbl BHAB 

HanpHM&p1 B CIIY'188 KB8p~OB H3 (47) no!Iy'IBM f4';;(p)y y u(p) 

f~i (;)' rp; p& 

Po p & -+ 
0AH8KO Y 

H8C 9TH nC&BAOB91tTOpHbl9 B&!IH'IHHbl B03HHKIIH H3 npOHHTerpHpOBBHHblX no X '19TB9pTb1X 

KOMnOH9HT COXpBHHIDillHXCH T9H30pHblX TOKOB, fl09TOMy H& B03HHK89T BOIIpOCa 0 COXpaHe

HHH IIC&BAOB&KTOpHblX TOKOB H BblHCHH9TCH HX npOHCXOlKA&HHe H CBll3b C SU (6), 

5, HBHblll BRA· pe!Il!THBHCTCitHX npeoop830B8HRA SU ( 6) 

;. 
J1H~HHHT93HM81IbHbl9 npeoop830B8HHll none!! B TepMHHaX reaepaTOpOB Q, U H IV 38-

nHCblB8IDTCH T8K : 

81--i[Q +U+IV,f] (51) 

rne f -IIIDOO& H3 paCCMaTpHBa&MblX nonel!. '-ITOObl OTCIDAa nony'IHTb liBHbll! BHA npeo6-

p830B8HHA B aeonepaTOpHOl! ~OpM9 1 HyJKHO BOCnO!Ib3088TbCR nepecTaHOBO'IHblMH COOTHOille-

HHSIMH: 

x/ 
Allll KI58PKOB 

AIIR 85;..nneTa 

1/, 

{a(p),ii(~ll• ( -lyp +M)2p 0 8(p-~); (52) 

a ._. b+... .., -+ 
[cf> (p), c;l> (q)] • 8 ab2p o8(p-q) (53) 

xl l -+ 
AliTHKOMMYTatopbl Allll onepaTOpOB W ( p) 1 OIIHCblB8101llHX 8HTH'I8CTHUb1

1 
T8KH9 ~<e KllK 

AIIR n(p) • 

11 



• ... b+ ... p 1\1 .. .. 
[bll (p} ,bv (q}]- 8ab (8/W + ~}2po8(p -q}. (54) 

ll 

.... + .. p p .... 
[bll (pJ, hv (q)]. (81lv + ~}2p08(p-q} 

ll 
(56) 

nna 56-nneTa 

I u a (;} , ; b ( q"} l • 8 ab (- lyp + m} 2 Po 8( p- q} • (56) 

,a> 
I ab .. - od .. I + lf 

up. (p}, u v (q} l• T(eab }0 d PjlV (-lyp+m}2p0 8(p-q); (57) 

rne 
I + 
T(eab lod - npoeJtnHoHUbtil onepaTop ( T.e. ecnR ero 0603U8'1HTb fiab,od ,To llnB 

n ab ,edllod, et - nab, et ) t 

(58) uero 

c a > 
ocymecTBmnomRII npoenRpoaauRe ua 10-nneT; P;! -npoeltnROBUbtll 

x/ 
onepaTop, npoenupy-

ID!llRII 08 nonnpoCTpaBCTBO COCTOSIUHII CO CnHUOM 3/2 

4> A 

p /IV • ..!..<~ ~ _T3 >~tv • .!..<81lV + ~)- 1-""v 
3 3 m r 

(59) 

"2 A p p , P. •P. 
s -onepaTOp KBanpaTa cnuua, "~tv =(81lll' + ~)ullv<8vz.. + ~); 

m m 

/lnH 189-nneTa 

.. + -+ U+O) -+ -+ 
[ h jlV ( p) , hAp (q}] a p jlV,Ap 2p0 8 ( p -q} 

(60) 

a b+ (a+O) .. 

(hjlV(p), hAp(q)]a pjlV,Ap8ab2p~8(p-q), (61) 

.. ... b+ ... ~t) .. ... 
[b (p}, b,~(q}]•BabP",~2p 0 8(p-q}, jlV .., jlv •• ., 

(62) 

a .. b+ .... (0 .. .. 
()( (p}, )( ,}ql ]•8abp" ,A2p 0 8(p-q}, 

jlV • ., IW•"'' 
(63) 

ab -+ od+ -+ , U> -+ -+ [e jlV (p}, e ,\p (q}]- " ( u IDU} ab (u mu >od PjlV.Ap 2p 0 8( p- q} • (64) 

ab -+ ed+ .. -+ -+ 
[~ (p},~ (q}]•(cablod 2pg8(p-q}. (65) 

x/ 0 npoeJtllROHHbiX onepaTopax eM. npunolKeuue 3. 

12 

• 

0CTAII~Hb18 KOMMyT8TOpb1 RIIH UIITRKOMMyTaTOpbl pa!SIIbl Bylllo, B cpopwynax 
(1+0) 

P /IV, >.p - npoeKD.ROHBblll onaparop U:ll& 

(1+0) (I) , 

Pjlv).p • PIW·¥ + j-<B,~.v + P~{ }(8,\p + *"} • 
(I) (If /81 

rile p jlV.Ap COBD81l89T C Oll8p8TOpoM p 113 npRnOlK9BRSI 1 ][ CT8Tio8 

aeM saMea•T~ 0 ua lli
1 

• To'luo Tax lKa BblpalKeoHe nns np09KilRouuor 
(I) /8/ l 

P" ,A 6epeTcH ua c aaweaoll 0 aa + lll , HaKon-., xow!SRJU 
llV•"'' 

I( (u,.,.)ab (a.,,. led R (cab >od 8CT1o Dpo8KilHOHUbl8 onepaTOpb11 o6n8JI. 

!SON (88) R OCY1!l8CTBilRIOlllH8 COOTB9TCTBY101llll8 npo&llHpOB.!lHHll IS nepBOM c 

nn10c 10
11 

-nneTbl1 a BO aropoM - ua 27 -nneT, 

Bb!'IRCnHH Tenep~ C DOMOillbiO (52)-(57) R (60)-(65)x/ KOMMyTATOphl 

/lRM HISHblil BH/l npeo6pa30B8HRil noneil: 

npeo6pa30B8BHll KB8pltOB 

8 t/dx) • } [ 2 ca a ,\a + E jlVAp ~ Y p Y a ( QJ jlV +QJ: V ,\a ) ] t/t • 

npeo6pasoaaBBR 35-nneTa 

b 0 b p"' 0 
8 </> 

6 

( x) •- I abo ca </> - " I abo QJ jlV E jlVAp p b P ' 

a b 0 IL bO ~· 
8 b ll ( x} •- QJ I abo b ll + ~ jlV bv + d abo~ jlV bv + V T til jlV b v + 

h Py -L o 
+"I abo"'a~ 'r:fJYil T., • 

8b ll (x) 
- b b 

-~jlVbV +vi- Ql/W bV 

npeo6pa3oBaiiRH 58-nneTa l., 

• b 0 p i • 
8r/l (x} •-ca I abor/1 +t/WAP~ITcallv Yp Ya r/1 + 

b 
1 

o b ab 

+cajlV(i-dabo+Siabo }yp Ya"' +icajlVr/lp 

ab o ob u <}l ab 
Br/1 ll (x} •-w (I aoo r/lll +fboo r/lll }+PjlV ~~ "'v..\ r/1,\ 

o eb •• o + d 
-l<Uv>.(faoor/1,1. + 1boor/l,\ l-~QJa~'a~yv~(eab >od t/t 

npeo6pa30B8BHH 189-nneTa 

xl Pa3yMeeTcs, llOCTaTO'IBO onuoapewaHBbiX nepecTaUOBO'IBblX cooTuo•n 
nnH cao6o/lBblX nonel yJlo6uee acnonb3oBaTb 9TH. 

13 

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



... b+ .... p 1\1 .... .. 
(p) ,b., (ql1• B.b (81"' + ~)2p 0 8(p -q), (54) 

p. 

..... + .. p p .. .. 
(p 1 , b,_ (ql1- <B,.., + ~)2p0 8(p-q) 

p. 
(56) 

u a (;) , i b ( ;) I • 8 ab (- lyp + m) 2 Po 8( p- ~) , (56) 

ab -> - od -> I + <}> 
p. (p), u., (q)l• T(eab )

0
dPp.v (-lyp+m)2p0 8(p-q); (57) 

onepaTop ( T.e. ecna ero ooosHa'IHTb II ab, od , To nnH 

II ab ,odii od, el • II ab, el ) ' 
(58) 

c a > 
saaae sa 10-nneT; P~ -npoeKUHOHHwA onepaTop, npoenapy-

cocTOHHHft CO CnHHOM 3/2x/ 

3 ) 2 ( ~ Pp. Pv) I " 
-T "'"·-"I"'+_____.,.. -T17P." 3 m 

(59) 

17p.v =<Bp.p.' + ~>17p.'v'< 8vv + ~}; 
m m 

... + ... (~+O) ... _,., 
p.v ( p) , hAp (q} 1 = P p.v,>.p 2p0 8 ( p -q} (60) 

a b+ (2+0) 

l'"(p), hAp(q}1=Pp.v,.\p8ab2p~8(p-~}, (61) 

b+ ... (I) .... 
b,~(q)]• 8 abp" >~2p 0 8(p-q}, 
.., P."•''l' 

(62) 

a .. b+ ... 1 ,,to ....... 
I"' (p) , )( Ap (q) • 8 ab PI'V,Ap 2p 0 8 ( p- q) , (63) 

.. tt) .. .. 
(q)1• "(umn)ab (u ma>od P,;;,,,\p 2po8(p -q} • (64) 

od+... ... ... 
<f> (q) 1•(o ab )od 2po 8(p- q}. (66) 

onepaTopax CM, npanOJK9HHe 3. 

12 

• 

0CTAII .. Bhl8 KOMMyTaTOpbl IIIR 8BTRitOMMyT4TOpbl paliBbl HYIIIO, B cPOpNynaX (80) B (61) 
(1+0) 

P I'J', ,\p - lfpDeltUBOHHhlll OD8p4TOp HilA 

ci +O) (I) . 
p '" • p '" + .l_(3, __ + PM!} }(3,. + P,\ Po ) , 

p.v..., 1"'•"1' I ,.., ll! "" --yr- (66) 

(I) (If /8/ 
rne P 1"'•,\p collnalla&T c ouepaTopoN P •a npBnoJKeDa 1 It cTane , ecna B nocnell-

seM saMaiiBT .. 0 sa lR 
2 

• To'IKO Talt JKe llhlpaJKeaae lliiH npoen•osaoro onepaTOpa 

(1) /8/ """ p" '" oepeTCH 1113 c 138N8BOA 0 •• + m • HaKOIIQ, ltONI5B1141lBB 
IW•"f" 

"<•.,.lab (a.,. >ed R (cab >od aCTio npo&KilBOBBhle onepaTophl, oon~aJO!IIBa CBOIICT-

liOM (118) H OCyill8CTBnHJOIIIB8 COOTli8TCTBYJOIIIB8 npoenHpOBABBH B nepBOM cny'IA8 BA 10-

nnJOc 10
11 

-nneT&t, a BO sropoM - sa 27 -nneT. 

8bl'IBCIIHH Tenep .. C IIOMOIIII>JO (82)-(67) B (60)-(66)x/ KOMMyTATOpbl B (151), BaXO"' 

llBM HBHblll BHil npeoop830B8BHll nonel!: 

npeo6pa30BaHIIH KBapltOB 

81{1('11.) •} [2ru a ,\a +t w,\p~ y p y 1 (rul'l' +ru;" .\a >11{1, (67) 

npeo6pasoBaBBH 36-nneTa 

• b 0 b p,_ b 0 

8 <P ('II.) -- f abo "' <P - " f abo "' I'" f w¥ -,;- p (68) 

& b 0 111. bO -r• 
In p. <'II. l ·-"' I abo b I' + IJ pv b" + d abo IJ p.v b" + v T &lw b" + 

(69) 

b Py <{> o 
+ " f abo"' a{j 1 r:/3rl' T 

8b I' ('II.) 
- b b 

• &lw bv + v f Q'l p.v b,_ 
(70) 

npeo6paaosasaa 66-nneTa ., 
81{1 & ('II.) 

b 0 

•- Cil f abo Y, 
(71) 

p' ( . a 
+tpv.\p--:i- T"'l'" Yp Y1 1/1 + 

b I I o b ab 
+ru,..,(Tdabo+af•bo >rp Yay, +lrui'I'Y,P I' 

ab 0 eb •• c}> ab 
81{1 P. ('II.) •-ru (f ••• Y, p. +I boo Y, p. )+PI'" I~ "'v.\ 1/1,\ - (72) 

o eb •• o + d 
-lru,_.\(faeel/1,\ +!boo 1/1,\ l-li:ruaf3'af3yv~ (eab >od 1/1 I l 

npeoopasoBaBBH 189-nneTa 

x/ 
PaayMeeTcR, nocTaTo'IHO onaospeNeRH&tx nepecTasoBO'IHblX cooTHO'l!8HBA, OllHSKO 

A~H cB060ilBbut noneA yno6aee Rcnonb3oBaTb STB. 
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1 - PP a a a 1 a 1 a 
Bhl'-11 -&lp.A h>.v - -=(l-y'!.H8p.v +_glcu 4,s b4,s-&l .\(~h.\11 --=-b>.v)+(p.v), 3 v' 2 8 ~ ,. y'6 y'2 

(73) 
a b 

8h 1'-11 • - l> I abocu 
a " a l A& b 

h p.v + cu',.>. h >.v + ;,[6 cup..\ h >.v - cu p.A 
o - a 1 a 

II> d abo (b).v +y8 bAll)+ ysl abo)( Av + 

/:0 d I 1 2 Pp.l\.o b lv'- 0 5 y'ls 0 
+lHuab>od~AII -6{1-y'5)(81'11 +---;nr)cua,B 8daboha,a+<y'3 + 2)1abo)(a,8+ 

od 
+ (uab)od(a,B I+ (p.v), (74) 

a b 

8bp.11 • -li I abocu 
o "' a 1 "' b ab 1 - "' a 1 - b c 

bl'-11 +cu I'A b >.v - ~ r. cup.v cf> + -=-(1-y'~)cu "II hM +-(1-y';>Glp.JabiM-
v 6 ay' 2 8 ,.. 2..f3 ~ 

b - e o o 1 od I 1 a, a ( ) 
-&lp.Aidabo <~3 h>.v -l>b>.11 l+}laboXA

11
+

2
..JS(uab)od().v -../2 ,.Ah.\11- I'll' (75) 

• b • - b 0 

8Xp.11 •-IS 61 1abo x:~~ +a,p.>.X>.v- 3~ (I+ v'j->1:\p.ll 1abohM+ 

b I o I o 2 ab 0 
+ &lp.>. II abe(-= hAv+_b>.v )- _ { '~~- dabo )(, 1- (p.ll), 

y'3 3 .,[3 "" 1\ll 
(76) 

ab 0 eb •• "' ab l 2 "' o d 
8( p.ll- - ~(U ( f ... ep.v + f boo ( 1'-11) +cup.>. '>.v + 6 ( 1-y' 5)( u ab>od (Up.v h<70' 

1 "'
0 

( ) de 
--;;s-cu,.>. uabd• doc/> + 

' d 1 d 1 d 
-lHu b) d (hAv +- b '~)-- < u ab u0 d >)(All 1- (1£11), 177) 

ao 'I/31\V02 
o j1 do 

+ 61 ··' _(nab , I ] { '~. I"" 6 o do IW 

ab 0 db ad ,.. 0 - d 1 I do 
8cf> =- (U (I aodcf> + fbodcf> l+cua,B [y't(c ab)od bafJ + V2 I cab 'I e doe a,B]. ( 78) 

"' D P. 
B aTHX ,PopMynax p,. • ~~. cup.v coKpameuuo o6oauaqaeT (81'/l' +~leu , , (811 v + ~), 

,.. 1 axp. m 1'- 11 m 
rne B K8'19CTB9 MaCChi 6epeTCII Macca COOTB9TCTBYIOIII9rO MyRbTHnneTa, a 

<uab 0 od>• Sp(uab0 od). 

3aMeTHM, 'ITO B cnyqae nonel! C nonyuen&JM CRHHOM KOM6HH8HIIH THR8 

C yqeTOM CB060ilHOrO ypaBH9HHII nupaKa MO*BO 38M9HHTb H8 

P>. 
fp.v).pM>'p >'a¢ 

A p p , p 'P 
C1 p.v t/J • ( 81'/l' + p.M:) C1 p. if ( 8 II V + :I II ) , Tax, 'ITO, HaRpBMap, 3aKOH npeo6pa30BaHHB 

KBapKOB MO*HO nepeRBCaTb B BHil9 

Bt/1 • t[2cu •>.. +;,.11 (cup.v +cull~ >-.llt/1. ( 67
1) 

14 -

~OpMynhl (68)-(78) BhlrRRiliiT llOCTSTO'IBO rpOM031lKO, HO HX llOCTOHC 

B RRX HBBO BhlRHC8Hbl npeo6pa30BaHHII Ka*I!Ol! COCTaBnRJOWCl! MynbTHRR8Ta, 

nmr Ka*!loro Myn&THnneTa npeo6paaoBaBHSI MoryT 6MTb aanucau&I xpaTKO 1 

30M: 

:-.. b b b 
Ill • (C&I I b + cu p.v Sl'-11 + cu I'-ll N /lll) I , 

rne nn11 35-nneTa, 56-nneTa H 189-nneTa o6oauaqaeT cooTBeTcTseau 

h"ll 

( 

cf> a \ ( t/1 a ) l :~: :: ) ' .;· ' :~ 
cf> ab 

a Bhlp8lK8BBB llRSI SU ( 3) -onepaTOpa I b , CRHBOBOrO onepaTopa 5 I'll 
b 

JOI!l9rO onepaTopa Np.ll BOCCTaBaBnBBaiOTCSI C UOMOIIlbiO ("68)-(78) • 

B CBCT9M9 UOKOSI ( p • 0) npeo6pa30BaBBSI (67)-(78) COBH81l810T C 

MB rpynnM SU ( 6). Tax, uanpHMap, npeo6paaosauue ( 67) nnR KBapKoB a 

nyromeM BHne: 

Bt/1• {-£cu•>.. +u 1 (cu 1 +cu~>-.llt/1 (cut •l>f tlk 61 lk • i,j, 

TaKHM o6paaoM, nonyqeHH&Ie B&IIlle npeo6pa3oBaHHR ecT& penRTHBHaar 

SU ( 6) o nnSI KBapKOB Sft penstTHB1!3aHHH COBRSilaeT C penRTBBH38HH9A C 

EllHHCTB9HH08 OTRH'IH8 B TOM, 'ITO TpH aepenstTHBHCTCKH9 CRHHOBbl8 MaTpHI 

Cit B o6meA CHCT9M8 OTC'I9T8 llO aBTHCHMM9TpH'IHOrO T9B30pa BM9CTO 4-B 

KBapKOB STOT aBTHCHMM9TpH'IBbiA T9H30p COCTaBRSIIOT penstTHBBCTCXH8 CDHH 

... 
u,.ll HnR 

P,\ 
f p.11Ap M>'p>'a H COOTB8TCTB9HBO llRH npyrHX npenCT8B1 

paMeTphl cu p.v 11 napaMeTpbi CanaMa Ep CBSI38Bbi cooTuorneuueM • 

P A E 61 p.11'p.11.\p M • p 

npeo6pa30B8HH8 CanaMa TBK*e COOTBCTCTByeT T9H30pHhlM TOK8M0 HO Y*e 

HbiM B COXpaHRIOIIlHMCit TORbKO DO OIIHOMY R3 HHil9KCOBo 

x/ 
nnsr Ka*llOrO nonH STOT onepaT~p MO*IIO 38DHC8Tb B BRil9 

.... -2 
8 p.v • 8 p.v + P ( P p. •v>. - P 11 ",.A l P >. 

nnst cnuuopnoro nonsr, - I ( 8 ap. 8,B11 - 8 411 

o p.v -CRHHOBbl9 MaTpiiHI 

nnsr BexTopaoro b a R 1 

, rne 

8,8" l 
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1 - pp ••• 1. 1. 
~O-y'l..l!81"' + ~) ru afJ ba{J -IJPA <~ hi.,,..--=-b Av l+ (p.~~l, 
3 ..; 2 8 ll1 y'6 y2 

(73) 
b 0 "' • 1 -"• b 

hi"' +ru'pA hAv + \{6 rupA hAv -ru~ 
o _ a 1 a 

fli d abo (hAv +yS bAv )+- 1 abo)( Av + 
V8 

P!\1 b - • - • 
I--!-O-y.!..l!8,,.. +~)rual'l{y'Sdaboba.:l+L!i. ... +v'~lf be)( Q+ 

o 5 .- ll1 I" fJ yS 2 a a,.. 
od 

+ (uab)od ~ af3 I+ (p.~~)' (74) 

b o "' a 1 " b ab 1 - " a 1 - b c 
bpv +ru pi. b Av - _ r; rul"' cp + --=-0-yi.Jru ,,.. hi..A +-0-y~)Ol.,Jabi' ,-

v 6 3y 2 8 ... 2.,f3 " ,.. "" 

a od a 

-lib~,..l+~faboX + _l;.<•ab )od~Av 1-_!-2J~hAv -(p.~~), (75) 
• Av 2y3 y2 

• a 1 5 b • 
abo "Xpv +2Jpi..Xi..v- s.,f3 °+ vT>~pv 1aboh.u+ 

o 1 o 2 ab a 
hAv+3bAv)-y'3 ~Av- daboXAv 1- (pv), (76) 

•• "' ab 1 2 A o d 
+I boo ~ pv) +ru~ ( Av + 6 (1-y S)( u ab>od rupv hau 

1 ". 
-J'8rupA (u.bd•)dotPde -1-

do · d 
1 

d I d 
]do~Av -~(uab >.d (hAv + y'SbAv)- yff<uab 0 od>)(Avl-(pv),(77) 

ad " o ( 2 d 1 { I J:de] 
+ 

1
bod¢ )+rua{J y'S(cab)od ba{J+ -'2 cab ,I o do~af3 • (78) 

" v. p P. 
ru.,,.. coxpameHHO oooaHaqaeT (8,,' + 1\14'~ lru , , (8,.. v + ~>. 

"" ....- m pv m 
Macca COOTB9TCTBYIOIUero Myn&THnneTa, a 

C nonyuenhiM CIIHHOM KOMOHHBilHH THIIa 

ypaBH9HH!! .QHpaKa MO>KHO 38M9HHTb Ha 

f Pi., 
llVAfrld Y p Y a 1/1 

Pv'P ----:T ) o TaK, 'ITO, Ha!IpHMGp, aaKOH 1IpE!OOpll30BaHHH 
M 

B BHAG 

{- [ 2 ru • A a +upv (ru I"' + Q)ll: A a)] I{! • (67
1) 

14 

• 

<f>opMynhl (68)-(78) BhlrnHA!IT JlOCTaTO'IHO rpOM03JlKO, HO HX JlOCTOHCTBO B TOM, 'ITO 

B HHX BBHO BhinHCaHbl 1Ip900p830BBHHB K4)1{AOl! COCTBBn>IIOIUGl! MynbTHnneTa, Pa3yM99TCB, 

An!! Ka>KAOro MynbTHIIneTa 1Ip900pa30B8HHB MOryT Ob!Tb 381IHC8Hhl KpaTKO H QJlHHhlM OOpa-

30M: 

b b 
lil • (Q) bIb + ru I"' Spv + Q) I"' N pv) I • (79) 

rAe f JlnH 35-nneTa, 56-nneTa H 189-nneTa 0003HaqaeT COOTB9TCTB9HHO CTon~llhl 

hpv 

h.;,.. 

(:n ( ~;.) 
. 

bpv 

' 
a 

( 80) "Xp.~~ I ' 
ab 

~ll" 
tP ab 

a l!lhlp8JK9BHB AnH SU ( 8) -oneparopa I b 1 CIIHHOBoro OIIepaTopa 

b . 
IOIIl9rO OIIGpaTopa N/lV I!IOCCTa.llaBnHI!IaJDTCH C IIOMOIUbiO (68)-(78), 

5 x/ 
pV H CM9WHBa-

B CHCT9M9 IIOKOH ( p • 0) npeoopaaoBaHHH (67)-(78) COBIIBJlBIOT C 1Ipeoopa30B8HHH-

MH rpynnhl SU ( 6). Tax, Hanpuuap, npeoopaaoaaHue ( 67) Ans xaapxoa aanuweTcH a cne-

llYJOIU9M BHJl&: 

81/J• t-[Q)•A. +o 1 (ru 1 +Q)~Aa)]I/J (Ill I • ~ f Ilk Q) lk , I, j , 1: •l ,2 ,S) • 

(67") 

TaKHM oopaaoM, nony'IGHHh!G Bh!WG npeoopa30B8HHB 9CTb penHTHBH38UH!I rpynnbl 

SU (6), .QnH KBapKOB STa penHTHBH3a!lHH COBIISJla&T C penHTHBH38!lH9l! CanaMa/lB/• 
flo 

EAHHCTB9HH09 OTnH'!:HQ B TOM, 'ITO TpH HepenHTHBHCTCKHe CIIHHOBbiQ M8TpH!lhl AOIIOnHHIOT-

CSI B OOI!lel! CHCT9M9 OTC'!:eTa AO aRTHCHMMGTpH'IHOrO T9H30pa BMGCTO 4-B9KTOpa, .Qng 

Kl!lapKOB STOT 8HTHCHMM9TpH'!:Hhlll T9H30p COCTSBnRJOT penHTHI!IHCTC:KHe CIIHHOBbiQ MSTPH!lhl 

~pv unH .f pvi..p P~ y p y 5 H cooTBeTcTaeRRO Ansr Apyrux npeacTaaneRHll. Hawu na-

paMeTphl Q) pv II napaMeTpbl CanaMa Ep CBH38Hbl COOTHOWGHHGM • 

P .\ E 
Q)pv'pvi..p M • p ( 81) 

npeoopa30BaHH9 Canaua T8X>Ke COOTBQTCTByeT T9H30pHhlM TOKaM, HO Y>KG H9CHMM9TpH'l-

HhiM H COXpaHRIOI!lHMCH TOnbKO IIO OJlHOMy H3 HHilGKCOB, 

x/ 
.UnH Ka>Kaoro non!! 3TOT onepaT~p MO>KHO 3BIIHC8Tb B BH!l9 

.... -~ 
1 

'!I"' • 8 pv+P ·, (pll •v.>. -p,.. ·~ )pA , rae 
an11 cnHHopHoro nonH, -1(8ap8{3v-8av 8f3p) 

1!1 I'V -CUH.HOBbte M8TpHilbi : 

JlnR BG:KTOpHOrO b a H T,jl, 
~"pv 
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B. Cuenriga IIOny,ensoa rpynpw upeoDnoaoy~u.a 1 cuau11we c Bel rpynuocu 

lloCTOHHCTBO pBCCMOTpeHHOil Bbllll9 penSJTHBH3BilHH SU (6) B TOM 1 'ITO, Bo-nepBb!X1 ORB 

He nOTpel'ioBana BBe~eHHSI nHliiHHX HMnynhCOB (B OTnH'!He OT penSJTHBH3BilHil THfiB SL (6), .. 
U 12 R T,Jl,) 1 H, BO-BTOpb!X1 B 9TOil CBSI3H He B03HHKnO TpYJlHOCTeil C HeHHBBpHBHTROCThiO 

CBOI'iOJlHblX ypaBHeHHil, 06bi'IHb19 CBOI'iOJlllble ypaBH9HHSI HHBBpHBHTHbl OTHOCHTenbHO fiOny'!eH

HblX npeo6p830BBHHll, 

OllHBKO aalllleHHbte npeo6paaosaHHR o6nallBJOT cymecTBeHHbiM HellOCTaTKoM: napaMeTpbi 

.,• lllp.v 
• 

H lliJLY B HHX OKB3b!BBJOTCSI 38BHCSili!HMH OT 4-ciCOpOCTH, llei!CTBHTenhHO, npH-

MeHRSI CICOI'iO'IHYJO onepBilHIO na 

(8281 -8182)1m8 0 kl 

rile BBpHBilRH 81 • /J2 cyTb npeo6paaoBBHRR (67)-(78) c napaMeTpaMH 
a 

Ill' 

(82) 

w lp.v' 
• • a x/ . 

<U lp.ll H <U 2 , lll
21111 

H Ill 
21111 

COOTBeTCTBeHRO 1 Mbl HBillleM1 'ITO CKOI'iO'IHBSI BBpHBilHSI 

8ok HMeeT B ICB'IeCTBe napaMeTpOB 

• bob • b ol 
"' ok = -I abo ["' I "' 2 + l\ "' IJLII "' 21111 + u P. 0

11 "' Jp). "' 211A ' 
(83) 

"'Jtllok • - ( 8 a{3 + u a u {3 l ["' 1p.a "'211{3 + } Ill ;p.a "';11{3- ( 1'11 l l (84) 

a lfo A a b o 
"'p.11ok = -( 8 a{3 + u au {3) [., 1p.alll211{3 +"' 1p.a"'211{3 +d abo"' 1'4 "'v{3 -(p.ll )] 

(85) 

b 0 "" 0 I b (Ill I (U - (U 2 (U I "II ) • 
a 0 2!'V r 85 ~ 8 I 89 

ICBapK p p p 
QqeBHilHO, 'ITO TOnbKO IIpH OllHOil 4-CKOpOCTH !P__ = _p._ = .:.£__ = + a Up. npeo6pa30-

M p. m Ill 

BBHHSI KB8pKOB
1 

35-nneTa, 56-nneTa, I89-nneTa H T,ll, l'iyllyT o6pa30Bb!B8Th npellCTBBneHHSI 

OllHOi! H TOil JKe rpynnbi, KaJKilOMY 3HB'!eHHIO 4-cKOpOCTH COOTBeTCTByeT CBOSI COI'iCTBeHHBSI 

rpynna. 4>aKTH'IeCKR Mbl RMeeM lleno c rpynnol!, o6naaaJOmell 6ecKoaeqao 6onhliiHM qacnoM 

xxl 
napaMeTpOB , 0TCIOilB SICH0 1 'ITO RHBBpRBHTHOCTh OTHOCHTenbHO TBKHX npeo6pa30B8HHil B 

cnyqae B3BHMOileliCTBHSI 03HB'IBnB l'ibl 6ecKOHe'IHO 60nhUIOe 'IHCnO orpaHH'IeHHil HB BMnnHTYilbl 

nponeccOB
1 

KOTOpblM HR'Iero He OCTBBBnOCh l'ibl KBK TOnhKO o6paTHThCSI B Hynb, 

7. SU (6) KaK llHHBMH'IeCKBSI rpynna 

npoBelleHHOe TOnbKO 'ITO o6cyJKileHHe nOKa3biBBeT, 'ITO paCCMOTpeHHBSI penSJTHBHCTCKBSI 

rpynna llOnJKHB cymeCTBeHHO MOilH~HilHpOBBThCH B38HMOilei!CTBHeM H n09TOMy npRMeHeHHe ee 

XI !13 ( 5 I) H ( 82) nerKO nony'!RTh nepecTBHOBO'IHbl9 COOTH01Il9HHSI llnR reaepaTopOB 

(Q 2 + U2 + W 2 • Q I + U I + W I l• i( Q ok + U ok + Wok ) • 

rile B Q , U R W BXOilSIT napaM9Tpbl (83)-(85), 
CK CK CK 

xxl BoaMOJKHOCTh BhiileneuaR aa 9TOil rpynnht KOHB'!Ho-napaMeToH'!ecKHX nollrpynn otS-

cyJKilaeTc!l B npanoJKeHHHH 4, . ' 

I6 -

K aMnnaTyllaM aeaaxoaao. BMecTe c TeM npellcTaBnSieTc!l o'!eHh npaBilono 

ny SU ( 6) MOJKHO npRM9HSITh K OllHO'IBCTH'IHbiM COCTOSIHHSIM1 TBK KaK OE 

llBn8 ce6R llpR KnBCCH~HICallHH 'IBCTHil R p930HBHCOB H o6~SJCHeHHSI HX CTa~ 
III 

(MarHHTHbiX MoMeHTos) • TaKHM o6paaoM, 9TH apryMeHThi roBopRT B n 

nai!ca 0 TOM, 'ITO SU ( 6) 9CTb llHHBMR'I9CK8SI rpynna, llpyrHMH cnOBBM 

MOil9!iCTBYJ01IIHX nonel! llOnJKHB l'ib!Th RHB8pH8HTH8 OTHOCRT9nhHO H9KOTOpO~ 

CnOJKHOll rpynnbl1 KOTOpBSI nRlllb B npHMeR9HHH K OllHO'IBCTH'IHbiM COCTOSIHI 

llO SU( 6). TeopaH, a noToMy H aMnnHTyllbi, HHBapaaaTHhi OTHOCHTenhHo 

He OTHOCHT9nhHO SU (6) H ee HenocpellCTB9HHhiX nHael!HblX penHTHBH381l~ 

OllHH rryTh BOCCTBROBneHHR HCTHHHOII rpynnht cnellyJOmHII. Xopomo H< 

paH!IIOli!R9CSI BeKTOpHbl9 TOKH MOJKHO HCl!Onb30B8Th KBK HCTO'IHHKH BeKTOpf 

131 
noM I • 06paTao, aa Tpe6oBaHHH, 'ITOI'iht B3BRMOileilcTBYJOUIHe seKTOPHbl 

CUHHOM I 1 MOJKHO BOCCTBHOBHTh COXpBHH101IlH9CH B9KTOpHhl9 TOKH H TeOpH 

li!R COOTBeTCTBYJ01IIH9 CHMM9TpHH, nocKonhKy B rpynna SU(6) OCHOBHfl 

a 
H Jp.Y 1 TO 9CT9CTB9HHO paCCMBTpH paRHJOli!H9CH TeH30pHhl9 TOKR Jllll 

+x/ 
HHKH llnH TeaaopHhiX nonell 2 • Haa'!e roBopR, Mhi npellnonaraeM, 'liTO 

HHH llnH UOnSI 2+ B HCKOMOII TeopHH 38fiHChiBBIOTCH B BRil9 

2 (h~) (g [<0 -lll >8p.A 811P -a,.,.a.\ 811P -a,a.\8p.p +8""'rJfpl h').p - 8 

ToKH 
. 

JJLII H Jp.ll MOryT l'ih!Th BOCCTBHOBneHbl H3 Tpe60BBHHH1 'ITOI'ihl TE 

YllOBneTBOpHnH ycnOBHIO nopeaua 

a" h""' .. o, a" h;11 - o • 

MoJKHO OJKHilBTb, 'ITO OKOH'IBTenhHbte BBipaJKeHH!I llnH TOKOB qpeaBbi'Iailao 

CTBBnSIIOT co6oll pSIIlhl llO~CTeneHHM KOHCTBHTbl CBH3H, 01lH8KO Mbl yJKe 31 

Hbl 9THX pSIIlOB: OHH ~OpMBnhHO COBUallBJOT C Bh!p8lK9HH!IMH llnH CBOI'iOilHhl 

npaBnHHCh OT 9TOrO nepBoro llpHI'inHJK9HHSI MOJKHO BOCCTBHOBHTh cnellyiOli! 

ycnOBH9 Jlopeana (87) BhlfiOnHHnOCh BO BC9X nopHilKBX no KOHCTBHT9 CBH . 
CTByJOli!H9 TOKH ]I'll H J

1111 
CTporo COXpBHHnHCh, CHTyB!lH!I 31l9Ch aaano 

CnOlKHa '19M Ta 1C KOTOpoll Mbl 3RBK0Mhl B T90pHH THrOT9HHH 311HliiT9liH81 rll4 

n9HRH TeOpHR CBOI'iOilHhlil T9H30p aaeprHH-RMnynhCB npRXO)lRTCH )lOnOnHHTl 

181 
lKBli!RMR nJ06hi9 CT9ll9HH rpBBHTBUROHHOrO nonR 

ToT ~BKT, 'ITO nna nony'!eHHH SU(6) AOCTBTO'IHO CHHrneTHOrO H 

• Jp.ll H JJLII 1 fi03BOnSJeT Bh!SICHHTb1 K KBKOMY cynepMynhTHnneTy rpynm 

C!ITCH non!! CO CUHHOM 2+, 3TOT cynepMynbTHnneT llOnJKeH COil9plKBTh OK1 

xiTaK KaK Jp.p. +R J;,.,. ae paBHbl aynro, or._o Teaaopaoe non~ aap¥1l 

Cb!BBTb R COCTOSIHHH 0 • Paa6ReHH9 J1111 H J I'll HB 'IBCTH 2 H 0 1 

THrOT9HHH 1 l'ihtnO l'ihl aenoKanbHhiM, 
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Bblllle pen.stTHBH38llHH SU ( 6) B TOM, 'ITO, Bo-rrepBbiX, ORa 

aMrryrrhCOB (s oTnH'IHe OT penHTHBH3anaA Tarra SL (6), 

B 3TOIT CBH3H He B03HHKI10 TpyUHOCTerr C H9HHBapHaHTROCTbiD 

bl9 CB000llllbl9 ypaBH9RHH HHBapHaRTHbl OTHOCHT911bRO 110ny'leR-

rrpeo6pa30BaHHH o6rranaiOT cymeCTB9HHblM H9AOCTaTKOM: rrapaM9Tpbl 

3aBHCHillHMH OT 4-cKopOCTH, ,lleliCTBHT911bR00 rrpH-

Ul~ l'i, -l'ill'i2lf= l'i.k 1 • (82) 

cyTb npeo6pB30BaHHH ( 67) -( 78) C rrapaMeTpaMH W ~ , W IJ.<V , . ~ . 
H W 21-'" COOTB9TCTB9RRO , Mbl Halla eM, 'ITO CKOOO'!HBH BapHaUHH 

napaMeTpoa 

b 0 b tJ b 0 
a ba ( W I W 2 + Y, W IJ.<" W 2J.<" + u J.' u., W IJ.<h W 2vh ] ( 83) 

<Ba{3 +ua "{3 l[w 1~w 211{3+ }w:;.,.w;11(3-(llvl] (84) 

... .... • b 0 

-(/'ia{3 + u au {3) [w 1~w2V{3 +w 1~w2v{3 +d abo"' !La w.,{3 -(ll"l]
(85) 

b c \t 0 

f (w 1 w -w~wluvl· 
abo 2p:v ,.. 35 tie 181 

KBapK p p p 
onaoll 4-cKopocTH ~ = -~-'-=___./!_=--!-- = ul-' npeo6pa3o-

M ll m m 
56-rrneTa, 189-nneTa H T.n. 6yuyT o6pa30BhiBHTb rrpencTaarreHHH 

Ka~oMy 3Haqeaaro 4-cKopocTa cooTaeTcTayeT caoa co6cTaenaaa 

HMeeM ueno c rpynrrol!, o6nauaiOmeil 6ecKorreqao 6orrbillHM '!HcrroM 

HHBapHaHTHOCTb OTHOCHT911bHO TBKHX rrpeo6paaoBaHHil B 

Obi 6ecKoaeqao 6orrbmoe '!Herro orpaaaqeaal! aa aMrrnHTYllhl 

ocTaaarrocb Obi KaK TonbKO o6paTHTbCH a ayrrb, 

7. SU (6) KaK llHHBMH'!9CKBH rpy1111a 

'!TO o6cyJKA9HHe 110Ka3biB8eT, 'iTO paCCMOTpeHHHH pensrTHBHCTCKaH 

MOAHrPH11HPOBaTbCH B38HMOA9i!CTBH9M H 1103TOMy 11pHM9H9HHe ee 

119rKO nony'!HTb nepecTaHOBO'iHb19 COOTHOUI9HHH ll11H reaepaTOpOB 

• Q I + U I + W I J • i ( Q ak + U ak + Wok l • 

BXOllHT napaMeTpbi (83)-(85), 

HHH H3 3TOf! rpyl111b! KOH9'!H0-118pBM9T!JH'I9CKHX 1101\rpynn 00-

16 

• 

K aMnnaTyUaM ae3aKoaao, BMecTe c TeM npeAcTasrrsreTcsr O'I9Hb npaBAorroAOOHbiM, '<TO rpyn

ny SU (6) MOJKHO 11pRM9HHTb K OAHO'IHCTH'!HbiM COCTOHHHHM, THK KaK OHH 6rreCTHU19 OrrpaB

ll8118 ce6~ npa Knacca$aKanaa 'IBCTHn a pe3oaaacoa H oo~acaeaasr ax cTaTaqecKHX caoAcTB 
' Ill 

( MarHHTHbiX MoMeHTos) , TaKHM o6pa3oM, 3TH apryMeHThi roaopaT a nonb3Y ranoTe3bi 

Oal!ca 0 TOM, 'ITO SU ( 6) 9CTb AHH8MH'I9CK8H rpynna, ,llpyrHMR CITOBaMH, CHCT9M8 B38H-

MOA9l!CTBYIOillHX nonel! ll011JKHa ObiTb HHBapHaHTHa OTHOCHT911bHO H9KOTOpol! rny6oKoll H 0'!9Hb 

Cl10lKHOi! rpyrrl1bl 0 KOTOpag 11HUib B npHM9H9HHH K OAHO'!aCTH'IHbiM COCTOIIHHHM peAYQHpyeTCH 

AO SU( 6). Teopaa, a rroTOMy a aMrrrrHTYAhi, aasapaaaTHbi OTHOCHTerrhao aToA rpynnbi, ao 

ae OTROCHT911hHO SU (6) H ee HenocpeACTB9HHbiX 11HHei!HbiX perrHTHBI!3811HIT, 

0AHH liYTb BOCCTaHOBII9HHH HCTHHHOli rpynl1bl Cl1eAyiOI!lHli, Xopomo H3B9CTHO, '!TO COX-

paHHIOU1H9CH B9KTOpHbl9 TOKH MOJKHO l!Cl1011b3QBaTb KaK HCTO'!H8KH B9KTOpHbiX 11011911 CO CnR-
/3/ 

HOM I , 06paTao, 83 Tpe6oaaaasr, 'ITOObi saaaMouellcTsyromae seKTOpHbie nonsr o6naAana 

Cl1HHOM I , MOJKHO BOCCTaHOBHTb COXp8HHIOillH9CH B9KTOpHbl9 TOKH H T90pHH, KOTOpbiM rrpHcy-

illH COOTB9TCTBYIOillH9 CHMM9TpHH, 00CK011b.KY B rpynne SU(6) OCHOBHyiO p011b HrpaiOT COX-
a 

paHHIOU1H9CH T9H30pHbl9 TOKH Jill' H JJ.'" , TO 9CT9CTB9HHO paCCMaTpHBIITb HX KaK HCTO'!-
+x/ 

HHKH Ansr TeH3opHhiX none!! 2 , Haaqe rosopsr, Mbi npennonaraeM, 'ITO ypasaeaasr ABHJKe-

HHH AI1H l1011!I 2 + B 8CKOMOli T90pHH 3al1HCbiBaiOTCH B BRAe 

- (gJI-'") g'J;., . +l'il-"'iJi l(h,\p) 
p h" 

,\p 
[<0 -lR

2 
Jl'iJ.<h 8 11P -aJ.<ah a,P -a11 ah8J.<P (88) 

ToKu a " 
JJ.<v a Jl-"' MoryT OhiTh aoccTaaosrreHbi 83 Tpe6oaaaaa, '!TOOhi TeasopHbie nona 

YAOBI19TBOpRI1H YCIIOBHIO nopeana 

a J.< hw - o, a J.< h;., • o • (87) 

MOJKHO OlKBA8Tb 0 '!TO OKOH'iBT911bHhl9 BhipaJK9HH!I Al1H TOKOB '!p93Bbi'!al!ao H911HH9riHbl 8 npeA

CTaBI1HIOT COOOli PRAhl no CTeneHHM KOHCTaHTbl CB!I3H, 9AHaKO Mbl yJKe 3HB9M nepBb!9 'il19-

Hbl aTHX p!IAoB: OHH rjlopManbHO coanaAaiOT c BbipaJKeHHHMH Arr!l cno6oAHbiX TOKOB n.4. OT

npaBrr!IRCb OT 3TOrO nepaoro rrpH011HlK9HHSI MOlKHO BOCCTllHOBHTb CII9AYIOillH9 THK, 'iTOObl 

yCI10BH9 nopeana (87) Bbin011HH110Cb BO BC9X nOpHAKllX no KOHCTBHT9 CBR3H, a B3aHMOA9il-
a 

CTByromae TOKH JJ.'" H Jl-'11 CTporo coxpaHRnHcl!>, CaTyanasr 3Aecl!> aaarroraqna, ao 6orree 

Cl10lKHa '19M Te,c KOTOpol! Mbl 3BaKOMbl B T90pHH THrOTeBHR 3flBillT9ilHa, rAe npH BOCCTBHOB-

119BHH T90pHH CBOOOABbiil T9B30p 3HeprHH-HMI1Yl1bCa npHXOAHTC!I AOnorrHHTb '1119BaMH, COAep-

/8/ 
lK8illHMH rri06bi9 CT9119BH rpaBHTaUHOBHOrO ITOI1!1 

ToT $aKT, 'ITO ArrB norry'leBHH SU(6) AOCTBTO'!BO CHBrl19TBOro H OKT9TBOrO TOKOB 
a 

JJ.<II H JJ.<V , n03BOI1R9T BbiRCBHTb0 K KaKOMy cynepMyl1bTHI1119Ty rpyniTbl SU ( 6) OTBO-

+ + 
C!ITCSI norrsr CO CnHBOM 2 , 3TOT cynepMyl1bTHI1119T AOI1lK9H COA9plKaTb OKT9T H CHBrneT 2 , 

+ 
T9B30pHoe 11011~ Hap~AY C 2 OYA9T OITH-

Ba 'laCTH 2 H 0, KaK H B T90pHH 

X/Tai(1 ',I(BK J,, H J,:,, Be paBBbl Hynro, TO , ,..,.. + r-r- a 
• CbiB8Tb H cocTOBB•B 0. Pa36aeaae Jll" H J 1-'" 
TRroTeBHB, Ohirro tf.i.r senoKarri!>BbiM. 
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fpynna SU(6) HM88T TODhii:O 4 Up8llCT8BD8HBS11 COll8plK8111HX CIIBBhl 21 BO He BbiW&: 189, 

280, 280x a 405. Onaaxo Myn&THnn&Thl 280 B 280x ae conepJKST caarneTa 2+ B conep

lKST .iiumaae nexanneT&I 2+, a 405 -nneT conepJKBT numaull 27-nneT 2+. Myn&TBnneT JKe 
+ 

189 coneplKBT 11:811: pa3 T01 ~TO BYlKBO! CBBT'D9T B OXT8T 2 , • ae coneplKBT numaux ce-
+ a 

MellcTB 2 • EcTecTseaao aaxn~~BTh, ~To nona h~ a h~11 npBH8llneJKaT x 189-nneTy, K 

189-nneTy nonJKea 6h1Th npa6asnea 35-nneT, conepJKamull nona 1-, HCTo~aaxaMB nns xoTo

pbiX cnyJKaT coxpaBII~IIIBeCB seXTOpBble TOXB1 reaepupy~mBe npeo6pa30B8BBa SU(a) • nos

TO MY cynepMyDhTBnneThl 189 B 35 llOnlKBhl Brp8Th CTOnh JKe ol>yaJ18M8HT8nhHy~ ponh1 ~TO H 

npucoellBBeBBbie npencTasneBHH nna '18CTHil 1- B 06bi~BbiX rpynnax BBYTp8HHBX CBMM8TpBII 

( aanpBMep, oKTeT B SU(3) ) • BalKBO, 'ITO sxcnepaMeHTan&ao o6aapyJKeBBbie peaoaaacbl co 

CnHHOM 2 BMe~T RMeBBO TIOnOlKBTen&By~ '18TBOCTh H o6pa3y~T BM8BHO CBBrneT B OKTeT: 

/4/ 
1(1253), T •0: 1'(1525), T•O: A (1324), T•1; l*(1430),T•lS,Y•t.l. 

EcTecTseaao namaull paa non~epxayTh uenecoo6paaaocT& nonaoll sxcnepuMeaTan&aoll unea-
/5/ . 

TH<!>HK8UBB OCTSnhHbiX COCTOHHHII B3 189-nneTa , KpoMe BhiBOll8 0 ljiyanaMeHTan&BOCTH 

189 -nn9T8 1 Mbl npHXOJlRM K 38Knl0'19HHIO oQ VQBIQCiltlpRQCIR B3ABMOQ98CTBBSI C qactpa

~: B npasoll ~8CTB yp8BB9HHB (86) CTOBT e)lBBbiii TOX0 YMBOJKeBBblft H8 OllHY o6my10 
+ 

KOHCT8HTY CBH3B; TeM CSMb!M II:OHCTSHThl CBSI3B C TIOneM 2 llnll BCeX Uoneft Bblp8lK810TCB 

'lepea onay senu~aay. 

Boaspamasrc& x sonpocy soccTaaosneausr Teopua co B38HMOllellcTBBeM, npuseneM ap

ryMeBTb11 ~TO H9 TOnhXO TOXH1 HO H Upeo6pa30B8BBB TIOneft 011:8lKYTCH ~pe3Bbl'I811BO H9nH

H9l!Hb!MB, Deno s TOM, ~To, xax rosopunoc& B n,6, napaMeTpbl ol>axTu~ecxu aasucsrT oT 

4-CKOpOCTH1 H3-68 '19T'O rpynna TIO cymeCTBy BBnBeTCB 6eCKOH9~Ho-napaMeTpB~eCKOII, nos-

TOMy B03HHKaeT H806XOllHMOCTb KSK-TO T8K BHllOH3MeBHTb npeo6pa30B8HHB1 ~T06bl H3 CK0-

60'IHb!X napaMeTpOB ( HnH1 ~TO B TO l!<e C8MOe1 H3 CTpyKTypHblX COOTHoWeauft) Bb!TISDH 'lne

Hbl 1 38BHCHIIIHe OT 4-cKOpOCTH1 H 38 STOT C~eT ~HCnO napaMeTpOB CT8DO KOHe'IHbiM, 

nonbtTaeMca no6HT&cs STore cnenyJOmBM o6paaoM. B 189-nneT sxonsrT nons 1 +, onu

CbtsaeMbte 8HTHCHMMeTpH~Hb!MH T9H30p8MH, B npenene M8CCbl 0 STBX nonell ORB onpenene

Hbl C TO'IHOCTh~ llO 11:8nH6poBO'IHb!X npeo6p830B8BHII THUS 

a 
8h;11 - a~.\~ all .\ ~ + MynhTHIInHK8THBH8B ~SCTh 

(sac HHTepecyeT Ton&xo none b ;II ' KOTOpOe MOJKeT 6h1Th 06'bellHH9HO C 

aecnMMeTpH'IHblll Teaaop), Bbt6epeM ol>yaxuuu .\ ~ Tax, 'IT06bl 

a a 1 • 
a~ .\ 11 -a 11 A,. - 8 ro,.~~ J Torna 8b a • 1 roo. + .. • ,.., 8 rv 

• 
h~ B OllHH 

x/ 

I 
.. 

x/ MaccoBbtll 'lnea nonsr b ~ 
HO SllllHTBBHblX ll068BOII:, 

B TOnhXO OB HapymaeT HHBSpHSBTHOCTh OTHQC~Ten&-
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• 

.. 
AnnaTBBaas no6aBXa x non~ b I'll MOJKeT 6b!Th HCIIOnh30B8H8 llnB c6ecne~ 

MOCTR cxo!So~Hb!X napaMeTpoB AI a B AI~~~ OT 4-cxopocTH. BMecTe c TeN 
+ 1 89-nneTe CHHrneTa 1 Be )l89T B03MOlKBOCTH BCIIpSBHTh <0~11 ok. 3TO IIO 

TOll: J ~~~ B BCTBBBOII TeopBB llOnlKeB 6b!Th nononaea llO T9H30pa SBeprHH-Hl 

CoBOII:yiiBOCTb COOTBeTCTBY~IIIB~ MOllHoi>RX8IIBII T8KOB8, Bo-nepBhiX1 IIOB 

aosaaasx ayJKBo npoaasecTB aaMeHbl napaMeTpoB 

u.\ • 

rne u · .• 1 a 
.\arM~ 
1 B 

nlrTx;\ 

• a b o 
ro .. ro + gl abo 0.1 .\p b )w u .\ u 0 

2 a a 
ro I'll .. <0 I'll + S g (AI ~ bvp - (jLII)) u .\ up , 

(,)I'll 

B (67) 1 

(73)-(78). 

a b o 
<01'11 +gdabo (ro~b 11p-(~))u.\ up 

u.\ • _!__a_ B (68)-(70) 1 
ljl as.\ 

Bo-sTOpb1X1 xpoMe TOre, B 

a 
u.\ ._!__ -

im ax.\ 
npeo6paaosaaae 

nell (67)-(78) Hyli<HO )l068BHTh llOTIOnBHT9nhBblll 'IDea: 

8'1-81+[lSro -~ro'" b:Q<8aQ+•auQ))P(s,a 11 -s11 a, )I, 
I'll 31 I'CI f'. f' f' r r 

rne p -IIp09KUHOBHb!ll onepaTOp1 COOTBeTCTByiOIIIHII IIOniO I : p-

rp&b 
I 

p.-lyu+1 nnsr 

"' 
H "'a I P • 8~ +ul' u 11 llnH 

(2+0) a 
P - ly U + 1 p.i.Jl 1/J ab - 2 nnsr I' I 

p- p nnsr hl'll H hl'll H, B 

p"(l) a a e ab 
p- nnsr bl'll I X H j.lll • Do6aso'IBhlll 'lnea c (,)I'll B (9 

I'll 

CTIHHOBb!9 onepaTOpb! B nepBOH8'18UbBhiX npeo6p830BdHHHX llO nonHOT'O MOM9l 
x/ 

nsuJKeHBH. • Tenep& HOBble npeo6paaoBSHBH conepJKaT ( BMecTo cnaaosoll rp 

OllHOpOllBYIO rpynny nopeaua, XOTOpas nony'l8eTCB1 ecna nonOlKBTh B HHX " 
H OCTSBHTh TOUhKO (,)~ t 3TO cnenCTBH9 38MeHhl HCTO'IHHX8 CHHrneTS 2 i 

aa TeBaop saeprua-HMnyn&ca. 

B peayn&TaTe s BHameM nopsrnxe no xoacTSBTe cssau cxo6o'lable napa 

~T 38BHCeTh OT 4-cxopoCTH: 

x/ 

a 
r.J ok 

b 0 b 0 

- 1 abo (ro I ro a + lS"' ljlll ro a~ ) ' 

Onepa'rop .P (s,. all - .sv a,. ) COOTB9TCTByeT,no TepMBBODOT'HH IO,J\11 
6HT8nhHOMY MOMeHTy ueBTp8 aaepUHH OTHOCHT9nhHO H8'18D8 KOOpAHB8T H B 
BBCTCXHM onepa'rOpOM CTIHHS o6paayeT nonBb!JI MOMeHT KOnB'IeCTBS llBHJKeHH 

KOM pa36H9BHH nonaoro MOM9HT8 o6e COCT8BnBIOIIIHe KOMMyTDpy~ C ypaBHE 
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TOnbi<O 4 npeACTaBneaaa, COAeplK81l(HX CnBHbl 2 1 HO ae BbiWe: 189, 

X + 
MynbTHnneTbl 280 H 280 He COAepJK8T CHHrneTa 2 H COAep-

a 405 -nneT coAeplKBT nawaalt 27-nneT 2+. Myn&TanneT JI<e 

+ 
'ITO IIYlKIJO! CHHrneT H OI<T8T 2 1 H II& COA&plKHT nHWIJBX ce-

aai<niO'IBTb1 'ITO nona hiD' B h~11 npBH8J1nelKaT x 189-nneTy. K 

nona 1-, HCTO'IIJHI<8MB llna I<OTO

Bei<TOpllble TOI<B, reBepapyiOII(Be npeo6pa30B8HHa SU(3) • nos-

189 H 35 llOnlKilbl Rrp8Th CTOnh JKe cjJy.IIZI8M81JT8nhHYIO pon&, 'ITO B 

B 06bi'IIlblX rpynnax BHyTp&IIHBX CHMM&TpBit 

) • B8lKHo, 'ITO axcnepaMeaTan&Bo o6BapylKeBHbie peaoaaacbl co 

nonolKHTenbiJYIO '18THOCTh B o6p83YIOT BMeiJHO CBHrneT B OKT&T: 

141 
1'(1525), T•O; A (1324), T•l; K*(l430),T·~.Y-±l. 

p83 nOA'IepKHYTb uenecoo6p83HOCTh nonBOil SI<cnepHM&HTan&HOit HA&H-
/5/ 

cocTOHBHfi Ba 189-nneTa • KpoMe BbiB0/18 o cjJyHA8MeaTan&aocTa 

K aaKniDqesHID o6 YBIBtpctnpRocru BaouMoneAcrsHs c qacruna

ypaaaenaa (86) CTOHT ellHH&Ilt TOK1 YMIJOlKeiJHhlfi 88 OllHY o6my10 

C8MbiM XOIJCT8HTbl CBII3B C IIOn&M 2 + llna BC&X none II Bhlp8lK8IOTCa 

Bonpocy BOCCT81JOBneHHa TeOpHH CO B38HMOilellcTBB9M1 npHBeAeM ap

TOKH1 HO H npeo6p830B8HBa nonell 01<8lKYTCa qpe3Bbi'I8IIHO aena-

'IT01 K8K I'OBOpHnOCb B n,6, nap8MeTp&I $8I<TH'I9CKB 38BHCaT OT 

no cyll(&CTBy aana&TCa 6&CI<OIJ9'1HO-UapaMeTpH'I9CKOII, noa

K8K-TO T8K BHAOH3M9HHTh npeo6p830B8HHH1 'IT06&I H3 CKO

TO )1(9 C8M091 H3 CTpyi<TypHblX COOTHOW9HHII) B&InanH •me-

38 STOT C'I&T 'IHCnO U8p8MeTpOB CTano I<OH&'iHbiM, 

aToro cneAyiOmHM o6p830M, B 189-nneT BXOAaT nona 1+, ona

TeBaopaMa, B npe11ene MaccM 0 aTax nonell oaa onpeAene

npeo6paaoB8HHII THna 

• • 8bl'll al' .\~ all .\I'+ MynhTHUnHK8THBHaa '18CTh 

. 
b I'll ' I<OTOpoe MOlKeT 6biTb 06'1>&AHH9HO C 

• Bbi6epeM cjJyaxuaa .\: Tax, 'iT06bi 

I a 
8 OJp.ll ) TOI'Aa 

a 

8b a • I OJ a + ... 
p.ll 8 rv 

a 
hiD' B OAHH 

x/ 

bl'll H TOnhKO OH HapyW8eT HHBapH8BTHOCTh OTHOCHT&nb-

18 

· .. : 

. 
AAAHTRBH8a Ao68BK8 x non10 b I'll MOlK&T 6&JTb HCIIOnb30B8B8 AnSI o6ecne'I&HHSI IJ938BHCR-

MOCTR CKOfiO'IIJbiX napaMeTpOB AI a R AI~~~ OT 4-cKOpOCTH, BMecTe C T&M OTCYTCTBRe B 
• + 

1 89-nneTe CRBrneTa I He 1188T B03MOlKHOCTK RcnpaBKTh OJ I'll ok. 3TO IIOACI<83biB88T, 'ITO 

TOK Jl'll B l!CTRIJBOII TeopRR llOnlK&H 6&1Th AOUOnii&IJ 110 TeiJ30pa Sll&prHH-KMIIynhC8, 

CoBOKynHOCTh COOTB8TCT!Iy101l(B:X: MOAR$RK8llRfi T8KOB8, Bo-nepBbiX1 nOBCIOAY B Dpeo6p8-

30B81JBaX BylltHo npoasaecTR 38Mell&I napaMeTpoa 

a 
OJ 

a 
.. OJ 

b 0 

+ gf abo 4> .\p b .\a u .\ u a 

2 a a 
OJ I'll .. OJ I'll + r s <OJ p.,~. bvp - <~~~~ » u .\ uP • 

• b 0 

OJ I'll OJ I'll+ gdabo (OJp.,~.b 11p -(~W))u.\ up 

(88) 

(89) 

(90) 

I'll& u.\ • ...!_ ~ 
I'M '"".\ 

B (67) 1 

(73)-(78). 

u.\ • ...!__~ B (68)-(70), 
lp. ax). 

u • 1 a 
.\ !.;;""" ax). B (71) B (72) H 

u - I a a .\ nJr ax;\ Bo-BTOpb1X1 KpoMe 'l'oro, B npeo6pasoaaBae K8lKilOI'O H3 no-

nell (67)-(78) HylKBo ll068BBTh llOnonBHT&n&Bblll qneB: 

8'1- 81 +[~OJ -~OJ· b:f3 <8af3 +aauf3 ))P(x, all- XII au )I • 
1'11 3 I p.a ' ,.. ,.. 

I'll& P -npo&KDHOIJIJ&IIl onep8TOp1 COOTB&TCTBYIOII(HII non10 
rpab 

I 
p • -lyu +I 

A,{IH if; H if;& 
I P•8p.11 +ul'u 11 

p -ly U + I f4t if; ab (~+0) . • 2 llnsr I' I p- p llna hl'll H hl'll 
p" (I) a a ~ ab 

, no68B0'11Jbllt '<neB C P • llnsr bp.11 , X B 
OJ I'll I'll fJII 

(91) 

p • 1 llnH rp a H 

a 
llnH b I' H 

H, H4KOHeD., 

bl' 

a (91) llononasreT 

CUHHOBbl& onepaTOpbl B nepBOH8'18nhHbiX npeo6p830BdHHSIX llO nonHOI'O MOM9HT8 KOnH'I9CTB8 

llBHlK&HRax/, Tenep& HOB&Ie npeo6p830B81JRSI COil8p)l(aT ( BM&CTO cnHIJOBOII rpynnbl B CT8pb1X) 

a a 
OlluopollBYIO rpynny nopellu8, xoTopaa nony'I8&Tcsr, ecna nom:>)I(BTh a sax OJ • "'I'll • o 

;, + 
H OCT8BHTb TOnhi<O OJ I'll • 3TO Cn&llC'l'BHe 38M9Ubl BCTO'IIJHK8 CHHrneTa 2 

1 
'1'01<8 

IJ8 TeH30p 3H9pi'KB-RMnynbC8, 
J I'll 

B peaynhT8Te B HH3W9M UOpSIIll<9 no KOHC'l'8HT9 CBa3H CK060'i1Jhl9 n8p8M9Tpb1 nepeC'l'8-

IO'l' 38BHC9Th OT 4-cxopoCTK: 

• 
OJ ok 

b 0 b 0 

- 1 abo (OJ 1 "'a + ~OJ 1p.11 "'~Ill' ) ' 

x/ 
Onepa'l'op .P (XI' all - .xll a I' ) COO'l'B9TC'l'By&T ,no TepMRBOnorRR IO.M. lllapoKOB8,op-

6HT8nhBOMy MOM9HTY U9HTp8 BH&pDHR OTHOCHT&nhBO H8'18na KOOpllBH8T H B CY.r~e C penaTH

BHCTCKHM OII9p8TOpOM CnHB8 o6p83Y9'1' nonB&IIt MOM&BT KOnH'I9CTB8 llBHlK&HRIIl 1, npa T
8

-

KOM pa36HeHBH DanBOro MOM9BT8 06e COCT8Bn!IIOII(Be KOMMYTHpyiO'l' C yp8BH9BHaMH llBHlK9HHa, 
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I 

t. 

2 • • 
61 ~tvok • - (cuii'A 61 2v.\ +Tculj.l.\ CU2v>. -(pv)) • 

& • a bo bo b·O 
"'~tv ok • -(cu lj.l.\ "'2v.\ +culj.l.\ 612v.\ +d abo Ql1j..>. "'2v.\ -!~tvll- 1abo (cu .I 61 21-'V -cu2 61 1j.IV ) • 

B cne~yiDmHx nopHnxax noaa~o6HTCH aoswe MO~H~HKBUBB npeo6paaosaaaA. Y~e aa aano~ea

HOM aTane npeo6pa30B8HHH CTBIIH H91IHHeftHWMH (aa C~9T BKDID~9BHH AOIIH b;V ), B ~an&me 

aenaaeAaoCTb 6yneT aapacTaTb. KoMneacaposaaae nawaax ~neaos B aaKoae npeo6paaoBaHHH 

nyTeM ~068BD9HRH H81IHH8AHOCT8A HM88T T8CHYID 8H81IOrHID C 38KOBOM npeo6p830B8BHH CBH-

/9/ 
HOpOB B T80pHH THrOT8HHH 

J.1T8K 1 HCTHHHBH rpynna CHMM8TpHH 0 OCTaBnHIDWBH B npHM8H8HHH K OnHO~BCTH,Hb~

:!:Qill!!ll!~L!<!!OJ!. cnen .• !L!I!QpMe rpyn~!U6) •• npenc;:TasnaeTca sec;:&Ma aenaaeAHWM¥~

paaosaa~stMl! B3~HMoneilcTBYIO!!IHX noiJ~ XoTa Mbi noKa ~aneKa OT noriHoro nposeneBHH aa

no~eaaoA BQJI!Ie nporpaMMbl H nonHoro BOCCT8HOBII9HHH HCTHBHWX npeo6pa30B8BHA CRMM8T

pH11 H COOTB9TCTByiDI!l8A TeopHH, onaaKO BaM Ka~9TCSI 1 'ITO R3D0~9BBaH TO'!Ka 3p9HRH B03-

BOIIH9T noBBTb nasecTHhie TpynaocTH aenocpe~cTseaabiX naaeABbiX penHTHBHaauaA SU(6) a· 

HaMeTHTb nyTb nocTpoeHHSI peanbHOil MonenH 0'19Hb H91IHHeAaoA T90pHH B3aHMoneACTBYIDI!IHX 

noneA C SU(6) -CHMMeTpHeA onaoqaCTH'IHbiX COCTOSIHHil 1 BO B U81IOM HHBapHaHT-

HOA H9 OTHOCHT9DbHO SU(6) 1 a OTHOCHT9DbHO H8KOTOpbiX CIIO~b!X H91IHHeAHb! X npeo6pa30• 

B8HHil. 3Ta HCTHHHaSI CHMMeTpHH CBH~9T1 B0061!19 rOBOpH, aMUIIHTynhi C pa3HbiM 'IHCIIOM 

qacTan, aanono6ae To~ecTB Yopna. 

AsTOpbi rny6oKo npaaaaTenbHbi B.H. B11nyesy, M.A. MapKoBy 1 Hryeay Baa Xbey, 

B. Tbi6opy H A.H. 3acnascKoMy aa o6cy~eHHH. 
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fiPI~OZeRKe I. fipoctpaBCTB8HR&I CTpYKTYpa COXpBRBD!!XCH B8KTOpHHX I TeE 
nOCtpOeBHHX 13 CB000JBHX no~eR 

IBC~IKH8 BBpazeBIH ~~H B8KTOpBHX I T8R30pBHX TOKOB 1 COXpaRHD.XXCH B CH! 
B8RRA k J. =0 k '1 =Q 

1' " ' t' .... ,." , COOTBBTCTBJDT B03KOZBBV CTPYKTYpaK ~!H BBpmHR pac.I. Bo~RKCTaH HHRRR npe~CT 

k-~-r 

t .. q+~; q!.=~'L=-nt 
Pile.! 

r 

88KTOpBoe, ~ROO T8H30pHoe none, KOTOpoe npK no 

CB8pTHBa8TCR C RHTepecyD.XB HaC TOKOK 1 COOTB8I 

HBV RHR T8H30pRBK. fipK TOA H~H HROA cnRH-qeiH 

KOZBHX BBpazeBHA ~R TOKa paBHO qac~ Re3a&HCM 

poB B coorlerCTBYD~eA sepmaae. Tio~cqeT npoa3BO 

naK sexropaoro cxozeaaa cnaaoB R ~onyctKKBX o~ 

TOB 1 R pe3JH&TaTB ero npKBe~eHB B Ta0HHUaX I -

TaOuqa I. l!ac~o ~pBijia.xro- Taduga 2. IJRcno ~pBijia.xro

poB B sepmRHe co cnaa-qeTBo- poB B Bepmaae co cnRa-qerao-

Taduqa J. 1{11 

B BepmHRB CO 
cr&D o•. cr&D I-. 

0' "1 rot r;-
o- - 1 o-- 1 
t+ - - 1 If - - 1 

If - - 2. t ' 1- - 1 1 '£ -
1+ - 1 - - 'l. 1+ 1 'l. - - ~ 
1- 1 - - - 1 2. r 2 1 - - ;?, 4 

1-t' . ?. ~ - - s f - - 1 1 - - 2 
£ - - 1 1 - - ! 'l. 

,-r- - ?. !. - - s s 
t+ 1 - - - 1 t - - ~ 1+ 2. 1 - - 4 5 - - i 
t - 1 - - 2. 1 - - t :!>I ,- 1 2. - - s 4 - - (, ll 

o• o-11:" It- 1t 1- f -f 2 1-l o• o-If rr 1' 1- -i -t=' , il 
Taduga 4. IJRcno ~opKijia.xro- Taduga 5.1Jacno ~opKijia.xtopos 

pOB 8 BepmKHe CO CnRa-qeTRO~ B BepmRHe CO CnKH-qeTROCTbD 
CTLD o-. I'. 

roo+ 
.--- ~ .---

rr 1 - o- 1 -

If - - 1 f - - ! 

If -- 1 1 f - - 2. 2. 
1+ 1 - - - 1 f" 1 1 - - 3 
r- 1 - - 1 1 1- 1 t - - ~ !. 

~- - 1 1 - - 2. }' - - :!> ~ - - 5 

f - - 1 1 - - ~ t t- - - ~:!. - - 55 
t+ - 1 - - 2 ~ - - ! 1+ 1 i - - s 4 - - 6 
1- 1 - - - 1 ~ - - ~ tl ,.- ~ 1 - - 4 5 - - 1 C. I 

o• o-IY If 1+ 1- ·r 1£ ,_. rl o• o- ItT f" 1. 1- t• If' t• 1"1 
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"~'. 

? 
,......, 
1 

o- - 1 
If - - 2 

.1.-
l'i: - - 2 1 
1+ 1 1 - -
1- 1 1 - -
f - - 4 4· 
II - - 4 4 

!i~ 1> !l - -
t.- i :!> - -

o• crl·r l 
Tad~aga 6.1!Hc 
B BepmliHe co 

2 
~ r-

o- 1 -
J.+ 
li - - .2 

lf - - ! 1 
1+ 9.. 1 - -
1- 1 1 - -

If - -
" it If - - 4 -4 

,_+ i ~ - -
1- :!> l. - -

o• o- IT 11: 



( 
2 a a 

"'p.vok •- "'tp.~"'av>.+T"'tp.>."'a11.\-(p.v)), 

a bo bo bO 
"'a11.\ +w tp..\ "'av.\ + d abo "'•j..\ "'av.\ -(p.vll- 1abo (cu 1 "'2p.11 -cua "'1p.11 ) • 

noaaao6RTCR HOBbie Moau4JHKanuu npeo6pa3osaauA, YlKe sa B31lolKea

cTanu H91lHH9AHblMH ( 38 C'19T BKIIIO'I9HRR llOIIR b;11 ) 1 H ll81lbW9 

KoMneacaposaaae namaax qneaos B 38Koae npeo6pa3osaauR 

.rHH9HHOCTeA RM99T T9CHYIO aaanorHIO C 3aKOHOM npeo6pa3oBaHR>I CllH-

OCTaBn>riOrna>l B npRM9H9HHH K OAHO'I8CTH'IHI,~

pqP~!H!..~-~~~ ... -' .• npe.acraanaercSI sec&Ma HenBHeA'HbJMJ~

XoTR Mbi noKa aaneKR oT nonaoro nposeaeaa>r H3-

soccTaaosneaH>r RCTHHHbiX Dpeo6pa30B8HHA CRMM8T-

TeopHH1 O.[lHaKO saM KalK9TC>I 1 'ITO H31l0lK9HHa>l TO'IK8 3p9HHB 1103-

Tpy.llHOCTH aenocpeacTseHHbiX nHaeAahiX penRTHBH3auaA SU(6) a· 

peanbHOfi MO.ll91IH 0'19Hb H91lHH9JlHOJl T90pHH B3aHMO.[l91iCTByiOrnHX 

O.llHO'IaCTif'IHblX COCTORHBA 1 SO B ll91IOM HHBapBaHT-

' a OTHOCHT91lbHO H9KOTOpblX CllOlKHbiX H91lHHeliHbl X 11peo6pa30• 

CBRlK9T1 Boo6me roBOp>1 1 aMilllHTYilbl C pa3HbiM 'IHCIIOM 

M.A. MapKosy 1 Hryeay Baa XbeY, 

.JTABCKOMy 3a 06CYlK.ll9HHR, 
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a'' 

np•no•eRKe I. rrpocrpaacraeBHa. crpyxrrpa coxpaBRD!!XCR sexropHYx • rea3opaux roxos, 
nocrpOeBBHX R3 CB000IBHX nonel 

MsCIRKH9 BHp~eBRR !RR B9K!OpBHX H reB30pBHX ·roXOB 1 COXpaBRD~XCR B CHIY CB000ABHX ypaB-
B9BRII k j. = Q k '1 = Q 

1' /' ' r-<.J,.v ' 
COOTB9TCTByDT B03KOKBHM crpyxrypax AIR sepmHR pHc.I. BOIBHCTaR IHHHH npeacrasnaer IROO 

t .. q+~; <\'l.=p~=-m~ 
Pltc.I 

p 

senopaoe, uoo reti3opaoe none, xotopoe npH nocrpoeHHH sepiiiBIIH 

cseprusaetca c H&repecym~• aac roxox, coorserctseHHO seKTOP

BHK RIB T9H30PBKK. ITpH 'I:OA HIH HBOA CnHH-Q9THOCTR QHCIO 803-

KOKHHX BHpaKeHHA AlB 'I:ORa paBHO QHCny He3aBHCHKHX lj!OpK<jJaKTO

pos s coorlercrByD~eA sepmHHe. noacqer npoR3BOARTCH no npasH-

laK BeKTOpHOrO CIOKeHHR CnHHOB H AOnyCTHKHX Op0HTalbRHX KOKeH

TOB, R pe3yn&raru ero npHseaeau s raOJiauax I - 6. 

TaOnHga I. qucno ·ljlopxljlaKro- TaOJIBqa 2. ~cno ljlop»>jlaKro

pos s sepmHae co cnaa-qeTHo- pos s sepRRHe co cnxu-qerao-

TaOuqa 3. lfilcJio ljlopxrjlaKro-

B sepiiiBHe CO CnHH-qeTHOCTbD 2+ 
CToD o+, croD r-. 
o+ 'T o+ '1 
o· - 1 o·- 1 

f - - 1 It - - 1 
1-

- 1 1 1: - If - - 2. 2. 
1+ - 1 - - 'L 1+ 1 i -

- "' 1- 1 - - - 1 i r i i - - ~ 4 
f - - 1 1 - - 2 l·t' . ?> ~ - - 5 

r - - 1 1 - - i 'l. ·-T- - ~ ~ - - 5 5 
t+ 1 - - - 1 9. - - ?> 2+ !Z 1 - - 4 5 - - 1 
9. - 1 - - t 1 - - 2. :!.I ,_- 1 !. - - s 4 - - (, 'Jj 

r.! o· l·f ·f 1 .. 1- f f' 2 1-l o• o· 1-r ~~- 1+ r t 'lo- ,_ !!..] .. "1: 

Taouqa 4. qHCJIO ljlopllljlaKro- TaORHqa s,qzcno ljlopllljlaKropoB 
pOB B BepmHHe CO CnHa-qeTHO- B sepmHHe CO CnHH-QeTHOCTbD • 
cnm o-. r•. 

ro;r::- ~ 
-

~ 1 - o- 1 -

If - - 1 If - - 2 
I~ .. -- 1 1 If - - 1 2 

1+ 1 - - - 1 1+ 1 1 - - 3 
r- 1 - - 1 1 1- 1 t - - Lt :!. 
~ - - 1 1 - - i lf - - ~ ~ -- 5 

li" - - 1 1 - - t !. li" - - ~ ~ - - 55 

!I! - 1 - - 2 ~ - - 2 1+ 1 1 - - Slj - - 6 
t- 1 - - - 1 2. - - ~ tl t• 2 1 - - 4 5 - - 1 (,I 

o+ o· If If 1+ 1" '-I IF :~.• 11 o• o· t~ 'f 1. 1- It· 'f t+ ,_.I 
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(i '1 
o· - 1 
l·f - - t 

.1." i: - - 2 2. 
1+ 1 2. - - 5 
~ 1 1 - - 4 5 
it~ - -

4 "'· 
- - 1 

f- - 4 4 - - 1 1 
~· ~ !t - - b 1 - - 10 
,_- 'l !> - - 1 E. - - ~ 10J 

o• r:r 11:" If 1~ 1" t 1-f i+ !.-j 
TaOnaqa 6,qacno wopKrjlaKTopOB 
B BepmHHe CO CnHR-Q8THOCTbD 

2-
- -

'"? r--
o· 1 -
.1,+ 
i: - - 2 

If' - - 1 t 
1+ 9.. 1 - - 4 
1- 1 1 - - 5 Lt 
li' - - 4 4 - - 'l 
1r -- 4 4 -- '1 i 

,_+ i "!. - - 1 E. - - 9 
l" :!. 2. - - b 1 - - 10 91 

o+ o- 1-f It 1+ 1" 1£ L£ ~ 2.] 



I. 

I 

RKze UU npHBOAHK nepeqeHb B03KOZHHX COXp6HS~XCH B8KTOPHHX H TeH30pHHX TOKOB, nocT

poeHHHX H3 paan~noneR. B TOll qHcne paccKaTpHBaeTCH OnHCaHHe CKanapHHX qacTHn B8KTOpHHK 

noJieK ~ .t' , y,~~;oueTBDPHJ)!IIIIIf ypaBHeHHD 

Pt- ~vl\>) = f'v lf_,.(\') 
BenOpBHe TOIUI 

I) o-o+- I+, o+o+- r-, o-o-~ r 

r t~" 'f,_C'\)!f1 l~) 
I- I+ - I+ I+ + I- r- + 2) 2 2 _,.I • 2 2~I • 2 2~I 

F1 RC~Wru.(?) + Fz.. t~ liC.'\)u.(t>) 
+ ++ I-I-

3) r I ___, I+2 I I2 -r ' 2 2 -r 
2 2 ' 

F1 [ k1 U..(~)'(t' X5 U.(p)- ii. m kt' U.C'\)\'5 U..C.\')] + F'l. t_,.;u. \'s L.l 

4) I+o+-I+, ro--I+, I+o--I-, ro+~ I-

F1 t!' <f(~) kva.h) + f'l!. [k2.tg('\)ctr(r) ~ kt' k"ct.j.r)<.g(:\)1 

5) I-o+-I+, I+o--I+, I+o+-r-, I-o--r 

F ~)"'}.S' kv t)\ O.._yl <\) !f(p') 
+ 

6) I-I+_.,. r-, I+ I+-I+, r-I-- I 

t.t<.~-")'t ~1 kc~..Q"t~ + F,_ k..._t"a.."C~~) + r> k.~..e .... t"(k~)] 
7) I-I+ _.,.I+, I+I+ _.,. I-, I-I-- I-

~1 ~,.(o..Q.) + F,_ ~,. (e~..k.}Qr.g) + F~ [o...t' (kg)- (d..kJ~r1 + 

+ ~ {... 'i kr- (ci.k.)(Y.Q.) - k.t. [a.,. (\t«) +(d..k. )~r1 ~ 
Benowme TOKH, nocTpoeame H3 nou '{,., onHCHBa!lllero cnHH O,H no.11elt co cnnolf I a!", 81 
I) o-o+ _, r+, o+o+ __,.I-, o-o-- r 

F tr If -16 c.g!.6 

2) I+o+-. r+, r-o-- r+, I+o-- r-, I-o+ _.,. I-

F1 t"(o..~) + l=!t [(k~)o...r- ~t'(d..~)1 
3) co+__, I+, r+o--I+, r+o+__,.I-, r-o-- I

F f-rv>-y t, a..~ 'ff 

12 

• 

'f,, 
I, 

!HTBCHKMeTpaqHHe T8H30pHHe !OKII 

I) o-o+- I+ , o-o-- r- , o+o+- r-

F €-rv>-y b,, ty lf, Lqr. 
2) ro-~I+, I+o+-r+, r+o--r-, r-o+-I-

F1 t-rvJ..~lc~.a.~~ + F!"E-J'v.l.~ k.~..ep.(kd..)'f 
3) I-o+- r+, r+o-- r+, ro-- r-, r+o+- r-

F [k'- (_t,.a.v-~vD-rJ If- (tt' ~- ~vk-rJckd..) l91 
4) I+r+ __, r+, r-r- - r+, r-I+- r-

~-~ [k.t.l"-r~~~-o..,Q,. ')- (d..k)(k,.~v-kvgr) + (krn.v -k.,~)("-' 

+ F9.. [-(_o..k.)lt)'~V -~v~r) + cef<a.V- evC1.r)(kR)1+ 

+ Fb [Ck.r~v-kvl,.")(:J:.)~~) +kt(a.k.)(~~v-~v~r) +~ 
5) I-r+ -I+, r+r+ ~ r-, I-r-- I-

€.!"""~ [F1 k}.ey(n.k)(tk) + f'2.~k)~,_~y + F:!> a..~ k}.(~k) +B. 
r+ r+ - r- I- - r- r+ + 6) 2 • 2 ~r • 2 2 -r • 2 2 -r 

l=1~m,-m~U.C~)6,.11 u.~) -et' U:.C.'\)'tvu.(f') +tv "lLC'\)'&r 1.1.(\>)) + 

·+Ft. t.t'")..I''K}. U.("\)~~"su..<..t-) (,_'\2.=-m~ 
r+ r+ + r- I- + · I- r+ -7) 2' 2 .._. 1 ' 2 2_. 1 • 2 2-1 

F1 ~--~('\) 6)'v \5~) + -""- [tr li('\)Xv '(s u.lr)- ~v LiC.'\)'(t' '65 L 
~ m1+mt. 

+ ~2.. f.I"""-Y \c). U:C'\) '6'y~C~) 
AH!KCHKYe!pKQHHe TeaaopHHe TORH,nocTpoeHHHe 113 no.11a co cnHHOif 0 ~ H non 

((.I' H g t' 

I) o-o-- r+ , o-o-- c , o+o+- r 

F £-rv"y 'f1>..('\)lf!.y(f) 
2) r-o- __,r+ ) r+o+ ...... 1+ , r+o- ~ r- , co+- r-

F, f.)'Vd.f> k.~.. ~~(a.~)+ F!. t..,.VJ..j!> kc~.Cl.t-Qc.'S') 

lll 

I - ..... . 



nepeqeHb B03KOZHHX COXpaHR~HXCH BeKTOPHHX H TeH30pHHX TOKOB, nOCT

noHe~. B TOK QHCHe paCCKaTpHBaeTCR onHCaRHe CKaHRpHHX qacTHQ B8KTOpRHK 

letBOPRD~Y ypaBHeHHD 

Pr '-l'vl\') = Pv lfr(\') 

tt- l~\{'\)l¥1(~) 
I- I~r+ 
2 2 

1 u.c~)¥ru.4>) + F.t. t.t' u:c.,)u..(!>) 

rr -2 2---;.I 

U.(p) -ii.mkt'U.C'\)'¥5 U..(~)] + F'l. t,.u.'¥sLL 

I-o+ _,. I-

F1 tl" <:\'Ci) kvQJt>) + F~ [k2.l9C'i)a..rCJ>)- kl' k"a.j_(J)~(:\)1 
ro--r 

F £..r"}..S' k" t}.. a..l'( '\) <f(\'J 

t~ + F,_ k.,_tf>a.."(l,i) + \=:1. bJf- ~"(k~)] 

~}' (C1.k)~g) + F:!:, [a.,.. (_kg)- (a.k.)~r1 + 
+ ~ {_ ikt-(ci.k)(II.Q.)- k_2. [a.,_(k~) +(a.k)~r1~ 

r, o-o--r 

F tJ' '1' -16 '-B'L6 

r+, r+o-- r, ro+- r 

t,.c_o..Cf) + F2.. [(k~)CJ...t'-l9J"(c:Lk)1 
I+, I+o+-r-, r-o--r

F ~rv>-y t, a..>- 'fr 

22 .. 

!RTBCBKMetpKQHHe TeR30pRHe TOEH 

r) o-o+ _..r+ , o-o-- r , o+o+- r 

t= £..r""'Y 't,..ty ~~~t. 
2) ro-~·I+, I+o+--r+, r+o--r, ro+-r-

F1 £..t'""'~k.~..a..f'~ + F!~rv.l,. k.~..~r--Cka.)lS' 
3) r-o+- I+, r+o---+ I+, r-o- __,I-, r+o+- r 

F [!c.'- (_t,.a..v-~vO.rJ lf- U-r ~- tvkrJck~) tg 1 
4) I+I+- I+, r-r- -I+, r-r+ _,I-

~~ [k'{c:L,.~ 11 -a..,~,. ')- (e~..k)(k,.~v-kvgr) + (kr~v -kv~)(k«)l-+ 
~ F9.. [- (_a.k)lt)'~V -~vBr) + (ef<a.V- eva..r)(kg) 1+ 
+ Fb [(l,r~v-kvt,.)(:U)(_k~) + ~(ctk)(e,.~v-~v~r) +Jt~l'a.v-~~!1~~~)1 

5) r-I+-I+, I+I+_,·r, ri--r 

t.,.v,..J [F1 k,._ey(!1k)(tk) + Ft.0-k)k,..~y +F.!. a.f k).lek) +B. k,..~~(a.B)1 
I+ I+ - r I- - I- I+ + 6) 2 • 2 _,.I • 2 2 - 1 • 2 2 -I 

i=1~m,-m~UC~)6,." u.c.p) ~el' ii('\)lvu.<.f) + lv "lL('\J~" 1.1.(p)) + 

·+Ft. t.,.v>..yk). u.c'l))"~"s lLlt) ('\2.=-m~ , t>'t=--mn 
) I+ I+ • I- r- + · I- I+ -7 2'2-I, 2 2~ 1 • 2 2.-...I 

F1 tiA.('\) 6,-v '(s~) + ~,+mJtr ii('\)'(" '(!> u.(r\- .Q.v ~C.'\)'\ to ~su.(p)13 + 
+ Fi. E.rv)..y k').. U:C~) '(fiA(~) 

J#tKCHKKeTpKqRHe t6R30pRHe TOEH,nOCTpOeRRHe H3 nO~R CO CnHROK 0 ~ H no~eH CO CDKBOK I 

~J:' H @I.' 

I) o-o-- r+ , o-o-~ r- , o+o+- r 

F t.rv)..y ~,}J'\)lf'l.y(f) 
2) ro-- r+ ) r+o+ .... 1+ , I+o- ..... r- , r-o+- r-

F1 £J"Vd..f' ko~.. ~F' (cu~) + F'L f."""'!!> k.~..Clf'~~) 

• 



II 

3) r-o+- r+ , r+o-~r+ , r-o-- r- , r+o+- c 

F [~ k.., -t)<t<) ct'9 - 1.Q-~ a.v- t\Jctr)lkl9)] 
CHKKetpHqHHe TeHSOPH~e TOKH 

I) o+o+ -2+ +O' , o-o--2+ +O+, o-o+- 2- + o-

[ F1 t,..e\1 + f"~ (kr kv-'brv kt-)] 41-t 4'i. 
2) r+o+-2++o+, r-o----.2++0\ r+o--2-+ o-, r-o+-2-+0-

F [~r t:.vo~.H k,~.. t,o..." 'f +tv t:.rcLt-'1( k,~.. ep. Qy<.f l 
3) r+o--2++o+, r-o+-2++o+, r+o+-2-+ o-, r-o--2-+0-

[F1 t,Jv + f!i.~r'-v-brvk~1(al)tf + F~(Ctrkv+t)(~(cik)~ -k?-C?ra.~+t<:i0~1 
4) r-r+~2++o+, r+r+_.2-+0-, r-r--2-+ o-

(g.rf-vd-"' + tv~r.l.t-'JJ [r1 k,~..a.f'~) +G. k,t e, (k~) + 1\, \<..~ ~ .. (a.k.)f,y 1 + 

+ r, L(kr£.vJ..~'5 + k.v<t:.ro~-n)U:Q,)- k2{~t' ~v .. H+ ~v <i:.rJ.¥>'!1) 1 kJ. tf>o..) + 

+ fsl lkr'i..v"-f>l' +k"€..1-'.lt-'bJ(o..\<..)- \C-(a.rt:.v.L~"'' + a.vf.r~\'>lJ 1 kJ..~f> ~'6 
5) r+r+---,2++0\ r-r--2++0~, r-r+-2-+ o-

[f1 tt' tv+ "F:t O'rk"-'h >'"\.:..!.))C.~~) + [F, t,Jv t- t: (k,.kv -1>S'" k9.)1 (a.k)(¥.~) + 

+ F'5 [ 1\_tt'k" +tv\c1)\_a.k)lk~)- k.t. (n.k')(_tr~"+ t..,~0- \c..'L(_a.,.~ v +ct.vtr)(kB)1+ 

+ r" [\.Cl~'t"+a.,..t,.)W".) -C..o..k.)(tv~,.+tr-~01+ 
+ 'F'1- [ kt.(ctr ~v+ a_v ~r)- (. o...rk.v+ O..v kr)l~k.) - (o..k)~"~l' + kr~v) +1'bt..,(a.k.')<.~k'J] 
r-r+ + + r+ r+ - - r-r- - -

6) 2 2 -2 +0 t 2 2 -.>2 +0 t 2 .2 -2 +0 t 

l F\ trtv + "F~ C.k,.kv-<o,.,,k.~} Li(,i) l.l.(r) + F ~ li C.{)('<l' t" + '6vtr)u.C~) 

:14 

• •. - . -· ... ._ 

r- r+ r+r+ rr-
7) 2 2 -2-+0-, 2 2 -2++0\ 2 2-2++0+ 

(F\ ertv + F'l.O.rkv-'brvk~ 1 L(.(1)'3; u(p') + r~ L k~U..('\)('\I'~v+'<v~~¥s u(\')
-i.i.m. (tl'k.v+tvk~U.('\\'ts\l(p)1 

8) ~-~+~2++0+, ~+~-__,.2++0+, ~+~+-2-+0-, ~- ~--2-+0-, 

[T'1 t,.lv + f!. (k,.l<v -'&rvlc.i') 1 ii lk1l) + "F~ U. () 1Jv+~ ).r) (br) + 

+ F~ l (kt't +l<vtr) 1i lk1S) - k.2.ti (t/' uv + ~vtSr) 1 + 

+ F5 [u.\.k)''6v+kv "r)(bs)- k'- U. (!,. uv +'( "-u.r) l 
9) ~r- 2- - 3-r+ 2- o- 3+r+ 2+ o+ 3-r- 2+ + 
22~ +0, 22- + t 22- + t 22----. +0 

[ F1 t,.tv + f!. (krk" -~!'" k1
) 1 iA )'5 (ku)+ 

+ r~ ( u. ('1,.tv +'<vtr)'~'s (ku) -1-~m u_ Ys (t,.. Uv + Cur)1 

+ ~ l (k,.tv +lcv~t")"li. '6 5 (\nr)- k'l. l.t '( 5 (truv+~.,ur)}+ 

' + F5 ( lA. ~r'av+"-.,'Crl~s(k-u')- k'- iA.l'(rYo:iU'v + ~v l's1Sr) + 
+ 1. i.. m V.. Y 5 (kv"U t' +kr "\fv) - Lt i.m b.t'" li 'Cs (1<.1.1) 1 

3-3+ + + 3+3+ 3-T IO) 2 2 --<>2 +0 , 2 2 --->2-+0-, 2 2 ---.2-+0-

[ F'1 tr~v + ~ (krkv-'brJ'l)} u:6-u., + r~ u:o(tr l' v+tv'Cr)u(i +IT: ~r-~v-~-li( 
+ f

6 
[ 'i(k" lv+kJr)([A.'-:)(_k,s) -lt.~k)(tr 15v+t, 15~- k'- (iAv tr+ ~t-'l. 

+ ~ ((iik)(~l'v..,+~vur)-lt:trC+U.~~r)(k-u)1 . 
+ i=''& [ :t(rtk) llr "" +kv'6r)~1.!J - kt ~k.)("r uv+ 'v ur)- k'- (u,. 'Cv+ iA 

+ F'9 ( (u.k') ('6r v v + 'Cv ur) - (U:r "" + Liv '( r)(br) 1 
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r+o- --:!>I+ , r-o-~ r , r+o+- r 

F [~ kv-~"kt<)a.lf - 9..~\'a.V- tvctr)(k~)] 

o-o----2+ +O+, o-o+- 2- + o-

[ F1 t,..e" + fj!_ lkr kv-1>rv k'L)] l?-t Lf2. 
r-o---2+ +O+, r+o---. 2-+ o-, r-o+- 2-+0-

[e.rt:v ... Hk.~.t~o..."'f + t,. t..rJ..r-~l.~...e,.Qy<fl 
r-o+---2++0\ r+o+-2-+ o-, r-o--2-+0-

lktJV -brvk~1 (al)tg + r~ L ( trkv+ tv k~(o.k)(j> - IC(ha.~-t- ~\10.~~1 
r+r+~2-+0-, r-r--2-+ o-

~,..Lf-l') [-r1 l,~.a.~~~ + "F;. kcl e, (k~) + v~ k,.. ~, (d)f,y 1 + 

+ k.v«:.J-<.1-!!-)) (¥ ~)- k2. (~ t' ~v.kH + ~v £.f'"-Vo'liJ 1 k6. t,a.~ + 

+ kvt:.~.kt'6J(o..k)- k.~ (_a.rt:v~\'-'l' + a."£.t's.\l'1) 1 kl,. ~'6 

rr-~2+ +O ... , rr+-2-+ o-

L-'brvkt.)](a.~) + [r~ t"t" +- "F:lk,.kv-'bS"vk9.)1Ca.k)(\l.~)+ 

t)"r)(a.k)lkg) - k_t-(o.k)(_tt'~"+ t"~rJ- kt (_a.r~v +CA.vtr)(kR)1+ 

a.vtr)C.~k) - (_a.k)(t"~r +tr~v)1+ 

+ a.v~rJ- (_ c.t.rkv+ O...v kt')(~k) - (ctk')Q-."~t'+kr-~v) +1~S'"(a.k.'x_~k.')] 
r+ 2- o- r-r- 2- -
2 ~ + ' 2 .2 - +0 ' 

rkv-'&rvk.t.)} u('l} u.4>) + F ~ U..c~)bt-t" +'6v~rJ1A-(~) 

:.4 

-

r- I+ 
7) 2 2 -2-+0-, r+r+_2+ o+ r-r:_.2+ o+ 

22 +•22 + 

[rl ertv + "ftO.rk> 'bl'vk~ 1 U.C1h, 1S(p) + r:!> L k'L!A.('\)(~l'~v+YveHys u(p)
-'l..lm. (t/'kv+tvk;}u(1\'t5 15(f)) 

3-r+ + + 3+r- + + 3+r+ - - 3- r- - -
8) 2 2- 2 +0 ' 2 2 -2 +0 ' 2 2 -2 +0 ' 2 2 - 2 +0 ' 

[r1 t,.tv + r~.(kl'kv -o,.J.l) 11A.lk1l) + f':, ii ('ll"l' tv+~).,.) (br) + 

+ ~ L (krt +k.,t,.) i:ilkv)- k_'l. iA. (t,. llv + lvu,..) 1 + 

+ Fs [ u. (kr'6v+kv ~,.)Cbs)- kt ~ ("6,. uv+~ "1S.r) J 
3+r - - 3-r+ - - 3+r+ + + 3-r- + + 

9) 2 2-2 +0 ' 2 2 -2 +0 ' 2 2-2 +0 ' 2 2 -2 +0 

[ r1 tt't" + f!. (krkv -~!'" k1) 1 iA '-'slk:u)+ 

+ f~ [ U. ('t!'tv +"6vtr)'r5 (k u)- 'i.: m u Y5 (~t' uv + ~v tfr )1 
+ ~ ( (kf<tv +kv~l") U:. "6 5 (k-u)- k.t l.l '(5 (truv+ev-ur)}+ 

+ F, [ U. lk,."" +lc.,'l"rJ'a's(br)- k_'t. U. br Ys "\\.~ + '6v 'is u-r) + 
+ i.l.m Liy5 (k,\l"r+lc.,.-u-,)-~i.mb.t'" iA.'(5 (ku) 1 

3-3+ + + 3+3+ T3-
IO) 2 2 -2 +0 , 2 2 ~2-+0-, 2 2 

~2-+0-

[ f1 {f'~V + ~ (kJ'kV -~)'vk't)1 U:6v6 + 1';, i:L6(tr '( v+tv'(r}5, +[T: ~J'eV-I-~~t'kv-\,..~1~k»1S) 

+ F'6 [ i(k,. lv+kJ,.)~k)(bs)- k_'t(l;.k)(~t' 15v+~v 15~- kt (U:v tt' + iAt'lV )(k -u)1 

+ ~ [(u.k)(~t'i5"+tvu.t')-lt:t,.tv+U.~e,.)(k.i5)] 

+ r~ [ 2.(~ k)(k.t' 'tv +kv'6r)C!c.u) -\c.?. ~k)('(,. uv+ ~vu,.)- kt (ul' '(,.+ Llv '(~(ku)] + 

+ f9l (u.k') ('6r 15 v + '1v u,.)- (u:,. 'tv+ liv" ,.')(br') 1 
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II) (2+ +0+)(2+ +O+)- 2+ +O+ , (2-+0-)(2-+o-)-2+ +O+, (2-+0-)(2+ +0+)-2-+o- (h.,,_-= h.r~· 

[~ ert" + t1. (k,.~<v -'S,.,Jt.)11{1 k1 + LF.; trC + EJk,.kv-1lrvk~1 ~.1.!!' h"'"" + 

~ [ P, t,. t" ~ F, (lrl"-• r"l.•)] k, ~.~ k, ft,. + [ r, t, t, + >', (k, k, -b ,..,k•) 1 k, ~h',,J.k,h, 
t [r; tt'C+ ~o (kt'kv-'i>l'v k_~1 k.~-\:.f'~.l.f> h.1 + L rH tt.lv + 'f'1'l(k!'Kv-b!'J'l) 1 ~1 kcl.kf>h&."t 

+ ~:; [(e,. kv+tJ,.) k.l.kf>~"'f> h_1- \c_t{tl'k.j. ~.LV+ ~V kJ..k.Lt-J n11 + 

+ ~" [ (tr k., + ~v krJ h., k. • .k,.k,~.,.- k\~r k.~.h..~.v + Lk.t.kJ..rJ 1 
+ Bs (i(~rkv+tvkt') k,~.k!!' ~.lf> k"k' h."~ -k"- (t,. k,~. ~J..v + lv k .... ~ .... rJ ky k, h..,~

- k'- L~ ks~..-~> l lr k"' h.~.v + t), .... h.c~.r) 1 + 

+ ~c.L (tt'~ ~,~..,+tv k.~.~c~.r) k~k.Jt~i- kltt k~,~l'k.~.,k,~.v+ lvkc~. h..~..r) 1+ 
+ ~l [ K1 ~,~.(l" k,. h.f>'~ + b,h.'J.v k.f> h-,.,.) - k.l. k¥"li ( ~.~.r kv +k.~."k~) h.y,s -

. - b Icy ki h.~~ (h.,~,r ~" + \-t.l.,,k0 +:t. 'iirv k"'k" h..._,. k-g ki h.¥b~+ 
+ t1s [ ~ ltrkv + C kt') k.~-~.1-t k'(h..W- kt(t,.\{,~,v+lv(~~f'\t.f'"- -k<t 'k,.~,.~,.h~+Ut~ 
+ ~' [ ~t'\{._11+ h.'.~-tt 11) l,.h.,.d.- k.,h,.c~.~rh.c~.v + tv\-t-"'rJ1 + 

+ r!l..o [ k'- l~c~-r k"'" + ~c~.vh."'rJ- (K.~.rkv + ~"" k~k~'"k,.ck,.h.'~~.~.rkv+ h..~."k~) + 
+ 1.<t.l'" k,J{,~.f' ~'(h.lf> 1 + 

+- r,_, [ k~ ~, ... h.,- kt k.~- (kt-1-{d.v h, +lc.v\-: . .~.,.h-0 + k,.kv k~k,.h..~.. .. k,1+ 
+ Fu( ~c:_t,~)tl'" - kt k.,J~ 1 ~t'h.~-, 4-k" h.~r) + k,_~vkJ..kf> \{ 1 h.c~.f'J+ 

+ r!.!, ( ~l, ~)'V- k~ ~<-.~..(!.t' ~,ly + kv k,/..0 + v.,J~ k1. v.,. hJ.t-1 k.~k, h.1\ + 

+-1=9..~ kyk'- \£"~ t\.4 h,.,- k<t ~J.~rh.."" + k¥h"'rJ-\- k_,.k ... ~.,_k,. hc~.t1 
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CHUKaTPHQRHe TeH30pRHe TOKH,OOCTpOeHHHe B3 no~a CO CDHHOK O~H OO~eR CO C 

I)o+o+-2++o+, o-o--2++o+ , o-o+-. 2-+o-

[F1 t>'t + T',_lk,.kv-ol'"k~ 1 ~~ ~~ 
2) r+o+- 2++o+, r-o--2++o+, r+o--2-+0-, r-r+__, 2-+o-

F ( tr f. v.l.~" +tv i.)";.f-"lJ tel d.Y' 'fy 
J) r+o-__.2++o+, r-o+~2++o+, r+o+__.2-+0-, r-o---*2-+0-

[F1 tt't'~ + f,_ (k,_kv -otJ-,_)1 (~~) + "F'!> l (~ 1Jv+tv~t0~lf) -1~,., 

TO!AeCTBa, CBH3HBaD~e pa3nHqHHe BHpaEeHHH !XH TOKOB H BH6op Be3aBHCI 

Bee BHnHCaHRHe BHme TOKB Re3aBHCHWH, O~HaRO KOZRO 3aOHCaTb H ~pyrRe I 

npH OOKO~ HeKOTOpHX TOE~eCTB CBO~HTCH K BHOHCaRRHK, 

IJpeJ:~e BCero OTJleTHK KpaCHBOe TOE.~eCTBO 

fl".,.,..Y'b6..,_ =f.ev'l-~"br~ +- £-.t-6>-yo.,. ... +<t..,.._,e 1'b~ -\-i., . .w)..6f,F , 

xoropoe nonyqaerca nyrex nonHoR B.HTHCHMKeTpH3a~H no HB~exca~~ t'"'>- y 6 c 

q:ro B 4-uepBOil npocTpaHCTBe OHH He uoryr 6HTb BCe pa3RHKH, 0HO neXHT B OCI 

TOEAeCTB , CBH3HBaD~X pa3naqHue BHpazeHHH ~~H TOROB, 

Tenepb npoannDCTpHpyeK CBH3H KeE~ TORauH, DOCTpOeHRHKH H3 AHpaKOBCKI 

p't=-m~· "'1.=-111~) : 

(. _.iL\u.C.'\)'{ u.lr) =--~-~~W\,+\'>v~-u.c,)14{f)+~- E.v.6
9
r, 

\( m,mt} v ""•"''- ~) '"'! 

0 + ~~m \'U.('\l'6v)s~)~-..i_ (~,'\v-Witf~LA('\)'(s~')- ~ Wkt.f..v-c6y~ 
1 ~J ""•I'Y\2. 1 · 

(1 + a;mJ~C'\)6l',u.ly) = ~~m,.~(ft-'\v-~"";') iA.C'\)~) - ~r"""e ~-c'\6\A.C 
+ 1. l"",'\.r-W\~'1'1") l:i('\)o vlAl\>l - -i. l'M,'\v- 'Mt. ?v) iA.C..'\) "'" u • .l~ 1} 

~- ~mJ U.C'\)6,.Y\?) = ~~~'-\. f.,..,)-y h '\9 ~('\~'l.,LL(~J - (~r'\v- ~vl\~ 
- i 'Ltw'l'-~ ("'I'\~ +'Mcz. \'~ "t:i.C'\)lg'(sU.(?) 1 
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_ 2++0+ , c2-+o-)(2-+o-)-2++o+, (2-+0-)(2++0+)-2-+o- (h.,_,.=h.r4· 

r"-v -'b,_.,0-)1 ~ 1 k1 + [F_, ttJv + ~'1(kl'kv-'brvk~1 ~c~.f> h.,.,.+ 

kv-1lrvk~1 k.~.. ~"'f> k'th."¥,. + [ F,_ t,.lv + 1='8 (krkv-brvk.!.)1k.~.k~k.,.,_k~k.rh~ 
t<kv-'l>rvk~}k.lkf>~J.f>h.1 + (~1 tt.tv + r1!.(kl'k"-'&rJ'L)1 ~1 kJ.k,_h",_+ 

rJ k,~.ky. ~.l.f> k 1 - \c:..!. (t 11 k.~.. h.,~."+ ~v k.~.. ~,~.!') h.
1

] + 

kr} h., k,~.kf>k.l.f>- k\~r-kc~.h..r.v+ Lk.~.~.~.r) 1 
k!')kJ,. ~.l.f> k'6kih.\'~ -k'l (tt' k,j.~J.\1 + t, k .... ~.~.t')kyk, h.~~-

- k~ k~ ks~y!i (lr k.~.. k.~.v + tvk.L. h."-r-J l + 

~~~ k.l k.lt') kl" k.., h.'6li - k11 k" k11 ~; Q..!' ki..h.o~.v+ tv k"- h.c~.rJ 1 + 

kf>v + k._h.'.l.v kl"hr-rJ- k,~.kylc:r,(~,~.rtv +kc~..)[.t') h.y&

~~& (h.,~.l' lc.v + h..l.vk~') +'-. 'iir" k.~.kf>~"'f> k-gki h.yli1+ 

kr) k.l~.lf- k""'h.W- k'(tr\{.l.v+lv~J.~k,.k,..~. -kt kf>~l"~.l'h.,_v+Ut~ 
1 

... t 11') k~kf>J..- kf>hf>,~.l_l_rh.c~..v+tvh...~.l"J1+ 
+ ~d.v h.~.r)- (\t'.,_rkv +h.',~." k0kr-h.,.ckl"~~c~.l'kv+ h..,__,\c..t')+ 

k'6h.ly:.1 + 

k'l. k.~- (k 1J{.~." h, +kvko~.rhJ + krkv k.~-~f-~d..f' h.11+ 

kt k.~. ~, (.l,. h.c~.v-\- k.)\."-rJ + k,.kvk.o~.kr- \{' h..~-,_j + 

k.~., ~ r ~ol.v + kv ~.1.0 + k,.J~ k.1. kp. ~"-f" 1 k._ k t; h.l\ + 
\:.

4 
hl""- \:_t ~J-~r h..,_v + kvk.k,r)-\- ~.r~v~.&.kf> h,~.t1 
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H nonel CO CnMHOK 1 Ol~H ~ 

r)o+o+ -2+ +O+, o-o--2+ +0+ , o-o+ ~ 2-+O-

[F1t,.L +t',_lkrk .. -ol'.~~1<f~ 'f~ 
2) r+o+__-2++o+, r-o--2++o+, r+o--2-+0-, r-r+~2-+0-

F ( tr f. v .1..~" +tv£.)' J.t-""lJ Q..J.. C1.1' ~'& 
J) r+o---.2++0+, r-o+~2++o+, r+o+__.2-+o-, r-o-~2-+0-

[r1 tr tv+ r!. lk,. """-'ilrJ<-~)1 (a.~) + "F~ t. c~,. v." +tv~r')(~~) -1~,.Cl..,-te1.~o,,~>J 

TOXAeCTBa, CBR3UBaD!Ke pasnHqaue BUpaxeHHR !nR TOKOB H BU6op He3aBHCMKHX BWpaxeHBI 

Bee BUUHCaHHHe Bume TOKH He3aBHCHKH, 0AHaKO KOXHO 3anHCaTb H APYrHe BWpazeRHR,KOTOpue 

npH nOKO~ HeKOTOPHX TOXA8CTB CBOARTCR K BUnHCaHHUK, 

TipexAe BCero OTKeTHK KpaCI!BOe TOX.AeCTBO 

f.J-'v"l..y'b-s"'=f.~:~v">-y'b_r"t + 'i...t-6>.,'&.,.'t. +~,..,. 61'b~ +£.,....,.,_6 8r~, 
xoropoe nonyqaercs nyrex nonHol! aHTIICHioDieTpl!3a1111H no IIHAexcax J4""'Y6 c yqerox roro ljla.Kra, 

'ITO B 4-HepHOK npOCTpaHCTBe OHII He uoryT 6UTb BCe pa3HHKH, 0HO neXHT B OCHOBe O'leHb KHOriiX 

TOXAeCTB , CBR3WBaDmBX pa3~H'IHWe BUpaxeHHR AnR TOKOB, 

Tenepb npoHnnnctpHpyeK CBR3H KeXAY TOKaKII, nOCTpoeHHWKH 113 AHpaKOBCKMX 'laCTII~ (3AeCb 

p'l.,_m~· '\'1.-=-Mi) : 

(. - ~pll'l \ "U.('\)\vlA.(p) =- .i_ (~., "'' + \>v~"Q(~)IA(~)+ _-i- E..V't.6<> r~~6 U.('\)ly'¥si.A.(pJ ~ "'• ._; tn 1m!. M,hlr , 

~~ 

(1 + ~I'm\ u('\~'6v)s~J=-.i_ (~,'\v -1\o\,_f~ UC'\)'{s~)- ~ ..... E..v"t 6~ ~"''\6 %)'6~u.t\') 
' I ~) 11'11~2 I• -z. . 

(1+ ~;mJ~C'\)6l'vu(\') = ~.m,.LCrr-'\v-~"'\,0 ~(.'\)~) - f.rv"'c; ~-c'\6 ~C9hslA.(~) + 

+ i.l"','\.r-Wit.\'tJ lA.C'\)'6~lAl\'l- i.liNI,'\,.-INI'-f'vJ tA..~)~"u..lf)1 
~- ~~mJU.C'\)6l'"u.\~)= ~,~"'t.l ~,..,-,..y h'\9 U.('\~'lsLll\'J - (~r'\v-rv'\~U.('\)lA(~')-

- i 'Ltv)\~(.,., '\)I. +\0<\<z. 1>0 iAC'\)"~'\sU.(\') 1 

27 



j, 
! I 

I 

( '\- !~"'t) iAC'\) 
6

r" ~sLA..(~) =- ~~~'!. ~ (Pr'\v-~v'\r) ~'lh5u.(~) -i.l"v-.:6f~'\6 U.C'\)U.C~)
-~ c~ ''\r +1<-\t_~I"J lA.('\) "" '(s u.(~) + '\ ( 11-\1'\v+\4'\<tpvJ iA ('\) ~t' "slA.(p) 1 

V..C'\)'6s\.1.(~) = ~({(m~\>6-f.>m1q6) IA('\)Y6"s"'-(r) 
I'VI,I'VI'L 

v.. C'\) u.(.v) =- _ 1..(Jmt\'6+!!>m.9c)u_c_";) ~6 I.A.~) 
11-\,M!. 

J+f>=1 

ITepBHe nHT~ COOTHOmeHKH no~yqeHH RyTeK BB8A6HHH C ROMO~D yp8BH8HHH 

(tw+m1)u.(p)=O, U.('\)(i'tq+m~=O 
-r -itl,..ue. 

AOnOJIHl!T6JI:r.HiiX KSTPHil: U. lA- = t,t. -tnt -m, '1.(, H p&BllO&eHHH KOK6HHilllHH "\('{ r'l(r 
no nOJIHOH CHCTeUe AHPBKOBCKHX MSTPHilo ITOCJ16AHH6 AB8 COOTHOmeHHH ROJ11Q6HH C nOMO~D npzeua: 

u. rlA. = u. 1 *u. = u.* r u.= lir J. r ~M + D.ili r\ u. U+!!> =-i) , :z. '-::: • r -mg_ ) 

ITpOIIBBOJI:r.HHe nap&MeTphl J._ If j!> ;y;II06HO Bhl6p8T~, HanpiiUep, B BWA6 J.. = J!' = t MH B BWAe 

d.=~ lh~ 
m 1+moz. J m,+moz. • 

ITpH paccuo:rpeHHK c:rpyx:ryphl BepmlfH ~ ~ 1 ~ ~ If ~ ~ AOCT8TOQHO HCnOllb30BaTh TOllb-

KO llaTpHni,. ! H '( , Ma:rpHna '( MOrlla (jy BXO,Illl'rb TOllbKO B KOM!lHHallHJ!X r s-

i..rc~.~~'" kJ.. ~~ iAC'\) '6s1S"'~\ f..t'.l.\'-'IS kc~.15- ~C.'\)\5 '\(f), 'i:. J"d.i!-"6~.1. \i~l'l l'is u
11
(f) 

Bee 3TH KOM!lHHBilHK MOZHO CBeCTH K yKaSaHHHM C nOMO~bD TOXABCTBa 

(. "~""'' "s :::. <t>""~ 'brc si"'IS \.~.. + ~c~.'lf8 f-t' -:-~c~." l,_ '6 r + ~ t''l' '-' f> )',._-'bf>~ )' t' 'lc~. -bt"J.. '6,. '6 Y + 

llpll 3TOM 
+'b.~-~ 'br"'(~ - &t'~ "c~. '6'1' + '-' ~ "" '6J... '( )( 

~t'.l.l'-'6 ~,~...tf' lA.('\) "(5 \f'6l\') ==~,..-t,.) ~ ~v)- [kt +(I\\ 1 -~'-J1li.. 1St'+ ii.m, U. "(,..(1::.11") 

~ t'j...\!o'! \("' t~ 15"'6(~') '(5 lA.(\')::- (kt'+~v)~k.)u. + [kt. +(M,-~~1.1 if!" U. + L Wig_ (isk)'&t' U. 

-1 .-1 -( _, 

(.l<J...t'lS v" 'ls'U~ =- '\ 156 E>,_.~., -u, - '\!.~o.. "\S"" + """l" '\fJ-

t. _, o -, ·c ,_, 
Ll"~t-'6"-.t..lf~ '(S""Vl :=-'\.,.tf.s-1Y6 +1 IM,4-M'l.J1I'lt-V6 

£. t-r -1 
)"\kt '( .1.. 15t- 'ls \5'1 = - k t' '\J.s -u, +,: (m, -mt) ~61 lt' -v, 
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- Cu'k)vr + v~~ "\5) 

+(1Y'k.)ur- -=tf~(k"ll) 

E~f>\& ~J.. t" ~~ 'is 1St; = - L k'~- + (\1>\, -\->\;jl-f\S~ IY o -\- ~~l<)(!:..v) = 

""Ll1 + lm,-\-Wicz.J"l-1 ~~ 1.f, + ~\ir 1 k)(_k-u) 

liaTpzlllol ~ i., CBO,IlJITCll K '( H 6 
I' s- I"' . t 

~C.\) 1\''fs\JC.\') = ti:C'\) ~~; ~r'ts !A.Cf):::: 1:\C'\)'I{t' '-!~ lsu.Cr) =-LA.<.'\).:._::: 

=- .i__ ( IM•"\t<"" ~'!.\'r)iA..C.'\)\su.C~)- ...1.._ l~>~,k\-~'~t~~"L 
~.~'l L-1,1'1t 

Jlatplley ~S MOZHO HCI!Jlll'IHU no TOJ!bi!O QTO DpiiiBe,ll;eRRHII ~pzyllaM1 a MatpiUIII E 

woryT octanes, 1160 B cHWerpzqHou :reasopaow roxe o!la 1111,11;eaca 6 He MOI'J'f II 

O,lliiH ws HH,ll;eKcoB BcerA& CBepuy:r u!lo c ~ , c " na!lo c uy , a ace raue BU 

ynpODtaDTCH. 

lfTaK 1 IIOXHO orpaHHUTbCJI TOllbRO MaTfllll8JDI I II '6' • O;r,aaxo npH paCCYOT 
t" 

~ ~ K BHDHC8RHHM B nepeqHe Bhlp8Z6HIIBM MOZHO IIH~O (jy AOdaBHTh e~e 2 QS9Ha 1 CO 

'\ , a neHHO: 
I' 

f:"(15'1<J(tr""+t,/"~)("'-u) + r' ~\:.,.Cv~ 1)" +~~ ur)-

- k )' [i''9 "\Jv + 15! (K.-u) 1- kv L (~''...)-u-,. + 1Y~(k.s) 1 + 1 orv~'k)(k-u"" 
O,llJIBZO 3TH BHpazeHHll He H93aBIICHJI!i II CBH38Hhl C npRBe,ll;eH!Illllll lBYJIII TO:I,ll;eCTBaJI 

l.~'k)""(}..~)= l..i..l'vt_[t"151'\J6 -1.5"~ (kv-) +w'k.)uv1- tt.;:r~""-u, 

e/·v 15"~1)-6 - (\:.,.~v-1>t-M\:.~U'~ '1)6- i.M."iY6
1 (t)")v'+tv~rJ'Uo + 

-T(~1 K)ltt'1JV +tvUrJ- ( i:f~ tv+ \y~ e)"){k.v) 4-i. Wl.((~~,v'+1j~'(l')l\c'\l~ -~'\:: 

- [k.t(i7~u .. -~o15~ -ul'')- kr~"V'k'yu" + liv(_t-u~ -\:." ~\1.)1fr+ ~r (l(:u~ + 1 ~ 1 
S!H ~ouec~:aa cyn. OJleACTBHH 6o:aee o<SIIItlro ~oQecna 
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6
r• '1s1A(~) =- ~ 1 Wit. \. (Pr'\v -~v'\rJ i:i('\hsu.(~)- i.t",r~6f"l"\6liC'\)U.Cp)

~l'yu .. ('\) "" '(5 u.(~) + 1 ( ~~A,qv+~<t\>v) iA ('\) ~r )sU.(y)} 

- 1,\ • (" ~~m!lp6-~m1q15) L4.(4\v v u.(b" 
IA'-'\!'65 \,L '\'J = WI WI I} 06 •5 !') 

I !. 

cl.+f:-=1 
~(cl)u.C.I') =- -i.(Jmt\'6+¥om.,4,)-u_('\)~G u.(p) 

~~~~-~!. 
HHM no~yqeHH nyTeK BBe~eHHR C fiOMO~D yp8BH6HH~ 

(typ+m.,)u.Cf):::O, li(4)(-i:~--q+m~=O 
- r - ili_ 1 ill. 

: lA lA.. = VI- -mi -rn., 1.{, H paB~OKEIHHll KOII<!IfHaUHH ¥'1 1¥1" 
~HPBKOBCKHX MBTPHU, ITocne~HKe ~B8 COOTHOmeHHH nonyqeHH C flOKO~D npKeMa: 

u. = u. * r u. = u:<:~... r ~M + P.ili.f'\ u. U+~ =o-1 .. ) 2. ~ , r -mi.. ) 

J._ II f' ~06HO BH6p8T:& 1 H8npi!Mep, B 811)16 J. = f" = t KnH B BJI)I·e· 

C!PYKTYPH BepmHH ~ ~ , ~ ~ If ~ ~ ~OC!atoqao HCOOHL30SaTL TOHL-

• MaTpHua ~ Morna <lH SXO~TL TOHLRO S ROM6HHaUHIIX r , 

Q.f> LlC.'\) '¥s u"(f\ £t'J..\'-'!S k.,~..15" ~('\J'6s u~(f), i. rJ..F>~~"' \i~('\ l'¥s u~(f) 
MOXHO CSeCTH It YRa3aHHHM C OOMO~LD TOZ~ec:rsa 

\c ~t'" \o~.. + b.~._'6'8f-t' -'i.~.." ~,. )'r +fit' 'I' '6 f> ""' -'b"" )' t' y._ -b,..c~.. --&,. 'Yy-~
\t' '( ¥ - b t'~ ),~.. "" + '6 ~ "~' '1rc~- 'Y )( 

"6'5 \f¥(..\') =~t'-t,.)t\ (k,s) -[k.t +(l'o\,-W~S1 ~ ISr-\- ti.m,U. \,J~·i) 

'55 lA.(p) =- (kt'+~v)~l)u. + [kt +("-',-1'\1!.)1 ) ~~ U. + t4~W~g_ (is k'))t' U. 
. _, 

=- '\ 'U6 Eo u 
)'d.. 6 

.t - I 
~ "" - t' l.f.s- '\Y 6 

'- -r 
'( =:- Kt''tf.-"\5"6 

-1 -, 
- u .... "U"t- +"trr '\f~ 

)
-r +~(1.<1,+M'l 116'6\"'\JcS 

+ { (n\ -mt) 15-,'lt' v6 

28 

·-

- (:U'Ic.)11"r + v~~-u) 

+~'k.)ur -1f~(!r:\l) 

E~'1o kJ..tf> 15'~ 1 5 1.5~ ==- - ~ \I.L + ("",-W\~2..1 ':\5~ -u'" + 'L~k.)(~.u) = 

' ::: L t'!. + lm 1 +WI<!.Y-1 ;r~ "\5'6 + ~~'k)(_k-u) · 

JlarpllllH ~ '\ '5" CSO~TC.II It '( II 6 
I' . !i' l"' . i, [-WI I ("4,)~ *lt't_'[ {J~ 

U:.C'\) lt-'ls- \l(\>) = tl C'\) ~'J \,.. y.,u.~) :::: tlC'\) '6 ... ~"f5u.Cv) = U.C.'\) "' ~ ~')-~ 
t. ,. W\1 i.WI1Wit_ 

=- ~ ( "'•"\~'- \\.lt."r)~A..C'\)'-'s u.Cp)- ....L (~'.1& +"'t\'~"iA.C'\""6 :1' u.C~o) 
1"~t iM1 »~t ~} ,) t'Ei' 5' I • 

JlaTpKey ~S lfODO HCUINHTL no TO.llhl!O q:ro OpiiSe~eBJIHlf ~pyYJI!U1 1 a MBTPIIIIH 6r" Tan;e Be 

MOry:r OCT8TLC.II, 1160 S ClllllfeTpnHOJI reH30pHOif TORe o6a 11~e1ca 6 He JIOryT <lHTL 3BaqaJitHJIII, 

O~H H3 HH~eKcos seer~ csepHyr .11116o c p , c " JIIIOo c uy , a see TaJtlle supe;zeHI.II 

ynpoll!an:rcs. 

IITB.R 1 KOZHO orpaHHqiiTLCS TOHI>RO MBTpilllaMH I II '6 , 0,11118.RO npH paccxorpeBIIH se~IIHH 
r ~ i It BliOIICaRHHM S nepeqRe SHpazeHH.IIK VOZHO 6uno 6W ~06aBIITh e111e 2 qJieHa 1 CO~epZSIIllfX I II 

\ , a neHHo: 
\' 

\='~1S'k)(tr'lv+t"~tJ(k~) + r'~\:.'!.(Y~\f" +1f~ur)-. 
- \:,. [:i~vv+ 15~(k15)1- k"((=u-'k)'ll',. + 1r~(k,s)1 +io})~'IL)(k-15}1 

0,11118XO 3TII SHpazeBKII He He3aBIICKKH H CSR3aHH C npRSeAeHHHJIII ,liiiJK.II TOZ~eCTSBifl 

l.W'k))_,~~) = h I'V\., [ t" \S1 "6 - ;s- ~ (k. ,s) +w' k.)uv 1- tt- :u-~ ~ v 1)6 

e.lJ-v 15'~-u·.s - (li"\:.\1-~,."~~U'~ '\l6- i.I'VI.. ir6' (tr'iv+t""rJ'll6 + 

,.(.J
1

k)ltt''\SV +tV UI'J- ( U~ lv + \Y ~ er)(br) +~ I'V\..l(15~ '(v'+ i:i ~ ... 1')(\c-u) -~'k)6\' '\5'1-\-'(~;\J;)l
- [k.'!.(~~"Uy-!-15~ ut'')- ~(('u'k)v ... + :u .. (~v~ -~ ... ~\t.)1fr +~r (~-u~+ 2. 'b1'"(iJ'k)(kv') }o 
8!11 !Oalectsa c~ aaeAC!BRB Gonee oG~ro !Oalect»a 
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I 

t 1J.v ~,' 156 - (kl'~"-bl',k_t)1f~,s6- l k_t-("iZ~vv +"if~1Jr-J-kt'($.~'k)1Sv+~!(k,r~
- kv ~13'k.)-ur- +"V~ (lc:.s)) + ~u:;"" ~'k)(k:\f)J + .tA "M [;;~ '"(kv) -~' ~)~11"\fr-1 + 
~1\:.)(tv-ut-+Q.t'v"')- (:U~tv +'fJ~r-J(k-u)- i.~t\-\ "ifJ tt',V "\16 = 0 · 

OaK nonyq&m~OH DyTeK CBep~HBSHKH DOOD8~Hero ~0~8C~B8 C er K nyTeK ero CBKKe~pK88QBBo 
Ecnw 8H~RCHKK8TpR80B8T~ DOCXe~aee T0~8CTBO, DpK~eK K TO~eC~By ~na 8H~KCXUKe~paqxyx Bep-
mHH. 

llpK CSOUIIOJI 'lKCJie B6K'l'OpHHX B~eKCOB B ~OK IIJIB IIHOK BKpSBeBIJJI, Banpnep, B CJIY'f86 

!OKOB, DO~poeHBHX R8 h.l'" t C~C'lByJ)~ TO~ecua, cne~ymue R8 OCSpall(eHRH B &ym. ~e~epKB
HSK'l'OB, DOC!pOeHHHX R8 CHJIBOJIOB Kpoaesepa, 

'b .... 't. .. I l'•"t l'•vl\.. 
......... =0 

i;~~: . ~. ~~~:~ npH VI.:::. 4 , 

~e DpR 11."'5 OTCm~a CJie~yeT, BOOCSII(e roaopa, TO~eC~BO TO~KO Ue~ !20 BupaleHRHKR. 

Ecxx MN KMeeu B pacnopaseaBR uea~mee qwcno BwpaaeawH, TO aro ro~eCTBO 6y~eT uanononeaao. 

0~H8KO 6CJIR BwpazeHRH DOCTpOeHH H3 CRKU6TpRqHHX BeJIRqRH ~Rna ~rv,~~Kv 1 TO KOJIKqeCTBO 

qJieHOB, CBH8HB86UHX TOZ~eCtBOK 1yuea~mae~CH H 080 UOSe~ HMeT~ DPSK'fHqecKyD DOJI~By, 

TO!Aec~aa, noneaKHe npR npoaepKe rpynnoaoro caomc~aa saxoaoB npeo6paaoaaHRH 

B TO~eCTBax, KOTOpHe ceHqac 6y~ npHBe~eRH, 8RTHCHUUeTpHH napauetpOB ~rv 
H CHMKetpaa p~p" Be~e~ B coo~ae~CTBRR co CKSBSHHHM BNme K yuea~meamo qHcna qneaoB. 

t.,,,~"''' "'··· w,,...p, ,, ~ r' l:t~,,- ~·~tc'~."- ~~\' )- "'~-"- ~~~~~ .. -~ 
.('ii ~\ 

\y.v- ~-~-}~.l.f'~v 

t.,~_t'1&- ~}'".,..Y ~""w'~f' P·d'). = 1 p~ ~ ... l"- r~~"J~ 1" ... - f~~ ... ) "V.a.p. wtt'" 

£.t'"'>-S' h t.l.y6 wtrv~& = i£.1'").! h ~6-.:: + l>"ri'I:)<.J1t'6 Lo)'l.v't"gf 

~1'".,_9tw,6~. =~l'r+\tv}~J'1:£'t:""6 ~Q·o -~., 1 + P~t~w.f"t£.-ct')o.6 ~Q.6 

~0 

• 

€-J..f-).1" W.._y. h ~y = 10>vr + ~";lj W \'1: L't.t'}\6 r>-~6 + ('il I'"+ \'~t"~ 1 

(. fl. \')\ (, t ~ (/. l \ I ~ I 
"'-f>'\'b m. £.!:'.,.,_~ -m; '6~ ls '6y'6s\..W-tJ..\!' l.:lt.t'"- W2.~w1t"") ~ .... ~" c..l~ 

= 1. ~ ... " -t t>~~,)~r-" + v~:) w~J.f>wl.;ii [~~,a~}. ... u.~Cf) + 

+ 4 -i 'i..t'").\' ~ '6s 'Xs LJ-1\..1.. ~ ... t -1- l'~i) wf"P' { Ae.,A.l1.._e.u..'l- (f) 

-ilf-\-WI 1'1. -\"(f+W\ 
6 '"'" = 'i:.t'").Y -;;-1, '(s -\- 61"'" 

W t'" ~ l"")..!i' ~ ')! '6 r:fl-= WI'" G I"" U.. 

lJI',i..I''"'M, ~ ~d..f>--\- ~~t) 'lo~.."s ),'6s I.Ly = 'L. Wcl.f> ".1..'15U.f -1.~!" 
(b .hlJ:.\ €. 

- \_:: V'$ + WI'- J Wt'" t-v').6 

h._ . A 

w1'" £.1""),~ m u. ~ =. - ?..l- wt'" "~r "s v.." 
A A 

£. "-t "'Il> l-0:\.~-1" l.i)t.i1> = 0 
1\ 1\ 

f. ~""tl> w,,~..f> w'"t<" u..\1-::: 0 
( f:'g, Ac. J\Q, Jo....,_ \ 

t_ J..\'-'1 t' j de. \.. t.)I"'-Y. Lo)'!. )'b - <..) !.d-.f' \.0111\: ) = Q 

.... " " 1 E. !'V I.)Vl\ \.(}. : - 6 Y}o.. c...)V}. IA.t' 

t>. . (~ A '\ 

£.~"""'~ 1; u.~::: ,. ~v'l.s U."- 'X"'(stA.v) (\.= ~""' + ~ 
llpH BHBO~e !0~6~B cy~C~BeHRO BCDOX»BYJ)!CH CB060~BHe yp8BH6HKH. 

nonyqeaRe swpeseu11 nnR reaepatopos 

npoxnnmcTpapyeM tHDzqaae onepaQRH, c nouo~m xoropHX reaepatopa aanRCHBl 

B KO!OpOH OHB Dpe~C!8BX8RH B n.4. Bo8iM8U ~R npHKepa COXp8BRm ... CH TOK Bl 

li('\) ["F-\ tl' tv + v'l.. ( tr 6"1' "'- r +tv 6.rv ky) 11A."'J ' 
r~e ~OK npl 1i ec:r:& JlliHBJIHall KOMdKHaQHII nepBHX .liBYX TOKOB B nepeqae TeH 

Sl 



lt)1f~ "U6 - L k_'t (~~'IS" +"':\r~tir-}- kl"~~'k)1Sv+~!(k,s~

+ ~bl'" ('s'k)(k.-u')J + l...:W\ [;;~ )v(kv) -~'"')'6v"lf~1 + 
I t 11 + \f; ~t'')(k-u) - 'i.: Yl-\ "ifJ t('< )

11 
'\J~::::: 0 • 

noMe,llHero i'OQecna c ~!" H Dy\'ev ero OBIIIIe~pnaqn • 
.,Jle,llHee TOQSCTBO, npH,ll811 K TO:Qecny ,llJII! 8HTHCBIIIIeTpJ111RHX Bep-

HH,lleKCOB B TOll HJIB IIHOif BHp8B8Hitll, Banpnep, B Cl!T'f88 

CJie.llym.xe H3 odpa~eHRR B ~ ,llei'epu•-
Kpoaeaepa, 

.... 'i)"'"l\.1 .... =0 

))~"""' 

np11 V\.:::>4 

, B006~e rOBOpl!, TOQeCTBO i'OJ!DKO Ue:Qy I20 BHp&KeHRI!IIH. 

lf8H~mee qHCJIO BHp&BeHH~, TO 3TO TOZ,ll8CTBO 6y,lleT lf8JIOROJieSHO. 

H3 CBIIIIeTpHqHHX B8JIHqHH THna h_)"V 
1
kt"KV 

7 
TO KOJ!Hq8CTBO 

,yMeH~maeTCI! H ORO vozeT KMeT~ npaKTaqecKym nox~ay. 

ce~qac 6y.llJ! npBBe,lleHH, aHTHCBIIIIeTpHR napaveTpoB ~rv 
COOTBSTCTBHH CO CKaa&HHNM BHWe K yN8H~W8HmD qHCJ18 qJieHOB. 

::=; b,J~_r'i) _hft\('ii -~_/.r'i) -~{~ -~ ~ r l ~--, p'-)~.1.." r'-/ ·~~I' pt/\."1 pt-:J 
.('t; !J&\ 

\V>v- ~'1.-)~J.fo~v 
- q ~ ('b - r ... ~,.\(b fp.fv\ w 
- "- P \:"r 1''- -)\( ~""- ~'l ) ~J..,. trv 

h ~6-.:+ p,r~"} . .:>1t<6w9.v~er 
~ft: t"">-6 ~ ~.6 - ~vy+ P~t~w.f"t £.-ct').6 ~ Q,~ 

:1d 

• 

€-,_f>'-1" w,~..y. h ~v = 2. ~vr + Pv;i'J w ft: t.'t. t"}-6 ~>. ~6 +(\I"' + r~t") t..'lc~.,f> ~"-f-}.y \>>. ~~ 
£., 'b h.~ ?1\ v v v v (, t. ~ Q. .,1 \ I I :.}~) -

cl..f>" m. 1"">--y-;;;: ~~'so~Ds\..W1J..!!-UlLt'v-W2.~W1rv)~ .... Qc.~~.l~ '-\"-

:::: 1 ~J.);. p~~-)~r-.. + v~;) w~"-f>wl.;b [~~,a.\] .... ,_lA.'\1') + 

+ 4-l 'i:...r-vx? ~'bs"s tJ ... \,.J- ~.lot+ 1>~~\!')wf"P. { !e.,~.11 .. eu.e.(\') 

-i'(p-\-11-\ 1'1. ol'tf+WI 
1M-

6 ~"" = £.1".,.,...Y W\ 1, '(s -\- 6 t-" ,_~ 

wt'"~l"'"')..s ~1, '&.fA-:::: ~1""6\'"u.. 

lJ"" 'i..l'~~b ~ ~ ... " + ~~0 ".~-"s "K,'bs LLy = 'L. w.~-,. "o~.."siA..y -i ~.Y" ~Vf-)..6 ~ lA,

- (:lv-~+ f!!r)wt'..,£.1'v)\6 ~ lA, 

h._ . A 
w,_., £.1'">.~ m lA. ~ =. - 'i.t. wl"1 'ir '<s u.." 

" " E.~,.t"ll<o w,<l-1"'-'>t."<& ==-0 
A 1\ 

f.. "'f-"li w,.~..t!' wt.l'" u.~> = 0 
( (-;" ~ A c.. A i, A. e. \ 

~ .~..~" ~" ,.....ac.. '-~..\ .. "" U)""& - w!,d..~ ~.\""' r= o 
" " 1\ 1 E>t'VI.Jvl\IA..}.:- 6y)..Wv}. I.A.t' 

l'l\ . (~ " '\ £.1'"}.~ WI I.A.~:::: , ~vls U.l'- "r"slA.v) c~":: ~"'· + "~t\~t') 
DpH BHBO~e TOX,ll80TB ~CTB8BBO RCROn»Sym!CI! CB060,llBHe ypaBHSHHI!. 

nonyqeuxe Bwpa!euxa A!R reHepaTopoB 

DpOKnllmCTpxpyelf ~HflBqftH8 OnepaQBH, C UOKO~~ KOTOpHX reHep&TOpN 38ITHCHBaDTCI! B TOM ~pve, 

B KO~OpO~ ORR npe,llCT&BneHH B n.4. Bo8~81f AXIl RpBifepa COXpaBRD .. RCI! TOK BH,ll8 

U:('\) ['F"' trt" + 'F'L (tr Gv1 \:.~ + tv6r-v \:.1') 1v..~) , (D. I. I) 

r,11e !OK npR 1i_ eCU JlllB8liHal! KOifdHHaQHI! nepBNX ,J;BYX :J:O!tOB B nepeqHe :reH30pHhiX :J:OKOB BhiWe 

SJ 



llC'\) [tt'6"J Y.y +tv Gl'5'k~ }.I..C\')='.i. \.l.(.<\) ( -tt't +1M(ll' )'11 + Q..v Yr)) 1-(.(p) • 

0!K8!BK 1 11!0 !aKOA !OK, DOC!pOeBHHA H3 CIIIHOpOB, BCIIOX.BOBancs Ko6aapeBHK B 0~eJI2! 
Dpeo6paayex !OK (D.I.I) B X-npOC!paHC!JO 

Jr., lx) = (~:rrY'!. ~d4~ae.., e. -ik.x 'U('\)~ ~t'~v + 1i ~I'Gvyky +lv6',.,k~11A(r).CD.I.2) 
DpB &!OK paa~OK8HBH CB060~HHX noneM 110 DXOCKIK BOnHaM DO~p887KBB&D!CB BBB!KKB J B~8 

'!. ( • 
<y(.x) =~wfY" y\"1' l.L(p)e..'-PX + .. . , (D.I.3) 

r;ne CA(p) CBH3aHW C CA(\f) B pa&JIOUHD (33) COO!HOmeHB8K 

l.l...(p)= l.L(p)9(fo)~(t>'l+H') · (D.I.4) 
TenepA SaRBieK KOKBHT BTOro !OK& 

d>-.1)"" = ~t' Jv)l. - Xv Jt"'l-. = . 
= i.(111'y> \ d"~ cl"'\ { ~"r' i'kl() liut)[fr t,t>-+ r~.~v6,_~~+t}\6vrk~u(!')-Cr~= 

~ -iC. .. r'~ •• r<~'~ ~-"' ~"rl i.l(~)[ r, t, t, + v L( tA, k1+ t,.,,k~) «<r~- <rYl}· cu.r.s 
1 

,llns IIOJ!Y'I8HHH llolp&KeHBJI B DOCJIB~Hell CTpoxe IIW npOKBTerp8pOBUB DO qactli:K C Y'IBTOII !Oro, 'liTO 

~ =t@'l -~ J . Tenepi noc!pOBK o6a una resepaiopoB, KOTOpHe nopoQae! Coxp&HIJI)oo 

IIUIIICJI CRIIIIefpnHwll f8B80pHWII !OK drv • reuepatop DepBOrO !BDR 8BIIBCHBa8TCJI B BH~e 
'lv ==-~'dld4v= 

::::- \. ~d"l' J'-~ ~ ik. x. b ('C) 'iA.C'\) [F1 t..tv + F~.lt'i6vyky + eV5'1)."-~1ll(p) = 
( J .... 

= 2..) 1t.- F1 Pv U.(jt) u.C:f) . · . (D.I.6) 

Docne~Hee BHpBK8HHe DOny'leRO C HOIIOX.30BaHH811 OOO!R0.8RHJI (IT.I.4). C yqeTOII ~(t)H (IT.I.4) 

BeK'rOp k_~-= '1,_- ~)\ 06pa!UCJI B HyX., H 'lneH C ·!POpK\IIaltrOpoll f''- He BB8C BKJ18,J!a, ECTecueH

HO, 'ITO Be ;na~! BK.li8,J!a H qneH KB~patH'IHHII 110 kt' • ,lln11: B!Oporo r&Hepatopa HK88K 

vr" ==- { ~ ~r: d",r" = 

::o- \a"~J~~ e.\k.x.'Slt)t'F\t)-~~kr 14~)1.\.(p)+ F~ ltv~)6'~r~) + 

-t, liC.'\)6t"'~);.lvk~\'~'\)G-,6~p) + L1k?~r Ll('\)6'v6 ~)1-(rv) 1 · 
3~80A, 6naro:~tapll: DPIOYfO!BIIJ) ~ -~YHKilD bU:),xouo BOIJ,Q' K

6 

HB £. k • Jlanee 11118811 

82 

(D.I. 7) 

88K8RIIU Ha k" 0 8 t4 ~ 

U.\ ~C.'\)6vJo ulp) = -?~cr [u.u.c.'\)c:.v'1LLC.f~"" ~rl:U:'\)cS,"u.(f) = tr Li('\)~ 
!JJieH C npOHIBO;IIHOI! o6pa!MCJI B HyU Ha-aa 'fOrO, 'ITO tk. ="1'--\'2. ,a Sfa H0~6Hl 
RY.lli 0 yqe'fOII (IT.I.4). 00T&BMHIIOR 'IX8H ;IIODOnHJIBT ;110 CHIIIIe!pH'IHOro Blolp&KeBBJI Ill 

KBa;llp&!HOI CK06K8 (IT.I.7) 0 I o6a OHH Roqea!D! IIPR aH'fBOHIIIIB!PBBaURH, qTO K8C81 

'F1 , to ou o yqetoll npHOYfO!BBll 'b C~) IIOKB! 6wn npeoC!paao:aau K BW 

F\ t,J '\v~" -'\r ~"" - fv 1\'r + l'r~.J (C\C.'\) U.C.\')) • 
C!OI!IIIIB 3~8Ci OD8pBTOpii IIOIIBH!a KOJ!H'I8C!Ba ABDBBHJI 4 L -'\ L H tJv *-Pr- r 

~ ) '"ZI'I ro'1v r o 
lly!HPY'ft c ec'\.)S~t+~-fJ H S(r~'b~'+M"' • ITOBTOIIY IIW ~:1811 BWHBOTH IIOCJie;IIHI 

18-110~ Ollepa!OpOB 110118HT8 0 OCT&BHB !811 TOJ!AKO BBJ!II'IIHW ll(f) H 'U.('\) (ell. (IT 

PHPJll IIOCXB 8TOro npR noxo•R BCBX 1> -IPYSKUBI, IIO.llyqaell OKOR'Iatel!AHO 

Yrv =-~~ 1.:r1 [Cr"~l't--rr~~)uc~) ·u(f)- iACf)(t"~Pr- rr1rv)IAc 
- 1 'F!. ~(~) 6 r" u.('f) 1 

0!K8TBK 1 'ITO Sa O'le! 11ep:aoll IIORBBO;IIHOII DO "\"' 1!0 B!Opoll 'fHD reHepaTOpOB TOK 

k 0 BKJI~ BHOCJI:f 1 HO KB~p&TR'IHH8 IIO-np8KH811J ~au! HyneBOII BM~, IIOCKCI.lli 

resepa!opy oaaaqaet oCSpa~eHHe BeKTopa k B HyX&. 

KaK OJ!8ll0fBH8 COXpaHBBHH TOKOB,B3 resepa!OpOB BWD8J!a BaBHCHIIOCTA OT Bp8118 
\lr..x.) !a ~ H0'188J!a , 

llpi~OKeBKe 2, HOIIOJ!HHTe~aH~e COOTHOmeHHH BOCh11Hp1111HOrO pOpllaAIISIIa, paSB 

C...._g ac..= ~~c:UI\ .. ,)1>\ + ~ ~CL(! 1dc.\""'c. ...... + ttc..,q, 1t,j"""LL 101·n. 

c..,~~<:. =- ~~,.,q,)c.IM ~""- \ {_ lliMI'l h.\G\.~U.""III.+ ~O ~d..q,_IOIU.."'C + i CtOL 

u...._4, ~c. =- t u,.,1 t~t ... J~- ~!. cu.d)..,n.. [u._"""' h.1 + ~ (t .... 0-tc. -h o. 

+ ~ (u.~Q.lc.~~,.d~~,.- t.._ee. C.Q.'-- heeC...._e. - ~ }ct..(e C..~c. 

\J...d-.4 ~<:. = ~ 0-d..<.e I.Le.4, + hce.l.l..._~ +- ~0 (\.l..d LLe,,..") A,"" + i \_u...,Q, 
HeKO!OpHe BXO~R-H8 OD~a KOY6RHaURR MOryT 6WTA yDPO~Hii C.ll8;11yD~ o(!paBOII : 

tc..._e, fc.\,..,., u....,., =-- T<Ue.u. ... e, + t4.c.e.lA..ut. + "; !""~«..~e.c) ... ll\u....,, 

\.. c...._ll. dc.l..., ... c.....,"' ;:: - ~ ~clq,e C..e.c.. + -\-~Q..c.e. c...._ll. +J.e.c..e. c..'"-'!.) 

t u..,.. ... tc. 'k. ... e. u....,li\ ==- }....::e.~"e.) ... "' Lot..., ... + + ~c."-l u..~Q.) """ u,..~ 
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+tv Gt'5'k~ 1t.t(p)='.i. U..c~) [ -t1Jv +-iM(ll' )'11 + Q..., Yr)] l.l{t>") • , 

TOK, DOCTpOBBHHl H3 CnHHOpOB, HCnO~BOBBDCR KodaapBBYI H 0KYBeJI2! 

TOK (IT.I.I) B x-npOCTp8HCTBO 

= ~rrr~ ~ti'-,J"~ e -ib U('\)~ ~f<e\' + 1i ~rGvyky +lv6',.,k,.)11AQ>).(IT.I.2) 
CBOcJO~HHX DOneR DO DXOCKRK BODHBK DO~p887M8B8DTCB BBRTRKH B B~8 

1> ( • 
o/\1() =~wfT Jd"r t.t(p)e.tpx+ ... , <n.r.3) 

C Ll({r) B paaJIOMHU (33) COOTHOmBBR811 

u..(p) = t.t(?")e~o)o(\:>'l+H') . crr.r.4) 
BTOrO TOKa 

Jv)\ - Xv JJ"''I>. = . 

' \<< r •'~ { ~ kr i ''') ""l)[r, lA + r.~•,., I,+ l, S.,l~•<t>l-<M} 
<~'1 ~-;t, {_~.,_[ li (~)[ 1',t,(, +>' c( t,15,., ~f'- t,o,fk~) u(r~- <rvl}·(D.I.S) 
lBaBHHR B nocne~Heft CTpOKe 11H DpOHRTerpapOB8JIH no 'IBCTIIII C y<IBTOII TOrot 'ITO 

• Tenep~ nocTpOHII o6a THna reaepaTopoB. KOTopwe nopo~aeT oaxpaHim

TeHaopnwR TOK Jr" . reaepaTop nepBoro TBDa aaniCHBaeTCll a BH.D:e 

~t,v = 

rd"~ ~itoXot(k)li.C'\)[1\ t.,tv+ Rltlt6vyk,+ev5'1),.~~1~)== 
'F1 P" U.Cf) u.Cf) . 

(IT.I.6) 
nony'leHO C HCn0~30BBHH811 COOTHOI8HHR (IT.I.4). C Y'IBTOII ~(t)a (IT.I.4) 

h OcJpBTHJICR B Hy~, R 'IJleH C ·fj>OpJI4le,Itropcll "fl,_ He BH8C BKll~a. EOT8CTB8H

H 11nea KB~paTH'IRlil! no k t' • .llna aToporo renepaTopa Rile eM 

.J.,,' t'" = 

f .!4'\ e_tKol(. ~(_l()tt='l t).~~k/~)~) + f',_[ lv%)6 .. ,.~) + 

~'1)6.,6\.l(\') + LJf'~kr ll('\)6'v6 \A(r)1- (.rv) 1 · 
IPICY'.rCTBHII 'b -4>YHKilRH ~{f),IIOZHO BCil,lly k.6 

IIM8811 
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.... 

Cn.r. 7) 

88118RIIT~ Ha k."' t a t,, 1:.. 

tk.\ iA(~)611~ u.tr) = ~ [tk. il('\)<:.v"LLC.f~.,. ~r ~'\)6,.,"'u.(f) = tr li('l)G.•rvt.t(l')(n.r.e) 

llJieR C DpOHIIBO~HOII OcJpe.THJICR B Ryn RS-88 !Oro, 'ITO tk. =<i"-p2. ,a ilT8 KO~cJHHBURR 8CU 

Hy~ C yqeTOII (IT.I.4). 0CT8BmHftCR 'IXBR ~ODOJIHHeT ~0 CHIIIIeTpH'IHOrO BYpBaeHKll nepBYft 'IXe& B 

KB8~p8THOft OK06Ke (IT.I.7)t K o6a OHH RC'l838DT npR 8HTRCHIIIIeTpH38URR. qTO KBC88TCll 'IXBBB npa 

'f'1 t TO OR C J'l8TOM npHCYfCTBRR 'b ('\t) IIOKeT dliU npeo6pa30B8R K Blf,lQ' 

t1 L,('lv~~<-qr~""- \'v11'r +rr~.J(ti:Cq)l.ll\')) · ~ (rr.r.9) 
CTORIIJI8 3~8~ onepaTOpli 110118HT8 KOJIII'IBCTBB ~BIDtBHHli 4 L -q ~ R pv'{--Pr- tr Clb KOII-

{A• l\ ) ly 3'\f" r v'\y 1\1 
liYfHPJ'Il'f C ec,.)S\:\t+l-fJ H 9(fo)~(r'+M"- • ITOSTOIIY 1111 JCOKell BliH8CTH DOCJie~HHe KOIIdHH&IIU 

113-no~ onepaTOpOB 110118HT8t OCT&BHB TBII TOJll>KO B8JIH'IHH1i U.(i;') H 'U.('\) (01.1. (IT.I.4)). l'IRTer

PIIPYR nocxe ITOrO npR nOIIO~R BC8X 'il -fjlyHKUBllt noxyqaeM OKOR'l8Te~HO 

yrv =-~~ tt~ [Cfv~Pt<-fr~r~)"iAC~) ·LA(f)- ~C.f)~v~Pr- fr~JlACfq+ 
- 1 F9. "iA.(~) E>r" u.(f) 1 

(IT.I.IO) 

0TII8THIIt 'ITO 88 C'leT nepBOft nOHSBO,li;ROft no ~I' ~0 BTOpoft THn reHepaTOpOB TOKBt JIHHBftRHe no 

k t BKJ!~ BHOCI!T, HO KB~p&TII'!RHe no-npelll!elly ~&DT HyJIBBOI! BKJ!~t nOCKO~KY nepexo~ K 

reHep&TOpy 08H8'1BBT OcJpa•eHH8 BBKT0p8 k B Ryn. 

KaR CJIB~CTBHe COXp8HBHHR TOKOB,BB reHep&TOpOB BliDBJIB 3BBRCKYOCT~ OT BpelleRH (3KCDOH8H
\ k. x.) T8 £. HC'l83Jl3 • 

ITpiiOZBKKe 2. TionOIHKTei.!He COOTHOmeHHII BOCbiiHpH'IHOfO WOPMaJIB311a, pa3BHTOrO B/IJ/ 

C....g ac..= ~~.u!\ .. .,dlv\ + ~ ~cd,a<-\~~,"c. ... .,. + tl.c ... ~,tc.!..,"u..'"'n. 

c.,.~ ~c. = - ~ (f. ... q,)c_.., fM - ~ {_ u...,n h .. \4-~ Ll 101 n + ~0 cla.Q.""l.l~c. + l Cta.c.e.C.e((.+~~ec.~ 
l.l.""~J<:. = -t u ... ,h.1(. .. J~- ~!. cu.d')'"'n.[Ll..,l'\.)~(.1 + -\-Ct.:t- 11~'" -hb....::} -t 

+ ~ (u..,.q,)c."-dl'\.- + ... H. c.e,- t~_,ec..._~ - ~ !-a..4.e c.ec. 

U.."--t h. = i_ (!cLc.e u..e4, + t.ec.e.. LL..._0 + ;
0 

(u.d u...,_,..') d.,...+~ \_u...._Q.
1 
+c.1,...,c....._tt.. ., 

HeKOTOpli8 BXO~R-H8 01)~8 KOKdHHBURH KOryT cJliT~ ynpO~Hli CJl8~YJl~ OcJp83011 : 

t C.CL~ fc.!.,.." U..M>I. =. - :t <(.c. e._ u_ ~e. + ~ 4-c.e_ \,l4.AZ. + ~ a .,..~c_~ec).,. ... Ll..,,.._ 

i c. ... 4. Ac.1.,..., C..""-"- =::- ~ ~a..Q.e C.e.c.. + -\-~o..c.~ c..._IL + cl.~c.e. c."'-'!.J 

{. u..., ... tc.~"-~ Ll...,V\ ==- :tou:e.~"e.).., .. LL,.. .... + t ~"ll.. (_~A.e~.Q.)"'" u ... ~ 

~. \ 
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{u..._Q, J ,!..,_~ ..... c. ..... = - 2.. J.d.C.~ c..~, + t cl~c.e. <:..._e. 

(u. ... (\_~ i u.IL(,AG1 = ~ L~AA,~c.)- ~ (tt.._Q.)._J.h~ 
HHOrlB IIOX88HH COO~HOM8HHH C nepe~aHOBK&XI ~8KCOB 

(u.u ).,_~ - ( lA""') e..l. =- !t 4-.A~ (~e.)k 
(l.l..._~)c.! + (u.-..:)e.~ = l. ~<lA«. .kc.,z{6 

( I.L.._Q. U.c.J + I.A. "'-c. lA .u + lA..,_" u..~)-=::. 0 

<~ .... Q. u.c..l. + u...._ .. u.q,~') ... i 'b.._,l t.Q.c.- t; d ... !~~QQ.<.--\ (c..,_.l.')e,.,_ 

~ ... e.\ . .l + (e"-')u ~ (u...._Q.) .. J + c.~ ..... )d +-\- ((u"-'I.Lc.J) +(u....,u~)>) =-
r I !; . H.' I .t' 

:::. .tr.._Je ~J.c."-' +Ti>...JS(6c.- """t-44.1."!0!.~- l (c. ... o~)q,c. 
~d)c.l.- (e.a.:.JQ..j =. - tJ. ... Je.(~~- ~ <u.~ u..e.c.)> 

(e.:e.)c.4 +(~~ .. )u ::::-1 ~ .... .I.(!<:.(Q. + ~ s.._.~_bk_.:... -t~~ Jd.cle.Je.~c.- !.~ c~ ... .~.)~ 
(e~)c.~ - (t~)~A = 'L J.d((te.)~ _ \ (.1-l.._.l u..e.c..> 

[u.,.~) .. l .... ,::: [u. ..... ,t .. l<'l~ ' ~d) ..... t~ ..... 7t"-1k~ ==- (u.k.~)~oo .. [ u.. ..... ,t.:.1 
[ e. ... e,, ~<:.1 "'n. ==- [ e.+ ..... ,~c.1a.a. 

lipHJJOJ:eHHe 3. IlpoeE!1110IIlme oneparopu • oneparop DBJ!para CIIIBa 

06!l11Hiie IIOJIH, Hallplllep, reH30pBLie <S j\1 ... }', IJII. CIIIHOpHo-reB30pBLie lVJ'
1 

••• J'k , 

OIIHCL!BaDr HeCEOJILKO CIIHBOB. li03TOifY npH 3aiiHCI ypaBBeBHR, nepeCTaHOBOqHHX COOTHOieHHR, 

nponararopos • T.A. 6L!Baer saxao ocy~eCTBITL npoe~posaHHe aa 6oJJee ysxoe IIOAIIpocrpaacrBo 

C OABHII IJIH HeCKOJILEHIIH CIIHHalfl. Taxoe npoe~pOBaHie Ba IIOAIIPOCTpaBCTBa C pasn.q&LIIIH CIII

BalfH B BaH60JJee 06me11 BHAe Ilp0H3BOAITCB C IIOIIOmhD Oneparopa KBaApara COIBa, 

06!l11Bo oneparop KBSlpara cn1Ba 111eer xoaeqaoe q1cJJo codcrseaHHx 3aaqeaHR (aanp111ep, 

AJIB YIIOKSHJTLIX IIOJieR) I,CJJ8AOBareJJLB0 1 aHHYJJHpyer COCTB8TCTBYD.-I lfHHRKaJ!bBLIR KHOroqJJeB 

~ [;,'l._n.<.l\.--t)1=o , crr.3.I) 

0 I 3 I ue 11:- npoeleraer s~~aqeHHs , .. · !:. AJJB ~ l'• ... f",. • 2 , 2 , • • • • K ... 2 .us \j' t'• ... 1"1:. 
Hanp111ep, AHB CIIBBOpBoro AIPaKOBCROrO IIOJIB 

34 

• I .. ·--- ·----· ~--·-··-- ... 

~t.- ~ =0 

.us BeKTopsoro no~s 

;"- = 2.. ~""- -og") st.(5'"-1-) =: o 

lks CIIIBOPBO-r8B30pBOrO 

~'-- ~~'-- ~)=0' 
...-s resaopJioro no.u 

~ .. ~t. -~)~'!.-'-) = 0 
A~ 

• r.~. 3aas codcTBeBII'~C suaqea•s ~ , ~erxo nocrpo1rL npoeKQ~OBBHe oneparc 

s~e~•~~ y noJI.tl ro~ 1.111 KBOI CIIIB. Tar, 1exropsoe no~e pasdHsaercs aa qacr• 

0 • I ..... -"'!. 
g :. p (o) ~ + p<!) ~ = ~ ~ 4- .a_ R 
r ,. r -1. r '- t ' 

cnxaopso-reasopaoe ~ - aa qacn co CIIIHalfl ~ • ~ 
J' 

I.L) r:...) "'" 15" ""- :!. 
y = P'-.: If +"P\:!1.\J' = .::...:..I.y + ~ r r t' -~ r :!:> 

reK3opsoe none \l.r" aa qacn co CIIIBalfH O,I 1 2 

k _n~l +0~1 +?~' _ 

~r) 

~-r ~~ , ~r n~-

= (~'1.-<.)(s'!-'1.) h. ~'t-b)~'l h. ~'l-'l)s'lh. 
rv + -~ .rv + 9..4 ,.\/ 

I BOOd•e oneparop, npoeQ~PYIJIIIIII Ha IIOAIIPOCTpaHCTBO C OAHIK XaKD-JIIdO CDIBO' 

Bll 
(.E>) "' 1 f &'1.- n.(n-1) l 

p = 1J t 6(fS-i)-ll.{_11.-i)1 ' ,, 
ue •rpHX oa&aqaer, uo B npoi3BeAeBD nponyll(eB Douren c 11.- 6 • B np• 

crpo•~~ npoexQJOBB&e oneparoPH B3 oneparopa !BaAPara cnKHa , JJerEc san1carL 

uacc cBodo,JOIIIX ypuseul ...-s .liDdoro cn•aa 

(. pl6) t.\ 
\P -r J If"'····~"'= o 

( p<.••) • '-) c o - .r 4'r, ... t'~c.= 
-n(t>) (.6,) n\.IS.t) 

EcJJI 38.J18BITb B 8TIX ypuBeBIU r Ba P + I: 4- · · · , ~0 JIB DO.I 

OIIICBBaJJUe no secxonxy cniBOB. llpoe~oliJIBe onepa~ps, no'crpoesHLie 13 one 
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~"""C..,.." = - 2. Aa.c:.e. C..e€. + 2.. J~c." C."-" 

£u.llf.,J.,_1 = ~ [u.~,;e.l- ~ (_u...._~) .. J.t-<l 
COO~HOmeHHH C nepeC~8HOBK8XR ~BKCOB 

u..""=) e..\ =- i .\."'-<l('_ (~")ic 

~e.~ = .t ~ ..... k -kc.<l16 

+ u.."<. 1-1. .l<>. + U...,_J. u..4-c) =::. 0 

+ u...._.,_u.4.~> ~ i b,_4 t.~c.- ~ d ... .l('_J<I.~c.--\ (c.<l.l.)4c.. 

'2..:<.c.)q,J ::c <..u..a.€.).,J + (u.A.<.),~ +-\- ((u. ... ~u.c.cl) +(u.....,u~">)==-
1 e;· u· r .t' 

::::. .tf.-.Je 6-c:.e~ +-'2t~«JSac..- Tcl ... J.e~<l.~- l (c. ... ~)(/.c.. 
)e..~ '::::: - ~ J ... .~."c~~" -i <u....,.j ~.~..~c."> .• 

(_e..~c.)(/,J ===-i ~ .... .~.~Ac.~~.Q. + ~ s ... Jb&c-.- 1 ~~ Jt~.Je.J~~.~"- ~ (c. ... .l)(c 

e.~)e,a = i. t ... .le(t('_)a, --it. <.u..._rl u..e.c..'> 

::: [u.. ... .,,~.,l ... ~ ) (u.. .. Q.),..., [u. ..... 7t"-11:~ :::- (u.k.~)~ot.,.[ u.. ... .,,t.,_1 
[e. ... e.,t,]...,n. =- [e.t. .. J~"-1a.a. 

aanplutep, :rea3opwe <s .l"• ... }', au. cnBRopso-:res3opwe lV .t'• ... .t'1c. , 
CDHHOB. li03IOKy DpH 3aDHCB ypaBSeRHH, nepecrasOBOqBHX COOTROB8RMH, 

OsBae:r BazHo ocymec:rBH:ro npoeu.poBaBBe aa Oonee Y3xoe no~pocrpascTBo 
oRHMB cnHHaMB. Taxoe npoe~poBasae sa no~npoc:rpaacrBa c pa3nMqBHXI cna

oome• BH~e DPOH3BOlHICH C DOBO~bm onepa:ropa IBalpa:ra CDBRa. 

RBalpa:ra CDHSa BKee:r IOSeqsoe qacno C00CIBeBBHX 3saqeRMH (BanpBKep, 
) H,cneloBa:renoso,aaaynupyer coo:rBe:rc:rBy~a KBHBKanoHHH KHoroqnea n [ ;t- n. cn.-1) l= o • ... 

I 3 3HaqeBBa 0,--· ~ JtllH ~l'o ... t'" H 2 ' 2 
l•aopaoro lHPaRoBcxoro nona 
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ttl: 

(II.3.!) 
' ... ,. K ... ~ UH ~ !'• ... .1"1<. 

~t.- ~ =0 
(II.3.2) 

UH B8BTOPBOrO nona 

st.(st.-':l.) == o ;t."' 2. ~""-og") (II.3.3) 

Ana cnaaopao-:rea3opaoro 

~'-- ~~'"-1f)=O, (n.3.4) 

ua :reasopaoro nona 

?,'l (?.'!. -1.)0'1.-<.) = 0 (II.3.5) 

-"2. B I.~. 3BU C00CTB8BIIUC 3Ba'lleBKII ~ , UrKO DOCtpoUI. npo8Kli!IOSBHe ODepatops, CDOCOOBHe 

~~e~•:ro y nona ~o:r ana HBOI cuaa. TaK, 1ex:ropaoe no~e pa30BBae:rcll sa qac:ra co cnHBaKB 

0 • I 
-"'1. "''1. g ::. p(o) ~ +P(J)~ :: ~~ + ~« 

r I' r -1. r 1. t ' 
cn•aopao-:rea3opaoe ~ - sa qacn co CDBBaMB ~ ,.. 3 

H 2 

':\:) '~) 1\'1. 15 ~'l-~ y = p..: ll' +'P\:!1.~ = & -"21 ~ + __ ... 
r r .r -~ .1" 2:. 

:reasopaoe no.11e "-r" sa qac:ra co cnasa.. O,I • 2 

k _n~' ,om, +?~' _ J"' - I t\..t'" "T I t\.,rv n.J"' -

~r :> 

_ (s'l-c.)(~'l-'1.) h. ~'1.-b)~'l.h. ~t.-i)s'lh. 
- }"" + - S )'" + 9A J<" 

(II.3.6) 

(11.3.7) 

(n.3.e) 

I BOOO•e ouepa:rop, npoeQBPYIHUIII sa no,.upoc:rpascuo C OlHBK laiD-BOO CDIISOK 6' 
1 

BKee:r 

·~ 
(.6) ... ,f€,'1._,,.(~-1) l 

P = IJ. t e(e-0-11-(t~.-1)1 ;., (II.3.9) 

r~e •rpax 03aaqae:r, uo 1 npoa3BeJteDa nponyll{ea KHO:u:reu c n.- 6 • B npaBQBne, yxes 

c:rpoB:r:o upoexq~oBBHe ouepa:rops 113 ouepa:ropa KBalPata cnasa , nerxo sanaca~o sexo:ropsl 

IJBCC CIOOO,li;BBX ypuseDI ,11;Jla .11mooro CDHSa 

(' p<.6) t.\ \P -t') ~,.. --·tt, = 0 (ll.3.!0) 

( p<.."') • '1.) 0 o - r 4'r, --- ~"'= (ll.3.II) 

Ecu saxeDn 1 snx ypuaeDa p<..t>) aa P(.6 ')+ p<..~)+ ... , :ro w nonyqBK ypuaeDII, 

onxcBB~e no aecxouxy cnaao1. IIpoexq~oiiBIIe ouepa~ps, no'c:rpoeaHHe 113 onepa:ropa KB~ta 

SIS 



COBRa, D03BOXHmt cpasy Be sanBcat& B o611ex B~e tyas~~ pacnpoctpaaesBa AJB no~a co 
cnuox 6 

P (6) 9.. 
G- = 0 -0 +~ , (II.3.I2) 

t't. (n- r't) 
Cpe~ BBnBCaBBHX ypasaeBRA co~ePKRtca ypasseBRe Ilpoxa 

(o¥ -.r~~t' ~ O~r -at-~v~v- rt.Kr=O 
c oelpatBHx onepatopo• 

"'I. 
n i:-- n+~'l 

(,.= r'l. (a- .r'l) :::: 

B ypassene 

'b - 'dr'd, 
}"V ,..'1. 

n- .t't. 

( 

-'\'l 

D 5o _-;_'L - tv\t) Y',.. =op"~"- m"-Lf,.. =0 

(II.3.I3) 

(II.3.I4) 

AlB Bexropsoro nona \ft' co cnBsox o. ( leacrBBren&so, B3 nocne~ero ypasseBRa cxexrer 
~ODORBBren&BOe YCIOBBe 

d.r'fv=0 vlf.t' ). 

O~o ocrax&BHe YP6BBeBRa (I!.3.IO) B (II,I3.II) BenpBeK!eKH no cnexr~~ npaqBBaK. 

ORB COlepaar BHCOKBe crenesB oneparopoB 0 B 3BaKesarene, r.e. sexoxai&BH, a ecRR nona

ranca KOKn9BCBpOBar& 3!R BeJIOKM&BOCU YKHOKeBRex sa []'1. B DO,UO,UIIeA creneBR, ro npB -
~ Aex K YpaBB9BRHK BHCOBOro nop~a. YpasBeBBH (I! • .),II) BOOC!•e BenpBro~, raz BaR ORB B 

nyqmex cnyqae cyr& ypassesBa sroporo nopB~a. 

0ABaBO BeOC!XOAOOCrB B 3UX YpaBBeBH.BX Her, raz KaK BaM Xopomo B3BeCrBH ypaBBeBRit 

nepBoro B Broporo DOPSlKa ~B ODRCaBBS roro B~B BBOro COBRa. 13 3rBX YpaBBeBBA CJieAy~r 

Bee ~onoxsBten&BHe ycxoBBB, BHAena~e onpe,~~;eneBBoe ssaqesBe CDBBa. Bxecre c rex, B srBx 

cra~prBHx reopBsx Clyler ocrasar&cB cnpaseAXRBHK BHpaxesBe ~B ~BK~B pacnpocrpaseBHB 

(II.3.I2), B BHesso npoex~oBBHe oneparopa croar B npasax qacrBx nepecrasoJoqBHx coorsome

BRA. ,cx.n.5). OlBaKo s,~~;ec& cnexrer orxeun cxe,~~yl)llee. Ecnx nou 'fr,···~":> H "~-',.., ... ~ ... 
ODBCHB~T ro~&KO DO OAHOMY MaKCBKMDBOyY 3Baqe&B~ COBRa ~ ( B 3,11eC& ,IIOCraroqso npoex~

ORBHX oneparopoB, nocrpoeBBHX B3 oneparopa KBa,~~para CDBRa),ro arK nona onRc&Ba~r no &ecxon&

KY OJIIIBaKOBHX CDRBOB, KeR&IIBX ~ • Tax, DOle "'J ODBC&Baer ,II;Ba CDRRa ~, B npoex~OBBHA 
oneparop ~) pa36RBaercB Ba ,JJia J' 

p(t) :::_ PI({)-+ p"c.t) 

xoropae yae se sanBcYBa~rcB B repusax oneparopa na,~~para CDKBa. Ilo,~~;oe!IIHJI ze oelpasox none 
h_)'" ODBCHBaer 3 CDRBa I B ,II;Bii. COBRa 0, Tal! qro 

36 - .~ ~- ·-· -- -· -.. ···- - -- -.. - -··-

p(l) = 'P'(1) + -p"(l) + -p111(1) 

p (o) ::: "P l(p) + -p" (o) 

RBBB8 B&paKeRRR AlB 3TBX oneparopOB ex. B / 8/ ). OlHBaKOBKe CDRBH KOryr Bl 

nonozne no ssaxy BKJia,IIU B asepl'llll B noroxy ae wryr Own ocrasneBH Bee BK• 

o6pa30X, ecnB none ODBCHBaer B81BKCBBBJihBB8 3BaqeBBS CDRBa, ro DPB 3aDRCB D• 

COOrBOBeBBA B ~BK~R pacnpocrpaseRBS BYJ:BO BCDOnh30BaTh npoeK~OBBHe onepa· 

~IQIIeCB qepes oneparop na,~~para cnna • Tax,B n.5 liB nou \tl'"' , onBcYBa: 
B o, npaxo,lllnoc& sapBlY c P(.._) •cnonsoBan npoex~oBBRR oneparop .llJIR · 

paa se BapazaercB qepea oneparop na,~~para cnua. qepes raxoro poxa oneparop 

(DBHI BBl Cll. B /8/) 3anBCHB8.11TCB ,II;Be B03110DH8 c)oPliH YpaBB8BRB lilt asr 

reaaopsoro no.u h. ~14 • 151 
r ( "(1\ :\'-o P -I'Y"I..'l.) n.r"~o 

( 0 p'" (1) -ll\·t) h.,.\1 =0 . 
B CBOC!O,IIBOX cnyqae 3TB ypasBeRIB 3KBBB&IeBrBH B 110ryr C!BTh DpaBe,lleBB OABO I 
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cpaay ze aanacaro B oo~ex BB~e ~BK~~ pacnpocrpaaeRas ~· no~s co 

P (6) '1. 

G- = 0 -0 +~ , (II.3.I2) 
J"'l.(o- r~) 

ypaaaeRaA co~epzBrcs ypaaReRKe IIpoxa 

¥- t'~ ~t' = Qg~ -Ot'~Vgv- rt.g·,.:::: Q 

'i) - '£r'dv 
;::: t'V t'2. 

0- ~t. (II.3.I3) 

-'\1. ) 

., _-;_'L - I'Yl'- lf,.. = o p.,lf.,- m'l Y' t' = 0 
(II.3.I4) 

cnBaox o. ( leAcraHre~oRo, ua noc~eA&ero ypaaReBBs cne~er 

o,. 'fv =<>vlfr ) . 

ypaaReRBs (II.3.IO) • (II.I3.II) RenpBeKieKR no cne~m~ npxqBRax. 

creneu oneparopoa 0 B aRaxeaareJie, r.e. RBIOIUI>RH, a ec.IIII DOIIH

ara Renoxan~:oaocra YKHozeaaex aa ~ B no~o~s111e1 creneaa, ro npa -
ro nopJ~.JtKa. Ypaaaeuas (II.3.II) B0001Qe aenparo.liRH, ru xu on B 

lvPaaaeaHs Broporo nops~xa. 

B 3TRX YPaBB8BRHX Her, rax Rail' RaM XOpomo B3B8CTBB YPaBR8RZH 

~· onucaaus roro BRB aaoro cnaaa. Ia ar•x YPaBReaaR cne~mr 
•cnoBas, BH~enR~e onpe~eneHRoe aaaqeRBe cnBaa. Bxecre c rex, B ar•x 

Oy~er ocraaar&cR cnpaae~nHBHK B&pazeRae ~· ~HII'~B pacnpocrpaaeaaa 

poexQHORBHe oneparops croRr B npaasx qacrax nepecraRoBoqBHx coorRome

a~ec~:o cne~er orxeun cne~m111ee. Ecna no.11a 'fr,···.t'~ • '-\1.1"
1 

... ~1<. 
xaxcaxaJII:oaouy aaaqeaam cnaaa s ( a a~ec~:o ~ocraroqRo npoexqa

B3 oneparopa RB~para cnaaa),ro ara nona onacRBamr no aecxon~:o-
xea~:omwx :!> • Tu, none '-t' onacRBaer ~Ba COBRa ~,• npoe.riUioBBBI 

r 
:::. p'(i) + p"(t) , 

B rep&aax oneparopa RB~para cnHaa. IIo~OOIIHJI ze oOpaaox nou 
I a Ma cnaRa 0, rax no 

36 

lfl. 

pCI) = -p'(1) + -p"(l) + -p"'(l) 

p (o) ::::: 'P l(p) + 'Ptt (.o) 

RBRB6 B&paz8RBa AIR 3TBX oneparopoB CK. B / 8/ ), O~a!OBHe CDBHH xoryr BBOCBTI:o DporBBO
DOJfOZBHe no aRaxy 11~ B aRepram a noroxy Re KOryr Osr~:o ocraaneRH Bee Bxecre. TIU!BK 

oOpaaox, ecn• no~e onBcHBaer R8MaiCBKaahBBe aaaqeRBI cnaaa, ro npa aanacB nepecraaoBoqRKX 

COOTROB6BBI B ~RII'QBI pacnpocrpaaeBBH Ry.IRO BCDOJfh30B&Th np08IIUIORBBe Oneparopy
0 

Re BHpa

Z&DIIIB8CR qepea oneparop D~para COBRa , Taz,B n.5 ..... DOU h.
1
._1 0 

ODBCHBaBBero CDBRH 2 

B 00 DPBXOU~OCh H&pl~ C pC._) BCDOJh30B&Th npoe!~ORHHA oneparop AIR CDBRa 0
0 

II'OT0-

1?n(1) pm(1) pal Re BHpaz&ercs qepea oneparop 11~pa:ra cnaa. qepea raxoro po~ oneparopa • 

(DIIHI BB~ CJI. B /
8
/) 38nBCRB&DTCS Ue B03110DHe cjlop& Yp&BR8BBS AIR aBTBCIIllllerpnRoro 

reRaopaoro no.u k ~I4 ,I5! 
r ( ,c,\ \h. 

o P -m.'l; r"~o 

( p'"(')- 't\ I =0 
0 111. ) n. "" . 

B CBOOO~BOJI C~yqae 3TB ypaaaeRBS 31BBB81eRrBB B KOryr 0Hrh DPBBe~eas OABO I ~pyro.,. 
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napaMaTphl AI /lY B 061118M CJiy'laa 11p8.1lCT8BIIMhl B BB.Il8 

AI jlll 
I I , e{t) (1) 

I • 1-1 Ilk I' e II ll k 

<.t) 
"I' ( I• 1,2,3) --rpolb:a aeJtTopoa, opTOroaan&BhiX 1t BMnym.cy 

(t) (I) • 8 II • 
e I' "I' {I} p - 0. e I' I' 

(n.4.1) 

(n.4.2) 

f Ilk - a6contOTliO BHTBCIIMM8TpB'IliO 110 BHAeXcaM0 f Ul • 1 BenB'!Hllhl 4 k MOlK-

(O, HO Tenapb pacCMBTpBBBTlo Jtalt HOBble 11apaM8Tpbl llpeo6p830Ba&Bil. npll 9TOM 881tTOphl e I' 

axmo'18TCS 8 reaepaTophl npeo6paaoa8nil, Tax 'IT01 &811pBMep 8 (67), reaepaTOp 

P> (0 (l) P,\ , lk) 
'~tll.\p-:- Yp Y1 aaMeHBTCa 118 'Ilk "I' • 11 '~~Y.\p M YpYa =-2u~pYp Ya 

II npeo()paao8aHBe llpBMeT Bll.ll 

81/1 = ~[i.\~.+e~)Yp y 1 (ak +a:.\. l)op cn.4.3) 

Ha (83)-(85) .llnR c~~:o6o'!llhiX ll8p&MeTpoa Tenep& nony'la&Tca 

• b • b • 
Alok •- '•bo(Alt Ala + 4 lk 11 2k) • 

. 2 .• 11 tak•-ftlk<11 u 4 ak+r 4 tl ~~.·k). 

a • a bo bO bo 
atok •-«Ilk (a1laBk +a11an +d.boa11a2k )- '•b•(Al1 all -Ala all). 

3aM8'18TenbH0 0 'ITO Tellepb CTpyltTyp&ble COOTHOWSHBa T81t0Bhl lK8
0 

lt81t 8 HepenaTHBIICTCitOi! 

SU(6) 
• • oon&we He 38BBCaT OT 4-c~~:opOCTII. O.llHBXO 6aCKOBe'IHOMy 'lllcny napaMeTpoa, 0 

KOTOpOM rDBOpHnOCb B n.6, Tenepb COOT8eTCTByeT OeCKOHe'IBhlil llpoH380n B BhiOOpe 08311C8 
(I) 

ejl Ana ttalK.IlOil H3 '18CTHII1 H COOTBeTCTBeHHO 3811HCII reaepaTopoB npeoop83088BHil. 

K&lKAblil BblOOp COOTBeTCT8yeT 8bl.lleneBBIO KOlle'IHO-napaMeTpH'IeCKOI! IIO.Ilrpyllllhl, OCTBBnaro

lllell waaapwaaTBhiMH c8oooAHble ypasHeHBR. Ecn11 TpeooaaT& HH8apHaaTaocTH aMnnHTYAbl oT

aocHTen&Ho Bcex STHX IIO.Ilrpynn cpaay, TO no-npelKHeMy oaa OYA8T oopBIII8TbCR 8 Hyn&. 

(0 
Ecnu 6bl y!lanoc& aaliTR .PR3H'IeCKRII npHHnRn O.llH03H8'1Horo Bhloopa oa3HC8 e I' , TO 

TOP!l80 OCT8B8HCb B p8MK8X STOrO BbiOOpa, MOlKliO OblnO Obi HBXOilHTb HeTpR8B811bHble COOT

BOIIIeHIIH Mell(lly 8MIInRT:Yil8MR1 1t8lt AIIH ltOIIIIIIBeapHblX llpo!lecCOB, T81t B Allll H81tOIIIIRHea,PBblX. 

B !l8YX'I8CTH'IHblX peaKUHSIX (a TeM oonee 8 MHOPO'I8CTH'IHbiX) RMeeTca llOCT8TO'IHOe K~n·-

38 -"'''A'f!ll'~ ...,..._.,, -..,•,:-:'- ...... ~.-·-.- ·~····------------- --• 

(0 
'18CT80 IIMII:YIIbC081 'ITOOhl '18p4!3 BHX Bhlpa3RTb e I' Ana K8lK.IlOil R3 '18CTHil ( 

lliiSI '18CTR!lhl c HMIIYIIbCOM p ) 

(1) (I) I 

•I' • I.\ 1 pi' 
(J) (II) I 

"I' •I.\ 1 PI' I 
(8) (1) 

"p .,14'¥.1' 
(t) p.\ 

·~~ -IM 

0.1lB81tO 11p01138011 OCT&eTCSI, B BBlKBO HaiiTII ljlH311'18CitBil penanT DO ero ycTp8H8 

/10,11/ 
Ha8ecTahle paccMOTP&BIISI xomDI•apllhiX nponecco8 ( aepmaabi1 pac 

peA II ToAo) 8 p&Nit8X SU(6)W R Toll. C 113nQlKiiiBIIOil TO'IItB 3p8&Ba COOT8eTCTB' 
(I) /ll/ 

BIIOMY aattpenneaaJO 6aaBc8 •, Tatt, Bapwc npa o6cylK.Ila&aH BepllllfH nc 

381tp81111SieT 683110 ycn0811SIMB 

(I) (I) (0 
•, (p)•el'(q)•el' 

('I) (1) (I) 
e I' (p) •f j&'.\p" 11 e.\ !e_ 

lm 

(I) (0 
e p•e q•O (1•1,2) 

~) <» (t) 
e I' (q) • f j&'.\p e 11 e.\ ~ 

1m 

(I) 
'inea C 8U:TOpoM e 8 ( n.4.$) C :YUTOM ypa8BiiiBBa .ll811lK8BIIa MOlKHO llpliiO( 

(I) 

•,<P>r,rat/l<pl• 
I (l) (I) 

T • "(1,., • II t/l(p) Jpynna naaaaa II Memaoaa 

ljlaltTB'IIiiCitB COBII8A88T C rp:yllDOil Bap.a:ca. JleiiCTBIITellbB0 0 8 CIICT8M8 OTCDT81 
(II 

p • (0,0, pI, lp 0 ) q • (0,0, - p I , ip o) 1 MOlKHO Bb16p8Tb 
fl) ., • ( 0100) 0 T8It 'ITO 'CDIIH08h1Mil MeTpBJlBMB' 6y.llyT 

-lylly,•y,u• If u,ll•tla· 

noA'I8pltBeM0 'ITO npeo6pa30BBHBSI COCTOa&Hil C 881tTOp8MII 

• " • (1000) 

ly,r,•r,u,, 

(1) ., , Bhlpe 

'18p83 IIMJiyllbChl ApyPIIX '18CTBDo 

AOJiyCTIIt.lhl 8 TeOpRII nona. 

COBt.lecTBt.lhl C S -M8TPB'IliOII ljlopMOII TeO~ 
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nPMnmKEHME 4 

Cny'lae Dp8JlCTaBRMhl B BRJl8 

I 
w,.v • I t e(l} (1) 

I' I-I Ilk ll e V II k cn.4.J) 

opTOroaan&BhiX K awny~~~ocy 

{t) 
ell PI' • 0' <n.4.2) 

( 121 - 1 BenR'IRBbi Cl k MOlK
(O, .,. KaK HOBble napaMeTpbi npeo6pa30BABRI, npR STOM B8ltTOpbi 

npeo6pa3osaaRI, Tax 'IT01 aanpaMep B (67), reaepaTOp 

CO CD P,\ , lkJ 
3aMeRRTCR aa <11 t •,. •v 'I'V>.p M YpYo =-2ufpYp Yo 

(CIt +rz: A • ) I rJr • 

napaMeTpos Tenep& nony'l&eTcR 

• b ,j b • 
ru•t e- f•b•("' 1 "'a + 11 1k 11 at l 

2 -· rztet•-•,,t<11 u "at+r"tt 11a•t l • 

a a bO bO bO 

(att"u +all "at +d•b•"tt"u )- f•b•("'t "u -rua "u ), 

, 
(n.4.3) 

CTPYKTypRble COOTHOID8i1Rll T8ltOBbi lK8
1 

lt81t B H8p8ullTRBRCTCJtOI 

4-cxopoCTH, 0JllraJto o8CitOR8'1HOMy 'IBCny napaMaTpoB, 0 

n,6, Tenep& COOTB8TCTBY8T o8CltOR8'1Rbilt DpOR3BOn B BhloOpe o83RC8 

'18CTRil1 H COOTB8TCTB8HHO 38DRCR reaapaTopoB npeoop830B8i1Rlt, 

r~TByeT BbiAeneHHIO KOH8'1HO-napaMeTpR'I8CKOlt DOAI'pynnhl, 0CT8Bnll10-

6oAHb!8 ypaaaeaR!l, EcnR TpeooaaT& uaaapRaaTaocTH aMnnHTYJlhl oT

noArpynn cpa3y, To no-npeJKHeMy oaa 6y11aT o6pamaT&cR B ayn&. 

(0 
HSATH ~H3H'18CitHA DpHHuHn 0JlH03H8'1HOrO Bbloopa o83HCa ell , TO 

MJtax aToro Bhtoopa, MOlKHO Ohtno Obi aaxoAHT& HeTpHBRan&Bhle cooT

Ita!!: An!l xonnaaeapllbiX nponeccoa, TaK 11 Amr ae~:onniiBeapabrX. 

(a TeM oonee B MBOI'O'ISCTHqBbiX) HM88TCJI llOCT8TO'IHOe KOnH-

88 

co 
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JlflSI '18CTIIIlhl C RMnyllbCOM p ) 

(I) .,. (I) 1·, 
.. I.\ I PI' 
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(I) (I) 1 

ell •IA 1 pi' I 
(I) (I) (I) PA 

"p '"'/AI¥ ell •v ~ 

0JlB8ltO DpOR3BOII OCTa&TCll1 R B8lKBO BaitTR ~R3R'I8CltRit penanT DO 8I'O yCTpaH8BRIO, 

110,11/ 
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38ltp8ni!SI8T 1Sa3RC ycnOBIISIMR 

(I) (I) (0 
.,. (p)·•,. <'11·•,. 

(I) (1) (I) p 
ell (p) •• ,.v>.p• v e A ~ 

lm 

(I) co 
e p•e q•O (1•1,2) 

(I) (1) (2) 

"ll (q) • • llV¥"v ".\ ~ 
Jm 
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