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OI>llI,ASI XAPAJITEPHCIBKA PABOThI 

Axmp.1L1b1wcmb me.Mbt. Teop1rn 11HTerp11pyeMbIX Hemrne\-iHblX cMcTeM 
Bhi3bIBaeT crafornhHO BblCOK~1M HHTepcc cpl13HKOB-TeopeTl1KOB a 

Te<tem1e MHOfHX 11ecrn:nrncTMIL 3To cml3aHo c TeM, 4TO HCCMOTp5I Ha 
rpaH,U:li03HbIH ycnex np116mu1<.eHHblX MCTO.UOB {TaKHX KaK TCOpH51 
B03MYlUCHJff!, MeTO.L( cpen.Hero noJUI M BaplfaL(HOHHblrl MeTOJJ,) B 

TCOpeTH4CCKOfi ctJn3HKC, cyrn,ecTByeT MHO)KCCTnO 3a;'.J,a<t, r.ue 
Heo6xom,1Mo HCCJICJlOBaTb HenepTyp6anrnnoe n0Be.IJ.em1c cucTeM. B 
non.o6HLIX 33J~a<tax, BOCliORHOM, npM.MCH5ICTC51 KBaHTOBblM MCTOil 
o6paTi!OH 3aJJ,a4H pacccnmHI (Kl'J03l'). OepBM V.HTerp11pyeMaSI 
CHCTeMa B TCopeTW-leKOH qm.3HKe CB513aHa c .HMeHeM BepHepa 
fett3eH6epra, KOTpOpb!H B TeOpHH MafHCTl13Ma RBCJI B paCCMOTpeHJ1C 
u,enoY:KY N 'lacrnu co .;n:11HoM 1/2 H aHnicj:leppoMarmutthll\! 

B3aJ1MOJ.ei1cTB>1eM Me)J(Jly 6JlW)Ka}illIHMH coce.IJ.aMH. KOTOpaJ.I cettlJaC 
l13BCCTHa B COHpeMeHHOM mneparype KaK "MoD,eJib feti3eH6epra" . 
To'lttoe peweHHe ypaB11emrn Wpe.a,11ttrepa lJ)lSI XXZ Mo.ue;rn 

fel11ett6epra snepBbJe 6blJIO Hat1.a,etto faHCOM Gere B 1931 ron.y B 

pa6ore [I]. 01-1 pellHUI J:lUaY:y c ITOMOll.lblO OOlI.CTilHOBKH, HOCHW,ett 
cei.fY:ac er o 11M51 (aH3aTU oeTe). Bnoc,1e.n.cTBHM 3TOT MeTO)]. 6blJI 

pa3BHT B MOlUHh1}1 ¢op:.ta.'IH3M KA103P 11Jll1 a.rrre6paw-1ecK11fi aH33Tll 
.5e1-e (AAS). 

Pa6orn fap.1rnepa, fp11Ha. KpycKa.na H Mnypbl [2J, rJJ,e OHH 
Ha1m111 tten11HeHHY10 3a;o...1eHy 11epeMeHHbIX B ypastteauw Kopresera-ne 
ct:>p1na, nocJJe KOTOpoi1 OHO _c1:10.rvm::si K mmo pelliaCMOH J111HCHHOfi 
cncTeMe, nono:>inma · Ha'-l·Mo' 'Ho Baro ·:;jfai1a i3 pa:3a11T1111 MeTon,a 
o6paTHOH 3a,uaY:H paCCC51H\1J.I (M03P KJlaCCH4CCKOfO 1:1ap11aHTa 
K.J\<f03Pj. Ypa1mett11e KopTesera-ne <l>p1na npw 3TOM ycnoBli!eM 

COBMCCTHMOCTl1 ::HOH Jll!HeHHOH 3a!Ul'-Hf. · 13 .UaJibHCttll!eM 6b!Jl0 

noKa3aHo, 'ITO see H3BCCTllb!C TO'-IHopei.BaeMble HemrneHHb!e 3aJl,34H 
MOryT 6b1Tb npclicrnB:'lel-lbf B ~Mll,e ycJIOBHJ.I HHTerp11pyeJ110CTH 
HCKOTOpoi1 Jll1Hei1Hoi1 npo6JieMhl. 3aTCM J1aKc B pa6oTe [3J 
<t>op\1a.n1noaa..1 pe3y.11bTaTL1 lapll,Hepa, f p1rna, KpycKana 11 M1-typb1 11 
BBeJI noHSJTHe L-A-napbl .1L'151 ypasuemrn KopTesera - .IJ.e <1>pH3a. B 
pa6oTC r4J 3axapoB 11 Wa6aT . f[OKa.3a.rm, 'lTO ITOHJ.In1e L-A-napbl 
JlaKca He 51BJIHCTCH CBor1cTBOM f1pHCYW.Hi.f Teopmi ypaBHC!Ull-HI 
KopTeBera-.ll.e <l>p113a 11 · np11Memurn ero K HeJlttHeifttoMy ypaBHeH1110 
llipc;:1,1rnrepa. 3aTeM 3axapos ii <l>3AJ.ccn B pa6oTe [5] noKa3aJU!, •ffo 
HHTerp11pycMafl Mo.ue,1b KopTenera-.ll.e <l>pH3a o6;ia,naeT 
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raMHJihTOHonoli CTJ>YKTYPOH. Bnocne.ncrn11111 Bhl51CHVL'!OCh, •no 

6oJihllll1HCTBO MHTerpHpyeMhlX CHCTeM o6Jia,naeT raMHJlhTOHOBOM 

CTpyKTypott (6]. np11 '.:HOM, npeo6pa30BUHHSI. M03P MOryT 6b1Th 

HHTepnpeTMpOBaHbl KaK K.aHOHW-IeCKHC npeo6pa30Bamrn B cpaJOBOM 

npocTpaHTCBe MO)J.em1, a nepeMeHHbie, B KOTOpbIX HCXO)lHOe 

HCJ111He}IHOC ypaBHCHHe JlttHeap113)'CTC51 - KaK nepeMeHHbie .uet1cTBMe­

yroJJ. l1Hal.Je fOBOp51, Ha KJ1UCCl1l.JCCKOM ypOBHe l1HTerp11pyeMOCTb 

c11cTeMbJ 3KBHBaJieHTHa cymecrnoBaHmo npencTaBJJeH11>1 Hy:1esot'! 

Kp11s11JHhI, T. e. L-A- naphI JlaKca. 
Ha KBaHTOBOM ypoBHe l1HTerp11pyeMOCTh 06ecne'1v1BaeTcS1. 

COOTHOWCHlfHMll 5hira-l:>3KCTepa [71, KOTOpblC o6ecneYHB3IOT 

CYU\CCTBOBaHHe 6ecKOHe"lHOfO '111CJia MHBomonIBHhlX 11HTerpaJJOB 

.UBH)!(eH H5L 0.n.tta 113 ucHoBHhIX Ja.na'i Klvf03P 51BMiCTcH Jan.a Ya 06 

HJBIIC'ICiUHI H3 yrroMRHyroro 6eCKOHC'frl0fO Ha6opa HHTerpaJIOB 

JlBH:iKCHHI1 JIOKaJihHbIX m1TerpaJ10B. B KBallTOBot'1 Teop1111 no;rn 

COOTHOUICHIDI 51Hra-b3KCTepa, KaK noKa3aJI A. 3aMOJIO.ll,'H1KOB B 

pa6oTe [8], nMeIOT MeCTO ll)ill S-MaTJ>HIIbt pacceHHHH (u .unyMepaot't 

TCOp!Ht nOJ1.H) 11 BhICTynaIOT B Kal.{eCTBC YCJIOBHH ¢aKTOpl13YCMOCTH 

MaTp11Uhl pacce.Hmrn. KM03P B OCHOBHOM 6hlJI pa3Bl1T B 

npHMeHemm K cmrnoBoH Mo.n.em1 fel13ctt6epra. 

0cHOBHo:i1 o6beKT .KM03P - 3To R-Mapl1ua, ueficTByIOWa51 Ha 

TCH30pHOM npOH3BC)J.eHl11i KBaHTOBOfO 11 scnOMOraTeJihHOfO 

npOCTpaHCTB, KOTOpaH y,IJ,OBJleTBop.sieT COOTHOWCHHHM >l'Hra-o3KCTepa. 

0Ka3b!BaeTC51 COOTHOllleHI-UI, aHaJIOfH4HblC K COOTHOWCHHHM 5IHra-

03KCTepa, BhIIlOJIH51IOTCH )J.JIH KBaJIJTpeyroJJhllblX ame6p Xompa. 3TOT 

cpaKT TI03BOJrn:eT HCTIOJlb30BaTb COOTllOIUeHHrI 5lttra-o3KCTepa LJ.JUl 

noc'TpOCHH51 HOBblX HHTerpHpyeMhlX MO.Ll,eJiei1 nyTeM peweHH» 3Tl1X 

COOTHOlllCHHH. CWMMeTpHSl.Mli KBaHTOBhIX HHTerp11pyeMblX CHCTCM 

HMHJOTCH KBa.HTOBbie rpymibI. A KBaHTonoe 11 scnoMoraTeJihHOe 

npoCTpaHcTBa - HenpHBOLl.HMb!e rrpe.Ll,CTaB.HeHH.s! COOTBCTCTBYIOW,CH 

KBaHTOBOH rpynnhl. 
B )J.HCCepTaUIU-1 MCTO)J.OM naxoit<JI,eHl-Ul HOBbJX pewem1f! 

COOTHOUleH\1H 5lttra-b3KCTepa nocTpOeHM HCKOTOpb!e HOBble 

11HTerp11pyeMhie MOJJ.CJUI. B rroc11e,Iltt1>1e re.Uhl 6bur pa3Bl1T HOBbIH 

MeTO.n TIOCTpoemrn HHTerp11pyeMhlX MO.QCJldl J\H:~10.Il0iv! pemeHlUI 

4epe.ay10IU11XCH ypaBHeH11B 51.ma-:G3KCTepa (9,lOJ. TaKHM nyreM 

noJIY'IaeTcH neo.ru1opo.rr;HaH HHTerpnpyeM<Ul MOD,CJ!b. 
KsaHTOBhIM MCTOJl o6paTHOM 3a.naY11 pacce.HHHH urnpoKo 

np11Mem1eTC;J B TeopHH COJIHTOHOB, B TeOpHl1 l1HTerp11pyeMbIX 

5 .. 

3BOJITOlI,l10HHhlX ypaBHeHHH, B cPl1311Ke rma3Mhl, B cPH311Ke 

KOHlleHCHpoBaHHhL\'. cpe:.i,, CTaTHCTHl.JeCKOtt \jll1311Ke, fCHCTl1Ke H BO 
MHOntX llPYTHX 06.'!aCTID{ CCTCCTBOJHamrn. 

6) ae.n.bJO 0.11ccepmau,uo1utoiL_pa6mnbl Jl6.illlemca nocrpoem1e l1 

HCCJ!C.llOBaHHe HOBhlX HHTCrpHpyeMblX MO)XeJiett B KBaHTOBOfr Teop1111 

nom1 11 CTaTl1CTl1':leCKOH ¢H311Ke MeTO.UOM o5paTHOi1 3a.D.a'i.H 

pacceHHH51, a TalOKe £l0JT}"ICHJ1e peweH1111 COOTHOllle!-1111'1 51Hra­

D3KCTepa 06Jia.na10uu1x orrpeD,e.neHHhlMM csoi1cTBa:vtn CJ.1MMeTp11H 

(HeKOMflaKTHa>r MO.llC.TJh fe.ibett6epra) 11 ¢epMHOlil13aUlrn HJBCCTHhlX 

cnHHOBblX peuH~TO'IHhIX J\10i1,e.1ei1 (Ha np11Mepc Mon,eJm YV.MHHa-Jla>I­
Ca3ep.1l3HL\a} . 

s) Hayimaa uoa1l3m1. 

l. HafiJJ,eHo JIOKaJJhHoe npoe6pa3oBaHHe, 2JlhTepHaT11n11oe K 

npeo6pa3oBaHttIO HopD,aHa-B11rnepa, .u;1ll nepexo;ta OT err HHOBhIX 

oneparnpoB K ¢epMHOHHhIM oneparnpa:vt po~emrn 11 

YHHlJTO)KelUrn 11 o6paTHO. nocpeJ{CTBOM :noro npeo6pa301.1amrn 

nocTpoeHa ¢epMllOHHa.11 MO.ll,eJib Yi1MHHa-JlaH-CaJep.13H.lla cmrna 

1. OoJJy'ieHhI .sIBHbie Bhlpa)l{emrn .ll..1151 oneparopos Xa66ap.Lla, 

nepeCTaHOBKM 11 JlaKca, HMCIOU(HC BdJKHOe 3lla'lemte ).Ui$l 

npHMeHeHI151 KM03P. DoJiy4eH raMHil1>TOHHaH 11cc11c;weMox 
MOlICJJH H Ll;H! cmrna 1 MCTOll,OM Ee.Te Hai'i.il,CHbl co6CTBC!lHbie 

BCKTOpb! TpaHcQ?ep-MaTpHL(hl 11 3HepreTl1'JeCKl1 i1 cneK'rp llfO)J.C;U!. 

2. Doc rpoeHo HCKOMOaI<.."THOe Ope.lJ:CTilBJiClHIC a.nre6pbl sf (2) B 
. q 

Q)YHKl..\HOHai1hHOM npocTpattcTBe, onpe,J,c.'JeHo Koy;1.rno}l(e1-rnc l3 

a.nre6pe slq(2), nocpe,n:crno111 KOToporo onpe11.e1rneTc5l .ue11crn1-1e 

3TOl1 a.nre6pbl Ha TeH30pHOM rip,0Wl8e)],eH!AJ1 Ll.BYX npOH3BOJ1bHbiX 

npe.JcTaHJJettufi. PaccMoTpeH ymrn~pCaJlbHUtt R - oneparnp 

(cnH3hrnarou.rnH ,;ma npou:rnoJ1h!lb1x npen,cTaH::emrn anre6pb1 

slq (2)) H HJ Tpe6o£aHIDI CHMMe·rp1rn co::miercny1oruero ypam-1eH11>r 

51Hra-E3KCTepa noJiy'IeHhl orpam-tYCHHJt Ha yH11sepca.n.bHhIM R -
onepaTOp K peKypeHTHOMy COOTHOllICHHIO Ha co6crncHi!hle 

31-1a•1eH11H R - MaTpHU,hI B CJIYI.Jae q-,ne¢op~mpoilaHttoi1 CHMMeTp11H. 
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3. YmrnepcaJihHhltt R-onepaTop npe.L\CTaB..'ieH s BH.::ie 11.HTerpanbHoro 
onepaTopa, no11y•leHhl m1¢<!>epem.1,HaJJhHb1e ypa1meHH1:1 11a ero 
Hll.PO, pewem1eM KOTOphlX Hati,u,eHO 51BHOe B1>1pa)l(em1e )JJHj 

ncKoMoro an.pa. 05o6Ui<;Ho nomn11e 6era i1 HTerpanou 3!1,1epa Ha 
n.ecpopM~:poBaHlihli1 CJlY'rnM. 

4. MeToLi:oM Yepenymw.11xc5i ypasHeHntt 5Ima- E:>Kcrepa 0606u1ei-1a 

H3BeCTHa5i aHH3oTponHa51 XYZ' Mo.'l,e;th fe.113t:J-J6epra, no11yYeH 
ra11-rn.n bTOHllaH 3TOH MO,ll,em1, Ofll1Cb!BaJOllillliB3al1MO.IleMCTBHe 
6mrnmtil.u1·DK coce.nei1 . YneHbl orBeTCTBeHHhle 3a noc11en11b1i1 nm 
B3al1MO.Uei1cTiHHI ·5illH5UOTC51 TOIIOJIOfM4eCI<Hi\IH. 

r) IlpaK111u'1ecKW1 l(emwcmb pa6ombt. 

1. Am1J1HTtt'-!ecK11e Q>opMyJihI, noJ1y':l.eHHb1e JIJ151 cni1HOBhIX Mo.L1,e,'1eii c 
B3al1MO).J,eikTBl151MH Ha peweTKax, MOJ.Yf 6h!Tb l1CnOJJb30BaHhl .ll.1H 

on11camrn COOTBeTCTBYfOl.l..{HX MO)leJleM B KBa1nonon TeopHl I 
TBep.uoro TeJ1a l1 aHll30rponHhIX MarHeTl1KOB. 

2. 1'f3BeCTHO, '-!TO B Teop1111 CTpyH Mttponan noBepXHOCTh ,ilB)'MCpHa. 
'ITO IT03BO.Tl51eT npHMCHl1Th pa3BlilTblH ¢opMa.JHl3M K KBaHTOBblM 
TIOJ15!M Ha M~lpOBOtt nosepXHOCTH CTpyH. 

3. PaccMoTpeHHruI HeKoMnaKTHM 1.1,crroYKa fdbc116epra co cm1HaM11 
peaJll13YIOUU:!Ml1 6ecKOHC4HOMepHoe npe.ucrnn..1eHHe KlmHTOBOlt 

rpynnhl slq (2) MO)!(CT 6b!Tb lICITOJih30BaHa .u:rn HCC.fle.[(0Bam1n 

Bh!COK03HepreTH'teCKHX npoueccoB B KX,ll,. 

n) Ha)!'lllbte._no.!lo:.w:enUJLBbmocUM.ble n.a_3am,umy. 

1. CymecrnouaHHe a.nhrepHaTHBttoro K npeo6paJ0BaH11TO f1op.nana­
B11rnepa JIOKa.JlbHOfO npeo6pa.JOBaHM51 .fiJI51 nepexo.::ia OT CTIHHOBhlX 
oneparopos K onepaTopaM PO:lK.11,eHmI 11 y1rn'-!Tm1<emrn 
<}lepMHOHOl3. 

2. nocrpoeHa ¢epMHOHHa5! MO)J,eJih YHMHHa-J1a5l-Ca3ep,'l3H.Ua ,LL'lll 
npoH3BOJJbHOro crnrna. .lJ.;I5i. cmmoB I H 3/2 aare6paW-iCCKl1M 
aH3aueM Eere ttatin.eH raMMJihTOHMaH H 3HeprtrnYecK11H cneK1-p 
MO,ll,CJIH. 

3. f1oKa3aHo, YTO ¢epMHOHHIDI MO.UeJih YttMHHa-J1a51-Ca3ep,r13H.ll.a 
11,JI5! cmma I coana.uaer c cynepcHMMeTpH<IHoif Mo.uemo t-J . 

4. C¢opMyJ1uposaHa cmrnosa51 pemeT04Ha51 Mo.ue.11> fetf3eH6epra c 

B3aHMO,UettCTBMCM 

npe.ucrasnemrn: 

CflHHOB 

anre6p 

7 

peamny10w,11x 

s/(2) 11 sl<J (2). 
HeKOMriaKTHhle 

flocrpoeH hl 

6ecKoHet.tHoMepHbie npe.ncraBJ1emrn npo.1BBoJ1hHoro cmrna arrre6p 

sl(2) n s/q(2) B npocTp<;rncrne no.n11HoMoB. 

5. J.J.;rn a.rire6pb1 slq(2) ypam-1eHu5! 51Hra-o3KCTepa Ham1canh1 B 

TCpM.11Hax KOYMHO%CH115L CooTnowemrn 5Ima-E3KCTepa Moryr 
6bITh ttHTepnpcT11po1mHhI KaK yc;10a11e KOMMyTaTl1BHOCTM R­
oneparopa c onepau11eii KOYMJIO)!(eHHff, 1as11cHw,ert oT 

cneKTpanbuoro napaMeTpa: R(u)1\1 -= ~ .. R(u). 
6. YiurnepcaJihHbiil: R-011epaTop npc;J,CTaBjleH 8 BMC HHTerpanhHOro 

onepaTopa. HaH,ll,eHbI ilM¢¢epeHUHa.JlbHhte ypaHHemrn. )].JlH 51.Upa 
ymrnepac.IJbHoro R-oneparopa. Y13ReCTHblc 6ern inerpa.rrb1 311.nepa 
o6o6meHbl Ha q-ne<t>opMHpOBaHHblM CJ1y•rnB. 

7. flocrpoena a1-11110Tpom1a5! XYZ pewerKa feihe116epra c 
qepe.nyIOillHMCH pacnonmKeHHel\.1 R-MaTpHl..l,. PeweHbI ypaHHCHHH 

5Iura-b'.'>KCTepa, HaH,Ll,CH fa'\H1.JlbTOHHaH l.IOJ.J.CJlH l1 noKa3aHO, 'ITO B 
ld~HUlffiTOHl1aHe HMe!OTCH B3311MO.UCikT1:11151 TOf1Qj1l)nf'-!CCKOl'O 

xapaKTcpa. CToKa3a1-10, '-!TO B npcJJ,eJJe u11mrn.np1t'-!CCKO~! 
Cl1MMeTpHH raMl1JlbTOHl13H coirn~a.il,aeT c raMlUlbTOHMaHOM 
;'IeCTHWUIOfO nma, COOTBCTCT HyTOll!Hi'I.. <1epe.uy10meiksi A."XZ 
uerrottKe f dbeH6epra. 

e) Anpooau,UJJ pa6ombt. 

OcHOBHble pe3yJibTaTbI JJ.Hcceprnu110HHOt'1 pa6oTbI llOKJHlllblB<L'lHCb H 
06cy)!{,ll,a.1u1cb Ha KOl-1¢epemurnx (EpfY 1999, 2001 11 HopAM6ep;:i; 
200 l) a .TaK)Ke Ha cer.nrnapax B EpesattcK0~1 ¢u3114ecK01vt 1111cnnyre. 

:tK) lly6.aui;a11,uu. 

no TCMe )1.HCCepralUfOH'iOtt pa6oTbl ony6Jl!1KOBa!iO 4 H3Y'!Hhl:; pa60Tht, 
O,DJJa Hax:O.IUITC}I B ne'-!aJH, 1.:rmcoK KGTOj)h!X npH30,'J,l!ITC.H B KOHL(e 
asrnpe¢epaTa. 

l) Cmpy«mypa duccepmm~11u. 

)],11ccepTaUM5! cocro11T HJ ime,D.emrn ( f1rnua I), 'ICTblpex man, 
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3aKJII04eHJHI H CIIHCKa mrrepaTypi:.1 H3 69 HaHMeHOBaHHH. 06wntt 
o6beM pa60Tbl COCTaBJrn:eT 130 CTpaHHll ne'!aTHOro TeKCTa. 

Co,11epJKam1e pa6oThI 

Bo 8eeiJemm (fnaBa I) 06ocHonm1a aKTyanhl-iOCTb TeMhI H cne.1a11 
KpaTiotti. o63op no npo6Jlel\rnM, JaTpOHYTblM B ll,HccepTar.orn. vbno)KeHbI 
npaKTtt'-!eCK351 ueHHOCTb 11 KpaTKOe coµ,ep)l(aHHe pa6oTbl. 

Bo .. nmopoii l.lla8e ll,Hcccpramrn paccMaTpHBaIOTCH CIIMHOBbie Mo;rc­
JJU ccpopMyJrnpoBaHHhie Ha 51JbIKe <PepMII-onepaTopoB .. 

B §2.1 paccMaTp11saeTc5l MOll.eJlb YH.M11Ha-JlaH-Ca:Jep;1::mna . Jvrn 
cn11Ha 1 B 1-epMMHax <l>ep:'vfH-llO,'leA. B CB513H c 3THM nocTPocua 
npe.ucTaBJieHHe aJ1re6pb1 su(2) cmrna I B KOJILUe oncpaTOpoB 
po)l(.ll,emrn 11 ym.-1'-!TO)l(emrn nsyx copTOB cj:>epM1101-wn: 

CToKaJaHo, 

npocTpaHCTBO 
KaJttMMpa. 

s+ =(l-n.1)c2 +(l-n2)c; 
S + = ( 1- nJ c1 + ( 1- !li ) c; 
S = 111 -n2 

~!To HMeeT MCCTO F@F = V <±> kerC, r.ue V 
npe,l\cTam1e1-11rn cmrna 1, a kerC Hll.po oneparopa 

DoCTpoeHbl oneparnpbl Xa66ap,i,a 11 JlaKca B TepM;rnax ¢epMH-
orreparnpoB, HaIIHC3Hbl rpa,uyHpOB3HHbJe COOTHOlllemrn 5l.ma-
f)3KCTepa, noJiyqeH raMaJ1bTOHl·1aH Mo.ue.1111 Ii <f>epMHOHHOM 
npeJJ.CTaBJICHJH1. 

B §2.2 pe3yJihTaTb! npeJJ.hI.LlYJ..Uero naparpacj:>a o6o6meHbI Ha cJlyqait 
npOH3BOJ!bHblX CIIHHOB, YKa3aH cnoco6 TIOCTpoemrn npe)lCTaB.'leHHH 
s11(2) B TepM11nax <lJepMl10HHbIX oneparnpos JlJIH mo6oro cmrna, 
Hait.LWHhI onepaTopbI Xa66apna 11 rroJiy4eHHbte o6mtte cooTHollleHH5I 
npoHJIJIIDCTPHPOBaHbl Ha llpHMepe CI111HOB .MellblUHX WIH paBHbLX 7/2. 

B §2.3 nocTPoeHa cn11HoBaH MO.llCJlh YfiMHtta-JiaH-Ca3epJI3HLI.a 
npOH3BOJ!bHOfO cmrna, rrony'-!eHO 51'BHOC BhlP~)l(CHHC ,rum 
faMHJlbTOHHaHa MO.UCJ111. 

B §2.3 paccMoTpetta MO.UCJib YiiMttHa-Jla51-Ca:Jep,'!3H)la cmrna 

3/2. 
B §2.4 MCTO.UOM att3aTL~a !3eTe Haii.n.eHbI co6cTBeHHhie 3Ha4emrn 11 

) 

) 

) 
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COOCTBCHHbie BeKTOpbl Tpattc<f>ep-MaTPl11lhl MOL(eJHI Yih11rna-J!a>1-
Ca:iepJUHJJ.a cmrna J. 

B mpembeii <:AaBe paccMOTpeua HeKOMfli-iKTHaH cmrnoBaJ-: 1>io:1e11b 
fdbe1i6cpra co cmmaMH pearnuyKJuu1:.rn 6ecKOHc111-1or.1epHb1e 

fl pCJlCT3BJlCHIHI ;rnre6p s/(2) 11 slq (2). 

B §3.J nocTpoeHa 6ecK0He1-rnoMepttoe Hpe1~cTa1:1J1eH1-1e anre6pbl 
sl(2) fl npocTpaHCTBC noJIHHOMOB, H3 COOTHOillCH 11H 51 H ra- b3K-CTepa 
llOJLY'teHo pcKypettTHoe coor11owett11e n:rn co6crne11Hb!X 31-1a•ieH11il R­
Marp11u&1 B11.Ua: 

R (u) = -R. (u) u + n -1 + /1 + l2 ' 
II 1, - J , 1 l l • 

. -ll +fl - + I + 2 

IXWCHl1eM KOTOporo 5ll:l.JUieTC.H: 

Rn(u) = (-1)" Ru(u)Tl u +k,-l+.[1 +!2 
·t+ -U + k -1 T /} + /2 

YH11Bepca.JJhH35l ( crmeTalOlll,351 .usa 11pe.rrcraRJie11H5l npoH3BO. I &Horo 
cm1Ha) R-MaTp11ua npei:\CTaBJletm s EH.ll,e 111-nerparrbHOro oncpaTopa. 
Hai1.ue1-10 Bblpa)l(eH11c JlJIH 51..£1.pa 3TOro orrepa1opa. 

B §3.2 paccMoTpeHa uenolJ.Ka feiheH6epra co cmrnal\rn 

pearuny!Ol.UllMJ.t 6eCKOHe'lliOMepl-iOe IIIJCJ(CfaB.'IeHHe 3Jire6pb! slq (2). Oo 

aHaiIOnrn c He.ue<Por.rnposaHHblM cnyqaeM, nocTpoeHo 11pe;J.cTaB.ric1-111e 

aJire6phl s(/2) B npOC'fPaHCTBC I10JIHHOMOB. 

B §3.3 H3 cooTHolllemtH 5h-ira-b3Kcrepa n.m:1 co6crne11HbfX 3HalJ.eH11ri 
ymrnepca<1bHOro R-onepaTOpa mrn.u.e1m CJICA_v10J..Uee per<}'petrrnoe 
COOTHomeHMc: 

[u + n -1+11 + !2 l 
R11 = -R,,_1 ( l , 

-u+n-l+l1 +/2 

pelllCH!le KOTOporn -51p_.;u-1eTCS! np51.MbL"-1 o6061.l.J,em1eM COOTBeTCBYlOlll,ero 
Bhlpa>Kem151 n.:rn He.ue<PopMl!POBaHI-!.O!'O CJIY'-iaSl: 

,, [u + k - I+ /1 + 12 ] 

R =(-l)"Rn 'I 

II 

0 -tf[ -u + k - 1 + LI + 1Jq 
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me 
[a 1 = qa -q-a 

/ .. 
q-q 

B §3.4 noJIY'feHHbie o6ume ¢opMyJihI npttMeHeHbI ,Ullil Haxo~eHHJI 
R-Mmpm.1, B HCKOTOpbIX BruKHblX 4aCTHbIX CJIY'faeB. 

B §3.5 yrnrnepcaJihHhIH R-oneparop np.n.ecraMeH B BH,Ue 
HHTerparrbHOI'O oneparopa H IlOJlY'fCHO BblpIDKeHHe ,lJ,JIB l1HTCipJJlbHOro 
SJJJ,pa. 

B §3.5 DOHSlTife 6era ¢YHK11JUIH 3t\:.nepa o6c6meHO Ha 
ne¢opMHPOBaHHhlM C,1Y'f3H. 

B •tem«epmuii z,iaae MeTOJJ.OM '-!epe.n.yrouu1xc~ ypastteH1111 5Ittra­
E3KCTepa o6o6meHa aHH30TporrHM (XYZ) MO.ll.eJib feii3eH6epra c 
'-!epCJ1.YIOI1111MC51 pacrro,1o)KCHMeM R-Marp111.1,. 

B §4.1 Ll3HbI OCHOBHblC onpeJJ.CJlCHUSl HCilOJII,yeMoro Merona. 
B §4.1 113 coomoweH11M. RHra-n3KCTcpa ttatl.,neHa R-MaTpttua 

MOJ1.CJl11 l1 OHa napaMCTPlHOBaHa 3Jil1IlTl14CCKHMH ¢YHKIHUIMl1 5!Ko611. 
B §4.3 Hai\JlCHbl TpaHc¢ep-MaTpl1Ua l1 Matp11ua MOHO.UPOMHll 

MOJlC,1H. 

B §4.4 Hat'meH raMHJihTOHMaH MOJJ.eJIH. 

B JaKA10•teHuu npeiJcmaB.1leHbI ocHOBHhie pe3yJJbTaThI pa60Tb1: 

1. OoCTpoeHo ,'IOKa.JibHoe npeo6pa3oBaHHe ,!l,.IISl rrepexo.ua oT 
CnJ.1HOBb!X onepaTOpOB K onepaTopaM po.lK,ileHl.f5l. H YHl1YTOA<C H~l51 

¢ep'.\1110HOB. nocTpOCHhl ¢epMUOHHbie MO)J.eJl\1 YI°IM!11ia-Jla5!­
Ca.Jep,13H;la Cfll!HOB I l1 3/2. no,'ly':leHHble pe3yJihTaTbl o6o6meHbl 
Ha 11p0113BO_llhHb!H cmrn. 

2. f\1eTOLlOM a.nre6paw{eCKoro a1n~rrua Eere Haii.n.eHbI co6crne1rnb:e 
seKropbI H :.ittat.ieHm! -rpimc¢ep-MaTpMU:bI Mo.n.entt YHMHI-ta-J1 asi­
Ca3ep113Hll,a cmma 1. 

3. PaccMoTpeHa HeKoMrraKTHa5I Mo.n:e;1b fe1beu6epra co crrnHaMH , 
o6p;nyIOWJtl\rn 6ei:K0He•m0Me1moe npell,crnn.rieHMe <::Jm:6p s/(2) 11 

s!,J?). )L'l>I 06011x c11y•-faeB yttHBepca.m .. HhIH R-onepamp 

npeJJ.craMeH B 1.111;1,e MHTerpilllhHoro onepampa, .n:el1crnyioII1ero B 
Q)YJIK!..(l10HarJblIOM npocrpaHcTBe H tta11.D.e110 ero il;lpo. 

4. Mern.J,oM llepe.uy10ru:.txcH ypaBHeH11fl 5lma-53~cTcpa 
npo.!J.cMOHCTp11posaHa HHTerp11pyeMOCTb •1epeiwromeV.rn XYZ 
Mo.11,e.1111 fei13eH6epra. rI011yY.CHbI TpaHc¢ep-MaTpm~a, MaTpH!La 
MOH0.11,pOMI111 If raMH;lbTOHltaH 3TOH MOJJ,eJIH. fa~HlJli>l'OIIM<:lH 
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MO.UCJUI co.n:ep)l(J.!T 4.1eHhl COOTB'~TCBY!OltjJte B3311MOJJ,etiCTl3HJO 

6mDKaiimax coceJ.J.eft, a TaK)KC l.(JlCHLI 11MCfOll!J1e TOfl0110rH•ICCKHW 
xapaKTCp, OTBeTCTBC:HHhlC 3a B3aH!\IOLlCiknme co CJIC,IJ,}'10lll,11M 3a 

GJa1:iKa:i-iu~HM coceAOM. 
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Uut.flmflwqflp 

Uuil:iGwtunum~JmGo Gl{pp4wo t 11w2mti .QqwGuiwJj1Ci 
ml:iump1wG L. 1.U16wljwqrwl.jwG '.pj1qj1ljwJj1 6zq.pflm tnt.6tlnri. Gnp 
unf1.l:iLGt11ti l.jwnmguwu Li. munu.mwuflpliwG tuGqpj1G: ~uw1w6 
ml:iuwl.jwG ~j1qj1ljw1mu Linmwt.lnr litpnfl.l:iGpp huljw1wljwG 
hw2nrtmp1mGfibppG' ctwliwGwl.jwljj1g uituwljwG L. 
litu~bliwmfll.jwljwG '.pj1qfll.jw1mu pGml:iqptlm1 (6zq11pm Lm6l{nri.) 
hwuwl.jwpq.bpp ml:iumpJnLGG mGfl till mpnLJO mtrm: UJG pnLn11 
tuG'1ti11Gbpnu:i, npt.nbri. wnw2Gw1pG hbmW.Qfl.Qflnt.pJnt.U bG 
ul:iri4w1wgumu mumuGwu1111t.lnri. hwuwl.jwpqp n~ll.Jl:ipmmppwmj1L{ 
(WJUflG.QG qpqnmdGbpfl lilbUnL?JnLGmt ~Gl.jW(lUJq.p4_nri). 
hwmttm?Jnt.GGbpG wGt.f,ntuwppGtLti tu tizq.ppm utpnt}.Gl:ip[!: UJ11. 
lm4 Ujwmt'.iwrrnlj_ f.Ombqp4_nrL unqbLOl:ipG hu4w1w1.twG 
CizwGwl.jnLpJmG mCitG ctwuwfiwl.jwl.jpg tnbuwU,wCi :Phqpl.jw1mu: 
U1mu l1n11liflg mCil:iOwtml. 6zq.rtnn t:ib13nflUbJ1n4. ulI1wgtJ.w6 
wprumGpGbp' ubGe l.jwpnri. bCip Wjfl. Wfl'1JlllU.Q0bflti hj1uwG l[pw 
w4.l:iL'1 PWfll). unribtGtrti hwuwp qwnqwgGl:it unmw4_np ul:ipn'1Gtp: 
rGUltqp4_rn1 h1.LJiJw4wrqbflll Gljwmuwup Gl.jwt.n4_nri_ 
hbtnw~f!.RJimp;wu wnr UJWJliwGwl{npt{wo t n£ li/1w1G GpwGg 
uw!}bOu.u..np4w4wG mtuwl.jbuitig htunw.Qp,et111 LhCibtmL tUJL Liu1h 
GpwGg pwqliwqwG 1>'1qpl.jwl.juiG 4/1pwnmpJmGCil::ifl'1 pt{jl w6ml: 

UtnbGwpmumpJmOmu quiGtlwa t Lnl!WL oL.wtjlnfumpJmG 
UUj/1UWJl1G su(2) hwGpwhwzt.J.ti qtGbpwmnpGbpj1g :ptpli/lnCiObpp 
6Cit:iwCi L. nz.Ciz.wgliwG OUjl:ipwmnpGbrt1G L. hw4wnwl.j wGgGbLm 
hwuwp: Liwnmgl{wo t OLJlipCi-lwJ-UwqtptbCif'l'1 unqbLl! 1 Li. 312 
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UUjpGGbpfl hwliwp: Pbuitp hwGpwhw2t1.wljLUU mtriwrl[HlWG 
(wGqwgfl) libftnri-ml qmGqw6 bG Pbmbp ublj'lwl.jwu qbl.jmnpGtpn L. 
hwuwLtwpqp tGt.rqtmt1L1 UUjl:i4U1fl[!, ~U£ll.jl:iU Gwh unri.bL'1 
hwlitiLmnGpwGn: q.u1Gt{wo t Ptmbp mpwGugl::iGr~bGm 
hu1t.1.wuwpmuGb11ti hwuwuiwmwutuwu hwliwljpq[!: UU1wgl.jw6 
WfH).Jr.LUJ2UG(lG [!CiqhwGpwgt{wo b(i LtwliWjlUl.jLUG UUjjlG!l hwuwp: 
8nqg t UlJlti.LUO, nr 4WliWJLU4WG Ul.l.ltiup nqutJG-Lwj-Ulll(tGfllGLlf1fl 
linri.bL G hwliQGL!Gmu t unu11tpupubuipjilj t-J-!1 unqbtf1 hbrn: 

Liwnmgi.J.w6 bu ~bJqbGptq1qp XXX u XXZ zrwwutp[!, npnug 
hjlligmu [!Uljtuo R-L~WUlf!pgwGbpG hwLiwlljWUlWUfUWUtllPWfl 
3wGq-PbJ?u~bfll1 hwL1.u1uwpmliGbfljl s/(2) Lt sl</(2) 

hwGpwhwzpt.l.Gbpp G1.tw111uwlip hwt'.iwlwlf1 Lm6muGl:ip_ to· nf 
ljnlill.JwLtu1 GbplJw1wgmuGl:irfl hwliwp: Liwnmgqwo bu s/(2) L. 
s/C/(2) hwGrwhwztH.tutrti wCi4.bfl2 twi.,liwuti Gbpljw1wgm::iGbpQ 

pwqliwu11wliGl:ipp 111wpw6m131mGmli, pult slq (2) _pt.l_wGmwjpG 

tuur-ti hwutup 4wnmgtJ.w6 t GwL. ljnwpmWfl.flJWU}: tpLtm 
flbl.l.IJ?lllU tL unritLGbpfl mGl1Llbf1UWL R-ow.bpwmn[lGbp[! 
Gbp1.tw1wgt.J.w6 bu pGmbq.flWL ouitpwuir.r1Gt11l1 uituent.l L. 
hwt:iwuiwmwutuwG 3wuq-Pb,eu~bpp hwt.l,wuwpmGbppg 
mGp4.b[1UWL R-oll.jb[1WU11lflUb(lp j1Gmbqf1Wl li\12nt4Gtpfi htUUlllfl 
umwgqwo bG hwuwuiwmwujllwGwpwr 11r:Pt11bugjlu.:L l1 
tJ.bp2w4.nr muJpptF1LpJm£iGtpn4. hwtlwuwpmuGbp, npnEiE 
tmtntw6 bG: ~UIJU1LIP tJL bpp pbmw jlGt.nl:iq.f!Ll!t GbpiJ 
nu11hwG11wgt{wo tG .P-lJ.lltUU1WJj"lG rit!.4.QP htµLiw(l.: 3wGq.-Ptrupbpl1 
l.jmtuhw2nr11nrt hwt.lLUULµpmuGtpjl Unf)n!1t1 uf12ngml. 4wnn~gt.1.w6 t 
=it1qtGpbpq{1 wCipqnUJ[111ll.J XYZ wmnj16wGwal1 Unfltu:r q.mGLtwo t 
WJl1 LinqtLfl hwutitrnnujlWU[!, nrmt:i bptR t'intntµ4w' ,hwrL.wGGbr)l 
lj1nluwq11-bgm~1mGG mC1fl mnu.1ntnqpwljwu punt.J~: 5nljg t_ mpqwt, 
np qlwGwJtiG hwliw[wt.jlm~1wG tl.brwtiwuqGuwu . uwl-:uwfmu.1 
umwgt.1.wo r.u11.'.il1Luinuruiuli, hwu[!G'.J[mu'.i t dput UJJ!f 
mumuGwul111Ltwa ~bJqtiGµtpqfl Ljmtuhw2npr}nfl XXZ 
wump6wGwch L'inribth hUJ1~tiLurnGt1wGti hbrn: 

~ 


