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OEI.I.tAfl XAPAKTEPMCTHKA PAEOTbl 

1. Ax;ryaJ\bHOCTb TeMhI. 

Eoi\.blllOH HHTepec, Ha6AIOAdeMhlH B rrocAeAHee BpeMH no OTHOIUeHHIO K 

TOt.IHO-peUiaeMbIM HAM HHTerpHpyeMblM MOA€AflM, o6ycAOB.l\eH TeM, t.ITO 

MHOrHe aKTYaAbHble Ha cerOAHH npo6.l\eMbl cpH3HKH, KaK <l>H3HKa BbICOKHX 

3HeprHH HAH CIDl.bHO KoppeA1lp0Ba.HHble CHCTeMbl. B cpH3HKe TBepAOI'O TeAa, 

'I'pe6yroT TO'IHbIX, Herrep-cyp6aTHBHblX pemeHHH. MeTOAhl AMf TOt.IHOTO 

pemeHIDI 3C!Ad'l pa3BHTbl B-OCHOBHOM AMf TeopHli c HH3KHMH 

pa3MepHOCT.llMH npocrpa.HCTBa-BpeMeHH (1+1-MepHruI Teopmr IlOAfl, l -t-0-, 

2+0-MepHaH KAacca>!eCKWI CTa'l'HCTH'ieCKfill cpH3HKa), paccMO'IpeHHe 

KOTOpbIX, IIOMHMO 'IHCTO 'reopeTH':i:ecKoro H MaTeMaTWieCKoro mrrepeca, 

o60CHOBaHO MHOTO'IHCAeHHblMH pa3pa6oTKaMH H 3KcnepHM€HTaMH 

IlOCTaB.l\eH!j:bl~IH B nocAeAHHe AeC.HTHAeTH.ll AMf CHCTeM, 3cpcpeKTHBHO 

HMeIO~HX HH3KHe pa3MepHOCTH (npo6AeMa KOHAO, KBa.HTOBbIH 3<PcpeKT 

XoAAa), a TauKe 6ypHblM pa3BHTHeM TeopHH cTpyH. 

0AHH H3 mm6oAee MOIUHblX MeTOAOB AMf pemeHH.ll 3C!Ad'IH MHOI'liX Te.I\ 

pa3pa6oTaH f.Bere H HOCHT ero HMH - KoopAHHdTHhIH .AH3aTD; D3Tie (KAB) 
( 1931). 3TOT MeTOA 6bIA pa3BHT B IlOC.l\eAyrornHe TOAbl pa3HblMH aeTOpaMH. 

Bee ero OCHOBHhle IlOAOJKeHIUI \'<(OJKHO BOCilpOH3BeCTI1 B pa:1.ucax 

.AJ\re6panqecKoro AIIJaTIJ,a EeTe, KOTop1>1fl: HBMICTC.H 'laCThIO KBaHToBoro 

MeTOAa 06paTHoli 3ap,a'IH (KM03) (11]. -OAHHM HJ KA10t.1eBblX caofl:cTB 

ABY1'-tepHbIX HHTerpnpyeMblX MOAeAeli HBMieTC.H cpaKTOpli3dD;HH 

MHOI'OlJdCTIPIHOH Md'IpHU:hr pacce.HHHH, B KAE 3TO CBOHCBO BbipaJKaeTCH B 

TOM, 'ITO MHOTO'ldC'fHt.IHble BOAHOBble cpyHKil,HH C'I'pO.llTCH B BHAe cyMMbl OT 

npm!:3BeAeHHH AByx'laCTH'lHhlX BOAHOBhIX cpyHKn;HM:. YpaaneHH.H 5Iara-

EaKcTepa, o6ecnelfHBaIO~He HenpoTHBopet.1HBOCTh 3Toro CBOHcTBa 

rapaHTIIpyIDT cyin;ecTBOBairne B HHTerpnpyeMblX MOAe.AeH llllipOKOH 

CHMMeTpliI!iI, KOTOpas! OTpaJKaeTC.H B HaJ\H<IJiIH 6eC'lHCA€HHOro KOA1f'IeCTBa 

coxpamr10~11xcH 3ap.fIAOB. YpaBHemrn iIHra-EaKcTepa o6ecneqJiIBaIOT 

KOMMyraTHBHOCTh rrpoH3BOAHUJ;liIX cpyHKD;HH 3TIIX 3dp.fIAOB Md'IpHD; 

nepeHoca (TJlaHCcpep-MaTpliin;), c pa3.l\Ht.IHbIMH crreK'IpaAhHblMH rrapaMe1paMH, 

t.ITO BAel.J.eT 3a co6o:0: B3dHMHyro KOMMyraTHBHOCTh coxpaHHIO~liIXCH 3apHAOB. 

E~e OAJ1H IlOAXOA K peweHHIO 3ap,a'l CH!\.bHO CB.H3dHHblX CHCT€M 

3aKAIOt.1aeTCH B IlOilbITKe nepe<i>opMyAHpOBaTb TeopliIIO Ha H3blK HOBbIX 

:iJ:epeMeHHhlX, B TepMHHax KOTOpblX B3aHMOA€HCTBJiie OKa3blBaeTC.H CAa6hIM. 

TaKOH ITOAXOA B ABy_MepHH MOJKeT 6blTh pea.l\HJOBaH 6AaTOAapH napyrneHHIO 

3aKOHa 0 CBH3H MeJKAy CilHHOM H CTaTHCTHKOH, 'lTO Il03BO.ll.HeT ycTilHOBHTh 

COOTBeTCTBHe AMf CHCTeM c pa3HblMH cmrnaMH. CTepBhlH npliIMep TaKOH 

3KBHBaAeHTHocTH 6bIA HaffAeH MopAaHOM n BHrnepoM B 1928 roAy. AMf 



4 

aHH30lpOIIHOH MOAeAH feii:3eH6epra: Ha OAffOMepHOH 1'eIIO'IKe 6bIJ\H 
BBeAeHhl CKaAHpHble cpepMHOHbl CBH3a.HHble co CIIHHOBblMH nepeMeHHblMH 

nocpeACTBOM HeAOKaAhH0ro rrpeo6pa30BaHHH. B pa6oTax (3,6,8] pa3BHTO H 

HCIIOAb30BaHO Apyroe rrpeo6pa30BaHHe, IWTopoe AOKaAhHO H npHMeHHMO AAS! 
6oAee WHpOKOro KAaCCa CHCTeM. 

B AfiliHOH pa6oTe, c HCIIOAb30BaHHeM 3AeMeHTOB o60HX IIOAXOAOB, 

pacCMO'I'peHbl HHTerpHpyeMbie CHCTeMbl, KOTOpble CBH3aHhl c 3aAa'leH 

"3HaKoro .<DaKTOpa" lpeXMepHOH MOAeAH l13HHra H c KpaeBblMH 

B036yJKAeHHHMH, OTBeTCTBeHHblMH 3a nepeXOAbl, na6AIOAaeMble B OilhlTaX no 

l.J;eAO'lHCAeHHOMY KisaHTOBOMY 3<PcpeKTY XoAAa (4). 06e 3aAa'IH Moryr 6&ITb 

nepeq,opMyAHpOBaHbl Ha H3hIK cpepMHOHHOro AeHCTBH.sI onpeAeAeHIIOro Ha 

PerneTKax MaHx31TeHa [2,6,10). 
1.J;eAO'IHCAeHHbIH KBaHTOBblH 3cp<PeKT XoMa (l_\K3X) rrpeACTaBA.sreT 

OOA.blllOH HHTepec KaK B TeopeTH'leCKOM, TaK H B 3KCnepHMeHTUAbHOM nAa.He. 

Maoro'IHcAeHHble rrorrblTKH TeopeTH'leCKoro o6"bSICHeHHH rroAyqenHhlX 

3KcrrepHMeHTaAbHblX AaJIHbIX AO CHX rrop RC rrpHBeAH K YAOBAeTBOpHTeAh­

HhlM pe3yAbTaTaM. 
Tpe:imepHaH MOAeAb Jib~rnra .srBA.sreTcsi OAHOH H3 upocTblX MOAeAeH, 

ccpopMYAHPOBa.HHblX AAS! lpeXMepHbIX CIIHHOBhlX CHCTeM. 0AHHM H3 

IIOAXOAOB K ee HCCAeAOBaHHIO HBA.sreTCSI rrepecpop111yAHpOBKa Ha H3blK 

¢epMHOHHblX rrepeMeHHbIX: H3BecTHo, 'ITO ABYMepHdSI MOACAh l13HHra 

3KBHBaA.eHTHa CB060AHhIM cpepMHOHaM B6AM3H KpHTH'leCKOH TO'IKH. B 
pa6oTilX (9] cTamcTii'lecKasi CYMMa -rpexMep1toft MOAeAH J,fam:1ra 6b1Aa 
IIpeACTaBAeHa TIOASIKOBblM B BHAe cyMMbl IIO MHpOBbIM IIOBepXHOCTHM cpep­

.MHOHHblX CTpyn, BAOJKeHHblX B lpeXMepHoe npoC'rpaHCTBO. KAlo'leBOH 

11po6AeMOH 3AeCb HBASleTCSI TaK Ha3blBaeMbIH "3HaKOBblH <DaKTop" (aHaAOr 

¢aKTopa Kal\a-YopAa AAS! 2r-.'ll1 [5)), yqeT KOToporo cooTBeTcTByeT BBeAeHHIO 

npHHil~ma TiayAH. AMI 3.Toro B pa6oTe (6] "3HaKOBblH <DaKTop" npeACTaBAeH 

B BHAe 3KCIIOHeHTbl OT AOKaAbHOro AeHCTBHll cpepMHOHHblX IIOAeM co CIIHHOM 

1/2, Hd PerneTKax MaMx::iTreua, cK0Hclpy11poBaHHhlX Ha 3aMKHYI"blX 

noBepXHOCTHX lpeXMepuoH Ky6wieCKOH perneTK:H. 
B CHAY cKyAHoro KOAH<IecTBa TO'IHO-peIUaeMhlX CHCTeM B pa3MepHOCTSIX 

6o;u..IUe AByx, HaxoJKAeHHe mnerp11pyeMblX 'IpexMepHbIX MOAeAeH caMo no 
.ce6e rrpeACTOBA.sreT 60AblliOH HHTepec. EcAH pac11pocrpaHHTb KOH1'elll_\UIO 

AH3a'l'l\a BeTe Ha lpexM:epHble cHcTeMhl, TO aHaAoroM ypaBHeHHA H111·,1-
liaKcTepa 6yAyT CAYJKHTb Telpa3APaAbHble YpaBHemrn 3a.MO.l\OA'IHKOllit, 
srrepBbie rrpeACTaBAeHHhle B pa6oTe (12]. HaAO oTMem·r1 .• , 11To 

cyru,ecTByioll.\He HeMHOrD'IHCAeHHble peIUeHHH AAS! 3THX ypaaHa1111ll BP 
HMeIOT npaKTH'lecKoro xapaKTepa. B HaCTOllll.\eH pa6oTe c: 110Mo1111>10 

ynpoll\eHHOH Bepcm1 ypaBHelrnH Telpd3APOB rrpeAAO}KIUlhl ll!Jlihle 

HHTerpwpyeMbie cpepMliOHHhle MOAeAH Tpex~1epHoi1 CTG1'HC'l'll'll'!'KOH 

cpH3HKH. 

,, 

2. 

• 

• 

• 

• 

3. 

5 

Ue.J\.b pa6oTbl. 

HcCAeAOBaHHe ABYJ\IepHbIX HHTerpHpyeMblX MOAeAeH Ha pemeTKax 
MaHX3TTeHa, 'ITO MOJKeT npOAHTb CBeT Ha rrpo6AeMY 3HaKOro­

<DaKTOpa lpexr-repHOH 3aAa'IH l13HHra ccpopMyAHpOBaHHOH Ha 

perneTKax c pa3HblMH TOIIOAOI'HHMH. 

floCAeAOBaTeAbnoe pa3BHTHe HHTerpHpyeMblX AByMepHbIX MOAeAeH 

orrHcbIBaeMhlX cpepMHOHHbIM AeHCTBHeM Ha peweTKax MaHX3TTeHa, 

c IlOMOII.\blO KOHn;enn;HH rpaAyHPOBaHHhlX rrpocTpaHCTB [3, 7] H 

MeTOAa lpaHCcpep-MaTpH1'bl. 

flocTPQeHHe • HOBhlX HHTerpHpyeMhlX ABYMepHhlX MOAeAeH: c 
TIO?,!lOII.\blO "HecpaKTOpH3yeMhlX" Tpex-qacTH'lHhlX R-MaTpHn;, 

YAOBAeTBopmom;Hx MOAHcj:>H1'HPOBaHHblM ypasHeHHRM 51Hra­

EaKcTepa. 

TipeACTaBAeHHe ypaBHeHHM, AOCTaTO'IHbIX AAS! HHTerpHpyeMOCTH 

lpeXMepHbIX CHCTeM (CXOJKHX c ypaBHeHHHMH Telpa3APOB 

3aMOAOA'lHKOBa). H HaxOJKAeHHe HX pemeHHH. 

HayqHrui: HOBH3Ha. 

• TipeMOJKeHhl H pemeHbl HOBble HHTerpHpyeMble cpepMHOHHbie 

MOAeAH Ha PemeTKax MaHX3ITeHa, KOTOpble . CBH3aHbl co crpynHhIM 

rrpeACTaBAeHHeM -rpex..~epno:ii MOAe.l\H l13HHra Ha Ky6HtiecKoH H AYaAbHOH 

o6"beMHO-n;eHlpHpoBaHHOH Ky6IPieCKOH pemeTKax . 

• AMI HHTerpHpyeMhlX AByMepHbIX cTaTHCTH'lecKHX MOAeAeli pa3BHT 

MeTOA rrpeACTdBAeHHll HX c IIOMOII\blO AeHCTBHH cpepMHOHHhlX IIOAeH (co 

CIIHHOM HYAb) Ha AB)'J\iepHOM 3BKAI1AOBOM AHCKpeTHOM npocTpaHCTBe­

BpeMeHH. 

• TipeMO>KeHbl HOBble HHTerpHpyeJ\Ibie MOAeAH, lpdHCcpep-MalpHI.I;bl 

KOTOpbIX B Ka'!eCTBe orrepaTopoB AaKCa BKAIO'IaIOT HapHAY c o6bl'lHhlMH 

AByxqacm'lHhIMH, ell.\e H lpex-qacTH'IHhle R-MaTpHI.\hl, He AOrrycKa10m;He 

cpaKTopH3an;1m na AByx-qacm'lHble MaTpHD;hI. TaKHe naTpHl\hl B03HHKaIOT 
npH MOAeAHpOBaHIIH TaK Ha3b1Baez.10ro "3HaKoro <DaKTOpa" B BHAe 

cj:>epMHOHHOH TeopHH, B 3aAa'le Tpex:-.1epHOll MOAeAH l13aHra Ha 

noBepXHOCTHX AYaAbHOH o6"beMH0-1'eHTpHpoBaHHOM Ky6H'lecKoli peIUeTKH. 

• Yrro11rnHyr&Ie TPeX-'laCTH'lHhle "necpaKTopH3YCMhle" R-MaTpHI\hl 
HCIIOAb3YIOTCll AAS! IlOCTpoeHHH TpeXMepIIbIX mITerpHpyeMhlX MOAeAeH. 

Ha:iiAeHbI rrpocThle, AOIIyci<a10m;He HHTeprrpeTaI.J,HIO B Ka<JecTBe "CBo60AHbIX 

cpepMHOHOB"' peUieHH.sI AAS! ypaBHeHHH, KOTOpbie HrpaIOT poAb ycAOBH.sI, 

AOCTaTO'lHOl'O AAS! HHTerpHpyeMOCTH Tpex~1epHhlX CllCTeM. /:05!. HaHAeHHbIX 
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peUieHHH IIOCTpOeH cooTBeTCTB)'IO~HH ABy-MepHbIH KBUHTOBblH 

fa.MHAhTOHHdH. 

4. HayqHaSI H npaKTWiecKa51 ueHHOCTh pa6oTH. 

• PaccMoTpeHHble cpepMHOHHble MOAe.l\.H Ha peUieTKax MaHX3TTeHa 

HMelOT HenocpeACTBeHHOe OTHOlileHJrn K H3J"leHHIO TpeXMepHOH 

MOAe.l\.H l13HHra, npeACTaB/l.eHHOH B BH/:l,e cpepMHOHHaJI CTp)'HHdH 

Teop:m.1 Ha AByMepHbIX IIOBepXHOCTHX B6.11.H3H KpHTH'IeCKOH TO'lKH. 

TeopHH HeKpHTH'leCKHX CTp)'H HrpaeT BaJKHYID poAb B CHAhHblX 

B3dHMOAeHCTBH~. 

• 

• 

• 

I1ccAeAOBdHHe 'Ha pemeTKaX MaHX3TTeHa TaKJKe CBH3aHbl c 

rrpo6AeMoH LI;eAO'lHCAeHHOro KBaHTosoro 3cpcpeKTa XoMa (LI;K3X), . 

KOTopaH npHBAeKaeT 60AbllIOe BHHMaHHe B IlOCAeAHHe AeCHTHAeTHH. 

Kpaesble Bo36YJKAeHH.H onHChIBaID~He rrepeXOAhI IIAaTo-IIAaTo, 

Ha6AIOAaeMble B LI;K3X MOryT 6b1Th oxapaKTepH30BaHHbI 

cpeHOMeHOAOr:lf'leCKOH ceTeBOH MOAeAhlO qaAKepa-Ko,l.IAI-iHITOHa (2], 

KoTopaH AonycKaeT npeACTaBAe1rne rrocpeACTBOM PM, a TpaHccpep­

MaTpHu;a nepeXOAa MOJKeT 6hITh 3aIU!CaHa B cpopMyAHpOBKe 

cpepMHOHHoro AeftcTBHH Ha PM (10]. 
<DepMHOHHaH cpopMyAHpoBKa 3BKAHAOBoro AelicTBHH s KorepeHTI-iOM 

6a3HCe MOJKeT 3Htl,'lHTe!\bHO o6Aer'lHTh 3aAa'ly HCCAeAOBdHHH 

ABYMepHbIX cHcTe!\1. 

ilpeMOJKeHHbie ypaBHeHHH AAfl TpeX'laCTH'lHbIX MaTpUD; pacceHH:iiH 

II03BOAfl10T CTpOHTb TpexMepHble lIHTerpwpyeMbie :'>IOAeAM, 

HCII0Ah3YH peUieHHH ypaBHeHHll B BHAe 60Ahl~MaHOBCKHX BecoB B 

KAaCCH'leCKOH cTaTHCTH'leCKOH cpI13HKe, H.l\.H IIpH IIOCTpOeHHH 

TpaHccpep MaTpHI~ AAfi KBdHTOBblX CIIHHOBblX MOAeAe:iL l.J:HCAO 3THX 

ypaBHeHHH MeHhlll~. tJeM COOTBeTCTBYlO~HX ypclBHe'H:RH TeTpa3ApOB, 

H 'lHCAeHHhJe Bbl'IHC,\emu1 AAfl HHX MOryT 6b1Tb 6oAee 

3cp¢eKTHBHbIMH. 

5. HayqHhie IIOAO)K~~HHH BblHOCHMhie Ha 3al1HI~ 

l. CcpopMyAflpoBai.~ cnoco6 npeACTas.11.eHHH HHTerpHpyeMhlX MOAeAeii 

ABYJl>IepHoli KA~CCH'lecKoii cTaTHCTH'lecKoft cpH3HKH Hll Pl\1 c 

noMo~hIO AHCKpeTHoro 3BKAHAOBoro cpepMHOHHoro AetkTUHff (I + I 
npoc1paHCBO-BpeMH), rrpH llOMOll~H BBeAeHlUI rpllA)'HpOBKH 

npocTpuHCTB H 'IeTHOCTH orrepaTopos. AAfi AHYX 'IOAe.11.eli 

Bhl'lHC.11.eHhI COOTBe'fCTBYIO~Ue rrpeACTaB.11.eHHH ("0 C'KllhllpllbIMH 

cpepMHOHaMH' 

A 

i 

~ 
ii 

2. 

3. 

4. 

6. 

7 

B paMKax npo6.11.eMhl "3HaKoro-<DaKropa" B TpeXMepaoli MoAeAH 

l13nHra Ha peryJUipnoli Ky6H'leCKOH peUieTKe H Ha AYWU.HOH 

06'beMHo-u;eHTpHposaHHOH Ky6H'leCKOH peweTKe (AOLI;KP), 

paccMoTpeHLI H HCCAeAOBaHhI ABYMepHble ¢epMHOHHhie MOAe.11.H Ha 

meCTHYfOJ\.bHhIX p M. J13yqeHa HX HHTerpHpyeMOCTh c TO'lKH 

3peHH.ff KOMMYTaTHBHocrn TpaHccpep MaTpHu; c pa3HbIMH 

cneKTpWU.HbIMH rrapaMeTpaMH. B CAy<Iae AOLI;KP 3TO npHBOAHT K 

B03HHKHOBeHHlO TaK fld3hIBaeMOH "necpaKTOpH3ye1>10H" . TpeX­

'ldCTH'lHOH MdTpHIJ;hl nepeXOAd R. 
C noMO~IO "necpaKTOpH3yeMo:il:" TpextJ:aCTlftrno:il: R-MaTpHu;hI H 

o6bl'IllblX AB)"l-iepHbIX MaTpHu;, KOTOphle YAOBAeTBopHIOT 

l>iOAHcpHu;Hpo:BaHHblM ypaBHeHHHM 51Hra-EaKCTepa, IIOCTpOeHbI 

HOBble AByMepHble HHTerpupyeMble MOAe.11.H. 

ilpeAJ\O:>KeHhI ypaBHeHH.fJ (iloAy-TeTpa3ApdAbHble), KOTOpbie HB.11.H­

IOT<;H AOCTdTO'lHhIM yc.11.0BHeM KOMMYTdTHBHOCTH TpaHccpep MaTpHu; 

c pa3HblMH cneKTpa.11.hHhIMH napaMeTpaMH AAfl TpeXMepHbIX CHCTeM 

(aHaAorntino ypaBneHHHM 51nra-6aKcTepa AAH ABYMepHhIX cHcTeM), H 

3KBHBa'l.eHTHbl TeTpa3APdAbHhlM YpaimeHIDIM 3aMOAO/:l.'IHKOBa B 

OAHOM tiacTHOM c.11.yqae. Hati:AeHhI 'laCTHble peUiemrn AAH 3THX 

ypaBHeHHI1:, KOTOpbie 06.11.aAalOT BblmeynoMHHYfbIM CBOHCTBOM 

"He¢aKTOpH3yeMOCTH" H HMelOT npeACTdB.11.eHHe B BHAe "cB060AHhIX 

¢epMHOHOB" . 

Anpo6anm1 pa6oThI. 

Bee pe3yJ\.bTaTbl, npeAcTaB.11.eHHhie B pa6oTe, IIOAJ"leHhI 

aHaAHTH'leCKHMH Bbl'IHC.11.eHHlIMH. 0CHOBHaH 'IaCTb pe3yAhTdTOB 6bl.11.a 

rrpeACTaB.11.eHa H o6cyJKAaAc1Cb Ha MeJKAynapOAHhlX H pecny6AMKaHCKHX 

HaYtJHhIX KoH¢epeHD;HHX (HopAM6epA-2001, EpesaH-1999, 2003 

"KompepeHII;H.11 M0.11.0AbJX y-qeHbIX") H BO Bpellrn HdJ"IHblX ceMHHapoB, 

rrpOBOAUMh!X B I1HCTHTfTdX TeopeTH'!eCKOH ¢H3HKH ynnsepcHTeTOB f'aA'l.e, 

EoHna, B EpeBaHCKOM ¢113uqecKoM HHCTHTfTe. MaTepHaAbl AHccepTau;HH · 

ony6AHKOBdHhl B MeJKAynu po/l,HhIX HayqHhIX JKypHaAa.x H B IIpOTOKOAax 

::oHcpepeHII;HH. 

7. Ily6.l\HKamui:. 

ilo Tel\re AHCCepTdIJ;l-IH orry6AHKOBdHO IIHTh HdYtJHblX pa6oT, 

.KOTOpbIX IIpHBOAHTC.11 B KOHI\e aBTOpe¢epaTa. 

CIIHCOK 

~--------~-
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8. CTpyK'l'.YJ)a A.HCcepTamrn. 

A,HccepT~lU! COCTOH"I' H3 BBeAeHHfl, 'leT.blpex rAaB H 3aKAIO'leHHR. B 

KOHIJ;e pa6oThl npHBOAffTa£ CilHCOK HCilOAb30BdHHOH AHTepaTYJlhl, 

BKAIO'laIOUJ,eH 106 CChlAOK Ha opHrHHaAbHble pa6ora, o630pbl HAO~ Ha 

KOH<t>epeHn;IDI.X. 06aeM pa60T.bl COCTaBMieT 108 CTµaHHIJ; :rreqamoro TeKCTa, 

BKAIO'laR 23 pHcyHKOB. . . 

COAEP)KAHME PABOThl 

Bo BBegeHUU (nepBClR rAaBa) ,1\aHO_ KpaTKoe OilHCRHHe MeTOAOB pa3BHT.bIX 

B cramcm<JeCKOH <l>H3HKe H B KBdHTOBOH TeopHH TI~Afl AMI HCCAeAOBaHHR 

AByMepHbIX HHTerpHpyeMbIX CHCTeM (Pa3geA 1.1), B 11acmocTH yAeAeHo 

BHHMaHHe HeKorophlM acneKTaM MeTOAa 06pamo:0: 3aAa'IH PaccemHR 

(Pa3geA. 1.2), HC1IOAb3yeMbIM' rrpH peweHHH 60AbUIOro KAdCCa TO'IHO 

pewaeMhlX 3CIAa'I. 
B Pa3geAe 1.3 npHBOAJiTCR KpaTKoe onHcaHHe CTPyKTYPbl pa6o1'hl H 

COAepJKaHHH IIOCAeAytol.lµ!X rAaB. 
Pa3geA 2.1 Bmopoii rAaBbl nocBRIIJ;eH PeIIIeTKaM . MaHX3TTeHa (PM) H HX 

npHAoJKeHiil!M. 3TH MaTµHIJ;hl BcTpe'lalOTCR B pa3AH'IHblX o6AaCTSIX 

MaTeMamKH H <l>H3HKH (3aAa'la faMHM.ToHoro lllara, KPHTH'leCKaR MOAeAb 

norrca, MOAeAb O(n) npH HH3KHX TeMneparypax). '3AeCb 3TH pemeTKH 

paCCMOTpeHbI B CBf!3H c TpeXMepHOH 3(lAa<JeH :Vl3HHra H c QeAO'IHCAeHHbIM 

KBaHTOBblM 3<P<PeKTOM XoAAa. 

.. I. 

B. Pa3geA.e 2.2 COAepJKHTCfl nocAeAOBaTeAbHoe oTIHCaHHe qiopMyAHpOBKH 

HHTerpHpyeMhIX MOAeAeH Ha peweTKax c IIOMOUJ,blO qiepMHOHHOro AeHcrBHR. 

DpHMeHReTCH MeTOA, pa3BHThIH B pa6oTax [2,7,8) H HC1IOAb3ytolll;HH HAelO 

rpaAYffPOBaHHhIX npocTpaHCTB c pa3HblMH <JeTHOCTf!MH AMI npeACTaBA.e:irnn 

BeK'!'OPOB COCTORHHR H onepaTopoB (R-MaTµHn;a, TpaHc<Pep-MaTpHn;a, 

onepamp J\aKca) c JIOMOIIJ;blO qiepMHOHHblX llOAeH. 
B Ka11ecTBe npHMepa paccMoTpeHbl xopowo H3BeCTHhie TO'IHo-pewaeMble 

"l\WAeAH. B IIogpa3geAe 2.4.1 paccMOTpeHa MOAeAb co CHMMeTpHeH 

: .. Uq(SU(N)) (o6o6m;eHHe MOAeAH XXX) MR CAY'laeB N = 3,4,. a B nogpa3- . 

geA.e 2.4.2 - KHpaAbHaf! MOAeAb norrca z N. AMI 3Ha'leHHH N = 2 (MOAeA.b 

:Vl3HHra) 11 N = 3 (TpHKpHTH'IHaR MOAeAb DoTTca). 
B mpembeii rAase Mhl paccMOTpeAH qiepMHOHHble cncTeMhI c AffCKpeTHhlM 

AeHCTBHeM Ha AByx reKcarOHaAbHbIX pellleTKax. nepBaJI peweTKa (Pa3geA 
3.1) Mo:>KeT 6bITh JIOAY'leHa ABOf!Ko: H3 PemeTKH KaroM3, npH COt'!i\HHemm 

n;eHTpaAbHhIX TO'leK CTOpOH 3AeMeHTapHbIX Hl.JeeK CTpeAKaMH (/\YrlAbHdH 

~ 
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PeweTKa Karo:r.rn), HAH nocpeACTBOM nocTµoemm OJIHCaHHoro B [10) Ha 

HCKpHBA.eHHOH JIOBepXHOCTH BAO)KeHHoli B peryAHpffYIO Ky6H'leCKYJO 
peIIIeTKy. 

CncTeMbl npeACTdBAHIOT H3 cefo1 MOAH<i>HIJ;HpOBdHHbie BepcHH MOAeAH 

CKOHCTpYJipOBdHHOH MR MOAeAHpOBaHHH TdK Ha3bIBaeMoro "3HaKoro 

<DaKTOpa" (1,6). DocAeAHHH BBOAffTCH IIpH npeACTaBAeHHH TpeXMepHOH 

3(lAa'IH :VfaHHra KdK <PepMHOHHOH CTµyttHOH TeOpHH Ha HCKpHBAeHHbIX 

IlOBepXHOCTHX, BA.O)KeHHhlX B TpeXMepttylO pellle'J1Cy [1,5,6,10), 'IT06bl 

aHttyA.HpOBaTb BKA(lA OT CaMorrepeceKaIOIIJ;HXCH 3aMKH}'ThIX noaepXHOCTeH B 

cTaTHCTH'IecKilli CYMMe. B [6) M5J. 3Toro npn noMoUJ,H coeAHHeHHH n;eHTµOB 

CTOpOH· TpeXMepHOH pellleTKH HanpaBAeHHbIMH AHHHRMH, CTpOHTCH AYaAbHaH 

pellleTKa . TaK, 'ITO Ha BAOJKeHHblX IIOBepXHOCTf!X o6pa3ytoTCH peweTKH 

MaHX3TTeHa. "3HaKOBblH <DaKTOp" CTµOHTCH BBeAeHHeM <PepMHOHHbIX TIOAeii: 

Ha . 3THX pellleTKax, c A.OKdAbHblM B3aHMOAeHCTBHeM B rrpHCYTCTBHH 

KaA.H6pOBO'l.HOro IIOMI SU(2), a KHHeTH'leCKHe 'IAeHbl COAep:>KaT TOAbKO Te 

KB(lApaTH'IHble TIO OTHOllleHHIO ¢epMHOHHbIM IIOMIM KOMJIOHeHTbl, KOTOpble 

OJIHChlBdlOT IIIarH BAOA.b CTpeAOK peIIIeTOK l'vlaHX3TTeHa, . IIpHBOAfl K 
He3pMMToBo:r.iy Aeii:cTBHIO. 

B pa6oTe paccMOTpeHo KaAH6poBO'IHoe noAe U(l) co B3aHMOAeHcTByro­

UJ,HJ\m CKaAHpHhlMH <PepMHOHdMH. DpH HCCAeAOBaHHH CHCTeMbl nocpeACTBOM 

TpaHc<t>ep Md'rpHI:i; HCIIOAb30BaHbr MeT!)AbI pa3BHTble B pa6oTax (10) AA.fl 
KB(lApanmii: pemeTKH. B Ilogpa3geAe 3.1.2 IIOAY11eH qiepMHOHHhIH crreKTp AMI 
KBdHTOBOH OAHOMepHOif CHCTeMbl, HMelOIIJ;ylO T})aHC<l>ep MdTpMIW, KOTOpaJI 

IIpH HeKOTOpOM Bhl6ope K03<l><l>Hn;HeHTOB MO)KeT OIIHCbIBaTb K KpaeBble 
B036yJKAeHHfl B QK3X. 

· B Pa3geAe 3.2 MOAH<Pm:i;HpoBaHHrur MOAeAb "3HaKoro <DaKTopa" c 

cpOHOBbIM lJ(l) IIOAeM cqiopl\fYA.HpoBaHa Ha OAHOH M3 JIOBepXHOCTei'.% 

AYd:AbHoii:. o6'beMHo-:i:i;eHTpHpoBaHHOH Ky6H'leCKOH peweTKM, oco6eHHOCThIO 

KOTOpoM: HBAHeTCR OTCYTCTBHe CaMOIIepeceKalOUJ,MXC5! ITOBepXROCTeH. 

ITocTpoeHHe "aeperyAHpHoH:" peweTKH MaHX3TTeHa 3Aecb npHBOAMT K e~e 
OAfiOH reKCdI'OHa.AbHOH pellleTKe, KOTopaH cyUieCTBeHHO OTllli'laeTCJ:r OT 

npCAbJ.Ayu:i;eli. Ka¥ u B npeAhlAYIIIeM cAyrrne H3}"IeHa J\lOAeAb c 
HCITO.l\b30BaHHeM TpaHc<Pep J\IdTpJUJ;, paCCMOTµeH CIIeKTp fa:-IHAhTOHHaHa AAR 
pa3HblX 3Ha11eHHH rrapaJ1.IeTpoB MOAeAH (Ilogpa3geA 3.2.1). DpM 

paCCM')TpeHHH TpaHc<Pep MdTpHIJ;, A!UI HX IIOCTµOeHHR, HapHA: c o6bI'IHblMH 

AByxqacTH'IHhIMH MaTpHilaMH, B Kal.JecTBe onepaTopoB AaI<ca OKa3bIBaeTcH 

He06XOAffMbIM BBecm eIIJ;e H TµeX'ldCTH'IHbie R - MaTpHIJ;hl, KOTOphle He 

AonycKalOT <i>aKTopH3~HH B npoH3BeAeHHe AByx'laCTH'IHblX R - MdTpH:i:i;. Ha 

rpa<PH<JecKoM H3b1Ke, H:cnoAb3yeMoM B pa6oTe, OHH cooTBeTcTByroT 

HeopHeHTlipOBaHHblM mecTHyrOAbHHKdM, B TO BpeMH, KaK AByx'laCTH'IHble 

R - MdTpHIJ;hl H3o6paJKaIOTCH HeopaenTIIpoBaHHhlMH 
qmrypaMH. 

KBaApdTHblMH 
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B Ilogpa3geAe 3.2.~ H3y'IeHa HHTerpHpyeMOCTh B o6~eM CAy'lae, 

np:irneAeHhl 11.oKaAbHhle ypasaemrn 51Hra-BaKcTepa, KoTophle HBAfllOTCJI 

AOCTaTo'IHhIM yc11.oBHe:M Nill KOMMYTamBHOCTH cooTBeTC1'B)7IO~HX 'I'pa.IIC¢ep 

Ma'I'pHD, c pasJl.H'IHbIMli cneKTpall.bHhlMH napaMeTpaMH. 
B IlpUAoJKeHUU (Ilogpa3geA 3.2.3) np:irneAeHa 'I'pex1.1acm'lHilll R - Ma'I'pHD,a 

B o6~eM Cll.Y'lae, KOTOpilll HMeeT HHTepnpeTaD,UIO Ha H3b1Ke "cso60AHbIX 

cj:>epMHOHOB"' B TOM CMhICJl.e, 'lTO MOJKeT 6bIT.b npeACTdBAeHa KaK 3KCIIOHeHTa 

OT Bhlpa:iKeHHH, KBaApaTU'lHOI'O no <J:>epMHOHHbIM. IIOJU!M. TaKOH C'I'py-KTy-POH 

o6Af!Aa.IOT MaTpHD,bl, KOTOpble paccMoTpeHhl B rrpeAJ>JAytl\lifX pa3AeJl.aX. 

B •1emBepmoii d.ase paccMoTpeHbl ABYMepHbie HHTerpHpyeMble MOAeM'I 

(Ilogpa3geJlh1 4.1, 4.4), KOTOpbl'e nocTpoeHbI nocpeACTBOM 'I'paHc¢ep Ma'I'pH~, 
coAep>KaJ.1.1,HX AByxtJ:acm'lHLie · H 'I'pCX'I<1cTH'llIIblc Ma'I'pHD,hl AaKca, 

11011.Y'leHHble B PasAeJ1e ~2. · 
Hy:iKHo OTMeTHTh, 1ITO npn B03BpaID,eHHH K Hd'IaJ\bHOH MOAell.H "3muwro 

<DaKTopa" na CAY'laHHblX PM, ID,ecmyroll.hHble R-Ma'I'pHD,hl cooTBe'fC'l'B)7IOT 

rpaHHM BJl.OJKeHHblX noBepXHOCTCH, KOTOpble Hecyr KpHBH3HY (B TO BpeMH, 

KaK KBilAPa'I'Hhle R·-MaTpHI~bl cooTBCTCTByioT IL'\.OCKHM rpaH.fil\t). B Kyco11ao­

J1.HHeliaoi'1 reoMeTpHM xopowo H3Becrao, 'ITO KpnBii3Ha 

Kn= 7f (n-2)/ 4 
CBH3aHa c n-rpc1H.!L\fli ABYM~PHhIX MHOJKecTB. CAeAOBaTeJ\hHO K6 = - 7f AJl.H 

wecrnyroJl.bHhIX rpaHel1, a A\JI 1rnaApaTOB K 4 = 0. 
Xon1 <J:>epMHOHbl B BhlpaJKeHHH A·UI N'HCTBHH B03HHKaIOT B 

KBaAPdTH'IHhIX KOM6lIHa.I\H.SfX, TeM He NeHee pa<X~IdTp1rnaeMyK> MOAeJl.b, 

6AaI'OAapH HaAH'llUO KpHBH3Hhl, He!\.h3K c•mTaTb MOAeAbJO CB060AffhIX 

cj:>epMHOHOB. Cl>epMHOHbI B3dHMOAeH.CTBY10T c cpoHOBblJll rpaBHT~HOHHbIM 

noAeM .. 
B Pa;JgeAe 4.2 np1-rneAel1h1; Mo,a.HcpHD;-!fPOBaUHHe AOKaJ\hHbie ypaBHemrn 

5h!l'a-EaKcTepa, COQTllP.TCTBy'"IOIW·le fPdI:fCcpep Ma'fpHI\e, OilPICAeAeHHOH B 

PasAeAe 4.1. B Ka'IeCTBe. cJ111.eT<UOID,HX R-MaTpm\ B3KTbl AByxqacrntJ:Hble 

.:.ra·rpHD,hl. HaJ1,!),eHhI AOBO!\.hIIO o6in;Me , pemeHIHI ypaBHen;Hii. B PmgeAe 4 3 
Tpapccpep ~ta-rpmi;a upeACTdBAeRa KaK HOpMaAbHO-ynopf!AOtieH~illl 
:;'lKCTIOHeHTa OT HP.AOKdi\hHQI'O cpepMHOHHOI'O . 'TaMHAhTmrnaHa''. 

onpeAeAeHHoro Hil o,\Ho~i~pHOH u;eno'IK.e. TaYoe npeACTaBACHHe AaeT 

B03MOJKHOCTh 11.er.KO 11.:1ar0Ha,An3pBaTh orrepaTop T]'iiHC"cjlep Md'fPHD,bI, TaK KaK 

ero .ffAPO B iwrepeHTHOll! 6a3HCe :m\:leeT l'ayccoB BJI,\. 

Bee BbitJ:HcAen:m1 11\JoBeAeHhl aHaAJ;ITIP!ecKH, H I<orepeHTHOl\J 6a3ii:ce 

CKall.HpHbLX qiepMHOHOl ·~eXHH'ieCKH B03MO.JKHO rrepeHTH OT HOpMdll.bHO­

ynopHAO~eHHOH 3KC:,:110 HTbl K rrpeACTdB.l\.emno Tpaf!Ccj:>ep MaTpHD,bI B BI1Ae 

06hrnHOH :3KCTIOHeHTh1 QT fro.IH.11.bTOHHaHfJ, HCDO.l\b3YH TeXHHKY <Dypbe-

rrpeo6pa30BaHHH. · 

" 

~ 

~ 
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Ee11.H pacnpoc'I'paHHTh MeTOA 'I'paHc<Pep Ma'I'pH~hl AAfJ. TpeXMepHbIX 

CHCTeM, TO B KatieCTBC yCAOBHH HHTerpupyeMOCTH B03HHKHY'f 

TeTpa3APa.J\hHhle YpasHeHHH 3a.Moll.OA'IHKOBa. B TaKoM c11.yqae, MaTpHD,hl 

pacceHHHH B ypaBHeHHHX TCTpa3APOB MOryT HrpaTb poll.b AOKaAbHhlX 11.<IaTpHD, 

nepeaoca AByMepHhIX KBa.HTOBhlX CHCTeM HJl.H EoJl.bIJ,MaHOBCKHX BeCOB B 

TpeXMepHo:H cTarncrnqecKoli cpH3HKe. Te JKe ypaBHeHHH MOryT 6h1Tb 

peaAHsoBaHhl e~e KaK yCAoBHe <J:>aKTOpH3aIJ,HH ~Ia'I'pH~ pacceHHHH 6011.ee 

'leM Tpex oAffoMepHhIX o6DeKTOB - crpyH. B llJlmoii rAaBe npeACTa.BAeHhl 

6oAee npocThle ypasHeHHH aa 'I'peXMepHhle R-MaTpH~hl (IToAy­

TeTpa3APa.J\hHhle YpasHeHHH), AJ1.H KoTophIX B KatJ:ecTBe cilll.eTaIOID,HX Ma'I'pHD, 

onepaTOpOB AaKca Bhl6paHbI ABP,iepHble R-Ma'I'pHIJ,hl. 
B Pa3geAe 5.1 npMBeAeHo AeTaJ\hHOe AOKasaTeJl.bCTBO Toro, 'lTO 3TH 

ypa:sHeHHH HBJU!IOTCH AOCTaTOtIHbIMH ycAoBHHMH AJ1.H KOMMYTaTHBHOCTH AByx 

· TpaHccpep Md'I'pl'I~ c pasll.H'IHbIMH cneKTpaJ\hHhlMH napaMe'I'paMH, 

onpeAell.eHHhlX Afl5l. 'I'peXMepHbIX sepurnHHhIX MOAe11.eli. B OAffOM 11acTHOM 

c11.yqae ypaBHeHHH Te'I'pa3ApOB (ccpopMyll.HpOBaHHhle B sepllIHHHhIX 

HHAeKcax) MOryr 6h1Tb 3KBHBaJl.eHTHhl HM, a B o6~eM CAyqae OHH HMefOT TO 

OTJl.H'l:He, 1ITO COAepJKaT MeHhlllee KOJl.HtJ:eCTBO ypasHeHHH, H He Hrpa.IOT poll.b 

yc11.0BHH cpaKTOpH3aD,HH AJ1.H Ma'I'pHD; pacceHHHH qeTblpex H 6011.ee CTPYff· 

B Pa3geAe 5.2 npHBeAeHo peweHHe AJ1.H :JTHX ypaBHeHHH, rAe TµeX­

tJ:acTH'lHhle R-Ma'I'pHD,hl H..l\feIOT CTPYKTYPY· HaflAeHHyio B r11.aBe 4, H 

AOnycKaIOT npeAcTaB11.eHHe "cso6oAHhIX qiepMHOHOB". C 3THM pemeHHeM 

CBH3aHa AJ3yr-.1ep:mm CilHHOBilll MOAeAh, KOTOpaSI B qiepMHOHHblX onepaTopax 

HMeeT HeAOKaJ\hHhlH BHA. 

IToc11.eAHHH, 3Cl.KA10'lUmeJlhHWl rAaBa BKJl.IOqaeT KpaTKOP, o6cyJKAeHHe 11 

pe310Me rAaBHhlX pesyJl.bTaToB, no11.Y1leHHbIX B AaHHOli pa6oTe. 

• 

• 

• 

CAeAana rroc11.eA0BaTell.bHilll paspa6oTKa MeToAa. no3BOMIK>~ero 
npeACTaBUTh HHTerpHpyeMhle MOAel\Ji ABy-MepHOH KJl.dCCH'leCKOH 

CTdTHCTH'leCKOH <l>H3HKH C IIO"-lO~bIO <J:>epMHOHRhIX CTeneHeH 

CB060Ahl· f1p:irneAeHhl npHMepbI AJl.H HeKOTOphIX H3BeCTHbIX 

MOAeAeH. KaK Cll.CACTBHe, HCXOAH H3 CTa'fHCTH11CCKHX BeCOB Ha 

clwpMHOHHOM H3h1Ke, ccj:>opMy11.Hposaao rrpeACTas11.e1rn:e AJ1.H 
cuuTBeTcTByro~HX MOAe.l\.eli c 3BKJ\HAOBhlM ARCKpeTHhlM AeHCTBHeM 

Ha ABYl'iePHhlX pemeTKax MaHx:irreHa. 

M3Y1leHb! HOBhle cj:>epMHOHHble HHTerprpyeMhle MOAeAn Ha PJ'vl, 
HCXOAIJ~He H3 <J:>opMyll.HpOBKH npo611.eMhl "3HaKOI'O <Dai<Topa" 

Tpex..,,,1epHOH saAatIH Ms:irnra Ha Ky6M'leCKOH H AOI..\K perneTI<.ax. 

C noMo~bIO "1rn<PaKTopH3yeMhlX" 'I'pex11acTH11HhIX R-MaTpHu; 

cKoHCTPYHPOBaHhl H H3Y1lCHbI HOBhle MHTerpMpyeMhle AByi.1epHbie 
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MOAeAH. Te ;1Ke MdlpHqhl HCilOAh30BaHhl AAJJ. MOAeAHpoBaHIDI 
HHTerpHpyeMhIX lpeXMepH:i.ci CHCTeM. 

IlpeACTaBAeHO yc:ll.OBHe HHTerpHpyeMOCTH AAfJ. lpeXMepHhIX CHCTeM 

HeCKOJ\bKO OTJ\.HlJaIOJ:qHHCSi oT·ypaBHeHHH Telpa3APOB. 
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UUcI>nCJ>ntU 

UlllbCiwtunumpJnLCi[! Citltiritlwo t pulllbqrit.lnri un11bLul::iriti nrinzw4ti 11wup, 
llPlIIWP4lJ.w6 UwCihtpbCip bfl4!WL11 wut.iwunCi gwCigbpp (npnzw4ti mririnprit.lw6 
4wnmgtlw6.entl nL lfmtuhw2np11nri riwuwtlnrilJ.w6mpJwup gwugbp) tlriw. npnGp 
Wr2U!tlnLU bCi 9lJ.WUlIIWJPCi =!nLLP tuu11ritiG L. bnW!WtP l"qpCiqp unribLtJU, tiG!~bu 
CiwL. mubCi wnwudtili hbtnWJ?£1J2£1nLpJmCi np~bu !j,lbplltJnuw1tiCi gwCigwJpG 
un11btCibp, t.iwnmgqwo btw4blIIWJPCi 4npwgLJ.w6 bfl4!WtP llw4bfll.tnLJp{lbptJ t.lpw: 
f:!Ciri npmu, tlbgwCi4JmCi gwCigbpp lf.pw 11tit.nwp4qwo un11btCibpp hwtlwp 
l11£1WUu!l,lbp uwt.nfll'l9ti: briwGw4n 4tipw11b[pu hwCiriti~ni.u bu tmwtlwuQflt.iwCiti 
gptlwCi uw111ptJgCibp, npnCiI! hblIIWI!£1I!'1P bCi fiwL. bnw1wt.fl tiulllbqflt.lnri 
tuCirippCibpp 11ti111wp4tlwfi wnnulnq: 

UuibuwtunumpJmG[! ~wpmuwt.imu t fibpw6w4wfi uwu, hpCiq Qtmtu. 
bqpwt.flw4ti! uwu L. oq111wqnp6l[wo qriw4wCinLpJwfi gwut.i: 

UawWO, Obaw&wlJwli a1mfun Gtlti11L1.w6 t pCiurbq11tl.nrt unribtCil::ipti L. CipwCig 
tmMwCi briwCiw4Cibflp hw4tirill G4wpwqpmpJwCid. tlwuuwqnpw~bu SpuwCi 
=iwt.iw11wpd GlJ.w0111w1tiCi ' Ubpnritiu (Lt Qpw uwuCiwlJ.np rib1..1.Wl1Ci' 
=iwCipwhwzLl.w4wCi Pb111bti UCiqwuigpO), qwpqwgqwo 1wutit111nCipwCi 
hwtlw4wpqbptJ lljl LWJCi riwutJ pCilllbqfltlw(i ht!.luwp: UJUlllbrt cutuwlJ.np l'll:ifl bCi 
tuwrimu 3w0q-PWI!Ulllbpj1 hwqwuwpnulObp[!,' ·nfl~l:iu pwLl.wriwp lLIWJllWCi 
pOUlbqpbttJmpJWCi hwllwp: 

bf14!Wt.fl un111:itCibpnul u111pOp Lt lJ.pt'.iwt.iwqpmpJWCi litJ2l.t 4Wl11P tuwtu111nLli[! 
pnLJL t IIIWLPU' 111wppt('I tltillw4wqpnLpJWllp Ci4wpwqp\lnri hwuw4wpql:ipf1 uti2L. 
4w111bp hwu111wt.nbt. tJCirn npnz · riblLII!bflnLli ~wpqbgCinLll t tuOriflPr!' mctbri 
lf\nj:uwq11nrt hwllwljwpqbp[! ubp4WJWgCibLnlJ. PnLJL 1.tmfuwqrint\ wqwuint.pJWfi 



.... ";:r'.J...t 
-0

 
s 

c: 
3 

.J:l 
C

l 
...... 

"::::r' 
"::::r' c: 

J.:l 
C

l 
c: 

O
l";:r' 

3 
..c: ..c:.. 

O
'I 

3":::1 
3 

5 
3"..C:.. 5 

~
 

3 j§-::> 
......, 

c:J '§, .. 
-0

 
I.::! ..c:.. c:. 

3 
c: 

c:. 3 
"::::r' 

ai:S
":::I 

c:. 
' 

.... 
3 

3 
..c:.. 

. " 
.§

.":::! ..c: 
•• ;5' 

'-
..C:..o.:J 

C
J 

5
3

-E
:3

§
l 

3 
'g

_
J
.:l ..C:.. 3 

§ Cl~ 'E 
":::! 

c:..c:..c:S
.,,,. 

":::! o.:J 
c:. .E'. ..c:.. 

.§._5-g33 
tri 

"§: §" 3 rr -5-
J.:l 

~
 "::::r'o 

3 
'§, 3 

3 -5; §: 
..c:..":::l..C: 

3.J:J 
c:. 3 

5 
s 

C
! 
~
 

• 
3.J:l 

~'§'.E_ 
":::! 

c
' 3 

-::T °' 
c:. .§. c:. ai E-.. 

J.:l 
c:. .J:l -5-"::::r' .§' 

'§""fil.~ 
3 o.:J 

3 
o.:J 

"" .... E
l 3 

":l 
3 ~

 .§ 
c:. iii:-5-

c:. 
-
'.c

_
c
 

S
"::::r'S

<=1 
c:-S

-
"::::r'~ 

3 
~
3
 

c: ..c: o.:J .2.. .2.. 
E-

c:.1..i:i 
~
 

3 "§: 
c:. c:. 

3 
o.:J ..c 

S
:§

l -'5
.J:l-=

s 
J.:l 

..c
3

s
a
i 

":::l 
•• "::::r':r='-=s 

3
c:.C

1
 

.... 
c
:.3

C
:3

 
2: 

3
3

 3
3

 
c:. 

3"..c:.::r..c: 
3 



Tex1111•1ec1;.:Hii pc;J.ah':TOp A. C. A6paMSIH 
IloLI.nuca110 1111e•1a1i, 25.08'20104 <I)o1rna-r 60x84/16 
O<PceTHaH_ne•taTb. Tnpam: 50. 
3aK. Tun. -072. 

0Tne~ranuw n EpcnaHCKOM <l>H3HlfcCKOM HncnnyTe 
EpesaH-36, :..-.'1. I>paTbCB AmtxaHHH, 2. 

---------------·------- -


