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PaccmarpuBaercst 06061eHHAsT MO/IEIb B3aNMO/IEHCTBHS CBEPXIIPOBOJIHUKOBOIO KyOHUTa C 9JIEKTPOMATrHAT-

HBIM IIOJIEM pEe30HaTOpa, OCyIIeCTBJ/IdAeMasd FI/I6pI/IﬂHbIM 06pa30M IIOCPEJACTBOM €MKOCTU (SJIeKTpO-,HI/IHOJ'IbHOe

B3aMMOJICHCTBIE) Y UHIYKTUBHOCTH (MATHUTO-IUIOIBHOE B3aMMOMEHCTBUE) — aHM30TPOIHAs MOJeab Pabu.

Ilokazano, 4To ruaIBO6EPTOBO MPOCTPAHCTBO AHM30TPOITHON MOJEIN MOXKHO PACIIENUTb HA JBa OPTOTOHAJb-

HBIX 10 TICEBIOCIHHY MMOAIPOCTPAHCTBA. 1Ipr 9TOM CrIeKTpBI raMUIBTOHUAHOB, AEHCTBYIOMMUX B STUX HOJIIPO-

CTPAHCTBAX, XapaKTEPUI3YIOTCA CJIOZKHBIM ITOBEJICHUEM. Hpe,ILCTaBHeHbI aHaJIUTUYIECCKHE U YUCJICHHbIC PAaCYeThl,

PACKpBIBAOINKE [IPUPOLY CIabOro xaoca B paccMmarpuBaemoit cucreMe. OOCyK1aeTcsi BOIPOC O KJIACCe yHU-

BEePCAIbHOCTH aHU30TPOHON Momenn Pabu B mepapxum CucTeM ¢ KBAHTOBBIM Xa0COM, & TAKKe O BO3ZMOXKHBIX

CJIEJICTBUSAX JIJI KBAHTOBOI TE€OPUU U3MEPEHUI.
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1. BBegenue. B cBepXIIpOBOIHUKOBBIX PE30HATO-
pax €O BCTPOEHHBIMU HMCKYCCTBEHHBIMH aroMaMu (Ky-
Guramu) 1, 2| B3aumoseiicTBue GOTOHOB ¢ KyGuTamu B
JIUIIOJILHOM NPUOJINKEHUN MOXKET OBITH OLUCAHO B PAM-
kax Mogean Pabu [3-5]. Kak xoporo n3BecTHO, MOsIEb
Pabu jocrarodHo yHuMBepCasibHA, IMOCKOJBKY OTpPaXKa-
€T OCHOBHBIE 4ePThI B3aumojeiictBusa (hboToHa ¢ JBYX-
YPOBHEBBIMU CHCTEMAMU, HAIPUMED, B KBAHTOBOMN OII-
THKE, TOJISIPUTOHUKE U MHUKPOBOJIHOBOI CBEPXIIPOBOJI-
HUKOBOH 3JIeKTpOHMKe (pe3oHaTop u Kyout) u r.a. Ilo-
CJIeJTHUE PEe3y/IbTATHI B JAHHONW 00/IACTHA HUCCIIeIOBAHUN
U3JI0’KEHbI B 0030pHBIX cTaThax [6, 7] m B MHOrOUMC-
JICHHBIX ITyOJIKAIUAX, KOTOPbIE CyMMUPOBAHBI B 0030-
pe [8], B xoropoMm mmrupyerca 1976 pabor. Kak Buj-
HO u3 [8], MHOIHEe BONPOCHI TEOPHU BCE eIle HAXOIAT-
ca B craguu nsydenusi. OnHa U3 HUX CBA3aHA C CyIIe-
CTBOBaHMEM Xaoca B Mojejaun Pabu, B Tom ducie o600-
MIeHHO}l — aHm3oTponHoit Mozemn Pabu (AMP). Ta-
Kasl MOJIEJIb BO3HUKAET B MUKPOBOJIHOBOI OITHKE, KO-
[JIa CBsI3b OTJEJNBHOIO KyOuTa € OJHOMOJIOBBIM PE30-
HATOPOM OCYIIECTBJIAETCS OJHOBPEMEHHO KAK II0CPE.I-
CTBOM €MKOCTH (aHAJIOr 3JIEKTPO-IUIIOJIHHOTO B3aUMO-
JIeHCTBUST), TAK U OCPEICTBOM UH/LyKTHBHOCTHU (QHAJIOT
MArHATO-IUIIOJIHOIO B3AUMOJICHCTBHYSI ), T.€. UMEET Me-
cro rubpuaHas cBsa3b [9-14]. Ilpu Takoii cBa3u moss ¢
KyOUTOM B Hell OJJHOBPEMEHHO yIaCTBYIOT 3apsiI0BbIe 1
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ITOTOKOBBIE CTEIIEHN CBOOOIBI M2K03€(PCOHOBCKOI ITETIIH.
11t IpMITOZKEHUH BayKeH BOIIPOC O CTAOMILHOCTH Pabo-
ThI CYUTHIBAOIIUX YCTPONCTB KyOUT-PE30HATOD, B JIaH-
HOM KOHTEKCTE BOIIPOC 00 OrpaHMYEHHHAX Ha KOHCTAH-
TBHI JIEKTPUIECKONl W MATHUTHON CBS3U, IMPU KOTOPBIX
BO3MOXKHO HApYIIEHHe CTaOUIbHOCTU U XaOTH3aIusl I'H-
OpuaHbIX BO30yxKAeHnit 8 AMP [15].

Mexay TeMm Ha JAHHBII MOMEHT Mbl HE HAXOIUM
OIIPEJIEJIEHHOTO OTBEeTa Ha BOIPOCHI O TOM: 1) ecTb Jjin
xaoc B AMP?; 2) u eciu ecrb, TO KakK HaJIO 9TO IOHU-
MaTh?; 3) 9TO MOXKHO CKa3aTh O TOM, K KAKOMY KJac-
Cy YHUBEPCAJIBHOCTH IPUHAJJIEXKUT MOJEIb?; 4) Kakue
KPUTEPHUN Xa0ca MO3BOJISIIOT 3T0 0bocHOBaTh! Kaszasoch
ObI, OTBET HA STH BOIPOCHI MOXKHO IOJIyYUTH U3 TOY-
HBIX PEIeHNH, IOy YeHHBbIX KaK Jyist Mojiean Pabu [16],
tak n gt AMP [10-12]. IIpoGisiema cocTouT B TOM, 4TO
perterne ypauerus [Ipenunarepa misa monenun Pabu u
AMP npejicTaB/IsiiOTCs B BUJIE PsiJIOB TPAHCIIEHIEHTHBIX
PyHKIN, KOTOpbIe Ha KOHETHOM JTalle HeOOXOIMMO 00-
PBIBATH, & 9TO IPUBOAUT (B 3aBUCUMOCTHU OT IIAPAMET-
POB TaMIJIbTOHHAHA) K 3aMETHBIM CJBHUIAM yDPOBHEl.
Bormpoc o xaoce B moziesin Pabu panee 3aTparunBajics B
paborax [17, 18], rue npuBeeHbl pe3yabTaThl YUCICH-
HBIX PACYeTOB JIsi (DYHKIIUU PACIIPE/IEIEHUS] MEXKY POB-
HeBbIX paccrosiHuit MaTpuil, N X N HeOOIBIIIOro pa3mMepa
(N =200 B patore [17] u N = 501 B [18]), ograko, Bo-
poC O IIPUPOJIE XA0ca U CTATUCTHKE ypoBHeii B [17, 18]
[IOJTHOCTBIO HE PACKPBIT. TakuM 00Opa3oM, MbI MOXKEM
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3aKJII0YUTh, YTO IIOJHOE MOHMMAHUE BOIIPOCA O IIPUPO-
Jie Xaoca 1 ero npossieHusx B mojgesan Pabu u AMP na
JIAHHBII MOMEHT OTCYTCTBYET.

151 oTBeTa Ha MOCTABJIEHHBIE BOIIPOCHI MBI HCIIOJIb-
3yeM AHAJUTUIECKAE W YNCJICHHBIE METOJbl aHAJIN3a
criekTpa u BostHOBBIX pyHKImit AMP. [Ipobsiema, Bo3Hu-
KAIOIIas IPU U3YUIEHUN Xa0ca B aHH30TPOITHON MOJIEJIH,
3aKJII09YAETCsI B TOM, UTO CHCTEMa ODJIAIaeT CKPBITOM
CHMMeTPHel, KOTOpast CBA3aHA C CYIIECTBOBAHUEM OIle-
paTopa YeTHOCTH, IPUBOJAIIETO K BBIPOXKJIEHUIO COO-
cTBeHHBIX 3Hadenuil. Pemenne B ciiyaae AMP mosyga-
ercst myTeM OOOOIEHNsT METO/[A, IIPEJJIOZKEHHOTO BIIEP-
Bble B pabore [19] 1 UCIOIB30BAHHOTO (C PA3INIHBIMU
MOIUbUKAIMSIMA) MHOIUME aBTOPAMHU JJIsl MOJiesn Pa-
6u [7, 12, 18, 20]. B pesysibrare H0oJLy9eHbl pACIIEIIICH-
HbIE 110 CIIMHY TaMUJIBTOHUAHBI, YIOOHDIE JJIs aHAJII3a
KaK B CJIy4ae, KOrJ/ia JOMUHUPYET JIEKTPUIECKOE, TaK 1
MAarHUTHOE B3aUMOJEHCTBUE, U ITO3BOJIAIONINE UCCIIEI0-
BAaTh CHEKTPAJIbHBIE CBOMICTBA raMUJIBTOHUAHA [IPU CJIa-
601l U CHJIbHOM CBsI3M KyOHTa C PE30HATOPOM.

YucsieHHbIE SKCIEPUMEHTHI [TOKA3bIBAIOT, YTO Jei-
CTBYIOIIME B 9TUX MOJIIPOCTPAHCTBAX I'aAMUJIBTOHUAHBI
00JIATAIOT CJIOXKHBIM IIOBEJIEHUEM, IOITOMY JJIsi aHa-
JIN3a CIIEKTPAJILHBIX CBOMCTB I1€1eC000PA3HO UCII0JIb30-
BaTh CTATHCTHICCKUIT moxoz [21-25].

B Teopun xaoca B KitaccnaecKux HEMHTETPUPYEMBIX
cucTeMax HarJISIHbIE IPE/ICTABJIEHNs] O BOSHIKHOBEHUN
Xa0TUIeCKUX obJiacTeil B (pa30BOM IIPOCTPAHCTBE JIaeT
orobpazkenue Ilyankape [26]. B xkBanTOBBIX cucremax
AHAJIOTUYHYIO POJIb Urpaer “kKBaHToBas naytuna’ [27],
KOTOpYI0 MbI noctpomsu it AMP. Mbr o6HapyRuim
KOPPEJISIIIUI0 MeXKJIy MMOBEJIeHNEM KBaHTOBBIN &y THHBI
U TOBEJIEHUEM JIJINHBI JIOKAJIU3AINN THOPUIN30BAHHBIX
dOTOH-KYOUTHBIX MO/I B 3aBUCHMOCTH OT KOHCTAHT CBsI-
31, YTO CBHJIETEJIbCTBYET O CBA3U PA3PYIIEHHUS COXPa-
HAIOIIErocs HHTerpasa (0600IIEeHHON YeTHOCTH) ¢ Iepe-
CTPOIKOIT BOJIHOBOI (DYHKIIHH.

Mpr BbIMmCIMIN TakkKe (PYHKIUIO pacIpeiesieHus
MEKYPOBHEBBIX PACCTOSIHUIL, KOTOPasi OOBIYHO UCIIOJIb-
3yercsd Jid JUArHOCTHKHM KBAaHTOBOIO Xaoca [21, 24,
25, 28, 29]. B reopunm KBaHTOBOIO XaocCa yCTAHOBJIE-
HA CBsI3b CUMMETPHM aMUJILTOHHUAHA CO CTATUCTUKOIM
ypoBHeil. HTOOBI 00bACHUTD TEPEXO OT ITyaCCOHOBCKOM
CTATUCTUKHA K BUTHEPOBCKO, PACCMATPUBAIOT JIEHTOY-
Hble MaTpunbl (b-marpurpl). MeHsist MUPUHY JIEHTHI, b,
MOXKHO HAOJIIO/IATh MEPEXO OT IIYACCOHOBCKOI CTATH-
cTuKE (BOJIHOBast (DYHKIUS COCTOSHMI JIOKAJIN30BaHA)
K BHUIHEDPOBCKOi crarucTuku (BOJHOBas (DbYHKIHUS Jie-
JIOKaIM30BaHa). ITOGBI BOCIIOIB30BATHCS ITUM IMOJXO-
oM st AMP mogienu, tie mumpuHa mo0ckl hUKCHpo-
BaHA, & JUATOHAJILHBIE JJIEMEHTHI CUJIBHO MEHSIOTCH B
3aBUCUMOCTH OT HOMEPa, MBI COBEPIIAEM JIOITOJTHATEIb-
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HOE KOPEePEHTHOE Mpeobpa30BaHUe, KOTOPOE MO3BOJIS-
€T TEePECTPOUTDH “HyJIeBO€~ TPUOJIUKEHNE, CBOCOOPA3HO
SKPAHUPYIOIEe 3HAKOIEPEMEHHbIE JIUarOHAJbHBIE JjIe-
MEHTBI MaTpuipl. [lokazaHo, 9To ¢ pPOCTOM KOHCTAHT
CBSI3U ITPOUCXO/IUT YBEJUICHUE CTEIIeHU PA3BETBJIEHHO-
CTH MATPHUIIBI U U3MEHEHUE CTATUCTUKY MATPUIHBIX DJIe-
MeHTOB. B 3TOM Gaszuce marpuna AMP npespamaercs
B JIPEBOBUJIHYIO MATPHILY, ¥ KOTOPOi MJIOTHOCTH yPOB-
Hell pacTer ¢ pOCTOM HOMEPA U UMEET KOHEUHOE CPeJIHee
paccrosinue, a MeXKypPOBHEBbIE PACCTOsIHUSI PACIIpeIesie-
HbI B KOHEYHOM HHTEPBAJIE.

2. AanzoTponHas Mmoaejb Pabu u ee rnpeieiib-
Hble aHaoru. OObIYHO B 3JIEKTPOJUHAMUKE KBaHTO-
BBIX merneil (circuit QED) st peanmsanyum cxeMbl CUIn-
TBHIBAHUS UCIOJIB3YeTCsI EMKOCTHAS CBsI3b KyOuTa C pe-
sonaropoM [1, 2]. Panee B KBaHTOBOII ONITHKE Tak»Ke 00-
CYKIIQJIACh JIUIIOJIbHAS CBA3b aroMa (KBAHTOBAs JJIEK-
TPOJMHAMUKA ONTHYECKOl sdeiiku, cavity QED), ko-
TOpasi COOTBETCTBYET M30TPONHON Mojenun Pabu [3-5].
O06061eHre MeXaHU3Ma, CBSI3U MOYKET OBITH JIETKO pe-
AJIM30BAHO C MOMOIIBIO CXEMbI, B KOTOPOI BMECTO €M-
kocTu ucnosbsyercst LC-kouTyp [7, 14]. B stom ciy-
4ae JIIsl OIUCAHUS CBSI3U KyOUTa C PE30HATOPOM MOXKET
ObITh chopMysmpoBaHa 0000IIeHHAsT MO b Pabu, ra-
MUIJIBTOHMAH KOTOPOIl B cucreme eaunull ¢ i = 1 umeer
BT

w )
Hap = wala+ ?qonrge(aTJra)om+zgm(afaT)oy, (1)

rae al u a — onmeparopsr poxkaenus u ynmaTokenus ¢o-
TOHOB; 0, 0 0y — Marpuipl Ilaynu. Bomucanmsie cia-
raeMble UMEIOT SCHBIH (DU3NIeCKUil CMBICII: IIEPBOE OIIU-
cbBaeT (DOTOHHYIO MOJy Pe30HATOpa, BTOPOe — KyOWuT,
a J[Ba HOCJEJHUX OTBEYAOT 33 JIEKTPO-IUIIOJLHOE U
MArHATO-JIAIIOJIbHOE B3aUMOAEHCTBUS;, Ge U G, — KOH-
CTaHTHI CBA3W. B KBAHTOBOW OIITUKE IOC/IEIHHUE CJia-
raeMble COOTBETCTBOBAJIA Obl B3AUMOJCHCTBHUIO MEXKILY
ssteKTpudeckuM 1oJsieM u aunosieM (tuna d - E ) u mar-
HUTHBIM 110JIEM U MATHUTHBIM MOMeHTOM (Tuma p - H).

Hac 6ynyT mHTEpecoBaTh IIOBEJIEHNE CHCTEMBI B 3a-
BUCUMOCTH OT COOTHOIIEHUsI KOHCTAHT CBA3U (e U Gm
(BBIpazKEHHBIX B €IMHMIAX W ) IPU OJIM3KUX HYACTO-
Tax KyOuTa wy u pesoHaropa w. OTMETHM, ITO yHUTAP-
HBIM [Pe0OPA30BAHMEM B IICEBJOCIHMHOBOM IIPOCTDPAH-
CTBE BCErjla MOXKHO M3MEHHUTD 3HAKU KOHCTAHT CBA3€il,
[O3TOMY MOXKHO OTPAHUYUTBCS PACCMOTPEHUEM TOJIb-
Ko obnactu g > 0 u g, > 0 B mpocTpaHCTBe Tapa-
MerpoB. OTMEHUM TaKKe, 4TO IIyTeM IIOBOPOTA B IICEB-
JIOCIIMHOBOM IIPOCTPAHCTBE MOYKHO HOJIY9IHUTD JIyaJIbHOE
pPEJICTABJICHAE, B KOTOPOM (e U n, B FAMUJIBTOHHAHE
(1) MeHAIOTCS MeCTaMH.

IIpu gc = gm = 0 ramumibronunan (1) muaronasen
B Gasuce | n) ® | o), rue | n) — dokosckuii BeKTOp, &

9*
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| o) — cobeTBEHHBII BEKTOD IICEBIIOCIIMHOBOIO OIIEPATOPA

Wq
0. lIpu 3TOM cobcTBennble 3HAYCHUS K, ;, = wn + S0
[IPEJICTABJISIOT COOOM JBE CEPUH IKBUIUCTAHTHBIX yPOB-
meit (wn, npun =0,1,2...), caBuHYTHIX HA wn. Bax-
HO€ CBOICTBO aHU30TPOIIHOM MOJICJIA IIPOABJISAETCS IIPU
Je = gm = g/2, xorga BMecto (1) nmeem:

Hap— > Hjc =wa'a + %Uz +g(a'o_ +aoy), (2)

rae o+ = (0, £i0y)/2 .

Jauupblit ciydaflt TOYHO COOTBETCTBYET MOJIETH
Ixettnca—KaMMuHrca, Koropasi siBJISIETCS OJHOCTHIO
UHTErpUPyeMOil. ITO OTPAXKAETCA U B TOM (paKTe, 9dTO
C TAaMUJIBTOHHAHOM (2) KOMMYTHPYET OJHOIIApAMETPH-
veckuii oneparop I1(0) = exp (i0C/w), rue

C’:w(%—i—cﬂa), (3)

0 < 0 < 27, 9yrO O3HAYAET HAJIMYKE HEIIPEPBIBHON I'PyII-
ubl cumMerpud. HerpyiHo nokasarh, 4ro cuekrp (2) co-
crouT u3 cepuu “mybdsieTon’:

e =w(n+1/2) % 3/, 0P + 42+ 1) (@)
¥ HU3IIETO HEBBIPOXKIEHHOrO yposHs: F i o = 2 [4].

HanomuuM KpaTKo, 9TO MPOUCKXOJUT C YBEJIUICHU-
€M KOHCTAHTBI CBsi3W KyOuTa ¢ mojieM B Mojenu Pa-
6u, Korja Mmozensb Jlxkeiinca—KamMMuHICca He TpUMeHH-
Ma. B srom ciaydae B 3 dHeKTUBHOM raMUIbTOHHAHE
HEOOXOMMO YUUTBIBATH KOHTP-BPAIATE/bHBIE Cjlarae-
Mble, KOTOPBIE OTBETCTBEHHBI 3a Takue 3(hPeKThI, KaK
caur dacrorsl bioxa-3urepra [7] mwim guHAMEYECKUI
acbdekr JIamba [30, 31].

B obmem ciaydae (ge # Gm) € AHU30TPOIHBLIM
raMusIbTOHUAHOM (1) KOMMYTHDPYeT TOJIBKO OIepaTop
KOMOMHUPOBAHHON Y€THOCTH

II(7) = exp (inC/w) = exp (igaz)R, (5)
rie T
R=(-1)** = cos(ra'a). (6)

O6o61as meroz, [19], coBepimumM yHUTApHOE MPE0bpazo-
BaHUe

Har =S, 'HarS. (7)

C OIIEpaTOPOM ‘“IEKTPUUIECKOTO” TOBOPOTa S, = %((1 —
— R)o, —i(1 + R)oy,), n03BoJIsIOEe SIBHO PACIIENUTD
cocrostaust Har Ha IBa OPTOrOHAJBHBIX O TE€THOCTH
[IOJIITPOCTPAHCTBA

“q

Heap = wafa+ g.(a' +a) =0 (5

+ gm(a’ — a)) R.
(8)

AHaI0rMIHO MOXKHO HCIIOJIBL30BATH “MArHUTHBIN IIOBO-
pOT, OIpeIeIsseMblii S, = % (144i0)Se, KOTODBII TIpH-
BOJIUAT K BHIPAXKCHUIO

Hmyp = wala— igm(aT —a)—o, (% + ge(aT + a)) R.
9)
W3 nosry4yeHHBIX BBIpayKeHWI BUIHO, YTO B IICEBIOCIIH-
HOBOM 0Oasmce | ¢) omeparop raMIIbBTOHHAHA AHU30-
TpomHoit Mojiesin Pabu umeer GounbIil Bujg. B To Xe
BpeMs, KaxKpili 0JI0K B (POKOBCKOM 0a3mce COIEPKUT
HEINATOHAJIHHBIE IJIEMEHTBI, MPUIEM OTHOCUTEIbHBIH
BKJIAJI 9TUX JIEMEHTOB OIIPEJIEIISETCS TapaMeTPaMU (e
A G
Orpasumgmmcst 0IPOOHBIM aHAJIM30M TAMUJIBTOHUA-
HA I10CsIe “9JIeKTpUIecKoro”’ moBopora. B HoBoM Oasmce
oneparop C' puHUMAaET BUT,

C=w ( R;TZ + aTa> , (10)

a €ro JuaroHaJIbHbIE 3JIEMEHThI C OIIpeae/IAI0TCA BbIpa-
2KEHHUEM:

Ch

(n|C|n>w<#o+n>. (11)

Kaxk Busmo, onepatop (10) kommyTupyer ¢ H A TOTbKO
UPU Je = gm = ¢/2, 9TO COOTBETCTBYET CJLydaio Helpe-
pbiBHOII cuMmmerpuu B mojesn Jlxeitnca—Kamvunrea,
KOIJIa CIEKTP CBOJUTCH K Jybseram. Ecian ke ge # Gm,
TO Oy/IeT TPOUCXOIUTD MMEPEMENTUBAHNE COCTOSTHUN Ta-
MUJIbTOHUAHA (8), CBsA3aHHOE ¢ “paspyiieHnem’ JOIO0JI-
HUTEJIbHOIO MHTerpaJja JprKeHusi. OrcyrcrBue obIe-
ro 6asmca y raMUJIbTOHIAHA aHU30TPOIHOM Moeau Pa-
6u Hyp u C' 1aer HAIVISAHYIO KAPTHHY CJIOXKHOTO II0-
BesieHust cucreMbl. s ciaydast ge = gm = ¢/2 co-
[VIACHO AHAJUTHIECKOMY DeIleHuo Jis (4) Bce cocTosi-
HUsI JIOKAJIM30BAHBI B “(DOKOBCKHUX y3JIaX C IHEPIUSIMU
E, = Ei,a-

VHBIME CJIOBAME, HAJIMYIE KOMMYTUPYIOmmero ¢ H g
oneparopa C CBHIETEILCTBYET O PETYIAPHOM IHOBE/Ie-
HUU CUCTEMBbI, 8 €r0 pa3pyllieHne YKa3bIBAeT Ha 3apOXK-
nenne xaoca. Takoe oBenenue OyeT Mo apoOHE TPOnJI-
JIIOCTPUPOBAHO B CJIEAYIONIEM pa3Jiesie IyTeM IT0CTPoe-
HUsI KBAHTOBOH nayTussl [27].

3. KBanToBas nmayTuHa U JJIMHA JIOKAJIU3AIUN.
B kitaccudeckoil Teopun xaoca, HAIIpUMED, [IPU aHAJIU-
3e Momesin XeHOHa—Xeiyica, IepBbIM IIArOM IIPU OCY-
IIECTBJICHUN JUATHOCTUKY Xa0Ca SIBJISIETCS [TOCTPOEHUE
orobpaxkenus [lyankape. B sTom citydae MOXKHO BUjieTh
KaK IPY U3MEHEHUH [TapaMeTpa HeJIMHEHHOCTH HeyCTOH-
YUBbIE TPAEKTOPUHU (CEHapATPUCHI) IIOKPBIBAIOTCS CTO-
XaCTUIeCKUM cjioeM [26].
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Msb1 mpomw/utIOCTpEPYEM IMOIOOHOE TOBEICHUE IIy-
TeM TOCTPOeHneM “KBaHTOBOI maytusbl’ [27], u306pa-
2Kasi TPAeKTOPUIO WJIM CEeTKY COOCTBEHHBIX 3HAYEHUIl B
IJTOCKOCTH (CHeKTp ramuibronuana Hag, crekrp C).
CMBICT TOCTPOEHUs] KBAHTOBOM MAyTUHBI Pa3bsaCHIETCS
B pabote Ilepeca [27], a IpuMepBl UCHOIB30BAHUS IS
CIIMHOBBIX CHCTEM MOKHO HaiT B [32].

OueBUIHO, YTO TOYKH HA [JIOCKOCTH, OTPEJIeITeMble
(Cn, Ey,) 1ipu u3MeHeHne HOMEpa N — JIUCKPeTHBIE “Tpa-
eKTopun’ B UHTEIPUPYEMOM CJIy4ae, IIPUA Je = Gy, JIO-
JKaTCs Ha 3HadYeHus, oupeaensemsle (11) u (4) B Mmozesn
Ixeitnca—KaMMuHrca, TOTIa KaK HAPYIIEHHE CHMMET-
pUU [IPUBEIET K IEePEMEIIMBAHUIO COCTOSHUM, T.e. Jie-
Jokaym3anuu. Kak u B Teopun aHJIepCOHOBCKOI JIOKa-
JIN3AIUH, TIOJIE3HYI0 WHMOPMAIAIO O PACIPOCTPAHEHUN
BOJIHOBO# (DYHKIMH 110 6a3MCHBIM (DOKOBCKUM “y3j1am’
naer Inverse Parti-cipation Ratio (IPR), nim o6parHast
K Hell BeJIMYNHA — JJINHA JIOKAJIM3AINN, KOTOPYIO OIpe-
e Kak L, = (32 (¢ (5)]*) ™", nae 1, (§) — cobernen-
HbIil BeKTOD (8). VIHTEpECHO yCTAHOBUTBH CBSI3b MEXKILY
[OBEJIEHUEM JIJIMHBI JIOKAJU3AIMA U CTPYKTYPOR KBaH-
TOBOU IIay TUHBI.

Pesynbrarsl uncsiennbix pacueros cerok (Cy,, E,) u
(In, Ep) upu duxkcupoanHoM 3HaueHun g, = 0.5 u npu
JIBYX 3HAYEHUSX MATHUTHOW KOHCTAHTBI CBSI3U MPEJI-
craBjieHbl Ha puc. 1. 3mech U najiee KOHCTAHTHI CBI3H
Je U gy, U3MEPSIIOCS B €JIMHUIIAX W, & 9acToTa Kybura
wg = 1.1, 4TO COOTBETCTBYET PE30HAHCHOMY B3anMO 1€l
CTBUIO.

Kak Bugno u3 puc. 1, upu g, = ¢, = 0.5 TpaekTo-
pun Ha puc. (c1) mapaMerpuuecKn 3aBHCST OT HOMEDPA
u caeayror oipaxkenusm (4) u (11). Ouesnzno, uTo B
TOM CJIy9ae COCTOSIHUsI JIOKAJIM30BaHbI Ha y3Jyax. [lpu
ge = 0.5,9,, = 0.15 m npum 3aj]aHHOM HOMEPE MBI UC-
[I0JIb3yeM YUCJIEHHBbIE 3HAYEHUsI JIJIsi COOCTBEHHBIX 3Ha-
YeHuii 1 cOOCTBEHHBIX BeKTOPOB MaTpuupl (8) E, u C),
coracuo (11), koropble Jajee uzobpazxKaeM Ha PUCYH-
ke puc.1(c2). B aroM ciryuae HabJIHOAeTCs CepHsl Tie-
pecedennii Tpaektopuit. Hampumep, crpeskaMu nmokasa-
HO mepecedenne Tpaekropuit mpu n = 54. Kak Bummo,
[IPU TaKUX [IepeCeYeHIX WA COJIMAKEHUSIX TPAEKTOPUI
JUINHA JIOKAJIU3AIUHA CUJIBHO BO3PACTAET.

Bosee obmas curyanusi nzobpaxkeHa Ha puc. 2,
[Jle BBITOJHEHO YHCJIEHHOE MOJEIUPOBAHNE TPACKTO-
puit (Cn,En) u (I, E,) upn bukcupoBaHHOM 3Hade-
HUU ¢ = 1.25 W Opu U3MEHeHWH ¢,,. Ha pucys-
ke 2(cl),(I1): gm = 0.05; Ha puc.2(c2),(2): gm =
= 0.15; ma puc. 2 (¢3), (13): gm = 0.25. Pazmep MaTpuis!
N x N = 3000 x 3000 (mst HAIVISHOCTH MPUBEIEHBI
nanuble 1y nepsbix 500 yposueit). B sTom ciaygae ¢
POCTOM ¢, HAOJIIOAETCSI IEPECeIEHHE Y3JIOB CETKU TPa-
exropuit (Cy,, E,). Ilpn jnajbHeleM yBeJuueHun ¢,

ITucbma B 2KOTP Tom 120 BRm.3-4 2024

100 R
80F (c1) PR
60} e _
40} P ]
20p ]

20 40 60 80 100

15p (/1) 1

100 : : : —
80F (c2) IR

20 40 60 80 100
20 " . : .

150 (12) l :

20 40 60 80 100

Puc. 1. Yucnennoe mogenuposanue tpaekropuit (Cr, Fy)
u (In, En).

ge = gm = 0.5, Korga BBITOJHEHO TOYHO MPUOJIKE-

Pucynok 1 (cl), (I1) coorBecTByeTr cirydaio

nue [Ixeifinca—Kammunrca. Pucyrok 1 (¢2), (12) coorser-
CTBYET C/IyYal0 pa3pylIeHUs] WHTErpaJia JBUXKEHUS IIPU
ge = 0.5,gm = 0.15. Crpesiku MOKa3bIBAIOT COJIUIKEHUE
TpaeKTOpHil Ipu n = 54, Korjia JJIMHA JOKAJIU3AIINH CUJIb-
HO Bo3pacraeT. Pasmep marpuist N X N = 3000 x 3000
(U1 HATVIAAHOCTY TPUBEIEHBI JAHHBbIE [y 1epBbix 100
YPOBHEHA ).

IIPOUCXOIUT 3AII0JTHEHUE ITPOMEXKYTKA MEXK/JLY KPUBBIMU
OIIpeJIeJIEHHOM JeTHOCTH — (POPMUPOBAHUE MAYTHHBI U
HOsBJICHUE IIMKOB JIMHBL JioKasu3anuu (1,,, £,) Ha srux
yaacTkax. [IoCKOIbKY B IPOMEXKYTKAX MEXKJy IIepece-
YEeHUSMU YBEJIUIUBACTCS INUCJIO JIOCTYITHBIX (POKOBCKUX
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Y3JIOB, TO JIJIMHA JIOKAJIU3AIUHA PE3KO BO3PACTAET: PHC. 2
(1), (12),(13), 9T0 03HAYAET BOSHUKHOBEHNE TYHHEJIUPO-
BaHUST MEXKJIy COCTOSTHUSIMU Ha OIpe/IeIeHHBIX IPYIIIax
y3i0B. C JaJbHEHNIM POCTOM MATHUTHON KOHCTAHTDI
cBsA3HM (POPMUPYETCA KBAHTOBASA IIay THHA, & JIJIAHA, JJOKA-
JIM3AIN HAYMHAET HOCUTH KBA3HCIydailHBbIX XapaKTep.

400F (c1)
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O 200
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g
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4001 (c3) P
300 i
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© 200 el
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100 g

Puc.2. (Lernoit ommaiin) YuciieHHOE MOIEIMPOBAHUE
tpaekropuit (Crn,En) u (ln, EFn) UpU U3MEHEHUH ¢,
npu GUKCHpOBAHHOM 3HadeHnu ¢g. = 1.25. Pucy-
HOK 2 (c1), (11): gm = 0.05; puc.2(c2), (12): gm = 0.15;
puc. 2 (¢3), (13): gm = 0.25. Pasmep marpunpt N X N =
= 3000 x 3000 (151 HATVISIIHOCTH IIPUBE/EHBI JAHHbIE J1JIsI
400 nepBbIX ypOBHeii)

Taxum 00pazoM, pas3pyleHne HHTErPAJIA, JIBUKEHUST
COLIPOBOXKJIACTCA JEJIOKAJU3AUECH COCTOAHUN, IpUdeM
JUINHA JIOKAJIN3AINN PACIPOCTPAHSIETCS Ha KOHETHOE
YUCJIO Y3JI0B, 3aBUCINEE OT KOHCTAHT CBSI3H.

4. CraTuctuka ypoBHeii. I 1es anaiusa cuekrpa
aHOMaJIbHO YyBCTBUTEJIbHBIX KBAHTOBBIX CHCTEM BOCXO-
mut K paboram Burnepa [22] u Jlangay u Cmopoaun-
CKOro [23]|, B KOTOPBIX BIEPBBIE IIPEJJIOKEHO MPUME-
HUTH CTATUCTUYECKUI IOJIXO0 JJjis aHAJII3a BO30YKIe-
HUI B si/[paX, UHTEPECYsiCb HE CBOWCTBAMU WHIUBUIY-
aJIbHOM MATPHUIIBI TAMUJIBTOHAAHA, 8 PACCMATPUBAS Ta-
KM MaTPUIBI KaK [IPEJICTaBUTEIbHUIBI aHCcaMOJIeit (0p-
TOrOHAJIBHOIO, YHUTAPHOI'O U T.JI.) CJIyYalHbIX MATDUIIL.
Baxuy1o posib B TeOpHE KBAHTOBOI'O Xa0Ca UTPAET TUTIO-
Te3a, BeICKa3aHHasi B padore [29] (the BGS-conjecture),
COTJIACHO KOTOPO# (QJIyKTyalus yPOBHEH OMpeaeseTcs
CUMMETPHUITHBIME CBOWCTBAMH raMuIbToHHaHA. [Ipmme-
HeHUe 3TUX ujeil K anaausy cuekrpa AMP Tpebyer 1o-
[TOJTHUTEJIbHBIX UCCJIEI0BAHUIA.

Kak ormeuamocs Bo Beemenum, mis momenn Pabwu
bYHKIUST paclpejie/ieHus] MeKyPOBHEBBIX PaCCTOSTHUMN
BBIUHC/IANACH B paborax [17, 18] (st MaTpui He60Ib-
HIOr0 pa3Mepa I HEeCKOJIbKUX 3HaveHuii g.). O6uuii
BBIBOJI, [IOJTyUeHHbI B padorax [17, 18], cocrout B TOM,
4TO (DyHKIUS pacipejieleHns] He COOTBETCTBYET HU pac-
npenesnennto [lyaccona, au pacupenesenuio Buraepa.

st AMP ¢dyskiust pacrpefieieHust MexKypOBHe-
BbIX paccrosiuuit P(s), rue s = (Ej11 — Ej)/<E;>, a
<F;> — cpefiHee pacCTOAHNE MKy yPOBHSMH, IIPHBe-
JieHa Ha puc. 3. Kak BUIHO, IPOMEKYTKIA MEXKLY yYPOB-
HsIMA COCPEJIOTOYEHBbI B KOHEYHOM IIPOMEXKYTKE, UTO
TaK)Ke YKA3bIBAET HA OCOOBIM KJIACC KBA3UCJLYJailHBIX
MaTPHII.

Cremuduka paccMaTpuBaeMOil MOJEJN COCTOUT B
TOM, 9TO NPH e = ¢y = 0 paccTosinme MeXKIy IHArO-
HAJIbHBIMU 3JIEMEeHTaMU (YPOBHSIMU) OIPEEJISIeTCs] Bbl-
paskerneMm AE,, = Hy 111 — Hpp = owg(—1)" + w.
Kak Bummo, 3mech “Ca0:KHOCTL’ AUATOHAJIBLHON MaT-
PHUIIBI OOYCJIOBJIEHA 3HAKOIIEPEMEHHBIMU 3JIEMEHTaMU,
a “pacripeiesieHne” PacCTOSTHUI MeXKly YPOBHSIME He
COOTBETCTBYET IIyACCOBCKOMY, ITO9TOMY HCIIOJIb30BAHIE
kpuTepust xaoca Beppu—PobHuka [28] st naHHON cu-
CcTeMbl 3aTPyaHUTEIbHO. JlaHHOE 06CTOSITeIbCTBO yKa-
3BIBAET HA TO, YTO HEOOXOIUMO IEPECTPOUTH “HyseBoe”
IpUOJ/IMKEHNE, BBIOJHUB JOMOJHUTEIBHOE YHUTAPHOE
peobpazoBanne, 3O@HEKTUBHO IKPAHUPYIOIIEE 3HAKO-
[IepeMEeHHbIE TUATOHAJIbHBIE SJIEMEHTHI MATPHUIIHL.

5. KorepentHsblii caBur # JApeBOBUIHBbIE
MaTpulbl. 3aMeTHUM, YTO IPH ¢, = 0 U KaxKJOoM
ceKTope 0 = £ rammibToHHAH (8) mpejcTaBisieT coboil
CHJIBHO AQHTaPMOHUYECKHUI OCHUJIIATOD, HEJINHEHHOCTH
KOTOPOI'O BBIPaXKaeTcss OECKOHEYHBIM PsiIOM Pa3Jio-

TTucema B 2K9TO
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Puc. 3. (IserHoit onnaitn) @yHKIUsA PACIPEIETCHAT MEK-
YPOBHEBBIX paccrosiuuii P(s) npu puKCMpoBaHHOM 3HAUE-
HUU e = 1.25 ¥ M3MEHEHNN MAarHUTHON KOHCTAHTHI CBA3U:
(a) = gm = 0.0; (b) — gm = 0.025 u (c) — gm = 0.05.
Pazmep marpunsr N x N = 5600 x 5600

xermns R = cos(ma’a) mo cremenmsm omepatopa wmcen
sanosHennst. CoBepimM KorepeHTHbI caur D(ae) =
= exp(—ae(a’ —a)), Koropeiii TmO3BOMAET yCTpAHUTD
cnaraemoe ge(a’ +a), orercTBemmoe 3a cmemenme
NEHTPa KOJIEOAHWH OCHWILIATOPA MO  KOODIMHATE
x~ (al +a)):

2

; 9

H® = wala — 2¢ — auﬁR(ae), (12)

2
e R(ae) = D(—ae)RD(a) = cos(m(al +ae)(a+a)),
e = —¢ge/w. Marpuanslie s1eMeHTsl R(() BBIYNCIIS-

IOTCd COTJIaCHO

[e.°]

R(ae) - ZD(ae)nb,l(_l)lD(ae)l,na (13)

=0

~

T7le JIEMEHTHI MATPUIBI KOTEPEHTHOTO C/IBUTA OIpe/ie-
JstroTest u3BecTHOH dbopmystoit sunrepa [33]:
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\/%e_meﬁﬂaén—nl/m—n(lae|2), m > n,
\/%efme\2/2a27an7m(|O¢e|2)an <m,

riae L™ (z) — npucoeuHeHHble oanHOMBL Jlarrepa. ITo-
CJie KOPePEHTHOI'O CIBUTa, Kak 3T0 BuiHO u3 (6), Xapak-

D(ae)m,n ==

TEPHOE PACCTOSHUE MEXK/Iy JIUaroHAJbHBIMH dJIEMEHTA-
MH HEBO3MYIIEHHON MaTpPHUIbI PaBHO:

_ w

e _ q
AHn,n = _UE(RH+1JL+1(O‘€) — Ry ) +w. (14)
B ToMm ke ciydae, Korja JeicTBYyeT TaK»Ke MarHUTO-
JIMTIOJILHOE B3aUMOJIeiCTBIE, YI0OHO COBEPIIUTD JOITOJI-

HHUTEIHHOE KOTEPEHTHOE IPe0Opa30BaHIe
D(am) = exp(O‘ma]L - O‘;:za)v (15)

QU = —igm /W, O3BOJILIONIEE OCYIIECTBUTH IPe00Pa30-
BaHWE CJIBUTA, TPUBOJIIIEE K CMENEHUIO OCIUIIIIATOPA
o uMmIyabcy. [IpuBeneHHbIe COOOPAYKEHUST YKA3BIBAIOT
HA TOJIE3HOCTH OJIHOBPEMEHHOTO KOT€PEHTHOTO IIPeod-
pa30BaHMUs IO KOOPJAMHATE U UMITYJIbCY, KOTOPOE MOYKHO
3aIncaTh B BUJIE:

f[em = Dil(am + Oze)HARD(Oée + anb)a (16)

r7e Mbl KCIIOJIb30BAJIM XOPOIIO WM3BECTHYIO (DOPMYJLY
YMHOXKEHUsI JJIsi OIIepaTOPOB KOI'ePEeHTHBIX IIpeobpaso-
Bauuit. CMBICIT TPOJIETIAHHO IPOIIELy PBI COCTOUT B TOM,
9TO TPU TAKUX MPeoOpPa30BAHUIX MMPOUCXOIAT CBOECOO-
pasHasi KpaHUPOBKA JHAIOHAJBHBIX 3JIEMEHTOB MaT-
PHUIIBI AHN30TPOITHON MOJIEJIN U U3MEHEHNE MATPUIHBIX
sstlemenToB. Marpuunbie ssiementsl (15) Gbliu paccauTa-
HBI ¢ ygeToM ¢opmyJibl [IIBuHrepa n BU3yaJm3upoBaHbl
Ha puc.4. Ormerum, 9ro upu g, = 0 (Momens Pabu)
marpuna (8) yxKe uMeer pa3BeTBJIEHHYIO JDEBOBUIHYIO
cTpykTypy [34]. @yHKIMs pacipeiesieHus UaroHa b-
HBIX 3JIEMEHTOB ‘9KPaHUPOBAHHONW MAaTPUILI 3aMETHO
OTJIMYIAETCs KAK OT IIyaCCOHOBCKOIl, TAK U OT BUTHEPOB-
ckoii. Pacdersl moKasbiBatoT, 94TO Ipu (PUKCUPOBAHHOMN
e C POCTOM KOHCTAHTBI CBSI3U ¢y, K MCXOIHON MaTPUIIE
Pabu npubasssroTcss Bce HOBBIE BETBU, & CAMU HEIUATO-
HAJIbHBIE JIEMEHTHI BO3PACTAIOT [IPU YIAJEHAN OT JIAA-
roHaJjiu. PocT KOHCTaHT CBSI3M IPUBOJUT K 3(PPEKTUBHO-
My BKJIIOYEHUIO JIOTIOJHUTEBHBIX BeTBel mepeBa. [lpu
9TOM IIPOUCXOAUT CABUT YPOBHEN BJICBO IO OCH SHEPruit
U JIOKaJIbHOMY M3MEHEHUIO ILJIOTHOCTU ypOBHeii. BmecTe
C TeM, HECMOTPsI HAa POCT HEJIUATrOHAJIBHBIX MATPUIHBIX
3JIEMEHTOB, INIOTHOCTh YPOBHEH B aHM30TPOITHON MOJIe-
Jin Pabu BBIXOUT HA (DUKCUPOBAHHBIH ITpeiest. Yucien-
HBIE PACYEThl U KAYeCTBEHHbIE PACCYKIEHHs, [T0J00HbIE
upuBeeHHbIM B [35, 36] /i pas3/InuHbIX TUIOB MATPUIIL,
CBHJIETEILCTBYIOT O CYIIECTBOBAHUU KOHEYHOTO IIpee-
Jia, JijIsl IJIOTHOCTH cocTosinuii. Kpome Toro, jjist mjior-
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Puc. 4. (ILIsernoii onnaiin) Busyasnsanusi MaTpuIbl aHu-
3oTponHoit Momenu Pabu mpu HUKCHPOBAHHOM 3HAYECHUU
ge = 1.25 u g = 0.15. lIBer mokasbiBaeT abCOJIIOTHYIO
BEJIMYUHY COOTBETCTBYIOMIEIO MATPUIHOIO SJIEMEHTA

HOCTU COCTOSTHUN yaaeTcsi chOPMYINPOBATH PEKYPPEHT-
Hble ypaBHeHus st pyHKinu ['prHa, KOTOPbIE CXOIAT-
sl K OIpeJieJIeHHOMY TipeJienty [36] ¢ poctoMm pazmepHO-
CTH MATPUIIBIL.
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Puc. 5. (Lsernoii omaitn) Pe3yiabrarbl 4UCI€HHBIX pac-
YETOB IJIOTHOCTU COCTOAHUN JJIsl 3HAYEHUU e = 1.25 m
gm = 0.25. ¥Yposuu npexacrasiens! B uarepsase (— 10, 250)
npu nosiHoi pazMepHocTy Marpuisl 5000 x 5000

Bwmecre ¢ Tem mimoraocTh cocrosiauit B AMP yerpo-
€Ha JIOCTATOYHO HPOCTO (CM. PHC. 5): YPOBHH 3aHUMAIOT
IIOJIYIIPOCTPAHCTBO M XapaKTePU3YIOTCS CPEJIHUM pac-
CTOSTHHEM MeXKTy nukamu. Kak cjemyer m3 mpoBeeH-
HBIX PAacYeToB, JJIs JAHHOW MOJEJN IIPOCIEKUBAECTCS
CBA3b C MATPUIIAMU JIPEBOBU/IHOI CTPYKTYPHI MJIA MaT-
PHUIIAMA OCHUJIIATOPHOTO THUIIA C IJIOTHOU CTPYKTYPO#
ypoBHEil (THUIIA DPACHpeeIeHrsT TPOMEXKYTKOB MEXK Ly
“mmekosrgamMu craporo 3abopa’).

6. BroiBompbl. AnumsorponHas Mozeab Pabu
onuckiBaer OoJjiee OOIUil ClleHApUil B3auMOJIEHCTBUS
Kybura ¢ pe3oHATOpoM. MBI IPOIEMOHCTPUPOBAJIN
TpoIlecC pa3pylIeHnusl WHTerpaJja JIBUKEHUs, COXpa-

gm)-
O6GHapy:keHa KOPpeJIslidsi B IIOBEJIEHUU JJIMHBI JIOKa-

HSIOMIErOCd B CHMMETPUYHOM ciydae (ge =

JIM3AIMN U KBAHTOBOW MAYTHUHBI OT HOMEPA yPOBHS:
npu COJIMKEHUU HUTOK MMAYTHHBI MTPOUCXOTUT (HOop-
MHUPOBaHHUE TPYII YPOBHEH, Ha KOTOPBIX IPOUCXOIUT
BO3pACTaHUE JJIMHBI JIOKAJU3AINN, 9YTO CBUJIETEb-
cTByer 00 00pa30BaHWMU KAHAJIOB TYHHEIUPOBAHUS
MEKJIy IPYIIAMI COCTOSIHUAN, OTBEYAIONINX PA3JIATHBIM
3HAYEHUSIM DA3PYIIAIOIIErocss WHTErPaJia JIBUYKEHUSI.
W3 mpoBeneHHBIX PACUETOB CJIELYET, UTO CTPYKTypa
CIIEKTpa AHM30TPOIHON Mozenmn Pabu He ciemyer
YCTaHOBJIEHHON  1J1st
JIEHTOYHBIX MAaTPWIl, B KOTODPBIX HADIONAETCS Iepe-

CTaHJIAPTHON KJIACCH(DUKAIINAN,

X0J[ OT pacupenenenuns [lyaccona K pacrupeiesieHuio
Burnepa ¢ pocrom mHTerpasa ImepekpbiTus. Kak Mbl
BUAMM, 3TO obycyoBjaeno Tem, dro AMP cBomurcs
K MaTpullaM JpPEeBOBAOHOW CTPYKTYPBl C IIJIOTHOU
CTPYKTYpO#i ypOBHell (TUHIa pacrupejiesieHns IIpOMe-
JKYTKOB MeXKJy “IeKosmaMu craporo 3abopa’ [29]).
BaxXubiM BBIBOZOM MOXKHO CUYATATH OOHAPYKEHHYIO
CTabMIBLHOCTD CHCTEMBI [IPU PABHBIX KOHCTAHTAX CBS3H,
YTO IIO3BOJISIET PACIIUPUTH JUCIHEPCUOHHBIN MeTO.
M3MEpPEHUil COCTOSHUN KyOUTOB B PpEXKHME€ CHJIBHOM
cBs3u [15].

A.M. Caranun Becbma npusHarejed C.E. Kyparo-
By, B. B. ITorocosy u /1. C. ITanupo 3a moje3ubie 06Cy K-
IeHns IpodseMbl ¢j1aboro xaoca.

dunancupoBanue paborsl. VcciemoBanne ocy-
IECTBJICHO B paMkax lIporpaMmbl dyHIaMEHTAIBHBIX
ucciemoBanuii  HanmoHAJILHOTO — MCCIIEI0BATENHCKOTO
yHuBepcureTa “Briciias 1mkoja 5KOHOMUKH”

Kokt nHTEpEecoB. ABTODHI JIaHHON PabOTHI
3a$BJIAIOT, YTO Y HUX HET KOHMJIMKTA UHTEPECOB.
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