Zapiski nauqnyh seminarov POMI Tom 347, 2007 g.

P. P. Kulix, P. D. RØsiqenko

ALGEBRAIQESKI` ANZAC BETE DL˚ SEMIVERXINNO` MODELI

1. Vvedenie

Razvitie teorii toqno rexaemyh modeleæ i kvantovyæ metod obratnoæ zadaqi tesno svØzany s uravneniem ˚nga–Bakstera

R_{12}(λ − μ)R_{13}(λ)R_{23}(μ) = R_{23}(μ)R_{13}(λ)R_{12}(λ − μ). (1)

Rexenie dannogo uravneniØ (R-matrica) zadaet dinamiqesku¸ sistemu, issledovanie kotoroæ provoditsØ v ramkah kvantovogo metoda obratnoæ zadaqi [1, 2]. Nekotorye rexeniØ uravneniØ (1) svØzany s algebrami simmetrii, qto daet vozmoßnost~ klassificirovat~ R-matricy [3].

SpinovaØ cepoqka s R-matriceæ, otveqa¸weæ kvantovoæ superalgebre gl_q (1/1), byla izuqena v rabote [4]. �ta model~ otnositel~no prosta (model~ svobodnyh fermionov), qto pozvolØet provesti mnogie vyqisleniØ Øvno. Naprimer, dlØ statistiqeskoæ summy modeli na dvumernoæ rexetke s graniqnymi usloviØmi tipa domennoæ stenki bylo poluqeno Øvnoe vyraßenie. Otmetim, qto v sluqae XXX, XXZ magnetikov, ne ØvlØ¸wihsØ modelØmi svobodnyh fermionov, izvestny tol~ko determinantnye predstavleniØ dlØ statistiqeskoæ summy [2, 5].

Ispol~zuØ preobrazovanie tvista (“skruqivaniØ”) iz Rmatricy, rassmotrennoæ v [6], bylo poluqeno sledu¸wee rexenie uravneniØ (1) [8]:

R(λ) = sh(λ + η) 0 0 0 0 e^η sh λ e^{−λ} sh η 0 0 e^λ sh η e^{−η} sh λ 0 ξ sh λ 0 0 sh(η − λ) , (2)

gde ξ – parametr skruqivaniØ. Pri ξ = 0 poluqaetsØ ishodnaØ Rmatrica. Oqevidno, qto dinamiqeskie sistemy, zadavaemye ffti-

Rabota qastiqno podderßana grantom RFFI 06-01-00451. 178

ALGEBRAIQESKI` ANZAC BETE 179 mi dvumØ rexeniØmi uravneniØ (1), tesno svØzany drug s drugom. Odnako, naliqie sed~mogo nenulevogo fflementa v R-matrice (2) znaqitel~no usloßnØet situaci¸. V qastnosti, kak pokazano niße, algebra fflementov matricy monodromii imeet bolee sloßnu¸ strukturu po sravneni¸ s analogiqnoæ algebroæ v [6]. Poslednee obstoØtel~stvo v svo¸ oqered~ usloßnØet proceduru postroeniØ algebraiqeskogo anzaca Bete dlØ gamil~toniana sistemy, zadavaemoæ R-matriceæ (2).

Vvedenie dopolnitel~nogo operatora, ØvlØ¸wegosØ raznost~¸ dvuh fflementov na glavnoæ diagonali matricy monodromii, pozvolilo provesti polnost~¸ proceduru algebraiqeskogo anzaca i naæti sobstvennye sostoØniØ i spektr sistemy. �to ØvlØetsØ pervym xagom na puti sopostavleniØ sistem, zadavaemyh rassmatrivaemymi R-matricami.

2. Anzac Bete dlØ semiverxinnoæ modeli

Gamil~tonian, svØzannyæ s R-matriceæ (2), nahodit primenenie pri opisanii nestacionarnyh processov s nesohraneniem qastic [7, 8]. V svØzi s fftim predstavlØet interes zadaqa nahoßdeniØ sobstvennyh qisel i sostoØniæ dannogo gamil~toniana. V dannoæ qasti raboty sformulirovannaØ problema budet rexena v ramkah kvantovogo metoda obratnoæ zadaqi.

DlØ udobstva zapisi vvedem vspomogatel~nye operatory: σ^{up} = ( 1 0 0 0 ) , σ^{down} = ( 0 0 0 1 ) , togda L-operator sistemy imeet vid: Ln(λ) = _{sinh(λ + η)σupn + eη sinh λσdownn e}�_{λ sinh ησ}�_n e^λ sinh ησ^+_n + ξ sinh λσ�_n sinh(η � λ)σ^{down}_n + e�^η sinh λσ^{up}_n ! (3) Dalee stroim matricu monodromii T (λ):

T (λ) = L_N (λ) . . . L_1(λ) = ( A(λ) B(λ) C(λ) D(λ) ) . Tak kak matrica monodromii T (λ) spletaetsØ R-matriceæ (2),

180 P. P. KULIX, P. D. R˚SIQENKO to my prihodim k sledu¸weæ algebre:

A(λ)A(μ) = A(μ)A(λ) + ξ sinh(λ � μ) sinh(λ � μ + η) B(μ)B(λ), A(λ)B(μ) = sinh(η � λ + μ)

e�η_{sinh(μ} �_{λ)}^{B(μ)A(λ)} �^{sinh ηe} λ�μ e�η_{sinh(μ} �_{λ)}^{B(λ)A(μ),} A(λ)C(μ) = sinh(λ � μ + η) e^η sinh(λ � μ) C(μ)A(λ) � sinh ηe�(λ�μ) e^η sinh(λ � μ) C(λ)A(μ) + ξe�^ηD(μ)B(λ), [A(λ), D(μ)] = sinh ηeλ�μ e^η sinh(λ � μ) C(μ)B(λ) � sinh ηe�(λ�μ) e^η sinh(λ � μ) C(λ)B(μ), B(λ)A(μ) = sinh(η � λ + μ) e^η sinh(μ � λ) A(μ)B(λ) � sinh ηe�(λ�μ) e^η sinh(μ � λ) A(λ)B(μ), B(λ)B(μ) = sinh(η � λ + μ) sinh(λ � μ + η) B(μ)B(λ), B(λ)C(μ) = e�^{2η} C(μ)B(λ) + sinh ηe�(λ�μ) e^η sinh(λ � μ) (D(μ)A(λ) � D(λ)A(μ)), B(λ)D(μ) = sinh(η � λ + μ) e^η sinh(λ � μ) D(μ)B(λ) � sinh ηe�(λ�μ) e^η sinh(λ � μ) D(λ)B(μ), C(λ)A(μ) = sinh(λ � μ + η)

e�η_{sinh(λ} �_{μ)}^{A(μ)C(λ)} �^{sinh ηe} λ�μ e�η_{sinh(λ} �_{μ)}^{A(λ)C(μ)+} + ξ sinh(λ � μ) sinh ηeλ�μ B(μ)C(λ), C(λ)B(μ) = e�^{2η} B(μ)C(λ) + sinh ηeλ�μ e�η_{sinh(λ} �_{μ)}^{(A(μ)D(λ)} �^{A(λ)D(μ)),} C(λ)C(μ) = sinh(λ � μ + η) sinh(η � λ + μ) C(μ)C(λ) + ξ sinh(λ � μ) sinh(η � λ + μ) (D(μ)D(λ) � A(λ)A(μ)), C(λ)D(μ) = sinh(λ � μ + η)

e�η_{sinh(μ} �_{λ)}^{D(μ)C(λ)} �^{sinh ηe} λ�μ e�η_{sinh(μ} �_{λ)}^{D(λ)C(μ) + ξeηB(μ)A(λ),} [D(λ),A(μ)] = sinh ηe�(λ�μ)

e�η_{sinh(λ} �_{μ)}^{B(μ)C(λ)} �^{sinh ηe} λ�μ e�η_{sinh(λ} �_{μ)}^{B(λ)C(μ),} D(λ)B(μ) = sinh(η � λ + μ)

e�η_{sinh(λ} �_{μ)}^{B(μ)D(λ)} �^{sinh ηe} λ�μ e�η_{sinh(λ} �_{μ)}^{B(λ)D(μ),} D(λ)C(μ) = sinh(λ � μ + η) e^η sinh(μ � λ) C(μ)D(λ) � sinh ηe�(λ�μ) e^η sinh(μ � λ) C(λ)D(μ) + ξe�^ηA(μ)B(λ), D(λ)D(μ) = D(μ)D(λ) � ξ sinh(λ � μ) sinh(η � λ + μ) B(λ)B(μ). (4) Udobno vvesti dva novyh operatora t_±(λ) = A(λ) ± D(λ) (priqœm operator t_+(λ) ØvlØetsØ transfer-matriceæ modeli). Dalee nam

ALGEBRAIQESKI` ANZAC BETE 181 ponadobØtsØ sledu¸wie sootnoxeniØ, sledu¸wie iz (4):

[t_−(λ), t_+(μ)] =

2ξ sinh(λ − μ) sinh(λ − μ + η) B(μ)B(λ), t_±(λ)C(μ) = (e^{−η} a(λ, μ)C(μ) ∓ ξb(λ, μ)B(μ))t_∓(λ)− −(e^{−η} b(λ, μ)C(λ) ∓ ξa(λ, μ)B(λ))t_∓(μ), (5) gde a(λ, μ) = sinh(λ−μ+η)/ sinh(λ−μ), b(λ, μ) = sinh ηe^{−(λ−μ)}/ sinh(λ−μ). SvØz~ gamil~toniana i transfer-matricy sohranØetsØ: H = d dλ ln t_+(λ) |_{λ=0} . (6)

DlØ gamil~toniana H prihodim k vyraßeni¸:

H = coth η N∑ n=1 ( σ^+_n σ^−_{n+1} + σ^−_n σ^+_{n+1} ) + N∑ n=1 ( σ^−_n σ^+_{n+1} − σ^+_n σ^−_{n+1} ) +

+ coth η N∑ n=1 σ^3_n + ξ sinh^{−1} η N∑ n=1 σ^−_n σ^−_{n+1}. (7)

Iz formuly (3) my vidim, qto v dannoæ modeli otsutstvuet vyroßdenie gologo vakuuma v sluqae ξ ≠ 0. Pofftomu v kaqestve vakuuma vyberem sostoØniØ Ω = ( 0 1 ) ⊗ · · · ⊗ ( 0 1 )

B(λ)Ω = 0, t_±(λ)Ω = (e^{Nη} sinh^N λ ± sinh^N (η − λ))Ω ≡ ϕ_±(λ)Ω. (8) Qtoby postroit~ algebraiqeskiæ anzatc Bete dokaßem sledu- ¸wee vaßnoe svoæstvo: B(ν)C(μ_1) . . . C(μ_k)Ω = 0, esli ϕ_+(ν) = ϕ_+(μ_1) = · · · = ϕ_+(μ_k) = 0, ili ϕ_−(ν) = ϕ_−(μ_1) = · · · = ϕ_−(μ_k) = 0. (9)

182 P. P. KULIX, P. D. R˚SIQENKO Iz sootnoxeniæ (4) prihodim k: B(λ)C(μ) = (e^{−2η})C(μ)B(λ) + e^{−η} b(λ, μ) 2 ( {t_+(μ), t_−(λ)} − {t_+(λ), t_−(μ)} ) . Svoæstvo (9) budem dokazyvat~ po indukcii. Rassmotrim sluqaæ, kogda ϕ_+(ν) = ϕ_+(μ_1) = · · · = ϕ_+(μ_k) = 0, togda dlØ odnomagnonnogo sostoØniØ C(μ_1)Ω imeem:

B(ν)C(μ_1)Ω = (e^{−2η})C(μ_1)B(ν)Ω + e^{−η} b(ν, μ_1) 2 ( {t_+(μ_1), t_−(ν)} − {t_+(ν), t_−(μ_1)} ) Ω = = e^{−η} b(ν, μ_1)(ϕ_+(μ_1)ϕ_−(ν) − ϕ_+(ν)ϕ_−(μ_1))Ω = 0.

Predpoloßim, qto svoæstvo (9) vypolneno dlØ (k−1)-magnonnogo sostoØniØ C(μ_2) . . . C(μ_k)Ω, dokaßem ego dlØ k-magnonnogo sosto- ØniØ C(μ_1) . . . C(μ_k)Ω.

B(ν)C(μ_1) . . . C(μ_k)Ω = e^{−2η}C(μ_1)B(ν)C(μ_2) . . . C(μ_k)Ω+ + e^{−η} b(λ, μ) 2 ( {t_+(μ_1), t_−(ν)} − {t_+(ν), t_−(μ_1)} ) C(μ_2) . . . C(μ_k)Ω. Pervoe slagaemoe ravno nul¸ v silu indukcionnogo predpoloßeniØ. Pokaßem, qto ( {t_+(μ_1), t_−(ν)} − {t_+(ν), t_−(μ_1)} ) C(μ_2) . . . C(μ_k)Ω = 0 Pust~ k – qœtnoe qislo, togda:

t_−(ν)C(μ_2) . . . C(μ_k)Ω = 0, t_−(μ_1)C(μ_2) . . . C(μ_k)Ω = 0, tak kak pri perestanovke operatorov t_− s operatorami C vydelØtsØ mnoßiteli ϕ_+(ν), ϕ_+(μ_2), . . . , ϕ_+(μ_k) soglasno (5). Znaqit, ( {t_+(μ_1), t_−(ν)} − {t_+(ν), t_−(μ_1)} ) C(μ_2) . . . C(μ_k)Ω = = (t_−(ν)t_+(μ_1) − t_−(μ_1)t_+(ν))C(μ_2) . . . C(μ_k)Ω = = ([t_−(ν), t_+(μ_1)] − [t_−(μ_1), t_+(ν)])C(μ_2) . . . C(μ_k)Ω = = ( 2ξ sinh(ν − μ_1) sinh(ν − μ_1 + η) B(μ_1)B(ν) − 2ξ sinh(μ_1 − ν) sinh(μ_1 − ν + η)

B(ν)B(μ_1) )

C(μ_2) . . . C(μ_k)Ω = 0

ALGEBRAIQESKI` ANZAC BETE 183 Pust~ teper~ k – neqœtnoe qislo, togda:

t_+(ν)C(μ_2) . . . C(μ_k)Ω = t_+(μ_1)C(μ_2) . . . C(μ_k)Ω = 0, tak kak pri perestanovke operatorov t_+ s operatorami C vydelØtsØ mnoßiteli ϕ_+(ν), ϕ_+(μ_2), . . . , ϕ_+(μ_k) soglasno (5). Znaqit, ( {t_+(μ_1), t_−(ν)} − {t_+(ν), t_−(μ_1)} ) C(μ_2) . . . C(μ_k)Ω =

= (t_+(μ_1)t_−(ν) − t_+(ν)t_−(μ_1))C(μ_2) . . . C(μ_k)Ω =

= ([t_+(μ_1), t_−(ν)] − [t_+(ν), t_−(μ_1)])C(μ_2) . . . C(μ_k)Ω = = ( 2ξ sinh(μ_1 − ν) sinh(μ_1 − ν + η) B(ν)B(μ_1) − 2ξ sinh(ν − μ_1) sinh(ν − μ_1 + η)

B(μ_1)B(ν) )

C(μ_2) . . . C(μ_k)Ω = 0

Takim obrazom, svoæstvo (9) v sluqae ϕ_+(ν) = ϕ_+(μ_1) = · · · = ϕ_+(μ_k) = 0 dokazano. Sluqaæ ϕ_−(ν) = ϕ_−(μ_1) = · · · = ϕ_−(μ_k) = 0 rassmatrivaetsØ analogiqno. Sledovatel~no, svoæstvo (9) dokazano polnost~¸.

ObratimsØ neposredstvenno k postoreni¸ sobstvennyh sosto- Øniæ transfer-matricy t_+(λ). Budem iskat~ ih v vide C(μ_1) . . . C(μ_l)Ω. Pust~ l – qœtnoe qislo, naloßim uslovie ϕ_+(ν) = ϕ_+(μ_1) = · · · = ϕ_+(μ_k) = 0, togda poluqim:

t_+(λ)C(μ_1) . . . C(μ_l)Ω = ( −→_l ∏ k=1 (e^{−η} a(λ, μ_k)C(μ_k) +(−1)^kξb(λ, μ_k)B(μ_k)) ) t_+(λ)Ω,

tak kak vo vseh ostal~nyh slagaemyh iz vyraßeniØ (5) vydelØtsØ t_+(μ_j)Ω. Vse vektory ∼ C(μ_1) . . . C(μ_{k−1})B(μ_k )C(μ_{k+1}) . . . C(μ_l)Ω = 0 po svoæstvu (9), sledovatel~no,

t_+(λ)C(μ_1) . . . C(μ_l)Ω = ϕ_+(λ)e^{−η} (_l ∏ k=1 a(λ, μ_k) ) C(μ_1) . . . C(μ_l)Ω. Teper~ pust~ l – neqœtnoe, togda naloßim uslovie ϕ_−(ν) = ϕ_−(μ_1) = · · · = ϕ_−(μ_k) = 0, togda poluqim:

t_+(λ)C(μ_1) . . . C(μ_l)Ω = ( −→_l ∏ k=1 (e^{−η} a(λ, μ_k)C(μ_k) +(−1)^kξb(λ, μ_k)B(μ_k)) ) t_−(λ)Ω,

184 P. P. KULIX, P. D. R˚SIQENKO tak kak vo vseh ostal~nyh slagaemyh iz vyraßeniØ (5) vydelØtsØ t_−(μ_j )Ω. Vse vektory ∼ C(μ_1) . . . C(μ_{k−1})B(μ_k )C(μ_{k+1}) . . . C(μ_l)Ω = 0 po svoæstvu (9), sledovatel~no,

t_+(λ)C(μ_1) . . . C(μ_l)Ω = ϕ_−(λ)e^{−η} (_l ∏ k=1 a(λ, μ_k) ) C(μ_1) . . . C(μ_l)Ω. Okonqatel~no moßem napisat~:

t_+(λ)C(μ_1) . . . C(μ_l)~Ω = (e^{Nη} sinh^N λ + (−1)^l sinh^N (η − λ))× × (_l ∏ k=1 sinh(λ − μ_k + η) sinh(λ − η) ) C(μ_1) . . . C(μ_l)~Ω, (10)

esli qisla μ_1, . . . , μ_k udovletvorØ¸t uravneniØm Bete: ( sinh(η − μ_j ) e^η sinh μ_j )_N = (−1)^{l+1}. (11)

ZnaØ svØz~ gamil~toniana i transfer-matricy (6), nahodim, qto vektory C(μ_1) . . . C(μ_l)Ω sobstvennye dlØ H, esli qisla μ_1, . . ., μ_k udovletvorØ¸t uravneniØm Bete (11), a sobstvennye znaqeniØ E(μ_1, . . . , μ_k), otveqa¸wie takim vektoram, ravny:

E(μ_1, . . ., μ_k) = N coth η + K∑ j=1 sinh η sinh μ_j sinh(μ_j + η)

. (12)

Spektr gamil~toniana ne zavisit ot parametra ξ. Odnako, ot dannogo parametra zavisØt sobstvennye sostoØniØ sistemy. Qtoby prodemonstrirovat~ taku¸ zavisimost~, vypixem Øvno koordinatnu¸ formu betevskih vektorov. Podeæstvuem kaßdym fflementom matricy monodromii T (μ) na vektor Ω:

T (μ)Ω = ( A(μ)Ω B(μ)Ω C(μ)Ω D(μ)Ω ) = L_N (μ) . . . L_1(μ)Ω.

Uqtœm, qto B(μ)Ω = 0, togda, vybrav fflement (2, 1) iz predyduxego ravenstva, poluqim:

C(μ)Ω = e^μ sinh η sinh^N (η − μ)(e^η sinh μ)^{−1} N∑ k=1 e^η sinh μ sinh(η − μ) σ^+_k Ω. (13)

ALGEBRAIQESKI` ANZAC BETE 185 Teper~ podeæstvuem kaßdym fflementom matricy T (μ_1) na odnomagnonnoe sostoØnie C(μ_2)Ω

T (μ_1)C(μ_2)Ω = ( A(μ_1)C(μ_2)Ω B(μ_1)C(μ_2)Ω C(μ_1)C(μ_2)Ω D(μ_1)C(μ_2)Ω )

= L_N (μ_1) . . . L_1(μ_1)C(μ_2)Ω.

Posle nesloßnyh vyqisleniæ prihodim k zapisi:

C(μ_1)C(μ_2)Ω = (. . . )_{|ξ=0}

+ξ sinh ηe^{μ2} sinh μ_1 sinh^N (η − μ_1) sinh^N (η − μ_2) e^{2η} sinh μ_1 sinh μ_2 × × N∑ k=1 ( e^η sinh μ_1 sinh(η − μ_1) e^η sinh μ_2 sinh(η − μ_2) )_k Ω, gde pervoe slagaemoe ne zavisit ot ξ. Takim obrazom, v dvuhmagnonnom sostoØnii v celom poØvilas~ zavisimost~ ot parametra ξ.

3. Zakl¸qenie Poluqenye dlØ semiverxinnoæ modeli rezul~taty moßno primenit~ v teorii diffuzii. V rabotah [7, 8] avtory interesovalis~, v qastnosti, kritiqeskimi ffksponentami dlØ takih sistem. Dadim opredelenie fftogo ponØtiØ. Oboznaqim qerez n_m koncentraci¸ qastic v uzle nomer m, togda dvuhtoqeqnaØ korrelØcionnaØ funkciØ opredelØetsØ kak G(r, t) = ⟨n_mn_{m+r} ⟩ − ⟨n_m⟩⟨n_{m+r} ⟩ gde srednee vyqislØetsØ dlØ kakogo-libo sostoØniØ, izmenØ¸- wegosØ so vremenem. Rasssmotrim predel r, t → ∞ takoæ, qto u = r^2/t fiksirovano. KritiqeskaØ ffksponenta y opredelØetsØ qerez asimptotiku G(r, t): G(r, t) ∼ r^{−y}g(u), gde g(u) – skeælingovaØ funkciØ. V rabote [7] sistemy izuqalis~ s pomow~¸ preobrazovaniØ `ordana–Vignera. Bylo vyskazano utverßdenie o fundamental~noæ roli kritiqeskoæ ffksponenty v sluqae neravnovesnoæ zadaqi.

186 P. P. KULIX, P. D. R˚SIQENKO

V kaqestve naqal~nogo sostoØniØ dlØ vyqisleniØ skeælingovoæ funkcii planiruetsØ ispol~zovat~ kaku¸-libo kombinaci¸ vektorov algebraiqeskogo anzaca Bete.

Literatura 1. L. D. Faddeev, How algebraic Bethe Ansatz works for integrable model. In: Quan-

tum Symmetries /Symmetries Quantiques, A. Connes et al. (eds.). North-Holland, Amsterdam (1998), 149–219.

2. N. M. Bogol¸bov, A. G. Izergin, V. E. Korepin, KorrelØcionnye funkcii

integriruemyh sistem i kvantovyæ metod obratnoæ zadaqi. Nauka, M.

(1992).

3. P. P. Kulish, E. K. Sklyanin, Quantum spectral transformed method. Recent devel-

opments. — Lect. Notes Phys. 151 (1982), 61–159.

4. P. P. Kulix, P. D. RØsiqenko, SpinovaØ cepoqka, svØzannaØ s kvantovoæ

superalgebroæ slq (1/1). — Zap. nauqn. semin. POMI 325 (2005), 146–162.

5. V. U. Korepin. — Comm. Math. Phys. 86 (1982), 391–418.

6. E. V. Damaskinskiæ, P. P. Kulix, Simmetrii, svØzannye s uravneniem

˚nga–Bakstera i uravneniem otraßeniØ. — Zap. nauqn. semin. POMI 269 (2000), 180–192.

7. F. C. Alcaraz, M. Droz, M. Henkel and V. Rittenberg. Reactin-diffusion processes,

critical dynamics, and quantum chains. — Ann. Phys. 230 (1994), 250–302.

8. H. Hinrichsen and V. Rittenberg. A two-parameter deformation of the su(1, 1)

superalgebra and XY quantum spin chain in a magnetic field. — Phys. Lett. B. 275 (1992), 350–354.

Kulish P. P., Ryasichenko P. D. Algebraic Bethe ansatz for sevenvertex model.

The work is dedicated to the construction of algebraic Bethe ansatz for seven-vertex model. R-matrix of the system is obtained by means of twist from six-vertex model consider by us earlier. The presence of seven nonzero element in R-matrix complicates the situation. In particular the commutation relations of elements of monodromy matrix becomes more difficult in comparison with the six-vertex model. But we construct algebraic Bethe ansatz by help of introducing of new operator that is the difference between two operators on the main diagonal of monodromy matrix. The eigenstates and the spectrum of the system were found. This is the first step on the way of comparison of the systems with six- and seven-vertex R-matrix respectively.

Postupilo 19 oktØbrØ 2007 g.

S.-Peterburgskoe otdelenie Matematiqeskogo instituta im. V. A. Steklova RAN