ȷURNAL F�ZIQNIH DOSL�DȷEN^ t. 2, ˝ 1 (1998) s. 23–29

JOURNAL OF PHYSICAL STUDIES v. 2, No 1 (1998) p. 23–29

CIKL¨QNE PERETVORENN STATISTIQNOÕ SUMI ¨ ZOBRA”ENN ZM¨WEN^ U TEOR¨Õ FERM¨–SISTEM

M. Vavruh^1, . Kuxtaȷ^2, V. Solov’ffln^3 1L~v˛vs~kiȷ derıavniȷ un˛versitet ˛men˛ ¨vana Franka, kafedra astrof˛ziki, vul. Kirila ˛ Mefod˛ffl, 8, L~v˛v, UA–290005, UkraÝna, 2L~v˛vs~kiȷ ekonom˛qniȷ b˛znes–koledı, vul. Mencins~kogo, 8, L~v˛v, UA–290000, UkraÝna, 3¨nstitut f˛ziki kondensovanih sistem NAN UkraÝni, vul. Sv‚nc˛c~kogo, 1, L~v˛v, UA–290011, UkraÝna (Otrimano 24 ltogo 1997, v ostatoqnomu viglffld˛ — 20 qervnffl 1997)

Dovedeno, wo zobraıennffl zm˛wen~ u vipadku ferm˛-sistem ekv˛valentne defflkomu cikl˛qnomu peretvorenn statistiqnoÝ sumi ˛ v˛dpov˛da‚ perenormovan˛ȷ teor˛Ý zburen~, fflka İruntu‚t~sffl na vrahuvann˛ korelfflc˛ȷnih efekt˛v, zokrema efekt˛v lokal~nogo polffl. Navedeno rezul~tati rozrahunku enerİ˛Ý osnovnogo stanu model˛ elektronnoÝ r˛dini v oblast˛ parametra ne˛deal~nosti 10^{−2} ≤ rs ≤ 10 u paramagnetn˛ȷ faz˛.

Klqovi slova: zobraıennffl zm˛wen~, cikl˛qne peretvorennffl, statistiqniȷ operator, lokal~ne pole, enerİ˛ffl osnovnogo stanu.

PACS number(s): 05.30.Fk.

I. VSTUP

Dal~xa rozrobka metodu dosl˛dıennffl sil~no ne˛deal~nih ferm˛-sistem, zaproponovanogo v pracfflh avtor˛v [1, 2], ‚ meto c˛‚Ý publ˛kac˛Ý. Tut pokazano, wo zobraıennffl zm˛wen~ ne ‚ fflkims~ specif˛qnim priȷomom, a naleıit~ do pevnogo klasu peretvoren~ statistiqnoÝ sumi ferm˛-sistem, a same cikl˛qnih peretvoren~, dobre v˛domih u statistiqn˛ȷ f˛zic˛. k v˛domo, tak˛ peretvorennffl ‚ osnovo metod˛v perenormuvannffl u teor˛Ý zburen~. U c˛ȷ robot˛ dovedeno, wo peretvorennffl zm˛wen~ (abo cikl˛qne peretvorennffl) da‚ zmogu sformulvati perenormovanu termodinam˛qnu teor˛ zburen~, zastosovnu v xirok˛ȷ oblast˛ parametra ne˛deal~nosti, osk˛l~ki v n˛ȷ prirodnim qinom vrahovut~sffl fflk efekti ekranuvannffl, tak˛ efekti lokal~nogo polffl.

Niıqe vikorista‚mo t˛ sam˛ poznaqennffl, wo ȷ u robot˛ [2], a takoı pokliki na v˛dpov˛dn˛ formuli c˛‚Ý roboti.

II. CIKL¨QNE PERETVORENN STATISTIQNOÕ SUMI

k ˛ v robot˛ [2], rozglfflnemo statistiqnu sumu u velikomu kanon˛qnomu ansambl˛ Z(μ) = Sp{exp[−β(Ĥ − μN̂)]} (2.1) ferm˛-sistemi, fflk˛ȷ v˛dpov˛da‚ gam˛l~ton˛ffln zagal~- nogo vidu

Ĥ = Ĥ_0 + V̂ , (2.2) de Ĥ_0 — operator k˛netiqnoÝ enerİ˛Ý, a V̂ — lokal~- noÝ vza‚mod˛Ý m˛ı qastinkami. U formul˛ (2.1) vikoristano poznaqennffl: N̂ — operator qisla qastinok, μ — zm˛nna hem˛qnogo potenc˛ffllu, β — obernena temperatura. Vikorista‚mo erm˛toviȷ operator Ŵ , pripuskaqi, wo v˛n komutu‚ z operatorami N̂ ˛ V̂ ,˛ vikona‚mo cikl˛qne peretvorennffl statistiqnoÝ sumi

Z(μ) = Sp{exp[−Ŵ ] exp[−β(Ĥ − μN̂)] exp Ŵ } (2.3)

= Sp{exp[−β(Ĥ_0 − μN̂ + K̂_w + V̂ + L̂_w)]}, de K̂_w = [Ĥ_0, Ŵ ]_−, L̂_w = 1 2 [[Ĥ_0, Ŵ ]_−, Ŵ ]_−. (2.4)

Nev˛domiȷ operator Ŵ viberemo takim qinom, wob vikonuvalas~ umova

[(V̂ + L̂_w), N̂]_− = [(V̂ + L̂_w), Ĥ_0]_−

= [(V̂ + L̂_w), K̂_w]_− = 0. (2.5)

Pri takomu vibor˛ Ŵ dlffl statistiqnoÝ sumi oderıu‚mo zobraıennffl

Z(μ) = Sp{exp[−β(V̂ + L̂_w)] (2.6)

× exp[−β(Ĥ_0 − μN̂ + K̂_w)]} ,

fflke za svo‚ formo nagadu‚ zobraıennffl zm˛wen~ [2].

U vipadku model˛ elektronnoÝ r˛dini

Ĥ_0 = ∑ k,s ε_k a^+_{k,s} a_{k,s}, (2.7)

V̂ = (2V )^{−1} ∑ q,k_1,k_2 V_q ∑ s_1 ,s_2

a^+_{k1+q,s1} a^+_{k2−q,s2} a_{k2,s2} a_{k1,s1} ,

de ε_k = h̄^2k^2/2m, V_q = 4πe^2q^{−2}, V — ob’‚m sistemi, s — sp˛nov˛ zm˛nn˛, a_{k,s} — operatori vtorinnogo kvantuvannffl na baz˛ ploskih hvil~. Umovu (2.5) zadovol~nffl‚ operator u form˛ sumi efektivnih lokal~nih bagatoqastinkovih vza‚mod˛ȷ

Ŵ = ∑ n≥2 Ŵ_n, (2.8)

Ŵ_n = (n!)^{−1}V^{1−n} ∑ q_1,...,q_n ν_n(q_1, . . . , q_n) · δ_{q1+···+qn,0} Î_n(q_1, . . . , q_n) ,

Î_n(q_1, . . . , q_n) = ∑ k_1 ,...,k_n ∑ s_1 ,...,s_n a^+_{k1+q1,s1} . . . a^+_{kn+qn,sn} a_{kn,sn} . . . a_{k1,s1} .

Viberemo funkc˛Ý ν_n(q_1, . . . , q_n) takim qinom, wob voni zadovol~nfflli sistemu ˛nteİral~nih r˛vnffln~ (2.3) roboti [2] v granic˛ β → ∞, tobto:

V_n(q_1, . . . , q_n) − 2N(μ)V^{−1}ν^2_2 (q_1, −q_1)ε_{q1} δ_{n,2} (2.9)

−(1 − δ_{n,2})ν_n(q_1, . . . , q_n)Φ_n(q_1, . . . , q_n) − ∑ m≥2 Ψ^{(m)}_n (q_1, . . . , q_n) = 0.

Pri c~omu V_2(q, −q) ≡ V_q , oznaqennffl funkc˛ȷ Φ_n(...) ta funkc˛onal˛v Ψ_n(...) navedeno u (2.4) roboti [2], a N(μ) = ⟨N̂⟩ — statistiqne seredn‚ operatora qisla qastinok.

Beruqi do uvagi fflvniȷ viglffld komutatora L̂_w, znahodimo, wo operator

−β[V̂ + L̂_w] = βN̂^2V^{−1}ν_0, (2.10)

ν_0 = V^{−1} ∑ q≠0

ϵ_qν^2_2 (q, −q)

d˛ȷsno zb˛ga‚t~sffl ˛z graniqnim znaqennfflm operatora zm˛wen~ Û pri β → ∞.

Model~nu sistemu, fflka opisu‚t~sffl statistiqnim operatorom

P̂_B = exp{βN̂^2V^{−1}ν_0 − β[Ĥ_0 − μN̂]} , (2.11)

vikorista‚mo fflk bazisnu pri rozrahunku Z(μ). Vona taka ı zruqna, fflk ˛ model~ ˛deal~nih ferm˛on˛v, a bagatoqastinkov˛ korelfflc˛ȷn˛ funkc˛Ý cih dvoh modeleȷ zb˛gat~sffl. Vodnoqas model~ (2.11) pevno m˛ro vrahovu‚ vza‚mod˛ m˛ı qastinkami. Vikoristovuqi zobraıennffl vza‚mod˛Ý, ma‚mo:

Z(μ) = Z_B (μ)⟨Ŝ⟩_B , (2.12)

Ŝ = T exp{− β∫ 0 dβ^′ e^{β′ (Ĥ0 −μN̂)}K̂_w e^{−β′ (Ĥ0 −μN̂)}} ,

Tut Z_B (μ) = SpP̂_B = exp(−βΩ_B(μ)) (2.13)

— statistiqna suma bazisnoÝ sistemi, a Ω_B(μ) — ÝÝ termodinam˛qniȷ potenc˛ffll; simvol ⟨. . . ⟩_B oznaqa‚ statistiqne seredn‚ za stanami bazisnoÝ sistemi. Asimptotiqno toqniȷ viraz dlffl Ω_B (μ) legko otrimati za dopomogo samouzgodıenogo nabliıennffl, skoristavxis~ totoın˛st

N̂^2 = 2N̂S_1 − S^2_1 + [N̂ − S_1]^2 . (2.14)

Nehtuqi ostann˛m qlenom u prav˛ȷ qastin˛ (2.14), znahodimo, wo

Ω_B (μ) = Ω_0(μ^∗) + V^{−1}S^2_1 ν_0, (2.15) μ^∗ = μ + 2ν_0S_1V^{−1},

de Ω_0(μ) — termodinam˛qniȷ potenc˛ffll ˛deal~noÝ sistemi (bez vza‚mod˛Ý). Osk˛l~ki S_1 = −^∂_{∂μ} Ω_0(μ), to umova N = − ∂ ∂μ Ω_B (μ) (2.16)

zvodit~sffl do r˛vnfflnnffl N = − ∂ ∂μ^∗ Ω_0(μ^∗), (2.17)

z fflkogo vipliva‚, wo μ^∗ ≡ μ_{id} ( β,^N_V ) , de μ_{id} — hempotenc˛ffll ˛deal~noÝ sistemi. Takim qinom, hempotenc˛ffll bazisnoÝ sistemi (2.11) dor˛vn‚

μ_B = μ_{id} ( β, N V ) − 2 N V ν_0, (2.18)

a ÝÝ v˛l~na enerİ˛ffl viznaqa‚t~sffl virazom

F_B = Ω_B(μ_B) + Nμ_B = F_{id} −

N^2 V ν_0, (2.19)

de F_{id} — v˛l~na enerİ˛ffl sistemi ferm˛on˛v bez vza‚mod˛Ý.

Otıe, cikl˛qne peretvorennffl z operatorom (2.8) statistiqnoÝ sumi ekv˛valentne zobraıenn zm˛wen~ pri absoltnomu nul˛ temperaturi. k pokazano v [2], nabliıennffl (2.19) obmeıu‚ znizu enerİ˛ osnovnogo stanu model˛ elektronnoÝ r˛dini ˛ ‚ asimptotiqno toqnim u meıah niz~kih gustin (r_s ≫ 1). Mi pokaıemo tut, wo nabliıene vrahuvannffl seredn~ogo ⟨Ŝ⟩_B u (2.12), za teor˛‚ zburen~, privodit~ do rezul~tat˛v, spravedlivih v oblast˛ visokih ta prom˛ınih gustin. Zavdfflki vid˛lenn skladovoÝ −N^2V^{−1}ν_0 u v˛l~n˛ȷ enerİ˛Ý, mi ma‚mo spravu z perenormovano teor˛‚ zburen~ pri rozrahunku ⟨Ŝ⟩_B. Taka teor˛ffl zburen~ v˛dr˛znffl‚t~sffl v˛d zviqaȷnoÝ [5] fflk topolog˛‚ d˛fflgram, tak ˛ nafflvn˛st efektivnogo potenc˛ffllu vza‚mod˛Ý.

III. PERENORMOVANA TEOR¨ ZBUREN^

k vidno z (2.12), S-matricffl pobudovana na komutator˛

[Ĥ_0, Ŵ ]_− = h^2 m ∑ n≥2 (n!)^{−1}V^{1−n} ∑ q_1,...,q_n δ_{q1+···+qn,0} ν_n(q_1, . . . , q_n)

× ∑ k_1,...,k_n n∑ m=1 ( k_m + q_m 2 , q_m ) Ĵ_n(q_1, . . . , q_n| k_1, . . . , k_n) , (3.1)

Ĵ_n(q_1, . . . , q_n| k_1, . . . , k_n) = ∑ s_1 ,...,s_n a^+_{k1+q1,s1} . . . a^+_{kn+qn,sn} a_{kn,sn} . . . a_{k1,s1} .

Vikorista‚mo simvol uzagal~nenogo hronolog˛qnogo vporffldkuvannffl T̃ [4], fflkiȷ privodit~ dobutok operator˛v do normal~noÝ formi u vipadku odnakovih znaqen~ zm˛nnoÝ β^′, a same:

T̃ {a_{k1,s1} (β^′ )a^+_{k2 ,s2} (β^′ )} = −a^+_{k2,s2} (β^′ )a_{k1,s1} (β^′ ) . (3.2)

Pereȷdemo takoı do qastotnogo zobraıennffl [4], uvodfflqi superpozic˛ ferm˛-operator˛v u zobraıenn˛ vza‚mod˛Ý

a_{k,s}(ν^∗) = β^{−1/2} β∫ 0 a_{k,s}(β^′ ) exp(iν^∗β^′ )dβ^′ , (3.3) de ν^∗ = (2n + 1)πβ^{−1} — qastoti Ferm˛-Macubari [3]. U rezul~tat˛ oderıu‚mo takiȷ qastotniȷ zapis S-matric˛: Ŝ = T̃ exp{− ∑ n≥2 h̄^2 m (βV )^{1−n}[(n − 1)!]^{−1} (3.4)

× ∑ x_1,...,x_n δ_{x1+···+xn,0}ν_n(q_1, . . . , q_n) f̂_{x1}ρ̂_{x2} · · · ρ̂_{xn} } .

Pri c~omu

ρ̂_x = ρ̂_{q,ν} = ∑ k,s;ν^∗ a^+_{k+q,s}(ν^∗ + ν)a_{k,s}(ν^∗) (3.5)

— spektral~ne zobraıennffl operatora elektronnoÝ gustini,

f̂_x ≡ f̂_{q,ν} (3.6) = ∑ k,s;ν^∗ ( k + q 2 , q ) a^+_{k+q,s}(ν^∗ + ν)a_{k,s}(ν^∗) ,

de x ≡ (q, ν), a ν = 2nπβ^{−1} — qastoti Boze– Macubari [3]. U robot˛ [4] vstanovleno pravilo obqislennffl seredn˛h v˛d dobutku operator˛v a_{k,s}(ν^∗), zg˛dno z fflkim

−⟨T̃ {a_{k1,s1} (ν^∗_1 )a^+_{k2,s2} (ν^∗_2 )}⟩_0

= G^0_{k1,s1} (ν^∗_1 )δ_{k1 ,k2} δ_{s1,s2} δ_ν∗_{1 ,ν}∗_2 , (3.7)

de G^0_{k,s}(ν^∗) = [iν^∗ −ε_k +μ]^{−1} exp(iν^∗δ) — spektral~ne zobraıennffl odnoqastinkovoÝ funkc˛Ý Ţr˛na ˛deal~noÝ sistemi (δ → +0). U priȷnffltomu viwe samouzgodıenomu nabliıenn˛ formula (3.7) spravedliva ˛ pri zaserednenn˛ za stanami bazisnoÝ sistemi (2.11).

Rozrahunok seredn~ogo ⟨Ŝ⟩_B vikona‚mo za teor˛ zburen~. Unasl˛dok antierm˛tovosti operatora K̂_w vneski vs˛h neparnih porffldk˛v u c~omu vipadku dor˛vnt~ nulev˛. Z c˛‚Ý ı priqini dor˛vnt~ nulev˛ takoı us˛ vlasneenerİetiqn˛ d˛fflgrami abo d˛fflgrami z takimi elementami. U zv’fflzku z cim peretvorennffl (2.3) ˛nvar˛fflntne v˛dnosno zam˛ni Ŵ → −Ŵ , wo ma‚ q˛tkiȷ f˛ziqniȷ sens. Rozglfflnemo nasampered vnesok u termodinam˛qniȷ potenc˛ffll d˛fflgram drugogo porffldku (polfflrizac˛ȷnoÝ ȷ obm˛nnoÝ) ta sumi polfflrizac˛ȷnih d˛fflgram us˛h viwih porffldk˛v (n ≥ 4), pobudovanih na naȷvaıliv˛xomu efektivnomu potenc˛ffll˛ ν_2(q, −q). U c~omu nabliıenn˛

Ω(μ) = Ω_B(μ) + (2β)^{−1} ∑ x ln[1 + M_x] + Ω^{ex}_2 (μ), (3.8)

M_x = − (h̄2 m )_2 (βV )^{−2}ν^2_2 (q, −q)

×{⟨ρ̂_xρ̂_{−x}⟩_0⟨f̂_xf̂_{−x}⟩_0 + ⟨ρ̂_xf̂_{−x}⟩^2_0}.

Seredn˛, wo tut f˛gurut~, viraıat~sffl qerez dvoqastinkovu korelfflc˛ȷnu funkc˛ ˛deal~noÝ sistemi μ̃^0_2(x, −x):

⟨ρ̂_xρ̂_{−x}⟩_0 = − ∑ k,s;ν^∗ G^0_{k+q,s}(ν^∗ + ν) G^0_{k,s}(ν^∗) (3.9)

= β μ̃^0_2(x, −x) , ⟨ρ̂_xf̂_{−x}⟩_0 = −iνβ ( h̄2 m )_{−1} μ̃^0_2(x, −x),

⟨f̂_xf̂_{−x}⟩_0 = −2βNε_q ( h̄2 m )_{−2} + βν^2 ( h̄2 m )_{−1} μ̃^0_2(x, −x). Takim qinom,

M_x = V^{−1}μ̃^0_2(x, −x)v_{ef} (q), (3.10)

de efektivniȷ potenc˛ffll

v_{ef} (q) = 2NV^{−1}ε_qν^2_2 (q, −q) (3.11)

ma‚ vlastivost˛ fur’‚-obrazu potenc˛ffllu kvantovogo paketa (v_{ef} (q) ∼ q^{−2} pri q → 0; v_{ef} (q) ∼ q^{−5} pri q → ∞). P˛slffl obqislennffl sum za qastotami ȷ elementarnih peretvoren~ vnesok obm˛nnoÝ d˛fflgrami nabuva‚ formi

Ω^{ex}_2 (μ) = (2V )^{−1} ∑ q Ψ^{(2)}_2 (q, −q)μ̃^0_2(q, −q) (3.12)

+ (3!)^{−1}V^{−2} ∑ q_1,q_2,q_3

V_3(q_1, q_2, q_3)μ̃^0_3(q_1, q_2, q_3).

Tut uvedeno fur’‚-obrazi n-qastinkovih korelfflc˛ȷnih funkc˛ȷ ˛deal~noÝ sistemi:

μ̃^0_2(q, −q) = − ∑ k,s n^0_{k,s}n^0_{k+q,s}, (3.13)

μ̃^0_3(q_1, q_2, q_3) = 2 ∑ k,s n^0_{k+q1,s} n^0_{k+q1+q2,s} n^0_{k+q1+q2+q3,s} δ_{q1+q2+q3,0}, ...,

de n^0_{k,s} — rozpod˛l za ˛mpul~sami v ˛deal~n˛ȷ sistem˛. Osk˛l~ki

(2β)^{−1} ∑ x M_x = (2V )^{−1} ∑ q [N + μ̃^0_2(q, −q)]v_{ef} (q), (3.14) to, vrahovuqi v operator˛ K̂_w qleni z ν_n(...) pri n ≥ 3, a takoı beruqi do uvagi r˛vnfflnnffl dlffl funkc˛Ý ν_2(q, −q), zobrazimo termodinam˛qniȷ potenc˛ffll u tradic˛ȷnomu viglffld˛, vid˛lfflqi vnesok ˛deal~nih korelfflc˛ȷ Ω_{HF} (μ) ˛ tak zvaniȷ korelfflc˛ȷniȷ (vnesok ne˛deal~nih korelfflc˛ȷ):

Ω(μ) = Ω_0(μ) + Ω_{HF} (μ) + Ω_c(μ),

Ω_{HF} (μ) = (2V )^{−1} ∑ q μ̃^0_2(q, −q)V_q , (3.15)

Ω_c(μ) = (2β)^{−1} ∑ x {ln[1 + M_x] − M_x}.

U granic˛ malih hvil~ovih vektor˛v v_{ef} (q) bliz~- kiȷ do kulon˛vs~kogo potenc˛ffllu V_q (div. (2.9)), a qerez ce skladova Ω_c(μ) bliz~ka do korelfflc˛ȷnogo vnesku u zviqaȷnomu nabliıenn˛ haotiqnih faz [5], zastosovnomu v oblast˛ visokih gustin (r_s ≤ 1). Odnak pri malih i prom˛ınih gustinah Ω_c(μ) priȷma‚ viw˛ znaqennffl, n˛ı u zviqaȷn˛ȷ teor˛Ý zburen~ na kulon˛vs~komu potenc˛ffll˛. Perehodfflqi do enerİ˛Ý osnovnogo stanu, zapixemo ÝÝ takoı u tradic˛ȷn˛ȷ form˛. U nabliıenn˛ (3.15) korelfflc˛ȷna enerİ˛ffl v rozrahunku na odin elektron (u r˛dberİah) dor˛vn‚:

ε_c(r_s) = 3 2π ( 4 π )_{2/3} r^{−2}_s ∞∫ 0 du ∞∫ 0 dtt^3{ln[1 + m_t] − m_t} ,

m_t = ( 4 π )_{2/3} r_s

t^2

Z^2_2 (t)I_{2,0} ( t [ 4 3π ]_{1/3} , u ) . (3.16)

Tut vikoristano bezrozm˛rn˛ zm˛nn˛

t = qa_0n^{−1/3}, u = ν(2ε_F t)^{−1}k_F a_0n^{−1/3}, n = 4π N V a^3_0, (3.17)

a I_{2,0}(q, u) — bezrozm˛rniȷ mnoınik kumulfflnta μ̃^0_2(x, −x):

I_{2,0}(q, u) = 2ε_F (3N)^{−1}μ^0_2(x, −x) = 1 2 { 1 + (2q)^{−1} [ 1 + u^2 − q^2 4 ] ln u^2 + (1 +^q_2 )^2 u^2 + (1 −^q_2 )^2

(3.18)

+u [ arctg

1 +^q_2 u + arctg

1 −^q_2 u ]} .

Bezrozm˛rna funkc˛ffl Z^2_2 (t) ‚ un˛versal~no monotonno funkc˛‚ zm˛nnoÝ t, wo ma‚ taku asimptotiku:

Z^2_2 (t) ∼ { 1 pri t ≪ 1, t^{−3} pri t ≫ 1 (3.19)

(div. ris. 1 v [2]). Pokladaqi formal~no Z^2_2 (t) = 1, oderıu‚mo nabliıennffl haotiqnih faz zviqaȷnoÝ teor˛Ý zburen~ ε^{RP A}_c (r_s). U tabl. 1 navedeno ε_c(r_s), ε^{RP A}_c (r_s), korelfflc˛ȷnu enerİ˛, oderıanu metodom Monte–Karlo [6, 7] ε^{MS}_c (r_s), a takoı rezul~tati defflkih ˛nxih rob˛t v oblast˛ parametra ne˛deal~- nosti (parametra V˛İnera–Braknera) 0, 01 ≤ r_s ≤ 10, 0. k vidno z tabl. 1, korelfflc˛ȷna enerİ˛ffl, obqislena za formulo (3.16), duıe bliz~ka do rezul~tat˛v rob˛t [8, 9], wo İruntut~sffl na vikoristann˛ polfflrizac˛ȷnogo operatora, rozrahovanogo v ramkah zviqaȷnoÝ teor˛Ý zburen~ z urahuvannfflm korelfflc˛ȷnih funkc˛ȷ ˛deal~noÝ sistemi μ̃^0_3(x_1, x_2, x_3) ta μ̃^0_4(x_1, −x_1, x_2, −x_2)(ε^{P RP A}_c ). Rozrahovana za formulo (3.16), ε_c(r_s) bliz~ka takoı do rezul~tat˛v metodu Monte–Karlo [6, 7], osoblivo v oblast˛ slabkoÝ ta prom˛ınoÝ ne˛deal~nosti: v˛dnosne v˛dhilennffl pri r_s = 10, 0 sklada‚ 6%.

r_s 0.01 0.1 1 2 3 4 5 6 10 ε^{RP A}_c 428.9 288.0 157.6 123.6 105.5 93.6 84.95 78.2 61.3 ε^{MC}_c ; [6] - - 120.0 90.2 - - 56.3 - 37.2 ε^{MC}_c ; [7] 380.6 242.6 120.0 89.6 73.8 63.6 56.3 50.7 37.1 ε^{IU}_c ; [10] - - 117.4 86.9 71.1 61.0 53.8 48.3 35.0 ε^{V S}_c ; [11] - - 112.0 89.0 75.0 65.0 58.0 52.0 35.0 ε^{EZ}_c ; [12] - - 122.0 90.4 73.8 63.4 56.0 50.5 23.6 ε^{P RP A} c ; [8] - - 119.7 89.3 72.9 62.1 54.2 48.0 32.6 ε_c; (3.16) 398.4 253.7 120.0 87.5 71.2 60.8 53.6 48.1 35.0

Tablicffl 1. Korelfflc˛ȷna enerİ˛ffl model˛ elektronnoÝ r˛dini (−10^3ϵ_c(r_s)).

IV. ZAK¨NQENN

Takim qinom, zobraıennffl zm˛wen~, abo cikl˛qne peretvorennffl (2.3), (2.8) statistiqnoÝ sumi, moına rozglffldati fflk efektivniȷ spos˛b urahuvannffl korelfflc˛ȷnih efekt˛v u ferm˛-sistemah v oblast˛ velikih hvil~ovih vektor˛v, tobto efekt˛v lokal~nogo polffl. D˛ȷsno, spektral~ne zobraıennffl dvoqastinkovoÝ korelfflc˛ȷnoÝ funkc˛Ý sistemi (2.2)

μ_2(x, −x) = Z^{−1}(μ) Sp {ρ̂_xρ̂_{−x}e^{−β(Ĥ−μN̂)}} (4.1)

u rozglfflnutomu viwe nabliıenn˛ haotiqnih faz dlffl operatora K̂_w ma‚ takiȷ viglffld:

μ_2(x, −x) = μ̃^0_2(x, −x){1 + M_x}^{−1}. (4.2)

Osk˛l~ki v nabliıenn˛ lokal~nogo polffl [13, 14]

μ_2(x, −x) = μ̃^0_2(x, −x) (4.3) × {1 + V_q V μ̃^0_2(x, −x)[1 − G_x]}^{−1} ,

to statiqna popravka na lokal~ne pole u naxomu p˛dhod˛ viznaqa‚t~sffl sp˛vv˛dnoxennfflm

G^0_q = 1 − v_{ef} (q)V^{−1}_q . (4.4)

kwo ν_2(q, −q) zadovol~nffl‚ perxe z r˛vnffln~ (2.9), to G^0_q ‚ bezrozm˛rno un˛versal~no funkc˛‚, fflka ne zaleıit~ v˛d parametra ne˛deal~nosti

G^0_q = 1 − Z^2_2 (qa_0n^{−1/3}) . (4.5)

Cffl funkc˛ffl ma‚ zagal~n˛ vlastivost˛ popravki na lokal~ne pole model˛ elektronnoÝ r˛dini: zm˛n‚t~sffl v meıah v˛d nulffl do odinic˛, kvadratiqna v˛dnosno hvil~ovogo vektora q v oblast˛ q ≤ k_F

G^0_q = γ(q/k_F )^2 + · · · , γ ≈ 0, 323... , (4.6)

a takoı slabo zaleıit~ v˛d hvil~ovogo vektora pri velikih q.

k v˛domo, popravka na lokal~ne pole zaleıit~ v˛d parametra ne˛deal~nosti r_s: nav˛t~ sama forma c˛‚Ý funkc˛Ý zm˛n‚t~sffl zaleıno v˛d znaqennffl c~ogo parametra [13]. Qerez ce G^0_q ne moına c˛lkom ototoıniti z popravko na lokal~ne pole. Odnak ÝÝ moına rozglffldati fflk pevne nabliıennffl c˛‚Ý funkc˛Ý dlffl vipadku sil~no ne˛deal~nih sistem, de zaleın˛st~ v˛d r_s ta qastoti ‚ slabko, korotkohvil~ova asimptotika bliz~ka do odinic˛, a sama popravka ‚ monotonno funkc˛‚ hvil~ovogo vektora z dovgohvil~ovo granice, bliz~ko do (4.6).

[1] M. V. Vavruh, Dop. Akad. Nauk URSR A, 48 (1985). [2] M. V. Vavruh, . V. Kuxtaȷ, ”urn. f˛z. dosl. 1, 12 (1996).

[3] A. A. Abrikosov, L. P. Gor~kov, I. E. Dzfflloxinskiȷ, Metody kvantovoȷ teorii polffl v statistiqeskoȷ fizike (Fizmatgiz, Moskva, 1962).

[4] M. V. Vavrukh, T. E. Krokhmalskii, Phys. Status Solidi B 168, 519 (1991).

[5] N. Marq, U. ng, S. Sampanthar, Problema mnogih tel v kvantovoȷ mehanike (Mir, Moskva, 1969).

[6] D. M. Ceperley, B. J. Alder, Phys. Rev. Lett. 45, 566 (1980).

[7] S. H. Vosko, L. Wilk, N. Nusair, Can. J. Phys. 58, 1200

(1980).

[8] M. V. Vavruh, T. ˝. Krohmal~s~kiȷ, Ukr. f˛z. ıurn.

36, 296 (1991).

[9] M. V. Vavrukh, T. E. Krokhmalskii, Phys. Status Solidi B 169, 451 (1992).

[10] S. Ichimaru, K. Utsumi, Phys. Rev. B 24, 7385 (1981). [11] P. Vashishta, K. Singwi, Phys. Rev. B 6, 875 (1972). [12] K. Emrich, J. G. Zabolitsky, Phys. Rev. B 31, 2049 (1984).

[13] M. Vavrukh, N. Vavrukh, V. Solovyan, Phys. Status Solidi B 177, 361 (1993).

[14] M. V. Vavruh, Fiz. nizk. temp. 22, 1005 (1996).

CYCLIC TRANSFORMATION OF PARTITION FUNCTION AND THE DISPLACEMENTS REPRESENTATION IN THE FERMI SYSTEMS THEORY

M. Vavrukh^1, Ya. Kushtay^2, V. Solovyan^3 1Lviv State University, Chair of Astrophysics 8 Kyrylo i Mefodii Str., Lviv, UA-290005, Ukraine 2Lviv Commercial College, Lviv 8 Mentsinskyi Str., Lviv, UA-290000, Ukraine 3Institute for Condensed Matter Physics Ukrainian Academy of Sciences 1 Svientsitskyi Str., Lviv, UA-290011, Ukraine

It is proved that in the case of Fermi systems the representation of displacements is equal to some cyclic transformation of the partition function. It corresponds to the renormalized perturbation theory which is based on the taking into account of the correlation effects, particularly of the local-field ones. The results of the calculation of the ground state of the electron liquid model in the paramagnetic phase are presented for the coupling parameter region 10^{−2} ≤ rs ≤ 10.