ȷURNAL F�ZIQNIH DOSL�DȷEN^ t. 2, ˝ 1 (1998) s. 123–127

JOURNAL OF PHYSICAL STUDIES v. 2, No 1 (1998) p. 123–127

DINAM�QN� ` TOPOLOG�QN� SOL�TONI V KVAZ�ODNOVIM�RNIH FEROMAGNETNIH SISTEMAH

V. cixin Drogobic~kiȷ pedagog˛qniȷ ˛nstitut, vul. ¨. Franka, 24, Drogobiq, UA–293720, UkraÝna (Otrimano 4 ıovtnffl 1996)

Rozglfflnuto odnovim˛rniȷ feromagnetniȷ lancıok z urahuvannfflm kolivan~ İratki v garmon˛qnomu nabliıenn˛. Na p˛dstav˛ posl˛dovnogo kvantovogo p˛dhodu dosl˛dıeno dinam˛qn˛ ȷ topolog˛qn˛ magnetn˛ sol˛toni. Pokazano, wo takogo tipu zburennffl zadovol~nfflt~ nel˛n˛ȷne r˛vnfflnnffl Xredinİera, v˛dxukano ȷogo rozv’fflzki ˛ dosl˛dıeno parametri sol˛ton˛v.

Kl¸qovfi slova: feromagnetik, sol˛ton, k˛nk, fonon, ploska hvilffl.

PACS number(s): 75.10.-b, 75.30.Ds

I. VSTUP

Odnim ˛z naprfflmk˛v, fflkiȷ aktivno ˛ rezul~tativno rozroblfflt~ u f˛zic˛ tverdogo t˛la, ‚ f˛zika nel˛n˛ȷnih efekt˛v ˛ fflviw [1]. Naȷl˛pxe vivqeno odnovim˛rn˛ sistemi. Ce zumovleno prostoto modeleȷ, fflk˛ v c~omu vipadku vikoristovut~, ta por˛vnfflno prostimi anal˛tiqnimi rozrahunkami. Dosl˛dıennffl odnovim˛rnih sistem r˛znih tip˛v zasv˛dqili, wo v takih sistemah moıe buti osobliviȷ tip zbudıennffl — sol˛toni. Sol˛ton — ce neodnor˛dne zbudıennffl togo qi ˛nxogo polffl, zoseredıene v mal˛ȷ oblast˛ prostoru ˛ zdatne perem˛wuvatisffl, zber˛gaqi svo strukturu.

Sered odnovim˛rnih sistem, dlffl fflkih viznaqena nafflvn˛st~ sol˛ton˛v, ‚ feromagnetn˛ lancıki. Magnetn˛ sol˛toni, abo, fflk Ýh we nazivat~, v˛dokremlen˛ magnoni, dosl˛dıuvali avtori [2–11]. V˛dokremlen˛ magnoni — ce sp˛nov˛ zbudıennffl, lokal˛zovan˛ v defflk˛ȷ oblast˛ lancıka ˛ pov’fflzan˛ z deformac˛‚ m˛ıatomnih v˛dstaneȷ. Takiȷ samouzgodıeniȷ stan opisu‚ nel˛n˛ȷne r˛vnfflnnffl Xredinİera [9–11].

Mi na p˛dstav˛ kvantovogo p˛dhodu, rozvinutogo v teor˛Ý molekulfflrnih sol˛ton˛v [12], dosl˛dıuvali magnetn˛ sol˛toni v odnovim˛rnih feromagnetnih lancıkah u garmon˛qnomu nabliıenn˛, a takoı drugiȷ tip magnetnogo sol˛tona — 180-gradusnu domennu st˛nku, abo π-k˛nk [13–14]. Obidva dosl˛dıennffl ob’‚dnu‚ sp˛l~na vih˛dna model~. Vodnoqas u perevaın˛ȷ b˛l~xost˛ prac~ π-k˛nki dosl˛dıuvali na p˛dstav˛ r˛vnfflnnffl Landau–L˛fxicffl dlffl magnetnogo momentu. Pokazano, wo dinam˛ka lancıka sutt‚vo vpliva‚ na parametri π-k˛nka, zokrema na zb˛l~- xennffl ȷogo p˛vxirini.

II. DINAM�QN� SOL�TONI V ODNOVIM�RNIH FEROMAGNETNIH SISTEMAH

Rozglfflnemo l˛n˛ȷniȷ gaȷzenberİ˛vs~kiȷ feromagnetniȷ lancıok sp˛n˛v. Dlffl opisu takoÝ sistemi skorista‚mosffl zviqaȷnim gaȷzenberİ˛vs~kim gam˛l~- ton˛fflnom z urahuvannfflm dinam˛ki lancıka:

H = H_G + H_F, (2.1) de

H_G = − 1 2 ∑ n,n^′ ( I_{n,n}′ S^−_n S^+_n′ + Ĩ_{n,n}′ S^z_nS^z_n′ ) , (2.2)

n, n^′ — nomeri sp˛n˛v u lancıku; S^±_n = S^x_n ± S^y_n; S^ν_n — operator ν-Ý pro‚kc˛Ý sp˛nu (ν = x, y, z); I_{n,n}′ = I(R_{n,n}′ ), Ĩ_{n,n}′ = Ĩ(R_{n,n}′ ) — obm˛nn˛ ˛nteİrali; R_{n,n}′ = r_n − r^′_n, r_n = na + x_n, a — stala İratki; x_n — veliqina zm˛wennffl z poloıennffl r˛vnovagi. Veliqina H_F — operator kolivnogo ruhu sp˛n˛v b˛lffl poloıennffl r˛vnovagi ˛ v garmon˛qnomu nabliıenn˛ — ma‚ viglffld

H_F = ∑ n p^2_n 2m + k 2 ∑ n (x_{n+1} − x_n)^2, (2.3)

de m — efektivna masa, fflka perem˛wa‚t~sffl razom z˛ sp˛nom uzdovı lancıka.

V. CIXIN

Dlffl pobudovi povnogo gam˛l~ton˛fflna sistemi, fflkiȷ vrahovu‚ vza‚mod˛ m˛ı sp˛nami ˛ kolivannfflmi İratki, zrobimo tak: obm˛nn˛ ˛nteİrali zapixemo v l˛n˛ȷnomu rozklad˛ za operatorami zm˛wennffl. Kr˛m togo, osk˛l~ki mi dosl˛dıuvatimemo slabko zbudıen˛ stani, pereȷdemo v˛d sp˛novih operator˛v do boze–operator˛v sp˛novih zbudıen~. P˛slffl vs˛h cih peretvoren~ gam˛l~ton˛ffln (2.1) nabude viglffldu

H = ∑ n p^2_n 2m + k 2 ∑ n (x_{n+1} − x_n)^2 + 2SĨ ∑ n a^+_n a_n − SI_0 ∑ n (a^+_{n+1}a_n + a_na^+_{n+1}) (2.4)

− SĨ_1 ∑ n (x_{n+1} − x_{n−1})a^+_n a_n − I_1 ∑ n (x_{n+1} − x_n)(a^+_{n+1}a_n + a^+_n a_{n+1}),

de

I_0 = I(a); Ĩ_0 = Ĩ(a), I_1 = I_1(a) = ∂I(R_{nn}′ ) ∂R_{nn}′ ; Ĩ_1 = Ĩ_1(a) = ∂Ĩ(R_{nn}′ ) ∂R_{nn}′ . Dal˛ budemo c˛kavitisffl odnoqastinkovimi sp˛novimi zbudıennfflmi, hvil~ovu funkc˛ fflkih zapixemo takoı u standartnomu viglffld˛ ψ(t) = ∑ n C_n(t)e^{σ(t)}a^+_n |0 >, ∑ n |C_n(t)|^2 = 1, σ(t) = −i ∑ k (U_k(t)p_k − V_k(t)x_k ), (2.5)

de |0 > — vakuumniȷ stan dlffl sp˛novih zbudıen~ ˛ fonon˛v. Kompleksn˛ funkc˛Ý C_n(t) harakterizut~ rozpod˛l zbudıen~ na vuzlah lancıka, a d˛ȷsn˛ funkc˛Ý U_k(t) ˛ V_k(t) viznaqat~ seredn˛ znaqennffl zm˛wen~ ˛ Ýhn˛h kanon˛qnih ˛mpul~s˛v u stan˛ z hvil~ovo funkc˛‚ (2.5). Naxa podal~xa zadaqa polfflgatime u viznaqenn˛ cih funkc˛ȷ. P˛slffl vrahuvannffl fflvnogo viglffldu gam˛l~ton˛fflna (2.4) ˛ probnoÝ hvil~ovoÝ funkc˛Ý (2.5) r˛vnfflnnffl dlffl funkc˛ȷ C_n(t), U_k(t) ˛ V_k (t) u dovgohvil~ovomu nabliıenn˛ nabudut~ viglffldu ∂C(ξ, t) ∂t = (Δ + W ) + τ ∂U(ξ, t) ∂t C(ξ, t) − SI_0 ∂^2C(ξ, t) ∂ξ^2 , (2.6) ∂U(ξ, t) ∂t = 1 m V (ξ, t), (2.7) ∂V (ξ, t) ∂t = τ ∂ ∂ξ |C(ξ, t)|^2 + k ∂^2U(ξ, t) ∂ξ^2 , (2.8)

de Δ = 2S(Ĩ_0 − I_0); τ = 2S(Ĩ_1 − I_1); W =< ψ |H_F| ψ >.

¨z r˛vnfflnnffl (2.6) baqimo, wo naxa sistema r˛vnffln~ ‚ nel˛n˛ȷna. Vaılivo te, wo cffl nel˛n˛ȷn˛st~ zumovlena fflk sp˛n–fononno vza‚mod˛‚, tak ˛ an˛zotrop˛‚ obm˛nnoÝ enerİ˛Ý (τ ≠ 0).

Dlffl rozv’fflzuvannffl sistemi (2.6)–(2.8) vvedemo funkc˛

ρ(ξ − νt) = − ∂U(ξ, t) ∂ξ , (2.9)

tobto vvaıatimemo, wo dinam˛ka İratki ma‚ hvil~oviȷ harakter.

Teper z (2.7) ˛ (2.8) otrima‚mo

ρ(ξ − νt) = τ |C(ξ, t)|^2 mν^2_0 ( 1 −^{ν2}_{ν20}

) , (2.10)

de ν — xvidk˛st~ perem˛wennffl zbudıennffl; ν^2_0 =^k_m .

P˛dstavivxi (2.10) v (2.6), matimemo

DINAM¨QN¨ „ TOPOLOG¨QN¨ SOL¨TONI V KVAZ¨ODNOVIM¨RNIH FEROMAGNETNIH SISTEMAH

i ∂C(ξ, t) ∂t + SI_0 ∂^2C(ξ, t) ∂ξ^2 − (Δ + W )C(ξ, t) + τ^2

mν^2_0 ( 1 −^{ν2}_{ν20} ) |C(ξ, t)|^2 C(ξ, t) = 0. (2.11)

Povna enerİ˛ffl W kolivnogo ruhu teper bude zadavatisffl tak:

W = m 2 (ν^2 + ν^2_0 ) ∞∫ −∞ dξρ^2(ξ − νt) = τ^2 ( 1 +^{ν2}_{ν20} ) 2mν^2_0 ( 1 −^{ν2}_{ν20} ) ∞∫ −∞ dξ |C(ξ, t)|^4. (2.12)

R˛vnfflnnffl (2.11) ˛ (2.12) ‚ osnovnimi dlffl viznaqennffl hvil~ovoÝ funkc˛Ý ta enerİ˛Ý zbudıen~, fflk˛ nazivat~sffl v˛dokremlenimi magnonami, abo magnetnimi sol˛tonami.

Rozv’fflzok r˛vnfflnnffl (2.11) ma‚ viglffld

C(ξ, t) = √ μ/2 exp{i(qξ − Ωt)} ch(μ(ξ − νt)) , (2.13)

de q =^ν_{2SI0} ; Ω — enerİ˛ffl zbudıennffl:

Ω = E_0 + m^∗ν^2 2 , (2.14)

E_0 = Δ −

5τ^4 48 SI_0 mν^4_0 (1 −^{ν2}_{ν20} )

, (2.15)

m^∗ = 1 2I_0S + τ^4 ( 2 + 3 (_ν ν_0

)_2 − (_ν ν_0

)_4)

24SI_0m^2ν^4_0 ( 1 −^{ν2}_{ν20}

)_3 . (2.16)

Teper proanal˛zu‚mo otriman˛ rezul~tati. Rozv’fflzok (2.13) opisu‚ tip zbudıen~, fflk˛ mi naziva‚mo v˛dokremlenim magnonom, abo magnetnim sol˛tonom. V˛dm˛nn˛st~ hvil~ovoÝ funkc˛Ý v˛dokremlenogo magnona v˛d zviqaȷnogo polfflga‚ v tomu, wo kvadrat ÝÝ modulffl ‚ lokal˛zovanim u prostor˛: |C(ξ, t)|^2 = μ 2 · 1 ch^2(μ(ξ − νt)) .

Teper wodo enerİ˛Ý (2.14). Enerİ˛ffl osnovnogo stanu E_0 v˛dokremlenogo magnona ‚ menxo v˛d enerİ˛Ý osnovnogo stanu zviqaȷnogo magnona. Ce vidno z (2.15). Wo stosu‚t~sffl efektivnoÝ masi m^∗ (2.16), to vona ‚ b˛l~- xo v˛d masi zviqaȷnogo magnona. Use ce da‚ zmogu zrobiti visnovok, wo v odnovim˛rnih feromagnetnih lancıkah, fflkwo vikonut~sffl umovi l˛n˛ȷnosti sp˛n–fononnoÝ vza‚mod˛Ý, enerİetiqno b˛l~x vig˛dno ‚ nafflvn˛st~ v˛dokremlenih magnon˛v. V˛dokremleniȷ magnon moına ˛nterpretuvati tak. Zbudıeniȷ stan, fflkiȷ v˛dpov˛da‚ perekidann sp˛nu, zm˛n‚ silu vza‚mod˛Ý m˛ı atomami, vnasl˛dok qogo İratka deformu‚t~sffl. P˛d qas ruhu zbudıennffl (magnona) vzdovı lancıka razom z nim bude ruhatisffl ˛ deformac˛ffl İratki. Magnon razom z deformac˛‚, wo ȷogo suprovodıu‚, mi nazvali v˛dokremlenim magnonom.

Zauvaıimo take: vih˛d za garmon˛qne nabliıennffl [11] sv˛dqit~, wo angarmon˛zm sutt‚vo zm˛n‚ enerİ˛ v˛dokremlenih magnon˛v, moıe zrobiti Ýh b˛l~x st˛ȷkimi abo navpaki.

III. TOPOLOG�QN� SOL�TONI V ODNOVIM�RNIH FEROMAGNETNIH SISTEMAH

U c~omu paragraf˛ v meıah t˛‚Ý ı model˛, wo ˛ v poperedn~omu, dosl˛dıeno ˛nxiȷ tip sol˛ton˛v — topolog˛qn˛. C˛ sol˛toni, fflk ˛ dinam˛qn˛, opisu‚ pevniȷ tip nel˛n˛ȷnogo r˛vnfflnnffl dlffl kuta povorotu sp˛novogo momentu.

Budemo opiratisffl na gam˛l~ton˛ffln (2.1)–(2.3), fflkiȷ zapixemo teper u viglffld˛

H = ∑ n p^2_n 2m + k 2 ∑ n (x_{n+1} − x_n)^2 −

I_0 4 ∑ n,δ (S^−_n S^+_{n+δ} + S^+_n S^−_{n+δ}) − Ĩ 2 ∑ n S^z_nS^z_{n+δ} (3.1)

− I_1 2 ∑ n (x_n − x_{n−1})(S^+_n S^−_{n−1} + S^−_n S^+_{n−1}) − Ĩ_1 ∑ n (x_n − x_{n−1})S^z_nS^z_{n−1},

de δ = ±1, rexta poznaqen~ t˛ ı sam˛.

V. CIXIN

Uvedemo v rozglffld nov˛ operatori sp˛nu zg˛dno z peretvorennfflmi

S^x_n = σ^x_n, S^y_n = σ^y_n cos α_n + σ^z_n sin α_n, S^z_n = −σ^y_n sin α_n + σ^z_n cos α_n, (3.2)

de kut povorotu α_n ‚ funkc˛‚ nomera sp˛nu. Vlasne, viznaqennffl funkc˛onal~noÝ zaleınosti α_n v˛d nomera vuzla İratki ˛ ‚ naxim zavdannfflm. R˛vnfflnnffl dlffl α_n → α(x) v kontinual~nomu nabliıenn˛ v˛dxuka‚mo z umovi m˛n˛mumu enerİ˛Ý H =< F |H| F >, de |F > — hvil~ova funkc˛ffl, fflku viberemo u viglffld˛ |F >= |ψ >| φ(t) > . Tut |ψ >= ∏ n| α_n > — sp˛nova hvil~ova funkc˛ffl osnovnogo stanu: σ^± |α_n > = 0, σ^z |α_n >= S| α_n >,

|φ(t) > = ∏ n e^{−(Un(t)Pn−Vn(t)Xn} |0 > Teper

H = < F |H| F >= −S^2I_0 ∑ n sin a_n(sin a_{n+1} + sin a_{n−1}) − ĨS^2 ∑ n cos a_n(cos a_{n+1} + cos a_{n−1}) (3.3)

− S^2I_1 ∑ n (U_n − U_{n−1}) sin α_n sin α_{n−1} − 2S^2Ĩ ∑ n (U_n − U_{n−1}) cos α_n cos α_{n+1} + ∑ n ν^2 2m + k 2 ∑ n (U_{n+1} − U_n)^2.

P˛slffl prostih peretvoren~ z umovi m˛n˛mumu enerİ˛Ý mi otrima‚mo take r˛vnfflnnffl dlffl α(ξ):

(1 + τ_0 sin^2 α) d^2α dξ^2 + τ_0 cos α sin α ( dα dξ )_2

− 2τ_0 cos α sin α −

4g^2τ^2_1 S^2I_0 mν^2_0 ( 1 −^{ν2}_{ν20}

) cos α sin^3 α = 0, (3.4)

de τ_0 = Ĩ − I_0 I_0

, τ_1 =

Ĩ_1 − I_1 I_1 , g = I_1 I_0 . P˛d qas vivedennffl r˛vnfflnnffl (3.4) zakladeno tak˛ graniqn˛ umovi: α(ξ) → 0 dlffl ξ → −∞,

α(ξ) → π dlffl ξ → +∞. Perx n˛ı navesti rozv’fflzok r˛vnfflnnffl (3.4), v˛dxuka‚mo z (3.4)

dα dξ = √ 2τ_0 sin α √ 1 −^{g2 I0 τ 21 S2}

τ_0mν^2_0 ( 1−^{ν2}_{ν20}

) sin^2 α √ 1 + τ_0 sin^2 α

. (3.5)

Vimoga d˛ȷsnosti^{dα}_{dξ} naklada‚ tak˛ umovi: τ_0 > 0 i ν^2 < ν^2_0 −^{g2 I0 τ 21 S2}_m . Dal˛, v l˛n˛ȷnomu nabliıenn˛ za g rozv’fflzok r˛vnfflnnffl (3.4) p˛slffl ˛nteİruvannffl (3.5) ma‚ viglffld

ξ − ξ_0 = 1 2 √ 2τ_0 ln √ 1 + τ_0 sin^2 α − cos α √ 1 + τ_0 sin^2 α + cos α − 1 √ 2 arcsin √ τ_0 cos α √ 1 + τ_0 − g^2I_0τ^2_1 S^2 4 √ 2τ_0τ_0mν^2_0 ( 1 −^{ν2}_{ν20}

) (3.6)

DINAM¨QN¨ „ TOPOLOG¨QN¨ SOL¨TONI V KVAZ¨ODNOVIM¨RNIH FEROMAGNETNIH SISTEMAH

× {√ 1 + τ_0 sin^2 α cos α +

1 + τ_0 √ τ_0 arcsin √ τ_0 cos α √ 1 + τ_0 } .

Rozv’fflzok (3.6) opisu‚ topolog˛qniȷ sol˛ton, abo tak zvaniȷ π-k˛nk.

Uvedemo ˛ rozrahu‚mo we p˛vxirinu topolog˛qnogo sol˛tona. P˛vxirino Δ topolog˛qnogo sol˛tona budemo vvaıati l˛n˛ȷn˛ rozm˛ri oblasti, simetriqnoÝ stosovno ξ_0(ξ_0 = 0), u meıah fflkoÝ zm˛na kuta povorotu sp˛novogo momentu dor˛vn‚^π_2 :

Δ = Δ_0 + g^2I_0τ^2_1 S^2

(2τ_0)^32 mν^2_0 ( 1 −^{ν2}_{ν20} ) { √ 2 + τ_0 2 + 1 + τ_0 √ τ_0 arcsin √ 2τ_0 2 √ 1 + τ_0 } , (3.7)

de Δ_0 — p˛vxirina k˛nka bez urahuvannffl dinam˛ki lancıka.

Otıe, na p˛dstav˛ m˛kroskop˛qnoÝ odnovim˛rnoÝ an˛zotropnoÝ gaȷzenberİ˛vs~koÝ model˛ l˛n˛ȷnogo lancıka otrimano nel˛n˛ȷne r˛vnfflnnffl dlffl kuta povorotu sp˛nu, rozv’fflzkom fflkogo ‚ topolog˛qniȷ sol˛ton. Dal˛, fflk sv˛dqit~ (3.7), dinam˛ka lancıka privodit~ do zb˛l~xennffl p˛vxirini sol˛tona. Na zak˛nqennffl zauvaıimo, wo ‚ obmeıennffl na xvidk˛st~ hvil˛, fflka opisu‚ dinam˛ku lancıka. Vona povinna buti menxo v˛d defflkoÝ graniqnoÝ xvidkosti, wo menxa, n˛ı xvidk˛st~ zvuku.

Cffl robota bula qastkovo p˛dtrimana M˛ınarodno Soros˛vs~ko Programo p˛dtrimki osv˛ti v galuz˛ toqnih nauk (ISSEP), İrant } APU072121.

[1] A. M. Koseviq, B. A. Ivanov, A. S. Kovalev, Nelineȷnye volny namagniqennosti. Dinamiqeskie i topologiqeskie solitony (Naukova dumka, KiÝv, 1983).

[2] D. I. Pyshkarov, Kh. J. Pushkarov, Phys. Lett. A 61,

339 (1977).

[3] D. I. Pyshkarov, Kh. J. Pushkarov, Phys. Status Solidi

B 81, 89K (1977).

[4] D. I. Pyshkarov, Kh. J. Pushkarov, J. P. Vlahov, Phys.

Status Solidi B 90, 82K (1978).

[5] D. I. Pyshkarov, Kh. J. Pushkarov, J. P. Vlahov, Phys.

Status Solidi B 88, 65K (1978).

[6] C. E. Cordeiro, Phys. Lett. F 66, (1978).

[7] Mikeska, J. Phys. C. 11, (1978).

[8] Lindner, V. K. Fedyanin, Phys. Status Solidi B 89, 2 (19).

[9] V. P. cixin, Teor. mat. fiz. 32, 127 (1977). [10] V. P. cixin, Teor. mat. fiz. 42, 284 (1980). [11] V. P. cixin, Ukr. fiz. ıurn. 25, 1436 (1980). [12] A. S. Davydov, Solitony v molekulfflrnyh sistemah (Naukova dumka, KiÝv, 1984).

[13] K. G. Fischer, G. Heber, Phys. Status Solidi B 129, 645 (1985).

[14] V. P. cixin, Z. V. Pol˛wuk, Ukr. f˛z. ıurn. 40, 370 (1995).

DYNAMIC AND TOPOLOGIC SOLITONS IN QUASI–ONE–DIMENSIONAL FERROMAGNETIC SYSTEMS

V. Yatsyshyn Ivan Franko Drohobych State Pedagogical Institute 24 I. Franko Str., UA–293720, Drohobych, Ukraine

A one-dimensional ferromagnetic anisotropic chain with regard for the lattice fluctuations in harmonic approximation is investigated. Anisotropy is caused by exchange interaction anisotropy. Using the quantum approach one-particle wall excitations are considered. It is shown that the wave function of these excitations satisfies the Schrödinger nonlinear equation. The nonlinearity of the latter which is caused by the chain dynamics is possible for anisotropic ferromagnetic systems only. Here lies the importance of anisotropy.

The solution of the Schrödinger nonlinear equation reveals the wave function to be of a localized nature and the fundamental state energy of the corresponding excitations (which we call magnetic solitons) to be lower than the energy of ordinary magnons.

The influence of unharmonicity of lattice fluctuations on the parameters of magnetic solitons is determined. Together with the dynamic solitons the influence of lattice fluctuations on the parameters of topologic solitons of domain walls type is considered. The domain walls width and the partial constituent of the width caused by the lattice dynamics are determined. It turned out that the wave speed limiting appears if fluctuations are regarded as ordinary waves. The corresponding top wave speed is calculated.