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ʆʙʱʠʡ ʠʥʜʝʢʩ ʮʠʪʠʨʫʝʤʦʩʪʠ> 5.000 ï5 ʯʝʣʦʚʝʢ



ʉʦʩʪʘʚ ʆʊʌ:   72(1)

ʩʨʝʜʥʠʡ  ʚʦʟʨʘʩʪ  57,1 ʛʦʜʘ 
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ʇʨʦʷʚʣʝʥʠʝ Bulk-SQUID ʵʬʬʝʢʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ

ʇʦʩʪʨʦʝʥʠʝ ʪʝʦʨʠʠ Bulk-SQUID

ʚ ʜʠʩʢʨʝʪʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ
ʉ.ʃ. ɻʠʥʟʙʫʨʛ, ɸ.ɺ. ʅʘʢʠʥ ʠ ʅ.ɽ. ʉʘʚʠʮʢʘʷ

ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʩʠʩʪʝʤʳ (ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʥʪʘʢʪʘʤʠ; 

ʚʝʣʠʯʠʥʳ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʢʦʚ ʚ ʢʦʥʪʘʢʪʘʭ, 

ʢʦʥʪʘʢʪʳ, ʚ ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʥʞʝʢʮʠʷ 

ʪʦʢʘ)  ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ  

ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ  ʥʘʧʨʷʞʝʥʠʷ.ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʥʘʤʠʢʠ ʥʘʙʦʨʘ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʭ 

ʢʦʥʪʘʢʪʦʚ ʩ ʚʝʣʠʯʠʥʦʡ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ,

ʨʘʚʥʦʡ ʩʨʝʜʥʝʤʫ ʧʦ ʩʠʩʪʝʤʝ ʢʨʠʪʠʯʝʩʢʦʤʫ ʪʦʢʫ, 

ʠ ʩ ʚʝʣʠʯʠʥʦʡ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʪʦʢʘ, ʪʘʢʞʝ 

ʨʘʚʥʦʡ ʩʨʝʜʥʝʤʫ ʪʦʢʫ ʚ ʩʠʩʪʝʤʝ.

ɼʠʩʢʨʝʪʥʳʡ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ (ʧʨʠʤʝʨ: ʢʝʨʘʤʠʢʘ) ïʩʠʩʪʝʤʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ 

ʛʨʘʥʫʣ,  ʩʚʷʟʘʥʥʳʭ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ. ɺ ʩʦʟʜʘʚʘʝʤʳʭ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʉʂɺʀɼʘʭ (rf-squid) ʥʘʙʣʶʜʘʣʦʩʴ ʠʥʪʝʨʝʩʥʝʡʰʝʝ ʷʚʣʝʥʠʝ, 

ʧʦʣʫʯʠʚʰʝʝ ʥʘʟʚʘʥʠʝ bulk-SQUID ʵʬʬʝʢʪ. ʆʥʦ ʩʦʩʪʦʷʣʦ  ʚ ʪʦʤ, ʯʪʦ, ʢʘʢ 

ʤʦʞʥʦ ʙʳʣʦ ʩʫʜʠʪʴ ʧʦ ʦʪʢʣʠʢʫ ʩʠʩʪʝʤʳ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ 

ʢʝʨʘʤʠʢʠ  ʥʘʯʠʥʘʣʘ ʨʘʙʦʪʘʪʴ ʢʘʢ ʝʜʠʥʳʡ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʡ ʢʦʥʪʘʢʪ. 
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ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠ ʜʚʫʤʝʨʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ 

(ʤʥʦʛʦʢʦʥʪʘʢʪʥʦʛʦ ʉʂɺʀɼʘ).ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʚʦʟʥʠʢʘʝʪ 

bulk-SQUID ʵʬʬʝʢʪ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʥʦʛʦʢʦʥʪʘʢʪʥʳʡ ʉʂɺʀɼ ʦʪʢʣʠʢʘʝʪʩʷ ʥʘ ʚʥʝʰʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ (ʠʥʞʝʢʮʠʷ  ʥʘʜʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ), ʢʘʢ ʝʜʠʥʳʡ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʡ ʢʦʥʪʘʢʪ: 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʚʦ ʚʨʝʤʝʥʠ ʧʦʚʝʜʝʥʠʝ. 



ʀʟʫʯʝʥʘ  ʧʝʨʝʥʦʨʤʠʨʦʚʢʘ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ                 

ʚ  ʣʘʪʪʠʥʞʝʨʦʚʩʢʫʶ ʞʠʜʢʦʩʪʴ ʟʘ ʩʯʝʪ 

ʵʬʬʝʢʪʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ        

ʚ ʬʦʨʤʘʣʠʟʤʝ S-ʤʘʪʨʠʮʳ ʨʘʩʩʝʷʥʠʷ.            

ɺʦ ʚʪʦʨʦʡ ʧʝʪʣʝ ʈɻ ʥʘʡʜʝʥʘ ʩʠʩʪʝʤʘ ʜʚʫʭ  

ʫʨʘʚʥʝʥʠʡ ʥʘ ʢʦʥʜʘʢʪʘʥʩʳ ʩʠʩʪʝʤʳ. 

Tunneling into a Luttinger liquid revisited

ɼ.ʅ. ɸʨʠʩʪʦʚʠ ʜʨ.

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʳʯʥʘʷ 

ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ 

ʥʦʚʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʠ, ʯʴʝ 

ʧʦʣʦʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʥʦʨʤʠʨʦʚʢʠ, ʪʫʥʥʝʣʴʥʳʡ 

ʢʦʥʜʘʢʪʘʥʩ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ 

ʥʝʤʦʥʦʪʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.
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ʀʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨ ʠ ʢʦʨʨʝʣʷʮʠʠ ʚ ʩʠʩʪʝʤʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʩʧʠʥʦʚʳʭ 

ʣʝʩʪʥʠʮ, ʪ.ʝ. ʜʚʫʭ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʮʝʧʦʯʝʢ ʩʧʠʥʦʚ s=1/2, ʩʚʷʟʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʤ ʦʙʤʝʥʦʤ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ, 

ʪʦʯʥʦʡ ʜʠʘʛʦʥʘʣʠʟʘʮʠʠ, DMRG. ʉʠʩʪʝʤʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʱʝʣʴʶ ʍʘʣʜʝʡʥʘ ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʡ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʫʙʳʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʡ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. ɺ ʩʣʫʯʘʝ ʧʨʝʜʝʣʴʥʦʡ 

ʘʩʠʤʤʝʪʨʠʠ çʦʜʥʦʥʦʛʦʡ ʣʝʩʪʥʠʮʳè, ʢʦʛʜʘ ʦʙʤʝʥ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʮʝʧʦʯʝʢ

Asymmetric spin-1/2 two-leg ladders: 
Analytical studies supported by exact diagonalization, 

DMRG, and Monte Carlo simulations

ɼ.ʅ. ɸʨʠʩʪʦʚʠ ʜʨ.

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʱʝʣʠ 

ʫʙʳʚʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʧʦ 

çʘʢʪʠʚʘʮʠʦʥʥʦʤʫè ʟʘʢʦʥʫ, ʚ 

ʩʦʛʣʘʩʠʠ ʩ ʯʠʩʣʝʥʥʳʤʠ 

ʨʘʩʯʝʪʘʤʠ. 
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ʠʩʯʝʟʘʝʪ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʦʨʠʷ, ʢʦʤʙʠʥʠʨʫʶʱʘʷ ʩʧʠʥ-ʚʦʣʥʦʚʦʡ ʧʦʜʭʦʜ ʠ 

ʢʘʜʘʥʦʚʩʢʫʶ ʠʜʝʶ ʫʢʨʫʧʥʝʥʠʷ ʙʣʦʢʦʚ ʚ ʪʝʦʨʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. 



ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ
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ʇʦʩʪʨʦʝʥʘ ʬʫʥʢʮʠʷ ʃʷʧʫʥʦʚʘ U(M) ʜʣʷ ʧʦʪʦʢʦʚ ʩʠʥʪʝʟʘ ʠ ʨʘʟʣʦʞʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʘʨʫʰʝʥʥʳʭ ʠ ʥʝʥʘʨʫʰʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. 

ʕʢʦʩʠʩʪʝʤʘ ʠʤʝʝʪ ʫʩʪʦʡʯʠʚʦʝ ʠ ʥʝʫʩʪʦʡʯʠʚʦʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ 

ʙʦʣʴʰʦʡ (a) ʠ ʤʘʣʦʡ (c) ʙʠʦʤʘʩʩʦʡM, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, T+ -ʭʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ ʦʙʦʨʦʪʘ ʙʠʦʤʘʩʩʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʥʮʠʧʳ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʠʦʤʘʩʩʳ ʚ 

ʵʢʦʩʠʩʪʝʤʝ ʠ ʟʘʥʷʪʦʩʪʠ ʚ ʵʢʦʥʦʤʠʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʦʜʦʙʥʳ.

ʀʩʩʣʝʜʦʚʘʥʳ ʧʨʠʯʠʥʳ ʢʨʠʟʠʩʦʚ ʚ ʵʢʦʥʦʤʠʢʝ.

Makarieva A.M.,Gorshkov V.G., Li B.-L., Annals of N.Y. Acad. Sci. 1195 (2010) E1-E18.

ɺ.ɻ. ɻʦʨʰʢʦʚ ʠ ɸ.ʄ. ʄʘʢʘʨʴʝʚʘ



ʂʦʥʜʝʥʩʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ

ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʳ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʤʝʥʷʝʪʩʷ ʦʪ 3ʜʦ 4ʢʤ

ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʝʥʷʶʱʠʭʩʷ ʦʪ 10ʜʦ 30ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. 

ʇʦʢʘʟʘʥʘ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʤʦʩʬʝʨʥʳʤʠ ʩʪʦʣʙʘʤʠ,

ɸʩʢʦʥʜʝʥʩʘʮʠʝʡ ʠ Bʙʝʟʢʦʥʜʝʥʩʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷzʜʣʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ Ts.

ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʘʥʝʝ ʧʦʜʭʦʜʘ ïʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʜʠʥʘʤʠʢʠ ï

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʦʧʠʩʘʥʠʶ ʫʨʘʛʘʥʦʚ ʠ ʩʤʝʨʯʝʡ.

ʂʣʶʯʝʚʳʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʮʠʢʣʦʥʦʚ, ʫʨʘʛʘʥʦʤ ʠ ʩʤʝʨʯʝʡ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʩʚʷʟʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 

ʂʦʥʜʝʥʩʘʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʘʪʤʦʩʬʝʨʳ

ɺ.ɻ. ɻʦʨʰʢʦʚ ʠ ɸ.ʄ. ʄʘʢʘʨʴʝʚʘ

ʂʦʥʜʝʥʩʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʨʠ ʝʛʦ ʧʦʜʲʝʤʝ ʚ 

ʘʪʤʦʩʬʝʨʝ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʚʥʫʪʨʴ 

ʦʙʣʘʩʪʠ ʢʦʥʜʝʥʩʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʦʜʲʝʤʘ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʫʨʘʚʥʝʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ 

ʜʣʷ ʨʘʜʠʘʣʴʥʦʡ, ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʚ ʮʠʢʣʦʥʘʭ, 

ʫʨʘʛʘʥʘʭ ʠ ʩʤʝʨʯʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ ʚʝʪʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʵʥʝʨʛʝʪʠʢʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʜʝʥʩʘʮʠʝʡ ʚʦʜʷʥʦʛʦ ʧʘʨʘ.
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