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"əɒɓɡɛ ɈɋɟɋɗɘɈ" ɎɑɎ ɘɔɝɓɋɋ "əɒɓɡɛ ɒɆɘɋɖɎɆɑɔɈ" (ȹȲ, smart materials ,). Ƀɘɔ ɒɆɘɋɖɎɆɑɡ, ɐɔɘɔɖɡɋ ɒɔɉəɘ 

ɖɋɆɉɎɖɔɈɆɘɢ ɓɆ ɎɍɒɋɓɋɓɎɋ ɈɓɋɞɓɎɛ əɗɑɔɈɎɏ, ɓɆɕɖɎɒɋɖ: ɊɆɈɑɋɓɎɥ, ɘɋɒɕɋɖɆɘəɖɡ, ɈɑɆɌɓɔɗɘɎ ɗɖɋɊɡ Ɏ ɘ.Ɋ. ɗɕɑɆɈɡ ɗ 

"ɕɆɒɥɘɢɤ ɚɔɖɒɡ",ɗ ɐɔɘɔɖɡɛ Ɏ ɓɆɝɎɓɆɑɔɗɢ ɣɘɔ ɓɆɕɖɆɈɑɋɓɎɋ, ɕɔɐɆ ɋɟɋ ɓɋ ɕɔɑəɝɎɑɎ ɘɆɐɔɉɔ ɞɎɖɔɐɔɉɔ ɕɖɎɒɋɓɋɓɎɥ, ɐɆɐ ɘɔ ɔɌɎɊɆɑɔɗɢ ɖɆɓɋɋ.

ȷɑɋɊəɋɘ ɖɆɍɊɋɑɥɘɢ əɒɓɡɋ ɒɆɘɋɖɎɆɑɡ Ɏ ɐɔɓɗɘɖəɐɜɎɎ.

ȹɒɓɡɏ ɒɆɘɋɖɎɆɑ ïɣɘɔ ɒɆɘɋɖɎɆɑ ɐɔɘɔɖɡɏ ɔɇɖɆɘɎɒɔ Ɏɍɒɋɓɥɋɘ ɗɈɔɎ ɗɈɔɏɗɘɈɆ ɕɔɊ ɈɓɋɞɓɎɒ ɈɔɍɊɋɏɗɘɈɎɋɒ 

ȪɋɗɥɘɐɎ Ɏ ɗɔɘɓɎ ɒɆɘɋɖɎɆɑɔɈ ɐɔɘɔɖɡɋ ɖɆɗɗɒɆɘɖɎɈɆɤɘ Ɏ Ɏɗɕɔɑɢɍəɤɘ ɐɆɐ çəɒɓɡɋè

ȸɋɖɒɔɝəɈɗɘɈɎɘɋɑɢɓɡɋ. Ȯɍɒɋɓɥɤɘ ɜɈɋɘ ɔɘ ɘɋɒɕɋɖɆɘəɖɡ.ȸɆɐɎɋ ɘɋɖɒɔɛɖɔɒɓɡɋɒɆɘɋɖɎɆɑɡ ɗɋɏɝɆɗ Ɏɗɕɔɑɢɍəɤɘɗɥ Ɉ 

ɗɆɒɡɛ ɖɆɍɑɎɝɓɡɛ ɔɇɑɆɗɘɥɛ. ȸɋɖɒɔɎɓɊɎɐɆɘɔɖɡ.

ɚɔɘɔɛɖɔɒɓɡɋɗɔɑɓɋɝɓɡɋ ɔɝɐɎ-ɛɆɒɋɑɋɔɓɡ, ɐɔɘɔɖɡɋ ɗɘɆɓɔɈɥɘɗɥ ɘɋɒɓɋɋ, ɐɔɉɊɆ ɗɔɑɓɋɝɓɡɏ ɗɈɋɘ əɗɎɑɎɈɆɋɘɗɥ

ɎɓɊɎɐɆɜɎɥ ɖɆɍɑɎɝɓɡɛ ɛɎɒɎɝɋɗɐɎɛ ɗɔɋɊɎɓɋɓɎɏ. ȳɆɕɖɎɒɋɖ, ɎɗɕɔɑɢɍɔɈɆɓɎɋ ȹȲ Ɋɑɥ ɎɓɊɎɐɆɜɎɎ ɗɔɛɖɆɓɓɔɗɘɎ 

ɕɖɔɊəɐɘɔɈ. ȵɖɎ ɕɔɥɈɑɋɓɎɎ ɕɋɖɈɡɛ ɕɖɎɍɓɆɐɔɈ ɖɆɍɑɔɌɋɓɎɥ ɖɡɇɓɡɛ ɕɖɔɊəɐɘɔɈ ɎɓɊɎɐɆɘɔɖ Ɏɍɒɋɓɥɋɘ ɜɈɋɘ Ɏ ɗɎɉɓɆɑɎɍɎɖəɋɘ ɔɇ ɔɕɆɗɓɔɗɘɎ. ȵɖɋɊɑɆɉɆɋɒɡɋɎɓɊɎɐɆɘɔɖɡ ɕɔɍɈɔɑɥɤɘ 

ɔɕɖɋɊɋɑɥɘɢ ɕɔɥɈɑɋɓɎɋ ɕɖɔɊəɐɘɔɈ ɖɆɍɑɔɌɋɓɎɥ ɖɡɇɡ (ɆɒɒɎɆɐ Ɏ ɆɒɎɓɡ) Ɉ ɈɔɍɊəɛɋ ɕɖɎ Ɏɛ ɗɔɊɋɖɌɆɓɎɎ ɔɐɔɑɔ 7-10 ɒɉ/ɒ3.

ɐɔɒɕɑɋɐɗɓɔɋ ɛɎɒɎɝɋɗɐɔɋ ɗɔɋɊɎɓɋɓɎɋ ɖɔɊɎɥ (I) [Rh(CO)2(ɇɋɓɍ-2,1,3 -ɘɎɆɊɎɆɍɔɑ)Cl] ɐɔɘɔɖɆɥ ɕɖɋɊəɕɖɋɌɊɆɋɘ ɈɆɗ ɔ 

ɕɖɋɈɡɞɋɓɎɎ ɗɔɊɋɖɌɆɓɎɥ əɉɆɖɓɔɉɔ ɉɆɍɆ. Ɉ ɕɖɎɗəɘɗɘɈɎɎ ȷȴ ɒɉɓɔɈɋɓɓɔ ɒɋɓɥɋɘ ɜɈɋɘ ɗ Ɍɋɑɘɔ-ɔɖɆɓɌɋɈɔɉɔ ɓɆ 

ɚɎɔɑɋɘɔɈɔ-ɗɎɓɎɏ.  ȷɔɍɊɆɓɡ ɗɆɒɔɍɆɑɋɝɎɈɆɤɟɎɋɗɥɒɆɘɋɖɎɆɑɡ.ȷɆɒɡɏ ɔɇɞɎɖɓɡɏ ɖɆɍɊɋɑ - ɣɘɔ ɔɘɐɑɎɐ ɓɆ 

ɘɋɒɕɋɖɆɘəɖɓɡɋ ɈɔɍɊɋɏɗɘɈɎɥ. ȭɊɋɗɢ ɕɖɔɝɓɔ ɔɇɔɗɓɔɈɆɑɎɗɢ ɈɋɟɋɗɘɈɆ Ɏ ɗɕɑɆɈɡ ɗ "ɕɆɒɥɘɢɤ ɚɔɖɒɡ", ɎɗɕɔɑɢɍəɤɟɎɛ 

ɚɎɍɎɝɋɗɐɔɋ ɥɈɑɋɓɎɋ, ɕɖɎ ɐɔɘɔɖɔɒ ɕɑɆɗɘɎɝɋɗɐɎ ɊɋɚɔɖɒɎɖɔɈɆɓɓɡɏ ɒɋɘɆɑɑ ɈɔɗɗɘɆɓɆɈɑɎɈɆɋɘ ɗɈɔɤ ɕɋɖɈɔɓɆɝɆɑɢɓəɤ 

ɚɔɖɒə, ɔɇɡɝɓɔ ɕɖɎ ɓɆɉɖɋɈɋ - Shape Memory Alloys (SMA ).

Ƀɘɔ ɞɎɖɔɐɎɏ ɐɖəɉ ɖɆɍɑɎɝɓɡɛ ɒɆɘɋɖɎɆɑɔɈ, ɔɗəɟɋɗɘɈɑɥɤɟɎɛ ɔɇɖɆɘɓɡɏ ɕɢɋɍɔɣɚɚɋɐɘ. ɘɔ ɋɗɘɢ "ɒəɗɐəɑɡ". 

ɓɔɈɔɉɔ ɔɖɉɆɓɎɝɋɗɐɔɉɔ ɕɔɑɎɒɋɖɆ, ɐɔɘɔɖɡɏ ɔɇɑɆɊɆɋɘ ɗɕɔɗɔɇɓɔɗɘɢɤ ɗɔɐɖɆɟɆɘɢɗɥ ɕɔɊ ɈɔɍɊɋɏɗɘɈɎɋɒ ɔɝɋɓɢ 

ɗɑɆɇɔɉɔ ɣɑɋɐɘɖɎɝɋɗɐɔɉɔ ɗɎɉɓɆɑɆ. Ƀɘɔɘ ɕɔɑɎɒɋɖ ɗɒɔɌɋɘ Ɉɡɕɔɑɓɥɘɢ ɖɔɑɢ ɎɗɐəɗɗɘɈɋɓɓɔɏ ɒɡɞɜɡ.

ȨɔɍɊɋɏɗɘɈɎɋ ɒɆɉɓɎɘɓɔɉɔ ɕɔɑɥ ɘɆɐɌɋ ɒɔɌɋɘ ɈɡɍɡɈɆɘɢ ɒɋɛɆɓɎɝɋɗɐɎɋ ɕɋɖɋɒɋɟɋɓɎɥ. Ƀɘɔɘ ɣɚɚɋɐɘ ɓɔɗɎɘ 

ɓɆɍɈɆɓɎɥ "ɒɆɉɓɎɘɔɗɘɖɎɐɜɎɔɓɓɔɉɔ. ȰɆɐ ɕɖɆɈɎɑɔ, ɒɋɛɆɓɎɝɋɗɐɎɋ ɎɍɒɋɓɋɓɎɥ ɕɖɎ ɣɘɔɒ ɊɔɗɘɆɘɔɝɓɔ ɓɋɈɋɑɎɐɎ. ȴɊɓɆɐɔ, ɓɆɕɖɎɒɋɖ ɗɕɋɜɎɆɑɢɓɆɥ ɖɋɍɎɓɆ, ɗɔɍɊɆɓɓɆɥ ɓɆ ɚɎɍɎɝɋɗɐɔɒ ɚɆɐəɑɢɘɋɘɋ Ȳȩȹ Ɏ ȩȳȮȮȻȸɃȴȷ, ɒɔɌɋɘ Ɉ ɣɘɔɒ ɗɑəɝɆɋ ɗɎɑɢɓɔ Ɏɍɒɋɓɥɘɢ ɖɆɍɒɋɖɡ. 

ȨɡɕɔɑɓɋɓɓɆɥ Ɏɍ ɓɋɉɔ ɕɖɔɇɐɆ, ɔɐɆɍɆɈɞɎɗɢ Ɉ ɒɆɉɓɎɘɓɔɒ ɕɔɑɋ, ɗəɟɋɗɘɈɋɓɓɔ əɒɋɓɢɞɆɋɘɗɥ Ɉ ɊɎɆɒɋɘɖɋ Ɏ ɑɋɉɐɔ ɈɛɔɊɎɘ Ɉ ɉɔɖɑɡɞɐɔ ɇəɘɡɑɐɎ, ɆɕɖɎ əɗɘɖɆɓɋɓɎɎ ɣɘɔɉɔ ɕɔɑɥ ɗɓɔɈɆ ɖɆɗɞɎɖɥɋɘɗɥ Ɏ ɐɖɋɕɐɔ ɋɋ ɍɆɐəɕɔɖɎɈɆɋɘ. ȮɍɈɑɋɝɢ ɘɆɐəɤ ɕɖɔɇɐə Ɏɍ ɉɔɖɑɡɞɐɆ ɒɔɌɓɔ ɑɎɞɢ ɕɖɎ ɕɔɈɘɔɖɓɔɒɎɗɕɔɑɢɍɔɈɆɓɎɎ ɒɆɉɓɎɘɆ. ȪɋɚɔɖɒɆɜɎɥ ɓɔɈɔɉɔ ɒɆɘɋɖɎɆɑɆ Ɉ 

ɒɆɉɓɎɘɓɔɒ ɕɔɑɋ Ɉ ɓɋɗɐɔɑɢɐɔ ɖɆɍ ɇɔɑɢɞɋ, ɝɋɒ ə ɑɤɇɡɛ ɊɖəɉɎɛ ɕɢɋɍɔ-, ɣɑɋɐɘɖɔ- Ɏ ɕɖɔɝɎɛ ɒɆɉɓɎɘɓɡɛ ɒɆɘɋɖɎɆɑɔɈ (ɗɒ. "ȳɆəɐɆ Ɏ ɌɎɍɓɢ" ɷ 1, 1991 ɉ.). ȮɗɕɔɑɢɍɔɈɆɘɢ ɒɆɉɓɎɘɔɣɑɆɗɘɎɐɎɒɔɌɓɔ ɔɝɋɓɢ ɞɎɖɔɐɔ - Ɏ ɓɋ ɘɔɑɢɐɔ Ɉ ɘɋɛɓɎɐɋ, ɓɔ Ɏ Ɉ ɒɋɊɎɜɎɓɋ. ȵɖɋɊɕɔɑɆɉɆɋɘɗɥ, ɓɆɕɖɎɒɋɖ, ɔɗəɟɋɗɘɈɑɥɘɢ ɗ Ɏɛ ɕɔɒɔɟɢɤ ɇɑɔɐɎɖɔɈɐə ɒɋɑɢɝɆɏɞɎɛ 

ɐɖɔɈɋɓɔɗɓɡɛ ɗɔɗəɊɔɈ, ɕɔɊɈɔɊɥɟɎɛ ɐɖɔɈɢ ɐ ɐɆɐɔɏ-ɑɎɇɔ ɔɕəɛɔɑɎ, Ɏ ɕɖɋɐɖɆɟɆɘɢ ɘɋɒ ɗɆɒɡɒ ɋɋ ɊɆɑɢɓɋɏɞɋɋ ɖɆɍɈɎɘɎɋ (ȳɎȬ, ȧȳȸȮ ɷ 02, 2000 ɉ.).

ɓɋɐɔɘɔɖɡɋ ɕɔɑɎɒɋɖɡ Ɏɍɒɋɓɥɤɘ ɚɔɖɒə ɘɆɐɌɋ Ɏ ɕɔɊ ɊɋɏɗɘɈɎɋɒ ɗɈɋɘɆ. ɎɍɒɋɓɋɓɎɋ ɕɔɖɥɊɐɆ 20%

ȳɆɎɇɔɑɋɋ ɞɎɖɔɐɔ ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɡɒ ɗɑəɝɆɋɒ ɎɍɒɋɓɋɓɎɥ ɛɎɒɎɝɋɗɐɎɛ (ɘɔɝɓɋɋ ɚɎɍɎɐɔ-ɛɎɒɎɝɋɗɐɎɛ) ɗɈɔɏɗɘɈ ɕɔɊ 

ɊɋɏɗɘɈɎɋɒ ɣɑɋɐɘɖɎɝɋɗɐɔɉɔ ɘɔɐɆ ɥɈɑɥɋɘɗɥ ɎɍɒɋɓɋɓɎɋ ɈɥɍɐɔɗɘɎ ɣɑɋɐɘɖɔɖɋɔɑɔɉɎɝɋɗɐɎɛɌɎɊɐɔɗɘɋɏ.

Ȩ ɍɋɖɐɆɑɆɛ ɓɆ ɔɗɓɔɈɋ ɣɑɋɐɘɖɔɛɖɔɒɓɡɛɌɎɊɐɔɗɘɋɏɕɖɔɗɘɖɆɓɗɘɈɔ ɒɋɌɊə ɊɈəɒɥ ɗɘɋɐɑɥɓɓɡɒɎ ɕɑɆɗɘɎɓɆɒɎ ɍɆɕɔɑɓɋɓɔ ɔɗɔɇɔɏ 

ɌɎɊɐɔɗɘɢɤ, ɕɖɔɍɖɆɝɓɔɏ Ɉ ɔɇɡɝɓɔɒ ɗɔɗɘɔɥɓɎɎ Ɏ ɘɋɒɓɋɤɟɋɏ ɕɔɊ ɊɋɏɗɘɈɎɋɒ ɣɑɋɐɘɖɎɝɋɗɐɔɉɔ ɘɔɐɆ. Ȩ ɊɖəɉɎɛ ɐɔɓɗɘɖəɐɜɎɥɛ 

Ɏɗɕɔɑɢɍəɋɘɗɥ ɓɋ ɌɎɊɐɎɏ ɣɑɋɐɘɖɔɛɖɔɒɓɡɏɒɆɘɋɖɎɆɑ, Ɇ ɘɔɓɐɆɥ ɕɑɋɓɐɆ ɔɐɗɎɊɆ ɈɔɑɢɚɖɆɒɆ. ɃɑɋɐɘɖɔɛɖɔɒɓɡɋɍɋɖɐɆɑɆ



ʅʦʚʳʡ ʢʣʘʩʩ ʤʘʛʥʠʪʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ

- ʥʦʚʳʡ ʪʠʧʢʦʤʧʦʟʠʪʘ,ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʫʶʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤʠ 

ʚ ʥʝʡ ʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠʥʘʥʦ- ʠʣʠ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ 

(ʧʘʪʝʥʪ RU 2157013, 2000 ʛʦʜ.)

ʉʦʯʝʪʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢ ʦʙʨʘʪʠʤʦʤʫʠʟʤʝʥʝʥʠʶ 

ʨʘʟʤʝʨʘ ʠ ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʦʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.

ʄɸɻʅʀʊʆʏʋɺʉʊɺʀʊɽʃʔʅʓʁ 

ʇʆʃʀʄɽʈ!

ʄʘʛʥʠʪʥʳʝ

ʯʘʩʪʠʮʳ

ʇʦʣʠʤʝʨʥʘʷ 

ʤʘʪʨʠʮʘ

ɽ~ 1-50 ʢʇʘ

ʄʘʛʥʠʪʥʳʝ 

ʞʠʜʢʦʩʪʠ
ɾʝʩʪʢʠʝ (E>1000 ʢʇʘ)

ʤʘʛʥʠʪʦʵʣʘʩʪʳ



ʉʦʩʪʘʚ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʄɸʕ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ

ʤʘʛʥʠʪʦʤʷʛʢʠʝʧʦʨʦʰʢʠ: ɾʝʣʝʟʦ, ʥʠʢʝʣʴ ʢʦʙʘʣʴʪ, ʤʘʛʥʝʪʠʪ,

ʧʝʨʤʘʣʦʠ, ʘʤʤʦʨʬʥʳʝʩʧʣʘʚʳ.

ʊʘʢ ʠ ʧʦʨʦʰʢʠ ʤʘʛʥʠʪʦʞʝʩʪʢʠʭʥʘʧʦʣʥʠʪʝʣʝʡ:

NiCo, NiCoCu, CuNiCo, CoFe, CoFeV, FeMo, FeMoCo, CuNiFe,

CoPt, FePt, SmCo, CeCo, NdFeB, ʬʝʨʨʠʪʳ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ.

ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ 1- 100 ʤʢʤ.

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʫʶʪ ʥʘʪʫʨʘʣʴʥʳʡ ʢʘʫʯʫʢ, 

ʙʫʪʘʜʠʝʥʦʚʳʝ, ʫʨʝʪʘʥʦʚʳʝ ʠ ʩʠʣʠʢʦʥʦʚʳʝ ʢʘʫʯʫʢʠ.

ʆʩʥʦʚʥʳʝ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʤʦʜʫʣʷʭ ʫʧʨʫʛʦʩʪʠ.

ʄʦʜʫʣʴ ʖʥʛʘ ʤʝʥʝʝ 1 ʄʇʘ,

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ 10- 100 ʢʇʘ. 

ʅʦʤʝʥʢʣʘʪʫʨʘ: ʄʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʠʡ ʵʣʘʩʪʦʤʝʨ, (ʄʘʛʥʠʪʦʵʣʘʩʪʳ)

ʄʘʛʥʠʪʦʵʣʘʩʪʠʢ, ʄʘʛʥʠʪʥʳʡ ʛʝʣʴ, ʤʘʛʥʠʪʥʳʡ ʧʦʣʠʤʝʨ,

ʄʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʡ ʵʣʘʩʪʦʤʝʨ, ʄʘʛʥʠʪʦʘʢʪʠʚʥʳʡ ʵʣʘʩʪʦʤʝʨ, 

(ʄʘʛʥʠʪʥʳʡ ʢʦʤʧʦʟʠʪ)



ʍʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʄɸʕ.  ʇʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ çʉʀʕʃè

ʏʘʩʪʴ ɸ  (CH3)3SiO{[(CH3)2SiO]a-[CH3(H)SiO]b}x-Si(CH3)3 and (CH3=CH)3SiO 

[CH3SiO]y-Si(CH=CH2)3

ʏʘʩʪʴ ɹ:  (CH3=CH)3SiO [CH3SiO]y-Si(CH=CH2)3 +Pt-catalyst

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ:     ſSiO-CH=CH2+ HSiſ  ƄOSiCH2CH2Siſ  

ɹʘʟʦʚʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʨʝʮʝʧʪʫʨ ʩʠʣʠʢʦʥʦʚʳʭ ʢʦʤʧʘʫʥʜʦʚ ʠ ʛʝʨʤʝʪʠʢʦʚ çʉʀʕʃè,  

ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʷ ʧʦʣʠʧʨʠʩʦʝʜʠʥʝʥʠʷ (1) ʠ ʨʘʜʠʢʘʣʴʥʘʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ (2) 

ʩʦʛʣʘʩʥʦ ʩʭʝʤʘʤ, ʫʢʘʟʘʥʥʳʤ ʥʠʞʝ:

ſ Si-CH=CH2   + H-Si ſ ÈſSi-CH2ïCH2-Si ſ toC

ʠʥʠʮʠʘʪʦʨ           

ſ Si- ɸ-CR =CH2   ÈſSi- A-CR ïCH2- CR- CH2 ïA-Si ſ ʋʌ

ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʧʨʦʭʦʜʠʪ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʧʦʙʦʯʥʳʭ  ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʧʣʝʥʦʯʥʳʝ ʠʣʠ ʧʦʢʨʦʚʥʳʝ,

ʥʦ ʠ ʢʘʢ ʟʘʣʠʚʦʯʥʳʝ ʜʣʷ ʟʘʢʨʳʪʳʭ ʦʙʲʝʤʦʚ ʣʶʙʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 



ʇʦʣʠʤʝʨʥʘ̫ 

ʦʩʥʦʚʘ (ʉʀʕʃ)

ʄʘʛʥʠʪʥr ʡ 

ʥʘʧʦʣʥʠʪʝʣɹ

ʄʦʜʠʬʠʮʠʨʦʚʘ-

ʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣ̫

ʉʪʘʜʠ̫ ʛʨʫʙʦʛʦ 

ʩʤʝh ʝʥʠ̫ 

ʢʦʤʧʦʥʝʥʪʦʚ

ʊʦʥʢʦʝ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ

ʉʤʝh ʝʥʠʝ 

ʜʠʩʧʝʨʩʠʠ  ʩ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ 

ʪʫʨʙʦʩʤʝʩʠʪʝʣʝ 

ɺʘʢʫʫʤʠʨʦʚʘʥʠʝ 

ʢʦʤʧʦʟʠʮʠʠ

ɿʘʣʠʚʢʘ 

ʢʦʤʧʦʟʠʮʠʠ ʚ 

ʬʦʨʤr

ʇʦʣʠʤʝʨʠʟʘʮʠ̫ 

ʢʦʤʧʦʟʠʮʠʠ ʚ 

ʪʝʨʤʦh ʢʘʬʫ

ɻʦʪʦʚʘ̫ 

ʧʨʦʜʫʢʮʠ̫ 

ʄʋʕ

ʇʨʠʥʮʠʧʠʘʣɹʥʘ̫ ʙʣʦʢ-ʩʭʝʤʘ ʧʦʣʫʯʝʛʥʠ̫ ʄʋʕ

ʅʘʥʦʤʘʛʥʝʪʠʪ



ʉʠʥʪʝʟ ʤʘʛʥʠʪʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ

ʇʦʣʠʤʝʨʠʟʘʮʠʷ 

ʢʦʤʧʦʟʠʮʠʠ

ʧʨʠ100-1500C 

+ SHF of 2.4 GHZ

ʉʢʦʨʦʩʪʴ ʧʦʜʲʸʤʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ

ʨʘʟʤʝʨʦʤ 30ʭ30 ʤʤ ʧʨʠ 

ʢʦʥʚʝʢʮʠʦʥʥʦʤ

ʠ ʉɺʏ  ʥʘʛʨʝʚʝ.

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʜʦʩʪʠʞʝʥʠʷ

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 

ʦʙʨʘʟʮʘ ʧʨʠ ʉɺʏ-ʥʘʛʨʝʚʝ ʚ 20 ʨʘʟ

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʢʦʥʚʝʢʮʠʦʥʥʦʤ 

ʥʘʛʨʝʚʝ. 



ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ

1. ʄʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪïʫʥʠʢʘʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʩʪʨʦ ʠ ʦʙʨʘʪʠʤʦ ʠʟʤʝʥʷʪʴ ʚʷʟʢʦ-ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

2. ʄʘʛʥʠʪʦʵʣʝʢʪʨʦʨʝʦʣʦʛʠʯʝʩʢʠʡʵʬʬʝʢʪïʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʝ 
ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. 

3. ʄʘʛʥʠʪʦʜʝʬʦʨʤʘʮʠʦʥʥʳʡʵʬʬʝʢʪïʟʥʘʯʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚʦ ʚʥʝʰʥʠʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. 

4. ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ïʟʥʘʯʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ (ʜʦ 10%) ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

5. ʕʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ ʠʣʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ïʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʬʦʨʤʫ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʜ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʦʡ ʠ ʩʦʭʨʘʥʷʪʴ ʝʸ ʜʦ ʚʳʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠʩʭʦʜʥʘʷ ʬʦʨʤʘ ʦʙʨʘʟʮʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

6. ʄʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʡ ʵʬʬʝʢʪ (ʵʬʬʝʢʪ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ)ïʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 

7. ʇʴʝʟʦʨʝʟʠʩʪʠʚʥʳʡʵʬʬʝʢʪ ïʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ; 

8. ʄʘʛʥʠʪʦʧʴʝʟʦʨʝʟʠʩʪʠʚʥʳʡʵʬʬʝʢʪïʩʚʝʨʭʘʜʠʪʠʚʥʦʝʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʣʠʤʦʩʪʠʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ;

9. ʄʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪïʠʟʤʝʥʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ; 

10. ʄʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡʵʬʬʝʢʪ ïʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ; 

11. ʄʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪïʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʷ. 

12. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪïʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʛʝʥʝʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʜʘʨʘ. 

13. ʄʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨ ʥʘ ʵʤʫʣʴʩʠʷʭ ʢʘʫʯʫʢʦʚ ïʢʦʤʧʦʟʠʪ ʩ ʚʳʩʦʢʠʤ ʪʘʥʛʝʥʩʦʤ ʧʦʪʝʨʴ

14. ɸʥʠʟʦʪʨʦʧʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ïʩʠʥʪʝʟ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʈʝʛʫʣʠʨʫʝʤʘʷ ʛʠʜʨʦʬʦʙʥʦʩʪʴ (ʵʬʬʝʢʪ 

ʣʦʪʦʩʘ)  15. ʄʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ïʠʟʤʝʥʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.
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ʄʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨ. ʋʧʨʫʛʦʩʪʴ ʠ ʜʝʬʦʨʤʘʮʠʠ



ʄʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨ. ʋʧʨʫʛʦʩʪʴ ʠ ʜʝʬʦʨʤʘʮʠʠ



ʀʩʧʳʪʘʥʠʷ ʄɸʕ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ  ʙʝʟ ʧʦʣʷ ʠ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 250 ʤʊʣʧʨʠ ʨʘʟʥʳʭ ʜʝʬʦʨʤʘʮʠʷʭ. (0 ïʙʝʟ ʧʦʣʷ, 1-5 ïʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʠ ʨʘʟʥʳʭ 

ʜʝʬʦʨʤʘʮʠʷʭ)  
ɺʠʜʥʦ, ʯʪʦ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʭʦʜ ʢʨʠʚʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ɻʫʢʘ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʢʨʠʚʳʝ 1-5) ʭʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ʨʝʟʢʦ ʠʟʤʝʥʷʝʪʩʷ, ʫʧʨʫʛʦʩʪʴ 

ʦʙʨʘʟʮʘ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʭʦʜ ʢʨʠʚʳʭ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʛʠʩʪʝʨʝʟʠʩ. ʇʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʧʦʢʘʟʳʚʘʝʪ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʥʘ ʛʠʩʪʝʨʝʟʠʩ ʧʨʠ ʜʝʤʧʬʠʨʦʚʘʥʠʠ. ɺʠʜʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʤʧʬʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɼʝʬʦʨʤʘʮʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ  ʄʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ



ɸʢʪʠʚʥʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʄɸʕ
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ʆʪʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠ ʠʟʤʝʨʝʥʠʝ ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʄɸʕ 

ʥʘ ʤʦʜʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʨʝʞʠʤʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʜʘʨʘ.



ɼʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʄɸʕ

 
   

 



ɼʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʄɸʕ.  ɾʸʩʪʢʠʡ ʙʝʟ ʧʦʣʷ



ɼʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʄɸʕ.  ɾʸʩʪʢʠʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ



ɼʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʄɸʕ.  ʄʷʛʢʠʡ ʙʝʟ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ



ɼʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʄɸʕ.  ʄʷʛʢʠʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ



ɼʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʄɸʕ.  ʄʷʛʢʠʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ
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ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ 
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ʈʘʙʦʯʘʷ ʦʙʣʘʩʪʴ ʜʦ 30 ɻʮ!

ʄʘʛʥʠʪʥʳʝ ʵʣʘʩʪʦʤʝʨʳ ʚ ʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ



ʇʝʨʝʤʝʱʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʵʣʘʩʪʦʤʝʨʘ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ
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G.V. Stepanovc, V.A. Turkovd, M.V. Lukashevichd
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ʇʝʨʝʤʝʱʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʵʣʘʩʪʦʤʝʨʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ



ʇʝʨʝʤʝʱʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʵʣʘʩʪʦʤʝʨʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ
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ʕʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ
ʊʆʄʉʂ2002,                                        ROMA 2003,  

A                B               C               D              E              F            G

Miklos Zrinyi



ʕʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ.

ʆʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ



ʕʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ.

ʆʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ

. Nikitin L.V., Stepanov G.V., Mironova L.S., Gorbunov A.I.  

Magnetodeformational effect and effect of shape memory in magnetoelastics. // Journal of magnetism 

and magnetic materials. ï2004. 



ʕʬʬʝʢʪ ʧʘʤʷʪʠ ʬʦʨʤʳ.

ʆʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ

ɽ=9ʢʇʘ ɽ= 3 ʢʇʘ



ʄʘʛʥʠʪʦʘʢʪʠʚʥʳʡ ʵʣʘʩʪʦʤʝʨ ʧʦ ʵʤʫʣʴʩʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ

3. ʉʠʣʠʢʦʥʦʚʳʡ ʢʦʤʧʘʫʥʜ (ʉʀʕʃ ʤʝʪʠʣʴʥʳʡ) + ʉʀʕʃ ʬʝʥʠʣʴʥʳʡ

1. ʉʠʣʠʢʦʥʦʚʳʡ ʢʦʤʧʘʫʥʜ (ʉʀʕʃ ʤʝʪʠʣʴʥʳʡ) + ʋʨʝʪʘʥʦʚʳʡ ʢʘʫʯʫʢ

2. ʉʠʣʠʢʦʥʦʚʳʡ ʢʘʫʯʫʢ ʉʂʊʅ-ɻ + ʋʨʝʪʘʥʦʚʳʡ ʢʘʫʯʫʢ

ʎʝʣʴ: ʧʦʣʫʯʝʥʠʝ ʵʣʘʩʪʠʯʥʦʛʦ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩ ʚʳʩʦʢʠʤ ʪʘʥʛʝʥʩʦʤ ʧʦʪʝʨʴ



ʄʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨ ʥʘ ʵʤʫʣʴʩʠʷʭ ʢʘʫʯʫʢʦʚ

ʉʠʣʠʢʦʥʦʚʳʡ ʵʣʘʩʪʦʤʝʨ 20% ʚ ʫʨʝʪʘʥʦʚʦʤ 



ʄʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨ ʥʘ ʵʤʫʣʴʩʠʷʭ ʢʘʫʯʫʢʦʚ

ɺʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʵʤʫʣʴʩʠʠ ʥʝʩʤʝʰʠʚʘʝʤʳʭ ʵʣʘʩʪʦʤʝʨʦʚ



ʌʦʪʦʛʨʘʬʠʷ ʨʘʟʨʝʟʘ ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 25% ʤʝʪʠʣ/75% ʬʝʥʠʣ. 

(ʬʝʥʠʣʴʥʳʡʧʦʣʠʤʝʨ ʙʦʣʝʝ ʩʚʝʪʣʳʡ)
ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʪʦʛʨʘʬʠʠ ʵʤʫʣʴʩʠʷ ʧʦʣʠʤʝʨʦʚ ʠʤʝʝʪ ʚʳʪʷʥʫʪʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʙʦʣʴʰʠʭ ʢʘʧʝʣʴ

ʠ ʦʪʜʝʣʴʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʣʝʥʴʢʠʝ ʢʘʧʣʠ ʧʦʣʠʤʝʨʘ ʚ ʧʦʣʠʤʝʨʝ. 

Ph 28% Ph 41%

ʄʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨ ʥʘ ʵʤʫʣʴʩʠʷʭ ʢʘʫʯʫʢʦʚ



˿͔ͣͫΈ ˿˴́˹Υ͔͍ͯͪͭ͊ͤͦ·͚ς50:50% ˿͔ͣͫΈ ˿˴́˹Υ͔͍ͯͪͭ͊ͤͦ·͚ς60:40%

ʄʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨ ʥʘ ʵʤʫʣʴʩʠʷʭ ʢʘʫʯʫʢʦʚ



ʄʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨ ʥʘ ʵʤʫʣʴʩʠʷʭ ʢʘʫʯʫʢʦʚ 
ʄʦʜʫʣʴ ʩʜʚʠʛʘ, ʪʘʥʛʝʥʩ ʧʦʪʝʨʴ



ʄʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨ ʥʘ ʵʤʫʣʴʩʠʷʭ ʢʘʫʯʫʢʦʚ

ʄʦʜʫʣʴ ʖʥʛʘ, ʧʨʦʯʥʦʩʪʴ, ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ 



ʉʠʣʠʢʦʥ ʤʝʪʠʣʴʥʳʡ+ ʬʝʥʠʣʴʥʳʡ ʉʠʣʠʢʦʥ ʤʝʪʠʣʴʥʳʡ+ ʫʨʝʪʘʥ



ʇʦʣʫʯʝʥʠʝ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ

ʆʨʠʝʥʪʠʨʦʚʘʥʠʝ 

ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ 

ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʜʚʠʞʝʥʠʝʤ ʧʣʘʩʪʠʥʳ 

ʩ ʦʙʨʘʟʮʦʤ ʥʘʜ 

ʤʘʛʥʠʪʦʤ ʠʣʠ 

ʧʦʤʝʩʪʠʚ ʚ ʮʝʥʪʨ 

ʩʦʣʝʥʦʠʜʘ, ʛʜʝ 

ʥʘʭʦʜʠʪʩʷ ʧʦʩʪʦʷʥʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ.



ʋʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʥʠʟʦʪʨʦʧʠʠ ʜʣʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʩ 
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ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʥʠʟʦʪʨʦʧʠʠ ʜʣʷ 
ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʛʥʠʪʥʳʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ

ʇʣʘʩʪʠʥʯʘʪʳʡ

ʉʬʝʨʠʯʝʩʢʠʡ + ʀʛʦʣʴʯʘʪʳʡ

ʀʛʦʣʴʯʘʪʳʡ

ʇʣʘʩʪʠʥʯʘʪʳʡ + ʀʛʦʣʴʯʘʪʳʡ

ʉʬʝʨʠʯʝʩʢʠʡ



ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʦʙʳʯʥʦʤ ʦʙʨʘʟʮʝ, ʘʥʠʟʦʪʨʦʧʥʦʤ ʦʙʨʘʟʮʝ ʠ ʷʚʣʝʥʠʝ 

ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠʟ-ʟʘ ʧʝʨʝʠʟʙʳʪʢʘ ʥʘʧʦʣʥʠʪʝʣʷ.

ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʦʣʥʠʪʝʣʷ



1 2

3 4



ʅ=01 2

3 4

ʕʬʬʝʢʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ




