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ʋʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ
ɾʫʨʥʘʣ ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ ʜʣʷ ʯʠʪʘʪʝʣʝʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʨʝʜʘʢʮʠʝʡ ʩʚʦʙʦʜʥʦ.

ʅʝʠʤʫʱʝʩʪʚʝʥʥʳʝ ʘʚʪʦʨʩʢʠʝ ʧʨʘʚʘ ʥʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʥʘʜʣʝʞʘʪ ʠʭ ʘʚʪʦʨʘʤ, ʘʚʪʦʨʩʢʠʝ
ʧʨʘʚʘ ʥʘ ʞʫʨʥʘʣ ʚ ʮʝʣʦʤ ʧʨʠʥʘʜʣʝʞʘʪ ʝʛʦ ʨʝʜʘʢʮʠʠ ( ©  SCREW Black Light ).

ʋʩʣʦʚʠʷ ʧʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʝ ʘʚʪʦʨʩʢʠʭ ʩʪʘʪʝʡ: ʘʚʪʦʨʳ ʧʝʨʝʜʘʶʪ ʨʝʜʘʢʮʠʠ ʥʝʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʧʨʘʚʘ
ʥʘ ʧʫʙʣʠʢʘʮʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʦʠʭ ʩʪʘʪʝʡ ʚ ʩʦʩʪʘʚʝ ʞʫʨʥʘʣʘ ʠʣʠ ʝʛʦ ʬʨʘʛʤʝʥʪʦʚ, ʥʝ ʧʨʝʪʝʥʜʫʷ ʥʘ ʢʘ-
ʢʦʝ-ʣʠʙʦ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ. ɸʚʪʦʨʳ ʤʦʛʫʪ ʧʫʙʣʠʢʦʚʘʪʴ ʵʪʠ ʞʝ ʩʪʘʪʴʠ ʚ ʣʶʙʳʭ ʜʨʫʛʠʭ ʠʟʜʘʥʠʷʭ. ʉʦʛʣʘʩʦʚʘʥʠʝ
ʩ ʨʝʜʘʢʮʠʷʤʠ ʵʪʠʭ ʠʟʜʘʥʠʡ ʬʘʢʪʘ ʧʫʙʣʠʢʘʮʠʠ ʩʪʘʪʝʡ ʚ ʜʘʥʥʦʤ ʞʫʨʥʘʣʝ ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ ʘʚʪʦʨʦʚ.

ʋʩʣʦʚʠʷ ʧʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʝ ʥʦʚʦʩʪʥʦʡ ʠ ʜʨ. ʠʥʬʦʨʤʘʮʠʠ, ʚʟʷʪʦʡ ʠʟ ʩʝʪʠ ʀʥʪʝʨʥʝʪ: ʤʘʪʝʨʠʘʣʳ,
ʚʟʷʪʳʝ ʠʟ ʦʪʢʨʳʪʳʭ ʧʫʙʣʠʢʘʮʠʡ ʚ web, ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʨʝʜʘʢʪʦʨʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʣʠʙʦ «ʢʘʢ ʝʩʪʴ», ʩ ʫʢʘʟʘʥʠʝʤ
ʩʩʳʣʢʠ ʥʘ ʧʝʨʚʦʠʩʪʦʯʥʠʢ.

ʊʨʝʪʴʠ ʣʠʮʘ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʞʫʨʥʘʣ ʩʚʦʙʦʜʥʦ ʠ ʙʝʩʧʣʘʪʥʦ. ɺʳ ʤʦʞʝʪʝ ʚʢʣʶʯʘʪʴ ʚʳʧʫʩʢʠ ʞʫʨʥʘ-
ʣʘ ʚ ʣʶʙʳʝ ʢʦʤʧʣʝʢʪʳ ʩʚʦʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʧʨʠ ʫʩ-
ʣʦʚʠʠ, ʯʪʦ ʟʘ ʩʦʙʩʪʚʝʥʥʦ ʚʳʧʫʩʢʠ ʞʫʨʥʘʣʘ ʥʠʢʘʢʘʷ ʦʧʣʘʪʘ ʥʝ ʚʟʠʤʘʝʪʩʷ. ɺʳʧʫʩʢʠ ʞʫʨʥʘʣʘ ʨʘʟʨʝʰʘʝʪʩʷ
ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ «ʢʘʢ ʝʩʪʴ»: ʮʝʣʠʢʦʤ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ. ʇʨʠ ʧʝʨʝʧʝʯʘʪʢʝ ʬʨʘʛʤʝʥʪʦʚ ʤʘʪʝʨʠʘʣʦʚ
ʞʫʨʥʘʣʘ ʦʙʷʟʘʪʝʣʴʥʳ: ʩʦʭʨʘʥʝʥʠʝ ʌʀʆ ʘʚʪʦʨʘ (ʘʚʪʦʨʦʚ), ʫʢʘʟʘʥʠʝ ʥʘʟʚʘʥʠʷ ʞʫʨʥʘʣʘ («ʄʠʨ 3D / 3D
World»), ʥʦʤʝʨʘ ʠ ʛʦʜʘ ʝʛʦ ʚʳʧʫʩʢʘ, ʘ ʪʘʢʞʝ ʘʜʨʝʩʦʚ e-mail ʠ web ʨʝʜʘʢʮʠʠ.

ʅʘʰʘ ʦʙʣʦʞʢʘ
ʀʩʧʦʣʴʟʦʚʘʥʳ ʬʦʪʦʛʨʘʬʠʠ 3D-ʩʢʘʥʝʨʦʚ Artec
EVA, Creaform 3d MAXscan ʠ Maker-Bot Digitizer,
ʘ ʪʘʢʞʝ ʠʣʣʶʩʪʨʘʮʠʠ ʩ ʩʘʡʪʘ www.picsis.tv.
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ɺʩʪʨʝʯʘʡʪʝ 3D Print Expo ʫʞʝ ʵʪʦʡ ʦʩʝʥʴʶ!
ʇʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʟʘʷʚʢʘʤ ʦʪ ʵʢʩʧʦʥʝʥʪʦʚ ʚʪʦʨʘʷ ɺʳʩʪʘʚʢʘ
ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 3D-ʧʝʯʘʪʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʡʜʝʪ
23–25 ʦʢʪʷʙʨʷ 2014 ʛʦʜʘ ʚ ʉʦʢʦʣʴʥʠʢʘʭ.

ʇʝʨʚʘʷ ʚʳʩʪʘʚʢʘ ʧʨʦʠʟʚʝʣʘ ʥʘʩʪʦʷʱʠʡ ʬʫʨʦʨ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ, ʩʦʙʨʘʚ
ʟʘ ʜʚʘ ʜʥʷ ʙʦʣʝʝ 5 ʪʳʩ. ʧʦʩʝʪʠʪʝʣʝʡ. ɹʦʣʴʰʦʡ ʩʧʨʦʩ ʥʘ 3D-ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʫʩʣʫʛʠ
ʦʪʢʨʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʝʨʩʧʝʢʪʠʚ ʜʣʷ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ. ʋʯʘʩʪʥʠʢʠ
ʠ ʧʦʩʝʪʠʪʝʣʠ ʫʚʝʨʝʥʳ, ʯʪʦ ʯʝʨʝʟ ʧʦʣʛʦʜʘ ʨʳʥʦʢ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ ʩʪʘʥʝʪ
ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʤ, ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ, ʧʦʵʪʦʤʫ
ʩ ʥʝʪʝʨʧʝʥʠʝʤ ʞʜʫʪ ʧʨʦʚʝʜʝʥʠʷ ʩʣʝʜʫʶʱʝʡ ʚʳʩʪʘʚʢʠ 3D Print Expo.

ɺʳʩʪʘʚʢʘ ʠ ʢʦʥʬʝʨʝʥʮʠʷ 3D Print Expo ʧʦʩʣʫʞʠʣʠ ʦʪʣʠʯʥʦʡ ʧʣʦʱʘʜʢʦʡ
ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʦʧʳʪʘ ʠ ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ, ʟʥʘʢʦʤʩʪʚ ʩ ʣʠʜʝʨʘʤʠ
ʠʥʜʫʩʪʨʠʠ, ʘ ʪʘʢʞʝ ʥʘʣʘʞʠʚʘʥʠʷ ʧʘʨʪʥʝʨʩʪʚʘ ʠ ʣʠʯʥʳʭ ʙʠʟʥʝʩ-ʢʦʥʪʘʢʪʦʚ.

ʆʩʝʥʥʷʷ 3D  Print  Expo  ʙʫʜʝʪ ʝʱʝ ʙʦʣʴʰʝ!  ʋʞʝ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʚʦʡ
ʚʳʩʪʘʚʢʠ ʦʨʛʢʦʤʠʪʝʪ 3D Print Expo ʧʦʣʫʯʠʣ ʙʦʣʴʰʦʡ ʦʪʢʣʠʢ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʢʦʤʧʘʥʠʡ
ʠ ʢʨʫʧʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠʥʜʫʩʪʨʠʠ, ʧʦʚʪʦʨʥʳʝ ʟʘʷʚʢʠ ʥʘ ʫʯʘʩʪʠʝ ʚ ʩʣʝʜʫʶʱʝʤ
ʤʝʨʦʧʨʠʷʪʠʠ ʧʦʜʘʣʠ ʩʨʘʟʫ ʚʩʝ ʵʢʩʧʦʥʝʥʪʳ.

ʆʩʝʥʥʷʷ ʚʳʩʪʘʚʢʘ ʧʨʦʜʣʠʪʩʷ ʫʞʝ ʥʝ ʜʚʘ, ʘ ʪʨʠ ʜʥʷ! 3D Print Expo ʙʫʜʝʪ ʦʪʢʨʳʪʘ
ʥʝ ʪʦʣʴʢʦ ʚ ʙʫʜʥʠ, ʥʦ ʠ ʚ ʚʳʭʦʜʥʦʡ. ʊʝʧʝʨʴ ʤʝʨʦʧʨʠʷʪʠʝ ʩʤʦʛʫʪ ʧʦʩʝʪʠʪʴ
ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʙʠʟʥʝʩʘ, ʠ ʪʝ, ʢʪʦ ʠʥʪʝʨʝʩʫʝʪʩʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠ ʤʝʯʪʘʝʪ
ʧʨʠʦʙʨʝʩʪʠ 3D-ʧʨʠʥʪʝʨ ʜʣʷ ʜʦʤʘʰʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.

ɺ ʧʨʦʛʨʘʤʤʝ ʚʳʩʪʘʚʢʠ – ʥʝ ʪʦʣʴʢʦ ʵʢʩʧʦʟʠʮʠʷ 3D-ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʝʯʘʪʠ
ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʦ ʠ ʢʦʥʬʝʨʝʥʮʠʷ,
ʧʦʩʚʷʱʝʥʥʘʷ ʚʦʧʨʦʩʘʤ ʦʪʨʘʩʣʠ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʩʝʩʩʠʠ ʠ ʤʘʩʪʝʨ-ʢʣʘʩʩʳ.

23 ʦʢʪ̫ ʙʨʷ ʦʙʲʷʚʣʝʥʦ ʦʨʛʘʥʠʟʘʪʦʨʘʤʠ ʢʘʢ ɹʀɿʅɽʉ-ɼɽʅʔ ʜʣʷ ʨʘʙʦʪʳ ʚ ʬʦʨʤʘʪʝ b2b.
ʂ ʫʯʘʩʪʠʶ ʚ ʦʙʱʝʥʠʠ ʧʨʠʛʣʘʰʘʶʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʳ ʨʳʥʢʘ.

ʉ 24 ʧʦ 25 ʦʢʪʷʙʨʷ ʚʳʩʪʘʚʢʘ ʙʫʜʝʪ ʦʪʢʨʳʪʘ ʜʣʷ ʚʩʝʭ ʞʝʣʘʶʱʠʭ.
ɸʜʨʝʩ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʪʘʚʢʠ: ʄʦʩʢʚʘ, ʂɺʎ ʉʦʢʦʣʴʥʠʢʠ, 5-ʡ ʃʫʯʝʚʦʡ ʧʨʦʩʝʢ,

7, ʩʪʨ. 1, ʧʘʚʠʣʴʦʥ 2.

ɹʠʣʝʪʳ ʥʘ ʚʳʩʪʘʚʢʫ ʠ ʢʦʥʬʝʨʝʥʮʠʶ ʫʞʝ ʚ ʧʨʦʜʘʞʝ!

ʇʨʦʛʨʘʤʤʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ.
ɺʳ ʤʦʞʝʪʝ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʥʝʡ, ʧʦʜʘʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ
ʟʘʷʚʢʫ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʤʝʨʦʧʨʠʷʪʠʷ.

ʏʘʩʳ ʨʘʙʦʪʳ:
10:00 – 17:00

ʂʆʅʊɸʂʊʓ

+7 (495) 212-11-28

client@3d-expo.ru
www.3d-expo.ru

mailto:client@3d-expo.ru
http://www.3d-expo.ru


ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʤʠʨʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ,  ʚ ʈʦʩʩʠʠ
ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴ ʩʪʝʧʝʥʴ
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʨʫʛʠʭ ʩʪʨʘʥ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ
ʥʘʫʯʥʦʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʙʳʪʦʚʦʡ ʩʬʝʨʝ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʪʠʤʫʣʠʨʦ-
ʚʘʪʴ ʨʘʟʚʠʪʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟ ,r ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ,
ʘ ʪʘʢʞʝ ʩʬʝʨ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʙʳʪʦʚʳʭ ʪʦʚʘʨʦʚ.
ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ
ʪʝʭʥʦʣʦʛʠʡ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ, ʢʦʪʦʨʳʝ, ʧʦ ʩʫʪʠ, ʧʨʝʜ-
ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦ-
ʚʨʝʤʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ.

ʇʦʜ 3D-ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (ʢʘʢ
ʘʧʧʘʨʘʪʥʳʝ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʳʝ), ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʧʦʣʫ-

ɺ

ʇʨʦʠʩʭʦʜʷʱʠʝ ʩʝʛʦʜʥʷ ʠʟʤʝʥʝʥʠʷ ʚ ʤʠʨʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ ʧʨʝʜʲʷʚʣʷʶʪ ʥʦʚʳʝ
ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʨʝʜʠ ʥʠʭ – ʥʝʦʙʭʦʜʠʤʦʩʪʴ
ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʈʦʩʩʠʠ ʦʪ ʜʨʫʛʠʭ ʩʪʨʘʥ ʚ ʥʘʫʯʥʦʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ
ʙʳʪʦʚʦʡ ʩʬʝʨʝ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ,
ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ʩʬʝʨ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʙʳʪʦʚʳʭ
ʪʦʚʘʨʦʚ.

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʠʞʝ ʦʪʢʨʳʪʦʝ ʧʠʩʴʤʦ, ʘʜʨʝʩʦʚʘʥʥʦʝ ʢʘʢ ʨʫʢʦʚʦʜʩʪʚʫ ʩʪʨʘ-
ʥʳ ʠ ʝʝ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ, ʪʘʢ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʙʠʟʥʝʩʘ, ʩʦʜʝʨʞʠʪ ʧʨʝʜʣʦʞʝ-
ʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ 3D-
ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ
ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ.

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ 3D-ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʦ ʙʳ ʧʦʣʫʯʠʪʴ ʨʷʜ ʩʫʱʝʩʪʚʝʥ-
ʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʝʱʝ ʥʘʭʦʜʷʪʩʷ ʥʘ
ʵʪʘʧʝ ʩʪʘʥʦʚʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʳʧʫʩʢ
ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʥʝʤʫ ʧʦʢʘ ʚʝʜʫʪʩʷ ʨʘʟʨʦʟʥʝʥʥʦ, ʦʪ-
ʜʝʣʴʥʳʤʠ ʤʝʣʢʠʤʠ ʬʠʨʤʘʤʠ ʠ ʵʥʪʫʟʠʘʩʪʘʤʠ, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʚʷʟʘʥʘ ʩ
ʟʘʨʫʙʝʞʥʳʤʠ ʧʦʩʪʘʚʢʘʤʠ.

ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ
ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʦʥʠʤʘʥʠʝ
ʧʝʨʩʧʝʢʪʠʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʦʚʩʝʜʥʝʚʥʦʤ ʙʳʪʫ, ʘ ʪʘʢʞʝ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ.

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʧʠʩʴʤʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ,
ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʩ ʧʨʠʚʣʝ-
ʯʝʥʠʝʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʶʜʞʝʪʥʳʭ ʥʘʫʯʥʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ
ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʣʝʤ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ
ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ.

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʚʥʠʤʘʥʠʶ ʯʠʪʘʪʝʣʝʡ ʪʝʢʩʪʝ ʦʪʢʨʳʪʦʛʦ ʧʠʩʴʤʘ ʩʦʜʝʨʞʘʪʩʷ
ʦʪʜʝʣʴʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ (ʠʜʝʠ) ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ.
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ʯʘʪʴ ʪʦʯʥʳʝ ʮʠʬʨʦʚʳʝ ʢʦʧʠʠ ʨʝʘʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʬʦʨʤʘ-
ʪʝ ʢʦʤʧʴʶʪʝʨʥʳʭ 3D-ʤʦʜʝʣʝʡ. ʊʝʭʥʦʣʦʛʠʷ ʞʝ 3D-ʧʝʯʘʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʧʦ-
ʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʢʦʧʠʠ ʪʨʝʭʤʝʨʥʳʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝ-
ʣʝʡ – ʢʘʢ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 3D-ʩʢʘʥʝʨʘ, ʪʘʢ ʠ ʚʳʧʦʣʥʝʥʥʳʭ ʤʝʪʦ-
ʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ
ʉɸʇʈ ʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʞʝ ʪʝʭʥʦʣʦʛʠʡ 3D-
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ
ʢʦʤʧʣʝʢʩʝ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʝʡ 3D-ʧʨʦʠʟʚʦʜʩʪʚʘ.

ʐʠʨʦʢʦʝ, ʤʦʞʥʦ ʜʘʞʝ ʩʢʘʟʘʪʴ, ʤʘʩʩʠʨʦʚʘʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ
3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ
ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ.
ʉʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʊʘʢ, ʙʣʘʛʦ-
ʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ
ʙʳʩʪʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʳʪʦʚʦʡ ʪʝʭ-
ʥʠʢʠ, ʨʘʥʝʝ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʫ ʠʥʦʩʪʨʘʥʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʚ ʩʣʫʯʘʝ ʧʨʝʢʨʘ-
ʱʝʥʠʷ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʩʪʘʚʦʢ ʠʟ-ʟʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʘʥʢʮʠʡ. ɺʦ ʤʥʦʛʠʭ
ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʜʝʣʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʟʘʥʦʚʦ (ʢʘʢ ʩʧʝ-
ʮʠʘʣʠʩʪʘʤʠ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʤʠ ʵʥʪʫʟʠʘʩʪʘʤʠ) ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʳʭ 3D-
ʯʝʨʪʝʞʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʭ ʯʝʨʝʟ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʧʦ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠ-
ʤʦʩʪʠ ʣʠʙʦ ʚʦʦʙʱʝ ʙʝʩʧʣʘʪʥʦ (ʧʦʩʢʦʣʴʢʫ ʠʭ ʨʘʟʨʘʙʦʪʢʘ ʥʝ ʪʨʝʙʫʝʪ ʧʨʘʢ-
ʪʠʯʝʩʢʠ ʥʠʢʘʢʠʭ ʟʘʪʨʘʪ, ʢʨʦʤʝ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦ-
ʙʦʜʥʦʛʦ ʇʆ), ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʛʨʘʞʜʘʥʘʤ ʣʠʙʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ
ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʣʠ ʟʘʢʘʟʘ
ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʜʝʣʠʡ (ʜʝʪʘʣʝʡ, ʟʘʧʯʘʩʪʝʡ).
ʈʘʟʚʠʪʠʝ ʤʝʣʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ 3D-
ʧʝʯʘʪʠ ʧʦʟʚʦʣʠʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʤʝʣʢʦʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʟʣʠʯʥʳʭ
ʙʳʪʦʚʳʭ ʤʝʣʦʯʝʡ, ʘʢʩʝʩʩʫʘʨʦʚ, ʩʫʚʝʥʠʨʦʚ ʠ ʧʨ.; ʩʨʝʜʩʪʚʘʤʠ 3D-ʧʝʯʘʪʠ
ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢ-
ʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʢʦʨʧʫʩʥʳʝ, ʢʨʝʧʝʞʥʳʝ ʜʝʪʘʣʠ, ʨʫʯʢʠ, ʵʣʝʤʝʥʪʳ ʜʠ-
ʟʘʡʥʘ ʠ ʧʨ.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ
ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʨʳʥʦʢ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʠ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ
ʩʫʱʝʩʪʚʫʶʱʠʭ (ʥʘʧʨʠʤʝʨ, ʠʟʛʦʪʦʚʣʝʥʠʷ 3D-ʧʦʨʪʨʝʪʦʚ ʚ ʚʠʜʝ ʧʣʘʩʪʠʢʦ-
ʚʳʭ ʩʪʘʪʫʵʪʦʢ). ʊʝʭʥʦʣʦʛʠʷ 3D-ʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʛʠʙʢʦ ʧʝʨʝʥʘ-
ʩʪʨʘʠʚʘʝʤʦʡ, ʯʝʤ ʣʶʙʳʝ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦ-
ʟʚʦʣʷʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʴʥʦʝ ʚʦʧʣʦʱʝʥʠʝ ʩʚʦ-
ʠʭ ʠʜʝʡ, ʠʥʞʝʥʝʨʥʳʭ ʠ ʜʠʟʘʡʥʝʨʩʢʠʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʪʠʤʫʣʠʨʦ-
ʚʘʪʴ ʠʟʦʙʨʝʪʘʪʝʣʴʩʢʫʶ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʛʨʘʞʜʘʥ
ʥʘʰʝʡ ʩʪʨʘʥʳ.
ɺʦʟʤʦʞʥʦʩʪʠ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 3D-ʩʢʘʥʝʨʦʚ ʠ 3D-
ʧʨʠʥʪʝʨʦʚ ʧʦʟʚʦʣʠʪ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ ʧʝʨʝʡ-
ʪʠ ʥʘ ʯʘʩʪʠʯʥʦʝ ʩʘʤʦʦʙʝʩʧʝʯʝʥʠʝ ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʥʘ ʠʤʝʶʱʝʤʩʷ ʦʙʦʨʫ-
ʜʦʚʘʥʠʠ 3D-ʧʝʯʘʪʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʥʘʛʣʷʜʥʳʤʠ ʧʦʩʦʙʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ
ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʩʘʤʠʤʠ ʫʯʠʪʝʣʷʤʠ ʠ ʫʯʘʱʠʤʠʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʛʦʪʦʚʣʝʥʠʝ
ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʢʦʨʧʫʩʥʳʭ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ
ʰʠʨʦʢʦ ʨʘʟʚʝʨʥʫʪʴ ʚ ʰʢʦʣʘʭ ʠ ʚʫʟʘʭ ʦʙʫʯʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʠ ʪʝʭʥʠʯʝʩʢʦ-
ʤʫ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ (ʧʨʠ ʫʩʣʦʚʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠ-
ʤʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʢʦʤʧʦʥʝʥ-
ʪʘʤʠ). ʂʨʦʤʝ ʪʦʛʦ, ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ 3D-ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʤʦʞʝʪ
ʰʢʦʣʴʥʠʢʘʤ ʚ ʠʭ ʧʨʝʜʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʪʝʭʥʦ-
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ʣʦʛʠʠ ʫʞʝ ʥʘʯʠʥʘʶʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʢ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ
ʰʢʦʣ, ʘ ʪʝʤ ʙʦʣʝʝ ʚʫʟʦʚ ʥʳʥʝʰʥʠʤʠ ʰʢʦʣʴʥʠʢʘʤʠ ʚʥʝʜʨʝʥʠʝ 3D-
ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤ.
ʅʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ
ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ ʜʣʷ 3D-ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʥʝʛʦ ʧʦʟʚʦ-
ʣʠʪ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʶʜʞʝʪʥʦʡ ʩʬʝʨʳ,
ʚʢʣʶʯʘʷ ʥʘʫʯʥʳʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʦʪʨʘʩʣʠ.
ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʥʷʪʴ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʤʠʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢ-
ʪʫʨʝ. ʊʝʭʥʦʣʦʛʠʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʫʨ-
ʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʤʠʨʘ, ʥʦ ʥʘʭʦʜʷʪʩʷ, ʧʦ
ʩʫʪʠ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʚʦʝʛʦ ʨʘʩʮʚʝʪʘ. ʇʦʵʪʦʤʫ ʫ ʈʦʩʩʠʠ ʠʤʝʝʪʩʷ
ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʠʣʠʷʭ ʟʘʥʷʪʴ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠ-
ʮʠʠ ʚ ʤʠʨʝ ʧʦ ʨʘʟʚʠʪʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.
ʇʨʠ ʚʩʸʤ ʵʪʦʤ ʨʝʯʴ ʠʜʝʪ ʦ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ 3D-
ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ (ʛʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʞʝ ʠʤʝʶʪʩʷ ʠ ʙʣʘʛʦʧʦʣʫʯʥʦ ʨʝʘʣʠʟʫʶʪʩʷ), ʘ ʧʨʝʞʜʝ
ʚʩʝʛʦ ʚ ʯʘʩʪʥʦʤ ʩʝʢʪʦʨʝ ʠ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ.
ʆʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ 3D-
ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʚʳʩʦʢʘʷ
ʩʪʦʠʤʦʩʪʴ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʨʦʛʨʘʤʤʥʘʷ ʧʦʜʜʝʨʞʢʘ ʤʦʞʝʪ ʙʳʪʴ
ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘ ʙʘʟʝ ʩʚʦʙʦʜʥʦʛʦ ʇʆ) ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʳʨʴʷ, ʯʪʦ ʩʚʷʟʘʥʦ
ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʤʝʣʢʦʪʠʨʘʞʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ ʠ ʩʳʨʴʷ ʠ ʧʦʢʘ ʷʚʣʷʝʪʩʷ ʦʙʱʝʤʠʨʦʚʦʡ ʧʨʦʙʣʝʤʦʡ, ʭʦʪʷ ʨʘʟʣʠʯʥʳʝ
ʬʠʨʤʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʯʘʩʪʥʳʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʜʝʣʘʶʪ ʚʩʸ ʜʣʷ ʝʝ ʧʨʝ-
ʦʜʦʣʝʥʠʷ. ɼʨʫʛʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴʶ
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʦʜʦʙʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʱʠʝ
3D-ʩʢʘʥʝʨʳ ʠ 3D-ʧʨʠʥʪʝʨʳ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ
ʩʣʦʞʥʳʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʨʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʳʭ 3D-
ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʯʝʤ ʧʨʠʚʳʯʥʳʝ ʜʣʷ
ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʇʂ ʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʘ, ʛʨʘʬʠʢʠ ʠ ʧʨ. ʂʨʦʤʝ ʪʦʛʦ,
ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤ  ̫ʧʦʢʫʧʘʪʝʣʠ 3D-ʩʢʘʥʝʨʦʚ ʠ 3D-ʧʨʠʥʪʝʨʦʚ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ
ʜʠʣʝʤʤʦʡ: ʚ ʧʨʦʜʘʞʝ ʠʤʝʶʪʩʷ ʣʠʙʦ ʙʦʣʝʝ ʜʝʰʝʚʳʝ «ʢʦʥʩʪʨʫʢʪʦʨʳ» (ʥʘʙʦ-
ʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣ  ̫ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʩʙʦʨʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʜʣʷ ʯʝʛʦ ʪʨʝʙʫʶʪ-
ʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʤʝʥʠʷ), ʣʠʙʦ ʛʦʪʦʚʳʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʩʪʨʦʡʩʪʚʘ,
ʠʤʝʶʱʠʝ ʟʘʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ.
ʉ ʫʯʝʪʦʤ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ
ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ 3D-
ʧʨʦʠʟʚʦʜʩʪʚʘ (ʪ.ʝ. 3D-ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ
ʢʘʢ ʝʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʦʣʦʛʠʡ). ʊʘʢʘʷ ʬʝʜʝʨʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ
ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ:
ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʦʩʩʠʡʩʢʠʭ ʤʦʜʝʣʝʡ 3D-
ʩʢʘʥʝʨʦʚ ʠ 3D-ʧʨʠʥʪʝʨʦʚ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʬʝʨ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ (ʢʘʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʘʢ ʠ ʚ ʯʘʩʪʥʦʤ ʩʝʢʪʦʨʝ ʠ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠ-
ʷʭ). ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ:

3D-ʩʢʘʥʝʨ ʜʦʣʞʝʥ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʝʨʠʬʝʨʠʡʥʦʝ ʫʩʪʨʦʡʩʪʚʦ
ʜʣʷ ʜʦʤʘʰʥʝʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʥʝ ʪʨʝʙʫʶʱʝʝ ʦʪ ʧʦʣ -ɹ
ʟʦʚʘʪʝʣʷ ʢʘʢʠʭ-ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ. ʉʢʘʥʠʨʦʚʘʥʠʝ
ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʘʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ (ʩ ʧʦʤʦʱʴ  ʁʧʨʝʜʫʩʤʦʪ-

4.

5.

1.
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ʨʝʥʥʦʡ ʚ ʫʩʪʨʦʡʩʪʚʝ ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʘʪʬʦʨʤʳ, ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘ-
ʥʘʚʣʠʚʘʝʪʩʷ ʩʢʘʥʠʨʫʝʤʳʡ ʦʙʲʝʢʪ), ʪʘʢ ʠ ʚʨʫʯʥʫʶ (ʩ ʦʙʭʦʜʦʤ ʚʦʢʨʫʛ
ʦʙʲʝʢʪʘ ʠ ʝʛʦ «ʦʩʤʦʪʨʦʤ» ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʨʫʯʥʳʤ ʩʢʘʥʝʨʦʤ), ʥʦ ʚʩʝ
ʦʧʝʨʘʮʠʠ ʧʦ ʚʦʩʧʨʠʷʪʠʶ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʶ
ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʮʚʝʪʘ, ʦʙʨʘʙʦʪʢʝ ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʶ
3D-ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʛʨʘʤʤʥʳʤ
ʦʙʝʩʧʝʯʝʥʠʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʦʙʥʳʝ ʨʘʟʨʘʙʦʪʢʠ (ʚ ʦʩʥʦʚ-
ʥʦʤ ʟʘʨʫʙʝʞʥʳʝ) ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ, ʦʜʥʘʢʦ ʠʭ ʩʪʦʠʤʦʩʪʴ ʩʣʠʰʢʦʤ
ʚʳʩʦʢʘ (ʤʠʥʠʤʫʤ 28 000 – 30 000 ʨʫʙ.). ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʠ
ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʦʩʩʠʡʩʢʦʡ ʤʦʜʝʣʠ 3D-ʩʢʘʥʝʨʘ, ʦʨʠʝʥʪʠ-
ʨʦʚʘʥʥʦʡ ʥʘ ʜʦʤʘʰʥʝʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʠʤʝʶʱʝʡ ʩʪʦʠʤʦʩʪʴ, ʩʦʧʦʩ-
ʪʘʚʠʤʫʶ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʙʳʪʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʘʧʧʘʨʘʪʘ (ʥʝ ʙʦ-
ʣʝʝ 7 000 – 10 000 ʨʫʙ.). ʂʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʚʦʟʤʦʞʥʘ ʨʘʟʨʘʙʦʪʢʘ
ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʠ ʥʘʣʠ-
ʯʠʠ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ
3D-ʩʢʘʥʝʨʘ ʠʤʝʶʱʠʝʩʷ ʙʳʪʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʬʦʪʦ- ʠ ʚʠʜʝʦʩʲʝʤʢʠ
(ʮʠʬʨʦʚʳʝ ʬʦʪʦ- ʠ ʚʠʜʝʦʢʘʤʝʨʳ), ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-
ʧʝʯʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʬʦʨʤʝ ʙʝʩʧʣʘʪʥʳʭ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʦʚ
(ʘʥʘʣʦʛʠʯʥʳʭ ʩʝʨʚʠʩʫ Adobe 123D Catch).

3D-ʧʨʠʥʪʝʨ ʪʘʢʞʝ ʜʦʣʞʝʥ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʝʨʠʬʝʨʠʡʥʦʝ
ʫʩʪʨʦʡʩʪʚʦ, ʨʘʙʦʪʘ ʩ ʢʦʪʦʨʳʤ ʥʝ ʪʨʝʙʫʝʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʥʘʥʠʡ ʠ
ʫʤʝʥʠʡ, ʙʦʣʴʰʠʭ, ʯʝʤ ʨʘʩʧʝʯʘʪʢʘ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʦʙʳʯʥʦʤ ʧʨʠʥʪʝ-
ʨʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʨʝʯʴ ʠʜʝʪ ʦ 3D-ʧʨʠʥʪʝʨʘʭ ʩʪʨʫʡʥʦʛʦ ʪʠʧʘ ʩ ʵʢʩ-
ʪʨʫʟʠʦʥʥʦʡ ʧʝʯʘʪʴʶ ʨʘʩʧʣʘʚʦʤ ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʥʠʪʴʶ (ʪʝʭʥʦʣʦʛʠʷ
ʧʝʯʘʪʠ FDM ʠʟ ABS- ʠʣʠ PLA-ʧʣʘʩʪʠʢʘ). ʊʘʢʦʡ 3D-ʧʨʠʥʪʝʨ ʜʣʷ ʜʦ-
ʤʘʰʥʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʤʧʘʢʪʥʳʤ (ʧʨʠ ʵʪʦʤ ʥʝ ʪʨʝ-
ʙʫʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ), ʫʤʝʱʘʪʴʩʷ ʥʘ ʩʪʦʣʝ ʠ
ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʩʪ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ (ʩʤʝʥʘ ʙʦʙʠʥ ʩ ʨʘʩʭʦʜʥʳʤ ʤʘ-
ʪʝʨʠʘʣʦʤ – ʧʣʘʩʪʠʢʦʚʦʡ ʥʠʪʴʶ, ʟʘʤʝʥʘ ʩʦʧʝʣ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ
ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠ-
ʚʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʟʘʙʠʚʘʥʠʠ ʩʦʧʣʘ ʟʘʩʪʳʚʰʠʤ ʨʘʩʭʦʜʥʳʤ
ʚʝʱʝʩʪʚʦʤ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʩʘʤʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʙʝʟ ʧʨʠ-
ʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʨʝʤʦʥʪʫ, ʪʘʢ ʞʝ ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ
ʥʘ ʦʙʳʯʥʳʭ ʧʨʠʥʪʝʨʘʭ – ʩʤʝʥʘ ʢʘʨʪʨʠʜʞʘ ʩ ʪʦʥʝʨʦʤ ʠʣʠ ʠʟʚʣʝʯʝ-
ʥʠʝ ʟʘʩʪʨʷʚʰʝʛʦ ʣʠʩʪʘ ʙʫʤʘʛʠ). ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ,
ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʜʦʤʘʰʥʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʜʦʩʪʘʪʦʯʥʘ ʦʜʥʦʮʚʝʪ-
ʥʘʷ ʧʝʯʘʪʴ ʣʠʙʦ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʮʚʝʪʥʦʡ ʧʝʯʘʪʠ ʧʫʪʝʤ ʨʫʯʥʦʡ
ʟʘʤʝʥʳ ʢʘʨʪʨʠʜʞʘ ʩ ʧʣʘʩʪʠʢʦʚʦʡ ʥʠʪʴʶ ʚ ʥʫʞʥʳʝ ʤʦʤʝʥʪʳ ʧʨʦ-
ʮʝʩʩʘ. ʆʜʥʘʢʦ ʩʘʤʳʤ ʛʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ
ʮʝʥʳ ʥʘ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʝ, ʛʦʪʦʚʦʝ ʢ ʨʘʙʦʪʝ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʜ-
ʢʣʶʯʝʥʠʷ ʢ ʢʦʤʧʴʶʪʝʨʫ ʫʩʪʨʦʡʩʪʚʦ, ʘ ʥʝ «ʢʦʥʩʪʨʫʢʪʦʨ» ʜʣʷ ʩʘʤʦ-
ʩʪʦʷʪʝʣʴʥʦʡ ʩʙʦʨʢʠ. ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʩʪʦʠʤʦʩʪʴ ʪʘʢʦʛʦ ʫʩʪʨʦʡ-
ʩʪʚʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 10 – 15 ʪʳʩʷʯ ʨʫʙ.1 (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ
ʤʠʥʠʤʘʣʴʥʘʷ ʮʝʥʘ ʧʨʦʩʪʝʡʰʝʛʦ 3D-ʧʨʠʥʪʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ
40 000 ʨʫʙ., ʘ ʙʦʣʝʝ «ʧʨʦʜʚʠʥʫʪʳʝ» ʤʦʜʝʣʠ «ʙʳʪʦʚʳʭ» 3D-
ʧʨʠʥʪʝʨʦʚ ʩʪʦʷʪ ʦʢʦʣʦ 100 000 ʨʫʙ.).

1 ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ. ʇʨʠʤʝʨʳ: ʧʨʦʝʢʪ M3D by Michael Armani
and David Jones (TheMicro3D.com; https://www.kickstarter.com/projects/m3d/the-micro-the-
first-truly-consumer-3d-printer) – ʦʙʝʱʘʥʥʘʷ ʩʪʦʠʤʦʩʪʴ 3D-ʧʨʠʥʪʝʨʘ ʧʨʠʤʝʨʥʦ $300;
Play-Doh 3D Printer – ʜʝʪʩʢʠʡ ʠʛʨʫʰʝʯʥʳʡ 3D-ʧʨʠʥʪʝʨ, ʧʝʯʘʪʘʶʱʠʡ ʧʣʘʩʪʠʣʠʥʦʤ
(http://www.thinkgeek.com/product/f487) – ʩʪʦʠʤʦʩʪʴ $50.

https://www.kickstarter.com/projects/m3d/the-micro-the-
http://www.thinkgeek.com/product/f487
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ʈʝʘʣʠʟʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʠʣʘ ʙʳ
ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʧʣʘʥʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʝʭ-
ʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʪʦʠʤʦʩʪʠ ʫʢʘʟʘʥʥʳʭ 3D-ʫʩʪʨʦʡʩʪʚ ʙʣʘʛʦʜʘʨʷ:
ʮʝʣʝʚʦʤʫ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʫʩʪ-
ʨʦʡʩʪʚ; ʨʘʟʨʘʙʦʪʢʝ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʟʘʪʨʘʪ ʧʨʠ
ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ; ʮʝʣʝʚʦʤʫ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʘʣʠʟʘʮʠʠ
ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘʩʝʣʝʥʠʶ; ʜʦʪʘʮʠʦʥʥʦʤʫ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʥʘ ʧʨʠʦʙʨʝ-
ʪʝʥʠʝ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ.
ʇʨʦʠʟʚʦʜʩʪʚʦ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ
ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 3D-ʧʨʠʥʪʝʨʦʚ (ʚ
ʯʘʩʪʥʦʩʪʠ, ʢʘʨʪʨʠʜʞʝʡ ʩ ABS-ʧʣʘʩʪʠʢʦʤ ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ) ʜʣʷ ʦʙʝʩ-
ʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʪʘʢʠʭ ʢʘʨʪʨʠʜʞʝʡ (ʥʝ ʙʦʣʝʝ 500 ʨʫʙ. ʟʘ
ʢʘʨʪʨʠʜʞ; ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʦʠʤʦʩʪʴ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ-
ʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1500 – 2000 ʨʫʙ/ʢʛ ʟʘ ʢʘʪʫʰʢʫ ʧʣʘʩʪʠʢʦʚʦʡ ʥʠʪʠ ʠ ʜʦ
4500 – 5000 ʨʫʙ ʟʘ ʛʦʪʦʚʳʡ ʢʘʨʪʨʠʜʞ). ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦ-
ʚʘʥʘ ʧʨʦʛʨʘʤʤʘ ʩʙʦʨʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʘʩʪʠʢʦʚʦʛʦ ʚʪʦʨʩʳʨʴʷ (ʦʪʭʦʜʦʚ
ʧʦʩʣʝ 3D-ʧʝʯʘʪʠ, ʙʨʘʢʘ, ʦʩʪʘʪʢʦʚ ʧʣʘʩʪʠʢʦʚʦʡ ʥʠʪʠ ʠ ʧʨ.).
ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɾʝʣʘʪʝʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ (ʥʘ ʙʘ-
ʟʝ ʫʞʝ ʠʤʝʶʱʝʛʦʩʷ ʇʆ – ʢʘʢ ʨʦʩʩʠʡʩʢʦʛʦ, ʪʠʧʘ ʩʠʩʪʝʤʳ ʂʆʄʇɸʉ 3D, ʪʘʢ ʠ
ʟʘʨʫʙʝʞʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʇʆ) ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ
ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ 3D-ʤʦʜʝʣʝʡ. ʊʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʳ
ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ – ʥʝʩʧʝʮʠʘʣʠʩʪʘ ʚ ʦʙʣʘʩʪʠ ʉɸʇʈ,
ʜʝʰʝʚʳ (ʘ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʚʝʨʩʠʠ ʇʆ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʚ
ʫʯʝʙʥʳʭ ʮʝʣʷʭ, – ʙʝʩʧʣʘʪʥʳ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʠ ʣʝʛʢʠ ʚ ʦʩ-
ʚʦʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʦʙʥʦʝ ʇʆ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ:
ʧʨʦʩʤʦʪʨ ʛʦʪʦʚʳʭ 3D-ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʩʥʦʚʥʳʭ ʬʦʨʤʘʪʘʭ, ʠ
ʠʭ ʚʳʚʦʜ ʥʘ 3D-ʧʝʯʘʪʴ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʪʠʧʦʚʦʛʦ
ʟʘʧʦʣʥʝʥʠʷ (ʩʧʣʦʰʥʦʝ ʣʠʙʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʩʝʪʯʘʪʦʝ ʩ ʨʘʟʥʦʡ ʧʣʦʪʥʦ-
ʩʪʴʶ ʟʘʧʦʣʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʤ ʧʦ ʛʦʪʦʚʳʤ ʰʘʙʣʦʥʘʤ); ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ 3D-
ʤʦʜʝʣʠ ʠʟ ʛʦʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ («ʙʠʙʣʠʦʪʝʯʥʳʭ ʦʙʨʘʟʮʦʚ») ʠ ʧʨʦʩʪʝʡʰʠʝ
ʦʧʝʨʘʮʠʠ 3D-ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ; ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʧʦʣʫ-
ʯʝʥʥʳʭ ʩ 3D-ʩʢʘʥʝʨʘ; ʢʦʨʨʝʢʮʠʶ ʦʰʠʙʦʢ ʚ 3D-ʤʦʜʝʣʠ, ʢʨʠʪʠʯʥʳʭ ʜʣʷ 3D-
ʧʝʯʘʪʠ (ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ – ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ). ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʛʦ
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʞʝʣʘʪʝʣʴʥʘ ʟʘ ʩʯʝʪ ʮʝʣʝʚʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ.
ʆʙʫʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʢʨʘʪ-
ʢʦʩʨʦʯʥʳʭ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʦʙʫʯʝʥʠʝ ʦʩʥʦʚʘʤ 3D-
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʣʴʟʦʚʘʥʠʷ 3D-ʩʢʘʥʝʨʘʤʠ ʠ 3D-ʧʨʠʥʪʝʨʘʤʠ. ʊʘʢʠʝ
ʢʫʨʩʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʢʦʤʤʝʨʯʝʩʢʠʝ (ʧʣʘʪʥʳʝ) – ʜʣʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʠ
ʧʨ., ʪʘʢ ʠ ʫʧʨʦʱʝʥʥʳʝ ʙʝʩʧʣʘʪʥʳʝ – ʜʣʷ ʦʩʪʘʣʴʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʂʨʦʤʝ
ʪʦʛʦ, ʞʝʣʘʪʝʣʴʥʦ ʚʢʣʶʯʝʥʠʝ ʚ ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʰʢʦʣ ʠ ʚʫʟʦʚ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʭ (ʬʘʢʫʣʴʪʘʪʠʚʥʳʭ) ʟʘʥʷʪʠʡ ʧʦ ʦʩʥʦʚʘʤ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-
ʧʝʯʘʪʠ, ʜʣʷ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʝʙʥʦ-
ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʥʘʫʯʥʳʭ ʠ ʠʥʞʝ-
ʥʝʨʥʳʭ ʢʘʜʨʦʚ) ʢ ʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ.
ʀʥʪʝʛʨʘʮʠʷ ʚ ʩʠʩʪʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ
ʙʫʜʫʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦ
ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ:

ʦʟʥʘʢʦʤʣʝʥʠʝ ʫʯʘʱʠʭʩʷ ʩ 3D-ʧʝʯʘʪʴʶ ʢʘʢ ʦʜʥʦʡ ʠʟ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ/ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩ ʧʨʠʥʮʠʧʘʤʠ

2.

3.

4.
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3D-ʩʢʘʥʠʨʦʚʘʥʠʷ/ʧʝʯʘʪʠ ʠ ʧʨʠʥʮʠʧʘʤʠ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ
ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩ ʦʩʥʦʚʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 3D-
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ;

ʦʪʨʘʙʦʪʢʘ ʥʘʚʳʢʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨ-
ʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ;

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʧʨʠʤʝʥʝʥʠʷ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ ʚ
ʭʦʜʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʦʚ (ʠʥʬʦʨʤʘʪʠʢʘ, ʥʘʯʝʨ-
ʪʘʪʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ, ʩʪʝʨʝʦʤʝʪʨʠʷ, ʯʝʨʯʝʥʠʝ, ʝʩʪʝʩʪʚʝʥʥʦʥʘ-
ʫʯʥʳʝ ʧʨʝʜʤʝʪʳ); ʚʢʣʶʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤ ʚ ʩʦʜʝʨʞʘ-
ʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-
ʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʩʪʘʥʜʘʨʪ; ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʘʚʪʦʨʦʚ ʫʯʝʙ-
ʥʠʢʦʚ ʥʘ ʚʢʣʶʯʝʥʠʝ ʚ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ;

ʦʟʥʘʢʦʤʣʝʥʠʝ ʫʯʠʪʝʣʝʡ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʡ 3D-
ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠ
ʧʨʦʚʝʜʝʥʠʠ ʟʘʥʷʪʠʡ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʝʜʤʝʪʘʤ; ʧʦʚʳʰʝ-
ʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʫʯʠʪʝʣʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠ-
ʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ;

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʧʦʩʪʘʚʢʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʪʠ-
ʧʦʚʳʭ ʢʦʤʧʣʝʢʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ 3D-ʪʝʭʥʦʣʦʛʠʡ (ʚʢʣʶʯʘʷ ʧʨʦ-
ʛʨʘʤʤʥʦʝ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ) ʣʠʙʦ ʮʝʣʝʚʦʝ
ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʜʣʷ ʧʨʠʦʙʨʝʪʝ-
ʥʠʷ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.

ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ 3D-ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʨʝʙʫʝʪʩʷ ʜʣʷ ʧʨʠ-
ʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʠ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ
3D-ʪʝʭʥʦʣʦʛʠʡ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʧʝʯʘʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʰʠʨʦ-
ʢʠʭ ʩʣʦʝʚ ʛʨʘʞʜʘʥ ʩ ʦʩʥʦʚʘʤʠ ʪʝʭʥʦʣʦʛʠʡ 3D-ʧʨʦʠʟʚʦʜʩʪʚʘ. ʋʯʘʩʪʠʝ
ʬʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ
ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ – ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʢʪʦʨʠʝʚ,
ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ ʠ ʧʨ., ʘ ʪʘʢʞʝ ʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʫʙʣʠʢʘ-
ʮʠʠ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʭ ʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʘʪʴʠ, ʙʨʦʰʶʨʳ, ʢʥʠʛʠ,
ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʪʝʣʝʧʝʨʝʜʘʯʠ ʠ ʪ.ʜ.).
ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ ʢʘʢ ʩ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 3D-
ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ (ʩ ʮʝʣʴʶ ʫʜʝʰʝʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚ,
ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʥʠʤʠ, ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʵʢʦʥʦ-
ʤʠʯʥʦʩʪʠ ʧʝʯʘʪʠ) ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢ ʠ
ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʠʩʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 3D-ʧʝʯʘʪʠ (ʚ
ʯʘʩʪʥʦʩʪʠ, ʧʝʯʘʪʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʪʨʝʙʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ).
ʇʨʠ ʚʩʝʤ ʵʪʦʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʟʘʷʚ-
ʣʝʥʥʳʭ ʚʳʰʝ ʮʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʠʭ ʨʝʘʣʠʟʘʮʠʷ (ʧʦ ʢʨʘʡʥʝʡ ʤʝ-
ʨʝ, ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʛʦʩʫʜʘʨʩʪʚʘ, ʮʝʥ-
ʪʨʘʣʠʟʦʚʘʥʥʦ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʙʶʜʞʝʪʥʳʭ ʥʘʫʯʥʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ
ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʬʝʜʝʨʘʣʴʥʦʛʦ ʬʠ-
ʥʘʥʩʠʨʦʚʘʥʠʷ. ʇʨʠʚʣʝʯʝʥʠʝ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʦʨʦʚ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ, ʥʦ
ʥʝ ʜʦʣʞʥʦ ʷʚʣʷʪʴʩʷ ʢʣʶʯʝʚʳʤ.

ɼʤʠʪʨʠʡ ʋʩʝʥʢʦʚ,
ʥʘʫʯ. ʩʦʪʨ. ʀʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʦʙʨʘʟʦʚʘʥʠʷ

5.



 3D-

ʧʨʝʜʳʜʫʱʝʤ ʚʳʧʫʩʢʝ ʙʳʣʦ ʨʘʩʩʢʘʟʘʥʦ ʦ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 3D-
ʧʝʯʘʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 3D-ʧʨʠʥʪʝʨʘʭ. ʆʜʥʘʢʦ, ʢʦʥʝʯʥʦ ʞʝ,
ʵʪʦʪ ʧʝʨʝʯʝʥʴ ʥʝʧʦʣʦʥ – ʚʝʜʴ 3D-ʧʝʯʘʪʴ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ,

ʪʘʢ ʯʪʦ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʝʝ ʤʝʪʦʜʦʚ, ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 3D-
ʧʨʠʥʪʝʨʦʚ. ʇʨʠʤʝʨ – ʥʝʜʘʚʥʦ ʧʦʷʚʠʚʰʘʷʩʷ ʪʝʭʥʦʣʦʛʠʷ ʘʵʨʦʟʦʣʴʥʦʡ 3D-ʧʝʯʘʪʠ,
ʟʘʧʘʪʝʥʪʦʚʘʥʥʘʷ ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Optomec.

ʅʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʠʣʘ ʥʘ-
ʟʚʘʥʠʝ «Miniature Aerosol Jet and
Aerosol Jet Array» («ʄʠʥʠʘʪʶʨʥʳʡ
ʘʵʨʦʟʦʣʴʥʳʡ ʨʘʩʧʳʣʠʪʝʣʴ ʠ ʤʘʩʩʠʚ
ʘʵʨʦʟʦʣʴʥʳʭ ʨʘʩʧʳʣʠʪʝʣʝʡ») ʠ ʧʨʝʜ-
ʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ.
ɽʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ
ʧʝʯʘʪʘʶʱʠʝ ʛʦʣʦʚʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ
3D-ʧʨʠʥʪʝʨʦʚ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤʠ ʠ
ʜʝʰʝʚʳʤʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪ ʨʘʟʨʝʰʝ-
ʥʠʝ ʧʝʯʘʪʠ: ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ,
ʥʘʧʝʯʘʪʘʥʥʳʝ ʥʘ ʪʘʢʠʭ ʧʨʠʥʪʝʨʘʭ, ʤʦʛʫʪ ʠʤʝʪʴ ʰʠʨʠʥʫ ʣʠʥʠʡ ʠ ʜʝʪʘʣʝʡ ʦʪ
10 ʤʢʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ.

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʵʨʦʟʦʣʴʥʦʛʦ ʧʨʠʥʪʝʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʥʝʩʝʥʠʠ ʥʘ ʧʦʜ-
ʣʦʞʢʫ ʤʝʣʴʯʘʡʰʠʭ ʢʘʧʝʣʝʢ ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ
ʩʪʨʫʝʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʦʢ ʠʣʠ ʰʘʙʣʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʘʪʝ-
ʨʠʘʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʧʳʣʷʝʪʩʷ ʥʘ ʤʝʣʢʠʝ ʢʘʧʝʣʴʢʠ ʨʘʟʤʝʨʦʤ ʚ 1–2 ʤʢʤ,
ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʛʘʟʦʤ (ʧʦʣʫʯʘʝʪʩʷ ʘʵʨʦʟʦʣʴ), ʧʦʜʭʚʘʪʳʚʘʶʪʩʷ
ʝʛʦ ʧʦʪʦʢʦʤ ʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʢ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʝ.  ɺʦ ʚʥʝʰʥʶʶ ʞʝ ʯʘʩʪʴ ʧʝ-
ʯʘʪʘʶʱʝʛʦ ʩʦʧʣʘ ʧʦʜʘʝʪʩʷ ʯʠʩʪʳʡ ʛʘʟ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʳʡ ʬʦʢʫʩʠʨʫʝʪ
ʩʪʨʫʶ ʘʵʨʦʟʦʣʷ ʚ ʪʦʥʢʠʡ «ʣʫʯ» ʜʠʘʤʝʪʨʦʤ 10 ʤʢʤ.

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚʳʣʝʪʘ ʘʵʨʦʟʦʣʴʥʦʡ ʩʪʨʫʠ ʧʝʯʘʪʘʶʱʘʷ ʛʦ-
ʣʦʚʢʘ ʪʘʢʦʛʦ ʧʨʠʥʪʝʨʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʣʝʢʦ ʦʪ ʧʦʜʣʦʞʢʠ, ʥʘ
ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʧʝʯʘʪʴ (ʦʙʳʯʥʦ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 2–5 ʤʤ). ʇʨʠ ʵʪʦʤ
ʘʵʨʦʟʦʣʴʥʘʷ ʩʪʨʫʷ ʦʩʪʘʝʪʩʷ ʪʦʥʢʦ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ-
ʥʦʩʠʪʴ ʤʘʪʝʨʠʘʣ ʥʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʦʟʥʘʯʘʝʪ,
ʯʪʦ ʧʨʠʥʪʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 3D-
ʧʝʯʘʪʠ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ, ʢʦʪʦʨʳʝ ʫʞʝ ʟʘʢʨʝʧʣʝʥʳ ʥʘ
ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʜʣʷ ʚʧʝʯʘʪʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ
ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʤʝʩʪʘ ʚʨʦʜʝ ʚʳʝʤʦʢ ʠ ʫʛʣʫʙʣʝʥʠʡ ʠ ʪ.ʜ. ʇʨʠ-
ʯʝʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʦʜʥʦ ʪʘʢʦʝ ʩʦʧʣʦ, ʘ ʮʝʣʳʡ ʠʭ ʤʘʩʩʠʚ – ʣʠʥʝʡʥʳʡ
ʠʣʠ ʠʤʝʶʱʠʡ ʧʨʦʠʟʚʦʣʴʥʫʶ ʬʦʨʤʫ.
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