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ṇ ṇ נּ ︣ ḭ צּ לּ אל

פּ ︡ ךּ Ḯ ṇ ḭ ṇ ḱ ṡ Ṣḭṡנּ ︣Ṣḭּף ṡ

︣ Ṣ וֹףּ ︡ ḭ וֹ ḭ כֿ טּ Ḯ 

ḭ Imperial College London University of Queensland שּ נּ

ḭ ︣ ḭ ︡ ︣ פּ וֹ Ḯֿכ ḭ

ךּ ︡ שּ וֹ ḭשּ ︣

ḭ נּ שּ Ḯ  ּש ṇ

אל קּ Ḯ ︡ שּ Ṅ ṇ אל קּ Ḯ

פּפּ ￼ḭ כֿ אל ︣ שּ צּ טּ ︢ ךּ

ףּ ḭ ︡ ḭ ︣לּ ︡ ךּ Ḯ אל ḭּט ḭ ṇ

ḭ שּ︡ שּ ︣שּ לּ צּ ︡ ךּ לּ לּךּ ︡

ךּ Ḯ ṇ ︡ ךּ Ḯ ṡthinking ṕ נּ ṖṢ

 Ḯלּ

כֿ ḭ ṇ ךּ ḭ טּצּ ︣ טּ Ḯֿכ

ḭ ṇ ṇ טּצּ ḭ

ḭוֹ ︡ ḭ ︡ ḭ ︣ ︡

ךּ ṇ ︣ טּ Ḯֿכ ︡ לּ ︡ ךּ צּ
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פּ ḭ ṇ ḱ ︡ ךּ Ḯ 

כֿ שּ ḭ ṇ קּ Ḯֿכ ḭṡgee-whiz

ṕּט לּ ṖṢ ḭלּךּ פּ ךּ

ḭּט ṡ Ṣ נּ פּ ︡ Ḯךּ לּ ךּ ︢ ךּ ḭצּךּ

￼ךּ ︡ ךּ לּ ︡  Ḯךּ

ḭ ṇ ṇ אל ḮImperial College 

London ḭSaid Business School (Oxford University)  ḭUniversity of Brighton ḭ Cranfield Univers ity 
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︡ שּ Ḯ 

כֿ Sheridan Ash צּ ︡ שּ ︣ Ḯ שּ

ṇ ḭ︡וֹ ṇ אל וֹ שּ Ḯ

ḭ וֹףּ Virginia Harris ︡ ךּ Ḯ 
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כֿ 8 פּ ךּ Ḯ 1 ḭ ṇ נּ ︣ Ḯ 2 ḭ

ṇ ךּ ︣ Ḯ 3 ḭPẀG Arup לּךּ 2 ṇ

ḭצּ ︣ אל ךּ Ḯ 4 ḭ 5 ḭ 6 ḭṡ נּ Ṣḭ

ṡ ︣Ṣḭṡ ︣ Ṣ ךּ ︡ ךּ Ḯ ḭאל ︠ ףּ ṇ

צּ ךּ Ḯ 7 ḭ ṇ ךּ ︣ Ḯ 8

ḭ ṇ ךּ ︡ ךּ Ḯֿכ ︡ ḭ ṇ
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︣ כֿ ︣ לּ אל ךּ ךּ טּ ךּ ṡBoxṢ

ףּ ḭ ︡ ︣ ךּ ṇ ︣ כֿ שּ Ṅ כֿ צּ

קּ לּ ךּ Ḯ 

ḭRoy Rothwell ṇ טּ ḭ צּ ︡ שּ

￼ פּ ︡ ךּ ḮRoy ḭ ṇ ︡ ףּ ḭּף

ףּ ︣ ︣ ḭ פּ קּ אל טּ Ḯ

￼ ṇ ךּ ︣ ḭ שּ צּ כֿךּ ךּ טּ

Ḯ ḭ ḭ ︣ ￼ ḭ ṇ ךּ שּ

קּ ךּ כֿלּךּ ךּ ḭ ךּ︡ טּ Ḯ אל

︡ḭ כֿ︣ Ḯֿכ ḭ ︡ שּ ḭ

כֿ פּ ךּ︡ ṇ טּ Ḯ 
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ể ṇ  

 

1 . 1   

 

Nihil simul inventum est ct pei°ĉctumḭṡ אל Ṣךּ לּךּ

טּ Ḯ שּ לּ ḭֿכ נּ טּ ḭ ︡ ︡ ךּ Ḯ︡ ḭ︡פּ

︣ צּ ︣Ḯ ּ︡ךḭ ṡ Ṣ ṡ Ṣ ḭ ṇ

ṇ ḭ טּ כֿ ḭ￼ פּ ךּ אל Ḯךּ ︠ ךּ︡

︣ כֿ ḭ ṇ ḭ

טּ Ḯ ṇ ṕIvTṖ ︡ ḭ ṇ ṇ ḭ ṇ

ḭ ṇ ךּ︡ ךּ ︣ כֿ ︣ Ḯ

ḭֿכ לּ צּ ṇ ךּ ￼︢ ךּ Ḯ

ḭ צּ נּ ṕthinking Ṗḭ ︣ṕplaying Ṗḭ ︡ ︣ ṕdoing Ṗ וֹ כֿ

צּ קּ ṇ ḱ אל ךּ כֿ ︡ ךּ Ḯ 

ṇ ḭ ḭ ︡ ︣ טּ ḭֿכ

︣ כֿ טּ Ḯ ḭ ṇ שּ ︣ ḭּפּך ︣

פּ ︡ ḭ ︡ḭ ︣ כֿ Ḯ לּ שּ

ṇ ḱ ḭ טּ Ḯ ḭ ṇ ḭ

צּ וֹ כֿשּ ︣ טּ ḭ ṇ ךּ

ḭ צּ ︡ וֹ ךּ ךּ ︣ Ḯ ּצ ︣

︣ אל ḭ ךּ︡ ḭ צּ ￼נּ ︣ ︡ ךּ ḭ

ṇ ḱ שּ ︡ קּ לּ ṇ ḭ וֹ

טּ Ḯ ' 

IvT ḭ ṇ ḱ אל ḭ ︣ ︣ ︡ ףּ ḭ

צּ אל ḭ אל ḭ אל נּ ךּ Ḯ צּ ṇ ḭנּ

︣ ︣ ḮIvT ḭ ךּ︡ ḭ ḭּף ṇ ︡ḭ ︡ḭ ︣

נּ ṕThomke 2003 ṖḮ ṇ ḱ ︡

כֿשּ ḭSchrageṕ2000 Ṗּצṡ ṕserious play ṖṢ ︡ שּ Ḯ

ṇ ḭ ṇ ḭ ףּ ︣

כֿ ḭ ḭ ṇ ḭ ṇ וֹ כֿ צּ קּ ḮIvT ḭאל ︠

ṇ ḱ ︣ ︡ שּ Ḯ 

IvT ḭ ṇ ṇ ḭ ︡ צּ ︣ ṇ

ḭ ṇ ṇ ṇ ךּ ךּ Ḯֿכ
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אל ךּ ךּ ḭIvT ṇ ḱ וֹףּ ḭ נּ כֿ

ṕthinking Ṗḭ כֿ︣ ṕplaying Ṗḭ ︡ ︣ כֿ ṕdoing Ṗ נּ טּצּ Ḯ נּ כֿ

ṕthinking Ṗ ḭe ṕ ךּ ṇ Ṗ ṇ ︣

אל ḭ ṇ ︡ḭ ṇ ︢

וֹ ךּ︡ ︡ ךּ Ḯ ṇ

אל ךּ Ḯ כֿ︣ ṕplaying Ṗ ḭ ṇ ṕCADṖ

ṇ ︡ ṇ ḭ ḭּף

ṇ אל Ḯ ףּ ︣

ḭ צּ Ḯ 

ṇ ṇ ṕ Ṗ טּ ṡThink ḭPlayḭDoṢּצ אל שּךּ טּפּ Ḯ

￼ḭ ךּ︡ לּ שּ ︣ ︡ ḭלּךּ ṇ

וֹףּ טּ Ḯ ṇ ︣ שּ ḭRẀD ṇ

ḭ ףּ ḭ נּ

אל ךּ אל ךּ  Ḯךּ

ḭṡ Ṣḭṡ Ṣḭṡ Ṣ ḭּשּך פּ Ḯךּ

︣ Ḳ ṕ / Ṗ ; ṕ / ṖḮ ṕ

/ ḭ / / / ṖḮ ֿכ ḭ ךּ ṇ

אל וֹ ḭ ṇ ḱ טּ Ḯ

צּ נּ ṡ נּ כֿ ṕthinking Ṗḭ כֿ︣ ṕplaying Ṗḭ ︡ ︣ כֿ ṕdoing ṖṢ לּךּ

ṇ ṕ Ṗ ḭ ṇ ḱ ︣ ︡ḭ ︡ Ḯךּ

צּ ︣ IvT ḭ ︡ ךּ ḭ︣צּ צּ

︡ ךּ Ḯ 

ḭ וֹ ḭ ︣ ṇ ṕ Ṗ ḭ ṇ וֹףּ

שּ ︣ כֿ צּ קּ Ḯ ṕ ḭ ḭ

ḭ ḭ Ṗḭ ṕ טּ ךּ ḭ ︡

ךּ Ṗ ḭ ךּףּ ḭ ︡ ךּ Ḯ 5 שּ︡

︣ כֿ ︣ Ḯ 

4 ḭThink ḭPlayḭDo ṇ ṕ Ṗ ḭ אל ךּ ḭ ḭ

ךּףּ ḭ ṇ ḱ ︡ ךּ Ḯ

ḭ ṇ צּ ︣ ︣ שּאל ךּ ḭ ḭ

אל Ḯ ḭ ףּ ￼ḭ

ḭḭ ṇ ṇ ṇ ︡ ךּ Ḯךּ

Think ḭPlayḭDo ḭ ףּ ṇ אל כḭֿשּ ṇ ṕ Ṗ
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ḭ ḭ ṇ ḭ קּ טּ

Ḯ 

ṇ ︣ כֿ ḭ ṇ ḱ ṇ ︣ Think ḭ

PlayḭDo צּ אל כֿ Ḯֿכ ḭ וֹ ךּ︡ טּ ḭ

ṇ ךּףּ ḭ אל ḭ פּ טּ

Ḯֿכ ḭ ṇ ךּףּ ḭ קּ ḭ

טּ Ḯ 1.1 ḭ ṇ ︡ḭ ︡ḭ

ṇ בֿ ḭThink ḭPlayḭDo צּ ךּ︡ ṇ IvTṕ

ṇ Ṗ ︣ כֿ ḭּפּך ṇ אל פּ ︡ ךּ Ḯ 

אל IvT ḭ ṇ צּ לּ כֿ פּ ḭנּ לּ

שּ ︡ḭ ︣ טּצּ Ḯ︡ ḭ︡פּ ṇ

וֹ ︡ ḭשּ ṇ לּ ︡ḭ

נּ ︡ כֿ︣ Ḯךּ

צּ ךּ ḭThink ḭPlayḭDo ḭֿכ ךּ︡ כֿ︣ ︣

ḭצּ ṇ ḭ שּ ףּ

אל Ḯ ṇ ḭצּ אל ḭ נּ טּ כֿ

ḭ  Ḯךּ

פּ IvT 1 ḭ ḭ ḭ ḭבֿ ṇ

וֹףּ טּ כֿ︣ ḭ ︣ טּ Ḯ

ḭ ︣ טּצּ ḭIvT ḭ

נּ כֿ ḭ ṇ כֿ︣ טּ Ḯ

ḭבֿ ︡ קּ פּ ךּ︡ כֿ︣ Ḯ 

Think ḭPlayḭDo ︣ ךּ ḭ אלצּ ︠ ṕּך

ṇ Ṗḭ ṕשּ ṇ Ṗ︣

טּ ḮIvT ḭ ךּצּ ḭ לּ כֿךּ︡ כֿלּ צּ קּ פּ ︣ ḭוֹ

ṇ ךּ ︣ Ḯ 

IvT ḭ שּ ︡ḭ ︣ ḭצּ ṇ ḱ

ṡ Ṣ︣ Ḯךּ צּ ︡ ףּ ḭ ḭ אל

ṇ ḱ צּ פּ ︡ ṕṡךּ כֿ︢ ︣ וֹ ךּ ṢṖḮ ︡

ḭ︡פּ צּ ךּ ṕṡ ︣ טּצּ ḭפּ לּ לּ ṢṖפּ ḭ

ṇ ︣ ṇ צּ טּ Ḯ ︡ ṇ ḭ

IvT ṇ ḱ ךּףּ ךּ כֿ︣ צּ קּ Ḯ 

Ṅ פּ ︡ḭ ḭאל ︠ כֿ︣
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צּ קּ ṕthink Ṭ נּ ṖḮ ṇ צּ ḭ שּ ḭ ḭ

ḭךּ ︣ כֿ צּ קּ ṕplayṬ ︣ṖḮ

ḭ ṇ ṇ ךּ︡ ṇ ︣ קּ

︣ṕdoṬ ︣ ṖḮ 

IvT ḭ פּ ︡ קּ לּ ︡ ḭ ṇ

︣ טּ ḮIvT ḭ צּ קּ נּ ḭ ṇ

קּ טּ ḭצּ ṇ וֹףּ פּ ḭ Ṅ ︣

︡ ךּ Ḯ צּ ︡ ךּ ḭ פּ אל Ḯךּ

Ṅ אל אל Ḯ 1.1 ḭIvT טּצּ

ṇ אל ︡ טּ Ḯ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ểḰể  ṇ  

 

וֹףּ ṇ נּ ḭIvT ṇ ḭ ḭ

ḭ ḭ ︡ פּ לּ ︣ ︣ קּ

ךּ Ḯ ṇ ḱ צּ לּ ︡ ךּ פּ ︡ ךּ וֹ ḭ

ṇ  

ṕ ḭ Ṗ 

ṇ ḱ

︢ ︣  

ךּ︡ ṇ  

ṕ ḭ Ṗ 

Think, Play, Do  

ךּ︡    + ךּ︡      =   ṇ  

 

ךּ  

אל  

ךּ  

 

ṇ  

 

ṇ ṕIvTṖ ṇ   

 אל
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צּ ︡ ḭ צּ ṇ ︣ כֿ טּ Ḯ 

IvT ︡ ךּ כֿ טּ ḮIvT ḭ ṇ

ṇḭ ḭ אל ךּ Ḯ ṇ ṡ Ṣ

ḭ ṡ ṇ Ṣ IvT ︡ ךּ Ḯ אל

לּ ṇ ḭIvT שּ ︡ ךּ Ḯֿכ ḭThink ḭPlayḭDo לּ

אל ḭIvT ︣ ︣ אל ḭ ︡ ךּ ḮIvT ḭ קּ

ḭוֹ אל ḭ ṇ אל Ḯ פּ ḭ ṇ

ḭ ḭ ṇ אל ḭ צּ

︡ḭּפ צּ ךּ ḭ ḭךּ︡ ︡ Ḯ 

ḭאל ︠ ḭצּ צּ אל ḭ אל

ךּ Ḯ ḭ אל ḭ ṇ

Ḯךּ 3 פּ 6 ︡ אל ךּ לּ ḭ ḭ ︣

ףּ ḭֿכ ṇ ︣ ḭ ḭ נּ

ךּ Ḯ ︣ לּ ḭlvT ḭ

IvT ךּ︡ ṇ ףּ ףּ ḭ ︡ ︡ ףּ

ṇ ṇ צּ Ḯ 

 

1 .1  ṇ 

2003 ḭ Arup Fire ḭ2001צּ 9 11 ṇ ṇ

אל ṡTwin Tower Ṣ נּ טּ Freedom Tower ︡ ךּ Ḯ

ḭ ṇ ṇ טּ Apru ︢ לּ ḭ שּ ︡ ךּ

ḮArup ḭ ṇ ṇ ︡ ףּךּ ḭֿכ

ḭ ṇ צּ טּ כֿלּךּ ḭ ךּ︡ צּ פּ לּ ︣

ṇ ︡ ךּ ḮArup ḭ ︡ ךּ Ḯ

ḭ ךּ︡ ḭ ḭ ︡כֿ .Arup Fire

ḭ ︡ ︣ IvT ḭ ךּ

Ḯ 

Arup Fire ḭIvT צּ לּ ︣ ḭפּ ︡ ṇ

ךּ כֿ ךּ ︡ ךּ ḮArup Fire lvT

︡ ḭ וֹ ḭנּ כֿ צּ קּ Ḯ 

צּ ︣ ḭ אל כֿ צּ ḭשּ ︡

︣ ךּ Ḯ ︡ ṇ ︣ כֿ ḭ

︣ פּ ︢ אל ךּ ḭ

︡ḭ ︡ḭ בֿ צּ קּ Ḯ 
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Arup Fire ṇ ḭ ךּ︡ ṇ ︡ ךּ Ḯ טּ

פּ ḭ ḭ ḭ ︡ ︡ ךּ Ḯ ṇ

︣ ḭAmp Fire ṇ לּ צּ ךּ Ḯ 

 

ẇ ףּ ḭךּ ︡  לּ

o ṇ ךּ Ḳ ףּ ףּ ṕ ḭ Ṗ 

o אל ףּ ףּ ךּ  

o ḭ ḭ ṇ ︣  

ẇ Ḳ ךּ︡ וֹףּ ṇ

︣  

ẇ ṇḭ ṇ ḭ ḭArup Fire

 

ẇArup ṇ ḭ לּ  

o  

o  

o ︣ Ṅ 3 ṕễDṖ  

o ףּ ︣ ṕCFDṖ  

ẇ ḭ ḭ ḭ ṇ קּ ︣כֿ טּ  

ẇ ḭ ︣  

ẇ3D ḭֿכ אל ︠ ︣  

ẇ כֿ ︡ ḭ ︡

לּ ḭ ︡ ︣  

 

 

1.2  3  

 

ḭ ṕICTṖḭ ṕOMTṖḭ ṇ ṕIvTṖ וֹ ךּ

ṕ 1.2 ṖḮ 

ICT ḭ ṇ פּ ḱ ḱ

︢ ḭ ṇ ︣ טּ Ḯּט פּ

︣ ḮICT ḭWeb ṇ ṇ

ḱ ṇ ḱ ṇḱ ṇ ḱ ḭ ךּ

ṇ ṇ ︣ Ḯ ḭ ḭ ḭ ḭּף ṇ

ṇ וֹ ךּ ḮICT ḭֿכ וֹףּ ḭ לּ
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ḭ ︣ ṇ ṇ ḱ ṇ

ךּ ךּ Ḯ 

OMT ḭ ṇ ︣ ḭפּ ︣ טּ ḮOMT ḭ

︣ וֹףּ ︣ Ḯ ḭ ḭ ḭ

אל ḭ ︣ כֿ וֹ ךּ Ḯֿכ ḭ נּ

ḭ ṇ לּ ṇ ṇ

שּ קּ Ḯֿכ ḭ ṇ לּ ḭOMT ︡

צּ ךּ ḮOMT ḭ ︢ ṇ

︣ ︡ ḭ ḭ ḭ ḭ ḭ ḭ

ṇ אל Ṅ ךּ ךּ Ḯ ḭOMT

ḭ ḭ ṇ ḭ ḭּף ︣ ︡ ךּ Ḯ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ể.Ễ 3  

 

IvT ṇ ︣ טּ Ḯֿכ ḭ Ṅּצ ךּףּ ḭ אל

︡ḭ ṇ ḱ צּ אל ḮIvT ḭ

ṇ אל ︣ כֿ וֹ ךּ Ḯֿכ ḭ

ṇ ṇ ךּףּ ḭ טּ ךּ אל ︠ ︣ ḭ

︡ ICT OMT צּ ḭ ḭּף ṇ ṇ אל

לּ ︣ ḭ ךּ︡ ךּ Ṅּצ נּ ךּ︡ ︣ ךּ Ḯ

1.3 ḭ ṇ אל ︠ שּךּ פּ ︡ ךּ Ḯ ḭּשּך פּ

ṇ ṕIvTṖ 

ṕICTṖ ṕOMTṖ 
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ṇ ךּ ︣ כֿ ︣ Ḯ 

 

 

1.3  ṇ ḱ ṇṕIvT Ṗ 

 

ṇ ṇ ṇ ḭ ḭ ḭ שּ

ṇ קּ נּ ךּ Ḯ

︡ḭ ḭ ḭ ḭ ḭ ךּ ףּ אל Ḯ

ṇ ḭאל ︠ קּ ︣ קּ CFD

ṕcomputational fluid dynamics Ṭ Ṗּטּצ Ḯ ︣ טּצּ ḭCFD

ḭ ︣ כֿ צּ קּ ṇ פּ ︣ Ḯ 

ṇ ḭ פּ ︣ כֿ צּ קּ Ḯ ṇ

︣ ḭ ṇ וֹ ṇ טּ ṕ 3 ṖḮ 

כֿ ḭCAD ךּ ḭ ṇ ︡ḭ ︡

︣ Ḯ ṇ ṇ ךּ טּ Ḯ ḭ ךּ︡

צּ אל ḭ ךּ ḭ פּפּ

וֹ כֿ ḭ צּ אל Ḯ 

ḭ אל צּ אל Ḯ ḭ ṇ

ṇ ḭ פּ ṇ ףּ ḭ ︡ צּ

︣ Ḯ ḭ ךּ אל ךּ ḭ︡צּ ︡פּ

פּ ףּ ḭ צּ אל ךּ Ḯ ṇṕSikorsky Ṗḭ

ṕRolls-RoyceḭBMWḭVolkswagen Ṗḭ ṕBoeingṖḭ ṕBilbao Guggenheim Museum Ṗḭ

ṕNikeṖḭ ṕBraunṖ אל ḭCATIA 3D

ףּ 4D CAD צּ אל ךּ ṕ נּ ḭDebackere 1999; Debackere and von Looy 

2003 ṖḮ 

ṇ ḭ לּ ךּ טּ ḭ פּפּ

ṇ טּ Ḯ ḭ ︡ḭ ︡ḭ כֿ טּ ḭ

︣ כֿ טּ Ḯ ṇ ḭ כֿ ︣ ...

טḭּפּךּ ḭ רּ︣ ḭ וֹ כֿךּ ḭ

ṇ כֿלּ נּאל טּ ḮṕMiller 2001 Ṗ 

ḭ Ṅּצ ṇ פּ ︣ ḭ ךּ ︣ כֿ

︣ Ḯ נּ ṇ ḭ ṇּצ ṇ

︡ḭ ︣ ḭ ṇ ṇ ṇ ḭ

ṇ ḭ ḭ ṇ ḭ ṇ
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ḭ ṇ ṇ ︡

ךּ ṕWhyte 2002 ṖḮֿכ לּ ḭ פּ

︣ כֿ ︡ ךּ ṕDahl et al. 2001; Oxman 2002; Whyte 2002 ṖḮ ḭ

︡ ךּ ṕlohnso n and Hansen 2004 ṖḮ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ểḰ3 3 ṕỄṖ 

 

פּ שּ אל ךּ Ḯ

ḭ ︣ כֿ צּ ḭקּ ḭ

אל ḭ צּ Ḯ ṇ ḭ

ṇ אל טּצּ Ḯ ḭ ︣ כֿ ḭ פּ

︡ ︡ ךּ Ḯ ḭ ṇ

︣ כֿ צּ ḭקּ פּ ṇ ︣ כֿ קּ Ḯ 

ḭצּ ṇ ṇ ḭ ḭ ṇ ḭ נּ פּ

︣שּ︣ ḭ ךּ︡ טּצּ Ḯ ṇ ḭ צּ

ṇ ṕIvTṖ 

ṕICTṖ ṕOMTṖ 

 

ṇ  

ẇ ṇ  

ẇ ṇ  

ẇ Ṋ  

ẇ ḱ  

 

ẇ CNC 

ẇ FMS  

ẇ CAD 

ẇ CAM 

ẇ CIM 

ẇ CIP  

ṇ ḱ  

ẇMRP 

ẇERP 

ẇPMS 

ẇTQM 

ẇJ T 

 

ẇ ṇ ṇ  

ẇ ṇ  

ẇ  

ẇ ṇ 

 

ẇ ṇ ṊWWW 

ẇWiFi/3G  

ẇEDI  
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︣ ḭוֹ צּ לּ נּ פּ שּ אל ḭ

כֿ צּ קּ ḭ ︣ ךּ ṕAnumba  

2000; Whyte 2002,2003 Ṗ 

ḭCAD ṇ פּ 3D ︣ Ḯ

צּ אל ḭאל ︠ צּ טּ Ḯ

פּ וֹ ḭשּ ḭ ︡ ṕUVṖ

︣ ṇ ṇ ṇ כֿ צּ קּ Ḯֿכ NASA

ṇ וֹ Boeing פּ ḭ ṇ ṇ נּ ṡ

ṇ Ṣ קּ לּ ︣ ︡ ךּ טּ Therics

אל ךּ Ḯ וֹ ḭ ךּףּ ḭ

1 ︣ ︣ כֿ צּ קּ Ḯ25 m לּ קּ ṇ

ḭ ︣ צּ ךּ Ḯֿכ ḭ נּ

Hewlett -Packard צּ 3D ṇ ṇ ︣

ḭ שּ ︣ טּצּ Ḯ 

ṇ ḭ ḭ Ḯאל ︠ ṇ ṇ אל ḭ

פּ ︣ ṡ ṇ Ṣ ︣ Ḯ ṇ ḭ

קּ ḭךּ קּ ךּ פּ ḭ טּ וֹ וֹ כֿ צּ ḭקּ ṇ

קּ כֿ︣ צּ קּ ḭ ךּ ḭךּ︣ ṇ ṇ וֹ Ḯ נּ ḭ

DNA ḭ ︡ḭ ︣ כֿ צּ קּ Ḯ

פּפּ ךּ ṕWatson 2004 ṖḮ ṇ ︡ ṇ

︡ḭ ṇ ︡ḭ ךּ︡ וֹ ḭ ṡךּ︡ Ṣ ︡ ︡ ךּ ṕHutchins 

1996; McCullough 1996 ṖḮֿכֿכ ḭ ︡ ךּ Ḯ ḭ ṇ

︣ כֿ ︣ Ḯֿכ ḭ ḭ ︣

תּ ︣ ḮGoogle ṇ ḭ

︡ ךּ Ḯ ṇ טּ פּ ︡  Ḯךּ

ḭֿכ ṇ ︡ḭ וֹףּ

ṇ ︡ḭ שּ Ḯֿכ ṇ פּ

ḭ ḭאל ︠ אל ךּ ḮSteinmueller ṕ2000 Ṗ ḭ

︣ ḭṡ ṇ ṕ ṖṢ וֹףּ ṇ

ḭ ṇ ḭּף ṇ ṇ ṇ

︡ ךּ Ḯ ḭ ṇ וֹףּ

טּצּ ḭ פּפּ ￼ḭ וֹףּ שּ

ךּ צּ ︣ ︡ ךּ Ḯ ḭ אל ףּ
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︣ ︡ ḭ ṇ

︣ ṕSPICEṖּף ṇ ףּ ךּ ךּ  

ṕSteimnueller 2000; 372 Ṗ 

כֿ ḭ ךּ אל ḭ ḭ ṇ

︣ Ḯֿכ ךּ ḭ ︣ Ḯ Ṅ ḭ טּצּ ḭצּ

thinking, playing, doing לּךּ אל ḭ כֿלּ ︣ Ḯ נּ

1.4 ︣ ︡ ךּ Ḯ 

 

1.4 ṇ  

 

ṇ טּ ḭ ṇ ︢

טּ Ḯֿכ ḭ ḭ ︡ ḭ ṇ נּ ḭ

︡ ḭ צּ ṇ וֹ ḭ טּ Ḯ נּ ḭ

אל ḭ צּ ךּ ךּ לּ ṇ ︣ ṇ

 Ḯלּ

ḭ ḭ ḭאל ︠ ḭ נּ ḭ

טּ Ḯ ḭּך￼ ḭ ṇ וֹףּ

︣ כֿ טּצּ Ḯ ḭ פּ

ḭ IvT כֿ︣ ︣ Ḯֿכ

ךּ Ḯ 

ṇ Ḯךּ טּ Ḯֿכ ḭ ךּ

︡ ךּ Ḯ ḭ ḭ ḭ

︣ ךּ︡ טּ צּ ḭשּ ︡ ︣

צּ ︣ טּ Ḯ ṇ IvT

ךּ ףּ ḭ צּ ︣ ḭ ︣ ḭ ךּ ︡ ךּ Ḯ ︡

ḭ צּ לּ ḭקּ טּצּ ︢פּ לּךּ ︡  Ḯךּ

ṇ ךּ אל קּ Ḯ 60 ḭSchumpeterṕ1942 Ṗ

ḭ נּ ḭשּ ךּ︡ ḭ ḭ ךּ︡ ḭ ךּ︡ ḱḱ

︣ טּ Ḯ ḭשּ

נּ טּ Ṣ ךּ Ḯ 

︡ ךּ Ḯ נּ Baumol ṕ2002Ḳ13Ṗ ḭṡ18 כֿ ךּ

︣ ḭ ṇ ︣ Ṣ ךּ Ḯ ḭṡ

ḭ ṇ ḭḱḱḱ קּ ︡ ךּ ṕ2002Ḳ1ṖṢ ḭ
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︡ ṡ ṇ שּ ךּףּ ḭ וֹ קּ קּ נּ קּ

ṕ2002 Ḳ4ṖṢ ︡ ךּ Ḯ ḭ ṇ ḭ צּ

כֿשּךּ ︣ טּ Ḯ ḭ צּ קּ ḭ ︡ḭ כֿלּ

︡ḭ ḭ ṇ לּ ︡ ךּ Ḯ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ểḰỆ 3  

 

 

 

 

ṇ ḭ אל ṇ Ḯ ṕOECDṖ

ḭ 6,000 ︡ ךּ Ḯּשּך פּ 50

︡ ףּ ḭ ḭ

5~10 Ṿ ︣ כֿ כֿךּ︡ Ḯךּ לּ צּ לּךּ

ḭ ṇ ︣ ךּ︡ צּ אל קּ ḭ קּ ṇ ︡

ךּ Ḯ1990 IBM צּ CMOSṕComplementary Metal Oxide Semicon ductor Ṗ 10

︡ כֿ ḭ1997 פּ 2001 190 ṇ אל ךּ

ṕGerstner 2002 ṖḮ ︣ ḭ ṇ וֹ ḭשּ

טּ Ḯ שּ ḭ ṇ ︡

ךּ Ḯ 

ṇ צּ ḮRẀDךּ︡ שּ

ṇ ṕIvTṖ 

ṕICTṖ ṕOMTṖ 

think Ṭ נּ  

playṬ ︣ 

doṬ ︣  
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טּ ḭ ṇ ṇ טּ ךּ ךּ

טּ ṕPatel and Pravitt 2000 ṖḮ ḭ RẀD ︢ ṇ

אל צּ ךּ Ḯ ḭ RẀD צּ טּ Ḯ

ḭ ṇ צּ ףּ ḭ

RẀD אל ḮRẀDךּ ḭ ṇ ︣ צּ

︣ ︡ ךּ Ḯ פּ ḭRẀD ḭ ḭ ḭ ṇ

ḭשּ צּ קּ ︣ פּ︡ רּ  ḮUKךּ

Innovation Survey ṇ ︡ ḭֿכ פּ כֿ צּ קּ Ḯ 

כֿ ḭ ṇ ḭ ḭ ṇ ḭRẀD ךּ ךּ ṇ

לּ אל Ḯֿכ צּ ︣ ḭצּךּ︡

RẀD ḭ ṇ 30Ṿ טּ כֿ צּ אל ךּ Ḯֿכ ḭRẀD צּ

ṇ 3 ︡ ךּ טּצּ כֿ ︡ ךּ ṕStockdale 2002 ṖḮֿכ

צּ אל ︣ ḭ ṇ ḭOECD

ṕGNPṖ 2Ṍ3Ṿ טּ RẀD פּ ךּ Ḯ ḭ ṇ

ḭGNP 6Ṍ9Ṿ שּ טּצּ Ḯ אל RẀD כֿ

פּ ḭ ṇ ︡ ḭ

ךּ טּ נּ Ḯ 

ṇ ṇ ︣ כֿ טּ ḭצּ RẀD צּ ṇ

ךּףּ ︣ ︣ לּ קּ ךּ Ḯ ṇ RẀD ḭ

OECD RẀD לּ ḭֿכ שּ ךּ Ḯ1980

ḭ ṇ RẀD RẀD 5Ṿ טּ︡ ḭ2001צּ 39Ṿ ︡

Ḯṕ2002 130 ṖḮ ṇ ḭ וֹףּ ṕ2002

130 Ṗḭ ףּ ṇ ṕ2002 220 Ṗḭּף ףּ

︡ ךּ ṕ2002 240 Ṗ ︡ ךּ ḮṕNSB 2004 ṖḮ ṇḭ ṇ

ḭ ḭ ṇ ḭ ḭ ṇ ḭ RẀD 30Ṿ

ךּ Ḯ ṇ RẀD צּ RẀD 10Ṿ ḭ

︡ ךּ טּצּ Ḯ שּ OECD ךּףּ ḭ ṇ RẀD RẀD

︡ ךּ ךּ ṕOECD 2004Ḳ7ṖḮ 

RẀD צּ ṇ טּ ︣ ḭ

טּ נּ Ḯ1990 צּ ︡ Ḯ1991 ḭ96,512 צּ

ṕUSPTOṖ נּ Ḯ2001 ḭֿכ 166,037 ṕNSB 2004Ṗ

︡ Ḯ ︡ ךּ ḭ ḭ ṇḭ ḭ ṇ

טּ ṕHicks et al Ḯ2001 ṖḮֿכ ḭ USPTO
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ḭICT ṇ ḭ ︣ ḭאל ︠

︣ טּצּ Ḯֿכ ךּ ḭKortum  Lernerṕ1999 Ṗ Ḯ ￼ḭ

R&D ḭ אל ךּ כֿ פּ טּ Ḯ צּ

1990 ︡ ︣ כֿ ḭצּךּ ḭ

צּוֹ צּ ךּ כֿ ︡ ךּ Ḯ︡ כḭֿ︡פּ ḭ

ךּ ṇ ḭ צּ כֿךּ ︡ ךּ וֹ

Ḯךּ R&D ṇ ṇ ḭ ṇ ︣ צּ

קּ קּ טּ ḭ צּ פּפּ ḭ

ḭךּ פּ ︡ ךּ כֿ ︡ ךּ ṕCohen 2002 ṖḮ

ḭ2001 ṇ ḱ ṇ ḭ טּ צּ

שּ אל ךּ כֿ צּ אל ṕLaurs en Salter 2004 ṖḮ 

︣ צּ ṇ ךּ ḭצּ שּ ︡ ךּ Ḯ ṇ

ṇ ḭ ṇ צּ ṇ

ךּ כֿ צּ פּ Ḯּ︡︡פḭֿשּפ פּ︡פּ￼ ︣ כֿ צּ קּ ךּ Ḯךּ נּ ḭ ḭ

8Ṿ צּ 1998 פּ 2001 ךּ︡ ︣ כֿ צּ קּ ṕStockdale 2002 ṖḮ 

ḭ ṇ טּ ḭ 30 1 פּ︡

︡ ṕTushman Anderson 1986ךּ ṖḮ ṇ קּ ףּ ḭ

אל נּ ךּ Ḯֿכ ḭ ṇ ךּ︡ טּ Ḯ 

ṇ ṇ ḭ ṇ צּ 35Ṿ שּ ךּ Ḯ

פּ￼ 8Ṿּצ פּ ךּ ṕStockdale 2.002 ṖḮ 

ḭ︡פּ︡ ṇ פּ קּ כֿ צּ קּ Ḯּט ḭ 5

אל ḭ שּ 50Ṿ ךּ ṕSchilling Hill 1998 ṖḮ ṇ

ḭ ṕBleaney and Wakelin 2002 Ṗḭ פּ

ṕGeroski 1993בֿ Ṗḭ ṕCzarnitzkiוֹ  Kraft 2004 Ṗḭ קּ ṕCef and 

Marsili 2004 Ṗḭּף ṕHall 2000; Toivanen  Stoneman 2002 Ṗ Ḯ 

 

1.5  ṇ ︣  פּ

 

ṇ קּ  צּ ︣ קּ ḭ ︣ ︡

שּ Ḯ ḭ שּ שּ ṇ ṕFagerberg 1987; Freeman 

1994 Ṗ טּ ḭצּ Ṅ ṇ

ḭ פּ טּ Ḯ ṇ ︣ ︣ צּ

טּ Ḯ 
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ḭ ṇ טּ ḭצּ ︣

טּ Ḯ ḭR&D ︣ ṇ צּ Ḯךּ נּ ḭ

לּ ḭ 1 2 פּ︡ ︣ כֿ  Ḯךּ

Schilling  Hillṕ1998 Ṗ ḭ ךּ 3 1 פּ 3 2 צּ

כֿ︣ צּ קּ ךּ ︡ ךּ Ḯ ḭ ṇ ︣ ︡

︣ כֿ צּ ṕCohen Noll 1991ךּ ṖḮ 

Scherer ṕ1999 Ṗ ḭ ṇ פּ ṇ צּ ךּ כֿ ︡ ךּ Ḯ

ṇ וֹףּ פּ￼ ṇ ḭ ךּ Ḯ ḭ

צּ ךּ ףּ ḭ צּ שּ ︡ḭ

צּ ךּ Ḯ Scherer צּ ︡ ךּ לּ ḭ ṇ

ḭ ︢שּ לּ טּ נּ Ḯ ṇ כֿ︣ ḭ ︢שּ

︣ כֿ ḭ נּ ḭצּ כֿ קּ  Ḯךּ

ḭ ṇ ḭ אלצּ ︠ ṇ ︣ ︣

︡ נּ ḭ לּ שּךּ פּ ḭ ḭ ḭ ṇ ṇ ךּ

אל ףּ ḭ לּ שּךּ פּ ḭ ḭ שּ ḭ אל ḮNelson  

Winter ṕ1982 ṖḭCohen Malerbaṕ2001 ṖḭMetcalfeṕ1997 Ṗ צּ לּ ḭ

טּ Ḯ ḭ ḭ

טּ פּ ︢ ṇ ḭּפ טּצּ

ṕֿכ ṇ 2 שּ כֿ ︣ ṖḮ 

ṇ צּ טּ ḭצּ ṇ צּוֹ ︣ ḭֿכ לּ

ḭ צּ ṇ ךּףּ לּ אל פּ ︣ כֿ

פּ כֿ טּ Ḯ צּ ḭשּ ךּ ḭ

︡ḭ קּ פּךּ פּ כֿ טּ Ḯ אל ṇ

אל ḭ ︣ טּצּ ḭ וֹ ḭשּ

ḭ קּ צּ קּ טּ Ḯלּ צּ ︡ḭ

צּ ︡ḭ כֿ לּ טּצּ ךּףּ ḭIvT ךּ

פּ ךּ ṇ ︣ כֿ צּ קּ Ḯ 

ṇ ḱ ṡצּ אל ḭ אל ḭ אל Ṣ ︣ כֿ ḭ

טּ Ḯ 

ẇ ṇ ṇ אל ḭ ︣

ṇ ︣ Ḯ 

ẇ ︣ ︢ ḭ ךּ ṇ ḭ ḭּף

ṇ ︢ ṇ ṇ ︣Ḯ 
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ẇ ּפ ךּףּ טּ ḭ

ḭבֿ ךּ ḭוֹ ︣ Ḯ 

 

ṇ ףּ ḭ ṇ כֿ︣כֿ

Ḯךּ ṇ ךּפּ אל 1 ḭ

אלשּ ︠ צּ כֿ טּ Ḯ 

 

1.6  ṇ וֹףּ  

  

Bernstein ṕ1996 Ḳ207Ṗּצ ךּ לּ ḭṡ ︡ נּ ךּ Ḯךּ

ךּ טּ ṢḮ ḭ ḭאל︡ לּ

פּךḭּנּ צּ צּפּ אל שּ

טּצּ Ḯ 1 ḭ ṇ אל ḭ ṇ צּ ︡

טּ ṇ טּ Ḯ ḭ ṇ שּ

טּ Ḯ1921 ḱ ṡ ḭ ḭ Ṣ לּ ḭֿכֿכ

ṕ קּ Ṗ ṕ קּ Ṗךּ ︣ טּצּ Ḯ ḭ

︣ טּ Ḯ ḭ ḭ ḭ ḭ ḭ ḭ ṇ ḭ פּאל פּ ḭ

אל ︠ ︣ כֿ צּ קּ Ḯ 

 

ףּ  

 

2 ḭ לּ צּ אל ḭ ︡ ḭ

צּ Ḯ ṇ צּ לּ ︣ פּ טּ ︣ כֿ

טּ ḭ ḭ ḭּף ṇ ︡ צּ ︣ פּ פּלּ ︣

כֿ טּ ḮMetcalfe ṕ1998 Ḳ6Ṗ לּ ךּ Ḯ 

ḭ ṇ ḱ ḭצּ ḭ ḭ ṇ ḭ

︣ כֿלּךּ ךּ כḭֿצּ ṇ צּ ︣

פּ פּלּ קּ אל ךּ נּ ךּ Ḯ 

כֿ לּ ḭ Groveṕ1996 Ṗּצḭṡ צּוֹ קּ Ṣ

ףּ שּ טּ טḮּלּ ḭ︡ ︡ טּצּ Ḯ ḭ

︡ ḭקּ ṇ 14 פּפּ Ḯ

ḭ אל ḭ ḭ ḭ ḭ ḭ ḭ ḭ

ṇ ḭ ṇ ḭ בֿ ḭ ḭ ḭ ḭ ṇ ḭ ḭ ḭ

ṇ ṇḭ ḭ ḭ ḭ ḭ ḭ ṇ ḭ
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ḭ ṇ ṇ ḭּף פּ צּ ךּ ṕCarey 1995 Ḳ 

169ṖḮ 

ṇ צּ ︣ שּ טּצּ Ḯּשּך פּ ṇ ḭ צּ אל

︡ ךּ ︣ ḭ צּ נּ ḮConcorde ḭSony

Betamax ḭּף lBM OS / 2 ḭ ︡ צּ ︡ טּ Ḯ ḭPCḭ

ḭ ṇ טּ Christensen ṕ1997 Ṗ ḭ

טּ ︡לּכֿ ḭ וֹ ḭשּ ךּ ךּ

ךּ Ḯּשּך פּ ṇ ︣ Ḯ ṇ צּ קּ

ḭ צּ ḭשּ︡ ṇ אל פּ Ḯ ṇ ḭ רּ︣קּ ḭ

טּ Ḯ קּ פּ טּ ḭ ︣ ḭ ṇ

ṇ פּ ︡ Ḯ1995 ṇ אל ṇ ṇ ḭ

ṇ 3D ︣ ṇ ︡ ḭצּטּךּ שּ צּ ḭשּ︡

פּ Ḯ ︣ ḭ ṇ לּ

︣ ︡ Ḯֿכ ︡ שּ כֿ︣צּ Ḯ ḱ ṇ

ḭ אל ḭ טּ ḭ1300צּ ︡ ḭ600

צּוֹ קּ Ḯ2000 12 אל ḭ צּ אל ךּ Ḯ 

ךּטּ ךּ ḭ ṇ טּצּ Ḯ

נּ ṇ צּ אל ḭ צּ ︡ ḭ

ḭ ṇ וֹ ︡ḭ אל אל פּ ḭ

ṇ צּ פּ︣ לּךּ טּצּ Ḯּט ךּ ṇ ḭ

ḭךּ פּ︣ ︡ Ḯךּ ḭ

טּ ṇ ḭ ṇ ḭצּ

︣ כֿ צּ ḭקּ צּ ךּ שּךּ תּ ḭ קּ

פּ︣ ︡  Ḯךּ

 

ḭ ḭ  

 

ṇ ḭ צּ אל אל ףּ ךּףּ

אל כֿ צּ קּ Ḯ ︣ Nobleṕ1977 Ṗ פּ ḭ

Linux ṇ ṕTuomi 2002 Ṗ ḭֿ︡לּכ ḭ

ךּ ḭ ḭ צּ אל ḭ אל כֿ ︡ ךּ Ḯṡ

Ṣ ︣ ḭשּ צּ אל ḭ ךּ

אל ḭ צּ ḭנּ ︡ ︣ Ḯ 

︡ ṇ צּ כֿ ḭ ךּ ︣
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טּצּ Ḯ ḭ︡ ︡ Ḯ ḭ

Ḯלּ ḭ טּ Ḯ ḭ

וֹ כֿ צּ קּ ḮKeynesṕ1936 Ḳ161 -2Ṗּצḭ ṇ

ṡanimal spirits Ṭ Ṣ נּ ךּ Ḯ 

ףּ ḭשּ פּ כֿ ︣ לּךּ ḭ קּ שּ ḭ

︣ צּ קּ אל לּ ךּ ךּ ḭ שּ ḭ︣

︡ נּ כֿ צּ ḭקּ קּ ḭ אל

וֹ Ḯךּ ḭ ḭ אל ӸӸ

צּ שּ ḭ צּ ︡ḭ צּ פּ︡ ךּ ḭ

נּ שּ כֿ Ḯ 

ṇ ךּףּ ḭṡ Ṣ נּ ḭ ṡ Ṣ אל ḭ

שּ ︣ טּ ḮIvT ︡ ךּ ךּ︡ ṇ ṇ

ךּ ḭ 7 ︢ כֿ ︣ Ḯ 

ṇ צּ פּ פּ︣ טּ Ḯ ︣ לּ ḭ

ṇ טּ ḭ ︣ טּצּ Ḯ 19

ṇ 1 טּ Ḯ ḭ ︡ḭ ︣

︣Ḯ ḭ ךּ ṇ טּצּ Ḯ 1874

ḭ אל ךּ כֿךּ לּ ḭ טּ Ḯֿכ נּ ךּ

︡ ṇ טּ Ḯ טּצּ ḭ צּ צּ ḭשּ

טּצּ ḭ טּצּ ḭ ḭקּ קּ Ḯ ︡ Ḯ

נּ ḭ ︣ Ḯ︡ ḭ︡פּ שּ

ךּ Ḯ טּ ךּ ḭּט ךּ אל

כֿ נּ ṕRazac 2002 ṖḮ ︢ ṇ צּ ṇ ︡

ךּ Ḯ19 ḭ שּ ךּ Ḯ 

שּקּ ךּ ḭ אל ṇ ḭ

ṇ תּ ḭצּאל Ḯ 

︣ ṇ ḭּף שּ 20

ṇ טּ צּ Ḯֿכ ḭ ḭ קּ

︡ḭ שּ ךּ Ḯּ︡כֿ︡פ ︡

צּ אל טּצּ Ḯ ṇ טּ ḭצּ לּ

︣ Ḯ ṇ שּ︡ טּ ḭצּ ṇ ḱ

︡ḭ קּ ךּ ︣ ḮDNA נּ ḭ︡פḭּ︡צּ

︣ טּצּ Ḯֿכ לּ ṇ ḭ אל
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︣ וֹ ︡ ףּ ḭֿכ אל ḭ

︣Ḯ 

 

ṇ  

 

ṇ ︡ḭ צּ נּ פּ טּ Ḯ טּ

Francis Bacon ḭ17 לּ ︡ ךּ Ḯṡ ךּ︡ ︡ ךּ ḭ

︡ וֹ Ḯךּ ṇ ṇ פּ ṢḮ צּ

לּךּ ṇ ḭDe Havilland Comet צּ ךּ ḮDe Havilland Comet

︡ḭ שּ ︡ Ḯ ḭ

שּ ︡ ḭ ךּ פּ Ḯ Millennium 

Bridge ḭ ךּ ︡ אל ךּ ḭצּ אל ḭ

צּ שּקּ ︡ ṕ 5 ṖḮ 

ṇ ṇ בֿ כֿ ḭ פֿ טּ ḮSmith

ṕ1812Ḳ22Ṗ ḭ ︣ צּ טּ ︡ ḭ ḭ

כֿ אל ḭ ṕ ṡspecies= Ṣ ךּ Ṗּצ ︣

ḭ3 בֿ ךּ Ḯ ︣ Thompson ḭ וֹףּ

︡ ךּ ḭ ︣ ḭצּ פּךּ שּ

אל פּ ︡ ךּ Ḯ ּל ךּ ṕ1967Ḳ69ṖḮ ךּ︡

︣ אל ḭ צּ ︣ ṇ לּ ḭ

טּ Ḯ 

ṇ וֹףּ ךּ ḭ 2 ︡ḭ

︣ כֿ ︣ Ḯ 

וֹףּ ṇ קּ ḭTaylo r פּ ︡ ṡ ḱ

ṕTime and Motion ṖṢ 20 ḭקּ קּ ︣

︣ כֿ ︡ ךּ Ḯ ḭṡ ṇ ṕlean 

production ṖṢ ṡ ṇ ṕlean thinking ṖṢ ḭṡ ṕfirst - to -market ṖṢḭṡ ךּ

ṕfast - followers ṖṢ Ḯṡ ṇ ṢṕCusumano and Yo ffi 

1998 Ṗ Blurḭṡ ṇ ṢṕDavis and Meyer 1998 Ṗ ḭ ṇ

ṇ פּ פּ ךּ ︡ ךּ ḮBill Gates ṡBusiness @ the 

Speed of Thought Ṣ לּךּ ךּ Ḯ אל ḭ

קּ כֿ︣ צּ קּ Ḯ נּ ḭIBM 2001 פּ

15 ṕGerstner 2002 ṖḮ ṕFirst -mover advantages Ṗ ḭ

וֹ ︡ ךּ ḭפּ ︡ ךּ Ḯ 
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ḭ︡פּ︡ ṇ ︣ טּצּ ︣Ḯ ￼︡ וֹ ḮCATךּ

ṇ EMIḭ ḱ ṇ Xerox לּ ḭ ︡

︡ צּ טּשּ ḭPCצּ IBM VHS ṇ ṇ ḭ צּ ︡

טּ Ḯ שּ ṕSclmaars 1994 Ṗ ףּ ḭDell Wal-Mart

︡ ḭ ךּ ṕfast - followers Ṗ לּךּ טּ ḮṕCarr 2003 ṖḮ com

ṇ ḭ צּ אל ḭפּ צּ ︡ טḭּפּ ךּ צּ טּ

פּ אל ךּ פּ לּךּ ḭשּ ṇ ︣ צּ ︡ ךּ Ḯ ḭ

ḭ ︡ ךּ ṕKindelberger 2001; Perez 

2003 ṖḮ 

ךּ לּ ḭ אלפּ כֿשּ קּ Ḯ ḭ ︣ שּ ︡ḭ

︣ כֿ צּ קּ ṕMason- jones and Towill 1999; Towill  2003 ṖḮ︡ צּ

ḭ טּ Ḯ נּ ḭ ṇ ḱ צּ ṇ

אל ḭ צּ אל ךּ ḭ ṇ ḱ ṇ ︣ כֿ

פּ ︡ Ḯךּ ṇ צּ ︡ḭ ︣ ḭ

ṇ טּצּ Ḯ לּ ḭ צּ ךּקּ ḭ

ṇ שּ Ḯ 

 

אל ︣  

 

צּ ︣ ףּ צּ כֿ ḭ ṇ ṇּצ לּ

︡ ךּ Ḯ אל ḭ ṇ ṇ ḭצּ ḭ פּ

ṇ ṇ שּ ︡ ךּ ︣ Ḯ שּ ︡ḭ ︣ כֿ צּ

קּ ḭ ḭ ףּ ︣ ḭ אל אל

Ḯ לּ ḭṡ ḭ נּ ṇ

וֹףּ Ṣ לּ ḭ ḭ ṇ ṡ Ṣ

בֿ Ḯ ḭֿכ ḭ ︣ בֿ כֿ צּ אל ךּ

ṕBrusoni 2001 ṖḮאל ḭאל ︠ צּ ︡ ךּ Ḯ

פּ ṇ ḭ ḭ ḭ ḭ אל

ךּ ṕLundvall 1992; Nelson 1993; Edquist 1997; Malerba 2004 ṖḮ ṇ

Ṅ ףּ צּ ︣ ṕBest 2001 ṖḮ 

אל ḭ ṇ ṇ ṇ

ḭ ṇ ︣ ךּ Ḯ ṇ

ṇ ︣ 5 ṇ לּ ḭ אל ︠

צּ ︡ ךּ ḭ צּאל ︡ ךּ ṕGann 2000 ṖḮֿכ Ṅ
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ḭ ṇ ṇּצ ︡ ףּ ḭ ︣ אל ḭ

ḭ ṇ אל ︣ Ḯ 

 

1.7   

 

ṇ ḭ ḭ ḭּפּך

ḭפּ פּ טּ ḭצּ ṇ צּ ︣ פּ פּלּ ḭ פּ

ךּ כֿלּךּ טּ Ḯ ṇ וֹ ḭ ṇ

שּ צּ כḮֿלּ ḭ ḭ ףḭּאל

︣ פּ ḭ ףּ ףּ ךּ Ḯ 

ṇ שּ צּ ךּ לּךּ ḭ ךּ ṇ צּ טּ כֿ ︡ḭ

ṇ ︡ ךּ לּךּ ḭ צּ ךּ נּ Ḯ400 ḱ

ṇ צּ ︡ לּ ḭּט צּ ṇ ︡ וֹ ḭ צּפּ ︣לּ כֿ Ḯ

ḭ ṇ ︣ ︣ כֿ טּ ḭ ṇ

ךּטּ ךּ טּ ḭ ￼︡ ךּ כֿלּךּ וֹ כֿ טּ Ḯֿכ

︣ כֿ פּ טּ Ḯ ṇ ṇּצ לּ ḭ

ṇ פּ ︣ טּ ḭ ṇ ︣ ḭ צּ

קּ ḭ צּ פּ ︣ Ḯ ḭ ṇ ṡ פּ

ḭ וֹ ︣ Ṣ ךּ Ḯ 

ṇ שּ ︣ ḭ פּ ︡ ṇ צּ אל

ḭֿכ טּ Ḯ ṕDore 2000 Ṗ ḭ ḭ אל

︣ כֿ צּ קּ ךּ ṇ ḭ ︣ טּצּ Ḯ ḭ

︣ צּ ךּףּ ḭ ךּ אל לּ

ḭאל טּ Ḯ 4 לּ ḭ ︡ ךּ

ḭצּ וֹףּ כֿ ךּ צּ ︢ ךּ ṕMeyer -Krahmer and 

Reger 1999 Ṗḭ ︡ לּ ︣ אל ḭ

פּ￼ פּ︡ ￼ḭ פּ︡ אלḮךּ ḭֿכ ṇ ḭ

ךּ ︣ כֿ צּ קּ Ḯ1990ךּ ḭ ḭ RẀD

︡ פּ ṕ 4 ṖḮ 

ḭ ṇ ṇ ︣ כֿ טּ Ḯ כֿ שּ

ךּ Ḯ ףּ ḭ אל ṕexposure Ṗ

︡ḭ ︣ ḭ ךּ ︡ ךּ Ḯ ṇ

ṇ ḭ ṇ ḭ ṇ ךּ ḭ צּ ṇ
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︡ ︣ ṇ ḭ ︣ Ḯ ṇ

︡ ḭ ︣ ḭאל ︠ ṇ ṇ

צּ אל ךּ Ḯ ḭ נּ ṡ ṇ Ṣ ṇ ṡ ṇṢ ṇ ṕClark 

and Wheelwright 1993 Ṗ ṡ ṇ ṇ ṢṕCooper 1998 Ṗ ḭ ṇ

︣ לּ ︡ ךּ Ḯ 

כֿ ḭIvT נּ ṕthinking Ṗḭ ︣ṕplaying Ṗḭ ︡ ︣ ṕdoing Ṗ ︣

כֿ ṇ ḭלּךּ ṇ ṇ ︣

︣ כֿ ḭ לּ טּ Ḯ ṇ טּ ḭ

ḭ ḭ ḭ ṇḭ ṇ ṇḭ ṇ ṇḭ ṇ

ṇḭ ︡ ךּ Ḯ ṇ שּ

צּ ︡ קּ ךּ Ḯ 

אל אל ךּ ḭ ṇ ṇ ︡ḭ

︣ ḭ אל פּ ︡ ךּ Ḯֿכ לּ ḭGrid ṇ

ṕ 2 4 Ṗ e- ḭ קּ ṇ

︡ ךּ Ḯ ṇ ḭ ḭ ṇ ḱ ṇ

ḭ ḭ ṇ ḱ נּ ṕthinking Ṗḭ ︣ṕplaying Ṗḭ ︡

︣ ṕdoing Ṗ ︣ Ḯ ḱ ḭ ṇ וֹףּ

︣ Ḯ ṇ ︣ ṇ

לּ ṇ ḭ צּ ︣ ךּ ︣ וֹ כֿ פּ ḭ

ṇ ḱ ︣ Ḯ ḭ IvT ṇ

ṇ ︣ ︣ Ḯ 

אל צּ ḭ טּ ḭ קּ כֿ

אל ḭ צּ Ḯלּ ḭ ṇ אל

ṇ ︡ אל כֿ Ḯךּ ḭ ךּ︡ IvT אל ṇ

אל ḭ אל אל ḭ קּ נּ כֿ קּ Ḯךּ פּפּ ￼ḭ

ṇ ︡ḭ ︣ ḭ ףּ צּ ︣

כֿ צּ טּטּ Ḯ ṇ ḱ ︣ Ḯ ︣ ךּ︡

ḭ נּ ṕthinking Ṗḭ ︣ṕplaying Ṗḭ ︡ ︣ ṕdoingṖ ︣ ḭ ṇ

שּ ︣ Ḯ 
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2 ṇ  

 

2. 1  ︢  

 

ṇ שּ ךּ ḭצּ שּ ṡ ṇ Ṣ שּ ︣

טּצּ Ḯֿכ טּ Ḯ ṇ ḭ אל

כֿ טּ Ḯ ךּ︡ טּ Ḯ ךּ︡ לּ שּ ︣ כֿ

ṇ ḭ טּצּ ḭ צּ ︡ḭ ︡ḭ

︣ צּ Ḯ ṇ ḭ טּ ḭ ךּ︡ ḭ ḭ ṇ ḭ

טּ Ḯ כֿלּ קּ Ḯךּ

ṇ ︡ ךּ טּ ṕֿכ ךּ פּ טּ פּ ︡ ḭצּךּ

שּ אל ךּ 1 ךּ ךּ ṖḮ ḭּפּך

ṇ ḱ ḭ ךּ︡ ךּ קּ  Ḯךּ

אל ︠ ṇ ךּ נּ כֿ צּ טּ Ḯ לּ

ṇ Ḵ ḭפּ ḭ ḭ ṇ ṇ ṕ טּצּ

ךּ ךּ ḭּט צּ פּ ︡ כֿךּ טּ ṖּפḴ ṇ  Ḵפּ

פּ קּ טḴּפּ ךּ קּ אל

︣ Ḵפּ ṇ Ḵפּ ḭ אל ṇ

ṇ ︣ ︡￼ טḭּפּ ךּ נּ

ṇ Ḵפּ ṇ ḭ ḭ ḭ ךּ︡ ḭפּ ךּ︡ Ḵפּ ṇ

לּ ︡ ךּ Ḵפּ ṇ Ḵפּ ︣

טּ ḭ טּ ︡ Ḵפּ צּ ḭ ṇ תּ אלךּ ︠ צּ אל

טּצּ ḭ ḭֿכ צּ טּ Ḯ 

ṇ ︣ אל︡ שּךּ פּ ḭ ṇ ︡ אל

︡ḭ ︣ כֿ טּ ךּ ךּ אל

Ḯ ḭ ḭ ḭ ḭ ḭ ḭ ︡ ḭ ḭ

ḭ ṇ ḭ︣ צּ ṇ ḭ ︡ ךּ Ḯ︡ ḭ︡פּ

ṇ ḭֿכ נּ נּ כֿ אלשּ︡ כֿ

צּ Ḯךּ נּ ḭ ḭ וֹףּ ṇ ṇ ḭṡ Ṣ

טּ ḭ ḭ ḭ טּ אל קּ

ךּ פּ ︡ Ḯךּ ṇ ḭ ṇ צּ

︡ ḭ ṇ ︡ ךּ פּ ︡ Ḯךּ
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ḭ ṇ ṇ טּ ︣ פּ ︡  Ḯךּ

לּ ḭ ṇ ḱ טּ Ḯ︡ ḭ︡פּ ṇ

︣ כֿ צּ ḭקּ ︣ טּצּ Ḯ ṇ צּ טּ פּ טּ

צּפּ פּ שּ︡ אל ḭ צּ ︣ טּצּ ḭ

צּ ︢ 3 טּצּ Ḯ 

ểḰ ṇ וֹ וֹ  Ḯךּ

ỄḰ ṇ ḭ ḭשּ ︡ḭ

︣ טּ Ḯ 

ễḰ ṇ אל ḭ ḭ ḭ פּ טּ Ḯ 

 

כֿ ḭIvT ṇ פּ ︣ כֿ ︡ ךּ

Ḯ IvT ︡ḭICT OMT ︣Ḯֿכ ḭIvT צּ

טּ ḭ ḭ ḭּף ṇ ṇּפ ḭ ṇ ḱ

ḭ שּ פּ קּ ︣ ךּ ךּ Ḯֿכ

ḭ IvT צּ ︣ ךּ ︣ Ḯ 

IVT ḭ ṡ ṇ Ṣ ṡ Ṣ ḭ ךּ︡ פּ

כֿ ḭ ︣ Ḯ 

ṇ ︣ טּ ḭ טּ ṕ 2.1 ṖḮֿכ ḭ ṇ ףּ

וֹ נּ ךּ ḭ ףּ ḭ נּ ṕthinking Ṗḭ ︣ṕplaying Ṗḭ ︣ ṕdoing Ṗ

︣ ︣ ḭ בֿ Ḯ 2.1 ḭ

ךּ ︡ ךּ Ḯ 

 

Box 2.1  ṇ ︣ ṇ  

 

ṇ קּ ︡ Ḯךּ ṇ

ḭ פּ אל ︣ כֿ ךּ ︡

ḭ ︡שּ︡ ךּ Ḯ פּפּ ￼ḭ ḭ20 ḭ

ḭ ḭ ḭ ḭאל ︡ ךּ נּ ḭ

ṇ ︡ ךּ Ḯֿכ פּ שּךḭּשּ פּ

צּ ךּ Ḯ ḭ ṇ לּ ḭ פּלּ

︣ ḭ טּ טּ נּ Ḯ 

אל ︠ נּ ḭצּ ṇ פּ ︡ ︡ קּ Ḯ ֿכ

ḭ וֹףּ ḭ ṕ Ṗ ḭ

ṇ פּ ḭאל ︠ ṇ ḭךּ ṡ
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Ṣ ḭ פּ ḭ ṇ ṇ

ךּ צּ Ḯ 

ḭ צּ טּ כֿ ︣

ḭ ṇ ṇ ṕSchumpeterian economics Ṗ טּ ḭ ︡ḭ ︡ḭ

קּ נּ ṇ צּ ḮShumpeterלּ

נּ ḭNelson Winter ṕ1982 Ṗ לּ ḭ ṇ ḭ

ṕ Ṗḭ ṕ Ṗḭּף ṇ ṇṕ ḭ ḭ

Ṗ אל פּ ︣

כֿ ḭ שּ ṇ ḭ לּ שּךּ פּ ︡ḭאל ︡ḭ ︣

ḭצּ צּ ︣ Ḯ כֿ ṇ כֿשּ ︣ Ḯ 

ṇ ḭ 2.1 ḭ ṇ אל

אל ︡ ךּ Ḯֿכ ṇ ךּ טּ ḭ

 Ḯךּ

ḭ ṇ וֹףּ כֿ︣ טּ ḭ צּ קּ קּ בֿ

ṇ שּךּ פּ ךּ ṇ וֹ כֿ טּ Ḯ ḭ וֹ

ḭ שּ אלפּ Ḯלּ פּפּ ￼ḭ שּ

טּ ḭ Ṅ ḭ ךּ ṇ ︣ Ḯ 

 

 

ỄḰỄ ểḲ  

 

Aldous Huxley צּ נּ שּ ḭ פḭּ︡שּ ︣ צּ

ךּ כֿלּךּ טּ Ḯ ṇ ṇ ṕSchumpeterian Ṗ ḭ

ḭ ךּ︡ ṇ ḭ ḭ ḭ לּ ︣

ךּ︡ ṇ ṇ ︣ Ḯֿכ ṇ ךּ טּ ḭצּ

ḮFreeman Perezṕ1988; Freeman  Louca 2001; Perez 2003 Ṗ ḭ18

קּ פּ ︡ Ḯֿכ 2.2 אל ךּ Ḯ

כֿ ḭֿכ אל ṇ וֹ נּ Ḯ ︡

ךּ נּ ḭ ṇ ḭ פּ וֹ

︡ ךּ Ḯ 
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2.1 ṇ ︣ ṇ שּךּ  פּ

 ṇ ṇ  

  

ṇ  

 

 

Bush (1946)  

Myers and Marquis (1969),  

Von Hippel (1988)  

 

Rothwell and Zegveld (1985)  

צּ   

 

 

ṇ ṇ ṇ 

 

 

 

ṇ ṇ  

ṇ ṇ  

 

Freeman (1974)  

Tushman and Anderson (1986)  

Abernathy and Utterback (1978)  

Henderson and Clark (1990)  

Utterback (1994)  

Rothwell and Gardiner (1988)  

Christensen (1997)  

Chesbrough (2003)  

Tidd et al. (1997)  

Kodama (1995)  

  

ṇ  

 

Cooper (1998)  

Barras (1986)  

Bessant (1991)  

  

 

 

 

 

ṇ  

 

 

 

Freeman (1987); Lundvall (1992);  

Nelson (1993)  

Cooke and Morgan (2000)  

Malerba (2004)  

Carlsson (1994)  

Freeman (1991); Tuomi (Z002);  

Castells (1996)  

Porter (1990)  

Hobday (1998)  

 ṇ  

ṇ ṕjourney Ṗ 

ṇ /  

 

 

Kline and Rosenberg (1986)  

Van de Ven ct al. (1999)  

Teece (1987); Dodgson (1989);  

Coombs (1994); Schilling (2005)  

Leonard -Barton (1995); Nonaka  

and Takeuchi (1995); Seely Brown  
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and Duguid (2000)  

Bessant (1991); Womack and  

Jones (1996)  

Petroski (1985); Baldv°n and 

Clark (2000)  

Iansiti (1993); Gerybadze and  

Reger (1999)  

Rothwell (1992); Dodgs on (2000)  

  

 

Rogers (1995)  

Rosenberg (1982)  

 

2.2   

טּ  

ךּ  

טּ ךּ

 

ṇ

 

 

1760 -1820  

 

1825 -75  

 

צּ

 

ḭ ḭ  

 

ḭ

ḭ

ḭ  

ḭ ḭ 

 

ḭ ḭ

ḭ ḭ  

 

ḭ  

 

ḭ ḭ  

 

1875 -1920  

 

ṇ ḭ

ḭ

ḭ ; 

ḭ  

ḭ ḭ

ḭ

 

 

 

 

1910 -70   

ḭ ךּ ḭ 

Ḯ

ḭ

 

ḭ ḭ

ḭ

 

 

 

1970 Ṍ 

 

ḭ

ṇ ḭ

ḭCADṊCAM 

 

ṕ ḭ

Ṗḭ ṇ

ṊWWW 

ṇ  

Source: Based on Perez (2003)  
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כֿ ḭּשּך פּ טּצּ ḭ

אל ךּ ︢ ךּ ṕEdgerton 1999,2004 ṖḮ ḭֿכ ṕּך

Ṗ צּ ︡ ךּ קּ אל Ḯ פּפּ ￼ḭ

IvT ︣ ḭ שּ כֿ וֹ Ḯ 

ể ḭֿכ לּ ḭ ṇ ṇ ︣

כֿ צּ קּ ḮArthur ṕ2002 Ḳ6Ṗ ḭ פּ טּצּ ךּ Ḯ 

צּ כֿ ḭ נּ ḭ טּ Ḯ

ṕBessemer Ṗ ︡ 1870 ︡ ḭצּ 1910

︢ פּ Ḯ 1760 אל ḭ1820צּ ︡

פּ Ḯ 1913 ︡ ḭ1950צּ פּ 1960 ṇ פּ

Ḯ 

אל ךּףּ ḭ1980 1990 ICT ḭ

ךּףּ נּ ךּ ṕLester 1998 ṖḮ 

Ễ ḭ ḭ Ṅ ︡ ךּ

Ḯ ḭ קּ נּ Ḯךּ

צּ ︢ שּ טּצּ Ḯ נּ ḭ ṇ שּ ḭ

︡ ךּ Ḯ 

ễ ḭ ︣ כֿ צּ שּ אל ךּ Ḯ ḭ ḭ ḭ

ṇ ḭ ḭ ṇ ︣ ḭ ךּ︡ ḭ ḭ ṇ צּ אל אל

︡ ךּ Ḯֿכֿכ ḭֿכ ︣ ךּ︡

ḭ טּצּ ḮRosenbergṕ1963a ḭ1963b Ṗ ḭ19

︡ḭ קּ אלכֿ שּקּ ︡ ךּ ḭצּ

פּ 30Ṍ40 Ḯ IVT ḭ ︣ אל ךּ︡

נּ כֿ צּ קּ Ḯ 

Ệ ḭ טּ Ḯ ḭ ḱ

ḭ וֹףּ ךּ︡ ḱ צּ ךּ ṕFreeman Soete 1997 ṖḮ ֿכ

שּךּ פּ 7 ︣ כֿ ︣ Ḯ 

5 ḭ לּ כֿ ḭ ḭ︡ צּ ṡ ṢṕDosi 

1988; Freeman and Perez 1988 Ṗ נּ Ḯ 5 ḭ ṡ Ṣ

אל Ḯךּ ḭ ḭ ṕGann 2000 Ṗ טּ ḭ

ךּ ṇ אל ṕ ṖḮ 

ḭּפּך צּ אל ךּ פּ ︣ Ḯ ṇ

וֹףּ ︣ ṕRosenberg 1963a ḭ1963 b Ṗḭ
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וֹףּ ︡ ךּ ṕCrump 2001; Galison 2003 ṖḮ Poincarĉ 

Einstein וֹףּ ḭ ︣ Galison ṕ2003 Ṗ ḭ וֹףּ

︣ Ḯṡ ḭ ︡ ḭ

נּ ךּ Ṣ ︡ḭ ḭṡ ḭ ḭ ḭ ḭ ṇ ︣

ḭ ︣ ḭ ︣ ︡ ךּ Ṣ  ṕ2003Ḳ325ṖḮלּ

ךּףּ ḭ ḭ ḭ צּ ︣ Ḯ ḭFaraday צּ

טּ כֿ ḭ כֿ פּ ṕHamilton 2003 ṖḮḮ 

ṕ טּ Ṗצּ ṇ ṇ ḭRothwell 5

ṇ ḱ ṕ1992 Ṗ טּ Ḯ 2.2 אל ךּ לּ ḭ ṇ ḱ

3 ḭ ṇ ︡ ךּ Ḯ 2 ṇ

טּצּ Ḯ ể ṇ טּ

ḭ ךּ ︡ ḮVannevar Bus לּ קּ ḭ

נּ ḭ ḭּצ ḭ ︡ צּ

︡ Ḯ 2.1 ḭ צּ אל ךּ Ḯֿכ

ṇ ḱ וֹףּ טּ ḭRẀD

︡ḭ אל כֿ טּ ḮRẀD ḭצּ ṇ טּ נּ

ךּ Ḯ 

1950 ︡ קּ כֿ ṇ ḱ ḭ אל ḭ

1960 נּ Ḯֿכ צּ ︡ כֿ ḭ ṇ צּ

ךּ Ḯ נּ ḭ ︣ לּ

ḭ ︣ Ḯ ḭֿכ ḭ ḭ

︡ḭ ︣ ︡ ךּ Ḯ 

 

 

 

 

 

 

 

2.1  1 ṇ ḱ Ḳ /  

 

1968 אל Illinois Institute of Technology TRACES לּ ṇ

 
ṧ 

 
 ṇ   

ḱ  
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ṕ ṇ Ṗ ︣ ḭ ṇ ︣

צּ כֿךּאל ︡ ḭṕ5 ṇ פּ כḭֿצּ

צּ ︡ ךּ לּ ṕHindsight Ṭ

︣ אל Ṗ ḭ ︡

ṡצּ ṕdemand pull Ṣ קּ ︡ ךּ ḭצּ שּ ךּקּ ︡ ṖḮ

2 ṇ ḱ ṕ 2.2 Ṗ ḭ כֿ ḭ

ṕmarket pull Ṗ ︡ ṇ ךּ אל נּ ḭרּ לּ 1

︡ Ḯ ḭ ṇ ḭ אל Ḯ

︡ḭ ︢ ṇ ︡ḭ ︣ ḮRẀD ︣

אל ḭ אל פּ ṇ 2 טּ נּ

Ḯ 

1970 ḭ ṇ פּ אל צּ ḮSAPPHOṕRothwell 

1974 Ṗ לּ ḭ ḱ ḱ ṇ ṇ

וֹ ḭשּ ṇ ṇ וֹףּ ךּ פּ

Ḯ נּ ḭ ḭ ṇ ṇ ךּ

Ḯאל ḭ ︣ ︣ ṡ Ṣ ḭ

ṇ ḱ פּ קּ צּ Ḯ

ṇ ḭṡ ṇ ṇ ṇṢṕAllen 1977 Ṗ

ṇ ךּףּ אל וֹ ḮLangrish 84

ṇ ṕ1972Ḳ57Ṗ ḭ ṇ כֿלּ צּ טּ כֿלּךּ ḭּט

פּ ṇ וֹ ךּ ףḭּלּךּ שּ

Ḯ 

 

 

 

 

 

 

 

 

 

2.Ễ Ễ ṇ ḱ Ḳ /  

 

ṇ ︣ כֿ ḭRothwell Zegveldṕ1985 Ṗ Kline Rosenberg

ṕ1986 Ṗּצ ︡ 3 ṇ ḱ טּ ṕ 2.3 ṖḮ ṇ

ṇ     

ṇ ḱ  
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ḭ ḭצּ ︣

ṇ ︡ḭ כֿ ︣ כֿ טּ Ḯ 

1980 ṇ ךּ ḭ וֹףּ ṇ פּ

︢ Ḯ ṕInternational Motor Vehicle Programme Ṗ

ḭ ḭ נּ ṕWomack  1990 Ṗ טּ ḭצּ

ṇ ṇּצ ṇ ḱ פּ קּ ḭ ḭ ḭ ḭ

ףּ ṇ ḭ שּ ︡ ḭךּ

וֹףּ ṇ טּ כֿ צּ אל ḮBurns d Stalkerṕ1961 Ṗ

Woodwardṕ1965 Ṗ ḭ ṇ אל ךּ ḭ1980צּ

ḭ ︡ צּ ︡ צּ ︡ Ḯ ṇ ḭ

ṕkaizenṖḭ ṇ ṇ ṕleanb anṖ ḭ ṇ

ṇ ṕֿכ ḭṡ ṇ Ṣ ︡ ṖḮ

ḭ Ṅ ︡ḭ רּ לּ ṇ

ṇ ṇ ḭṡ ṇ ṇ ḱ ṇ Ṣ ︡ אל ךּ ṕTakeuchi 

Nonaka 1986 ṖḮ ḭ ︢ ךּ︡ צּ ṕDore  Sako 

1998 ṖḮ 

 

 

 

 

 

 

 

 

 

2.ễ ễ ṇ ḱ Ḳ  

 

ḭ ṇ ḭ ICT וֹףּ ︣

אל ︡ ḭ קּ ︡ Ḯ ḭֿכ

ḭ ṕBessant 1991 Ṗ אל

ךּ טּ Ḯ ּ︡ך ṇ

צּ פּ ḭ פּ טּצּךּ ḭצּ ḭ ḭ

צּ ṇ לּ ṕKaplinsky 1984 ṖḮ 

כֿ ḭ ṇ ￼ Ḯ 4 ṇ

ḱ --- --- ḭ ḭאל ṇ ṕ

ṇ ṇ  

ṇ  

ṇ ḱ  ḱ  
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ḭ ḭ ṇḭּף ṇ ṇṖ לּ ṇ ךּ Ḯ

ṇ ︡ḭ CAD / CAM ṕDodgson 2000 Ṗṕ 2.4 Ṗ

︡ ︡ḭ ︣ כֿ ḭ ︡

לּ טּצּ Ḯ ּש ךּ ︡ḭ ︣ ḭ

IvT ︡ Ḯ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.Ệ Ệ ṇ ḱ Ḳ  

 

5 ṇ ḱ Ḳ ṇ ṇ ḭּך

טּ ḭ שּ טּ ṕ 2.5 ṖḮ ḭ ḭ ḭ

ṇ ︡ שּ ︡ ךּ ṕLeonard -Barton 1995; Seely 

Brown Duguid 2000 ṖḮ ṇ ṈṈ ṇ ︣ ṇ

ḭ ḭ ṈṈ ḭ אל אל ךּ Ḯ וֹ ḭשּ

ךּףּ קּ צּ ︢ ךּ Ḯ ṇ ḭ ḭ

ḭ ṇ ṇ ṇ ṕArchibugi  Michie 1998; Meyer -Krahmer Reger 1999 Ṗ ︢

︡ ךּ Ḯ ḭ ḭשּ ṇ וֹףּ קּ

︣ ︣ אל ḭ ךּ︡ ṇ

אל ךּ ṕGann Salter 2000 ṖḮ ṕKodama 1995 Ṗ

צּ ḭ ṇ ṇ ṕDavies 2003 Ṗ וֹףּ ṇ

צּ טּ Ḯ ︡ ךּ ḭIvT ḭּט ךּ Rothwell צּ

ṇ ḱ  ḱ  

 

ṇ 

ṇ  

ṇ  

CAD/CAM  
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ךּ︡ ṇ צּ ︡ ךּ ︡ ︡ טּ Ḯ 

 

 

 

 

 

 

 

2 .5  5 ṇ Ḳ ṇ ṇ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

2.6  ṇ נּ  

 

ṇ ︡  

 

 

ḭ ṇ  

ṇ  

 

ṇ  

ṇ  

  

ṇ  

 

 

ṇ  

 

ṇ ṇ  

 

 

 

ṇ  

ṇ  

ṇ  

ṇ  

ểị  ỄỂ  Ễể  
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ṇ ︣ לּ צּ 2.6 אל ךּ Ḯ ḭ ṇ

וֹףּ אל ḭ אל ︣ Ḯ19 פּ

ṇ פּ ḭ20 ︡ ḭ21 ṡ Ṣ ṡ ṇ

Ṣ ṇ ︡ ךּ Ḯ ṇ פּ ṇ

ḭ ṇ

וֹ ṕFreeman Soete 1997 ṖḮ פּ אל ṇ

ךּ ףּ ḭRẀD פּ ṡ Ṣṕ 3 ︡ ךּ Ṗ

︡ ךּ PẀG אל ךּ ḭRẀDצּ ︣

︡ ךּ ṕ 4 ṖḮ ṇ ḭ ḭ שּ

︡ ḭצּ ךּ צּ ךּ Ḯ ḭ ṇ

︡ ךּ ḭצּ צּ כֿ  Ḯךּ

 

2.3 2Ḳ  

 

ṇ ︣ ḭ ︣ כֿ טּ Ḯṕ שּ

ḮṖ ṇ ḭ 2

︡ ךּ ḮChesbrough ṕ2003 Ṗּצ ךּ ṡ ṇ ṇ ṢṕBox 2.2 Ṗ ḭ

ḭ ︡ Ḯ

ṇ ︣ טּצּ ḭ נּ

טּ טּ Ḯ 

   

Box 2.2 ṇ ṇ  

Chesbrougb ṕ2003 Ṗ ḭ ךּ ḭ ṇ צּ ︢

פּ ḭ ṇ ︡ Ṅ ṇ ṇּצ ︡ ךּ ḭ ṇ

ךּ︡ ṇ ︡ ḭלּךּ ךּ ︡ ךּ Ḯ ḭ ךּ︡

ṇ ḭ ךּ︡פּ ךּ Ṅּצḭ כֿשּ

וֹ ךּ ︡ ךּ Ḯ קּ ḭ שּ

פּ פּ ︡ Ḯךּ פּ ḭ Ṅּצ ︡ פּ

︣ כֿ צּ קּ ḮChesbrougb ḭ ךּ Ṅּצ ︡ḭ

ךּ צּ כֿ צּ קּ נּ ךּ Ḯ צּ ḭשּ ךּ ︣

ḭ ︡ḭ ︡ Floridaṕ2003 Ṗּצṡ Ṣ ḭ ḭ

ḭ ḭ ︡ ךּ Ḯ 

ṇ ṇ ︣ ḭ צּ לּ ︡ ךּ

לּךּ נּ ḭ כֿ טּצּ ḮChesbrougb ḭֿכ ḭ



43 

 

ṇ ךּ כֿ ︡ ךּ Ḯֿכ 20 RẀD

ḭ ךּ צּ טּ ḭ︣ טּצּ ṕּך

Ṗ לּךּ ךּ ךּ Ḯֿכ ḭ ךּ ךּ Ḯ 

כֿ ḭ ṇ בֿ אל קּ ךּ Ḯ ṇ ṇ

ךּ︡ ḭ צּ ︣ ︡ צּ ḭ

ṇ צּ טּ Ḯ︡ צּ פּ ︡ ḭ

פּ כֿ צּ קּ Ḯ ḭ וֹ שּ

ךּ Ḯֿכ נּ ḭ ︡ ךּ ḮChesbrougb

ḭ צּ ḭ שּ ṇ צּ

אל ךּ כֿ ︡ḭ נּ ךּ︡ ṇ ḱ ḭ ︣ ︣ כֿ

צּ קּ ךּ ḭֿכ ︣ וֹ ︣ טּצּ Ḯ 

 

 

Chesbrougb צּ ︡ ṇ ṇ קּ ︣ ḭ צּ

קּ ︡ RẀD ḭצּ פּ ︡

ךּ ︣ טּצּ כֿ ︡ ךּ וֹףּ טּ כֿלּךּ טּ Ḯ 

PẀG GSK לּ לּ ḭRẀD ḭ

ךּ כֿ ḭ פּ טּצּ Ḯֿכ ḭḭ ︣ וֹ ḭשּ

Cohen Levinthal ṕ1990 Ṗּצṡ Ṣ ḭ פּ ︡ ︣ ḭ

︣ אל ḭ ︡ ךּ Ḯ 

ṇ ︣ ḭ ḭ ṇ ṇḭ ︡ ḭ נּ ךּ︡ צּ

טּ ḮChesbrough ḭֿכ טּ ḭצּ ︣

טּ Ḯ ṇ וֹףּ ךּ ḭ ICT ךּ ךּ Ḯ

כֿ ICT צּ וֹ ḭIvT ḭ ṇ ḱ

פּ Ḯ 

︢ ṇ ḱ ṇ ṇ ḭּשּך פּ ḭHippelצּ  Katz

ṕ2002 Ḳ821Ṗ ṡuser toolkit ṕ ṇ ṇ ṇ ṖṢ ︡ אל ךּ Ḯ 

ṇ ṇ ṇ ṇ ḭ ṇ ṇּצ ךּ︡ ṇ קּ

לּ ︣ ḭṡ ṇ ṇ ṇ Ṣ ṇ ṇ ṇ אל טּ Ḯֿכ

ךּףּ ḭֿכ ṇ ṇ ṇ ḭנּ

︢ ︣ כֿ צּ קּ Ḯ︣ ḭ ṇ ṇ

︡ḭ ṇ ︡ḭ ︡ḭ ︣

︣ כֿ צּ קּ Ḯ 

כֿ ṇ ḭ ḭIvT צּ
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︡ ףּ ḭ ṇ ︣ ︣Ḯ פּ נּ

ḭ 4 ︡ לּ ḭשּ ṇ ṇּפ

אל ךּ Ḯֿכ ḭ אל ףּ ḭֿכ

צּ ṇ ḱ שּ ︡ ךּ Ḯ 

ṇ אל ḭ ṇ

︣ ṇ ḭ כֿשּ צּ קּ ḮṕSeely Brown 

2003 Ḳx-xiṖ 

כֿ ךּ︡ ṇ ṇ ṇ ḭ ︣

︣ כֿ צּ קּ ḮḰḰḰḰḰḰ ḭ

פּ ḭ ḭ ḭ ḭ ḭ טּ

כֿ צּ קּ טּצּ Ḯ כֿצּ צּ שּ טּ ḮṕNasser 2000 Ṗ 

ḭ צּ ︣ ︡ḭ ṇ פּ

קּ ךּ︡ ṇ ḭ ṇ נּ ךּ Ḯ ṇ ṇ

ṇ ṇ ḭ︡ ︡ ṇ ḱ ṇ אל ḭּשּך פּ ︡ḰḰḰḰḰ

ṕ נּ ḭ ṇ ṇ ףּ Ṗḭ ṇ

︣שּ כֿ צּ קּ Ḯ ּשḭ ︡ ḰḰḰḰ ḮṕThomke 2003שּ Ṗ 

ṇ ṇ ṇ ḭIvT אל ṇ ḱ

טּ Ḯֿכ ḭ ṇ צּ טּ ︡ ךּףּ ḭ

︣ ︣ Ḯ ḭ ṇ ךּ︡

︡ ḭ ṇ ṇ ṇ בֿ כֿ צּ קּ

Ḯּ︡︡פḭּשּך פּ טּצּ Ḯ נּ ḭChristensen ṕ1997 Ṗ ḭ ṇ ︣

ḭ צּ ︣ קּ ḭ צּ שּ כֿ פּ ︡ ךּ Ḯ

ḭ פּ כֿ קּ  Ḯךּ

וֹףּ ḭ ṇ נּ ḭ ṇ ḭשּ

טּ טּצּ ḮIvT ḭe ︡ ךּ ︢ ḭ

︣ Ḯ ṇ ṇ ︡ḭ

ḭ ṇ ḭ ︣ ḭe צּ ךּ

Ḯ Grid אל ḭ טּ ḭ ḭ

צּ אל ḭ ︣ צּ

אל ךּ Ḯ ḭGrid ḭṡ ḭ ṇ ṇ ḭ ḭ ṇ

ךּ ḭ לּ קּ ḭ ḭ אל

ṇ Ṣ ︡ ︡ ךּ ḮṕDTI  2002 ṖḮGrid ḭ

ḭ ḭ ḭ ṇ ḭ ḭ ṇ ḭ
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ףּ ṇ צּ ḮGrid ṇ ṇ טּ Rolls Royce ḭ

ךּףּ ṡ Ṣ ︣ ︡ ךּ ḮRolls Royce

Research and Technology ṇ ḱ טּ Peter Cowley ḭGrid R

ẀD ︡ ṕe-scienceלּךּ ךּ 4 ṖḮ 

כֿ ḭMaastricht Economic Research Institute on Innovation and 

Technology ṕ ṇ ḱ ṇ ṬMERITṖ ṕCATIṖ

ṇ ṇ צּ ךּ︡ Ḯ1980 ḭ צּ שּ︡ ︡ כֿ

︡ ךּ Ḯ 1980 185 צּ אל ḭ2001צּ 602 ṕNSB 2004 ṖḮ

כֿ ḭ ףּ ḭRẀD ḭ ףּ

︡ ךּ Ḯ 

ṇ IT וֹףּ ḭֿכ וֹףּ

︡ שּקּ ︡ Ḯ ṇ ḭ 1980 31 פּ 2001 350

︡ḭIT 1980 45 פּ 2001 168 ︡ ṕNSB 2004 ṖḮ ṇ Ṅ

טּצּ ḭ ṇ ṇ פּ ךּ ḭצּ ṇ 1980

פּ פּ ︡ ףּ ḭֿכ ḭ

︡ ךּ Ḯ 

כֿ ḭ ḭ ︣ ︣ ︡ḭּפ ṇ צּ ḭ

2 ︡ ךּ Ḯ ḭּשּך פּ צּ ṇ ︡ ṇ

ךּ ︡ ךּ Ḯ 

 

2.4   3Ḳ ṇ  

 

ṇ ︣ 3 ḭ ṇ וֹ צּ

טּ כֿ טּ Ḯ ṇ שּ ḭ

ךּ Ḯֿכ לּ ךּ ḭAdam Smith Karl Marx Ḯ

1960 פּ 1970 וֹפּ ḭֿכ ךּ צּ Ḯ ḭ

︣ ︡ ṕWoodward 1965; Kerr 1973 Ṗḭ ︡

ךּ ḭ צּ ︡ ךּ ṕTouraine 1962;Blauner 1964 Ṗ

ḭ צּ נּ צּ כֿ ︡ ךּ ṕBright 1958; Braverman 1974 ṖḮ

ḭ ︡ צּ ︡ ṕ צּ Ṗ

לּךּ פּ ḭ ḭ︡שּ ︣ ḭ ךּ

אל קּ Ḯ 

1970 1980 ḭ ḭ
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︣ פּ ︡ḭֿ︡לּכ ךּ Ḯ ṇ ṇ

ṕCNCṖ ḭ ḭ

טּצּ ṕDodgson 1984 ṖḮ שּ קּ צּ וֹ

ḭ שּ טּצּ Ḯ 

ḭ ṇ ︣ ḭשּ ףּ צּ Ḯ נּ

ḭNoble CNC ︣ ḭ שּ

פּ ḮNobleṕ1986 : 145Ṗ ḭṡ Ṣ

︡ḭ ṡ Ṣḭ ḭ ḭ ḭ ḭ

ףּ אל אל ḭ

︡ ḮṈṈṈ ṇ ṇ ṇ ṇ ṇ ︡ ךּ  Ḯךּ

ḭ ḭצּ ︡ ḭךּ ṡ טּצּ ḭ ḭ

..  ..  .. טּ Ṣ ḮTuomi ṕ2002 Ḳ9Ṗ ḭ︣ ṇ צּ

ṇ טּ ḭ ṇ ︣ טּ לּךּ

︡ ךּ Ḯ 

ךּ︡ ḭ Ḯךּ ḭ ךּףּ ḭ

אל ḭ אל Ḯ צּ כֿ צּ ḭקּ ךּ

ךּ︡ נּ כֿ︣ צּ קּ Ḯ︡ ︡ ︡ ךּ אל ḭצּ

צּ ︣ כֿ ︡ ḭ ︡ ךּ ךּ טּצּ ḮTuomi ṕ2002Ḳ20Ṗ ḭ

︣ ḭ ṇ צּ ︣ ךּ ︡ ךּ ṕBox 

2.3 ṖḮ 

ḭ︡ ︡ ︡ḭ פּ

נּ Ḯ︡ צּ ḭ ṇ ḭ ḭּף ṇ ︡

︣ Ḯ 

Linux ḭּשּך פּ ṡ Ṣּצ ṇ ︣ כֿ ︡

ḭ ṇ ṇ ṇ טּ כֿ ḭ ︡ ךּ Ḯ 

Schrage ḭ ︣ ףּ ︣ ḭ פּ

טּ ︡ ךּ Ḯ ḭ טּ

ḭ צּ playṕ ︣Ṗֿכ צּ ḭקּ ṇ ︣ ṇ

︣ ￼ טּ Ḯ ṇ ḭ Ṅ ṇ פּ

טּצּ ḭצּ אל ךּ פּ פּלּ כֿ פּ טּ Ḯ

5 ḭ ḭצּשּ קּ אל ḭ

ṡ שּ Ṣ ︡ ךּ כֿ ︡ ךּ Ḯֿכ צּ

ךּ︡ ṇ ︣ ḭ ךּ צּ ḭצּ ṇ ḱ ︡ ךּ
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︣ כֿ פּ ḭ פּ Ḯךּ ︢ playṕ ︣Ṗ ḭ שּ︡

פּ ︡ ḭצּךּ אל ךּ ḭ︡ ︡ ṡ Ṣ ṡ ךּ Ṣ טּ

ṕHobday 1998 Ṗḭcraft ṕ Ṗ codeṕ אל Ṗ צּ טּ Ḯ 

IVT ḭ לּ ṇ ︡ḭ ṇ

שּ ︣Ḯ 

 

Box Ễ.3 ︣ ךּ︡ נּ  

ṇ ︣ צּ ︣ ︣ ṇ נּ

ḭSchrage קּ ḮSchrageṕ2009 Ṗ ḭ ṇ

ךּףּ ḭṈṈ ṡ אל Ṣ טּ ṈṈ ךּ ךּ Ḯ

ṇ ︣ ḭ︡ ︡ ḭ ךּ︡

︡ קּ ḭSchraggצּ ḭֿכ ṇ ṇ

︡ ךּ ךּ Ḯ ḭ ṡצּ ︢ playṕ ︣ṖṢ ḭ ︡

ךּ︡ קּ ︡ ךּ ךּ ךּ Ḯ Ṅּצ

︣ ︣ ṇ ḭ ḭ ḭ ṇ אל כֿ צּ

אל ךּ ︡ ךּ ḮEdison צּ לּ לּ ḭ ︣ ḭּט ךּ

צּ טּ Ḯ 

Schrage ḭ צּ לּ קּ פּ כֿלּךּ ḭשּ ︣

לּ קּ פּ קּ כֿלּךּ טּ Ḯ נּ ḭ

צּ טּצּ ︣ אל קּ טּ ḭ ︡ ︣ קּ טּ ḭ

פּ ḭשּ ︣ קּ טּ ḭ שּ ︡ ךּ Ḯ 

ḭ ￼ḭ צּ ︣ ḭלּךּ

פּ ךּ Ḯ ︢ ṇ ︡ אל

ḭ שּךּ פּ ḭ ︡ ךּ

ḭ צּ פּ שּ︡ ︣ טּ ךּ Ḯ 

︡ ḭ ︣Ḯ ḭ ךּ︡ ḭ

אל ︠ כֿ︣ צּ קּ Ḯ ḭ פּ

︣וֹ Ḯ 

Schrage ḭ ︡ḭ כֿ︣ טּ ḭ

︣ טּ ךּ Ḯ 

 

 

5 צּ ︡ ךּ playingṕ ︣Ṗ craft skills ṕ Ṗ ךּ

︣ כֿ ︣ ḮIvT ︣ ḭ צּ אל
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ףּ ︣ כֿ טּ ḭ ︢ ךּ Ḯ 

ṇ thinking ṕ Ṗḭplayingṕנּ ︣Ṗֿכ צּ אל לּ ḭdoingṕ ︣

Ṗ טּ Ḯ1980 CNC ךּףּ ḭ ︣

צּ Ḯ ḭ ḭ פּ ṇ ḭקּ

︣ ḭפּ ṇ אל ︣

פּ ￼ךּ פּ ︣ כֿ צּ קּ Ḯ ︢ ḭ ︢ ︡ ךּ ḭצּ

ךּ Ḯֿכ ḭ ṇ ︣ צּ

טּ Ḯ כֿ ḭ ḭ ︣ ︣ ṇ אל

לּ ṕDodgson 1985 ṖḮ 

 

2.5   

 

ṇ ḭ אל ︡ ךּ Ḯ ṇ ḭ

ḭ ︡ אל ḭ שּ ףּ

ḭ שּ︡ אל כֿ צּ קּ ḮIvT ךּ︡ טּ Ḯthinking

ṕ Ṗḭplayingנּ ṕ ︣Ṗḭdoing ṕ ︣ Ṗ IvT צּ אל ḭ

︣ ךּ ḭ ︡ שּ טּצּ Ḯ ṇ ךּ

︡ ḭשּ צּ ︣ שּ ḭ נּ שּ Ḯ︡

צּ ḭ ךּ כֿ ḭ ︣ קּ  Ḯךּ

ṇ צּ טּ ḭ ḭ ḭ

ףּ ḭ צּ ︣ ṇ ṇ

קּ ךּ Ḯṡ Ṣ ṡserious  playṕ ︢ ṖṢּצ אל ḭֿכ ṡ

ṇ Ṣ ḭIvTḭICTḭּף OMT נּ ךּ ḮIvT ḭ

ṇ ︣ ḭ ךּ ︡

ךּ ךּ Ḯ 

IvT ︡ḭ ︣ ḭ ṇ

שּ פּ ︣ḮSchrage טּצּ ṡatomsṕ Ṗ bits

ṕ ṇ Ṗ ︣ צּ צṢּךּ ךּ Ḯלּ ḭֿכ IvT ︡ ḭ

ṇ ︣ ךּ כֿלּךּ טּ ḮIvT ḭ ךּ︡

נּ ḭ ḭךּ ︣ ︡ ḭ אל

ךּ ḮIvT ḭאל ḭ טּ cybertronics ṕ Ṗ קּ

נּ כḭֿשּ ṕ︣ Ṗ ︣ טּ Ḯ 
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ễ ṇ ḲProcter & Gamble Arup  

 

3.1  ︢  

 

כֿ ḭ ︡ IvT ︡ 2 ṇ ︣ Ḯֿכ ṇ

ḭ טּ Procter ẀGambleṕPẀGṖ ḱ ṇ טּ Arup

︣ ṇ ךּ ︣ Ḯֿכ ḭאל ︠ IvT

︣ לּ אל ךּ Ḯ 

 

Ṩ ṇ ︡ḭ ︣ Ḯ 

Ṩ ṇ ḭ ṇḭ ḭ ḭּף אל ︠

אל ︠ ︣ Ḯ 

Ṩ ךּ ṇ ︣ Ḯ 

Ṩ ṇ ḭ ︡ אל ︠ ṇ

ṇ ︣ Ḯ 

 

PẀG ḭ ṇ ḱ ṇ ︡ טּ Ḯֿכ ḭ

נּ ṇ אל צּ ḭּשּך פּ צּ Ḯ 

כֿ ṇ ḭPẀGּצ ṇ וֹףּ פּ ḭ

ṇ ṇ וֹףּ ︢ ḭ ︣ לּ ︡

פּ ︣ ḮPẀG IvT ךּ ḭ שּךּ פּ אל ךּ

Ḯ 

Arup ḭ ︡ ︡ קּ טּ Ḯ

ḭשּ אל ךּ︡ ︢ ︡ Ḯֿכ ṇ

ḭ ṇ ṇ ṕ Ṗ ︡ ︡ אל

ךּ︡ Arup ךּ ︣ Ḯ IvT שּ ︡ ףּ ḭֿכ ṇ

ṇּצ ︡ ︣ שּךּ פּ ︡ ךּ Ḯ 

ṇ ḭ כḮֿךּ ḭIVT ṇ ḭ

ףּ ︡ ︣ Ḯֿכ ṇ ṇ ︡ טּ Ḯֿכ

ḭ שּ אל Ḯ 
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3.2  Procter & Gamble  

 

 

 

PẀG ḭ פּ ︡ וֹ 1 טּ Ḯ ︣

︡ ףּ ḭ 400 ḭנּ 10 נּ ךּ Ḯ ḭPampers ḭ

PringlesḭArielḭTide צּ Ḯ2002 אל

10 לּ 3 צּ PẀGּצ ︡ טּ Ḯ 

PẀG ḭ6,500 נּ טּ Ḯ 29,000

︡ḭ 5,000 ︡ ףּ ḭ ףּ ṇ 1

ךּ Ḯ ḭ צּ ḮPẀG

︡ RẀD 500 ︡ḭ8 ︡ ךּ Ḯ 

PẀG ךּ ︡ ףּ ḭ ךּ ṕSwasy 1994; Dyer et al . 

2004 ṖḮ ḭ ︡ ṇ ︡ḭ ךּ︡

︡ ךּ Ḯ1990 PẀG ︡ḭֿכ ︣

ṇ ︣ ︣ ︡ ךּ Ḯ 20 ḭTide Pampers

לּ ךּ︡ אל ךּ פּ ḮPẀG ḭ ︣ ḭ

ṇ ḭ ךּ טּצּ ︡ ךּ ḮPẀG ḭ ḭ

ḭ ṇ צּ שּ ףּ ḭֿכ טּ

כֿ ︡ ךּ Ḯ 

ḭ︡פּ︡ ṇ PẀG ךּ Ḯṡ ṇ -

︣ ךּ︡ Ṣ ḭ שּ ḭ ḭPẀGקּ ḭ

ḭ ḭ ḮṢשּ CEO A.G. La±eyּך Ḯ 

ḭPẀGּצ פּ וֹ ךּ כֿלּךּ ḭ ︡

פּ ךּ ḭ ︡ פּ לּךּ צּ ךּ Ḯ ờẀ

ỏ Gordon Brunner 2000 לּ ךּ Ḯ  ṡ צּ ךּ כֿ

לּ וֹ ḭ 3  ḮṢלּ

 

Organization 2005 Ê  

 

1999 6 ḭPẀG Organization 2005 ṇ ︢ ︣ ךּ︡

︡ ḮOrganization 2005 1 ḭPẀG אל ṇ

פּקּ טּ ︣ כֿ ḭ ṇ טּ ︣ כֿ טּ

ṕSchilling 2005 ṖḮBrunner ḭ וֹ ךּ
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נּ ךּ Ḯ ֿכ קּ שּףּ ḭBrunner ḭ CẀDṨṡ Ṣ

Ḯ 

CẀD ḭOrganization  2005 טּ ḮPẀG ךּ

︣ כֿ אל Ḯ ḭ לּ שּ ḭוֹ

פּ ḭ ṇ ︡ Ḯֿכ ḭ ṇ

אל ךּ צּ ḮPẀG ḭ פּ

ךּ וֹ כֿ ṇ אל ךּ ḮPẀG Mike Addison

צּ 2003 2 CẀD ︡ לּ ḭṡ ṇ ︣ ךּ︡ קּ

טּ Ḯ ṇ ḭ ךּ︡ ḭּט

פּ כֿ︣ טּ ḮṢֿכ ḭRothwell 5 ṇ ḱ

ṕ 2 Ṗ ṡ Ṣ טּ Ḯ 

PẀG ︣ צּ טּ לּךּ ḭCẀD טּ ḮPẀ

G RẀD ףּ ṇ ḭLarry Huston ḭCẀD PẀGּצ

150 פּךּ אל ךּ פּ ︡ ךּ Ḯ ḭPẀG 7,500 RẀD

︡ ךּ ḭPẀGצּ פּ 150 צּ

ךּ ךּ אל ךּ Ḯֿכ ṇ ︡ḭPẀG

נּ ḭ ︡ḭ ︣ כֿ צּ טּ Ḯ _ 

PẀG ṇ ṇ ︢ ḭ ךּ︡ ḭשּ ךּ︡

ṇ ︣ טּ Ḯ 

 

 

 

PẀG ḭ ︡ḭ טּ Ḯ1999 CẀD

צּ אל ḭPẀG 10 ṇ צּ אל ךּ ṕSakkab 

2002 ṖḮ ṇ ḱ ṇ ךּ︡ ḭ שּ נּ כֿ טּ Ḯ

PẀGּצ CẀD ︡ ṇ ḱ ṇ לּ 1 ḭ שּ 50Ṿ

ṇ ṇ ṇ ṇ ︢ ṇ ︣ כֿ טּ Ḯ

︣ ḭּשּך פּ צּ אל ṕSakkab 2002 ṖḮ 

כֿ ︡ ḭPẀG Technology Acquisition Group ṕTAG ṇ

Ṗ ︡ Ḯ ֿכ ṇ ḭPẀG ︣ טּ ḭ ṇ

פּ ךּ︡ ︡ ךּ ḮPẀG ḭ שּ ︣ כֿ

נּ ḭ ︡ בֿ ךּ Ḯ 

PẀG ḭ ︡ ṡ / Ṣ טּ ṇ 2000 ḭ

ṇ שּ ︡ Ḯ5000 PẀG צּ ︡ Ḯ קּ פּ
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ḭ ḭ ṇ ḭ ṇ ṇ ︢ לּ ︣ ḭ

︡ ︣ כֿ צּ קּ Ḯאל ḭPẀG

︡ḭ כֿ ךּ︡ ︡ḭ ṇ כֿ צּ קּ Ḯ

צּ ךּ נּ ךּ ḭ אל Ḯֿכ

ḭPẀG ךּ︡ 2,200 צּ ︡ כֿ ḭ צּ בֿ

Ḯ 

PẀG ḭ ḭ

︡ ḮCrest SpinBrush טּ Ḯֿכ 4 אל

Ḯ PẀG וֹ ףּ ḭ PẀG ︡ḭ3

︡ Ḯֿכ ︡ ḭ פּ￼ 2 10 ︡ Ḯ 

PẀG ךּ︡ 2 Ṍ5 ︡ ךּ ḮPur Sachet

אל טּ Ḯֿכ ḭNewcastle טּ

ḭ רּ︣︣ ︡ ךּ נּ ךּ ṇ פּ Ḯ

︣ ḭ נּ קּ ︣ צּ אל Ḯ ︡ ḭ

ךּ ṇ טּ לּ ḭ Pur Sachet צּ טּ Ḯ 

כֿ ṇ ḭPẀG פּ ︡ ךּ Ḯ

︣ כֿ ḭ פּ צּ ףּ ḭ

ךּ ךּ ḭ שּ צּ

︣ כֿ צּ קּ Ḯ 

כֿ ṇ ︡ ḭ PẀG ḭ ṇ ṇ

לּ ︡ ךּ Ḯ RẀD ṇ טּ Neil McGlip

לּ ךּ ḮṡCẀD לּךּ קּ טּ Ḯ טּ נּ טּ Ḯ

טּ צּ ךּ︡ ︡ ṇ טּ כֿ ︡ ךּ ṢḮLarry Huston

ḭֿכ לּ ךּ צּ טּ ḭPẀG ṇ

צּ ךּ Ḯֿכ ḭ וֹףּ ṇ

ṇ ︡ אל Ḯ1980 ḭPẀG

︡ḭ ṇ RẀD ︡ Ṉ

Ṉ ṡ ṢṕBartlett and Ghoshal 1989 Ḳ129Ḳ2000 Ṗ אל Ḯֿכ

לּ צּ אל ךּ פּ ḭ צּ ︣ פּךּ︡

פּךּ Huston נּ ךּ Ḯ 

PẀG ḭאל ︠ ṇ ︡ḭ ךּ︡ ︡ ךּ Ḯֿכ

ḭ ṇ ṇ וֹ ךּףּ ףּ ḭ ︡ ︡ ךּ Ḯ 
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ṇ אל ṇ  

 

ṇ ḱ צּ ṇ ךּ ḭ ךּ︡

ṡ ṇ Ṣּצ אל Ḯֿכֿכ PẀGּצ ︣ 3 ךּ ︣ Ḯ 

 

InnoCentive  

InnoCentive ḭ Eli Lilly e-business טּ Ḯ צּ

︣ Web ṇ טּ אל ךּ Ḯ InnoCentive ṡ

Ṣ ︡ ︡ḭRẀD ṡ Ṣ ︣ Ḯ ḭ ḭ

ḭ ḭ ṕ 10,000 Ṍ100,000 Ṗ צּ אל Ḯ

InnoCentive כֿ צּ קּ Ḯ ṡ Ṣ ︡ ︣ כֿ צּ

קּ Ḯ אל כֿ צּ קּ ḭצּ ︣ ︡

︣ טּצּ ḮInnoCentive ḭ נּ כֿ צּ ḭקּ

︣ ṇ ךּ Ḯ ḭ צּ אל פּ ḭפּלּ צּ וֹ

פּ ︣ ḮInnoCentive ḭ לּצּ שּ אל ḭ וֹ Ḯ 

2004 ḭInnoCentive ṇ ḭ100 4 Ṅּךּצ ḮPẀ

G כֿ ṇ ︡ḭInnoCentive ︣ כֿ ḭ ṇ ḭ

ḭ ḭ ṇ טּ ḭ

פּ ḭ ︡ ḮPẀG ḭInnoCentive צּ 1 פּ︡

ךּ ḮLarry Hustonךּ צּ ךּ לּ ḭPẀG כֿ 1 4 ︣ כֿ צּ קּ Ḯ 

 

YetZ.com  

CẀD אל ḭPẀG לּ 1 ṇ ṇ

טּ YetZ.com ︡ ךּ ḮYetZ.com 1999

אל Ḯ ṇ ḭPẀGḭBayerḭSiemensḭDow Chemicals ḭCaterpillar ḭּף

Honeywell צּ ךּ Ḯ3MḭMicrosoft ḭPhilips 500 צּ YetZ.com ︡ ךּ Ḯ 

YetZ.com ḭṡ Ṣ פּ אל ḭṡ ךּ Ṣ ṇ

︡ ḭ ḭ וֹ Ḯֿכֿכ

︡ ךּ Ḯ צּ Ḯ

צּ ḭ ḭ צּ צּ רּ︣אל נּ ︡ḭ

טּ ךּ ︣ ךּ אל פּ ︣ כֿ קּ ḮYetZ.com ḭ

פּ ḭ ︣ ︡ ףּ ḭ כֿ ךּ ךּ

ךּ ︡ ︡ אל ךּ ḮYetZ.com ṇ ḭ ṇ

קּ לּ ךּ ḮYetZ.com ḭ 5,000 ︡ ךּ Ḯ︣
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80 ṇ ṇּךּצ ךּ Ḯ 

PẀG YetZ.com טּ Ḯּט ḭYetZ.com ḭPẀG ṇ

פּ ḭṕ Ṗ 1 ︡ ףּ ḭֿכ PẀG YetZ.com

אל ךּ Ḯ 

 

NineSigma  

NineSigma 2000 אל ḭPẀG וֹ ךּ Ḯ ḭ ḭוֹ

ḭ ḭ ṇ RẀD ṇ ḭ פּ︡

ךּ אל כֿ טּ אל ךּ Ḯ ṇ ḱ ṇ ṇ ךּ︡

︣ ṇ ḱ ṇ ︣ כֿ ︡ ךּ Ḯ ḭ ṇ

פּ ṡ פּ ךּ ךּ ṇ Ṣ וֹ טּ

נּ ךּ Ḯ2004 40 טּצּ ḭ לּ 3 2 Fortune 500

טּ Ḯֿכֿכ ḭ ṇ ṇּצ ︡ ︡ḭ ṕRFP=request for 

proposals Ṗ ︣ ︣ ḭ אל ṕMḲX=  managed exchanger Ṗ ṇ

︡ ךּ Ḯ 

 NineSigma ṇ ṇ ḭ צּ ︡ ךּ ךּ ḭ

ṇ אל פּ אל ṇ ︣ Ḯ

︣ 2 פּפּ ḭ פּ 3Ṍ4 פּפּ ḮRFP

ṇ ךּ Ḯ 

NincSigma ḭpay -for -performance ṕ ṇ אל Ṗ ︡ ךּ Ḯ 

כֿכֿ ḭ ︣ ṡ Ṣ ḭ אל ṇ ṇ ︡

אל Ḯ 

PẀG InnoCentive ︣ ḭ ךּ NineSigma ︣ טּצּ Ḯ2004

ḭPẀG 60 NineSigma ︡ḭ 50Ṿ טּ ḭצּ

ךּ טּ Ḯֿכ 60 ךּ ḭ 50 צּ

אל ךּ Ḯ 

כֿ לּ פּ ךּ וֹ Ḯ12ךּ ṇ

ChromaDex ḭ 1 טּ Bayer AG ṇ

︣ YetZ.com צּ אל ḮChromaDex

ṕCEOṖ ḭֿכ טּ ḭ ︣ טּ ḭYetZ.com ︢

︣ טּ Ḯ 

InnoCentive ḭYetZ.com ḭNineSigma ṇ ḭ

ḭ קּ ︣ ḭ ךּ צּ

טּ Ḯ קּ ṇ ṇ ḭ פּ ︡ ךּ לּךּ ḭ
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︡ ︣ לּךּ צּ Ḯ ṇ ṇ פּ טּ Ḯ

ṇּפ כֿ︣ צּ ḭקּ ṇ ṇ

אל Ḯ 

 

 

 

צּ ךּ וֹ ḭשּ טּ ṕ 7 ︣

ṖḮ︡ צּ ḭ ︣ טּצּ ḭPẀG פּ 55 ︣ ḮPẀG

ḭ ︣ ḭYourEncore ︡ Ḯֿכ

ṇ ṇ צּ ︡ ךּ Ḯ 

YourEncore 2003 PẀG Eli Lilly אל Ḯ ḭ ︡

ṇ כֿשּ טּ Ḯ2004 ḭ צּ ṇ

טּ ḭצּ ךּ ︣ כֿ צּ קּ Ḯ 

︣ ḭצּ ḭוֹ ṇ ︡ ךּ נּ ךּ ḭ

ḭYourEncore צּ ︣ טּ Ḯ2004

ṇ 160 ךּצּ Ḯ yourEncore Ḯ ṇ

ḭYourEncore ṇ ṇּףּצ ḭ ḭקּ

אל ḭ ︣ ︣ טּצּ Ḯ ḭ

וֹ ḮYourEncore ḭֿכ ḭ ḭ

ךּ Ḯ 

YourEncore ךּ Huston ḭPẀG ṇּצ PẀG טּ

︣ לּךּ כḭֿצּ ṇ 1 טּ ךּ Ḯ ḭPẀ

G ṇ ︣ ḮHuston YourEncore

︡ḭ ṇ ︡ḭ ︡ḭ ṇ

︡ḭ ︡ḭPẀG ךּ ︡ ḮHuston ṡ

ṇ ṇ ṇ פּ Ṣ לּךּ ḭPẀG

︡ ḮYourEncore ḭ ṇ ḭ

ḭ ḭ ḭ ḭ ךּ︡

︡ ךּ Ḯ 

 

ICT ḭIvT ḭCẀD 

 

10 ḭ ICT IvT ḭCẀD צּ קּ לּ ךּ Ḯ 

PẀG CẀD ḭ ṡ ṇ Ṣ
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ṇ ︣ ךּ ךּ ḮPẀG RẀD טּ Nabil 

Sakkab ḭ צּ ḭ ṇ צּ ḭ ṇ

ḭ פּךּצּ ︡ פּ ︡ ךּ ḮPẀG ḭṡ ṇ Ṣ

︣ ḭ ḱ ṇḭ RẀD ṇḭּף

RẀD אל Global Technology Council ṕ ṇ Ṗ ︡

ḮSakkab ḭֿכ ḭPẀG ︣ ︡ḭ

ṡ ṇ ṇṢ ︡ ︡ ךּ ךּ ḮṕSakkab 2002 Ṗ 

PẀG ṇ ṇ ḭInnovationNet לּךּ Web ︢ ךּ

︣ כֿ צּ קּ ḮSakkab ḭinnovationNet PẀG ṡ ṇ ṇ Ṣ ︡

︡ ךּ ךּ Ḯ כֿ פּ ṇ ︡ ︣

Ḯ︣ 900 נּ טּצּ ḭ וֹ ךּ ḮInnovationNet ḭ

ṇ ṇּצ ךּ טּ ḭ טּ Ṅ וֹ ḭ ṇ ṇ

︡ Amazon.com ḭלּ אל ṇ טּ ḮSakkab

ḭPẀG וֹףּ InnovationNet ḭ ṇ ṇּצ ךּ︡ צּ

ḭ ︡ḭאל ︠ פּ אל כֿ ḭ ṇ

︣ נּ ךּ ḮInnovationNet ḭ ṇ ṇ

︡ḭ ṇ ṇ ︡ ︣ ṕSakkab 2002 ṖḮ 

ḭ ṇ ṇ ḭAskMe ḭDiscoveryNet לּךּ

טּצּ ḭ ṇ ṇ ṇ ṕSmart Learning Reports Ṗ

ךּ Ḯ 

כֿ ṇ ṇ 1 ḭṡ Ṣ ṇ

︣ כֿ טּ ṕSeely Brown Duguid 2000 ṖḮPẀG ḭ ḭ ḭ ḭ

ṇḭ ḱ ḭ ḭ ḭ

ḭ שּ טּצּ Ḯ ḭֿכ

1 ︡ ךּ Ḯ 

PẀG אל ḭTechnology Entrepreneurs ṇ טּ Ḯ 

כֿ ḭPẀG ṇ בֿ 50 ṇ

טּ Ḯ ḭPẀG ṇ ḱ 1 ṇ ︣

ףּ טּ Ḯ ḭ Web ṇ ḭ ṇ ṇ ḭּף

ṇ ṇ ṇ ︣ ḭ ṇ ṇ ︣

ṇ ḱ טּ ḮSakkabṕ2002 Ṗ ḭPẀGּכֿצ ṡ ︡

טּ 1 Ṣ וֹ ṇ וֹ כֿ צּ קּ ḮHustonלּ ḭṡ

טּ Ṣ ךּ ḮIvT PẀGּצṡ ṇ ḭ ḭשּ
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Ṣ ṇ ḱ ︣ אל ךּ Ḯ 

ṇ ףּ ḭ ṇ אל ךּ Ḯ1995 ḭPẀ

G ḭ ḭ ḭ ︢ ṇ ︡ לּ ︡ ḭṡ

Ṣ ︡ ךּ ︡ קּ ךּ Ḯ250 120

ḭ ṇ צּ פּ טּ Ḯֿכ ḭṡ ︡ḭ

︡ḭ ṇ אל ḭ ḭ

ףּ ︣ כֿ Ṣ טּ ṕWegryn and Siprelle ḭundated ṖḮ 

PẀG ḭGlobal Analytics ṇ טּצּ ḭ ṇ

ṇ ︡ ךּ Ḯֿכ ḭ פּ

ṇ ︡ḭ ṇ ︣ כֿ צּ קּ Ḯֿכ

IvT ︣ כֿ ḭ PẀG IT ḱ ṇ Ṩ ṇ ḱ

Glenn Wegryn ףּ ḭSimulation Dynamics Inc. Andrew Siprelle

אל ךּ Ḯ 

ṇ ḱ ḭ ṇ ︡ḭ ︣ כֿ צּ

קּ Ḯ ṇ ḭ טּצּ ḭ ṇ ︣

פּ ︣ Ḯ ḭ ṇ ḭ ︡ḭ

︡ḭ ︡ḭ שּ אל קּ

Ḯ ךּ ṇ ḭ ṇ ︣ צּ נּ ךּ Ḯ 

ṇ ḭ ṇ ḭ ḭ פּ צּ

לּ וֹ ףḭּפּ נּ ︣

כֿ קּ לּ ︣ Ḯ ףּ ṇ ṇ ṇ

ṇ אל ḭ ṇ ︡ ︣

כֿ ḭ ṇ כֿ צּ קּ טּ ḮṕWegryn Siprelle ḭ

Ṗ 

 

 

 

PẀG IvT ךּ 1 ḭ טּ Ḯ ḱ

︡ ḭ קּ וֹ שּ ︣ כֿ ︡ ךּ ṕ

ךּ 6 Ṗ 

כֿכֿ ḭIvT ︡ PẀG 1 ṇ ︣ Ḯ ṇ טּ

Silicon Graphics Inc. ṕSGIṖּצ ︡ ṇ ḭPẀGּצ ṇ

ṇ ︡ ṇ ︣ צּ אל ךּ Ḯֿכ ṇ

ḭPẀGּצ SGI Origin 3800 ṇ ṇ ṇ ︡ ḭ
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︣ ︡ ︣ כֿ ḭ ︣

︡ ךּ Ḯ ḭ ︣ כֿ ḭשּ

ṇ ︣ כֿ קּ Ḯ 

כֿ ṇ ḭPẀG 2 ṡ Ṣ ךּ ︡ ךּ Ḯ ￼ḭ

צּ ךּ ︣ כֿ ︣ טּ Ḯ לּ 1 ḭ צּ

ḭוֹ ṇ ︣ טּ ḮIvT ḭֿכ PẀG וֹ אל ךּ Ḯ 

￼ḭ ḭ ḭּף ︣ ︣ Ḯ ḭ

צּ ︡ ךּ לּ ︣ ḭ טּ פּ

ḭּט ךּ לּ ︣ Ḯ ḭ צּ לּ

︣ פּ ︣Ḯ ṇ ḭאל ︠ Ṅ ḭ

צּ לּ ︣ פּ ︣ אל Ḯ 

ḱ ṇ ḱ טּ Tom Lange ḭ שּ אל ךּ Ḯ

ḭֿכ ︣ נּ ṡ ︡Ḳ ︣ Ṣ ךּ Ḯ

כֿ לּ IvT ḭ טּ ḭ ךּ ḮIvT

︣ כֿ ḭ פּפּ ︣ כֿ ḭשּ ṇ נּ

ךּ ṇ ︣ כֿ צּ קּ ḮIvT ḭPẀG

ḭ פּ ︡ ṇ ḭLange

─ צּ אל ךּ Ḯ 

ṇ ḭPẀGּצ ḭ ︣ אל ṡ

ḭ ףּ צּ Ṣ ṇ ︣ כֿ צּ קּ כֿ ḭ ṇּפ

ךּ ︣ Ḯ ṇ ḱ ḭ כֿ לּ

לּ נּ שּ ḭ ︣ שּךּ פּ ︡ḭ וֹ

Ḯ 

ḭPẀG ḭ ḭ ṇ ḱ ṇ ṇ

ṇ ṇ ︡ ḭ ︣ ︡ ךּ Ḯֿכ

ṇ ḭ ṇ ṇ ṕ אל ṇ Ṗ

פּ קּ ḭeye movement analysisךּ ṕ Ṗ פּ

︣ Ḯ כֿ ︡ ṇ קּ נּ כֿ צּ קּ ךּ

צּ שּ אל ךּ ḭLange ︣

︡ ךּ Ḯ 

Huston ḭ ... .. . ṇ ︡ḭ

ṇ ︣ Ḯ ︡ ṇ ︡ḭ Ṅּצ

︣ פּ פּלּ ︣ Ḯ... .. כֿ טּ ḭ Ḯ 
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IvT ḲCreatelnnovate  

 

Createlnnovate ḭIvT ṇ ṇ אל ṇ טּ Ḯֿכ ṇ ḭPẀG צּ

︣ ךּ︡ ṇ ︡ ךּ Ḯ ṇ

טּ ḭ ḮPẀG IvT ︡ ḭ

ṇ ︣ ḭ ṇ ḱ ︡

ṇ ṇ ṇ ךּ Ḯ 

Createlnnovate ḭ ṇḭ 18 ︡ ףּ ḭ

18 ︡ ḭ טּ ︡ ךּ Ḯ ḭ

ṇ ךּ︡ ḭ ︡ שּ ︣ כֿ טּ Ḯ

ḭṡ צּ PẀG ︡ ḭּט שּ לּ ︣ Ṣֿכ צּ ךּ טּ Ḯ 

כֿ ṇ ḭIDEOṕ 1 ḲSutton and Hargadon 1996 Ṗ

ḭ ṇ שּ ךּ Ḯֿכ

ṇ ḭ ︣ ︣ ︡ Ṅ

︡ כֿ טּ Ḯ ךּ︡ ṇ ḭ ṇ

וֹ ḭ פּ ךּ Ḯֿכ ṡideation ṕ ṖṢ ṇ

ךּ Ḯֿכ פּ ḭ 1Ṍ2 3D CAD צּ אל ḮCAD

ḭ פּ CNC ḭ ףּ ︡ אל Ḯ R

ẀDḭ ṇ ḭּף כֿ ṇ ︡ ḭNeil McGlip לּ ךּ Ḯṡֿכ

ḭ קּ וֹ Ḯ 1 ︡ḭ

playṕ ︣ṖḮ 

צּ אל ḭ צּ אל Ḯ Ṅ ṇ צּ ḭ קּ

לּ ךּ ךּ ︣ Ḯ Ḯךּ ︢ לּ

Ḯ McGlipשּ לּ ךּ Ḯ 

ךּ אל ḭ Ṅ ḭ צּ נּ ךּ כֿ ︣ כֿ צּ קּ

Ḯ ︡ ḭ ︣ Ṅ צּ ︣ פּ פּלּ כֿ צּ קּ Ḯ

ךּ ḭ ṇ ṇ ṇ ︣ Ḯֿכ ḭ

︣ Ḯךּ ṇ ṇ ḭ ￼פּ︡ טּ Ḯ אל ︠

ḭוֹ צּ צּ צּ פּךּ שּ כֿ צּ קּ Ḯ ךּ︡ ︣ כֿ ḭ

ךּ︡ פּ צּ ḭקּ ṇ ṇּפ ṇ צּ Ḯ

פּ שּ ︣ Ḯ ךּ︡ ṇ ḭ Ṅּצ playṕ ︣Ṗֿכ

︣ Ḯ ּשּך פּ ḭ ḭ ṇ ṇּצ playṕ ︣Ṗֿכ צּ אלḭקּ

︠ ︣ ṇ לּ טּ Ḯֿכ ḭ
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︣ Ḯֿכ 100 ḭ שּ ךּ 98 ︡ ︡ כֿלּ ︣ Ḯ 

שּ אל ךּ ḮCreatelnnovate ḭ

שּ ︣ כֿ צּ ḭFormula 1 ṇ וֹ אל ḱ

︡ ךּ ṕ 6 ṖḮֿכ ṇ ḭ ḱ ṇ

︡ ḭ ︣ ךּ ︡ לּ ︡ ךּ Ḯ

ḭ צּ לּ נּ ︢ ḭפּ לּ ḭפּ ṇ

ךּ︡ ṇ שּ פּ כֿ צּ קּ Ḯ 

כֿ צּ לּ ︡ ךּ פּ ḭ ךּ Tide 

StainBrush טּצּ Ḯ ḭCẀD פּ ︢ טּ Ḯ ṇ

Crest SpinBrush ṕ Ṗ ḭ צּ קּ פּ לּ ︡ Ḯ קּ

1 ḭ כֿשּ טּ ḮTide StainBrush ḭTide 

Liquidṕ Ṗּצ ︣ וֹ נּ ṇ טּ Ḯ

וֹ ךּ ︡ḭ אל ḭ Ḯ 

ḭ פּ 1 פּפּ Ḯֿכ 2002 10

ḮCrest SpinBrush CAD צּ טּ ḭצּ נּ

︡ ︡ אל טּצּ Ḯ ︡ וֹ כֿ צּ קּ לּ ḭ ךּ︡

טּצּ Ḯ שּ ṇ ḭCrest SpinBrush שּךּ פּ

︣ טּ Ḯ ṇ Crest SpinBrush קּ וֹ שּ טּ ךּ ︡

לּ ︡ Ḯ2002 12 ḭ צּ אל Ḯ ṇ

צּ אל ךּ ḭצּ צּ טּ כֿ צּ אל Ḯ︡ ḭ︡פּ

︣כֿ ṇ ṇּצ ︣ טּצּ ḭ ṇ כֿ ︣ ︡ Ḯ ךּ︡

CAD ḭ 100 ︡ Ḯֿכ

ḭ2003 4 אל קּ Ḯֿכ לּ ḭ2003קּךּשּ

8 צּ אל Ḯ ︣ ḭ פּ

10 טּ Ḯ PẀG ךּ ︣ ḭ1 ︡ Ḯֿכ

וֹ טּ טּצּ כֿ ︡ ךּ Ḯ 2003 ḭ2003

12 אל Ḯ 

כֿ לּ 1 ḭSwiffer טּ Ḯ ḭ ṇ וֹ טּ

Ḯ ṇ ṇ ḭ ︣ ḭ ךּ Ḯֿכ

נּ ḭ ךּ ︣ כֿ טּ Ḯ

︡ ḭ ︣ 12 צּ טּ Ḯ פּ

︡ Ḯ ṇ וֹ ךּ︡ ︡ וֹ

פּ ḭ ︡ ︣ טּ Ḯ ḭ ṇ
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צּ לּ ḭפּ צּ לּ אל ︣ פּ ṇ ︣ צּ

טּ Ḯ 

SpinBrush Swiffer לּ IvT ṇ שּ טּ Ḯ

ḭ ṇ ḱ ︡ ךּ Ḯ כֿ

שּ Ḯךּ ךּ︡ ṇ CAD ṇ ︡ ךּ Ḯ ḭ

CAD ךּ ︡ ךּ Ḯ 

ṇ ṇ ḭ ṇ ṇ צּ אל Ḯֿכ ḭ

ḭ ḭ ךּ ךּ Ḯ ︣ ︣ לּ

כֿ ḭ נּ ṇ ḭ ךּ ︡ Ḯ 

McGlip ḭ ךּ שּ ךּ לּ טּצּ ךּ Ḯ  ṡ

︡ ḭ צּ כֿ פּ טּצּ Ḯ ּש Ḵפּ טּצּ Ḵפּ

ṇ ṇ טּ ḭצּ ︣ טּצּ Ḯ︡ ḭ︡פּ ḭ

ṇ ︣ ḭ ṇ ︣ כֿ

טּ כֿלּךּ טּ Ḯ 

IvT צּ קּ טּצּ ḲPẀG ṇ ︣ ︣ נּ ︣ וֹ

כḮֿךּ Okido ṇ ḮOkido ḭPẀGּפ seed funding ṕ

Ṗ ḭוֹ אל אל קּ ︣ פּ אל ḮOkido אל ךּ

ḭ ḭ ךּ Ḯ ︣ כֿ לּ צּ ︡ ḭPẀG

︣ טּ ︣ ︡ Ḯ 

טּ ṇ ṇ ḭ1 ︣ ︡ Ḯ ṇ

ḭ ḭ פּ ṇ צּ אל Ḯ ḭ צּ ḭקּ ךּ

לּךּ ךּ ךּ Ḯ ṇ ḭCAD ︡

ṇ ︡ Ḯ︡ ḭ︡פּ ṇ ︡ PẀG

טּ Ḯ כֿ צּ ḭ טּ ṇ ︣ פּ

Ḯ 

ḭ אל Ḯ ḭֿכ לּ ḭ ךּ︡ צּ קּ

נּ ḭּט ︡ ךּ לּךּ Ḯ

︣ כֿ ḭ ︣ כֿ

צּ קּ Ḯ צּ ḭ צּ ךּ וֹ פּ Ḯ צּ

ḭּף ḭṡשּ ךּ ḭ פּ קּ Ṣ לּךּ נּ ︡

ךּ Ḯ 

כֿ ṇ ḭIvT ṕ Ṗ אל פּ ︡ ḭצּךּ צּ

︡ ṕ Ṗ טּ פּ פּלּ ︡ פּ Ḯ 
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ṇ PẀG ṇ ḭצּ ךּ︡ אל

פּ︣ פּלּ ḭ ︣ טּ Ḯ ḭ לּךּ ḭ

אל טּ Ḯ ḭ צּ ṇ

︡ḭ ṇ IvT ︣ כֿ פּ ︡ כֿ טּ Ḯ

Huston לּ ṇ 50Ṿ ︣ לּךּ ḭ טּ Ḯ

ḭֿכ טּ ḭ2004 ףּ שּ 35Ṿ ṇ צּ פּ

אל ךּ Ḯֿכ כֿ ףּ ḭ ḭ ṇ אל

צּ 1 4 פּ 50 ︡ ︡ḭֿ︡לּכ ṇ לּ

טּ Ḯ 

IvT ḭ ṇ ṇ פּ ḭּל שּ ךּ ךּ ḮPẀ

G ṇ ḭ ךּ ︣

︡ ךּ Ḯ 

 

3.3  Arup  

 

 

 

Arup 1946 Ove Arup אל Ḯֿכֿכ ḭ ḭ ḭּף

︣ ṇ ︡ḭ 50 71 6,500 נּ

ךּ ḮArup ḭ ףּ צּ ︡ ךּ אל ךּ Ḯ ṇ

ṇ ṇ ḭ20 ︡ Ḯֿכ

ḭ ḭ ḭ ḭ ḭ ḭ ḭ ḭ

︣ כֿ ḭ ףּ פּ ךּ Ḯ 

Ove Arup ḭ ךּ נּ ḭ ךּ

נּ Ḯ ḭ ףּ ḭ ︣

ḭ ︣ ḭלּ ︡ וֹ ךּ נּ ךּ ḮOve Arup ḭ

ṡ Ṣ ︡ לּ ︡ Ḯ ︡ḭ︣

︡ Ḯ 

Arup ḭ קּ ךּ Ḯ ︡

ṇ ︡ḭ ךּ︡ ︡ כֿ ךּ ︡ ḮArup Bob 

Emmerson ḭṡ טּ Ṅ ︡ ךּ Ṣשּ ךּ Ḯ
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פּ ךּ 50 ṇ נּ ךּ Ḯ 

 

Arup ṇ  

 

Arup ︡ḭאל ︠ ṇ ︡

ךּ Ḯ ḭ ףּ ḭ ףּ ףּ

ṇ ︡ ךּ ḮArup ḭ טּ Arup 

Associates ḭ ṇ Arup Acoustic Arup Fireḭ ṇ

Advanced Technology Groupשּ ḭ שּ ṇ צּ

טּ Ḯ Arup טּ ḭצּ 20 ḭ ḭ

ḭ ṇ ︡ ךּ Ḯ 

Arup ḭ ḭ ךּ כֿ צּ קּ לּךּ

טּצּ נּ ךּ Ḯ ︡ ḭ ︣ṡtotal problem solv er

ṕ ṖṢ כֿ ︡ ךּ Ḯ שּ ḭ ךּ פּ￼

נּ ḭ ṇ טּ ḮArup צּ ︡ ךּ ḭ

︣ טּ Ḯ ךּ︡ ︡ḭ פּ ︣

ḭ ךּ︡ טּצּ ḭ Arup ︢ ךּ כֿלּךּ ḭצּ

︢ ךּ ḮArup 350 ︡ ךּ Ḯ 

שּךּ פּ ḭArup ḭ ṇ ︡ Ḯ ּפ

ףּ ḭ ︣ ḭ ︡

צּ Arup ︢ ךּ Ḯּ︡︡פḭArup שּ

צּ טּ Ḯּט צּ ︡ לּ ḭ טּ

כֿ שּ ḭצּךּ וֹ טּ ḮEmmerson ḭṡלּ

כֿ ךּ וֹ Ḯךּ ṇ ḭ ךּ Ḯ

ךּךּצּ וֹ ḮArupךּ ḭ5 לּ 1 טּ טּ Ḯ

ḭ 20 לּ 1 טּ ṢḮּ︡︡פḭ Ṅ ḭ צּ

︡ḭ ︣ ךּ︡ וֹ ︡ ךּ Ḯ

ḭ ḭ ṇ ︡ ḭ וֹ ḭשּ

ךּ︡ ︡ḭ ︣ ︣ כֿ טּ Ḯ 

כֿ ṇ ︡ ḭArup ṡ ךּ ךּ Ṣḭ

ṇ ṇ ךּ ḮArup ḭṡ ךּ︡ ︣ Ṣḭṡ וֹףּ

Ṣḭ ︡ כֿשּ ךּ ḮArup אל ḭ ḭ

ḭArup ךּ ךּ Ḯֿ︡לּכ ḭ
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פּ ḭ ︡ Arup אל אל ךּ Ḯ 

Arup ︣ לּ ︡ ךּ Ḯ Emmerson ḭArup צּ

ךּ ךּ ךּ Ḯ צּ ךּ ḭ ךּ כֿ נּטּ￼

Ḯṡךּ ךּ וֹ ṢḮArupךּ לּ פּ ︡ ךּ נּ

ךּ ḮArup צּ ︣ לּ ḭ טּ Emuperson ḮṡArupלּ

︢ לּ ︣ וֹ פּךּ ṢḮךּ ṇ וֹ  Ḯךּ

ṇ ḭ ︣ ḭ שּ טּצּ Ḯ

︣ ṇ ḭ ︡ צּ ︣ Ḯ ṇ

ḭ פּ שּ ḭצּ פֿ ︡ ︡ ︣ כֿ ︣ Ḯ 

שּ ḭ טּ Ḯ ṇ צּ פּ

אל ḭ1 כֿ ḭ ṇ אל כֿ

ṕGann and Salter 1998ךּ ṖḮאל ḭ ךּ︡

כֿ צּ כḭֿשּ ṇ ךּ Ḯ נּ ḭArup ךּ

ףּ ḭ קּ

אל ךּ ḮArup כֿצּ שּךּ פּ ︣ ḭ ףּ ךּ

ḭ Arup ףּ ︣ ṕ ṇ ךּ

7 ṖḮ 

 

Arup  

 

Arup ḭ ṇ צּ ךּ Ḯֿכ ךּ︡ ṇ שּ ḭ

ṇ אל ḭ ṇ ṇ ṇּצ ṇ ︣

︡ כֿ ḭ ṇ ︡ Ḯ ḭֿכ ṇ

ךּ ḮArup ḭֿכ ṇ ṡ ṕ ṖṢ︣פּ

︡ḭ אל ךּ Ḯ ḭֿכ ṇ ︣ ḭצּ

פּ ︡ ךּ ︢ ףּ ḭ ︣︣

︡ שּףּ קּ ךּ Ḯ 

︡ ḭ ṡ ︣ פּקּ נּ Ṣךּ לּ לּ ךּ Ḯ 

אל ḭ Ṅ ︡ ḭ שּ ṇ

טּ ṕMcKenna and Maister 2002 ṖḮ Emmerson ךּ Ḳ 

Ṅ ḭ 5 ḭ Ḯ ḭ

ךּ︡ ḭ פּ בֿ ךּ ךּ Ḯ ṇ

︣ ḭ ︣ ךּ Ḯךּ טּ Ḯ

ḭּט כֿ שּךּ פּ ︡ ḭצּ Ṅּפ אל
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ḭ ךּ︡ ︡ ךּ ḮEmmerson ḭṡArup 124 טּ

Ṣ ךּ Ḯ 

ṇ ḭ פḭּצּלּ טּצּ Ḯ ṇ

ḭ ︡ ḭךּ ṇ ︣ ḭ ṇ ṇ ṇ אל ךּ Ḯ

ḭ ḭ ḭאל ︠ ṇ ︡ ךּ Ḯ ḭ

ờẀỏ טּ Ḯ︡ ḭ︡פּ ṇ שּ ︡ḭ ךּ︡

︣ ḭ ︡ ךּ Ḯ 

Arup ךּ︡ ḭ ṇ צּ אל ḭ

פּ ︡ ︡ ︢ ךּ Ḯֿכ ḭ צּ ︣ פּ ḭ

אל ḮIvT Arup ךּ︡ ṇ טּ ḭ ṇ

שּ ḭ אל טḭּפּ ךּ ︡ אל

ךּ ḮIvT ︡ כֿ ḭArup צּ

אל ṇ ḭֿכ צּ וֹףּ אל ךּ

︣ Ḯ 

 

ṇ וֹףּ  

 

Arup וֹףּ ḭ ṇ ḭ ṇ ḭ שּ

טּ Ḯ ︡ḭ ︣ ṇ שּךּ פּ ḭ

צּ ︣ אל InnovationNet ṡ ṇ

ṇ Ṣ לּךּ PẀG ṇ ︡ ךּ ḮArup לּ ṇ

ḭ שּקּ ︡ ףּ ḭ ︡ ךּ

ṕTether and Hipp 2002; Salter and Gann 2003 ṖḮ שּ ḭ ךּ︡

אל ḭ שּ ḭ ךּ ︡ḭ ḭ ḭּף

ṇ ︣ כֿ ṕDen Hertog and Huizenga 2000; Bettencourt et 

al 2002 ; Miles 2003; Dougherty 2004 ṖḮֿכ ḭArup לּ ṇ ṇ ṇ ︡

︡ḭאל ︠ ṇ ṇ ︡ ︡ḭאל ︠ ךּ︡

︣ ṕHagardon 2003 ṖḮ 

Arup שּ ḭ צּ ḱ ṇ ︡ḭ ︡ḭ

︣ ךּ ךּ ṕGallouj and Weinstein 1997; Tether 

Hipp 2002 ṖḮ שּ ḭ אל ︡ אל ḭ Ṅּצ ︣

ךּ ṕConstant 2000 ṖḮֿכ ḭ לּ

ḭ פּךּ ︣ פּ ṡ Ṣּצ טּ ṕDough erty 2004 ṖḮ
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ḱ ṇ ṇ טּ ḭArup לּ

ḭ ḭ טּ ךּ ṕElder 2003; Gault Foray 

2003 ṖḮ 

Arup ṡ Ṣ ḭ1990 ḮArup ḭ

ṡ ḱ Ṣ ךּ טּ ḭ

︡ ךּ Ḯ ḭ ṇ ḭ ︡ שּ ṇ ︣

ḭ צּ כֿ פּ ḭ ךּ Ḯ50

ḭ10 נּ ︡ḭ ףּ ︣ ךּ︡

וֹ טּצּ Ḯאל ḭ ︣ לּךּ ḭ

ךּ ḮArup ︡ḭ ︡ ךּ Ḯ אל

ףּ ḭ ךּ︡ ︡ ךּ Ḯ קּ ףּ ḭ

לּ ḭ ︡ Ḯ ḭ ṇ ︡ ףּ ḭ

︣ ḭ שּ צּ לּ קּ ךּ Ḯ

ṇ ךּ︡ ︣ ḭ

︡ ךּ ḮArup ︣ ︡ צּ ḭ

︣ ךּ︡ ṇ ︣ לּךּ ︡ Ḯ

ḭ 3 Ḯ 

ḭ ︣ ṇ ︣ כֿ טּ Ḯ1999 ḭArup

Tony Sheehan ︡ḭArup RẀD ︡ Arup 6

︡ ḮArup ḭ ︡ ḭ ḭ ḭ לּ ḭ

︣ ︡ ךּ Ḯ ḭ אל ḭ

ṇ ḭ ḭּף אל ︠ ṇ צּ אל ךּ Ḯֿכ

ךּ פּ ḭצּ ḭ אל ךּ טּ

Ḯּ︡︡פ Arup ḭ ︡ ṇ ︣ ICT ךּ︡

קּ נּ ךּ ḮSheehan ḭArup RẀD ḭ ṇ

כֿ ḭ ṇ ︣ פּ ︣ ḭ ︣ כֿ צּ קּ Ḯ

ṇ ṇ ḭ ḭ ḭ ṇ לּךּ 3 ךּ Ḯֿכ

ḭ ṇ ︣ ḭArup ḭ ṇ ḭ

ṇ ḭ לּךּ 5 טּצּ Ḯ 

2 ḭ אל ︢ צּ Ḯֿכֿכ

ḭ ךּ︡ צּ ṕֿכ קּ ︣כֿ טּצּ Ṗ אל

כֿ ḭשּ 1 אל ṇ ṇ ךּ ḭ כֿ︣ טּ Ḯ

ḭ אל ︠ אל צּ טּשּ ḭ
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ךּאל טּ ḭ שּ ṇּצ ︡ ךּ טּ Ḯֿכ אל ︢

ḭאל צּ פּ Ḯ 

3 ḭ צּ טּ ḭ פּ צּ טּ Ḯ 

ḭ︣ לּ ךּ כֿ ḭ כֿ︣ ︡

ךּ טּצּ Ḯ אל 1 ḭ ṇ ṇ טּ

Arup People טּ Ḯ ḭArup צּ ךּ פּ ךּ שּ טּ Ḯ

צּ ︡ ḭ ︡ ḭ ṡ Ṣ

לּ צּ ךּ Ḯֿכ ḭ ︣ טּצּ ḭ ︡

︣ ḭ כֿ ךּ Ṅ קּ לּ ḮArup ḭ Ṅ

︣ ṇ ︡ שּ פּ Ḯ ︡ Ṅ

Web ṇ ︡ ṇ ṇ ︡ Ḯ ḭ ︣

צּ נּ Ḯ ḭ ︣ 3 ︣ לּ ḲṕaṖ

ḮṕbṖ ףּ ṕcṖ ךּ Ḯ3

ךּ ḭ ṇ ṇ צּ ︡ כֿ Ḯ

ṇ טּ ḭ ṇ ךּ ךּ Ḯ

ḭ ṇ 20 Arup קּ Ḯ 

ṇ ḭ3 צּ ךּ Ḯ טּ ḭצּ

People ךּ Ḯ ṇ אל ḭṡ Ṣ

אל ḮArup People אל ךּ ךּ ḭṡ ךּ פֿ Ṣ לּךּ צּ

ךּ ךּ Ḯֿכ לּ נּ ḭ ṇּטּצ Ḯ פּ ḭּט ṇ ṇ ḭ

︡ צּפּ ךּ ךּ ︡ ḭ צּ אל ךּ ḭ ṡ Ṣ

Ḯ︡ צּ ḭ אל ︡ Ḯ 

Arup לּ ḭṡ ṇ Ṣ טּ Ḯֿכ

ṇ 90 טּצּ Ḯ

טּ ḭCFDṕ Ṗ ṇ ṇ נּ טּ Ḯ

ṇ ḭ ︡ ︡ḭ ︣

︣ Ḯ ṇ ḭ שּ אל ︠ ḭ ṇ ḭ טּצּ ︡

אל ךּ ḮArup ṇ ḭ ṇ ︡ ךּ Ḯ

ṇ צּ ףּ ḭ ︣ כֿ צּ קּ ךּ

לּךּ טּצּ ḮArup ḭאל ︠ צּ ḭ צּ ︡ קּ ךּ︡

ṇ ḭֿכ ︡ לּ ︡ Ḯֿכ ︣ ḭ2001 9 11 וֹףּ

ṇ טּ Ḯֿכ ךּ︡ ṇ ḭ ḭ ḭ

︣ ךּ︡ ḱ ṇ ︣ ḭ
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ṇ אל ︠ Ḯ 

ṇ ︣ ḭ ṇ ṇ פּ ︣ שּ קּ

צּ טּ ḮArup ḭ

וֹ ḭ אל ︠ ṇ ︣ ︡ ḮArup

ḭ ṇ Cambridge University אל ṇ

טּ Autonomy ṇ Ḯֿכ ṇ ṇ ︡ḭ

︡ ḭ Ṅּצ ︡ ḭ ︣ צּ פּ︡

︣ ṇ צּ אל Ḯ 

 

Arup ṇ  

 

Arup ṇ ḭ ︡ ṡ ṕpiggyback ṖṢ

︣ כֿ טּ Ḯֿכ ḭ אלצּ ︠ ךּ כֿ פּ

ךּ Ḯ ︣ ḭ ︣ ḭ

ךּ צּ אל כֿ Ḯ ḭ ךּ︡ ︡ḭ ︣

ḭֿכ ︡ לּףּ ︡ ךּ Ḯ ḭ ︡

ךּ ︡ ︣ כֿ צּ קּ Ḯ ḭ ︣

טּ ḭֿכ ︣ ḭצּ Arup שּ אל ḭ

ךּ︡ ︣ ︣ Ḯ 

Arup לּ ḭ ḭ ḭPẀGצּ לּ

︡ ךּ Ḯ שּ ḭ אל

טּ Ḯ ṇ טּ ḭArupצּךּ

RẀD טּצּ Ḯֿכ ḭ 2 ︡ ךּ Ḯ ḭ

ṇ ṇ ︡ḭ ךּ︡ ︡ḭ ḭ אל

︠ ︣ כֿ טּ ḮRẀD ṇ ḭṡ3NṢ

וֹ ךּ ḲNowṕ Ṗ ṇ ḮNewṕ Ṗḭךּ︡

ךּ︡ ︡ נּ ḮNextṕ Ṗḭ Ḯ

ḭ ṇ ףּ 80Ṍ85Ṿ ךּ Ḯ ךּ︡

15Ṿ ḭ צּ 5-10Ṿ אל ךּ Ḯ ḭ ḭ

ṇ ︡ Ḯ שּךּ פּ ḭ אל ḮRẀD

ṇ ḭ ︣ ︣ לּ אל ךּ Ḯ

︡ ףּ ḭ צּ ︡ קּ ḭ כֿ

︣ פּקּ ףּ ḭ ṇ ︡ ךּ Ḯֿכ ︢
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ṇ כֿ צּ קּ Ḯ 

ṇ ︣ Ḯ ṇ ḭ ︡ḭֿכ

נּ ṡלּ Ṣṕ 5 Ṗ ︡ ︣ Ḯ

ḭ ḭ ṇ ︣ טּצּ ḮArup ḭ

ṇ פּ ףּ ḭ ṇ Ḯ

ḭ ךּ︡ ḭ ḭּף ︣ כֿ ךּ Ḯ טּ

ḭ ḭ ḭּף ︣ לּךּ צּ אל

Ḯ ḭ ︡ ךּ Ḯ

צּ ￼ḭ טּ כֿ ︡ḭ

אל Ḯ ṇּצ IvT וֹ ︣ ︣ Ḯ 

 

Arup IvT ṇ  

 

Arup ṡ Ṣ ︣ ḭICT IvT ךּ ︡ קּ Ḯֿכ

ḭ ṇ ḭ ︡ ךּ אל ︠

ṇ ḭ ṇ ︣ Ḯ ḭArup IvT צּ לּ

אל ḭ לּ נּ פּ ךּ ḭּשּך פּ ṇ

︣ Ḯ ךּ ︣ IvT ︣ כֿ ḭ

︣ וֹ ︡ ךּ Ḯ ṇ

ḭ צּ לּ אל פּ ︡ ךּ Ḯֿכ ṇ ḭArup צּ

︡ ︡ קּ טּ Ḯֿכ ḭ ṇ ṇ

קּ אל ךּ Ḯ ḭ

צּ אל ךּ ḮArup ḭּפּך IvT ︣ פּ ḭצּ

ṇ צּ אל ףּ ḭ כֿ כֿ צּ ךּ Ḯ 

   

ṇ Ḳ  

 

ṇ ḱ ḱ ṇ ḱ ṇ ḭ100

︣ טּ Ḯ ḭ ︡

︢ אל Ḯ ṇ ḭFoster and Partners architects ḭ

Sir Anthony Caro ḭ ︡ Arup engineers צּ ךּ Ḯ ṇ שּ 3

צּ ךּ Ḯ ḭ צּ ḭשּ טּ ḭ

︣ ḭ ︡ Ḯ 325m ḭ פּ￼ 4m
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ḭ טּצּ ḭ ṇ אל

︡ ךּ לּ ṇ נּ ךּ Ḯ אל 63Ḳ1 ḭ

6 טּ Ḯֿכ ḭ צּ ḭשּ צּ

ךּ כֿלּךּ טּ Ḯ ṇ כֿ ︣ IvT ︡ Ḯ

פּ קּ ︡ḭ ︣ ḭ אל ṇ ṇ ︡ Ḯ 

ḭ ךּ︡ ḭ ḭ ︡ נּ Ḯ 2000

6 10 ︡ Ḯ ︡ ḭ8 Ṍ10 צּ ךּ Ḯּ︡︡פḭ קּ ṇ Ṅּצ

︡ ךּ ḭקּ צּקּ ḭṡשּקּ Ṣ ︡ תּ︣ כֿ

Ḯֿכ ︡ḭ ︢ ḭ 2 ︣ לּךּ צּ אל

Ḯֿכ ḭ ṇ פּפּצּ כֿ Ḯ שּלּ ḭ ḭ

Ṅּצ ṇ שּ קּ כֿ ṡ Ṣ ︡ ךּ ךּ כֿלּךּ ḭ

אל Ḯ 

כֿ ︡ ךּ ḭצּ צּ ךּ פּ

טּ ḮArup ṇ ︡ ḭ ṇ נּ Ḯ

︣ צּ Ḯ 

3 צּ אל ḭ צּ אל Ḯ ể ṇ

פּ אל ḭ ︡ḭ צּ ṇ כֿ טּ פּ ︣

לּ אל Ḯ צּ כֿךּ ︡ Ḯ 2 ṇ ḭ וֹףּ

צּ ךּ אל פּ אל ḮArup ṇ ︡

צּ ḭ ṇ ṇ וֹ ︡ ḮCambridge ḭSheffield ḭ 

Imperial College ḭ ︡ Southampton ṇ ḭ ṇ

︣ לּ אל Ḯ 3 ṇ ḭ ︡ḭ קּ ︣ אל

ךּ︡ ṇ Ḯ ךּ ךּ נּ לּ אל ḭ ṇ

פּ 2 טּ וֹ Ḯ ֿכ ḭArup ḭ

ṇ ṡ Ṣ ︣ וֹ Ḯ

︡ ךּ ḭצּ ︡ ךּ פּ Ḯ ḭ ṇ

צּ אל Ḯ תּ קּ ︣ ṇ ︣ ḭ

ףּ ṇ ךּ פּ צּ Ḯ 

כֿ אל ︠ פּ ︡ ḭ צּ אל Ḯ ︣

קּ אל טּ וֹ  ḭצּ ḭ ḭּף

ḭּפ ︡ ḮArup ︡ḭ צּ

כֿ פּ ︡ḭ קּ לּ ḭ

︡ Ḯ 
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ḭ ḭ ︡ אל ṇ ︡ ḭ

ṇ וֹ Ḯֿכ ḭ ṇ ṇ ךּףּ ṇ

טּ Ḯ ךּ ︡ ḭ ︣ ךּ︡ צּ אל ḮArup

אל כֿ ḭ ךּ︡ ︡ḭ ︡ ḮIvT ṇ ḭ

פּ לּ שּ אל Ḯ 

 

ṇ Ḳ ṇ  

 

ṇ ṕ1956 -73Ṗ ḭArup

ṇ טּ Ḯֿכ ḭ ṇ ḭ ḭ︣ ךּ︡ ṇ

︣ ︣ לּ Ḯ צּ ךּ שּ לּ

טּ ḭֿכ 20 ףּ טּ Ḯ30 ḭ

︡ קּ ḭArup ṇ צּ ︡ אל Ḯ

ṇ אל ︡ ︡ צּ

ḭ ṇ ︣ כֿ צּ קּ Ḯ ḭ ︣ כֿ טּ Ḯ

ךּ︡ טּ ḭArup ︡ ṇ ︣

שּךּ פּ 1 טּ Ḯ 

ṇ ḱ 1956 ḭ933 פּ

ךּ ḭ לּ 230 צּ ︡ Ḯ1957 ḭJorn Utzon צּ

Ḯ ḭUtzon קּ ḭ ḭּט

ךּ ךּ ṇ טּ Ḯ ḭ ḭ צּ נּ

אל ךּ ךּ ḭ ︣ צּ ךּ︡ אל Ḯ ḭArup ṇ

ḭצּ צּ ךּ ︡ Ḯ ṇ

︡ ḭ3 ︡ ḭ ṇ

נּ ḭּך ṡ Ṣ ︡ Ḯּפ ךּ אל

ṇ ︡ Ḯֿכ ḭ וֹףּ ḭ ṇ

ṇ 1 טּ ḭֿכ צּ שּ צּ Ḯֿכ ḭ

צּ Ḯ ךּ ḭ

ṇ ḭArup CAD ṕCADRAWṖ ︡ Ḯ 

כֿ ṇ ḭArup צּ ︣ ︡ ︡ ḭ ︡

ךּ צּ ḭ צּ ︣ ︡ ךּ Ḯּך ṇ צּ

︣ ḭIvT ḭ צּ Ḯ 
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Ḳ ṇ  

 

ḭIvT ︣ טּ Ḯ צּ

ךּ︡ לּ ︡ פּ ︡ ךּ Ḯֿכ ḭ

לּ ︣ ḭ ṕUK's Central Electricity 

Generating Board Ṗ Arup צּ אל 1980 Ḯֿכ ḭ

ךּ ḭצּ ṇ ṇ ︣ צּ ︡ ךּ ḭ1970

ṇ Ph.D ︡ John Miles ךּ ḮPh.D

︡ ḭMiles ︣ ḭ ︣ נּ

︣ 2 Arup ︡ ךּ ḮArup ︡ Ḯ

טּ ךּ ︣ ṇ ︣ כֿ ךּ Ḯ

כֿ ṇ ḭ צּ 160km / h ךּ ḭ

נּ ךּ ḭ אל Ḯֿכ ḭ טּ כֿ צּ ︡

טּ LS Dyna לּךּ ṇ צּ ךּ Ḯֿכ ḭ

ḭ ṇ ךּ ךּ︡ ḭ ṇ

ṕCAEṖ ךּ︡ ︡ Ḯ 

כֿ פּ ḭ שּ 2 ︡ קּ Ḯ ḭArup

טּ ḭ

ṇ ḭArupצּ ṇ ︡ Ḯ

ḭArupוֹ ︡ ṇ

︡ Ḯ ḭ וֹףּ Arup שּ ךּ︡ טּ ḭḮ 

1980 ḭ ḭ ךּ︡ ︡ פּ ︡ Ḯ

טּ ḭ וֹ פּ ḭ צּ בֿ

ךּ Ḯ צּ ︡ḭ ṇ ṇ ךּ︡ צּ Arup Automotive 

Design Group ︣ כֿ Ḯּ︡︡פḭ1990 ḭ ṇ צּ

וֹ ḭ ḭ ḭ ︣ ḭ

ṇ צּ אל ךּ Ḯ

CAE קּ נּ לּ ︡ ḭצּ ︣

פּ Ḯ1996 ḭ ṇ ḱ ṇḱ ṇ ḱ ṕFirst Technology 

Safety Systems Ṗ ︡ ṕFEAṖ ṇ ḱ טּ FT-Arup FE -

ḱ ṇ צּ אל Ḯֿכ ḭ ṇ ︣

ṇ ︡ Ḯֿכ ḭ ṇ ḱ ṇ ḭ שּ ךּ︡

︡ ḭ ︡ ︣ כֿ צּ קּ Ḯ 
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Arup ṇ ṕArup's Automotive Design Group Ṗ ḭ ︡

צּ ḭ ︡ ︡ ḮArup Automotive

ḭBhavik Shah לּ ךּ Ḯֿכ ṇ ḭ

ḭ ︡ כֿ︣ צּ ḭקּ ︡ ḭ ︡

ךּ ︣ כֿ צּ קּ Ḯṕ ḭ ṇ

25Ṿ ךּ Ṗ 

1999 ḭ ︣ ︣ ḭArup

Design Research Associates ︡ Ḯ טּ Neil Ridley

ḭ ︣ ḭ טּ Ḯ 

כֿ ḭ ︡ ︣ ḭּט לּ כֿ︣ צּ

קּ כֿ ︣ Ḯ ṇ ךּ ḭ

Ḯלּ Ḯךּ טּצּ פּ לּ

פּ ḭ ךּ Ḯ 

Ridley ḭֿכ ḭ צּ 6 אל ︡ ךּ

Ḯ︡ שּךḭּ︡פּ פּ רּ︣ ḭ אל ṇ ṇ

קּ Ḯךּ ḭ ḭ קּ ︣ לּ ︣ ḭ

ךּ Ḯ לּ ︡ שּ טḭּפּ ךּ

ṇ ︡ שּ ḭ 50 ︡ וֹ

Ḯךּ נּ טּצּ ḭֿכ ṇ ︣ טּ Ḯ

Ridley ḭ ṇ ṇּצ קּ ︣ כֿ טּ Ḯֿכ

ḭ אל 6 ︡ ḭ28 Ṍ30 קּ ךּ Ḯ 

ḭ פּ וֹ ḭ ḭ

צּ ︣ פּ טḭּפּלּ ךּ פּ ︡ וֹ פּךּ פּלּ שּ

︣ כֿ צּ קּ Ḯ 

כֿ ḭ ︡ וֹ ךּ אל ḭךּ ṇ

︡ ḭ וֹ ︡ ךּ ṇ ṇ ḭ טּ

ṕ 6 ṖḮ 

Arup Automotive Design Group ḭWest Midlands ṕ ṖḭDetroit ṕ Ṗḭּף 3

טּ קּ 140 ︡ ךּ Ḯֿכ פּ ︢

ḭ ḭ ḭ ︡ ḭ

ךּפּ ṇḭ ךּ︣ ףּ ḭ

לּ ḭ ךּ︡ ףּ ףּ ḭ שּ ḭ ךּ︡ פּ

אל ḮArup IvT ︡ ḭֿכ ךּ ṇ
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︣ ḮShah Ḳ 

ךּ︡ ︣ כֿ ḭ שּ לּ טּ Ḯ

שּ ṇ קּ לּךּ ḭ 4

3 קּ כֿ ︡ ךּ Ḯ 

 

︣ 

 

2001 9 11 ṇ ṇ ךּ︡ ḭ ṇ ṇ

פּ שּ ︣ טּצּ Ḯ ṇ ṇ ḭ 1,360

צּ אל ︡ Ḯ אל ḭ צּ ︡ ךּ

︡ḭ ךּ בֿ צּ שּ אל Ḯ ṇ ḭ ךּ

︣ צּ אל Ḯ ṡAṢ שּ אל ḭ18 צּ ךּ Ḯאל 600

צּ ṇ ︡ Ḯ 

פּ ךּ טּ ḭ ṇ ṕ1,360אל ṇ Ṗ ḭ ṇ

ṇ ︣ ︡ Ḯ ḭ ḭ

ṇ צּ ךּ Ḯ ḭ Ṅּצ ︣ ︣ שּ

קּ לּ Ḯ 3 Ṅ ṇ ︡ Ḯ

ṇ ṇ צּ ךּ Ḯ כֿ ḭ Ṅ קּ ṇ

שּ נּ Ḯ 

ḭ צּ ︣ טּצּ נּ ךּ Ḯ︡ ḭ︡פּ כֿ טּ

ṇ 707 ︡ḭ לּ צּ קּ נּ Ḯ ṇ

︡ ḭ אלḭשּקּ ךּ ṇ 737 טּ Ḯ ḭ אל

ḭ ︣ ךּ ḭ ︡ ךּ פּ Ḯ 

ṇ ︡ Ṅ נּ ḭ ṇ צּ שּ קּ

︡כֿ נּ ךּ Ḯ Ṅ פּ ︣ כֿ צּ קּ פּ ḭ ︡

Ḯ אל ḭ בֿ לּ ︡ ךּ Ṅ ḭ וֹ

פּ ḭ צּ ︣ כֿ צּ קּ פּ כֿ קּ אלכֿ

Ḯ 

לּ נּ לּ ︣ ḭIvT

ḭ Arup לּ אל ךּ Ḯ ṇ ḭאל ︠

ḭ וֹףּ ︣ כֿ צּ קּ Ḯ

ḭ ︡ ︣ כֿ צּ קּ Ḯ

כֿלּ שּ טּ ︣ ḭ ṇ

צּ קּ פּ ︡ ḭArup לּ קּ כֿ צּ אלשּ טּ Ḯ 
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Arup Fire  

 

Arup Fire ḭ5 פּ 11 פּ 200 ṇ טּ Ḯ ḭ

ḭ ḭ ḭ ḭ

ṇ ︡ ךּ Ḯ 

Arup Fire 1998 4 ︡ אל Ḯ ḭArup

טּצּ ḭצּ ךּ︡ ḭ ︡

︣ כֿ ḮArup Fire ḭ ṇ ︡ ḭ

Peter Bressington ךּ ḮArup Fire תּ︣ ︡ Ḯ2000 ḭ 20

צּ ḭקּ ṇḭ ṇ ṇ ḭ ḭ ṇ צּ ṇ

︡ Ḯ 

Arup Fire Arup ︡ ףּ ḭ צּ אל 60Ṿ

ךּ ḮArup Fire צּ ︣ ḭ ךּ פּ

אל ךּ ḮBlessington ḭ ḭ ︣ כֿ

ḭ ṇ כֿ צּ קּ נּ ךּ Ḯֿכ ḭArup

ḭ ṇ וֹ כֿ צּ ḭ לּךּ Arup Fire

קּ כֿ︣ צּ קּ פּ טּ Ḯ 

Arup ḭ ︣ ︡ ךּ Ḯ 

1990 ḭ פּ טּצּ Ḯ ךּ ḭ

צּ ︡ ︣ ךּ Ḯ

טּ ḭ ︣ נּ אל ךּ Ḯ︡ ḭ︡פּ

ḭךּ שּ ︣ כֿ צּ ḭ ḭ ḭּף

צּ קּ צּ ︡ Ḯ ךּ ḭ צּ ךּ

︡ ךּ צּ קּ ḭ

אל כֿ ḮBressingto לּ ךּ Ḯ 

︣ כֿ קּ כḭֿךּ ︣ כֿ טּ ḭ

ḭ ︣ כֿ ︣ Ḯ צּ ṇ ṇּפ לּ בֿ כֿ

צּ קּ פּ ḭ ṇ ṇ שּ ︣ כֿ ḭ

︣ קּ נּ Ḯ 

ךּ︡ כֿ ḭ וֹ שּ ṇ

טּ כֿ ףּ אל כֿ טּ Ḯ ḭ

צּ טּ Ḯ 

Arup Fire ḭ ︣ ḭ ṇ ףּ
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ṇ ︡ ךּ ḮBlessington ḭṡ צּ כֿ צּ כֿ פּ ︣

ḭשּ ṇ ︡ ︡ ךּ Ṣ ךּ Ḯ ṇ ṇ

︣ ḭ צּ ḭ ︣ טּ Ḯ 

 

Evac  

 

שּ Arup Fire ḭ ךּ ḭצּ שּ שּ Ṅ

פּ אל כֿ צּ טּ Ḯ ḭ לּ

︣ Ṅ ḭ ךּ לּ ︣ ḭצּ ךּצּ ךּ כֿ טּצּ Ḯ פּ

פּפּצּ ḭ טּ ḭּ︡פ ỆỂ כֿ צּ קּ

ךּ טּצּ Ḯ Ṅ ḭ︡ ︡ לּ טּצּ Ḯ 

Arup Fire ḭ ṇ ṇ ︣ כֿ ḭ

︡ Ḯ ṇ ︣ כֿ ḭ קּ ︡ ṇ ︣

︣ כֿ צּ קּ Ḯ ṇ ḭ Ṅ

ṇ טּ Ḯֿכ 1 Evac טּ Ḯ ḭ ḭ

לּ ︣ פּ ︡ ךּ Ḯ ḭ כֿ Ṅ

צּ פּ פּלּ ︡ ךּ Ḯֿכ ṇ ḭṡ ḭ ṇ ṇ Ṣḭךּ

︡ שּךּ פּ ךּ Ṅ שּ אל ṇ ṇּצ שּ ךּ ךּ

לּ שּ אל ︣ טּ ḭ 

2001 9 11 ḭ שּ ︡ ךּ ḮArup Fire

ḭHSBC Canary Wharf ṇ פּ ḭ ḭ פּ פּלּ ︡

ךּ︡ וֹ קּ ḮArup Fire ḭֿכ שּ ףּ ḭ

ךּ ḭצּ ḭ טּ לּךּ ךּ Ḯ Evack

︡ ḭArup HSBC ṇ ︡ Ḯ אל ︠

ḭנּ ︡ḭ Ṅּצ פּ ךּ שּ לּךּ נּ ḭ

פּ ︣ אל 22 פּפּ ךּ Ḯ ḭ ṇ ṇ ︡ ḭ︣

צּ 12 פּ ︣ כֿ צּ קּ Ḯ ṇ ṇ ḭ צּ פּ

קּ לּ ︡ḭ ףּ צּ ︣שּ כֿ אל

כֿ טּ Ḯ 

וֹףּ ṇ ḭ ךּ︡ ךּ︡ נּ ךּ Ḯ ךּ

ךּ ḭ ṇ ṇ ṇ לּ ךּ ḭ

ḭ ṇ צּ אל וֹ Ḯךּ פּ ḭ

ṇ ︡ וֹ ḮEvacךּ ḭArup Fire ḭ ṇ

ḭ ṇ ḭ ṇ ḭ ṇ צּ ︣ ךּ Ṅ ḭאל
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︠ ṇ ︣ כֿ צּ קּ Ḯֿכ ḭ

ḭ Ṅ ︣ ךּ אל ךּ Ḯ 

פּ ṇ ṇ נּ וֹ Ḯךּ שּ

פּ צּ טּ Ḯ ṇ צּ קּ נּ כֿ Ṅ נּ

טּצּ Ḯ 

 

 

 

￼︡ לּ Ḯךּ טּ ḭ

︡ ךּ Ḯ ḭ שּ צּ ḭצּ ךּ

︣ ḭ︡ ךּפּ טּ אל ךּ פּ Ḯ ḭ

ḭ ︣ ︣ כֿ צּ Ḯֿכ ḭ

פּפּ טּ Ḯ ḭ צּ

פּ ︣ ︡ ךּ Ḯֿכ ḭ אל

︡ לּ ḭשּ טּ ḭ צּ אל שּ

ḭ שּ צּ ךּ פּ ︣ כֿ צּ קּ  Ḯךּ

︡ ḭArup Fire ḭ צּ ךּ לּ

︡ḭ ︣ פּ ︡ ṇ ︡ Ḯֿכ ṇ ḭArup 

Fire 1 ḭ Ph.D צּ ︡ Ḯ צּ

ḭ צּ אל ḮArup Fire ḭ ḭ ḭ

︣ ︣ Ḯ 

כֿ 3D ︡ ︣Ḯֿכ ṇ אל ḭשּ

צּ Ṅ ṇ ︣ כֿ קּ Ḯṡ צּ לּ

ḭךּ ךּ פּ ךּ ךּ פּ כֿ צּ קּ ḮṢֿכ ḭ

Arup Fire ḭ ︣ ךּ︡ ךּ נּ כֿ צּ קּ Ḯ 

טּ ḭ נּ ḭArup Fire ṇ ḭ ︣ טּצּ ḭ

￼אל ￼ ︣ כֿ צּ קּ פּ כֿ︣ ḭ ︡

︣ כֿ צּ קּ Ḯ ︣ ︣ כֿ︣שּ ḭ ṇ

250,000 ︡ḭ וֹףּ ︡ Ḯ 

כֿ טּ ḭ ︣ כֿ צּ קּ Ḯ 

ḭ אל טּצּ ḭֿ︡לּכ ṇ ךּ Arup Fire ṇ

︡ אל ︣ לּ ︡ Ḯֿכ ḭ שּ צּ

כֿךּ ︡ Ḯֿכ ḭ אל צּ ︡ ḭ ︣

שּ צּ שּ Ḯ ḭ ︣ כֿ צּ קּ Ḯ 
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כֿ אל ףּ ḭ טּ ḮArup

Advanced Technology Group ︡ ḭArup Fire ṇ אל ︡ ךּ

ḮArup Fire ︣ פּ צּ טּ Ḯ ḭ לּ

ךּ ḮṡFEA ︣ ṇ וֹ ךּ ︡ Ḯלּ לּ ḭ

ṇ וֹ ḮṢIvT ḭ ךּ︡ צּ טּ ḭ

ṇ ḭֿכ ךּ ḭ ︣ Ḯ 

וֹףּ ḭ ḭ ḭ ḭ

ḭ צּ לּ ︡ ךּ פּ ︡ כֿלּ טּ Ḯ ḭ פּ ךּ

צּ︡ טּ Ḯ ḭ טּ

ךּ Ḯ פּ ךּ︡ ḭ ךּ ṇ

ṇ צּ טּ Ḯ 10 ḭArup Fire ṇ ךּ

︡ Ḯ טּ ︡ ḮArup 1

ḭṡ Ph.D. צּ פּ Ṣ Ḯ ḭ

Ḯ 

 

 

STEPS  

 

Arup טּ Nicole Hoffman ḭ ṇ ︡

ךּ Ḯ ḭ ︣ ḭHoffnan 1996

Ḯ ḭ ṇ ︡

ךּ Mott MacDonald ṇ ṇ קּ ḮHoffman ḭ

קּ ṇ ︣ ṕSTEPSṖṬ קּ 3D ḭ וֹףּ

טּ ḮSTEPS Arup Mott MacDonald אל ḭצּ

Arup Fire צּ ︣ ṇ ṇ 1 ךּ Ḯ 

קּ ḭ ṇ טּ︡ Ḯ Ṅּצ שּ

︡ ḭHoffman ḭ Ṅּצ ךּ ︣ ḭ︣￼אל Ṅּצ ︢ ṇ שּ

טּ ךּ Ḯ ḭ צּ כֿ שּ פּ ︣

ḮHoffman כֿ ṇ צּ ḭ ︡ שּ קּ

ךּ Ḯ ḭ ︡ ḭךּ Ṅ

ךּ ḭנּ צּ קּ פּ ︡ Ḯ ḭ ︡ḭ צּ

כֿ ךּ ךּ פּ ḭṡ אל Ṣ כֿשּ ךּ Ḯ 

STEPS ḭ ḭ קּ ︣ Ḯ Ṅ קּ

3D ṇ ︡ḭ קּ ︣ Ḯֿכ ḭ
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ṡ ṇ שּ Ṣ אל ḭאל ︠ וֹ

ḭשּ ḮSTEPS ḭ שּ

︡ אל ḭ אל ףּ ףּ ︣ כֿ צּ

קּ Ḯ ḭ ḭṡ ︣ ḭ פּ

Ṅ ṇ ṇ Ṣ ︣ Ḯ 

Arup Fire ḭ2006 ḱ ṇḱ

STEPS ︡ Ḯ  ֿכ ṇ ḭ ḭ אל ︠ ḭ

Ṅ פּךּצּ אל פּ ךּ נּ טּצּ ḮSTEPS ḭ ︡

︣ ḭצּ ṇ ṇ לּ קּ טּ ḭ שּ

ṇ צּ ︣ ḮArup Fire ḭֿכ ṇ צּקּ נּ

Ḯ ḭ ḭצּ Ṅּצ שּקּ ḭנּ צּ

︢ ︣ טּצּ כֿ ︡ Ḯ  Mott MacDonald ︡ ḭ ṇ קּ

ךּ︡ STEPS כֿ צּ קּ Ḯֿכ ︡ ḭ ḭ

ḭ שּ צּ Ḯ 

ḭAutoCAD אל ︠ ṇ פּ ṇ ṇ

︡ḭ ︣ Ṅ ︣ Ḯֿכ ḭ ḭ ḭ ḭקּ אל

צּוֹ ḭ ḭ ḭ ︡ ḭ

︣ ︣ Ḯֿכ 3D

ṇṕ ḭ ︣ Ṗ ︡ḭ

ףּ כֿ צּ קּ Ḯ 

 

ṇ  

 

ḭ צּ אל ךּ ḭ קּ כֿ︣ צּ

קּ Ḯ STEPS Ḯ ḭצּ Ṅּצ ︣

ḭ ṡ Ṣ טּ ḭHoffman ךּ Ḯּשּך פּ

ךּףּ ḭ ךּ ḭצּ ךּ טּ פּ ḭ

טּ ḮHoffman ḭֿכ טּ Ḯ ṡ

שּ לḭּנּ ︠ ︣ לּ קּ ︡קּ בֿ ṢḮֿכ ṇ

ḭ Ṅ 2D פּ אל ḭ צּ לּ פּשּ אלבֿ ︣ Ḯ 

ṡ ḭ ṇ קּ טּ ṇ כֿ צּ קּ Ḯ ￼

טּ ḮṢֿכ ḭṡ ṇ ṇ ︣ Ṣ לּךּ Ṅ נּ ךּ

ךּ ḮHoffman ḭֿכ ṇ טּ Ḯ 
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Arup ḭIvT צּ ︣ ︡ ךּ Ḯּשּך פּ ḭArup ḭ

ḭ ḭ ḭ ךּ︡ ṇ ṡ

Ṣ ךּ Ḯֿכ ︡ ḭ ︣ וֹ

ḭIvTשּ ︡ ︡ ךּ ḮArup ḭ פּ

ḭOasys ךּ︡ ︡ Ḯֿכ Ḯ ṇ ṇ ḭ

ḭ ףּ ṇ ḭFEA ṇ ḭ אל ︠

ḱ ṇ ︡ ךּ Ḯ ṇ ḭ ṇ

אל ךּ Ḯ 

Arup ךּ קּ כֿכḭֿצּ שּ ךּ Ḯ

כֿ ḭ ḭ ḭ צּ נּ וֹ ךּ צּ שּ כֿ Ḯךּ

Arup Faith Wainwright ṕ2003 Ṗ ḭ ḭ

︣ ︣ אל Ḯֿכ ḭ לּ טּצּ Ḯ 

· ṇּצ Ḯ 

· ṕ ḭ צּ ṖḮ 

· Ḯ 

· ṇ ︣ Ḯ 

צּ · ︡ צּ ṇ ṇ ṇ Ḯ 

· Ḯ 

 

︣ כֿ קּ ךּ ḭ אל ︠ ︣

טּצּ Ḯ ḭ צּ ṡ ︡ Ṅ Ṣ לּךּ ︡ḭ וֹ

שּ נּ ︣ וֹ Ḯ 

ḭ אל ṕ ︣ Ṗקּ

נּ ḮHoffman ︡ צּ ךּ Ḯ ḭ פּ

צּ קּ Ḯֿכ ︣ ḭ קּ שּ ︡ ךּ Ḯ︡ ḭ︡פּ צּ

שּ אל לּ ḭ אל ḭ Ḯ ︡ ︣ כֿ צּ

קּ Ḯ ḭ ךּ ṇ ṇּצ ︡ḭ פּ ︡ ḭצּךּ

שּ טּצּ טּצּ Ḯ צּ ךּ ךּ צּ ︡ ךּ ḭ

ךּ ︡ כֿ נּאל פּ פּךּ ︡ ṕךּ 5 ṇ ṖḮ 

Hoffman ḭCFD ︣ טּ ךּ Ḯṡ אלשּ

כֿ ךּ טּצּ Ḯ אל ḭ ︣
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טּצּ ḮṢ פּ ḭ ︡ ךּ לּ נּ ḭצּ וֹ ךּ

ךּ כֿ נּ כֿ קּ ךּ ךּ ḮHoffrnan נּ ךּ Ḯṡּט

צּ שּ ḭקּ צּ שּ פּ ךּ ךּ ḮṢ  

ḭ ךּ ṇ כֿ צּ קּ Ḯךּ ךּ כֿ קּ  Ḯךּ

Hoffrnan ḭ ךּ Ḯ לּ ךּ Ḯ 

טּ צּ ︣ ḭ ṇ ︣ ︡ טּ Ḯּט

︣ ךּ Ḯּט טּצּ Ḯּט צּ

ḭ︣ צּ כֿשּ Ḯ ṇ ︡ טּ Ḯ

טּ ḭ נּ טּ וֹפּ כֿ צּ קּ Ḯ 

 

3.4  

 

כֿ ḭ2 ḭ︣ ṇ וֹ

ṇ וֹףּ ṇ IvT ךּ קּ Ḯ ṇ ḭIvT

ṇ ︣ ךּ Ḯ 

PẀG ḭIvT ︣ כֿ ḭ ṇ ︡ ךּ Ḯ

IvT ḭ ︡ ḭאל ︠ ︣

ךּ Ḯ ḭ ṇ ḭ ךּ︡ פּ פּ

︡ Ḯ 

Arup ḭIvT ḭ ṇ צּ ךּ︡ בֿ

︡ Ḯ ḭ פּ שּ︣ ︣ ︡ ḭ וֹ וֹףּ ḭ Ṅ

︣ ךּ Ḯ ḭIvT ︡ḭ ṇ

ṇ אל Ḯ 

כֿ ḭ ךּףּ ṇ

ךּ ︡ ḭצּ וֹ ךּ ḮPẀG Technology 

Entrepreneurs ḭArup RẀD ṇ ṇ ḭ

טּ פּ ︣ ︡ ךּ Ḯ אל כֿ אל

ḭṡ ︡ḭ ︣ ṢḭHoffrnan ṇ ṇ ṇ

אל ךּ Ḯḭ 

ṇ ḭ ṇ וֹףּ ףּ ︣ כֿ

︡ ךּ Ḯ ṇ צּ ︡ ךּ Ḯ טּ Ḯ 
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4 ṡ נּ ṕThink ṖṢ 

 

4.1 ︢  

 

Galileo צּ וֹ ḭ פּ Ḯ

כֿ ḭ צּ ḭ ךּ︡

︡ IvT ︣ ḮIvT ḭ ךּ ṇ ︣

ךּ︡ ḭ ︡ḭ ḭךּ נּ כֿ צּ קּ ḭ

ḭ ︣ ḮIvT ḭ צּ קּ Ḯ

︡ḭ ︣ ḭIvT ṇ ṇ

וֹ Ḯ 

כֿ ḭ אל ךּ ךּ ︣ Ḯ אל ḭ

ṇ ḭצּ ṇ ךּ נּ ︡ ךּ Ḯֿכ ḭ

ḭ ṇ ḭ ṇ ṇ ḭ ṇ ḭ ḭ

IvT ṇ פּ ︢ ︣ Ḯ ֿכֿכ IvT צּ ךּףּ ︡

ךּ ךּ אל כֿ צּ קּ ︢ ךּ Ḯ ֿכ ḭ ףּ נּ

︡ḭ ṇ אל ︣ḭ

ṇ כֿ צּ ︣ ךּ Ḯ ḭ ḭ ḭ

ṇ ḭIvT ṇ ︣ ︣ אל ךּ Ḯ ḭ

ṇ ︡ḭ ︣ כֿ ḭ אל ךּ︡ צּ אל Ḯ

כֿ ṇ וֹ ḭצּ ḭ ḭ ︡

ךּ אל ︡ ךּ Ḯ 

כֿ ḭ כֿ ︣ Ḯ︡ ḭ︡פּ ṇ

︡ כֿ Ḯ ṕthinking Ṗḭ ︣ṕplaying Ṗḭ ︡ ṕdoing Ṗ

︡ ךּ ḭצּךּ כֿ כֿ טּ ︡פḭḮּ︡צּ ךּ 1

צּ︡ טּ Ḯ 

  

 

4.2   

 

ךּ︡ ︡ḭאל ︡ ךּ Ḯ ṇ

טּ ︡ Babbage טּ Ḯ צּ 1832 לּ ךּ ךּ

Ḯ 
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ḭ אל כֿ צּ קּ ...... צּ תּ︣ ḭ

￼ כֿשּ ḮṕBabbage 1989 Ṗ 

טּ Crumpṕ2001 Ṗ ḭ ￼נּ

בֿ קּ ḭ ṇ טּ Ḯ ḭ16 17 ṡ ךּ︡ Ṣ ḭ ︡

קּ ḭ ︡ ךּ Ḯ

ḭ ḭ ḭ X ḭ ḭ ḭ

︡ ךּ ︡ ךּ Ḯ ṡצּ Ṣṕ︣ Ṗ

ךּ ḭֿכ ṡ Ṣ ︡ ךּ ךּ Ḯ 

ḭ צּ ︣ ךּ ךּ ... ︣ ...

אל ḭ אל ṕCrump 2001 ḲxviiṖḮ 

כֿ ṇ צּ ḭ ︡ ḭ

1 ︡ ךּ Ḯ ḭ ṇ ḭ ṇ ḭ ṇ ṇ ︣

צּ נּ וֹ אל Ḯ פּ ḭ 1

ḭ ךּ︡ כֿ︣ טּ ṕSalter and Martin 2001 ṖḮ 

ḭ ףּ קּ נּ ḭ

ךּ︡ שּ צּ ︣ ḮEinstein ḭ ︡ ḭ

קּ ḭ שּ

ךּ ḮGalison צּ ךּ לּ ḭ ךּףּ ḭ

︡ ךּ Ḯ 

ךּ︡ אל ︠ פּ נּ ḭ ךּ︡ ︣Ḯ נּ ḭ

ṇ ṡ Ṣֿכ צּ קּ (Jones 2004) ḮKing's College London Rosalind Franklin

Maurice Wilkins X ḭCrick Watson DNA

קּ ︡ Ḯ1953 1 ḭWilkins King's College ךּ ḭWatson ךּ

שּ קּ ︡ ḭFranklin Photograph 51 שּ שּ

︡ Ḯ1953 2 ḭMax Perutz Cavendish ḭWatson Crick ỲḭFrankli n

טּ לּ ḭ︣ Medical Research Council ṕ

Ṗ ṇ שּ ḮCrick Watson צּ DNA ךּ

כֿ צּ קּ ḭֿכ ךּ︡ טּ ṕWatson 

1968,2004; Maddox 2002 ṖḮ 

כֿ וֹףּ ṇ ︡ Robert Townes ḭ ṇ ṇ ךּףּ ḭ

ṇ ṇ צּ לּ ︡ ︡ פּ ךּ Ḯ Bell לּ

ḭ ṇ ṇ ḭ צּ

לּ ︡ ךּ פּ ךּ ︡ ךּ ḮTownes ḭ ṇ ṇ פּ שּךּ פּ
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ṕ Ṗ ︡ḭ פּךּ ︡ פּ ךּ ךּ Ḯ

︣ ḭ ︡ טּ Ḯ ḭ

ṇ ṇ אל ךּ ḱ ḭ

ḭ ︣ פּ נּ שּ ḮṕTownes 1999 Ḳ

48Ṗ 

כֿ ךּ ḭ ︡ טּ Ḯṡ שּ ḭ

︣ פּפּצּ ṢṕTownes ḭ1999Ḳ48ṖḮ  ֿכ ḭIvT צּ ḭ ḭ

ṇ ︣ ךּ שּ ︡ ךּ Ḯ  Crump ḭ ḭ

אל פּ אל︡ ךּ ךּ︡ ḭצּ צּ

︡ ךּ פּ טּ Ḯ ︡ ḭ אל ṡ ṕcodeṖṢ ḭ

ṕcraft Ṗ ḭ ךּ ךּ אל טּ ḭ

שּ טּ Ḯֿכ ḭ ︡ḭ ︡ḭ נּ כֿ צּ

קּ אל טּצּ Ḯ 

IvT צּ ︣ ḭ וֹףּ ḱ ︣

אל ךּ Ḯ 

 

Box 4.1 Ḳ  

2 ḭColorado School of Mines Annette Bunge ḭ ︡ Leeds University School 

of Computing Martin Berzins ḭ ︡ ךּ ḮBunge

ḭ ṇ טּ ḮBerzin ḭ פּ

ḭאל ︠ ṇ ︣ כֿ

טּ Ḯ ḭ ḭ צּ לּ ︡ ךּ פּ

︡ḭ ︡ ︡ וֹ ךּ ︡ ︣ כֿ צּ קּ

כֿ ךּ Ḯ 

כֿ ḭ לּ ḭ

ḭּף ךּ צּ טּצּ Ḯ 

כֿ ṇ ḭ אל ךּ IvT ṇ ףּ

ḭ אל ḭ אל ḭ ︣ כֿ צּ קּ Ḯ שּ

ṇ ḭ ṇ פּ ḭ ṕֿכ

נּ Ṗ ︣ ḭ ṇ ︣

אל Ḯ ḭצּ אל Ḯ 

 

 

ḭlvT צּ צּ לּ פּ︣ ︡ ךּ Ḯ
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1 לּ ḭIvT ḭ ךּ︡ ḭ ḭ ḭּך ךּ ṇ

︣ כֿ צּ קּ Ḯֿכ ḭ לּ צּ ךּ

Ḯ 

 

כֿ · ṇ ︣ ṇ ṇ ︡ ḭ

ṇ Ḯ 

· ︣ אל ṇ Ḯ 

· ṇ צּ קּ שּ אל ḭ טּ ḭ

ṇ בֿ Ḯ 

· ︣ שּ ︡ ḭשּ︣ קּ לּ ︡ḭ ךּ

︣ Ḯ ḭṕ נּ ḭ ṇ Ṗ ףּ ︣

ṇ ḭ Ṅ ︣ לּ אל ︣ Ḯ 

· ICT ︢ ︣ ḭ ṇ ṇ Linux

ṇ ṇ ︣ Ḯ 

 

ṇ ṇ IvT ḭ צּ

︣ ḭוֹ ךּ︡ ṇ ︡ ךּ Ḯ 

 

4.3   

 

ḭ ḭ פּ

ךּ ︡ Ḯ ḭ צּ ḭשּ ḭ ḭ

צּ ךּ Ḯ ךּ︡ ḭ טּ ḭ ︣ ︣ טּ ḭ

ḭּף צּ כḮֿךּ︡ ḭ אלקּ

שּ ḭנּ ḭ ṇ בֿ

 Ḯשּךּ

 

 

 

1970 פּ ḭ כֿ ךּ טּ

Ḯ ḭ1970ךּ פּ 10 פֿ צּ

︡ ךּ Ḯ טּ ḭ פּ טּ Ḯ1975 ḭ39,800

צּ ︡ Ḯ1998 ḭֿכ 60,900 ︡ Ḯ ḭ ḭ
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ḭ ḭ ḭ טּ Ḯ1975 ḭ 92,780

צּ Ḯ1998 ḭֿכ 372,900 ︡ Ḯֿכ

ṇ ḭ ︡ ךּ ṕNSB 2002 ṖḮ 

ḭ צּ Ḯ ḭ ḭ ḭ בֿ

ḭ1975 27,400 פּ 1998 54,900 ︡ ṕNSB 2002 ṖḮ 

לּ ḭ אל טּ Ḯ1982 ḭ 13 פּ︡ צּ

אל פּ Ḯ1999 10,200 צּ אל Ḯ צּ 1975 557 פּ

1998 5,600 ︡ Ḯ צּ 1975 4,800 פּ 1998 14,000

︡ Ḯ 

ḭ לּךּ ︣ ︣ אל קּ ךּ Ḯ1999/2000

︡ 514,700 לḭּנּ 54,466 צּ פּ Ḯ ︢

225,400 טּ Ḯ ḭ ḭ ṇ ḭ שּ

וֹ ךּ Ḯֿכ שּ ḭ וֹ

︣ כֿ ︡ ךּ Ḯ שּ ḭ ︡ ךּ צּ אל

ךּ Ḯ נּ ךּ Ḯ ︡ ךּ 70Ṿ

ḭצּשּ נּ כֿ טּ ḮNSB 2002 ṖḮ ḭ נּ

︣ ḭלּ לּ ךּ Ḯ ṇ ḭ פּ

ḭ וֹ פּ 5 ︣ לּ ךּ Ḯֿכ שּ ḭ

וֹ ṕ ︡ ךּ ךּ פּ ︡ Ṗךּ Ṅּפ ︡ קּ ḭ ︣ כֿ

ךּ Ḯ 

 

 

 

וֹףּ ḭ ךּ Ḯ1999 ḭ

ךּ ךּ 210 ḭ 140 טּ Ḯ אל 1300

︡ ףּצּ ḭ לּ 48 צּ ךּ ṕNSB 2002 ṖḮ1980

1990 ḭOECD ḭ ךּ︡ ḭ ḭ ḭ ḭ

︣ ︡ Ḯ1981 ḭ 1.7Ṿּצ טּ Ḯ

1997 ḭ 3.1Ṿ ︡ ṕSalter 2000 ṖḮ 

 

RẀD  

 

ṡ Ṣ ḭ ךּ ḮOECD ḭ1993

400 פּ 2001 ṕ ḭPPPṖ 6,000 שּ
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︡ ṕOECD 2004 ṖḮOECD ḭ ṕGDPṖ 2.2Ṿ Ḯ1960

ḭ ︡ ךּ ḭ1995צּ פּ 2001 וֹפּ ḭOECD 4.5Ṿ

︡ḭ וֹףּ ṡ Ṣ צּ ︡ ךּ ṕOECD 2004ṖḮ 

כֿ לּ ḭ1990 9600 פּ 2000 2,660 ṕ1996

Ṗ בֿ ḭ וֹ ︡ ךּ ṕNSB2002 ṖḮ︡ פּ

︡ḭ ḭ ḭ ṇ ︢ ︣ שּךּ פּ ṇ ḭ

צּ שּקּ ךּ Ḯ ḭ ḭ ḭ ṇ ḭ

︡ ṕOECD 2004 ṖḮּ︡︡פḭֿכ ḭ ḭ ḭ

וֹףּ צּ פּ Ḯ 

ḭ צּ ךּ Ḯ1990 ḭ

5.6Ṿ צּ אל ḭ2000 9.1Ṿ ︡ Ḯ

ḭ1990 8 1,500 פּ 2000 13 ︡

ṕNSB 2002 ṖḮֿכ לּ ḭ לּ Ḯֿכ ףּ

וֹ ︡ ךּ ṕOECD 2004 ṖḮֿכ ṇ ḭ

ṇ טּ ḭ ṇ צּ ︡

ךּ כֿ ︡ ךּ ṕMansfield 1998 ṖḮ 

 

 

 

Gibbons ṕ1994 Ṗ ḭ ḭצּ קּ ṇ ḭṡ ṇ

Ṣ אל ךּ ḭלּ ךּ︡ ︡ ךּ ךּ Ḯ ḭֿכ ךּ︡

ḭ ךּ ḭ וֹףּ צּ ךּ ךּ

Ḯ ךּ ḭ פּ ךּ

ךּ ḮPavitt ṕ1998 Ṗ ḭPriceṕ1986 Ṗ ︡ ḭṡ ךּ

ףּ ḭ ךּ ךּ Ṣ Ḯ2 ךּ ḭ ︡ ךּ

Ḯ ḭ ︡ ︣ אל ︣

לּ אל ךּ ḭצּ פּ ךּ ךּ

ṕPavitt 1998 Ḳ795ṖḮ ּ︡︡פḭ שּ ḭֿכ ḭ ︡ ḭ

︡ ṇ וֹףּ ḭ ḭ ︡ ︣ לּךּ ḭּט

רּ︣ Ḯאל ḭ ︡ ḭ לּ צּ ︡ ךּ כֿ

︡ ךּ  Ḯךּ

ḭ ︣ ︣ ךּ Ḯ ḭ נּ

ḭ ︣ ḭ אל ךּ ḭ

ךּ Ḯ ḭ ḭ שּ ḭ
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︡ ḭ צּ ︣ פּ טּצּ Ḯֿכ ḭ

PARC ṇṕBrown Duguid 2000; Florida 2004 Ṗ CelltechṕDodgson 1991 Ṗ

ṇ טּצּ Ḯ ṇ ṇּצ ︡

לּ ḭ כֿ ךּ Ḯ ︣ ︣ḭ ḭ וֹ ḭשּ

︢ ḭ וֹ כֿ טּצּ ṕHenderson 1998; Lambert 

2003 ṖḮֿכ לּ ￼︡ אל כḭֿשּ פּ

אל︢ ṕBok 2003 ṖḮ 

Priceṕ1963 Ṗ ḭ צּ אל ḭ15Ṍ25 פֿ צּ 2

טּצּ כֿ ︡ ךּ Ḯ 1950 טּ

Ḯ1900 ḭ700 טּצּ Ḯ1950 3000 ḭ1970 7000

︡ Ḯ ṕ2000 Ṗ ḭ אל צּ 17,000 טּ Ḯ ḭ

︡ ךּ Ḯ1900 ḭ 1 טּטּצּ Ḯ1950 1970 ḭ

40,000 85,000 ︡ Ḯ2000 ḭ165,000 טּצּ ṕMabe Amin 2001 ṖḮ

ḭPC ṇ ￼ פּ ḭ שּ ICT

Ḯךּ ḭ ךּ ︡ ךּ ṕMabe Amin 

2001 ṖḮ ṇ ḭ ṇ ṇ ︣ ṇ

צּ ︡ ךּ כֿ ︡ ךּ Ḯ 

ḭ ︡לּ 1 ḭ פּ

כֿ צּ קּ ḮMay ṕ1997 Ṗ ḭ1981 פּ 1994 ḭ

צּ 3.7Ṿ ︡ḭ19 פֿ צּ ︡ כֿ ︡ Ḯ1981 פּ

1985 וֹפּ ḭ ṇ ︣ 216 נּ ︡ Ḯּ︡︡פḭ1994 פּ

1998 וֹפּ ḭ 342 ︡ḭ ︡ ךּ Ḯֿ︡לּכ

צּ ךּ כֿךּ נּ ḭ ḭ אל

טּצּ Ḯ ּךḭ צּ ︡ ךּ Ḯ 198 1 פּ 1985

ḭ צּ 740 טּ Ḯ1994 פּ 1998 וֹפּ

ḭֿכ 1570 ︡ ṕSalter 2001 ṖḮֿכ ḭ צּ ךּ

אל טּ ḭ צּ לּ ︣ פּ ︡ ךּ Ḯ 

Ṅ פּ ṇ ḭ ḭ צּ ︣ ︣ ︡

︡ ךּ Ḯ ḭ1980 פּ ︡ ךּ Ḯ1981 פּ 1985

ḭ ṇ ︣ 42.3 Ṿּצ טּ ḭ1991צּ -95

58.1 Ṿ טּ ṕSalter 2001 ṖḮSmith Katzṕ2000 Ṗ ḭ1981

פּ 1994 ḭ צּ צּ 33Ṿּפ 50Ṿ ︡ כֿ

︡ḭ1994 88Ṿ ḭ ḭ55Ṿ צּ
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ךּ Ḯ ︡ ףּ ḭ︣ ︡ ךּ לּ Ḯֿכ

ḭ ︣ ︣ כֿ אל Ḯ 

︣ ︣ אל טּ Ḯ1981 פּ 1985 וֹפּ ḭ

20.3 Ṿּצ טּ Ḯּ︡︡פḭ1991 Ṍ95 ḭ

31Ṿ ︡ ṕSalter 2001 ṖḮ ḭ1998 ḭ צּ 30Ṍ

40Ṿ ךּ Ḯ ḭ 1980 6Ṿּפ 9Ṿ ︡ḭ1990

13Ṿּפ 16Ṿ ︡ ṕNSB 1998 ṖḮ 

ḭ ḭ ︡ ךּ ṕHicks 1995 ṖḮ1990

ḭ ḭ ︡ ךּ Ḯ צּ ︡

ḭ ︡ Ḯ Calvert Patel ḭ

צּ 1981 499 פּ 2000 1885 ︡ כֿ ︡ Ḯ ḭ

︣ ︢ ṕCalvert Patel 2002 ṖḮ ḭ ḭ

︣ ︣ צּ ךּ כֿ ︡ ךּ Ḯ 

כֿ ḭ ךּףּ Ḯ1987 -94 אל 40

ṇ כֿ ḭNarin ṕ1997 Ṗ ḭScience Citation Index ṕ ḱ ṇ

ḱ ḭ ḲSCIṖּצ ︣ 4,000 ṇ אל ךּ

430,000 צּ אל ךּ כֿ צּ פּ Ḯ שּ 1 צּ

ךּ 42,000 ḭ ףּ פּ צּ אל ךּ כֿ צּ Ḯ

ḭ אל ךּ צּ נּ ךּ כֿ ︡ ךּ Ḯ ︢ 6 ḭ

3 Ḯֿ︡לּכ ḭ פּ

︣ לּ ḭ ḭ ṇ צּ ︣ ︣ ︡ ךּ

כֿ ︡ ךּ ṕMansfield 1998 ṖḮ ḭֿכ אל

︡ בֿ ךּ Ḯ Narin ṕ1997 Ṗ ḭֿכ צּ צּ שּ ︡

ךּ כֿ ︡ ךּ Ḯֿכ שּךּ פּ ךּ ḮHicks ṕ2001 Ṗ ḭ

ṇ ḭ ︡ ךּ

כֿ ︡ Ḯ 

IvT ḭ ṇ ךּףּ ︡ ךּ Ḯ ḭ ṇ

ṇ נּ ךּ︡ ḭ וֹ כֿ צּ

קּ ṕForeman 2004 ṖḮ אל ךּ לּ ḭ ṇ צּ שּקּ

ḭ ︣ פּ אל ḭ ︣

קּ ︣ Ḯ צּ ︣ ḭ ︡ḭ ṇ

︣ ḭ ṇ ḱ ḭ ṇ צּ ḮIvT ︣ ḭ

ךּ ḭ ︡ḭ נּ לּ ︣ כֿ צּ קּ Ḯ 
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שּ IvT צּ לּ ḭ פּ וֹ כֿ ︣ Ḯּ︡︡פḭ ￼ḭֿכ

ךּ︡ טּ ḭ︣ אל e

כֿלּ ︣ Ḯ 

 

Ệ.4 ךּ︡  Ḳ Grid ṕ Ṗ 

 

World Wide Web ḭ ṇ CERNṕHafiler and Lyon 1996; Gillies and Cailliau 2000 Ṗ

ṇ ṇ ︣ פּ Ḯּ︡︡פḭ

ṇ ṇ ︣ ṇ ḭ ךּ︡

︡ וֹ ךּ Ḯ 2 לּ ḭ Gridṕ Ṗ ḭe ︣

ṇ טּ ḮGridṕ Ṗ ḭ ṇ ṇ ṇ

פּ ḭ ṇ ṇ ṕSETI @ home Extra Terrestrial 

Intelligence Ṗ Ḯךּ ḭֿכ ṇ

ḭ ṇ ṕNentwich 2003 Ṗ ︡ ךּ Ḯ צּ

︣ ḭ e-Science Core program ṕ e ḱ ḱ Ṗ

ṇ ḭ ︣ ṡ Ṣ

ṇ ︡ אל ךּ ṕHey Trefethen 2003b ṖḮֿכ ḭ ṇ ḭ

ṇ ḭ ḭ ṇ צּ ךּ Ḯ

︣ כֿ ḭ ṡ Ṣ ṇ נּ ḭ

צּ ףּ אל ךּ Ḯֿכ לּ ṇ ḭאל

︠ ḭ ךּ ṇ ︡ ḭ שּ︡ ḭ

כֿ טּ ṕHey Trefethen 2003b ṖḮ ḭצּ

ṡ Ṣ 2000 ︡ḭ2003 ףּ 50

ḭ3000צּ ︡ כֿ ︣ Ḯ 

ṇ קּ 1 ḭ צּ ︣ ṇ ︣

טּ Ḯ ṇ צּ ︡ ךּ ḮHey Trefethen ṕ2003b Ḳ1811 Ṗּצ

ךּ לּ ḭṡ ḭ ṇ ṇ ḭ ṇ ḭ ḭ

ךּ︡ פּ אל e-science ṇ ḭ אל ︣

ṇ פּ שּאל ￼ טּ ḮṢ ḭ15 x 10 9 ṇ ḭ 10 פֿ

ךּ︡ 14 x 10 6 טּצּ ḭ

ṕEuropean Bioinformatics Institute Ṗ ︡ ךּ Ḯ ṇ ṇ 1 ￼ 3

Ḯֿכ ṇ ︣ אלקּ ḭ ṇ ṇṕSanger Center Ṗ

אל ףּ ḭֿכֿכ 2003 20 ṇ צּ אל ךּ Ḯ ṇ
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4 ︡ ךּ ḭצּ ṇ ︣ ṇ ḭ ︡ ךּ

וֹ טּ Ḯ ḭ ḭ ḭ ḭ IvT ︡ ךּ ḭֿכ

ṇ שּ כֿךּ Ḯ 

ṇ ︣ ḭ ḭ ḭּף וֹףּ

ṇ ḭצּ Rolls Royce ṇ Ḯ

ḭ ḭשּ ṇ ︡ ךּ Ḯ ︡

ḭ ṇ אל Ḯ צּ ︣ ḭ

נּ כֿ שּ קּ Ḯ ḭ ךּ צּ ḭ

צּ אל Ḯ ḭ ṕDAMEṖ ḭ4 2

e ךּ Ḯ Web ṇ צּ לּ

︣ כֿ צּ קּ פּ כֿ︣ ︡ ךּ Ḯ

אל ךּ Rolls Royce פּ ṕể טּ 1 אל

Ṗ ︡ḭ ṇ ︣ Ḯ 

ṇ ḭ ṇ ṇ טּ Boeing ףּ Airbus ḭRolls Royce

שּ נּ טּצּ Ḯ ṇ ṇ ḱ

טּ Peter Cowley ḭֿכ ṇ ṇ ḭ5 לּ 4 צּ

ḭ︡ ︡ טּ ḭ ︣ ךּ

ךּ  Ḯ לּ ךּ Ḯṡ ṇ ṇ ︢ אל

︡ḭ ךּ︡ פֿ ḭ ḭקּ ︡ ךּ נּ ףּ ḭּף שּ

grids צּ ︡לּ כֿ לּ וֹ כֿ צּ קּ ￼ טּ ḮṢ רּ ḭ

1 IvT ︣ Ḯ 

 

4.5 ḲGlaxoSmithKline  

 

GSK 2000 12 27 ḭGlaxo Wellcome SmithKline Beecham אל Ḯ

ḭ 7Ṿ אל ḭ ṇ Ḯ 

GSK ḭ ḭ ḭ ḭּף / ︡ ךּ Ḯ 

טּ ḭ ṇ צּ ︡ ךּ ḮGSK ḭPanadolḭZovirax ḭ

GavisconḭRibenaḭּף Lucozade ṕOTCṖ ṇ טּ

Ḯ 

2003 GSK 214 ṇ ṕ352 Ṗḭ קּ 67 ṇ ṕ110 Ṗ

ḭ טּ Ḯ 
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ḭGSK לּ ︡ ךּ Ḯ

ףּ טּ Ḯ 

 

· Ḳ ḭ2003 1987 2 אל ךּ Ḯ

 ṇ ḱ ḱ ︣ פּ ︢ ḭ

ḭGSK צּ ︡ ךּ Ḯ 

ךּ · ṇ Ḳ ṕFDAḲFood and Drug Administration Ṗ

פּ ḭ 12Ṍ15 פּפּ Ḯ 

ףּ · ṇ Ḳ טּצּ Ḯ 

 

GSK ḭ ṇ 40Ṿ לּ ḭ 10 ︡

ךּ Ḯ 

Glaxo Wellcome SmithKline Beecham ḭ 18 צּ

ךּ Ḯ︡ ḭ︡פּ ḭ ︡ ḮGSK

ṕ צּ 10 נּ ḭ נּ Augmentin Ṗ ︣

ḭ ḭ GSKּצ ︢

︡ḭ אל כֿ ︣ ︣ אל ךּ Ḯ 

2001 ḭGSK 6 ṇ ︡ Ḯ ṇ

ḭּצ AIDS ḭ ךּ Ḯ ḭ

צּ ︣ ḭ כֿ︣ טּ Ḯ ḭNobex Exelixis

ṇ שּ ךּ Ḯ 

 

IvT  

 

IvT ḭ וֹףּ טּ Ḯ ףּ

ḭ שּ טּ ︡ Ḯ ṇ ףּ

ṇ ḭֿכ ךּ︡ ︣

︡ ךּ ṕWatson 2004 ṖḮ 

GSK טּ Tachi Yamada ḭGSK ṡ ךּ

כֿ טּ Ṣ ḮGSK צּ ︣ 1 ḭ ṇ

טּ Ḯ 

IvT ḭGSK שּ אל ךּ לּ ḮGSK Tachi Yamada
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לּ ךּ Ḯṡ ṇ ḱ ṇ ḭ אל ḭ

2 ︡ ךּ ḮṢ 

 

 

Box  4.2  ṇ Ḳ  

ḭ ︡ ךּ Ḯךּ אל ḭ ךּ

אל ḭ ︡ ṕ Ṗאל Ḯֿכ

צּ אל ḭ ︡ צּ אל Ḯ︡ ︡פּ צּ ḭ ḭ

ךּ︡ ḭ ṕ ṇ Ṗּף ṕ ṇ ṇ Ṗ

︡ ךּ Ḯ10 ḭ 50 ךּ︡ ︡ Ḯ ︢

ḭּך קּ לּ Ḯֿכ ךּ︡ lvT ḭ

︡ ḭ קּ לּ ḭשּ כֿ︣ צּ קּ Ḯ 

ḭ ḭ ḭ ḭ ףּ טּ Ḯאל ḭ

ḭ ︣ ṕ Ṗּצ טּ ḭ לּ

צּ פּ ︣ כֿ קּ כḮֿךּ לּ

פּ ḭ פֿ ︣ טּצּ Ḯֿכ צּ

לּ ︡ḭ לּ נּ פּ ︣ כֿ ḭ קּ ︣

טּ ḭ צּ ḭ ︣ טּצּ Ḯ 

ṇ ḭ Ṅ ṇ ṕ Ṗּצ אל ḭ ︡ ︣

ṕ Ṗ צּ ︣ ḭ ṇ ︣

ṇ טּ כֿ צּ אל ךּ Ḯ אל ḭ ṇ אל

ḭשּ ︣ כֿ ︣ ṇ ︣ טּ Ḯ

ṇ ḭ וֹ כֿ ḭשּ︡

ḭ ḭ ṇ טּצּ Ḯ ṇ

ḭGSK ṡ Ṣ ︣ ḭאל ︠ כֿ צּ

קּ Ḯ 

ḭ אל ṇṕHPLCṖ טּ

Ḯֿכ ḭ ṕ Ṗ שּךּ פּ ṕfractions Ṗ ︡ḭּשּך פּ

ḭ ḭ ףּ שּ ︣ Ḯ ṕaliquots Ṗ

ṇ ṇ אל וֹ Ḯךּ ḭ ḭ

צּ ךּ פּ ︣ כֿ צּ קּ Ḯ ךּ ḭֿכ

ḭ אל Ḯ 

GSK ︡ ṇ Ḯאל ḭ

אל ḭֿכ פּפּ ṇ ︡ שּ
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Ḯ  ︡ צּ ḭ ḭ ḭ ףּ ḭּף

ךּ Ḯ טּ ṇ

ḭ ︣ לּךּ ḭ ṇ ︡ Ḯ ṇ

ḭ ḭ צּ Ṅ ︣ ︣

ḭּף ךּ ︣ פּ טּצּ ḭ

ṇ טּ Ḯ 

פּ צּ Ḯ אל ḭ︣

︣ טּ כֿ צּ אל Ḯֿכ ḭ2 3 לּ

︡ צּ פּךּ ךּ ︡ḭ ︡ Ḯֿכ ḭ

︣ פּ ︣

︡ Ḯ ḭ אל נּ לּ אל

Ḯ 

ṇ כֿ ṇ ḭ צּ ︣ ︣ אל ḭ

︡ אל ḭ צּ ︡ ḭ ךּ︡

︣ ḭֿכ ︡ ךּ Ḯ 

 

 

GSK טּ Peter Goodfellow ḭṡ ṇ ṇ

︡ḭ ︡ כֿ טּ Ḯ שּ

כֿ︣ ḭ שּ ḭ פּ ︣ כֿ צּ קּ ḮṢ ךּ Ḯ 

ḭ ḭBrian Warrington ḭGSK ṇ ṇ ︡ ḭ

︡ קּ לּ ︡ ךּ Ḯלּ ṇ ṇ טּ Ian 

Hughes ḭ ḭṡ ךּ︡ אל ḭצּ ︡ ḭ

︣ ḭשּ ṕ נּ Ṗ ︣ ︡ḭ

אל אל Ṣ ךּ Ḯ 

IvT ḭGSK ךּ︡ טּ ṡ ṇ Ṣ ︡ ךּ Ḯ2003 12 ḭ

2001 10 ṇ 30 שּ ךּ︡ טּצּ ḭ II ףּ III

23 פּ 44 ︡ Ḯ I ḭ2001 10 פּ 2003 20

︡ Ḯֿכ ṇ ḭ 1 טּ ṇ ךּ Ḯ 

︣ ḭצּ נּ ḭ ḭ

ףּ ︡ ḭ ףּ

︣ כֿ צּ טּ ⁹ 

IvT 1 ḭ ︣ ￼︡ ḭשּ שּ︡ ḭשּ

וֹ שּ ךּ ṇ טּצּ כֿ טּ Ḯֿכ ḭ ṇ ḭ
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וֹףּ IvT אל ךּ Ḯ 

 

4.6 Ḳ  

 

2002 ḭ ḭ200 ︢ ︣ ḭ

צּ שּ ︡ Ḯ ḭ ḭ צּ אל ךּ

אל ךּ Ḯֿכ וֹ ￼ ︡ ךּ Ḯ1980 ḭ

שּפֿ פּ￼ טּ ḭצּ 3Ṿ ︡ ךּ Ḯ2002 פּ 2010 ḭ 25Ṿ

︣ אל Ḯ 

︣ ṇ וֹ כֿ ḭ ḭ ḭ טּ Ḯ

ḭ 3,000 ︡ ךּ Ḯ 

2003 2 ḭ ḭ ︣ כֿ ḭֿכ

כֿ ︡ Ḯ שּ אל ︡ אל ḭ ṇ

30Ṿצּ אל ךּ Ḯ ףּ ḭ ︣ פּ ḭ

︡ ךּ Ḯ וֹ לּךּ ḭIvT

︡ Ḯ 

Imperial College London Centre for Transport Studies ṕ ṇṖ ḭ

וֹףּ ḭIndependent Transport Commission ṕ

Ṗּפ 2001 אל Ḯֿכ ḭ ︡לּכֿ

כֿ טּ Ḯֿכ ḭ ḭ ḭ

ḭ ḭ ︣ טּ לּךּ Ḯ 

כֿ ḭ אל︡ ︡ ךּ Ḯ לּ ṇ ︡ḭ

︡ḭ צּ קּ לּ ︣  Ḵפּ

כֿ ḭ9 ḭ8,500 ṇ ṕ ḭ Ṗ

ṇ ṇ ︡ וֹ פּ Ḯֿכ לּ אל ︡ כֿ

︣ ḭ קּ צּ טּ Ḯֿכ

ḭ ḭ ḭּף ︣ טּצּ Ḯ9ú8,500

אל ṇ ḭ קּ וֹ פּ Ḯ 

︣ ṇ ḭ ṇ

נּ ךּ לּ Ḯ ṇ ṇ ṇ טּ Stephen Glaister ḭֿכ

︣ ︡ ךּ Pascal ︡ Ḯּ︡פ

︡ḭ ṇ ḭ ṇ פּ ḭֿכ ︡ Ḯ 

Glaister ḭ אל ךּ טּ office
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ṇ ṇ טּ Microsoft Excel ︡ Ḯ Microsoft ḭ 2

שּ נּ ṇ Excel XP ︡ Ḯֿכ ḭ ṇ

︡ḭ ṇ ︣ טּ ḭ צּ

טּ כֿ ︡ ḮGlaister ḭֿכ ṇ Excel צּ וֹ ḭ צּ

ḭ פּפּצּ כֿ ḭ ︡לּ ṇ נּ

פּ לּ כֿ צּ ךּ Ḯ 

ṇ ḭ ṇ צּ ︣ צּ לּ ︣ פּ ︡

Ḯאל ︠ ṇ צּ טּ ḭצּ נּ ḭ ︣

טּצּ ṇ טּ Ḯ 

ḭ ṇ ︡ ṇ ︣ MapInfo ךּ

לּ ṇ ︡ Excel XP ︣ כֿ Ḯ ṇ

ḭ ṇ ︣ טּ Ḯ ḭ

צּ אל ḭ ︡ אל ︡ ךּ ḮMapInfo

ḭExcel אל ︠ וֹ אל ךּ ḮExcel

לּ ḭMapInfo ḭ פּ ḭXP טּצּ Ḯּ︡︡פḭ2 ṇ

︣ ḭ ṇ צּ ḱ צּ טּ Ḯ 

︣ קּ כֿ︣ ḭ

︡ Ḯ ḭ ṇ ḭ ṇ כֿ ︡ Ḯ

ḭ פּ צּ ךּ Ḯ ḭ

צּ ︣ ︡ ךּ Ḯ נּ ḭ ḭ ṡ Ṣ ṡ Ṣּצ

ךּ Ḯ כֿ ḭ ︡ḭ

טּ כֿ פּ טּ Ḯ︡ ︡לּכḭֿ︡פּ ḭ

︣ לּךּ ︡ ךּ Ḯֿכ ḭ צּ אל

פּ פּ Ḯֿכ ḭ צּ ︣ וֹ Ḯ לּ

טּצּ ḭ ṇ ︣ כֿקּ ḭ

ṇ ṇ Ḯ 

כֿ ︣ וֹ ḭשּ שּךּ פּ ṇ ︡ Ḯ

נּ ḭ ṇ צּ לּ ︣ פּ Ḯ ḭ

︣ ṇ כֿלּ ḭ קּ כֿ

︡ Ḯ 

כֿ אל ḭ ︣ שּ ︣ כֿ צּ קּ Ḯ

18 ḭקּ 50,000 טּ Ḯֿכ ︣ קּ ṇ

צּ 2003 אל Ḯ 
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ṇ צּ ḭ טּ Ḯֿכ 2

ṇ ︣ כֿ ḭ ךּ טּ ḭצּ ךּ

צּ טּ Ḯאל ḭGlaister ḭ צּ טּ פּ

︡ḭ ︣ פּ ︣ ḭֿכ שּקּ ︡

︡ḭ ︡ פּ צּ טּ Ḯ 

 

4.7  ṇ ḭ ḭּף  

 

ḭ ṇ ḭ ︡ ḭ ︡ ︣

אל ךּ Ḯ︡ ḭ︡פּ ךּ︡ אל קּ ךּ ḮLangleyṕ2000 Ṗ

ḭ ṕ ︣ Ṗ ṕ ︣ Ṗ

קּ ךּ ︡ ךּ Ḯ ḭ ṇ אל ךּ Ḯ

ḭ צּ ︣ ṇ ︣ טּ ḭ

ṇ פּ ︣ ṇ צּ אל ךּ Ḯ 

 

Box 4.3 וֹףּ  ṇ  

ṇ טּ Rohan  Teasdale ḭ ṇ ︡ ḭ

קּ ךּ ︡ ךּ Ḯ ḭ ṇ ṇ

כֿ ḭ צּ ךּףּ ︣

שּ ︣ ḭ ︣ שּ ṇ צּ נּ ךּ Ḯ

ףּ ḭ ḭ ḭּף

ףּ וֹ ṕmediators Ṗ טּ Ḯ אל

כֿ ḭ טּ Ḯ ṇ ︡

ךּ Ḯ ︣ כֿ ḭֿ︡לּכ ךּ טּ ḮTeasdale ḭ

לּ ךּ Ḯ 

ṡ ṇ ṇ כֿ ḭ

︡ḭ ︣ קּ ︣ Ḯאל ḭֿכ ḭ

ṇ ︣ כֿ צּ קּ Ḯ ... ..  

ṇ ḭ ︣ טּ

ḭצּ ḭ ︣ כֿ צּ ︣ ︣ ḮṢ 

Teasdale ḭ ṇ כֿ ṇ ḭצּ ḭ ףּ

ךּ︡ ︣ ︡ ךּ Ḯ 

 

Box 4.3 ḭ ︣ ךּ︡ שּךּ פּ ︡ ךּ Ḯ ṇ
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שּ ḭ ︣ וֹ ףּ ḭ

︣ Ḯ נּ ḭ ḭ אלוֹ ḭ ṇ ṇ אלוֹ

כֿ צּ Ḯֿכ ḭ וֹ ḭשּ צּ

לּ ︣ פּ ךּ אל טּ Ḯ 

IvT ṇ ḭ צּ Ḯ נּ ḭ ףּ אל

ףּ קּ טּצּ Ḯ צּ Ḯֿכ ḭ צּ

︣ ḭ צּ ︡ וֹ ךּ

צּ שּ Ḯ כֿ פּ טּ Ḯ 

ṇ ︣ 1 טּ Dame Julia Higgins ḭIvT אל︡

ךּ ךּ ḮHigginsלּךּ צּ ︡ ḭקּ Chemical Abstracts

טּצּ Ḯֿכ ḭ אל ḭ טּ

Ḯ ︣ ︣ ︡ וֹ ךּ ḭֿכ ︡ ︣

שּ ︡ ṕּ︡פ טּ ךּ טּ ṖḮ כֿ

ḭ ṇ אל ṇ ḭ ךּ

ḭ ṇ ︣ Ḯ 

Imperial College London e ṇṕImperial College London Ṗ John 

Darlington ḭGrid טּ ṡ Ṣֿכ צּ קּ ךּ Ḯ 

כֿ ḭ אל ︠ ṇ ṕ ḭ ṇ ṇ ḭ ḭ ṇ ḭ ṇ Ṗ

ךּ ךּ ṇ צּ Ḯ קּ ḭ︡ ︡ ḭ ︡ḭ

ךּ︣ טּ Ḯ ḭ ︡ ṇ

ךּ Ḯ 1 ḭ ṇ לּ קּ

טּ ḭֿכ ṇ לּךּ ךּ︡ שּקּ ︡ ךּ Ḯ ṡ

Ṣ ︣ IvT ḭ Ṅ שּקּ ︣ Ḯֿכ Arup 3

אל ךּ Ḯ 

 

ṇ  

 

ṇ ṇ ḭ פּ ṇ ḭ ḭ

ḭ ṇ ḭ צּ שּ ︡ ךּ Ḯ ךּטּ

ךּ Ḳ פּ ḭ ṇ

ḭ ṕChicago Board of Trade Ṗ Ḯ

ḭUniversity of Queensland Kevin Burrage ḭ ṇ

8,000 Ṍ10,000 פּ 100 פֿ אל ḭ5kmצּ
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אל ךּ Ḯֿכ ḭ נּ שּ אל ḭ ︡

ḭ קּ ︣ḭ ṇ ︣

Ḯ 

ṇ צּ וֹ לּ ḭ Ḯ

︣ כֿ ḭ ךּףּ ṡ ṇ Ṣ ︣ כֿ צּ קּ

Ḯ ṇ ḭ אל ḭ ︢ צּ ךּ︡ ṇ אל פּ פּלּ ︣

ḭ ṕ Ṗּצ קּ ṇ אל כֿ טּ Ḯֿכ ḭ

צּ פּ ︣ ︣ אל טּ Ḯ ṇ

כḭֿצּלּ ṇ כֿלּ צּ קּ

Ḯ פּ ḭ ︡ḭ ṇ ḭּשּך פּ

︣ כֿ צּ קּ Ḯֿכ ḭ צּ אל ḭ פּ ḭ

כֿלּ צּ קּ Ḯ ṇ ḭ אל ︠

Ḯ פּפּ ￼ḭ ףּ ḭ ṇ ךּ ךּ

︡ ︣ כֿ צּ  Ḯךּ

שּךּ פּ ḭ צּ אל כֿלּ קּ ḮIvTךּ

ḭ וֹ כֿ צּ קּ Ḯ נּ ḭJohn Burland

אל ︣ ḭ ṕLeaning 

Tower of Pisa Ṗ ṕ 5 Ṗ ṇ ḭ ךּ︡

︣ ḭ ṕBig Ben Ṗ ṕBritish Houses of Parliament Ṗ

אל ṇ ︡ Ḯֿכ ṇ ḭ צּ

אל כֿ ḭ ︣  Ḯלּ

 

4.8   

 

ṇ לּ ḭ פּ ḭ ḭ ḭ

ṇ ḭ ךּ אל ךּ Ḯ 

ṇ שּ ךּ Ḯ ףּ שּ אל ףּ ḭ

נּ ḭ ḭּט ךּ ṇ כֿ︣ ︣ כֿ צּ קּ Ḯֿכ

קּ פּ כֿ לּ ḭ אלקּ ︣ ḭ טּצּ Ḯ ṇ

ḭ ḭ ףּ ṇ ︣ כֿ ḭ

אל ךּ ṕBanks 2003 ṖḮֿכ ḭ אל

ḭ אל ḭ כֿ︣ צּ קּ ṇ ︡

︣ כֿ צּ קּ ḭ ︣ ḭוֹ
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︣ ṕBanks 2003 ṖḮ ṇ ḭ צּ צּ

︢ כֿ ︣ אל טּ Ḯ ṇ ḭ צּ

︣ ḭוֹ ךּ ︣ לּ ךּ Ḯ 

ḭ ṇ ︢ ṇ ︣ טּ Ḯ

ḭ ṇ ṇ ︣ ṕTufte 1983 ḭ1997 ṖḮ 

ḭ צּ ḭ ṇ טּ Ḯֿכ

ḭ ṇ צּ ︣ אל ḭ ṇ

קּ ︡ ךּ ṕJeffrey 2003 ṖḮֿכ ṇ ḭ צּ

︡ḭ כֿ ḭ אל︡ ︣ כֿ ḭ

︡ ḭ ךּ Ṅ ︣ ךּ Ḯֿכ

צּ ︡ ךּ ḭ אל

︣ כֿ צּ טּ Ḯ 

 

4.9  

 

Herbert Simon 1969 ṡ ṕThe Sciences of the Artificial ḭ ︡  

, Ṗ ḭ לּ ︣

ḭ ṇ ︡ ︡ ṕSimon 1996 ṖḮ ḭ

ṡ ṇ Ṣ כֿ טּ ḭצּ ḭ ḭ ḭ ḭ ḭ ḭ

ḭ ךּ אל ךּ ṕLangley 2000 ṖḮLangleyṕ2000 Ṗ

ḭ ḭ ḭ ḭ ṇ ḭ

︣ אל ךּ Ḯ ḭ פּ ḭ

ףּ ḭ ḭ ︡ ḭ

ḭ ḭּף וֹףּ ḭ

︡ ךּ Ḯ 

 

 

 

 

וֹףּ IvT ḭKing ṕ2004 Ṗḭ

ṡ Ṣ ︣ Nature אל ךּ Ḯ טּ ḭ

︣ ︡ Ḯ ︣

︡ḭֿכ ︣ ḭךּ ḭךּ

︡ ṇ ︣ ︡ḭֿכ ︣ḮṕKing 2004 Ḳ247Ṗ 
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ḭ ḭ 1 צּ אל פּ

אל Ḯ ṕ ḭ ḭ Ṗ ︣

ḭ ḭṡ ṇ טּצּ ḭ

︡ ḭ שּ︡ ṇ תּ︣צּ ףּ ḭṕ Ṗ3 100

ḭ טּ Ṣֿכ פּ ︡ ṕKing 2004 Ḳ248ṖḮ 

כֿ ḭ ךּ︡ ︣ ḭ

︣ אל קּ Ḯ︡ ḭ︡פּ ḭ ךּ ךּ פּ ︣

כֿ ︣ טּ ḭ וֹףּ

︡ ךּ Ḯ 

 

4.10   

 

שּ צּ אל טּ ḭצּ וֹףּ

שּ ḭאל ︠ ṇ ṇ Ḯ

ḭ שּ ṇ צּ אל כֿ ḭצּ ךּ לּךּ

Ḯ נּ ︣ נּ ךּ Ḯ 

Hollingsworth ṕ2005 Ṗ וֹףּ ṇ ṇ ḭ

︡ ךּ ḭ ṡךּ Ṣ ︣ שּקּ כֿ

צּ פּ Ḯ ḭṡ טּ ךּ ךּ︡ ḭ ךּ︡ ḭ ךּ︡ ḭּט ךּ

ךּ︡ Ṣ ︡ ṇ ṇ ︡ḭֿכ ṇ ṇ

︣ ḭ ךּ כֿ צּ פּ ṕHollingsworth

2005 ṖḮ ḭ ︣  Ḯךּ

ṇ ṇּצ כֿ צּ ḭ צּ אל אל ḭ

אל ︠ טּ Ḯ ṇ ṇ צּ ḭךּ

ḭ ךּ︡ נּ ṕ נּ ḭ Ṗ צּ ḮṕHollingsworth 2005ךּשּ Ḳ

13Ṗ 

Gunner Mydral פּצּ לּ ḭṡ ṢḮךּ 1 ︣

ṇ ︣ צּ IvT טּ Ḯ ︣ IvT

ḭּף 5 ṇ טּ ︡ ṡ Ṣ

︣ כֿ ḭֿכֿכ ︡ ︡ ︣ כֿ ︣

Ḯ ḭMassachusetts Institute of Technology ṕMITṖ Rosalind Williams ḭ

︡ קּ כֿ︣ ︣ Ḯ 

Williams ṕ2002Ḳ44Ṗ ḭ צּ טּ ḭ צּ טּ
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︡ ךּ Ḯּ︡︡פḭ ךּ︡ ḭ ︡ MIT טּ

ṡ Ṣ ḭ ḭṡ Ṣ

צּ נּ כֿ ︡ ךּ Ḯ ḭCastellsṕ1996 Ḳ30Ṗ לּ ︡ ךּ Ḯ 

ḭ ḭ ḭ ḭ ḭ נּ ḭ ṇ ךּףּ ḭ

︡ḭ ︡ ךּ לּ נּ Ḯאל ḭ ḭ צּ אל ḭ

אל ḭ אל ḭ אל ḭ אל ︡ ṇ ṇ

︣ ︢ ḭ ︡ ךּ Ḯ 

Williams ṕ2002Ḳ47Ṗ ḭ ḭ ︡

︣ ךּ Ḯּפ טּ ḭ ︡ טּ

לּךּ פּ ḭ ךּ︡ ḭנּ ︡ אל נּ Ḯ

︣ צּ שּ קּ ךּ Ḯ

לּ ︣ ︣ לּ לּ ךּ Ḯ 

ḭ ︣ ḭשּ ︣ ︡ ךּ ḭMIT

ḭךּ צּ פּ ︡ ︢ לּ ḭ פּ ︡

ךּ Ḯ שּ ḭ אל

︣ ḭ ףּ ṇ ︡ ḭ קּ נּ ︡ ךּ Ḯ

ḭ ṇ ṡ Ṣ ︡ ︡ḭ ṇ ︡ שּ

︡ ︣ טḭּלּ ךּ Ḯֿכֿכ IvT צּ ḭ ︣ḭ

︡ḭ ךּ ︣ ךּ Ḯ 

︡לּכֿ ḭּפ צּ ךּ וֹ Ḯךּ פּ ḭWilliams

ṇ ︣ ︡ ךּ Ḯ18 פֿ 1 ךּ

צּ 2 Ḯ ︡ פּ ḭṡ ￼

ḭ ṡ Ṣ ︡ ︣ כֿ קּ לּ ḭ

נּ Ḯ כֿ ṡ ṇ ṇṢ ︡ ךּ ḮṢ לּ ︡ ךּ Ḯ 

ךּ︡ ︣ ḭ ︣ ︣ טּצּ Ḯ ḭ ḭ

ḭ ︡ ︣ Ḯ ḭאל ︠ נּ ︣

כֿ קּ ḮWilliams ḭ ︡ ךּ Ḯ

טּ Ḯֿכ ḭWilliamsשּ וֹףּ

︣ ︡ ךּ Ḯ פּלּ ︡ ḭךּ 8 כֿ אל

︡ḭIvT צּ שּ ︣ ḭֿכ צּ שּ ṇ

︣ ︡ ךּ Ḯ 

IvT פּ כֿ︣ Ḯךּ ḭ ṇ

︡ ︣ ṇ ḭ ḭ צּ קּ קּ
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︣Ḯּ︡︡פḭIvT כֿ ︣ כֿ צּ קּ Ḯ 

 

 

Box 4.4 טּ   

טּ MIT ḭIvT ︡ ︡ḭ ︣

כֿ ḭ ךּ︡ ḭ ךּ ḭ

ṇ ךּ אל ךּ Ḯ1954 -5 MIT Bulletin ḭ

ḭ צּ לּ טּ פּ ḭוֹ צּ ︡

︣ ḭ ︡ וֹ ḭךּ ףּ

אל כֿ טּ ṕFriedmann 1961 ṖḮ כֿ ︡ ךּ Ḯ

4 ︣ ︣ ḭ 2 ḭ ḭ

︡ Ḯ ḭ שּ ףּ ḭ צּ ךּ ḭשּ

︡ ︡ שּךּ טּ לּךּ טּ ṕFriedmann 1961 Ḳ147ṖḮ ףּ

ḭ אל Ḯ 2 ḭ

פּ ︡ ḭ וֹ שּ ḭ 4 לּ ḭỄ

︣ לּךּ טּצּ ṕFriedmann 1961 Ḳ147ṖḮ ḭ ḭ ḭ

ḭ ḭ ḭ ḭ ḭ ḭ פּ כֿ צּ ḭקּ

ךּ טּטּצּ Ḯ 

וֹ ṇ MIT ṕMIT 1955 ḭ

Friedmann 1961 Ṗ ḭ פּ ḭ ךּ נּ

︡ ךּ Ḯ 

 

 

4.11   

 

ḭ ḭ ḭ ṇ ḭ שּ ḭ

צּ ךּ︡ נּ ︣ ︣ Ḯ 

ṇ צּ קּ ḭ ḭ ḭ טּשּ Ḯ

ḭ ḭאל ︠ ︣ ︡

ךּ ︡ḭ ṇ אלצּ שּקּ ḭּף שּ

כֿ צּ אל Ḯ 

IvT ︣ ︣ אל קּ ךּ Ḯֿכ ךּ ︡ḭ ךּ ṇ

שּ ḭ ḭשּ שּ קּ לּךּ ḭ צּ Ḯ ṇ

ḭ לּ ṇ ḭ ḭ ṇ ḭ ṇ ḭ ṇ
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ḭ ṇ ḭ ךּ צּ ךּ︡

טּ Ḯ 

ḭ ףּ אל וֹ ךּ Ḯ שּ אל ךּ Ḯ

נּ ḭLangley ṕ2000 Ṗ ḭ ḭצּ ︡ פּ לּ

ḭפּ ︡ קּ נּ כֿ כֿ ךּ ךּ Ḯֿכ ṇ ḭ

︡ ḭ צּ ︣ כֿ טּ Ḯ

King ṕ2004 Ṗ ḭ פּ כֿךּ︡ טּ ךּ Ḯ ︡

ךּ כֿלּ צּ קּ וֹ ḭשּ ḭצּ ︣ כֿ

︣ ḮIvT ḭLangleyṕ2000 Ṗּצ ︡ לּ ḭ

ṇ ︣ ḭ ︣ כֿ ḭ

כֿ טּ Ḯ  Langleyṕ2000Ḳ407Ṗ לּ ךּ Ḯ ḭ ṇ ṇּצ

︡ ︡ ḭ ṇ ṇ ︡ ḭ

קּ לּ קּ לּ ︣ ḭ ṇ ṇ ︣

טּצּ כֿלּךּ טּ Ḯ 

ḭ ḭ ṇ ︣ ḭ

ṡ ṇ Ṣ ︣ טּצּ Ḯ 

ḭIvT ︣ Ḯ פּ ךּ︣

אל בֿ כֿ ḭIvT ︣ צּ ךּ︡ וֹ וֹ Ḯ

ḭ שּ Ḯ פּ ḭֿכ

ṇ בֿ ךּ Ḯ 
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5  ṡ ︣ṕPlay ṖṢ 

 

5.1  ︢   

 

Frank Gehry ḭ ḱ אל ḭ

ךּ Ḯ Gehry ︣ ︣ קּ Playṕ ︣ṖḮ

ṇ כֿ︣ ḭ ︣ ḮGehry

וֹ קּ Ḯ ḭ ḭ אל ︠

שּ ḭ ︣ טּ Ḯ ḭ ṇ ṇ לּ ḭ

טּ ︣ḭ טּ Ḯ︡ ḭ︡פּ

טּ Ḯ שּ אל ︣ ḭ ḭּט

שּ פּפּצּ Ḯ ḭ1990 ḭ ṇ ךּ ḭ

טּ James Glymph ḭGehryצּ ṇ

︡ Ḯ ṇ ṇ ︡ Gehry

︡ḭ נּ Ḯ צּ ︡ḭGehry אל

︠ כֿ︣ צּ ḭקּ כֿ צּ קּ Ḯֿכֿכ אל ךּ Gehry

ḭ ṇּצ ṇ ︡ ︣ כֿ ḭאל ︠

פּ ḭלּךּ ךּףּ IvT ︣ ︡ ךּ Ḯֿכ

ךּ Gehry לּ ךּ Ḯ 

צּ שּ ︡ שּ Ḯ ḭ פּ

שּ ṇּטּצ ḭ ︣ טּצּ Ḯ

︡ ︡ ךּ לּ ︢ ךּ ḭ צּ ︡ שּ Ḯֿכ

ḭ ṇ Ḯךּ טּ Ḯ 

Gehry ṇ ḭ ︣ כֿ פּ ḭ

︣ כֿ ḭṡ ḭ ︣ḭ Ṣ שּ ךּ Ḯּ︡︡פḭֿכ

ṇ לּ ḭGehry ︣ ḭ ṕ︣playṖ צּ טּ Ḯ

כֿ ḭּפּך פּ ḭנּ פּךּ ︣ פּ ︡

ךּ Ḯ 4 ḭ ךּ︡ ḭ ךּףּ ḭ נּ

IvT ךּ ︡ Ḯֿכ ḭ טּ Ḯ ḭ

פּךּ IvT ṇ ︡ḭ ḭSchrageוֹ ṡצּ Ṣ ךּ

ṕ 1 Ṗ פּ ︡ ךּ Ḯ 3 Arup

PẀG וֹףּ ḭIvT ךּ ךּ Ḯ 

שּ ḭ ךּ︡ צּ ︣ ︡ ךּ ḭצּ
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ḭ ︣ צּפּ כֿךּ︡ צּ פּ ךּ Ḯֿכ ṇ טּ

Ḯ ḭ צּ ︡ ︡ כֿ

כֿ︣ צּ קּ Ḯֿכ ḭ ︡ḭ

ṇ ṡ Ṣ פּפּ צּ ḭ

︣ לּ ︣ ṕ 6 ṖḮ 

כֿ ḭIvT ︣ כֿ ḭ פּ ︣ṕplayṖּצ קּ לּ

כֿ ︡ ךּ Ḯ ḭ ḭ ḭ ṇּצ ṇ ︡ḭ

אל ︠ ︣ כֿ ḭ צּ︡ קּ Ḯ

︡ ︣ Ḯ ︣ ︣

︣ כֿ צּ קּ ḮIvT ︣ ףּ ḭ ךּ︡

ףּ ṇ ḭ פּ ךּ ︣ כֿ צּ ḭקּ ︣ ︣ כֿ

צּ קּ Ḯ פּפּצּ צּ ḭ ︣ כֿ

צּ קּ Ḯ︡ צּ ḭIvT ︡ ︣ṕplayṖ ḭ צּ ︡ḭ ︣

ṇ צּ אל Ḯ ṇ ךּףּ טּ ḭ

ךּ Ḯ ︡ אל ךּ ḭ

ṇ פּפּ ￼ḭ IvT ךּ אל ḭאל ︠ ךּ︡

︡ ךּ Ḯ 

ṡ ︣ṕplayṖṢ ḭ ︡ ךּ Ḯֿכ ḭ

ṇ וֹףּ ︣ כֿ ︣ Ḯ ︣ כֿ אל︡ ḭ

ṇ וֹףּ ṡ ︣ṕplayṖṢ ךּ ︢ ךּ ḮIvT צּ ︣

︣ ḭ צּ ︡ ףּ ḭ כֿ ךּ︡ ךּ ︡

ךּ Ḯ ṇ ḭ ṡ ︣ṕplayṖṢ ︣ אל ḭIvT

︡ צּ ︡ ךּ Ḯ ṇ  - ṡ ︣Ṣ - 

וֹףּ ︡ḭ לּ ṇ

וֹ פּךּצּ אל פּ ︣Ḯאל 3 ṇ ḭ

Gehry ḭ ךּ︡ ḭ

Ricardo ṇ צּ ḭ ṇּצ ︣

אל ︠ צּ אל ךּ Ḯ ṇ ךּ ḭ ḭ ףּ ḭ ṇ

וֹףּ ךּףּ אל ךּ Ḯֿכ ḭ ṇ ṇ

צּ ךּ︡ ︣ לּ ךּ ︡︡ ךּ Ḯֿכ

ḭIvT ḭ ḭ ḭּף ︡ צּ ḭ ךּ︡

ךּ ︡ ךּ Ḯ 

 

 



107 

 

Box 5.1  ︣ṕplay Ṗ  

ḭ ḭ ḭṡ ḭ ︣ḭ ︡ Ṣ ￼ךּ פּ ︡ ḭ

RẀD ︣ Ḯךּ︡ פּפּ ￼ḭ 4 ḭ ︣

ṇ ךּ ︡ḭ ︡ צּ ︣ ︣ אל

ךּ Ḯֿכ קּ צּ ךּ Ḯ 

ḭ ︣

︡ ךּ ḮIvT צּ ḭ ḭ אל ︠ ṇ ︡ḭ ︡ḭ ︣

נּ ךּ ḭRẀD כֿ וֹ Ḯךּ︡ ︣ OECD

טּ Frascati Manual ḭ שּ ṇ וֹ צּ

כֿךּ︡ ḭצּ ךּ קּ Ḯ ḭFrascati  Manual ḭ ṇ

ṡצּ טּ ḭ Ṣ ךּ ṕOECD 1992ṖḮ 

אל ḭ וֹ ḭ צּ שּ ḭ ṇ

︡ ךּ Ḯ צּ ḭּט ךּ

ḭ פּפּצּ ḭ אל אל טּצּ Ḯ 

Frascati  Manual ḭ ṇ כֿ︣ ḭ צּ

ṇ כֿ︣ ︡ 1 ṇ ṕ 2 Ṗ

טּ Ḯ צּ ךּ לּ ḭ ṇ כֿ פּ טּ Ḯ 

כֿ ︣ ḭ ︣ṕplayṖ ︣ כֿ ︡ טּ Ḯ

ṕ Ṗּצ טּ ḭḭ 3 Ṉ

Ṉ ︣ טּ ḭֿכ טּ Ḯ ḭ

1972 470 ḭ1982 660 ︡ Ḯ1992 920

︡ḭ2002 1300 ︡ ṕ︣ 1996 ṖṕNSB 2004 ṖḮֿלּכ

︡ ṇ ḭאל ︠ OECD ḭ ḭ ḭ Ḯ 

ṕ︣playṖ לּ ḭ וֹףּ ︡ ךּ Ḯ ḭ

2000 צּ ṇ 267 ṇ ︡ ︡ ךּ ṕDCMS 2001 ṖḮֿכ

ṇ ḭ ḭ ṇḭ ḭ

ףּ ḭּף ︣ צּ Ḯֿכ

אל ףּ ḭ 55Ṿ צּשּ נּ ךּ ︡ ךּ

ṕDesign Council  2003 ṖḮּ︡︡פḭ ḭ3,000 Ṍ4,000

ḭ שּקּ ṇ טּצּ Ḯ ḭ65,000 Ṍ80,000

ṇּצ ךּ ṕDCMS 2001; Design Council 2003 ṖḮ ṇ ḭ

10 ךּ Ḯ 
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5.2   

 

ṇ טּ ḭ

︡ ךּ Ḯ ḭṡ Ṣנּ אל

קּ ︡ḭṡ ṕdoṖṢ וֹ כֿ ḭ ṇ ︣ כֿ

טּ Ḯ 

 

IvT enables designers to play this important integrative role in the new innovation process but there 

are many necessary changes associated with its use. Before we begin to examine the role of IvT in 

'play' we need to understand how engineers and designers  actually work and appreciate some of the 

prob-lems with existing practice.  

 

IvT ︣ ḭ ṇ ךּ︡ ṇ כֿ כֿ︣

צּ קּ ḭצּ ︡ שּ צּ טּ Ḯṡ ︣ṕplayṖṢ וֹףּ IvT

ḭ ṇּצ לּ ︡ ךּ פּ

︣ טּצּ Ḯ 

 

 

 

כֿ ḭ ךּ ︡ ךּ

ṕConstant 1980; Vmcenti 1990  Simon 1996; Perlow 1999 ṖḮ ︣

︣ ḭצּ ḭ פּ ḭ

︡ ︣ כֿ ︡ ךּ Ḯֿכ ḭ

ṇ ḭ ︣ ḭ ṇ ṇ ṇ

אל ︠ ︡ ḭ קּ ︡ ךּ Ḯ

טּצּ ṕNightingale 1998; Pavitt 1998 ṖḮּ︡︡פḭֿכֿכ ︡ קּ ךּ ḭ

ḭ ︡ ףּ ḭ IvT צּ

לּ פּ︣פּ ︡ ךּ  Ḯךּ

ḭ ︣ אל ṇ

צּ טּ Ḯ ṇ כֿצּ ︣ Ṅ ︡ ךּ ḭצּ

2 ṡ Ṣ ḭ ṇ טּ Ḯאל ḭ

ḭ צּ ︡ ךּ ︣ ṡ

Ṣ ︡ ךּ ṕDosi 1988 ṖḮ פּ קּ

אל ךּ ḭצּ ḭ נּ ︢ אל ḭṡ Ṣḭṡ
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שּ Ṣḭṡ ṇ Ṣḭṡ Ṣ שּקּ ︡ ךּ Ḯ ṇ ḭ

︣ צּ לּ פּשּ ךּ ךּ ḭ

ṇ ︡ ︡ ︣ וֹ ḭ ṇ

︣ כֿ ṕVincenti 1990 ṖḮ ḭṡנּאל Ṣ אל

ṡ Ṣ אל טּ ךּ ︡ ךּ Ḯ

Constant ṕ1980 Ṗ ḭ ︣ קּ ךּ ḭ

צּ לּ ︣ פּ ךּ שּ ︡

טּ ︡ ךּ Ḯ 

 

 

 

 ṇּצ לּ ḭ ףּ וֹ ḭשּ ḭ ḭ

ךּ ךּ Ḯאל ḭ ףּ ḭḭ ṇ ṇ

ףּ ṇ ḭ ךּףּ טּ ṕ ḲAllen 1977 ṖḮ

ḭ ḭאל ︠ צּ אל ︠ ṇ אל ṕ 7

ṖḮ ṇ ṇ ḭ ṇ ︣ ḭ ︣

ךּ נּ Ḯ ḭ ṇ

︡ ︣ שּ צּ טּ ṕPerlow 1999; Salter Gann 2003 ṖḮֿכ

︣ שּ ḭ ḭ ḭ אל︡

צּ אל כֿ צּ ךּ ḭ קּ ṕPerlow 1999︣כֿ Ṗṕ 7

ṇ ṇ ḭ ṖḮ 

 

ṇ  

 

Simonṕ1996 Ṗ ḭ צּ ︣ ḭ ṇ אל ṇ ︣

טּצּ ךּ Ḯ ︣ כֿ ḭ ךּ ךּ︣ אל ḭ

ךּ ︡ḭ ṇ כֿ צּ קּ Ḯֿכ

לּ ︡ ḭ שּ ṇ ḭוֹ

כֿ צּ קּ Ḯ 

ṇ פּכֿ ṇ ḭ אל ︣

לּ ṕEppinger 1990 Ṗṕ ṇ ךּ 6 ṖḮ ṇ

צּ טּ ḭ ṇ ḭ אל ךּ︡

︡צּ ︡ ךּ Ḯ ṇ ḭ ṇ ḭאל

︠ ךּ︡ ṇ ḭ ṇ
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ṇ ︡ שּ ךּ ṕBaldwin Clark 2000; Brusoni 

2001 ṖḮ 6 לּ ḭ ṇ טּ ḭ

טּ ḭ ךּ פּךּ אל צּפּ ︡

ךּ Ḯ 

 

 

 

ḭ אל ḭ שּ אל ḭ פּפּצּ

לּ Ḯ ︣ טḭּפּ ךּ ︣ ︣ פּ פּלּ ︣ ḭ

︣ כֿ טּצּ Ḯ לּ שּךּ פּ ḭֿכ ḭ

︣ ︡ ךּ Ḯ︡ ḭ︡פּ ḭ

︡ḭ ḭ ḭ ṇ פּ ḭ צּ ︡ קּ קּ

ךּ ḭ ︡ Ḯֿכ לּ ḭ צּ

︣ וֹ פּ Ḯ צּ אל פּ פּלּ ḭ צּ פּ פּלּ

ḭ︣ ṕGann 2000 ṖḮ פּפּ

צּ ḭ צּ

צּ Ḯ 

 

 

 

ḭ שּ ︡

ךּ Ḯ נּ ḭ אל ḭ אל ףּ ḭ צּ אל

צּ טּ Ḯֿכ ḭ שּ טּצּ

Ḯ צּ צּ קּ וֹ כֿךּ

ךּ Ḯ ḭ ︡ ךּ ךּ Ḯ שּ ḭ ḭ ḭאל︡

אל ︡ ḭ ṇ ṇ ︡ ︡ ףּ ḭ

︡ אל ךּ Ḯ ḭ

ḭ ḭ ṡ ︣ṕplayṖṢ צּךּ ךּ ḭ

כֿשּ צּ כḮֿךּ ḭ ḭ טּ ךּ ḭ שּ

 Ḯךּ

ṇ ḭ צּ וֹ לּ שּ ︣ כֿ ︣ ḭ

ḭ︡ ︡ ḭ ṇ צּ ︣ ṕGann Salter 

2000 ṖḮּ︡︡פḭֿכ ṇ ḭ שּ ︡ ḭקּ שּאל

ṇ ︣ ḮEdison ṡ ṇ 1Ṿ קּ 99Ṿ צּ טּ Ṣ
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לּךּ צּ Ḯ ṇ טּ ḭ ṇ וֹףּ

ṇ ךּ︡ טּ Ḯ ︣ ṇ

טּ ḭצּ אל ךּ ḭצּ CAD פּ

︡ נּ ךּ Ḯ ḭ ḭ

ךּ Ḯ ︡ḭ

︣ Ḯ ḭשּ

ṡ ṕthink ṖṢ וֹ ḭשּ ṇ

ךּ Ḯṡ ṕdoṖṢ ḭ ṇ

צּ ךּ ḭ ךּ Ḯֿכ ︡ ḭ ṇ ṇ

צּ  Ḯךּ

 

5.3 ךּ︡   

 

ḭ צּ ︡ ︣

ḭ צּ אל ḭ אל ︡ ךּ Ḯ ṇ לּ

ḭIvT כֿ ︣ ︡ ךּ Ḯ ḭ

טּ ḭ Ṅּצ ︣ ḭנּ נּ Ḯ 

 

ṡ ︣Ṣ 

 

1960 ṇ Arup ︡ ךּ ṇ Ted Happold

ḭ ṇ וֹףּ ︡ḭ 

ṇ אל ףּ ḭ טּ Ḯֿכ ḭאל ︠

אל ḭ אל Ḯ ḭ ḭ ṕ Ṗḭ ḭ

ṇ טּ Ḯ ︡ קּ ḭ ṇ

︣ כֿ טּ ḮṕGroak 1998 פּ Ṗ 

ṇ ḭ ךּףּ ︡

קּ ךּ Ḯ ḭ צּ אל ךּ ︣

︣ Ḯ פּפּצּ ḭ פּפּצּ ḭצּ

︣Ḯ ḭ אל ︠ ︡ḭ ḭ ḭּף

ṇ ︣ כֿ צּ קּ Ḯ 

1976 Happold ḭ2004 12 פּ שּ 700 ︣ ḭBuro 

Happold לּךּ ḱ לּ ︡ Ḯ

ḭ ḭḭ פּ︣ ︣ כֿ צּ קּ ḭ
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ḭלּ וֹ כֿ טּ Ḯ ḭ

צּ ︡ ︣ פּ ḭṡ Ṣ ︡ ṇ ︣

ṕGroak Krimgold 1989 ṖḮ ḭ ḭ ḭ

ḭוֹ וֹ ︡ ︣ Ḯֿכ ḭּט שּ ︣ Ḯ

ḭ ṇ ṇ ṇ טּ John Makepeace לּ ךּ Ḯ 

ṇ ṇ ṇ ︣ Ḯ ṇ ṇ 10 לּ 10 ךּ נּ

ךּ Ḯ ּנ ךּשּ ךּ Ḯ10 לּ 1 ḭ 9

ḭ ḭ ḭּף ṇ ︡

︣ḮṕMyerson 1995 Ḳ195 Ṗ 

כֿ ḭאל ︠ ṇ צּ ךּ ṡ Ṣ קּ לּ

︣ טּ Ḯ צּ אל ︠ אל ḭ ṇ

ךּףּ לּ צּ אל פּ ︡ ךּ ṕCroak 1998 ṖḮCroak ḭצּ

ḭ ḭּף ṇ 1 טּ כֿ ︡ ךּ Ḯ

Brunelleschi Alberti פּ שּ אל ךּ

3 ḭ טּ בֿ ךּ Ḯ ḭ

ṇ ךּ ︣ Ḯֿ︡לּכ ḭ

ךּ כֿ︣ צּ קּ ḭCroak וֹףּ ṡ

ṕplayfulness ṖṢ ךּ Ḯ ṇּצṡ שּ ṕbrain Ṗḭ

ךּ ṕbrawn ṖṢ ︣ כֿ ︣ ḭ ṇּצ ṇ ṇḭ ḭּף

ךּקּ קּ לּ ︣ ṇ נּ

ḭ טּ ︡ Ḯ 

ṇ ḭ19 פּ 20 ︣

ḭGaudi צּ ︡ ךּ ṇ לּ ḭ ︣ כֿ

טּ Ḯֿכ ḭ ︡ ︡ קּ פּ שּ

︡ שּ ḮGroakṕ1998 Ṗ ḭ ḭצּ אל ︣

︡ ḭ ṇ פּךּ ṕ︣play Ṗ︣ פּ ︡ ךּ Ḯ ḭ

טּ ︣ ḭ בֿ ךּ Ḯֿכ

אל ︡ḭ אל

אל Ḯֿכ פּ ṇ ︡ḭ ︡ ṇ

ṡ Ṣּצ Ḯ1:10 ḭ לּ צּ אל פּ

ṇ ︡ Ḯ Croak ḭ ︢ ḭ 2 ṇ ךּ︡

ךּ Ḯ 

Groak צּ ︡ ךּ לּ ḭAlvar Aalto צּ קּ ︣ ḭ
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︡ כֿ טּ Ḯ ḭֿכ ךּ ṇ צּ אל Ḯ ṇ

ḭṡ ṕauralization ṖṢ ṇ אל אל

אל ︡ḭ צּ אל ṇ ṇ אל ︠

ṇ קּ לּ ︡ ךּ Ḯ ṇ פּ

︡ ךּ ḭצּ ṇ ṇ ṇ אל ︣ ḭ ︣

צּ ︡ טּ ṕHough 1996 ṖḮֿכ ḭ צּ ṇ ︣ קּ

ḭ ︡ ךּ Ḯ 

 

Ḳ  

 

IvT ḭ ︣

כֿ︣ צּ קּ Ḯ אל 60mḭ אל 14,500t ḭ 19.6m טּ Ḯ1990

ḭ ︡ 5.5 ︡ ḭ7 ṇ צּ 4.5m

︡ ךּ Ḯ20 ḭ צּקּ נּ ךּ Ḯ1990 1930 2

טּ ḭ ︡ ︡ טּצּ Ḯ ṇ ḭ

︣ ︡ Ḯ 

כֿ ḭ ︡ אל Ḯ 1173 ḭ1178

4 1 ḭ 100 אל Ḯ 1272 אל ḭ

1278 7 ṇ אל ︡ Ḯ 1360 פּ 1370

Ḯ צּ ḭ צּ ︡ ךּ︡ Ḯ︡ ︡פּ צּ ḭ

2 ךּ ḭ אל ︣ ︡ Ḯ 
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נּ ḭאל נּ ךּ קּ אל

קּ ︡כֿ Ḯֿכ ḭ

ṇ ḭ ṇ ︣ ḭ ṇ

צּ טּ ṕBurland 2004 ṖḮ 

תּ ṇ ṇ ḭImperial College London

טּ John Burland טּ ḮBurland ḭ ︣ ḭ

טּ Ḯḭ ḭ1990 פּ 2001

12 ךּ Ḯ 2 ḭImperial College ể 3 פּ

4 ︡ ḮBurland ḭ ḭ ךּ︡ 30 ףּ

︣ ךּ ḭ ︡ ךּ Ḯ 
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︡ ךּ Ḯֿכ אל צּ

ךּ Ḯ פּ ︣ ḭ צּ טּ ḭ טּ כֿלּךּ

ךּ Ḯ ḭ ךּ ︡ וֹ פּ Ḯ

ḭ לּצּ ךּשּ ךּ שּ נּ ךּ וֹ ḭ פּ ︡

︡ קּ ︡ Ḯ צּ שּ פּ ︡ כֿ נּ פּ ḭ

נּ ךּ Ḯ 

Burland צּ ︡ כֿ ḭ ︣ טּ Ḯ לּ

ṇּצ אל ḭפּ צּ קּ ︡ קּ ḭ פּ ךּ

ḭ ︡ Ḯ ︣ כֿ צּ קּ ḭלּ ḭ

צּ ךּ כֿ ︡ וֹ פּ Ḯֿכ ḭ אל

טּ צּ ṇ אל Ḯ 

Imperial College London טּ David Potts Burland ḭאל ︠

︡ḭ ︡ ךּ פּ פּלּ ︡ Ḯ

ḭ אל ṇ אל ḮBurland Potts ḭ

ḭ ︡ אל פּ ḭ ︡ כֿ צּ קּ Ḯ 

ḭ ṇ אל ḭֿכ ךּ אל ︡ Ḯ 

1993 ḭ600 צּ שּ︡ Ṅ ךּ פּ Ḯֿכ

ḭ ︡ ︡ Ḯ 

שּ 6 כֿצּ אל ףּ ḭֿכ אל

Ḯ ךּצּ ḭצּ שּ קּ צּ פּךḭּפּ ︣ קּ

פּ ךּ טּ Ḯֿכ ḭ צּ אל כֿ

︡ Ḯ צּ אל ḭ ︣ צּ

︣ כֿ ︡ḭ︡ צּ כֿ ︣ טּ Ḯ 

Burland ṇ אל ḭ1960 Cambridge University פּ

אל ḮPotts ḭImperial College כֿ

ṕincremental plasticity Ṗ ךּ Ḯ ךּ כֿ צּ נּ פּ

︡︣ כֿ ︣ ḭ ṇ ḭ וֹ ḮBurlandךּ

ḭ צּ שּ︡ ךּ ḭ ךּ שּ טּצּ Ḯ Pottsלּךּ ḭֿכ

טּ ḭImperial College צּ ︡ ךּ ḭImperial College Finite Element Program

ṕICFEPṖ קּ ṇ ︡ ךּ Ḯ 

Burland ṡצּ ṇ Ṣ ṡשּ Ṣ לּךּ ︣ ḭ צּ

שּ ךּ פּ טּ Ḯ ︣ טּצּ לּ טּ Ḯ 

נּ ḭ ︡ḭֿכ ︣ ףּ
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צּ ךּ Ḯ ︣ טּצּ ḭ פּ

ḭ ךּ ךּ Ḯֿכ ṇ ḭ צּ כֿ ךּ פּ

ḭ ︡ וֹ פּ Ḯֿכ ḭ

ḭ ḭ צּ ︡ ךּ Ḯ 

 

ṡ ︣ṕplay ṖṢ 

 

ṇ ךּ︡ ḭIvT ︣ כֿ

ḭ שּ︡ ︡ ךּ Ḯ שּ ḭ ṇ ︣ ḭ

ףּ צּ אל ךּ Ḯ ךּ︡ ḭ

︣ ︡ḭאל ︠ פּ כֿ ḭלּטּ︡

ḭ ṇḭ אל ︠ ḭךּ טּ טּצּ Ḯ

ḭ︡פּ︡ ṇ לּ ḭ︡ ︡

טּ Ḯ ךּ טּ ḭ שּ שּ טּצּ Ḯ 

IvT ḭ צּ Ḯ ṇ

ḭ ︣ ḭ ︡ḭ שּ ︡ ︣ כֿ

צּ ḭקּ ︡ כֿ︣ ḭṡ ︣ Ṣֿכ צּ קּ ṕPisan 1997

ṖḮ 

כֿצּ לּ ṕ︣playṖֿכ צּ קּ ḭ ṇ ṇ

ףּ ṇ ḭאל ︠ ṇ

פּ ︡ ךּ ḮCAD ṇ ṇ ṇ ḭֿכ טּ Ḯ שּ ףּ

ḭ ṇ ṇ ḭ ṇ ףּ

ṇ ṇ ḭ צּ אל Ḯ︡ ḭ︡פּ

וֹףּ ṡ ︣ṕplayṖṢ ṇ ︣ IvT ︣ ךּ

כֿ שּךḮּךּ פּ טּ ḭ אל ךּ Ḯ

ṡצּשּ ṕthink ṖṢ ṡ ṕdoṖṢ ṡ ︣ṕplayṖṢ ṇ ︡ ךּ Ḯ 

IvT ḭאל ︠ צּ כֿ לּ ︣ כֿ ḭ צּ ḭ

ḭ ︡ ︣ ךּ ḮSimonṕ1996 Ṗּצ ךּ לּ ḭ

צּ אל ṇ ︡ ︣ ḭIvT

ṇ קּ Ḯ ḭ טּצּ ḭ

ṇ צּ אל ḭ ṇ ḭ ṕ︣playṖ

ךּ ︣ Ḯ ṇ ︣ IvT ḭ

וֹףּ שּ ṇ

ḭ ḱ ṕEppinger 2001 Ṗ וֹףּ
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ṇ ︣ ṇ צּ Ḯ 

כֿ ︣ 1 ḭ ṇ ︡ בֿ טּ Ḯ

ḭ ḭ ḭ ḭ אל ︠ קּ לּ ḭ צּ

ḭ ṇ ︣ Ṅ ḭ ︣ ṇ צּ נּ

Ḯֿכ ḭ אל ︠ ךּ ︣ כֿ צּ קּ Ḯ 3 קּ לּ ḭֿכ

לּ ḭ ṇ ︣ ḭ ṇ ṇ

︡ḭ ṇ קּ נּ ṇ צּ אל Ḯֿכ ṇ ḭ קּ אלכֿ

︣ כֿ צּ קּ Ḯ 

IvT ︣ ḭ ṇ ḭ ḭ ḭ ḭ

︣ ḭאל ︠ ︡ כֿ︣ צּ קּ ṕGann 

2003; Whyte and Gann 2003 ṖḮ ︣לּ כֿ ḭ צּ ︣ ךּ︡ צּ

פּ Ḯ טּצּ Ḯ ṕthink Ṗ︣ ︡

ṕplayṖḭ ṕdoṖ︣ ṕthink Ṗ︣ לּ ḭ ṕthink Ṗ ṕdoṖ

︣ כֿ צּ קּ Ḯ 

︡ ṇ ṇ ṇ טּ ṕSalter and Gann 2001צּ Ṗḭ

שּ ṇ ṇ צּ נּ ךּ Ḯ ṇ ḭ ︡

ṡ Ṣ שּ ︣ אל Ḯ ḭ

ḭקּ ḭ ḭ ḭ ṇ ḭ ḭ ṇ

אל כֿ צּ קּ Ḯ ḭIvT ḭ ḭּף

ךּ ךּ︡ כֿ︣ צּ קּ ḭֿכ ︡ ṡ Ṣ

ṇ ︣ כֿ צּ קּ ḮZuboff ṕ1988 Ṗּצṡ ṕinformating ṖṢ ךּ

טּ Ḯ נּ ḭIvT ḭ ḭ ḭ צּ

פּ פּ ︣ כֿ צּ קּ Ḯ 

שּ ṇ קּ Ḯ ṇ קּ כֿ

ḭ כֿלּ צּ קּ ḮIvT ḭ ︣

︡ḭ אלצּ ︠ ḭ ṇ ḭּף כֿ︣ צּ קּ לּ ︣ Ḯ

כֿ ḭ ḭ ṇ ךּ︡ צּ אל

ḭ שּ צּ ךּ ṕSchrage 2000 ṖḮ 

ḭּט ︡ ךּ Ḯֿכ

ḭ ḭ ︣ḭ ︡ ṇ ︣ אל ךּ ḮIvT ḭֿכֿכ

ṇ ︣ ṇ ︣ אל Ḯֿכ ḭ

ṇ ṇ פּ ︡ ḭ ṇ ṇ ṇ ṇ ︡

ṇ ︡ Ashby ṇ פּ ḭ ḭ
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ṇ ︣ ṇ צּ אל ךּ Ḯ

צּ טּ ḭ שּ וֹףּ ḭ ṇḭ

ḭ אל ṇ ︡ ךּ Ḯ 

IvT צּ ṡ ︣ṕplayṖṢ אל ךּ ḭֿכ פּךּצּ

נּ פּ ḭ ṇ אל ךּ Ḯ 

 

Box 5.2  ︢ ṇ ︡  

ṇ שּ ḭ ṇ ︡ ךּ Ḯ

Game Boy ḭMicrosoft X-Boxḭ ︡ ṇ Play Sta ition לּ ṇ ḭ

︡ Grand Theft Auto Sims טּצּ Ḯֿכ ḭ צּ טּ Ḯ

2003 ṇ ḭ70 רּ Ḯךּ ṇ כֿ טּ ḭ

ṇ ḭ ḭ טּ Ḯ ṇ ḭ ṇ פּ ḭ

ḭ ṇ שּקּ ︡ ךּ Ḯ  ּ︡︡פḭ ḭוֹ ḭ ḭ

ףּ ṇ לּ ḭֿכ ṡ ︢ ṇ Ṣ טּ Ḯ 

נּ ḮThales Training and Simulationלּ אל

ṇ ḭ צּ ︣ ︡ḭ

︣ קּ ︣Ḯ ḭ לּ

טּ ḭ ︣ ṇ ṇ ︡ כֿלּ כֿ צּ קּ Ḯ 

ṇ ךּ ךּ Ḯ ṇ ṇ

40 ︡ ךּ אל ḭ ︣ Full Spectrum Warrior America's Army

לּ ṇ ︡ ךּ ḭJose Varga ḭ ḱ ךּ ךּ Ḯ

ṇ פּ 400 ṇ ךּצּ Ḯֿכ ṇ ḭ 50

צּ 20 ṇ ṇ טּ כֿ נּ ḭ שּ כֿקּ  Ḯךּ

ṇ אל ḭ ṇ ṇ ṇ ךּ ḭ

︡ ṇ ︢ ךּ ︡ḭ ךּ נּ

︣ כֿ צּ קּ Ḯ 

 

 

ḲFrank Gehry  

 

Frank Gehry ḭ טּ Guggenheim Museum ṕ1991 Ṍ7Ṗḭ

ṡGinger and Fred Ṣ ṕ1992 Ṍ6Ṗḭ Case Western Reserve University

Weatherhead School of Management ḭ(1999 Ṍ2002) ḭ Experience Music Project ḭ

ṕ1999 -2000 Ṗḭ Walt Disney Concert Hal lṕ1989 -2004 Ṗ טּצּ Ḯֿכ
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ךּ ṕgesture -basedṖ ḭ CAD ︡ לּ

︣ צּ פּ ḭ1980

ךּ ḭ טּ ḮGehry ḭ ךּ︡

ṇ ︡ קּ פּ Ḯ 

Gehry ḭ ṇ אל ḭ

אל ḭ ךּ ךּ Ḯ ṇ ףּ ṇ

︡ ︣ אל קּ CATIA ḭ 1990 ︡ Ḯ 

כֿ ḭ טּ James Glymph אל ḭ ḭ ḭּף

ךּ︡ ṇ ︡ אל Ḯ ךּ︡ ṇ ḭGehry צּ

כֿ טּ ḭ שּ ︣ ︡ Ḯ

אל ךּ Ḯ ṇ ḭGehry כֿ פּ

אל ḭ ︣ לּ אל ︡

ḭ3D ṇ אל Ḯ אל ḭIBM RISC 6000

CATIA ︡ אל ḭ ︣ ףּ ṇ

︡ ︣ ︣ Ḯֿכ ḭ1990 CAD

אל ךּ טּ ḮHelysis

ḱ ṇ ḭ ︡ḭ שּ

צּ אל ṕ 6 ṖḮ צּ אל

ḭ ṇ ḭ ḭ ḭ ḭ ḭּף ︣ אל ︠

︣ כֿ צּ קּ Ḯ ḭ ︡

אל ḭ ︡ ḭצּ ṡ צּ Ṣשּ ךּ Ḯ 

כֿ ḭGinger and Fred ṇ אל ṇ

︡ ḭ ︣ ︡ Ḯ  ḭGuggenheim 

Museum לּ ḭ ︣ אל Ḯ

Guggenheim Museum ḭCATIA אל

פּ ḭ BOCAD CNC

אל ḭ ṇ ṇ אל Ḯֿכ ṇ ḭ

ḭ צּ פּ Ḯ Ṅ ṇ ṇ אל ḭCATIA

אל ṇ ṇ ︡ ︡ אל Ḯ קּ

טּ Ḯ 

כֿ ḭ ךּ︡ ṇ צּ טּ ḮGlymph צּ ךּ

לּ ḭ ṡ ︡ ḭ ḭּף

Ṣ ︡ ךּ נּ ךּ ḮGehry ḭ ṇ ḭ
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וֹףּ ︡ ךּ Ḯֿכ ḭ

ךּףּ ︣ כֿ ḭשּ וֹףּ ︡ פּ ḭ ︣

︣ Ḯֿכ ḭ ṇ ṇ אלḭצּ ︠ אל ︠ ḭ ךּ︡ ףּ

וֹףּ ṇ ︡ ḭ לּ קּ פּ ︡ ךּ Ḯ ḭ

ṇּצ טּ ṇ אל ḭ ךּ קּ לּ ḭ

צּ Ḯ ︣ צּ ︡ḭאל ︠ ︣ḭ ṇ ṇ

ṇּצ ︣ ḭ ︡ שּ Ḯ 

ḭ ḭ ḭ ḭ טּ Ḯֿכ

ṇ ḭ צּ פּ ḭ צּ אל לּךּ

︡ ךּ Ḯ ḭ Ṉ אל Ḯ ṕthink Ṗḭ ṕ︣playṖḭ

ṕdoṖּצ ṇ ṇ ︡ḭ ︢ IvT ṇ ṇ אל ךּ Ḯאל ḭֿכ

ḭ צּ ṇ ḭ נּ ḭ ḭ ḭ

ḭ ףּ ︣ ḭ שּ ︣ Ḯ 

ḭֿכ ךּ︡ ṇ ḭWalt Disney לּ ṇ

קּ וֹ נּ טּ ḭ קּ פּ ︡ Ḯ 

כֿ ḭGehry ḭ2002 Gehry Technologies ṕGTṖ צּ

אל ḭṡ וֹףּ בֿ Ṣֿכ צּ קּ ḮGT CEO טּ James 

Glymph ḭ ṇ ḭּט ךּףּ ḭGehry צּ

︡ ךּ ḭ ︣ כֿ ︡ḭֿכ ḭGehry

︡ וֹ אלḭשּ ︠ ︡ ךּ ḮGT ḭIBM

Dassault Systemesḭ ḭCivil Engin -eering Research Foundation ḭMIT

︡ ךּ Ḯ 

Gehry ︣ ḭ ḭ ṇḭ ṇ ṇ ︡ ḭ

נּ ︡ ךּ︡ טּ Ḯ 

Gehry ḭIvT ︡ פּךּ ףּ ︣ כֿ

צּ קּ פּ ︡ ךּ Ḯּ︡︡פḭ ḭאל ︠ ḭ ︡

ךּ נּ כֿ וֹ פּ ︡ Ḯךּ פּ ḭ

ךּ Ḯֿכ ḭ ךּ

צּ טּ ḭ צּ נּ ṇ ︣ וֹ ḭשּ ṇ ṇ

ṇ ︣ ḭ ṇ ︡ ḭ פּ

︡ ךּ Ḯ ṇ ṇ ṡ ︣Ṣ ḭ

צּ טּצּ Ḯ 
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ךּ︡ Polaroid  

 

1990 ḭPolaroid ṇ ︣ ךּ︡ ︡ לּ ︡ Ḯ 

טּ ḮPolaroid ḭ ṇ צּ 1200 ךּ

︡ ךּ Ḯ ḭPolaroid ḭצּ ṇ ︡ ךּ

כֿ פּ טּ Ḯ 

ךּ︡ ḭ ḭ ḭ וֹ פּ Ḯ ṇ

פּ ︣ כֿ צּ קּ טּצּ Ḯ ︢

︣ טּ Ḯ ḭ ḭ ṕ

שּ ḭ צּ לּ ︣ Ṗ ḭ ṇ

︡ ךּ Ḯ ḭ אל צּ

וֹ ḭ פּשּקּ וֹ פּ Ḯ 

ḭ ṇ ṇ ︣ כֿ טּ Ḯֿכ ṇ ṇ

ḭ ḭ ḭ ḭ ḭ

︣ ṇ ︣צּ ︡ Ḯ ṇ ṇ ḭ ︣ צּ

אל ךּ ḭ ṇ קּ Ḯ ṇ ṇ ḭאל ︠

ṇ ︡ḭ שּ ṇ ︡

Ḯֿכ ṇ ḭPolaroid ṇ ṇ ṕphysical version Ṗ שּ

ṇ ṇ ︣ḭ ︡ Ḯ 

Polaroid ṇ ḭ ︡ḭ ṇ

אל ︠ ṇ ṇ ︣ Ḯ ḭ פּ

ṇ ︣ כֿ פּ Ḯ ṇ ṇּצḭאל ︠

ךּ ︣ אל Ḯ צּ אל ḭ CAD

︡ ︡ Ḯ ṇ ḭ

אל ︠ ṇ ḭאל ︠ ︡ ḮCAD

ḭ ṇ ︡ Ḯ ṇ ḭ ︣

כֿ ḭ אל Ḯֿכ ḭ ︣

ḭ ףּ אל Ḯ 

ךּ︡ ḭ אל אל צּ כֿךּ צּ אל Ḯ 

ḭ ṇ ṇ אל ︠ ṇ צּ קּ ︡כֿ ךּ כֿ

צּ פּ Ḯ  ḭ ṇ ṇ

ṇ פּ טּ Ḯ ḭ ṇ ṇ אל ḭ ṇ

ṇ ︡ Ḯ ṇ
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ṇ ךּ︡ ḭ ḭ Ḯֿכ

ךּ Ḯ וֹ ךּ︡ MiniPortrait צּ 2003 אל Ḯ ︡ ḭ

פּ בֿ 1 פּפּ Ḯ 

Polaroid ṇ ṇ ḭIvT צּ לּ ︡ ḭ ḭּף

אל פּ ︡ ךּ Ḯ ṇ ṇ ḭאל ︠ ṇ

אל ︣ כֿ צּ קּ Ḯ אל ︠

ṇ כֿ︣ צּ קּ Ḯ ḭ

אל ṇ פּ לּ ︡ Ḯ ḭ ṇ

︡ ךּ︡ שּ וֹ ךּ︡ ṇּצ 1 אל Ḯ 

 

ךּ︡  

 

ṇ קּ טּ Ḯ ḭ 8 5000 ḭ 46

אל ךּ Ḯ ṇ ḭ ṇ ṇḭ ḭ ṇ ḭ

ṇ ṇ ḭ40 ṇ טּצּ Ḯ ḭ ךּ ḭ

אל טּ Ḯ 

1990 ḭ Charnos ḭ שּךּ פּ קּ טּצּ כֿ

︡ Ḯ ḭ שּ ṇ צּ צּ ךּ Ḯ ḭ ךּףּ

ṇ צּ 1950 34B פּ 36C שּקּ לּ ḭ קּ

ṇ ︡ ךּ Ḯ ḭ ṇ פּ ḭּך ṡ ךּ

Ṣ טּ ḭ ךּ טּצּ ḮNottingham Trent University

ḭ 70Ṿ ḭצּשּ ךּ ṇ ︡ ךּ ḭ וֹ

כֿ צּ קּ כֿךּ ḭ ṇ צּ ︣ כֿ צּ טּ Ḯ 

כֿ ︣ 2 טּ ḭ ךּ ṇ ךּ טḭּפּ

ךּ ︡ ︡ ṇ טּ ḭצּ ︡ פּ ḭפּ ṇ ṇ צּ ḭ︡שּ

פּ טּ ḮCharnos 1998 ךּ︡ כֿ Ḯ

ṇ ︣ כֿ ḭ קּ ḭCharnos

נּ ḭ Seymour Powell קּ Ḯ 

שּ ︣ ḭSeymour Powell ︡ ךּ אל

︠ ṇ ṇ ṇ ︡ Ḯ ḭAdidas Nike לּ ṇ

ךּ ︡ Ḯ 

כֿ ︣ וֹ ḭ אל ︠ IvT ︡ ḮSeymour Powell

ṇ ḭ ︣ Alias Wavefront ︡ ḭ CAD

︣ כֿ ︡ Ḯ ḭ ṕstereolithography Ṗ אל 3D
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︡ ḭSeymour Powell ṇ ṇ ︡ Ḯ

כḭֿ︡פּ︡ ךּ ḭ פּ Ḯ 

כֿ ḭSeymour Powell שּ ḱ ṇ ḱ

טּ Product Design and Development ṕPDDṖ ︡ḭ קּ שּ ︣

ḮNottingham University ṇ שּ 3D scanners וֹ

ḭ180 צּ ṇ ṇ אל Ḯ ︡ ḭ

ṇ ṇ ṇ ︡ Ḯֿכ ṇ ṇ ḭSeymour Powell PDD

אלקּ שּ שּךḭּקּ פּ צּ ︡ Ḯ

ṇ ︡ ךּ ḭצּ ṇ אל ךּ ךּ ṇ ︣

קּ Ḯּ︡︡פḭ אל ṇ 3D ṇ ṇ ︡ḭ

︣ פּ כֿשּ צּ קּ Ḯ 

PDD ṇ טּ Phil Shade ṕSmart Technology 2001 Ṗ לּ ךּ Ḯ 

ṡ צּ אל︣ ︠ ḭ פּ שּקּ וֹ כֿךּ פּ טּ

ḮṢ ךּ ḭPDD Alias Wavefront ṇ פּ

︡ḭ ︡ Ḯֿכ ṇ ṇ ḭ

אל ḮPDD ︣ 1 ḭ ךּ︡ טּ אל ︣

כֿ טּ Ḯ פּ ḭֿכ שּשּ ︣ ︣שּ

טּצּ ḭצּ ︡ נּ אל ṇ ︣ טּ Ḯ 

טּ Arrk Formation ḭ 3D צּ אל ḭ ︡

︡ Ḯּ︡︡פḭֿכ פּ טּ ḮAdidas

ṇ פּ ḭ ṇ

ṇ ︡ Ḯ 

ṇ ṇ ṇ כֿ ךּ︡ ḭCharnos ךּפּ

ךּ וֹ ḭ צּ ︡ Ḯֿכ ︡ שּךּ ￼ḭ

ṇ קּ ḭֿכ צּקּ לּ ︡ ךּ פּ ךּ ḭ

︡ ךּ כֿךּ ︡ Ḯ1999 ḭ ṇ FEAṕ Ṗ

︣ Arup Advanced Technol ogy Group וֹ ḮArup ḭֿכ

Louise Waddingham ךּ ḭ ṇ ḭ ṇḭ ḭ ṇ ṇ ︡

ḭ ︡ ṡ ḭ ףּ Ṣ ︡

אל ḭ ךּ ︡ ךּ Ḯֿכ ṇ ḭ ךּ︡ צּ

לּ ︣ פּ ︣ כֿ טּ Ḯ 

Arup ךּ ︡ Ḯ וֹ ṇ

ḭ ︣ כֿ אל Ḯ ṇ ḭ



123 

 

ṇ ךּ ︡ אל Ḯֿכ ḭ ṇ

ḭ ḭּף אל קּ קּ צּ Ḯ ṇ

ḭ שּ ︣ ךּ שּ שּ ṇ ︣ ḭ

︣ כֿ אל Ḯ 

כֿ ḭ ṇ ︣ ףּ ḭּף

ṇּצ ︡ פּ ṇ ךּ צּ אל ḮṕSmart 

Technology  2001 Ṗֿכ ḭ פּ ךּ

צּ פּ Ḯ ṇ ṇ ḭ ךּ︡ טּ כֿ

צּ פּ Ḯ ṇ ṇ ṇ 2 טּ ḭ אל ḭ ṇּצ

אל נּ ḭ ṇּצ צּ ḭ ṇ 2 צּ Ḯ אל

ḭ ︡ ︡ ṇ פּ ︣ צּ ṕSmart Technology 2001ךּקּ ṖḮ 

ṇ Dick Powell ḭֿכ ṇּצ ︡ ךּ טּ ḭ

ṇ ḭ ךּ︡ שּךּ פּ ︣ קּ טּ נּ Ḯṡ

קּ ךּ לּ טּצּ ḭ ṇ כֿשּ ךּ Ṣ ︣ Ḯṡ

︡ ︢ ḭּפ קּ ṢṕSmart Technolo︣כֿ gy 2001 ṖḮ 

כֿ ḭ צּ ṇ ṇ קּ ︡ḭ ︡

ṇ אל ḭ2 ︣ כֿ

אל Ḯ ḭ ḱ ḱ ṇ אל ךּפּ

ṇṕTPEṖ ךּ ḮArup FEA

ḭ ṇ ṇ ︣ כֿ צּ קּ ḭ Charnos 7

לּךּ כֿ צּ קּ Ḯ Charnos ︡

ḭצּ ṇ ṇ ︡ אל אל Ḯ 

Bioform ṇ ḭ2000 ףּ אל ḮCharnos ḭTony 

Hodges לּ ךּ ḮṡBioform ḭ נּ ךּ ḮBioform

ḭ לּ ḭ ṇ ṇ ךּ ṢṕSmart Technology 

2001 ṖḮּשּך פּ ṇ ṇ ṡ Ṣ ṕWeston Thomas 

2004 / www.fashion -era.com ṖḮBioform פּפּ ￼ḭCharnos 2003

אל ḭBioform ṇ פּ ךּ Ḯֿכ ṇ

ḭ ךּ ךּ לּ טּ ṕWeston Thomas 2004 ṖḮ 
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ṇ ︣ṕplay Ṗ 

 

Ricardo Engineering  

Ricardo ḭ ṇ ṇ וֹ ḭ ḭ לּ טּ Ḯ

︡ḭ ḭ ḭ ︡ ךּ Ḯ1,800 ︡ḭ1999 9100

פּ ḭ2003 1 1,300 ︡ Ḯ ḭ ḭ

︡ ḭ ṇ ṇ ︡ ךּ Ḯ

ḭ ףּ ṇ ︡ḭ אל ︠ ṇ ṇ

︡ Ḯ 

 

 

 

Ricardo ḱ ṇ ḭ ṇ פּ

1980 ︡ Ḯ ḭ ṇ ṇ צּ ḭRicardoשּ צּ

︡ ṇ ︣ טּצּ Ḯֿכ

︡ḭ ︡ ḭ פּ ךּ

ḮRicardo ḭ ︡ ṇ ︡ Ḯֿכ

צּ ︣ ḭ פּ ︡ Ḯ1995 ḭRicardo Software

︡ ḭ ḭ ḭ ṇ ︣ ḭ ṇ צּ אל Ḯ

ḭ ṇ ṇ ṇ ḭ ḭ ṇ ḭ ḭ ḭ ḭ ףּ

ךּ אל ךּ Ḯ ṇ ṇ ṇ טּ Ḯ

ṇ ḱ ḭ 2 טּצּ Ḯ 

ṇ צּ 1 ḭ ︣ צּאל ︡ כֿ טּ Ḯ1980 ḭ

טּ ḭ ︣ פּ￼ טּ Ḯּ︡︡פḭ1980

פּ 1990 וֹפּ ḭ ḭ ךּ︡

︢ ḭ ︡ ḮRicardo Software צּ ︣ ḭ כֿ ךּ︡

אל ︣ ḭ ṇ ṇ ︣ לּ Ḯ2003 ḭ

Ricardo So ftware 55 ︡ḭChicagoḭShoreham -by-seaṕWest Sussex ṖḭPrague

3 פּ ṇ וֹ ךּ Ḯ 

Ricardo אל ︠ ṇ ︣ ︡ ךּ Ḯאל ︠

ṇ ṇ ḭ ḭצּ אל ︠ צּ לּ

︡ ךּ פּ ︡ḭֿכ ḭ טּ צּ לּ

︣ פּ כֿ צּ ḭקּ ︣ כֿ ︣ Ḯֿכ ḭRicardo

לּ ḭ אל ︠ צּ אל ︠ טּ אל
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טּצּ ḭ פּ טּ Ḯ נּ ḭ X ḭ Y ḭ Z

אל ךּ טּצּ Ḯ נּ ḭ אל ︠ ṇ ṇ

ḭ ṇ ︡ ףּ ḭ ḭנּ

נּ ︡ ︣ ︣ טּצּ Ḯ 

ḭאל שּ ṇ ṇּצ ךּ︡ ︡ ḭ

ךּ כֿ צּ נּ Ḯ ḭּט ṇ ṇּפ

ṇ ṇ ṇ ︣ טּצּךּ צּ טּ Ḯ

ṇ ךּ Ḯ ṇ ṇ ︣ ךּ ḭ ṇ

ṇֿפ כֿ צּ טּשּ Ḯ ṇ ṇ צּ נּ ḭ ṇ

צּ שּקּ Ḯ ṇ ḱ כֿ ךּ︡

ḭֿ︡לּכ כֿשּ טּ Ḯ 

ṇ ḭ ṇ ︣ Ḯ 

כֿ ḭ אל ḭאל ︠ ṇ ṡ ḱ

ḱ Ṣ︣ כֿ צּ קּ Ḯ ṇ ḭ ︡ קּ ḭ

ḭ שּ טּ Ḯ︡ צּ ḭ ךּ︡ ṇ

ḭ כֿצּ ￼ קּ לּ ︣ טּצּ Ḯ 

3 ︡ Arup ḭRicardo ṇ ṇ שּ וֹפּ

שּ אל ḭ ︣ פּ

ךּ Ḯ ṇ ṇ ḭ ︣ לּ ︣ כֿ

טּצּ Ḯ ṇ ṇ ṇ ḭ פּ נּ

אל ךּ ḮRicardo Software Richard Johns ḭ ṇ

נּ וֹ ḭ ṇ ṇ צּ ḭשּ טּצּ ḭ טּ ḭ אל ︠

כֿ צּ קּ Ḯ ḭ ḱ

ṇ טּ WAVE כֿ צּ קּ Ḯ ṇ

︡ אל ףּ ḭ ḭ ḭ ḭ שּ

אל ךּ Ḯ ֿכ ṇ ḭצּ פּ קּ

︣ כֿ קּ פּ ḭצּ ︣ כֿ ḭֿ︡לּכ

︡ Ḯ 

IvT קּ ḭ ṇ צּ נּ כֿ צּ קּ Ḯ

ṇ ṇ ḭ Ṅ ṇ ︣ טּצּ ḭ

︡ ḭ צּ ︣ ︡ ︡ טּ Ḯ

ךּ ︡ אל Ḯֿכ ḭ טּ ḭ ḭ

︣ פּ ︣ ḭ פּפּ טּ ḮJohns ḭ



126 

 

︣ ḭ ︡ ṇ ︣ פּפּצּ ḭ

ṇּצ ︡ ḭשּ︣ טּ טּ Ḯ ṇ ṇ ḭ

צּ ︣ אלḭוֹ ︠ ṇ ṇ ṇ

צּ קּ לּ ︣ כֿ ḭֿכ ︣ ךּ Ḯ 

ṇ ṇ ḭ אל Ḯ︡ ḭ︡פּ

ṇ ḭ צּ ︣ ḭ Ḯךּ ḭ ḭ ḭ

ṇ ḭ ḭּף ḭ ︣ Ḯ לּ

︣ כֿ ḭ אל ︠ ṇ ︡ḭ קּ ︣Ḯֿכ

ṇ ḭ אל ︠ צּ ךּ לּ ︡ ךּ פּ ︣ḭ ︣

צּ אל Ḯֿכ ḭ ḭ צּ לּ ︡ḭ

צּ לּ ︣ פּ ︡ צּ ḭṡ Ṣ ṡ Ṣאל Ḯלּ

ḭ Ṅ אל ḭ ṇ ḭ

︣ כֿ צּ קּ Ḯ 

ḭאל ︠ ךּ ḭנּ ︡ḭ ṇ

︡ ︡ḭ ︡ לּ ︡ ךּ Ḯֿכ ṇ ︣ כֿ

ḭ ︣ ︣ כֿ קּ Ḯ צּ

פּ ︣ ḭ ︣ ︣ Ḯ 

Ricardo ḭ ḭ צּ ︣ לּךּ

ךּ Ḯֿכ ḭ ḭ ṇ ṇ ︣

︣ ︣ טּצּ Ḯ 

ṇ ṇ ḭ ṇ נּ Ḯ

ḭ טּ ךּ לּ ḭ

︣ ḭ פּפּצּ ḭ פּפּצּ Ḯ ṇ ︣ ḭ

טּ Ḯ︣ ḭ וֹףּ טּ ḭ

קּ ︣ טּצּ Ḯֿכֿכ ḭRicardo צּ ︡

ךּ אל ךּ Ḯ︡ ḭ︡פּ ṇ ṇ ḭשּ

︣ טּצּ כֿ ︡ ךּ Ḯ 

ךּ︡ ṇ צּ ḭ ṇ

טּצּ Ḯ ṇ ךּ ḭצּ

ṇ ךּ Ḯֿכ ḭ

ṇ ḭ ḭ ḭּף ︣ טּ Ḯ ḭ

ḭ צּ קּ אל ṇ ṇ ṇ טּ Ḯ

פּפּ ￼ḭ ṇ ṇ ṇ צּ ︣ כֿ ḭ ṇ
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צּ Ḯֿ︡לּכ כֿ ḭ ṇ ︣ ︣ לּ ךּ Ḯּ︡︡פḭ שּ

ṇּצḭ קּ לּ ︣ ḭּט וֹףּ צּאל ︡ ךּ Ḯ

Johns Ḳ 

ṇ אל כֿלּ צּ ḭ10קּ לּ 9 כֿשּ כֿלּ צּ

קּ Ḯ ּ︡︡פḭ כֿ ḭ צּךּ︡ ךּ נּ ḭּט

ךּ קּ ךּ ḭ10 לּ 1 ḭ ︡

︡  Ḯלּ

ךּ טּ ḭ ḭנּאל Ṅ ךּ ︣ טּצּ Ḯ

︡ ךּ ךּ לּ טּ Ḯ ḭ ṇ ḭ ṇ

ṇ פּ ︡ḭֿכ ṇ ︡ ḭ ︣ שּ

︣ כֿ צּ קּ Ḯ︡ כḭֿ︡פּ לּ ṇ ︣ כֿ ḭ ṇ

וֹףּ ṇ ︣ כֿ ḮJohns צּ לּ לּ ḭṡ ṇ

straightjackets ṕ Ṗ טּ Ḯ ︡ ︡ ḭצּךּ ṇ ︡ ךּ טּ ḭ

לּ ךּשּ פּךּ ḮṢךּ ṇ נּ צּ ︢ ḭ

צּ שּ Ḯ ṇ

︡ ṇ Ḯצּוֹ כֿלּ צּ קּ Ḯ 

כֿ לּ ḭ ךּ︡ ṇ ︣ כֿ ḭ ︡ ṇ צּ נּ שּ Ḯ 

Ricardo ḭ Ḯ ךּ ḭוֹ ṇ ךּ︡

︣ ḭ ṇ ךּ צּ טּ Ḯ 

וֹףּ ṇ ḭ ךּ︡ ṇ ṇ ︡

ḭ ךּ Ḯ ṇ ḭ לּטּ︡ נּ

טּצּ Ḯ ṇ ︡ ךּ ḭֿכ ︡ ︣ כֿ ḭ

לּ צּ כֿ פּ כֿ צּ קּ Ḯֿכ ṇ ḭ ṇ ḭ

שּךּ פּ ṇ שּ ︣ לּ ︣ Ḯ שּ Ṅ

︡ḭ ךּ︡ שּ לּ ︣ Ḯ 

IvT ︡ ḭRicardo ṇ ḱ נּ ḮIvT ḭ

תּ ךּ︡ ︡ Ḯ ךּ︡ ṇ ṇ ḭ

ṇ ṇ ṇ קּ ḭ ṇ

ṡ Ṣ ṇ כֿ צּ קּ Ḯ 

 

ṇ ṇ ︣ 

 

ṇ ṇ ṇ ḭ שּ צּ אל ךּ
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ṕvon Hippel 1988 ṖḮ ṇ ṇּצ ךּ שּ ḭקּ ṡ

Ṣ ṡ Ṣ כֿ︣ צּ קּ ṕGardiner and Rothwell 1985; Utterback 1994 ṖḮ 

כֿ ḭ ףּ ṇ ḭ צּ ḭקּ

צּ ︡ לּ ︣ ︣ לּ טּ Ḯ ṇ ṇ ךּ טּ

Ḯ 

פּ ṇ ḭ אל ךּ ︣ אל ḭ

︣ כֿ צּ ḭקּ ︡ ︡ḭGardiner Rothwell ḭ

ṇ ṇ ḭ ḭPC ︡ ḭבֿ ︡ ךּ Ḯ 

IvT ḭ ṇ ṇ ṇ ṇּצ ṇ ךּ ṇ קּ

︡ ךּ Ḯ נּ ḭ ṇ ︣ כֿ ḭ ṡ ṕdesign 

conversation ṖṢ ︡ ︣ ṇ ṇ ︣ כֿ צּ קּ Ḯֿכ

טּ ḮPẀG ḭ ṇ ṇ

ṇ צּ ︡ ךּ Ḯֿכ ṇ ḭ ṇ ṇḱ ṇ

אל ṇ ṇ ṇ ךּ ḭ ︣

ṇ צּ אל Ḯ1990 ḭ ḭ ḭ

ṡ ṇṢ ︡ḭ אל שּ לּ ︡ ṕBarlow and 

Ozaki 1999 ṖḮGann ︣ ṕGann 1996; Gann and Salter 1998 Ṗ ḭּך

שּ פּ צּ ︣ ḭ פּךּ ︡ ךּ פּ ︡ ךּ Ḯ 

7 ︡ ךּ Ḯ ḭ ךּ ṇ

פּ אל ךּ Ḯ ḭ ḭ ḭ ḭ ︣ אל

צּ פּ אל Ḯ 200 נּ

טּ פּ ḭ אל ḭ ︡ ךּ Ḯ ḭ

אל ︠ ṇ ︢ כֿ צּ קּ ṇṕ Ṗ ṇ

אל Ḯלּ צּ ︣ ḭ ṇ ︣ כֿ נּאל

קּ Ḯ ṇ ḭ ḭֿכ CAD ṇ ︣ Ḯ

צּ ︡ ṕ︡ ︡ 2 Ṗḭ ṇ ṇ CD-ROM

צּ אל Ḯ ︡ ︣ כֿ צּ ḭקּ ḭ ︡ ḭ

צּ פּ פּלּ ︣ כֿ צּ קּ Ḯ ḭ ṇ

פּ ṇ ︡ ḭ ךּ Ḯ ḭ

ṇ ṇ ḭ ︢ לּ ṇ ︡ ךּ Ḯֿכ ṇ שּךּ פּ

ṇ ṇ ︡ ךּ Ḯ נּ ḭ1999 ḭFord ConsumerConnect לּךּ

ךּ︡ ṇ ︡ḭ ךּ︡ ︡ḭ ṇ קּ ḭ

ṇ ṇ ︢ ︡ ךּ ṕVandermerwe and Taishoff 2000 ṖḮ 
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ṇ ṇ ḭ IT ףּ ṇ ṇ ḭ ךּ︡ ṇ וֹףּ

ṇ ṇ ךּ Ḯ נּ ḭEbay ṕCEOṖMeg Whitman

לּ ךּ Ḯ ṡRẀD ṇ ṇ טּ ḭ וֹ ךּ

RẀD טּ Ḯ כֿ ṇ לּ לּ צּ פּ נּ ︡ שּ Ḯֿכ

טּ ṢḮ ṇ ṇ ḭ ךּ︡ ṇ

︣ ṡצּ Ṣ ךּ ︣ ︣ לּ ךּ Ḯֿכ ṇ

ṇ ḭ ṇ לּצּ פּךּפּשּךּשּ פּךּ וֹ כֿ צּ קּ Ḯּט ḭ Ṅ

︡ Ḯךּ ḭּט ךּ︡ ḭ אל Ḯּ︡︡פḭ ṇ

ṇ טּצּ ḭ ḭ ṇ ṇ ︢ ḭ

Ṅ ︣ שּ ḭנּ בֿ אל Ḯֿכ Lucas Arts

אל Star Wars Galaxies ḲJump to Lightspeed ṇ ṇ ︡ Ḯ ṇ

ḭWookiees לּ ṇ ṇ צּאל וֹ ךּ ḭ

ṇ שּ וֹ︠ טּ Ḯ ḭ ṇ ṇ ṇ ṇ ṇ ṇ

ṇ כֿלּ צּ ḭשּ אל ṇ ︣ כֿ טּ Ḯ

פּ קּ ףּ ḭ ṇ ṇ ṇ

ṇ ṇ ︡ ךּ Ḯ  Atari לּ ḭ ṇ ṇ

ḭ ︡ ךּ Ḯ ṇ ︣ ḭ

ṇ ṇ ṇּצ קּ ḭלּ ︡ ךּ Ḯ 

ṇ ṇ ḭvon Hippel ṕ2002 Ṗּצṡ ṇ ṇ ṇ Ṣ ךּ

צּ Ḯֿכ ḭ ṇ אלצּ ︠ כֿ︣ ︣ ḭ ḭ ḭּף

︡ḭ︡ ︡ ṇ פּ ḭ אל

︣Ḯ ḭ צּ אל ḭּך ṡmarket of one

ṕ1 ṖṢ לּךּ ︡ ךּ Ḯ ṇ ṇ ṇ כֿ︣ צּ

קּ ḭצּ שּ ḭ ṇ ṇ ṇ ḭ ṇ

ṇ צּ Ḯֿכ ṇ ḭṡ ṕthink ṖṢ ṡ Ṣ ṡ ṕdoṖṢ

וֹ ḭ ṡךּ ḭ ︣ḭ ṕthink, play, do ṖṢ ṇ

︡ אל טּ Ḯ כֿצּ ︡ ךּ ḭ קּ ḭ

︡ ︡ לּ טּצּ ḭ ḭוֹ שּ טּצּ Ḯ 

 

5.4  IvT ︣  

 

טּ ḭ שּ ḭקּ ḭנּ אל︡פּ￼

טּצּ Ḯ ṇ ︡ḭ ṇ
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︣ פּ ךּ ḭ שּ ︣ Ḯֿכ ḭ

וֹ לּ טּ ḮMillennium Bridge ṕ ḱ ḭ 3

Ṗ ︡ וֹ ḭ ︣ צּ שּקּ ךּ טּ Ḯלּ

צּ ḭ ︡ טּ ḮBilbao Guggenheim Museumלּ

ṕ Ṗ ︣ כֿ צּ קּ כֿךּ ḭ צּ

︣ וֹףּ ︡

טּ Ḯלּ 4 ︡ קּ ︣ ḭ

︡ḭ ︣ ףּ ︡ טּצּ

Ḯ ךּ︡ Polaroid ṇ ṇ ︡ פּ ךּ

קּ כֿ צּ טּ Ḯֿכ ︣ ךּףּ ḭ ṇ

IvT ṇ אל ḭ ︡ḭ ︡ Ḯ 

 

5.5  ṕcraft Ṗ ṕcode Ṗ  

 

Arup לּ ḭ ︣ ḭ ṇ ︡ Ḯ ḭ

ṡ ︡ ︣ Ṣ ḭ ṇ ḭךּ ṇ

︣ ︣ Ḯֿכ ḭ ṇ ṇ קּ

נּ Ḯּ︡︡פḭIvT ṇ אל ṕ Ṗ

ḭ ︣ Ḯךּ ︡ ︣

ḭ שּ ḭ ︡ ︡ טּ Ḯֿכ ḭṡ Ṣ ︡ לּ

כֿ צּ ḭקּ אל ︣ טּ Ḯ ︢ ṕ ︣Ṗ

ṇ ḭ ṕ Ṗ ṇ ṕ Ṗ צּ טּ Ḯ

4 ︡ ḭGlaister ḭ ךּ ḭ

צּ טּ פּ ︡ḭ לּ צּ אל

וֹ פּךּ ︣ ︡ ךּ Ḯ 

כֿ שּ ︡ ךּ Ḯ ṇ כֿ כֿלּ

טּ ḭ ︣ ︣ טּצּ ḭ ṇ וֹ פּךּ

ḭּפ ṡ ṕwizardsךּ ṖṢ ךּ ṕHough 1996 Ḳ22ṖḮ ḭ

ṇ ḭ ḭ ḭ לּ ףּ ︠ Ḯךּ

︡ טּ ḭֿכ פּ

ṕcraft Ṗ נּ ḮHough צּ ︡ ךּ לּ ḭ ḱ

ḭ ︣ ḭצּ לּ ךּ צּ לּ

Ḯ ḭ ḭ שּ ḭ ︣ טּצּ קּ ḭ
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טּ Ḯ ḭ ḭ ḭּף ︡ ︡ ︡ ḭHoughṕ1996 Ḳ

20Ṗ ḭ ḭצּ קּ פּפּ ￼ḭ

︣ שּ טּ ךּ Ḯ ḭ

ṇ צּ כֿךּ טּצּ ḭ ךּ ︣ צּ ḭ

︣ כֿ צּ ךּ︡ טּצּ כֿ ךּ Ḯ ḭֿכ לּ

ךּ ḭ ṇ ḭ ṇ ḭ ḭּף ︣

︡ ךּ Ḯ 

ṕcraft Ṗ שּ ︣ כֿ ḭ

︡ḭ צּ ︣

Burland וֹ ךּ Ḯ 

צּ ︡ ךּ ṇ ḭךּ ︣ ︡ כֿ

טּ כḭֿצּ אל שּ︡ ךּ ︣ כֿ Ḯ

טּ צּ ︡ ︡ ךּ פּ ︣ טּ Ḯ וֹךּ Ḯךּ

︣ כֿ צּ קּ Ḯּך￼ כֿ ︣ כֿ

צּ קּ Ḯ︡ ḭ︡פּ צּ ︡ ךּ כֿ ︡ ךּ ḭ

︡ ךּ נּ כֿ Ḯ ḭ ṇ ṇּצ ṇ ︡ ךּ פּ

ḭפּלּ ḭּף צּ שּ פּ פּלּ שּ Ḯ 

 

קּ  Ḳלּ

 

טּ Ḯּט ṕall-singing -all-dancing Ṗ כֿ ḭ

כֿךּ טּ Ḯּ︡︡פḭ טּצּ טḴּפּ ︣ טּצּ Ḵפּ

ḭ ︡ ךּ ךּ טּ Ḯ ṇ

︡ ךּ Ḯ ︡ ךּ Ḯ אל

צּ ךּ פּ טּ Ḯ שּ ︣ Ḯ שּ

ḭ צּ שּקּ שּ קּ טּצּךּ Ḯ 

Burland ḭṡ ḭקּ צּ שּ לּ ︡ ךּ Ṣ ךּ Ḯ צּ

Ṅ שּ קּ נּ שּ כֿ וֹ ףּ ḭֿכ

אל טּצּ Ḯ ︡ ḭ ︣ ḭ צּ ︣

︣ כֿ צּ טּ ḭ פּ צּ טּ פּ פּלּ קּ Ḯ ḭ

פּ וֹ ḭBurlandךּ ḭ צּ לּ ︡ פּ ךּ

נּ ףּ ḭ ︣לּ כֿ ḭ ︡ Ḯ ︣

שּ טּצּ Ḯ Ṅ ḭ
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לּ ︣ Ḯ 

שּ ḭ אל טּ Ḯֿכ צּ אל

ךּ ḭ ṇ ḭ צּ קּ טּ פּ פּ צּ Ḯךּ︡

ḭ Ṅּצṡ ṇ Ṣ אל ḭ אל ︡ לּ

כֿ טּ ṕcroak 1998 ṖḮ אל צּ קּ כֿ טּצּ ḭ ṇ ︣

צּ כֿ טּצּ Ḯ צּ אל קּ ḭ אל

ḱ ︡ ︣ כֿ צּ קּ Ḯֿכ צּ ךּ ḭ

ṇ ḭ אל ︣  Ḯךּ︡

 

5.6   

 

IvT ḭ ךּ︡ ףּ צּ ︡ ךּ Ḯֿכ שּ︡ ︡

ḭ ḭ ḭ אל פּ ḭ ṇ קּ

וֹ ︡ ךּ Ḯ ḭ ṇ ṇּצ ṡ ṇṢ

טּ Ḯ ṇ ḭ ṇּצ

פּ ḭ ︣ Ḯּשּך פּ ṇ ḭֿכ ṇ שּ

ṇ ḭ צּ שּ שּ לּ ︣ Ḯ

ṇ אל לּ טּ Ḯֿכ ḭ

︣ ḭשּ ︡ ︣

צּ אל ךּ ḮArup אל ṇ שּךּ ṕפּ 3 Ṗ ḭֿלּכ

︡ ︡ ףּ ḭֿכ אל ṇ ︣ קּ Ḯ 

ṇ ḭ וֹףּ שּךּ פּ IvT

קּ פּ ︡ ךּ ḮMillennium Bridge ḭIvT ︡

ṇ ṇ צּ וֹ ︣ ︡ Ḯ שּ צּ

Pisa צּ ︣ תּ אל ךּ ḭצּ כֿ ￼ךּ צּפּ אל

ךּ ︡ ḭ ︡ ︡ כֿ ︡ ךּ Ḯ ḭ ṇ אל

ḭ ︡ ḭ ךּ︡ רּ ךּ

︣ ךּ ︡ Ḯ Gehry Guggenheim Museum ṕ Ṗ IvT ︡

︣ כֿ קּ פּ Ḯֿכ ḭ ךּףּ

ḭבֿ ṕ ḭ ṇḭ ṇ ṇḭ ṇḭ

ṇṖ ︣ Ḯ ṇ כֿ ḭ

ḭ ḭ ḭ קּ ︣

כֿ צּ קּ Ḯ 
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ḭ ṇּצ ṇ ṇ אל

נּ ḭ ṇ ︣ פּ

פּ ︢ Ḯ ṇ ḭIvT ︡ ḭ ףּ וֹףּ ךּ︡

ףּ ︡ ḭּף ︣ ︣ ︣ ṡ פּצּ Ṣ כֿ︣

צּ קּ Ḯֿכ ḭ ṇ ṇ ︡ḭ

פּ כֿ טּ Ḯ ḭ ṇ ךּ︡

︡ ḭ ︣ כֿ צּ קּ Ḯ 

IvT טּ ḭ ṇ ︣ ךּ Ḯךּ

ṇ אל ḭ ︣

כֿ צּ טּ ṕBraverman 1974 ṖḮּשּך פּ צּ פּ ︡ ḭצּךּ

OMT ︡ ךּ Ḯלּ

ḭ ךּ︡ ḭ ךּ ṡ Ṣḭ︣ אל ṕrules of thumb Ṗּף

︣ ḮIvT ṇ ṇ ḭIvT צּ שּ ḭ

שּ אל ︢ ḭ ךּ ︣ טּ טּצּ Ḯ 

ṇ ḭIvT צּ ḭ אל ךּ

כֿ ︡ ךּ Ḯ ︡ שּ ︡ קּ כֿ צּ טּ Ḯ ḭ

ḭ ṇ ṇ תּ צּ ṇ ṇ

אל ךּ Ḯֿכ ḭ ︣ נּ ךּ Ḯ ּ︡︡פḭ ṇ וֹ ḭ

כֿ לּךּ ךּ Ḯךּ ḭ שּ ḭ ךּ

︡צּ ︡ אל ḭֿכ ךּ︡ ṇ וֹ

ṇ ︣ כֿ צּ קּ Ḯ ṇ ḭ ḭ

שּ ṇ ︡ לּ ︣ ︡ ךּ Ḯ 

︡ טּ ḭ ︡ טּ ṡ ︣Ṣ כֿ

נּ טּ Ḯ ḭ ḭ ḭ Ṉ Ṉ ︣ טּ ḭ

וֹףּ ḭ צּ Ḯ ṇּצ טּ ṇ

︣ ︡ḭ ṇ ︣ כֿ ḭֿכ

︣ כֿ צּ קּ Ḯ  IvT ḭ ︡ḭ צּ

ṇּצ ︣ טּ ︡ ︡שּ ךּ Ḯֿכ ḭ

ṇ קּ לּ ךּ ḮIvT ḭ שּ ṇ

ṇ ︡ḭ ṇּצ שּ קּ לּ ︡ ךּ Ḯ 

IvT ḭ ḭ ︡ ︣ וֹ ḭשּ

︣ ךּ Ḯ ךּ︡ IvT ṇ צּ ךּ︡

︣ ︣ כֿ ḭ צּ אל ךּ Ḯ 
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5.7   

 

ṡ ︣Ṣ ︣ Ḯ ṇ ︡ ︣ ︡ḭ

ךּ︡ קּ לּ ︣ כֿ ḭ נּ ḭ

︣ ḮIvT ḭ ḭ ṇ

אל Ḯ כֿ ḭṡ ︣ṕplayṖṢ לּךּ ḭ ṕthink Ṗ ṕdoṖ

צּ ︡ḭṡ ︣ṕplayṖṢ לּךּ ṡ ṕthink ṖṢ ṡ ṕdoṖṢ טּ Ḯ

כֿ ḭ נּ ︡ḭ צּ

שּ פּ ︣ ︣ כֿ ḭ 5 ṇ ףּ

וֹ קּ טּ Ḯֿכ ḭ ךּ︡ ṇ ︣ ḭצּ

לּ ︡ḭ ךּ︡ ṇ ṇ ṇ

︣ Ḯ ṡ ︣ṕplayṖṢ ḭ ךּ︡ וֹףּ

טּ ḮIvT ︡ ḭ ṇ ḭ ḭ ṇ ḭ אל ︡ ḭ נּ כֿ

︣ כֿ צּ קּ Ḯṡ ︣ṕplayṖṢ ḭ ︡ḭ ḭ ḭ ךּ ḭ ︣

ḮIvT ḭ ḭ ḭּף ṇ ךּ︡

︣ Ḯ︡ ḭ︣︡פּ ṇ ḭ ḭ︣

︣ רּ ṕGroak 1998ךּ ṖḮ 

ḭאל ︠ ︣ וֹ Ḯךּ

ḭ צּ אל ףּ אל ḭ ḭ ḭ

ṇ ︣ Ḯֿכ ḭ ḭ ḭ ḭ אל ︠ פּ

אל וֹ Ḯךּ ḭ

ףּ ḭ ︣ ךּ Ḯ

ḭ ḭ שּ ךּ︡ ṕ

ḭ ḭ Ṗּצ ︡ḭ ḭ אלצּ טּ Ḯ ︡ ḭ

ḭWilliams ṕ2002 Ṗּצṡ Ṣ ︣

︣ ︡ ךּ Ḯ ︣ṕplayṖ ḭ ṇ ḭ

ḭּט ךּ ṇ ṇ ︡ ḭ

︣ צּ ︣ ︣ נּ ךּ ḮIVT ︣ כֿ צּ קּ ￼ךḭּצּ

ṇ ṕ Ṗ ︣ טּצּ Ḯ פּ ḭIvT

︡ ḭ פּ וֹ וֹ ḭ︡פּ︡ Ḯךּ

כֿ טּ ḭ כֿ טּצּ ṕPetroski 1985 ṖḮ 
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6  ṡ ṕDoṖṢ 

 

6.1  ︢  

 

2003 ḭAndrew Amis ḭ11 Rosemary ︣ ︣וֹ

לּ Ḯ פּ ḭ צּ שּ ︡ Ḯ

Imperial College Amis ḭGuy's Hospital

ḭקּ ṇ ךּ ךּ Ḯ  ֿכ ḭ צּ ︣

ḭשּ ṇ ṇ ︣ ︡ ︣ לּךּ

︡ Ḯ ḭ ףּ ṇ אל ḭ וֹ ףּ

︠ פּ טּ  Ḯלּ

ṇ ︡ ḭAmis ḭ ḭ ︡ḭ ṇ ︣

ḭ שּ ︣ ךּ︡ ṇ כֿ צּ קּ Ḯ ṇ

ṕCTṖ ︡ ḭ ︡ḭ נּ טּ

כֿ︣ צּ קּ Ḯ פּ ṇ פּ ḭ צּ

Ḯ לּ ḭImperial College Engineering Faculty Design and Engineerin g Workshop

ṇ ︣ Ḯ3D Z

ḭRosemaryצּ ︣Ḯֿכ ︡ ḭ

︣ ︡ḭ לּ פּ︣פּ כֿ צּ קּ Ḯ 

ךּ ḭAmis ︣ ︣ ṇ

︣ Ḯ ḭ ṇ צּ פּ טּ ḭ ︣ צּ ḭשּאל

צּ ḭשּ ḭ ךּ אל כֿ טּ Ḯ 

ḭּצ ḭ9 ṇ וֹ פּ ḭ

כֿ צּ קּ Ḯ University of Kiel Patrick Warnke ṇ ḭ

3D CT ḭCADךּ ṡ ṇ Ṣ כֿלּ צּ קּ Ḯֿכ

ṇ ךּ ḭ ︡ḭ ṕTeflon Ṗ ︡ Ḯ

צּ אל ḭ ףּ פּ ︡ נּ

︡ Ḯ ךּ︡ ḭ אל ḭ צּ

︣ כֿ צּ קּ Ḯ7 ḭ ךּ︡ צּ אל ḭ אל Ḯ 3D ︡

ṕWarnke 2004 ṖḮ 

3D פּ ︣ ḭ ︣ ḭ שּ

︣Ḯ ḭ שּ ṇ 1 רּ︣

כḮֿךּ ḭ Ṅ ︣ לּ שּ אל ḭ אל ḭ ︣
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︡ ףּ ḭ ṇ ṇּצ כֿ צּ Ḯךּ ḭ ṇ

ḭCADḭFEAḭ ḭ ṇ ḭ

ṕthink Ṗḭ ︣ṕplayṖḭ ︡ ṕdoṖ צּ Ḯֿכ ḭ

︡ḭאל ︠ ṇ ︡ḭ ךּ כֿ︣

צּ ḭקּ אל ṇ לּ ךּ︡

צּ Ḯ ḭ ṇ ךּ

ךּ Ḯֿכ IvT ḭ ṇ פּ ḭ ︣ ︣

שּ אל ךּ Ḯ ḭ אל טּ ḭIvTשּ ︡ ḭ

לּ פּ ︣ Ḯ 

כֿ ḭ טּךּ︡ ךּ אל ṇ ךּףּ ḭ ︣ṡ נּ

ṕthinking ṖṢ ḭṡ ︣ṕplaying ṖṢ ḭ ḭṡ ṕdoing ṖṢ

︡ ︣ כֿ ḭIvT ︡ ︣ ךּ ︣ Ḯאל ︠ ḭ

לּ ︡ IvT צּ ṇ ︡ḭ פּ

ךּ ḭ ︣ פּ ︡ ךּ ḮIvT ︡ ףּ ︣

︣ ḭ ףּ צּ אל כֿ

︣ Ḯֿכ ḭ פּ ṇ ︡ḭ ṇ ︡ פּ

︡ḭ קּ ︡ḭ אל ︠ ḭ ḭּף

︣ כֿ צּ קּ ḮIvT ḭ ṇ ךּ︡ ףּ

ṇ ṇ ︡︣ Ḯ 

ḭ ṇ פּ ḭֿכ ṇ ṇ ︣ כֿ

︣ Ḯֿכ ḭ ṇ ḭ ︣ ︣ ︡ צּ

שּ Ḯ פּ ḭIvT OMT ḭ

וֹ Ḯ  ṇ ḭ OMT אל ṇ ḭ ṇ ṡ

קּ ךּ ṢḮֿכ OMT אל אל ḭצּ אל

ṇ ṇ ︣ אל ךּ Ḯ 

כֿ ḭ ṇ ṕFordism Ṗּפ ṕToyotaism Ṗ ḭ פּ ṇ

אל ṇ ךּ ︣ Ḯ ṇ

ḭ וֹ ︡ ךּ Ḯ ḭ

ṡ ṇ Ṣ ךּ צּ ḮIvTשּ צּ

︡ḭּפּך ṇ נּ ךּ ḭפּ שּ ṇ ︢ אל

Ḯֿכ ḭ ṇ ṇ ṇ ףּ ḭ ḭ ףּ וֹףּ

ḭ ךּ IvT אל ︠ ︡ ךּ Ḯֿכ

ḭIvT ḭ וֹ ṇ ḭ ṇ   
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6.2  ṇ Ḳ ṇ  

 

ṇ ḭ

︣ Ḯֿכ ḭ 150 אל ṇ ṇ

שּ אל Ḯ ḭ 3

︣ Ḯ צּ ︣ צּ ︣ ḭ צּ

︣ ḭ צּ נּ Ḯ ︡ḭ ︣

︣ Ḯ כֿ ḭ ṇ ︣ ךּ︡

︣ Ḯ 

כֿ ḭColt Armory לּ 19 אל ḭ 50 ḭ

ḭ טּ פּ צּ ︡

ḭHenry Ford ḮWomack ṕ1990 Ṗ ḭֿכ ︡ ךּ Ḯ

ḭ ṇ פּ ︡ ḭ ךּ וֹ כֿ אל טּ Ḯ ︢

צּ ︢ אל ḭ ḭ ︡ Ḯ

אל ḭֿכ ṇ טּ Ḯ ḭ ︣ כֿ ḭ

טּ ךּ ︡ ḭ ︡ Ḯ ︡ ḭ

︡ Ḯאל ḭ צּ ḭ ︣ צּ פּ

Ḯ ṇ ︣ ḭ ṇּצ אל

Ḯ ḭ ︣ צּ טּ ḭ קּ וֹ ךּ

︡ Ḯ ḭ ︣ כֿ צּ קּ ḭצּ ︡ Ḯ 

ḭGeneral Motors ḭ נּ צּ Ford ︣ כֿ ︡

ךּ ︡ ḭ ︣ לּךּ ṇ תּ︣ ︡ Ḯ

General Motors ︣ Alfred Sloan ṇ ḭṡּט ṕpurseṖ

ṕpurpose Ṗ Ṣ כֿ︣ ︡ ךּ Ḯ צּ אל ךּ

פּפּ ￼ḭ ︢ ḭאל ︠ ︡ ︣ כֿ צּ קּ ךּ

ṡלּ ṕeconomies of scope ṖṢ צּ פּ ṕChandler 1990 ṖḮ 

ṇ ḭ שּ ḭ צּ ךּףּ ḭ

טּ Ḯ צּ ṇ ︡ḭ אל ךּ ṇ ṇ

︣ ḭ ṇ כֿ טּצּ Ḯ נּ ḭIntel'

Microsoft Windows ṇ לּ ḭ צּ אל

ךּ ṇ ︡ ךּ טּ ṕGawer Cusumano 2002 ṖḮIvT

︡ ḭֿכ ṇ ︣ נּ כֿ ḭ

ךּ ︡ḭ קּ ṇ
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︣Ḯ 

 

6.3  Ḳ ṇ ṇ ṇ  

 

ḭ ךּ ︣ ṇ ṇ ḭ פּ

טּ Ḯ וֹףּ ḭ1940 פּ Ḯ ḭ

ḭ ףּ ḭ ḭ ḭ ḭ ḭּף ︡

ךּ ṇ ︡ Ḯ ḭ טּ ḭ

ḭ ︣ טּ ḭ אל טּצּ Ḯ

פּאל אלḭצּ ︠ צּ Ḯ

טּ ḭ ︡ ךּ Ḯ ḭFord

לּ ḭ ︡ שּ פּ Ḯ 

ḭ1950 Ford Rouge 3 ︡ Ḯ

︡ Ḯ ḭ1 צּ 13 ︡ 2.5 טּ

Ḯּ︡︡פḭ טּ ḭצּ כֿ צּ ḭ ḭ ︡ ךּ

נּ Ḯ ḭ ṇ נּ ḭ

︣ ḭ ︣ ṇ ṇ

︣ פּ Ḯ ḭ ︡

צּ ḭ ︣ כֿ טּ Ḯ ḭ

︣ ךּ ḭ ︣

ṇ ︡ ṇ טּצּ Ḯ 

1980 ḭ ṇ ḭ ḭ︣ ṡ ṇ Ṣ ︡

ḭ פּ ךּ ךּ ṕWomack and Jones 1997 ṖḮֿכ

ḭ ︡ ḭ ḭ ṇ ḭ ṇ ḭ︣ שּ ︡ḭ

ṇ ︡ ךּ Ḯ ḭ פּ ḭ ︣

טּ Ḯ שּ ḭ אל ︣ ḭ קּ

ךḭּשּ ︣ טּצּ Ḯ ṇ ḭ אל ḭ

ṇ ︢ ḭ שּ ︡ ךּ Ḯֿכ

︣ ḭ ︣ ךּ טּצּ Ḯ

צּ ḭ צּ

טּ Ḯֿכ ḭ צּ טּ ḭ ṇ ︡ḭ

︡ḭ ṇ ︣ טּצּ Ḯֿ︡לּכ

ḭ צּ ṇ ︣ ︡ Ḯ1980
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וֹ ḭשּ צּ שּ כḭֿקּ לּ

ḭ ḭ ṇḭּף ︡ ḭ ḭ ︡

ṇ 4 ṇ ︡ ךּ ṕGraves 1994 ףּ 2

ṖḮ 

 

Box 6.1  Wal -Mart ṇ ︣  

Wal-Mart ḭ 4,000 ︡ ףּ ḭ2004 2563

︡ Ḯ 1 צּ Ḯ2000 ḭ 1,000

︡ Ḯ Wal-Mart ḭ ḭ ḭ︡ ︡ ḭ ︡ ṇ

ṇ ךּ ךּ Ḯ ḭ ṇ ṇ ︡ḭ ṇ ︣ 1

ḭ ︡ ṇ ṇ טּ Ḯ ḭ ṇ ḭ ṇ

︡ḭ ṇ ךּ Ḯ2004 ḭ IC ṕRFIDṖ

︡ ḭוֹ ︣ ︣ ︡ Ḯ 

Wal-Mart ḭIvT ︡ ṇ שּ ︣

︣ ︣ ︡ ךּ Ḯ ṇ ︣ 460

ṇ טּצּ Ḯֿכ ḭ ṇ ṇ ṇ ḭּך ḭ כֿ צּ

ךּ פּ כֿ צּ קּ ḮWal-Mart CIOṕ ṖLinda Dillman ḭ

כֿ ḭ ṡ Ṣ ︣ כֿ צּ קּ Ḯ ḭ כֿ כֿ ḭשּ

צּ כֿ פּ ︣ כֿ צּ קּ ṕHays 2004 ṖḮֿכ צּ לּ ︣ פּ ḭ

ṇ צּ ךּ קּ טּ ḮWal-Mart ḭ ṇ ︣

וֹ ḭKelloggשּ ṇḱ ṇ ︡ ךּ כֿ

ךּ Ḯֿכ ︡ ḭ ṇ ︡ ḭ ṇ ︣

טּצּ כֿ ︡ Ḯ 

IvT ḭ ךּ︡ צּ ︣ פּכֿ ︡ḭWal-Mart

︣ ḮIvT ḭ ṇ

︣ כֿ קּ Ḯ 

טּ Ḯ Wal-Mart ḭ ṇ ︡ḭ

︡ בֿ Ḯ ḭ צּ אל ךּ כֿ ︡ḭ

︡ḭ ︣ ︣ Ḯֿכ ṇ ḭ

ṇ ףּ ︣ Ḯ ṇ שּ ṇ

︡ ךּ Ḯ 

Wal-Mart ṇ ṇ ḭ ︡ ︡ḭ ︡ḭ

ṇ שּ ︡ḭ ︣ ︣ Ḯ ṇ ︣כֿ ḭ

צּ ︣ וֹ ḭ ךּ Ḯ 
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אל ︠ ︣ ḭ צּ

︡ וֹ כֿךּ ︣ Ḯ ךּ︡ נּ כֿ ḭ

︡ פּ אל ḭ צּ קּ ṇ צּ

אל ךּ ḭ ṇ ︡ וֹ כֿ ḭ כֿ ︡ ṕBrooke 1994 ṖḮֿכ

ḭ ṇ אל צּ ︡ḭ ḭ ḭּף

וֹףּ צּ Ḯ ḭ

וֹףּ ḭ ṇ ṕCIMṖ ḭ

ḭ ךּ︡ וֹףּ ךּ︡ ︣ כֿ ḭ ḭ

ṇ ṇ ṇ וֹ קּ Ḯֿכ ṇ

ḭ2004 צּ ךּ ṇ ṇ טּ לּ ḭ

צּ אל Ḯ 

︡ḭ ︣ ḭ

ךּ︡ פּ ḭ ṇ ︣ ṕךּ 3 ṖḮ

︣ וֹ ḭ

ṇ ︡ ךּ Ḯ ḭ ḭ טּצּ

ḭ כֿ ︡ ךּ Ḯ

אל לּךּ נּ ḭ ṇ ךּףּ

ṇ ṇ ךּ Ḯ ḭ 3Ṿ צּוֹ לּךּ לּ ḭ

ךּ Ḯ 

כֿ ḭ ︣ ṇ ︣ IvT ḭ

2 ︣ לּ ḭ ︣ 5

ṇ ṇ ︣ טּ Ḯ נּ ḭDaimler Chrysler 2001 ḭ

ṇ ḱ ḱ ṇ ︡ Ḯֿכ ḭ ḭ ךּ︡

ṇ ṇ ︡ פּ ḭ E

︣ כֿ צּ קּ Ḯֿכ ḭ ṡCave automatic virtual 

environment(CAVE) Ṭ Ṣ ︡ ךּ ṇ ṇ ︡

כֿלּ צּ קּ Ḯֿכ IvT ṇ ḭ צּ ḭ

︣ ṇ ︣ קּ ףּ ︣ כֿ צּ קּ Ḯֿכ לּ אל

︠ IvT ḭ ṇ שּ ḭוֹ ṡצּ

ṕdoṖṢ ︣ ︣ Ḯ 

︣ ḭ ḭ ṇ נּ ךּ ︡

ךּ ḮBox 6.2 ḭ שּךּ פּ ךּ Ḯ

פּ ṇ ḭ ︣ ḭ אל
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אל ṇ ḭ ︣ אל ךּ Ḯ ḭ

︡ḭ ḭ ḭ ṇḭ ︣ ︡ ךּ Ḯ ṇ צּ

ךּ ḭצּ ︡ אל ṇ ︢ צּ ḭ

לּ טּ ṕDavies 2003 ṖḮ ṇ ḭ כֿצּ קּ לּ

ḭ ṇ ︣ ︣ קּ ךּ Ḯ 

 

Box 6.2   

·  ︡ ḭ

︣ כֿ ḭ וֹףּ שּךּ פּ  

· ḭ טּ ךּ  

·  ḭ וֹףּ ṡ Ṣ ḭ

 

ṕaṖ ḭשּ ︣ ṇ ṇ ḭ

ṕbṖṡּט נּ ṕmade to measure ṖṢ ︡ לּ ḭ ףּ     

ṇ ṇ ︣ ︣ ṕBall 1997 Ṗ 

אל · ︠ ︣ ṡ ṇ Ṣ  

וֹףּ · ṇ

ṕRFID Ṗ 

ףּ · ṇ ṇ ḭ ךּ︡

ṇ ṇ ףּ  

ךּ · ḭ ︡ ḭ ḭ  

·  

 

 

6.4  ṇ ṇ 

 

כֿ ḭ ḭ ḭ ךּ ︡ ךּ Ḯ ḭ

נּ טּ Ḯ ḭ ḭ

לּ שּ ︡ ךּ Ḯ נּ ḭPilkington

ךּ︡ טּ Activ ḭ אל 15nm צּ

אל Ḯ ︣ לּ ךּ︡ ḭצּ

︣ טּ Ḯ ṇ ︡ ︣ כֿ ḭ

צּ ︡ḭ ︡ḭ צּ צּ ḭ ךּ

︣ לּ Ḯ ḭ ḭ ḭ ḭActiv Glass ḭ



142 

 

ḱ ṇ ךּ︡ ︣ טּצּ ḮIvT ḭṡ ︣ṕplayṖṢ ṡ ṕdoṖṢלּ

כֿ ︣ ṇ ṇ ︣ Ḯ 

︣ ︣ ḭ ṇ ṇ ṕCAD / CAMṖ

שּ ḮOMTḭICTḭּף IvT ḭ ףּ ṇ

ḭ ḭּף ︣ ︡ ︣ צּ אל Ḯ ḭ

ṇ צּ ḭ אל צּ Ḯֿכ ḭ

פּ ṇ צּ אל ḭ צּ ḭ

ṇ צּ Ḯ נּ ḭ

צּ אל פּ ḭ ḭ כֿ︣ צּ קּ Ḯֿכ

ṇ ךּףּ ḭ ḭ ḭשּ טּ ךּ ṇ

︣ פּ ךּ Ḯ 

אל 1 IvT טּ ḭCAD ṇ ṇ פּ

︣ Ḯֿכ ḭ ︡ ︡ ︣

טּ Ḯֿכ לּ ḭ ṕsolid free -form fabrication Ṗ

ṕlayered manufacturing Ṗ ךּ ḮPham Dimovṕ2003 Ṗ ḭֿכ

ḭצּ ︡ ḭ שּ ︣

ךּ Ḯ 

· ￼ ḭ אל אל

︣ כֿ צּ קּ Ḯ 

· ḭ פּ ︣ כֿ ḭ ︡ ︣ כֿ ḭ

︡ ︣ כֿ קּ Ḯ 

· ṕSolid free -form fabrication systems Ṗ ḭ

︡ ḭשּ︣ ḭ ︣ Ḯ 

כֿ · ḭ וֹףּ ︣ ︡ שּ אל קּ ṕPham  

Dimov 2003 ṖḮ ḭ צּ שּ ︡ḭ ḭנּ

︣ נּ שּ אל ךּ Ḯ ḭ ḭ

ṇ ḭּף שּ ḭֿכ ︡ ךּ Ḯ

ḭ ḭ ḭ אל ṕ Ṗּצ

אל Ḯ 

פּ · ︡ḭ ︡ ︣Ḯ

ḭ ︣ אלḮלּךּ ḭ

קּ Ḯ נּ ḭ צּ ︣

וֹ טּ Ḯ 1 טּ
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ṕ 6.1 ṖḮ ḭ ṇ ︣ כֿ ḭ

︣ כֿ ︡ ךּ Ḯ ḭֿכ

︣ כֿ︣ ḭṡ ︣ṕplayṖṢ ︣ כֿ צּ

קּ Ḯ ︡ קּ ḭצּ ︣ ḭ

ḭ כֿלּ צּ קּ Ḯ 6.1 ḭ ṇ

︡ ḭ ךּ︡ וֹףּ ︡ ךּ Ḯ 

 

                          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.1   ḲPham  Dinov 2003  

 

כֿ ḭ ḭּפּך ︣ פּ ︣ וֹ ךּ Ḯ ṇ

︣ Ḯ ṇ ḭ /

אל טּצּ ḭךּ צּ ︣ כֿ צּ קּ Ḯ

ḭ ︡ḭ ḭ ḭ ḭּף וֹףּ ṇ

כֿ︣ טּ Ḯֿכ ḭ ḭ ḭ ḭ

צּ ḮPham Dimov ṕ2003 Ṗ ḭ2003 אל ךּ

3 ךּ ךּ ṕBox 6.3 ṖḮֿכ

7,000 Ṍ100 טּ Ḯ 

  

  

 

 

 

 

ṇ  

 

3D CAD  

 

 

 

 

VR  FEA 

 

 

 

 

 

 

 

 

 

ṇ  
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Box 6.3  3  

 ểḰ ṇṕSLṖ ḭUV אל ṇ ︣

ךּ Ḯ ḭ UV -

ṇ ṇ אל ḭ ṇ ṕ Ṗ אל ךּ Ḯ

1 ḭ3D CAD פּ ︡ ḭ ṇ ṇ פּ

Ḯ צּ אל ḭ צּ אל ḭ ṇ צּ בֿ ḭ ךּ︡

צּ אל Ḯ ︡ צּ אל Ḯ ṇ צּ ︡ ḭ פּ ︡ḭ

︣ Ḯṡ Ṣ UV ṇ אל Ḯ 

2. ṇ ṇ ṕSLSṖ ḭ ︡ḭ ṇ ṇ ︡ḭ

ḭ אל Ḯ ּצ אל ḭ ︡ḭ ︣ ḭ

צּ פּ￼ אל Ḯ ṇ ḭ ṇ ︡ ךּ צּ

וֹ לּ אל Ḯ ︣ ṇ ︡ Ḯשּ

אל ḭ ṇ בֿ ḭ ךּ ṇ ṇ

בֿ כֿ צּ קּ לּ ︣ Ḯ אל ︡ḭ ︣

ḭ צּ ︡ ︡ ︣ כֿ צּ קּ Ḯ

טּ ṇ ṇ ṕLSTṖ ḭ ︢ ︡ ךּ Ḯ ḭ ףּ

︣ ḭ ṇ ṇ צּ טּ ⁹ 

ễḰ ṕFDMṖ ḭ אל 2 ṕ

︣ Ṗּפ Ḯ ḭ ︡ אל ḭ

︡ḭ אל ⁹ 

 

 

6.5  IvT  

 

ṇ ṇ ︢ אל ︡ אל ︣ כֿ צּ

︡ Ḯֿכ ḭ וֹ ḭשּ ḭ שּ ṇ

אל ךּ ṕGann 2000 ṖḮֿכ ḭ טּ ḭ

︣ ḭIvT ︣ ︣ ṇ אל ḭ אל קּ ךּ Ḯ 

ḭIvT︡פּ︡ OMT אל ḭ ︣

ḭ ṇ צּ ︣ טּצּ Ḯ נּ ḭ

ḭ ṇ אל קּ כḭֿצּ ︡ ︡

ṇ ︣ טּצּ Ḯ 

ḭ ḭ ḭ נּ ṇ ṇ

︣ לּ ךּ Ḯ ḰḰḰḰḰֿכ בֿ Ḯ ḭשּ ṇ
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כֿ צּ קּ Ḯלּ ︡ḭ ṇ

︣ כֿ צּ ḭקּ Ṅ ṇ ḭ ︡ שּ Ḯ

ṕAlvise Simondetti Ṗ 

 

ḭֿכ ︡ ḭ ḭ ḭ ṇ ṇ

וֹףּ ṇ ḭ טּ Ḯ ḭ כֿ צּ

טּ פּ ︡ḭ אל ︡ צּ ḭ

︣ כֿ טּ Ḯֿכ ḭ פּךּ ︡ḭּך ṇ ṇ שּ פּשּ

ḭצּ ︡ ךּ צּ ךּ Ḯּט ḭ נּ ḭּט ךּ טּ

ṇ ḭ צּ ︣ כֿ טּצּ Ḯֿכ לּ ḭ︣

טּ ḭ Ṅ ṕdoṖḭנּ ︣ṕplayṖḭּף ṕdoṖ ︣ Ḯ

ṇ ︡ ךּ Ḯ ṇ צּ ḭ

︣ ︣ IvT ︣ ︣ לּ קּ ךּ Ḯ שּ כֿצּ כֿ ︡ ךּ

Ḯ 

 

ṇ ṇ 3D ṇ  

 

ṇ ṇ ︣ 1 ḭ צּ לּ ︡ḭ

ṇ ṇ ︣ פּ ︣ כֿ טּ ḮRenault Formula One

ṕ Benetton Formula One Ṗ ḱ ṇ טּ Mike Gascoyne

טּ ḭ ṇ ︣כֿ IvT ︡ ḮCFDṕ

Ṗ פּפּ ￼ḭ ṇ ︣ אל ︠ ḭF1 ṇ

︡ ךּ Ḯ ṇ ︡ḭ ṇ

︣ ḭ ṇ ḭ ︣

ṇ ךּ טּצּ Ḯ פּ ︣ טּצּ Ḯ ḭRenault

ṇ ḭ ︡ ︡ ḭ

︡ ךּ Ḯ 

︡ ḭ פּ F1 ︡ ךּ פּ

ḭצּ ṇ ṇ קּ שּ ︣ כֿ קּ פּ

Ḯ ḭ ︡ נּאל טּ ḮRenault ḭ

קּ ︣ ḭ ︡ 0.1Ṿ Ḯ2004

ḭRenault ṇ ṇ טּ 3D Systems ︡

︡ Ḯ3D Systems SLA 7000 צּ פּ אל ḭ

צּ אל ךּ Ḯ 
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Hendricks Motorsport ṇ ṇ טּ Jim Wall ḭSL

ךּ ︡ ךּ Ḯ 

ṇ ￼נּ ︣ טּ ḭ לּ שּ ︣ טּ Ḯ

ḭ צּ ︡ ︣ ḭ ṇ ︣ ḭשּ ךּ

ḭ ︣ ḭ שּ קּ לּ ︡ Ḯ צּ ךּ ḭצּ︣

ךּ כֿ︣ צּ קּ Ḯ ︣ טּ Ḯ

︣ כֿ צּ קּ ḭ ךּ︡ ḭ שּ כֿשּ צּ קּ Ḯ

צּ טּ Ḯ..  ..  ..  ..  ..  CAD ḭֿכ קּ פּ

כֿ צּ ךּ Ḯ 3D ṇ ḭ ︡ ︣

טּ ḭSLAצּ ︣ כֿ ḭ ךּ︡ ḭ ḭ

︣ כֿ צּ קּ Ḯ נּ ḭ ṇ ︣ כֿ צּ קּ Ḯ ṇ

ṇ ︡ ḭ צּ ︣ פּ ︣ שּ 3D CAD

ḭךּ SLA ︣ כֿ צּ קּ Ḯֿכ ḭ ṇ ṇ

קּ ךּ︡ 3D צּ Ḯ..  ..  ..  ..  ..

ḭֿכ 3D טּ Ḯ 

טḭּ︡פּ︡ ṇ ṇ ḭṡ ךּ Ḯּך ︡לּכֿ

קּ ṇ ḭצּ ךּ Ṣ ︡ Ḯ 

צּ ṇ בֿ לּ ḭ ︡ ṇ ṕPDAṖ 1

טּ PalmV ṇ Ḯ ḭ ︡

שּ צּ︡ טּ Ḯֿכ ḭ אל ḭ110 ︡

Ḯּ︡︡פḭ ḭ טּ Ḯ

אל ḭ נּ ḭ1 ḭ ︡ ṇ

וֹ ḭ לּ וֹטּ ḭּשּך פּ ︡

Ḯ טּ צּ פּ ︣ כֿ ḭ צּ ךּ

אל Ḯṡ ︡ḭ Ṣ︣ כֿ ḭ Palm ךּ ךּ IDEO

טּ ḮIDEO Dennis Boyle לּ ךּ Ḯ 

︣ ︣ טּצּ ḭ Ṅּצ קּ לּ

︣ טּצּ Ḯ ︡ ︣ Ṅ ḭ ︣

כֿ קּ וֹ כֿ טּ Ḯ צּ ḭ צּ ︣ כֿ צּ

ḭקּ ︣לּ כֿ צּ קּ שּ ḭ שּ ︡לּ כֿ ︣ כֿ צּ

קּ Ḯ CAD כֿ ḭ צּ︡

קּ Ḯ 
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︣  

 

ḭ נּ ︡ ךּ Ḯ ḱ

ṕB2BṖ ḱ ṕB2CṖ IvT וֹ ךּ ḮBenetton ḭ

וֹ CAD / CAM ︡ ḭ ḭ ṇ ︡ḭ

פּ ︡ ṇ ︡ אל ṕDodgson 2000 ṖḮ

︡ḭ קּ ḭ שּ צּ אל

ךּ Ḯ 

פּ ︣ ḭאל ︠ צּ אל ךּ Ḯֿכ

ḭ ︡ קּ טּצּ ḭ

ḭ קּ Ḯ ḭ ︣

︣ כֿ ḭ ︣ Ḯ ḭ ṇ

שּ ︣ ︣ Ḯ 

ḭ ṇּצ ṡ Ṣ ṇ ︡ אל ךּ Ḯ

6 פּפּ ḭ ḭ ḭ

צּ טּ Ḯ ︡ ḭ ṇ פּ ṇ צּ CAD 

/ CAM אל ḭ צּ אל Ḯ ṇ ṇ

ṇ נּ 3D ḭ

︣ Ḯ6 ḭ3שּ קּ לּ Ḯ אל

ךּ ︡ ḭ ṇ נּ

3D ḭMIRADreams Fashionizer טּצּ Ḯ 

The School of Fashion, Central St Martins College of Art & Design ḱ

ṇ ḱ ḱ SueJenkyn Jones ḭ

קּ ︡ ḭ פּ ︣ וֹ ךּ

Ḯלּ ḭ ṇ אל ︠

צּ שּ Ḯ כֿ שּ פּ ︡ḭ ︣

כֿ צּ קּ Ḯ כֿלּ צּ קּ Ḯ ︡

︣ ךּ ךּ Ḯ 

 

IvT ḭ צּ ︣ כֿ ︡ ךּ Ḯ 

· Ḳ 1 ṇ ︣ Ḯ 

· 3D ṇ Ḯ 

· ṇ ṇ Ḳ ṇ צּ ṇ אל Ḯ 
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· Ḳ / אל Ḯ 

כֿ וֹ Ḯ ḭ ḭ ḭ ︡

︡ṕ ︡ḭ צּ צּ קּ ︡ ךּ Ṗḭ

צּ ṡ Ṣ︣ Ḯֿכ ḭ ḭ ṇḭּף ḭ

ṇ אל ḭ ךּ︡ ךּףּ ︡ כֿשּ צּ קּ Ḯ 

ḭ ṇḭ ṇ ṇḭּף צּ IvT ︣ ︡ ךּ ︣ Ḯ

Bodymetrics כֿ טּ ḭLevi Strauss ṇ ṇ טּ ḮUniversity of 

Cambridge ṇ ḭ ṇ צּ ךּףּ

לּ ︣ פּ ︡ ךּ Ḯ 

 

Bodymetrics  

 

Bodymetrics ḭUniversity College London פּ ︡ ḭ

טּ Ḯ לּ ךּ ︣ נּ ךּ Ḯ 

טּ צּ ḱ ṇ ḭּט ṇ

ṇ ṇ טּ 3D ṇ ︡ ︣ Ḯּט ךּ ṇ

ḭ אל ︠ ḭ ḭ פּ ḭּשּך פּ

︣ Ḯ ṇ ḱ ︣ ḭ כֿ צּ

קּ Ḯ ṇ ︡ ḭ נּ ḭ ṇ ḱ ṇ

︣ כֿ צּ קּ Ḯ צּ ḭ צּ ︡ ḭ

︡ ṇ ṇ ḭ טּצּ לּ לּ ṇ ︣ Ḯ

ḭּט ḭ ḭ טּצּ שּ Ḯ ︣ Ḯe-couture

כֿלּ Ḯ 

Bodymetrics ḭSelfridges ḭMarks and Spencer ḭBoden Wallis טּצּ ḮSelfridges

Bodymetrics ṇ ︡ ḭ צּ ṇ ︣ וֹ Ḯ 

 

Levi Strauss  

 

Levi Strauss ḭ ṇ ṇ ṇ ṡpersonal pair Ṣּטּצ Ḯ וֹ

צּ ḭ Levi ṇ ︣ Ḯ ṇ ḭ

צּ ךּ ṇ ︣ Ḯֿכ ḭLevi צּ ךּ ḭ

נּ 501 ṇ טּ Ḯ אל ṇ ︡ḭ ṕ נּ ḭ ḭ

שּ Ṗּצ אל ḭ ṇ Ḯ אל ḭ ṇ

אל Ḯ 2Ṍ3 ṇ וֹ Ḯ
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ḭ 10Ṍ15 פּפּ Ḯ 

 

Cambridge ṇ 

 

 University of Cambridge ḭ ṇ ךּ ︣

ṇ ṇ ︣ ךּ Ḯ ︣ צּ

אל ךּ Ḯ ḭ שּ נּ ךּ Ḯ ︡

ךּ ︣ ḭ צּ

טּ Ḯ 

ṇ ḭ ףּ ︣ Ḯ ḭ שּ

︡ צּ ḭ ︣ ︡ וֹ

Ḯךּ ṇ צּ ךּ ḭ 30Ṿּ︡פ ḭשּ ךּ

צּ כֿשּ Ḯ 

כֿ ḭ וֹףּ ḭֿכ צּ ṇ

ṇ לּ טּ פּ ︡ ךּ Ḯ 

 

 

 

IvT ḭ ךּ︡ Ḯאל ḭ ṇ

אל ךּ שּךּ פּ ︡ ךּ Ḯֿכ ḭ ךּ טּ

ḭצּ טּ ︡ ṇ ךּ ḭ

וֹ לּךּ טּ Ḯֿכ ḭ ḭךּ

אלצּ ︡ḭ פּפּצּ ḭ פּ ︡ ךּ Ḯֿכ

ṇ ḭFEA ︡ ︢ ḭ ḭ פּפּצּ

צּ אל ךּ פּ ḭ כֿלּ צּ קּ Ḯ

ḭ צּ פּפּ ￼ḭ צּ קּ ︡כֿ

טּצּ ḭFEA צּ טּ לּךּ צּ טּ Ḯֿכ

ḭ אל Ḯ 

Welding Institute ṕTWIṖ ḭ שּ ḭ

︡ ךּ Ḯ ḭאל ︠ ṇ ṇ ︣ ṇּךּצ Ḯ 

TWI 1 ḭ ︡ Ḯ צּ ḭשּ ṡצּ

Ṣ טּ כֿ ︣ כֿ צּ אל Ḯ ︣

︣ כֿ ḭ קּ נּ כֿ Ḯ כֿ︣ צּ ḭ￼קּ
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︣ ︡ḭ ︣Ḯ 

ḭ צּ טּ Ḯ ḭ אל 10mm ṇ

צּ קּ ︡ ךּ Ḯֿכ ḭ צּ פּ￼ 16.3mm טּ

ḭ קּ ṇ נּ Ḯּ︡︡פḭ ḭ

פּ ḭֿכ ṇ ḭשּ טּ ︡ ךּ Ḯ ḭ

︣ טּצּ ḭ TWI ︡ קּ Ḯ 

TWI ḭ FEA ḭ ṇ ṇ

ABAQUS Standard 6.3 ︣ כֿ ḮFEA ḭ צּ

︢ ḭצּ ṡ Ṣ ︣ כֿ ︡ Ḯ

ṇ ṇ ︣ כֿ ḭTWI ṇ צּ טּ ︣

כֿ צּ קּ Ḯ ḭ כֿ ︡ḭ צּ טּ כֿ ︡ Ḯ 

ṇ ︣ 1 ṇ טּ Ḯ ṇ

פּ￼ 2 פּפּפּ︡ פּ Ḯ צּ ︡ וֹ

ךּ ḭ צּ ךּטּ לּ פּ ךּ צּ

פּ Ḯ טּ לּ טּצּ ḭצּ

 Ḯלּ

 

6.6  IvT  

 

ṇ ︣ ḭ צּ ︡ ︣

ךּ︡ ︣ Ḯ ךּ ︣ ︣ טּצּ Ḯ

︣ כֿ צּ ḭקּ

קּ ḭ קּ Ḯֿכ ḭ ṇ ṡ Ṣ

כֿ Ḯ 

טּ ṇ ךּףּ ḭ צּ Ḯ ḭ כֿ

ḭ ךּ︡ ︡ ︣ כֿ צּ קּ Ḯֿכ ḭ ףּ

ṇ ךּףּ כֿ︣ צּ קּ Ḯֿכֿכ ḭ ︡

ךּ Ḯ ṇ ךּףּ ḭ נּ ḭ3 ṕ ḭ ḭ Ṗּצ

︡ḭ ︣ Ḯ1990 ḭMIT צּ ףּ ︣

אל ṇ ︡ Ḯ שּ ḭ ḭ פּ אל

ḭשּ ṡצּ Ṣ︡ שּךּ ︡ ךּ ḮMIT ךּףּ

ḭ ḭ ︡ ︣ וֹ ḭ ךּ︡ קּ פּ פּלּ

צּ ךּ Ḯ ḭ טּ Ḯ ךּ נּ ḭ ḭ



151 

 

צּ ︣ לּ ︣ Ḯ

ḱ ṇ ︣ כֿ צּ קּ Ḯ 

ṇ וֹףּ ṡ ṕdoṖṢ ḭ טּ Ḯ נּ ḭ ףּ

וֹ ṇ ḭ ṇ אל ךּ︡ ṇ ︣ כֿ צּ קּ

Ḯֿכ ḭ צּ ︡ אל Ḯ ḭ

IvT ︣ ︡ ךּ Ḯ נּ ḭ ḭ

︡ ḭ ︡ḭ צּ אל פּלּ ︡ḭ

ṇ ︣ כֿ צּ קּ Ḯ 

פּ ḭ ṇ וֹ ḭ

︡ Ḯ ṇ TWI ḭ ḭ ︣ ︣

כֿ צּ קּ Ḯ ︣ ךּ︡ ︡ḭ NOMAD

︣ ︡ Ḯ 

 

ṇ Ḳ NOMAD  

 

NOMADṕAutonomous Manufacturing of Large -Scale Steel Fabrications Ṭ

Ṗ ḭ ︡ אל ︣

︣ כֿ ︡ ṇ טּ Ḯֿכ טּ ḭ2

ḭ ṇ ḭ ṇ ṇḭ ḭ

ףּ ṇ ṇḭ2 ףּ ṇ צּ ךּ Ḯֿכ

ḭ ḭ ḭּף

︣ פּ ︣ ḭ ṇ וֹףּ ︣

טּ Ḯֿכ ḭ ḭ ḭ

צּ אל Ḯ ṇ ︣ ḭ ףּ

וֹ ףּ ︣ ṇ ︣ ṇ

שּךּ פּ צּ קּ Ḯֿכ ṇ ︣ ḭNOMAD ḭ

ṇ ḭ ṇ צּ אל ṇ

CAD ṇ וֹ ︡ Ḯ 

כֿ ḭCAD ṇ ︣ כֿ פּ ḮCAD צּ ︣ ḭ

ṇ ḱ ṇ אל Ḯֿכ ḭ ṇ ḱ ḭ ṇ

ףּ 3D ︣ כֿ צּ קּ Ḯֿכ פּ

︣ כֿ ḭ ףּ קּ ףּ קּ אל כֿ

צּ קּ Ḯ ḭ ṇ ḱ צּ ṕRTVṖ ṇ

︣ כֿ טּ Ḯֿכ ṇ ︣ כֿ צּ קּ Ḯ ṇ
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ḱ ḭ ︣ אל ︣ Ḯ

RTV קּ ḭ ṇ ḱ אל Ḯ פּ

ṇ ︣ כֿ ḭRTVּף ṇ ︣ כֿ צּ ḭקּ

צּ אל RTV קּ ךּ Ḯ ṇ

ḱ צּ ṇ קּ ḭ צּ Ḯ 

TWI טּ Nick Spong ḭ ṇ

Ḯלּךּ ṇ צּ וֹ ḭ ךּ︡ פֿ

︣ טּצּ ḮNOMAD ṇ ḱ ḭ

︡ פֿ ︣ ḭ ṇ

ḭנּ ︣ ︣ ךּ Ḯ 

כֿ ḭIvTḭOMTḭּף ICT ṇ ṇ ︡ ךּ Ḯ ḭOMT

︡ טּ Ḯֿכ ḭ ḭ ḭּף

קּ טּ ICT צּ Ḯ IvT ḭ ṇ

︡ ḭ אל ︣ Ḯ 

 

Spong ḭ ṇ ︣ שּךּ פּ ︡ ךּ Ḯ 

 

NOMAD צּ נּ ךּ Ḯ צּ אל ḭ

קּ אל ḭ צּ ḭ ṇ צּ ︣ ︣

אל לּ שּ Ḯ ṇ ṇ כֿ︣ ḭצּ

צּ שּ ḭּט ךּ ︣ טּצּ ḭ ṇ צּ

כֿ︣ וֹךּ כֿךּ ︣ טּצּ Ḯ ṇ

︡ אל ךּ ḭצּ ṇ צּ קּ

ḭ ︣ ︣ טּ כḭֿצּ ךּ טּ Ḯ 

 

כֿ אל ךּ IvT ḭֿכ ṇ ︣

אל קּ Ḯ 3 ḭArup צּ ṇ ṇ ︡ ṇ ṇ

︡ḭ ṇ ︣

︡ ḮIvT ḭ ḭ ḭּף ṇ ṇּצ ︣

︣ אל ךּ ḮICTḭIvTḭּף שּ ḭ

נּאל ךּ אל ךּ Ḯ 

שּ טּ Willmott Dixon Housing ḭMatrix 1

Web ︡ אל ךּ ḭ ṇ ḭ

ḭ ḭּף ṇ ṇ ṇ ︡ḭ קּ
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ḮMatrix ḭ ḭ ṇḭ ṇ ḭ ḭ ḭ ḭ ḭּף

ḭ ḭ ḭּף ︣ ṇ ︣ שּ ︣

︡ ṇ ṇ ṇ טּ Ḯֿכ ṇ 1990

פּ אל ḭ ṇ ḭ ḭ צּ שּ 5

אל Ḯ 

ḭ ḭ ︣ צּ ︣

טּצּ וֹ וֹ ḭ ︣ ṇ ︡ אל

ךּ Ḯ צּ ḭֿכ ṇ ךּ ṇ

קּ Ḯ ḭWillmott Dixon  Housing ḭ ṇ ṇ

ךּ שּ צּ קּ לּ ︡ Ḯ  ḭ

ṇ ︡ Ḯֿכ ḭ ךּ

︣ ḭלּךּ ︡ פּ ḭ ︣ ︣

ṇ ךּ ︡ḭWillmott Dixon  Housing ḭ וֹ ︡ כֿ

פּ ḭ ṇ ṇ אל Ḯ 

2003 ḭ Matrix 1 צּ ḭ ︡ Ḯֿכ ḭ

ṇ ṇ ︣ ḭ ךּ︡ ︣ כֿ קּ Ḯ 

IvT ḱ אל ︡ḭ ṇ אל כֿ ḭ

צּ כֿ פּ ︡ḭּפּך כֿ ︢ ︣ כֿ

צּ קּ פּ ḭ ︣ ךּףּ ḭ כֿ︣ צּ קּ Ḯ ṇ

ḭּפּך IvT ṇ ḭצּ נּ ṕthink Ṗḭ ︣ṕplayṖḭ ṕdoṖלּ לּ

כֿ צּ קּ פּ ︡ ךּ Ḯֿכ ḭ ךּ ḭֿכ ṇ לּ

קּ פּ ︡ ךּ Ḯ 

 

6.7 וֹףּ   

 

ḭ ḭ ︡ ףּ ṇ ṇ ︡ קּ Ḯֿכ

ḭ צּ וֹ ︡ ךּ Ḯ אל

פּ ḭ ︡ ḭ אל

אל Ḯֿכ ḭנּ ḭ כֿשּ  Ḯךּ

ḭ טּ ḭ אל אל ךּ ḭֿכ

︣ וֹ ḭשּ ךּ Ḯֿכ

ḭ ḭ ḭ ḭּף צּ Ḯ︣ IvT וֹ Ḯ 

ḭ ףּ ṇ ḭ ︣ ךּ︡ ṇ
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ṇ ︣ Ḯ ṇ CSIROṕCommonwealth Scientific and Industrial Research 

Organization Ṗ ךּ ךּ ṡ ḱ ṇ ṕGlass Earth ṖṢ ךּ

ḭ ṇ פּ 1km ṡ Ṣ ︡ ḭ ︣ וֹ

ḭשּ ךּ︡ ︣ כֿ ︡ ךּ Ḯֿכ ḭ ṇ ḭ

ףּ ︡ḭ ︡ḭ ḭ ףּ ṇ ףּ

ṇ שּ ︣

︣ Ḯ 

ףּ ḭ ︣ ḭ ךּ︡ ṇ ḭ

ḭּף ךּ Ḯ 3D ︡ḭ

ףּ ︣ Ḯ בֿ כֿ ḭ

︡ḭ ṇ ︡ḭ צּ שּ ︣ Ḯֿכ

ḭ ︣ ︣ וֹ ḭשּ כֿ︣ קּ Ḯ 

Fractal Graphics ḭ ךּ︡ ṇ ṇ ︣ אל ḭ

︣ אל ︡ ךּ ḮFractal Graphics

ḭ ṇ ḭ קּ ︡ ךּ Ḯ

ḭ3D אל אל ︠ ṇ פּ ṇ ḭ ḭ ︣ כֿ צּ קּ

ḭאל ︠ ךּ ṕVandermark 2003 ṖḮֿכ

ṇ ךּ︡ ṇ ṇ ︣ כֿ ḭ צּ ḭ

צּ אל ṕ︡ צּ צּ אל ṖḮ 

ḭ שּ ︣ אל וֹ ḭשּ ḭ

ḭ ḭ אל ךּ Ḯ שּ ḭ

טּ טḭּפּ ךּ ︣ טּ טּ Ḯ ṇ ḭֿכ ︣

אל ףּ ḭ אל ךּ Ḯ  

︣ ḭ ṇ Ḯ ︡ ︡ טּ ḭ צּ

ḭשּ︡ פּפּצּ Ḯ ḭ ︡ḭ

︣ Ḯ צּ אל ḭ ṕ Ṗ צּ ךּ ḭ

ḭ ךּ ︣ ḭ ךּ︡

כֿ︣ צּ קּ Ḯ ḭ ḭ ḭ 3D

ḭ צּ אל ךּ Ḯ 

אל ḭ

︣ כֿ ︣ Ḯ ḭֿכ ︣ כֿ צּ ḭקּ

︣ כֿ︣ צּ קּ Ḯ ḭ

︣ כֿ צּ ḭקּ ףּ ︣ כֿ צּ קּ Ḯ 
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IvT ḭ שּ אל ךּ Ḯ Julius Kruttschnitt  Mineral Research 

Centre ḭ צּ שּ ︡ ︣ לּ

︡ Ḯ ḭ ṕ︣ ḭ ︣ שּפּ

ḭקּ ︣ Ṗ ︣ כֿ טּ Ḯ טּ ḭ ṇ

1 טּ ḭ קּ וֹ ︣ ךּ טּצּ Ḯ

ṇ ︡ḭ ︡ḭ

ṕ1 Ṗ ḭ ףּ ︣

︣ כֿ צּ קּ Ḯ ḭ ṇ ṇ Cadia Gold 

Mine צּ ︡ ךּ Ḯ ḭ ṇ ︡ 2

Ḯ 

צּ אל ḭ אל ךּ Ḯ ṕ צּ

שּקּ טּצּ Ṗ ￼ ḭ כֿ ︣ ךּ︡ ṇ

צּ אל ךּ Ḯ נּ ḭ CFDשּ ḭRio Tinto

Hlsmelt ךּ︡ ךּףּ ḭ ךּ צּ

ṕVander -mark 2003 ṖḮ 

Hilist ḭֿכ ḭצּשּ קּ נּ טּצּ ḭ

ךּ טּ Ḯ שּ ︡ ףּ ḭ

פּפּ פּ ︡ ḭ︡פḮּ︡ךּ ︣ כֿ צּ כֿךּ

טּ ḭ צּ אל ḭ צּ כֿ טּצּ Ḯ 

 

6.8   

 

כֿ ḭIvT ṇ אל ךּ ︣ ךּ︡ ךּ ︡ Ḯ

ךּ אל נּ ḭ פּ ḭ ṇ

ḭאל ︠ אל קּ Ḯ ḭ ṇ

ṡ ṕdoṖṢ ṇ וֹףּ IvT ṇ ṇ טּ כֿ צּ

אל ךּ Ḯ3D ḭ ךּ פּךּ פּ ︣

︡ ךּ Ḯ ḱ ḭ ḭ ḭ

ḭ ḭ ḭ ךḭּךּ כֿ לּ ךּ Ḯ 

ḭשּ︡ ︡ ḭ ṇḭ ṇ ṇḭּף ṇ ṇ

︣ כֿ צּ קּ Ḯ ṇ ḱ ḭ

ךּףּ טּ Ḯ 

צּ קּ לּ ḭ שּ ︡
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ḭ ךּפּ ṇ ṇ צּ Ḯ ṇ

אל לּ ךּ︡ צּ אל ḭ אל

צּ ṇ ︣ כֿ צּ פּ קּ Ḯ

לּ ḭ ︣ טּ ḭ ṇ

ṇ ḭ שּפּ אל ︣ כֿ צּ טּ

Ḯ 

פּ וֹ ṇ ḭṡ ṕdoṖṢלּ ︣

ṇ ︡ ךּ Ḯ  ḭ צּ קּ

ךּ Ḯ ṕthinkנּ Ṗ ︣ṕplayṖ ךּ קּ ךּ Ḯ OMT פּ

ṇ ḭ כֿ שּ ︡ ךּ לּ

Ḯּשּך פּ ḭ צּ קּ פּ פּלּ ḭ ︣

שּ Ḯ︡ צּ ḭ ḭ ḭ ḭ צּ

טּ Ḯ IvT כֿ וֹ ḭThink ḭPlayḭDo כֿ ︣ ︣ Ḯ 

Ṅ טּ ︣ כֿ ḭ טּ Ḯֿכ

ḭ ṇ ḭṡ ︣ṕplayṖṢ ṡ נּ ṕthink ṖṢּף ṡ נּ ṕthink ṖṢ

ṡ ṕdoṖṢלּ צּ ︢ כֿ ךּ Ḯ ḭIvT ︡ ףּ

︣ כֿ צּ קּ Ḯ︡ ḭ︡פּ ḭ ṇ כֿצּ

לּ ︡ ךּ פּ טּ Ḯ ḭ

︣ כֿ ︡ ךּ Ḯ ḭ ḭ פּ

ṇ ḭ ṇ צּ טּ כֿ צּ ךּ

Ḯṡ ṕdoṖṢלּ IvT ︡לּכֿ ḭ3D ṕthinkצּ Ṗḭ ︣ṕplayṖḭ ︡ ︣ ṕdoṖ

ṇ ḱ ︡ ךּ Ḯ 

ICT OMT אל IvT ḭ ḭ ḭ ḭ ḭ ḭּף

וֹףּ ףּ ︡ ךּ Ḯ ṇ

וֹףּ ṇ ḱ ṇ וֹ ḭ

ṇ ︡ ךּ Ḯֿכ ḭ ṇ אל ︠ פּ

︡ ︣ ︣ ḭ ṇ וֹףּ ṇ ṇ

צּ כֿ צּ טּשּ Ḯ ḭ ḭ

פּ ︣ כֿ צּ קּ ḮIvT ḭֿכ לּ ḭ

ṇ ṇ אל ︣ כֿ צּ קּ Ḯ ḭ ḭּף

ṇ ḭ אל לּ קּ ךּ Ḯ נּ 3 ḭPẀ

Gּצ ṇ ḱ ṇ ︡ ḭּפּך ךּ ṇ ḱ ︡

ךּ פּ ︡ Ḯ 
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ṇ וֹףּ ṡ ṕdoṖṢ ḭ פּ ףּ

ḭוֹ צּ ︡ḭ ︡ḭ

︡ḭ ךּ︡ ︣ כֿ ︣ Ḯ ṇ ṡ ṕdoṖṢ

ḭIvT ךּ︡ צּ ︣ ︡ ךּ Ḯ צּ

וֹ ︡ ḭ Ṅ ṇ ︡ לּ ︣ ḭ

שּ ︣ כֿ טּ Ḯ ḭ

︢ ḭּט ךּ ṕpick -and -mixṖ טּ ṕdesign -your -ownṖ

ḭ ︣ כֿ ḭצּ טּצּ Ḯ ṇ Ron Arad ḭ 

 

טּ ףּ אל ףּ לּ שּ טḮּךּ ṇ

ḭךּ ףּ ṇ ︣ Ḯ ḭ ︡ ︡ḭ ṇ

ṇ ṇ ṇ פּ וֹ ḭ טּ

︣ Ḯ ￼ Ḯ 
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7 ṇ  

 

7.1  ︢  

 

ṕthinkנּ Ṗḭ ︣ṕplayṖḭ ︡ ṕdoṖ וֹףּ IvT ︣ ṇ

ḭ פּ ︡ ךּ Ḯ ṇ טּ ḭ

טּ Ḯ ṇ קּ כֿ

קּ טּ Ḯךּ ḭ פּפּצּ ḭ טּ Ḯ ḭ פּ

︣ קּ טּ ︣ טּצּ Ḯ 

IvT ḭ ṇ ︣ ḭצּ צּ אל ḭ אל ḭ ︣

צּ אל Ḯ ︡ḭ ︣ ḭIvT

ḭ ︡ כֿ צּ ICT OMT לּ ︡ ךּ ḭפּ

וֹףּ נּ ṕthink Ṗḭ ︣ṕplayṖḭ ṕdoṖלּ ךּ︡ ךּ צּ טּ Ḯ ︣

ḭIvT צּ נּ ṕthink Ṗ ︢ לּ כֿ︣ צּ קּ ḭפּ ṕ︣playṖ

︢ ︡ḭ ṕdoṖלּ ︢ שּ כֿ צּ קּ

פּ ︡ Ḯ ḭ ︡ḭ ṇ

ḭ ṇ שּךּ פּ ︣ כֿ צּ קּ Ḯֿכ ︣ ḭ

לּ ḭצּ ṇ ︢ ︣

︡ ךּ Ḯ 

כֿ ḭ ṕthinkנּ Ṗḭ ︣ṕplayṖḭ ︡ ṕdoṖ ︣ צּ ︡

ṇ ךּ ︡ קּ Ḯ 8 ḭ ךּ︡ ṇ וֹףּ

ךּ ︡ ךּ Ḯֿכ ḭ צּ IvT ︡ ṕthinkנּ Ṗḭ ṕ︣playṖḭ

︡ ṕdoṖ וֹ ךּ ︣ Ḯ 

ṇ שּ טּצּ ḭ ︡

ḭ ︡ ḭ ︡ ︣ כֿ Ḯךּ ḭIvT צּ לּ

שּךּ פּ ︣ טּצּ פּ פּלּ ︣ כֿ טּ Ḯ כֿ

ḭ אל ︣ Ḯ ḭ

ḭ צּ ︡ḭ ךּ ︣ כֿ ︣ ḭ ṇ

competencies ṕ Ṗ ṡ Ṣּט ךּ ṡ Ṣ ︣ פּ קּ אל Ḯ ḭ

כֿ ṡcompetencies ṕ ṖṢ כֿ ︣ Ḯֿכ competencies ṕ Ṗ ḭ

ṡdynamic capabilities ṕ ṖṢ ḭ ︣

ḭ ךּ︡ ︣ ךּ︡ ḭ אל ḭ אל

ךּ Ḯ ḭֿכ ṡcapabilities ṕ ṖṢ כֿ ︣ Ḯ ֿכ ḭIvT צּ
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competencies ṕ Ṗ ︣ ḭ ךּ︡ ︣ צּ ︣

︣ capabilities ṕ Ṗ ךּ ︣ Ḯ 

כֿ ḭ capabilities ṕ Ṗḭּט ךּ ︣ ךּ ךּ Ḯ

capabilities ṕ Ṗ 3 ṇ טּצּ נּ Ḯ︣ נּ ︣ ḭ

ḭ ︡ ḭ ḭ טּצּ Ḯֿכ ףּ

︣ שּךּ פּ ךּ ︣ ḮIv T כֿ capabilitiesṕ

Ṗ צּ פּ ךּ Ḯ ךּ ḭֿכ ḭ ṇ

ךּףּ ḭIvT צּ פּךּ אל ךּ ḭפּ ︡ פּךּ

אל פּ ︣ שּךּ פּ ךּ ︡ ךּ Ḯֿכ

7.1 ︡ ךּ Ḯ 

IvT צּ competencies ṕ Ṗ capabilities ṕ Ṗ ︣ ḭ ךּ

שּ צּפּ Box 7.1 אל ךּ Ḯֿכ ḭ

צּ קּ אל שּךּ פּ ︡ ךּ Ḯ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.1  IvT  

 

︣ IvT  

︣

 

נּ  

 

ḭ ḭ  

competencies

ṕ Ṗ 

capabilities

ṕ Ṗ 

צּ ︡

קּ לּ ︣ ṇ

 

ṇ ︢

︣

︣

︣  

וֹ  

︡

 

ṧ 
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Box 7.1   

ḭ ḭ ṇ ḭ ḭ צּ ḭ קּ ךּ ḭ ︡ קּ שּ

טּ טּ Ḯ ֿכֿכ ḭ שּ

ḭ Ṅ וֹ טּ Ḯ ḭ צּ ︣ ḭפּקּ ︡ ︣ קּ

פּךּ ךּ Ḯשּ ḭ צּ ︣ ḭפּקּ ︣ קּ פּךּ ךּ

Ḯשּ צּ קּ וֹ ︣ ︣ Ḯ

אל ṡ Ṣּט ךּ ṡ ṢṈ︣ טּ ךּ ḭ

ṡ ṇ ṢṈ טּצּ ḭ צּ אל אל Ḯֿכ

ḭ ṇ ḭ ︣ צּ אל ︣ Ḯ

כֿ ḭּט צּ ︣שּ פּקּ ḭ ︡ḭ ︣ נּ

לּ ︣ ḭ אל ︣ ṇ ︣ כֿ טּ Ḯ

40 Edith Penrose ṕ1959 Ḳ137Ṗ ḭ לּ שּ ךּ Ḯ 

ḭ ḭ ︡ḭ ךּ︡ אל ḭ

︣ כֿ צּ קּ ḭ שּ " ךּ︡ " ︣ ךּ ךּ ḭ שּ ︡

כֿלּ ḭּט ︡  Ḯךּ

Penrose ḭ נּ ṇ ︣ טּ Ḯ ḭ

וֹףּ ︡ ṇ ︡פּ ךּ ḭ טּ

ṕNelson and Winter 1982 ṖḮ ṇ ḭ טּ ḭ ṇ

טּ Ḯֿכ ḭ ṡ ṇ ṇ ṢṕBarney 1986; Grant 

and MacNamara 1995 Ṗ ḭ ︣ ṡ competencies ṕ ṖṢṕPrahalad

Hamel 1990 Ṗ ︣ טּ ḮIBM Ericsson ṇ ḭ

כֿ צּ טּ ḭפּ ︡ לּ ︣ כֿ צּ פּ ︡ ךּ Ḯ

ḭIBM ṇ פּ e ḱ ṇ ṇ ṕGerstner 2002 Ṗ קּ

שּ ︡ḭEricsson ṇ פּ ṇ ṕDavies 2003 ṖḮֿכ

ḭ ךּ ḭֿכ Ḯ 

שּ לּךּ ḭ אל ḮRobertsךּ ṕ1991 Ḳ283Ṗ ḭ

MIT פּ ︡ ḭקּ ︢ ךּ Ḯ 

ṡ ךּ ḭ ︡

︣ כֿ אל ḭ ︡ ︣

כֿ צּ קּ ṢḮ 

ךּ︡ ḭ ḭ ︣ כֿ צּ קּ ṡdynamic capabilities ṕ

ṖṢ ḭ ṇ צּ ṇ אל ḭ אל ḭ אל ḭ אל

Ḯdynamic capabilities ṕ Ṗ ḭ צּ ︣
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טּ ḭ פּ ךּףּ טּצּ ṕTeece and Pisano 1994; Grant 

1996; Kogut 1996 ṖḮ ḭṡּךּט ךּ ḭ וֹ ḭ ḭּךּט

ךּ ︣ ךּ ḭ ṢṕEisenhardt and Martin 2000 Ḳ1115 Ṗ אל

ṡ Ṣ ךּףּ טּ Ḯdynamic capabilities ṕ Ṗ ḭ competencies

ṕ Ṗּצṡ Ṣ תּ ︣ ṕLeonard -Barton 1995 ṖḮdynamic 

capabilities ṕ Ṗ ṇ ḭ וֹ ṇ ṕMadhok 

Osegowitsch 2000 Ṗḭ אל ṕBessant et al Ḯ2001 Ṗḭ ṕKing 

Tucci 2002 Ṗḭ טּ Yahoo! Excite ṕRindova  Kotha 2001 Ṗ

︣ אל קּ Ḯ 

dynamic capabilities ṕ Ṗ ḭ ṇ ṇ ︡ אל ךּ

ṕEisenhardt  Martin 2000 Ḳ1118 ṖḮ ḭךּ

טּ ḭ ︣ טּ Ḯ 

 

 

7.2  IvT ṇ  

 

IvT ḭ צּ כֿ ︣ Ḯ לּךּ ḭṡ Ṣ ṇ

אל ︡ḭ פּ ︣ קּ פּ טּ Ḯ אל ḭ

IvT ḭ צּ ךּ︡ competencies ṕ Ṗ ︣ Ḯ ḭ

competencies ṕ Ṗ נּ ךּ ︣ ︣ Ḯ

ḭ ḭ ︣ ṇ ḭ ṇ

טּ competencies ṕ Ṗ ︡ ︣ כֿ צּ קּ Ḯ 

IvT צּ ṇ ṇ שּ אל ḭ ︡ḭ ︡ḭ ︣

ḭ צּ אל טּצּ ḮIvT ︣ ḭ פּ

︡ḭ ṇ ︡ ︡ḭ ︣ טּצּ

︡ ︣ כֿשּ צּ קּ Ḯֿכ ḭ ︣ כֿ צּ

קּ ḭ ︡ ︣ כֿ טּ Ḯ ḭ ṇ פּ

ṇ ṇ ︡ ךּ Ḯ ṇ צּ טּ ḭ שּ

ḭ ︡ ḭ ṇ פּךּ ︣ ḭפּ קּ

וֹ פּ ḮIvT ḭ צּ ︣ ︡ḭ

ṇ ︡ וֹ לּ ︡ ךּ ḮIBM ḭ ṇ

ṇ ḱ ṇ ︡ ︡ Ḯ 

ṡ ṕthinkנּ ṖṢ ṡ ︣ṕplayṖṢ ḭ צּ ḱ כֿ

צּ ךּ ḮRicardo Arup ḭ capabilities ṕ Ṗ
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︡ ךּ Ḯ IvT Ṅ ︡ ךּ︡ ṇ ︡ ךּ Ḯ 

ṇ ḭ ṇ ︡ ךּ ḮIvT ḭ ￼︡ צּ

ṇ ṇ ︣ ḭcompetenciesשּ ṕ Ṗḭ ḭּף

︣ כֿ ︣שּ Ḯ 

IvT ḭ צּ נּ ︡ḭ ḱ שּ ︣ כֿ ḭ

︣ Ḯּ︡︡פḭBox 7.1 אל ךּ לּ ḭ

ḭcompetencies ṕ Ṗ נּ אל ḭ ︣ capabilities ṕ Ṗ

ךּ Ḯֿכ capabilities ṕ Ṗ ḭ צּ נּ ︡ḭ

︡ḭ ḭ ḭ ︣ טּ ḭֿכ ︡ ḭּך צּ וֹ

ךּ IvT טּ Ḯ ṇ צּ לּ אל פּ ︣

ḭIvT ︣ שּךּ פּ ףּ צּ ︢ ךּ Ḯ 

 

7.3   

 

Rothwell צּ 5 ṡ Ṣ ḭ נּ ḭ

טּ ḭ ṇ ךּףּ ṕthinkנּ Ṗḭ ︡ṕplayṖḭ ︡ ṕdoṖלּ

טּ Ḯ לּ ḭ טּ כֿ צּ ḭצּךּ

ḭ 3 PẀG ḭ טּ Ḯ

ṇ ︣ כֿ ḭ ︣ טּ Ḯ 

ṕthinkנּ Ṗḭ ︡ṕplayṖḭ ︡ ṕdoṖ ḭIvT ︡ שּ ḭ

אל Ḯ ḭ ︣ נּ צּ Ḯ

ךּ︡ ṇ ṇ ︡ḭ ḭ ḭ ṇḭ ṇ ṇ

ḭוֹ ḭ ḭ ḭ ḭ ḭ ṇ אל ︠

︣ כֿ צּ קּ Ḯ 

נּ ︣ קּ טּצּ ḭ צּ וֹ שּ ךּ︡

ךּ כֿ ︣ ṕDodgson 1993a; Powell 1996; Sakakibara 1997,2001; 

Child  Faulkner 1998 Ṗ 

ṇ ḭ ︣ נּלּ כֿ︣

צּ קּ ḭ צּ ṇ צּ

︣ נּלּ כֿ︣ צּ קּ ḭ

צּ ︡לּ ︣ ṇ ︣ טּצּ ṕDodgson 1993b ṖḮ

ḭIvT צּ ṇ ḭ ṇ ︣ ︣

ךּ ︣ Ḯ 
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נּ לּ שּ ︣ 1 ḭ ṇ וֹףּ

טּ Ḯ1970 Project SAPPHOṕRothwell 1974 Ṗ ḭ שּ

ḭ ךּ ︡ ṇ ḭצּ ḭ ḭ ṇ ḭּף

︡ ךּ כֿ ︡ ךּ Ḯֿכ לּךּלּ ṇ טּצּ Ḯ2000

2,634 ︣ ṇ ḭ66Ṿ צּ פּ ṇ

︣ ︡ ךּ כֿ צּ פּ ṕDTI 2003 Ṗ⁹ 

אל ṇ ṇ ḭ צּ אל ṕvon Hippel 1988 Ṗḭṡ

Ṣ ףּ צּ טּצּ ṕGardiner and Rothw ell 1985 ṖḮֿכ

︣ ḭ Ṅ IvT צּ אל ךּ Ḯ 5 לּ ḭṡ

ṇ ḱ ṇ Ṣ ḭ ṇ קּ אל ךּ Ḯֿכ ḭ

ṇ פּ ṇ טּ ḭ

IvT ḭ צּאל אל ︡ ךּ Ḯ 

ṡ Ṣ ︡ ḭ ṇ ︡ḭ ︣ ṇ ṇ

︣ כֿ ḭ ךּ︡ טּ Ḯ

ḭ ḭ ḭ ṇ ḭ ︡ ṇ ṇ צּ

ṇ שּ ṇ ︡

︣ קּ ḮPẀG ṇ ṇ ḭ ṇ ṇ ḭצּ

ḭ ︡ ךּ נּ Ḯ 

 

 

 

ḭIvT ṇ ṇ ḱ ︣ כֿ

︣ Ḯ ṇ ḭ68Ṿ ḭצּ ḭ ḭ ṇ ḭ

ṇּפ ︣ ךּ ṕDTI 2003 ṖḮ ֿכ

ṇ ḭBoeing  777 וֹףּ CATIA טּ Ḯ צּ

︣ כֿ ḭ777 ṇ ṡ ︡ Ṣשּ טּ Ḯ ףּ

ḭ ףּ קּ אלוֹ ḭֿכ Ṅ

כֿ ḭ טּ ḮIvT כֿ ךּףּ

︡ ḮBoeing 777 ṇ 2,200 ṇ ︡ Ḯ ︣

IBM ṇ ṇ אל ךּ Ḯ ṇ ṇḭ ףּ

ḭ ṇ לּ ṇ ḭֿכ אל ḭ

︡ Ḯ אל טּ Automat ed Spar 



164 

 

Assembly Tool ḭ ṇ ףּ ṇ ṇ

אל Ḯ ṇ 777 ︣ ḭ צּשּ CATIA ︡ אל ḭ

250 ḱ ḱ ṇ Ḯ ḭIvT ḭ פּ ︠

פּ ḭ ṇ ṇ ṇ ḭ ṇ ṇ כֿ ḭBoeingלּפּ

︡ Ḯ צּ ךּ︡ ︣ Ḯ 

PẀG ḭ IvT ︣ ḭ ṇ ︡ ךּ Ḯ

IDEO ḭ אל ︣

ṇ ︡ ךּ ḮGehry ḭ Ṅ

ṇ ︣ IvT ︡ ךּ ḮTWI

InnoCentive ṇ ṇ ḭIvT אל

Ḯ 

 

 

 

ṇ לּךּ וֹ ḭשּ ṇ ṇ קּ לּ ḭGrid

אל ḭ טּצּ Ḯ

ḭ ︣ ︡ שּ ︣ כֿ ḭ

︣ כֿ צּ קּ Ḯ ṇ וֹףּ צּ

ṕHicks and Katz 1997; Meyer -Krahmer Schmoch 1998; Mowery 2001; Cohen 2002Ḳ

Lambert 2003 Ṗּטּצ ḭ ּצ ףּ ḭ פּ

ךּ כֿלּךּ צּ אל ךּ Ḯ 

ḭ צּ ︣ ḭ אל

ךּ אל ︠ טּצּ Ḯ לּ ḭ

ךּ ḮCohen ḭ נּ ḭ ḭ ךּ︡ ︣ וֹ ḭשּ

אל ךּ כֿ וֹ ṕ2002 ṖḮ

ḭ פּ￼ פּ︡ ṇ ︡ ︡ ףּ ￼ḭ

וֹ open -search ︡ ךּ טּצּ ṕ Laursen 

and Salter 2004 ṖḮ ṇ ḭ27Ṿ צּ פּ ṇ ︣

ףּ ḭ18Ṿ פּ ךּ Ḯ 

ṇ ḭ צּ ḭ ︣

לּ ךּ פּ ︡ ךּ Ḯ ︡ לּ ︣ ḭפּ

לּ ︣ ḭפּ לּ ︣ ḭפּ לּ ︣ ḭפּ ךּ︡

ṇ לּ ︣ פּ פּלּ פּפּ ￼ḭ ḭ ︣ Ḯ 4

קּ לּ ḭ ךּ︡ ךּ נּ ︡
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ḭ צּ ︣ אל ︡ ךּ Ḯ 

 

 

 

ṇ Arup ṇ ḭIvT צּ לּ ךּ︡ ︡

פּ ︡ ךּ ḮArup Mott MacDonald ︡ STEPS ︡ ךּ Ḯֿכ

ḭ ︡ḭ ךּ

Ḯ כֿשּ ḭ ￼נּ ︡ḭ ︣ כֿ צּ ḭקּ

Ṅ קּ ︣ כֿ צּ קּ Ḯ ṇ ḭ

54Ṿּצ פּ ṇ ︣ ︡ ךּ Ḯ צּ ︡ ︡

︣ ḭֿ︡לּכ ḭ טּ Ḯ 

 

ṇ  

 

6 ḭ וֹףּ ṇ צּ אל Ḯ צּ ︣ ︣ ṇ אל

ḭ ṇ צּ ︣ ︣ ךּ Ḯ ṇ ḭ

אל ṇ ךּ ḭ ︡ ︣ ︡ ︣ כֿ

צּ קּ ṕBrusoni 2001; Davies 2003; Prencipe 2003 ṖḮ ṇ ḭ

ṇ ףּ וֹ ṇ ︡ḭ ףּ

︡ḭ טּ ṇ ︣ טּצּ Ḯ ṇ טּ ḭ

ṇ קּ לּ ︣ ḭ ṇ ︣ ךּ

︣ טּצּ Ḯ 

IvT ḭ אל ︣ ḭ Ṅ שּ לּ

︣ Ḯ ḭ ṇ ︣ כֿ צּ קּ

Ḯ נּ ḭRicardo ךּ︡ ṇ ṇ ︣ ḭ ṡ Ṣ

︡ḭאל ︠ ṇ ṇ אל כֿ צּ קּ Ḯ

כֿ ṇ ︣ כֿ ḭ צּ לּ

נּ פּ שּ כֿ צּ קּ Ḯ ︣לּ כֿ ḭ ṇ

ṇ ︡ḭ ḭ ḭ ṇ ḭ ṇ ḭּפּך

פּ︣ שּ ︣ כֿ צּ קּ Ḯ ICT כֿ ḭIvT

ṇ ︣ Ḯ נּ ḭArup ḱ

ḭ CADצּ ︡ ￼ קּ לּ ︡ ךּ Ḯ

PẀG ḭ ḭ ṇ ṇ ṇ אל ḭ כֿ אל ︠

︡ ︡ ︣ צּ קּ Ḯ 
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ךּףּ ṇḱ ṇ שּ ︣ כֿ ḭIvT ︣ כֿ

טּ Ḯ ḭ Ṅ צּ ṇ קּ לּ ︣ כֿ

ḭ ṇ ︡︣ כֿ צּ קּ Ḯֿכ

לּ ḭ ︣ IvT טּ Ḯ 

כֿ ṕ ḭ ṇḭ Ṗ ḭ ṇ ḱ

פּ ṇ אל קּ טּ ḭIvT פּ

ḭ ṇ צּ טּ Ḯ

ḭIvT ︡ ︡ḭ ṇ צּ ḭInriuvatic

Strategic Management ḭ ︣ כֿ ︣Ḯ ḭ

פּקּ ︣ צּ ḭ ḭ ḭ competencies ṕ Ṗ

︣ כֿ טּ Ḯ 

 

7.4   

 

IvT וֹ צּ ︣ ︣ ḭּפּך צּ ︡ḭ

ךּ︡ ︣ פּ ḭלּךּ ṇ אל כֿ

ṕMarch  1991 ṖḮ 

שּ ףּ ḭ ︡ ṇ ḭ ḭ

︣ כֿ ḭ טּ Ḯ ḭ︡שּ ṇ

︣ ḭ ︡ ףּ ḭOMTṕ 6 Ṗ

אל ךּ Ḯ︡ ḭ︡פּ ṇ ḭ אל ︠

ṇ צּ טּ Ḯ אל ︣ ḭ ṇ

צּ ︡ ךּ טּצּ Ḯּשּך פּ ḭֿכ ḭ ḭ ṇ ḭ

Ṅ וֹ צּ ךּ ךּ Ḯֿכ Ṅ ḭ לּ

ṇ ḭצּ ︡ḭ פּ ḭ פּ ︣ ︣ כֿ טּצּ Ḯ 

צּ ︡ פּ ḭIvT ︣ ṄṈ נּ ḭ ︣ ḭ

︣ Ṉ ḭ ḭ ḭ ḭאל︡ ︡ ṇ ︢ ︣ ︡ ךּ Ḯֿכ

ḭ ḭ ḭ ︣ צּ ︣ כֿ טּצּ ḮIvT ḭ

נּ ︣ כֿ ︣ כֿ ḭ ṇ ︣

IvT ṇ ︣ וֹ כֿ צּ קּ

︡ ךּ Ḯ 

IvT ︣ כֿ ḭ ḭּף ḭ

ṇ אל ḭ ︡ ךּ קּ Ḯֿכ ḭIvT
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צּ ךּ︡ ︡ ḭ ךּ︡ ︡ ︣ כֿ ḭ

ךּ ךּ︡ ︣ פּ טּ

ḮIvT צּ אל ḭ פּ ḭנּ ︣ḭ ︡ ︣ נּ ךּ

ḭ︣ ḭצּ ḭ ḭ ṇ נּ כֿ צּ קּ Ḯ 

IvT ︣ ḭ פּ︡ אל ךּ פּ ḭ ḭ ṇ

︡ḭ טּ ṇ

︡ḭIvT ṇ ︣ קּ כֿ︣ צּ קּ Ḯ 1

לּ ḭ שּ פּפּ ￼ḭ ṇ ︡ טּ Ḯ

ṇ צּ ḭ ṇ Ṅ

︣ כֿ טּ Ḯ︡ צּ ḭ IvT ︣ כֿ צּ קּ טּ Ḯֿכ

ḭ פּ ︣ ṡ Ṣקּ ︣ ךּ

Ḯ 

ḭ ṇ כֿ ṇ ︣ שּךּ פּ

︣ Ḯ 

 

ṇ  

 

IvT ︡ ךּ ḭMintzberg McHugh ṡadhocracy ṕ ṇṖṢṕ1985 Ṗ

︡ ︡ ךּ לּ נּ Ḯ ḭ

︣ פּ Ḯךּ ḭ פּ ḭ

︡ ḮMintzberg McHugh ṇ ḭֿכ

ḭ ︡ ḭ וֹ

ךּ אל ךּ Ḯ 

כֿ לּ ṇ ḭ ︣ ︡

פּ ṇ אל ṕDeFillippi Arthur 1998 Ṗḭ ︡ Ṅ לּ

ṇ ṕHobday 1998 Ṗḭ ךּ︡ ︣ כֿ טּ ḮBurns Stalker

ṡ Ṣ ṕ1961 Ṗ לּ ḭֿכ ṇ ︣ Ḯ

ṇ ḭ capabilities ṕ Ṗ אל ︠ ḭ ︡

שּ ךּ ךּ לּ ︣ כֿ צּ קּ Ḯ ḭ

︡ ḭ צּ ḭ ︡ ךּ ︡ ︣ כֿ ︣ ḭ

︣ Ḯ שּ ḭ צּ פּ כֿ צּ ḭקּ

כֿלּ ︡ אל וֹ כֿ צּ קּ כֿ ︡ ךּ Ḯ ḭ

טּ ︡ḭ ︡ ︣ Ḯ 

כֿ אל ךּ ףּ ḭ וֹ שּ
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ḭ ṇ צּ ךּ︡ ךּ Ḯ כֿ

כֿ ḭשּ ḭ נּ ḭArup ṇ טּ Ḯ

︢ ḭ ṇ ḭ ︣ כֿ

צּ קּ Ḯ 1 ḭ ṡצּ פּ

ḭ ṇ לּךּ 2 ḭ ︣ṢḭTushman

O'Reilly ṕ1997 Ṗ ︣ ︣ ḭ ṇ צּ

ḭ ḭ ︣ ︣ כֿ טּ Ḯ 

 

ṇ ṇ  

 

ṇ ṇ ךּ︡ ṇ ḭIvT אל כֿ צּ טּ Ḯֿכ

ṇ ḭ ṇ צּ ṇ ︡ḭ ︣ צּ פּ ḭIvT כֿ ṇ

ךּףּ ︡ ךּ Ḯ 

ḭ ṇ שּ טּצּ ḭ טּצּ ḭ טּצּ Ḯ 

שּ ḭ ṇ אל ︠

ḭּפּך ṇ וֹףּ טּצּ פּ ︡ ךּ ṕlansiti 1993 ṖḮ

לּ ṇ ḭאל ︠ Ṅּצ ︣ כֿ טּצּ ḭ ṇ

︡ ḭ ḭ ︣ כֿ צּ קּ Ḯֿכ ṇ ḭ

︣ טּ Ḯֿכ ṇ שּ ḭ

︡ ףּ ḭ ︣ ︡ ךּ כֿ ︡ ךּ Ḯ︡ ḭ︡פּ

ṇ צּ ḭֿכ ṇ ḭ שּ ḭ

︣ פּ ︡ טּצּ ḭ טּצּ Ḯ

כֿ ︣ ḭ ḭ ṇ צּ פּ טּ

קּ ךּ ṕWheelwright and Clark 1995 ṖḮ ︣ ḭ שּ ḭצּ ṇ

ṇ ṇ ṇ ḭ ḭאל ︠ פּ

ṇ ḭ ךּ︡ ṇ בֿ קּ Ḯ 

ḭ ︣ פּ ︡ ךּ וֹ ḭ

ṇ ︡ ךּ ṕGerybadze and Reger 1999 ṖḮ ṇ ḭ Ṅ

וֹ ︡ḭ ṇ ṇ ︡ḭּל שּ ︣

לּךּ ṇ ṇ ṇ ṇ ︡ ︣ ṕKuemmerle 1997 ṖḮ

נּ ḭ PẀG ṇ ḭ ךּ ḭ ṇḭ ḭ ṇ ṇ

︡ ךּ Ḯֿכ לּ ṇ ṇ ḭ נּ ︡ḭ ︣

צּ כֿ︣ צּ קּ Ḯ 

IvT ︣ כֿ ḭ ︡ ṇ אלצּ Ḯ ḭ ḭ ṇ ḭ
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אל ︠ ṇ ︣ ṇ קּ

︡ḭ ︡ ךּ︣ ︣ ḭ צּ אל

Ḯ ṇ ︢ ḭ נּ ḭ ︣ ḭ ︣ ḭ

︣ כֿ צּ שּ ḭ ︣ כֿ צּ קּ Ḯ ḭ

︡ḭ ︣ כֿ צּ קּ Ḯ צּ אל ḭ

כֿ שּ Ḯ 

IvT ︡ḭ ︡ḭ אל ḭ נּ כֿ ︣ ḭ ṇ

︣ ḭ ḭ ṇ ︡ קּ נּ

כֿ ךּ ︡ ךּ Ḯ ︡ ךּ ︣ כֿ ḭ

טּ Ḯּ︡︡פ ︣ כֿ פּ טּ ḮLester Pioreṕ2004 Ṗ ḭ

︡ḭ ︡ ︣ ︢ ḭ ךּ︡ ṇ ︣

2 ︡ ךּ Ḯ ḭ ︡

︣ טּ ḭ צּ Ḯ ḭ ךּ

ḭ ךּ︡ ︡ḭ ︣ טּ Ḯ ︣ כֿ ḭ ṇ

אל כֿ צּ קּ ךּ Ḯ 

אל ︣ Ṅ ḭṡ ṢṕSteinmueller 2000 Ṗḭṡ Ṣ

ṕBrown Duguid 2000 Ṗḭṡ Ṣ ṕSchrage 2000 Ṗ ḭ פּ

ṇ ḭ צּ כֿ ︡ ךּ Ḯ

Salter Gannṕ2003 Ṗ ḭ ṇּצ ṇ ṇ טּ פּפּ ￼ḭ

︡ḭ ︡ḭ ︡ḭ ṡ Ṣ

לּ ḭ ḭ שּקּ ︡ ךּ כֿ ︡ ךּ Ḯ 

 

 

 

IvT ḭ ḭIvT ḭנּ ︡ḭ לּ לּךּ ṇ

ḭ ︡ ︣ ︡ ךּ ḮHawthorne ḭ1920

פּ 1940 Western Electric Company ︡ ךּ ḭצּ ṇ ṇ

צּ ṇ ḭ ḭ ךּ כֿ צּ שּ אל ךּ ḮAllenṕ1977 Ṗ

ḭ1970 ḭ Ṅ ṇ ṇ ḭצּ שּ

︡ ךּ כֿ ︡ Ḯ נּ ḭ30m ḭ Ṅּצ ︣ צּ ︣ Ḯ 

ḭנּ ︡ḭ ︡ ︣ ךּ IvT ḭצּ ṇ

︣ טּ ḭ ךּ︡ ṇ אל לּ אל ḭ

לּ טּצּ ḮIvT ḭ ḭנּ ︡ḭ לּ , Ṅּצ ︣

ḭ טּצּ Ḯֿכ צּ לּ ︡
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ךּ פּ ︡ḭ ︣ כֿ ḭ

ךּ Ḯ ḭנּ ︡ḭ ︣ ︣ ךּ︡ ṇ ḭ IvT צּ ︣

לּ אל ḭ ︣ טּצּ Ḯ נּ ḭ ṇ ṇ

ḭ ךּ ṇ ḭ ṇ ṇ ḭ ṇ

ṇ ṇ צּ טּ Ḯ לּ אל ṡ

ṇṕ ṖṢ לּ ḭ ṇ כֿ︣ ḭ ṇ ṇ ṇ

שּ טּ Ḯ 

1980 פּ ḭ ḭ ḭ ḭ ḭצּ צּ ︣

︡ ךּ לּךּ ︡ ךּ Ḯ ḭ ḭ ḭ ṇ

ḭּף וֹףּ IvTḭICTḭOMT ︣ ךּ︡ ︣

ṇ ḭצּ ḭ ︡ ṇ ךּ ḮSASḭBritish 

Airways ḭBootsḭCapital One ḭBBC ḭ ḱ ︡ ṇ

︣ ︡ ︡ Ḯֿכ ḭ1980 ṇ

ḭ וֹףּ ︡

ṕGann 2000 ṖḮDuffy ṕ1997 Ṗ Hillier ṕ1996 Ṗ ḭ

︣ ךּ ḮDuffy ḭ4 ︡ ךּ Ḯ 

 

1.  Cellsṕ Ṗ ḭ ḭ ḭ ḭ טּ Ḯ

ḭ ךּ צּ ףּ ḭ נּ ḭ ḭ ︣

אל טּ Ḯ 

2.  Hivesṕ Ṗ ḭ ︣ ḭ

קּ ḭ ︣ Ḯ נּ ḭ ṇ ṇ ṇ ḭ

וֹףּ אל ṇ אל צּ Ḯּשּך פּ ḭ

כֿ ṇ ṡFordist ṕ ṇ ṖṢ ףּ ḭ ךּ︡ ṇ

ṡ Ṣ ṇ Ḯ 

3.  Densṕ Ṗ ḭ ṇ ṇ ḭ ṇ ḭ ḭ

︣ ḭ ṇ ︣ ḮDensṕ פּ ṡ

︣Ṣ ṇ טּ Ḯ 

4.  Clubsṕ Ṗ ḭ שּ וֹ ḭ ḭ ḭךּ

︣ Ḯֿכ ḭ כֿ צּ אל ḭ ︡

צּ אל 19 ṡ Ṣ ︡ ךּ Ḯ ḭּך

שּ פּ ḭ ḭ ḭ ṇ וֹ כֿ צּ

קּ Ḯֿכ ḭ Ṅּצ קּ לּ ︣ Ḯ 
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ṇ ḭ צּ שּ צּ ︡ḭ ṇ

︣ טּצּ כֿ צּ אל ךּ Ḯ נּ ḭ ︣

2 ḭ ︡ ṕ Ṗ ṇ ︡ḭ ṕ

Ṗ לּ טּ ṕBrill 2001 ṖḮTokerṕ2005 Ṗ ḭ

ḭ ḭצּ ṇ ︡ ︡ ךּ

כֿ ︡ ךּ Ḯ ḭ שּ ḭצּ נּ ︣ ךּ︡ ︡ḭ

︣ ︣ ḭלּ צּ קּ ךּ כֿ ︡ ךּ Ḯֿכ

ḭ ḭ ḭ ḭ אל ḭ קּ וֹ

צּ ṕToker 2005 ṖḮ ︣ ḭ ḭ ḭ ṇ ḭ

ḭ אל ךּ ךּ טּ Ḯ 

ḭ︡פּ︡ Ṅ כֿשּ צּ קּ ךּ ḭ ︣

ḭ ︣ ︣ ḭ

︣ ḭ ḭ קּ

︡ ךּ Ḯ נּ ḭ פּ ṇ אל ︣ טּצּ ḭ

קּ צּ ḮIvT ︡ ︣ ︡ ︣ ḭ

︣Ḯּשּך פּ ḭ ḭּש וֹ ḭ פּ ḭ

קּ וֹ ךּ כḭֿצּ ךּ︡ כֿלּךּ פּךּ ︡ Ḯךּ

ṇ ḭּשּך פּ ḭ ︡ נּ

צּ Ṅ ḭ Ṅּ︡ש ︡ ךּ טּצּ Ḯ 

ḭ ṇ ךּ︡ ︡ḭ ︣ ṇ ḭ

פּ קּ טּ כֿ︣ טּ ḮWiFi ṇ

ṇ ︣ ḭ ṇ שּךּ פּ ḭ צּ

שּ כֿ צּ קּ Ḯ נּ ḭ Brighton טּ ṇ ṇ

טּצּ ḭ 400 אל ṇ צּ ︡ ךּ Ḯ Ṅ

︡ḭ ṇ ךּ ךּ Ḯ 

ṇ טּצּ Ḯ רּ︣ ḭ

ṡ Ṣ ︡ קּ ︣כֿ טּצּ ṕPerlow 2002 ṖḮֿכ

אל IvT שּ ḭ ךּ צּ ︡ ךּ Ḯ

︡ḭ ︣ ︡ḭ ︣ ḭּפ צּ טּ Ḯ︡ צּ

ḭIvT ︡ḭ ︣ נּ ךּ פּפּ ￼ḭ פּ

נּ פּפּצּ כֿ צּ ḭשּ Ṅ ︡ ︡ ךּ Ḯ

ḭ ︡ וֹ כֿ טּ Ḯ ḭ

צּ ︡ ךּ ︢ ︣ Ḯ1 צּ כֿ צּ



172 

 

טּ Ḯ ḭIvT ḭ ︡ ךּ 1 טּ Ḯֿכ טּצּ

ḭ צּ טּ Ḯ 

 

 

 

ICT IvT לּ ḭ שּ ḭ ṇ ṇ ךּ Ḯּ︡פ

︡ḭSeely Brown Duguid ṕ2000 Ṗּצ ︢ קּ לּ ḭ ṇ ṇ שּ ךּ

לּ Ḯ ḭ טּצּ ךּ Ḯ

ḭ ṇ ךּ ḮPẀG לּ ḭ

צּ ḭ ḭנּ ︣ וֹ ḮIvT ︣ כֿ ︡ ︡ טּ ḭ שּ

צּ טּ ḮIvT ︡ ךּ ḭֿכ 2

Ṅ נּ ךּ Ḯּפ צּ ︣ ḭ צּ שּ טּ

פּ טּ Ḯ טּ ḭ צּ ṇ ḭ ︡ḭ

ṇ ḭ ḭ ︣ בֿ ṕMcGown 1998; Bilda

Demirkan 2003; Tovey  2003 ḭ 5 ṖḮHendersonṕ1999 Ṗּצ ךּ לּ ḭ ḭ

אל ︠ ṇ ︡ ḭ ︣ אל ︠

︡ ךּ Ḯ 

Arup לּ ṇ פּ ḭIvT צּ פּ פּ ︡

ךּ ṇ ṇ אל ︡ ḭ פּךּצּ ךּ

צּפּ פּ Ḯ ḭ ṇּצ שּ ︡ḭֿכ ︣

︣ Ḯ אל ḭאל

אל ḮIvT ︡ ךּ ḭ ḭ ḭ ṇ ḭ ḭ ṇ ḭ

ḭּף צּ ︡ ךּ כֿ צּ טּשּ Ḯֿכ ḭ

אל ︠ ṡdanceṕ ṖṢ︣ Ḯאל ︠

צּ אל ḭֿ︡לּכ ṇ צּ ︣ ︣ שּ אל לּ כֿ ḭIvT צּ שּ

︣ ḭ שּ Ḯ 

 

 

 

ḭ ךּ ךּ︡ ḭ ṇ ︡ וֹ ךּ ḭIvT

נּ Ḯ ḭ ṇ ḭ ṇḭ

ḭ ḭ ḭ ︡ ךּ Ḯ

︡ צּ ḭ ךּ טּ ךּ לּ Ḯ ḭ

ṇ ףּ טּצּ Ḯ צּ לּ
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︡ḭ ︣ פּ ︣ ḭ ךּ︡ צּ ︣ שּ

︣ ḭ פּ ךּ︡ לּ קּ Ḯ 

ṇ ṕAlen 1977; MacDonald Williams 1994 ḭDodgson Bessant 1996 ḭ

Hargadon 2003 Ṗ ḭṡboundary -spanners ṕ ṖṢḭṡtechnological gatekeepers ṕ

ṇ ṇ ṇṖṢḭṡechnology brokers ṕ ṖṢ ךּ אל קּ Ḯֿ︡לּכ

Ṅ ḭ וֹ ︡ḭ

נּ ︡ ךּ ḮIvT ︣ ḭ נּ ḭ ︣ ḭּף ︣ פּ

בֿ כֿ צּ ḭקּ וֹףּ נּ

ḭ ṇ אל אל ṇ ︣ Ḯ 

Lester and Piore ṕ2004 Ṗ ḭ ṇ ףּ ︡ Ḯ

כֿ ḭ ṇ IvT ︣ שּ אל לּ נּ ḭאל

︠ ךּ︡ ︡ ךּ Ḯֿכ ṇ צּ Ḯ

ṇ ︣ ḭ ḭ

ךּףּ ךּ Ḯ ṇ ךּ

︡ ךּ Ḯ ḭ︡ ︡ ḭֿ︡לּכ טּ Ḯ ︡

ḭ נּ ḭ ףּ אל כֿ︣

צּ קּ Ḯ ṇ ṇ ḭ ḭ ︣ ︣ שּ

ṇ פּ ︣ אל ךּ ṕBerg 1997 ṖḮ 

ḭנּ ︡ḭ ︡ ︣ IvT צּ ︡ ṇ ︡ ︣ כֿ ḭ ṇ

︢ ךּ︡ ︣ ḭ ךּ︡ צּ טּ Ḯ ṇ ︡

ṇ ︣ קּ ḭ︡ ︡ ךּ︡ ︣ כֿ צּ קּ לּךּ צּ אל ךּ Ḯ

כֿ ךּ אל ךּ ṕSchwartz 2004 ṖḮSchwartz ḭ ḭצּ

ṇ ṇּצ ︣ וֹ ךּ Ḯֿכ ḭ ṇ

ḭנּ ︣ Ḯ ḭ נּ ḭ קּ

ףּ ︡ ḭ ךּ︡ ︣ טּ

ךּ Ḯ ḭ ךּ︡ ṇ אל ḭ אל

ףּ ḭ שּ שּךּ פּ צּ ︡ ךּ Ḯ נּ ḭ

︣ ḭ ḭנּ ︡ḭ ︣ טּ ḭ ︡ḭ

︣ טּ Ḯ 

כֿ צּ קּ ךּ︡ ḭ ḭIvTצּ ḭנּ ︡ḭ ︣

וֹ ḭ ︡ ךּ Ḯֿכ ḭ לּ

צּ Ḯ 
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· Ḳ ṕ ḭ ḭ ḭ Ṗ וֹףּ

ḭ ḭּף ︣ Ḯֿכ ḭ

Ḯ 

· Ḳ ṇ וֹףּ ḭ ḭ ṇ

וֹףּ ḭ ḭ ḭ וֹףּ ךּ︡  

· Ḳ ḭ ḭ ḭ ḭ ךּ︡  

· Ḳ ךּ אל ︠ ︣  

· ṇ Ḳ ṇ ṇ ḭ ṇ ṇ  

 

ṇ ṇ  

 

ḭנּ ︡ḭ ︣ ṇ ṇ ︣ ḭ ṇ ṇ וֹףּ שּ

צּ טּ Ḯ שּ ṇ ḭIvT

ṇ ṇ ḭ ︡ḭ ṇ לּ לּךּ ︡ḭ

︣ כֿ קּ ךּ ḭṡ Ṣ ṇ טּצּ Ḯ

3 ︡ Amp ṇ ṇ ḭṡּט ︣ פּקּ Ṅ נּ כֿ קּ

Ṣךּ ךּ Ḯ ṇ ṇ ḭ

אל כֿ טּ Ḯ 

ṇ ṇ ḭ נּ ︣ טּצּ Ḯ ךּ

ḭ ḭ ḭ ︣ Ṅּצ ︣ לּ

ḭ צּ טּ Ḯ 

כֿ IvT ︡ ︡ קּ ḭצּ ṇ ṇ ḭ נּ ḭ ︣ ḭ ︣

︡ נּ ךּ פּ ḭךּ Ṅ Ṅ טּצּ

Ḯ ṇ ṇ נּ ḭ ︣ ḭ ︣ ︡ נּ כֿ צּ קּ ḭצּ

נּ ךּ ḭ ṇ ḭ כֿשּוֹ צּ קּ טּצּ Ḯ ṇ

︣ כֿ ḭ ṇ ṇ ṇ ḭ3 טּ

︡ ︣ טּצּ Ḯֿכ ︣ ḭ ṕcapabilities Ṗ

︣ ︣ Ḯ ︣ ḭ ︡ḭ ︣ ḭ︡ צּ ḭ ךּףּ ḭ

פֿ טּ Ḯ 

 

7.5  ḭ ḭ  

 

ḭ וֹףּ טּ ṕBox 7.2 ṖḮ ḭ
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ḭ ḭ צּ ṕcompetencies Ṗ נּ ︣ ṕcapabilities Ṗ

טּ ḭ טּ Ḯ IvT וֹ Ḯ 

 

 

Box 7.2 IvT ḭ ḭּף אל  

וֹףּ ךּ ḭ

אל קּ Ḯ ︣ ḭ

טּ ḭֿכ ︣ שּ ḭ ṇ פּ

קּ Ḯ 

ṡ ṇ אל Ṣ ḭ ḭ ḭ ḭ ḭּט ךּ פּ ףּ ￼ḭ אל

ךּ פּ ḭ︣ ṡ Ṣ אל טּ Ḯ אל ḭ צּ טּ

Ḯ 

אל ︣ שּ אל ךּ ḮNonaka ṕ2001 Ṗ ḭ

ḭ ḭ אל ṇ

︡ אל ךּ ךּ Ḯ︡ ︡פּ ḭṡֿכ ṇ ךּףּ ḭ

ףּ לּ פּ ︡ Ṣךּ ךּ ṕNonaka

2001 Ḳ827ṖḮ ḭAntonelli Geunaṕ2000 Ṗ ḭ ךּ︡

קּ לּ ךּ Ḯ 

ḭ טּצּ ṕNonaka Takeuchi 

1995 ṖḮ ḭשּ ︡ Ḯךּ טּ Ḯ12

ḭṡ Ṣךּ ︣

ךּ ︣ כֿ טּ אל ṕGann Salter 1999 ṖḮֿכ ḭ

︣ כֿ צּ טּ ︡ טּ

Ḯ פּפּ ￼ḭ ṇ לּ צּ ךּ ︡ פּ

ךּ כֿ צּ קּ ךּ Ḯ 

כֿ כֿ︣ ḮIvT ḭ

︣ ḭפּ קּ טּצּ פּךḭּצּ צּ אל ḭ

︣ פּ ︡ כֿךּ צּ

￼ טּ Ḯ 

 

 

IvT ḭ ḭ ︡  

 

אל ︠ ṕArgyris Schon 1978; Senge 1990; Do son 1993c; Brown Duguid 
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2000 Ṗ ḭאל ︠ ףּ ḭ ︣ ḭ ףּ

ṇ ḭ ︡ צּ ︡ ךּ Ḯ

ṕTeece Pisano 1994 Ṗ ḭ ︣ ︡ḭ ︣

אל פּ ףּ ︣ כֿ לּךּ ךּ

אל ךּ Ḯֿכ ḭ ḭ צּ ḭ ḭ ḭ ḭּף

︣ טּ ḭ לּ צּ ךּ ṕTeece 2002 ṖḮ ֿכ ḭIvT ḭ

ḭנּ ︡ḭ ︡ ︣ וֹ לּךּ ︡ ךּ Ḯ לּ 1

ṇ ḭ טּ ṕCohen Levinthal 1990; Zahra George 2002 ṖḮֿכ

ḭ פּ אל כֿ ︡ ךּ Ḯֿכ ḭ

צּ טּ לּךּ טּ ḮIvT ḭ

ḭ פּ ︡ ḭ ︣ ךּ

Ḯ 

ḭ שּ וֹפּבֿ ךּ Ḯ ḭ ṇ

וֹףּ נּ ḭ ︣ḭ ︣ ︡ḭ ︣ טּ ḭ ḭ

ḭוֹ ḭ ︣ ︣ כֿ צּ קּ Ḯ 

︣ וֹףּ ICT

IvT פּ ḭ קּ אלכֿ Ḯךּ ḭ ︡ ḭ וֹ

ḭ ︣ Ḯ  ṇ ICT ︡ ḭ ḭ ḭ

ḭ ḭּף אל ḮIvT ︡ ṇ ḭ

︡ḭ ṇ ︣ אל ︠ ︡ ךּ Ḯ

P&G צּ ︡ ךּ ṇ ṇ ṇ אל ṇ ḭ

ךּ Ḯ ṇ ṇ ףּ

ḭ נּ ףּ וֹףּ Ṅ ףּ ︡ḭ

וֹ אל ךּ Ḯ 

כֿ צּ קּ נּ לּךּ ḭ ṇ

שּ אל ךּ ṕAnt onelli Geuna 2000; Pavitt 2002 ṖḮּ︡︡פḭֿכ ICT

טּ Ḯ ṇ קּ ףּ ḭֿכֿכ IvT

צּ ︡ אל ︡ ︡ḭ ︡ שּ

︣ ︣ וֹ ḮIvT ḭ ︣ ︣

︡ ︣ כֿ צּ קּ Ḯֿכ כֿצּ ︣ כֿ

︣ ḭ ︣ וֹ כֿ צּ קּ Ḯ 
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IvT  

 

ףּ ḭIvTשּ ︣ ךּ 1 ḭ ṇ ︣

טּ Ḯֿכ ḭ ︡ ךּ ︡ḭ ︡

︣ Ṅ ︣ כֿ ︣ Ḯ ḭךּ

ṇ ︣ כֿ ḭ ךּ אל

אל Ḯּ︡︡פḭ כֿ שּ שּ  Ḵפּ

כֿ ḭ צּ טּ ḭṡ Ṣּצ שּ אל ḭ אל ḭ ︡

טּצּ קּ ךּ Ḯ ḭṡ ṢṕCaves 2000 Ṗ ךּ ḭ ṡ

ṢṕFlorida 2002 Ṗ ḭ Ṅ ṕBoden 1990 Ṗḭ צּ

נּ ︡ ךּ ṕGreenfield 2003 ṖḮ 

Floridaṕ2002Ḳ56Ṗ ḭ ךḭּצּ ḭ וֹףּ ךּ ︡

Ḯṡ ḭ טּ ︣ ךּ ṢḮFlorida ḭ

ךּ ︡ ךּ Ḯ ḭ שּ ︡ ḭ ךּ︡

צּ ︡ ךּ Ḯֿכ ḭ ḭ

ףּ ṇ ḭ ḭ ףּ

וֹ ḭ צּ Ḯ 

 Florida ḭ 3300 טḭּצּ ךּ 25Ṿּכֿצ

ףּ ḭ ︡ ṇ ṇ ḭ5520 טּ ךּ

43 ṇ צּ ךּ ךּ Ḯ︡ ḭ︡פּ ︡ ךּ ṇ

ḭ צּ ךּ ḭֿכ 3,830 צּ ḭ

30 ṇ ךּ Ḯ טּ ḭ1,500 ḭ

12Ṿ ṡ ṇ ṇ Ṣ טּ Ḯ ḭ ṇ ṇ ḭ

ḭ ךּ ךּ Ṅ אל ךּ ṕFlorida 2002 Ḳ74ṖḮ 

כֿ ḭ צּ ḭ ḭ ︡ ṇ

ṇ Ḯךּקּ Ṅ ḭ ṇ

קּ ︡ ךּ Ḯ 

טּ Margaret Boden ḭ The Creative Mind

ḭ טּ טּ ךּ Ḯṡ

︡ ךּ Ḯ כֿשּ ḭ נּ כֿ ḭ כֿ ḭ כֿ︣ ḭ כֿשּ ḭ ︣ כֿ ḭ ︡

כֿ ḭֿשּפ כֿ ︣ טּ ḮṢ ḭ ṡ צּ

︣ ḭ צּ כֿ︣ צּ קּ ךּ Ṣ טּ לּ

וֹ ךּ ḮIvT ︡ ṇ ︣ צּ נּ ḭ ḭ
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︣ כֿ אל כֿ צּ קּ לּךּ קּ צּ טּצּ

Ḯ IvT ḭ ךּ נּ ḭ ︣ ḭ ︡ ︣ ḭ ṇ

︡ שּ ḮGrid צּ פּ ךּ︡ ︣ כֿ ︣ Ḯ

ṇ ḭ ṇ צּ פּ ︣ כֿ צּ קּ Ḯ

ḭ ︣ ḭ ︣ כֿ צּ קּ Ḯ ḭ ṇ

ḭּף ḭ ṇ אל ṇ ︡ ḭ

ףּ ṇ ︡ ךּ Ḯ צּ ḭשּ

שּ ︡ כֿ︣ ḭ פּ שּ Ṅּצ

︣ כֿ צּ קּ Ḯ 

ṇ ︣ ︡ ḭIvT וֹ ḭ ︣ כֿ צּ

קּ Ḯ שּ ḭArup ḭ אל ךּ

ṕHough 1996 Ḳ27 ⁹ 

צּ לּ טּ ḭ ḭ נּ ḭוֹ ︡

︣ ḭ צּ ︡ Ḯלּ צּ

נּ ךּ ḭ ︡ צּ ︣ כֿ ךּ

ḭ טּ וֹ ︡  Ḯלּ

2 ḭ ︡ ךּ Ḯṡbioinformatics ṕ

ṖṢ וֹףּ ︣ ṇ ṇ ṇ ףּ

ḭ ︡ ṡbioprospecting ṕ ṖṢ ḭ ︡

︣ ︣ ךּ︡ טּ Ḯ 4

וֹףּ ṇ לּ ḭbioinformatics ṕ Ṗ ḭ

טּ צּ שּ טּ Ḯṡbioprospecting ṕ ṖṢ ḭ

אל ךּ Ḯ ḭ כֿ לּךּ Ḯךּ ṇ

ךּ ︣ ḭצּ ṡ Ṣ Ḯלּךּ ḭ

bioprospecting ṕ Ṗ כֿ ︣ Ḯ ּך ḭ

︡ כֿ ︣ ךּ︡ ṇ צּ כֿ︣ צּ קּ ךּ ḭאל ṇ פּ

ךּטּ ךּ ךּ ḭ ︡ DNA ︣ ṇ

︣ טּצּ Ḯ 

IvT Ṅ ḭ ḭ ḭ ︡

כֿ︣ ︣ Ḯ ḭ ṇ אל ḭ ︡ אל ṇ

ḭ ︡ ḭ ︣ Ḯ

ḭ פּ ḭ ︡ ṇ ḭ ︣

︡ḭ ṡ שּ קּ Ṣאל נּ Ḯ 
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7.6   

 

IvT ḭ ṇ וֹףּ ḭנּ ︡ḭ ḭ ︡

כֿ competenciesṕ Ṗ ḭ ḭּף ךּ︡ ︣ Ḯ

ṇ פּ כֿ ḭ שּ פּפּ ךּ Ḯ︣

אל ḭcompetencies ṕ Ṗ נּ ḭ נּ

ḭ ︡ ḭ ḭ ︡ Ḯֿכ ︣

כֿ ḭ ṇ ︣ צּ אל ṕ 8 ṖḮ 

︡ ṇ IvT ︣ כֿ ḭ

לּ ︡ כֿ צּ כֿ צּ קּ פּ כֿ

צּ קּ Ḯ ḭ ḭּף ḭ וֹףּ ḭ וֹףּ ṇ

ףּ ḭ ︡ וֹףּ ṇ ︣ ḭ

ṇ ︣ ︣ אל ךּ ḮIvT ḭֿכ ṇ

︣ וֹ ḭשּ ṇ וֹ ṇ ︣ כֿ

︡ ךּ ḮP&GḭArupḭGSKḭRicardo ḭֿכ ךּ︡ IvT לּ שּ

︡ ךּ ḮIvT ḭ ︡ḭ ṇ ︢ ךּ︡ ︣

ḭנּ ︡ḭ ︡ ︡ קּ Ḯ ṇ

ḭ ṇ ṇ ṇ ḭ אל

ךּ Ḯ ḭIvT ︡ ḭ ṇ ︡ḭ ךּ כֿלּ

צּ קּ לּ ḮGrid ךּ︡ ḭ

ךּ Ḯ ṇ ḭ אל ︠

ṇ ףּ ︢ ḭ ︡ ךּ Ḯ 

IvT ḭ שּ ḭ ︡ ךּ Ḯ ḭIvT

︣ ṇ פּ פּ ḭ טּ Ḯ ︣

︡ḭ ṇ ︣ ︣ ḭ ךּ︡ ḭ

ṇ ḭ ḭ ḭּף ṇ ṇ צּ טּ Ḯ 

IvT ḭ ṇ אל כֿ קּ Ḯֿכ ḭArup

ṇ ḭ צּ ︡ פּ ︣

︣ Ḯ 

ḭIvT ︡ ṇ טּ Ḯ נּ ḭ ︣ ḭ ︡ ︣

לּ טּ Ḯ ︡ ḭ שּ אל ḭ פּ Ṅ ḭ

צּ אל ḭ ︡ נּ ךּ ךּ ḭIvT ḭֿכ ︡

ṇ ṇ Ḯ
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︣ ḭ צּ competencies ṕ Ṗ capabilities ṕ Ṗ ︣

ḭ 8 ︣ לּ ḭ ṇ וֹףּ אל

ךּ ḭ ḭ ︣ קּ כֿ︣ צּ קּ Ḯ 
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ךּ︡ 8 ṇ  

 

8.1  ︢  

 

Schumpeter ṇ ḭ ṇ צּ ︡

ךּ כֿ ︡ וֹ ךּ Ḯ ṇ ḭ ṇ ︡ ךּ ḭ

︣ Ḯ וֹףּ צּ ︣ צּ וֹ ḭ

︣ Ḯ ṇ ḭ ḭ ḭ ︡ ṇ

︡ ṇ שּ קּ ︡ Ḯ︡ ḭ︡פּ ṇ ḭ ḭ

︡ וֹ Ḯךּ ḭ ךּ ḭ קּ ךּ ḭ ︡

︡ ךּ Ḯ ṇ אל︡ ︡ḭ לּ ךּ︡

ḭ ḭ ︡ ︡ ךּ Ḯ ḭ ḭ ︡

︡ ךּ Ḯ ṇ ḭ צּ ︣ ḭוֹ צּ ךּ נּ

לּ ︡ ךּ ḮMarx ḭ ︡ḭ ṡצּ ךּ

ḭ ︡ Ṣ נּ כֿ ḭ ṇ ḭ קּ

︣ Ḯ 

ṇ ḭ שּ ḭ שּ טּ ḭ צּ

צּ ︡ ךּ ︣ כֿ טּ Ḯ ḭ ḭנּ ︡ḭ ︡ ︣ כֿ

︡ אל ךּףּ ḭIvT ךּ︡ ṇ קּ

Ḯֿכ ︣ צּ ךּ Ḯ ḭ

אל אל ḭ ךּ נּ ךּ Ḯ

ḭ ḭ ḭּף ṇ וֹףּ ︣ ךּ ḭ וֹףּ

ṇ נּ ךּ Ḯ ּצ לּ ḭIvT ḭ ḭ ṇ

ḭנּ ︡ḭ ︡ ︡ ︣ שּ

נּ ךּ ḮIvT טּ Ḯ 

︣ כֿ לּ נּ ךּ Ḯ

טּ Lord Kelvin ḭ ךּ טּ ḭצּ לּ

︣ אל ךּ Ḯ 

כֿ ︡ ךּ ḭMetcalfeצּ צּ 1 ︡ לּ ḭ

ךּ טּצּ ḭ ךּ טּ כֿ

נּ ךּ Ḯ צּ ︣ לּ ︡ קּ ḭ טּ

פּ שּ Ḯאל ︠ ךּ

לּ ṇ ḭ ךּ פּפּצּ ḭ צּ טּ ḭ
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︣ ḭ ḭ צּ טּ כֿ ︡ ךּ Ḯֿכ ḭIvT

ךּ︡ ṇ ךּ ︡ ︡ ךּ קּ

שּ Ḯ כḭֿנּךּ ḭ ךּ︡ ṇ ḭIvT ףּ ḭ

ḭ ḭ ḭּף ︣ ṇ ṇּצ ︣ שּךּ פּ ךּ︡ ףּ

ךּ ︣ Ḯ ḭֿכ ︡ אל שּךּ פּ ︣ כֿ

︣ Ḯ 

 

8.2  

 

ểḰ ṇ ḭṡ נּ Ṣḭṡ ︣Ṣḭṡ ︣ Ṣ אללּךּ ︠ טּצּ

Ḯṡ Ṣ ṡ Ṣ ךּ ṇ ḭ נּ כֿ

צּ ḭṡ￼קּ נּ Ṣḭṡ ︣Ṣḭṡ ︣ Ṣ לּךּ ךּ︡ ḭ ṇ

נּ ךּ Ḯṡ ḭנּ ︡ḭ ︣ Ṣ ḭ ṇ

וֹ ḭṡ Ṣḭṡ Ṣḭṡ Ṣ לּךּ פּ וֹ︠ Ḯ ṇ

ṇ ḭ ￼︡ ךּ אלךּ ︠

צּ ︣ כֿ צּ טּשּ ḮP&G לּ צּ שּ ךּ Ḯṡ ḭנּ

︡ḭ ︣ Ṣ ḭ ṇ וֹףּ שּ ḭנּ

פּ ṇ ṇ ךּ

ךּ Ḯ 

ỄḰ ṇ ṇ ḭ ṇ ḭ ṇ ḭ

ṇ ḭ ḭ שּ ךּ︡

ṡצּ ḭנּ ︡ḭ ︣ Ṣ אל ךּ Ḯֿכ כֿ טּ ḭאל

︠ ḮIvT ḭ ṕICTṖּף ṕOMTṖ

︡ḭ אל ךּ Ḯ ṇ נּ ḭIvT ḭ

ṇ ḭ פּ ףּ ︡ צּ

ḭ ṇ שּ ṇ ︡ ךּ ḮIvT ḭ ṇ ︣

ḭ שּ שּ ḭ שּ אל ḭ ︡ אל ḭ

︡ נּ אל ḮIvT ḭ ḭ ḭ ḭּף ︡ḭ

ṇ ︣ טּ Ḯ ṇ ṇ ḭṡוֹ ḭנּ ︡ḭ

︡ ︣ Ṣ ︡ ︣ וֹ Ḯ ṇ וֹףּ

IvT אל ḭצּ ךּ Ḯ

︡ ︡ ︡ Ḯךּ Ṅּצ כֿלּ ḭ ︣ כֿ ḭ ︡ ḭ

ḭ ︡ ḭצּ ︣ Ḯ 
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ễḰֿכ ︣ ḭ︣ IvT ךּ ךּ︡ ṡcodeṕ

ṖṢ ḭ ṡcraftṕ ṖṢ ḭּף ḭ שּ ṇ ףּ

ṇ ṇ טּצּ ḮIvT ḭIvT ︡ ḭ ṇ ḭ

ḭּף ךּ אל ךּ︡ ︡ḭ אל ︠

לּ שּ ḭ ḭּף ︣ כֿ צּ קּ ḭ ṇ ךּ

ṕ ṇḭ ḭ Ṗ פּפּ ךּ Ḯֿכ ךּ︡ ṇ ךּ ḭ

ךּ︡ נּ ךּ Ḯֿכ ךּ︡ צּ ḭשּ

טּ ￼ḭIvT ṇ ṇ ︣ פּ

טּצּ ḮIvT ḭ פּפּצּ ḭ פּפּצּ פּפּ ￼ḭ כֿ

︡ וֹ כֿ ḭ ︡ ךּ צּ קּ כֿ︣ צּ קּ

טּצּ Ḯ 

ỆḰֿכ ︣ ḭ פּ ︡ḭ ṇ וֹףּ שּ

שּךּ פּ ︣ כֿ ṇ צּ ḭ

אל Ḯ ︡ ṇ ṇḭ ṇ ḭ ︡

ṇ ḭ טּ serendipity ṕ Ṗ ︡ קּ ︡ḭּף שּ ︣

טּ Ḯ1854לּ ṇ צּ לּ ḭṡ אל ṢḮIvT ṡ ḭנּ

︡ḭ ︣ Ṣ ḭ ṇ צּ ךּ לּ ︣ ḭ

︣ Ḯ 

 

8.3  IvT ṇ  

 

ךּ︡ ṇ שּ ︡ שּ Ḯ צּ ḭ

IvT צּ ḭ ḭ ḭ ףּ ḭ ḭ ḭ ḭ

ṇ ṇ ḭ ṇ ḭ ḭ

אל ︠ ḭ ḭ ︡ כֿ ︡ ךּ Ḯ ḭ

ṇ ︡ḭ ṇṕHPLCṖ ṡ Ṣ ︣

כֿ ḭIvT צּ אל כֿ︣ ḭ ṇ ︣

︣ קּ Ḯ ︣ ḭ

ṇ ︣ כֿ ḭ ︡ ḭ ḭ וֹףּ ︣ ṇ

אל כֿ ḭIvT צּ Grid ףּ ṇ ṇ ︡ פּ

ךּ ṇ ︣ ︡ ךּ Ḯ 

כֿ לּ אל ךּ ḭ ṇ טּ ḭצּ ︣ ︣

פּ טּ Ḯ ḭשּ ḭשּ ︡ ṇ ḭ ḭ
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ṇ ︣ ḭ אל ṇ ︣ ︣ Ḯ 1

אל ךּ אל ︠ פּ לּ ḭ ṇ שּ שּ

שּךּ פּ ︣ ḮIvT ḭ ︣

טּ Ḯ 

 

· ICT OMT ḭ ṇ ︡ḭṡ ḭנּ ︡ḭ ︣ Ṣ אל

ḭּף ︣ Ḯ ḭ

טּ ḭ CADḭCAMḭּף ICT ךּ ךּ Ḯ 

· ṇ ︡ḭ ךּ︡ ṇ שּ

︣Ḯ 

· ︣ ḭ פּשּ אל לּ Ḯ 

ךּ︡ · ףּ ︡ ︣שּ︣ Ḯ צּ

︡ḭ אל צּ כֿ צּ קּ לּךּ

︡ שּ Ḯ ṇ ḭ וֹףּ ṇ ︣ ḭ

ṇ ︣ כֿ צּ קּ Ḯ 

· ḭ ḭ ṇ ḭ ḭ

ḭ ︡ נּ נּ ṇ

︣ כֿ︣ צּ קּ Ḯ 

אל · ︠ ︣ Ḯ ḭ נּ לּ ḭ

צּ ︡ ךּ פּ פּלּ לּ ︣ Ḯ 

 

IvT ḭאל ︠ ︣ ךּ Ḯ ṇ ṇ

ṇ ḭקּ אל צּ אל טּ צּ כֿךּ ︣ Ḯ

ḭ פּפּ צּ אל ḭ ︣ כֿ צּ ḭקּ

︣ Ḯ ḭ ṇ ṇ ḭוֹ ךּ ṡ Ṣ ︡

︣ כֿ ḭ ṇ וֹףּ שּךּ פּ ︣

וֹ Ḯ 2 ︡ Linux ḭIvT ḭ ︣

פּפּ ךּ Ḯ ףּ ḭ ︡ḭ

ףּ ︣ אל כֿ ḭ ḭ ḭּף

ṇ קּ כֿ קּ Ḯ ḭ ףּ

ḭ לּ צּ נּ פּ ︣ ︣ ḭ ṇ

אל ךּ ḮP&G לּ ḭIvT ︣

ḭ פּ ︣ צּ ḭ ךּ︡ ךּ ךּ Ḯ

צּ ךּ נּ ḭIvT אל
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ךּ Ḯ 

ṇ ︣ ṇ ḭIvT ︣ כֿ צּ קּ Ḯ נּ ḭ

טּ ךּ ḭ ḭ

כֿ︣ צּ ḭקּ צּ טּ ḭֿכ קּ כֿ︣ צּ קּ Ḯ קּ

צּ שּ︡ טּ ḭ ︣ כֿ ḭ ṇ ṇ ךּ︡

︡ḭ צּ כֿ צּ קּ Ḯ 

ḭIvT ḭ ṇ ︣ כֿ ḭ

ṇ וֹףּ אל ︣ ︣ Ḯ ṇ ḭאל ︠

ṇ ḭ ḭ ṇ ךּףּ ḭ צּ

טּ ḭIvT ךּ ḮSimonṕ1996 Ṗּצ ︡ ךּ לּ ḭ אל

︣ צּ אל ︣ כֿ טּ ḭIvT כֿ אל

ḭוֹ ︡ וֹ שּ ḮRicardo אל ︠ ṇ ︣

IvT ︡ḭPilkington ︡ ךּ ḮIvT

︣ טּ נּ ṇ אל Ḯ60 ︣ וֹ

ḭPẀG ṇ 1 ︡ 50 ︡ Ḯ 

 

8.4  ṇ וֹףּ ךּ︡  

 

ךּ︡ ṇ ḭ ṇ פּ ṇ ḭ

︡ ḭ ךּ ṡ Ṣ צּ טּ Ḯ

ףּ ךּ︡ ṇ צּ אל ףּ ḭ

שּ ḭוֹ ḭ ︡ ךּ︡ צּ טּ Ḯֿכ ṇ

פּ קּ פּ פּלּ ḭIvT ṇ פּפּ ךּ Ḯ ḭ ḭ

ṇ ḭ ףּ ḭ ḭ ḭ ṇ

ṇּצ ךּ︡ ṇ ︢ ︣ ︡ ךּ Ḯ

︣ ḭ ṇ צּ ךּ Ḯ 

ṇ ḭ ṇ e- ךּףּ ḭ שּ ḭ

ṇ אל ךּ ḭפּ ṇ ךּ

אל ךּ ḭṡthinking ṕ נּ ṖṢ Ḯ צּ

צּ ךּ ḭ אל ṇ אל ︡ ךּ ךּ לּךּ ḭ

כֿ ḭ ṇ ṇ קּ נּ Ḯ 

Gridḭ ṇ ḭּף ṇ ḭ ךּ︡ ︡ ךּ Ḯֿכ

ḭWilliamsṕ2002 Ṗ אל MIT אל Ḯ צּ



186 

 

ṇ ṇ ךּ ḭ לּ

︣ Ḯ ṇ ︡ ḭRobert Townes ḭ לּ ךּ Ḯ 

Arup P&G ḭ ךּ︡ ṇ ṇ ṇ ︡ ךּ ḮArup

R&D P&G ḭ ︡ ︡ḭ נּ

כֿ ︡ ךּ Ḯֿכ ︣

ףּ ḭAlle ṕ1977לּ Ṗ ṇ ṇ ṇ טּ ︡פḭּ︡צּ

︡ ︣ ḭשּ ṇ ︣

טּ Ḯ 

ḭ וֹ ḭשּ צּ צּ טּ

לּךּ אל Ḯךּ טּ ḭṡ

Ṣ ︣ שּ אל וֹ כֿ טּ Ḯ

ṡ Ṣ ︡ḭ ︣ Ḯ ּק

ךּ ḭ ︣ ףּ צּ ךּ

טּצּ ḭ ṇ ךּ ︣ צּ טּ Ḯ ṇ

ḭ צּ ︡ ︣ כֿ ︣ כֿ טּצּ ḭ

שּקּ ︣ Ḯ פּפּ ￼ḭ ḭ כֿ︣ ḭ ︡

︡ ︣ כֿ︣ צּ קּ ḭ שּ צּ

טּצּ Ḯ 

︣ ךּ︡ ḭ נּ כֿ ︣ טּ

Ḯ צּ קּ לּ ḭIvT פּ ṇ ṇ ṡ ḭנּ ︡ḭ ︡ ︣ Ṣ ︣

כֿ צּ קּ Ṅ ḭṡ טּ Ṣ טּ Ḯ 

IvT לּ ḭ ṇ ḭJohn Burland Nicole 

Hoffman ḭ אל ︣ שּ ︡ ךּ Ḯ 4

לּ ḭIvT ḭ ︡ḭ ︡ḭ נּ כֿ צּ קּ ṡ נּ Ṣ

שּ Ḯֿכ ḭRicardo 10 לּ 9 ḭṡ Ṣ

︡ קּ וֹ כֿ צּ קּ Ḯ ḭ10 לּ 1 ︣ Ḯ︡ צּ ḭ

IvT ︡ נּ כֿ 1 ḭ פּ￼ טּ צּ ︣ טּצּ Ḯ

לּצּ פּךּשּ ךּ ḭקּ לּ פּ ︡  Ḯךּ

︣צּ נּ וֹ Ḯךּ ḭ ḭ ḭ

ḭ ︡ וֹ IvT כֿ︣ ︡ ךּ Ṅ ḭ

שּ ︣ וֹ ḭשּ טּ Ḯֿכ ḭIvT ︣ ḭ

︣ כֿ ḭ ךּ︡ ךּ︡ ︣

טּצּ Ḯ נּ ḭ IvT ︣ ḭ
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ṇ ṇ ṇ צּ ךּ ︡ ךּ פּ ︢ פּ ︡ Ḯךּ ︡

ṇ ḭIvT ︡ נּ כֿ ḭ כֿ︣ ḭּף כֿלּ פּ ︣ ḭ

︡ ךּ︡ ︣ צּ שּ Ḯֿכ קּ לּ ḭֿכ ךּ︡

צּ שּ ḭצּ ṇ קּ צּ ︢ טּצּ Ḯ 

 

8.5  ṇ  

 

7 לּ ḭ ךּ︡ ṇ וֹ ḭ ךּ︡

︡ḭ ךּ︡ ṇ ḭ ṇ ḭ ṇ ṇ ḭּף ︡ צּ

ךּ Ḯֿכֿכ ḭ ךּ︡ ṇ ︡ ḭ צּ

︣ טּצּ ךּ︡ ︣ כֿ ︣ Ḯ 

 

 

 

ḭ ṇ ḭIvT ︡ value stream ṕ

Ṗ צּ ︡ ךּ קּ Ḯ צּ שּקּ

ḭ ḭ טּ ḭצּ וֹףּ אל ︣

טּצּ Ḯ ḭ ḭ ḭּף ︣ ṇ ḭ

ṇ ︣ צּ טּ ḮIvT ḭ competencies ṕ Ṗ

כֿ טּ ︣ כֿ צּ קּ Ḯֿכ לּ ︡ ḭIvT

︣ כֿ צּ קּ Ḯ 

כֿ לּ וֹףּ ḭ צּ

קּ ḭ קּ ךּ competencies ṕ Ṗ קּ קּ

︣ כֿ טּ Ḯ טּ ḭשּ שּ ḭ צּ ︣

ḭ ḭּף נּ כֿ טּ Ḯ 

 

ךּ︡  

 

IvT ḭ צּ ︣ ︣ Ḯ צּ לּ ︡ḭ IvT

︡ קּ פּ קּ ḮArupḭRicardoḭּף Gehry ḭIvT

︡ Ḯ ḭTWI ḭIvT ︣ כֿ ḭ פּ

︡ Ḯ SGI Dassault לּ IvT ︡ ךּ ḭצּ

ṇ לּ טּ Ḯ פּ ḭ ḭּף

ḭ ︡ ךּ ḮP&G ḭ
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ṇ וֹ צּ ḭ ︡ ︣ לּךּ ︡

ךּ Ḯ צּ IvT ︡ ךּ ךּ ḭ ︣

︡ צּ ḭ ︣ טּצּ Ḯ 

IvT ṡ ḭנּ ︡ḭ ︣ Ṣּצ ︣ ḭ ḭּף ךּ ךּ︡ צּ ︣ כֿ

צּ Ḯ נּ ḭ ṇ ṇ ףּ ṇ ︣ אל

טּ Ḯּשּך פּ ṇ ḭֿכ ךּ︡ ḭ ṇּפ

ךּ Ḯ ḭCREAXḭTrizḭIDEA לּ שּ ךּ︡ ︡ ךּ Ḯ 

IvT צּ טּ ḭ ךּ︡ ︣ ḭּפ צּ טּ

Ḯֿכ ḭ ṇ ︣ ḭצּ ṇ ṇ ︣ ḭךּ

Dell computers לּ ḭ 20 שּךּ פּ שּ

אל ṇ טּ ḭ ṇ ︡ ךּ Ḯ ṇ

ףּ פּ ︣ ḭ ṇ וֹ

טּצּ Ḯֿכ ḭ פּ ￼ ךּ צּ טּ Ḯ 

אל / ṇ ḭIvTצּ ︢ אל לּ

ḭ צּ Ṅ קּ לּ ךּ ḮIvT אל

ḭּשּך פּ ךּ ḭ אל

צּ כֿ ︣ Ḯֿכ ḭ צּ

ךּ ךּ ḭ שּ Ḯ פּפּ ￼ḭ שּ

צּ ︡ וֹ צּ כḭֿצּךּ ḭנּאל צּ ︡ ︣ ṇ

שּ פּ ︡  Ḯךּ

 

 

 

אל ךּ ṇ פּ פּ ḭIvT צּ וֹ ךּ כֿךּ אל ךּ

ḮIvT נּ ḭ ︢ ḭ ︡ ︢ Ṅ

︣ כֿ צּ קּ Ḯ 

Arup לּ ḭ ךּצּ טּ ḭ ךּצּ טּ כֿ

︣ Ṅ ︣ Ḯ ︣ לּךּ

︣ לּךּ כֿ︣ צּ קּ ḮIvT ḭ ḭ ḭּף

לּ ︣ Ḯ Ṅּצ ḭנּ ︡ḭ ︡ כֿלּ צּ קּ ךּ︡

ṇ צּ ︣ פּ ︡ Ḯךּ ḭ קּ וֹ ḮIvT

ṇ ṇ ṇ ︣ ךּ︡ ḭṡ ḭ ︣ḭ ︣ Ṣ ḭ

פּ ︣פּ ךּ Ḯ 

ṇ שּךּ פּ ︣ IvT פּ שּ 1 ḭ
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צּ ︢ פּ ︡ ךּ כֿלּךּ טּ Ḯ1980 ḭIvT

︡ ︡ לּ ︣ טּ Ḯ ḭ

צּ טּ ḭ לּ כֿ צּ אל ךּ Ḯ 

ḭ ḭּף צּ ṇ ךּףּ ︣ ︣

ḭ ḭּף ṇ ףּ

קּצּ שּקּ שּ Ḯ נּ ḭ2005 ךּ︡ ︣

ḭ1995 ḭ שּ I vT ︡ Frank Gehry

פּ ︣ כֿ צּ קּ Ḯֿכ פּ ︣ ḭ ךּ︡

צּ טּ Ḯ 

︣ טּ ḭ ךּ

︣ כֿ כֿ︣ צּ ḮIvT ︣ ḭ ךּ︡

קּ Ḯ צּ ṇ ḭ צּ

ḭ ךּ צּ ︡ ḭSwatch לּ

︡ ךּ ḭ טּ Ḯ 

IvT ḭ ṇּצ ךּ ךּ ḭ ṇ צּ ︣ ︣ Ḯ

צּ ︣ ḭ אל טּ ḭ צּ שּ צּ טּצּ Ḯ

צּ פּ ︡ ḭ︡ךּ IvT ṇ ךּ ṇ ḭ

ḭ ︡ צּ פּךּ ︡  Ḯךּ

 

ṇ ṇ  

 

IvT ḭ ḭ ḭ ṇ ṇ ṇ קּ

נּ טּצּ ḮIvT ṇ ︡ḭ ḭ ṇ ḭ

ףּ ḭ ṇ וֹ Ḯ

ṇ ︣ קּ לּ ḭ ṇ ṇ

︣ טּצּ ḮIvT ḭ ︣ אל ḭ

אל טּצּ Ḯ ︡ ṇ

קּ ḭ ךּ ︣ כֿ ḭ קּ נּ

טּצּ ḭ ︣Ḯ 

 

 

 

ṇ ︣ ךּ︡ ḭ ḭ צּ

שּ Ḯ ṇ טּשּ Ḯ  ּש צּ
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אל ḭ צּ אל ḭ ḭךּ כֿ Ḯ

צּ ṇ ṇ ︡ḭ

קּ טּ ḭֿכ ︡ ךּ ︡ פּ צּ Ḯ

ḭ ךּ ךּ ︡ ךּ Ṅ Ṅḭּף פּ ṇ

︡ ךּ Ṅ Ṅ ḭ קּ נּ כֿ צּ קּ Ḯ 

כֿ ︣ ḭ ךּ︡ ︣ טּצּ Ḯ אל קּ שּךּ

פּ שּ ︡ כֿ ḭ Ṅ ︣ כֿ ︡ ךּ Ḯ ףּ

︡ טּצּ Ḯ שּ צּ ףּ אל ךּ ḭ

ףּ ︣ טּצּ ḭṡצּ / ṇ / Ṣּט

︣ Ḯּט ṇ צּ אל ḭ נּ שּ

ḭךּ ︡ ︣ ￼ טּ Ḯ ︡ḭֿכ ḭ ︣

צּצּ פּ שּקּ ṇ ︣ ṕRolls Royce ḭ

פֿ 1 ṇ ︡ ךּ ṖḮ 

צּ ︡ ṡ ︡ ︡ Ṣךּ לּךּ אלפּ ṡ Ṣ כֿשּ

טּ Ḯ ︡ רּ ḭ ṇ ḱ ḭ

אל כֿשּ Ḯ ḭ ︣

︣ ḭצּ ḭ ףּ אל ךּ ḭ כֿ

Ḯ 

אל ḭ ṇּצ IvT ḭ פּ ︡ Ḯךּ ṇ

ṇ ︣ כֿ טּ Ḯ ︡ ḭ שּ פּשּ ︡

ḭצּךּ ṇ ṇ כֿ︣ צּ טּ Ḯ ḭ

לּ ḭקּ שּ ︣ כֿ טּ Ḯ 

 

8.6 ךּ︡  ṇ  

 

ḱ ṇ טּ ḭ ḮIvT

ḭ ḭ ḭּף ︣ ḭ ︣

ḭ ḭּף ︣ אל

ךּ Ḯ ḭIvT צּ ḭ ḭ ḭ ḭ ḭ ḭ ṇ ךּףּ ḭ

שּ ︡ שּ ︣ ︣ כֿ פּ כֿ Ḯ ḭ וֹ

︣ כֿ ḭ ︣ אל ︠ ︡ḭ ︡ ḭשּ

ḭשּ ︡ ךּ︡ ︣ כֿ פּ טּ  Ḯלּ
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IvT ṇ  

 

ḭ צּ IvT ךּ ךּ︡ ︡ḭ

ךּ︡ צּ ︣ כֿ פּ ︣ טּצּ Ḯֿכ

טּ ḭ ︣ כֿ כֿ ךּ

ḭ טּ ḭ פּךּ ︡ Ḯךּ ṇ

ṇ שּךּ פּ ︣ וֹ ḭשּ ḭנּ

︡ḭ ︣ ︣ IvT ︣ טּצּ ḭ ךּ︡ ףּ

צּ טּ Ḯ IvT ךּ︡ ︡ḭ לּ Ṅ ḭ

ṡ ḭנּ ︡ḭ ︡ Ṣ︡ צּ כֿ צּ קּ Ḯֿכ ︣ ḭ ףּ

ṇ ḱ ḭקּ ḭ ḭּף

ךּ︡ ṇ צּ טּ Ḯ 4 אל ךּ לּ ḭ

לּךּ 1950 MIT ḭ אל ḭשּ

אל טּ לּךּ נּ אל Ḯ 

OMT ḭ IvT ḭ ︣ נּלּ

כֿ︣ צּ קּ Ḯ ṇ ךּ ḭ צּ

קּ Ḯ ︡ ḭ ︢ ︣

ḭ ḭ ṇ ḭ ḭ ︡ ︣

וֹ טּ Ḯֿכ ṇ IvT קּ ḭצּ קּ ︣

ḭ פּ ︡ḭ Ṅ ךּ לּ ︣ טּצּ Ḯ

ḭ ṇ נּ אל ṇ

טּצּ Ḯ ṇ נּ ךּ טּצּ ḭ ︡ḭ

שּ ḭ ︣ טּ ךּ ḭ פּ ḭ

︣ כֿ כֿכֿ ︡ כֿ צּ קּ Ḯ 

IvT ︡ ךּ ḭIvT ṇ ṇ ︣

לּךּ ︣ טּ Ḯלּ ḭ כֿ צּ

בֿ פּ ḭפּלּ ︡ ︡ פּ ḭ ︣ טּצּ פּ ︡

 Ḯךּ

Grid ṇ וֹ ︣ IvT

ṇ ︣ ḭṡ Ṣ טּ Ḯּ︡︡פḭ צּ ︡ קּ

צּ קּ ︡ כֿךּ נּ ḭ נּ

טּ ḮIvT ṇ וֹ ḭ ︡ ︣ טּצּ

︣ Ḯ 
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ḭךּ פּ אל ṇ

︡ ךּ Ḯּ︡︡פḭṡ ḭנּ ︣ḭ Ṣ ︣ ḭ ḭשּ ︡

︡ לּ ︡ ךּ ḭ קּ כֿ︣ Ḯ ךּ︡ ṇ

︣ ךּ︡ ︣ טּצּ ṕDodgson Hinze 2000 ṖḮ 

 

IvT  

 

IvT ṡ ḭנּ ︡ḭאל Ṣ ḭאל ︣ טּצּ ḭּשּך פּ

טּצּ Ḯֿכ ḭ ḭ ︡ ḭ ︡

︣ פּ ︡ ךּ Ḯךּ ḭ ḭ ךּ ךּ

︡ ︣ ︡ קּ ךּ ךּ Ḯ

ḭ ḭ שּ︡ ︡ ךּ פּךּ ︡ ￼ḭ ṇ

אל טּ רּ︣ ךּ Ḯ ḭIvT ︡

︣ טּצּ Ḯ 

ṇ טּצּ ḭIvT צּ ︣ ︣ ךּ︡ ḭ ︡

טּ ḭ ︣ צּ Ḯלּ ḭṡ ḭנּ ︡ḭ Ṣ︣

ךּףּ IvT ︣ ךּ ḭ ︡ ︣ כֿ צּ

קּ ḭ ṇּצ וֹ טּצּ Ḯֿכ לּ

פּפּצּ ḭֿכ ︡ ︣ כֿ

טּצּ Ḯ 

אל ḭIvT פּצּ טּ Ḯ צּ IvT ṇ

קּ וֹ ḭ ︡ לּ ︣ וֹ Ḯךּ ṇ אל︡ טּצּ ḭ

צּ שּ צּ שּ ḭ ︣ ︣ צּ כֿ ḭ Ṅ צּ

וֹ טּצּ Ḯ ︣ ḭ ︡ ףּ שּ לּ שּךּ פּ

︣ ︣וֹ כֿ טּ  Ḯלּ

 

8.7 ךּ︡   ṇ וֹףּ ṇ  

 

︣ ṇ 1 ḭ צּ ḭ ḭ ︡

ḭ ︡ ṇ פּ טּצּ כֿלּךּ טּ Ḯ ḭנּ ︣ḭ לּ

ṕTPDṖ ḭ ḭ ḭּף ḭ פּ פּ טּ Ḯ

TPD ḮCADלּ כֿ ḭ ṇ
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ṇ ḭּף ṇ אל ︠ ︡ ḭ צּ

לּ ︣ Ḯ ︢ ṇ ḭנּ ︡ḭ

︣ כֿ ḭ ︣ ︣ צּקּ שּ Ḯ ṇ וֹ ︣

טּצּ Ḯ ḭ צּ אל כֿ ︡ḭ ︡ ḭ

שּ אל כֿ צּ פּ ḭ ךּ︡ ṇ צּ אל כֿ ︣ Ḯֿכ ḭ

אלצּ ףּ אל לּ ḭ שּ אל ṇ

︣ Ḯ 

︡ ḭ אל ḭ ḭ ︡ טּצּ ḭ

ḭ ṇ צּ ḭ ḭ לּ נּ

ךּ ḭפּ ︡ לּ ךּ ︣ ḭ

ṇ צּ טּ Ḯ 

צּ ︡ ṇ ︣ צּ טּ ףḭּצּ שּ ︣

playṕ ︣Ṗ טּ Ḯplayṕ ︣Ṗ ṇ ḭ

צּ שּ שּ טּ Ḯ כֿ︣ ḭ ḭ ︡

ḭ ךּ Ḯ 

︡ ḭ 2 ︡ ṇ שּ ︡ ךּ

Ḯ נּ ḭ ṇ ṇ ḭ אל

︡ ךּ Ḯ ḭ ṇ ṇ אלḭצּ ︠ לּ

︣ פּ קּ ףּ ḭֿכ ךּ ︣ טּצּ ￼

טּ Ḯ ṇ ךּףּ כֿ ṇ ḭ

נּ ḮIvT פּ ṇ ṇ טּצּ ḭ

אל ḭdefacto standard ṕ Ṗ ךּ אל טּצּ ḭ ḭ

ṇ צּ אל טּצּ Ḯ ︣ שּ ︡

כֿ צּ קּ ︡ ḭ ḭּט ךּ ḭ צּ אל ךּ פּ

︣ ḭֿכ צּ לּ טּצּ Ḯפּפּלּ ṇ צּ כֿ כֿ לּ

ḭ ךּ ṇ צּ  Ḯפּלּ

IvT ḭ ףּ ṇ ḮIvT ḭ ṇ אל

צּ כֿ טּ פּ ךּ ︣ וֹ ḭשּ ךּ︡

︣ ︣ Ḯֿכ ḭIvT צּ ︣ כֿ

︡ ךּ Ḯ אל כֿ ︡ צּ ḭ

ṇ ṇ ︣ Ḯֿכ ḭ צּ 2

אל טּצּ לּ ḭ צּ פּ ︡

כḮֿךּ ︣ טּ Ḯ נּ ḭ פּ ︣ ḭֿכ Ṅּצ
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︣ כֿ ךּ כֿ ︡ ךּ Ḯ 

שּ ṇ ︡ ḭ ︡ כֿ לּ ︣ טּצּ

Ḯ  IvT ḭ פּ ךּ︡ ︡ וֹ כֿ ḭֿכ ︣

ךּ Ḯ︡ ḭ︡פּ ḭ אל ךּ ṇ צּ אל ךּ ḭ ṇ

אל ṇ ︡ וֹ שּ פּ כֿלּךּ ḭ ךּ︡ פּ︣ ︡

ḭצּךּ טּ נּ  Ḯךּ

IvT ︣ ḭ ṇ ︡ḭ ṇ ṇ אל

כֿ צּ קּ Ḯֿכ ḭ אל ṇ ︣ צּ ḭ

ṇ ḭ טּצּ פּ ︡ Ḯךּ ḭ ףּ ṇ

ףּ ṇ ︣ אל ḭ

ףּ ︣ Ḯֿכ ︣ Ḯ צּ ︡ ḭ

20 ︣ אל טּ לּךּ כֿ צּ קּ Ḯ נּ

ḭ ḭ ṇ צּקּ ךּ כḮֿךּ

ḭ ṇ ḭ אל ṇ

︡ אל פּ ︡ כḮֿךּ שּ ︣שּ טּצּ Ḯṡthink, 

play, do ṕ ḭנּ ︡ḭ ṖṢ תּ ḭ נּ כֿ ḭ כֿ︣ ḭ ︣ כֿ

ךּ טּצּ Ḯ 
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טּ ךּ ךּ ︣Ḯ ︣ ḭ ףּ

צּ ṇ IvT טּ Ḯ ḭ

ṇḭ ṇ ḭ ḭּף אל ḭ

אל ︠ ︡ קּ Ḯֿכ ךּ נּ ḭ ṇ

טּ Ḯ כֿ ḭ ḭ ︡ פּ קּ אל ḭ ḭ

︡ Ḯֿכ ḭ פּ ṇ

ḭ ︡ḭ ︣ לּ Ḯ 

ṇ ḭ צּ לּ ḭ ︡ אל ךּ פּ ḭּפ ︡ ךּ

Ḯ ḭּשּך פּ וֹ ḭ נּ ṇḭ ṇ ḭ

ḭ ︡ ṇ ṇ ︢ ḭ ךּ אל

כֿ ︡ ךּ Ḯ ḭ צּ ︣ אל ︣ כֿ

ḭ ︡ ︣ ︣ כֿ ḭIvT ︣

︡ ךּ Ḯ 

 

ṇ ṡthink, play, do Ṣ ︣ נּ  

 

כֿ אל ︣ ḭRoy Rothwell צּ ṇ ṡ

ṇ Ṣ ךּ ḮRothwell ḭֿכ ṇ

ṇ צּ ךּ ḮThomke Schrage

כֿ ךּ Ḯ ḭImperial College טּ Jennifer Whyte

פּ ḭ ṇ צּ ︡ ךּ כֿ ︡ ךּ Ḯ ḭ

ṕEPSRCṖ e-science ︡ Grid ךּ

Ḯ ḭ ḭ ︡ צּ

ṇ ךּףּ ︣ ︣ ︡ ךּ כֿ ︡ ḮRothwell

ṡ ṇ Ṣ ︡ כֿ צּ אל ךּ  ḭצּ

צּ ︣ ḭ כֿ צּ טּ ḭ לּ OMT

ṇ לּ ICT ︣

ךּ כֿ ḭ ︣ ︣ ︣ לּ ḮIvT כֿ ︡ ךּ ḭצּ

ṇ ︣ ḭ ︣ ḱ

ṇ צּ טּ Ḯ ḭOMT ICT ︣ ṇ
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︡ Ḯ 

כֿ Ḯךּ ḭ צּ 2 נּ לּ ︡ ךּ

כֿ ךּ ḭṡ ṇ Ṣ ṡ ṢḮIvT ICT טּ נּ ךּ

Ḯ צּאל אל כֿ צּ אל ︡ ךּ Ḯאל

ḭ ṡצּ ṇ ︣ Ṣ ךּ ︡ ךּ ︡ Ḯּ︡︡פ ḭṡ

Ṣ לּךּ צּ פּ צּ קּ אל︡ ךּ ︡ ḭ אל ︡ḭṡinnovation 

technology ṕIvTṬ ṇ ṖṢ כֿ ︡ Ḯ  ֿכ ︣

︡ḭֿכ ḭ אל ךּ Ḯּ︡︡פ צּ ḭ ḭICT

OMT טּ ︡ ︡ ךּ כֿ שּ ︢ Ḯ פּ ךּ︡

וֹ ḭ ךּ︡ צּ ︣ Ḯ ḭ קּ ḭ︡כֿ ךּףּ

כֿ︣ Ḯ 

ḭ פּ ḭṡ נּ ḭ ︣ḭ ︣ Ṣ לּךּ ṇ ︣

︡ ךּ Ḯ1 ṡ Ṣ ︡ Ḯּ︡︡פḭֿכ

ךּ︡ ṇ ︡ ךּ ︡ ףּ ḭ ︡ ḭ פּ ṡ

ḭלּ Ṣ ךּ Ṅּפ ḭ ︡

ḭ ṇ ףּ ṇ ṇ ṇḭ ︡

Philip Pullman Ṅּפ Ḯ 

 

 

 

ḭIvT ︣ קּ צּ ︣ טּצּ ḭ אל

ṇ ṇ ︣ כֿ פּ ḭ Ḯ ṇ ṇ ḭ

ṇ ḭ ḭּף ︡ ףּ ךּ ךּ Ḯֿכ

ṇ ḭאל ︠ צּ IvT לּ ṇ ︡

פּ ︣ ︣ כֿ טּ Ḯֿכ ṇ ḭ ḭ ḭ

ḭ ṇ ṇ ︣ ṇ ︡ ṕBox A.1

ṖḮ ḭ ḭ ךּ︡ צּ ṇ לּ נּ

ךּ פּ כֿ טּצּ Ḯ 
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Box A.1 ṇ ṇ  

 

 

·  -  ḭ ḭ ḭ  

·  

· ṇ ︡ ךּ  

 

IvT  

· ṇ לּ צּ אל ךּ  Ḯפּ

לּ · אל ךּ ṕפּ ḭ ḭ ṇḭ ṖḮ 

Ḵṕפּ · פּכֿ אל Ḵפּ ṇ ṇ ḭפּ ṇ

 ḴṖḮפּ

לּ · ︡ ךּ ṕפּ ḭ ḭ ḭ ḭ ḭּף

ṖḮ 

לּ · ךּ Ḵפּ Ḵṕפּ / ḭ

ṇ / ṇ Ṗ 

צּ ·  Ḵפּ

· ︣ ṕ ךּ︡ ṖḮ 

· ṇ לּ אל ךּ Ḯפּ ṇ אל ךּ   Ḵפּ

לּ · צּצּ אל ךּ ṕ3Dפּ ḭ ṇ ḭ ṖḮ 

 

 

· ḭ ṇ ṇ לּ טּצּ  Ḯפּ

צּ · ︣ לּ טּצּ Ḯפּ קּ נּ

 Ḵפּ

ḭצּ · ṇ ṇḭ ḭ ḭ ḭ ︡ ︡

︣ ḭ צּ לּ נּ  Ḯפּ

· ṇ ḭ צּ ṇ ︣ נּ  Ḵפּ

· ṇ פּ לּ צּ  Ḯפּ

· ṇ ︡ḭ ṇ צּ קּ  Ḯפּ

 

 

· ︣ קּ ṇ טּצּ ṕפּ ṇ ḭ ṇ ṖḮ 

 

 




