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Study on design method of Kazuo Shinohara's residential programs 

-From the mathematical characteristics of geometric figures and the 

appearance of "chaos"- 
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� ȵù�Ȋ 1ˏ925-2006ːC5ƛĳYŁƚ/6Ű51954 ŝAƯåBťȴÄĎ8¤ƃŉBĽ9Yȏɦ/5

¸ʺȺõ�ȹBʷ5ȽĮ�ʆ/<ǿɖBÀĵʁ>ʬřʁYĚȔAťȴǣïYɄɅ/5ƣƸBȂ·ťȴ

YáTʶ 6ťȴĽB�³=�U6ǽA1970ŝ·¸ʺ5ȡŏƟ5ùšĄS> Z=�r��p�ŰB

Ȃ·ťȴAħ&@Ŭ˄Y�"66ȵùCƣƸB¼ɂťȴBȬʷǍƂAŀ/<5Ŝ˃ǍƂA#)U8à

ê>ʠɀ91)ƄǠ>>OA5ȭ˃ǍƂA#)U8Ǖ˃ż92)ǌźYƓß/< U6+VSBťȴȒǌź

C4BŰBťȴȬʷBȟȫAĦħ@Ŭ˄Y�"< U6K6ĦƛBÒV6ŰʡYʕß/66Æ"D5

ęƸ�Ƃ5ºƽʄʾ5ʴʃŒʢİSC51970ŝ·AȵùBŬ˄Yəǵ(þƧ/6ÀĵɎYëß/6+

>$Sȵùog��>čDV54BŰ4V5Vǿɖ@ťȴBŇʶYȿ<521�ȹBȂ·ƣƸY·ɦ1

U��w]�h\�evgxA@9< U6ȵùCƣƸBťȴȌA�"6Ŭ˄Bħ&-YȢ1�¬Æ

=�U63) 
� K65ȵùCɸɵǣïYɴʀǣï> ɢ-358ǎŦ9> !ǌźYȇ <ɖʐBťȴÄĎ>ŻžY

�:Aàˈ/< U6ÚÂȒAC5ƣƸB¼ɂťȴ�>BŀŷY£ˇ>/68ȐBĽ9@?A·ɦ-

VUȱ�BǎŦ 1ˏ954-1968 5ː8ȐBĽ9BȐBʅųȬʷ�BÜʪ$Se����YƉß/5ɫǔ

�s{p�>B±ƀ>-VU8ƶķBĽ9Y·ɦ>1UȱBǎŦ 1ˏ970-1974 5ːſČBȅȆǒǇ�

> !ǌźY£ˇ>/68�ùʝTBÀĵ9Y·ɦ>1Uȱ�BǎŦˏ 1974-1982 5ːdcoBɍ�5�

s��|gox�Y£ˇ>/6ȱĒBǎŦ 1ˏ984-1990ː=�U64) 
� ȵùCƯå$S�ʆ/<şÃĳƘÄYƠǠ>/<ťȴBƐǜYɢ@966ƣƸB¼ɂťȴRTƉß

-V6Ŝ˃Bàê> !şÃĳBƠǠAĚ;&5ťȴǣïAŬ˄Y�"Ʌ)6ȬʷǌźBE>:A8ş

Ãĳ9Bǌź%�U6ȵùCɟʛB@$=5ɖʐBɸɵʁ�ʬřʁYÄĎG>ÚÂò1UʽA5ĕũ

Aʸ1Uƛĳ>/<BşÃĳ%�96+>AɋTʚ/ɴü/< U6 
 
�Ȁˀ-BŀǋA�U5��^���şÃĳ>4BƘÄ54VCʜƦ=ʖʫ%ɍ/ 6f�m�ȷȥ

YǯǤ>1UʜƦ@şÃĳBȶǳ-Y5ȨCʴ ʷ5ƣƸB¼ɂȬʷB¡AƇŬ/<&668$SÐB

Ľ958ȐBĽ9Bȸä%5��^���şÃĳY�]�r�AÅ9<Ǎȴ/6ÚÂò=�U6¼ɂȬ

ʷ%ƸʉȒAO:ƀŽBđL>ć&Ć9<54V>ȍʉ@5ʜƦ@şÃĳB�]�r�Yʝ/<5Ȩ

C¼ɂYɱĿ/5Ɖʅò/668ȐBĽ9BŅʷB¡$Se���%Ɖß-V664/<54BɦŽB

Ǹǒż%ɾł1UƝɔA¦9<5ȨB˓ǒǇ˔j�q�x%ȂV66�5)� � �� � �  

8ȨC~�y�aunB��^���şÃũBʿKT%5ŧ(/$/ʑŹA5ÔB¡=ƖSN(ɦŽ

%Ĭ&764/<5ʏUR!@ɦŽB@$$S5ƦU(ʔ(ì%ȂVUBYȨCƴů/< U94)� � � � 0 
 
� ¸�Bɴʀ$S5ȵùBɸɵʁ�ʬřʁYéƓ>/6ťȴĺʎB¡A58şÃĳ9> !ǌź%ıĘ

/< 6+>%X$U68şÃĳ9BǌźCȵùBɸɵA?BR!@Ŭ˄Y�"6B7W!$6 
� �Ơ5ȵùC1960ŝA8¼ɂCëÄBßȏǷ=�T"<O5ēśǷ=C@ 96)>ɿT5¼ɂ$S

éɥȒ@ťȴYŇʶ1U%54BŰÀĵ>ʬřBʸÈYĐˇ>1U+>ARTȅǨéɥȒ@ťȴYƐ

ǜ/661960ŝ·A5ȵùCȂ·BÀĵɎ�ʬřYǪ©/6ǎȗ>/<L@/54B¡A8Ǫ©Bɍ9
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ˏdcoBɍ YːƉß/5Ȃ·ʬřC8Ǫ©Bɍ9̧ ĥYɦȂ/@ > !ɦƦYɢ9664/<1980

ŝ·AC8dco�j�q�x%ȨBťȴƠǠB¡ŵAȾLʘKVU94)>ɴü/< U6 
� ++=C5ȵùAŀ/<B8dco9BǎȗY¸�BȵùBɷʛAĚ;&ɳʮYɢ!6 
 
8Ȃ·BʬřˉƬ56>"Dƽ²ǬʃˋċʗBˉƬA5+B��s�|oBǣïYɭ664/<Ȃ·

ʬřC˓Ǫ©Bɍ˔¸ĥYɦȂ/@ > !ŧ ɦƦ>@9697)� � 1 
�8Ǫ©Bɍ9>čZ=5ȨBʬřʁBʋǷA@96×4ŝ˅C5́ >ǘʒ1VDK7ȼƹ@ʝT79

6%51=A˓ʥʙB¼ɂ˔>BɔɁYĪ9< 66Ī96OBB·XTAdcoBǣżYʐA:)

6>ɽN6>&5ȨC4VY8ɍ9> !j�q�x>ŀŷ-366�7)� � 2 
880ŝ·ACdco�j�q�x%ȨBťȴBƠǠB¡ŵAȾLʘKVU64BĝĆ=O5ƯŃʻB

ɬȼ>ƄǠAR9<ȨC4VYɦȂ1U6dcoBǎȗY·ɦ1UɴɞC5ɪˀ-> XVU%54

Bɪˀ-�YöȻ@ǍƂ�Yµ/<ɦȂ1U+>AȨCʸŵ%�U694)� � 3 
 
� �ɷB1$S5ȵùC5Ȃ·ʬřAŀ/<8Ǫ©Bɍ9̧ ĥYɦȂ/@ > !ɦƦYɢ9< U6

4VC5��s�|oBǣïY/< U6N=�U6:KT58��s�|o9BǣïC8Ǫ©Bɍ9

=�U> !+>76K62YɭU>5ȵùC58dco9BǣżYʐA:)6>ɽNVD58Ǫ©9

%8ɍ9>/<ŀŷ=&U>ɦƦ/< U6K65ȰÜSC5ȵùA>9<8dco9C5ťȴ�ʬ

řȬʷB8Ǫ©9AR9<ȅKVU 8)> !ɀʁYß/< U6¸�B+>$S5ȵùA# <8�

�s�|o9> !ǣïAR9<58dco9CȅKVU>ɐ"U+>%=&U6�Ơ5�ɷB3$S5

8dco9C8ɪˀ-9> !ſČ%ĈKVU+>%!$%"U6 
� /6%9<5ȵùA>9<8dco9C��s�ARU8dco9>8ɪˀ-9> !ſČ%ĈK

VU>ɐ"SVU6 
� ¸�B+>$S5ȵùA>9<8şÃĳ9>8dco9Bǌź%ʯɬ@ſČYƋ9< 6+>%ƒ

Ŀ=&U6ȵùɖʐC8dco5�U C5��s��}^p>Ȩ%Ĺɏ/6ťȴȒ5ʬřȒ@¬Ǽ

C5��^���@şÃĳũYÅ9<ɦȂ=&U>ȨCɐ"< U6��^���@$68BʿĆB

ʷA�Umov�YłÕ/5dcoYƂȭ-3U95)>ʛH< U64VQ"58��^���şÃũ9

>8dco9YɐĿ1U+>C5ȵùBɸɵƄǠYƦS$A1U�=ʯɬ@Ƅ%$TA@U>ɐ"S

VU6 
� K65ȵùC8ÀĵCɚɣ=�U99)>ʛH< UR!A5ȅǨÀĵAǽæ@ž Yƈ 6ťȴĽ=

�T5ťȴn��z�p�Aȏɦ/6ĺÄɇƛ 43 ÄĎB!8538 %Àĵ=�U6ȵùBÀĵÄĎC

ȵùBťȴȬʷBɦȂPťȴŻžY¼ʤ1UOB>/<Ǝ"SVU+>%=&U6 
� ƸȟȫCȵùBÀĵÄĎYŀʅA54BşÃĳƘÄ>ȵùBɸɵʁB¡ŵBE>:=�U8dco9

BȂßYàƾ1U+>=5ȵùBşÃĳBǌźARUɸɵƄǠB�ȯYƦS$A1U+>YȕȒ>1

U6ÚÂȒA5şÃĳƘÄCşÃĳĕũ>ĕũB����m��BʸÈAǡȕ1U6K65��gr

�şÃĳ> !ɳƾƠǠART58dco9BȂßY8��s�ARUdco9>8ɪˀ-9> !

:B˃$SƎ"U6+VRT5ȵùBɸɵƄǠAŀ/<Ɵ6@țɭB�:Yí"U+>YȕȒ>1U6 
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���	�1-��	3��
���� 
� ȵùCɖʐBɸɵǣïYǿɖBɸɵʁ>>OA ɢ-351950ŝ·$Sʞû1UK=5ȟȫʁƝ>
>OA5ɖʐBÄĎAʸ1Uɸɵj�q�xPɸɵʁPťȴʁYťȴBŁʵɼAȷìȒAȏɦ/66

4VSC1970ŝB�Àĵʁ�10)51975ŝ·B�ɅÀĵʁ�11)>/<K>NSV< U64BŰ5ȵù

CȂ·ƣƸǽƱBʬřǾǟGBǢĿYǩN6Ɵ/ ũŦG>ÄĎYŇʶ1U>>OA52001ŝAɖʐ

BʬřʁYĚȔA�ʌħƛʿĆʬřG�7)#RF�ƽ²ȏƽ²ʁ�12)Yãɢ/66K6éƴB 16 ÄĎ

>ɸɵʁ06OB 13) 14)O�U6+VSBʈƞ$S5ȵùA#)UÄĎAŀ1Uʁ06OBPŭBɸɵ

ʁYȖƑAƎ"U+>%=&U6K65īŉ 15)CȵùBȬʷɴʀYŝ·ȒAƜȃ/5ȵùBɸɵʁB

ģʧ%X$TP1(ɭSVU6ĦƵ 16)CȵùBşÃĳȒȷȥAǮ86ɍ/ ȬʷYƐǜ/Ʌ)6ǣï

BȃɳYɢ@9< U6 
� ȵùBɸɵƄǠYɐĿ/6ƢŮȟȫ>/<C5ƥęS 17)ARUŰƴBħɮǐÄĎAǡȕ/5ȱ�B

ǎŦK=BÀĵÄĎBɸɵƄǠ>ȱĒBǎŦ¸ʺBħɮǐťȴA: <ũƁǍƂBģʧYʁ06ȟȫ

%�U6ƥęSC5K21980ŝ·¸ʺAàˈ-VUȱĒBǎŦB¡Bħɮǐťȴ5ÄĎBL5ǽAƽ

²ŕǊħĳȑŝɷźˊAșȕ/ȬʷǍƂɬȼB 6:BŀǘˆȕYÿT�*6�=5ȑŝɷźˊBȬʷ

ǍƂƄǠYɐĿ/< U64/<5ÀĵÄĎBɸɵƄǠ=�968àê9%ħɮǐťȴYĦ(ɸɵ1

UR!A@96ȱĒBǎŦ¸ʺ8ʠɀ9G>ģò/< 96+>5K658ʠɀ9A# <C5öȻ@

şÃĳYÓAũ%ǍƂ-V< U¬YƌƗ/< U6ǅȈS 18)ARUÖǿȭÀĵÄĎYŀʅ>/5Ļ

BʿĆũŦ>ȬʷǍƂAșȕ1Uȟȫ%�U6+VCȵùBǿȭÀĵ,>A5ÄĎBɳʀ5ĻBʿĆ

ũŦ5ȬʷǍƂƻƞYƜȃ/54Bǽų%ȵùBǎŦAŀŷ/@%Sģò/< (+>YƌƗ/< 

UOB=�U6K65ɡƸS 19)CȵùBoiutAșȕ/5ȵùÀĵÄĎBoiutA#)UťȴB

$68BǍžBǉɶYɢ@9< U6 
� K65ȵùBɴɞCˁɳ=5ŭBɴʀYʈƞ>/<ƅ!ŭBťȴʁYƐǜ1Uȟȫ%ƍ*SVU6

Æ"D5ƿS 20)B8ªɧ9> !ɴʀYÄĎ>BʸÈYɐĿ/6ȟȫ5ȰÜS 8)21)B8dco9�8Ǫ

©98Ǫǝ9Bǌź#RFȗ®ʸʠYéŰBƝɔ$SɐĿ/6ȟȫ5ȚĀS 22)BȵùBɷʛA#)U8ǎ

Ŧ9Aʸ1Uȟȫ5ŉŏS 23)BȵùB8ɍ9Bɴʀ$S8ɍ9BſČYɐĿ/6ȟȫPǈȈS 24)Bȵ

ùB8ǒɓ9BɴʀYɐĿ/6ȟȫ%ƍ*SVU6+VSBȟȫCƸȟȫAÅXVU8ǎŦ958dc

o958ǒɓ9@?Be���yBſČYƓȢ/< U6 
� ťȴÄĎBşÃĳǍƂPşÃĳƘÄYàƾ/6ȟȫ>/<C5ĞŏS25)ARUşÃĳĕũARUť

ȴBŻɐBƝɔ>ũŦAʸ1Uȟȫ%�U6+VCȂ·ƣƸBťȴĽBɴʀALSVUşÃĳȒ@ĕ

ũAșȕ1U+>=5ťȴĽ%4!/6ĕũYŻɐBįÂ>/<ǎ7@ɸɵʁYŇʶ/< U+>Y

Ȣ/54B8Ɲɔ9>ũŦ>BʸÈYɇÂȒAƆƕ/5ťȴȒŻɐBǂȾYɐĿ/6OB=�U6¯

ŎS26)ARU�uiB��oħɒěɫǕ˃YŀʅA54BşÃĳƘÄYɐĿ/6ȟȫ%�U6ǄȈS

27)ARUǫĽǫBȭ˃BʶĀʪAșȕ/5ʶĀʪȗ®BǘÆʸÈ@SFAĥũǾ>BǘÆʸÈYɐĿ

/6ȟȫ%�U6K65Á 2h8)29)30)ARU5��o��[��w����aBÄĎA#)UŜ˃�ȭ˃

B����m��>ˎʲǘAʸ1U�ʠBȟȫPâʃ31)32) 33)34)ARU5ʼňǍʟǠYȇ <ȭ˃A#

)UˎʲàêBʸÈAʸ1UȟȫP¢�Ï�>����m��Aʸ1Uȟȫ%ƍ*SVU6 
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� �Ơ5ȵùɖʐCǙĽʿɝBũƁAǡȕ/5şÃĳƘÄ>/<B˃ȪʭàA: <�ʠBȟȫ35) 36) 37)

%�U6K6ƣƸā·BťȴYŀʅA54Bˌ-B����m��Aʸ1UɐĿ38)Yɢ@9< U6 

 8dco9Yàƾ1U£ɬƄǠ>/<B��gr�şÃĳɳƾA: <51977 ŝ5���oBƛĳ
ɑ�}����w���ˏBennoit B. Mandelbrotː 39) 40)C5ǧōɈPEFêVBũ5ǑƵBǁà$V@

?ɖǺAɭSVUɪˀ@ĕũYƛĳȒAȃʁò/68��gr�şÃĳ9> !ǌźYƓß/66d

������]�ˏCarl Bovillː 41) 42)C\�x>wl^�A�U«ǭĂɓ@¬ĺ>ſĥż>BɃĭ@�

��oYÊ8@%S5ǗáTR(ȸɂ796ƠǠ=��gr�şÃĳYƦA/< U6ŭCɖǺBȄ

ğAǱ)ʘMR!@ťȴ>ʬřwl^�A#)UʡòBĂɓżYʀ <#T5ɟɑ%ÿT�*< U

���g��^y��^x5�ax���y�\�5��j���n`ARUÄĎBàƾ%wl^�

BɺÇAŀ1UE>:BƛʱȒ@ɍĳȒĚǰYÄT�*< U6K65ˌĶ 43)P�° 44)C��gr�

ʟũ@?Yȟȫ/< U6 

� ʙŝ5ʬřɵȋ5Ƭɱ�U CťȴũƁBɺÇƄǠ>/<5��gr�ɳƾ%ȇ SV6ȟȫ%ş

:$�U6ʬřɵȋàʰA# <ǚʰS45)Bȟȫ%ƍ*SVU6űƼB��gr�ɳƾAķÖ@ɖŖ

ȗ¾ż$SB2V> !ǌźYłÕ1U+>ART5ʬřɤʍBũƁBĹʱòYɢ 5+B��gr

�ɳƾARTŲSVUƌǏCʬřɤʍũƁBǽųYȢ/< U+>%i�oorw]ARTƦS$>

@T5+BƌǏYǘʒ�ǉɶ1U+>ART4V5VBʬřBɤʍũƁYO>A/6àƾYɢ!+>

%Ăɓ=�U+>YƓȢ/< U6K65ʰɭSCȦŋřBʬřɤʍYŀʅA5��gr�ǓÓYȇ

 6ʬřɤʍɪˀ-BģʧA: <ǉɶYɢ@9< U6ī47)ARUʬřod^��BɯɰũƁȒ@

ɪˀ-Aʸ1Uȟȫ%�U6ƬɱBàʰA# <C5ħʰS48) 49)ARUɖǺƬɱPǞŒƬɱY, 4Bũ
ǾPəŪ@?>ɴ96ɱǷAșȕ/, ��gr�ȃʁYȇ 6ɺÇƄǠA: <ǉɶYɢ@9< U6
ˌǶS50) 51)CəŪB��gr�ǓÓYȇ 6ɤʍƬɱBɺÇYɢ@96�ʠBȟȫ%�U6K65Ń

ŒS52)C��gr�ɳƾARTɘɨY£Â>1UʬřɤʍBƬɱɺÇYɢ@9< U6ȞȈS53)Có

ǧʣBʣʍYŀʅA5��gr�ǓÓYȇ 5ʣʍƬɱȋÑBɪˀ-YĹʱȒAɺÇ/< U6K65
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Ɨ1�ĉ��%¼ô03�CØŃ_j`nQek-ǙŰǅ�1Ŀ0)�+�ĨFƗ1� 
� 3 Ź03�+°�Ñ1ŴǙ¼03�CÇô3@5ǍǃFĲă C¼ôF#D$Dĉ����ǝF

Ɨ1�ĉ��%¼ô03�CØŃ_j`nQek-ǙŰǅ�1Ŀ0)�+�ĨFƗ1� 
�

���	�[�L2���)-*0$+.3Ah�

�����	�[�L3Pb��44~�3\8RLb3mc� 
� ĤŹ,2�żªoř1�Ñ�¸38�¸1èǙ¼1Çô«5wŲǎFĲă C¼ô0Ǐ C�ĨFƗ

1�èǙ¼1ÇôFĲă C¼ô2�5ůǝ1ƙŕôĂ0�ǝ�Ħ%��DA5ůǝ1¼ôF��Ŧô��

������Æô���hn_ô���#1z�-Òƍ�ǡƙ2-1Ǣ��ĨFƗ1�ŨűÙƭ,�C74ĩ1è

Ǚ¼03�+¼ôFĉ����ǝFƗ(%ƅĪFƙ2-20Ū ��  
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�2-1  [�3Pb�mc.�\8RLb3A� 

 
� � �

�

� � :%����1¼Ǚ5¼2-2-10Ū @10��ǝ�ĦC� 
 

 

L2-1� 
?>�Lb3A��



 14 

�2-2 7SG�[�2���Pb�mc.�\8RLb 
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� èǙ1ÇôFĲă C¼ôF�ǝ��#1ĎŭF;Cǡ¼2-2Ǣ��Ŧô������1=15��17

�F©<C�-5E4C� 

� ŷo1ĳð1�¸F|q1ǝÀ0Â*�+�ǝ C-��Ŧô�1=15ġ=È�43Ǡ�����1

=15²� 43Ǡ-�È�1�¸5�1 2 )1¼ô0´:DC��Æô�-�hn_ô�,Ĳă�DC

�¸2Û/�-Ƥ2C�ŷy1ĳð1�¸F�ǝ C-�76Ǡ0�%C16èǙǡ9�¸Ǣ-�Éǃ�

1èǙ5����-/(+�C�ĸ�,�Ŧô�1èǙ0´:DC�¸= 19Ǡ0�%C 4èǙǡ3�

¸Ǣ0;AD�z1¼ô,Ĳă�DC�¸=Û/��z1ĳð-ĿƵ� 1)1ǝÀ0Ǖv C�³5

ó�-�2C�ŷp1ĳð1�¸F�ǝ C-�56Ǡ-¦ĕ|q1èǙ5�Ŧô�0´:DC�ĸ�

,�Æô�1=1520Ǡ�z1¼ô,Ĳă�DCèǙ5Û/�5�oÒ�±5;ADC�ŷº1ĳð

1�¸F�ǝ C-��#1z�1¼ô,Ĳă�DCèǙ571Ǡ-/(+�C�����1èǙ529Ǡ

-�z1ůǝ0´:DC�¸5ō��èǙFĲă C¼ô1ůǝ5ġ=Û/�-�2C� 

 

L 2-2� 7S[�3A��i 

 

 

� :%�°ĳð1{ƙŞ/¼ǙFŪ�ǡ¼ 2-3Ǣ�#1őù-ĳðǎ1ǏƾÿFƎ× C�ŷo1ĳð

03�+�����0´:DCèǙ2�892)1Ŧô,Ĳă�D�Žŋ/ĲăF-(+�C�ŷy1

ĳð03�+�7�|qF©<+�%����0´:DCèǙ2�3)«5Ǧ)|q1Ŧô,Ĳă�D

+�C�:%�ŷo1ĳð4Aŷy1ĳð6�Žŋ/ôĂ4Aƚǖ/ôĂ6ŭƗ�+�C�³5;A

D�:%ŷo1ĳð1ġ÷1�¸,�CǊë�G1Ô�2�ŷy1ĳð6-ƾƇ CôĂ-/(+

�C�-5E4C�ŷp1ĳð03�+�¦ĕ|qF©<CèǙÇô1¼ô5�Ŧô�-/(+�C�

ŷy1ĳð4Aŷp1ĳð6�ƚǖ/ôĂ4AŽŋ/ôĂ6ą��ŷo1ĳð1ôĂF¬ƚ�"+�

C-Ƥ2C�:%ŷy1ĳð1ġ÷1�¸,�CŠƢǥƢī�,=��Ŧô��Ǥ)1Ŧô,Ĳă�

DC����1èǙFĊ'�ŷp1ĳð1�³F�Ɨ�+�C�-5E4C�ŷº1ĳð03�+�

¼ô1Ƣí5ś/B��òFŘ��¨ƁŞ/é�Ï¼ô,őÒ C�-5Ǘ���ŷp1ĳð4Aŷ

º1ĳð6�Žŋ/ôĂ4Aƚǖ/ôĂ6ŭƗ�+�C�³5;ADC�:%ŷp1ĳð1ġ÷1�

¸,�CħŔäPk_iXOS�03�+�ś/CƢí1ĕ5Ä2�ŷº1ĳð1�³F�Ɨ�+

�C�-5;ADC� 
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� � � � �     3C��37S� � � � � � � � � � � � � � �  �                   y���j 

 

 

 

� � � � � � � � � � � � � �  

 

 

 
� � �  

� � � � � �  
 
 
 
 
� � � � � � �23na                                                        �K3na                    
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L 2-3� Gna36�w1L��  
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ĸ0�ǫwŲǎǡêǎǢǬFĲă C¼ô0ţş��#DA1ôĂ1�ǝFƗ�#1ĎŭFĖŖ C�

Ĳă1ċĴ-�+��Ŧô��������Æô����òô���sÒô�,Ĳă�D+�C=115)ǡƙ

2-3Ǣ0�ǝ���ĨFƗ1��ǝ�%ƅĪFƙ2-40Ū � 

 

�2-3 4~��mc.�\8RLb3A� 

 

� ¼2-4@B�ǫwŲǎǡêǎǢǬ0ôĂƙŕ-�+Ř�ADC�¸,2��Ŧô�5��Ş0È�;

ADC� 

� :%�ĳð�0;C-�ŷo1ĳð,2��Ŧô�5ġ=È� 67Ǡ�ĸ�,����5 26Ǡ-/(

+�C�ŷy1ĳð,2�����,Ĳă�DC�¸5 60ǠF©<�ƚǖ/ôĂ6ŭƗ�+�C�-

=;ADC�:%�Ŧô�5ĻB140ǠF©<�z1¼ô1�¸2ō��wŲǎFĲă CèǙ¼ô

1ůǝ5Û/�-�2C�ŷp1ĳð,2��Ŧô�1�¸540Ǡ0�%C4�¸-�����530Ǡ

0�%C 3�¸-��Æô����òô���sÒô�1�¸5 10Ǡ0�%C 1�¸!)�C�ŷº1ĳ

ð,2��sÒô�2�¸-���ô�1�¸5�C� 

 

L2-4� 4~�[�3A��i 
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�2-4 4~�3[��mc.�\8RLb 
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�����	�[�L3Pb��44~�3q:�; 
� ĤŹ,2�żªoř1�Ñ�¸ 38�¸1èǙ¼«5wŲǎ1ØŃŞĿ�Ǐ�0Ǐ C�ĨFƗ1�

żª2ƽô1ĜŃ-�+őÒ/ĕ�>é�Ï0@C_j`nQekQSYbFŘ�%�-FğA40

 C�:!�èǙ0)�+ØŃ1_j`nQekF�Ĩ C�èǙ¼1ƿ�2¼ô1ƿ�,ƙ &�

,2/��èǙ1Ƌǡ§¤Ĝ³1ǌ�ǢĶǡħƛĜ³1ǌ�Ǣ1Ŀ�Ǐ�0=ǏEC-Ǝ2ADC� 

� #�,�ĤŹ,2�èǙ1Çô1ƋĶĿ«5wŲǎǡêǎǢ1ǎ-ÊƗ61Ŀǡ¼2-5Ǣ-�12

)1ƟŌ4A�ĨFƗ1�� � �  

 

 

� � � � L2-5 �YN- 3U	2����pqE44~�3�F�Q��3q 

 

� żª1�Ñ�¸38�¸74èǙ¼1Çô1Ŀ�Ǐ�F¼2-60Ū��°ĳð1ĉ�ƅĪ2¼2-70Ū

 �ĶƳ2ħƛĜ³1ǌ��ƋƳ2§ƛĜ³1ǌ�FŪ � 

� ¼2-6@B�ħƛĜ³1ǌ�2892ǎ4A12ǎ:,1ǎ0çê��Ĕ��#1v,6ǎ0�æ�

+�CèǙ5ġ=È��ĸ�, 4ǎ�ǩǎ�10ǎ0�æ�+�CèǙ=È�;ADC�§¤Ĝ³2 2

ǎ4A 8ǎ:,1ǎ0Ǖv��4ǎ�6ǎ�8ǎ0�æ�+�CèǙ5È�-�2C�èǙ03�+�

ƋĶĿ2891: √44A√4Ǫ1:,1ǎ0�B�ǟǉĿǡ1ǪφǢ0ƺ�Ŀœ5;AD�ǟǉĿ1�Ř5

ũƩ,6C�:%�ĹĜôǡ1Ǫ1Ǣ>ŝǋĿǡǣ: √2Ǣ/.1őùŞ/ĿœFĊ)=1=;ADC� 



 20 

 

L2-6� =9J2���[�L3�pq 

�  

 

� �  

 

 

 

 

 

 

� � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � �13na� � � � � � � � � � � � � � � � � � � � �53na�

� � � � � � � � � � � � �23na� � � � � � � � � � � � � � � � � � �K3na 

 

L2-7 Gna2���[�L3�pq 
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� ¼2-7@B�ŷo1ĳð,2�ħƛĜ³1ǌ�-§¤Ĝ³1ǌ�-çê��æ��ƋĶĿ03�+�

89oŠƊǡ1Ǫ1Ǣq0uG,�C�æ,�C�-5�4C�ŷy1ĳð,2�ħƛĜ³1ǌ�2 4

ǎ4A12ǎ:,1ǎ0�æ��6ǎ0�æ�+�CèǙ5ġ=È��-5;ADC�§¤Ĝ³1ǌ�

22ǎ4A8ǎ:,1ǎ0�C�èǙ1ƋĶĿ21Ǫ1>ǣ: √20ƺ�ĿœFĊ)�-5;ADC�ŷ

p1ĳð,2�Çô1ØŃÆ£5ǜƕ,�C-�2C�ħƛĜ³1ǌ�-§¤Ĝ³1ǌ�-= 2ǎ4

A10ǎ:,1ǎ0�æ�+�C�:%èǙ1ƋĶĿ2√2Ǫǣ1ƺ�0�¸5ġ=È��Èĕ1�¸1

ƋĶĿ5 1:φ4A√4Ǫ1:,1ǎ0�æ�+�C�ŷº1ĳð,2��¸1ĕ5Û/�5�1Ǫǣ>ǟ

ǉĿ/.1őùŞ/ĿœFĊ)�-5;ADC� 

� ĸ0�wŲǎèǙ1;0)�+ǎ-ÊƗ61ØŃĿ�Ǐ�F�Ĩ��°ĳð03�CĎŭF;C�

��¸03�C�ĨƅĪ2¼2-80Ū��°ĳð1�ĨƅĪ2¼2-90Ū �ĶƳ2ǎ�ƋƳ2ÊƗ

6- C� 

� ¼2-8@B�żªoř1�Ñ�¸38�¸1êǎ1ǎ22ǎ4AǨǎ1ǎ0È��æ�+�C�o

Ĝ�ÊƗ622ǎ4A6ǎ1ǎ0Ǖv�+�C�:%ǟǉĿǡ1ǪφǢ>ĹĜôǡ1:1Ǣ>ŝǋĿǡǣ: √2Ǣ

0ƺ�Ŀœ5;AD�őùŞ/Ŀ�FŘ��êǎFƥŚ�+�C�-5ũƩ,6C� 

� ¼ 2-9@B�ŷo1ĳð,2�È�1�¸1êǎ1ǎ5 2ǎ4A 3ǎ1ǎ0´:D�ÊƗ62 2

ǎ�3ǎ�4ǎ0�æ�+�C�¸5È�;ADC�:%ŝǋĿǡǣ: √2Ǣ/.őùŞ/ĿœFĊ)�

-5;ADC�ŷy1ĳð,2�êǎ1ǎ-ÊƗ6-çê��Ĕ�+�C�ǎ-ÊƗ6-1Ŀ2

ĹĜôǡ1:1Ǣ0ƺ��¸5È��-5E4C�ŷp1ĳð,2�Èĕ1�¸1êǎ1ǎ54ǎ|q

0/B�ǎ5ê�/(+���³5�C-�2C�ÊƗ65 2ǎ4A 6ǎ1ǎ0�æ�+�C�ǎ

-ÊƗ6-1Ŀ0)�+�ŝǋĿǡǣ: √2Ǣ/.őùŞ/Ŀ�=;ADC�ŷº1ĳð,2�ÊƗ6

5Äǌ�+�6�ĹĜôǡ1:1Ǣ0ƺ�Ŀ�FĊ)�-5�4C� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�  
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� � �   

 

�  

        

 

L2-8 =9J2���]�3�F�Q���3�-3q 

 

 

� � � � � � � � � �13na� � � � � � � � � � � � � � � � � � � � � � � � � � �53na 

 

� � � � � � � � � � � � � � �23na� � � � � � � � � � � � � � � � � � � � � � � � �K3na 

L2-9 Gna39J2���]�3�F�Q���3�-3q 
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�����	��|�T���[��A3q�

� ĤŹ,2�żªoř1�Ñ�¸ 38�¸1îìǙŰ�ė¿ǙŰ�ÕŰœ1ƞĵ0Â*6�ǝFƗ��

ƙ0:-<Cǡƙ2-5Ǣ�:%wŲǎ1ǙŰFƥŸ��wŲǎǙŰ-îìǙŰ1ĕǈŞǏ�F�Ĩ C� 

°ĳð03�CïŻƞĵ1�³Fƙ 2-6 0Ū �ė¿ǙŰ1Ʈę5Û/�%<�ė¿ǙŰ-ÕŰœ1

�³5Ɲ)4A/��#�,�îìǙŰ1;0)�+°ĳð1�³FøADC%<�ƙ0ĖŖ C� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�2-5� 7S�o3l� 
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�                          �2-6� na2���`��o3<I 

 

� ƙ2-6@B�ŷo1ĳð,2�îìǙŰ299mǤ|r553Ǡ-�ïŐƑ�5Úƞĵ1=15¦ĕFư

2C�-5;ADC�ŷy1ĳð,2�îìǙŰ2 200mǤ|q5 50Ǡ-�Éƞĵ/�¸5ġ=È��

îìǙŰ2100mǤ�199mǤ1vƞ/1�¸=40Ǡ-�Ǟ��±F©<C�ŷp1ĳð,2�îìǙŰ

2200mǤ|q1Éƞĵ/�¸570Ǡ-�Éǃ�F©C�ŷº1ĳð,2�°�¸1îìǙŰ0É6/

å5�C���¸FƝC-�îìǙŰ2200mǤ|q1Éƞĵ/�¸542ǠF©<�îìǙŰ2100mǤ

�199mǤ1vƞĵ/�¸= 32Ǡ-�È�1�¸5@BÉ6/ƞĵ0/(+�C-Ƥ2C�:%ŷo1

ĳð,2�oÞ1Ĳă1�¸5É¦F©<+�C5�ŷy�ŷp�ŷº1ĳð1��¸5ƚÞ1Ĳă

-/(+�C�-5E4C� 

� Ƈ6���¸03�CwŲǎ1ǙŰ-îìǙŰ03�C�ǙŰǅ�1Ŀ1�³F¼Ū�%=15¼

2-10,�C�:%ĳð03�CîìǙŰ0Ù CwŲǎ1�±2¼2-110Ū �ĶƳ2wŲǎ1ïŻ

ǙŰF-B¨�FèĜcnZhǡm2Ǣ-��ƋƳ2wŲǎ1��0Ù C�±F-B¨�FǠ- C� 

� ¼2-9@B���¸F;C-�wŲǎ1ǙŰ530 m24A70 m21ǎ0È��æ�+�C�:%îì

ǙŰ11'30Ǡ|qF©<+�C�¸5È��-5;ADC�#D2żª5�Ñ1@1/ÚŲǎ0

2�¨o1wǛFġÉǐ0¨Ɓ£�%ƙŕ5�É6/ïŐ-³4�±1%<1úƜĥ},�C-�)

=Ǝ2+6%��2Ǣ-ƻ7+3B�#1wǛFġÉǐ0¨Ɓ0ƙŕ C%<0�ƨƥ1wǛ,�CwŲ

ǎǡêǎǢ1ǙŰ1�±FÈ�-B�ó�ƙŕ1Ĳă-�+�C-Ǝ2ADC� 

� :%¼2-11@B�ŷo1ĳð,2�wŲǎ1ǙŰ520 m24A60 m21ǎ0Ǖv�+�C�Èĕ1

�¸1wŲǎ1ǙŰ2îìǙŰ1p�1oF©<+�C�ŷy1ĳð,2�wŲǎ1ǙŰ1Æ£5ǜ

ƕ,�B�wŲǎ1�±240Ǡ|r1�¸5¦ĕ|qF©<+�C�ŷo1ĳð@B�îìǙŰ0Ù

 CwŲǎ1�±5ňÛ�+���³5;ADC�ŷp1ĳð,2�wŲǎ1ǙŰ-�îìǙŰ0Ù
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 CwŲǎ1�±-1Ǐ�2�89oŠƊq0uG&�æ,�C�-5�4C�ŷº1ĳð,2�w

Ųǎ1ǙŰ289²ƞĵ,�C5��±0)�+2É6/å5�C� 

 

 

 

 

 

 

 

 

 

 

 

� � � � � � � L2-10 =9J2���_^�|2W.�4~�3BH 

� � � � � � � � � � �13na� � � � � � � � � � � � � � � � � � � � � � � � � � �53na 

� � � � � � � � � � �23na� � � � � � � � � � � � � � � � � � � � � � � � � � �K3na 

 

L2-10 Gna2���_^�|2W.�4~�3BH 
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���	���L2���)-*0$+.3Ah 

�����	���L3Pb��4�F�3\8RLb3mc��

� ĤŹ,2�żªoř1�Ñ�¸38�¸1ŴǙ¼1Çô«5ǍǃFĲă C¼ô0Ǐ C�ĨFƗ

1�oĜ�żª2ĹǙÿ�1ıýFď���#D2ĝĤïŻ1ƟƠŞ/PkUk_ZFĉ� C¡

ķ0/B�ĝĤïŻ1ġ=ĬŉŞ/őÿ14-)-�Ě�+�C�żª2�¸1�š1ǂĈ0Ǐt�

+3B�šĹǙ4AĒ(%�š5�CŴǙ2ƙŕ03�CǆƜÿ1Ǟ�ŴǙ,�C-Ǝ2ADC�:

%�ŏŐ0ƶ"AD+�CŴǙ¼=ǆƜ/ā¶FĊ(+�%-þEDC�#�,�ŴǙƙŕ03�C

żª1ƨƥćŃ1oŶFğA40 C%<�wŴǙ�Fĉ����ĨFƗ1���,wŴǙ-�+ƥ

38ŴǙFĉ����DA1ÅǙôŒ-ÜĬôŒ0)�+�ǝFƗ1� 

� ŴǙ¼03�CÂĤŞ/Ǚ1ƸǄ,�CÅǙôŒFĲă C¼ô2�6 ůǝ1ƙŕôĂ0�ǝ�Ħ

%��DA6ůǝ1¼ôF��Ŧô��������ßÀ���pƢô����òô���sÒô�-Òƍ�ǡƙ

2-7Ǣ��ĨFƗ1��ŨűÙƭ,�C 38 �¸1wŴǙ¼03�+¼ôFĉ� C�:%�ŴǙĲăF

łÒ CÉ6/ƜƂ2Èĳ/ÜĬôŒ,�B�ÜĬ1ôŒ2¢ǅ1ôð0@B�ǒ���Öį����Ì��

��ľÜ���ŎņD���Ĝô���lKnhZ�17)0�ǝ�D%��DA7)1ÜĬôŒ0Â*6�

ŴǙ¼1ÜĬ1¼ôFƙ 2-8 0Ū �ÅǙ-ÜĬ1ôŒ0Â*6wŴǙ03�Cé�Ï¼ôF�ǝ�

%ƅĪ2ƙ2-90Ū � 

�  

 

 

 

 

 

 

 

�

�

�

�

�

�

�

�

�

�

�

�
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�2-7����3O��mc.�\8RLb3A� 

 

�

�2-8� Xkbs�mc.�\8RLb3A��
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�

�2-9� 4��2���O�bs�Xkbs�mc.�\8RLb 
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� wŴǙ03�CÅǙôŒ-ÜĬôŒ1ôĂ1�ǝFƗ��°ĳð03�CĎŭF;Cǡƙ 2-10Ǣ� 

 

� 2-10� 4��2���O�bs�Xkbs3A��
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� ƙ2-10@B�ŷo1ĳð,2�ĝĤ1�ƆïŻ-1ǏEB5wǛ,�B�ÅǙôŒ5�Ŧô��Ü

ĬôŒ5�Ĝô�ǡpƢôǢ1�¸5È�ƝADC�ŷy1ĳð,2�ÅǙôŒ2�Ŧô�1�¸5¦

ĕ|qF©<�Èĕ1�¸1ÜĬôŒ2ŦôǡǒǢ0´:DC�ŷp1ĳð,2���òô���sÒô�

,Ĳă�DCÅǙFĊ(+�C�¸5Ä ��Žŋ/ôĂ4Aƚǖ/ôĂ6ŭƗ�+�C�³5;A

DC�:%�lKnhZ�5;ADC@10/C�ŷº1ĳð,2��Ŧô�/.¨Ɓ/é�Ï¼ô5

/�/B���òô���sÒô�F�Ř�D+�C�ƚǖ/ôĂ6ƇƗ�+���-5E4C� 

� ĸ0�ïŻ�Ç1ƾƇ0ǏECǍǃ�ǡ¼2-11Ǣ0ţş�Ǝ×FƗ1�żª1�¸Fıơ�+;

C-�ŷo1ĳð1�Ñ�¸0ñ6ĄFƾų�"%ÉǍ>÷ģ1�¸03�CÉ6/â<Ľ�Ǎ

-Ú�/ĐŁų/.1Ǎǃ5@�;ADC�ŴǙ03�+2�Ǎǃ1ôŒ>Ŀœ5#1ā¥ƙŕ

0Ň�ǏE(+�C-Ǝ2C�żªoř1�Ñ�¸38�¸152ĩ1ŴǙ¼F�ĨÙƭ-�+�°ŴǙ

1ǍǃFĲă C¼ô0)�+�ǝFƗ1�Ĳă1ċĴ-�+��Ŧô���pƢô����ôm¦�ô��

�sÒô�,Ĳă�D+�C=1 (ƙ2-11)0�ǝ�%ƅĪ2¼2-120Ū ���,�ų-�+1Ǎ

ǃ0ţŢ�+�C%<���B1;1Ć2ǑÇ�%� 

 

 

 

 

 

 

 

�  

                         L2-11�F�	3d@:� M�3U�

��������������������������

��������������������������2-11 �F��mc.�\8RLb�
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L2-11 �F�bs3A� 

 

� ǍǃĲă CôĂ1�ǝFƗ�#1ĎŭF;C-�ŷo�ŷy1ĳð1Ǎǃ2 100Ǡ�Ŧô�

,Ĳă�D�ŷp1ĳð0/C-�70Ǡ0�%C 7�¸1Ǎǃ-��+1Ǎǃ5�Ŧô�-/(

+�C�qªƼB1�Ñ�4A���ô���pƢô�1¼ô5ƝADC@10/C�ŷº1ĳð2�

ŷp1ĳð-²ĳ0��ô���pƢô�=Ř�AD+�C�-5E4C� 

 

�����	���L3PbE4�F�3q:�;�

� ĤŹ,2�żªoř1�Ñ�¸38�¸1ŴǙ¼«5Ǎǃ1ØŃ1_j`nQek0Ǐ C�ĨF

Ɨ1�ŴǙ03�CÅǙ-Çô�#D$D1ǌ�-Ǟ�1Ŀ-Ǎǃ1ƋĶĿ-�1 2)1ƟŌ4A

�ĨFƗ1� 
� :!�ŴǙ03�CÅǙ1ǌ�-Ǟ�1Ŀ«5Çô1ǌ�-Ǟ�1Ŀǡ¼2-12ǢFƎ× C� 
�

�

L2-12 �v3U	2���O�Pb3�-��-3qE4��3�-��-3q�

�

� żª1�Ñ�¸ 38�¸1ŴǙ¼1ÅǙ«5Çô1ĿF#D$D¼ 2-13�¼ 2-140Ū �ĶƳ2ǌ

��ƋƳ2Ǟ�- C��  
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L2-13 O�2����-��-3q:�;�
�

�

�

�

�

�

�

�

�

�

�

L2-14 ��Pb2����-��-3q:�;�
�

� ¼2-13@B�ÅǙ03�+�ǌ�24ǎ4A10ǎ:,1ǎ0�æ�+�C�oĜ�Èĕ6ǎ|r

1Ǟ�,�C�-5ƝADC�:%ÅǙ03�+ǌ�-Ǟ�1Ŀ2891: 14A6Ǫ1:,1ǎ0�B�

ǟǉĿǡ1Ǫ�Ǣ0ƺ�Ŀœ1=15È�;AD�ǟǉĿ1�Ř5ũƩ,6C�ĹĜôǡ1Ǫ1Ǣ/.1

őùŞ/ĿœFĊ)�-=;ADC� 

� ¼2-14@B�ÅǙôŒ1ØŃ-ĿƵ��ŴǙÇô1ǌ�2ÅǙ-²�@104ǎ4A10ǎ:,1

ǎ0�æ�+�C5�Ǟ�22ǎ4Aǧǎ1ǎ0�@BǕv�+�C-Ɲ2C�ǌ�-Ǟ�1Ŀ21Ǫ

1>2Ǫ1/.1őùŞ/Ŀ�FŘ�%=15È�;ADC� 

� :%�°ĳð03�CŴǙ¼1ÅǙ«5Çô1ĿF#D$D¼ 2-15�¼ 2-160Ū �ĶƳ2ǌ��

ƋƳ2Ǟ�- C��  
 

�
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        � �13na� � � � � � � � � � � � � � � � � � � � � � � � ������ � � � � � � � �53na 

��������������23na� � � � � � � � � � � � � � � � � � � � � � � � ������ � � � � � � � �K3na�

L2-15 Gna3O�2����-��-3q:�;�

� � � � � � � � �13na� � � � � � � � � � � � � � � � � � � � � � � � ��� � � � � � �53na 

� � � � � � � � �23na� � � � � � � � � � � � � � � � � � � � � � � � ��������������K3na�

L2-16 Gna3O�2����-��-3q:�;�
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� ¼ 2-15@B�ŷo1ĳð,2�È�1�¸1ÅǙ1ǌ2 4ǎ�6ǎ1ƺ�0�æ�+�C�Ǟ�2

�ǃ 4ǎ|r0/C�ŷy1ĳð0/C-�Ǟ�5Ǟ�/C�³5;ADC�ŷo1ĳð-ŷy1ĳ

ð-=�ǌ�-Ǟ�1Ŀ2őùŞ/Ŀ�5;ADC�ŷp1ĳð,2�È�1�¸1ÅǙ1ØŃ5É

6�/(+�C�ǌ�2ǧǎ�10ǎ�Ǟ�2Ǧǎ�6ǎ1ǎ0�æ�+�C�ŷº1ĳð0/C-�

ǌ�-Ǟ�1Ŀ21Ǫ14A2Ǫ11ǎ0Ǖv�+�C�-5E4C� 

� ¼ 2-16@B�ŷo1ĳð,2�Çô1ǌ�2 4ǎ�10ǎ�Ǟ�2 2ǎ�4ǎ1ǎ0�æ�+�C�

È�1�¸1ǌ�-Ǟ�1Ŀ2 1Ǫ14A 3Ǫ10´:DC�:%�ÅǙ-ĿƵ��É6/Æ£5;A

DC�ŷy1ĳð,2�È�1�¸1ǌ�2 4ǎ4A 7ǎ:,1ǎ0�Ǟ�2ǥǎ4A 4ǎ:,1ǎ

0�æ�+�C�ǌ�-Ǟ�1Ŀ2 1Ǫ14A 2Ǫ1:,0/B�ÅǙ-Ŀ7C-�Æ£5Û/��Å

Ǚ-Çô5oƓ�+�C-�2C�ŷp1ĳð,2�Çô1ǌ�24ǎ4A10ǎ1ǎ0�Ǟ�22ǎ

4A 7ǎ1ǎ0�æ�+�C�ő0Ǟ�5 4ǎ|q1�¸5É¦F©<C@10/C�ǌ�-Ǟ�1

Ŀ0)�+�ǟǉĿǡφǪ1Ǣ>ĹĜôǡ1Ǫ1Ǣ/.1őùŞĿœFĊ(+�C=15È�;ADC�

:%�ÅǙ-Ŀ7C-�Æ£5È�/C�ŷºĳð0/C-�ǌ�-Ǟ�1Ŀ2 1Ǫ14A 2Ǫ11ǎ

0Ǖv�+�C5�ǌ�-Ǟ�-=çê��æ�+�C�:%ÅǙ-Çô5²ĳ0/C�-5E4C� 

� Ƈ6�Ǎǃ1;0)�+ǌ�-Ǟ�1ØŃĿ�Ǐ�F�Ĩ C��ƻ1@10�ñ6ųFƾų�

"CÉǍ>â<Ľ�ų-ĐŁų-Ƅ;±E"ų/.ƚ±£�%Ǎǃ0@Cƙŕ2�żª1ŴǙ0

3�+ǆƜ/ā¥5�C-�2C�ĤŨű,2�¼2-171@10�ų/.,Ĳă�DCoƾ1ǚÁF

1)1Ǎǃ-�+�ĉ�FƗ1�ĉ��%Ǎǃ1ƋĶØŃƅĪ2¼ 2-180Ū �°ĳð1�Ĩƅ

Ī2¼2-190Ū �ĶƳ2ǌ��ƋƳ2Ǟ�- C� 

�

�

�

�

�

�  
 
�

������������������������L2-17 ��F�	3d@:� M�3U�

�

� ¼ 2-18@B���¸1ǍǃF;C-�Èĕ1�¸1ǌ�2 6ǎ|r0/(+�C�Ǟ�2 1ǎ�

2ǎ0/C�¸5È�;ADC�:%�Ǎǃ03�+ 1Ǫ2>ǣ:1�1Ǫ√2/.1őùŞ/Ŀ�FĊ

)hnZŦô5Ř�ADC�-5;ADC� 

� ¼2-19@B�ŷo1ĳð,2�Ǎǃ1ǌ�2çê��Ĕ��Ǟ�2ǣǎ�2ǎ0/C�¸5È��

ƋĶĿ2ĹĜôǡ1Ǫ1Ǣ>ŝǋĿǡǣ: √2Ǣ0ƺ�Ŀœ5;AD�őùŞ/Ŀ�FŘ��ǍǃFƥŚ

�+�C�-5ũƩ,6C�ŷy1ĳð,2�Ǎǃ1ǌ�1�æź»5Ú��/C�Èĕ1�¸5

4 ǎ|r0�æ�+�C�Ǟ�2 3 ǎ|r0/C�¸5È�;ADC�ŷp1ĳð,2�Ǎǃ1ǌ
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�1�æź»5ê�/C�È�1�¸1Ǟ�22ǎ|r0�æ�+�C�ĹĜôǡ1Ǫ1Ǣ>ŝǋĿǡǣ: 

√2Ǣ1@1/őùŞ/Ŀ�FĊ)�-=;ADC�ŷº1ĳð,2�Ǎǃ1ØŃ2ġ=Ǖv C@

10/C�ǌ�-Ǟ�-=2ǎ|r0�æ�+�C�-5E4C� 

 

� � � � � � � � � � � � � � �  

� � � � � � � � � � � � � � L2-18� �F�3Vr�

� �

 

� � � � � � � � � � �13na� � � � � � � � � � � � � � � � � � � ��� � � � � � �53na 
 

� � � � � � � � � � � � � � �23na� � � � � � � � � � � � � � � � � � � ��� � � � � � �K3na 
�

L2-19� Gna2����F�3Vr 
�
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�����	��|�T������A3q�

� ĤŹ,2�żªoř1�Ñ�¸38�¸1Ǎǃ1ǙŰFŸ���Ǎǃ1ǙŰ-ÅǙ1ǙŰ1Ǐ�

F�Ĩ C�Ǎǃ1ƙŕ02�ŴǙq0É6/ǍǃFƨ�%B�ĐŁ/.1Ú��/ķƏŞ/Ǎ

ǃǍ�AD%B Cƙŕ0@C�ŴǙF©<CǍǃ1ǙŰ0@(+ā¥q1_j`nQek5Í

¾ C-Ǝ2ADC� 

� ��,2�wŴǙ0ţş��ĨFƗ1�ŴǙ0Ǎǃ1ǙŰ-ÅǙǙŰ1ĿF¼Ū�%=15¼2-20

,�C�°ĳð03�CÅǙǙŰ0Ù CǍǃ1�±2¼2-210Ū �ĶƳ0Ǎǃ1ǙŰF-B

¨�FèĜcnZhǡm2Ǣ-��ƋƳ02ÅǙǙŰ0Ù CǍǃǙŰ1�±F-B¨�FǠ- C� 

� ¼2-20@B�Ǎǃ1ǙŰ530 m2|r�:%ÅǙǙŰ11'40Ǡ|rF©<+�C�¸5È��

-5;ADC� 

� :%�¼2-21@B�ŷo1ĳð,2�Ǎǃ1ǙŰ530 m2|r0/C�¸5È��ő010 m21

ƺ�0Ǖv�+�C�:%Èĕ1�¸1Ǎǃ530Ǡ|q1É6/�±FĊ(+�C�-5;ADC�

ŷy1ĳð,2�Ǎǃ1ǙŰ-#1�±-=ňÛ�+���³5;ADC�ǙŰ5 20 m2|r0´

:DC�¸5È���±=�¸540Ǡ|r0/C�ŷp1ĳð,2�ǙŰ120 m2|r1�¸5É¦

F©<C��±2°�¸0@BÉ6/å5�C�20Ǡ|rF©<CÚ���±1�¸-40Ǡ|q1É

6/�±1�¸-=oÒŮí5ƝADC�ŷº1ĳð,2�Ǎǃ1�±5Û/�/C�-5E4C� 

 

 

L2-20� O�2W.��F�3BH 

 

 

�  

�  

 

�  
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� � � � � � � � � � � �13na� � � � � � � � � � � � � � � � � � � ��� � � � � �53na 

 
� � � � � � � � � � � �23na� � � � � � � � � � � � � � � � � � � ��� � � � � � �K3na 

�

L2-21� Gna2���O�2W.��F�3BH 

 

���	���� 
� Ĥŵ,2�żªoř1�Ñ�¸38�¸1èǙ¼�ŴǙ¼FÙƭ-�+�#D$D1é�Ï¼ô-Ŀ

�Ǐ�F�Ĩ C�-,�żª5ƨƥ1ļǓ,��Çô4Aƃǃ0ƒC:,1Ŀ�F�B@15Ú�

(%�:%Ĥŵ,2�żªƑƲ5ƨƥƫŖ-�+ƑA1�¸F��+�C“ĳð”-“_j`nQek”

-1ǎ0�|r1@1/Ǐ�ÿ5�C�-5ě%/ťƝ-�+øAD%� 
#1ƅĪ�:!�èǙ03�CƅĪ-�+2��Ñ1èǙÇô03�+�ŷo1ĳð,2Ŧô�/

.1Žŋ/ôĂFŪ��ŷy1ĳð,2Žŋ/ôĂ4A���/.1ƚǖ/ôĂ6ŭƗ0/B�ŷ

p1ĳð,2Ŧô�1ôĂF¬ƚ�"�Žŋ/ôĂ6ą��ŷº1ĳð,2@Bƚǖ/ôĂ0/(

+?��-5�4(%�wŲǎ03�+�ŷo1ĳð4Aŷº1ĳð04�+ƚǖ/ôĂ0/B))

�C�-5�4(%�:%�èǙÇô1ħƛĜ³-§¤Ĝ³1ǌ�«5wŲǎ1ǎ-ÊƗ60)�

+�ĨFƗ1�Çô>wŲǎ1ØŃFƥŚ�+�Cǔ0���Ş0ǟǉĿǡ1ǪφǢ�ĹĜôǡ1Ǫ1Ǣ>

ŝǋĿǡǣ: √2Ǣ/.1őùŞ/ĿœFŘ�+�C�-5E4(%�ŷo1ĳð,2ĹĜôǡ1Ǫ1Ǣ0



 38 

/CèǙ5ġ=È��ŷy1ĳð,2ĹĜôǡ1Ǫ1Ǣ|ÇŝǋĿǡǣ: √2Ǣ1�Ř=@�ƝAD�ŷp

1ĳð4AØŃ1_j`nQek5Èĳ0/(+���-5�4(%�ǙŰǅ�1�±FƝC-�î

ìǙŰ03�+�ŷo1ĳð4Aŷp1ĳð:,�îìǙŰ5Ä �))�B�Úƞĵ1�Ñ4AÉ

ƞĵ0/(+�C�³5ƝAD%�ŷº1ĳð,2°�¸1îìǙŰ0É6/å5�C�-5;AD

%�wŲǎǙŰ03�+�ŷo1ĳð4Aŷp1ĳð04�+wŲǎ1ǙŰ5Ä 0/(+���³

5;AD%�oĜ�îìǙŰ0Ù CwŲǎǙŰ1�±5ňÛ0/(+?��-5�4(%�ŷº1

ĳð,wŲǎ1ǙŰ589²�,�C5��±0)�+É6/å5�C�-5�4(%� 

� ĸ0�wŴǙ03�CƅĪ-�+2�wŴǙÇơ03�+�ŷo1ĳð,2ÅǙ2Ŧô��ÜĬǙ

2pƢô�1@1/Žŋ/ôĂ5È�Ř�AD�ŷy1ĳð,2Èĕ1�¸1Çô2Ŧô�0/

B�ŷp1ĳð,2�òô�FŘ�C@10/B�ŷº1ĳð,2ôĂ1Ƅ;±E"Főù- C�

ŷo1ĳð4Aŷº1ĳð04�+Žŋ/ôĂ4Aƚǖ/ôĂ6ŭƗ�+�C�-5�4(%�ŴǙ

03�CÅǙ�Çô«5wƜŴǙƜƂ,�CǍǃ1ØŃFĖŖ C-�èǙ-²��ǟǉĿǡ1ǪφǢ�

ĹĜôǡ1Ǫ1Ǣ>ŝǋĿǡǣ: √2Ǣ/.1őùŞ/Ŀœ5Ř�AD+�C�-5;AD%�ŷo1ĳð

4Aŷp1ĳð:,ŴǙ1ǌ�-Ǟ�-=Äǌ/(+�6�ǌ�-Ǟ�1Ŀ2ĹĜôǡ1Ǫ1Ǣ0ƺ�

Ŀœ0/B))�C�-5�4(%�Ǎǃ0)�+�ŷo1ĳð4Aŷº1ĳð04�+ǌ�2ŧ

�/B�Ķ³1ǌƃ�Ǎǃ1ôĂ4AƋ³1ǌƃ�Ǎǃ0/(+�C�³5�C�-5E4(%�

wŴǙ1ÅǙ0Ù CǍǃ1ǙŰ1�±F;C-�ŷo1ĳð,2Ǎǃ5ÅǙ11'40Ǡ|qF

©<C�¸5È�;AD�ŷo1ĳð4Aŷº1ĳð04�+�ÅǙ0Ù CǍǙŰ1�±5ňÛ

0/(+?��-5�4(%�� ��Ş0ƝC-�żª2��-�+ŷo1ĳð4Aŷº1ĳð04

�+�¨Ɓ/ôĂ>Ŀ�4AÈĳ0³41ïŻ1ÝǍFƗ(+�C�-5�4C� 

� :%�qƧ1ƅĪ-żª1Ƥƪ-1ǏƾÿF�Ĩ C�ŷo1ĳð2èǙ-ŴǙ-=0Ɓž/é�

Ï¼ô5Ř�AD+�C�#D2_fIagn/ĹĜôèǙ�¨ƁĜôÜĬF4%'1^HhVn

-�+��Ɔ1őƯ-�+ê�Ŗƣ�D+�CĲăFżª5�ōķƯ/_fIagné�0ƌĐ�+

6%�-Ǐƾ�C-Ǝ2ADC�ŷy1ĳð03�+�èǙ2ƚǖ/é�¼ô,�ŴǙ2¨Ɓ/Ĝô

,�C�-2�1ļǓżª5_fIagné�2ïŻ1ÇôƸǄFłÒ Cƙŕćļ-�+���

-Ǐƾ C-Ǝ2ADC�ŷp1ĳð2���-�+Èĳÿ/ô-ØŃ1Ǐ�5;AD%�#D2�

�1ļǓ�1_fIagné�ô2Çô�ƸǄFłÒ�/��ķĮ1ÿƏFġÉǐ0ũ� C%<

1�fkWb/Ĳă0Ɲ2CķƏŞč±5��FłÒ C�-ƾ¡ C-Ǝ2ADC�ŷº1ĳð0

3�+�é�Ï¼ô2ġ=ƚǖ0/(%�-5E4C�#D2ŗ·�FƈĊ CǆƜ/cM\Tb

-�+1MLSFĿ¹-�+�ïŻ1ǃ¸1ƅ±0�dW\Tb1ƆoŞĲă-ÙĿ�%“ǘƆoŞĲ

ă”FƄ;ƹG,6%�-Ǐƾ�+�C-Ǝ2ADC�Ĥŵ1é�Ï¼ô-#1_j`nQekFƎ×

 C�-,�żª03�Cĳð0@Bé�Ïē�1ÆǁFğA40�%� 

� Ĥŵ,2�żªoř1�Ñ�¸1èǙ¼�ŴǙ¼FĲă Cé�Ï¼ôFĉ���:%#1é�Ï

1_j`nQek1Ǐ��ǙŰǅ�0)�+Ǝ×FƗ(%�øAD%ƅĪFżª1ĳð0Â*6�Ĩ

�%�:%�żªƑAƻ7+�CƤƪ-1ǏƾÿFƎ×�%�#1ƅĪ�é�Ï¼ô1ôĂ>�ĕÏ

Ş/őÿ-�1ƟŌ4Ażª1�Ñ�¸FƝC-�°ĳð1Æǁ>ƾƇÿFğA40�%� 
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���	� xw�m��

�����	� xw�

� ǚÖ�Ƴ6ŦŴ5«ǣĪǙFHŊÄ�J(Ģɒ5ÅË0�0Ĥ°Ć5ťƖ3ù-5®ćM�ĺ

3ĪǙ±ê0&5ȐȍȕMĕɁ!( ���?(ŦŴ5«ǣĪǙ5ǏɂƄńMǂǎ#IɊĢɒƄń3

ƢơMàL%24G�ȯ5ȕŠ����MŦŴĪǙĆª3ƸȀ!.�I���/ŘÄ�J(�Ǐɂ5ÅË0

ȯǢ�0�0ĪǙĢɒƄń5ƃĽ6&5ĵ5ĪǙȐȍ3Āā2IıɔM�1.�I� 
� �ťǚÖ6«ǣ3GÉǿƺ2ĪǙMĕɁ#I4&5ĵ®ć0ȸĞ5Ƀ¶Mëə0#I�03F

HưƛÉǿƺ2ĪǙMŔƑ!(�1960ģ¦3ŷ 5ɚŪ3G�Ɯ�5ǭ�ɜWVb5ǭɝMŊÄ!

&JMȸĞ0ĪǙ5]�dvk0!.ŘÄ!(�&J3G70ģ¦§ɄǳG5Ȑȍȕ0±êMȔŨ#

IɊ3�WVb��pQc�21Ʃǳ3ǧ@Ä!(Y���lMĀ7Ʊ�.�I�0D80ģ¦3�W

Vb�]�dvk4ǈ5ĪǙ5ťƖ5�ĺ3Ǡ@ȧ?JI������f}�pQct�Ze�2į

EG60�0C53ǵæ4�I����ȃį5Ɖǲ5ȵêɂ5$J4WVbMưA�Ɨ��0ȌØ!.�I

�03GǚÖ30+.ĪƦ5�3WVb5ȸĞţƤ4�ə0!.ũɂMȫ00¾3ŁȖÐ�J.

�I�040341I� 
� WVb6t�Ze�Ĥ°ĆƗ��3FHő1I�04/5IƗ���t�Ze�Ĥ°Ć6ǳĝƾ¬ĿMǄ#

ŞĆƺ2įŃ5ǂǎ/�I�?(t�Ze�5ƧĿMȀ#Ş¸/�It�Ze�Ɗ»Ɨ��6Ȁƭ�

JIįŃ5ȄɎ�MȀ#ŞĆƺ2Ĕĩ0!.Ʊ�GJI�t�Ze�5ƃĽ6ƦƮĆ3GɓƂ5±ū

3ǴI?/Ā75ɗø/ÇƱ�J.�I�Ȯįƺ2�c}0ɃLHMō,ĪǙ0j_Q�5ÅȻ/C

�5Ť!�ŞĆƺ2ťƖ4ŮÎ/�I�t�Ze�Ɗ»6³17�I�c|W�2re��Mō,

ƴɒ5�5ǉĨ0ŁÿĿ5Ɯ H¿àMŞȼƺ3ƞJIĔĩ/�I0Ȍ1I ����ťǚÖ30+.

WVb6�ȈÈ/ȄɎ2þÏ/�ƞ/52�0�0Łæ4�IƗ���&JE1�ŁÿĿ�6�WV

b�0�0ǚÖǳȟ4Ʊ�(Ȍǻ5Łæ580,/�I0ǯ1I�04/5I�§�5�03Gǚ

Ö5±ê328IĢɒįŃ5ǉĨ0WVb05Ɯà5ËàMǄ#Ĕĩ0!.t�Ze�Ɗ»MƱ�I

�04/5I0ľLJI�t�Ze�Ɗ»4 10�056ðį#<.5ȵÅ32�.ǉĨ)+.�I

�0MŎ!ǉĨ0WVb4Ɯà#I�03F+.t�Ze�Ɗ»6 2ɜx�Qk�pQcɝ3Ȩ

-�.�7�u�R��pQc5t�Ze�Ɗ»61.55åȦ/�I��51.50�0¸6�ȘÀ3

ǉĨ0WVb4=>ǖȼ$,ã?J.�IƨŃMŎ!.�I�,?Ht�Ze�5¸4ā5�=1

WVb4ǉĨ5�3FHĀ7ã?J.�I0ǯ1GJI����  
� ŴǓ6t�Ze�ȋŸ3FHt�Ze�Ɗ»MƱ�ǚÖ5®ć±ê328IĢɒįŃ5ǉĨ

0WVb05Ɯà5ËàMŞȼƺ3Ȁ!Ȑȍȕ580,/�I�WVb�5ƭÄMĢɒð32�.

ő1I�0MƼƺ0#I�¿¯ƺ36ǚÖ5®ć±ê328IĢɒð5ÀȵįŃØ9ÿį&J'J

3Ǆ�J(��f}�Mt�Ze�Ɗ»3F+.ŞȼÐ!&�3ƭLJIǉĨ0WVb05Ɯà5

ËàMǗÄ#I�?(&5ǢŹMǚÖ5ƅī05Ƀ¶/ÅŸ!ßƅī5ƧĹ0ǚÖ5Ȑȍľŀ05

ɃȯĿMƀȎ#I��J3F+.ǚÖ5ȐȍņƖ3Đ!.Ť(2ǀȇ5�,MÍ1I�0MƼƺ0

#I� 
�  
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�����	� {}Y��gp�

� ǚÖ6�®ć6ǺǾ/�I�0Ȫ<.�IF03ưƛ®ć3ƧÆ2ŀ�Mŉ�(ĪǙČ/�H

ĪǙa��m�c}3ƸȀ!(Ċ±ǥŞ 43 ±ê50*38 4®ć/�I�?(ǚÖ6®ćMȐȍ

#IɊ3��Ǐɂ�D��ċɜĥɂɝ���əMȀƭ!(Ǐɂ�0�0ȌǻƗ	�/®ć±ê328I

ŭCȺȆ2]�dvk5ǏɂMȀƭ!.�I�§�5�03G�ǏɂMȀƭ!.�IĢɒ5įŃƺ

2ȀƭMÅŸ#I�06ǚÖ5ĪǙľŀMŨG33#I�/ȺȆ2ņ43H32I0ǯ1GJI�

ŴǓ/6ǚÖ5½ 38 ®ć±ê328I��Ǐɂ�4�IɈ5ĢɒðƗ
�MŊÄ!&JG5Ģɒð

ɜĢɒįŃɝMĐȘ0!.ɜȀ3-1ɝÅŸMǽ0� 
� ŴǓ6ǚÖ5®ć±ê5ĢɒįŃ3ƗƼ!Ģɒ328IÀȵ2F9ÿį3Ǆ�J(��f}�

Mt�Ze�ȋŸ3FHt�Z��Ɗ»MƱ�ŞȼÐ#I�0/ǚÖ5®ć±ê5ĢɒįŃ3

28IǉĨ0WVb05Ɯà5ËàMǯĎ#I��G3Z�be�ÅŸ0ßƅī3FIÅŸM�ǽ

!.ǽ��ǢŹMàL%.ǯĎ#I�ß±ê315F02ɃȯĿ4�I53Ǖ�5ƅī3GǕì

5ƅī;15F03þȴ!.5(53MȐȍȕ5�ĺ5�,/�I�WVb�5ŞȼÐ3FHƀȎ

!ǚÖ5ȐȍņƖ5�ǔMŨG33#I� 
� ?$2 ǘ32�.t�Ze�ȋŸ5�ǌ/�Ib\��þřȋŸ3FHt�Ze�Ɗ»MƱ

�ǚÖ538®ć±ê&J'JĢɒ328IÀȵ2F9ÿį3Ǆ�J(��f}�MǗÄ#I� 

� Ɗ33ǘ32�.2ǘ/ķ(j�eMù3Z�be�ÅŸ0ßƅī3FIÅŸM�ǽ!.ǽ�

�ǢŹMàL%.ǯĎ#I�0/ǚÖ5®ć±ê5ĢɒįŃ5ƧĹMŇŚ!ĳ5ȐȍņƖ0Ȑȍ

�ə5Ƀ¶MŨG33#I� 
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���	� ]�`a�
��36)22~D�

�����	� &$85=d�j�

� ƐŠĆǰ5H.E. q�bk(Harold Edwin Hurst)6ƝĩDƏó5þÏ3GƟ5Ɛƕę5ƚÄű5

ģȥ215ǳƣƵ5þÐMq�bkŎŞƗ��0ç7JIŎŞ3F+.ȍǗ!(�b\��þřȋŸ0

ç7JIťƖM²+(5/�I�&J6ƐĢȡɜũɂȡɝ328I©Ł5ŌāDǩĒ3FIıɔM

Û82�(B/�I�b\��þřȋŸ6ǳƣƵ5�c}DO�kĪǙ5Ƅð215t�Ze�Ɗ

»Mƞĉ#I(B5ťƖ/�I�W�� �y��P�ɜCarl Bovillɝ6q�bkŎŞ (H)0t�Ze�

Ɗ»ɜDɝ5ɂ36Ɗ5Ƀ¶4ńHǒ,�0MȪ<.�I� 

� � � � � � � � � � � � � � � � � � D=2−H � � � � � � � � � �  

� ŴǓ6�ȏ3ù-5ÅŸMǽ0�¿¯ƺ2ņɖ6§�5F03Ǆ#� 

(1) ĐȘ02It�Ov��MX�Y�ťâ&J'J[�hlÐ#I�  

(2) [�hl3Gž[�tM±I�03F+.ý5ɂ5$JMt�Ze��pQcūǦ0!.Ȁ#� 

(3) ±ń!(t�Ze��pQcūǦ3Gb\��þřȋŸFHq�bkŎŞɜHɝMƞĉ#I� 

(4) ƞĉ�J(q�bkŎŞɜHɝ3Gt�Ze�Ɗ»ɜDɝMƑBI� 

� ÉȪ5F03t�Ze�Ɗ»4 13Ȩ-�.�70�056ĢɒįŃ4ǉĨƺ32+.�I�0

MŎ!ǉĨ0WVb4Ɯà#I�03F+.t�Ze�Ɗ»6 2ɜx�Qk�pQcɝ3Ȩ-�

.�7�u�R��pQc5t�Ze�Ɗ»61.55åȦ/�I��51.50�0¸6ĢɒįŃ5�

3ǉĨ0WVb4=>ǖȼ$,ã?J.�IƨŃMŎ!.�I�,?Ht�Ze�Ɗ»5¸4ā5

�=1WVb4ǉĨ5�3FHĀ7ã?J.�I0ǯ1GJI��  
� §�/6�ȏ5ÅŸťƖMǚÖ5®ć±ê5ĢɒįŃ5ÅŸ3ȳƱ#Iûà3,�.Ȫ<I�&

5ɊŴǂǎ328IǂǎĐȘ5ɠ,/�I�áƾ5ȗ�MÅŸ³0!.ÚHŏ9&5ĢɒįŃ5

t�Ze�Ɗ»MĊɊ3ƑBIƅMǄ#� 
�

�����	� ]�`a�2�u�

ɠɝv��n�[�[�hlÐ 
� ǚÖ6�WVb�4�ɐĩ5ƉŽ�3ưèM�1Ɖǲƺȵêɂ5$J4�WVb�MưA0�0

ȓȖMǄ!.�IƗ���?(�ź&J0Ǡ@àL%(ťŵ�I�6ý&J'J4Åŋ!.�I

Ɖǲ§ÿ5Łæ4ƭJI�0MŒɇ!(�&JG6ȃį5�Ʀ32IƉŽ5ȵê5ĲË0á"�1)

0�0ȌØ4�I�&JE1ǚÖ5®ć±ê328IĢɒįŃ32�.ċ5ÅË5ĲËMŋ0ýM

Ɖǲ5ȵêɜƄń5ȵêɝ5�,0!.ÚHÄ#�&5ý5ɂɉ5$J6ǚÖ5]�dvk5�,

/�I�WVb�5ƭÄ3Ǫ4I0ǯ1GJI�&�/ŴǓ6Ģɒð32�.ýƗ)�MX�Y�ťâ

3Gő1ý5ȹ�J.�IǬMC03 X�Y�ťâ5v��n�[�[�hlM±ń!±ń!

(v��n�[�[�hl5ɂɉ5�ȯ5ĜM��f}�0#I�¿¯ƺ36�áƾ5ȗ�M³0!

.ɜð 3-1ɝ?$Xťâ3ýMě3GÝ?/ɖƶ3ĢǽǦMĬ�.[�hlM±H[�hl5ƶ

ÞMɜX1~X11ɝ,8I�Ɗ3 Y ťâCá"F03�3G�?/ɖƶ3ĢǽǦMĬ�.[�hlM±

H[�hl5ƶÞMɜY1~Y6ɝ,8I��0!.@I0X�Y �ťâ328Iý5ɂɉ6�? 
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?2ďƖ4Ǡ@àL�+.ĢɒįŃMƄń!.�I�04L3I�ð3-16�áƾ5ȗ�5ý5ȹǬ

3ù-�(Ȑȍv��3àL%.Ĭ�(X�Y�ťâ5v��n�[�[�hl/�I� 

ɡɝt�Ze��pQcūǦ5ŊÄ�

� �ȏ5F03±ń!( X�Y�ťâ5v��n�[�[�hlMàL%ð 3-25�5F03ƐĢ

ȡ6[�hl5ƶÞ0!ɜǖɂɉ/Ǆ#ɝöƽȡ6ý5ȹ�JIǬ3ù-�.Ĭ�(X�Y�ťâ

5[�hl&J'J5Ɍŕ#IĢǽǦ5ɂɉ5ȿ�0!&JGMɖƶ3�<ž[�tM±I�Ɗ

3ð 3-2 5�5F03ž[�t3Gt�Ze��pQcūǦ3þř#I�&J6ƐĢȡ6[�hl

ƶÞ0!öƽȡ6[�hl5Ɍŕ#IǦ5ɂɉ5ȿ�0!ž[�t5�ȵ5�ơMǢN)ňJǦ

[�t02I��5ž[�t3FIɈƌɃŞƗ�	�6&5t�Ze��pQcūǦ5q�bkŎŞMƓĉ

#I�&5(B3b\���řȋŸMĻȆ0#Iɜ[�t5ž5ġ5Ă�6b\���řȋŸ3ıɔ

2!ɝ� 
 

P3-1� �Mz2�	2Q��!���136.6#7#4*-2?b 
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P3-2 l#30�:��03"(574'2h��;�2?b�

 

ɢɝq�bkŎŞɜHɝ0t�Ze�Ɗ»ɜDɝ5ƞĉ 

� b\���řȋŸ/6þÏūǦ328Iŭā5þÏġ3ƿƼ#I�ð 3-3 3Ǆ!.�IF03�

ȏ3ù-5±ń!(Ǐɂ5þÏūǦ328IƐĢȡ5b\��M 11/21/41/8 ǖÅ3&J'JÅ

Ë#I�&!.Ȁ 3-2 6ÅË�J(ūǦ5ŭā¸0ŭĒ¸5ĜƷ5Ģõ¸MǄ!(C5/�I�q

�bkŎŞ6ƑB(ĜƷ0ƐĢȡ5b\��M�ĐŞ[�t3v�hk#I�03F+.Ɠĉ�J

IɜȀ3-3ɝ�ð3-45F03íğÅŸƗ���3FI�JG5j�e5ǢŹMȀ#53ŭCĮ.6?IƽǦ

ɜ,?HíğƽǦɝMƓĉ#I�íğƽǦ5º54q�bkŎŞɜHɝ02I� 

� ð 3-43GķGJIj�e5�ĐŞ[�t3FIíğƽǦ5º56 0.4202I�!(4+.q�

bkŎŞ 
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                        Hɤ0.42� � � 0Ŗĉ�JI� 

� ¼3Ȫ<(F03q�bkŎŞɜHɝ0t�Ze�Ɗ»ɜDɝ5ɂ36 

� � � � � � � � � � � � D=2−H � � � � � � � � � � � � � � � �  

� 5Ƀ¶4ńHǒ,5/�ȏ5ǢŹFH 

� � � �                 D=2−H=2−0.42=1.58� � 0ƑBGJI� 

� #2L*�áƾ5ȗ�5ÀȵǏɂ328I��f}�61.580ǗÄ�JI� 
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P3-3 l#30�:��03"(574'2h��;�2?b 
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� ÀȵǏɂ0ÿȵǏɂ5üƵ/�IĪƦ5ȥȶ6ȺȆ2ĲËMŋ+.�I�&JE1LJLJ6�

? ?2įŃ5ƄȮMƮȋ!F00#I05&5įŃMÙBIüƵǦMÅŸ#IĻȆ4�I�Àȵ

ǏɂMÚHï@3,ÿȵƯü0ÀȵMĬ5ɏ#ÿį6j_Q�5�/ȺȆ0ǯ1GJI3G/�

I� 

� &�/ŴǓ/6ǚÖ5®ć±ê328Iÿį3ƭJIǉĨ0��f}CÅŸ�ƀȎ#I�&5

(B?$6ĢɒÿįMð3-53Ǆ!.�IF03[�hlÐ!ž[�tM±I� 

� Ɗ36�ȏ5ÀȵǏɂ5ÅŸťƖ3ù-5áƅ5±ƁMǽ0� 
�

�

�

�

�

P3-5 �Mz2�	2S`�
��136.6#7#4*-�Z��l#30�I�2?b 
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�����	�03"(5oA2rW�k�

� Ȁ3-46ßǂǎĐȘ/�I385®ć±ê5Àȵ0ÿį3Ȁƭ�J(t�Ze��pQcūǦ3FI

&J'J5q�bkŎŞɜHɝØ9t�Ze�Ɗ»ɜDɝ5ƞĉ¸5�ȉ/�I� 

 
�3-4 /8&,ce�H�H403"(5oA�D�2rW@29� 
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���	�"3&(8Ej
�4n_Ej�

�����	�gp�

� � ŴǓ6ÉǓ/ǗÄ!(t�Ze�Ɗ»/Ȁ�JI��f}�MC03Z�be�ÅŸØ9ƅī3

FIÅŸM&J'Jǽ0�?(ķGJ(�ǢŹMȺ4àL%.ǯĎ#I��

� Z�be�ÅŸ6 wardƖƗ���3FIƆƠ��Z�hlȝɏMœƱ!(�ð 3-63ÅŸǢŹMǂǎĐ

Ș5ƶÞ0¾3Ǆ#�?(ð 3-8 36Z�be�ÅŸ0t�Ze�Ɗ»5Àȵ0ÿį5¸M&J'J

Ǆ#�Ƈȡ6ÿį328It�Ze�Ɗ»Ǩȡ6Àȵ328It�Ze�Ɗ»MǄ#� 

� ƅīÅŸ6ǚÖ4ǳG±êM 4,5ƅī3Å8.�I�03ù-5ÅŸMǽ0�ð 3-936ßƅī

5±ê328It�Ze�Ɗ»5Àȵ0ÿį5¸MǄ!ð3-1036ƅī0t�Ze�Ɗ»5Àȵ0

ÿį5¸M&J'JǄ#�Ƈȡ6ÿį328It�Ze�Ɗ»Ǩȡ6Àȵ328It�Ze�Ɗ»

MǄ#� 

 

�����	��k��X 

ɠɝZ�be�ÅŸ5ǢŹ 

� ð 3-7FHā?33 4,5Z�be�4įń�J(�Z�be��03ßǂǎĐȘ5t�Ze�

Ɗ»5¸5Åŝ5ºâ2F9á"Z�be�3Ė#I±ê3¾ȭ!(ĢɒįŃ5ƧĹMŊÄ#I� 

� Z�be�ɠ6ÿį328It�Ze�Ɗ»5¸61.143G1.46ɜ�ô5Č�§ÿ½ȵ1.3§�32

IɝÀȵ328It�Ze�Ɗ»5¸61.083G1.465ɂ3Åŝ#I�Z�be�13Ė#IĀŞ5

±ê5ƧĹ6�òɂ5Č�ɜð 3-8ɝ3Ǆ�JIF03ÿį½¯5ȥȶ6ǁį3Ȩ�ÔǞ2įŃMC

*ÿį3ƭJIWVb6ē2��Àȵ36�Ĵ5ďƖ4ǫHȩ!.Ʊ�GJÀȵ3ƭJIWVb

Cē2���5�03GZ�be�ɠ32�.±ê5Àȵ0ÿį0C3ǉĨƺ/�I0Ȍ1I� 

� Z�be�26ÿį328It�Ze�Ɗ»5¸6 1.333G 1.45Àȵ328It�Ze�Ɗ»5

¸61.373G1.635ɂ3Åŝ#I�Z�be�23Ė#IĀŞ5±ê5ƧĹ6�ƽť¯5ſ�ɜð3-8ɝ

3Ǆ�J.�IF03ÿį5ȥȶ6ȵÅƺ3ÃÂMō*ÿį3ƭJIWVb4Ā72I�Àȵ6

ý5ɂɉ5$J4DD��f}32HÀȵ3ƭJIWVbCĀ72I��5�03GZ�be�2

32�.±ê5ÿį0Àȵ0C3WVbƺ2ºâ4ȇGJI� 

� Z�be�36ÿį328It�Ze�Ɗ»5¸6 1.533G 1.74Àȵ328It�Ze�Ɗ»5

¸6 1.403G 1.725ɂ3Åŝ#I�Z�be�33Ė#IĀŞ5±ê5ƧĹ6�ŷƬę5®ć�ɜð

3-8ɝ3Ǆ�J.�IF03ÿį6ÃÂMō,ȥȶ5ȄɎ2įŃ/�HÀȵ5ý5ɂɉ5$JC�

G3��f}32HŢťâ3ȹ�J.�IýCȇGJÿį0Àȵ0C3ŭCĀ7WVb4ƭJ.

�I��5�03GZ�be�3 32�.±êÿį0Àȵ0C3ŭCWVbƺ2įŃ32+.

�I�04L3I� 

� Z�be�46ÿį328It�Ze�Ɗ»5¸6 1.003G 1.04Àȵ328It�Ze�Ɗ»5

¸6 1.333G 1.575ɂ3Åŝ#I�Z�be�43Ė#IĀŞ5±ê5ƧĹ6�ů·�N5Č�ɜð

3-8ɝ3Ǆ�J.�IF03ÿį6ÔǞ2ǁįȥȶ32+.�I��J3Đ!.Àȵ5ý5ɂɉ5

$J4DD��f}32Ht�Ze�Ɗ»41.55åȦ32+.�I��5�03GZ�be�4
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32�.±ê5ÿį6ǉĨMō+.�I4Àȵ6ǉĨ0WVb4=>áȼ$,Ɯ"Hà+(ƨŃ

/�I0Ȍ1I� 

� ?(1954ģ5��Ņė5Č�3G 1968ģ5�ǹėÓ5Č�?/1976ģ5��ÖȭH5®ć�

3G1982ģ5�ŷƬę]�v�hZb�?/5ĀŞ5±ê4Z�be�ɠ0Z�be�43Ė!ÿ

į0Àȵ0C3ǉĨƺ/�I�04L3I��ť 1967ģ5�ė÷�N5Č�3G 1976ģ5�ǜĘ5

Č�?/1984 ģ5�qRb� Q�� �]q{�3G 1988 ģ5�i�~Q�qRb�?/5ĀŞ5

±ê4Z�be�20Z�be�33Ė!ÿį0Àȵ0C3WVbƺ/�I�04L3I�Ȁ53ş

Ʈ!(C53GǄ�JI�06ģ¦ƺ3@I0ǚÖ5®ć±ê5ĢɒįŃ6ǉĨƺDDWVb

ƺDDǉĨƺWVbƺ0�0þȴ4ȇGJI� 
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ɡɝƅīÅŸ5ǢŹ 

� ð3-9FHƅī�03ßǂǎĐȘ5t�Ze�Ɗ»5¸5Åŝ5ºâMƍȣÅŸ#I� 

� Ǖ�5ƅī6ÿį328It�Ze�Ɗ»5¸61.003G1.59Àȵ328It�Ze�Ɗ»5

¸61.083G1.625ɂ3Åŝ#I�ĀŞ5±ê6�ƹ5Č�ɜð3-8ɝ3Ǆ�JIF03ǁį3Ȩ�

ÔǞ2ȥȶMō*ǁį�Ȧ3&J'JĢǽ2ŞŴ5ƽ�ƽǦMÀȵ3ȜG%(Żąƨ5ĢɒƄń

02+.�I�?(15±ê50* 13±ê5ÿįØ9Àȵ5t�Ze�Ɗ»5¸6 1.5§�/�I�

,?HǕ�5ƅī32�.ÿį0Àȵ0C3ǉĨƺ/�I�04L3I� 

� Ǖ�5ƅī6ÿį328It�Ze�Ɗ»5¸61.023G1.74Àȵ328It�Ze�Ɗ»5

¸61.423G1.725ɂ3Åŝ#I�ĀŞ5±ê5ƧĹ6�ŲĈ5Č�ɜð3-8ɝ3Ǆ�JIF03ȵ

Åƺ2ÃÂMō,Ģɒȥȶ/�HÀȵ6ý5ɂɉ5$J4��f}02+.�I�?(ÿį32

8I10±ê50*7±ê5t�Ze�Ɗ»5¸41.4§�Àȵ68±ê5t�Ze�Ɗ»5¸41.5

§�/�I��5�03GǕ�5ƅī32�.ÿį0Àȵ0C3WVb4FHĀ7ƭÄ!.�I

�04L3I� 

� Ǖ�5ƅī6ÿį328It�Ze�Ɗ»5¸41.003G1.615ɂ3Åŝ#I410±ê50*

9±ê5¸4 1.4§�/�I�Àȵ328It�Ze�Ɗ»5¸6 1.333G 1.575ɂ3Åŝ#I�Ā

Ş5±ê5ƧĹ6��ÖȭH5®ć�ɜð 3-8ɝ3Ǆ�JIF03ÿį6ǁį3Ȩ�ÔǞ2ȥȶMō

*Àȵ5ý5ɂɉ5$J6DD��f}32+.�I��5�03GǕ�5ƅī32�.ÿį

6ǉĨƺ2ºâ4�HÀȵ6ǉĨ0WVb4=>áȼ$,Ɯ"Hà+(ƨŃ/�I�04L3I� 

� Ǖì5ƅī6±ê5Ş4ē2�4½±ê5ÿį5t�Ze�Ɗ»41.4§�Àȵ41.5§�/

�I�±ê5ƧĹ6�i�~Q�qRb�ɜð 3-8ɝ3Ǆ�JIF03ÿį0Àȵ0C3ŢǦDū

Ǧ5ýMō*ƽǦȡMňJI21ȄɎĿD��f}Ŀ4ȇGJI��5�03GǕì5ƅī3

2�.ÿį0Àȵ0CWVbƺ2ƨŃ/�I�04L3I� 

� §�5�03GǕ�5ƅī3GǕ�5ƅī;ǉĨ)+.�IĢɒįŃ3GWVbƺ2įŃ;Ǌ

ǽ!.�Iºâ4@GJI�Ǖ�5ƅī3GǕ�5ƅī;Ģɒÿį6WVbƺ2ƨŃ3GÁ9ǉĨ

ƺ32HÀȵCǕ�5ƅīFHǉĨƺ/�Iºâ4@GJI�Ǖ�5ƅī3GǕì5ƅī;�G

3WVbƺ32+.�Iºâ4ȇGJI�§�5�03GǕ�5ƅī3GǕì5ƅī338.ǚ

Ö5®ć±ê5Ģɒ328IǉĨ0WVb5Ƅń4ŨG332+(� 
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ɢɝZ�be�ÅŸ0ƅīÅŸ 

� Ȁ3-5FHZ�be�ÅŸ0ƅīÅŸM�ǽ!.ǽ��ǢŹMȺ4àL%.ǯĎ#I� 

� Ǖ�5ƅī5ĵŰ5±ê/�I�ė÷�N5Č��ȾĦ�N5Č�6ĀŞ5Ǖ�5ƅī5±ê0á

ƅ3Z�be�2�33Ė!Ǖ�5ƅī0ȯǤ#IįŃ02+.�I�04L3I� 

� Ǖ�5ƅī5ÉŰ5±ê/�I�Ȣ�ƔŧȲ5®ć��ǜĘ5®ć�CĀŞ5Ǖ�5ƅī5±ê0

áƅ3Z�be�2�33Ė!Ǖ�5ƅī0ȯǤ!.�I�04L3I� 

� §�5�03G®ć±ê328IĢɒįŃ3ƭJ(WVb0�0Ȋơ3GȇI0ǚÖǳGÅ8

Iƅī5üƵ3&51*G3Cã?JI±ê4�I�04L3I� 

�

���	���� 

� ŴǓ6Ȑȍȕ5�ĺ/�I�WVb�580,5Ȇǟ���f}3FIWVb�3ƗƼ!ĢɒįŃ32

8IƭJ(ǉĨ0WVb5Ɯà5ËàMt�Ze�Ĥ°ĆȋŸ3FHŞȼÐ!ķGJ(¸MZ�be�Å

Ÿ2G93ƅī3FIÅŸMǽ+(�&5ǢŹZ�be�ɠ32�.±ê5Àȵ0ÿį0C3ǉĨƺ/

�I0Ȍ1I�Z�be�232�.±ê5ÿį0Àȵ0C3WVbƺ2ºâ4ȇGJI�Z�be�3

32�.±êÿį0Àȵ0C3ŭCWVbƺ2įŃ32+.�I�04L3I�Z�be�432�.

±ê5ÿį6ǉĨMō+.�I4Àȵ6ǉĨ0WVb4=>áȼ$,Ɯ"Hà+(ƨŃ/�I0Ȍ1I�

?(1954ģ5��Ņė5Č�3G1968ģ5�ǹėÓ5Č�?/1976ģ5��ÖȭH5®ć�3G1982

ģ5�ŷƬę]�v�hZb�?/5ĀŞ5±ê4Z�be�ɠ0Z�be�43Ė!ÿį0Àȵ0C3

ǉĨƺ/�I�04L3I��ť1967ģ5�ė÷�N5Č�3G1976ģ5�ǜĘ5Č�?/1984ģ5�q

Rb� Q�� �]q{�3G1988ģ5�i�~Q�qRb�?/5ĀŞ5±ê4Z�be�20Z�be�

33Ė!ÿį0Àȵ0C3WVbƺ/�I�04L3I�ģ¦ƺ3@I0ǚÖ5®ć±ê5ĢɒįŃ6

ǉĨƺDDWVbƺDDǉĨƺWVbƺ0�0þȴ4ȇGJI��ťƅī3GȇI0Ǖ�5ƅī

32�.ÿį0Àȵ0C3ǉĨƺ/�I�04L3I�Ǖ�5ƅī32�.ÿį0Àȵ0C3WVb4

FHĀ7ƭÄ!.�I�04L3I�Ǖ�5ƅī32�.ÿį6ǉĨƺ2ºâ4�HÀȵ6ǉĨ0WV

b4=>áȼ$,Ɯ"Hà+(ƨŃ/�I�04L3I�Ǖì5ƅī32�.ÿį0Àȵ0CWVbƺ2

ƨŃ/�I�04L3I�§�5�03GǕ�5ƅī3GǕ�5ƅī;ǉĨ)+.�IĢɒįŃ3GW

Vbƺ2įŃ;Ǌǽ!.�Iºâ4@GJI�Ǖ�5ƅī3GǕ�5ƅī;Ģɒÿį6WVbƺ2ƨŃ3

GÁ9ǉĨƺ32HÀȵCǕ�5ƅīFHǉĨƺ/�Iºâ4@GJI�Ǖ�5ƅī3GǕì5ƅī;

�G3WVbƺ32+.�Iºâ4ȇGJI�§�5�03GǕ�5ƅī3GǕì5ƅī338.ǚÖ

5®ć±ê5Ģɒ328IǉĨ0WVb5Ƅń4ŨG332+(�?(Z�be�ÅŸ0ƅīÅŸMàL

%.ȇI0Ǖ�5ƅī5ĵŰ5±ê/�I�ė÷�N5Č��ȾĦ�N5Č�6ĀŞ5Ǖ�5ƅī5±

ê0áƅ3Z�be�2�33Ė!Ǖ�5ƅī0ȯǤ#IįŃ02+.�I�04L3I�Ǖ�5ƅī5É

Ű5±ê/�I�Ȣ�ƔŧȲ5®ć��ǜĘ5®ć�CĀŞ5Ǖ�5ƅī5±ê0áƅ3Z�be�2�3

3Ė!Ǖ�5ƅī0ȯǤ!.�I�04L3I� 

� §�5�03G®ć±ê328IĢɒįŃ3ƭJ(WVb0�0Ȋơ3GȇI0ǚÖǳGÅ8Iƅī

5üƵ3&51*G3Cã?JI±ê4�I�04L3I� 
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� ?(Z�be�ÅŸ0ƅīÅŸ5ÅŸǢŹMȞ?1&JG0ǚÖǳȟ5Ȑȍ]�dvk05Ƀ

ȯMǯĎ#I� 

� 1954 ģ3G 1960 ģ¦ų338.5Ǖ�5ƅī6ŦŴ5«ǣ0Đļ!ÔǞ3,ǉĨ2Ģɒ02

+.�I�04L3I�&J6ǚÖ4ƎČDŬɆȮ3ƗƼ!,,�®ć6ÖÈƺ3Ē��Ǐɂ)3

GŭāɅ5ÔǞÐ3F+.ĭ�Ȁƭ5ƄńMƫķ#<5)�1)05ȌØ0Ƀȯ!.�I0ǯ1GJ

I�1970ģ¦ÉÒ5Ǖ�5ƅī6Ǖ�5ƅī5ÔǞ2ǁįȥȶ3GȵÅƺ2ÃÂMō,ȥȶ5Ģɒ

3þLI��5�06“Y��u5Ƈţ” 1)0�0ȌØ0Ƀȯ#I0ǯ1GJI�Ģɒ�5ý5ȹǬ4

ŦŴƺ2ÅË3GɏJǳƲĩMķI�06ȅƋ�fnc}0�ł!“¡Ě5ǳƣ” 1)0�0]�d

vkMŘÄ#I�00Ƀȯ#I0ǯ1GJI�1970 ģ¦ĵÒ3G 1980 ģ¦5ɘ338.5Ǖ�5ƅ

ī6“ƉŽ”“Ȼư”0�0 1)�ə3Đļ!ÿį5įŃ6Á9ǉĨƺ32I4Àȵ36ǉĨ0WV

b4=>áȼ3Ɯà�J(C502+.�I�&J6ȸĞ5WVb0Đļ#I(B3“ǃ32Ƅń

5�3�ǃ32�Ʀ4ƭJI” 1)0�0]�dvk0Ƀȯ!.�I0ǯ1GJI�1980 ģ¦ĵÒ5Ǖì

5ƅī6Ƅń5“ɑǣ�Ŀ” 1)MȀƭ!“WVb”�“�f��oZbk” 1)0�0�ə3Đļ�%I(B

3ÿį0Àȵ0C3ȄɎFHWVbƺ2ƨŃ32+.�I0ǯ1GJI� 

� ?(ǚÖ5®ć±ê5ĢɒįŃ3ƭJ(WVb3FHǚÖ5ƅī5üƵMǢ9,8I±ê4�

I�04L3+(� 

� ŴǓ/6ǚÖ�Ƴ5®ć±ê5��Ǐɂ�4�IɈ5Ģɒð32�.t�Ze�ȋŸ3FHý

5ɂɉ5$J3ù-5ÀȵǏɂ2F9ÿį5��f}�MǗÄ!(�&5ǢŹMZ�be�ÅŸ0ƅ

īÅŸ/ǯĎ#I�03FHĢɒįŃ3ƭÄ!(ǉĨ0WVb05Ɯà5ËàMŞȼƺ3Ǆ#�0

/ǚÖ5®ć±ê328I�WVb�5ƭÄMő1(�?(ǚÖǳG4Ȫ<.�IȐȍľŀ0ǉ

Ĩ0WVb5ɃȯĿMǯĎ#I�0/ǚÖ5®ć5ĢɒįŃ328IȐȍņƖ5�ǔMŨG33!

(� 
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Ɨ1ɝ� �źż�I�6ǑƄń5ȵê3¥ƿ!.�I“ŦĠ5Łæ”MÊ6ÚHţƤÐ�J

(ȃį5Ɖǲ5ȵêMŕà!(½¯M“ɐĩ5ƉŽ”0çN)��5ȂǬ3Ǳ¯0ÌM�1

IÏ5MWVb4ŋ0�ȃį5Ɖǲ5ȵêɂ5$J4WVbMư@&5ȂǬǏɂ3ƘĿ

M�1I��×ǯŠƪ1)p.342 

Ɨ2ɝ� t�Ze�Ĥ°Ć6j�yO��Q��ɜduBois Reymondɝ41875ģ3�QT�`�

k�bɜWeierstrass; 3,39,41Ǔɝ3FIȯǤ/ǴI0�KĸÅ�Üǲ2ɃŞ3,�.úä!

(�03Ą?IŞĆ5ÕƉ5ĵŤ!�ƙư!(�,5Ŝƚ25/�I�up��{�j

�u�ɜBenoit B. Mandelbrotɝ3FJ7t�Ze�06qRbl�t�w`]shgƊ

»4kz�aW�2Ɗ»FHā572Iɍà/�I�ɑşŞƊ»Mō,`bi}MȀ#

C50!.t�Ze�0�0ȌǻM,7HÄ!(�×ǯŠƪ5)p.15 

Ɨ3ɝ� ǛÔ2ȈÈ3Ŝȹ�J(�ȈÈ2ŐÏ4�Hǳĝƾ¬2ƄȮ3FHt�Ze�Ɗ»

Mō,ƭȘMWVb0ç:�t�Ze�6WVbƺɏŝÌĆǝ5Ȭ5v�db3Gư?

JI�0/�I�×ǯŠƪ6) 

Ɨ4ɝ� ĶŶ�Ƕƺ3Ʊ�GJ.5(ǏɂƊ»6ơ0!.5ɟƊ»Ǧ0!.5 1Ɗ»ɒ0

!.5 2Ɗ»&!.ǒ¯0!.5 3Ɗ»0�+( 4,5Ɗ»/�I��J3Đ!t�

Ze�Ɗ»61.4�I�61.70�+(ɑşŞƊ»M0I� 

Ɨ5ɝ� ǚÖ6�WVb5ƅƾM¯Ȁ#IȌǻ6ȄɎ�0�LJI4&5‘ȄɎ�’M‘ÔǞ2Ƅ

ń’M£!.Ȁƭ#I�03ǈ6Ƀĺ4�I�0ȌØ!.�I�×ǯŠƪ 1)p.9�?(�W

VbƭȘ6�ƞ/523+(�J4ǐƣƭJI�0ȀŨ!.�I�×ǯŠƪ1)p.290  

Ɨ6ɝ� �ǈ5®ć5ûàȐȍ5�ə0�1IC54Ģɒ5�ă3Ǭ#Iĥɂɜǈ6�ċ0

çN/�Iɝ3ɍ�!.�I�×ǯŠƪ7) p.11 

Ɨ7ɝ� ŴǍ3Ʊ�GJIĢɒð6½.�ǚÖ�Ƴ� ®ćðɒ�ɜİñǅ, 2008ɝ3ŗȤ�J.�I

C5/�I�×ǯŠƪ7) 

Ɨ8ɝ� q�bkŎŞ6ƐŠĆǰ5H.E. q�bk(Harold Edwin Hurst)3FIŘÄ�J(�ĳ6m

Q�ę5f}5v�aSZk3śLIɊq�bkŎŞMƱ�ę5ßģ5ƚȼþÐMȒ

´!(�R/SȋŸ0�0v�db3Gđ7�04/5I�R(d)6dģɂMŜɋ27ȱ�#(

B3șƐƒ4¹1I<5čȼ/�I�q�bk6R(d)Mb\���[îąS (d)/ËH§

�5Şī/q�bkŎŞMȍǗ!(� 

� � � � R(d) /S(d) = c ×dH 

()!H6q�bkŎŞc6ĉŞd6ȊĎģɂ 

Ɨ9ɝ� ŴǍ/6½.5ǂǎĐȘ328Iý5ȭHǸ3ù-5ĢǽǦMĬ7�?(�ð5F0

3ŢǦ5ý5ûà6�ǔơ&J'JMX�Y�ťâ3GĢǽǦ 2ŴMĬ7�ūǦ5ý5û

à6�ǔơ&J'JX�YťâĢǽǦɡŴMĬ7��G3Xťâ5ɕơMÚHĢǽǦ 1

ŴMĬ5Y�ťâ5ɕơMÚHĢǽǦɠŴMĬ7� 
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Ɨ10ɝ� �IɃŞM[�t3F+.Ȁƭ!(05ɞ&J4Ɉƌƨ32IɃŞM�0�XRb5ȏÞ

ɥ x ɦ( x M�12�ŭā5şŞMǄ!ɞħɃŞ0C�0) MƱ�(ɃŞ216ɞɈƌɃŞ

/�I�Ɉƌƨ5[�tMC,ĊɊ�5³0!.6ɞȷµƦ5Ƽť0šȽɞ�Ƞȝɏ0Ȱ

Ț214�I�ɈƌɃŞ6ɞFH�Ƕƺ36ɞŞƽǦ�3ɀÑɂ [a, b] Mǯ1ɞ&5Ñɂ

32�. 2,$,4¾ȭơMC(2�F02ȵÅÑɂ;5ÅËMǽ005ɞ�JG5ßÑ

ɂ5�/6ĉŞ02IF02ɃŞɞ0!.ĉǮ/5I� 

Ɨ11ɝ� Āþȼ5Ƀ¶MȋŸ#IņƖ/�I��,5þŞy4ɞ¤5þŞɜȔŨþŞɝx1, x2, …, xk

5�Ɗīɜíğīɝ/Ȁ�JI0¨ĉ!ɞ&5¶ŞMŭĒ��Ɩ21/Ŗĉ#I�íğī

6y=ax+bɜx:ȔŨþŞy:ƼƺþŞɝ/Ȁ�JI��  

Ɨ12ɝ� íğÅŸ3F+.ƩǒþŞɜȔŨþŞɝ4ĶĖþŞɜȁȔŨþŞɝ51J7G�MȔŨ/

5I3MȀ#¸6�ƾɃ¶Ş�0�0�ƆŴ¸3GƑB(íğťǋī5�.6?H5Ƿ�

5Ĕĩ0!.ÇƱ�JI�ƾɃ¶Şɜ0ɧ15¸ɝ413Ȩ�=1íğťǋī5�.6?

H4Ƿ�0�0�0/�I� 

Ɨ13ɝ� WardƖɜRU�l=0ɝ6Z�be�ÅŸ5ũ3²Ʊ�JIZ�be�ɂ5ȝɏMĉ

Ǯ#IȝɏɃŞ580,�¢ɍàP0Q4�I05WardƖ/6 

� � � � � � � d(P,Q) = E(P  Q) - E(P) - E(Q)�  

          /ĉǮ�JI�d(P,Q)MP0Q5ȝɏ0#I�()!E(A)6A5#<.5ơ3GA5ț�  
� � � � � ȼ�ĺ?/5ȝɏ5��5ǥé� 

 

G�ft 

�ɝ ǚÖ�ƳɣǚÖ�Ƴ, TOTOÄƥ, 1996.10 

�ɝ ǚÖ�ƳɣǏɂ5ÅË0ȯǢɣŦŴĪǙ5ťƖ7, ŦŴĪǙĆªǂǎúäɍ, Ǖ53Þ, pp.13-16, 

1960.12 

�ɝ ǚÖ�ƳɣȅƋ5ĢɒƄń05Đƍ: ŦŴĪǙ5ťƖ9, ŦŴĪǙĆªȕŠúäɍ, Ǖ69-2Þ, 

pp713-716, 1961.10 

�ɝ ǚÖ�ƳɣŨǃ2`bi}0��f}�pQc, ŤĪǙǅ, 1988.10 

�ɝ B.{�j�u�Ǽ, ĥ�Ģǆƻȑɣt�Ze�Ĥ°Ć, Ŧǡ^QT�bǅ, 1985 

	ɝ W���y��P�Ǽ, ��ƽƈ���Ǉƈ¾ȑɣĪǙ0j_Q�5t�Ze�Ĥ°Ć, ɛĘÄ

ƥǅ, 1997 


ɝ ǚÖ�ƳɣǚÖ�Ƴ—®ćðɒ, İñǅ, 2008 
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���	�^]2Um�

�����	�^]�

� ƯÊ<ŋŕ;¢ƻĖƮ;ƥȗŤĭ9Ā'4�ďȡŤĭ97!O�¼Â0İů66I9�ƨȡŤĭ9

7!O�ūȡĦ01)ţĤRľ»'44O� 
� �Ŋ�ƯÊ< 1960Đ�9Ƅ�;¦÷ǅ�ȎčRŴ�'.ťƕ6'4F8'�,;�9�Ŵ�;Ǆ0

ȪZYe;ǄȫRĳ»'�Ƅ�Ȏč<�Ŵ�;Ǆ0�ðRǓƄ'84645ǓŌRǒ1.�,'41980

Đ�9<�ZYe0RǨǥǯ;�ġ9ƸFǽS/�¢ƻR»ƏŹ6ĺ6�ǘŪ~ipf|�ĩÙ;Ũ

ŠRƹ4�Ŵ�0��ZYe0RǓƄ;�ȣ6'4ǨǥRąȖ'44O�ƯÊ9614�ZYe0<�ĩ

ðĦ0�Ǘȟ%0;ĩÙ9×EPO�ǍMI�ZYe;ťƕR�Ǔ)OǤǐ<�Ǘȟ%64QPO02)

6ȁB44O�ƯÊ;©Û9744ƄQP.�ĩðĦ0�Ǘȟ%0RƆǢ)O#6<ȐǙ8ĩÙRķ1

44O#69ļÿ5�O� 
� 3Ʃ5<�ƯÊ;¦÷©ÛRĀǲ6'��ĩðĦ09ŰƓ'�ďȡěĬ9744ƚ%P.��i|%

RńȒÅ)O#65�ƟĔ6ZYe6;ŴÓ;ÂÓRǈÿ'4�.�%M9��Ǘȟ%09ŰƓ'¼ř

)O#6<�ƯÊ;Ǩǥǯ97!O�ZYe0RLNų�ƆǢ)O#695�O6ǈ6MPO� 

� Ǘȟ%<u�]h�đ¨ö9LNĺ6O#695�O�1977Đ�u��e;ńöǉvr��z�m

�v�ȪBenoit B. Mandelbrotȫ<�űćƿJ>?ÂP;ě�ŧœ;ś¼8P87ǍŻ9ǛMPOǗȟ8

áěRńöƑ9ƆǯÅ'.�u�]h�đ¨ö0645ţĤRľ»'44O 3)�u�]h�đ¨ö<�

7S89ĵò'4IźȚ;Ze_�oȪȆƺ981.I;ȫRķ0�ǍČƕ£ĦRƚ)ńöƑěĬ;
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 81 

1.6;ďç¯53O;5�ƯÊ;¦÷©Û97!OÈƴ6Ǘȟ;ȇ4R 1.3��6 1.3��

6'4ǈÿ)O�2EN�ŕƣ97!O 1.3645ýȒũ² D;¯Rëŷ6'4ƯÊ;¦

÷©Û97!OÈƴ6ǗȟR¾ň)O� 

Ű6ȫ� ƯÊ<�ŋŕĖƮ;ƥȗŤĭ;ëŕé93O“ƥȗ;¼Â”İů<1Ɛ;ü29ŐIŌģ9Ƅ

QP.9�1Ćê%S;ü21ȓē%S;ü25<#;İů<ªQP4484�ƴƲ;“ƥȗ

;¼Â”İů5Ťĭ'44�Ũ¡<1Ćê%S;ü28M<8406ȁB44O�ÌǈŅƂ

2)p.135 

Ű7ȫ� ƯÊ<1ǏĆÇ;ü2RǨǥ)O6���Ɓ4Ȅǵ6Ēȗ6;ƸÓ+<Ǩǥ�ȣ;>625

3O�#;361ȓē%S;ü25E.ǫFMP44O06ȁB44O�ÌǈŅƂ2)p.131 

Ű8ȫ� ƯÊ<1Ŕø;ü28M��ŋŕƑ8“ĩÙ”R2�2�6Ų'4�ƞâő;“ĳǲ”Ƒ8ƥȗ

;ŤƮRK1�N6óH223O06ǤÍ'44O�ÌǈŅƂ4)p.156�E.��ȉň)Oè

Ɣƥȗ<ȆƽĦRÚ?7#)ŨǋRI2ƥȗ5I3O��ȗ;īĨ6ų�ȘQN�Ôō9�

ŉ'4ƥȗ;ŨǋRÚ?7#)L58�ł©Ƒ8,'4ĳǲƑ8Ťĭ9�ƞ;�ȣ;�ġ

93O06ȁB44O�ÌǈŅƂ2)p.153 

Ű9ȫ� ƯÊ<�[��vRª14����kt�~ipf|;Ŧň645w�^�|Rĩǰ'.“ƪ

ȭ;ťė”<)59ŐƷæŹ931.�Ğ9,;ŐƷŹ98O1ŗƃĉ;¦÷26�,;Ğ

A;�Ƽ;ĝÂR)O#6981.1ĭê;¦÷2IĊ�9´144.�`�gwn<)

59~ipf|RŦň'Ʒ6.6��ĖƮü;Ƕ§;���ktŦň9Ğ9ƽ4.06ȁ

B44O�ÌǈŅƂ2)p.204 

Ű10ȫ� ƯÊ<�ŝ�,P6ƸFÓQ+.ŊŖ�3O4<î�,P-P9¼Ĵ'44OŨǋ�ð;

ĩÙ9ƄPO#6RĻț'.�,PM<Ǖě;�ž98O�ŨŠ;ȌÛ;ĝÂ6Ô(0�É

žƑ8Ǖě;ƥȗ9%E&E8ĩÙRƇƈ'.6Ǜ8)#695�O�#;L58ƥȗ<

ĩÙ;ƇƈŨŠ981.06ȁB44OL59�“Ǖě”�“ŨŠ”87;�ȣRľ»'.�Ì

ǈŅƂ2ȫp.204-205 

Ű11ȫ� ƯÊ;ǯŅ�¦÷ǯ0;�5�ƯÊ<1Ŕø;ü28M�Ȇ;`�]��n¦÷9ƄP.

źŨƑ8ĩÆ9244ǣP44O�ŋŕƑ8ų4Ƿ;»RI1.ĄŞ;ȅěRŲ'.64

5�,;#69M988QOźŨƑ8�đ¨öƑ8Ŭ;ĩÆ981.�ÌǈŅƂ6) 

Ű12ȫ� ƯÊ<�1Ŕø;ü26Ğ5Õ�!.¦÷9[��v9LOźŨĦA;ǸĿŹ981.06

ȁB44O�ÌǈŅƂ2)p.143 

 

=hQ[ 

�ȫ ƯÊ�ƋȯūȡĦ;ÜȣȯŋŕĖƮ;Ŋů11, ŋŕĖƮö¡ǯŅìØȞ, ƪ103Ñ, pp466, 1964.10 

�ȫ ƯÊ�ƋȯƯÊ�Ƌ, TOTO»Ž, 1996.10 

�ȫ Bennoit B. Mandelbrot: The Fractal Geometry of Nature, W. H. Freeman and Company, New York, 1977  

B.z�m�v�Ǒ, Ē�ďƜƒǩȯu�]h�đ¨ö, ŋƹbVX�eƛ, 1985 

�ȫ Carl Bovill: Fractal Geometry in Architecture and Design, Springer Science& Business Media, New York, 



 82 

1996 

Z���y��U�Ǒ, ��Ɣŧ���Ɲŧ¶ǩȯĖƮ6mcV�;u�]h�đ¨ö, ȨĈ»

Žƛ, 1997 

�ȫ ƯÊ�ƋȯƯÊ�Ƌ—¦÷áȡ, Ĝãƛ, 2008 

	ȫ ƯÊ�Ƌȯ¦÷ǯ−®6ȞÓ;.H;ƥȗǯ, ŉĖƮ, 1972.2 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

ŷ5ŵ�  
 
Ɔƨ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 84 

� Ĩƨė(.�ŷ 2ŵ�=ŷ 4ŵ6(Bƻ�'�Ż§lŞ-�Ì�·,��'�-ç�Ë»ó-óā

:ĕËŤ+őý©1)Ż§-ƥƣƨ-qù-0)%(�?�HGM�-ŗ�,ōŋBò''�ƐÓB

Ɨ+$!���Ť,.�ç�Ë»ó)»ó-[h\kLbi-ǎ��ǚŰǄ�BƐÓ��6!�Yd

JPfç�Ë)�ơĪęł,<>�ƥƣƨ-�HGM�B�diQ^,<?HGM�)�ƙǖ��

)�v%-ǚ�=ƐÓ�?�)(�Ż§-ç�Ë-ıû,<?ƥƣął-lŶBĞ=�,�!9-

(�$!�Ĩŵ(.¯ŵ(ö!ƆƨBƋć�Ĩƨė-Ɔƨ)�?� 
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