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Input and response of living neuronal network in the neurorobot 
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We developed neurorobot system, Vitroid, as a certain type of agent system with biologically realistic input-output features. 
Vitroid has a living neuronal network as a central processing unit or brain and a miniature-moving robot as a body of Vitroid. 
We succeeded in the generation of collision-avoidance-behaviors. In addition, we confirmed that the spatiotemporal pattern 
of evoked responses flexibly modified after repetitive inputs. These results suggest that the agent with a biological living 
neuronal network is able to generate responses close to the biological characteristicsɂ  

1. <6=: 

ƾ ƍ�Ɂ7ǮŠȀòŃǦǗǞ��ĪşīĸǐþĥǖǽǤǋǼɂ

ǜǫĔ£§ǦǷǨǡǤǋǼțȄȽȨȼȵȽȟȻȌǩǎǋǤɁēǩ

ġǵƌǵȟȳȽȵȷȠșȜȺȽȋǬİ�ǺǫȠȉȼȍȌȟȜȹȻǦ

NĘģǩĦYǥǊǻ[Fukushima 1982]ɁǸǬǻŠǩǎǓǼ´r
9ĘȀòŃǦǗǤǋǼɂǔǽǺǫȟȳȽȵȷȠșȜȺȽȋǩǎǋǤ

ǬNBǦǗǤW�ǫȤȵȯȽȖȽǫyÝǐƑôģǩũǿǽǼǫ

ǩ�ǗɁ�ƮǫŠǩǎǋǤǬƳYáģȼYÛƖũģǩ$V�

ËǐĐǖǽǤǋǼɂǴǞɁ��įŋeƉőǫȤȵȯȽȖȽǬɁė

�ǫįŋeƉőǩǎǋǤ�Ǧ�°ǙǼǫǏɁÜÚǨďǐǊǼɂ

ēǩ$V�ËǫÛƥƗǽǸɁįŋňŞǩÖǓǼ6Ɯĕ¸ǰǫ

¦ƵǫťķȀŚ¹ǙǽǭɁ«æǫêŊǵǫȟȳȽȵȷȠșȜȺ

ȽȋǥǬɁĚ�įŋeƉőǫÃǼţǋȀȐȭȳȸȽȜǙǼǔǦǦɁ

GĖģǨÎ�kǻ�Řǫ�ėǦȀYÛǩĈǞǙǔǦǬfƱǥǊ

ǼɂǴǞɁ��ȟȳȽȵȷȠșȜǥTtģǩ¿ǌȡȽȝǬĒĘģ

ǩ�kǗǤǎǺǚɁ�µģǨūėǦǗǤŵƏǖǽǤǋǼɂǔǫ�

´ǬɁȟȳȽȵȷȠșȜȺȽȋȀ�ŬǗǞȕȦȜȆȇȃȀ�ũǙǼ

sXǷYðǥkǻɁ�µģǨȡȽȝǸ�ǦǋǌǷǫǐȨȹȌȵȮ

Ȁ�ũǙǼȐȒȚȮǫH�ȀŰ�ǗǞǦǗǤǷɁ�ƮǩĒĘȸȅ

ȲȽǩǎǋǤĢėǗǤǋǼƲ�ȸȩȷǫėƄǏǺǵǽǭɁ�k

ƁģǩǬƲ�ȸȩȷǫĦ��ěǬš©ģǩH�ǗǤǋǼǔǦ

ǩǨǼɂ«ǡǤɁȨȹȌȵȮǩǎǓǼÁƄģǥ�µģǨ�kȿ�

µȟȳȽȹȻǨǧɀǩH�Ȁ@­ǖǽǤǋǼǦųǌǹǻǬɁƐǩĒ

ĘȸȅȲȽǫH�ȀǊǼřŷȷȽȷǥŵƏǙǽǭɁ�µȸȅȲ

Ƚǥ@ņå�ǐžǵQǽǼǦǋǌĦ�OđģǨïƔǩǨǡǤ

ǋǼɂ��ǫŚ�ǏǺɁ�Ǻ�µģǨĹƥǥŠǩò'ǗǞï

ƔȼóşȀȐȭȳȸȽȜǗǤǷɁ�ƮǩĒĘģǩĢėǙǼ�ƄǬ

Šǫ	ǥĢėǙǼėƄǦǬ|ǑǒĠǨǼǟǾǌǦÇćǖǽǼɂǙ

ǨǿǠɁ»ǆǬȘȱȽȬȽȓǫ²Ɔ�.Ɓ[Chalmers 1995]ǥ
²Ɔǫƶoǩ¶ƂȀǎǒ¸�ǦǬĠǨǻɁ¶ƂǬǊǒǴǥĒĘ

ģȸȅȲȽǩǎǋǤĢėǙǼǷǫǥǊǼǦŚǍǤǋǼɂ 
ƾ «ǡǤɁėƄģ¶ƂǫĢėǴǥűƠǩ1ǽǞ��ĪşȀŶ

ŴǗǹǌǦǙǼǫǥǊǽǭɁǥǑǼƩǻĒĘïƔǷĚ_�ǫǜǽ

ǦĦYǥǊǼǔǦǐàǴǗǋɂǜǔǥɁ»ǆǬ´r9ĘȀũǌ
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ȲȽǩǎǓǼ�½ģǨėƄȀĚ�Ǧ3ƒJǙǼǔǦȀ±ƷǩŖ

ǋǞ[Chao 2005]ɂȔȻȏȀ+ǍǞȹȫșȜȫțȄǦpƺįŋeƉ
őǦȀÆŐǗǤɁȟȳȽȹȹȫșȜȀïńǗǞɂ»ǆǬǔǽȀɁĚ

�n´r9ĘǫƤĢǸɁǊǼǋǬ¶ƂǫĚºǩƦǙǼ�Ƽę

uǦÄǍɁŸƼłǫǹǌǨȹȫșȜǦǋǌ¶]ȀƌǶǤ Vitroid Ǧ
ǹȁǥǋǼɂ 

2. �4��L�� 

2.1 I@A�3 #!);���2 
;ÏpƺǦǬɁįŋňeƉőǥ¥ºǖǽǞȐȞȨȒŌXȀ

ŲưǗɁįŋƥǫĒĘģǨŌXȀ�ľ;ưǗǞĕ¸ǏǺpƺ

ȀƤ~ǗǞǷǫǥǊǼɂãīĸǥǬɁĚ�ǫ|ŠāƻƶoȀä

ÓǦǗ,��ģǨęuǥįŋeƉőȀ7ïºǗǞ[ĄN 2009]ɂ
pƺdǩǬ�ƴǩ 64 %ǫ®��ƴƲíȀ+ǍǞ MED Ȩȹ
Ƚȧȿα-MED ȏȅȈȻȚȄȦȄșȋɀȀěǋǞɂpƺĂǬqĭp
lǥǊǼ  DMEM/F12 with 25% HEPES, Glutamine ȿ Life 
Technologiesɀǩ��ǫČ�ǥWăEĒȀEǍǞ. ȪȟȐȶȻ-
ȒȜȸȨȜȬȅȐȻȿLife Technologiesɀ100 U/mlȼ100 µg/mlɁȅȻ
ȒȶȻ  ȿ SIGMA ɀ  5 µg/mlɁ 5Ⱦ ƾ ȆȐŜ0ŨĄ ƾ ȿ Life 
TechnologiesɀɁƾ ɇȾƾ ƻŨĄƾ ȿLife Technologiesɀɂ 
ŝƽ 18 ×ĥǫȆȄȒȖȽȵșȜȿJCL:Wistar, ×ãȋȸȃɀǫŜ

0ǏǺɁ|ŠāƻƶoȀ<ǻ:ǗǤɁ0.125% ȜȶȨȐȻ[ß
Ca2+-Mg2+�[ȶȻƞȣșȦȂȽȿPBSǅɀĊĂ	ǥ 37 Ǆǥ 15 
;ƥ9ĘǗǤňŞȀŲư;ÏǗǞɂMED ȨȹȽȧǫ	}ǩ6
¨ 7 mm ǫȋȹȽȟȻȌȼȶȻȌȀƝŖǗɁȶȻȌ6ƜǫȈȶȃǩ 
30 �%ǦǨǼǹǌǩňŞȀÌĶǗǞ. ǔǫsXǫňŞ��Ǭ 
7800 cells/mm2 ǦǨǼɂŗ×ňŞǐûƨǗɁpƺqƆǩÆĩǗ
ǞǫǠǩȋȹȽȟȻȌȼȶȻȌȀQǻƫǋǞɂǔǽǬňŞǐ MED
ȨȹȽȧpƺƶoƋŒƜǩƝŖǖǽǞOđƲíǩ�ĩǗǨǋ

ĐǫÈŖǥǊǼɂ5% CO2Ɂ37 Ǆęuǫ CO2ȅȻȊȳȩȽȖǥ

pƺȀũǋɁ2 ×ǕǦǩpƺĂȀLơǚǢ�ÉǗǞɂpƺƤ~
ª 20-30 ×�ƨǫňŞȀ�Ƽǩ ěǗǞɂãīĸǩǎǓǼ2
ǤǫHĒ�ƼǬǇƦŮ�ƪ|�HĒ�ƼłĘŰĵǈ ǩ«ǋɁ
ƦŮ�ƪ|�HĒ�Ƽ�a�ǫÀźǫǷǦǩũǡǞɂ 

2.2 !)�1�
�,� 
įŋeƉőǫƲøÿHǬňŞzƲ�{ďŴćȐȒȚȮ

(MED64,α-MED ȏȅȈȻȚȄȦȄșȋ)Ȁ ě ǗǤŴćǗǞɂ®
��ƴƲíǫȏȅȓǬ 50 × 50 µm, ȅȻȥȽȗȻȒǬÔ`â 
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ěÛǥņ 22 k ΩǥǊǼ.ƲíƥƈưǬ 450 µ m ǫǷǫȀěǋǞ. 
Ʋ�$VǬAċŬŖȀŎXǗǞȅȻȚȌȸȽȚșȝȼȃȻȨǩǹ

ǡǤ 1000 &ǩv�ǗɁA/D yÉȫȽȝǩǹǡǤțȑȖȷJǗǤ
ȍȻȥȳȽȖǫȢȽȝțȄȒȋǩ#�ǗǞɂãīĸǥǬȏȻȨȶ

ȻȌ\ýÐ 20 kHz,ơ�Ð 16 bit ǥțȑȖȷJǗǞɂƲ�$V
ǏǺɁãīĸ�ǥƤĢǗǞȃȷȎȶȓȮȀ�ŬǗǞŲèȕȦȜȆ

ȇȃǩǹǻɁįŋÿHƲ�ȒȤȅȋȀë:ǗǞɂÿHƲ�ȒȤȅ

ȋ=ǏǺ 100 ms �ǫÛƥĻ6ǫȒȤȅȋÐȀŴÐǗɁ64 ô.
ǫē¯ȩȋȜȷȀĚºǗǞɂǔǫē¯ȩȋȜȷǬ 100 ms ǕǦǫ
įŋÿHȤȖȽȻǩ�°ǙǼɂ 

 

2.3 *�"%�F@D 
ãīĸǥǬƭÛÎ�ǨǗ�ŘȀũǋǨǐǺ 2 ô.ȬșȨĹ

ƥǩô.œņȀũǌš�ŊŔJȬșȨȿself-organizing maps: 
SOMɀȀ ěǗǤ ȟȳȽȹȹȫșȜǫũHȀĚºǗǞɂSOMǫ 2 
ô.:C�ǫWȴȟșȜ t ǩǬɁi ğĥǩ1CǖǽǞ1CȩȋȜ
ȷǫWůŇǩ�°ǗǞ 64 ô.ǫůŇȀǷǢOđȩȋȜȷ mi(t) 
ȀŶ�ǗǞɂ64 %ǫƲíǫ 100 ms �ǫÛƥĻ6ǩǎǓǼŻ
Ģ°ĿǫĢĎÐȀWůŇǫ(ǦǙǼ 64 ô.ǫē¯ ȩȋȜȷȀ
1CȩȋȜȷ X(t) ǦǗɁWȴȟșȜǫOđȩȋȜȷǦ1CȩȋȜȷ
ǦǫȴȽȋȶșȝƈưȀŁ:ǗǞȿ¢ 2.1ɀɂȴȽȋȶșȝƈưǫ(
ǐÞ�ǦǨǼOđȩȋȜȷȀÂǢȴȟșȜȿi ğĥǫ1CȩȋȜȷ
ǩǷǡǦǷƹ�ǗǞȴȟșȜɀȀ i ğĥǫIśȴȟșȜ Winnert ǦǗ

Ǥƚ:ǗɁIśȴȟșȜǫOđȩȋȜȷȀ1CȩȋȜȷǫ(ǩƍ

ǣǓǼǹǌǩ�ŘȀũǡǞɂYÛǩIśȴȟșȜǫ\Ƌǫȴȟș

ȜǫOđȩȋȜȷǷ 1CȩȋȜȷǫ(ǩƍǣǓǞȿ¢ 2.2ɀɂ 
 
 
 
 
ǔǔǥȤȵȯȽȖƿǬ�Ř"ÐǥǊǻɁŋƼģǩŶ�ǗǞɂI

śȴȟșȜǩǎǋǤǬƿ= 0.3Ɂ\Ƌ�ŘǩǎǋǤǬƿ= 0.2 ǦǗ
Ǥ�ŘȀũǡǞ. 
�ŘȀŕǻƎǗũǌǔǦǥɁ�ǋǩƹ�ǗǞOđȩȋȜȷȀǷ

ǢȴȟșȜYwǐȬșȨĹƥ�ǫƍ*ǩ8-ǖǽǼɂãīĸǥ

Ǭ SOM ǫ:C�Ȁ 30 × 30 ǫ 900 ȴȟșȜǦǗɁSOM ǫ:C
�Ȁ�ǏǺ 300 ȴȟșȜǚǢAċ LɁšĢÿHɁAċ Rǫ 3 Ǣ
ǫƶoǩ;ǓǤǜǽǝǽǩ�°ǗǞ>á(ȀŶ�ǗǞȿhɃɀ. 

 
 
 
 
 
 
 
 
 
 
 
 

hɃɂSOMǫ>á(Ȉȶȃɂ 
 

2.4 BGMJJE@A;+��� 
>áŶ�ǩǹǻAċ LɁšĢÿHɁAċ R ǫǜǽǝǽǩ�

°ǙǼįŋÿHȤȖȽȻǐK;ǖǽǼǔǦǐ�µǖǽǞǐɁǖǺ

ǩǔǫ,ZȀi�ǙǼǞǶǩɁ�Řǫ>áǩǫǵǊǺǏǘǶĠ

ǨǼ 2 Ʋíǫ1Cǩ�°ǗǤ ē�ǫȴȟșȜȀIśȴȟșȜǩ
ƚ�ǗǤ�ŘȀũǡǞɂǔǫƘĵȀȐȽțȄȻȌǦǗɁǔǫǦǑƚ

�ǗǞē�ǫIśȴȟșȜ ȀȐȽțȄȻȌȴȟșȜǦǙǼ.5�ģ
ǩǬɁAċ L ǦǗǤŶ�ǗǞƲíǩ�ǗǤǬɁ[15, 0] ǫȴȟșȜ
ȀɁAċ 2 ǦǗǤŶ�ǗǞƲíǩ�ǗǤǬ [15, 29] ȀIśȴȟ
șȜǦǗǤ¤@ģǩƚ:ǗɁ�ŘȀũǡǞȿhɄɀɂȐȽțȄȻȌ

�ŘȀũǌŃgǬɁȐȽțȄȻȌǫȴȟșȜ [15, 0] ǩ �ǗǤ[13, 
0]ǁ[17, 2] ǫŃgǥũǋɁȐȽțȄȻȌǫȴȟșȜ [15, 29] ǩ�
ǗǤ[13, 27]ǁ[17, 9] ǫŃgǥũǡǞɂȐȽțȄȻȌǬ 2 Ʋíǫ
1Cǩ�ǗǤW 20 eǚǢũǡǞɂȐȽțȄȻȌŉ
ªǬɁƒ
�ǫ SOM ǫÎ�ǨǗ�ŘȀũǡǞ. 
įŋÿHÛĹƥȤȖȽȻǦ�°ǙǼ 64 ô.ǫ1Cē¯ȩ

ȋȜȷǬ SOM ǩǹǡǤô.œņǖǽɁĦ�ģǨƹ��ǩ«ǡ
Ǥ 2 ô.�ƴ�ǫ�IśȴȟșȜǩ8-ǖǽǼɂIśȴȟșȜǦ
Aċ L ȐȽțȄȻȌȴȟșȜ [15,0] ǦǫƈưȀ L1, Aċ R ȐȽ
țȄȻȌȴȟșȜ [15,29] ǦǫƈưȀ L2 ǦǗǤ��ǫ¢ǥ�U
ǫȰȽȖ(Ȁú�ǗǞɂǔǔǥǀ ǬȰȽȖ(Ɠ�ȀƀÑǙǼȤ
ȵȯȽȖǥǊǻɁŋƼģǩŶ�ǗǞȿ¢ 2.Ʌɀ. 

 
 
 
 
 
 
 
 
 
 
                    ȿ2.3ɀ 

 
 
 
 
 
 
 
 
 
 
 

hɄɂȐȽțȄȻȌȴȟșȜǦȰȽȖȽ(ǫú�ɂ 
 
ȟȳȽȹȹȫșȜǫȫțȄȀïºǙǼȹȫșȜǦǗǤɁīĸě�n

ȹȫșȜ e-puckȿAAI ȑȱȤȻɀȀ ěǋǞɂƇũ�ƼǬ� 150 
mmɁƣǖ 1200 mm ǫȍȽȒȀěǋǞɂƯ�Ēǫë:Ǭ e-puck 
�ǫ�Uǩ Ãǻ;ǓǺǽǞ IR ȔȻȏȀěǋǞɂIR ȔȻȏǫ(
Ȁ 1 ĳöǩQ¬ǗɁȹȫșȜǫ�)ƴǩŶŖǖǽǞɄǢǫ IRȔ 
Ȼȏ(ǫXŴ(ǐƧ(Ȁ�eǡǞsXɁȹȫșȜǫ�ǩƯ�Ē

ǊǻǦǵǨǗǞɂU)ǩǢǋǤǷYðǥǊǼɂAċ°ĿȤȖȽȻ

ǫĠǨǼē�ǫ 2 ƲíȀAċƲíǦǗǤŶ�ǗɁƯ�ĒȀ·Ī
ǗǞsXǬɁ�UƯ�Ēǫ�ŖǩǊǺǏǘǶ�°ǣǓǞē�

ǫAċƲíǏǺįŋeƉőǰƲĀAċȀũǡǞ. �ÕɁƯ�
Ēǐë:ǖǽǨǋsXǬɁƲĀAċȀũǿǚɁšĢ²ǫƲø

ÿHȤȖȽȻȀ SOM ǩ1CǗǤȹȫșȜǫũHĚºȀũǡǞɂ
AċǩǹǼ°ĿǫsXǦYðǩɁšĢ²ÿHǩ�ǗǤǷįŋÿ

HȤȖȽȻǏǺē¯ȩȋȜȷȀĚºǗɁSOM ǩ1CǗǤ�°Ǚ

ǼIśȴȟșȜȀƚ:ǗɁIśȴȟșȜǫ ñȀǷǦǩ�UȰȽ

Ȗ(ȀŁ:ǗǞȿhɄɀɂŻĢ°ĿȤȖȽȻǐW1Cǩ�°ǙǼ
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ƶoǩ8-ǖǽǞsXǬƯ�ĒȀeƛǙǼÕZǩĴHǗɁP

�)ǫƶoǩ8-sXǬƯ�ĒǩŪĺǙǼÕZǩĴHǙǼǹ

ǌǩɁxȀãşũHǦǗǤȃȨȶȉȶǩŶ�ǗǞɂȹȫșȜǫƇũ

�ƼǬ ǜǽǝǽ 1 ÛƥǚǢũǡǞɂ 

3. �4$� 

3.1 �(HB@A;�� 

5 e-puck ȀěǋǤįŋeƉőǦzĝǦǫĦ��ěȀ�ėǗ,Ū
ĺeƛũHȀǦǺǛǼǦ3ǩũH	ǫIśȴȟșȜǫ;�ȀŲ

èǗǞȿhɅɀɂƇũ�ƼǬɁ7 eǫ�ƼȀũǡǞɂŌéǬpƺ
ǕǦǩǬǭǺǢǋǞǐɁîǪYǘ,ZǥɁȹȫșȜǬ{ǒǫsX

ŪĺȀeƛǗǤƇũȀŏŐǗǞɂ�!ǦǗǤɁDIV60 ǫpƺŅ
ȀěǋǞ !ǩǢǋǤŌéȀŵƏǙǼɂ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

hɅɂIśȴȟșȜǫ;�ǫ!ɂ 

3.2 
��:�7>��;C?MK;�098;�& 
ĠǨǼ 2 Ǣǫ1Cǩ�ǙǼIśȴȟșȜǫƚ�eÐǫĦ�

�mȀȴȟșȜǕǦǩŁ:ǗɁ;�Ȁ÷ƊǗǞ(hɅɁɆ)ɂã�Ƽ
ǥǬ�1CǦšĢ²ÿHɁU1CǦšĢ²ÿHǩ�ǙǼWȴ

ȟșȜǫIśȴȟșȜƚ�eÐǫĦ��mȀùǶǞɂǜǫŌéɁ

3ƒǗǤIśǦǗǤƚ�ǖǽǼȴȟșȜǐ�kǗǞɂǴǞɁĦ�

�mǥŁ:ǗǞÐ(ǐ 1 ��ǦǨǡǞȴȟșȜǫÐȀ21CÐ
ǥƫǗǞ(Ȁ÷ƊǗǞǦǔǾ,Ƈũ�ƼƤ~  0~30 ;ǩ÷Ǳ
31~60 ;ǫÕǐĆ�ǙǼ,ZǩǊǡǞȿhɇɀ.ǔǽǬɁĚ�į
ŋeƉőǐƇũ	ǩ�ŘȀũǋɁAċǩ�ǙǼ°Ŀē²ǐA

ċǫĶƹǩ�ǗǤǹǻēĠģǩǨǼǹǌǩ�ŘǗǞǦųǍǼɂ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
hɆɂƾ šĢÿHǦ3ƒǫIśȴȟșȜǫ;�ǫyJ 

 
 
 
 
 
 
 

 
 

hɇɂIśȴȟșȜǫõŰJƚ�eÐȿ30 minɀ 
ȈȵȽȣȽǬñĉż�ƾ ȿN=6ɀ 

 
ƇũÛƥǐŋƘǙǼǦ3ƒǫȤȖȽȻǬĆ�ǙǼ,ZǩǊ

ǡǞǔǦǏǺɁįŋeƉőǬƲĀAċǩǹǻ�ŘȀũǋɁįŋ

eƉőǐÂǢȤȖȽȻȸȤȽ ȜȶȽȀyJǖǛǞǦŚǍǺǽǼɂ
įŋeƉőǬL��ģǨpƺęu�ǩǊǡǤǷ�ŘȀũǋɁ 
ǔǽǦȹȫșȜȀÆŐǗǞȟȳȽȹȹȫșȜǬzęuǩƙ°ǙǼǔ

ǦǐTşǥǊǼǔǦǐĮbǖǽǞɂ  

4. $- 

ƾ ãīĸǥǬȹȫșȜȀ@­ǙǼ¾üǦǗǤɁ�ÛÎ�ǨǗ�Ř

ȀũǋǨǐǺ1Cǫô.œņȀũǌš�ŊŔ JȬșȨȿSOMɀ
ȀěǋǞȟȳȽȹȹȫșȜȀƤĢǗǞɂȹȫșȜǫ IR ȔȻȏǐƂ
?ǗǞƯ�Ēǫ�Ŗǩ�°ǗǤAċƲíǩƲĀAċȀũǋɁ

AċǩǹǡǤ¬ǺǽǞįŋÿHǫ 64 ô.ǫē¯ȩȋȜȷȀ 30 
× 30 ǫ 2 ô.ȬșȨĹƥǩô.œņǗǤ:C�ǩ8-ǖǽǞ
IśȩȋȜȷǫ ñȀ.ǩȹȫșȜǫ�UȰȽȖ(Ȁú�ǗǞɂ

�Řǫ>áǫǵWƲíǩ�ǙǼ°ĿȀē�ǫȡȽȝǩ¤@ģ

ǩ8-ǙǼÎ�Ǌǻ�ŘȀũǡǞɂǔǫƘĵȀȐȽțȄȻȌǦ^

ǯɂȐȽțȄȻȌªɁĠǨǼ 2 ƲíǏǺǫ1Cǩ�ǙǼ°ĿȤ
ȖȽȻǩ�°ǙǼIśȴȟșȜǬǲǳ;ưǗǤ8-ǖǽɁǜǽ

ǩǹǻȟȳȽȹȹȫșȜǫŪĺeƛũHȀĚºǙǼǔǦǩºDǗ

ǞɂǴǞɁzĝǏǺǫ1Cǩ�ǙǼ°ĿȤȖȽȻǬšĢ²ÿH

Ǧ�ŢǙǼȤȖȽȻȀ[ȁǥǋǞɂƣÛƥǫȹȫșȜƇũ�ƼȀ

ũǌǦɁǔǫ3ƒȤȖȽȻǬĆ�ǙǼ,ZǐǊǡǞɂǔǽǺǫŌ

éǬɁpƺįŋeƉőǐzĝǫ�ƄȀ�ŘǗɁPÙǙǼóş

Ȁ#ßǗǤǋǼǔǦȀĮbǙǼɂǴǞɁšĢ²ÿHȤȖȽȻǬƃ

�ǨȸȤȽȜȶȽȀ[ßǗɁǜǫȸȤȽȜȶȽǩƹ�ǗǞē�ǫ

ȤȖȽȻǫ 1 ǢǐƲĀAċǩǹǡǤɁŻĢǖǽǼĬĖǐ�ØǙ
ǼǦǋǌ�ŽȀ�ǋǞ. 
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