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Abstract

Traffic jam is one of most familiar phenomena in daily life. Physical point of view describea it

as phase transition. It says that traffic flow with car density exceeding a critical value breaks

down to traffic jam. For verifying this view, we performed a large scale experiment. We observe

the emergence of traffic jam in a circuit. The critical density is estimated.

1 ͸͡Ίʹ

ࣗಈंͷྲྀΕɺަ௨ྲྀ͸ɺࢢ಺΍ߴ଎ಓ࿏ͳͲͰ

೔ৗతʹ؍ଌͰ͖Δͳ͡Έਂ͍ݱ৅Ͱ͋Γɺ1990೥

୅͔Βɺͦͷ෺ཧతཧղʹର͢Δߦ͕ڀݚΘΕ͖ͯ

ͨ [1]ɻަ௨ྲྀʹ͸ɺগͳ͘ͱ΋׈Β͔ͳྲྀΕͱौ଺

͕͋Δ͜ͱ͕ɺ௚؍తʹ෼͔Δɻं྆ͷ਺͕গͳ͚

Ε͹ɺ֤ं྆͸͞ڐΕΔߴ࠷ͷ଎౓Ͱ૸Δ͜ͱ͕Ͱ

͖ΔɻҰํɺं྆ͷ਺͕૿͑Δͱौ଺͕ൃੜ͢Δɻ

·ͨɺौ଺͸ɺີߴ౓ͷ஗͍Ұ༷ͳྲྀΕͰ͸ͳ͘ɺ

Γฦ͢ඇҰ༷ͳྲྀΕͰ͋Δɻ܁Λߦͱ૸ࢭఀ͕྆ं

ं͕྆௿଎Ͱ૸Δɺ͋Δ͍͸ࢭ·ͬͨ෦෼Ͱ͋Δौ

଺Ϋϥελ͸ɺ্ྲྀଆʹ఻ΘΔɻ࣮ࡍͷߴ଎ಓ࿏Ͱ

ͷ؍ଌͰಘΒΕΔີ౓ͱྲྀྔͷؔ܎͸جຊਤͱݺ͹

ΕΔɻ͜͜ʹ΋ɺີ౓ʹΑͬͯɺࣗ༝ྲྀͱौ଺ͷೋ

ͭͷྖҬ͕ݱΕΔɻ

༷ʑͳλΠϓͷަ௨ྲྀϞσϧ͕ఏҊ͞Εɺղੳత

͋Δ͍͸γϛϡϨʔγϣϯʹΑΓௐ΂ΒΕ͖ͯͨ݁

Ռɺີ౓Λύϥϝλͱͨ͠ަ௨ौ଺ܗ੒ͷඳ૾͕ඳ

͔Ε͖ͯͨɻ͜ͷΑ͏ͳඳ૾Λ֬ೝ͢ΔͨΊɺզʑ

͸࣮ࡍͷं྆Λ༻͍࣮ͨݧΛ͍ߦɺϘτϧωοΫߏ

଄͕ແͯ͘΋ौ଺͕ൃੜ͢Δ͜ͱΛࣔͨ͠ [2, 3]ɻҎ

߱ɺ͜ͷ࣮ݧΛʮ࣮ݧ 1ʯͱݺͿɻʮ࣮ݧ 1ʯʹΑΓɺ

౓ͷྲྀΕ͕ෆ҆ఆԽͯ͠ौ଺͕ൃੜ͢Δͱ͍͏ີߴ

෺ཧత໌͕ߏػΒ͔ʹͳͬͨɻ

ີ౓ʹΑΔ૬సҠͱ͍͏ߏػΛߋʹ໌Β͔ʹ͠ɺ
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ਤ 1: ຊਤͷྫج଎ಓ࿏Ͱ࣮ଌ͞Εͨߴ

ಉ࣌ʹసҠΛີ͢͜ى౓Λ࣮ݧతʹಘΔ͜ͱΛ໨త

ͱͨ͠ɺʮ࣮ݧ 1ʯΑΓେ͖ͳن໛ͷ࣮ݧΛͨͬߦ

ʢʮ࣮ݧ 2ʯʣɻ͍ߴղ૾౓Ͱͷं྆ͷي੻ΛಘΔ͜ͱ

Ͱɺີ౓΍଎౓ͷۭؒมԽΛௐ΂Δ͜ͱ͕Ͱ͖ͨɻ

͜ͷ͜ͱʹΑΓɺྟ քີ౓Λਪఆͨ͠ [4]ɻຊߘͰ͸ɺ

͜ΕΒೋͭͷ࣮ݧͷશମʹ͍ͭͯɺ·ͱΊΛ͍ߦɺ

࿦͢Δɻ͍ٞͯͭʹ޲ͷํޙࠓ

2 ަ௨ौ଺͸Ͳ͏͍͏ݱ৅ͳͷ͔

͸͡Ίʹɺަ௨ौ଺ͱ͸ͲͷΑ͏ͳݱ৅ͳͷ͔Λ

࣮ଌͱཧ࿦ͱ͔Β͓ͯ͘͜ݟͱʹ͢Δɻ೔ຊͷߴ଎

ಓ࿏Ͱ͸ɺ૊ʹͳͬͨ༠ಋίΠϧΛ࿏໘ʹຒઃ͢Δ

͜ͱͰɺͦͷ৔ॴΛ௨ա͢Δं྆ͷ਺ͱ଎౓Λܭଌ

͍ͯ͠Δɻσʔλ͸ɺͨͱ͑͹ɺ5෼ؒͷं྆਺ (ྲྀ

ྔ)ͱͦͷؒʹ௨աͨ͠ं྆ͷฏۉ଎౓ͱͯ͠ه࿥

͞ΕΔɻ؍ଌ͔ΒΘ͔Δ͜ͱΛ؆୯ʹ·ͱΊΔ [5]ɻ

ਤ 1͸ɺີ౓ͱྲྀྔͷؔ܎Λද͢جຊਤͷ࣮ଌྫ

Ͱ͋Δɻີ౓͸ɺྲྀྔΛ଎౓Ͱআͯ͠ಘ͍ͯΔɻ௿

ີ౓ଆͰ͸ɺྲྀྔ͸ີ౓ʹ΄΅ൺྫͯ͠૿Ճ͍ͯ͠

Δɻͭ·Γɺ଎౓͸΄΅ҰఆͰ͋Γɺ͜ΕΛࣗ༝ྲྀͱ

ݮʹ౓ଆͰ͸ɺྲྀྔ͸ີ౓ͱͱ΋ີߴͿɻҰํɺݺ

গ޲܏Λ͕ࣔ͢ɺେ͖͘͹Β͍͍ͭͯΔɻ͜ͷͱ͖ɺ

Β͸଎౓͕େ͖͘௿Լ͍ͯ͠Δ͜ͱ͕෼͔͔ྻܥ࣌

Δɻ͜ΕΛौ଺ྲྀͱݺͿɻ྆ऀͷڥ໨͸ɺ25୆/km

෇ۙʹ͋Γɺ௿ີ౓ଆͷࢬ͸ີߴ౓ଆʹ͸Έग़ͯ͠

৳ͼ͍ͯΔɻͭ·Γɺڥ໨ΑΓগ͠ີ͍ߴ౓Ͱ͸ɺ

ೋछྨͷঢ়ଶ͕Մೳͱͳ͍ͬͯΔɻ

ौ଺ͷۭ࣌ਤΛ࣮ଌͱͯ͠ଊ͑ͨ΋ͷͱͯ͠Tre-

itererΒͷ݁Ռ͕༗໊Ͱ͋Δ [6]ɻौ଺͸ɺશମʹ௿

଎ʹͳΔݱ৅Ͱ͸ͳ͘ɺ௿଎ͳं྆ͷྻ (ौ଺Ϋϥ

ελͱݺͿ)ͱͦͷؒΛ݁Ϳߴ଎ͳྲྀΕͱͯ͠ݱΕ

Δɻ·ͨौ଺Ϋϥελ͸ɺ໿ 20km/hͰɺ্ྲྀଆ΁

Ҡಈ͢Δɻ

1990೥୅ʹೖΓɺ༷ʑͳަ௨ྲྀͷඍࢹతͳ෺ཧϞ

σϧ͕ఏҊ͞Εͨɻඍࢹత෺ཧϞσϧʹΑΔཧղͷ

ྫͱͯ͠ɺ࠷΋؆୯ͳϞσϧͰ͋ΔWolframͷ rule-

ཧղΛࣔ͢ɻ͜ͷϞσϧ͸ɺҰͭͷηͮ͘جʹ184

ϧʹҰ୆ͷं͕྆ೖΔ ηϧΦʔτϚτϯͰ͋ݩ࣍1

Γɺલํͷηϧ͕ۭ͍͍ͯΔ৔߹ʹͷΈɺं྆͸Ұ

ηϧ͚ͩલਐ͢Δɻͳ͓ɺं྆Ґஔͷߋ৽͸ಉظత

ɻ͏ߦʹ

ं྆ີ౓ (ं྆਺Ληϧ਺Ͱআͨ͠ྔ)͕ 1/2ҎԼ

Ͱ͋Ε͹ɺ֤ं྆ͷલʹҰͭҎ্ͷۭ͖ηϧ͕͋Γɺ

ं྆͸଎౓ 1 ͰҠಈ͢Δ͜ͱ͕Ͱ͖Δɻͭ·Γɺࣗ

༝ྲྀ͕࣮͠ݱɺྲྀྔ͸ີ౓ʹൺྫ্ͯ͠ঢ͢Δɻं

྆ີ౓͕ 1/2Λ௒͑Δͱɺඞͣ࿈ଓͨ͠ηϧʹं྆

͕ଘ͢ࡏΔΑ͏ʹͳΓɺఀ͍ͯ͠ࢭΔं྆ͷྻ͕ൃ

ੜ͢ΔɻͦͷͨΊɺྲྀྔ͸ີ౓ͱͱ΋ʹݮগ͢Δɻ

ͷྻɺͭ·Γौ଺Ϋϥελ͸ɺ্྆ंͨ͠ࢭఀͨ·

ྲྀଆ΁Ҡಈ͢Δɻ

͜ͷΑ͏ʹɺަ௨ौ଺͸ं͕྆Ұఆͷ௕͞Λ઎༗

(ഉআମੵ) ͢Δ͜ͱͱɺڍಈ͕஗ΕΔ͜ͱ (લ͕ۭ

͔ͳ͍ͱಈ͚ͳ͍) ͕ॏཁͳཁૉͱͯ͠ಇ͍͍ͯΔɻ

௿ີ౓Ͱ͸ࣗ༝ྲྀ͕ɺ͋Δີ౓ (ྟքີ౓) Λӽ͑

Δͱौ଺ྲྀ͕࣮͢ݱΔɻ·ͨɺौ଺ྲྀ͸ఀͨ͠ࢭɺ

·ͨ͸௿଎ͷີߴ౓ͷं྆ͷྻͰ͋Δौ଺Ϋϥελ

ͱɺͦͷ֎ଆͷ௿ີ౓Ͱࣗ༝ʹ૸͢ߦΔं྆ͷྻͷɺ

ີ౓ͷҟͳΔྖҬͱ࣮ͯ͢͠ݱΔɻ

3 ͷ֓ཁݧ࣮

෺ཧֶత؍఺͔ΒݟΔͱɺौ଺ൃੜ͸ີ౓Λ੍ޚ

ύϥϝλͱͨ͠૬సҠݱ৅ͱͯ͠ཧղͰ͖ΔɻҰํ

ͰɺτϯωϧͳͲͷϘτϧωοΫΛौ଺ͷݪҼͱ͠

ͨΓɺ͋Δ͍͸ਓ͕ؒӡస͍ͯ͠Δ͜ͱΛौ଺ͷݪ

Ҽͱ͢Δޡղ͕ଟ͍ɻ2003೥ʹ࣮ͨ͠ࢪʮ࣮ݧ 1ʯ

Ͱ͸ɺϘτϧωοΫߏ଄͕ແͯ͘΋ɺ͋Δີߴ౓Ͱ

͋Ε͹ौ଺͕ൃੜ͢Δ͜ͱΛࣔͨ͠ [2]ɻ·ͨɺौ଺

͸ີߴ౓Ͱ௿଎ͳྲྀΕͱͯ͠Ͱ͸ͳ͘ɺौ଺Ϋϥε

λͷܗ੒ͱͯ͠ൃੜ͠ɺौ଺Ϋϥελ͕໿ 20km/h

Ͱޙୀ͢Δ͜ͱ΋֬ೝͨ͠ɻ͞Βʹɺ༳Β͕͗ؒ࣌

ͱͱ΋ʹ੒௕͠ɺौ଺Ϋϥελ͕ܗ੒͞ΕΔ͜ͱ΋

֬ೝͨ͠ [3]ɻ͜ͷ࣮ݧͰ͸ɺं྆਺Λม͑ͯɺసҠ
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ਤ 2: φΰϠυʔϜ಺ͷίʔε

Βͳ͔ͬͨɻࢸΔʹ͸ݟΔ͜ͱΛ͜ى͕

2009೥ʹ࣮ͨ͠ࢪʮ࣮ݧ 2ʯͰ͸ɺີ౓Λม͑ͳ

͕ΒɺసҠ͕͜ىΔ఺Λ͚ͭݟΔ͜ͱΛୈҰͷ໨త

ͱͨ͠ɻͦͷͨΊʹ΋ɺΑΓਫ਼౓ͷ؍͍ߴଌ͕Մೳ

ͳΑ͏ͳ४උΛͨͬߦɻ

ʮ࣮ݧ 1ʯΑΓ൒ܘͷେ͖ͳίʔεΛ֬อ͢ΔͨΊ

ʹɺφΰϠυʔϜΛआ༻͠ɺυʔϜ಺ʹɺ൒ܘ 50m

ͷίʔεΛઃఆͨ͠ (ਤ 2)ɻ·ͨɺશͯಉҰ༷࢓ͷ

ं྆ (τϤλ Vits, ഉྔؾ 1.3Lɺं௕ 3,885mm) Λ

ݧɺʮ࣮͠༺࢖ 1ʯಉ༷ʹɺத೔ຊࣗಈं୹ظେֶͷ

ֶੜॾ܅ʹυϥΠόΛ຿Ίͯ΋Βͬͨɻೋ೔ؒͰɺ5

ճͷ࿅शΛؚΊͯ 19ճͷ૸ߦͷσʔλΛऔಘͨ͠ɻ

૸྆ंߦ਺͸ 10୆͔Β 40୆·ͰมԽͤͨ͞ɻ

֤૸ߦ͸ɺं͕྆ίʔε֎ʹॎྻறंͨ͠ঢ়ଶ͔

Βɺઌ಄͔Βं͕྆ίʔεʹೖΔ͜ͱͰ։ͨ࢝͠ɻ

υϥΠό΁͸ɺݥةͷແ͍Α͏ 40Km/hΛ௒͑ͳ͍

͜ͱͱɺंؒڑ཭Λۭ͚͗͢ͳ͍͜ͱ͚ͩΛࣔ͠ࢦ

ͨɻ͔͠͠ɺॳ೔͸υϥΠόʔॾ͕܅৻ॏͰ͋ͬͨ

͜ͱ΋͋Γɺं྆਺͕ଟ͘ͳΔͱ୯ʹΏͬ͘Γͱ૸

અͷղੳͰ͸ɺॳ࣍΋ൃੜͨ͠ɻگΔͱ͍͏ঢ়͢ߦ

೔ͷ࿅श (ं྆਺͕গͳ͍) ͱೋ೔໨ͷσʔλΛ༻

͍Δɻ

ʮ࣮ݧ 2ʯͰ͸ɺίʔεத৺ʹϨʔβʔεΩϟφ

(Sick LD-LRS 1000)Λઃஔͯ͠ɺं྆ҐஔΛܭଌ͠

ͨɻεΩϟφ͸ɺ5HzͰճస͠ɺ1/1920 ౓ (0.16m

ʹ૬౰) ຖɺ໿ 10−4 ඵຖʹ൓ࣹ෺·Ͱͷڑ཭Λऔ

ಘ͢Δɻ

4 ղੳ

·ͣɺ଎౓༳Β͗ͷ૿େͱौ଺Ϋϥελͷޙୀͱ

͍࣮ͬͨଌ͔Β஌ΒΕ͍ͯΔौ଺ܗ੒ͷ༷૬Λݤͱ
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ਤ 3: ຊਤج

ͯ͠ɺौ଺΁ͷసҠ఺Λਪఆͨ͠ɻ͜͜Ͱ͸ɺ࣮ଌ

ͱͷରԠͱͯ͠ौ଺ൃੜ͕͜ىΔີ౓Λਪఆ͢Δ͜

ͱΛ໨తͱ͠ɺجຊਤΛ༻͍ͨղੳΛࣔ͢ɻߴ଎ಓ

࿏্ͷ࣮ଌͰ͸ɺஅ໘Ͱͷྲྀྔ qͱฏۉ଎౓ vΛܭ

ଌ͠ɺີ౓ ρΛ q = ρvΛ༻͍ͯ͢ࢉܭΔɻ

ຊ࣮ݧͷ݁Ռ͔Β࣮ଌʹରԠ͢ΔجຊਤΛಘΔͨ

ΊʹɺίʔεΛ 120౓ຖʹ 3෼ׂ͠ɺ֤஍఺Ͱͷ଎

౓ͱྲྀྔΛ 45ඵฏۉͰٻΊͨɻ45ඵฏۉͱͨ͠ͷ

͸ɺಉҰͷं྆Λೋ౓਺͑ͳ͍ͨΊͱɺద੾ʹଟ਺

ͷ௨ա୆਺ΛಘΔͱ͍͏ೋͭͷ఺Λྀͨ͠ߟ΋ͷͰ

͋Δɻ

ਤ ઢʹԊͬۂຊਤΛࣔ͢ɻ௿ີ౓ଆͷ੺͍جʹ3

ͨσʔλ͸ɺॳ೔ͷ࿅शηογϣϯ (10୆ͱ 12୆)

ͼೋ೔໨ͷٴ 25୆ͷηογϣϯͷσʔλͰ͋Δɻ25

୆ͷηογϣϯͷσʔλ͸ɺ੺͍ۂઢͱ੨͍௚ઢͷ

ަࠥ͢ΔลΓʹ͋Δɻ28୆ٴͼ 30୆ͷηογϣϯͷ

σʔλ͸ɺ੺͍ۂઢͱ੨͍௚ઢͷ྆ํʹ·͕ͨͬͯ

෼෍͠ɺ32୆Ҏ্ͷηογϣϯͷσʔλ͸੨͍௚ઢ

ͷपғʹ͹Β͍͍ͭͯΔɻौ଺͕ൃੜ͠ɺौ଺Ϋϥ

ελ಺Ͱं͕྆ఀ͋ࢭΔ͍͸΄΅ఀͨ͠ࢭηογϣ

ϯͷσʔλ͸ޙड़͢Δཧ༝Ͱআ͍͍ͯΔɻ͜ͷਤ͸ɺ

Λࣔ͠ɺ௿ີ౓Ͱྲྀ޲܏଎ಓ࿏Ͱͷ࣮ଌͱಉ༷ͷߴ

ྔ͕ີ౓ʹ΄΅ൺྫͯ͠૿େ͠ɺີߴ౓Ͱ͸σʔλ

ઢͱ੨͍௚ઢͷۂΔɻ·ͨɺ੺͍͍ͯ͠ࢄ෼͘޿͕

ަࠥ͢ΔลΓͰ͸ɺσʔλ͕ೋͭʹ෼͔Ε͍ͯΔɻ

25୆ͷηογϣϯͰ͸ौ଺͕ܗ੒͞Εͣɺ28୆Ҏ

্ͷηογϣϯͰ͸ौ଺͕ܗ੒͞Εͨ͜ͱ͔Βɺौ

଺ൃੜͷྟքີ౓͸ 0.08m−1(25୆)ͱ 0.09m−1(28

୆)ͷؒʹ͋Δͱ݁࿦͚ͮΔɻ

ຊਤج (ਤ 3)Ͱ͸ɺौ଺ΫϥελதͰं͕྆ఀࢭ

͋Δ͍͸΄ͱΜͲఀ͢ࢭΔ৔߹ͷσʔλΛআ͍͍ͯ

ΔɻͦͷΑ͏ͳ৔߹ͷجຊਤ (ਤ 4)͸ɺࣗ༝ྲྀͱඇ
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ਤ 4: ौ଺ΫϥελதͰं͕྆ఀ͢ࢭΔ৔߹ͷجຊਤ
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