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Abstract 
The compression wave produced when a high-speed train enters a tunnel propagates along the tunnel

ahead of the train. The micro pressure wave related to the compression wave is a special physics phenomena

created by high-speed train-tunnel interfaces. A among methods for the purpose of reducing the micro

pressure wave is to delay the gradient of the compression wave by using aerodynamic structures. The

objective of this paper is to determine the optimum slanted portal using the moving model rig. According to

the results, the maximum value of micro pressure wave is reduced by 19.2% for the 45⁜slanted portal

installed at the entrance of the tunnel and reduced by 41.9% for the 45⁜slanted portals at the entrance and

exit of the tunnel. Also it is reduced by 34.6% for the 30⁜slanted portals installed at the entrance and exit of

the tunnel.

Key Words : Micro-pressure wave, Slanted portal, Tunnel hood, High-speed railway, Compression wave,
Expansion wave
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Experimental Study on the Slanted Portals for Reducing the Micro-pressure
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ۿࢲ .1

Ҋ୍ࣘب ର۝ ఠօ ੋఠಕ੉झীࢲ աఋաח ৈ۞ о

૑ ҕӝ৉೟ ࢲীઁޙ ఠօ ӝ঑౵޷ അ࢚਷ Ҋ୍ࣘبী

Ҋࣘ੹୍੉ఠօ .׮੸അ࢚੉ܻޛౠೠةחغѻѱ݅ࢲ

ী૓ੑೡٸ, ঑୷౵חৌର੹ࠗفখࠗ࠙ীݴغࢿࢤࢲ

঑୷౵ח౵ز੄খী੿૑ೞҊ੓חҕӝܳ঑୷ೞҊо

ࣘೞৈ਺ࣘਵ۽ఠօਸۄٮ੹౵ݴغఠօ୹ҳࠗ࠙ী

ࢲ ঑୷౵ח ಉହ౵ॄ۽ ৌରܳ ೱೞৈ ۽ٍ .׮ػࢎ߈

दীز ੉ ঑୷౵੄ ੌࠗ࠙਷ ୽Ѻ౵(impulsive wave)

۽ যغ ୹ҳࠗ۽ఠ ઱ਤ ജ҃ੋ ਸ߆ ೱೞৈ .׮ػࢎߑ

੉ ୽Ѻ౵ח ୡ਺ࣘ ೯ӝী࠺ ੄೧ࢲ ػࢿࢤ ୊ۢࠞץࣗ

ъ۱ೠ ࣗ਺ਸ aeroacoustic)ۿҕӝ਺ೱ੉ .׮दఅࢤߊ

theory)ী ੄ೞݶ ఠօ ୹ҳࠗ۽ఠ աয়ח ъ۱ೠ ࣗ਺

੄௼ӝח୹ҳীب଱ೞח঑୷౵੄঑۱߸ചী؀ೠ୭

؀ दр ߸ചਯ, ૊ ঑୷౵੄ ౵ݶ ঑۱ҳߓী .׮۹ೠ࠺

ఠօ ୹ҳীࢲ חೞࢤߊ ୽Ѻࢿ ࣗ਺ੋ חӝ঑౵޷ ఠօ

୹ҳࠗӔ੄ ജ҃ઁޙ৬ ҙ۲ೞݴ, ৌରݶױ੸, ੹ࠗف੄

ഋ ,࢚ ఠօ੄ݶױ੸, ఠօ੄ӡ੉, ఠօղठۄߊ/࠳ۄझ

౟ ӆب੄ ઙܨ, ఠօ ୹ҳࠗ۽ఠ Ѣܻ١ী ۽೤੸ਵࠂ

੄ઓೞѱ بҊ୍ࣘࠗ҃ .׮ػ ఠօ੄ ੸਷ݶױ 107㎡ਵ

޷ࢲীৌର੄ఠօ૓ੑदఠօ୹ҳীޙٸ਋௼ӝݒ۽

ӝ঑౵(micro pressure wave)ী ੄ೠ ಩ߊ਺਷ غࢤߊ

૑ ঋѷਵա ӝ঑౵ী޷ ੄ೠ ੷઱౵ ૓ز੉ ઱߸޹о੄

ହޙ੉ա ਸౣޙ बೞѱ ൔٜয ֬ਸ ࣻ ੓ӝ ীޙٸ ੉

ী ؀ೠ ؀଼݃۲੉ ೙ਃೞ׮(Maeda et al, 1994; ӣز

അ١1999b). 

ఠօ ੑҳীࢲ ഋחغࢿ ঑୷౵੄ ౵ഋ Δp(x)ח ৌର

੄ ৬بࣘੑج Ӓ੄ ੹ࠗف ഋ ࠺ݶױ ࢚, ١੄ ೤੸ੋࠂ

৔ೱী੄ઓೞחѪਵ۽ӝݴغ؀, ೧ࢳ੸ੋߨߑਵ۽੉

۞ೠ ৔ೱী ؀ೠ ೧ܳ ঳ӝח ਋ݒ Ҍۆೞ׮. ੉ ীޙٸ

ࣻ஖҅࢑ ߂ प೷੸ োҳо ഝߊೞѱ ૓೯غҊ ੓׮

(Ozawa et al., 1988; Maeda et al., 1994; Moritoh et

al., 1994; Takayama et al., 1995; Matsuo et al.,

1997). ӣ൞ز ١(1999a, 1999b)਷ ౠࢿҋߨࢶਸ ੉ਊೠ

ࣻ஖೧ࢳীࢲ ഋറࢶ (٘Linear hood)৬ ࠛোࣘറ٘

(Abrupt hood)ੌ ঑୷౵ী؀ೠػࢿഋࢲఠօੑҳীٸ

җ੔঑۱, ౵ݶ੄୭؀঑۱ҳ١ߓਸઑࢎೞ৓׮. 

ࠄ োҳীחࢲ Ҋࣘৌରо ఠօղ۽ ૓ੑೡ ҃਋ী ҃

јҳоࢎ ఠօղ ঑۱߸زҗ ӝ঑౵ী޷ ח஖޷ ৔ೱਸ

ઑࢎೞӝ ਤ೧ࢲ ୷ࣗݽഋद೷ਸ ࣻ೯ೞ৓׮ .׮द ݈೧

ଃ؀଼઺ೞաޛҳ୷۽ࢶӝ঑౵੷х؀଼੄޷ఠօࢲ

ਸ౵מࢿӝ঑౵੷х޷ܲٮীبпࢎјҳ੄҃ࢎ҃ੋ

ঈೞৈ ୭੸ јҳܳࢎ҃ ѐߊೞח Ѫ੉ࠄ .׮ োҳীࢲ

द೷ਸాೞৈѨૐೠ45⁜҃ ࢸјҳܳఠօੑҳী݅ࢎ

஖ೞݶ ӝ঑౵޷ ੷хਯ੉ 19.2 %੉Ҋ, 45⁜҃ јҳܳࢎ

ఠօ੄ ੑҳ৬ ୹ҳ নଃী ஖ೡࢸ ҃਋ীח ӝ঑౵ܳ޷

୭Ҋ41.9 % ઴ੌࣻ੓঻׮.

ੋఠಕ੉झীࢲ חغࢤߊ ౠೠة ӝ঑౵ܳ޷ .׮അ࢚੉ܻޛ ੷хदఃח ઺ীߨߑ ఠօ ੑ·୹ҳࠗী ҕӝ৉೟੸ੋ ҳઑޛਸ ࢎ

ਊೞৈ ঑୷౵੄ दрী ؀ೠ ҳܳߓ ૑োदఃח ੉ߨߑ ੓ࠄ .׮ োҳ੄ ੸਷ݾ ఠօ઱೯ ৌରݽഋ द೷ӝ۽ ୭੸੄ јҳࢎ҃

ܳ ѐߊೞח Ѫ੉׮. ҃ јҳ੄ࢎ ীبпࢎ҃ ܲٮ द೷ਸ ాೠ द೷Ѿҗীࢲ ఠօ ੑҳࠗী 45⁜҃ јҳܳࢎ ੸ਊ೮ਸ ٸ ӝ঑޷

౵ ୭؀ ೖ௼ч੉ 19.2 %о ੷хغ঻׮. ఠօ ੑ·୹ੑҳ নଃী 45⁜҃ јҳܳࢎ ੸ਊೡ ҃਋ח 41.2% ੷хغ঻ژ .׮ೠ ఠօ

ੑ·୹ੑҳ নଃী 30⁜҃ јҳܳࢎ ੸ਊೡ ҃਋ח ӝ঑౵޷ ୭؀ ೖ௼ч੉ 34.6% ੷хغ঻׮.

઱ਃয ҃ ,ӝ঑౵޷ : јҳੑҳ, ఠօറࢎ ,٘ Ҋ୍ࣘب, ঑୷౵, ಉହ౵
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2. ఠօ઱೯ৌରݽഋद೷ӝ

Ӓܿ 1਷ ࠄ द೷ীࢲ ӝ঑౵޷ ஏ੿ী ػਊࢎ द೷੢

஖੄ ѐۚب੉׮. ఠօࠗח ই஖ഋਵ۽ ҃ࠗҊ୍ࣘب ఠ

օղҕ ੸ݶױ 107㎡ী ೧׮ػ׼.(ӣزഅ ١, 1999c) ࠄ

द೷ীࢲ ਊೠࢎ ਬബର࠺ױ(blockage ratio)ח 8.88 %

ࢲ۽ ҃ࠗҊ୍ࣘب੄ ఠօҗ KTX (Korea TGV)ৌର੄

৬࠺ э׮. ৌର؛ݽ਷ 1/60୷ୋਸ ੸ਊೞ৓ਵݴ 3۝ ӡ

੉ী ઑӘ ޅ ח஖޷ 0.605 mܳ ৌରо .׮ਊೞ৓ࢎ ఠ

օੑҳ ૓ੑदী חغࢿࢤ ঑୷౵੄ दрী ؀ೠ ҳߓী

োࠄীޙٸӝغоѾ੿بӝ঑౵੄ъ޷ఠօ୹ҳۄٮ

ҳী؀೧ࢎ҃חࢲјҳܳాҗೡ݅ఀ੄ૣ਷ৌରӡ੉

۽ ୽࠙ೞ׮.(Ozawa et al., 1988) ఠօ ੑҳ৬ ୹ҳ খ

ী ૑ݶ౸ਸ ఠօղࠗ੄ ,ݴ঻ਵف ঑۱߸ز਷ Endevco

঑۱ࢲࣃ 8510B-1۽ 4 ਤ஖ীࢲ োࣘ੸ਵ۽ ӝ۾ೞ৓

ఠօ୹ҳ .׮ ӝ঑౵޷ ஏ੿਷ Rion੄ ੹ਊب୍ ੷઱౵

਺঑ۨ߰҅XN-12A(੷઱౵؀৉0.2 ∼1 kHz хبౠࢿ

ੌ੿)ܳ ఠօ .׮ਊೞ৓ࢎ ୷ী ؀೧ 45⁜пبীࢲ ୹ҳ

֫ ਤ20mm౸ݶఠ333 mm Ѣܻ৬૑ࠗ۽ ੉ী਺঑ۨ

߰҅ܳ Ӓܿ)׮஖ೞ৓ࢸ 2 ଵઑ). ҃ࠗҊ୍ࣘب ࢶࠂ ӆ

݃ ,ݴغ׼਷ಞଃী೧ݏ۽ࢶৌର਍೯ࢲীب ੉௼۽ಪ

੄೻٘޷חӝ঑౵੄ߑࢎߑೱীݏ୶যਤ஖दௌ׮. ৈ

ӝࢲৌରݽഋ, ఠօݽഋ߂ৌରݽഋद೷ӝীҙೠ੗ࣁ

ೠ ઁਗ਷ അزӣ).׮ೠۚࢤ ١, 1999a ଵઑ) ࠄ োҳ੄

ఠօ઱೯ ৌରݽഋ द೷੢஖ח ఠօղ੄ ঑۱߸زҗ ఠ

օ୹ҳীࢲ חغࢎߑ ӝ঑౵ী޷ ؀ೞৈ ੿࢚࠺ 1ରਗਬ

ز ࣻ஖೧ࢳ Ѿҗ৬ ӝ঑౵޷ ౠࢳ࠙ࢿਵ۽ מࢿ Ѩૐೞ

৓׮.(Kim et al., 1999d)

3. ఠօ޷ӝ঑౵੷хਊ јҳࢎ҃ ҳੑ

ࠄ োҳীࢲ ੸ਊೠ ఠօ ӝ঑౵޷ ੷хߨߑ਷ ৌରо

ఠօ૓ੑदחغࢿࢤदрী؀ೠ঑۱ҳܳߓծ୶חѪ

ਵ۽ ҕӝ৉೟੸ੋ ҳઑޛਸ ੉ਊೞৈ ঑۱࢚थ दрਸ

૑োदఃחѪ੉ࠄ .׮োҳী׮ࠁחࢲ੿ഛೠ޷ӝ঑౵

੷х؀଼ਸ ҳೞӝ ਤೞৈ ఠօ ഋ࢚ਸ ҃ࠗҊ୍ࣘب ఠ

օী оӰѱ ഋ࢚ച दௌ׮(ੌ ࠄ ୨೤ӝࣿোҳࣗ੄ب୍

҃਋ नрࢶ ఠօ ഋ࢚ਸ ਊೞ૑ࢎ ঋҊ ਗഋ ౵੉೐۽

द೷ )ೣ. ର۝੄ ੹חࠗف KTX׮ࠁ ডр ೠڣޡ ੹ࠗف

(nose)ܳ ыח ഋ࢚ਸ ח੉ .׮ਊೞ৓ࢎ ੹ࠗف ীױࢶ

ৌର؛ݽ੄ ఎࢶਸ ૑ೞӝߑ ਤ೧ࢲ 2mm ৬੉যо ҙ

ాೞ۽޲୷ߑೱਵ2۽mm ڣޡೠഋ࢚੉غ঻ݽ .׮ഋ

द೷਷ӝઓࢶҊࣘചৌର߂੢ې੄Ҋࣘৌର੄ࣘܳب

Ҋ۰ೞৈৌର੄ࣘبо220∼420 km/hੋ ਤী؀ೞߧ

ৈ ࣻ೯ೞ৓׮. ৌର৬ ఠօ੄ ࠺੸ݶױ 8.88 %, ఠօӡ

੉ 8.34 m(पୋ 0.5 km)৬ ৌରӡ੉ 0.605 m۽ ੌ੿ೠ

࢚కীࢲఠօੑҳ҃ࢎјҳ੄҃ࢎпܳب߸ചदఃࢲݶ

ఠօղ੄ ঑۱߸زҗ ఠօ ୹ҳীࢲ חغࢎߑ ӝ঑౵޷

ܳஏ੿ೞ৓׮. 

Ӓܿ 1. ఠօ઱೯ ৌରݽഋ द೷ӝ ѐۚب

Ӓܿ 2. 1/60୷ୋ ఠօݽഋ੄ ஏ੿ࢲࣃ ਤ஖(पୋ 0.5km ఠօ,
ठ࠳ۄӆب)
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ੑҳ ঑୷౵੄ ঑۱߸ചী ؀ೠ ୭؀दр߸ചਯ

(dp/dt)maxח ఠօ୹ҳࠗ۽ఠ חغࢎߑ ӝ঑౵੄޷ ௼ӝ

ܳ ҅࢑ೞӝ ਤ೧ ਋ݒ ઺ਃೠ ч੉׮. pח Ѣ੄ ৌରࣘ

੄ب ઁғী ۽޲۹ೞ࠺ (dp/dt)maxо ৌରࣘبী ੄ઓೞ

ח ੿חب U2/U-1, ૊ U3੉חۄ Ѫਸ ঌ ࣻ ੓ਵ۽޲ ৌ

ରࣘب੄ ғীઁࣁ ࢲఠօ୹ҳী .׮۹ೠ࠺ חغࢎߑ ޷

ӝ঑౵חৌରоఠօী૓ੑद੄୐ߣ૩঑୷౵੄঑۱

ҳߓী ۹ೞৈ࠺ ૐоೠ׮(Ozawa et al., 1988)ח Ѫ਷

ੜ ঌ۰ઉ ੓ࠄ .׮ ӝࣿѐߊ੄ ഋप೷ݽ ؘ੉ఠب Ӓܿ

3җэ੉޷ӝ঑౵୭؀ч੉दрী؀ೠ୭؀঑۱ҳߓ

ী ח۹ೞ࠺ Ѿҗܳ ৈ઱Ҋࠁ ੓׮. Ӓܿ 3਷ јҳࢎ҃

(45⁜јҳ, ੑ ҳ৬୹ҳনଃীࢸ஖)оࢸ஖غ঻ਸੑٸ

ҳীࢲ 1.115 m(पୋ 66.7 m) ڄয૓ ఠօղ߷ ਤ஖ীࢲ

ஏ੿ػ ঑۱ҳߓ৬ ఠօ ୹ҳীࢲ 333 mm(पୋ 20 m)

য૓ڄ ਤ஖ীࢲ ஏ੿ೠ ӝ঑౵৬੄޷ ഋࢶ ۹ҙ҅ܳ࠺

.׮ৈ઱Ҋ੓ࠁ

ࠄ োҳীחࢲ ӝ঑౵੄޷ ੷хਯਸ Үೞӝ࠺ ਤೞৈ

ର۝җ ఠօ੄ ਬബର࠺ױ(blockage ratio)ী ࢚ҙহ੉

੸ਊೡࣻ੓҃ח೷धਸٜ݅঻׮.

Pmax `=`Γ·U3/106 ` (1)

ध(1)ਸ੸ਊೞৈࠄোҳীࣻࢲ೯ೠৈ۞о૑҃ࢎј

ҳ੄޷ӝ঑౵੷хמࢿਸ࠺Үೞ৓׮.

਺੄׮ ૓ࢎ 1਷ द೷ী ػਊࢎ ؀಴੸ੋ ੑҳ јࢎ҃

ҳٜ੄ ഋ࢚ਸ ৈ઱Ҋࠁ ੓ࢎ҃ .׮јҳ੄ ղҕݶױ੸਷

ఠօ ੸җݶױ эࢎ҃ .׮јҳ੄ ӝ਎ӝ੄ ߸ച(30⁜,

߂⁜45 ,⁜40 55⁜)ী ࢲۄٮ јҳܳࢎ҃ ੑҳী݅ ஖೮ࢸ

ਸ ҃਋৬ ੑҳ/୹ҳী فݽ ஖ೞ৓ਸࢸ ҃਋ী ؀ೞৈ

8.34 m ठ࠳ۄӆب ఠօ(पୋ 0.5㎞)ীࢲ חغࢎߑ ӝ޷

঑౵੄ ௼ӝܳ ஏ੿ೞ৓׮. ৈӝࢲ חبпࢎ҃ ૑಴ݶҗ

.׮ೞ৓۽ӝળਵܳبпחܖјҳо੉ࢎ҃

಴ 1਷ ੑҳࠗী ই۠ޖ ؀଼ਸ ੸ਊೞ૑ ঋ਷ 8.34

m(पୋ 0.5 km) ठ࠳ۄӆب ఠօਸ ಴ળ Ү࠺ ؀࢚ਵ۽

ೞ৓ਸ 4о૑ ,ٸ ഋ࢚੄ റ٘ী ҙೞৈ ఠօ ୹ҳীࢲ

աఋա޷חӝ঑౵ܳध(1)ਸ੉ਊೞৈ޷ӝ঑౵୭؀ч

੄ ੷хਯਸ աఋմ ಴ .׮಴੉ب 1ীࢲ ࢎ҃ пبо 45⁜

੉ࢎ҃ࢲݶјҳоੑҳ৬୹ҳীࢸفݽ஖҃ػ਋ী޷

ӝ঑౵ ੷хਯ੉ ড 42 %੐ਸ աఋղҊ ੓ਵܲ׮ ,ݴ ҃

਋਋ࣻೠݒ੉מࢿӝ঑౵੄੷х޷ٸࠅҮ೧࠺৬بࢎ

Ѫਵ۽աఋլ׮.

Ӓܿ ӝ঑౵৬޷ .3 ঑୷౵੄ दрী ؀ೠ ҳߓ ҙ҅ Ү࠺
(ఠօ ੑ୹ҳী јҳࢎ҃⁜45 ੸ਊೠ ҃਋)

(a) 30⁜҃ࢎјҳ द೷؛ݽ (b) 45⁜҃ࢎјҳ द೷؛ݽ

(c) 55⁜҃ࢎјҳ द೷؛ݽ (d) নҳؗѐ द೷؛ݽ

૓ࢎ ӝ঑౵޷ .1 ੷хਊ јҳࢎ҃ द೷؛ݽ ഋ (࢚1/60 ୷ୋ (؛ݽ



Ӓܿ ח4 јҳࢎ҃ ੑҳо ఠօղ ঑۱߸زী ח஖޷

৔ೱਸաఋղҊ੓׮. Ӓې೐۽Ѿҗܳ࠙ݺೞѱաఋղ

ӝ ਤ೧ࢲ ؀಴੸ੋ 3ѐ੄ ҃਋݅ਸ חҮೞ৓࠺ ࢎ҃ ؘ,

јҳоহ҃ח਋৬пп30⁜, 55⁜੄҃ࢎјҳੑҳоࢸ

஖ػ ҃਋о ೧ࢎ҃ .׮ػ׼јҳ ੑҳ੄ ৉ೡ਷ ૑ݶҗ

੉חܖ јҳࢎ҃ пبо ੘ਸࣻ۾ ৌର੄ ఠօ ૓ੑदী

ػࢿࢤ ঑୷౵੄ दрী ܲٮ ߸ചਯੋ ୭؀ ঑۱ҳܳߓ

੘ѱೠח׮Ѫਸঌࣻ੓׮ .׮द݈೧ࢲ୭؀঑۱чী

੉ܰחदр಩ਸ૑োदெ઱ח৉ೡਸೠ׮. 

੉۞ೠ јҳ੄ࢎ҃ ఠօղ ୭؀ ঑۱ҳܳߓ хࣗदః

Ӓܿ5 .׮ৈ઱Ҋ੓ࠁೞѱݺ࠙؊ࢲ৉ೡ਷Ӓܿ5ীח

ח ৌର੄ ఠօ૓ੑࣘبо 220㎞/h∼420㎞/hীࢲ ࢎ҃

јҳ੄҃ࢎпبо30⁜, 45⁜ࢎ҃߂јҳоহਸٸী೧

ীبৌର૓ੑࣘܳߓ୭؀঑۱ҳݴ3о૑҃਋੉חغ׼

ҙೞৈ աఋղ঻׮. द೷Ѿҗী ݶܰٮ јҳࢎ҃ ੑҳ੄

оبпࢎ҃ ծਸࣻ۾ ୭؀ ঑۱ҳߓо ੘ই૑ח Ѫਸ ࠁ

ৈ઱Ҋ੓׮. 

Ӓܿ 6਷ јҳ੄ࢎ҃ ஖ীࢸ ܲٮ ӝ঑౵޷ ୭؀ ч੄

੷х ࠙ನܳ աఋղח Ӓې೐ࢲ۽ ৌର੄ ఠօ૓ੑࣘب

৬ఠօ୹ҳীࢲ੄޷ӝ঑౵୭؀ೖ௼чਸաఋմ׮. ৌ

ର૓ੑ ৔৉਷بࣘ 220 km/hীࢲ 420 km/hө૑ ࣻ೯

ೞ৓׮. Ӓܿ 6(a)ח 30⁜҃ јҳܳࢎ ੑҳࠗী݅ ஖ೞࢸ

৓ਸ ҃਋৬ ੑҳ/ ୹ҳࠗী दীز ஖ೞ৓ਸࢸ ٸ ੷х

חغ ӝ঑౵੄޷ ୭؀ ೖ௼чਸ ৈ઱Ҋࠁ ੓ਵݴ Ӓܿ

6(b)40ח⁜҃ ٸ஖ೞ৓ਸࢸјҳܳੑҳࠗ৬୹ҳࠗীࢎ

੉ݴӒܿ6(c)45ח⁜҃ ஖ೞ৓ਸࢸјҳܳੑҳࠗী݅ࢎ

҃਋৬ੑҳ/୹ҳࠗীࢸ஖ೞ৓ਸ҃਋੉ݴ, Ӓܿ6(d)ח

55⁜҃ јҳܳࢎ ੑҳ৬ ୹ҳࠗী ஖ೞ৓ਸࢸ ҃਋ী ա

ఋաח ఠօ ૓ੑࣘب৬ ୭؀ ӝ঑౵޷ ೖ௼чਸ ৈ઱ࠁ

Ҋ ੓޷ .׮ӝ঑౵ ੷х द೷ਸ ࣻ೯ೠ Ѿҗܳ ࠁҮ೧࠺

৬э੉ੑҳ৬୹߄חৈ઱ࠁࢲӒܿ6ীחјҳࢎ҃ݶ
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಴ јҳ੄ࢎ҃ .1 ӝ঑౵޷ ੷хמࢿ Ү࠺

јҳ੄ࢎ҃ بпࢎ҃ ੷хਯ
(% )

30⁜
only entrance

30⁜
entrance and exit

40⁜
entrance and exit

45⁜
only entrance

45⁜
entrance and exit

55⁜
entrance and exit

7.7

34.6

30

19.2

41.9

6.2

੷х҅ࣻ
(Γ )

1.2

0.85

0.91

1.05

0.755

1.22

ਬഐࣘب ਤߧ
(km/h)

240~360

240~360

240~360

250~420

220~400

240~340

Ӓܿ 4. ఠօ ੑҳࠗ۽ఠ 1.115 m ਤ஖ীࢲ ஏ੿ೠ јҳ ীبпࢎ҃
ܲٮ ఠօղ ঑۱ҳߓ Ү࠺ (ఠօ૓ੑࣘب 300 km/h)

Ӓܿ 5. ఠօੑҳࠗ۽ఠ 1.115 m ਤ஖ীࢲ ஏ੿ೠ ఠօղ ঑۱
ҳߓ ୭؀ч ࠙ನ
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ҳীࢸفݽ஖ೞחѪ੉ੑҳী݅ࢸ஖ೞ৓ਸ҃਋৬࠺

Үೞৈ2ߓ੉࢚੄੷хמࢿ੉੓׮. 

ౠ൤, ҃ࢎјҳ੄ оبпࢎ҃ 45⁜ੌ ٸ ӝ঑౵޷ ੷х

ೡݾ઱ ,ݴद೷Ѿҗաఋլਵ۽਋਋ࣻೠѪਵݒ੉מࢿ

݅ೠ द೷Ѿҗח ੄بпࢎ҃ ૐоী ؀೧ ӝ঑౵޷ ੷х

ਯ੉ ۹ೞ૑࠺ ঋח׮ ೠژ .׮प੉ࢎ חӝ঑౵޷ ୐ ߣ

૩঑୷౵੄౵ݶ঑۱ҳߓী۹࠺ೞৈૐоೠ׮(Ozawa

et al., 1988)ח օܻ ঌ۰૓ पਸࢎ ੹ઁ۽ ೞৈ Ӓܿ 5

৬ Ӓܿ 6ਸ Ѩషೠ Ѿҗী ҳੑ ,ݶܰٮ јҳ੄ࢎ҃ ৉

ೡ਷ ӝ঑౵޷ ੷х(ఠօղ ੹౵ೞח ঑۱ҳߓ ੷х)ী

ӝৈೞݴ ୹ҳ חјҳࢎ҃ חغࢎߑ ӝ঑౵੄޷ ੹౵ ҃

ী۽ ӝৈೞח Ѫਵ۽ ӒܻҊ .׮ػܐࢎ ੑ୹ҳ пп੄

јҳ ীبпࢎ҃ ܲٮ ഛೠݺ ৉ೡ ߂ ৔ೱ਷ ୶റ बب

ӨѱোҳغযઉঠೡѪ੉׮. അ੤ө૑ఠօ୹ҳী޷ࢲ

ӝ঑౵ חࢎߑ ۽ਵࢿ૑ೱޖ ҳഋਵ۽ Ҋ׮ػࢎߑ Ҋࠁ

(Maeda et al., 1994)غয ੓ژ .׮ೠ јҳ੄ ܳبпࢎ҃

/ੑ୹ҳী ܻ׳ ઱Ҋ द೷೧ ࠅ ೙ਃࢿ੉ ࢚ӝ Ѿҗࠗ۽

ఠઁӝ׮ػ.

Ӓܿ 7਷ ӝ঑౵੄޷ ੷хਯ੉ ܲ׮ ীبࢎ҃ ೞৈ࠺

੉מࢿ ਋ࣻೠ 45⁜҃ јҳ(Ӓܿࢎ 6 ଵઑ)ী ؀ೞৈ Ӓܿ

3(d)৬ э੉ নଃী ҳݨ੉ ੓ח ؗѐ(নҳ ؗѐ)ܳ ஖ࢸ

ೞ৓ਸ ҃਋ী աఋաח ৌର੄ ૓ੑࣘب৬ ୹ҳীࢲ ߑ

חغࢎ ӝ঑౵੄޷ ୭؀ чਸ աఋղҊ ੓׮. Ӓܿ 7਷

јҳীࢎ҃ নҳ ؗѐܳ ஖ೡࢸ ҃਋ী јҳࢎ҃ ؀଼੉

(a) 30⁜҃ࢎјҳ(ੑҳ, ੑ୹ҳ)

(d) 55⁜҃ࢎјҳ(ੑҳ)

Ӓܿ 6. ఠօ୹ҳࠗ۽ఠ 0.333 m ਤ஖ীࢲ ஏ੿ೠ ӝ঑౵޷ ୭؀ ೖ௼ч

(b) 40⁜҃ࢎјҳ(ੑҳ)

(c) 45⁜҃ јҳ(ੑҳ, ੑ୹ҳ)ࢎ
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হ҃ח਋৬э਷҃ೱਸࠁ੉Ҋ੓਺ਸঌࣻ੓׮. ੉Ѫ

਷Ӓܿ8ীࢲաఋղ߄ח৬э੉ఠօղ୭؀঑۱ҳߓ

оఠօ݅੓҃ח਋৬45⁜҃ ஖ࢸјҳীনҳؗѐоࢎ

.׮ػݺࢸ۽Ѫਵח੉ࠁतೠ҃ೱਸ࠺਋҃ػ

4. Ѿۿ

ఠօী ৌର ૓ੑद ఠօ ୹ҳীࢲ חೞࢤߊ ӝ঑౵޷

ח ఠօ ୹ҳࠗӔী ୽Ѻࢿ ࣗ਺ חژ ੷઱౵ ૓ز੄ ജ

ܳઁޙ҃ ঠӝೞݴ, ৌରݶױ੸, ੹ࠗف੄ ഋ ,࢚ ఠօ੄

੸, ఠօ੄ݶױ ӡ੉, ఠօղ ठۄߊ/࠳ۄझ౟ ӆب੄ ઙ

ఠօ ,ܨ ୹ҳࠗ۽ఠ Ѣܻী ੄ઓೠࠄ .׮ োҳ૓੉ ѐߊ

ೠ ೠҴഋ ઺ഋ(1/60 ୷ୋ) ఠօ઱೯ ৌରݽഋ द೷੢஖

۽ ӝ঑౵޷ ੷࠺ਊ ੷х؀଼ੋ ҃ࠗҊ୍ࣘبਊ ఠօੑ

ҳ јҳ੄ࢎ҃ ীبпࢎ҃ ܲٮ ਸמࢿ ౵ঈೞ৓׮.

8.34 m(पୋ0.5 km)੄࠺Ү੸ૣ਷ఠօ੄҃਋ী޷ӝ

঑౵חৌର੄ࣘبоૐоೡࣻ۾ழ૑ݴ੉৬э਷҃ೱ

਷҃ࢎјҳ(ੑ ҳറ )٘੄҃ࢎпبীҙ҅হ੉Ѣ੄ੌҙ

ػ ন࢚ਸ ࠳ۄठ ,ݴ੉ࠁ ӆبীࢲ ӝ঑౵੄޷ ୭؀ ч

਷ ৌରੑҳࣘب੄ 3थী ۹ೣ੉࠺ प೷Ѿҗ৬ب ੜ ੌ

஖ೞ৓׮. ӒܻҊ प೷Ѿҗٜࠗ۽ఠ ఠօੑҳী јࢎ҃

ҳܳࢸ஖ೞݶৌର੄ఠօ૓ੑࣘܳب઴੉חѪҗэ਷

ബҗܳ঳ਸࣻ੓׮.

ࠄ োҳח ӝ঑౵޷ ੷х ؀଼ਵ۽ јҳ੄ࢎ҃ пࢎ҃

ীب ܲٮ ୭੸ јҳࢎ҃ ѐߊਸ ాೠ ੌ۲੄ प೷ਸ ా

ೞৈৌର૓ੑࣘ420∽ 220ب km/h ৔৉ীࢲఠօ୹ҳ

ӝ঑౵ܳ޷ ୭؀ 41.9 % ઴ੌ ࣻ ੓঻ࢎ҃ .׮јҳח ੑ

ҳ৬୹ҳࢸفݽ஖ೞחѪ੉ੑҳী݅ࢸ஖ೞ৓ਸ҃਋

৬ Үೞৈ࠺ ߓ2 ੉࢚੄ ੷хמࢿ੉ ੓׮. ౠ൤, ҃ࢎј

ҳ੄҃ࢎпبо45⁜ੌ ਋਋ݒ੉מࢿӝ঑౵੷х޷ٸ

ࣻೠѪਵ۽द೷Ѿҗաఋլਵݴ, ઱ݾೡ݅ೠद೷Ѿҗ

ח ੄بпࢎ҃ ૐоী ؀೧ ӝ঑౵޷ ੷хਯ੉ ۹ೞ૑࠺

ঋࢎח׮प੉׮. ੑ ҳ҃ࢎјҳ੄৉ೡ਷޷ӝ঑౵੷х

(ఠօղ ੹౵ೞח ঑۱ҳߓ ੷х)ী ӝৈೞݴ ୹ҳ ࢎ҃

јҳח חغࢎߑ ӝ঑౵੄޷ ੹౵ ী۽҃ ӝৈೞח Ѫਵ

.׮ػܐࢎ۽

੄ب୍ Ҋࣘചܳ पഅೞӝ ਤ೧חࢲ Ҋࣘചী ۄٮ ә

Ѻೞѱૐоب୍חغജ҃ࣗ਺߂ҕӝ৉೟੸അ࢚ਸ৮

ചೞৈ ജ҃җ੄ ઑചܳ ੉חܖ Ѫ੉ ࠛоѾೞ׮. ੉ܳ

ਤ೧חࢲ ৌର/۽ࢶҳ୷ޛ ੋఠಕ੉झীࢲ աఋաח ҕ

ӝ৉೟੸ അ࢚ਸ ೧ݺೞҊ ӝৈبо ֫਷ അ࢚ࠗఠ ৮

ചㆍ੷хਸ חೞݽب Ѫ੉ ઺ਃೞࠄ .׮ ӝࣿѐߊ਷ ୍

ب Ҋࣘചীࢲ ఠօ੄ ੸ݶױ ୭੸҅ࢸद द٘߈ ೙ਃ

ೠӝࣿ੉׮.

Ӓܿ 7. নҳ ؗѐ ੸ਊೠ јҳীࢎ҃⁜45 ؀ೠ ӝ঑౵޷ ୭؀
ೖ௼ч (ఠօ୹ҳࠗ۽ఠ 0.333 mীࢲ ஏ੿)

Ӓܿ 8. ৌର ૓ੑࣘبী ܲٮ ঑۱ҳߓ ୭؀ч
(ఠօੑҳࠗ۽ఠ 1.1115m ਤ஖ীࢲ ஏ੿)
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хࢎ੄ Ӗ

दझమূޛҳ୷۽ࢶߊG7 Ҋࣘ੹୍ӝࣿѐחোҳࠄ

૑פয݂ӝࣿѐߊ੄3ର֙بѐߊѾҗ઺ੌࠗ੉ݴೠҴ

Ѥࢸӝࣿোҳਗ ૑ೞҳઑޛӒܛ, (઱) ࠁ࢖ӝࣿױ, (઱)

.׮ܽ٘ࢎয݂੄૑ਗীхפ૑ূࠄ؀

ӝഐ

Γ ӝ঑౵੷х҅ࣻ޷ :

Pmax ӝ঑౵੄୭؀ೖ௼ч[Pa]޷ :

p : ఠօղҕӝ঑[Pa]

U : ৌର੄ఠօ૓ੑࣘب[km/h]
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