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Abstract 

 

With the heavy loading, almost reached its designed traffic volume, highway congested 

frequently especially in the sections towarding toll stations. Thus, how to improve the traffic 

jam around the toll station has been a long time popular research topic. Currently, there are 

three types of fee collection: ETC, token and cash. Among then the ETC is considered on the 

most efficient method, it is also the practice government promoted mainly. However, before 

implementing ETC fully, the effective deployment of different types and number of toll 

booths may fultill both road users’ need and cost-and-benefit criteria. In our research we 

created a simulation model using ProModel to mimic and study the dynamic operation of toll 

stations, such as the relationship between different traffic flow speed and lane configuration 

of a toll station. Our model inputs includes: the time of traveling of cars from the distribution 

lanes in front of the toll booths, the time spent paying the fee, and the historical records from 

a traffic flow counting system. Based on our simulation results, our system would provide an 

aid in designing lane configuration or developing strategies of lane allocation. 

 

Key words: toll station, lane configuration, ProModel, simulation model 
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ࢬҬ೯ޑଯೲϦၡВቚӭܭԃٰҗ߈ Ǵໆ٬ளଯೲϦၡҬ೯Ꮮ༞ၡࢤεӭวғӧ

ӚԏઠǴӢԜׯ๓ԏઠҬ೯Ꮮ༞ޑࡼǴޔаٰࢂঁߚதख़ाޑᚒǶ

аҞՉޑΟᅿԏБԄǴځύаႝηԏسȐElectronic Toll Collection, ETCȑࣁ

നԖਏޑԏБԄǴETC ନΑૈගଯً፶ၮՉਏѦǴᗋёаׯ๓ଯೲϦၡӾঢ়

ਔ໔ޑᏞ༞٠फ़եً፶ౢғϐޜԦࢉǵᏓॣୢᚒǴᙁൂٰᇥǴѬ൩ًࢂ፶ՉଯೲϦ

ၡԏઠਔǴѝाً፶ଛഢًᐒᆶᓯॶьǴ൩ёаճҔคጕᒡೌמޑՉԾԌ

ීǶԶ࣪ଶًਔ໔Ǵफ़եً፶ووଶଶޑཞǶӧ҂ٰޑೕჄ္Ǵૈ׳ගֹٮԶ

ԖਏޑҬ೯ၗૻᆶၡݩǴჹࡹ۬ࡹԖࡐεᔅշǴࢂϦၡԏسޑᅿཥᜪࠠǶ

೭ࢂҞ۬ࡹᑈཱུׯ๓Ҭ೯Ꮮ༞٬ҔޑБଞ[3]Ǵ܌аӧଯೲϦၡӄय़ჴႝࡼηԏ

Ǵ໘ࢤ၀ӵՖ٩ᏵҔၡΓޑሡᆶᔮਏӢનǴԖਏଛԏઠϐԏً

ၰࡐࢂख़ाޑǶ 

аӧኳᔕ܌ೲᕉნΠֹԋᛦҬ೯ՉǶזԖਏϷ׳ҔၡΓёаӧޑ٬ଯೲϦၡࣁ

ჴޑଯೲϦၡًࢬӧԏઠޑၮբǴࣴ٬زҔ ProModel೬ᡏࡌҥঁኳᔕኳ

ԄǶჴӦѐԏઠෳໆԏϩவً፶Εԏઠϩࢬၰډԏ౻܌ߜሡޑਔ

໔ǴаϷً፶೯ၸ౻୍ܺޑߜਔ໔ኳᔕ܌ሡኧᏵǴ٠ԏϷᔈҔԏઠीኧسޑᐕ

ўၸઠҬ೯ໆٰۓڋࣁኳࠠ٩ޑᏵǶаᡍҁЎύޑۓڋ܌ኳࠠёำࡋǶനࡕӆճ

ҔԜኳᔕڐٰೌמշႣෳ҂ٰԏઠًࢬໆݩރޑǴٰඓඝёૈวғ่݀ޑǴԖਏ

 ǶݤёՉБޑፓኘًၰٰှ،Ҭ೯Ꮮ༞܈ၰଛًޑ

࣬ᜢࣴزԋ݀ǴႣीёаගٮ҂ٰӧԏًၰଛϷًၰኧᆶ࣬ᜢࡹϐୖԵǴࢂ

ҁࣴزനεҞޑǶ 
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 ፕཷೌמ୯ETCך2.1

җܭၗૻᆶ೯ૻזޑೌמೲวǴႝηԏςӧШࣚӚӦ௪ଆዊǶᆶΓπԏ

БԄКၨǴႝηԏନΑૈफ़եԏԋҁǵ෧ϿՉًਔ໔ϐѦǴᗋԖගܹՉًӼӄǵ

࣪ૈྍǵ෧Ͽቲ௨ܫǵ෧ϿᕉნԦࢉӳೀǶѠଯೲϦၡԾ1974 ԃ7 Д໒ۈԏ

ǴҞȐ2004 ԃ8 Дȑӧጓဦࣁ୯ၰ1 ဦϷ୯ၰ3 ဦϐٿచଯೲϦၡǴԖ23 ঁ

ԏઠǴӣኧ౻ᛦၸઠਔ໔ᗨςᕭอԿ3.7 ࣾǴًၰλਔё೯900 ፶ǴࣁΓπ

ԏϐཱུज़Ǵՠϝคݤᅈ׳ىᓬ፦ԏ୍ܺϐሡǶࣁගϲਏǵफ़եԋҁǵჴႝࡼη

ԏዴࣁёՉϐǴࢂ׳ඵችࠠၮᒡس(Intelligent Transportation System, ITS)ϐ୷ᘵǶ

ӧ1997ԃѠջ໒ႝز٬ࣴηԏسǴ٠ӧ1998 ԃ11 ДԿ2001 ԃ1 Дය໔Ǵૼہ

ύႝߞϦљӧ୯ၰ3ဦଯೲϦၡᐋ݅ϷᓪԏઠՉෳ၂Ƕന2002ܭࡕ ԃ11 ДǴ

җҬ೯୯ၰଯೲϦၡֽ(аΠᙁᆀଯೲϦၡֽ)ೕჄа҇໔ୖᆶБԄǴ2004ܭ ԃ4 

ДᆶࡌᔼၮϦљ(ᇻܿႝηԏϦљ)ᛝऊǴ҅Ԅ໒ѠଯೲϦၡႝηԏޑཥٚำ

[2]Ƕ 

ӳՉًᕉნϐයఈǴ٠ᘉεૈ׳ٮᕭอႝηԏၸઠਔ໔ǴගࡌӣᔈҔၡΓࣁ

෧ᅹϐਏǴԾ100ԃ1Д1ВଆǴ୯ၰӄጕӚԏઠǴନੀξԏઠϷᓐࠤԏઠѦǴ

 ᎩӚԏઠλًࠠႝηԏًၰೲज़җՉ50Ϧٚ/λਔፓଯԿ70Ϧٚ/λਔ[12]Ƕځ
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DSRC)سǴૻဦวଌБԄࣁआѦጕسǶଯೲϦၡीԛႝηԏسς2005ܭԃۭ

ӄࡌֹԋǴ٠ӧ2006ԃ2Д10В҅ԄၡǴவчࠄډऊё࣪45ϩដًޑำǴε൯

Ҭ೯ݩރǶᇻ೯ႝԏϦљΨଛӝ۬ࡹETCࡹǴೕჄΕीำԏ໘ࢤǴႣी2012ܭ

ԃ12ДֹۭԋीำႝηԏسࡌǴགྷႽ҂ٰ٬ҔଯೲϦၡόҔଶًǴၡۭډǴ

ً፶ݨ࣪׳ǵᇙ׳ϿޜޑᆶᏓॣԦ[10]ࢉǶ 

൩໘ႝࢤηԏًၰֹسޑၮբфૈхࡴΠӈҞȐӵკ1ȑǺ 

1.ً፶ୀෳᏔǺճҔϤၰႜӀ״఼ᇂୱًࣁၰঁጄൎǴୀୁًၰՉᎭً፶

Չً፶ᒣǶ 

2.ᒵቹኳಔǺӧًၰӼးᒵቹኳಔஒՉً፶ᒵቹӸǶ 

3.གᔈԌීǺးԖe೯ᐒགᔈԏวᏔǴً፶Չe೯ᐒགᔈǴെᒬًe೯ᐒᆶ

ًe೯ᐒՉྎ೯ֹԋԌීǶ 

4.ҬܰڗႽǺးឪቹڗႽഢځфૈԖًจᒣфૈǴً፶ᎭΕႝηԏًၰ

ਔǴёჹً፶ًจՉڗႽаዴߥ၀ً፶ࣁe೯ᐒҙးϐًЬ[3][9]Ƕ 

 
კ 1 ًၰֹسҢཀკ(ၗٰྍǺᇻ೯ႝԏިҽԖज़) 

ً፶ୀෳᏔ 

ᒵቹኳಔ 

གᔈԌී 
ҬܰڗႽ 
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 xii  

٩ᏵଯೲϦၡֽ߄ҢǺҞШࣚፁۓࢃՏسଯೲၗᒡسޑ୯ৎӵቺ

୯ǵើ٬ࢂҔआѦጕسǶଭٰՋ٥ǵᗬ୯Ψ҅ӧ௴Ҕࡌ܈आѦጕسύǶ

Ᏽ༾ݢᆶआѦጕǴ൩ȨфૈȩǵȨೌמȩǵȨሽȩБय़КၨǴዴჴआѦጕ߄ޑၨ༾

ǴسǴԜԛ௦ҔआѦጕـ٠ؒԖԋݢǴჹआѦጕᆶ༾ܭᓬ౦Ƕᇻ೯Ϧљޑٰݢ

܌ǴࡕᓬલᗺޑᢀຑӚቫय़࠼ਔ໔ǴၸвಒޑΑΟঁДਔငፎ୯ϣǵѦৎࢂ

ԋۓ،ޑǶआѦጕسڑޑຫᒣфૈǴΨၸ୯ሞᐒᄬᡍϷຑჴǶҞך

ॺ٬ҔआѦጕسޑᡏԋਏǴςܴځԌීԋф಄ӝଯೲϦၡֽ܌ޑۓྗǴځ

ᓬᗺӵΠ: 

1.фૈБय़Ǻคፕྗࢂዴࡋǵೌמᘳ܄ǵᕉߥфૈǵسϕ೯܄ǵфૈۯ՜܄ǵ

ᆶౢሽॶфૈКځѬቷޑ༾سݢᓬຫǶ 

ޑ௦Ҕ܌سБय़Ǻҁೌמ.2 DSRC ϣً֖ᐒᆶᓯॶьаϷً፶ۓՏس 

(Vehicle Position System, VPS)ϣً֖ᐒǵҔЊيҽᒣኳಔϷᓯॶьനཥ

 ηԄᠸǶႝޑԐයޑѬቷ٬ҔځҹԄൂࢂǴԶόೌמ

3.ሽБय़ǺѬ٬ޑҔሽࢂӄШࣚന[7]ޑەߡǶ  

ќѦך୯ว ETC  ᓬᗺΠӈӚǺޑೌמ

1.٬Ҕߡޑޣճ܄ගଯǺ٬Ҕ ETC ஒόѸӧၰၡԏઠଶΠٰбǴޣǴᎯᎭس

ӢԜёаᕭอ೯ၸԏઠޑਔ໔Ƕ    

2.෧ϿԏઠᏞ༞ޑຝǺ٬Ҕ ETC ೀૈΚஒёε൯ගܹޑǴԏઠس 2ɴ4

७ǴӢԜёа෧ϿԏઠᏞ༞ޑຝǴቚуًޑࢬᄣ೯Ƕ 

3.෧ϿԏઠຼᜐޜޑԦࢉᆶᏓॣǴׯ๓ᕉნࠔ፦Ǻҗًܭ፶όሡाଶΠٰб

ǴӢԜёа෧Ͽً፶ӧԏઠଶًᆶวྍૈޑǴ׳ёа෧ϿᏓॣаϷΒ

਼ϯᅹޑ௨ܫໆǴӢԶׯ๓ԏઠຼᜐޑᕉნࠔ፦Ƕ    

4.ჴ׳ቸ܄ϯޑԏࡋڋǺҗܭ ETC ՉԏीᆉǴӢԜёаسҔႝတࢂس

ౢғӚᅿόӕޑԏࡋڋǴٯӵుڹԏשԌǵӢᔈᕉߥሡӧόӕၡࢤԏڗό
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ӕޑҔǴ܈ଞჹόӕ٬ޑҔޣԏڗόӕҔޑीǶၸ ETC ႝηԏسஒ

ёа٬бࡋڋᡂள׳ቸ܄Ǵ׳಄ӝᔮਏǶ    

ᆅߡӦББঁࢌѸஒԏઠύӧࡋڋԏઠޑᕷᄪǺаޑୱຼᜐߦ.5

ǴԜѦΨሡाቶεޑβӦय़ᑈٰᎎҬࢬၰǶԶᏤΕΑ ETC ǴETCس ԖԾ

ԏޑೀૈΚǴӢԜԏઠஒόѸۓڰύӧঁࢌӦБǴёаౢғ׳Ԗቸޑ܄

ԏࡋڋǴ׳ёଛӝ҂ٰीำԏሡǴஒགᔈးܭҬࢬၰǶԜѦǴ٬Ҕ

ΑԾԏޑ ETC ǴقႿҔЍрǴफ़եᆅԋҁǶჹୱԶޑǴஒё෧ϿΓس

ଯೲϦၡᎃ߈ӦޑΓαஒቚуǵ܌ளගଯǵҾΕቷޑཀᜫΨᒿϐϲ

ଯ[8]Ƕ  

 

 ቚETCًၰྗբำׇ୯Ҟך2.2

ߎ٬ଯೲϦၡҔၡΓёаӧ೯ၸԏઠਔǴёаόѸ෧ೲǵόҔଶًǵό٬Ҕࣁ

ջё׳ԖਏϷӼӄᕉნΠֹԋԏઠᛦҬ೯ՉǴଯೲϦၡֽа҇໔ᑫࡌᔼၮࡕᙯ౽

ኳԄ(Build-Operate-Transfer, BOT)БԄہҗᇻ೯ႝԏިҽԖज़ϦљॄೢଯೲϦၡႝηԏ

سࡌǵᔼၮǵᆢៈǵᏹբϷՉᎍ୍ܺǴ٠ᆶ၀ϦљᛝुȨଯೲϦၡႝηԏس

ऊࠨύϣ௶ॊǺλًࠠႝηԏًၰϐ೯Չໆऩၲᔼၮځऊȩ[1]ǶࠨϷᔼၮࡌ

ϐቚ໒ًၰচ߾ೕጄǴளаቚ໒ႝηԏًၰǶႝځηԏًၰໆೕጄࣁ:λًࠠႝ

ηԏًၰϐ୍ܺໆа၀ًၰឦًᅿϐႫࢬکໆ(፶ԛ/ًၰ-λਔ)Ǵࠨځऊೕ

ጄ௦Ҕ1,600(፶ԛ/ًၰ-λਔ) ೱុٿλਔೱុٿϺ܈ຼѳ֡Ӿঢ়୍ܺࢬໆၲډ

1,200(፶ԛ/ًၰ-λਔ)аǴ܈ႝηԏًၰϐѳ୍֡ܺࢬໆၲډ၀ԏઠᕴ೯Չ

ໆϐ16%аǴೱុၲ5Ϻ1ঁܭ܈Дϣр15ϺਔǴаӚԏઠൂࣁՏǴຎ၀ԏઠჴ

ሞًࢬໆᄤًၰѳᑽӢનǴՉቚ໒ႝηԏًၰǶ 

Ҟ୯ၰଯೲϦၡӧ୯ၰဦǵ୯ၰΟဦϷ୯ၰϖဦӅԖ23ঁԏઠǴӧಃ໘ࢤ

ΓπᆶႝηԏБԄ٠ӸਔǴӚԏઠࠄчӛЬጕࡌႝηԏًၰԿϿεًࠠϷλ

ًࠠӚ1ًၰǶԶӚԏઠႝηԏًၰኧനӭаόຬၸЬጕًၰኧу1ࣁচ߾Ƕ 
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 xiv 

аᐏԏઠٯࣁǺԏًၰᕴኧ14ࣁ Ȑঁό֖ߡၰȑǴЬጕًၰኧࠄࣁчӚ3ঁǴ

ΠႝηԏًၰλًࠠϷεًࠠӚ1ঁǴчႝηԏًၰλًࠠϷεًࠠӚ1ࠄ Ȑঁӵ

 1ȑ[5]Ƕ߄

 

 

 

 

 

ၗٰ)߄ࡌ߃ᐏԏઠႝηԏًၰය 1߄ Ǻྍቚ໒ႝηԏًၰྗբำׇ) 

 

ႝηԏًၰය߃Ȑ95 ԃȑࡌኧ 
Ьጕًၰኧ 

 Π ч ԏઠ Ҟ ԏًၰኧࠄ

 Π ч λًࠠ εًࠠ λًࠠ εًࠠࠄ

ᐏԏઠ 14 3 3 1 1 1 1 

 

 

 

ᐏԏઠՏܭ୯ၰ1ဦ117.7KMೀǴԶᎃ߈ϐځдԏઠًၰଛӵ2߄Ǻ 

 

 

ၗٰ)߄ࡌ߃ԏઠႝηԏًၰය߈ᎃ 2߄ Ǻྍቚ໒ႝηԏًၰྗբำׇ)    

    

ႝηԏًၰය߃Ȑ95 ԃȑࡌኧ 
Ьጕًၰኧ 

 Π чࠄ
 

ԏઠ  Ҟ 
ԏًၰኧ 

 Π ч λًࠠ εًࠠ λًࠠ εًࠠࠄ

ླྀఘԏઠ   

Ȑ୯ 71.4ȑ 
14 3 3 1 1 1 1 

  ӟٚԏઠ

Ȑ୯ 162.6ȑ 
14 3 3 1 1 1 1 

ᓪԏઠࡕ  

Ȑ୯Ο 122.5ȑ 
18 3 3 1 1 1 1 
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 xv 

    

ಃΟകಃΟകಃΟകಃΟക    ࣴزᡯᆶࣴزБزࣴݤᡯᆶࣴزБزࣴݤᡯᆶࣴزБزࣴݤᡯᆶࣴزБݤ    

    

    

ҁࣴزх֖:ۓကࣴزጄൎǵ༼࣬ᜢࣴزǵࡌҥှ،ኳࠠǵԏၗǵኳᔕჴᡍǵ

่ፕ6ঁᡯǴࣴࢬزำӵΠკ܌Ң: 

 

 

 

    

    

    

    

    

    

    

კ2 ࢬำკ 

 

 

 

 

 

 ጄൎزကࣴۓ

༼࣬ᜢࣴز 

 ҥှ،ኳࠠࡌ

ԏၗ 

ኳᔕჴᡍ 

่ፕ 
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 xvi 

 ጄൎزကࣴۓ3.1

ܭޣ୯ၰဦᐏԏઠᐏ୍ܺǴزࣴࡺၗኧᏵаᐏԏઠزࣴࣁጄൎǴࡌ

ҥϐኳࠠёҔܭӚԏઠǶҞଯೲϦၡֽаETCًၰ٬ҔբࣁቚETCًၰޑ

ྗǴջ၀ԏઠȨλًࠠႝηԏًၰϐ೯Չໆऩၲᔼၮࠨऊϐቚ໒ًၰচ߾ೕጄǴ

ளаቚ໒ႝηԏًၰǶႝځηԏًၰໆೕጄࣁ:λًࠠႝηԏًၰϐ୍ܺໆ

а၀ًၰឦًᅿϐႫࢬکໆ(፶ԛ/ًၰ-λਔ)Ǵࠨځऊೕጄ௦Ҕ1,600(፶ԛ/ً

ၰ-λਔ) ೱុٿλਔೱុٿϺ܈ຼѳ֡Ӿঢ়୍ܺࢬໆၲ1,200ډ(፶ԛ/ًၰ-λਔ)

аǴ܈ႝηԏًၰϐѳ୍֡ܺࢬໆၲډ၀ԏઠᕴ೯Չໆϐ16%аǴೱុၲ5

Ϻ1ঁܭ܈Дϣр15ϺਔǴаӚԏઠൂࣁՏǴຎ၀ԏઠჴሞًࢬໆᄤًၰѳᑽӢ

નǴՉቚ໒ႝηԏًၰ[5]ǶȩаൂచҹΠǴ৮ค៝ݤϷҔၡΓջਔᒧǵ

๓ԏઠᡏᕮਏಖཱུҞׯԋၲݤǴԶคࢬᅉًۯԋϐ܌ፄᚇӢη܄ᒱᆕࢬً

Ƕ 

٩ᐏԏઠઠϐًၰଛϷҬ೯܄Ǵ٩ਔϐًࢬໆՉीϷϩǴ٠аό

ӕय़ӛी၀ԏઠଛϷፓኘࡕϐ୍ܺНྗǵংً፶ࡋߏǵၸઠ୍ܺਔ໔Ǵϩ

ᡏکໆࢬჹ٬ҔETCҔၡΓϷΓπԏҔၡΓϐቹៜϷჹᡏԏઠًࡕኳᔕ

ໆቹៜႣǶ 
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კ3  ԏઠًၰଛკ 

аᐏԏઠٯࣁǴࠄчԏًၰଛӚࣁεًࠠ2ঁǵλًࠠၰ5ঁǴځύ٬Ҕλ

ًࠠӣኧ౻Ҕًၰ3ঁǵًߎၰ1ঁǵETCًၰ1ঁȐӵკ3܌ҢȑǴќԖࠄчӚ1ঁ

ԏߡၰࢬًٮໆεਔǴ౧ှҬ೯Ᏹ༞ፓኘًၰҔǴᕴӅ16ًၰ(ࠄчӚ8ًၰ) Ƕ 

 

3.2༼࣬ᜢࣴز 

ᆕᢀ୯ѦႝηԏسೌמޑεཷёϩࣁҔอຯᚆ೯ૻ(Dedicated Short Range 

Communication, DSRC)سًک፶ۓՏس(Vehicle Position System, VPS)аϷቹႽԏ

ȐVideo TollȑΟᅿԄǴDSRCΞϩࣁ༾کݢआѦጕٿᅿسǴ೭ٿᅿനख़ाޑৡ౦

൩ࢂǺ༾ݢёӭًၰԾҗࢬфૈǴԶआѦጕҞѝૈډୀෳЬጕًၰ,ځд࣬ޣٿৡ

όᇻǶ 

٬Ҕ༾ႝࣁुݢηԏޑ୯ৎྗԖВҁǵᐞࢪǵу৾εǵऍ୯ǵύ୯ǵኻࢪӦǶ

ᗬ୯,Ѡ,ଭٰՋ٥,٬ࢂҔआѦጕुႝࣁηԏޑ୯ৎྗǶВҁԾՋϡΒɄɄɄ

ԃΟДଆჴႝࡼηԏǴ௦ҔකьԄًޑൂϡ(On-board Unit, OBU)ǴӝᏤૐǵᇟ

ॣᏤЇߕуфૈǴՠးԋҁӢԶගଯǴOBU୧ሽऊѤԿϖВჾǴҔၡΓ߾ѝᜫЍ

бВჾϡǴӼးཀᜫեပǴԋႝηԏදϷࡐեǴ5ԃံ۬ࡹࡕշးOBUࡕ,

ωِೲගଯදϷ,ёـOBUሽஒԋႝࣁηԏቶޑᜢᗖǶ 

ଭٰՋ٥Ψа҇໔ୖᆶၗБԄǴӧϩଯೲϦၡ௦ҔआѦጕسჴႝࡼηԏ,

όၸǴමჴӦୖೖޑଯೲϦၡֽΓ߄ҢǴଭٰՋ٥௦ҔआѦጕǵ༾ݢϷڇьӭᅿس

ԏǴԋҔၡΓӼးًൂϡޑཀᜫόଯǴЪᔼ٠ޣ҂ठΚගϲ୍ܺໆ,

ԋႝηԏคݤวචਏǴॶள୯ϣॷ᜔[4]Ƕ  

 

 ҥှ،ኳࠠࡌ3.3

ύճҔΑProModel೬ᡏزǴӧࣴၮբޑӧԏઠࢬଯೲϦၡًޑΑኳᔕჴࣁ

ࣁኧᏵኳᔕޑਡЈǶProModel೬ᡏࢂфૈ࣬மЪܰ٬ҔޑၗϷკࠠᏤӛس

ኳᔕ೬ᡏǴѬගٮኳಔȐModuleȑޑᢀۺϷᏹբБԄᡣ٬Ҕޣёቸޑ܄ीӭᅿғ
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ǴٰඓඝݩރޑໆࢬշႣෳ҂ًٰڐٰೌמаճҔԜኳᔕ܌Ƕ٠ՉኳᔕϷϩسౢ

ёૈวғ่݀ޑǶ 

ProModel೬ᡏගٮΑΓ܄ϯޑᏹբϟय़ᕉნǶѝाճҔᗖዬྖ܈ႵਥᏵфૈҞǴ

ᒧ٬Ҕ܌ޣሡࡌҥޑπڀǵπբϡҹϷᏹբۓǴ൩ёаᇸᇸӧόሡाኗቪҺՖ

ำԄΠǴֹԋঁسኳᔕޑᕉნǶӧኳᔕ่ࡕ״ǴஒኳᔕኳԄ܌ሡ࣬ޑᜢၗᇙԋൔ

ၰًࡕǴٰჹӧଯೲϦၡֽᐏԏઠՉًၰଛᆶፓݤБǴӆճҔीϩ߄

ଛౢ܌ғޑቹៜǴՉڗளന٫ϯϩ[11]Ƕ 

 

3.4ԏၗ 

٩Ᏽჴሞෳໆᐏԏઠً፶ၸӚًၰϐ࣬ᜢኧᏵ(ӵკ4)Ǵً፶Εԏઠ

ϩࢬၰଆᗺډԏ౻ߜȐຯᚆ200ϦЁȑ܌ሡޑਔ໔Ǵ٩ჴӦෳໆኧᏵځѳ֡ॶ

 Ǻࣁ

1.ႝηԏًၰ܌ሡਔ໔14樾-1(ࣾ/፶)Ƕ 

2.ӣኧ౻Ҕၰ܌ሡਔ໔18樾-2(ࣾ/፶)Ƕ 

3.ًߎၰ܌ሡਔ໔18樾-3(ࣾ/፶)Ƕ 

ीً፶Εόӕԏ౻ߜǴவΕ౻ֹډߜԋԏ܌ሡޑѳ୍֡ܺਔ໔Ǵ٩ჴӦ

ෳໆኧᏵځѳ֡ॶࣁǺ 

1. ႝηԏًၰ1.4(ࣾ/፶)Ƕ 

2. ӣኧ౻Ҕၰ3.1(ࣾ/፶)Ƕ 

3. ًߎၰ6.7(ࣾ/፶)Ƕ 
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კ4  ԏઠѳय़კ 

 

ӧҬ೯܄ϩБय़Ǵ௦Ҕԏઠً፶ԏीኧس99ԃ1ДԿ8ДޑҬ೯ໆၗǴ

ीрλًࠠҬ೯ࢬໆϩଛࣁȐӵკ5ȑǺ 

1. λًߎ՞14.69%Ƕ 

2. ӣኧ౻՞56.08%Ƕ 

3. λًETC՞29.23%Ƕ 

 

 

 

 

 

 

 

 
 

 

კ5 ԏઠλًࠠҬ೯ࢬໆϩଛ 

 

 

14.69%

56.08%

29.23%

0.00%

10.00%

20.00%
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 xx 

җ 95 ԃ 2 Д໒ۈჴႝࡼηԏًၰаٰǴ٬Ҕவ 95 ԃޑ 14.50%ගଯډ 99 ԃޑ

38.92%(ӵკ 6)Ǵᒿႝηԏًၰ٬ޑҔޑቚуǴᗨёԖਏගܹၰၡၮᒡܺ

୍НྗǴՠ໘ࢤӧషӝԄԏύǴԏًၰኧϷଛࢂց،ۓҬ೯ໆᄣᆶᏞ༞?

᠙ܭଯೲϦၡၗྍԖज़ǴӵՖਥᏵҔၡΓሡᆶᔮਏӢનǴԖਏଛԏઠϐ

ႝηᆶΓπԏًၰǴΨࡐࢂख़ाزࣴޑϐǶ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კ6  95ԃԿ99ԃETCًၰࢬໆ 

 

ӚԏઠεًࠠޑҬ೯ໆѳ֡՞၀ᕴҬ೯ໆ20%ѰѓǴਥᏵीεًࠠႝηԏً

ၰ٬ҔςၲډᕴҬ೯ໆ15.62ޑ%(ӵკ7)Ǵ٬Ҕςௗ߈ႫکǴ܌аόᆅஒٰεًࠠ

ႝηԏً፶٬ҔӆගଯΨόӆቚ෧ًၰኧǴӢԜӧ҂ٰёૈቚ෧ًޑၰаλًࠠ

ΓπԏࣁεًࠠETCًၰǴќ1ঁࣁѝ2ঁًၰȐ1ঁۓڰςࣁЬǴεًࠠ፶Ӣࣁ

ًၰȑ܌аӧࣴزύѝଞჹλًًࠠၰՉኳᔕǶ 
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21.94%
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კ7  95ԃԿ99ԃελًETCًၰࢬໆ 

 

ӧҬ೯ໆϩਔᡂϯύǴीԏઠຼǵВǵλਔ೯ՉໆǴаᢀჸځᡂϯǴ

җკ8ǵკ9ǵკ10ϩਔᡂϯύǴё࣮рҬ೯ໆϐӾঢ়ਔࢤᆶᚆঢ়ਔࢤǴӆځ٩Ҭ೯܄

ًࣁၰቚ෧Ϸፓኘ٩ᏵǶ 

 

კ8 99ԃ8Дҽѳ֡ຼҬ೯ໆ 

23.30%

15.62%

20.67%

16.03%

9.60%

5.65%

14.82%14.98%
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8.85%
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λًࠠ εًࠠ
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კ9 99ԃ8Дҽѳ֡Вλਔ(чӛ) 

 

 
კ 10 99 ԃ 8 Дҽѳ֡Вλਔ(ࠄӛ) 
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 xxiii  

3.5ኳᔕჴᡍ 

ᆶ҂ٰݩࢬჴሞًޑଯೲϦၡԏઠҞܭǴჹݤኳᔕჴᡍࣁݤБޑ௦Ҕ܌زࣴ

ଛԏًၰޑࡕႣࡌٰݩҥঁჴᡏኳ Ǵࠠ٠٩ᏵӚᅿόӕޑଷۓచҹᆶёૈރ

ਔᐒᆶޑፓኘًၰ܈ၰଛًޑ҂ٰԏઠԖਏٮǴаගǴаኳࠠБԄՉჴᡍϩݩ

ًၰኧ،ਔୖޑԵ٩ᏵǶ 

ኳࠠीБय़ǴճҔΟঁёᡂኧٰኳᔕԏઠၸઠǺ 

ًၰኧ(ёᡂ) , Ҭ೯ࢬໆ(ёᡂ) , Arrivals ઠӭϿਔ໔(ࣾ)Εً(ёᡂ)Ƕࡰ

ًၰኧଛ(ETC ًၰ=1ǵӣኧ౻ًၰ=3ǵًߎၰ=1)ǴBuild / Locationsۓӵკ 11Ƕ

  
კ 11 ۓ Locationsኳಔ 

 

Ҭ೯ࢬໆϩଛԭϩК(а 99 ԃ 1 ДԿ 8 Дၸѳ֡ၸઠҬ೯ໆୖࣁኧ)Process/Rule

ۓӵკ 12ǶՉًਔ໔ǺՉًຯᚆࣁ 200 ϦЁϩࢬၰՉًೲࡋԿ౻ߜϷԏֹԋ܌

ਔ໔ۓǶ 

1.Wait_ETC  wait u (15,1)Ǻջًவ 200 ϦЁϩࢬၰՉًೲࡋԿ౻܌ߜਔ

໔ࣁ 14~16Ƕ 

2.Wait_ticket  wait u (18,2)Ǻջًவ 200 ϦЁϩࢬၰՉًೲࡋԿ౻܌ߜ

ਔ໔ࣁ 16~20 ࣾǶ 

3.Wait_cash  wait u (18,3)Ǻջًவ 200 ϦЁϩࢬၰՉًೲࡋԿ౻܌ߜਔ

໔ࣁ 15~21 ࣾǶ 
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 xxiv 

4.Wait_ETC  wait e (2)ǺջًவΕ౻ډߜԏֹԋՉًೲ܌ࡋਔ໔ࣁ

2 ࣾǶ 

5.Wait_ ticket  wait e (3.8)ǺջًவΕ౻ډߜԏֹԋՉًೲ܌ࡋਔ໔

ࣁ 3.8 ࣾǶ 

6.Wait_ cash  wait e (6.7)ǺջًவΕ౻ډߜԏֹԋՉًೲ܌ࡋਔ໔

ࣁ 6.7 ࣾǶ 

 

კ 12 ۓ Process/Ruleኳಔ 

 

ArrivalsǺࡰઠϩࢬၰӭϿਔ໔(ࣾ)Εً(ёᡂ)Ƕ 

1,500፶ࣁໆࢬ2.4ࣾΕً,ϩដёΕ25ً,λਔᕴً:ٯ Ƕً࣬ ϸޑ,

ӵ݀λਔًࢬໆࣁ 2,000 ,߾ीᆉࣁ 2,000 ନа 60 ϩដǴܭϩដΕ 33.3 

ً,ӆа 60 ࣾନа 33.3 ܭ 1.8 ࣾΕًǴۓӵკ 13Ƕ 
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 xxv 

 

კ 13 ۓ Arrivals ኳಔ 

 

Simulation optionsۓਔ໔ൂՏࣁȹࣾȹǴsecond Run hoursࣁۓ 60 ϩǴᏹբၸำӵ

კ 14Ƕ 

 
კ 14 ۓ Simulation optionsኳಔ 
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 xxvi 

Simulation/ save& run ӧۓӳኳᔕ܌ሡኧᏵࡕջёՉჴᡍӵკ 15Ƕ 

 

კ 15 Simulation/ save& rum 

 

ۓӳኳಔ܌ሡኧᏵࡕǴၸӭԛኳࠠჴᡍ܌ᒡрޑၗȐӵკ 16ȑǴ٬Ҕԏઠ

ً፶ԏीኧسޑҬ೯ໆᆶኳࠠౢғޑҬ೯ໆКჹǴפрኳࠠᆶჴሞҬ೯ໆനௗ߈

ၗՉीϩޑёᡂኧᏵჴᡍǴஒᒡрޑջёճҔόӕࡕന٫ϯࣁॶǴԜਔኳࠠޑ

 Ƕ

 

კ 16 ኳࠠჴᡍ่݀ 
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 xxvii  

ၸෳ၂่݀ӵ߄ 3ǴӧႝηًၰჴሞҬ೯ໆᆶኳࠠҬ೯ໆৡ౦ኧໆࣁ 13 ፶Ǵৡ

౦ԭϩКࣁ 2.89%Ǵӣኧ౻ًၰჴሞҬ೯ໆᆶኳࠠҬ೯ໆৡ౦ኧໆࣁ 23 ፶Ǵৡ౦ԭϩ

Кࣁ 2.83%ǴًߎၰჴሞҬ೯ໆᆶኳࠠҬ೯ໆৡ౦ኧໆࣁ 10 ፶Ǵৡ౦ԭϩКࣁ 4.24%Ƕ

ӧ܌ԖޑݩΠᡉҢ೭ঁኳᔕኳࠠޑё[6]܄Ƕ 

 

߄ 3 ჴሞҬ೯ໆᆶኳࠠҬ೯ໆৡ౦ϩ 

ًၰ ჴሞҬ೯ໆ ኳࠠҬ೯ໆ ৡ౦ኧໆ ৡ౦ԭϩК 

ႝηًၰ 450 437 13 2.89% 

ӣኧ౻ 812 835 23 2.83% 

4.24% 10 226 236 ߎ 
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 xxviii  

ಃѤകಃѤകಃѤകಃѤക    ჴຓᆶϩჴຓᆶϩჴຓᆶϩჴຓᆶϩ    

    

ҁࣴزஒࣴزᡯᆶࣴزБݤύϐ 3.5 ኳᔕჴᡍ܌ޑۓኳಔኧᏵǴ٩Ᏽًၰኧޑ

ଛኧໆᆶًࢬໆϷၲډਔ໔ޑಔԋٰኳᔕԏઠၸઠǴஒኳࠠ܌ᒡрޑኧᏵՉ

ीϩǶ 

 

4.1 ԏઠԖًၰኳࠠၮኳᔕ 

 
კ 17 ԏઠԖًၰኳࠠၮኳᔕ 

ԖًၰԖًၰԖًၰԖًၰኳࠠኳࠠኳࠠኳࠠǺǺǺǺ    

(1)ETCًၰኧ 1 ঁ 

(2)ӣኧ౻ًၰኧ 3 ঁ 

(3)ًߎၰኧ 1 ঁ 

ᡂኧǺArrivals ӭΦԖ 1 ًΕسǴջϩដԖӭϿ፶ًΕسǴҭջًࢬໆ

 Ǻ፶/λਔǶࣁ

Ᏹ༞ۓကǺаଯೲϦၡֽԖೕጄǴ܌Ԗًၰংጕຬၸ 50 ϦЁ(ऊ 10 ፶ً)ਔǴᆀϐǶ 
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 xxix 

 

߄                 4 Ԗًၰኳࠠኳᔕ่݀ኧᏵी߄       (ൂՏ:ً፶ኧ)                

        ໆࢬً

ًၰኧ 
1500 1500 1500 1500 ፶፶፶፶(2.4)    1111800800800800 ፶፶፶፶    (2ࣾ)    2400240024002400 ፶፶፶፶(1.5ࣾ)    3600 3600 3600 3600 ፶፶፶፶(1 ࣾ)    

ႝηًၰ(1) 2 3 4 2 

ӣኧ౻(3) 4 5 7 9 

51 6 1 0 (1)ߎ 

 

җ߄ 4 ीኳᔕ่݀ёޕǴًࢬໆၲډλਔ 3600 ፶ਔǴًߎၰংࡋߏς

ຬၸ 50 ϦЁ(ً 5 ϦЁीᆉऊ 10 ፶ً)ǴংጕԖ 51 ፶ًӧྗഢ೯ၸԏઠǴ

ςຬၸଯೲϦၡֽޑᏱ༞ۓကǴႝࡺηًၰًၰኧ 1 ঁǵӣኧ౻ًၰኧ 3 ঁǵًߎၰ

ኧ 1 ໆࢬયًݤଛǴςคޑঁ 3600 ፶/λਔǶԜਔᔈᡂً׳ၰଛǶ 

 

4.2ԏઠፓًၰၮኳᔕ 

    

კ 18 ԏઠፓًၰኳࠠၮኳᔕ 

ፓًၰኳࠠǺ 

(1)ETCًၰኧ 1 ঁ 

(2)ӣኧ౻ًၰኧ 2 ঁ(෧Ͽ 1 ঁ) 

(3)ًߎၰኧ 2 ঁ(ቚу 1 ঁ) 
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߄                 5 ፓًၰኳᔕ่݀ኧᏵी߄               (ൂՏ:ً፶ኧ) 

         ໆࢬً

ًၰኧ 
1500150015001500 ፶፶፶፶(2.4)    1800180018001800 ፶፶፶፶(2ࣾ)    2400240024002400 ፶፶፶፶(1.5 ࣾ)    3600360036003600 ፶፶፶፶(1 ࣾ)    4000000000000 ፶፶፶፶(0.9 ࣾ) 

ႝηًၰ(1) 0 1 3 4 4 

ӣኧ౻(2) 6 8 6 11 34 

3 1 1 1 0 (2)ߎ 

 

җ߄ 5 ीኳᔕ่݀ёޕǴًࢬ፶ၲډλਔ 3600 ፶ਔǴᗨฅӣኧ౻ًၰং

ጕςຬၸ 50 ϦЁ(ً 5 ϦЁीᆉऊ 10 ፶ً) ংጕԖ 11 ፶ًӧྗഢ೯ၸԏ

ઠǴՠًߎၰёࣁӣኧ౻ًၰϐᡂ೯Ȑӣኧ౻ё೯ՉًߎၰȑǴࡺ ETC ًၰኧ

1 ঁǵӣኧ౻ًၰኧ 2 ঁǵًߎၰኧ 2 ໆࢬଛǴϝёયًޑঁ 3600 ፶/λਔǶ܌

аፓًၰଛБԄၨᓬܭԖኳًࠠၰǶ 

ًࢬ፶ၲډλਔ4000፶ਔǴӣኧ౻ًၰংጕςຬၸϼӭǴሡाቚ໒1ঁλࠠ

ًًၰٰ౧ှҬ೯ǴԜਔԏઠஒёעεًࠠፓኘԋεǵλًࠠӝًٳၰٰှ،Ꮮ༞ރ

 Ƕݩ
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 xxxi 

    

ಃϖകಃϖകಃϖകಃϖക    ่ፕ่ፕ่ፕ่ፕ    

    

ҁࣴزख़ᗺख़ܭჴࡼӄय़ႝηԏسǴ໘ࢤӧషӝԄԏύǴӵՖਥᏵҔ

ၡΓሡᆶᔮਏӢનǴԖਏଛԏઠϐႝηᆶΓπԏًၰǴарׯځ๓

ӧԜزԵǶҁࣴୖޑਔس҂ٰ،ᆶीཥٮǴаගՉϩݩރ๓ׯځǴ٠൩ݩރ

ᘜયрΠӈ൳ᗺ่ፕǺ 

1.ႝηԏس(ETC)ࣁനԖਏޑԏБԄǶ 

2.ԏًၰޑଛϷኧໆዴჴቹៜԏઠࢬًޑໆǶ 

3.Ԗਏًޑၰଛ܈ፓኘًၰёаׯ๓Ҭ೯Ꮮ༞ޑǶ 

4.ԜኳࠠΨёᔈҔࢬًܭໆϿǴ၀ӵՖᕭ෧ًၰኧа࣪ԏઠΓΚϷǶ 

ᒿႝηԏًၰ٬ޑҔޑቚуǴ҂ٰΨёճҔԜኳᔕՉՖਔ၀ႝηًၰኧ

 ǶቚуᆶΓπًၰኧ෧ϩޑ
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