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In this project, we study the stochastic model for climate change with temperature 
dependent perturbation. We simulate the model by using the Euler - Maruyama method 
to study the behavior of temperature. In addition, we also study the effect of parameters 
from perturbation to the changes of Earth temperature. 

 

 

 

 

 

 

 

 

 Department:ǰMathematicsǰandǰComputerǰScienceǰStudentĴsǰSignatureǰļļļļļļļļļļ 

 FieldǰofǰStudy:ǰMathematicsǰAdvisorĴsǰSignatureǰļļļļļļļļļļļļļļļļļļļļļļļ. 

 Academic Year: 2019  

  

!"มพร

iron autonomy



 
 

กĉตตĉกøøöðøąกćý 

ēคøงงćîǰĶตĆüĒïïÿēตĒคÿตĉกÿĈĀøĆïกćøđðúĊę÷îĒðúงÿõćóõĎöĉĂćกćýìĊęกćøøïกüîขċĚîกĆïĂčณĀõĎöĉķǰ

ÿĈđøĘจúčúŠüงĕðĕดšดšü÷ดĊđóøćąĕดšøĆïคüćöĂîčđคøćąĀŤǰĒúąคüćöชŠü÷đĀúČĂจćกĂćจćø÷ŤìĊęðøċกþćǰĂćจćø÷Ťǰดø.đøüĆตǰ

ถîĆดกĉจĀĉøĆญǰĒúąǰøý.ดø.ǰคĈøณǰđöฆฉć÷ǰขšćóđจšćขĂกøćïขĂïóøąคčณĂćจćø÷ŤìĆĚงÿĂงìŠćîđðŨîĂ÷Šćง÷ĉęงìĊęคĂ÷ĔĀš

คĈðøċกþćĒúąคĈĒîąîĈตúĂดชŠüงøą÷ąđüúćìĊęñŠćîöćǰìĆĚง÷ĆงÿúąđüúćÿŠüîตĆüđóČęĂĔĀšคüćöชŠü÷đĀúČĂǰขšćóđจšć

ìøćïซċĚงĔจđðŨîĂ÷Šćง÷ĉęงǰ ǰĒúąขĂกøćïขĂïóøąคčณǰøý.ดø.ǰđóชøĂćõćǰïčญđÿøĉöǰĒúąǰøý.ดø.ǰÿčจĉîตŤǰคöùìĆ÷ǰìĊę

กøčณćđðŨîคณąกøøöกćøÿĂïēคøงงćîĔîคøĆĚงîĊĚǰǰĒúą÷ĆงĔĀšขšĂđÿîĂĒîąĒúąขšĂคĉดìĊęđðŨîðøąē÷ชîŤǰøüöìĆĚง÷Ćง

ชĊĚĔĀšđĀĘîถċงðŦญĀćĒúąขšĂñĉดóúćดตŠćงǰėǰđóČęĂîĈĕðĒกšĕขēคøงงćîĔĀšÿĈđøĘจúčúŠüงǰîĂกจćกîĊĚ÷ĆงขĂขĂïคčณคøĂïคøĆü

ĒúąđóČęĂîǰėǰìĊęคĂ÷ĔĀšคĈðøċกþćǰĒúąกĈúĆงĔจĔĀšกćøìĈงćîĔîคøĆĚงîĊĚÿĈđøĘจúčúŠüงĕðดšü÷ดĊǰĒúąขĂขĂïóøąคčณคณą

üĉì÷ćýćÿตøŤǰจčāćúงกøณŤöĀćüĉì÷ćúĆ÷ǰìĊęĕดšÿîĆïÿîčîđงĉîìčîÿĈĀøĆïกćøจĆดìĈēคøงงćîîĊĚ



 
 

ÿćøïĆญ 

 Āîšć 
ïìคĆด÷ŠĂõćþćĕì÷ǰǰ.................................................................................................................................... ง 
ïìคĆด÷ŠĂõćþćĂĆงกùþ  ............................................................................................................................... จ 
กĉตตĉกøøöðøąกćý  .................................................................................................................................... ฉ 
ÿćøïĆญǰǰ................................................................................................................ ...................................... ช 
ÿćøïĆญõćóǰǰ.............................................................................................................................................. ซ 
ÿćøïĆญตćøćง..............................................................................................................................................  ฌ 
ïììĊęǰ1 ïìîĈǰǰ............................................................................................................................................  1 
ïììĊęǰ2 คüćöøĎšóČĚîฐćîǰǰ............................................................................................................................... 3 
ïììĊęǰ3 ตĆüĒïïÿöกćøđชĉงĂîčóĆîíŤÿēตĒคÿตĉกǰǰ........................................................................................... 5 
ïììĊęǰ4 กćøจĈúĂงÿöกćøđชĉงĂîčóĆîíŤÿēตĒคÿตĉกǰǰ..................................................................................... 8 
ïììĊęǰ5 ÿøčðĒúąĂõĉðøć÷ñúǰǰ..................................................................................................................... 20 
đĂกÿćøĂšćงĂĉงǰǰ.......................................................................... .................................................................. 22 
õćคñîüกǰกǰĒïïđÿîĂĀĆüขšĂēคøงงćîǰøć÷üĉชćǰ2301399 Project Proposal ðŘกćøýċกþćǰ2562  ......... 24 
õćคñîüกǰขǰตĆüĂ÷ŠćงǰēคšดǰMATLABǰļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļ 27 
ðøąüĆตĉñĎšđขĊ÷îǰǰ............................................................................................................................................ 36 

 

 

 

 



 
 

ÿćøïĆญõćó 

 Āîšć 
øĎðõćóìĊęǰ1 ìćงđดĉîตĆüĂ÷ŠćงđöČęĂǰ Į = 0 ǰĒúąǰ į = 0.09 ǰ............................................................................. 9 
øĎðõćóìĊęǰ2 ìćงđดĉîตĆüĂ÷ŠćงđöČęĂǰĮ = 0.1ǰĒúąǰ į = 0.03 ǰ.......................................................................... 9 
øĎðõćóìĊęǰ3 ìćงđดĉîตĆüĂ÷ŠćงđöČęĂǰ Į = 0.2 ǰĒúąǰ į = 0.011ǰ........................................................................ 10 
øĎðõćóìĊęǰ4 ìćงđดĉîตĆüĂ÷ŠćงđöČęĂǰ Į = 0.5 ǰĒúąǰ į = 0.00032 ǰ.................................................................... 10 

  



 
 

ÿćøïĆญตćøćง 

 Āîšć 
ตćøćงìĊęǰ1 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0 ǰ.............................................. 11 
ตćøćงìĊęǰ2 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.03 ǰ........................................ 11 
ตćøćงìĊęǰ3 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.06 ǰ........................................ 12 
ตćøćงìĊęǰ4 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.08 ǰ........................................ 12 
ตćøćงìĊęǰ5 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.10 ǰ........................................ 12 
ตćøćงìĊęǰ6 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.16 ǰ........................................ 13 
ตćøćงìĊęǰ7 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.18 ǰ........................................ 13 
ตćøćงìĊęǰ8 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.20 ǰ........................................ 13 
ตćøćงìĊęǰ9 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.26 ǰ........................................ 14 
ตćøćงìĊęǰ10 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.30 ǰ...................................... 14 
ตćøćงìĊęǰ11 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.36 ǰ...................................... 14 
ตćøćงìĊęǰ12 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.40 ǰ...................................... 15 
ตćøćงìĊęǰ13 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.46 ǰ...................................... 15 
ตćøćงìĊęǰ14 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.50 ǰ...................................... 15 
ตćøćงìĊęǰ15 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.56 ǰ...................................... 16 
ตćøćงìĊęǰ16 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.60 ǰ...................................... 16 
ตćøćงìĊęǰ17 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.66 ǰ...................................... 16 
ตćøćงìĊęǰ18 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.70 ǰ...................................... 17 
ตćøćงìĊęǰ19 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.76 ǰ...................................... 17 
ตćøćงìĊęǰ20 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.80 ǰ...................................... 17 
ตćøćงìĊęǰ21 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.86 ǰ...................................... 18 
ตćøćงìĊęǰ22 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.90 ǰ...................................... 18 
ตćøćงìĊęǰ23 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ = 0.96 ǰ...................................... 18 
ตćøćงìĊęǰ24 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดǰĮ =1.00 ǰ...................................... 19 



 
 

ïททĊęǰ1 

ïทîĈ 

ĔîðŦจจčïĆîîĊĚÿõćóĂćกćýĕดšđðúĊę÷îĒðúงĕðĂ÷Šćงöćกǰēด÷đฉóćąðŦญĀćēúกøšĂîǰĀøČĂÿõćóĂćกćýìĊę

đðúĊę÷îĒðúงïŠĂ÷ǰìĈĔĀšđกĉดñúกøąìïตŠĂÿĉęงöĊชĊüĉตöćกöć÷ǰ÷กตĆüĂ÷ŠćงđชŠîǰĔîĀîšćĀîćüĒìîìĊęจąöĊĂćกćýĀîćü

ĒตŠกúĆïøšĂîöćกǰĀøČĂชŠüงĀîšćøšĂîìĊęòîตกĀîĆกจîìĈĔĀšîĚĈìŠüöǰซċęงĀúć÷ǰėǰĂ÷ŠćงกĘđกĉดกćøđðúĊę÷îĒðúงìćง

íøøöชćตĉĒúąจćกöîčþ÷Ťǰ đชŠîǰกćøตĆดĕöšìĈúć÷ðśćǰกćøðúŠĂ÷กŢćซคćøŤïĂîĕดĂĂกĕซดŤจćกēøงงćîǰĀøČĂจćก

คøĆüđøČĂîǰĒúąกćøđñćĕĀöšđชČĚĂđóúĉงตŠćงǰėǰซċęงēöđดúกćøđðúĊę÷îĒðúงÿõćóĂćกćýกĘđðŨîēöđดúìĊęîŠćÿîĔจǰēด÷

ēöđดúÿēตĒคÿตĉกขĂงกćøđðúĊę÷îĒðúงÿõćóĂćกćýถĎกđÿîĂēด÷ǰBudyko ĒúąǰSellers ĔîðŘǰ1969 [1] óüกđขćĕดš
óĉจćøณćüĉüĆฒîćกćøขĂงĂčณĀõĎöĉēúกซċęงöĊÿćđĀตčöćจćกกćøĒñŠøĆงÿĊđขšćขĂงดüงĂćìĉต÷ŤǰĒúąกćøĒñŠøĆงÿĊĂĂกจćกēúกǰ

ìĊęöćขĂงÿöกćøจąถĎกĂíĉïć÷Ă÷ŠćงúąđĂĊ÷ดĔîĕดšจćกïììĊęǰ3 ĀúĆงจćกîĆĚîĔîðŘǰค.ý.ǰ1983ǰBenzi Ēúąคณąǰ[2] ĕดš
đóĉęöกćøกŠĂกüîǰดĆงÿöกćøđชĉงĂîčóĆîíŤÿēตĒคÿตĉกǰ(stochastic differential equation) 

( )
1 2 3

1
2( ) 1 1 1 1

ª º§ ·§ ·§ ·
= � � � + + +« »¨ ¸¨ ¸¨ ¸

© ¹© ¹© ¹¬ ¼
t t t t

t t
E T T T TdT Acos t Acos t dt dW

c T T T
E Z Z H  (1.1) 

ēด÷ìĊęǰ tT   คČĂǰĂčณĀõĎöĉđฉúĊę÷ขĂงēúกǰณǰđüúćǰ t ǰ 

1T ǰ= 278.6 đคúüĉî, 2T  = 283.3 đคúüĉî Ēúą 3T  = 288.6 đคúüĉî 
( )tE T ǰǰคČĂǰóúĆงงćîจćกกćøĒñŠøĆงÿĊคúČęî÷ćü 

c ǰคČĂ คüćöจčคüćöøšĂîขĂงēúก 
, AE ǰĒúąǰZ ǰคČĂǰคŠćคงìĊę 

H ǰǰคČĂǰคüćöĒðøðøüîขĂงกćøกŠĂกüî, Ēúą tW   คČĂ กøąïüîกćøüĊđîĂøŤǰ(Wiener process) 
จąđĀĘîĕดšüŠćēöđดúกćøđðúĊę÷îĒðúงÿõćóĂćกćýìĊęýċกþć (1.1) ÿĆöðøąÿĉìíĉĝĔîÿŠüîìĊęđðŨîÿēตĒคÿตĉกจą

đðŨîคŠćคงìĊęǰĔîงćîîĊĚđøćจąýċกþćēöđดúǰ(1.2) ìĊęóĆฒîćđóĉęöđตĉöจćกēöđดúǰ(1.1) ēด÷ĔîÿŠüîขĂงÿēตĒคÿตĉกจąĔĀš
ÿĆöðøąÿĉìíĉĝกćøกŠĂกüîöĊคŠćìĊęขċĚîกĆïĂčณĀõĎöĉǰđóČęĂìĈĔĀšđðŨîÿöกćøìĆęüĕðöćกขċĚîǰดĆงÿöกćø (1.2) ดšćîúŠćง 

( )
1 2 3

( ) 1 1 1 1
ª º§ ·§ ·§ ·� � �

= + + +« »¨ ¸¨ ¸¨ ¸
© ¹© ¹© ¹¬ ¼

t t t t
t t t

E T T T TdT Acos t Acos t dt T dW
c T T T

DE Z Z G  (1.2) 

ēด÷ìĊę [0,1]�D  ĒúąǰG ǰđðŨîǰคŠćคงìĊęǰ 
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ēคøงงćîîĊĚจĆดìĈขċĚîđóČęĂýċกþćóùตĉกøøöขĂงĂčณĀõĎöĉüŠćđðúĊę÷îĒðúงĂ÷Šćงĕøตćöđüúćดšü÷ÿöกćøǰ(1.2)ǰ
ēด÷ēöđดúìĊęýċกþćîĆĚîจąöĊคŠćขĂงĂčณĀõĎöĉìĊęĂ÷ĎŠøąĀüŠćงĂčณĀõĎöĉÿถćîąคงìĊęǰคČĂǰ 1 2T ,T ǰĒúąǰ 3T ǰēด÷ìĊęǰ 1T ǰĒúąǰ

3T ǰđðŨîĂčณĀõĎöĉÿถćîąคงìĊęìĊęđÿถĊ÷øǰĒúąǰ 2T  đðŨîĂčณĀõĎöĉÿถćîąคงìĊęìĊęĕöŠđÿถĊ÷øǰēด÷จąýċกþćñúกøąìïǰขĂง

คŠćóćøćöĉđตĂøŤǰD , G ǰตŠĂóùตĉกøøöขĂงĂčณĀõĎöĉüŠćöĊกćøđðúĊę÷îĒðúงĂ÷ŠćงĕøǰñŠćîกćøจĈúĂงēöđดúดšü÷

øąđïĊ÷ïüĉíĊđชĉงตĆüđúขǰ(numerical methods)  ēด÷ĔชšüĉíĊĂĂ÷đúĂøŤ-öćøč÷ćöćǰ(EulerıMaruyama method) ซċęง
Ăíĉïć÷ĕüšĔîïììĊęǰ4



 
 

ïททĊęǰ2 

คüćöøĎšóČĚîฐćî 

ĔîïìîĊĚđøćจąĒîąîĈïìîĉ÷ćöĒúąคüćöøĎšóČĚîฐćîìĊęđกĊę÷üขšĂงǰĂĆîĕดšĒกŠÿöกćøđชĉงĂîčóĆîíŤÿēตĒคÿตĉกĒúą

øąđïĊ÷ïüĉíĊđชĉงตĆüđúขìĊęĔชšĔîēคøงงćîîĊĚǰ 

1. คüćöøĎšđïČĚĂงตšîทĊęđกĊę÷üขšĂงกĆïÿöกćøđชĉงĂîčóĆîธŤÿēตĒคÿตĉก 

ïทîĉ÷ćö 2.1 ตĆüĒðøÿčŠöǰX ǰจąถĎกđøĊ÷กüŠćǰöĊกćøĒจกĒจงðกตĉดšü÷คŠćđฉúĊę÷ǰP ǰĒúąคüćöĒðøðøüîǰ 2V ǰซċęงđขĊ÷î

Ēìîดšü÷ǰ ( )2X N ,P V ǰถšćôŦงกŤชĆîคüćöĀîćĒîŠîขĂงคüćöîŠćจąđðŨîขĂงǰX ǰคČĂǰ 

( )
( )2

2
x
21f x e , x

2

�P
�

V= �
SV

 

ถšćǰ ( )X N 0,1 ǰĒúšüđøćจąกúŠćüüŠćǰX ǰöĊกćøĒจกĒจงðกตĉöćตøฐćî 

ïทîĉ÷ćö 2.2 ĔĀšǰ I ǰđðŨîđซต÷ŠĂ÷ขĂงǰ ǰกúčŠöขĂงตĆüĒðøÿčŠöǰ^ `t t I
X

� ǰถĎกđøĊ÷กüŠćđðŨîกøąïüîกćøÿēตĒคÿตĉกǰ 

ïทîĉ÷ćö 2.3 ĔĀšǰ^ `t t I
X

� ǰđðŨîกøąïüîกćøÿēตĒคÿตĉกïîðøĉõĎöĉคüćöîŠćจąđðŨîǰ ( ), , P: ǰÿĈĀøĆïĒตŠúąǰ

Z�: ǰôŦงกŤชĆîǰ ( )X : Ix Z o ǰจąถĎกđøĊ÷กüŠćđðŨîทćงđดĉîตĆüĂ÷Šćงǰ(sample path) ขĂงǰ^ `t t I
X

�  

ïทîĉ÷ćöǰ2.4 ตĆüĒðøÿčŠöǰ X ǰĒúąǰ Y ǰจąถĎกđøĊ÷กüŠćđðŨîĂĉÿøąตŠĂกĆîǰถšćÿĈĀøĆïìčกïĂđøúđซตǰA ǰĒúąǰ B ǰǰǰǰǰǰ

Ĕîǰ ǰ 

P(X A,Y B) P(X A)P(Y B)� � = � �  

ïทîĉ÷ćö 2.5 กøąïüîกćøüĊđîĂøŤǰĀøČĂกćøđคúČęĂîทĊęĒïïïøćüîŤǰ(Brownian motion)ǰïîชŠüงđüúćǰ > @0,  T

đðŨîกúčŠöขĂงตĆüĒðøÿčŠö ^ ` > @0,t t T
W

�
 ìĊęÿĂดคúšĂงđงČęĂîĕขตŠĂĕðîĊĚ 

1. 0   0W =  ดšü÷คüćöîŠćจąđðŨîǰ1 

2. ÿĈĀøĆï 0 d � ds t T  ĕดšüŠć ( )0,� �t sW W N t s  ĀøČĂîĆęîคČĂǰ   - (0,1)�t sW W t s N  

3. ÿĈĀøĆïǰ0 d � d � ds t u v T   ĕดšüŠćǰ �t sW W ǰĒúą �v uW W  đðŨîĂĉÿøąตŠĂกĆî 

4. ^ ` > @0,t t T
W

�
 öĊìćงđดĉîตĆüĂ÷ŠćงìĊęตŠĂđîČęĂง 
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ïทîĉ÷ćöǰ2.6ǰÿöกćøđชĉงĂîčóĆîíŤÿēตĒคÿตĉกēด÷ìĆęüĕðĒúšüจąถĎกđขĊ÷îĂ÷ĎŠĔîøĎðǰ 

0

( , ) ( , ) , 0= + d d
=
t t t tdX f t X dt g t X dW t T

X x
 (2.1) 

đöČęĂǰ f ǰĒúąǰ g ǰđðŨîǰôŦงกŤชĆîคŠćจøĉงขĂงǰ t ǰĒúąǰ tX , tW  đðŨîกøąïüîกćøüĊđîĂøŤǰĒúąǰ x� ǰ 
ÿöกćøìĊęǰ(2.1) đðŨîÿĆญúĆกþณŤìĊęĒìîÿöกćøđชĉงðøĉóĆîíŤ 

0 0 0
- ( , ) ( , )= +³ ³

t t

t s s sX X f s X ds g s X dW  (2.2) 

ēด÷ðøĉóĆîíŤìćงดšćîขüćöČĂขĂงÿöกćøǰ(2.2) ถĎกตĊคüćöĒïïðøĉóĆîíŤøĊöĆîîŤÿćöĆญĒúąðøĉóĆîíŤĒïïĂĉēตąǰ[3] 

2. คüćöøĎšđïČĚĂงตšîทĊęđกĊę÷üขšĂงกĆïøąđïĊ÷ïüĉธĊđชĉงตĆüđúขǰ 

ÿĈĀøĆïÿöกćøđชĉงĂîčóĆîíŤÿēตĒคÿตĉกǰ 

> @( , ) ( , ) , 0,= + �t t t tdX f t X dt g t X dW t T ǰ (2.3) 
đøćĒïŠงđüúćĔîชŠüงǰ > @0,T ǰĂĂกđðŨîǰ N  ชŠüงǰĒตŠúąชŠüงöĊคüćöกüšćงđìŠćกĆîǰĔĀšǰ = 'it i ǰÿĈĀøĆïǰ   0,...,=i N  đöČęĂǰ

' =
T
N

ǰ 

ĔĀšǰ nx  đðŨîñúđฉú÷đชĉงตĆüđúขขĂงÿöกćøǰ(2.3) ìĊęđüúćǰ nt ǰēด÷ĔชšÿĎตøĂĂ÷đúĂøŤ-öćøč÷ćöć 

1 ( , ) ( , )+ = + ' + 'n n n n n n nx x f t x g t x W  (2.4) 

đöČęĂǰ' nW ǰöĊกćøĒจกĒจงðกตĉǰìĊęöĊคŠćđฉúĊę÷ǰ0 ĒúąคüćöĒðøðøüîǰǻ ǰĒúąǰ 0 0x = X ǰ 

  



 
 

ïททĊęǰ3 

ตĆüĒïïÿöกćøđชĉงĂîčóĆîธŤÿēตĒคÿตĉก 

ĔîēคøงงćîîĊĚñĎ šจĆดìĈĕดšýċกþćēöđดúÿēตĒคÿตĉกขĂงกćøđðúĊę÷îĒðúงĂčณĀõĎöĉēúกจćกงćîüĉจĆ÷ขĂงǰ

Budyko ĒúąǰSellers (1969) [1] ซċęงĕดšóĉจćøณćüĉüĆฒîćกćøขĂงĂčณĀõĎöĉēúกìĊęöĊÿćđĀตčöćจćกกćøĒñŠøĆงÿĊđขšćöćÿĎŠ

ēúกขĂงดüงĂćìĉต÷Ťǰ( inR )ǰĒúąกćøĒñŠøĆงÿĊĒúąกćøÿąìšĂîĂĂกจćกēúกǰ( outR )ǰดĆงÿöกćø 

 t in out
dc T R -R
dt

=  (3.1) 

ēด÷ǰ c ǰคČĂǰคŠćคüćöจčคüćöøšĂîขĂงēúกǰ c 4000=  Ēúą tT  คČĂǰĂčณĀõĎöĉđฉúĊę÷ขĂงēúกǰǰ 

 inR = Q(1+ AcosȦt)  (3.2) 

Q  คČĂǰคŠćคงìĊęขĂงĒÿงĂćìĉต÷ŤǰĒúąǰA คČĂǰforcing amplitude Ēúąǰ 

outR ǰĂ÷ĎŠĔîøĎð 

 out in tR = Į(T )R + E(T )t  (3.3) 

ēด÷ǰĮ(T )t  คČĂǰÿĆดÿŠüîกćøÿąìšĂîǰ(albedo) ǰĒúąǰ tE(T ) ǰคČĂǰóúĆงงćîจćกกćøĒñŠøĆงÿĊคúČęî÷ćü 

đöČęĂîĈ (3.2) Ēúąǰ(3.3) ĒìîĔîǰ (3.1) จąĕดš 

 t t t
dc T = Q(1+ AcosȦt)(1-Į(T )) - E(T )
dt

 (3.4) 

đöČęĂóĉจćøณć A = 0   

 t t t
dc T = Q(1-Į(T )) - E(T )
dt

 (3.5) 

ĒúąĔĀš t t tF(T ) = Q(1- Į(T )) - E(T )   

ดĆงîĆĚîจąĕดš t t
dc T = F(T )
dt

 (3.6) 
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đöČęĂóĉจćøณćìĊęǰÿถćîąคงìĊęǰ(steady state) จćกǰ(3.6)  

 tF(T ) = 0  (3.7) 

จćกǰ(3.6) Ēúąǰ(3.7) จąĕดš 

 t tQ(1- Į(T )) = E(T )  (3.8) 

îĉ÷ćöôŦงกŤชĆî Ȗ(T )t  ดĆงîĊĚ  

 ( )( )Q 1- Į T
Ȗ(T) = -1

E(T)
ª º
« »
« »¬ ¼

 (3.9) 

จąĕดšüŠć Ȗ(T) = 0  ถšć iT = T  , i = 1,2,3 đðŨîĂčณĀõĎöĉìĊęđðŨîÿถćîąคงìĊęǰซċęงĔîงćîüĉจĆ÷îĊĚǰจćกกćøđกĘïขšĂöĎúǰ

จąöĊคŠćǰĂčณĀõĎöĉĒïïîĊĚĂ÷ĎŠǰ3ǰคŠćǰจċงìĈĔĀšÿćöćøถìĊęจąđขĊ÷îคüćöÿĆöóĆîíŤĕดšดĆงîĊĚ 

 
1 2 3

T T TȖ(T) = ȕ 1- 1- 1-
T T T

§ ·§ ·§ ·
¨ ¸¨ ¸¨ ¸

© ¹© ¹© ¹
t t t  (3.10) 

ēด÷ǰ 1T = 278.6K , 2T = 283.3K ǰĒúąǰ 3T = 288.6K   

E  đðŨîคŠćคงìĊęǰìĊęÿćöćøถðøąöćณคŠćĕดšจćกคüćöÿĆöóĆîíŤ 3
3 3 3

1 2

1 c 1ȕ = T
Ĳ E(T ) T T1- 1-

T T

ª º
« »
« »
« »§ ·§ ·
« »¨ ¸¨ ¸
« »© ¹© ¹¬ ¼

  

จćกǰ(3.9) Ēúąǰ(3.10) จąĕดšÿöกćø 

 
1 2 3

T T TQ(1-Į(T)) = E(T)(1+ Ȗ(T)) = E(T) 1+ȕ 1- 1- 1-
T T T

ª º§ ·§ ·§ ·
« »¨ ¸¨ ¸¨ ¸

© ¹© ¹© ¹¬ ¼
t t t  (3.11) 

จćกǰ(3.4) Ēúąǰ(3.11) จąĕดšÿöกćøđชĉงĂîčóĆîíŤìĊę 

 > @

t

1 2 3

E(T ) E(T )d T = (1+ Ȗ(T ))(1+ AcosȦt) -
dt c c

E(T )= Ȗ(T )(AcosȦt) + AcosȦt + Ȗ(T )
c

E(T ) T T T= ȕ 1- 1- 1- (AcosȦt +1) + AcosȦt
c T T T

ª º§ ·§ ·§ ·
« »¨ ¸¨ ¸¨ ¸
© ¹© ¹© ¹¬ ¼

t t
t

t
t t

t t t t

 (3.12) 
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đöČęĂĔĀš ( )
1 2 3

T T T( , ) 1- 1- 1-
T

( ) c
T

c s
T

os 1 o
§ ·§ ·§ ·

= ¨ ¸¨ ¸¨ ¸
© ¹© ¹©

ª º
+ +«

¬ ¹
»
¼

t t tE T A tF T t A tt t E Z Z   

ดĆงîĆĚîจąĕดšÿöกćøđðŨî t t
dc T F(T , t)
dt

=   

ซċęงĔîงćîüĉจĆ÷ขĂงđขćǰจąóĉจćøณćÿöกćøÿēตĒคÿตĉกǰ(1.1) คČĂ  

 1t 2
t t

F(T , t)dT dW
c

= +H   

îĆęîคČĂ ( )
1 2

1

t
3

t 2
t

T T TE(T )dT = AcosȦt +1 + AcosȦ1- 1- 1-
T

t
T T

dt + İ dW
c

§ ·§ ·§ ·
¨

ª º
« »
¬ ¼

¸¨ ¸¨ ¸
© ¹© ¹© ¹

t t tE  (1.1) 

 ĔîงćîîĊĚñĎšจĆดìĈĕดšðøĆïðøčงēöđดúÿŠüîìĊęđðŨîกćøøïกüîđóČęĂĔĀšคøĂïคúčöกøณĊìĆęüĕðöćกขċĚîǰēด÷ìĈกćø

ดĆดĒðúงกćøøïกüîìĊęคüøจąขċĚîกĆïĂčณĀõĎöĉดšü÷ǰĒìîคŠćคงìĊęตćöēöđดúดšćîúŠćงǰ(1.2) 

 ( ) Įt
t

2
t

3
t

1

T T T1- 1- 1-
T T T

E(T )dT = AcosȦt +1 + AcosȦt dt + įT dW
c

§ ·§ ·§ ·
¨ ¸¨ ¸¨ ¸

© ¹

ª

© ¹©

º
« »
¬ ¼¹

t t tE  (1.2) 

ēด÷ìĊęǰ [0,1]�D ǰĒúąǰG ǰđðŨîคŠćคงìĊęǰÿĆงđกตüŠćǰถšćǰ 0=D ǰÿöกćø (1.2) กĘคČĂǰÿöกćøตšîĒïïǰ(1.1) จćกงćîüĉจĆ÷
ขĂงǰ[1] ìĊęöĊกćøøïกüîđðŨîคŠćคงìĊę 

ĔîงćîüĉจĆ÷îĊĚǰจąìĈกćøýċกþćēöđดúǰ(1.2)ǰดĆงîĊĚ 
1.ǰýċกþćóùตĉกøøöขĂงēöđดúǰñŠćîกćøจĈúĂงตĆüĒïïÿöกćøǰ(1.2)ǰēด÷üĉíĊĂĂ÷đúĂøŤ-öćøč÷ćöćǰÿĈĀøĆï

คŠćóćøćöĉđตĂøŤĔîชŠüงขĂงóćøćöĉđตĂøŤìĊęđĀöćąÿöǰēด÷đðøĊ÷ïđìĊ÷ïกĆïคŠćóćøćöĉđตĂøŤขĂงÿöกćøǰ(1.1) 
2.ǰǰýċกþćóùตĉกøøöจĈîüîกćøđðúĊę÷îĒðúงขĂงĂčณĀõĎöĉēúกìĊęđกĉดขċĚîĔîชŠüงđüúćǰ1,000,000ǰðŘǰìĊęöĊñúöć

จćกกćøøïกüîǰēด÷จąóĉจćøณćจćกกćøđðúĊę÷îĒðúงคŠćóćøćöĉđตĂøŤขĂงกćøøïกüîǰD ǰĒúąǰG   



 
 

ïททĊęǰ4 

กćøจĈúĂงÿöกćøđชĉงĂîčóĆîธŤÿēตĒคÿตĉก 

จćกïììĊęĒúšüĕดšýċกþćēöđดúจćกงćîüĉจĆ÷ǰĔîïìîĊĚจąจĈúĂงēöđดúēด÷ĔชšēðøĒกøöǰMATLAB đóČęĂýċกþć
óùตĉกøøöขĂงēöđดúǰĔîกćøจĈúĂงēöđดúēด÷ĔชšÿĎตøüĉíĊĂĂ÷đúĂøŤ-öćøč÷ćöćǰคČĂ 
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đöČęĂǰ nt 1, t n' = = ' ǰÿĈĀøĆïǰ n 0,1,...,1,000,000= , 

nT ǰคČĂñúđฉú÷đชĉงตĆüđúขǰณǰđüúćǰ nt ǰ 

0T 280= ǰđคúüĉî 
Ēúąǰ ( )nW N 0, t' ' ǰǰ 
ēด÷óćøćöĉđตĂøŤĒตŠúąคŠćǰöĊดĆงîĊĚ 

c = 4,000   
1T = 278.6 đคúüĉî, 2T = 283.3 ǰđคúüĉîǰĒúąǰ 3T = 288.6 ǰđคúüĉî 

A 0.0005= ǰ 
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Ĳ = 8ðŘ  
4

tE(T ) = k×Tt ǰđöČęĂǰ
-8 -2 -4k = 5.6705×10 Wm K ǰคČĂคŠćคงìĊęขĂงÿđตôćî-ēïúìซŤöćîîŤǰ(Stefan-Boltzmann) 

Ēúąǰ 3
3 3 3

1 2

1 c 1ȕ = ×T × ×
Ĳ E(T ) T T1- 1-
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« »
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« »© ¹© ¹¬ ¼

 

1. ýċกþćóùตĉกøøöทĆęüĕðขĂงทćงđดĉîตĆüĂ÷Šćง 

ĔîÿŠüîĒøกจąจĈúĂงēöđดúēด÷đðúĊę÷îคŠćขĂงóćøćöĉđตĂøŤǰ Į ǰĒúąǰ į ǰĒúąÿĆงđกตóùตĉกøøöขĂงìćงđดĉî

ตĆüĂ÷ŠćงǰขĂงกćøđðúĊę÷îĒðúงขĂงĂčณĀõĎöĉĒตŠúąคŠćóćøćöĉđตĂøŤǰđóČęĂÿĆงđกตจĈîüîคøĆĚงขĂงกćøđðúĊę÷îĒðúงขĂง

ĂčณĀõĎöĉđÿถĊ÷øøąĀüŠćงǰ 1T ǰĒúąǰ 3T  
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จćกēöđดúǰ(1.2) ìĊęýċกþćǰถšćĔĀšǰĮ = 0  จąĕดšēöđดúđðŨîđĀöČĂîēöđดúตšîĒïïǰ(1.1) จćกงćîüĉจĆ÷ǰ[1] ซċęงĕดš
ýċกþćĕüšüŠćǰĔîกøณĊîĊĚǰคŠćǰ į ǰǰìĊęđĀöćąÿöจąĂ÷ĎŠĔîชŠüงǰ į [0.06,0.15]�  
đชŠîǰตĆüĂ÷ŠćงîĊĚđøćĔĀšǰĮ = 0 ǰĒúąǰ į = 0.09 ǰìĊęĒÿดงñúกćøจĈúĂงĕดšดĆงøĎðìĊęǰ1ǰÿĆงđกตüŠćöĊกćøกøąēดดขĂงìćงđดĉî

ตĆüĂ÷Šćงจćกǰ 1T ǰĒúąǰ 3T ǰจĈîüîǰ5 คøĆĚงǰ 

 
øĎðõćóìĊęǰ1: ìćงđดĉîตĆüĂ÷ŠćงđöČęĂǰĮ = 0 ǰĒúąǰ į = 0.09  

ซċęงĔîงćîขĂงđøćจćกÿöกćøǰ (2.2) ถšćđøćđðúĊę÷îǰ Į = 0.1ǰĒúąǰ į = 0.03 ǰจąĕดšดĆงøĎðõćóìĊęǰ2 öĊกćøกøąēดดขĂง
ìćงđดĉîตĆüĂ÷Šćงจćกǰ 1T ǰĒúąǰ 3T ǰจĈîüîǰ5 คøĆĚงǰ 

 
øĎðõćóìĊęǰ2: ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂǰĮ = 0.1ǰĒúąǰ į = 0.03  
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จćกøĎðõćóìĊęǰ2 ถšćđøćđðúĊę÷îคŠćóćøćöĉđตĂøŤǰD ǰĔĀšđóĉęöขċĚîǰÿĆงđกตüŠćคŠćǰ į ǰจąîšĂ÷úงจċงจąìĈĔĀšóùตĉกøøöขĂง

กøćôĔกúšđคĊ÷งกĆïēöđดúตšîĒïïǰ(1.1)  
ĒúąǰถšćđøćđðúĊę÷îǰĮ = 0.2 ǰĒúąǰ į = 0.011ǰจąĕดšดĆงøĎðõćóìĊęǰ3 öĊกćøกøąēดดขĂงìćงđดĉîตĆüĂ÷Šćงจćกǰ 1T ǰĒúąǰ

3T ǰจĈîüîǰ6 คøĆĚงǰ 

 
øĎðõćóìĊęǰ3: ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂǰĮ = 0.2 ǰĒúąǰ į = 0.011 

จćกøĎðõćóìĊęǰ3 ÿĆงđกตüŠćถšćกćøđðúĊę÷îĒðúงขĂงกøćôĔกúšđคĊ÷งกĆïøĎðõćóìĊęǰ1 คŠćǰ į ǰจąöĊคŠćîšĂ÷úงöćกกüŠćđดĉö 

ĒúąǰถšćđøćđðúĊę÷îǰĮ = 0.5 ǰĒúąǰ į = 0.00032 ǰจąĕดšดĆงøĎðõćóìĊęǰ4 

 
øĎðõćóìĊęǰ4: ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂǰĮ = 0.5 ǰĒúąǰ į = 0.00032  
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จćกøĎðõćóìĊęǰ4 คŠćǰ į ǰúดúงöćđ÷ĂąöćกǰđîČęĂงจćกǰ D ǰöćกขċĚîǰđîČęĂงจćกถšćđøćตšĂงกćøĔĀšĕดšñúĔกúšđคĊ÷งกĆï

ÿöกćøตšîĒïïǰ(1.1)ǰกćøøïกüîขĂงđøćöĊĂčณĀõĎöĉĕðđกĊę÷üขšĂงดšü÷ñŠćîóćøćöĉđตĂøŤǰD ǰĒúąถšćĂčณĀõĎöĉöĊคŠćกĈúĆงǰ

D ǰöćกขċĚîǰจċงìĈĔĀšคŠćคงìĊęǰ į ǰตšĂงúดúงǰกćøøïกüîจċงจąĂ÷ĎŠĔîชŠüงìĊęđĀöćąÿöđชŠîđดĊ÷üกĆïตĆüÿöกćøตšîĒïï 

2. จĈúĂงóùตĉกøøöĒตŠúąคŠćóćøćöĉđตĂøŤ 
ตŠĂöćđøćจąจĈúĂงēöđดúìĆĚงĀöดǰ10 ìćงđดĉîตĆüĂ÷ŠćงĔîĒตŠúąคŠćóćøćöĉđตĂøŤǰĒúąÿĆงđกตคŠćđฉúĊę÷ขĂงกćø

กøąēดดขĂงìćงđดĉîตĆüĂ÷ŠćงøąĀüŠćงǰ 1T ǰĒúąǰ 3T ǰēด÷öĊกćøđðúĊę÷îคŠćóćøćöĉđตĂøŤǰēด÷ĔĀšǰ > @0,1D� ǰĒúąจąĕดš

คŠćǰ į  Ă÷ĎŠĔîชŠüงǰดĆงîĊĚ 
ตćøćงทĊęǰ1 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดĔĀšǰĮ = 0 ǰĒúąđðúĊę÷îคŠćǰ į [0.06,0.15]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷ŠćงทĊę จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.06 1 0 0 1 1 1 1 1 1 0 0.7 
2 0.09 5 3 3 3 5 7 7 2 9 5 4.9 
3 0.12 25 19 13 25 33 11 19 25 23 25 21.8 
4 0.15 79 74 51 85 81 79 69 75 93 83 76.9 

đîČęĂงจćกēöđดúìĊęจĈîüîกćøกøąēดดขĂงǰ10ǰìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดĔĀšÿööตĉฐćîüŠćจąìĈĔĀšēöđดú

ìĆęüĕðöćกขċĚîǰถšćĔĀšǰ Į = 0 ǰจąĕดšēöđดúตšîĒïïìĊęĕดšýċกþćǰēด÷ĔîงćîìĊęýċกþćĔชšǰ > @0.06,0.15H� ǰđîČęĂงจćกđðŨî

คŠćìĊęđĀöćąÿöđîČęĂงจćกกćøกøąēดดĕöŠöćกđกĉîĕðǰตŠĂĕðđøćจąจĈúĂงóùตĉกøøöขĂงตĆüĒïïĒตŠúąคŠćดĆงîĊĚ 

ตćøćงทĊęǰ2 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดĔĀšĮ = 0.03 ǰĒúąđðúĊę÷îคŠćį [0.05,0.11]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.05 1 1 1 1 1 1 1 1 1 1 1 
2 0.07 13 9 3 5 3 7 7 5 9 5 6.6 
3 0.09 24 29 29 33 33 39 31 27 31 24 30 
4 0.11 109 84 93 99 93 96 85 87 100 123 97.1 

ถšćคŠćǰ į > 0.11ǰìĈĔĀšกćøกøąēดดöćกกüŠćǰ100 ซċęงöĊคŠćđ÷ĂąöćกǰìĈĔĀšกćøøïกüîđ÷ĂąöćกđกĉîĕðǰĒตŠถšćคŠćǰ
į < 0.11 ǰìĈĔĀšกćøกøąēดดĔกúšđคĊ÷งǰ0 คČĂĕöŠöĊกćøกøąēดดđú÷ 
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ตćøćงทĊęǰ3 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđดĉîตĆüĂ÷ŠćงǰđöČęĂกĈĀîดĔĀšĮ = 0.06ĒúąđðúĊę÷îคŠćǰ į [0.03,0.08]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.03 0 0 1 1 1 1 0 1 1 1 0.7 
2 0.05 7 7 7 3 5 11 5 9 13 3 7 
3 0.07 55 57 55 59 49 43 47 59 49 53 52.6 
4 0.08 98 92 85 111 107 99 105 109 109 101 101.6 

จćกตćøćงìĊęǰ3 คŠćǰ G ǰöĊคŠćดĆงîĊĚǰǰ į [0.03,0.08]� ǰซċęงถšćคŠćǰ 0.08G ! ǰจąìĈĔĀšกćøøïกüîđ÷ĂąđกĉîĕðǰĒúąตćøćง

ขšćงúŠćงจąĔĀšคŠćǰD ǰđóĉęöขċĚîǰĒúąǰ G ǰúดúงđøČęĂ÷ǰėǰ 
ตćøćงทĊę ǰ4 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀ šǰ Į = 0.08 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.03,0.06]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.03 1 1 1 1 1 1 1 1 1 1 1 
2 0.04 8 5 1 8 7 11 7 5 7 3 6.2 
3 0.05 31 23 37 27 25 29 25 27 31 37 29.2 
4 0.06 87 69 81 89 81 78 67 79 85 75 79.1 

จćกตćøćงìĊęǰ4 ĔĀšǰĮ = 0.08 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.03 ถċงǰ0.06  
ตćøćงทĊę ǰ5 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.10 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.02,0.05]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.02 2 2 1 1 1 1 1 1 0 1 1.1 
2 0.03 5 5 7 3 3 5 3 5 4 1 4.1 
3 0.04 31 33 29 39 21 31 31 31 35 35 31.6 
4 0.05 77 93 85 101 106 95 113 93 103 78 94.4 

จćกตćøćงìĊęǰ5 ĔĀšǰĮ = 0.10 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.02 ถċงǰ0.05  
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ตćøćงทĊę ǰ6 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.16 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.01,0.025]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.010 0 1 0 1 1 0 1 1 0 1 0.6 
2 0.015 3 5 4 5 3 3 3 7 1 5 3.9 
3 0.020 33 39 23 30 25 29 15 31 29 23 27.7 
4 0.025 91 95 103 73 89 98 110 81 103 77 92 

จćกตćøćงìĊęǰ6 ĔĀšǰĮ = 0.16 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.01 ถċงǰ0.025  
ตćøćงทĊę ǰ7 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.18 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.01,0.02]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.01 1 1 1 1 1 1 1 1 1 1 1 
2 0.014 9 8 11 9 6 17 1 17 15 3 9.6 
3 0.017 41 45 27 19 32 37 41 33 33 68 37.6 
4 0.02 95 101 109 75 72 71 69 83 106 111 89.2 

จćกตćøćงìĊęǰ7 ĔĀšǰĮ = 0.18 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.01 ถċงǰ0.02  

ตćøćงทĊę ǰ8 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.20 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.007,0.016]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.007 1 1 1 1 1 1 0 1 1 0 0.8 
2 0.009 1 1 1 3 1 3 2 3 3 3 2.1 
3 0.012 21 15 17 245 18 11 13 23 9 15 16.7 
4 0.016 97 101 95 79 85 85 103 83 99 93 92 
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จćกตćøćงìĊęǰ8 ĔĀšǰ Į = 0.20 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.007 ถċงǰ0.016 จćกตćøćงîĊĚđĀĘî
ชĆดđจîöćกขċĚîüŠćǰคŠćóćøćöĉđตĂøŤǰ G ǰöĊชŠüงìĊęĒคïúงđøČęĂ÷ǰėǰ 
ตćøćงทĊę ǰ9 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.26 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.004,0.008]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.004 1 1 1 1 1 3 1 1 1 1 1.2 
2 0.005 7 9 1 5 1 7 3 1 9 7 5 
3 0.007 27 33 33 40 29 33 31 39 40 21 32.6 
4 0.008 91 81 95 66 83 93 66 74 93 101 84.3 

จćกตćøćงìĊęǰ9 ĔĀšǰĮ = 0.26 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.004 ถċงǰ0.008   
ตćøćงทĊę ǰ10 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.30 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.002,0.005]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.002 1 0 1 1 1 1 0 0 1 1 0.7 
2 0.003 3 1 3 5 1 5 3 1 3 1 2.6 
3 0.004 19 27 17 17 21 25 30 28 29 31 24.4 
4 0.005 68 79 69 87 81 59 77 88 79 63 75 

จćกตćøćงìĊęǰ10 ĔĀšǰĮ = 0.30 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.002 ถċงǰ0.005   
ตćøćงทĊę ǰ11 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.36 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.0011,0.0027]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.0011 1 1 1 1 1 1 0 1 1 0 0.8 
2 0.0016 1 7 5 11 3 5 3 8 5 3 5.1 
3 0.0023 45 63 56 33 39 49 45 53 37 37 45.7 
4 0.0027 91 107 88 87 97 85 105 81 79 63 88.3 
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จćกตćøćงìĊęǰ11 ĔĀšǰĮ = 0.36 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.0011 ถċงǰ0.0027   
ตćøćงทĊę ǰ12 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.40 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.0007,0.0016]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.0007 1 1 1 1 1 1 1 1 1 0 0.9 
2 0.0010 9 5 1 3 9 9 4 9 1 1 5.1 
3 0.0013 19 13 27 13 13 25 15 17 225 21 18.8 
4 0.0016 107 75 76 81 83 73 91 59 58 69 77.2 

จćกตćøćงìĊęǰ12 ĔĀšǰĮ = 0.40 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.0007 ถċงǰ0.0016   
ตćøćงทĊę ǰ13 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.46 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.0004,0.0008]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.0004 1 0 1 1 1 0 1 1 1 1 0.8 
2 0.0006 11 11 15 15 21 13 13 11 7 13 13 
3 0.0007 31 29 35 31 35 21 23 32 23 35 29.5 
4 0.0008 63 93 64 79 77 67 77 73 75 73 74.1 

จćกตćøćงìĊęǰ13 ĔĀšǰĮ = 0.46 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.0004 ถċงǰ0.0008   
ตćøćงทĊę ǰ14 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.50 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.00023,0.00053]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.00023 1 1 1 1 1 1 1 1 1 1 1 
2 0.00030 4 1 3 3 1 3 3 1 1 1 2.1 
3 0.00040 11 7 21 14 23 16 15 18 19 13 15.7 
4 0.00053 121 95 93 101 97 83 111 79 99 82 96.1 
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จćกตćøćงìĊęǰ14 ĔĀšǰĮ = 0.46 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.00023 ถċงǰ0.00053   
ตćøćงทĊę ǰ15 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.56 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.00013,0.00027]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.00013 1 1 1 1 1 1 1 1 1 1 1 
2 0.00018 9 3 9 3 3 11 1 7 7 9 6.2 
3 0.00023 46 50 27 47 31 39 45 35 29 36 38.5 
4 0.00027 91 101 83 92 83 98 93 73 85 72 87.1 

จćกตćøćงìĊęǰ15 ĔĀšǰĮ = 0.56 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.00013 ถċงǰ0.00027   
ตćøćงทĊę ǰ16 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.60 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.00008,0.00017]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.00008 1 1 1 1 1 1 1 1 1 1 1 
2 0.00013 11 17 11 19 25 17 11 15 11 23 16.4 
3 0.00015 37 50 47 51 45 47 37 37 47 49 44.7 
4 0.00017 96 93 89 85 88 78 105 79 99 90 90.2 

จćกตćøćงìĊęǰ16 ĔĀšǰĮ = 0.60 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.00008 ถċงǰ0.00017   

ตćøćงทĊę ǰ17 จĈîüîกćøกøąēดดขĂงǰ10 ìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.66 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.00004,0.000085]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.00004 1 1 1 1 1 1 1 1 1 1 1 
2 0.00006 11 9 9 17 13 7 11 5 9 7 9.8 
3 0.00007 31 15 33 27 38 23 25 29 33 33 28.7 
4 0.000085 70 62 81 71 94 83 89 77 87 78 79.2 
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จćกตćøćงìĊęǰ17 ĔĀšǰĮ = 0.66 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.00004 ถċงǰ0.000085 
ตćøćงทĊę ǰ18 จĈîüîกćøกøąēดดขĂงǰ10ǰìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.70 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.000025,0.000055]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.000025 5 1 1 1 1 1 1 1 1 1 1.4 
2 0.000035 3 1 7 5 5 9 3 3 7 7 5 
3 0.000045 35 27 27 29 17 33 34 23 29 35 28.9 
4 0.000055 67 71 85 73 89 101 84 87 85 107 84.9 

จćกตćøćงìĊęǰ18 ĔĀšǰĮ = 0.70 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.000025 ถċงǰ0.00055 
ตćøćงทĊę ǰ19 จĈîüîกćøกøąēดดขĂงǰ10ǰìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.76 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.000013,0.000028]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.000013 1 1 1 1 1 1 1 1 1 1 1 
2 0.000018 5 7 1 1 11 8 7 9 3 7 5.9 
3 0.000023 39 33 21 25 25 21 21 31 35 32 28.3 
4 0.000028 89 93 71 93 59 81 73 81 69 91 80 

จćกตćøćงìĊęǰ19 ĔĀšǰĮ = 0.76 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.000013 ถċงǰ0.000028   
ตćøćงทĊę ǰ20 จĈîüîกćøกøąēดดขĂงǰ10ǰìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.80 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.000008,0.000018]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.000008 1 1 1 1 1 1 1 1 1 1 1 
2 0.000011 3 7 3 3 7 1 3 6 3 7 4.3 
3 0.000014 21 29 19 13 23 29 19 17 19 21 21 
4 0.000018 90 73 83 92 80 85 86 77 106 93 86.5 
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จćกตćøćงìĊęǰ20 ĔĀšǰĮ = 0.80 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.000008 ถċงǰ0.000018 
ตćøćงทĊę ǰ21 จĈîüîกćøกøąēดดขĂงǰ10ǰìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.86 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.000004,0.000009]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.000004 1 1 1 1 3 0 1 1 0 1 1 
2 0.000006 3 9 5 7 4 5 13 5 12 3 6.6 
3 0.000008 53 43 33 35 51 39 51 47 49 43 44.4 
4 0.000009 74 91 74 90 87 91 83 81 82 95 84.8 

จćกตćøćงìĊęǰ21 ĔĀšǰĮ = 0.86 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.000004 ถċงǰ0.000009   
ตćøćงทĊę ǰ22 จĈîüîกćøกøąēดดขĂงǰ10ǰìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.90 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.0000025,0.0000058]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.0000025 3 1 1 0 1 0 1 1 1 1 1 
2 0.0000035 3 7 3 4 1 5 9 5 1 13 5.1 
3 0.0000045 17 29 34 27 15 17 23 33 29 23 24.7 
4 0.0000058 79 106 97 123 109 80 102 68 69 95 92.8 

จćกตćøćงìĊęǰ22 ĔĀšǰĮ = 0.90 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.0000025 ถċงǰ0.0000058   
ตćøćงทĊę ǰ23 จĈîüîกćøกøąēดดขĂงǰ10ǰìćงđด ĉîต ĆüĂ÷ Šćงǰđö Č ęĂกĈĀîดĔĀš ǰ Į = 0.96 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.0000015,0.0000030]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.0000015 1 3 1 1 1 1 1 1 1 1 1.2 
2 0.0000020 7 13 15 9 7 14 3 3 7 8 8.6 
3 0.0000025 36 47 32 37 27 46 39 37 30 37 36.8 
4 0.0000030 117 88 87 88 103 105 107 111 103 67 97.6 
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จćกตćøćงìĊęǰ23 ĔĀšǰĮ = 0.96 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.0000015 ถċงǰ0.0000030 
ตćøćงทĊę ǰ24 จĈîüîกćøกøąēดดขĂงǰ10ǰìćงđด ĉîตĆ üĂ÷ Šćงǰ đö Č ęĂกĈĀîดĔĀš ǰ Į =1.00 ǰĒúąđðú Ċ ę÷îคŠćǰ

į [0.0000009,0.0000019]�  

คøĆĚงทĊęǰ į  
ทćงđดĉîตĆüĂ÷Šćง จĈîüîกćø

กøąēดดđฉúĊę÷ 1 2 3 4 5 6 7 8 9 10 
1 0.0000009 1 3 1 1 1 2 1 1 1 1 1.3 
2 0.0000012 3 3 5 7 7 3 7 9 9 3 5.6 
3 0.0000015 19 25 34 29 27 29 23 29 13 29 25.7 
4 0.0000019 71 67 93 79 72 91 83 76 55 57 74.4 

จćกตćøćงìĊęǰ24 ĔĀšǰĮ =1.00 ǰóïüŠćคŠćìĊęđĀöćąÿöขĂงǰ G ǰคüøจąĂ÷ĎŠĔîชŠüงǰ0.0000009 ถċงǰ0.0000019 

จćกตćøćงขšćงตšîǰจąÿĆงđกตđĀĘîüŠćǰđöČęĂคŠćǰD ǰđðúĊę÷îđóĉęööćกขċĚîǰìĈĔĀšคŠćǰ į ǰöĊคŠćĒคïúงǰĒúąúดúง

đøČęĂ÷ǰėǰจćกตćøćงตćøćงìĊęǰ1 Į = 0  คŠćǰ į ǰĂ÷ĎŠĔîชŠüงǰį [0.06,0.15]�  ĒตŠđöČęĂคŠćǰD ǰđóĉęööćกขċĚîǰจćกตćøćง

ตćøćงìĊęǰ24  Į =1.00 ǰìĈĔĀšคŠćǰ į ǰĂ÷ĎŠĔîชŠüงǰ į [0.0000009,0.0000019]� ǰซċęงÿĆงđกตüŠćคŠćǰį ǰîšĂ÷úงöćกǰ

ĒúąชŠüงคŠćขĂงǰǰ į ǰĒคïúงดšü÷ǰìĊęìĈĔĀšชŠüงìĊęìĈĔĀšกćøกøąēดดขĂงกøćôøąĀüŠćงǰ 1T ǰĒúąǰ 3T ǰĔกúšđคĊ÷งกĆïēöđดú

ตšîĒïïǰซċęงถšćคŠćöćกกüŠćชŠüงîĊĚกĘìĈĔĀšกćøกøąēดดขĂงกøćôđ÷Ăąöćก ĒตŠถšćîšĂ÷ĕðกĘจąĕöŠöĊกćøกøąēดดขĂงกøćô
đú÷ 



 
 

ïททĊęǰ5 

ÿøčðĒúąĂõĉðøć÷ñú 

ēคøงงćîîĊĚýċกþćÿöกćøÿēตĒคÿตĉกìĊęđกĊę÷üกĆïกćøđðúĊę÷îĒðúงÿõćóĂćกćýìĊęöĊกćøøïกüîขċĚîกĆïĂčณĀõĎöĉǰ

ēด÷ýċกþćตĆüĒïïĒúąđóĉęöกćøøïกüîĔĀšขċĚîกĆïĂčณĀõĎöĉดĆงÿöกćøǰ(1.2)ǰจĈúĂงÿöกćøđóČęĂดĎóùตĉกøøöขĂงĂčณĀõĎöĉ

ตŠĂđüúćǰēด÷ÿĆงđกตกćøđคúČęĂîìĊęøąĀüŠćงĂčณĀõĎöĉǰ 1T ǰĒúąǰ 3T  ēด÷đðúĊę÷îคŠćóćøćöĉđตĂøŤǰ Į  Ēúąǰ į ǰจćกïììĊęǰ4 
đøćจąĒïŠงกćøìดúĂงđðŨîǰ2 ÿŠüî 

ÿŠüîìĊęǰ1 ýċกþćóùตĉกøøöìĆęüĕðขĂงìćงđดĉîตĆüĂ÷Šćงǰēด÷ÿĆงđกตกøćôกćøđคúČęĂîìĊęøąĀüŠćงĂčณĀõĎöĉǰ 1T ǰ

Ēúąǰ 3T  ǰĒúąดĎจĈîüîกćøกøąēดดüŠćöĊกćøđคúČęĂîìĊęกĊęคøĆĚงĔîĒตŠúąคŠćóćøćöĉđตĂøŤǰēด÷จĈîüîคøĆĚงจąĒÿดงĔîÿŠüîìĊęǰ
2 จćกกøćôđøćจąÿĆงđกตđĀĘîüŠćǰถšćคŠćขĂงǰ Į = 0  คŠćǰ į ǰìĊęđĀöćąÿöจąĂ÷ĎŠĔîชŠüงǰ į [0.06,0.15]� ǰจćกǰ[1] ēด÷
đøćĕดšđðøĊ÷ïđìĊ÷ïจĈîüîกćøกøąēดดēด÷đðúĊę÷îคŠćóćøćöĉđตĂøŤ ǰ Į  Ēúąǰ į ǰจćกตĆüĂ÷ŠćงìĊęĒÿดงĔîïììĊęǰ4 ĕดš
đðúĊę÷îคŠć Į = 0, 0.1, 0.2  Ēúąǰ0.5 ǰÿĆงđกตüŠćĒตŠúąกøćôöĊกćøกøąēดดðøąöćณǰ5 คøĆĚงǰĒตŠคŠćóćøćöĉđตĂøŤĕöŠ
đìŠćกĆîǰēด÷ถšćคŠćóćøćöĉđตĂøŤขĂงǰ Į đóĉęöขċĚîǰìĈĔĀšคŠćóćøćöĉđตĂøŤǰ į ǰจąöĊคŠćìĊęúดúงđøČęĂ÷ǰėǰดšü÷ǰซċęงจćกกćøÿĆงđกต

óùตĉกøøöขĂงēöđดúǰ(1.2) óïüŠćóùตĉกøøöกćøกøąēดดขĂงĂčณĀõĎöĉǰ 1T ǰĒúąǰ 3T ǰคúšć÷กĆïกćøจĈúĂงขĂง

óùตĉกøøöĂčณĀõĎöĉขĂงÿöกćøìĊęǰ(1.1)ǰตŠĂöćĔîÿŠüîìĊęǰ2 จąจĈúĂงคŠćóćøćöĉđตĂøŤđóČęĂดĎüŠćǰถšćคŠćǰ Į ǰĒúąǰ į ǰ

đðúĊę÷îĕðǰคŠćìĊęđĀöćąÿöคüøจąĂ÷ĎŠĔîชŠüงĔด 

ÿŠüîìĊęǰ2 จĈúĂงóùตĉกøøöĒตŠúąคŠćóćøćöĉđตĂøŤǰēด÷จĈúĂงคŠćóćøćöĉđตĂøŤǰ Į  Ă÷ĎŠĔîชŠüงǰ > @Į 0,1� ǰĒúą

ðøĆïคŠćǰ į ǰĔĀšจĈîüîกćøกøąēดดĔกúšđคĊ÷งกĆïÿöกćøตšîĒïïǰēด÷คŠćđฉúĊę÷กćøกøąēดดìĊęđĀöćąÿöจąĂ÷ĎŠĔîชŠüงǰ0.5 
ถċงǰ100ǰคøĆĚงǰจąจĈúĂงìĆĚงĀöด 10 ìćงđดĉîตĆüĂ÷ŠćงǰจćกกćøýċกþćóïüŠćถšćคŠćขĂงกćøøïกüîöĊคŠćöćกขċĚîǰจĈîüî
กćøđðúĊę÷îĒðúงขĂงĂčณĀõĎöĉđถĊ÷øøąĀüŠćงǰ 1T ǰĒúąǰ 3T ǰจąöĊคŠćöćกขċĚîดšü÷ǰĒúąถšćคŠćขĂงóćøćöĉđตĂøŤǰ Į ǰđóĉęöขċĚîǰ

จąìĈĔĀšคŠćóćøćöĉđตĂøŤǰ į ǰúดúงǰĒúąชŠüงìĊęđĀöćąÿöขĂงคŠćóćøćöĉđตĂøŤǰ į ǰìĊęýċกþćจąöĊชŠüงìĊęĒคïúงดšü÷ 

 ēด÷จćกกćøýċกþćĒúąกćøìดúĂงǰóïüŠćถšćคŠćขĂงǰ Į = 0  จąĕดšÿöกćøđĀöČĂîตšîĒïïǰ (1.1) ซċęง
คŠćóćøćöĉđตĂøŤǰ į ǰìĊ ęđĀöćąÿöจąĂ÷Ď ŠĔîชŠüงǰ į [0.06,0.15]� ǰซċ ęงถšćđøćđóĉ ęöคŠćóćøćöĉđตĂøŤǰ Į ǰกĘจąìĈĔĀš

คŠćóćøćöĉđตĂøŤขĂงǰ į ǰîĆĚîúดúงǰĒúąöĊชŠüงìĊęđĀöćąÿöĒคïúงดšü÷ǰซċęงจĈîüîกćøđðúĊę÷îĒðúงขĂงĂčณĀõĎöĉđถĊ÷ø

øąĀüŠćงǰ 1T ǰĒúąǰ 3T ǰจąขċĚîĂ÷ĎŠกĆïขîćดกćøđðúĊę÷îĒðúงขĂงคŠćกćøøïกüîǰĒúąจćกกćøÿĆงđกตóùตĉกøøöĔîกćø
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จĈúĂงēöđดúóïüŠćóùตĉกøøöขĂงēöđดúìĊęýċกþćǰ(1.2) คúšć÷กĆïóùตĉกøøöขĂงēöđดúǰ(1.1) ĒöšüŠćคŠćขĂงกćøøïกüî
จąöĊคŠćขĂงĂčณĀõĎöĉöćđกĊę÷üขšĂงดšü÷ 

ðøąē÷ชîŤìĊęคćดüŠćจąĕดšøĆïจćกēคøงงćîîĊĚǰคČĂǰĕดšòřกìĆกþąĔîกćøคšîคüšćขšĂöĎúĒúąóĆฒîćกøąïüîกćøคĉดǰ

ĕดšคüćöøĎšđøČęĂงǰSDE ĒúąกćøüĉđคøćĀŤđชĉงตĆüđúขöćกขċĚîǰĕดšēöđดúÿēตĒคÿตĉกขĂงกćøđðúĊę÷îĒðúงÿõćóõĎöĉĂćกćýìĊę
กćøøïกüîขċĚîกĆïĂčณĀõĎöĉ  
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đĂกÿćøĂšćงĂĉง 

[1] M. I. Budyko, The effect of solar radiation variations on the climate of the earth, Tellus, 21  
    (1969), 611-619. 
[2] R. Benzi, G. Parisi, A. Sutera, A. Vulpiani, A theory of stochastic resonance in climatic change,  
     Siam J. Appl. Math., 43 (1983), 565-578. 
[3] B. Oksenda, Stochastic differential equations, Springer-Verlag (2000). 
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õćคñîüกǰก 

ĒïïđÿîĂĀĆüขšĂēคøงงćîǰøć÷üĉชćǰ2301399 Project Proposal 

ðŘกćøýċกþćǰ2562 

ชČęĂēคøงงćîǰ(õćþćĕì÷)   ตĆüĒïïÿēตĒคÿตĉกขĂงกćøđðúĊę÷îĒðúงÿõćóõĎöĉĂćกćýìĊęกćøøïกüîขċĚîกĆï 
ĂčณĀõĎöĉ 

ชČęĂēคøงงćîǰ(õćþćĂĆงกùþ) Stochastic model for climate change with temperature dependent 
perturbation 

Ăćจćø÷ŤìĊęðøċกþć   Ă.ดø.đøüĆตǰถîĆดกĉจĀĉøĆญǰǰĒúąǰøý.ดø.ǰคĈøณǰđöฆฉć÷ 
ñĎšดĈđîĉîกćø   îćงÿćüìĉฆĆöóøǰ÷čìíîćðกøณŤ    øĀĆÿîĉÿĉต 5933519123 
    ÿćขćüĉชćคณĉตýćÿตøŤǰõćคüĉชćคณĉตýćÿตøŤĒúąüĉì÷ćกćøคĂöóĉüđตĂøŤ 
    คณąüĉì÷ćýćÿตøŤǰจčāćúงกøณŤöĀćüĉì÷ćúĆ÷ 
___________________________________________________________________________________ 

คüćöđðŨîöćĒúąöĎúđĀตčจĎงĔจĔîกćøđÿîĂēคøงกćøǰ 

đîČęĂงจćกðŦจจčïĆîîĊĚēúกĕดšðøąÿïðŦญĀćõćüąēúกøšĂîǰĀøČĂÿõćóĂćกćýìĊęđðúĊę÷îĒðúงïŠĂ÷ǰìĈĔĀšđกĉดñú

กøąìïตŠĂÿĉęงöĊชĊüĉตöćกöć÷ǰซċęงđðŨîđðŨîÿĉęงìĊęîŠćÿîĔจìĊęจąýċกþćēöđดúđกĊę÷üกĆïกćøđðúĊę÷îĒðúงÿõćóĂćกćýǰēด÷

ēöđดúÿēตĒคÿตĉกขĂงกćøđðúĊę÷îĒðúงÿõćóĂćกćýถĎกđÿîĂēด÷ǰBudyko ĒúąǰSellers (1969) [1] óüกđขćĕดš
óĉจćøณćüĉüĆฒîćกćøขĂงĂčณĀõĎöĉēúกซċęงÿćđĀตčöćจćกกćøĒñŠøĆงÿĊđขšćขĂงดüงĂćìĉต÷ŤǰĒúąกćøĒñŠøĆงÿĊĂĂกจćกēúกǰ

ĀúĆงจćกîĆĚîǰBenzi Ēúąคณąǰ(1983) [2] ĕดšđóĉęöกćøกŠĂกüîìĊęตŠĂđîČęĂงกĆïđüúćĒÿดงดšü÷ǰwhite noise ดĆงÿöกćø 

1
2t

t t
F(T , t)dT dt dW

c
= + H   ( 1 ) 

đöČęĂǰǰ ( ) ( )
1 2 3

, ( ) 1 1 1 cos 1 cos
ª º§ ·§ ·§ ·

= � � � + +« »¨ ¸¨ ¸¨ ¸
© ¹© ¹© ¹¬ ¼

t t t
t t

T T TF T t E T A t A t
T T T

E Z Z  

tT   คČĂǰĂčณĀõĎöĉđฉúĊę÷ขĂงēúกǰณǰđüúćǰ t ǰ 

1T ǰ= 278.6 đคúüĉî, 2T  = 283.3 đคúüĉî Ēúą 3T  = 288.6 đคúüĉî 
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( )tE T ǰǰคČĂǰóúĆงงćîจćกกćøĒñŠøĆงÿĊคúČęî÷ćü 
c ǰคČĂ คüćöจčคüćöøšĂîขĂงēúก 

, AE ǰĒúąǰZ ǰคČĂǰคŠćคงìĊę 
H ǰคČĂǰคüćöĒðøðøüîขĂงกćøกŠĂกüî, Ēúą tW   คČĂ กøąïüîกćøüĊđîĂøŤǰ(Wiener process) 

ĔîēคøงงćîîĊĚจąýċกþćēöđดúกćøđðúĊę÷îĒðúงÿõćóĂćกćýēด÷đóĉęöกćøกŠĂกüîĔîÿöกćøìĊęǰ(1) đóČęĂìĈĔĀš
ÿöกćøขċĚîกĆïĂčณĀõĎöĉǰìĈĔĀšÿöกćøìĆęüĕðöćกขċĚîǰดĆงÿöกćø 

t
t t t

F(T , t)dT dt T dW
c

D= + G   (2) 

đöČęĂǰ [0,1]D� ǰ Ēúąǰ G   คČĂǰคŠćคงìĊęǰēด÷ìĊęđøćจąจĈúĂงÿöกćøđชĉงĂîčóĆîíŤÿēตĒคÿตĉกđóČęĂýċกþćóùตĉกøøöขĂง
ĂčณĀõĎöĉ  

üĆตถčðøąÿงคŤขĂงēคøงกćøǰ 

1. đóČęĂýċกþćēöđดúกćøđðúĊę÷îĒðúงÿõćóĂćกćý 
2. đóČęĂóĆฒîćēöđดúĔĀšìĆęüĕðöćกขċĚî 
3. จĈúĂงēöđดúđóČęĂýċกþćóùตĉกøøöขĂงēöđดú 

ขĂïđขตขĂงēคøงงćî 

ĔîēคøงงćîîĊĚจąýċกþćēöđดúกćøđðúĊę÷îĒðúงÿõćóĂćกćýìĊęกćøøïกüîขċĚîกĆïĂčณĀõĎöĉǰĒúąจĈúĂงēöđดú

ēด÷ĔชšüĉíĊกćøĂĂ÷đúĂøŤ-öćøč÷ćöćǰđóČęĂýċกþćóùตĉกøøöขĂงēöđดú 

üĉธĊกćøดĈđîĉîงćî 

 1. ìïìüîคüćöøĎšóČĚîฐćîǰSDE ĒúąēöđดúกćøđðúĊę÷îĒðúงÿõćóĂćกćý 
 2. ýċกþćēöđดúกćøđðúĊę÷îĒðúงÿõćóĂćกćý 
 3. đøĉęöจĈúĂงēöđดúǰ(2) 
 4. ÿøčðñúĒúąøć÷งćî 
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ขĆĚîตĂîกćøดĈđîĉîงćî 
đดČĂî/ðŘกćøýċกþćǰ2562 

ก.ค. ÿ.ค. ก.÷. ต.ค. ó.÷. í.ค. ö.ค. ก.ó. öĊ.ค. đö.÷. 
1. ìïìüîคüćöøĎšóČĚîฐćîǰSDE Ēúą
ēöđดúกćøđðúĊę÷îĒðúงÿõćóĂćกćý           

2. ýċกþćēöđดúกćøđðúĊę÷îĒðúงÿõćó
Ăćกćý           

3. đøĉęöจĈúĂงēöđดú (2)           
4. ÿøčðñúĒúąøć÷งćî           

ðøąē÷ชîŤทĊęคćดüŠćจąĕดšøĆï 

1. ĕดšòřกìĆกþąĔîกćøคšîคüšćขšĂöĎúĒúąóĆฒîćกøąïüîกćøคĉด 
2. ĕดšคüćöøĎšđøČęĂงǰSDE ĒúąกćøüĉđคøćĀŤđชĉงตĆüđúขöćกขċĚî 
3. ĕดšēöđดúÿēตĒคÿตĉกđøēซĒîîซŤขĂงกćøđðúĊę÷îĒðúงÿõćóõĎöĉĂćกćýìĊęกćøøïกüîขċĚîกĆïĂčณĀõĎöĉ 

งïðøąöćณ 

คŠćกøąดćþǰA4 600 ïćì 
คŠćĂčðกøณŤจĆดđกĘïขšĂöĎú 1,500 ïćì 
คŠćĀöċกóĉöóŤ 2,000 ïćì 
คŠćĂčðกøณŤđคøČęĂงđขĊ÷î 400 ïćì 
คŠćถŠć÷đĂกÿćø 500 ïćì 

đĂกÿćøĂšćงĂĉง 

[1] M. I. Budyko, The effect of solar radiation variations on the climate of the earth, Tellus, 21 (1969),         
     611-619. 
[2] R. Benzi, G. Parisi, A. Sutera, A. Vulpiani, A theory of stochastic resonance in climatic change,  
     Siam J. Appl. Math., 43 (1983), 565-578. 
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õćคñîüกǰขǰ 

ตĆüĂ÷ŠćงēคšดìĊęĔชšĔîǰMATLAB ĒïŠงĂĂกđðŨîǰ3 ÿŠüîǰÿŠüîìĊęǰ1 đðŨîÿŠüîขĂงคŠćคงìĊęǰĒúąÿöกćøìĊęตšĂงกćø
จĈúĂงǰēด÷ĔชšüĉíĊกćøĂĂ÷đúĂøŤ-öćøč÷ćöćǰÿŠüîìĊęǰ2 đðŨîกćøดĎคŠćกćøกøąēดดǰĒúąÿŠüîÿčดìšć÷đðŨîÿŠüîÿĆงđกต
óùตĉกøøöขĂงēöđดú  
value 

clear All 
tic; 
c = 4000; ǰ    ēด÷ǰc คČĂ คüćöจčคüćöøšĂîขĂงēúกǰ (c) ǰ 
X1 = 280;     X1 คČĂǰĂčณĀõĎöĉđøĉęöตšî ( )0T   
w = (2*pi)/(10^5);     w คČĂǰZ ǰđðŨîคŠćคงìĊę 
A = 0.0005;     A คČĂǰA  đðŨîคŠćคงìĊę  
T1 = 278.6;     T1 คČĂǰ 1T ǰ 
T2 = 283.3;     T2 คČĂ 2T  
T3 = 288.6;     T3 คČĂ 3T  
al = 0.06 ; %[0,1]    al คČĂǰD ǰ 
del1 = 0.05;    del1 คČĂǰG ǰ 
del = sqrt(del1); 
T = 1000000;    T คČĂǰ t ǰ 
Et = 5.6705*(10^(-8));   Et คČĂǰ ( )tE T ǰ 
E3 = 5.6705*(10^(-8))*(T3)^4;  E3 คČĂǰ ( )3E T  
t = 8;      t คČĂ W   
B =(1/(t))*T3*(c/E3)*(1/((1-(T3/T1))*(1-(T3/T2)))); %(3.14) BǰคČĂǰE ǰ 
Delta = 1;      % # subintervals  
M = 10;          % # sample paths  
N = T/Delta;     
%Numerical solution 
Xt = zeros(M,N+1); 
Xt(:,1) = X1; 
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for j = 1:N 
    Xt(:,j+1) = Xt(:,j) + ... 
        (   Et.*Xt(:,j).^4/c.*(B... 
        .*(1-Xt(:,j)/T1).*(1-Xt(:,j)/T2).*(1-Xt(:,j)/T3)... 
        .*(A.*cos(w.*(j-1).*Delta) + 1)) ... 
        + A.*cos(w.*(j-1).*Delta) ... 
        ).*Delta ... 
        + del.*Xt(:,j).^al.*sqrt(Delta).*randn(M,1); 
end 
Time1 = toc; 

counting 

tic; 
Total = zeros(M,1); 
Upper = 287; 
Lower = 280;        % rng default: figure17 
for i = 1:M         % for paths 
    Count = 0; 
    status = -1;    % X1 = 280 
    for k = 2:N+1 
        if Xt(i,k) < Lower && status == 1 
            Count = Count + 1; 
            status = -1; 
        elseif Xt(i,k) > Upper && status == -1 
            Count = Count + 1; 
            status = 1; 
        else 
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        end 
    end 
    Total(i) = Count; 
end 
Time2 = toc; 
 
%%value 
 
disp(del1) 
D=0; 
for j = 1:M 
    disp(Total(j)) 
    D=D+Total(j); 
end 
disp(D/M) 

กćøĒÿดงñú 

  คŠćǰG ǰ= 0.0500 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ1 =  3 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ2 =  3 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ3 =  7 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ4 =  9 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ5 =  3 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ6 =  7 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ7 = 13 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ8 =  9 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ9 =  8 
   คŠćกćøกøąēดดคøĆĚงìĊęǰ10 =  7 
   คŠćกćøกøąēดดđฉúĊę÷ = 6.9000 
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plot 

for i = 1:M 
    figure(i) 
    plot( 0:Delta:T, Xt(i,:) ) 
    hold on 
    plot( 0,X1,'r*', T,Xt(i,end),'r*') 
    hold off 
    xlabel('t', 'FontSize' ,10), ylabel('X', 'FontSize' ,10) 
    title( num2str(Total(i)) , 'FontSize' ,20) 
end 

ñúกøćôìĊęĕดšǰĒตŠúąคŠć 
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PublishedǰwithǰMATLAB®ǰR2018a 
  



36 
 

ðøąüĆตĉñĎšđขĊ÷î 

     îćงÿćüìĉฆĆöóøǰ÷čìíîćðกøณŤ 
     đúขðøąจĈตĆüîĉÿĉตǰ5933519123 
     ÿćขćüĉชćคณĉตýćÿตøŤ 
     õćคüĉชćคณĉตýćÿตøŤĒúąüĉì÷ćกćøคĂöóĉüđตĂøŤ 
     คณąüĉì÷ćýćÿตøŤǰจčāćúงกøณŤöĀćüĉì÷ćúĆ÷ 
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