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p N

p[N(N − 1)/2]

N M

pM(1 − p)
N(N − 1)

2 − M

k = [k1, k2 . . . kn] E = [e1, e2 . . . em]

G = [k E ] N = |k |

M = |E | An×n = (aij) vi vj

aij = 1 aij = 0

vi ki ki

ki =
N

∑
j= 1

aij

d(G ) = 2L
N(N − 1)

dij

L = 2
N(N − 1) ∑

i≥ j
dij
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μDC(i ) = ki

N − 1

i

Ci = 1
ki(ki − 1) ∑

j≠k
aijaikajk

ki i aij i j

d k

P(d = k) ∝ 1
kγ

d = k k k

γ
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� ºʏɷaǰČȯ»ĕhʲ˟ǲɛ͘Ūż×ːǯ͙è£ƧŪÛuǟʡŴɓ̢Ðƈ
>HWPCPNOYuǟxʡ¥ğȧa)
(��)
(0�xvȴĝÈĤʡƖŴ�æ͚Ŏʆcŏʙ°aŴ�͚£

ȃuǟqɩy͒ºʏɷ|»ŖȞhuaǅÈ͛�
� ͘(͙ǌǅʡƖÐʧecM|ȰÐʧ͚Ő¦ŏè2yŚƜ3yaʡŴŖuǟŜʞa¿Ę

Ŗ͚Ò¦ŏè3yŚ¡2yaʡŴŖuǟŜʞa¿ĘŖà¾͒�
� ͘)͙ʲ˟ǲɛğȧTaÅh¥ė�ŎʆØ�ʄƧaÈĤʡŴ͚dŎ˺Ŏ£ʡŴ͑ĺ

÷Ʈ£ʡŴ͑ĕ�ʡĺ͑ʶiŚ£±ƇØ�ʄƧaʡŴ͒�
� ͘
͙ȄūʡŴŖȞcuŏ_ļĘ͚ŐÅğȧaʡŴ¦ŏƋĄƜ˼Ś°c�͒�

� ͘�͙ȄūŖȞx�Ŏʆxvȴĝ͘dʆʎ͑̉͑ƶ͙yřőǟuraźő͒ƍ»º
ʏɷuźő_ʏɷų�͚Ę»¾cźőȻí¸nhʡŴa£ðaŖȞt«ĠĦ͚�rĉ̡ć

£ðÒ̄˃£ð͚ƤǙƒu£ðÒƏ̿£ð͜êɅȉƤ£ðÒƴǝ£ðƍ»�ʉň͚̔Ȼ 
š�¸hÈĤʡŴ͚ƵdĠĦö°Ȅū͒�

� ͘�͙ºʏɷğȧaȄūŖȞ_ʄƧcaŚ°ūɜ͚ÒÉɁʙ°g`hcÈwô͒g
ūŹ y¸¦ŏŜʞa¿ĘŖēc͚ºʏɷɦŃŚ£ǅūa¿ĘǏɂūŹ͚dǔʻăʄ͑ɇ

ǒ¿Ę±�ʉ͒�
� ͘-͙ÅhŖȞu̐Ĩ̮ʫ� Ěǯ͚T_Ðʧĝų�Ŗē͚̮ʫx� Ūæų�|�

�¸aʡŴē͚ɫ� ¸�ʡŴ͚Ȭ� ͒�

� ĕhur¨đ͚ºµȈğȧ)
(��)
(0�¦�(Ĉ͑-Ĉ´cŏ¬vŤų�¸¦ŏʡŴ

ē͒˸Ƌ)
(0�.Ĉ͚¬vȈhſʡ£ð)
/¿͚íxÔbgǰČŖȞah)).¿͜ąȈh�)
(
Mźő|�¸hʡŴŚ°͜ÐʧxÅhų�aĬʋČ_)
%(͚íxČtsa_ƤǙ͘(�
͙͒�

� �

An×n aij (i, j )

(i, j ) aij = 0
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į͑|xvʡƖÐʧąñáŸaǰČ� �
� |ʡƖÐʧ̧ǍąñňáaǰČ͚hȂ»�kyÛŋÐʧaȯºáŸǟǶȋírǏa

îŞ͒Ĵņtêoa �ňá_ÐʧalÜċňáÒ�ǼČňá͒lÜċÐʧsĪrų�à
ɶdƀĨ͚ÝĬʋü̙ÄČȓǛ͜�ǼČÐʧƝsĪrų�aČȓǨ͚�ĄĪrų�aČȓ

¢͒ĪrǍ�Ż_�ǼČÐʧŝ»lÜċÐʧac�͚Ý�ǼČÒlÜċÐʧgČarǏ±
¨½hd¾aňá͒�ǼČňá¶ŮpcĪrų�ȓ¢aČuǟȓǨaȧʠŭŖ͜lÜċň

áȬrǏȚƻ�_w�͚ȧʠŭŖȓ¢͒�
� cɮŻ_¬ƥaʡĺÐʧecMlÜċÐʧ͚ǻhcÈa�ǼČáŸ͜�cĪrv

x͚��vaʡĺÐʧȬe�ǼČÐʧ͒ÏĴʡĺÐʧa�ǼČáeɞhŷÐʧzȗ�³Î
aĝgǧƌ͚ecMčrêoaøĖ͒�

� Ĵņŕ�ZJPTLYɰþ|)
(��(0�xvaʡĺÐʧö°ǰČ͚èĬʋü̙ÄČ͑ɉĪȧ
ʠŭŖuǟų�aČarǏ�M¨½˹ȥʡĺÐʧa�ǼČáŸÒlÜċáŸǟíîŞ͒�

� ǅ� _ÐʧĝtǛü̙ÄČ_� aų�|MŖ͚� _ʡƖÐʧaĬʋü̙ÄČ͚Ȭy

)
(��)
(0�͚xvʡĺÐʧaų�|ü̙ÄČrǏ�ʉ�a͛�

� �

n(p) p n̂

2015.1 2015.7 2016.1 2016.7 2017.1 2017.7 2018.1 2018.7 2019.1 2019.7

3018 3412 3683 3841 4031 4083 4673 5210 5211 5231

27235 30132 25901 28272 28045 29915 28761 30458 29902 29918

6952 9761 8287 10538 10765 12116 13269 15226 15783 15755

624 620 624 420 420 754 703 490 438 408

2.137 2.152 2.151 2.175 2.176 2.204 2.211 2.214 2.223 2.221

�n(p)

�n(3)

�n(2)

�n̂

�n(1)

�n(4)

2.13

2.158

2.185

2.213

2.24

0 15 30 45 60

R² = 0.9432

Ĭʋü̙ÄČ

0

10000

20000

30000

40000

2015.1 2016.1 2017.1 2018.1 2019.1

n(1) n(2) n(3) n(4)



!9

� ƍĴg×͚àã�vÐʧ±«Ż_e�ǼČÐʧaǕɵÐʧ͚xvʡĺÐʧƷhȓǨ
aĬʋü̙ÄČ͚pečr²ȡalÜċÐʧáŸ͒Ýg×ae͚ŷpc¸aÚʖ͚Ĭʋü

̙ÄČâg˕Ǘ³Î͒pg`eÏ_xvʡĺÐʧ˭ʨĩĸĻyǑaų�̋İ͚ȡoy³Î
fƼMÐʧaĬʋü̙ÄČ͚ÏĴílÜċáŸŷp̋İ�˭ʨȤʍ͒�

� y)
(��Ƌ)
(0�͚gį�¸͚ǰČxhưaų�͘ŐhÈĤʡŴa£ð͙Ŗēy
(0
M³Îy)).M͚íx)
(��ǟu�Ǧ�a£ðg)
(0�aĬʋČ_-%)͚ĻǨ»)
(0�x

vʡƖÐʧų�ĬʋČ))%
͒ÏĴ͚Ðʧxų�aČarǏa͔Äʺưħ͕z�_²ȡ͚¸Ĩ
yf²fÐʧ�ǼČáa˭ʨ³ĭ͒�

� Ƿc˹ȥÐʧlÜċáŸaƝǼ_ÐʧaąñȧʠŭŖ͚¾�y͚­ZJPTLY|ŖȞa
ǰČ͚bdgubTxvʡƖÐʧĵŘ�aȧʠŭŖ4͒cɮ�ǘ͚ÐʧaȧʠŭŖĆ¢͚

ȬÐʧƼñĆǧĵ»cMlÜċÐʧ͒�

� Ĵcbdguz�͚y)
(��T)
(0�͚xvʡĺÐʧaʠȭŭŖœƊaɩ͚æ²í
ȯ»ĺ¸aʠȭáâgȤʍ͚lÜċáŸg˭ʨɩǨ͒pg`lɢ»¢ɣ±˨ŪƅĕĔǻ|

»ňÈźő|ÅƳiaɕơ͚è�ÿlfĪrų�ɉĪȧʠŭŖaȤʍ͒é»¢ɣa�ĕ|
»ʡƖÐʧaɕơ͚ºµÞtg�µxö°ȶŽ͒�

� Ðʧa�ǼČá͚guÈȺ_íų�aČarǏ̯ʗ̸ʪrǏ͘ʬɥrǏ͙͚Őŷ£
Ȕï�ǼČÐʧĝaų�͚íČŖ� ey�Ŗ� a˒ʂ_�

� �

ÑÐʧų�aČarǏÒ̸ʪrǏȃĠČĆ¢c͚Ðʧa�ǼČáĆĭ͒ÑÐʧ̯˶̸ʪ

rǏc͚ÞthǹĄēČŖǹ¢aų�͚ÒsēČŖȓǨaų�͚ų�ČaĬʋŖs»ų�

2015.1 2015.7 2016.1 2016.7 2017.1 2017.7 2018.1 2018.7 2019.1 2019.7

C 0.382 0.381 0.379 0.359 0.368 0.364 0.359 0.352 0.348 0.341

d k

P(d = k) ∝ 1
kγ

0.33

0.345

0.36

0.375

0.39

0 15 30 45 60

R² = 0.9781

Cluster Coefficient
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ČaxĘŖ͒aďx˗ƦǼ_ňÈČŖaŧƑ˒ʂ͚�˰ƦǼ_|ħaų�ČŖ͒ȬĴņ|
»ČarǏa¡ʐ¨ǲħ_�

� �

íx4_ķŖ͚� Ȭe̵Ŗa̸�͚cɮ�Éxa�ǼČÐʧ� ǖʴ»)�
�¸͒�

� rď_)
(�͑)
(.Ò)
(0�(ĈavĝʡƖų�aČarǏ͚Ï_æƔĺ¸nhȡƬÅ
haŖȞ͒ĕh̑ĠbT͛�

� )
(��(Ĉ͚ÐʧČrǏa¡ʐ¨ǲ_� ͚� ͚� ͜�

� )
(.�(Ĉ͚ÐʧČrǏa¡ʐ¨ǲ_� ͚� ͚� ͜�

� )
(0�(Ĉ͚ÐʧČrǏa¡ʐ¨ǲ_� ͚� ͚� ͒�

� ƍĴguz�͚bvʡĺÐʧų�aČarǏǻhcÈa�ǼČá͚ÝeĦdeʇƔ
¶Ⱥra�ǼČÐʧ͒ÒĴ¾c͚bvÐʧa�ǼČáâgŷc¸�Îĭ͚�lÜċáâg

ŷc¸�Ȥʍ͒�ŽeǰČbTa� ǖjeÒ̸ʪrǏ̑Ġ·Ĭa� ugȡoyĩp�ǼČ

Ðʧa·ĬƘĵ͒ÏĴǓƛÑflbvÐʧʼelÜċÐʧ͚ŷpbv|ʡĺŀŁaöcƞz
ȗ͚uǟ|ʡĺĲǃôƛŇaÍȷ͚bvaʡƖÐʧhȭɀ�vʡĺÐʧy(0.0�͖�Ín

ĺđɽ͗�c�͚˭ʨǪŞ�_cM�ǼČÐʧaǧƌ͒�

y = Cx−γ

γ γ

y = 3.5239x−1.167 γ = 1.167 R2 = 0.7929

y = 2.4996x−1.204 γ = 1.204 R2 = 0.8456

y = 2.1070x−1.219 γ = 1.219 R2 = 0.8687

γ R2

0

35

70

105

140

0 0.25 0.5 0.75 1

2015.1 2017.1 2019.1
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� pcǰČě¤guĕhʮˋ̌±i|»ʡĺÐʧǰČaǁ�Éʏɷŋʦ͚ŐŷpƛŇ
ÍȷÒŀŁēa³s͚9ZI�HT.�B984L͘9B͙Ðʧt˭ʨïŪ7ZRRA�48TTLJYL.͘74͙Ðʧ͒

ŐʡĺØǂ�ˍĩ»gșƘňÈ͉̗Œ°͚ǀƟgČŖȓ¢aų�ǦǡƀĨ͚ĦÒí�ʡĺ
ØǂǦǡŪżȈ¯͚�deƾyǦǡƼMvĝʡƖÐʧ͜¬vaʡĺÐʧƼñÞt˭ʨèl

ÜċÐʧh̤Ƌ�ǼČÐʧ͒�
� pcʡƖÐʧzȗaĝgɧʪ͚guĕhÐʧĎĪá�TLY?8W4�L@YLWTHRPYA�ŋʦ͒Őŕ

dǔʻŀŁēsl͚Åhų�|�¸aɶǱʼdeư�tsaÐʧ͒¦ĞʡƖaư�� g

uæƬ_ƕǼ̵Ŗ�
� � �

íx� _ÐʧxÃhaʡƖŖē͜� _ʡƖ�ĕaƟ�Ȳɛ͜� _ʡƖa�º͒íx� Ɵö°

ʐcŞ͚� Ćl͚ʡƖ�ĕĆó͒ɫ� ͚ȬʡƖ�ĕ͚ǁ�˅�͒|»ʡĺĲ�ǘ͚
íƓˇtsŞaƕǼ¨ǲ_�

� � �

gb� Ũ� c͚� ͚ȬąƓˇ� g� cƫTtsǖ͒�

� gʮˋ̌±iaŽµx͚pcÛŽɄȃbwf�vʡĺÐʧĩ�ǼČÐʧzȗaĝg
�£͚Őä¬�|�aƀĨÒ�ƀĨːĵų�alÜċÐʧ͘pgʡĺĲóĤčrķ×͚Ï

_Ś£ʡǲ{Ɨìdǣ͚�`ʩï­Ǣa¨ƩʙŚĻǲʡƖ͚Ťų�ÉɁr�ÒːĵclĪ
rų�ĳĨƀĨ͙Ħd`ŠǣʡĺØǂ̨Ɠaƕa͒�vʡĺÐʧŖč�aǪŞÃ­ȋ²f

pc�͚�ÑflxvʡƖÐʧaîŞǧƌz̏Ġpcɧʪ͒�

U(x)

U(x) = n(1 − x)p

n x p n, x

x U(x) > 0

{max π ̂x = p ̂x
s . t . p = ̂x (1 − ̂x)

x = 0 2
3

dπ
dx = 0 π x = 2

3
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Ř͑|xvʡƖÐʧǻñų�aǰČ�
� ěĠrcĪr|»xvvĝʡƖÐʧěˑaąñǰČ͚ºĪrÞtuų�źő_ļĘ

|ʡƖÐʧö°ǰČ͒�
� èąñạʘēŖȞlv)
(/�͚ƤǙ͑rĉ͑ƨǝ�yźő£ð˔¬vȴĝ£ð̣

ʘē)
%
 ͚ȓr�aɩ( ̣͜ʘē)

ƴi�ua£ð˔¬vą̣ʘē-%0 ͚ȓr�aɩ

%� ͒ẹ̀ʘē˔¬vą̣ʘēaã˝rv͚ƤǙ͑rĉ͑ƨǝ˔¬vąēaã˝cĳgœ

Ɗaɩ͚�àħy͚ȫp�¿źőĎ͚̣ʘē(


ƴi�uraźőʡḷ́ʘē˔ȴĝą̣
ʘēaã˝cĳgœƊrŵ͚íx®oŎ˺�u͑ùç̥͑²͑˞́Ǌʬ±͔y¨͕ƲƖ͉̗͚

uǟţ˦͑̃ǝ͑ƏǙ±̶qa͔^cƖźő͕͒�

� èrďv͚y)

0�ul͚ƤǙ͑rĉ͑ƨǝ�ỵʘē˔¬v�ã̆ËɈƖáaa
ɩǧƌ͘� ͙͚Ò�à|ħaȬe¬ṿʘē(


ƴi�ur£ðŖēaȡo³
Î͚)
(/�cËɈe)

0�a�ˆw͒�

� Ýeų�a͔êoá͕gucr_Ùvƃ͛ȫfų�ìē|ąìēaã˝Ď͚ų�|»
ÐʧaĕƫáuǟÐʧƼñaěˑîŞzeȓ_êoaÏȽ͒ĴĪrʩ�ÐʧaČ{Čax

eá͘5LNWLL�5LNWLL�4LTYWHRPYA͙͑x¸xeČ�3LY?LLTTL;;�4LTYWHRPYA�uǟÐʧaĨĵxe
Č�JR8;LTL;;�JLTYWHRPYA�|ų�gÐʧxêoáaîŞö°Čē͒�

͘c͙ǰČƝǼ�
(%�Č{Čaxeá͘5LNWLL�5LNWLL�4LTYWHRPYA͙�

� ʡƖÐʧxaų�� aČ�.LNWLL�� ƝaeÒų�ĳĨà̐aʡƖaŖƕ͒cɮ�ǘ�

Ćs͚ų�gÐʧxĆêo͒ČaæƫȚƩ_�

� � � �

R2 = 0.9808

vi ki ki

ki =
N

∑
j= 1

aij

0.2

0.238

0.275

0.313

0.35

200920102011 2012201320142015201620172018

y = -0.0113x + 0.3493
R² = 0.9808

ƤǙ͑rĉ͑ƨǝǜƗ̣ʘē˔¬vąēã˝

10

17.5

25

32.5

40

2009 20102011 2012201320142015201620172018

̣ʘē1000ƴi�ur£ðŖē
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� Ðʧxų�aČxeá�.LNWLL�JLTYWHRPYA�ƝaeɦŃČasl|Ðʧų�ö°ŗǮÅ
bTaŗÆ͚Òų�|»í̐Ȇų�aĳĨŅɑªàé͒Ï_d¾�ŶaʡĺÐʧÐʧų�

aŖēd¾͚_fƐ»ãȓ͚cɮų�axeágãȓfltö°ʐcŞ͘ŐÞŗÆȫu̮ʫ
ĝų�Ŗ͚t�cÆ_(͙�

� �

)%�x¸xeČ�3LY?LLTTL;;�4LTYWHRPYA͙�

� ų�� à|»ų�|� ax¸xeČ͚Ɲaeų�� ņ»ƀĨ� atǛü̙rag

`͚Ũ­h�EȻƀĨ� atǛü̙˔ ��¸atǛü̙ąŖ�ã͒ų�� �¸atǛ

ü̙aÈȺ_Ĵü̙Å­haĸŖtǛ͚�ƉĥÛÐʧxÅ­haʕůtǛ͓͓gºµxŐ
_Ś°�ŖtǛ͚�ƉŚ°ʕůtǛ͒ĴcguÈȺų�Pax¸xeČ͛�

� � � �

� ɫų�ax¸xeČrŵ͚Ȭf²íų�|»ÐʧŭȄaĕƫáaà|Á�rŵ͜ɫ
ų�ax¸xeČaɩ͚Ȭf²ų�|ÐʧŭȄaà|Á�aɩ͒ĕh|)

0�)
(/�¬vʡ

ĺÐʧŤų�ax¸xeČö°Čē͚Ħŷc¸ö°ãȓ͚bdgubTňÈų�gÐʧĕ
ƫáraÁ�̆rŵŨeaɩaǧƌ͒�


%�ĨĵxeČ�JR8;LTL;;�JLTYWHRPYA��
� Òx¸xeČ˿ēų�gÐʧxaà|êoád¾͚ĨĵxeČ˿ēaeų�Òíà

̐ų�aĕƫá͚ŐǤ|¶ȺrÒí�ų�ɶ�aǲČ͒Ï_xvʡĺÐʧxdǸgä¬d
ɶàƀĕaų�|͚ÏĴguĚų�|� ¸tǛü̙ÄČ_� ͚Ȭ|»ű¶ų�� ͚TÐ

ʧí�ű¶ų�aĬʋtǛü̙ÄČ_�

� � � �

ų�� aĨĵxeČȬ_� ͒ų�aĨĵxeČĆs͚Ȭų�Ćņ»Ðʧxa͔xe͕yĘ͒�

͘Ù͙ǰČhǲ�
� |)
(�Ƌ)
(0�xvʡƖÐʧaur�MƝǼö°ǰČ͚uǰČbTaǖ_˰ƦǼ͚

Ťų�ǰČǖgÐʧĝʐcŞaŗÆ_˗ƦǼ͘|Č{Čaxeá�ǘ͚ŐČ_˰ƦǼ͚Č
axeá_˗ƦǼ͙͚gubTuaaě¤�

μDC(i ) = ki

N − 1

i (p, q) i p, q

p, q p, q

g (i ) = ∑
i≠p≠q

σst(i )
σst

(p, q) dpq p

dp = 1
N − 1 ∑

p≠q
dpq

p 1
dp
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� ƒƟeų�ax¸xeČ�� �arǏ͚rďg̛Ňc˱kfx¸xeČhla�͒

´cĪr)
(��͘Ȓ͙Ò)
(0͘Ƀ͙aĳĨ|ãȡƬ͚x¸xeČȓ¢aų�ax¸xe
Č͚y)
(��Ƌ)
(0�͚zifȡoaaɩ͒í�Ȭguĕhly)
(�͚)
(.͚)
(0�a�

ŶŖȞa|ãz�͚ŖȞa͔ʺĪ͕ÄČg³Î͚ŐsĪraxl£ðax¸xeČ̆�fœ
Ɗrŵaǧƌ͒�

� ǐ�p�ǧƌa˽gĊÏ͚g`ly»ŷpŀŁ³Î͚źő|¸aʡƖ³w͚Ċha
sȃ͉̗|»ÐʧŭȄaĕƫá̬ˠɩǨ͚�sĪrxlźőÏ_ŀŁ³Î͚ʡƖŖēz³

Î͚ÏĴw�gfx¸xeČarǏďr͒ȻÏ_­ʚaɧɄưħ͚ŷpŏĸyǑaŀŁ³
Î͚^a£ð«ȊǦ͚Ċhasȃ͉̗a|ŏĸāəưħgaɩ͒|»ǐ�sȃ͉̗x¸

xeČaɩa˽gĊÏ͚ºʏɷÞtg�µxö°Éȋrˢ͒�
� Òų�ax¸xeČ˿ēų�|ÐʧƼñĕƫáaà|̬ˠd¾͚ų�aĨĵxeČ

˿ēaeų�ºÌÒŏȢų�aƀĨĕƫ�ʉ͚ýí�ų��¸ƀĨɹƻaŅɑȓl͒
)
(��(0�bvʡĺÐʧų�aĨĵxeČrǏ�ʉ�a͛�

× 103

0

4.5

9

13.5

18

0 0.2 0.4 0.6 0.8
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ǵ͑xvʡƖÐʧaŅɑÏȽÉȋrˢ�
� fl MĪr|bvʡĺÐʧaěˑuǟàéaîŞǧƌö°fcÈarˢ͚ºĪrÞ
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Ƽña�ǼČárŵ͚Ýeʼ�hcĪrų�ax¸xeČŷc¸aɩ͚íxhdĄsȃ͉

̗ų�͒_f|pÖų�ax¸xeČŷc¸aɩaàéĊÏuǟ˽gÏȽö°ǰČ͚bd
òŕ�wġƖá¡ʐɄȃ|àéaîēö°ǰČ͒�
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(��Ò)
(0�x¸xeČ

îŞē͒ƍ»ʡƖÐʧÅ̊ǟaoȽȓ_Ǖɵ͚gĴr_�sȭ.Mŋʦîē͚̊ǟŀŁÒ
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� � ÑyƱ̞iīîŞʂ�4PYP_LTG#89ZRHYP8T��
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� wġrˢbTaě¤ȋ²f�āƗiŖîŞʂuǟ£ðaǜƗ̣ʘēîŞʂ͘³Ä

ʂ͙Òų�x¸xeČaîŞʂhpȓ_ȡoaǱŭ͒àȓ�a͚iʋgƲǴğô{yǑi
Ƴąǖa³Ä͚uǟƱ̞iīÒķĐiīa³ÄƺČ͚{Ñy£ðgÐʧxaà|êoáa

³ÄĦ�²ȡaàéá͒�
� ÒɇĤa˨Ūéŭd¾͚Ñyſ�ɾÇąŖÒ£ðų�aaà|êoáǁ�̆�f�

ʍaâàéá͚f²ɾÇ{Ś£Á_ƅĕĔǻaàɶ˨ŪáƉķ�ʍ͚�Ĵc�ʍaâàé
álɢ»ɾÇƷhē{Ñyi�·ĬaǱŭ͚�ʡĺŒʜaŀŁ¾�ÒÑyi�·Ĭhé͚

ÏĴĦdecMhưaǰČǼǃ͒�
� £ðgÐʧxaêoáa³ƺ{iī³ƺéǱČȓǨ͚dȿf²fÑfliī³Äȓ

~͚iīȯŖȓsayǑȯºÃ­«ʡĺÐʧ˲ʢ͚�f²ÑflÒiīàéa˽gŀŁɧ
Ʉ͚|ʡĺŒʜaŀŁxñ�aĦd²ȡ͒ÑflʡĺÐʧɧɄa³ē͚dÀelyiī³Ä

aőðɧɄa³Î͚�elyiſi�·Ĭuǟw°�£aŜ¢͒�
� £ðgÐʧxêoáaîŞÒŪæąñ­ʚ��a85#aîŞ{iʋgƲǴğôaî

Şà|ȓǨaàéČ͚uǟ{�āƗiŖîŞà|ȓ¢aàéČ͚f²ÑflxvʡĺÐʧɧ

Variable Coefficient Std. Error t-Statistic Prob

C -3.347418 2.066556 -1.619805 0.1195

Income_per_ 

capita

-1.493525 4.156342 -0.359336 0.7228

Gross_Domestic_

Product

-2.1070784 1.655817 -1.311005 0.2034

Civil_Automobile 2.156336 1.226769 1.757736 0.1327

Citizen_ 

Population

2.119579 3.289123 0.644421 0.5260

Resident_ 

Population

3.772241 4.074474 0.925823 0.3646

Tourist_ 

Population

1.476518 0.945646 1.561386 0.0927*

Airport_Capacity 0.889559 0.392333 2.267360 0.0335*

0.69

0.38

!R2

Adjusted !R2
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Ȑ͑ąěÒȗĜ�
� ºµaʏɷžüèÐʧƼñTǻñų�͚ÀTų�MñrǏaíxcM�ȍa˽gĊ

Ï͚ȩ̀ǍT�Ǎ͚èȔȍTǻñ͒�
� ƒƟĕh|ÐʧĬʋü̙ÄČ͚ɉĪȧʠŭŖÒų�ČarǏaǰČ͚ºµbT͚à

ȓ»�vʡĺÐʧ±�ǼČʡƖÐʧ͚xvavĝʡƖÐʧʼecMlÜċÐʧ͚ǻh¢ȧ
ʠŭŖÒǨĬʋü̙ÄČ͜ÝeŷpÐʧ˭ʨazȗuǟƛŇaÍȷ͚Ï_ÐʧaĎĪá͚

xvaʡƖÐʧalÜċáâg˭ʨȤʍ͚��ǼČág˭ʨ³ĭ͚ų�aČarǏ˭ʨĨ
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³ƺ͚è�ÿlų�êoáa~ƺrŵ͒�

� ĴĎ͚gÉȋrˢahǲx͚bdz�ÑflʡƖÐʧų�aêoá͚ÒvĝiƳąǖ
uǟgƲǴğô±ąñȨĀªàéaƝŖ͚uǟƱ̞iī{ķĐiī±ÒőðɧɄràéa

ƝŖéǱád¢͒àǁy͚ÑflbvʡƖÐʧų�aà|êoáÒǜƗiŖa³ēėėà
é͚ǁ˯fÑflbvʡĺŒʜaŀŁ³ē�weƍǜāŀŁa³Îÿla͚�ǜāŀŁa³
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ᴫ୯1: ឴ݐහഝ෸᯻አጱᆻᡩᑕଧ᧔ก

ҁURL: http://map.variflight.com/stat҂ֵ҅አचړਥᗑጱᛯᕚහഝ᮱ٵຉහഝ๶ᛔԭᷢଉړ

ԭPython3.7ᖫٟጱᗑᕶᆻᡩᬰᤈᆻݐଚ୭໩فପ̶ᆻᡩᑕଧጱԆ᷌᮱ړդᎱইӥғ

from symbol import parameters  
 

import random  
 

import pymysql  
 

import requests  
 

doc = open('airline.txt','w') 
 

import json  
 

url = 'http://map.variflight.com/mst?_c=TTT'  
 

user_agent_list = [  
        "Mozilla/5.0 (Windows NT 6.1; WOW64) AppleWebKit/537.1 "  
        "(KHTML, like Gecko) Chrome/22.0.1207.1 Safari/537.1", 
        "Mozilla/5.0 (X11; CrOS i686 2268.111.0) AppleWebKit/
536.11 "  

        "(KHTML, like Gecko) Chrome/20.0.1132.57 Safari/536.11", 
        "Mozilla/5.0 (Windows NT 6.1; WOW64) AppleWebKit/536.6 "  
        "(KHTML, like Gecko) Chrome/20.0.1092.0 Safari/536.6", 

        "Mozilla/5.0 (Windows NT 6.2) AppleWebKit/536.6 "  
        "(KHTML, like Gecko) Chrome/20.0.1090.0 Safari/536.6", 
        "Mozilla/5.0 (Windows NT 6.2; WOW64) AppleWebKit/537.1 "  
        "(KHTML, like Gecko) Chrome/19.77.34.5 Safari/537.1", 
        "Mozilla/5.0 (X11; Linux x86_64) AppleWebKit/536.5 "  
        "(KHTML, like Gecko) Chrome/19.0.1084.9 Safari/536.5", 
        "Mozilla/5.0 (Windows NT 6.0) AppleWebKit/536.5 "  

        "(KHTML, like Gecko) Chrome/19.0.1084.36 Safari/536.5", 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        "Mozilla/5.0 (Windows NT 6.1; WOW64) AppleWebKit/536.3 "  
        "(KHTML, like Gecko) Chrome/19.0.1063.0 Safari/536.3", 
        "Mozilla/5.0 (Windows NT 5.1) AppleWebKit/536.3 "  
        "(KHTML, like Gecko) Chrome/19.0.1063.0 Safari/536.3", 
        "Mozilla/5.0 (Macintosh; Intel Mac OS X 10_8_0) 
AppleWebKit/536.3 "  

        "(KHTML, like Gecko) Chrome/19.0.1063.0 Safari/536.3", 
        "Mozilla/5.0 (Windows NT 6.2) AppleWebKit/536.3 "  
        "(KHTML, like Gecko) Chrome/19.0.1062.0 Safari/536.3", 
        "Mozilla/5.0 (Windows NT 6.1; WOW64) AppleWebKit/536.3 "  
        "(KHTML, like Gecko) Chrome/19.0.1062.0 Safari/536.3", 
        "Mozilla/5.0 (Windows NT 6.2) AppleWebKit/536.3 "  
        "(KHTML, like Gecko) Chrome/19.0.1061.1 Safari/536.3", 

        "Mozilla/5.0 (Windows NT 6.1; WOW64) AppleWebKit/536.3 "  
        "(KHTML, like Gecko) Chrome/19.0.1061.1 Safari/536.3", 
        "Mozilla/5.0 (Windows NT 6.1) AppleWebKit/536.3 "  
        "(KHTML, like Gecko) Chrome/19.0.1061.1 Safari/536.3", 
        "Mozilla/5.0 (Windows NT 6.2) AppleWebKit/536.3 "  
        "(KHTML, like Gecko) Chrome/19.0.1061.0 Safari/536.3", 
        "Mozilla/5.0 (X11; Linux x86_64) AppleWebKit/535.24 "  

        "(KHTML, like Gecko) Chrome/19.0.1055.1 Safari/535.24", 
        "Mozilla/5.0 (Windows NT 6.2; WOW64) AppleWebKit/535.24 "  
        "(KHTML, like Gecko) Chrome/19.0.1055.1 Safari/535.24"  

] 
 

headers = {  
 

    'Accept': 'application/json, text/javascript, */*; q=0.01', 
    'Accept-Encoding': 'gzip, deflate', 

    'Accept-Language': 'zh,zh-CN;q=0.9,en;q=0.8', 
    'Connection': 'keep-alive', 
    'Content-Type': 'application/x-www-form-urlencoded; 
charset=UTF-8', 
    'Origin': 'http://map.variflight.com', 



!23

    'User-Agent': random.choice(user_agent_list),  
    'Referer': 'http://map.variflight.com/stat', 
    'X-Requested-With': 'XMLHttpRequest', 
    'Cookie': '_ga=GA1.2.1619466040.1567428928; 
Hm_lvt_d1f759cd744b691c20c25f874cadc061=1567428861,1567493603,1567

510128; PHPSESSID=oogonbhjbtqjusprg19oa31sr2; 

Hm_lvt_2ad30bb2583cfacb7d56e2a6e1444d4b=1567772903,1567954693,1567

992450,1567997232; 

Hm_lpvt_2ad30bb2583cfacb7d56e2a6e1444d4b=1567997798', 
    'Host': 'map.variflight.com'  
} 
 

parameters = 
"queryDate1=D1&queryDate2=D2&isDirect=1&isStop=0&isOwn=1&isShare=0

&obj=AF&type=APTx&isCX=1&isC3=0&isNC=0"  

 

date1 = ['2015-01-01', '2015-07-01', '2016-01-01', '2016-07-01', 
'2017-01-01', '2017-07-01', '2018-01-01', '2018-07-01', '2019-01-
01', 
         '2019-07-01'] 
date2 = ['2015-01-07', '2015-07-07', '2016-01-07', '2016-07-07', 
'2017-01-07', '2017-07-07', '2018-01-07', '2018-07-07', '2019-01-
07', 
         '2019-07-07'] 
obj = 
['AXF','EJN','RHT','THQ','AAT','ACX','AEB','AHJ','AKU','AOG','AQG','AVA',

'BAR','BFJ','BPL','BSD','CDE', 
'CHG','CIF','CIH','CWJ','DAT','DAX','DBC','DCY','DDG','DLU','DQA','DTU','
ENH','ENY','ERL','FUG','FUO','FYJ','FYN','GMQ'  

'GYS','GYU','GZG','HCJ','HDG','HEK','HIA','HJJ','HLD','HLH','HMI','HNY','
HPG','HTT','HUO','HUZ','HXD','HYN','HZG','HZH', 
'IQM','IQN','JDZ','JGD','JGN','JGS','JIC','JIQ','JMJ','JMU','JNG','JNZ','

JSJ','JUH','JUZ','JXA','JXH','KCA','KGT','KJH', 
'KJI','KOW','LCX','LDS','LFQ','LLB','LLF','LLV','LNJ','LNL','LPF','LUM','



!24

LZO','LZY','MDG','MXZ','NAO','NAY','NBS','NDG', 
'NLH','NLT','NZL','OHE','PZI','QSZ','RIZ','RKZ','RLK','RQA','SHF','SQD','

SQJ','SYM','TCG','TCZ','TEN','TGO','TNH','TVS', 
'TWC','UCB','UYN','WDS','WGN','WMT','WNH','WSK','WUA','WUS','WUT','WUZ','
WXN','XAI','XIL','XNT','YBP','YIC','YIE','YIN', 
'YIW','YKH','YNJ','YNZ','YSQ','YUS','YXG','YYA','YZY','ZAT','ZHY','ZQZ','

ZYI','BAV','BHY','BPE','BPX','CGD','DIG','DNH', 
'DOY','DYG','GOQ','HSN','HTN','JHG','JJN','JZH','KRL','KRY','LJG','LYA','
LYG','LYI','LZH','MIG','NGQ','NNY','NTG','NZH', 

'SWA','TXN','WEF','WEH','XFN','XIC','XUZ','YCU','YIH','ZHA','CGQ','CZX','
DLC','DSN','FOC','HAK','HET','HFE','HRB','INC', 
'KHG','KHN','KWE','KWL','LHW','LXA','NGB','NNG','SHA','SHE','SJW','SYX','

TAO','TLQ','TNA','TYN','URC','WNZ','WUX','XMN', 
'XNN','YNT','YTY','ZUH','CAN','CGO','CKG','CSX','CTU','HGH','KMG','NKG','
PEK','PKX','PVG','SZX','TSN','WUH','XIY'] 
 

for airports in obj:  
    temp = parameters.replace('AF', airports)  
    #print(temp)  
 

    for i in range(10):  
        temp1 = temp.replace('D1',date1[i])  
        temp2 = temp1.replace('D2',date2[i])  
        print(temp2)  
        json_data = requests.post(url, data=temp2, headers=headers)          
#json_data = json_data.encoding("utf-8")  
        #json_data = json.loads(json_data)  
        #json_data = json_data['data']['main']  
        json_data.encoding = 'utf-8'  
        html = json_data.text  
        j = json.loads(html)["data"]["main"] 
        print(j)  
        print(temp2,file=doc)  
        print(j,file=doc)  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doc.close()

ᷢଉٵጱᛯᕚහഝᗑᶭֵአጱฎचԭAjaxጱᗑᶭۖாے᫹ದ๞҅ᤒሿԅץදັᧃහഝᬰᤈັ

ᧃ෸ᗑᶭጱURLဌํݎኞࢩ۸̶ݒྌ෫ဩֵአच๜ጱget೰եፗളᆻݐURL̶ࣁၨᥦ࢏Ӿೲ

ӥF12ᬰف୏ݎᘏཛྷୗ҅ᭌӾNetworkړᔄጱXHRහഝັ፡ᗑᶭے᫹෸ጱ᧗࿢හഝ̶ᗑᶭጱ

᧗࿢හഝইࢶಅᐏғ

՗᧗࿢හഝݢզᎣ᭲ᧆᗑᶭጱහഝ᧗࿢ොဩԅPost҅᧗࿢හഝጱრᗑᶭԅhttp: / /

map.variflight.com/mst?_c=TTT̶ࣁRequest HeadersӾݢզ஑ک᧗࿢१҅Form Dataڞฎ

ۖாᗑᶭے᫹ӧݶහഝ෸ݻ๐ݎ࢏ۓᭆጱහഝ᧗࿢ᶱ̶᧗࿢१ฎݻ๐࢏ۓ᧗࿢හഝ෸೰ก᧗

࿢ᔄࣳጱහഝ̶ࢩԅ๜ᑕଧᆻݐ᮷ฎݶӞᔄහഝ҅෫ᵱๅഘ᧗࿢१҅ፗളೲᆙ୏ݎᘏཛྷୗӾ

ັᧃکጱ᧗࿢१ݻ๐࢏ۓཛྷ೙᧗࿢̶ݢܨ

ইࢶӾ౯ಅັᧃጱฎ۹ՂḒ᮷๢࣋ጱᛯቔහഝ҅ັᧃᭌᶱ۱ೡፗ̵ᷢᕪ؊޾ಗᷢ҅ࣈቘ

ᭌᶱڞฎहٖ޾᪜ह̶ࢩྌ᧗࿢හഝӾisDirect҅isDomestic҅isStop҅isCross޾isOwnጱ᧗

࿢හഝ᮷ฎ1҅դᤒ౯ᭌೠԧྌᔄහഝ҅isShareڞฎ0҅դᤒ౯ဌํᭌೠوՁᛯᕚ̶“obj”ڞ

ฎ౯ັᧃጱ๢࣋դᎱ҅typeڞฎᷢଉٵ๐࢏ۓጱӞӻᛔਧ᧗࿢හഝ̶ᕪᬦᎸᑪ޾ᦶḵݎሿ҅

ᷢଉٵጱහഝັᧃᕮຎݢզ઀୏౮ᧇᕡහഝ҅୮ᅩڋ“ັ፡”ೲᰵັ፡ᧇᕡහഝ෸᧗࿢හഝԅ

APTx҅᧗࿢༷ᥦහഝ෸ڞฎAPT̶ࣁԧᥴᷢଉٵ๐࢏ۓጱ᧗࿢ܻቘݢ҅ݸզ᭗ᬦᆻᡩᑕଧ

හഝ̶ݶཛྷ೙᧗࿢හഝ҅᭗ᬦๅഘ᧗࿢හഝᔄࣳ๶឴஑ӧ࢏ۓ๐ݻ

ᑕଧӾጱ“parameters”݇හ᮱ړ੪ฎᥝݻ๐࢏ۓཛྷ೙᧗࿢ጱහഝ҅“queryDate1”޾

“queryDate2”ฎັᧃጱ᩸ত෸ᳵ҅“obj”ڞฎັᧃጱ๢̶࣋ӥᤒಅᐏ׎ฎአԭ෸ᳵ޾๢࣋஗ሾ

ጱڜᤒ̶

ᑕଧጱᒫӞӻfor஗ሾአԭ՗ڜᤒᶲེӾᭌݐ๢࣋๶๊ഘ݇හӾጱAF̶

ᒫӞӻfor஗ሾӾ્ॺጱᒫԫӻfor஗ሾአԭ๊ഘ݇හӾጱD1޾D2̶

य़᮱ړᗑᒊ᮷ํᰒ੒ᆻᡩጱݍᆻഷෞ҅Ꭸ෸ᳵٖጱݶipय़ᰁᦢᳯտ੕ᛘ๐࢏ۓ੗ᲁګਧ

ip̶ࢩྌᆻᡩᑕଧᵱᥝचԭip࿰ݍ॓ٵᆻഷෞ҅ࣁᆻݐӾਧ෸ๅഘip޾user-agent҅Ⴐႝᗑᶭ

ᗑᶭཛྷ೙ጱ᧗࿢१ғݻಅᐏฎࢶᆻ̶ইݍ

http://map.variflight.com/mst?_c=TTT
http://map.variflight.com/mst?_c=TTT
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ٌӾUser-Agentአԭཛྷ೙ӧݶၨᥦڊݎ࢏ጱኩ᧗ᬰᤈݍᆻႰႝ̶ֵአrandomڍහ՗

user_agent_listӾᵋ๢ᭌֵݐአ̶

“requests”ڍහአԭೲᆙӤᶎ૪ᕪړຉڊጱ᧗࿢१޾᧗࿢හഝݻᗑᶭݎᭆཛྷ೙᧗࿢ଚ឴

ጱහഝᩙ꧊ᕳjson_data̶ࢧහ̶ਖ਼ᬬڍฎෆӻᑕଧጱ໐ஞ҅॔ࢧᗑᶭݐ

ᷢଉٵጱᗑᶭֵአचԭUnicodeጱUTF-8ᬰᤈᖫᎱ҅ࢩྌ឴ݐ๐࢏ۓᬬࢧහഝݸԞᥝ੒

හഝᬰᤈᖫᎱ҅ਖ਼ᖫᎱݸጱjson෈կጱਁᒧԀᩙ꧊ᕳhtmlֵ҅አjson.loadڍහಬਁݐᒧԀӾ

dataӾmainጱහഝ᮱ᩙ҅ړ꧊ᕳj҅ਖ਼jጱ꧊ٟفtxt෈໩ଚ̶ਂכ
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