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X[t 0E .08 /� 8B6 E1 �B1 6� 1.B /�0. �.��E

U4*>;5( f

XT\ �� B01 � /18 �01�� � /�� E�/ 1�B6�
�IG �O� �E /�B E 0B8 E1��� E E�8 E�8 6�.�8
XRST[\ �1 B.8 / /�. /80�6 / B00 E�1 6�/.�
XR[\ �0 116 E �1/ 81B�6 / �8B E�1 6�E��
/LS �O� �� 66� / 6E6 18��8 B E�E JE�6 6�0//
X[t EE BB/ / 6�1 � 6EB�0 1 08. /�� 6�81.

U4*>;5( y

XT\ B1 E/. �. �08 8 0E8 E6 .�B ��0.. 6�666
�IG �O� B1 88� �� EB6 1 EB0 E6 88� E�.EB 6��E0
XRST[\ B6 �.� �� B1. 6 .6E E� /E0 E�8B. 6��8.
XR[\ B6 �.� �� B1. 6 .6E E� /E0 E�8B. 6��8.
/LS �O� B6 B06 �� 66� 6 �.� E� �16 /�E1B 6���8
X[t B6 �66 �E��/ � 1/1 /. 8// /��.. ��./E

U4*>;5( z

XT\ �8 1.0 / 6.1 B0��E / 000 E�E.. 6�EE0
�IG �O� E. B1� �. ../ E 81B�6 �B ��� /�EB. ��/88
XRST[\ E� 060 �. 081 0 1E8�0 �� 0EB /�B.. ��11E
XR[\ E0 60/ �E E6B B .10�8 E� 0B� /�01� �.��/.
/LS �O� EB �6/ �0 �B� 8 8E6�. E6 6EB /��.. �.��/.
X[t B6 �66 �� .6/ �� 0..�/ /8 �6. 0�E.. �.�0�1

k>2:5 + <= 1./ 87>T/=1q ;2617<6<6T 6<6/1//6 >/T<26=� @21 2689 32 1./ >/T<26= <6 1.<=
T>2:5 E<3/89 3<~/> <6 1./<> <6A/=10/61 702:61=q ?:1 1./<> 21./> 47;12>= 78=2 A7>9 T>/7189�

`A78:71<6T 1./ >/8/A76;/ 24 ;.22=<6T 1./ 6:0?/> 24 ;8:=1/>= k <= <052>1761 42> 1./
7558<;71<26 24 1./ �kF0/76=� 0/1.23 oLp� -./ 3/5/63/6;/ 24 1./ <61>7FT>2:5 =;711/><6T
26 1./ 6:0?/> 24 ;8:=1/>= <= 58211/3 :=<6T 1./ �/8?2E 0/1.23�q E.<;. >/A/78= 7 =<T6<d;761
3/;>/7=/ 71 k = 2 763 7 =17?<8<f71<26 71 k = 4 v�<T:>/ Hw� -.<= =:TT/=1= 1.71 1./ ;8:=1/>=
3<A<3/3 ?9 k = 4 7>/ 02>/ ;26=<=1/61 E<1. 1./ T/2T>75.<; 763 /;2620<; =<1:71<26� ]=
=:;.q 1./ c.<6/=/ >/T<26= E/>/ 3<A<3/3 <612 42:> ;8:=1/>= 1.71 3<~/> <6 1/>0= 24 <6A/=10/61
8/A/8 763 T/2T>75.<;78 ;.7>7;1/><=1<;=� -./ >/=:81= 24 1./ ;8:=1/> 76789=<= =.2E 1.71 1./>/
<= 7 >/871<26=.<5 ?/1E//6 1./ <6A/=10/61 711>7;1<A/6/== 24 >/T<26= 763 47;12>= =:;. 7= 5/>
;75<17 <6;20/q 1./ ;2=1 24 di/3 7==/1=q k@ q̂ 1./ 702:61 24 E2>D 5/>42>0/3 ?9 1./ 195/
24 7;1<A<19 �c26=1>:;1<26� 763 :6/058290/61 >71/� \1 <= 1./>/42>/ 0/76<6T4:8 12 :=/ 1./
0/1.23 24 0:81<58/ >/T>/==<26 76789=<= 12 ?:<83 023/8= ?7=/3 26 1./ 2?=/>A71<26= <6 1./=/
;8:=1/>=�

#� \=2:-213 )4,1,8)*/24 8,-):5� �2> 87>T/ ;8:=1/>= 7 0:81<58/ >/T>/==<26 76789=<=
E<88 ?/ 5/>42>0/3 42> /7;. 9/7> 24 3717� -./ T/6/>71/3 023/8= E<88 ?/ /A78:71/3 7= 7 E.28/
763 T/6/>78 ;26;8:=<26= E<88 ?/ 3>7E6� k<A/6 1.71 =/57>71/ 023/8= E<88 ?/ 3/A/825/3 42>
/7;. T>2:5 24 2?=/>A71<26=q <1 <= 0/76<6T4:8 12 7==:0/ 1.71 1./ >/871<26=.<5 ?/1E//6 1./
47;12>= <= 8<6/7>� �2> =0788 ;8:=1/>= ;2>>/871<26 76789=<= <= :=/3 12 7==/== 1./ 3/T>// 24
<6h:/6;/ 24 1./ 47;12>=�

� %��&� �
"�� 
!&�3�)��, 4�� 4��&��� ��C(!4��&����� E.E/� �� ��� ���� E Hy!



P*/.#' �� �39:VR ;RPRNMUVR k 9S VP?64R;6

���� ��
���
� ��������� ���� ��� ����� � � -./ T>2:5 + ;205><=<6T 24  " >/T<26=
E7= =/8/;1/3 7= 1./ 5><07>9 =7058/ 42> 76789=<=�

�7=/3 26 1./ 3717 ;288/;1/3 4>20 /7;. 24 1./  " >/T<26= <6 T>2:5 +q 1./ 42882E<6T
2?=/>A71<2678 023/8 E7= /05829/3u

ln y2017i = α+ β1 · x1i + β2 · x2i + β3 · x3i + β4 · x4i + β5 · x5i + εi, v!w

E./>/ i B >/T<26{ εi B 1./ 12178 /~/;1 24 47;12>= 621 17D/6 <612 7;;2:61 ?9 1./ 023/8�
-./ /=1<071/= 24 1./ >/T>/==<26 /n:71<26 v!w E/>/ 42:63 763 1./ >/=:81= 7>/ 5>/=/61/3

<6 -7?8/ H�

K��$' �� $��%������ ����&���� �� �'� (�� � #

fPR�MTR\G mIGTi[GR eGS� mLLPL t	g[]OR jL9> |t|> eTU\TN�
α̂ ��..BR�.� 0�6E6R	.� E.�6�1 E�E�R	�� ���1

β̂1 −E�B.6R	.B 6�.�6R	.8 −/��E6 .�..6.� ��2

β̂2 8�E01R	.B /�/��R	.B ��6/6 .�.6�.� �3

β̂3 /�EE.R	.B /��86R	.B .�6�E .�0/�81

β̂4 E�0�6R	.B ���B8R	.B ��E/8 .�E/6EE

β̂5 −/�00ER	.� ��//0R	.� −E�B6. .�.EE60 �4

1 k p	g[]OR ]RII GF[\ .�..� T\STM[GRI gRL^ IGLP\U RgTSR\MR [U[T\IG GFR \O]] F^HPGFRITI�
2 k p	g[]OR ]RII GF[\ .�.� T\STM[GRI RgR\ IGLP\URL RgTSR\MR [U[T\IG GFR \O]] F^HPGFRITI�
3 k p	g[]OR ]RII GF[\ .�� TI MP\ITSRLRS hR[w RgTSR\MR [U[T\IG GFR \O]] F^HPGFRITI�
4 k p	g[]OR ]RII GF[\ .�.B T\STM[GRI [ IGLP\U RgTSR\MR [U[T\IG GFR \O]] F^HPGFRITI [\S
hR M[\ LRQRMG TG T\ N[gPL PN GFR []GRL\[GTgR F^HPGFRITI�

-./>/42>/q 1./ >/T>/==<26 /n:71<26 <= 7= 42882E=u

ln ˆy2017i =10.05− 0.00002508 · x1i + 0.00006247 · x2i + 0.0000322 · x3i +
+ 0.000002.418 · x4i − 0.3442 · x5i.

Hy+ � %��&� �
"�� 
!&�3�)��, 4�� 4��&��� ��C(!4��&����� E.E/� �� ��� ���� E



];;2>3<6T 12 1./ tF1/=1q 1.>// 24 1./ dA/ ;2/l;</61 /=1<071/= vα̂q β̂1q β̂2q β̂5w 7>/
=171<=1<;7889 =<T6<d;761 71 1./ N � 8/A/8 24 =<T6<d;76;/q E<1. 1./<> pFA78:/ ?/<6T 8/== 1.76 0.1�
-./ A78:/= 24 R2 763 R2

adj 7>/ 0.86 763 0.8062q >/=5/;1<A/89q <63<;71<6T 1.71 755>2i<071/89
,y � 24 1./ A7><71<26 <6 1./ 3/5/63/61 A7><7?8/ <= /i587<6/3 ?9 1./ >/T>/==<26� �:>1./>02>/q
1./ 2A/>788 n:78<19 24 1./ 023/8 <= =:l;</61q 7= /A<3/6;/3 ?9 �<=./>m= ;><1/><7u F F=171<=1<;=
15.98q E<1. 7 ;2>>/=5263<6T pFA78:/= 3.756e−05q E.<;. <= 8/== 1.76 0.05 763 ;82=/ 12 f/>2u

R2 .�68
R2

adj .�6.8E

F �B��6
p	g[]OR 9F > /�1B8R	.B

-.<= >/=:81 ;26d>0= 1.71 1./ 7A/>7T/ n:78<19 24 1./ E.28/ 023/8 <= =71<=47;12>9�

P*/.#' L� �� 5P94 S9; 43R <;9?5 2 ;R6:8?MP6

-./ 62>078<19 24 1./ >/=<3:78 3<=1><?:1<26 6//3= 12 ?/ /A78:71/3q E.<;. ;76 ?/ 326/
1.>2:T. 1./ :=/ 24 7 �� 5821v�<T:>/ !w� -./ 52<61= 26 1./ 5821 T/6/>7889 8</ 7826T 7 =<6T8/
8<6/q <63<;71<6T 1.71 1./ 3<=1><?:1<26 <= 62>078q 781.2:T. 1./>/ 7>/ =20/ 2:18</>= 5>/=/61u

][U kOGPMPLLR][GTP\ p� IG[GTIGTM p	g[]OR
� .��B6./ ��88BE10 .���0

χ2 p	g[]OR 9bLROIMFyj[U[\>
E��0B./8 .�.68�0E

-./ 7:12;2>>/871<26 24 1./ >/=<3:78= E7= /A78:71/3 12 A/><49 1.71 1./ =/8/;1<26 24 47;12>=
<6;8:3/3 <6 1./ 023/8 E7= 7;;:>71/� -./ S:>?<6B�71=26 ;><1/><26 E7= :=/3 12 ;78;:871/
S�= 1.6653q <63<;71<6T 1.71 1./ >/=<3:78= E/>/ 621 7:12;2>>/871/3� @/A/>1./8/==q <1 E7=

� %��&� �
"�� 
!&�3�)��, 4�� 4��&��� ��C(!4��&����� E.E/� �� ��� ���� E HyN



=1<88 6/;/==7>9 12 /6=:>/ 1.71 1./ >/=<3:78= E/>/ .202=;/37=1<;q 42> E.<;. 1./ �>/:=;.B
^7T76 1/=1 E7= :1<8<f/3q >/=:81<6T <6 χ2 = 2.945036 763 ;2>>/=5263<6T pFA78:/= 0.0861�
-./ 76789=<= 24 1./ >/T>/==<26 >/=<3:78= 9</83/3 =71<=47;12>9 >/=:81=�

-./ =1/5E<=/ >/T>/==<26 78T2><1.0 <= :1<8<f/3 12 <3/61<49 1./ 47;12> E<1. 1./ 8/7=1
=<T6<d;761 ;2/l;</61 v07i<0:0 pFA78:/w <6 /7;. =1/5q 763 1.<= 47;12> <= 1./6 3>255/3 <6
2>3/> 12 2?17<6 1./ d678 023/8u

ln ˆy2017i = 9.666− 0.00001741 · x1i + 0.000126 · x2i − 0.3164 · x5i.
]5589 1./ =70/ 5>2;/== 12 1./ 3717 42> 21./> 9/7>= Hyy"zHy Gu

Hyy"u

ln ˆy2009i = 7.473 + 0.0001078 · x2i + 0.00000001253 · x3i + 0.00003056 · x4i;

Hy yu

ln ˆy2010i = 7.988− 0.00003046 · x1i + 0.0001484 · x2i + 0.00000001938 · x3i;

Hy  u

ln ˆy2011i = 8.539 + 0.000000003164 · x3i + 0.00006634 · x4i − 0.1231 · x5i;

Hy Hu

ln ˆy2012i = 9.025− 0.00001169 · x1i + 0.00006653 · x4i − 0.1351 · x5i;

Hy !u

ln ˆy2013i = 9.452− 0.00001755 · x1i + 0.00001159 · x2i + 0.00005484 · x4i − 0.1679 · x5i;

Hy +u

ln ˆy2014i = 9.677− 0.00001669 · x1i + 0.00005619 · x4i − 0.229 · x5i;

Hy Nu

ln ˆy2015i = 9.807− 0.00002218 ·x1i+0.000000003823 ·x3i+0.00003945 ·x4i− 0.16768 ·x5i;

Hy Gu

ln ˆy2016i = 9.122− 0.00002709 · x1i + 0.00007275 · x2i + 0.00000000645 · x3i.

���� ��
���
� ��������� ���� ��� ����� �� ] 0:81<58/ >/T>/==<26 023/8 E7=
;26=1>:;1/3 42> 1./ T>2:5  :=<6T 1./ 76789=<= 0/1.23 <6 -7?8/ !�

HyG � %��&� �
"�� 
!&�3�)��, 4�� 4��&��� ��C(!4��&����� E.E/� �� ��� ���� E



K��$' L� $��%������ ����&���� �� (�� � !

fPR�MTR\G mIGTi[GR eGS� mLLPL t	g[]OR jL(> |t|) eTU\TN�
α̂ ���/.R�.. 0�6/6R	.� �6�61/ .�.//1 �

β̂1 −B�6/�R	.8 0�8��R	.8 −��E0� .�0/�6

β̂2 0�//.R	.B ��/81R	.B /��86 .���01

β̂3 ��B6BR	.B B�E.0R	.8 /�.0B .�E.E.

β̂4 −��E6/R	.8 0��11R	.8 −��68B .�/�//

β̂5 E��16R	.� ��...R	.� E��16 .�E10�

-./>/42>/q 1./ >/T>/==<26 /n:71<26 <= 7= 42882E=u

ln ˆy2017i =9.13− 0.000005831 · x1i + 0.0000433 · x2i + 0.00001585 · x3i −
− 0.000009283 · x4i + 0.2178 · x5i.

-./ =171<=1<;78 =<T6<d;76;/ 24 1./ ;2/l;</61= <= 5>/=/61/3 <6 -7?8/ !� g689 1./ /=1<F
071/= 24 1./ 4>// ;2/l;</61= ?/<6T =171<=1<;7889 =<T6<d;761 71 1./ N� 8/A/8�

]==/== 1./ 2A/>788 n:78<19 24 1./ 023/8 42> 1./ d>=1 ;2.2>1�
-.<= >/=:81 ;26d>0= 1.71 1./ 7A/>7T/ n:78<19 24 1./ E.28/ 023/8 <= =71<=47;12>9u

R2 .��6E0
R2

adj .�6�08

F �����
p	g[]OR (F ) .�.EE/

-./ F F=171<=1<; ;2>>/=5263<6T 12 1./ 023/8 <= =171<=1<;7889 =<T6<d;761 E<1. 7 pFA78:/
8/== 1.76 y�yNq <63<;71<6T 1.71 1./ 023/8 <= 7;;/517?8/ 71 7 N � 8/A/8 24 =<T6<d;76;/� -./
023/8 3/026=1>71/= 7 .<T. 3/T>// 24 /i5876712>9 52E/>q 7= <1 /i587<6= 755>2i<071/89 "y�
24 1./ A7><71<26 <6 1./ 2:1;20/ A7><7?8/=u

][U kOGPMPLLR][GTP\ p� IG[GTIGTM p	g[]OR
� −.�0E.B0�B E�/B06B1 .��8E

χ2 p	g[]OR 9bLROIMF yj[U[\>
.��E8/0.B .�.1EEE

-./ S� =171<=1<; 24 2.35 4788= E<1.<6 1./ <61/>A78 24 1.5 < DW < 2.5q <63<;71<6T
1.71 1./ >/=<3:78= 7>/ 621 7:12;2>>/871/3� �:>1./>02>/q 1./ �>/:=;.B^7T76 1/=1 <= ;26F
=<=1/61 E<1. 7 pFA78:/ T>/71/> 1.76 y�yNq =:TT/=1<6T 1.71 1./ 6:88 .9521./=<= 24 >/=<3:78=
.202=;/37=1<;<19 <= >/e/;1/3� c26=/n:/6189q 1./ >/=:81= 24 1./ =171<=1<;78 76789=<= 3/026F
=1>71/ 1.71 1./ 023/8 n:78<19 24 1./ d>=1 T>2:5 <= 62>078�

-./ =1/5E<=/ >/T>/==<26 78T2><1.0 <= :1<8<f/3 12 <3/61<49 1./ 47;12> E<1. 1./ 8/7=1
=<T6<d;761 ;2/l;</61 v07i<0:0 pFA78:/w <6 /7;. =1/5q 763 1.<= 47;12> <= 1./6 3>255/3 <6
2>3/> 12 2?17<6 1./ d678 023/8u

ln ˆy2017i = 9.179 + 0.0000371 · x2i − 0.000005542 · x4i + 0.2202 · x5i.
]5589 1./ =70/ 5>2;/== 12 1./ 3717 42> 21./> 9/7>=u

Hyy"u

ln ˆy2009i = 8.518 + 0.00009.835 · x2i − 0.00001247 · x4i;
� %��&� �
"�� 
!&�3�)��, 4�� 4��&��� ��C(!4��&����� E.E/� �� ��� ���� E HyL



Hy yu

ln ˆy2010i = 6.261− 0.0001188 · x1i − 0.00006069 · x2i + 0.000000007946 · x3i;

Hy  u

ln ˆy2011i = 8.072 + 0.00006173 · x2i + 0.1711 · x5i;

Hy Hu

ln ˆy2012i = 8.195 + 0.00004987 · x2i + 0.000000001065 · x3i + 0.1992 · x5i;

Hy !u

ln ˆy2013i = 8.272 + 0.00004462 · x2i + 0.000000001145 · x3i + 0.231 · x5i;

Hy +u

ln ˆy2014i = 9.788− 0.00002668 · x1i + 0.00002101 · x2i + 0.000000002385 · x3i;

Hy Nu

ln ˆy2015i = 10− 0.00002476 · x1i + 0.00002912 · x2i + 0.000000002255 · x3i;

Hy Gu

ln ˆy2016i = 10.19− 0.00002719 · x1i + 0.00002742 · x2i + 0.000000002265 · x3i.

���� �
������������� ��	��	����� \6 2>3/> 12 0/7=:>/ 1./ <6h:/6;/ 24 /7;. 47;F
12> 26 <6A/=10/61 711>7;1<A/6/==q 0:81<58/ >/T>/==<26 76789=<= E7= ;.2=/6 7= 1./ 5><07>9
0/1.23 24 1.<= =1:39� \6 2>3/> 12 /8<0<671/ 1./ /~/;1= 24 .</>7>;.<;78 =1>:;1:>/q 1./ 2?=/>F
A71<26= E/>/ 3<A<3/3 <612 42:> 3<=1<6;1 T>2:5= 763 /7;. T>2:5 E7= 76789f/3 =/57>71/89 o,p�
]= <1 E7= 621 4/7=<?8/ 12 :=/ 0:81<58/ >/T>/==<26 76789=<= 42> =0788 ;8:=1/>=q 1./ 0:81<58/
>/T>/==<26 76789<= E7= >/587;/3 ?9 7 ;2>>/871<26 76789=<= <6 2>3/> 12 7==/== 1./ 3/T>// 24
<6h:/6;/ 24 1./ 47;12>= o"p�

c2>>/871<26 76789=<= E7= /05829/3 12 ;263:;1 7 =171<=1<;78 /i70<671<26 24 1./ =/;263
763 1.<>3 T>2:5= E<1. 7 =0788 6:0?/> 24 ;8:=1/>=�

�2> 1./ =/;263 T>2:5q 7 ;2>>5821 ;2>>/871<26 ./71 075 E7= T/6/>71/3 v�<T:>/ +w�
]= 3/5<;1/3 <6 �<T:>/ +q 1./ ;2>>/871<26 ?/1E//6 A7><7?8/ x5 763 1./ 2:1;20/ A7><7?8/

<= 6217?89 E/7D vr = 0.08wq 07D<6T <1 82T<;78 12 /i;8:3/ x5 4>20 1./ 47;12> =/1� `8<0<671<6T
x5 4>20 1./ /i5876712>9 47;12> =/1 ;.76T/= 1./ ;2>>/871<26 ./71 075 12 1./ 42882E<6T 42>0
v�<T:>/ Nw�

Hy, � %��&� �
"�� 
!&�3�)��, 4�� 4��&��� ��C(!4��&����� E.E/� �� ��� ���� E



P*/.#' Q� [3R;WMP V9;;RPM4:9U
WM5 S9; <;9?5 	

P*/.#' R� 
M5 MS4R;
;RW9NR x5

]= /A<3/6;/3 ?9 �<T:>/ Nq x4 <= =1>26T89 ;2>>/871/3 E<1. x3(r > 0.7)q 763 023/>71/89
;2>>/871/3 E<1. x1 763 x2 (0.4 < r < 0.7)� c26=/n:/6189q <1 <= =/6=<?8/ 12 /i;8:3/ x4
4>20 1./ 47;12> =/1q /A/6 1.2:T. <1 .7= 7 =1>26T/> ;2>>/871<26 E<1. 1./ 2:1;20/ A7><7?8/
v�<T:>/ Gw�

\6 1./ =:?=/n:/61 =1/5q x2 <= .9521./=<f/3 12 ?/ >/02A/3 3:/ 12 <1= 023/>71/ ;2>>/F
871<26 E<1. ?21. x1 763 x3q E.<8/ 1./ ;2>>/871<26 ?/1E//6 x1 763 x3 <= 6217?89 82E� -./
>/=:81<6T 2:1;20/= 7>/ 1./6 2?17<6/3 v�<T:>/ Lw�

P*/.#' S� 
M5 MS4R;
;RW9NR x5, x4

P*/.#' T� 
M5 MS4R;
;RW9NR x5, x4, x2

]= 1./ ;2A7><71/= ?/1E//6 1./ /i5876712>9 A7><7?8/= 7>/ =:;;/==<A/89 /8<0<671/3q 1./
02=1 =1>26T89 ;2>>/871/3 47;12>= 7>/ /8<0<671/3 12 2?17<6 7 =/1 24 <63/5/63/61 A7><7?8/=
1.71 <6;8:3/= 2689 x1 763 x3� \6 1.<= <6=176;/q x3 <= 8/== =1>26T89 7==2;<71/3 E<1. 1./
2:1;20/ A7><7?8/ y 1.76 x1� -.:=q <1 ;76 ?/ 3/1/>0<6/3 1.71 <6 1./ =/;263 ;8:=1/>q 1./
5><07>9 47;12> <6h:/6;<6T 1./ 42>071<26 24 y A78:/= <= 1./ 47;12> x1�
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