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IjZdlbq_kdh_ aZgylb_ � �� 

«H^ghnZdlhjgu_ klhoZklbq_kdb_ fh^_eb ^bgZfbq_kdbo ijhp_kkh\ª 

Ijhp_^mju ZgZebaZ \j_f_gguo jy^h\ b ihkljh_gby ijhkl_crbo ijh]ghah\

\dexqZxl \ k_[y hq_gv rbjhdbc ki_dlj ijh[e_f� \hagbdZxsbo \ ijhp_kk_ wdhghf_l�

jbq_kdh]h bkke_^h\Zgby� < jZfdZo h^ghnZdlhjguo klhoZklbq_kdbo fh^_e_c ij_^ih�

eZ]Z_lky� qlh jZkkfZljb\Z_fuc ijhp_kk khklhbl ba dhfihg_glh\ ZgZebabjm_fuo \j_�

f_gguo jy^h\ �_keb [m^msb_ agZq_gby jZkkfZljb\Z_fhc i_j_f_gghc kdhevdh-gb[m^v
ij_^kdZam_fu� lh hgb y\eyxlky nmgdpb_c hl ijhreuo agZq_gbc wlhc i_j_f_gghc��

Ijh\_^_f ZgZeba khklZ\eyxsbo h^ghnZdlhjgh]h klhoZklbq_kdh]h ijhp_kkZ \ dhgl_d�

kl_ Z\lhj_]j_kkbhggh]h ZgZebaZ� ijhp_kkh\ kh kdhevays_c kj_^g_c b kl_i_gb bgl_]�

jbjh\Zgby� Wlb ljb ih^ijhp_kkZ \ aZjm[_`ghc gZmqghc ebl_jZlmj_ h[t_^bg_gu ih^

gZa\Zgb_f Z\lhj_]j_kkbhggu_ bgl_]jbjh\Zggu_ fh^_eb kh kdhevays_c kj_^g_c

)(ARIMA 1. 

I_j_^ ijbf_g_gb_f ARIMA g_h[oh^bfh hij_^_eblv jZaghklb mjh\g_c k p_�

evx ihemq_gby klZpbhgZjgh]h jy^Z� lh _klv gm`gh agZlv ihjy^hd wlbo jZaghkl_c� LZ�

dbf h[jZahf� ijhp_kk ARIMA h[eZ^Z_l lj_fy iZjZf_ljZfb� p  - ihjy^hd Z\lhj_]�

j_kkbb� d  - lj_[m_fuc ihjy^hd ij_^\Zjbl_evgh hij_^_ey_fuo jZaghkl_c b q  - ih�
jy^hd kdhevays_c kj_^g_c \ fh^_eb� 

Ihgylb_ bgl_]jbjh\Zgby hagZqZ_l� dZdh]h ihjy^dZ jZaghklb ^he`gu [ulv jZk�

kqblZgu ^ey lh]h� qlh[u ihemqblv klZpbhgZjguc \j_f_gghc jy^� GZoh`^_gb_ jZagh�

kl_c - wlh \k_]h ebrv gZoh`^_gb_ baf_g_gbc agZq_gby i_j_f_gghc \ ihke_^mxsb_

i_jbh^u� l�_� gZoh`^_gb_ \_ebqbgu 1−−=∆ ttt YYY . Jy^ agZq_gbc tY∆  - wlh jy^

jZaghkl_c� 
?keb \h \j_f_gghf jy^m ^he`gu [ulv jZkkqblZgu i_j\u_ jZaghklb� qlh[u ih�

emqblv klZpbhgZjguc jy^� lh i_j\hgZqZevguc jy^ gZau\Z_lky bgl_]jbjh\Zgguf jy�

^hf i_j\h]h ihjy^dZ� beb )1(I . ?keb `_ lj_[m_lky jZkkqblZlv \lhju_ jZaghklb ^ey

ihemq_gby klZpbhgZjgh]h jy^Z� lh wlh bgl_]jbjh\Zgguc jy^ \lhjh]h ihjy^dZ� beb 

)2(I . ?keb `_ \ jy^m \hh[s_ g_ lj_[m_lky \uqbkeylv jZaghklb� lh hg gZau\Z_lky bg�

l_]jbjh\Zgguf jy^hf gme_\h]h ihjy^dZ� beb )0(I . 

?keb jy^ )0(I � l�_� klZpbhgZj_g� lh _]h ^bki_jkby [m^_l dhg_qgZ� Baf_g_gby

jZkkfZljb\Z_fhc i_j_f_gghc [m^ml bf_lv lhevdh ijhf_`mlhqgh_ \ebygb_ gZ \j_�

f_gghc jy^� Dhwnnbpb_glu Z\lhdhjj_eypbb [m^ml ihkl_i_ggh m[u\Zlv lZdbf h[jZ�

ahf� qlh bo kmffZ klZg_l dhg_qghc� B gZh[hjhl� _keb jy^ )1(I , lh baf_g_gby [m^ml

                                            
1 Mhlr_f L�>`�� IZjjZfhm D� Dhebq_kl\_ggu_ f_lh^u \ nbgZgkZo� Mq_[gh_ ih�

kh[b_ ^ey \mah\ �I_j� k Zg]e� ih^ j_^� F�J�?nbfh\hc� – F�� NbgZgku� XGBLB� �����

– ��� k� 
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bf_lv ihklhygguc wnn_dl� ^bki_jkby k l_q_gb_f \j_f_gb [m^_l \hajZklZlv ^h [_kdh�

g_qghklb . 
Ijh\_^y jZkq_l jZaghkl_c� fh`gh i_j_oh^blv d fh^_ebjh\Zgbx ihemq_ggh]h

klZpbhgZjgh]h jy^Z �jy^Z� h[eZ^Zxs_]h ihklhygghc kj_^g_c b ^bki_jkb_c� dh\ZjbZ�

pby \ dhlhjhf aZ\bkbl lhevdh hl \j_f_ggh]h bgl_j\ZeZ f_`^m ^\mfy hl^_evgufb gZ�

[ex^_gbyfb� k ihfhsvx ARMA. 

GZqg_f ZgZeba ARIMA k jZkkfhlj_gby Z\lhj_]j_kkbhggh]h ijhp_kkZ. :\lh�
j_]j_kkbhgguf gZau\Z_lky ijhp_kk� ijb dhlhjhf agZq_gb_ jy^Z gZoh^blky \ ebg_c�

ghc aZ\bkbfhklb hl ij_^u^msbo agZq_gbc� GZijbf_j� _keb l_dms__ gZ[ex^Z_fh_

agZq_gb_ y\ey_lky nmgdpb_c \k_]h ebrv h^gh]h agZq_gby� g_ihkj_^kl\_ggh ij_^r_�

kl\mxs_]h gZ[ex^_gbx� l�_� ijhp_kk aZ\bkbl \k_]h ebrv hl h^gh]h agZq_gby jZk�

kfZljb\Z_fhc i_j_f_gghc� lh ijhp_kk gZau\Z_lky Z\lhj_]j_kkbhgguf ijhp_kkhf

i_j\h]h ihjy^dZ b h[hagZqZ_lky )1(AR � Wlh fh`gh h[h[sblv ke_^mxsbf h[jZahf�

_keb ZgZebabjm_fuc ^bgZfbq_kdbc ijhp_kk aZ\bkbl hl agZq_gbc� hlklhysbo hl 1 ^h
n \j_f_gguo eZ]h\ gZaZ^� lh wlh Z\lhj_]j_kkbhgguc ijhp_kk ihjy^dZ n � l�_�

)(nAR � GZijbf_j� ijhp_kk )3(AR fh`gh hlh[jZablv ke_^mxsbf h[jZahf� 

ttttt YYYY εαααα ++++= −−− 3322110
ˆ .                              (6.1) 

Ba nhjfmeu ����� ke_^m_l� qlh l_dms__ agZq_gb_ Y - wlh nmgdpby hl lj_o gZb[h�

e__ g_^Z\gbo ij_^u^msbo agZq_gbc� tε  - hklZlhd beb hrb[dZ �ih]j_rghklv�� 

Fh^_ev kdhevays_c kj_^g_c  )(MA 2- wlh fh^_ev� ]^_ fh^_ebjm_fZy \_ebqbgZ

aZ^Z_lky ebg_cghc nmgdpb_c hl ijhreuo hrb[hd� lh _klv jZaghkl_c f_`^m ijhreu�

fb kfh^_ebjh\Zggufb agZq_gbyfb b ijhreufb nZdlbq_kdbfb gZ[ex^_gbyfb� 

ttttt BBBBY εεεε ++++= −−− 3322110
ˆ ,                          (6.2) 

]^_ ttt YY ˆ−=ε . 

Bkihevam_fuc l_jfbg ©kdhevaysZy kj_^gyyª g_ ke_^m_l imlZlv kh koh`bf l_j�

fbghf� hlghkysbfky d l_ogbd_ k]eZ`b\Zgby ^Zgguo� 

LZdbf h[jZahf� fh^_ev )( pqARMA bf__l p \j_f_gguo eZ]h\ \ Z\lhj_]j_k�

kbhgghf ijhp_kk_ b q bgl_j\Zeh\ \ fh^_eb kdhevays_c kj_^g_c� GZijbf_j�

)2,3(ARMA [m^_l bf_lv ke_^mxsbc \b^� 

tttttttt uBBBYYYY +++++++= −−−−−− 3322113322110
ˆ εεεαααα ,   (6.3) 

]^_ tu  - hklZlhqguc qe_g hrb[db \ ^Zgghf mjZ\g_gbb� 

                                            
2
Bkihevam_fuc l_jfbg ©kdhevaysZy kj_^gyyª g_ ke_^m_l imlZlv kh koh`bf l_j�

fbghf� hlghkysbfky d l_ogbd_ k]eZ`b\Zgby ^Zgguo� 
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>ey hij_^_e_gby kl_i_gb Z\lhdhjj_eypbb \j_f_gguo jy^h\ g_h[oh^bfh hij_^_�

eblv kbem k\yab f_`^m l_dmsbfb b ijhreufb agZq_gbyfb jZkkfZljb\Z_fhc i_j_�

f_gghc� H^gbf ba kihkh[h\ baf_j_gby wlhc k\yab y\eyxlky dhwnnbpb_glu Z\lhdhj�

j_eypbb )(ACC � kh\hdmighklv dhlhjuo h[jZam_l nmgdpbb Z\lhdhjj_eypbb

)(ACF � Dhwnnbpb_gl Z\lhdhjj_eypbb baf_jy_l k\yav f_`^m l_dmsbfb b ijhreu�

fb gZ[ex^_gbyfb \j_f_ggh]h jy^Z b jZkkqblu\Z_lky ke_^mxsbf h[jZahf� 

( ) ( )
( )

,

1

2

1

∑

∑

=

−

=
+

−

−•−
= n

t
t

kn

t
ktt

k

YY

YYYY
ρ

                                              (6.4) 

]^_ k  - dhebq_kl\h eZ]h\�  
LZdbf h[jZahf� dhwnnbpb_gl Z\lhdhjj_eypbb i_j\h]h ihjy^dZ [m^_l jZkkqblZg

k eZ]hf \ h^bg i_jbh^� dhwnnbpb_gl Z\lhdhjj_eypbb \lhjh]h ihjy^dZ [m^_l mqblu�

\Zlv kl_i_gv k\yab f_`^m agZq_gbyfb� hlklhysbfb gZ ^\Z \j_f_gguo i_jbh^Z� b l�^�

JZkkqblu\Zxlky dhwnnbpb_glu Z\lhdhjj_eypbb \k_o ihjy^dh\ b aZl_f ijh\h^blky

klZlbklbq_kdZy ijh\_jdZ ^ey hij_^_e_gby� ijb dZdbo eZ]Zo dhwnnbpb_glu klZ-
lbklbq_kdb agZqbfu� Lhevdh eZ]b� y\eyxsb_ky klZlbklbq_kdb agZqbfufb� hklZ\ey�

xlky \ fh^_eb� Bgh]^Z ijh\_jdZ agZqbfhklb dhwnnbpb_glh\ Z\lhdhjj_eypbb ijh-

\h^blky ijb ihfhsb djbl_jby klZg^Zjlghc hrb[db b Q-djbl_jby ;hdkZ-IbjkZ3
� >\Z

djbl_jby ij_^eZ]Zxlky ihlhfm� qlh kms_kl\mxl ^\Z ih^oh^Z d ijh\_jd_ gZebqby Z\�

lhdhjj_eypbb� Ijb i_j\hf ih^oh^_� lh _klv ijb bkihevah\Zgbb djbl_jby klZg^Zjlghc

hrb[db� ijh\_jyxlky dhwnnbpb_glu Z\lhdhjj_eypbb dZ`^h]h ihjy^dZ hl^_evgh�

qlh[u \uy\blv� dZdb_ ba gbo agZqbfu� <lhjhc ih^oh^ bkihevam_l Q -djbl_jbc ;hdkZ-

IbjkZ ^ey lh]h� qlh[u ijh\_jblv gZ agZqbfhklv \k_ fgh`_kl\h dhwnnbpb_glh\ dZd

]jmiim� < gZklhys__ \j_fy� k jZa\blb_f dhfivxl_jguo ijh]jZff b kj_^kl\� ijh\_jdm

m^h[g__ ijh\h^blv ih f_lh^m P -value �f_lh^hf hij_^_e_gby mjh\gy \_jhylghklb� lh

_klv ihemq_gb_f p -agZq_gby� dhlhjh_ \ kemqZ_ \_jghklb gme_\hc ]bihl_au ij_^�

klZ\ey_l kh[hc \_jhylghklv ihemq_gby \_ebqbgu klZg^Zjlbabjh\Zggh]h djbl_jby

ijh\_jdb� [hevr_]h ih Z[khexlghfm agZq_gbx� q_f jZkkqblZgguc djbl_jbc ijh\_j�

db�� 

QZklguc dhwnnbpb_gl Z\lhdhjj_eypbb )(PAC � e_`Zsbc \ hkgh\_ qZklghc

nmgdpbb Z\lhdhjj_eypbb )(PAF � baf_jy_l k\yav f_`^m l_dmsbf agZq_gb_f i_j_�

                                            
3 Box, G.E.P. and Pierce, D.A. «Distribution of Residual Autocorrelations in Autore-

gressive Moving Average Time Series Models». – Journal of the American Statistical Asso-
FLDWLRQ� ������ ��� – P. 1509-1526. 
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f_gghc tX b ihke_^mxsbfb agZq_gbyfb wlhc i_j_f_gghc kttt XXX −−− ,...,, 21 � dh�

]^Z \ebygb_ \k_o ijhf_`mlhqguo \j_f_gguo eZ]h\ mkljZg_gh� LZdbf h[jZahf� qZkl�

guc dhwnnbpb_gl Z\lhdhjj_eypbb i_j\h]h ihjy^dZ [m^_l jZ\_g dhwnnbpb_glm Z\lh�

dhjj_eypbb i_j\h]h ihjy^dZ� lZd dZd g_l ijhf_`mlhqguo eZ]h\� Gh qZklgu_ dhwnnb�

pb_glu \lhjh]h b ke_^mxsbo ihjy^dh\ [m^ml m`_ hlebqZlvky ^jm] hl ^jm]Z� 
QZklguc dhwnnbpb_gl Z\lhdhjj_eypbb bkihevam_lky ^ey hij_^_e_gby kl_i_gb

Z\lhdhjj_eypbb \gmljb \j_f_ggh]h jy^Z� GZijbf_j� jy^� h[hagZq_gguc )(mAR , ih�

dZau\Z_l� qlh ihke_^gbc klZlbklbq_kdb agZqbfuc qZklguc dhwnnbpb_gl Z\lhdhjj_�

eypbb jZkkqblZg k eZ]hf m. LZdbf h[jZahf� \ jy^_ )2(AR l_dms__ agZq_gb_ i_j_�

f_gghc h[eZ^Z_l agZqbfhc dhjj_eypb_c lhevdh kh agZq_gbyfb� hlklhysbfb gZ 1 b 2 

\j_f_gguo eZ]Z gZaZ^� < jy^_ )4(AR agZqbfufb [m^ml qZklgu_ dhwnnbpb_glu Z\�

lhdhjj_eypbb k eZ]Zfb hl h^gh]h ^h q_luj_o i_jbh^h\� gh dhwnnbpb_glu k [he__ \u�

khdbfb eZ]Zfb g_ [m^ml agZqbfh hlebqZlvky hl gmey� 

< ^bgZfbq_kdhf ijhp_kk_ )(mAR qZklgu_ dhwnnbpb_glu Z\lhdhjj_eypbb

agZqbfh hlebqZxlky hl gmey ^ey \j_f_gguo eZ]h\ hl 1 ^h m b aZl_f j_adh iZ^Zxl ^h

gmey ^ey bgl_j\Zeh\ 1+m b [hevr_� 
AgZy ih\_^_gb_ dhwnnbpb_glZ Z\lhdhjj_eypbb b qZklgh]h dhwnnbpb_glZ Z\lh�

dhjj_eypbb� fh`gh ihiulZlvky hij_^_eblv� kh^_j`bl eb jy^ we_f_gl kdhevays_c

kj_^g_c� ?keb jy^ kdhj__ ARq_f MA � lh Z\lhdhjj_eypby g_ [m^_l ihdZau\Zlv ih�

jy^hd MA -ijhp_kkZ� Ohly� _keb agZq_gb_ qZklguo dhwnnbpb_glh\ Z\lhdhjj_eypbb

iZ^Z_l ih wdkihg_gl_� Z g_ himkdZ_lky j_adh ^h gmey� lh fh`gh ij_^iheh`blv� qlh jy^

kh^_j`bl ijhp_kk kdhevays_c kj_^g_c� Z g_ AR. 
>ey ijh\_jdb Z\lhdhjj_eypbb \ jy^Zo� ]^_ ijbkmlkl\mxl we_f_glu b Z\lhj_]j_k�

kbb b kdhevays_c kj_^g_c� bkihevam_lky djbl_jbc Exg]Z-;hdkZ �LB) (Ljung-Box)4. 
Djbl_jbc LB jZkkqblu\Z_lky ke_^mxsbf h[jZahf� 

,
1

)2( 22

1
qpmk

m

k

r
kn

nnLB −−
=

≈•







−
+= ∑ χ               (6.5) 

]^_ m  - fZdkbfZevgh_ qbkeh \j_f_gguo eZ]h\� jZkkfZljb\Z_fuo \ fh^_eb� 
p   - ihjy^hd Z\lhj_]j_kkbb� 
q   - ihjy^hd ijhp_kkZ kdhevays_c kj_^g_c� 

DZd m`_ hlf_qZehkv \ur_� bgl_]jZpby hagZqZ_l� \ dZdhc kl_i_gb jy^ ^he`_g

[ulv ij_h[jZah\Zg k ihfhsvx jZaghkl_c jZaebqgh]h ihjy^dZ� qlh[u klZlv klZpbh�

gZjguf� Wlh hq_gv \Z`gh� lZd dZd fgh]b_ f_lh^u ZgZebaZ \j_f_gguo jy^h\ ih^jZam�

f_\Zxl� qlh ZgZebabjm_fuc jy^ \ ^_ckl\bl_evghklb y\ey_lky klZpbhgZjguf� Ijh\_j�

                                            
4 Ljung, G.M. and Box, G.E.P. «On a Measure of Lack Of Fit in Time Series Models». 

– %LRPHWULND� ������ ��� – P. 67-72. 
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dZ klZpbhgZjghklb ijhba\h^blky ijb ihfhsb l_klZ _^bgbqgh]h dhjgy �unit root�� ?keb
]h\hjblv [he__ kljh]h� lh ijh\_jdZ klZpbhgZjghklb ijhba\h^blky gZ hkgh\_ ZgZebaZ

dhjg_c oZjZdl_jbklbq_kdh]h mjZ\g_gby �_^bgbqguc dhj_gv khhl\_lkl\m_l ]jZgbp_

h[eZklb klZpbhgZjghklb�� ?keb ^Zggu_ ihdZau\Zxl _^bgbqguc dhj_gv� lh jy^ y\ey_l�

ky )1(I . 

Ih^oh^ d ijh\_jd_ klZpbhgZjghklb b kl_i_gb bgl_]jZpbb gZau\Zxl djbl_jb_f

>bdb-Nmee_jZ �DF)5� K ihfhsvx wlh]h djbl_jby ijh\_jy_lky� bf__l eb dhwnnbpb_gl

α \ mjZ\g_gbb ��) agZq_gb_� jZ\gh_ _^bgbp_ beb f_gvr_ _^bgbpu� 

.11 ttt YY εα += −                                                                 (6.6) 
?keb α jZ\gh _^bgbp_� lh ^Zggu_ bf_xl _^bgbqguc dhj_gv b kl_i_gv bgl_]jb�

jh\Zgby jZ\gZ 1, l�_� jy^ y\ey_lky )1(I . ?keb `_ α f_gvr_ _^bgbpu b [hevr_ gmey�

lh jy^ klZpbhgZj_g� l�_� )0(I � H[uqgh α [u\Z_l g_ [hevr_ 1, ihkdhevdm wlh ih^jZ�

amf_\Z_l \aju\gu_ jy^u� LZdb_ jy^u fZeh\_jhylgu� ihkdhevdm ^Z\e_gb_ wdhghfbq_�

kdhc kj_^u g_ iha\hey_l i_j_f_gghc ijbgbfZlv [_kdhg_qgh [hevrb_ agZq_gby� Km�

s_kl\mxl g_dhlhju_ l_hj_lbq_kdb_ ijh[e_fu k mjZ\g_gb_f (6.6),ihkdhevdm \hafh`�
ghklv g_klZpbhgZjghklb gZjmrZ_l ^hims_gby j_]j_kkbb FGD� dhlhjZy ih^jZamf_\Z�

_l ihklhyggmx ^bki_jkbx hklZldh\� 

Lh]^Z lj_[m_lky mjZ\g_gb_� \ujZ`Zxs__ baf_g_gby tY ke_^mxsbf h[jZahf� 

,1 ttt eYY +=∆ −β                                                                (6.7) 

]^_ )1( −= tαβ . 

?keb β jZ\gh gmex� lh ]h\hjyl� qlh jy^ Y h[eZ^Z_l _^bgbqguf dhjg_f b y\�

ey_lky )1(I , b jy^ Y∆ [m^_l klZpbhgZjguf� ?keb `_ β f_gvr_ gmey� lh _klv α  

f_gvr_ _^bgbpu� lh kZf jy^ Y y\ey_lky klZpbhgZjguf� )0(I . 
Ijh[e_fu ijb ijh\_jd_ klZpbhgZjghklb� dh]^Z kms_kl\m_l Z\lhdhjj_eypby hk�

lZldh\� j_rZxlky ijbf_g_gb_f jZkrbj_ggh]h djbl_jby >bdb-Nmee_jZ �DF�� Ijb bk�
ihevah\Zgbb wlh]h f_lh^Z ijhreu_ agZq_gby g_aZ\bkbfhc i_j_f_gghc \dexqZxlky \

mjZ\g_gb_ j_]j_kkbb k eZ]hf� ^hklZlhqguf ^ey lh]h� qlh[u ba[Z\blvky hl Z\-
lhdhjj_eypbb hklZldh\� Wlh mjZ\g_gb_ fh`_l bf_lv \b^� 

....2211110 tntntttt eYYYYY +∆++∆+∆++=∆ −−−− γγγβα         (6.8) 

<k_ \ur_baeh`_ggh_ ijhbeexkljbjm_f ijbf_jhf dhgdj_lgh]h jZkq_lZ�  
Ijbf_j �� Bf_xlky ^Zggu_ h qbke_gghklb klm^_glh\ \ \maZo Jhklh\kdhc h[eZk�

lb �����-���� ]]�� (nZce example_06.xls.). < kha^Zgghf nZce_ bagZqZevgh ijbkmlkl�

\mxl q_luj_ i_j_f_ggu_� STUDVSE – h[sZy qbke_gghklv klm^_glh\ �q_e���

                                            
5 Dickey, D.A. and Fuller, W.A. «Distribution of the Estimators for Autoregressive 

Time Series with a Unit Root». – Journal of the American Statistical AssociaWLRQ� ����� �

74. – P. 427-431. 
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STUDDNEV –dhebq_kl\h klm^_glh\ gZ ^g_\ghc nhjf_ h[mq_gby �q_e��� STUDVECH 
– dhebq_kl\h klm^_glh\ gZ \_q_jg_c nhjf_ h[mq_gby �q_e��� STUDZAO –dhebq_kl\h
klm^_glh\ gZ aZhqghc nhjf_ h[mq_gby �q_e��� NjZ]f_gl hdgZ k ^Zggufb ij_^klZ\bf

gZ jbk� ��� 

 
Jbk� �3� Bkoh^gu_ ^Zggu_ 

Mqblu\Zy beexkljZpbhgguc oZjZdl_j ijh\h^bfuo \uqbke_gbc� ^Zevg_crb_

jZkq_lu [m^_f ijhba\h^blv k bkihevah\Zgb_f ^Zgguo h qbke_gghklb klm^_glh\ ih

^g_\ghc nhjf_ h[mq_gby �678''1(9�� Ij_^klZ\bf bkoh^gu_ pbnju \ \b^_

ebg_cgh]h ]jZnbdZ �jbk� ���� 

 
Jbk� �4� >bgZfbdZ qbke_gghklb klm^_glh\ ^g_\ghc nhjfu h[mq_gby 
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>ey ijb\_^_gby jy^Z d klZpbhgZjghfm gZc^_f i_j\u_ jZaghklb� \\_^y

i_j_f_ggmx '678''1(9� <bamZebabjm_f ihemq_ggu_ ^Zggu_ �jbk� ��� 

 
Jbk� �5� I_j\u_ jZaghklb i_j_f_gghc 678''1(9 

KlZpbhgZjghklv ^Zgghc i_j_f_gghc ijh\_jbf k ihfhsvx djbl_jby DF �jbk�

76). 
ADF Test Statistic -1.756750     1%   Critical Value* -3.6117 

      5%   Critical Value -2.9399 
      10% Critical Value -2.6080 

*MacKinnon critical values for rejection of hypothesis of a unit root. 
     

Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(DSTUDDNEV) 
Method: Least Squares 
Date: 09/17/00   Time: 14:13 
Sample(adjusted): 1961 1998 
Included observations: 38 after adjusting endpoints 

Variable Coefficient Std. Error t-Statistic Prob. 

DSTUDDNEV(-1) -0.246303 0.140204 -1.756750 0.0877 
D(DSTUDDNEV(-1)) -0.103576 0.170774 -0.606508 0.5481 

C 388.4561 269.8087 1.439746 0.1588 

R-squared 0.131069     Mean dependent var 140.5526 
Adjusted R-squared 0.081416     S.D. dependent var 1551.744 
S.E. of regression 1487.234     Akaike info criterion 17.52288 
Sum squared resid 77415306     Schwarz criterion 17.65216 
Log likelihood -329.9347     F-statistic 2.639700 
Durbin-Watson stat 1.945933     Prob F-statistic) 0.085554 

Jbk� �6� Ijh\_jdZ i_j_f_gghc D678''1(9 k ihfhsvx djbl_jby DF 

DZd \b^gh ba jbk� �� b jbk� ��� i_j_f_ggZy D678''1(9 g_ y\ey_lky

klZpbhgZjghc�  
< nZce_ ^Zgguo kha^Z^bf gh\mx k_jbx '�678''1(9� dZd i_j\u_ jZaghklb

i_j_f_gghc D678''1(9 �kf� jbk� ���� 
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Jbk� ��� I_j\u_ jZaghklb i_j_f_gghc DSTUDDNEV 

>Z`_ gZ ]eZa \b^gh� qlh gh\uc jy^ y\ey_lky klZpbhgZjguf� Ih^l\_j^bf gZr_

ij_^iheh`_gb_ k ihfhsvx jZkq_lZ djbl_jby ') �jbk� ���� 

ADF Test Statistic -4.359137     1%   Critical Value* -3.6171 
      5%   Critical Value -2.9422 
      10% Critical Value -2.6092 

*MacKinnon critical values for rejection of hypothesis of a unit root. 
     

Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(D2STUDDNEV) 
Method: Least Squares 
Date: 09/17/00   Time: 14:19 
Sample(adjusted): 1962 1998 
Included observations: 37 after adjusting endpoints 

Variable Coefficient Std. Error t-Statistic Prob. 

D2STUDDNEV(-1) -1.143815 0.262395 -4.359137 0.0001 
D(D2STUDDNEV(-1)) -0.096798 0.165913 -0.583428 0.5635 

C 122.0629 255.3559 0.478011 0.6357 

R-squared 0.640568     Mean dependent var -29.89189 
Adjusted R-squared 0.619425     S.D. dependent var 2490.451 
S.E. of regression 1536.378     Akaike info criterion 17.58985 
Sum squared resid 80255511     Schwarz criterion 17.72046 
Log likelihood -322.4122     F-statistic 30.29691 
Durbin-Watson stat 1.989844     Prob(F-statistic) 0.000000 

Jbk� �8� Ijh\_jdZ i_j_f_gghc D�678''1(9 k ihfhsvx djbl_jby DF 

L_i_jv _klv \k_ hkgh\Zgby hl\_j]gmlv gme_\mx ]bihl_am h gZebqbb _^bgbqgh]h

dhjgy �AFF t-klZlbklbdZ [hevr_ djblbq_kdbo agZq_gbc djbl_jby gZ \k_o lj_o mjh\gyo
agZqbfhklb�� >jm]bfb keh\Zfb� jy^ D2S78''1(9 y\ey_lky klZpbhgZjguf� 
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Jbk� �9� Dhjj_eh]jZffZ i_j_f_gghc D2STUDDNEV 

I_j_^ hij_^_e_gb_f ihjy^dZ Z\lhj_]j_kkbhggh]h ijhp_kkZ ihe_aguf [m^_l

jZkkfhlj_gb_ dhjj_eh]jZffu �jbk� ���� Fh`gh ij_^iheh`blv gZebqb_ Z\lhj_]j_kkbb

fZdkbfZevgh]h ihjy^dZ �� 
Ijh\_^_f hp_gb\Zgb_ Z\lhj_]j_kkbhgghc fh^_eb kdhevaycs_c kj_^g_c

)(ARMA � >ey wlh]h \ dhfZg^ghf hdg_ iZd_lZ g_h[oh^bfh gZ[jZlv� LS 

D2STUDDNEV C AR(2) AR(3) MA(2)� Lh _klv� fu ih^jZamf_\Z_f fh^_ev \b^Z

)2,3(ARMA k bkdexq_ggufb i_jbh^Zfb ar(1) b ma(1)� Blh]h\uc jZkq_l ij_^klZ\�

e_g gZ jbk� ��� 

 

Jbk� �0� J_amevlZlu jZkq_lh\ ih )2,3(ARMA . 
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Ihemq_gu ^h\hevgh agZqbfu_ gZ[ex^Z_fu_ klZlbklbdb t-djbl_jb_\� dhlhju_
fh]ml [ulv ijbgylu gZ mjh\g_ agZqbfhklb ����� 

=jZnbd hklZldh\ lZdhc fh^_eb ij_^klZ\e_g gZ jbk� ��� 

 

Jbk� ��� HklZldb mjZ\g_gby )2,3(ARMA . 

:gZeba jbk� �� iha\hey_l k^_eZlv ij_^iheh`_gb_ h _]h klZpbhgZjghklb� 
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