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|=yxm@W QO "CU=yuRw K}LY Q}O=kt |}=U=vW x@ QO=k xm@W '|Q}oO=} Ov}=Qi
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Ovyt %OQm x} RHD u}vJ u=wD|t =Q F |x]@=Q CQwY u}= QO
ŷk = G(ui; uj) i; j = 1; 2(i 6= j) k = 1
ûk=G(si; sj) i; j=1; 2; k; F1(i 6= j) F1 � C2

F2 k = 2
ŝk=G(pi; pj) i; j=1; 2; k; F2(i 6= j) F2 � C2

F3 k = 3
...

Ẑk=G(wi; wj) i; j=1; 2; k; Fl(i 6= j) Fl � C2
m k=Fl+1

ŵk=G(xi; xj) i; j=1; 2; k; Fm(i 6= j) k = Fm
(6)

|}=tv u}}=B x@ q=@ R= jwi \@=wQ ?}DQD OwW|t xOy=Wt q=@ CqO=at QO xm xvwou=ty
?}DQD R}v |iQ] R= w xOw@ swO xHQO |=y|}xrtHOvJ x@ 7 |x]@=Q |x} RHD Ov}=Qi R=
"CU= |DWoR=@ CqO=at \UwD 7 |x]@=Q p}tmD Qou=}@ q=@ x@ u}}=B R= \@=wQ u}=
x@ sRq "CU=QDrw `@=wD |QU QO � pwyHt ?}=Q[ uDi=} sD} Qwor= u}= hOy `k=w QO
|x]@=Q Ovv=ty x@=WDt Q=DN=U l} R= xrY=L |} RH |=ypOt |t=tD xm CU= QmP

%OvQ=OQwNQ@ 7
f̂(xi; xj) = v0 + v1xi + v2xj + v3x2

i + v1x2
j + v5xixj (7)

|R=UpOt RH |R}J 's}vm|t p=@vO sD} Qwor= u}= QO =t xm =Q |iOy xm =Hv; R=
u=wD|t pta u}= Q=QmD w |} RH |=ysDU}U pOt ?}mQD =@ 'CU}v x}rw= sDU}U

"�8 |x]@=Q� Ci=} CUO sDU}U |rY= pOtx@
ŷ=v0+

mX
i=1

vixi+
mX
i=1

mX
j=1

vijxixj+
mX
i=1

mX
j=1

mX
k=1

vijkxixjxk+:::
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|OwQw Q}eDt wO =@ |rOt |} RH sDU}U C2
m O=OaD x@ |rY= sDU}U |x} RHD R= Oa@

wO x@ wO xOW O=H}= |} RH |=ypOt TBU "OwW|t x@U=Lt =yu; R= l} Qy |=Q@
pOt =} sDU}U C2

m(C2
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2 O=OaD '?}mQD u}= pY=L xm OvwW|t ?}mQD sy =@
xDU@=w |=yQ}eDt O=OaD xD@r= "CU= |OwQw Q}eDt Q=yJ w xU pk=OL =@ O}OH |} RH
|ak=w u}tND CkO =yvD w CU}v syt sDU}U |=y|OwQw |O=OaD |DQ=@ax@ =} pOtx@
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|R=UpOt CkO w u=tOv=Q V}=Ri= w O�=R w ha=[t C=@U=Lt Vy=m |=Q@ xOa=k
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|=ysDU}U |DQ=@ax@ =} xOW ?=NDv= |} RH |=ypOt ?}mQD 'xrLQt u}twO QO
?}mQD |r@k |xrLQt Ovv=ty wO x@ wO ,=OOHt |r@k |xrLQt QO xDiQo pmW p;xO}=
p}mWD |OwQw Q}eDtVW QFm =OL w GvB pk=OL =@ |O}OH |} RH |=ysDU}U w xOW
|=ypOt R= |O=OaD hPL w ?=NDv= =@ R}v |Oa@ pL=Qt QO j} Q] u}tyx@ "OwW|t
,=D@Uv |rOt x@ C}=yv QO =D s}yO|t xt=O= =Q =yu; ?}mQD pta xOW O=H}= |} RH

"s}@=} CUO p;xO}=
CUO CU= Q_v OQwt xOt; OwHwx@ |=ypOt ?}mQD Ov}=Qi QO xQ=wty xm |iOy
xDW=O Vkv w u=}=tv u; QO sDU}U |=yQ}eDt |t=tD ,=@} QkD xm CU= |rOt x@ uDi=}
xm CU= |rOt x@ uO}UQ 'QQmt |=y?}mQD s=Hv= Qo}O Q_v OQwt hOy "OvW=@
QDsm p@k pL=Qt QO xOW x@U=Lt |=ypOt Q}=U x@ C@Uv u; |HwQN |=]N u=R}t

[40]"OW=@

[32]"GMDH sD} Qwor= x@ |OwQw |=yQ}eDt "1 Q=Owtv

|QU O=Oa= pt=W Q=OQ@ l} CQwYx@ =yQ}eDt R= l} Qy |DQ=@ax@ "OQ=O OwHw |v=tR
sD} Qwor= CN=U Qw_vtx@ xm |}x}rw= C=aq]= [32]"CU= Q}eDt u; x@ \w@ Qt |v=tR
u=Wv 1 Q=Owtv QO xm CU= xOy=Wt n R= |}xawtHt OQm |Qw;`tH O}=@ GMDH

[33]"CU= xOW xO=O
xm |}x]@=Q X}NWD "1 %s}DUy xH=wt xr�Ut wO =@ sD} Qwor= Q=mx@ ẁQW |=Q@
|=R=x@ y |v}@V}B "2 &Ovm|t O}rwD =yxi |OwQw |=yQ}eDt T=U=Q@ =Q |HwQN Q}eDt
�|R=UpOt� =yQ}eDt u}@ |x]@=Q w pOt X}NWD '|DQ=@ax@ "=yxi swrat Q}O=kt

[34]"OQm |v}@V}B =Q hOy Q}eDt |D; Q}O=kt pOt u; |wQ R= u=wD@ =D CU= sRq
l} CN=U Qw_vtx@ |Ov}=Qi R= CU= CQ=@a GMDH sD} Qwor= |=v@t
x�=Q= 1 |x]@=Q j@=]t w CU= �22=QDrw `@=D |QU� s=v x@ q=@ ?D=Qt =@ |}xrtHOvJ

[35]�"Ovt=v|t R}v wmv}vN=w}= =Q |}xrtH OvJ u}=� %OwW|t
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i=1
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mX
j=1

aijxixj+
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i=1

mX
j=1

mX
k=1
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(1)

x@ =QDrw `@=wD |QU |x} RHD x@ =OD@= GMDH sD} Qwor= QO Qw_vt u}= |=Q@
[36]"s} R=OQB|t swO xHQO |xQ}eDtwO |=y|}xrtHOvJ

G(xi; xj) = a0 + a1xi + a2xj + a3x2
i + a1x2

j + a5xixj (2)

'OwW|t p}O@D|}xQ}HvR|DWoR=@ CqO=at R=|}xawtHt x@ =QDrw |QU 'x} RHD u}= QO
|QU x]@=Q u}= QO |DWoR=@ \@=wQ R= l} Qy |Q@H |Q=Po}=H =@ ,=OOHt xm |}xvwox@

%OwW|t xOR ?} QkD f `@=D \UwD 3 |x]@=Q "OwW|t Q=QkQ@ =QDrw
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w u=yvB |x}q QO O}�wto}U `@=D R= xm |}=yxm@W OQwtQO \w@ Qt |x} Q_v "OR
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�1 � Zi � +1; 0 � Pi � 1
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"OvDU}v OwOLt xrY=i u}= QO 'OvQ}o|t Q=Qk 1 w 0 u}@
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C@Uv w p=eDW=C}a[w '\=Uk= O=OaD 'Ct=k=C}a[w |=yQ}eDt 'p}rLDu}= QO
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�0 047796 �0 167236 �0 098380 0 287208 0 153674 �0 004287 10000000 �0 062302 0 042161 CvwmU C}a[w
�0 026729 �0 070545 0 264225 �0 107260 0 250766 1000000 �0 004287 0 212742 �0 16134 \=Uk= O=OaD
0 262147 �0 028199 0 044557 �0 023371 1000000 �0 250766 0 153674 0 096728 0 384423 xQy@ MQv
0 015574 0 248498 �0 018273 1000000 0 023371 �0 107260 �0 287208 0 041870 �0 068958 p=eDW= C}a[w
0 069815 0 056755 1000000 �0 018273 0 044557 0 264225 �0 098380 0 229238 �0 004434 xQy@ MQv
0 092987 1000000 0 056755 0 248498 �0 028199 �0 070545 �0 167236 �0 057355 0 1433918 py-=D C}a[w
1000000 0 092987 �0 069815 0 015574 0 262147 �0 026729 �0 047796 0 098227 0 111470 C}UvH

"|}=yv u}tND "2 pwOH

uwtR; ?} Q[ Z xQ=t; Q}eDt h=QLv= |=]N
Q=}at

0 0000 5 320925 0 368602 1 961302 CvwmU C}a[w
0 0095 2 594809 0 018969 0 049220 \=Uk= O=OaD
0 0027 �3 002649 0 347824 �1 044394 p=eDW= C}a[w
0 0113 �2 532283 0 652235 �1 651643 xk}Fw/s=w
0 0006 �3 449043 0 363245 �1 252849 py-=D C}a[w
0 1342 1 497565 0 670343 1 003882 C@=F ?} Q[

0 501013 xDU@=w Q}eDt Q=}at h=QLv=� 0 485294 xDU@=w u}ov=}t
�|Q=OQ@ uw}UQoQOwN

1 021747 l}�=m ; Q=}at 0 405870 u}ov=}t OQ=Ov=DU= |=]N =} Q=}at h=QLv=
1 119338 RDQ=wW Q=}at 32 61663 QwPHt O=R=t ẁtHt
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