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#:=>.9:06.�;<:/728C��2�tJ[\Xicll�LZlVi, YZXLXNRVJi�L�tJblS�[\ZJtl�
gTXtXVRal[TJi�Zl̂XZVJ�X[XKlttX�X[\ZX�[\JLR\�YlZlN�YZlNYZRi\RiVR�]MXUftXS�
YZXVebUlttX[\R�QJNJaR�YXLebltRi�ĝ l̂T\RLtX[\R�YZXRQLXN[\LJ��G\R�\ZlKXLJtRi�
XK][UXLUlte�YZlPNl�L[lMX�ZJQLR\RlV�[\ZJ\lMRal[TXMX�LQJRVXNlS[\LRi�YZlNYZRi\RS�R�
X̂ZVRZXLJtRlV�+[l\lLXS,�VlPXZMJtRQJ̀RXttXS�[\Z]T\]Ze�AMXUftel�bJ_\e,�iLUii[f
[X[\JLtXS�aJ[\fh�\XYURLtX-gtlZMl\Ral[TXMX�TXVYUlT[J��[]cl[\LlttX�LURih\�tJ�
[KJUJt[RZXLJttX[\f�[eZflLe_�YX\XTXL��2�][UXLRi_�tlZlM]UiZtXMX�[YZX[J�R�
R̂T[RZXLJttXMX�LZlVltR�LeYXUtltRl�QJTJQJ�iLUil\[i�XNtRV�RQ�LJPte_�̂ JT\XZXL
R̂tJt[XLXS�[\JKRUftX[\R�MXZtXNXKeLJhclMX�YZlNYZRi\Ri��

4Ui�][YlbtXMX�ZlbltRi�QJNJa�]MXUftXS�YZXVebUlttX[\R�tlXK_XNRVX�tl�\XUfTX�
ZJ̀RXtJUftXl�R[YXUfQXLJtRl�[]cl[\L]hcR_�[ZlN[\L�Vl_JtRQJ̀RR�R�JL\XVJ\RQJ̀RR��tX�
R�LtlNZltRl�[R[\lVe�tJ]atXS�XZMJtRQJ̀RR�]YZJLUltRi�YZXRQLXN[\LXV��]XUfTX�YZR�
][UXLRR�LQJRVX[LiQJttXS�ZJKX\e�L[l_�QLltflL�R�[U]PK�bJ_\e��YX[\ZXlttXS�tJ
R[YXUfQXLJtRR� UXMR[\Ral[TR_� Vl\XNXL�� VXPtX� MXLXZR\f� XK� ĝ l̂T\RLtXV�
]̂tT̀RXtRZXLJtRR�bJ_\tXMX�YZXRQLXN[\LJ�

?XLZlVlttXl� [X[\XitRl� ]MXUftXS� YZXVebUlttX[\R� _JZJT\lZRQ]l\[i�
tlNX[\J\XateV�]ZXLtlV�tJ]atXS�XZMJtRQJ̀RR�]YZJLUltRi�YZXRQLXN[\LXV��=ZR�g\XV�
LXYZX[�R[[UlNXLJtRi�YZX̀l[[XL�̂XZVRZXLJtRi��YZlLZJcltRi�R�NLRPltRi�MZ]QXYX\XTXL��
X\_XNR\�tJ�L\XZXS�YUJt�tl[VX\Zi�tJ�\X��a\X��%��XKclS�[\XRVX[\R�YZXN]T\J�R�
gTXtXVRal[TJi�[\JKRUftX[\f�YZlNYZRi\Ri�L�̀ lUXV�XYZlNlUil\[i�ĝ l̂T\RLtX[\fh�
]YZJLUltRi�UXMR[\Ral[TXS�Rt̂ZJ[\Z]T\]ZXS�bJ_\e� 	!��

DlYf� YX[\JLXT� MXZtXNXKeLJhcR_� YZlNYZRi\RS� iLUil\[i� [UXPtXS�
VtXMX]ZXLtlLXS�[R[\lVXS��QLltfi�TX\XZXS�̂]tT̀RXtRZ]h\[i�L�][UXLRi_�YX[\XittXMX�
RQVltltRi�LtlbtlS�[ZlNe��=Xg\XV]�ZlQ]Uf\J\�Nli\lUftX[\R�̀lYR�YX[\JLXT�YZlNYZRi\RS�
NJttXS�X\ZJ[UR�L�QtJaR\lUftXS�[\lYltR�QJLR[R\�X\�̂ JT\XZXL�tlXYZlNlUlttX[\R�R�
ĴT\XZXL�ZR[TJ��T[\XatRTJVR�tlXYZlNlUlttX[\R�VXM]\�Ke\f�TJT�̂JT\XZe�LtlbtlS�
[ZlNe��RQVltltRl�YX\ZlKR\lUf[TXS�[YX[XKtX[\R�tJ[lUltRi��RQVltltRl�QJTXtXNJ\lUf[\LJ�
R�\.N. ��\JT�R�Lt]\ZlttlS�[ZlNe��X[\JtXLTJ�YZXRQLXN[\LlttXMX�XKXZ]NXLJtRi��YXUXVTJ�
\ZJt[YXZ\tXMX�[ZlN[\LJ�R�\.N. �̀ lYR�YX[\JLXT��<K][UXLUlttX[\f�̀ lYR�YX[\JLXT�
MXZtXNXKeLJhcR_�YZlNYZRi\RS�̂JT\XZJVR�tlXYZlNlUlttX[\R�t]PNJl\[i�L�ZJQZJKX\Tl�
UXMR[\Ral[TR_� Vl\XNXL� XY\RVRQJ̀RR� VXNlUR� ]YZJLUltRi� VJ\lZRJUfteVR�
MZ]QXYX\XTJVR��G\X�NJl\�X[tXLJtRi�]\LlZPNJ\f�XK�JT\]JUftX[\R�R[[UlNXLJtRS
]TJQJttXMX�tJYZJLUltRi�

�9.743�;:=72194@�4==721:0.945�4�;?/746.A45��2XYZX[JV�ZJQZJKX\TR�UXMR[\Ral�
[TR_�VXNlUlS�MZ]QXYX\XTXL�L�̀lYR�YX[\JLXT��R[YXUfQXLJtRi�Vl\XNXL�RVR\J̀RXttXMX�VXNlUR�
ZXLJtRi��ZJQLR\Ri�UXMR[\Ral[TR_�YXN_XNXL��ZlbltRi�YZXKUlVe�XY\RVRQJ̀RR�YZXRQLXN[\Llt�
te_�QJYJ[XL�R�]al\J�ZJ[_XNXL�YX[Liclte�R[[UlNXLJtRi�VtXMR_�QJZ]KlPte_�R�X\lal[\Lltte_�
]alte_��]JT��LXYZX[e�XY\RVRQJ̀RR�YJZJVl\ZXL�VXNlUR�]YZJLUltRi�QJYJ[JVR�L�][UXLRi_�ZR[TJ�
ZJ[[VJ\ZRLJUR[f�<�2��]XTJZlLXS��QJNJaJ�YX[\ZXltRi�UXMR[\Ral[TXS�VXNlUR�]YZJLUltRi�YZXRQ�
LXN[\LltteVR�Zl[]Z[JVR�XKX[tXLeLJUJ[f�0�2��:RcltTX��:�2��:XMRUftR̀TXS��9�T��BlN]UX�
LXS��TZR\lZRR�̂XZVRZXLJtRi�[R[\lVe�]MUl[Ke\J�L�][UXLRi_�YlZl_XNJ�tJ�KlQ̂XtNXLXl�XKl[Yl�



altRl�YZR�YZiVXS�[LiQTl�YX\ZlKR\lUlS�R�YX[\JLcRTXL�]MUi�RQ]aJUR[f�L�ZJKX\J_�<�<��[lbl\�
tiT��<�2��8ZRTJL[TXMX��;�T��E]_ZJS��YZXKUlVJ�XY\RVRQJ̀RR�R�YXLebltRi�ĝ l̂T\RLtX[\R�
]̂tT̀RXtRZXLJtRi�\ZJt[YXZ\tX�[TUJN[TR_�[R[\lVe�R[[UlNXLJUJ[f�3�T��;laJlLRV��0�;��?\lZ�
URtMXLXS��2�:��8]ZMJtXLRV��T�=��5UfiblLRalV��4P��FZJSK̂lNlZXV��LXYZX[e�RtLl[\R̀RXt�
te_�ZlbltRS�R�TXt\ZXUURtMJ�L�YZXVebUlttXS�UXMR[\RTl�ZJ[[VX\Zlte�2�T��?lZMllLRV��0�T��
BlNXZltTX��=�0��]lZlt\flLRV�R�NZ�� 
!

2�ZJKX\l�C�]J_J��R�4��AX\lZ[J�ZJ[[VJ\ZRLJl\[i�\ZJt[YXZ\tJi�VXNlUf�X[tXLJttJi�
tJ�\lXZRR�VJ[[XLXMX�XK[U]PRLJtRi��TX\XZJi�YXQLXUil\�RVl\f�YZlN[\JLUltRl�X�NRtJVRTl�
ZJKX\e�\ZJt[YXZ\tXS�[l\R�YZlNYZRi\Ri�L�UhKXS�VXVlt\�LZlVltR��<NtJTX��L�g\XS�ZJKX\l��
tl�ZlbltJ�YZXKUlVJ�ZJKX\e�\ZJt[YXZ\tXS�[l\R�L�][UXLRi_�tlXYZlNlUlttX[\R��a\X�iLUil\[i�
LJPteV�\l_tXUXMRal[TRV�R�gTXtXVRal[TRV� ĴT\XZXV�ĝ l̂T\RLtXMX�]YZJLUltRi�
VJ\lZRJUfteVR�MZ]QXYX\XTJVR��QtJaR\lUftX�LURihcRV�tJ�[lKl[\XRVX[\f�]MUi� 
!�

T[[UlNXLJtRiVR�B��ClS\J�XKX[tXLJtJ�TUJ[[Ral[TJi�\ZJt[YXZ\tJi�QJNJaJ�NUi�
ZlbltRi�X\NlUftXS�YZXKUlVe�\ZJt[YXZ\tXS�[l\R�tlTX\XZXMX�YZlNYZRi\Ri��<NtJTX��NUi�
\ZJt[YXZ\tXS�[l\R�\XYURLtX-gtlZMl\Ral[TXMX�TXVYUlT[J��TX\XZJi�RVll\�[LXh�
_JZJT\lZt]h�X[XKlttX[\f��[LiQJtt]h�[�tJURaRlV�[\J̀RXtJZte_�\ZJt[YXZ\te_�]QUXL��
ZJ[YXUXPltRl�TX\XZe_�tlRQVlttX��X[tXLtel�YXUXPltRi�R�YZRt̀RYe�tl�VXM]\�Ke\f�
R[YXUfQXLJtteVR�L�[̂XZV]URZXLJttXV�LRNl��J�[UlNXLJ\lUftX�t]PNJh\[i�L�
XYZlNlUlttXS�VXNR̂RTJ̀RR�

?UlN]h\� YXNalZTt]\f�� a\X� []cl[\L]hcRl� JtJUR\Ral[TRl� Vl\XNe�
\l_tXUXMRal[TR_�ZJ[al\XL�tl�L�YXUtXS�VlZl�X\XKZJPJh\�gTXtXVRal[TRl�YXTJQJ\lUR�
\l_tXUXMRal[TR_�YZX̀l[[XL�YZX\lTJhcR_�L�\ZJt[YXZ\tXS�[R[\lVl��a\X�tl�XKl[YlaRLJl\�
R_�YZXMtXQRZXLJtRl��YZJT\Ral[TR�tl�]NlUil\[i�LtRVJtRl�ZJQZJKX\Tl�UXMR[\Ral[TXS�
VXNlUR�]YZJLUltRi�MZ]QXYX\XTJVR�L�\ZJt[YXZ\tXS�[R[\lVl�MXZtXNXKeLJhclMX�
YZXRQLXN[\LJ��tl�ZJ[[VJ\ZRLJh\[i�LXYZX[e�tlXYZlNlUlttX[\R�R�ZR[TJ�L�[R[\lVl�
]̂tT̀RXtRZXLJtRi�\ZJt[YXZ\tXS�[l\R��tl�ZJQZlbJl\[i�YZXKUlVJ�YZXMtXQRZXLJtRi�
gTXtXVRal[TR_�YXTJQJ\lUlS�ZJKX\e�̀lYR�YX[\JLXT��<\Vlalttel�̂JT\XZe�[]cl[\LlttX�
LURih\�tJ�̂RtJt[XL]h�[\JKRUftX[\f�YZlNYZRi\Ri�R�iLUih\[i�XNtRV�RQ�LJPte_�][UXLRS
[tRPltRi�[lKl[\XRVX[\R�]MUi�

<NtX[\XZXttRS�YXN_XN�[LRNl\lUf[\L]l\�X�tlNX[\J\XatX�MU]KXTXV�YXtRVJtRR�
LJPtX[\R�gTXtXVRTX�\l_tXUXMRal[TR_�YXTJQJ\lUlS� ]̂tT̀RXtRZXLJtRi�bJ_\e�NUi�
VJZTl\RtMXLXS�Nli\lUftX[\R�YZlNYZRi\Ri�R�YZRti\Ri�gTXtXVRal[TR�LeMXNtXS�YXUR\RTR��
?R[\lVJ�tJ]atXS�XZMJtRQJ̀RR�R�]YZJLUltRi�YZXRQLXN[\LXV�[YX[XK[\L]l\�XKl[YlaltRh�
Kl[YlZlKXStXS�ZJKX\e�XaR[\R\lUfte_�R�YXNMX\XLR\lUfte_�QJKXlL��Rt\lt[R̂RTJ̀RR�
YZX̀l[[J�\ZJt[YXZ\RZXLTR��TX\XZJi�NX[\RMJl\[i�YZlPNl�L[lMX�QJ�[al\�Rt\lMZRZXLJttXS�
UXMR[\Ral[TXS�YXNNlZPTR��]VltfbltRl�YZX[\XlL�R�YlZlZeLXL�L�YZX̀l[[l�NXKeaR�]MUi�R�
lMX�\ZJt[YXZ\RZXLTl��[Xal\JtRR�YZX[\XlL��L�ZJQte_�\l_tXUXMRal[TR_�QLltfi_��YXLebltRl�
YZXY][TtXS�[YX[XKtX[\R�\ZJt[YXZ\tXS�VJMR[\ZJUR.

#:=>.9:06.�3.1.B4. =ZlN[\JLR\f�XNRt�RQ�Vl\XNXL�[XLZlVlttXMX�]YZJLUltRi�
UXMR[\Ral[TXS� Rt̂ZJ[\Z]T\]ZXS� MXZtXNXKeLJhclMX� YZlNYZRi\Ri�� TX\XZeS�
XKl[YlaRLJl\�VXNR̂RTJ̀Rh�[]cl[\L]hcR_�Vl\XNXL�L�VXNlUf��TX\XZJi�]aR\eLJl\�
ĴT\XZe�tlXYZlNlUlttX[\R��

[lbltRl�YX[\JLUlttXS�QJNJaR�X[]cl[\LUilV�Y]\lV�YX[\ZXltRi�VJ\lVJ\Ral[TXS�
VXNlUR�L�LRNl�[R[\lVe�LQJRVX]LiQeLJlVe_�KJUJt[XLe_�[XX\tXbltRS��1JUJt[XLel�
[XX\tXbltRi�YZlN[\JLUlte�L�LRNl ]ZJLtltRS�R�tlZJLlt[\L��X\ZJPJhcR_
[KJUJt[RZXLJtt]h�ZJKX\]�L[l_�QLltflL[l\R�TXtLlSlZttXMX�\ZJt[YXZ\J�bJ_\e��

 .>2<4.7C�4�<23?7D>.>C�4==721:0.94E��=X[\ZXltRl�UXMR[\Ral[TXS�VXNlUR�
]̂tT̀RXtRZXLJtRi�Lt]\ZRbJ_\tXMX�\ZJt[YXZ\J�X[]cl[\LUil\[i�YX�ZlQ]Uf\J\JV�
R[[UlNXLJtRi�TXt̀lt\ZJ̀RR�X[tXLte_�MZ]QXYX\XTXL��TX\XZel�[LiQJte�[�LeLXQXV�]MUi�R�
MXZtXS�VJ[[e��

[J[[VX\ZRV�KJUJt[XLel�[XX\tXbltRi�X[tXLte_�\l_tXUXMRal[TR_�YZX̀l[[XL��QJMZ]QTJ��
YlZlMZ]QTJ�R�JTT]V]UìRi�X[tXLtXMX�MZ]QXYX\XTJ�TXtLlSlZtXMX�\ZJt[YXZ\J�bJ_\e��=X[\ZXl�
tRl�VXNlUR�[LXNR\[i�T�XYZlNlUltRh�R�X̀ltTl�YJZJVl\ZXL�[]VVJZte_�MZ]QXYX\XTXL��TX\XZel�
YX[\]YJh\�T�]QU]�[URitRi�

T[[UlN]i�RQVltltRl�YJZJVl\ZXL�MZ]QXYX\XTXL�]MUi�TXtLlSlZtX-K]tTlZtXS�



[R[\lVe[�\laltRlV�ZJKXalMX�LZlVltR��YXUJMJlV��a\X�YlZlMZ]QTJ�RQ�TXtLlSlZJ�L�K]tTlZ�
RUR�tJ�QJMZ]PltteS�TXtLlSlZ�iLUil\[i�]LlURaltRlV�LlURaRte�MZ]QXYX\XTJ�
[XX\Ll\[\LlttX�L�K]tTlZl�RUR�tJ�TXtLlSlZl��J�ZJQMZ]QTJ�-�]VltfbltRlV��T[_XNi�RQ�g\XMX��
XYZlNlUilV�LlURaRt]�X[tXLtXMX�MZ]QXYX\XTJ

i np lx , YZXN]T\J� ip TX\XZeS�YX[\]YJl\�

TXtLlSlZtXS�Ult\XS�T�Y]tT\] nl , -�K]tTlZ�RUR�YZXVlP]\XateS�Y]tT\�YXMZ]QTR��-[�]al\XV�

YXMZ]QXatX-ZJQMZ]QXate_�XYlZJ̀RS�VXPtX�XYZlNlUR\f�]ZJLtltRiVR�

i n i n 1 n i n i n n 1

n T

p l p l l p l p l l
l L

x (t) f (t) g (t) f (t)
� �

��

� � ��� (1)

i n i n 1 n i n n 1

n T n T

p l p l l p l l
l L l L

x (t) f (t) f (t)
� �

� �� �

� �� � (2)

MNl
i np lx (t)� -�RQVltltRl�LlURaRte�MZ]QXYX\XTJ�

i np lx �YZXN]T\J�LRNJ�ip �L�Y]tT\l�

nl �[�]al\XV�YXMZ]QXatX-ZJQMZ]QXate_�XYlZJ̀RS�[�\laltRlV�LZlVltR�

i n 1 n

n T

p l l
l L

f (t)
�

��
� -�[]VVJZteS�MZ]QXYX\XT�YZXN]T\J�LRNJ� ip ��NX[\JLUltteS�L�

Y]tT\�nl �TXtLlSlZXV�RQ�NZ]MR_�\ZJt[YXZ\te_�]QUXL�YX�TXVV]tRTJ̀RR

n 1 n T(l , l )� �R�ZJQMZ]PJlVeS�L�g\XV�Y]tT\l�

i np lg (t)-\lT]cRS�QJYJ[�YZXN]T\J�LRNJ� ip ��tJ_XNicRS[i�L�ZlQlZLRZ]hclV

gUlVlt\l�\ZJt[YXZ\tXMX�]QUJ�nl -K]tTlZl�

i n n 1p l lf (t)
�

-�MZ]QXYX\XT�YZXN]T\J ip ��X\YZJLUlttXMX�RQ�Y]tT\J�nl �tJ�TXt�

LlSlZl�L�Y]tT\�n 1l ��YX�TXVV]tRTJ̀RR n n 1 T(l , l )� ;

i np lx (t) 0� ,
i n 1 np l lf (t) 0

�
� ,

i n n 1p l lf (t) 0
�

� ,
i np lg (t) 0� , 

i np lg (t) fix� ;

ip -YlZlLXQRVeS�TXtLlSlZXV�YZXN]T\��]MXUf��YXZXNJ�RUR�MXZtJi�VJ[[J�

TL�-�\ZJt[YXZ\teS�]QlU� nl �\ZJt[YXZ\tXS�[l\R���\XYURLtX-

gtlZMl\Ral[TXMX�TXVYUlT[J����L�TX\XZeS�YZRKeLJl\�RUR�]KeLJl\�TXtLlS�
lZtJi�Ult\J�

BXZV]UJ��	 �XYR[eLJl\�LlURaRt]�MZ]QXYX\XTJ��YZX_XNiclMX�alZlQ�K]tTlZ��J�
X̂ZV]UJ��
 �NUi�YZXVlP]\XatXMX�Y]tT\J�YXMZ]QTR�

2lURaRtJ�MZ]QXYX\XTJ�YZXN]T\J�LRNJ� ip ��X\YZJLUlttXMX�L�VXVlt\�(�RQ�nl �L�n 1l � , 

ZJLtJ�YZR�X\[]\[\LRR�YX\lZf�LlURaRtl�MZ]QXYX\XTJ�\XMX�Pl�YZXN]T\J�LRNJ� ip ��NX[\JL�
UlttXMX�TXtLlSlZXV�L�n 1l ��RQ�nl ��tX�L�KXUll�YXQNtRS�VXVlt\�LZlVltR� l ln n 1

t
�

�� ��=ZXNXU�

PR\lUftX[\f�YlZlVlcltRi�MZ]QXYX\XTJ�YX�TXtLlSlZtXS�Ult\l�XMZJtRaltJ��G\X�XK[\Xi�
\lUf[\LX�NJl\�LXQVXPtX[\f�̂RT[J̀RR�LlURaRte�MZ]QXYX\XTXL�YZXN]T\J�LRNJ�ip �tJ�[\JZ�

\XLe_�Rt\lZLJUJ_�[XX\Ll\[\L]hclS�NURte�
?XX\tXbltRl�KJUJt[J�MZ]QXYX\XTXL�YZXN]T\J�LRNJ� ip ��TXMNJ�Y]tT\�%n�iLUil\[i�

\ZJtQR\teV�L�YZX̀l[[l�YlZlVlcltRi�tJ�TXtLlSlZJ_��RVll\�LRN�

i n 1 n i n i n n 1

n T n T

p l l p l p l l
l L l L

f (t) g (t) f (t)
� �

� �

�

� �

� �� � , (3)

MNl ip 0.�
]ZJtQR\teV�\ZJt[YXZ\teV�]QUXV�VXPl\�Ke\f�]QlU��L�TX\XZXV�tl�YZlN][VX\ZltX�

[URitRl�MZ]QXYX\XTXL�R�X[]cl[\LUil\[i�YlZlMZ]QTJ�[�XNtXMX�TXtLlSlZJ�tJ�NZ]MXS�KlQ�
R[YXUfQXLJtRi�K]tTlZXL�

2�̂XZV]Ul��� �[UJMJlVXl�
i np lg (t)� K]Nl\�X\[]\[\LXLJ\f��l[UR�YZXR[_XNR\�YlZl�

MZ]QTJ�YZXN]T\J�LRNJ�ip �tJ�tl�QJMZ]PltteS�TXtLlSlZ�

[J[[VX\ZRV�KJUJt[�MZ]QXYX\XTXL�YXZXPtlMX�TXtLlSlZtXMX�\ZJt[YXZ\J��TX\XZXl�
X\ZJPJl\�ZlM]UiZtel�_XUX[\el�YZXKlMR��LXQtRTJhcRl�LX�LZlVi�YlZl[Vlte�ZJKXaR_�KZR�



MJN��J�\JTPl�YZX[\XlL�TXtLlSlZtXMX�\ZJt[YXZ\J�
6JYRblV�]ZJLtltRl��TX\XZXl�XYZlNlUil\�RQVltltRl�LlURaRte�MZ]QXYX\XTJ�YX�

ZXPtlMX�TXtLlSlZtXMX�\ZJt[YXZ\J�L�tlTX\XZXV�\ZJt[YXZ\tXV�]QUl�%n:

n n 1 n0l 0l lx (t) f (t)
�

�� , (4)

MNl
n0lx -�LlURaRtJ�YX\XTJ�YXZXPtlMX�TXtLlSlZtXMX�\ZJt[YXZ\J�L�Y]tT\l�%n;

n0lx (t)� -�RQVltltRl�LlURaRte�MZ]QXYX\XTJ�YXZXPtlMX�TXtLlSlZtXMX�\ZJt[�

YXZ\J�L�Y]tT\l�%n��NUi�TXtLlSlZJ�g\X�tl�QJMZ]Plttel�]aJ[\TR�MZ]PltXS�Ll\�
LR�TXtLlSlZtXS�Ult\e�RUR�Y][\Ji�TXtLlSlZtJi�Ult\J�LX�LZlVi�YlZl[Vlte�
ZJKXaR_�KZRMJN�RUR�\l_tXUXMRal[TR_�YlZlZeLXL �[�\laltRlV�LZlVltR�

n 1 n0l lf (t)
�

-�YX\XT�YXZXPtlMX�TXtLlSlZtXMX�\ZJt[YXZ\JYZRKeLJhclMX�L�

Y]tT\�nl �RQ�Y]tT\J�n 1l � ;

n 1 n0l lf (t) 0
�

� . 

AaR\eLJi�[X[\XitRl�[\J̀RXtJZtX[\R�[R[\lVe�TXtLlSlZtXMX�\ZJt[YXZ\J�R�YZl�
tlKZlMJi�ZlNTRVR�YlZl_XNteVR�ZlPRVJVR��VXPtX�QJYR[J\f�]YZXcltt]h�̂XZV]�KJUJt[J�
YX\XTXL�YXZXPtlMX�TXtLlSlZtXMX�\ZJt[YXZ\J�

n 1 n i n 1 n n n 1

n T

0l l p l l 0l l
l L

f (t) f (t) f (t)
� � �

��

� �� (5)

MNl
i n 1 np l lf (t)

�
-�MZ]QXYX\XT�YZXN]T\J ip ��X\YZJLUlttXMX�RQ�Y]tT\J�nl �tJ�TXt�

LlSlZl�L�Y]tT\�n 1l ��YX�TXVV]tRTJ̀RR n n 1 T(l , l )� ;

n 1 n0l lf (t)
�

-�YX\XT�YXZXPtlMX�TXtLlSlZtXMX�\ZJt[YXZ\JYZRKeLJhclMX�L�

Y]tT\�nl �RQ�Y]tT\J�n 1l � ;

n n 1

n T

0l l
l L

f (t)
�

��
� -�YX\XT�YXZXPtlMX�TXtLlSlZtXMX�\ZJt[YXZ\JYZRKeLJhclMX�

L�Y]tT\�n 1l ��RQ�Y]tT\J�nl .

[J[[VX\ZRV�KJUJt[�MZ]QXYX\XTXL�YZXN]T\J�LRNJ� ip ��TX\XZel�YZX_XNi\�alZlQ�

\ZJt[YXZ\teS�]QlU�nl ��K]tTlZ �R�JTT]V]URZ]h\[i�L�tlV��
=XU]aRV�]ZJLtltRl�

i n i n i i i

n T i pi

p l p l p m p
l L m E

[g (t) g (t)] v (t) v (t)
� �

� � � �

� �

� � �� � , (6)

MNl
i n i n

n T

p l p l
l L

[g (t) g (t)]
�

� �

�

�� -[]VVJZteS�YX\XT�MZ]QXYX\XTXL�YZXN]T\J�LRNJ�ip ��TX\X�

ZeS�JTT]V]URZ]l\[i�YX[Ul�YlZlMZ]QXL�L�Y]tT\l�nl ��K]tTlZl ��\�l��\lT]cJi�LlURaRtJ�
MZ]QXYX\XTJ�YZXN]T\J�ip �L�K]tTlZl�\ZJt[YXZ\tXMX�]QUJ�nl ;

i ip mv (t)� -�L_XNtXS�YX\XT�MZ]QXYX\XTJ�YZXN]T\J�LRNJ�ip �tlTX\XZXMX�YZXRQ�

LXN[\LlttXMX�gUlVlt\J� im ��UJLe��YZX_XNTR �

ipv (t)� -Le_XNtXS�YX\XT�MZ]QXYX\XTJ�YZXN]T\J�LRNJ�ip RQ�Y]tT\J�nl ��K]tTlZJ �

ipE�-�VtXPl[\LX�YZXRQLXN[\Lltte_�gUlVlt\XL� im ��L�TX\XZe_�̂XZVRZ]h\�

[i�MZ]QXYX\XTR�YZXN]T\J�LRNJ�ip �UJLJ��YZX_XNTJ �

ip -YZXN]T\��]MXUf�RUR�YXZXNJ��JTT]V]URZ]hcRS[i�L�Y]tT\l�nl ;

i n i np l p lx (t) fix, g (t) 0� � .

�C0:1C�;J]ateS�YXN_XN�T�YZJT\Ral[TXV]�]YZJLUltRh�VJ\lZRJUfteVR�MZ]QX�
YX\XTJVR�L�Rt\lMZRZXLJttXS�UXMR[\Ral[TXS�̀lYR�\XYURLtX-gtlZMl\Ral[TXMX�TXVYUlT[J�
[YX[XK[\L]l\�[]cl[\LlttXV]�LURitRh�tJ�]ZXLltf�XK[U]PRLJtRi�YX\ZlKR\lUlS�R�LlUR�
aRt]�ZJ[_XNXL�L[lS�UXMR[\Ral[TXS�[R[\lVe��=X[\ZXltRl�UXMR[\Ral[TXS�VXNlUR�]YZJL�
UltRi�MZ]QXYX\XTJVRLt]\ZRbJ_\tXMX�\ZJt[YXZ\J�KJQRZ]l\[i�tJ�RQ]altRR�TXt̀lt\ZJ̀RR�



MZ]QXYX\XTXL�YZXRQLXN[\LJ��TX\XZel�[LiQJte�[�LeNJalS�]MUi�tJ�YXLlZ_tX[\f�R�iLUih\[i�
X[tXLteVR�L�\ZJt[YXZ\tXS�[R[\lVl�bJ_\e��R�][\JtXLUltRR�R\lZJ̀RXtte_�[XMUJ[XLJtRS�
R�KJUJt[RZXLJtRi�YZXY][TtXS�[YX[XKtX[\R�\ZJt[YXZ\tXS�TXVV]tRTJ̀RR��]QUXL��JTT]V]�
URZ]hcR_gUlVlt\XL�[R[\lVe�YXNQlVtXMX�\ZJt[YXZ\J��[�]al\XV�VXctX[\R�YXMZ]QXatX-
ZJQMZ]QXate_�Vl_JtRQVXL�

T[YXUfQXLJtRl�UXMR[\Ral[TR_�YXN_XNXL�YXQLXUil\��]VltfbR\f�\ZJt[YXZ\tel�
ZJ[_XNe�tJ�YlZlLXQ�]MUi�X\�YX[\JLcRTJ�[eZfi�T�TXtlatXV]�YX\ZlKR\lUh��XYZlNlUR\f�
TXt̀lt\ZJ̀Rh�MZ]QXYX\XTXL�]MUi�L�UhKXS�VXVlt\�LZlVltR�L�UhKXV�\ZJt[YXZ\tXV�]QUl�
UXMR[\Ral[TXS�̀lYR�L�][UXLRi_�tlXYZlNlUlttX[\R��YZXMtXQRZXLJ\f�ZJKX\]�\ZJt[YXZ\tXS�
[l\R��YXLe[R\f�ĝ l̂T\RLtX[\f�]YZJLUltRi�̀lYfh�[tJKPltRS�tJ�TXtTZl\tXV�]aJ[\Tl�
l̀YR��YXLe[R\f�YZXRQLXNR\lUftX[\f�R�KlQXYJ[tX[\f�MXZtXMX�YZXRQLXN[\LJ��

=lZlaR[Ulttel�YZRUXPltRi�tl�LealZYeLJl\�LXQVXPtX[\f�ZJQZJKX\JttXS�VXNl�
UR��=ZJT\RTJ�YXTJQeLJl\��a\X�tJ�X[tXLl�NJttXS�RVR\J̀RXttXS�VXNlUR�VXPtX�ZlbJ\f�
KXUfbRt[\LX�UXMR[\Ral[TR_�QJNJtRS��=X[UlN]hcll�[XLlZblt[\LXLJtRl�VXNlUR�Y]\lV�
JYZXKJ̀RR�tJ�ZlbltRR�tXLXS�QJNJaR�YXQLXUR\�XalZ\R\f�KXUll�bRZXTRS�TZ]M�LXQVXPte_�
YZRUXPltRS��

=lZ[YlT\RLXS�YX[UlN]hcR_�tJ]ate_�R[[UlNXLJtRS�iLUil\[i�ZJQZJKX\TJ�UXMR�
[\Ral[TXS�VXNlUR��TX\XZJi�K]Nl\�XKl[YlaRLJ\f�QtJaR\lUftXl�[tRPltRl�XKdlVJ�XYlZJ�
\RLte_�ZJ[_XNXL�L�̀lYR�[XQNJtRi�[\XRVX[\R�[tJKPltRS�
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The logistic model of determination of parameters of basic traffic of goods is built at application of con-
veyer and locomotive transport on the basis of balance of technological transport processes in the condi-
tions of vagueness

Keywords: logistic model, balance correlations, factors of vagueness, traffic of goods, conveyer, trans-
port heat-sink knot, bunker, chain of deliveries 
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