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M@D 622.647.2

IhjUbcW�<�<��DeUfbcUeaŵf_]̂�]bYhfge]Ùqbp̂�]bfg]ghg�@cbwk_cXc�bUk]cbÙqbcXc�
gwjb]lwf_cXc�hb]Wwef]gwgU

-"��%&�*�%���#$"��� -���'#$����!���&$�!%#"$&!"��%�%&� "��#$��#$�1&��
&"#���!"-/!�$��&�*�%�"�"��" #���%�

�!!"&�)�1�>�fgUgqw�]ỳc[wbp�ewyh̀qgUgp�dcfgecwb]t�r_cbca]_c-aUgwaUg]lwf_ĉ�acYw�

]̀�hdeUẀwb]t�Wbhge]mUjgbpa�geUbfdcegca��IewỲc[wbbUt�̀cX]fg]lwf_Ut�acYẁq�cfbcWUbU�

bU�]fdc̀qycWUb]]�r_cbca]_c-aUgwaUg]lf_]j�awgcYcW��f�dcacnqs�_cgcepj�fcyYUbp�VÙUbfc�

Wpw�fccgbcmwb]t,�cd]fpWUsn]w�]yhlUwapw�deckwffp��Dceew_gbc�fcfgUẀwbbUt�acYẁq� UYw_�

WUgbUt��YcfgcWwebUt��dc̀bUt��aUfmgUV]ehwaUt��dcyWc̀twg�]fdc̀qycWUgq�ewyh̀qgUgp�acYẁ]ec�

WUb]t�bU�deU_g]_w��Ycfg]XUt�ewyh̀qgUgcW��V̀]y_]j�_�dc̀hlwbbpa�de]�acYẁ]ecWUb]]��Ie]aw�

bwb]w�W�dec]yWcYfgWw�eUyeUVcgUbbĉ�acYẁ]�cVwfdwl]WUwg�dcWpmwb]w�riiw_g]Wbcfg]�hdeUW�

ẁb]t�geUbfdcegbpa]�fwgta]�gcd̀]Wbc-rbweXwg]lwf_cXc�_cad̀w_fU��lgc�fdcfcVfgWhwg�ybUl]�

gẁqbcah�fb][wb]s�cVouaU�cdweUg]Wbpj�yUgeUg�W�kwd]�fcyYUb]t�fgc]acfg]�_cbwlbcXc�dec�

Yh_gU.

." �����������#�,�+�#���%(�*�������!"��$�(�#���������(���.GU�fcWewawbbpj��ce]wb�

g]ecWUbbpj�bU�_̀]wbgU��epb_Uj�_cb_he]ehsg�bw�cgYẁqbpw�dewYde]tg]t��U�kwd]�dcfgUWc_��dec�

]yWcYfgWwbbpw�]�̀cX]fg]lwf_]w�fwg]��SgU�gwbYwbk]t�fWtyUbU�f�YWhat�iU_gceUa]��fgeUgwX]lwf_]a�

WyU]acYŵfgW]wa�dewYde]tg]̂�]�icea]ecWUb]wa�6fwgwWpjT�aw[ceXUb]yUk]cbbpj�fgeh_ghe��

KcWewawbbcw�fcfgctb]w�hXc̀qbĉ�decapm̀wbbcfg]�jUeU_gwe]yhwgft�bwYcfgUgclbpa�hecW�

bwa�bUhlbĉ�ceXUb]yUk]]�hdeUẀwb]t�dec]yWcYfgWca��Ie]�rgca�]ff̀wYcWUb]w�deckwffcW�ice�

a]ecWUb]t�]�YW][wb]t�Xehycdcgc_cW�cgjcY]g�bU�Wgceĉ�d̀Ub�bwfacget�bU�gc��lgc��	��cVnŵ�

fgc]acfg]�decYh_gU�cdewYẁtwgft�riiw_g]Wbcfgqs�hdeUẀwb]t�deckwffca�dec]yWcYfgWU.

Pẁqs�̀cX]fg]lwf_]j�dcYjcYcW�W�hdeUẀwb]]�geUbfdcegca�gcd̀]Wbc-rbweXwg]lwf_cXc�

_cad̀w_fU�tẀtwgft�riiw_g]Wbcw�hdeUẀwb]w�aUgwe]Ùqbpa]�dcgc_Ua]��_cgcecw�cfbcWpWU�

wgft�bU�_c̀]lwfgWwbbpj�ckwb_Uj�jUeU_gweU�decgw_Ub]t�eUVcg��>ẁ]l]bU�dcgc_U�Ywbw[bpj�

yUgeUg�dc̀bcfgqs�yUW]f]g�cg�riiw_g]WbcXc�hdeUẀwb]t�geUbfdcegbĉ�fwgqs�gcd̀]Wbc-

rbweXwg]lwf_cXc�_cad̀w_fU�]�dcgc_Ua]�W�bŵ��

EcX]fg]lwf_]w�dcYjcYp�W�hdeUẀwb]]�]�acYẁ]ecWUb]w�eUVcgp�geUbfdcegbĉ�f]fgwap�

mUjgp,�dwewWcytnŵ�cfbcWbĉ�Xehycdcgc_,�dcyWc̀tg��

� dc̀hl]gq�W�hf̀cW]tj�bweUWbcawebpj�Xehycdcgc_cW��dcfghdUsn]j�bU�geUbfdceg�

bhs�f]fgwah�]y�yUVcwW��decXbcy]ehwap̂��̀wX_c�hdeUẀtwap̂�_cbwlbp̂�Xehycdc�

gc_�hX̀t��bUdeUẀwbbp̂�bU�dcXehy_h�dcgewV]gẁs�

� WpVeUgq�cdg]aÙqbpw�dUeUawgep�hfgeĉfgW��WjcYtn]j�W�geUbfdcegbhs�kwdcl_h�

dc�dwewawnwb]s�cfbcWbcXc�Xehycdcgc_U�
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� eUffl]gUgq�cVquap�YcVpl]�dc̀wybcXc�]f_cdUwacXc��dcyWc̀tsn]w�cdg]aÙqbc�

]fdc̀qycWUgq�]awsn]wft�geUbfdcegbpw�acnbcfg]�

� a]b]a]y]ecWUgq�cVoua�hXc̀qbpj�f_̀UYcW��lgc�dcyWc̀]g�fcjeUb]gq�_UlwfgWc�

decYh_k]]�]�fc_eUg]gq�eUfjcYp�bU�]j�fcYwe[Ub]w�

Decaw�gcXc��]biceaUk]cbbcw�cVwfdwlwb]w�̀cX]fg]lwf_cXc�hdeUẀwb]t�geUbfdcegbĉ�

f]fgwaĉ�mUjgp�]�]biceaUk]cbbpw�dcgc_]��]fdc̀qyhwapw�Ỳt�rgcXc�hdeUẀwb]t��cVowY]btg�

W�wY]bcw�kẁcw�cgYẁqbpw�geUbfdcegbpw�yWwbqt�̀cX]fg]lwf_ĉ�f]fgwap�]�dcyWc̀tg�cdweU�

g]Wbc�hdeUẀtgq�geUbfdcegbpa]�deckwffUa]��Cawbbc�gU_ĉ�dcYjcY�W�cdewYẁwb]]�cfbcWbpj�

dUeUawgecW�geUbfdcegbĉ�f]fgwap�dwewWcy_]�hX̀t�bU�mUjgw�]�]j�cdg]a]yUk]]�VhYwg�fdcfcV�

fgWcWUgq�fb][wb]s�geUbfdcegbpj�eUfjcYcW��U�ybUl]g�]�fwVwfgc]acfg]�hX̀t�

��������##��� ��������!%�����'���>cdecfUa�eUyeUVcg_]�̀cX]fg]lwf_]j�acYẁŵ�aUgw�

e]Ùqbpj�dcgc_cW�W�kwdtj�dcfgUWc_��]fdc̀qycWUb]t�awgcYcW�]a]gUk]cbbcXc�acYẁ]ecWUb]t��

eUyW]g]t�̀cX]fg]lwf_]j�dcYjcYcW�de]�ewmwb]]�decV̀wa�cdg]a]yUk]]�yUdUfcW�]�hdeUẀwb]t�yU�

geUgUa]�dcfWtnwbp�]ff̀wYcWUb]t�abcX]j�yUehVw[bpj�]�cgwlwfgWwbbpj�hlubpj��LU_��yUYUlU�dc�

fgecwb]t�̀cX]fg]lwf_ĉ�acYẁ]�hdeUẀwb]t�dec]yWcYfgWwbbpa]�ewfhefUa]�eUffaUge]WÙUfq�

<�>��F]nwb_c��F�>��FcX]̀qb]k_ĉ��E�C��NwYh̀cWĉ��Wcdecfp�icea]ecWUb]t�f]fgwap�hX̀w�

fVpgcWpj�ceXUbcW�W�hf̀cW]tj�dwewjcYU�bU�VwficbYcWcw�cVwfdwlwb]w�de]�detapj�fWtytj�dcgew�

V]gẁŵ�]�dcfgUWn]_cW�hX̀t�]yhlÙ]fq�W�eUVcgUj�<�<��Jwmwgbt_��A�>��De]_UWf_cXc��G�C��QhjeÛ��

decV̀waU�cdg]a]yUk]]�]�dcWpmwb]t�riiw_g]Wbcfg]�ihb_k]cb]ecWUb]t�geUbfdcegbc-f_̀UYf_]j�

f]fgwa�]ff̀wYcWÙUfq�?�C��GwlUwWpa��<�G��Kgwè]bXcWĉ��>�F��DheXUbcWpa��C�I��S̀qtmwW]�

lwa��@[��ReÛViwYweca [3]��Wcdecfp�]bWwfg]k]cbbpj�ewmwb]̂�]�_cbgec̀ ]̀bXU�W�decapm̀wb�

bĉ�̀cX]fg]_w�eUffacgewbp�>�C��KweXwwWpa��<�C��NwYcewb_c��I�<��LwewbgqwWpa�]�Ye.

>�eUVcgUj�O�LUjU�]�@��McgwefU [5]�eUffaUge]WUsgft�geUbfdcegbpw�acYẁ],�cfbcWUbbpw�bU�

gwce]]�aUffcWcXc�cVf̀h[]WUb]t��_cgcepwcd]fpWUsg�Y]bUa]_h�eUVcgp�geUbfdcegbĉ�fwg]�

dewYde]tg]t�W�̀sVĉ�acawbg�Wewawb]��HYbU_c��W�rg]j�eUVcgUj�bw�ewmwbU�decV̀waU�decXbcy]�

ecWUb]t�eUVcgp�geUbfdcegbĉ�fwg]��lgc�tẀtwgft�bwaÙcWU[bpa�r_cbca]lwf_]a�iU_gceca�

riiw_g]WbcXc�hdeUẀwb]t�geUbfdcegbĉ�f]fgwaĉ��Ẁ]tsn]a�bU�hecWwbq�fwVwfgc]acfg]�hX̀t.

>�eUVcgUj�N��OŵgU�eUffacgewbU�_̀Uff]lwf_Ut�geUbfdcegbUt�yUYUlU�Ỳt�ewmwb]t�cgYẁq�

bpj�decV̀wa�geUbfdcegbĉ�fwg]�bw_cgcecXc�dewYde]tg]t��_cgceUt�bw�de]wàwaU�Ỳt�gcd̀]Wbc-

rbweXwg]lwf_cXc�_cad̀w_fU��]awsnwXc�fWc]�jUeU_gwebpw�cfcVwbbcfg]��fWtyUbbpw�f�bÙ]l]wa�

fgUk]cbUebpj�geUbfdcegbpj�hỳcW.

K̀wYhwg�cfcVc�dcYlwe_bhgq��lgc�]awsn]wft�UbÙ]g]lwf_]w�awgcYp�gwjbc̀cX]lwf_]j�

eUflwgcW�bw�cgcVeU[Usg�r_cbca]lwf_]w�dc_UyUgẁ]�gwjbc̀cX]lwf_]j�deckwffcW��decgw_Us�

n]j�W�geUbfdcegbpj�f]fgwaUj��]�bw�cVwfdwl]WUsg�]j�decXbcy]ecWUb]w��deU_g]lwf_]�bw�hYw�

t̀wgft�Wb]aUb]w�eUyeUVcg_w�̀cX]fg]lwf_]j�acYẁŵ�hdeUẀwb]t�Xehycdcgc_Ua]�W�geUbfdceg�



3

bĉ�f]fgwaw�XcebcYcVpWUsnwXc�dec]yWcYfgWU��bw�eUffaUge]WUsgft�Wcdecfp�decXbcy]ecWU�

b]t�bUYw[bcfg]�ihb_k]cb]ecWUb]t�geUbfdcegbĉ�fwg]��bw�ewmUwgft�decV̀waU�decXbcy]ec�

WUb]t�r_cbca]lwf_]j�dc_UyUgẁŵ�eUVcgp�geUbfdcegbĉ�fwg]��lgc�tẀtwgft�bwaÙcWU[bpa�

iU_gceca��Ẁ]tsn]a�bU�fwVwfgc]acfgq�hX̀t [2], [4].

HYbcfgcecbb]̂�dcYjcY�fW]YwgẁqfgWhwg�c�bwYcfgUgclbc�X̀hVc_ca�dcb]aUb]]�WU[bcfg]�

r_cbca]_c-gwjbc̀cX]lwf_]j�dc_UyUgẁŵ�ihb_k]cb]ecWUb]t�mUjgp�Ỳt�aUe_wg]bXcWĉ�Ywt�

gẁqbcfg]�dewYde]tg]t�]�decWwYwb]t�]a�r_cbca]lwf_]�WpXcYbĉ�dc̀]g]_]��Decaw�gcXc��f]�

gwaU�bUhlbĉ�ceXUb]yUk]]�]�hdeUẀwb]t�dec]yWcYfgWca�bUdeUẀwbU�bU�cVwfdwlwb]w�Vwfdwew�

Vĉbĉ�eUVcgp�cl]fgbpj�]�dcYXcgcW]gẁqbpj�yUVcwW��]bgwbf]i]_Uk]s�deckwffU�geUbfdce�

g]ecWUb]t��lgc�Ycfg]XUwgft,�dew[Yw�WfwXc,�yU�flwg�hawbqmwb]t�decfgcwW�]�dwewepWcW�W�dec�

kwffw�YcVpl]�hX̀t�]�wXc�geUbfdceg]ecWUb]]��fcWawnwb]]�decfgcwW�W�eUỳ]lbpj�gwjbc̀cX]�

lwf_]j�yWwbqtj��hWty_]�dec]yWcY]gẁqbcfg]�YcVplbĉ�]�decjcYlwf_ĉ�gwjb]_]��U�gU_[w�dec�

dhf_bĉ�fdcfcVbcfg]�geUbfdcegbpj�aUX]fgeÙŵ [1].

LU_]a�cVeUyca,�b]y_]̂�hecWwbq�eUyW]g]t�gwce]]�f]fgwa�dcYywabcXc�geUbfdcegU�]�UbÙ]�

g]lwf_]j�awgcYcW�eUflwgU�gwjbc̀cX]lwf_]j�dUeUawgecW�]�dc_UyUgẁŵ�ihb_k]cb]ecWUb]t�W�

ybUl]gẁqbĉ�fgwdwb]�cVhf̀cW]̀�b]y_]w�r_fd̀hUgUk]cbbpw�_UlwfgWU�rg]j�f]fgwa�]�fgÙ�gce�

acyca�bU�dhg]�]j�fcWwemwbfgWcWUb]t��>�rgĉ�fWty]�eUyeUVcg_U�bUhlbpj�cfbcW�_cad̀w_fbcXc�

aUgwaUg]lwf_cXc�acYẁ]ecWUb]t�gwjbc̀cX]lwf_]j�deckwffcW�W�f]fgwaUj�dcYywabcXc�geUbf�

dcegU��dcWpmUsn]j�riiw_g]Wbcfgq�]j�gwjb]lwf_cXc�eUyW]g]t��tẀtwgft�U_ghÙqbĉ�bUhlbĉ�

decV̀waĉ��]awsnŵ�WU[bcw�XcfhYUefgWwbbcw�ybUlwb]w�

���+��##��� ��$��+#� ��"�� $*8dewỲc[]gq�awgcY�riiw_g]WbcXc�hdeUẀwb]t�ihb_�

k]cb]ecWUb]wa�geUbfdcegbĉ�fwg]�]�dcgc_cW�W�̀ cX]fg]lwf_]j�f]fgwaUj�gcd̀]Wbc-

rbweXwg]lwf_cXc�_cad̀w_fU�Vwy�yUawbp�geUbfdcegbpj�hfgeĉfgW��_cgcep̂�dcyWc̀]g�fc_eU�

g]gq�geUbfdcegbpw�eUfjcYp�bU�dwewWcy_h�hX̀t�_�dcgewV]gẁta�]�gwa�fUapa�fb]y]gq�wXc�fwVw�

fgc]acfgq�

��� ��������$�"�������"��%�+$�$*�@̀t�Ycfg][wb]t�dcfgUẀwbbĉ�kẁ]�ewmUwa�yU�

YUlh�hfgUbcẀwb]t�Ẁ]tb]t�decdhf_bĉ�fdcfcVbcfg]�geUbfdcegbpj�_caahb]_Uk]̂�f�hlwgca�

acnbcfgŵ�dcXehyclbc-eUyXehyclbpj�awjUb]yacW��wa_cfg]�f_̀UYcW�]�_c̀]lwfgWU�wY]b]k�

dcYW][bcXc�fcfgUWU�bU�f_cecfgq�]yawbwb]t�yUdUfU�hX̀t�W�bw_cgceca�geUbfdcegbca�hỳw�̀c�

X]fg]lwf_ĉ�kwd]�gcd̀]Wbc-rbweXwg]lwf_cXc�_cad̀w_fU��

L]d]lbUt�̀cX]fg]lwf_Ut�kwdq�gcd̀]Wbc-rbweXwg]lwf_cXc�_cad̀w_fU�]awwg�f̀wYhsnhs�

fgeh_gheh� e]f��
��

8 dewYde]tg]t�dec]yWcY]gẁ]�8�mUjgp��ehYb]_]�

8 eUfdewYẁ]gẁqbpw�kwbgep�8�f_̀UYp�]�YehX]w�ewyweW]ehsn]w�r̀wawbgp��cg�_c�

gcepj�fpequ�bUdeUẀtwgft�dcgewV]gẁta;
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8 dewYde]tg]t��_cgcepw�dweweUVUgpWUsg�fpequ�8�cVcXUg]gẁqbpw�iUVe]_];

8 dcgewV]gẁ]�8�_c_fcj]a]lwf_]w�yUWcYp��r̀w_gecfgUbk]]�]�Ye��

Ie]lwa��_U[Yp̂�]y�h_UyUbbpj�fgeh_ghebpj�r̀wawbgcW�fcYwe[]g�fWcs�geUbfdcegbhs�

fwgq�f�eUfdewYẁ]gẁqbpa]�dhb_gUa]� e]f�����

HfbcWbpa]�WpjcYbpa]�dcgc_Ua]�geUbfdcegbĉ�fwg]�mUjgp�tẀtsgft�dcgc_]�dwewWcyc_�

hX̀t��dcecYp��̀sYŵ�]�cVcehYcWUb]t��gewVhsnwXc�ewacbgU��HfbcWbpa]�WjcYbpa]�dcgc_Ua]�

wfgq�dcgc_]�bcWcXc�]�cgewacbg]ecWUbbcXc�cVcehYcWUb]t��̀sYŵ�]�WfdcacXUgẁqbpj�aUgw�

e]ÙcW�JUffacge]a�geUbfdcegbpw�dcgc_]��fWtyUbbpw�f�WpWcyca�]�YcfgUW_ĉ�dcgewV]gẁs�

hX̀t�]�WpYUl]�dcecYp.

Ihfgq�bw_cgcecw�XcebcYcVpWUsnww�dewYde]tg]w���fcYwe[]g�dhb_gp�)n, W�_cgcepj�cfhnw�

fgẀtwgft�dec]yWcYfgWc��dcgewV̀wb]w��dcXehy_U��dwewXehy_U��U__hah̀]ecWUb]w�hX̀t�]�dcecYp��

MXc̀q�]�dcecYh�W�YÙqbŵmwa�VhYwa�]awbcWUgq�decYh_gca�-�eUffaUge]WUwaĉ�cgeUf̀]��Ihb_�

gp�)n�W�fWcs�clwewYq�tẀtsgft�geUbfdcegbpa]�hỳUa]�Ỳt�eUỳ]lbpj�W]YcW�geUbfdcegU�(��[w�

ẁybcYcec[bp̂�]�_cbWŵwebp̂�geUbfdceg�bU�dcWwejbcfgbca�geUbfdcegbca�_cad̀w_fw��̀c_c�

acg]WbUt�cg_Ug_U��f_]dcWp̂�dcYowa�]̀]�_cbWŵwebp̂�geUbfdceg�Wbhge]�mUjgp��HVcybUl]a�

lwewy��T�abc[wfgWc�geUbfdcegbpj�hỳcW�XcebcYcVpWUsnwXc�dewYde]tg]t��g�w��TL L� ��Ihb_�

gp�dec]yWcYfgWU�]�dcgewV̀wb]t�fcwY]btsgft�_caahb]_Uk]ta]��bUde]awe� 1 T(l, l ) ��Dcaahb]_U�

k]t�dewYdc̀UXUwgft�ce]wbg]ecWUbbĉ�]y�)�W�)1��de]lwa�bU�_caahb]_Uk]]�aw[Yh�)�]�)1�YehX]w�

dhb_gp�cgfhgfgWhsg��_ecaw�gcXc�fl]gUwa��lgc�ac[wg�Vpgq�bw�Vc̀qmw�cYbĉ�_caahb]_Uk]]�]y�)�

W�)1��Icf̀wYbww�hf̀cW]w�bw�]f_̀slUwg�hf̀cW]t�cVowyYbcXc�dhg]� 2 T(l, l ) ��a]bhsnwXc�dhb_g�l1, 

de]�bÙ]l]]�YWhj�_caahb]_Uk]̂ 1 T(l, l ) ��]�1 2 T(l , l ) ��decjcYtn]j�lwewy�l1��g�w��decfgc�YWw�i]y]�

lwf_]�eUỳ]lbpw�YcecX]�aw[Yh�cY]bU_cWpa]�dhb_gUa]�eUffaUge]WUsgft�_U_�cYbU��Gw�Ycdhf�

_Uwa�fhnwfgWcWUb]w�_caahb]_Uk]̂� T(l, l) �f�bUlÙca�]�_cbkca�W�cYbca�]�gca�[w�dhb_gw.

HVcybUl]a�abc[wfgWc�Wfwj�_caahb]_Uk]̂�geUbfdcegU�XcebcYcVpWUsnwXc�_cad̀w_fU��

fWtyUbbpj�f�WpWcyca�]�YcfgUW_ĉ�decYh_gU,�lwewy��T��gcXYU

� �T 1 T 1 TA (l, l ) l, l L� � . (1)

K̀wYcWUgẁqbc��dUeU�abc[wfgW� T T(L , A )dewYfgUẀtwg�fcVĉ�XeUi�geUbfdcegbĉ�fwg]���

=hYwa�fl]gUgq�
1pkl lf (t)8�dcgc_�decYh_gU�-��de]WwywbbcXc�W�l1�dc�_caahb]_Uk]]� 1 T(l, l )

geUbfdcegca�k T� �W�acawbg�Wewawb]�0��U�
10kl lf (t)8�dcgc_�geUbfdcegU��de]VpWUsnwXc�]y�)�W�l1

dcec[bt_ca�]̀]�jc̀cfgĉ�jcY�eUVcgp�_cbWŵweU��HVawb�hX̀wa�-�aw[Yh�dhb_gUa]�)�]�l1��fc�

wY]bwbbpa]�_caahb]_Uk]ta]� 1 T(l, l ) �]�1 T(l , l) ��VhYwa�cd]fpWUgq�YWhat�Wfgewlbpa]�dcgc_Ua]�

1pkllf (t)�]�
1pkl lf (t) .
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J]f��
��KjwaU�acYẁ]�̀cX]fg]lwf_ĉ�fwg]�gcd̀]Wbc-rbweXwg]lwf_cXc�_cad̀w_fU

J]f�����KjwaU�̀c_ÙqbcXc�r̀wawbgU�̀cX]fg]lwf_ĉ�fwg]�gcd̀]Wbc-rbweXwg]lwf_cXc�_ca�
d̀w_fU�8�mUjgp

�"$!"�"�-�
��0+���#$���
#$�1&��

l

����$��$'0-
+���/�� �!&

l1

.�"��&�&��.�
!�1�(��$���

l2

����$��$'0-
+���/�� �!&

ln-1

�"&$���&��.

ln

2pkllf

1pkllf
1 2pkl lf

2 npkl lf

2 n 1pkl lf
�

n 1 npkl lf
�

npkllf

����$��$'0-
+���/�� �!&�%�
&��'+� ���#��
%" 

1plx (t)

���� m1

���� m2

���� m3

����$��$'0-
+���/�� �!&�%�
&��'+� ���#��
%" 

i 1plx (t)
�

i 1l �

���#"�"�
#"�,� 

1pmv�

���� mi ����$��$'0-
+���/�� �!&�%
&��'+� ���#��
%" 

iplx (t)

2pmv� ipmv�

3pmv�

1 2pkl lf

i 1 i

n

pkl l
i 1

f
�

�
	

i i 1

n

pkl l
i 1

f
�

�
	

�
�
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Ic̀UXUwa��lgc�aw[Yh�dhb_gUa]�)n�de]�geUbfdceg]ecWUb]]�decYh_gU�-�]yawbwb]w�Wẁ]l]�

bp�wXc�dcgc_U�bw�dec]fjcY]g�]̀]�rg]�]yawbwb]t�bUfgc̀q_c�aÙp��lgc�b]a]�ac[bc�dewbwV�

ewlq��LU_]a�cVeUyca��]yawbwb]w�Wẁ]l]bp�dcgc_U�decYh_gU�-�Wcyac[bc�gc̀q_c�W�dhb_gUj�)n

]��f̀wYcWUgẁqbc��W�rg]j�dhb_gUj�ac[wg�cVeUycWpWUgqft�yUdUf�decYh_gU�-��de]lwa�cb�ac[wg�

Vpgq�dc̀c[]gẁqbpa��bUde]awe�]yVpgc_�Xcebĉ�aUffp�bU�f_̀UYw�]̀]�W�Vhb_wew��gU_�]�cge]�

kUgẁqbpa�8�bwYcfgUlU�Xcebĉ�aUffp�

BbUt�]bgwbf]Wbcfgq�]yawbwb]t�yUdUfcW�hX̀t�]̀]�dcecYp�W�dhb_gUj�)n,�ap�ac[wa�hdeUẀtgq�

eUVcgĉ�geUbfdcegbĉ�f]fgwap�_U_�bU�hecWbw�WpVceU�cfbcWbpj�dUeUawgecW�ww�fcfgUẀtsn]j�

_cadcbwbgcW� dcXehyclbc-eUyXehyclbpj�awjUb]yacW��Vhb_wecW��_cbWŵwecW��f_]dcW�]�g�Y����gU_�

]�bU�hecWbw�cVeUgbpj�fWtyŵ�f�hlwgca�Y]bUa]_]�dec]fjcYtn]j�deckwffcW�de]�YW][wb]]�dc�

gc_cW�Xcebĉ�aUffp� Wewawbwa�dcYUl]�fcfgUWcW�dcY�dcXehy_h�]�eUyXehy_h��f_cecfgqs�eUVcgp�

dcXehyclbc-geUbfdcegbpj�awjUb]yacW�]�aUm]b��]bgweWÙUa]�eUyXehy_]�Vhb_wecW�]�eUVcgĉ�

f_]dcWcXc�dcYowaU�]�g�d���f�gwa��lgcVp�]f_̀sl]gq�_U_�]yVpgc_�]̀]�bwYcfgUgc_�Xcebĉ�aUffp�W�

dcXehyclbc-eUyXehyclbpj�dhb_gUj��gU_�]�decfgc]�cgYẁqbpj�yWwbqwW�geUbfdcegbĉ�f]fgwap�]�

jc̀cfgpw�ew[]ap�]j�eUVcgp��Cbpa]�f̀cWUa]��cVwfdwl]WUwgft�fVÙUbf]ecWUbbUt�eUVcgU�̀cX]�

fg]lwf_ĉ�f]fgwap�gcd̀]Wbc-rbweXwg]lwf_cXc�_cad̀w_fU��Icrgcah��heUWbwb]t,�cdewYẁtsn]w�

f_cecfgq�]yawbwb]t�yUdUfcW�decYh_gU�-�W�geUbfdcegbpj�hỳUj�)n,�VhYwa�fcfgUẀtgq�bU�cfbcWw�

fVÙUbf]ecWUbbĉ�eUVcgp�yWwbqwW�geUbfdcegbĉ�kwd]�]�bUypWUgq�]j�VÙUbfcWpa]�fccgbcmw�

b]ta]�]̀]�VÙUbfca�fccgWwgfgWhsn]j�geUbfdcegbpj�deckwffcW.

Cawwa�bw_cgcepw�ewyh̀qgUgp��U�]awbbc��VÙUbfcWpw�fccgbcmwb]t�dwewWcyc_��dcXehyc_��

eUyXehy_]�]�decfgcwW�geUbfdcegU��VÙUbf�dcec[bwXc�geUbfdcegU��VÙUbfp�f_̀UY]ehwacXc�]�bw�

f_̀UY]ehwacXc�decYh_gU�Ỳt�_U[YcXc�W]YU�geUbfdcegU�W�geUbfdcegbĉ�fwg]�XcebcYcVpWUs�

nwXc�_cad̀w_fU�

IewYfgUW]a�VÙUbfcWpw�fccgbcmwb]t��_cgcepw�fWtypWUsg�Wfw�W]Yp�geUbfdcegU�f�dec]y�

WcYfgWwbbpa]�r̀wawbgUa]. GUde]awe��VÙUbf�decYh_k]]��_cgceUt�f_̀UY]ehwgft�W�geUbf�

dcegbca�hỳw�l,�]awwg�W]Y�

p pl

pl pkl pkl pkl pm p
k T m Lm E

x (t) [g (t) g (t )] v (t) v (t)
�

� � � � �

� ��

� � �� � �	 	 	� , (2)

XYw plx (t)� 8f_cecfgq�]yawbwb]t�dcgc_U�decYh_gU�-�W�geUbfdcegbca�hỳw�)�

pklg (t)� 8�dcgc_�decYh_gU�-��dcXeh[wbbcXc�W�dhb_gw�)�bU�geUbfdceg�(�W�acawbg�

Wewawb]�0�

pklg (t)� 8�dcgc_�decYh_gU�-��eUyXeh[UwacXc�W�dhb_gw�)�f�geUbfdcegU�(�W�acawbg�

Wewawb]�0�

p

pkl pkl pkl
k T

[g (t) g (t )]� � �

�

� ��	 8�fhaaUebp̂�dcgc_�cfgUWm]̂ft�dcf̀w�yUXehy_]�]�WpXehy�
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_]�decYh_gU�-�

pkl
�� 8�decYc̀[]gẁqbcfgq�dcXehy_]�decYh_gU�-��eUyXeh[UwacXc�W�dhb_gw�)�W�

geUbfdceg�(�

pl

pm
m E

v (t)
�

�

�
	 8�fhaaUebp̂�WpjcYbĉ�dcgc_�decYh_gU�-�bw_cgcecXc�dec]yWcYfgWwb�

bcXc�r̀wawbgU�* ̀UWU��decjcY_U��cVcXUg]gẁqbUt�iUVe]_U��

p
m L

v (t)�

�
	 8fhaaUebp̂�WjcYbĉ�dcgc_�decYh_gU�-�bw_cgcecXc�dec]yWcYfgWwbbcXc�

r̀wawbgU�*�

x
pl 0 pl lx (t ) fix, x 0, p J� � � ;

plx (t) 8gw_hn]̂�yUdUf�decYh_gU�-�W�Vhb_wew�]̀]�bU�f_̀UYw�geUbfdcegbcXc�hỳU�);

pmv� 8�WpjcYbĉ�dcgc_�decYh_gU�-�Ỳt�bw_cgcecXc�dec]yWcYfgWwbbcXc�r̀wawbgU�m

 ̀UWU��decjcY_U�bU�mUjgw��f_̀UY��Vhb_we�bU�cVcXUg]gẁqbĉ�iUVe]_w��

pv�8�WjcYbĉ�dcgc_�hX̀t�bU�cVcXUg]gẁqbĉ�iUVe]_w� Ỳt�dcYywabcXc�geUbfdcegU�

rgU�Wẁ]l]bU�eUWbU�bh̀s��

plE�8�abc[wfgWc�dec]yWcYfgWwbbpj�r̀wawbgcW�*��Wpdhf_Usn]j�]�dcfgUẀtsn]j�

decYh_g�-�W�dhb_g�)�

T 8�abc[wfgWc�W]YcW�geUbfdcegU k,�dwewWcytnwXc�decYh_g�-�

x
lJ 8�abc[wfgWc�f_̀UY]ehwapj�W�dhb_gUj�l�decYh_gcW p.

Ie]�rgca�eUyXehy_h�fl]gUwa�hawbqmwb]wa�dcgc_U��U�dcXehy_h�wXc�hWẁ]lwb]wa�

<bÙcX]lbc�ac[bc�yUd]fUgq�VÙUbf�dcgc_U�YcVpWUwacXc�decYh_gU��VÙUbf�dcec[bwXc�

geUbfdcegU��VÙUbf�dcdhgbc�dwewWcy]apj�decYh_gcW�]�g��Y�

�*� �*�����!"�����������+���)�&��##��� ������Ic̀hlwbbpw�VÙUbfcWpw�fccgbcmw�

b]t��dewYfgUẀtsn]w�fcVĉ�cVowY]bwbbp̂�cdweUgce�d̀Ub]ecWUb]t�geUbfdcegbĉ�fwg]�]�dc�

gc_cW�W�bŵ��dcyWc̀tsg�hl]gpWUgq�bwYcfgUg_]�fhnwfgWhsn]j�fdcfcVcW�hdeUẀwb]t��lgc�fdc�

fcVfgWhwg�Vc̀ww�riiw_g]Wbcah�hdeUẀwb]s�geUbfdcegbĉ�fwgqs�gcd̀]Wbc-rbweXwg]lwf_cXc�

_cad̀w_fU��M_UyUbbpw�YwgÙ]y]ecWUbbpw�̀cX]fg]lwf_]w�acYẁ]�dcyWc̀tsg�YcfgUgclbc�bU�

Yw[bc�decXbcy]ecWUgq�eUVcgh�geUbfdcegbĉ�fwg]�]�fb]y]gq�yUgeUgp�bU�geUbfdceg]ecW_h�]�

jeUbwb]w�hX̀t�

Iwefdw_g]Wĉ�YÙqbŵm]j�bUhlbpj�]ff̀wYcWUb]̂�tẀtwgft�eUyeUVcg_U�acYẁ]�decXbcyU

]yawbwb]t�_c̀]lwfgWU�hX̀t�W�geUbfdcegbpj�hỳUj� c̀X]fg]lwf_ĉ�kwd]�gcd̀]Wbc-

rbweXwg]lwf_cXc�_cad̀w_fU.
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M�fgUggw�W]_̀UYwbc�ewyh̀qgUg]�dcVhYcW]�w_cbcaw_c-aUgwaUg]lbcx�acYẁw�hdeUẀwbbt��

WbhgewmbqcmUjgb]a�geUbfdcegca��BUdecdcbcWUbU� c̀Xwfg]lbU�acYẁq�yUfbcWUbU�bU�

W]_ce]fgUbbw�w_cbcaw_c-aUgwaUg]lb]j�awgcYwW��yU�YcdcacXcs�t_]j�fgWcewbc�VÙUbfcWw�

fdwWWwYbcmwbbt, t_w�W]WlUsgq�W_UyUbw�deckwf]��Dcew_gbc�f_̀UYwbU�acYẁq� UYw_WUgbU��

YcfgcWwebU��dcWbU��aUfmgUVcWUbU��YcyWc̀tv�W]_ce]fgcWhWUg]�ewyh̀qgUg]�acYẁsWUbbt�bU�

deU_g]kw��YcftXUsl]�ewyh̀qgUgwW��V̀]yq_]j�Yc�cge]aUb]j�de]�acYẁsWUbbw��>decWUY[wbbt�h�

W]ecVb]kgWc�ecyecV̀wbcx�acYẁw�yUVwydwlhv�dwYW]nwbbt�wiw_g]Wbcfgw�hdeUẀwbbt�geUbfdceg�

b]a]�awew[Ua]�dÙ]Wbc-wbweXwg]lbcXc�_cad̀w_fh��nc�fde]tv�ybUlbcah�yb][wbbs�cV�vah�

cdweUg]Wb]j�W]geUg�W�̀Ubksyw�fgWcewbbt�WUegcfgw�_wbkwWcXc�decYh_gh.

A mathematical model  a mine transport frame is considered in the article. The offered logistic 

*,#A)�'L�! LA#�,+�0&A�1LA�,%�aUgwaUg]lf_]j�*A0&,#L�!4�2&'"&�! ) +"A�",..A) 0',+L� .A�".A 0A#�0&A�

describing studied processes. The correctly made model (adequate, reliable, complete, scaleable) 

allows to draw on design results in practice, arriving at results, near to got at a design. Application in 

the production of the developed model provides the increase of efficiency of management transport 

networks of fuel and energy complex, that is instrumental in the considerable decline of volume of 

operative expenses in the chain of creation of cost of the finished good.


