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Ïðèíöèïû òðàíñïîðòíîãî ðàâíîâåñèÿ (Wardrop)
◮ Âðåìÿ ïóòè âñåõ ìàðøðóòîâ, êîòîðûå íà ñàìîì äåëåèñïîëüçóþòñÿ îäíî è òî æå è ìèíèìàëüíî ïî ñðàâíåíèþ ñòåì, êîòîðîå çàòðàòèë áû îäèí àâòîìîáèëü íà ëþáîéíåèñïîëüçîâàííîé äîðîãå
◮ Ñðåäíåå âðåìÿ ïóòåøåñòâèÿ ìèíèìàëüíî



Ïåðåìåííûå ìîäåëèG = (V ,E ) òðàíñïîðòíàÿ ñåòü (îðãðà� );W ⊂ V × V ìíîæåñòâî ïàð ïîñòàâùèê-ïîòðåáèòåëü;Psd ⊂ ∪k{s} × V k × {d} ìíîæåñòâî ìàðøðóòîâ s → d ;x = {xp , p ∈ Pw ,w ∈W } ïîòîêè ïî ìàðø-ðóòàì ïîñòàâùèê-ïîòðåáèòåëü;y = {ye , e ∈ E} ïîòîêè ïî äóãàì ( = Ax );



Ýêîíîìèêà
(y) = {
e(y), e ∈ E} èçäåðæêè ïî äóãàì;g(x) (= g̃(y)) èçäåðæêè ïî ìàðøðóòàì;
π(x) = {πs(x), (s, ·) ∈W } öåíû ïîñòàâùèêà;
σ(x) = {σd (x), (·, d) ∈ W } öåíû ïîòðåáèòåëÿ;
τ(x) = {τp(x), p ∈ Pw ,w ∈ W } òðàíñïîðòíûå èçäåðæ-êè ïî ìàðøðóòàì;Wardrop:Äëÿ ïàðû w = (s, d) è ìàðøðóòà p ∈ Pw ïîòîêxp > 0 òîëüêî òîãäà, êîãäà σd (x) ≥ πs(x) +

τp(x).



ÌàòåìàòèêàWardrop ( êàê íåëèíåéíàÿ êîìïëåìåíòàðíîñòü ):xp(τp(x) + πs(x) − σd (x)) = 0, p ∈ Pwxp ≥ 0, τp(x) + πs(x) − σd (x) ≥ 0, p ∈ PwÂàðèàöèîííîå íåðàâåíñòâî:G (x⋆)(x − x⋆) ≥ 0 äëÿ ëþáîãî x ≥ 0,ãäå G (x) = πs(x) + τp(x) − σd (x) ≥ 0, p ∈ PwÁîëåå àäåêâàòíàÿ ìîäåëè ïîòðåáèòåëåé è ïðîèçâîäèòåëåé �âàðèàöèîííî-ïîäîáíûå íåðàâåíñòâà:G (x̃⋆)(F (x̃ ) − F (x̃⋆)) ≥ 0 äëÿ ëþáîãî x̃ ∈ X
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Òåñòîâàÿ çàäà÷à (D. Bertse
as) � çàêàç íà ïåðåâîçêè1
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Òåñòîâàÿ çàäà÷à (D. Bertse
as) � ðåøåíèå çàäà÷è
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Òåñòîâàÿ çàäà÷à (D. Bertse
as) � êîìïëåìåíòàðíîñòü
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Case studiesÂðåìÿ Ê-âî âåðøèí Ê-âî äóã Ìåñòî1950-1960 600 50001980-1990 1790 ? Chi
ago? ? Sto
kholm? ? Winnipeg? ? Texas? ? Riyadh, Saudi Arabia2001-2003 ? ? Santiago



Ïðîãðàììíîå îáåñïå÷åíèåÑèñòåìà Ïðîèçâîäèòåëü ÑòðàíàCUBE Citilab USAEMME/2 Uni Montreal CanadaVision PTV GermanyQui
k Response Systems II AJH Asso
iates USASATURN Uni Leeds UKTransCAD Caliper Corp. USAESTRAUS ? Chile
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îðò Âëàäèâîñòîê

Íà÷àëüíîå ñîñòîÿíèå:
◮ Îáùàÿ ïîòðåáíîñòüâ ïåðåâîçêàõÀýðîïîðò-Âëàäèâîñòîê �6.
◮ Çàòðàòû íà ïðîåçä� 90.
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Íà÷àëüíîå ñîñòîÿíèå 
Èãîðíîé Çîíîé:
◮ Çàòðàòû íà ïðîåçä� 90.
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ã. Àðòåì
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îðò Âëàäèâîñòîê

Ïîñòðîåíî øîññå 1:
◮ Çàòðàòû íà ïðîåçä� 84.88;
◮ Âåðõíèé ìàðøðóò� 3.17;
◮ Íèæíèé ìàðøðóò� 2.83.
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Ïîñòðîåíî øîññå 2:
◮ Çàòðàòû íà ïðîåçä� 83 ó.å.
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ã. Àðòåì

Àýðîï
îðò Âëàäèâîñòîê

Ïîñòðîåíî øîññå 3:
◮ Çàòðàòû íà ïðîåçä� 92 ó.å. !!!
◮ Âåðõíèé ìàðøðóò� 2;
◮ Íèæíèé ìàðøðóò� 2;
◮ Íèæíå-âåðõíèéìàðøðóò � 2.Çàòðàòû âûøå, ÷åì ïåðâîíà÷àëüíûå, äî ñòðîèòåëüñòâà øîññå
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Çàãðóçêà ìîñòà:
1401 ÀÒÑ â ÷àñ íà ïîëîñó
140% îò ìàêñèìàëüíîéçàãðóçêè ïîëîñû



Ïðîåêöèÿ íà âíåøíå çàäàííûå ïîëèýäðû
Ïîëèýäð C âî âíåøíåì ïðåäñòàâëåíèèC = {x : Ax ≤ b} (1)A � m × n ìàòðèöà, b � m-âåêòîð.Çàäà÷à ïðîåêöèè: min ‖x‖2x ∈ C = ‖x⋆‖2 (2)



Ñóùåñòâóåò Γ > 0 òàêîå, ÷òî ïðè âñåõ γ ≥ Γ çàäà÷è (2)ñâîäèòñÿ ê âû÷èñëåíèþ minu {φ(u) − u}ãäå
φ(u) = minx ∈ D(u) 1/2‖x‖2ãäå D(u) = 
o{0, γĀi}.

φ(u) � êóñî÷íî-êâàäðàòè÷íàÿ.



Ïðè Γ = ∞ �óíêöèÿ φ(u) � ïðîñòî êâàäðàòè÷íàÿ ñ φ(0) = 0.Òîãäà φ(u) = φ(1)u2 è ñëåäîâàòåëüíî äëÿ ðåøåíèÿ çàäà÷èminu{φ(u) − u} äîñòàòî÷íî âû÷èñëèòü φ(1).×èñëåííûå ýêñïåðèìåíòûvars 
nstr it-
on std it-
g std50 100 14.200 2.5257 195.30 31.99050 110 15.250 2.3368 192.05 37.86150 120 16.300 2.3418 174.80 36.29550 130 17.650 1.8432 166.25 29.49060 100 13.900 1.9974 366.85 58.66660 110 15.050 1.7911 359.30 68.34160 120 16.150 2.2542 324.95 37.90960 130 16.800 2.2618 313.10 42.87470 100 12.600 2.0105 538.95 71.05370 110 13.500 2.1885 555.90 70.79670 120 14.400 1.9841 559.00 68.33070 130 15.800 2.1423 535.95 61.04380 130 14.150 3.1669 774.95 72.097


