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Â ñòàòüå ðàññìàòðèâàåòñÿ ïîäõîä ê îïòèìèçàöèè ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà äëÿ òðàíñïîðòè-
ðîâêè çàãîòîâîê, ïîëóôàáðèêàòîâ è ãîòîâûõ èçäåëèé ìåæäó öåõàìè è ñêëàäàìè êðóïíûõ ìàøèíîñòðîèòåëü-
íûõ ïðåäïðèÿòèé. Äëÿ íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ ïðîèçâîäñòâåííîãî ïðîöåññà íóæíà ðàçâèòàÿ ñèñòåìà 
òðàíñïîðòèðîâàíèÿ è õðàíåíèÿ çàãîòîâîê, ïîëóôàáðèêàòîâ è ãîòîâûõ èçäåëèé. Íà êðóïíûõ ïðåäïðèÿòèÿõ öåõà  
ñêëàäñêèå ïîìåùåíèÿ ÷àñòî çíà÷èòåëüíî ðàçíåñåíû â ïðîñòðàíñòâå, è äëÿ òðàíñïîðòèðîâêè çàãîòîâîê, ïîëó-
ôàáðèêàòîâ è ãîòîâûõ èçäåëèé íà íèõ èñïîëüçóþò àâòîìîáèëüíóþ òåõíèêó.
Âðåìÿ íà ïåðåìåùåíèå çàãîòîâîê, ïîëóôàáðèêàòîâ è ãîòîâûõ èçäåëèé ìåæäó öåõàìè è ñêëàäàìè íà ïðåäïðè-
ÿòèè ÿâëÿåòñÿ áåñïîëåçíî çàòðà÷åííûì è óâåëè÷èâàåò ñåáåñòîèìîñòü âûïóñêàåìîé ïðîäóêöèè. Ïîýòîìó îïòè-
ìèçàöèÿ ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà ïðè ïåðåâîçêàõ çàãîòîâîê, ïîëóôàáðèêàòîâ è ãîòîâûõ èç-
äåëèé ìåæäó öåõàìè è ñêëàäàìè ïîçâîëèò ñîêðàòèòü âðåìÿ òåõíîëîãè÷åñêèõ ïðîöåññîâ èçãîòîâëåíèÿ èçäåëèé, 
âûïóñêàåìûõ ìàøèíîñòðîèòåëüíûì ïðåäïðèÿòèåì, à ñëåäîâàòåëüíî, îïòèìèçèðîâàòü åãî ïðîèçâîäñòâåííûé 
ïðîöåññ. Òàêèì îáðàçîì, ïîèñê îïòèìàëüíîãî ìàðøðóòà ïåðåìåùåíèÿ àâòîìîáèëüíîãî òðàíñïîðòà ïî òåððè-
òîðèè ïðåäïðèÿòèÿ ÿâëÿåòñÿ âåñüìà àêòóàëüíîé çàäà÷åé.
Çàäà÷à íàõîæäåíèÿ îïòèìàëüíîãî ìàðøðóòà îòíîñèòñÿ ê îáëàñòè êîìáèíàòîðíîé îïòèìèçàöèè, à òàêæå ðàñ-
ñìàòðèâàåòñÿ â òåîðèè èññëåäîâàíèÿ îïåðàöèé è èçâåñòíà ïîä îáùèì íàçâàíèåì êàê «çàäà÷à êîììèâîÿæåðà». 
Çàäà÷à êîììèâîÿæåðà îòíîñèòñÿ ê ÷èñëó òðàíñâû÷èñëèòåëüíûõ. Âñå ýôôåêòèâíûå (ñîêðàùàþùèå ïîëíûé 
ïåðåáîð) ìåòîäû ðåøåíèÿ çàäà÷è êîììèâîÿæåðà ÿâëÿþòñÿ ýâðèñòè÷åñêèìè. Â áîëüøèíñòâå ýâðèñòè÷åñêèõ 
ìåòîäîâ íàõîäèòñÿ íå ñàìûé ýôôåêòèâíûé ìàðøðóò, à åãî ïðèáëèæåííîå ðåøåíèå – áàçîâûé ìàðøðóò. Íà 
ñëåäóþùåì ýòàïå ýòî ïðèáëèæåííîå ðåøåíèå óëó÷øàþò.
Â ñòàòüå ïðèâîäÿòñÿ ðåçóëüòàòû ñðàâíèòåëüíîãî àíàëèçà ðÿäà ìåòîäîâ (àëãîðèòìîâ) ðåøåíèÿ çàäà÷è êîì-
ìèâîÿæåðà, íà îñíîâå êîòîðîãî äëÿ ðåøåíèÿ çàäà÷è îïòèìèçàöèè ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà 
êðóïíûõ ìàøèíîñòðîèòåëüíûõ ïðåäïðèÿòèé ïðåäëàãàåòñÿ èñïîëüçîâàòü ëèáî àëãîðèòì Ëèòòëà ëèáî àëãîðèòì 
ìóðàâüèíûõ êîëîíèé. Äàåòñÿ ïîñòàíîâêà çàäà÷è îïòèìèçàöèè ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà ïðè 
ó÷àñòèè åãî â ïðîèçâîäñòâåííîì ïðîöåññå êðóïíûõ ìàøèíîñòðîèòåëüíûõ ïðåäïðèÿòèé, ïðåäëàãàåòñÿ ïðîöåäó-
ðà ðàñ÷åòîâ ïðè ðåøåíèè çàäà÷è – ïðèìåð ðåøåíèÿ êîíêðåòíîé çàäà÷è ñ ïîìîùüþ ðàçðàáîòàííûõ ïðîöåäóðû 
ðàñ÷åòà è êîìïüþòåðíîé ïðîãðàììû «Çàäà÷à êîììèâîÿæåðà» (ðàçðàáîòàíà íà ÿçûêå Ïàñêàëü â ïðîãðàììíîé 
ñðåäå Delphi 7).
Ïðåäëàãàåìûé ïîäõîä ê ðåøåíèþ çàäà÷è îïòèìèçàöèè ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà ïðè ó÷àñòèè 
åãî â ïðîèçâîäñòâåííîì ïðîöåññå êðóïíûõ ìàøèíîñòðîèòåëüíûõ ïðåäïðèÿòèé ïîçâîëÿåò ñîêðàòèòü âðåìÿ íà 
òðàíñïîðòèðîâêó çàãîòîâîê, ïîëóôàáðèêàòîâ è ãîòîâûõ èçäåëèé ìåæäó öåõàìè è ñêëàäàìè ïðåäïðèÿòèé, ò.å. 
ñîêðàòèòü âðåìÿ íà âñïîìîãàòåëüíûå îïåðàöèè è, êàê ñëåäñòâèå, ïîâûñèòü ïðîèçâîäèòåëüíîñòü è ñíèçèòü ñåáå-
ñòîèìîñòü âûïóñêàåìîé ïðîäóêöèè. Êðîìå òîãî, ñîêðàùåíèå ìàðøðóòà ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñ-
ïîðòà ñíèæàåò ýêñïëóàòàöèîííûå çàòðàòû íà ñîäåðæàíèå àâòîìîáèëåé.
Êëþ÷åâûå ñëîâà: ïðîèçâîäñòâåííûé ïðîöåññ; ìàøèíîñòðîèòåëüíîå ïðåäïðèÿòèå; çàäà÷à êîììèâîÿæåðà; âû-
áîð àëãîðèòìà ðåøåíèÿ çàäà÷è êîììèâîÿæåðà; îïðåäåëåíèå îïòèìàëüíîãî ìàðøðóòà ïåðåìåùåíèÿ àâòîìî-
áèëüíîãî òðàíñïîðòà.
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The paper considers approach to optimization of automotive transport movements for transportation of billets, semi-
finished and finished goods between shop floors and warehouses of large machine-building enterprises. For the nor-
mal functioning of the production process a developed system of transportation and storage of billets, semi-finished 
and finished goods is needed. In large enterprises shop floors and warehouses are usually significantly separated in 
space and for transportation of billets, semi-finished and finished goods the automotive transport is used.
Time needed to move of billets, semi-finished and finished goods between shop floors and warehouses in the enter-
prise is useless and increases production costs. Therefore, optimization of the movements of automotive transport 
when moving billets, semi-finished and finished goods between shop floors and warehouses will reduce the time of 
technological processes for products manufacturing produced by the machine building enterprise, and thus to opti-
mize the production process. Thus, the search for the optimal route movement of automotive transport on the territory 
of the enterprise is a very important task.
The problem of finding the optimal route is in the field of combinatorial optimization, as well as considered in the 
theory of operations research and is known under the general name as “traveling salesman problem”. Traveling sales-
man problem is one of the transcomputational. All effective (reducing the exhaustive search) methods for solving the 
traveling salesman problem are heuristic. In most of heuristic methods not the most efficient route is obtained, and its 
approximate solution is a basic route. The next step is to improve the approximate solution.
The article presents the results of a comparative analysis of a number of methods (algorithms) for solving the travel-
ing salesman problem on the basis of which to solve the problem of optimization of automotive transport of large 
machine-building enterprises is proposed to use either the Little algorithm or ant colony algorithm. The statement of 
the problem of optimization of automotive transport movement during its work for manufacturing process of large 
machine-building enterprises is given, the procedure of calculations to solve the problem is shown, an example of 
solving a particular problem with the help of the developed “traveling salesman problem” procedure of calculation 
and the computer program (developed on Pascal in Delphi 7).
The proposed approach to solving the problem of optimizing automotive transport movements during its work in 
the production process of large machine-building enterprises can reduce the time for transportation of billets, semi-
finished and finished goods between shop floors and warehouses, which means that it is possible to reduce the time 
of subsidiary operations, and as a consequence, increase productivity and reduce production costs. In addition, the 
reduction of the displacement route of automotive transport reduces the operating costs of automobiles maintenance.
Keywords: manufacturing process, machine-building enterprise, traveling salesman problem, selection of algorithm 
for solving the traveling salesman problem, determining the optimal route for automotive transport movements.

 Ââåäåíèå
Êàê èçâåñòíî [1–4], ïðîèçâîäñòâåííûé 

ïðîöåññ – ýòî ðåãëàìåíòèðîâàííîå âçàèìî-
äåéñòâèå ïîòîêîâ ìàòåðèàëîâ, ýíåðãèè è èí-
ôîðìàöèè â öåëÿõ ïðîèçâîäñòâà ìàòåðèàëü-
íîé ïðîäóêöèè. Îïðåäåëÿþùóþ ðîëü èãðàþò 
ïîòîêè îñíîâíûõ è âñïîìîãàòåëüíûõ ìàòåðè-
àëîâ, èõ äâèæåíèå è ïðåîáðàçîâàíèå; ïîòîêè 
ýíåðãèè è èíôîðìàöèè îáåñïå÷èâàþò ýòè ïðî-
öåññû, äåëàþò èõ âîçìîæíûìè. Âñå âçàèìîäåé-
ñòâèÿ â ðàìêàõ ïðîèçâîäñòâåííîãî ïðîöåññà 
ÿâëÿþòñÿ òåõíîëîãè÷åñêèìè. 

Äëÿ íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ ïðîèç-
âîäñòâåííîãî ïðîöåññà íóæíà ðàçâèòàÿ ñèñòå-
ìà òðàíñïîðòèðîâàíèÿ è õðàíåíèÿ çàãîòîâîê, 
ïîëóôàáðèêàòîâ è ãîòîâûõ èçäåëèé. Õîòÿ äëÿ 
òðàíñïîðòèðîâêè çàãîòîâîê, ïîëóôàáðèêàòîâ 
è ãîòîâûõ èçäåëèé ìåæäó öåõàìè è ñêëàäàìè 
÷àùå ïðèìåíÿþò ðàçëè÷íîãî ðîäà êîíâåéåðû,  
íà êðóïíûõ ïðåäïðèÿòèÿõ öåõà è ñêëàäñêèå ïî-
ìåùåíèÿ ÷àñòî çíà÷èòåëüíî ðàçíåñåíû â ïðî-
ñòðàíñòâå, è äëÿ òðàíñïîðòèðîâêè çàãîòîâîê, 
ïîëóôàáðèêàòîâ è ãîòîâûõ èçäåëèé íà íèõ èñ-
ïîëüçóþò àâòîìîáèëüíóþ òåõíèêó [3, 4].

Êàê îòìå÷àåòñÿ [3], ëþáîå âðåìÿ ôóíêöèîíè-
ðîâàíèÿ, êîãäà òåõíîëîãè÷åñêèé ïðîöåññ ïðå-
ðûâàåòñÿ, ÿâëÿåòñÿ áåñïîëåçíî çàòðà÷åííûì, 

ïîòåðÿííûì äëÿ îñíîâíîãî ôóíêöèîíàëüíîãî 
íàçíà÷åíèÿ. Ïîýòîìó âðåìÿ íà ïåðåìåùåíèå 
çàãîòîâîê, ïîëóôàáðèêàòîâ è ãîòîâûõ èçäåëèé 
ìåæäó öåõàìè è ñêëàäàìè íà ïðåäïðèÿòèè ÿâ-
ëÿåòñÿ áåñïîëåçíî çàòðà÷åííûì è óâåëè÷èâàåò 
ñåáåñòîèìîñòü âûïóñêàåìîé ïðîäóêöèè.

Êðîìå òîãî ïðàâèëüíûé âûáîð ñðåäñòâ 
òðàíñïîðòèðîâàíèÿ, çàãðóçêè, íàêîïëåíèÿ 
è ñêëàäèðîâàíèÿ èçäåëèé íåïîñðåäñòâåííî 
âëèÿåò íà íàäåæíîñòü, ïðîèçâîäèòåëüíîñòü è 
ýêñïëóàòàöèîííûå çàòðàòû ïðîèçâîäñòâåííûõ 
ñèñòåì. [5].

Íî íå âñåãäà âîçìîæíî îòêàçàòüñÿ îò èñ-
ïîëüçîâàíèÿ àâòîìîáèëüíîé òåõíèêè â ïðî-
èçâîäñòâåííîì ïðîöåññå, â ÷àñòíîñòè äëÿ 
òðàíñïîðòèðîâêè çàãîòîâîê, ïîëóôàáðèêàòîâ 
è ãîòîâûõ èçäåëèé ìåæäó öåõàìè è ñêëàäà-
ìè. Òàê, íàïðèìåð, ó ÎÀÎ ÕÊ «Êîëîìåíñêèé 
çàâîä» ïëîùàäü òåððèòîðèè ïðîèçâîäñòâåííîé 
çîíû ñîñòàâëÿåò 124 ãà. Ïðîèçâîäñòâåííûé 
êîìïëåêñ ñîñòîèò èç ìåòàëëóðãè÷åñêîãî, çàãî-
òîâèòåëüíîãî, ñâàðî÷íî-ñáîðî÷íîãî, ìåõàíîñ-
áîðî÷íîãî ïðîèçâîäñòâ. Íà òåððèòîðèè çàâîäà 
ðàñïîëîæåíî 28 öåõîâ îñíîâíîãî ïðîèçâîäñòâà 
è 15 öåõîâ âñïîìîãàòåëüíîãî ïðîèçâîäñòâà (íå-
êîòîðûå èç íèõ ðàçìåùåíû íà çíà÷èòåëüíûõ 
ðàññòîÿíèÿõ îäèí îò äðóãîãî). Àâòîòðàíñïîðò-
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íûé öåõ ÿâëÿåòñÿ âñïîìîãàòåëüíûì öåõîì ìà-
øèíîñòðîèòåëüíîãî ïðåäïðèÿòèÿ è âûïîëíÿåò 
ñëåäóþùèå âñïîìîãàòåëüíûå ôóíêöèè:

• ïåðåâîçêà ëþäåé ïî îáúåêòàì ïðåäïðè-
ÿòèÿ è ïî ïðîèçâîäñòâåííûì çàäàíèÿì, 
äîñòàâêà ïåðñîíàëà ê ðàáî÷èì ìåñòàì;

• ïåðåâîçêà ìàòåðèàëîâ äëÿ íóæä ðàçëè÷-
íûõ öåõîâ ïðåäïðèÿòèÿ ïî åãî òåððèòî-
ðèè, à òàêæå ïåðåâîçêà îòðàáîòàííîãî ìà-
òåðèàëà â öåõà ïåðåðàáîòêè è ïåðåïëàâêè;

• ïåðåâîçêà ãîòîâûõ èçäåëèé ïðåäïðèÿòèÿ 
ê ìåñòàì íàçíà÷åíèé (ñêëàäàì, ïëîùàä-
êàì äëÿ õðàíåíèÿ è ò.ï.) è äð. [6].

Ïðè íåâîçìîæíîñòè îòêàçàòüñÿ îò èñïîëü-
çîâàíèÿ àâòîìîáèëåé â äâèæåíèè ìàòåðèàëü-
íûõ ïîòîêîâ âî âíóòðèïðîèçâîäñòâåííûõ ëî-
ãèñòè÷åñêèõ ñèñòåìàõ, êàê óêàçûâàåòñÿ â [7], 
íåîáõîäèìî îïòèìèçèðîâàòü ðàáîòó òåõíîëî-
ãè÷åñêîãî òðàíñïîðòà (â äàííîì ñëó÷àå àâòîìî-
áèëüíîãî).

Ïîñòàíîâêà çàäà÷è
Îïòèìèçàöèÿ ïåðåìåùåíèé àâòîìîáèëüíî-

ãî òðàíñïîðòà ïðè ïåðåâîçêàõ çàãîòîâîê, ïîëó-
ôàáðèêàòîâ è ãîòîâûõ èçäåëèé ìåæäó öåõàìè 
è ñêëàäàìè ïîçâîëèò ñîêðàòèòü âðåìÿ òåõíî-
ëîãè÷åñêèõ ïðîöåññîâ èçãîòîâëåíèÿ èçäåëèé, 
âûïóñêàåìûõ ìàøèíîñòðîèòåëüíûì ïðåäïðè-
ÿòèåì, à ñëåäîâàòåëüíî, îïòèìèçèðîâàòü åãî 
ïðîèçâîäñòâåííûé ïðîöåññ. Òàêèì îáðàçîì, 
ïîèñê îïòèìàëüíîãî ìàðøðóòà ïåðåìåùåíèÿ 
àâòîìîáèëüíîãî òðàíñïîðòà ïî òåððèòîðèè 
ïðåäïðèÿòèÿ ÿâëÿåòñÿ âåñüìà àêòóàëüíîé çà-
äà÷åé.

Äëÿ ðåøåíèÿ ýòîé çàäà÷è íåîáõîäèìî ñî-
êðàòèòü âðåìÿ íà ïåðåìåùåíèÿ àâòîìîáèëüíî-
ãî òðàíñïîðòà ìåæäó öåõàìè, ìåæäó öåõàìè è 
ñêëàäàìè è ò.ï. 

Çàäà÷à íàõîæäåíèÿ îïòèìàëüíîãî ìàðøðóòà 
îòíîñèòñÿ ê îáëàñòè êîìáèíàòîðíîé îïòèìèçà-
öèè, à òàêæå ðàññìàòðèâàåòñÿ â òåîðèè èññëå-
äîâàíèÿ îïåðàöèé è èçâåñòíà ïîä îáùèì íàçâà-
íèåì êàê «çàäà÷à êîììèâîÿæåðà» [8–15].

Â «êëàññè÷åñêîé» ôîðìóëèðîâêå çàäà÷è 
êîììèâîÿæåð ïûòàåòñÿ îïðåäåëèòü êðàò÷àé-
øèé ìàðøðóò äëÿ îäíîðàçîâîãî ïîñåùåíèÿ 
n ãîðîäîâ. Êàê óêàçûâàåòñÿ â [9, 11, 15], ýòà 
çàäà÷à ÿâëÿåòñÿ çàäà÷åé î íàçíà÷åíèÿõ ñ äî-
ïîëíèòåëüíûìè îãðàíè÷åíèÿìè, êîòîðûå ãà-
ðàíòèðóþò èñêëþ÷åíèå èç îïòèìàëüíîãî ðåøå-
íèÿ íåïîëíûõ çàìêíóòûõ ìàðøðóòîâ. Â çàäà÷å 
êîììèâîÿæåðà çàìêíóòûé ìàðøðóò, ïðîõî-
äÿùèé ÷åðåç êàæäûé ïóíêò òîëüêî îäèí ðàç, 

íàçûâàåòñÿ öèêëîì; öèêë, ïðîõîäÿùèé ÷åðåç 
âñå ïóíêòû, íàçûâàåòñÿ ïîëíûì, â ïðîòèâíîì 
ñëó÷àå – ÷àñòè÷íûì èëè ïîäöèêëîì.

Ïîñòàíîâêà çàäà÷è ñëåäóþùàÿ [11]. Êîììè-
âîÿæåð äîëæåí âûéòè èç ïåðâîãî ãîðîäà, ïî-
ñåòèòü ïî îäíîìó ðàçó â íåèçâåñòíîì ïîðÿäêå 
ãîðîäà 2, 3, 4,..., n è âåðíóòüñÿ â ïåðâûé ãîðîä. 
Ðàññòîÿíèÿ ìåæäó ãîðîäàìè èçâåñòíû. Òðå-
áóåòñÿ îïðåäåëèòü ïîðÿäîê îáõîäà ãîðîäîâ, 
÷òîáû çàìêíóòûé ïóòü (òóð) êîììèâîÿæåðà 
áûë êðàò÷àéøèì. 

Åñëè ãîðîäà ïåðåíóìåðîâàíû ÷èñëàìè 
jÒ = (1, 2, 3,...,n), òî òóð êîììèâîÿæåðà ìîæåò 
áûòü îïèñàí öèêëè÷åñêîé ïåðåñòàíîâêîé 
t = ( j

1
, j

2
,..., j

n
), ïðè÷åì âñå j

1
,..., j

n
 – ðàçíûå 

íîìåðà; ïîâòîðÿþùèéñÿ â íà÷àëå è â êîíöå 
j
1
, ïîêàçûâàåò, ÷òî ïåðåñòàíîâêà çàöèêëåíà. 

Ðàññòîÿíèÿ ìåæäó ïàðàìè âåðøèí Ñ
ij
 îáðàçó-

þò ìàòðèöó ||Ñ||. Çàäà÷à ñîñòîèò â òîì, ÷òîáû 
íàéòè òàêîé òóð t, ÷òîáû ìèíèìèçèðîâàòü 
ôóíêöèîíàë: 

 
 

1
1

.
k k

n

j j
k

L L t C min




    (1)

Îòíîñèòåëüíî ìàòåìàòè÷åñêîé ôîðìóëè-
ðîâêè çàäà÷è íåîáõîäèìî çíàòü ñëåäóþùåå:

Â ïîñòàíîâêå C
ij
 îçíà÷àëè ðàññòîÿíèÿ, ïî-

ýòîìó îíè äîëæíû áûòü íåîòðèöàòåëüíûìè, 
ò.å. äëÿ âñåõ:

 
0:  ; ij jjj T C C  

 
(2)

(ïîñëåäíåå ðàâåíñòâî îçíà÷àåò çàïðåò íà ïåòëè 
â òóðå), ñèììåòðè÷íûìè, ò.å. äëÿ âñåõ i, j:

 ij jiC C
 

(3)

è óäîâëåòâîðÿòü íåðàâåíñòâó òðåóãîëüíèêà, 
ò.å. äëÿ âñåõ:

 
.ij jk ikC C C 
 

(4)

Â ìàòåìàòè÷åñêîé ïîñòàíîâêå ãîâîðèòñÿ î 
ïðîèçâîëüíîé ìàòðèöå. Ñäåëàíî ýòî ïîòîìó, 
÷òî èìååòñÿ ìíîãî ïðèêëàäíûõ çàäà÷, êîòîðûå 
îïèñûâàþòñÿ îñíîâíîé ìîäåëüþ, íî âñåì óñëî-
âèÿì (2)–(4) íå óäîâëåòâîðÿþò. Îñîáåííî ÷àñòî 
íàðóøàåòñÿ óñëîâèå (3) (íàïðèìåð, åñëè Ñ

ij
 – íå 

ðàññòîÿíèå, à ïëàòà çà ïðîåçä: ÷àñòî òóäà áèëåò 
ñòîèò îäíó öåíó, à îáðàòíî – äðóãóþ). Ïîýòîìó 
ðàçëè÷àþò äâà âàðèàíòà çàäà÷è: ñèììåòðè÷-
íóþ çàäà÷ó, êîãäà óñëîâèå (3) âûïîëíåíî, è íå-
ñèììåòðè÷íóþ – â ïðîòèâíîì ñëó÷àå. Óñëîâèÿ 
(2)–(4) ïî óìîë÷àíèþ ñ÷èòàþò âûïîëíåííûìè. 

Âòîðîå çàìå÷àíèå êàñàåòñÿ ÷èñëà âñåõ âîç-
ìîæíûõ òóðîâ. Â íåñèììåòðè÷íîé çàäà÷å âñå 
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òóðû t = ( j
1
, j

2
,..., j

n
) è t´ = ( j

1
, j

n
,..., j

2
, j

1
) èìåþò 

ðàçíóþ äëèíó è äîëæíû ó÷èòûâàòüñÿ îáà. 
Ðàçíûõ òóðîâ òîãäà áóäåò (n-1)!.

Îáùàÿ ïîñòàíîâêà çàäà÷è è áîëüøèí-
ñòâî åå ÷àñòíûõ ñëó÷àåâ, îòíîñèòñÿ ê êëàññó 
NP-ñëîæíûõ çàäà÷ (îò àíãë. non-deterministic 
polynomial). Ïîýòîìó àëãîðèòìû ðåøåíèÿ 
ýòîé çàäà÷è äåëÿòñÿ íà òî÷íûå è ïðèáëèæåí-
íûå [8–11, 16, 17]. 

Âñå òî÷íûå àëãîðèòìû ôàêòè÷åñêè ïðåä-
ñòàâëÿþò ñîáîé îïòèìèçèðîâàííûé ïîëíûé 
ïåðåáîð âàðèàíòîâ. Â íåêîòîðûõ ñëó÷àÿõ ýòè 
àëãîðèòìû äîñòàòî÷íî áûñòðî íàõîäÿò ðåøå-
íèÿ, íî â îáùåì ñëó÷àå ïðèõîäèòñÿ ïåðåáèðàòü 
âñå n! öèêëîâ. 

Çàäà÷à êîììèâîÿæåðà îòíîñèòñÿ ê ÷èñëó 
òðàíñâû÷èñëèòåëüíûõ: óæå ïðè îòíîñèòåëüíî 
íåáîëüøîì ÷èñëå ãîðîäîâ (66 è áîëåå) îíà íå 
ìîæåò áûòü ðåøåíà ìåòîäîì ïåðåáîðà âàðèàí-
òîâ íèêàêèìè òåîðåòè÷åñêè ìûñëèìûìè êîì-
ïüþòåðàìè çà âðåìÿ, ìåíüøåå íåñêîëüêèõ ìèë-
ëèàðäîâ ëåò [8–11, 16, 17].

Âñå ýôôåêòèâíûå (ñîêðàùàþùèå ïîëíûé 
ïåðåáîð) ìåòîäû ðåøåíèÿ çàäà÷è êîììèâîÿ-
æåðà – ìåòîäû ýâðèñòè÷åñêèå. Â áîëüøèíñòâå 
ýâðèñòè÷åñêèõ ìåòîäîâ íàõîäèòñÿ íå ñàìûé 
ýôôåêòèâíûé ìàðøðóò, à åãî ïðèáëèæåííîå 
ðåøåíèå – áàçîâûé ìàðøðóò. Íà ñëåäóþùåì 
ýòàïå ýòî ïðèáëèæåííîå ðåøåíèå óëó÷øàþò.

Äëÿ ðåøåíèÿ çàäà÷è êîììèâîÿæåðà èñïîëü-
çóþò ðàçëè÷íûå ãðóïïû ïðîñòåéøèõ ìåòîäîâ: 
ïîëíûé è ñëó÷àéíûé ïåðåáîð (ìåòîä Ìîíòå-
Êàðëî), æàäíûé, äåðåâÿííûé àëãîðèòìû, ìåòîä 
áëèæàéøåãî ñîñåäà, ìåòîä âêëþ÷åíèÿ áëèæàé-
øåãî ãîðîäà, ìåòîä ñàìîãî äåøåâîãî âêëþ÷å-
íèÿ, ìåòîä ìèíèìàëüíîãî îñòîâíîãî äåðåâà. Ê 
ïðèáëèæåííûì àëãîðèòìàì ðåøåíèÿ çàäà÷è, 
øèðîêî ïðèìåíÿþùèìñÿ â ïðàêòèêå ðåøåíèÿ 
èíæåíåðíûõ çàäà÷, îòíîñÿòñÿ: ãåíåòè÷åñêèé, 
ìåòîä èìèòàöèè îòæèãà, Ïðèìà-Ýéëåðà, «èäè 
â áëèæíèé» (ìîäèôèöèðîâàííûé æàäíûé àëãî-
ðèòì) [11, 16, 17].

Òàêæå ïîëó÷èëè ðàñïðîñòðàíåíèå ðàçëè÷-
íûå ìîäèôèêàöèè áîëåå ýôôåêòèâíûõ ìåòî-
äîâ, òàêèõ êàê ìåòîä âåòâåé è ãðàíèö (ìåòîä 
Ëèòòëà), ìîäèôèöèðîâàííûé ìåòîä Ëèòòëà, 
ìåòîä ãåíåòè÷åñêèõ àëãîðèòìîâ, à òàêæå àëãî-
ðèòì ìóðàâüèíûõ êîëîíèé [10, 11, 16–18].

Ê ìåòîäàì óëó÷øåíèÿ áàçîâîãî ìàðøðóòà 
ìîæíî îòíåñòè: ìåòîä ïåðåñòàíîâîê; ìåòîä ðàç-
âîðîòà ïåòåëü; êîìáèíèðîâàííûé ìåòîä [15].

Â [11] áûë ïðîâåäåí ñðàâíèòåëüíûé àíàëèç: 
ïðîñòåéøèõ ìåòîäîâ (æàäíîãî, äåðåâÿííî-

ãî àëãîðèòìîâ è ìåòîä ñëó÷àéíîãî ïåðåáîðà 
(ìåòîä Ìîíòå-Êàðëî)); ìåòîäîâ óëó÷øåíèÿ 
áàçèñíûõ ìàðøðóòîâ, ïîëó÷åííûõ íà îñíîâå 
ïðîñòåéøèõ ìåòîäîâ (ïåðåñòàíîâîê, ðàçâîðî-
òà ïåòåëü, êîìáèíèðîâàííîãî); ïðèáëèæåííûõ 
àëãîðèòìîâ (ãåíåòè÷åñêîãî, ìåòîäà èìèòàöèè 
îòæèãà, Ïðèìà-Ýéëåðà, ìîäèôèöèðîâàííî-
ãî æàäíîãî àëãîðèòìà); àëãîðèòìà íà îñíîâå 
ìåòîäà âåòâåé è ãðàíèö (Ëèòòëà) è àëãîðèòìà 
ìóðàâüèíûõ êîëîíèé. 

Äëÿ ïðîâåäåíèÿ ñðàâíèòåëüíîãî àíàëèçà è 
ïîñëåäóþùåãî âûáîðà íàèáîëåå ýôôåêòèâíîãî 
ìåòîäà äëÿ ðåøåíèÿ çàäà÷è êîììèâîÿæåðà â 
[11] áûë ðàçðàáîòàíû àëãîðèòì è ïðîãðàììà íà 
ÿçûêå Ïàñêàëü â ïðîãðàììíîé ñðåäå Delphi 7. 
Ïðîãðàììà ïðîâîäèò ðåøåíèå çàäà÷è êîììè-
âîÿæåðà íà îñíîâå ñëåäóþùèõ ìåòîäîâ è àë-
ãîðèòìîâ: æàäíîãî, æàäíîãî ìîäèôèöèðîâàí-
íîãî, äåðåâÿííîãî, Ìîíòå-Êàðëî, ìóðàâüèíûõ 
êîëîíèé, Ëèòòëà. Ïðè ýòîì ìàðøðóò ìîæåò 
áûòü ðàññ÷èòàí íå ìåíåå ÷åì äëÿ 100 âåðøèí 
(òî÷åê) ìàðøðóòà, íî ïðè íàëè÷èè ñîîòâåò-
ñòâóþùèõ âû÷èñëèòåëüíûõ ðåñóðñîâ. Ðåàëüíî 
íà ïðàêòèêå íå òðåáóåòñÿ îñóùåñòâëÿòü îáõîä 
áîëåå 40 òî÷åê ìàðøðóòà, ïîýòîìó äëÿ àíàëè-
çà ðàñ÷åòû ïðîâîäèëèñü èìåííî äëÿ 40 òî÷åê. 
Îöåíêà âðåìåííûõ ïàðàìåòðîâ ðàáîòû àëãî-
ðèòìîâ ïðîâîäèëàñü íà ïåðñîíàëüíîì êîìïüþ-
òåðå Intel Core i5-3470 3.2GHz ñ ÎÇÓ 4Gb è ñ 
îïåðàöèîííîé ñèñòåìîé Windows 8.1 (x64). Ðå-
çóëüòàòû ìîäåëèðîâàíèÿ íà îñíîâå ñîçäàííîé 
ïðîãðàììû ïðèâåäåíû íà ðèñóíêå 1. 

Ëó÷øèé ðåçóëüòàò ïîêàçàë àëãîðèòì Ëèòòëà. 
Ïðè ìàëîì êîëè÷åñòâå âåðøèí (äî 15) îí âõîäèò 
â ÷èñëî ëó÷øèõ, à ïðè äàëüíåéøåì óâåëè÷åíèè 
êîëè÷åñòâà âåðøèí âûõîäèò íà ïåðâîå ìåñòî, 
íî òðåáóåò áîëüøå âû÷èñëèòåëüíûõ ðåñóðñîâ, 
÷åì äðóãèå àëãîðèòìû. Àëãîðèòì ìóðàâüèíûõ 
êîëîíèé òàêæå âõîäèò â ÷èñëî ëó÷øèõ àëãî-
ðèòìîâ. Ìîäèôèêàöèÿ æàäíîãî àëãîðèòìà îêà-
çàëàñü â ñðåäíåì íà 37 % ëó÷øå æàäíîãî àëãî-
ðèòìà, íî ïðè ýòîì âûïîëíÿåòñÿ â íåñêîëüêî 
ðàç äîëüøå. Àëãîðèòì Ìîíòå-Êàðëî ïîêàçàë 
õóäøèå ðåçóëüòàòû, ïîýòîìó èñïîëüçîâàòü åãî 
íà ïðàêòèêå íå ðåêîìåíäóåòñÿ.

Âðåìÿ, çàòðà÷èâàåìîå íà âûïîëíåíèå ðå-
øåíèÿ ïî æàäíîìó àëãîðèòìó, áëèçêî ê íóëþ, 
ïîýòîìó è âðåìÿ ðàñ÷åòîâ ïî æàäíîìó ìîäè-
ôèöèðîâàííîìó àëãîðèòìó òàêæå î÷åíü ìàëî. 
Âðåìÿ, çàòðà÷èâàåìîå íà ðåøåíèå çàäà÷è êîì-
ìèâîÿæåðà íà îñíîâå àëãîðèòìîâ: Ìîíòå-Êàð-
ëî, äåðåâÿííîãî, æàäíîãî è æàäíîãî ìîäèôè-
öèðîâàííîãî, ïðèìåðíî îäèíàêîâî.



Îïòèìèçàöèÿ ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà, 
ó÷àñòâóþùåãî â ïðîèçâîäñòâåííîì ïðîöåññå êðóïíûõ ìàøèíîñòðîèòåëüíûõ ïðåäïðèÿòèé
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Ïðè ýòîì âðåìÿ íà ðåøåíèå çàäà÷è ñ ïî-
ìîùüþ àëãîðèòìîâ Ëèòòëà è ìóðàâüèíûõ êî-
ëîíèé çíà÷èòåëüíî áîëüøå ïî ñðàâíåíèþ ñî 
âðåìåíåì ðàñ÷åòà óæå ïåðå÷èñëåííûõ àëãî-
ðèòìîâ; â ÷àñòíîñòè ïî àëãîðèòìó ìóðàâüè-
íûõ êîëîíèé äëÿ 40 âåðøèí îíî ñîñòàâëÿåò 
ïî÷òè 0,023 ñ. Íî ïî ñóòè äåëà ýòè âðåìåííûå 
ïîêàçàòåëè òàêæå íåçíà÷èòåëüíûå, ò.ê. íå ïðå-
âûøàþò äàæå 1 ñ. Ïîýòîìó, åñëè êîëè÷åñòâî 
âåðøèí (òî÷åê) ìàðøðóòà íåâåëèêî (ìåíåå 15) 
è âû÷èñëèòåëüíûå ìîùíîñòè îãðàíè÷åíû è îï-
òèìàëüíîñòü ðåøåíèÿ íå î÷åíü êðèòè÷íà, òî 
ðåêîìåíäóåòñÿ èñïîëüçîâàòü ìîäèôèöèðîâàí-
íóþ âåðñèþ æàäíîãî àëãîðèòìà. Â òîì ñëó÷àå 
êîãäà, âû÷èñëèòåëüíûå ðåñóðñû íå îãðàíè-
÷åíû, êîëè÷åñòâî âåðøèí (òî÷åê, êîòîðûå íå-
îáõîäèìî ïðîéòè ïðè âûïîëíåíèè ìàðøðóòà) 
çíà÷èòåëüíî (âûøå 15), òî äëÿ ðåøåíèÿ çàäà÷è 
ëó÷øå èñïîëüçîâàòü àëãîðèòì Ëèòòëà èëè àë-
ãîðèòì ìóðàâüèíûõ êîëîíèé.

Êðîìå òîãî, ïðèìåíåíèå àëãîðèòìîâ 
Ëèòòëà è ìóðàâüèíûõ êîëîíèé íå òðåáóåò 
äàëüíåéøåãî óëó÷øåíèÿ ïîëó÷åííûõ ñ ïî-
ìîùüþ ýòèõ àëãîðèòìîâ ìàðøðóòîâ. Ñëåäî-
âàòåëüíî, äëÿ ðåøåíèÿ çàäà÷è îïòèìèçàöèè 
ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà 
ïðè ó÷àñòèè åãî â ïðîèçâîäñòâåííîì ïðîöåñ-
ñå êðóïíûõ ìàøèíîñòðîèòåëüíûõ ïðåäïðè-
ÿòèé íåîáõîäèìî èñïîëüçîâàòü ëèáî àëãîðèòì 
Ëèòòëà, ëèáî àëãîðèòì ìóðàâüèíûõ êîëîíèé. 
Êðàòêî îïèøåì èõ.

Àëãîðèòì Ëèòòëà [18, 19], îñíîâàí íà 
ìåòîäå âåòâåé è ãðàíèö è ñòðîèò äåðåâî ðåøå-
íèé äëÿ ïåðåáîðà âàðèàíòîâ ìàðøðóòà (öèêëîâ 

îáõîäà) ñ îòñå÷åíèåì. Îòñåêàþòñÿ òàêèå ÷à-
ñòè÷íî ïîñòðîåííûå ìàðøðóòû, ó êîòîðûõ 
îöåíêà ñíèçó äëèíû ìàðøðóòà áîëüøå èëè 
ðàâíà äëèíå ðàíåå ïîñòðîåííîãî ïîëíîãî íàè-
ëó÷øåãî ìàðøðóòà. Ïðè ïîñòðîåíèè îöåíêè 
ñíèçó íà êàæäîì ýòàïå ðàáîòû àëãîðèòìà ìà-
òðèöà ðàññòîÿíèé ïîäâåðãàåòñÿ òàêîìó ïðå-
îáðàçîâàíèþ ñ òðóäîåìêîñòüþ ïîðÿäêà O(n2), 
÷òîáû â êàæäîé åå ñòðîêå è êàæäîì ñòîëáöå 
ïîÿâèëñÿ õîòÿ áû îäèí íóëü. Áîëåå òî÷íóþ 
îöåíêó ñíèçó ìîæíî ïîëó÷àòü, ðåøàÿ çàäà÷ó î 
íàçíà÷åíèÿõ íà ìàòðèöå ðàññòîÿíèé çà âðåìÿ 
O(n3), ïðè ýòîì óëó÷øàåòñÿ ýôôåêòèâíîñòü îò-
ñå÷åíèé â äåðåâå ðåøåíèé. 

Îäíèì èç ìåòîäîâ èñêóññòâåííîãî èíòåë-
ëåêòà ÿâëÿåòñÿ àëãîðèòì ìóðàâüèíûõ êîëî-
íèé (ìóðàâüèíûé àëãîðèòì) Ìàðêî Äîðèãî 
[10]. Îñíîâíàÿ èäåÿ àëãîðèòìà ïîäñìîòðåíà 
â ïðèðîäå è èìèòèðóåò äâèæåíèå êîëîíèè 
ìóðàâüåâ. Ïî ôîðìå ýòîò àëãîðèòì ïîõîæ íà 
æàäíûé è â íåêîòîðîé ñòåïåíè ÿâëÿåòñÿ åãî 
îáîáùåíèåì. Åñëè â àëãîðèòìå áëèæàéøåãî 
ñîñåäà âûáîð äàëüíåéøåãî ïóòè ïðîèçâîäèòñÿ 
èñõîäÿ èç ìèíèìàëüíîãî ðàññòîÿíèÿ äî î÷å-
ðåäíîé âåðøèíû, òî çäåñü âûáîðîì óïðàâëÿåò 
ñëó÷àéíàÿ ôóíêöèÿ, íàïðàâëÿþùàÿ äâèæå-
íèå îò òåêóùåãî ïîëîæåíèÿ ñ áîëüøåé âåðî-
ÿòíîñòüþ â âåðøèíó j, â êîòîðîé íàèáîëüøåå 
çíà÷åíèå íåêîòîðîé ôóíêöèè (ãäå i – íîìåð 
âåðøèíû, â êîòîðîé ïðîèçâîäèòñÿ âûáîð, 
k – íîìåð ìóðàâüÿ, äâèæóùåãîñÿ ïî äóãàì 
ãðàôà). Âî âðåìÿ äâèæåíèÿ ñîçäàåòñÿ ñïèñîê 
ïðîéäåííûõ âåðøèí, ÷òî ïîçâîëÿåò èçáåæàòü 
ïðåæäåâðåìåííîãî çàöèêëèâàíèÿ. Â [10] ïðè-

Ðèñ. 1. Ðåçóëüòàòû ìîäåëèðîâàíèÿ ðàáîòû àëãîðèòìîâ
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âåäåíà ôóíêöèÿ, óïðàâëÿþùàÿ ïåðåõîäîì èç 
äàííîé âåðøèíû i â âåðøèíó j:

 
, ,ij ij

ij k

im imm

P
 

 

 


   

( 5)

ãäå 
ij
 – êîëè÷åñòâî ôåðîìîíà (pheromon), 

îñòàâëåííîãî ìóðàâüÿìè íà äóãå [i, j]; 
ij
 – 

âåëè÷èíà, îáðàòíàÿ âåñó (äëèíå) äóãè [i, j]; 
,  – ýìïèðè÷åñêèå êîýôôèöèåíòû. Ôóíêöèÿ 
P

ij,k
 ïîäñêàçûâàåò ìóðàâüþ íîìåð âåðøèíû j, â 

êîòîðóþ îí äîëæåí íàïðàâèòüñÿ. Â çíàìåíàòå-
ëå ñòîèò íîðìèðóþùèé êîýôôèöèåíò – òàêîé, 
÷òî 0  P

ij,k
  1. Èíäåêñ m â ñóììå ïðîáåãàåò ïî 

âñåì íåïðîéäåííûì âåðøèíàì, ñìåæíûì ñ i. 
Â ðåàëüíîñòè ìóðàâåé îñòàâëÿåò ñëåä (ôå-

ðîìîí) âî âðåìÿ ïðîõîæäåíèÿ ïóòè, è ÷åì 
÷àùå îí âîçâðàùàåòñÿ â èñõîäíóþ òî÷êó (à 
ýòî âîçìîæíî, åñëè îí âûáèðàåò îïòèìàëü-
íûå ïóòè), òåì ÷åò÷å ñëåä. Â ìàòåìàòè÷åñêîé 
æå ìîäåëè ôóíêöèÿ 

ij
 óâåëè÷èâàåòñÿ òîëüêî 

ïî çàâåðøåíèè ìàðøðóòà íà âåëè÷èíó, îáðàò-
íî ïðîïîðöèîíàëüíóþ äëèíå ìàðøðóòà. Ïðè 
 = 0 àëãîðèòì ñîâïàäàåò ñ æàäíûì àëãîðèòìîì 
– ìóðàâåé ðóêîâîäñòâóåòñÿ òîëüêî äëèíîé ïóòè. 
Ïðè  = 0 îñíîâîé äëÿ âûáîðà ïóòè ÿâëÿåòñÿ 
òîëüêî îïûò (êîëè÷åñòâî ôåðîìîíà, èëè «ãëóáè-
íà ñëåäà») ïðåäûäóùèõ ìóðàâüåâ-èññëåäîâàòå-
ëåé. Âàæíî îòìåòèòü åùå îäíî îòëè÷èå îò æàä-
íîãî àëãîðèòìà. Âûáîð ïóòè ïðîèçâîäèòñÿ íå ïî 
ìàêñèìóìó ôóíêöèè P

ij,k
, à ñëó÷àéíûì îáðàçîì, 

íî íà ñëó÷àé, êîíå÷íî, âëèÿåò çíà÷åíèå P
ij,k

. 
Ïðèâåäåì ïîñòàíîâêó çàäà÷è îïòèìèçàöèè 

ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà 
ïðè ó÷àñòèè åãî â ïðîèçâîäñòâåííîì ïðîöåññå 
êðóïíûõ ìàøèíîñòðîèòåëüíûõ ïðåäïðèÿòèé.

Ïîñòàíîâêà çàäà÷è. Àâòîìîáèëþ äëÿ îáå-
ñïå÷åíèÿ òåõíîëîãè÷åñêèõ ïðîöåññîâ èçãîòîâ-
ëåíèÿ èçäåëèé òðåáóåòñÿ ïåðåâåçòè çàãîòîâêè 
(ïîëóôàáðèêàòû), ïîñëåäîâàòåëüíî çàåçæàÿ 
â ðàçëè÷íûå öåõè ïðåäïðèÿòèÿ. Îí äîëæåí 
íà÷àòü ðàáîòó ñî ñêëàäà, çàòåì çàåõàòü ïî 
îäíîìó ðàçó â n öåõîâ â ëþáîì ïîðÿäêå è âåð-
íóòüñÿ íà ñêëàä. Êîîðäèíàòû öåõîâ (ðàññòîÿ-
íèÿ ìåæäó íèìè) èçâåñòíû. Òðåáóåòñÿ îïðåäå-
ëèòü ïîðÿäîê îáúåçäà öåõîâ, ÷òîáû çàìêíóòûé 
ìàðøðóò ïåðåìåùåíèÿ àâòîìîáèëÿ ïî òåððè-
òîðèè ïðåäïðèÿòèÿ áûë êðàò÷àéøèì.

Ìàòåìàòè÷åñêàÿ ïîñòàíîâêà çàäà÷è îïèñû-
âàåòñÿ ôîðìóëàìè (1)–(4).

Ïðåäëàãàåìàÿ ïðîöåäóðà ðàñ÷åòîâ âêëþ÷à-
åò ñëåäóþùèå øàãè ðåøåíèÿ çàäà÷è.

Ââîä èñõîäíûõ äàííûõ â âèäå êîîðäèíàò 
öåõîâ è ñêëàäà.

Âûáîð ìåòîäà (àëãîðèòìà) ðåøåíèÿ çàäà÷è.
Îïðåäåëåíèå ìàðøðóòà ñ ïîìîùüþ âûáðàí-

íîãî ìåòîäà è ðàñ÷åò äëèíû ìàðøðóòà.
Âûâîä ñõåìû ìàðøðóòà.
Ïîñòðîåíèå ãðàôèêà ðåçóëüòàòîâ ìîäåëèðî-

âàíèÿ.

Ðåçóëüòàòû
Â êà÷åñòâå ïðèìåðà ðàññìîòðåí ñëó÷àé 

òðàíñïîðòèðîâêè àâòîìîáèëåì çàãîòîâîê äëÿ 
11 öåõîâ ÎÀÎ ÕÊ «Êîëîìåíñêèé çàâîä» ñî 
ñêëàäà çàãîòîâîê è ïîëóôàáðèêàòîâ (n = 1 – 
íà÷àëî ìàðøðóòà). Êîîðäèíàòû âñåõ öåõîâ è 
ñêëàäà èçâåñòíû, ÷òî ïîçâîëÿåò ðàçðàáîòàííîé 
ïðîãðàììå «Çàäà÷à êîììèâîÿæåðà» âû÷èñëèòü 
ìàòðèöó ðàññòîÿíèé ìåæäó íèìè. Òðåáóåòñÿ 
îïðåäåëèòü êðàò÷àéøèé ìàðøðóò äëÿ ïåðåìå-
ùåíèÿ àâòîìîáèëÿ.

Ïðè ðàñ÷åòàõ èñïîëüçîâàëàñü ðàçðàáîòàí-
íàÿ íà ÿçûêå Ïàñêàëü â ïðîãðàììíîé ñðåäå 
Delphi 7 êîìïüþòåðíàÿ ïðîãðàììà «Çàäà÷à êîì-
ìèâîÿæåðà».

Â ðåçóëüòàòå ðàñ÷åòîâ ñ ïîìîùüþ àëãî-
ðèòìà Ëèòòëà ïîëó÷åí ñëåäóþùèé êðàò÷àé-
øèé ìàðøðóò: 1–3–5–6–7–11–12–10–8–9–4–2–1; 
äëè íà ìàðøðóòà – 3024 ì.

Êàê óêàçûâàëîñü ðàíåå, ïðèìåíåíèå àëãî-
ðèòìà Ëèòòëà íå òðåáóåò äàëüíåéøåãî óëó÷-
øåíèÿ ìàðøðóòà. Ñõåìà ìàðøðóòà, ïîëó÷åí-
íàÿ íà îñíîâå àëãîðèòìà Ëèòòëà, ïðåäñòàâëåíà 
íà ðèñóíêå 2. Ïðè ýòîì îáùàÿ ïðîòÿæåííîñòü 
ìàðøðóòà ñîñòàâèëà îêîëî 3024 ì.

Çàêëþ÷åíèå 
Íà îñíîâå ìåòîäîâ æàäíîãî, æàäíîãî ìîäè-

ôèöèðîâàííîãî, äåðåâÿííîãî, Ìîíòå-Êàðëî, 
ìóðàâüèíûõ êîëîíèé, Ëèòòëà ðàçðàáîòàíû 
àëãîðèòì è êîìïüþòåðíàÿ ïðîãðàììà «Çàäà÷à 
êîììèâîÿæåðà» äëÿ ðåøåíèÿ çàäà÷è îïòèìèçà-
öèè ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà 
ïðè ó÷àñòèè åãî â ïðîèçâîäñòâåííîì ïðîöåññå 
êðóïíûõ ìàøèíîñòðîèòåëüíûõ ïðåäïðèÿòèé. 
Ïðè ýòîì äëÿ ðåøåíèÿ óêàçàííîé çàäà÷è ðåêî-
ìåíäóåòñÿ èñïîëüçîâàòü àëãîðèòì Ëèòòëà èëè 
àëãîðèòì ìóðàâüèíûõ êîëîíèé.

Ïðåäëàãàåìûé ïîäõîä ê ðåøåíèþ çàäà÷è 
îïòèìèçàöèè ïåðåìåùåíèé àâòîìîáèëüíîãî 
òðàíñïîðòà ïðè ó÷àñòèè åãî â ïðîèçâîäñòâåí-
íîì ïðîöåññå êðóïíûõ ìàøèíîñòðîèòåëüíûõ 
ïðåäïðèÿòèé ïîçâîëÿåò ñîêðàòèòü âðåìÿ íà 
òðàíñïîðòèðîâêó çàãîòîâîê, ïîëóôàáðèêàòîâ 
è ãîòîâûõ èçäåëèé ìåæäó öåõàìè è ñêëàäàìè 
ïðåäïðèÿòèé, ò.å. ñîêðàòèòü âðåìÿ íà âñïîìîãà-



Îïòèìèçàöèÿ ïåðåìåùåíèé àâòîìîáèëüíîãî òðàíñïîðòà, 
ó÷àñòâóþùåãî â ïðîèçâîäñòâåííîì ïðîöåññå êðóïíûõ ìàøèíîñòðîèòåëüíûõ ïðåäïðèÿòèé
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Ðèñ. 2. Ñõåìà ìàðøðóòà, ïîëó÷åííàÿ íà îñíîâå àëãîðèòìà Ëèòòëà

òåëüíûå îïåðàöèè, è, êàê ñëåäñòâèå, ïîâûñèòü 
ïðîèçâîäèòåëüíîñòü è ñíèçèòü ñåáåñòîèìîñòü 
âûïóñêàåìîé ïðîäóêöèè. Êðîìå òîãî, ñîêðàùå-
íèå ìàðøðóòà ïåðåìåùåíèé àâòîìîáèëüíîãî 
òðàíñïîðòà ñíèæàåò ýêñïëóàòàöèîííûå çàòðà-
òû íà ñîäåðæàíèå àâòîìîáèëåé (ñíèæåíèå ðàñ-
õîäà òîïëèâíî-ñìàçî÷íûõ ìàòåðèàëîâ, óìåíü-
øåíèå ïðîáåãà àâòîìîáèëÿ çà ñìåíó è ò.ï.).
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