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Ó ñòàòò³ ðîçãëÿíóòî ñåðåäíüîñòðîêîâ³ ìåòîäè äëÿ ïðîãíîçóâàííÿ ïàñàæèðîïîòîê³â ì³æ ì³ñ-
òàìè. Çä³éñíåíî ïðîãíîçóâàííÿ âåëè÷èíè ïàñàæèðîïîòîêó ì³æ ì³ñòàìè ×åðí³ã³â òà Êè¿â, ì³æ 
ì³ñòîì ×åðí³ã³â òà ïðèëåãëèìè òåðèòîð³ÿìè. Ïðîãíîçè îòðèìàí³ çà äîïîìîãîþ äèíàì³÷íî¿ ãðàâ³-
òàö³éíî¿ ìîäåë³. Çä³éñíåíà îö³íêà åôåêòèâíîñò³ âïðîâàäæåííÿ ðîçðîáëåíèõ ìîäåëåé äëÿ ïëà-
íóâàííÿ ðåæèì³â ðóõó òðàíñïîðòíèõ çàñîá³â íà ì³æì³ñüêèõ ìàðøðóòàõ.

In modern transport companies are not taken into account the amplitudeand frequency 
characteristics of the flow of passengers when planning the structure of the rolling stock. The 
technical capabilities of trucking companies do not provide timely and quality customer service. 
Particularly acute problem of rational use and maintenance of rolling stock is manifested in the 
moments of maxima of flow of passengers, are formed when the queue of passengers and due 
to the lack of technologies for the processing and transfer of passenger data in automated 
control systems of the region, deteriorating the quality of their service. The solution of these 
problems is due to the large amount of data to be processed in real time and cannot be effectively 
addressed without the use of approaches based on the use of information technology. The 
main factor affecting the efficiency of road management company intercity is the speed of the 
process and collect data on all passengers using transport services in a given time. Currently the 
motor company does not use technology that predicts changes in flow of passengers in time, 
forecasts are made on the basis of statistical data for past time periods. For data analysis and the 
development of adequate operational forecasting it is necessary to develop adequate mathematical 
model of dynamics of change of data. In the article medium-term methods are considered for 
prognostication of streams of passengers between cities. Prognostication of size of stream of 
passengers between cities Chernihiv and Kyiv, between a city Chernihiv and adherent territories are 
carried out. Prognoses are got by means of dynamic gravitational model. A realizable estimation 
of efficiency of introduction of the worked out models is for planning of the modes of motion of 
transport vehicles on interurban routes. 

Êëþ÷îâ³ ñëîâà: ïðîãíîçóâàííÿ, ïàñàæèðîïîò³ê, ìîäåëü, ìåòîä, òî÷í³ñòü ïðîãíîçó, ãðàâ³òà-
ö³éíà ìîäåëü.

Key words: prognostication, stream of passengers, model, method, exactness of prognosis, 
gravitational model.

Ó ñó÷àñíèõ àâòîòðàíñïîðòíèõ ï³äïðèºìñòâàõ (ÀÒÏ) Óêðà¿íè íå âðàõîâóþòü àìïë³-
òóäíî-÷àñòîòí³ õàðàêòåðèñòèêè ïàñàæèðîïîòîêó ïðè ïëàíóâàíí³ ñòðóêòóðè ðóõîìîãî 
ñêëàäó. ²ñíóþ÷³ òåõí³÷í³ ìîæëèâîñò³ ÀÒÏ íå çàáåçïå÷óþòü ñâîº÷àñíîãî òà ÿê³ñíîãî 
îáñëóãîâóâàííÿ ïàñàæèð³â. Îñîáëèâî ãîñòðî ïðîáëåìà ðàö³îíàëüíîãî âèêîðèñòàííÿ 
òà îáñëóãîâóâàííÿ ðóõîìîãî ñêëàäó ÀÒÏ ïðîÿâëÿºòüñÿ â ìîìåíòè ìàêñèìóì³â ïàñà-
æèðîïîòîêó, êîëè óòâîðþþòüñÿ ÷åðãè ïàñàæèð³â, ³, âíàñë³äîê â³äñóòíîñò³ òåõíîëîã³é 
îáðîáêè ³ ïåðåäà÷³ äàíèõ ïðî ïàñàæèð³â â àâòîìàòèçîâàíèõ ñèñòåìàõ óïðàâë³ííÿ ðåã³-

Ë.Ì. Îëåùåíêî,  À.Â. Ãðàáàðºâ

ÓÄÊ 004:656.614.2 



                                                                                      Åêîíîì³êà ³ óïðàâë³ííÿ  ¹3/2015 

²ÍÔÎÐÌÀÖ²ÉÍ² ÒÅÕÍÎËÎÃ²¯ Â ÅÊÎÍÎÌ²Ö² ÒÀ ÓÏÐÀÂË²ÍÍ² 119

îíó, ïîã³ðøóºòüñÿ ÿê³ñòü ¿õ îáñëóãîâóâàííÿ. Ö³ ïðîáëåìè ïîâ’ÿçàí³ ç âåëèêèì îáñÿãîì 
äàíèõ, ùî ï³äëÿãàþòü îáðîáö³ â ðåàëüíîìó ÷àñ³, òà íå ìîæóòü áóòè åôåêòèâíî âèð³-
øåí³ áåç âèêîðèñòàííÿ ï³äõîä³â, çàñíîâàíèõ íà çàñòîñóâàíí³ ³íôîðìàö³éíèõ òåõíîëî-
ã³é. Îñíîâíèì ÷èííèêîì, ùî âïëèâàº íà åôåêòèâí³ñòü óïðàâë³ííÿ ÀÒÏ ó ì³æì³ñüêîìó 
ñïîëó÷åíí³, º øâèäê³ñòü îáðîáêè òà îòðèìàííÿ äàíèõ ïðî âñ³õ ïàñàæèð³â, ÿê³ êîðèñòó-
þòüñÿ òðàíñïîðòíèìè ïîñëóãàìè â äàíèé ìîìåíò ÷àñó. Íà äàíèé ÷àñ ÀÒÏ íå âèêîðèñ-
òîâóº òåõíîëîã³¿ ïðîãíîçóâàííÿ çì³í ïàñàæèðîïîòîêó â ÷àñ³, ïðîãíîçè çä³éñíþþòüñÿ 
íà îñíîâ³ ñòàòèñòè÷íèõ äàíèõ çà ìèíóë³ ïðîì³æêè ÷àñó. Ùîá àíàë³çóâàòè äàí³ òà 
ðîáèòè îïåðàòèâí³ àäåêâàòí³ ïðîãíîçè, íåîáõ³äíî ðîçðîáèòè àäåêâàòíó ìàòåìàòè÷íó 
ìîäåëü äèíàì³êè çì³íè äàíèõ.

Çàãàëîì äëÿ ïðîãíîçóâàííÿ ñîö³àëüíî-åêîíîì³÷íèõ ïðîöåñ³â äîñë³äíèêè âèêîðèñ-
òîâóþòü àäàïòèâí³ ìåòîäè êîðîòêîñòðîêîâîãî ïðîãíîçóâàííÿ, ÿê³ áàçóþòüñÿ íà òåîð³¿ 
÷àñîâèõ ðÿä³â. Îñíîâíèìè ç íèõ º ìåòîäè êîâçíî¿ ñåðåäíüî¿, åêñïîíåíö³éíîãî çãëà-
äæóâàííÿ Õîëòà-Ó³íòåðñà, ìåòîä çãëàäæóâàííÿ ïîìèëîê (ìåòîä Òð³ããà), ìåòîäè Òð³ããà-
Ë³÷à òà ìåòîä ×îó [1; 4]. Ïèòàííÿì ïðîãíîçóâàííÿ ïàñàæèðîïîòîêó ïðèñâÿ÷åíî ðîáîòè 
Äàâ³ä³÷à Þ.Î. [2], Äîë³ Â.Ê. [3], Êðèñòîï÷óêà Ì.ª., Êðàâ÷åíêà Å.À. [5], Øë³ïïå ².². [6].

Ïðîãíîçóâàííÿ ïàñàæèðîïîòîê³â º âàæëèâîþ ñêëàäîâîþ óïðàâë³ííÿ åêîíîì³êîþ 
òðàíñïîðòíî¿ ñèñòåìè ðåã³îíó. Äëÿ âèð³øåííÿ ïðîáëåìè åôåêòèâíîãî âèêîðèñòàííÿ 
ðóõîìîãî ñêëàäó ÀÒÏ íåîáõ³äíî ðîçðîáèòè åôåêòèâíó òåõíîëîã³þ ïðîãíîçóâàííÿ 
çì³ííî¿ âåëè÷èíè ïàñàæèðîïîòîêó ç óðàõóâàííÿì éîãî àìïë³òóäíî-÷àñòîòíèõ õàðàêòå-
ðèñòèê, ùî é çóìîâèëî ìåòó ñòàòò³.

Ðåã³îí ïîä³ëÿºòüñÿ íà çîíè, ÿê³ ñï³ââ³äíîñÿòüñÿ äî äåÿêîãî ïóíêòó – çîíàëüíîãî 
öåíòðó âàãè. Òðàíñïîðòíà ìåðåæà âèçíà÷àºòüñÿ íàáîðîì çâ’ÿçê³â ì³æ çîíàìè. Ùîá 
îö³íèòè ïîïèò íà ïîñëóãè òðàíñïîðòó îäí³º¿ ³ç çîí, íåîáõ³äíî âèçíà÷èòè íàñåëåííÿ, 
ñîö³àëüíó ñòðóêòóðó, ïðèâàáëèâ³ñòü òà äîñòóïí³ñòü çîíè. Äæåðåëîì ïàñàæèðîïîòîê³â º 
íàñåëåííÿ äîñë³äæóâàíî¿ òåðèòîð³¿, ÿêå ìàº âèçíà÷åíó ñòðóêòóðó òà äåìîãðàô³÷í³ îñî-
áëèâîñò³. Ïðîãíîçóâàííÿ ïàñàæèðñüêî-òðàíñïîðòíî¿ âçàºìîä³¿ ì³æ òåðèòîð³ÿìè õàðàê-
òåðèçóºòüñÿ ñêëàäí³ñòþ (âðàõîâóþòüñÿ âçàºìîçâ’ÿçêè ì³æ çì³ííèìè), çà ìàñøòàáîì – 
ñóáãëîáàëüí³ñòþ (÷èñëî çì³ííèõ ìîæå áóòè â³ä 15 äî 35), çà òðåíäîì – öèêë³÷í³ñòþ 
(ìàþòü ðåãóëÿðíó ñêëàäîâó ó âèãëÿä³ ïåð³îäè÷íî¿ ôóíêö³¿ ÷àñó), çà ïåð³îäîì ïîïåðåä-
æåííÿ – ñåðåäíüîñòðîêîâ³ñòþ (â³ä 1 äî 5 ðîê³â), çà ñòóïåíåì äåòåðì³íîâàíîñò³ – çì³-
øàí³ñòþ (ì³ñòÿòü õàðàêòåðèñòèêè ÿê äåòåðì³íîâàíîãî, òàê ³ ñòîõàñòè÷íîãî õàðàêòåðó) 
[1–3]. Íà ôîðìóâàííÿ ïàñàæèðîïîòîêó âïëèâàº ðÿä ÷èííèê³â, ñåðåä ÿêèõ ñòðóêòóðà òà 
äîõîäè íàñåëåííÿ, à òàêîæ ³íôðàñòðóêòóðí³ îñîáëèâîñò³ ðåã³îíó. 

Ïàñàæèðîïîòîêè º çì³ííèìè íà ð³çíèõ ïðîì³æêàõ ÷àñó òà ìàþòü ñâî¿ àìïë³òóäíî-
÷àñòîòí³ õàðàêòåðèñòèêè çàëåæíî â³ä îáðàíîãî ìàðøðóòó, ÷àñó äîáè, äíÿ òèæíÿ òà 
ñåçîíó. Âîíè ìàþòü òåíäåíö³¿ äî çì³íè â ÷àñ³ çàëåæíî â³ä òåíäåíö³é çì³í ðóõëèâîñò³ 
íàñåëåííÿ â ðåã³îí³. Ïðè ìîäåëþâàíí³ ïðîãíîçíèõ çíà÷åíü ïàñàæèðîïîòîêó, ÿêèé ìàº 
òåíäåíö³þ äî ïîñòóïîâî¿ çì³íè, çàñòîñîâóþòü òåîð³þ íåñòàö³îíàðíèõ (÷àñîâèõ) ðÿä³â. 
Ïðè àíàë³ç³ ðÿä³â äèíàì³êè âèêîðèñòîâóþòü ïîíÿòòÿ ñåçîííîñò³ (öèêë³÷íîñò³), ùî 
õàðàêòåðèçóº ïåð³îäè÷í³ êîëèâàííÿ äàíîãî ðÿäó òà âèïàäêîâîãî â³äõèëåííÿ. Âèïàä-
êîâà êîìïîíåíòà ô³êñóº îäíîìîìåíòí³ çì³íè äèíàì³÷íîãî ðÿäó ï³ä âïëèâîì âèïàäêî-
âèõ ÷èííèê³â. Äëÿ óñóíåííÿ âèïàäêîâèõ â³äõèëåíü çä³éñíþºòüñÿ âèð³âíþâàííÿ ðÿäó.

Ó çàãàëüíîìó âèïàäêó êîæåí ÷ëåí äèíàì³÷íîãî ðÿäó Y
t
,  äå t  [O, T], ìîæå áóòè 

ïðåäñòàâëåíèé â àäèòèâí³é ôîðì³ [1; 2]:
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+ 

t
,                                             (1)

äå U
t 
– òðåíä äèíàì³÷íîãî ðÿäó, ðåãóëÿðíà êîìïîíåíòà, ùî õàðàêòåðèçóº çàãàëüíó 

òåíäåíö³þ; Vt  – ñåçîííà êîìïîíåíòà, â çàãàëüíîìó âèïàäêó – öèêë³÷íà ñêëàäîâà; 
Et  – âèïàäêîâà êîìïîíåíòà; Zt  – êîìïîíåíòà, ùî çàáåçïå÷óº ñï³ââèì³ðí³ñòü åëåìåí-
ò³â äèíàì³÷íîãî ðÿäó; 

t 
– óïðàâëÿþ÷à êîìïîíåíòà, çà äîïîìîãîþ ÿêî¿ âïëèâàþòü íà 

÷ëåíè ðÿäó ç ìåòîþ ôîðìóâàííÿ ó ìàéáóòíüîìó éîãî áàæàíî¿ òðàåêòîð³¿.
Äëÿ îêðåìîãî îá÷èñëåííÿ êîìïîíåíò U

t
, V

t
, E

t 
ðÿäó Y

t
 âèêîðèñòîâóþòü ô³ëüòðàö³þ 

êîìïîíåíò ðÿäó. Ñåçîííà êîìïîíåíòà V
t
 õàðàêòåðèçóºòüñÿ òðèâàë³ñòþ ïåð³îäó ñåçîí-

íèõ êîëèâàíü, ¿õ àìïë³òóäîþ, ðîçì³ùåííÿì ìàêñèìóì³â òà ì³í³ìóì³â ó ÷àñ³. Ñåçîíí³ 
êîëèâàííÿ ôîðìóþòüñÿ ï³ä âïëèâîì íå ëèøå ïðèðîäíî-êë³ìàòè÷íèõ, àëå é ñîö³àëüíî-
åêîíîì³÷íèõ ÷èííèê³â. Ñèëà ³ íàïðÿì ä³¿ îêðåìèõ ÷èííèê³â ôîðìóº ð³çíó êîíô³ãóðàö³þ 
ñåçîííî¿ õâèë³. Çà ñâî¿ì õàðàêòåðîì ñåçîííà êîìïîíåíòà ìîæå áóòè àäèòèâíîþ àáî 
ìóëüòèïë³êàòèâíîþ. Äëÿ àäèòèâíî¿ êîì ïîíåíòè õàðàêòåðí³ ñòàë³ êîëèâàííÿ íàâêîëî 
ñåðåäíüîãî ð³âíÿ ÷è òðåíäó, äëÿ ìóëüòèïë³êàòèâíî¿ – çðîñòàííÿ àìïë³òóäè êîëèâàíü 
ç ÷àñîì.

Ïðîãíîçóâàííÿ ñåçîííèõ ïðîöåñ³â ´ðóíòóºòüñÿ íà äåêîìïîçèö³¿ äèíàì³÷íîãî ðÿäó. 
Ïðèïóñêàþòü, ùî â ìàéáóòíüîìó çáåð³ãàòèìåòüñÿ òåíäåíö³ÿ ³ òàêèé æå õàðàêòåð êîëè-
âàíü. Çà òàêèõ óìîâ ïðîãíîç íà áóäü-ÿêèé ì³ñÿöü (êâàðòàë), âèçíà÷åíèé ìåòîäîì åêñòðà-
ïîëÿö³¿ òðåíäó, êîðèãóºòüñÿ ³íäåêñîì ñåçîííîñò³.

Äèíàì³êà á³ëüøîñò³ ïîêàçíèê³â íå ìàº ÷³òêî âèðàæåíî¿ òåíäåíö³¿ ðîçâèòêó. ×åðåç 
ïîñò³éíèé ïåðåðîçïîä³ë âïëèâó ÷èííèê³â, ÿê³ ôîðìóþòü äèíàì³êó ïðîöåñó, çì³íþºòüñÿ 
³íòåíñèâí³ñòü äèíàì³êè, ÷àñòîòà òà àìïë³òóäà êîëèâàíü. Äî òàêèõ ôàêòè÷íèõ äàíèõ á³ëüø 
åëàñòè÷íîþ âèÿâëÿºòüñÿ êîâçíà ñåðåäíÿ, ³íòåðâàë çãëàäæóâàííÿ ÿêî¿ äîð³âíþº ñåçîí-
íîìó öèêëó (4 àáî 12). Êîðèãóâàííÿ êîâçíî¿ ñåðåäíüî¿ íà ñåçîíí³ñòü çä³éñíþºòüñÿ òàê 
ñàìî, ÿê êîðèãóâàííÿ ë³í³éíîãî òðåíäó.

Íà âèêîðèñòàíí³ åêñïîíåíö³éíî¿ ñåðåäíüî¿ ´ðóíòóºòüñÿ ñåçîííî-äåêîìïîçèö³éíà 
ìîäåëü Õîëòà-Ó³íòåðñà, â ÿê³é ïîºäíóþòüñÿ ìîäåë³ ñòàö³îíàðíîñò³, ë³í³éíîñò³ òà ñåçîí-
íîñò³.

Àíàë³ç äèíàì³÷íîãî ðÿäó ïàñàæèðîïîòîêó çä³éñíþºòüñÿ çà ñõåìîþ:
1. ×ëåíè äèíàì³÷íîãî ðÿäó êîðåãóþòüñÿ ñïåö³àëüíîþ êîìïîíåíòîþ Z

t
, ÿêùî ðÿä íå 

âèìàãàº óìîâ ç³ñòàâëåííÿ, òî Z
t
=0.

2. Óïðàâëÿþ÷à êîìïîíåíòà 
t
 ïðèéìàºòüñÿ ð³âíîþ íóëþ.

3. Îá÷èñëþºòüñÿ ðåãóëÿðíà ñêëàäîâà U
t 
(òðåíä).

4. Âèçíà÷àºòüñÿ ñåçîííà êîìïîíåíòà V
t 
.

5. Îö³íþþòüñÿ ïîõèáêè ïðè îá÷èñëåíí³ U
t 
òà V

t
 (îö³íêà âèïàäêîâî¿ ñêëàäîâî¿ E

t 
).

Ïåðåâ³ðêà ð³âíîñò³ ìàòåìàòè÷íîãî ñïîä³âàííÿ çíà÷åííÿ çàëèøêîâî¿ êîìïîíåíòè 
íóëþ çä³éñíþºòüñÿ çà äîïîìîãîþ t-êðèòåð³ÿ Ñòüþäåíòà, ïåðåâ³ðêà íåçàëåæíîñò³ çíà-
÷åíü ðÿäó çàëèøêîâî¿ êîìïîíåíòè (îö³íêà íàÿâíîñò³ àâòîêîðåëÿö³¿) – çà äîïîìîãîþ 
êðèòåð³ÿ Äàðá³íà-Óîòñîíà. 

Ïîêàçíèêàìè òî÷íîñò³ ìîäåë³ ïðîãíîçó º: êîåô³ö³ºíò çá³æíîñò³ 
2, êîåô³ö³ºíò êîðå-

ëÿö³¿ R  [0; 1], êîåô³ö³ºíò äåòåðì³íàö³¿ R2, ñåðåäíÿ ïîìèëêà àïðîêñèìàö³¿    Ìîäåë³, 
äëÿ ÿêèõ ïîêàçíèêè 2 òà     ìàþòü ì³í³ìàëüí³ çíà÷åííÿ, à  R ³ R2– ìàêñèìàëüí³, 
êðàùå â³äîáðàæàþòü äîñë³äæóâàíèé ïðîöåñ [4].

Ñåçîííà ³ âèïàäêîâà êîìïîíåíòè º ñêëàäîâèìè ÷àñîâîãî ðÿäó, ÿê³ çàëèøàþòüñÿ 
ï³ñëÿ âèä³ëåííÿ ç íüîãî òðåíäó. ßêùî âñ³ ñêëàäîâ³ çíàéäåí³ ïðàâèëüíî, ìàòåìàòè÷íå 

.e
 e
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ñïîä³âàííÿ âèïàäêîâî¿ ñêëàäîâî¿ äîð³âíþº íóëþ ³ ¿¿ êîëèâàííÿ â³äíîñíî ñåðåäíüîãî 
çíà÷åííÿ ñòàë³. Âèïàäêîâà ñêëàäîâà â³äîáðàæàº ñòîõàñòè÷íèé õàðàêòåð ïàñàæèðñüêî-
òðàíñïîðòíîãî ïðîöåñó, âïëèâ íà íüîãî ð³çíîìàí³òíèõ ôàêòîð³â: ñîö³àëüíî-åêîíîì³÷-
íèõ, ïîë³òè÷íèõ, îðãàí³çàö³éíèõ. Ïðè âèÿâëåíí³ ñåçîííîãî ïðîöåñó çä³éñíþºòüñÿ ô³ëü-
òðàö³ÿ ñåçîííî¿ ñêëàäîâî¿. 

Ç óðàõóâàííÿì ïåð³îäè÷íèõ êîëèâàíü ðÿäó ì³ñÿ÷íî¿ äèíàì³êè ïàñàæèðîïîòîêó âèêîðèñ-
òîâóþòü ìîäåë³ ñåçîííî¿ õâèë³ íà îñíîâ³ ãàðìîí³÷íîãî àíàë³çó. Îñíîâíèìè ¿¿ õàðàêòåðèñ-
òèêàìè º: àìïë³òóäà, ôàçà, ïåð³îä ³ ÷àñòîòà êîëèâàíü. Àìïë³òóäà õàðàêòåðèçóº â³äñòàíü 
â³ä ñåðåäíüîãî ð³âíÿ ìàêñèìóìó (ì³í³ìóìó) ñåçîííî¿ õâèë³, ïåð³îä êîëèâàíü – òðèâàë³ñòü 
öèêëó, ÷àñòîòà – ê³ëüê³ñòü öèêë³â â îäèíèöþ ÷àñó. Íåîáõ³äíîþ óìîâîþ äëÿ îö³íþâàííÿ 
ïåð³îäè÷íî¿ ñêëàäîâî¿ º âèêëþ÷åííÿ ç ðÿäó Y

t 
ðåãóëÿðíî¿ ñêëàäîâî¿ (òðåíäó U

t 
). 

ßêùî ôóíêö³ÿ V
t 
ç ïåð³îäîì Ò çàäîâîëüíÿº óìîâè Ä³ð³õëå òà ³íòåãðîâàíà íà ³íòåð-

âàë³ (0,T) ³ â³äîì³ n ¿¿ çíà÷åíü y
k
=V(t

k
) ó ð³âíîâ³ääàëåíèõ òî÷êàõ t

k
=kT/n, k=0,1, …, 

n-1, òî öþ ôóíêö³þ ìîæíà àïðîêñèìóâàòè òðèãîíîìåòðè÷íèì ìíîãî÷ëåíîì. Ãàðìîí³÷-
íèé àíàë³ç ïåðåäáà÷àº ðîçêëàäàííÿ ôóíêö³¿ V

t 
, çàäàíî¿ íà â³äð³çêó [0,Ò], ó ðÿä Ôóð’º 

àáî â îá÷èñëåíí³ êîåô³ö³ºíò³â Ôóð’º a
j 
³ b

j
. Ãàðìîí³÷íèé ñèíòåç äàº êîëèâàííÿ ñêëàä-

íî¿ ôîðìè øëÿõîì ï³äñóìîâóâàííÿ ¿õ ãàðìîí³÷íèõ ñêëàäîâèõ (ãàðìîí³ê) [4]:

(2)

Êîåô³ö³ºíòè ãàðìîí³êè a
j
, b

j
, j=1,2,…, m âèçíà÷àþòüñÿ ìåòîäîì íàéìåíøèõ êâà-

äðàò³â, òîáòî ì³í³ì³çóþòü ñóìó                   êâàäðàò³â â³äõèëåíü  ðîçðàõîâàíèõ  çíà÷åíü                                                                                              

          â³ä çíà÷åíü y
k
, îòðèìàíèõ ó ðåçóëüòàò³ åêñïåðèìåíòó. Òðèãîíîìåòðè÷íèé 

ìíîãî÷ëåí (2) òàêîæ ìîæíà ïðåäñòàâèòè ó âèãëÿä³ [4]:

                                                                                                      (3)

äå  A0 = a0/2 – ñåðåäíº  çíà÷åííÿ  ôóíêö³¿ f(t),                               –  àìïë³-
òóäè ãàðìîí³ê; T – ÷àñòîòà ïåðøî¿ ãàðìîí³êè; j=arctg(bj/aj) – ôàçà j-¿ ãàðìî-
í³êè, j=1,2,…,m.  ×èì á³ëüøîþ º àìïë³òóäà êîëèâàíü, òèì âàãîì³øèé âêëàä ãàðìîí³êè â 
çàãàëüíó äèñïåðñ³þ ïðîöåñó. 

Ó ìîäåëü ãàðìîí³éíîãî àíàë³çó ìîæíà âêëþ÷èòè äåê³ëüêà ãàðìîí³ê ³ç ð³çíèìè ïåð³-
îäàìè êîëèâàíü. Ãàðìîí³÷íà ôóíêö³ÿ ðîçêëàäàº ÷àñîâèé ðÿä íà ïðàâèëüí³ ïåð³ îäè÷í³ 
õâèë³ — ñèíóñî¿äè. Äëÿ âèïàäêó ñåçîííèõ êîëèâàíü ïàñàæèðîïîòîêó ç ïåð³îäîì êîëè-
âàíü 12 ì³ñÿö³â àïðîêñèìóþ÷à ôóíêö³ÿ ìàº òàêèé âèãëÿä [4]:

 
(4)

äå                                                                           .
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Ïàñàæèðîïîò³ê õàðàêòåðèçóº ïåðåì³ùåííÿ íàñåëåííÿ ì³æ òåðèòîð³ÿìè ðåã³îíó ó 

âèçíà÷åíîìó íàïðÿìêó çà îäèíèöþ ÷àñó ³ ìîæå áóòè îïèñàíèé çàëåæí³ñòþ:          ,    
äå Q

ij 
– îá’ºì ïàñàæèðñüêèõ ïåðåâåçåíü â³ä ïóíêòó i äî ïóíêòó j. Ó çàãàëüíîìó ïàñà-

æèðîïîò³ê Ô
ij
 ì³æ ì³ñòàìè ìîæíà âèðàçèòè ãðàâ³òàö³éíîþ çàëåæí³ñòþ òèïó [7; 8]: 

                                                                                                      
                                                                                       (5)

äå c
ij 
, k

ij 
– ïàðàìåòðè,  ùî õàðàêòåðèçóþòü àí³çîòðîï³þ ïàñàæèðîïîòîê³â,  ïðè÷îìó 

c
ij
 º ñòàëèì ó ìîäåë³; 

i
, 

j
– ãóñòîòà íàñåëåííÿ; S

i
, S

j
 – ïëîù³ òðàíñïîðòíèõ çîí 

(dm=dS); r
ij 
– â³äñòàíü ì³æ öåíòðàìè òðàíñïîðòíèõ çîí; F(t) – êîëèâàííÿ ïàñàæè-

ðîïîòîêó ó ÷àñ³, ùî âèðàæàþòüñÿ çàëåæí³ñòþ F(t)=F
1
(t)+F

2
(t)+F

3
(t), äå F

2
(t), F

3
(t) 

– äîáîâèé, òèæíåâèé òà ñåçîííèé åï³öèêëè ïàñàæèðîïîòîêó, ì³æ ÿêèìè ³ñíóº òàêà 
çàëåæí³ñòü: F

3
=4,28F

2
, F

2
=7F

1
.

Çà äîïîìîãîþ ïàêåòó MATLAB íà îñíîâ³ ñòàòèñòè÷íèõ äàíèõ ïàñàæèðñüêî-òðàí-
ñïîðòíî¿ âçàºìîä³¿ îòðèìàíî ïðîãíîçí³ çíà÷åííÿ ïàñàæèðîïîòîêó íà ìàðøðóòàõ «×åð-
í³ã³â-Êè¿â» òà ìàðøðóòàõ ïàñàæèðñüêî-òðàíñïîðòíî¿ âçàºìîä³¿ ì³æ îáëàñíèì öåíòðîì 
òà ðàéîíàìè îáëàñò³ (òàáë. 1).

Òàáëèöÿ 1
Ïðîãíîçí³ çíà÷åííÿ Q, , k ,  çíàéäåí³ ãðàâ³òàö³éíèì ìåòîäîì äëÿ ìàðøðóò³â

«×åðí³ã³â–Êè¿â», «×åðí³ã³â–Ìåíà», «×åðí³ã³â–Ð³ïêè», «×åðí³ã³â–Ùîðñ», 
«×åðí³ã³â–Ãîðîäíÿ» ó ñåðåäîâèù³ MATLAB (ðîçðîáêà àâòîð³â)

2007 ð. 2008 ð. 2009 ð. 2010 ð. 2011 ð. 2012 ð. 2013 ð. 2014 ð. 2015 ð.

×
åð

í³
ã³
â–

Ê
è¿

â 
1

3832 3824 3818 3813 3807 3800,5 3794,4 3788,3 3782,2


2

3253 3280 3310 3350 3763 3718,2 3827,2 3936,2 4045,2

k 0,05 0,05 0,06 0,07 0,07 0,08 0,08 0,09 0,09

Q 813017 836105 904754 1066697 1199997 1281107 1395608 1514230 1636952

×
åð

í³
ã³
â–

Ì
åí

à 1
3832 3824 3818 3813 3807 3800,5 3794,4 3800,5 3794,4

2
29,8 29,3 28,9 28,5 28,1 27,66 27,24 27,66 27,24

k 30,35 29,65 30,53 31,55 31,96 32,35 32,86 32,35 32,86

Q 282943 271223 274997 279913 279186 277629 277307 276851 276262

×
åð

í³
ã³
â–

Ð
³ï

êè

1
3832 3824 3818 3813 3807 3800,5 3794,4 3800,5 3794,4

2
15,8 15,4 15 14,8 14,5 14,14 13,82 14,14 13,82

k 1,19·10-4 1,25·10-4 1,34·10-4 1,38·10-4 1,3·10-4 1,18·10-4 1,21·10-4 1,18·10-4 1,21·10-4

Q 371900 379854 395954 401621 368987 327166 327365 327187 326633

 

dt
dQ

Ф ij
ij 

 ijij

ji

rc-2
ij

S
jjj

S
iiiijij erF(t))dSS(ρ)dSS(ρkФ  
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×
åð

í³
ã³
â–

Ù
îð

ñ 
1

3832 3824 3818 3813 3807 3800,5 3794,4 3788,3 3782,2


2

20,9 20,5 20 19,8 19,5 19,09 18,74 18,39 18,04

k 5,44·10-6 5,50·10-6 5,68·10-6 5,92·10-6 6,67·10-6 6, 8·10-6 7,1·10-6 7, 4·10-6 7,7·10-6

Q 180716 178914 180139 185284 205272 204579 209352 213779 217860

×
åð

í³
ã³
â–

Ãî
ðî

äí
ÿ 

1
3832 3824 3818 3813 3807 3800,5 3794,4 3788,3 3782,2


2

20,5 20,1 19,7 19,4 19,1 18,71 18,36 18,01 17,66

k 0,09 0,09 0,08 0,09 0,09 0,09 0,09 0,096 0,097

Q 381627 375753 349118 358930 371363 356870 352958 348931 344788

Ïîð³âíÿºìî ìåòîäè êîâçíîãî ñåðåäíüîãî, åêñïîíåíö³éíîãî çãëàäæóâàííÿ Õîëòà-
Ó³íòåðñà òà çàïðîïîíîâàíèé ãðàâ³òàö³éíèé ìåòîä äëÿ ïðîãíîçóâàííÿ ïàñàæèðîïîòîêó 
ì³æ ì³ñòàìè ×åðí³ã³â òà Êè¿â íà 2012–2015 ðîêè. Ïðè ìîäåëþâàíí³ ð³çíèìè ìåòîäàìè 
îòðèìàíî ïîêàçíèêè òî÷íîñò³ ïðîãíîçó, ïðåäñòàâëåí³ â òàáë. 2.

Òàáëèöÿ 2
Ïîêàçíèêè òî÷íîñò³ ïðîãíîçó ð³çíèìè ìåòîäàìè (ðîçðîáêà àâòîð³â)

Ìåòîä Òî÷í³ñòü ïðîãíîçó

Êîâçíîãî ñåðåäíüîãî 0,96

Åêñïîíåíö³éíîãî çãëàäæóâàííÿ Õîëòà-Ó³íòåðñà 0,93

Ë³í³éíèé òðåíä 0,93

Ëîãàðèôì³÷íèé òðåíä 0,90

Äèíàì³÷íà ãðàâ³òàö³éíà ìîäåëü 0,98

Ðîçðîáëåíó ìîäåëü ïðîãíîçó ïàñàæèðîïîòîêó âèêîðèñòàíî ïðè ôîðìóâàíí³ çàïè-
ò³â ó ñèñòåì³ êåðóâàííÿ áàçàìè äàíèõ ïðî ïàñàæèð³â MS SQL Server. Ìîäåëü ïðî-
ãíîçó (5) âèêîðèñòàíî äëÿ ìîäåëþâàííÿ îïòèìàëüíèõ ³íòåðâàë³â ðóõó òà ñòðóêòóðè 
òðàíñïîðòíèõ çàñîá³â íà ì³æì³ñüêèõ ìàðøðóòàõ ×åðí³ã³âñüêî¿ îáëàñò³, åôåêòèâí³ñòü 
âïðîâàäæåííÿ öèõ ìîäåëåé íàâåäåíî ó ðîáîòàõ [9; 10].

Çàâäÿêè âðàõóâàííþ åï³öèêë³â ïàñàæèðîïîòîêó òà ñòàòèñòè÷íèõ äàíèõ ïðî íàñå-
ëåííÿ âçàºìîä³þ÷èõ òåðèòîð³é ðåã³îíó çàïðîïîíîâàíà ìîäåëü ïðîãíîçó (5) º íàéá³ëüø 
òî÷íîþ ïîð³âíÿíî ç ³íøèìè ìåòîäàìè ñåðåäíüîñòðîêîâîãî ïðîãíîçóâàííÿ. Îòðèìàí³ 
ïðîãíîçí³ çíà÷åííÿ ñòàòèñòè÷íèõ åï³öèêë³â ïàñàæèðîïîòîê³â íà äîñë³äæóâàíèõ ìàðø-
ðóòàõ äîçâîëèëè ïîêðàùèòè ðîáîòó ÀÒÏ ×åðí³ã³âñüêî¿ îáëàñò³, çîêðåìà ïðè ïëàíó-
âàíí³ ðåæèì³â ðóõó òà âèáîð³ òðàíñïîðòíèõ çàñîá³â äëÿ ïåðåâåçåííÿ ïàñàæèð³â. Âðà-
õóâàííÿ ñòàòèñòè÷íèõ åï³öèêë³â ïàñàæèðîïîòîêó ïðèçâåëî äî çá³ëüøåííÿ ïðèáóòêó 
àâòîòðàíñïîðòíèõ ï³äïðèºìñòâ ì. ×åðí³ãîâà â ñåðåäíüîìó íà 25 %, ùî ï³äòâåðäæóº 
åôåêòèâí³ñòü çàïðîïîíîâàíî¿ ìîäåë³ ïðîãíîçó.

Ïðîäîâæåííÿ òàáë.1
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ÄÅßÒÅËÜÍÎÑÒÜÞ ÃÎÑÓÄÀÐÑÒÂÀ 

Â ðàáîòå èññëåäóåòñÿ ïðîáëåìà ýôôåêòèâíîñòè ýêñïîðòíî-èìïîðòíîãî âçàèìîäåéñòâèÿ, 
èíâåñòèöèîííîé ïîëèòèêè äëÿ åãî ó÷àñòíèêîâ ïðè ñóùåñòâóþùåì ñîîòíîøåíèè ïàðàìåòðîâ âçà-
èìîäåéñòâèÿ. Íàõîäÿòñÿ óñëîâèÿ, êîòîðûì äîëæíû óäîâëåòâîðÿòü ïàðàìåòðû âçàèìîäåéñòâèÿ, 
÷òîáû îíî áûëî âûãîäíî âñåì ñóáúåêòàì âçàèìîäåéñòâèÿ, à íå òîëüêî íåêîòîðûì èç íèõ.

This paper is about the problem of profitability of export-import interaction, investment policy 
for its members at the existing ratio of interaction parameters. There are conditions that must 
be satisfied by the parameters of interaction that it is beneficial to all stakeholders interact, not 
just some of them. To solve this problem has been developed a tool that allows you to find the 
optimal control strategy and on financial resources, both the state and its counterpart in foreign 
economic activity, the preferred (in terms of maintaining a balanced balance of payments). It is 
proposed to use the tools of game theory, which allows for information about the initial amount 
of financial resources of the state and its contractor, their growth rates, share of the amount 
of resources allocated to the implementation of import operations, debt repayment, investment 
holding; quantities characterizing the sizes of duties (excise, rates), the interest rate on resource 
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