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Ðàññìîòðåíà ïðîáëåìà ìíîãîñàòåëëèòíûõ çóá÷àòûõ ïëàíåòàðíûõ ïåðåäà÷, 
çàêëþ÷àþùàÿñÿ â òîì, ÷òî ïðè òðàäèöèîííî èñïîëüçóåìîì â ïðàêòèêå 
ìåòîäå óñòàíîâêè âñåõ ñàòåëëèòîâ íà åäèíîå çâåíî – âîäèëî, íåâîçìîæíî 
îáåñïå÷èòü ðàâíîìåðíîå íàãðóæåíèå ñàòåëëèòîâ. Èññëåäîâàíèåì ñòàòèêè 
ïëàíåòàðíîé ïåðåäà÷è ñ òðåìÿ ñàòåëëèòàìè, óñòàíîâëåííûìè íà âîäèëî, 
ïîêàçàíî, ÷òî òàêàÿ ïåðåäà÷à ðàáîòîñïîñîáíà ëèøü â ñëó÷àå, åñëè äâà èç 
òðåõ ñàòåëëèòîâ íå èìåþò çàöåïëåíèÿ õîòÿ áû ñ îäíèì èç öåíòðàëüíûõ 
êîëåñ, è îáîñíîâàí ìåòîä óñòàíîâêè ñàòåëëèòîâ â êîíñòðóêöèþ ïåðåäà÷è 
÷åðåç äîïîëíèòåëüíûå çâåíüÿ-ðû÷àãè, îáåñïå÷èâàþùèå ó÷àñòèå âñåõ 
òðåõ ñàòåëëèòîâ â çàöåïëåíèè ñ ðàâíîìåðíûì ðàñïðåäåëåíèåì íàãðóçêè 
ìåæäó íèìè. Ïðèìåíèìîñòü â òåõíèêå ðåêîìåíäóåìîãî ìåòîäà óñòàíîâêè 
ñàòåëëèòîâ ïîäòâåðæäåíî ïàòåíòîì íà èçîáðåòåíèå è ïîäðîáíûì 
äîêàçàòåëüñòâîì åãî òåõíè÷åñêîé ñîñòîÿòåëüíîñòè. 

Êëþ÷åâûå ñëîâà: çóá÷àòûé ìåõàíèçì, ïëàíåòàðíàÿ ïåðåäà÷à, ñàòåëëèò, 
ìíîãîñàòåëëèòíîñòü, ñèëîâîé ðàñ÷åò.

THE PROBLEM OF POWER STUDIES OF PLANETARY 
GEAR THREE SATELLITE BROADCASTS
L.T. Dvornikov, S.P. Gerasimov, E.V. Dvornikova

The article is devoted many satellites toothed planetary gears is the fact that the traditional method 
used in the practice of setting all satellites on a single link - the carrier is not possible to provide 
uniform loading of the satellites. In reality, the main burden in such programs through a single satellite, 
but because the calculations on the strength of such programs are produced approximately. Detailed 
study of the power of the planetary gear with three satellites mounted on a carrier, the article shows 
that the transfer is efficient only if two out of three of the satellites are not engaging at least one of 
the main wheels, and justified the installation method in the design of the satellites transmit through 
Additional units – levers for the participation of all three satellites in the engagement with the uniform 
distribution of the load between them. The applicability of the technique recommended installation 
method satellites confirmed the patent for the invention and detailed proof of its technical viability. The 
proposed method for the construction of planetary gears with the number of satellites is more than 
one can afford is widely used in practice many satellites transmission with uniform distribution of the 
load among all the satellites that will provide a significant increase in the efficiency of the planetary 
gears and the improvement of their mass-dimensional parameters.

Keywords: gear mechanism, planetary gear, satellite, many satellite, power calculation.
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Ââåäåíèå
Ïëàíåòàðíûå çóá÷àòûå ïåðåäà÷è øèðîêî 

èñïîëüçóþòñÿ â ñîâðåìåííîé òåõíèêå. Îíè 
íàøëè ïðèìåíåíèå â òðàíñïîðòíûõ ìàøèíàõ, â 
ìåòàëëîîáðàáàòûâàþùèõ ñòàíêàõ è àãðåãàòàõ, 
â âîåííîì ìàøèíîñòðîåíèè, â ãðóçîïîäúåìíîì 
îáîðóäîâàíèè, â ãîðíîì äåëå è äð. Òàêèå ïåðå-
äà÷è ïîçâîëÿþò îáåñïå÷èâàòü áîëüøèå ïåðå-
äàòî÷íûå îòíîøåíèÿ ïðè îòíîñèòåëüíî ìàëûõ 
ãàáàðèòíûõ ðàçìåðàõ è îáëàäàþò âûñîêèì 
êîýôôèöèåíòîì ïîëåçíîãî äåéñòâèÿ. Îäíàêî 
ìîæíî óòâåðæäàòü, ÷òî äàëåêî íå âñå ïîòåí-
öèàëüíûå ïðåèìóùåñòâà òàêèõ ïåðåäà÷ ïåðåä 
îáû÷íûìè çóá÷àòûìè ðåäóêòîðàìè èñïîëüçó-
þòñÿ â íàñòîÿùåå âðåìÿ â ïîëíîé ìåðå.

Â ÷àñòíîñòè, îñòàåòñÿ íå äî êîíöà èññëå-
äîâàííîé ïðîáëåìà ìíîãîñàòåëëèòíîñòè ïëà-
íåòàðíûõ ïåðåäà÷. Óæå â êàïèòàëüíîì òðóäå 
Ðóäåíêî Í.Ô. [1], ïî ïëàíåòàðíûì ïåðåäà÷àì, 
èçäàííîì â 1947 ãîäó áûëî îòìå÷åíî, ÷òî èñ-
ïîëüçóåìûå â ïðàêòèêå ïðèåìû óñòàíîâêè ñà-
òåëëèòîâ íà îäíî îáùåå âîäèëî íå ïîçâîëÿþò 
äîáèâàòüñÿ ðàâíîìåðíîãî ðàñïðåäåëåíèÿ íà-
ãðóçêè ìåæäó ñàòåëëèòàìè, è äàæå áûëè ïî-
êàçàíû ïðèìåðû êîíñòðóêöèé óðàâíèòåëåé, 
ðåøàþùèõ ýòó ïðîáëåìó, êîòîðûå îäíàêî íå 
ïîëó÷èëè ïðèìåíåíèÿ èç-çà ÷ðåçìåðíîé ñëîæ-
íîñòè. Â 1966 ã. Êóäðÿâöåâ Â.Í. [2], îäèí èç 
âåäóùèõ ñïåöèàëèñòîâ ïî ïëàíåòàðíûì ïåðå-
äà÷àì, íàøåë íåîáõîäèìûì îòìåòèòü, ÷òî â 
ìíîãîñàòåëëèòíûõ ïåðåäà÷àõ íàèáîëüøàÿ íà-
ãðóçêà èìååòñÿ â çàöåïëåíèè îäíîãî ñàòåëëè-
òà, ïîýòîìó ðàñ÷åòû íà ïðî÷íîñòü (çàöåïëåíèÿ, 
îïîð è äðóãèõ äåòàëåé) íàäî âåñòè ïî íàãðóçêå 
íà îäèí ñàòåëëèò. Ïðàêòè÷åñêè âñå ìåòîäèêè 
ðàñ÷åòà ïðî÷íîñòè, èñïîëüçóåìûå â ïëàíåòàð-
íîì ðåäóêòîðîñòðîåíèè, áàçèðóþòñÿ íà ðåêî-
ìåíäàöèÿõ Êóäðÿâöåâà Â.Í. Çà ïðîøåäøèå ñî 
âðåìåíè èçäàíèÿ ðàáîò [1, 2] áîëåå ÷åì ïÿòüäå-
ñÿò ëåò êàêèõ-ëèáî ïðèíöèïèàëüíûõ èçìåíå-
íèé â ìåòîäèêàõ ïðîåêòèðîâàíèÿ ïëàíåòàðíûõ 
ïåðåäà÷ íå ïðîèçîøëî, õîòÿ íàäîáíîñòü è àê-
òóàëüíîñòü òàêèõ èçìåíåíèé áûëà è îñòàåòñÿ 
î÷åâèäíîé.

Öåëü äàííîãî èññëåäîâàíèÿ ïîêàçàòü âîç-
ìîæíîñòü ñîçäàíèÿ òðåõñàòåëëèòíîé ïëàíåòàð-
íîé ïåðåäà÷è ñ óâåëè÷åííûì êîýôôèöèåíòîì 
ïîëåçíîãî äåéñòâèÿ (ÊÏÄ).

Çàäà÷è èññëåäîâàíèÿ
Ñèñòåìíîå ðàçðåøåíèå ïðîáëåìû ìíîãîñà-

òåëëèòíîñòè ïëàíåòàðíûõ ïåðåäà÷, à èìåííî: 
ðàâíîìåðíîå ðàñïðåäåëåíèå íàãðóçêè ìåæäó 

óñòàíàâëèâàåìûìè â ïëàíåòàðíûõ çóá÷àòûõ 
ïåðåäà÷àõ ñàòåëëèòàìè, ìîæåò áûòü íàéäåíî 
ïîñëå êîððåêòíîãî ðåøåíèÿ äâóõ çàäà÷. Ïåðâàÿ 
çàäà÷à çàêëþ÷àåòñÿ â òîì, ÷òîáû, èñïîëüçóÿ èç-
âåñòíûå, íå âûçûâàþùèå ñîìíåíèé ìåòîäû ñè-
ëîâîãî àíàëèçà ìåõàíè÷åñêèõ ñèñòåì, îöåíèòü 
è äîêàçàòü íåâîçìîæíîñòü ñèëîâîãî ðåøåíèÿ 
ïðèìåíÿåìîé íûíå ñõåìû óñòàíîâêè íåñêîëü-
êèõ ñàòåëëèòîâ íà îäíî âîäèëî, ÷òî äàåò âîç-
ìîæíîñòü ïîëó÷àòü ëèøü ïðèáëèæåííûå ðåøå-
íèÿ, ïðèâîäÿùèå ê ïîòåðÿì â ìàññå è ãàáàðèòàõ 
ïàðàìåòðîâ ïåðåäà÷ è ïîíèæåíèþ èõ ÊÏÄ.

Âòîðîé è íàèáîëåå âàæíîé ÿâëÿåòñÿ çàäà÷à 
îáîñíîâàíèÿ ïðèíöèïèàëüíî íîâîãî ìåòîäà 
êîíñòðóèðîâàíèÿ ïëàíåòàðíûõ çóá÷àòûõ ïåðå-
äà÷, ïðè êîòîðîì ìîæåò áûòü äîñòèãíóòî ãà-
ðàíòèðîâàííî ðàâíîìåðíîå ðàñïðåäåëåíèå 
íàãðóçêè ìåæäó ñàòåëëèòàìè, ÷òî ïîçâîëèò äî-
áèòüñÿ ïîâûøåíèÿ ÊÏÄ ïåðåäà÷, óâåëè÷åíèÿ 
èõ äîëãîâå÷íîñòè è óìåíüøåíèÿ ìàññàãàáàðèò-
íûõ ïàðàìåòðîâ. Îáå ýòè çàäà÷è ðåøàþòñÿ íà 
ïðèìåðå øèðîêî ïðèìåíÿåìûõ â òåõíèêå òðåõ-
ñàòåëëèòíûõ ïëàíåòàðíûõ ïåðåäà÷.

Äîêàçàòåëüñòâî ñèëîâîé
íåðàçðåøèìîñòè òðåõñàòåëëèòíûõ 
ïëàíåòàðíûõ ïåðåäà÷
Ïðè ñîçäàíèè ïëàíåòàðíûõ çóá÷àòûõ ïåðå-

äà÷, â êîòîðûõ èñïîëüçóþòñÿ ñàòåëëèòû, ò.å. 
çóá÷àòûå êîëåñà ñ ïîäâèæíûìè ãåîìåòðè÷åñêè-
ìè îñÿìè, âàæíî óñòðàíèòü ñèëû èíåðöèè ñà-
òåëëèòîâ îòíîñèòåëüíî îñè âðàùåíèÿ âîäèëà. 
Ðåøàåòñÿ ýòà çàäà÷à äîñòàòî÷íî ïðîñòî: âìåñòî 
îäíîãî óñòàíàâëèâàþò äâà, à ÷àùå âñåãî òðè ñà-
òåëëèòà, çà ñ÷åò ÷åãî ñèëû èíåðöèè ñàòåëëèòîâ 
óðàâíîâåøèâàþòñÿ. Ïðè ýòîì àïðèîðè ïðåäïî-
ëàãàåòñÿ âîçìîæíîñòü óìåíüøåíèÿ äåéñòâóþ-
ùèõ íàãðóçîê íà êàæäûé èç ñàòåëëèòîâ, ðàñïðå-
äåëèâ èõ ìåæäó íèìè. Îäíàêî îïûò ïîêàçûâàåò, 
÷òî óìåíüøèòü íàãðóçêó íà êàæäûé èç ñàòåë-
ëèòîâ íå óäàåòñÿ. Äåëî â òîì, ÷òî óñòàíîâêà íà 
åäèíîå âîäèëî íåñêîëüêèõ ñàòåëëèòîâ ïðèâîäèò 
èëè ê ïîëíîé îñòàíîâêå âñåé ñèñòåìû, èëè ê íå-
âîçìîæíîñòè ó÷àñòèÿ äîïîëíèòåëüíûõ ñàòåëëè-
òîâ â ïåðåäà÷å ñèë, ÷òî ìîæíî äîêàçàòü.

Íà ðèñóíêå 1 ïîêàçàíà òðåõñàòåëëèòíàÿ 
ïëàíåòàðíàÿ ïåðåäà÷à, ãäå îáîçíà÷åíû: 1 – öåí-
òðàëüíîå âåäóùåå êîëåñî, 2, 3, 4 – ñàòåëëèòû, 
Í – âîäèëî è 5 – öåíòðàëüíîå íåïîäâèæíîå 
êîëåñî. Ðàññìîòðèì ýòó ïåðåäà÷ó ïîäðîáíî.

Ïîäâèæíîñòü ýòîé ñèñòåìû ìîæåò áûòü îïðå-
äåëåíà ïî èçâåñòíîé ôîðìóëå ×åáûøёâà Ï.Ë. [3]

− −5 4 = 3 2 ,W n p p  (1)
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ãäå n – îáùåå ÷èñëî ïîäâèæíûõ çâåíüåâ; 5p  – îä-
íîïîäâèæíûå êèíåìàòè÷åñêèå ïàðû–øàðíèðû; 

4p  – âûñøèå êèíåìàòè÷åñêèå ïàðû (ïàðû çàöå-
ïëåíèÿ), ïîÿâëÿþùèåñÿ â ñîåäèíåíèÿõ çóáüåâ 
çóá÷àòûõ êîëåñ.

Â ðàññìàòðèâàåìîé öåïè: ïÿòü ïîäâèæíûõ 
çâåíüåâ (  = 5),n  à èìåííî: öåíòðàëüíîå êîëåñî, 
âîäèëî Í è òðè ñàòåëëèòà; ïÿòü êèíåìàòè÷å-
ñêèõ ïàð–øàðíèðîâ  5( = 5)p  – òðè ñîåäèíåíèÿ 
ñàòåëëèòîâ ñ âîäèëîì â øàðíèðàõ À, Â, Ñ è äâà 
ñîåäèíåíèÿ ñ íåïîäâèæíûì çâåíîì – ñòîéêîé 
öåíòðàëüíîãî âåäóùåãî êîëåñà è âîäèëà; øåñòü 
ïàð çàöåïëåíèÿ  4( = 6)p  – òðè çàöåïëåíèÿ 
çóáüåâ ñàòåëëèòîâ â òî÷êàõ D, Å, F ñ íåïîäâèæ-
íûì êîëåñîì è òðè çàöåïëåíèÿ òåõ æå ñàòåë-
ëèòîâ â òî÷êàõ G, I, K ñ öåíòðàëüíûì âåäóùèì 
êîëåñîì.

Ïîäñòàâèâ n = 5, 5 = 5p  è =4 6p  â ôîðìóëó 
(1), ïîëó÷èì W = –1.

Ýòîò ðåçóëüòàò îçíà÷àåò, ÷òî ïðèâåäåííàÿ 
íà ðèñ. 1 öåïü ÿâëÿåòñÿ íåïîäâèæíîé è ñòàòè-
÷åñêè íåîïðåäåëèìîé.

Ðàññìîòðèì âîçìîæíîñòü ñèëîâîãî èññëåäî-
âàíèÿ ýòîãî ìåõàíèçìà, âûäåëèâ èç íåãî öåïü, 
ïðèñîåäèíÿåìóþ ê âåäóùåìó çâåíó, ò.å. âîäèëî 
ñ òðåìÿ ñàòåëëèòàìè, è ïðåäïðèìåì ïîïûòêó 
íàéòè ðåàêöèè âî âñåõ åё ñâÿçÿõ – êèíåìàòè÷å-
ñêèõ ïàðàõ.

Ýòè ðåàêöèè ïîêàçàíû íà ñõåìå öåïè (ñì. ðèñ. 1). 
Èõ âñåãî 14 – ýòî 6 ðåàêöèé â øàðíèðàõ, ñî-
åäèíÿþùèõ ñàòåëëèòû ñ âîäèëîì, τ( , ),n

A A AR R R  
τ( , )n

B B BR R R  è τ( , )n
C C CR R R ; òðè ðåàêöèè â çàöå-

ïëåíèÿõ ñàòåëëèòîâ ñ íåïîäâèæíûì êîëåñîì 5 
( , , )D E FR R R ; òðè ðåàêöèè â çàöåïëåíèÿõ ñà-

Ðèñ. 1. Òðåõñàòåëëèòíàÿ ïëàíåòàðíàÿ ïåðåäà÷à

òåëëèòîâ ñ âåäóùèì öåíòðàëüíûì êîëåñîì 
( , , )G I KR R R  è äâå ðåàêöèè â øàðíèðå, ñîåäè-
íÿþùåì âîäèëî ñî ñòîéêîé τ( )n

O O OR R ,R . Èñõîäÿ 
èç ïðèíöèïà êèíåòîñòàòèêè, äëÿ íàõîæäåíèÿ 
ðåàêöèé â ñâÿçÿõ ïëîñêîãî ìåõàíèçìà ìîæíî 
ñîñòàâèòü ïî òðè óðàâíåíèÿ ðàâíîâåñèÿ äëÿ 
êàæäîãî çâåíà öåïè:

0,xF =∑  =∑ 0,yF  

Â ðàññìàòðèâàåìîé öåïè ïîäâèæíûõ çâå-
íüåâ ÷åòûðå – ýòî âîäèëî è òðè ñàòåëëèòà, ò.å. 
âñåãî ìîæíî ñîñòàâèòü äâåíàäöàòü óðàâíåíèé 
ðàâíîâåñèÿ, à íåèçâåñòíûõ ðåàêöèé â öåïè ÷å-
òûðíàäöàòü. Ñòàíîâèòñÿ î÷åâèäíûì, ÷òî çàäà÷à 
ýòà íåðàçðåøèìà. Â ôèçè÷åñêîì ñìûñëå ýòî 
îçíà÷àåò, ÷òî ðàññìàòðèâàåìàÿ öåïü íå òîëüêî 
íåïîäâèæíà, íî è äâàæäû ñòàòè÷åñêè íåîïðå-
äåëèìà. Èñïðàâèòü åё ìîæíî óìåíüøåíèåì èç-
ëèøíèõ ñâÿçåé, à ýòî âîçìîæíî ëèøü ïóòёì èñ-
êëþ÷åíèÿ äâóõ ñâÿçåé – çàöåïëåíèé.

Â èçâåñòíûõ èññëåäîâàíèÿõ [4–6] è ìåòîäè-
÷åñêèõ óêàçàíèÿõ ïî ïëàíåòàðíûì ïåðåäà÷àì, 
âêëþ÷àÿ îñíîâîïîëàãàþùèå ìîíîãðàôèè [1, 2], 
ýòà ïðîáëåìà òàê îò÷åòëèâî íå ñòàâèëàñü è íå 
ðåøàëàñü, êàê ïðåäëàãàåòñÿ â ýòîé ñòàòüå, âîç-
ìîæíîñòü óñòàíîâêè íà îäíî âîäèëî íåñêîëü-
êèõ ñàòåëëèòîâ ïðèíèìàëàñü çà áåçóñëîâíî 
ïðèåìëåìóþ. Îòìåòèì, ÷òî ê òàêîìó ñîîáðà-
æåíèþ áûëè ñåðüåçíûå îñíîâàíèÿ, à èìåííî –
ðåàëüíûé ïîëîæèòåëüíûé îïûò ñîçäàíèÿ è 
èñïîëüçîâàíèÿ [7–9] íà ïðàêòèêå íåîäíîñàòåë-
ëèòíûõ ïåðåäà÷. Òàê, òðåõñàòåëëèòíûå ïåðåäà-
÷è, â êîòîðûõ âñå òðè ñàòåëëèòà óñòàíàâëèâà-
þòñÿ îäèíàêîâî íà îäíî âîäèëî, äî íàñòîÿùåãî 
âðåìåíè øèðîêî èçãîòàâëèâàþòñÿ è ïðèìåíÿ-
þòñÿ â òåõíèêå [10, 11]. Îáúÿñíÿåòñÿ ýòî òåì, 
÷òî ðàññìàòðèâàåìûå ìåõàíè÷åñêèå ñèñòåìû 
îáëàäàþò âîçìîæíîñòüþ èçáàâëåíèÿ îò èç-
ëèøíèõ ñâÿçåé ïðè ñàìîóñòàíîâëåíèè çâåíüåâ 
ìåæäó ñîáîé. Ýòî âïîëíå ðåàëèçóåìî, òàê êàê 
çàöåïëåíèÿ çóá÷àòûõ êîëåñ ÿâëÿþòñÿ ñâÿçÿìè 
íåóäåðæèâàþùèìè, îíè îáåñïå÷èâàþò ïåðåäà-
÷ó äâèæåíèÿ ëèøü â îäíîì íàïðàâëåíèè. Ïðè 
íàëè÷èè çàçîðîâ â ñîåäèíåíèÿõ êîëåñ èñêëþ÷à-
þòñÿ ñîáñòâåííî ñâÿçè, ò.å. íåïîñðåäñòâåííûå 
êàñàíèÿ çóáüåâ êîëåñ, à îáåñïå÷åíèå òàêèõ çà-
çîðîâ ïðè èçãîòîâëåíèè êîëåñ è èõ ìîíòàæå – 
çàäà÷à íåñëîæíàÿ. Óæå ïðè ñáîðêå ðåäóêòîðà 
âñåãäà ìîæíî çàìåòèòü íåâîçìîæíîñòü óñòà-
íîâêè êîëåñ äðóã îòíîñèòåëüíî äðóãà è ñíÿòü 
ýòó ïðîáëåìó ââåäåíèåì çàçîðîâ. Èìåííî ïî 
ýòîé ïðè÷èíå â òðåõñàòåëëèòíîé ïëàíåòàðíîé 
ïåðåäà÷å ñîáñòâåííî îáåñïå÷èâàåòñÿ äâèæåíèå 
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çâåíüåâ, òàê êàê äâà èç òðåõ ñàòåëëèòîâ â çàöå-
ïëåíèè íå ó÷àñòâóþò, ò.å. ïåðåäà÷à ñèë ïðîèñ-
õîäèò ÷åðåç åäèíñòâåííûé ñàòåëëèò è íå îáÿçà-
òåëüíî ÷òî ÷åðåç îäèí è òîò æå.

Àëãîðèòì ñòàòè÷åñêîãî àíàëèçà
ñàìîóñòàíàâëèâàþùèõñÿ
òðåõñàòåëëèòíûõ ïëàíåòàðíûõ ïåðåäà÷
Íåîáõîäèìî ïðèâåñòè îáîñíîâàíèå íîâîãî 

ïîäõîäà ê ñîçäàíèþ òðåõñàòåëëèòíîé ïëàíåòàð-
íîé ïåðåäà÷è, ñîãëàñíî êîòîðîìó ãàðàíòèðóåòñÿ 
ñîïðèêîñíîâåíèå âñåõ ñàòåëëèòîâ çóáüÿìè ñ öåí-
òðàëüíûìè êîëåñàìè äàæå ïðè íàëè÷èè çàçîðîâ.

Ïðàêòè÷åñêè ýòà çàäà÷à ðåøàåòñÿ ïóòåì 
óñòàíîâêè ñàòåëëèòîâ íà äîïîëíèòåëüíûå 
ðû÷àãè â ñîîòâåòñòâèè ñ òåõíè÷åñêèì ðåøåíè-
åì ïî ïàòåíòó ÐÔ íà èçîáðåòåíèå № 2013154381 
[12]. Ñîãëàñíî ýòîìó ðåøåíèþ òðè ñàòåëëèòà 
îáúåäèíÿþòñÿ â øåñòèçâåííóþ öåïü íóëåâîé 
ïîäâèæíîñòè, ò.å. â ãðóïïó Àññóðà, êîòîðàÿ íå 
ðàñïàäàåòñÿ íà áîëåå ïðîñòûå ãðóïïû è ïðèâî-
äèòñÿ â äâèæåíèå öåíòðàëüíûì êîëåñîì. Ýòà 
öåïü ïîêàçàíà íà ðèñ. 2.

Â íåé ñàòåëëèòû 2, 3, 4 ñîåäèíÿþòñÿ ìåæäó 
ñîáîé è ñ âûõîäíûì çâåíîì – ïîâîäêîì 7 ÷åðåç 
äâà äîïîëíèòåëüíûõ çâåíà – ðû÷àãè 5 è 6. Ïðè 
ýòîì ðû÷àãè 5 è 6 âûïîëíÿþòñÿ òðåõïàðíûìè 
(òðåõøàðíèðíûìè). Ïåðâûé èç ðû÷àãîâ ñâÿçû-
âàåò ñàòåëëèòû 2 è 3, à âòîðîé – ðû÷àã 5 ñ òðå-
òüèì ñàòåëëèòàì 4 è ñ ïîâîäêîì 7. Â ýòîé öåïè 
øåñòü çâåíüåâ (ñàòåëëèòû 2, 3, 4, ðû÷àãè 5, 6 è 
ïîâîäîê 7), øåñòü øàðíèðîâ – êèíåìàòè÷åñêèõ 
ïàð p

5
 (À, Â, Ñ, L, M, O) è øåñòü âûñøèõ ïàð 

ð
4
 (D, E, F, G, I, K) â çàöåïëåíèÿõ êîëåñ. Ýòà 

ñèñòåìà ÿâëÿåòñÿ ñòàòè÷åñêè îïðåäåëèìîé, ÷òî 
ïîäòâåðæäàåòñÿ ôîðìóëîé (1), ïî êîòîðîé ïðè 
n = 6, ð

5
 = 6 è ð

4
 = 6 èìååì W = 0. Ýòî îçíà÷àåò, 

÷òî, åñëè ê ðàññìàòðèâàåìîé öåïè ïðèëîæèòü 
èçâåñòíûå âíåøíèå ñèëû, ñèëû è ìîìåíòû ñèë 
èíåðöèè, òî ïîëíûå ðåàêöèè âî âñåõ êèíåìàòè-
÷åñêèõ ïàðàõ îêàæóòñÿ âïîëíå îïðåäåëèìûìè.

Ïðèâåäåì äîêàçàòåëüñòâî ýòîãî. Âñåãî â 
öåïè (ñì. ðèñ. 2) 18 íåèçâåñòíûõ τ( ,AR  ,n

AR  τ ,BR  

, n
BR  τ , CR  , n

CR  τ , LR  ,n
LR  τ , MR  , n

MR  τ , OR  ,n
OR  ,DR  , ER  ,FR  

,GR  ,IR  ),KR  à òàê êàê öåïü ñîñòîèò èç øåñòè 
çâåíüåâ (òðåõ ñàòåëëèòîâ 2, 3, 4 è òðåõ ðû÷àãîâ 
5, 6, 7) è äëÿ êàæäîãî èç çâåíüåâ ìîæíî ñîñòà-
âèòü ïî òðè óðàâíåíèÿ ðàâíîâåñèÿ, ò.å. 18 óðàâ-
íåíèé, òî âñå 18 ñîñòàâëÿþùèõ ðåàêöèé â öåïè 
ìîãóò áûòü íàéäåíû. Îäíàêî èìååò ñìûñë ñî-
ñòàâèòü òàêèå óðàâíåíèÿ ðàâíîâåñèÿ, ïî êîòî-
ðûì ìîæíî áûëî áû ïîñëåäîâàòåëüíî íàõîäèòü 

Ðèñ. 2. Òðåõñàòåëëèòíàÿ ïëàíåòàðíàÿ
ïåðåäà÷à ñ äîïîëíèòåëüíûìè ðû÷àãàìè

ñîñòàâëÿþùèå ðåàêöèé, íå ïðèáåãàÿ ê ðåøå-
íèþ ñèñòåìû èç 18 óðàâíåíèé.

Ê ðàññìàòðèâàåìîé öåïè öåëåñîîáðàçíî 
ïðèìåíèòü ñëåäóþùèé ïîäõîä. Ïðåæäå âñåãî, 
îïðåäåëèâ òî÷êè ïåðåñå÷åíèé ðåàêöèé â çà-
öåïëåíèÿõ çóáüåâ ñàòåëëèòà ïîä íîìåðîì 2 

 – òî÷êà S
2
, ñàòåëëèòà ïîä íîìåðîì 3 

 – òî÷êà S
3
 è ñàòåëëèòà ïîä íîìåðîì 4 

 – òî÷êà S
4
, ìîæíî, ñîñòàâèâ óðàâíå-

íèÿ ðàâíîâåñèÿ ñóìì ìîìåíòîâ ñèë, ïðèëîæåí-
íûõ ê êàæäîìó èç ñàòåëëèòîâ îòíîñèòåëüíî 
òî÷åê S

2
, S

3
 è S

4

íàéòè òàíãåíöèàëüíûå ñîñòàâëÿþùèå ðåàêöèé 
â øàðíèðàõ A, B, C – τ τ τ, , .A B CR R R  Ïîñëå ýòîãî 
ñòàíîâèòñÿ âîçìîæíûì íàéòè íà ïåðåñå÷åíèè 
ïåðïåíäèêóëÿðîâ ê íàïðàâëåíèÿì ðåàêöèé 

 òî÷êó ξ1, îòíîñèòåëüíî êîòîðîé ñóììà 
ìîìåíòîâ ñèë äëÿ çâåíà 5 – ðû÷àãà ABL âûðà-
çèòñÿ óðàâíåíèåì ñ åäèíñòâåííîé â íåì íåèç-
âåñòíîé ðåàêöèåé τ

LR

Ïîñëå íàõîæäåíèÿ τ
LR  ìîæíî ðàññìîòðåòü 

ðàâíîâåñèå ðû÷àãà 6, ðåàêöèè τ
LR  è τ

CR  êîòîðî-
ãî èçâåñòíû. Äëÿ ýòîãî ïðîâåäåì èç òî÷åê L è C 
çâåíà 6 ëèíèè, ïåðïåíäèêóëÿðíûå ê ðåàêöèÿì 

τ
LR  è τ ,CR  äî ïåðåñå÷åíèÿ èõ â òî÷êå ξ2 .  Ñóììà 

ìîìåíòîâ ñèë äëÿ çâåíà 6 îòíîñèòåëüíî òî÷êè 
ξ2 âûðàçèòñÿ óðàâíåíèåì
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èç êîòîðîãî ïðè èçâåñòíûõ τ
LR  è τ

CR  îïðåäåëèò-
ñÿ òàíãåíöèàëüíàÿ ñîñòàâëÿþùàÿ ′τ

MR  ïîëíîé 
ðåàêöèè â òî÷êå M.

×òîáû íàéòè âòîðóþ ñîñòàâëÿþùóþ ïîëíîé 
ðåàêöèè â òî÷êå Ì, ñîñòàâèì îòíîñèòåëüíî 
òî÷êè Î óðàâíåíèå ñóììû ìîìåíòîâ ñèë, äåé-
ñòâóþùèõ íà çâåíî 7 (ïîâîäîê), îòêóäà ñòàíåò 
èçâåñòíîé ðåàêöèÿ ′′τ

MR :

Êîíåö ïîëíîé ðåàêöèè â øàðíèðå Ì íàé-
äåòñÿ íà ïåðåñå÷åíèè ëèíèé, ïðîâåäåííûõ èç 
êîíöîâ âåêòîðîâ ′τ

MR  è ′′τ
MR  ïåðïåíäèêóëÿðíî èõ 

íàïðàâëåíèÿì.
Ïîñëå íàõîæäåíèÿ ïîëíîé ðåàêöèè â øàðíè-

ðå Ì ìîæíî îòûñêàòü ïîëíûå ðåàêöèè âî âñåõ 
øàðíèðàõ öåïè èç âåêòîðíûõ óðàâíåíèé ñèë, 
äåéñòâóþùèõ íà çâåíüÿ. Èç óðàâíåíèÿ

=∑
çâ7

0F

îïðåäåëèòñÿ ïîëíàÿ ðåàêöèÿ â îïîðå Î.
Ïî âåêòîðíîìó óðàâíåíèþ ñèë

∑
6

= 0,
çâ

F

äåéñòâóþùèõ íà çâåíî 6, ñòàíîâèòñÿ âîçìîæ-
íûì íàéòè ïîëíûå ðåàêöèè â øàðíèðàõ Ñ è L.

Èç âåêòîðíîãî óðàâíåíèÿ ñèë

∑
çâ5

 = 0,F

äåéñòâóþùèõ íà çâåíî 5, îïðåäåëÿòñÿ ïîëíûå 
ðåàêöèè â øàðíèðàõ À è Â.

Íàêîíåö, ïðè èçâåñòíûõ ðåàêöèÿõ â øàðíèðàõ 
À, Â è Ñ ñàòåëëèòîâ èç âåêòîðíûõ óðàâíåíèé ñèë, 
äåéñòâóþùèõ íà êàæäûé èç ñàòåëëèòîâ

∑
çâ2

 = 0,F  ∑
çâ3

 = 0,F  ∑
çâ4

 = 0,F

îïðåäåëÿòñÿ ðåàêöèè  â 
çàöåïëåíèÿõ ñàòåëëèòîâ ñ öåíòðàëüíûìè êîëå-
ñàìè.

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ
Íåêîòîðîå óñëîæíåíèå êîíñòðóêöèè ïåðåäà-

÷è ââåäåíèåì äâóõ äîïîëíèòåëüíûõ ðû÷àãîâ 5 
è 6, à òàêæå äâóõ êèíåìàòè÷åñêèõ ïàð – øàðíè-
ðîâ L è M ìîæåò áûòü ñóùåñòâåííî êîìïåíñè-
ðîâàíî òåì, ÷òî êðóòÿùèé ìîìåíò îò âåäóùåãî 

êîëåñà ïðè ýòîì ãàðàíòèðîâàííî áóäåò ïåðåäà-
âàòüñÿ ÷åðåç âñå òðè ñàòåëëèòà, ò.å. íàãðóçêà íà 
îòäåëüíûé ñàòåëëèò óìåíüøèòñÿ âòðîå, ÷òî ïî-
âûñèò ðåñóðñ ïåðåäà÷è è ïîçâîëèò óìåíüøèòü 
ãàáàðèòû è ìàññó ïåðåäà÷è â öåëîì.

Ïðèíÿòîå òåõíè÷åñêîå ðåøåíèå, ïîçâîëÿþ-
ùåå ñàòåëëèòàì ñàìîóñòàíàâëèâàòüñÿ ìåæäó 
öåíòðàëüíûìè êîëåñàìè ÷åðåç âûñøèå êèíå-
ìàòè÷åñêèå ïàðû – ïàðû çàöåïëåíèÿ – ñíèæàåò 
æåñòêîå âëèÿíèå ïåðåêîñîâ âî âðàùàòåëüíûõ 
êèíåìàòè÷åñêèõ ïàðàõ. Ïîñêîëüêó öåïü, ñî-
ñòîÿùàÿ èç çâåíüåâ 2–7 íóëåâîé ïîäâèæíîñòè, 
òî îíà ÿâëÿåòñÿ ñàìîóñòàíàâëèâàþùåéñÿ. Êàê 
òîëüêî îäíî èç çâåíüåâ öåïè, âåäîìûõ öåí-
òðàëüíûì êîëåñîì 1, ò.å. ëþáîé èç ñàòåëëèòîâ, 
âîéäåò â çàöåïëåíèå ñ äðóãèì èç öåíòðàëü-
íûõ êîëåñ, ñàòåëëèò ïðîäîëæèò ñâîå äâèæå-
íèå (ïðîñêàëüçûâàíèå ïî çóáüÿì öåíòðàëüíûõ 
êîëåñ) äî òåõ ïîð, ïîêà íå âîéäåò â çàöåïëåíèå 
âòîðîé ñàòåëëèò, à çàòåì òðåòèé, ò.å. âõîä â 
çàöåïëåíèå âñåõ òðåõ ñàòåëëèòîâ ñòàíîâèòñÿ 
íåèçáåæíûì, è êàæäûé èç ñàòåëëèòîâ áóäåò 
ïåðåäàâàòü íàãðóçêó îäèíàêîâóþ ñ äðóãèìè ñà-
òåëëèòàìè. Åäèíñòâåííî âîçìîæíûì ïðè ýòîì 
ÿâëÿåòñÿ ðàâíîìåðíîå ðàñïðåäåëåíèå ïåðåäà-
âàåìîé ìîùíîñòè ìåæäó ñàòåëëèòàìè.

Äëÿ ïðèìåðà ïîêàæåì îïðåäåëåíèå óñèëèé 
â ñîåäèíåíèÿõ ïåðåäà÷è. Åñëè â êà÷åñòâå âå-
äóùåãî çâåíà ïðèíÿòü öåíòðàëüíîå êîëåñî 
1 (ñì. ðèñ. 2), òî ìîìåíò ñîïðîòèâëåíèÿ Ì

ñ
, 

ïðèëîæåííûé ê âåäîìîìó çâåíó 7, óðàâíîâå-
ñèòñÿ òðåìÿ ðàâíûìè ìåæäó ñîáîé ðåàêöèÿ-
ìè  ñî ñòîðîíû íåïîäâèæíîãî 
êîëåñà 8. Ýòà ðåàêöèÿ ìîæåò áûòü íàéäåíà èç 
ñîîòíîøåíèÿ

ãäå  = 20° – óãîë çàöåïëåíèÿ ýâîëüâåíòíîé ïå-
ðåäà÷è.

Ðàññìàòðèâàÿ äàëåå ðàâíîâåñèå îäèíàêîâî 
íàãðóæåííûõ ñàòåëëèòîâ 2, 3 è 4, ìîæíî íàéòè 
ðåàêöèè â çàöåïëåíèÿõ G, I, K, à èç óñëîâèé 
ðàâíîâåñèÿ êàæäîãî èç ñàòåëëèòîâ – ðåàêöèè â 
îïîðàõ A, B è Ñ.

Çàêëþ÷åíèå
Ðàññìîòðåííûå â ñòàòüå çàäà÷è ñèëîâîãî àíà-

ëèçà ïëàíåòàðíûõ çóá÷àòûõ ïåðåäà÷ ñ òðåìÿ ñà-
òåëëèòàìè, óñòàíîâëåííûìè íà åäèíîå âîäèëî 
èëè ïîñðåäñòâîì äâóõ äîïîëíèòåëüíûõ ðû-
÷àãîâ, óáåäèòåëüíî ïîêàçàëè, ÷òî ýòè ïðèåìû 
ïðèíöèïèàëüíî îòëè÷àþòñÿ äðóã îò äðóãà. 
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Â ïåðâîì ñëó÷àå ïåðåäà÷à îêàçûâàåòñÿ èëè â 
ïðèíöèïå íåðàáîòîñïîñîáíîé, èëè ðàáîòàåò ñ 
çàçîðàìè â çàöåïëåíèÿõ, ïðè êîòîðûõ ðåàëüíî 
âîçìîæíà ïåðåäà÷à ìîùíîñòè ëèøü ÷åðåç îäèí 
ñàòåëëèò. Òîëüêî óñòàíîâêîé ñàòåëëèòîâ â öåïü 
÷åðåç äîïîëíèòåëüíûå ðû÷àãè ìîæíî îáåñïå-
÷èòü îäèíàêîâîå íàãðóæåíèå âñåõ ñàòåëëèòîâ è 
òåì ñàìûì äîáèòüñÿ ïîâûøåíèÿ ÊÏÄ è óìåíü-
øåíèÿ ìàññû ãàáàðèòíûõ ïàðàìåòðîâ ïåðåäà÷è. 
Îòìåòèì, ÷òî, ðàññóæäàÿ àíàëîãè÷íûì îáðà-
çîì, ìîæíî ïîñòðîèòü ïëàíåòàðíûå ïåðåäà÷è 
è ïðè äðóãîì ÷èñëå ñàòåëëèòîâ (áîëåå òðåõ) ñ 
ðàâíîìåðíûì íàãðóæåíèåì âñåõ ñàòåëëèòîâ.

Ñïèñîê ëèòåðàòóðû
1. Ðóäåíêî Í.Ô. Ïëàíåòàðíûå ïåðåäà÷è. 

Òåîðèÿ, ïðèìåíåíèå, ðàñ÷åò è ïðîåêòèðîâà-
íèå. 3-å èçä., èñïð. è äîï. Ì.; Ë.: Ìàøãèç, 
1947. – 756 ñ.

2. Êóäðÿâöåâ Â.Í. Ïëàíåòàðíûå ïåðåäà÷è. 2-å 
èçä. Ì.; Ë.: Ìàøèíîñòðîåíèå, 1966. – 308 ñ.

3. Àðòîáîëåâñêèé È.È. Òåîðèÿ ìåõàíèçìîâ è 
ìàøèí. 4-å èçä. Ì.: Íàóêà, 1988. – 640 ñ.

4. Òêà÷åíêî Â.À. Ïëàíåòàðíûå ìåõàíèçìû 
(îïòèìàëüíîå ïðîåêòèðîâàíèå). Õàðüêîâ: 
Íàö. àýðîêîñì. óí-ò (ÕÀÈ), 2003. – 446 ñ.

5. Òðåòüÿêîâ Â.Ì. Ãðàôè÷åñêèé ìåòîä ïî-
ñòðîåíèÿ êàðòèíû ðàñïðåäåëåíèÿ óãëîâûõ 
ñêîðîñòåé çóá÷àòûõ ìåõàíèçìîâ // Òåîðèÿ 
ìåõàíèçìîâ è ìàøèí. 2011. Ò. 9. № 2(18).
Ñ. 76–84.

ÄÂÎÐÍÈÊÎÂ
Ëåîíèä Òðîôèìîâè÷

E-mail: tmmiok@yandex.ru
Òåë.: 8 (3843) 46-57-91

ÃÅÐÀÑÈÌÎÂ
Ñåì í Ïàâëîâè÷ 

E-mail: extend42@yandex.ru
Òåë.: 89059653118

Äâîðíèêîâà
Åëåíà Âëàäèìèðîâíà

E-mail: grom.pen@yandex.ru

Äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð, çàâåäóþùèé êàôåäðîé Ñèáèðñêîãî ãî-
ñóäàðñòâåííîãî èíäóñòðèàëüíîãî óíèâåðñèòåòà (ÑèáÃÈÓ), ã. Íîâîêóçíåöê, çà-
ñëóæåííûé äåÿòåëü íàóêè ÐÔ, äåéñòâèòåëüíûé ÷ëåí Ìåæäóíàðîäíîé àêàäåìèè 
âûñøåé øêîëû (ÌÀÍÂØ) è Ðîññèéñêîé àêàäåìèè åñòåñòâîçíàíèÿ (ÐÀÅ). Ñïå-
öèàëèñò â îáëàñòè òåîðèè ìåõàíèçìîâ è ìàøèí, àâòîð 10 ìîíîãðàôèé è 500 
íàó÷íûõ ñòàòåé è 340 èçîáðåòåíèé, 

Àñïèðàíò êàôåäðû òåîðèè îñíîâ êîíñòðóèðîâàíèÿ ìàøèí ÑèáÃÈÓ. Ñôåðà 
íàó÷íûõ èíòåðåñîâ: èññëåäîâàíèå è ïðîåêòèðîâàíèå ïëàíåòàðíûõ ïåðåäà÷.
Àâòîð ïÿòè íàó÷íûõ ñòàòåé, òðåõ ïàòåíòîâ.

Àñïèðàíò ÊèðÃÒÃÓ èì Ðàççàêîâà. Ñôåðà íàó÷íûõ èíòåðåñîâ: èññëåäîâàíèå 
çóá÷àòî-ðû÷àæíûõ ìåõàíèçìîâ. Àâòîð äâóõ íàó÷íûõ ñòàòåé è îäíîãî èçîáðå-
òåíèÿ.

6. Òðåòüÿêîâ Â.Ì. Èñïîëüçîâàíèå êàðòèíû 
ðàñïðåäåëåíèÿ óãëîâûõ ñêîðîñòåé ïðè ñèí-
òåçå öèëèíäðè÷åñêèõ çóá÷àòûõ ìåõàíèçìîâ 
// Òåîðèÿ ìåõàíèçìîâ è ìàøèí. 2012. Ò. 10. 
№ 1(19). Ñ. 79-87.

7. Ïèâîâàðîâ À.Î., Øåâ÷óê Â.Ï. Èññëåäîâà-
íèå ïðèìåíÿåìûõ ïëàíåòàðíûõ ïåðåäà÷ è 
ìåõàíèçìîâ íà èçáûòî÷íûå ñâÿçè // Âåñòíèê 
Àêàäåìèè âîåííûõ íàóê. 2011. № 2 (ñïåöâû-
ïóñê). C. 316–321.

8. Øåâ÷óê Â.Ï., Ïèâîâàðîâ À.Î. Ïëàíåòàð-
íûé ìåõàíèçì ïîâîðîòà ñ ñîñòàâíûì âîäè-
ëîì // Ïîëèòðàíñïîðòíûå ñèñòåìû: ìàòåð.
VII âñåðîñ. íàó÷.-òåõí. êîíô., ã. Êðàñíî-
ÿðñê, 25–27 íîÿá. 2010 ã. Êðàñíîÿðñê, 2010.
C. 113.

9. Øåâ÷óê Â.Ï., Ïèâîâàðîâ À.Î., Ëÿøåíêî Ì.Â., 
Øåõîâöîâ Â.Â., Êîòîâñêîâ À.Â. // Ïëàíå-
òàðíàÿ ïåðåäà÷à / Ï. ì. 103591 ÐÔ, ÌÏÊ
F 16 H 1/48.; ÂîëãÃÒÓ. – 2011.

10. Ñèäîðîâ Ï.Ã., Øèðÿåâ È.À., Ïàøèí À.À., 
Ïëÿñîâ À.Â. Ìåòîä îáðàçîâàíèÿ ïðîñòåé-
øèõ ïëàíåòàðíûõ ìåõàíèçìîâ // Èçâåñòèÿ 
ÒóëÃÓ. Òåõíè÷åñêèå íàóêè. 2009. ×. II.
Âûï. 2. Ñ. 3–12.

11. Àáðàìîâ È.Â., Îñåòðîâ Â.Ã., Ïëåõàíîâ Ô.È. 
è äð. Òåõíîëîãèÿ èçãîòîâëåíèÿ ðåäóêòîðîâ. 
Ãëàçîâ: Èçä-âî ÃÒÏÈ, 2005. − 202 ñ.

12. Ïàòåíò ÐÔ №2013154381 Ñàìîóñòàíàâëè-
âàþùèéñÿ òðåõñàòåëëèòíûé ïëàíåòàðíûé 
ðåäóêòîð / Ãåðàñèìîâ Ñ.Ï. Äâîðíèêîâ Ë.Ò. 
ïðèîðèòåò îò 06.12.2013.

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 06.12.14



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


