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REPRODUCTIVE ABILITY OF UNEVEN-AGED HOLSTEIN COWS

A retrospective analysis was carried out into reproductive ability of uneven-aged Holstein cows
under conditions of commercial milk production against a background of hormonal stimulation of
heat and synchronization of ovulation. It was found that inter-calving periods in high-producing
Holstein cows intensively exploited were longer than a physiologically grounded norm (395 days) that
was caused by prolonged service and lactation periods by 30 and 27-45 days, respectively. The
duration of pregnancy in animals was within the physiological norm and lasted 285.3 days. In turn,
the dry period averaged 51.3 days across a herd that was conditioned by technological requirements. It
was proved that fertility rate in high-producing cow herd did not practically depend on the cow’s age
and considerably varied throughout the productive use. Fertilization index in Holstein cows had
pronounced age dependency: 2.37 inseminations in cows in first lactation, and 2.09 on the average in
cows in second and third lactations that was significantly less than indices in young cows by 11.8
percent (p < 0.001), The cows in forth lactation had the index of 1.91 on the average.
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ÌÅÒÎÄÈÊÀ ÂÛÁÎÐÀ ÒÎÐÌÎÇÀ-ÇÀÌÅÄËÈÒÅËß
ÀÂÒÎÒÐÀÊÒÎÐÍÎÃÎ ÏÎÄÂÈÆÍÎÃÎ ÑÎÑÒÀÂÀ

Ïðåäëîæåíà ìåòîäèêà âûáîðà âñïîìîãàòåëüíîé òîðìîçíîé ñèñòåìû àâòîìîáèëåé è êî-
ëåñíûõ òðàêòîðíûõ ïîåçäîâ, çàíÿòûõ ñåëüñêîõîçÿéñòâåííûìè òðàíñïîðòíûìè ðàáîòàìè. Ìå-
òîäèêà îñíîâàíà íà ýêñïåðòíûõ îöåíêàõ êà÷åñòâåííûõ ñâîéñòâ óêàçàííûõ ñèñòåì ðàçëè÷íûõ
òèïîâ. Â ïåðâóþ î÷åðåäü ðåøàåòñÿ âîïðîñ ïðåäïî÷òèòåëüíîñòè òîãî èëè èíîãî òîðìîçà-çà-
ìåäëèòåëÿ. Äàëåå íà îñíîâàíèè ýêñïåðòíûõ êîëè÷åñòâåííûõ îöåíîê îïðåäåëÿåòñÿ ÷èñëåííàÿ
õàðàêòåðèñòèêà îòäåëüíûõ ãðóïï óêàçàííûõ òðåáîâàíèé. Ñ ïîìîùüþ ïðåäñòàâëåííîé ìàòå-
ìàòè÷åñêîé ìîäåëè óñòàíàâëèâàåòñÿ ñóììà îöåíîê âñåõ ãðóïï òðåáîâàíèé. Çàòåì ïðîèçâîäèò-
ñÿ îêîí÷àòåëüíûé âûáîð, ò.å. äàåòñÿ êîëè÷åñòâåííàÿ îöåíêà, êîòîðàÿ èãðàåò ðîëü îöåíêè
òèïà òîðìîçà-çàìåäëèòåëÿ. Ñ èñïîëüçîâàíèåì ãðàôèêà áàëàíñà ìîùíîñòè òîðìîæåíèÿ îïðå-
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äåëåíà òîðìîçíàÿ ìîùíîñòü âûáðàííîé âñïîìîãàòåëüíîé òîðìîçíîé ñèñòåìû àâòîìîáèëÿ
èëè êîëåñíîãî òðàêòîðíîãî ïîåçäà ïðè òîðìîæåíèè ñ ïîñòîÿííîé ñêîðîñòüþ íà ñïóñêå ñ óê-
ëîíîì 7 % ïðîòÿæåííîñòüþ 6 êì. Ó÷èòûâàÿ, ÷òî â àâòîòðàêòîðíîé íàó÷íî-òåõíè÷åñêîé ëèòå-
ðàòóðå íåò äàííûõ î ñîñòàâëÿþùèõ áàëàíñà ìîùíîñòè òîðìîæåíèÿ ïîäâèæíîãî ñîñòàâà, â
ñòàòüå ïîäðîáíî ïðåäñòàâëåíû óïîìÿíóòûå ñîñòàâëÿþùèå.

Êëþ÷åâûå ñëîâà: òîðìîç-çàìåäëèòåëü, êîëè÷åñòâåííàÿ îöåíêà, òîðìîçíàÿ ìîùíîñòü, áà-
ëàíñ ìîùíîñòè òîðìîæåíèÿ, êà÷åñòâåííîå ñâîéñòâî.

Àâòîòðàêòîðíûé ïîäâèæíîé ñîñòàâ è îñîáåííî àâòîòðàíñïîðòíûå
ñðåäñòâà, âûïóñêàåìûå â íàñòîÿùåå âðåìÿ, íàðÿäó ñ áîëüøîé îáùåé ìàñ-
ñîé îáëàäàþò òàêæå âûñîêèìè ñêîðîñòíûìè êà÷åñòâàìè, îáåñïå÷èâàÿ òåì
ñàìûì òðåáóåìóþ ïðîèçâîäèòåëüíîñòü èõ ðàáîòû. Ïðè ýòîì óâåëè÷åíèå
ñêîðîñòè òðåáóåò ïîâûøåíèÿ ýíåðãîåìêîñòè òîðìîçíûõ ñèñòåì â ñâÿçè ñ
áåçîïàñíîñòüþ äâèæåíèÿ. Îäèí èç ïóòåé ðåøåíèÿ ýòîé ïðîáëåìû – ïðè-
ìåíåíèå òîðìîçîâ-çàìåäëèòåëåé (ÒÇ). Âåñüìà àêòóàëüíîé çàäà÷åé ÿâëÿþò-
ñÿ ïðåäâàðèòåëüíîå îïðåäåëåíèå òðåáóåìîé òîðìîçíîé ìîùíîñòè è
êîëè÷åñòâåííàÿ îöåíêà êà÷åñòâåííûõ ñâîéñòâ ðàçëè÷íûõ òèïîâ ÒÇ.

Öåëü íàñòîÿùåãî èññëåäîâàíèÿ – âûáîð ÒÇ ñ ïðåäâàðèòåëüíûì îïðå-
äåëåíèåì îöåíîê èõ êà÷åñòâåííûõ ñâîéñòâ è ñîñòàâëÿþùèõ áàëàíñà ìîù-
íîñòè òîðìîæåíèÿ òðàíñïîðòíîãî ñðåäñòâà íà ñïóñêå.

Â íàñòîÿùåå âðåìÿ âûáîð òîãî èëè èíîãî òèïà ÒÇ ïðîèçâîäèòñÿ ïóòåì
ñðàâíåíèÿ êà÷åñòâåííûõ ñâîéñòâ, õàðàêòåðèçóþùèõ êîíñòðóêòèâíûå îñî-
áåííîñòè äàííûõ óñòðîéñòâ. Ïðè ýòîì îòäåëüíûì ñâîéñòâàì äàåòñÿ ïðè-
áëèçèòåëüíîå ïðåäïî÷òåíèå, ò.å. áåç èõ êîëè÷åñòâåííûõ îöåíîê. Êðîìå
òîãî, òðåáóåìûå ïîêàçàòåëè òîðìîçíîé äèíàìèêè, â ÷àñòíîñòè òîðìîçíàÿ
ìîùíîñòü âûáðàííîãî òèïà çàìåäëèòåëÿ, îïðåäåëÿåòñÿ èñõîäÿ èç êîíñò-
ðóêòèâíûõ ïàðàìåòðîâ ÒÇ.

Íà ñîâðåìåííûõ àâòîìîáèëÿõ è êîëåñíûõ òðàêòîðíûõ ïîåçäàõ óñòà-
íàâëèâàþòñÿ â îñíîâíîì ìîòîðíûå (îñîáåííî âûõëîïíûå òèïû), ãèäðîäè-
íàìè÷åñêèå, ýëåêòðîäèíàìè÷åñêèå, êîìáèíèðîâàííûå è ôðèêöèîííûå
òèïû ÒÇ [1–4].

Àíàëèç êîíñòðóêöèè ÒÇ, èõ ðàáî÷èõ õàðàêòåðèñòèê è ýêñïëóàòàöèîí-
íûõ êà÷åñòâ ïîçâîëÿåò äàòü ñðàâíèòåëüíóþ îöåíêó ýòèõ óñòðîéñòâ.

Ïðåèìóùåñòâà:
– ìîòîðíûå ÒÇ âûõëîïíîãî òèïà: ïðîñòîòà êîíñòðóêöèè è îáñëóæèâà-

íèÿ, ìàëûå ãàáàðèòû è ìàññà, âîçìîæíîñòü èõ óñòàíîâêè íà ñòàíäàðòíûå
àâòîìîáèëè áåç ñóùåñòâåííîãî èçìåíåíèÿ èõ êîíñòðóêöèè, íåáîëüøàÿ
ñòîèìîñòü, óëó÷øåíèå òåïëîâîãî ðåæèìà äâèãàòåëÿ (ïðè òîðìîæåíèè íà
ñïóñêå);

– ãèäðîäèíàìè÷åñêèå ÒÇ: àâòîìàòè÷åñêîå ðåãóëèðîâàíèå âåëè÷èíû
òîðìîçíîãî ìîìåíòà â çàâèñèìîñòè îò ñêîðîñòè äâèæåíèÿ, óëó÷øåíèå òåï-
ëîâîãî ðåæèìà äâèãàòåëÿ;

– ýëåêòðîäèíàìè÷åñêèå ÒÇ: âûñîêàÿ òîðìîçíàÿ ýôôåêòèâíîñòü, âîç-
ìîæíîñòü óñòàíîâêè íà ïðèöåïàõ è ïîëóïðèöåïàõ, óäîáñòâî äèñòàíöèîí-
íîãî óïðàâëåíèÿ.

Íåäîñòàòêè:
– ìîòîðíûå ÒÇ âûõëîïíîãî òèïà: íèçêàÿ òîðìîçíàÿ ýôôåêòèâíîñòü;
– ãèäðîäèíàìè÷åñêèå ÒÇ: íèçêàÿ ýôôåêòèâíîñòü ïðè ìàëûõ ñêîðî-

ñòÿõ, ãðîìîçäêîñòü, ñëîæíîñòü êîíñòðóêöèè è óïðàâëåíèÿ, íåîáõîäèìîñòü
äîïîëíèòåëüíîãî óõîäà, âûñîêàÿ ñòîèìîñòü, çíà÷èòåëüíûå ïîòåðè ìîùíî-
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ñòè íà òÿãîâûõ ðåæèìàõ äâèãàòåëÿ, èíåðöèîííîñòü (áîëüøîå âðåìÿ ñðàáà-
òûâàíèÿ è îòòîðìàæèâàíèÿ);

– ýëåêòðîäèíàìè÷åñêèå ÒÇ: ñëîæíîñòü è ãðîìîçäêîñòü êîíñòðóêöèè,
âûñîêàÿ ñòîèìîñòü, íåñòàáèëüíîñòü ðàáî÷åé õàðàêòåðèñòèêè ïðè íåçíà÷è-
òåëüíîì íàãðåâå, áîëüøàÿ ìàññà.

Äëÿ ñðàâíèòåëüíîãî àíàëèçà ðàçëè÷íûõ òèïîâ ÒÇ íåîáõîäèìî îöåíèòü
èõ êà÷åñòâåííûå ñâîéñòâà, êîòîðûå, ïî ñóòè, ïðåäñòàâëÿþò ñîáîé òðåáîâà-
íèÿ [5], ïðåäúÿâëÿåìûå ê çàìåäëèòåëÿì. Ýòè òðåáîâàíèÿ ìîæíî ðàçäåëèòü
íà ñëåäóþùèå òðè ãðóïïû.

Ïî ýôôåêòèâíîñòè îáåñïå÷åíèÿ áåçîïàñíîñòè äâèæåíèÿ:
– äîñòàòî÷íîå çíà÷åíèå òîðìîçíîé ñèëû äëÿ îáåñïå÷åíèÿ ñïóñêà àâòî-

ìîáèëÿ ñî ñêîðîñòüþ 30 ± 5 êì/÷ ïî óêëîíó 7 % ïðîòÿæåííîñòüþ 6 êì;
– ìàëîå âðåìÿ ñðàáàòûâàíèÿ (íå áîëåå 0,5 ñ) è îòòîðìàæèâàíèÿ;
– óäîáñòâî óïðàâëåíèÿ è âîçìîæíîñòü àâòîìàòèçàöèè;
– âîçìîæíîñòü áåññòóïåí÷àòîé ðåãóëèðîâêè òîðìîçíîé ñèëû (ìîìåí-

òà), ïëàâíîñòü åå íàðàñòàíèÿ.
Ïî ýêîíîìè÷íîñòè:
– ìàëûå ãàáàðèòû è ìàññà, à òàêæå ñîõðàííîñòü ãàáàðèòîâ àâòîìîáèëÿ;
– îòñóòñòâèå ðàñõîäà òîïëèâà ïðè òîðìîæåíèÿõ;
– íåäîïóùåíèå ïàäåíèÿ óðîâíÿ ýíåðãèè â àêêóìóëÿòîðíûõ áàòàðåÿõ

íèæå 90 % íîìèíàëüíîãî çíà÷åíèÿ;
– äîñòóïíîñòü ìîíòàæà íà ñåðèéíî âûïóñêàåìûõ àâòîòðàêòîðíûõ

ñðåäñòâàõ.
Ïî íàäåæíîñòè êîíñòðóêöèè:
– íåçàâèñèìîñòü ýôôåêòèâíîñòè çàìåäëèòåëÿ îò íàãðåâà, òåìïåðàòóðû

è ïëîòíîñòè âîçäóõà;
– ñîõðàíåíèå óðîâíÿ íàäåæíîñòè äðóãèõ ýëåìåíòîâ àâòîìîáèëÿ;
– íåçàâèñèìîñòü îò âèáðàöèé, êîððîçèè è ñòàðåíèÿ ýëåìåíòîâ, âîçíè-

êàþùèõ ïðè ëþáûõ óñëîâèÿõ ýêñïëóàòàöèè;
– ïðîñòîòà è äîñòóïíîñòü òåõíè÷åñêîãî îáñëóæèâàíèÿ.
Ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì íàéòè ÷èñëåííóþ õàðàêòåðèñòèêó êà-

æäîãî òèïà ÒÇ, ÷òî ìîæåò ñûãðàòü ðîëü îöåíêè çàìåäëèòåëÿ. Òàêàÿ îöåíêà
ìîæåò ðåøèòü âîïðîñ ïðåäïî÷òèòåëüíîñòè òîãî èëè èíîãî òèïà ÒÇ.

Òðåáîâàíèÿ (ñâîéñòâà) ïî ïåðâîé ãðóïïå îöåíèâàþòñÿ îò 0,7 äî 1,0
áàëëà, âòîðîé – îò 0,6 äî 0,9, òðåòüåé – îò 0,5 äî 0,8 áàëëà. Ïðîèçâåäåíà
ýêñïåðòíàÿ îöåíêà ýòèõ òðåáîâàíèé, êîòîðûå ïðèâåäåíû â òàáëèöå.

Äëÿ îêîí÷àòåëüíîãî âûáîðà òèïà ÒÇ íåîáõîäèìî îïðåäåëèòü îöåíêó
áàëëîâ (ýêñïåðòíûõ îöåíîê) êàæäîãî òèïà çàìåäëèòåëÿ. Ñ ýòîé öåëüþ ñî-
ñòàâëåíà ðàñ÷åòíàÿ êîìïüþòåðíàÿ ïðîãðàììà ïî ñëåäóþùåé ñõåìå. Åñëè
îöåíêà â êàêîé-íèáóäü ñòðîêå äàííîé ãðóïïû ðàâíà íóëþ (÷òî èìååò ìåñòî
â ñëó÷àå, êîãäà äàííîå òðåáîâàíèå íå îáåñïå÷åíî ÒÇ), òî ïîñëåäóþùèå
îöåíêè äàííîé ãðóïïû óìíîæàþòñÿ íà 0,5. Çàòåì ñîñòàâëÿåòñÿ ñóììà ïî-
ëó÷åííûõ îöåíîê äëÿ êàæäîé ãðóïïû ñ èíäåêñîì â îòäåëüíîñòè.

Ñîñòàâëÿþòñÿ îòíîøåíèÿ

h i i ix x� / (èä) ,

ãäå xi
(èä) – îöåíêà äëÿ äàííîé ãðóïïû, ñîîòâåòñòâóþùàÿ èäåàëüíîìó çàìåä-

ëèòåëþ.
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Êîíå÷íàÿ îöåíêà ÒÇ ïî âñåì òðåì ãðóïïàì îïðåäåëÿåòñÿ ïî ôîðìóëå

d h h hh h h
� � � � � �

� � � � � �
1

0 5 1
2

0 5 1 0 2 1
3

1 1 2e e e, ( ) , ( ) , ( ) .

Êîýôôèöèåíòû âèäà e-ai(1-�i) îáåñïå÷èâàþò ó÷åò îòêëîíåíèÿ äàííîé
ãðóïïû îò èäåàëüíîñòè (ïîä èäåàëüíûì ÒÇ ïîäðàçóìåâàåòñÿ òîò, êîòîðûé
îòâå÷àåò âñåì òðåáîâàíèÿì) íà ïîñëåäóþùèå ãðóïïû. Íàïðèìåð, åñëè â
äàííîé ãðóïïå h i � 1, ò.å. åñëè çàìåäëèòåëü ñ òî÷êè çðåíèÿ òðåáîâàíèé i-é
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Îöåíêè îòäåëüíûõ ñâîéñòâ ðàçëè÷íûõ òèïîâ ÒÇ è äâèãàòåëÿ

Òðåáîâàíèå

Òèï çàìåäëèòåëåé

ãèäðî-
äèíàìè-
÷åñêèé

ýëåê-
òðîäè-
íàìè-
÷åñêèé

äâèãàòåëü
áåç äî-
ïîëíè-

òåëüíîãî
ïðèñïî-
ñîáëåíèÿ

ìî-
òîð-
íûé

èäå-
àëü-
íûé

ôðèê-
öèîí-
íûé

Ýôôåêòèâíîñòü îáåñïå÷åíèÿ áåçîïàñíîñòè
äâèæåíèÿ:

äîñòàòî÷íîñòü âåëè÷èíû òîðìîçíîé ñèëû
äëÿ îáåñïå÷åíèÿ ñïóñêà àâòîìîáèëÿ ñî
ñêîðîñòüþ 30 ± 5 êì/÷ ïî óêëîíó 7 %,
ïðîòÿæåííîñòüþ 6 êì 1,0 1,0 0,6 0,7 1,0 0,8

ìàëîå âðåìÿ ñðàáàòûâàíèÿ (íå áîëåå
0,5 ñ) è îòòîðìàæèâàíèÿ 0,7 1,0 0,7 0,8 1,0 0,9

óäîáñòâî óïðàâëåíèÿ è âîçìîæíîñòü åãî
àâòîìàòèçàöèè 1,0 1,0 0,7 1,0 1,0 1,0

âîçìîæíîñòü áåññòóïåí÷àòîé ðåãóëèðîâ-
êè òîðìîçíîé ñèëû (ìîìåíòà), ïëàâíîñòü
åå íàðàñòàíèÿ 1,0 0,9 0,7 0,7 1,0 0,8

Ýêîíîìè÷íîñòü:

ìàëûå ãàáàðèòû è ìàññà, à òàêæå íåâûõîä
çà ãàáàðèòû àâòîìîáèëÿ 0,7 0,6 0,9 0,9 1,0 0,8

îòñóòñòâèå ðàñõîäà òîïëèâà ïðè òîðìîæå-
íèÿõ 0,9 0,9 0,6 0,9 1,0 0,9

íåäîïóùåíèå ïàäåíèÿ óðîâíÿ ýíåðãèè â
àêêóìóëÿòîðíûõ áàòàðåÿõ íèæå 90 % íî-
ìèíàëüíîãî çíà÷åíèÿ 0,9 0,6 0,9 0,9 1,0 0,9

äîñòóïíîñòü ìîíòàæà íà ñåðèéíî âûïóñ-
êàåìûå àâòîìîáèëè 0,6 0,6 0,9 0,9 1,0 0,6

Íàäåæíîñòü êîíñòðóêöèè:

íåçàâèñèìîñòü ýôôåêòèâíîñòè çàìåäëè-
òåëÿ îò íàãðåâà, îò òåìïåðàòóðû è ïëîò-
íîñòè âîçäóõà 0,8 0,6 0,8 0,8 1,0 0,5

ñîõðàíåíèå óðîâíÿ íàäåæíîñòè äðóãèõ
ýëåìåíòîâ àâòîìîáèëÿ 0,7 0,5 0,8 0,8 1,0 0,6

íåçàâèñèìîñòü îò âèáðàöèé, êîððîçèé è
ñòàðåíèÿ ýëåìåíòîâ, âîçíèêàþùèõ ïðè
ëþáûõ óñëîâèÿõ ýêñïëóàòàöèè 0,7 1,7 0,8 0,8 1,0 0,6

ïðîñòîòà è äîñòóïíîñòü òåõíè÷åñêîãî îá-
ñëóæèâàíèÿ 0,6 0,6 0,8 0,7 1,0 0,7

È ò î ã î . . . 32,09 29,78 22,28 29,67 54,59 27,67



ãðóïïû íåèäåàëåí, òî ýòî ïðèâîäèò ê óìåíüøåíèþ âêëàäà ïîñëåäóþùèõ �i

íà îêîí÷àòåëüíóþ îöåíêó ÒÇ.
Ðåøåíèå ïðîãðàììû ïîêàçûâàåò, ÷òî ìîòîðíûé çàìåäëèòåëü îöåíèâà-

åòñÿ 29,67 áàëëà, ôðèêöèîííûé – 27,67, äâèãàòåëü – 21,28, ýëåêòðîäèíàìè-
÷åñêèå è ãèäðîäèíàìè÷åñêèå ÒÇ – ñîîòâåòñòâåííî 29,78 è 32,09 áàëëà.

Âåëè÷èíû �1, �2, �3, ôèãóðèðóþùèå â ôîðìóëå �, ìîãóò èìåòü ðàçíûå
çíà÷åíèÿ â çàâèñèìîñòè îò äîðîæíî-êëèìàòè÷åñêèõ óñëîâèé ýêñïëóàòàöèè
(âûñîòà ìåñòíîñòè, ãîëîëåä, ãîðîäñêèå óñëîâèÿ äâèæåíèÿ, ãîðíûå óñëî-
âèÿ, ò.å. ñðåäà, â êîòîðîé ðàáîòàåò òðàíñïîðòíîå ñðåäñòâî).

Èçëîæåííîå âûøå ïîçâîëÿåò ñäåëàòü âûâîä î òîì, ÷òî íàèáîëåå öåëå-
ñîîáðàçíî ïðèìåíåíèå ãèäðîäèíàìè÷åñêîãî ÒÇ (32,09 áàëëà). Íåîáõîäèìî
ïîìíèòü, ÷òî êàæäûé èç ïåðå÷èñëåííûõ òèïîâ çàìåäëèòåëåé öåëåñîîáðàç-
íî ïðèìåíÿòü òàì, ãäå èõ íåäîñòàòêè íå èìåþò ñóùåñòâåííîãî çíà÷åíèÿ.
Íàïðèìåð, ãèäðîäèíàìè÷åñêèå ÒÇ – äëÿ àâòîòðàêòîðíîãî ïîäâèæíîãî ñî-
ñòàâà ñ ãèäðîìåõàíè÷åñêîé êîðîáêîé ïåðåäà÷; ýëåêòðîäèíàìè÷åñêèå – äëÿ
ïîäâèæíîãî ñîñòàâà îñîáî áîëüøîé ãðóçîïîäúåìíîñòè; ìîòîðíûå – äëÿ
àâòîìîáèëåé è êîëåñíûõ òðàêòîðíûõ ïîåçäîâ ñ íåáîëüøîé îáùåé ìàññîé;
ôðèêöèîííûå – äëÿ òÿæåëûõ ãðóçîâèêîâ, ðàáîòàþùèõ â áåçäîðîæíûõ óñ-
ëîâèÿõ (ëåñîâîçû, ðóäîâîçû è ò.ï.).

Äëÿ îïðåäåëåíèÿ ïîêàçàòåëåé òîðìîçíîé äèíàìèêè, â ÷àñòíîñòè òîð-
ìîçíîé ìîùíîñòè çàìåäëèòåëÿ, ïîñòðîèì áàëàíñ ìîùíîñòè òîðìîæåíèÿ
ïîäâèæíîãî ñîñòàâà âûáðàííîãî òèïà íà îñíîâå èçëîæåííîãî âûøå ñïîñî-
áà ÒÇ íà ñïóñêå (ñ ïîñòîÿííîé ñêîðîñòüþ).

Óðàâíåíèå áàëàíñà ìîùíîñòè ïðè òîðìîæåíèè íà ñïóñêå ñ óêëîíîì
(�) ïðîäîëüíîãî ïðîôèëÿ äîðîãè â ñëó÷àå ñòàíäàðòíîãî äâèãàòåëÿ ìîæíî
ïðåäñòàâèòü â âèäå

N� = Nf+Nw+NÄ. (1)

Ïðè òîðìîæåíèè ÒÇ (áåç èñïîëüçîâàíèÿ êîëåñíûõ òîðìîçîâ) óðàâíå-
íèå (1) ïðåîáðàçóåòñÿ â ñëåäóþùèé âèä:

�Na= Nf + Nw + NÄ + NÒÇ,

ãäå Nf – ìîùíîñòü ñîïðîòèâëåíèÿ êà÷åíèþ øèí, Nf = GafVcos � [6]; Nw –
ìîùíîñòü ñîïðîòèâëåíèÿ âîçäóøíîé ñðåäû, Nw = KFV3 [6]; NÒÇ – ìîù-
íîñòü, ðàçâèâàåìàÿ çàìåäëèòåëåì; N� – ìîùíîñòü, ïðèîáðåòàåìàÿ ïîäâèæ-
íûì ñîñòàâîì íà ñïóñêå, N� = Gà fVsin � [6].

Äëÿ ìîòîðíûõ çàìåäëèòåëåé � � � � �N A B n nÒÇ
M ( ) [6], äëÿ ýëåêòðîäèíà-

ìè÷åñêèõ – N nòç
ý � a 1

3 [7], äëÿ ãèäðîäèíàìè÷åñêèõ çàìåäëèòåëåé

N D npÒÇ
ä � gl 3 3 [8], äëÿ äâèãàòåëåé – Nä = (A+Bn)n [6].

Â ïðèâåäåííûõ ôîðìóëàõ: Gà – îáùàÿ ìàññà àâòîìîáèëÿ, Í; f – êîýô-
ôèöèåíò ñîïðîòèâëåíèÿ êà÷åíèþ øèí; V – ñêîðîñòü àâòîìîáèëÿ, ì/ñ;
KF – ôàêòîð îáòåêàåìîñòè, Í·c2/ì4; � – âåëè÷èíà óêëîíà, ãðàäóñ; A�, B�, A è
B – êîýôôèöèåíòû, îïðåäåëÿåìûå ýêñïåðèìåíòàëüíûì ïóòåì; n – îáîðî-
òû êîëåí÷àòîãî âàëà äâèãàòåëÿ, îá./ñ; n1 – îáîðîòû ÿêîðÿ ýëåêòðîäèíàìè-
÷åñêîãî ÒÇ, îá./ñ; a – êîýôôèöèåíò ïðèâåäåíèÿ; D – äèàìåòð ðàáî÷åé
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ïîëîñòè, ì; � – ïëîòíîñòü ðàáî-
÷åé æèäêîñòè, êã/ì3; � – êîýô-
ôèöèåíò òîðìîçíîãî ìîìåíòà
ÒÇ, ñ2/(îá.2ì); np – îáîðîòû ðî-
òîðà ÒÇ, îá./ñ.

Íà ðèñóíêå ïðåäñòàâëåí
ãðàôèê áàëàíñà ìîùíîñòè ãèä-
ðîäèíàìè÷åñêîãî çàìåäëèòåëÿ.
Äëÿ ðàñ÷åòîâ, ñâÿçàííûõ ñ ïî-
ñòðîåíèåì ãðàôèêà, ïðèíÿòû
ñëåäóþùèå èñõîäíûå äàííûå:
Gà = 80000H; �=36·10-2; A = 3,45; B = 0,0035; D = 0,226 ì; � = 840 êã/ì3;
� = 4o; f = 0,12–0,25; np= 8–42 îá./ñ.

Èç ãðàôèêà âèäíî, ÷òî ìîùíîñòü òîðìîæåíèÿ äâèãàòåëåì íåäîñòàòî÷-
íà äëÿ äîñòèæåíèÿ ðàâíîìåðíîé ñêîðîñòè íà ñïóñêå 7 % (� = 4î), ïîñêîëü-
êó êðèâàÿ (Nf + Nw + NÄ) ïåðåñåêàåòñÿ ñ êðèâîé Na äàëåêî çà ïðåäåëàìè
ñêîðîñòè 30 ± 5 êì/÷, â òî âðåìÿ êàê ìîùíîñòü òîðìîæåíèÿ ñ ãèäðîäèíà-
ìè÷åñêèì çàìåäëèòåëåì âïîëíå äîñòàòî÷íà äëÿ ïîääåðæàíèÿ ïîñòîÿííîé
ñêîðîñòè 30 ± 5 êì/÷ íà ñïóñêå 7 %. Êàê âèäíî èç ïðåäñòàâëåííîé íà ýòîì
ãðàôèêå õàðàêòåðèñòèêè òîðìîçíîé ìîùíîñòè ÒÇ, ïðè áîëüøèõ ñêîðîñòÿõ
äâèæåíèÿ ìîæåò áûòü ïîëó÷åíà èçëèøíå âûñîêàÿ ýôôåêòèâíîñòü äåéñò-
âèÿ. Ýòó ýôôåêòèâíîñòü öåëåñîîáðàçíî îãðàíè÷èòü èñõîäÿ èç óñëîâèÿ
îáåñïå÷åíèÿ êîìôîðòàáåëüíîñòè ïðè òîðìîæåíèè, ïðè êîòîðîì âåëè÷èíà
çàìåäëåíèÿ íå ïðåâûøàåò 1,5–2 ì/ñ2.

ÂÛÂÎÄÛ

1. Ïðåäëîæåíû íîâûå êðèòåðèè îöåíêè òîðìîçà-çàìåäëèòåëÿ, â ÷àñò-
íîñòè ýíåðãåòè÷åñêîãî õàðàêòåðà, è ïðîâåäåíà èõ êëàññèôèêàöèÿ.

2. Ïðåäñòàâëåíû äàííûå ñîñòàâëÿþùèõ áàëàíñà ìîùíîñòè òîðìîæå-
íèÿ àâòîòðàêòîðíîãî ïîäâèæíîãî ñîñòàâà ñ çàìåäëèòåëåì íà ñïóñêå (ïðè
ïîñòîÿííîé ñêîðîñòè), ÿâëÿþùèåñÿ îñíîâîé äëÿ îïðåäåëåíèÿ ýôôåêòèâ-
íîñòè çàìåäëèòåëÿ.
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METHOD OF SELECTING RETARDER
FOR MOTOR-AND-TRACTOR ROLLING STOCK

A method of selecting secondary braking systems for vehicles and wheeled tractor trucks
involved in agricultural transportation is proposed based on expert judgment of qualitative properties
of the mentioned systems of different types. Comparison of the qualitative properties, which, in fact,
are requirements to secondary braking systems, first of all addressed to the preference of selecting one
or another retarder. Then, based on expert quantitative judgments, the numerical characteristic of
different groups of the mentioned requirements has been determined. By determining the sum of
estimates of all requirement groups with the help of the mathematical model presented, the final
selection, which is the quantitative estimate playing a role of that for the type of retarder, has been
made. Using the balance diagram of braking power, the braking power of the selected secondary
braking system for vehicle or wheeled tractor truck has been determined during braking with constant
speed on downhill with the slope of 7% and length of 6 km. Taking into account that data on braking
power balance constituents do not exist in scientific-technical literature, the mentioned constituents
are presented in detail in the article.

Keywords: retarder, quantitative estimates, braking power, balance of braking power, qualitative
property.
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