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Àâòîòðàêòîðíàÿ òåõíèêà èãðàåò âàæíóþ ðîëü â òåõíè÷åñêîì îáåñïå÷åíèè àãðîïðîìûøëåííîãî êîìïëåêñà íà 
ñîâðåìåííîì ýòàïå ðàçâèòèÿ ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà. Îñíîâíûì èñòî÷íèêîì ýíåðãèè ýòèõ ìà-
øèí ÿâëÿþòñÿ äâèãàòåëè âíóòðåííåãî ñãîðàíèÿ, íà ðàáîòó êîòîðûõ ñóùåñòâåííîå âëèÿíèå îêàçûâàþò ðàñïû-
ëèòåëè ôîðñóíîê. Âñåñòîðîííåå èçó÷åíèå êà÷åñòâåííûõ ïîêàçàòåëåé èõ ôóíêöèîíèðîâàíèÿ ïîçâîëÿåò íàéòè 
íîâûå ïðàêòè÷åñêèå è òåîðåòè÷åñêèå ðåøåíèÿ. Ïðè èññëåäîâàíèè ãèäðîäèíàìè÷åñêèõ õàðàêòåðèñòèê ðàñïûëè-
òåëåé ôîðñóíîê èñïîëüçîâàëè ðàñ÷åòíî-òåîðåòè÷åñêèé àíàëèç. Ïðè çàìåíå øòèôòîâûõ ðàñïûëèòåëåé â âèõðå-
êàìåðíîì äèçåëå íà ìíîãîñòðóéíûå áûëè âûïîëíåíû èññëåäîâàíèÿ ãèäðîäèíàìè÷åñêèõ ïîêàçàòåëåé ïðîöåññà 
âïðûñêèâàíèÿ òîïëèâà. Èñïûòûâàëèñü òðè òèïà ðàñïûëèòåëåé. Èññëåäóåìûå ðàñïûëèòåëè îòëè÷àþòñÿ äðóã îò 
äðóãà âåëè÷èíîé ïðîõîäíîãî ñå÷åíèÿ, ìàññîé èãëû, ðàçìåðàìè è ðàñïîëîæåíèåì îòâåðñòèé. Ýòî îáóñëàâëèâà-
åò ðàçëè÷íûå âåëè÷èíû äàâëåíèÿ ïîäà÷è òîïëèâà, ÷àñòîòû êîëåáàíèé èãëû ðàñïûëèòåëÿ è äðóãèõ ïàðàìåòðîâ. 
Ïîëó÷åííûå ðàñ÷åòíûå çàâèñèìîñòè ïîêàçûâàþò, ÷òî ñ óâåëè÷åíèåì ïðîõîäíîãî ñå÷åíèÿ ïðè ïîñòîÿííîì 
îñòàòî÷íîì äàâëåíèè êðèòè÷åñêîå äàâëåíèå âîëíû ïîäà÷è òîïëèâà óâåëè÷èâàåòñÿ. Òàê, ïðè îñòàòî÷íîì äàâ-
ëåíèè 3 ÌÏà êðèòè÷åñêîå äàâëåíèå âîëíû ñîñòàâëÿåò, ñîîòâåòñòâåííî, 10, 14,4, 16,7 ÌÏà äëÿ ðàñïûëèòåëåé 
òðåõ òèïîâ. Ïîâûøåíèå îñòàòî÷íîãî äàâëåíèÿ âûçûâàåò óâåëè÷åíèå êðèòè÷åñêîãî äàâëåíèÿ âîëíû ïîäà÷è. Â 
ñâÿçè ñ íåîáõîäèìîñòüþ óâåëè÷åíèÿ êðèòè÷åñêîãî äàâëåíèÿ âîëíû ïîäà÷è òîïëèâà äëÿ ìíîãîñòðóéíûõ ðàñ-
ïûëèòåëåé (ïî ñðàâíåíèþ ñ øòèôòîâûìè) ðàññìîòðèì âëèÿíèå äàâëåíèÿ çàòÿæêè ïðóæèíû ôîðñóíêè íà âðåìÿ 
çàïàçäûâàíèÿ îòêðûòèÿ èãëû. Ïðåäñòàâëåíû ðåçóëüòàòû ðàñ÷åòà çàïàçäûâàíèÿ îòêðûòèÿ èãëû ôîðñóíêè äëÿ 
øòèôòîâûõ è ìíîãîñòðóéíûõ ðàñïûëèòåëåé. Èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî âåëè÷èíà çàïàçäûâàíèÿ ïîäúåìà 
èãëû ôîðñóíêè ñ ìíîãîñòðóéíûì ðàñïûëèòåëåì ïðè äàâëåíèè íà÷àëà âïðûñêèâàíèÿ Ð

ç
 = 15 ÌÏà íàèáîëåå 

áëèçêà ïî çíà÷åíèþ ê âåëè÷èíå çàïàçäûâàíèÿ äëÿ øòèôòîâîãî ðàñïûëèòåëÿ. Èòîã âûÿâèë, ÷òî âåëè÷èíà ÷àñòî-
òû ñîáñòâåííûõ êîëåáàíèé è èõ ïðîäîëæèòåëüíîñòè íåçíà÷èòåëüíî îòëè÷àþòñÿ äðóã îò äðóãà (íå áîëåå 5 %). 
Îòñþäà ìîæíî ïðåäïîëîæèòü, ÷òî ïðèìåíåíèå ýêñïåðèìåíòàëüíûõ ðàñïûëèòåëåé íå îêàæåò çíà÷èòåëüíîãî 
âëèÿíèÿ íà ðàáîòó ðàñïûëèòåëåé ñ òî÷êè çðåíèÿ âèáðàöèîííûõ õàðàêòåðèñòèê.
Êëþ÷åâûå ñëîâà: ãèäðîäèíàìè÷åñêèå õàðàêòåðèñòèêè, àíàëèç ðàñïûëèòåëåé, ðàñ÷åòíî-òåîðåòè÷åñêèé ìåòîä, 
ôîðñóíêè, äâèãàòåëü âíóòðåííåãî ñãîðàíèÿ.

The automotive and tractor machinery plays an important role in technical support of agro-industrial complex at 
the present stage of development of agricultural production. The main energy source of these vehicles are internal 
combustion engines, which work is influenced highly by spraying nozzles. A comprehensive study of the qualitative 
indicators of their functioning allowed authors to find new practical and theoretical solutions. In the study of the hy-
drodynamic characteristics of spraying nozzles, a theoretical analysis was used. When replacing bayonet sprinklers in 
the vortex chamber diesel with multi-jet, the hydrodynamic parameters of the fuel injection process were performed. 
Three types of sprays were tested. The studied sprayers differ from each other in the size of a flow section, mass of a 
needle, the sizes and a location the holes. It causes various sizes of delivery pressure of fuel, an oscillation frequency 
of a needle of the sprayer and other parameters. The received calculated dependences show that with increase in a 
flow section with a constant residual pressure critical pressure of a wave of supply of fuel increases. So with a residual 
pressure of 3 MPas critical pressure of a wave makes respectively 10, 14,4, 16,7 MPas for sprays of three types. In-
crease in residual pressure causes increase in critical pressure of a supply wave. Due to the need of increase in critical 
pressure of a fuel supply wave for multiple-jet sprayers (in comparison with bayonet) we will consider influence of 
the nozzle spring tension pressure on the needle opening delay time. Results of calculation of delay of opening of a 
needle of a nozzle for bayonet and multiple-jet sprays are presented. Studies show that the size of delay of raising of 
a needle of a nozzle with the multiple-jet spray with a pressure of the beginning of injection P

z
 = 15 mpa is closest 

to delay size for the bayonet spray. The result revealed that the frequency of natural oscillations and their duration 
slightly differ from each other (no more than 5 %). Hence it can be assumed that the use of the experimental sprayers 
will not exert the considerable impact on operation of sprayers from the point of view of vibration characteristics.
Keywords: hydrodynamic characteristics, analysis of sprays, calculated and theoretical method, nozzles, internal 
combustion engine.
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 Ââåäåíèå
Èííîâàöèîííîå ðàçâèòèå ñåëüñêîõîçÿé-

ñòâåííîãî ïðîèçâîäñòâà ïðåäïîëàãàåò ñîçäà-
íèå ñðåäñòâ òåõíè÷åñêîãî îáåñïå÷åíèÿ, îòâå-
÷àþùèõ ñîâðåìåííûì òðåáîâàíèÿì. Îäíèì 
èç êëþ÷åâûõ àñïåêòîâ â ýòîì ïëàíå ÿâëÿåòñÿ 
òðàíñïîðòíîå ñîïðîâîæäåíèå àãðîïðîìûøëåí-
íîãî êîìïëåêñà. Ïðè ñîâåðøåíñòâîâàíèè àâ-
òîòðàêòîðíîé òåõíèêè [1–6] îñîáîå âíèìàíèå 
óäåëÿåòñÿ äâèãàòåëÿì âíóòðåííåãî ñãîðàíèÿ 
êàê îñíîâíîìó èñòî÷íèêó ýíåðãèè. Êà÷åñòâî 
ðàñïûëèòåëåé ôîðñóíîê îêàçûâàþò ñóùå-
ñòâåííîå âëèÿíèå íà êà÷åñòâî ðàáîòû ÄÂÑ.

Ìàòåðèàë è ìåòîäû èññëåäîâàíèÿ
Ïðè èññëåäîâàíèè ïîêàçàòåëåé ãèäðîäèíà-

ìè÷åñêèõ õàðàêòåðèñòèê ðàñïûëèòåëåé ôîð-
ñóíîê èñïîëüçîâàëè ðàñ÷åòíî-òåîðåòè÷åñêèé 
àíàëèç.

Ðåçóëüòàòû èññëåäîâàíèÿ
Â äèçåëüíûõ äâèãàòåëÿõ ïðèìåíÿþòñÿ 

øòèôòîâûå èëè ìíîãîñòðóéíûå ðàñïûëèòåëè 
ôîðñóíîê â çàâèñèìîñòè îò ñïîñîáà ñìåñåîáðà-
çîâàíèÿ è êîíñòðóêöèè êàìåðû ñãîðàíèÿ. Áîëü-
øèíñòâî äèçåëüíûõ äâèãàòåëåé èìåþò íåðàç-
äåëåííóþ êàìåðó ñãîðàíèÿ ñ ìíîãîñòðóéíûìè 
ðàñïûëèòåëÿìè ôîðñóíîê. Ðåæå ïðèìåíÿþòñÿ 
äèçåëüíûå äâèãàòåëè ñ ðàçäåëåííûìè êàìåðà-
ìè ñãîðàíèÿ (âèõðåêàìåðíûå è ïðåäêàìåðíûå) 
ñ øòèôòîâûìè ðàñïûëèòåëÿìè.

Ïðè çàìåíå øòèôòîâûõ ðàñïûëèòåëåé â 
âèõðåêàìåðíîì äèçåëå íà ìíîãîñòðóéíûå íàìè 
áûëè âûïîëíåíû èññëåäîâàíèÿ ãèäðîäèíàìè-
÷åñêèõ ïîêàçàòåëåé ïðîöåññà âïðûñêèâàíèÿ 
òîïëèâà â ñâÿçè ñ ðàçëè÷íûìè âåëè÷èíàìè 
ðàçìåðîâ, ìàññû, ïðîõîäíîãî ñå÷åíèÿ è ðàñïî-
ëîæåíèÿ ðàñïûëèâàþùèõ îòâåðñòèé øòèôòî-
âîãî è ìíîãîñòðóéíîãî ðàñïûëèòåëåé.

Èññëåäîâàëèñü òðè òèïà ðàñïûëèòåëåé, îñ-
íîâíûå õàðàêòåðèñòèêè êîòîðûõ ïðèâåäåíû â 
òàáë. 1.

Êàê âèäíî èç òàáë. 1, èññëåäóåìûå ðàñïû-
ëèòåëè îòëè÷àþòñÿ äðóã îò äðóãà âåëè÷èíîé 
ïðîõîäíîãî ñå÷åíèÿ, ìàññîé èãëû, ðàçìåðàìè 
è ðàñïîëîæåíèåì ðàñïûëèâàþùèõ îòâåðñòèé. 
Ýòî îáóñëàâëèâàåò ðàçëè÷íûå âåëè÷èíû äàâ-
ëåíèÿ ïîäà÷è òîïëèâà, ÷àñòîòû êîëåáàíèé 
èãëû ðàñïûëèòåëÿ è äðóãèõ ïàðàìåòðîâ. Ïðî-
àíàëèçèðóåì ýòî.

Èçâåñòíî, ÷òî äëÿ êà÷åñòâåííîãî âïðûñêèâà-
íèÿ äàâëåíèå ïîäàâàåìîãî P

ò
 òîïëèâà äîëæíî 

áûòü âûøå äàâëåíèÿ òîïëèâà â ôîðñóíêå Ð
ô
 [7]: 

 
   |

ò 0 êðèò  îáð.â ÔFÐ Ð Ð Ð Ð ,  (1) 

ãäå Ð
0
 – îñòàòî÷íîå äàâëåíèå â òîïëèâîïðîâî-

äå, ÌÏà; |
 FÐ êðèò – êðèòè÷åñêîå äàâëåíèå âîëíû 

ïîäà÷è òîïëèâà, ÌÏà; Ð
îáð.â.

 – äàâëåíèå îáðàò-
íîé âîëíû, ÌÏà; Ð

ô
 – äàâëåíèå òîïëèâà â ôîð-

ñóíêå, ÌÏà.
Âåëè÷èíà îñòàòî÷íîãî äàâëåíèÿ Ð

0
 äëÿ ñî-

âðåìåííûõ òîïëèâíûõ ñèñòåì íàõîäèòñÿ â èí-
òåðâàëå 1...7 ÌÏà.

Êðèòè÷åñêîå äàâëåíèå âîëíû ïîäà÷è òîïëè-
âà |

 FÐ êðèò – ýòî îñíîâíàÿ ñîñòàâëÿþùàÿ â óðàâ-
íåíèè (1), îïðåäåëÿåìàÿ ôîðìóëîé:

| 00, 25  50,F P P P P
P

P 
    ã

êðè êò ð êð
êð

,

ãäå Ð
êð

 – êðèòè÷åñêîå çíà÷åíèå äàâëåíèÿ âîëíû 
ïîäà÷è òîïëèâà äëÿ îòêðûòîé ôîðñóíêè, ÌÏà; 
P

ã
 – äàâëåíèå ãàçîâ â öèëèíäðå, ÌÏà.
Çäåñü äàâëåíèå Ð

êð
 ðàâíî:

2 
2

2
( )0,204 fP a

q


 êð ,

ãäå μf – ýôôåêòèâíîå ïðîõîäíîå ñå÷åíèå ðàñ-
ïûëèòåëÿ, ìì2; q – ñå÷åíèå òðóáîïðîâîäà 
âûñîêîãî äàâëåíèÿ, ìì2; a – ñêîðîñòü ðàñïðî-

Òàáëèöà 1 

Îñíîâíûå õàðàêòåðèñòèêè ðàñïûëèòåëåé

 Ïàðàìåòðû ðàñïûëèòåëåé
Ìàðêà ðàñïûëèòåëÿ

ÐØ-6-2õ25 5õ0,35õ130 5õ0,4õ120

1 Îáúåì òîïëèâà â ðàñïûëèòåëå, V
p

ìì3 730 722 722

2 Êîëüöåâîå ñå÷åíèå èãëû 
(äèôôåðåíöèàëüíàÿ ïëîùàäêà),  f

è

ìì2 23,7 26,4 26,4

3 Ìàññà èãëû, m
è

ã 6 6,4 6,55

4 Ïðîõîäíîå ñå÷åíèå, μf
ð

ìì2 0,5±0,03 0,6±0,03 0,66±0,03
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ñòðàíåíèÿ âîëíû, ðàâíàÿ ñêîðîñòè ðàñïðîñòðà-
íåíèÿ çâóêà â òîïëèâå, ì/ñ;  – ïëîòíîñòü òî-
ïëèâà, êã/ì3; 

Ðàñ÷åòíûå çàâèñèìîñòè |
FP êðèò  îò îñòàòî÷íî-

ãî äàâëåíèÿ Ð
0
 è îò âåëè÷èíû ïðîõîäíîãî ñå÷å-

íèÿ ðàñïûëèòåëåé μf ïðèâåäåíû íà ðèñ. 1 è 2. 

Ðèñ. 1. Çàâèñèìîñòü êðèòè÷åñêîãî äàâëåíèÿ âîëíû 
ïîäà÷è òîïëèâà |

 FP êðèò  îò îñòàòî÷íîãî äàâëåíèÿ Ð0: 
1 – f = 0,5 ìì2; 2 – f = 0,6 ìì2; 3 – f = 0,66 ìì2

Ðèñ. 2. Çàâèñèìîñòü êðèòè÷åñêîãî äàâëåíèÿ âîëíû 
ïîäà÷è òîïëèâà |

 FP êðèò îò âåëè÷èíû ïðîõîäíîãî 
ñå÷åíèÿ ðàñïûëèòåëÿ

Ïðèâåäåííûå ðàñ÷åòíûå çàâèñèìîñòè ïî-
êàçûâàþò, ÷òî ñ óâåëè÷åíèåì ïðîõîäíîãî ñå-
÷åíèÿ ïðè ïîñòîÿííîì îñòàòî÷íîì äàâëåíèè 
êðèòè÷åñêîå äàâëåíèå âîëíû ïîäà÷è òîïëèâà 
óâåëè÷èâàåòñÿ. Òàê, ïðè îñòàòî÷íîì äàâëåíèè 
Ð

0
 = 3 ÌÏà êðèòè÷åñêîå äàâëåíèå âîëíû äëÿ 

ðàñïûëèòåëåé № 1, 2, 3 (òàáë. 1) ñîñòàâëÿåò, 
ñîîòâåòñòâåííî, 10, 14,4, 16,7 ÌÏà 

Ïîâûøåíèå îñòàòî÷íîãî äàâëåíèÿ Ð
0
 â ñâîþ 

î÷åðåäü âûçûâàåò óâåëè÷åíèå êðèòè÷åñêîãî 
äàâëåíèÿ âîëíû ïîäà÷è (ðèñ. 2).

Â ñâÿçè ñ íåîáõîäèìîñòüþ óâåëè÷åíèÿ êðè-
òè÷åñêîãî äàâëåíèÿ âîëíû ïîäà÷è òîïëèâà äëÿ 
ìíîãîñòðóéíûõ ðàñïûëèòåëåé (ïî ñðàâíåíèþ 
ñ øòèôòîâûìè) ðàññìîòðèì âëèÿíèå äàâëåíèÿ 
çàòÿæêè ïðóæèíû ôîðñóíêè íà âðåìÿ çàïàçäû-
âàíèÿ îòêðûòèÿ èãëû. 

Âðåìÿ çàïàçäûâàíèÿ îòêðûòèÿ èãëû ôîð-
ñóíêè ðàâíî:

 0 0 0
0

V C R P f
f f V E
  

 
  

è

è å å

, 

ãäå V = V
1
 + 0,5  V

2
 – îáúåì òîïëèâà, ì3; 

V
1
 – îáúåì òîïëèâà âíóòðè ôîðñóíêè, ì3; 

V
2
 – îáúåì òîïëèâà â ÒÂÄ (òîïëèâîïðîâîäå 

âûñîêîãî äàâëåíèÿ), ì3; R
0
 – ñèëà òðåíèÿ èãëû 

ôîðñóíêè â íà÷àëüíûé ìîìåíò, Í; C
0
 – ñèëà 

ïðåäâàðèòåëüíîãî ïîäæàòèÿ ïðóæèíû, Í; 
P

0
 – îñòàòî÷íîå äàâëåíèå â òîïëèâîïðîâîäå, 

Ïà; f
è
 – êîëüöåâîå ñå÷åíèå èãëû ðàñïûëèòå-

ëÿ, ì2; f
å
 – âõîäíîå ñå÷åíèå êàíàëà ôîðñóíêè, 

ì2; V
å
 – èíòåíñèâíîñòü ïîäõîäÿùåé ñêîðîñòè 

âîëíû, ì/ñ; Å – ìîäóëü óïðóãîñòè òîïëèâà, 
E = 2  109 Ïà.

Ñîîòâåòñòâóþùèé óãîë çàïàçäûâàíèÿ îò-
êðûòèÿ èãëû ôîðñóíêè ðàâåí:

0 06 n     ,

ãäå n – ÷àñòîòà âðàùåíèÿ êîëåí÷àòîãî âàëà, 
ìèí-1.

Ðåçóëüòàòû ðàñ÷åòà çàïàçäûâàíèÿ îòêðûòèÿ 
èãëû ôîðñóíêè äëÿ øòèôòîâûõ è ìíîãîñòðóé-
íûõ ðàñïûëèòåëåé ïðèâåäåíû â òàáë. 2.
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Äàâëåíèå íà÷àëà âïðûñêèâàíèÿ, Ð
3
 (ÌÏà) 13 13 15 17

Âðåìÿ çàïàçäûâàíèÿ, 
0
 (ìñ) 0,425 0,433 0,422 0,34

Óãîë çàïàçäûâàíèÿ, 
0
 (ãðàä. ÏÊâñ) 4,3 4,4 4,3 3,4



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 3, 2018

Ý
Ê

Î
Ë

Î
Ã

È
×

Å
Ñ

Ê
È

 ×
È

Ñ
Ò

Û
Å

 Ò
Å

Õ
Í

Î
Ë

Î
Ã

È
È

 È
 Î

Á
Î

Ð
Ó

Ä
Î

Â
À

Í
È

Å
Àëòóõîâ Ñ.Â., Øóõàíîâ Ñ.Í.

6

Èç òàáë. 3 âèäíî, ÷òî âåëè÷èíà çàïàçäûâà-
íèÿ ïîäúåìà èãëû ôîðñóíêè (ìñ, ãðàä. ÏÊâ) ñ 
ìíîãîñòðóéíûì ðàñïûëèòåëåì ïðè äàâëåíèè 
íà÷àëà âïðûñêèâàíèÿ Ð

ç
 = 15 ÌÏà íàèáîëåå 

áëèçêà ïî çíà÷åíèþ ê âåëè÷èíå çàïàçäûâàíèÿ 
äëÿ øòèôòîâîãî ðàñïûëèòåëÿ.

×àñòîòà ñîáñòâåííûõ êîëåáàíèé èãëû:

1 /C m è è ,

ãäå Ñ
1 
– æåñòêîñòü ïðóæèíû; Ñ

1
 = 124 Í/ì; m

è
 – 

ìàññà èãëû ðàñïûëèòåëÿ, êã.
Ïðîäîëæèòåëüíîñòü ñîáñòâåííûõ êîëåáà-

íèé èãëû 2  è
.

Âûâîäû
Èç òàáëèöû âèäíî, ÷òî âåëè÷èíà ÷àñòîòû 

ñîáñòâåííûõ êîëåáàíèé è èõ ïðîäîëæèòåëü-
íîñòè íåçíà÷èòåëüíî îòëè÷àþòñÿ äðóã îò äðóãà 
(íå áîëåå 5 %). Îòñþäà ìîæíî ïðåäïîëîæèòü, 
÷òî ïðèìåíåíèå ýêñïåðèìåíòàëüíûõ ðàñïû-
ëèòåëåé íå îêàæåò çíà÷èòåëüíîãî âëèÿíèÿ íà 
ðàáîòó ðàñïûëèòåëåé ñ òî÷êè çðåíèÿ âèáðàöè-
îííûõ õàðàêòåðèñòèê.
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