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ÖÈÔÐÎÂÎÉ ÈÇÌÅÐÈÒÅËÜ ×ÀÑÒÎÒÛ ÂÐÀÙÅÍÈß 

DIGITAL ROTATION METER

Ðàçðàáîòàí öèôðîâîé óíèâåðñàëüíûé èçìåðèòåëü ÷àñòîòû âðàùåíèÿ ðàçëè÷íûõ äåòàëåé: çóá÷àòîãî êîëåñà, 
øëèöåâîãî âàëà, ñïåöèàëüíîãî äèñêà ñ ïðîðåçÿìè è äð. Ïðèìåíåíèå 16 ðàçðÿäíîãî ñóììèðóþùåãî ýëåêòðîí-
íîãî ñ÷åò÷èêà ïîçâîëÿåò ôîðìèðîâàòü öèôðîâîé êîä äî 65536 èìïóëüñîâ â ñåêóíäó, ÷òî äàåò âîçìîæíîñòü 
óñòàíàâëèâàòü åãî ïðàêòè÷åñêè íà ëþáîé ìàøèíå. Ïðè ýòîì îí îáëàäàåò ïðîñòîòîé, äåøåâèçíîé, íàäåæíîñòüþ 
è òî÷íîñòüþ.
Â êîíñòðóêöèþ èçìåðèòåëÿ âõîäÿò: äàò÷èê ñèãíàëîâ, àâòîêîëåáàòåëüíûé ìóëüòèâèáðàòîð, ëîãè÷åñêèå ýëåìåí-
òû, ýëåêòðîííûé ñóììèðóþùèé ñ÷åò÷èê èìïóëüñîâ. Äàò÷èê èçìåðèòåëÿ âûïîëíåí â âèäå êàòóøêè èíäóêòèâ-
íîñòè ñ ìàãíèòíûì ñåðäå÷íèêîì. Â êà÷åñòâå ïðåîáðàçîâàòåëÿ ñèãíàëîâ äàò÷èêà èñïîëüçóåòñÿ ïåðâàÿ äèôôå-
ðåíöèðóþùàÿ öåïü ñ äèîäîì, ïîäñîåäèíåííàÿ ê ëîãè÷åñêîìó ýëåìåíòó È, êîòîðûé ñâîèì âûõîäîì ñîåäèíåí 
÷åðåç ðåçèñòîð ñî ñ÷åòíûì âõîäîì ñ÷åò÷èêà. Âõîä âòîðîé äèôôåðåíöèðóþùåé öåïè è âòîðîé âõîä ëîãè÷åñêîãî 
ýëåìåíòà È ïàðàëëåëüíî ñîåäèíåíû ñ âûõîäîì àâòîêîëåáàòåëüíîãî ìóëüòèâèáðàòîðà, à âõîä óñòàíîâêè íóëÿ 
ñ÷åò÷èêà ïàðàëëåëüíî ñîåäèíåí ñ âûõîäîì âòîðîé äèôôåðåíöèðóþùåé öåïè. 
Àâòîêîëåáàòåëüíûé ìóëüòèâèáðàòîð âûïîëíÿåòñÿ ñèììåòðè÷íûì, à ñîïðîòèâëåíèå åãî ðåçèñòîðîâ è åìêîñòè 
êîíäåíñàòîðîâ âûáðàíû òàêèì îáðàçîì, ÷òî îáåñïå÷èâàåòñÿ ôîðìèðîâàíèå íà åãî âûõîäå ïðÿìîóãîëüíûõ èì-
ïóëüñîâ íàïðÿæåíèÿ è ïàóç äëèòåëüíîñòüþ 1 ñ. 
Íàëè÷èå øåñòíàäöàòèðàçðÿäíîãî ñóììèðóþùåãî ýëåêòðîííîãî ñ÷åò÷èêà, ñîñòîÿùåãî èç 16 òðèããåðîâ è èìå-
þùåãî 16 âûõîäîâ è 16 ñâåòîèçëó÷àþùèõ äèîäîâ, êàæäûé èç êîòîðûõ ñîåäèíåí ñ îäíèì èç âûõîäîâ ñ÷åò÷èêà, 
ïîçâîëÿåò ïðè âêëþ÷åíèè èçìåðèòåëÿ ïîëó÷àòü íà èõ âûõîäå öèôðîâûå êîäû çà îäíó ñåêóíäó, îòîáðàæàþùèå 
÷àñòîòó âðàùåíèÿ. 
Ïðèâåäåí ïðèìåð ðàñ÷åòà ýëåìåíòîâ äèôôåðåíöèðóþùåé öåïè ìóëüòèâèáðàòîðà. Âûïîëíåíû ýêñïåðèìåíòû, 
ïîäòâåðäèâøèå ðàáîòîñïîñîáíîñòü ðàçðàáîòàííîãî èçìåðèòåëÿ ÷àñòîòû âðàùåíèÿ. 
Êëþ÷åâûå ñëîâà: èçìåðèòåëü ÷àñòîòû, àâòîêîëåáàòåëüíûé ìóëüòèâèáðàòîð, ëîãè÷åñêèé ýëåìåíò, äàò÷èê ÷à-
ñòîòû, äèôôåðåíöèðóþùàÿ öåïü, èìïóëüñû íàïðÿæåíèÿ, îòñåêàþùèé äèîä.
Äëÿ öèòèðîâàíèÿ: Ãåðàùåíêî Â.Â., Ëîáàõ Â.Ï., Êîâàëåíêî Í.À., Áèëûê Î.Â. Öèôðîâîé èçìåðèòåëü ÷àñòîòû 
âðàùåíèÿ // Òðàêòîðû è ñåëüõîçìàøèíû. 2021. № 2. Ñ. 21–26. DOI: 10.31992/0321-4443-2021-2-21-26.

There was developed a digital universal measuring device for the rotation frequency of various parts: a gear wheel, 
a splined shaft, a special disc with slots, etc. The use of a 16-digit summing electronic counter makes it possible 
to  form a digital code up to 65536 pulses per second, which makes it possible to install it on almost any vehicle. 
At the same time, it has simplicity, low cost, reliability and accuracy.
The design of the meter includes a signal transducer, a self-oscillating multivibrator, logic elements, and an electronic 
summing pulse counter. The sensor of the meter is made in the form of an inductance coil with a magnetic core. 
The first differentiating circuit with a diode is used as a converter of the sensor signals, connected to a logic AND 
gate, which is connected by its output through a resistor to the counting input of the counter. The input of the second 
differentiating circuit and the second input of the logical element AND are connected in parallel with the output of the 
self-oscillating multivibrator, and the input for setting the zero of the counter is connected in parallel with the output 
of the second differentiating circuit.
The self-oscillating multivibrator is symmetrical, and the resistance of its resistors and capacitors are selected in such 
a way that the formation of rectangular voltage pulses and pauses duration of 1 second at its output is ensured.
The presence of a sixteen-bit summing electronic counter, consisting of 16 triggers and having 16 outputs and 
16 light-emitting diodes, each of which is connected to one of the outputs of the counter, allows, when the meter is 
turned on, to receive digital codes at their output in one second, showing the speed.
An example of calculating the elements of the differentiating circuit of a multivibrator is given. The experiments have 
confirmed the efficiency of the developed rotational speed meter.
Keywords: frequency meter, self-oscillating multi-vibrator, logic element, frequency sensor, differentiating circuit, 
voltage pulses, cut-off diode.
Cite as: Gerashchenko V.V., Lobakh V.P., Kovalenko N.A., Bilyk O.V. Digital rotation meter. Traktory i sel’khoz-
mashiny. 2021. No 2, pp. 21–26 (in Russ.). DOI: 10.31992/0321-4443-2021-2-21-26.
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Ââåäåíèå
Èçìåðèòåëè ÷àñòîòû âðàùåíèÿ øèðîêî 

èñïîëüçóåòñÿ íà àâòîìîáèëÿõ, òðàêòîðàõ, 
ñåëüõîçìàøèíàõ, ñòðîèòåëüíîé òåõíèêå, ðàç-
ëè÷íîì îáîðóäîâàíèè è ò.ä. äëÿ óïðàâëåíèÿ 
èõ ðàáîòîé, ïðè äèàãíîñòèðîâàíèè. Ïðè ýòîì 
îíè âûïóñêàþòñÿ ðàçëè÷íûìè ïî êîíñòðóêöèè 
â çàâèñèìîñòè îò òðåáîâàíèé ê íèì, îñíîâíû-
ìè èç êîòîðûõ ÿâëÿþòñÿ ïðîñòîòà, äåøåâèçíà, 
íàäåæíîñòü, òî÷íîñòü èçìåðåíèÿ, óíèâåðñàëü-
íîñòü, ëèíåéíàÿ ñòàòè÷åñêàÿ õàðàêòåðèñòèêà. 

Àâòîðàìè ðàçðàáîòàí öèôðîâîé óíèâåð-
ñàëüíûé èçìåðèòåëü ÷àñòîòû âðàùåíèÿ, êîí-
ñòðóêöèÿ êîòîðîãî èçëîæåíà íèæå. 

Öåëü èññëåäîâàíèé
Ïðîâåðêà ðàáîòîñïîñîáíîñòè ïðåäëîæåííî-

ãî óíèâåðñàëüíîãî öèôðîâîãî èçìåðèòåëÿ ÷àñ-
òîòû âðàùåíèÿ.

Ìàòåðèàëû è ìåòîäû
Öèôðîâîé óíèâåðñàëüíûé èçìåðèòåëü ÷àñ-

òîòû âðàùåíèÿ óñòàíàâëèâàåòñÿ âáëèçè âðà-
ùàþùèõñÿ çóá÷àòîãî êîëåñà, øëèöåâîãî âàëà, 
ñïåöèàëüíîãî äèñêà ñ ïðîðåçÿìè è äð. íà ðàñ-
ñòîÿíèè 2–3 ìì. Äàò÷èê 1 (ðèñ. 1) âûïîëíåí 
â âèäå êàòóøêè 2 èíäóêòèâíîñòè ñ ìàãíèòíûì 
ñåðäå÷íèêîì 3. Â êà÷åñòâå ôîðìèðîâàòåëÿ íà-
ïðÿæåíèé íà âûõîäå äàò÷èêà 1 ïðèìåíåíû 
ïåðâàÿ äèôôåðåíöèðóþùàÿ öåïü 4 ñ ïåðâûì 
îòñåêàþùèì äèîäîì 5, âõîäîì ïîäñîåäèíåííàÿ 
ê êàòóøêå 2 èíäóêòèâíîñòè äàò÷èêà 1 ÷àñòîòû 
âðàùåíèÿ, âòîðàÿ äèôôåðåíöèðóþùóþ öåïü 6 

ñî âòîðûì îòñåêàþùèì äèîäîì 7, àâòîêîëåáà-
òåëüíûé ìóëüòèâèáðàòîð 8, ëîãè÷åñêèå ýëå-
ìåíòû È 44 è È–ÍÅ 51, 52, ýëåêòðîííûé ñóì-
ìèðóþùèé ñ÷åò÷èê èìïóëüñîâ 11.

Ïàðàìåòðû óêàçàííûõ ïðèáîðîâ èçìåðèòå-
ëÿ ðàññ÷èòûâàþòñÿ. Â êà÷åñòâå ïðèìåðà ðàñ-
ñ÷èòàåì ýëåìåíòû äèôôåðåíöèðóþùåé öåïè 6 
ìóëüòèâèáðàòîðà 8 ïðè óñëîâèè, ÷òî ìóëüòè-
âèáðàòîð ôîðìèðóåò íà âûõîäå ïðÿìîóãîëüíûå 
èìïóëüñû íàïðÿæåíèÿ äëèòåëüíîñòüþ, ðàâíîé 
îäíîé ñåêóíäå. Òîãäà ïðèíèìàåì, ÷òî ïîñòîÿí-
íàÿ âðåìåíè äèôôåðåíöèðóþùåé öåïè äîëæíà 
áûòü ðàâíîé äëÿ îáåñïå÷åíèÿ íàäåæíîé 
ðàáîòû ñèñòåìû 20 % äëèòåëüíîñòè ïðÿìîó-
ãîëüíîãî èìïóëüñà íà âûõîäå àâòîêîëåáàòåëü-
íîãî ìóëüòèâèáðàòîðà 8 ñ ïîñòîÿííîé âðåìåíè 
Ò = 0,2 1 = 0,2 ñ. Ïðèíèìàåì, ÷òî ðåçèñòîð 9 
âûáðàí ñ ñîïðîòèâëåíèåì R

9
 = 104 Îì. Òîãäà ïî-

ñòîÿííàÿ âðåìåíè äèôôåðåíöèðóþùåé öå ïè 6 
âû÷èñëÿåòñÿ ïî ôîðìóëå:

 T = R
9
C

10
. (1)

Îòñþäà íàõîäèì âòîðîé ïàðàìåòð äèôôå-
ðåíöèðóþùåé öåïè 6, à èìåííî åìêîñòü êîí-
äåíñàòîðà C

10

 
10   4  

9     

0,2 20
10

TC
R

  
 
ìêÔ.  (2)

Ðåãèñòðàòîðàìè è ôîðìèðîâàòåëÿìè èì-
ïóëüñîâ â èçìåðèòåëå ñëóæàò: øåñòíàäöàòèðàç-
ðÿäíûé ñóììèðóþùèé ýëåêòðîííûé ñ÷åò÷èê 11 
ñ âûõîäàìè 12−27, ñîåäèíåííûìè ñî ñâåòîèçëó-
÷àþùèìè äèîäàìè 28−43; ëîãè÷åñêèé ýëåìåíò 

Ðèñ. 1. Ýëåêòðè÷åñêàÿ ñõåìà öèôðîâîãî èçìåðèòåëÿ ÷àñòîòû âðàùåíèÿ 

Fig. 1. Electrical circuit of a digital speed meter
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È 44 ñî âõîäàìè 45 è 46, ïåðâûì âõîäîì 45 ñî-
åäèíåííûé ñ ïåðâîé äèôôåðåíöèðóþùåé öåïüþ 
4. Ïðè ýòîì âûõîä ïåðâîãî ëîãè÷åñêîãî ýëåìåí-
òà È 44 ïîñðåäñòâîì ïåðâîãî ðåçèñòîðà 47 ñî-
åäèíåí ñî ñ÷åòíûì âõîäîì ñ÷åò÷èêà 11. 

Âõîä âòîðîé äèôôåðåíöèðóþùåé öåïè 6 
è âòîðîé âõîä 46 ëîãè÷åñêîãî ýëåìåíòà È 44 
ïàðàëëåëüíî ñîåäèíåíû ñ âûõîäîì àâòîêîëåáà-
òåëüíîãî ìóëüòèâèáðàòîðà 8, à âõîä óñòàíîâêè 
íóëÿ ñ÷åò÷èêà 11 ïàðàëëåëüíî ñîåäèíåí ñ âû-
õîäîì âòîðîé äèôôåðåíöèðóþùåé öåïè 6.

Ïåðâàÿ äèôôåðåíöèðóþùàÿ öåïü 4 èìååò 
äâà ðåçèñòîðà 48, 49 è êîíäåíñàòîð 50. Âòîðàÿ 
äèôôåðåíöèðóþùàÿ öåïü 6 èìååò êîíäåí-
ñàòîð 10 è ðåçèñòîð 9. Àâòîêîëåáàòåëüíûé 
ìóëüòèâèáðàòîð 8 èìååò ïåðâûé ëîãè÷åñêèé 
ýëåìåíò È–ÍÅ 51, âòîðîé ëîãè÷åñêèé ýëåìåíò 
È–ÍÅ 52, ïåðâûé êîíäåíñàòîð 53, âòîðîé êîí-
äåíñàòîð 54, ïåðâûé äèîä 55, âòîðîé äèîä 56, 
ïåðâûé ðåçèñòîð 57, âòîðîé ðåçèñòîð 58.

Àâòîêîëåáàòåëüíûé ìóëüòèâèáðàòîð âûïîë-
íÿåòñÿ ñèììåòðè÷íûì, à ñîïðîòèâëåíèå åãî 
ðåçèñòîðîâ è åìêîñòè êîíäåíñàòîðîâ âûáðàíû 
òàêèì îáðàçîì, ÷òî îáåñïå÷èâàåòñÿ ôîðìèðî-
âàíèå íà åãî âûõîäå ïðÿìîóãîëüíûõ èìïóëüñîâ 
íàïðÿæåíèÿ è ïàóç äëèòåëüíîñòüþ 1 ñ. Íàëè÷èå 
øåñòíàäöàòèðàçðÿäíîãî ñóììèðóþùåãî ýëåê-
òðîííîãî ñ÷åò÷èêà 11, èìåþùåãî 16 âûõîäîâ 
è 16 ñâåòîèçëó÷àþùèõ äèîäîâ, êàæäûé èç êîòî-
ðûõ ñîåäèíåí ñ îäíèì èç âûõîäîâ ñ÷åò÷èêà 11, 
ïîçâîëÿåò ïðè âêëþ÷åíèè èçìåðèòåëÿ ïîëó÷àòü 
íà èõ âûõîäå öèôðîâûå êîäû çà îäíó ñåêóíäó, 
îòîáðàæàþùèå ÷àñòîòó âðàùåíèÿ. 

Íàëè÷èå ëîãè÷åñêîãî ýëåìåíòà È 44 ñ äâóìÿ 
âõîäàìè, ïåðâûì âõîäîì 45 ñîåäèíåííîãî 
ñ ïåðâîé äèôôåðåíöèðóþùåé öåïüþ 4, ñîåäèíå-
íèå âûõîäà ëîãè÷åñêîãî ýëåìåíòà È 44 ïîñðåä-
ñòâîì ïåðâîãî ðåçèñòîðà 47 ñî ñ÷åòíûì âõîäîì 
ñ÷åò÷èêà 11, ñîåäèíåíèå âõîäà âòîðîé äèôôåðåí-
öèðóþùåé öåïè 6 è âòîðîãî âõîäà  6 ëîãè÷åñêîãî 
ýëåìåíòà È 44 ïàðàëëåëüíî ñ âûõîäîì àâòîêî-
ëåáàòåëüíîãî ìóëüòèâèáðàòîðà 8, ñîåäèíåíèå 
âõîäà óñòàíîâêè íóëÿ ñ÷åò÷èêà 11 ïàðàëëåëüíî 
ñ âûõîäîì âòîðîé äèôôåðåíöèðóþùåé öåïè 
6 ïîçâîëÿåò îáíóëÿòü ñ÷åò÷èê 11 è ïîëó÷àòü 
íà âûõîäå ëîãè÷åñêîãî ýëåìåíòà È 44 ïîñëåäî-
âàòåëüíîñòü èìïóëüñîâ, äëèòåëüíîñòü êîòîðûõ 
ðàâíà äëèòåëüíîñòè ïðÿìî óãîëüíîãî èìïóëüñà, 
ôîðìèðóåìîãî íà âûõîäå àâòîêîëåáàòåëüíîãî 
ìóëüòèâèáðàòîðà 8, à ÷èñëî èìïóëüñîâ íà âûõîäå 
ëîãè÷åñêîãî ýëåìåíòà È 44 ïðîïîðöèîíàëüíî ÷à-
ñòîòå âðàùåíèÿ. ×àñòîòà âðàùåíèÿ è êîëè÷åñòâî 
çóáüåâ, íàïðèìåð, ìàõîâèêà ïîçâîëÿþò ïðèìå-

íèòü â äàò÷èêå 16-ðàçðÿäíûé ñ÷åò÷èê 11, òàê êàê, 
íàïðèìåð, ïðè ÷àñòîòå âðàùåíèÿ ìàõîâèêà (êî-
ëåí÷àòîãî âàëà) 6000 ìèí–1 è êîëè÷åñòâå çóáüåâ 
ìàõîâèêà, ðàâíûì 100, çà 1 ñåêóíäó ôîðìèðóåòñÿ 
íà âûõîäå äèôôåðåíöèðóþùåé öåïè 4 ñ îòñåêà-
þùèì äèîäîì 5 íå áîëåå 10000 ïîëîæèòåëüíûõ 
èìïóëüñîâ, à 16-ðàçðÿäíûé ñ÷åò÷èê ìîæåò ôîð-
ìèðîâàòü öèôðîâîé êîä äî 65536 èìïóëüñîâ â ñå-
êóíäó, ïîäàâàåìûõ íà åãî âõîä. 

Â öèôðîâîì èçìåðèòåëå ïðèìåíÿþòñÿ 
äëÿ îáðàáîòêè è ïðåîáðàçîâàíèÿ èíôîðìàöèè 
öèôðîâûå ìåòîäû. Èìïóëüñû â ñõåìàõ èìåþò 
äâà ôèêñèðîâàííûõ óðîâíÿ íàïðÿæåíèÿ. 
Óðîâíþ âûñîêîãî íàïðÿæåíèÿ ïðèïèñûâàåò-
ñÿ ñèìâîë «1» (èñòèííîñòü), à óðîâíþ íèçêîãî 
íàïðÿæåíèÿ – ñèìâîë «0» (ëîæü). Ïðè àíàëèçå 
èìïóëüñíûõ óñòðîéñòâ èñïîëüçóåòñÿ äâîè÷íàÿ 
ñèñòåìà ñ÷èñëåíèÿ, à ìàòåìàòè÷åñêèì àïïàðà-
òîì àíàëèçà ñëóæèò àëãåáðà ëîãèêè.

Â ðàçðàáîòàííîì öèôðîâîì èçìåðèòåëå èñ-
ïîëüçóþòñÿ ìèêðîñõåìû òèïà È 44 è È−ÍÅ 51, 
52 (ðèñ. 1), âûïîëíÿþùèå ëîãè÷åñêèå ôóíêöèè. 

Óñëîâíîå îáîçíà÷åíèå ëîãè÷åñêîãî ýëåìåíòà 
È è òàáëèöà åãî ñîñòîÿíèé ïîêàçàíû íà ðèñ. 2. 
Ëîãè÷åñêèé ýëåìåíò È (ðèñ. 2, à) èìååò íà ñâîåì 
âûõîäå èìïóëüñ, åñëè íà äâà âõîäà îäíîâðåìåí-
íî ïîäàþòñÿ èìïóëüñû íàïðÿæåíèÿ (ðèñ. 2, á). 
Óñëîâíîå îáîçíà÷åíèå ëîãè÷åñêîãî ýëåìåí-
òà È−ÍÅ è òàáëèöà åãî ñîñòîÿíèé ïîêàçàíû 
íà ðèñ. 3. Ëîãè÷åñêèé ýëåìåíò È−ÍÅ (ðèñ. 3, à)
èìååò íà ñâîåì âûõîäå èìïóëüñ íàïðÿæåíèÿ 
âî âñåõ ñëó÷àÿõ, êðîìå îäíîãî, êîãäà íà îáà 
âõîäà îäíîâðåìåííî ïîäàþòñÿ èìïóëüñû íàïðÿ-
æåíèÿ (ðèñ. 3, á). 

à

 U
ÂÕ1

U
ÂÕ2

U
ÂÛÕ

0 0 0

0 1 0

1 0 0

1 1 1

á

Ðèñ. 2. Óñëîâíîå îáîçíà÷åíèå (à) è òàáëèöà 
ñîñòîÿíèé (á) ëîãè÷åñêîãî ýëåìåíòà È

Fig. 2. Conventional designation (a) 
and table of states (b) of the logical element AND
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à 

U
ÂÕ1

U
ÂÕ2

U
ÂÛÕ

0 0 1

0 1 1

1 0 1

1 1 0

á

Ðèñ. 3. Óñëîâíîå îáîçíà÷åíèå (à) è òàáëèöà 
ñîñòîÿíèé (á) ëîãè÷åñêîãî ýëåìåíòà È−ÍÅ

Fig. 3. Conventional designation (a) and table 
of states (b) of the logical element AND−NOT

Ñ÷åò÷èê 11 (ðèñ. 1) èñïîëüçóþò äëÿ ïðåîá-
ðàçîâàíèÿ ïîñëåäîâàòåëüíîñòåé ïðÿìîóãîëü-
íûõ èìïóëüñîâ â 16-òèðàçðÿäíûé öèôðîâîé 
êîä çà âðåìÿ 1 ñ. Ñ÷åò÷èê ñîñòîèò èç øåñòíàä-
öàòè 16-ðàçðÿäíûõ òðèããåðîâ (ðèñ. 4) ñî ñ÷åò-
íûì çàïóñêîì, êàæäûé èç êîòîðûõ èìååò äâà 
ñîñòîÿíèÿ óñòîé÷èâîãî ðàâíîâåñèÿ. Òðèããåð 
ñî ñ÷åòíûì çàïóñêîì èìååò îäèí âõîä è îäèí 
âûõîä. ×àñòîòà åãî âûõîäíûõ èìïóëüñîâ âäâîå 
ìåíüøå ÷àñòîòû âõîäíûõ èìïóëüñîâ êàæäîãî 
òðèããåðà (ðèñ. 4). 

Ðèñ. 4. Ñõåìà òðèããåðà ñî ñ÷åòíûì çàïóñêîì 
è ãðàôèêè íàïðÿæåíèé íà åãî âõîäå (à) 

è âûõîäå (á), (â)

Fig. 4. Circuit of a trigger with a counting start 
and voltage graphs at its input (a) 

and output (b), (c)

Ïðèíöèï ðàáîòû òðèããåðà ñëåäóþùèé 
(ðèñ. 4). Ïðåäïîëîæèì, ÷òî äî ïðèõîäà èì-
ïóëüñà íà âõîä òðàíçèñòîð 1 çàêðûò, à òðàí-
çèñòîð 2 îòêðûò. Ïî ýòîé ïðè÷èíå ïîòåíöèàë 
êàòîäà äèîäà 3 îêàçûâàåòñÿ ìåíüøèì, ÷åì ïî-
òåíöèàë êàòîäà äèîäà 4. Âñëåäñòâèå ýòîãî âõîä-
íîé èìïóëüñ íàïðÿæåíèÿ îò äàò÷èêà ñîçäàåò 
ïðÿìîé òîê äèîäà 3 áîëüøèé, ÷åì ó äèîäà 4, 
è ïîÿâëÿåòñÿ òîê áàçû òðàíçèñòîðà 1, êîòî-
ðûé îòêðûâàåòñÿ. Òðàíçèñòîð 2 çàêðûâàåòñÿ 
èç-çà ðåãåíåðàòèâíîãî ïðîöåññà. Âòîðîé âõîä-
íîé ïîëîæèòåëüíûé èìïóëüñ âîçâðàùàåò òðèã-
ãåð â ïåðâîíà÷àëüíîå ñîñòîÿíèå è ò.ä.

Ðàáîòó äàò÷èêà ÷àñòîòû âðàùåíèÿ ïîÿñíÿ-
åò ðèñ. 5. Ïðè âðàùåíèè, íàïðèìåð, ìàõîâèêà 
íà âûõîäå êàòóøêè 2 èíäóêòèâíîñòè ñ ìàãíèò-
íûì ñåðäå÷íèêîì 3 ôîðìèðóþòñÿ ðàçíîïîëÿð-
íûå èìïóëüñû. Ýòè èìïóëüñû (ðèñ. 5, à) äèô-
ôåðåíöèðóþòñÿ ïåðâîé äèôôåðåíöèðóþùåé 
öåïüþ 4 (ðèñ. 5, á), âûïðÿìëÿþòñÿ äèîäîì 5 
(ðèñ. 5, â) è ïîäàþòñÿ íà ïåðâûé âõîä 45 ëîãè-
÷åñêîãî ýëåìåíòà È 44 (ðèñ. 1).

 

Ðèñ. 5. Èìïóëüñû íàïðÿæåíèÿ 
â öåïÿõ äàò÷èêà ÷àñòîòû âðàùåíèÿ 

Fig. 5. Voltage pulses in the speed sensor circuits

Íà âòîðîé âõîä 46 ëîãè÷åñêîãî ýëåìåíòà 
È 44 è îäíîâðåìåííî íà âõîä âòîðîé äèôôåðåí-
öèðóþùåé öåïè 6 ïîäàþòñÿ èìïóëüñû îò àâòî-
êîëåáàòåëüíîãî ìóëüòèâèáðàòîðà 8 äëèòåëüíî-
ñòüþ 1 ñ (ðèñ. 6, á). Ïðè íàëè÷èè íàïðÿæåíèÿ 
íà âòîðîì âõîäå ëîãè÷åñêîãî ýëåìåíòà È 44 
äëèòåëüíîñòüþ 1 ñ (ðèñ. 6, á) íà åãî âûõîäå 
ôîðìèðóþòñÿ ïåðèîäè÷åñêèå ïîñëåäîâàòåëü-
íîñòè êîðîòêèõ èìïóëüñîâ (ðèñ. 6, â), êîòî-
ðûå ïîäàþòñÿ íà ñ÷åòíûé âõîä S ñ÷åò÷èêà 11, 
ïðåîáðàçóþòñÿ ñ÷åò÷èêîì 11 â 16-ðàçðÿäíûå 
öèôðîâûå êîäû íà âûõîäàõ 12−27. Ñ ïîìîùüþ 
ñâåòîèçëó÷àþùèõ äèîäîâ 28−43 âûñâå÷èâàþò-
ñÿ ïîëó÷åííûå öèôðîâûå êîäû, îòîáðàæàþùèå 
êîëè÷åñòâî èìïóëüñîâ íàïðÿæåíèÿ çà îäíó ñå-
êóíäó îò äàò÷èêà 1 ÷àñòîòû âðàùåíèÿ.
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Ðåçóëüòàòû è îáñóæäåíèå
Ïðèâåäåì ïðèìåð ïåðåâîäà êîäà íà ñ÷åò÷è-

êå 11 â èìïóëüñû. Ïóñòü âûñâåòèëñÿ ïîñðåä-
ñòâîì ñâåòîäèîäîâ êîä íà øåñòíàäöàòèðàçðÿä-
íîì ñ÷åò÷èêå 11, ðàâíûé 0000000001100100. 
Äëÿ ïåðåâîäà åãî â äåñÿòè÷íóþ ñèñòåìó ñ÷èñ-
ëåíèÿ, êàê èçâåñòíî, ïîëüçóþòñÿ ñóììîé: 
215 + 214 + 213 + 212 + 211 + 210 + 29 + 28 + 27 + 26 + 
+ 25 + 24 + 23 + 22 + 21 + 2° = 0 + 0 + 0 + 0 + 0 + 
+ 0 + 0 + 0 + 0 + 64 + 32 + 0 + 0 + 4 + 0 + 0 = 100. 
Ýòî îçíà÷àåò, ÷òî äëÿ ïîëó÷åíèÿ ýòîãî êîäà 
ñ÷åò÷èêîì ïîäñ÷èòàíî 100 èìïóëüñîâ, ïîñòó-
ïàþùèõ îò äàò÷èêà 1 ÷àñòîòû âðàùåíèÿ çà 1 ñ, 
÷òî ñîîòâåòñòâóåò äëÿ ïðèâåäåííîãî âûøå 
ïðèìåðà ìàõîâèêà, èìåþùåãî 100 çóáüåâ, åãî 
÷àñòîòå âðàùåíèÿ 60 ìèí–1 . 

Äëÿ ïîäòâåðæäåíèÿ äîñòîâåðíîñòè òåîðå-
òè÷åñêèõ èññëåäîâàíèé áûëè âûïîëíåíû íåîá-
õîäèìûå ýêñïåðèìåíòû. Íàïðèìåð, ðàáîòîñïî-
ñîáíîñòü äàò÷èêà 1 ÷àñòîòû âðàùåíèÿ (ðèñ. 1)
îïðåäåëÿëàñü íà ñòåíäå (ðèñ. 7) ïî âèäó îñ-
öèëëîãðàììû (ðèñ. 8), ïîëó÷åííîé ïîñðåä-
ñòâîì öèôðîâîãî çàïîìèíàþùåãî îñöèëëî-
ãðàôà ÀÊÈÏ-4115/2À. Èìïóëüñû íàïðÿæåíèÿ 
íà âûõîäå êàòóøêè èíäóêòèâíîñòè (ðèñ. 8) 
ñîâïàëè ñ òåîðåòè÷åñêèìè (ðèñ. 5, à). Äëÿ ïðî-
âåðêè ðàáîòîñïîñîáíîñòè èçìåðèòåëÿ (ðèñ. 9) 
÷àñòîòû âðàùåíèÿ îí áûë ñîáðàí ñîãëàñíî 
ýëåêòðè÷åñêîé ñõåìû (ðèñ. 1). Èñïûòàíèÿ ïîä-
òâåðäèëè åãî ðàáîòîñïîñîáíîñòü.

Ïðèìåíåíèå ïðåäëàãàåìîãî èçìåðèòåëÿ 
îáåñïå÷èâàåò ýêîíîìè÷åñêèé ýôôåêò çà ñ÷åò 
ïðîñòîòû êîíñòðóêöèè, óíèâåðñàëüíîñòè è âû-
ñîêîé òî÷íîñòè èçìåðåíèÿ ÷àñòîòû âðàùåíèÿ. 

Ðèñ. 6. Èìïóëüñû íàïðÿæåíèÿ íà âõîäå (à, á) 
ëîãè÷åñêîãî ýëåìåíòà È è âõîäå S ýëåêòðîííîãî 

ñ÷åò÷èêà (â)

Fig. 6. Voltage pulses at the input (a, b) 
of the logical element AND and the input S 

of the electronic counter (c)

Ðèñ. 7. Èíäóêòèâíûé äàò÷èê ÷àñòîòû âðàùåíèÿ, 
óñòàíîâëåííûé íà ñòåíäå: 

1 − êàòóøêà èíäóêòèâíîñòè; 2 − çóá÷àòîå êîëåñî

Fig. 7. Bench-mounted inductive speed sensor: 
1 – inductance coil; 2 – a gear wheel

Ðèñ. 8. Îñöèëëîãðàììà èìïóëüñîâ íàïðÿæåíèÿ 
íà ïåðâîì âõîäå ëîãè÷åñêîãî ýëåìåíòà È: 

1 − ñöèëëîãðàô; 2 − îñöèëëîãðàììà

Fig. 8. Oscillogram of voltage pulses 
at the first input of the logical element AND: 

1 – oscilloscope; 2 – oscillogram 

Ðèñ. 9. Öèôðîâîé èçìåðèòåëü ÷àñòîòû âðàùåíèÿ: 
1 − 16-ðàçðÿäíûé ñóììèðóþùèé ñ÷åò÷èê; 

2 − ñâåòîèçëó÷àþùèå äèîäû

Fig. 9. Digital speed meter: 
1 – 16-bit totalizing counter; 

2 – light emitting diodes
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Âûâîäû
1. Ðàçðàáîòàí, èçãîòîâëåí è èñïûòàí èçìå-

ðèòåëü ÷àñòîòû âðàùåíèÿ, êîòîðûé ïîêàçàë 
ñâîþ ðàáîòîñïîñîáíîñòü.

2. Áëàãîäàðÿ ïðîñòîòå êîíñòðóêöèè, âûñî-
êîé òî÷íîñòè èçìåðåíèÿ è óíèâåðñàëüíîñòè 
ïðèìåíåíèå èçìåðèòåëÿ ïîçâîëèò ïîëó÷èòü 
ýêîíîìè÷åñêèé ýôôåêò èç-çà ïîâûøåíèÿ ýô-
ôåêòèâíîñòè ðàáîòû ìàøèí, íà êîòîðûõ îí 
áóäåò óñòàíîâëåí.
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