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ÏÐÈÃÎÒÎÂËÅÍÈß ÁÅËÊÎÂÛÕ ÊÎÌÁÈÊÎÐÌÎÂ 

SYSTEM STUDIES OF THE PREPARATION 
OF PROTEIN FEED

È.Å. ÏÐÈÏÎÐÎÂ, ê.ò.í.
Êóáàíñêèé ãîñóäàðñòâåííûé àãðàðíûé óíèâåðñèòåò 
èìåíè È.Ò. Òðóáèëèíà, Êðàñíîäàð, Ðîññèÿ, 
ya.krip10@ya.ru

Öåëü èññëåäîâàíèÿ – îïðåäåëèòü íàïðàâëåíèå ðàçâèòèÿ ñèñòåìíûõ èññëåäîâàíèé ïðèãîòîâëåíèÿ áåëêîâîãî 
êîìáèêîðìà. Ñèñòåìíûé àíàëèç ïðèãîòîâëåíèÿ áåëêîâîãî êîìáèêîðìà ïðîâîäèòñÿ ìåòîäîì ðàçäåëåíèÿ ñèñòå-
ìû íà ïîäñèñòåìû ðàçíîãî óðîâíÿ (òåõíîëîãè÷åñêèå ëèíèè) è ýëåìåíòû (òåõíè÷åñêèå óñòðîéñòâà), ÷òî ïîçâî-
ëÿåò íàìåòèòü ýòàïû ïðîâåäåíèÿ èññëåäîâàíèé è ïîñòðîèòü èõ êëàññèôèêàöèþ. Â íàó÷íîé ñèñòåìíîé òåîðèè 
ïîéäåì ïî ïóòè «òî÷íîé òåõíîëîãèè æèâîòíîâîäñòâà», êîòîðóþ ðàññìàòðèâàë àêàäåìèê Ë.Ï. Êîðìàíîâñêèé. 
Òåõíîëîãèÿ ïîñòðîåíà íà îñíîâå ìàòåìàòè÷åñêèõ ìîäåëåé, ïîëó÷åííûõ â ðåçóëüòàòå òåîðåòè÷åñêèõ èññëåäî-
âàíèé (àíàëèçà) è ýêñïåðèìåíòàëüíî (ýìïèðè÷åñêè). Â ñâîþ î÷åðåäü, «òî÷íàÿ òåõíîëîãèÿ æèâîòíîâîäñòâà» 
äîëæíà áàçèðîâàòüñÿ íà òåõíè÷åñêèõ ñèñòåìàõ ìàòåìàòè÷åñêîé ìîäåëè è êîíêðåòíûõ òåõíè÷åñêèõ ðàçðàáîò-
êàõ óñòðîéñòâ è òåõíîëîãèé ïðèãîòîâëåíèÿ áåëêîâîãî êîìáèêîðìà. Äëÿ ïðèãîòîâëåíèÿ áåëêîâîãî êîðìà â 
ñûïó÷åì è ãðàíóëèðîâàííîì âèäàõ ñ öåëüþ ñíèæåíèÿ ýíåðãîåìêîñòè ïðîöåññà è ïîâûøåíèÿ åãî êà÷åñòâà áûëè 
ðàçðàáîòàíû ëèíèÿ åãî îñóùåñòâëåíèÿ (ïàòåíò № 2646092) è ñïîñîá (ïàòåíò № 2636480). Ïðèâåäåíû óñòðîé-
ñòâî è òåõíîëîãè÷åñêèé ïðîöåññ ðàáîòû ëèíèè. Ðàçðàáîòàíà ñèñòåìà ïðèãîòîâëåíèÿ áåëêîâîãî êîðìà íà îñíî-
âå îáùåé òåîðèè ñèñòåì. Àíàëèç â äàííîé îáëàñòè ïîêàçàë îòñóòñòâèå ñèñòåìíûõ èññëåäîâàíèé ïðèãîòîâëåíèÿ 
áåëêîâîãî êîìáèêîðìà íà îñíîâå îáùåé òåîðèè ñèñòåìû ïðèìåíèòåëüíî ê «òî÷íîé òåõíîëîãèè æèâîòíîâîä-
ñòâà», à èìåííî â «òî÷íîé òåõíîëîãèè ïðèãîòîâëåíèÿ áåëêîâîãî êîìáèêîðìà» ñ ïîìîùüþ ìóëüòèìåäèéíîãî 
óñòðîéñòâà, êîíòðîëèðóþùåãî òåõíîëîãè÷åñêèé ïðîöåññ. Ïîýòîìó íåîáõîäèìî ðàçðàáîòàòü ìàòåìàòè÷åñêóþ 
ìîäåëü íà áàçå òåîðèè îáùåé ñèñòåìû ïðèìåíèòåëüíî ê òî÷íîé òåõíîëîãèè ïðèãîòîâëåíèÿ áåëêîâîãî êîìáè-
êîðìà. Ðàçðàáîòàííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ïîçâîëèëà ïîâûñèòü ïèùåâóþ öåííîñòü áåëêîâûõ êîìáèêîð-
ìîâ, à òàêæå ðàñøèðèòü èõ àññîðòèìåíò äëÿ êîðìëåíèÿ êðóïíîãî ðîãàòîãî ñêîòà, à èìåííî: äëÿ êàæäîãî âèäà 
ñåëüñêîõîçÿéñòâåííîãî æèâîòíîãî ñ åãî ôèçèîëîãè÷åñêîé îñîáåííîñòüþ è ïîòðåáíîñòüþ â íèõ, è óëó÷øèòü 
ýêîëîãèþ îêðóæàþùåé ñðåäû. 
Êëþ÷åâûå ñëîâà: áåëêîâûé êîìáèêîðì, ñåëüñêîõîçÿéñòâåííûå æèâîòíûå, ñèñòåìíûå èññëåäîâàíèÿ, òî÷íàÿ 
òåõíîëîãèÿ ïðèãîòîâëåíèÿ, òî÷íàÿ òåõíîëîãèÿ æèâîòíîâîäñòâà, îáùàÿ òåîðèÿ ñèñòåìû, ïèùåâàÿ öåííîñòü 
êîðìà.

The purpose of the study is to determine the direction of development of system studies of the prepa-ration of protein 
feed. System analysis of the preparation of protein feed is carried out by dividing the sys-tem into subsystems of dif-
ferent levels (process lines) and elements (technical devices), which will allow to outline the stages of research and to 
construct their classification. In the scientific systems theory, we will follow the path of «exact technology of animal 
husbandry», which was considered by academician Leonid Kormanovsky, built on the basis of mathematical models 
obtained as a result of theoretical studies (analysis) and experimentally (empirically). In turn, the "exact technology 
of animal husbandry" should be based on the technical systems of the mathematical model and specific technical de-
velopments of devices and technologies for the preparation of protein feed. For the preparation of protein feed in the 
free running and granular types in order to reduce the energy intensity of the process and improve its quality, the line 
for its implementation under patent No. 2646092 and the method according to patent No. 2636480 were developed. 
The design and technological process of its work are given. A system for the preparation of protein feed was devel-
oped on the basis of the general theory of systems. The analysis in this area showed the absence of systemic studies on 
the preparation of protein feed based on the general theory of the system as applied to «accurate technology of animal 
husbandry», namely, in «accurate technology of preparation of protein feed» using a multimedia device that controls 
the process. Therefore, it is necessary to develop a mathematical model based on the theory of the general system 
with respect to the exact technology of preparation of protein feed. The developed mathematical model allowed to in-
crease the nutritional value of protein feed, as well as to expand their range for feeding cattle, namely for each species 
of agricultural animal with its physiological peculiarity and need for them, and to improve the environment ecology.
Keywords: protein feed, farm animals, system research, accurate preaparation technology, precise animal husbandry 
technology, general system theory, nutritional value of feed.

I.E. PRIPOROV, PhD in Engineering
Kuban State Agrarian University, Krasnodar, Russia, 
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Ââåäåíèå
Â ñèñòåìíûé àíàëèç âõîäÿò ìîäåëè è 

ìåòîäû ïðèíÿòèÿ ðåøåíèé. Â îáùåì âèäå ïî-
ñëåäîâàòåëüíîñòü ïðèíÿòèÿ ðåøåíèé ñîñòîèò 
èç íåñêîëüêèõ ýòàïîâ: âûÿâëåíèå ïðîáëåìíîé 
ñèòóàöèè, öåëåâûÿâëåíèå, ôîðìèðîâàíèå êðè-
òåðèåâ âûáîðà ðåøåíèé, âûðàáîòêå ðåøåíèé, 
ñîãëàñîâàíèå, âûáîð è ðåàëèçàöèÿ ðåøåíèé, à 
òàêæå îöåíêà ïîëó÷åííûõ ðåçóëüòàòîâ. Äàííàÿ 
ïîñëåäîâàòåëüíîñòü ïðèìåíÿåòñÿ äëÿ ñîçäà-
íèÿ ðàçíûõ ñëîæíûõ ñèñòåì, ê êîòîðûì îòíî-
ñÿòñÿ ìåòîäû ïðèíÿòèÿ ðåøåíèé. Ìåòîäû íå 
ïðèâÿçàíû ê îáúåêòó ïðîåêòèðîâàíèÿ, â íèõ 
äåëàåòñÿ àêöåíò íà ñïîñîáû îðãàíèçàöèè ãðóï-
ïîâîãî èëè èíäèâèäóàëüíîãî ïîèñêà ðåøåíèé, 
êîòîðûì îòíîñÿòñÿ ìåòîäû (àêòèâèçàöèè ìûø-
ëåíèÿ, íàïðèìåð ìîçãîâîé øòóðì, ñèíåêòèêà; 
ãåíåðàöèè âàðèàíòîâ; âûáîðà, íàïðèìåð ìåòîä 
ýêñïåðòíûõ îöåíîê) è ìîäåëè (âûáîð îïòèìàëü-
íûõ àëüòåðíàòèâ è èññëåäîâàíèÿ îïåðàöèé). 

Êîìïîíåíòîì ñèñòåìíîãî àíàëèçà ÿâëÿåò-
ñÿ òåõíîëîãèÿ ïðîåêòèðîâàíèÿ, èñïîëüçóþùàÿ 
ñèñòåìíûé àíàëèç, îðèåíòèðóþùàÿñÿ íà êîí-
êðåòíûé âèä ñèñòåì (òåõíîëîãèè àâòîìàòèçèðî-
âàííîãî ïðîåêòèðîâàíèÿ òåõíè÷åñêèõ ñèñòåì 
ðàçëè÷íîãî íàçíà÷åíèÿ). Îòëè÷èòåëüíîé îñî-
áåííîñòüþ èõ ÿâëÿåòñÿ íàëè÷èå ðåãëàìåíòèðó-
þùåé ïðîöåäóðû ïðîåêòèðîâàíèÿ, ïðåäóñìàòðè-
âàþùåé âûïîëíåíèå îïðåäåëåííûõ ýòàïîâ, äëÿ 
êàæäîãî èç êîòîðûõ èìåþòñÿ ñòàíäàðòèçèðîâàí-
íûå ìåòîäèêè è ñòàíäàðòíûé íàáîð äîêóìåíòà-
öèè, à èíîãäà íà íåêîòîðûõ ýòàïàõ ïðåäóñìàòðè-
âàåòñÿ ôîðìèðîâàíèå ðàçíîãî ðîäà ìîäåëåé. 

Ëþáàÿ òåõíîëîãèÿ èñïîëüçóåò ñèñòåìíûé 
ïîäõîä ê ïðîåêòèðîâàíèþ, â îñíîâå êîòîðîãî 
ëåæèò ñèñòåìíàÿ ïîñëåäîâàòåëüíîñòü ïðèíÿ-
òèÿ ðåøåíèé. Ìåòîäèêè ïðîåêòèðîâàíèÿ áà-
çèðóþòñÿ íà ðàçëè÷íûõ ìåòîäîëîãèÿõ ñèñòåì-
íîãî àíàëèçà è îáùèõ ïðîöåäóðàõ ïðèíÿòèÿ 
ðåøåíèé [33].

Ñèñòåìíûé àíàëèç ó÷èòûâàåòñÿ ïðè ñëó÷àé-
íîì õàðàêòåðå âîçäåéñòâèÿ ìàøèí â òåõíîëî-
ãè÷åñêîé ëèíèè íà ìàòåðèàë, ôóíêöèè ðàñïðå-
äåëåíèÿ è èõ èçìåíåíèå îò ýòèõ âîçäåéñòâèé 
îïèñûâàþòñÿ ëîãàðèôìè÷åñêè íîðìàëüíûì çà-
êîíîì. Ñòîõàñòè÷åñêèé õàðàêòåð âîçäåéñòâèÿ 
êàæäîé ìàøèíû íà ÷àñòèöû ìàòåðèàëà ïðè âû-
ïîëíåíèè òåõíîëîãè÷åñêîãî ïðîöåññà òðåáóåò 
îïðåäåëåííîãî ïîäõîäà ê ðåàëèçàöèè ïðèíöè-
ïà ñèñòåìíîé ñòðàòåãèè ïðèãîòîâëåíèÿ êîì-
áèêîðìîâ, âûðàæàþùåéñÿ â òîì, ÷òî êàæäàÿ 
ïîñëåäóþùàÿ îïåðàöèÿ íå äîëæíà óõóäøàòü 
êà÷åñòâî âûïîëíåííûõ ðàáîò [22]. 

Êàê èçâåñòíî, ñèñòåìíûé ïîäõîä ïðåäñòàâ-
ëÿåò ñîáîé ñîâîêóïíîñòü ìåòîäîâ è ñðåäñòâ, 
ïîçâîëÿþùèõ èññëåäîâàòü ñâîéñòâà, ñòðóêòó-
ðó, ôóíêöèè îáúåêòîâ, ÿâëåíèé èëè ïðîöåññîâ 
â öåëîì, ïðåäñòàâèâ èõ â êà÷åñòâå ñèñòåì ñî 
âñåìè ñëîæíûìè ìåæýëåìåíòíûìè âçàèìîñâÿ-
çÿìè, âçàèìîâëèÿíèåì ýëåìåíòîâ íà ñèñòåìó è 
íà îêðóæàþùóþ ñðåäó, à òàêæå âëèÿíèå ñàìîé 
ñèñòåìû íà åå ñòðóêòóðíûå ýëåìåíòû. Ñèñòåì-
íûé ïîäõîä ïðè èññëåäîâàíèè ñëîæíîãî îáú-
åêòà, ÿâëåíèÿ èëè ïðîöåññà áàçèðóåòñÿ íà åãî 
öåëîñòíîì âèäåíèè [22].

Öåëü èññëåäîâàíèÿ 
Îïðåäåëèòü íàïðàâëåíèå ðàçâèòèÿ ñèñòåì-

íûõ èññëåäîâàíèé ïðèãîòîâëåíèÿ áåëêîâîãî 
êîìáèêîðìà.

Ìàòåðèàë è ìåòîäèêà èññëåäîâàíèÿ
Ñèñòåìíûé àíàëèç [22] ïðèãîòîâëåíèÿ áåë-

êîâîãî êîìáèêîðìà ïðîâîäèòñÿ ìåòîäîì ðàçäå-
ëåíèÿ ñèñòåìû íà ïîäñèñòåìû ðàçíîãî óðîâíÿ 
(òåõíîëîãè÷åñêèå ëèíèè) è ýëåìåíòû (òåõíè÷å-
ñêèå óñòðîéñòâà), ÷òî ïîçâîëèò íàìåòèòü ýòàïû 
ïðîâåäåíèÿ èññëåäîâàíèé è ïîñòðîèòü èõ êëàñ-
ñèôèêàöèþ (ðèñ. 1).

Ïðåäëîæåííàÿ íà ðèñ. 1 êëàññèôèêàöèÿ ñè-
ñòåìíûõ èññëåäîâàíèé ïðåäñòàâëÿåò ñîáîé îä-
íîíàïðàâëåííûå ëèíèè, âûðàæàþùèå îòíîøå-
íèå ðàçäåëåíèÿ ñîîòâåòñòâóþùèõ èõ îáëàñòåé 
[1] ïî ïðèãîòîâëåíèþ áåëêîâîãî êîìáèêîðìà 
äëÿ ñåëüñêîõîçÿéñòâåííûõ æèâîòíûõ íà ÷àñò-
íûå îáëàñòè, îòíîñÿùèåñÿ ê ïåðâîé ãðóïïå, à 
äâóíàïðàâëåííûå ëèíèè âûðàæàþò âçàèìîäåé-
ñòâèå ñèñòåìíûõ èññëåäîâàíèé â ïðèãîòîâëå-
íèè ìåæäó ñîáîé.

Îòëè÷èòåëüíàÿ îñîáåííîñòü ñèñòåìíûõ èñ-
ñëåäîâàíèé çàêëþ÷àåòñÿ â èññëåäîâàíèè îáúåê-
òîâ, êîòîðûå ðàññìàòðèâàþòñÿ â âèäå ñèñòåìû, 
òî åñòü ìíîæåñòâà âçàèìîñâÿçàííûõ ýëåìåíòîâ, 
ïðåäñòàâëÿþùèå ñîáîé åäèíîå öåëîå [1].

Â ñèñòåìíûõ èññëåäîâàíèÿõ ïðèãîòîâëåíèÿ 
áåëêîâîãî êîìáèêîðìà äëÿ ñåëüñêîõîçÿéñòâåí-
íûõ æèâîòíûõ îñíîâíûìè ñôåðàìè èõ ÿâëÿ-
þòñÿ ñèñòåìíûé ïîäõîä è íàó÷íûå çíàíèÿõ î 
ñèñòåìàõ. 

Ïðè ñèñòåìíîì ïîäõîäå ê ïðèãîòîâëåíèþ 
áåëêîâîãî êîìáèêîðìà åãî ìîæíî ðàçäåëèòü 
íà òðè âèäà – ñûïó÷èé, ãðàíóëèðîâàííûé è 
æèäêèé, èëè âëàæíîâàòûé.

Áåëêîâûé êîìáèêîðì â òðåõ âèäàõ ãîòîâèòñÿ 
ïî îäèíàêîâîé ñõåìå, íî ñ îäíèì îòëè÷èåì. Îò-
ëè÷èå ñûïó÷åãî è ãðàíóëèðîâàííîãî êîðìà îò 
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æèäêîãî çàêëþ÷àåòñÿ â ïðèìåíåíèè êàâèòàöèîí-
íîãî äèñïåðãàòîðà. Íà ñòàäèè èçìåëü÷åíèÿ è ñìå-
øèâàíèÿ êîìïîíåíòîâ, êîòîðûå âõîäÿò â ïðèãî-
òîâëåíèå êîìáèêîðìà èìåþòñÿ ìóëüòèìåäèéíûå 
óñòðîéñòâà, êîíòðîëèðóþùèå äàííûé òåõíîëî-
ãè÷åñêèé ïðîöåññ. 

Â íàó÷íîé ñèñòåìíîé òåîðèè ïîéäåì ïî 
ïóòè «òî÷íîé òåõíîëîãèè æèâîòíîâîäñòâà», 
êîòîðóþ ðàññìàòðèâàë àêàäåìèê Ë.Ï. Êîðìà-
íîâñêèé. Òåõíîëîãèÿ ïîñòðîåíà íà îñíîâå ìàòå-
ìàòè÷åñêèõ ìîäåëåé, ïîëó÷åííûõ â ðåçóëüòàòå 
òåîðåòè÷åñêèõ èññëåäîâàíèé (àíàëèçà) è ýêñ-
ïåðèìåíòàëüíî (ýìïèðè÷åñêè). Ýìïèðè÷åñêàÿ 
ìîäåëü íå ìîæåò ñóùåñòâîâàòü áåç òåîðåòè÷å-
ñêîé ìàòåìàòè÷åñêîé ìîäåëè. Â ñâîþ î÷åðåäü, 
«òî÷íàÿ òåõíîëîãèÿ æèâîòíîâîäñòâà» äîëæíà 
áàçèðîâàòüñÿ íà òåõíè÷åñêèõ ñèñòåìàõ ìàòå-
ìàòè÷åñêîé ìîäåëè è êîíêðåòíûõ òåõíè÷åñêèõ 
ðàçðàáîòêàõ óñòðîéñòâ è òåõíîëîãèé ïðèãîòîâ-
ëåíèÿ áåëêîâîãî êîìáèêîðìà. 

Ðåçóëüòàòû èññëåäîâàíèÿ
Äëÿ ïðèãîòîâëåíèÿ áåëêîâîãî êîðìà â ñû-

ïó÷åì [6] è ãðàíóëèðîâàííîì âèäàõ ñ öåëüþ 
ñíèæåíèÿ ýíåðãîåìêîñòè ïðîöåññà è ïîâû-
øåíèÿ åãî êà÷åñòâà áûëà ðàçðàáîòàíà ëèíèÿ 
åãî îñóùåñòâëåíèÿ (ïàòåíò № 2646092 [4]) è 
ñïîñîá (ïàòåíò № 2636480 [5]).

Ëèíèÿ äëÿ ïðèãîòîâëåíèÿ áåëêîâîãî êîðìà 
â ñûïó÷åì è ãðàíóëèðîâàííîì âèäàõ (ðèñ. 2)

èìååò ïîñëåäîâàòåëüíî óñòàíîâëåííóþ âîçäóø-
íî-ðåøåòíóþ çåðíîî÷èñòèòåëüíóþ ìàøèíó 1. 
Ïîä ìàøèíîé 1 óñòàíîâëåí áóíêåð 2 äëÿ õðà-
íåíèÿ ïðîäóêòà ïåðåðàáîòêè ìàñëè÷íûõ êóëü-
òóð, âûïîëíåííûé â âèäå äâóõ îòñåêîâ, ïîä êî-
òîðûìè ðàñïîëîæåíà íàêîïèòåëüíàÿ åìêîñòü 
3 ñ âûõîäíûì îòâåðñòèåì, óñòàíîâëåííûé íàä 
áóíêåðîì ýêñòðóäåð 4, åãî âûõîä ñîîáùåí ñ áóí-
êåðîì åìêîñòè 5 äëÿ îáîãàùåíèÿ ïèòàòåëüíûìè 
ìèêðîýëåìåíòàìè ïðîäóêòà ïåðåðàáîòêè ìàñ-
ëè÷íûõ êóëüòóð. Âíóòðè åìêîñòè 5 óñòàíîâëåíà 
ìåøàëêà 6, ïðèâîäèìàÿ â äâèæåíèå äâèãàòåëåì 
(íà ðèñóíêå íå ïîêàçàí). Âûõîäíîå îòâåðñòèå 
åìêîñòè 5 óñòàíîâëåíî íàä âõîäíûì îòâåðñòèåì 
êîíäèöèîíåðà 7 è ñîîáùåíî ñ èçìåëü÷èòåëåì 8, 
íà âûõîäå êîòîðîãî óñòàíîâëåíà åìêîñòü äëÿ 
õðàíåíèÿ êîðìà 9.

Òåõíîëîãè÷åñêèé ïðîöåññ ðàáîòû ëèíèè 
äëÿ ïðèãîòîâëåíèÿ áåëêîâîãî êîðìà â ñûïó÷åì 
è ãðàíóëèðîâàííîì âèäàõ îñóùåñòâëÿåòñÿ ñëå-
äóþùèì îáðàçîì.

Â áóíêåð âîçäóøíî-ðåøåòíîé çåðíîî÷è-
ñòèòåëüíîé ìàøèíû 1 ïîñòóïàþò êîìïîíåíòû 
âîðîõà ñåìÿí ïîäñîëíå÷íèêà ñîðòà Ëàêîìêà, 
â ñîñòàâ êîòîðûõ âõîäÿò ôðàãìåíòû êîðçèíîê 
è ñòåáëåé è ñåìåíà ïîäñîëíå÷íèêà, ïîñëå âòî-
ðè÷íîé î÷èñòêè èõ ýêñòðóäèðóþò. Èç âîçäóø-
íî-ðåøåòíîé çåðíîî÷èñòèòåëüíîé ìàøèíû 1 
îòõîäû â âèäå ôðàãìåíòîâ êîðçèíîê è ñòåáëåé è 
ñåìåíà ïîäñîëíå÷íèêà ïîñëå âòîðè÷íîé î÷èñò-

Ðèñ. 1. Êëàññèôèêàöèÿ ñèñòåìíûõ èññëåäîâàíèé ïðèãîòîâëåíèÿ áåëêîâîãî êîìáèêîðìà 
äëÿ ñåëüñêîõîçÿéñòâåííûõ æèâîòíûõ
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Ðèñ. 2. Îáùèé âèä ëèíèè äëÿ ïðèãîòîâëåíèÿ áåëêîâîãî êîðìà ïî ïàòåíòó № 2646092 [4] 
â ñûïó÷åì è ãðàíóëèðîâàííîì âèäàõ
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êè îòäåëüíî äðóã îò äðóãà ïîäàþò â äâîéíîé 
áóíêåð 2. Çàòåì îíè ñìåøèâàþòñÿ â íàêîïè-
òåëüíîé åìêîñòè 3 è ïîñòóïàþò â ýêñòðóäåð 4. 
Èñïîëüçîâàíèå äâîéíîãî áóíêåðà 2 ñ íàêîïè-
òåëüíîé åìêîñòüþ 3 ïîçâîëÿåò îáåñïå÷èòü áåñ-
ïåðåáîéíîå ïðîèçâîäñòâî êîðìà çà ñ÷åò óðàâíè-
âàíèÿ ïðîèçâîäèòåëüíîñòè âîçäóøíî-ðåøåòíîé 
çåðíîî÷èñòèòåëüíîé ìàøèíû 1 è ýêñòðóäåðà 4. 

Ýêñòðóäàöèÿ ñìåñè îñóùåñòâëÿåòñÿ ïóòåì 
íàãðåâàíèÿ ïðîäóêòà äî òåìïåðàòóðû 110–170 °C 
è ïîä äàâëåíèåì 4–6 ÌÏà â ïðîöåññå îáðàáîòêè. 
Ïîñëå ýêñòðóäàöèè ïîëó÷åííûé ïðîäóêò â âèäå 
áåñêîíå÷íîãî æãóòà ïîñòóïàåò â åìêîñòü 5, ãäå 
îáîãàùàåòñÿ ïóòåì ñìåøèâàíèÿ ñ ïèòàòåëüíûìè 
ìèêðîýëåìåíòàìè (éîäèñòûé êàëèé, ìàðãàíöà 
ñóëüôàò, ìåäè ñóëüôàò, öèíêà ñóëüôàò, êîáàëüòà 
õëîðèä) èç ðàñ÷åòà 1:50. Åñëè âçÿòü ìåíüøåå ñî-
îòíîøåíèå, òî áóäåò íåäîñòàòî÷íîå êîëè÷åñòâî 
ïèòàòåëüíûõ ìèêðîýëåìåíòîâ â êîðìå, à åñëè 
áîëüøåå, òî áóäåò åãî ïåðåíàñûùåíèå, ÷òî ïðè-
âåäåò ê óõóäøåíèþ êà÷åñòâà êîðìà. Äàëåå ñìåñü 
îõëàæäàþò ïîñðåäñòâîì êîíäèöèîíåðà 6 äî òåì-
ïåðàòóðû 30–36 °C è èçìåëü÷àþò êîðì äî ðàññûï-
íîãî âèäà ñ ðàçìåðàìè ãðàíóë 3–5 ìì, è õðàíÿò â 
åìêîñòè 9. Äëÿ èçìåëü÷åíèÿ èñïîëüçóþò ëþáóþ 
èçâåñòíóþ êîíñòðóêöèþ èçìåëü÷èòåëÿ, ñïîñîá-
íóþ èçìåëü÷àòü êîðì äî ðàçìåðà ãðàíó 3–5 ìì 
äëÿ ïðèãîòîâëåíèÿ êîðìà â ñûïó÷åì âèäå è ãðà-
íóëû 5–7 ìì – ãðàíóëèðîâàííîì âèäå. Ïðè òåì-
ïåðàòóðå ìåíüøå 30 °C ïîëó÷åííàÿ ñìåñü òåðÿåò 
ñâîéñòâî ãèãðîñêîïè÷íîñòè è ïðîèñõîäèò íåýô-
ôåêòèâíîå èçìåëü÷åíèå, à åñëè âûøå 36 °C, òî 
ñâîéñòâî ãèãðîñêîïè÷íîñòè óâåëè÷èòñÿ è êîðì 
ïðè èçìåëü÷åíèè áóäåò ñáèâàòüñÿ â êîìêè.

Ïðåäïîëîæèì, ñèñòåìà S [1] â ðîëè êîòî-
ðîé âûñòóïàåò ñàìà ëèíèÿ ïî Ïàò. № 2646092 
èìååò íåêîòîðûå ýëåìåíòû à

1
, à

4
, à

5
, à

7
, à

8
 è 

à
0
 – îêðóæåíèå ñèñòåìû S. Â ðîëè ýëåìåíòîâ 

â íàøåì ñëó÷àå – òåõíè÷åñêèå óñòðîéñòâà 
(1, 4, 5, 7, 8). Ââåäåì ìíîæåñòâà A = {a

1
, a

4
, a

5
, 

a
7
, a

8
,} è Â = {a

0
, a

1
, a

4
, a

5
, a

7
, a

8
,}. Â ìíîæåñòâå 

B êàæäûé ýëåìåíò õàðàêòåðèçóåòñÿ íåêîòîðûì 
ìíîæåñòâîì âõîäíûõ è âûõîäíûõ âåëè÷èí. 
Ââåäåì ñèìâîë r

ij
, êîòîðûé îáîçíà÷àåò ñïîñîá 

çàâèñèìîñòè, âõîäíûõ âåëè÷èí îò âûõîäíûõ 
ýëåìåíòà a

i
, ìíîæåñòâî r

ij
 îáîçíà÷àåì ÷åðåç R. 

Â äàííîì ñëó÷àå ñèñòåìà îïðåäåëÿåòñÿ ìíîæå-
ñòâîì S = {A, R} è îáðàçóåò ñèñòåìó.

Çàêëþ÷åíèå
Àíàëèç â äàííîé îáëàñòè ïîêàçàë îòñóò-

ñòâèå ñèñòåìíûõ èññëåäîâàíèé ïðèãîòîâëåíèÿ 
áåëêîâîãî êîìáèêîðìà íà îñíîâå îáùåé òåîðèè 

ñèñòåìû ïðèìåíèòåëüíî ê «òî÷íîé òåõíîëîãèè 
æèâîòíîâîäñòâà», à èìåííî ê «òî÷íîé òåõíî-
ëîãèè ïðèãîòîâëåíèÿ áåëêîâîãî êîìáèêîðìà» 
ñ ïîìîùüþ ìóëüòèìåäèéíîãî óñòðîéñòâà, êîí-
òðîëèðóþùåãî òåõíîëîãè÷åñêèé ïðîöåññ. Â 
êà÷åñòâå ìóëüòèìåäèéíîãî óñòðîéñòâà ìîæåò 
âûñòóïàòü ñìàðòôîí, ïëàíøåòíûé êîìïüþòåð, 
êîòîðûé ñîåäèíÿåòñÿ ñ ïåðñîíàëüíûì êîìïüþ-
òåðîì äëÿ îáðàáîòêè ïîëó÷åííûõ äàííûõ ñ 
óñòðîéñòâ. Ïîýòîìó íåîáõîäèìî ðàçðàáîòàòü 
ìàòåìàòè÷åñêóþ ìîäåëü íà áàçå òåîðèè îáùåé 
ñèñòåìû ïðèìåíèòåëüíî ê òî÷íîé òåõíîëîãèè 
ïðèãîòîâëåíèÿ áåëêîâîãî êîìáèêîðìà. Ðàçðà-
áîòàííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ïîçâîëèëà 
ïîâûñèòü ïèùåâóþ öåííîñòü áåëêîâûõ êîìáè-
êîðìîâ, à òàêæå ðàñøèðèòü èõ àññîðòèìåíò äëÿ 
êîðìëåíèÿ êðóïíîãî ðîãàòîãî ñêîòà, à èìåííî: 
äëÿ êàæäîãî âèäà ñåëüñêîõîçÿéñòâåííîãî æè-
âîòíîãî ñ åãî ôèçèîëîãè÷åñêîé îñîáåííîñòüþ 
è ïîòðåáíîñòüþ â íèõ, è óëó÷øèòü ýêîëîãèþ 
îêðóæàþùåé ñðåäû. 
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