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Äëÿ îïðåäåëåíèÿ âåðîÿòíîñòíîãî âðåìåíè êîðìëåíèÿ æèâîòíûõ ìîáèëüíûìè êîðìîöåõàìè íà ôåðìàõ ÊÐÑ 
òðåáóåòñÿ ðåøèòü ñèñòåìó óðàâíåíèé Êîëìîãîðîâà. Èç-çà ìàññèâíîñòè ðàñ÷åòîâ ýòó ðàáîòó ìîæíî âûïîëíèòü 
òîëüêî ïðè èñïîëüçîâàíèè âû÷èñëèòåëüíîé òåõíèêè. Îäíàêî êîíêðåòíàÿ ñèñòåìà óðàâíåíèé Êîëìîãîðîâà ïîä-
õîäèò òîëüêî äëÿ îïðåäåëåííîãî êîëè÷åñòâà êîìïîíåíòîâ â êîðìîñìåñè. Â çàâèñèìîñòè îò âûáðàííîãî ðàöèî-
íà êîðìëåíèÿ ýòî êîëè÷åñòâî ìîæåò ñóùåñòâåííî ìåíÿòüñÿ. Ðåøåíèå ñèñòåì óðàâíåíèé Êîëìîãîðîâà äëÿ êîð-
ìîñìåñåé ñ ðàçëè÷íûì êîëè÷åñòâîì êîìïîíåíòîâ ÿâëÿåòñÿ î÷åíü òðóäîåìêèì ïðîöåññîì. Ïîýòîìó òðåáóåòñÿ 
ðàçðàáîòàòü ìàòåìàòè÷åñêóþ ìîäåëü, ïîçâîëÿþùóþ ðåøàòü çàäà÷ó ïî îïðåäåëåíèþ âåðîÿòíîñòíîãî âðåìåíè 
êîðìëåíèÿ äëÿ ìíîãîêîìïîíåíòíûõ êîðìîñìåñåé. Â õîäå ðàáîòû èñïîëüçîâàëèñü ïîëîæåíèÿ òåîðèè ñëó÷àé-
íûõ ïðîöåññîâ, òåîðèè ãðàôîâ è îñíîâû ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ. Äëÿ âûïîëíåíèÿ ïîñòàâëåííîé çà-
äà÷è áûëè ñîñòàâëåíû è ðåøåíû ñèñòåìû óðàâíåíèé Êîëìîãîðîâà äëÿ 2-, 3- è 4-êîìïîíåíòíîé êîðìîñìåñåé. 
Ñî÷åòàíèÿ èíòåíñèâíîñòåé «λ

i
,
j
» çàìåíÿëèñü êîýôôèöèåíòàìè «K

i
», ââåäåííûìè äëÿ âèçóàëüíîãî âîñïðèÿòèÿ 

ôîðìóë è âîçìîæíîñòè âûÿâèòü çàêîíîìåðíîñòè èõ ðàçâèòèÿ ïðè èçìåíåíèè êîëè÷åñòâà êîìïîíåíòîâ. Îáíàðó-
æåííûå çàêîíîìåðíîñòè îòðàæåíû â àëãîðèòìå. Òàêæå ïðåäñòàâëåíî èòîãîâîå ðåøåíèå ðàññìîòðåííûõ ñèñòåì 
óðàâíåíèé Êîëìîãîðîâà, è ïîëó÷åíà îáùàÿ ôîðìóëà äëÿ âû÷èñëåíèÿ âåðîÿòíîñòè íàõîæäåíèÿ ìîáèëüíîãî 
êîðìîöåõà â ñîñòîÿíèè ðàçäà÷è êîðìà. Ôîðìóëà ñîñòîèò èç êîýôôèöèåíòîâ «K

i
», êîòîðûå âû÷èñëÿþòñÿ ïî 

ðàçðàáîòàííîìó àëãîðèòìó. Òàêèì îáðàçîì, ïðè èñïîëüçîâàíèè ïðåäëîæåííîãî àëãîðèòìà èñêëþ÷àåòñÿ íå-
îáõîäèìîñòü â ñîñòàâëåíèè è ðåøåíèè ñèñòåì óðàâíåíèé Êîëìîãîðîâà äëÿ îïðåäåëåíèÿ âåðîÿòíîñòè íàõîæ-
äåíèÿ ìîáèëüíîãî êîðìîöåõà â ñîñòîÿíèè ðàçäà÷è êîðìà. Îáíàðóæåííûå çàêîíîìåðíîñòè óäîáíî ðåàëèçîâàòü 
â ýëåêòðîííîé ñðåäå, íàïðèìåð MS Excel, ÷òî ïîçâîëèò îñóùåñòâëÿòü ìîäåëèðîâàíèå òåõíîëîãè÷åñêîãî ïðî-
öåññà ïðèãîòîâëåíèÿ è ðàçäà÷è êîðìîñìåñåé ñ ðàçëè÷íûì êîëè÷åñòâîì êîìïîíåíòîâ. 
Êëþ÷åâûå ñëîâà: òåîðèÿ ãðàôîâ, óðàâíåíèÿ Êîëìîãîðîâà, ìîáèëüíûé êîðìîöåõ, ðàçäà÷à êîðìîñìåñè, âðåìÿ 
êîðìëåíèÿ.

To determine the probabilistic time for feeding animals with mobile feeders on farms of cattle, it is required to solve 
the system of Kolmogorov equations. Because of the massive calculations, this work can be done only with the use of 
computer technology. However, a specific Kolmogorov system of equations is suitable only for a certain number of 
components in the feed mix. Depending on the chosen feeding ration, this amount can vary significantly. Solving the 
Kolmogorov equations for feed mixtures with a different number of components is a very laborious process. There-
fore, it is required to develop a mathematical model that allows solving the problem of determining the probabilistic 
feeding time for multicomponent fodder mixtures. In the course of this work, the positions of the theory of random 
processes, the theory of graphs, and the foundations of mathematical modeling were used. To accomplish the task, 
Kolmogorov's system of equations for 2-, 3-, and 4-component fodder mixtures was compiled and solved. The com-
binations of intensities «λ

i,j
» were replaced by the coefficients «K

i
», introduced for visual perception of formulas and 

the possibility to reveal the patterns of their development with a change in the number of components. The observed 
regularities are reflected in the algorithm. The final solution of the Kolmogorov equations is also presented, and a 
general formula is obtained for calculating the probability of finding a mobile feed hopper in the state of distribution 
of feed. The formula consists of the coefficients «K

i
», which are calculated according to the developed algorithm. 

Thus, using the proposed algorithm, there is no need to compile and solve Kolmogorov's systems of equations to 
determine the probability of finding a mobile feed mill in the state of distribution of food. The observed regularities 
are conveniently implemented in an electronic environment, for example, MS Excel, which will allow modeling of 
the technological process of preparation and distribution of feed mixes with a different number of components.
Keywords: graph theory, Kolmogorov equations, mobile feed mill, distribution of feed mix, feeding time.
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Ââåäåíèå
Äëÿ îïðåäåëåíèÿ âðåìåíè îäíîãî êîðì-

ëåíèÿ æèâîòíûõ ìîáèëüíûì êîðìîöåõîì íà 
ôåðìàõ ïî ïðåäëîæåííîé ðàíåå ìåòîäèêå [1–4] 
íåîáõîäèìî âû÷èñëèòü âåðîÿòíîñòü íàõîæäå-
íèÿ ìîáèëüíîãî êîðìîöåõà â ñîñòîÿíèè ðàç-
äà÷è êîðìà. Ïðè ýòîì íåîáõîäèìî ó÷åñòü òîò 
ôàêò, ÷òî êîëè÷åñòâî êîìïîíåíòîâ â êîðìîñìå-
ñè ìîæåò ñóùåñòâåííî ìåíÿòüñÿ â çàâèñèìîñòè 
îò âûáðàííûõ ðàöèîíîâ. Ðàíåå óæå áûëè ðàñ-
ñìîòðåíû ñëó÷àè ñ êîðìîñìåñüþ, ñîñòîÿùåé 
èç 2 è 5 êîìïîíåíòîâ [5–7]. Â äàëüíåéøåì, äëÿ 
ïîâûøåíèÿ ýôôåêòèâíîñòè ìàòåìàòè÷åñêîé 
ìîäåëè, áûë ïðåäëîæåí îáîáùåííûé ãðàô, 
ïîçâîëÿþùèé ðàññìàòðèâàòü ïðîöåññ ïðèãî-
òîâëåíèÿ è ðàçäà÷è êîðìîâ ìîáèëüíûì êîð-
ìîöåõîì äëÿ êîðìîñìåñåé, âêëþ÷àþùèõ îò 2 
äî 25 êîìïîíåíòîâ [8]. Òàêæå áûë ðàçðàáîòàí 
àëãîðèòì äëÿ ñîñòàâëåíèÿ ñèñòåìû óðàâíåíèé 
Êîëìîãîðîâà ê äàííîìó ãðàôó, è ïðåäñòàâëåíà 
èòîãîâàÿ ôîðìóëà äëÿ ðàñ÷åòà âåðîÿòíîñòè íà-
õîæäåíèÿ ìîáèëüíîãî êîðìîöåõà â ñîñòîÿíèè 
ðàçäà÷è êîðìà. Îäíàêî ñîäåðæàíèå ýòîé ôîð-
ìóëû íå áûëî ðàñêðûòî. Òàêæå íå áûëè ïðåä-
ñòàâëåíû âûÿâëåííûå çàêîíîìåðíîñòè ïðè ðå-
øåíèè ñèñòåìû óðàâíåíèé Êîëìîãîðîâà äëÿ 
êîðìîñìåñåé ñ ðàçëè÷íûì êîëè÷åñòâîì êîìïî-
íåíòîâ. 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà 

ìàòåìàòè÷åñêîé ìîäåëè, ïîçâîëÿþùåé ðåøàòü 
ñèñòåìó óðàâíåíèé Êîëìîãîðîâà äëÿ îáîáùåí-
íîãî ãðàôà ñîñòîÿíèé ìîáèëüíîãî êîðìîöåõà ñ 
èñïîëüçîâàíèåì ÝÂÌ.

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ òåõíî-
ëîãè÷åñêèé ïðîöåññ ïðèãîòîâëåíèÿ è ðàçäà-
÷è êîðìîâ ìîáèëüíûì êîðìîöåõîì íà ôåðìå. 
Ìåòîä èññëåäîâàíèÿ îñíîâàí íà òåîðèè ñëó-
÷àéíûõ ïðîöåññîâ, òåîðèè ãðàôîâ è ìàòåìàòè-
÷åñêîì ìîäåëèðîâàíèè.

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Ñ öåëüþ íàõîæäåíèÿ âðåìåíè êîðìëåíèÿ 

æèâîòíûõ ìîáèëüíûìè êîðìîöåõàìè äëÿ 2-, 3- 
è 4-êîìïîíåíòíîé êîðìîñìåñåé áûëè ñîñòàâ-
ëåíû ñîîòâåòñòâóþùèå ñèñòåìû óðàâíåíèé 
Êîëìîãîðîâà ïî ðàçðàáîòàííîìó àëãîðèòìó ê 
îáîáùåííîìó ãðàôó (ðèñ. 1).

Â ñâÿçè ñ òåì ÷òî èíòåíñèâíîñòü ïåðåõîäà 
ìîáèëüíîãî êîðìîöåõà èç ñîñòîÿíèÿ çàãðóçêè 

êîìïîíåíòà (S
2
, S

4
…S

2õ
) â ñîñòîÿíèå ïåðååçäà 

(S
3
, S

5
…S

51
) íå çàâèñèò îò ñîñòîÿíèÿ ïåðååçäà,  

äëÿ óïðîùåíèÿ ìàòåìàòè÷åñêîé ìîäåëè ìîæíî 
ñäåëàòü ñëåäóþùåå äîïóùåíèå î ðàâåíñòâå èí-
òåíñèâíîñòåé ïåðåõîäîâ ìåæäó ñîñòîÿíèÿìè: 
λ2х,51 = λ2х,2х+1, где х – количество компонентов 
кормосмеси.

Ранее так же были приняты допущения [8]:

λ2,54 = λ4,54 = … = λ2х,54 = λ52,54; 
λ54,2 = λ54,4 =…= λ54,2х= λ54,52;
λ2,55 = λ4,55 = … = λ2х,55= λ52,55; 
λ55,2 = λ55,4 =…= λ55,2х= λ55,52.

Ñèñòåìû óðàâíåíèé Êîëìîãîðîâà äëÿ ÷àñò-
íûõ ñëó÷àåâ (ïðè x = 2, x = 3, x = 4), ñîñòàâëåí-
íûå ñ ó÷åòîì ïðèíÿòûõ äîïóùåíèé, ïðèâåäåíû 
â òàáë. 1.

Íîðìèðîâî÷íîå óñëîâèå ïðè ðåøåíèè ñè-
ñòåìû óðàâíåíèé Êîëìîãîðîâà: 

p
1
 + p

2
 + p

3
 + …+ p

54
 + p

55
 = 1.

Äëÿ íàãëÿäíîñòè ñèñòåìó óðàâíåíèé Êîë-
ìîãîðîâà, ñîñòàâëåííóþ ïî àëãîðèòìó, ìîæíî 

Ðèñ. 1. Îáîáùåííûé ãðàô ñîñòîÿíèé ìîáèëüíîãî 
êîðìîöåõà ïðè ìíîãîêîìïîíåíòíîé êîðìîñìåñè: 

õ – êîëè÷åñòâî êîìïîíåíòîâ â êîðìîñìåñè 
(äî 25 êîìïîíåíòîâ); S

1
 – ïåðååçä îò ìåñòà ñòîÿíêè 

ê 1-ìó õðàíèëèùó êîðìîâ; S
3
… S

(2õ-1)
 – ïåðååçäû 

ìîáèëüíîãî êîðìîöåõà ìåæäó õðàíèëèùàìè 
êîðìîâ; S2, S4

… S
2õ

 – ïîãðóçêà êîìïîíåíòîâ 
êîðìîñìåñè; S

51
 – ïåðååçä îò ïîñëåäíåãî õðàíèëèùà 

êîðìîâ ê æèâîòíîâîä÷åñêèì ïîìåùåíèÿì; 
S

52
 – ðàçäà÷à êîðìîñìåñè; S

53
 – ðàçâîðîò 

ïðè ïåðååçäå íà äðóãóþ ëèíèþ ðàçäà÷è; 
S

54
 – òåõíîëîãè÷åñêîå íàðóøåíèå; 

S
55

 – òåõíè÷åñêèé îòêàç
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ïðåäñòàâèòü â âèäå öåïî÷êè óðàâíåíèé äëÿ íà-
õîæäåíèÿ ñëåäóþùèõ âåðîÿòíîñòåé:

   
   
   

2 1

2 1

2 1

1

2

51 52 53 54 55 ,

2 2

3 3    

n n

n n

n n x

p p m p m

p m p m

p m x p m x p

p p p p p

    

    

     

    

ãäå n
2
 = 2m – 2; n

1
 = 2m – 1 ïðè m = 2, 3…x.

Íà ýòàïå ðåøåíèÿ ñèñòåì óðàâíåíèé Êîëìî-
ãîðîâà äëÿ óïðîùåíèÿ ïðåîáðàçîâàíèÿ óðàâíå-
íèé ââîäèì ñîîòâåòñòâóþùèå êîýôôèöèåíòû 
K

i
, çàìåíÿÿ èìè îáðàçóþùèåñÿ ïî õîäó ïðå-

îáðàçîâàíèé ñî÷åòàíèÿ èíòåíñèâíîñòåé λ
i, j

. 
Íóìåðàöèÿ óðàâíåíèé ñîîòâåòñòâóåò ðàçðàáî-
òàííîìó ðàíåå àëãîðèòìó. Â îáùåì âèäå ââå-
äåííûå êîýôôèöèåíòû ìîãóò áûòü ïðåäñòàâ-
ëåíû â ïåðâîé ÷àñòè àëãîðèòìà ñëåäóþùèì 
îáðàçîì.

Àëãîðèòì ïî ñîñòàâëåíèþ 
êîýôôèöèåíòîâ, ÷àñòü 1
Äëÿ óðàâíåíèÿ ïîä № 1 (äëÿ p

1
): 

52,1
1

1,2

.K



Äëÿ óðàâíåíèé ïîä íîìåðàìè n
2
 = 2m – 2, 

ãäå m = 2, 3…x (äëÿ p
2
, p

4
… p

2x-2
):

 2 2 2 52,54 52,55, 1( ).n n nK      

Íàïðèìåð, ïðè x = 4  (4-êîìïîíåíòíàÿ êîð-
ìîñìåñü) n

2
 = 2·2–2 = 2, n

2
 = 2·3–2 = 4, n

2
 = 2·4–2 = 6, 

ò.å. êîýôôèöèåíòû K
2
, K

4
 è K

6
 äëÿ ñîîòâåòñòâó-

þùèõ âåðîÿòíîñòåé p
2
, p

4
 èp

6
 â óðàâíåíèÿõ 

№ 2, 4, 6.

Äëÿ óðàâíåíèé ïîä íîìåðàìè n
1
 = 2m – 1, 

ãäå m = 2, 3…x (äëÿ p
3
, p

5
… p

2x-1
):

 

1 1

1

1 1

( 1),

, 1

.n n

n

n n

K 







Íàïðèìåð, ïðè x = 4 (4-êîìïîíåíòíàÿ 
êîðìîñìåñü) n

1
 = 2·2–1 = 3, n

1
 = 2·3–1 = 5, 

n
1
 = 2·4–1 = 7, ò.å. êîýôôèöèåíòû K

3
, K

5
 è K

7
 

äëÿ ñîîòâåòñòâóþùèõ âåðîÿòíîñòåé p
3
, p

5
 è 

p
7
 â óðàâíåíèÿõ № 3, 5, 7.
Äëÿ óðàâíåíèÿ ïîä íîìåðîì 2x (äëÿ p

2õ
):

 2 52,54 52,552 , 2 1( ).õ õ xK      

Íàïðèìåð, ïðè x = 2: p
2õ

 = p
4
, K

2x
= K

4
; ïðè 

x = 3: p
2õ

 = p
6
, K

2x
 = K

6
; ïðè x = 4: p

2õ
 = p

8
, 

K
2x

= K
8
 è ò.ä.

Äëÿ óðàâíåíèÿ ïîä íîìåðîì 2x+1 (äëÿ p
51

): 

2 ,2 1
51

51,52

.x xxK 




Äëÿ óðàâíåíèÿ ïîä íîìåðîì 2x+2 (äëÿ p
52

):

52 52,1 52,53 52,54 52,55 .K        

Äëÿ óðàâíåíèÿ ïîä íîìåðîì 2x+3 (äëÿ p
53

): 

52,53
53

53,52

.K





Äëÿ óðàâíåíèÿ ïîä íîìåðîì 2x+4 (äëÿ p
54

): 

 54 54,521 .xK x  

Äëÿ óðàâíåíèÿ ïîä íîìåðîì 2x+5 (äëÿ p
55

): 

 55 55,521 .xK x  

Òàáëèöà 1
Ñèñòåìû óðàâíåíèé Êîëìîãîðîâà (ïðè x = 2, x = 3, x = 4)
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Äëÿ íàãëÿäíîñòè ïîñëåäîâàòåëüíóþ ñîâî-
êóïíîñòü äàííûõ êîýôôèöèåíòîâ «K

i
» äëÿ ñî-

îòâåòñòâóþùèõ âåðîÿòíîñòåé p
i
 òàêæå ìîæíî 

ïðåäñòàâèòü â âèäå ñëåäóþùåé öåïî÷êè:

   
   
   

2 1

2 1

2 1

1

2

51 52 53 54 55

2 2

3 3    

,

n n

n n

n n x

x x x

K K m K m

K m K m

K m x K m x K

K K K K K

    

    

     

    

ãäå n
2
 = 2m – 2; n

1
 = 2m – 1 ïðè m = 2,3…x.

Ðåøàÿ ïðèâåäåííûå ñèñòåìû óðàâíåíèé 
Êîëìîãîðîâà, ââîäèì äîïîëíèòåëüíûå êîýô-
ôèöèåíòû (òàáë. 2) äëÿ íàõîæäåíèÿ ñîîòâåò-

ñòâóþùèõ âåðîÿòíîñòåé, à òàêæå äëÿ âîçìîæ-
íîñòè îòñëåäèòü çàêîíîìåðíîñòè èõ ðàçâèòèÿ 
ïðè èçìåíåíèè êîëè÷åñòâà êîìïîíåíòîâ êîð-
ìîñìåñè «x».

Â îáùåì âèäå äàííûå êîýôôèöèåíòû ìîãóò 
áûòü ïðåäñòàâëåíû âî âòîðîé ÷àñòè àëãîðèòìà 
ñëåäóþùèì îáðàçîì.

Àëãîðèòì ïî ñîñòàâëåíèþ 
êîýôôèöèåíòîâ, ÷àñòü 2
Äëÿ âåðîÿòíîñòè p2 (íàïðèìåð, îá ùèé 

âèä óðàâíåíèÿ íà îñíîâàíèè òàáë. 1: 

2 1 2 54 2 55 2
ap p K p K p K  á â ): 

1
2 1,2

2

a K
K

K
  ; 54,52

2
2

áK
K


 ; 55,52

2
2

.âK
K




Òàáëèöà 2
Êîýôôèöèåíòû, ââåäåííûå â ïðîöåññå ðåøåíèÿ



Ðåøåíèå ñèñòåìû óðàâíåíèé Êîëìîãîðîâà äëÿ îáîáùåííîãî ãðàôà ñîñòîÿíèé ìîáèëüíîãî êîðìîöåõà

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 7, 2017

Ý
Ê

Î
Í

Î
Ì

È
Ê

À
, 

Î
Ð

Ã
À

Í
È

Ç
À

Ö
È

ß
 È

 Ò
Å

Õ
Í

Î
Ë

Î
Ã

È
ß

 Ï
Ð

Î
È

Ç
Â

Î
Ä

Ñ
Ò

Â
À

51

Äëÿ âåðîÿòíîñòåé p
n2

: n
2
 = 2m – 2, ãäå 

m = 3…x:

     2 2 2 2

2

2

2 1 1 ,    a
n n n na

n

n

K K
K

K

   
 ; 

     2 2 2 2

2

2

54,522 1 1 ,    á
n n n ná

n

n

K K
K

K

     
 ;

 
     2 2 2 2

2

2

55,522 1 1 ,    
.

â
n n n nâ

n

n

K K
K

K

     


Íàïðèìåð: äëÿ èíäåêñà «à» êîýôôèöèåíòû 
èìåþò âèä 4

aK , 6
aK … 2 2

a
xK   äëÿ âåðîÿòíîñòåé 

p
4
, p

6
… p

2x-2
, ñîîòâåòñòâåííî; äëÿ èíäåêñîâ «á» è 

«â» – àíàëîãè÷íî.
Äëÿ âåðîÿòíîñòè p

2õ
: 

     2 2 2 1 2 1 ,2

2
2

    a
x x x xa

x

x

K K
K

K

   
 ; 

      54,522 2 2 1 2 1 ,2

2
2

    á
x x x xá

x

x

K K
K

K

     
 ;

      55,522 2 2 1 2 1 ,2

2
2

   
.

â
x x x xâ

x

x

K K
K

K

    


Íàïðèìåð, ïðè x = 2: 2 4
a a
xK K , ïðè x = 3: 

2 6
a a
xK K ; äëÿ «á» è «â» – àíàëîãè÷íî.
Äëÿ âåðîÿòíîñòè p

52
:

2 51 51,52 53 53,52
52

52

1
a x
xxa K K K

K
K

  
  ; 

2 51 51,52 54,52
52

52

á x
xx K K

K
K

  
á ;

2 51 51,52 55,52
52

52

x
xx K K

K
K

  


â
â .

Äëÿ âåðîÿòíîñòè p
54

:

252,54 2 2
54

54

( 1)a a a
n xxa

x

K K K
K

K

   
  ; 

252,54 2 2
54

54

( )á á á
n xx

x

K K K
K

K

  
 á ;

252,54 2 2
54

54

( )â â â
n xx

x

K K K
K

K

  
 â ; 

52 54 54 52
54

52 52 54 54 52

.
x xa x xa

x

xa x xa x xa

K K K K
K

K K K K K
 


 

â â

á á

Äëÿ âåðîÿòíîñòè p
55

:

2 2 155 2 2 3

2 2 51 53 11 ;

xa a a a a
n n n

a a x
x x

K K K K K K K

K K K K K

     

    



2

2 1

55 2 2 3

2 2 51 1;

x
n

á á á x
n n x x

K K K K K

K K K K K

    

   

á á á á

2

2 1

55 2 2 3

2 2 51,

x
n

â â â x
n n x x

K K K K K

K K K K K

    

  

â â â â

ãäå
2 4 6 2 2
à à à à
n xK K K K     ;

1 5 7 2 1n xK K K K     ;

2 1 4 5 6 7 2 2 2 1
à à à à
n n x xK K K K K K K K     ; 

Òàáëèöà 3
Èòîãîâîå ðåøåíèå



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 7, 2017

Ý
Ê

Î
Í

Î
Ì

È
Ê

À
, 

Î
Ð

Ã
À

Í
È

Ç
À

Ö
È

ß
 È

 Ò
Å

Õ
Í

Î
Ë

Î
Ã

È
ß

 Ï
Ð

Î
È

Ç
Â

Î
Ä

Ñ
Ò

Â
À

Êóïðååíêî À.È., Èñàåâ Õ.Ì., Ìèõàéëè÷åíêî Ñ.Ì.

52

äëÿ èíäåêñîâ «á» è «â» – àíàëîãè÷íî; n
2
 = 2m – 2, 

n
1
 = 2m – 1 ïðè m = 3, 4…x.
Íàïðèìåð: 
ïðè x = 2 

2 2 1
0à à

n n nK K K    ;

ïðè x = 3 
2 2 1 4 4 5
à à à à
n n nK K K K K K     ;

ïðè x = 4 

2 2 1 4 4 5 6 6 7
à à à à à à
n n nK K K K K K K K K       .

Èòîãîâîå ðåøåíèå ñ âûðàæåííûìè âåðîÿò-
íîñ òÿìè p

i
 äëÿ ðàññìîòðåííûõ ñèñòåì óðàâíå-

íèé ïðèâåäåíî â òàáë. 3.
Òàêèì îáðàçîì, äëÿ îïðåäåëåíèÿ èñêîìîé âå-

ðîÿòíîñòè p
52

 íàõîæäåíèÿ ìîáèëüíîãî êîðìîöå-
õà â ñîñòîÿíèè ðàçäà÷è êîðìà ïðè êîíêðåòíîì 
çíà÷åíèè x íåîáõîäèìî âûðàçèòü ñîîòâåòñòâó-
þùèå êîýôôèöèåíòû K

i
 ïî ðàññìîòðåííîìó 

âûøå àëãîðèòìó, íàéòè çíà÷åíèå âåðîÿòíîñòè 
ð

55
, à çàòåì óæå – çíà÷åíèå âåðîÿòíîñòè p

52.

Âûâîäû
1. Ïîëüçóÿñü ïðåäëîæåííûì ïîäõîäîì, 

ìîæíî ïîëó÷èòü âûðàæåíèå âåðîÿòíîñòè íà-
õîæäåíèÿ ìîáèëüíîãî êîðìîöåõà â ñîñòîÿíèè 
ðàçäà÷è êîðìà äëÿ êîðìîñìåñè, âêëþ÷àþùåé 
îò 2 äî 25 êîìïîíåíòîâ.

2. Ïðè èñïîëüçîâàíèè ÝÂÌ ïîÿâëÿåòñÿ âîç-
ìîæíîñòü ìîäåëèðîâàíèÿ áàëàíñà âðåìåíè 
ïðîöåññà ïðèãîòîâëåíèÿ è ðàçäà÷è êîðìîñìå-
ñåé ñ ðàçëè÷íûì êîëè÷åñòâîì êîìïîíåíòîâ.
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