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ÓÄÊ 517.929

Ê âîïðîñó îá èñïîëüçîâàíèè ñèñòåì äèôôåðåíöèàëüíûõ

óðàâíåíèé ñ çàïàçäûâàíèåì â ïðîãíîçèðîâàíèè

äèíàìèêè ñîöèàëüíî-ýêîíîìè÷åñêèõ ïðîöåññîâ

c⃝ Â. À. Àòðÿõèí1, Ï. À. Øàìàíàåâ2

Àííîòàöèÿ. Â ðàáîòå îïèñûâàþòñÿ òðè ïîäõîäà ê ðåøåíèþ ñèñòåì äèôôåðåíöèàëüíûõ óðàâ-
íåíèé ñ çàïàçäûâàíèåì. Ïðåäëàãàþòñÿ ïðèìåðû èñïîëüçîâàíèÿ ïðåäëàãàåìûõ ìåõàíèçìîâ
äëÿ ïðîãíîçèðîâàíèÿ äèíàìèêè âîñïðîèçâîäñòâà íàó÷íûõ êàäðîâ. Ïðèâîäÿòñÿ ðåçóëüòàòû
ïîñòðîåíèÿ ïðîãíîçà.

Êëþ÷åâûå ñëîâà: ñèñòåìà äèôôåðåíöèàëüíûõ óðàâíåíèé ñ îòêëîíÿþùèìñÿ àðãóìåíòîì,
ìåòîä íàèìåíüøèõ êâàäðàòîâ, çàäà÷à Êîøè

1. Ââåäåíèå

Â ñòàòüå ðàññìàòðèâàåòñÿ ìàòåìàòè÷åñêàÿ ìîäåëü, îïèñûâàþùàÿ ïðîöåññ âîñïðîèç-
âîäñòâà íàó÷íûõ êàäðîâ íà ýòàïå ïîñòóïëåíèÿ â àñïèðàíòóðó ñ èñïîëüçîâàíèåì ñèñòåìû
îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé ñ çàïàçäûâàþùèì àðãóìåíòîì. Â ðàáîòå
[1] ïðåäëîæåí ìåõàíèçì îòûñêàíèÿ íåèçâåñòíûõ ïàðàìåòðîâ íàñòîÿùåé ìàòåìàòè÷åñêîé
ìîäåëè íà îñíîâå èçâåñòíûõ ñòàòèñòè÷åñêèõ äàííûõ çà ïðîìåæóòîê âðåìåíè, ïðåäøåñòâó-
þùèé ïðîãíîçèðóåìîìó.

Â êà÷åñòâå ìàòåìàòè÷åñêîé ìîäåëè ðàññìîòðèì ñèñòåìó äèôôåðåíöèàëüíûõ óðàâíåíèé
ñ îòêëîíÿþùèìñÿ àðãóìåíòîì:

ẏ(t) = aw(t) + by(t− δ) + cz(t− δ),
ż(t) = kw(t) + dy(t− δ) + sz(t− δ),
ẇ(t) = y(t)− z(t).

(1.1)

ãäå w(t) � ÷èñëåííîñòü ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó äëÿ ôèêñèðîâàííîãî
ïîòîêà ñòóäåíòîâ â ìîìåíò âðåìåíè t ; y(t) � ÷èñëåííîñòü ïîòîêà ïðèñîåäèíÿþùèõñÿ ê
ãðóïïå ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó ïî ðåçóëüòàòàì âûáðàííîé ñåññèè â
ìîìåíò âðåìåíè t ; z(t) � ÷èñëåííîñòü ïîòîêà âûáûâàþùèõ èç ãðóïïû ïðåòåíäåíòîâ íà
ïîñòóïëåíèå â àñïèðàíòóðó ïî ðåçóëüòàòàì âûáðàííîé ñåññèè â ìîìåíò âðåìåíè t ; � ïðî-
ìåæóòîê âðåìåíè, ðàçäåëÿþùèé ìîìåíòû ïîñòóïëåíèÿ â âóç ñîñåäíèõ ïîòîêîâ, â íàøåì
ñëó÷àå ðàâíûé îäíîìó ãîäó.

Â ðàáîòå [1] ñèñòåìà (1.1) ñâåëàñü ê ñèñòåìå êîíå÷íî-ðàçíîñòíûõ óðàâíåíèé:
ylm = 1

2
â(ylm + ylm−1) + b̂yl−1

m + ĉzl−1
m ,

zlm = 1
2
k̂(ylm + ylm−1) + d̂yl−1

m + ŝzl−1
m ,

wl
m = wl

m−1 + ylm − zlm.

(1.2)

ãäå ylm � êîëè÷åñòâî ñòóäåíòîâ l �ãî ïîòîêà, ïðèñîåäèíÿþùèõñÿ ê ãðóïïå ïðåòåíäåíòîâ íà
ïîñòóïëåíèå â àñïèðàíòóðó ïîñëå m �îé ñåññèè, zlm � êîëè÷åñòâî ñòóäåíòîâ l �îãî ïîòîêà,

1 Àññèñòåíò êàôåäðû ïðèêëàäíîé ìàòåìàòèêè, Ìîðäîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èì.
Í. Ï. Îãàðåâà, ã. Ñàðàíñê; atrvol@rambler.ru.

2 Çàâåäóþùèé êàôåäðîé ïðèêëàäíîé ìàòåìàòèêè, Ìîðäîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò
èì. Í. Ï. Îãàðåâà, ã. Ñàðàíñê; korspa@yandex.ru.
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âûáûâàþùèõ èç ãðóïïû ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó ïîñëå m �îé ñåñ-
ñèè, wl

m � ÷èñëåííîñòü ãðóïïû ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó l �îãî ïîòîêà
ñòóäåíòîâ ïîñëå m �îé ñåññèè.

2. Îïèñàíèå àëãîðèòìîâ ðåøåíèÿ ñèñòåìû äèôôåðåíöèàëüíûõ

óðàâíåíèé ñ îòêëîíÿþùèìñÿ àðãóìåíòîì

Ðàññìîòðèì àëãîðèòì ïðîâåäåíèÿ âû÷èñëåíèé ïî ïîëó÷åííîé ðàçíîñòíîé ñõåìå ñ ó÷å-
òîì èçâåñòíûõ ñòàòèñòè÷åñêèõ äàííûõ ïî N ïîòîêàì. Ïðåäïîëàãàåòñÿ, ÷òî èçâåñòíà ñòà-
òèñòè÷åñêàÿ èíôîðìàöèÿ â ðàçðåçå äåâÿòè ñåññèé ïî N ïîòîêàì, ïðåäøåñòâóþùèì ïðî-
ãíîçèðóåìîìó N + 1 �îìó ïîòîêó: ylm, z

l
m, w

l
m, l = 1, N,m = 2, 9 � è äàííûå î ðåçóëüòàòàõ

ïåðâîé ñåññèè N +1 � ãî ïîòîêà � w1
N+1 . Öåëü âû÷èñëåíèé � íàéòè êîëè÷åñòâî ñòóäåíòîâ

N +1 �ãî ïîòîêà, êîòîðûå áóäóò â ãðóïïå ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó ïî-
ñëå äåâÿòîé ñåññèè, � w9

N+1 . ×èñëåííûé àëãîðèòì ñîñòîèò èç äâóõ ýòàïîâ. Íà ïåðâîì ýòàïå
äëÿ êàæäîé l �îé ñåññèè âû÷èñëÿþòñÿ íåèçâåñòíûå ïàðàìåòðû ñèñòåìû (1.2). Îáîçíà÷èì
èõ âl, b̂l, ĉl, k̂l, d̂l, ŝl, l = 2, 9 .

Íà âòîðîì ýòàïå ÷èñëåííîãî àëãîðèòìà, èñïîëüçóÿ íàéäåííûå êîýôôèöèåíòû íàõî-
äÿòñÿ ïðîãíîçèðóåìûå ÷èñëåííîñòè ãðóïïû ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó
wl

N+1, l = 2, 9 .
Ðàññìîòðèì òðè âàðèàíòà îòûñêàíèÿ çíà÷åíèé wl

N+1, l = 2, 9 . Ïåðâûé âàðèàíò ñâîäèò-
ñÿ ê èñïîëüçîâàíèþ äëÿ íàõîæäåíèÿ çíà÷åíèé wl

N+1, l = 2, 9 èòåðàöèîííîé ôîðìóëû.
Ïîäñòàâëÿÿ â òðåòüå óðàâíåíèå ñèñòåìû (2) âìåñòî ylm ïðàâóþ ÷àñòü ïåðâîãî óðàâíåíèÿ

è âìåñòî zlm ïðàâóþ ÷àñòü âòîðîãî óðàâíåíèÿ, è âûðàæàÿ wl
N+1 , ïîëó÷àåì èòåðàöèîííóþ

ôîðìóëó:

wl
N+1 =

(1 + âl/2− k̂l/2)wl−1
N+1 + (b̂l − d̂l)ylm + (ĉl − ŝl)zlN

1 + k̂l/2− âl/2
(2.1)

Âòîðîé âàðèàíò îòûñêàíèÿ çíà÷åíèé wl
N+1, l = 2, 9 çàêëþ÷àåòñÿ â èñïîëüçîâàíèè àíà-

ëèòè÷åñêîãî ðåøåíèå ñèñòåìû (1.1) ñ èçâåñòíûìè êîýôôèöèåíòàìè. Ââåäåì îáîçíà÷åíèå

Xk(t) =

 yk(t)
zk(t)
wk(t)

 , l = 2, 9.

Äëÿ íàõîæäåíèÿ ðåøåíèÿ âîñïîëüçóåìñÿ òåîðåìîé [3]:

Ò å î ð å ì à 2.1. Ïóñòü λk � êîðåíü óðàâíåíèÿ ∆A(λ) = 0 . Òîãäà êîìïëåêñíîìó
÷èñëó λk îòâå÷àåò ðåøåíèå ñèñòåìû (1.1) âèäà

Xk(t) = Pk(t)e
λkt,

ãäå Pk(t) � ïîëèíîì îòíîñèòåëüíî t ñ âåêòîðíûìè êîýôôèöèåíòàìè è ñòåïåíè íèæå
êðàòíîñòè êîðíÿ λk .

Çäåñü ∆A(λ) = 0 � õàðàêòåðèñòè÷åñêîå óðàâíåíèå. Â ðàçâåðíóòîì âèäå õàðàêòåðèñòè-
÷åñêîå óðàâíåíèå äëÿ ñèñòåìû (1.1) ïðèìåò ñëåäóþùèé âèä:

det

λE −

 0 0 a
0 0 k
−1 1 0

−

 b c 0
d s 0
0 0 0

 e−hλ

 = 0
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Êðàòíîñòü êîðíåé λk = 1 . À çíà÷èò, ðåøåíèå ñèñòåìû (1.1) ïðèìåò âèä:

Xk(t) =

 dl1e
λkt

dl2e
λkt

dl3e
λkt

 , l = 2, 9.

Íà ïåðâîì ýòàïå ïîñòðîåíèÿ ïðîãíîçà íàì èçâåñòíî çíà÷åíèå wl
N+1 . Äëÿ ïîñòðîåíèÿ

ôóíêöèè wi
N+1 , i = 2, 9 âîñïîëüçóåìñÿ èòåðàöèîííîé ôîðìóëîé wl−1

N+1 = dl3e
(l−1)∗λk , l =

2, 9 . Â èòîãå íà êàæäîì îòðåçêå t ∈ [i− 1, i] , i = 2, 9 áóäåò ïîñòðîåíà ýêñïîíåíöèàëüíàÿ
ôóíêöèÿ, ïðè÷åì çíà÷åíèå ôóíêöèè â êîíå÷íîé òî÷êå îòðåçêà áóäåò íà÷àëüíîé òî÷íîé äëÿ
ôóíêöèè, ïîñòðîåííîé íà ñëåäóþùåì îòðåçêå. Çíà÷åíèå w9

N+1 áóäåò èòîãîì ïîñòðîåíèÿ
ïðîãíîçà.

Ãðàôè÷åñêîå ïðåäñòàâëåíèå àíàëèòè÷åñêîãî ðåøåíèÿ ñèñòåìû (1.1) ñõåìàòè÷åñêè ïðåä-
ñòàâëåíî íà ðèñóíêå:

Ð è ñ ó í î ê 2.1

Ãðàôè÷åñêîå ïðåäñòàâëåíèå àíàëèòè÷åñêîãî ðåøåíèÿ ñèñòåìû (1.1), óäîâëåòâîðÿþùåãî

çàäàííûì íà÷àëüíûì äàííûì

Òðåòüèì âàðèàíòîì îòûñêàíèÿ çíà÷åíèé wl
N+1, l = 2, 9 ÿâëÿåòñÿ ÷èñëåííîå ðåøåíèå

ñèñòåìû (1.1). Äëÿ ýòîãî ïîëîæèì δ = 1 è ïîëó÷èì ñèñòåìó:
ẏ(t) = aw(t) + by(t− 1) + cz(t− 1),
ż(t) = kw(t) + ly(t− 1) +mz(t− 1),
ẇ(t) = y(t)− z(t).

(2.2)

Çíà÷åíèÿ ôóíêöèé w(t), y(t), z(t) ÿâëÿþòñÿ èçâåñòíûìè ïðè t ∈ [0, 1] . Ïîýòîìó, ðåøàÿ
ñèñòåìó (2.2) íà îòðåçêå t ∈ [i, i+1] , âìåñòî w(t− 1), y(t− 1), z(t− 1) ïîäñòàâèì çíà÷åíèÿ
ôóíêöèé w(t), y(t), z(t) íà îòðåçêå t ∈ [i − 1, i] . Â èòîãå ïîëó÷èì ñèñòåìó îáûêíîâåííûõ
äèôôåðåíöèàëüíûõ óðàâíåíèé ñëåäóþùåãî âèäà:

ẏ(t) = aw(t) + q1,
ż(t) = kw(t) + q2,
ẇ(t) = y(t)− z(t).

(2.3)

Äàííàÿ ñèñòåìà ðåøàåòñÿ ìåòîäîì Ðóíãå-Êóòòû 4-ãî ïîðÿäêà òî÷íîñòè.
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3. ×èñëåííûé ýêñïåðèìåíò

Àïðîáàöèþ ïðåäëîæåííîé ìîäåëè ïðîâåäåì íà îñíîâå ñòàòèñòè÷åñêèõ äàííûõ îá óñïå-
âàåìîñòè îäíîé ãðóïïû ñòóäåíòîâ î÷íîé ôîðìû îáó÷åíèÿ ñïåöèàëüíîñòè ¾Ïðèêëàäíàÿ
ìàòåìàòèêà è èíôîðìàòèêà¿ ìàòåìàòè÷åñêîãî ôàêóëüòåòà ÌÃÓ èì. Í.Ï.Îãàðåâà, ïîñòó-
ïèâøèõ â óíèâåðñèòåò ñ 2000 ïî 2006 ãîä.

Ïðèìåì çà êðèòåðèé âêëþ÷åíèÿ â ãðóïïó ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó
âåëè÷èíó ñðåäíåãî áàëëà ïî èòîãàì ïîñëåäíåé ñåññèè áîëüøóþ èëè ðàâíóþ 4,2. Àíàëèçè-
ðóÿ ñòàòèñòè÷åñêèå äàííûå, ñîñòàâèì òàáëèöó ÷èñëåííîñòè ïðåòåíäåíòîâ íà ïîñòóïëåíèå
â àñïèðàíòóðó (òàáë. 1), òàáëèöó âëèâàþùèõñÿ â ãðóïïó ïðåòåíäåíòîâ íà ïîñòóïëåíèå â
àñïèðàíòóðó (òàáë. 2) è òàáëèöó âûáûâàþùèõ èç ãðóïïû ïðåòåíäåíòîâ íà ïîñòóïëåíèå â
àñïèðàíòóðó (òàáë. 3) â ðàçðåçå ñåìè ïîòîêîâ ñòóäåíòîâ è ñåññèé çà 2000 � 2006 ãîäû.

Íîìåð ñåññèè
Íîìåð ïîòîêà 1 2 3 4 5 6 7 8 9

2006 7 7 7 4 7 15 11 16 10
2005 8 13 8 4 14 19 16 19 11
2004 9 10 9 2 7 10 12 13 12
2003 12 9 10 4 11 11 13 15 11
2002 9 14 12 7 16 19 20 20 21
2001 6 6 8 6 8 18 21 21 19
2000 5 8 8 4 6 14 15 15 12

Òàáëèöà 1: ×èñëåííîñòü ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó

Íîìåð ñåññèè
Íîìåð ïîòîêà 1 2 3 4 5 6 7 8 9

2006 0 0 0 0 3 8 1 5 0
2005 0 5 0 0 10 5 0 4 0
2004 0 1 0 0 5 4 2 1 2
2003 0 1 2 0 7 3 4 3 3
2002 0 5 1 0 9 3 2 1 2
2001 0 1 3 2 4 11 4 2 4
2000 0 5 3 0 3 8 4 2 1

Òàáëèöà 2: ×èñëåííîñòü âëèâàþùèõñÿ â ãðóïïó ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàí-
òóðó
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Íîìåð ñåññèè
Íîìåð ïîòîêà 1 2 3 4 5 6 7 8 9

2006 0 0 0 3 0 0 5 0 10
2005 0 0 5 4 0 0 3 1 8
2004 0 0 1 7 0 1 0 0 3
2003 0 4 1 6 0 3 2 1 7
2002 0 0 3 5 0 0 1 1 1
2001 0 1 1 4 2 1 1 2 6
2000 0 2 3 4 1 0 3 2 4

Òàáëèöà 3: ×èñëåííîñòü âûáûâàþùèõ èç ãðóïïû ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàí-
òóðó

Ãðàôèê, ïîñòðîåííûé íà îñíîâàíèè äàííûõ ïî ÷èñëåííîñòè ãðóïïû ïðåòåíäåíòîâ íà
ïîñòóïëåíèå â àñïèðàíòóðó (ðèñ. 3.1), ïîäòâåðæäàåò ïðåäïîëîæåíèå î òîì, ÷òî èçìåíåíèå
êîëè÷åñòâåííîãî ñîñòàâà ãðóïï ïðåòåíäåíòîâ ïî ðàçíûì ïîòîêàì â ðàçðåçå ñåññèé ñîõðà-
íÿåò îáùèå òåíäåíöèè.

Ð è ñ ó í î ê 3.1

Èçìåíåíèå ÷èñëåííîñòåé ãðóïï ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó äëÿ ïîòîêîâ

2000-2006 â ðàçðåçå ñåññèé
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Íà îñíîâàíèè èñõîäíûõ ñòàòèñòè÷åñêèõ äàííûõ áûëè ïîëó÷åíû ñëåäóþùèå çíà÷åíèÿ
êîýôôèöèåíòîâ ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé ñ îòêëîíÿþùèìñÿ àðãóìåíòîì
(1.1):

Íîìåð ñåññèè
Êîýô. 2 3 4 5 6 7 8 9
a 0.453 -0.071 0.35 1.292 0.338 -0.007 0.206 0.18
b -0.512 0.675 -0.988 -0.316 0.215 0.488 0.726 0.044
c 0.437 -0.28 0.339 2.655 0.481 -0.557 1.975 0.223
k 0.029 0.395 0.336 0.023 0.122 0.289 0.08 0.51
l -0.207 -0.498 0.523 0.288 -0.059 0.314 0.297 0.205
m -0.305 0.498 0.141 0.012 0.15 1.162 0.373 1.833

Òàáëèöà 4: Íàéäåííûå çíà÷åíèÿ êîýôôèöèåíòîâ äëÿ ñåññèé ñî 2-îé ïî 9-þ

Èòîã ïîñòðîåíèÿ ïðîãíîçà ïî èòåðàöèîííîé ôîðìóëå (2.1) ïðèâåäåí â òàáëèöå 5 âìåñòå
ñ ðåàëüíûìè ñòàòèñòè÷åñêèìè äàííûìè çà òîò æå ïðîìåæóòîê âðåìåíè.

Íîìåð ñåññèè
1 2 3 4 5 6 7 8 9

Ïðîãíîç 8 12 8 5 20 29 24 33 20
Ñòàò. äàííûå 8 6 14 4 8 20 20 22 18

Òàáëèöà 5: Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ êîëè÷åñòâà ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïè-
ðàíòóðó äëÿ 2007 ïîòîêà â ðàçðåçå ñåññèé ïî èòåðàöèîííîé ôîðìóëå (2.1)

Ãðàôè÷åñêè ýòè ðåçóëüòàòû ïðåäñòàâëåíû íà ðèñóíêå:

Ð è ñ ó í î ê 3.2

Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ êîëè÷åñòâà ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó äëÿ 2007

ïîòîêà â ðàçðåçå ñåññèé ïî èòåðàöèîííîé ôîðìóëå

Äëÿ ïðèâåäåííûõ êîýôôèöèåíòîâ áûëè ïîëó÷åíû ñëåäóþùèå àíàëèòè÷åñêèå ðåøåíèÿ
ñèñòåì:
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Ê âîïðîñó îá èñïîëüçîâàíèè ñèñòåì äèôôåðåíöèàëüíûõ óðàâíåíèé ñ . . . 35

Íîìåð ñåññèè
Ðåøåíèå 2 3 4 5
y(t) −6.07e−0.87t 0.97e0.4t −5.29e−0.1t 1.16e0.26t

z(t) 10.34e−0.87t 0.36e0.4t −4.6e−0.1t 0.74e0.26t

w(t) 18.99e−0.87t 1.49e0.4t 6.85e−0.1t 1.63e0.26t

Òàáëèöà 6: Êîìïîíåíòû âåêòîðà X(t) äëÿ ñåññèé ñî 2-îé ïî 5-þ

Íîìåð ñåññèè
Ðåøåíèå 6 7 8 9
y(t) 0.23e0.58t 0.48e0.34t 0.06e0.74t 9898.3e−0.8t

z(t) 0.4e0.58t 0.01e0.34t −0.01e0.74t 24642.48e−0.8t

w(t) 0.33e0.58t 1.39e0.34t 0.08e0.74t 18473.95e−0.8t

Òàáëèöà 7: Êîìïîíåíòû âåêòîðà X(t) äëÿ ñåññèé ñî 6-îé ïî 9-þ

Èòîã ïîñòðîåíèÿ ïðîãíîçà ñ èñïîëüçîâàíèåì àíàëèòè÷åñêîãî ðåøåíèÿ ñèñòåìû (1.1)
ïðèâåäåí â òàáëèöå (òàáë. 8) âìåñòå ñ ðåàëüíûìè ñòàòèñòè÷åñêèìè äàííûìè çà òîò æå
ïðîìåæóòîê âðåìåíè.

Íîìåð ñåññèè
1 2 3 4 5 6 7 8 9

Ïðîãíîç 8 3 5 5 6 11 15 30 15
Ñòàò. äàííûå 8 6 7 4 7 13 20 22 18

Òàáëèöà 8: Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ êîëè÷åñòâà ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïè-
ðàíòóðó äëÿ 2007 ïîòîêà â ðàçðåçå ñåññèé ïî àíàëèòè÷åñêîìó ðåøåíèþ ñèñòåìû

Ãðàôè÷åñêè ýòè ðåçóëüòàòû ïðåäñòàâëåíû íà ðèñóíêå:
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Ð è ñ ó í î ê 3.3

Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ êîëè÷åñòâà ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó äëÿ 2007

ïîòîêà â ðàçðåçå ñåññèé ïî àíàëèòè÷åñêîìó ðåøåíèþ ñèñòåìû (1.1)

Èòîã ïîñòðîåíèÿ ïðîãíîçà ñ èñïîëüçîâàíèåì ÷èñëåííîãî ðåøåíèÿ ñèñòåìû (1.1) ìåòî-
äîì Ðóíãå-Êóòòû 4-ãî ïîðÿäêà òî÷íîñòè ïðèâåäåí â òàáëèöå (òàáë. 9) âìåñòå ñ ðåàëüíûìè
ñòàòèñòè÷åñêèìè äàííûìè çà òîò æå ïðîìåæóòîê âðåìåíè.

Íîìåð ñåññèè
1 2 3 4 5 6 7 8 9

Ïðîãíîç 8 6 7 8 13 19 20 18 18
Ñòàò. äàííûå 8 6 7 4 7 13 20 22 18

Òàáëèöà 9: Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ êîëè÷åñòâà ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïè-
ðàíòóðó äëÿ 2007 ïîòîêà â ðàçðåçå ñåññèé ïî ÷èñëåííîìó ðåøåíèþ ñèñòåìû (1.1) ìåòîäîì
Ðóíãå-Êóòòû

Ãðàôè÷åñêè ðåçóëüòàòû ïîñòðîåíèÿ ïðîãíîçà òðåìÿ ðàññìîòðåííûìè ìåòîäàìè ïðåä-
ñòàâëåíû íà ðèñóíêå:
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Ð è ñ ó í î ê 3.4

Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ êîëè÷åñòâà ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó äëÿ 2007

ïîòîêà â ðàçðåçå ñåññèé

Ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå ïðîãíîçèðóåìûõ äàííûõ îò ðåàëüíîé ñòàòèñòèêè äëÿ
êàæäîãî èç ðàññìîòðåííûõ ìåòîäîâ íå ïðåâûøàåò 23%, ÷òî ãîâîðèò î òîì, ÷òî òî÷íîñòü
ïîëó÷åííûõ ðåçóëüòàòîâ äîïóñòèìà ñ òî÷êè çðåíèÿ ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ â ñî-
öèîëîãè÷åñêèõ èññëåäîâàíèÿõ. Òàêèì îáðàçîì, ïîñòðîåííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ïîçâî-
ëÿåò ïðîãíîçèðîâàòü äèíàìèêó ÷èñëåííîñòè ïðåòåíäåíòîâ íà ïîñòóïëåíèå â àñïèðàíòóðó
íà îñíîâå ñòàòèñòè÷åñêèõ äàííûõ çà íåñêîëüêî ëåò, ïðåäøåñòâóþùèõ ïðîãíîçèðóåìîìó
îòðåçêó âðåìåíè.
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On the use of systems of di�erential equations with delay
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Abstract. This paper describes three approaches to solving systems of di�erential equations with
delay. O�ered examples of the use of the proposed mechanisms for predicting the dynamics of
reproduction of scienti�c personnel. The results of the forecast is in this article.
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