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Èñïîëüçîâàíèå íàáëþäàòåëÿ ñîñòîÿíèÿ ïðè ìîäåëèðîâàíèè
ïðîöåññà àíòèàíãèîãåííîé òåðàïèè

Âèíîãðàäîâà Ì.Ñ.1,*, Òêà÷åâ Ñ. Á.1 *

1ÌÃÒÓ èì. Í.Ý. Áàóìàíà, Ìîñêâà, Ðîññèÿ

Äëÿ íåëèíåéíîé äèíàìè÷åñêîé ñèñòåìû, îïèñûâàþùåé ðàçâèòèå ðàêîâîé îïóõîëè ïðè àíòèàí-
ãèîãåííîé òåðàïèè, óòî÷íåí âèä åå íîðìàëüíîé ôîðìû è ïîñòðîåí íåëèíåéíûé íàáëþäàòåëü ñ
âûñîêèì êîýôôèöèåíòîì óñèëåíèÿ. Â êà÷åñòâå âûõîäà ñèñòåìû, äîñòóïíîãî èçìåðåíèþ, âûáðàíà
ïåðåìåííàÿ, ñîîòâåòñòâóþùàÿ îáúåìó ðàêîâîé îïóõîëè. Îöåíêà ïîëíîãî âåêòîðà ñîñòîÿíèÿ ñè-
ñòåìû, ïîëó÷åííàÿ íàáëþäàòåëåì, èñïîëüçîâàíà äëÿ ïîñòðîåíèÿ îáðàòíîé ñâÿçè ïî ñîñòîÿíèþ,
ñòàáèëèçèðóþùåé ïðîãðàììíóþ òðàåêòîðèþ. Ïðèâåäåí àëãîðèòì èäåíòèôèêàöèè ïàðàìåòðîâ
íåëèíåéíîì ñèñòåìû ïî îãðàíè÷åííîé âûáîðêå äàííûõ èçìåðåíèé îáúåìà ðàêîâîé îïóõîëè (àë-
ãîðèòì èäåíòèôèêàöèè), ñ èñïîëüçîâàíèåì îöåíêè ïîëíîãî âåêòîðà ñîñòîÿíèÿ ïîëó÷àåìîãî èç
íàáëþäàòåëÿ. Òåîðåòè÷åñêèå ïîëîæåíèÿ ïîäòâåðæäåíû ìàòåìàòè÷åñêèì ìîäåëèðîâàíèåì.

Êëþ÷åâûå ñëîâà: óïðàâëåíèå; íîðìàëüíàÿ ôîðìà; èäåíòèôèêàöèÿ ïàðàìåòðîâ; àíòèàíãèîãåíåç,
íàáëþäàòåëü ñ âûñîêèì êîýôôèöèåíòîì óñèëåíèÿ

Ââåäåíèå

Àíòèàíãèîãåííàÿ òåðàïèÿ { ýòî îäèí èç ñîâðåìåííûõ è ïðîãðåññèâíûõ ìåòîäîâ ëå÷å-
íèÿ îíêîëîãè÷åñêèõ çàáîëåâàíèé (àíãèîãåíåç { ôîðìèðîâàíèå ñîñóäîâ). Àíòèàíãèîãåííàÿ
òåðàïèÿ ïîäàâëÿåò ôîðìèðîâàíèå íîâûõ ñîñóäîâ (íåîàíãèîãåíåç) â ðàñòóùåé îïóõîëè, íå-
îáõîäèìûõ åé äëÿ ïîëó÷åíèÿ ïèòàíèÿ è îòâîäà ïðîäóêòîâ æèçíåäåÿòåëüíîñòè. Ââåäåíèå â
îðãàíèçì ñðåäñòâ ïîäàâëåíèÿ ðîñòà íîâûõ ñîñóäîâ (èíãáèòîðîâ àíãèîãåíåçà) â ýêñïåðèìåí-
òàõ in vivo ïðèâîäèëî ê îñòàíîâêå ðîñòà îïóõîëåé è èõ ðåãðåññèè [1, 3]. Äàííàÿ òåðàïèÿ
ìîæåò ïðèìåíÿòüñÿ êàê ñàìîñòîÿòåëüíî, òàê è ñîâìåñòíî ñ õèìèîòåðàïèåé. Îáû÷íàÿ õè-
ìèîòåðàïèÿ íàïðàâëåíà íà óíè÷òîæåíèå áûñòðîäåëÿùèõñÿ êëåòîê, îäíàêî ê òàêèì îòíîñÿòñÿ
íå òîëüêî ðàêîâûå êëåòêè, íî è äðóãèå êëåòêè îðãàíèçìà, íàïðèìåð, êëåòêè êîñòíîãî ìîçãà.
Ïðè ýòîì ìåäëåííî ðàñòóùèå îïóõîëè èìåþò íèçêóþ ÷óâñòâèòåëüíîñòü ê õèìèîòåðàïèè
[2]. Êðîìå òîãî, îïóõîëåâûå êëåòêè ìîãóò ñòàòü óñòîé÷èâûìè ê õèìèîòåðàïèè, ÷òî äåëàåò
íåîáõîäèìûì ïîèñê è èñïîëüçîâàíèå íîâûõ ëåêàðñòâåííûõ ñðåäñòâ. Àíòèàíãèîãåííàÿ òå-
ðàïèÿ âîçäåéñòâóåò íà ýíäîòåëèàëüíûå êëåòêè, à íå íà îïóõîëåâûå êëåòêè, è ñëåäîâàòåëüíî
ïîñëåäíèå íå ìîãóò ñòàòü óñòîé÷èâûìè ê ïðåïàðàòàì.
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Â ðàáîòå [4] ïðèâåäåíà ìîäåëü ðàçâèòèÿ ðàêîâîé îïóõîëè ïðè èñïîëüçîâàíèè àíòèàí-
ãèîãåííîé òåðàïèè è ñèíòåçèðîâàíî óïðàâëåíèå, îïðåäåëÿþùåå ðàñïðåäåëåíèå äîçû ëåêàð-
ñòâåííîãî ïðåïàðàòà ïî âðåìåíè ëå÷åíèÿ. Äëÿ äîñòèæåíèÿ òðåáóåìîãî ðåçóëüòàòà ëå÷åíèÿ
(óìåíüøåíèå îáúåìà îïóõîëè äî çàäàííîé âåëè÷èíû) ïðè ïðåäëîæåííîì óïðàâëåíèè òðåáó-
åòñÿ 120 ñóòîê.

Â ðàáîòå [8] ñèíòåç óïðàâëåíèÿ ïðîâåäåí äëÿ òîé æå ìîäåëè ñ èñïîëüçîâàíèåì äèôôåðåí-
öèàëüíî-ãåîìåòðè÷åñêèõ ìåòîäîâ [10] è êîíöåïöèè îáðàòíûõ çàäà÷ äèíàìèêè. Èñïîëüçîâà-
íèå íåëèíåéíûõ ìåòîäîâ ïîçâîëèëî ñîêðàòèòü âðåìÿ, òðåáóåìîå äëÿ äîñòèæåíèÿ çàäàííîãî
ðåçóëüòàòà ëå÷åíèÿ â äâà ðàçà (äî 60 ñóòîê), è ñóùåñòâåííî óìåíüøèòü òðåáóåìóþ äîçó
ëåêàðñòâà.

Çàìåòèì, ÷òî â [4, 8] ïðåäëîæåíî ïðîãðàììíîå óïðàâëåíèå, ïðè÷åì ñòàáèëèçàöèÿ ïðî-
ãðàììíîé òðàåêòîðèè âîçìîæíà òîëüêî ïðè íàëè÷èè èíôîðìàöèè î ïîëíîì âåêòîðå ñîñòîÿ-
íèÿ ìîäåëè ðàçâèòèÿ ðàêîâîé îïóõîëè. Â ñâÿçè ñ ýòèì âîçíèêàåò çàäà÷à ïîëó÷åíèÿ îöåíêè
ïîëíîãî âåêòîðà ñîñòîÿíèÿ ñ èñïîëüçîâàíèåì íàáëþäàòåëÿ ñîñòîÿíèÿ. Îòìåòèì, ÷òî èñ-
ïîëüçîâàíèå ðàññìàòðèâàåìîé ìîäåëè è ïðåäëîæåííûõ ñöåíàðèåâ ëå÷åíèÿ äëÿ êîíêðåòíîãî
ïàöèåíòà òàêæå òðåáóåò ïîëó÷åíèÿ îöåíêè ïîëíîãî âåêòîðà ñîñòîÿíèÿ íà îñíîâå èíôîðìàöèè
î ôóíêöèè ïåðåìåííûõ ñîñòîÿíèÿ, äîñòóïíîé èçìåðåíèþ, òî åñòü î âûõîäå ñîîòâåòñòâóþùåé
äèíàìè÷åñêîé ñèñòåìû.

Ìîäåëü ðàçâèòèÿ îïóõîëè â ïðèñóòñòâèè ëåêàðñòâåííûõ ñðåäñòâ, ââîäèìûõ äëÿ ëå÷åíèÿ,
ìîæíî èñïîëüçîâàòü äëÿ òåîðåòè÷åñêîãî àíàëèçà ðàçëè÷íûõ ñòðàòåãè ëå÷åíèÿ. Ïðèìåðû
ïðèâåäåíû â ðàáîòàõ [4, 8].

Äðóãèì âàðèàíòîì èñïîëüçîâàíèå ìîäåëè ÿâëÿåòñÿ ïðèìåíåíèå åå äëÿ êîíòðîëÿ ïðîöåññà
ëå÷åíèÿ êîíêðåòíîãî ïàöèåíòà. Â ýòîì ñëó÷àå òðåáóåòñÿ íå òîëüêî ïîëó÷èòü îöåíêó ïîëíîãî
âåêòîðà ñîñòîÿíèÿ íà îñíîâå âûõîäà ñèñòåìû, ò.å. ïîñòðîèòü íàáëþäàòåëü, íî è ïîëó÷èòü
îöåíêó ïàðàìåòðîâ ìîäåëè, ñîîòâåòñòâóþùèõ ðåàëüíîìó ïàöèåíòó. Òàêóþ îöåíêó ìîæíî
íàéòè ñ èñïîëüçîâàíèåì àëãîðèòìà èäåíòèôèêàöèè, ïðåäëîæåííîãî â [13, 14]. Íåîáõîäèìûé
äëÿ ðàáîòû àëãîðèòìà ïîëíûé âåêòîð ñîñòîÿíèÿ ñèñòåìû â òðåáóåìûå ìîìåíòû âðåìåíè
ìîæíî çàìåíèòü èõ îöåíêîé, ïîëó÷àåìîé ñ ïîìîùüþ íåëèíåéíîãî íàáëþäàòåëÿ.

Ðàáîòà îðãàíèçîâàíà ñëåäóþùèì îáðàçîì. Â ïåðâîì ðàçäåëå ïðèâåäåíà áàçîâàÿ íåëè-
íåéíàÿ ìîäåëü ðàçâèòèÿ ðàêîâîé îïóõîëè, ðàçðàáîòàííàÿ â [2] è äîïîëíåííàÿ â [4], äëÿ
êîòîðîé ñëåäóÿ [4, 8] ïðèâåäåíû îñíîâíûå ðåçóëüòàòû ïî ïðåîáðàçîâàíèþ ê íîðìàëüíîé
ôîðìå. Ñ èñïîëüçîâàíèåì íîðìàëüíîé ôîðìû ïîñòðîåí íàáëþäàòåëü ñ âûñîêèì êîýôôèöè-
åíòîì óñèëåíèÿ.

Âïîñëåäíåìðàçäåëå ïðèâåäåí àëãîðèòìèäåíòèôèêàöèèïàðàìåòðîâíåëèíåéíîììîäåëè,
ñ èñïîëüçîâàíèåì îöåíêè ïîëíîãî âåêòîðà ñîñòîÿíèÿ, ïîëó÷àåìîãî èç íàáëþäàòåëÿ.
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1. Áàçîâàÿ ìîäåëü è åå ïðåîáðàçîâàíèå ê íîðìàëüíîé ôîðìå

Ðàññìîòðèì íåëèíåéíóþ òðåõìåðíóþ ìîäåëü ðàçâèòèÿ ðàêîâîé îïóõîëè [8]
ẋ1 = −λ1x1 ln

x1

x2
;

ẋ2 = bx1 − dx
2/3
1 x2 − ex2x3;

ẋ3 = −λ3x3 + u.

(1)

Çäåñü x1 | îáúåì îïóõîëè, ìì3; x2 | îáúåì ýíäîòåëèÿ, ìì3; x3 | êîíöåíòðàöèÿ èíãè-
áèòîðà, ìã/êã; λ1 | ñêîðîñòü ðîñòà îïóõîëè, 1/äåíü; b | ñêîðîñòü ôîðìèðîâàíèÿ íîâûõ
êðîâåíîñíûõ ñîñóäîâ, 1/äåíü; d| ñêîðîñòü ãèáåëè êðîâåíîñíûõ ñîñóäîâ, 1

ìì2/3 · äåíü
; e|

ïàðàìåòð, õàðàêòåðèçóþùèé âëèÿíèå ëåêàðñòâåííûõ ñðåäñòâ íà ãèáåëü êðîâåíîñíûõ ñîñó-
äîâ êã

ìã · äåíü
; λ3 |êëèðåíñ (îáúåì êðîâè, êîòîðûé î÷èùàåòñÿ îò ëåêàðñòâåííîãî ñðåäñòâà çà

åäèíèöó âðåìåíè), 1/äåíü.
Óïðàâëåíèåì â ýòîé ñèñòåìå ÿâëÿåòñÿ äîçà u ïîäàâàåìîãî ëåêàðñòâà, ìã

êã · äåíü
.

Ïàðàìåòðû ñèñòåìû λ1, b, d, e, λ3 ÿâëÿþòñÿ ïîëîæèòåëüíûìè ÷èñëàìè. Â êà÷åñòâå
íà÷àëüíûõ çíà÷åíèé äëÿ îáúåìîâ îïóõîëè è ýíäîòåëèÿ âûáðàíû çíà÷åíèÿ, ðàâíûå 200 ìì3

[4], ÷òî ñîîòâåòñòâóåò ðàííåé ñòàäèè ðàçâèòèÿ áîëåçíè.
Çàäà÷à òåðìèíàëüíîãî óïðàâëåíèÿ ñîñòîèò â íàõîæäåíèè ïðîãðàììíîãî óïðàâëåíèÿ u =

= up(t), ïåðåâîäÿùåãî äèíàìè÷åñêóþ ñèñòåìó (1) èç çàäàííîãî íà÷àëüíîãî ñîñòîÿíèÿ çà
âðåìÿ T = t∗ − t0 â çàäàííîå êîíå÷íîå ñîñòîÿíèå.
Ñëåäóÿ [8], íà÷àëüíîå ñòàöèîíàðíîå ñîñòîÿíèå âûáåðåì:

t0 = 0, x10 = 200, x20 = 200, x30 = 8.4113. (2)

Êîíå÷íîå ñòàöèîíàðíîå ñîñòîÿíèå ïðèìåò âèä:

t = t∗ = 60, x1∗ = 2, x2∗ = 1.75, x3∗ = 8.8426. (3)

Äëÿ ðåøåíèÿ ïîñòàâëíííîé çàäà÷è ïåðåâîäà ñèñòåìû (1) èç ñîñòîÿíèÿ (2) â ñîñòîÿíèÿ (3)
ïðåîáðàçóåì ñèñòåìó ê ñïåöèàëüíîìó âèäó.

2. Ïðåîáðàçîâàíèå ñèñòåìû ê íîðìàëüíîé ôîðìå

Ñëåäóÿ [8], âûáåðåì â êà÷åñòâå âûõîäà äëÿ ñèñòåìû (1) y = x1, (îáúåì îïóõîëè), êîòîðóþ
áóäåì ñ÷èòàòü äîñòóïíîé èçìåðåíèþ. Èññëåäóåì âîçìîæíîñòü ïðåîáðàçîâàíèÿ ñèñòåìû (1)
ê íîðìàëüíîé ôîðìå [11]. Çàìåíà ïåðåìåííûõ â îáëàñòè

Ω =
{
xmax

1 ≥ x1 ≥ xmin
1 , xmax

2 ≥ x2 ≥ xmin
21 , xmax

3 ≥ x3 ≥ xmin
3

}
(4)

èìååò âèä 

z1 = x1,

z2 = ż1 = ẋ1 = −λ1x1 ln
x1

x2
= −λ1x1 lnx1 + λ1x1 lnx2,

z3 = ż2 = λ2
1(1 + ln x1 − lnx2)x1 ln

x1

x2
+ λ1b

x2
1

x2
− λ1dx

5/3
1 − λ1ex1x3,

(5)
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Çäåñü xmin
i > 0, xmax

i > 0, i = 1, 2, 3, ìèíèìàëüíûå è ìàêñèìàëüíûå çíà÷åíèÿ ïåðåìåííûõ
âûáèðàþòñÿ èç ñîäåðæàòåëüíûõ ñîîáðàæåíèé.
Ïîëó÷åííàÿ çàìåíà z = Φ(x) â îáëàñòè Φ(Ω) îáðàòèìà. Îáðàòíàÿ çàìåíà èìååò âèä

x1 = z1,

x2 = exp
(
z2 + λ1z1 ln z1

λ1z1

)
= ϕ(z1, z2),

x3 =
−z3 +

(
−λ1 +

z2

z1

)
z2 + λ1bz

2
1 exp

(
−z2 + λ1z1 ln z1

λ1z1

)
− λ1dz

5/3
1

λ1ez1

= ψ(z1, z2, z3).

(6)

Ñ ïîìîùüþ çàìåí â (5, 6) ïðèõîäèì ê ýêâèâàëåíòíîé (1) ñèñòåìå
ż1 = z2,

ż2 = z3,

ż3 = F (z1, z2, z3) +G(z1, z2, z3)u,

(7)

ãäå

F (z) =
(
λ1λ3z1 +

z2
2

z1

− z3

)
b exp

(
− z2

λ1z1

)
− (λ1 + λ3)z3 + (λ3 + λ1)

z2
2

z1

−

− λ1dz
2/3
1

(
2

3
z2 + λ3z1

)
− λ1λ3z2 − 2

z3
2

z2
1

+ 3
z2z3

z1

,

G(z) = −λ1ez1.

Îòìåòèì, ÷òî â âûðàæåíèè äëÿ F (z), ïðèâåäåííîãî â (7) èñïðàâëåíû îïå÷àòêè è íåòî÷íîñòè,
äîïóùåííûå â [8].
Ïîñêîëüêó G(z) 6= 0 â Φ(Ω), òî (7) åñòü íîðìàëüíàÿ ôîðìà ñèñòåìû (1) íà ìíîæåñòâå

Φ(Ω) è âûõîä y = x1 èìååò îòíîñèòåëüíóþ ñòåïåíü, ðàâíóþ òðåì.
Ïîëó÷åííàÿ íîðìàëüíà ôîðìà ñîâïàäàåò ñ êàíîíè÷åñêèì âèäîì [10] ñèñòåìû (1).
Äëÿ ñèñòåìû âèäà (7) (ñèñòåìû êàíîíè÷åñêîãî âèäà ñ îäíèì óïðàâëåíèåì u) óêàçàííóþ

âûøå òåðìèíàëüíóþ çàäà÷ó ìîæíî ðåøèòü ñëåäóþùèì îáðàçîì [12]. Ïîëó÷èòü ïîëèíîì
ïÿòîãî ïîðÿäêà p(t), óäîâëåòâîðÿþùèì ïðè t0 è t∗ çàäàííûì óñëîâèÿì, çàòåì ïîëîæèòü
z∗1 = p(t), è ïîñëåäîâàòåëüíî íàéòè z∗2 = ż∗1 , z∗3 = ż∗2 è ż∗3 .
Äàëåå ìîæíî íàéòè ïðîãðàììíîå óïðàâëåíèå

u∗(t) =
ż∗3 − F (z∗)

G(z∗)
.

Ïîñêîëüêó z∗1 6= 0 ïðè t ∈ [t0, t∗], òî u∗ îïðåäåëåíî ïðè t ∈ [t0, t∗].
Çàìåòèì, ÷òî z∗1 , z∗2 è z∗3 îïðåäåëÿþò ïðîãðàììíóþ òðàåêòîðèþ, êîòîðóþ íåîáõîäèìî ñòà-

áèëèçèðîâàòü. Åñëè z1, z2 è z3|ðåàëèçóþùàÿ òðàåêòîðèÿ, òî óïðàâëåíèå, ñòàáèëèçèðóþùåå
ïðîãðàììíóþ òðàåêòîðèþ îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì. Ïóñòü

∆z1 = z1 − z∗1 , ∆z2 = z2 − z∗2 , ∆z3 = z3 − z∗3 ,

ãäå zi, i = 1, 2, 3, | òåêóùèå çíà÷åíèÿ ïåðåìåííûõ.
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Èìååì
∆ż3 = ∆F (z, t) +G(z1)∆u,

ãäå ∆u| ñòàáèëèçèðóþùåå óïðàâëåíèå, à

∆F (z, t) = F (z)− F (z∗(t)) + (G(z1)−G(z∗(t)))u∗(t).

Ñòàáèëèçèðóþùåå óïðàâëåíèå

∆u =
1

G(z1)
(−∆F (z, t)− c1∆z1 − c2∆z2 − c3∆z3) ,

ãäå c1, c2, c3|êîýôôèöèåíòû ïîëèíîìà c3s2 + c2s+ c1. Ýòè êîýôôèöèåíòû âûáèðàþòñÿ òàê,
÷òîáû êîðíè ýòîãî ïîëèíîìà ëåæàëè â ëåâîé ïîëóïëîñêîñòè.
Â èòîãå ïîëó÷èì

u = u∗(t) + ∆u.

3. Íàáëþäàòåëü ñ âûñîêèì êîýôôèöèåíòîì óñèëåíèÿ

Ñèñòåìà (7) èìååò íèæíåòðåóãîëüíûé âèä, óïðàâëåíèå u(t), ïðåäëîæåííîå â [8], îãðàíè-
÷åíî è íå âûâîäèò ñèñòåìó (7) èç îáëàñòèΦ(Ω), ôóíêöèÿF (z1, z2, z3)+G(z1, z2, z3)u ÿâëÿåòñÿ
ðàâíîìåðíî ëèïøèöåâîé â Φ(Ω).
Äëÿ ñèñòåì íèæíåòðåóãîëüíîãî âèäà, ïðàâàÿ ÷àñòü êîòîðûõ óäîâëåòâîðÿåò â íåêîòîðîé

îáëàñòè óñëîâèþ Ëèïøèöà, îäíèì èç ÷àñòî èñïîëüçóåìûõ íàáëþäàòåëåé ÿâëÿåòñÿ íàáëþäà-
òåëü ñ âûñîêèì êîýôôèöèåíòîì óñèëåíèÿ, ðàññìîòðåííûé â [5], ãäå ïðèâåäåíî ïîäðîáíîå
îïèñàíèå ìåòîäà ïîñòðîåíèÿ íàáëþäàòåëÿ. Ïðèìåíåíèå íàáëþäàòåëÿ ñ âûñîêèì êîýôôèöè-
åíòîì óñèëåíèÿ äëÿ ïîñòðîåíèÿ ñòàáèëèçèðóþùåé îáðàòíîé ñâÿçè ïîäðîáíî îïèñàíî â [7].
Îäíèì èç íåäîñòàòêîâ ðàññìàòðèâàåìîãî íàáëþäàòåëÿ ÿâëÿåòñÿ èñïîëüçîâàíèå äîñòàòî÷íî
áîëüøèõ êîýôôèöèåíòîâ óñèëåíèÿ, ÷òî ïðèâîäèò ê ñóùåñòâåííûì êîëåáàíèÿì òðàåêòîðèè
íàáëþäàòåëÿ íà íà÷àëüíîì ó÷àñòêå. Äëÿ ñèñòåì áîëüøîé ðàçìåðíîñòè ýòîò íåäîñòàòîê èãðàåò
ñóùåñòâåííóþ ðîëü. Îäíàêî äëÿ ñèñòåì íåáîëüøîé ðàçìåðíîñòè (2-3) ýòèì íåäîñòàòêîì
ìîæíî ïðåíåáðå÷ü, à äëÿ ñèñòåì áîëüøîé ðàçìåðíîñòè ðàçðàáîòàí ìåòîä [6], ïîçâîëÿþùèé
îãðàíè÷èâàòü êîýôôèöèåíòû óñèëåíèÿ.
Îòìåòèì, ÷òî îäíîé èç ñóùåñòâåííûõ îñîáåííîñòåé íàáëþäàòåëÿ ñ âûñîêèì êîýôôèöè-

åíòîì óñèëåíèÿ ÿâëÿåòñÿ íåîáõîäèìîñòü ôèëüòðàöèè è ñãëàæèâàíèÿ âûõîäà, èñïîëüçóåìîãî
â íàáëþäàòåëå.
Äëÿ ñèñòåì òðåòüåãî ïîðÿäêà âèäà (7) áóäåì èñïîëüçîâàòü ñòàíäàðòíûå ìåòîäû ïîñòðîå-

íèÿ íàáëþäàòåëÿ. Íàáëþäàòåëü äëÿ ñèñòåìû (7) èìååò âèä
˙̂z1 = ẑ2 − l3θ(ẑ1 − z1),

˙̂z2 = ẑ3 − l2θ
2(ẑ1 − z1),

˙̂z3 = F (ẑ) +G(z1)u(t)− l1θ
3(ẑ1 − z1).

(8)
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Ïóñòü ei − ẑi − zi, i = 1, 2, 3, γ = F (ẑ)− F (z).
Åñëè u(t) | ïðîãðàììíîå óïðàâëåíèå, òî ñëàãàåìûå, âêëþ÷àþùèå G(z1) è u(t), ñîêðà-

ùàþòñÿ.
Â (8) l1, l2, l3 | êîýôôèöèåíòû õàðàêòåðèñòè÷åñêîãî ìíîãî÷ëåíà

s3 + l3s
2 + l2s+ l1. (9)

Óêàçàííûå ïàðàìåòðû îïðåäåëÿþò äèíàìèêó íàáëþäàòåëÿ.
Êîýôôèöèåíòû l1, l2, l3 ìîæíî, íàïðèìåð, âûáèðàòü òàê, ÷òîáû ïîëèíîì (9) áûë ïîëèíî-

ìîì Íüþòîíà.
Èç (7) è (8) ïîëó÷èì

ė1 = e2 − l3θe1,

ė2 = e3 − l2θ
2e1,

ė3 = γ(e)− l1θ
3e1,

ãäå l1, l2, l3 | êîýôôèöèåíòû õàðàêòåðèñòè÷åñêîãî ìíîãî÷ëåíà (9), à θ ≥ 1| êîýôôèöèåíò
óñèëåíèÿ, êîòîðûé âûáèðàåòñÿ äîñòàòî÷íî áîëüøèì.
Äëÿ ñèñòåìû ñòåïåíè òðè ïîëîæèì l1 = 1, l2 = 2, l3 = 1. Ïàðàìåòð θ áóäåì ïîäáèðàòü

ýêñïåðèìåíòàëüíî. Óêàçàííûå êîýôôèöèåíòû îïðåäåëÿþò äèíàìèêó íàáëþäàòåëÿ.
Ïîëó÷åííàÿ â íàáëþäàòåëå îöåíêà âåêòîðà ñîñòîÿíèÿ ìîæåò èñïîëüçîâàòüñÿ äëÿ ñòàáè-

ëèçàöèè ïðîãðàììíîé òðàåêòîðèè. Îáùèé âèä ôîðìóë ñòàáèëèçèðóþùåãî óïðàâëåíèÿ â
âèäå îáðàòíîé ñâÿçè ïî ñîñòîÿíèþ, ïðèâåäåíû â [10, 12]. Âîçìîæíîñòü ïðèìåíåíèÿ îöåíîê
ñîñòîÿíèÿ â îáðàòíîé ñâÿçè ãàðàíòèðóåòñÿ ïðèíöèïà ðàçäåëåíèÿ [7].
Íà ðèñ. 1 ïðèâåäåíû ãðàôèêè çàâèñèìîñòåé x1(t) (êðàñíûé) è åãî îöåíêè x̂1(t) (çåëåíûé)

(ïðàêòè÷åñêè ñëèâàþòñÿ), íèæå ðàñïîëîæåíû ãðàôèêè çàâèñèìîñòåé x2(t) (ñèíèé) è x̂2(t)

(çåëåíûé) (ïðàêòè÷åñêè ñëèâàþòñÿ). Íà ðèñ. 2 ïðèâåäåíû ãðàôèêè çàâèñèìîñòåé x3(t) è
åãî îöåíêè x̂3(t)(ñèíèé) (ïðàêòè÷åñêè ñëèâàþòñÿ). Äåòàëüíûé àíàëèç ïîêàçûâàåò, ÷òî ïî-
ñòðîåííûé íàáëþäàòåëü ïîçâîëÿåò ñ âûñîêîé òî÷íîñòüþ ïîëó÷èòü îöåíêó ïîëíîãî âåêòîðà
ñîñòîÿíèÿ.

4. Èäåíòèôèêàöèÿ áàçîâîé ìîäåëè

Äëÿ àäàïòàöèè ìàòåìàòè÷åñêîé ìîäåëè (1) ê ðåàëüíûì óñëîâèÿì ñ öåëüþ åå äàëüíåéøåãî
ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ íåîáõîäèìî ðåøèòü çàäà÷ó ïàðàìåòðè÷åñêîé èäåíòèôèêàöèè.
Äëÿ ðåøåíèÿ óêàçàííîé çàäà÷è ïîñòðîèì äèñêðåòíûé àíàëîã ìîäåëè (1) ïî ñòàíäàðòíîé
ñõåìå. Íåïîñðåäñòâåííî îöåíèòü çíà÷åíèÿ ïàðàìåòðîâ ìîäåëè íå ïðåäñòàâëÿåòñÿ âîçìîæ-
íûì, ïîñêîëüêó ïî ðåçóëüòàòàì ýêñïåðèìåíòîâ ìîæíî îöåíèòü òîëüêî îáúåì îïóõîëè è
ïðè íåîáõîäèìîñòè êîíöåíòðàöèþ èíãèáèòîðà â êðîâè ïàöèåíòà. Áóäåì ïðåäïîëàãàòü, ÷òî
ñîîòâåòñòâóþùèå èçìåðåíèÿ îáúåìà îïóõîëè ìîæíî ñ÷èòàòü ïðîâåäåííûìè ÷åðåç ðàâíûå
ïðîìåæóòêè âðåìåíè∆t. Ðàññìàòðèâàåìàÿ ìîäåëü (1) ÿâëÿåòñÿ ëèíåéíîé îòíîñèòåëüíî îöå-
íèâàåìûõ ïàðàìåòðîâ è ïîýòîìó äëÿ íàõîæäåíèÿ ïàðàìåòðîâ ìàòåìàòè÷åñêîé ìîäåëè ìîæíî
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Ðèñ. 1. Èçìåíåíèå ïåðåìåííûõ x1 è x2 è èõ îöåíîê

Ðèñ. 2. Èçìåíåíèå ïåðåìåííîé x3 è åå îöåíêè
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âîñïîëüçîâàòüñÿ ìåòîäèêîé, ïðåäëîæåííîé â ðàáîòàõ [13, 14]. Ñ÷èòàåì, ÷òî íàáëþäåíèÿ ñî-
äåðæàò ñëó÷àéíûå îøèáêè íàáëþäåíèÿ, êîòîðûå ïðåäñòàâëÿþò ñîáîé íåçàâèñèìûå ñëó÷àé-
íûå âåêòîðû, ðàñïðåäåëåííûå ïî n-ìåðíîìó íîðìàëüíîìó çàêîíó ñ íóëåâîì ìàòåìàòè÷åñêèì
îæèäàíèåì è íåèçâåñòíîé ïîëîæèòåëüíî îïðåäåëåííîé êîâàðèàöèîííîé ìàòðèöåé Σ.
Çàäà÷à îöåíèâàíèÿ | çàäà÷à íàõîæäåíèz îöåíêè ìàòðèöû A íåèçâåñòíûõ ïàðàìåòðîâ

ÄÑ ïî äàííûì íàáëþäåíèé {Wk, k = 1, 2N}.
Äèñêðåòíûé àíàëîã ìîäåëè (1) èìååò âèä

X
(1)
k+1 = X

(1)
k + λd

1X
(1)
k ln

X
(1)
k

X
(2)
k

,

X
(2)
k+1 = bdX

(1)
k + 1X

(2)
k + dd(X

(1)
k )

2/3
X

(2)
k + edX

(2)
k X

(3)
k ,

X
(3)
k+1 = λd

3X
(3)
k + Ud.

(10)

ÇäåñüX(1)
k+1 |îáúåì îïóõîëè â ìîìåíò âðåìåíè k + 1, ìì3;X(1)

k |îáúåì îïóõîëè â ìîìåíò
âðåìåíè k, ìì3; X(2)

k+1 | îáúåì ýíäîòåëèÿ íà ìîìåíò k + 1 èçìåðåíèÿ, ìì3; X(2)
k | îáúåì

ýíäîòåëèÿ íà ìîìåíò k èçìåðåíèÿ, ìì3; X(3)
k+1 | êîíöåíòðàöèÿ èíãèáèòîðà íà ìîìåíò k + 1

èçìåðåíèÿ, ìã/êã; X(3)
k | êîíöåíòðàöèÿ èíãèáèòîðà íà ìîìåíò k èçìåðåíèÿ, ìã/êã; λd

1 =

−λ1 ∆t; bd = b ·∆t; dd = −d∆t; ed = −e ·∆t; λd
3 = 1− λ3 ·∆t; Ud = u ·∆t, ãäå ïàðàìåòðû

λ1, b, d, e, λ3 | îïðåäåëåíû â ìîäåëè (1). Çàïèøåì ìîäåëü (10) â ìàòðè÷íîì âèäå:


X̃

(1)
k+1

X̃
(2)
k+1

X̃
(3)
k+1

 = A



X̃
(1)
k

X̃
(2)
k

X̃
(1)
k ln

(
X

(1)
k

X
(2)
k

)
(X̃

(1)
k )2/3X

(2)
k

X̃
(3)
k

X̃
(2)
k X

(3)
k

Ũk



(11)

ãäå

A =


1 0 λd

1 0 0 0 0

bd 1 0 bd 0 ed 0

0 0 0 0 λd
3 0 1


| ìàòðèöà ïàðàìåòðîâ ìàòåìàòè÷åñêîé ìîäåëè (11), X̃ i

k, 1 ∈ {1, 2, 3}, k = 1, 2N , |
çíà÷åíèÿ âåêòîðîâ ñîñòîÿíèÿ ñèñòåìû â ìîìåíò âðåìåíè tk, X i

k, 1 ∈ {1, 2, 3}, k = 1, 2N |
íàáëþäàåìûå çíà÷åíèÿ âåëè÷èí X̃ i

k, 1 ∈ {1, 2, 3}, i = 1, 2N .
Ñîãëàñíî ñõåìå (àëãîðèòìó), ïðåäëîæåííîìó â ðàáîòàõ [13, 14], ñôîðìèðóåì èç ìíîæå-

ñòâà íàáëþäåíèé X i
k, 1 ∈ {1, 2, 3}, k = 1, 2N , ìíîæåñòâî ÷åòíûõ è ìíîæåñòâî íå÷åòíûõ

óçëîâ.
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Äëÿ íàõîæäåíèÿ òî÷å÷íûõ îöåíîê ýëåìåíòîâ ìàòðèöû A, çàïèñàííîé íà ìàêñèìàëüíî
âîçìîæíîé ñèñòåìå íåïåðåñåêàþùèõñÿ øàáëîíîâ ðàçíîñòíîãî óðàâíåíèÿ ìàòåìàòè÷åñêîé
ìîäåëè, çàïèøåì ýòó ìîäåëü â âèäå:


X

(1)
k+1

X
(2)
k+1

X
(3)
k+1

 = A



X
(1)
k

X
(2)
k

X
(1)
k ln

(
X

(1)
k

X
(2)
k

)
(X

(1)
k )

2/3
X

(2)
k

X
(3)
k

X
(2)
k X

(3)
k

Uk



+


ε

η

ξ

, (12)

ãäå ìàòðèöà A îïðåäåëåíà â (11), à ìàòðèöû-ñòðîêè

ε = (ε1, . . . , εN), η = (η1, . . . , ηN), ξ = (ξ1, . . . , ξN) (13)

ÿâëÿþòñÿ ðåàëèçàöèÿìè ñëó÷àéíûõ îøèáîê íàáëþäåíèÿ, îáóñëîâëåííûõ êàê ñëó÷àéíûìè
âîçìóùåíèÿìè ñàìîé ìàòåìàòè÷åñêîé ìîäåëè, òàê è ïîãðåøíîñòÿìè â ýêñïåðèìåíòàëüíûõ
äàííûõ (âîçìóùåíèÿìè).
Çàìåòèì, ÷òî ðàññìàòðèâàåìàÿ ìîäåëü ÿâëÿåòñÿ ëèíåéíîé îòíîñèòåëüíî îöåíèâàåìûõ

ïàðàìåòðîâ, ïîýòîìó ïðè ðåøåíèè çàäà÷è ïàðàìåòðè÷åñêîé èäåíòèôèêàöèè ìàòåìàòè÷åñêîé
ìîäåëè âîñïîëüçóåìñÿ ìåòîäîì, ïðåäëîæåííûì â [13, 14]. Çàäà÷ó èäåíòèôèêàöèè ìàòðèöû
ïàðàìåòðîâ ñèñòåìû ìîæíî ðàçáèòü íà òðè íåçàâèñèìûå ïîäçàäà÷è:

1) íàõîæäåíèå îöåíêè ïàðàìåòðà λd
1t;

2) íàõîæäåíèå îöåíîê ïàðàìåòðîâ bd,dd è ed;
3) íàõîæäåíèå îöåíêè ïàðàìåòðà λd

3t.

Ñ÷èòàÿ, ÷òî Xk+1 çàâèñèò òîëüêî îò Xk, ðàçäåëèì ìàññèâ ýêñïåðèìåíòàëüíûõ äàííûõ íà
äâà.
Ñôîðìèðóåì ìàññèâû ýêñïåðèìåíòàëüíûõ äàííûõ äëÿ íàõîæäåíèÿ îöåíîê ïàðàìåòðîâ

ìîäåëè.
Ìàññèâû ýêñïåðèìåíòàëüíûõ äàííûõ äëÿ ïåðâîãî óðàâíåíèÿ ìàòåìàòè÷åñêîé ìîäåëè

èìåþò âèä: 

X(1)
ev , (X

(1)
2 , X

(1)
4 , . . . , X

(1)
2N) ∈M1×N(R),

X
(1)
odd , (X

(1)
1 , X

(1)
3 , . . . , X

(1)
2N−1) ∈M1×N(R),

X(2)
ev , (X

(2)
2 , X

(2)
4 , . . . , X

(2)
2N) ∈M1×N(R),

X
(2)
odd , (X

(2)
1 , X

(2)
3 , . . . , X

(2)
2N−1) ∈M1×N(R).

(14)

Ñîãëàñíî (12) è (14)
Xev = Hd

1W1 + ε,

ãäå ìàòðèöà-ñòðîêà ε îïðåäåëåíà â (13).
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Çäåñü ìàòðèöà-ñòðîêà

Hd
1 = (1, λd

1),

Ìàòðèöà

W1 ,


X

(1)
1 X

(1)
3 . . . X

(1)
2N−1

X
(1)
1 ln

(
X

(1)
1

X
(2)
1

)
X

(1)
3 ln

(
X

(1)
3

X
(2)
3

)
. . . X

(1)
2N−1 ln

(
X

(1)
2N−1

X
(2)
2N−1

)
 =


X

(1)
odd

X
(1)
odd ln

(
X

(1)
odd

X
(2)
odd

)
.

Ìàññèâû ýêñïåðèìåíòàëüíûõ äàííûõ äëÿ âòîðîãî óðàâíåíèÿ ìàòåìàòè÷åñêîé ìîäåëè
èìåþò âèä: 

X(1)
ev , (X

(1)
2 , X

(1)
4 , . . . , X

(1)
2N) ∈M1×N(R),

X
(1)
odd , (X

(1)
1 , X

(1)
3 , . . . , X

(1)
2N−1) ∈M1×N(R),

X(2)
ev , (X

(2)
2 , X

(2)
4 , . . . , X

(1)
2N) ∈M1×N(R),

X
(2)
odd , (X

(2)
1 , X

(2)
3 , . . . , X

(2)
2N−1) ∈M1×N(R),

X(3)
ev , (X

(3)
2 , X

(3)
4 , . . . , X

(3)
2N) ∈M1×N(R),

X
(3)
odd , (X

(3)
1 , X

(3)
3 , . . . , X

(3)
2N−1) ∈M1×N(R).

(15)

Ñîãëàñíî (12) è (15)

Xev = Hd
2W2 + η,

ãäå ìàòðèöà-ñòðîêà η îïðåäåëåíà â (13).
Çäåñü ìàòðèöà-ñòðîêà

Hd
2 = (bd, 1, bd, ed).

Ìàòðèöà

W2 ,



X
(1)
1 X

(1)
3 . . . X

(1)
2N−1

X
(2)
1 X

(2)
3 . . . X

(2)
2N−1

(X
(1)
1 )

2/3
X

(2)
1 X(

(1)
3 )

2/3
X

(2)
3 . . . (X

(1)
2N−1)

2/3
X

(2)
2N−1

X
(2)
1 X

(3)
1 X

(2)
3 X

(3)
3 . . . X

(2)
2N−1X

(3)
2N−1.


=



X
(1)
odd

X
(2)
odd

(X
(1)
odd)

2/3
X

(2)
odd

X
(2)
oddX

(3)
odd


.

Ìàññèâû ýêñïåðèìåíòàëüíûõ äàííûõ äëÿ òðåòüåãî óðàâíåíèÿ ìàòåìàòè÷åñêîé ìîäåëè
èìåþò âèä:

X(3)
ev , (X

(3)
2 , X

(3)
4 , . . . , X

(1)
2N) ∈M1×N(R),

X
(3)
odd , (X

(3)
1 , X

(3)
3 , . . . , X

(3)
2N−1) ∈M1×N(R).

(16)

Ñîãëàñíî (12) è (15)

Xev = Hd
3W3 + ξ,

ãäå ìàòðèöà-ñòðîêà ξ îïðåäåëåíà â (13).
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Çäåñü ìàòðèöà-ñòðîêà
Hd

3 = (λd
3, 1).

Ìàòðèöà

W3 ,

X
(3)
1 X

(3)
3 . . . X

(3)
2N−1

U1 U3 . . . U2N−1

 =

X
(3)
odd

Uodd

.
Ðåàëèçàöèÿ îöåíêè âåêòîðà ïàðàìåòðîâ Hd

1 ÌÍÊ ìîæåò èìååò âèä:

Ĥd
1 = XevW

+
1 , Ĥd

2 = XevW
+
2 , Ĥd

3 = XevW
+
3 ,

ãäå W+
1 | ìàòðèöà, ïñåâäîîáðàòíàÿ ïî îòíîøåíèþ ê ìàòðèöå XW1, îïðåäåëåííîé â (14);

W+
2 |ìàòðèöà, ïñåâäîîáðàòíàÿ ïî îòíîøåíèþ ê ìàòðèöåXW2, îïðåäåëåííîé â (15);W+

3 |
ìàòðèöà, ïñåâäîîáðàòíàÿ ïî îòíîøåíèþ ê ìàòðèöå XW4, îïðåäåëåííîé â (16).
×èñëåííîå ìîäåëèðîâàíèå ïðîâîäèëîñü ïî ñëåäóþùåé ñõåìå. Äëÿ ïîëó÷åíèÿ îöåíêè ïà-

ðàìåòðîâ áûëî âûáðàíî 12 îòñ÷åòîâ, íà÷èíàÿ ñ ìîìåíòà âðåìåíè, êîãäà îòêëîíåíèå îöåíêè
ïåðåìåííîé x1 îò âõîäíîãî çíà÷åíèÿ ñòàíîâèëîñü ìåíüøå çàðàíåå çàäàííîé äîñòàòî÷íî ìà-
ëîé âåëè÷èíû. Ñóùåñòâåííàÿ îñîáåííîñòü èñïîëüçóåìîé ñõåìà çàêëþ÷àåòñÿ â òîì, ÷òî
îöåíêè ïåðåìåííûõ ñîñòîÿíèÿ X(2), X(3) âû÷èñëÿëèñü ïî ñîîòíîøåíèÿì (6), ãäå âìåñòî
íåèçâåñòíûõ ïàðàìåòðîâ ñèñòåìû áûëè èñïîëüçîâàíû èõ àïðèîðíûå îöåíêè. Äëÿ ìîäåëè-
ðîâàíèÿ èñïîëüçîâàëèñü ñëåäóþùèå çíà÷åíèÿ ïàðàìåòðîâ [4]:

λ1 = 0.0834; b = 5.85; d = 0.00873; e = 0.66; λ3 = 1.700,

Â ðåçóëüòàòå ðàáîòà àëãîðèòìà áûëè ïîëó÷åíû îöåíêè ïàðàìåòðîâ:

λ̂1 = 0.0830; b̂ = 5.8208; d̂ = 0.00870; ê = 0.6567; λ̂3 = 1.7293.

Ïîëó÷åííûå îöåíêè ïàðàìåòðîâ áëèçêè ê èñõîäíûì çíà÷åíèÿì. Îòìåòèì, ÷òî îöåíêè áûëè
ïîëó÷åíû ïî äîñòàòî÷íî ìàëîé âûáîðêå, ñîäåðæàùåé âñåãî 12 çíà÷åíèé.

Çàêëþ÷åíèå

Äëÿ ìîäåëè ìåäèêî-áèîëîãè÷åñêîé ñèñòåìû ñ óðàâíåíèÿìè, îïèñûâàþùèìè ðàçâèòèå
ðàêîâîé îïóõîëè â óñëîâèÿõ àíòèàíãèîãåííîé òåðàïèè, ïðåäëîæåíà ñõåìà ñèíòåçà óïðàâëå-
íèÿ, ñòàáèëèçóþùåãî ïðîãðàììíóþ òðàåêòîðèþ, ñ èñïîëüçîâàíèåì îöåíêè ïîëíîãî âåêòîðà
ñîñòîÿíèÿ, ïîëó÷àåìîãî ñ ïîìîùüþ íàáëþäàòåëÿ ñ âûñîêèì êîýôôèöèåíòîì óñèëåíèÿ.
Ðåàëèçîâàí àëãîðèòì ïîëó÷åíèÿ îöåíîê ïàðàìåòðîâ ìîäåëè íà ìàëûõ âûáîðêàõ ýêñïåðè-

ìåíòàëüíûõ äàííûõ.
Îòìåòèì, ÷òî îñíîâíîé ïðîáëåìîé, âîçíèêàþùåé ïðè ïðèìåíåíèè ðàññìàòðèâàåìîé ìî-

äåëè äëÿ êîíòðîëÿ ëå÷åíèÿ êîíêðåòíîãî ïàöèåíòà, ÿâëÿåòñÿ ïðîáëåìà áûñòðîãî ïîëó÷åíèÿ
ïàðàìåòðîâ ìîäåëè, ñîîòâåòñòâóþùèõ ðåàëüíîìó áîëüíîìó. Â ðàáîòå ïðèâåäåíà âîçìîæ-
íîñòü ïîäõîäà ê ðåøåíèþ óêàçàííîé ïðîáëåìû. Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèÿ ïîêàçàëî
ðàáîòîñïîñîáíîñòü ïðåäëîæåííîãî ïîäõîäà.
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Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñîâîé ïîääåðæêå ÐÔÔÈ â ðàìêàõ íàó÷íîãî ïðîåêòà
¹16-07-00902 â ÷àñòè îáùåé ñõåìû èñïîëüçîâàíèÿ íàáëþäàòåëÿ äëÿ ïîñòðîåíèÿ óïðàâëåíèÿ
ìåäèêî-áèîëîãè÷åñêèìè îáúåêòàìè ñ èñïîëüçîâàíèåì îöåíêè ñîñòîÿíèÿ è â ÷àñòè èäåíòè-
ôèêàöèè íåëèíåéíîé ñèñòåìû. è ïðîåêòà ¹15-07-06484 â ÷àñòè ñèíòåçà óïðàâëåíèÿ äëÿ
íåëèíåéíîé äèíàìè÷åñêîé ñèñòåìû íà îñíîâå âûõîäà.
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Using a state observer in the anti-angiogenesis therapy simulation

Vinogradova M.C.1,*, Tkachev C.D.1 *
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Anti-angiogenesis therapy is one of the modern and progressive methods for treatment of
cancerous disease in which the growth of new vessels is suppressed.
In the paper a model of cancerous tumour evolution in the framework of anti-angiogenesis

therapy is analyzed. Earlier a treatment for this model was developed which was determined by
a distribution of medicament dose along the treatment. To reach the required result of the tumour
volume reduction upto the given level the treatment requires 120 days. This result is refined using
the differential-geometric methods and the new scheme requires only 60 days.
The proposed treatment schemes are based on the full state vector of the system but this can be

hardly provided by measurements. Hence, the problem of observer design arises which obtains a
state vector estimate from the measured tumour volume.
In this note the normal form of the system is refined and an observer with high gain is

designed. An estimate of the full state vector of the system obtained by the observer is used in
the output feedback which stabilizes the system. An identification algorithm for parameters of the
nonlinear system is also presented which is based on lower sample of the output measurement.
The identification algorithm is based on using the observer. The theoretical results obtained in this
work are verified by numerical simulation.
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