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ÎÏÒÈÌÀËÜÍÎÅ ÓÏÐÀÂËÅÍÈÅ ÄËß ÎÄÍÎÉ
ÌÀÒÅÌÀÒÈ×ÅÑÊÎÉ ÌÎÄÅËÈ ÐÀÑÏÐÎÑÒÐÀÍÅÍÈß
ÍÅÐÂÍÎÃÎ ÈÌÏÓËÜÑÀ

Í.À. Ìàíàêîâà, Î.Â. Ãàâðèëîâà

Â ñòàòüå èçó÷àåòñÿ âîïðîñ ñóùåñòâîâàíèÿ îïòèìàëüíîãî óïðàâëåíèÿ äëÿ îäíîé

ìàòåìàòè÷åñêîé ìîäåëè, êîòîðàÿ áûëà ïðåäëîæåíà Ð. Ôèòö Õüþ è Äæ.Ì. Íàãóìî

äëÿ ìîäåëèðîâàíèÿ ðàñïðîñòðàíåíèÿ íåðâíîãî èìïóëüñà. Äàííàÿ ìîäåëü îòíîñèòñÿ ê

êëàññó ìîäåëåé ≪ðåàêöèè-äèôôóçèè≫, êîòîðûå ìîäåëèðóþò øèðîêèé êëàññ ïðîöåñ-

ñîâ, òàêèõ êàê õèìè÷åñêèå ðåàêöèè ñ äèôôóçèåé è ðàñïðîñòðàíåíèå íåðâíîãî èìïóëü-

ñà. Â ñëó÷àå àñèìïòîòè÷åñêîé óñòîé÷èâîñòè èçó÷àåìîé ìîäåëè è â ïðåäïîëîæåíèè,

÷òî ñêîðîñòü èçìåíåíèÿ îäíîé êîìïîíåíòû ñóùåñòâåííî ïðåâîñõîäèò ñêîðîñòü äðóãîé,

èçó÷àåìàÿ ìîäåëü ìîæåò áûòü ñâåäåíà ê çàäà÷å îïòèìàëüíîãî óïðàâëåíèÿ äëÿ ïîëóëè-

íåéíîãî óðàâíåíèÿ ñîáîëåâñêîãî òèïà ñ íà÷àëüíûì óñëîâèåì Øîóîëòåðà � Ñèäîðîâà.

Â ðàáîòå äîêàçàíî ñóùåñòâîâàíèå åäèíñòâåííîãî ñëàáîãî îáîáùåííîãî ðåøåíèÿ ðàñ-

ñìàòðèâàåìîé ìîäåëè ñ íà÷àëüíûì óñëîâèåì Øîóîëòåðà � Ñèäîðîâà è ñóùåñòâîâàíèå

îïòèìàëüíîãî óïðàâëåíèÿ.

Êëþ÷åâûå ñëîâà: óðàâíåíèÿ ñîáîëåâñêîãî òèïà; îïòèìàëüíîå óïðàâëåíèå; óðàâíå-

íèÿ ðåàêöèè-äèôôóçèè.

Ïîñòàíîâêà çàäà÷è. Â îñíîâå íàèáîëåå ïîïóëÿðíîãî ïîäõîäà íåéðîñåòåâîãî ìîäå-
ëèðîâàíèÿ ëåæèò ñîñòàâëåíèå ñåòåé ñî ñëîæíîé ïðîñòðàíñòâåííî-òîïîëîãè÷åñêîé îð-
ãàíèçàöèåé èç åäèíè÷íûõ íåéðîíîâ. Â îòäåëüíîì íåéðîíå èîííûå òîêè õèìè÷åñêèõ
ýëåìåíòîâ ïðèâîäÿò ê èçìåíåíèþ ïîòåíöèàëà ìåìáðàíû (èìïóëüñà). Ýòî ïðîèñõîäèò
â îòâåò íà âíåøíåå âîçäåéñòâèå ïðè ïðåâûøåíèè ïîðîãà âîçáóæäåíèÿ. Äëÿ èçó÷åíèÿ
èçìåíåíèé ïîòåíöèàëà ìåìáðàíû ïðîâîäÿòñÿ àíàëèòè÷åñêèå è ÷èñëåííûå èññëåäîâà-
íèÿ ìàòåìàòè÷åñêèõ ìîäåëåé, îñíîâàííûõ íà óðàâíåíèÿõ âèäà ≪ðåàêöèÿ-äèôôóçèÿ≫{

vt = α1∆v + f(v, w),
wt = α2∆w + g(v, w).

Îäíîé èç òàêèõ ìîäåëåé ÿâëÿåòñÿ ñèñòåìà óðàâíåíèé Ôèòö Õüþ � Íàãóìî, ìîäå-
ëèðóþùàÿ ðàñïðîñòðàíåíèå íåðâíîãî èìïóëüñà â ìåìáðàíå [1, 2] è èìåþùàÿ âèä{

vt = α1∆v + β1(w − αv − β),
wt = α2∆w + β2w − κ2v − w3.

(1)

Çäåñü w = w(s, t) � ôóíêöèÿ, îïèñûâàþùàÿ äèíàìèêó ìåìáðàííîãî ïîòåíöèàëà,
v = v(s, t) � ìåäëåííàÿ âîññòàíàâëèâàþùàÿ ôóíêöèÿ, ñâÿçàííàÿ ñ èîííûìè òîêà-
ìè, β2 ∈ R, α, β, β1, α1, α2,κ2 ∈ R+ � ôèêñèðîâàííûå ïàðàìåòðû, õàðàêòåðèçóþùèå:
α, β1 � ïîðîã âîçáóæäåíèÿ è åãî ñêîðîñòü, α1 � ýëåêòðîïðîâîäíîñòü ñðåäû, α2 � ðåïî-
ëÿðèçàöèþ ñðåäû, β � èñòî÷íèê âîçáóæäåíèÿ. Íóëåâîå ðåøåíèå ñèñòåìû ïðè β2 < 0
àñèìïòîòè÷åñêè óñòîé÷èâî, à β2 > 0 íåóñòîé÷èâî. Êà÷åñòâåííûé àíàëèç ñèñòåì óðàâ-
íåíèé (1) â ïðåäïîëîæåíèè, ÷òî ñêîðîñòü èçìåíåíèÿ îäíîé êîìïîíåíòû ñóùåñòâåííî
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ïðåâîñõîäèò ñêîðîñòü äðóãîé â ñëó÷àå β2 > 0, áûë ñäåëàí â [3]. Ýòî ïðåäïîëîæåíèå
ïðèâîäèò ê ñèñòåìàì óðàâíåíèé âèäà{

0 = α1∆v + β1w − κ1v + u1,
wt = α2∆w + β2w − κ2v − w3 + u2.

(2)

Íàìè áóäåò ðàññìîòðåí ñëó÷àé, êîãäà β2 ≤ 0 è β1 = κ2, à âåêòîð-ôóíêöèÿ u = (u1, u2)
õàðàêòåðèçóåò èñòî÷íèê âîçáóæäåíèÿ.

Íà÷àëüíî-êðàåâûå çàäà÷è äëÿ ñèñòåìû óðàâíåíèé (2) â ñïåöèàëüíûì îáðàçîì ïî-
äîáðàííûõ ôóíêöèîíàëüíûõ áàíàõîâûõ ïðîñòðàíñòâàõ X è U ðåäóöèðóþòñÿ ê çàäà÷å
Øîóîëòåðà � Ñèäîðîâà

L(x(0)− x0) = 0 (3)

äëÿ àáñòðàêòíîãî ïîëóëèíåéíîãî óðàâíåíèÿ

L
.
x +Mx+N(x) = u, kerL ̸= {0}. (4)

Íàøåé öåëüþ ÿâëÿåòñÿ èçó÷åíèå çàäà÷è îïòèìàëüíîãî óïðàâëåíèÿ

J(x, u) → min (5)

ðåøåíèÿìè çàäà÷è (3), (4) â ñëàáîì îáîáùåííîì ñìûñëå [4,5]. Çäåñü J(x, u) � íåêîòî-
ðûé ñïåöèàëüíûì îáðàçîì ïîñòðîåííûé ôóíêöèîíàë êà÷åñòâà; óïðàâëåíèå u ∈ Uad,
ãäå Uad � íåêîòîðîå çàìêíóòîå è âûïóêëîå ìíîæåñòâî â ïðîñòðàíñòâå óïðàâëåíèé U.
Îïòèìàëüíîå óïðàâëåíèå ðåøåíèÿìè íà÷àëüíî-êðàåâîé çàäà÷è äëÿ ñèñòåìû óðàâíå-
íèé (2) ïîçâîëÿåò ðåãóëèðîâàòü ðàçíèöó ïîòåíöèàëîâ èîííûõ òîêîâ â íåðâíîé ìåì-
áðàíå ïðè íàèìåíüøèõ çàòðàòàõ íà óïðàâëåíèå. Èçó÷åíèþ çàäà÷ îïòèìàëüíîãî óïðàâ-
ëåíèÿ äëÿ óðàâíåíèé ñîáîëåâñêîãî òèïà ïîñâÿùåíû ðàáîòû [6,7].

1. Ñóùåñòâîâàíèå ðåøåíèÿ ìîäåëè Ôèòö Õüþ � Íàãóìî ñ óñëîâèåì Øî-
óîëòåðà � Ñèäîðîâà. Â öèëèíäðå Ω×R+ ðàññìîòðèì ñèñòåìó óðàâíåíèé Ôèòö Õüþ
� Íàãóìî â ñëó÷àå β1 = κ2, β2 ∈ R−{

−α1∆v − β1w + κ1v = u1,
wt − α2∆w + |β2|w + β1v + w3 = u2

(6)

ñ êðàåâûì óñëîâèåì

v(s, t) = 0, w(s, t) = 0, (s, t) ∈ ∂Ω× R (7)

è óñëîâèåì Øîóîëòåðà � Ñèäîðîâà

w(s, 0)− w0(s) = 0, s ∈ Ω. (8)

Ïîëîæèì Hi =
◦
W 1

2(Ω) è Bi = L4(Ω), i = 1, 2. Ðàññìîòðèì ãèëüáåðòîâî ïðîñòðàí-
ñòâî H = L2(Ω)×L2(Ω) ñî ñêàëÿðíûì ïðîèçâåäåíèåì [·, ·], îòîæäåñòâëåííîå ñî ñâîèì
ñîïðÿæåííûì. Îïðåäåëèì ïðîñòðàíñòâà H = H1 × H2 è B = B1 × B2, à ÷åðåç H∗,
B∗ îáîçíà÷èì ñîïðÿæåííûå ïðîñòðàíñòâà ê ïðîñòðàíñòâó H, B îòíîñèòåëüíî ñêà-
ëÿðíîãî ïðîèçâåäåíèÿ â H, ñîîòâåòñòâåííî. Â ñëó÷àå n ≤ 4 èìåþò ìåñòî ïëîòíûå è
íåïðåðûâíûå âëîæåíèÿ

H ↪→ B ↪→ H ↪→ B∗ ↪→ H∗, (9)

Âåñòíèê ÞÓðÃÓ. Ñåðèÿ ≪Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
è ïðîãðàììèðîâàíèå≫ (Âåñòíèê ÞÓðÃÓ ÌÌÏ). 2015. Ò. 8, � 4. Ñ. 120�126

121



Í.À. Ìàíàêîâà, Î.Â. Ãàâðèëîâà

ïðè÷åì âëîæåíèå H ↪→ H êîìïàêòíî. Ïóñòü x = (v, w), ζ = (ξ, η), u = (u1, u2),
îïðåäåëèì îïåðàòîðû

[Lx, ζ] = ⟨w, η⟩, [Mx, ζ] = ⟨−α1∆v−β1w+κ1v, ξ⟩+⟨−α2∆w+ |β2|w+β1v, η⟩, x, ζ ∈ H,

[N(x), ζ] = ⟨w3, η⟩, x, ζ ∈ B.

Òàêèì îáðàçîì, çàäà÷à (6) � (8) ðåäóöèðîâàíà ê çàäà÷å Øîóîëòåðà � Ñèäîðîâà (3),
(4). Ïîñòðîèì ìíîæåñòâî coim L = {0} × H2 è ðàññìîòðèì ïðîñòðàíñòâî

X = {x| v ∈ L2(0, T ;H1), w ∈ L∞(0, T ; coim L) ∩ L4(0, T ;B2)}.

Îïðåäåëåíèå 1. Âåêòîð-ôóíêöèþ x ∈ X ïðè T ∈ R+ íàçîâåì ñëàáûì îáîáùåííûì
ðåøåíèåì çàäà÷è Øîóîëòåðà � Ñèäîðîâà (3), (4), åñëè îíà óäîâëåòâîðÿåò

T∫
0

(
[L

dx

dt
, ζ] + [Mx+N(x), ζ]

)
dt =

T∫
0

([u, ζ]) dt, [L(x− x0), ζ] = 0 ∀ζ ∈ H.

Îáîçíà÷èì ÷åðåç {φk} ïîñëåäîâàòåëüíîñòü ñîáñòâåííûõ ôóíêöèé îäíîðîäíîé çà-
äà÷è Äèðèõëå äëÿ îïåðàòîðà Ëàïëàñà (−∆) â îáëàñòè Ω. Ïîñëåäîâàòåëüíîñòü ñîá-
ñòâåííûõ âåêòîðîâ {φk, φk} òîòàëüíà â ïðîñòðàíñòâå H, à â ñèëó âëîæåíèé (9) è â
ïðîñòðàíñòâå H. Ïîñòðîèì ãàëåðêèíñêèå ïðèáëèæåíèÿ ðåøåíèÿ çàäà÷è (6) � (8) â
âèäå

vm(s, t) =
m∑
k=1

ak(t)φk(s), wm(s, t) =
m∑
k=1

bk(t)φk(s),

ãäå êîýôôèöèåíòû ak = ak(t), bk = bk(t), i = 1, ...,m, îïðåäåëÿþòñÿ ñèñòåìîé óðàâíå-
íèé

⟨−α1∆vm − β1wm + κ1vm, φk⟩ = ⟨u1, φk⟩,

⟨∂wm

∂t
− α2∆wm + |β2|wm + β1vm + w3

m, φk⟩ = ⟨u2, φk⟩, k = 1, ...,m,
(10)

è óñëîâèåì

⟨w(0)− w0, φk⟩ = 0. (11)

Óðàâíåíèÿ (10) ïðåäñòàâëÿþò ñîáîé âûðîæäåííóþ ñèñòåìó îáûêíîâåííûõ äèôôå-
ðåíöèàëüíûõ óðàâíåíèé. Ïóñòü Tm ∈ R+, Tm = Tm(x0), H

m
i = span{φ1, φ2, ..., φm},

Hm = Hm
1 × Hm

2 .

Ëåììà 1. Ïðè ëþáûõ x0 ∈ H ñóùåñòâóåò åäèíñòâåííîå ëîêàëüíîå ðåøåíèå xm ∈
Cr(0, Tm;H

m) çàäà÷è (10), (11).

Äîêàçàòåëüñòâî ëåììû 1 ÿâëÿåòñÿ ñëåäñòâèåì òåîðåìû ñóùåñòâîâàíèÿ è
åäèíñòâåííîñòè ðåøåíèÿ çàäà÷è Øîóîëòåðà � Ñèäîðîâà äëÿ ñèñòåìû àëãåáðî-
äèôôåðåíöèàëüíûõ óðàâíåíèé [8].

Òåîðåìà 1. Ïóñòü α1, α2, β1,κ1 ∈ R+, β2 ∈ R− è n ≤ 4, òîãäà ïðè ëþáûõ x0 ∈
H, T ∈ R+, u1 ∈ L2(0, T ;H

∗
1), u2 ∈ L 4

3
(0, T ;B∗

2), ñóùåñòâóåò åäèíñòâåííîå ðåøåíèå

x ∈ X çàäà÷è (6) � (8).
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Äîêàçàòåëüñòâî. Ñóùåñòâîâàíèå. Óìíîæèì i-ûå óðàâíåíèÿ ñèñòåìû (10) íà ai(t) è
bi(t) ñîîòâåòñòâåííî, ðåçóëüòàòû ñëîæèì ïî i = 1, ...,m, ïðîèíòåãðèðóåì íà (0, t) è
ïîëó÷èì

1
2
∥wm(t)∥2H2

+
t∫
0

(
α1∥vm(τ)∥2H1

+α2∥wm(τ)∥2H2
+|β2|∥wm(τ)∥2H2

+κ1∥vm(τ)∥2H1
+

+∥wm(τ)∥4B2

)
dτ =

t∫
0

(⟨u1(τ), vm(τ)⟩H1 + ⟨u2(τ), wm(τ)⟩H2) dτ + ∥wm(0)∥2H2
;

∥wm(t)∥2H2
+ C1

t∫
0

(
∥vm(τ)∥2H1

+∥wm(τ)∥2H2
+∥wm(τ)∥2H2

+∥vm(τ)∥2H1
+

+∥wm(τ)∥4B2

)
dτ = C2

t∫
0

∥u1(τ)∥H∗
1
dτ + C3

t∫
0

∥u2(τ)∥B∗
2
dτ + C4, Ci > 0, i = 1, ..., 4.

Èç îöåíêè ñëåäóåò, ÷òî âñå Tm, ãàðàíòèðîâàííûå ëåììîé 1, ìîæíî âçÿòü ðàâíûìè
äðóã äðóãó: Tm = T. Òàê êàê ïðîñòðàíñòâà L4(0, T ;B2), L2(0, T ;H1) è L 4

3
(0, T ;B∗

2)
ðåôëåêñèâíû, òî ñóùåñòâóþò ñëàáûå ïðåäåëû

wm ⇀ w ∗ −ñëàáî â L∞(0, T ;H2);

wm ⇀ w ñëàáî â L4(0, T ;B2);

w3
m ⇀ µ ñëàáî â L 4

3
(0, T ;B

∗
2);

∂wm

∂t
⇀ w ∗ −ñëàáî â L∞(0, T ;H2);

vm ⇀ v ñëàáî â L2(0, T ;H1).

Ïðîäîëæèì xm = (vm(t), wm(t)) íà R íóëåì âíå [0, T ], è ñîîòâåòñòâóþùåå ïðîäîë-
æåíèå îáîçíà÷èì ÷åðåç x̃m(t). Òîãäà èç (6) ñëåäóåò, ÷òî

⟨Lx̃m
t (t), φi⟩+ ⟨Mx̃m(t) +N(x̃m(t)), φi⟩ =

= ⟨ũ(t), φi⟩+ ⟨Lxm
0 , φi⟩ δ(t− 0) + ⟨Lxm(T ), φi⟩ δ(t− T ). (12)

Ïåðåéäåì ê ïðåäåëó â (12) ïðè ôèêñèðîâàííîì j è ïîëó÷èì

⟨Lx̃t(t), φj⟩+ ⟨Mx̃, φj⟩+ ⟨µ̃, φj⟩ = ⟨ũ(t), φj⟩+ ⟨Lx0, φj⟩ δ(t− 0)− ⟨ξ, φj⟩ δ(t− T ),

ñëåäîâàòåëüíî,

Lx̃t(t) +Mx̃+ µ̃ = ũ(t) + Lx0δ(t− 0)− ξδ(t− T ). (13)

Ñóæàÿ (12) íà (0, T ), ïîëó÷èì, ÷òî

Lẋ+Mx+ µ = u, (14)

ñëåäîâàòåëüíî, ẇ ∈ L2(0, T ;H2) ∩ L 4
3
(0, T ;B∗

2), ïîýòîìó w(0) = w0 èìååò ìåñòî. Â
ñèëó êîìïàêòíîãî âëîæåíèÿ H ↪→ H ïîñëåäîâàòåëüíîñòü wm → w â ïðîñòðàíñòâå
L2(0, T ;H2), òîãäà â ñèëó åäèíñòâåííîñòè ïðåäåëà ïîëó÷èì, ÷òî

µ = w3.
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Åäèíñòâåííîñòü. Ïóñòü x1 = x1(t) è x2 = x2(t) � äâà ðåøåíèÿ çàäà÷è (3), (4).
Òîãäà äëÿ èõ ðàçíîñòè x = x1 − x2 ïîëó÷èì

[Lx, x] + 2

t∫
0

[Mx+ (N(x1)−N(x2)), x]dτ = 0. (15)

Ëåâàÿ ÷àñòü ðàâåíñòâà íåîòðèöàòåëüíà, çíà÷èò, ðàâåíñòâî (15) óäîâëåòâîðÿåòñÿ ëèøü
â ñëó÷àå x ≡ 0.

2. Îïòèìàëüíîå óïðàâëåíèå â ìîäåëè Ôèòö Õüþ � Íàãóìî. Ðàññìîòðèì çà-
äà÷ó îïòèìàëüíîãî óïðàâëåíèÿ (5) äëÿ ìîäåëè (6) � (8). Ðàññìîòðèì ïðîñòðàíñòâî
óïðàâëåíèé U = {u = (u1, u2) : u1 ∈ L2(0, T ;H1), u2 ∈ L 4

3
(0, T ;B2)}, âûáåðåì íåïóñòîå

çàìêíóòîå âûïóêëîå ìíîæåñòâî Uad ⊂ U. Â öèëèíäðå QT = Ω × (0, T ) ïðè ϑ ∈ (0, 1)
çàäàäèì ôóíêöèîíàë êà÷åñòâà

J(x, u) = ϑ

T∫
0

(
∥v − vd∥2H1

+ ∥w − wd∥4B2

)
dt+ (1− ϑ)

T∫
0

(
∥u1∥2H∗

1
+ ∥u2∥

4
3
B∗

2

)
dt, (16)

ãäå xd = (vd, wd) � òðåáóåìîå ñîñòîÿíèå ñèñòåìû, íàïðèìåð, ñîñòîÿíèå, â êîòîðîì
íàõîäèëàñü ñèñòåìà äî ïðîõîæäåíèÿ ïîðîãà âîçáóæäåíèÿ.

Îïðåäåëåíèå 2. Ïàðó (x̂, û) ∈ X × Uad íàçîâåì ðåøåíèåì çàäà÷è îïòèìàëüíîãî
óïðàâëåíèÿ (5) � (8), åñëè

J(x̂, û) = min
(x,u)

J(x, u),

ãäå ïàðû (x, u) ∈ X× Uad óäîâëåòâîðÿþò (6) � (8) â ñìûñëå îïðåäåëåíèÿ 1.

Çàìå÷àíèå 1. Òàê êàê ìíîæåñòâî äîïóñòèìûõ óïðàâëåíèé Uad ̸= ∅, òî äëÿ ëþáîãî
u ∈ Uad ⊂ U â ñèëó òåîðåìû 1 ñóùåñòâóåò åäèíñòâåííîå ðåøåíèå x = x(u) çàäà÷è (6)
� (8) â ñëàáîì îáîáùåííîì ñìûñëå. Ñëåäîâàòåëüíî, ìíîæåñòâî äîïóñòèìûõ ïàð (x, u)
íå ïóñòî.

Òåîðåìà 2. Ïóñòü α1, α2, β1,κ1 ∈ R+, β2 ∈ R− è n ≤ 4, òîãäà ïðè ëþáûõ x0 ∈ H, T ∈
R+ ñóùåñòâóåò îïòèìàëüíîå óïðàâëåíèå ðåøåíèÿìè çàäà÷è (5) � (8).

Äîêàçàòåëüñòâî. Ïîñêîëüêó ìíîæåñòâî äîïóñòèìûõ ïàð (x, u) íå ïóñòî, òî íàéäåòñÿ
ïîñëåäîâàòåëüíîñòü {xm, um} ⊂ X× Uad òàêàÿ, ÷òî

lim
m→∞

J(xm, um) = min
(x,u)∈X×Uad

J(x, u).

Ïîñêîëüêó ôóíêöèîíàë (16) îáëàäàåò ñâîéñòâîì êîýðöèòèâíîñòè, òî

∥vm∥L2(0,T ;H1) ≤ const, ∥wm∥L4(0,T ;B2) ≤ const,
∥u1m∥L2(0,T ;H∗

1)
≤ const, ∥u2m∥L 4

3
(0,T ;B∗

2)
≤ const (17)

ïðè âñåõ m ∈ N. Èç (17) (ïåðåõîäÿ, åñëè íàäî, ê ïîäïîñëåäîâàòåëüíîñòè) èçâëå÷åì
ñëàáî ñõîäÿùèåñÿ â ñîîòâåòñòâóþùèõ ïðîñòðàíñòâàõ ïîñëåäîâàòåëüíîñòè

vm ⇀ v̂, wm ⇀ ŵ, u1m ⇀ û1, u2m ⇀ û2.
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ÊÐÀÒÊÈÅ ÑÎÎÁÙÅÍÈß

Â ñèëó òåîðåìû Ìàçóðà è ñåêâåíöèàëüíîé ñëàáîé çàìêíóòîñòè ìíîæåñòâà Uad òî÷êà
û ∈ Uad. Èñïîëüçóÿ ðàññóæäåíèÿ òåîðåìû 1, ïåðåéäåì ê ïðåäåëó â óðàâíåíèè ñîñòîÿ-
íèÿ (4) è ïîëó÷èì

[L
dx̂

dt
+Mx̂+ µ, ζ] = [û, ζ]. (18)

Èç ïîëó÷åííûõ â òåîðåìå 1 àïðèîðíûõ îöåíîê, ìîíîòîííîñòè îïåðàòîðà N è êîì-
ïàêòíîãî âëîæåíèÿ H ↪→ H ïîëó÷èì

µ = N(x̂).

Çíà÷èò, ïåðåõîäÿ ê ïðåäåëó â óðàâíåíèè ñîñòîÿíèÿ (4), ïîëó÷èì

L
dx̂

dt
+Mx̂+N(x̂) = û.

Ñëåäîâàòåëüíî, x̂ = x̂(û) è lim inf J(um) ≥ J(û). Çíà÷èò, ũ � åñòü îïòèìàëüíîå óïðàâ-
ëåíèå â çàäà÷å (5) � (8).

Àâòîðû âûðàæàåò ãëóáîêóþ ïðèçíàòåëüíîñòü ïðîô. Ã.À. Ñâèðèäþêó çà ïîä-
äåðæêó è íàó÷íûå äèñêóññèè.
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The article concerns the matter of existence of optimal control for the mathematical

model set forward by R. Fitzhugh and J.M. Nagumo for modelling of nerve impulse

spreading. The model belongs to the group of di�usion-reaction models simulating a wide

range of processes such as chemical reactions with di�usion and nerve impulse spreading. In

case, that there is an asymptotical stability of the studied model, and under an assumption

that the rate of variation of one component is greatly higher than the other one, the said

model could be reduced to a problem of optimal control of a Sobolev type semi-linear

equation with Showalter � Sidorov initial condition. The article contents a demonstration

of the only weak generalized solution for the model under discussion with Showalter �

Sidorov initial condition and optimal control existence.

Êëþ÷åâûå ñëîâà: Sobolev type equations; optimal control; di�usion-reaction equations.
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