
Домашнее задание №3.

Лукибанов Илья

16 мая 2016 г.

Задача 1.

𝑦′ = 𝑦(5𝑥4 + cos(𝑥)) + (−15𝑥4 + 𝑒𝑥)𝑒𝑥
5+sin(𝑥)

Çàìåòèì, ÷òî ïåðâîå ñëàãàåìîå â ïðàâîé ÷àñòè ëèíåéíî ïî y, ïîýòîìó ìîæåì èñïîëüçîâàòü
ìåòîä âàðèàöèè ïîñòîÿííûõ:

𝑑𝑦

𝑑𝑥
= 𝑦(5𝑥4 + cos(𝑥)) ⇒

∫︁
𝑑𝑦

𝑦
=

∫︁
5𝑥4 + cos(𝑥) 𝑑𝑥 ⇒

ln |𝑦| = 𝑥5 + sin(𝑥) + 𝐶(𝑥) ⇒ |𝑦| = 𝑒𝐶(𝑥)𝑒𝑥
5+sin(𝑥) ⇒ 𝑦 = 𝐶(𝑥)𝑒𝑥

5+sin(𝑥)

Íîëü íå çàïðåùåí â èçíà÷àëüíîì óðàâíåíèè, ïîýòîìó âåðíóëè åãî â ðåøåíèå. Ïðîäèôôå-
ðåíöèðóåì:

𝑦′ = 𝐶 ′(𝑥)𝑒𝑥
5+sin(𝑥) + 𝐶(𝑥)(5𝑥4 + cos(𝑥))𝑒𝑥

5+sin(𝑥)

Ïîäñòàâèì êîíñòàíòó è ïðèðàâíÿåì ó èçíà÷àëüíîìó óðàâíåíèþ:

𝑦(5𝑥4 + cos(𝑥)) + (−15𝑥4 + 𝑒𝑥)𝑒𝑥
5+sin(𝑥) = 𝐶 ′(𝑥)𝑒𝑥

5+sin(𝑥) + 𝑦(5𝑥4 + cos(𝑥)) ⇒

(𝐶 ′(𝑥) + 15𝑥4 − 𝑒𝑥)𝑒𝑥
5+sin(𝑥) = 0

Âòîðîé ìíîæèòåëü âñåãäà ïîëîæèòåëüíûé, ïîýòîìó íóæíî ïðèðàâíÿòü ïåðâûé ê íóëþ:

𝐶 ′(𝑥) = −15𝑥4 + 𝑒𝑥 ⇒ 𝐶(𝑥) = −3𝑥5 + 𝑒𝑥 + 𝐶1 ⇒

𝑦 = (−3𝑥5 + 𝑒𝑥 + 𝐶)𝑒𝑥
5+sin(𝑥)

Задача 2.

(︂
�̇�
�̇�

)︂
=

(︂
0 2
−5 6

)︂(︂
𝑥
𝑦

)︂
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Ëóêèáàíîâ Èëüÿ Äîìàøíåå çàäàíèå �3

a. Ïîñòðîèì õàðàêòåðèñòè÷åñêèé ìíîãî÷ëåí: −𝜆(6 − 𝜆) + 10 = 𝜆2 − 6𝜆 + 10 = 0
Ñîáñòâåííûå çíà÷åíèÿ: 𝜆1 = 3 − 𝑖, 𝜆2 = 3 + 𝑖(︂
−3 + 𝑖 2
−5 3 + 𝑖

)︂(︂
𝑎
𝑏

)︂
=

(︂
0
0

)︂
⇒ 𝑣 =

(︂
3 + 𝑖

5

)︂
b. Â ïóíêå à) ìû íàøëè îáà ñîáñòâåííûõ ÷èñëà è âèäíî, ÷òî 𝜆1 = �̄�2. Íàéäåì ñîáñòâåí-

íûé âåêòîð äëÿ 𝜆2:(︂
−3 − 𝑖 2
−5 3 − 𝑖

)︂(︂
𝑎
𝑏

)︂
=

(︂
0
0

)︂
⇒ 𝑢 =

(︂
3 − 𝑖

5

)︂
Âèäíî, ÷òî 𝑣 = �̄� (âòîðàÿ êîîðäèíàòà îñòàåòñÿ òàêîé æå (íå êîìïëåêñíàÿ), à ïåðâàÿ
êîìïëåêñíî ñîïðÿãàåòñÿ - èçìåíÿåòñÿ çíàê)

c. ℜ𝑣 =

(︂
3
5

)︂
; −ℑ𝑣 =

(︂
−1
0

)︂
(︂
𝑥
𝑦

)︂
=

(︂
3 −1
5 0

)︂(︂
𝜉
𝜂

)︂
⇒

(︂
𝜉
�̇�

)︂
= 𝐶−1

(︂
�̇�
�̇�

)︂
= 𝐶−1𝐴

(︂
𝑥
𝑦

)︂
= 𝐶−1𝐴𝐶

(︂
𝜉
𝜂

)︂
=(︂

0 1/5
−1 3/5

)︂(︂
0 2
−5 6

)︂(︂
3 −1
5 0

)︂(︂
𝜉
𝜂

)︂
=

(︂
3 1
−1 3

)︂(︂
𝜉
𝜂

)︂
d. �̇� = (3 − 𝑖)𝑧, ïóñòü 𝑧 = 𝑞 + 𝑖𝑟, òîãäà 𝑞 + 𝑖�̇� = (3 − 𝑖)(𝑞 + 𝑖𝑟) ⇒{︃

𝑞 = 3𝑞 + 𝑟

�̇� = −𝑞 + 3𝑟
⇒

(︂
𝑞
�̇�

)︂
=

(︂
3 1
−1 3

)︂(︂
𝑞
𝑟

)︂
e. Âèäíî, ÷òî ìàòðèöû ïîëó÷èëèñü îäèíàêîâûå.

f.
𝑧(𝑡) = 𝑧0𝑒

(3−𝑖)𝑡 = 𝑒3𝑡𝑒−𝑖𝑡𝑧0 = 𝑒3𝑡𝑒−𝑖𝑟(𝑞0 + 𝑖𝑟0)

g.

ℜ(𝑧(𝑡)) = ℜ((𝑞0 + 𝑖𝑟0)𝑒
3𝑡(cos(−𝑡) + 𝑖 sin(−𝑡))) = 𝑒3𝑡(𝑞0 cos(−𝑡) − 𝑟0 sin(−𝑡)) = 𝑞(𝑡)

ℑ(𝑧(𝑡)) = ℑ((𝑞0 + 𝑖𝑟0)𝑒
3𝑡(cos(−𝑡) + 𝑖 sin(−𝑡))) = 𝑒3𝑡(𝑞0 sin(−𝑡) + 𝑟0 cos(−𝑡)) = 𝑟(𝑡)

h. Òàê êàê ìàòðèöû â c) è d) îäèíàêîâûå, ïîýòîìó áóäóò îäèíàêîâûå ðåøåíèÿ:(︂
𝜉
𝜂

)︂
= 𝑒3𝑡

(︂
cos(−𝑡) − sin(−𝑡)
sin(−𝑡) cos(−𝑡)

)︂(︂
𝜉0
𝜂0

)︂

i.

(︂
𝑥
𝑦

)︂
=

(︂
3 −1
5 0

)︂
𝑒3𝑡

(︂
cos(−𝑡) − sin(−𝑡)
sin(−𝑡) cos(−𝑡)

)︂(︂
𝜉0
𝜂0

)︂
=

𝑒3𝑡
(︂

3 −1
5 0

)︂(︂
cos(−𝑡) − sin(−𝑡)
sin(−𝑡) cos(−𝑡)

)︂(︂
0 1/5
−1 3/5

)︂(︂
𝑥0

𝑦0

)︂
=

𝑒3𝑡
(︂

cos(−𝑡) + 3 sin(−𝑡) −2 sin(−𝑡)
5 sin(−𝑡) cos(−𝑡) − 3 sin(−𝑡)

)︂(︂
𝑥0

𝑦0

)︂
j. Ïîäñòàâèì â èñõîäíîå óðàâíåíèå ïîëó÷èâøååñÿ ñîáñòâåííîå ÷èñëî è ñîáñòâåííûé

âåêòîð: 𝐶1𝑒
3𝑡

(︂
3
5

)︂
+ 𝐶2𝑒

3𝑡

(︂
−1
0

)︂
. Çàìåòèì, ÷òî åñëè ïåðåïèñàòü óðàâíåíèå èç ïóíêòà
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i:

(︂
𝑥
𝑦

)︂
=

(︂
3 −1
5 0

)︂
𝑒3𝑡

(︂
cos(−𝑡) − sin(−𝑡)
sin(−𝑡) cos(−𝑡)

)︂(︂
𝜉0
𝜂0

)︂
= 𝑒3𝑡

(︂
3 −1
5 0

)︂(︂
𝑎
𝑏

)︂
= 𝑎𝑒3𝑡

(︂
3
5

)︂
+

𝑏𝑒3𝑡
(︂
−1
0

)︂
= 𝐶1𝑒

3𝑡

(︂
3
5

)︂
+ 𝐶2𝑒

3𝑡

(︂
−1
0

)︂
, ÷òî è òðåáîâàëîñü ïîêàçàòü.

k.
Èñõîäíàÿ ñèñòåìà Íîâàÿ ñèñòåìà

Ðèñ. 1: Ôàçîâûå ïîðòðåòû ñèñòåì çàäà÷è 2.

Задача 3.

(︂
�̇�
�̇�

)︂
=

(︂
7 1
0 7

)︂(︂
𝑥
𝑦

)︂
Âèäèì, ÷òî ñèñòåìà óæå ïðåäñòàâëåíà â âèäå Æîðäàíîâîé êëåòêè.

a. Íàéäåì ìàòðè÷íóþ ýêñïîíåíòó:

𝑧(𝑡) = 𝑒𝐴𝑡𝑧0 = exp

(︂(︂
7 1
0 7

)︂
𝑡

)︂
𝑧0 = exp

(︂
7𝑡 0
0 7𝑡

)︂
·
[︂(︂

1 0
0 1

)︂
+

1

1!

(︂
0 𝑡
0 0

)︂]︂
𝑧0 =

𝑒7𝑡
(︂

1 𝑡
0 1

)︂
𝑧0 =

(︂
𝑒7𝑡 𝑡𝑒7𝑡

0 𝑒7𝑡

)︂
𝑧0 ⇒

(︂
𝑥
𝑦

)︂
=

(︂
𝑒7𝑡 𝑡𝑒7𝑡

0 𝑒7𝑡

)︂(︂
𝑥0

𝑦0

)︂
b. Ðàññìîòðèì ïðåäåëû:

lim
𝑡→−∞

𝑡

𝑒−7𝑡
= lim

𝑡→−∞

1

−7𝑒−7𝑡
= 0

lim
𝑡→−∞

𝑒7𝑡𝑥0 + 𝑡𝑒7𝑡𝑦0 = 0

lim
𝑡→−∞

𝑒7𝑡𝑦0 = 0

lim
𝑡→−∞

𝑒7𝑡𝑥0 + 𝑡𝑒7𝑡𝑦0
𝑒7𝑡𝑦0

= lim
𝑡→−∞

𝑥0 + 𝑡𝑦0
𝑦0

= −∞
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Âñå òðàåêòîðèè ñòðåìÿòñÿ ê òî÷êå (0,0) â îáðàòíîì âðåìåíè (òàê êàê äëÿ âñåõ íà-
÷àëüíûõ óñëîâèé ïðåäåëû íóëåâûå). Òàê êàê ïðåäåë ýòîãî îòíîøåíèÿ ìèíóñ áåñêî-
íå÷íîñòü, òî âñå òðàåêòîðèè áóäóò ïðèæèìàòüñÿ ê îñè Ox, êîãäà áóäóò ïîäõîäèòü ê
îñîáîé òî÷êå: òàê êàê óäàëåííîñòü îò èêñîâîé îñè íàìíîãî ìåíüøå, ÷åì îò èãðåêîâîé.

c. Ñìîòðè ðèñóíîê 2.

Ðèñ. 2: Ôàçîâûé ïîðòðåò ñèñòåìû èç çàäà÷è 3.

Задача 4.

a. (︂
�̇�
�̇�

)︂
=

(︂
13 −12
8 −7

)︂(︂
𝑥
𝑦

)︂
Õàðàêòåðèñòè÷åñêèé ìíîãî÷ëåí: (13−𝜆)(−7−𝜆)+96 = 𝜆2−6𝜆+5 = 0 ⇒ 𝜆1 = 5, 𝜆2 = 1
Ñîáñòâåííûå âåêòîðà:

𝜆1 :

(︂
8 −12
8 −12

)︂(︂
𝑎
𝑏

)︂
=

(︂
0
0

)︂
⇒ 𝑣 =

(︂
3
2

)︂
𝜆2 :

(︂
12 −12
8 −8

)︂(︂
𝑎
𝑏

)︂
=

(︂
0
0

)︂
⇒ 𝑢 =

(︂
1
1

)︂
Â íîâîì áàçèñå, ñîñòàâëåííîì èç ñîáñòâåííûõ âåêòîðîâ:(︂
𝑞
�̇�

)︂
=

(︂
5 0
0 1

)︂(︂
𝑞
𝑟

)︂
⇒

(︂
𝑞
𝑟

)︂
=

(︂
𝑒5𝑡 0
0 𝑒𝑡

)︂(︂
𝑞0
𝑟0

)︂
Ïåðåéäåì â ñòàðûé áàçèñ:(︂
𝑥
𝑦

)︂
=

(︂
3 1
2 1

)︂(︂
𝑒5𝑡 0
0 𝑒𝑡

)︂(︂
1 −1
−2 3

)︂(︂
𝑥0

𝑦0

)︂
=

(︂
3𝑒5𝑡 − 2𝑒𝑡 3𝑒𝑡 − 3𝑒5𝑡

2𝑒5𝑡 − 2𝑒𝑡 3𝑒𝑡 − 2𝑒5𝑡

)︂(︂
𝑥0

𝑦0

)︂
Òàê êàê ñóùåñòâóþò äâà ïîëîæèòåëüíûõ âåùåñòâåííûõ ñîáñòâåííûõ çíà÷åíèÿ è îíè
ðàçíûå, òî ýòî óçåë (îòòàëêèâàþùèé)
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b. (︂
�̇�
�̇�

)︂
=

(︂
4 −13
5 −12

)︂(︂
𝑥
𝑦

)︂
Õàðàêòåðèñòè÷åñêèé ìíîãî÷ëåí: (4 − 𝜆)(−12 − 𝜆) + 65 = 𝜆2 + 8𝜆 + 17 = 0 ⇒ 𝜆1 =
−4 + 𝑖, 𝜆2 = −4 − 𝑖
Ñîáñòâåííûé âåêòîð:

𝜆1 :

(︂
8 − 𝑖 −13

5 −8 − 𝑖

)︂(︂
𝑎
𝑏

)︂
=

(︂
0
0

)︂
⇒ 𝑣 =

(︂
8 + 𝑖

5

)︂

�̇� = (−4 + 𝑖)𝑧 ⇒ 𝑧(𝑡) = 𝑧0𝑒
(−4+𝑖)𝑡 = 𝑒−4𝑡𝑒𝑖𝑡𝑧0

ℜ(𝑧(𝑡)) = 𝑒−4𝑡(𝑞0 cos(𝑡) − 𝑟0 sin(𝑡)) = 𝑞(𝑡)

ℑ(𝑧(𝑡)) = 𝑒−4𝑡(𝑞0 sin(𝑡) + 𝑟0 cos(𝑡)) = 𝑟(𝑡)(︂
𝑥
𝑦

)︂
= 𝑒−4𝑡

(︂
8 1
5 0

)︂(︂
cos(𝑡) − sin(𝑡)
sin(𝑡) cos(𝑡)

)︂(︂
0 1/5
1 −8/5

)︂(︂
𝑥0

𝑦0

)︂
=

𝑒−4𝑡

(︂
cos(𝑡) − 8 sin(𝑡) 13 sin(𝑡)

−5 sin(𝑡) cos(𝑡) + 8 sin(𝑡)

)︂(︂
𝑥0

𝑦0

)︂
Ïîëó÷èëè êîìëåêñíûå íåíóëåâûå ñîáñòâåííûå çíà÷åíèÿ, ïîýòîìó îñîáàÿ òî÷êà � ýòî
ôîêóñ (ïðèòÿãèâàþùèé).

c. (︂
�̇�
�̇�

)︂
=

(︂
3 −2
0 3

)︂(︂
𝑥
𝑦

)︂
Ðàñïèøåì ìàòðè÷íóþ ýêñïîíåíòó:

𝑧(𝑡) = 𝑒𝐴𝑡𝑧0 = exp

(︂(︂
3 −2
0 3

)︂
𝑡

)︂
𝑧0 = exp

(︂
3𝑡 0
0 3𝑡

)︂
·
[︂(︂

1 0
0 1

)︂
+

1

1!

(︂
0 −2𝑡
0 0

)︂]︂
𝑧0 =

𝑒3𝑡
(︂

1 −2𝑡
0 1

)︂
𝑧0 =

(︂
𝑒3𝑡 −2𝑡𝑒3𝑡

0 𝑒3𝑡

)︂
𝑧0 ⇒

(︂
𝑥
𝑦

)︂
=

(︂
𝑒3𝑡 −2𝑡𝑒3𝑡

0 𝑒3𝑡

)︂(︂
𝑥0

𝑦0

)︂
Òàê êàê îäíî ñîáñòâåííîå çíà÷åíèå, è ìàòðèöà íå äèàãîíàëüíà, òî îñîáàÿ òî÷êà -
âûðîæäåííûé óçåë (îòòàëêèâàþùèé).

d. (︂
�̇�
�̇�

)︂
=

(︂
6 −18
3 −9

)︂(︂
𝑥
𝑦

)︂
Âèäíî, ÷òî ìàòðèöà âûðîæäåííàÿ, ïîýòîìó îñîáîé òî÷êè íå áóäåò. Õàðàêòåðèñòè-
÷åñêèé ìíîãî÷ëåí: (6 − 𝜆)(−9 − 𝜆) + 54 = 𝜆2 + 3𝜆 = 0 ⇒ 𝜆1 = 0, 𝜆2 = −3

𝜆1 :

(︂
6 −18
3 −9

)︂(︂
𝑎
𝑏

)︂
=

(︂
0
0

)︂
⇒ 𝑣 =

(︂
3
1

)︂
𝜆2 :

(︂
9 −18
3 −6

)︂(︂
𝑎
𝑏

)︂
=

(︂
0
0

)︂
⇒ 𝑢 =

(︂
2
1

)︂
Â íîâîì áàçèñå, ñîñòàâëåííîì èç ñîáñòâåííûõ âåêòîðîâ:(︂
𝑞
�̇�

)︂
=

(︂
−3 0
0 0

)︂(︂
𝑞
𝑟

)︂
⇒

(︂
𝑞
𝑟

)︂
=

(︂
𝑒−3𝑡 0

0 0

)︂(︂
𝑞0
𝑟0

)︂
Ïåðåéäåì â ñòàðûé áàçèñ:(︂
𝑥
𝑦

)︂
=

(︂
2 3
1 1

)︂(︂
𝑒−3𝑡 0

0 0

)︂(︂
−1 3
1 −2

)︂(︂
𝑥0

𝑦0

)︂
=

(︂
−2𝑒−3𝑡 6𝑒−3𝑡

−𝑒−3𝑡 3𝑒−3𝑡

)︂(︂
𝑥0

𝑦0

)︂
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e. (︂
�̇�
�̇�

)︂
=

(︂
−14 −18
12 16

)︂(︂
𝑥
𝑦

)︂
Õàðàêòåðèñòè÷åñêèé ìíîãî÷ëåí: (−14 − 𝜆)(16 − 𝜆) + 216 = 𝜆2 − 2𝜆 − 8 = 0 ⇒ 𝜆1 =
−2, 𝜆2 = 4
Ñîáñòâåííûå âåêòîðà:

𝜆1 :

(︂
−12 −18
12 18

)︂(︂
𝑎
𝑏

)︂
=

(︂
0
0

)︂
⇒ 𝑣 =

(︂
3
−2

)︂
𝜆2 :

(︂
−18 −18
12 12

)︂(︂
𝑎
𝑏

)︂
=

(︂
0
0

)︂
⇒ 𝑢 =

(︂
1
−1

)︂
Â íîâîì áàçèñå, ñîñòàâëåííîì èç ñîáñòâåííûõ âåêòîðîâ:(︂
𝑞
�̇�

)︂
=

(︂
−2 0
0 4

)︂(︂
𝑞
𝑟

)︂
⇒

(︂
𝑞
𝑟

)︂
=

(︂
𝑒−2𝑡 0

0 𝑒4𝑡

)︂(︂
𝑞0
𝑟0

)︂
Ïåðåéäåì â ñòàðûé áàçèñ:(︂
𝑥
𝑦

)︂
=

(︂
3 1
−2 −1

)︂(︂
𝑒−2𝑡 0

0 𝑒4𝑡

)︂(︂
1 1
−2 −3

)︂(︂
𝑥0

𝑦0

)︂
=

(︂
3𝑒−2𝑡 − 2𝑒4𝑡 3𝑒−2𝑡 − 3𝑒4𝑡

2𝑒4𝑡 − 2𝑒−2𝑡 3𝑒4𝑡 − 2𝑒−2𝑡

)︂(︂
𝑥0

𝑦0

)︂
Ïîëó÷èëè äâà âåùåñòâåííûõ ñîáñòâåííûõ çíà÷åíèÿ ðàçëè÷íûõ çíàêîâ, ïîýòîìó îñî-
áàÿ òî÷êà � ñåäëî.

Задача 5.

𝐴 =

⎛⎜⎜⎜⎜⎜⎜⎝
−7 1 0 0 0 0
0 −7 0 0 0 0
0 0 −2 0 0 0
0 0 0 1 1 0
0 0 0 0 1 1
0 0 0 0 0 1

⎞⎟⎟⎟⎟⎟⎟⎠
Äàííàÿ ìàòðèöà óæå ïðåäñòàâëåíà â Æîðäàíîâîì âèäå, ïîýòîìó êàæäîå èç òðåõ ïîä-
ïðîñòðàíñòâ íåçàâèñèìî äðóã îò äðóãà, ìîæåì ðàñïèñàòü êàê ñóììó íèëüïîòåíòíûõ è ñ
ýëåìåíòàìè íà äèàãîíàëè ìàòðèö. Ïîñëå ýòîãî ìîæåì ðàñïèñàòü ìàòðè÷íóþ ýêñïîíåíòó:

𝑧(𝑡) =

⎛⎜⎜⎜⎜⎜⎜⎝
𝑒−7𝑡 𝑡𝑒−7𝑡 0 0 0 0

0 𝑒−7𝑡 0 0 0 0
0 0 𝑒−2𝑡 0 0 0
0 0 0 𝑒𝑡 𝑡𝑒𝑡 𝑡2𝑒𝑡/2
0 0 0 0 𝑒𝑡 𝑡𝑒𝑡

0 0 0 0 0 𝑒𝑡

⎞⎟⎟⎟⎟⎟⎟⎠ 𝑧0

Âû÷èñëåíèÿ òðèâèàëüíû è àíàëîãè÷íû ñ òðåòüåé çàäà÷åé, íî òàê êàê òóò áîëüøèå ìàòðè-
öû, ïîýòîìó íå áóäåì èõ ïðèâîäèòü.

Задача 6.

�̇� = sin𝑥 + 𝑒𝑦 − 1, �̇� = sin(𝑥− 𝑦)
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a b c

d e

Ðèñ. 3: Ôàçîâûå ïîðòðåòû ñèñòåì çàäà÷è 4.

a. Ñìîòðè ðèñóíîê 4.

b. Çàïèøåì ìàòðèöó ßêîáè:⎛⎜⎝
𝜕�̇�

𝜕𝑥
(0, 0)

𝜕�̇�

𝜕𝑦
(0, 0)

𝜕�̇�

𝜕𝑥
(0, 0)

𝜕�̇�

𝜕𝑦
(0, 0)

⎞⎟⎠ =

(︂
cos(0) 𝑒0

cos(0) − cos(0)

)︂
=

(︂
1 1
1 −1

)︂
(︂
�̇�

�̇�

)︂
=

(︂
1 1
1 −1

)︂(︂
𝑎
𝑏

)︂
c. Ñìîòðè ðèñóíîê 4. Âèäíî, ÷òî îêîëî òî÷êè (0,0) ëèíåàðèçàöèÿ õîðîøî ïðèáëèæà-

åò èñõîäíóþ íåëèíåéíóþ ñèñòåìó, íî åñëè îòîéòè äîñòàòî÷íî äàëåêî, òî ôàçîâûå
ïîðòðåòû ìîãóò ðàçëè÷àòüñÿ î÷åíü ñèëüíî.

d. Çíà÷åíèå y ñîîòâåòñòâóþùåå ñåïåðàòðèññå ëåæèò â îòðåçêå: (1.62422851375, 1.624243161875).
Íà ðèñóíêå 5 ìîæíî óâèäåòü, ÷òî íèæíÿÿ ãðàíü (íà ðèñóíêå ñîîòâåòñâóåò çåëåíîé
ëèíèè) óõîäèò âíèç, à âåðõíÿÿ (íà ðèñóíêå ñîîòâåòñâóåò ñèíåé ëèíèè) óõîäèò ââåðõ,
íàì íóæíî íàéòè ñ òî÷íîñòüþ äî ÷åòûðåõ çíàêîâ, ïîýòîìó 𝑦 ≈ 1.6242. Äàííûå îò-
ðåçêè ïîëó÷åíû íàáëþäåíèåì èç ðèñóíêà 4 î òîì, ÷òî ñåïàðàòðèññà ëåæèò âíóòðè
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Èçíà÷àëüíàÿ ñèñòåìà íà [-1,1]x[-1,1] Èçíà÷àëüíàÿ ñèñòåìà íà [-5,5]x[-5,5]

Ëèíåàðèçàöèÿ íà [-1,1]x[-1,1] Ëèíåàðèçàöèÿ íà [-5,5]x[-5,5]

Ðèñ. 4: Ôàçîâûå ïîðòðåòû ñèñòåìû èç çàäà÷è 6.

(1.5, 1.8), à çàòåì äâîè÷íûì ïîèñêîì âíóòðè ýòèõ ãðàíèö ñ ïîìîùüþ ñêðèïòà, êîòî-
ðûé íàõîäèòñÿ â ïðèêðåïëåííîì áëîêíîòå (ñòðîèò ëèíèè èäóùèå èç òî÷êè (5, 𝑦0)).

e. Íèæíÿÿ è âåðõíèå ãðàíè ïîäõîäÿò ê òî÷êàì (−5.218423928123187,−2.0768312745336153),
(1.0647613790568264,−2.076831274533189) - ïîñëå 100,000 (ñòà òûñÿ÷) èòåðàöèé. Íóæ-
íî â èçíà÷àëüíîé ïðîãðàììå èçìåíèòü ìàêñèìàëüíîå âðåìÿ, òàê êàê òàì ñòîèò 5,000
äëÿ áîëåå áûñòðîãî ïîñòðîåíèÿ.
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Ðèñ. 5: Ëèíèè, âûõîäÿùèå èç òî÷åê (5, 𝑦0)
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