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ÃËÀÂÀ 1. ÐÅØÅÍÈÅ ÑÊÀËßÐÍÛÕ ÓÐÀÂÍÅÍÈÉ

Äëÿ ñêàëÿðíîãî óðàâíåíèÿ

f(x) = 0, f(·) ∈ C2(a, b) (1)

äàëåå ðàññìàòðèâàåòñÿ çàäà÷à óòî÷íåíèÿ êîðíÿ x̄ , ëîêàëèçîâàííîãî
íà îòðåçêå [a, b].

�1. Îïèñàíèå ìåòîäà Íüþòîíà

Ïðè íàëè÷èè õîðîøåãî ïðèáëèæåíèÿ xk ê êîðíþ x̄ ôóíêöèè
f(·) ìîæíî èñïîëüçîâàòü ìåòîä Íüþòîíà, íàçûâàåìûé òàêæå ìåòî-
äîì ëèíåàðèçàöèè èëè ìåòîäîì êàñàòåëüíûõ. Ðàñ÷¼òíûå ôîðìóëû
ìåòîäà ìîãóò áûòü ïîëó÷åíû ïóò¼ì çàìåíû èñõîäíîãî óðàâíåíèÿ (1)
ëèíåéíûì óðàâíåíèåì â îêðåñòíîñòè êîðíÿ

f(xk) + f ′(xk)(x− xk) = 0, (1.1)

Ðåøåíèå ýòîãî óðàâíåíèÿ ïðèíèìàåòñÿ çà î÷åðåäíîå ïðèáëèæåíèå
ê èñêîìîìó êîðíþ óðàâíåíèÿ

xk+1 = xk −
f(xk)

f ′(xk)
. (1.2)

Ìåòîä Íüþòîíà èìååò ïðîñòóþ ãåîìåòðè÷åñêóþ èíòåðïðåòàöèþ:

Ðèñ. 1.
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ãðàôèê ôóíêöèè çàìåíÿåòñÿ êàñàòåëüíîé ê íåìó â òî÷êå (xk, f(xk))
è çà î÷åðåäíîå ïðèáëèæåíèå xk+1 ïðèíèìàåòñÿ àáñöèññà òî÷êè ïå-
ðåñå÷åíèÿ å¼ ñ îñüþ OX . Èñïîëüçóÿ ýòó èíòåðïðåòàöèþ ëåãêî ïîëó-
÷èòü ðàñ÷¼òíûå ôîðìóëû (1.2) ìåòîäà Íüþòîíà è âñëåäñòâèå ýòîé
èíòåðïðåòàöèè îí èìåíóåòñÿ òàêæå ìåòîäîì êàñàòåëüíûõ.

Çäåñü x0, x1, x3 ïîëåäîâàòåëüíûå ïðèáëèæåíèÿ ê êîðíþ x̄ ,
ïîëó÷åííûå â ðåçóëüòàòå ïðèìåíåíèÿ ìåòîäà Íüþòîíà.

ßñíî, ÷òî ñõîäèìîñòü ïîñëåäîâàòåëüíîñòè {xk} ê êîðíþ çàâè-
ñèò îò ñâîéñòâ ôóíêöèè f(·) è íå âñåãäà èìååò ìåñòî. Òàê, ëåãêî
ïðåäñòàâèòü, ÷òî óæå ïðèáëèæåíèå x1 íå ïîïàäàåò íà èñõîäíûé
èíòåðâàë è ïðîöåññ èòåðàöèé îñòàíàâëèâàåòñÿ.

Ïðèâåä¼ì ïîëåçíóþ òåîðåìó, ãàðàíòèðóþùóþ â íåêîòîðûõ
ñëó÷àÿõ ñõîäèìîñòü ìåòîäà Íüþòîíà.

Òåîðåìà 1.1. Åñëè f(a) · f(b) < 0 , ïðè÷¼ì f ′(x) è f ′′(x) îò-
ëè÷íû îò íóëÿ (è, ñëåäîâàòåëüíî, ñîõðàíÿþò îïðåäåë¼ííûå çíàêè
ïðè x ∈ [a, b]) , òî, èñõîäÿ èç íà÷àëüíîãî ïðèáëèæåíèÿ x0 ∈ [a, b] ,
óäîâëåòâîðÿþùåãî óñëîâèþ f(x0) · f ′′(x0) > 0 , ìîæíî âû÷èñëèòü
ìåòîäîì Íüþòîíà ïî ôîðìóëå (1.2) åäèíñòâåííûé êîðåíü x̄ óðàâ-
íåíèÿ (1) ñ ëþáîé ñòåïåíüþ òî÷íîñòè.

Çàìå÷àíèå 1.1. Ïðàêòè÷åñêèì êðèòåðèåì îêîí÷àíèÿ âû÷èñëåíèé
ÿâëÿåòñÿ âûïîëíåíèå óñëîâèÿ |xn+1 − xn| < ε , ãäå ε � òðåáóåìàÿ
òî÷íîñòü âû÷èñëåíèÿ êîðíÿ.

Ìåòîä Íüþòîíà � óäîáíûé ñïîñîá âû÷èñëåíèÿ êîðíÿ öåëîé
ñòåïåíè. Ïîñêîëüêó çàäà÷à èçâëå÷åíèÿ êîðíÿ n

√
c ðàâíîñèëüíà çà-

äà÷å ðåøåíèÿ óðàâíåíèÿ (1) ñ ôóíêöèåé f(x) = xn−c , òî ðàñ÷¼òíàÿ
ôîðìóëà ìåòîäà Íüþòîíà ïðèîáðåòàåò âèä

xk+1 =
n− 1

n
xk +

c

nxn−1k

.

Ïóñòü n = 2, c = 2, è òîãäà f(x) = x2 − 2. Ìîæíî ïðè-
íÿòü [a, b] = [1, 2]. Ïðîâåðèì âûïîëíåíèå óñëîâèé òåîðåìû 1.1:
f(1) = −1 , f(2) = 2 , f ′(x) = 2x > 0 , f ′′(x) = 2 > 0 ïðè x ∈ [1, 2] .
Ïîëîæèì x0 = 2 . Ïîñêîëüêó f(2) · f ′′(2) = 2 · 2 = 4 > 0 , òî îáåñ-
ïå÷åíà ñõîäèìîñòü ïîñëåäîâàòåëüíîñòè {xk} , ïîëó÷àåìîé ïî ôîð-
ìóëå (1.2) ê

√
2 : x1 = 1

2 (2 + 1) = 1.5; x2 = 1.41667; x3 = 1.414216;
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x4 = 1.414214. Âñå öèôðû ýòîãî ïðèáëèæåíèÿ ÿâëÿþòñÿ âåðíûìè.
Åñëè æå óñëîâèÿ òåîðåìû 1.1 íå âûïîëíÿþòñÿ èëè ïðîâåðêà èõ

çàòðóäíèòåëüíà, òî î÷åðåäíîå "ïðèáëèæåíèå" xk+1 ìîæåò îêàçàòü-
ñÿ âíå èíòåðâàëà, íà êîòîðîì ðàñïîëîæåí êîðåíü x̄ . Â ýòîì ñëó÷àå
xk+1 ñòðîèòñÿ ëèáî ìåòîäîì ïîëîâèííîãî äåëåíèÿ ëèáî ìåòîäîì
õîðä. Â ïåðâîì ñëó÷àå ïîëàãàþò

xk+1 =
ak + bk

2
, (1.3)

âî âòîðîì �

xk+1 = ak −
bk − ak

f(bk)− f(ak)
· f(ak). (1.4)

Çäåñü ak, bk � ëåâûé è ïðàâûé êîíåö èíòåðâàëà, êîòîðîìó ïðèíàä-
ëåæèò êîðåíü x̄ íà ïðåäûäóùåì øàãå.

Íà íà÷àëüíîì ýòàïå ïîëàãàåì a0 = a, b0 = b . Ïóñòü äëÿ îïðå-
äåë¼ííîñòè f(a) < 0, f(b) > 0. Åñëè x1 ∈ [a, b] , òî âû÷èñëèâ
c = f(x1) , ïîëàãàåì a1 = c , b1 = b0 ïðè c < 0 , è a1 = a0 , b1 = c
ïðè c > 0 è ïîâòîðÿåì âû÷èñëåíèÿ.

Åñëè æå ïðèáëèæåíèå x1 6∈ [a, b] , òî ïðèìåíÿåì ôîðìóëû (1.3)
ëèáî (1.4) è ïîñòóïàåì êàê è âûøå: âû÷èñëÿÿ c = f(x1) , ïîëàãàåì
a1 = c , b1 = b0 ïðè c < 0 , è a1 = a0 , b1 = c ïðè c > 0 è ïðèìåíÿåì
ìåòîä Íüþòîíà.

�2. Î ëîêàëèçàöèè êîðíåé

Åñëè â óðàâíåíèè f(x) = 0 ôóíêöèÿ f(·) íåïðåðûâíà, òî îñíî-
âîé äëÿ ëîêàëèçàöèè êîðíÿ îáû÷íî ñëóæèò ñëåäñòâèå èç òåîðåìû
Êîøè: åñëè f(a)f(b) < 0, òî íà èíòåðâàëå [a, b] èìååòñÿ ïî êðàé-
íåé ìåðå îäèí êîðåíü óêàçàííîãî óðàâíåíèÿ (òî÷íåå íå÷¼òíîå ÷èñëî
êîðíåé). Äëÿ ëîêàëèçàöèè êîðíÿ íà èíòåðâàëå [a, b] ìîæíî ïðèìå-
íÿòü, íàïðèìåð, òàêèå ïîäõîäû:

• Ãðàôè÷åñêèé ìåòîä. Èñõîäíîå óðàâíåíèå (1) ïðèâîäèòñÿ ê
âèäó g(x) = h(x) , ñòðîÿòñÿ ãðàôèêè ôóíêöèé y = g(x) è
y = h(x) è îïðåäåëÿåòñÿ èíòåðâàë îñè OX , êîòîðîìó ïðèíàä-
ëåæèò àáñöèññà òî÷êè ïåðåñå÷åíèÿ ãðàôèêîâ. Îí è èñïîëüçó-
åòñÿ äëÿ óòî÷íåíèÿ êîðíÿ.
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• Ïîñëåäîâàòåëüíûé ïåðåáîð. Èíòåðâàë [a, b] ðàçáèâàåòñÿ íà
N ðàâíûõ îòðåçêîâ è âû÷èñëÿþòñÿ çíà÷åíèÿ ôóíêöèè f(·)
â òî÷êàõ xk = a + kh, k = 0, 1, . . . , N, ãäå h = (b − a)/N.
Åñëè ïðè ýòîì íàéä¼òñÿ èíòåðâàë [xk, xk+1], äëÿ êîòîðîãî
f(xk)f(xk+1) < 0, òî òåì ñàìûì êîðåíü ôóíêöèè áóäåò ëî-
êàëèçîâàí ñ òî÷íîñòüþ h/2. Ìîæåò îêàçàòüñÿ, ÷òî ôóíêöèÿ
f(·) íå ìåíÿåò çíàêà íà ïîñëåäîâàòåëüíîñòè {xk}. Åñëè êî-
ðåíü íà [a, b] ñóùåñòâóåò, òî ïîñëåäíåå îçíà÷àåò, ÷òî øàã h
ñëèøêîì âåëèê è åãî ñëåäóåò çàìåíèòü íà ìåíüøèé, ïîëàãàÿ,
íàïðèìåð, N = 2N.

• Ïåðåáîð ñ ïåðåìåííûì øàãîì. Åñëè ôóíêöèÿ f(x) ÿâëÿåòñÿ
Ëèïøèöåâîé, ò.å.

|f(x′)− f(x′′)| ≤ L|x′ − x′′|, x′, x′′ ∈ [a, b],

òî ìîæíî ñòðîèòü ïîñëåäîâàòåëüíîñòü {xk} âèäà:

x0 = a, xk+1 = xk +
|f(xk)|
L

.

Îñíîâàíèåì ê ýòîìó ìîæåò ñëóæèòü òî, ÷òî ïðè f(x) = cx+d,
ìîæíî ïðèíÿòü L = |c| è â ýòîì ñëó÷àå çíà÷åíèå x1, ïîëó÷åí-
íîå óêàçàííûì ñïîñîáîì, óäîâëåòâîðÿåò óðàâíåíèþ f(x) = 0.

Åñëè L íåèçâåñòíà, òî ìîæíî å¼ çàìåíèòü ÷åðåç

Lk =
|f(xk)− f(xk−1)|
|xk − xk−1|

.

• Èñïîëüçîâàíèå ìàæîðàíò. Åñëè èçâåñòíû îöåíêè ôóíêöèè
f(·) íà [a, b], ò.å.

f−(x) ≤ f(x) ≤ f+(x),

è êîðíè x− è x+ ýòèõ ôóíêöèé, òî

x̄ ∈ [min{x−, x+}, max{x−, x+}].

Ïðèìåð 2.1. Ïóñòü f(x) = sinx + x3 − 2, x ∈ [0, π]. Ïîñêîëüêó
íà óêàçàííîì èíòåðâàëå 0 < sinx < 1 , òî â äàííîì ñëó÷àå ìîæíî
ïðèíÿòü: f−(x) = x3−2, f+(x) = 1+x3−2 = x3−1. Ñëåäîâàòåëüíî,
x̄ ∈

[
1; 3
√

2
]
⊂ [1; 1, 28].
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Èòåðàòèâíàÿ ïîñëåäîâàòåëüíîñòü ìåòîäà Íüþòîíà â ñîîòâåòñòâèè
ñ ôîðìóëîé (1.2) äëÿ ýòîãî óðàâíåíèÿ èìååò âèä:

xk+1 = xk −
sinxk + x3k − 2

cosxk + 3x2k
.

�3. Çàäàíèÿ äëÿ âûïîëíåíèÿ.

Ëîêàëèçîâàòü è ïîëó÷èòü ìåòîäîì Íüþòîíà ìèíèìàëüíûé ïî
ìîäóëþ íåíóëåâîé êîðåíü óðàâíåíèÿ ñ òî÷íîñòüþ 0.0001 :

1. x− sinx = 0.25;

2. x3 = ex − 1;

3.
√
x− cosx = 0;

4. x2 + 1 = arccosx;

5. lg x− 7

2x+ 6
= 0;

6. tg(0.5x+ 0.2) = x2;

7. 3x− cosx− 1 = 0;

8. x+ lg x = 0.5;

9. x2 = arcsin(x− 0.2);

10. x2 + 4 sinx = 2;

11. ctg x− x2 = 0;

12. tg x = cosx− 0.1;

13. x ln(x+ 1)− 0.3 = 0;

14. x2 − sin 10x = 0;

15. ctg x = x;

16. tg 3x+ 0.4 = x2;

17. x2 + 1 = tg x;

18. x2 − 1 = lnx;

19. 0.5x + 1 = (x− 2)2;

20. (x+ 3) cosx = 1;

21. x2 cos 2x = −1;

22. cos(x+ 0.3) = x2;

23. 2x(x− 1)2 = 2;

24. x ln(x+ 1) = 0.5.
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ÃËÀÂÀ 2. ÌÅÒÎÄ ÍÜÞÒÎÍÀ ÄËß ÐÅØÅÍÈß ÑÈ-
ÑÒÅÌ ÍÅËÈÍÅÉÍÛÕ ÓÐÀÂÍÅÍÈÉ

�1. Èçëîæåíèå ìåòîäà

Ðàññìîòðèì ñèñòåìó íåëèíåéíûõ óðàâíåíèé

F (x) = 0, F (x), x ∈ Rn, (1.1)

è ïðåäïîëîæèì, ÷òî ñóùåñòâóåò âåêòîð x̄ ∈ D ⊂ Rn , ÿâëÿ-
þùèéñÿ ðåøåíèåì ñèñòåìû (1.1). Áóäåì ñ÷èòàòü, ÷òî F (x) =
(f1(x), f2(x), . . . , fn(x))T , ïðè÷¼ì fi(·) ∈ C1(D) ∀i.

Ðàçëîæèì F (x) â îêðåñòíîñòè òî÷êè x̄ : F (x) = F (x0) +
F ′(x0)(x− x0) + o(‖x− x0‖). Çäåñü

F ′(x) =
∂F (x)

∂x
=



∂f1(x)

∂x1
,

∂f1(x)

∂x2
, . . .

∂f1(x)

∂xn
∂f2(x)

∂x1
,

∂f2(x)

∂x2
, . . .

∂f2(x)

∂xn
. . . . . . . . . . . .

∂fn(x)

∂x1
,

∂fn(x)

∂x2
, . . .

∂fn(x)

∂xn


íàçûâàåòñÿ ìàòðèöåé ßêîáè, à å¼ îïðåäåëèòåëü � ÿêîáèàíîì ñè-
ñòåìû (1.1). Èñõîäíîå óðàâíåíèå çàìåíèì ñëåäóþùèì: F (x0) +
F ′(x0)(x − x0) = 0. Ñ÷èòàÿ ìàòðèöó ßêîáè F ′(x0) íåîñîáîé, ðàç-
ðåøèì ýòî óðàâíåíèå îòíîñèòåëüíî x : x̂ = x0 − [F ′(x)]−1F (x0). È
âîîáùå ïîëîæèì

xk+1 = xk − [F ′(xk)]−1F (xk). (1.2)

Ïðè ñäåëàííûõ îòíîñèòåëüíî F (·) ïðåäïîëîæåíèÿõ èìååò ìå-
ñòî ñõîäèìîñòü ïîñëåäîâàòåëüíîñòè {xk} ê ðåøåíèþ ñèñòåìû ñî
ñêîðîñòüþ ãåîìåòðè÷åñêîé ïðîãðåññèè ïðè óñëîâèè, ÷òî íà÷àëüíîå
ïðèáëèæåíèå x0 âûáðàíî èç äîñòàòî÷íî ìàëîé îêðåñòíîñòè ðåøå-
íèÿ x̄ .

Ïðè äîïîëíèòåëüíîì ïðåäïîëîæåíèè F (·) ∈ C2[a, b] èìååò ìå-
ñòî êâàäðàòè÷íàÿ ñõîäèìîñòü ìåòîäà, ò.å.

‖xk+1 − x̄‖ ≤ ω‖xk − x̄‖2.
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Ñôîðìóëèðóåì òåîðåìó.

Òåîðåìà 1.1. Ïóñòü â íåêîòîðîé îêðåñòíîñòè ðåøåíèÿ x̄ ñè-

ñòåìû (1.1) ôóíêöèè fi(·) ∈ C2[a, b] è ÿêîáèàí ñèñòåìû îòëè÷åí
îò íóëÿ â ýòîé îêðåñòíîñòè. Òîãäà ñóùåñòâóåò δ -îêðåñòíîñòü
òî÷êè x̄ òàêàÿ, ÷òî ïðè ëþáîì âûáîðå íà÷àëüíîãî ïðèáëèæåíèÿ
x0 èç ýòîé îêðåñòíîñòè ïîñëåäîâàòåëüíîñòü {xk} íå âûõîäèò
èç íå¼ è èìååò ìåñòî êâàäðàòè÷íàÿ ñõîäèìîñòü ýòîé ïîñëåäîâà-
òåëüíîñòè.

Çàìå÷àíèå 1.1. Â êà÷åñòâå êðèòåðèÿ îêîí÷àíèÿ ïðîöåññà èòåðàöèé
îáû÷íî áåðóò óñëîâèå: ‖xk+1 − xk‖ < ε.

Çàìå÷àíèå 1.2. Ñëîæíîñòü ìåòîäà Íüþòîíà � â îáðàùåíèè ìàò-
ðèöû ßêîáè. Ââîäÿ îáîçíà÷åíèå δxk = xk+1 − xk ïîëó÷àåì äëÿ
âû÷èñëåíèÿ δxk ÑËÀÓ

∂F (xk)

∂x
· δxk = −F (xk), (1.3)

îòêóäà è íàõîäèì èñêîìóþ ïîïðàâêó δxk, à çàòåì è ñëåäóþùåå
ïðèáëèæåíèå xk+1 = xk + δx ê ðåøåíèþ x̄. Î÷åâèäíî, ÷òî ýòî
çíà÷èòåëüíî ñîêðàùàåò êîëè÷åñòâî àðèôìåòè÷åñêèõ îïåðàöèé äëÿ
ïîñòðîåíèÿ î÷åðåäíîãî ïðèáëèæåíèÿ.

Çàìå÷àíèå 1.3. Íà÷èíàÿ ñ íåêîòîðîãî øàãà k0 ðåøàþò ñòàöèîíàð-
íóþ ÑËÀÓ

∂F (xk0)

∂x
· δxk = −F (xk).

Äàííîå âèäîèçìåíåíèå íîñèò íàçâàíèå ìîäèôèöèðîâàííûé ìåòîä
Íüþòîíà.

Çàìå÷àíèå 1.4. (Î âûáîðå íà÷àëüíîãî ïðèáëèæåíèÿ). Ïóñòü
âåêòîð-ôóíêöèÿ Φ(λ, x) òàêîâà, ÷òî Φ(1, x) = F (x), à ñèñòåìà
Φ(0, x) = 0 ìîæåò áûòü ðåøåíà. Òîãäà ðàçáèâàÿ [0, 1] íà N ÷àñòåé
ðåøàþò ìåòîäîì Íüþòîíà íàáîð èç N ñèñòåì

Φ(i/N, x) = 0, i = 1, N,

ïðèíèìàÿ äëÿ êàæäîé ñëåäóþùåé ñèñòåìû â êà÷åñòâå íà÷àëüíîãî
ïðèáëèæåíèÿ ðåøåíèå ïðåäûäóùåé ñèñòåìû.
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�2. Ïðèìåð ðåøåíèÿ ñèñòåìû ìåòîäîì Íüþòîíà

Ðàññìîòðèì çàäà÷ó ðåøåíèÿ ñèñòåìû íåëèíåéíûõ óðàâíåíèé
ñ òî÷íîñòüþ ε = 0.001 :{

sin(2x− y)− 1.2x = 0.4;
0.8x2 + 1.5y2 = 1 .

Îòäåëåíèå êîðíåé ïðîâåä¼ì ãðàôè÷åñêè (ñì. ðèñóíîê 2).

Ðèñ. 2.

Âòîðîå óðàâíåíèå ñèñòåìû ãåîìåòðè÷åñêè ñóòü ýëëèïñ ñ ïîëó-

îñÿìè

(√
5

2
,

√
6

2

)
. Êðèâóþ, ñîîòâåòñòâóþùóþ ïåðâîìó óðàâíåíèþ,

ñòðîèì ïî òî÷êàì â äèàïàçîíå x ∈ [−1.5; +1.5] .
Ñèñòåìà èìååò, ñóäÿ ïî ðèñóíêó, ÷åòûðå ðåøåíèÿ. Óòî÷íèì îä-

íî èç íèõ, ðàñïîëîæåííîå â ÷åòâ¼ðòîé ÷åòâåðòè, ïðèíÿâ â êà÷åñòâå
íà÷àëüíîãî ïðèáëèæåíèÿ çíà÷åíèÿ x0 = 0.4; y0 = −0.75.{

f1(x, y) = sin(2x− y)− 1.2x− o.4;
f2(x, y=0.8x2 + 1.5y2 − 1 .
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Èìååì äàëåå:{
(f1(x, y))′x = 2 cos(2x− y)− 1.2;
(f2(x, y))′x = 1.6x ,{
(f1(x, y))′y = − cos(2x− y);
(f2(x, y))′y = 3y .

Óòî÷íåíèå êîðíåé áóäåì âåñòè ìåòîäîì Íüþòîíà ñ ó÷¼òîì çà-
ìå÷àíèÿ 1.2: {

xn+1 = xn + gn;
yn+1 = yn + hn ,

ãäå gn è hn � ðåøåíèå ÑËÀÓ (1.3):{
(f1(xn, yn))′xgn + (f1(xn, yn))′yhn = −f1(xn, yn);
(f2(xn, yn))′xgn + (f2(xn, yn))′yhn = −f2(xn, yn) .

Îòñþäà ïîñëåäîâàòåëüíî ïîëó÷àåì:{
x1 = 0.50;
y1 = −0.733 ,

{
x2 = 0.4940;
y2 = −0.7083 ,{

x3 = 0.4913;
y3 = −0.7339 ,

{
x4 = 0.4912;
y4 = −0.7335 .

Ïîñêîëüêó òðè ïåðâûå çíàêà ïîñëå çàïÿòîé óñòàíîâèëèñü, ïðîöåññ
âû÷èñëåíèé çàêàí÷èâàåì (ñì. çàìå÷àíèå 1.1).

�3. Çàäàíèÿ äëÿ ñàìîñòîÿòåëüíîãî âûïîëíåíèÿ

Èñïîëüçóÿ îïèñàííûé âûøå ìåòîä Íüþòîíà, ðåøèòü ñèñòåìó
íåëèíåéíûõ óðàâíåíèé ñ òî÷íîñòüþ ε = 0.0001 , íàéäÿ íà÷àëüíîå
ïðèáëèæåíèå ãðàôè÷åñêèì ìåòîäîì è èñïîëüçóÿ çàìå÷àíèå 1.2:

1.

{
sin(x+ 1)− y = 1.2;
2x+ cos y = 2.

3.

{
cos(x− 1) + y = 0.5;
x− cos y = 3.

2.

{
sin y + 2x = 2;
y + cos(x− 1) = 0.7 .

4.

{
cos y + x = 1.5;
2y − sin(x− 0.5) = 1 .
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5.

{
sinx+ 2y = 2;
x+ cos(y − 1) = 0.7 .

7.

{
cosx+ y = 1.5;
2x− sin(y − 0.5) = 1.

9.

{
sin(x+ 0.5)− y = 1;
x+ cos(y − 2) = 2.

11.

{
cos(x+ 0.5) + y = 0.8;
sin y − 2x = 1.6 .

13.

{
sin(x− 1) + y = 1.3 ;
x− sin(y + 1) = 0.8 .

15.

{
2y − cos(x+ 1) = 0;
x+ sin y = −0.4 .

17.

{
cos(x+ 0.5)− y = 2;
sinx− 2y = 1.

19.

{
sin(x+ 2)− y = 1.5;
x+ cos(y − 2) = 0.5 .

21.

{
sin(y + 1)− x = 1.2;
2y + cosx = 2 .

23.

{
cos(y − 1) + x = 0.5;
y − cosx = 3 .

6.

{
sin(y + 0.5)− x = 1;
y + cos(x− 2) = 0 .

8.

{
cos(y + 0.5) + x = 0.8;
sinx− 2y = 1.6 .

10.

{
sin(y − 1) + x = 1.3;
y − sin(x+ 1) = 0.8 .

12.

{
2x− cos(y + 1)− y = 0;
y + sinx = −0.4 .

14.

{
cos(y + 0.5)− x = 2;
sinx− 2y = 1 .

16.

{
sin(y + 2)− x = 1.5;
y + cos(x− 2) = 0.5 .

18.

{
sin(x+ 1)− y = 1;
2x+ cos y = 2 .

20.

{
cos(x− 1) + y = 0.8;
x− cos y = 2 .

22.

{
sinx+ 2y = 1.6;
x+ cos(y − 1) = 1 .

24.

{
cosx+ y = 1.2;
2x− sin(y − 0.5) = 2 .
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