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17

18

19

20

21

22

23

24
25

26

27

28

29

30

•Jx-cosO,387x = 0

l8x-1/(2X + 6) =°
tg(0,5x + 0,2) = x

3x - cosx -1=0
x + lgx = 0,5

],8x2-sinIOx = 0

ctg l,05x-x3 = 0

xlgx-1,2 =0

2x -x lgx-7 = 0

x+ cosx = 1

x + lg(l+x) = l,5

2sin(x-0,6) = 1,5

lg(l+2x)=2-x

lg(x)/(x + 1)2 = 0

Vx+i = yx

3x + cosx +1=0

2-x lg(x)=0

(x~l)2= e* 12

(2-x)ex = 0,5

2,2x - 2* = 0

5x - 8log(x) = 8
x-e* = 0

x = (x + If

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

0*'f*;= /(x + 2) •

ex = 2-x>

2ex = x2-2

2x2-ex'2 =0

2 arctgx-3x + 2 = 0

sin (x- 0,5) -x + 0,8 = 0

(x-3)3lg(x-2)--2

x + 3 + cos x -x2 = 0

(x-l)'lg(x+ll) = l

e2* cos(2x) +x = 0

x2 cos2x = - 1

(2-x) 2*-!

(x-2)2-l= 2X

ex +x +1 =0

0,5X- 3 = (x + 2)2

(x-2)2lg(x + 5) = l

(x -4)2 log(x - 3) = 1

2x2-2x = 20

x Iog3(x + ]) = 1

0,5x-3 + (x+ 7/ = 0

2 arcctgx-x + 3 = 0

5x-6x-3=0

2 cos (x)+ x2 = 3x-2

2. METOfl HAMMEHbWMX KBAflPATOB (MHK)
1. BbiSpaib B3PM3HT SSASHMH MS raSnMLibi 8.
2. nposecTM nccjieAOB3HMe 33A3HMH.
3. BbinonHMTb riMHeMHyio M KBaflpaTMHHyio annpoKCMiwaunio, p^<n Hero:

cocTaBMTb cMCTeiviy HOpiwanbHbix ypasHeHMM M peuiMTb ee,
onpeAenMTb napawieTpw annpoKCMwaqMM,
BbHMCnMTb 3H3M6HMH SnnpOKCMMMpytOLMMX CpyHKMMM B ySTIOBblX TOHK3X,

oqeHMTb norpeiuHOCTb.
4 flOCTpOMTb rpSCpMK 33A3HHOM CpyHKMMM (MHOWeCTBO TOM6K) M M30 -

6pa3MTb Ha rpacpMKe nonynenHbie MHK
5. OueHMTb KaMecTBO annpOKCMwa
6. flposepMTb nonyneHMbie peaynbTaTbi c nowionbio

7. OdJOpMMTb OTH6T.

OTMGTa

1 . TeKCT
2. CMCT6Mbl HOpManbHblX ypaBH6HMM M MX peUJ€HMfl.

3. PesynbTaTbi annpoxcMwaqMM cp\(x) M <p2(x)-
4.Ta6nML|bl 3HaM6HMM CpyHKLJMM <p}(xt) M (p2 (x, ), i=Q,n

S.rpacpMHecKne MnnroopaLiMM MCXOAHOM saBMCMMOCTM, dpynKMMM q> , ( x ) M <p2 (x).
B.PesynwaTbi annpoKCMMaqnn, nonyMeHHbie c nowombio MareMarvmecxorD naKeta.
7.OM6HKM KanecTea annpOKCMMatjMM.

3afl3HMfl

<DyHKMMfl y(x) saflana Ta6nMMHO.
Ta6/iMMa 5

X ,

y,
2

8

3

3

4

1

6

2

7

5

1. PlocTpoMTb annpOKCMMMpytou4Me<p\(x) M j 2(x),
K3M6CTBO annpOKCHM3UMM.

2. Hso6pa3MTb rpacpMHecKM McxoflHyio M annpOKCMMMpyrouLiMe

ECHM Ha5op 3KcnepMMeHTanbHbix flannbix nonyMen co SHaHMrenbHOM no-
rpeLUHOCTfaio MHM MMOIO ysnosbix TOH6K sennKO, TO annpOKCMMMpyio-
myio cpyHKUMK) <P(»MO>KHO nocrpoMTb c noMombio Merofla HaMweHbtunx
KBaflparoB. Hanoonee pacnpocrp3H6H cnoco5 swoops cpyHKUMM <p(x) B BM/ie

Hbie SasMCHbie cpyHKMMM, m<n, c~r=(c0,c,,KCm)- seicrop
cpMUMeHTOB, onpeflenaeMbix MS ycnoBMn MMHMMMSSUMM

S = I.e2 = I [<p(x,)- f(x,)]2 -> min, «+ 1- HMC/10 ySJIOBblX TOM6K.



g

L
M

"

•xiqHHBt!' xiqHhMugB

M
|M

 
-'

M
"

T
3 01 '? CD CD

:

- s HaabisaeTcn

•a >< X

YcnoB
oTHOc

e X s •< ix
i

C
S

Ecn

to
 i

li

-O O
l

Q
! 

3

pusoA
E

O o
 

IH
S

 
<°

2
 S

CD
 

">

1
|

X 
C

D

0)
 

X
=1

 ~
-

I O
l

Q) U E x

CD
 

2.
±1

 C
D

Cu

20
O

0)

V
; 1

_̂
i< O _
^

CD O
l

O W 5J p o O
l

o io ro w <b S

V
1 ^̂ CO JX _
^

-
A CO rb CO 5! , b CD to 1
0 C
O

O
l

-s t-
J >^ '"
^ -^ bo o O
l

CO CO -o s o bo CD O
l

_^ ^̂J ~J pi }£

~̂^
~^

J
t

^
-/ *>
.

bo O
) *. *. _
x

00 CO CO 51 w B ro 10 b> C
Jl

V
:

0
0 CO —
 &

N
>

0
1

_x ro CO ji. o> -j

1 (0 fil X <D X C c< 3 •g o s c 1 5 5 £ = X I c< a 1 o
—

1 
*

m 
s

a\

i BHUU
XBHHOUI

M K (O s s O
)

en 0
0

-U o en o 0
0

CO N
J

(̂
1 -J O
l

00 O
l

*. C
D s 0
0 K o to Jx O
l

4
^ o> to io cU M a> io (O o> -J to

U
) fv ~
^

0
> o> 2 M & a>

to CO 0
0

(0 (0 to -*J CO to ^1

—
 •

to 0
0

O
l

A CX
I

O
)

u N
J

~
-

^H V J* V !-
!

^
' 

K
J

*"-
• 

U
J

X -
 
^

H
~~

 
N

J

V
:

Q
) cn S CO rn

5
 o

2:
 
o

CD
 

Q
CD

 
Q)

H
 

CD
0
) 

S o 1 cr o 1
3 1 cr i X ••< -o Q
)

CD CD S o X I cr CD 0) x



0 0 ro .f
c. -«i co M 01 Vj tn ~* o M 4̂ O
)

CD "•
* M Ol -J Ol

CO O M 4* 0> 00 en co M co -J (D _^ A Ol 00 0 O
) to KJ u -J

00 *. 01 cn -J (D 00 4» -k o «. 00 o> -si 00 00 o 00 A -I 0 *.

1̂ hO CO 4» Cn -J 0 to Jv IO " 4i 01 O
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L2(x) =y\0-x]}(xQ-x2) (x,-

.Jx^y,

(x\-x0}(x\-x2)

Ta6nnua13

B
A
P
H
A
H
T
bl

1-12

B
A
P
H
A
H
T
bl

13-24

\0

0.1
0.2

0.3
0.4

0.5
0.6
0.7

0.8
0.9

0.0

0.1
0.2

0.3
0.4

0.5
0.6

0.7
0.8
0.9

fix)

0.946083
1.028685
1.108047
1.183958
1.256227
1.324684
1.389181
1.389181
1.449592
1.557775

0.962852
1.044824
1.198709
1.270228
1.337904
1.401593
1.461175
1.516552
1.516552
1.567650

Neap.

1

2

3
4

5

6
7

8

9
10

11

12

13
14

15

16

17
18
19

20
21

22
23
24

x = a

0.175
0.090
0.157

0.053
0.109
0.094
0.132

0.058
0.063
0.182

0.173
0.129

0.052
0.147

0.148
0.07
0.124

0.009
0.087
0.051
0.083
0.174

0.172

0.16

x = b
0.715

0.826

0.826

0.866
0.71

0.755
0.755
0.731

0.907
0.717

0.759
0.766

0.882
0.721

0.822
0.901
0.769
0.944
0.778
0.709
0.887
0.902
0.819

0.851
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B
A
P

A
H
T
bl

25-36

B
A

A
H
T
bl

37 -48

A

P

H
A
H
T
T , \l

49-60

0.0
0.1

0.2

0.3
0.4

0.5

0.6
0.7

0.8
0.9

0.0

0.1
0.2

0.3
0.4

0.5

0.6
0.7

0.8
0.9

0.0

0.1

0.2
0.3
0.4

0.5
0.6
0.7

0.8
0.9

0.979498
1.060831
1.138837
1.213312
1.284076
1.350965
1.413842
1.472590
1.527116
1.577351

0.996021

1.060831

1.154020
1.227768
1.297768
1.363865
1.425925
1.472590

1.537508
1.586879

1.623250
1.664792
1.701997
1.734832
1.763404
1 .787764
1.808002
1.824230
1.845201
1.845201

25
26
27

28

29
30

31
32

33
34

35

36

37

38

39

40
41

42

43
44

45
46

47

48

49

50

51
52

53
54

55

56

57

58
59
60

0.047
0.104
0.095
0.133

0.069
0.076
0.086
0.045
0.182

0.155

0.118

0.041

0.143

0.042
0.165

0.126

0.096
0.064
0.071

0.105

0.159

0.161

0.104

0.175

0.168

0.177

0.08
0.063
0.159

0.172

0.151
0.168
0.11
0.164
0.041
0.153

0.805
0.865
0.861
0.879

0.793
0.702

0.711

0.721
0.729
0.892
0.884

0.839

0.915

0.825
0.705
0.748
0.891

0.843
0.742
0.711

0.819

0.9

0.852
0.779

0.823
0.912

0.91
0.763
0.801

0.815

0.815
0.832
0.731

0.707
0.738
0.862

17



4.AJirOPHTWbI MHCJlEHHOrO MHTErPMPOBAHMfl

1 .CoCTaenTb nporpawwy HHTerpupoeaHna n BbmncnuTb yKaaaHHbiMn
b

uHterpan 1 = I f(*)dx cTOMHOCTbK) £ = 0,1*10'"', i = 1,2,3, 4.
a

= f(x) w 3Ha<HeHnq napawerpOB a, 6j,

B Ta6nnqe 18.

t = 1 - M6TOA
t=2- iweTO
t = 3 - MeroA CmwncoHa.
2.Pe3yribTaTbi BbMHcneHMfi aanncaib BTaSnuMy 14.
S.nocrpoHTb rpacpMK saBMCMMOCTM BennnnHbi uiara h or aaAaHHOM TOM-
HOCTM.

MHterpan c inaroM h0 n /?0/2 ( /ft0 n /no^z ).

eTOAOMABOMHoronpocHeTac ujarawn
6.PpOBepMTb peay/ibTar c nowoujbKj naKera MathCAD.

OTH6T.

1. HaasaHne pa6orbi. MHflMBuflyanbHoe
2. Cxewbi anropnTMOB weTOAOB
3. DporpaMMa pewem/ia

4.peaynbTaroB (14), /M),

5. TpacpMK h(E) B norapudpwuHecKOM MaciinraSe.
TaSnuua 14

ripMi

/

1
2

3

4

£

0,1

0,01

0,001

0,0001

n

viep BbinanHeHMfl aajaaHMn
3aaaHue

hI

1.Tpe6yeTCfl
3
flnxdx CTOMHOCTbK) £ = 0,1-10 ', / = 1,2,3,4

: cpeAHHx nppwoyronbHMKOB, Tpanequw, CuwncoHa.

2.BbNncnnTb norpeujHOCTb MHTerpupOBaHwa MeroAawn ABOMHOPO npo-
n aHanMTMHecKMM. HananbHuî mar h = 1.

CTpOMTb rpadpMK aaBMCMMOCTM /I ( E ).

MccnefloeaHMe

npaBfmo Pynre npuweHHiOT Ann BbNuc^eHna norpeiuHocTu nyrew
ABOiiHoro npocseia MHrerpana c uiarawn h/2 n /?. riorpeuiHocTb

* R =*'2
2"-

. nonarawT, MTO MHierpanc TOMHOCTbio £ , ecnn R<E.

I = Ift/i +R , I - yroMHSHHoe 3HaMemie MHterpana, p - nopaAOK

TaKMM o6pa30M, MBTOA ABOMHOPO npocMera, npuweHeNHbiti Heo6xoAMMoe MHC-
no pas, nosBoiweT Bbwucnurb HHierpan c aaAaHHOM creneHbio TOMHOCTM.
• flnn BbNucneHMH MHrerpana wieTOAOM CPBAHMX npawoyronbHUKOB

* "-' h b-a
ncnonb3ytOTCpopMyny:f/(x)tic = /j' *Lf(a + kh\ = a + ~, n = .

a t=0 2 h

florpeujHOCTb MHierpupoBaHun MCTOAOM cpeAHHx npflwoyronbHUKOB -
i BToporo nopaAKa - woxet 6biTb BbmncneHa no dpopwyne

f"(x") - HanBonbuuee SHaneHne BTOPOM

> = f(x) npn xe[a;b].
3

HHTerpana jlnxcfx, BbwucneHHbie no cpopMyne cpeA-

HHX npaMoyronbHUKOB^npuseAeHbi BTaSunue 15.
TaSnuua 15

£
0.1
001
0.001
0.0001

n

8
f" 16

32
64

h
0,25
0,125
0,0625
0,03125

/
1 ,29756
1 ,29627
1,29594
1,29586

h/2

OueHKa norpeiUHOCTn A^fl weroAa cpeAHHx npflwoyronbHUKOB:
ABOMHOro npOCHeia: /„= l(lnl,5+ In2,5)= 1,321756.

0,5(ln 1,25 + In 1,75 + In 2,25 + In 2,75) = 1,302645 iJLLJ= 0,00637.

. .
no cpopwyne \R\

(x)| np«x6[l;3],

|/?|<0,0833.

1
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rpacpuK saeucuuocmu u/aea uHmeapupoeanua om mowocmu npu
ucnojib3oeaHuu Memoda

T O.25

+

-4 -3-2-1

PMC. 2

Oopwiy/ia Tpaneu.MM uweeT i

+ 0,125

0,0625

0,03125
lg£

florpeuJHOCTb dpopwynbi TpanequCi (norpeujHOCTb yceneHun)

*l = ̂
= max

MHTerpajia.BbNMcneHHbie no cpopwyne jpaneiiMM^B Ta6nnue 16.
Ta6nnua 16

E
0.1
0.01
0.001
0.0001

n
4
16
32
128

h
0,5
0,125
0,0625
0,015625

/
1,28211
1,29497
1,29562
1,29582

norpeuJHOCTM MHTerpuposaHun no dpopwyne TpaneqwM
flBOMHoro npocMera: lh = 0,5(ln 1 + 2 In 2 + In 3) = 1,24245

lh/2 =0,25(lnl + 2(ln1,\Ih-/3 = 0,013218.

• flpn MHTerpuposaHMM no weTOAy Cuwncona micno OTpeaKOB, na
KOTopwe paaSneaeTCfl MHTepsan MHTerpupoaaHMS, AOJDKHO 6biTb HBT-

^^-. Oopwiyna CuwncoHa: HbIM, T.e. n= 2w,

0 +y2my2m..t) + 2(y2

norpeujHocTb dpopwyjibi CuwncoHa - MeroAa HerBepioro

l*l=~

MHrerpana, BbinncnenHbie no dpopNiyne CnMncoHa;BTa5nm4e.17
Ta6nnua 1 7

E
0.1
0.01
0.001
0.0001

n

2
16
128
1024

h
1
0,125
0,015625
0,001953

/

1,2904
1,24833
1,29009
1,29512

norpeuJHOCTb nHierpupOBaHna no cpopwyne CuMncona

ABOMHoro npocMeia lh = - (In 1 + 4 In 2 + In 3) = 1,29040,

n =- (In l + 4(ln 1,5 + In 2,5) + 2 In 2 + In 3) = 1,29532,
6

= 0,000328.
15

oueHKa norpeiuHocTM MHTerpuposaHMfl no cpop-
wyne CnwincoHa (npw h=1, T.e. n=2):

(b-a)5
•:R\ 0,0667 .

180(n)4

, HTO aHajiMTMMecKMe OMeHKM norpeuJHOCTefi rpy6ee, new
, nonyHeHHbie M6TOAOM ABoiiHoro npocseia.

TaSnuua 18

Jfo

1
2
3
4
5
6
7
8
9
10
11
12

a
2
0
3
2
1
0,2
-0,5
1
1,2
3,5
0
1

b
3
2
4
4
3
1,2
0,5
2
3,2
5
1
2

t
1
2
3
1
2
3
2
1
3
1
2
1

P

1
1
3
1
2
3
3
2
2
1
3

ho
0,25
0,5
0,25
0,5
0,5
0,25
0,25
0,25
0,5
0,5
0,25
0,25

FloAbiHTerpanbHan dpyHKynn y= f(x)

x- cos(x/3)
x + ln(4x) - 1
ex - 4e-x- 1
xex-2
4(x2+l)ln(x)-l
2 - x - sin(x/4)
x2 + ln(x) - 2
cos(x)-(x+2)'/5+ 1
4(l+x1/2)ln(x)-l
51n(x) - x"2

ex + x3-2
3sin(xI/2) + x-3



r
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39

40
41
42
43
44
45
46
47
48
49

-1
-2,5
-4
1
1
1
-1
-1,5
0
1
1,5
-1
1
1
0,4
-1,4
3
1
1,2
3,5
0
1
-1
0,2
-0,5
1

1,2

3,5
0
1
-1
-2,5
-4
1
1
1
-1

1
-1,5
-2
2
2
3
1
0,5
2
3
2,5
2
2
4
1,4
-0,4
4
3
3,2
5
1
2
1

1,2
0,5
2

3,2

5
1
2
1
-1,5
-2
2

2
3
1

1
1
3
2
2 '
3
1
2
1
3
1
2
3
2
1
2
3
1
3
1
2
1
1
3
2
1

3

1
2
1
1
1
3
2
2
3
1

2
3
1
3
1
1
2
3
3
2
2
3
1
3
3
1
2
3
2
2
1
3
2
2
3
3

2

2
1
3
2
3
1
3
1
1
2

0,5
0,25
0,5
0,25
0,25
0,5
0,5
0,5
0,5
0,5
0,25
0,75
0,25
0,75
0,25
0,25
0,25
0,5
0,5
0,5
0,25
0,25
0,5
0,25
0,25
0,25

0,5

0,5
0,25
0,25
0,5
0,25
0,5
0,25
0,25
0,5
0,5

poflOjmeHKe TadJi. 16
0,1 xT-xln(x)
cos(l +0,2x2)-x
3 x - 4 ln(x) - 5
sin(l -0,2x2)-x
ex-e-x-2
x - sin(l/x)
e" + ln(x) -x
1 -x + sin(x)-ln(l+x)
(l-x)J/i-cos(l-x)
sin(x2) + cos(x2)-10x
x2-ln(l+x)-3
cos(x/2) In(x-l)
cos(x/5)(l+x)'/2-x
3x-e-x

4(l+x'/2)ln(x)-10
sin(x) - cos(x) + 4 x - 4
x-l/(3+sin(3,6x))
0,25xJ + cos(x/4)

8e"xsin(-2x)
e~x sin(2x)
x3/2-2xsin(x)

e"x cos(-2x)
cos(2x) + 2 sin(x)

8 sin(2x) - x
5 cos(-2x) e"x

xsin(x+l)- cos(x-S)

8(x-l)ex2/2

sin(2x) - 2 sin(x)
sin(ex) - e'x + 1
5x sin(x+l) + 2cos(x)
5e-x+4x + x"/3
-2sin(4x) In ( - x) + 5
sin(x-l ) - x cos(x+3)
4 sin(x) - x"2

5sin3(x) + cos3(x)
cos(2x+l)ln(2/x) + 3
3cos(x2) / ln(x+5)

OKOHuamie Tafiji. IB
50
51
52
53
54
55
56
57
58
59
60

-1,5
0
1
1,5
-1
1
I
0,4
-1,4
3
1

0,5
2
3
2,5
2
2
4
1,4
-0,4
4
3

2
1
3
1
2
3
2
1
2
3
1

3
3
2
2
3
1
3
3
1
2
3

0,5
0,5
0,5
0,25
0,75
0,25
0,75
0,25
0,25
0,25
0,5

sinCx2) + I/ (2-x)
x sin(x) + cos(x) + 5
-cos(x) - cos(2x) - x + 5
l+sin(4xVln(x)
(l+xT2 + e-x

sin(x+l)e2/x

2(l+x)e'x -2cos(x)
- 8 sin( - x3) e"
- 10 sin(x3)cos( - x)
x2cos(x+3)-4
- cos(x-5) e2x/3

- HOMep weroAa Ann BbiMncneHun nHrerpana (n.1
p - Howep M6TOA3 A™ BbwucneHWB MHTerpana (n.4 n n. 5 saAamifi).

Howepa o6o3HaMaioT: t =1 - MeTOA CPSAHMX npHwoyronbHUKOB,
t=2 - MOTOA ipaneuuM,
t=3 - M6TOA CuMHCOHa.

S.OEblKHOBEHHblE flUcDOEPEHUHA^bHblE YPABHEHU^

3aaaHne

IHaCiTM aHanMTMHecKoe peiueHne y = y(x) ypaBHeHwq y' = f(x,y)

(m Ta6nnubi 21), no/iaraa era TOMHWM. BbiHwcnuTb aHaneHMfl pe -
menu* y(x) HaorpeaKe [x0;b] c ujarow h0/2.
2.Haii™ HucneHHoe pemeHne wieroflOM 3^nepa aaAaHHoro ypasHeHMfl B

oipesKa [a;b] ciuaroM ho/2. (y3(x)).

X, =X0 +'—.

ypas-
peoie-

norpewHOCTb E= y(x,)-y3(x,)

i=0,l,K,/i, n = 2 —, /!<, =0.4.

4.CocTaBMTb nporpawwy MHTerpnpoBaHHfl
H6HMM M6TOAOM PyHre-KyTia 4-ro

Hue ypk (x,) c liiarow /?o/2.

S.BbiHMC/iMTb norpeoiHOCTb A= y(xi)-ypk(xi)

e.PesynbTarbi aanncatb B TaSnuqy 19
, rpacpMHecKyto

. OTM6T.

«= 0, 1, K, n.

y(x) , y3(x), ypk(x).

22
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1 .
2.
3.
4.
5.
6.

HaasaHne paSoTbi.TeKcr
PeixieHMe ypasHeHMH aHannTMHecKMM
Cxewa anropniwa peweHMH AMCpcpepeHMMa/ibHoro
nporpawwa peiueHun aaAann weroAOM PyHre-Kyrra
Ta6nni4a peaynbtaTOB.
fpadpiwecKMe i/mniocTpai4MM

Ta6nnua19

X

xn

xn

X*)

y(xo)

y(xn)

/w

/(*fl)

/W

E

En

/'(*)

/"•fe)

/Kfc)

A,

A,

BbinonHCHMn aaaaHMH
^.

y' = y, x0=0, y0 = 1, h = 0.1, H3 OTpe3K6 [0; 1 ]

Pynre-Kyrra 1-ro nopnAKa (MeroAOM Sfinepa). (yD(x)).

PyHre-Kyrra 4-ro nop^AKa (ypk(x)).

2. BbNMCJiMTb norpetUHOCTM E= y(xi)-y3(xi) , A= y(xi)~ypk(x,)

3. Peay/ibTarbi aanncaib B Ta6nni4y.nocTponTb rpacpMKM
MccnefloeaHHe

cnoco6 peujennfl AaHHoro ypaBHeHMfl - MBTOA
nepeweHHbix.

dv
3anmueM ypasHenne B BMAS — = dx n nponHTerpupyeiwi c

y
M. no/iynaew \n(y)= x+ c, y= e"+c . Ma naHa/ibHbix yc-

JIOBMM cjieAyet c=0.

AnanMTMHecKoe peiiienne AndpcpepeHMnanbHoro ypasHeHna y(x) = e* .

PacneTHan dpopwiyna weroAa SCinepa yx+l =yx+h- f(xx , yx )

Pac46THafl cpopwyna weroAa PyHre-Kyrra 4-ro nop^AKa woxer
BMA, HanpwMep:

-
o

24

jt, =h-f(xx+hl2,yx+k0/2),
k2 =h-f(xx+h/2,y1>+kl/2),
k3 =h-f(xx+h,yx+k2).

Ta6nuu,a peuienuu ypaenenua

Ta6nnua 20

JC

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

X*)

1

1,1051711

1,2214026

1,3498585

1,4918243

1,6487202

1,8221179

2,0137515

2,2255394

2,4596014

2,7182798

/(*)

1,1000

1,210000

1,331000

1,4641001

1,6105101

1,7715611

1,9487172

2,1435795

2,3579478

2,5937426

E

0,005171

0,011403

0,018858

0,027724

0,038211

0,050557

0,065034

0,081960

0,101654

0,124537

y"k(x)

1,105171

1,221403

1,349859

1,491825

1,648721

1,822119

2,013753

2,225541

2,459603

2,718282

A

0,0000001

0,0000004

0,0000005

0,0000007

0,0000008

0,000001 1

0,0000015

0,0000016

0,0000016

0,0000022

B A3HHOM cnysae peujenne y(x) cosnaAaeT c ypk (x).
norpeiuHocru pemeHiw MeTOAawn PyHre-Kyrra npoaoAHT

o6pa30M (MBTOA ABOMHOPO npocMera, npasuno PyHre).
nycrb E - TpeSyewaH TOHHOCTb, p - nopaAOK

yh - petueHMe, nonyHenHoe c ujaroM h,

yhn - peiueHne, nonyneHHoe c liiarowh

EcnM< E , TO MO>KHO npOAon>KMTb petueHMe c Luarow — , nonaran

MHane - yMeHbiuarb ujar MHTerpnpoBaHnq
2P -1



TaS/iMua 21
N*

1
2

3

4
5
6
7
8

9
10
11
12

13

14

15

16

17

18

19

20

21

22

23
24
25

26

27

28

29

30

/(*)

J25/« JC

cosfx) jy

2*V7

f*-///
y COsfa)

0.5/
/x

fiy
yV
ey

y (x-i)
3y2*2

(X + 1)(?

y cos(x

2yVT

V^7
x2^
//*
y/x2

(1-x2) /cos(y)

(1+y) sin(x)

yeh

x cos2(y)

cos(y)/(l+x)
0.5(x+2)y2

x COS(H)

x2sin(y)

y'e*

y2^
e-y.-*

x
0

0
0

0

0
0
1
0
3

1
1
0
0

0
0
0

0

0

1
1
1
0
0

0

0

1
1
0

0

0

yo
i
i
i
i
-i
i
-2
3

-1
0
1
-4

1
1

1

0

1

1
1

1
2
1

1

1
2

a/2
1

1

1

b

1
1
1

1
1
2
1
4

1
2
1
1

1
1
1

1

1

2
2

2
1
1

1

1
2

2
1

1

1

Jfe

31
32
33

34
35
36
37
38

39
40
41
42

43

44

45

46

47

48

49

50

51

52

53
54
55

56

57

58

59

60

/(*)

3 (sin x) y
(cos x) /y

xjy + l
(x-»y/2
1.5y2cos(x)
y2/4
2y2xJ

L7jxy

/**"
yey^

y (x-l)/2

3(x+l)y2

2<?x

0.5 y cos(x)

y^fx/5

fi-y2 x
2y2/x

(4-x2) cos(y)

(2+y) sin(x)

y tg(x)
ye"
2jxy

x sin2(y)

3x'y
y'=0.5ex-y

^y
y '=sin(x) e'y

(x/^)y2

x2y*/4

Jx(y-l)

X0

0
0

0

0
1
1
0
3

0
1
0
0

0

0

0

0

0

0

0

0

0

0

1
0
1
1
1
0

0

1

yo

i
i
i

i
i
i
-2
3

-1
0
1
-1

-1

1

1

1

1

1

1

1

1

1

1
1
1

1

1

1

1

2

b

1
1

1

1
2
2
1
4

1
2
1
1

1

1

1

1

1

1

1

1

1

1

2
1
2

2

2
1

1

2
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6. AJirOPUTMbl PEUJEHHfl 3AflAMM

OflHOMEPHOM OnTUMH3AUHH

1 Bbi6paTb aapnaHT saAaHua 113 Ta6nnubi 26.

2.PeiilMTb
(ra6
nocrponTb

C TOMHOCTbK) E = 10~4 B COOTB6TCTBMM C 33Aa-

OAUMO:

>> = /(*);
Ha

33A3HHOM orpeaKe;
• Bbi6paib HananbHbiM oipesoK HeonpeAeneHHocru (orpesoK,

TOMKy MMHMMyMa);
cocraBHTb nporpaMMy peiueHMfl aaflann onruMMaaqnn yKaaaHHbiw MBTOAOM;

X, HT06bl nOKaJ1M30BaTb

TOMKy MMHMMyMa C TOHHOCTblOjE, = 10'2 , P3CM6T CpaBHMTb C pe3ynbTaTOM,

nonyMeHHUM no nporpaMMe. PeaynbTaTbi sanncaTb B Ta6nnqy 22.
3-PeiunTb saAaMy onTMMM3ai|MM (MBTOA onTMMwaaMMM yKasan):

OTpesKa, coAepxamero TOHKy MMHMMyMa, nocne Tpex

MUM,
BblMMCJlMTb TeOpeTMMeCKyiO TOMHOCTb OHTMMMSaMMM M CpaBHMTb C

nonyMeHHOM pacMetHoi/i, CAenaTb BbiBOAbi;
• Aaib rpadsuMecKyio MnniocTpaqnK) npoîecca onrv\Mv\3ai\vw.
4.PeuiMTb saAaMy onTHMHaaqnn c noMouubio MaTewaTMMecKoro naKera.

, peaynbTaTbi. OcpopMMTb OTMST.
TaSnMua 22

m

CoaepwaHne

, M6TOA
1.Ha3BaHnepa6oTbi.
2.T6KCT SaAaHM
3JpacpMK nccneAyeMoti cpyHKMnn na

4.Pe3ynbTaTbi BbinonHeHun nyntcroB
nporpawwa anropwTMa n aanonneHHafl TaSnuLja 22.

, 33AaHHafl TOMHOCTb).

[a;b].

, B TOM MMcne cxewa n

3anaHMe
1 .PeUJMTb 33A3My OnTMMM3ai4MH

TOMHOCTbK) £ = 10"4 M6TOAOM SOJIOTOrO

2.BblMMCnMTb MMCJ1O

f(x) = X COS(x) - Sin(» C

MT06bl
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sucno urepaunti N, HeoSxoflMMbix an*
TOHKM MMHHMyMa C TOHHOCTbK) E} = 10~4 M3 yCJIOBKfl, HTO A^MHa KOH6H-

Horo oTpeaKa neonpefleneHHOCTM ne npeBbituaeT aaflaHHofi TOHHOCTM.
0.618* <1(T4.

_,.
lgO.618

flpn N=20 flfinna KoneHHoro oTpeaica (TaSjinqa 24) pasna 0.00011.
ToHHOCTb AOCTumyra npn /V=21, T.e. pacneT npuwepno coenaAaeT c

OLISHKOM.

PeiueHne aaAann onTuwinaaumi MBTOAOM AMXOTOMMU B Ta6nni(e 25.
Ta6;inua 25

yv+i
i
2

3

4

a

2,5

2,99997

2,99997

3,12497

b

3,5

3,5

3,25001

3,25001

/(«)
-2,60133

-3,11109

-3,11109

-3,14116

/(*)
-2,92682

-2,92682

-3,12272

-3,13825

b-a

1

0,50003

0,25004

0,12504

ripn £, =d=:
1-5

KoneHHoro orpeaKa neon-

I0+(2A' -!

, =0.125026

M cpaenuM c pacneTOM Iw =

[a;6] (Ta6n.25) L3 =6-a = 0.

unnK>cmpau,un npotjecca onmuMusauuu

2d

Pnc.4

30

26
.Nb
i
2
3

4

5

6

7

8
9

10

11

12

13
14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

OyHKUHfl f(x)

x2 - 61n(l + x)
x/ + 4sin(x)
tg(0,36x + 0,4) + x2

x2+sin(x)-0,5
2x cos(x) + 2x2 + 1

x2-sin(x)-0,25
tg(0,4x +0,4) + x2

2cos(x) + Vx
lg(x) + 2sin(x)

tg(0,5x + 0,2) + x2

3x2 - cos(x) - 1

x2 + sin(x) - 0,5

I,8x2-sin(10x)

ctg(x) -0,5x -x2

xsin(x)+ l,2x2-2

2x2 cos(x) - 7

x2 + 2cos(x)-l
x2-2sin(l +x)- 1,5

2sin(x-0,6)-1.5 + x2

cos(l + 2x)-2 + x2

cos(x) + (x + 1 )2

x"2+2 + x2

3x2 + cos(x) + 1
2 + x2 - cos(x)

(x- l)2-2x
(2 - x)2 - 0,5x

2,2x + x"
2x2-2sin(x)-8

3x2 - 21gx

Igx + (x + I)2

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

OyHKUHH f(x)

x2 -sin(x + 2)
sin(0,5x) + 1 + x2

0,5+0,5x2 + sin(x-l)

sin(0,5 + x) + 2x2 + 0,5
sin(2 + x) + 2x2 -3

cos(l + 2x) -2 + x2

sin(x) + 3x2

cos(-x)+ l/(x +2)

x1'2 -sin(;cc)
2exp(x)-5x-2

2x2 - exp(x/2)

2tgx-3x+2

sin(x - 0.5) - x2 +0.8
2exp(-x) — 2+ x2

(x- l)lnx-l

x1/2-sin(7tx)
2exp(-2 x2 ) - 2 x2 +1
xzcosx+l

(x-l)2-2"+l
(x-l)2-2'x+l
exp(x)+ x2 +1

0.5" - (x2+2)
(x-2)zlg(x+5)

(x-4)2lg(x2+3)+l
2x2 -0.5" - 2

x ln(x+2) - 1

0.5X - 3+(x + I)2

2cos(x) + x2-3x+2

5x-6x-3
2 x2 - 6.5X - 3

t
1

2
1

2

1

2

1

2
1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

P
2

1
2

1

2

1

2
1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2
1

2
1

2

1

2

1
t - HOMep M6TOA3 flHfl BblHMCJieHHa MMHMMyMa C TOHHOCTbK) 10~*(n. 2

p - Howep MeTOfla pf\& BbiHucneHMfl Tpex MTepaquki (n. 3


