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§ 69. TOYHOCTbL BbIYUCIIEHUN
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MorpewHoOCTN N3MepeHnn

«Hedocmamku mamemamudyecko2o obpa3oeaHusi ¢
Haubosnbwel om4yemiueoCcmbio MPOSIBIISIOMCS 8
ype3MepPHOU MOYHOCMU HYUCIIEHHbIX Pac4yemosy.

Kapn ®pudpux laycc.

lMorpelwHoCcTb (OWKMbKa) — OTKNOHEHNE U3MEPEHHOIO UNK
BbIYMCIIEHHOIO 3HA4YEHUA OT UICTUHHOIO 3HAYEHUA.

i o] ueHa geneHus 0,1 cwm

= _ N3MEpPEHO dhakTn4eckm
| 8,2 CM 8,15 ... 8,25 cm
2 7,8 cm 7,75 ... 7,85 cwm

TonuwuHa gHa:
BbIYUCIEHO doakTnyeckm
0,4 cm 0,3...0,5cm

- 0,4+0,1cm
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

[MorpelwiHOCTN 3MepeHun

abconTHaga
norpelwHocTb Ax
MOXXHO N oUEeHUTb
04% 0,1 cm TOYHOCTb U3MEPEHNN?

OTHOCUTenbHanA NOrpewHoOCTb.

S — Ax N3MepeHHoe

x o 3Ha4YeHune
|
5x — 0, =0,25=25%
0.4
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

[MorpewHoOCT! BbIYUCTIEHNN

D=12+01cm

S =7
r - D?
S = =1,1309733552923255658465516179806...
2 2
s "L 4950 AL U U
4 4
0,2
S=1,1£0.2¢c 5. =—=-100% =~ 18%

>

M
Bce NPaKTN4eCKNE pacyeTbl BbINMOJTHAKOTCA HETOYHO.

[lorpelHOCTb pe3ynbTata BblYUCIEHU OnNpeaensieTcs
MOrpeLIHOCTbI0 UCXOAHbBIX AaHHbIX.
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

[MorpewHoOCT! BbIYUCTIEHNN

a c a=1000x£0,001; 5=0,002+0,001;

X=—-
b d c=1000£0,001; d =0,003+0,001.
5 =5 <2000 _ o010 15, =299 500, 5, = Q09 550,
%1000 0,002 0,003
= 1000 1000 _ . - HETOYHbIE Yncna
0,002 0,003 5 3HaMeHaTene
T (1)%?1 } é(())(())(zt - /20000 750000 — 166667
1000 1000 Ox = 7 ¥ 3927
) o ece 166667

xmin o _
0,003 0,002

MeToad BbIYMCNUTESNIbHO HEYCTOMYMB: Manble MOrpeLlHOCTH
B MCXOAHbIX JaHHbIX MOTYT NPUBECTU K OOMNbLLINM
MOrPEeLUHOCTAM B PELLUEHUMN.
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MCTOYHMKM norpeLuHocTeN

* HETOHYHOCTb MCXOAHbLIX OaHHbIX

* HETOYHOCTb 3anucu BelwecTBeHHbIX Yucen B ABOUYHOM
KoOge KOHEYHOW ONMUHbI

* MOrPELUHOCTN MPUBIMKEHHOTO BbIYUCIIEHNSI HEKOTOPbIX
cTaHOapTHbIX (hyHKUMN (Sin, cos, ...)

* HAKOMMeHne norpeLHocTen npn apudmMmeTnvecknx
O0EeUCTBUAX C HETOYHBbIMW AaHHbIMM

* MOrpPeLIHOCTb MeToaa
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§ 70. PewweHne ypaBHEeHUN
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeToAbl pewieHUs ypaBHEeHUN

To4Hble (aHanNUTU4YeckKkue) meToAabl:

ax+b=1, a0 = x:ﬂ

a
X=COSX 9 Kak peluatb?

‘pacdhnyecknn merton;:

1,2 0,8 |

2 - : 0,75 -

. +

./"’1'_4 0,6 1 0.7 4
0,65

0,6

0O
o

£ / 0,5 1 1,5 0,2
=R 0 : ;
05 06 07 08 09 1 0,7 0,72 0,74 076 0,78 0,8

29

O

9 MO>XHO N1 NONy4YnTb TOYHOE pelLleHne?

MO>XHO NOPY4nUTL TAaKOU NOUCK KOMMbIOTEPY!
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python 10

[MpnbnnxeHHble meToabl

CxaTtue oTpe3Ka:

1) BbIOpaTh Ha4YanbHbIV OTPE3OK [a,, b ] (0AHO pelleHne!)

2) YTOYHWUTb PELUEHME C MOMOLLLIO HEKOTOPOro
anroputma: = [a, b]

3) NOBTOPSATH LIAr 2, Noka aAnnHa otpeska [a, b] He cTaHeT
OocTaToyHO Mana

UTo nyywe BbIOpaTh B

2

| | | >

' a+b | b KauyecTBe peLueHns?
X =
2
* b —d
Kak oueHUTb owmnoky? |x—x < >
oonyctumas

3aBepuwenue pabotsl: b—a < 2¢) oLLMGKa
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python 11

MpnbnunxeHHble meToAabl

Mo ogHoOU TOUKE:

1) BbIOpaTb Ha4YanbHoe NpuUbnMXeHue x,

2) YTOYHUTb peLleHne C NOMOLLBLK HEKOTOPOro anropmuTma:
=X

3) NOBTOPATHL LUAr 2, NOKa ABa nocrefoBaTtesibHbIX
NpUoNMXeHna He OyayT OTNNYaTbCA 4OCTAaTOYHO Mario

A
Y 3aBepLueHne paboThbl:

KacaTenbHas ‘ X, — xi_l‘ <g

MeTod HbloToHa
(MeTon KacaTenbHbIX)
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python 12

MpnbnunxeHHble meToAabl

UTepaunoHHble meToabl (Nart. iteratio — noemopeHue) —
OCHOBaHbl Ha MHOrOKpPaTHOM BbIMOSTHEHNUN OMHAKOBbIX
LLaroB, KaXXabl U3 KOTOPLIX YTOYHAET peLLEHME.

xk+1 — f(xk)

cnegywollee npegbigyuiee
npubnmxeHne  nNpubnmxeHue

@ =[al0T KaKkoe-TOo peLleHne, ecnm To4YHOe HEN3BECTHO
=MOryT JaBaTb MEHbLUME OLNOKN, YEM BbIYUCIIEHUS NO
TOYHbIM (popmMynam

@ -peweHrmre NpubnmkeHHoe: x|~ | 1,23345
=OTBET — YNCIO (3aBUCUMOCTb OT napameTpa?)
=B0sbLLION 0ObEM BbIYMNCITIEHNN
=He BCcerga npocTo OLUEHUTb NOrpeLlHOCTb
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python 13

MeTopn nepebopa

f(x):() xX=cosx = x—cosx=0

3adava. Hantu pelwieHue ypaBHeHUs1 cnpaBa OT TOYKM X =
C TOYHOCTbIO €.

556 Anroputm:
Y4 1) pa3buTb OoTpes3oK [a, b] Ha
Nonocbl LWMpUHOU O = 2¢
X 2) HanTu nomocy [a”, b'], B
a ‘I\ b x KOTOPOW HaxoauTcs x
I 3) pelieHme:
a b % %k
« a +b
X =

2

© K.KO. lNonskos, E.A. EpémuH, 2018-2019  http.//kpolyakov.spb.ru



PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

EcTb nu pewieHue Ha [x, x+6 |?

HET peLleHuns ecTb pelueHue! HET peLleHuns

e Y T

\/

X
0 x /x+5 X 0 ¥
/ X x+o

£40~\ ~ N
J () <0 9 B yéem otnunumne? J(x)>0
f(x+06)<0 J WA TU v f(x+06)>0

0 Ecnn HernpepekisHasa PyHKUUA f(x) UMEET pasHblie 3HaKK
Ha KOHLUax MHTepBana [a, b], TO B HEKOTOPOW TOYKE X~
BHYTPW [a, b] oHa paBHa 0, To ecTb f(x” ) = 0!
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

Metoa nepebopa (a =0)

anr [lepebop

Hau
Belu, eps, x, delta
eps:=0.001
x:=0 | x:=a

9 Koroa octaHoBUTCA?
delta:=2*eps '
HI, noka f (x) *f (x+delta) >0

X: =X +delta
3auuknmeaHue?
KII ,
BRIBOLm 'x = ', xXt+eps
KOH

anr Beuw f( Bewm x )
Hauy

BHA4Y := X — CcOS (x)
KOH
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python
Metoa nepebopa (a =0)
from math import cos
def £( x ):
return x - cos (x)
eps =0.001
x =0 # x = a
delta = 2*eps

9 Koroa octaHoBuUTCA?
while f (x)*f (x+delta) >0: '
X += delta

print('x = {:6.3f}'.format (x+eps))

9 3auuknmuBaHue?
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeTopn nepebopa

@ "MpocToTa
=MOXHO MOMy4YnTb peLleHmne ¢ NMoboun 3aaaHHOU
TOYHOCTbIO

Q = 60MbLLON 06BHEeM BblYUCTHEHUN

YcoBepLIeHCTBOBaHHbLIN nepebop:
1) oTpeneHue KopHeun — nepebop ¢ 6onbLLINM LLarom
2) yTOYHEeHne KopHeun — nepedbop c warom 2¢

y A

———
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python 18

MeTon oeneHuna oTpe3Ka nononam

A

Y — AnropuTm:
. / 1) BBIYMCIUTbL CEpednHy
R _ _a+b
N z h x oTpeska:  c=—
2) ecnu Ha oTpeske [a,c] ecTb
% peLleHne, NpUCcBOUTb
— b:=c, NHa4ye a:=c

9 Uro Hanomuaer? | 3) MOBTOPATL warn 1-2 fo Tex
: nop, Noka b—a > 2¢

9 N.2: KaK onpenennTb, eCTb N peLieHne?

(—1, x<0

signx=4 0, x=0
BapuaHT:

| L x>0
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeTon oeneHuna oTpe3Ka nononam

ANroputMmn4yeckumn A3bliK:

delta:=2*eps

HII noxa b - a >delta
c:=(a+b) /2
eciim f£f(a)*f(c) <=0 wo

b:=c sign(f(a)) <>sign(£f(c))
MHAaue '
a:=c
BCe
KI],
BeBO® 'x = ', (a+b)/2

9 Kak meHsieTca gnuHa otpeska?

e 3a ckosibko waros ymeHbwntca B 1000 pas?
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeTon oeneHuna oTpe3Ka nononam

Python:

delta = 2*eps
while b - a >delta:
c =(a+ b)) /2
if f£f(a)*f(c) <=0:
b =-c
else: a = ¢

print('x = {:6.3f}"'.format (a+b)/2))

9 Kak MmeHaeTca anvHa oTpeska?

9 3a ckonbko waroB ymeHbLlntcea B 1000 pas?
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 21

Nonert maAva
o

HEN3BECTEH

2 M 10M |4 Mm

X=Vy,-1-cosa,

2
: {
y =YV, -t-sm(x—g—
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

NMonert mava

3adaya. Hantn yron a (1 Bpems ¢) Npu KOTOpoM x = SNy = H:

2
: {
S=vy,-t-cosa, H:vo-t'smoc—g?

PeLueHwne:
- S H_%\-S-sina_ g-S’
Vo - COSQ Y -cosa  2v cos’ o
g s
fl)=8S-tga—————-H=0
2v, cos” a

[vnanasoH yrnos Ans noucka: [0"...90"] = {0%}

9 Kak yTouHUTL?
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

YTouyHeHMe AnanasoHa yrnoB

y A

H
[lnanasoH yrnoB Ong novcka: {arctg;..
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

Nonert maAva

[Mporpamma Ha anNnropuTMMYECKOM SAA3blKe:
pi:=3.1415926
u:=0
delta:=2*eps
HI, noka u < pi/2
ecian f (u) *f (u+delta) <=0 To
BHBOL 'Vron: ', (ut+eps)*180/pi
BRIBOL ' I'panycoe ' ,6 HC
BCe
u:=u+delta
KL,

o, ~356° o,~658
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 25

NMoneTt mAva
[Mporpamma Ha sa3blke Python:

u =0
delta = 2*eps
while u < math.pi/2:
if £ (u) *f (ut+tdelta) <=0:
alpha = (u+eps)*180/math.pi
print('VYron: {:4.1f}'.format (alpha),
' rpanycoB')
u += delta

o, = 35,6
o, = 65,8
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 26

Nonert maAva

Ucnonb3oBaHne TabriM4HOro npoweccopa:
— NMSA G4YEeNnKun

NI gnana3oHa IH = [l i IT
A e

1 |PaccTtoAHue 10

PaeHMu,a BbICOT

3 |CkopocTb 12

[uana3oH yrnos:

| e

Yron
0

H-Jcﬂm.t
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

Nonert maAva

A B C D E
1 |[Paccroanue 10
2 |Pa3Hnua BbiCcOT 2 _
3 _|Ckopoctb 12 Sj_$B$1 J
; , ,
5 Yron Yron(paa) Bpeua y f(alpha)
6 0 =RADIANS(AR) =5A/COS5(BB) =v*SIN(BB)*CE-931*C6"2/2  =Db-H
7 5
8 10 ]
Excel: PAOUAHDI

3

Ownarpamma XY:

Excel: ToueuHas

o, =35
o, ~ 65
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

Nonert maAva

c rpadguka!
- ' ry— I ] K L
1 Yron Yron(pap) Bpeusa y flalpha)
2 35
HavarnbHoe nNpudnmxeHmne ueneeas
A4YelnKa
CepBuc - Noabop napameTpa:
x|
HacTpoHKK No YMONYaHHHD
H y>KH o A4, ¢ dopmynon |$L$2 Z}z_] >
f((l) — O Llenesoe 3Ha4eHHe ID - sl
M3MEHASMARA A4, |$H$2 E Cnpaeka
o NM3IMEHAEM
9 Kak Hantn BTopoe HavyanbHOe pesynbsraTt
peLueHne? npubnmxeHue B H2!
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§ 71. QuckpeTmnsauus
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

BbiluucneHune ANMYHbI IMHUN

IlomaHasn: Vot
V3
)
Y1
0l x, x, X, X

L= \/(xz —X1)2 +(, _Y1)2 +\/(X3 _xz)z +(y, _y2)2
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

BbiluucrneHune ANMYHbI NTUHUN

KpuBas: I

I~
Vi L'=L

LI

Lar AnCcKpeTusaumm

0 BeinonHeHa auckpeTtmnsauus!

e Kak yBenmumtb TO4HOCTb? W,
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

OunckpeTtusauus

*Lleflb — NpeacTaBnTb 3agdadvy B BUAe, NpMrogHom ans
KOMMbIOTEPHbIX pac4yeToB

*eCTb noTtepsa nHdpopmauumn
*METOAbl MPUOSINKEHHbIE

*AJ14 YMeHbLUEHUA NOrpellHOCTU HY>KHO YMEeHbLUaTb Lar

AUCKpeTunsauumm
9 Uto yxyawmnrtca?

*MPpU MasioM ware Ha pes3ynbsrtaT MOryT CUNbHO BINUATL
NOrpeLHoOCTUN BbIYUCIIEHUN
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

BbluncneHne onvHbI KPUBOU

[Mporpamma Ha anropuTMUYEeCcKOM fA3bIKe:

X:=a
L:=0
HI rnnoxka x<Db
yl:=f (x)
y2:= f (x+h)
L:=L+ sqrt(h*h+ (yl-y2)*(yl-y2))
X:=x+h
KL
BreOn 'lInmuHa kpmBom ', L
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

BbluncneHne onvHbI KPUBOU

Nporpamma Ha Python:

X = a
L =20
while x<b:
yl = £(x)
y2 = f(x+h)
L += math.sqrt(h*h + (y2-yl) *(y2-y1l))
X += h

print( 'IOnuua xpuBom {:10.3f}'.format (L) )
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

Mnowaab durypobl

e

\ X
/><

~_

J>(%)

a b X

0 AHanuTnyeckmn pellaetcs He Bceraal
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 36

OdunckpeTunsauus
MeTop, NMPAMOYTIroJibHUKOB.

Si(¥)g_—

f>(x) z.

X x+h

S, =h-(f,(x) = f,(x))

9 Kak ynyqwntb?

S~§ +5,+85;,+3,
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeToq NnpAMOYronibHUKOB

AnNroputMu4eckmnim A3bIK:

S:=0,;, x:=a

HII noka x<Db
S:=S + fl (x+h/2) - £2 (x+h/2)
X:=x+h

KL B cepequnHe

S:=h*S oTpeska [x, x+h]

BrBOon 'Ilsiomwanes ', S
Python:

S, x =0, a
while x<b:
S +=f1 (x+h/2) - £2 (x+h/2)
X += h
S *=h
print( 'lnowane {:8.3f}'.format(S) )
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 38

MeTopn Tpaneuuun

"
£ T
\ fi(x)

4 S (x)
fr(x) : fo(x+h)
T
0l a . i b X X x+h
h

S, = 20— £+ fiGr = e+ )]
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeTopn Tpaneuuun

AHFOpVITMVI“IeCKVIﬁ A3bIK.

S:=0,;, x:=a

HII noka x<Db
S:=S+fl(x)-£f2(x)+ £1 (x+h) - £2 (x+h)
X:=x+h
KL
S:=h*S/2
BrBOon 'Ilsiomwanes ', S
Python:

S, x =0, a

while x<b:
S +=fl1l(x)-£f2(x)+ £f1 (x+h) - £2 (x+h)
X += h
S *=h/2
print( 'lnowane {:8.3f}'.format(S) )
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§ 72. OnTuMmusauunsa
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python 41

Y10 Takoe ontumusaumna?

OnTumMmmsayms — 310 NOUCK Hamnyywero (onmumasibHo20)
peLleHns 3agaym B 3agaHHbIX YCNoBUSAX.

1)|Llenb: BbIOpaTh HEU3BECTHLIN x, TAK YTOObI
f(x) > min || wm f(x) > max

uenesas yHKUMNA | f(x) — min
2)|OrpaHnyeHuns ‘

3agaya
ONTUMU3ALUM

9 [Touemy HenpaBUMbHO «CaMbll ONTUMaSTbHbIN» ?
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 42

YTOo Takoe MUHUMYM?

ACON

O

"y \/ v \ /

rmodanbHbIV

* OObIYHO HY>XXHO HaUTK rrobaribHbLIN MUHUMYM

* DOMBbLUMHCTBO YMNCNEHHbIX METOA40B HAaXO4AT TOMNbKO
roKanbHbI MUHUMYM

O

PesynbTat nokanbHOM oNTUMMU3aLUMn 3aBUCUT OT
Ha4yanbHOro NPUoGNMXeHus!
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 43

MeTtog anxortomum

o
N y=/(x)
(X))
J(x,)
0| a X, c X p X
R | e
NIFOPUTM: e

1) BblMUCNUTL CepeauHy oTpesKa: ¢ = —
2) HaWTU CUMMETPUYHbIE TOYKU X =C -1 X, =C + 7
3) ecnu f{x,) > f(x,), Aanee uwem Ha [x,, b]

MHaye ulliem Ha [a, x, ]
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python 44

MeTtog anxortomum
_a+ b

C =
2

= X, =C—F, X,=C+r

9 Kak BbibpaTb »?

b-a = r=k-(b—a), 0<k<0,5

2

YMeHblUeHMe nHTepBanas: cTano 6bIno

b;a+k-(b—a):(0,5+k)-(b—a)

0 BeirogHee BblOMpaTtb & OnM3Ko K Hyso!

9 [Toyemy Henb3da k = 07?
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeTtog anxortomum

AnNroputMu4eckmnim A3bIK:

k:=0.01

delta:= 2*eps

HII noka b - a >delta
r:= k*(b - a)
xl:=(a+b)/2 - r eKaKynyqu.lMTb?
x2:=(a+b)/2 + ¢

ecan £f(x1l) > £(x2) To

a:=xl1
nHaue b:=x2
BCe
KL,
BeBOO 'x = ', (atb)/2
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeTtog anxortomum

Python:

k = 0.01

delta = 2*eps

while b - a>delta:
r = k*(b-a)
xl = (a+b)/2-r
x2 = (a+b)/2+r
if f(xl) > f (x2) :

= x1

else: b = X2

print('x = {:10.3f}"
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9 Kak yny4qwmnTb?

.format ((a+b) /2)
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 47

MeTog 30n0TOro ceyeHus

3ornoTtoe cevyeHue — donbLIas YacTb OTHOCUTCH K MEHbLUEN
KaK uenoe K bonbLien 4yacTu.

a L b
OTHOLIEeHMEe 30M0TOr0 CeYEHUA: ¢:%:— = L=¢-a
a
a’=Lb=L(L-a)
W =da(ga—a)=u6 (9" -¢)
1=¢"—¢  §'—¢—1=0
- ¢1=1+2*Ez1,618..., ¢2:1_2*Ez 618...
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PeweHue ebiqucriumernbHbix 3adad, 10 knacc, Python 48

30n0TO0E cevyeHue

OTHOLUeHue 30J710TOro cevyeHus:

b= 161
b a

146 mm

AHTUYHBIN LIMPKYIb

f
N

11 | 4 3
18 ;
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PeweHue ebiqucriumernbHbix 3adad, 10 knacc, Python 49

30510TOE ceYyeHue: cnupanu

a b—

Pag ®dnooHavyuum:
1,1,2,3,5,8,13,21,34,55,.... F , F ,
F
npu 6onNbLIKUX 71 F” > =1,618...
n—1
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 50

MeTog 30n0TOro ceyeHus

| L
L L
! s
a | X, T X, b
° xlo x, = ®
I | | 2 b —d
¢—2 . )Cl = b — ¢
: b
YMeHblUeHne nHTepBana: X, =a+ —4a
b—a ¢
(b—a)—>

o Ha kaxxoom ware BblMMCNSAETCA oaHa To4vkal
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

OnTmanbHbLIN PacKpou nucTa

1m| Z

| X Tz

Uenb: V(x) > max V(x)=x-(1-2x)’ - max

9 Kakue orpaHnyeHmna?

Orpanuyenus: 0 < x <0,5

9 Kakon pesynesraT oxxugaete (Mo MHTynummn)?
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 52

OnTmanbHbLIN PacKpou nucTa
B TabnnyHoM npoueccope:

v
0 01 02 03 04 05 x
HayvalibHOE

npmnonmkenne =0,2

9 Kakaa dpopmyna B F27

\ E | F |
1 |x | Obbem
2 0,200 0,072

© K.KO. lNonskos, E.A. EpémuH, 2018-2019  http.//kpolyakov.spb.ru



PeweHue ebiqucriumernbHbix 3adad, 10 knacc, Python 53

OnTnmmnsauuna B TabnmyHoM npoueccope

3apgada onTMMuU3auummn. HanTu MakCMMym (UM MUHUMYM)
LleneBon oyHKUNN B AYEUKE ..., UBMEHASA 3HAaYEHNS A4eek
... MPY OrpaHNYEeHnsx ....

OpenOffice.org Calc:

moaynb Solver for Nonlinear Programming
(BxoguT B LibreOffice)

Excel:
HaacTtpouka lfNouck peweHusi
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

OnTnmmnsauuna B TabnmyHoM npoueccope

OpenOffice.org Calc:

x|
Llenesan A4erka I$F$2 @ I
ONTHMH3AUMA pesynbTa (* MakcumMyM
" MuHMMyM
" 3HaveHue ¢
MyTeM M3MEHEHWA AYEeK |$E$2 E
OrpaHr4nTENBHBIE YCNOBWA
CChINKa Ha AYerKy Onepaura 3HaYeHue
$E$2 [el] |>= x| o (o] =] =
$E§2 (g |<= x| Jos | =
g |<= R 3
el <= =l ] =
MapamMeTpbl. .. Cnpaeka I 3aKpeITE Pewnte I
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

OnTnmmnsauuna B TabnmyHoM npoueccope

Excel:

Mouck peweHus il X|
~ [
Y¥CTAHOBMTE LENEBYH AYEHKY ! $F$2 gﬂ BeINOAHKTE I
PABHOH: (% maKcuManbHoMy sHaueHMio  ( sHauemmro: |0
3aKpbITh

) MHHHMM3NBHOMY SHaYEHWHD

13MEHAA AYEHKH!
[$E$2 % MNpeanonoxuTe
~OrpaHn4eHua: MNapamMeTpbl
$E$2 <=10,5 | AoBasuTh
$E$2 ==10
M3MEHNTE
BOCCTaHOBMTE
,,,I YAanuTe
Cnpaeka
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§ 73. CtaTtucrnyeckue
pacyeThbl
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python 57

Y10 Takoe ctatuctuka®?

CTaTncTmMkKa — 3T0 Hayka, KoTopas usy4yaet MeTobl
06paboTKkM N aHanusa 0onbLINX MacCUBOB AAHHbIX.

Pan AaHHbIX: xl, )Cz, Xn

5 TONnbKO Yncnal
CBoucTBa psiga gaHHbIX:

cymMMma: [:sum (A1:A20) =CYMM (A1 :220) J
cpeaHee: |=AVERAGE (Al:A20) =CP3HAU (A1l:220)
MWUHUManbHOE: =MIN (Al:A20) =MMH (Al :A20)
MaKCcuMarnbHoe: =MAX (Al :A20) =MAKC (A1:20)
KONM4YeCTBO YMCEN: =COUNT (Al:A20) =CYET (Al1:20)
CKOJ1IbKO AY4eeK yaoBJ1eTBOPAET YCITOBUIO.
=COUNTIF (A1:A20;"=5") CUETECJIN

=COUNTIF (Al:A20;">3")
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

Oucnepcus

Ons atux psgos ognHakossl MUH, MAKC, CP3HAY

20 - 20
15 - % 15-. o o ’ &
@
10 {¢& ¢ o * ¢ o * o o 10 -
5 = & 5 - & % @ % e
0 0
1. 23 425 6 T 8 91011 1. 23 425 6 7 8 9 1011

© K.FO. lNonsikos, E.A. EpémuH, 2018-2019

9 B yem pasnnumne?

Oucnepcuna («pas3bpocy) xapakTtepusyeT pasdbpoc

AdHHbIX OTHOCUTEJIbHO CpeaAHEro 3Ha4eHn4.
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

Oucnepcus

(x, ~-X)’ + (x, —X)° +[ +(x, -X)’

D_=
n
_ X +x, 0 +x,
X = cpegHee apumMmeTnyeckoe
n
20 - (x,—X)*> kBagpat
15 - T OTKINOHEHUA X,
" v+ 111 OT CpeaHero

D_. cpegHuu KBagpart
0 v v r v i ' ’ ' ' ' 1 OTK”OHeHMﬂ OT
1. 23 4.5 6 7 8 91011 Cpe,El,HeFO 3HA4YEeHNNA
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

Oucnepcua n CKBO

n

—\ 2
> (x, — %)
= : B kKakux eanHuuax namepaeTca?
D =+

X

n

Y10 HeynoOOHO:
ecnu x usMepsieTcs B MeTpax, 1o D_— B M?

CKBO = cpegHeKkBagpaTudyeckoe OTKNIOHEeHUue

o, =D,

=STDEVP (Al :A20)
=CTAHIOTKJIOHII (Al :A20)
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

YcnoBHbIe BbIYUCeHusa

ecau B2 > 500 wo

C2:=0
MHaue

C2:=B2*0.2
BCe

© K.1O. lNonskos, E.A. EpémuH, 2018-2019

1 311(1: C mnB ,[locncmn 'D'OCTaBKa:

2 T oy, 51 py6. "O€CMNATHO Mpyn >500 pyb.
3 1345 128 pyb. 26 py6. *20% [Ons ocTanbHbIX

4 1456 1024 pyb. 0

5 1565 512 pyb. 0

6 1576 345 pyh. B9 pyb. yclioBume

IF (B2>500|;(0[;B2*0, 2)
=ECJI (B2>500/;[0B2*0, 2))

ecnu «aa» ecrnn «HEeT»
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 62

CnoXxHble ycnoBus

NOT (HE, otpnuaHune)
AND (M, nornyeckoe yMHOXeHME)
OR (UJ1U, normn4yeckoe crioxeHue)

=IF (| AND (A2<1500;B2>500) | ; 0;B2*0,2)

& B C D
1 | PaMunuAa | Fop poxaeHus | Poct II1pmmT |
2 |Anekcees 1995 176 =IF(AND(B2>1994; C2>175);"aa";"-")
3_|BukTopos 1995 167 =|F(AND(B3>1994; C3>175);"aa";"-")
+ |MeTpoB 1994 180 =|F(AND(B4>1994; C4>175);"aa";"-")
=IF (AND (B2>1994;C2>175); "ma"; "‘")J
i I B | C l D ]

1 | ¢amunua oA poxaeHnaA PocTt MpuHAT

2 |Anekcees 1995 176 aa

3 |Buktopos 1995 167 —

¢ [[eTposB 1994 180 =
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 63

CnoXxHble ycnoBus

A B C D
1 | PamMunuAa | MaremaTuka | Pu3nKa Il1pmmT |
2 |Anekcees 100 67  =IF(OR(B2=100; C2=100;B2+C2>180);"ga";"-")
3_|Buktopos 98 98  =IF(OR(B3=100; C3=100;B3+C3>180);"ga";"-")
+ [MeTpos 90 80  =IF(OR(B4=100; C4=100;B4+C4>180);"aa";"-")
=IF (OR(B2=100;C2=100;B2+C2>=180); "ma"; "-") J
A I B | C [ D |

1 | ¢amunua  MaremMatuka  PuU3MKa MpuHAar

2 |AnekceeB 100 67 aa

3 |Buktopos 98 98 Aa

¢+ [MeTpos. 90 80 —
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

BnoXxeHHble ycnoBus

B B C

1 |3akas Cymma HocraBka

2 1234 256 pyb. 26 pyb.
3 1345 128 pyb. 26 pyb.
4 1456 1024 pyb. 0
S 1565 512 pyb. 0
6 1576 345 pyb. 35 pyb.
[locTaBka:

*6ecnnatHo npu >500 pyo.
*10% nipn >200 pyo.

«20% Ana ocTanbHbIX

=IF (B2>500;0;

© K.1O. lNonskos, E.A. EpémuH, 2018-2019

ecau B2 > 500 wo
C2:=0

MHa4e
ecaim B2 > 200 wo
C2:=B2*0.1
MHa4de
C2:=B2*0.2
BCe
BCe

IF (B2>200;B2*0,1;B2%0,2)
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

CBAi3b ABYX pSAOB AAaHHbIX

[1Ba psaa oguHakoBOM ASIUHbLI:

Xy Xpy weey X, Vis Voo wees V.

Bonpochbl:
*©CTb 1M CBA3b MeXay 3TUMU psiiamMmn (COOTBETCTBYIOT
nun napsl (x;, ;) KaKON-HMBYAb 3aBUCMMOCTU y = f(X) )

* HACKONbKO CUSrbHa 3Ta CBSI3b?

| 120 - L] 120

100 - S 100 - PR
80 - % 80 4 ¢
¢
60 - ¢ 60 -
&

40 - " 40 - . * o

20 - £ 20 - °

04+ o ° 0 * *

0 2 4 6 8 10 0 2 4 6 8 10
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PeweHue ebiqucriumernbHbix 3adad, 10 knacc, Python 66

KoadhdumumeHT KOppensaumm

cpefHue psaos
1,
= (=X~ ¥)
(=

c, 0,

B kKaknx eanHuuax
namepseTcsa?

be3pasmepHbIn!

pxy:
Ecnnx vy —oaonH u

©

CKBO psinos TOT Xe psa?

-1<p,, =1

=CORREL (Al1:A20;B1:B20)
=KOPPEJI (A1 :A20;B1:B20)
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python 67

KoadhdumumeHT KOppensaumm

Kak noHuMaTb 3TO Yncno?
*ecnn p,, >0 : yBennyeHne X NpuBOAUT K yBENUYEHUIO V

*eciim p,, < 0 : yBenunyeHne X npuBoauT K YMEHbLLEHUI y
eecnn p,, =0 : cBA3b OBHAPYXNTb HE yaanoch
P> 0,5

p,, =1 NMHeNHas 3aBucUMoCTb y =kx+b, k>0
p,, =—1: IMHENHas 3aBUCUMOCTb y =kx+b, k <0

©
O

CunbHasda CBA3b:

Ecrim p,, =0, TO CBA3U HET?

MeTon ona onpeneneHna nMHEUHOU 3aBUCUMOCTU!
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§ 74. ObpaboTKa pe3ynbLTaToB
JKCNepuMeHTa
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

3aKoH lNyka

F=k-Al = &k

AN |
F
F .
Heckonbko onbitoB: £k, =——, (i=1,...n)
Al

9 UTo npunHATbL 3a £7?
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeTtoa HanMmeHbLKuX KBagpaTtoB (MHK)

Y y=k-x
y, b HEeN3BeCTHO!
yl Y y3 Yl = k . xi
2
f .
0l x, X, Xy X

OwunbKa onpeaensieTc BeNMYNHOWN:
Ek)=Y-y)’ +0-3) +0 +(,-»,) =D X -»)

i=1

MeToa HauMeHbLIUX KBagpaToB: E(k) — min

0 JT0 3agada ontumMmmsaumm!
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python T4l

MeTtoa HanMmeHbLKuX KBagpaTtoB (MHK)
(Y, _yi)z = (k- x, _yi)2 = kzxiz —2kx; y; + yi2
Ek)=A-k-B-k+C

n n

A:inz Bzzzn:xiyi C:Zyiz
i=1

=1 i=l1
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeTtoa HanMmeHbLKuX KBagpaTtoB (MHK)

AHFOpMTMM‘IeCKMVI A3bIK.
A:=0; B:=0
HII gnst 1 or 1 mo N
A:=A+x[1]*x[1]
B:=B+x[1]*y[1]

Beuw A, B, k
Bew, x[1:N], y[1..N]

K11, N
k:=B/A in'yi
k* _ _i=l
Python: N
A, B=0, 0 in
i=1

for 1 in range(N):
A += x[1]*x[1]
B += x[i]*y[i]
k =B/A
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

MeTtoa HanMmeHbLKuX KBagpaTtoB (MHK)

TabnnyHbIN npoueccop:

Ha4yalbHOEe
npuonmxeHune

A B , o
1 k 1,000
2 E =SUMXMY2(B5:B7,C5:C7)
3
4 X , oy Y
5 1 CYMMKBPA3H 1.1 =35B%1*A5
& 2 18 =3B%1"Ab
7 3 5 =3B%17A7

Mounck peweHusn: BbiopaTb Bl Tak, YTO B2-min
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 74

BoccTaHoOBneHue 3aBUCUMOCTEMN
[lBa psaga oguHakoBOM ASIUHbLI:

Xis Xos eeey X Vis Vos wees YV,

3a/al0T HEKOTOPYIO HEU3BECTHYIO pyHKLMIO V = f(X)
A

3auem:
¥y, y=f(x) *HaUTU y B NPOMEXYTOYHbIX
Y ToYKax (UHMepnonsayusi)

*HaUTU y BHe gManasoHa
n3mMepeHnmn
_ (3akcmpanonsyus,
X X, X rnpoz2Ho3upoeaHue)
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PeweHue ebiqucnumernsHbix 3adad, 10 knacc, Python 75

BoccTaHOBNeHue 3aBUCUMOCTEeM

A

X X, X

Uepes 3agaHHbIN HAbop TOYEK nNpoxoauT
6EeCKOHEYHO MHOIO pa3sHbIX KPpUBbIX!

O

BbiBoA: 3aga4a HEKOPPEeKTHa, NMNOCKOJIbKY peLleHne
HEEOMNHCTBEHHO.
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

BoccTaHOBNeHue 3aBUCUMOCTEeM

KoppekTHasa 3agayva: HauTu OyHKLUUIO 3adaHHOro Buaa,
, KOTOopas nydule BCero COOTBETCTBYET AaHHbIM.

NMpumepbl:
¥, y= f(x) ‘fINHENHass y=a-x+b

y '_T/ ’ *NOSIMHOMMArbHas
1 s~ . 3 2
. y=a,x +a,x +ax+a,

cTeneHHas y=a-x’
*3KCMOHEHLManbHas

_ bx
X X, X y=a-¢
eflorapmnmmyeckasd

[ padpmk PyHKUUN He y=a-lnx+b

obAa3arenibHO NPoOXoanT
Yyepes 3adaHHble ToYKN!

O
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PeweHue ebiqucriumerbHbix 3adady, 10 knacc, Python

YTOo 3HaUnT «ny4lle BCero cCOoTBeTCTBYeT»?

3Ha4YeHUn
R’ = Y, = f(x)
Z (v, — y)’ Y — cpedHee 3HaJeHve ),

(x,, ¥,) 3agaHHble napsl
Z(y, Y)’

KO3 PULMEHT

y eTepMnHaLmn
KpanHue cnyyvau: A -

*eCn rpaduK NpoxoauT yepes Toukn: R° =1
— 2
*€CIN cUMTaeMm, 41o y He meHsieTcan Y =) R° =0

R’ - max «korga Z(yl. ~Y))> - min
i=l1

0 dakTnyeckn — MeTo, HauMeHbLLIMX KBagpaToB!
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BoccTaHOBNeHue 3aBUCUMOCTEeM

TabnnyHbIN npoueccop:
1) Onarpamma XY (Excel: Toye4Has)
2) NKM — BctaBuTb NnHWMIO TpeHaa

NuHua Tpenga Ana paaoB AaHHbix «Crtonbey C» 5]

Tvn Inm-mq |

Tun perpeccuu

w

8

(* Nrernan: L )

TN PYHKLUNMK

" NorapudmMryeckan

(" 3KCNOHEHUManbHaA

nokasaTb ypaBHEHUE
I

" CTeneHHan

YpaeHeHe
I MokasaTte ypasHeHWe K03Cbe 7 L'. NMEeHT
| MNokaszaTe KO3HHUHEHT ATEpMHHELMK (R 2) DueTe p MWUHa L'. 217
OK OTMEHa Cnpaeka I BOCCTaHOBMTE I
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[MporHo3mpoBaHue
127
101
8 i
6 N
4 -
XOPOLLO COOTBETCTBYET
2 1 [0aHHbIM, HENpUrogHa
0 Ons nporHosa!
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KoHen dpunbma

NMNOJNIAKOB KoHcTaHTUH KOpbeBUuvY
O.T.H., ydutenb MHoOpMaTUKK
[[BOY COLLU Ne 163, r. CaHkT-lleTepObypr
Kpolyakov@mail.ru

EPEMWH EBreHnn AnekcaHgpoBu
K.3p.-M.H., AOUEHT Kadpeapbl MynsTUMeaNNHOW
anaaktmkm n UTO TIFTTTY, r. MNepmb
eremin@pspu.ac.ru
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UCTOYHMKKN nnnrocTpauum

VISpO.ru
www.ars-sport.ru

dostoyanieplaneti.ru

www.remstroydecor.ru

NUNNOCTPaUnM XyaoXKHUKOB nagarenobcrea « bBUHom»
aBTOpCKMe maTtepuansl

2L o i

© K.KO. lNonskos, E.A. EpémuH, 2018-2019  http.//kpolyakov.spb.ru

81



