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~ XHCOOnany Gy
MATLAB

YMOT); H ey
cur JAapy po
"TalapHy TaKy PHH oy, Taxj  TAMKAK Kypmymy HMKOHHUSTHHH

Jia Kung
Myilzi:lcoﬁmnap €Ki M ATiiB YHay TamKa;JHBa BH3yamamrupum so-
§ i Koz » HaTucan
APH K apHu rpaduk-
- MATL AB P Icypm-mumﬂa x)nkma'mam?md;um

au
SAMapuy : () Juiap o

u

- Macapgyy HHE Mag,

FABHICO hajs I?T apHn Microg
a

PKasy 6
OlIka yj,
KY Ptz fOBﬂHapHnHr, MaLJIyMoTiTap Ga
Mf;)'mapnra KHpUIn umko-
0

Excel, MaTHJIH ExH HK-

: Popmarn apnan (netCDF

4

u HDF) yxum Mymkud. KupuTuin-unkapuin (yHKUHsIApH Xap KaHIaH
(opmaraary daitsurap Gunan HiLIan HMKOHHHH Gepaiu;

— MATLAB kenraiitmanapuzaai Qoiiganannd Masymotiap €kH Mab-
JlyMOTJIap OKMMJIADHHH TYPJM KypHJIMAap, JKyMIajaH KOMILIOTEPHHHI
KETMa-KeT MOpTH €KH 0BO3 KapTacH OPKaJH TaXJIHII KWIMLI Ba BH3yaJUlall-
THUPHILI y4yH OJIMII MyMKHH. ByH[aH TalIKapH, ocuuuiorpad, curaauiap
aHajM3aTOpH Ba TeOpaHMILIAP reHepaTopH kabn npubopiapHi MATLAB
OpKaJiu OOIIKapuIL MyMKHH;

— MATLAB mabaymoTiapHy GOLIKapHII, (uIBTpIam: Ba KaiTa HIil-
nawnu amanra ommpand. MATLAB tapku0uza QuubTpraml, TEKHCIAL,
coppanamTupuil Ba Pypee T3 y3rapTHPHILIAPH (FFT) ¢pyHKuusIapy MaB-
Ky,
— MATLAB Ttusumu 2D Ba 3D rpaduriapHu KypHII XaMa XaKMHUi
BU3ya/UIaIITHPHII YIyH OHPHKTHPHITAH ¢dyukuusapra sra. I'paduxiap-
HH MHTEPAKTHB iy OumiiaH ApaTHIINAH TallKapH JACTypHii itys GuiaH Xam
KypHII MyMKHH.

AJsiropuTMIapHH JacTyprianl Ba unurab yuKHi Oyiinua:

— MATLAB THUIH HHXXEHEPJIHK Ba WIMHIL MacajalapHu Te3nuk OniaH
eynir yuyH 3apyp Oyiras BEKTOpJIH Ba MATPHL@ABUH aMajulapHu Kynnab
KYBBATIAH1H;

— MATLAB Tumu épaamuia Jactypriap Ba aJropUTMIApHH aHbara-
BHH JacTypJiall THILIapHaarira pucOaran Te3poK E3HII MYMKHH, YyHKH
Y3rapysumap IbJIOH KHIHIL, MABIyMOTIAp Typ/IapHHH AHMKJIAI BA XOTH-
paHy axparuil KabH TAUIKIWIHH aMajuiapra BakT capdnamaiu. Kynunmik
XOJuTap/ia BEKTOPIIN Ba MaTpHIaBHil aMajLIapra yTHIL HaTHKaCHIa for k-
JMaH (oHANAHALITA 3aPyPAT KOIMAH/IH. Harmkana MATLAB xogHHHT
6up carpu C/C-++ KogHMHT OHp Heua caTpHIa TYFPH KEJIHILH MyMKHH,

—~MATLAB pacTypHHHHT Xap Oup KOMaHJaCHHH HHTEDAKTHB ityn ou-
TaH anoxuzaa oaxapu® HATIKAHH 1apX0Jl OJHLT MyMKHH. NHTEepaKkTHB KO-
MauanapHH CKpUNT KU QYHKIHA KYPHHUIIALA OupamTHpHd, yIapHUHT
GaskapuHIIHHA ABTOMATIAIITHPUIN MyMKHH;

— MATLAB xenraiTMalapi CHTHaJIJIapHH KaiiTa uiwail, ajJoka, Tac-

BHp Ba-BH/1C0 MAbJIyMOTIAPHH KaiTa HuLIaul, GONIKAPHII TH3HMJIAPH XaM/ia

urynra yxmam kyniad coxanap ydyH OUPHKTHPHITAH aJropuTMIlapra ora.
ii anroput™iap 6unan Oup-

Viu6y GUpHKTHpPHITaH aTrOPHTMIAPHH XyCYCHH
namTHpu6, Mypakkad JacTyp Ba HIOBAIapHH amMaJira OHIMPHII MYMKHH.

KurtoGna anreOpanK Ba CHMBOJLIH xucoonammap, MATLAB facrypu-
na rpapuka, M-kuTobnap, THINK Macanaliaphi euuill ySyH WIOBaJIapHH

spatuu, MATLAB TH3UMHHHHT Optimization ToolboX fiaxeTH, MabIyMOT-
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I BOB.
AJITEBPAUK BA CUMBOJIJIM XUCOBJIALIJIAP

apH
Kyenr snepe PHH Conny Ba
HTH, MAT s AHAIMTHE yeyg; _
f1akeTH, Simulink g LAB+Simulink THjHMHHHlIFYSY AR St g, Anre6pank Ba cumBosun Xicobnamap Symbolic Math Toolbox —cim-
e ¢ T Simsc: o
AeIuIapun scape Mojesuianl BOJUJIH MAaTEMATHKAa BOCHTAJIapHIaH doiinanannd daxxapunaau. :

gic Toolbox s
& IaK =
s 1.1. Cumsonau xucoonawiaap

APH K1y _
Y80 Muconnap Guan 1.1.1. Symbolic Math ToolBox nakern

Symbolic Math ToolBox nakeTh EpAamMua KyHHIard THITHK aHaJIMTHK

aremMaruig
HHHT Ba3
CHIa Mys Ubanapupay 6
at Y IOKOT THIY Gy . MDH OMHMITap Ba ke & N
TCHIMIama 3Mat Kump gy M ’KeHepiiap opa- XucobnatapHy OaxapH My :
THKama xay MIRTMEMYMOTMP MaccuBnapy % ATpHuasap JuddepeHn- e MaTeMaTHK H(ogaiapHH COANANAILITHPHLL
i) a % )
TY3HIManap 2 TH3UMAA Xan yuy j‘[, "Paduinap — avasnii marema- e YpHH anMalTHPHIIL
MYIcaMMan_Kyup Al yuey C]JYH,uaMenTaﬂamnaﬂm‘aH YMyMHii 06beKT Ba o uerapapuii KuiimaTIapH aHHIIALL;
PaT Ba xap Ttdlacoc MAT
Mado LAB ru: . o HLlHAJUIALT;
Taﬂ(I)aH Ba TeXHUKaFyyy ry“HmcH_H TabMuHIa Y H3HMHra HT mdepe um a
KHKOTIIg piu ¢ : e HHTErpaIanl;
P Oun OXanapn ¢
ATLAB 15, A Myryinanysuy o ;‘:Hua MIDKEHEPMIK Ba wiMHid e MHTErpa y3rapTHpHILIAP;
H z HF L - ¥ I .
Hary MYXHTHy 137 AHCO Mallapyy TalIKyy = MyTaxaccucnap yuyH s TeHrIaMasap Ba TSHIJIAMAIAP CHCTEMAIAPUHHHT S4HMIADHHH OJIHILL;
acochapy Gy MUHIAG Gepyy Ly Hpy NI gy TOKOpH [apasa- o udepeHunan TeHraMalapHi SR
" oimf Oopaérrgy TaHA TR TYpitu coxaap YuyH MATLAB: THIMMUHMHT Bynpgau tamkapu Symbolic nakerd MATLAB myxutn 6unan Maple
M 1a =
rﬂpan«map i Waxacmc“ap MM XOHH”M“” TanKuKor MIIIAPHHI CHMBOJUIM MaTeMaTHKa TH3UMHHUHT SIApOCH Opachiard unrepdeiicHu
HMIIap T anjga Maple V
Texus MATLAB pa nmnanrasga Maple vy ypHaTHin

amabay amMaJira OLIMPajIH.
ap yuyy Xam qmﬁﬂ.am P 5
Taup. Tanab KUIHHMAHIH.

1.1.2. CumBoJiIa y3rapyB4uJjiap, KOHCTAHTANAP Ba ndoganap

MATLAB TH3UMHHHAT Y3rapyBunjiapn CHMBOJUIH MareMaTHKara

3 ajjoxacu OynmaraH BEKTOpJIap, MaTpHIanap Ba COHIap KYpHHHIIHAA oe-
' pusnranu cababmu cHMBOJUIH y3rapyBuHIapHI APATHILI KCpaK 6ynanu.

CumMBoOILIH Y3rapyBIHIap Exn oObeKTJIapHH ApaTHLl y4yH Sym  €KH

syms hyHKLUHsIapHAAH poitnamanmIaig. Macanan, z=sym('z') Komzil-macu

> HOMJIH CHMBOJLTH Y3rapyBiHHH KaliTapaan Ba HATHHKAHH T Ta €3a1H:

>>z=gym('z')
Z —

Z
CHMBOJNAM y3rapyBumiap TYPyXHHH ApaTHINAA Syms (pyHKIIMSCHIAH

(olaananuIaam:
symsabcx




KOMaHaacy
a=sym('a)

b = sym('b")

¢ = sym('c')

X = sym('x")
KOMaHjanapyra 9KBHBAJICHT.
>>syms x y

>> (X-y)*(x-y)*2
ans =

2¥(x-y)"2
>> Xpand(ang)
ans =
2*XA2,4*x*y+2*yA2
>> factor(ans)

ans =

2¥(x-yy2

>> sin(’y')’\2+cos('y')"2
ans =
1
Kyruiray HaTiKa
PaTmapunyyp HUFuR)y

Cameommy uhonanapuy apry

MEHTyH g
A8 XaM XocHn iy HOCTpOdIIap wunra omumran sym
"I MYMKHH. Kyiiuparn muconma

o ..
MHIH —'y' §i3rg

PYBUH ¢
MCH 1 ra reyr HHYCH Ba KOCHHYCIApH KBaj-

1 + y
MATLAB R2014a na
>> F=sym('(log(abs(x))+1/y)/(sqrt(x)+tan(sin(5)/(1+y"2))))
F =
(log(abs(x)) + 1/y)/(tan(sin(5)/(y*2 + 1)) + x"(1/2))
>> pretty(F)
1
log(x]) + -
y

/ sin(5) \
tan| ------ | + sqrt(x)
12 |
\y + 1/
Maple nactypu 3ca udonaHn Kynafpox MaTeMaTHK KypHHHIITA

VyTKazagu:
> (log(abs(x))+1/y)/(sqrt(x)+tan(sin(5)/(1+y2)))

rog(1x|)+§

J§+tan(5in (;))

1+

>

1.1.3. CumBoin pyHKOHsIAp

Hdonanapei couiaaaliTHpHII dynxuuscu — simplify
S maccHBHMHT cuMBoLH uQomacuuu simplify(S) (yHKIHACH 3I1e-
MeHT/Iapapo COMANAITHPALH. Arap COMIANaLITHPHIT MyMKHH 6ymaca

pommanruy udomanu Kairapagu. Mucon:

>> simplify ((x*3-y"3)/(x-y))

ans =

x"2+x*y+y 2

Uponasapau coazaIamITHPAI pynkiHscH — simple i

Udionanapau copAaiaTHpHL ¢ynxumscu simple(S) KypuHHIIHAA S
MACCHB SJIEMEHTIIAPHHH COAANAIITHPalH Ba OPAIHK HATHKANap Xamjia
9HI KHCKA HATIDKAHH YHKapaH. [R,HOW]| = simple(S) KypHHWIIHIA
H, COAANAIITUPHIIL HATHXKATApH R BexTOpra TaKaum

OpaNHK YHKApUIMAH/ I ©
Gaxkapwiaérran y3rapTHpHIILIap

xumupaan, HOW carp BEKTOpHZA 3ca
KypcaThiau.



MATLARB 2014A na MHUCOT:
>> Syms x y

>> simple (sin(x) *eos(y) + cos(x)
aming: simple il be remove
instead. (Mukxkar: KeHHHTrY BepcHsna
YAHTaH. YHUHT Ypyyrg simplify ¢yux
>In Sym.simple at 4]
simplify:
sin(x + y)
radsimp:
CoS(x)*sin(y) + Cos(y)*sin(x)
Simplify(Steps = 100):
sin(x + y)
combine(sincos):
SiI’itX +y)
combine{sinhcosh):
€O8(x)*sin(y) + €os(y)*sin(x)
Combine(In).
COS(X)*sin(y) + cos(y)*
factor:
cos(x)*sin(y) + cos
€Xpand:
cos(x)*sin(y
Combine:
Cos(X)*sin(y) + ¢,
rewrite(exp):
(exp(-x*i)/2 + eXp(x*i)/2)*
X*0)*i)/2 - (exp(x*j)*; )/2)*(ex
rewrite(sincos);
€Os(X)*sin(y) + ¢og
rewrite(sinhcosh):
z COSh(x*i)*Si“h(Y*i)*i - Cosh(y*j)«
Tewrite(tan):
(2"‘tan(xf2)*(tan(y;‘2 "
(2*tan(y.-"2]*(tan(x/2)‘\2 ~D)((ta

*sin(y))

din a future release, Use simplify
PAar simple dynkuuscn omu6 raw-
UMsACH1aH bolinananunr)

sin(x)
(¥)*sin(x)
) * cos(y)*sin(x)

S(y)*sin(x)

(CxpCyiyiyy (€xp(y*i)*i)/2) + ((exp(-
P2+ explyriy)

(YJ*Sin(x)

Sinh(x*i)*j

D/((tan(x/2)ny D*(tan(y/2y%2 + 1y) -

MWCos2sin: n(x/2)1 4 D*(tan(y/2)"2 + 1y
~sin(xJ*(2*sin( YD Ty ,
collect(x): ) S]“(Y)*(z_’"SIn(XIZ)"z— 1)

COS(xX)*sin(yy + Cos(y)*

sin(x)

ans =
sin(x +y)
>>syms ab x _
>>\z¥=[si11(x)"‘2+cos(x)"\2, log(a*b)]
V =
[ sin(x)"2+cos(x)"2, log(a*b)]
>>simplify(V)
ans = ]
1, log(a*b) —
[>>sim}:1’31ify((a*‘“Z-Z*a*b-%ﬂ)f(a b))
ans = :
o i (¢ysruagcH— expan i ¢
< iiTHpu gy _—
i sy :eelzlrr":f.ri*n-lpnw gyHkimacH expand(S) kypu
HMdonanapau 2

{ BUH F

Mucomnap:

acTypuia: o
L\"I;il[{iﬁ‘f'g)*(7("‘3)”‘(ﬂf-“‘)ssm(z x)|;
§= Ex-!—2)(3‘+3)(x-4),si11(2x)]

> expand((x+2)*(x+3)*(x-4),sin(2*x));

X +x?—14x—24
> expand(sin(a+b));

sin(a)cos(b) + cos(a)sin(b)
> expand((a+b)”3);

& +3a’b+3ab’ +5 |
MATLAB 2014A ma mucommap :
syms X A
expand((x-Z)*(x-fl))

ans =

Syms X y
expand(cos(x+y))

22:(:}%05()*) - sin(x)*sin(y)




IKenoHenTany KeHralTHpyy:
Syms a b

expand(exp((a + b)~2))
ans =

exp(a"E)*exp(b"2)*exp(2*a*b)
CITOp KYpunHIIHNArY Hponanapuy KeHrai Tupuy:
Syms t

expand([sin(2+f), COs(2*t)])
ans =

eXpand((sin(3%x) - 1)*2)
ans =

oCT uponanap
LC Ll T — 32pYp 6¥mmaca ArithmeticOnly Oyiipyrunan doiigana-
HHIN Kepay:
. expand((sin(S*x) =1J0) ‘ArithmeticOnly', true)
ans =

Sin(3*x)A) - 2%sin(3%x) + |
YKYT 6¥itiug orapudym Genrucunnur HYH
nau;
Symsab ¢
expand(log((a*bfc)@))
ans =

Hard udona kenraiitupn-

10g((a"2*bhz)xcﬂz)
Arap J0rapudyn g
p . .
IgnoreAnalyticConstrai ts GYHPYFHﬂaerHFaHTHpHHHMH
< band(og((a*bicy) TenoreApy)
ans =

2*log(a) + 2*log(b) - 2*|0g(c)

Xan 3apyp  Gyca
Q]oﬁna.nanum Kepak:
ytlcCOnstraints', true)

qumnanapnu O/ 1 mi K¥najjyp

Honanapyy OIUHi Ki’na“"py“"“ﬂapra RPATHIN — factor
factor(S) x§punsyuyy 128 Begery “THDY Bunnapr, VKPATHIN  hyprcipsacH
6YTYH Cornapiry 5o o Y bonanap, OMIHH K naiitupy paurapra,

. A Copyy, Ki‘mai‘fmanapma akparany,

12

S Bextop €K e
napu Gyitnya KOMIUIEKTIAH

>> x=sym('x");
factor(x*7-1)
e A3 +xr2+x+1)
(x - D*(x"6 +x 5 +xM +x
>> factor(sym('123456789"))
ans =
7 det)
3A2*3607j3§g::momn MaTpUIlaHuHr D annKJI0BYHCH ((YHKIH
AMTalnnk

symsab

A=[a b;a"2 b"2]
A:

[ a, b]

[ a*2, b2]

D=det(A)
D =
a*b"2-b*a"2

factor(D)

ans =

-a*b*(-b+a)

Al=inv(A)

i )]
-b/a/(-b+a), 1/a/(-b+a

{ af’t?f(-b+a), -1/b/(-b+a)]

— collect
Viimya KOMIUIEKTIAN GyHKIHACH t(S, v) kypuHHIIIAA
Japaxaiap ?E’ 3 womruzexTiam pyrxuuscu collect(S, MHMHT Japaka-
ﬂapamaﬂapﬁyuﬂanapKuﬁmam HDORARY V. YarapyEy
u MarpuLa

-y*x*2];
syms X y Ary+3¥x¥Fy D X *y-y*x2];
¥
collect(S,x)

ns = A
?x»«3*y»\2~f-x"‘2*y+3$x*y .
collect(S,y)

ans = A ¥ (x"4-x"2)%y]
[ (\3+3%x) ¥y 2+x"2*Y,

xA4*y-xA2*Y]

13




Yphura KYiiHnmia o
o pn-n AMAITa OwHp bynx
W= i 5;, e‘:'uaﬂu\auﬁl;[r OHI SpdexTun gy
W an ypx-ifira KY¥Hum amanuup. ‘?puu
» LD, EW) KYpHHHII 2 HUaTunrang S

TH j‘farapyalmnap NEW pyiixariary

uusicH — subs
KEHT HIjIaTHIauran
ra Kyiuim (pyHKumscy
MAITHPMIIa gy, 1 Y3rapypumsiapra aj-
Aa X+y+z-t i
dra AIMALITHP Y 13 1y YTt uonanarn X kerva-xer pasumiza a, b, ¢ Ba
symSZtX}Fa th;
SUbS(x+y+2-t, [a b ¢ q))
ans =

[atytz-t, biytsng, CHY 2, diy ]
Syms a b Xy;

Subs(x-y,x,5)
dans =

S-y

subs(sin(x}+cos()f)slx-
ang =

Sin(a)+cog(p)

Yila b))

Matja @ CHITay
iilﬁi?um MYMKHH (=1 cyKyTPiii},“(f)iI HLL[)yq'yH Pyniunsmy diff(S, x) pop-
AR y < y2 i inyg
XOCHJIaﬂap“HH 0 X q’ymﬂlﬂﬂuuﬂr o
I o2 HPHHYY Ba yu
Syis's " SADYD Gmopy. P A yYuH4H TapTHOJIH
© L Y=X"2¥sin(x),
diff(y,x)
ans =
X'J'z*cos(x) L% i
diff(y,3y )
ang =

G*CUS(K} L4 XAZ* =
COS(X) = ﬁ*x* 2
sin(x)
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HHTErpaJIHy KaiTapasH.

OpasuK yuyH aHHK HHTErpajisi Kd

( ~
S ¢yukups  maccu OYnmuwn mymkuH. bynpai Xomrmapjaa kaBoo

Oonutanrny  GyHKUHAIAPHHHT XOCHIANAPHAAH TAIIKHI TOMTaH MAaccHB
OVnanu.

Syms x y
f=asin(x*y);

x1=diff(f,x)

xl=

yi(1 - x2*¥y"2)(1/2)
x2=diff(f,x,2)
y1=diff(f,y)

X2 =

(x*y"3)/(1 - x"2*y"2)"(3/2)
yl=

x/(1 - x"2*y"2)~(1/2)

subs([x1 y1],[x y1,[0 0])

dans =

[0,0]
xy=diff(diff(f,x),y)

& : . M M,
1,?21 _xA2RADN(1/2) + (XA2FYA2)(1 - X/ 2%y 2)"(3/2)

YHKIHSICH — int

aJuIapHu xucobJail (i) k-
KICRIE : udonagan x 6yiinua aHHKIAHMATAH

int(f, x) QyrKuMs CHMBOILIH ;i

int(f, x, a, b) QyHxims cHMBOIIH f ndonagan x 6¥iinua a nan b raya
/| fiTapaliH.

syms X
int(x/(1-x2))

ans =

-log(x~2 - 1)/2
diff(—lf2*log(x—l)-lfz*log(l+x),x)
ans = |

- 1R*x - 1) - 1/2¥x+ 1)
[q,w]=simple(ans)

q=




..Xf(xr’\z 2 1)

EKku >
q =

X/(1-x/2)

W=

simplify

Syms x a b

K athxng) z)

ans =
log(b*x~ + a)/(2*b)

Syms x g be d
illt(x/ (at+b*xA 2
g X,
B cpﬁnrag )3 ,C,d)

Syms x

ans = ),0,pi/d)

(pi*asin(p;/4
/4 + ¢ ix
7 ))4 {16~pl 2)3\(”2);4‘1

/ (6Yﬁpyx)napn HILIATHIA M
> CXpPr2,.., exprN, varl, var2,..,

PHHHT gy a expy 1

HMaryy CHIMKIIap §
PH Kaiiy p Oaxapunaguran varl
apHnany

1
(BM(1/2)*i)/2 - 1/2
- (3M(1/2)*1)/2 - 172

Vura unausan anukiaank x, =1, x,=(3(1/2)*1)/2 - 1/2, x = (37(1/2)*1)/2
- 1/2, Ynap § wmaccusuunr S(1), §(2), S(3) >neMeHTIApHIA CAKIAHA/M.
Vnapuu y=x'-1 npogara K¥iinb euHMIapHH TEKIIMPHO KYPAHIHK.
subs(y,x,S)

ans =
0

(B (1/2)*iy2 - 1/2)"3 - 1
- ((3M(1/2)*1)/2 + 1/2)°3 - 1

[m,n]=simple(ans)
m=

0

0

0

n=

simplify

Vinpuanap TYFpM TONMITAH, MyHKH yTapHHHT KuiiMaTnapuga y=x’-1

udoza HoJTa TEHT.
AHAIHTHK KypuHuIIa Gepuiaran TeHraMala
cu épaamMuIa e4uu MyMKHH:
S=solve('a*x"2+b*x+c=0'",x)
S =
-(b + (b2 - 4*g*c)N(1/2))/(2%a)
-(b - (b2 - 4*a*c)’\( 1/2))/(2*a)

pHH Xam solve dyHkums-

symsabexyz
Y1=(a+b)/(x+y)+(b+e)/(y+2)-(cta)/(z+x)-1;
Y2=(a+b)/(xty)-(bHe)(y+oyHera)(z+x)-1: AT 2
Y3=-(atb)/(xHy)yHbe)(yr2Her /)15 /7 Que |
S=solve(Y1,Y2,Y3.x,,2) %‘? 121

S ——
x: [1x1 sym] 2.\

2-1416-15

F..




O

y: [1x1 sym)]
z: [1x1 sym] >

disp([S.x S.y S.z])

[a,b,c]

subs(IY1 Y2 y3),[x
ans =

[0,0, 0]

y z]s[S-X S.y S.z])

disp(simplify(ans))

[0,0,0]

H
Calan x* - 2x - 4 = Oy Alaru mMaycyn HOMa®BJIy\

ira HUCOAaT: ~
TeHIIaMaHy ey 6aran eunnagu. Ma

>> solve('xA2-2%y. 4=0) HIL YH9yH KyHnarumap kupuTiiaim:
-ans =
[ 57(1/2)+17
[ 1-57(1/2)]
KK TeHITama ko
i 3(1](1)}1
€3caK, Ha PPHLIHCHTIIap N ay o
g 11"“}“?1*:1 XaM Yrmm kacp 1cp AAH OUPHHY YHin Kacp kifpuHMIALA
solve('x 208 4 ~0) YPHHUIIM A onamus
ans = 7

[-1.236067977
4997
[ 3236067977494 896964091736687313]

Harmwkany coy;, K;i169640917366373 13]
HHU L
M4 omam yayy double éxu vpa (Kynpok pas-

aia *
PHNan dolinananum MyMKuH:

H
-ATHT
=> double(ans) Y4YH) Komany,

[ 1236067977
4997898
[3.23 5051
60679??499?898050512333423814]
] 423814]
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ObTudop OepuHT, SYHIHIUH 3apYp Oyiiran TeHIIama sKKa KYIITHPHOK
HYHra oJlHHalaH.

[TonuuoMHHAI TeHIMIaMaJIapHH €YHII Y4YH XaM solve KOMaHaacHIaH
(boitnananunaau:

solve('x 4+x"3+x"2-3=0")

ans =

[ 1]

[ 1/6*(172+36*297(1/2))(1/3)+10/3/(172+36*29"(1/2))"(1/3)-2/3]

[II]2*(l72+36*29“(1f2)Y%lf3}5/3K1?2+36*29“(If2)¥%1!3}
2f3+1f2*i*3ﬂ(1/2)*(-1f6*(172+36*29“(1fZ)V%1f3)-l053!
(172436*297(1/2))"(1/3))]

Uflz*(172+36*29ﬂufz)yw1;3}5f3«172+36*29“012nﬂ(ua)-
2f3-1;2*i*3*(lfz)*(-lfs*(l?2+36*29“(1f2))ﬁ(1f3)-1013/
(172436*297(1/2))"(1/3))]

>> double(ans)

ans =

1.0000

-1.3926

-0.3037 - 1.4359i

-0.3037 + 1.4359i

>> ypa(ans)

ans =

t1]
[-L392646781702640890188149569439?]
[n3036?66091486?961041?07644653798 -1.43594986410995617553

96507578553 *i]
[-.30367660914867961041707

96507578553 *i]

644653798+ 1.43594986410995617553

Varapysaumap conn Oupias kyn 6yaranaa solve komaH1acHaaH oii-
Najganuim MyMKHH. Arap reHIIAMAIAp COHM Y3rapyBdmiap COHHIaH KaM
6¥ynca, xucobnaHuIIK 3apyp Gysiran y3rapyBuuiap aHHK kypcarinand. Ma-

canau, Kyinaard MUCOJLA 2#x-log(y)=1 TeHrnama y ra HUCOATAH EUMIITaH!
>> solve('2*x-log(y)=1 ')
ans =
exp(2¥x-1) : o
" TenrnaMasiap CHCTEMacHHH eyuIa Xxap 6up TeHriaMa anocTpod
HYMTa OUHAJIH:

>>[X,¥] = solve('x*2 + x*y +y= 3 A2 - 4*x +3=0)

19

e L




[1] 7
[3]
[
[-3/2]
> double([x ¥])
ans =
1.0000  1.0000
3.0000 -1.5000
~> double(ans)
ans =

> dDUble(y(z))
ans =

-1.5000

Bupuuun TeHriamManu y ra HucOaras edaiiuk:

>> y=solve('x"2 + x*y +y =3y

y -

[ -1/2%y+1/2%(y"2-4*y+12)(1/2)]

[ -1/2%y-1/2%(y"2-4*y+12)"(1/2)]

Exn x* +xy+ y=3 TeHIaMaHUHT Y I'a nucOatan euumu (popmynanap
Maple nacrypura yTka3n® oIuHIH):

y =0

!
1y 1(y*—dy+ 12)[5]

2 2

I
1y 10y —4y+]2)(5)

2 2
Eunumnapuu 4HKapuil BEKTO

6yHnaii kuwmamaca MATLAB edumiapHH aBTOMATHK Ta :
MacanaH S y3rapyBUHra TAKIEHM KHIHHALK:

p kypunmmna [x, y] Genruiasiu. Arap
p3ua Gepmaiiau.

Eunmnap Gupop, ans
>> § = solve(a*u2 + v*2,u-v= 1'u','v")
g =
u: [2x1 sym]
v: [2x1 sym]
au’+v?
:e;mlamanapgam xap Oup HOMaBIyM UKKHTAZal CHMBOJUTH €4UHMMIa
([2x1 sym]) ora.
Eqummapun kypuim ydyH S.u Ba S.v KoMaH
>>Su
ans =
[ 1f2f(a+l)*(-2*a+2*(-a)*"(1/2))+1]
[ 1/2/(a+1)*(-2%a-2%(-a)(1/2))+1]
Exn

najnap KHPHTHIIaZH!

!

(—20+2(=a)8
(“z—z(z—r') "
: [(hza_g(_f,)(il)

B S——

2(a+1)

>> Sy




ans =
[ ”2'{(%')*('2*%
[ 172/(a+1)*(-2%q.
€Ku

2*(-a)(1/2))]
2*(-a)(1/2))]

(~2ata(cafd
2a+1)
‘(“ZG—Z(-a)[%J)

2a+1)

Ad HaTHWKanapuny gy
ypuur yuyn S.u(l), S.u(2) Ba
e S, S

1!2/(a+1)*(_2*
>>8.u(2)

ans =
_.]1"2;‘(34.])*(__2*
>>8.v(1)
ans =
1f2f(a+1)*{
>>8.v(2)
ans =
1;’2.-’(a+1)*(_2*
Arap TeHTIIIaM

EF2*(-a)\(1/2))+1
3*2*(_a)A( ] -"12))4-1
Az*a+2¢(_a),\(uz))

a—2*(_a)z\(lj2))
AHH CuMBo 1y

ans =

-2.0127756
1 6148044265+,

) Figure No. 1

Elle Edit View Insert JTools Window Help
Dsa&(NA2/|RPOD

oxp(-x) va sin(x) funkisiyalaming grafildari

1

08}
06
04
0.2f

ok

exp(-x)
sin{x)

02}
04F
0.6

08}

___1_____L_._-I-——-—-L—'—_'
'101234557

(==
©
=]

1.1-pacm exp(-x) Ba sin(x) QpyHKUHAIAPHHHT rpaduKIapH.

[0)) -pacM) TEHINIAMaHHHL
s HyKTaNapH (1.1-pa
VHKLUUSLJIapHHHT KeCHILIHIIT : ;
: yra. YIiapHH
CUMMnapu 6ynrgﬁnnm ca6abmy TEHrIaMa KyIa Kyn euumra or p

: acunaH Qoiinanasamus, SAbHH exp(-x) - sin (x)
x;l:{ﬁlzlgﬂy;ﬁl:;ﬁ;‘;;s:: I;ilm IaiMH3. Buprfmqﬂ KECHIIHLI HymaCfi yuyH
CiuMHM x = (0.5 HYKTa arpouaaH H3JI:.1HMP13.

>>x = fzero(inline('exp(-x)-sln(x) ),0.5)
X =
0.5885
Xynzn mynra yxmra0, KOIAT

HH aHuKIaiMu3: ot
>>x = fzero(inline(‘exp(—X)-Slﬂ(X) ),3)

X =

ap KECHUIMIL HyKTanapu yayH XaM guumMnap-

3.0964 ¢
e S fzero(inlinc('exp(-X)-Slﬂ

(x)),6)




>y = fzero(inline(
X=

9.4247

nexp(~x)-sin(x)n)‘9)

1.1.6. ,[Ind:d:epemma.rmam

CuMBomy Hhoana
(Macaray m-aiiy KYpH
iff xoma
Honanuyr OViiu

H];HH llHqJFqJePBHLlHaJ'IJIam XaMaa COHIM IIaKiia

H Mna) Gepunray byHKImMAIApHIHT XOCHIACHHH

Ha ﬂﬂqﬂt;c”ﬂaﬂ boiinananmnagn. Macanan x'+x’+x+2
YDCpeHumnany 3y2+7 .

7 i X+ 2x4 )

> Syms Xdiff(xA34+xA0-4 ) 2x+1 6ynamu:

ans =

3* X242k 4]

? Finline(x"3x22-x 1)

a ’

Inline functiop:
f(X) = XA3+XA2+
; X+2
5 ans =
| 3*XA2+2*X+]

HKKHHqH XOCH
na '
(€ ), 1) xrpiasy YYH Cuntakcuc diff (f(x), 2) Ba n-xocuna yuyn diff

UIra sra gv
HKK?LIH’ YuuHay gy T?p—ngiﬂ:a Okopusa KeITHpUnTan gyrkuus yayH
= SYms x:diff(xA CHITANIAPDHH OnummHg paiimk:
) diff(x A 4 KYpaituiuk:
| s (x"3+x 2+x+2,2) yp
9 6*x+2
5 == syms x;diff(
'_ ans =
6
>> Syms x'diﬂ“ A
3 X A
ans = S 2+X+2,4)

XI2tx43)

e

Ay
> ) "donanunr % MUIA onmmr mymkwun, Macanad

Z B¥iiny
a x ‘ [
yeycuii XOCHIaapu Moc paBHiLIa

R J.‘y
sin| =L ’
: ( ).v sin| 2] . L
t N z sin| 2
| s S Wy
l ZBJNT T Ve TeHT,

Z>8ymsS Xy z

>> diff(cos(x*y/z),x)
ans =
-sin(x*y/z)*y/z

>> diff(cos(x*y/z).y)
ans =
-sin(x*y/z)*x/z

>> diff(cos(x*y/z),z)
ans =
sin(x*y/z)*x*y/z"2

XyCycHH XOCHJIalapHH

eda
¢ ¥ qunapra uucGarax OUp H
gt LM KepaK, MacanaH

OnMm yyyn diff komamaacu Kynm mapra HILUTATHII

COSG—"J u(poJaHUHT aBBaJ X KEHUH y Ba YHIaH KEHHH Z
XOCHJIdcH Kyitngarnya OJnHa/ U

>>syms Xy z

>> diff(diff(diff(cos(x*y/z).X),y),2)

ans =

-sin(x*

Onuuran HaTiXaHu
S"Tlcam:wm:_ - K-
sin[ﬂ]fyz SCDSL—;)X)J sm(—:-)

3

+—F

GyitMua XycycHii

3 1 #* 2\2
yfz)*x"“2*y“2f2“4+3*cos(x*y/z}*xlzﬂ*y+sm(x y/z)/% i
Maple nacrypu épaamua OAat/ark KYp

SR oo S B i

4 - z

apHH e4uuIIa audepeHrpaa D
xy+1=Y nudeperuman TEHIaMa

L

Oymii guddepernpan TeHrIaMal
Xaphu Gusan GenruiaHau, Macamat,
Kyfunarpya eqnmnaju:

>> dsolve('x*Dy+1=y",'x)

ans =

1+x*C1

1.1.7. HaTerpajiam

i ; jfirmary KypHHHULTapHAaH
YUyH int komaHAaCHHAHT KyHHI yp L ey

ABT Tap3
int(s) — findsym (byHI(IJ.HHCI:l OpKaJIH as'[](l;:;?;:;; ;:}e 5 XHCOGNAHATH;
i Siimua s WQoJIaaH ax : i
BONg y3rapysum Oyinua s HY i ] MAC HHTEr-
i (y )py coBosLIH 3rapyBun Oyiinua s uonajat atiis
int(s,v) — v :

Pan xpucobnaHanm,




i
88 s nbonaman ¢ pay 5 raya rC)/]Ja.n
HKa aHHK HHTErpa

>> syms x ut;

>> int(lx‘(Hx’Q))

ans =

atan(x)

>> int(sin(x*u),x)

ans =

“Lu*eos(x 7
j::?mt(xl *log(1 +x1),0,1)

72 Undefineq function or variable 'x 1

>> "int(lxl*lo '
ans = g(l+x1)30,1)

Ya
o> ]-nt(4_*x*t
ans =
: 2*t*(5in(t)f\2_4)
>> im(4*x*t,x 24y
i &ns — =]
24#¢
> int(drg gy
1!’3*d:‘\3
Conny
€Ipan
AIAPH My e MATLAB
> F=inling(
11(3(."3_ * l
Qo Wed(0,) 2*x-5));

X,2,sin(t) )

TYPHAa quad Ba quadl xkomaH-

o

-0.4605
i> Fl = illline('exp(~x

T Az).f"(x./\3_2*x_5)')

(x) = ex
P(-x.~
~ Quadi(e, 1(, 3) De3.0m, )

26

ans =
-0.0334
MATLAB jactypu KyIl MapTajd HHTErpauiail aMalHHH XaM paxa-
PHIIH Mymkun, Kyiinna keaTHpuiran MHCOIAA (-\‘: +J-’2) uoaanaH HKKH
Mapra (appan x, Keitni y G¥iiiua) aHHK HHTETPaJ XHCOONAHTaH:

o sin(x)

[ (x*+y*)dydx

0 0
>> gyms x y; int(int(x2 + y*2, y, 0, sin(x)), 0, pi)
ans =
pi*2-32/9
>> double(ans)
ans =

6.3140 )
Wxxunanran unrerpaiHu xucobnam yays dblquad komaniacHaaH ¢oii-

Aananum mymxnn. Ky#uaars MUCOIIA (x* +y*) nona yuyH CORIH HHTE-
TPannay pi <= x <=2%pi, 0 <=y <= pi OpasMKJIapAa amMara OIIHpPHIITaH:
>> Q = dblquad(inline(x*2 + y*2), Pi, 2%pi, 0, pi)
??? Error using ==> inlineeval
3 Ta%
Error in inline expression ==> X2 +y 2
?2? Error using ==>"
Matrix must be square. o
>> Q = dblquad(inline('’x."2 + y."2), Pl 2*pi, 0, p1)
Q=
259.7576
EKH o
>>gyms x y; Q= dblquad('’x.”2 +y."2', P
Q=
259.7576

i, 2*pi, 0, pi)

Yerapapuii kuiMaTIap

MATLAB pactypuja 4erap
KOManpacn MapKy/:

>> syms x; limit (sin(x)/%, X, 0)

ans = '

1
AL 1 §
Bup tomoniamMa uerapasiH guitMaTiapan Xucoomati

MacasaH:

apuil KEiiMaTIapHi XHcoOnaml yuyH limit

'right' Ba 'left’

Napamerprapy HIUIATHIAAH.

>> Jimit(abs(x)/X, X, 0, 'left)

e

e




ans = 7w
-1

>> limit(abs(x)ix, X,0,'ri
ans =
1

Yexensmuy Oyiinua derapasuii KuiMatiapan xucoGnamya inf cHMBO-
THaaH cboﬁnanarmnannz

>> Syms X t; limit

ans =

exp( 6*t)

ght')

((1+2*yx)n3 *X),x,inf)

LL8. Uurunpy pa Kymaiitmanap

MATLAB AACTY pHHUHT BEKTOpIap 6yitnya HMKOHMsATIapuaan (oiaa-
JTaHUG Hupy ¥

PHH sum Ba prod KoMaHaajlapu EpaaMuia

42
>> prod(k)
ans =
181440 :

Yekny gy YeKcy
CHMBOIIY maKa

~> syms n; Sy

ans =

385

>> syms k; Symsum(| k2,1 Inf)
ans = ,

1/6%ping

3 H”FHHHHJIapHH §
AHMKIIAI Mymgcpyg-
msum(n”2,0,10)

ymsum xomaunacuzan Qoiinasannd

Keiiunry MHCOIT 2

KJ1any Kenry Gt
== syms k n; Symsum(”k-lz‘(k-i—l punrau:
ans = -

),1,n)
“Y(n+1)+

EKu

n+l
1.1.9. CykyT 6yiinua y3rapysuniap

H-

“ pumyapuu  Oenr

TLAB pgactypuur yuiainapwia FSSBYEC R o p

(4 s ™M .

na o xap Kanzaii xapduan ¢oiinanatiil ruym yuyH GUPHKTHPHITaH

u‘l‘u YUYH X¢ . Gup-Gupuaas daprrad anfpa aziarH TEHDIaMa X YayH

Iy Macanan, solve (‘x +y=3 ) nox MII YYyH Y aHHK
a ora. vlacajat, : aH ed

Hepapxusira ar yi omac. TeHniamanu y ra Hucoar

Caunay, y yd : '

Kypcarunuimm kepak: v
— a1 cyKyT Oyitnua
solve (x +y=3','y) olve diff, int xoMaHAANAPH YHYH X ﬂ);F}:I uona-
% ujaas 2 HPOKH
i CALLAB Bectyp J?oxopunan-l KOMaHanap Mt pﬁ“nca y3rapyBiu
A i i ra HucOGaran XpucoOnanagurad Oy
Tap Gowka y3rapyBuH

KYpearummmm Kepax.

Ommit - uddepenunan Tegiur;ma
dsolve komanmacu yuayn cyliy'r quH N
Xaphu Guuan Genarunanrad ysrap);m A
BOITH xprco6al KOMaHacH Syms

pHH CUMIIIA WILTATHIAAMTaH
amaa L o
MyCTaKWw1 y3rapyBiH cudaru

Gy KiMHTad. VIHFHHAMHY CHM
0 L

y1{ cyKyT Oyituta y3rapyBanaup.

H eqHI
10. Jnddeperunan TeArIAMaTAPH
e dynxuusicn — dsolve

(2= al’l ﬂ},{(b—
ra sra 6ynr
1'. 'eqn2',...) — GOULIAHFHY LuaPTJm[fH ke, Assal
' : b anu
Walyel'eqn] (JljapHHHF aHAJTUTHK €IMMIIap aTsuiaii. Arap TeHIIa-
7 ﬂ&MEl K“' C i .
et i 5ca GONLTAHFIT WwapTiap Kyp tunmaca, udoma HOILA
TCH["_]‘[amanap, ](;HHH pﬂa TeHITIMK GeﬂrHCH wuia
Manap yyyn udopana
s - JIMHTAH.
nl=0). ¢ y3rapyB4u O
TeHr, ne6 onmnan (eq i §arapyBuan cugariia ydsolve i
s CTet ﬂap
Cyxyr 6yitnia My 2 um yayH ¥ {yarapyBuH
Yo apaad (1}0 T MYCT
i gl ke gapmuiun Kepak. D ciMBO D2 zca uxkunan d/df’
e UpHUra % Hu,D2 sl
PYMXTHHHHT OXHP wrani Genruiaind, d/dt v, D xapdu Gunan Gom
itnaa R KU1 y3rapyBUHHUHT HOMH
cTa
XOcunanu pa x.k. My

TManmaciurn kepak. b
Bouinanruu mwapriap J GopiK J3rapyBul, @
epAay — amalt
Wupa Gepuaanu, Oy wup. Tewr o) o
e o G XaM MY Arap GouwianFuy mapriap
Ynap cumpol Gy MyMKHH.
flap XaM CHMBOJIIIH

VPHHH-
L5 HKJIap KYp

' gxu 'Dy(a)=b" Tenri P 515,
=h'" exu u b — KOHCTaHTE

apaa M KOHCTaHTa-
HH
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i’

TeHITaManap conmpay KaM ©
KaTHanrasy.
X" =2y
Y'=-axty, Y(0)=b,
Y —y= Sesinx+x",
y"'+2y"+y' =-2e-2x, Y(0)=2, Y'(0)=1, y'"(0)=1
Auddepeniyay TeHIIAManapuupr ey HIIMILHHY K
Abun X=Cost+2 *siny, =-Sint+2*cost.

olve
Bansy Aubdepentyay TeHNAMANAPHUHT ananuTik eyumunn dS
Pynicscy pramuna onug

Oy nmaiizm. Yy anamumuk et 6y IMacnTH

MYMKHH. Byppajs Xolmapna mudepernmay TEHIJIaMaJiap COHJIM yCyJl1ap
Oniay Cuany,
RomIapnz dsolve gymppsey CHMMHHE Maxcyc (pyHKIMAIAp
TapHum MYMKHH, Macanan, Beccey TEHTIIaMacH
nylf+Wr+(x2_vz)y=0 ]

Eaum Beceey
O¥tinga Maby Moy
KupuTHiay,

- -
yica eunvna €1, €2 . DPKHH JIOHMHUIIAP

ypaitiuk.

Aﬁgﬁm
g 9
OPKaJTH Kajs

EbYHKUHHcH OPKaJlK

cH
$onananran. Beccen (yHxmms
OJHMII yayH Komanay

i u
ap carpuna doc besselj komaHaac

LLIL Muddepermuan TeHMamManapuy dsolye ynxumsicu
€paammnna ey

e H.
PCTEMACHHIHT anamuTik eupnuig KanTapall
% P, Keliny Oomanry gpLaap eqni TEHIIHKIAP
KYPuHUII 1, ﬁepunaﬂ;u. eH

o ra
P Benrunapy kyitmvarar uonranap Ho

HMACTHI U KepaK.

’Dy(a)=h"renrnmmap KypHHUIITHIA
Y = Bornpu Y3tapymay, g pg p _ KoHcTaHTaMap, y1ap
H. Tenrnamanapuam KOHCTaHTajap Xam
g Arap

H-
Oonnagyy wapmiap conn guddepe
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<. MXTHEPHUIT
C2 Bax.K. H
\ eunmaa Cl,
11aH Kam O¥ica,
q ajlap coHuzaa
LHaJI TeHrmamal

. 3 Viagu.
(3[)1(!{") e MaBﬂ{yc‘E(igﬂaﬂaHHmra MHcomap.
sICHIaH
dsolve Qpynkuu

1-mucon

;;([:)cl;j;m;nunan 'I'CIII'J'IIElMﬂHI-I CUHLI
>> dsolve('D2x=-2*x")
?:nls*:os(zf\(1/2)*z)+c2*sin(2'“(1f2)*t)
CKH

C‘]cas(ﬁ)t+(‘2sin(\ﬁt)

2-MHCOI i

_}m = _ax-i-yf’ y = ‘ ot ot
epeHuHal TCHIJTah‘ e

g:q:i(soijve('DZyla*X*‘y ,y(0)=b',x")

ans =

a*x+C 1 *sinh(x)+b*cosh(x)

Exn .

ax + Clsinh (x) +bcosh (x)

3-Mucos
Y _y = Setsinx+x? 1111 pa CUMMHH TEKIITH

4 fJb LAl TeHraMani eauml

)IH(D ech 110

3 ;}r]gso};ve(-my-y-S*exp(x)*sin(x)-X""“ %)

>> S=dsolve(

= *exp(x)-24-x *5in(2*x)+1/2*sin(x)*ex

149/208* C o (*X ) S(f::;fZ— 1 f4*5iﬂ(x)*eXp£x) SE;*(X)*exp(x)-Sﬂ 04%*sin
2lx’26*eXP(x)*S'n(X)*cgs(x)"3*exp(x)+lSHZOS TC4*exp(-x)
??Ex) *008(2*};)-31iSeip(Ex)-%CZ*sin(x)“LCB *eos(x)

*X)*exp(x)+ :
> [RHOW]-simple(S)

(- )

% x)+C2*sin(x) C3*cos(x? exp(-x

XA (x)*sin(x) 1 ( C
-24-xM-exp p p

E 1 TeKIIMPHILL e,
?:}1;?1}1";1[; iK4)-R-S*cxp(x)*am(X) X
>> diff(R.X,

ans =

pHII

~4-57/1 04*exp(x)*sin(x)-

0




7
=> syms x
>> S=dsolve('D3
0)=1'\x"
S =
CXP(-2*x)+4-3 *expp( -X)
Euumuy TeKIHpHII:

> diff(S x,3)+2+diff
ans =

YH2*D2y+Dy=-2%exp(-2%x)''y(0)=2', Dy(0)=1",D2y(

S, % 2)+diff(S x)

PTIAPRUHT bakapumimupi TEKILHPHIIL:
>> subs(S,x,0)
ans =
2 ——1

| >> suhs(diff(S,x),x,O)
: ans =

A l
| >> subs(diff(S,x,2),x,0)
| ans =
| I

; i | 4-Mucoy
| Y2y = e .2x YO0)=2, y'0)=1, yr0)=1.

J}szia[bepeﬂunan TeHIIamanap CHCTEMaCHH eun Ba euumMurs TeKITMPHLL

YHI

>> syms x

b >> S=dsolve
| 0)=I I;xl)

S=
| Xp(-2%x)+4.3 *exp(-x)
| " Euumay TeKUMppyyy-

>.> diFF(S,Xa3)+2*(Hff(_s‘xiz}_}.di 1 S,K}
ans = I~

('D3y+2 *DZY+Dy=-2*cxp( -2*}()‘,'}’(0)‘;2','[})’(0): 1 15'[)2)’(

€ Bep(ny

Diapsisg Gasice
3 [+ H IU“ " A 4
. == subs(Sx,0) PRI 14 SRR
ang=
2
= subs(diff(

5,%),x,0)
ans =

>> subs(diff(S,x,2),x,0)
ans =
1

S-Mucoj.
X'=y
=x W1,
il-iq)(l)epenunan TeHITIaMaJIap CHCTCMACHHH G4
>> §=dsolve('Dx = y', 'Dy = -X)
S =
X: [1x1 sym]
y: [1x1 sym] .
>>disp([S.x, S.y in(t)y*C1+cos(t)*C2] e
Bouwnanruy na

TeMacHyy eypml Ba €YUMHH TEKLIHPHLL. , :II
>> xt - —1''v(0 :2l’ltl) h
>> ;}:g:olve('Dx =y, Dy = X, x(0)=1%y( ) \
S =
X: [1x1 sym] '
y: [1x1 sym] |
>>18.x S.y] |
ans = .

[ cos(t)+2*sin(t), —Slll(t)+2jkcis_;_(i){;]gst, l
Spuy x=cost+2*sint, y=-sint

Eunmup Tekmyaphi:

>> diff(S.x,t)-S.y

ans =

0

>> diff(S.y,t)JrS.x

ins =

- Sldpiipi s lr"sr,l{:l[lﬂﬂlﬂlm“
Bniiatisds iapiidpun

fi TCRITIpHI |

== subs(S.x,L0)
ans =
1

>> subs(S.y,tL0)
ans =

2

33

3141615




77

L.1.12. JTanpac jﬁ:;raprupmunapu —laplace

Unrerpay y3rapr

ap  euumia
HpHIUTap Anddepennmar TEHIIamManap C4MIia,
bommKapum TH3HMIT4

HIyHra
PHHHNT HHaMukacy TAKMK KWinma Ba YH"
i ~ KV HHJIaaH.
HK Ba HIIMuif Macajlanapuu eynmina kenr KYJ1aHH cnac
I
MATLAB tusimuna dypre, Jla

ST MHH
VPHLUIap Mamyky), Ynapnan 6us Jlangac y3raprupuuLiap

KYPH6 uniaymys.

P 1e0 aranany. it
AB TH3uMuza fi7) byRKuMsHINT JTangac Y3raprupuiuiapu

, laplace(F,s), laplace(Ft,s) ynxupsnap éprami-

TH-
fU1ac ysraprupumuiapy I0KOpH/1a KeJl

thopmynara acocam Oaapunany.

HCOMmap;
>> laplace(t"S)
ans =
120/57¢
>> laplace(exp(a*s))
ans =
1/(t-a)
== Iaplace(sin(w*x),t)
ans =
Wt 2+wrg)
>> laplace(cos(x*w),w,t)
ans =
t( '24x12)

>> laplace(x“sym(312),t)
ans =

3!4!t"(5f2)*pi’\(112)

>> Iaplace(diﬁ(sym(’?(t)')))
ans =
s*laplace(F(t),t,s)—F(O)
“>symsatwsg

>> n=sym( ,n','positive‘)

>> Iaplace(l,t,g) i
ans =

1/s

I 1 L » ll p ( 5

>> laplace(exp(-a*t),t,s)

ans =

1/(s+a) |

>> laplace(sin(a*t),t,s)

ans =

a/(s"2+a"2)

=>> laplace(t"n,t,s)

ans = s

$"(-n-1)*gamma(n

>> laplace(exp(-a*t)*cos(w*t),t,5)

ans = ’

(s+a)/((s+a) 2+w"2) -

>> laplace(t*n*exp(-a*t).t,

s i ¢ y3rapTUpHUILIAPH
gﬂmma(llﬂ)*(ﬁi)ne(l(ﬂ oiuﬂraﬂ tacupnap Jlanmac ysrap
Kypuun6 typran :

AL a MaBKyn
esipin HHp ATIBAITHA
AR 6pmaHa£1 JTF;mﬂac Y3rapTUpHIIIapH XK
OHam  GeBOCHT

KYpaiinu.
SO ts N
>>12;I[22e(e xp(-2*t)*sin(2*t)*cos(3*1),4,5)
ans = vs - 2)/(s"4 + 8%$73 + 50%g”2 + 136%*s + 145)
(2%s72 + 8%*s -
8xy
25° +8s5—2
T T 485 +505 +136s +145

— ilaplace
V3rapTHpHULIAPH
1.1.13.Teckapu Jlanuac y3rap §3rapTi-

i Jlamac
B tusumuaa L(s) QyHkums yuyH Teckap t) bynK-
MATLAB tn

I p

f.MHcoJmap):

>>gymsatws A
>> n=sym('n','positive’);
>> jlaplace(1/s,s.t)

ans =




1

>> ilaplace( 1/(sta),s,t)
ans =

exp(-a*t)

€xu

e'[—af)

>> ilaplace(a/(s"2+a"2),s,t)
ans =

(3“2)"(1!2)*sin((a”‘2)"‘(]r’2)*t)
K1

“dsin ((a2 )% t)

>
(")

>> ilaplace(s"(-n-])*

ans =

t"n

>> ilap]ace((s+a)f((s+a)"2+w“2),59'[)
ans =

exp(~a*§)*cos(w*t)
€kn
> e{-a:

€

gamma(n+1),s,t)

) cos (wr)

>> ilaplace(galmna(n+1)*(s+a)’“(-n-l ),8,t)
ans =

EXp(-a*t)*trp

~ e(“")t”

>>symsts

>> llaplace(2*(s"2+4*s—1)f(s’\2+4*s+29)j(sf\2+4*s+5) s,t)
ang = -
_1!2*exp(-2*t)*sin(5*t)-UZ*

-2%f) kg
4 exp(-2 t)*sin(t)

(~21) . ~21)
SLEDsin(s) 1y

2 2
>> f_actor(ans)
ans = 3
l;‘2*exp(-2*t)*(sin(S*t)~sin(t))

EKH .
1 c[_z”(sin(Sr)—sm (I))
g 2
>>gymsstwxy
>> jlaplace(1/(s-1))
ans =
exp(t)
>> jlaplace(1/(t"2+1))
ans =
sin(x) 3
>> jlaplace(t™(-sym(5/2)),
by i°(1/2)
4/3*x7(3/2)/pi y
>> jlaplace(y/(y"2 + W 2),y,X)
ans = i
os((wA2)"(1/2)*x o
i:(igaplace(sym(,]aplaCE(F(x),X,S) ),8,X)
ans =
F(x) .
>> ezplot(,sin(t)/t ),grid

J Figure Ho. 1
Ele Eot Yen et ()

Tools Window Hew

2-pacm. sin(t)/t QJ}*lmuHmmurrpatpnru.
1.2-pacm.

A ' '_3 3., 3-. _3]),gl’[d
>> ezplot('u’2-v"2-1[-3,

37




-

?'“‘mm:!mﬂ T

02Q8 rAr, pp-
3 wiy=g

L3-pacy, ya :
2-y72.1 Dysenusmyyr rpaguru.

Keituyr
TH Mucoma
ara 6 TEHIN
2 6yJH’m-IPIHH AHHKNalMmys Fe o cHCTeMAacH Kanda XAKUKUM MJIiu3ra
>> Syms x s :
>
> €zplot(x/2 +y-3)
>> hold
S:"em plot hold
eZplOt()ﬁ-}mz_z)
>> orid

4 Figure Ho, 1
.f"‘.aﬁs'!. T Vet Took indon
O iy T

>> S=solve('x2+y=3",'x+y"2=2'X.y);
>> ypa([S.x S.y],10)

ans =
[-1.111748656-.8917171598e-9*i, 1.764014925+.2527521585¢e-9%1]

[ 1.518610398+.8241378796e-10%i, .6938224571-.5939112169¢-10%i]
[ 1.842915768-.2319018893e-10%*i, -.39633853 15-.2925553168e-10%*i]
[ -2.249777513-.6766066204e-9*i, -2.061498851-.1 64105505 1e-9*i]
>> digits 10

Pean nnausnap.

>> real(ans)

ans =

[-1.111748656, 1.764014925]

[ 1.518610398, .6938224570]

[ 1.842915768, -.3963385315]

[ -2.249777513, -2.061498851]

1.1.14. Symbolic Math naKeTHHHHT rpapuk
HMKOHHATIAPH

CumpoJan GyHKIHAIAPHHHT rpaduxIapa— ezplot
DoiiananyBunapra rpauk  KypHIUzAa KynaiuKIap — ApaTHi
Yayk Symbolic makerura ezplot KoMan/acH KUpUTHITAH. Y KyHHaard

KYpunuuiapra sra:
ezplot(f) — cumBosn bepriraH f(x) pyHrun
Yarapypuu x 6yiinua [-2%pi, 2*pi] naTCpBAIAA KypazH.
ezplot(f,xmin,xmax) — IOKOpHAard Gunan Gup X, (aKar MyCTaKkHI
y“apymu x Gyiiuua xmin JaH Xmax raya OyjraH MHTEpBana rpauk

Kypamu.

ezplot(f, [xmin, Xmax, ymin, ymax]) — f(x,)=0 QyHKUMAHKHT
Xmin<x<xmax, ymin<y<ymax yIyH rpaurHH KypaiH.

Srona yarapyBuniy (pyHKIHAIAP rpagpuknapiHi KypPHIUHHHT 9HT COJI-
Aa Hynu ezplot komaHaacHaaH oiinananuIAHp. Viuby KoMaHAa CHMBOJLIH
H(boﬂa.nap i agonuM (yHKLsIap OHman XaMm HIILTAIIA Myljll(ml. Maca-
i, x4 x? +x+1 dynkupsHHET rpaurumm -3 1an 2 raua GynraH HHTEp-

sHUHT rpaUrHHEN MyCTaKHII

‘Banna gypum ydyH Kyinaarniapai KHPHTAMH3:

=>> ezp!ot('x*"3+x"2+x+ 1,[-3 2])
Kypuran rpauk 1.5-pacmia KeJITHPHIITaH.




|
Fim - >> ezplot(‘cos(x)', [0, pi]) ,
ot P T — |
ﬁh"—\"""\‘_\'—v— Ndde 4§09 E - @ 08 =
] 0
1
05 A
|
05
s -1
I T 4 . ) ) . 3 N
Sl UL o o5 1 e
Kypuaras cos(x) Gy nKuHsHHHT [0, pi]

1.7-pacm. ezplot KomManacu EpAamMuia

1'5 pa(:\-f 3 2
e X7 4 X"+ x J 1
] ‘ o s ““Tepﬂﬂ.ﬂﬂﬂl'ﬂ rpal:]llll"ll.

Keitunr
1 MHCoILTap
w 1a “
H8H ol nanary gy, TYPM Ky pusmmiap ary ezplot xomanpaANapH-

= ez ] i -{-10 _]+y)+x - I’)
> ezplot('cos(xy) zplot('1/y-log(y)+log(

>> grid on  ——— e
. B P AN T T3 (b mﬁ
fo0 iew et Toos Duitep, Wedew Me® ... el
6f =x y ! |
. ‘ | -i
| |
2t - .‘ !
.',-'J.- 5
o |
= 0 | :
|
2f L
4t |
|
© I | |
8 1 2 g . 9
* 1.8-pacm. ezplot KOMAHIACH épaaMu/ia KypHaran
)+ x— psiuHr rpa@ura.
l—chg(_v)-i—log(—H‘},-)+nL | ynrn I

y




I —wn_
i -4 i =

czplot('sin(t)','cos ©) %

1.9- i
Pacm. sin(t) pa cos(t) ¢
: ezplot(‘sin(S*t)

YHRUHAIADHHHT Gy
: 1praj
*cos(t)':'sin(S*t)*sini(Jt}':{:”;;‘;r“ rpadurn

[I.. II.I I V

L.10-pacwm, sin(3*gyx

f= inline(' Pi| mpr,
co A €pBa
e,

c ton yow puet Join Dostep Wndom B L. .

NOWL hNODEL- G088
coneye2 o)

E E 2 0 2 4 s
x

1.11-pacm. Inline GyHKUHAHUHT rpadury

1.2. ®oiigananysd TOMOHHIAH gepuaagnuraf (yHxuusIap
(aHOHHUM (IJyHKllllﬂJ'lap).

MATLAB sapocuzia kymnab OMpHKTHPHIITAH dyHKUHATAp OYIAIATA

gépaMﬂCﬂaH afipiM XoJiapaa dhoitrananysuura SHrH ynxumanap 3apyp
YIHG konaan. MATLAB TH3HMILA (oitananyBuH (yHKIMSIAPHEH KI
PUTHIspT kaTop #YIapH MaBXyL. VYinapaaH OupH inline QyHKIHACHIAH

Olmamapuugup. YHHHT apryMCHTH cuparuaa aroctpoduap H4ura OJHH-

r i 5 .
M Gup gxp Gup Heda y3rapyBUHHUHE (pyHKIHACHHH Gepysun npoza C3u-
uHmHT (pyHKLEACH OeprIrat:

Tam. Kyiipparn Muconjia HKKH y3rapyB
>> y=inline('sin(x)."‘2+c05(y)".2')

Hiboﬂa xupurimb «Enter Tyrmacu Oocuica X pa y aprymeHmiapra sra
Yilrag y(x,y) inline (pynKIHs XOCHI OYAraHIuri TYFpHCHIA axbopot
THkay;
¥ = Inline function:
y(x,y) = sin(x).2+cos(y)"2
i Xocun gunuarad pyHKUHAA
rapy dhoiinanaHHIIHMU3 MyMKHH,
">>(0,0)
ans = |
>>y(1,1)
ans = 1,5922
>> y(pi/2,pi/2)

4 MATLAB uuHr 601Ka dyHKLHATAPH

macaJjaH:

ST




ans = 10006 p

oy N
FOxoprpary MHCoJ11a inline byuKumsgHppr apryMeHTIIapuHH JIacTyp

i VpcarHil
HHUHT {3y AHUKNAnW, nekyy Yiapuu anocrpodmap uunga anoxuma RRe
XaM MyMKup, Macanay:

~> gl = inline ('xA2 + y"2','x', 'y")
gl=
Inline function:
Bl(%y) =xA2 + yr
=>g1(1;2)
ans= 3§
Kyitunary MHCOIIIa kK
rpacbmmapﬂ XaM Kypunray:
clear all;
cic:
P =50;
t=[-6:0.0] 1 6];
f= inlme('(t+2).*sin(t)‘, 't')
V= inline('3*f(p*t+2)','t','f‘,'p')
plot(t,f));
v(t,fp);
figure;
plot(t,v(t,f,p)};

heaanaiy O e —— )
Déng \"/".B-"\

b Ty ey
Jk’-\a

Deopg \.ﬁg,‘ spa !
2

= | HHT
HTa nline byniwms xocun kummmu6 yraph

E o =+ "

2 T
N

. - =
Pacm. Xocpyy Ky gy inline tbymcuumlaplmnr rpaguKIapH.

Bepmiray Y =x2.3x42 ¢ i
: YUK ps gy -5. 51 opaTHK

TONHIy KYpaiiny. T MUHEMYMpHK [-5, 5] op
22 y=inline('xﬁ2_3*x+2~)

71 KWIHHAIN
% (hoiiananyBUHHUHT (YHKUMACH XOCH
0
>> x=-5:0.1:5; A
% X BeKTOpHMHT KHHMAaT/Iap
=fminbnd(y.-5,5); i o8
n>> x1 fm";‘ HYKTaHHHT X aﬁct.mccacpim:b::)pmamaﬁ i
i (x1) kuitmMarIapHy SKpaHra a5 rglewy
}b%XIf[;ay‘“/Z 1f ,,x1); fprintf(, ymin .
>> fprintf(' x = %2.11 ,, |
. i 13 MyMKHH:
Fi yn::lgmapw ity OuiIaH XaM OJTHLUMM
Harmxanu P
- Ffminbnd(,x‘thf% *X*');-" ;°p5r’in)tf( ymin = %3.1f ,.x.
i =%2.1f ,,x); ;
=>> fprintf(, x
x=1,5 ymin=-03 )
Kyiinmarn muconna f (x)=
Kiinu kypcaruiran: .
>> f=inline('x"2+y"2','x', );J)Ia
H(poma Ba KMpHUIL apryMeH .
«Enter» Tyrmacu 6ocuica 1
f= o
Inline functlon‘:\2
~xe YypamH3
b o ;:Hf H):unammm TexHpHb Kypam
YHKIIHA
>> f(4,5)
dns =
41 O O I e
>> f=inline('’x"3+y"2','X ,Ha; J)][ap
i apWMEa inline
«Enter» Tyrmacu 6oCHII
f= |
Inline function:
T HH TEKLITH
GyHkmusHuAT HIIALHA
>>f(2,3)
ans =
17
“¥1(3,2)
-ans =
. 7l apHH KHPHT
arap pexrop KHAMATIAP
>>1(1:3,2:4)

AD-3*x+2);

- yy [ ¥y HII
).I_y n

1l
u anocTpod HYUra OIHHAX
: (yHKITHS XOCHIT 6ymanu

H
u amocTpod) Huura oIHHalL
(hyHKLHMST XOCHIT oynaan

pub Kypamus3

cak

45




XATOJIHK 103arg Kelrany

272 Error usi i

o hor L;f;mg == inlineeval at 15

S e “ INlne expression ==> xA3+- 02
MX must be square i

XaToiMK Oynmacy UTH

KysiMu3 YiyH *, / pa,

e AMAJUIAPUHHHT OJIIAra HyKTa
=inline('x » :
f= c( X. 3+y_’\2 "xl,lyr)

Inline function:

= @( =Y)XA y;\

@(X»Y)XA3+YA2

s Ng ==>
ll\E’Iatrlx Must be square % dob
TTOr in == .
In === @(x,y)x"3+y“2

e -8 fl'—‘= :
f.l = @(X,y)x.z\3+y.,\2

(&)(x y)x A
2 XAy A
dans =

5 17 43
>> fI([1 2 3),[2 3 4])
dans =

5 17 43

1.3. Maple gacTypHHHHT XPOCH

Symbolic Math Toolbox MoxynHId GakapHIHIIA  3apyp oyaran
Xucobnanuiap Maple aacrypHra fobopHiaan Ba Maple aacTypUHHHT
ANpocu xucobnauuiapad Gaxapuo, garmwkanapun MATLAB nactypura
KaliTapangu. bapsu xomnap/ia Maple aacTypHUHHHT SAPOCHra KHPHUIL 3apy-
PaTy jo3ara xenumm Mymkus. MATLAB facTyphia Maple 1aCTypHHHHT
ANpocura kupuil ydyH maple Ba mhelp KomaHjanapriaH (oiinananul
MyMKu.

Kyiinza Maple nacTypHHHHT AAPOCHAAH ¢oiinanan
KenTupunran:

l-mucon. f=ma TeHrmMaMaHH a yarapyBuura HUCO

>> maple solve( f=m*a, a)

ans =

fim

pgaira MucoJsap

aTaH €4HIIl.

Ja

1 cUMMHHH -Y=E

Hatuxann a=i KYpHHHIIHEAA ONaMH3.
m
cos(x)=0 TeHIIaMaHHHI X T4 HucoOarat

. ZMucor,
KYpurmmiia oramus
>> maple solve(cos(x).x)
ans =
1/2%pj
3-Mucon, cos(x)ty=0 TeHIIa

T
Y=x—geos(y) HATIKAHH OJIaMH3.

>> maple solve(cos(x)*+¥:X)

MaHH X HOMabJIyMIad pucOaran €aud

ans =
Pi-acos(y)
: a uucobaraH eund
i:M_PiQQLI; C+bx+c=0 TeHrTaMaHH X HOMABIIYMI
1 1 .
>yl (* "4")[2_’ . f’_+____._-—(b —4c) HATHYKAHH ONTaMHU3.
2 2 W2 2
>> maple solve(x"2+b*x+C,X)

/2% 1/2%(b2-4*c) (1/2), -1/2%b- 1/2%(br2-4*¢)(112)
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JIapHK KHpHTamMus:

>> maple dsolve(diff(y
Ba CYMMHM onanps:
ans =

(x),x)—y(x)"‘2+y(x)*sin(x)-c05(x))

(x) = sin(x)—exp(—cos(x))a’(ﬁC 1 +]nt(exp(-cos(x)),x))
€Ku

al=cos(x)

X)=sin(x R e
}’( ) ( ) ﬁCl+_fe[ ms(:))dx

6-Mucon

) gy i () |+ y(x)=0
(6‘x ) (El.r J

) iuaarid-
A depenmman TCHIIAMAHKHT  eqppy AHHKJIAIl y4YyH KY
"IADHU KipyTaNys:

>> maple dsolve(x»

= Ba CYMMHY OnamMus;
ans =

(H"1)*diff(y(x),x)*’\n-n*x*diff(y(x),X)+Y(x))

¥(x) = (X n*(xA(-1 +/n)* Cpyn
€Ky )

n+x"(l+lx’n)*n*_Cl)fx
"( [~!+J—) i [|+_I_J
Bl i B Cl

y(x)=x“

X

I-Mucon. HKKHH‘-IH Aapaskajy HYH3WKITH
a? x”n(n“l +x”n-003(x)x x d
uacbcbepenuaan TCHMamayy CunI yyqyy KyHutaruapHu KHPUTAMH3:
>>Mmaple dso]ve(diff(diff(y(x'
y(x)+ COS(X)*diﬂTy(X),X))
Ba eqnmpy Onampys:
ang =

¥(x) =
Exy

AN o
)-x),x)ﬂ“n*n*(m 1+x”n*n-cos(x)*x)/x"2

(I nt(cxp(sin(x)_)fcxp(x’\n)"z*_(j I,x)+ C2)*exp(x"n)

()

e.-.in(r) N Cl

)

cubH1a HXTHE-
“ H Ba TAPKH
3uKIM 6ynmara
apaKAITH TH3HKI
¢ CHHYH Japax
8-mucoi. MKK:
5 yiran
PHit Qynkrms (F) 6yre

X 2|
y(x)=|[ sl i

((—f;y (‘))(’ 2_) (n o n{v(-‘f))
u+w _1"(-")
Eri? y(x)= (r+sx)

: MH3:
rHJIapHH KHPHTA

Hua
aMaHi equnr yayH KyHH/L y(x),x)*(r+s*x)/
JLIHaJ1 TEHT. >
ILH(b(‘])BPc”u”‘

=F(diff(
=2 dpledsolve(diFf(y(xz)),qu)
me y(
(Uhwy (x)))*(utw*y(x)/(r+ *X)
Ba eyuMMHH OJIaMH3!
ans =
y(x)=1/w*exp(w (
o=, _Z)- b+ C1), b=

A9 * -F(-_a))’_
otOf(-Int(L/(_a*s+_a il
* (lnt(llz‘gj(_]__S *x)/s)+_C2))-1/w*u

1 i _a—_b+_Cl
RootOf — f PR TR

— @ F(-_a
b AT w= e
" _ast_

= _log(-r=sx) 7 }M* c2

lu

W
le
y ( x ) — w

UK O IMara

(,a.-)]J X+ 2(:% y(.vc))2 y(x)x*+y (;:r)5 =0

H 4H
9-mucon. IOkopH aapaial

& 0 V) ulx xﬂﬂz(ijf
(;j}‘fy(.r)](g)’(x)J-’ (x) ax

- gl y4yH myi-iunargnagu
1"'“"q”’”e"‘Sfiﬁ;Z’?E?(Z‘}E{;”(f),‘i:)s,ii’l(’gggx),x)*ym '
K)A;br’]‘?jrl;*di]"f(y(x),x)"‘Z*y(x)*K y
Ba eyymMuM ONaMH3: gl
a?i; _3#xA3/(-(2*x+_C1¥x"2)N(3/2)+37_
gm} 5

1 KHPHTAMHS3:
~6-2*dif(y (%),

49
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ADHU KupHTamys:

>> maple dso]ve(dif"f(y(x),x)*diﬁ(y(x).x,x,x,X)-diﬁfy(x)’x’x)*diff(y(}{),
x,x,x)+dlff(y(X),x)“3*diff(y(X),x,x,x), Lie)
Ba CYHMHY OJlaMu3:

ans = 4

y(x)=‘&where‘(lnt(lfexp(lnt( hl(_g),_g)+ Cl)* g* hi(_g), g)r+_
U h1(_g) o) -3*__g*(4~:_g);i)1 i-(i)g J3+(10+_g)*_hl (g)"2-
3_g* hl( g)), {_hi(g) = 1fdiff(y(x),x)A3x(-difr(y(x),x)!diff(y(x)f3 (x,2
))"3*dlff(y(x),‘s‘(x,s))+3fdiff(y(x),‘3'(x,2))), g = /diff(y(x),'$"(x,2))*di
fy(x),x)73), X = Int( _/exp(Int(_h1(_g), et CI)*2* hi(_g), g)*+_C2,
}’(X)"= Int(1 f’exp(Int(_hl Lg):___g)+___61 )*ﬁg*_h I (_?g),_g)+_C3} D

EKH

l_g_n(_g)
f(erl(hg)d_gtCl)dﬁgtcs

_{fgﬂhl(_g)=~3_g(4+kg]_’?1(_

& where

g)’ +(10+_g)_mi(_g) _3_!:[(_g)}‘

=B
a 4\)
1-41(_g)= I g_[(a_xy(*)) .T
0 3 _g=-%
{:] 3 (E;y(x)]{f;-y(x)] 2 y)
a;y(x)) L
(aﬁy(x)] 5_;5.1’(x)
12= [—<&8_hl(_p)
f(clf,au)aﬁrz])z d_g+“C2,y(x)=fﬁ_1:“§:{1(___g))_d -
! ad Mgl g+ 01 =

11-mucos1. BHpHHYH Aapaxaii
(i ¥ (1)] +2y(x)=0
dx

i 1H:
aHH yMYMHH €1HM
epeHLHall TeHITAMA :
iiq:ga;l:le dsolve(diff(y(x),x)+2*y(x))
ans =
y(x)= CI *exp(-2*x)
ExH -
y(x)=_Cle™ - o
Bownanriy y(0)=2 mapira i;fz*y(x)
>> maple dsolve({diff(y(x),

H3.
H

y(0)=2},y(x))

ans = )
y(x) = 2*exp(-2*x)
EKn |
y(x)= 2¢~2)

12-mucon. Bepuirat
e v(:f))_ 2y(x)=0
ox™ -

=]
Muddepennpan TeHrIaMant y(0)

= )
- = =1.2,y(1)—0.9},y(x)
oo eqalIW?{dii"fty(x),x,x)-22"‘3f(v<)43,}*((>)
>> maple dsolve
+ 1
aI(lS)= 88566464387*si11h(2’\(h’2)*x)
y(X)=-.

( ) - 38 S1 ( ( }. ] 1 ( E

a6 eund
an f, OpKamH OeJIrui
acal :
s, M

y(1)=0.9=y' GommanFi mapt-
2 Ba :

2%cosh(27(1/2)*X)

I

Tenrnamaun 6upop (by;)];ﬂaﬂap
“Ypamus, By xomna xam M B o
S3Mnumpra yHTHOOP uﬁepn't_I;mMaMH:
MKapunumm kepak 0yca 26* e

f:= diff(y(x), $ (x,2))- *yl y(1)=09},¥(0) .

n 'maple s | 2% cosh(27(1/2)*X)

i *Sinh(Z‘“(UZ)*’*)"" .

y(x)=-.88566464387




I| /
" 1.4. M
ABJIYMOTIAPHH KaqBaJ KYPHHHIIH/a YHKApHII d
en
burra carpra 6y % i :
: P HeYa Y3rapyBUMHUMHI Kij i X sin(x)
d THI  KHH .
ot e e PHABH GO TETARILL My P e iy 1.0000 02000 0.1987
yarapyBuu E‘?”ﬂaﬂapﬂra MYBODHK yHHHI apryMeHTH (]JarfaT Gy ’OHCpaTop- 2.0000 0.4000 0.3894
?mmyqyﬂﬁnn MaTpHIa) GYmaum Mymku,  Viny qemalﬂrra (Mar, 3.0000 0.6000 0.5646
nemop_Canra% HEITa MabyMOTHH (COHIM Y3rapysumiy ) su‘or-:]aHHfi Aetmn 4.0000 0.8000 0.7174
[x1,x2 Zamammpm o iy by 5.0000 1.0000 0.8415
My witoeee ' 6.0000 1.2000 0.9320
disp([x1 i;mﬁ 7.0000 1.4000 0.9854
onepmg,ép;;;‘;;? 8.0000 1.6000 0.9996
HAA HATOKAIAPHH Mah 9.0000 1.8000 0.9738
3 n 4 i) . : {
Kpi}g:—-;ﬁﬁpﬂm MYMKHWH, Macanan YMOTIap jxajBas KYPHHHLIMIA 10.0000 2.0000 0.9093
y=2%t, 11.0000 2.2000 0.8085
disp([' i "'t(i) 'v(i) ! 12.0000 2.4000 0.6755
By D D 13.0000 2.6000 0.5155
| t;f’lsp([i,t(i),y(i)])' | 14.0000 2.8000 0.3350
| nd : 15.0000 3.0000 0.1411
Il L) y(i) 16.0000 3.2000 -0.0584
L9a0igin; 17.0000 3.4000 -0.2555 |
)L L 18.0000 3.6000 -0.4425
3.2 4 19.0000 3.8000 -0.6119 I
G it 20,0000 4.0000 -0.7568
> 4y t=0:10;
6 5 10 y=2%t;
8? 6 12 dlSp([l 1 |1| t(l) ',IY(i) l])
; 73 k2 for i=1:10
i disp([i.t(),y(D)])
: P s ! end
: €KH KEHHHIY Mic ; :
e OJIIa JKaaBai ¢ i t(i) y(1)
Y4yH H ! * aTpia
y>> KZ}ZT'HHMTHH olinananmiray pH‘HHHr HOMIAPHHY XaM unKapymy 1 0 O
1 " o .
v fori=1:20 LW e isinaye 1, § é i
X =1/5; .
?tifsin(x); ;1 j g
1 ==
disp(a) 6 5 10
end 7 6 12
._ disp([i,x,si]) ' g8 7 14
9 8 16
4 52 10 9 18
‘ 53
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II BOB. MATLAB JACTYPH/IA I PAGHKA

2.1. IapameTpux YH3MaJiap

AHpumM xommr
. apﬂa plot (Iy) KOMa
1, HIac
Oynran dynkuns cuatumia 6 Aacuiard x Ba 'y mapamerpra sra

% 5 EPHITHIIN '
TeHT 6yran aiinana (2.1-pacwm); MyMKiti. Macajtan, panmycn Gupra

>>T=0:0.01:1;
» plot(CUS(z*pi*T) Sin 2* g
>> axis square Pt

) Figure No, 1
e Bt Vow iset Took wedow eb :
T o s —

et e

0B} j

0B

D4
02

0
0.2

0.4

46}

05

1] T e

1

2.1~
pacm. Pagnyen 6upra tenr Oyaran aiinana x24y2
Vi

1.

Iraf axis

Xam 6u TKana 65 Squar
P Xuit mKana 6ysurmmnm T%Mmmanﬂi ¢ KOMaHnacH mxyqn T

54 »

IpaduKnapHu napamMeTpuk KYPHHHALIA YH3HILIHA ezplot komanaacH €p-
JaMH/Ia XaM amaira OnHpHIl MyMKHH:

>> ezplot(‘cos(t)', 'sin(t)', [0 2*pi]); axis square

Jprubop Oepunr, ezplot KoMaHAACHIAH KeHHH HYKTaIH Bepryl

KYHHJIraH, JIEKHH Y rpapUKHH aKC STTHPHIIHH tyxrarmaiau. Hykraiu

BepryJjl acOCaH MaTH YHKAPHILIHH TAKHKJIAHIH.
2.2. KouTyp/u Ba IKKOJI gysmaran 4m3Majiap

Wkku  y3rapyBuman  (QyHKUHSHUAHT KOHTYPIH 4H3MacH (QyHKIHA
CATXHHHHT STPH YH3HKJIAPHHH, ABHA X-Y TexHcIHKaa (GyHKIHA y3rapMac
KuitMaTHH Ka0yil Kuitaaurad HyKTanap TyNIaMHHH ndonanaiu. MATLAB
JacTypHza KOHTypi qu3Majiap meshgrid Ba contour KOMaHJaJIapH épna-
MUa SpaTHJIazH, meshgrid xomMaHAACH GepuiiraH HyKrajgap acocuiaa VP
XOCHJI KHIlaH Ba YHIAH ¢poitananud contour KOMaH1acH KOHTYD YH3MaHH

j03ara KenTHpazu.
Mucon cudarnia x°
(2.2-pacm):
>>[XY]= meshgrid (-3:0.1:3, -3:0.1:3);
>> contour(X, Y, X."2 + Y.A2); axis square

+ 7 ydyH KOHTYp YH3MAaHH APATHLIHU KYpaiHK

3

At

2.2-pacM. xy?=1 yuayH KOHTYpIH yH3MA.
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o Jlemunckarg
XY 2 v
V=0 kypunu é

1y
esheri /1a €316 onamus gy KyHuarmn:
grid(-1.1:0.01:1.1 MIIAPHH KHPHTAMH3:

e i1 -1.1:0.01:1.1);
Z> axis square
=> title("Lemp; skata x/?2

rpaduruny KypHuim g et

..y”\zz (XA2+YA2)A2l)

e oy

08}
06}
04f

02}
04}

08}

} 05 3

0.
: 2.3 . 1

“Pacm. Jlemuuckara,

"PacM) capuanxacuy
XACHHH @3y
lima napaskara

qyH A y I
Oenrucunar (Pofimananunray [ITy-

_ Genrucunu

>> ezcontour('xA
X 2+y’\2' 3
>> ez ' ’[- 3]3[‘3 3N: ax¥ia o
plot( (X"24yA2)r 279y [ ]I) : ]“I‘Slsiq[uare
: s "1.]_ ] ]])' 1
St -L1]); axis square
MATLAB Maknonapimur UH3Ma
: Aactypumar ; e
;;[J)enxanap MaCCHBﬂapHHH:;IF?;"Ve]' KOMannacy BEK
2 o 1 5 rop Maii
TAIANN, Macasai (2.4- py Z‘fjﬂmm ( Y PHHUI ) x';LMaHﬂonnapn Ba
-J-pacwy): AL Ky
yayH

56

=(x*+)”)* udonacunu

>> [x, y] = meshgrid(-1.1:0.2:1.1, =1.1:0.2:1.1);
>> quiver(x, -y); axis equal; axis off

bV NN NN
R
2 4 Y NN
/A////Jt\\\\a\
‘“\“\:‘\\‘ll‘/////’
e W W RN O A A
w W R L kP A
x X\ TP/

2.4-pacm. BexTop MailIOHHHUHT TH3MACH.

>> [x,y] = meshgrid(-2:.2:2,-1:.15:1);
7z=x .*exp(-x."2 - y.2); [px,py] = gradient(z,.2,.15);
contour(x,y,z), hold on
quiver(x,y,px,py), hold off, axis image

1. * LY LY h | 1 | SR /'-...‘\l ;/ I." .
b w A WS s ’-'«\/:_N . 2
L& wym N ~N V4 A
05F =~ = =~ \ 4 PO TN
e T A \f{d’ - - -
e e — - et Wl Y
0F b e { ~)- ~ =
L = ¢ "ol ™ R
L = & o .5 N fon S ]
068 . o \ \__f\ - = ]
Paarps i \ i A \.’/'R N = .
A, g i { Lsiom PRNELACE B
-1-.**.:;;:\.\\-“"-""\.\“‘—
2 A5 -1 05 0 05 1 15 2

2.5-pacm. Bexrop Mail0HHIHHT yu3MacH.

n
~i




2.4. Y4 myaman 1H3Masiap

Yu ynuamny $azoma AH3MANAPHK 93K yuyn plot3 KOMaHjacH-

AaH  Qoligananunay, Macanan, cnupanun ausum yuyH (2.6-pacm)
KyHHnarunapuy KHPHTaMH3;

>> 1= 0:pi/50:1 0*pi; ploB(sin(t),cos(t),t);

(’/"" i
- 05

05
-1 -1

2.6-pacm. Cnmpannunr unamacy x=sin(t),y=cos(t).

FOxopuna KEITHPHITAH 4H3Ma
UH3HLI MyMKHH (2.7-pacwm):

>> ezplot3('sin(t)’, 'cos(t)', 't!, [0, 10*pi])

HH ezplot3 xomangacu €paamMuga xam

2= sinfl), y= cost), z=1

2.7-pacwm. ezplot3 KOMaHnacH épraviyy, XOCHT KIIIHHTaH Ynapg,

58

2.5. Yy ynuaman daszogard CHpTIAp
(103an1ap)

mesh pa surf

Yu ymuamiu (azomarn cuprIapHyu YH3HII yqy}:u z;(;;dc):zg bt Sl
KOMaHjanapu HILIaTHIaAWd. YIapHHHT 6}1pnutmc;i o VR
Xocui kuyaau. Xap 6up koMaHaanaH HKKH XHI Hya L s
MYMKHH: Z KOOp/IHHATA X BA Y JJaH (QyHKIHA cu@arg;lmm R iy
HM3WLI Ba X, y Ba z KOOpAMHATAJIAPHUHT Xap GHPL;T T ekl
HUHT Qynkimscu cugarnga Gepuirad napamerp
Wy;’{ f(x,y) xypunumuga bepHirad z = x?—y? CHPTHH KyiHza-

acanan, z=f(x,y

THJIAPHH KMPUTUO YH3HII MyMKHH:! oy

>>[X, Y] = meshgrid(-2:0.1:2, -2:0.1:2);

>>Z =X AM2-YA2; mesh(X,Y,Z)

=x2—y° CHPT.
2.8-pacm. [laddod z =x —y CHP

yau surf Ko-
1 KOMaH/Jac
Wladody Gymarar cuprai i3I yayH mesk

MaHnacHra anmMamTHpamMu3 (2.9-pacm):
> ezmesh('x~2-y*2', [-2, 2 -2, 2])
>>Z = XA2-YA2: surf(X,Y,Z)
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Lot A 4.5
Serdrtrg Sty g &,
: /,,'f::‘t‘.'!,'J
s

MYMKHH (2.10- ga 2.1 1-pacm):
>> zmesh('x*2-yA2' [-2,2 -2 2])

AR : .__If!-’_._g_'f‘_j":l’_ Window  Heip
= ~2U%0s-an@|ag

Ly )
\“:&\t‘.‘“{’

S

AN

3
ARt
R

Al

File gdn_ View [nsert  Jools Desidop _ﬁlndm __ﬁ.rlp i 4
Ndde k REMIW LR 0E a@d
2

2.11-pacm. ezmesh koman

oacH épaaMnaa OJIHHIaH wappod 0yamaran
z =x’—)’ CHpPT.




IIl BOB. M-KMTOBJIAP

i@

"0 3.1. M-kuT06Hu Hmra TYUHPHII

-KHT06 MATL
Word xysoxarup. YﬁiBangzTypHHHHr Oaxapuiyiin Komura sra Gyaran
Tylmipunamu. M-kuto6 cudarnna Visual Basic tumn épramuaa umra

& HH AITa
1

otebook komammacy KHpHTHnaﬂHIg{HHHIleIm o SR e

1le Merocuma N

ew m-book Tan-

no 0

~ POKUMMEH axt
5 MBITAIITHPUIII 33
yp. B
KyHHIArH KoMara Kknputin HI.) YHUHT Y4yH KOMaujanap OfHacHIA

=>> notebook -setup
Ba 3KpaHaa xocu 6

ynran un
Worl ot s CTPyKUmsinap Gaskapumay.

mabonn 7
apH XKOWNamras nankara MATLAB HuHr

H m-book.d
PHIL XaM MyMKHH, Ot WAONOHHIHT HyCXacHHH skoHTANITH

M-kuTOGHY Hira TYIIH
=> notebook
. KOMaHJaCH -
3 TepHIa
i M. Maekyn m-kxuro6 I
- MaH/Ia KUPUTHIIAIH: g
¢ - hotebook <m-book> -

6y epx
a <m-book> &
HH
Merirobins . HT YpHHUTa onatna g
_ I' HOMM KUpHTHNA I} -U0C KeHTaiT™Mara sra O6ynran

W

M1
PHLI y9yH KomMaHpanap OMHacuaa

PH Typran carp
Oaxapuin yuyH
TyrManapu 6ocunamm Exu

WEEAM v mecy s

(

T Ty Yhoseoii

Heda caTpldaH uﬁopar KHPUTHIL s;ueiKacHHHM X0CHIT KHIIHII MYMKHH, maca-

JIaH:

syms X y
factor(x"2 - y*2)

ans =
(x-y)*(xty)

FOkopHia KeATHpHITaH HKKHTA Carp GuTTa sueiikara MaHCyONWTH-
HH sYeiKaHHHT MapkepH OyiraH Ksaapat kapcrapaad 6unud ONMMIIHMA3
MyMKHH. MapkepiapHH onu6 Tamiamnt yayH Notebook MeRIOCHIAH Hide
Cell Markers (Slueiixa MapKepJIapHHi GepKHUTHIL) KOMaHACH TAHJIAHAJIH.
Bup Heda anmoxuia queiikanapHy GupawTHpHIL yIyH Notebook meHI0-
cumaru Group Cells (SluciikanapHu rypyxjair) KOMaH1acH HULTaTHIaLH.
Bupnaiurad s4eHKaHH anoXnaa sgefikamapra axparuul yayH Ungroup
Cells (Sueiikamapuu rypyxiapra akpaTHL, GyiuI) KoMaHacHaaH doit-
nanaHunand. Arap s4eHKaHHHT ycTi/a CHYKOHYaHHHT Hall Tyrmacu 60-
crnu6, xetrun Undefine Cells (SlueiixaHHHI KHPHTHI AqeiiKkach dKaHIH-
riHu Gexop KMJIMIIT) KOMaHaCH TaH/1aHCa queiika ogauit Word (opmarira
yramum.

M-kuroGHMHT Gup KHOMH EKH XaMMacH Genrunanu6 Purge Selected
Output Cells (Tannanrad yuKapuIl AYeiikanapuHy To3aj1an1) KoMaHiacH
Ganapuiica Genruianrai coxamard Xamma YHKapHIl squeiikanapu Y4upHO
ranyianaan. Yy xomaHzalaH doiinananuiL, aHHHKCA MabIyMOTIAPHHA
yarapTupu® HaTHKAIAPHH KaiiTajiad ONMII 3apyp Gynranza Ky KelaaH.
M-kuro6Hu Evaluate m-book (M-kuToOHH xucobnant) komManaacHIan doii-
naiasud TYJIHK xucobma MyMKHH. i

Arap m-KkuTOONA IHKII oynca xpcobuam yuyH y akpaTHiald Ba
Evaluate Loop ([TuKisH xpcobant) KoMaH1acH Gaxapunaan. Llnkn Ourra
sueiKaHHHT HUHIa KOHIAIraH 6ynca Evaluate Cell (Sueiikanu Xpcooal)

comannacuiad QoiaamaHu MyMKHH.

AMpuM KHPATHII suelikasapyHi M-Ku
THK Tap3/ia xpcoonai 3apyp 6yuca, ynap Genrunanuo,
(Slueiikann aBTOMATHK xpcobant) KoMaHIacH TaH1aHa
jgapaard MarH TYK 3aHrOpH paHrTd ysrapanu. Arap KomaHzAa
puM KHCMHHH, affTaiiMK KakTanaHy s xucobnanuiap yayH aXpaTHIL

aanvn BVIICA. Vian Genrmnanu6 Define Calc Zone (Xucobnar 30HACHHH
— A e e N A SIS

106 ounnaérrad BaKTAd aBTOMa-
Define Autolnit Cell

i, Yoy sueHKa-
JTAPHUHT aki-
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MATLAB épnamuma xy

AIPATHIT MyMKun, Unop
IYHKTH Tuaﬂnauaau (Graphic
HHTEp(eiic) . Oxpanna 4.1

GUIDE Ouijck Slal:{ ;
Create New 6u)
GUIDE templates:
19\ GUIwith Uiconols 5

iﬂ GUl with Axes and Many
|9\ Modal Guestion Dialog

4.1. Macananuyr RY M N

CYCHH .
; 3:[ HH tpyﬂkunsﬂapﬂaﬂ TAlKapu ujoBagapHu
= Lfsamlm YUYH MeHoHuHT File ->New-> GUI
er In — (hoix .
Gl vterface (olinananysuunpmr rpaguk
Kypeatuiran nuanor oitra xocy Oynanu

Open Existing Gu)

Preview

BLANK

cababy Create

Templates (G
G[” (P\rr.-n—-» el A Y]

New GUI ViHMugy Ta 1 WI0Ba sipataérrannurumuns
WabnoHap) iy JAAMH3 Ba yujarn GUIDE

JacTypH épaammjia spariiaéTral HIOBaHHHI HHTEp(heHCHHN JIOHHXaJalL,
YHZA JKOIIAIIAaANraH MEMEHTIAPHHHT PyHKIHATAPHHH AaCTyp/aur MyM-

KHH.
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Bomkapi
3/IeMeHT/IapH
nmaHesl

4.2-pacm. GUIDE myXuTHiuur oiiHacm.

4.2. GUIDE MyXHTHHHHI GOIIKapHI
9j1eMeHTIapH

neMeHTIapH OunaH  TaHuimo

GUIDE myxuTHHHHT OomIKapuur 5
neMeHT/IapHUHT  Basupanapy

ynkaimk. Menio Gynumuiarn  aupiuM
Kyinjaruiap: 1

Edit | Duplicate (Tysaruu | Takpopiaill, HyCXacHHH OJIMIIT) TTYHKTH
EDKpE:l’I']»’II][‘ﬂH 3JIeMEHTHUHI HYCXAaCHHH TE3JHK Omsiad oMU AMKOHMATHHI

Gepaau.
View | Property Inspector (Ky
TH HKpAHTa KPATHITAH IEMCHTIAPHITHE XOCCuaJTapHI-II-l qUKAP '
nap naHesjujara E TyrMa Xam XyZ[ud wys/iad Ba'jﬁd)leH Ga}fapaml. .
View | Object Browser (KypuHHI | O6bexTiapHu KypHill OIHACH) ITYHK-
T o BONIKADVE MIEMEHTIIAPUHN 3KpaHra

punni | Xoccarap MHCIIEKTOPH) MYHK-
ann. Acbo0-



XH3MAT Kunamy,
Tools MEHIOCH
T
el at;ols I Run (Cepgpc | Mra
; H. Acﬁoﬁnap TaHey
T Jaru

"IIHHpHLu) MYHKTH QaCTYPHH MILUTA Ty-
| TYTMa XaM Xy mynpait Basudanu

KOHIauryg
UTYBHHH TEKHCTIALL YUYH AHaJI0I OMHa

OYHIanu. Ach
- Ac006iap nane '
Ay [ & Tyrma xam XYIUH 1yHait Basuanu

Oasapany;

s .

MHZIa acocuii Ba KOHTeKCT MeHIO-
aHen
HJIarH '@ TYIMa Xam Xy

feel] Tyrma;
@ ~ y1ab6-y3ruy;
MATH KHpHTHm Maﬁﬂ.OHH'
m s ) ?
YTKazum coxacy:
= 2
@ - pyitxar:

~ HHQOpMatmsmy rpa

@
gy i e

— TyrMa-ynab ys3rad,

— Daiipoxua;

— 6enry (TaxpupiaHManJIHuraH MaTH MaiiIOHH);

— pamKa,
— QUHJIYBYH pyHXar.

4.4. VioBanu sipaTHII KapaéHn/ia TH3HM XOCHJI KHJIATHIaH
(daiinnap

Menroaunr File | New | GUI Tannanranaa Xocui 6ynaguran GUIDE
Templates oiinacuna Blank GUI (Default) omuuscH (co3nar MEHIOCH) TaH-
NAHWIIN OHJIAHOK TH3MM aBTOMATHK PABHIIZA HIIOBAHWHT HOMH Gunan fig
BAa M KEHraiTMaJIH HKKHTA (aiia XoCHI KHIalH. Vnappas 6upununcH, fig
xenraiitManu aitn, rpadux mHTepdeicra JKOMIALITHPHIITaH DouIKapHIl
3JeMEHTIApH TYFpUCHAArd axo0pOTHH 3 muura onajH. MKKHHUHCH, TbHU
m Kenraifrmaiu aiina nactyp Oynauu. Y6y pactyp GoigananyBIHHHHT
Xapakar/iapu/iaH GoIKapHi EMEHTIApHHHHT TabCHPIAHHIIHHHE TABMHH-

naiau.

BomikapHiu 1eMeHTHHHHT yCTH
mapra Oocuiranjaa xoccauap pyiixar
MeHTH GUp Heua XOIHca/laH TabCHPIIAHHLIH

rummnr Catlback xoccacunu Kypaimk.
Mucon TapuKacua “ryrma” GOIIKAPUII HJICMEHTHHH kypaiinuk. by-
HUHT ydyH GOLIKapml JJICMEHTIapH MaHelHiart TyrmMa Oenrucu

ycTHaa CHUKOHYAHHHT Hall TyrMackHH pocamu3, KeiuH rpadHK HHTEpP-
(eiicHHHT 3apyp JKOiiMIa AHA CHYKOHYAHMHT 4Yarl TYrMacHHH bocamus.
TyrMaHHUHI XOIIHSUIH TaCBHPH XOCHI 6ynamu (4.3-pacm). YHHHT benru-

naHrag xonaruja (TacBHPHHHT arpodua XOIIHUA 6ymaau) CHIDKHTHIII,
yuamIapHHy Y3rapTHpHII Ba Gomika amMaanapHy OaxapHil MyMKHH.
Tyrma TacBMpHHHHI YCTHAA CHYKOHYAHMHT Yall TYTMACHHH HKKH MapTa
TYXxTOBCH3 OOCCAK JICMCHT XOCCATAPHHUHT PYyHXaTH XOCHI oynanu. Tag
XOCCACHHHMHI KHHMAaTHH#H JapXoll Oepuil MaKcazira MyBO(DHK. YyHKH Ke-
fpHuanuk y Owna Gouika ocT JaCTypiapiaH WILIAIIHA COMIAIAITHPA-
mau. Tag xoCccacHHHHT xuitmatuas myButton 1ed y3rapTHpamMu3 (YMyMaH
oiraHia y3rapTHpMAC/IHK Ba IACTypP Gepran HoM OuyaH HII KYpHII XaM
MyMKiH). MioBaHi HOM Gepub (Macaya, guil) cakmaiiMH3 Ba CakJIaHTaH

soiian m-(haiting o4aMH3.

7a CHYKOHYAHUHT Yar TYTMacH HKKH
i yukagd. Xap oup Oomixapunn sme-
MyMKHH. Bomikapuii sJieMeH-
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R |
)

>

Pick a file

4.4- i
PacM. m-daiigyy OYHII

Ounnany

Tan m-gaiin
i MaT " v

%Executes HHIQ Kyitunary

On button pregg Carpnap mamxyn (4.4-pacm):

(aHMKpOFH GocuG in
CHO K¥Hn6 1060 myButton —
- HI TyrMa foc
fnction myButtoH_Ca"b:{:k(;a}ma) Gaikapiiau; HIIranaa

0 . j
7o hObject handle to myButtonObjecL eventdata, handles):;

['IHCH;
u
y on Ter' CHHHH BC"(I) OB-

=
%0 eventdata reserved — gej
Ba HUINaTuIMaiiy: i
L |

e .

o, handles structure with handles — snemenTiap taBcH(IIOBYHIIA-
PHMHH Y3 HYHUTa OJYBYH CTPYKTYPA.

DOyHKUMAHHHT (OCT JIACTYPHHHT) capilaBXacH

function myButton_Callback(hObject, eventdata, handles)

OOMIKAPHIL VIEMEHTH XOCHI KHJIHHAETranJa TH3MM TOMOHHAH aBTo-
matuk Tap3na é3ub Kyitnnau. Jlactypaarn H30X71ap % Genrn duan oou-
JaHaH.

MyHKUHAHAHT myButton_Callback Homn pynKums myButton 31emMeH-
unmar  callback xoccacura Xu3mar KYpcaTHIIMHH aHIIATa/IH. DyHKLHSA-
nan 0ObeKTra MypoKaaT KHITHILIHHHT HKKHTA yCyITH oop:

¢ Bupunun yeyi. hObject apryMeHTH OpKaJIH.

¢ Ukknnun yeya. handles apryMeHTH OpKaJIi.

AMTHITaHIapPHH HIIOBA SPATHILI skapaéunaa Kypud YHKaMH3.

4.5. MioBa ycTH/Ia HILJIALT .

II)YI{ICHHHHHHF MHHHMYMHHH TOIHIE MHCOJIHAA

Wnosa sApaTHILIHU
OIUTALITHPHUIIT YUYH

kypaitnnk. baxapuiaanrad aMaJuIapHy TYITYHHIIHH OC

Macaianu 6up Heda GocKuHra OyIaMis:
« GupuHuH GOCKUY -— aHAIMTHK ugpopanuur rpadurniy Gepuiarad HH-

Teppazia KypHuL
o HKKHHYH OOCKHY — HITM3JIApHH H3Nall Ba JOKall MHHHMYMHH TO-

MUII MacanaJlapHHI EUHIIT;

o yyuHun OocKHY — KymmMua GoMKapHIl EMCHTIAPHHH XOCHJI

KHJITHLL.

4.5.1. Bupua4uH 60CKHY

Bupunun OocKHT1a KyHupara OomKapHIl yneMeHTIapUHA TpaguK HH-
Tepdeiicra KoHIauTHPamMus:

» ppoaapHH KUPUTHLL yH

« yHTEPBAI YerapajapHHi KHPHTHL yd

* rpapuKHK YHKapHIL yHyH yK1ap;

» rpachuKHM Kypuil yuyH TyTMa.

BupuHuH MarH KUPHTHII yjieMEHTHHUHT Tag X0CCaCHHH
kuiiMarra, MKKHHIH MarH KUPUTHII  3EMEHTHHHHT Tag xocca
edInterval kuiimarra, yKJIapHHHT Tag XoccacHHH axMy KwuiiMarra, Tyrma-
uuar Tag XOoCCacHHH btnPlot ra §3rapTupamMun3 Ba Xap Oup ICMEHTHHHT
fimu3 (4.5-pacm). L

yH MaTH KHPHTHII JICMEHTH;
YH MaTH KHPHTHII JEMCHTH;

edEquation
CHHH

string xoccacHHu TO3aJ1a
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CURE Qme s

] i
A

=2 [ e

axMy

4.5-pa
. CM.
Bomkapum AIEMenTIapuny rpa
KOHIATHP K1,

TH3K
i HJTOI':aH:IlOBaHH CaKiamn Ba yHra iy
MyM IIra TymIrangan Keitun yHra

H, (-3, 3)) kupurTumHMY3

Aarv sneMeHTHuT

w Yetuma cy 7

C};ﬁ:ﬁ:;;aﬂ KOHTEKCT Memiog HK(;}’;:?HHF =

el (bynxunanap [ CaIlback) H Callbac
\KMH. Oumiiray m-Gaiingg o

Callback) Tomamus Ba s

0

70 Exccutes on button pre

function btnPIUt_CaHback(hOb'

;% hObject handle to btnP
70 eventdata reserved —

l:’)’T‘MaanH Oocub, xocui
S | Callback (K§puumur
9an Tyrmanu 60cu6 o

» eventdata, handles);

interval=str2num(get(handles.edlnterval,'String’));
f=inline(get(handles.edEq, 'String"));

fplot(f,interval);
JlacTypHHHI CapjaBXacHHH aBBal kypub unKkaH 3auk. KupHTHIraH

Ky Iara
get(handles.edlnterval,'String')
KOMaH/IANIap KeTMa-KeTauruza get () byHKUHsCH aHHK OOBEKTHHHT (Ou3-

edinterval) anuk xoccacHHH (OM3HMHT MHCOIHMHS/A

GheKTra Kanaai Mypo-

pacujaH KeHHH HYKTa

HHUHI' MHCOJIHMH3[a
string) yiuu (kadyn KUJIMIL) HMKOHHATHHH Oepann. 0]
skaaT KwMEHIMra a5Ti60p Gepuur; handles cTpyKTy

a/i Ba OGBEKTHUHT HAEHTH(UKATOPH C3HIAH — handles.edInterval.
puu ydyH str 2 num

nterval Hommu y3ra-

KYIHII
CaTpHMHI KMHMariHH COH KuiiMarra ainaHTH
() dyskunsgan (poinananuiaiy, OTHHIAH KHiiMar i

pyBuHra depuiiaaH.

Carphu (yHKIF
menTy cudarnzaa get () yHKUHACHIAH (hoiinanaHuITraH:

inline(get(handles.edEq, 'String')).
Carp QyHKiMAra aiinanTHpHraiaan KeituH yHTa GUPHKTHPHIITAH (hYHK-

qEsIapra Myposaar KHJIMHIaHICK MypOKaaT KHJIHHHITH MyMKHH, Maca-
nan f(2), aynku inline() GyHKUHACHHUHE pornann Hatikack f ysrapyBumra

TaKIHUM KHJIHHIaH.

isra aitmapmupuin ydayH inline () (YHKUHSHUHT apry-

I wnlx) N
1
0.8 |
0.6
04
0.2}
(113
0.2
04
0.6
0.8
3 2
4.6-pacm. @YHKIHAHHHT rpadurHHH X0CHT KHJTHLLL
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Bepunran

MHTEepBana (intc

yayn fplot(f, inte“vli Aa (interval) f bypruMaHuur rpadurunn KypHu
- Interval) nonanan doiigananmnran T

HroBanu acp

acoobia nar

HIITA TymHpamus g PIIJ(]JO ey l P~ Tyrmanu Gocumr iiynu Guian

pHHH ( Aann (Macanan  sin(x)) ,
Macajam, Ba HHTEpBaJl yerapaja-

[-3,3]) k

’ HpHTamus. Unos

e = : aj i

PACMAA KycaTuitran rpaduican onans e

Unosanunr acocH Tajié

w 6”.]-.[
yTamus, P Oy Dumn yuu MYyKaMMaJliatTHpriLra

4.5.2. Hxxunup dockuy

Wnosan
HHI I'pa HK !

o . ) i
JAlTHPaMuU3 Ba 61«11:1:11.1{ repielicira Min pa Zero TyrMaJIapHHH KO¥i-
Ba Min KHHMaTiapuy M TyrMauuir Tag sa string  xoccanapura btnMin

@ » MKKHHYY Tyrm

) ! aHu _
Zero kuitmatapry Gepanus KHra 5ca Moc paBuuiga btnZero sa
2 i f

: HAM Min Tyrmacy ocunrag
M KUpUTamus. Byppyr
UHAHM Tonamus Ba yir
PHUHH KHpHTaMu3:

% _Executc )
©s on button press in btnMin.

function btnM;
tan_CalIback(hObject, eventdata handles)

0/0 16

. E‘i?ljt?tt handle to btnMin (see GCBO)
ata reserved — : T

e TG to be defined in 4 future version of

e e CAPHINLLA$apYp GYaratt RacTyp-
a Y LLIHN A, btnMin_Callback() yHx-
YUHMYa paBuiia MHHUMYMHH aHUK/IALI JacTy-

% handles structyre with h
mterval=str2num( get(han
xl=interval( 1);
x2=ir1terval(2);
Sinline(get(h
andles.edEq.'Stri
b : » otring")):
x—ﬁmnbnd(f,xl,x2)' b
y=f(x);
plot( X,Y, 1., MarkerSize' 25):
K... 3 ]
‘_\_‘i ifmmlma PaBuua KMPUTHUNray Oup
e HH :
g rva str2num(get(handIes.ed]nter qu' (‘:a \
__ CPhaMuna untepsan yera 4.
AOCH i i
jd 11;1 KHIMHA/IK Ba v interval HOMIH ¥3r,
KKHHYH Ba yyupy o
o H carpna i
OyHuya M a el g
5 3ﬂeMeHﬁ?}$” ———— CanHHlH y;raD)quHra HHEKCIIap
MOC pdpu1n % YL 4
p na xl pa x2 ygrap}"ﬁ‘lmmp& G 1wf Xamaa MKKUH
a TaKIUM KHJTHHA/IN:

andles and user da '
ta (see
dles.ed]nterval,'String-)). GUIDATA)
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xI=interval(1);

x2=interval(2) ;

Kyiinaaru

f=inline(get(handles.edEq,'String'));

carp edEquation Maiionnra €3uirat uonanu GyHKUMsTa aHIaHTHPA-

.

Kyiinaaru

x=fminbnd(f,x1,x2)

uosaga OHPHKTHPHITAH fminbnd() dyHxima
6up YarapyBUMIH (QyHKIMAHHHL JIOKAT MHHUMYMH

HATHIKA X Y3rapyBuMra TAKAHM KHIHHAIH.
AHHKIAHTaH JIOKAT MHHHMYMHHHE a0uuccacHii apryMeHT cudparnaa

Gepuiran MHTEpBas/a
Hu w3naiiayd, OnuHTad

y=f (x); .
udopara Kyind MHHHMyMIa MOC KeJlyBuH KOOpAHHATAHH TOTaMH3.

OYHKUMAHAHT MHHIMYMHIA MOC KEJLyBUH KOOpAMHATAAPH X, y OYNran

HyKTaHH rpaduK/a KypcaTHII yayH
plot(x, y,'r.','MarkerSize',25)
udonazsan doiinananamus. Hykra KM3HI pAHTIart 101pa makJii (r—
red(kusi), . — 1OMPA) kyypcarmnanyn. HyKraHHHT ymamu MarkerSize xoc-

CACHHHHT COHJIH KHITMATH KYpHHHIIHIA Oepuirat (4.7-pacm).
05 g T T i
of ] Mn |
05} zeo |
-1 -4
A5 1
23 25 2 a5 3 05

| 4.7-pacm. @yHKIHIHHHD MHHHMYMHIA MOC KeJTyBHH HYKTA.

Tankuk KHIHHAETraH apayuTHK Hoaar
HYKTAaCHHH (MILAM3IIapHHHA) xpcobmai Ba yH
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(MHC HOJB OWJIAH KECHILMII
u rpaduKaa Kypcaruul yayH




Oocuianuray btnzero

Callback() dynk
LUHsICHra Kylnmya
;ﬁnetﬁxe;utes on button press irI: E:JBH?ZLH::; e
ion
thero__Callback(hObject, eventdata, handles)

:/:thanciles structure with han
Crval=str2num(get(h 5
xI=interval(1); v v
X2=interval(2);

f=inline(get(h ’

¥ andles.edEq,'String")):
x=fzero(f, (xl+x2)f’2)' onsh= s
y=f(x); i
plot(x;y,'g.','MarkerSize',25)
Hactypna anamurug

dles and user data (see GUIDATA)
edlntcrval,'Slring‘));

Kypcarurag,

Kapurunray .
S Y3rapuinn ”
P kypamus (4.8-pacn), D e

R B
0.8
0.6} Ji |
04 b
> [k |
u .
° AJ
-0,2
04
( 06
0.8
4
- 05 N
0.5 1

TyrMacu
YIYH jpactypuu m-¢aiinparn btnZero

4.5.3. Vuunuu 60cKH4

Kypuiras rpapHKIapHAHT PAHTH, KAJTHHIUTH XaMJa qH3HITHII ycyou-
HH §3rapTHpaJHraH Ba KOOpJMHATANAP CETKACHHH THKAPYBHH xamja onud
TAITOBYHM GOLIKApYB EMEHTIAPHHH rpadHK uHTepdelcra KHpHTaMH3.
KoopauHaTanap ceTKaCHHH UMKapyBHIH XaM/ad onub TauuioB4H OOIMIKApyB
aneMenTaapu cudarnia HKKATa checkBox (sbHu Gaifpoxda) aneMEeHTHIaH
(oitnananamus. YnapHUHT Tag Ba string XoccaJlapHHH MOC PaBHIIIA cbx Ba
Gridx xamaa cbY Ba GridY ra anmMamTHpaMHs.

Jlactyp MaTHura, m-aiinau ound cbX_Callback() Ba cbY_Callback()
dyHKumsapHi Tonub, Kyiuaard y3rapTHpHIILUIAPHH KHPHTAMH3: '

9%  Executes on button press in cbX.

function cbX_Callback(hObject, eventdata, handles)

% hObject handle to cbX (see GCBO)

%, eventdata reserved — to be defined in a future version of

MATLAB

9% handles structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of cbX

if get(hObject, Value’)

set(gea, XGrid','on’)

else

set(gca,‘XGrid','oﬂ‘)

end

% Executes on button press in cbY.

function cbY_C allback(hObject, eventdata, handles)

% hObject handle to cbY (see GCBO)

o, eventdata reserved — to be defined in a future version of

MATLAB
o, handles structure with handles and user data (see GUIDATA)

o Hint: get(hObject,'Value') returns toggle state of cbY

if get(hObject, Value')

set(gca, YGrid','on’)

else

set(gea,'YGrid','off')

end

Tactypna if...else Ty3HIMacHiaH doiinanaHnITaH, get(hObject,‘Value')

KOMaHAACH EpAaMH/Ia IKOPHH 3TEMEHT value xoccaCHHHHI KUAIMATH OJIHHA-
. Y GaiipoKya Gesruanmaran oynca 0 éxu 6enrujlaHrad 6ynca | 6ynanu.
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V BOB. MATLAB 6.5 TU3UMHUHUHT OPTIMIZATION
TOOLBOX [IAKETH

5.1. Maxeruunr pasudacu

on Toolbox MakeTH ONTHMAJIAIL Macalalaph Ba YHM3HKIH

Optimizati
yuyH MyJiKanIaHras 6ymuo,

GyimMaraH TeHIIaManap crcTeMajapHHHu UM
yHAa Ky#naara ycyuiap MaBiyll:
« HOYH3MKITH (DYHKIMSIAPHH HIAPTCH3 ONTHMA
o JHT KHUMK KBaJpariap ycya,
e yU3UK/IM OYJIMaraH TCHIIamMaapt
o qU3MKJIH AACTyprail;
* KBAApATHK JacTypiarl;
o HOUM3MKIH (PyHKIIHATIA
¢ MHHUMAKC YCYILTapH;
* KYTT KPHTEPHSJIN orrTHMaLIant.

JUTALL,

i eUHII;

pHH apTiH MHHHMaJITall,

5.2. Optimization Toolbox maKeTHHHHT

(pysKnusIapH
ra OyjMHamH: MHUHHMAJUIALL, TEHT-

[TakeTHuAT QyHKIHsIAPH OCI TYPYX
(srpy YH3HKIAPHH tanjan), yru-

JamMaiapHy e4HLL, IHT KHIHK KBazapariap
JUIap Ba HAMOHHII KHIIHIIT (pyHKLHSIIAPH.

5.2.1.Muuumaaam GysKnusIapH

fgoalattain QyHKIHICH
fgoalattain  (PYHKLHACH BEKTOPJIH
“pacazira SPUILULL yCyIH GrutaH eqHIl yayH Xu3mar Ki
KypuHHUILIAPIA é3uIaiu.
o %1 = fgoalaltain(ﬁm,x[},goal,weight) — Kynm yoraamiu oriTHMasIall
eyMMHMHHN KaiTapai. VHUHT apryMeHTiapi Kyiuaari-

orTUMaall  MacajalapHii
naan. Y Kynuiaru

macanacuHHHT
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TR TN ]

J1ap — Makcaz (ynk
bynxumsapusmEr BexTopr fun, Gommansy sucumarH X0,

MaKCi;ﬂ. B?KTOlpH goal Ba canmoxsiap BEKTOpW-Weight;
* X =1Igoalattai : :
Oup xu, ng)axar ﬁ;ﬁﬁ:gi’?:e&ght,ﬂ\,b) — I0Kopuaaru GpyHkuus Ounau
HeKNaNLIap MaBsKyn 6¥rana: = D YH3HKIM TEHrCH3JMKIAP IIAKIHIArH
Y = f Oa] . ? .
i ﬁmaﬂgﬁﬂpaf:;nggn,ingoal,we|ght,A,b,Aeq‘beq) — IOKOpHATH (YHK-
Natap Masxy;y Gy;]ra::;i‘ym“”“a A‘?’q X = beq TeHNIMK WAKIHAATH YEK-
Eamnamm; > arap ynap 6ynmaca A = [] pa b = [|xypusHmmaa
* x = fao i :
byHxums 65.11:1?22;1S{f::;:’)zl?éﬁzal’vfelght*’\sb,f\eq;beq,lb,ub) — IOKOpHJIarH
] T
zaru qerapa?m‘i YeKJIanuiap Maagjln ;;1:;11215 o
* X = fgoalattaj : ;o
IOKOpHIary q)ngKit::%ng’xo’goa]'We'ght’A»b,Aeq,beq,lb,ub, nonlcon) —
€k ceq(x) = 0 Temmy aH Oup xi1, akat Kymumua c(x) < 0, TCHICHITHK
aap onataa m-f 1K Wakimaark vekannap Maskys 6ysranga. Jek-
TS otiton eq)K}’pHHmuHJla 6yuran Ba ¢ xamma €eq BEKTOpIapHH
Ba ub = [Jij YHKUmMsACHaa Gepunanu. Arap ynap 63 Ib=
] ;Cypﬂﬂumma Gepunamm p 6y¥imaca 1b =[]
.y == . -
: bgsilittalln(fun,xU,goal,weight,A b,Aeq,beq
»4D,Non CO]‘]’Dptic’nS) A oxo 2ty ’ gess
- Haa x
cl)axil; ??“Mqa - 662;11 rl;!;ﬂ(]:HKum Ounan Gup Xui,
lsz;lattall“(ﬁmsxosgﬂal,weight A.b,Aeq l;eq
l ,non cOn:O t whl gt £} geas
phions,P1P2,..) IOKOpHIaru Qyuxius 6unan Oup

Xull, hakar kynnmua
PaBHII/A hyHKims -
PLP2, .. napamMetpiap ﬁepﬂﬂrag;a- Ml - AprymMeHTnapra TerunnH OysraH

y * [x,fval] =fgoalattain(...)— exro
aUlKa}i“ MaKcax QyHKIUMACHHUHT
XaM KaHTapajiu;

* [x.fval,attainfactor]
Zi S = fgoalattai
Oup xu, daxar Kyummvua p 8 an(...) ~ 1okopunary byuxuus Ounan

. - aBUIIga
(atainfactor) Kaiitapasy : Ad MaKkcanra spumpy K09 (pHUHEHTHHA

a ; '
M}; HI;FYMGHTH WHI ONITHMAaJI KHIMaTHIaH
MyM HyKTanary uitmarunn (fval)

fa 3 KYLIHMT y
pH 'l[”yffliﬂclzﬂﬂam MabIyMOTHY Output }ql a"paBHmlla OIITHMAJUIAIL HATHYKa-
* [x.fval,attainfactor,exitf AMTapayy;
3 a ,0u :
phfary dyrkums Gunay angx tput,lambda) < fgoalattaint(...) — 10K0-

KV i Hﬂ, a u
YIauTHpyBukcunm lambda Kaﬁ'rapaﬂ?i Kar xyummua pasmmpa Jlarpamk
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MYHKUHSHUAT apryMEeHTIapH:

« fun — BEKTOp ApryMEHTHHHI BEKTOP (PyHKUMACH. Y inline Qpynkuus
épramujia, MacaliaH:

>> fun = inline('sin(x.*x)");

éxu m-aitn KypuHHUITHAA, MacajlaH:

function F = myfun(x)

F=..

OepHInIIH MyMKHH.

Arap options = optimset ('GradObj','on") QyHKIHACH OunaH rpaju-

enTHU xucoOnmam Gepuiran 6¥ica m-(ain QyHKIHIHHHT F kniiMaTHaan
TAWKAPH rpaIHEHTIAPHHHT KHHMATIapH G xaM KaWTapHIIHIIH KEpaK:
function[F,G] = myfun(x)
F = ... % sektop (DyHKIHAHH Xucobnam
G = ... % rpaaueHTHH Xucobnau

5.2.2. fminbnd ¢yHKIHACH

fminbnd — uYeknaHHLUIAPH X, < X < X, Kypunuiga Gysiran CKausip
HOUM3HKIM MHHMMaUIam:  (QyHKIHACHIHD. ANTOPUTMH ONTHH KECHM
yCyinH KBaJpaTHK (mapaGoNMK) MHTEPIOIALHMATA acocnanran. OyHKIHA

Kylugarnya e3uiaum.
x = fminbnd(fun,x1,x2)
x = fminbnd(fun,x1 _x2,options)
% = fminbnd(fun,x1 x2,options,P1,P2,...)
[x,fval] = fminbnd(...)
[x,fval,exitflag] = fminbnd(...)

[x,fval,exitﬂag,output] = fminbnd(...)
ApryMeHTIapy Ba KaifTapuITyBuH KaTTaIHKIApH fgoalattain QyHKIHA-

CHHMKH GuIaH nespi Gup xui, (aKaT ONUHATAPHHUHT COH KaMpOK.
Bup Heya MHCOIUIAPHH KYpanHK.
1-mucon.  sin(x) GyHKIHAHHHT H

KyHumaryya aHHKIaHa/IH:
>> x = fminbnd('sin',0,2*pi)
x=4.7124
DyHKIMSHUAT MUHHMYM HYKTaJlart KHiA
>> y = sin(x)
y =-1.0000

Z-mucol. flx)=(x-3
yuyu apBa yHH m-(ai KYpUHUIIAA TAKIHM

HTEpBallard MHHUMYM H}J’KTHJ'IapPI

MaTH

) — 1 pyHKUHAHHA (0, 5) naTepBanIa MHHHMAILIALI
KHJTAMH3!
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function f= myfun(x)

f=(x-3)."2-l;

m-Gaiinun caxnait
MHTa Mocnab nacrypy
myfun.m Homy Oeprn
KHITHII MyMKHY.

MH3 (YHHHD

i S'f(;’u o HOMMI (DYHKUMAHMHT E3WUITaH  HO-

AT}, m- d)aii?laﬂﬂ, MacainaH I0Kopuaard (pyHKUMAra
CakJIaHTaHAaH KeifuH yHra Mypoxkaar

Hani ;cyﬁmamnapﬂn Tepamus;
X = fminbnd(' 10,5
e (‘myfun’,0,5)
€Ku
== x = fminbnd
5 (@myfun,0,5)
DyHKUHAHHHE MHHHMyM

>> myfun(3)

ans = "L"‘

HYKTajaru kuitmaty

Macanauny 6
OIIKa4a comnapoxk iy
>> x = fminbnd((x.3) 3. II'JOQSI;Y“ Guitan xam CUMIIMMH3 MyMKIH

>> f:(x‘_3 '/\2-
el )-"2-1

Cxert inline dynx
s LHstaH (oii
>> f= inline('(x-3).%- doitnananu6 eqnu:
2

X = fminbnd(f,2,5
£R(x) )

X=3
f= -1

3.2.3. fmincon hynxuusicn

nam gynxumscy:

db<x<ub
(HouM3M
] KA racy _
&3mmau: Ypnam Macaﬂacn). Dy
1 YHKUMS Kyifngard KYpUHHAIILA

X= fmincon(fuh,xO,A b)
Xi= ﬁmncon(fun,xO,A,b Aeq beq)
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x = fmincon(fun,x0,A,b,Aeq,beq.lb,ub)

X= fmincon[fun,xO,A,b,Acq.beq,lb,ub,nonlcon)

X= fmincon(fun,xO,A,b,Aeq,beq,lb,ub,nonlcon,options)

Xx= l"mincon(fun.xO.A,b,Acq,beq,lb,ub,nonlcon,options,Pl,P2, sds)

[x,fval] = fmincon(...)

[x,fvalexitflag] = fmincon(...)

[x,fval,exitflag.output] = fmincon(...)

[x,fval,cxilﬁag.output,lambda] = fmincon(...)

[x,fva1,cxitﬁag,output,lambda.grad] = fmincon(...)

[x,fval,exitﬂag,output,lambda,grad,hessian] = fmincon(...) ,

ApryMeHT/Iapi Ba KaiiTapuiyBiH carramuaapy fgoalattain gyHKUMS- :
CunyKH Ouian aeapiu Gup xui, daxar KyiiH1a KenTHpHIIraH KYIMMYa UM-

KOHMATIIAP MaBKYL:

1) hyHKLMSHHHT MHHUMYM HyKTaJl
KaTTaJnK MaBKy/l;

2) H reccuaHHH
= optimset ('Hessian
STTHpMIIrad OyInLIH Kepak:

function [f,g.H] = myfun(x)

|

ary rpaJIHeHTHHI KaHTapyBIH grad

y‘HHHI" yuyH options

xucobai UMKOHHATH MaBXKyIL. b
(aiinma akc

''on') PyHKIHA KHPUTHIITAH Y KyHuaara m-

f= ... % Maxcan (yHKuHAIapHHH xucoorart
g=... % I'panueHTHH xucobmaut
H=...% Teccrarmy Xucobnatl Wl

x = [10;10:10]

Mucoa. flx) = — XX, (pyHKUHARAHT MUHIMYMUHH
fonutagFuy Kuimar Ba p<2 & 2):;“21‘3 < 72 ueknall MaBKyUTHIHAA
X1coGIAHT. I

|

! y
|

function f= myfunl(x)
= - x(1)*x(2)*x(3); |
Keiiyn ueKanyuiapHy Kyinari TeHIcH
—x,— 2x, = 2%, <0,
x,+2x,+ 2x, <72,
gKi MATpHUIABUH IIAKIIIA:
Ax<b,
Oy epaa

o1 =g=TT e
AS[ i 2 2]~ "*[72]

Komanaajiap ofiHacH/1a KyitaarniapHi
>>A=[-1-2-2;12 21;
b= [0; 72);

sHKIIAp TAKIH/A E3aMHU3:

Gaapu® eMMMHH ONaMH3:




X0 =[10; 10; 10]; % Bouutanruy kuiimatiap

>> [x,fval] = fmi ¢ !
“ ] = fmincon('myfun1',x0,A,b)

24.0000

12.0000

12.0000
fval =
-3.4560e+003

5.2.4. fminimax gynxkuusicu

fminima
x a—
MHHHMAKC MacajiajiapuHy eduil yuyH QyHKIHs:

min max {F 7
2 r {F, (x)} KYHHAAryd Y€KJIaHulIuIap MaBKyiuruaa

¢(x) $0, ceq(x)=0,
Ax<b, Aeq x=beq
Ib<x <ub. :
74 Oyepmax,b,be
» 0, beq,lbpaub-
ceq(x) — yHKwmATap., BEKTOpIIAp, A Ba Aeq — marpuuanap, c(x),
DPYHKUMSHUAT E3WITHIIN:

X = fmini
imax(fun,x0) — Gepwiran fun ¢ynkuusap Makcuman

Yy pynxumsn
KIMSAHMHT 00IIKa K
b Do oo YPHHHILLTApH Ba apryMeHTIapy fgoalattain

x = fminimax(fun,x0)
X= fminimax(ﬁm,xo,A,b)
X j fm?ni‘max(fun,x(),A,b,Aeq,beq)
i ; gﬁiﬁﬁax(fun,xo,A,b,Aeq,beq,lb,ub)
] lcminim:x(?m,xO,A,b,zfxeq,b_eq,lb,ub,nonlcon)
x( un,xO,A,b,Aeq,beq,lb,ub,nonlcon,options)

X = fminimax(fun,x0 A
X0,Ab,Ae
[x,fval] = fminimax(_..) a.beq,Ib,ub,nonlcon,options,P1,P2,...).

[x,fval, maxfval] = fminimax(...)
[x,fval,mavaal,exitﬂag]=
[x,fval,mavaal,exitﬂag,output] = fminimax( )

[x,fval,maxfval exi
;Ival,maxtval,exitflag out
Mucou. Kyiiu PR Lamba) = fimin

. e s minimax(...)

e Wdstncere ot g 6‘1;.‘:1 Cr;unn_ ANaH ubopar TynaaM yuyH MHHH-

fminimax(...)
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fx)= 2 et~ 48x, ~ 48x, +304,
L) == x*= 3x?
LK) =x* 3x,- 18,
[ =-x-=%,
fx)=x,+x,—-8.
Fuumun  onum  yuyH aBBajn Oepuiran dyuxupsmapan - m-gaiin
KYPUHHILIMA TAKAMM KHIaMA3:
function f= minmax(x)
f(1) = 2*x(1 )"2+x(2)"‘2-48*x(1)—40*x(2)+304;
f(2) = -x(1)"2-3*x(2)"2;
f(3) = x(1)+3*x(2)-18;
f(4) = -x(1)-x(2);
f(5) = x(1)+x(2)-8;
Keiiun fminimax gyHkupusian oitnanaHnamus:
>>x0=[0.1; 0.1]; % boumaHFi KuiimMaTiap
[x,fval] = fminimax('minmax’,x0)
Optimization terminated successfully (OnTuMaai MyBahaKusTIH
mcyr—mannu).
X =
4.0000
4.0000
fval= 0.0000 -64.0000 -2.0000 -8.0000 -0.0000

Eunm x = [4, 4].
5.2.5. fminsearch QyHKIHSCH

fmlnsearch GyHkupmscH OHP gxu Oup Heuya aprymeHTIH (pyHKUMSHHHT
MHHAMYMHHH YEKJIOBJIAPCH3 aHuKIALl MMKOHMHH Ocpaj, ABHH apTCH3
OITHMAJUIALl MAcaracH CHMILIEKC yeynian ¢oitananud carHIaH.

ViOy ¢yHKIUHAHHHT S3pUTHII TIAKIH, apryMEHTIapH Ba Kaiirapajurad
HaTIOKAJIApH TOKOPHUA KYpHIITaH fminimax QyHKUHAHAKATA YXIHant:

x = fminsearch(fun,x0)

Xx= fminsearch(fun,xO,options)

X = fminsearch(fun,xO,options,P1,P2,...)

[x,fval] = fminsearch(...)

[x,fval.,exitﬂag] = fminsearch(...)

- [x,fval,exitﬂag,output] = fminsearch(...)

Mucos. bup apryMCHTIH, flx) = sin(x) +3 (pyHKIHAHIHD MUHHMYMHHH

TOIMHII MacajgacHHU Ky pamimK: i




N

[x,fval,ex?lﬂag,output] = fseminf{(...)-
8;,f;al,exltﬂag,output,]ambda] = fseminf{_..)
moy GyHKkuMsHMET ApryMeHTiiapu Ba KaHTapuIyBYH KaTTaJaHKIapu

IOKOPH/IA KypH
HaHHPHr yaggxg AHKHITaH QyHKimsiapHukura yxwam. Vura dakar maca-
W e Ki:YwCYc:HmaPHHn aKC OTTHPYBYH apryMeHTIap Ky LA
s B il ) < 0 kYpusHmIary SPHM HEKCH3 YCKIIOBIAD COHH,
P Y;rap)’stm — Oepunanuran BeKTOpJIap;
- semln con - m- v Al E)
o L, baiin KypurmmIIa WAKIIAHTHPHIITaH, Gepuirad X
e e FxBel{C)TgszIHHHF KHHMaTIapunu KaHTapyBum (yHKIHS.
SX) = (x. — 5 z
THPHIITaH qemmmé 8 VA Vo 00y (xs“ (},5)~ (hyHKLMsAHM Kyiinaa KesT-
P MABIKY/UIMIH 8 MURHMA Uai MacanacHuy KYpailHK:
K =gi 5
:(x,W.) an("ﬂl.)cﬂs(w,xg)—

>

K (i) = I
NER™) 5’"(“’:-":)‘-‘03(‘”21;)*]000(“’2—50)-‘Sin('«lf3-\'3)—x3'-159,

[1, 100] kecmara TaJUTY KJIH.

YHYH MKKUTa m-Qaiin xocun KHIIaMH3, OUpHHYHCH
Makcan GyHknmuscHuu Xucobman yuyH, HKKHHYHCH
HCKIALTADHUHT YaIl TOMOHIAPHHM XHCOGALL Y4yH

]
1000 (H"Ix.'! )_.1'3 ~1=<0,

Oy epna W, Ba w,

Macananu eqpy
(myfun sHomy Ouitan)
(mycon Homp Outan)
HLLIaTHIa 1

function f= myfun(x,s)

% Maxkcan byrkuumsicn

f= sum((x-0.2).2).

f/:rgzgn [c,ceq.K1 K2,s] = mycon(X,s)

2 isnanl?smfl'rjl]e;ljﬂnﬂr Oormnanruy HHTEpBaIU

$=[0.20;0.2 0];
end
% Jlnckper Kniimaria
"wl= I:s(],l):l(}{};

w2 = 1:5(2,1):100;

% SIpum vekcus YEKIIOBIIap

Kl = sin(wl*X(I)).*cos(wl*X

sin(w | *X(3))-X(3)- ]

K2 = sin(wZ*X(Z)).*cos(w?X

) sin(w2*X(3))-X(3)-I 5

% Borika IEKJIOBIIAp KK

¢ =[]; ceq=[];

(2))-1/1000%(w1-50) A2-..

(1))-1/1 000*(w2-50).42-...

plot(wl,K ,'—',w2,K2._':'),title('Scmiinﬁnite conditions’)
drawnow F
MacanaHuur e4uMHHH Kylingarnda aHHKIanMH3:
>> %, Bounianruy KuiMatiap
>> x0 =[0.5; 0.2; 0.3];
>> % EYyMMHH TOIHLI
>> [x,fval] = fseminf(@myfun,x0,2,@mycon)
X =
0.6535
0.2821
0.4013
fval =
0.2530
mycon m-(aitn KaiTaprat sip

yuyH (pyHKUMSJIAPHHHT rpadiK Ky
PacmiaH KYpUHHO TypraHuzeK YEKIOoBIap KaHOATIAHTUPHJITaH.

He Edt Yew jeert Joos Yndow teb -
DEE& YAr/ PBO i

s-ﬁnlnbwﬂu i |

MM YEeKCH3 YeKJIoBJIap YHI TOMOHIApH
punuiiapy S.1-pacmia KEJITHPHIITaH.

- . . A N PR T Y
ST 20 0 M R o8 e

{ YeKCH3 YEeK/I0BJIap YHI TOMORIA-

-thaiiyn KadTaApraH sipHy
yeon m-(haiisn KaiTapras sip R

§5.1-pacM. m 3
Y pH yUYH GyHKUHAIAPHHAT rpaduK KypHHHI
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VIBOB. MABJIYMOTIAPHUHT Agy NPOKCUMAIASICH
BA UHTEPMOJISALUSICH

6.1. Moaunomuay AMNPOKCHMANHSA

Mamym(_)?napnu MMOJIMHOMHAN anp
(X,y,n) fponenypacunan (oiinananma
TOpH, y-Hatmanap BEKTOpH Ba n — an
TapTHOH. ANIpOKCHUMaLHsI A HaTHxKa

NpoKcUManusmoryy TTOIIMHOMHH
XocHI1 6V namy.

POKCHManms Kumum yuyn polyfit
2. By epna x- aprymentiap Bek-
[POKCHMAIMAIOBYM TOJIHHOMHHHT
CHIia y3yunury (n +1) 6ynran pa an-
HT Koa(puumnentnapunan nbopar Bekrop

Aliraiinuk ApryMeHT KHitMaTy]
x=[1 2345678];
Ba ymapra moc
Oyncun: i)
Yy=[-1.1020508 0.7 0.6 0.4 0.17;
Bepunran yHKUMIEN A
Xap xui KHHMaTiapu a armpo
»x=|1 23456?8];
»y=[-1.1020508 0.70.6 0.4 0.17;
bepunran Oornanmmmy 1
» polyfit(x,y,1)
ans=0.1143 -0.2393
ABHU
y&x)=0.1143x-0,2393.
Keanparuk napagosna Ounan
. polyfit(x,y,2)

ans= -0,1024 "1.0357 -1. 7750
SAbHN

¥(x)=-0,1024x2+1 ,0357x-1,775 "

APHHUHT BEKTOPH

Ynuaeran KaTTaIHKHUHT KHHAMaTnapy KyHuzaruya

POKCUMAUMANOBYH MOnUHOM TapTHOMHUHT
KCHMauusiaiimMus:

YFPH unsnK Gupnay annpokCcHMAausIaI

ANNpOKCHMALHs g
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psmanl
Ky6uk napaGona OmjiaH anipokcHMal

Iyfit(x,y,3)
211'?;03 (g‘Ol?T 20.3410 1.9461 -2.6500
S'HHU

: 461x-2,65 ,
=-0,0177x*+0,341x*+1.9
2Ii(“x)'nflg,m Jlapaxals napa6osa Gunan annpokCHMalll
ypTHH®

. po{ym(()xgéz 0.0961 -0.8146 3.0326 -3.3893,
ans = -U.

iAnan

ABbHH

(x)=-0,0044x"+0 0961x3-0,8146x+3,0326x-3,3893 .
y X)=-u, ]

Burra rpaduk oifHaxa bepuiirad

HL T
TIDKANapHHA
pHoMIap GuiIaH annpOKCHMalHAIaLl Ha

Xamma 1o

MapHHU Kypamu3:

= 6 78];
; ; E]-IZ.ESZSD.S 0.18 0.70.60.40.1];
P1=polyfit(x,y,1) ;
P2=polyfit(x.y,2);
P3=polyfit(x,y,3);
P4=polyfit(x,y,4) ;
stem(x,y)s
x1 =0.5:0.05: 8.5;
yl=polyval(Pl X)),
y2=polyval(l’2,xl);
y3=polyval(P3,x1);
y4=polyval(P4.x1);

hold on
Ly4), o
it a iy i A ize', 16),
plc')(;(xsleigca "FontName', 'Arial Cyr', FontS
grid, :

™.
anam ');
itle('TToHOMIIAP GuJIaH anipoKcHMalx
title 4
xlabel('ApryMeHT'):

bel('@ynKu#A') g ‘
)[;IIZTSannap 6.1-pacmza KypcarHiran
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Ba
muckper (GyHKLIHIHHHD rpauru

papHK-
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Dtb‘llh-lv-nmmu-b
DE@arAr/ ppn i
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i }o / (il ke & 3 Asssvisadigas «
N e a0

»

-pacm.
Hosmuomaap Gunan annpoKCHMAaUMIALL.

-0 6.1

6.2. Cnuaiin HHTepnoas s

spline(X,Y,Xi) ynxums
aMaira ommMpany. Yura
" Xi= spline(X,Y,Xi)
KYPHHMIIH A Mypoxcaar
TOPHUHT KHHMaTnapuny
B2 Yi Bekrop KYPHUHUIIH
TOp Oummay bepriran 2

6 e
KYOHK crnaifunap ©unan mereprnonsumpsen

Knnm{raﬂnauaprymeﬂm X BekTop 6ynran Y Bek-
gﬁiﬂﬁigﬁ,ﬂw Ounan wHTEpHONIIMS KyIAIM

LHAI0BYH DyHKuMsHuET Xi Bek-
PrYMEHTra Moc kemysuu KHAMatnapunu Gepaju.

BG:;TODHHHI‘ Y3YHIUrH
TH
PaKamiiapura teur neb onunagy

MHCOII i
rapuKacuga r
g Kyuunary

X= -0.5:0.1:0.2;
Y=[1.102050807
20.80.70.6 :
x1=-0.5:0.01 0.2: i a
| y2= spline(x,y,x1);
¥ plot (x,y,x1,y2), grid
set(gea, FontName' A !
cl(gea, . Arial Cyr' 1ze'
title("Crunaiig 'HHTepnonmnzl:)"Fomsme &
xlabel('AplymeHT'); i
ylabel(‘q)ymcuuﬂ')
Harwxa 6.2

B THE ;
EKTOPHUHI pyy IreprnonsauHsICHHH

“PaCMa KenTupHray.
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J Figure No. 1
Fle Edt yen Jeent Toor findow Lo

DEES KAN/ PRO
CnnaiiH HTEpRonAUMA

1 ! : ;

sessesinerecsshavissassnsranresnscsasnaraserrapraracas

) 0 02 04
ADTYMEHT _

6.2-pacm. Crnaiin HHTEPIOJISIHI

6.3. MabayMOTIApHH HHTePTOISIIHIALI yuyn interpl
npouexypacuaan Goknaaannul.

MabnyMOTIapHH  HHTEPHOIALHAIAL yuyH interpl mpouesypacunan
ofimanannnazn. YMyMHi X012 yHra Kyifu/ariia Mypoxaar KHIHHaIH:

Yi = interp1(X Y, Xi,'<meron>"),

Ba YHWHI TYPTHHYH KHPHII apryMCHTH cudarna HHTEPMOJLIHA ME-
TOJU KypCaTHIa/IH:

'nearest' - TOFOHAIH;

'linear' - 9H3HKIH,

'cubic' - KyOHK;

'spline’ - KyOHK CIUTaHHJIAP.
H3HKJIH MHTEPHOMSLIHA

Arap Merol KypcaTHiamaca CyKyT Oyitnya 4
H Typ/iu KypHHHLIAATH

amanra ommpuiaaad. Macanas, OuTTa BEKTOP Y4y
MHTEPTIOJLILMATAPHH aMallra OIIHPHILIHH KypaiimK:
x=-0.5:0.1:0.2;
y=[-1.10205 0.80.70.60.40.1];
~x1=-0.5:0.01:0.2;
yl = interp L (x,y:x1);
y4 = interpl(x,y.x1,'nearest’);
y2+= interpl(x,y.x1,'cubic’);
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o e o

| — dyHKumsHn XocHn ki
function f=fun](x)
=0.25*x+sin(x)-1:
2 — yuu funl.m wom Guian caKiaw
3 — xomannanap oiinacuma uuan:

>> fplot(@fun1,[0,10]); % funl Gysxumsuunr rpadguruaun [0; 10]
KecMana kypuui (7.1-pacm).

>> grid on;
-~
= I I I I I I
] 1 ] ' ] '
1 ' ] ] i !
' 1 ' [ I
1 1 ' ' )
e e o S A ——m e -
I 1 [ | '
! I 1 i !
1 ] ] 1 !
I 1 ] [ !
St T 4 L g S 4
[} ] 1 ] $
] ] ] g 1
] ' ] ] 1
1 ! 1 1 1
o 1 1 1 | 1
it e PO S A== e —— a---
' I ' 1
L) 1 ) L)
[ ' 1 [
1 ] 1
ol O | PR T, 1 S decmalaa deoo
1 ] [
1 [ i
] i 1
1 i ' I
snlaboduseabtol o o Mot s doamadom i bl o
2 ] 1 1 [l 1 1 i [} B
' 1 1 ' 1 1 1 1
' i 1 ' 1 1 1 [
] 1 1 0 1 1 1 1 Ll
] | | | | 1 | | | |
- < - - £ = S El > k-

.r
o

7.1-pacm. y = 0.25x + sin x 1 Gysxunsaanr rpagur.

>> x1=fzero(@fun1,[0 1])
% Gynkuusuuur(0; 1] kecmamary....
HOIIMHU XHCcOoOmnam
xl =
0.8905
>> x2=fzero(@fun1,[2 3])
% dynxupsiannr(0; 1] kecmanary..
HOJIMHY Xucobnar
x2 =
2.8500
>> x3=fzero(@fun1,5,0.001)
% dynxumsaunr [0; 1] keemanary,.
HOJIMHU Xucobar
x3=
5.8128

7.3, TenriaMaJapHH e HLI

: - a EUMHT.
1-mucout. sin(x* - 0.6) = 0 renramMatu [0; 3] kecman,

1. Ipadux yeyi:

>> x=0:.01:3;

% apryMEeHTHHHI KHiMATH

>> f=gsin(x.”2-0.6);

% (GyHKIHAHUHT KHIIMATH

>> plot(x,[f:0*f])

% y=f n y=0 (yHxupnsIapHiHr rpa
>> grid on;

(uxnapu (7.2-pacm).

-) Figure No, 1
Fie Edt View [nsert Tools Window Hep

DEES NAA/ ROD

7.2 y=f Ba y=0 (yHKuHIAPHHRT rpaduxinapi.
.2-pacMm. y= )

>> x1=ginput
a
% HyKTa KOOpAHHATAIAPHHH IKP (
ypeart
qnKapuin (CHUKOHYaHMHT Kyped

OM...
Ba y 6ocud Typni

HI'a MHTEPaKTHB...

SHITA
ran xonaa«Enter»TyrMac Gocunau)
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xl1 = s
0.7746  -0.0012
% uKKHHYM coH y10 ra Moc kenazu
>> gl=ginput
x2 =
1.9343  0.0023
>> x3= fzero(f,[2 3])
x3 =
2.6326
2. AHanuTHK yCyn:
>>x=0:.01:3;
%0 apryMEHTHHHI' KHiMaTIapy
>> n=length(x);
% X BEKTODHHHT Y3YHIIMIHHH XHCOBIALL
>> ind=1:n-1;
% HHIEKCIap BEKTOPH
>> f=sin(x.72-0.6);
% (QyHKUMSHUHT KUiAMaTH
>> ildizlar=x(f(ind).*f(ind+1)<=0)
% yHKIMS KYIIHK KuitMaTIapHHUHT,..
Kynaiirmacu MaHuii 6ynran HyKTajap TEHIIaMaHHHT HIU3IapH. ..
6ynanu Ba ymap ildizlar BEKTOpHra yTaju.
ildizlar=0.7746 1.9300 2.6200

2-mMHcO. 2X +y-57 + t = 8,
X—3y —6t= 9,
2%— z+2t=-5,
X+4y-Tz+6t= 0
TCHIJIAMANap CHCTEMACHHH SUHHT,
Egpm.
>>A=[21-51;1-30-6;02 -1 2;14-76];
% CHCTEMaHHHT MaTpuuacy
>>B=[8:9;-5;0];
% YHT TOMOHNapHHHT YCTYH BeKTOpH
>> Al1=[A,B];
76 CHCTEMAHMHT KeHTalTHpHIIran MarpuiacH
>> if and(rank(A)==rank(A1),rank(A)==4)
% Marpuua paurunu TEKIIUPUILL

100

disp('cucrema sirona equmra ara:');
=A\B;
');/o ):ecxapu i EKK vanaH 6yiHi-4u3HKIH €
% Tlaycc ycynu Ouias eduil
x1=x";

end
x1
xl=

3.0000 -4.0000 -1.0000 1.0000
>> x=AN-1)*B; x2=x'
% A\B é3yBHHHI HKKHH4H BapHAHTH
X23.000{} -4,0000 -1.0000 1.0000
>> x=inv(A)*B; x3=x'
% A\B &3yBHMHT y4HHYH BApHAHTH
X33.0000 -4.0000 -1.0000 1.0000

HCTEMAHH ...

I
cyTd Ouad e4H
Bepuiran cucTeManH HT KHIHK KkBaapariap ycy;

>> A=[21-51;1-30-6;02-12] 4 -7 6];
% cHcTeMaHHHT MaTPHLIACH

>> B=[8,9;-5;0];

% YHI TOMOHJIApHHHI YCTYH-BEKTOPH

>> x=lsqr(A,B)

Kuus (3Hr
i1 yuys % GUpHKTHPHITAt yH
% YM3MKJIM cHCTeMaHH eIH

KHYMK KBaJpaTiap ycysin)

x =

3.0000 -4.0000 -1.0000 1.0000

MATLAB 2014A nma: ‘
>>A=[21-51;1-30-6;02-1 2:14-76];
chath) idual 1.7e-11

§ i i sve residual 1./e-11.

i;qlrsg:)(li;e}?éed at iteration 4 to 4 solution with relative
x —

3.0000

-4.0000

-1.0000

1.0000
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7.4. Teurcmmlmap BA TCHICH3JIMKJIAp CHCTEMANAPHHN ML
7

=3
173 5L Vr(Vr=1)<10,69 <1042 + 4x
x+3

TCHTCH3ITHKIIAp CHCTEMAcHHK €YHHI
Eunm:

>>maple('solve','{(x-2)/(x+3)<=5] ,Sqri(x)*(sqrt(x)-
I.}<IO,10*x"2+4*x>=69}',x)
ans =

1-MHcO.
Il e Xa2
| N xX+3
(h TEHTCH3ITMKHH eYuHT
Evpm: . AJIJIALLL BA
UPPEPEHLIH
>> maple('solve', {(x-2)/(x+3)>2 EX [1I BOB. COHJIA [
o ((x-2)/(x+3)>2} x) ¥ MHTEIPAJLIALL
{-8<x.x<) ISTHHHT
: a polyder, (QyHKL}
Tenrcusmuknmur EYHMH [TonHMHOMHHHI XOCHIIACHHH xucobamaa fl,l:, ;;;}:anamiu.l e
ToRxss3: coGnampa diff Komaizanapuan
XOCHIacHHH XHP(X) — x5+ x3+ | MOTMHOMHHHI XOCHIACH.
~-MHCOJL. = :
Z—M_l_ico.ﬂ. =

>>P=[10 1001]; -
% GepEmrau nosuHoM K03 QHIHEHTIApHHHT
>> P1=polyder(P)
% P1 (x) xocwia ko3 purHeHTIapUHA
Pl =

50300 j
stpuu P! (x) = 5x* + 3x°

eKTOPH

HI' BEKTOPH

CUSTIN10%6947(112) <= x, x < 21/2+1/2%41(1/2)) = sin(x |

| == vpa(ans,4) - TN, |

| ang= 10 XucoGaaul. |
12434 <=x, x < 13.70}

- Tenrcusmmgn

‘. I A

!
1694[EJ

i I 5|
yHKIHA XOCHTACHHUHT TaKkpuOui KMHMaTHH
) dymx

={): .05: 1 0;
ap CHCTeMaCHHHHT‘ AHHK €YHMH X 0

(!} % apryMeHTIIap BEKTOpH
21 1412

1
——+

>> y=sin(x);
II A
| 5 10 , X<—+4

" 24345 x <1370,

KTOPH

>> d=diff(y); )

% KYLIHK dleMEnTIap ankp
y(n-1)]

>> pr=d/0.05; 1

% xpocuna KUitMaTIAPHHMHT BEKTOPH

MaJIapUHHHT BEKTOPH: d=[y(2)-y(l )iy ()=

>> pr(5)
94 xocHJ1a X
0.9747 I
>> cos(x(5))

TaKKocaall
0% aHUK KAHMaT GHIaH TaKKOCH
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0.9801
(DYHKU.H.HHHHF
| XOCHHaCH!.’H
: yCyjuapura Moc KejyByy tra XHcobna
| * 3-mMucoL. f (¢ 2x— |

Pz Ba quad {4yt Tpaneunsnap sa CumIcon
Yx HHT&Q KOMaH1asiapuian (oiigasanuia.
TPaJIHH TpaneLsnap Ba CHMIICOH ycyi-

|
I - Tpaneuusiap ycynu:

>>h=0.001; x=0:h:1-
>> y=exp(2*x)-1; o
.>> int=trapz(y)*h IX BOB. ﬂH(DQJEPEHuHAH TEHIVIAMAJIAPHA COHJIN
int = BA AHAJIMTHK VCVJIJIAP BWIAH EYHILI
2.1945
Japu

i 2 — Cumricon yeymy: 9.1. Ju¢depenunan TeHrIaMaIapHi Diisep Ba Afamc ycyia
' >> int~quad(' B GUJIAH evHIl

Juddepenunan TEHIA

MATLAB pmacrypuaa Kymia

! AjiaMc yCyJIura MOC KeryBtH odel

| 1-mucous. Koy MacanacHHH  y»

! x €[a,b] Dinep ycynu OnnaH caHill Bay

MajnapHH COHIH YyCymiap Ounan edHIl yqyH
6 eurmwiap Mapxyd. bus Diinep ycynd Ba
13 eurnuHH KYpHO YHKaMH3.

+2y' +10y =sinx; y(a)= c.y'(a)=d,
(X) (pyHKIHMSHAHD TPAQUIHHY

KypHLL.
Euurit.
y' =z,

| ! 7 =-2z-10y +sin X
Bepuiran [a, b] opaJMKHU Xap 6upu [xk, xk+1] ra TeHT Gynrad n

!
18 wiemra 6ym6 Vk+1=Vk + h*F(xk; yk) dopmymnasu Kyaiimus, 0y epaa
' V — HOMabJIyMJap BEKTOpH, F — YHr KHCMJIap BEKTOPH, h — HHTEpBAJIHUHT |

|]I
yaynmary, VO = [c; d].

Bepuirad TeHIIaMaHH CHCTEMA KypuHELIHAA €310 ONaMH3:

1
’ : function y=soll (a,b,y0,h)
| 9, sol.m ¢ailTHHHT GOMITAHHIIH
xt=a; yt=y0; k=1;

% xt, yt HKOpHi y3rapyBUMTApHAHT GonuiaHFuy KHHMaTIapu
while xt<b;

x(k)=xt;

y(ky=yt(1):
i k=k+1;
' c=yt(2);-2*yt(2)-10%yt(1)Fsin(xt)];

© 9% yHr KHCMJIAPHHUHT BEKTOPH

yt=yt+h*c;
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XE[a,b] Aname YCymi1 Ounan
CUMHT Ba y(X) Xamza Y'(X) byu

——
- o
Xt=xt+h;
end 7
plot(x,y); grid

K :

s :})r»;irg?a];nalpsounacma Oaxapuau:
=0; b= ,yO-__—-[]’O. = » '

== soll(a,b,y0,h) O

0

76 byHKIMAHY YaKHUpHIL

- Figure No, 1 »

He Edt yew insert Took Wincow FT5
=3
DELS A », RpLo

= 1
0.8

0.4}

9.1-pacm. y"
<Y+ 2y +10y =g
Oy = sin x Tenrnama CIHMHHHHT rpaduru

2-mucoa. Koum
MACATACHHY ¥ + 2y' +10y = gin x: y(a) '(a)=d
cTay ) i i
HapT odel13( ) bynximsigan poiinanaHud

: i KOs
function F=mjg ol(x.y) APHHHT Tpadymknapmum Kypui (9.1-pacu).

{1 SR
70 YHT TOMOHap B
CKTOpHHM G
epHII

Fly@:2%y Q- 10%y Ty tsingyy, PR

a 2
% m-(ainHunr Tyramy

KUM&H,H J1a 14 (P
ki [] OHHacu
" y []l, J} pi a)l{apmla.uur
> Y |= ;
0 KOI_[IH MaCﬂJ’lﬂCHHHH] C'-IHMH 5 ),
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~E .
e o i T = T

>> plot(X,Y(:,1),-)
% y(x) QyHKUMSHUHT rpaduru

>> hold on
% sopHii offHara KeHHHIH rpa(MKHY KYLUIHIL PEKIMH

>> plot(X,Y(:,2),")

% y' (X) GyHKUMSAHEHT rpaQuri
>> grid

% Koop/MHATAJIAp TYPH

>> legend('y(x)",'dy/dx",4)

% nereni (9.2-pacm).

He Edi Yew frsert Too's Yindow  Helo

DSH& RAA/ RPBD

45 S e |

: :, __— skorost |

2% 5 10 15 |
[ |

9.2-pacm. y(x) xamaa y'(x) pynKkupsaapHHHE rpaduKJIapH.

9.2, IOxopn TapTHOAN augpepeHnHall TeHriaMajapHu evHIl

9,2.1. TapTHOHHM NAacAHTHPHII MyMKHH 0yaraH TenraManap

Hazapuii MabJIyMOT
y"=f(x) (1.1) Wl
K PHHUIIJIATH TEHITAMa I MapTa HHTerpasIal iym GuaH eqHIafn. ¥
Wznasaérrad y QyHKuusra sra 6ymaran |
Fey®y*, . y"=0 (12) IS
TermiaMani
y®=u(1.3)
anvamapui (Oy epaa y® — 3Hr KyiHn xocuiia) iymi Ounan TapTHOH
n—k 6ynram Fxuu' 'y .. u™*)=0, (1.4)

reHrIaMara KejTHprIaii.
107
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Mycra V
YCTaKHIL X §3rapyBUMHM V3 Hunra oJIMarau

Fory', %, y 00, ., yin=, (1.5)
TECHTIAMAHUHT TapTHOM 0
KPR
AIMALITHPHII &
PAaMuia nacaii:
R CAHTHPHMIIHILH MyMKHH

};’_—_-2x Te
TeumaM:;f;:aHH AHATMTHK ycyn Gunan euni
4a : 3
JaCH, YHT KHCMIa 3;K£CMHM HSNAHACTIAH (yHKUHAHUHI yTHHTH XOCH-
KYPHHHIIMAATH Tenran a;aT ¥ Mar ubopar ynxims Gop, nemax Gy (1.1)
a. YHH n Mapra uHTerpauianm Hymu Onian eyamMH3

v ays
v =ny~§
‘@—i=2r v =
o s dy" =2xdx,
J’"=f2»fx=£;—z+q X+,
y=2 Oyraumur |
il & M Y9YH OXMp TEHINaMaHW KyWHjaruya &3 MyM-
dy’

2
a X G =P +C)dx

" 2 3
Y'=10G*+C)dx=2_
f 1)5{’5 3 +C|.‘t+C2 8Kk

3

X
h=(F+Cx+C)dx

Ana Gup
Mapra HHT
i e
6¥1amu3 Tpamnad TeHrnamMaHupr YMYMHH eYHMHTa 2ra

b i‘i Gx
¥ [2+‘—2——+C2JC+C3'
MATLAB MYXHTH/IA e,
1. Tenrnamany AHAITHTHK
>> dsolve('D3y=t*2')
ans =
1/12*t74+1/2*C] *t“2+C2*t+C3

YPHHHIIfA egamus

1wl il
o8 12" +5C112+(32:+c3

K?pHHHG 1
ra
TYPTaHUJCK, HATHKA aHapTHK euHMary
Kabu.

B
4 HHTErpaJulall Yerapanapusu Oepum 3apyp
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m- (paitsn XOCHJI KHJIaMH3 Ba cakJ1aiMH3:

function dydt=dt1(t,y);

dydt=zeros(3,1);

dydt(1)=y(2);

dydt(2)=y(3);

dydt(3)=y(2);

« Murerpajuiai UHTE
MaHH CHaMHM3.

>> tspan=[0 20];

>>y0=[111];

>> [t,y]=ode45('dtl',tspan,y(});

>> plot(t,y)

pBany Ba OOUIIAHFHY mrapTiapHH Oepud TeHma-

J Figure No, 1
Fle Edt Yew jnset Toos Wndow 1P

DEE& NAA/ PLD

9.3-pacm. y'"=2x TeHIJIaMa cUMMHHMHT Tpaguru.

3. TenrnamMaHu OOULIAHFHY [apTIapHi Gepub aHaIMTHK KYpHHHILLA

euaMHu3
y=dsolve(’D3y=t*2','y(0)=
y =1/1 2#A4+1/2¥0 2+t
Eunmun Maple makeTHia ozlaTAAry KypuHHIL

1,Dy(0)=1,D2y(0)=1")

ra yTKa3HIIAMH3 MyMKHH

(9.4-pacm): i

: i 1
it +—+t+ 1
4 12 2
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§ Be Edt Yew [mert Fopmar Ba YHr ToMoHH (hakar X ra GOFIHK GYIraH

|
| ORI e 5[] e (1] - ” |
I SIETRIEE) (Rl (5] [51Tle] (1] (=[] 6] (=) (4] 5 ) =
(R x
|| [>y <1/12%t a+1/25037e03 TeHiamara sra oyiamus.

V4 MapTa HETErpasiab eqMMHI XOCHIT KHIAMI3:

| | =] %m::— CInx+GC,;

| ( T 0 s T | y' =C(xInx—x)+Cx+C;>
(|

9

X B iz . i
'V=C,(%lnx—zx‘)+—2'—.\'“+C3.t+C4;

£l Maple 7. [Untitied (1) - (Server 1))

@ He £t yew [men R
| &) (517 (1T S -
| 25] RIE ajony 5
" - EKu
: ISTSTETE) (ol (5T (1) 8 () 0] (el 1) o
i [[Tosgathe s Yiz1/550% v=Clx"ln_);+C_,x‘+C3.x+ i
| display betveen EREN2+E+] . 2
e = 6y epaa ;
. ' C
| C;:Q’ G ==~7G
I | 3t 27T 3 @
e 05 Eyies 3000 Avaiate 3001 MATLAB myxuTiaa cHHIL.
1. TenmiaMany aHaJIMTHK KYPUHHIIAL eqamMu3

Chrie 7 Unitid ()_t5ervr. 1) >> dsolve('Day*t+D3y=0) - = |
—t it ot Optons Window Help ans = :
JELIEE LI 7] Ellél C1+C2*t+C3*r2+C4A*t"2*log(t)

2. TeurnaMaHu COHIIH YCYJl Guad eyaMH3 Ba

rpadurHHl Kypamus. |

i S
¥ ] -
[} [> y= “IJT*.- ‘l—:—'- r+1 i] | m- (bai'{n XOCHJI KHIIaMH3
7 I,IE ; ] ; | function dydt=dt2(t,y); .
| : ' dydt=zeros(4,1); \ ‘
;L Tme 05: B ~ clydt(l)=y(2); i |
1] me: 053 Byles 300M  Avadable 794M d dt(.?.): (3) (I
| 9.4-paCM, El." I ” - y y 2 10
: i Maple naketnia oxaviarn kypunumra yrKazuum. dydt(3)=y(4): i
2-Mucou dydt(,4)=-y(4),;’(t+0_0000001 ); o
il ) W Hostra G§HHLIHART OJMIH LI yuyH t Ta eqIMra aespm. Tab
' B T | e iuran gapaxaza Kk Gyirar 0,0000001 Kuiimafiit IO i
: CHIIIAMAHH aHATUTHE K : : CHp KWJIMaiinTan |
i ; PHHHIIIIA eyamus v .
Ll | Tenrnama (1.2) y KYSIMH3. .
: Ma (1.£) Kypunuira sra 6 . uu H6epub Tenrna-
| V' =u Gearnnad 4 OYnH0 ynunr yuyn k=3 pan=4, 3. irerpasiai MHTEpBAITH Ba GOIIAHTI mapTiap p

111 k|

L |' 0 du MaHH eUaMHu3. -i
Al T ¢ TeHrnamarasra 6ynamus, Yy 1 >>y0=[1111]; i
. 7TH TeHrnamara KEJITHPHIA/IN. ¥ & Hucbara Gupur TapTHG- - >>tspan=[0 20]; .
xu'“u=0 8xu 9’2+£’£ =0 g P [T,Y]zodc45(‘dtZ',tspan,yU); !
u x 2 >> plot(T,Y(:,1)) : I

% 9.5-pacwm.




t Ut Vew feet Took Yindw pep

MATLAB mMyxuTH/a CUHIIL
dSEE AAApFS

V qamH3
1. Tenrnamanu aHanTUTHK KypHHHIIAA ©

| 2 Lig SR AT ) >> dsolve('D4y=2*D3y")
| ans = S
C1+C2*t+C3*t72+C4*exp(2*t)
. = Cl+ C2t+ C3£2+ Che? M KypaMH3.
| ; Tgl-ilmgiaﬂu COHJIM yCyJI Ouian eqamMus3 Ba rpaurnHH Kyp
m- (paiin xocHs KHIIaMH3
function dydt=dt3(t,y);
dydt=zeros(4,1);
dydt(1)=y(2);
dydt(2)=y(3);
: dydt(3)=y(4);
. dydt(4)=2*y(4); 2 GouLTAHFIY WApTIAPH Gepub TeHIIaMa-
9-5-pacM. xy™) 4 " = ) Tenrnama eummuHmAT rpagurn. Wnrerpajuanr HHTEpBAHA B
: HH e9amMu3.
| 3. Tenrnamanu Gommnanruy MapT/Iapra acocaH aHaNTUTHK KYpHHHILIA >>y0=[1111];
{ euamm3 >> tspan=[0 20, 0):
| Ddy* " = =Ly(0)=1' >> [T,Y]=oded5('dt3',tspan,yV);
== y=dsolve('D4y*t+D3y=0', D3y(0)=1 ,D2y(0)=1,Dy(0)=1 ,y(0)=1") ) e -padin)
y =1+1/2%t*(2+1) >> plot(T,Y(:,1)) (9 E
Eunvan Maple naxernra YTKa3ub Kynaii KYpHHHIIITa KeNTHpaMu3 ) !-it‘ w e o0
+It(2+t) e R
‘ A :t_!ﬂi'___.’___.,_..——-.-——v— I
LA 3
3-mucon. . - l
M =2 " TeHamanu evmy, \
_ Tenrmamanu ananuTix KYPUHHII GUnaH eyaMus, 2t
| ym-_—'u. _V{“/)_E‘El {!__2 _Z_i‘__zu Al
. < ’ x »
1 © Ysrapysunnapuu axkpatub (1 # 0 1e6 onub) Ba HHTErpamnab Kyimnarura ’
' ara 6ynamus
INu=2x+C, y=e2*+C C e , Al )
il ' =y" v = m_l 2% e TR S
| % YITAHIIATH yyyy y =Ce e T |
I' G 5 ir. ‘-
l|| M= ?I Gy - ?e "+Cx+Cy; 9.6-pacm. y'")=2y" TeHrIAMA eTHMUHHHT rpag: 1
| .6- . 5
| C 2 2 KYpHUHHIL LA
! y=—lgir 2 ¢ x* +Cx+C (A) ,- M4 apTIapra acocal aHAJTUTHK yp
'_: _A_r_ag u=0"0¥ica, apuu "= Oynamm Ba y"=C,, y'=Cx+C ' A AR DR (0)=1"
| G; 2 r » eyaMu3 ! ~1.D2y(0)=1 Dy(O)- Y
i y= —2-x +Cx+C,. Y6y eqmy (A) bopmynanau C,=0 xenu6 ynkamy. >>y=dsolve('Ddy=2*D3y', D3y(0)= 1,D2y(
g
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PR NSSNE =
Tt = e S

y=7/8+3/4*t+1/4*t72+1/8*exp(2*)
Eunvun Maple nakerura YTkasu6 kysaii KYPHHHIITA KEJITHPAMH3
2 2
iy S 1 1
"8 4 4 8
9.3. Koapumuennapu y3rapMac UH3HKIH OHp JKHHCIIM TeHrIaMaiap
Hasapuii Mmannymor.
a4,a, - a, a, a,kodpduuueHTIapy Y3rapmac 6yaran
a'},ﬁu.{_a".}yﬂi-ﬂ-{-_" —i—a"];-"-i“(:}_y' -i-a”}EO, (2 ] )
mapdepenunan Tenrmama n-rapTHOIH Ko3(huumentiapn yarapmac
HH3HKIIH OMp skuHCIH Iuddepennuman TeHHaMa Jeitnam.
YHUHT eynmu |
y=Cy+Cy +tCy+.+Cy, (2.2)
Oy epaa Ypeei¥, — YHUHT YH3UKIH MYCTaKWII XyCyCHH eunmiiapu. Ynap
KyHHJarn XapakTepHCTHK TeHITIaMa EpamMuia aHMKIaHaIH
ar'ta r+..+apr+arta=0 (2.3)
Arap xapaKTepHCTHK TEHITIAMA 1 T4 XaKHKHii r.(ml,2,....n) wnausnapra
ara 0yinca, yniby wiigusiapHUHT Xap Gupura
= | (2.4)
XyCycui ednmiapaan Gupu Moc kenauu Ba (2.1) TeHmaMaHuT YMYMHMii
CYUMHU KyHHJATH KYPHHULIEY ONAgd. :

y= Cleqx + Cze'z" G e o CHG,}’I (2 5)

Arap (2.3) TCHIIamMa k Ta XaKMKuH ¥3apo TeHr r=r=..=r, (abHH 7’
I3 Kk KappamIHKKa 5ra) uiausiapra sra 6ynca (2.2) dopmynana ynapra
KyHuaru CUHMJIIap MOC Kelaau

Y=V, y,=xe" .. p, =3"" (2.6)
(2.3) Tenrnamanaru Gup kappas KoMiieke GOFIaHran ha=axiff ypn-

ausnap yuyn (2.2) gopmynana Kyiinjgaru eYrMIIap MOC Kelamu:
: »n =e" cos(fx); y, =e" sin(fx). (2.7)

k xappanu komiuieke Gornanran ho=axif HIIN3JIap y4yH Kyiuaary

XYCYCHii €4uMIIap MOC Keau:

y=e* (:1:)5.(ﬁ.\;),ly2 = xe™ cos(fx),..., y, = x* ™ cos(fx); 28
Xy = e sm(ﬁx), Yira = xe™ sin(fx),..., Yoy == g sin(fx) *™ )

2.1-mucon

Y'=2y"—y'+2y=0 renrnamany euunr

Tenrmamauu avannTik KYpurnmIIL cyapus,

XapaKTepHCTHK TEHITIAMA Ty3amu3 (Bynna y wunr ypuura 1 sa YHUHT k

TapTHOIH X0 CHIACHHUHT ypuura r* ézamus:
=27 p42=().

: HHUKITaHMH3.
XapakTepHCTHK TEHITTAMaHHHT wiIH3IapuHH aHHKI

P (r=2)—@—2)=0, (r=2)("-1=0,

r=-1 r=1 r=2. ]

(2.5) opmynara acocan yMyMHH €l

y=Ce* +Ce' +Cie™"

ITHIA CYMILL

T?E:QEMI:::I;I'IEUIHTHK l{ypHH[-ﬂUﬂﬂ. eqaMus.

>> dsolve('DBy-Z*D2y-Dy+2*y=0')

;1:“15: (t)+C2*exp(2*t)+C3*exp(-t) ) . Km;amm |

2, T:::II‘JnamaHn COHyIM YCyJ1 OHIaH equill yHyH m- aitin X

function dydt=dt4(t,y):

dydt=zeros(3,1):

()5

dydt(2)= .

didtg3§;¥"y(3)+y(2)-2*y(1);

2. Unrerpauianl HHTEpBaIH Ba OoLLI
MaHM e4aMu3.

>>y0=[111];

>> tspan=[0 20];

>> [T,Y]=ode45(’dt4',tspan,y0);

>> plot(T,Y) (9.7-pacm).

MHH OJIAMH3.

4 apTapHu OepHO TeHIa-

aHFH

- L Help
Ble \pdt yew [t Toos Wit & Ik
pEE8 AA2/ P
T suiausl
LT
5 ]
i
45 |
4 l'
.'
3sf 1
|
3t Ill" |
25 | 1 I
!
2t /
15 /
1
05 |
20 |
0 T D SN {6s e |
e 1
paqnlt'll.

»_ 42y =0 Tenrnama e HMHHHHT I
9.7-pacm. }’m =2y =y y
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MAHH eJyaM#3,

b

— e s e
Sl = = L

3. Teurmnamanu Gommanruy lIapTiapra acocaH aHANIMTHK KYpHHHMILA

CYadMH3

>> dsolve('D3y-2*D2y-Dy+2*y=0'D2y(0)=1,Dy(0)=1,y(0)=1"
=exp(t)

Esinvun Maple naxersira YTKa3uG, Kynaii Kypurmmra KeaTHPaMH3
Y=gt

2-mucon

Y'=Ty"+15y' =9y =0 Teumiama CUHJICHH.
Tenrnamanu ananutuk KYPHHHILIA eyamus.
XapaxTepucTuk Tenrnama TY3aMH3. -
7 =T7r +15r=9=0,

VHUYT WiM3napuny anuktaiivms,
(r=1)("-6r+9)=0,

r=Lir=r=3.

XapaxTepucTik Tenmama Gurra Bup kappanu r,=1 Ba MKKH KappayH

7,=3 (k=2) ungmanapra sra.

(2.6) u (2.2) (popmynanapnan (hokinananus, yMyMHﬁ CUHUMHU

AHHIJIAUMHS

y=Ce* +C,e” +C,xe™ .

MATLAB myxutuna equm,

1. Tenrnamann anamumux kfprmnga esamus
>> dsol\ie(’D3y~?‘*D2y+l5*Dy—9*y=0')

ans =C] *exp(t)+C2*exp(3*t)+C3*exp(3*t)*t
y=Cle' +C2e* + C3e%¢
2. TeHIIaManu commu y
function dydt=dt5(t,y);
dydt=zeros(3,1 )
dydt(1)=y(2);
dydt(2)=y(3);
dydt(3)=T*y(3)-15*y(2)+9%y(1);

2. Unrerpasumam MHTEPBaK Ba Gournanruy mg

CyJ1 OMIIaH euuIn yuyH m- (haiin xocun KuiiaMu3

prnapuu 6epud TeHra-

>>y0=[2 0.5 0];

>> tspan=[0 10];

>> [T,Y]=0de45(‘dt5',tspan,yO);
== plot(T,Y(:,1))

>> (9.8-pacm).

-J |Figure No. 1 |
Fle Edt Vew [nsest ool Window Hep AW AN - S
DERB(XAA/|POD

4

,x10

168}
1.6
14F
12t

1 -
0.8
0.6
041

02r

— et e g 0
T T T T L

3 " IS ! V O Cll[‘.]'lilh
9.8-[)3(:M. _‘) " EJ + 9. T I 1

i VPUHHIIAA
3. TenrnaMany OOUITAHFHY 1IApTIapra acocaH aHAJHTHK Kyp
l l i = =0.5,y(0)=0)
) iaw:f dsolve('D3y-7*D2y+1 5*Dy-9*y=0, D2y(0)=2,Dy(0) y(
y:

e i It KY KeJITHpaMH3 .
‘};qui::u i\};lg;?e paxeTHra yTKasub Kyjnan KYypHHHILITA p |

let 1e™
e
3-Mucog

y—16y=0 TeHrnama e4uIICHH. »
: ; 2
TenrjiaMan aHATUTUK KYPHHHIIIA
3
XapaKkrepUCTHK TCHIIaMa Ty3aMH
F-16=0 éxu (r—4)(r"+4)=4 r
XapakTepHCTHK TEHIIAMAHUHI WIAH3IAP
r =2, 12 r=2i, r=—2i i
/ g - (yna
Maxym GOFiaHran r,Ba 7, (ynap A il
hopmyIianapaaH OJIMHTaH KyHHIArH Xycy |
3 Biap i YPHHUILTA ,
i I R AHUHT YMyMHH e4AMH Ky#ituzard Kyp |
Llynpai Kuub, TEHTIIAM

ara 6ynaau :
y=C ie"""+C_,e‘-’-“+CjcOSZﬁC sin2x.

MH3.

a=0, p=2) nngusnapra (2.7)
: ap MOC Keajtu:

117




———

—— Ny =
S e e e e =
4

MATLAB myxurnya eupm,

I. Tenrnamauy ap
1 aHajut Y

>> dsolve('D4y-1 6*y=g'f)( e

ans =

Cl*exp(2*

2 TCE}:]I':J’](;M;)I;F 2*exp(_z*t)+C3*COS(2*t)+C4*5:n(?*f)

; COHJIH yCyn 6 g

fumotide Byi—difity) YIT OHIIAH €UHIL yyyH m- (haitn XOCHII KHIaMH3
dydt=zeros(4,1);

dydt(1)=y(2);
dydt(2)=y(3);
dydt(3)=y(4);
dydt(4)=16*y(1);

! HHT&[‘paﬂnam

HHICPBAIM BA GOULIAHFMY apTIapHH Oepub Tenra-

MaHH euamus,

gse]
>>y0=[-50.33 7 -5];
>> tspan=[0 1];
>> [t,y]=ode45('clt6',tspan,yO)'

y(0)=-5")

5> >> y=dsolve('Ddy-16¥y=0,D3y(0)=-5 ,D2y(0)=0.33 ,Dy(0)=7

=-817/1600*exp(2*t)-3117/1 600*exp(-2*t)-2033/800*cos(2*t)+33/16

*sin(2%t)

Euyumun Maple makerura yTKa3n0 Kynaif KypHHHIITA KeITHPaMH3
" #817e‘3” 3 17¢"* _ 2033cos (21) 5 33sin(2¢)
1600 1600 800 16

4-mucoJ

y!" —4y"—8y"—8y'+4y =0 TeHrIaMaHU CUMHT.
TenraMady aHATHTHK KYPUHUILIA €IaMH3.
XapakTepHCTHK TEHIJIaMa Ty3aMH3

P =4 8 —8r+4y=0.

TeHraMaHHHT 4ar TOMOHHHH y3rapTHpaMis3
4y 8 —8r+4= P —4p 44 —8r+d=
= =2r+2) =("-2r+ 2)(* =2r+2)=0,

Pr=2r+2=0r"—2r+2=0.
TenraMa Kappamiiura k=2 GyaraH KOMIUICKC Gornanran r, =1+ wi-

B=1 OyaraHmura ca6a6mn (2.8) Ba (2.2)

=>plot(t,y(:,1))
yMyMHI €UUMH KyHp1aruia Oynanu. ‘ |

>>(9.9-pacwm).
mu3napra sra. Yuly xonaa a=1,

(popmysanapra acocat TeH rmaMaHuHT
y=Ce cosx+Cye’ sinx+Cyxe cosx+ C,sinx

- (Figure No. 1

il e Et Vew et Yoo virdow pefp
il MEEBIXAA/[pp0o 8KH
1l I e e y=¢e"[(C, +C,x)cos x+(C, +Cx)sinx],
{l al BRREE T o | MATLAB MyxaTHia €4HIIL
il | 1. TeHmIaMaHy aHAINTHK KYPHHHIIIA EHAMH3
| 42f >> dsolve('Ddy-4*D3y+8*D2y-8*Dy+4*y=0)
'- ans =
il E cl *exp(t)*sin(t)-l—CZ*exp(t)*cos(t)+C3*exp(t)*cos(t)*t+C4*exp(t)*sin
,! 46 (H)*t
f L 7. TeHrIAMAHH COHJIH YCyJ1 OHITaH CTHL yuyH m- (aiin XOCHI KAIaMHs3 |
| function dydt=dt7(t,y); -,
| s dydt=zeros(4,1);
N dydt(1)=y(2);
:' R T X e dydt(2)=y(3);
{ e TP dydt(3)=y(4);
m 9.9-pacm. y™M_16y=g — dydt(4)=4*y(4)~8*}'(3)+8*y(2)-4*y(]_);
f j Ma edumMununr rpapur. 2. Murerpajuall WHTEPBAJIH Bd GoumaHFuY apTiapHi 6epub Tenrna- 1
il : 3. Tenrnamanu Gommansuy mapy. MaHH CUaMH3. ol
| eYamus \ PTIapra acocan amannruk kypunuma >> tspan=[0 10]; 4 ‘
>>y0=[-1 1 0-5]; |18

Il
. o 318
119




e e _ ¥

>> [ty]=oded5(dt7" ts

,ISpan, 0’
>> plot(ty(: 1)) y0)
>> (9.10-pacyy),

2 Figure No, 1

&MWMM Wndow el

Deaa i AArAs ppo
35 210"

3

25

054

05 a"———l__g_ 4 4 ! .
2 = ‘__;_.'__"’-—_5__10
I

9.10-pnciu, £y L . " '
Y =4y =8)"~8y'+ 4y =0 Tenraama CYHMHHIHT rpadury.

3. Tenrmam
. aHH Oomimanruy :
e4amu3 MapToapra acocan aHaHTHK KYpE:HHIIITA

SO i
y=dsolve(,Ddy-4*D3y+g+
Dy({)):o’ Y(0)=-5') y D2y_3*Dy+4*

Y =-5%exp()*cos(t)+6*exp(f)#«:
Eqnmin Maple maxery P(t)*sin(t)-9/2%ex

Y=0l’|D3y([))=_5=D2y(O)=I 1

P P(t)*sin(t)*t-exp(t)*cos(t)*t
; ra ymazfnfli Kymnai x§punnmra KenTHpamus3

Y =-=5¢e"cos (r) + 6e’ sin (t)! -?-C——SM
S5-mucon Z

A6) (4) 41—
VU2 A= TCHIIaMaHu eyuyr,

'T‘ -
CHITIAMAHY aHaHTYK KYPUHHILIA cuanvpys

Xapau |epH
CTHK TeHmIama

3 :

J”{’+2."4+r3=0_ Ty3amus:

Teurmamanmnr yay; TO

s MOHHHHY V3
r(r2r+1=0 &y r(rP+1 )zzgy M
Mlynpait kunu6 '
Hr 1)+ 1)=0,

—¢'cos (1)1

TTa i
gKKH Kappanm xaxukuii r= 0 (r,= r,= 0)
yM OFﬂaﬁl"alf r=4 i (}-{: I-J.—_: f‘, ‘;-i: rﬁ: ‘_f)
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unmanap sy ranrura sra. (2.8), (2.2) Ba (2.6) hopmyianapra acocas yMmy-

MHIH e4HMHH aHHKJIaiMH3 .
y=C, +Cx+(C, +C,x)cos x+(Cs +Cyx)sinx

MATLAB myxuTHaa e4uil.
|. TenriaMaHn QHAIMTHK KYPHHHIIA CYaMH3
>> dsolve('D6y+2*D4y+D2y=0')

ans = ‘
C 1+C2*t+C3*cos(t)+C4*5in(t)+C5*cos(t)*t-I'CtS*sm(t)*t

2. TeHmiaMAHI COHJIM YCYIT OHJIAH €4HII Y4yH m- (ail XOCHI KiiaMis3
function dydt=dt8(t,y);

dydt=zeros(6,1);

dydt(1)=y(2);

dydt(2)=y(3);

dydt(3)=y(4);

dydu(4)=y(5);

dydt(5)=y(6);

dydt(6)=-2*y(5)-y(3);
Z?MHTEI‘[)&J'IJIE!HI MHTEpBaii Ba GOLLIAHFUY [IAPTIAPHH Gepub TeHrna-

MaHH euaMH3.
>> tspan=[0 5]; |
>> y0=[-110-5 0 10]; i s
>> [t,y]=0de45('dtS',tspan,yO);
>> plot(t,y(:,1))
>> (9.11-pacm).

fie Edt Vew [msert Tools Wndow tep
NDSEEH& R AA/ PPD

10

4t

9.11-pacm. +2)+)"=0 Tenrrama edHMHHHHT FpadQuru.
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il

3

e e———— "
B —— S

3. Tenrnamann Oonuanruy g
e4aMu3

>> 5> y=— 1
y=dsolve('D6y+2*Ddy+D2y=( "
y+D2y=0""D5y(0)=- . _

]y:: =1 “tF9%cos(t)+3/2*sin( D+2%sin(t)*t-1/2*cos(t)*t
9MMEN Maple nakeryra yTKa3ub

PTiapra acocan aHanMTHK Kj’fpmmm,aa

Kynal KYpHHHILTA KEITHPaMH3

Y=I=t+9cos(r)+ 35'2 (r)+2sin(r)!——-——| 05ks)
2 2
ﬁ—r:mcon
,l8) }(ﬁj_ S o
Y2y =2y — =g TEHIJIAMAHH EUHHT.

Tenrnamann ananuru KYPUHHLIAA euamus,
Xapaxrepucrik TeHIJIaMa Ty3amu3:
42522 1=¢
BaHyHHHr WIIH3IapUHY aHuKIaliMrs
6 2 2
)((ra +2r =21 —1): (? —D=r" 43+ +3;2 41 = (r +1)°
PATEPUCTHK TeHIaMa Kyituaary «v ay
(" ~1)(* +1)’ = 0 éku S e
(J;— D +1)(r* + )(r* + D(r* + D=0.
b ﬂri:ama MKKATA XaKukui Ba Kappanwiura k =3 Oyaran ukknra
- My wsmapra (n=n=r.i,r =p=p =4 sra, (2.8). (2.2) u (2.6)
p yn?:n%paan (boma_ﬂanuﬁ YMYMHH €4HMHY Onamus, ’
y=Ce +Ce™ +(C, FCx+Cox’)cos x+(C, +Cpx+ Cr?)sin x
ll\/IATLAB MYXHTH/IA €YHiL. ‘ |
- Terrnamany anamnru gv
KYpUHKII A eyamus
>> dsolve('D8y+2*Dey-2+
y-2*D2y-y=(
.= y-y=0)
Cl*cos(t)+C2*sin(t)+C3* i
"2HCTsin(t)*t+C8*cos(t) 142 EXP(+CA*exp(-t) +HC5*cos(t)*t+C6*sin(t)*t
2. Tenrnamanu commy cyn 6
o 7 ’y YL OHIan eunur yayn m- (aiin xocusn Kuiamus
dydt=zeros(8, 1 );
dydt(1)=y(2);
dydi(2)=y(3);
dydt(3)=y(4);
o dydt(4)=y(5);
dydt(5)=y(6);
dydt(7)=y(7);
dydt(7)=y(8);
dydt(6)=-2*y(7)+2%y(3)+y(1 );

e e e T

2. Mnrerpaniau HHTEPBaIH Ba OOULIAHFHY wnaptiaapuu 6epud TeHra-

MaHH e4aMHu3.
>> tspan=[0 10];
>>y0=[-10 10 0-0.50 10 4.1 -0.00004];
>> [t,y]=ode45('dt9',tspan,y0);
>> plot(t,y(:,1))
(9.12-pacm).

,l i’iguro He. 1
Fie Edt Yew [nsert Toalt \ynoow Helo

DSEH& RNAAS POT

4
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25—

2

| /|
/

05f :

o—

" TR T L AL A 1L
055 5

9.12-pacm yO+2y -2y -y = 0 Tenr1aMa edHMUHHHT TPAQUTH.

é ypHHUIIIA
3. Tenrnamanu OOUTAHFIY [apTiapra acocat aHaTHTHI KYp¥ i

(0)=-10,D6y(0)=10,D5y(0)
4.1, y(0)=-0.00004")

eyamm
?}y=dsolve('D8y+2*D6y-2*D2

—0,D4y(0)=-0.5, D3y(0)=0, D2y(0)=

y-y=0,'D7y
10, Dy(0)=

i -
=_ 96250??200000*cos(t)+1 643/1 60*51n(_t)+8’1.:4999.1’??(;%2(::’;6:?;)(2_
1109999/4{)0000*exp(-t)+87493f400000*sm(t) t-869 g

' *tN2

Fgin(t #{A2-12499/400000*cos(t) 2 ;
14]2'?31\::}{(1\)43])16 nakerura yTkasub Kynan Kyprmmmr(a—:f](en’r;lﬁ}:;;ﬂgl:s(r)f
814999¢'  1109999¢'™" | 87493sinlt)i

962507 cos(?) 1643sin ()
Y===opo00 & 160 * 200000 400000 400000
869cos (1)1 l4lsin(r)r'_l2499cos(r)r
g0 . 160 400000

'k I TEeHIJa-
Bup KHHCIH oynmarat kodhuIHeHTIIapH yzrapmac 1H3HK] :

. manap
123
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Hasapwuii mannymor

anyl’ﬂ +a (n=1) "
mbbepesian vesmana onp oy L+ 4 ) (3.1)
G Qppp - A y 4 OHp JKHHCIH GYamaraH K
: T » f( » 4, 4, Y3rapMac YH3HKIH Tenp ” o3¢ duiHenTIapu
rap /(x) =0 6y CHIVIgMa J1e0 aTasajy
J(x) =0 6y1ca Tenrnama GHp }KHHCJ‘:: ! JH.
an}’(n] +a S(n=1) g 3 ra ajnaHamM:
(31) TEHITAMaHHHT A5 = wtay +a[_11'+a”'],s = (3.2)
Jaau YMYMHH €YUMH Kyitugaru (hopmyna 6yiinua Ton-n-
6 e _V = J;" + j‘, ,
PHJ'II"‘:H giayo* Oup sxurcim (3.2) Tenmamarm (3.3)
KHHCIIH OV HHHT YMYMHI ey e
P KHHCIIH 6Y1IMaran Tenriamanuur xycy):;ﬂ)lv‘:’imequmnmm, R

Omnuit
XOJ‘mapﬂa X}'C .
YCHH eyl
M Oumay TOIHJIHIIN MyMKHH M aHHKJIaHMaraH koa((puineHTIap ycy-
Arap :

o x — fax
KeITyBUH Xapasr epHcf;HK T;:; Aapaxanu Kymxan) Ba ¢ (3.2) TeHrIaMara Moc
A rmam ! ss

KYPHHHIIAA H3NaHUIIM MyMKiH AHHHT Wiau3u 6yimMaca eyum Kyitujaard

6 j,‘ — er.&.t M X
Y €paa Mm(x)- KD:“(bd)HIIHeHTH '"( ): (3 5)
Arap a (3.2) renramara m APH aHUKNAHMATaR m fapaxani Kynxaz
% 0C Ken '
Kappaiu wimsy 6¥nca xycycuit e'm,: BYH XapaKTEPUCTHK TEHIIaMaHUHT &

el
Y=xe"M, (x), (3.6)

KYPHHHIL A 6y1am

Xycycan, g = ()
=0 ) = P |
HIIu3K GYmmaca 7 ___( M (x)m (%) na i 0 XapakreprcTuk TeHrIAMaHUHT
m XYCYCHH eumnm MaBXxyn Arap a=10 XapaKre
34 6y s : B e, :
6Yica xycyeuit eunm 7 = v* M (x) 6ynazau.

TEHIIaMaiary P'({é)xl: esP (I)UCOsﬁx-FQ(I)sin Bx]1, (3.7)
O(%) xymxannapumnr sur 10KOpH ,uapamacn.m

Oyica Ba ;
a+iff Xapakr
c
C4YMM KyHuIary iy PHCTHK TeHMIaMam “
- H KYPHHHII A w3mana Hiausn 6ynmaca XyCycHi

CYCHH e4uMm

; 7= e
Kypunuiia 6manm. (¥)0s fix+ N(x)sin ],

“Arap

o ———

e BTSN
; B 7 e T

fx) =)+ L)L) (3.10)
6?11;16,];(,\')._{2(.17).j;(x) dynkuusnap (3.4) Ba (3.7) xypuuumnapaa 6yica

XYCYCHI1 CHHM
y=3+%+7.(3.11)
KypuHuIaa Oynanu,

AHUKJIAHAH.

Ymymuii xonaa (3.1) TeHDI

BapHALHACH YCYIIH, ABbHH Jlarpanx ycynu
y=Cy,+Cy, +..+ C.y,

ii equmu Gymca (3.1) Gup

(3.2) Gup SKMHCIM TEHITAMAHHHT YMYMHH
ii eyuMH Kyiingard KypHHHIIIA

JKHHCIM GyIMaraH TeHIJIaMaHHHI yMyMHH

HOKOpHa KENTHPHJITaH KOHJanapra acocaH

AMAHHHT e9UMH HXTHEPHH Y3rapMacIapHAHT
GuIaH OJIMHHMIITA MYMKHH. ATap

H3JlaHaIH
}" = C[ ('r).vl + CZ (x)}’ﬁ + 3 + Cn(x)."’u' (3. 12)

C, (x)»,,Cy(x) VysenlCy (%)Y, yHKIHATAD Kyitipars TeHraManap cHcre-

MacHOaH AHUKJIaHaAIH!
Cy, +Cy, +..+Cy, =0;
Ciy, +Cy, ..t Cy. =0,

C]ty](rl—!}_'_C;yZ(JI—Z}+.-.+ '

Cpr +C I+ 46y, =S ()

-2 = (:

(3.13)

1-MHCOJI.
Yy =€ (x* +x+1) Tenm

Eupm. Yiuby auddepenimal TeHIIaMa oup
duumeHTIapy y3rapmMac yM3NKIH TeHrIama 6o

2
KypHHHLITa 9Ta Ba &= 2, P(x)=x +x+l, spHa m = 2.
Appan OMp JKMHCIHM TeHIIamara Moc KeIyBuUM yMyMHH €UHMHH

AHHKITAHME2.
iy U8

#>+1= 0 xapaKkTepH

1 i3 1 i3
= 1. %= "5 ‘5—, oo e —2— ra acocaH Oup XKHHCIH TeHTJIamara
MOC KeJ1yBUH ymymm‘i eyMUM aHHUKJIaiTMK3

X

amanu eanr (9.13-pacm).
sKuHCIH GyiMaraH Kodo-

YHHUHT YHT TOMOHH (3.4)

CTHK TeHTTaMaHHuHT WIaU3IapH

— 3 oal3
y,=Ce " te % [C2 cos—z—-:c-}-C'3 sin —2—x
u a=2 coH P,(x) XapaKkTepHCTHK TeHTIIAMAHUHT HILH3H
MyJjara acocaH GoluaHfHy TEHITIaMa-

YPUHHIILA H3TanMI3

MogoMHK
marapura cabadinu (3.5) dop

oyn
yingara K

HUHT XyCyCHil edMMHHH K
y= e (Ax* +Bx+C).
¥ (QyHKIHAHAHT XOCHJIaJlapuHH a
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i’= e;“(ZAx+ B+24y° +2Bx+2C)- |

%i eh(.?A +8Ax+ 4B+ 4457 +4B,1',+ 4C); |
:;; ;ae F(ibi +24A4Ax+12B+8A4x* +8Bx + SEC)

Y4yH uomanapuu 6
i ki anapuu Gepunras TeHrma yit
TQZTI;I:,O KYHUaru aiHuaTra sra oynamua W S B
Ax+12B+94x* +9
Bx+9C = x* + x
YHIaH Bty
e ZA, RIS Ko durmenTnapuu anuknaiivu
l, 4A+9B=],12A+I2B+9C=I :
A:—-,Bz—.—s_,c_—_]—z
Ba TZ 2 e
HFJ]aMEiHHSHI‘ XYCYCHI €YUMHHU TOmaMu3
3 17

= o]
}’:e“(—_‘--___ o)
9 27”81].

T

Y=Ygty=Ce™*+ E V3 . 3
1 e Czcos—g—x-f-C}sm—z—_r +ez_‘-(l z_ir+ﬂ)

el _r -
I;viATLAB TH3HUMHIA €YHIII. 9 7 i
>'>T;5F$J:$\(d'?)}g“ AHATMMTHK KYPHHULIIA e4aMu3
: dy={ "Ik A
i yHy=(e’2¥t)*(t"2+t+1)")
-6%e"2+eMD*t+e D F A4
e"2HFN I+ * i
1 /2)*t)+C3*exp( If2*t)*cos( '1'/2*3“((13112)3‘}:)F}(Ht)+02*exp( ki i

- Figure No. 1

Ele Edt Vew neert Tools Vhndslh beln
DEE& YA, po-~
A :

2552_'_'—"_—1—-——

2

151

9.13-pacm.

ym+y=92r(x2+ Y+ "
) Tenraama enupununr rpagurn.

2 TeurjaaMaHH COHJIM yCy/1 OMIaH eunul yayH m- daiin XOCHII KnIIaMH3

function dydt=dt10(t,y);
dydt=zeros(3,1);

dydt(1)=y(2);

dydt(2)=y(3);

dydt(3)=-y(1 )+(exp(2*t))*(t."‘2+t+1):

MuTerpaiian HHTEpBaIH Ba GoryiaHruy wapiapHu oepud TeHrnaMa-

HH eJaMH3.
>> y0=[-0.1 -1 1];
>> tspan=[0 15];
>> [t,y]=ode45('dt] 0',tspan,y0);
>> plot(t.y(:,1))

1 TenrnamaHi GOLUIAHFHY IIApT/Iapra acocax aHAJMTHK KYPHHHIINA

eyamus
>> y=dsolve(’
=-6*er2+e"2*tte
+11/30)*exp(1/2*t)*cos(1/

*gin(1/2*37(1/2)*t)
>> Euynmun Maple naxetura ¥

D3y+y=(e 20 (t°2+t+1),D2y(0)=-0.1, DyO)=1, y(0)=1")
AYHAD A MASH(5/3 e 2+19/30)*exp(-t)H(13/3%e"2
23 (1/2)1)-1/30%(30%e 2+11)*37(1/2)*exp(1/2*1)

TKa3ub Ky/ai KypHHHIIIa KeJITHpamH3
'
2 2 u (3]
y=—6¢+e't+e'r’ +er + ¢ Dleny BE L e[i-) cos L
3 30 3 _.7\30 2

1(30¢* +1 1)3[%}3(13'] S Qil

R .
30

2-MHCOJI.
"+ y=x" TeHrIaManH CHHL (9.14-pacm).

XapakTepHCTHK TeHrIaMacH

P4 r=0 éxu #(P?+1)=0

oymu6 r =0, r,=0 3~ —j unau3aapra or
Gup HKUHC/IH TEHTTAMAHHHT yMyMHi edHMH KyHHAArH

y,=C,+CLosx +Csinx.
o= 0 COH XapaKTEPHCTHK TEHITAMAHHHT UMt HILI3H OYJITatIirH ca-

Gabnu xycycuil edanMHH Ky#ugard KypuHuILa H3aaiMH3
05 (Ax* + B +Cx* +Dx+E)

a, WIyHUHT YHYH y'+y' =0

a Oymaan

y=xe

éxkn . )
y=(Ax* +Bx' + Cx' +Dx” +EX).
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o

¥ OYHKUMSHHHT XOCH)

s ajlapHHu a H
o SAx" +4Bx* +3Cx° + D,f +E: e
{ =204x° +12Bx> +6Cx + 21 - ’
V' =604x* +24Bx +6C | ,

Y\ V" yayi ugy
OlanapHu s
ATHH XOCHII KHJIaM#3 PHH Depuiiran TeHmiamMara Kyiub Kyiiujary aiHu-
6 2
yr?j:n ;2‘1‘3& +6C+54x" +4Bx’ +3Cx* + Dx+ E = x*
=x,

54=1, 4B= (JC,E.](;J)1 E japruur kuiivatnapuin anmioraiivins

- »004+43C=0,248+2D=0,6C+E=0

7

A—l B=
5’ —0:(.:_410:0,5':24-

IyHpait kunu6
Mty
y =§x5 —4x’ +24x
Ba TEHI i
AMAaHUHT YMYMHH e4MMUTa 3ra Oynamus
y=cC +Cacosx+C, sinx+éx5 —4x’ +24x

IIV[?TLAB TH3UMHIA UM
. {; |CHITIAMaHH aHAJIUTHK KV
VPHHHLIAA ¢
>> dsolve('D3y+Dy=t”‘4') P
ans =
#*
1/5 t“_5-4*t"3+24*t+C1+C2*cos(t)+C3*sin(t)

Eunman Mapl
€ mac & Z
5 PI€ nacTypu €pnamuna ogaraary KYPHHHUIITa §TKA3AMAS:

1t
St i
5 4¢ +24t+Cl+C2cos(!)+C3sin(r)

Tenrnamanu com;

function dydhdﬁr(zg? e .
dydt=zeros(3,1);

dydt(1)=y(2);

dydt(2)=y(3);

dydt(3)=-y(2)+(t.74);

Wurerpan
JIaur uH
Tepraiu Ba Gommanruy WapTIapHu GepH6 TeHIaMa

HH €4YaMHu3.

== y0=[-1 -1 -17;

>y tspan=[-5 3];

>> [t,y]=ode45('dt11 Ltspan,y0);
> plot(ty(. 1)) ’
>> :

}.-H. PR R,

- ¢

T e ———————

=) Figure No. 1
Fle Edt Yew [mwert Tools \indow Hebp

D& " A2/ 2PD

1200 /
PN
1000 /
800}
m 5
400+

&/ »

o—"

20, 4 3 2 4q 0 1

9.14-pacm. )" +y = +' TenrsamMa edHMHHHAT TPAQHIH.

TenrraMaHy OOIITAHFHY IIAPTIAPra aCoCaH aHaMTHK KYpHHHMILJIA eda-

MH3
o> y=dsolve(D3y+Dy=t4,D2y(0)=-1, Dy(0)=-1, (=1

y —1/5%t5-4%t73+24*t-2-+cos(t)-25*sin(t)
EuyuMun Maple naketura yTKa3ub Kymail KYpHHHIITa KeITHPaMH3

5
¥ 48 + 24t —2+cos(t)—25sin (1)

M e
3-mucoi _ :
yr=3y"+3y' —y= 2¢* Tenramany edmm (9. 15-pacm).
3,2+ 3 —1= 0 XapaKTepUCTHK TEHIIAMAHHHT Y4

Eupmr, =1 wigus -
Kappajiu WIIH3u OynraHiurd cababnu TeHrIaM

KyHHgary KypuHHIIAA H3IaiMu3

AHHHT XyCyCHH E€UHMHHH

y=ax'e".

Y (pyHKUMAHH udppepeHITHaIaiMH3:
7' = (ax’ +3ax’)e’

7' = (ax’ +6ax’ + 6ax)e”

7 ={ax ¢ 9ax” +18ax+6a)e” .
7 wudoganapuu nactiabku TCHIIAMara

—_—f —i
Anuxnagras Y. Y.) Ba
6 o KUiiMaTHHA AHUKJIAHMH3

Kyiin6 Ba HaTIDKaHH €' ra KHCKapTHPH

ba=2,a==<

3
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S ——

V.= (C‘ + C - =
<0 I X+Cx) e
2 7)€" Ba TeHmIaMaHMHr ymymuil euumH Kyiinzaru

KYpHHHIITA GYiam
¢ sy (CI o+ sz + ijl )e" + l rf‘e.r
3 % -

ivIATLAB TH3UMUIA €YHILl
>.>T;16Hliﬂah1aﬂﬂ AHATUTHK KYPUHHIIIA e4aMH3
solve('D3y-3*D2y+3% = |
b, y-3"D2y+3*Dy-y=2*exp(t)")
l:" L IV
3*#t 3*exp(t)+CI*exp(t)+C2*exp(t)*t“2+C3*CXP(t)*t

[

€KH *

/’

2. TeHrIaMaH#u CoHIM 6

function dydt=dt]2(t=y;,;c YITOHIIAH eqmi yuyH m- (aiflr XoCHII KHIaMH3

dydt=zeros(3,1);

dydt(1)=y(2);

dydt(2)=x(3);

YUBIFYE)-3y(@)+y(1)+2*exp(t);

erpajnan u :

et HTEpBa/K Ba OouLIaHFuY WapTiapHu Gepul, TeHrIama-

~> tspan=[-3 3];

== YO'—"[O 5| 1];

>> [t.y]=ode45('dt12' ts

- 3 pan: 0 :

> plot(ty(:,1)) o
3 (v o A
He Edt Vew [nset Jooks
DER&G A2/, 9o

x 10

25

2t

15}

05F

0 53 , i :
£ 3 R DR
; i 9 1 2 3

g‘]S paCM. Vv ; ! ‘F‘?j J — 2 x
o )t ! W e' Ter
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3. TeuraMany OONUIAHFUY 1IapTIapra acocaH aHaJHTHK KYpHHHILLA

eyamus
>> y=dsolve('D3y-3 *D2y+3*Dy-y=2*exp(t)','D2y(0)=0, Dy(0)=-1,

y(0)=1")
y :1/3*t"\3*exp(t)+exp(t)+3z’2*cxp(t)*t"2-2*exp(t)*t
Euumuu Maple nakernra YTra3ul Kynait KypHHHIITA KEATHPAMH3

e’ 3e't

+e'+ —2e't

'l.‘:

4-MHUCOJL.
Y=y = e+ ¢+ cOSPX TCHITAMAHH CHHII (9.16-pacm).
r-1=0
XapaKTCPHCTHK TCHIIIaMa ;= L1
HUHT YUYH
y=Ce+Ce™t C,cosx+ Cisin.
XycycHit e4HMHH Kyiiijaard opmynara acoca u3naimMu3
V=ERH AR
Oy epaa
3, =Ae”, y, =B, 3= Csin fx+ Dcos fx eunmnap

4 3 w =] w
JJ” —_— y — e“‘\.' J_l -—"L,' =g ar, JJ --JJ = CO0S§ ﬂx .

TeHrjlaMaJapHuHT MOC Xycycuil edumIIapH.

—w = S s =

}’]” s }’2“ , ¥5  XOCHITaJlapHH aHHKIIaHMH3 pa yaapHUHL Vs Vas Vs nona-

n R w s " s
—y=¢ ™ y" —y=cospx remrnamanapra kyind

r/=i, r;/=— WIQM3IAPra ora, 1y-

= N o
JmapuHd ¥ YT e,y
A, B, C, D napHuHr KuiMATIAPUHE AHHKIAHMH3

| 1
B=—7, C=0,D= B—;: _
juHr yMyMEil eduMH Kyfnjard KypHHHIIA

A=
at-1’ at—1
BommaiFHy  TeHraMa
oynaau
e{i_\' + e—'u.\'

- ; cos fx
y=Ce +Ce " +G, cosx+C, smx+—-&4-__-l—- TR

+ T 1.
MATLAB Tu3uMua €Ml

1. TenrnaMas aHAIMTUK KYPHHHIIAA eqaMm3

>> dso!ve(‘D4y-y=exp(t)+exp(—t)+cos(t)')

ans =
-1/80*(30*exp(-2 *t)+30+37*exp(-t)*cos

(t)"‘3*exp(-t)—exp(-t)*cos(3*t)-FZO*t*sin(t)*exp(
+C2*sin(t)+C3*exp(t)+C4*exp(—t)

(t)+20*t*exp(—2*t)+4*cos
-t)—20*t)*exp(t)+C1 *cos(t)

EI(}{
-1 (306{"2” +30+37¢ cos(¢)+ 20162 + 4 cos(¢)} ¢ —e™ cos (3t)
“20¢sin(¢) e —20¢)e' /80+Cl cos()+C2sin (1) +C3e' + C4et™"
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S m= e ——

2. Tenrnamanu ¢
; OHJIM ycyi1 Ou .
function dydt=dt13(t,y); Y71 DHITAH eqHIl yYyH m- (pailss XOCHII KWIaMH3

dydt=zeros(4,1);

dydt(1)=y(2);

dydt(2)=y(3); “
dydt(3)=y(4);
dydt(4)=y(1)+exp(ty+exp(-t)+cos(t);

UnTerpan
J1all HHTEPBaJ
H Ba
HH €4aMu3. Gowuanruy mapriaapuu 6epub TeHrIaMa-

>> tspan=[-3 3];
>>y0=[-10-11-1];
>> [t,y]=ode45('dtl3’,tspan,y0)'

>> plot(t,y(:,1))
2

J Figure No. 1
e KAt Vew et Took. yrdow teo
DEE8I kA2 2O

-120} , c
55 2 A - L s
: 0 L
1 2 %
i )

9 =] .y _y—eax+e—ax+co B
HIi1ama CYHMMHHHHI I pa(l]lll H.

3. Teurnamanu Gouura
suatitis HEHY IapTIapra acocaH aHaJHTHK KyPUHUIL/A
«.>> y=dsolve('D4y-y=exp(t)+ .
Dy(0)=1, y(0)=-1) P(ty+exp(-t)+cos(),D3y(0)=-10, D2y(0)=-1,
y =-1/80*(30*exp(-2*)+37*ex '
: p(-t)*cos(t)+4* Ak
#EVED ()R X : cos(t)"3 -t)- -t)*
Gl i 24 20%Sin(0 exp( 130,30 wexp(l e ik
*sin(t)-5/2%*exp(t)+2*exp(-t) Y*exp(ty+3/4*cos(t)+

132

Euynmuu Maple nmakerura §TKa3nO Ky/ail KYpHHHIUTA KEITHPAMH3
y=—1I (30e(’3” +37¢™ cos (1) +4cos()’ o — e cos (3¢) + 202e)

+20sin (1) re™ +30—201)e' /80 + 3°°: (t) +ﬂsi(’2—%+2e("’J

5-MHCOIL.
y"+y' =igx TeHIIAMaHH UL (9.17-pacm).
5+ =0 xapaKTEPUCTHK TEHTJIAMaHHWHT unausnapu =0, r=i, r=-i
Gyarantura cababiu
y,= 1,y ,=cosx, y;= sin x.
[LyHuHr yayH yMyMHIT €4HUM KyHuaars KypHHHIIIA oynanu
y=C,+ Ccosxt C,sinx.
MxTuépuil JOMMHIIApHUHT BapH
JKUHCIM OyIMaraH TeHraMaHHHE yMyMH# €4HMHH
y=C/@+ C,(x) cosx+ C,(x)sin x.
C,(x), Cy(x). C,(x) yHKuusIapHU AHMKJIALT
Kyiuaary KypyHHILAA C3HIIaH
C,' TC; cosx+C; sinx=10
#CE, sinx+ C;’cos x=0
—C, cosx—C, sinx =Igx

arusicnt ycynu Guan Gepuirad 6up
Y TOTIAMHU3 -

yuys (3.13) cucrema

OMOIIHH sin x ra, y‘-IPIl'I'-iH TeHrjaMa-

MKKMHUY TEHTIAMaHHHT HKKaJIa T
o , "
xymuub C, B aHUKIanMiU3

Hy cOS X ra KyrmaiTHpHO Ba ynapHi ¥3apo
C,/=-sinx.
MkKkuHYH TCHITIaMaaH C,' uu TONaMH3

stodk
+_sin”x
Y7 cosx " " , Y
BupsHYH BA yUHHTH TeHrIaMaJiapHH y3apo kym6.C, aHHKIanMH3
r—
C/'=tgx. ;
HMU3:

OJMHrag yyana TeHriamManapHi HHTErpaia
G = ~h cosx +C,
C,(x) = cosx +C,

: X 7
C,=sinx—Infg —2-+Z)+C3
6y epma C,, C, C, — uxTHEPHH mouMHHIIap.
[ynnan w6, Gepuiran Hup KHHCIH 6ynmarat TEHIIAMaHHHT YMY-

MuUii eurMH KyAHa1ard KypuHmmIa 6y Ianu
)+C2 cosx+C; sinx+G,,

2

] c—sin xIn? i‘E+£
y=—Incosx—sinX 2=

" 6y epna C,=C, +1:
133
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MATLAB TH3UMHIA eYHII

1. Tenrnamanu
AHAJIMTHK KYPHHUILIJIA et
>> dsolve('D3y+Dy=tan(t)') o

ans = &
1/2-log(cos(t))-si .
Exu (1) Sm(t)*log((HS'I](U}’!COS(U)JFCI+C2*cos(t)+C3*sin(t)

|
>‘_]03(C08(f) ely A [+Sil‘l(f)
3 )=sin (1) log o) €1+ C2cos (1) + C3sin (1)

2. Tenrnam
function dy?ifidi(l)za?yj;cyﬂ Onnan eunin yuyn m- haiin XoCHI KniaMus
dydt=zeros(3,1);
dydt(1)=y(2);
dydt(2)=y(3);
;’Iydt(3)=-y(2)+tan(t);
HTETT

HH eanHf;‘aﬂnam HHTEpBanK Ba Gouwnanriy wapriapny 6epu6, Tenriama-
>> y0=[-10 -1 -1];
>> tspan=[-3 1.5];
E2 [tnY]=0dC45('dtI4',tspan,y0);

>> plot(t,y(:,1))
==

+]

De Edt Vew Jncert’ Took yiindow belp
vD'-'.?ﬁﬂafka;-/.,@;gg oon = dn

114
116

-11.8}

17 L L 1 I i
O I T e e

9.17-pacm. vy + ) =igx TeHIMamMa eynMHHHNT rpaguru.

3. TenmiamaHu OOIUIAHFHY LIapTIapra acocat AQHAJTMTHK KYpHHHILIAA

cuaMH3

>> y=dsolvc('D3y+Dy=tan(t)‘,'D2y(O)=~IO, Dy(0)=-1, y(0)=-1")
cos(t))-sin(t)*log(( [+sin(t))/cos(t))+9*cos(t)-sin(t)
erura yTikasn® Kynai KypHHHILNA KEATHPAMU3

y=—10— Iog(cos(:])—sin(f)log(l ;::Ef;)}+ 9cos (1) —sin(r)

y =-10-log(
Eunmuu Maple mak

9.4, TenraiaMaJiapHu eHHIIARA inline—@ynKuusaan poiinazanuu

MATLAB THzuMuaa QyHKUHAHH inline—ghynxyus cudaruna TAKIUM

KHJIMIT MyMKHH, MacajiaH
2 4
e b o X
r=5-%
pyHKIHAHNA inline—¢yHKupsTa aiTaHTHPHIL yuyH Kyinaard ByiipyKiaH
¢oiinanaHamuns (9.18-pacm):
>> f=inline('x."2/2-x. ~/4')
f=
Inline function:
f(x)=x."2/2-x. /4
Anukiadras inline—@yHKyuanan MATLAB wuur Gomka QyHKIHs-
x.‘. '_\_‘1

i gy flx)=
napu Kkabu (oiinananuill MYMKMH, MacajiaH anmKtasTad J (x) > %
inline—ghynryuAHUHT rpadUrHHI KyHHAarH4a KypamH3:

>> ezplot(f,[-2 2])

-) [Eigure Hoi 1
He ot pew et Jeow jurcoe £

DSH& XA/ AR

e _I". \
y f \i
ol \-

15 2

1] 05 1

2 KL 5 05
X
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e

Boumanruy g

Kunjiamui cudaruga x”=| !
i =1 HH onubd ¢ :
HOJIHHH XHUCObmaliMu3 f(x) GyHKUMAHUHT

>> fzero(f,1)
ans=1.4142 @
Cea}?g:iiﬁﬂii igilne—cbgﬂxum XOCHJI KMITMHTaHaH KeluH (akar uii
i i s::}:iﬁ TypaaH. by kuxarnan Y XOCHJI KHJIMHTaHJaH
R I cEaHCJlapfiﬂg Xam) caxnauub typysun m-file
apK KHitaau. AitHukca inline—pymxumsuapaan  anddepen-

[Ha TeHrIaManapHUHT ¥ g
YHT KHCMHHH K{pcar = =
Mucon. ypcaruwina doiinananmm Kynai.

-
Y=y, y()=0, xe[1,1.5]

Koww tenrnamacuuu euynr:
Ex |
'IHII'JL Huddepenman TCHIJIAMAJIADHUHT YHI KHCMHHH KYpCaTHII
Y4yH in lneﬂ.})yﬁmﬂsﬂaﬂ ofimananamus (9.19-pacm):
>> fun2=inline('(2/t)*y+1) :
fun2 =
Inline function:
fun2(t,y)=(2/t)*y+t
>> [T,Y]=ode45(fun2,[1 1.5],[0],[])

Te= .
1.00251.51%00 1.0001 1.0001 1.0002 1.0002 1.0005 1.0007 1.0010 1.0012
oz 1-022; 1.0050 1.0062 1.0125 1.0188 1.0251 1.0313

1:1563 1-1688 }-(1)288 1.0813 1.0938 1.1063 1.1188 1.1313 1.1438
12688 1-2813 1813 1.1938 1.2063 1.2188 1.2313 1.2438 1.2563

: s 1.2938 1.3063 1.3188 1.3313 1.3438 1.3563 1.3688

1.3813 1.3938 1.4063 1.4188 | _
: [ 4313 1, - _
1AS60 14501 10o= it 4438 1.4563 1.4688 1.4813

¥'=0 0.0001 0.0001 0.0002 0.0002 0.0005 0.0007 0.0010 0.0012
0.0025 0.0037 0.0050 0.0063 0.0127 0.0193 0.0260 0.0328 0.0468
0.0612 0.0761 0.0915 0.1073 0.1237 0.1406 0.1580 0.1758 0.1942
0.2132 0.2326 0.2525 0.2730 0.2940 03155 03376 03602 0.3834
04070 0ASIZ 04561 D814 0507 05537 0.5607 0.5883 0.6164
6451 0. . 7347 0, ‘ '
Gelgh D e 0.7657 0.7973 0.8295 0.8623 0.8747

>> plot(T,Y)

e Edt Yew [sert Toos findon tieb
DEE& YAA/ BHD

1 - .
08} /‘
08 // !
07} e E
06} /
05 Py

04 //'

03t 7

02}

1)

01 I.iJS 1..1 1.15 12 1..25 13 135 14 145 15

9.19-pacm. y'=2y/xtx TeHIAMa e4HMHHHAT rpagury,

OJMHTaH HATHXAJAPHUHT TYFPUIHTHHH Gepuiiras TeHIIAMaHH aHaiu-

THK iy 6unaH eun6 TeKIHpHO Kypamus3 (9.20-pacm):
>> y=dsolve('Dy=2*y;‘t+t‘,'y( 1)=0")
y=
t"2*log(t)
>>t=1:0.01:1.5;
>> y=t./2.*log(t);
>> plot(t,y)

-.) Figure Ho. 1
B Edt Yew [wert Jock findow  telp

NEE& YAr/ PBD

1 —
09
08
07r
06}
05¢

04 -

03 g

02r =

o0t /, ]
e I R I L

n‘l 705 11 115 12 128

9.20-pacm. 2*y/i+t' TeHrIaMa euHMHHHHT Fpaguru.
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Al"ap 3apy Ay

- p G¥inca eunmuunr aif
HI' dH »

| s H ~ =

il TaKKOCIa0 KYPHIIMMH3 MyMKHH; PUM HyKTajapJard KHiimMariapHHH

>>t=1
|i L=
? 1
=>> y:t_/\z*log(t)
y =
{i 0 X BOB. KYELL SJEMEHTH
' Zt=15;
| | . a2
I >> y=t.°2 *log(t) 10.1. Kyéu darapesicura sra HyJaran H1eKTp TABMHHOTH TH3MMHAA
| [ y= TYPT TAKTIH KYTapyBiH KeHITHK HMIYJIbC Y3rapTKHYH
I 0.9123 i ;
I XapakrepHCTHKaIapHHHHD tabunit EpUTUITAHJIHKKA GOFJIMKIIHTHHH
| - xucobra oyBud KyEl 2TEMCHTHHHHE MaTeMaTHK MOJIETHHH HIILIA0 THKHII
pa Kyéu 1eKTp CTAHIHACH, KyTapyBUH KEHITIHK HMITYIIBC Y3rapTKHYH Ba 'I
AKTHE IOKJTAMAHH ¥3 HUHra OJTyBUH JOKall 37eKTp TABMUHOTH TH3HMUHHHT |
|

MATLAB-MozeiuHH Ky pHILIHH KYpuO uMKaHINK,

Bl

Al

| il AnpaHaBuii YHEPreTHKaHHHT Paj 6 GYIMaiUTan KaMuHIrd
| i AHbAHABHI CHHJIFM 3aXHpayapHHATT kamaiin6 Gopuuin Ba ynap ékunranaa

| arpo-MyXHTHHHT pdyiocIaHHITHAKP. [Ily cabalbmn KeHHHIH ¥H HHJIIHK- |
r napja JHEpreTHKaHH PUBOSIAHTHPHIITA jiyHanTHpHIraH AJIbTEPHATHB 1

9HEpreTHK JacTypiap naitao OynaH. '

pretukacu (CKH reJIM03IHEPreTH
aTHJa JKaxXOH dHepreTHKa
eKTIIAPHH TAbMHUHIIALL Y1y

MUUK KyBBAT/IH [EIHO KypHIl
MW Ba yHAaH OPTHK 6yaran ca-
AHIMATAPH TIAHI0

Ka) dHEPreTHKAHUHT KO-
Go30pHHH HIHAIAT Onian '
H MyJpKa/llaHraH |
manap OHiIaH

| '
b Kyémr sHe
] ds JIOTHK TO3a TYpH CH}
sraab Gopmoria. Jlokai 00n
kyssatu 0.1-10 KW Gynran K
6up KaTtopaa, X03HprH paKTIa KyBBaTH 1
HoaT HMEKTP TapMoKiapura ymanysiu Ky@éi dNeKTp CT

OYIMOKIA.
Kyéw 271eKTp CTaHIni
AUUTAIIHHE TabMHHITALI

KTp TAPMOKIAPHHUHT oup-

CH Ba caHOar 3JIe
puIMaIapH

yayH Maxcyc y3rapTKH4 Ky

74 KYNUAIHK X0Jmapaad axtuB Oom-
KapuIyBIH TyFpHIarnyuIapaan (ABT) doiiranananaii. YnapHUHT

L yuKAII  XapakTepHCTHKAIApH IeKTp OHEPrHAHMHT cupatn Oyinya
3aMOHABHH craHjapriaapra Moc @ynumn Kepax. ABT Teckapu JHOA- i |
au IGBT TpaH3ucTOpiIapia Gaxapunrag yd (asain KYTPHK CXeMacH |
Gyiinaa Gamapniarat. VHUHI KHPHIIHIE KyTapyBIH KeHTJIMK-HMITYJIbC [
.y3rapmac Ky4nanH Y3rapTKHYH (KKI/I?) opKasH KyeIl Garapescuiai - '

KyunaHu OepHiain (10.1-pacm).

ranuKaa
3apyp- Bynjail KypuiMa cugaTH
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w Ao
=
| z Bo— @
l;i & Co = g
I N y
i | o
I ,I cl =
| = — -
ABT T KKIW = P\Yt‘lﬂ
, r - Garapesacu
10.1-pacm.

AKTHB § y

ke ot o uumapnnyn:m TYFPHIAry4 Ba KYTapyBYH KeHIJIHK-
! KY"JIaHHW Y3rapTkuqura sra 6varan Kyéu 21exTp

. CTAHUHACHHMHT DJIOK cXeMacH.

i Kyém 6ara;

' Hagu. ABT HH[:;H?:IHHF HHKHIITHIa KHYHK cCHFUMIIH KoHaeHcarop C/ yna-

TaPMOK JTHHUS K}ﬂlﬂal::;ma ynauanuran C2. KOHIEHCATOP TabMHHIIOBYH

; HHHHT a i

HHULITa TaHIaHAIH: e il Sl S
| ep

\ ( ' Uec >kU

ol Gy epma k =1,25+1,5 . am > (10.1)

Il Yaraprk

I K BI:]: H";*O%ail‘ﬁ;pop uuawn yayn C2>>CJ 6ynuwm kepax.

KeHTITHK-HMITyIse §3 JlaH KaTTa Ky&ur siekTp CTaHUMsNapHaa KyTapyBun

KeTMa-KeT yiraHr y3rapMac KydiaHui ysraprkuaunapugas GoiaanaHui

IJ ittt & aH KyCII SIEMEHTIapHHUHT COHWHM KaMaiiTHpHLI Ba Ha-

| e o I;If:c;z CTaHUMACHHHHT ymymuit oHnany winn kosddinmeH-

| i OHHATUHY Oepamn. Kyéw GarapescMHHHT YHKHIIHTA

MHT cxemacH 10.2-pacmpaa kentupusran

| 5 =

—

' | IHT — e ——>

! + _# c2 -t
| o1 2 o Fron

| ey
N

| Uy =13

nL
.___;‘I_}L.

k Eu éuém M‘r‘
e
=

;,,T *— Up—>

[ *| Kvém =
Gatapencr

10.2- & :
2-pacm. Kyém GaTapescHHHHT YyuxHimura ynanran KKHYuunr cxemacn

[~

Ti
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KKWUVHHHT YHKHIIUAACA Ky®WIaHHII YHHHT KHPHIIHIArd Ky<JIaHHII-
nau KarTa 6yiann. Bynra HHAYKTHB 21IEMEHTIAp/a SHCPTHAHIHT TYIUIaHMII
JkapaéHy Ba SHEPTHSHH YHKHIIIATH CHFHMIA y3aTHII JKapa€HIapHHH BaKT
GYiiuua Gup-OHpHIaH aXPaTHII HYIIA OuIIaH SPHILHIIAIH.

KyTapysuu y3raprkud TYPT TaKTIH kuub GaXkapuiraH, SbHHM TYpTTa
GUp TAKTIM KEHIJIHK — MMITYJIhC Y3rapTKH4IapH mapauici ynaHub BaKT
6yitnua T/4 ra TeHr GYiraH CHIDKHII Ownag uuwlaiiunap, 6y epoa T —
KEHIJIMK — HMITYJIBC MO,IIYJ'IHTOPHHHHI" JaBpH.

10.2. Kyém 3JieMeHTHHHHI MaTEMATHK MO/IeJTH

AKTHB I0KJIaMara MILIOBYH KyEI 2JIEMCHTHHHHT (KD) 5KBMBAJICHT CX€-
macu 10.3-pacmza kenTupuirad. Mukn oTo3(pexT HaTIKACHIA XOCHI
OYmaauraH TOKIIapHH i/pu6 unku6, Ky€w Oarapescuian OJIMHAJHIaH MaK-

cHMaJl KyBBaTHH 0axosanr MyMKHH. [6]
Tynkun ysyunuru A=0.2-2 pm Oyaran Hyp TabCHPHIA Ky€Ir 2JIEMCHTH

HypJaHa/H Ba YHUHT P-N YTHIIH OpKajH TOK rozara kenanu (10.3-pacm):

fqu s BETD -

e 4] &

-~
1

e,

10.3-pacm. Kyé d1eMeHTHHHHT JKBHBAJIEHT CXeMaCH.

qU
I=1, (e*f—l)—f‘p, (10.2)

6y epna, Is — acocwii GyiMaraH TallyBUHIApHHHT ToKu (TYHHHHIII TOKH);
Isaxp(qU/(kT)) — acocHii TauryBYWIApPHHHI TOKH; I — Gupnamuut be)TO-
TOK; ¢ — SIEKTPOHHHMHI 3apsiji, MOIYIb 6yitnua; U — YTHLIHHHT TYFpH
fiyHanumIari CHDKHIIH; T — xapopart.

Wnean Ky€w >MEMEHTHHHHT BOJIET-AMIIED XapakTepUCTHKACH (BAX)

(10.2) Gornanuul Guilan taBcu(IaHa/IH. f :

MCW cepusii KyBBaTH 120W Ba Ky4IaHHIIH 12V 6yaraH Kyéw
MOJYIMHHHI BOJIBT-aMIIEP xapaxrepucTkacu (/ 5rpH YH3HK) Ba KyCll
9/IeMEHTUHUHT EPHTHIIIAHTHIH E=1050 W/m® OynraHfard lokiamaja
cOuMIAMMraH KyBBAaTHHHT KydnaHHIIra Gormukmik rpapuru (P71 0-31*5111 |
ynsuk) 10.4-pacmia KENTHPHITAH. Pacmuan KypuHHO TypuOIHuKH, Kyel
ieMEHTHIAH ONMHALMraH MaKCHMall KyBBaT BAX HHHI a HyKTacura
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(T.=7.06 A; Up=17 V) 1¥¥pu kenamu. Arap GOMIKapHII TH3UMUHHHT aJl-
FOPHTMH HIIMH HYKTa J0WMO BAXHHUHT a Hykracura TYFPH Kelaguran
KHHO Tysuiaca, KKUYHuur aukummmary Ky4nanui Gakat HKKHTa I1a-
pameTpra — bupnamun GoTOTOK Ba I0KIaMa Kapurninrura 0orauK 6yinanu.

Dotorok (I q]) 3ca, ¥3 HaBOaTHIA, KYEN 1eMEHTHHUHT EpuTHATAHINTHTA
(E) 6oFauxk

E
T (10.3)
a
Oy epma, o — Ky&u JeMeHTHHUHT TypHra 6onuk 6ynran nponopumo-

HAJUTHK KO3 (HLHEHTH.

1, =

, " Pray, W

puysi . rop P

L8 bt HUA R sty i} 18 S RO
il I P/I0 FOE-
iy [———————K RN e

T ~A----3 90— 1

| [ 60 |—

4 ) _I_ £l AL
2 — .I = - ) 30 T
a : | Up U, Vi ¥ | ! E, Wim'

U] 5 10 ] 20 25 0 200 400 600 S00 1000

a) 6)

10.4-pacm. Kyém MOLYTHHHHT XAPAKTePHCTHRAJIADH
(a—BAX, 6 - joknamana counnaguran KYBBATHHHI EPHTHIrAH/INKKA
OoriHKAArH).

Kyém snementnnan onmnamuran maxcuman KyBBarHH 10.4-pacm Ba

(10.2), (10.3) udonanapra MyBOdUK Xonna P(U) dyukumsuau MaKCHMyMra
TAOKHK KHJIMLI MYITH OMaaH aHuKTanm MYMKHH:

dp il E

=1 et |—L+1|-1|-==0 ;

dtl [ kT a (o4
Oy epaa, Up — Mogymausr ypicu KYBBATH MaKCHMaJl KHAMATra spwria-

IUATAH HIIYH KY4JIaHum, ‘

Kyémr 6arapesicniian onunamurarn MaKkCHMaJl KyBBAaT Ba EPUTHITAHIIHK
Opacunard GosiaHuILIHT OuT yuayy ( 10.4) nudopanan Up nu anuxknaiivusz
Ba (10.2) npogara xysmus.

MCW12060-12 kyéu momyiu YUYyH OlMHA/IiraH MakCHMall KyBBaT Ba
EPUTHATAHIIMK OpacHiari GOFTaHmL 10.4,6 pacmpa kenrupuran,

L & HIriHH
10.3. Slecn Kyém KOMICKTOPHHHHT ONTHMAI KISl

AHMKJIALI

& opmyunara [1] aco-
Ky@ur paguaiusCHHHHT HHTEHCHBIIHIH Kyiingara Qopmy.
cad XxucobnaHaa. (10.5)

= -(T0), ¢
S (1 gopmonmn fo3ara TyIaérrat
é HHHI :
Oy, epaa H,, H - kyémw pamtaumlc.u o
TYFPH Ba TapKajiran Tkl 3Tynqunapll;m) o
; “IHPH
— KeJITHpHITAH I0THIIT (CHHI
e < (10.6)
—— N 3
1—(1—a)py
. Bup, MKKH, Y1 Bd TYpT KaBar OHHa
TaKpuOuii KniiMaTIapH MOC pa-

(ra)=

p, — Auddy3 Kaiirapuin XycyCHiIT =
HH
OHIaH KOITaHTaH TH3UMIIap YIyH Py

pumpa 0,16, 0,24, 0,29, 0,32 ra TEHT;

uil Xycy-
Hy 7raH CHHIAHP
0. — CHHrIMpYBYH IUIACTHHAHAHT iiyHaNTHPH

CHATH
a=0,94 +0,95;
T — YTKa3uw XycycHATH s RS
i r# YTKa3HIll XYCYCHATH
T — OTHJIMIIHK XucoOra onmaraH xonja _
r

Burra Kornnama y4yH

o l=p (10.8)

i 1+p
| [sin’ (6,-61) , 1€7(6:=61) (10.9)

P=7| 502 (6,+6,) 12’ (6, +6,)

n, _sinb, (10.10)

};; " sind,

v apH;

Oy €pip, = 1, 1y CHRANER KypcaTKHqﬂH?{ §3rapTHPHIL) BypuaKiapu

iyHaJIHIIH
yui (fyHa
e” 92 —Tylmui Ba C

(10.5-pacm). ) 1
Arap 1 myxur XaBo Oyica 1,

KypcaTkuiu n,= 1,526 . )
T_— (pakaT CHHTIHPHIIHE XHCO

n e

JTUTH, SM;

i K03 duMeHTH, SM

| onuHAAH [IMIAHAHAT CHHIHPHII
= QJ1k i

H;
sryBuH yTKasHII Xycycuar
-KL

(10.11)

6y epaa, L — niumaHiHI KaJIuH
K — mmmanuar  KyuCH3IaHTHp
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[ynaaii kKuiu6, KyEnr paqHalaCHHHHT HHTCHCHBITHIH (10.5) popmy- .
namau (10.9), (10.10), (10.12) - (10.15) GoFIaHHILIAPHH xucobra onran ’

| 0,
| | : o XoJiaa aHuKIaHag. Y il BAKTHHHHT N, CyTKa BAKTHHHHL T Ba KYELI KOJI-
| ' 2 K n2 JICKTOPUHMHT KHsUIHK Oypuary [ JapHUHT (GyHKIHACHINP
| | i S=Snrp)
10.5-pacwm. Hixckn e Kyéw KOJJIEKTOPH KHSAJIHK Oypuart B HHHTH ONTHMAaJl KHHMaTHHH
HBEIHY s, xucobalia HCCHK CyB TAbMHHOTH TH3HMUAH dofinananmm (i Oyiira
Ulnwanunr  kyscusmastuprm k03 a"l_?eﬂb-olﬂ‘ﬂﬁpb oiilapu Ba CyTKa IABOMHAA COAT 6 man 19 raua) naBpumaru
i 1okopH madhod (parrcus) mmma yuyn ~H(L)"(1)31HTH % K HuHr xuitmatd KyéIll PAAMAITMSCH HHTCHCHBIHTHHHHT YPTauaatTipuiran KuitMaTiapu
'|. (awmn) mHwa yuys ~ 0,32 sm ' raua Gjmaﬂ;f OSM e EHCIJaTH LRkt R T |
: yayH L=0,32 sm, K=0,16] sy . Onatnaru offHa mHDIacH (B)= _I_ZES( k. B) _
' Moc paBuniga o = 0.94 " 0 ._. SA(;;;. ﬁ 7-14 & & ik,p (10.16)
I 7,= 0,9498 kuitmariapun ’(10 }pd = 0,16 (6up xasarm xomrama yuyh), 6y epaa, i — iiwn ofinapy (anpesb - OKTAGpB); k — CyTKa BaKTapH (coar
| I ran CHHFIIHPHH_I A yq ) Ba 51062) HCIJO.HEJ'!apPa Ky'ﬁﬂﬁ’ KEITHPHII- 6 gau 19 I"alla). .
.' il o Kymﬂa]m TeHIIamara sra Oy mamus Topu3oHTAN 103ara TYFPH KeJlajHrad Ky&Il pagHauHsACHHHHT TYFpH
1 (ra)=0,9014—2 Hb Ba counnran Hd Taukui srysdunapu ®aproHa [IAXPH IIAPOHTH YIyH [
lf (1) iy (U123 (IMMOJHH KeHTIIK @ = 40,4°) MeTeOpOJNIOTHK MAabIyMOTIAp acoCHAa
! nonanarn Rb karramik kyitunars nucGarian AHUKJIAHAIN: AHUKITAHIH.
| Ry= cosf, _ cos (tp“ﬁ) cos d cos w + sin (‘P—w)sin 5 ' (aprona maxpH yIyH Oysry TIH mapcn“mnap xuaiw xucobra oqnmfﬂnam
1 ‘ coséf, CoS ¢ Cos 5Cﬁsw+sin - , (10.13) FOpM30HTAI 103ard TYFPH KelyBH jir oftmapy 6yinda yMyMHH (Tyrpu Ba
Il 6y epna 0 6 et @sin cousnran) Kyéu panuauusicy, MJ/m®
| 12z TOPH30HTAJI FO3asap ydyH TyIIHII 6ypuaKmapy;
| ’ Homonmpn | 1] 213 |#[5 |87 |8 |Sudopl 12
Kyéur paguaunsc, :
MU/, Hb + Hd 193]266|387|517| 706 | 792|808 739 578|383 228|151

ra GOFTHK Xonja Ky€il pajHanus- | |
(10.16) xucobuaur Ha- '

Kosi1eKTOPHHHET KHAIHK Oypuari B
CHHMHAT MHTCHCHBIIHTHHUHT YpTaya KHHMAaTIapuHH

i 10.6-pacm.
Kust Ba ropmzonran 1032/1ap yuyH Kyé1 HypHHHHT TYIIHII

! Bypr
( — KOHH AR Twkanapy 10.7-pacvza KeITHPHIraH.
; 2 HHT KE€HTIT |
. B — Kipuiad i (Paprona yayn ¢ =40,4°); Sy W12 !
I KYPUIAETraH TeKHCiHK i 320 | . .
I B4 TOPH30HTAN 1032 (KOMIEKTOPHHHI s ; ; |
""""""""" L "'—"“":F"'"""' |

KHSJTUT 1) Opackary Gypyak;
2

0 - orum (Kyé ] '
(Ky€éumunr Gypuak Xonaru); 810 f<anenmsdnaspplonan Lesannces ;
6=23’45°Si“(3602834+n) (10.14) o, T BN O TR
7 : 65 ¢ 300 p===-7~"" R et TR T |
n == L] L} 1 1 |
M KyHHHHHT TAPTHO pakamu; 10.7-pacm. KolleKTOPHHHT o051 (ol A L i Al [ |
&= coarramoc Kyl fypuag, KusAHK Gypaarn p Ba Kyéu pa- : ; i 3 i '
’ _ g0 Jl----=-- devmamenes O fermmmanan boeeananed |
o= 180°-15°¢ AHAUMSICHHHHT HHTEHCHBJIHTH E : ; ; p ‘
T — CYTKaHHHI' COATIapAaru BakTy, (10.15) : opacuaars GorJIaHHI S,,(B)- %53 10° 20° 30° 20° 50°
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S— s
SH,z(B) QJYI{I:(HHE KyHuzarn 0ornanum onnan udonanaHaam
exp((at+cx+ex?)/(l+bx+dx*+x))

Ba YHHHT € i :

HHCOM};[HHCH ;:)}ilramma frgmbnd ¢yaxuuaaan Qoitnanannd, yprada Kyeéur
i KarTa Oynmagura KyE€ul Kosuie <

HHUHI KHHMaTH B Torminaiu. f e S

Aauaan m — (paiTHU XOCHIT KHJIAMH3:

}K{yem KOIIEKTOPH KHSLIIMK Oypuaruuu Xucoonaiu

ATHKABHH MHCOJIALIUA
function S=maxins(x)
a=5{.)6§0607347;b=0.00] 8194204:c=0.017329411;
=-0.00014610493;e=-0.0009964058;f= ,
s : f=-1. -07;

i it 3104374¢-07,

n=1+b*x+d*x 2+*x"3;

S=exp(n/m);

Yosa — (paiin cakna 2

KJIaHTaHIaH KeduH KUIIuK 6ypua H
sl : r'iH :

» x=fminbnd('maxins',0,48) - e

x e

27.5103

erm
KHﬂjl]{lizK ; KOJUIEKTOpNapu Kalyin KulyBuM fulacTMHanapuHuur B = 27,5°
e aﬁp:il;ﬂna, uccm(ucya TABMHHOTH TH3uMuMaaH (oiigamanum (Hut
i (I,JMHJI-;E;ZGPB oiinapu Ba cyTka jasomuja coar 6 gan 19 raua)
I PATHATIHASC ; i KM

WL P i p 1 MHTEHCUBIIMTHHUHT YMYMHH KHHUMATH

I e o )

A

s 7 4 S
S e e e

XI BOB. MATLAB+SIMULINK TASUMHUHHUHIT
SIMSCAPE MOJIEJJIAII MAKETH

11.1. Simscape naKkeTH

Simscape makeTH MCXaHHK, PHPABIIHK, SIIEKTP Ba BJICKTPOH Kypi-
ManapHu mojesiant yuyH MyJpKaUIaHraq. Simscape makeTH[a HULIATH-
najMrad Mojesuiap Y3HHHHE XapakKTephCcTHKa Ba Xoccajlap 6yitnua pu-
3UK MoJleJUIapra MakCHMall Jiapaxala gkHHTawTHpwirad. [[akeTHHHT
Simscape 3.0 (MATLAB R2008b) BepcuACH OnOKIapHHHHT oubiHoTeKacu
(kyTybxoHacH), Foundation Library 6ynuMHra sa KyHHZarn MyCTaKHIl KEH-
raifTHPUIL MMaKeTapura sra:

« SimDriveline — 4U3HIIH OPATMATIAP;

« SimElectronics — 2/IeKTPOHHKE;

« SimHydraulics — rnapaBIfKa;

« SimMechanics — MCXaHHKa.

Foundation Library 63/1uMH ¥3 HapOaruza,

¥ yuura onaun:
« Electrical — 271eKTp 3

Ky#ujars ocT OyIMMIapHH

AEDKAp Ba KyprIMaIapHUHT GroKiapH;

« Hydraulic — rujipaB/inK KypHIMaJIapHHHT proKIapu;

« Mechanical — MexaHHK KypHAMaTapHHHT OJoKIapu;

« Physical Signals — (pu3mK CHrHATIAPHHHL BroKapH,

« Thermal — TEPMHK KypHIMallapHHHT Groknapu.

Electrical oct 6ymumu ¥3 papbarnia Kynuaara ocTt GynmMIIapra ora:
s Electrical Elements — 3JICKTP JJIeMeHTIap;

« Electrical Sensors — ce3rup JICKTP 3neMEHTIIap;
« Electrical Sources — /1€KTp IHCPTHI manbanapH.
Electrical Elements ocT Oy1uMi GrOKIAPUHUHT Tap

KeJTUPHIITaH.
Simcape OnoknapHHH Simulink

OYMUMHUHHHT rTapkuOHra KHpyBuH Max
(poitranannil Kepax.

xibu 11.1-pacMaa

Goktapura yiam yayH Utilities ocT
cyc KoHBEpTOPIAp 6rnoxnapuaan

147

i



i
2!;.— Electrical }q:

Reference

Gyrator

I Ideal
I ]E Transformer =YV Inducter

Mutual Inductor :D'—. Op-Amp
. Rotational Eleo
. tromechanical...
1 Switch Translational E-
11 lectromechani...
W’ Variable
Resistor

11.1-pacm. Electrical Elements oct 6§ aumMH 0J10KNAPHHHHT
TapKHOH,

=AMA~=  Resistor

Simscape makeTHIard aCoCHii IEeKTp Ba pa,uuorcomnouemhhpuuur MoO-
JeJUIapHHH KypuO unkaiinuk. Pesuctop R, konnencarop C Ba HHIyKTHBIIMK
L Kyitnnaru udopanapra KHpyBuH napamerpiiap cudarnia aHuKIaHaau:

iy du di

Tpanchopmanus ko3dhduunentu N 6ynran uiaean cﬁtb Tpanchopma-
TOPHHHT MOJENH KyHHIaru y3rapyBuan Ky4JaHMII Ba TOKJIAp YUyH TeHIJIa-
Maliap acocHza XOCHJI KWJIMHIaH:

U=NU, Ba I,=NI,

TpanchOPMATOPHUHT HHAYKTHBIHKIAP XHCOOBra ONMMHTaH MOIENH
Ky#uaary TeHriamanap 6uian Tacudranam:

dl dl dl dl,
U=L—+M—2, U =L—2+M—-"L
L R 7Sl dt dt

6y epua, L1 Ba L2 — Tpancopmarop OupmamMud Ba HKKHIAMYH
4ysIFAMIIApMHUHT HHYKTHBIMKIApH, M — §3ap0o MHAYKTHBIIHK.

Cod ruparop — KyHMJarn TeHrnamajap OuiaH TaBCH(IAHYBYH
KypHJIMaaup:

I=GU, 1=GU,
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— KyuaifTHpHII KO3 PHIMEHTH YEKCH3

M jiean onepauHoH Ky4aiTHpri CHTH
Gy3unumuIap OyaManauran

6yIran Ba yHa HOYM3HIUTH XaM/ia HacTOTAaBHH
Ky4JalTHpr U4 Iup.

Simscape nakeTHaa AHOXHHHI MOZENA yIea/UIAIITHPHIITAH Ba YHHHT
Kyiiparn KypHHHLLIATH COMUIANALITHPIIFAH BOJILT-aMIIEp XapaKTepPHUCTH-

kacura (BAX) moc kenaiu:
U=U( 1-R, G, -
Oy epua, U~ Ty¥pH ityHanmIaarn :cyqnavnum, R, —TyrpuiiyHamuiar
nudhepenupnan KapIHIHK, G, — TecKapH yTKa3yBYaHITHK.
11.2-pacmpa R R, Ppe3uCTHB GYsrHy  OpKaIH KETMa-KeT TEeCKapH
ajoKara ara Ba jeas onepauion KydaiTHpruyd (OK) acocuia Ty3uIras Ky-

y i UH
yaHTHPrHYHUHT MOJC/IIAL JarpaMMacH Kypcaruirat. KywalTuprA9HHHT
Ha3apuii KyyaHTHpHLI k03 pULHEHTH Ku=(Rl+R2)J’Rl .

[ BT I T rgimal [ock oo

D EEE sme|e> 2=

i -..m

1 OK acocujia Ty3Haran HHBEPTH
Kyuai THprHHIHE Moje/TH.

11.2-pacm. Hjea

pnamai‘mumn

ation
Monenpa edruy KoH(urypanuTICHHHHE Grmoxu Solveryf;ﬁ?ﬂimﬂﬁa
: Wil [MHACHTA . Jna-
Y Ba v auarpaMMapiHr yMyM 3
2233;; E;pezicmpﬁap 8;{ KydIaHHII maHOacH Ba ceucopnlapk&mscape
o iy imulink naxern-
[aKeTHJAH OJHHIaH, BHPTYal ocimorpaguap aca  Simulin
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ra Kapamau. CeHCOpNapHMHI YHKHIIHTA ocuMiIorpaHH  ynam y4yH
(Bomkauacura aiirranma Simscape Gaoxmapuun  Simulink Onoknapura
Yl y4yH), CHTHajUIap KoHBepTOpiiIan ()oii xananmma.

e LY gl
DISES » 8 ~-= %2 [ ufoz s

F LIS ek

Al W Lel o AP 241t
ARk TR 'wf}l,!;

By W
DRES £5@8 = |2 spi fma S RaBS
22 an W — 8
iy - Bpt 100 r—:_nv -t
L :E I' jm = EpEE Eﬁ_ !
WETEpe Seuess 4 | &g —coew
= i
> I o
’ 1 / =
SN S N i et e

- 11.3-pacm. Yeknanran gacrora coxacura ara GYJaran Ky aiTuprnanunr
AanarpamMmacH.

11.4-pacm. Fipean OK acocnia tysuaran audepenninaiiopan
KYPHJIMANHHT IHATPAMMACH.
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Peast KyuailfTHprHYHHHT Ky4aiTHPHILI K03((PHIIHEHTH IOKOPH 4acTOTa-
napia nacaiiuira sra. YIapHu Mojeuiatn yayH 11.3-pacmzia HHTErpaJLIOB-
uy RC 3amxupaan (oifaiaHuIraH.

Wuean OK acocuaa Ty3wiras AupepeHunamioBn KypHiMa MOZIEIH-
HuHr auarpammack 11.4-pacmza KEeJTTHPHIITaH, MozeIHHAT YHKHIIMAAard
KyuJIaHuL
duk:‘r

(1)=RC -

uf."riq

Simscape maxerHia OGUIONAP TPaH3UCTOPJIAPHHHT HU3HKITH laa; HOUH-
KM Moeluaph mapky/L. TpaH3HCTOPHHHT Houn3HKm Mogenn 11.5-pacM-
na Kypcaruirad. Yuua SMHTICp Ba KOJIIEKTOP YTHILTAPHH Monenfam yUyH

AUoIap HIUJIATHITaH.

D1

H.
11.5-pacm. bunoasp TPAH3HCTOPHUHT HOUM3HKIIHN 0CT MOjie

| e
i eAMHMHT
11.6-pacm. Houm3ukin Sup Kackaim yiai THPrHl MO
AMATPAMMACH.
151
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Houmsuknu 6up kackammm KY4aiTHPrUY MOJCSIMHUHT HATPAMMACH
11.6-pacmna xentupunran sa y¥iia 11.5-pacmaa Kypcarunran Gunossp
TPAH3HCTOPHUHT HOYH3MKIM OCT MoAenuaan doiixananuiran. Ocumuio-

TPaMMalla “HKHLI CHTHAIMHWMHT Ce3WIapiu Japakaja Oy3uiTaHIMrHHM
KYPHIIUMH3 MyMKHH.

11.2. Dnexrpon CxemaJgapuu moaestam nakeru SimElectronics

AHPHM 9351eKTPOH Kypunmanapuu PowerElectronics Ba Simscape ma-
KeTIapu €paamMuaa Momemiam Mymkun G¥iica-a, yJliap/ia MeKTPOH KOM-
TIOHEHTIAp eTHIIMAcTurH cababnu kyria acOobNapHUHT XyCyCHiT 0¢T MO-
ACTIApHHH SIpaTHIUTA TYFpu kenaau. Bynmau TAWKapH, Simscape nakeruua
MOJICIUIAp Xa//1aH TalIKapH H/IeaiuIalITHPHIITaH,

SimElectronics makeru NIEKTPOH KYPHIIMAIADHH MOZIETIAL YUYH KH-
PHTHIITaH MaxCyc MakeTAMp. DNeKTpoH KypuiManapHu Kynah Ba sSKKOI
MOJCIIIANI Y9y H MAKET MACCHB Ba aKTHB KOMIIOHEHT/IAPHH ¥3 uunra onyn-
4n Gubnmorexara sra. bubnnorekannur rapkntuna XycycaH pe3Hcrop-
71ap, KOHIEHCATOp/ap, HHIAYKTHBINK, AMOMIAD, GUIIONAD BAa MalZOHIH
TPam3uCTOpIap, YM3HMKIN HHTETpPaj Cxemanap, MaHTHKHIL cxemajiap Ba
X.K. MaBXKYI. _

SimElectronics makeru Ornokmapunnur 6ubmuorekacura Simulink 6u6-
JMOTEKaNnapH OpKanH EkH KOMaHJanap oifHacHia elec lib komannacumu
baxkapuur iynu Gunan kupHm MymkuH. Komannanap oitnacuma elec lib
KOMaHzaCu Oakapuranna skpanga SimElectronics maxers Onoxnapu 6u6-
JIAOTEKACHHMHT acocuii oitnacy (11.7-pacM) xocui O6ynanu.

> L]
Elle Edit View ot Help
Actuators & Drivers I Integrated Circuits Passive Devices Semiconductor
| Devices

Sensors Sources Utilities

SimElectronics 1.2
. Copyright 20072009 The MathWorks, Inc,

11.7-paem. SimElectronies nakeru baokaapu GHGIHOTERACHHUNAT acoCHik
oliHacH,
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HT' acOCHH OifHACH
SimElectronics naketu Onoknapu ﬁnﬁnunglfaf::nHapnra KHPHIL MyM-
opKasH Kyiinaaru GnGaHOTEKaHHHT KyHAard Oyl

KHH!

» Actuators & Drivers — 2JICKT

p MOTOpJAp Ba BUraTeIlIap OITOKIApH;
H aiTH
« Integrated Circuits — HHTerpaji orepauto Ky

pruunap Ba

MaHTHKHII cxemasap OI0KJIapH; o
= Passive Devices — nmaccHB rcomncjuemn fnu s
* Semiconductor Devices — spUM y'n{a:sruw

a
« Sensors — ceHcop KypHimaniap ook p}I ; .
« Sources — CHrHaJap Ba EKTp SHEPrH
» Utilities — yrumuTap Onowrap. o e
« Bubnuotexanuur Actuators & uDrw::ap o
iiBe
JIApHUHT MOJIeJUTapH, yjiap yiyH Jpa p

IYNALUACH KOHTPOILICPH MaBXKyIL. parpaMMacHHH Tauepralt
p OH ](ypHHMaHHHT‘ A - -k GIOKIAPHHH
Monennanaérratd 3MeKTP nan, Simulink 6710

HH, Maca .
BaKTHAA (paxar Oup TypAark gLoe apuHH Simscape OnoKJIapH

. P imscape OJ10KII
Simulink Grokiapu 6unan CKH Slmsig xpun Typaarn GroKiapHit y3apo Yt

[) llI[SU“SCElDB TIAKET | Ut:l'tics 6)’J1HMH£[3FH (l l .8"paCM) MHXC}’C KOH-
. HHHH 111
I:Igp GJIOKJ[a 1aH (bOHIlaﬂaHHIIa}J, .

KJIapH,
Gobnap OnoKIapH;

panmapH DIIOKITapH;

37IeKTp ABHIaTel-
FIHK-HMITYJIBC MO~

1Simulink Library Browser
Fie Eat View Hebp e TR
D@ | [ersmenton M

Lvmios ——l!
- 50 Reat-Tme Windows Target 21| @(jwtden?ﬂ‘ B comste
f l—;-ﬂ Resgl-Tene Workshop
I »ﬂmkamEm--- SimulitkPS
.;‘ﬂW' Generstor SEP comaner

Tuws Way
. :-EW”WWM” B’ Connacticn

11.8-pacm. Si

. ilities 6y IHMH.
mscape naKeTHHHAT Utilities 6y
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11.3. Bunoasip rpan3ncropuuur XapaKTepHCTHKAJAPHHH OJIHIN

A
g Yby monens ( 11.9-pacm) éppamuma NPN Ounonsip TpausucTop Xxa-

:[: KTEpUCTHKAIapUAaH OHpPH, Xycycan KOJUIEKTOP TOKH Ic Ba KoJIeKTop —
MHTICp Kyunauuiy Vee opacuiaari 60FIaHum XOCHsT KIIHHALH,

Elelec bipolar S—
T (=153
Elo Bt vew Simiaton Format Took. ke LIBIX
[}
. g

@ HFHN Bipolar \ Controlled
- Tuansistar @ Voltage
) ib Maasure Source
i _J¥be Vea(m), )

Vi T

Vea  simulinkPS
Converter

{2
Solver
Cenfiguration

||II—-—

Bipo!af Transistor clla'aﬂe“sﬂcs
This model generates the lo versus Ve curve for an NPN bipolar transistor.

voltages by double ¢licking on tha bl i
clide on the black tabell Uy a.b :-T labelled ‘Define Ib and Vee'. Then doublal

RN
' Copyiight 2008 . 2003 The MathWads, Inc,
Ready 100% [
11.9-pacm.

g __:&_gis_s__h S

Bumnoasp TPaH3HCTOp xapalcrepn_émxacﬁuu OJIHIIL.
Monerizia komrexrop

— IMHTTEp Kywranuimm Vee pa kosutekTop Toku Ic
I J1a 2

YL : HHII Ba TOK CCHCOpITapH XaMIa KOHBEPTOp/IapAaH Ty3HJIraH Maxcyc
ocT brownap (11.10-pacm) épnamuna Yauanary,

[ elec_bi : li=1E4] [
ec_bipolar/Measure Vbe [Z /|| | Flelec_bipolar/Measure Ic

£ e
_I;e :angg 5,“1‘?“: Format Took Hep Ble Edt View Smubston Format Took Heb
AR iestineh ||DceeRam|Ess | o0
}'@
1
Via .
Valtage Senser
2
- Cumant Sensar
F100% paeiss — A lliGw " i

11.10-pacm. DMHTTEP KY'WIAHHINK Ba KOIIEKTOP TOKHHH Ydalil.
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Basza TOKJIAPMHHMHI BEKTOPH Ba KOJUIEKTOP-SMHTTEP KY4JIaHHITHHHHT

1
MUHHMaJ Ba MaKCHMaJl KHiMariapHHH Gepum yuys 'Define Ib and Vce
HoMJIM GTOK MKKH Mapra Gocmiajm Ba 3apyp KHHMATIap KHUPHTHIIaTH

(11.11-pacm).

-)Block Parameters: Parameters

MﬂTmPuMHS(mM
Mwarwuf&mdbweanuummunkwvu
be plotted.

Parameters

Vector of base currents Ib .

1 ——

Minium coBlector-emitter voltage

T Per v s (e €
1;_,_/;'
mtmwﬂ‘w : |
E________’____/__/:]

[ o |

Ba3a TOK/JAAPHHHHT BEKTOPH B KOJJIEKTOP-DMHTTEP -
. cHMaJ KiiiMaTiapuuy Oephii.

relationship is to

11.11-pacm.
KyuJIaHHIHHIHT MHHHMAT BA MaK

y -
Keiinurs XapakTepicTHKaHH XOCHI xwimm yuyn 'Generate Charac
teristics' HOMIM ONOK HKKH MapTa Gocuaii, HaTWkaja TPaH3HCTOPHHHT

XapaKTepUCTHKACH X0C

a1 kunmusay (11,12 —pacm).

Al T B
Cllectas enitee oftgge )

TlelCTOpHIIHI‘ xapamepummacuun XOCHJI KHJIHIL

gt A e
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Omurra
H XapakTepHcT
vKajap u
THKaIa p Hi1ab 4yuka
= p 6HnaH Takkocaammm MYMKAH e el e
HIIOJIAP pnp T ¢
aH3M .

JIHOTCKanaun pnp T]JI;Hm CTOPHHHI' XapaKTepUCTHKACHHH OJIMII Y4yH OHO-
HHHT YDHHTA K¥ifuna CTOPHHHI HyCXacH OfTHHaZM Ba y npn TPaH3HCTO
WHHUHT KHiMaT i Ea3‘2 TOKJIAPH Ba KOJUIEKTOP — IMHUTTO p

apu MaH(uiira anMamTHpaM ] p YA

Yoy =
Ky4YaUTHPru4 n- >
P KaHAJUIH MaifIOHIIH TPAH3HCTOP aCOCHAA MO-

Acinanran (11.13 —
5 . pacm). Tpaus :
Kyiiuaruaa: Vds=5V, | d=2nF1JA B:i?;f ;;H\;H HYKTaCHHUHI [TapamMeTpiapH

EI]; Edit View Simulation Format Tools Help
|BHS | 2 D@B(E 5|2 b ko [vom

=18

JL
"

alfs
N-Channel
JFET

AAAA
v YVY

Rioad

AAAA-g

VWYY

R1

JFET Amplifier
mdl:femq Re@pmam
olvar

tzken o be V=5V, iy LI
L 14=2mA and Vgs=2V, The ::ﬂ:'::t :'uir::' opetating pointis  onfiguration
er datashaet gives the

Copyright 2008 - 2008 The MathWods, Inc.

S = et~ AA

11.13-pacm. i
p . Maiigonin TPAHIHCTOP acocH/a MOJEIANL.

Ready
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Y- I e )

|

) Figure 1
Flo ot View lsert Iook Deskiop Wrdow L s
DadS|k aR0PeL- Q08 ad

) i i e M
p b e Vi AL

o
Xl ot LT o e 19
11.14-pacv. Maiiionin TPAHZHCTOPHHHT ammnTya Ba daza yacToTaBHii
XapaKTepHCTHKAJAPH.

R3 pesucropra TYFpH KETaJHIraH Ky4JIaHuLI rmacaiumm -Vgs= 2V

GYnTaHIHra caba6mu R3=-Vgs/Id=2/2e-3 = 10Mm.

11.5 ®du3nk Moje/iall

Tojinxass MykaMMaIIaTHPHIL ydyH MyTaxaccHe facTypui TabMH-
oy kepak. YOy Basu-

HOT Ba (PM3HK TH3HMHHA napaJulell paBHuLIa Apa
pary MyBaddakuATIH xan kwmma MathWorks maxcyjroiapuaan Gupn
xucoGmaHran (UK MoJIeMIal BocHTaIapuiat dpoitnamaHHIl MyMKHH. . f

KyHuara WMKOHHATIApra 3ra.
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— OHp Heua Quzmk
KO of
ArOHA MyXHTTa GHpiam MIIOHCHTIIAp Ba aBTOMATHK OOIIKApHII TH3HMHHH
— KHPUIT Ba HK THPHO, MO/IGAHH TH3HUMIIH Tap3/1a HHFHIIL
H - c L
kY1136 Mapra o HMLL;f{i;[ TalKapu 6o11Ka (pu3uk nopriaapra Xxam ara 6yiraH,
— MATLAB acocupa YU (PU3HK TH3MMHMHT MOJIEJIMHHM SIPATHILL
L i Hﬂ ru gmamc Mozesiam ThiMaan Qoiganannd Max-
) 3D“3”3}’aﬂ.}[amp K Ba 00I11Ka) (PH3HK KOMITOHEHTIAPHH SPATHLI;
. Ba < i ’
OyJIraH aHaJMTHK BocuTaJ‘i:;!ymu”H”“Hl KYyIIHMya MMKOHHATIApUra 3ra
HH KEHI'aHTE
Aparuira i
JIraH (H3H
ERETI (aiiﬂal-nﬂgnm)l{s;”?”fi HUHT MOJieHH C THIIMHHHT KOJMTa KOHBEPCH-
NAJIapHHA eduII, Maca: KEHHH XOCHJl KHTHHTaH Koa acocu/ia Gotrka Maca-
PHII MyMKHH }Symlcaﬁdl:»;ﬁaqypmi — annapatiH MoJAEIUIaNIHNA aMajra OlH-
& ¥ JieJJ1ann o : -
3 wamra onafic OiMxafialllHUHT XaMMa GOCKHYIapuHH
Du3UK M
onea i o
JaH @apramkia Hmﬁaﬁﬁuxaq”m KyT mMapra Ba Golika MHkeHepiap 6H-
HITH M Y
KOHHHH Gepai, YMKHH OY1raH Mozpe/ulapHH SpaTHIL HM-
MathWork
$ KOMTTa :
Maxcyﬂon'lapu KOMHOIHHECHI]HHT' d)HBHK MOJCIUIALT YIYH HiuaTuiaagurai
KOMIIOHEHTIIapHH Hoﬁ;eHTﬂap Oubnuorexa (Kyry6xona)mapura sra. YOy
Xa4u OOUINaHFHY Ky é
1 | o KypHHHIIOA €K ¥, &
y YKiﬁrapTHpHG HILTATHIIH MYMKHH P o R SRR
ozxesap Simulink & '
o aatanra OLEHpHnlll'l;nk €paamuna cunres Kuiunran pa Stateflow épnamu-
My Perynsro ﬂ: KOMTHEI_}J MarixHanapy Ouilan 6epocuTa ylTaHHIIH
épnam Gepagu Hogm PHH CHHTC3J1amT Ba cosnawga Simulink Bocuranapu
Gotrka Mypakika6 mgnﬁnam}mmuﬂ“%"‘”ﬁ MYXHTHA HIUIAI MEXaTpoH Ba
GHTal GOFmIK ﬁi'fﬁran JIApHH NTOHHXAJIOBYHIIAP YUYH TTapajiyies MOJEIUIaLl
MONEPEHIT oK MyaMMOJIapHH 4eriab YTum Ba HHTéi‘pauHﬂ Myam
alalHUHT Jactiab : i
2 KH 00CKHY g
rdp?\tib KHITHIIT UMKOHUATHHH Oepaau N e
athWorks xo ;
M
Kyriad KOMHOHGHTﬂZaHHHCHHHHF (usux mMopesiam yuyn maxcymnoTiapH
ra sra. Ynap épﬂamnﬁa)’:}y? Garadern Ba copnanamrupmiran MoaeLIap-
X0J1]a KOMIIOHEHTIapHUH OpjﬂaﬂaHYB'm Simscape THIMAaH (oHaanaHral
System Identification Too]rb Y3T;<1y0ycm;1 MOJIC/LIAPHHH APATHLIH MYMKHH
ox™ coman ; 1
HMKOHHEH Gepann. V. amTHPHITaH MOJEIapHH ApaTHII
. YJIapHH XHCOO,
SR, Tall Ce3unapiy gapaxkaza Te3 amalra
Momen yeruna 6. '
axapuiaamra
p H Aesdpinu xap 0
nuaa Eé3ura Xap oup amaln MATLAB TH-
ol AH CKPHIITIIAp BOCHTAaCHIA aBTOMATMAIITHPHIMILH MyMKHH
- KpHUNT € : :
o - [ : PAAMHJIa MOICIIHUHT Xap Xujl BapHAHTIAPUHH TaHJIall
paMeTplapHuHl KHHMATIAPHHHU 5}31“&[)’[}{}3”[ ¢ 5
- 11 , =
MoJIeIIaliHi GaKaPHII MyMKHH. PSR g RS
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MATLAB MyXuTHA2 MOJE/UIALl HATHKAIAPHHI TaXIHi KIJIMID Ba
rpauKIApHH KypHIL HMKOHHSTH MaBiKyil. Simulink Report Generator Bo-
cuTacH aBTOMATHK Tap3/a MOJE/UIAlHi daxapHLI Ba XHCOOOTHH XOCHII
kumimra épaam oepazn. SimPowerSystems MaBikyll BOCHTANApHH KOKJIamMa
OKHMJIAPHHUHT aHAJIN3aTOPH Ba TC3 dypbe Y3raprHpHIIApH BOCHTACH ou-
nad Tynaupaan. Yoy BocuTanap eKkTp yHEpreTHKA TH3UMapHHI MOIEII-
JAIT HATHKAIAPHHH H30XJ1alAa Ky Kea/H. TaxJMIHA aBTOMATIAI THPHLL
HoiiMxanai skapaéHUHN KECKHH Te3JIALITHPaH Ba GUPHHYM HIUIANHTaH
9HI SIXIITH BAPHAHTHH TaHJIALl HMKOHHIH Gepann.

Dusuk Mozenaan C KOIHH XOCHIT KHITHIL HMKOHHATH Oopiury cababiu
JIOHMXa4YM IPOTOTHIIAAH oiinananMac/@aH, dakat nacTypui — anmnapariu
MOJIGIIAIT ACOCH/A KOHTPOJIIEPHH TECTIAH YTKAZHII MYMKHH.

Real-Time Workshop épnamMuia MOJIENh asTOHOM uioBara aijlaHTHPH-
16 Gomka, MATLAB ypHaTHiMaram KOMIIBIOTEpJIApAA XaMm MojeJIaul
yuyH HIIATHIHIIH MyMKEH. :

Guspk  Moje/Uiall acnu ounan yxwam Tabuarra sra Gynran Ba
YpranmaaéTran XOAMCAHUHI XyCYCHATIAPIHH Y3uja eTapiii Japaxana Tyna
aKc 3TTUpaguraH Mozenapia ozesuiam yeymuaup. Gusuk Mojesnall -
3MK YXLIALUTAKIApra, SbHH reOMETPHK VXIIAULTHK, TE3MHK, Kyd, MyXUT Ba
X.K. YXIIanummKiapura acocyanai. YXIIAIIIHK Ha3apHaCH (u3uK Mozen-

AANIHUHT HIMHH aCOCH xpcobnaHa u.
DOu3NK MOICIUIAHUHT a3aITHKIAPH:
— jkapaéHHHHT acauzail TYTHK aKe STTHPHI
— skapaéHHUHT AHMK-PABIIAHIHTH;

— Ky3aTHIll HaTIKATapHHH y3rapTKITd KypHiMaiapuaan oiiamaumac-

an €316 oM MyMKHHITHTH;
_ MareMaruK TaBcH(HHI
xam Yprasuin HMKOHHATH MaBIKYIUTHTH.

dDu3nK MO,[IBJ'IJIEII].IHHHI' KaMUHIHKIIapH:
_ xap 6up AHIH KapaCHHN Ta[KHK KATHLI YUyH SHIH MOACIE TY3HIL

BapMaHTHHHI ypHHUTA

WILH;

Ty3HII XKy mypakkab 6ynraH XOaHCAJIapHH

3apypiinTH;
_ opHrHHAI TapaMeTpJIapHii xosnapaa
MOJIeJIHH KaiiTa co3naml EKH TYIIH
— Mypakkab 0OBEKTIapHHHT M
— ajipuM Xxoyuiapia (pu3uK MoseuIap YeKIaHHL

Kynnad BYymaiiau.
Cyurra KaMuHIHK

HI y3rapTHpPHILI yIyH KYTTIHIIHK
K aIMalITUpPHII 3apypP Gynanu;

one/TapuHK Taliépral HapXH JKyJIa Karra;
jiapra ara €xu yjnapii

Ka Mucoa KHiHG KuMEBHit peakiusiap dopanuran

THAIMIIAPHH KypCaTHII MYMKHH. Yjiap/ia HaThKa armaparapHUHT FeoMeT
pHK yuamiapa Ba sKapaGHHHUHT KHHEMATHK KOHyHHUsITIapH OpacHiart My-

pakka6 GoFIaHHILIAP acocHIA to3ara Kejaaiu.
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XIIUBOE. SIMULINK MOJEJIJIAPUHH
KYJTAUJAIITUPUILL BYUHUYA TABCUSIJIAP

12.1. Briokaap napaMeTprapuun KEPHTHII yUyH ¥3rapyBuynaapian
(oiigananuimn

i Oparna Gnoxnap Mapamerpiapi CoH KuHMamiapd KYpHHHIIHAA KHPH-
TUnaau. Jlekun yJ1apHu Y3rapyBYMIAPHUHT HOMJIApH KYPHHHILHAA XaM KH-
PUTHII MyMKHH. Y3rapyBumnapHuur kuiimMariapy MATLAB TusHMHHHHT
HILIMH cOXacu/ia MoaesUIaLl xapaénu bonuranrysya Gepuiran OYaHIIHA Kepak.

Y3rapyBunnapuu Gyupaii ycynaa 6epuin MoJienb yuyH KYIl BApHaHTIN
Xucobnamnapuy Gaxkapumr sapyp Gyiramua Kyinaii.12,1-pacmaa a, 6 B2 B
napameTpiiap Ounan Tascuduanauras Moaesb Kypearuirag . MogensHHT
Co3Jamnap oiisacu 12.1-pacm, 6 1a kenTHpHITAH.

Biock Paramet ers: Sine Wave

| Sne Wave . gud

| Outpt & e warve where the sne hype MMM
bncfriaue used. The parameters n e hro roes e relsted v

:H“'“W '?ﬂfm*w“}
| Musrbor of cffvt sampies = Phase * Samclen perpencd / (Z15)

| Use the samcis bssed sha typo # rumercal problems dos to g for |
| =pa tmes (9 5. cverfiow in bbachte time) ccour

| $o9050. [Teos based 2l
|

,_ | Ampitude. |
P |
A |

|

DIFES Lt 2] )

E =@ | Sonpe o i
Scope |

Sine Wave

R W - — - -3 |
a) %)
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Fle Edt Vew Tent Oebug Eresiponts Web Window Heb
i 3 Tl g

DEE tBR0 - & HS £ ] At

1

2 [t soncon |

3 Dpen Seleston

Help o0 Selecon

Cut

Cepy

Format Selected Comments
Commaet

Undimment

Smart pderd

soript 3 ftn1__coiZz

6)

12.1-pacm. IapameTpaapHi yarapyBumiap Ky

pHHHIINAA OepHILL.

, 8 =
[TapameTpiapHUHT KuiiMaTIapuH KoMaHaaj1ap oifHacK/1a bepHIl My

KUH, MacasaH:
>> g=];
== b=d;
>>¢=1;

. " o
Keiinn Moaennanra yTHial y ) {
Arap napamerpiap kyn 6yuca y3rapyBamIapHHHL KHHMaTIapHHE

i caara
Gepuul oneparTopiaprHH §3 mumMra ONyB4H m-(aiin ApaTuLL Me};{ebﬂ \
MyBODHK. m-hain Taxpupaarud OHHacHd OuMIA Ba MEHIOHHHT - xf“
R HACH EpramMuza Hira TyWIHpHIATH. m-haitTHH caKkIaMacs !
e pH. ByHHHr YIyH m-(aiiTHUHT MaTHH OenruIaHaim,
HILra TyHHpyaI MyMKHH. . s

I{OTIKIaHI«P:HI‘ yur Tyrmacu Oocuai Ba Evaluate Selection 0yipy

cuy

nanaau (12.1-pacum, B) .

y .2-pacm,a).
Momeiian HaTKacH1a Kyiinnara rpaguKkasra 6ynamus (12.2-p )
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sct(O,'ShowHiddenHandles‘,'On')
set(gcf,' menubar',' figure’)
Harwxkaga 12.3-pacMza Kypcaruira

ura yxmam rpapukia TaxpHpIal

5 . o
: : : MEHIOCH XOCHJI OYJIaIH. |
: |
: : ) Scope '
R W W Pe Edt yew foet Toos Wedow Heb |
o A0 Ao Ml @@ oL ABEB B F

¢ 5 T T
5 i : : -
0 2 4 B 8 10 ‘
[Teecifset: O - |

a

BB OLL ABEB B «

5 _ , :
: Time offset. 0
(\] f\ /\ A i \ /\ \ 12.3-pacw. Scope GHOKHHUHT oiiHacH TAXpHp/IALI MEHIOCH.
9 \’\ ' 'lj l% \ g Taxpupaul  MEHIOCHHHHT g dit/Figure Properties/.., Edit/Axes
VA (. -5 . : . ties/.., Ba GOIIKA KOMAHJaa-
: \J \j - Properties/.., Edit/Current Object Properties/.., Ba ha B iy
BowZ v puzan Qoiinananud oifna, yiiap Ba Fpafbﬂmap*“’ml ;TK:CS'I’ A '
e S T 3apyp §3rapTHPHLLIAPHH aMaira OUHMPHIL MyMKHH (12.4-pacM). i
Tieos clfzet 0 ¥ Property Edite _ e = : | ‘
eamu@ﬁ;_._.%ﬂ‘i@!ﬁiﬂ!ﬁﬂ_.ﬁi@‘ i
6) s -
12.2-pacm. Mojiesiain HATHKAJAPH. - ‘_",i _ l
Byiipyknap oiiHacua Kyiuaarn aMasap e = Il |
>> a=3; , .
o o | - —
c=0; ' - . |
Gaxapuirapgad keiimn 12.2-pacMm, © na xypcaTHiraH Tpa@uK XOCHI ac P coiex | eute butanng: B)Use | |
oymanu: : - copy coisc L. - il
o~ i i S5 L= Y
12.2. Scope 0JIOKHHHHT olHacu1a rpaduxaapun popMaTaam ) af\x ( .
CyrHasiapHiHr rpaMKIapHHK aKe STTHPYBYM Scope GIOKHHHHT OHHACH . = g\
rpaMIIApHUHT TALIKH KYPHHHLIMHH Y3rapTHPHIL IMKOHHATHIA 9Ta 9Mac. I Pie oot . oo il \} ' A :
" : I - E I ¢
D Rl B S e e Riiaiiaieil i | cmmomameesn. - g || (o jCom)Cam] (e ) 1
6y yays MATLAB TH3UMHHHHT OyHpykiap oifHacuia (éxn m-daiin { Colormap... 3 e |
Eprammzia) Kyiinaary co3jialuiapHn Gaxapamus: Tioe offset: 0 '
163

162

D e —



¥. Property Editor - f igare
€0t Propiries or Sure SIMULIK SMSCOPE_FIOURE (7 v
S b

an it S . :": Cutdoen color_

Menu bar: | Outaut tgure men s (owe) __
e~ _ ]
Figure cumber. [ Show

A Scope

= —
i | g | [Be 5 en st Took rcow s

|QE|I91® a®|_ﬂ[§, B. = “
Backing stor: (T une
Double bofering EUH

3

c/\ [\ A \ [\ 'ﬂ\f
VIV Y VY

(Cox ) (Commea ) emr ] Eq " S > T

& imemeciate appiy

M

HL [ivime offset: 0

12.4-pacm. Taxpupiaam mentocuuuur Figure Properties oiinacu.

12.3. Moge/b 0HHACKHIA PACMJIAPHH AKC ITTHPHIN

Mogens olHacKIa pacMIIAPHH aKC 3TTHPHIUHKHT CTAHIAPT BOCHTAIApH
maBKys smac. Jlekus ymOy uexianuwnan Gaprapad kKuiaum MyMKHH. By-

HUAT yuyH KyHuaarunap 6axapuiming Kepak:
— u4u OY1I1 OCT TH3UM ApaTHIIAIH;
— y mackupoBka Kununaau (Edit\Mask Subsystem);

E.

o .

L

ihichichich

12.5-pacm. Pacm skoiijamrrupuiiran oiinara Mmucod.
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— MACKAHWHT TaXpUpJiail OHACH oumIali (E(?it\Edit Mask(i.);

—Taxpupnaiu oitnacu [con 6?nHMHHHHruDrawmg CommanMsa 2:;;{;1-;1
pacmuu (aiinaan yKuaul Ba ake yrTHpHIL OyHpYFH Kﬂpumnamai, ame"r. rl;a_

image(imread('Picture_1 jpg.ipg)), Oy epaa 6ﬂaﬂ:w n pIlElm [(313 i,
(K GaiiHIHr HOMH, HKKHHYHCH 9Ca — YHHHE TYPH, = mp TYyp,

HH XaM KHPHUTHII MyMKHH.

5 = JITUPHIITAH.
Pacm skoitalTHpHiIral OHHara mucon 12.5-pacMmia KenTHp
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XIII BOB. HOPABIIAH TYTIJIAMJIAP BA HOPABIIIAH
MAHTHK

Hopasman 1y
nina
BCPCHTB’I‘HHHH]*T);[ : miap Hasapuscura (fuzzy sets theory) Bepknm ynu-
i Sl (F; ¢eccgpﬂ Jlyrdu 3oma (Lotfi Zadeh) 1965 imnma
e S s ontrol MH(YPHMHM yon sriirad “Fuzzy Sets” Homan
C COITaH. MIHrmH3YaaaH « \ y
. H «fuzzy» cy3unn y36ek THIH -
PaBIIISJaH €0 TapXKMMa KHITHII MYMKHH. ’ ’ S
YHIAH TY1I1 o
ot 3"] EZ\:Il"’l-ﬂapH‘cl‘ic'ipz'mtm 1975 iiungan 6ounad amanaa KyjuiaHuna
sy gcnu w1 Mamnann Ba Accunnan (Mamdani and Assilian) Oyr
S ﬁKapH;(u y4yH OGMPHHYH HOpPaBIIAH KOHTPOJUIEPHH HILIA0
il uemeH-}rmH omMm6nan Ba Octeprax (Holmblad and Ostergaad)
Hopnam;maﬂ o 3aBoaHAa LEMEHTHH KyHaupuiia KyjutaHuirag caHoar
RO POIUIEPHH MIIad yukumian. “Arap-6ynann’” JTHHIBHCTHK
a acocsa ;
Al el MaTeh:;:H OHpUHYM canoar HOpABMIAH KOHTPOJLIEPHHHHT
mien e o MK Ba MH)KEHepJap OpacH/Ia HOpaBILIaH TyIiamiap
cyur bapronomeit K KHSHKHLIEY KeckuH opTTHpHG roGopau. Illynnan
i e ocko (Bart Kosko) nopagian annpokcumanms (Fuzzy
i orem) Hasapuscunu ucGotiau. Yiby Hazapuara aco-
BHM, épﬂaMHﬂa anT\:IaTeMaTPIK TH3HM HOpaBIIaH MaHTHKKA acocjaHraH TH-
b i POKCHMALHA KMIMHHIIM MyMmkuH. Bomkaga aftranna
3
el H‘;BHCT“K KOW/IaJlapy Ba HOpABIAH KYTUTHKJIAD Ha3apHsi-
it e o ify;;i‘:ﬁﬁomggpﬂm Ba UIEHTH(UKAIMANA aHDbAHABUH
audpdeperuman pa
i . i
vt oA TaTAt e ; HTerpan xucobramiap
i ( XaM, “KHpHUIU-YHKAII” OOFIaHMLLIAPHHI
KepakJI¥ [apaka/a aHHK akc STTUPUII MyMKHUH
X03Upry BaKTa H = :
SR fﬁXHOHorfm H:;pal‘a.maﬂ TYITaMIap Ha3apuscuTa acoClIaHraH TH-
mﬁﬁm‘i' TaIIXHC TexHH};’(&eHﬂapHH Oomkapun, TpancriopTHu GOLIKAPHIIL,
r ’ TANIXKC, MOJUABMH MeHeKMEHT, OHpKaBui
Gawopar, o0pasnapHy AHUKIAIITHDY ,
puin Ba Gowka coxajap y4yyH vuuiad
yuxpiarad Ba mMyBadGakuATIH KYinan ] v
' ! uinMoxaa. Hopasiran Tyrmjiamiaap
HAa3apUACHHM KYJUIALI COXAlapH XKyja =
KEHI — BHJIEOKAMEpa Ba MavLIHH
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KHp FOBHII MalllHHAJIAPHAAH Gonwab XaBo XyXKyMHra Kapiii pakeTajiap-

Hu ifyHanTHpUL Ba XapOuii XKaHroBap pepToNETIapHi OOLIKAPHI BOCHTA-
napuraya. Hopasruan MaHTHKHil Xyjocanap TH3HMIApHHH unuad YUK
Oyitnua amaniii HaTwKanap yrapHi JIOMMXATAIHHHT MYIaTH Ba HApXH
anbaHaBUii MATEMATHK ANNapaTHH KyJiaraiarira HicOaTaH KECKUH KaM-

JHTHHM KypcaTajiu.

Kyitnaga MATLAB HuHr Fuzzy
HHWAA 3apyp Oyiaaurad HOpaBLIak
arama Ba TyuiyHdanapu OepuiraH.
KyJlaiaTHpULI MaKcaau/a HHIIA3Ya aT

Logic Toolbox makerunaH (oiinana-
; TYyrIamiap Ha3apHACHHHHL acocHit
Muminsya naketiad QoinanaHHHu
amaJiap XaM KeJITHPUIITaH.

13.1. Acocuii aramMajap Ba Tabpudaap

Hopagiuan TynjaMiap TylIyHYaCH-MaTeMaTHK MOJIEJUIAPHHE  KypHIII
ydyH HOpaBIUaH ax00pOTHH vaTeMaTHK (popMaiIaIlTHPHIITa yPHHHILIH
akc >rTapai. TyuryHyaHHHT aCoCHHH yMyMuii XyCyCHSATIa dra HOpasiiar
TymiaM 3JIeMEHTIIapH ymby XycycuaTra Xap Xun gapaxkaza sra 6ymaid.
Bynjait éngommiia “apgaiiaup MeMEHT GepuiraH TYIiamra Mancy6”
nerad arama y3 MabHOCHHH fiykoTa, 1yHKH OyH/a aHHK SJIEMEHT Oepmuil-
ram TYJaMHHHI XyCyCHATIapHId ccarmail Kydnn €Ku KamiaH fapKaia

MOC KeJIMIIHEH KypcaTnO GepHiil Kepak. 4

1-rappud. Yuupepcal U Tymiamaary HOpaBIUaH tymnam (fuzzy set)
A ne6 pA®" Ky (pTAHKITAPHHHT Mammyﬁramaﬁ'n-ma,uu, 6y epna, HAY -
tymnampar uEU 51eMEHTHHHT HOpaBILaH A rymuiamra MaHCyOIHK 1apa-
skacy. MaHcyO/HK JapaKach cudaruza [0, 1] Auana3oHAark CoH OTHHAIH.
VuuBepcai TYIiamMIara 3/leMEHTHHHT MaHCYOJIHK Japakacy KaHya I0KOpH
GyJica yHHHT HOpaBIIaH TYIUIAM XOCCAJIapHTa {OCIHK Aapaykacu XaM IIyH-

ya 1oKopH O¥yIaau.
2-ranpud. Mancyonx pynxyua
Bepcal TyniaMaark UXTHEPHH HEMEHTHHHT HOpaBIIaH 2
AapaKacHHH xuco6nanl AMKOHHATHHH OepyBiH CI;JYHKLIEI;ﬁra aMTAJIAIH.
y < = {0 U, U,} 3e-
Arap yHHBEpCAT Tyrnjiam qexaaHrad MAKIOpAArH ‘{u plhy; 1} one
orran 0yJica HopaBIIaH A TymnnaM A= 2 2N (zq) lu,
p=
TyIIaM Y3ITYKCH3 oyaranna

cu (membership function) e, yHH-
TYIIamMra MOCJIMK

MEHTIIapdaH TAIIKHIL T

KypHHHLIa  E3MTaLH. vaupepcan U

A= [y w)lu GesruanHman Qofinananiai.
: S Ba [ Gesruiap #A™ Ba u
FOxopiaa KeITHpUIrat opmyanapaart _

KyQTIHKITapHHHT MaKMYHHH OMJIIHPAIH. .
l-mucon. “Ypra 6yilnn SpKaK TyLIyHYACHHH

KYpUHHALIKIA TAKAIM KHJTHHT.

HOpaBIIAH TYILIAM
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]' ' Euw: A =0/155+0.1/160 + 0.3/165 + 0.8/170 +1/175 +1/180 +0.5/185
I +0/190. P
3-ravpudy. Jlunegucmur jseapyeuu (linguistic variable) ne6, xuii-
| MATIaPH KaHAQHAUP TaOuHit KM CYHBHIT THIHHHT cysnapu €xu cy3 OHpHK-
' Manapy Oyaran y3rapysaura aiTHiam,

4-Tanpud. Tepyi—mypnaam (term set) ne, THHrBHCTHK y3rapyBUHHHHT
XaMMa MyMKHH OYsiran KuitMaTIapuHUHT TYIIaMura aifTioaim.
| S-Tm,pllfb. Tepat (tern) ne6, TePM-TyiuiamMra mancy® 6¥iran xap Kauaail
i | SEMEeHTra airunasm. Hopapuan TYraMinap HA3ApHACHAA TCPM MaHCyOIHK
(Gynxnmscn €pramMmJIa HOpABINAK TY1aM Guian (hopmastarTHpuiaam.

2-mucoun. “Tlact”, “Ypraya”, “roxopu”, “Kyza 1okopy” wikana 6yitnua 6axo-
| NaHyB4H “aBTOMOGHIIHHHT TE3THII” HOMIIH Y3rapyBYHHH KYypHO YHKaHIIHK.
| Ywby muconia “aBTOMOGHIHHHI Te3NUIH” JTHHTBHCTHK y3rapyBuw,
TIUHIBUCTHK Oaxonam TepMuapu- “nmact”, “yprada”, “rokopu”, “iyma
IOKOPH” TEPM-TYTUIAMHM TaLIKHII KHJiazuiap.

6-ravpud. Jejassudpurayua (defuzzification) neb, HOpAaBILAH TYIJIaM-
HH aHHK COHI'a aHITAaHTHPHLI kapaéHura (TIpoleypacura) aiTHIAIH.
l Hopasiman tymnamnap nasapuscuna nedassuduxarms npouesypacu
I IXTHMOJLIIAp HA3APHACHIATH SXTHMOJUH KaTTAJIHKHUHT X0JaT XapaKTepHc-
: THKaCHHHM (MATEMaTHK KyTHIIHM) aHHKIAIITa YXIIaml. Hedazzuduxarms
| ;J NpOLUECAYPACHHH amMajira OMIHPHIIHUHT SHI' COIA YCYITH MaHCYOIHK (yHK-
| [HACHHHHAT MAKCHMYMHIa MOC KeNlyBYH aHHK COHHH Tammamup. JIekun
OyHnait ycyn (akar srona SKCTpeMymra sra Oynran Maucyonuk pyHKIus-
Japy yuyH ypuHmu. Kyniat sketpemymmapra sra Oynran MaHcyGnuk Qynx-
unsanapu yqyn MATLAB uunr Fuzzy Logic Toolbox nakermma Ky#i#uaru
nedaszsudukains yeynmapn gactypranran:

Centroid — orupink Mapkasu;

Bisector - mennana;

LOM (Largest Of Maximums) — MaKCHMYMJIaPHUHT SHT KATTACH;

SOM (Smallest Of Maximums) - MaKCHMYMJIADHHHT HT KHYHTH,

Mom (Mean Of Maximums) — MAaKCUMYMITAPHUHT MapKasH.

7-tawvpud. Hopapman A = | t, () /u TyMnavMBunT dehazsudurayus-
|

Ci ORUPAUK MAPKA3U Yeyau bunan

i

f“‘#»\ () du

1]

a=-=

fﬂ,\ (2) cdu

hopmy.ta 6¥itnua amasra ommpuiIam. .
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anasory cuaThia KOOpAHHATA YKIapH Ba
anmaHrad siccu ¢u-

MKHH. YHHBEpCan

Ymby opmymanuur GU3HK

> “p ; 0. HKuusAcH OunaH verap

HOpaBIIaH Kyrnxai MaHcyonux gy o
rYPAHMHT OFMPJIHK MApKa3HHH TOIHIIHH Kyp

/1, HopaBjuaH KyNXagHUHT

U Ua (”:)
i=l op-

k
™ L Jia A = ;‘A (HJ)
Kynxan DHUCKPET 6)('}]1"31-[ XOJ1I; ‘2]:

aan yeysri ounan -
Jeassu(uKasCcH OFHPIMK Mapiasi yeyll ae

Myna €pamujia Oakapuiiai.

A v Meouana ycy-
A= [ u,w)lu cynxamauer ve
8-tanpud. Hopasuia lu'[ﬂ Ak ) ‘
( = u)du reuruK YPUHIH
e bunan deghazzupurayuAct f g, () du J: pn ()

e oot (AR RCRRE, MHTEPIPETALUACH Kyituaarava: ade-
v ' yTKA3UITaH
Mejinana ycynHHHHT T'€O0 | i ienah
% y il HYKTa TOTIHJIAIHKH, ymby HyKT g
Iycca ykpaa myHaad HY || UH3MFMHHMET OCTHJ

CH 2
TNEpPICHANKYIISP MchyﬁﬂHKﬁ CPYHKH}E}‘?HM? VuuBepcan Kynxaja THCKpET
) yiiakka .
JATaH K03aHM TEHI HKKH 0¥

E A 5‘ H -GHHaH

i=l

i (Hf ) dopmysia  Epramiia netassmpuiaria
a= z T
W3, ()25 D ua (1)
j= i=l
KHTHHAL.

A f w0, () TyIIAM MAKCHMYMJIap Mapka-
= A

[1.i]
pmystara acocah oeg

9-tanpug. Hopapuiah
az3upuKayis KATHHAH,

3u yeynu Guitan Kyituaarn Qo
fudu
?

Bl
4% fdzt

.
A kymxaira MaKCHMAal

MHT TYTIAMH.
feMeHTIapH _
5 MaKchMan Jjapaxand MaHCYOIHK
yiur ypra apudMeTHrn
6ynca 9-Tab-

napakaza MaHCy0
By epua G — HOopaBHIaH
oynran [g, ﬁ] HHTEpBaJIarH Hapua

a
Makcumymnap MapKas y Cynmgnemeﬂ'map“
ka sra Oynran yHuBepcall Tymiam MHT COHH UeKaHrat
annianagy. Arap 6yHaai 3neMeﬂTﬂan 13t KYpRHHLIT Kena:
! it
pudyraru dopmysa coptanamay sa Kyl i
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S p— — Ny —

7 Z UJ'

_ H),'EG'
6|

oy epaa |G |- G kynxaaHuHT KyBBaTH.

JUCKpeT X011 y4yH MakCHMyMJIADHHHI DHI KATTACH BAa MaKCUMyMJIap-
HHHT OHT KHYMIH ycyinapu épaamuja deghassugpuxayus MOC paBHIIIaA
a=max{G) sa a=min(G) dopmynanapra acocan Oaxapunain.

3-MHco. 1-MHCONNAarH HOpaBILaH «ypra OViIK 3pKaK KHILH» KYTIIXa u
yuyH nedassnduranisHi OFUPINK MapKas3u yCyin Ouiian aMasira OLIMpPHILL.

Euu: T-tavpudaarn Gpopmynanu KyuiaimMus:

ot 0-1554+0,1-16040,3-165+0,8-170+1-175+1-180+0,5-185+0-190
0+0,1+0,3+0,84+1+1+0,5+0 1

a

=175,4

10-tavpud. y napamerpuunr kuitmMarura X={x,x,..,x } akropiap-
HUHI TALCHPH TYFPUCHIATH HOPAGUIAN Gunumnap 6azacu (fuzzy knowledge
base) neb, Kyiingary Typaaru MaHTHKHA GUKpIap MaKMyHra alTHIaH:

ATAP (x] = alj')z’(x2 = a{')l...](xﬂ =a’")

Bk (x, =ai?)I(x, =a??) 1.0 (x, =2)...

as i - il . ik ¢

BKH (x, =a* )1(x, = af ) 1.1 (x, = a7 ),

BYIICA y 7 d ,xamma j=1,m nap yuyn,

Gy‘epna a’” - HopaBIaH TepM, yHUHT Ep/laMHIa jp ( p=Lk j) paKamim
CaTplIard X, ¥srapysum HaxonaHasu;

k; - carp-KOHBIOHKIMANAD COHM, yNap/ia YMKKLI HopasiuaH d, j = 1,m
TepM OHIIaH GaxosaHaLH; : :

m - TCpMap COHH, yiapjaH y YHKHII MapaMeTpHHH JIHHIBHCTHK
Gaxonaniia (oiinananuiazm.

U (EKH) Ba N (BA) amayuiapu épnamuaa 10-taspuda KenTupuiran
HOpaBIaH Ouiimitap 6asacu yuys (opmynaHi cOAAaPOK KYPUHUILITA Kell-

THPHUIIHMH3 MYMKHH:
ks

il = %
11-tabpud. Hopaswan manmuruii xynoca (fuzzy logic inference) neo,
HopasIman OuiimiIap 0asacy Ba HopaBIIaH TyIiamaap ycTHaa aMasiap ép-
gamunay = jf(x,x,...x ) OOFIaHUIIHYA anipOKCHMAIHS KHITHIITA Al THIIAH.
ANWTAWIHK,
WP(x ) - HOpaBIIaH TEpM
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ol

P, i= = = K (yHK-
a’, i=ln, j=1m p=l, k, Ta KMDHIL X, HUHT mancyOnuk Gy

LHACH, ABHH
X

r — . h

i _.’-ﬂ ("f)/-‘x
&

: = - MaHCyO0-
pa ud(y) - nopaswau Tepm d, J I,m ra y 4MKHIIHUHI MaHCy

/ = T y : onjia KOHKpeT KHpHII

MK QYHKUHACH d;—fﬂ’(y)/y Gyncun. Y XOIz p
_\_'

x = {-’fi‘»l’;---,x;} BEKTOPHHHHI OHIMMIIAp Oazacuaart a; HOpaBLIaH TCPM

" o 4
napra MaHCYOJIHK Japakac KyHuaari HOpABIIaH MAHTHKHH TGH,"J]&MEU'I p

cHUcTeMacHIaHd aHI{KJ'IaI-IEiIiI'I: Ty
2 ()= v Alur ()] =, )

P'_‘Kk_j j:]:;
(MHHHMYM) OTIEPALIACH.

MyBuH y HOpaBuaH TymaM Kyiniarnda

By epua V (A) — MaKCHMYM
x* KMpHII BEKTOpHIa MOC K€

AHUKJIaHAIH: v
v o L] dj
5= |J frnin(,uIj (x ),,u J (y));‘y, 3)
'y _i'=l,_m v
V JITHPHII ONEPALHACH.
_ yopapiual TymamiIapHi oupna !
i it ) YUKALIHEHT aHHK KuitMaTd HO-

a MOC KeIyB9H y

x* KHpHII BEKTOPHI:
Q)azsmbuﬂauml KHJIH

P TV {11 HATYDKACH/A aHHKITaHA M.
pawad y TyIJiaMHH ned

13.2. Hopasmial TynIaMIapHART xoccajlapH

JAMHUET Oananonuett neh, yHHHI

- A apiag  TYI
12-rappud. A HOPA L

hgt(f‘&) =supu, (u) mancyOmiK (hynx
U

n=

[(MACHHUHT I0KOPH gerapact
THJIALH. yica
13-ranpud. Hopapuwan A TyraMHUHT GasaHUTHI A 61413ra T:::; 6}2-6-
y HopMan Zie6 aTana. Hopmail 0Fnmaras HopaBLIaH Tyngaﬂop:lama“
nHopman ned aranajiu. Hopmanaadmupui ﬂeﬁl CY6H0PM§;TKapMaﬂH:
TyruTaMEH HopMan A TyTuiaMra jarapTpHI Ky AT

. ~ ﬂA'(H)-Vr{EU'

= e u)= =

A nomn(A) ;u,\( ) hgt(A’)

13.1-pacmaa

Mucon  cudarnia MaHCYOIHK (hyHKIIHSCH
0,6
1+(10—u)*

pHII KEITHPHITAH.

oynrad A’ HOpaBIlaH TyrIIaMHH Hopmanna@m-

Mo '(“)=
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B {'\ —— CyOHOpMaT HOpaBmaH TYTLIAN
— HOpMATIamTHPIUIraH HOPABmaH THTan

15 1] 25

12.1-pacm. Hopasuan T¥niaMun HopMaiamnTupHL.

14-Tabpud. A Hopasuwan TYMIAMHIHT coxubu neb, 9JIEMEHTIIApH HOJI-
AaH hapkian MaHCyOmHK Jlapaxacura sra 6ymran U yHusepean TYIUIAMHUHT
aHMK OCT TYIIJIaMHra alTHIa[u: Supp (A) = {u 2y (u)> 0}

15-rawpud. by HOpaBman Tynnam 1eo, COXHOHM Oy G¥nran Hopas-
o1ax 'l"}‘TIJIaM]"a HHTHJIaﬂ,H

16-rabpud. A nopasmau TymaManHT 20pocu 1eb, IEMEHTIAPUHHHT
MaHcyOnuk napaxacu Gupra tedr 6yaran U YHHBEPCaA TYIUIAMHHHT aHHK
OCT TYIIaMura anTHIaau: Core( ) {u M (zz) = 1} Cy6ropmai HOpas-

WaH TYIIAMHHHT a1pocy 61 6¥mamy.
17-raspud. A HOpaBIIaH TYIUIAMHHHT O-Kecumu (EKH o-Oapadicant
myniam) Aed, eMeHTIapuHUHT MaHCyOIIMK Japakacu o EKH YHIaH KaT-

ta Oynaran U yHHBEpcan TYMIaMHHHI aHHMK OCT TYIUIAMUra alTHIaN:
A, = {u T, (H)‘Zﬂ}, @ €10,1]. o aunr Kuivatn a-oapadica NeiHIajHm.

Coxubnu (s1poHH) HOM (Bupink) o-dapascadazu HOpaBIIAH TynnaMHHHr
KecuMH 1ed Kapail MyMKHH,

13.2-pacMza HOPaBIIAH TYIUIAMHIHT COXHOUHH, APOCHHH, (L ~KECHMHU-
HH Ba O-JapaKaCcHHK aHHIIamra Mmuco)r KCJITHpHUIITAH,
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= Hopaswas 1ynaaM |
P O
08t
| wopapaxa f G
D (i )
04} _
02¢f : E
g : ogecHd ___t
coxmbd

-KeCHMH Ba
sapocH, O K
aMIHHT COXHOH, .
13.2-pacy. Hopasuian TyILI
e ’ 0 -IapaKACH.

| ;-t‘_.\ (u') ))
Arap Au, +(1 2)u, ) mm(y (ul)
: ( : uK neb aramaiu.
purag TyIaM KaBap B

KapapyK OymaraH

18-rappud.

u,u, €U, A€[0,1] 631ca A Hopa o
AnnrepHatuB TaspH(: xamMMa a-KecH

aBapyK Ba
6ys1ran HopaBLIaH TYTIAM KaBapHK 6yﬂaﬂ:ﬁi}l p
il .
Tyrammapra mucorn 13.3-pacMid KeATHP

g' ¥nanam
SZS]F"; [ nmMaran noPaBm:“ T} n
aaM

" KaBapik uopanmmh
1

05

L!]

——————

ran TYnJIaMaIap.

oyama
o Y A pa B wHopasiat

B . Kasapn L
rdipy (u), Yu€EY oynca,

19-Tanpud. Arap f A= My
Tyruamiap mene (A = B) Gynamm.
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13.3. HopaBian TynjamJiap ycruaa aMmajniap

Omnwmit Tynnamnaprarpaas (Gapkiy paBuuiza HOpaBIIaH TyIamiap
HasapuaCHaa MaHCyOnuk aapaxacu (axar Ounap 0 Ba | kuitmaTiap 6unau
yerapananMaiau, 6anku [0, 1] uaTepBaaru xap Kaunai kuiiMaTHu Kabyn
Kuaumd MymkuH. Kyivna JI. 3oaa Takiug Kuiran Hopaswiad Tyriamiap
yCTHa aMaju1ap KeJITHPHIITaH.,

20-Traspud. U yHHBEpcall Tynamaa Gepuirax A nopasman Tymam-
HHHT myndupyesyucu 1e6 A xamma u€U nap yuyH MaHcyOnuk (GyHKUHACH
5 ()=1-p, (u) 6ynran A nopasman Tymamra aiitunamm. 13.4-pacmza
HOpaBUIaH TYJIJIMPYBYH aMaIuHH Dakapuiira MHCOJ KeATHPHIITaH.

i —= A HopaswaH T¥naam
—A Hopaewaw 1¥naaMra 1¥aaupysuan

f__'__

1

05

0

n

13.4-pacm. Hopasman t¥njam 'rj‘rﬁ,aupynqncﬂ.

21-ravpud. U yuuBepcan Ttymiamja Oepuwirad A Ba B HOpaB-
IaH TYTNJIaMiapHUHI KeCHIIyBH 1e6 Xamma u€U nap yuyH MaHCYyOIMK
dynxumscn e () =min(u, (u), 1, (u)) 6yaran C=ANB HOpaBLIAH
tyamra aiTunagn. Mu HUMYMHH aHHUKJIAIl aMajid XaMm A Ounan 6enruna-
Hagu, A5HU, Hc (u)= s (w)v Ug (u)

22-rabpud. Hopasmau A ga B TYIUIAMIIAPHUHT bupnautysu 1ied, xam-
Ma uEU nap ydyH Maiacyﬁnnx byukusicn He (u) = max (#A (H),Mu (H))
63rran nopagman D =AU B Tyriamra afitanagd. MakcuMyMHY aHUKIA1L
amajii xam V Owian 6enrunauam, seum, My (u)=p, @)V u, (u) |

23-Tanpud. yuOypuax nopua (t-nopma) neb, xap xanmai a,b,c€[0,1]
YUyH KyHHOATH AKCUOMAaJIapHH:
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1. T(a,1)=a (uerapaBuii wapmiap); ‘

2. T(a,b)<T(a,c) arap b<c 6yiuca (MOHOTOHIIHK);

3. T(a,b)=T(b,a) (KOMMYTaTHBIHK); AT

4. T(a,T(b,c))=T(T(a,b),c) (accoumars

1<0H|Em1£pytzt)xu Gupmuk [0,1]%[0,1]—=10; 1] FHTEPRAINIET
pauusra anTHIIH.

Kymummk xoumapaa Kyinmart t-
6Vitnua kecuuyB — T(a,b)=min(a,b); IXTH bt
JlykaceBny Gyiinua KeCHIIYB — T(a,b)=max(a g
ya t-HopmasiapiaH (oiianannd HOpaBIIaH s
Kypuuira Mucojliap KEeNTHPHITaH.

u T Guuap ome-

Hopmasnap/aH poiinanaHnIaIn: 3oza

MO KeCHLIYB — T(a,b)=ab;
1,0). 13.5-pacmza TypiH-
ApHMHT KCCHILLYBHHH

— A nopasuaH Tynna

u B H pasuaH rynnad
T — 3043 Oy#n4a Kecuuye
.. axTMMONKA Kgswuyg |
..-.Nlykaceem4 gynnya Kechuye
05|

o wan

13.5-pacm. Ty
Tynaamiaa

(lml"mnnalmﬁ HopaB

napaan
leH‘la t'““PMa 2 pmm‘a Mncon.uap.

pHHHT KecHiyBHITH KY
neo, Xap KaHaai a,b,c€[0,1]

24-ranpud. Yubypuax koHopra (s-Hopma)

yuyH Kyiinaryu akcuomanaphit:
1. S(a,0)=a (yerapaBuit 1113}21‘), 3
2. S(a,b)<S(a,c) arap b=c 6}’JIFEIHII.
3. S(a,b)=S(b,a) (KOMM)/TaTHBHHK),

4. S(a,S(b,c).c (accouuaTﬁBﬂfl{(()}-l]H[O 1 yHTepBaLIari S GuHap ore-

(MOHOTOHJIHK);

xonmicrupypan Gupiik [0,1]
panusra anTHIaaH.

Kymuunux xosmapia K
Gyitnua Guprnamva — S(a.b)
ab; Jlykacepuu Gyiinua Gupnamma -
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i Huaaa: 3o0a

appan (pornand v
-HopMaJl Pﬁ GupratIMa— S(a,b)=atb-
3.6-pacmjia Typ-

i MOJTH
e a,b); aXTH
S S(a,b):min(m-b,ll 1




Jinya s -HopMmanapiat Qoiizanannu®, Hopasiay TYIUIAMITAPHUHT Oupiiai-
MaJIapHH KypHILUTra MHCOJUIZP KEITHPHIIraH.

OHI KYN MuIaTHIAANTaH yuOypyak Hopmanap 13.1-xaaBanma KenTH-
PHIITaH.

—— A HOpaBwaH Tynnau

pmenen s R . B HOpaBuaH Tynnaw

! y v \ = 3012 BYAnUa Kecuuys
N W — - 3XTUMONWA KecHuye

L T [P Nykaceeny Gyhnua KeCcnuye|

D5 ! 4 e \"

0 . u

13.6-pacm. Typanua s -nopmanapsaan poiizananud HOpaBLIaH
TYIIAMAAPHUHT GHPIAUIMANIADHHH KypHINTa MHcosIap.

13.1 — xagBan
Yubypuak mopmanapra muconsiap

[Mapa-
Tab) S(a,b) Merpiap
min(a,b) max(a,b) -
ab a-+b-ab -
max(a+b-1,0) min(a-+b, | -

a, arap b=l Gyuca
b, arap a=1 6¥ca
0, arap a,b#1 6ynca

a, arap b=0 6yuca
b, arap a=0 6yca '
L, arap a,b#0 6ynca

& a+b—(2—y)ab - 5
}/-l-(l—]/)(fl"'b—af}) ]H([—J;)gb ¥
ab 3 a-f-.b—ab—min(a,b,l—a)
max (a.b,a) max (1—a,1 —-b,a) a€[0,1]
] 2 -1 o F =1
1+~(l_1)‘+(i-u]“ :+:(l_1)'"+[l-1)" 150
a b a b '
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Ja+b—a'b A>0
min(l W ) pz1

1-{/(1-a)’ +(1- b —(l—a)*(l"’i_

max (] ~(1—=a)" +(1=-b)" .0)

1—a I-h
' Ol 0, w#1
u_l f_l 1 +________) > ,w
Iogm(l%-(m w)E"‘;' )] 1 logw[[ i
at+b—1+2ab 0) min(ﬂ+b+&ab,l) A=—1
o 1k s 1

13.4. Hopasman apupmernxa :
i nrebpank QyHK-
Y6y 6yaumaa nopasiuaH api "yMEHTIIAp 53’"::?1 1};:;:12 qmchHB-
IUSTAPHUAT KHitMaTIapHHu xucobnan ycymz:;innap TyiaMua 6y IaKH-
24-Tanpudp. Hopacuuan cor 10 xaKHKm;u KaBapHK HOpMAI HOpaBIIIaH
Y3IMyKCH3 MaHCYOIHK (DyHKIHACHTE ara 6)”11'“ () g ATpO(HA” COHUHM
TymaMra aifrunaad. Mucon yayH, H opasIlia

WH:
panmaa GepHi MyMK
Kyiuaars Mapcy6nuK (yHKIHACH Kyp ]
e
p «10 uunr arpouaa» (u) 1+(”__10) : oy
Arap pt, @) =0, Vu< 0(Vu > 0) 6ynca A Hopas

25-Tappud. Arap Ha
mycoam (vanguii) ne6 aranam.

26-Tabpu. 3o0anune ymym

[1aH
H.Ula HOPaB =1 Yot
: uHT (YHKUHACH Y Sz

aTH MaHCyOIHK (yHKIHICH

n MycTaxKHJ]I
nauumupuud npUHYUIL. Arap n My :
%, %yseres X, cOHIAp OHIAH OC-
; o % oyca.
y3rapyBumyiap Ba MOC P e

H
PHIITAH XX ..., X, apryMeHTiIap
HHM

¥=r (ru»\‘a, 73 ,,) yHKLATHHAT Kg
#,(y')= sup min (/“.v, 9)

|‘=f(.\',..a, ...... ___1
_\,Esupp{ % Ji=ln

Gynran Hopapuian coH J €0 aTaﬂal:;'éH apry

YMyMiaiTHpHI IPHHLHIH i [maH COHHH
LMSHUHT KuiiMaTHra Moc KexyBiHd Hopﬂ;; ABIIAH YMYM
LMSICHHH TOIHII MMKOHHSTHHY OcpatH. OLIIJJH KyHnAard
LMITHEKHT KOMITHIOTEA aMaJira OIHpHIH

Oakapumim MyMKHH
I-kadam. y = y* xuiimaran OepHLL.

)Ba x Esupp( )

veHTIapAan aHuK QyHK-
AT MaHcyOIHK (yHK-
namTHPHLL NPHH-
ANropyUT™ oyiinua

=1,n maprIapHu

* *
= (5 ¥
2-xaoam. y* — (-11’__,- s Xy jreeesin,j
; SN g } j=5 1.k napHH aHUKJIALLL.
KaHOATIIAHTHPYBYH XaMMa {»\'i Jampt

12-1416-15 177
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3-gadan. y* 31eMEHTHUHT HOpaBIIAH ¥ coHra MaHCYOIHK JapaykacHHH
KyiuIard Gopmynara aco€an xuco6nan:

s (') =max min(u, (x,,)).

=Lk i=ln

4-radam. «Xamma y JieMeHTap OMHHraHMU? IMAPTHHUHT OakapHiIu-
LIHHA TeKIMpHIL. Arap «Xa» 6¥i1ca 5-kazamra YTuir. Akc X0/i4a SHIH y*
KHHMaTHH Oepuir Ba 2-Kajamra YTHiL.

S-gaoam. Tamom.

Kestupwiran  anropurm  Hopasman  codnm AMCKPET  yHHBepcall
TYI1amMaa TakJuM 3THLUTA ACOCNAHTaH, SHHH

p
= Z‘“f (.rp ) i _-

p=1
Onarpa X, i=1,n 6ownanruy MabIIyMOTIIap OYIakiaH-y31yKCH3 MaH-
CyOInK (hyHKIMSIIApH KYpUHHUILKAA Bepunamu:

i" = f My (x:')!x,r "
TER

Bepunran 3= f (%.%,,..,%,) (GyHKUMSHMHT KnitMaTIapHHK XHco6ar

YUyH X, i=1,0 aprymeHtiap auMckperiaHau, SLHH,

'!J

.'E:Z __(x. );’x ¥

i : i ip " KYPHHHIIJA TaKIHM KHJIMHA/IH,
p=

P mykranap conn xucoGnaunapuusr ranaé kumnaguras AHHIJTHTHHI
TabMHHTALT yayH €Tapiu Japaxkana omuHaan. IOkopuma KeJITHpMATaH an-
TOPUTMHUHT YHKHIUKMAA JIMCKPET YHUBEPCAN TYIuamMaa Gepuiran HOp2R-
WaH Tynnaam yukaad. Hopasman § conmnumr Oynaim — y3nykcus man-
cyonuk QyHKunsICHHM (_1’*,;'1_\-. (y*)) HYKTaJapHUHAT IOKOPHAAH ailsianud
YTYBUHCH KYPUHUILIM/IA ONMHALM.

4-mucon. Hopasuau ¥, Ba ¥, COHMap KyHHJJArH TPANennsICUMOH MaH-
cyOmuK QyHKIMsiapy 6unan Oepuiran:

0, arap x<l x>4 6yica

_ Jx—1, arap xE[1,2] 6ynca
M (x)= ls arap x€[2,3] 6¥nca
4 arap x€[3,4] 6¥uca
Ba
E 0 arap x<2 x>8 6ynca
=, arap x€([2,3] 6yuca
s (x)= 1, arap XE€[3,4] 6yaca
' 2=0,25x, arap xE[4,8] 6y1ca ba
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i HopaBiian ¥ =X %,
YMyMIamTHpHil [IpHHLATHIAH (poitnanannd p

COHHH TOITHLL KCpaK. i
Typrra Hykraaa (1mckpeTiapaa) HopaB 3
%, yuyn {1,2,3 4} Ba ¥, yuyH {2,3,;18}2.Y)601111 .
0
T AREL b f, =—+—+—*+_-.
X =T+E+§+Z Ba X, 5 s Arng
HopaBuias coxsap ycTnaa Kyrt
paénu 13.2-xayBanaa KeATHpHITaH.

pryMeHTIapHH OepamMus:

aifTHPHII aMaHMHHHT GaykapuITHII JKa-
JKaaBaHHUHT Xap OHp yCTyHH HOpab-

man fTTA MTECpAUMSACHTa MOC KEJIA/H.
YMYMJTAIITHPHII aJITOPUTMHHUHT OH a uTep 1 . 3
Harixa ro yi{ Ba CYHITH caTpiapH
5 V - BAJIHHHT OHPHH ¥
HKABHIH HOpaBILIaH TYTIIaM sKan B 1 Pl PPI
Ald KenTupuira YKansaJHHHT OupHHYN carpuja yHHBEpCa TyTUIaMHHHT
A 1.

~ e

aja Kyinjgariara ara OGynamms:

cy6iuk maparacu kenTupuras. HarmK
0 1,1 0.
\’|=—+—-+—+-——- T
' ol Ba X, apryMeHT-

AdiTaii 3 s TypH X
auiuK, V¥ MaIILyGI[HI{ C]Jy

1 G
meuisacHMOH
1. AbHH TPa :
napuuHr Typu Gutax oup j{:ﬂ;m oyt Ky PHHATIHAL GepHTan:
i &

MancyOonnk (pyHKLHACH KYF

ncuH. Dby xonjaa

arap y<2 Kk y>32 Gynca

g 1,2] 6yaca
aFap yE[ ] o

o ‘ i 4] 6yca.
(32— y)/23, arap YE[3, ] 6¥

> NCKpeTiap-
s u TYpTIa A
13.7-pacmyia HOpaBIIaH K?ﬁa“T"pquHnapH-rﬂ)KzaPH KypeaTHirat.
na ﬁe}‘m-g y -{l ¥ X, aMaJHuHT 6aﬁ‘apnﬂﬁman11}: oNMHraH ¥ HOpaBILaH
g 1 13.2-xKanB : 19-
an 13. yca Tparena
P ; jry3uanap Ol ) ap OuaH 3
; acmua KHInI fMgi«mapH JHTHIKA KH3HIT TH3HIIAp
YILTaMHHHT 301 ? ,
qTHJITaH.
CHMOH MaHCYGITHK (yHKLIACH KYPCH kperiap COHH
AprymenTnap Gepuraaurat PR I:u‘i {y3rapHILIH
YMyMJIAIITHPHILHUHT HaTHKACH Ka;gl . cKPe%‘Ha Gepuiranjara  HOpaB-
" ;
= ap SV A MIALITHPHII
T-pacmpa X, Ba X, aprymeH1l puaaH yMmy
3 2 3 TaNa
wan J com kenrmpuaran. Pacwid KK o EnﬂaMHHlll‘ neMeHTIIapH,
i -
e A6 daRARTER ¥ BODANTIC T ):_ ST 10KOPHTAPH OPKAH
ﬂs;:mu aur Guyan oca AHUKTAHTH HyKTaﬂapHHHuﬂcn KypcaTuiraH. Hatu-
ai pﬁ i 1 - 7 upur MaHCyOmIK Gy
ainanu® yrypuncu - V 7

nrafd oI 41 YHU3HKITH “l‘lJa =
KAHUHAT ara arHl ra rp *
KQaHUHT MaHCyOnHK (PyHKLHACH o3rmnna 4a |

Nenus WwakKiMra ara.

oprranja HOpaBlIaH
n KypuO UMKAHIAK.
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|1 A (N /S .....,-:.:::\ wwaprra acocauﬂrﬁmmI JX;* coGnamuiapaa 3apyp 0y 1
| : suves mp o0 math ; HHMAaTIapHuHH : H.
Al i Tk % - P aru o-carxjap TaHnaHal HHH Kj"ﬂﬂaﬁ 4-Mu-
b (18 PO SIS, N MHEJIAUraH MEKIOPA JHI 0-CATXJIH TIPHALAT
bl uz' sl S e g S-MucouL. YMyMnaLHTHpHMH EHT
Al &l il ] aHH euHLI. 4 -{0,1}.byHaTOKapryMeHT
1 | f o b AR e s \ SOTHALEAMACITAN _carxjan (poraanaHaMHs: (0.1} ﬁ) U(3,4),. Ymynm-
: F 1 S . . D, Y Ky#ingaraukknrao-ce (2,8), UG, 4);.

0=

- L Ly » ™ Z = 4 U(2’3)1 Ba %2 £

0 5 10 15 i) 25 0 s nap Kyiugarnua 6yaau: X (1, )u ) JAsE LAY, =(2,32)0U(6,12)l.

H : B=x X

IpUHLHIT xacH Y =X % '

NAIITHPUIIHKHT  O-CATXJIH YaiiTipHII HATH

liw; » M2 HKKHTA HOpaBUIaH S Ky"gHTZ£ (-Kecumiiap TacBHpIaH- !

3.8-pacmz 3411 TOpH3OHTAT TH3HKIIAP OHT
KypcaTHiraH: K1

7 MaHCyOImK QyHK- |
aH ) COH
rau, HHrEYKa KA3WT YM3iK Onia 2¢a HOpaBLI
2

13.7-pacm. 4-muconra ona ausma.

3o/aHuHr YMYMIAIUTAPUIN NPHHUMITHHE KYIUlawl KyHuaard HKKHTA
KHHHUHYHITHK O¥IaH GOFimK:

! cypearuira.

i R HMauHHCH : -
{ 1. Xucobnammapuunr xaxmu KaTTalnHurd, AbHU KanTa MIUTAaHUILH 3a- UMSACHHUHT GY1aK/IH-4U3HKIHI ammpoKe e -CaTXJJAPHHUET COHM OPT
! | . pyp Oyiran HOpaBmaH TYmnamaary emMeHTIap conn P\'P-...-P ra Tenr, Hopasiwas yMyMIjamTHpHmHHHF He a X, apryMeHTIapH

X, B
. , o oo 13.8-pacMua N
Oy epaa P - HOpaBias i-apryment Oepunran Hykranap conu, i =1,n; raija Kaujai y3rapuiiHi KypaniiK

e H-
5 g nra. KyK rOpH30
| S By ) coH KypcaTd %
i 2. Hatuwxauii Hopasiman fymuam snemerrtnapummmr IOKOpH HyKTa- 41 a-carxia Gepwranjjarn HOpasmar }Jer -caTXTapH, KATHH KyK HH3HK
i JapuHK OUPIIAIITHDPYBYH TPy H3HKHH YTKA3HII 3apypPITHTH. Tan an3uKIap GuiaH HOpaBLIAH T}’nﬂaﬁ)‘l sl yOITHK (byHKI.[HﬂC'HHHHT'
o] Kymaiipox 6y1u6 o-carxm YMYMIAMTHPHIL TIPUHUHIIMHK  K§anarm Gunan 41 o-carx ydyH HOpapuaH J 13.7- Ba 13.8- pacM-

psic KypceaTayrat.

xucobnanaau. Ymby xonza Hopasman COHJIAp (-CaTXJIaph Tyniamiap 6y 1aKIH-an3UKIH ANTPOKCHMAL L

OFitnua axparuiran kypuaHIILa udopananamm:
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abpuuap 6yiinua narukanap Oup-6upura

JIapHH Takkocsad 26- pa 27-t
AKHHJIHTHHHA Kj'/pHUJHMI—IS MYMKHH.

Ll T T | T

41 ansda-catx Gjinya
MIHCYONUK BYHKUMACHHUHT

B’

, 6YnaKknu-unauknu
_.‘_v annpoKcuMaunacu 9
e R,

m‘_ -
| — i,
[ f —
G2 = - 2 ane@a-carx 6yiuua
/ == MAHCYONNUK BYHKUMACUHUHT
— G6ynaknu-unauknm
06 == ANNPOKCHMAUMACH .

#A’_ — -

 ia = N

fa—— SN

04 f = — g

& b,

— —

E =N

02— >N o
g— ™,
[ .
5 = =N
0 x": I I : I I — Y
0 6 10 15 20 p.2) 1] 35
13.8-pacm. 5-muconra onyy unsma.

YMyMNamTHpUITHHAT 0-CaTXTH MPUHLHIIMHA KYJUIaIl HOPABLTAH COH-
J1ap ycTuaa apupMeTHK amaapuy 6axapuiu KOMIATapHHH OJIHIIT MMKO-
HUATHHH Oepaxy. MycOar Hopaswan COHJIAp yuyH apH(pMeTHK amasuiapHu
Oaxapui Konnanapu 13.3-kanpaiia Kentupuiras. Ywby konanapHu xap

Oup a-carx yuyn Kyanaz sapyp.
13.3-skanBan

MycOar Hopasan consap Y4yH apugwerur amannapuu 6azkapuim
Kouganaapu (xap oup a-carx yuyn)

Apudrernk aman
X, + X,

I=

V=X +3,

yHocafariap Ba yJaapHuHHT xoccanapH

13.5. Hopasman M x
R e
- vrmamaarn R Hopagwan .-uynocaﬁain
30-rabpud. x,x,...xX TY " wopapuaI 0CT TILIAMHTA aiTILIa-
T Kynaii HHHUH =
X, X, .. X JeKapT KynantMac -
g L et p (xl,ng---sx;r)i'rFEXf’I 1,

acH
o IE % SO | HCYOIHK Japax
ﬂ\”. I'I- ;’tR .\,[,-\2) 3 ;r) Ma _y MyﬂocaﬁaTHHHF Ga”(apnnﬂm ﬂapa}]{aCHHH

R
yTa KYITXaAHHHT JeKapT KynanT-

pun X Ba Y Jlap OpKajIH Genru-
Gartapau OepHil

). 6y

EeMEeHTIap OpacHIari
Kypcarai.
Bunap Hopasiuat M)’HOC&ﬁ‘dTJ‘[aP HKKJ-[a
(.
Macu cudarina Gepunazan. Yoy Kynxai . g
R Gunap HOpaBLIaH MY
x,¥: (%)

: nbopat Oymaau:
aruiaaH p EX)(Y.

naiimu3. bynga XxY jpard
GynraH, (x,Y)) D ——

KyHHJ[aru y2IHKJIapHH Kypc

epna xxX, yxY, xu, WyHHHT Y3H dpss
5-mucoa. x=y («x TakpnbaH y T

¥ epHIll
Kyiiugard MaTpHid KYpUHHLIN/A 6ep

KYpCATHHT.
Hopagman MyHOCa0aTHH
Kynaii: |
0 1 2 3 -« y)(l' ! |

1 050201l 0

- 051 0603 1

B~ 02 06 1 ?,8 %
G o opasiaH MYHO-
- q yrutamaap yuyH H paBl; :
TN (v ysenn Gunan GepHIU MYMKHH:
MJapIary HOpaBILIaH X~y

X=[0,3] sa Y=[0,3] )
cabatnapuu KyHHIark vancyonnk dy ]
u, (x,y) =" Jincxper 8a ysnyfccuf;g_
(«i TaKpuGaH y Ta TCHM) MyHO(:}aii'g::zuaH- el

- 5 a kam y Jaf i
if‘“;‘:;:{-;(; JaHeq{D 1.2,3}. by xonaa popapLian My
HTa ’ / s * k] ;
KHH:
MaTpuLa KypHHHIIH/AA Gepuul MyMK
3 «y X 1,
,6
2

ia
pacm/ia KypcarHiraH.

OaTHH K}?pcamim
GaTHH KyHuiara

|

0,6

02| 2

0 10,2 v “y apua y JaH Kam' HO-

o yyvH .
Vanykens X=[0,3] n Y={0,3] spxannap 5 ;‘}Hmmcu GryIaH aHHKIAT

i ancyomik @
paBImai MynocabatHu Kyinmarn Mancy

arap X2

MYMKHH:
0, l
arap x=JY

o J):
Sl Frerrpeer
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Huckper Ba yanykens TYyNIaMiaapars HopaBIan “x anya ¥y haH kam*“
myHocabatiap 13.10-pacmaa KypcaTuiras.

Mrjco.rmapnaﬁ KYpuHuG Typrammzex, HOpaBIlaH MyHoOcadaTinap aub-
dHABHH MyHOCabamiapra HucGpran IOKOPHPOK MOCaIlyBYaHIHKKA 314,
Ymap mynocabatnapuunr Oaxkapumuin hakrHHUrHHA 3Mac, GankH Gaxa-
pnm-mi JApAKACHHH XaM KYpCaTHI HMKOHNHH Oepanu. By napca kynna6
AMAJIHH Macajanap yuyH MyXHM aXaMHATra 5ra.

) AucKpert T¥NnaMnapaa
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13.9-pacm. x=y («x Takpuban ¥ I TCHI») HOpaBIIAH M.ynocaﬁa’r.

a) aucKkper Tyrnamnapaa

HOpaeuaH wmyHocaGarnap o ety TIRIAD AR

HOopaswad MyHocabaTnap
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13.10-paem. «x anga kam y gaun» HOpAaBINAH MyHOCca0aT.
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7-mucou. Kyitnunarn {ykpaunap (), 4exiap W), aBCTplﬁi.ﬂHHKJ;aP (A),
Hemucsap (H)} yuyH «yxuranr MEHTAITHTET» MyHUCQGaT?HH E=IJ‘HHI‘II > i

Ojuauii, Hopasiuan GyyMaras MyHocaGamiapAaH (orARy ::icna
MEHTAJIMTET/IM MHWIUIATIApHUHT c]Jar(aT Gurra Ky (pm“;m{ﬁ“ :Hiocaﬁag
Ba ABCTPHSUTMKIAp) KYPCATHII UMKOHMATHHH Oepany. YII g {zKaHﬂIiFH
Ounan yexyap Hemuciapra ykpaumiapra pchalas ”m:;gja;ap GyHaif
TYFprcuiary (akTHu ake STTHpMaiiau. Hopasuiar e

MaBLJIYMOTHH OCOH TAK/HM KHJIHIIH MYMKHH:
b 4 oA, H

1 04 06 01]Y
_(041 04 03]
R=10204 1 08]A

0,103 08 1 |H

31-raspud. X pa Y Tymramiapart R HopaBIliaH Ti:;;ﬂiﬂ'}r::;fr 3;';
cH (Tapkarypunc ) ae6 X*Y KypHHHULIAATH KAl (x.))> 0}
TYriaMura anTHiaju: SUF‘Pli "8 {(x,y ) :(x, J:’) Se g:"rjtlz:gﬂﬁnﬂr‘ﬁama-

Hopasman myHocabar sracura HopaBIIaH MyHOC:(xY Ky(QTIMKIapHH
pHnm mapaxacu R wonra temr Oynmarad (xy)€ et by
Gornopun opatiaru MyHocabar 26 Kapaul MyMIt alfcam"a MyBO(HK,
GatnapHuHr 0. -kecHMIapi/IaH (oFizaaHHI KynpoK :cpura yxuam
YIapHUHT TabpH(pH 0. -caTxIap g, G Hr (-KecuMl 0ed HO-

32-Tanbpud. XxY naru R nopasiiat MyH_ocaﬁamu e 6}”zmaraﬂ
paswan R sysocabarsuHT GakapuiMill [apaXach v
Xamma (x,y) EXXY iy riHKIapHa OoruioB4H

R ={(x.3): () EX*Y, p,(x.3)20
KYPHRHIIAAATH OfaT/Aark GOFIAHHIIIa (x.x)=1 TennmHK 6axa-

33-ranpud. Arap Xap kanpai xxX yuyH Hz s 16 araai. X aeK-

prex
punca XxX narn R HopapLiatt Mygocaﬁa; 8 inal‘m{annﬂuﬂr Xamma 3I1C-
u R marpuua 0011

L, aH
ad MyHOCEiGﬂTl‘a Mucon “TaxMHH

affTHIAIH.

I kymxan oyaran Xon y4y
menTrapy | ra Tenr. Peguexc HOpaBIl
TeHr” MyHocabar 6ynui MyMKHH. ‘
34-tanpud. Arap xap Kanzai xxX yayH f
puaca XxX paru R HOpaBIIaH M}’EIOCaﬁEiT anmi
X gyeknu kynxan 6ynran Xoin y1yH R marpHna 62}12 .
snemenTiapu 0 ra TEHL Anrapednexc HOPaB
“apya Ky’ MyHocabar Gy THIH MyMKHH.
35-rappud. Arap xap KaHzad (x.y
#y(x,3) =y (v,x) renmmk Ganapiica, XxY par
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5 (%) 0, genTIE OgEE:

(peqhnexcus ne6 arana.
J(HArOHATMHHHT XaMMa
mynocabarra MHCOI

YEXKY | By - YRV
R HOpABILIAH MYHO-



cabar cummempur ne6 aranamu. Yexn Kyrnxauia 6epuiirai CHMMETPHK
HOpaBLIaH MyHOCabaT MATPHIIACH XaM CHMMETPHK GY1au.

36-tabpudp. Arap xap kannaif (XY)EXXY  xypmmk  yuyn
M (x,y) >0=>u, (y,x) = 0/;4(1)011a Ypurmm 6yica, XxY garn R HOpaB-
maH 0oFIanuL acummempux nel atanaim. ACHMMETPHK HOPaBIUIAH MYHO-
cabarra mucos cidarua “anua xyn” MyHocadaTHu KypcaTHII MyMKHH.

37-travpud. Arap xap kammaii (x,y)EXxY KYDTIMK  yuyH
My (-\',)’) >0=u; *-I(}’,A‘) TEHIIMK Daxapuica, XxY pgaru R a R—1
HOpaBIaH MyHocabatiap Teckapu s1e6 arananu. Teckapu HopaBLaH My-
Hocabamiapra “anya karTa”-"aHuya KHYHK» KypTauru Mucon 6yna ona-
1.

13.6. Hopasman-mynocadaraap 6yiinaa
amaJjiiap

Hopaguian mynocabatnap 6yiisua amanmap ozatiaru anbanasmii amaji-
aapra yxmam. JlekuH, HopaBiaH HA3apUH-KYNXaIIM aMajuiap CUHrapH,
ynap Typau ycymnap Ounad Oaxapunuinn mymkud. Kyiinna HOpaBIIaH
MyHocabarnap 6yitnua Gasapusagiran amaJuTapHUHT TabpuduIapy yu 0yp-
"1aK/IH HOpMa Ba KoHOpMaltapaaH (hoiifananud kentupunran (13.3-6ymmumra
KapaHr).

38-tavpud. XxY na 6epunran A pa B HOpaBsIIaH MyHocadaTiapHuHr
KECHIIYBH Jie0, MaHCyOnuK Gynkuuscn M (x, y) 21(#;\ (x, J’)a#g (x, J’)),

(x,Y)EXXY, 6y epxa t(.) - t-HOpMa, Gyran nopasmas C=A B mynoca-
Oarra afitunamu.

39-tabpud. XY ma 6epunran A a B HOpaBulaH MyHocabaTiapHUHr
Oupnaurysu ned, MancyGiuuk QyHkiuscn K, (-\’,,V) = (ﬁt i (X 59 My (-’f, )‘))
(x,y)EX*Y, 6y epma s(.) — s-Hopma (t-xoHopma), Oyaran HopapmaH
D=AUB wmynoca6arra aiitrmamm.

13.11-pacmaa 5 Ba 6-mucomtapnan onuuran HopasilaH MyHnocabariap-
HUHT KECHITYBH Ba OMPIIallyBy “Xx TaXMHHAH TEHT y ra” Ba “x aHua Kam y
naw” kypcaruirad. MUHHMYMHE Ba MAKCHMYMHH aHMKTALI amMarapuias
MOC paBuiiaa (-HOpMa Ba S-Hopma cu(aTuaa oiiantanuiray.

40-ravpud. XXY na Gepwiran mopasman R MyYHOCAOaTHHHT
TynaupyBuncy a6, MaHcyonuk  (yHKupsicyH My (-\‘,_1’) =1—u, (x, J-’),
(X,y)EXXY 6ynran R Hopasuian MyHoca6arra alTunamgm.
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VFabLUaH MYHOCAC ITNApHIHD héc[ﬂ.ﬂ_\'m[ Hcp 3 ~ac —El 2
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Vitgua amaniap.
13.11-pacm. HopasiuaH mynocabaTiap oyiinua 2 .

popapman A Ba B MyHOCabar-

- namjaa MaH-

naiirmacy) 1€0 XxY Ty
(iu A (x! Z)’ Hy (Za )’)) s (X,y)EXXY,

maH MyHocabatra alTu-

41-rappud. X*Z B Z*X A3 Gepr
: (e
NAPHUHT MAKCMUH KOMNO3UYUACH (k¥
y,p)=sup min
= EZ £ n
= A oB HopaB
G=AoB cab
xonna G= A o B nopaBIua# MyHo
5 ymaiiTMacH CH-
g a7 apHHHT MAKCMHH KYAHTM?
g UL KyTIanT™Ma XOCHIAaCH

anapHUHT O/UIH o
gt hapo KyrmanTHpHII MUHHMYN
o naau. MHHHMAaKC

cyOnuk QyHKUMACH ﬁ@(

(x,2)EXXZ, (z,y)EZxY Gyrad G iy

nagu. Tynnamnap 4eK
uunr X,Y,Z matpuuact A B :
daruna 63namn. Yby amai Marp

JIeME
e QRERDHIEI, GYHﬂa ; Tomnuura aMalITHPH ap3-
TOnHMILITra Ba KamMJall MAKCHMYMHH ] AT

aM [IyHray
151 amasiapH X BasH-
= Mno3”u"ﬂ o caja le}(‘ﬂhi =
B MVYIIBETHILJIMKATHB KO U X}"ﬂo
I-la Mz:z(l:;a:aﬂu Komroauis HopaBLaH MaHTHK
a ar .

(haru Gaxapau. 0.1 0.2 B__[o,é Og] popaBILaH My-
8-mucon. Kyiiuzard A=[0:8 ] ] é ;. OsﬁaTmP
aH MyHOCAOAL

G 3U-
LTHTUIAKATHB (G 3) KOMIIO

) pa  MaKCHMYI N 0’1].
wranamt: 1 =(0,5 03]

MUH (61)= MHHHMAKC (G2

puiiaH aHH
WHsiapy  Kyiiugarn Marpuuaiap

-~ [0,5 03] ~ _[01 0,()6].
Y =[0,8 0,8} G ‘[0,5 0,32
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42-Tan RoR CR 6y R
T e :uq‘; Arap RoR CR 6¥ysica XxY naru R nopasman myHoca0ar
46 10 arananmn. bowkayacura aiirranza, xap KaHaai (x,y)EXxXY

KypTauk 1 R
2 ;;cEHHF 6yqyn R mynocaGawfusr Oazxapwmuur gapaxacu RoR mynoca-
KAPUIHII 1apakacHiaH KaM O0YJIMaciury kepax.

43-tabspud. H R

. Hopasman ™ mynoca6a

s THUHT TPAH3HTHB ;
Ky#ugaru mynocabarra aiituiazm: P TyTalyBu 1e0

R=RU1§2UI§3U"_U}?"U““ 6)" epaa R" = ﬁoﬁ_u_"oﬁ
\__V_____-‘

naMapra
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XIV BOB. FUZZY LOGIC TOOLBOX MAKETHHUHT

TY3WJIHIIN

Fuzzy Logic Toolbox — 0y MATLAB TaPKHG'“m KHPYEIH g
Typnap naxermmp. Y MATLAB MyXuTiid, Slmlv’h"k jactypura HHT;_
FpajnaiyBs MyMKH Gyirar, HOpaBIIat MaHTHKHMIT Xy/oca Ba Hogaam :
Tackugmam (kiaccHuKaris) [H3MMITApHHHE SpaTHIL HMKOHHH: Z];;IlaH.
Fuzzy Logic Toolbox HHHT TasHH TyHIyH4acH FIS—ch}’KI'YPI_?I ; op ;
xynoca Tusumu (Fuzzy Inference System) xucobnaHa. -crpy;{ur);p-
“KUpHILIAP-YHKHIIIAP” HH YH3MAA KypcaTHiraH HOPABIHAH MaHT;H;I q;H
70ca cxemacy acocuaa (pyHKLIHOHAT TacBHpIAIIHH aMaTTa OMHUPHILY

3apyp Gyuran 6apua MabIyMOTIAPrd Ira.

MancvOmHK
GyHELHACH

e
% Hopasmtatt Tedasut-
X Daat- MOHTHEM uarop
e (emarop xynoca
MAmHHACH

HopapmaH
ArunmIap
Gazacut

Hopasil

Bbenrnmanuniap:
X — aHHK KMpHII BEKTOPH;

189
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i X — xupumr X BEKTOpHra MOC KesaJHran HOpaBIIaH TYIjiamiap Bek-
TOpH;

Y — Hopasmian TYILIAMIIap BeKTOPH KYPHHHILHAATH MAHTHKHIL Xyjoca-
HUHT HATHKACH;

Y — aHuK uukuin BEKTOpH.

Fuzzy Logic Toolbox kyitumaru NacTypuii BocHTajapra jra:

(QyHKUHsnaAp;

(oitnanarmysunuunr rpaduk urTep(eicura sra 6yaran (GUI) unrepak-
THB MOJIyIiap;
Simulink nakern yuyn 6roxnap:

HAMOHMII KMITMIL YYyH MYJIKajllaHrany MHUcosLIap.

14.1. Fuzzy moxynun éppamuna:muanor pe:kuMHIa HOpaBIIAH
TH3HMJIAP TY3HII

Fuzzy momynu Mamnanu Ba Cyrano Typ/ary HOpaBLIaH TH3HMJIApHH
KYpHil UMKOHHHH Oepand. Mamianu Typaaru THsuMiIapja ouimumiap Ga-
3acu “Aeap x,=nacm ea x,=ypmaua oynca, y=6anand” KypHHHIINAArH
KOWJanapaan TallkuI TONraH. Cyrono Typmaru tusumiapia GUIIHM-
nap Oasacu “Aoap X, =nacm ea x,=ypmaua Oyiaca, y=a,taxtaxpy
KYPHHHULIMTary Konzaanapaan tamken tonrad. Ilynaain kunmu6, Mammoanu
Ba CyraHo Typaaru Hopagian TH3UMIIap ypracunary Qapy Ounumiap Gasa-
CHHH TAIIKHI KUTYBYH KOMJANAapa YHKHII Y3rapyBUHCHHH Oepuiu ycynu-
Aaaup. Mamaauu typaaru THU3UMIIAp/Ja YHKHIN Y3rapyBYMCHHHHT KHIMAaTH
HOpaBIIal TepMiap opkamn Oeprnazan, CyrsHo Typiard TH3MMIIApLA ca

HHUKHII Y3rapyBYMCHHHMHT KMitMaTH KUPHIL §3rapyBYMTapHHHHT YH3HKIH
KOMOMHAIMACH KYPHHHIINIA 6y nau.

14.2. Mamaaun Typaaru TH3EMJIAPHHM JIOHHXaaal

Mampanu Typaaru TusuMia

y=xi sin(x,~1), x €{-73], X, €[-4.4,1.7] 6ornanumnn MOACIUTOBYH
HOpaBLIAH MaHTHKHH Xy0ca TH3HMUHM noiuxananr MHCOIHAA KypalilnkK.
Jlojinxanauiiny Oepuiran GOFTAHHIHKHT TpaduK TacBMpH ACOCHA ONHO
¢ bopamus.

PHH JIOHWXaJaliHK acOCHH ATarjapHHu

y=xsin (x,~1), OOFNIaHHWHKUHr yu Viuaminu rpaduk TacBUpHHU
i 5 M [ - 7‘3],‘1;, € [—4.4, 1.7] COXaJa KypHIIn YUYH KyHuard 1acTypHH Ty3aMH3:
I- y=x1"2%sin(x2-1) Qynkumssunr rpadurunn
f: % x1€[-7,3] u x2¢[-4.4,1.7] coxana KypHILL.
" n=15;
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x1=-7:10/(n-1):3;

x2=-4.4:6.1/(n-1):1.7;

y=zeros(n,n);

for j=l:n

y(j,)=x1.22%sin(x2(j)-1);

end

surf(x1,x2,y)

xlabel('x1")

ylabel('x2')

zlabel('y") ) ' |

title('Target'); u cudarnaa 14.1-pacmna Kypea- |
: Sl 63%3%?“:{1:13:;Hlfli{ﬂ:;iipmgﬂ I‘Eadml( TacsuuP;aaM;i:}e’:
;ngzlﬂ?giﬁca?maHgmmﬁ XyJI0CA TH3HMUHI JIOHHXa Al KyiHi ‘
p};nran KeTMa-KeTIHK/[arH Kajamirap

uu GakapuuiaH Hoopar.

: Togs \nco PER
fle Edt ye [psert Teos G

DEE& YAr/ PPY |
Target

o R

NNSSS Sy
oSt A

W

£

Becmmmcmmmmmana

14.1-pacm. ITaJI0H 1034. |

K carpuza
0 oManzanap
I-gadam. Acocuit fis-peaakTopHH roxnamn y4yH ) i pum*
_ J.‘H repamu rmacHHu OocaMH3. [lynzaH Keu
uzzy cysu 3 pa«Enterm»TyTMe ﬁ
f‘* rJIﬂII 3ﬂHHﬂ rpa ; oitna 14.2-pacmia KypcarHiarat.
oumJIaaHras sHru rpaQuK OHHE 14.2-p i
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14.2-pacm. FIS-Editor PeNaKTOPHHHUKET OHHACH.

2-Kadam. Hkxunuu kupuw yaeapysuucunu Kyuamus. ‘Bynunr yuyn Edit
MeHocuaa Add input xomangacHuu TaHJIAHMHU3,
3-kadam. Bupunun KHPHII Y3rapyBYMCHHHHI HOMHHH y3raprupamus.
Byuunr yuyy inputl GnokuHUAT yCTH/ia CHYKOHYaHHHT Yarl TyTMacHHH Gup
MapTa Gocamus, xopuii y3rapyBuMHMHT HOMM cubaTHIa TaxpHprian mai-
AOHMAA SHTH X | Oenrmanumau KupuTamus <Enter> tyrmacunu 60camus.
-Kadam. Vkkumnun KHPHII ¥3rapyBYHCHHMHI HOMHHH ysraprupamus.
Bynunr yuyn input2 6noxuHUHr YCTHAA CHIKOHYAHMHI YaIl TYTMACHHH Oup
MapTa 6ocamus, xopuit y3rapyBUHHHHT HOMH cudaTuaa TaxpHpiaur Manjo-
HUJa SHTH X2 Genrunanumuy Kupuramus <Enter> ryrmacuun 60camus.
JS-Kadam. UMKHLI Y3rapyBUHCHHUHT HOMHHH ysraptupamus. ByHunr
yuyH outputl onoxununr YCTHZa CHYKOHYaHHHI Yall TYTMACHHH bocamus,

KOPHH §3rapyBYHHUHT HOMUHH TaxpUpiail MaiJoHHa THIU y Genruna-

HHIIIHH KHDUTAaMH3 Ba <Enter> TYrMacuH#u 60CaMus.
6-gadam. Tusumra Hom Gepamus. Bynunr yuyH File menrocunaru

Export oct menrocuga To disk KOMaHIaCHHH TawsaiiMus, (aiimauar Ho-
MHHH KUDHTAMH3, MacaiaH, first.

7-gadam. Mancybmik bynxuuscuumur Taxpupiaaruiura yramus. By-

HUHT y9YH CHIKOHYAHWHI Yan TyrMacuuu x| 6IoKHHEMET YCTHIa MKKH Map-
Ta 6ocamus.
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u epamus. Bynunz
8-xadam. X1 pseapyeuunune y3eapuid amg‘.m: 0:::;3;““ 6ocaMus.
M. : 4 < €
yuyn Range maitnonnpa -7 3 nu mepamus 6a <En

- 1y Gepamu3z. Yoy

9-kadam. X1 y3rapyBUHHHHT MchyOHHKﬁday::sg;iﬂnmﬂ?uam MaHcy0-

Y3rapyBu4MHH JIMHTBHCTHK Oaxonaml yIyH yq"ypaﬂaHaMHB. Byrunr yuyH Edit

IMK pyHKuMsicura sra 6ynran 3 TepmaaH fbomﬁmm Harmkaza MaHCYOIHK

mentocizard Add MFSs... KOManiaHu TaHna KoHyTHHY GepyBIH Janor

(YHKIFACHHHHT Typu Ba COHMHH TaHJIALl MM cyGmuK (hyHKIHAIApHTE dra
oifna oumamm. By cykyT Oyiiida yaOypuak MaHCy

pocamus.
P i e e <E“terz ij;‘:a::::;laﬁmm. ByHHHI YHYH
y BuM OH
10-xadam. Tepmnapuu x1 y3rapy

HI Harl TyT-
chK[}anHH
GuprHuM MaHCY6IMK (DyHKIHACHHIHT rpad il

eifnn Name MalIoHH-
MacuHH Oup MapTa 60CaMH3 (14.3 panr). K

-pacmra Ka ZEnter> TyTMACHH
T Ba
ra TepMHHHT HOMHHH KHpUTAMH3, MacaiaH, Iac AT -
Oocamus. Keltun HKKHHYIH

HT
MaHCYGIAK BYHICIHS aji0HATA TEPMHHHT
CHYKOHYAHHHI Yall TyrmaCHHH bGocamu3 B

a Name M
0 ~ TyrMacHHH 60CaMH3.
HOMMHH KHpHTaMH3, Macalat, Ypra4a, b <Entcf:-;»{)l:l‘ycuqlmnqaﬂnHr yan
onux QyHKUHACH rpaHrHHHHT Y 131 KUDHTAMI3, Ma-
YYuHYH MaHCy Jéﬂ- N};me Maii(OHHIa TEPMHHHT HOM“H}Kana s
g;:sc‘gigz;i{ B:f iEnteW TyrMacHHH 6ocamus. Har
3

o yI1aMH3.
KypcaTwiran rpauk oiHara ara oye

5 1
3

e A

—— | [ cusrent Membership Function
Custen Variable Husodh

Name : y r’ﬂ
Typtl
127 2] et
ol e e
Range [y 1 A

Name il
Type mput

e [[—?r’— 7’__,%/"//4//!,_—

Roady

yﬁﬂ HE ¢y[.| KIHACH.

14.3-pacm. X1 y3rapyBusHiHr manc

3
13-1416-15 19



l1-gadam. X2 ysrapyBunHHUHT MaHCYGIHK bynkumscuun Gepamus.
Yuby y3rapyBuMHH JIMHIBHCTHK Gaxomail yuyi rayc typjaaru MaHcy0-
JuK (pyHKUmMsAcura sra 6yiaran 5 tepmuman (oiiananamus. Byuuur
YUYH X2 OJOKHHMHT YCTHIA LHYKOHYAHUHI 4an TyrMacuHu 6ocub x2
Y3rapyBYMHH aKTHBJIAIITHPAMU3. X2 y3rapyBUHHHHT V3rapuin juana-
30HMHH Oepamus. Bynunr yuyn Range maiigonnga -4.4 1.7 uu re-
pamus sa<Enter> ryrmacunn 6ocamus. Keitnn Edit meniocnma Add
MFs.... komanganu Tannaiimus, Xocun 6Vnaguran AHanor oMHACHHMHT
MF type maiiionnaa mancyGiuk (Gyuxumscuauar Typunn gaussmf a

Number of MFs maiinonnga 5 Tepmuu Tannainmus. Keiitnn <Enter>
TYrMacHHH DocaMu3.

J Membership Function Edior: First
[Fle EQ Vew

FIS Varniables | J 1 ‘ Wsm tunction plots DI ok I

18
= . Hatijant Cpegrad Beicons
: : : i 1

inpes vanisbie “x1°

Current Yesistia [Cure saects Fuscio [k o ool

Name A 1 Hame Iu.mm

Type L i ; Tres ) St i -
S : |
T e

Ready

-

14.4-pacm. X2 y3rapysununnr MaHCYOJIHK GYyHKIHSICH.

[2-kadam. 10-xamamparura yxmram Taps3na X2 y3rapyBUMHHUHI TEpPM-
mapura Kyinjaru Homnapuu G6epamus: Iact, Yprauagan nact, ¥Vpraua,
Yprauanan 6anaua, Banany. :

Harmxana 14.4-pacmia kypearunran rpadux ofina xocuit 6ynaau.

13-gadam. y y3rapyBUHHHHT MAHCYOIHK (DyHKIMACHHN bepamus. Yuby
y3rapyBumHM JTHHIBUCTHK Oaxonaur yuyn yuGypuax mancyGmik dyHkms-
cura yra Gynran 5 TepMaaH Qoinananamus. Bynunr yuyn y ONOKHHHHI
yCTH/a CHYKOHYAHUHT 4all TYTMAaCcHHu 60CHO y y3rapyBYMHHM aKTHBIIAILI-
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} : K YVH
THpamMu3. y Y3rapyBUHHHHT ¥3rapHll ,auaua:s;mumi)ﬁepa‘zms.tfrynmxr ?;C{I
i Tepa 4.5-pacm) Ba <Enter> tyrmacu-
Range maiizonnja -50 50 Hu T€pamMu3 (14. v

doca i .. KOMaHJaHH TaHJIaHMH3.
Hu Gocamus, keiinn Edit meHiocn1at Add MFs.... KOMaHz

Xocun 6ynamiran Number of MFs maiigoHna 5 TEPMITHH TaHJIaHMH3.

Keiinu<Enter> Tyrmacunu 6ocamus.

[Z[8]x]
-} Membes ship Function Editor: First
T ot powrits l_—m
2 Measbership function plts = : 4| s
FIS Varables - \ o =
Cy I o HameCpoRre Cpapest g
——— PR
13
7 R N 7
" v \ l
Xz 3
ok
.-/ - — 1 ...._ R _.1. I -. ___. ot =
. - cutpd variabie ™Y
I ariskie Custert Membesship Functs (chck on MF to select] .
e i [
Name
P . Type [ it =]
Tyve cutput

Rarge L= — =
R == || N e

____——-—-—____-—:____.—-———-—-—""_'_'_——

< < H.
14.5-pacM. y y3rapyBUHHHHT mancy0unK QyHKIHSC

Selected variable "y"

m Tapsaa y y3rapyBUHHHHI TEPM-

[ldcr, Vprauagan nact, Yprata,
b

a 14.5-pacMm1a TacBHp/AHTaH Tpa-
4 .

10-kaamaarura yxia
omnapHn Oepamis:
Banana. Harwkall

14-gaoam.
napura Kyiingard H
‘:’PTatlanan oasanj,
uk oiiHanyu XOCH KHIAMHU3.

15-kadam. bummiap 6:513acnmt .
yuyn Edit meHioCHarH Edit rules...f(OM :

16-5adam. 14.1-pacmna KenTHpHAral
Ku3Ta KOMJAHHMHT Tabpu
Ypraua,
yica y=bamanl,
Gynca y=banani; ‘
F‘?pi'aqanaﬂ Banasm;
Yprauazaan banani;

ur RuleEditor TaXpUpIArHaura yTHil

TTACHHH TAHJTAHMH3.

THY TY3aMH3:
cua Kyituaar TYK puH TY
1. Arap x1=Ypraua 6¥1ca y=
2. Arap x1=Tlact Ba x2= ITacT 6
3. Arap x1=TIlacT Ba x2=banani Oy ¥ .
4. Arap x1=Banan sa x2=bananl ?}’flc i
5. Arap x1=DbaJian/i Ba x2= Tacrt 6yncay
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papKHH BH3YaT Ky3aTHIIl aco-




6. Arap x1=Banang sa x2=VYpraya 6ynca y='§'pTaqa;

7. Arap x1=Ilact Ba x2=Ypraua 6yca y=ITacr:

8. Arap x1=bananx u x2= Yprauazau Banann 6ynca y=Ypraua;
" ‘ 9. Arap x1=bananz sa x2=Vprauazan [act 6ynca y=Ypraua.
I Konnann xupurum yuyn menrona Tersuuim TepMiap KoMOMHALHs-
I CHHH Tannam sa Add rule tyrmacunn Gocum kepak. Bunumiap 6aszacu
i TaxXpupJaruun OHHACHHUHI IOKOPHIATH TYKKH3TA KOMIA KHPHTHJITaHIAaH
‘l KeHHHrH Kkypunumm 14.6-pacmua TacBupnanrad. Xap OMp KOHJaHHHT

CYHITHIA KAaBC HYM/A KYpCATHITAH COHJIap MOC KOMAAHHHT Ba3H KO3(du-
I'f LIHCHTHHH H$oaanaiam.

i J Rule Editor: First i ¥ [ £f [_]&]
I i B e RSN Y e 0 T

| 1.1F 1 iz Cpearaty) then [y is Cpenrae) (1) h |
1 znmaﬁmiwmwmwmwnam]m
| 3.|f|x‘luHmsﬁ]aﬂfﬂ?th&Mltmwan]ﬁl
4.1 [ iz Bracowu) and (42 is Beicorset] then [y is BraveCpeanerc) (1)
5. I (%1 = Boscosusn] and [g it ?“MJ lhen [y iz BoaveCpeamera) [1)
iz Cpeaisgi) then [y i 0 1

B. I [x1 iz Bracowiai] and iz Cpes
2. 1 xY is Huswisil s (2 i Cpaaragi] (hen fv s Hiaressal [11
8.1 [x1 iz B ) and [x2 iz Beuwel| 0] then [y is Cpearsdd] [1)
3 11 iz Bescomisd] and (42 i+ HioxeCpeanera) then [y i Cpearsan) [1]

| | I FIS Name: Fist

14.6-pacm. RuleEditor garn OuHMaIap G6azacw.,

17-gadam. Slpatunrad TH3mMuR caxaitMus. Byunnr yuyn File mento-

i
| cugaru Export oct Menrocuaa To disk xoMannacHuu TaunaiMus,
Ve Hopagman MauTHiwmii xynocamy BU3YaJUIALITHPHIN OHAcH 14.7-pacm-

Jl Jia kentupuirad. Yoy oitHa View meHocuaara View rules... komangacu
4 l[ Ounan axtuBIamTHpHIaay. n Put MaHIOHN A KUPHIL 3rapyBYHNAPHHUHT

KHAMaTIapy kypcaruiany.
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HEE
) Rule Viewer: First
Fla Edt View Optiors

y=-112

i

~
w

'S

B

I"wt [l

Dpened system First. 9 ndes

. ' i xyrocanm
a wopasiaH ManTHKHI XyJ0¢aH

14.7-pacm. Rule Viewer oiinacHa

pH3ya A THpHIL.

Fls | Ed View Optiors

A (rpuk

Rel. Input

Ready
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CHHTe3 KHIIHHTIaH nopasmaﬂ TH3UMIa Moc KE.TYBYH CKHPHUI-YHKHIID)
i03ack 14.8-pacmaa kentupuiran. Y6y oitnaun umkapum yuyn View
mentocuaars View surface... komannacuian (hofinananmnm 3apyp. Hopas-
tHal Koujajlap Mypakka® HOMM3HKIH GOFIaHMILIAPHK eTapau jaapaxaja
AXIIH TaBCHpnamm TYFpHcHaaTy xysocara, 14.1 ga 14.8-pacmnapna kenru-
PHIITaH I03aJ1apHH TAKKOC1a0, KEJIMLI MYMKHH.

14.3. Cyrno typaaru Tusuvaapuu jgoiiuxaiam

Cyrano typnaru TH3HMITAPHH JIOHHXAIAMIHAHT acOCHH GOCKHYIaPHHHM
y= x,z -sin (.r2 —l), X e [—7.3],.\:3 €l-44.1 7] Gornanmmmy (14.1-pacm)
MOZCIUIOBYH HOPABILAH MAHTHKMIT Xy/I0Ca TH3HMHHH JIOHMXAJIall MHCOJTH-
Aa Kypaik. Yy GOFIaHHIIHN MOJEIIAIIHI KyHuaarn oumumiap 6asa-
CH €pIaMMJia aMaJIra OIIHPAMH3:

I. Arap x1=Ypraua, 10 y=0;

2. Arap x1=banaunj Ba x2= Banauz Oynca, y=2x14+2x2+1;

. 3. Arap x1= Banaux sa x2=ITacr Gy1ca, y=4x1-x2;

4. Arap x1=ITacr Ba x2= Vpraua Gyca, y=8x1+2x2+8;

5. Arap x1=ITacT Ba x2= [lact oyica, y=50;

6. Arap x1= ITacr Ba x2= Banaup 6ymnca, y=50.

Cyrsno Typnarn HOpaBIIaH MaHTHKWif Xylloca TH3MMMHHU JIOMMXAJIaLl
KyHMJard KeTMa-KeTIMKa GakapHImIm MyMKUHL.

I-kaoam. fis Taxpupnaruany okam Y4yH KoMaHaanap carpuza fuzzy
Cy3uHH Tepamus Ba«Enter»Tyrmacuuu 6ocamus. Iynnan kefinu ounnam-
raf siury rpaduk oitna 14.2-pacmaa kypcaruiran.

2:5a0am. THIMMHHHT TyPHHH TaHIAMM3. byuunr yuyn File meniocu-
HuHr New fis... ocT MeHrocua Sugeno KoMaHIaCHHH TAHTAHMHUS.

3-kadam. Vkkunan KMPHILI §2rapyBYHCHHH KywaMus. ByHunr YUyH
Edit meniocuia Add input komannacunm Taumaiivus.

4-kadam. Bupumam Kupuw y3rapyBUMCHHHHI HOMHHH Y3rapTHpamms.
Bynunr yuyn inputl 6mokuHunr YCTHAAQ CHYKOHYAHMHI Yall TYrMacHHH
DocaMu3, #OPHH Y3rapyBRYHHMAT HOMUHK TaxpHpnan MaigoHura suru x1
OesiruiIaHuILIHE KHpUTamMu3 Ba <Enter> TyrMacuHi 6ocamus.

S-kgadan. UKKWHYIH KUpHI Y3rapyBYHCHHHHT HOMMHH y3raprupamus.
Bynunr yuyu input2 GIOKMHMHT yeTnaa CHUKOHYAHHHT dar TYrMacHHH
Bocamus, KopHit Y3rapyBYMHKHT HOMHHK Taxpupail ManZoHura sHru x2
GenrunannmEy KupuTamMn3 Ba <Enter> tyrmacunu 6ocamus,

6-kadam. Ynukuil §3rapyBUHCHHHNT HOMHHU ysraprupaMmn3. Byuunr
yuyH output] GHOKHHHHT YCTHAA CHUKOHYAHUHT Yall TYTMacHHH 6ocamus,
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J

1HH DocaMus.
HUIHN kupuTamis Ba <Enter> TyrMaciHi pr yuys File MEHIOCHHHHT
7-kadar. Tusnmra HOM Oepamus. Bynu

3 i eno.
MunM kuputTamns, Macanan, First Sug S e
8-kadam. MancyOmuk GyHKIHATapH i
HUHT yayi X1 GIOKHHHHT yCTHA CHIKOH
HKKN mapTa GocaMu3. .
9-gadam. x1 y3rapyBuHHHHI y3rap ’
- I
yuyn Range maiizonnra -7 3 cOHIap
Tyrmacunn 6ocamms.

pHpIArHYHra YTaMHs3. By-
arl TYTMAacHHH TYXTOBCH3

1 Mana3’oHnHI Gepamu3. ByHHHT
3
M TepamMH3 (14.9-pacm) <Enter

AT =lefx|

=) Membership Function £ ditor FistSugeno

F, plot posils il
% Edl Viw mw;m:.ux‘.mrd.z — — =
FIS Vanables Cpoaest A
= E frapron /\ //|
)
i e
«1 ¥ / \ /
e

it variabie 1"

— -} i gt Membasihe Funclon

Cusiort Vanable : I'mr-‘_—
g e

Nama x

Tipe eul
e
Display Range | 173 ——‘______’_______._—-——
A S E— ]
Resdy

A y q /| }’llKuliﬂ(‘.H.
Y]. ');’JI’a[J B Hlllllll‘ ]“a“c}ﬁﬂ“lc [l)
[4-9 paCM. - |
) Ao
aHa-
y <M :I' C fl - y I I[ ara 65)‘.]'[1"31'1 3 [CpMﬂ.aH (bOH,}laﬂ(

iy AKKH
1. KeiinH 1 .
ramns3, Ilac : i1 Gocamus,
AOHUTA TEPMHMUHT HOMUHI KHPH r‘(;.PItIl;O]-lllaHHHF yar TyrMacHHi 0
a

(pyrKUHACH rpaguIHHAHT yCTHA y (Vpraua) KHpUTAMH3.
Name Maiiionira TepMHUHT HOMHUH
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Yuntau Mancy6nux dyuxumuscy FPAYUIHHHHT yCTHA CHYKOHYAHHHT
dam TyrMacuHu 6ocamu3 Ba Name wmaiinonura TepMHUHT HOMHHH (Ba-
Jana) kupuramus. Haruwskana 14.9-pacmaa kypcarmiran rpaduk oiuHara
ara oynamus. ’

11-kadam. x2 Y3rapyBUHHHHI MaHCYOIHK (yHkumsicunn  Gepamus.
Yy Y3rapyBunnm nuHrBucTHIC Oaxomnaur yuyyn cykyT 6¥iinua ypHatuiaran
Ba yuOypuak maHcy6nuk (yukumscura sra 6ynran 3 TepMaaH (oiigana-
Hamu3. Bynunr yayn x2 6nokuunr YCTHAA CHYKOHYAHUHT Yall TYTMACHHH
bocub x2 y3rapyBunHu AKTHBIIAIITHPAMH3. X2 Y3rapyBUHHMHT y3rapuiu
AHANA30HAHM Oepamus. ByHHHT yuyn Range maitnonnna -4.4 1.7 conna-
PHHH KHpHTamu3 (14.10-pacm) Ba <Enter> TyrMacuuu 6ocamus. Aspaji-
'l Kajampaarura yxmam rapsna x2 y3rapyBuH TepMIapHHHHT Kyiugaru
HOMJIapunu Oepammus: Iacr, f’pmqa, banana. Harwxkana 14.10-pacmaa
KYpCaTHITaH rpad MK oiiHara sra Oynamus.

=) Membershep Function F dstos FustSugeno ' TS A
Fis Edt View 3

FIS Vanables m’_mw' afis

Cpearui

OpLE vasiabie 2"

Cumord Variabls Cument Mecbesship Function [cick on MF 1o select] i

Novwe 2 Nﬁn . ::.\ l Ak

Tipe P s & - -
flange W Patares l.|.;| ) ".W_

Disglay Range ['n“un‘ - : ] . = l
Selacied vanabie V2"

14.10-pacm. x2 y3rapysuunmnr MaHcybanK gysKmHACH.

12-kadam. bunumiap 6asacuna KEJITHPUITaH KHPHIILIAP Ba YHKHIILIAP
Opacujaary YU3HKIN GOFIaHHILIapHK Gepamus. Byuuur yuyn ¥ GIOKMHHHT
YCTH/A CHYKOHYAHUHT Yal TYTMacHHH 60CHIL Wy 6unaH y y3rapysunnu
aKTHBIIaTHpamus. OHHAHMHT YHT ToKopH Oypuaruna xap 6upu KUPHILTTap,
Ba HMKHIUIAD Opacuiary GHTTA Yn3uKIH Gornannmra moc KeIyBYH yuTa
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MaHCYONHK (yHKLHACH : o
Souwmanummna kenrupuaran OHIHMIAP
Kypcarwiran: y=50; y=4x1-x2; y= g
HUHI yYyH fiHa MKKHATA OOFJIAHHIIHH

y . 3.2-0
HUHT OenrucH XOCHJI 6ynaau

cr GYITHMHHHI
yna Kyingarn 5 GOFIaHHLI |
V= 2x2+8; y=0. Ily-
1+2x2+1; y=8x1+
- ventocuaary  Add Mfs... ko- !
Xocua Oyranuras juaior

iy CHPHTAMH3.
MaHacHHU TaHjiaw iyan Ounan KHPHT A e e
oitnamuur Number of MFs maiizonnaa 2 H

6ocamus.

13-kadam. Un3znxu Gornan
Gepamu3. ByHunr yuyH OMpHHYH ok
CHUKOHYAHHMHI yar TyrMacHHim 0oc

pIUTAPHHHT HOMJIApH B4 napame:fniip:;:

GoraHUIIHHAT HOMH mfl HUHT Y ik

Keitiy GOFTaHULIHHHT HOMH
Type MeHIOCHIAIH Constant

¢ 50, Ba ;
Name maiigonnra ésamu3s, Macauan 5, Phliins . e

T OornaH
ONIMACHHHN TaHJIam HyJIH 6HﬂaH“HH =3
nurusy Ypraramud. Llysaan Ked
Kuiimary 50 HU KMpHTaMH3.
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|
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™ ¥
v | axix2 |
AN | :
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| A e i
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X MF to eslect] ‘
=R Function fcick o
: WWW :
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Name '
Name
Type I Iwﬂ- I
7 PR Pasams I [} .
Range 0 = I
Hep I l
Ditplay Range I—’//"" ]
= pHHHHT OMHACH.

14.11-pacy, Un3HKIH KKHPHULIAP

Vxmam Tap3ja HKKHHYH mf2 6
macanan 8+8x1+2x2. Keiiun Oornasi
Type meniocuzan Linear onuuschH
Params wmaiigonsra OOFJaHHIIH -
Unssiom Gornanmin ydyH napaMerpiap

Jia
Y RAIIAP? ﬁom_auum

HOMHMHH KHPHTaMH3,
qu3HKE OKaHTHIHHH
y MHU3 Ba
au iy OHIAF Kypcara
1 TaHI

2 8 !pH[&MPB.
8 T ﬂapmm KF
napamelp , . ;
r Tapl uou K)’Hl'ljlal pya. 6Hpr‘l[- -
HH 4 ;

oFmaHHIIHHHT
pHEHT TYPH

HHT

201 .

B



4M [apaMeTp — OUpHHUH SJ"BI‘E!‘[L_Z){B'-IHHHHF oJAnAary Kos(hpHUHEHT, MKKHH-
UNCH — HKKHHYH Y3rapyBUMHHHT OJIANIArH K09 puument Ba X.k., cyurru
NapaMeTp — OOFIAHHIIHHAT IPKHH TALIKIT ITYBYHCH.

IOxopuzarira Yxmam Tapsaa yunnun mf3 GoryanmuHubr HoMu-
HH, Macanan, 1+2x1+2x2, KHPUTaMu3, OOFNAHHIL YN3HKIH SKAHIHIHHN
Kypcaramus Ba Sornanumnuar 2 2 1 NapaMeTpIaApHHE KHPHTAMU3,

Typrunun mf4 Gorsanum YYYH OOFJaHHIIHUHT HOMHHK KHPHTaAMH3,
Macanan 4x1-X2, GOFNAHMIUHMHT YMBHMIIM KAHIHIHHK Kypcaramus Ba
Oornanummunr 4 -1 0 [apamMeTpiIapuii KHPHTAMM3.

Bemunun mf5 Gornanum Y4yH OOFIaHHUIHHHI HOMMHH KHPHTaMus3,
macanau 0, COFaHUIIHIHT TypH KOHCTAHTa JKAHIHIHHW KypcaTaMH3 Ba
OornanumEmar 0 napamerpuHm KHpUTamus,

Harmxana 14.11-pacmua «ypcarunran rpauk oiiHara sra 6ynamus.

14-xadam. RuleEditor Ounumnap Gasacunmnr PCAAKTOPHTA YTaMH3.
bynunr yayn Edit meniocuna Edit rules... KoMaH aCHHK TaHnaiMu3 Ba G-
JTHMTIAp Oa3aCHHMHI KOMAAIAPHHH KHPHTaMu3, Konnanu wxupurnur yuyn
TepMIIap Ba OOFJIAHMIIIAPHHHT MOC KOMOHHAIHACHHH TAHIA Ba Add rule
TyrMacHuu ocui Kepak. Taxpupiaruy oifHaCHHIHT xaMma OJITHTA KOM/la
KHPHTIJITAHJaH KEHMHIM KYpuHUI 14, 12-pacmpa TacBupnauran,

2 W [l g Braconseh] and [x2 1 Bracorser) then (13 T+ 201 +202) mn
3w .;B.wmuﬂ[:énnnymmmb-c Al 1)

A1 7 1 Honseoa) and o2 1 Emd]ﬂmb-esa&‘lv?&éﬂll
5 U1 &5 Huetnseh) ared (2 12 Huesayai] then [y s 50) (1)

BT n Huonal] ared 62 1t Boattws] then [y 11 =

o

e O L 0 o i i
= e —

w | oem |

14.12-pacwm. Cyrsuo typiaaru tuzum YUyn Hopagumian ouimumiap 6asacu.
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itnacu 14.13-pacmaa

Hopasitiag semiisit S Bmymnaﬁe?tules.... KOMaH/1acH

KenTupuirad. Yiby oifna View MEHIOCHIATH THKHIT Xysioca Oaxapuiin-

éPJlaMHua AKTHBJIAILITHPHIIAIH. iy & i Mmtl MalioHH/a KypcaTHIlaiH.

i 3apyp GYiran KupHi Y3rapyBaHIapt }npuym;ncummr KiiimMaTi Xap

Z = ¢ uMKHII Y3Tap 2 o

Pacmpan kypunud Typranuiaek 4 o o coHMATH CHETAD
s K;plmygi'lﬁl'“a xy710¢a HaTHKATAPHHHHT YPT

¢ (e

XHcoOmaHan,

Fls Edt View Options

? o

b7 48
X I I w I
FHP"-"“ 1m s __hu L) o .
_———-'—'-'_._.
C ' e
I- Ready Vg jlwall MaHT“K“ﬁ xyﬂgcalmﬂ[‘

p3um yHyH HOpAB

14.13-pacm. Cyrano Typaara ™ sICH.

pH3yaaH3aLH
(KEpHULLTAP-
Ke]'[yB'-lH
Hopapiiad TH3HMIA MOCYUJGY qmarin MHEEPH
3 KWIMHTaH F aH. J aniu.
e 1(1111:!{ 14.14-pacmaa rcen-rﬁplinr‘a gnv ¢oitpanaHniain
qum_:}.r}ap» 1032 nﬂ'llTH iew surface.... KOM ;
yuyH View MEHIOCH[

-apITH
1 Xam erapi
-raguLapH
Y]JaKIcaG HOUM3HIJIA 60”1:1 4.1,14.8 B2 [4.14-pacm-

Hopagmiau xounanap M A, 14
Ilappamaﬂa st Tapeudraniv Xa

Kiary xyjocara 11 6 ey
Nlapaary 1o3anapau TakKocrad K&

gpMi3 MyMK r a(3amiura
qui TypAar
Typraru Mojens aHukpok. Mamiak yp

i Moze/TapHiH E—
Ba H
o(auri
ur wapd
aapuHi
pazacu KO/

ynapnaru Gunumiap MOe/ITA
Tyuynapiurugaaup. CyraHo Typaart

pra aca Kanjai «KHmeLJIap;
48 1 afpiy
3apypiur
jpanaHant 3
apy» upauT GOFaHHIIIAp/aH d;or_mc
UHKHIITIAp» H4u-

Xonapja paBuiad Oy nmanif.
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14.14-pacm. Cyrano Typparn Tusum

yuyn ((lClelll.lﬂﬂp*—‘lHl{Hll.lJ’lﬂp» H3acH.

14.4. HopaBwan mantukuii Xy/10ca TH3HMIAPHAA MABIYMOTIADHHHT
TY3SHIAHITH

HopaBman Mmantukuii Xynoca tuzumu (FIS) 14.15-pacmua Kypcaruiras
MabilyMoTiap Tapkubu xypuhuwmnga MATLAB  TH3MMMHHHT HIIYH
COXacHaa TaKIuM KHJIMHAJIM.

Wnran coxara FIS 1 roknamsunr nkinra YCYIH MaBKy:

e readfis Gpyuxuuscu €pramuaa TucKaan YKHIII;

® acocuii fis-raxpupnarnugan File MeHIOCHHUHT EXxport oct merrocu-
naru To workspace xomaugacuun TaHIaW 1ynm Ounan.

Hopasmar  manrtuiwis Xyloca TH3MMH KyHHIAru Manbi
CaKnaill y9yH MYIKaJTaHrag:

YMOTIIapHU

name — HopaBlUaH MaHTHKHI XyJloca TH3HMHHHHT HOMH;

type — TH3UMHHHT Typy. Mywmikun 6¥iran ku

Hmariapu «Mamdani» Ba
'Sugeno’;

r andMethod — BA manTuKuHit amamuan aMajira ourupui. Jlacrypnanrat
| 1 aMalira OLMPHILIAP: «MiN» — MUHUMYM Ba «prody —
? orMethod — EKM mManTuxuii amaniun amanra o
dMaJlira Ol.L[HpH[lIHEipf «max» —

KynauTupmI;
upuil. Jlacrypinanran
MakCUMyMm Ba «probor» — sxrumouii EKHU;

| 204

FIS-ctpykrypa

E
ENETEET=S T
type
andMethod
|| _FrouaNe e il
TEes e —ra
orMet hod
[ S s
——
defuzzMethod
ETNTRCE Tt s
——
impMethod
[ g S
= .
— name
aggMethod ::—J e
e name
input TR
L type
mf e
Sy SLUELOLIES
params !.
|l o)
e ;
:j = i
range .
m T | type
mf
params
_@
_’_’Ewi,e,q_ua,L‘ i
E
.’_@:
"@
MH. i

gii xysoca TH3H

14.15-pacm. HopapmiaH MAHTHKE
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* _ rayce MaHCYOIHK (PyHKIHSCH; | |
defuzzMethod — Jle )assubukauns yeymu. Mamupanu TYPAArH TH3HUM raycc mancyOnuk (pyHKIHSACH; gaussnﬂ;iaHZ?éiHK (yHKITHAICH; pimf — mH- '
Y4YH JacTypnadrad ycyiiap: 'centroid' — OFHPINK Mapkasu; 'bisector’ — me- gbellmf — ymymnauran Kj?HF:*IpOI{CHN?OH f — MKKHTAa CHIMOHJICHMOH MAaH-
' anana; 'lom' — MakcUMyMIapHUHT 1T Karracu; 'som' — MakCHMyMIapHUHT CHMOH MaHCYOIHK (pyHKIMACH; PSlgn;r” TH3NM ydyH JacTypiaHrat Mo-
IHT KHYUTH; 'mom’ — MaKCHMYMJIADHUHT YpTayacy. Cyosnk Qynxuuscununr. CyraHo Typa JToH  KYpUHHIIAZIATH Maucyﬁnmf
CyrsHo Typaaru tusum YUYH Jactypnaura ycymnap: 'wtaver' — yama- Aennap: constatnt — koxcranta (CHHE SHKITH KOMOMHALHACH:

pumJlapHHIHT 4H

. S 3 - - napa-
- 7130 KYpuiaran Ypraua u 'wisum' — yamana6 x HJITAH HUFHHJIN; JevonnK (QyHKIHACH Iap
. P aHey

! impMethod — ummnukaumus amamnu Oaxxapuur. Jlactypnanran amanra
| OlHpHILIap: 'min' — MHHUMYM Ba 'prod'— Kynaitupuu;

| aggMethod — yuium y3rapyBuucn maucyGmmuk (pyHKUHSITApHHK oup-
j MATHPHII - amanien  Oakapuur.  JlacTyprnawran  amaira OLIMPHIILIAP:
I 'max' — Makcumym; 'sum’ — Huruim Ba 'probor' - sxtumonnii EKH:

' Input — YHKMII y3rapyB4MIapHHHHT MAaCCHBH;

input.name — kupuum Y3rapyBUHCHHHHI' HOMH:

|l input.range — kupui Y3rapyBUHCHHUHT Y3rapuim JIMAIA30HH;

(yukunsicn); linear — kupui y3rapy puis
output.mf.params — yHKHLI Y3rapyB
1 BH:
MeTpriapMHUHT MACCHBH; _ ApHHIHT MACCHBH; .
]rju[ei — HOpaBIlaH OuIHMIIAP pazacH homlﬁill{:} i yBrapquHHapHHHHI
rule.antecedent — KonanapHu 1060pHUL & Emnapn kypcarmamt. 0
g apTHO PaK : )
a9, P irura
¢ apHHHT  TapT  XAKHKHILTE
€31 TapTHOHaa Tepmilap £ ——
pa o pmpnm y3rapyBUnCHHHHT KuiMaTH KO
KaMH MOC K t

V7 " v ApHHHHT
TabCHp KuaMaciuruHu Kypearazit. ocanapi. YyKuil ygrapystlliﬂcfmanu
rule.consequent — KOHAAHHHT X1 6 pakamapi KYpCd

. i ; apHUHT  TapTH f 1aCJIHTHHH
| input.mf — kupui Y3rapyBYHCH MaHCYOIHK (YHKIIHICHHUHT MAaCCHBH; E3unmum  Taprubuaa TepmiapHHH apyBUHCHIA TaTOUK ITHIIV
1 a [ “yl-*
‘:I input.mf.name — kupuw Y3rapyBUHCH MaHCYONHK (hyHKUHMACHHIHT 0 pakamm xompa Moc UHKHII Y3 ap
HOMH;

oe-

TaH
o TH cOH (351
Kpr daraliy; 3.301'”-1&

rule.weight — KoupaHHHT C

f input.mf.type — xupum Y3rapyBuncH MaHCYOINK (hyHKIMACHHUHT MO-
'!| Aemu. Jlactypnanran mMopennap: dsigmf — ukkura curmonn (hyHKLHs opa-

3 HUHT
Y Punanu; . S y3mpy3q}map
| cunaru (papk KypuHHIMzAru MaHCYONUK (yHKLIsCH; gauss2mf — ukku KOHIaHHH -

amvori. [0, 1] awar {
MAHTHKHHA

rule.connection — 1it EKH. oH
. : o QA- D — MAHTHKF um y1y
.r TOMORIama raycc MaucyOiuk ¢yHkuusicH; gaussmf — raycc MaHcyonuk Sormanmm: | — mauTakuil BA; 2 —Ma i xoccanapara ll;;ig NAME
It ] i e " ) e TH3H = ;
[i ymicticn; ghelimf - ywymrauran RYHFMPOKCHMOH MaHCY Gk QyHKIms- Hopasuas MaHTHKHIT Xy10Cd 1 erapiu. Macasiat, 0.5 ra
I “CH; pimf — mu-crvon MancyGmk (ynxumscn; psigmf ~ ukxura CUIMOM/I

ypcaTH ~aJIMOFHHH
MOC MaiiTOHHHHT HOMHHH KYP HT C

aHH
S § o gyl KOHA
CHMOH MaHCyONuK (pyHKUMACHHUHT Kynaitmacy; sigmf — curmougcumon

: nap 0a-
: i OupH Hja oMM |
; : Fule(1).weight=0.5 xoMatzac ]spNAME-"“le) e Einput(l)-mf(l)' '
{1 MaHCYOIMK (yHKIMsCH: smf — S-CHMOH MaHeyOnuK yHKumscH: trapmf — TeHr xuu6 YpHara, length(FIS_ _Tfai’lﬂﬂ F]S#NAM . 4t GUPHHHH
f ’ TpANCUHsT KYPHHULIHIATH MaHCY6HK byHkumscn; trimf — yubypuak man- 3acuzarn Kouaanap MUKIOPHHH aHHKJ A y3rapyBaHc
-} Il cybomuk dyukumsicr; zmf — z-cumon MancyOnHuk pyHkumsicu; name="jn3Kkmii' KomampaacH ¢a 6Hpﬁaﬂn
: TR v 5 «racr’ra Y3rapTHP
i input.mf.params KHPHLL Y3rapyB4ucH MaHcyONHK byHKumscH napa ATAMaHHHT HOMHHM ‘‘TacT’ Ta y3rap KuHHHaP"H""r
1 MCTPIAPHHUHT MACCHBMU; yancy6auk PyH
i i output — auKu §3rapysaumapuEUHT MACCHBH; ;

a
14.5. fis-cpaiiaumur Ty3HARIIA B

output.name — YHKmI Y3rapyBUHCHHUHT HOMH; MUABIIERE UCKAA fis-(haii- ;

i Output.range — YHKHII Y3rapyBUUCHHIHT y3rapui [uanazonu: L ca TH3MMIApH Kawchamaﬁﬂﬂ”' readfis I
g output.mf’ — umuir 3rapyBaHcHHuHr MamCy Gk DyHKUMACHHIHT HopaBiian MaHTHKHI XYTO japi KYpHHALIAS 4 pnIaTHIAM. '

1 e Map — Maxcyc ¢popMaTiu MaTH"?;iapHH i Ba E3HI : q(iyfmunsnapﬂﬂ ¥ |
a output. mf.name — yprum Y3rapyBUMCUHHHT MaHCY6THK byHkuHICH- 4 writefis pyuxupsap fis-Gai o 116 Hpunupﬂﬂra (bomanaﬂammapi

i “HUHI HOMM; Fuzzy Logic Tool“box' naK e d,yHKuH’”TaP)laH !

| output.mfitype — umknw y3rapysuncummnr Mancybink hyHkumscn- MuKra onanu. Ynap Ky#uaara aco

'._-‘E HHHT HOMH Mozenu. Mampaann TYypAara TH3UM yuyH JacTypilaHraH Mo- e Oy MaKIIM-uyN3HIJIH,

| Aemap: dsigmf — mkkura curmomzcumon bynxumanap opacunaru dapr e raycc TaKCHMOTH;

1

| KYPHHHIIMIATH MaHCYOHK hynxumscn; gauss2mf — uxkn TOMOHIIAMA

© CUIMOMJL HTPH UH3HICG
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® KBaJIpaTHK Ba (r;yﬁm-: 3TPH YH3HKIIAP.

Kynaiinuk yays xamma OHUpHKTHPHITaH MaHCY6HK (pynxnmsiapu-
HHHT HoMJIapu mf Onian Tyraiign. MancyGuk (yuknusnapu kyiingarnua
YaKUpUIIAJH:

namemf(x, params),

Oy epna namemf — mancy6nuk byHKUMACHHUHT HOMMY;

X — BEKTOP, YHHHT KOOP/MHATANAPH YUYH MAHCYGIHK BYHKIHSICHIHHT
KHHMATH XMCOONaHHIIH Kepak;

params — mancy6muk Qynkimscu 1apaMeTpPIIAPHHHHT BEKTOPH.

OHr ommwmii 6yiran yuOypuax (trimf) pa TpaneuHACHMOH (trapmf)
MaHCyOnuK (yHKumsnapa 6¥aakm —HH3HKIIH anmpoKCHMAlMs Epramua
uaknnanTHpunam. Tpanenmscumon Mancy6uxk byukimsc yubypuak man-
CYOIMUK (yHKIHACHHMHT YMYMJIALUTHPUITAHH OY1TH0, MaHCyOnHK dhyHKIHS-

CHHHUHT ApOCHHH HHTEPBAJUIAP KYPHHHUINHAA OepHII HMKOHHSTHHH sipaTau.
Tpanenmscumon Mancy6mx bysxumscH yayn kyitunaru Kyna¥i MHTepIpeTa-
UMl YPHHITH: HOPABIIAH TYIUTAMHMHT AAPOCH — ONTHMHCTUK Gaxomarr; HO-
PaBLIaH TYMIIAMHHEHT TalTyBYHCH (sracu) — neccumucTik Gaxonar.

Hxkuta Mancy6nuk Gynxmmsicy — CHMMETPHK raycc (gaussmf) Ba ukku
TOMOHIaMa raycc (gaussmf) raycc TakcHMoTH acocmna IHAKJIAHTHPH-
namu. Iayce (gaussmf) pynkuuscy €pramuia accumMmeTpHK MaHcyOTHK
yHKUHICHEN GepHIn UMKOHUSTH bop. Vmymnamran KYHFUPOKCHMOH
MaHCyOmUK (hyHKLHICH (gbellmf) y3 wraxnura Kypa raycc mancy6imk
Gynkumscura Yxmam, Ymby mancy6mux (yHKIMsIapH HOpaBIaH THIHM-
71apAia KYIYHIHK X0Ju1ap/a HILUIATHIIaNH, YYHKH ynap aHMIJTaHHI COXacHIa
CHILTHK Ba HOIra TeHT GYiiMaraH KuiiMarmapHu KaOyi kunaguap.

Curmoun srpu unsuknan (olnananuura sigmf, dsigmf, psigmf man-
cybmuk hyHKUMANapH acocanTay, Ymby dyukuuanap kuiimary aprymes-
THHHHT KHAMaTH Mabiym OUp KuiiMaTian Gomnuiab + (-) ® raga 1 6¥nyBun
MaHCYONHK GyHKIMsapunm MAKIIAHTHPHUIL HMKOHUSATHHH Gepazn. Byn-
nait QyHKUMsnap «GanaHmy KM «macTy TypAaru JIMHIBHCTHK TepMIIApHY
Oepuin yuyH Kynaii,

[lomrHoMuan  annpokcumanus rpaduK TacBHpIapH Moc paBHIIIa
sigmf, dsigmf, psigmf yHKUMsIapHUKKTa FXmanT 6ynran zmf, pimf sa
smf bynximsiapau HWAKIUIAHTHPHLT YYYH KYJUIaHUTaH,

brpukTupriran MancyGux byHKUMATAPH TYFpHCHIArH acocuit -
(opmauus 14.1-xansasra KuprTHiTan. 14.16-pacmua kenrupmiran, Man-
cybnmk yrxuusnapusnar mfdemo HAMOMMWI KHJTHII CUeHapHiicy épna-
MH/Ia OJMHTaH rpauK TacBupapu 14.16-pacmua kenrupunran. Pacmuan

- Kypuuu6 Typranmex, OupHKTHPHMIITaH MaHCYOITHK (yHKuMsnapu Xap X

HOPABIIaH KynXa/UlapHi KUPUTHLT UMKOHHSTHHY Gepanu.
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y3MHHHT XyCYCHH
s ) ianaHyBuH yayH Y3
Fuzzy Logic Toolbox naxerHa (oFizt yTH MagKyl. ByHHHI ydyH

TMKOHHA _ i
ok ARt MaHCyOMHK (yHKUHACH I1apa
MaHcy6uK QyHKIMACHHHHT KHAMATIapH Ba Copatt, FCTa BEKTOD o

1 xpcobnaHunu 3apyp s Bl
MEeTpJIapHHHHT BEKTOP} 1 SpATHL 3DYP

- ~-(hyHKIIH !
PHII aprymenTHHM §3 wunra omyBdH m-dy eHTIIAPH MAHCYOMHK apaaa
Apatunran m-(yHKUMSHHAT YHKHIT apryM

“ KJIHJIarH
srora KYHPHPOK 112
PHHHHT BekTOpH Gy i Kepak. Kyiria Ky
1

T

YHKLIS KeJITHPHII-
. amajra omupyBiH m-GYEIIG

MaHCyOIHK (PyHKIHACHHH
ray:

function mu=bellmf(x, params)

bellmf — Ky HFHPOKCHMOH MAHCYOIHK

X — KHpHILI BEKTOPH,

params(1) — KOHLIEHTPALHsA KO3

params(2) — MaKkCHMYMHHHI" KOOP

a=params(1);

b=params(2);

quHKuPIﬂCH; -

I](lJHL'IHeHTH (>0);
;mﬂaranapﬂ-

mu=1./(1+ ((X"b)z"a).AZ); i 3
topmt .m,”.f;'m”v:/
1l
oeL
on}
oal
oz}
o deigmt pim¢? sigm!
o zmi osigmt I(’-‘N\
oek {
oal |
o4l
’ | napH
s pKIHA v
° 14.16-pacm. BHPHK’THPIIJII:&}I pancyomuK by
14-1416-15 ki




14.1-:kanBan

¢ Mancybank gpynkunsaapn
II DyHxk- Mlt_:[:;l:.:;—
| unsimuar | TaBcudu AHAIMTHK opmyaacu PHHHHT
e - v o e | wapinge
|dsigmf | Mkkura 1 1 [alcla2 |
| CHIMOM L ,U(I) = —alie) —a,(x—c,) c2]
[ [l}yHKI.lHE | 1+e™ I+e ™
| opacujaa-
]' rH (bapx
KYPHHH-
mHAary B
MaHCyOIHK
b [ ENMRCI] & ¥ © N yman diies delnoe s o o
| gauss2mf | Mkkn arap cl<c2 Gyica, [alcla2 |
TOMOHJIA- o N nd c2
" e rayg; b= IexP((.t a) /(-2a?)) ;cf;.x ]
MaHCyOIHK I
l [[JyHKI.I,HHCH exp((x Cz) /( 2‘92 )) X=c,
; arap cl>c2 6ynca,
] expl(x—c,)’ 1(-24?)) x<c,
| z 2N i
| | atey= pla=a) H-aaieom(e)'
—Za; G, =x=g
exp((x=c,) /(~2a2)) x>c, r
'gaussmf | Cumver- (=Y [c b]
pukraycc | u(x)=e 2
MaHcyOnuK
! | bymrumsicn | L S,
ghellmf | Ymymnam- | [abc]
'g raH Kyuru- | 1 (x)= i AT T
‘ | POKCHMOH N
| MaHCyOIHK a
b AGymwsen| |
pimf ([H-cuMOH | smf Ba zmf (ynxumsmapausr KYnaiitmacy [abcd] |
MaHCyOIuK : [ad] -
byHKIHACH HOpaBIUIaH |
KyTXan-
| : : HHUHT
i | : manbacu; ',
i ' [be] - ,
5 HOpaBuwan |
: : | k¥nxan- |
[ | HHHT '
TSI TSN SR N _|anpocu; |

: =
psigmf ilflxmrra il ,I. — = (563 c2]
| CHPMOHJL o e T g 5
MaHCyOIHK
(yHKLHSA-
JIapPHHHHT
KyTaiT- r 3
I T
— |macu | [ac]
sigmf CHrmMomj ( e 1 ~
marcyomuk | AV T4 e e 4 b_]__,__,
_—-————-_-_.__'-_-—F-'—- 'Y
he NI I — S — v [a
— | QyHKUH ; AEEE
" S—CHMO,-" | u(x) = { HoumM3NKIH anpoKCHMALl b |
MaHcyOnmK | i L M-[;_l_b,_c_,—_d]
! bysxumsicn| v ;
e ———— —_ - _— — = = d
trapmf | Tpaneuus- b s
CHMOH ’L_-; a<sxsbh
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I THpHLI
- - “
i xyjocaHH pusya At pb xap Omp KOW 2% e-
Hopapwan mantukui Viufy Moayab X . oyt Ba X i
Mo & }1a aMara omupHIaiH. apiat nxaHy COHHATH- 43
Maﬁiﬁ";?lfﬁoiam e, HATDKABHH HOP Garadenn KYPHIL HMMﬂapHJlaH |
tas (o Gaowapin GOCKIITPIL i xynoca T3 w rules
H SRR AR X I HH HopaBmaH MaH eHIOC“ﬂarH Vie g
e iew T !
Hhﬁepa,un. Rule View J GUI—MOH}’MaH’ ie ot 60CH iy . ]
ofinassanysan xap kanaait G Ctrl+d Ty pumum, HPPEr |
i 1 Gaykapuil Ckit fHacHH i Ba- !
: KOMaHAaCHHH Il)e =D rpaduK (ip — (hyRKITHO |
Akupum mymxun. Ru cocHl MaifIoH o |
ManTukuii xynoca TM3HMH yIyH, 2 acm/1a geTHpHITat:
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Konzamer Kupiou $3rapveuinapinass Uioany $IrapyBUNCIDOT KoM
TapTHG paKas KOM7api B3 KIGDMATASPH Ba XYNOCAHOT HATICKACH

J Rule Yiewer: tipper

Eipinu tip=1849
Faapyea e
AapipamHr 1
Spcanang.

aapie. Cirny- ——
KOMya 2 5
oiay

Tirapmpnm
MDY

)

e
Eitpion
Lirapyewima-
pHMHITHE
MaHCY O
dyraanrapi

e 7
Hyé 4 / /
= /J/' 7 / - / AL
§ il Hopasman &3 i : :
Ki fiop Tmag Aedasudnrawma-
F‘:l?:!;?!mnaplm Forapyveuncinamer| | sipinamniari [P — Cirtanminu

v 1 Tyrmanapu
it i MaHCYBmm MaHTIBaLi xyA0ca. Hanokacn
KOpInE S3ODaTIAPI dymanucn HIIHT HamioKacit

.

14.17 — pacm. Rule Viewer épramuaa tipper TH3UMH yuyH ManTHKHI
XYJIOCAaHH BH3YA/IAIITHPHIL,

Rule Viewer typrra menio - File, Edit, View, Options, ukkura Manb-
JTYMOT KHpUTHIL Ma#iouK — Input Ba Plot points Ba TaCBUPHHU VHr-yanra
(left-right) Xxamna roxopura-nacrra (up-down) cHIBKHTHII TYIMaJlapHHH ¥3
winra onaau. I'paduk oifrarunr nactku kuemmna Help Ba Close Tyrma-
JIapH JKOMJIAWTaH. Yiap Moc paBuima MabIyMOT OHHACHHM YaKUpHLI Ba
PEMAKTOPHM ENHUIL YIYH MIIIATHIIAIM.

Bunnmiap Gasacunmnr xap 6up xommacu FOPU30HTAN JKOiNalian
TyEpu Gypuakiii TYPTOYpYAKIAPHUHT KeTMa-KeTIIHTH KYPHHHUILIMIA TAKIuM
KuuHaad. bupiHun HKKATa TYprOypyak KoupaHu I00OPHIIT TepMIIAPHHUHT
MaHCyOnnK (yHKuuanapuan (ATAP — koumasmur KHCMH) aKC STTHpau,
CYHITH yunuH4M TYpTOYpUaK YuKuni Y3rapyB4HCH HATHXA TEPMHHHHT MaH-
cybmmk Qynxumsicura (YHIAR BYJICA — xounanuur KHCMH) MOC KeJiaji.
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L k, oy Kownnajaa
y 6y TYprOypHaK, yIoy i
VKKuHuM KOMaHi BU3yauiaiTHPHILAAL syacarnmn (food is none)

s “ BIKYA
food yarapysumcn Gyiimua syHarma Ma 5ym< (pyHKIISIAPAIATTE CAPHKKA
Onnpupamy. Kupuw ysrapyBuH/IapH MaHeyer

ATk
a TepMIIapura KaH
" o yHr yioy KOHZ 2
S IR KHHM&TMPHHH l)é.OHII.ﬂ.HH Rule Editor ¢opmaruia

Aapaskala Moe KeMMILER DEUIPA> ur ycri/ia Oup MapTa ©OCHIL KepPaK.
SHKApHIL Y4y H CHUKOHHAHH MOC KOMARHT Hr [TACTKH KMOMHIa UHKapHIAH.
Bymia kypcarmiran konza rpaduk Qrt ysic rpadMrHHMHT XaBO PaHT

Yukuin y3rapyByHcH MaHCyOIHK ¢|¥HKHJ‘IOC&HHHT HOpaBIIaH K{IJX.EU].
KHCMM Moc Komza Oyifnua MaHTHKHH :gﬁ Xamma KoOMAAIap oyinya
KYPHHMIIMIATH HATIDKACHHH aKC Bﬂpfgasm;‘i HopaBLIaH KyTXa rpaduK
MaHTHKMI Xyj0cara MO KeyBHH HaTH

o wirad. Yoy
Y rupa Kypear
3 - r MacTKH TypTOYypIa [l HATHXKACHIA
OHHa CyHrru yCTYHHHHH 11 annK JedassnduKa

= ,
Typr6ypuaiiarn BepTHKAL KH3 KuiiMaTHra MoC KesaH: S
OJIMHTaH MAHTHKHH XyJnocaHHHD aHUK puTHII HKKH XHII HY

svaTIapHH KH
Knpuur §arapyBaiapHHHHT KHiMaTIap
H:
Gunan amanra omHpuIHIIA MyMIHY oHura KHpHTH
© COH KuiiMaTinapHHu Input Mamﬂmn qH3HK KYP
* cuuKoHua Epramua KHIILI P4 KaJl JIHHHS-
T™H
E—— 3 Ku3HI1 BEP
i Gma.l.{ MHIA KUpUTHITaHA Ky pwp.l rmacy OocHIHIIH Ba Y
Cuukonya epgaKe o) cHuKOHYaHHHT qaﬂnc?;uunﬂra CHJDKATHITHIL
H
?Elr ycTHra ojim o Kypearkid Kxepakiif 1iimaTi aBTOMaTHK Tap3ia
KYHHO roGopuimar: ypumcHra MoC AHI COH Ki
Kepak. Kupuir y3rap

% : apuiiaiH.
Kalita xuconanaau Ba Input 0 cpacpuriH KyPHLL y4

NHCY DI dJyHKuHHCH;zE;Hr conu Plot points MaiIoHHAL
AHCKpeTIalITHPHIL Hy KTald
Au. CI_:/KyT 65‘;1‘»‘151151 wuitmar — 101

Edit meniocn e 14. 18_}-_,30 oS

Edit menocunuar yMyMAH FIS-pera KTOpHH ouaH.

FIS Properties... KoMaHAaCH ot MYMKHE..
Ctrl+1 Tyrmanapuu Gocuit HY 1

Membership Functions..
Topuum ouazu. Yuu Ctrl+2 YT
MYMKwHH,

Rules. .. komaHgacu ouaM/ia
Penakropunn ouaiH. Yoy KOME‘.HHH
Tyrmacu Gocuiranzia xam 6amapuﬂaﬂ_ ;

Options meH10CH

Options meniocu GaxT ﬁliTTa i
Manacura sra, y rpadux OAHAHH

w1 #yH OHIIaH;
caTKIIapHi CHIDKI-

yH 3apYP oyaran
oepuna-

JITaH.
a KeNTHpHITa
LA -pEIAKTOPHH

aK-

y1 Guan XaM Gtk (yHKLIICH PEA
U
prtan XaM 01

HIIT

HazacHHIHD
A a Ctrlit3

Format KO-
nacTKd
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KHCMU/Ia TaHJIaHTraH KOMIaHHHE KyHu/la KypeatHiran (opmariapuian Gu-
PUHH YPHATHII UMKOHUSTHHU Oepajiu:

e Verbose - nunrsuctuk;

e Symbolic — jorux:;

e Indexed — unnexcnanran.

14.7. “Kupuur-aukum® o3acunu BH3YAJLIAIITHPHIN

“Kupunm-unkuwr”  jo3acunu Busyaymnaiutupuir - Surface  Viewer

GUI-monyns épnammna amanra OmMpHIanH. Yiuby MOaynb Xap KaHzaii
YHKHIII Y3rapyBYHCH KMIMaTH Ba MXTHEPUH HMKKHTa (Ekn OuTTA) KHPHLI
Y3rapyBUNCH OpacHiarn GOFaHMIIHHHT rpauK TACBHPUHH YMKAPHLL
HMKOHUATHHHM Oepagu. Surface Viewer MOAYIHHH HOpaBIUAH MaHTHKHiT
Xylloca TU3NMIapuJa HULTATHIANHIaH Xap KaHuai GUI-monynuunr View
MeHiocHaaH View surface ... komannacu épgamuna éxu Ctrl+4 Tyrmanap-
HH Gocuul iynu Guian JaKkupHIl MyMiuH. Surface Viewer moaynuuunr
YMyMUit KYpHHHIIN Tpaduk oifHACHIATH ACOCHIT MaHAOHJIAPHHUHT (hyHK-
UHOHAN Basupanapu Ounan 6Guprammiia 14.1 9-pacmpza kenrupuiran,

Er.ué_\' CONAIA TACEMPHI CIMKOHYA €PIANIDA AflnanT miny L:_mr'm]

DYEMILTAPH
|Sitan Gor-

nafizn

[\ laitzornap
aXeay -
TETapn T

3 DICKper o
Tam }fl“l‘.'ll".l.l
P IROT COHI
depirtamn

/I //

Yoy :\m‘:za!u.l ¥oaram Merwo Z frama TacoiprasaTiTan FHOMEA NApAMETRIAPHIDT
?‘P‘N iy Cirapyeumeingr rasam RHTTE FITUMTIOPITA b0 20k
JHagy I . ------5‘1‘.\::5! rafiTaToam gy
wnidbaatnzpn Gepioram: . Gepaz

14.19-pacm. Surface Viewer MOy in Epamua tipper THIMMA yayn
“RUpHIIAD —HHKHIN® 03acHNK BH3YAJLIAII THPHI,
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MEHIONApHH y3 HIHIa OnaﬂHf
Options;
yuyH y4Ta MEH

-

Surface Viewer MomxyJ1 Kym;{:yl.afw
- L] e

TH3um mentonapu- File, Edit, VIEW.
KOOp/HHaTa yKIapuHi TaHjal

Z (output);
MabJIYMOT KMPHTHLI S r
napamerpiap ysrapraiia 103aH

Ma — Evaluate;
MOC paBHLIZIa MAbIYMOTIAP

manmapu — Help Ba Close. 2 EprAMIIA
Surface Viewer MOyJTH CH'IKO MLl HMKOHIAT
HU (pacmuuM) 3apyp TOMOHIA auyad

CHII
rmacH 00
YUyH YHHHT YCTHAQA CHuKOHHIAHMHI Ha% = onra) OypHiIazH.
Mac/an rpad MK TaCBHP KepaKiIf

o 3a-
» 1o3aCHHH KypHII y4yH
~r 13 H
X girds pa Y girds Maii101/1p KHP

pun Gepyul yIyH
apHHH
Pyp 6ynran X Ba Y YKiapH pcKpeTTan HyKIa 4 KpeTTal! HyKTa7apHHIHT
M?Miﬂﬂauran. CyxyT 6yiinya xap

Gup yxaard e X girds (éxu
jiMaTHH ¥ .
COHH 15 ra Tenr. YOy KHHMa p KuitMat KHp

uyH MapKepHH
pTHnanH.
) 11
Tl ulizoetin iy e ?}?;11.1&1‘3 JrIapHra fio
Ref. Input Mmaiionn KOOF Gepiu YaYH MYT

10— X (input), Y (input),

X girds, Y girds, Ref. Input;

EHIO — i
y4yH yuTa M ) KaiiTazaH yy3uIl ydyH TyT

i énum Tyr-
ofiHACHHH O Bd peaakTopHH
e k] N
“gupunI-THKHII 103aCH
pau oepalu. DyHHHT
au Ba KyHHO 1060p-

srapTHpHLT Y
papMaras  KHpPHII
waynanraf, CyKyT

HHI
jimaTiapHii 5 repajuiapiH
y3rapyBumiapHHHAT Kﬂﬂmaﬂbl’;iap)'munap Y, pHRefplnput Maii0-
. e ;
OYitnua ymby xuiimariap J= o prn yayH MapK
u y3rapTip

Ypranapumup. KuiimariapHs MaTap gupaTHIAL:
it A KHHMe
HHra kyuunagu Ba SIHT

apH
nap j‘fmapmmur MeH101ap
% . m y3ra-
t) meHionap gupHIl Ba qT:JHHM 13(; i
papHIlzAd sKoiIalTHP
oc

14.8. KoopinH

X (input), Y (input). Z, (outpu

“ KHIL
- - apHra M Y KJ'[El]Jﬂﬂ\a: qH
PyBUMmapuHH KOOpPIHHATA yﬁ;‘;ﬂpymmap" Jaxar X H y
H
srinm Gepau. Bynzia KHP

iewer
Surface View
i MyMKHH. 2Nk
" T au Kypatt X
~ Ki1a ake T anpriapuHa K g
Y3rapypuusapu oca pakar Z“):mpﬂ g1 AKHLL GOFH:a syacurmnr (X (input) Crit
Cpramuna Oup Qaxropii i1 AKKHHA KoopAHHa :
y Hr YH aul Kepax: lor Map u
Ky3na TyriiraH. byH# " 1 TaHI lot, Colo
Y (input)) mentocna 110“230“ g japran. ¥ P
: 4.20p
Options memniocH | 1§73
Always evaluate KomaHﬂa”?_I??li_ i; SR
P ﬂ' AR

eHIoCH.

...(-)ptions I\.‘l
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14.21-pacwm.
Plot menioch.

Pseudo G orid

Plot x6manpacu Tarnauranaa 14.21-pacmaa xypca-

TWITaH MeHI0 Xocun 6ymaau, ymaa YHKapUIaJMraH
“KUpHII-yuKuI”
14.22-pacmpua tipper tusmvm YUYH “Kupuu-yninm’ 1o03acn

Kyiu1ab-KyBBatianamuran xavima thopmarnapzaa kenrupun-
raH.

103aCHHMHTr  (opMatH  Tamnamamy.

Surface ESEENEN

i-?'.,m - 'r';.--'.-..
| |
. ’ |
o — - :i
| 5 f /:—-"‘5"7// L — —e | Ii:
i Tt o w el 1 |
E ] - e —een e . —— mema. [
e = 4 e = = —ele 4w e y
b I - - F 1 r 7’ A
5 } S 2_,/: 7 s |
[ ¥ g SRR e O = s ]
| 0 % ‘3‘-_ T g ] i I(ﬂ! 7 ,-__u o] = ? P S 8 0

14.22-pacm. “Kn

PHII-YHKHIN j03acHuuny thopmarnapura MHCOJLIAp.

216

o YHKApHILJIa PaHIIap
“KUpHILI-SHKHLI FO3ACHHH TAHIAHTaH-
Color Map xomanacu Viuby KoMaHza

epaH. )
Momirpackim GomKapuill HMKOHHATHEH 2 l;aH GUpH TAHIAHHIIH KEPaK:
Za Xocun Gynaairan MeHIoaa KyHiiari P AIHTpAZIat (po¥ipaTaHHLL;
default — cykyr Gyiinua ypHaTuITaH 1

& o
blue — coByK KyK-3aHIOpH naJmT};H,mapﬂa
hot — xopa, ku3u, capuk Ba OKp B
HSV - kyiiugary T¥iinaran panriap

XaBOpaHr, 3aHropH, MyIITH, Kmml.{m‘

Always evaluate xomaHaacH ¢ o

y a

Y3rapranma aBTOMaTHK paBHILId K( i

KOp Kunmum nmkonusTHHH Oepaii

| TALIKAJI TONIFaH MalHTpPa.;
Slﬂm, CapHK, xmm,

a
yUKHID F03aCHHH gapamcru?% ep
peKHMHHH YPHATH
GocmaczaH).

pHIL- !
aaH YM3HII
te TyrMacHHH

a4

- TaXpHpJAa . :

14.9. ANFIS o
aRTOMAaTHK Tap3aa dKe-

apHH CHH-
aH THSHMH
o xup CyraHo

zzy Inference Syst®
apuaH TH3HM
a HeﬁPO'Hopa
Helipo

ANFIS — Adaptive Neuro-Fu
Po-HOpaBman TH3UM) HEHPO-HOP
NepumenTan MabyMoT/Iap acochi

-HopaBLIaH TapMo
H.
T€3 Ky uMKOHHATHHH Oepaj

Lopigi
hmdopramunai
bapITIn coxacit

14.23-pacm. ANFIS-TaxpipIat
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TYPAArn HOpaBIIAH WAHTHKHH XyI0Ca TH3MMHHUHT KYpUHHILIADHAAH
Oupu 1e0 Kapam MymkuH, Bynna cunres kunnnran tusumumur MaHcy6-
K QYHKLHACH HOPABIIAH MOAENA ONHHIAH HaTHxaiap 6uian sxcne-
PHMEHTAIl MabIyMOTIIAP OpacHiIark (GhapK MHHUMA OYnanuran Kuan6
MocnamTHpuiaaam (YKuTHnamm). ANFIS-Taxpupnaruuuu 1oxmam penak-
Topu anfisedit komannacu épramuna amanra omHpunaau. Ymody komau-
JaHUHT GaXkapiuIIN HaTHKACHIA 14.23-pacmua kypcarunran rpadux
oiHa xocui 6¥maau. Bynnan Tawkapu ymly pacmma rascudu Kyiinga
oepuiran ANFIS-raxpupnarnunmusr (yHKuMOHAN coxanapu KeNTHpUII-
raH.

ANFIS-Taxpupnaruy KyHHaarunapau y3 wunra onaau:

File, Edit u View, MeHIONIapu;

BH3yaJlJIall COXACH;

ANFIS xoccanapuuunr COXacH;

MAabTyMOTIAPHH IOKJIAI COXACH;

OoumtarFuy HopaBIan MAHTHKHIT Xynoca coxach;

TH3HMHHH XOCHII KHITHII COXAcH;

Ypratui coxacu;

TeCTIIauI coXacu;

KOPHUH MabIyMOTHH YHKAPHII COXACH:;

Help n Close, tyrmanapu, ylnap MOC paBuIiga &€prnaM oHHACHHH
yaxupuur sa ANF iS-raxpupnarnunm émpu YUYH MIIaTHIaamnIap.

File u View Mertonapn nopapman MaHTHKHIT Xyloca TH3UMIIADU /1A MITI-
Jarunauran xamma GUI-monyiuiap yuys yxuau.

o]

Edit meniocun
Mewmonunr ymymuii Kypunuim 14.24-pacmpa KeITHpHIraH.

14.24-pacm. Edit memocn,

Undo xomanacu apsaj Oaxkapuiran cyurru amanmm Gekop Kumagy.
FIS Properties... xomannacy F [S-penakroprn ouamu. Yy xomanza
Ctrl+1 tyrmacu 6ocunranna xam Oaxcapuna . 3

- Membership Functions... KOMan/tacu MaHcyOnuK hyHkumMsnapuanur
Taxpupnarnausau ouasu,
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A

H OaIH.
Ta arHiHH
Rules... komanacu 6uimmaap 6a3acuHE$H Oil;nﬂp-'“.l .
Anfis...omanzacn ANFIS-Taxpupiar

oxacH
BusyaJuiaui ¢ ‘ -
[¥ MABIyMOT YHKapHIA/UL: 4
ypratuut SrpH yy3KFH, yprariil

Busyannam coxacura HKKH TypAd s
pacuaars foFaHHIIHHHT TPa

° TH3uM YpraruiaéTrad BaKkTAd }: "
M
TOnMry Ba wrepanus TapTHO paka

y a — Tax-
KYpunumma; aH BaKTH

é TecTIaHaeTr
e MabiyMoTiIap foKlaHaérran Ba mﬂf;:; i .
7 : o}
Piba mannymoTIapy Ba MOAEIIALI Ha e e :
Taxpuba mapiymoTiapi Ba MOZEILT e Aﬁcun'c'camymﬂa 8
: B ar) carpuHHHT
pnamu cudar S
:u?:ana HyKTanap ;};}ap (ypraryBiH, TECTJIOBUH He;ir Lo fee i
Ta Ilal‘g -y opauHar yKuia 2¢a onMHMAaH
prud pakamu,
jiMaTH.
HKHLT 3rapyBUHCHHHHT xnuma-im -
T .
Kyiinaars mapkepiap I oo
XaBO paHT HyKTa () — TCCT/10B

s
& BUM ONTHHM2,

XaBo panr jaoupa (0) - ypra?;r OIIMHMACH;

XaBo paur muoc (+) — Ha30§am paTHKanapu. =
Ku3u ronay3qa (*) —Moaes : Sl

,ﬂyp pacuTa MHCOT:

MOK CTPY
14.25-pacm. Heiipo-nopapuiat e

% il Ba qUKEI
FIS ll'lfo) KHP 1 GHHK
H(gr;srapysqucu yuyH MaHcy
p

Y, jinaru
carpaap €O
p):[ﬁl"ﬂ

ANFIS xoccanapununie coxact 25
ANFIS xoccanapHHHHT co;éi:{c o
Yarapysumnapunausar cOHH, Xap HSaJIa

‘l’yﬂkuusnapunnur conu Ba OJIH
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MabJIyMOT YMKapHJIaau. (wﬁy coxa/aa Structure sa Clear Plot TyrMajapH
JKOHJIaIIraH.,

Structure tyrmacu 6ocuiranaa sHru rpadux oiia oummamu. Viaa Ho-
PaBLIAH MAHTHKHH XyJT0ca TH3UMH HEHPO-HOPABIIAH TAPMOK Ky PHHHLIHIA
Takaum knnuraan. Hamyna cudarnna 14.25-pacmma TYPTTa KHPHUII Ba OUT-
Ta YHKHLI Y3rapyBYHCHHM ¥3 Humra OJIyBYH HEHPO-HOPABILAH TAPMOK Keli-
THpuITan. Yuly tusnmaa xap 6up KUPHULL Y3rapyBuncHHN Gaxonam YUYH
yuTajaH JIHHTBHCTHK TepMIIapAaH Ba YHKHII y3rapyBuncHHH Gaxonaiu
YUYH TyprTa TepmaaH Qoiigananunam,

Clear Plot Tyrmacu Gocunea BU3yaJulalll COXacH TO3amaHaju,

Mavaymomnapnu wxraw coxacu
Masymornapuu roxnam (Load data) coxacuia KyWdugardiap xoii-
JauiraH:;

— MabIyMOTIap TypunH Tannaw mentocu (Type), y KyHuaaru ansrep-
HaTHBaNapra sra:

* Traning — yprarypun Tannanma;

* Testing — TecmioBun Tannanma;

* Checking — nasopar rannanmacy;

* Demo — namoituur kuuim Y4YH HaMyHa;

® MaBIyMOTJIap MaHOACHHH TAHJIAII MEHIOCH (From), y xyitunaru ajp-
TepHaTHBaJIapra sra:

e disk — guck;

e worksp. - MATLAB uunr uimuy coxacw;

® MablyMOTIapHH foxyaul coxack Load Data..., y Gocunranna, arap
MablyMOTIAp KAaTTHK AHUCKIAH IOKJaHASTIaH O¥nca daiinau Tannaw gua-
JIor oitHacu naiino 6ynagm, éxu MaBbJIYMOTIIAp HILYH COXANAH IOKIAHASTI Ay
6ynca Tannanma MICHTH(YHKATOPHHY KUPUTHII OHHACH XOCHIT Oynanu;

© MabJIyMOTIapHH To3aan: TyrMack Clear Data.

H3ox. AN FIS-penakropuunr 6urra mummam ceancy Jasomuaa dakat
Oup xun dopmararu MabITyMOTIAPHH FOKIIAII MYMKHH, S’bHH TaHIaHMa-
Jlapaard KHpHIL ¥3rapyBYHIApHHHHT COHIIApH OUp XU 6Y/THuIM Kepax.

bowananauu nopaswan manmuuii xyroca musumumy yocun Kunuui
coxacu Generate FIS

Generate FIS coxacuaa Gommanruy MaHTHKHH XyJI0Ca TH3HMUHH spa-
THLL yCYTHHH TaHITAlll MCHIOCH xoinamran. Meniona Kyitumaru ajpTepHa-
THBAJIAP MaBKY/I:

® L.oad from disk — TH3umMHYU KaTTHK IUCK/1aH OKJIal;

e Load from worksp. — tusuman MATLAB uuur HIIYH COXACHAAH
FOKITATI; '

cTe-
ocun KeHl (K13
e Grid partition — TH3MMHH NaHKapd YOy :

i C

i Hocun-
aM JKOMJIAIIraH, y

Generate FIS coxaciua Generate Wm:c:o}:ﬂn 69 e,

e g XYHO;a "Ti}: ::)I:II\:{LLIHHHI‘ CTaHAapT JHajor OHHa-
i a (pau

Load from disk rannatHrasll
CH maiino 6ynanm. o

Load from worksp Taunaurm:{ ik
MH nienTH(UKATOPHHH KHPHTHIL
O¥mau.

Grid partition TannaHran/a =

"

L IAaMETRIE e Myap COHHHH Ba KHpPHII
Oup kupuw yarapysuncu yayH T€P sCHHIHT TYPHAT
Yarapypumnapn yayn MaHCyOIK b : . [ ]
Pak.

MAHTHKHMIT XyJ0Ca TH3H-

aH -
a Hopasll jasior OHHacH TaHg0

cTangapT

aTHuITAH TaHKapa
Gymaw, YHA2 Xap
xama UHKHIL
KypcarHil Ke-

14.26-pacma KJPC
[ oifHacy manao

— puTn oiimaC:
: . apHi KHPHTH
Upa yeyau yuyH napameTpaap
14.26-pacm. Tlan

o napa-
cpu3anugHAHT Sty
Sub. clustering TaHnaHraliia; iﬁﬂa%;npanﬁ i 4'211_ f:;;g[' ,
THILL o JHHHT
MeTgl;l::: Efﬁﬁflience{qlfnﬂpnm 3731'352’{?;112;

Squash factor — 60CTHPHII Koafypnnaé'ffaﬂ
Accept ratio — k02 riHeHT S iy
PHHHHT MapKa3 KWIHO 6enmnaﬂﬁﬂaﬂ e
IUTacTep MapKasMHMHT MOTCHIHAIHN

Mrunu Genrunaiim,

aKaiapH,

a xiiacTepapran 6HL-1
¢ moTeHIHaH DppHH
3’(}]1»{1]1“ KCpaK-
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14.10. Findcluster MOXY/IH
Reject ratio —xos¢fuument, KYpuiaérran uykra KJIacTepapian Gupu- .

r
TepiapHHHH
e - MoTJIap Ki1ac
HIHI MapKasH KHINO GelruianmMacanru yuyn YHUHT IOTeHUHANN OUpHHYH GUI-wonys Findeluster iy Jmuammt Mabily cyGTpaKTHB KIACTEpH3d-
@ . . Ba
IJIACTEP MAPKA3HHHHI MOTCHUMAIMIAH HeYa MapTa KHUHK OYuuIn Kepak- ; -means ajropuTMH épmam Oepaiy.
MapkasnapuHu HOpaBLUaH C-1 ap3/1a aHHKIATa Cpi

T T =

JIMTHHK Oenrunain; s ajropuTMIapH EpAaMi/ia aBTOMATHK p Jacy GuiIaH amManra ourn

MaH
; cluster KO 5 KIIHOHAI
P . : et Findcluster moysmun foxnau find « rpadux offHacH (QYHKI
) FParameters lor clustering genfis - x| u JIHHHHT ACOCHH TP o THIITAH.
' ' Punagu. Findcluster moay. 14.28-pacmua Kypca
of influence: 23 apy OGunan oupra 4.
- % - MaHnounap sasudanapu
= =33 R KacTepiiaimia ;
Sguash factor. Ipadinc KnacTepipainia AeTOTIHL
| e = —— ofHarmr QT OpITRHIEITHT Tarmat
| Accept iy [Fd MemecH napayeTpapt |
B ——
o : ' Clustering v Help [
BT fv AT Tf S ST s e v 1.2 |
I Lok | cancal |
i Eeesitre— | 1
14.27-pacm. Cybraacrepuzammns YCYIH yHyH NApaMeTpiaapH KUPHTHIN
oiinacm. 08
Vpeamuw coxacu 08
Yprarui coxacuza (Train FIS) onmumannam yeymuau tannam MEHIO- 25 o
cu (Optim. method), yprarumammr KCpaKiH aHUKJINTHHY YpHATHIIT MeHI0- ‘ |
cH (Error tolerance), ypratum HTCPpALHATapHHHHT COHUHM Gepui Maiio- 2
Hu (Epochs) Ba ¥praram pesxumusy wmra Tymupui tyrmacu Train Now. &
Ypraruisuar opanmx HaTHXXamapu BH3yajulanm coxacura sa MATLARB ! '
HHUHT MIIYM COXacHra YHKapHiIamy, ANFIS-peaaxropua YPraTUIUHHHT MK~ Myung 03 52
: ¥ A #opi .2 N :
KHTA METOAM amalira olmMpuiray: medopia i
1. backpropa — te3 Tymmm MCTOAVHUHT FOSUTAPHTa ACOCTAHTAH XATOHH z:;;zm T Ko et Z |
TECKapH TapKaTHII METOMIH; Maityorny fready prd
2. hybrid — xatouyu TCCKApH TapKATHUII BA 9HI KHYHK KBaJzpariap me- o

ToAnapuuu Supramrupysyu ruOpua Merop,

foracteplap
RATAP

E ':U’;:! HaraTpt e

caxnat

Knactepisa-
N Hra
TYUBpHL

Tecrnaur coxacu

Tectiam coxacuna (Test FIS) sxoiinauran Test Now TyrMacu 6ocu-
FaH/a HOPABIIAH TH3MMHH TecTiam GouniaHany pa
BH3YJLIALI COXaCHIa THKapunaiy.

. 1.
ar acocuil 0HAAC!

HH
ter Mﬂ,ﬂ.yﬂ“ W [nsert, TOOIS'I

TECTNall HaTHXajlapH . 1

14.28-pacm. Findclus

JOKJIAIN
0 (Fﬂe’ MoTIapHH
: a MeH! MaBJIyN -
Findcluster moznymu eﬂHTHTﬂpHuI coXacH, “amcapi-llll coXaCH Xamia |
s : s 3yaﬂﬂal v - AODOTHH Y ek Info Ba 0 |
THH Y Wmdows Ba Help), BH axoop [1yBY .
Kopuit Mmabjymoran THKapuuI coxacu _ g CoXacH, KopHH ypq B2 MOZLYJTHH & Y |
YmGy coxara sur Myxum skopwii MABJIIYMOT YHKaPHIIALH, MACAJIAH, Olle- Coxacu, Kracrepusall  yacuHH TIKapysY L
| Patusnapuunr 6axkapuiranaury TYFpucHaarn axGopor, ypraruun Ba tect- Moc xoua MabymoTIAp OHHE

> H.
o 55 |- T U yuura onai
Sl XaToNHIGIapMHHHT KHHMaTIapu Ba bomkamnap., Close TyrMajapuHy y3 1
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Bﬂ3yaﬂuamTupum/coxacn

Busyannawrrnpuun coxacura Taxpuda Mabaymoriapu (obpasiap) Ba
KIacTeplapHUHT aHHKJIAHTaH MapKasjapH YHKapHiIajiu.

O6pa3snap yuyH KH3HII aitlaHa KYpHHHIIMAAArH MapkepaaH (0) Ba Kiac-
TEPIAPHUHT MapkasjiapH y4dyH KOpa HYKTa KYPHHHIINJIArH MapKepaaH
(®) doiinananunanmy.

Busyamnamrupuin coxacnaa o6pasapHuHr 6eiriIapuHi MOC PaBHIL-
Aa abemrcea Ba opauHara yiiapy Ounan 6ornosun X-axis sa Y-axis koop-
JAMHATA YKIapHHH TaHIalll MEHIOCH XaM JKOHJIaIIraH.

Masaymornapuu [OKJIAIH COXacH

OliHauuHT YHr 10KOpH Oypyaruza XOoiIaran MabIyMOTIApHH 10KJTalT
coxacuna Load Data... tyrmacu maBxyn. Y Gocunranaa THOHK daitHu
OYHII OHACH XOCHII 6¥1a/iu Ba KaTTHK JHCKAA CaKIaHAETTaH MabIyMOT/Iap
KacTepu3anms y4uyH ioknaHand. Daiuiga mMawiaymoriap carpriap 6yiinua
€3mIran OYIMIIM Kepak, AbHH, Xap 6up obpasra Gup caTp MabIyMOT MOC
KEJIUIIIU KEepakK.

Kopuii 4X00pOTHH YHICAPHII COXACH .
I'paduk oifHaHHHI MacTHIA XKOMIAIIraH ymby oWHAra 3HT MyXHUM KO-
pHit ax00poT YHKApHUIAIH, MacaIaH, MOLYIHHHI XOJIaT, KJIaCTEPU3aIHs al-

. TODUTMHHHHT HTEPAilia pakamMu, Makcal QyHKLHACHHHHT KUAMATH Ba X.K.

Kinacrepuzauus coxacu

Yuiby coxapa QoHpananyBuM KIacTepK3aius aJrOPUTMHHH TaHiIa-
UM, YHHHT [apamMeTpiapvHd YpHATHIIH, KIACTEPH3ALMAHH YTKASHIIK
Ba KJlACTepyiap MapKasnapuHHHI KOOpAHHATanapuHu (haiin kypunummna
caknmamu MymkuH. Iitactepusauums coxacupa skoimamrad Method...
MEHIOCH, KyHH/AI'¥ MKKMTA aIrOPUTMaH OHPHHH TaHIall MMKOHMSTHHH
Oepaju: subtractiv —cyGTpakTuB KiacTepusalusa airopuT™H; fem — HO-
paBuiad c-means anroputMu. CyOTpakTuB KJIACTEpH3ALHA AITOPHTMH
tadiaHragja Findcluster mopynuuuar rpaduk “oiinacu 14.28-pacmna
Kypcariirad Kypununia 6ynaau. By xonmga ¢oiigananysun aaropHTMHHHT
Influence Range, Squash, Accept Ratio Ba Reject Ratio mapamerpna-

_ DHHHHT KHHMATIapHHK YPHATHIN WMKOHHsSTHra sra 6ynamu. FOxopuna

KeNTHPHIITaH TapamMeTplapHUHr mMasHonapu subclust dyHKupICHHHAT
Tapcuuaa Kypud unkuirad. Hopasuas ¢ -means ajropuT™ TaHIaHTaH-
Aari - iactepusanus coxacu 14.29-pacmia xypcartuirad KypHHHLIHHU
onapg. Ywby xonna doljananysud KyHugarH  TapameTpiapHHHT
KHAMATIapUHN YpHATUII MMKOHMATHIa sra: Cluster Num. — wractepnap
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. NApHHHUHT
comn: Max Iteration # - alropHT™ HTEpALIANAP

Makchmai couu; Min — anrOpuTMHHHT ourra me}g:;
LMsICH BaKTHAa Makcal (PyHKUHACH xxmﬂnaﬁﬂuin-nam_
i1 Kyiiiiamuras MHHHMAIT KHAMATH Exponen
TTOHEHLMA) CAHOKHHHT KHIAMATH. oo

Start TyrmacH mam‘epusauumin pira Tyfcm .
Knacrepnap mapkasnapuHHHT mmma"mapue e
ropurMaad (oiijaaHuirania xap oup ng pﬁ'rpa}(THB
KeiiMH BU3yaUiall OfHACHIa yuKapwiafi. &Y

qauMs Ka-
anroput™maan (oiianaHuIranid mif;‘;’fi{uma oitHa
A7 q
8 MKACHHH KypcaTyB
PA€HHHHHT JHHAM jap Map](aSJ‘IapHHHHr

ounnanu (14.30-pacm). Knmactep s S
KoopuHaTaapy aaropHTMHEHHT Gaxap
NaHTaHAaH KeiinH YuKapHIaaH.

aropHTMi-

s

r # S 7 = - - “ﬂ
gaacTepHIais =0
Cy0OTpaKTHB ypeaTyBul oifna.

unraH KacTepnap

14.30-pacm.
HHHT GazKapHAHUIHEA K
Save Center... Tyrmaci T0
OpauHaTajapiHy caKmail UMKOHHA T i o
MabsrymoTIapHH (aiinra E3UIHHMET s
JmHaTanap carpiap 6yHnia gzunrat Oy
6up carpu GurTa Mapka3 KoOPMUTH
OJIMIIN KepakK.
Clear Plot tyrmacy MabJl
MMKOHHHH Oepajiy.

yMoTIapHH 1

14.11. FIS-raxpupaarn

1 MaHTHKH XYJI

pum yIyH xaMl.I
Y mKal JJaHTaH:

FIS-taxpupnari4 HOpaBLIad
cakiam, JoKyiant Ba 6ocmara IHka
CycHSTIApHHH Taxpupiaut yyH »

e CHCTeMaHHUHI TYPH;

® CHCTEMaHUHT HOMM;

e KHpHII Ba YMKHII ¥3rapy

e KMPHII Ba YHKHII Y3rapy®s

HI COHH,

papHHH ]
punIap T HOMJIAPHS

quiapuHi
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MapKasTapHAHHL 0"

KapHuI MaiJoHHH

oca TH3UMIIAPH
a ynapHHHT XY

Methads :'

14.29-pacm. Ho-
paBIIan ¢ -Mmeans
anropuT™ TAHIAH
rapjarg Kjaacre-

pu3anus coxacH

nrafnza

cH
tuHH Oepali. Yoy Tyrma 60 |
HacH OUmIa
SIBHH, L :
amyapuHy y3 HIHE

. aitnaa KOOP-
(paitmHHHE XaP

1 To3aj1am

HA ﬂpaTHm)
jimart Xy- :

o



° HOpaBIUAH MAHTHKHIT XyTOCAHHHI IApaMETPJIapH.

FIS-penakrop fuzzy xomanjacu épnammaa roknanagn. vV 1okiaHras-
aa 3.2-pacMza Keatupuaran rpapuk oiina naiino Gyaamu. Pacmaa rpadmk
OiHA acocuil MaijoumapuHuur (GyHKUHOHA] Basuamapyu KypcaTHITaH.
rpaguk oiiHaHuHr nacTki kKucmuzia Help ea Close TYrMaJlapy sKo#airan
0y1110, ynap Moc paBHIIAa MabIYMOTIAp OIfHACHHH YaKHPHIII Ba pe1aKkTop-
HH €L MMKOHHATHHY Gepajiu.

FIS-peaakrop 8 Menionu ¥3 wunra onaju:

® yuTa ymMmymTH3uM MeHioinapi - File, Edit, View;

® HOpABIIAH MAHTHKHIi XyJIOCAHMHI MapaMeTplapHHHu TaH/all yuyH
ocwra menio — And Method, Or Method, Implication, Aggregation u
Defuzzification.

File mentocu

Ywly MeHio HOpaBmIaH MaHTHKHH XyJ0ca TH3UMIApHIA MIIIATHIIA-
auran xamma GUI-moayiuiap yayn ymymuii McHio 6YinG xucoGnana.
Memnronunr ymymuit kypunnmy 14.31-pacmaa kypcarunras.

NewFlS.. b
[mpoit "
. Export »
P T
o Jﬂase 1§ Chil i/

14.31-pacm. File meniocu.

Doiigananysus  SIHPH  HOpAaBLIAH MAHTHKHH  Xyji0ca  TH3HMMHM
New FIS... xomangacu épaaMuaa apaTHIIN MyMKHH. Yby komariia Tan-
JIaHraH/a sipaTMIaAural CHCTEMaHWHT TYPHHH aHHKJIOBYH MKKHTA ajbTep-
HaTuBa xocun 6ynanu: Mamdani Ba Sugeno. Mamdani Typuzaru cucrema-
an CtrHN Tyrvanapuin Gocni iym Guman xaM SpatHin MyMKHH.

Goiigananysun Import koManzacu épramuia aBBaj ipaTHIran HOpPaB-
LIaH MaHTHKKI XY/I0Ca TH3MMHMHM IOKJIAII HMKOHHATHTA 3ra. Yy KOMaH-
/1a TaHJIAHTaH/ia MKKUTA anbTepHathBa xocun 6ynanu: From Workspace sa
From disk.... Ynap moc pasumiia Hopasian MaHTHKMI Xy/10Ca TH3NMHHH
MATLAB HUHT HIIYH COXACHIIAH EKH KaTTHK JINCK/IaH IOKJIAIl UMKOHHSATH-
1y 6epajm. From Workspace... komangacu tannanrania xocun 6ynaguran
auasior oiinaga MATLAB HUHT minun coxacumaru HOpABIIIAH MAHTHKHIT
Xynoca CHCTeMACHHHHI MaeHTH(uKaTopn kypcarnnagd. From disk Ko-
MaHgacy TaHnaHrania 14.32-pacmia kypearuiran aManor oiHaCH XOCHII
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<

O¥nanu, yHIa KaTTHK JHCK . Hopapuwa MaHTHKHI Xy10ca

. v WL w
ca Ti3umm (aitHiHr HOMI KypeaT o ara ora. HopaBlllaH MAaHTHKHH
THsHMnapuiHHT (aiiniapH fis xeHrauTMare :

2 zzy FIS name
i cum éxu fuzzy F1S_
xynoca tusummapunn CtrHN M 6;:)0 ABLIAH MAHTHKHI Xy/10€a
Komanacu épnamuza (0y epaa FES na ‘aH Iijomau.l MyMKHH.
THIMMH QaiiHIHT HoOMHM) XaM KaTTHK JIMCKIL

Read FIS

Look in: IEQ work j" @I

EI foatball fis

CEEE

File name: r_d//

-

7

* fig T AMCKIA

Files of type:

HH KA’
MallTllKl‘l it X}"JIOCG TH3HMH
aH

14,32-pacm. Hopasit joxaan oifHacH.

i TH3H=
MaHTUKHH xymoca TH3

B aH coxacHra €xkd
Export koMarzacH Td”naﬂr‘;a ATLABHHET qute xBa To disk
BHIL rkspa en
MUHHHT HycxacHHH MOC Pa o To Wo ;
£ - Dy Bl HIA XOCHI
; 5 psrTiaH Oef 2o TAHIAHTA
KarTuk guckka E3uL m,’lfm:;vgrkspﬂce"' KoOMaH4cH ‘cH caxaHuIIN K&
KO : amm. 10 qp COXd A
G“Mamaﬂdp“ :;:rjéﬁﬂ-ma MATLAB HUHHT llmumuﬂr poMuHH H(OHATOB
Nagurad au 1H3 L AMH . AHIA
DZK 'GII‘FII ?IO yapmiay MaHTHKHA xynoca TIBdisk xoManaacH 'IaHJIﬂHFllHJI{i
"1
ST o cqTTHIIE KEpaK. To KM Xyzoca THSHM!
g g oifHaad opapilar 5 it xysoca TH3HMHHH
v Jjor , MK
?boc”“ Oynapuian I ynags. Hopapmatt MaHT gt s Ctr+T Ba
aUmMHMHrT HOMH KypcaT "o yUYH MO e cxa-
M1 a KATTHK JMCKKa By AR A y szacH rpaQuK GHaRy
CH e 6 MyMKHH Print xoMa Focmara gHKapHil YRy
tri+S Tyrmacuai OOCHIN : epami. bo e
CHHK l‘ip?HTCpl"a q“KapHLU HN'KO]-H'IF[THHH 6 p
Ctrl+P tyrmacunn OocHUI XaM M

yr\,ﬂ{HH. I_
o L giiann.
Close komanach rpaduK m'"m:l:
. ’l. 1.
Macumuy Gocni Guian nui MyME

n1a l-lO]JaB”rlaH

papuK oiinann C trl+W Tyr-
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Edit menrocn '
Edit MeHIOCHHHHT yMyMHH KYpUHHIIN 14.33-pacMaa KeITHPHIITaH.

I mll'&z
{ AddVaiable, b
£

Remove Selected Variable Ctrl+X !

Mémbershp chhans s ‘ Eiszg
Rules... Cil+3

14.33-pacm. Edit meHiocu.

Undo xomanaacu aBpaji OaxkapuiraH amajaHu Oexop Kuwiaad. ABBail
bakapuaran amaman Ctri+Z tyrmacunu Gocum iymu 6unan xam 6exop
kunuil MymkiH. Add Variable... xomanzacu HOpaBLIaH MAHTHKHH XyIo-
ca TU3UMHUTA gHA OUTTA Y3rapyBUHHHU KYIIUII HMKOHUATHHY Oepaau. Yiuly
KOMaH/a TaHJaaHranga xocwn oynaguran Input pa Output xomanganapu-
HH TaHIan Wy 6unan MOC paBUIIa KUPHII Ba YMKHII Y3rapyBIHIapHHU
KYLIMIT MyMEKHH. :

Remove Selected Variable xomanjacu TH3UMaaH KOPHI Y3rapyBYHHH
yukapu® Tamnaind.  JKopuH y3rapyBUMHH YHHHI TYFpu Oypuaxiin
TYpTOypuarufary KU3uiI PaHmii Xoursaaan 6uiul onuin MyMuH. JKopHid-
ra ailIAaHTHPHIN ydyH Y3rapyBUHHHHT YCTHAA CHYKOHYAHMHT Harl TyrMacu
6up mapra 6ocunaau. Xopwuii ¥3rapysunnu iykoruiw yuyn Ctrl+X Tyrma-
cHHHU BocHI XaM MYMKHH.

Membership Function... komangacu Mancyﬁnmc (GYHKIMSCHHHHT pe-
JAKTOpHHK odaau. Ymby komanmanu Ctrl+2 tyrmacunu 6ocub xam 6Gaxa-
pPHUII MYMKHH.

Rules... xomangacu Omnumiap 6a3acHHUHT pefaKTOpHHM oyaau. Yuiby
pegakropau Ctri+3 Tyrmacuan 60cH0 XaM OYMIL MYMKHH.

View MeHIOCH

Ym0y MEHIO HOpaBLian MaHTHKHIH XyJI0ca CHCTEMAaNnapH/a HIILIaTHIalH-
ran xamma GUI-momymiap yayn ymymui. MEHIOHHHT YMYMHE KYPHHUILN
14.34-pacmaa kypcarwirad, Yy MeHi0 HOpaBIIaH MaHTUKHH XyJIOCAHH
BH3yamamTApunl oMHacuuu ounin (Rules komannacu éxu Ctri+5 Tyrma-
cuHH Oocuin) Ba MOC HOPABUIAH MAaHTHMKUH XyIOCa TH3HMHHHMHT «KHPHIL-
YHKMID» 103aCHHH Y9HKAPUII oiiHacuuu ouum (Surface xomamnpacu Exu
Ctrl+6 Tyrmacunu 60CHIIT) UMKOHUATHHY Oepasiu.
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" Rules Chs
| Suface Ck

14.34-pacm View MEHIOCH.

And Method meniocn

BA manTukuil onepaiHACHHHLT KyHuar
Ypuaranu:

e min — MHHIMYM;

o prod — KynaiTHPHIL.

doiigananysas BA MaHTHI

{4 amaira OLIMPWIIUIAPHHH

1 OﬂepallHﬂCHHH aManra DIJ.IHPHUJHHH]‘

pur yayH Custom...
Xycycuii iy e XaM KHpHTHII COEDA 3raa¢£zﬂonnai;yYM6Y onepa-
KOMaH/1acH TaHnaHaqyu Ba XO0CHI Gynageras i

HOMHM E3MJIaIH.
MUK amMajira olupyBYH dyHKUMAHAHT

Or Method mentocH

Vinby menio EKW onepamscht
HMmKoH Oepaju:

° max — KynaHTHpHIL

e probor — HXTHMOJTHH EKH.

u
doitnananysun EKH MaHTHKHA Ol'lepaIJ,Hﬂ(lia Sana
Xycycuii HymuHH KUPUTHIT MMKOHIATHIA XaM 3

oitnaja ywoy onepa-
KOMaHacH TaHnaHaan Ba xocun Oymanurai rpadHK

HOMH €3u1a/H.
IMAHK amanra omHpyBIH pyHRLHAHHHT

WHT Ky#ujarnia amaira OLIMpHILTA

HH aManra OIIMPHITHUHT

Implication MeHIOCH

Yy MeHI0 AMTII KA
YpHaTHI HMKOHHATHHA OepanH:

e min — MUHUMYM;

o prod — KynaiTHPHLL.

doiinanadyBuu JMIDIHKAIMAH e
KHPHTHII HMKOHUATHTA XaM ora. byHH s
JlamaM Ba Xocw Oymaaurat rpaduK 5
ommpysuH (QyHKIHAHUHT HOMH E3HTIaA

gu  Kyiuparuia aMayra OIIMpHILIapHH

Hi amManra OLITHPHIIHIHT Xycycu Y ITHHH -
Custom... KoMaHIaCH TakH-

ymOy OreparsHi amaJra

Aggregation MEHIOCH ¢
Yligﬁy gmeum quKHIl y3rapyBHUHcH MaHCyOIH

napHH
NAmTHpHITHEY Kyinarna aMaira ompHIL pr ¥
Gepanu:
e MAax — MaKCUMYM,

yHKIHSTAPHEA Oup-
ypHATALI IMKOHUSTHHH
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¢ UK (pyHKUMSICH pelaK-
° SUM — KamH; TyxTOBCHS iHKKH MapTa GOCHIT MYMIHE: - dHcy‘?:;cui;b {mﬁnonnaplzim-mr
B ady "
» probor — 'BXT’HMO.Imﬁ EKU TOPHHHHT YMyMHii KYPHHHILH, i 01{]{2(:14‘35 pacmza Kenfﬂpklnl‘ﬂn.
: i , an Gupranuiaa 14.595- 5

Doiinananysun ymly OMEpaUMAHM aMalira OIIMPHIIHHHT XyCYCHii hyukuponan Basudanaph 61411‘%Tla Emc paBHIILLA MABIYNOTIAp ofHACHHH

HYJIMHU KHPHTHII UMKOHMSATHIA XaM dra. Bynuur yuyn Custom... xomaH- Tpacpmx ofinaruur “aCTKH"K:I:EZ umkonusTiHy GepyBun Help u Close Tyr-
2 & . > aKTOPHH €I
JlacH TaHnaHajau Ba Xocus Oynaxuran rpaduk oiiHaga ywody onepaumsHm YaKHPHIL BA PEAAKTOPH
amajra OIHpyBYM (DYHKIHSHUHT HOMM €311 TH. Majtapy yKoHJIatuTaH’.
s ~vAmE OVHKIGACIEE Ky P Y4VH
' HopapLuaH MaHTIKIb! Mancyom 3 S T
Defuzzification meniocn oca TIIONUGET HOMIE | |uCRpEmA EYKTATap
Yoy mento nedaszsuduraling METOIHHH TaHJIAIl HMKOHUSITHHH Oepa- 3

An. Mamaanu Typaary TH3UMIIAp YUyH KyHHIATH yCyiuiap JacTypilaHraH:

o centroid — oFMpIIMK MapKasu;

e bisector —meuana; '

e lom —MakCHMYMJIAPHUHI 9HI' KATTACH;

® SOM — MAKCHMYMIIADHUHT 3HI KHYHTH; Ropidt S
i MAHCV M Service P

® MOM — MaKCUMYMIIADHUHT YPTAvyacHu. ysianucis ‘XX

Cyraso Typaaru TH3UMIIap yuyH KyHiari ycyiuiap QacTypilaHraH: *food

e wtaver — myannak ypraua; l )
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Membership function plats plat points: L
“good excallent

p

food,

T e
o Wt — MyanaaK HHFHHIH. ————— y 10
fsum — iy K pive § 'ﬁmg = 2 et

Doiijananysud  nedas3npuUKAIUAHE aMalira OLUMPHLIHKHE XYCYCHIt drop” /’M/ =
it I \ i L P y f n s
HYJIMHU KMPUTHUII HMKOHUATHIA XaM 5Ta. Bynunr yays Custom... komaH- peInl- ET———-—-——-———W Cuntent Membership Function (click © _

v I HIHT urtent Yariable T

Jacu TaHJIaHalX Ba XOCuJ Oynajguran rpadux oifHaaa ymby onepanusHu

|

‘ '
et 28 Name 1 ho e
. Name SEIVICE e
amajira OIHUpyYBYH QYHKUMUSHUHT HOMH E3UMTaIHu. / Type e
y inptt
ype "

pi
Kopidt Pasiane [ms 0] / / _
Fd

14.12. Mancydank GyHKUHSICHHHIT PeJAKTOPH ::,:;p,:‘::: Rangs Iﬁﬁ’ ————_‘W Close !
Help e
Mancybmik pynxumscnnunr peaakropy — (Membership Function rerd /' ‘\\
Editor) pepakrop (MyXappup) KHpHII Ba YHKHII ¥3rapyBUHIapHHHHT ‘;;’;1;-‘::1'{ e e el
TEPM-KYNXaiapu Tyrpucuiary KyWuuarn uadopmanusuu Gepuin yuyH — = - - '

MY IDKaJJIaHTaH:
e TEpMIiIap COHH;
° TEPMITAPHUHI HOMJIAPH;,

Flopimt 1
MAHCVOmIE

VHELACHHIHT
napaneIpiapin

Flopiit Tepnt
MAHCYOMIE
yHREINACIHITHT

Flopimit
TarapyEdIHIHT

;mtpm:um'ﬁﬂ

S;:ﬁ;?ml IHTepEaT VPl :

o MaHCYOIHK (yHKUMSUIADHHUHT TyprnapH Ba napaMerpiapH, yiap Gamk (pyHKIAACH PEAAKTOPH.
HOPABUIAH KYIMXauiap KYPHIHIIKIATH JHHTBHCTHK TEPMIAPHH TAKIHM 14.35-pacm. Marcyoit
KWJIMLI YIYH 3apyp. KTOPH Typ’”a MEHIO - Fileg Edit, \!ieWa

Maricybmik  (GyHKIUMACHHHHI PEakTOpM HOpaBIIaH MAaHTHKHI Xy- Masicy6rik Qyxumac pErEEIopt. acura — Range, Display Range,
joca TH3MMNApu Ounad uwmaTwiagurad Xap kaumaii GUI-MomyaHuHT Type Ba TypTTa Ma"’“yMOT_,K“p}m\I,m OHHC ABMILLIA JKOPHIT Y3TapyBUMHUHT
Edit wmemiocumarn  Membership Functions... xomanmacs &piamusa Name, Params sra. Yoy 1yprra s v EHCHHH YHKAPHIIT HATA30HHHH,
éxn Ctri+2 tyrmanapun 6ocumn iiymm 6unan yakupuanMimm MyMkHH. FIS- Y3rapuiu auana3’oHHHH, MaHCyOJIHK tl)}’mr‘” [MHT MAHCYOIHK PYHKUMSACHHN
PEAAKTOPAA MAHCYONHK (DYHKIMACH PEIAKTOPHHH OYHII YUyH KHPHII EKH HKOpPHii IHHTBUCTHK TEPMITHHT [10M|{1-EHFBC1 Y'* (hyHKUHSCHHHHT TEapaMeTpria-
MKHIN Y3rapyB9uCH MAAOHHHMHT YCTHAA CHUKOHYAHMHT Yarl TyrMacHiH Gepuu yayn mymiaianran. MarneyoIie y
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pHHU TpaQuK pexuMIa MaHCYOIMK (YHKIHICHHHHT MAKIHHI “Drug and
drop” TeXHOIOrusICH Cpnamuaa y3raprupui iy 6uian xam Gepuin MyM-
KHH. BYHUHT ydqyH cnuKondannsr kypcopu “Drug and drop” pexxumu 6e-
THCHHHUHT ycTHra oiud xenunamu(14.35-pacM), CHYKOHYaHMHT van TyrMa-
cu Gocunany Ba KYiHKG 106oprIMacaan CypHO MaHCYONMUK (hyHKLUHACHHHUHT

WAk ysraprupunaan. Harnxkama Mancy6mmuk dyHKUHACHHUHT napamerp-
Jlapu aBTOMATHK paBHINA KaHTajaH Xxucobnanaiy.

Edit menrocu
Edit Mentocununr ymymuit kypunmmn 14.3 6-pacMia KeTHPHIITaH.

Undo xomanzacu aBBan 6Gaycapuiiras amatau Oexop Kumamu. Assan
Oaxkapuiran amainan Ctrl+Z Tyrmacunu Gocum iiynu Gunan xam Gexop

KHJIMII MYMKHH.

Add MFs... xomaHzacu- )opwit Y3rapyBuMHH JIMHTBHCTHK Gaxona
Y9YH HUIaTHIAATaH TEPMIAPHH TePM-KYIIXaara KYIIMIl UMKOHHSATHHH
Oepamu. Yy komaHna TamjiaHramma 14.37-pacmna xypcatwiran oiina
Xocui 6ynamy, yuaa MaHcy6muK (yHKIHACHHUHT TYPHHH Ba TepMiap co-
HHUHH TaHJIall Kepak.

Mancy6muk dymxuuscn napameTpiIapuHHHD kﬂﬁmamapn Range oiina-
CH/1a DepuiIraH ¥3rapyBYMHHHT aHHKNALI COXACHHH Oup rexuc Koraiiuran
Kunub aBToMaTuk Tapsaa ypHaTmnamW. YarapyBaumMHr aHmcranm coxacu

Range olinacuna ysrapranza MaHCyOnHK QYHKIUACHHUHAT napameTprapm
Kaiita Maciurabnanamy,

14.37-pacm. Tepmuap conn Ba MAHCYOIMK PYyHKIAACHHHNT TYPHHA TAHJALI
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MPHKTHPIJI-
Add Custom MF... xoMaHjacH Maﬂcyﬁﬂﬂtﬂ?l?ﬂxgzl;{:mw ﬁirra
TaH IMHrBHCTHK TEPMHHHI MaHCYOIHK ¢}6rHK$ ViuGy KOMaH/Ia TAH/IaHTaH- |
NHHIBUCTHK TepM KY/IIHILI HMKOHHATHHI OCP eyt GYIaH, YHA THHTBHC-
nan Keitun 14.38-pacmpa Kypeariirat aens xomagcyﬁnmc (yHKIMSCHHIHT
Thk tepmupur Hovnuy (MF name lt‘laHﬂ.OI{ﬂrazi MAHCYGITAK (YHKIMACHHHHT
Homuuy (M-File function name MaiiztoHHTa) B

B . Kep aK-
ist Maiigonura) C3uI
napamerpnapuny (Parameter list RN TR Y

14.38-pacm. Mancy0ank GyHK

6 B
HscH pupHKTHpHITaH JIHHT
KHPHTHIL

HCTHK TCPMHH

5 uit y3rapys-

Ul TepMHI’i )Kop g
“KOMaH/1acH )Kog_maﬁ,t[ﬁ- Mopuii y3rapyBiH
JKopuii TEpMHHHI MAT-
rpaurura onubd Ke-

Remove Selected MF S
YHHMHT TepM-TYIUIaMHAaH qUKapro S
TYpT6ypyariHHHT XOIHUACH KH3HII %E‘I‘I;Tai e
Cy6iuk (pyHKIMACH KH3HT PaHTAd y i
CHUKOHUAHHHT KypCOPH MAHCYOIHK d:qygocunanﬂ- v
TUHaIH Ba CHYKOHYaHHHT yar m;i F mrapquHHHHFTBpM-KyﬂxaﬂﬂﬂaFH

Remove All MFs koManzaac 9
XaMMa TepMyIapHi HYK KHIaH. ALt

FIS Properties... Komarz,t‘l‘acu sxam e
Ctrl+1 TyrmanapHi ocuul HyJIH 63112 2

Rules... xomanIacH 6ﬂnﬂmapct :111 gl -
nakTopunu ouamu. Yiiby KoMarAd it
Hy Gocuu ity ma Gruial XaM O@KapHIH g

pHH OUa/H. Yiby KoMaHIaA
1 MyMKHH.

b ' HIBUCTHK
Type MeniocH JKopHil y3rapyBuHHt M

cyOnmuK
Gaxonam yuyn WULIATAIAZATaH TEPMIAP 1:;: ui’rHHH
(yrKupsmapHHuET TYPHUHA ypHammM;I:MH T
6epaji. MancyGiK (yHKIMACHHIHT

0-pacMmIa
Typnapn kypcarunrad Type ventoc 14.39-pa
KeJITHPUIITaH.

14.39-pacw. Type
MEHIOCH.
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I'Iflal' CYOJIMHK (DYH 11 ACHUHHH ]]e']'d.KfUpl‘i I p"['l‘a TH3HM MEHIOﬂapli-
. , ' l l.. { y o |) e ‘: : ll]l l‘ 1 '3};1 }J UHJjiapu lepMHa‘pHH‘;I
? L] )

A el e HIaJapHHHT
bunumnap 6asacununr penaxropn (Rule Editor) nopasman xonua- Tannam meniocy. BA, EKM, DMAC MaHTHKHH aMailiap sa Kouzaaiap ‘
o b ¥ ! 15 ’ ; ! Hp KUIIH
JlapHH ANTAHTHPHLL BA Y3rapTHPUIL YuyH MyiKajiadrad. Buimmap CANIMOKJIapHHH YpHATHII MaiiIORTapH XamAa KOHJ[aIapHi TaXpHp K
Ga3aCHHUHT PETAKTOPHHH HOPABIIAH MAHTHKHIT XyJ10ca TH3HMIapu Grutan Ba KYpUG WMKLI TYrMATAPHHH ¥3 HUNTA OTA/H. ST S L
niatuiaaauran xap Kanaaii GUI-vonynnunr Edit meniocunan Rules. .. ko- Slurn Komaanu ommMmiap Gasacura KHMpHTHI yuyH Ky
| Manaacy €paamuia éxu Ctrl+3 Tyrmanapun 6ocHi iysin Ounal YakupHi

Oaskapyitam: :
6 s ’ . C JHHTBHCTHK
MymkHH. FIS-penakropsa Gumiminap 6asacunmur pepacropumn rpa K oii- e KHPHII Ba YHKHII y3rapyBauiapi TEpPMIIApPHHHUHT MO

HAHWHT YpTacH/a JKOMNamraH HOpAaBLIAH MAHTHKHIT Xy10Ca TH3AMHUHHUHT KOMOMHALMACH CHYKOHYA Ep/laMuia TaHIaHaH,

- s « . ITHKHIT OOFIaHHIIHITHT
: : ' ¢ : : acHIaru MaHTHKHIT OOF.
| HOMH €3WiIraH TYPTOYPUYaKHHHT YCTHIA CHYKOHYAHMHT 4Yai TyrMacHHH o KOWJAHHHI MU Y3rapyBUIIIap 0pacHL

MKKH MapTa TYXTOBCH3 OOCHII HY11 OHIaH O4HII MYMKHH.

i bunimnap 6asacy pesaktopuHHHT YMYMHUii KYpHHHIITH Tpaduk oiiHacH
Il ACOCHH MalIOHIAPUHUHT (YHKIIHOHAT Bazu(asiapy KypcaTuiaran xoJsa |
i - 14.40-pacvpa kentupusran. Tpaduk offHAHMHT NACTKM KHCMIAA MOC pa-

l Il BHLUJIA MABIIyMOTIAp OMHACHHH YaKHPYBYH Ba PeakTophu énysun Help a

' | Close Tyrmanapu xoifnamras. |
|

i

(BA Exct EKH) Typu Spuarian u yays DMAC MaHTHKHH aMaTHHHE
1cTHK y3rapyB4 :
e xap OMp JIMHTBHCTH
Sxu HVKIArH ¥ An,
MaBKyJIMrH EKH TYKIMre ypHaTHIaL e
o KoM caMOK KO3 (QHLUHEHTHHIHT KH
o Add Rule tyrmacu 6ocuiaiu. gy
CykyT 6¥iinua Kyiuaars napamMerpiap yp‘ri ! Gof.namimn g
® KOMJa HUHIATH j"sl"apyﬁlmnapHHHr MaHTHKHH

aTH KUPUTHII amau;

¥

. f Kitpum ga wikim #arapyeusuiaprsiHr Koitaa canmormsmr ¥ ¥ 9Mac;

‘ § KHIMATAApIHIL TaHIaAT MeHIOCHT KoaddrrnresTir e DMAC MaHTHKHH aMalli — MdBHq:i K‘Hﬁl\;r‘T“ —.]

| . HH ¢ .
il o - a canMoK ko3 pHIHeHTH LN aB-
| | sy ARl ;l’i()“ll‘ pumn y3rapyBuHCHHHHT HXTHEPHH K“HMaTnapg e
9 i rap Ku ¥ cuMaca,  Oyrpmalt KupHi
A Yarapys : G a TabcUp KunMaca, 0y

il THHAHT WIaH MAHTHKWH XyJ0CAHHHT KHHMATHL l;e s gqmnﬂmu Kepax.

| Sl C o . = [

i | [radeacyn s avehage] (1) : Y3rapyBYMCHHHHT KUHMATH C“anTm.li Jyeedp [0y KOMIJAHUHT YCTH-
lili | 3IMACITITT [service is excellent) o foad is Helic - K HU OUIUMIIAP DazacyiaH HYKOTHII y4yH yLIOY

| ’

XAKIgar OHla

up mapra Gocud Kyitnb obopunanH, Ke-

sl Jla CHUKOHUAHHHT Yar TyrMacH 0

it Delete Rule TyrmMacH GOCHIIAJIH.

;I ' YAHUHT Yarn TYTMacH
Il Komaus AHM Y3rAPTHPUII YUIyH YHIHT YCTH/IA CHUKOH'AR i -
lif MaHTH - 6up mapra Gocub Kyitn0 106opHIa
KITi1 '
! ‘ AMATTIHIT Jlagu.
Bt
| Edit meniocu B
It : © yMyMIti K§pPHEHLIT 14.41-pacM[1ia KeNTHPHI
I Edit MmeHIOCHHHHL YMY y _ i
fl'l, r“ = e — Ct|+1
. and [ Deloto e | Add e | Change s | 2| 53] FIS Properties...
| Ii!- .FISN Upper 7 7 | E_J' Membership Functions... Clikk2
{11 FIS Name: ipper.- \ (R A :
:'” ; 14.41-pacm. Edit meniocu.
i
rZéit:pmﬁ EONIEHItT Zlopini Koimar fivro T, Vayu' xormanape, ‘ ) i
i CamaoK KOG QunIeHTIL wiunm ea raspup mmn wpnd wmam vive 31 Gaxapuinran aMajinn Oerop KHITai, Viuby
I IKOMIATION! Gepyrint TYrMa TyrManap Undo xomamjiacH aBsa 4 BTN XaM GaXKAPHLI MYMKHH.
14.40-pacm. Busmmaap 6 i amasay Ctrl+Z Tyrmaapunn docuir Hy
t4.40-pacm. Bunnmaap azacHHMHT PeaakTop.
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—/f

FIS Properties... komanjaacu FIS-penakropun ouaan. Ymdy amanum
Ctrl+1 tyrmanapunn Qocni iy Ounan xam GakapHIl MYMKHH.

Membership Function... komangacu MmancyOiuK QyHKLHACH PeIaKTO-
puHH ovaan. Yoy amanau Ctrl+2 tyrmanapuan 6ocuin iyad Ouaan xam
DaskapHuILl MYMKHH.

Options meniocH
Options Menrocu 6unumiap 6azacu KOHIaJIapHHHHT THIH Ba (hopMaTu-
HH YpHaTHII HMKOHHHH Oepaan (14.42-pacm).

%gﬂ _
.'-.....g“

14.42-pacm. Options MeniocH.

Language xomaHaacu TaHJaHraHaa THiuiap pyixartu uukaau: English
(Murnu3ya), Deutsch (Hemucya), Francais (®@paniysqa), ynapaan 6urra-
CHHH TaHJIALl Kepax.

Format xomanpacu TawfaHrapaa Omimmiap 0asacd KOMAANapHHHHT
MyMKkuH Oynran ¢popmamiapusuHr pyiixarn ynkaau: Verbose - nuHrBuc-
tHK; Symbolic — Mantukuii; Indexed — ungexcrnanran. Tipper nopas-
IIaH MaHTHKHHA XyJaoca JeMOTH3MMH Ouiaumiap 0a3acMHHHT Typianda
tdopmaraapyu Kyiuparu: 14.40-pacmaa Verbose xoupamapuHuHT dopma-
T, 14.43-pacvua Symbolic xoumanapuuunr ¢opmaru Ba 14.44-pacmua
Indexed I{OHﬂaﬂapHHHHI‘ q)opma'm KeJITHPHWITaH.

N S T Y T gty Sy e IF'"—:!

T TN ITE R T TR

14.44-pacm. ]ndexed (popmarugaru ﬁunnwlap Oasacu.
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XV BOB. MATLAB BA EXCEL OPACHJIA
MABJYMOTJIAP AJIMALIUHYBH

MATLAB rtapku6una 6ynran Excel Link BocuTacu Excel a MatLab
HU ¥3apo Gornam uMKkoHuHM Gepaau. Y YpHaTHITaHIaH keiinn Excel
caxyudacuaa xajpan KypHHHIIHAA cakJIaHaéTral MablIyMOTIapHU MaTpu-
a kypunnmmaa MATLAB ra yTkasuil Ba KaHTa nnuiab Kairapui Mym-
ki, ByHna opmynanap amac, (pakar KHiiMaTIapHHHT §3apo aMalIHHYBH
amaJira OLIMpHIIAZIH.

Excel Link yprarunranaan keiina Microsoft Excel nan MATLAB nunr
KHPHTHIL - YHKAPHIII TIpotieccopH cudarnia Goifaananuir MyMKHH.

Excel Link nu Excel ra ypuaruur.

Excel mimra rymupunamm: Cepsuc — Hagcrpoiiku... — 0630p... — ¢:\
MATLAB\toolbox\exlink\excllink.xla (éku mysra yxmam Gormka #yn 6u-
nan excllink.xla 6ocumanu). (15.1-pacm).

& dphcaton Caty
i Mowah
o Adftrs
Doata ()
CADeRAN proromsa (L)
Catevcn orpyvom
e pmcpmeetns
4 K Pl ary Crany
4 T
3 frwwgeston 2914
) ndeipass BTN
) MDA

mn&hl‘wnrﬂm

15.1-pacm. Excel Link uu Excel ra ypuarum.
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. TLAB amaiapuHi
. ; \ a wpiaymoTiap ycrnaa MA
Harwxana Excel meniocura putmatrix — getmatrix — evalstring 6Ymmu D Kalys1 KHIMHTaH yre Y P
iyummazi Ba MATLAB wusr Command Window oftiaci oumam (15.2- Gasapuu mymun (15.4-pacm):
pacw): uf R —c
%W%W
o g Srtees e e O = e
3 ‘ .
{ 4 1
D& Foo@E R e *'i i': .
Using Toolbox Path Cache, Type “help tooltiox_path_cache™ for more info. | n ::
To get started, type one of these: helpuin, helpdesk, or deno. b tE
For product infornation, visit ww.nathworks.con. | 1 p a0l 1
b | b W: il | !l
1l i |
—‘?-- g;. n |
14, ! L4 |
161 2l :: ]
‘-_:-;-f %i i . : F = |
—‘;y :11| + o\ eyt v fe ¢ T LR
1] / = - [ W
[z 'l una MATLAB amannap
7 ’ ' : ' 15.4-pacm. Kabya KnJaHHran MabJayMoTaap yeria
% — LSl - i . OasKapHIL
15.2-pacm. Excel menocura Kyumaaauran putmatrix — setmatrix — i : = . xcel ra xoinamTHpann
¥ -Ievalétglg- 6y J:m Mp,f, _ e | GETMATRIX - MATLAB fars MaTpiiati E
) ; ' (15.5-pacm):
PUTMATRIX - Excel sxaasanusnur akparuiiran kuemuan MATLAB

ra yrkazaam (6yHaa Ykasumaérran MaTpHIa KYpHHUITHIATH KAIBAITa HOM
Oepunmim xepax) (15.3-pacm): :

o 7 55
i

aa
--i.-- l
...‘-—- 2

. 5] 3

. T ‘
7 2
B 5]
..;g.- ?
B :
i 10
it 1"
; 2
15 i
16 M
14 45 " v

g f11:1 u oli/laIaHu.
15.3:pach; PUTMATRIX 6 asimman P I 15.5-pacm. GETMATBIX oyaummnaan Qo




EVALSTRING —MatLab GyiipyKiapiai kupuTHII Ba HaskapHil KMKO-
HUHKA Oepaiy. 7

Arap MatLab aBromaTyK Tap3ja Excel 6uman Oupraiykia Hiira TyIH-
mu kepak 6ysca Excel HUHAT Gupop AueiikacHa KyiHiard KoManaHi Te-
pHII KEpak: =ML AutoStart(«no»).

=ML Close() —Excel Link Ba MATLAB 11 OepKHTAAH;

=MLOpen() ékn matlabinit maxpoc —Excel Link Ba MATLAB 1u ¥HH-

UMATH3ALHA KIIaIH.
Excel ary MabIyMOTIAPHHHI HYCXaCHHM OJIHI
—MLPutMatrix("var_name"; diap) — Excel uunr diap auanasoHuaard

MabJIyMOT/IAPHM Var Marpuiiara sxofmamrrupau (15.6-pacm):

M) ]
('dll. D14 D18)
Jeiiesbeanisl

by, o
=MLPutMstrix

TN Iy XL TMLAppend! [ ) .
= | = dMatne(’d", B7 B12)
A :
B SR TS 35 T =
(5 5
3 =ML AppendMatr('d', B7 B12)
15 2
g > 5.
___; i
& | 18
21 7 21
A0} 4 M
‘.1] a bd
12 1 g;
131 i L
14| 12 >
15 13
=1 14 Q)
't'ﬁ‘l 15 45
177 16, 48
e + Sire
19 o
JHANA30HHH Ky,

15.7-pacm. Manm)ﬁl maTpHara Kyuuma

= , —
2 [Pt 4. D1AD1%) o ER Yo Mrdw BB
3] ! i D@l el mRinl?]
4 2 Using Tooibox Path Cache. Tgpe "help tosibox _path_cache™ F
_g i o get started, type coe of these: helpwin, helpdesk, or de
71 5 1 For product infornation, visit wow.mathworks .con.
8 | 6 B b
9 7 21 .
0 9 u |
1 9 a7 2%
2 10 30 »
13] n N
14 12 y &8
13 xn
14 2
15 45 L‘-’ T R T R T &
18 fiese i =l g e

15.6-pacm. Excel JArA MABJYMOTJIAPHHAT HYCXaCHHH OJIHILL.

—MLAppendMatrix("var_name"; diap) — mamxKyz var_name MaTpH-
nara diap Auama3’oHHK KyIIaam; yuamu Oyiiua MabIyMOTIApHA KaHjan
KymIHE (JaniaH EKu yuraan) QyHKIHAHAHT §31 AHUKJTaH T4,

~MLPutVar("ML_var_name"; VBA_var_name) — MabIyMOTIapHH
Visual Basic (VBA) nax MatLab (ML) ra yTKa3ul.

MATLAB komanganapunm Excel fmaH wmra TYDIHPHIL
—MLEvalString(“command”) — Excel na Typras X0/ ML xoManpacH EKH
xoManany Gaxapum (15.7 a 15.8-pacmiap):

Mucomn:
=MLEvalString("d = d/2; plot(d)™)
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1 o i e +f !*.‘_ .‘ e o b
i f‘";.;'?."::: ﬁ-u. ‘.n_‘il_:*}'-f (0 ;Mﬁ!.__ e .1 W S 3
. .
3 " ] ' ! - |
Ml Fridveg” oE
s b 0 & 88
rﬁ : "%
L) I 1 2
®i ) ™ »
'*1 b E ¥
1 9 s o
My ~ v '™
o § >
" 4 . % jue
] 1 2k
B - . s
) »
o] -
Eull s
& :
| :
b v
] 10
o1
3
;?‘l
e -\_Mn_IM'?l""” e ——— - — e
—— OMAHIATAPHH s
15.8-pacM: MATLAB i Aanapunit Excel nan umnia TYLUHP W I
B y3rapy g CHHH u{xo*rmu. i
MI\);E[I)JZ? t )]’Vlatri‘i("varfname ) — MaTPANANA MyKoxum (15,9 pacyr):
= eclete ’ e
241
16-1416-15 '




1
2

%R o Ll ool @ sl UL LIRS
e ol R (RS

i T '
' = X o R =MLDsieteM: - i JIALI
[l e T 5 T E T %1 ., XVI BOB. SKI' CHTHAJUIAPHE KAHTA HIII
1 S A | i | = I 2
1 . o cHTacH cHPa
2] 0 DnekTpoKap/MorpaMma (QKI) ymuaul ,HETEIFHOCTHK 1];0 .I:aq)cﬁnmn?:ap
"i‘_f g ; Thaa topax anextp (paoyusTHHHA atadicrt Ka“g Kﬂnaﬂu'rabjri"ﬂﬂx TALIXHC
=4 5 emMoplia
5 [=MLDeleteMatrix("d’} ;;{{KHHH acocuza xaéti xapd ocTHAa KO g piEp
o 4 . HHtanu., &
L : i D ; spnaMiaa OJTHHraH paTIbKaJapHH KauTa
3 6 Bl s K" curnamiap xommsiotep €At aQUITHDYIIE MYM-
o 5 x| MluTaw pa taurxuc KyiiniL KapaGHiHI AHALS i
10 KHy d
1 g 7 X A :
2 10 k] :3 G aru qaai'm napu yKHTI-{HJ, yﬂap yCTH
13 1 EE 5 | Marsa6 myxpia xap Kauai TYPA Word, Excel Ba Goruka Aa-
s 2 * E | 34 amasnap Gaxapyu UMKORH MABKYA e on 6'}7.!‘13 onami. YiapiaH
15 | G o HC
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15.9-pacv. MATLAB y3rapysuucunmn Hykornm. : e
i )u-.._, A_“ . Saies o *p Ty -
Mamwaymoriapau Excel ra xoiamTHpru ' .o
=MLGetMatrix("var_name"; "diap") — Marpunan# Excel uuur diap | "-'.“:."“"'
JMATIA30HUTa JKOHNAITHPAIH; ' S,
gk,
=MLGetVar("ML_var_name"; VBA_var_name) ~VBA y3rapyBuncura Pcsend® |
ML MarpHIaCHHUHT KniiMaTHHy Oepajiu. ' L.h‘f‘.:.‘: ;
| ‘[_‘TH—'-
l i
| N
; = i 1 caKaa I I
Ii 16.1-pacm. *.TXT punuaart (pait 1t jupamns by
ifgu TEK ; .
e grad KOoH 4 A -
1 i MATLABga daitmsm Fium yIyH i i Gocunan, paiinnap TYP! i
o O yayn pwd cyjzunn é3u6 «Enter Tyrmac _ ]

0 .
" Taunanau (16.2-pacm).
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16.2-pacm. pwd KomanaacH OHjIaH TEKINMPHILL,

Bynna 6usra MATLABja uuuianran uouiamanap cakiaHHII jKOHH-
HH Kypcartagu. IOxopuna kypud Typran pacmzaa xearupwiran. Keitm-
ru Gockuuza Is cy3u opkamm mankaja xoinawrad (aiiinap pyixaTHHu
KYpHIIMMHU3 MYMKHH. (16.3-pacm)

T P 14 LTS S s ot oot iy o ot i S

;!;E::Fa1 0 e

any -

C:\Cpora) Laptop| Documant s \NATLAD

imtitiedl.pry eeog.tat
-

16.3-pacm. Is komangacu 6uaan aitiiapun kypuu.

by cpaa 2 ra ¢aiin 6ynu6 6upy MATLAB nactypuaa MIUIaHraH
JIOHIXA BA MKKUHYHCH ecg.txt daiimmaup. [lyrunr 6unan Gupra daiumap-
HU CalUlauijia JIOTHH rpajukack KYIIAHIIKIIA Makcaara MyBO(HKAHD.
Hynku MATLAB nactypuna acocan n0oThH rpadukacu Gunan nuuiaHasim.

OHm Qainy nuku Tysuanmu MATLAB pactypuna YKt yayH
KyWuziarnya koManaanu Gepamus.

sig = load(‘ecg.txt');

T Ty ——— "o Lapegiey o< et fomng sl
e g = loed teegoaant)

Lo e B S
pack ouaan daitni YK

MyXHTHHH YKiO OTHHa-

HTHIL
16.4-pacm. load xomMaH

THH HUKH
Oy epna load (yHKuusACH OpKali (i 1o a-KeTJIATHHIL IaBOM JTTHPHII®
Au. Wysupr Gunan 6upra arap koaap KT \anr. Arap cu3 ywby Genru
HH Xoxnacanrns oxupuaa (;) KyHHIIHA yH]\};[TATL AB MyxuTHIa KyHHIarH
KYitMacanrus (aiisuar wakn MyXHTHHE

Ypunnmza oan6 Gepazw. (16.4 B 16.5-pacw)

0 b
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I HT]
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¥ ivsn

*%.0000

%0700

00100

*8.0300

LAt

L TTT

S.0700 & -
G.0900 /
. HuKH Ty
AHTH3 KOZTAPHH E3HIL-

Arap ci3 MyXHTHH
kepak. cle

-

16.5-pacw. Vnaran paianuit

qH 6“30
Texun daitn yornna amannap 6anapMork ¢

M 30(1”‘15(‘
MR carp oxupura (;) KyHHIIMHIN3 Maxcaﬂfﬂﬂ{{ yaKHpAILIAHIA3
“O%anamoxkuu 6y ncanrus, Kyinzard ¢y ”Kluﬁﬂ&pacm)
}YHI([J;H;; épaammna MyXHT TozanaHaa. (16.
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16.6-pacm. cL.c komanjacu Guman To3auan.

@aiininu wuKky Ty3wHngaH Qoisananub rpaduk KYpHHUILY SPATHIL
yuyH KyHuaaruua Kof €3unajiu.

sig = load('ecg.txt');

plot (sig); .

By epna daiinau rpadux TacBupma sparuiagd. plot 6y rpaduk
KYpUHMIIHAArH TacBupran (GyHkous. OyHKuus E3unumu Kyiuzarada
plot(furiksiya nomi). By epzia KaBC numaa )KOPHii ITHIAraH GYHKIHS HOMH.

IOkopumaru xamur cy3paun (oiigananran Xonma KyHHIaru TacBHpra
ora 6ynamus. By epna daitau mukn Myxutnaan Qoiigananran x sa y Yk
6yiinua rpaduk 6ymamus (16.7-pacm).

Fie [d2 Wene ot Took Cwisep Wadew iy j
DoWdis \NO904-Al0B a0

A

15}

1

16.7-pacm. Onuuran curuag KYpuaumm.

246 | 247

5 . . L
Tpadmx TacBHpHUHT X BA Y YKIIAPHHH HOMIIAL Kyiingarnda E3nnan

xlabel('vaqt');
ylabel('elecrt activlik');

title(‘eletrocardiogramma’); (16.8-pacm) {
16.7-pacmzaa DKT curnanunn 100 T'i yacToTain KYpUHHIIN OEPHIITaH.

Hugard KajauT
Cursan kypunmumns 0 opKanu Oenrmaut yayH e

CY3napnan doiinanannianm.
hold on
plot (sig,'ro")

Ele Edt View lnset Jooks Desttop IWNTOY

.jl—-’_-u §_|Q| .(.‘._-..f-'-\ {"}‘_5_@_ -l .-; AP f_;_-,';

y . x

CTypramr tunTapuHE KanuT cy3iapu YPHHAR LA ur cyanapuan Qof-

Yiyn C++, Java Ba Gomka AacTypiait THIH ity Jkara HPULLIIIHATH3

Mutanray xonua y3uurn3 yayH Kepakiu GyraH HATH

MYMkyy, _,
HOxopuparu kamur cyznan Kefiut XOCHT 6y

Senrupumran.

jral HaTHKa 16.9-pacMna
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16.9-pacm. Curnaann 0 oniaan Gearuaan,

Byriaii 6enruna opkain cu3 SpHILIITaH HATHKAIA Kanyiail Xaronukap
OOpJIMIHHHM KYPHIL MMKOHHATHHIH3 Mamkyl Mucon yuyn DK curuammn
MATLAB ka¥iTa HILUIaII OPKATH HHCOH KY3H OPKAJIM AHHKJIAHMATaH XaTOMHK-
napuu annkiaw mymkus. FOxopuna kypub Typran pacMia CHIHaIHH Y3rapyi
JKapaéHu/a Kaepaapu/ia TepOpaHNULIAPDHUHT Y3rapraHiry KYpPHIIHMU3 MyM-
KHH. Y3rapummapHiHr acocuii xoinapy 0 Ouan Oenruranran.

Curnasra unuioB Oepui kapaéuuna edit GyHKIUICH OpKaiH 1acTyp-
Tan OpKaaH HaTHXKaJapHH TaxXJIMJl KHJIUII MMKOHUATH XaM MaBxyud. By-
HUHT y4yH edit QyHKu#ICH OpKamH M-(haiin MyXHTHHY YaKHpaMus.

bynunr yqyn m-(akin oifHacuia Kyiaars Komapau é3amus.

beat_count = 0;

for k =2 : length (sig)-1

if (sig(k) > sig (k-1) & sig(k)> sig(k+1) & sig(k)>1)
beat_count = beat_count + 1;
end

end
fs=100;
N = lenght(sig);
duration_in seconds = N/fs;
duration_in_minutes = duration_in_seconds/60;
BMP = beat_count/duration_in_minutes;
. © Vuby gactyp OpKaiu opakx yputnan SKI™ curaanu épaamu 1 nakukama
Ll Heytagurn anuiaanagy.  DKI curmammapu oparna OpakHHHT Kamzmail
Al XOJaT/Ia YKAHIUTH aHAKIamra épuam Gepajm. !
OKI' curHanmHu pakamiii KMAMaTIapuHH Y3rapuiuiapiHi aHHKTaI Ba
rpaMK KYpUHUINITA aHUKJIAL YIYH Kyiugars GyHKUMsS E3mman.
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stem ((ynkuns €k y3rapyBuH)

Haruskana Kyitnaari rpaduk XoCH oynaam. (16.10-pacm)

nnnnnn — —
JuMe 3 NLnDe4- D 06 =0

16.10-pacm. BKf‘ CHTHAJTHHH XOCHT KHJIHIIL A

1a Tamxue Kyinmaa goinana-
Giutan 6upra MATLAB nactypu ®ypse
yiparnya:

raH (yHKIHs);

10 OenruaHra;

I'paukaan ONMHTaH HATHKAIAP acocH
HUI UMKOHM Mapky. [LIyHMHF
y3rapThpHL KaTOpPHHH aHHKIAL K

y = fft(y3rapysun Exu HKOpHH ITHI

Ou3a KOpHit dTHIraH PYHKIISA SIS

y=fft (sig)

ByHMHT HaTHKacH1a CHI'
rapmonuKanap rpapury spaTHul yayHs
Nanu.

bar(®ypse y3raprapui ¢

bar(y);
onurran HaTika 16.11-pacmzaa Oepuirat.

B b Yo et jooh Dminy Beles bev s . — l
Hudein BENoDH 400U RE -1 . :

Hay1 rapMOHUKATAPH AHHKIAHA/TH. AHHKTaHTaH
Kyiinparu QyHKUHsIAaH ¢oiinananu-

YHKLHA HOMH K y3rapyBun)

S yu= : -—: bl s

: L—.-———-——‘-—"’“’J__—t-_-#—-ﬁ_-ﬂ_*-__“ '..4 X

| lﬁll—pa;m Mypue Y3rapTHPHILH OPKAIH OJINHTAH HATHAKA.
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