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Kompleks son, haqiqiy son,
mavhum birlik, algebraik shakl,

mavhum son, qo‘shma
kompleks son, qarama-qarshi
kompleks son, modul,

argument, trigonometrik shakl.

KIRISH: Hozirgi vaqtda har qanday jiddiy hisob-kitoblar, qoida tariqasida,
kompyuterlarda va birinchi navbatda, shaxsiy kompyuterlarda amalga oshiriladi. Ushbu
maqolada Maple dasturidan foydalanib kompleks sonlar uchun tuzilgan matematik
modellarning sifati va undan ragamli usullarda foydalanib tahlil va garor gabul qilishda
axamiyatli ekanligi ko‘rsatilgan

1.Asosiy ta'riflar.

1-ta’rif. a va b -haqiqiy sonlar uchun yozilgan z=a+ib ko‘rinishidagi ifodaga
kompleks son deb aytiladi.

i/ -2
Bunda | = -1 (' = _1) tenglik bilan aniqlanuvchi mavhum birlik deb ataluvchi
birlik. z kompleks sonning haqiqiy va mavhum qismlari quyidagicha belgilanadi:
Rez=a, Imz=h.

z=0+ib

Xususiy holda, agar @ = 0 bo‘lsa, u holda sonni sof mavhum son, agar b=0

bo'lsa, u holda Z=2a+! -0=a, ya’'ni haqiqgiy son hosil bo‘ladi. Shunday qilib, haqiqiy va
mavhum sonlar Z kompleks sonlarning xususiy hollaridir.
Kompleks sonning Z=a+ bi ko‘rinishdagi yozuvi uning algebraik shakli deyiladi.

z,=a,+ib _ Z,=a,+ib,

2-ta'rif. Agar ikkita kompleks sonlarning haqiqiy

gismlari va mavhum qismlari o‘zaro teng bo‘lsa, bu kompleks sonlar teng, ya’ni 5 =1

bo‘ladi, (Re 4, = Re Z; va Im Z, = Im Z, bo‘lsa, Zl - 22 hisoblanadi).
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3-ta’rif. z=a+ib kompleks sonning haqiqiy va mavhum qismi nolga teng bo‘lsagina,
u nolga teng bo‘ladi, ya’ni agar & = O va b=0 bo‘lsagina £ = 0, va aksincha.

4-ta'rif. z=a+ib va Z=a-lib kompleks sonlar qo‘'shma kompleks sonlar
deyiladi.

5-ta’rif. 4 =a+l b va Z,=—a-l b kompleks sonlar garama-qarshi kompleks
sonlar deyiladi.

2. Kompleks sonlarning geometrik talqini va trigonometrik shakli. Har qanday
z=a+ib kompleks soni uchun Xy tekislikda a va b koordinatali A(a; b) nuqta mos

keladi. Bu nuqta kompleks sonning affeksi diyiladi. Tekislikning har bir nuqtasiga kompleks
son mos keladi va aksincha. Kompleks tekislikda z sonni tasvirlovchi nuqtani £ nuqta deb

ataymiz (1-rasm). Ox o‘qda yotuvchi nuqtalarga haqiqiy sonlar mos keladi, Oy o‘qda

yotuvchi nuqgtalar sof mavhum sonlarni tasvirlaydi. Shu sababli Ox 0‘q haqiqiy o'q. Oy 0'q
mavhum o‘q deyiladi.

1-musol. Zl:_2+3i, 22:3+2i, 2,=3-2i

tasvirini quyidagi 1-rasmda ko‘ramiz.

kompleks sonlarning nugqtasini

AV (mavhum o'g) A
Im:z
2+3i 1, ; Ala, b)
¥ -1 31 T
: 3f,h___________:_*,+ 2 z=a+bi
L ' P "=zl !
| (haqiqiy o'q) |
; S |
-2 3 X :
Sy 5 I SR—— M (p : r
3-2i o a Re:z
1-rasm. 2-rasm.

Koordinatalar boshini qutb boshi nuqtasi deb, Ox o‘qning musbat yo‘nalishini qutb o‘qi

deb kompleks tekislikda koordinatalarning qutb sistemasini kiritamiz. ? va I larni A(a; b)
nuqtaning qutb koordinatalari deymiz A nuqtaning qutb radiusi r, ya'ni A nuqtadan
qutbgacha, O nuqtagacha bo‘lgan masofa £ kompleks sonning moduli deyiladi va r yoki | Z |

kabi belgilanadi(2-rasim).
r=|z|=+a®+b? 0

A nuqtaning qutb burchagi P qi Z kompleks sonning argumenti quyidagicha
belgilanadi:
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Argz = arcth
a

a=rcosp, b=rsing

Ushbu tengliklarni hisobga olib, Z kompleks sonni
trigonometrik ko‘rinishda ifodalash mumkin:
Z=a+bi=r(cosp+ising), @)
r=|z|=+va®+b? tgp="2
bunda el , a .
b .
arctg —, aeap a >0, b >0 6ynca,
a
b .
@p=argz=<r—arctg—+, acap a <0 6yca,
a
b .
arctg —+ 2z, acap a >0, b <0 6ynca.
a (2’)
Yozuvning bu shakli
Z =r(cosp+isin @) 3)
kompleks sonning trigonometrik shakli deyiladi.
2-misol. < —1+N3i kompleka sonni trigonometrik shaki aniqlang va geometrik

tasvirini quring

Yechish: Kompleks sonning moduli va argumenti quyidagicha:

R=a*+ b= N1y + (3 =2

p—

K ]

=-—\>

Bunda ¢ burchak koordinatalar sistemasining II choragiga tegishli

o= -3
T"«.L.pl'p_ (1 __l
(3-rasm):

— R _2Zr
L T

Demak, kompleka sonni trigonometrik shaki va tasviri-grafigi

(3a-rasim):

=1 +3i=2(cos

2T

2n . isin =—)
3

Maple dasturi

> restart; a:=-1; b:

=sqrt(3); ¢ = —1 b=V3
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>z:=a+b*; 2 =-1+1V3

> polar(z); r:=abs(z); phi:=argument(z);

> z:=abs(z)*(Cos(phi)+I*Sin(phi));
21 25

z = 2COS(T] + ZISm[ 3 ]

> with(plottools):

L1:=arrow([0,0], [a,b],.1,.2,.3, color=green):

L2:=arc([0,0],1,0..phi,color=red):

plots[display](L1,L2, axes=normal,view=[-r..r,

-r..r],scaling=constrained); (3a-rasm)

bR
Ay
—1+ V3 —

N V3

L\ R
| P
™y - .

—1 X -2 -1 1 2
3-rasm. 3a-rasm.

z=-1+~3i kompleka sonni algebraik va trigonometrik shaki bo‘yicha qurish
dasturini tuzamiz:

Maple dasturi

> restart;

> a:=-1: b:=sqrt(3):

> z:=a+b*[; a:=Re(z); 7 =1 +1V3

>b:=Im(z); o= —1 b= V3

> r:=abs(z); phi:=argument(z); 7 = 2
> z1:=abs(z)*(Cos(phi)+I*Sin(phi));

2] = 2C0s[23—n] +2lsm[23—“)

> with(plottools):

Vz:=arrow([0,0], [a,b], .1, .2, .4, color=blue):

> Vza:=arc([0,0],.5,0..arctan(b,a),color=red):

> with(plots): Nugqta:=textplot([[a,b,'M(a,b)']], color=blue,align=Left,
font=[TIMES,ROMAN,141]):
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> KSA:=plots[display](Vz,Vza,Nuqta, axes=normal,
view=[-r..r,0..r], scaling=constrained);(3b-rasm)
> with(plots): Nugqta:=textplot([[r*cos(phi),r*sin(phi),'M1(r,phi)']],
color=blue,align=Left, font=[ TIMES,ROMAN,14]):
> KST:= plots[display](Vz,Vza, Nuqta, axes=normal,
view=[-r..r,0..r],scaling=constrained); (3c-rasm)

Mi| 2,

e | b2

3b -rasm. 3c -rasm.

3-misol. Quyidagi kompleks sonlarni trigonometrik shaklda tasvirlang:

1 z:3+\/§i; 2) z:5i; 32=-3

Yechish. 1) Z kompleks sonning modulini va argumentining qiymatini topamiz. Bu

a=3 b= \/é ga teng, (1) formulaga ko‘ra topamiz:

r=F+(V38) =\o+3=+12=\43=23
b_3
tQp == =2 B )
99 a bo‘lgani uchun, z _3+\/§|
3

p=arctgX> =
chorakda yotgani uchun 3

erda

Argumentini (2") formuladan nuqta |

oy w

ni Hosil gilamiz. Bunda (3) formuladan

foydalanib, z=3+ \/gl sonning trigonometrik shaklini Hosil qilamiz:

_ 7 icin®
Z:3+\/§i—2\/§(cos6+|sm6)
Z =5]

2) kompleks sonning modulini va argumentining qiymatini topamiz. Bu yerda
/ 2 I
a=0, b=5 ga teng, (1) formulaga ko‘ra topamiz: ( ) .
b_5
t =—=—=00 .
g9 a 0 Z="5I

Argumentini (2) formuladan bo‘lgani uchun, nuqta I chorak va

@ =arcty (%) = arctg(e0) = Z

Il chorak o‘rtasida yotgani uchun 2 nj hosil gilamiz. Bunda
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(3) formuladan foydalanib, z=2l

z =5i =5(cos£+isin£)
2 "N)

sonning trigonometrik shaklini hosil qilamiz:

3) Z= -3 kompleks sonning modulini va argumentining qiymatini topamiz. Bu erda
[ 2 I
= — = r = — 2 —+ = + =
a 3 b=0 ga teng, (1) formulaga ko‘ra topamiz: (=3) (0) 9+0 3.
b_20
Argumentini (2) formuladan a - bo‘lgani uchun, £ = —9 nugqta II chorak va

@ =arctg (Q) =arctg(0)=rn
III chorak o‘rtasida yotgani uchun -3 ni hosil gilamiz. Bunda
(3) formuladan foydalanib, Z = -3 sonning trigonometrik shaklini hosil qilamiz:

z=-3=3(cosz+isinr)

Misoldagi 1) Z:3-'_\/§i; 2) Z:5i;

trigonometrik shaklni aniqlash va geometrik tasvirlash.

3) z=-3 kompleks sonlarni

Maple dasturi

> restart;

> al:=3: bl:=sqrt(3): z1:=al+b1*[; 2/ =3 +1V3
> polar(z1); r1:=abs(z1); phil:=argument(z1);

n L
polar[2ﬁ,€] o = 2\/? ol : S
> z1:=r1*(Cos(phil)+I*Sin(phil));

=27 cos( 2] 15 2

6
> a2:=0: b2:=5: z2:=a2+b2*[; 22 =51
> polar(z2); r2:=abs(z2); phi2:=argument(z2);

g yi
polar[S, 2] e s 02 = >

> z2:=r2*(Cos(phi2)+I*Sin(phi2)); #z2:=evalc(%);
T . T
z2 =15 Cos[?] + SISln[E]

> a3:=-3: b3:=0: z3:=a3+b3*; 23 = 3

> polar(z3); r3:=abs(z3); phi3:=argument(z3);

polar(3,n) 73 =13 ¢3:=n

> z3:=r3*(Cos(phi3)+I*Sin(phi3)); =3 = 3 Cos(n) + 31Sin(n)
Kompleks sonlarni vektorlarini qurish:

> with(plottools):
L1:= arrow([0,0], [a1,b1], .2, .4, .2, color=green):
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Lla:=arc([0,0],1.5,0..arctan(b1/al),color=green):

L2:= arrow([0,0], [a2,b2], .3, .4, .2, color=Dblue):

L2a:= arc(]0,0],.75,0..1*Pi/2,color=blue):

L3:=arrow([0,0], [a3,b3], .1, .3, .2, color=red):

L3a:= arc(][0,0],2,0..arctan(b3/a3)+1*Pi,color=red):

plots[display](L1,L2,L3,L1a,L2a,L3a, axes=normal,

view=[-3..4,-1..6]); (4 -rasim)

Kompleks sonlarning nugqtalarini qirish.

> with(plots): Nuqtal:=textplot([[r1*cos(phil),

r1*sin(phil), 'M1(r1,phi1)']],color=blue,align=Right,

font=[TIMES,ROMAN,14]):

> Nuqta2:=textplot([[r2*cos(phi2),r2*sin(phi2),

'M1(r2,phi2)']], color=blue,align=Left, font=[TIMES,ROMAN,14]):

> Nuqta3:=textplot([[r3*cos(phi3),r3*sin(phi3)+1,

'M1(r3,phi3)']], color=blue,align=Left, font=[TIMES,ROMAN,14]):

> KST:= plots[display](KS,Nuqtal,Nuqta2,Nuqta3, axes=normal,view=[-8..8,-3..8],
scaling=constrained);

KST :=PLOT(...)

> display([KST]); (4 -rasm)

4 -rasm.

Xulosa. Maple dasturining imkoniyatlarini kompleks  sinlar uchun qo‘llanishi
o‘quvchida tasviriy fikirlash, masalani yechishning programmalash va animatsiyalash
imkonoyatini hamda kompleks sonlarni koeffitsentlariga gqarab tez va aniq qurish va
go‘shishda Maple dasturini qo‘llash usullari ko‘rsatilgan.
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