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Mas3y: Komiuieke consap Ba yJjap ycTujaa amajjiap

Acocuii caBoJiiap.

1. MaBxym Oupauk. MaBxym OUpIIMK Japakajiapu.

2. Kommiekc connap yctuaa amauiap.

3. KoMmIIEK COHHUHT T€OMETPUK TaCBUPH.

4. KoMIUIEKC COHJITAPHUHT TPUTOHOMETPHUK IIIAKIIH.

5. TpUrOHOMETPUK IIaKJIJ1a OEpUIIraH KOMIUIEKC COHJIAPHU Ky AU TUPHILL,
OynuII Ba mapaxara KyTapuil.

6. Kommuiekc coHIaH niiau3 4uKapui.



l-acocuii CaBOJTHMHT 0AEHMU.

Myc6aT coHaH Xap JOUM UXTUEPUN aHUKJIMK/IA aHUK EKH TaKpUOU Ky(pT
Japaxan WiIn3 YUKapUIll MyMKHUH:

1) V16 =+4; 416 = +2; /25 = 45

2) V2 ~+141; \/3~+173 Ba X0Ka30.

Arap WIau3 aHUK YuKapuirad Oyica, OJMHIaH %KaBoO pallmoHal COH
Oynaam, arap WiAN3 aHUK YUKMaiauran Oyica, OJMHTaH KaBo0 UpparioHal
coHnup. Parmonai Ba uppairioHasn COHJIap UTTAa XaKUKUM COHJIap CUH(UTa
KUPAJIN.

XaKukuii conap coxacujia Man(uii conzan xxyt qapaxkaun uijans3
YHKAPHII MyMKHH €MAac, MacaiaH +—4 XaKUKWi COHJIAp COXACHIa ednMra era
eMac, YyHKHU XaKMKUH COHJIap opacuja KBajapaT —4 ra TeHT OViran CoH MyK.

Manuii conza xxydT Japakaiu WiIA3 YUKAPUIL COH TYITYHYACUHU
KCHTaUTUPUILL, STbHU STHTH COHJIAp CUH(U-MaBXYM COHJIAP TYIIYHYACUHU
KUPUTHUIITA UMKOH Oep/IH.

V1 Hu u xapdu 6GunaH GeruIaI Ba MaBXyM OMpIHK 6 atamm Kadyi
KunuHras. Jlemak, i2 =—1 6ynranga i=+/-1.

XaKUKHUI COHHUHT MaBXyM OMPJIMKKA KYyTTalTMacu MaBXyM COH JIeHHIIaIu.

Macanas, 5i,%i,\/§ —/3i  Ba X0Ka30 MaBXyM connap. Manduii coHaH MaBXyM

COHJIAp cOXacuAaruHa xKy(pT JAapa)kaiu WIAU3 YUKapuIl MyMKUH. Macasas,

J=25 = (25 (<1) = /25 - /(<) = +5i; _§=igi;¢_—m:m.ﬂ:ﬂi

Jlemak, MaH(uii COHHUHT KBaIpaT WIIU3M MaBXyM COHJIaH HOOpaT eKaH.

Xucobmnanr: +—100; v-625;v/-32; /—79 /—2_3:5 _

Enan maBxyMm OUpIMKHUHT MycOaT AapakalapuHU TOTIaMU3:




Xocui OyNran HaTWXajiap KypcaTaauKu, MaBXyM OUPJIMKHUHT OyTYH MycOat
Japaxkacu TypTTa Xap Xwi Kuimar: i,—1,—i,+1 JapHu KaOyJ KWJIHUIIA MyMKHH €KaH.
TypTuHYM napaxaaaH KEHUH HaTHOKallap siHa KaTtapuiaad. Arap MaBXyM
OMPJIMKHUHT Japka KypcaTkuuu 4 ra Kappanu 6yica, Oy Japaxa Oupra TeHT

Oynanu. XakuKaTaaH:

P=i"it=(+D) - +D=+1 =" i" it =+D) D) -(+D=+1  i*=41

H_IYHI/IHF y‘-IYH

i4k+1 — i4k | — (+1)| — |, i4k+3 — i4k 'i3 =(+1)‘i3 =—i;

%7 S = (1) i = -1 P =0 = (+D) - (+1) = 41

MaBxyM OUPJIMKHUHT KYTapuJIraH Japa)xanapyd # COHUHUHT UXTUEPUIN
JapakacUHU +i, €Ki +1 COH OMJIaH KypcaTuilra UMKOH Oepajiu.

Mucomnap:
i37 — i4~9+1 — i36_i — (i1)| — |,
i15 — i3-4+3 — i12 . i3 — (+1)(_|) — —|, | 1° -

00 = [0 = 45 = (+1) i = 2) i =
L1

4
|

i =2 = (1)) i =i

2-acoCuil CABOJTHMHT 0aéHM.
1-taspud. Kagpar —1 ra Tenr Oynran connn u Xap¢u Omnan 6enrumnao,

MaBXyM OHUpJMK 1e0 arain KaOyJl KWIMHIaH:



2-Tabpu@. a+6i KYPUHHILJATA COHHU KOMIUIEKC COH Aevunaau. bynna a Ba
6 XaKUKUM coHsap OYiIub, ¥ MaBXyM OUPIUKAMD. a+6i AaTU @ HU KOMILIEKC
COHHMHI XaKUKHI KHCMHU 6i HU €Ca MaBXyM KUCMH, 8 MaBXyM KUCMUHUHT
koeddunmiieHT 1e6 aTtaiaau.

Xap KaHJai XakuKUil COHHU XaM KOMIUIEKC COH J1e0 Kapail MyMKHH.
Macanan, 3 vy 3Kau KYpUHHIIZArd KOMIUIEKC COH /1€0 Kapall MyMKHH.

3-tabpud. MkkuTa KOMIUIEKC COHHUHT OUp-OMpHra TeHr OYJIUIIN YIyH
XAKUKUI KNCMH, XaKUKUI KUCMHUTa, MaBXyM KHCMH MaBXyM KUCMUTa TEHT
Oymumu kepak. AbHU a+6i =c+di OYIUIIM ydyH a=cC, ¢=d OYIUIIM Kepak.

HkkuTa XakuKuii COHHU OMp-OWpuUTra COMMIITUPUIIT MyMKUH. MacaiiaH,
3<+/18, —4>-7. AMMO MKKHMTA TEHT OYIMaraH KOMIUIEKC COHHU COJIULITUPHO
oynmaiian, macanan, 7-2u Ba 3K4u conmapnaH Kaiicu OMpH KaTTAIUTHHA alTHO
OyIMaiIn.

4-tabpud. a+6 Ba c+di KOMIUIEK COHJIADHUHT WAFUHAUCH 1€0
(a+c)+(6+d)i KOMIUIEKC COHMHU alTUIIadu:

(a+s6i)+(c+di)=(a+c)+(s+d)i

Jlemak, MKKMTa KOMIUIEKC COHHU KYIIUII YYyH YJIAPHUHT XaKUKUU KUCMJIapU
Ba MaBXyM KHCMJIADUHUHT Koe(PpUUUUECHTIApH KYILIUIaaH.

Macanas, (-5+8i)+(3-4i)=(-5+3)+(8-4)i =-2+4i

S-tavpud. a+6i Ba —a—6i KOMIUIEKC COHJIAPUHU KapaMa-KapIiu KOMIUIEKC
COHJIAp ACHUJIA]IN.

Kapama-kapim KOMIUIEKC COHJIADHUHT MMFUHIUCH HOJITA TEHT':

(a+6i)+(—a—6i) =(a—a)+(6—6)i =0+0i

6-Tabpud. Kku KOMIUIEKC COHHUHT allipMacH IIyHJal KOMIUJIEKC COHTa
TEHTKU, YHUHT alMpUITYBUN OWJIaH MMFUHUCU KaMarOBYUTa TCHT OYaau, SbHU

(@a+6i)—(c+di)=(a—c)+(6—d)i

Macanan, (1-5i)—(-3+2i)=@1+3)+(-5-2)i=4-7i.

7-tabpud. a+6i Ba c+di KOMIUIEKC COHJIAPHHUHT KyMakT™Macu Je0

(ac —ed) + (ad + 6c)i KOMILIEKC COHUTIa auTUIaau, SSbHU



(a+e6i)(c+di) = (ac—ed)+ (ad +6c)i
Macanan, (3+i)(2—i)=[6—-(-)]+(2-3)i=7-i.
8-tabpud. bup KoMIIIeKC COHHUHT MKKMHYM KOMILIECKC COHra OYJIMHMAacH

(HucOatn) ned, 6VnyBun OuilaH KynaiTMacu OVIMHYBYMTa TEHT OVraH YYUHUYN

KOMIUIEKC COHA alTUiiau, sbHU arap (c+di)(x+yi) =a+ei OYica,
(a+6i):(c+di)=x+yi Oymanu.

Macainan, (3—4i):(4+ 2i) OYITMHMAaHM TOIMII KEpaK OYIICHH.
(8—4i): (4+2i) =x+yi Oyncun. Y xonma (x+yi)(4+2i) =3—4i OYIUIIN KEpak.

(X+Yi)(4+2i) = (4x—2y) + (2x +4y)i OVAraHu yuyH (4x—2y)+(2x+4y)i=3—4i.

bynnan:
4x -2y =3 . 4x -2y =3 x=0,2
€KU CHUCTEMaHU €4YCaK,
2X+4y=-4 X+2y=-2 y=-11

Temak: (3—4i): (4+2i)=0,2—11i

9-tabpud. dakaT MaBXyM KUCMUHUHT UIIOpacu OusiaHruHa GapK KUiaurad
KOMIUIEKC COHJIAPHU KYIIIMa KOMIUJIEKC COHJIap JCUHIIAIN.

Macanas, 5+2i Owiman 5-2i, —3+i OmnmaH —-3—i, a+sei OWIAH a—e6i
KYIIIMa KOMILJIEKC COHJIapaup.

Teopema. S"sapo KYIIIMa KOMIUJIEKC COHJIAPHUHT KYIIauTMacH XaKUKUWA COHTa
TEHT.

Nc6oT. a+6i Ba a—ei KyllIMa KOMIUJIEKC COHJIAPHU KYTIAUTHPAIIHK.
(a+6i)(a—s6i) = (a° +6°) + (a6 — ag)i = a° + 6 XAKUKHI COH XOCHJI OYIaau.

Ncbot kuunHran 0y TeopemMazaH KOMIUIEKC COHHU KOMIUIEKC COHTa OYuIaa

dholimaaHuII UITHA OCOHJIAIITHPATH.

a—+e6i
c+di

(c+di #0) HUCOATHU TOMMUII YUyH KACPHHUHT CypaT Ba MaxpaKuHH,

MaxpaxuIaru ¢+ di KOMIUIEKC COHHUHT KyIIMacura KyrnauTUpHUIIaIn:

a+6i_(a—l—ei)(c—di)_(aC+6d)+(ec—ad)i_aC+6d+60—ad.i
c+di (c+di)(c—di) ¢’ +d? c®+d* c*+d?




Macanan, >— 3 _ (3-4E-21) _ (9_8)+(_-122_6)I _1-18i_ 1 18,
3+2i (3+2i)(3-2i) 9—4i 9+4 13 13

3-acocuii cCaBOJTHUHT 0aéHM.
z=a+e6i KOMIUIEKC cOH Oepunrad O0Vicud. AOB Tyrpu Oypuakiu

KOOpAMHATAJIAp CUCTEMACHHHM OJIAMU3 Ba G YKKA XaKUKUI BEKTOp a HHU Ba ¢

YKKa MaBXyM BEKTOp §i HU KYAMH3. d By 61 BeKTOpHHM IapasuieorpaMm
KOUJIacHura acocaH Kymamus. IKKu BeKTOp WUFUHIUCHUTA TEHT OYJIraH BEKTOP
HYHAIUIIM Ba KaTTAIUTH OYHUYa 11y BEKTOpJiapra sicajiraH napajiieaorpaMm
JUOTOHAIINTA TEHTIHP.

JleMak, OC=04+0B éu OC=a+éi . Illynnait Kuaub, a+6i KOMIUIEKC
COHHUHT T€OMETPUK TACBHPH OOIITH KOOpAUHATAIAp OOIIMIa, OXUPH eca

KoopauHatanapu A Ba B HykTaza Oynran BeKTopAaH MOOpart.

OC =a+¢i BEKTOPHHUHI CKaJIIp KUCMUHU YHU TAILIKWII €TYBYHU
BEKTOPJIAPHUHT CKaJISIp KUCMUHU OMJITaH XoJia XUcooant MyMKUH. AAOC 1aH
OC? = 04 + AC?

OC BEKTOPHUHT CKaJsip KUCMUHU P Owan Oenrumnabd, KyWnaaruHu E3uiil

MYMKHH:

R2=a’+¢’> €ku R=+a’+¢"



ABbHU Z =a+e6i KOMIUICKC COHHU I/I(l)OI[aJ'IOB‘II/I BCKTOPHHUHI' Y3YHJIIUTU

a’+6° Ta TeHr 0YnHMO, YHH BEKTOPHUHT MOJYJIH JICHIIIAIH.

Xap Oup a+e6i KOMIUIEKC COHTA TEKUCTUKIATH KOOPANHATAIAPH (a;6)
OynraH HyKTa MOC KeJllaJau. MacaiaH, 1+ 3i komiuiekc conra A(1;3) HykTa, —2+4i
KoMIuTekc conra B(-2;4) Hykra, 3-2i komiuiekc conra C(3;-2) Hykra, —3+0i
conra J[(-3;0) Hykra, 0—4i conra E(0;-4) HyKTa MOC KelaJu.

lynmait Knaub, 6apya KOMITIEKC COHIAp TYTUIAMH OWJIaH TEKUCITUKIATH

Oapua HyKTanap TYTUIaM# ¥3apo OUp KUAMATIN MOCIIHKIA OYIIau.
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4-acocuii CABOJTHUHT 0aEHHU.

a+e6i KOMIUIEKC COHra KoopauHatainapu (a;,6) OYaran A HyKTa MOC

kencuH. by conra 04 Moc kenaau necak xam Oynaau. OA y3yHIUTHMHHU r OujaH,

abCcuccanap YKUHUHT MycOaT MyHanuIy OUiaH TalIkuil eTrad OypyaruHu ¢

OwJ1aH OEeNTUIaANInK.



¢ Oypyak CHHYCHU Ba KOCUHYCUHUHTI Tabpudura kypa:
a=rcosg

a 6 . .
— =C0S¢p, —=SIn €KHU .
r ? r ? 6 =TrSIng

VY xonaa a-+bi=rcosg+irsing =r(cosp+ising), r> =a’+b*> Oyiaranu cadabiu

r=+va’+b?, sin(ngzL, COS(/)ZEZL, a+bi=r(cose+ising)
rva*+bp? r Ja®+b?
A
Y
A

v

r(cosg+ising) HU a+ 6 KOMIUIEKC COHHUHT TPUTOHOMETPHUK IIAKIIH, I HU
KOMIIJIEKC COHHUHT MOJIYJIA, @ HU €Ca KOMIUIEKC COHHMHT apr'yMEHTH ACHUIIa Iu.
TpUroHOMeTpUK 1Iakia OepuiiraH MKKM KOMIUIEKC COH OUp-Oupura TeHr
Oynca, MOyJIIapH, TEHT, ApTYMEHTIIapU €ca 27 Ta Kappaju COH Kaaap dapk

Kuiaau. bomkaua aiitTranna
r(cosg, +ising,) =r,(cosg, +ising,)

oynca, 1) r =r,, 2) @, =, +2kr.

1-mucoua. 3K3u KOMIUIEKC COHHU TPUTOHOMETPUK IIAKIAa E3UHT:

Eupmr. r =32 +3% =418 =4/9.2 =312; sing = L

3 1 3
——=—; C0Sp=——=—F1,
W2 200 TaR 2

Vi . T . (T
OyHIaH ¢ = " +27K , y Xonaa 3+3i= 3\/5{008(2 + Zﬂkj + |sm[Z + anj} , (K-

UXTUEPUN OYTYH COH).



bynna apryment ¢ muar O Ownan 271 opacuaard KUAMaTUHU OJUII

T o [V
OujaH YeKJIaHWIaan. Y Xolaa ¢ = " 0y10, OXUpPTU TEHTJIMKHM OyHal &3a

OoJIaMu3,
3+3i = 3\/5 COS— +1SIin—
4 4

2-MHCOJ. 1—+/3i KOMIUIEKC COHHU TPUTOHOMETPHUK IIAKJIAA E3UHT.

Eupm. r =143 =2. sing = —? oynranga ¢ = 4?” ¢ku ¢ = 5?” oynuiiu,

1 . T 57 _~.
Cosp == OynraHmaeca ¢=— EKU ¢ =— OYJIUIIN MyMKUH. Xap UKKU XOJIHU

Q= 5?7[ KaHoaTJIaHTupaau. /lemak, 1- V3i = Z(COS?E +isin ?j

S-acocuil CABOJTHUHT 0aéHM.
1-Teopema. VIKku KOMIUIEKC COH KYMTaUTMACUHUHT MOAYJIU yjap
MOJYJJITAPUHUHT KYTalTMacura, apryMeHTH eca yJjap apryMeHTJIapy WUFUHIMCHUTa
TEHT.
HcoboT. z, =r(cose, +ising,), z, =r,(cose, +ising,) OYICUH y Xomnaa:

z,-2, = r,(cose, +ising,) - r,(cosg, +ising,) =1, - 1,(COS @, - COS @, +1COS @, -SiN @, +
+ising, -cos@, —sing, -sing,) =1, - 1,[(COS ¢, - COS @, —SiN@, -SiNg,) +1(Sin@, - COS @, +

+C0sg -sing,)] =1, -r,[cos(p, +,) +isin(p, + @,)]

SIBHU 1, (COS¢, +1iSiNg,) - 1,(Cos g, +ising,) =1, - r,[(cos(e, + ¢,) +isin(e, + ¢,)]

Mucosiap.
1) 2(cos40° +isin40°) - 3(cos 20° +isin 20°) = 6(cos 60° +isin60°) = 3(L+i+/3) ;
2) g(c0379° +isin 790)-€(c05101° +isin101°)= g(cosmo0 +isin180°)= g(—H 0-) = —gj



1-HaTHkKA. H Ta KOMIUIEKC COHMHT KYMalTMacu MOJIyJId OEpHIIraH H Ta

KOMIUIEKC COH MOAYJIJITAPUHUHT KYIIaWTMAacura, apryMeHTH e€ca apryMEHTIIapu
WUFUHIUCUTA TEHT OYITraH KOMIUIEKC COHAUP:

..... +¢,)]
2-natmka. KoMIieke CoHHN H-J1apakara KyTapuil Y9yH YHUHT MOJTYJIHHH

11y Japakara KyTapHil, aprTyMEHTHHH eca J1apa)ka KYpCaTKMYUK MapTa OpTTUPHUIII
Kudos.

[r(cose+ising)]" =r"(cosng +isin )

(1)

By dopmynanu Myasp dopmynacu nevnnanu. [Myasp (1667-1754)-unriu3
MaTE€MAaTHUIH |.

MucoJsiap.

1) 2 (cos?O°+isin70°)-§(s

V2

> (cos150° + isin150° ) = %(COSBOO —isin30°)= g(ﬁ + i)

in65° +isin 650);(005150 + isin15°) =

2) [V2(cos10° +isin10°)}° = 64(cos120° + isin120°) =

= 64(—sin30° +icos30°) = 64-(—%+ |§] = 32(-1+iV3)

2-TeopemMa. bup KOMIUIEKC COHHUHT HOJITA TEHT OYIMaran UKKUHYU

KOMILIEKC COHT'a HUCOATH, MOAYJIM OYJIMHYBUM Ba OYJIYBYM KOMIUIEKC COHJIAp

MOJAYJUIapy HCUOATUTa, apryMEHTH €ca 11y COHJIAPHUHT apryMeHTJIapu

allupMacura TeHr OYJIraH KOMILJIEKC COHJTUP.

HUcoort. z =r,(cose, +ising,), z, =r,(cosp, +ising,) (z, #0) y xonna
2, _ r(cosg +ising) _ r(coseg, +ising)(cosp, —ising,) _
z, r,(cose,+ising,) r,(cose,+ising,)(cose, —ising,)

_ r,(cos ¢, +isin,)[cos(—p,) +isin(-g,)] _

cos’ @, —i’sin’ g,

L{cos ¢, - cos(—¢,) —sing, -sin(—¢,) +
;

2
. . . I . .
+ I[COS (2 Sm(‘(”z) + cos(—(p2)5|n (01]} = r—l[COS((Dl - (92) + 'sm((ﬂl - ¢’2)1

2

- - r, -
ABHU I,(COS¢, +ising,) : 1,(cosg, +ising,) = 2[cos(p, — @,) +isin(e, — @,)] .

2



Mmuco.r.
5(cos18° +isin18°)
9(cos 48° +isin48°)

E[cos30° —isin30°]= E{ﬁ—i E} = £<\/§_i)
9 9| 2 2| 18

- g[cos(—300) +isin(-307)] =

6-acocuii caBoTHMHT 0aéHm.
Tabpud. bepuiaran KOMIUIEKC COHHUHT H—Iapa)kajld WiIAU3U 1e0, H—
Japaxacy OepuiiraH KOMIUIEKC COHIa TEHT OYyJiraH xap KaHJall KOMIUIEKC COHra
auTHIIAIN.

Teopema. Honra Tenr 0yamaran z = r(cose +ising) KOMILJIEKC COHHUHT H

—napakaad WIIW3U MaBxkyJ 0yiu0, H Ta KuiiMatra era. by H ta Kuiimat

Q/F(coswﬂsin il 27[] dopmynamnan x ra 0,1,2,..... (u-1) kuiiMaTaapau
n n

Oepwuir OuiaH TONMUIAIH.

HcdoT. z=r(cosz+ising)=0 KOMIUIEKC COHHUHI H —Iapa’kaJid WIAU3U
MaBxkyJz 0ynub, y p(cosnd+ising) ra TeHr OYJICHUH, y X0Jia Tabpudra Kypa:
p"(cosnd+isinn@) = r(cos g +isin @) . Komriekc connap TeHr 0yica, yJIapHUHT

MOJYJUIAPU TEHT, IBHU p" =T Ba apyIMEHTIIAPU TEHT EKU 27 T'a Kappallu

@+ 2Kz
n

Oypuakka (papK KUIraHu yayH p" =1, nd =g +2kz éku p=4r Ba 0=

OyHaa x -uxXTu€puil OyTyH coH. Jlemax:

Q/V(COS(/>+iSingo) = Q/F(COSLM_HS"] §0+2k7zj.

n n

Z COHHHUHI n-AapaxKaJld HIAW3W MaBXKyJd CKaHWHH ncOOT KWl Y9yH

,o(cos@ +isin 0) = Q/F(cos ¢+ 2Kz +isin? * Zk”j HHU n-Japaxara Kyrapamus. Y XoJijaa
n n

p"(cosn@ +isinn@) = rlcos(¢p + 2kz) +isin(p + 2kz) | = r(cosp +ising) = z
JleMakK, z HUHT N -Japakald WITU3H MaBKy]l CKaH.

Mucoun. ¥1+i HU XUCOOJIaHT.



E+2k71 £+2k7z

t’a\/ﬁ(cos%+isin%j :1\0/5 cos4T+isin 4 1 k=01234

2 cosz + isinzj
4 4
1\O/E(cosgz—g+ ising—ﬂj

20
MA+i = %(cosl;g +isin 1;;[)

92| cos 257 +isin 257
20 20

1\0/5 coSs 337 +isin 337
20 20
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